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NMPEAUC/TIOBUE

2017 r. B Poccuiickoit denepanun o0bsBieH ['ogom skonorun. B coorseT-
CTBHHU C ITaHOM Meponpusatuid B 2017 . mMpoBOAUTCSA LMK BCEPOCCUNCKUX U
pPETHOHAIBHBIX COBEIAaHUI M0 00CYX/IeHUI0 HanboJiee aKTyaJbHBIX BOIPOCOB
HKOJIOTUH, B YHCIIE KOTOPBIX: COBEPIICHCTBOBAHME 3aKOHOJATENIBCTBA B cepe
JKOJIOTHH, TIEPEXOJ] Ha HAWJIYUIINE JOCTYIIHbIE TEXHOJIIOIMH, COBEPIICHCTBOBA-
HHE YIIpaBIEHUs OTXOJaMH, 0C000 OXpaHseMble IPUPOIHbIE TEPPUTOPHHU, OXPaA-
Ha BOJHBIX PECYPCOB, OXpaHa JIECHBIX PECYPCOB U JIECOBOCCTAHOBIIEHUE, OXpaHa
YKUBOTHOTO MMPA, DKOJIOTMYECKOE IIPOCBEUICHUE U PErMOHAIBHBIE IPOIPAMMBI.
B Poccun kpynHeiimeii secHol nepxase, oOpalieHuers K 3K0JI0rHu4eCKUM Mpo-
OsemMaMm JIECHOTO KOMILIEKCA CBUJIETENIbCTBYET O MTOBBIIIEHHOM BHUMAaHHUM IOCy-
JIApCTBA U MOAYEPKHUBAET aKTyaJbHOCTh paOOT B JAHHOM HalpaBJICHUH.

B pamkax meponpusaTui, nocBsAlleHHbIX loxy skonoruu, B MBITHIIUH-
ckoM ¢mmane MOCKOBCKOTO TOCYyAapCTBEHHOTO TEXHUYECKOTO YHHBEPCHTETA
um. H.D. Baymana 27-29 centsops 2017 . mpoBOayTCS MEKTyHApOIHAS HAYYIHO-
npakTuueckas KOH(pepeHIus: «DKOJOTHUECKHUEe acleKThl MCIOIb30BAHUS JIpe-
BECHHBI KaK MPUPOTHOTO BO30OHOBIIIEMOTO pecypcay. Opranuzaropom koHbpe-
peHuuM siBisgeTcad PernoHanbHbI KOOPIMHALMOHHBIN COBET IO COBPEMEHHBIM
npobnemam apeecuHoBeneHus (PKCI), ¢dbyHkumonupyrommii mon 3rugoi
Mexnynaponnoi akagemuu Hayk o npeBecute (IAWS). B coctaB PKC/] Bxonst
Benyuue yuyeHsle benopyccun, bonrapun, Benrpuu, I'epmanuu, I'peruu, Ipy-
3uu, JlarBun, [lonbuu, Poccun, Pymbinuu, CrnioBakuu, Ykpaunsl, [Beitapun,
Ocronuu. Temarnka KOH(EPEHIIMH OXBAThIBAET HIMPOKUN CIEKTP pPa3IUUHBIX
UCCIIeIOBaHUH 10 MPOOJIEMHBIM BOIPOCaM B OTPACIIsAX JIECOMPOMBIIUIEHHOTO
KOMILIEKCA: DKOJIOTUYECKHUE ACIIEKTHI JIECOIOIb30BaHUs U JIECOBOCCTAHOBIICHHS;
CTPOCHME, CBOMCTBA M KAYECTBO JIPEBECHHBI U JPEBECHBIX MAaTEPHAJIOB; IPO-
I'PECCUBHBIE TEXHOJOTUU U TEXHUKA JIECO3aIOTOBUTENIBHBIX NPOU3BOJCTB; MH-
HOBAITMOHHBIE DKOJIOTHUECKH YHUCTHIE TEXHOJIOTUH JIEpeBOIepepadaThIBAIOIINX
IIPOM3BOJICTB; HOBBIE MaT€pHAJIbl U TEXHOJIOTUU B JEPEBIHHOM JOMOCTPOCHHH.
Benymue yuensle, npenogaBaresiy, MOJIOABIE UCCIEN0BATENN U ACIIUPAHTHI U3
Benrpuu, Poccun, Pympinnn n @paniuy npeacTaBuiid JOKIJIa bl Ha KOH(epeH-
uto. B atom HOMepe xypHana «JlecHolt BectHuk / Forestry Bulletiny, nznan-
HOM K Ha4ajly KOH(EpeHIUH, OIyOINKOBaHbI pa0OThl yYaCTHHUKOB.

Haneroce, yTo MexayHapoHas HayqyHO-IIPaKTHUYeCcKas KOH(pepeHus «JKo-
JIOTMYECKHUE aCTEeKThI UCIIO0JIb30BaHUs IPEBECUHBI KaK IPUPOJHOTO BO30OHOBIISA-
€MOr0 pecypca» CTaHET IUIOIAIAKON JUIsl HHTEPECHBIX JUCKYCCUN M KOHCTPYK-
TUBHOTO OOMEHa MHEHMSIMM MO MPOOJEMHBIM BONPOCAM 3KOJOTHUHU JIECHOTO
KomIuiekca. JKenaro BCeM ydyaCTHHKaM KOH(EpeHLMHU II0A0TBOPHOM padoThl,
TBOPYECKUX PE3YJIBTAaTUBHBIX JUCKYCCUH, HOBBIX MAPTHEPCKUX M JPYKECKUX
KOHTAaKTOB.

Mpepcepatens PKCA, aupektop M® MI'TY um. H.3. BaymaHa,
aKkageMuk-cekpetapb PAEH, akagemuk-cekpetapb MAH BLLI,
akapeMuk IAWS, a-p TexH. HayK, npodgeccop

BukTop leopruesuy CaHaes
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«3KONMOMMYECKUA MEHEIDKMEHT JIECOB U USAENUN
U3 IPEBECUHDI
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AHnTpornoreHHoe 3arps3HeHue armocgeps! napHukoBsiME razamu (I117), 00pa3yomumucs B pesysibrare CKUraHus
HCKOIIaeMOTO TOIUIMBA, ¥ BEIPyOKa JIECOB SIBIIAIOTCS IPHYMHAMY MOTEIUICHUS KJIMMaTa BCIISJCTBHE YBEIMUCHHS
cpemHelt TeMnepaTypsl Ha MOBEPXHOCTH 3eMIIM M IPUBOAAT K Pa3pyLIIMTEIbHBIM MOCIEICTBUSIM. YTICKHUCIBIH ra3,
KoTOpbIii npeacTasiseT 60 % ot obuiero oobema BoIOpocos I, urpaet camyio Ba)KHYIO pOJIb B ITOBBIIICHUH TEM-
neparypsl 3eMiH, CyIIECTBYET JIMHEeHHasT KOPPEeISIH MeXIy POCTOM TeMIIepaTyphl M KOHICHTPAIUeH yIIIeKHc-
noro ra3a. st cHmkenust KoHueHTpannu CO, HEOOXOMUM «IKOIOTHIECKUH MEHEIKMEHT JIECOB U M3MCIUH 13
npeBecunbl. Hanbonee a3 heKTHBHBIMU MepaMu M30JISALMK YIJICKHCIIOTO ra3a IMyTeM ero YAaJeHUs U XpaHSHHUs U3
aTMOCQepHl B IOTIOTHTENAX YIIIEPOaay (TaKMX KaK OKEaHb, JIeCa WM II0YBHI) SIBIAIOTCS: BEIPAIINBAHUE IEPEBb-
€B B INTAHTAIMOHHBIX JIECAX; N30IMPOBAHNE yITIEPOa B IEPEBLIX BMECTO CIKHTAHUS CTBOJIOB JICPEBBEB; yBEIHUE-
HUE JOJITOBEYHOCTH M3JICTMH M3 JPEBECHHBI; U30JIMPOBAHUE YIIIEKHCIOIO Ia3a B BO30OHOBIAEMbIX XUMUYECKUX
NpoayKTax (mepepaboTka JIPEeBECHOH MacChl) M CHIPbE; 3aMeHa HEBO30OHOBIISIEMOH YHEPIHU Ha SHEPIHIO U3 JIec-
HBIX HACAXKJICHUH U IPEBECHBIX OTXOJO0B, COBMECTHO C M3JCIHMAMH U3 IPEBECUHBI C HCTEKIINM CPOKOM CITyXKOBI.
Hcnonezosanue kodpduipenra ERoEI uin EROI (cooTHOmIEHHE MONTYyYeHHO SHEPrUH K 3aTpaueHHOMN, SHEPreTH-
Yyeckasi peHTa0eIbHOCTE) MO3BOMISICT ONTHMH3HPOBATH BEIOOP BO30OHOBIIEMOTO HCTOUHNKA DHEPTUHL.

KroueBbie c/10Ba: SKOJOTMYECKUH MEHEMIKMEHT, BEIOPOCH MApPHUKOBBIX Ta30B, CBA3BIBAHNE YITIEPOAA, JTECHBIE
OKOCUCTEMBI, U3ACJIUA U3 NPECBECHUHDI

Ccepuika as uutupoBanus: Jlernm3 KcaBbe «DKoI0TH4ecKuit MEHEIDKMEHT)» JIECOB M U3ACTHI U3 IPEBECUHBI //

Jlecnoit Bectnuk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 6-9. DOI: 10.18698/2542-1468-2017-4-6-9

HOTenneHHe KJIMMaTa BCJIEACTBUE YBEIUUYCHHUS
CpeaHel TemMreparypbl Ha TOBEPXHOCTH 3eMIIN
HECEeT pa3pyIIHUTENbHbIE MOCIEICTBUS, BbI3BIBASL
MOBBIIIIEHUE YPOBHS Mops. B OonpmmHCTBE CiTy-
YaeB 2TO BBI3BAHO aHTPOMOTEHHBIM 3arpsi3HEHUEM
arMocdepbl TapHUKOBBEIMHE Ta3aMH, 00Pa3yIOIIIMMUCS
B pe3ynbTaTe CKUTaHUS MCKOITaeMOr0 TOTUTHNBA, U
BBIPYOKOH JICCOB.

Yrexucsrii raz CO,, kKoTopsii coctasiseT 60 %
oT 001mIero oobemMa BEIOPOCOB TTAaPHUKOBEIX T'a30B
(III") — muoxcuma yriepojaa, MeTana, XJI0pPTopH-
POBaHHBIX YTJIEBOIOPOOB, 030HA, OKCHJIOB a30Ta —
WTpaeT caMylo BaXKHYIO POJIb B MIOBBIIIEHUH TEMITe-
patypsl 3emiid, HecMoTps Ha To yTo MK-cniektp mo-
[JIOLLEHUS Y HETO HE TAKOM BBICOKHUI U CUIIBHBIN, KaK
y octanbHbIX III" 1 BOBI, KOHLIEHTpALUSI KOTOPOIl
HEe MeHsieTcs Oyaromapsi BOJHOMY OaslaHCy 3eMITH.
Cy1iecTByeT JINHEWHAsI KOPPETSILUS MEXKTY POCTOM
TEeMIIEpaTyphl U KOHIIEHTPAIUEH YTIEKUCIIOTO Ta3a.

Haun6onpmree kommaectBo BeIOpocoB CO, HaOIIO-
naercs B Kurae (peskuii Beruteck HaunHas ¢ 2000 1)
n CeBepHOl AMepuke, KOTOpasi CMOTJIa CTa0 T3~
pOBaTh KOIMUYECTBO BEIOPOCOB. OTHAKO TIOCIECTBUS
HOBOH TTOJINTUKH, BO3MOXHO TPUBENYT K yBEIHUe-
HUIO Kolln4yecTBa BeIOpocoB. EBpoma ¢ 1970 . cra-
OMITM3MpOBaIa KOJIMYECTBO BEIOPOCOB MTAPHUKOBBIX
razoB 110 25 % ot cymmsbl BeiOpocoB CIIA u Kurtast.

[TosToMy COBEpIIEHHO HEOOXOAMMO OCYIIECT-
BIAATH A(h(DEKTUBHYIO U3OSIIHIO YTIIEKUCIIOTO T'a3a
IyTEeM €T0 yJalleHUs U3 aTMOC(ephl U XpaHEHUS B
«TIOTIIOTUTEIIAX YTIIEpoa» (TaKUX KaK OKeaHbl, Jeca

WJTH TIOYBHI). DTO 3HAYHT, UTO 00sI3aTEILHON SIBIIS-
eTcsa BBIpyOKa JIECOB B ONTHMAJIBHBINA MEPUO UX
JKU3HU 1 BBIpAIIUBaHNE HOBBIX JiecoB. K TOm00HBIM
MetonaMm B EBpome nmpuberator ABctpus u llIBei-
[apus, HO OY€Hb YaCTO BO3HHUKAIOT TUCKYCCUU C
HaceJeHneM, KOTOpoe He MOHWMAET, YTO TOIHKO
YKUBOH JIEC MOXKET OBITh «IOTJIOTUTEIIEM yTiiepoar!

OCHOBHBIMH METO/IaMH CBSI3BIBAHHS YyTIIepoa
SIBIISTEOTCSI:

1. M3onupoBaHue IBYOKHCH yriiepoja B jecax,
T7Ie yIIIepo ] HaKaruTuBaeTces (MMOTIIOTUTENh) U coXpa-
HsIeTCs (HAKOTIUTEIb) B JIECHOU dKOocHcTeMe (OrnomMac-
Ce U JICCHOU TT0UYBE), TIyTEM:

— YBETMYEHUS KOIINYECTBA JIECOB;

— TIOBBIIIICHUS TIPOU3BOUTEIHFHOCTH;

— OTpaHUYEHHS JIECO3aTOTOBOK;

— COKpaIlleHHsI TIOTEPh JIECOB OT TIOKAPOB U Ha-
cekoMbIX (15 MuTH ra yHHYTOXKEHBI B bpuTanckoi
Komrym6um);

— BBEJICHHSI HOBBIX JIECOBOACTBEHHBIX MOXOOB.

2. UzonmpoBanue yrnepoza (YIIEKHUCIOTO ra3a)
B JIECHBIX MPOJYKTax (MHJIOMaTepuanax, maHesXx,
MeOenu, Oymare) 10 MOMEHTa WX NepepaboTKH B
TOTLTUBO WJIM dHepruro. PasBuTHe mMpon3BOACTBa U
WCTIOJTB30BaHMSI JIECHBIX TIPOYKTOB BMECTE C YBEIIHU-
YEHUEM UX JOJITOBEUYHOCTH (3AITUTOH JIECOB) TIO3BO-
JIUT U30JIMPOBATH OOJIBIIIE YIIIEKHUCIIOTO Ta3a.

Hamnbonee BaKHBIM MOTIIOTHTENIEM YTIIEKHUCIIOTO
rasa SBJSIOTCS JAePEBSHHBIE 3/1aHUS, HECMOTPS Ha
TO YTO JIECHBIE TOBAPHI H30JHUPYIOT YIJIEKUCIBINA Ta3
Xy’Ke, 4eM JiecHasi SKocucTema. Bo Besikom cirydae,
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ceifyac HaOIIOIACTCSI POCT MOTPEOHOCTH B CTPOCHU-
AX U3 JPEBECUHBI, 1aXKE€ TaAKMX KaK MHOT'O2TAaXXHBIC
1 o(prCHBIC 3MaHMUSL.

3. 3amelIeHre HeBO30OHOBIIIEMbIX XUMHUKATOB
1 HeoOpaOOTaHHOTO CHIPHS. TIPOU3BOACTBA MTPOIYK-
LMY U3 JPEBECUHBI YCTOMYUBO YIIPABIISIEMBIX JIECOB,
3aMCHa XMMHKATOB, IMOJIMMEPOB, ITPOU3BOANMBIX U3
HedTH WX TaKUX MaTepuaioB, kak OetoH, [IBX,
aJIIOMHHI/Iﬁ, TaKXeE CHOCO6CTByIOT CMATYCHHUIO I10-
CIIeZICTBUI M3MeHeHus knuMarta. [Ipu mepepaboTke
JpeBeCHON Macchl M 00paboTKe JIPeBECHHBI OYCHb
YacCTO BbIACIACTCA MCHBIIC [TAPHUKOBBIX I'a30B, YEM
IIPYA IPOU3BOACTBE APYIUX XUMUKATOB U MaTe€pHU-
aJIOB, MMOJTyYaeMbIX U3 HEBO30OHOBIISIEMBIX HCTOY-
HUKOB. KpoMe Toro, n3-3a 3arpsi3HEHHsI OKEaHOB
IIJIACTHKOM HeO6XOJII/IMO 3aMCHHUTH IIJIACTUKOBYIO
YIIAKOBKY Ha IPEBECHYIO, KAPTOHHYIO U T. II.

4. 3amerneHre HEBO30OHOBIIIEMBIX HCTOUHUKOB
sHepruu. [nsg HelTpanuzanuu JelcTBUS YIJIEKUC-
JIOTO Ta3a MOXHO 3aMEHHUTH HEBO30OHOBIISIEMbIC
HUCTOYHHKHU DHEPIrUr Ha APEBECHHY, YTO IMO3BOJIUT
YMEHBIIUTH KOJIMYECTBO BEIOPOCOB B aTMOC(hepy.

JlpeBecrHa y)ke MIpaeT BaXKHYIO POJIb B HAlleH
JKU3HH, U3 HEe TOJTy4YaroT TOJIOBHHY BO30OHOBIIsIE-
Moii sHeprum B EBporne. CymiecTByoT pa3Hble HCTO4-
HUKHW OPEBECUHBI IJId IPOMU3BOACTBA DHCPTIHUU:

— 50 % — CTBOJIBI IEPEBBEB;

— 50 % — OoTXOABI I€CO3aTrOTOBOK TIOCIIC yaae-
HUS IPEBECHUHBI CTBOJA (BETBU, KPOHA, KOPHUA U T. 11.);
HETPHUTO/IHAs IPEBECHHA, OCTABIIIeECs TOCIe KacKa/l-
HOTO HCITOJIb30BaHUA (CHaJyama — MPOAYKIUS Ha
OCHOBE JIPEBECHHBI, 3aT€M — MOBTOPHO HCIIONB3Y-
emas Wwin nepepaboTaHHas IpeBECHHA M, HAKOHETI,
WCTIOTIb3yeMast ISl TIOTY9EHHUS DHEPTUHN ); TIPOMBIIII-
JIEHHBIE OTXOJIbI; YEPHBIN IIETIOK.

Cpenu BO30OHOBISIEMBIX UCTOYHUKOB YHEPTHH
JIpEBECHAs SHEPIUS SIBIISIETCS CaMOM Ba)KHOM, JaKe
10 CPAaBHEHUIO C TUJpo3JieKTpodHeprueil. [Ipsmoe
CXKUTaHUE JAPEBECHOTO TOIUIMBA Bcerma Oomee 3¢-
(heKTHBHO IO CPAaBHEHHIO C HOBBIMH MPOIECCAMHU
TTOTYYEHUS KHUJIKOTO I Ta3000pa3HOTO TOTIINBA U3
He(TH ¥ MPUPOTHOTO Ta3a.

CymiecTByeT BaKHBIN TTapamMeTp, KOTOPBIA HYX-
HO YYUTHIBaTh, €CITM MBI XOTHM ONTHMH3UPOBATH
pecypc 6momMacchl, He TpaTs ero MoHaIpacHy. DTOT
mapametp, kodddurment ERoEl, nuan EROI (ot-
HOIIIEHUE TOJYUYeHHON 2HEPTUU K 3aTPaueHHOMH,
JHEpreTHYecKas PeHTabeIbHOCTE), KOTOPBIN PEIKo

CBeneHusa 06 aBTopax

HCIIOJIB3YEeTCs, MO3BOJISIET ONNTUMHU3HUPOBATh BHIOOD
BO300HOBIISIEMOTO HCTOUHHKA YHEPTUH.

B 3akiioueHne MOXKHO cKazaTb, YTO sl 00e-
CIIEUYEHMsI IKOJIOTMUECKOTO YIpaBJICHUS JiecaMH U
JIPEBECHON MPOAYKIMEN MYyTEM CHUKEHHS KOHLICH-
tpauun CO, He0OXOIUMO:

— BBIPAIIMBATh JIEPEBbHsS B INITAHTALMOHHBIX JIECAX.

— M30JINPOBATh YIJIEPO/ B IEPEBHSIX BMECTO CHKHU-
TaHWsI CTBOJIOB JIEPEBHEB;

— YBEJNHWYUTH JOJITOBEYHOCTH M3ACIHNA U3 JIpe-
BECHHBI;

— W30JIUPOBATh YITIEKHUCIIBIN Ta3 B BO30OHOBIIsIE-
MBIX XUMHUYECKHX NPOAYKTax (mepepaboTKa ipeBec-
HOM Macchl) M CHIPBE;

— 3aMEHHUTH HEBO300HOBIIIEMYIO YHEPTHIO Ha
SHEPTHIO U3 JIECHBIX HACAKICHHUH U APEBECHBIX OT-
XOJI0B (BKJTFOUAst H3/IENTNS U3 IPEBECHHBI C HCTEKIITNM
CPOKOM IKCILTyaTaIlnum).
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The increasing concentrations of greenhouse gases (GHG) produced by human activities such as the burning of
fossil fuels and deforestation are the main reasons of warming of the climate system due to the increasing of earth’s
average surface temperature and lead to destroying consequences. Carbon dioxide which represents 60 % of the
total GHG plays the most important role in the rising of earth’s temperature, we have the direct correlation between
the increase of temperature and carbon dioxide concentration. It is necessary to have an ecological management of
forests and wood products by reducing CO; concentration. There are the main strategies of carbon sequestration
by its removal and storage from the atmosphere in carbon sinks (such as oceans, forests or soils): growing trees
in plantation forests; sequestration carbon in forest and wood products instead of burning stem wood; increasing
the durability of wood products; sequestration carbon in renewable chemicals (bio-refinery) and raw materials;
substitution non renewable energy by energy coming from forest and wood residues (only), together with end of life
wood products. Using of the parameter EROEI or EROI (Energy Returned over Energy Invested) allows to optimize
the choice of renewable energy.

Keywords: ecological management, greenhouse gases emissions, carbon sequestration, forest ecosystem, wood
products
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Warming of the climate system due to the in-
creasing of earth’s average surface temperature
is always faster and destroyer, giving rise to sea level.
Most of it is caused by increasing concentrations
of greenhouse gases (GHG) produced by human
activities such as the burning of fossil fuels and
deforestation.

Carbon dioxide which represents 60 % of the total
GHG (greenhouse gases: carbon dioxide, methane,
chlorofluorinated hydrocarbons, ozone, nitrous ox-
ide) plays the most important role in the rising of
earth’s temperature, even if its IR Spectrum is not
as large and intense as for the other GHG’s....and
for water which has a stable concentration because
of the earth’s liquid/water balance. We have a direct
correlation between the increase of temperature and
carbon dioxide concentration.

The most important world carbon dioxide emis-
sions contributors are China (booming of emissions
since 2000) and North America which has stabilized
its emissions. Nevertheless the new policy will prob-
baly increase the emissions. Europe has stabilized its
emissions since 1970, to 25 % of the emissions of
US and China.

It is then absolutely necessary to implement, an
efficient carbon dioxide sequestration by its removal
and storage from the atmosphere in carbon sinks
(such as oceans, forests or soils). It means that cutting
trees at the optimal period of their lives and growing
new forests is compulsory. In Europe it is the case
of Austria and Switzerland, but very often there is
a strong debate with the population who does not
understand that only a «living» forest is able to play
arole as carbon sink!

The main strategies of carbon sequestration are:

1. Sequestering carbon dioxide in forests where
carbon is accumulated (sink) and maintain (storage)
in the forest ecosystem (biomass and forest soil) by:

— extension of the resource

— increasing the productivity

— limiting harvesting

—reducing losses in forests by protection against
fire and insects (15 million ha destroyed in British
Columbia)

—new silvicultural approach

2. Sequestering carbon (dioxide) in forest prod-
ucts (sawn wood, panels, furniture, paper), until their
end of life where they will be recycled or upgraded
in fuel or energy. The development of the manufac-
turing and uses of forest products, together with the
increasing in their durability (wood protection) will
sequester more carbon.

The most important carbon sink is with wood
buildings, even if the carbon sink of wood products
is much lower than the carbon sink of the forest
eco-system. Anyway there is a strong increase in
wood construction even for tall and office buildings.

3. Substituting for non-renewable «chemicals»
and raw materials. Products from sustainably man-
aged forests, replacing chemicals, polymers...com-
ing from oil or materials like concrete, PVC, alu-
minum, will reduce carbon emissions too. Wood
bio-refinery and processing very often emits less
GHG than the other chemicals or materials coming
from non-renewable sources. Besides, due to plastics
pollution in oceans it’s becoming necessary to replace
plastic bags and packaging by renewable products,
wood and paper.
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4. Substituting for non-renewable energy.

Assuming the carbon neutrality, wood from sus-
tainable sources replaces non-renewable energy
sources, to reduce carbon emissions. Unfortunately
carbon neutrality for biomass is perhaps a myth!

Wood already plays an important role and ac-
counts for half of the renewable energy in Europe.
There are actually different sources of wood for
energy:

— 50 % with clean wood from stems

— 50 % with residues from harvest operations
after stem wood removal (branches, foliage, roots,
etc); end of life wood coming from the cascaded
use of wood (firstly wood-based products, secondly
recovered and reused or recycled and finally used for
energy); industry residues; black liquor.

Among renewable energies, wood energy is the
most important, even before hydroelectricity. Wood
direct combustion is always more efficient than new
processes producing liquid or gaseous fuels replacing
those coming from oil and natural gas.

There is an important parameter that we need to
take in account if we want to optimize the biomass
ressource without wasting it. This parameter, ERoEI
or EROI (Energy Returned over Energy Invested),
seldom used, allows to optimize the choice of ren-
weable energy.

As a conclusion, we can say that to have an eco-
logical management of Forests and wood products,
by reducing CO, concentration, it is necessary to:

— Grow trees in plantation forests.

— Rather sequester carbon in forest and wood
products instead of burning stem wood.

— Increase the durability of wood products.

Author’s information

— Sequester carbon in renewable chemicals
(bio-refinery) and raw materials.

— Substitute non renewable energy by energy
coming from forest and wood residues (only), to-
gether with end of life wood products.
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PaccMarpuBaeTcs TEXHOJIOTHs yOOPKH 3aXJIAMJICHHOCTH JIeca OT €CTECTBEHHOTO OTIIa/ia ¢ MCIOIb30BaHHEM HOp-
tatuBHOU nebenku. [IpuBoguTcst MaTeMaTH4eckas MOJEIb TEXHOJIOIHYECKOro nporecca. Pesynsrarel nMuTanu-
OHHBIX JKCIIEPUMEHTOB C MOJIEIBIO MO3BOJISIIOT CHEIaTh CIICAYIOLINE BBIBOABL: 1) YKCIIO CTPETICBAHHBIX MA4YeK B
CMEHY C yBEJIMYEHHEM JUIMHBI TATOBOTO KaHATa JICOEIKH yMEHbIIAETCS 110 CTEIICHHOMY 3aKOHY. DTO 00BSACHACTCS
TeM, 4TO 00bEeM Ia4yKH, a 3HAYUT, U BpeMsi ee Habopa yBEIMYMBACTCS C YBEIMYECHHEM JUIMHBI KaHaTa JICOeIKH;
2) npH ONpe/eTCHHOM JUIMHE TATOBOrO KaHaTa IPOM3BOAUTEIBHOCTD JICOCIKN TOCTHIAeT MAKCHMAJIbHBIX 3Ha4e-
Huil. Hanpumep, npu oGbeme ornana 20 mM>/ra MaKCUMabHAs IPOU3BOJUTEILHOCTD CUCTEMbI OYIET I0CTUIAThCs
pu JuiMHe KaHara 30 M.

KuitoueBble cj10Ba: 3aXJIaMJICHHOCTD JIeca, €CTECTBEHHbIN OTIa/1, UMUTAIIMOHHOE MOJICIUPOBAHIE

Cepuika pis nutupoBanusi: Kaprnaues C.I1., lues P.1. MonenupoBaHue TEXHOIOTHYECKOTO Mpolecca yoopku
3aXJIaMJICHHOCTH Jieca TIOPTAaTUBHOH stederkoii // Jlecnoii Bectauk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 10-14.

DOI: 10.18698/2542-1468-2017-4-10-14

ECTeCTBeHHHI‘/'I 0OTIaJ JIPEeBECUHbl MPUBOJUT K
3axjamiieHHOCTH Jieca (puc. 1). Ecimu o6beM Ta-
KO peBecuubl npeBbimaet 20 M*/ra, Ha3HAYAKOTCS
CaHWTapHBIC MEPOTIPUSATHS ITO0 YOOPKE 3aXJIaMIIEHHO-
ctu neca [1]. OgHako CymecTByIOMNE TEXHOIOTHH
OYHCTKH JIeca OT 3aXJTaMJICHHOCTH Majod(PeKTHB-
HbIE, 3aTpaTHbIE U OCHOBAHBI Ha UCIIOIH30BAHNHT
pYYHOTO TpyAa.

B Hacrosiieit crarbe paccMaTpuBaeTCsl TEXHO-
JIoTUYecKas cxema yOOpKH 3aXJIaMIICHHOCTH Jieca,
OCHOBaHHasl Ha MMPUMEHEHUU OEH30MOTOPHBIX MU
Y TIOPTAaTHBHON JTe0eIKN CO CIEUalbHBIMA Tpe-
JIEBOYHBIMH KOHYCaMH. JTa TEXHOJOTHUS TTO3BOIIS-
€T MHHUMH3UPOBATh PyYHOH TPYA W 3HAYNUTEIHHO
YMEHBIIIUTH BO3JEHCTBHE HA OKPYKAIOIIYIO CPEy.

B npeiaraemoii TeXHOJIOTUM APEBECHHA OTIIAIA
TpenroeTcs Jedeakoit B mauku (puc. 2), KOTOpHIE
3aTeM MOTYT OBITh ITepepaboTaHbl B OJIE3HYIO MPO-

Puc. 1. EctectBenHblil otnan jieca B Buje Banexka (TBepckas
o0mactb, GpoTo aBTOpA)

Fig. 1. Natural decay of the forest in the form of valleys (Tver
Region, photo of the author)

JYKIIMIO0, HATIPUMEpP B TOILTMBHYIO HICITY HJIH JIPOBa
[2—4]. DddexTuBHOCTE TIpEenIaraeMoil TEXHOIOTHH
penieHo ObLIO MCCIeN0BaTh HA MaTeMaTHYeCKUX
Momensx [5—12].

AN

Puc. 2. Y6opka 3ax/1aMI€HHOCTH Jieca: / — KOHYCbI; 2 — BaJlb-
IUK; 3 — TATOBBINA KaHAT; 4 — IMauku CTPEIEBaHHBIX
JIepeBbEB OTHana; 5 — nedequnK; 6 — BallbIIUK-Pac-
KPSKEBIIUK; 7/ — IOJEHHUIIBI U3 PACKPSKEBAHHBIX
JIepeBLEB OTIAaa

Fig. 2. Cleaning of the litter of the forest: / — cones; 2 — the
feller; 3 — traction rope; 4 — packs of skidded trees;
5 — a winder; 6 — loader—bucking; 7 — piles of
broken bucked trees
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CMEHHYI0 MPOM3BOJUTEIBHOCTh PAa0OThI He-
CKOJIBKHX BaJIBIIIUKOB MOKHO MPEJICTABUTH KaK CyM-
My 00bEMOB JIEPEBBEB, MOITOTOBJICHHBIX K TPEICBKE
3a CMEHY.

IIponomKUTENBHOCTD LIMKIIOB U TPOU3BOAUTENb-
HOCTb BJIBIIMKOB 32 CMEHY B MOJEJIH OIPEACIINM
KaK CyMMY BCEX IUKJIOB M 00BbEM BCEX MOATOTOB-
JICHHBIX JIEPEBHEB:

)

TJIE 71 — YUCJIO BaJIBIIUKOB;

N — 9HCJIO0 TOJHBIX IHUKJIOB pabOTHl OTHOTO
BaJIBIITUKA 32 CMCHY;

tjj— BpeMsl i-T0 LIMKJIa paboThl j-T0 BAJIBIINKA, C;

T — TpOmOIKUTETFHOCTD CMEHHI, C;

1N — K02 pHUIHUEHT NCITOTE30BaAHMS OCH3OIHITHI

¢ji — 00BeM j-ro iepesa BO BpeMsl i-I'0 LIUKJIa
paboThI, M.

[IpomomKUTENFHOCTD IIUKIIA B pAacueTe Ha OTHO

JIEPEBO OmpeenseTcs no popmyre

TH:t1+t2+t3+t4. (2)

3meck ¢; — BpeMs Ha MHIJICHUE CyYbeB U JABIKE-
HUE BaJIBIINKA OT KOMJIS K BEPIITHHE, C;

t, — BpeMsl Ha IOBOPOT CTBOJIA, C;

t; — BpeMs Ha 00pe3Ky OMOPHBIX CydbeB MPH
JBIKEHUHU B 0OpaTHOM HaIpaBJICHHH, C;

t, — BpeMs Ha TIepexoj BaJIbIIINKA MEXIY Jepe-
BBSIMH, C,

/

t, =22 =100, [Dey1 (3)
DBHJ'[ q m
rie /., — CpejlHee pacCTOsHHUE MEXIy Jepe-

BBSIMHU, M;

Uy — CKOPOCThH BaJIbIIHMKA IPU €r0 JBHKEHUH
¢ OeH30MIHITON 110 JIeCy, M/C;

Gy, — CPENHMI 00BEM JIEpeBa OTHANa, M>;

g — o0beM otmazna Ha 1 ra, m’/ra;

Vgan — CKOPOCTB JIBUKCHHUS BalbIINKA, Vean =
=0,5...0,8 m/c.

CMEHHYIO TPOM3BOUTENLHOCTL PAOOTHI JieOS KM
MOXKHO MPEJICTABUTh Kak CyMMY 00BhEMOB CTpEJIeBaH-
HBIX 32 CMEHY TPy JiepeBbeB. OObEeM IPYIIIIbI JIePeBhb-
€B OTpe/eNsIeTCs MPEeIbHBIM STHHOBPEMEHHO Tpe-
JIFOEMBIM 00BbeMOM. B mpefienibHoM ciydae TpenmoeMast
IPYIITa MOXKET COCTOSITH M3 OTHOTO JiepeBa. OObeM mad-
KH JICPEBBEB OIPEICISIETCS KaK CyMMa IPYTIIT JIEPEBbER,
CTPEJICBAHHBIX C OJTHON CTOSIHKH JIeOSIKH. ITOT 00heM
OTIPEJIENISICTCS] OXBATHIBACMON JICOCIKOM TUIOMIAIBIO,
KOTOpasi 3aBUCHT OT JUTHHBI TSTOBOIO KaHAaTa

Qnaq =

2
u KaH

, 4
750000 @)

e ¢ — o0bem ornana Ha 1 ra, m/ra;

Ixan — JITMHA TSATOBOTO KaHaTa JICOSIKH, M.

HpOI[OJI)KI/ITeJILHOCTB IUKJIOB U ITPOU3BOAUTCIIb-
HOCTb JICOCIKH 32 CMEHY B MOJIEJIHU ONPEICIUM KaK
CyMMY BCEX IUKIIOB U O6’I)CM BCCX CTPCIICBAHHBIX
Y€K JICPEBbEB:

N
v 1 =Tn; (5)
i=1
N
M= z Qnaq.i’ (6)

rae N — 9uCIIo TIOTHBIX IUKIIOB Pa0OTHI JTE0 KU
3a CMEHY;
t; — BpEMS i-TO MUK paOOTHI JICOCIIKH, C;
T — pOJOIKUTENBHOCTh CMEHBI, C;
1 — K03 PUITUCHT UCIIONH30BAHUS JICOCIKH;
Onav; — 00BEM TIAUKH JIEPEBHEB BO BPEMS i-TO
MKJIa paboTel 1ebenKu, M>;
TTpoomKUTENIBHOCTD I-I'0 IIUKJIA TPEJIEBKHU OJTHOM
TPYTITEI IEPEBHEB

tu.rpyrmii:(tl +t2+t3+t4)i- (7)

3necs ¢, t, — BpeMsl IBMKEHHUS TPOCa COOTBET-
CTBEHHO B XOJIOCTOM M IPy30BOM HarlpasBlie-
HUSX, MUH.

lyy 1

X T

e [, — CpeHee pacCTOSHUS TPENEBKH, M;
Ve, V. — CKOpPOCTb NBUKEHUS IPYy30BOTO TpOCa
nebenaKn
COOTBETCTBEHHO 0€3 Tpy3a u ¢ rpy3om, 0,2 M/c;
t; — Bpems Habopa U GOPMHPOBAHUS TPYIIITHI
JIEPEBHEB ISl TPEIIEBKH, C;
{4 — BpeMs Ha pa3rpy3Ky TpYyNIbl AepPEBhEB
MIOCJIe TPEJIEBKH, C.
C onHoM cTOSHKM N€OeIKa TPEMOET M, TPYIIT
NEPEBLEB 00BEMOM (O, 1y K&K S, DTH rPyIIibl hop-
MHUPYIOT Ma4Ky 006eMOM O,

M — Ql'lal{ (9)

TpyII 5
Qrpyrm

[IpomomKUTeTFHOCTE IUKIIA PAOOTHI IEOSIKH 1O
(hopMUpOBaHHIO j-i TIAYKH

M Tpynmn

Tu.na'{.j = 2 / Turpynnj + tn.ﬁ.ja
i=1 .
J

(10)

re t,; — BPEMs Ha IepeOasupoBKy JeOenKu
nocie GopMHPOBAHUS j-i TAYKH, C.

Ha ocnoBe ¢opmyn (1-10) Obutn pa3paboTaHbI
MMHTAIMOHHASI MOJIENTb U KOMITBIOTEpHAsSI IPOrpam-
Ma TeXHOJIOTHYECKOT0 Mpolecca, COCTaBIIeH TUIaH
sKcTiepuMeHTOB. OTHON M3 33a7a4 UMHTAIIHOHHBIX
HKCIIEPUMEHTOB OBIIIO YCTAHOBJICHHUE BIMSHUS IUTH-
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HBI TATOBOTO KaHaTa JieOenku (a 3HAYUT, U OXBATHI-
BaeMOM IUIOIIA/M) Ha MmoKasaresin 3(ppeKTUBHOCTH
TeXHOJIoruu. HeKoTopsIe pe3ynbTaThl SIKCIICPHUMCH-
TOB IPEJ/ICTaBIICHBI B BUJIC TPapHUKOB Ha puc. 3 U 4.

Pe3ynbraTsl SKCIEpUMEHTOB MTOKA3aJTH, YTO THUCIIO0
CTPEIICBAHHBIX TTAUYeK B CMECHY PE3KO YMEHBIIACTCS
(o cTemeHHOMY 3aKOHY) C YBEIUUYCHHEM JJIUHBI
TSATOBOTO KaHara Jiedenku (cMm. puc. 3). 910 00bsic-
HSETCSl TEM, YTO O0BhEM TAUKH, a 3HAYUT, U BPeMs
ee Habopa yBEIUIMBACTCS C YBEIUUCHUEM JJTHHBI
KaHara JIEOeIKH.

80

W [ -
(==} [w=] (=}
T T T

Yuncito cTpesieBaHHBIX MavYeK
B CMCHY, I1a4./cCM
o
(e}
T

30 F
20
10
L L — |
0 20 40 60 80 100

JlnuHa xaHaTa J1e0eKu, M

—=— Ckopocts sebenxn — 0,2 m/c
—+— Cxkopocts sebdenxu — 0,4 m/c

Puc. 3. 3aBUCUMOCTD YHUCIIa CTPEJIEBAaHHBIX IMAYE€K B CMEHY OT
JUTMHBI TSTOBOTO KaHara jieoeaku (1 Banbinuk, 1 nede-
Ka, 00beM otmana = 20 m>/ra)

Fig. 3. Dependence of the number of skidded packs per shift on
the length of the winch rope (1 feller, 1 winch, decay
volume = 20 m3/ha)

3aBHUCHMOCTH 00BhEMa CTPEJICBAHHON JPEBECHHEI B
CMEHY OT JUTHHBI TATOBOTO KaHara Jiebenku (cM. puc. 4)
MTOKa3bIBACT, YTO MPH OTPEJEICHHON JJINHE TATO-
BOTO KaHara JeOeIKH TeXHOIOTHUECKUN MpoIiecc
JIOCTUTAET MaKCUMaJIbHOW MPOU3BOAUTEIHHOCTH.
Jluist cityyast morpaHu4Horo oobema ormaza (20 m/ra)
MaKCHMaITbHasi IPOU3BOUTENEHOCTE CHCTEMBI Oy/IeT
JIOCTUraThCsl MpHU AJIMHE KaHaTa, paBHOU 30 M.

HTorn nMUTAIIMOHHBIX IKCTIEPUMEHTOB C MOJIe-
JISIMHA TEXHOJIOTHYECKUX YOOPKH 3aXJTaMIIEHHOCTH
Jleca OT €CTeCTBEHHOTO OTIaJia C MCIOJIh30BAHUEM
[TOPTaTUBHOM JIeOSKY:

1. Ilpeanoxena TEXHOIOTHYECKAs CXeMa YOOPKH
3axJIaMJIGHHOCTH JIeca, OCHOBaHHAs Ha IPUMEHEHUH
OEH30MOTOPHBIX MW U TIOPTATUBHOMN JIEOEIKH, KO-
TOpasi MO3BOJISIET MUHUMHU3UPOBATh PyYHOU TPYyd U
BO3/ICHCTBHE HAa OKPY)KAOIIYIO CPEILY.

25

— [
W (=]
T T

CyMMmapHbIii 00beM cTpeTeBaHHOM
JPEBECUHBI B CMEHY, M 3
—
)
T

5 1 1 1 1
0 20 40 60 80 1

JlmvHa xaHara JieOeKu, M

—=— Ckopoctb nebenxu — 0,2 m/c
——  CkopocTtsb nebenku — 0,4 m/c

Puc. 4. 3aBucumocTts 00beMa CTpEIeBaHHON JIPEBECHHBI B
CMEHY OT JUTMHBI TATOBOTO KaHaTa eoenku (1 BaapIuK,
1 nebenka, o6bem ormana = 20 m3/ra)

Fig. 4. Dependence of the volume of skidded wood per shift
on the length of the pulling rope of the winch (1 feller,
1 winch, volume of fall = 20 m3/ha)

2. PazpaboTrana MareMaTHIeCKast MOJEITb TEXHO-
JIOTUH yOOPKH 3aXJIaMJIICHHOCTH JIeca C MCITOIb30Ba-
HUEM TIOPTaTUBHOM JIEOCIKH.

3. BrIsBIIEHBI CleyoIne 3aBUCUMOCTH:

— YHCJIO CTPEJICBAHHBIX MTa4eK B CMEHY C YBEIH-
YeHHWEM JUTHHBI TITOBOTO KaHaTa Je0e/IKi yMEeHbIIIa-
€TCs TI0 CTETIEHHOMY 3aKOHY;

— TP OMpeJIeJIeHHON JAIWHE TSITOBOTO KaHaTa
MIPOU3BOAUTENHHOCTD JIEOEIKHN TOCTUTAeT MAaKCH-
MaJIbHBIX 3HAUCHUU (HarpuMmep, mpu o0beMe OTma-
na 20 m*/ra MakcuMaabHas IMPOU3BOAMTENLHOCTD
CHUCTEeMBI Oy/IeT TOCTHTAaThCs MPU JUIMHE KaHaTa,
pasHoii 30 M.
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MODELING OF TECHNOLOGICAL PROCESSES OF LITTER HARVESTING
IN THE FOREST WITH A PORTABLE WINCH
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BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia

karpachev(@ mgul.ac.ru

The article presents the way of litterharvesting from the loss of a growing forest— with the help of a portable
winch. The mathematical model of the process is presented. The results of simulation experiments with the model
of technological process allow to makethe following conclusions: 1) the number of wood packs per shift with
increasing length of the traction rope of the winch decreases according to the power law. This is because the volume
of the pack, and thus the time spent on its filling increases with the length of the hoist rope; 2) at a specific length of
a traction rope the performance of winches reachesmaximum values. For example, in the case of natural forest loss
equalling 20 m3/ha, the maximum system capacity will be reached with a 30-meter length of rope.

Keywords: forest litter, natural forest loss, simulation modeling
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NEPCMNEKTUBbI CO3AAHUSA NIECHbIX NMJTIAHTALLUMA
HA JAJIbHEM BOCTOKE POCCUU

A.JO. Anekceenko, E.A. Hukurenko

OBY JlanpHEeBOCTOUHBIH HAyYHO-UCCIIEA0BATEIbCKII HHCTUTYT JIECHOTO X03stiicTBa, 680020, Poccus, 1. Xabaposck, yin. Bono-
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Ha MupOBEIX 1 poCCHICKHX JECHBIX PBIHKaX OTMedaeTcs 00Iasi THACHINS K POCTY MOTPEOHOCTH B IPEBECHBIX
TUINTAX, JUIS IPOU3BOACTBA KOTOPBIX HE TPeOyeTcsl BBICOKOKAYECTBEHHBIX XBOMHBIX JlecomarepuanoB. OTKpbIBa-
I0TCSl BO3MO)KHOCTH IITyOOKO# 1epepaboTKi HU3KOKa4eCTBEHHON JPEBECHHBI, JINCTBEHHBIX MOPOJ, a TAKXKE M-
KOTOBApHOH JIpeBECHHEI, BRIPAIICHHOHN HA JICCHBIX IutaHTanusax. Co3nanue JecHBIX IIanTaui Ha Jlansaem Boc-
Toke Poccun OyneT crocoO6CcTBOBAaTh HHTEHCUBHOMY PAa3BUTHIO JIECHOTO CEKTOPA MPH peannu3aluy MPHOPUTETHBIX
MHBECTUIIMOHHBIX IIPOEKTOB, CBA3AaHHBIX C TIIyOOKOH InepepaboTkoi apeBecuHbl. [Ipy ATOM NOTEHIMANbHbIC HH-
BECTOPHI MOTYT Cpa3y CTOJIKHYTBHCS € IIpodiieMaMy To00pa JISCHBIX y4acTKOB. JIIsl mIaHTanuil He MOAXOAST rop-
HBIE CKJIOHBI KpyTu3HOU 6omnee 10°, a Taxoke 3a0omoueHHbIe 3eMau. HeoOxoanmo HayaTh CENEeKIMOHHYI0 paboTy ¢
MECTHBIMH OBICTpOpACTyIMMH TTopoaamu. Cpeu XBOWHBIX OPOo Hanbosee MepCIeKTHBHBIMH SIBIISTIOTCSI COCHA |
nucTBeHHUIA. JIncTBeHHMITa ManoTpeOoBaTelIbHa K KIIMMaTHISCKUM U TIOUYBEHHBIM yCIIOBHAM, IEPEHOCUT TIEPeyB-
JaXHEHNE U OTIINYAeTCs OBICTPBIM POCTOM B MEPBOIL MOTOBHHE JKH3HHU, KOT/Ia TOAOBOH MPUPOCT HACAKIEHUI 1O
3aracy pocruraet 6...10 M%/ra. JIecHble KyJIbTyphbl COCHBI [IPU CBOEBPEMEHHOM MIPOBEIECHUU PYOOK yX0[a UMEKOT
npupoct 10 20 m*/ra. Ha nyGokux mouBax cOCHA XOPOIIO TIEPEHOCUT 3aCyXy M BBIICPKUBAET MPOAOIIKUTENBHOE
3aTOIJIEHHE, TIO3TOMY IEPCHEKTHBHO CO3JaHHe ee IUIaHTalui B moiiMax KpymHbIX pek — Amypa u Yecypu. Cpenau
JIMCTBEHHBIX ITOPOJI HauOoJIee MePCIIeKTUBHEI TOIOIb M OCHHA. BOJBIIMM MX MPEHMYIIECTBOM SIBIISICTCS] BereTa-
THBHOE pa3MHOXeHHe. B Boponexckoit 0011acTy Ha ONBITHBIX IUIAHTAINSIX €BPO-aMEPUKAHCKHE THOPUIBI TOMONICH
B 25-JIETHEM BO3PACTE HAKAIUIMBAOT 3amac Apesecrubl okono 1000 m3/ra. B XabapoBckoM Kpae Ha9aThl OMBITHI IO
anantanuu 16 coptoB Tomouns cenekuun BHUWIITMCouotex. [lepBblit rox BeIpaliMBaHus OKa3ail BO3MOKHOCTh
HX TIOCAJKH YePEeHKaMH M YCTOWINBOCTD K 3UMHHM ycioBusaM JlanpHero Bocroka.

KnroueBble c/10Ba: ecHbIE IUIAHTALNH, IUCTBEHHUIIA, COCHA, TOTIOJb, TOAUYHBIN IPUPOCT

Ccpuaka nias uutupoBanus: AnekceeHko A.1O., Hukurenko E.A. [lepcrieKTHBBI cO3MaHMs JIECHBIX TUTAHTAUI
Ha lansrem Bocroke Poccun // Jlecnoit Bectuk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 15-18.
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9KCTeHCI/IBHa;[ cucTeMa OCBOeHHs JiecoB [lanbHe-
ro BocToka BBIHYXZIaeT J1€C03aroTOBUTENBHBIC
MIPENPUSATHS TPOBOJUTD 3aTOTOBKY JPEBECHHBI BCE
JaITbIIe Ha CEBEPe, B TOPHBIX TPYAHOIOCTYITHBIX paii-
OHaX, YBEIMYHUBAsl PACCTOSHHUE BBIBO3KU. [Ipu aTOM
JIECO3arOTOBUTEIHN CTAIKUBAIOTCS C PAIOM Cepbhe3-
HBIX TTPOOJIEM, CBA3aHHBIX CO CHIDKEHHEM KayecTBa
JPEBECHHBI, IEPHUIIUTOM JOCTYITHOTO JIECHOTO (hOH/I,
IKOJIOTUIECKUMH TPEOOBAHHUSIMU ITPH OCBOSHUH TOP-
HBIX JIECOB U MaJIOHAPYIIEHHBIX JIECHBIX TEPPUTOPHIA.
Ha MupoBBIX U pOCCUNCKUX JIECHBIX PhIHKaX OT-
MedaeTcst 0011ast TEHIEHIHS K POCTY MMOTPEOHOCTH B
JPEBECHBIX TUIATAX, IS TPOU3BOJICTBA KOTOPHIX HE
TpeOyeTcsi BRICOKOKaYeCTBEHHBIX XBOWHBIX JIeCOMa-
Tepuaiios [ 1, 2]. OTKpBIBarOTCS BO3MOYKHOCTH TITy00-
KO epepaboTKH HU3KOKauYeCTBEHHBIX JIECOMATEPH-
aJIOB, JINCTBEHHBIX TTOPOJI, @ TAK)KE MEIKOTOBAPHOM
JIPEBECHHBI, BEIPAIIICHHON Ha JICCHBIX TUTAHTAIUIX.
Poccuiickoe necHOe 3aKOHONATENBCTBO MPENI-
yCMaTpUBAET HCIIOJIF30BAaHUE JIECOB JJISI CO3AHUS
JIECHBIX IUTAHTAIAN, OJHAKO COBEPIICHHO HE IPO-
paboTaHbI AETAM MX CO3[IAHUS M HKCILUTyaTaluu B
CBSI3M C OTCYTCTBHUEM OTEUECTBEHHOTO OIBITA.
IIpunanue lansHemy BocToky craryca Teppu-
TOPHH OTIEPEKAFOIIETO COITUATEHO-IKOHOMHYECKOTO
pa3Butus B Poccuiickoil denepanuu JaeT yHUKAIb-

HBIE BOBMOXKHOCTH JIJISl PA3BUTHSI JICCHBIX ITAHTAIN
B PETHOHE, YEMY CIIOCOOCTBYIOT OJarompHUsSTHBIC
KIIMMaTUYECKHE YCIIOBUS [OTa PETMOHA M HAJINYIHE
MECTHBIX OBICTPOPACTYIIUX APEBECHBIX MOpo. Jlist
yCIENHOW paboThl 3aBOJIOB MO MPOU3BOJICTBY OpH-
eHTHpoBaHHO-cTPyX)euHbx Ut (OCII), npeBec-
HO-cTpyx)euHbIx T (JCII) wmm qpeBecHO-BOIOK-
HucTeIX mT (JIBII), 6e3ycimoBHO, TOTpeOyIOTCS
IJIaHTau| I O0ecriepeOoitHOTo 00ecIedeHUsT UX
ceipbeM. JlaHHOE HampaBJeHHE OTPAXKEHO B pas3-
pabaThiBaeMbIX MTPHOPHUTETHBIX HHBECTHIIMOHHBIX
MIPOEKTAaxX, CBA3AHHBIX C TTyOOKOU MmepepadboTKOM
npeBecuHbl. [Ipu ATOM MOTEHIIUATLHBIC HHBECTOPHI
MOTYT Cpa3y CTOJIKHYTKCS C IMpobiaemMamu moadopa
JIECHBIX YYaCTKOB MOJ IIaHTauu. Jist ux coznanus
TTOIIXOMSIT TAJIEKO HE JIFOOBIC yIacTKH JIECHOTO (hOHTA.
Bricokoit 23 PpeKTHBHOCTH HEBO3MOKHO JOOUTHCS HA
TOPHBIX CKJIOHAX KpyTH3HOH Oomee 10°, ocobenHo ¢
MEJIKHMH KaMEHHCTBIMH TIOYBaMH, & TAKXKe Ha Helle-
CHBIX 3200JIOYEHHBIX 3EMIISIX, OTHOCSIIUXCS K KaTe-
ropusiM 0O0JIOT, Mapei HITH ChIPBIX TYTOB. OTKPBITHIM
0CTaeTCs BOIPOC O BO3MOXKHOCTH BBIPYOKH U YTIOTpE-
OJICHHH JIEPEBHEB, €CTECTBEHHO MPOU3PACTAIONIHUX HA
JIECHBIX YYaCTKaxX, MepeiaBacMbIX IMOJ] ITAHTAIIHH.
J1J1st ’HBECTOPOB MPEJICTABISIET HHTEPEC MCIONIb30-
BaHUE JIJIs JICCHBIX IUTAHTAIMI 3eMeJIb roc3em3araca,

JNecHol BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4

15



JKosormyeckue acnekTbl...

nepCI'IeKTI/IBbI CO34aHnA NecHbIX nﬂaHTaLl,I/IVI...

MTOCEJICHHM, CEIbCKOXO3SIMCTBEHHBIX 3eMeNb U APY-
IMX KaTerOpHid, He OTHOCSIIUXCS K JIECHOMY (DOHTY,
OITHAKO 3eMENbHBIN KOJIEKC paccMaTpHUBAeT 3TO Ha-
MpaBlieHHE KaK HELEJIeBOE UCTIONb30BaHUE 3EMEITb.

Bonee yem moryBeKOBOM OMBIT HCKYCCTBEHHOTO
JecoBoccTaHoBieHus Ha JlanpHem BocToke maer
OCHOBaHHA ONTUMUCTUYHO CMOTPETH Ha NEPCIICK-
THBBI TJIAHTAIIMOHHOTO Jiecopa3Benenus. OTpado-
TaHbl OCHOBHBIC TCXHOJIOTHUH ITOATOTOBKH ITOYBbI
1 TOCAJIKH JIECHBIX KYJIBTYP, €CTh OIBIT YCIEIIHON
TUAPOMETHOPAITUN 3a00JI0UEHHBIX JIECHBIX 3€MEITb
U TIPOTHUBOIIOKAPHOTO YCTPOUCTBA Tepputopuu [3].
Habmronenus 3a pocToM U pa3BUTHEM JIECHBIX KYIIb-
Typ TIO3BOJISTIOT BEIOPATh OBICTPOPACTYIIINE APEBEC-
HbIE IIOPOJbl U NMPOrHO3UPOBATH BBIXOJ TOBAPHOU
MPOIYKIMH C JIECHBIX IUIAHTALU.

IlepcneKTUBHBIMU JAPEBECHBIMU TTOPOJAMHU JIJIS
CO3/1aHus JaJIbHEBOCTOUYHELIX JICCHBIX IJIAHTAIIUN
MOKHO CHUTaTh: CPEau XBOMHBIX mopoa — JIMCTBCH-
HUILY ¥ COCHY OOBIKHOBEHHYTO, CPE/IN JINCTBEHHBIX —
TOTIONG U OCHHY. Ha fore permona MoXHO HCTIONB30-
BaTh €JIb U MUXTY HECJIBbHOJINCTHYIO.

JlucTBeHHMIIa — caMasi pacIpoCTPaHCHHAS Ape-
BecHas mopoja Ha JlaisaeM BocToke. Ona ManoTpe-
OoBarebHa K KIMMAaTHYECKAM U ITOYBEHHBIM yciio-
BUSIM, IEPEHOCUT NepeyBlIakHeHUE. JIuCTBEeHHNIIA
OTIIMYACTCSI OBICTPBIM POCTOM B TICPBOM IMTOJIOBHUHE
JKWU3HH, KOTJIa TOJ0BOM TPUPOCT HACAKICHHH 110 3a-
nacy nocruraet 6...10 m3/ra. Dta gpeBecHas nopoaa
BeChMa yCTOWYMBA K JIECHBIM TIOKapam, a 3aryIieH-
HBIE TTOCAIKH JINCTBEHHHUIIB MOT'YT FICTIONB30BATHCS B
KadecTBe 0aphepOB MPH MPOTHBOIMOKAPHOM yCTPOH-
ctBe Tepputopun. Ha Jlanbnem BocToke ocBoeHO
MIPOM3BOJICTBO MOCAJOYHOTO MaTepHana JTUCTBEH-
HHUIIBI KaK C OTKPBITOM, TaK U C 3aKPHITON KOPHEBOU
CHUCTEMOM, ITOATOMY JaHHYIO TIOPOAY B ONMKaiiiree

BpEeMsI MOJKHO pacCMaTpHUBaTh Kak HAanOoJIee MepCcrek-
THUBHYIO JIJTS TUTAHTAITMOHHOTO BhIpamuBanus [4—7].

CocHa 0ObIKHOBEHHAsI B €CTECTBEHHBIX yCIOBHUAX
npom3pacTaeT B AMypCKoOi 00J1acTH, IIEHTPATbHBIX
U CeBEPHBIX HacTsax XabapoBckoro kpasi. Ha rore
pervoHa JecHble KyJabTypbl COCHBI CO3/1aBaJICh 0
1980-x T. M3 ceMsaH CHOMPCKOTO MPOUCXOKIACHHUS.
Ha FJIy6OKPIX MMo4YBax MCKYCCTBCHHBIC HACAXKICHUA
COCHBI IIOKA3bIBAOT XOPOIIIHE PE3YIBTATEI I10 POCTY
[7]. Ilpu cBOEBpEeMEHHOM MPOBEIEHUN PYOOK yXO-
Ja CPeAHEroqoBoii npupoct gocruraer 20 mM3/ra.
OOGmamast cTepKHEBOH KOPHEBOW CHCTEMOMU, COCHA
OOBIKHOBEHHASI Ha TTyOOKUX TIOYBAX XOPOIIIO Tepe-
HOCHUT 3aCyXy, U BBIACPKHUBACT IMPOJOJIKUTECIBHOC
3aToIjIeHne, MOTOMY BEChMa IMEPCIEKTUBHO CO-
3/IaHME COCHOBBIX IUIAHTALMH B MOMMAaxX KPYIHBIX
pek — Amypa u Yccypu.

JanpHeBOCTOUHbBIE TOTOMNS — AYUIUCTHIN, Mak-
CHUMOBHMYA U KOPEUCKUN — Ha XOPOILO JIPEHUPO-
BAaHHBIX FHy6OKI/IX IIo4yBax OTINYAKOTCS 6BICTpI)IM
POCTOM M MOT'YT JOCTHUT'aThb TUTAHTCKUX PasMEPOB —
1o 3 M B tuametpe [8]. boibImM ux mpenMyIecTBOM
SBIISIETCS CIIOCOOHOCTD Pa3MHOXKaThesl YepeHKaMu. Ha
TOPHBIX CKJIOHAX, CyXO/I0JIaX, CIIa00IPEHNPOBAHHBIX
y4acTKax HEPTHsi pOCTa y TOTOJNIEH CHMYKAeTCsl, Mo-
9TOMY MPEUMYIIECTBO CIEAYET OT/IaBaTh OCHHE KaK
MEHee MPUXOTIMBOU JipeBecHol nopoje. Ha nepBbix
JTanax CTaHOBJEHUA IJIAHTAIIMOHHOTO XO3sHCTBA
OCHHY MOXXHO HCTIOJB30BaTh ISl (POPMHUPOBAHUS
ITOPOCIIEBHIX TUIAHTAITHI O1arogapsi €e BRICOKOH Kop-
HEOTIIPBHICKOBOH CITOCOOHOCTH.

CenexmrionHast paboTa 1Mo CO3MaHUI0 COPTOB OBI-
CTPOPACTYIIMX ApeBeCHbIX TTopo Ha JansHem BocTo-
Ke He Besach. Takoil orbIT uMeeTcst y Beepoccuiickoro
HUWW necHo# cenexuyy, TeHETUKH U OMOTEXHOJIOTUN
(OI'BY «BHUUJITNCOmoTex») s eBpomeiHcKux

TaOnuua

XapakTepHCTHKA POCTA U NMPHKUBAEMOCTH YePEHKOB TOMOJIS B KOHIIE MIEPBOT0 Ce30HA
BbIpAlllMBAHUS B NMTOMHUKe Xadcnenxo3a
Characteristics of growth and rooting of poplar cuttings at the end of the first growing season
in the Habspetschoz nursery

Ha3zBanue copToB ¥ rHOPUIOB TOIIOJIS
ITokazarenu Bonocucto- T — Mapunan- Caxpay-59 Perenepara | bpabGanruka-175
TITOTHBIH JIIKA (Ne90) (Ne 55)
KonnuecTBo BbICAKEHHBIX 31 27 24 33 8 1
YEpPEHKOB, IIT.
KonunuecTBo coxpaHUBIIUXCS

YEPECHKOB (0KT$I6pIZ 2016 ), wt. 7 19 17 24 2 2
CoXpaHHOCTb, %0 22,6 70,4 70,8 72,7 25,0 18,2
CpenHsis BBICOTA, CM 23,7 18,5 28,9 30,9 27,5 21,0
CrangapTHas OMIMOKa, CM 2,79 1,31 2,77 2,39 3,50 2,00
CraHzapTHOE OTKJIOHEHHE, CM 7,39 5,72 11,44 11,69 4,95 2,83
Jlucniepcust BEIOOPKH 54,57 32,71 130,93 136,64 24,50 8,00

Hawuboneuias Beicora, cM 34 32 48 55 31 23

Hawumenbiiast BeIcoTa, CM 15 9 5 9 24 19
Yporens HagexHOCTH (95,0 %) 6,83 2,76 5,88 4,94 44,47 25,41
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OkoHuaHue 1abu.

Ha3zBanue copToB ¥ THOPUIOB TOTIOJIS
11 - -
orasarem Benyra | bonun | Bopeit | Bepcus | Crpoitn | I'enuit | [Iuonep I/elzzzi; [IOK 33C8
KonugecTBo BhICRXKEHHBIX 49 3 18 R0 44 25 53 45 34 20
YEPEHKOB, IIIT.
KonuuecTBO COXpaHUBIIMXCS 24 0 3 53 35 4 45 3 26 10
4yepeHKoB (OKTs0pb 2016 1), miT.
CoxpaHHOCTB, % 49,0 0,0 444 66,3 79,5 16,0 84,9 6,7 76,5 | 50,0
Cpennsisi BBICOTA, CM 17,7 - 21,1 33,4 28,1 16,3 31,5 14,7 28,2 | 26,8
CranmapTHas OmMOKa, CM 1,53 - 3,03 1,60 1,75 1,93 1,54 2,03 1,81 | 2,36
CrangapTHOE OTKJIOHCHHUE, ¢cM | 7,48 — 8,58 11,64 10,33 3,86 10,33 3,51 9,22 | 7,45
Jlucriepcust BEIOOPKU 55,97 — 73,55 | 135,52 | 106,77 | 14,92 | 106,66 12,33 85,02 | 55,51
HawuOonpias BeicoTa, CM 36 - 37 65 52 20 58 18 43 37
Hawnmensirast BeIcoTa, CM 7 - 6 13 10 11 11 11 5 14
Yposens HagexHocTH (95,0 %) | 3,16 - 7,17 3,21 3,55 6,15 3,10 8,72 3,72 | 5,33
apesecHbIx nopoa. Onnako nepebie warn B 5toM  CMUCOK INTepaTypbl

HarpaBJIeHUH ObUTH CIeNaHbl MPH MOMBITKE aKKITH-
MaTtuzanuu 16 coproB Tomois ceneknuu OI'BY
«BHUWJIT'COnoTex» B YCIOBHIX Xa0apOBCKOTO
kpast. Corpynaukamu [lanpaeBoctounoro HUU nec-
Horo xo3siicTBa (DBY «damsHUNJIX») B 2016 1.
OBLTO BBICAKEHO 505 YepEeHKOB TOTOJISI B TTUTOM-
HUKe Xabcrenxo3a i YKOPEHEHUS U TMOCIeNyIo-
IIEero CO3MaHUsS MATOYHOW TUTaHTAlHuM (TabiauIa).
B cpennem npmxuBaemMocTs coctaBuia 50 %. Cop-
TOBBIE TOTIOJISI YCTIEIITHO TIEPEHECIIN 3UMY B YCIIOBHSIX
fora Xa0apoBCKOTO Kpas. 3aluIaHupoBaHa UX Tepe-
caJiKa Ha MaTOYHYIO TUTAHTAIHIO.

ITo omyonmkoBanHbIM daHHBIM [9, 10], B Bopo-
HEXCKOM 00JIAaCTH OTBITHBIE TJIAHTALIMN TOTIONEH B
25-71eTHeM BO3pacTe HAKaIlUTMBAIOT 3arac ChIpopa-
crymeii apesecunsl ot 200 1o 1000 m3/ra, B ToM
YHclie TIaHTaluu Torons copra «llnonep» nmeror
3anac 410 m*/ra, «Mapunanauka» — 624 m*/ra,
«Perenepara» — 1155 m/ra. Jlyumime pe3ynbrarsl
MTOKa3bIBAIOT €BPO-aMEPUKAHCKUE THOPHUIBI.

Cosnanwue J1ecHbIX TianTanui Ha JlansaeM Boc-
TOKE JIACT TOTYOK BCEMY JIECHOMY CEKTOPY JUIS Iepe-
X0J1a K ”HTEHCMBHOMY WHHOBAI[MOHHOMY Pa3BUTHIO,
TaK Kak 3/1ecb TpeOyeTcs peanbHas HHTETpaus Ha-
VKU ¥ TPAKTHKH, UCTIOIb30BaHUE HOBEHIITUX TEXHO-
JIOTUW BBIPAIIUBAHUS U TIepepabOTKH APEeBECUHBL,
MIPUMEHEHNE TIePeOBhIX JOCTKEHU TeHETUKHA U
cejeknuu. B pe3ynbrare HOIKHA CHU3HUTHCS IMPO-
MBIIUICHHAS Harpy3Ka Ha €CTECTBEHHBIE Jieca TPY/I-
HOJIOCTYTTHBIX TOPHBIX TEPPUTOPUH, BEITIOITHSIOIIINE
pa3zHO00pa3HbIe 3aUTHBIE (PYHKIINH.
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THE PROSPECTS OF FOREST PLANTATION CREATION
IN RUSSIAN FAR EAST

A.Yu. Alekseenko, E.A. Nikitenko

Far East Forestry Research Institute, 680020, Russian Federation, Khabarovsk city, Volochaevskaya street, 71

alexeenko.alex@gmail.com

The general trend of wood-based panels growing demand in the world and Russian domestic markets, which don’t need
the high quality coniferous timber for production. The new opportunities open up for deep processing of low-quality
wood, deciduous trees, small timbre from forest plantations. The creation of forest plantations in the Russian Far East
will facilitate the intensive development of the forest sector in the implementation of priority investment projects
related to the deep processing of timber. At the same time, potential investors can immediately face problems in
selecting forest plots. Mountain slopes with a steepness of more than 10° and wetlands are not suitable for plantations.
It is necessary to begin selection work with local species of quick-growing trees. Pine and larch are promising among
coniferous species. Larch is not very demanding for climatic and soil conditions, it tolerates overmoistening and is
characterized by rapid growth in the first half of life, when the annual increment of plantations reaches 610 m*/ha.
Pine plantation with timely carrying out of thinning cuttings has an increase up to 20 m*/ha. On deep soils, the pine
is well tolerated by droughts, and withstands a prolonged flooding, so its plantations are promising in floodplains of
large rivers — the Amur and Ussuri. Poplar and aspen are promising among deciduous species. Their great advantage
is vegetative reproduction. In Voronezh region, on experimental plantations, Euro-American hybrids of poplars
accumulate a stock of about 1000 m3/ha at 25 years of age. The experiments of adaptation of 16 poplar varieties,
selected in ARRIFGB started in Khabarovsky region. The first year of their cultivation showed the possibility of their
planting by cuttings and resistance to the winter conditions of the Far East.

Keywords: forest plantation, larch, pine, poplar, selection, annual increment
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WCCNEQOBAHUE 3KO/TOMMYECKOW BE3OMACHOCTU YHUYTOXXEHUSA
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[Ipu KOHTAaKTHOM HAHECEHHH apOOPHIIKIA HA HEKEATeIbHBIC IPEBECHBIC PACTECHHS OHHM OTKIIOHSAIOTCS pabodnmM
OpPraHOM MAIIIUHEI, a MMOCIEe e MPOXoa COBEPIIAIOT 3aTyXaIONIHe KOJeOaH s, IPH KOTOPHIX BO3MOKHO cOpachI-
BaHHE YaCTHII [Ipenapara ¢ pacTeHHI MO ACUCTBHEM CHIIBI HHEpUUH. Llenbio paboThl SABISETCS TEOPETHIECKOE U
JKCIIEPUMEHTAIbHOC 000CHOBAHHE KHHEMATHYCCKUX MapaMeTPOB KoJicOaHHH CTBOJIMKOB IPEBECHOM PAaCTHTENb-
HOCTH TIPH XHUMHYECKOM yXOJIe KOHTAKTHBIM CIIOCOOOM, TIO3BOJISFOIINX MCKITFOUNTh TIOTEPH Pabouei HKHUIKOCTH,
HAHECCHHOHN Ha PAaCTEHHs, a TAaKXKe ONpENeNICHIE pa3MepOB YacTHUI] IIpenapara, ClIoCOOHbBIX YAEP)KaThCs Ha pac-
TEHMSAX IPHU PA3IMYHBIX 3HAUCHUAX YCKOpEHUs. PaccMOTpeHbI Cuilbl, AEHCTBYIOUIME HA YAaCTHIly, HAHECEHHON Ha
pacteHre paboyeid KHUIKOCTH JIJIs IBYX BAPHAHTOB PACIIOIOKEHUS YaCTHUIIBI HA pacTeHHH. [1oydeHbl aHATHTHYC-
CKHE BBIPaKCHHUS pa3Mepa YacTHIIbI, CTIOCOOHON ylepKaThCsl Ha PACTEHUH, B YCKOPCHUS BEPIIMHBI pacTeHus. s
pacdera yCKOPEHHUS HEOOXOAUMO 3KCIIEPUMEHTAIBHOE OIIpEeICHUE Ha4aIbHOIO OTKJIOHEHHUS BEPILIMHBI CTBOJIMKA,
YacTOTHI KOJICOAHUH U JTOrapu()MUUECKOTO NeKpeMeHTa Konebanus. C MOMOIIBIO BHCO3AITHCH BBITIOIHEHBI OITbI-
THI 110 OIIPEACTICHUIO ATUX ITapaMeTPOB JUIA Oepe3bl M OCHHBL. 3aTeM s OMPEACTICHUs BIUSHUS COPOTHBICHUS
BO3lyXa pacTeHHE OCBOOOKIAIN OT JIUCTHEB M MOBTOPSIH 3aMUCh MPH TEX ke ycaoBusax. [Ipu paciudpoBke Bu-
Jleo3anuceil BHauaie ObUTH MOCTPOCHBI Tpad)UKU OTKIIOHEHHH BEPIIMHBI PACTCHUIA, a 3aTeM METOIOM rpadude-
ckoro au¢pepeHnnpoBaHus BEIBEICHBI 3aBUCHMOCTH YCKOPEHHUS BEPIIMHBI OT MPOIOKUTEIBHOCTH KOJIeOaHUH.
[TpuBeneHo cpaBHEHKE MApaMETPOB KOJICOAHHH, OTYUCHHBIX SKCIICPUMEHTAIBHO U BEIYUCICHHBIX [0 TCOPETHYC-
CKUM 3aBUCHMOCTsIM. [111st pacteHuit BeicOTO# oT 0,5 10 1,7 M nepuo koineOaHuil yBeTHInBaeTCs: y pacTeHUi 6e3
mucteeB ¢ 0,2 10 0,84 ¢, y pactenuii ¢ muctesimu — ¢ 0,56 1o 1,72 ¢. B Hauane xonebaHuii nepruoa 3HAYUTETBHO
0oJIbIIIe, YeM B CEPEIMHE U B KOHIIE, 0COOCHHO TS PACTCHUH ¢ TUCThsAME. OUEBHIHO, 3TO CBA3aHO C COMPOTUBIIC-
HUEM BO3[yXa, CHIDKAIOIIUM CKOPOCTh BEPIIMHBI PACTCHUS MPU KOJCOaHUSAX. YCTaHOBJICHA YKCIICPUMECHTATbHAS
3aBHCHUMOCTH Pa3Mepa YacTHUIIBI IPerapaTa OT YCKOPEHHS.

KuioueBblie cj10Ba: copHasi paCTUTEILHOCTh, KOHTAKTHOE MTPUMEHEHHUE MeCTULIUA0B, KojeOaHHs paCTeHUM, YCKO-
peHue, HKCIIEPUMEHT, IKOJIOTUsL

Ccpuika nst nutupoBanusi: Kotos A A., AnsaobeB A.d. VccnenoBanue 3K0NOrHIeckoil 6e30MacHOCTH YHHUUTO-
JKEHHSI HeXKeIIaTeIbHON APEBECHOM PacTHTEIBHOCTH XUMUUECKHM MeTozioM // JlecHoit Bectauk / Forestry Bulletin,
2017.T. 21. Ne 4. C. 19-24. DOI: 10.18698/2542-1468-2017-4-19-24

l I a HOPMY pacxojia ¥ paBHOMEPHOCTb pacrpeie- cos® . ‘
JIEHMs TIPEeNapara Mo IIOMaAH IPU KOHTAKT- dF,, 2dG —sin® |—dF,;
HOM CII0cOo0€ BHECEHUS TepOUINIOB 3HAYNTEIBHOE
BIIMSIHAE OKa3BIBAIOT (DH3UKO-MEXaHHMYECCKHUE CBOM- dm< dF,, ) )
CTBa COPHBIX PACTEHMH (KECTKOCTH), UX I'yCTOTa [ cos® 16 | a ’

Y HEPaBHOMEPHOCTH PACTIOIOKEHHS 110 TUTOIIAH.
IIpn 06paboTke HeKemaTeIbHBIX IPEBECHBIX pac-
TEHUH, KOTOPhIE UMEIOT HAMHOTO 00Jiee BHICOKYIO a>g cos® —sino |- dFey,
’)KECTKOCTb 10 CPAaBHEHMIO C COPHOM TPaBSIHUCTOU - f dm’
PacTUTENFHOCTHIO, (PH3UKO-MEXaHHIECKHIE CBOMICTBA

WTPAIOT OY€Hb BAYKHYIO POJIb.

N3yyena cuctema cuil, N€MCTBYIOIUX HA Ya-
CTHILy Tpernapara, HAHECEHHOI0 Ha pacTeHue. Pac-
CMOTPEHBI 1Ba BO3MOXKHBIX ciydas. B mepBom ciy-
4yae yacTHUIa HAXOIUTCS CBEPXY Ha OTKIOHEHHOM
pabo4yrM opraHOM MalIWHBI pacTeHuu (puc. 1, a),
BO BTOPOM Clly4yae Ipernapar pacroyiaraeTcsi BHU3Y
(puc. 1, 6). CoctaBuB ypaBHEHHUS PAaBHOBECHUS CH-
CTEMBI CUJI ¢ yueToM npuHiuna JlanamOepa, mocie
peoOpa3oBaHus UMEEM, UTO B IIEPBOM Cllydae JUis
HCKJII0OYeHUs1 cOpoca YacTULBl Ipenapara ¢ pacre-
HUSI B HAYaJIbHBI MOMEHT BPEMEHH JOJIKHBI BBIIOJI-
HATHCS ycaoBus [1]:

rne dF,, — cuia ClerIeHus YaCTHUIIBI Ipernapara
C MMOBEPXHOCTHIO PACTCHUS,

dG — cuna Tspkectu yacTuibl, dG = dmg;

©® — yroJ OTKJIOHEHHUS CTBOJIMKA OT BEPTHKAJIH;

f— xoa(hduImeHT TpeHns CKOIbKEHUS;

dF,,, — cuna unepuuu, dF,, = dma;

dm — macca 4aCTHIIBI;

g — YCKOpeHHe CBOOOTHOTO TIaJICHUS;

@ — yCKOpEHHE YaCTHUIIbI;

dT — cuna Tpenus ckoibxenus, dT = fdN,

dN — HopMaibHas peakiys MOBEPXHOCTH
OTIOPBI.
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a 7]

Puc. 1. K pacuery cui, 1eHCTBYIOIIMX HA YacTUILy MTperapara:
a — BEpXHEE PACIIONOKEHNE; 6 — HIDKHEE PACTIONOKEHUE
Fig. 1. The calculation of forces acting on a particle of the drug:
a — top location; b — bottom location

AHAJIOTHYHO BO BTOPOM CJTy4ae JJOJDKHBI BBITTONI-
HATHCS yeaoBus (pu dN = 0)

dF,, 2dGsin® +dF,,;
dF,

dm< ——=—; )
gsin®+a

dF,
a< d°” —gsin®.
'm

IIpu ananmmze HepaBencTs (1) u (2) ycTaHOBJICHO,
YTO TIEPBBIA CTydail HAaHECEHUS paboveH KUIKOCTH
MIPEATNOYTUTENFHEE C TOUYKH 3PEHUS SKOJIOTHH; 3/IECh
B HAYaJIbHBI MOMEHT BPEMEHH CHIJTa HHEPIINY UTpPa-
€T TIOJIOKUTENBHYIO POJIb — YAEPKUBAET YACTHILY
Ha PacTeHHH.

[Torepstmu paboueit JKUIKOCTH MOYKHO YIIPABIIATS,
HarpuMmep, U3MEHsSA CUITy HHEPLHUH, B YACTHOCTH
YCKOpEHHe

d%x
a=—-—-,
dr?

1€ X — OTKJIOHEHHE TOUKHU PACTEHHS B TOPU30H-
TaJIbHOU TIIIOCKOCTH;

t — BpeMsl.

Ha cuny mHepnum BAIMAIOT yOpyrue cBOHCTBa
CTBOJIMKA, BBICOTA PACIIONIOKEHHS YaCTUIBI TIpema-
paTa Ha pacTEHUHW U BEJIMYUHA €r0 OTKIOHEHUS B
TOPHU30HTAIBHOM MIOCKOCTH.

BrlinmonHuM uccaeqoBaHue 3K0JI0rHYECKO 6e30-
MMaCHOCTH HaHECEHMs Mpenapara Ha pacteHue. [Ipu
9TOM PacCMOTPHUM CaMblii HEOIATOIIPHUSATHBIN CITyJai,
a MMEHHO: TIEpPBOE HEPABEHCTBO B cucTeMe (2).

CremnaeM 3aMeHy:

dF,, = F, =2nor, cosO,,
dG = dmg,
dF,, =dma,

rae F, — crjia MOBEPXHOCTHOTO HATshKeHus [2, 3];
6 — k02 (ppHUIMEeHT TOBEPXHOCTHOTO HATSKECHUS;
IC — paJinyc CerMeHTa )XUJKOCTH Ha PACTCHUM;
Oc — KpaeBoi yroja cMa4nBaHusl.

3nech

14 2 .
dm=dVp, =——nrp, ==Tripy, a=gsin®+ x”.
23 3
Torma pangnyc cermMeHTa >KUIKOCTH, CITOCOOHBII
yIAEP)KAThCS HA PACTCHHH, OTPEIEIISICTCS U3 BBIpa-
KECHUA

36c0s0,
Py (gsin®@+x")

r, <

3)

Yacruna npenapara ¥ TOYKa pacTeHHsI, HA KO-
TOPOM pacCIOJIOKEHA JIaHHAsI YacTUIa, 00pa3yoT
CHCTEMY HETIOJBHIKHYIO OTHOCHTEIBHO JPYT JAPYTa,
B K2XXJIbIi MOMEHT BPEMEHH, TIOATOMY HX YCKOPEHHS
Oy/IyT OJIMHAKOBBIMHU.

OnpenenuM BEJIMYUHY YCKOPEHHUS TPOU3BOIBHON
TOYKH PACTEHUS, MPUHSIB €ro CTBOJHMK 3a KOHYC.
B obmeM Buae 9acToTy MpOU3BOIHHON (HOPMEI KO-
neGaHuii KOHUYECKOTO CTEPIKHSI MOXKHO OTIPEJICIIUTh
o opmyie [4]

® alr |E
O Gl 2 4
S 2n 2mH?\ p @

TJe @, — TOCTOSTHHAsA, 3aBUCAIIAA OT (OPMBI
cTepkHs B POPMBI KOJICOaHH;

7 — paguyc WHEPIHH MOMEePEYHOTO CEYCHHS,
PAaCTIOIOKEHHOTO B MECTE JKECTKOH 3a1€TIKH;

H — nimHa KOHMYECKOTO CTEP KHS (CTBOJIHMKA);

E — Monynb yrpyroctu pacTyliieu JIpeBeCUHbI;

p — TUIOTHOCTH PacTyIIeH APEBECHHBI.

st ocHOBHO# (hOpMEBI KoJteOaHui tMeeM

foo_ 435 [E
"o 2nH? N\ p’
rae r — paanyc OCHOBAaHHUs KOHYCA.

Hcnonb3yeM ypaBHEHHE 3aTyXalOLIUX KOJIeOaHUH
BEPIIMHBI CTBOJIMKA C YIE€TOM BRIpKEHUS (4)

)

2
x = Aye¥ cos(wt) = Aye~¥ cos % Et . (6)
p

J1Ba paza npoaudhepeHnupyem mocie10BaTelb-
HO ypaBHeHue (6):

x’ =—Aye~¥ (8 cos(wr) + wsin(wr)),  (7)
x” = —Aye ¥ (02 cos(r) - q
—82 2 cos(wr) — 28f wsin (wr)). ®

B 5Tu BbIpaXkeHns BXOJAT Ha4aIbHOE OTKIIOHEHHUE
BEpIUINHBI CTBOJUKA A, yacToTa Konebanuit f{w),
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3aBHCAIIAA OT OMOMETPUUYECKUX TTOKa3aTeen pacre-
HUH, MOJYJIb YIIPYTOCTH CTBOJINKOB U UX TUIOTHOCTh
u sorapuMHUUECKUl IeKpeMeHT konebanus o. Jist
OTIpe/IeNICHUS ITUX MapaMeTPOB HEOOXOAMMO TPO-
BECTH JalbHEHIINEe aHATTUTHYECKNE U SKCIIEPUMEH-
TaJIbHbIC UCCIIEOBAHNS YIIPYTHX CBOMCTB paCTECHUM.

[ns oGecmiedeHnsT SKOIOTHIECKHA 0e30MmacHOn
paboThl MaIIWHBI, B YaCTHOCTH, JJI MCKIIIOYEHUS
MOTEPh MECTUINAA ¢ 00paOOTAHHBIX UM PACTEHUU
BBINTOJTHEHBI FICCIIE0BAHMS 3aTyXarOINX KOJIeOaHNH.
B pesynbrare nomy4eHsl yCKOpEeHUs BEPUINH pacTe-
HUH, COBEpIIAIONINX KoeOaTeabHbIe TBUKEHNUS 110~
CJIe TIPOXO/Ia arperara mpy KOHTAaKTHOH 00padoTke, a
TaK)Ke yCTaHOBIJIEHA 3aBUCHMOCTh MEKY pa3MepOM
Y4acTULBI paboUel KUAKOCTH, KOTOpast MOXKET yAep-
JKaTbCs HA PACTEHUH, U YCKOPEHUEM.

MaTtepuanbl U MeTOAUKA

OTBITHI IPOBOIUIIM C OCHHOM 1 6epesoii. CHava-
Jla HAMEYEHHOE pacTeHHe 0CBOOOXKIAIN OT HAXOIs-
mIeHcs PSIAOM PacTHTEILHOCTH (IPEeBECHOM U Tpa-
BSIHHICTOH ), KOTOpast MOTyIa ObI OKa3aTh BIWSHUC HA
KOJIeOaHUs JAHHOTO PAaCTeHUA. 3aTeM 3aMepsITH €TOo
OonomeTrprueckue rmokasarenu. [lorom nmMuTHpOBaIH
MIPOXOJT Yepe3 pacTeHHe MAIIWHBI TSI KOHTaKTHOH
00paboTKH [5] — BepIIMHA pacTEHUS OTKIOHSIACH
Ha HEKOTOPYIO BEIMYMHY U OHO COBEPIIAJIO KOJe-
OarenmpHBIC MBIDKEHUS. VX cCHUMaM Ha MUPPOBYIO
kamepy. CheMKH TIPOBOAMIN Ha (pOHE IIIAHIIETA C
HaHECEHHBIMHU Ha HEr0 KOOPAWHATHBIMH OCSMU JIJIS
YBEJIMYCHHUS KOHTPACTHOCTH IOTy4aeMOro H300pa-
JKEHUS U (UKCAIINH BEITMIMHBI OTKJIIOHEHHH [0, 7].

3areM pacTeHrne OCBOOOXKIAIN OT JIUCTHEB IS
YCTaHOBIJICHHUS BIUSHUS COTMPOTUBICHUS BO3IyXa U
CBEMKY ITOBTOPSITH IPH ITHUX K€ YCIOBUAX (pHC. 2).

Buneozanucu pasnensuim Ha Kagphl C IAarOM
At = 0,04 c. IIpu ux pacmuppoBKe ONMPEACIIIN
OTKJIOHEHHE BEPIINHBI PACTCHUS C MPUBI3KOH KO
BpEMEHHU KOJIeOaHH.

AT

) |
auruwsu/umzo 11)2(] 50 40 5l05

=>~—
=
8-—‘-

Puc. 2. Onpenenenne OTKIOHEHHUS CTBOJTUKA
Fig. 2. Determination of the deflection of the tree trunk

0,60 ¢

0,64 ¢
Puc. 3. OTknonenue 6epessl € IUCTIMH B IEPBBIH MOMYIEPHOLT

konebanuii 3a 0,04 ¢ (dy =4 mm, H= 0,52 M)

Fig. 3. The deviation of the trunk of a birch with leaves in the
first half-period of oscillations in 0,04 sec(d, = 4 mm,
H=0,52m)

Ha puc. 3 mokasans! aBa cocennux kaapa. be-
pe3a ¢ JIMCThSIMHU COBEPINACT MEePBbIA MOTYIEPUO/
KonebaHuii (IBMIKETCS clieBa Harpaso). BunHo, 4To
¢ momenTa Bpemernu 0,60 ¢ Mo MOMEHT BpeMEHH
0,64 c moce Havana KojaeOaHui BEpITHHA TPOXOIUT
myTh B 5 cM. Takum 00pa3oM, CpemHssi CKOPOCTh €€
JBIKEHUS Ha D TOM MHTEPBAJIe BPEMEHHU COCTABIISET
1,25 m/c. CKOpOCTH 1 YCKOPEHUS BEPIIUHBI PACTCHUS
BBIYUCISUTACH TTPUOIIKEHHO TI0 (hopMyiTaM

AS AV
- ch,» s (9)

a0 ST A

CPi+1

e V,, — CpenHsis CKOPOCTh TOYKM Ha IpoMe-
JKyTKE BpeMeHH At;

AS — npoiICHHBIN TOUYKOH Iy Th 32 IPOMEKYTOK
BpeMeHu Af;

o, — CPENIHEE YCKOPEHHE Ha IIPOMEKYTKE Bpe-
MeHH Af;

AV — u3MeHeHue CKOpOCTH 3a Bpems At;

Vepis Vep;,, — CPEIHIE CKOPOCTH Ha JIBYX COCEJI-
HUX MTPOMEXYTKaXBPEMEHH.

Pesynprarsl nccinegoBaHU TTOKa3bIBAIOT, YTO
CKOPOCTh M YCKOPEHHUE Yy pacTeHui 0e3 JHCThe Cy-
IIECTBEHHO BHIIIE (B 2—5 pa3), 4eM y pacTeHui ¢
nucTbsMu. V3MeHeHne CKOPOCTH M YCKOPEHUS Y
MTOCJIETHIX TPOUCXOAUT OTHOCHTEIHHO MEJJICHHO.
OdeBHIHO, 3TO CBSI3aHO C COMPOTHBICHUEM BO3JIY-
Xa, CHIDKAIOIINM CKOPOCTh BEPIIMHBI PACTEHUS TTPU
ronebanusx. [Ipy yMEeHBIIEHUN CKOPOCTH 10 HEKO-
TOPOTO TTOPOTOBOTO 3HAYEHUS TIEPHO CTAHOBUTCS
OCTOSTHHBIM (7). YCTAHOBIICHO, YTO TIEPUO]T KO-
nebaHui pacTeT ¢ YBEeIHYEHHEM BBICOTHI PACTeHHIA,
T. €. B IIEJIOM BBITIOJHsIETCS ypaBHEHUE (5).

Hns pacrenuit Beicoroit ot 0,5 go 1,7 M nepu-
on koseOanuii T yBenmnuuBaeTcs: y pacTeHuit 0e3
nucteeB ¢ 0,2 1o 0,84 ¢, y pacTeHui ¢ IUCThSIMH —
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¢ 0,56 10 1,72 c. B Hauasie koneOaHuii eprosL 3HAUH-
TEJBHO OOJIbIIE, YEM B CepeInHE U OCOOCHHO B KOHIIE.
Ha rpadukax (puc. 4—6) npuBeJcHO CpaBHEHUE T1a-
paMeTpoB KoJeOaHMi, MOITYyUYEeHHBIX IKCIIEPUMEH-
TaJbHO W BBIYUCIICHHBIX IO TEOPETHYECKUM 3aBHU-
cuMoctsaM (6)—(8). JlorapupMuaeckuit TeKPEMEHT
KoJieOaHMs OTpeIeieH dKCIIepUMeHTalbHO. B mep-
BBII TIepHOJI KOJIeOaHUi OH BapbHPYETCs y paCTeHUI
6e3 nmcteeB B mpenenax 0,38-0,76; y pacrenuit ¢
JIACTBSIMH B Tipenenax 1,14—2,14.

B cBs31 ¢ HEOCTaTOYHO BBICOKOM TOYHOCTHIO I10-
CTpOeHUsI TpaQUKOB M3MEHEHHS YCKOPEHHST JUTSI JIalTh-
HEHIIMX pacyeToB MPUHATH TEOPETUIECKNE KPUBBIE.

=
o
£ 06
2
S 0.2 0,72 0,96 1,20 =
5 0 I I I I I r I
S—o2l 024 048 \\ / 44 1,68
N
-0,6 =
Bpewms, ¢
—=— DKCIICPUMCHTAJIbHAA KpUBasi, — — TCOPETUYCCKAs KpuBasd

Puc. 4. I'paduk xonedanuii Gepessl ¢ TUCThIMU (d) = 14 MM,

H=1,75w)
Fig. 4. Graph of fluctuations in birch leaves (d;, = 14 mm,
H=1,75m)
T 024 048 0,72 096
L 0 | 1 1 — ix 1
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Puc. 5. T'paduk u3MeHEHHsT CKOPOCTH BEPIUINHBI Oepe3sl ¢ JIu-
ctbsiMu (do = 14 mm, H = 1,75 m)
Fig. 5. Chart speed change tops birch with sheets (d, = 14 mm,

H=1,75m)
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Puc. 6. I'paduk M3MEHEHUs YyCKOPCHUSI BEPLUIMHBI Oepe3sl ¢
muctesami (dy = 14 mm, H = 1,75 m)

Fig. 6. The graph of change of acceleration peaks birch with
sheets (dy = 14 mm, H=1,75 m)

Teoperndeckue rpaduk YCKOPEHUH Ui ABYX
MIOPOJI pacTeHMH MoKa3aHbl Ha puc. 7. Hanbonbiee
YCKOPCHUC B HavYaJabHBIA MOMEHT BPEMCHU HAXOUT-
cs B pezenax 16...55 mM/c?, npu 5ToM HabIrOmaeTcs
3aKOHOMEPHOCTH: YeM MEHBIIIE MTePHOJT KoJIeOaHuH,
TeM OOJIBIIEe YCKOPEHNE BEPIUHBI.

40

Yckopenue, M/c 2

Bpewms, ¢

Puc. 7. I'paduk n3MeHeHNsT yCKOPEHHs BEPLIMHBI PaCTCHUH C
muctesivmu: [ — ocuna (H = 0,90 M), 2 — ocuna (H =
=0,55 m), 3 — Gepesa (H = 0,54 m), 4 — Gepesa (H =
=1,00 m), 5 — Oepesza (H=1,75 m)

Fig. 7. A graph of the acceleration of the tops of plants with
leaves: / — aspen H= 0,90 m), 2— aspen (H = 0,55 m),
3 — birch (4 = 0,54 m), 4 — birch (H = 1,00 m), 5 —
birch (H= 1,75 m)

Omnpezenenne MoTeps Mperapara BHITOIHEHO 1O
dopmyne (3). Ipunsiro: 6 =0,0726 H/m, p,, = 1000 kr/m>
mpu 20 °C [2, 8].

I'paduk 3aBECHIMOCTH pamnyca ceTMEHTa JKH/I-
KOCTH, KOTOpasi MOJKET yIep>KaTbCs Ha PAaCTeHUH BO
BpeMs ero KoyiebaHmid, OT YCKOPEHHS TPUBEICH Ha
puc. 8.

el
(o]

)
wn

— N
[ (o3
T T

KHUJIKOCTH, MM

Pa}myc CEerMeHTa

70 90 110 130 150 170 190
VYekopenue, m/c 2

0,5 1 1
10 30 50

Puc. 8. 3aBucuMocCTh paguyca cerMEHTa KHUJIKOCTU OT YCKO-
peHust

Fig. 8. The dependence of the radius of the segment of the fluid
acceleration

[Ipu yBenu4yeHnn yCKOPEHHS OT g 10 MaKCUMAJTb-
HOTO dy, = g+ X” = 65Mm/c? (cm. puc. 8) mpu © = 90°
paaryc 9acTHUIIBl IECTHUIIN/IA, KOTOPas MOXKET yaep-
JKaTbCsl HAa pacTeHUU, yMeHsbIaercs ¢ 3,9 1o 1,77 mm,
a ee macca — ¢ 124,9 no 11,6 mr. JleBas yactb rpa-
(bmka (10 BepTUKAIBHOMN JTMHIH) OTPAXKAET PeasbHO
BO3MO)KHBIE 3HAYECHUS yCKOPEHUH BEPIITNH PACTCHUIH
IIpH KOHTAKTHOM 00paboTKe.

Pe3ynbTaThl

C y4eToM TOro, 4TO MPHU XUMHUUECKOM yXO/I€ KOH-
TaKTHBIM CIIOCOOOM HOpPMa Pacxoja KUIKOCTH HE
npeBbimaet 38 sn/ra [9, 10], onpenenena TonmuHa

22

JlecHoli BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4



WccnegoBaHme 3KoNornyeckoln 6e3onacHocTu. ..

JKonormyeckue acnekTbl...

HAaHOCHMOM Ha pacTeHus TUIEHKH pabo4yero pacTBopa.
PaccunTano cooTBETCTBYIONIEE STOU TOJIIIMHE YCKO-
peHue, crocoOHOE OTOPBAThH YACTHUILY TIpernapara oT
pactenns. TonmuHa TIEHKH PacTBOPA COCTABISET
0,7 MM TIpU YCKOPEHUH BEPIIKHBL, paBHOM 400 m/c?.
TaxuMm 00pa3zom, AT caMbIX HEOIATONPUITHBIX YC-
JI0BHUH 00pabOTKN UMEETCS TIOUTH YEThIPEX KPaTHBIN
3arac Mo YCKOPEHHUIO Ha OTPBIB.
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THE STUDY OF ECOLOGICAL SAFETY OF THE DESTRUCTION
UNDESIRABLE WOODY VEGETATION BY CHEMICAL METHOD

A.A. Kotov, A.F. Alyabiev
BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
kotov@mgul.ac.ru

During contact application arboricideto unwanted woody plants, they are rejected by the working body of the
machine, and after its passage do damped oscillations, at which the possible shedding of particles of the drug
from the plants under the action of inertial forces. The aim of this work is a theoretical and experimental study
of kinematic parameters of the oscillations of the trunks of woody vegetation under chemical care contact way
to eliminate losses of working fluid applied on the plants, as well as the determination of the particle size of
the drug, able to stay on the plants at different values of acceleration. Consider the forces acting on a particle of
working fluid applied to the plant. Thus we consider two cases of location of its plant. The analytical expressions
of particle size, able to stay on the plant, and acceleration of the top of the plant are received. To determine the
acceleration necessary experimental determination of the initial deflection of the top of the barrel, the oscillation
frequency and logarithmic decrement of the oscillations. Therefore, with the help of video from a birch and an
aspen performed experiments to determine these parameters. To determine the effect of air resistance, the plant is
then freed from the leaves, and the recording was repeated under the same conditions. When you decrypt the videos
first, the plots of the deviations of the tops of the plants, and then by the method of graphical differentiation of the
obtained dependence of the acceleration peaks as the duration of the oscillations. The comparison of the fluctuation
parameters obtained experimentally and calculated from the theoretical dependencies. The period of oscillations for
plant height, respectively, from 0,5 to 1,7 m without leaves varies from 0,2 to 0,84 with, for plants with leaves from
a 0,56 to 1,72 C. Moreover, at the beginning of the oscillation period is much longer than in their middle and end,
especially for plants with leaves. Obviously, this is due to air resistance, slowing the tops of plants with fluctuations.
There has been discovered the experimental dependence of the size of drug particles from the acceleration.
Keywords: weeds, contact application of pesticides, the fluctuations of plants,acceleration, experiment, ecology

Suggested citation: Kotov A.A., Alyab’ev A.F. Issledovanie ekologicheskoy bezopasnosti unichtozheniya
nezhelatel 'noy drevesnoy rastitel 'nosti khimicheskim metodom [The study of ecological safety of the destruction
undesirable woody vegetation by chemical method]. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4, pp. 19-24.
DOLI: 10.18698/2542-1468-2017-4-19-24
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CTPOEHMUE U NNIOTHOCTb APEBECUHDbI EJIU

B MJIAHTALUOHHDbIX KYJIbTYPAX

I.A. Danuaos!, JI.C. Topun?

'®BTHY Jlenunrpanckuiit HIMCX «benoropkay, 188338, Jlenunrpasackas o6nacts, Iarannckuii p-u, nep. benoropka, yi. Un-
CTUTyTCKas, 1. 1
2 Cankr-TleTepOyprekuil rocyiapeTBeHHBIN ecoTexundeckuii yansepeuret, 194021, Caunkr-TletepOypr, MuctutyTekuii nep., 1. 5
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BrnusiHMe yCKOPEHHOTO JIeCOBBIPAIIMBAHUS HA KOJIMYECTBEHHbIE U Ka4eCTBEHHBIE TOKA3ATEIH IPEBECUHBI SBIISCTCA
OJTHUM U3 KIIIOUYEBBIX BOIPOCOB MHTEHCUBHOI'O JIECOIMOJIb30BaHMs. B pa3HbIX peruoHax 4acto MojayyaroT MpOTH-
BOpPCUUBHIC JaHHBIC TI0 ATOMY BONpOCY. B Hacrosimee BpeMs MPOBEACHO HCCIIEIOBAHUE BIMSHUS yCKOPEHHOTO
BBIPALIMBAHUS JPEBECUHBI €JIU B INIAHTALIMOHHBIX KYJIbTypax, JOCTUrIINX Bo3pacTa 40 sieT, co3naHHbIX B JIeHnH-
rpajckoi obmactu. OTMedaercs, 9TO BBIPANICHHAs IPEBECUHA €M IO MOKA3aTelsiM TUIOTHOCTH HE HIDKE, a Ha
00BbeKTax C yXOoIaMH BBILIE CPEIHUX JAHHBIX JUIS 9TOW MOPOIBI B pernoHe uccienoanus. [Ipu u3yueHnn Bozaei-
CTBHA CTPYKTYPHBIX JIEMEHTOB KCHJIEMbI Ha IUNIOTHOCTh APEBECUHBI BBISBIICH, YTO Ha JAHHOM BO3PAaCTHOM JTaIrle
HauOoJbIlce BIUSHAC HA DTy XapaKTEPUCTUKY OKa3bIBaCT 30HA paHHEH apeBecuHbl. [Ipu nccrnenoBaHl MHKPO-
CTPYKTYPHBIX SJIEMEHTOB JIPEBECHHBI €JI YCTAHOBJIECHO, YTO MOCIE YXOHA0B OOJIbIIEC H3MEHSIIOTCS KOMUECTBEHHBIE
II0Ka3aTe M 30HbI paHHEH KCUJIEMBI, a He MO3AHEH yacTu roAuYHoro npupocra. IlyreMm aucnepcoHHOro aHaiau3a
KOJIMYECTBEHHBIX JJAHHBIX BBISBIICHO, YTO HAMOOJIBIIIEE CTATUCTUICCKH 3HAUMMOE BIIMSHIE HA TUIOTHOCTh JIPEBECHU-
HBI €J1H, BRIPAIIUBAEMON 110 MHTEHCUBHOW TEXHOJIOTHH, Ha TAHHOM BO3PACTHOM dTarle OKa3bIBAeT KOJIMYECTBO KIe-
TOK paHHEeH KcrieMbl. [Ipu MHOTO(paKTOPHOM AMCIICPCHOHHOM aHAIN3€ BKJIA]] APYTHX CTPYKTYPHBIX MOKa3aTeiei
JIpeBECHHbI MEeHee 3HauuTelleH. Ha oCHOBaHMU MPOBEIEHHOIO MCCIEIOBAHUS MOXKHO C/eNIaTh 3aKII0YeHHE, YTO
BBIpaIBaeMas 10 HHTEHCUBHOW TEXHOJIOTHH JPEBECHHA elTM KaK 0allaHCOBOE CBIPHE IS HYXK/I LEJUTIOI03HO-0y-
Ma’KHOTO ITPOM3BOJICTBA UMEET [ICHHBIC KOJINYCCTBCHHBIC M KAUCCTBEHHbBIC XapaKTEePUCTUKU. [Ipeoliaganue 30HbI
paHHEH ApeBecruHBI ¢ 0oJiee TNIOTHRIMH CTCHKAMU ITO3BOJIAT YBEIMYUTD BBIXOJ IICIUTIONO3BI IIPH Bapke. IHTEHCHB-
HOE JICCOBBIPALIMBAHUE AA€T BO3MOXKHOCTBH IMONYYUTH OOJIbIIEE KOITUYECTBO OaTaHCOBOW APEBECHHBI MO CPaB-
HEHUIO C €CTECTBEHHBIMHU JIPEBOCTOSIMU TOTO K€ BO3pPAcCTa, T. €. COKPATHTh BIBOE CPOK BHIPAIIMBAHUS TOBAPHOMU
XBOMHOH IpeBECHUHBI B YCIOBUSIX PErMOHA UCCIIEJOBAHUSI.

KiiroueBble ¢Jj10Ba: INIAaHTAMOHHbIE KYIBTYPBI, TNIOTHOCTH JPEBECHHBI €11, MAKPO- U MUKPOCTPOCHNE KCUIEMBI,
JIMCTIEPCUOHHBIN aHAIIN3

Ccpuiaka nas nuutupoanus: lanmnos J[.A., Tropusr [I.C. CTpoeHHe U ITIOTHOCTD IPEBECHHEI €U B IUTAHTAIIMOH-

HbIX KyJabTypax // Jlecnoit Bectruk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 25-30.

DOI: 10.18698/2542-1468-2017-4-25-30

BHaCTOHI_LIee BpeMs IOJIy4eHHe KadyeCTBEHHOTO
XBOWHOTO 0aJIaHCOBOTO CHIPHS IS IIEILTIONIO3-
HO-OyMa)KHOTO TTPOU3BOJICTBA B KpaTdaiiiie CpOKH
SIBJISIETCSL aKTyalbHeHel 3agaueidl. PaccmarpuBast
BOIIPOC KadecTBa JIPEBECHHBI, ITOIyIaeMOM 110 WH-
TEHCHBHOW TEXHOJIOTHH, HEOOXOIMMO OTMETHUTb, UTO
IUTAaHTAIMOHHOE JIECOBBIPAIIMBAaHNE MOXKET CTaTh OC-
HOBHBIM CIIOCOOOM TIPOMU3BOJICTBA JIECHBIX PECYPCOB
B PETMOHAX C MHTEHCUBHBIM JIECHBIM XO3SHCTBOM U
pa3BuTO HHMPACTPYKTYPOH, BKITFOUAS TIPEIIPUSITHS
JieconpoMbluieHHoro kommiekca [1-3]. Ilonyye-
HHE He0OXOIMMOTo 00heMa IPEBECHHBI B MEHBIITHE
CPOKH, YeM TIpY BHIPAIIMBaHUHU €CTECTBEHHBIX JIpe-
BOCTOEB, U BO3MOXKHOCTH Pa3MeEIICHUS TUTaHTAIUiI
PSAZIOM C TIOTPEOUTENSIMH IPEBECUHBI JeTIaeT TUIaHTa-
LY JIOXOJTHBIM JIECOXO3SHCTBEHHBIM TIPEATIPUATHEM.
Juist iemmono3H0-0yMaskHOTO TPOU3BO/ICTBA BaXKHO,
YTOOBI YBENTMYEHNE O0ObEMHBIX TIOKa3aTeNe apeBe-
CUHBI COMTPOBOXKAAIOCH YBEIIMYSCHHEM U MaCCOBBIX
rokasarejieii. Hu3kas mioTHOCTh OalaHCOBOH eJ1o-
BOH JpeBECHHBI, HUCIIOIB3yEMOH B IIEILTIOIO3HO-0Y-
Ma)KHOM ITPOM3BOJICTBE, KpaifHe HexkKeareabHa, TaK
KaK BEJIET K MOJTyuYeHUI0 MeHee KadeCTBEHHOM T1el-
JIFOJIO3bI 1 MEHBIIIEMY €€ BBIXOJTY, YTO, B CBOIO OYe-

penb, YBEIIMIUBACT 3aTPAThI HAa 3aTOTOBKY, JOCTABKY
1 TIepepabOTKy JOTOTHUTEIHHBIX 00BEMOB CHIPHSI.

[ToMHMO PKOTOTHYECKHUX W HACIEICTBEHHBIX
(hakTOpOB, BIUSIOMINX HA IJIOTHOCTH JPEBECHHEI,
0oIbIII0€ 3HAYEHHE NMETOT JIECOX03IHCTBEHHBIE Me-
pONPUATHSA: TTOCAJKU C ONMPEAETCHHON I'yCTOTOM,
pasMerieHne KymnbTyp, pyOKH yXofa, BHECEHUE YI0-
Openwii, ocymenne u T. 1. [1, 4-9]. Bompoc kaue-
CTBEHHBIX ITOKa3aTesel JpeBeCUHbBI, BEIpALIMBAEMOMN
10 UHTEHCUBHOU TEXHOJIOTHUH, OCTAETCS OTKPBITHIM,
TaK KaK CPaBHUBAIOTCS 0OBEKTHI, HECOMTOCTABIMBIE
IO CTETIEHH yXO/I0B 32 HUMH H TI0 TeorpaduaeckoMy
pacrnonoxeHno. Mexann3m (popMupoBaHUS TIIOT-
HOCTH JPEBECUHBI NIPU YCKOPEHHOM BBIpaInBa-
HUHW XBOWHBIX TIOPOJ 0 KOHI[A HE MCCIIeIOBAH, 1 HE
U3y4eH KOMIIOHEHTHBIA COCTaB TAKOW JIPEBECUHBI.
[ToaTomy HEOOXOTUMO TTPOBOUTH UCCIIEIOBAHUS, B
KOTOPBIX OyZIET paCCMOTPEHO BIHUSHHAE CTPYKTYPHBIX
AJIEMEHTOB KCHJIEMBI Ha TUIOTHOCTH JIPEBECHHBI €ITH
B IUTAHTAIMOHHBIX KYyJIbTypax.

Metonrka oT60pa MOAETBHBIX JIEPEBHEB B TIpe-
JeNax TJIAHTAIMOHHBIX KYJIBTYP €U MPOBOAMIACH
o I'OCT 16483.6-80(CT COB 1141-78) «Metox
0TOOpa MOJIENTBHBIX AEPEBBEB U KPSIKEH IS oTipeie-

JNecHol BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4

25



CTpoeHue, CBOWCTBA M KauecTBO ApPpeBeCUHDbL...

CTpoeHue U NJIOTHOCTb ipEBECUHbI...

JieHUs] (PU3MKO-MEXaHUYCCKUX CBOMCTB JIPEBECUHBI
HacaxaeHui». [{ns ananuza, Kak MpaBuiio, UCIOJIb-
30BaJINCh 0Opaslbl B BUJIC IMJIMHIPA JHAMETPOM
5 MM, U3BIICUEHHOTO U3 JiepeBa BO3PACTHBIM Oypa-
BOM, WJIM MOJIOCKH JIPEBECHHBI U3 I11aii0, BhIPAB-
HEHHBIC 10 TOJIIUHBI 5 MM. JIJ1s manpHEHINX aHa-
TOMHYECKHX MCCIEAOBAHUI 00pa3lbl APEBECHUHBI
[OJITOTABJIMBAIMCH 110 CTAHIAPTHBIM METOIUKAM,
M3JI0KEHHBIM B paboTax Mo JAHHOMY HaIlpaBJICHHUIO
[5, 10-12]. ba3ucHast IIOTHOCTH IPEBECHUHBI OTIPETe-
nsimack o meroguke O.U. Iomy6ospunona [7]. dus
M3Y4YCHHUS] aHATOMHYECKON CTPYKTYPBI JIPEBECHHBI
HCTIOJIb30BaH IIU(MPOBOH IEKTPOHHBII MHKPOCKOIT
LEICA DVMS5000 ¢ nporpaMMHBIM 00ecTiedeHIeM
Leica Application Suite Ha 6a3ze pecypcHOTO IIeH-
tpa «I'eomonenby Cankr-IletepOyprckoro rocyaap-
CTBEHHOTO YHUBEPCUTETA.

l'ucromeTpuyeckue 3amMepsl TPaxeu 1 MPOBOAMIH
BJIOJIb PaIHaJIbHBIX PSIOB KIIETOK. Psiyibl tst u3Mepe-
HU BBIOMpaIK CITydaifHbIM 00pa3zoM. MUHUMAaIbHOE
JIOTTYCTIMOE KOJIMIECTBO U3MEPSEMBIX PSATOB KIETOK
paBHO 5, Tak Kak B 3TOM ClIydae OTHOCHTEJbHAs
MOTPENIHOCTh U3MEPECHUSI paJHalIbHBIX Pa3MepoB
KJIETOK Y TONIIMHBI KIIETOYHON CTeHKH HE OyZIeT mpe-
BeImath 10 % [ 10, 11]. IomydenHsiii MmaTepuat oopa-
0aTbIBaJICsl METOJAMH MaTEMaTUYCCKON CTaTUCTUKH
¢ moMotbio nmpuioxerus Microsoft Excel n makera
npukiraaaeix nporpamm StatPlus 2011, WinGIS,
GIS-ITanopama 2008 Bepcust 10.6.3, 10CTOBEpPHOCTH
pasTuYMs MEXAy TOKa3aTelsiMHu Olpenessiuiach Ha
95-pOIIEHTHOM JAOBEPHUTEIHHOM YPOBHE.

OO0bexTamMu Hccie0BaHns OBIIN TUTAHTAMOH-
HbIE KYJIBTYpPbI €11 C Pa3HOW I'yCTOTOM M pa3HbIMU
peXUMaMU yXxoja, 3aJIoKeHHbIe B JIeHMHTpaicKOi
obmactu (1976 1) B CuBEpCKOM Jiecxo3e, Ha OBIBIIIEM

3a00JI04€HHOM U 3apOCIIeM CEHOKOCE, Oce Mpe/l-
BapUTEIHHON METHOpaIK U MOATOTOBKH y4YacTKa.
W3 yxomoB 3a HacaXICHUSMH MMPOBOAMIIMCH YOOpKa
JKUBOTO HAIlOYBEHHOT'O MOKPOBA M KYCTApHUKOBOI
Mopociy repOUIUIaMi U BHOCHIIKCH, JIOKAJIbHO
noz, kopeHb, NPK-ynoOpenus. JlaHHbIi 0OBEKT SIB-
nsics onbITHBIM craroHapoM JlenkHMWIIXa (apine
CunoHUMJIIX). OgHolt 13 OCHOBHBIX IENICH 3aKIIa K1
9THX ONBITHBIX OOBEKTOB OBUIO MOJMYYCHUE OallaH-
coBoit npesecunbl s LIBIT 3a koporkuit o6opoT
pyoxu — 40 ser.

B Hacrositiiee BpeMsi Ha OIBITHOM 00BEKTE APEBO-
CTOM JTOCTUIVIM JAHHOTO BO3pPacTa W HECOMHEHHBIH
HMHTEpEeC MPEeACTABIAIOT KaYeCTBEHHbIE XapaKTepu-
CTHKH BBIPAIIUBAEMOM IPEBECUHBI.

[IpuBenenusle B TabI1. 1 KOJIMUECTBEHHBIE XapaKe-
TPUCTHKH BBIPAIIIMBAEMBIX KYJIBTYp €11 10 BapHUaH-
TaM OIIbITa C PA3HOM I'yCTOTOM MTOCA/IKH [IOKA3bIBAOT,
YTO JIaHHbIE HacaxXJieHus npouspacrtarot no la—I
KJlaccy OOHUTETa M UMEIOT 3arac, MPeBbIIIAI0NIHNA
3arac HOpMaJIbHbIX YHCTHIX IPEBOCTOEB €111 JAHHOTO
BO3pacTa i peruoHa uccienoBanus [13].

I'ycrora cumkena B 2000 r. 1o 1600 1mt./ra.

B panee mpoBeneHHBIX UCCIEJOBAHUIX OBIIO
M3y4YEHO BIIMSHUE CTPOCHHSI MAKPOCTPYKTYPHI Ape-
BECHHBI €JI1 Ha €€ IUI0THOCTb. I1orydeHHbIe pe3yib-
TaTHl TOKA3aJi 3HAYNMYI0 00paTHYIO B3aUMOCBSA3b
0a3uCHOMN TUIOTHOCTH APEBECHHBI C J0JIeil paHHeH
JPEBECHUHBI M IIUPHUHOI TOJUYHOTO CIIOS IS €U U
ciabyto — c j1oy1eH o3/1HeH JpeBeCuHbl. ABTOpaMH
OBUIO BBIABHHYTA THIIOTE3a O TOM, YTO Ha JAaHHOM
JTare pa3BUTHA ITUX TOPOJ KOJIMYECTBO paHHEH
JIPEBECHHBI B OOJIBIIECH Mepe oTpeesisieT 0a3uCHyI0
IJIOTHOCTh JIPEBECHHBI, YEM JI0JI MTO3JHEH ApeBe-
cuHH [2, 14].

Tadonuma 1

TakcauuoOHHbIE MOKA3ATEJH JIAHTAHMOHHBIX KYJbTYP €M 110 BApuaHTaM onbita (2014 1)
Inventory indices of plantation crops eaten by variants of experience (2014)

Bapuant miT./ra Cpenmme Cymma mjomzaaeﬁ 3amac, M?/ra
OTIbITa BHICOTA, M | JMAMETD, M cedeHuid, M*/ra
I'ycrora mocanku 1 ThIC. mT./Ta
Konrpoin 774 16,3 20,5 25,5 208
VYnobpenus + repOUIu b 893 17,8 21,9 35,5 312
I'ycrora mocaaku 2 ThIC. IIT./Ta
KonTpons 1825 15,9 16,5 36,8 294
TepOunuosr* 1012 17,2 21,2 35,6 304
Vrnobpenus + repOuIuasr* 965 17,1 20,7 32 272
I'ycrora mocasiku 4 ThIC. WT./Ta
Kontpoin 2073 15,6 15,1 40,6 319
TepOurumsr* 1775 16,4 17,4 434 356
VYnobpenus + repOouIuIbr* 1589 16,7 18,2 41,4 345
* T'ycrora cuikena B 2000 1. 1o 1400 wr./ra
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Tadbanunma 2

XapaKeTpI/ICTI/IKI/I CTpocHUSA JPEBECUHDBI €JIM B INIAHTAIUOHHBIX KYJIbTypax
(3a nepuoa 15-40 jieT) M0 BapuaHTaM ONbITA
Indicators of the structure of spruce wood in plantation crops (for the period 1540 years)
according to variants of experience

Cpennee Cpennee
Cpennss
6asucHas KOJIMYECTBO Cpensss TonmruHa KOJIMYECTBO CpenHsis ToNmKHa
KJICTOK ITO3IHEH KJIETOYHOM KJIETOK paHHEH KJICTOYHOM
BapuanT ombita IJIOTHOCTh . .
CBECHHLL JIPEBECUHBI CTEHKH MO3IHEH JIpEBECUHBI CTCHKHU paHHEH
P - ’ B FOJIUYHOM JPEBECHHBI, MKM B TOJIUYHOM JPEBECHHBI, MKM
MPUPOCTE, IIT. PUPOCTE, MIT.
I'ycrora mocaaku 1 ThIC. IT./Ta
KoHnTpons 411 16 2,41 133 1,81
TepOummst 414 25 2,65 100 2,69
Vrnobpenue + repOuIuIb! 429 15 2,88 92 2,19
['yctora mocaku 2 TeIC. IIT./Ta
Konrposnn 384 17 2,60 100 1,90
TepOuru st 400 19 2,34 65 2,09
I'ycrora mocaaku 4 TeIC. MT./Ta
Konrpoin 383 20 2,85 66 2,4
TepOurnast 412 20 3,31 54 2,81

i moaTBepI K IeHUS TUTIOTE3bI O BIUSHUH JIOTH
paHHEH IpeBECHHBI Ha MIIOTHOCTH APEBECUHEI B
1esoM OblTa MPOBEACHA JIEKTPOHHAS MHUKPOCKO-
MUs KIIETOK KCHIIEMBI 00pa3ioB JAPEBECHHBI €U B
IJTAHTAIMOHHBIX KyJIbTypax. B xagecTBe 00pasiioB
OTOMpaNINCh KEPHBI IPEBECHHBI U3 HAanOoJjee Tpe-
CTaBUTEIb JIEPEBHEB Ha MPOOHBIX IJIOMIAIAX 110 Ba-
pHaHTaM OTBITa. DTO MO3BOJIUIIO MOTYYUTh TaHHBIS
0 KOJIMYECTBEHHOM COJIEpKaHWUU KJIETOK paHHEH
Y TIO3HEH MPEeBECHHBI B TOJUYHBIX MPUPOCTAX, a
TaKke O TOJIIUHE WX KIETOYHBIX CTEHOK (Taom. 2).
AHanu3 NOMy4YeHHBIX TaHHBIX TOKAa3bIBAET, YTO 32
MIepUOJ] OTBITA TPH JIFOOOH TYCTOTE MPOUCXOIUT
YMEHbIIIEHHE KOJTMIECTBA KIIETOK PAaHHEH IpeBECHUHBI
B TOIMYHOM IIPUPOCTE y €JIeH B CEKIUAX C YXOJIaMHU
10 PAaBHEHUIO C SJIIMHA KOHTPOIBHBIX ceKinid. Heoo-
XOJIMMO OTMETHTH, YTO KOJMUYECTBO KIIETOK MO3THEH
JPEBECHHBI TTOCJIE YXO0B BO3POCIO HEHAMHOTO O
CPaBHEHHUIO C eJIsIMH B CeKIHsIX 0e3 yxona. CpenHss
TOJIILIMHA KJIETOYHbBIX CTEHOK [TO3/IHEN U paHHEH KCH-
JIEMBI YBEJIIMYMIIACH HA THIAHTAIHUAX C YXOIaMH IpU
ryctote 1 Thic. 1 4 ThIC. IUT./Ta. B cexmmu ¢ rycToToit
2 TBIC. IIIT./Ta TOJIIIMHA KJIETOYHOH CTEHKH BO3pOCIa
OTHOCHUTEIFHO KOHTPOJISI TOJNBKO Y KIIETOK TTO3THEH
kcmwiieMbl. OmHUM 13 (HaKTOPOB H3MEHEHUH B CTPO-
€HUH PEBECHHBI Ha OIBITHBIX O0BEKTaX SBISETCS
CHIKEHHUE TYCTOTBI B BO3pacTe 25 JIeT, IPOBEIECH-
HOE B CEKIUAX C T'yCTOTOH 2 THIC. U 4 THIC. IIT./Ta.
B Gonee paHHHMX HCcIenOBaHUIX OTMEYAIOCh, YTO
paspeXuBaHue eJIOBBIX HACAKICHUN HE MPUBOIUT
K YMEHBIIICHHIO TUIOTHOCTH JPEBECHHBI WM CTa-

THCTUYECKN HemocToBepHO [2, 7, 14]. B mamux
OIbITax IJIOTHOCTb APEBCCUHBI HE YMCHbBIINJIACh
110 CPaBHEHMIO C TAKOBOM B CEKIUAX 0€3 yxomua u
paspexuBanus. [L1oTHOCTE (6a3ucHas) IPEeBECUHBI
€N B CEeKIIHSIX C yXOAaMH BBIIIE CPETHIX 3HAUYCHHH
IUTSI 9TOH TIOPOBI B pEeTHOHE UccienoBanws [7, 13].

BapuabenbHOCTH INIOTHOCTH SBISIETCS OTHUAM U3
BaXKHBIX ITOKa3aTeJIel OJHOPOTHOCTH JPEBECHUHBI
e, KaKk 0aJaHCOBOTO CBHIPBS ISl MONYUYSHUS 11e-
JI0J10361. BapnaOuIIbHOCTh TIIOTHOCTH JIPEBECHHBI
IO CTYTICHSIM TOJIIMHBI BBIIIE B CEKITHSIX C YXO/IaMHU
(Cv=28,8...12,6 %), HA KOHTPOIIE ITOT TIOKA3ATEIb
mmxe (Cv =5,7...10,5 %). [lo-Bumumomy, 310 00Y-
CJIOBJICHO OOJIBINIEH TYCTOTOM MPEBOCTOS B CEKITAIX
C yXOIamu, a Takxe 0oJiee aKTUBHBIM POCTOM H
MEHbIIIEH KOHKYpEHIIMEH 3a MUHEPAJIbHOE MUTAHUE
B CBSI3M C 3apaHee NMPOBECHHBIM BHECEHHEM YIO-
OpeHnit 1 YyOOpKOH KOHKYPHUPYIOIIETO TPaBSIHOTO
rmokpoBa (tab:m. 3). JlanHas TeHACHIHS OTMEJaIach
Y paHee Kak /IS JJeCOKYIBTYPHBIX HACAXKIEHUH, TaK
1 JUTSI €CTECTBEHHBIX ApeBocTtoes [1, 2, 7, 14, 15].

B 1nienmom yxonpl yBenTU4UHBaOT BapuabeITbHOCTh
IJIOTHOCTH JIPEBECHHBI, HO HE HAMHOTO, YTO SIBIISI-
€TCS TMOJIOKUTENBHBIM (DaKTOPOM JUTSI TTOTY4YeHUS
OJTHOPOJTHOTO TI0 CBOWM TOKA3aTENsIM JIPEBECHOTO
CBIPBSI.

M3MmeHenne koauuecTBa KJIETOK PAHHEH U TO03.1-
HeH JpeBeCHHbI, a TAKXKE TONIIMHBI KJIETOYHBIX 000-
JIOYEK CIyXKaT HaIVISIHBIM IPUMEPOM BO3ACHCTBUS
Ha JipeBOCTOM. Bapuanuu 3Tux nokazareseu BIUsSoT
Ha TUTOTHOCTH ApeBeCHHBI [ 7]. [Ipu 3TOM BO3MOKHBI
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Tadbanuma 3

Bapl/laﬁeJ'lI)HOCT]) NJOTHOCTH APEBECUHDI €JIU 10 BADHAHTaAM YX010B

B 3aBUCHMOCTH OT KOJIH4YeCTBaA CTBOJIOB, %
Variability in density of spruce wood for options of care,

depending on the number of stems, %

I'ycroTa HacaxaeHHH, THIC. IIT./Ta

1 2 4
Cv, % KonTpons TepOunumnsr + KonTpons TepOuius! + KonTpons TepOurus! +
yaoOpeHus yIoOpeHus yaoOpeHus
10,8 12,6 5,7 10,1 6,4 8,8

CJICAYIOIIME BapUaHThl H3MEHUYHNBOCTH Pa3MepPOB
KJICTOK ¥ TOJIIIUHEI BX 000JI0YEK:

1) npu paBHBIX pa3Mepax KICTOK BapbUPYIOT
TOJIIIIMHA X 000JI0YEK U Pa3Mep MOJIOCTEH;

2) mpu paBHOH TONIMHE KIETOYHBIX CTEHOK Ba-
PBUPYIOT pa3Mepbl KIIETOK U UX MOJIOCTEH;

3) omTHOBpEMEHHO BapbUPYIOT pa3Mephl KICTOK U
TOJIIIMHA UX 000J0YEK.

Bcnencreue 3T0r0 pa3Hpie KOMOMHAIINY MTapaMe-
TPOB KJIETOK JPEBECHHBI MOTYT JaBaTh ONHAKOBYIO
II0THOCTH. C yUeTOM JaHHOTO 00CTOATEIHCTBA ITPO-
BEIICH aHaIN3 OTOOPAaHHBIX 00Pa3IOB IPEBECHHBI,
TTO3BOJISTOIINH JIeJIaTh BBIBOJABI O BIMSAHUHU TEX U
VHBIX JIEMEHTOB KCHJIEMBI Ha TUIOTHOCTH JIPEBECHUHBI.

B nanpnelimem npoBeaeH oaHO(DAKTOPHBIN U
IBYX(haKTOPHBIN THUCIIEPCUOHHBIN aHAIN3 KOJTHYIC-
CTBEHHBIX JIAaHHBIX O CTPOEHUH KCHUIIEMBI €11, BIIHSI-
IOIUX Ha TIOTHOCTH JIPEBECHHBI.

[TomyuenHbIe pe3yabpTaThl MOKa3ajH, 9TO CTaTH-
CTHYECKH 3HAYMMOE BIMSIHNE Ha TUIOTHOCTH JIpeBe-
CHHBI B [IEJIOM OKa3bIBA€T TOIHKO KOJMYECTBO KIETOK
paHHEeH JApeBeCHHBI BO BCEX BapHaHTaxX OMBITA Ha
00BeKTax B MJIAHTAIMOHHBIX KynbTypax enn. Ha
JIOJTIO 3TOTO (haKTOpa B KOHTPOIBHBIX CEKIHIX TPH-
xomures 45...68 % (axriaeckmii kputepnii Oumepa
Fd = 1,6-9,5 nmpu TeopeTndeckoM KpUTepun FT =
= 1,45-1,88, p =5 %) OT CyMMBI BIMSIHUS BCEX
(hakTopoB, B ceknusax ¢ yxomamu — ot 40 10 78 %
3HauuMocTH (F = 1,6-9,5; Fr=1,72-4,9, p =5 %.

151 Ka4eCTBEHHOM OLIECHKU TECHOTHI CBSI3U MEK-
Iy TIpU3HaKamM¥ OBLIO WCITOIB30BAHO COOTHOIIIEHUE
Unamoka, KOTOpoe TIOKa3ajo 3aMEeTHYIO W TECHYIO
B3aUMOCBS3h MEX]y HCCIEAYyEeMbIMH MPHU3HAKAMHU
(0,65-0,70).

OcranbHbIE CTPYKTYPHBIE AIIEMEHTH KCHUIIEMBI
OKa3bIBAIOT CiT1a00e BIUSHUE HAa TUIOTHOCTH JIpeBe-
CUHBI €1, XOTS M BHOCIT OOIINH BKJIAI B (hOpMHU-
pOBaHME IUIOTHOCTU JAPEBECHHBI, YTO MOITBEPAMII
MHOTO(haKTOPHBIN TUCTICPCHOHHBIA aHAIH3 KOJIHYC-
CTBEHHBIX JJAHHBIX CTPOEHUS JIPEBECHHBI ITH.

TaxuMm oOpa3zom, Ipyu yCKOPEHHOM BBIpalllHBa-
HUHW TUIOTHOCTH JAPEBECUHBI €U B OONbIIEH Mepe
(hopmupyeTcs 3a cueT 30HbI paHHEH APEBECUHBI, YTO
MOYKHO pacCMaTpvBaTh, KaKk PEaKIMIO HAa BHEITHUE

BO3JICHCTBUS Ha JaHHOM BO3PACTHOM 3Talle 3TUX
HACaXJACHU.

Ha ocHoBaHMU MpPOBEIEHHOTO HCCIEI0BaAHUS
MOKHO cJIeJaTh 3aKJII0UueHHe, YTO BhIpallnBaeMast
10 UHTEHCUBHOM TEXHOJIOTHH JIPEBECHHA €1 Kak Oa-
JIAHCOBOE CBIPhE JIJIsl HY KT LIEJITFOI03HO-0yMayKHOTO
TIPOM3BO/ICTBA IMEET IIEHHBIE KOJTMYECTBEHHBIE U Ka-
YeCTBEHHbIE XapakTepucTHKH. [Ipeodananme 30061
paHHEH IpeBEeCHHEI ¢ 0oJiee MIOTHBIMU CTCHKAMH
MO3BOJIUT YBEIMYUTH BBIXOJ II€JUIIOI036I ITPH BapKe.
HNHTeHCcHBHOE JE€COBBIPAIINBAHNE 1a€T BO3ZMOXK-
HOCTb IOJIy9UTh OOJIbIIIEe KOJINYECTBO OaIlaHCOBOM
JIPEBECHHBI 110 CPABHEHHIO C €CTECTBEHHBIMH Jpe-
BOCTOSIMHU TOTO K€ BO3pacTa, T. €. COKPATUTh BIBOE
CPOK BbIpAILIMBAHUSI TOBAPHON XBOMHON PEBECUHBI
B YCIIOBHSIX PETHOHA MCCIIEIOBAHMS.
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THE STRUCTURE AND DENSITY OF SPRUCE WOOD IN PLANTATION CROPS
D.A. Danilov!, D.S. Tyurin?

!'Leningrad Scientific Research Institute of Agriculture «Belogorkay, 188338, Leningrad region, Gatchina district, vill.
Belogorka, Institutskaya b.1 Russia
2 St. Petersburg State Forestry University, 194021, St. Petersburg, Institutsky per., b. 5

stown200@mail.ru, djdimaturn@gmail.com

The effect of accelerated forest growing on both quantitative and qualitative indicators of wood is one of the key issues
of intensive forest management. In different regions there was often received conflicting evidence on this issue. In the
present study the influence of accelerated growth of spruce wood in the plantation crops under the age of 40 years
established in Leningrad region. It is noted that grown fir wood in terms of density lower at sites with higher than average
care data for this species in the region. Studies on the effect of structural elements of the xylem in wood density revealed
that at this age stage the greatest influence on this indicator has area of early wood. A study of the microstructural elements
of spruce wood showed that after treatments evolve more quantitative indicators of the area early in the xylem and not in
the late part of the annual increment. Analysis of variance of quantitative data showed that the most statistically significant
influence on the density of spruce wood cultivated on intensive technology in this age stage has a number of cells of
early xylem. The contribution of other structural indices of wood by multivariate analysis of variance proved to be less
significant. On the basis of the conducted research it can be concluded that cultivated on intensive technology fir wood
has valuable features quantitative and qualitative, as carrying raw material for the needs of pulp and paper production. The
predominance zones of early wood with more dense walls will increase the yield of pulp when cooked. Intensive short
term plantations allows to obtain a greater amount of pulpwood in comparison with natural forest stands of the same age,
i.e., to cut in two the period of commercial cultivation of coniferous wood in the conditions of the study region.

Keywords: plantation culture, the density of spruce wood, macro— micro construction xylem, analysis of variance
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CMOJI0NPOAYKTUBHOCTb U TEXHUUYECKUE CBOMCTBA [,PEBECUHDI

WN.H. BapuBoauna, A.A. Beicoukmuii, B.A. BapuBogun
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HccnenoBanne CBA3M CMOJIONIPOXYKTUBHON CITOCOOHOCTH JIEPEBBEB C TEXHHUSCKHMH CBOHCTBAMH JPEBECHHEI
TIPE/ICTABIsAET HAYUHBIH MHTEpEC U MMeeT MPUKIAJHOE 3HAYEHHE A AUarHOCTUPOBAHMUS MpU3HAKA. ABTOpaMH
YCTAQHOBJIEHO, YTO FMCTOJIOTMYECKUI COCTaB JIPEBECUHBI Yy JEPEBbEB BBICOKOW M HU3KOH CMOJIONPOLYKTUBHOCTH
OAMHAKOB. Pa3nuumii B TONIIMHE CTEHOK PAaHHUX M ITO3JHUX TPaxeW], UX JUIMHE Y KOHTPACTHBIX MO CMOJIOIPO-
JQYKTUBHOCTH JIEPEBBEB TaK)Ke HE OTMeUeHO. B pesynbrare mcciemoBaHMil MIIOTHOCTH APEBECHHBI PA3TUUYHBIX
CEJICKLIIOHHBIX KaTeropuii CBsI3b MEXKLy CMOJIONPOAYKTUBHOCTBIO U IFIOTHOCTBIO APEBECUHBI HE BbIsIBICHA. [Ipo-
BE/ICHHBIC HCCIIEOBAHIS MO3BOIISIOT CAECNATh BBIBOJL, YTO OTOOP IIIIOCOBBIX IO CMOJIOIPOTYKTHBHOCTH AEPEBHEB
ClIeyeT MPOBOIUTH TONBKO MO MPSIMOMY TPU3HAKY, TO €CTh 110 KOIMUYECTBY BBIIECTHUBIIECHCS KUBHUIIBL.

KiroueBbie c10Ba: CMOJIONIPOLYKTUBHOCTD, CEJIEKLIUOHHAs KAaTETOpUs, TUCTOJIOIMYECKUN COCTaB, TPaXeH ibl, CMO-
JISTHBIC XOMBI, IIIOTHOCTD
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CMOJIOHpOI[YKTI/IBHaH CIOCOOHOCTH JIEPEBHEB CO-
CHBl — BQ)KHBIA B XO34UCTBEHHOM OTHOIICHUHU
npu3Hak. Co3manne 1 NCTIONh30BaHHE BEICOKOCMOJIO-
MIPOAYKTUBHBIX HACAKCHHN 11€JIeBOTO HA3HAUYEHUS
MTO3BOJISIET MOBBICUTH TOXOMHOCTh M YCTOHYHUBOCTh
HX K KOPHEBOU pyOKe, CHU3UTBH CE0ECTOMMOCTE U TIPH
JIOCTAaTOYHBIX 00beMaxX BHEIPEHHS OCBOOOIUTRCS OT
AMIIOpPTa KaHNU(OIHHO-CKUTIHIAPHBIX MPOIYKTOB.
B cBs3u ¢ HU3KOH OMOJIOTHYECKON CMOJIOTIPOTYK-
TUBHOCTBIO COCHBI OOBIKHOBEHHOW IO CPaBHEHHIO
C IPYTHUMH BHJIAMHU COCEH, HCIIONb3YEMBIMUA B MU-
pPOBO# TpaKTHKE TOJCOYKH, TpolIeMa CeNeKIun
COCHBI Ha CMOJIOTIPOTYKTUBHOCT TSI HAIIIEH CTPaHBI
0Cc00EHHO aKTyajbHa.

Hccnenosanue cBsA3M CMOJIONPOIYKTUBHOM CITO-
COOHOCTH JIepEBhEB C AaHATOMHUYECKUM CTPOCHHEM
Y TIOKa3aTessiMi (PU3UIECKUX CBOMCTB JPEBECHHBI
MpeACTaBISET HAYYHBIH WHTEpPEC C TOYKH 3PECHUS
BBIICHEHUS ()eHOMEHA ATOTO MPU3HAKA ¥ IMEET IPH-
KJTaTHOE 3HaYEHHUE TS ANArHOCTHPOBAHMS IPU3HAKA.

OObeKTaMH HCCIICIOBAHUNA CITYKHUIIH:

— €CTEeCTBEHHBIC HACAXKJICHHUSI COCHBI OOBIKHO-
BeHHOH [-V KkaccoB 6onuteTa 8—130-16THETO BO3-
pacra B Boponexckoit, Tam6oBckoit n KupoBckoit
o0JacTsIx;

— TIPOU3BOJICTBEHHBIE JIECHBIE KYIIBTYPBI, TOCTO-
STHHBIE JIECOCEMEHHbBIE y9aCTKH, KOPHECOOCTBEH-
HbI€ U TIPUBUBOYHBIE JIECOCEMEHHBIE TIAHTAIINA 1
KOJUIEKITMOHHO-MATOYHBIE YYaCTKH COCHBI OOBIK-
HOBeHHOH B Boponexckoii, TamOGoBckoit, Kypckoi,
Jlunenkoit, bpsiHckoi, Jlenunrpaackoi u Kuposckoi
o0acTsIx;

— reorpaduueckne KynsTypsl M.M. Bepecuna;

— CIIEIMAITFHO CO3[aHHBIE HCITBITATeNIbHBIC KYIThb-
TYPBI THOPUIOB OT KOHTPOJIMPYEMBIX CKPEIINBaHUIT
Y TIOTOMCTB OT CaMO- ¥ CBOOOJTHOTO OTIBUICHUS Jie-

PEBBEB COCHBI OOBIKHOBEHHOH PAa3HBIX IO CMOJIOTIPO-
JNYKTUBHOCTH CEJICKI[MOHHBIX KaTETOPUH, a TaKxke
ApXUBBI KJIOHOB, CO3/IaHHBIX MMPUBUBKOM YEPEHKOB
Ha HEOTCENEKTHUPOBAHHBIX MOABOSX 6—23-T€THETO
BO3pAacCTa, U OTBITHBIE JIECHBIE KYJIBTYpHhI 13-11eTHero
BO3pAacTa, CO3J[aHHBIE YKOPEHEHHBIMH YEPEHKOBBIMHU
Ca)KeHIIaMH JePEBHEB PA3HBIX IO CMOJIOMPOTYKTHB-
HOCTH CEJICKITMOHHBIX Kareropuit [1].

KosruecTBO BbIICIMBIICHCS dKUBHIIBI B IIOICAYH-
BaeMBbIX HACAXKICHHUSX ONPEIEISLIIOCH MOAUDHUIINPO-
BaHHBIM HAMH METOJIOM MUKPOPAHEHHH 110 ITPSIMOMY
npu3Haky [2]. [I[pueMHUKYN KUBULIBI yCTaHABIUBA-
JIUCH Ha BBICOTE 1,3 M OT MOBEPXHOCTH MOYBHL. [1pn
OTIPEJICIICHIH CMOJIONPOTYKTUBHOCTH JIEPEBHEB B
HHU3KOBO3PACTHRIX 00BekTax (mo 10 jeT) B CBs3M ¢
BO3PACTHBIMHU UX 0COOCHHOCTSIMUA — Ha PACCTOSHUHU
10...15 cM OT MOBEPXHOCTH TTOYBHI.

ITo xonmuuecTBy BBIAEISAEMOM JKUBULIBI PA3TMYALOT-
Cs HE CTOJNTBKO HACaXXJICHHS, IPON3PACTAIOIINE B HEO-
JIMHAKOBBIX AKOJIOTHIECKHX YCIOBHUSIX, CKOJIBKO (DOPMBI
JIEPEBBEB B Ipejiesiax HacaxieHui. [Tpu ommHaKoBbIX
TaKCAI[MOHHBIX TIOKa3aTeNsIX AePEBhbs Pa3HON CMOJIO-
MPOYKTUBHOCTH 32 BETCTAIIMOHHBIH TIEPUOJT BBIICIIS-
ot oT 150...200 T 10 8...10 KT >KUBHUIEL, 9TO B 3—5 pa3
BBIIIIE CPETHETO IS HACAKICHHS BBIXOJIA YKUBHIIBI C
kappsl 1 B 50—60 pa3 BEIIIIE B CPABHEHUH C BBIXOIOM
JKUBHITH! Y HU3KOCMOJIOTIPOYKTHBHBIX J€PEBBEB.

KoaddutmenTt BapsupoBaHHS] CMOJIOTIPOTYKTHB-
HOCTH JIepeBbEB B HacaKaeHusIX coctasisieT 70—80 %.
CernekIoHHEIH ke nuddepeHnna, To eCTh pa3Hu-
[1a MeX/y BETMYNHON CEIeKTHPYEMOTO MIpU3HaKa Y
HanboJee CMOJIONPOAYKTUBHEIX JAEPEBBHEB U CPE/I-
HUM €T0 3HaYeHHEM I HACaXKIEHHUs, COCTABISAET
250...300 % u 6omnee.

OcHOBHOE KOIM4YecTBO AepeBbeB (45...50 %) kak
B €CTECTBEHHBIX, TaK M B UCKYyCCTBEHHBIX HaCaXKIe-
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Tadbnunpga 1
CTpyKTypa ecTecTBEHHbIX HACAXKIEHUH COCHbI 00bIKHOBEHHOM

o CMOJIONIPOAYKTUBHOCTH A€PECBLEB
Structure of natural plantations of Scots pine according to the resin productivity of trees

Pacrnipeienienre 1epeBbEB 110 KATErOpUsiM CMOJIOIPOLYKTHBHOCTH, % OT 00LIEro
Bospact UccaegoBano KOTHUCCTRA
HACIICHIN, JIT | JIPEBLEB, T 710 40 41-80 81-120 121-160 161 1 Gonee
130 110 20 23 27 13 17
90 244 28 23 30 15 12
95 250 26 22 24 16 12
95 214 25 21 30 12 12
Htoro 814
CpenHee 3HaYCHHE 24 21 24 13 16

TaOonuuma 2

I'ucrosiornyeckuii cocTas ApeBeCHHBI Y IepeBbeB Pa3HOI CMOJIONPOAYKTUBHOCTHU
Histological composition of wood in trees of differentresin productivity

0,
Ne CMOI0IIPOSYKTHUBHOCTb, Conepxanue, %
Juamerp, cm

3 =
Acpesa r/em® 1 Tpaxeu] CEp/ILIEBUHHBIX JIyYeH | CMOJISIHBIX XOJIOB

BI)ICOKOCMOJ'IOHpOI[yKTI/IBHBIe

10 38 0,20 93,0 42 2.8

67 26 0,30 90,5 8,2 13

103 30 0,20 91,0 5.6 34
Cpennee 31 0,23 91,5 6,0 2,5
3HAUYCHUC

HuskocMononpoayKTuBHEIE

17 17 0.04 91,6 538 2.6

39 2 0.02 892 8.8 22

58 30 0.02 90,0 8.6 1.4
Cpennee 23 0,03 90,3 7.7 2.1
3HAUYCHUC

Taonuma 3
KonnyecTBeHHAs] XapaKTePHCTHKA 3JIEMEHTOB JIPEBECHHBI Y /IEPEeBbEB

COCHBI 00BIKHOBEHHOM pa3H01‘i CMOJIOIIPOAYKTHBHOCTH
Quantitative characteristics of wood elements in pine trees of different resin productivity

Junamerp Tpaxeus B pajiuaibHOM TommuHa CTEHOK Tpaxeua KomuuectBo JlnuHa Tpaxeus
No JiepeBa HaIlpapJICHUHU, MKM B paJiMaJIibHOM HamnpaBJICHUN, MKM Tpaxeun MO3HEN
paHHUX | MO3/THUX paHHUX | TIO3]THUX 110 JIyqy JIPCBECHHBI, MM
BpIcoKOCMOONTPOTYKTUBHEIE
10 52+24 20+0,7 4,8 +0,07 12,0 £ 0,30 41+04 4,0+0,07
67 55+2.6 18 +£0,7 5,0£0,08 9,7+0,25 34+0,3 4,0+0,07
103 49 +£2.7 24 +£0,6 4,9+0,09 10,2 +0,23 80+£0,8 4,0£0,09
;ﬂiﬂ‘;ﬁi 52426 20+0,7 4,9+ 0,08 10,6 + 0,26 5240,5 4,0+ 0,08
Hu3zkocMom0npoayKTHBHBIC
17 45422 17+£0,5 4,9+ 0,07 9,5+0,27 16 +£0,2 3,9+0,05
39 49+23 20+ 0,4 5,1£0,07 8,6 0,26 49+0,5 4,0+ 0,06
58 37+2,1 20£0,6 4,9+0,07 1,5+0,28 30+£0,3 4,0£0,05
i‘;ﬁiﬁz 44422 19405 5,0+ 0,07 9.9+0.27 32404 3,94 0,05
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HUSX COCHBI OOBIKHOBECHHOM XapaKTePU3YETCs HU3-
KOW W TTOHMKEHHOW CMOJIONIPOIYKTUBHOCTHIO (HE
BoITe cooTBeTcTBEHHO 40 1 80 % 0T cpemnero 3Ha-
YEHHSI CMOJIONPOTYKTHBHOCTH JJIs1 HACKICHUS ), JTe-
peBbs cpeaHeit cMononpoaykTuBHOCTH (81...120 %
OT cpenHero 3HadeHws ) cocTaBisroT 20...25 %, mpu-
MEPHO TaKOE K€ KOJIMYECTBO OTHOCUTCS K KAaTErOPHsM
noBbitieHHoM (121...160 %), Bbicokoit (181...200 %)
n oueHb Bbicokoi (201 % u Gonee) cMOIOTIPOITyK-
TuBHOCTH (Tabm. 1).

YcTaHOBIEHO, YTO TUCTOJIOTHYECKAN COCTaB
JIPEBECHHBI y IEPEBHEB BBICOKON M HU3KOU CMOJIO-
MPOIYKTUBHOCTH onuHaKoB (Tabi. 2). KomnuecTBo
Tpaxew]l B TOMUIHOM CIIO€ TI0 JIy4y Y BBICOKOCMOJIO-
MIPOAYKTUBHBIX JIepeBheB B 1,6 pa3a Ooinblie, 4em y
JIEPEBHEB HU3KOH CMOJIOTIPOTyKTUBHOCTH (Tabm. 3).

Heckonbko Oosnbiimii (B cpepaneM Ha 18 %) y uc-
CJIETOBAaHHBIX JCPEBHEB BEICOKOH CMOJIOTIPOTYKTHB-
HOCTH anuameTp Tpaxens. OHaKO U cpeay HU3KOC-
MOJIOTIPOAYKTUBHBIX JEPEBHEB BCTPEIAIOTCS TAKUE, Y
KOTOPBIX ITH TTOKA3aTeIN HE HIKE, YeM Y HEKOTOPBIX
JIEPEBBEB BBICOKOM CMOJIONPOLYKTUBHOCTU. Paznu-
YU B TOJIIMHE CTCHOK PAaHHKX U MO3HUX TPAXCHU]I,
HX JIJIMHE Y KOHTPACTHBIX IO CMOJIONPOYKTHBHOCTH
JIEPEBHEB TAK)KE HE YCTAHOBJICHO [3].

Ha crnenyromem sTare paboTsl aBTOpaM MoKas3a-
Jlach BEChMa 3aMaHYUBON UIES BBISIBICHUS CBSI3HU
MEX/Ty CMOJIONIPOTYKTHBHOCTBIO IEPEBbEB Pa3iIHy-
HBIX CEJICKIIMOHHBIX KaTErOPUH U TEXHUYCCKHUMHU
CBOMCTBaMU JPEBECUHBI. YHUBEPCAJIbHBIM MTOKa3a-
TeJIeM TEXHUYECKHUX CBOWCTB M Ka4eCTBa APEBECHHBI
ABJISIETCS TUIOTHOCTh. B 9TOM OTHOIIEHWH TIIOT-
HOCTH IPEBOCXOANT TaKHE TMTOKA3aTeN !, Kak IIUPHUHA
TOAMYHOTO CJIOS M TMPOIEHT TO3IHEeH TPEeBECHUHEI.
[ImoTHOCTH Kak MoKa3arenb KayecTBa JAPEBECHUHBI
MMEEeT MHOTO MPEUMYIIECTB Mepe/ OCTAIbHBIMHU
MOKa3aTesiMU, TaK KaK TIOTHOCTH JTa€T BECOBYIO
XapaKTEepUCTHKY APEBECUHBI, KOTOpasi cama 110 cede
yKe SBJSETCS KpUTEPHUEM KauecTBa JAPEBECHBIX Ma-
Tepuanos [4-8].

[ImoTHOCTE IpeBecHHBI Onpeensiach Ha 00pas-
[ax B BHJIE MUIUHAPHUKOB U3BATHIX U3 PACTYIINX
JIEPEBHEB HA KOPHIO C TIOMOIIIBIO BO3PACTHOTO Oy-
paBa. [l onpenenenns 6a3uCHON TUIOTHOCTH JIpe-
BECHHBI 0BT UCTIOIB30BaH CIIOCO0 MaKCUMAaIbHOMN
BIAXHOCTH. [TOTHOCTH NIpeBeCHHBI B aOCOIOTHO
CYXOM COCTOSIHUHW OTIPEIIENsIach CTepeoMeTprye-
CKHM METOJIOM.

Pesynbrarsl nccnenoBaHus NoKas3aresnei 1oTHO-
CTH JIPEBECHHBI COCHBI Y IEPEBHEB PA3THUIHBIX CEJIeK-
IIMOHHBIX KaTeTOpHil MpuBeAcHBI B Ta0m. 4 [9, 10].

BbiBOAbI

B HACAXKXJACHUAX COCHbI NOAACPIKHUBACTCA JAUHA-
MHYECKOC PABHOBECUC NCPCBLEB 110 CMOJIOIIPOAYK-
TUBHOCTH: HE3aBUCHUMO OT BHJa COCHBbI, BO3pacTa
n yCJ'IOBI/Iﬁ npou3pacTaHusd HaCﬁ)KI[eHI/Iﬁ OCHOBHOC

of ordinary resin productivity

Tabnuma 4
IMoka3zare/u NJIOTHOCTH JAPeBECHHbI
y epeBbeB COCHbI 00bIKHOBEHHOM
Pa3Hoii CMOJIONIPOXYKTHUBHOCTH
Indicators of the density of wood in pine trees

I110THOCTS, KI/M3
CMOHO_ B 3.600- HpI/I HOpMa-
Ne nepesa HI}; g?;ﬁl’d_ Oazmc- I;?;:; JM30BaH-
F/CM3 I[ Has COCTOSI- HOMU BJIaX-
UK HOCTH
B])ICOKOCMOHOHPO}:[yKTI/IBHLIe
15 021 320 | 389 408
38 0,29 389 | 456 479
9% 0,20 378 | 436 450
97 0,30 398 | 476 493
99 0,20 345 | 413 432
11 0.30 438 | 508 529
201 0,20 387 | 449 467
263 0,30 356 | 417 439
291 0,30 341 | 405 422
323 0,21 387 | 456 476
337 0.30 289 | 359 376
344 0,30 393 | 467 480
392 0,30 397 | 458 476
418 0.23 369 | 423 443
419 0,30 378 | 445 466
436 0,29 398 | 476 496
465 0.25 368 | 438 457
468 0,30 358 | 423 443
478 0,22 378 | 414 433
;‘;Zﬂe‘:;z 0,23 372 | 437 456
HU3K0CMOJIONIPOYKTUBHEIE
7 0,04 335 | 404 43
84 0,02 345 | 419 439
91 0,02 341 | 414 435
105 0,04 368 | 429 450
147 0,02 428 | 500 521
157 0,04 337 | 389 409
190 0,02 345 | 412 434
197 0,03 405 | 476 499
211 0.04 345 | 408 425
215 0.03 342 | 403 21
373 0,04 384 | 456 479
384 0,02 301 | 362 383
452 0,02 356 | 422 441
474 0,04 301 | 367 389
475 0.03 440 | 515 537
482 0,02 409 | 476 493
;F;iiiiee 0,03 361 | 428 448

kongecTBo (45...50 %) xapakrepusyeTcs IOHUKEH-
HOMW 1 HU3KOH CMOJIONTPOIYKTUBHOCTHIO, 25...30 % —
CpeiHell ¥ MPUMEPHO TaKOe K€ KOJIMYEeCTBO — I10-
BBIILICHHON U BBICOKOH CMOJIONPOIYKTHBHOCTBIO.
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YCTaHOBJIEHO, YTO TMCTOJIOTUYECKUNA COCTAB
JIPEBECUHBI Y JIEPEBBEB BBICOKOM M HU3KOW CMOJIO-
MPOJyKTUBHOCTH OJIMHAKOB. Pazinuuii B TOJNILMHE
CTEHOK PAaHHHUX W MO3JHUX TPaXeum, UX JJIUHE y
KOHTPACTHBIX 110 CMOJIOIIPOAYKTUBHOCTH JIEPEBLEB
TaKKe He OTMedaeTcs. B pesynbrare nccieoBaHuii
IJIOTHOCTH JIPEBECHHBI PA3JINYHBIX CEJIEKIIMOHHBIX
KaTeropuil CBsi3b MEXJy CMOJIOIPOYKTHUBHOCTBIO
1 INIOTHOCTBIO JPEBECUHBI HE BbIABIEHA. [IpoBe-
JIEHHBIE UCCIIEIOBAHUS [TO3BOJISIFOT CAENATh BBIBOJ,
YTO OTOOP IUIFOCOBBIX TIO CMOJOMPOLYKTHBHOCTH
JIEPEBBEB CIEAYET MPOBOJUTH TOJIBKO IO MPSIMOMY
MIPU3HAKY, TO €CTh [0 KOJUYECTBY BbIIEIUBIICHCS
JKUBUIIBL.
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RESIN PRODUCTIVITY AND TECHNICAL PROPERTIES OF WOOD
L.N. Varivodina, A.A. Vysotsky, V.A. Varivodin

All-Russian Research Institute of Forest Genetics, Breeding and Biotechnology, Lomonosov st., 105, Voronezh, Russia, 394087

biotechcenter@lesgen.vrn.ru

The study of the interconnection between the trees resinous ability and the wood technical properties is both a
scientific interest and its applied significance for diagnosing a trait. The authors found that the histological
composition of the wood in trees of high and low tar yields is the same. Differences in the thickness of the walls of
early and late tracheids, their length in contrast to the resinous yield of trees are also not established. As a result of
investigations of the density of wood of different breeding categories, the relationship between tar yield and density
of wood was not revealed. The carried out researches allow to draw a conclusion, that selection of plus on pitch-
yielding trees should be made only on a direct sign, that is on quantity of the allocated gum.

Keywords: resin productivity, selection category, histological composition, tracheids, resin courses, density
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U3MEHEHUE MOJIEKVJIAPHO-TOMNOJIOMTMYECKOIO CTPOEHUA
APEBECUHbDI 4YBA NMPU NMPOABJIEHUN 3ODEKTA NTAMATU ®OPMbI
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HccnenoBannst B 001acTH (hyHIAMEHTAIFHOTO APEBECHHOBEICHHS CO3MAI0T HAyUHYIO 0a3y IUIS MCIIOJIb30BAHUS
JIPEBECHHBI B KAU€CTBE IIPUPOAHOTO (GyHKIMOHAIBHOTO MaTepuana. OyHKIHOHAIbHbIE MaTepHabl 00IaaloT 3a-
JTAHHBIMHU CBOMCTBAaMHM, KOTOPbIC N3MEHSIOTCS ITPU N3MEHEHHHU [1apaMeTPOB OKPYIKAIOIIEH cpeibl (TeMIepaTypsbl,
BIQXKHOCTH, IABJICHUS, SJIEKTPOMATHUTHBIX TOJIEH U T. A1), TPUYEM 3aJaHUe STHX CBOMCTB JOJDKHO OBITH yIIpaBIIs-
embIM. JlpeBecuHa ABISeTCS MPUPOIHBIM (YHKIIMOHAIBHBIM MaTepraioM, obaagaonmM 3gpdexkrom naMmata op-
Mbl. Xapakrepusaiys dpdekra namata popmsl (II1D) rpeBecHHBI T03BOJISIET ASTAIBHO HCCIeI0BaTh AeopMalii-
OHHBIE NPEBPALICHUS TIPH PA3TUIHBIX HCTOPHAX IeGOpMUPOBAHNS, SKCIEPUMEHTAIBHO ONPEIeIHTh TTOKa3aTeIn
Ol1d, u3mMeHeHus B CTPYKType ApeBecHHBL. MeTox Tepmomexannueckoit cnekrpomerpun (TMC), pazpaboTaHHbII
B UHctutyTe Xxumuueckoit ¢pusuku um. H.H. CemenoBa PAH, ncnons30Bascs Uit UCCICAOBAHUS U3MCHCHHUI MO-
JIEKYJSIPHO-PENIAKCAIIMOHHOTO (TOMOIOTHYIECKOT0) CTPOCHHS IPEBECHHBI TIPH PA3TNIHBIX IposiBieHUsX DI1D. Dkce-
MePUMEHTHI TPOBOAMINCEH HAa 00pa3Iiax CTPOraHOro IIMOHA U3 APEBECHHBI Ay0a ueperrdaroro (Quercus robur L.).
Jlyis 00pasIoB MOCTOSTHHOW, BPEMEHHON M BOCCTAHOBJICHHOM (DOPM JIPEBECHHBI Ty0a SKCIIEPUMEHTAITBHO OIpeIe-
JICHBI PEJIAKCAI[MOHHbIE ITapaMeTphl, (Ja30BOC COCTOSHHE M MOJICKYIISIPHBIE XapaKTePUCTUKH (PPArMEHTOB MaKpo-
MOJIEKYN B CTPYKType TOMOJOTHYECKHX OJIOKOB ApeBecHHBI. TepMoMexaHnueckas KpUBas HCXOJHON JPEBECHHBI
Jy0a TOMOJIOTMYECKH JUOJIOUHA, C ABYMSI aMOP(GHBIMHE OJIOKaMH ICEBIOCETYATOro cTpoeHus. [Ipn obpazoBanuu
BPEMEHHON (hOPMBI X BOZHHKHOBEHHHN 3aMOPOKEHHBIX JehopManuii B IpeBeCHHE TyOa IPOUCXOANT TpaHC(opMa-
I TOMOJIOTUUECKON CTPYKTYPBI, OHA CTAHOBHUTCS MOINOIOUHON, aMOP(HO-KPUCTAIUTHYECKOTO U IICEBA0CETIATOTO
ctpoeHus. [1osiBIeHNE KpHUCTAIUTYECKO MOU(HKALMH, TOJIst KOTOPO# cocTasisieT 0,55, MPUBOIUT K 3HAYNTEIBHO-
MY YMEHBIICHHIO JIONU BBICOKOTEMIIEPATyPHOTO aMOp(HOT0 OI0Ka ICEBIOCETIATOr0 CTpoeHs. [1py Bo3BpammeHnu
HA4aJIbHBIX (PM3UUECKHUX YCIOBUH HAOJIIOAETCS BOCCTAHOBICHUE UCXOHOM (h)OPMBI M TOMOJIOTMYECKN JUOIOYHOM
CTPYKTYpBI JIpeBecHHbI 1y0a. [10100HbIe 3aKOHOMEPHOCTH paHee OBLTH BBISBIICHBI JUIS IPEBECHHBI OyKa M COCHBL.
Mertox TepMOMEXaHHIECKOH CIIEKTPOMETPHH MO3BOJISIET YCTAHOBUTH B3aMMOCBSA3h Je(hOPMAIIOHHBIX IIPeBpallie-
HUH ¢ XapaKTepOM MEXMOJIEKYJISIPHbIX B3aUMOJEUCTBUI U MEKLENHON OpraHu3alen oJIMMEPOB IPEBECHHBI.
KnroueBble ci10Ba: nmpupo HbEI (QYHKIIMOHAIBHBIN MaTepral, 3GdeKT mamsati GopMbl ApeBECHHBI, TepMOMEXa-
HHUUYECKasi CIEKTPOMETPHSI, MOJIEKYIIPHO-TOTIOJIOTHUECKOE CTPOCHHE IPEBECHHEL, IPEeBECHHA Ty0a

Ccepuaka nist nutupoBanusi: ['opbauesa I A., Canaes B.I'., benkosckuii C.1O., I[lactopu 3. M3MeHeHne Mo-
JICKYJISIPHO-TOIIOJIOTHYECKOTO CTPOCHUS IPEBECHHBI ay0Oa mpu nposiBieHud 3ddekra mamsatu dpopmer // JlecHoit
BectHuk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 36-41. DOI: 10.18698/2542-1468-2017-4-36-41

occuiickas deneparius 3aHMMAaET IEPBOE MECTO B

MUpeE TI0 IUIOIIAAN JIECOB 1 BTOPOE — I10 3a1acam
npeBecunsl [ 1]. JlecHOH cekTop ImpeacTaBiseT OO0
OTPOMHBIN TIOTEHIIHAJ I COKPAIIEHUsT BHIOPOCOB
MTApPHUKOBBIX Ta30B M CHUKEHUS YIJIEPOI0EMKO-
CTH POCCUMCKOM 9KOHOMUKH B 11e10M. [IprMeHeHune
WHHOBAIIMOHHBIX TEXHOJIOTHH MPOU3BOJCTBA M3JIe-
JIUA U KOHCTPYKLUUHI U3 IPEBECUHBI, COKpPALLECHHE
MOTpeOIeHNs] SHEPTUH, TTOBHIIICHUE CTETICHU TIe-
pepaboTKH IPEBECHUHEI, €€ TTOBTOPHOE MCIIOIh30Ba-
HHE — BCE 3TO0 3 (DEKTUBHBIC MEPBI, TIO3BOJISIONIHE
CHU3UTH BBIOPOCHI TTAPHUKOBHIX Ta30B [1, 2]. Jpe-
BECHHA SBJSETCS TPAJAUIINOHHBIM CTPOUTEIHHBIM U
TTOJIEIIOYHBIM MaTEPUAIOM OJIaroiaps YHUKATbHOMY
COYETaHHIO MEXaHUIECKUX, TEXHOJIOTUIECKUX U IKC-
IUTyaTallMOHHBIX CBOMCTB. MccneoBanus B 001acTi
(hyHIaMEHTaIbHOTO JIPEBECHHOBEACHUS CO3/Iaf0T
Hay4HYI0 0a3y /Il yroTpeOeieH sl IPeBECHHBI B Ka-
YecTBE MPUPOIHOTO PYHKIIMOHAIFHOTO MaTepHaa.
Coznanvie HOBBIX (DYHKITMOHAIBHBIX MaTEPHAaIOB H
c1oco00B X TOTYYCHHUS, HEOOXOIMMBIX JIJIS Pa3BU-
THUSI BBICOKOTEXHOJIOTUYIHBIX CEKTOPOB AKOHOMUKH,

SIBIISIETCSI OJTHON M3 KITFOUEBBIX 33/1a4 COBPEMEHHOTO
MatepuranoBefeHns. OYHKIHOHATBFHBIE MaTePHAITBI
00J1a/1at0T 3aIaHHBIMU CBOHCTBAMH, KOTOPBIE H3Me-
HSIOTCS TIPY M3MEHEHUH TTapaMeTPOB OKPY KaroIIeit
cpensI (TeMmepaTyphl, BIAKHOCTH, TaBICHHUS, DJIEK-
TPOMArHUTHBIX TIOJIEH U T. 11.), TPUYEM 3aJJaHNe dTHX
CBOWCTB JTOJDKHO OBITH yTpaBisieMbIM. [IpeBecrHa
SBIIICTCS MPHUPOIHBIM (PYHKIIMOHATHHBIM MaTepH-
amoM, obmamaromuM 3P dhexTomM mamMaTH HOPMBEL.
JlauubpIii (heHOMEH OCHOBAaH Ha KBAa3WOCTATOYHBIX
3aMOPOKEHHBIX Ae(POpPMaINAX, SKCIIEPHUMEHTAITBHO
obnapyxeHabX b.H. Yronessm B Havaie 1960-x rT.
TIpH CYIITKE 3aKperuieHHoro oopasma [3]. B mocie-
IyIONINe TOABl aBTOPaMH MPOBOJIMINCH CHCTEMa-
THYECKHE HccaeaoBanus dpdekra mamsatu [4-9].
Xapakrepuzarus 3¢ dekra mamsata Gopmer (D11D)
JIPEBECHHBI ITO3BOJIMIIA JIETAIBHO MCCIIEIOBATh Jie-
(hopMaIoHHbIE TPEBPAIICHUS TIPH PA3INIHBIX HCTO-
pusix neopMupoBaHus, SKCIIEPUMEHTAITLHO OTIpEie-
nuth nokazarenu DD, uzmMeHeHus B CTpyKType
JpeBecuHe. MeToj1 TepMOMEXaHUUECKON CIIEKTPO-
metpun (TMC), pa3paboranssrii B UHCTHTYTE XUMH-
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yeckoit puszuku um. H.H. Cemenora PAH [10, 11],
KOTOPBIH 0a3upyeTcs Ha TEPMOMEXAaHUICCKOM aHa-
JIn3€ TOJIMMEPOB, MO3BOJISET UCCIE0BATh U3MeE-
HEHHE MOJIEKYISPHO-pEIaKCallHOHHOTO (TOIOJIO-
TUYECKOT0) CTPOCHHSI IPEBECHHBI TP PA3IMIHBIX
nposinerusax OIID. MccneqoBanue MoIeKyIsp-
HO-TOITOJIOTHYECKOTO0 CTPOSHUS IPEBECUHEI OyKa U
cocHbl MeTo1oM TMC H03BOJIMIIN BEIIBUTE BIIMSHIE
nehOopMaIMOHHEBIX MTPEBPAIICHUA Ha XapaKTep Me-
KMOJICKYJIIPHOTO B3aMMOJICHCTBHSI U MEXKIICITHYIO
OpraHM3aIIMI0 OIUMEPOB ApeBecuHbl. OOpa3zoBaHue
1 MICYEe3HOBEHHE 3aMOPOKEHHBIX aedopmartuii, sB-
JISTFOIMXCSL HOCUTEIIAMH 3¢ eKTa HamsiTu, 00yCa0B-
JIEHO U3MCHECHISIMHU B CUCTEME MEXMOJICKYIISIPHBIX
B3aUMO/ICHCTBUH (B TOM YHCIIC B CETKE BOJIOPOTHBIX
cBsi3eit) [12—14]. Ilpu oOpa3zoBaHUH BPEMEHHOU U
BOCCTAHOBIICHHH MCXOJHOW QopM HaOII0aeTCs
CyllleCTBeHHAs: TpaHC(hOpMaIUs TOTOJOTHYECKOM
CTPYKTYpPHI IpeBeCHHBI OyKa U cocHHI [7, 15]. pe-
BecwHa ay0a oOnagaeT BRICOKUMHU (hPU3UKO-MeXa-
HUYECKUMH CBOWCTBAMH, IIIMPOKO HCIIOIB3YETCS B
Pa3IUYIHBIX OTPACIISIX TPOMBITIIEHHOCTH.

st sxcniepuMeHTaIbHBIX UCCIIEI0OBAaHUI UCTIONb-
30BaJIMCh 00PA3ITHl CTPOTAHOTO MITIOHA U3 IPEBECHHBI
ny6a geperraaroro (Quercus robur L.) pazmepamu
250%x15x%0,6 mm. B Tabxa. 1. mpeacTaBiieHBI MPoIIe-
Iypa UCIIBITAaHUH, MMOTydeHHbIe Toka3zaTenun DI1d:
R, (monst obparumsix aedopmannit) u Ry(nonsa Gpux-
CHUPOBAHHBIX JehopManmii) a1t 00pa3IioB ApeBecH-
HBI Ty0a TIOCTOSTHHOM, BpEMEHHOM ¥ BOCCTAHOBJICH-
HOU opm. TepMoMexaHHIeCKHE KPUBBIEC TPEBECHHBI
ny06a CHATHI B MeTommdeckoM Bapuante TMC npu
B3aMMHO TTEePIICHANKYISIPHOI OPHEHTAIINN BEKTOPOB
MIPIJTIO’KEHUS] TEPMOMEXaHIYECKON Harpy3KH B OCH
HalpaBJIEHUs! BOJOKOH. TeMmnepaTypHbIi HUHTEp-
Bast ckanupoBanusa coctaBuia —100...+300 °C. s
00pa3IoB MOCTOSHHOW, BPEMEHHOW W BOCCTAHOB-

JICHHOU (hOpM JIpeBECHHBI y0a SKCIIEPUMEHTATBHO
OIpeiesIeHbl pelaKCcallHOHHBIC TapaMeTphl, (a3oBoe
COCTOSIHUE U MOJICKYJISIPHBIC XapaKTEPUCTHKH (hpar-
MEHTOB MaKpOMOJICKYJI B CTPYKTypE TOIOJIOIHYE-
CKHX OJIOKOB JIPEBECHHBI.

TepMoMmexaHuueckas KpuBas UCXOJIHOU Ape-
BECHHBI J1y0a TOMOJOTUYCCKU AUOI0YHA, C IBYMS
aMOp(HBIMU OJIOKaMH IICEBAOCETYATOTO CTPOCHHUS,
CBOOOIHBIN 00BEM B BRICOKOTEMITEPATYPHOM OJIOKE
COXPaHSCTCs HEM3MEHHBIM BILIOTH JI0 TEMIIEPATYPhI
HayaJla pa3ioxkeHus ApeBecunbl. [Ipu oOpazoBanun
BPEMEHHOM (hOPMBI B Pe3yJIbTaTe OJHOBPEMEHHOIO
JICUCTBUS U3THOAIOIINX YCHUIIUI M CHIDKCHUS BIIAYKHO-
CTH BO3HHUKAIOT 00paTHMbIC 3aMOPOKEHHBIC JIehop-
Malnuy. B TOnosoruueckoil CTpyKType ApEeBECUHBI
Jty0a Ipy 3TOM MPOUCXOIUT 3HAUUTEIbHAS TPaHCHOP-
MaIlysi, OHa CTAHOBHUTCS MOIUOJI0OYHOM, aMOp(hHO-KpH-
CTAJUTMYECKOT'O U TICEBJIOCETYATOrO CTPOCHHS, C OoJiee
BBICOKOH TeMIIepaTypoil Hadalia pa3ioyKeHus (Tao. 2).
[MosiBeHHE KPUCTAINYECKON MomudUKAIUU
(T, =181 °C, M= 63 100, creneHb KPUCTAIIIHIHO-
cta @, = 0,55) IpUBOAWUT K 3HAYUTEITHPHOMY YMEHb-
[ISHUIO JTOJTU BBICOKOTEMIIEPATYpHOTO aMOp(dhHOTO
0JI0Ka IICEBI0CETIATOrO CTPOSHHSI. DTO BO3BPAILICHHN
HaYaTbHBIX (PU3MIECKIX YCIIOBUH HAOIF0MaeTCs BOC-
CTaHOBJICHHE TIOCTOSIHHOW (DOPMBI M TOTIOJIOTHYECKH
TUOIOYHON CTPYKTYPHI ApeBecuHbl ayda. Tomoio-
THYECKasi CTPYKTypa APEBECHHBI Ty0a B COCTOSHUH
BOCCTaHOBJIEHHOH (DOPMBI aHAJIOTHYHA €€ UCXOTHO-
My COCTOSTHHIO W CBHJIETENBCTBYET O MPAKTHYECKH
TTOJTHOM €€ CTPYKTYPHOH 00paTUMOCTH, XOTS U C He-
CKOJIBKO Pa3NYAONIMICS MOJIEKYIISIPHO-peNlaKca-
IMOHHBIMU XapaKTePUCTHKAMHU, YTO 00YCIOBIEHO
HaJIMYHMEM HEOOPaTUMBIX IIIACTHIESCKUX Je(hopMariiii.
[Ipu »TOM yBenmmumBaeTcsi OIS HU3KOTEMITepaTyp-
HOTO aMOp(HOTO OJIOKA TICEBIOCETIATOTO CTPOCHHS.
[TomoOHBIE 3aKOHOMEPHOCTH paHee OBUTH BHISIBIICHBI

Tadoauna 1

XapakTepHcTHKA 00pa3loB U NMoka3aresu 3¢ dexTa naMaTu GopMbl ApeBecHHbI 1y0a

Characteristics of samples and indicator

s of memory effect of the shape of oak wood

Ne obpazua 1-]1-54 1-]1-55 1-]1-56
ITocTostHHAS Bonemennas Boccranosnennas
dopma / \
oOpasna \_/
Bosspaiienne HCXOAHBIX (PU3HYECKUX
JedopMupoBanue mpu N3MEHEHUH pat AHD b
yCIOBUi
BJIQKHOCTH
IIpouenypa IIpenBaputensHOe AehopMupoBaHE
poreaypa [lepen ucneITaHuAMHU Yenaxuenune npu ¢ = 80 °C no peABap Aehopmup
HCIIBITAaHU I o IIPU U3MEHEHUH BIaKHOCTH,
Wu > 30 %, u3ru6, cyIka mosm
™ PO MOBTOPHOE YBJIAXXHEHUE 10 WH >
Harpy3koi ipu ¢ = 80 °C no 0/ 4o ono
Wi ~ 8 %, pasrpysca 30 %, ¢t = 80 °C, cymka B CBOOOTHOM
> COCTOSIHMHM JI0 BIAXKHOCTH Wk = 8 %
=g =g+ = I
Tedopmamms ~ e=g =¢gtg, € =g, /1€
oGpasia =0 TJIe € — 3aMOPOXKEHHAs €, — IUIACTHYECKast
nedopmarys; nedopmanys
Tlokazarenu DI1D Rf=0,9771 Rr=0,7815
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MoJieKyJISIpHO-TOOJIOTMUYECKOE CTPOEHHUE ApeBeCHHbI 1yda
Molecular-topological structure of oak wood

Tadbauma 2

XapaxTepucTiKy 1-71-54, Blolellquefli;ﬂ BOCCTIaI-JIIO:JféHHaﬂ
JIPEBECHHBI nocrosinHas hopma (bopma (bopma
HuskoremnepatypHblii aMopdHBIIT GJI0K IICEBIOCETIATOTO CTPOCHUS

Temneparypa creknoBanus 7¢c, °C =27 -20 =37
5?3(11)61)51:1;135;13 JIUHEHHOTO TePMHYECKOTO PACIIUPEHUS 60.6 43.8 402
§?3q1)g)5n?;:;T1 JIMHEHHOTO TEPMHUUYECKOTO PACIIMPEHHS 176.9 90.9 111
T'eomeTpudeckuii CBOOOIHBIN 00bEM Vy 0,858 0,357 0,502
CpenHeuncieHHas MOJIEKyIIspHas Macca M., 19,9 10,2 249
CpenneBecoBasi MONIEKyIsipHas Macca M., 26,7 13,4 34,1
Kosppuument nomuaucnepcHoctu K 1,34 1,32 1,37
Temneparypa miato BEICOKO3IACTUYHOCTH Too, °C 19 7 4
Becogas o amopdHoro 6i1oxa @, 0,28 0,21 0,35

BeicokoTemmepaTypHbIit aMOp(HBIH OJIOK TICEBIOCETYATOTO CTPOCHHS
Temneparypa creknoBanus 7', °C 24 39 46
I'eomerpuueckuii cBoOOMHBIH 00beM V) 0,434 0,851 0,679
Cpenueunciennas MoJeKyspaas macca M',, - 1073 107,0 83,9 97,3
CpenuesecoBas MoJieKylsipHas macca M',,, - 107 165,4 123,9 148,6
Kosdpduuuent nonmuaucnepcuocta K' 1,55 1,48 1,53
Temneparypa miato BEICOKOMacTHIHOCTH T"'00,°C 176 154 193
Becogas o515 amopdHoro 610ka @', 0,72 0,34 0,65
Kpucrammgeckas MoaupuKanus

Temmneparypa Havdana miasnenus 7, °C - 181 -
KoadpunmenT TepMuaecKoro paciipeHys IIaBIeHHs
KPUCTAJIIIUTOB, IPOIOPIUOHATIBHBIN CKOPOCTH IUIABICHUS - 285,7 -
oy -10° rp!
MosnekynsipHast Macca 3aKpUCTaNIM30BaHHbIX LENeH B _ 63.1 _
CTPYKTYpE KpUCTAILIMYECKOH Monudukarmu M, -1073 ’
CreneHb KPUCTATUTMYHOCTH j, 0,00 0,55 0,00
Temneparypa nectpykuuu T, °C 231 278 225
Bnaxuocts W, % 6,9 4.8 7,4

JUTS ApeBecuHbl Oyka u cocHbI [7, 15]. U3menenue
COOTHOIIEHUS OJIOKOB B TOIOJIOTUYECKON CTPYKTYpe
JPEBECHHBI Ay0a IMOKa3aHO Ha PHCYHKE

TaxuMm oOpazom, Wit Xapakrepuzanuu dhdexTa
TaMsTH GOPMBI JIJIs IIOCTOSTHHOM, BPEMEHHOM U BOC-
CTaHOBJIEHHOH (popM 00pa3IoB M3 APEBECHUHBI Ay0a
MTOJTyYeHBI KOTMYECTBEHHBIE U MOJIEKY ISIPHO-peIak-
CaIlMOHHBIE XaPAKTEPUCTUKH. DKCIIEPUMEHTATHHO
TTOJITBEPIKICHA OOHAPY)KEHHAsI paHee Yy JIPEBECHHBI
COCHBI 1 Oyka oOparumasi TpaHc(hOpMaIHs TOTIOJIO-
THYECKOH CTPYKTYPHI ITpH 00pa30BaHUHU BPEMEHHOMN
Y BOCCTaHOBJICHHUH MTOCTOSTHHOH hopm. Jliist pazimy-
HBIX JIPEBECHBIX TTOPOJT METO/T TEPMOMEXaHNIECKOIH
CTIIEKTPOMETPHH TIO3BOJISIET YCTAHOBUTH B3aHMOCBSI3h
nehOopMaIMOHHBIX TIPEBPAIICHHI C XapaKTepoM Me-
JKMOJICKYIISIPHBIX B3aMMOJEUCTBUM U MEXKUEITHOU
OpraHM3aIyel TOIUMEpOB APEBECHHBI.

HWccnenoBanmus BeITOMHEHB! B Tabopatopun LleH-
Tpa KOJUIEKTUBHOTO TI0JIb30BaHUsI HAyYHBIM 000PY/I10-

BaHueM «LleHTp PpU3HKO-MEXaHNUECKUX UCTIBITAHUH
npeBecuasDy (LIKIT LIOMI /) MpITummHCKOTO (HI-
mmana @I'bOY BO «MockoBcknii rocy1apCTBEeHHBIN
TexHW4Yecknil yHuBepcuteT umenn H.D. baymanay
(HaUMOHAJIBHBIN UCCIIENOBATEIILCKUN YHUBEPCUTET ).

Asmopul evipadicaiom bnacodaprnocme FO.A. Onb-
X08Y 30 HOMOWb 6 NOLYYEHUU OAHHBIX NO MepMoMe-
XaHU4ecKoll CReKmpoCKonuu opegecutsl 0yoa.

Paboma svinonnena npu (punancogoii nodoepoicke
Munucmepcmea obpasosanus u nayku Poccutickoti
Deoepayuu, npoekm Ne 37.8809.2017/bY9 «Hccne-
0oBanue CMpoeHrus, C8OUCME U XaAPAKMePUCMUK
OpesecuHbl KaKk npupooHo2o (yHKYUOHATbHO2O Ma-
mepuana 0ns paspabomxu dHepeocoepecarouux u
9KONOSUYHBIX MEXHON02ULL NPOOYKYUU C 3A0AHHBIMU
MEeXAHUYeCKUMU, INeKMPULEeCKUMU, XUMULECKUMU U
MenI08bIMU XAPAKMEPUCTIUKAMUY.
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Puc. I3MeneHus B TONOJIOTHYECKON CTPYKTYpE JPEBECHHBI
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s deKTe maMaTH

Fig. Changes in the topological structure of oak wood for
temporary and reconstructed forms with the memory
effect
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THE CHANGE OF THE MOLECULAR-TOPOLOGICAL STRUCTURE OF OAK
WOOD AT SHAPE MEMORY EFFECT

G.A. Gorbacheva!, V.G. Sanaev!, S.Yu. Belkovskiy!, Z. Pasztory?

' BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
2 University of Sopron, Innovation Center, Hungary, 9400 Sopron, Bajcsy-Zsilinszky utca 4

gorbacheva@mgul.ac.ru

Research in the field of fundamental wood science is the scientific basis for the use of wood as a natural functional
material. Functional materials have properties that change with changing environmental parameters (temperature,
humidity, pressure, electromagnetic fields, etc.), and set these properties should be managed. Wood is a natural
functional material possessing a shape memory effect. Characterization of shape memory effect (SME) of the wood
allows to make a detailed study of deformative conversions at various histories of deformation, quantification of
SME, changes in the wood structure. Method of thermomechanical spectrometry (TMS), developed at the Institute
of chemical physics of the RAS, was used to study changes in molecular relaxation (topological) structure of wood
at shape memory effect. The samples of sliced veneer from the oak wood (Quercusrobur L.) were used. For samples
of oak wood at permanent, temporary shapes and shape after recovery the relaxation parameters, phase state and
molecular characteristics of the fragments of macromolecules in the structure of topological blocks were experimentally
determined. Thermomechanical curve of the original oak wood has topologically diblock structure with two amorphous
blocks with pseudonetwork structure. During the formation of the temporary shape and appearance of frozen strains
the transformation of topological structure of oak wood is observed, it becomes multi-block, amorphous and crystal
structure and pseudonetwork structure. The appearance of crystalline modifications, which share is 0,55, leads to a
significant decrease in the proportion of the high-temperature amorphous block of pseudonetwork structure. When
returning the initial physical conditions the recovering of permanent shape and the topologically diblock structure of
oak wood take place. The same transformations of topological structure were previously observed for beech and pine
wood. Method of thermomechanical spectrometry allows detect the relationship of deformative conversions with the
intermolecular interactions and inter-chain organization of the wood polymers.

Keywords: natural functional material, shape memory effect of wood, thermomechanical spectrometry, molecular
topological structure of wood, oak wood

Suggested citation: Gorbacheva G.A., Sanaev V.G., Belkovskiy S.Yu., Pastori Z. Izmenenie molekulyarno-
topologicheskogo stroeniya drevesiny duba pri proyavlenii effekta pamyati formy [The change of the molecular-
topological structure of oak wood at shape memory effect]. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4,
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WUCCNEAOBAHME MPOYHOCTHbIX CBOWUCTB ®AHEPbI C BHYTPEHHUM
3ANOJIHEHUEM HA OCHOBE OTXO40B OT ®OPMATHOU OBPE3KU

C.A. Yrpomos
TTOBOKCKHIT TOCYIAPCTBEHHBII TEXHONOrHIeCKHil yunBepenter, 424000, r. Momrkap-Omna, . Jlenuna, 1. 3, IIITY
ugr-s@yandex.ru

B ¢anepHOM Mpon3BoCTBE HEN30EKHO 00pasyeTcs: OOJBIIOE KOIMYECTBO OTXOI0B, B TOM YHCIIE OTXO/bI OT (op-
MaTHOM 00pe3KH B BHAE PeeK MHMPHHOIL 2,5...3,5 cM, COCTaBIAIOMNX B 3aBHCHMOCTH OT (hopMaTa IpON3BOANMOM
¢aneps 7...9 % obGbema HeoOpe3HOH (hanepsl. [laHHBIE OTXOABI MOTYT OBITH BO3BPAaTHO HCHONIB30BAHBI IPH (HOp-
MHPOBaHHU BHYTPEHHEro ciosi (Ganepsl. [IpoaHanu3upoBaHbl U3BECTHBIC TEXHHUYECKUE PELICHHS MO HCIOJIB30-
BaHMIO OTXOJOB (haHEPHOTO MPOU3BOACTBA, NPEATIOKEHB KOHCTPYKIHH (haHEPHOI NMPOIYKIHN C BHYTPEHHUMH
CJIOSIMH Ha OCHOBE OTXOZIOB OT ()OPMAaTHOW 0OpE3KH, H3TOTOBIICHBI OTIBITHBIC 00pa3Ibl (haHEPhl U HCCIICAOBAHBI €€
OCHOBHBIC ITPOYHOCTHBIC XapPaKTCPUCTUKH. Hﬂfl OLCHKH IMPOYHOCTHBIX XAPAKTCPUCTUK IPUMEHAIUCH CTaHAapT-
HBIE METOJUKH, IIPU 3TOM JJIsl OLICHKHU IIpeJielia IIPOYHOCTH MPU U3THOe BIOJIb BOJIOKOH HAPyXKHBIX CIOEB M JUIS
OLICHKHU TpeJena MPOIHOCTH MPU CKaJIBIBAHUU MO KIEEBOMY CJIOIO OBLIM M3TOTOBIECHBI 00pa3lbl TAKKIM 00pa3oM,
‘lTO6bI B IIONEPEYHOM CECUYCHUH OKa3aJioCb HE MECHEC NBYX PECK BO BHYTPCHHEM CJIOC. Pe3y.]'l]>TaTbI OKCIIEPUMEHTOB
TIOKA3aJIH, YTO NpU (POPMHUPOBAHUH (PAaHEPEI ¢ BHYTPEHHUMH CIIOSIMU U3 PEeK, MOTyUSHHBIX U3 OTXO/I0B OT (hopMar-
HOU 00pe3Ku, MPOUCXOAUT HEKOTOPOE CHIDKEHHE MPOYHOCTH, YTO 0OOCHOBAHO HEOTHOPOAHOCTHIO BHYTPEHHETO
3aII0JIHEHHS U HAJIMYUEM 3a30pOB. B To e BpeMs npezelt IpOYHOCTH ITPU H3rHOe BIIOJIb BOJIOKOH y BCEX 00pa3lioB
npessimaer HopmupoBanHoe 3HadeHne Mo ['OCT 3916.1-96. OcobGeHHO Ba)KHO TO, YTO KOHCTPYKIHS Takod (a-
HEpBI MO3BONSAET CHU3UTH €€ IUIOTHOCTh. [IpenoxKeH bl BapHaHT MPOU3BOACTBA (haHEPhI ¢ BHYTPEHHHM 3aIoI-
HEHHEM Ha OCHOBE OTXO0B OT (hopMaTHOH 00pe3ku 1mo3BossieT d3G(GEeKTUBHO YyTHIN3UPOBATh U NepepadaThiBaTh
OTXOJIbI (paHEpPHOTO MPOU3BOACTBA C BBITYCKOM KOHCTPYKIIMOHHOTO MaTe€pHalla, YMEHBIINTh MaTePHATOEMKOCTh
TIPOM3BOACTBA (haHEPHI 32 CYET CHIDKEHHS PAcXofia JIYIIEHOTO IIMOHA U KJIEEBBIX MaTepHaloB, CHU3HUTh cebecTon-
MOCTD BBIITyCKaeMOl (paHepHOU MPOIYKIHH.

KonroueBsbie ciioBa: ¢anepa, JTyIIeHBIH MINOH, OTXOABI OT GopMaTHOIT 00pe3KH, peiikH, CKICHBAaHNE, TPOYHOCTH,
TJIOTHOCTh

Ccplaka st nutupoBanus: Yrpromo C.A. VcenenoBaHue MpOYHOCTHBIX CBOMCTB (haHEephl ¢ BHYTPCHHUM 3a-
TTOJTHEHUEM Ha OCHOBE OTXOZI0B OT hopmaTHOit 0Ope3ku // Jlecnoit BectHuk / Forestry Bulletin, 2017. T. 21. Ne 4.

C. 42-46. DOI: 10.18698/2542-1468-2017-4-42-46

@aﬂepa 001Iero Ha3HAUYCHUS TPATUITNOHHO HC-
TTOJIB3YETCS B CTPOUTEIRHOM cpepe Kak oOIIm-
BOYHBIM M HACTWJIOYHBIM Marepuall pu MpOU3BOJI-
CTBE 3/IaHUM U COOPY)XEHUM, a TaK)Ke B KaueCTBE
orayOKy TPy BO3BEIEHUU MOHOJIMTHBIX JOMOB.
B mpomecce nmponsBoacTBa haHepsl obpasyercs
0O0JIBIIIOE KOJIMYECTBO OTXOMIOB, MX 0OIIast A0S OT-
x0710B MOXeT nipeBsiath 50 % [1]. OxHum 13 BUIOB
OTXOZIOB SIBJISTFOTCST OTXOABI OT (pOpMATHON 00pe3KH
B BHUJIE PEEK IIMPUHOM, KaK IpaBuio, 2,5...3,5 cM,
cocTasistonue ot 7 10 9 % obbema HeoOpe3HOH
(ha"epsl B 3aBUCHMOCTH OT opmara IMPOU3BOIH-
Moii daneps [2]. Ilpn HanWMUNUK COMYyTCTBYIOIIETO
MIPOU3BOJICTBA TUIMTHBIX APEBECHBIX MaTEPHUAIOB
OTXOZBI TIepepadaThIBaloTCs (M3MENBIAIOTCS) U Ha-
MpaBJISAIOTCS 11 (POPMUPOBAHUS TUTHT WU MHBIX
KOMITO3UIIMOHHBIX MarepuaioB [3]. B npoTuBHOM
cirydae niepen (aHEPHBIMH MPEATIPUATUIMU CTOUT
3a/1aua epepadOTKA U YTHIIA3AIUN OTXOJIOB.
Lenpro nanHO pabOTHI SABISETCS TTOUCK dPPeK-
TUBHBIX ITyTEH BO3BPATHOTO UCIIOIE30BAHUSI OTXO/IOB
oT (hopMaTHOW 0Ope3KH B TIPOU3BOACTBE (PaHEPHI.
ABTOpOM TpOaHAJTU3UPOBAHBI U3BECTHBIC TEXHU-
YeCKHe pelieHUs 10 HCTOJIb30BAHUIO (haHEPHBIX
OTXOJIOB, TIPEIOYKEHBI KOHCTPYKITHH (paHepHOH MTPo-
IYKIMW C BHYTPEHHUMHU CJIOSIMHU Ha OCHOBE OTXOJIOB

oT (hopMaTHON 00pE3KH, U3TOTOBICHBI OMBITHEIE
00pasmbl paHephbl U UCCIISTOBAHBI €€ OCHOBHBIC (hH-
3MKO-MEXaHUYECKHE XapaKTePUCTHUKH.

MaTepwuanbl U MeToAUKa

W3BecTHBI pa3udHbIe CITOCOOBI (HOPMHUPOBAHUS
BHYTPEHHETO CJI0s1 (paHephl M WHBIX TUTUTHBIX Jpe-
BECHBIX MaTEPHAJIOB, IIPU TPOU3BOICTBE KOTOPBIX
WCTIONB3YIOTCS OTXO/BI (DOpMaTHOI 0Ope3KH B BHIE
YacTHI] peeK Kak OCHOBA HATIOIHUTENS 00JIETYeHHBIX
IUTUTHBIX IPEBECHBIX MaTepuanoB. Becbma addek-
THBHA CHCTEMa MPOMU3BOJICTBA JTUCTOBBIX MaTEpH-
aJo0B, B KOTOPOH MPOJOIHHBIE CIOU BBHITIOJHEHBI
COCTaBHBIMH 10 JUTHHE WK IIUPHUHE JINCTOB IIITOHA
Y COGIMHEHBI MEXJy CO00# TOPIOBHIMUA KPOMKa-
MH TIOTIApHO Z-00pa3HBIMU KIIEEBBIMH TTOJI0CAMH,
a TIOTIEpEYHBIE CJIIOW BBIMIOJIHEHBI B BHJ€ MHOTO-
CIIOWHBIX (hOpPMATHBIX 0OPE3KOB, PACIIONIOKEHHBIX
BJI0JIb BOJIOKOH JAPEBECHHBI IOMEPEUHOro ciios [4].
HenocraTkom nmaHHOTO METO/A SBISIOTCS BBICOKAS
MaTepHAIOEMKOCTh U HU3KHUE TIOKa3aTeNN TEIIo- U
3BYKOM3OIISIINH.

[Ipu npyrom MeTozie MpOM3BOACTBA APEBECHBIH
MaTepHall COCTOUT M3 CKIIGEHHBIX HAPY>KHBIX U BHY-
TPEHHUX CJIOEB, IPUYEM KaK/Iblii BHYTPEHHUH CII01
BBITIOTHEH W3 MapalIeIbHO pa3MEeIeHHBIX C HHTEp-
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BAJIOM II0JIOC MaTepuaia U SIBISIETCS OCHOBAHHEM
JUISL CIIEYIOIIETO CII0s1, TOJIOCHI KOTOPOTO pa3Melle-
HbI I0J] YIJIOM K IojocaM npeabiayiiero. Hauunas
C TPEThETO BHYTPEHHETO CJIOSI TTOJIOCHI PACTIONIONKE-
HBI CO CMENICHHEM OTHOCHUTEIHHO IOJIOC MEPBO-
ro BHyTpeHHero cios [5, 6]. Ilpu ucnonap3oBaHuU
JAHHOTO METOJIa CHUXKAIOTCS MaTepUalloeMKOCTh U
IUIOTHOCTh. HepocTarkoM Takoro marepuaina sipisi-
€TCsI €r0 HEOIHOPOAHOCTD, N3-32 KOTOPOH Marepua
M0-pazHOMY ce0sl BE/IET B Pa3HBIX YCIOBHSIX IKCILTY-
aranuu (HarpuMep, TPy U3MEHEHNHN TEMIIepaTyphl 1
BJI@XKHOCTH). B pe3ynbraTe BO3HHKAIOT pa3jInvHbIC
ae(bopMam/H/I W HAIIPSAXKCHUS B KJIICCBBIX CIIOAX.

W3BecTHBI Takxke CTPOUTCIIBHBIC MaT€pualibl B
BHUAEC CTCHOBBIX MaHeJIeH ITOBBLIINIEHHON TOJIINIWHBI,
BHYTpPY KOTOPBIX HAXOJSITCS TOJIbIE KapKachl U3 (hop-
MaTHOU (baHepI)I WJIN UHBIX INNIMTHBIX MaT€pualioB
JIOCTAaTOYHO BBICOKOTO Ka4eCTBa C 3all0JTHEHUEM I10-
JocTen TCIIOU3OJIAINOHHBIMU MaTC€puajlaMu WU
0e3 3amonHenus [7]. Ho ganHple Matepuamsl 10-
CTaTO4YHO OOPOTI'H, TaK KaK IpH UX IMPOU3BOACTBEC B
OCHOBHOM HCIOJIL3YIOTCS ITOTHO(QOPMATHBIE JIPeBEC-
HbIC MaTepHaJIbl.

Hamu nipesioykeHs! KOHCTPYKIUH (aHepsl ¢ Ha-
PYXHBIMH CIOSIMU U3 B3aUMHO IIEPIIEHIUKYIIAPHBIX
JIUCTOB (DOPMATHOTO JIYIICHOTO IIIITOHA ¥ BHYTPEHHU-
MU CII0SIMH, C(HOPMUPOBAHHBIMHU ITyTEM YCTAHOBKH
Ha pedpo peek, MOTYICHHBIX U3 0TXOJI0B OT hopmar-
HOH 00pe3kn. B kadecTBe KI€eBOTO CBSA3YIOMIETO B
JAHHOM Marepualie 1eiaecoo0pa3Ho HCIolb30BaTh
KJIeH, MpUMEHSIEMBIN B (haHepe, U3 KOTOPOH M3Tro-
TOBJIEHBI PEUKH JJI1 BHYTPEHHETO CIIOS, WIJIN MHBIE
KJIEH C YY9E€TOM UX PEOJIOTHYECKHUX XapaKTEPUCTHK
[8], TpeOyeMBIX KIEAIMUX M aare3MOHHBIX CBOWCTB
[9, 10]. ITockoabKy BO BHYTPEHHEM CJIO€ PEHKH
ITOCTaBIIEHBI Ha Pe0po, X CKICUBAHKE C TOBEPXHO-
CTBIO MITIOHA TIPOUCXOJUT C MOBBIIIEHHOW BIUTHI-
BaE€MOCTBIO B CIIOSIX IITIOHA C TOPIIOBBIMH CPE3aMH,
MT03TOMY HEOOXOMMO yBEJIHMYHBATH PACXO]T KIIEsT FITH
€ro BS3KOCTD JIJIs 00ecTedeHus TpeOyeMoro pacxona
B KJIeeBOM coenuHeHun [11].

IIpu ocyiiecTBIEHUM SKCIIEPUMEHTANbHOMN Ya-
CTH pabOTHI OBLTM U3TOTOBJIECHBI 00PA3ITLl (paHEePHI
Ha OCHOBe KapOamuo(GopMarbIeTHIHON CMOJIBI
K®H-66. B xauecTBe IpeBECHOTO CBHIPHS MIPUME-
HSUICS JIYIIEHBIH Oepe30BBIA MITTOH HOMUHAIBHOM
TONITMHON 1,5 MM M peiiky IMUPUHON U TONIITUHOM
o 10 mm. HomMuHamBHAS TONITIHA TOTOBOH (DaHEepHI
cocrapisia 14 mwm.

CoOopxka makeToB (paHephl 3aKITI0YaIach B Ioxoope
1 YKJI3/IKE JINCTOB IIITOHA U PEEK BHYTPEHHETO CIIOSI C
Pa3HBIMH PaCCTOSHUSMH MEK/Ty HUMH B COOTBETCTBHHN
C 3aJlaHHOM KOHCTpyKItueH (puc. 1). Kieit manocuiics
Ha 00€ CTOPOHBI BHYTPEHHUX (YETHBIX ) CJIOEB IIIITOHA
Y Ha TOPIOBYIO MOBEPXHOCTH peek. [lommmo aTrx
00pasoB, OBUTM M3TOTOBIIEHBI B Ka4ECTBE ATAIOHA
00pa31p! aHepsl TOMBKO U3 (DOPMATHOTO TIITOHA.

Puc. 1. Koncrpykiust danepsl: / — IPOIONBHBIE CJIOH IIMOHA;
2 — ronepeyHble CII0M HINOHA; 3 — pelKH, OCTaBJIeH-
HbIe Ha peOpo; 4 — KJIeeBbIC IIBBI

Fig. 1. Construction of plywood: / — longitudinal layers of
veneer; 2 — transverse layers of veneer; 3 — laths put
on an edge; 4 — glued seams

I'opsiuee npeccoBanne coOpaHHBIX MAKETOB OCY-
HIECTBISIOCH B JIa0OPATOPHOM THIPABIUYECKOM
npecce npu temmneparype it 125 °C, ynenbHOM
naBneHuu rnpeccoBanus 2 MlIla, BpeMeHU BBIIEPKKI
oz aaBieHueM 7 MuH. Ilocie BBITpy3KH U3 npecca
1 HOpMaJIM3aIlii KaueCTBa B TEUEHHE CYTOK OBLI
MIPOM3BENICH PACKPOI Ha 00pa3Ibl JJisi TPOBEICHHUS
HUCTIBITAaHUH.

[Ipenen mpoyHOCTH NMPHU M3rHOE OIEHUBAJICS I10
I'OCT 9625-2013, npenen mMpoyHOCTH NP CKaJIbI-
BaHUM 110 KjeeBoMy cioto — 1o 'OCT 9624-2009.
J1st orieHKM TIpesieria MPOYHOCTH MPH U3THOE BIOJIb
BOJIOKOH Hapy»XHbIX CJI0OE€B OBUTH U3TOTOBIIEHBI 00pa3-
11 prHOH 0T 50 10 60 MM TakkM 00pa3oM, YTOOBI B
TIOTIEPEYHOM CEYEHUH OKa3aJI0Ch HE MEHEe JIBYX peeK
BO BHYTpeHHeM cJjoe. [Ipenen npouHocTH npu n3ru-
0e rmorepex BOJIOKOH HapY)KHBIX CIIO€B OIIEHHUBAJICA
Ha oOpasuax amuHoi 250 MM u mupuHoit 50 Mwm.
Bremawmii Bun 06pasmos MpeacTaBieH Ha puc. 2.

Jns onenku mpenesa IpOYHOCTH MPHU CKAJIbI-
BaHWH 1O KJIEEBOMY CJIOI0 OBIIM M3TOTOBJICHBI
npodunsHbe 00pa3iel mupuHoit ot 30 mo 40 MM
TaKuM 00pa3oM, 4TOOBI B MIIOCKOCTH CKAJIBIBAHUS
0Ka3aJIOCh HE MEHEE JIBYX PEeK BO BHYTPEHHEM CIIO€.
Brenrnwmii Bua 00pa3noB nokasaH Ha puc. 3.

B tabinuiie npezcTapieHbl CBOAHbIE (HU3UKO-ME-
XaHUYECKHe MoKazarenu (aHepsl ¢ pa3inIHbIM 3a-
30pOM MEXy peikamu OT (hOpMaTHON 0Ope3KH BO
BHYTpPEHHEM CJIO€.

Pe3ynbTaThl

Pe3ynbraThl HCTIBITAaHMIA TTOKA3AJIH, YTO MTPH Gop-
MHpPOBaHUHU (DaHEPHI ¢ BHYTPEHHUMH CIOSIMHU W3
PpeexK, TOTyYeHHBIX U3 OTXOI0B OT (hopMaTHOI 00pe3-
KH, TIPOMCXO/IUT HEKOTOPOE CHUKEHHE MPOYHOCTH,
4T0 000CHOBAaHO HEOHOPOJHOCTHIO BHYTPEHHETO
3aroHeHU W HaIM4IreM 3a30poB. OIHaKO mpenen
MIPOYHOCTH TP M3rHOe BIIOJH BOJIOKOH Y BCEX 00-
PasIoB MPEBBIIAET HOPMUPOBAHHOE 3HAYCHUE T10
T'OCT 3916.1-96. Ba)xHEIM MOMEHTOM SIBJISICTCS TO,
YTO KOHCTPYKIIMS TaKOH (haHEepBI IIO3BOJISIET CHU3UTh
€€ IJIOTHOCT.
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a

0

Puc. 2. BHennuii Buj 00pasiioB 1Is ONpeesICHUs IIpejielia IPOYHOCTH IIPH H3THOe: @ — BIIOJb BOJIOKOH; 6 — IONEPEK BOJIOKOH
Fig. 2. Appearance of the samples for determining the flexural strength: @ — along the fibers; 6 — across the fibers

Puc. 3. Bremnwuii Bu 00pa3mos st ONpeieNIeHUs! pejiesia MPOYHOCTH TIPH CKAIBIBAHUH MO KJIEEBOMY CIIOIO
Fig. 3. Appearance of the samples for determining the ultimate strength at shearing along the adhesive layer

Tabnuma
Du3uKo-MexaHnyeckue cBoiicTea panepnbl
Physical and mechanical properties of plywood
IIpenen mpounoctu IIpenen npounoctu
Paccrosnne DakTuyecKas npu usrute, MIla npu ckajisiBanuu, MIla
Bun paneps MEXIy peiKamu, IJIOTHOCTb,
MM Kr/M3 BJI0JIb BOJIOKOH HONIEPEK B CYyXOM nocne 24 4
BOJIOKOH BHIE BBIMAYHBaHUS
®ariepa obero - 711 12,2 68,9 4,36 2,43
Ha3HAYCHUS
Danepa 0 688 102,1 35,2 2,68 1,73
¢ BHYTPCHHIM 0,5 527 63,1 25,1 2,58 1,66
CIIOEM U3 peeK
1,0 465 42,1 19,3 2,64 1,71
1,5 420 32,1 14,0 2,57 1,6
2,0 395 28,6 11,3 2,52 1,67

a4

JlecHoli BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4



WccnepoBaHUe MPOYHOCTHbIX CBOWCTB....

CTpoeHue, CBOWCTBA M KauecTBo ApeBeCUHbL...

TakuM 00pa3oM, MPEUIOKEHHBIN BApUAHT IPO-
M3BO/ICTBA (haHEephl C BHYTPEHHUM 3aIIOJTHEHHEM Ha
OCHOBE OTXOZIOB OT (hopMaTHON 0OPE3KH MO3BOIET
3G PEKTUBHO YTHUIIM3UPOBATH U ITepepadaThiBaTh OT-
XOJIbl (haHEPHOTO TIPOM3BOJICTBA C BBIITYCKOM KOH-
CTPYKIIMOHHOTO Marepraa, yMEeHbIITUTh MaTepHao-
€MKOCTh TIPOU3BOJICTBA (PaHEPhI 32 CUET CHIDKCHUS
pacxoja JIyLIEHOI0 IIIOHA U KJICEBbIX MaTepUaJloB,
CHHU3UTHh Ce0ECTOMMOCTh BBIITyCKaeMol (aHepHOH
MIPOYKIIHH.
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CTpoeHue, CBOWCTBA U KaueCTBO [, peBEeCUHbI... WccnepoBaHve NPOYHOCTHbIX CBOMCTB...

STUDY OF STRENGTH PROPERTIES OF PLYWOOD WITH AN INTERNAL
FILLING ON THE BASIS OF WASTE

S.A. Ugryumov
Volga State University of Technology, 424000, Yoshkar-Ola, Lenin sq., 3, PSTU
ugr-s@yandex.ru

Large quantities of waste, including waste from trimming in the form of strips of plywood with a width of 2,5...3,5
cm, of the components depending on the format of the original plywood 7...9 % In plywood production are
generatedinevitably. These wastes can be used in the formation of the inner layer of plywood. The paper analyzes
the known technical solutions for the recycling of plywood production, proposes design of plywood products
with internal layers on the basis of waste of plywood prototypes in plywood and investigates its basic strength
characteristics. To assess the strength the characteristics were determined using standard techniques, an evaluation
of tensile strength at bending along fibres of the outer layers and for the evaluation of ultimate strength in shearing
adhesive layer the samples were manufactured so that in cross section appeared to be at least two strips of plywood
in the inner layer. The experimental results showed that the formation of shell layers from the waste of plywood,
there is some decrease in strength due to their internal heterogeneity of the fill and the presence of gaps. However, the
tensile strength at bending along fibres in all samples exceeds the normalized value according to GOST 3916.1-96.
The important point is that the design of this plywood allows it to reduce its density. With the production of plywood
with an internal filling on the basis of wastes from crop format allows to utilize and recycle waste forming plywood
production with the release of the construction material, to reduce materials consumption for the production of
plywood by reducing the consumption of veneer sheets and flow of the adhesive materials to reduce production
costs of plywood productione.

Keywords: plywood, rotary cut veneer, waste from trimming aspect, strips of plywood, bonding, strength, density
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NAPAMETPbI KONEBAHWU CTBOJIA BEPE3bl MPU TPEJIEBKE

T.A. UBanoB, A.A. KotoB
MI'TY um. H.D. baymana (MbItunmnckuii ¢unuan), 141005, MockoBckast o6mnacts, . Mbrtuny, yi. 1-1 MacTHTyTCKAs, 1. 1
kotov@mgul.ac.ru

IIpu npomoapHOM NepeMenieHnH (TpeeBKe) IPEeBECUHBI C TOMYIPHIIOAHATEIMU CTBOJAMH TTOCIEIHUE COBEPIIAIOT
norepeyHble KosiebaHus! BCIIeICTBIE HepoBHOCTeH oporu. Konebanust BIUSIIOT Ha HArpy)XKEHHOCTh CIeHalbHBIX
JIECHBIX MAIlIH, BBIIOJIHSIOMNX TPeleBKy. Llenbio vcciieioBanuii sBisieTcs: pa3paboTka TEOPETHUECKUX MOJIOXKe-
HUIl ¢ UX DKCIEPUMEHTAIbHBIM [IOATBEPKACHUEM, HAIIPABICHHBIX HA MOBBIILICHUE TOUHOCTH PAacyeTOB U IPOTHO-
3UpOBaHME CUTYalWil IPH BBHITOJHEHHH PabOYMX ONEpaIii Ha JIECO3aroTOBKaxX. PalnoHaNbHEINH BEIOOp MPOEKT-
HBIX TIAPAMETPOB TEXHOIOTHIECKOTO 000PYI0BAHUS JIECHBIX MAIIMH BO3MOKEH B TOM CITydae, €CIIH B pacuyeTax Ha
TIPOYHOCTH OYAYT MCTIOIB30BAHBI TEOPETHUECKU U SKCIIEPUMEHTATBHO 000CHOBAHHBIE 3HAYEHNS TEXHOTOTHUECKUX
cul. D (HEKTUBHOE MCIIONB30BAHKUE TATOBBIX BO3MOXKHOCTEH M 00eCreyeHne YIpaBIsieMOCTH JBHKCHUS JECHBIX
MAllH TPY BBINOJIHEHUH TEXHOJIOTMYECKUX ONEpaluid, CBSI3aHHBIX C IIPOJOIBHBIMU NEPEMELICHUS MU MTOIYIPU-
TIO/IHSITOTO CTBOJIA, BO3MOXKHO TOJIBKO C YYETOM TEOPETHUECKUX HOJIOKCHUH, 0OBSICHSIOMNX H3MEHCHNS TEXHOJIO-
THYEeCKUX CHJI Ha pabOYMX OpraHax TeXHOJIOTHYECKOTo 00opynoBaHus. [109TOMy akTyalbHBIMU SIBISIOTCS HCCIIE-
JIOBAaHUsI, HAIIPABICHHBIC HA YBEIMYCHHE UKCIIA YIUTHIBAEMBIX ITPU MOAEIHUPOBAHUH (AKTOPOB. JIMHAMIUIECKYTO
CHCTEMY, BHITTONHSIONIYIO pPaboyne OmepaIyH 1Mo MPOA0TEHOMY MEPEMENIEHHUIO MOMYIPUIIOAHATOTO CTBOMA, TIPE-
CTaBIISIIOT KAK MEXaHUUECKYIO KOJIeOaTeNbHYI0, K KOTOPOH MPUII0KEHbBI CUIOBbIE H KHHEMAaTHUECKHE BO3EHCTBUS.
Jliis peleHus 3a1a4u CUUTAIOT, YTO paBHOBECHE YIIPYTOH JIMHUU CTBOJIA, HAXOSIIETOCS B COCTOSHUM TTOKOSI, IEpU-
OJJMUYECKH HapylLIaeTCsl BHE3AHO NIPUKJIIAbIBAEMbIMU K YIPYTOi IMHUU U TOTYAC XK yAAIIEeMbIMU ONEPEUHO Aeh-
CTByIOIMMU criaMu. [Ipu koiebaHMsIX CTBOJNA MPOTHO €ro YHPYroi JIMHUY eCcTh (QyHKIHS ABYX ITEPEeMEHHBIX —
KOOPJMHATH M BpeMeHH. [ HaxOXKIEeHHs MEepBOTO WIEHA Psfa, COOTBETCTBYIOIIETO IIEPBOH OCHOBHOW (hopme
KoJe0aHni, TPUMEHSIOT MeTox Panes. [Ipn HOpMaIbHBIX KONMEOAHUSAX KaXIasi TOUKa yIpyroi JMHUHM CTBOJA CO-
BEPILAET MPOCTOE FapMOHUUECKOE KOJIeOaHNE C MOCTOSIHHBIMU aMILTUTYoH U ¢a3oii. [TomydeHo BeIpakeHue ya-
CTOTBI OCHOBHOTO TOHA KOJICOAHMS MO IPUIIOJHATOTO CTBOJIA, HEPEMEIAEMOT0 33 KOMEIb, C y4ETOM ero hopMsbl.
BEInonHeHB! SKCIepUMEHTATIbHBIE HCCIEA0BAHMS TTOTIEPEUHbIX KOJIeOaHUH MOTYIPHIIONHITEIX CTBOJIOB Oepesbl.
OrmpezeneHsl HapaMeTphl ATUX KOJIeOaHUH, B TOM YHCIIE YacTOTa.

KnioueBble c10Ba: cTBOI JiepeBa, TpeneBka, hopma konedaHnii, yacToTa KoneOaHuii, SKCIIEPHIMEHT, aMIIUTyAa
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OCHOBHy}O YacTh JIECO3arOTOBUTEIILHOTO IpoIecca
COCTABIIAIOT pabouyue omepannu, CBsI3aHHBIE C
MIPOIOTBHBIMH TTEPEMEIIEHISIMHU TTOTYTPUTIOAHATOTO
cTBOJa. MHOTOOOpa3we yCIOBUN dKCIUTyaTallid U
BHJIOB BBITIOJHSAEMBIX PaOOT JIECONPOMBIIIIICHHBIM
o0opynoBaHHeM TPeOyeT OTIENbHBIX HaIPaBICHHUH
TEOPHH JIECHBIX MAIIIUH, KOTOPBHIE CBSI3aHbI C TIOHTHU-
€M MareMaTudecko Mozenu. OIHaKo JIr00ast Crelu-
aybHas JIeCHas MaIllFHA [TPH TOCTATOYHO MOAPOOHOM
OTIMCAaHWH TTO3BOJIAET Pa3padoTaTh MHBAPHUAHTHBIC
MaTeMaTHYeCKUEe MOJIEH I PA3INIHBIX CIy4daeB
¢ynkunonuposanus. [lpu sTom ciexyer umeTsh B
BHUJIY, YTO MareMaTHIecKasi MOJIENIb CTPOHUTCS Ha OC-
HOBaHUHU MoJiene mporieccos [1].

PanmonansHBIA BEIOOP MPOSKTHBIX TTapaMeTPOB
TEXHOJIOTHYECKOTO 000PYIOBAHMS JIECHBIX MAITUH
BO3MOJKEH JIAIIIh B TOM CITydae, €CIIi B pacderax ux
JeTaseil Ha IPOYHOCTh OyIyT MCITOIh30BaHbI TeOpe-
THUYECKH 000CHOBAaHHbIE 3HAYCHUS TEXHOJIOTHIECKIX
cui. PeanpHOE yBenMUeHNE MPOU3BOIUTENHEHOCTH,
3¢ (eKTUBHOE UCTIONB30BaHUE TATOBBIX BO3MOXHO-
cTelt pabo4yrx OpraHOB MAIIIMH 1 0OECTIeUeHNE YIPaB-
JIIEMOCTH JIBM)KEHHS JIECHBIX MAIIHH MTPH BHIITOTHE-
HUU TIEPEMECTUTEIHHBIX U PS/Ia TEXHOIOTHYECKHIX
OTIeparnii, CBI3aHHBIX C MPOJIOTEHBIMHE TTEPEMETIICHH-
SIMU TTOJTYTIPUTIOHSATOTO CTBOJIA, MOYKET OBITh pean-

30BaHO TOJIBKO C YIE€TOM TEOPETUIECKUX MTOJIOKEHHH,
OOBSACHSAIOMNX U3MEHEHUA TEXHOJOTHYECKHUX CHII
Ha 2JIeMeHTax pabounX OPTaHOB PA3IMYHBIX THUIIOB
TeXHOJIOTHYeCcKoro obopynoBanus. [loaTtomy axTy-
AJTBHBIMU SIBJISIOTCS MCCIIEOBAaHUS W pa3padboTKa
TEOPETHYECKUX TTOJIOKEHHI, HAallpaBJIeHHBIE HA TI0-
BBIIIEHNE TOYHOCTH PAaCYeTOB W MPOTHO3UPOBAHHE
CUTYaITUi MPH BBITOJIHEHUH pa0OYMX OIepariii Ha
JIECO3aroTOBKax ITyTE€M BKIIFOUEHHUS 0A30BBIX KOH-
CTaHT, ONPENEIAIONNX MPEAMET TPy/Aa U XapakTep
€ro B3aMMOJICHCTBHS C pabOYNMHU OpraHaMH TEXHO-
JIOTHYECKOTO 00OPYI0BaHUS, a TAKXKE MTyTEM YBEIH-
YEHUS YHCIIa YIUTHIBAEMBIX TTPU MOACIUPOBAHUHU
(hakTOpOB.

JIroOyro IMHAMUYECKYIO CHCTEMY, BBITTOTHSIOILYTO
paboure orepary 1o MPOAOIFHOMY TIEpEMEIICHUTO
TTOTYTIPUTIONHATOTO CTBOJIA, MOYKHO TIPEJICTABUTH KaK
MEXaHHUYECKYIO KoNleOaTeTbHyT0, K KOTOPO MPHITOXKe-
HBI CHJTOBBIE M KHHEMaTHIeCKHE BO3IEHCTBHS.

3amada 1o oreHKe KoJieOaHU TIOTHOCTRIO TTOTPY-
JKEHHBIX XJIBICTOB BIIOJTHE MCUEPITHIBAOIIE PElIeHa
B pabotax [2, 3]. I[loaToMy mpoBezieM UCCIIeTOBaHIE
KOJIeOaHHH TIOTYTIPUTIONHATOTO CTBOJIA OTHOCHTEITHHO
MTOJIOKEHHSI PABHOBECHS B CUTYAIIUH ITOKOSI, XOTS U3~
BECTHBI pabOThI, B KOTOPBIX PACCMATPUBAIOTCS KOJIe-
Oanus mogooHoTO Bra [4—9]. PaccMoTpenre MEHHO
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9THX KOJIeOaHHUH 00YCIIOBICHO TEM, YTO, BO-TIEPBBIX,
B paboTax [4, 7] npencTaBaeHbI TOJILKO SKCIICPUMEH-
TaJIbHBIC JIaHHBIC 110 KOJICOAHHSIM XJIBICTOB, BO-BTO-
pBIX, B paboTax [2, 3] XJIBICT IEPEMEHHOTO CEYCHHS
3aMeHsIeTCsl HaOOpOM COCPEIOTOUEHHBIX Macc, a JUTH-
HA MOJHITON YaCTH HAXOJMTCS 110 SMITUPUICCKUM
(dbopmynam, He yuuThIBarOIMM GopMmy cTBoja. B pa-
6oTte [8] XITBICT TIEPEMEHHOTO CEUCHUS MPEICTABICH
CTYIIEHYATHIM CTEP’KHEM, COCTOSIIIIIM 3 IIMITHHIPH-
YEeCKHX OTPE3KOB ITOCTOSIHHOTO CEUSHHUS PABHOM JITH-
HbI. B pabote [9] XJIBICT anmpOKCUMHUPYETCSI KOHYCOM,
a M30THYTasl OCh MpEACTaBIeHa CHHYCOUJAIbHOM
KPHBOI, YTO HAPYIIACT IPAHUYHBIC YCIIOBHSL.

MaTtepuanbl U MeTOAUKA

Hccnenyemblit ipeaMeT TpyJa UMEET BCIOAY Tie-
PEMEHHBIN MTPOIOIBHBIN MPo(HITh, U pacTpeaesicHre
IUIOTHOCTH BJIOJIb OCH CTBOJIA MOYKET OBITH TIEpEMEH-
HBIM, HallpAMEP, Y XBOHHBIX TIOPOJT IEPEBHEB; MOJTYITH
YIPYTOCTH Y Pa3HBIX MTOPOJ TAK)KE pa3HbIE.

s perrenust 3amagw, cornacuo [10, 11], mpumem,
YTO PaBHOBECHE YIIPYTOW IMHUH TTOTYTPUTIOAHATOTO
CTBOJIa, HAXOAAIIECTOCS B CUTYAITUH TTIOKOSI, HAPYIIIEHO
TEM, YTO K YIPYTOH JIMHUH BHE3AITHO TIPHKJIa ILIBAIOT-
Cs ¥ TOTYAC e YAASIOTCS TOMIePeYHO AEHCTBYIONTHE
cuibl. B 5TOM ciydyae cTBONT HaYMHAET KOeOaTbes
OKOJIO CBOETO TMOJIOKEeHUs paBHOBecHs. O003HaYNM
Yepe3 y MPOrud yIpyroi INHUH B CEYEHUH X, HO YKE
B MOMEHT BpeMeHH ¢. TakuMm o0paszom, Tipu Kosreda-
HUSX CTBOJIA TIPOTHO Y €CTh (DYHKIHS ABYX TIEpEMEH-
HBIX — KOOPJIUHATHI X U BpeMeHu ¢. Torma gactHas
npou3BoaHas 0%y/0f* GylneT ONpeneNnsTh B MOMEHT
BpeMeHH ¢ HarpasJieHHOe OoT ocu Ox yCKOpeHue diie-
MEHTa CTBOJa dx, pacIOJIOKEHHOTO Ha PACCTOSHUHI
X OT Hadaja KoopauHart. J[st Toro 4To0bI AIIEMEHTY
JUTMHBI dX COOOIINTH 3TO YCKOpEHHeE, TpeOyeTcs pu-
JIOKHUTH HAIPaBJIEHHYIO OT ocu OX CHTy BETMYWHON

p =—pAdx0*y/0¢*, e p — cpeausis INIOTHOCTH PEBE-
CI/IHLI, A — TomIaak MOMepevHoro CEYeHHUs CTBOIA.

Tak kak Tipu CBOOOIHBIX KOJEOAHHSIX BO3MYIIA-
oIasi CHJjia OTCYTCTBYET, MOJKHO TONydnTh Audde-
peHInalbHOe ypaBHEHNE NWHAMHYECKOTO M3rnda
CTBOJIA C HENPEPHIBHO PaCpe/IeIeHHBIMI MacCcaMH,
rcnonb3ys auddepeHIraibHoe ypaBHEHNE N30THY-
TOW OCH CcTBOJA B hopMe

(L y).
ox? (Ela_J PG =0 M

3aBucumocTsb (1) mpezcrapinser co0oi ypaBHEHHE
CBOOO/IHBIX KOJIEOAHMI TOIYIPHUIIOAHSATOTO CTBOJIA.
JUi1st ero perieHuns IpUMEHNM K HEMY METOJT pasJielie-
HUS IepeMeHHbIX Dyphbe, rmonarast Ipu 3ToM Y(x, 1) =
= T(H)X(x). Ilocne moncranoBku )(x, £) B (1) u coor-
BETCTBYIOIIETO Mpeodpa3oBanms ist GyHKIwiA 7(7) 1
X(x) momydaem oObIKHOBEHHBIE T epeHITnaTbHbIE
ypaBHEHUSI:

T +o*T =0; )

(EIX") - o?pAX =0. 3)

OOmmii uHTerpan ypasuenus (2) Oymer
T = Asin(wt) + Bcos(wt). (4)

OTcrofa BUIHO, 9TO (O TIPE/ICTABISET COOOI0 KPY-
TOBYIO YaCTOTY CBOOOJIHBIX KoJieOaHMU I IOy TIPUITON-
HSITOTO CTBOJIA.

Hymepys cobcTBeHHBIE UaCTOTHI B IOPS/IKE BO3pac-
TaHUS TaK, 4TO 0 <, <5 < ..., TOIYYNM JUIs KaKA0U
COOCTBEHHOM YacTOTHI (DK M3 3TOTO psifia COOTBETCTBY-
FOIIYT0 YaCTHYTO (popMy KoneOaHmi X;(X), yIOBIETBO-
PpSIOIIYI0 ypaBHEHHIO (3) TTpH (O = (), @ UMEHHO

(EIX?)" - w2pAX, =0. (5)

BBuy TOrO0 4TO K€CTKOCTH YIPYTOM JIMHUHU CTBOJIA
Y HEpaBHOMEPHO paciipezielieHHas BJ0JIb CTBOJIA Mac-
€a 3aBUCST OT KOOPIHMHATHI X, PSI/T 9ACTOT HOPMAITbHBIX
KOJIEOAHW CYIIECTBYET, HO WX HEJb3s OTHICKATH C
TTOMOIIIBIO TOYHOTO MHTETPUPOBAHMS ypaBHEHUS (3).
[losToMy [T HAXOXKIEHNS TIEPBOTO WJIeHa Psizia, COOT-
BETCTBYIOITIETO ITEPBOI OCHOBHOU (popMe KoIeOaHw i,
MIPUMEHNM MeTOoA Pariest, cortacHO KOTOpOMY TiepBast
OCHOBHAs 9aCTOTa OTIPEIETISETCS BBIpAKEHUEM

L
gl q(x)Y (x)dx
0= (6)
Jq(x)Y (x)*dx
0

3neck Y(x) — mporud cTBOIIA epeBa Mo ACHCTBH-
€M Harpy3ka ¢g(x).

[Ipn HOpMaNBHBIX KOJEOAHUAX Kaxaas TOYKa
YIPYTOH JIMHAH CTBOJIAa COBEPIIAET MPOCTOE rapMo-
HUYECKOe KoJieOaHUe C MOCTOSHHBIMU aMILIHTYION
u ha3oif:

Y= YnSin(U‘)nt - ('On):

rae Y, — mepeMeHHasl, 3aBUCSIIast TOJIBKO OT X;

,, 1 O, — IMOCTOSIHHBIC BEIIMYMHBI;

Y, onpenensiet n-10 GopMy HOPMAILHOTO KOJIe-
OaHsI, MOAYMHSCTCS TEM K€ TPAHUYHBIM yC-
JIOBUSIM Ha KOHI[AX, YTO U Y, M TIPEJICTABIISICT
c000ii IEHCTBUTEIEHBIN ITPOTHO OCH CTBOJIA,
KOTJIa CTBOJI HAXOJIUTCS B OJTHOM M3 KpalHHUX
MTOJIOKEHNH KOJIEOaHu.

Jlyis onydeHust KPUBOM MPOruda UCIOIb3yeM

ypaBHEHHE
= (EI( 926 y(x))=q(x>. )

HepaBHomepHO pacnpezeneHHast IpH IepeMeHHOM
BJI0JIb CTBOJIA IUIOTHOCTH Harpys3Ka mnojyyeHa B [7], a
MOMEHT HHEPLIUH [TONIEPEUHOTO CEYEHHS OIIpeeNsieT-
cs1 popmyaoit I(x) =m(a:(Lc — x)*)*/4, tne a(Le — x)* —
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paanycC nornepeyHoro CCYCHMs CTBOJIA HAa paCCTOAHNU

X OT KOMJIsI. BBeileM KOHCTaHTy JKECTKOCTH CTBOJIA
d = Ena*/4 u HoByI0 TIepeMeHHy0 z = L¢ — x, Toraa

’KECTKOCTh CTBOJA OyneT uMerh Bua El(z) = dz**.
JlomoTHNTeTPHO TIOHN3UM TOPAIOK auddepeniu-
AIIBHOTO YPaBHEHHS

d?
—5 Y@ =v(2).
dz? v

[Tosryunm ypaBHEHHE yIIPYTroi IMHUM CTBOJIA

Wz)= V1Z2“K_4u+4 +¢0z7 2

+ C2N12_4u+3 + C3Z + Cy,

(8)

d, :
(2ug —4pu+4)(2uy —4p+3)
1
(4p—2)(4n—3)

J11st TIOwCKa TTOCTOSITHHBIX HHTETPUPOBAHUS €|, Cy,
€3 ¥ ¢4 BOCTIONIb3yeMcs KpaeBbIMHU ycioBusiME. [locre
nBoitHOTO nuddepeHnnpoBanus ypaBHeHUs (8) u
COOTBETCTBYIOIIEH MOJACTAHOBKU KPaeBbIX YCIOBUMN

IIOJIyYUM CUCTEMY U3 YETBIPEX YPaBHEHUMH, U3 KOTO-
POl HaXOUM ITOCTOSIHHBIE UHTEIPUPOBAHUSL:

e V| =

1 =

[(Le= 1) Ny~ L{Le= 1) ™75 - Letmo, J1"K "+

Cl=

L(Le—LY*K ~* 4,

[ ~(Le=) ™ N+ L(Le= L) ™2 5+ Le N, |Le +

+ LMK Ty,

+ —(Le— LYK ~ ™41 -

1
2uK—4u+3

+ (Le=1) ™20 = L(Le- 1) ™ T - Le0, |

[—(Lc —L) "0+ L(Le— L)™' T+ Le-4m20, ] LK V2 +
CH =
’ [—(Lc — L) N+ L(Le— L) S+ LemN, } N
7\ M-
+ (LC— L)2“K4H+4 I/I + L(LC L) K43 dl ~ chuK_4u+4 I/l
2u K- 4u+3
+|:(LC - L)*4u+2 0, — L(Lc _ L)—4u+1 T_ Lc‘4”+201:|LC
(Le—1L) 2mK—4m+3 d, it s
3 =— +(Lc—L) Tc1+(Lc—L) Yo
2m g —4m+3
¢y ==V Le* Kt Lc™+20,¢) — L3 Ny¢, —¢; Le,
! ! 2U —4u+2
0 = . = . Y, =V.(Lc— K 4u+4 +¢0 (Le— "
e (4p—1)(4p—2)’ (4u—2) ((x)=V,(Le—x) e a0, (Le—x)
u+
1 +¢,N, (Le—x) +c3(Lc—x)+c4, )
G-y [oxcrasmsis Y, (x) u3 (9) B ypasuenwue (6), Haxoaum

BosBpamiasce B ypaBHeHnu (8) K UCXOIHOM Tie-
PEMEHHOM X, MOyYUM YpaBHEHHE M30THYTOM YacTH
CTBOJIA, KOTOPOE B HALIIEM CIIy4yae ONpeensieT HEPBYIO
HOpMaJbHYI0 opMy KomeOaHus

JaCcTOTy OCHOBHOI'O TOHA KOJIeOaHus MOJXYIIpHUIOAH-
TOr0 CTBOJIA, ICPEMCIIACMOI'0 3a KOMECJIb.

I[J'ISI OIIpEAC/ICHUA YaCTOThI KOJIeOAHMI CTBOJIOB
6€p6351 Ipyu UMUTAOUU UX IMIPOAOJIBHOIO IMIEPEMCIIC-
HUs B MMOJTYIPUIIOAHATOM ITOJIOXKCHHUU BBITTOJIHCHBI
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Tabnuma
ITapameTpbl KoJIeOaHNH CTBOJIOB Oepe3bl
The parameters of the oscillations
H
Mapaserps: omep cTBoJIa Gepesbl
1 2
Homep niepuoza xosaebanuii n 1 2 4 1 2 3 4
Ilepuon xonebanuii T, ¢ — 0,60 0,60 0,56 — 0,52 0,52 0,44
Yacrora konebanuii £, [y - 1,67 1,67 1,79 - 1,92 1,92 2,27
AmrmnTyzna koiaebanuii 4, Mm 109 73 43 72 42 19 12
Jlorapumucciuii gekpement - 0,401 0,283 0,246 - 0,539 0,793 0,460
KoJe0aHus &
Maxcnvaibas ckopocTs 1,70 0,93 0,63 0,62 0,90 0,75 0,16 0,15
(9xcriepuMenTanbHas) V, M/c
MakcumaiibHOE yCKOpeHue , 123 9.0 49 11,7 6.6 3.7 2.0
(anmpoKCUMHPOBAHHOE) @, M/C

JKCTIEpUMEHTAIbHBIC HccnenoBanus. [{is atoro mc-
TTOJTE30BAaHbI J1BA CTBOJIA CBEXKECPYOICHHON OEpe3bl.
JwmameTp cTBOMA B TICHTpE TIposieTa y 0epesbl Ne 1 pa-
BeH 60 MM, y 6epe3nl Ne 2 — 54 mm. CTBOJIBI yCTaHAB-
JIUBAJI KOMJIEM Ha OTIOpY, a BepIIMHA OCTaBaIach Ha
3emiIe. 3aTeM K [IEHTPY MPOoJIeTa CTBOJIA TTPUKPETIISITH
Ha THOKOM HATH Tpy3: 1u1st Oepe3nl Ne 1 Maccoit 20 kT, a
1utst 6epe3nl Ne 2 — 10 kr. [Iporcxomut craTide cKuid
nporud cTBOja. BemwumHa mposeta 6e3 Harpy3Ku
4 M, BeicoTa omops! 0,8 M. [lanee HUTH 0Ope3anu u
CTBOJI COBEpINAJl 3aTyXalol[ie IOMepedHbIe Koje-
Oanus. Komebanus 3amuchiBaiy Ha BUIEO HA (DoHE
ranieTa. [IpoBomumm pazaenenue 3amicy Ha Kaipbl
¢ BpeMeHHBIM marom 0,04 ¢ u ux pacmmudposky. Ha
OCHOBAaHHWH PE3yNBTAaTOB HCCIETOBAHUS MTOCTPOCH
rpaduK 3aBUCUMOCTH aMIUTHTYIBI KOJIeOaHUH TOUKH
roziBeca rpy3a ot BpeMen (puc. 1) [12]. ITapamerpsr
KOJIcOAaHW CTBOJIOB TIPEICTABIICHEI B TAOHIIE.

Metonom rpadudeckoro auddepeHITupOBaHUS
MTOCTPOCH TpaduK 3aBUCUMOCTH M3MEHEHHSI CKOPO-
CTH KoJieOaHMi IIEHTpa MPOoJIeTa CTBOJIA OT BPEMEHH
(puc. 2).

ITocne nBykpatHOTO MU GHEPSHINPOBAHUSI YpaB-
HEHUSI 3aTyXaroIINX KOJIeOaHN H MTPON3BOIHHON TOUKH
cTBOMa [12]

150
100
50

=

0 v

< 02 04 \-v 20 r.c
-50

~100

-150

Puc. 1. I'paduk xonedanmii 6epe3sl (IKCIIEPUMEHTAIBHBIE KPH-
Bbie): [ — cTBON No 1; 2 — cTBOsT Ne 2

Fig. 1. The graph of fluctuation of birch (experimental curves):
1 — the trunk of tree no. 1; 2 — the trunk of tree no. 2

V, m/c

Puc. 2. 3aBHCHMOCTh N3MEHEHHI CKOPOCTH KoeOaHui Oepe3pl
OT BpEeMEHH (IKCIIEPUMEHTAJIbHbIE KPUBBIE): / — CTBOJ
Ne 1; 2 — ctBOIT Ne 2

Fig. 2. Dependence of speed fluctuation changes of birch
(experimental curves): / — the trunk of tree no. 1; 2 —
the trunk of tree no. 2

y = Aye~¥ cos(ox)

TTOJTYYEHO BBIpAXKEHHUE IS ONPE/ICIeHUs] YCKOPEHUS
JTAHHOM TOYKH:

15

10

12 16 t,c
0 /TN

0,4 O,‘6 10\/14

IaiY;

a, m/c?2

-5

-10

-15

Puc. 3. ['padux n3meneHust yckopeHust 6epesbl (ammpoKCUMH-
poBanHbie kKpuBbie): / — ctBost Ne 1; 2 — crBost Ne 2

Fig. 3. The graph of change of acceleration of birch (approximated
curves): I — the trunk of tree no. 1; 2 — the trunk of
tree no. 2
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y” =a=—Ae ¥ (w2cos(mt) —

10
—32f2 cos(ot) — 2" fwsin(wr)). (10)
Ha ocHoBanmu 31010 YpaBHEHHS TOCTPOEH rpaduK
M3MEHEHHUs yCKOPEHHS yKa3aHHOU Touku (puc. 3).
B cBsi3u ¢ TeM, 4To mapaMeTpsl Kosiebanuii 6epes
M3MEHSIOTCS B TIporiecce KosebaHuii (B 4aCTHOCTH,
YMEHbIAeTCs TIEPUOJ] KOJIeOaHNii), HAMHU TIPUHSTHI
UX cpemHue 3Ha4eHus: st 6epe3sr Ne 1: 7= 0,59 c,
0 =0,31; mms 6epessr Ne 2: 7= 0,49 c, 6 = 0,60.

Pe3ynbTaThl

ITosydeHHble 3HaYEHUSI KPYTOBOM 4acTOThI KOJE-
OaHuil U yCKOpeHUs TOUEK CTBOJIA IIO3BOJIAT Ooee
TOYHO PACCUUTHIBATh TEXHOJIOTMYECKUE CUIIBI IIPU
pabote crienuanbHBIX JIECHBIX MAIliH U YYUTHIBATh
HX IIPH IPOECKTUPOBAHUM.
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THE PARAMETERS OF THE OSCILLATIONS OF THE BIRCH TREE WHILE SKIDDING

G.A. Ivanov, A.A. Kotov
BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
kotov@mgul.ac.ru

During longitudinal movement (skidding) of wood with raised tree trunks, they make transverse vibrations due to
irregularities of the road. Fluctuations affect the loading of special forest machines performing the skidding. The aim of
the research is development of theoretical positions with their experimental confirmation aimed at improving the accuracy
of calculations and prediction of situations in the performance of work in logging operations. Rational choice of design
parameters of technological equipment forestry machines is possible only if the strength calculations will be used both
theoretically and experimentally reasonable values technological forces. Efficient use of traction capabilities and control
of forest machines during the execution of technological operations associated with the longitudinal displacements raised
tree trunks, is possible only taking into account theoretical positions explaining the changes in technological forces in
the working bodies of technological equipment. So pressing is the problem of research aimed at increasing the numbers
taken into account when modeling factors. A dynamic system that performs operations on longitudinal movement of the
tree trunk, imagine how the mechanical oscillation attached to it the force and kinematic effects. To solve the problem it is
believed that the balance of the elastic line of the tree trunk being at rest, periodically disturbed suddenly applied to an elastic
line and immediately removed transversely acting forces. When vibration of the tree trunk, the deflection of the elastic
curve is a function of two variables — the coordinates and time. For finding the first member of the series corresponding
to the first basic form of vibrations was used the method of Rayleigh. Under normal oscillations of each point of the elastic
line of the trunk performs a simple harmonic oscillation with constant amplitude and phase. The obtained expression of
the fundamental frequency of oscillation of the trunk of a tree given its form, roaming in the butt. Experimental study of
transverse vibrations of raised trunks of birch. The parameters of these oscillations including the frequency are obtained.
Keywords: the trunk of the tree, skidding, mode shape, frequency, experiment, amplitude

Suggested citation: Ivanov G.A., Kotov A.A. Parametry kolebaniy stvola berezy pri trelevke [The parameters of
the oscillations of the birch tree while skidding]. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4, pp. 47-52.
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KO3®PULUEHT 3OPEKTUBHOCTU TPAHCMOPTHO-IPY30BbIX
MPOLECCOB JIECOMPOMDBILUNEHHDBIX MPOU3BOACTB

B.H. Makees!, C.U. Cymxkos!, B.5I. Jlapuonos?, JI.M. JleBymkun?
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D PeKTHBHOCTD TPAHCIIOPTHO-TPY30BBIX MPOLECCOB JIECONMPOMBIIIICHHBIX MPEIIPUATHI CKIabIBACTCs U3 CTe-
TICHU YJOBJIETBOPEHUSI CIIPOCa MECTHBIX MOTpeOHTeNel B MepeBO3KaxX JICCHBIX IPy30B, 3(P(HEKTUBHOCTH HCIIONb-
30BaHHUs MMEIOIIETOCs TOABIKHOIO COCTaBa aBTOMOOWJIBHOTO TpaHcHopra M 3()(GEKTUBHOCTH HCIIOIB30BAHUS
HOTPy304HO-PA3rPy304HBIX MAIIMH U MEXaHU3MOB, 00CITYKHMBAIOIUX TPAaHCIOPTHBIE cpeacTBa. Ha ypoBHe TpaHc-
TIOPTHO-TPY30BBIX KOMIUIEKCOB JICCOIPOMBIIIIEHHBIX TIPEATIPUSTHH HanO0IIee TTOIHO TT0JIe3HOCTh TPAHCTIOPTHPOB-
KH JIECHBIX TPY30B OTpakaeT Kod(QPUIMEeHT 3()h(HEKTHBHOCTH TPAHCHOPTHO-TPY30BOTO MPOIECcca, MPEACTaBISIO-
i coOOl OTHOLIGHHE 3aTPaT, CBI3aHHBIX C YIOBIETBOPEHHEM COOCTBEHHBIX IMTOTPEOHOCTE B TPAaHCIOPTUPOBKE
JIECHBIX IPY30B, K (hakTHueckuM 3arparaM. Ha ocHOBaHNHM comocTaBiIeHHs! (paKTHIECKHX 3aTPaT ¢ ONTHMAIbHBIMH
onpezesieTcs: creneHb 3G YEKTUBHOCTH OHOTO BapHaHTa OPraHM3alUK TPAHCIOPTHO-TPY30BOIO IpoLecca JIeco-
HPOMBILICHHOTO TMPEANPUSITHS [0 CPABHEHHUIO C APYyrMMH Bapuantamu. Koadduiment 3¢ pekTuBHOCTH TpaHC-
TIOPTHO-TPY30BBIX MPOIECCOB JICCOIPOMBIIIIEHHBIX MPON3BOJICTB SIBISIETCS CHHTETHYECKUM ITOKa3areieM, 00-
JaIArOIIUM OOJIBLION €MKOCTBIO M MO3BOJISIONINM OLICHUBATh U aHAIU3MPOBATh BIMSHUE YCIOBHH OpraHU3aliu
HEepPEeMELICHHS JIECHBIX TPY30B Ha A(P(HEKTUBHOCTh TPAHCIOPTHO-ITPY30BBIX MporeccoB. OueHka 3pGeKTHBHOCTH
TPAHCHOPTHO-TPY30BEIX IIPOIECCOB JICCOIPOMBIIIIEHHBIX TPOU3BOJICTB CBsI3aHa C ONPEAEICHHEM UX PaIllOHAIb-
HBIX (ONITUMAJIBHBIX ) 3HAUCHUH (MTapaMeTPOB) C YIEeTOM (PaKTHUECKHX 3aTPaT, CBSI3aHHBIX C IEPEMEIICHUEM JIECHBIX
IPYHTOB B IIPOCTPAHCTBE.

KoioueBsbie c10Ba: JICCHBIE TPY3bl, TPAHCIIOPTUPOBKA, KOG HHUINEHT 3P PEeKTHBHOCTH, CeOECTOMMOCTS, IKCILTya-
TalMOHHbIE (PAKTOPBI, JIECOMPOMBILIIIEHHOE TPOH3BOACTBO

Ccepuaka ans nurupoBanusi: Makees B.H., Cymkos C.U., Jlapuonos B.f., Jleymkun .M. Koshduument
3¢ PEKTUBHOCTH TPAHCHOPTHO-TPY30BBIX MPOLECCOB JIECONPOMBIIUICHHBIX MPOU3BOACTB // JlecHO# BecTHHK /

Forestry Bulletin, 2017. T. 21. Ne 4. C. 53-57. DOI: 10.18698/2542-1468-2017-4-53-57

HSBCCTHO, YTO CTOMMOCTh MOJIBUKHOTO COCTaBa
HE TPOTOPIHOHANBHA €T0 TPY30TMOIBEMHOCTH
[1]. JIecompoMBITIIIEHHBIE TIPEATIPUSATHS, TMEIOIITHE
Pa3InYHbINA NOABM)KHON COCTAB Ha BBIBO3KE JIECHBIX
I'py30B, OyIyT HAaXONWUTHCS B HEPABHBIX HKOHOMHU-
YECKUX YCIOBUSX, T. €. OyIyT UMETh Pa3IMdHbIN
YAENBHBIA BEC TPUOBUIH HA OUH PYOJIh IPOU3BOI-
CTBEHHBIX (DOHIOB MPHU OAHHUX U TEX K€ JOXONax.
B cBs3u ¢ 9THM peHTabenbHOCTb, OnpeAessieMas KaK
OTHOIIIEHUE MPUOBLIH K MTPOU3BOACTBEHHBIM (DOHIAM
JIECOTIPOMBINIIEHHOTO TIPEATIPUATHS, OOBEKTUBHO HE
oTrpaxaeT 3 (HEeKTHBHOCTH PabOTHI €ro TPAHCIIOPT-
HOTO-TPY30BOTO KOMITJIEKCA.

B coBpeMeHHBIX yCIIOBHSIX CTaHOBJIECHHUS PhI-
HOYHBIX OTHOIIEHHUH 3(PPEeKTHBHOCTH TPAHCIIOP-
THO-TPY30BBIX IPOIIECCOB JECOMPOMBIIIIEHHBIX
MPEANPUATHN CKIAIbIBAETCS U3 CIEIYIONNUX CO-
CTaBIISIONINX: CTEMEHHN YIOBJIETBOPEHHS CIIpOCca
MECTHBIX ITOTPEOUTENEH B IEpEeBO3KaxX JIECHBIX TPY-
30B, 9P PEKTUBHOCTH HUCITOJIH30BAHMS UMEIOIIETOCS
TTOJIBUKHOTO COCTaBa aBTOMOOMIIBHOTO TPAHCIIOPTA
1 3(h(heKTUBHOCTH NCTIOIB30BaHMS TIOTPY309HO-Pa3-
TPY30YHBIX MAIIMH U MEXaHU3MOB, O0CITYKHBAFOIITIX
TpaHCTIOPTHBIE cpeAcTBa. [103TOMYy COBOKYITHOCTH
rapamMeTpoB JO0JKHA COCTOSITh M3 HATypalbHBIX U
CTOMMOCTHBIX TTOKa3aresiei n a¢pdextuBHOCTH. Ha-
TypaibHBIE © CTOMMOCTHBIE TTOKA3aTEeIN PUMEHS-

FOTCSI U OTIEHKH d(P(GEKTUBHOCTH HUCIIONB30BAHUS
TATOBOTO W MPHUIETHOTO MOIBMXHOTO COCTaBa U
MTOTPY309HO-PA3TPY30YHBIX MAIIMH U MEXaHU3MOB, &
rmoka3zareib 2 (HEeKTUBHOCTH OTpaskaeT HanooIee Ccy-
IIECTBEHHBIE, OTPEIETAIONINe, TPOU3BOJCTBCHHBIE
CBSI31 1 IIPOTIOPIIMH MEXKTY TPAHCIOPTHO-TPY30BBIM
KOMITJIEKCOM W IPYTUMH TIPOU3BOJCTBEHHBIMH ITOI-
Ppa3feneHns MU JIECOTPOMBIIIUIEHHOTO MTPEATPHUATHS.
[Ipu >TOM U TPaHCTIOPTHO-TPY30BOTO KOMILIEKCA
B KaueCTBE HATypaJbHOTO MOKa3aressi HeoOXOANMO
NPUMEHATH 00BEM MEPEBO30K B (M) MO OCHOBHOM
HOMEHKJIaType IMTPOU3BOJANMBIX JIECHBIX TPY30B, B Ka-
YeCTBE CTONMOCTHOTO — C€0eCTOMMOCTh TPAHCIIOP-
THPOBKH (1IepeBo3kHu) 1 M3 iecHoro rpysa (nepesbs,
XJTBICTBI, TIOYXJIBICTBI, KPYTJIbIE JIECOMATEePHAITBI —
COPTHMEHTBI, TUIIOMaTepHAIbI | T. 11.).

[IpuOBLTE TPaHCTIOPTHO-TPY30BOTO KOMITIIEKCA
JIECOTIPOMBINIIEHHOTO TIPOM3BOJICTBA OIIPEIEIIETCS
KaK pa3HHIIA MEX]Ty JIOXOaMH U TEKYITUMH 3aTpa-
TaMu (pacxolamu), T. €. MEXKIy JOXOTHOW CTaBKOH
1 ce0eCTOMMOCTBIO TIEPEBO30K, KOTOpasi BRIpakeHa
ypaBHEHUEM [2]

E_t

_ 1 El‘lp + Enc ncemnp
qaa‘r Bl'[ BHI/CT LTP ’

rae Crp — ce0ecTOMMOCTh TPaHCIIOPTUPOBKH
JIECHOTO Tpy3a, pyo;

P
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¢, — TPY30IOJbEMHOCTH aBTOMOOMJIS (aBTOTIO-
€3/1a), TPaHCIIOPTUPYIOIIETO JIECHBIE TPY3Hl,
T (w);
0, — K03 UIHECHT UCIIOIb30BaHMsI TPY30II0Ib-
€MHOCTH aBTOMOOWJIS (aBTOIOE3/1);
E,, — TepeMeHHbIe PACXO/IbI PU TPAHCIIOPTH-
POBKE JIECHBIX TPY30B, PyO./KM;
B, — K03 dUIMEHT HCTONB30BaHUs TIpodera
aBTOMOOWIIS (aBTOIIOE3/1A);
E . — TOCTOsIHHBIE pacXoibl IIPU TPAHCIOPTH-
POBKE JIECHBIX TPY30B, py0./d;
V., — cpeaHsst TEXHUYEeCKasi CKOPOCTh aBTOMO-
ows (aBTormoesna), km/9 [3];
typ — BPEMS IPOCTOSI ABTOMOOMIIS (aBTOIIOE3/1a)
TIOJT TIOTPY3KOH 1 pa3rpy3Koii 32 OITHY 371Ky, U;
L,, — paccTosiHue TPAHCHOPTHPOBKHU JIECHOTO
rpy3a WU PacCTOSHUE €3JIKH aBTOMOOMUJIS
(aBTOTIOE3/1A) C JICCHBIM TPY30M, KM.
XapakTepHOi 0COOCHHOCTHIO TPAHCITOPTUPOBKHU
JIECHBIX TPY30B SIBIISETCS TO, UTO 3aI1ac CHIPbS OTHO-
CUTENFHO OECKOHEUYEH U 3aTpaThl Ha €r0 XpaHEHHE
PaBHBI HYJTIO, & TPY30TIOTOKH JIECHBIX TPY30B HMEIOT
OJTHOCTOPOHHEE HalpaBiIeHue (HalpuMep, XJIBICTHI C
JIECOCEKH JTOCTABIIAIOTCS Ha JIECHOM CKIIA/T TSI 1ajTb-
HeHtIel mepepaboTKh, a KpyTyIbIe JecoMaTepruaTbl —
MMMJIOBOYHUK — HEMOCPEACTBEHHO C JIECOCEKH JI0-
CTaBJISIETCS Ha JICCHOU CKJIAJ TIOTPEOUTEIs).
PaccmoTrpenue Bcex (paxTopoB, OKa3bIBAIOIIUX
BIHsTHIE Ha 3()(PEKTUBHOCTH TPAHCTIOPTHO-TPY30BBIX
MIPOIIECCOB JIECOPOMBIIIEHHBIX ITPOU3BOCTB, Aa€T
OCHOBaHHE JJIs CIeNyIoniero BeiBoAa. Ha ypoBHe
TPAHCIIOPTHO-TPY30BBIX KOMIIIEKCOB JIECOTPOMBIIII-
JICHHBIX TIPEANPHUATHN HanOOoJIee IMOJTHO TI0Ie3HOCTh
TPAHCTIOPTUPOBKH JIECHBIX TPY30B OYyJIET OTpakaTh
k03P pumnueHt 3pPEeKTHBHOCTH TPAHCTIOPTHO-TPY30-
BOTO TIPOIIeCCa, PEACTABIISIONINI COO0I OTHOIIICHHE
3arpar, CBA3aHHBIX C YIOBIETBOPEHHEM COOCTBEH-
HBIX IOTPEOHOCTEH B TPAHCIIOPTHPOBKE (TTIEPEBO3KE)
JIECHBIX TPY30B, K (hakTHuecKuM 3aTparam. Panee
TIPH PACCMOTPEHNUH BOTIPOCOB COBEPIICHCTBOBAHUS
YIIpaBIeHHS TPAHCIOPTHO-TPY30BBIMHA ITPOIIECCAMU
JIECOTIPOMBIIIIIEHHBIX TIPOU3BOACTB [4] 3TOT KO3 DN~
IIHEHT OBLT ompezeeH. [ mocraBIeHHON 3amaun
OH UMEET CIEAYIONUN BUI:

_ (Crp, +Cip)0,
> (Cp+Cyp)0, +AE,’

rae K, — xkoappumnueHT 3pPeKTHBHOCTH TPAHC-
MOPTHO-TPY30BOTO MPOIIECCa;

C,, — pauuoHanbHas (ONTHMaibHas) cebecTo-
UMOCTh TPAHCIIOPTUPOBAHUS (NIEPEBO3KH)
JIECHOTO Tpy3a, py0./m>;

C,, — pauMoHaibHas (ONTUMaibHas) cebecTo-
HMOCTb MOTPY30YHO-PA3TPY30UHBIX PadoT,
py0./M3;

0O, — 00beM paboT, BHIMOIHEHHBIX HOABHKHBIM
COCTaBOM TPH TPAHCIOPTUPOBKE JECHBIX

Ipy30B ¥ MOI'PYy304YHO-PA3rpy304YHBIMUA Ma-
IMUHaM1 1 MCXaHU3MaMU IIPpU UX MOTPY3KE
U pasrpyske, M>;

AE, — NOTIOJHUTEIIbHBIE 3aTPAThl, CBA3aHHBIE C
HecoOroieHneM rpaduka JIBUKEHHs TPaHC-
IMOPTHBIX CPEACTB, HEpALlMOHAJIILHBIM HC-
TIOJIB30BAHUEM HX, IIOBBIIICHHUEM cebecTon-
MOCTH ITOTPY309HO-PA3rPy304HbBIX OTepaIuit
U TPaHCIIOPTHUPOBAaHUA JICCHBIX I'PY30B U
JIPYTHUMHU IPUYHHAMH, PYO.;

Taxum 006pazom, COBOKYITHOCTh TTOKa3aTeIeH —
00beMa TPaHCIOPTUPOBKHU (T1epeBo30K) (B M%), ce-
06eCTOMMOCTH TPAHCIIOPTHUPOBKHU (TTepEeMEIIEeHNS )
1 M* u ko3ppuiEentTa >pPEKTUBHOCTH TPAHCTIOP-
THO-TPY30BOTO Iporiecca — OyJIeT He TOIBKO Xapak-
TEPU30BaTh BEITIOTHEHHBIE 00BEMBI 1 CE0ECTONMOCTh
MEPEBO30K JIECHBIX IPY30B TPAHCIIOPTHO-TPY30BbIM
KOMIIJICKCOM JICCOIIPOMBIINIJICHHOI'O NMPEANIPUATHA,
HO U MOKAa3bIBaTh, ¢ KaKOW 3(PPEKTUBHOCTHIO yIOB-
JIETBOPSIIOTCS 3aIIPOCHI MECTHBIX MOTpeduTeneii B
MePEeBO3KaX JIECHBIX TPY30B TPAHCIIOPTHBIMU CpE/I-
CTBaMH MPEIIPUATHS.

CremoBarenbHO, 3a1a9a n3MepeHus dPGEeKTHB-
HOCTH TPAaHCIOPTHO-TPY30BBIX MPOIECCOB JIECO-
MIPOMBIIIUIEHHBIX TIPOM3BOJCTB CBOAMUTCA K OTIperie-
JIEHUIO PECYpCOB, HEOOXOAMMBIX JUTS TOCTYKEHUS
LIeJTH, TTOCTABJIEHHOW Ha ONpeAeIeHHOM HepapXu-
YECKOM YPOBHE, U K M3MEPEHNI0 00beMa MCIIOIb-
30BaHHBIX PECYPCOB, BBIICTICHHBIX JUJIS 3TOW LETH
[5]. Ha ocHOBaHMM comoCTaBICHUS (HaKTHIECKUX
3aTpar ¢ ONTUMAJILHBIMHA MOYKHO PACCUUTATh CTETIEHb
3(pheKTHBHOCTH OHOTO BapHaHTa OpPTaHU3AIUH
TPAHCIIOPTHO-TPY30BOTO TIpOIlecca JI€COMPOMBIII-
JIEHHOTO TIPEATPHUSITHS 110 CPABHEHUIO C APYTUMHU
BapuaHTaMU (HapuUMep, MIAHUPYEMBIMH IS T10-
BBITIICHUS 3PHEKTUBHOCTH).

KomriekcHBIH TOIX0o K YCTaHOBICHUIO KOA(-
dburnmenTa >PHEeKTUBHOCTH TPEOYET BBHISABICHHUS
OCHOBHBIX (PAKTOPOB, BIUAIOMNX Ha d(HPEKTHB-
HOCTH TPaHCIIOPTHO-TPY30BBIX MPOIECCOB JIECO-
MIPOMBININIEHHOTO MPOU3BOJcTBa. JlocTHKeHHE
OCHOBHOM TIEITH TPAHCITIOpTA Jieca (JIECHBIX TPY30B) —
obecrieueHUST MaKCHMaTbHOH 3P EKTUBHOCTH pa-
0O0THI TPAHCTIOPTHO-TPY30BOTO KOMILJIEKCA JIECO-
MIPOMBINIIIEHHOTO TPEANPUATHS — O0O0YCIOBIEHO
CBOEBPEMEHHOCTHIO JJOCTABKH JIECHBIX TPY30B K
MECTy Ha3Ha4YeHHs, COXPAHHOCTHIO WX, BBICOKOH
MIPOM3BOINTENBHOCTHIO paOOT KOMITOHEHTOB TPaHC-
MTOPTHO-TPY30BOTO KOMILIEKCA H, TI0 BO3MOXHOCTH,
MUHUMAJIBHBIM PACCTOSTHUEM TIepEMEIIeHUS.

B cBoro odepenp, CBOEBPEMEHHOCTh TPAHCIIOP-
THUPOBKH JIECHBIX TPY30B 3aBUCHUT OT TPAHCIIOPTHBIX,
JOPO’KHBIX, KITMMAaTHYECKUX ¥ OPraHU3aIlMOHHO-TEeX-
HUYECKUX ycinoBuil. COXpaHHOCTB JIECHBIX TPY30B —
OT PacCTOSIHUS TepeMelIeHUs, JOPOXKHBIX yCIO-
BHI (COCTOSTHHE M BUJI JIECOBO3HBIX JOPOT U JJOPOT
00111eTO TOTB30BaHNUs), YA0OCTBA IKCIITyaTallHH
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MOJIBMYKHOTO COCTaBa M €ro MPHCIOCOOIEHHOCTH K
OIpE/ICTICHHOMY BHJIY JIECHOTO I'py3a. YPOBEHbB IPO-
W3BOJIUTEIBHOCTH Pa0bOT CBSI3aH C rPy30MOABEMHO-
CTBIO CIEIMAIM3UPOBAHHOTO TIOJIBUYKHOTO COCTaBA,
K02 GHUIMEHTaMU UCTIONH30BAHHS IPY30MOBEMHO-
CTH U TIpo0era, cpeHe TeXHHYECKON CKOPOCTHIO
JBIDKEHHS TPAHCIIOPTHBIX CPENICTB, KOd(hduImenTom
UX TeXHHYECKOUN TOTOBHOCTH, BPEMCHEM MPOCTOA
IO/ IIOT'PY304HO-Pa3rpy304HBIMU OIIEPALUAMHE, pac-
CTOSIHUEM TPAHCIIOPTUPOBKHU Ipy3a. MUHMMAaJIBHOE
(onmTHMaNBEHOE) PACCTOSTHUE TPAHCIIOPTHPOBKH JIeC-
HBIX T'Py30B O0OYCIIOBICHO Pa3MEIICHUEM JIECOCEK,
MMPOMEKYTOUYHBIX U OCHOBHBIX CKJIaJI0B, YIaJICHHO-
CTBIO TTIOTpeOUTENCH JIECHOM MPOAYKIMH, COCTOSTHH-
€M JIOpPOT U TPaHCIIOPTa.

CuHTe3 OCHOBHBIX (haKTOpPOB (TTapaMeTpoB), BIIH-
AOMMX Ha YCJIOBUA OpraHu3alyvy TPaHCIIOPTHO-
I'PY30BBIX MPOIIECCOB JIECONPOMBINUICHHBIX MPO-
HM3BOJICTB, Ja€T BO3MOKHOCTh OOBEJMHHUTDL UX B
IPYIIIBI, KOTOPBIE XapaKTePHU3YIOTCS CIEITYFOIIMHA
rokasaressmu [6, 7]:

1. O0wvem, xapakTep, MapTHOHHOCTbH, PaBHO-
MEpPHOCTh, CPOUYHOCTH MEPEBO30K XapaKTePH3yeTCs
IPY30II0TOKOM, T. €. KOJIMYECTBOM JIECHOTO T'py3a B
HATypaJIbHOM BBIPAXXEHUH, IIOUIEKAIIETO TPaHC-
TTIOPTUPOBKE OT MECTa €TO IIPOU3BOACTBA (JIECOCEKA)
710 MecTa oTpebienns (J1ecHoit cknan) — O, M/4,
(M*/cm).

2. PesxuM paboTHI TTOABIKHOTO COCTaBa, PEKUM
paboTHl 00CITY)KHBAIOIIETO cocTaBa (BOIUTEICH),
BHJ] MapIIpyTOB, TPY30MOILEMHOCTH, COCTaB TPAHC-
MTOPTHO-TPY30BOTO KOMIUIEKCA, pa3MEIIeHHE MyH-
KTOB TIPOM3BOJICTBA W TOTPEOIEHISI JIECHOTO TPy3a,
YCJIOBHS BBITIOJTHEHHS TTOTPY309HO-PA3TPy309HBIX
oTIeparfii XapakTepru3yoTcsi ce0eCTOMMOCTBIO TT0-
IPy304HO-pasTpy304HbIX padbot Cy, n cebecTonmMo-
CTBIO TPAaHCTIOPTHPOBKU — C,.

3. Knumarudyeckue 30HbI, OpraHu3anus Tex-
HHUYECKOTO OOCITy)XHBaHUS W TEKYyIIEeTO peMOHTa
TTOJIBUKHOTO COCTaBa, THIT U COCTOSHUE TTOKPBITHS
JOpoT, penbed MECTHOCTH, TUIaH U MPOJOIbHBII
PO MITH JOPOTH, PEIKUM paOOTHI TATOBOTO COCTaBa
(aBTOMOOMIIEH) XapaKkTeprU3yOTCs KO (HUITHEHTOM
TEXHUYECKOW TOTOBHOCTU — QL.

4. Bun necHoro rpy3a, YCIOBHUS MPOU3BO/ICTBA
MTOTPY309HO-Pa3rPy30YHBIX OTIEPAIlHii, PACCTOSHUE
TPaAHCIIOPTUPOBKH, TAPTHOHHOCTH, BPEMSI TIPOCTOS
TIOJT TIOTPY3049HO-Pa3TPY30YHBIMH ONIEpallisIMU Xa-
PaKTepU3yIOTCS ONTHMAIBHOM TPY30MIOBEMHOCTHIO
€JIMHUIIBI TTOIBMYKHOTO COCTAaBA — (/,, M° (T).

5. Pa3menieHne mMyHKTOB IIPOM3BOJICTBA U TIOTpE-
OJIeHHUS JIECHBIX TPY30B, THIT JIOPO)KHOTO TTOKPBITHS,
IIPOYHOCTh UCKYCCTBEHHBIX COOPYKEHHI Ha 0porax
XapaKTepU3YIOTCSI ONTUMAITLHBIM PACCTOSTHAEM TPaHC-
MTOPTUPOBKH, ITOJ] KOTOPHIM ITOHUMAETCS PaCCTOSHUE
MEXKTy TTyHKTaMH TIPOM3BOJICTBA U MOTPEOICHHS Jiec-
HBIX IPY30B I10 HAMMEHBLIEMY MapIupyTy — L., (KM).

6. Tun 1 KauecTBO JOPOKHOTO MOKPBITHSA, CO-
CTOSIHHE W ILIUPHUHA [TPOE3KEU 4acTH JOPOTrH, IUIaH
Y TIPOAOIBHBIA MPO(HIb JOPOTH, HHTEHCUBHOCTH
JBVKEHHS JIECOBO3HOTO IMOJBMXHOTO COCTaBa
XapaKTEepU3YIOTCS CPEAHEH TEXHUUYECKON CKOPO-
cThto — V. (kM/4).

7. Bun necHoro rpy3a (IepeBbsi, XJIBICTHI, TTOTyX-
JIBICTBI, COPTUMEHTHI U T. 11.), YCIIOBUS ITPOM3BOACTBA
MOTPY304HO-Pa3TPy304HbIX ONEPaInid, MPUCIIOCO-
OJIEHHOCTH MOJBIKHOTO COCTaBa K BHY TPy3a, K I0-
TPY309HO-Pa3TPy30uHBIM MAITHAM (MEXaHU3MaM) U K
pa60TaM, BBINTIOJIHACMBIX UMU, BPEMEHEM ITPOCTOS IO
OrPY304HO-PA3TPy304HBIMU OTEPALUAME — fy (4).

8. MSrkocTh HNOABECKH IMOJBHIKHOTO COCTaBa,
IUTABHOCTh XOJ1a, 3aIlIUTa JIECHBIX TPY30B (IIPUCIIO-
COOJICHHOCTh TEXHOJIOTUYECKOTO 000PYJIOBaHUS K
Pa3IMYHBIM BUJAM JIECHBIX TPY30B), PacCTOSTHUE
TPAHCIIOPTUPOBKH, THII U COCTOSIHUE TOPOYKHOTO
MTOKPBITHUS, TUIAaH ¥ MPOJOIBHBIN MPO(UITE TOPOTH
XapaKTepU3yIOTCs MOTepel U MOBPEKICHUEM JIeC-
HOTO Tpy3a, %.

Kak BuIHO U3 BBITIIEH3IIOKEHHOTO, KO puimeHT
3 PeKTHBHOCTH TPAHCTIOPTHO-TPY30BBIX MPOIIEC-
COB JIECOMIPOMBIIIJICHHBIX TTPOU3BOJICTB SBISACT-
CA CHHTETHYECKHM ITOKa3aTeJieM, 00J1alatonum
00mp110# eMKOCThI0. OH TTO3BOJISET OICHUBATH H
AHAJM3UPOBATH BIWSHUE YCIOBHI OpTraHU3aIUH
TIepeMeIIeHHsI JIECHBIX TPY30B Ha 2P(HEeKTUBHOCTD
TPaHCTIOPTHO-TPY30BHBIX MTPOIIECCOB, YUUTHIBATH HE
TOTBKO 3()PEKTUBHOCTH MCITOIB30BAHUS CIICI[HA-
JIU3APOBAHHOTO TTOJIBMKHOTO COCTaBa M MOTPY304-
HO-pa3Tpy30YHbIX MAlINH ¥ MEXaHU3MOB, HO H KO-
JITYECTBO NIEPEBE3EHHOTO TPY3a, CBOEBPEMEHHOCTh
€ro TOCTaBKH, CTETICHb €T0 MOTEePh U MOBPEKACHUS
MIpY TIepEeMEIeHNH, PAllMOHATBFHOCTh TPAHCIIOP-
THPOBKH, PAlMOHAIHHOCTH TUIA MPHUMEHSIEMOTO
MTOJIBIYKHOTO COCTAaBa, BHITIOIHSIONIETO TTepeMere-
HHE (TPAHCTIOPTHPOBKY) JICCHBIX TPY30B, U APYTHE
(hakropst [8, 9].

Taxum 006pazoM, orieHka 3pPEKTUBHOCTH TPaHC-
MTOPTHO-TPY30BBIX MTPOIECCOB JIECOTPOMBIIIIEHHBIX
MIPON3BOCTB (TIPEATPHUATHIA) CBS3aHA C OTIPECIICHH-
€M paroHaIBHBIX (ONITHUMATBHBIX ) 3HAYCHHH MX T1a-
paMeTpoB ¢ yaeToM (paKTUIEeCKHX 3aTpart, CBI3aHHBIX
C TIepeMEIeHIEM JIECHBIX TPY30B B TIPOCTPAHCTRBE.
Tak xax 3(h(heKTHBHOCTD JIFOOOTO TPAHCTIOPTHO-TPY-
30BOT0 TIPOIIECCa 3aBIUCUT OT MHOTHUX KOMITOHEHTOB U
3BeHBEB ((haKTOPOB) BCETO TPAHCTIOPTHO-TPY30BOTO
KOMITJIEKCa JIECOTMPOMBIIIUIEHHOTO MPEANPUATHS, TO
TP OTIPEICTICHIH MOBBIIIECHUS eT0 3 (HEKTHBHOCTH
HE0OXOAMMO B TIEPBYIO OUEpeb UCCIIE0BATh BIIUS-
HUSI OCHOBHBIX JKCIITYaTaIlIOHHBIX (DAaKTOPOB, TAKHX
Kak: Op, o Crpy Crpy Oy Viy Lo, by
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THE COEFFICIENT OF EFFICIENCY OF TRANSPORT-FREIGHT
OF TIMBER PRODUCTION

V.N. Makeev!, S.I. Sushkov!, V.Ya. Larionov?, D.M. Levushkin?
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The efficiency of transport and cargo processes timber companies is the degree of satisfaction of demand of local
customers in the timber transportation, the efficient use of available rolling stock of road transport and efficiency
of loading-unloading machines and mechanisms, serving the vehicle. At the level of transport-freight complexes of
enterprises of the timber industry more fully the usefulness of the transportation of lumber reflects the efficiency
ratio of the transport and cargo process, which is the ratio of costs related to the satisfaction of their own needs
in transportation of timber cargoes for the actual costs. Based on comparison of actual cost with the optimal is
determined by the degree of efficiency of one variant of the organization of the transport process of cargo of timber
industry enterprises with other options. The coefficient of efficiency of transport-freight of timber production is
a synthetic indicator, a large capacity, allowing to estimate and analyze the influence of the conditions of the
organization moving timber on the efficiency of transport and cargo processes. Evaluation of the effectiveness
of transport-freight of timber production is rational (optimal) values of (the parameters) based on the actual costs
associated with displacement of forest soils in space.

Keywords: forest products, transportation, efficiency factor, cost, operational factors, forest industry
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Optimisation of end to edge...
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OPTIMISATION OF END TO EDGE BUTT JOINT WITH
RESPONSE SURFACE METHODOLOGY: A PRELIMINARY STUDY

Bogdan Bedelean, Sergiu Georgescu

Transilvania University of Brasov, Faculty of Wood Engineering, Str. Universitatii nr. 1, 500068 Brasov, Romania
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One of the most used joints in the construction of furniture is the end to edge butt joint. This type of joint is preferred
for the easy of their processing. The effect of heat treatment on the compressive and tensile strength of end to edge
butt joint is analysed in this work. Also, it is analysed the optimal dowel length, the distance between dowels and the
ratio of dowel penetration in the main part of an end to edge butt joint. The joints were prepared from heat-treated
ash (Fraxinus excelsior) wood. The length of dowel has a bigger influence on compressive and tensile strength
of joints than the distance between dowels and the ratio of dowel penetration in the main part of joint. An optimal
solution to place the dowels is suggested for the joints made of heat-treated wood. The solution implies to have a
distance between dowels of 32 mm; a ratio of dowel penetration in the main part of 0,55 and a dowel length of 60 mm.
Keywords: end to edge butt joint; heat-treated wood; ash; tensile and compressive strength; optimisation
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INTRODUCTION

The joints used in the manufacture of wooden
products must be able to take over, to transmit and
to support the load required by their use. One of the
most used joints in the construction of furniture is
end to edge butt joint (fig. 1). This type of joint is
preferred for the easy of their processing [8].

Part #2

il

f

Dowels

Part #1

Fig.1. End to edge butt joint
Puc. 1. CoenrHeHne TOPIEBOTO CTHIKA

End to edge butt joint sizing is based on the ex-
isting recommendations in the literature [1, 3, 5].
These recommendations are based on studies that
have been developed for solid wood joints, where
wood has superior mechanical properties compared
to heat-treated wood, whose main disadvantage is
the reduced mechanical strength. This disadvantage
can be reduced by appropriate sizing of joints used
for manufacturing the products [7]. To the best to
our knowledge, there is lack of studies that deal with
this topic.

OBJECTIVE

The main objective of the present research is to
figure out the optimal dowel length, the distance be-
tween dowels and the ratio of dowel penetration in
the main part of an end to edge butt joint. In order to
obtain our objective, the response surface methodolo-
gy (RSM), which is a class of designs of experiments,
has been applied. RSM allows the reduction in the
number of experiments which would be necessary to
estimate multiple parameters and their interactions.
Thus, time and effort are greatly shortened. One can
find more information about RSM in Sova et al. [9].

MATERIAL, METHOD, EQUIPMENT

The material used in this research was untreated
and heat-treated ash (Fraxinus Excelsior) boards.
Some technological steps were followed in order to
obtain the end to edge butt joint, as follows: drilling
the wooden elements, gluing and jointing the parts
and joints conditioning. Before gluing, the parts were
selected and arranged according to the experimental
plan (table 1).

Adhesive consumption rate was 350 g/m?, ac-
cording to Negreanu [8]. In order to find the area of
each hole, the SolidWorks software was used to 3D
modelling of various holes depth, according to exper-
imental plan. The quantity of adhesives needed to be
applied in each hole was calculated by multiplying
the adhesive consumption rate by area of each hole.
The adhesive was applied by means of a 2 ml syringe.

In order to obtain a good adhesion, after applying
the adhesive, the parts waited a period of 10 minutes
long before jointed. The possible influence of adhe-
sive excess on the strength of joint was limited by
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Table 1

The experimental plan used in the present research
BKCﬂepl/lMeHTaﬂbeIﬁ InJ1aH, MCIO0JIb30BAHHDBIN B HACTOSIIIIEM MCCJIEIOBAHUM

Independent variables Dependent variables
Configura- | Distance be- Hole depth in the parts of the joints (X,), mm Bowel leneth Breaking com- Breaking
tion tween dowels Ratio of dow- o)v;/e engt pression force | tensile force
(X,),mm | part#1 of joint | part #2 of joint els'pene;‘;rztzion (X5), mm (Y),N (Y,), N
in pa

1 16 15 15 0,5 30 788 2330
2 32 15 15 0,5 30 1110 3740
3 16 21 9 0,7 30 1010 2540
4 32 21 9 0,7 30 1040 2180
5 16 30 30 0,5 60 2250 4990
6 32 30 30 0,5 60 2060 4460
7 16 42 18 0,7 60 2610 4730
8 32 42 18 0,7 60 1970 4200
9 24 27 18 0,6 45 2620 5420
10 24 27 18 0,6 45 2490 4510
11 24 27 18 0,6 45 2780 6120
12 24 27 18 0,6 45 2460 4610
13 24 27 18 0,6 45 1990 4460
14 16 27 18 0,6 45 3130 5350
15 32 27 18 0,6 45 3460 4970
16 24 23 22 0,5 45 2960 7460
17 24 32 13 0,7 45 2120 3580
18 24 18 12 0,6 30 1180 3190
19 24 36 24 0,6 60 3030 6310
20 24 27 18 0,6 45 2990 5930
21 24 27 18 0,6 45 2690 5880
22 24 27 18 0,6 45 2420 4450
23 24 27 18 0,6 45 2340 5700
24 24 27 18 0,6 45 2300 4620

separating the parts of joint by applying wax paper
[4]. The parts of joint were pressed after jointing in
a screw clamping device and were conditioned for
two weeks [6].

The mechanical testing of joints was performed
on the universal testing machine Zwick Roell Z10.
The load was applied at a constant speed of 3 mm per
minute until a significant separation between the two
parts occurred [ 7]. The value of the maximum breaking
force was recorded for each tested specimen. The joints
were tested both for compression and tensile load, as
it is recommended in the literature (fig. 2) [10]. The
devices were especially designed for this kind of test.

RESULTS AND DISCUSSION

Mathematical models (multiple regression equa-
tions) were established based on the experimental
results by using the Design-Expert Version 9 — Stat-
Ease. The models describe the relationship between
independent variables (the distance between dowels,
ratio of dowel penetration in the main part of joint and
the length of the dowel) and the dependent variables
(breaking compression force and breaking tensile
force). The obtained models are presented in table 2.

Based on the sign of the coefficients of obtained
models, it was found that the heat-treated wood joint
strength increases when:

* the dowel length increases;

* the distance between holes increases;

* the ratio of dowel penetration in the main part
of joint decreases.

Based on the value of coefficients of models, it
was found the most important independent variable
that affects the strength of joint is the length of dowel.
Moreover, the length of dowel has a nonlinear effect
on breaking compression force (fig. 3, a, b).

In the case of heat-treated wood joints the inde-
pendent variables interact for a better compressive
and tensile strength, as it could be observed based on
the equations presented in Table The most important
interaction is between the ratio of dowel penetration
in the main part of joint (X,) and the length of the
dowel (X3).

Based on the developed models, the optimisation
algorithm that is included in the Design- Expert Soft-
ware and technological constraints, it was obtained
a single optimal solution. The solution implies to
have a distance between dowels of 32 mm; a ratio of
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Fig. 2. Testing of end to edge butt joint at compression («) and tensile (b)
Puc. 2. lcrpiTaHre KOHIIEBOTO CTHIKOBOTO CTHIKA TIPH CKATHH (&) U pacTsbkeHue (b)

Table 2

Mathematical models that describes the relationship between independent and dependent variables
MaremaTnuyeckue MO/1€JIH, ONUChIBAKOIIM e B3aUMOCBA3L MEK/1Yy HE3ABUCUMBIMH U 3aBUCUMBIMHU IIE€PEMEHHBIMU

Form of .
. Coefficient of
Type of joints %?Zgzg_g Obtained Equation determination
tion (R?)
Coded Y =2208,01 + 108,90X, — 87,90X, + 669,30X;— 105,87X,X, +
Breaki +16,38X,X; — 182,62X,X;+ 204,96X,2— 285,04X,2— 410,04X >
reaking compres-
sion force Y = 1675186 — 66,84X, + 41980,55X, + 278, 41X, — 132,34X,X, + o
Real =- ,86 — 66,84X, ISR AlX5 = 152,534%, X,
+0,13X,X;— 121,75X,X; + 3,20X,% - 28503,79X,2 — 1,822
Coded Y =4022,32 + 347X, — 456X, + 1084X; — 340X,X; + 1055,72X,2—
Breaking tension ~ 819,28X,7 - 849,28Xs"
0,85
force Real Y =-31290,94 — 748,41X, + 103954X, + 547,97X, — 226,66 X,X; +
+16X,2 - 81928,27X,% — 3,77X;5?

dowel penetration in the main part of 0,55 and a dow-
el length of 60 mm. The fulfilment of optimization
criteria (D) was high (D = 0,91). The optimisation
criteria consisted in maximizing both the compres-
sive and tension breaking force.

The optimal values obtained are close to those
found in the literature, as follows:

* the distance between dowels is suggested at
32 mm due to technological constraints (distance
between axes of the drilling tools mandrels) [1]:

* the ratio of dowel penetration in the main part
of joint is recommended to be 0,50 [2, 3];

 the dowel length could be either 50mm or
60mm [3, 8].

CONCLUSIONS

The material used in this research was untreated
and heat-treated ash (Fraxinus Excelsior) boards.
Some technological steps were followed in order
to obtain the end to edge butt joint. The joints were
tested both for compression and tensile load. The
main variable affecting the resistance joints is the
length of dowels. The independent variables inter-
act for a better compressive and tensile strength.
The proposed optimal solution could be considered
suitable for the joints made of heat-treated wood.
In a further study more variables that influence the
compression and tensile strength of end to edge
butt joints must be considered, in order to develop
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Breaking compression force [N]

Breaking tensile force [N]

Fig. 3. Response surface plot showing the effect of ratio of dowel penetration in the main part of joint and the
length of dowel on the breaking compressive force (a) and breaking tensile force (b). The distance between

dowels was considered equal to 32 mm

Puc. 3. [lnarpaMma MoBEpXHOCTH PEaKIMH, OKa3bIBAIOIIAst BIUSHIE OTHOIICHHS IPOHUKHOBEHUS 100CIs B
OCHOBHOI 4aCTH CTBIKA M JUIMHBI JI00CIIS Ha pa3pbIBHYIO CKMMAIOIILYIO CHITY (@) ¥ pa3pbIBHOE PACTSITH-
Batoriee ycuiue (b). PaccTostHue MeX Iy AI00CTSIMHA CYUTAIOCh PAaBHBIM 32 MM

practical recommendations needed during the design
phase of wooden products.
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OnHuM U3 HanOosee YacTo MCHONIb3yeMbIX BHJIOB COSIUHEHHUN MpH cOOopke MeOenu sSBIsSETCS YIIOBOE KOHIIEBOE
COCJIMHEHHUE JIeTalei. DTOT THI COSIUHEHNS SBISIETCS NMPEANOYTUTENBHBIM H3-3a JITKOCTH Iponecca. B maHHOU
paboTe aHAIU3UPYETCS BINUSHUE TEPMUIECKOH 00pabOTKH Ha IPOYHOCTH IIPH CXKATUH M PACTSHKEHNH YTIIOBOTO KOH-
1IeBOTO coeanHeHus. Taxoke aHaIM3UPyeTCsl ONTHMAIbHAS JUINHA ITKAHTA, PACCTOSHIE MEXTY IIKaHTAMHU M COOTHO-
IIeHHe ITyOMHBI YCTAaHOBKH IIKaHTa K OCHOBHOW YacTH YIIOBOTO KOHIIEBOTO coenvHeHus. COeIMHEHNS ieTanei
OBLTH ClIeNIaHbl U3 TepMUYecKH 00paboTaHHOi npeBecuHs siceHs (Fraxinus excelsior). [{nnHa mkaHTa oKa3bIBacT
Oonbliiee BIUSIHUE HA MPOYHOCTh COEIUHEHUS MPH CXKATUU U PACTSDKEHHH, YeM PAcCTOSHHUE MEXTy IIKaHTaMU U
DIyOMHA yCTaHOBKH IIKaHTA. [IpeyiokeHo ONTUMaNbHOE PEIleHNe Pa3MEIleHNUs IKAHTOB JUIs COCANHEHHH, n3-
TOTOBJICHHBIX M3 TEPMHYECKH 00pabOTaHHOW JpeBeCHHBI. J[aHHOE pelleHre MpeanoiaraeT HaTuIne PacCTOSHUS
MEXy MIKaHTaMH 32 MM; COOTHOILIEHHE NIyOWHBI YCTAHOBKM IIKAHTA K OCHOBHOM YacTH YIJIOBOTO KOHILIEBOTO
coeauHenuss — 0,55 u uimHy mkanta — 60 MM.

KioueBbie ciI0Ba: yIIoBOe KOHIIEBOE COSTMHEHUE, TEPMUIECKH 00pabOTaHHAs JPEBECHHA, SICEHb, TPOYHOCTH Ha
pacTsKEeHHe U CKATHUE, ONTUMU3AIHS

Ccepuaka s nurupoBanus: Bedelean Bogdan, Georgescu Sergiu. Optimisation of end to edge butt joint with
response surface methodology: a preliminary study. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4,
pp. 58-62. DOI: 10.18698/2542-1468-2017-4-58-62
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Bo3spacraromniast He0OXOIUMOCTB YAOBIETBOPEHHUS CYIIECTBYIONIHUX MTOTPEOHOCTEH HACSICHUSI H TPOMBIIIICHHOCTH
B JJIEKTPUUECKONH SHEPTHH, OCOOCHHO B palOHAX, yNAJEHHBIX OT HEHTPATN30BAHHOIO SHEPrOCHAOKEHHs, MPH-
BOJIUT K HEOOXOJMMOCTH Pa3BUTHs «MaJloi SHepreTHKW». Ee OCHOBY B JaHHBIX PErMOHAX COCTAaBILSIIOT YHEProy-
CTAHOBKH, paboTaloNye Ha MPUBO3HOM TOIUTHBE, IIPHMEHEHNE KOTOPBIX BIEUET 3a c000i MpobiieMy MOBBIIICHHS
CTOMMOCTH U TPO0OIeMy TPaHCTIOPTUPOBKHU TOIIMBA K MECTy MOTpeOnenus. PemieniemM naHHON 3a1aun sABISETCS
UCIIONB30BAaHHE B Ka4eCTBE TOIUIMBA TOPPE(UIMPOBAHHBIX OTXOIOB JepeB0o0OpadaThIBaOICi M CEILCKOX03sii-
CTBEHHOHU NPOMBIIUICHHOCTH. PaccmarpuBaeTcst BIMSHHAE TeMIEpaTypsl TOppedUKAINN IPEeBECHOTO TOIUINBA Ha
BBIPAa0aThIBAEMYIO0 MOIIIHOCTb 3JIEKTpOreHepaTopa. B pesynbrare MpoBeIEHHBIX SKCIIEPHMEHTOB BBISIBIEHO, YTO
npyu razuduKanuy ToppeGUINPOBAHHOTO TOIUIMBA U3 PACTUTENHHOTO CHIPhS BRIpAaOaThIBACTCS TeHEPATOPHbIN a3
C TIOBBIIIEHHBIM COZICP>KaHUEM BOZOPOJa M OKCHA yIaeposa (110 cpaBHEHHIO ¢ rasudukanueil HeoOpaboTaHHOTO
CBIPBST), BCTIEACTBHE YETO yBEIUUUBAETCS MOIHOCTh ABUTATENs. DTO OKA3bIBAET MPSIMOE BIMSHUE HA BHIPAOOTKY
UIEKTPOIHEPTUU TEKTPOrCHEPATOPOM.

KuioueBsbie ci10Ba: ra3uuKaIys, 3eKTpoCcHAOKEHNE, TOPPEPUIIIPOBAHIE, TOIUTMBHBIC TPAHYIIBI

Ccouaka nas nurupoBanusi: Cadun P.P., Xakumssnos U.®., I'ansseraunos H.P., 3uaraunos P.P. ['azuduxkarus
TOppePULHIPOBAHHOTO TOILTUBA IIPH BBIPAOOTKE AIEKTPOIHEPTHH IS CIICHTPAIN30BaHHBIX MoTpedureneii // Jlec-

Hoii BecTHUK / Forestry Bulletin, 2017. T. 21. Ne 4. C. 63-69. DOI: 10.18698/2542-1468-2017-4-63-69

HacTosmiee BpeMs Oonee 60 % TeppuTopHU

Pocun HaxomsaTCs BHE 30HBI IEHTPATN30BAHHOTO
TETJI0- ¥ SHeprocHaokeHus. B cBs3M ¢ 3THM BO3HHKa-
€T 0CTpasi HEOOXOIMMOCTh Pa3BUTHA «MaJION SHepre-
THUKW, UMEIOIIeH HEOCTIOPHMBIE TTPEHMYIIIECTBA 110
CPaBHEHHUIO C IIEHTPAIN30BAaHHBIMU CHCTEMaMU —
JOCTYIHYTO IIeHy 1 MUHUMaJIbHBIE CPOKH CTPOUTEIb-
ctBa. Kak rpaBuiio, 0CHOBY «MaJjioil HEPTeTUKI CO-
CTaBJIAIOT YHEPTOYCTAHOBKH C IBUTATEIISIMA BHYTPEH-
HETO CropaHus, padoTarontie Ha He(TIHOM TOILIHBE.
OnHako nagpbHEHIIee pa3BUTHE «MaJIOH SHEPTECTHKID
OCIIOXHSIETCS TIPOOJIEMOH MOBBIIIIEHUSI CTOUMOCTH H
TPYAHOCTSIMH TPAHCTIOPTUPOBKH TOILTUBHBIX PECyp-
COB K MECTy MOTpebieHus. Pemmennem naHHBIX TIpo-
OreM SIBISIETCS MCITONIb30BaHUE B KAUECTBE TOTLTHUBA
ATBTEPHATUBHOTO MCTOYHHUKA DHEPTUU — OTXOJOB
JepeBooOpadaThIBAIOIICH M CEITLCKOXO3HCTBEHHOM
MIPOMBITIJIEHHOCTH, OTPOMHBIMH 3arlacaMH KOTOPBIX
00maaeT OOJBITMHCTBO PETHOHOB CTPAHBI.

OmHUM U3 MEepPCIEKTUBHBIX BapHAHTOB PaIno-
HaJBHHOTO UCTIOIH30BAHUS OTXOA0B OMOMACCHI SIBIISI-
€TCsl U3TOTOBJICHNE U3 HUX TOIUIMBHBIX I'PaHyl, KO-
TOpBIE MOTYT COCTABHUTh JOCTOWHYIO KOHKYPEHITHIO
TPaJUIIMOHHBIM UCTOYHHUKAM dHepruu [ 1]. Permenuro
JTAHHOTO BOIIPOCA ITOCBAIICHB MHOTHE TPYIBL. Tak,
N. Saracoglu u G. Gunduz BHIIOTHWIH HCCIENO-
BaHHUS IO OMpeneNeHut0 d3PPEeKTUBHOCTA UCTIONb-
30BaHMS B Ka4eCTBE TOIIMNBA JAPEBECHBIX MEJUIET,
B XOJi¢ KOTOPHIX YCTAHOBUJIHM, YTO UCTIOIH30BAHUE
JIPEBECHBIX TIEJUIET B Ka9eCTBE NCTOYHHUKA SHEPTUU

yMEHBIIIaeT KOIMIecTBO BEIOpocoB CO, M Apyrux
MTAapHUKOBBIX Ta30B B atMocdepy [2].

B xoze nanpHelero pa3BuTUs JaHHOTO HapaB-
JIEHUS WCTIOJIb30BaHUS OTXO/IOB OMOMAacCHl B Kade-
CTBE TBEP/IOTO TOTUTHBA CTAJIH IPHUMEHSTH ITPeIBApH-
TEIHHYI0 TEPMHUIECKYIO0 00pabOTKy pacTUTEIHLHOTO
ceIpbs nipu Temmepatype 180...300 °C B 6e3Bo3my1iI-
HO¥t cpene [3-7].

B pabore [8] npencraBineHo ncciaenoBanne (hu-
3MYECKUX W DHEPTeTHYECKNX CBOMCTB TOITUIMBHBIX
IpaHyl, KOTOpbIe OBUIH MOABEPTHYTHI PA3IMYHON
TeMIeparypHoi 00padoTke 6e3 JocTyIa KHCIOpoIa.
BrrsiBiIeHO, 9TO TIpW YBENWYSHNN TEMIIepaTyphl Tep-
MHYIECKOH 00paOOTKH APEBECHOTO CHIPhS YBEIMUHBA-
€TCsl TeIIOTBOPHAS CIOCOOHOCTH TOTUTBHBIX TPAHYIL.

Hayunoit rpymmoit moz pykoBoznctBoM S.S. Vincent
MIPOBEJICHBI UCCJIEA0OBAHUS IO OMPEeTeHUI0 d(]-
(heKTHBHOCTH TEPMHYECKOH 00pabOTKH OMOMACCHI.
YCTaHOBIIEHO, YTO BHEAPEHUE AAHHOU TEXHOJIOTUU
TT03BOJISIET TIONTYYHTh TOTIIUBO U3 CEITLCKOXO3SHCTBEH-
HBIX OTXOJIOB C TEIUIOTBOPHOMN CIIOCOOHOCTHIO 10
24-103 xJIx/kr [9]. ABTOpamu padoTsr [10] mokasa-
HO, 9TO HauOOJIbIIIee BIUSIHUE HA TIPOIIeCC Toppedu-
Kalliu OKa3bIBaeT TemIieparypa o0paboTku, a He ee
MTPOIOIDKUTEIFHOCTD U pa3Mephl YaCTHII.

Ho 49T00BI NCTIO630BaTh TBEPOE TOTLIMBO LIS TI0-
Jy4eHHs IEKTPOIHEPTHH, 3a4acTyi0 TpeOyeTcs: ero
TIpeIBapUTENTbHAS Ta3U(PHUKAIIUS C TIOCIISTYFOIITM CXKH-
raHreM TeHepaTOPHOTO ras3a B BUraTelie BHYyTPEHHETO
cropanus. Llems HacTosmel paboThl — yCTaHOBUTH
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ToruBo

Kucnopon

k 00000 -

1 [ ]
2

Puc. 1. TexHomorn4eckuii KOMIUIEKC [UIsl BBIPAOOTKH JIEKTPHIECKOH SHeprun: / — ra3oreHeparop; 2 — IUKIOH JJIsT OXJIXKICHUS
rasa; 3 — 3MCEeBUKOBBIH TEINIOOOMEHHUK; 4 — (QMIBTP; 5 — JBHUTrATENb BHYTPEHHETO CTOPAHUS; 6 — DJIEKTPOreHepaTop;

7 — TeTI000MEHHHK

Fig. 1. The scheme of a technological complex for development of electric energy: / — gas generator; 2 — cyclone for gas cooling;
3 — coiled heat exchanger; 4 — filter; 5 — internal combustion engine; 6 — electric generator; 7 — heat exchanger

BIHMSIHHE TeMIIepaTypbl Toppe(HuKanuy ToTmMBa u3
OroMacchl Ha MOJy4YeHHe TeHepaTopHOTo Ta3a ¢ I10-
CIIETYTOIIINM MPOU3BOICTBOM DJIEKTPUYECKON SHEPTHH.

Urto0bI HcciieioBab BIUSHUE TEMIIEpaTyphl Tep-
MHYECKOW 00pabOTKH TOILIMBA Ha MPOU3BOICTBO
ANEKTPOIHEPTUH, CO3/aH MMIOTHBIN YHEPTOKOMILIEKC
JUTS BEIPAOOTKH DIIEKTPOIHEPTUN U3 TEHEPATOPHOTO
rasa, Iojiy4aeMoro B pe3yibrare ra3uuKaIiy rpa-
HYJIUPOBaHHOTO TorLIuBa (puc. 1) [11].

YcranoBka paboTaeT CIEIyOIINM 00pa3oM: B
OyHKEp — TOIIKY Ta3oreHeparopa / 3aKiIaIbIBaeTCs
OmomMacca B BUJE TpaHyd U3 TOppeHUIHPOBAHHOMN
HU3MEJIBYEHHOMN IpeBECUHBI. J{J1 M3rOTOBIEHHUSI TOP-
petdukara ceipbe mogBEpraeTCs MpeaBapuTEIHbHON
TepMHUeCKOW 00paboTke 06e3 MocTyma KHCIopoaa
Bozayxa mpu temmeparype 200...300 °C ¢ mocnemxyro-
MM TpaHyupoBanueM. Jlanee HaunHaeTCs poriecc
ra3uuKanuy JpeBECHHBI C TIOJyYeHHEM TeHepa-
TopHOTO Ta3a. [lomyderHoe ra3o00pa3Hoe TOTUIHBO
rocJie Tpyooil OYMCTKHU B IIUKJIOHE 2, OXJIAXKICHUS B
3MEEBHKOBOM TEIUIOOOMEHHHKE 3 ¥ TOHKOW OYHCT-
KU B QUIBTPE 4 WUCIIONB3YEeTCS ISl paOOTHI UETHI-
peX TaKTHOTO JBUTATENsl BHYTPEHHETO CTOPaHUS J,
KOTOPBIM, B CBOIO OYepe/ib, IPUBOJIUT B JCHCTBHE
TeHeparop 6, BEIPpa0ATHIBAIOIINI AITEKTPUICCKIH TOK
JUTS HarpeBa TETUIOHOCHUTENS B TETUIOOOMEHHHKE 7.

B xone nmpoBeenns SKCriepuMeHTOB OBLITH OTIpe-
JeJIeHBI Tetuto(u3ndecKue cBoicTBa TormB. O0-

pasibl TOIUIMBA U3 KJIACCHUYECKOTO JIPEBECHOTO H
PACTUTEIBHOTO CBIPbs, UCIIOJIB3YEMBIC B JJTAHHOM
HMCCIEI0BaHNN, OBIJIM COIMOCTABJICHBI ¢ OMOMAacCcon
OTUX K€ BHUJ0OB TOIUIMBA, NOABEPIrHYTHIX TEPpMHUYC-
CKoOil 00paboTke (Tabmura).

B mpomecce mpoBeneHus uccienoBaHus OBLI
OIIPEJIENICH COCTAB TIOJTy4aeMOT0 TeHepaTOPHOTO Ta3a
B 3aBUCHMMOCTH OT TeMIepaTypbl Toppedukammn
ToruiBa (puc. 2). YCTaHOBIEHO, YTO MPOBEACHUE
TepMHUYECKOi 00pabOTKH TOTUIMBA TIO3BOJISET yBe-

C, %
55
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Puc. 2. CocraB reHepaTopHOro rasa, HOJIy4€HHOIO IIpU rasu-
(ukanuy ToppeGUINPOBAHHOTO TOILIMBA U3 OHOMACCHI

Fig. 2. Composition of the generating gas received at gasification
of torrefied fuel from biomass

CO,

Teruoduzngeckoe
CBOMCTBO

TaoOnuma
Tenuogusuveckne CBOMCTBA TOIJIMBHBIX IPAHYJI
Heat-physical properties of fuel granules
TOIUTUBHBIE TPAHYIIBI ToppedunnpoBanHbie ToppedunnpoBanHbie

13 JPEBECHOTIO

TorunBHBIE TPaHyIEI U3
PacCTUTEIBHOTO ChIPbS

TOIIJIMBHBIC I'PAHYJIIBI U3

TOIUIUBHBIC I'PAHYJIBI U3

CI:IpI:fI Z[peBeCHOl"O CI)IpI)H paCTI/ITeJ'[I)HOFO CI)IpI:H
Makcnvanbnas Teriora 19 365 19989 22 564 23109
cropanusi, JIx/T
30bHOCTD, % 243 10,8 25,8 13,6
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JIUYNTH COIEp)KaHUE B COCTAaBE T€HEPAaTOPHOTO ra3a
BOJIOpOJIa M OKCHJA yTIepo/a MPHU OHOBPEMEHHOM
YMEHBIICHUN TUOKCHIA YIIIEPO/a.

B xoz€ 3KcniepruMeHTalIbHBIX UCCIIEIOBAHUI yCTa-
HOBJICHO BIIMSTHHE T€HEPATOPHOTO ra3a, MOyYeHHOTO
npu razupuKanuu ToppeUIHIPOBAHHOTO TOTUIUBA,
Ha MOIIHOCTH JIBUTATENsl BHYTPEHHETO CTOpaHUs
(puc. 3). Kak BusHO 13 rpaduika, MOIIHOCTD JIBUTa-
Tellsl yBETMYMBACTCSI B 3aBUCIMOCTH OT YBEITUUCHHS
TeMIepaTypbl TEPMUUECKO 00pabOTKH TOTIIINBA.

N, kBt
1,2

L1k

1,0 -

0,9

0’8 Il Il Il Il Il
180 200 220 240 260 280 7,C

Puc. 3. 3aBHCUMOCTh MOIHOCTHU JIBUTATEINSI OT TEMIIEPATyph
ToppeduKkanum TormmBa u3 6HoMacchl

Fig. 3. The dependence of the power of engine from the
temperature of torrefaction of biomass fuels

Kpowme Toro, ¢ 11elibro OATBEePKACHHS SHEPTrod (-
(EeKTUBHOCTH UCIIOJIL30BAHUSI B KaUECTBE TOTLINBA
TOppeHUIIUPOBAHHOTO PACTUTEIIEHOTO CHIPhS OBLTH
MIPOBEJICHBI UCCIIEIOBAHUS 10 ONPECIICHUIO KO-
YeCcTBa BhIPa0AThIBAEMOI SHEPTHH MO0 CPABHEHUIO
C TOTUTUBHBIMH I'PaHyJIaMH, HE MOJIBEPTHY THIMH TEp-
MHYECKOi 00pabdoTke (puc. 4).

E, kBt 4
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Puc. 4. CpaBHHUTEIIBHBIC XapAKTEPUCTHKU BHIPAOOTKHU IECKTPOI-
HEPrUH U3 Pa3IMYHbIX HCTOYHUKOB: / — PAaCTUTEIIBLHOE
ChIpbE; 2 — TOppe(UINPOBAHHOE PACTUTEIBHOE ChIPhE
Fig. 4. Comparative characteristics of power generation from
various sources: / — vegetable raw materials; 2 —
torrefied vegetable raw materials

Kak BUTHO U3 TuarpaMmbl, IpeiBapUTeIbHASTED-
MHYeCKast 00pab0TKa TOTIMBHBIX TPAHYJ TO3BOJISIET
YBEJIMYUTH TMPOU3BOJICTBO 3ICKTPUUYCCKON IHEPTUU
10 CPaBHEHUIO ¢ HEOOPaOOTaHHBIMU TOTLTUBHBIMU
rpaHyJIaMu.

Takum 00pa3oM, UCTIOIB30BaHUE TOPPEHUITUPO-
BaHHBIX TOIJIMBHBIX I'PaHYJ B KAY€CTBE UCTOUHHUKA
SHEPrUU MO3BOJISIET YBEIUYUTh IIPOU3BOUTEIILHOCTh
BCET0 HHEPTETHYECKOTO KOMITIIEKCA.

Jlannas paboma evinonnena npu noooepicke
epanma Ilpezudenma Poccuiickou @edepayuu 0711
20CY0apCcmeeHHOU NOOOEPAHCKU MOTOOBIX POCCUUCKUX
yuenwvix — 0oxkmopog nayx (M — 5596.2016.8).
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GASIFICATION OF TORREFIED FUEL AT POWER GENERATION FOR THE

DECENTRALIZED CONSUMERS
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The increasing need of satisfaction of the existing needs of the population and the industry for electric energy,
especially in the areas remote from the centralized energy supply, results in need of development of «small-scale
energy generation». At the same time the basis in these regions is made by the energy stations, using imported fuel,
which involve a problem of increase in cost and transportation of fuel to the place of consumption. The solution
of this task is the use of the torrefied waste of woodworking and agricultural industry as fuel. The influence of
temperature of torrefaction of wood fuel on the developed electric generator power is considered in the article.
As a result of the experiments it is revealed that at gasification of torrefied fuel from vegetable raw material the
generating gas with the increased content of hydrogen and carbon oxide, in comparison with gasification of the raw
materials, is produced. Owing to this the engine capacity increases, that exerts direct impact on power generation
by the electric generator.
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More than 60 % of territory of the Russian Fed-
eration is out of a zone of centralized heat and
power supply nowadays. In this regard there is an
urgent need for development of the «small-scale
energy generation» having a number of indisputable
advantages in comparison with the centralized sys-
tems — the reasonable price and the minimum terms
of construction. As a rule, the main share of «small-
scale energy generation» is made by the power sta-
tions with internal combustion engines, using oil fuel.
However further development of «small-scale energy
generation» is complicated by a problem of increase
in cost and transportation of fuel resources to the
place of consumption. The solution of this problem
is use waste from the woodworking and agricultural
industryas fuel of an alternative energy source.

One of the perspective options of rational use
of waste of biomass is production of fuel granules
which can make the worthy competition to traditional
power sources [1]. Many works are devoted to the
solution of the matter. N. Saracoglu and G. Gunduz
have executed the research on effective use of wood
pellet as fuel. It has been established that the use of
wood pellet as a power source reduces the number
of emissions of CO, and other greenhouse gases in
the atmosphere [2].

Preliminary heat treatment of vegetable raw ma-
terials at temperatures of 180...300 °C in the airless
environment became the further development of the
direction of use of waste of biomass as solid fuel [3—7].

Physical and energy properties of fuel granules
subjected to various temperatures of processing with-
out oxygen access have been investigated in work
[8]. It is revealed that at increase in temperature of
heat treatment of wood raw materials the calorific
ability of fuel granules increases.

The scientific group under the direction of S.S.
Vincent etc. has conducted the research on finding
efficiency of heat treatment of biomass. It is revealed
that carrying out this technology allows to receive
fuel from agricultural waste with calorific ability to
24-103 kJ/kg [9] and that the processing temperature
has the greatest impact on the process of a torrefaction,
than duration and the sizes of particles [10].

However the use of solid fuel in processes of
receiving the electric power often requires its pre-
liminary gasification with the subsequent combustion
of generating gas in the internal combustion engine.

Thus, the task of finding influence of temperature
of torrefaction of fuel from biomass on receiving
the generating gas with the subsequent production
of electric energy has been set in the offered work.

With a research objective of influence of tempera-
ture of heat treatment of fuel on electricity generation
the pilot energy complex for power generation from
the generating gas, received as a result of gasification
of the granulated fuel (fig. 1), has been created [11].

The installation works as follows: biomass in the
form of granules from the torrefied crushed wood is
put in the bunker — fire chamber of a gas generator 1.
For production of fuel the raw material was exposed to
preliminary heat treatment without air oxygen access
at temperatures of 200-300 °C with the subsequent
granulation. Further the process of gasification with
receiving generating gas begins. The received gaseous
fuel, after rough cleaning in a cyclone 2, cooling in
the coiled heat exchanger 3 and thin cleaning in the
filter 4, is used for operation of the 4-stroke internal
combustion engine 5 which, in turn, puts the generator
6, developing electric current for heating of the heat
carrier in the heat exchanger, 7 in action.

The heat-physical properties of fuels have been
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Fig. 1. The scheme of a technological complex for development of electric energy: / — gas generator; 2 — cyclone for gas cooling;
3 — coiled heat exchanger; 4 — filter; 5 — internal combustion engine; 6 — electric generator; 7 — heat exchanger
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7 — TEII00OMEHHHK

defined during the experiments. The fuel samples from
classical wood and vegetable raw materials used in
this research have been compared with biomass of the
same types of fuel, subjected to heat treatment (table).

In the course of carrying out a research the
composition of the received generating gas, depending
on temperature of torrefaction of fuel (fig. 2), has
been defined. Carrying out heat treatment of fuel
allows increasing contents of hydrogen and carbon

C,%
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35+ Hy
30 + /\‘_\—.
25 F
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10 |
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5r CHy

0 e—o—0—0—9 |

180 200 220 240 260 280 T, C

Fig. 2. Composition of the generating gas received at gasification
of torrefied fuel from biomass

Puc. 2. CocTaB reHepatopHOro rasa, MoJxy4eHHOTO MpU ra3u-
(ukarmu ToppepHUIIPOBAHHOTO TOILTUBA 13 OMOMACChI

oxide as a part of generating gas at simultanecous
reduction of carbon dioxide.

The influence of the generating gas, received at
gasification of torrefied fuel on the engine capacity
of internal combustion, has been defined (fig. 3).
According to the graph, engine capacity increases
depending on increase in temperature of heat treat-
ment of fuel.

In addition, to confirm the energy efficiency of use
of the torrefied plant material (as fuel), the researches
on definition of amount of energy, produced in com-

N, kBt
1,2

L1

1,0 F

0,9

0’8 Il Il Il Il Il
180 200 220 240 260 280 T,DC

Fig. 3. The dependence of the power of engine from the temperature
of torrefaction of biomass fuels

Puc. 3. 3aBHCHMOCTD MOIIHOCTH JIBUTATEIsl OT TEMIICPaTyphl
Toppe(UKANHU TOTUIHBA U3 OMOMACCHI

Table
Heat-physical properties of fuel granules
Tenopusuyeckne CBOMCTBA TOIVIMBHBIX FPAHYJI
Heatphysical Fuel granules from wood | Fuel granules from vege-| Torrefied fuel granules Torrefied fuel granules
. . . . from vegetable raw
properties raw materials table raw materials from wood raw materials .
materials
The highest heat of 19365 19989 22 564 23109
combustion, J/g
Ash-content, % 243 10,8 25,8 13,6
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Fig. 4. Comparative characteristics of power generation from
various sources: / — vegetable raw materials; 2 —
torrefied vegetable raw materials
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parison with the fuel pellets not subjected to a heat
treatment, have been conducted (fig. 4).

According to this graph, pre-heat treatment of
fuel granules allows increasing production of electric
energy in comparison with the raw fuel granules.

The work was performed with support of grant
of President of Russian Federation for state support
of young Russian scientists — doctors of Sciences
(MD-5596.2016.8).
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OPTIMIZATION OF THE CUTTING SCHEDULE DURING SANDING
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The present paper work is part of a research project developped in Romania during last few years and applied to
several under-utilized wood species, such as alder, poplar and birch, with a view to capitalize these wood resources
for their further use in furniture industry. The paper aims to identify the best cutting schedule during the wood
sanding process when considering the power consumption as an optimization criterion. The sanding was applied
to black alder wood (Alnus glutinosa L.) by using a wide belt sander machine with variable cutting parameters,
three grit sizes, and three sanding directions. The experiments were performed under industrial conditions and all
data were processed through the regression method. The results of the present study showed the increase of power

consumption along the increase of feed speed and cutting depth, respectively.
Keywords: black alder, sanding process, feed speed, cutting depth, power consumption
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INTRODUCTION

The sanding process is the last machining oper-
ation applied to wooden surfaces mostly in wood-
working and furniture industry, with a view to in-
crease the surface quality of the product by enhancing
its appearance and thus increasing its aesthetic value
[1].The sanding process of wood was extensively
studied during the last decade. Threre are several
variables to be considered for the sanding process,
such as: wood moisture content, wood species, wood
density, processing direction, grit size, cutting pres-
sure, belt speed, feed speed, cutting depth, and grit
size [2—4]. The grit size influences the wood surface
quality while the speed, pressure and oscillations do
not have a certain and critical effect upon it [5]. Kilic
et al. showed the interaction wood-machine-tool with
its direct effect on wood surface quality [6]. The
material removal rate can change with the variation
of pressure and the power consumption were found
to increase with the increase of sanding pressure [7].
In his study Saloni found that the power consumption
during sanding increased with the belt speed and feed
speed [8]. Varanda et al. also confirmed that a higher
belt speed consumed more power to different types
of sandpapers [9]. Javorek et al. found that the wood
species presented a very low influence on power
consumption, but the pressure, sanding direction
and speed had an overwhelming influence upon the
cutting power [10].

The present paper aims to identify the best cutting
schedule during the wood sanding process when
considering the power consumption as the optimi-
zation criterion. The sanding was applied to black
alder wood (Alnus glutinosa L.) by using a wide belt
sander machine with variable cutting parameters,
three grit sizes, and three sanding directions.

MATERIAL AND METHOD

Defect free black alder (Alnus glutinosa) timber
pieces were purchased from a local company in Bu-
zau, Romania. The samples were cut at dimensions of
300 by 95 by 16 mm and they were sanded on a wide
belt sander machine having the following technical
characteristics: abrasive belt dimensions of about
1900 x 1130 mm, sanding speed (against the feed
direction) of about 16 m/s, contact pressure of about
4,5 bar and feed speed between 4 and 20 m/min.
The samples presented 8 % moisture content. The
feed speed and cutting depth varied as follows: 4, 8,
12,16 and 20 m/min and 0,1; 0,2; 0,3; 0,4 and 0,5 mm,
respectively. The factorial experiment with two var-
iables was applied. The sanding was performed for
a total of 39 wooden samples along three cutting
directions (13 pieces allocated for each direction)
such as parallel, perpendicular and at 45° angle to the
grain. Three grit sizes of corundum abrasive, namely
80, 100 and 120 were used for the experiment. They
were combined into three different sanding programs
having the following sequences: 80 and 120 grit siz-
es; 100 and 120 grit sizes and 120 grit size. Initially
the 60 grit size sandpaper was used for the calibra-
tion step. The power consumption of sanding and
feeding was recorded at milisecond but the efective
power during sanding was calculated as a difference
between the recorded power and the power during
idle running. The regression method with a second
degree non-linear model was used.

RESULTS AND DISCUSSIONS

The effect of sanding by using various cutting
schedules on the power consumption was shown
through the 3D surfaces obtained by mathematical
simulation for each one of the sanding sequence
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Fig. 1. Variation of power consumption during the parallel
sanding of black alder wood using the sanding sequence
of 100 and 120 grit sizes as a function of feed speed
and cutting depth

Puc. 1. Vamenenune notpeGIeHNs SHEPTHU MTPH HAPAILICTBHOM
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[TyOUHBI pe3aHus

and sanding direction. Fig. 1 presents an example
of such variation of power consumption using the
parallel sanding sequence of 100 and 120 grit sizes
as a function of the feed speed and cutting depth.

As aresult of the performed analysis, the follow-
ing conclusions were pointed out:

— The most reduced value of the power consump-
tion of about 0,06 kW was recorded for the sanding
of black alder wood at an angle of 45 degree to the
grain orientation, during the sanding sequence of
120 grit size after calibration, for a feed speed of
4 m/min and a cutting depth of 0,1 mm (fig. 2).

— In case of parallel sanding at a feed speed of
16 m/min and a cutting depth of 0,1 mm when apply-
ing the sanding sequence of 100 and 120 grit sizes,
a minimum power consumption of about 0,13 kW
was determined, while in the case of perpendicular
sanding, for the same sanding sequence, the mini-
mum value of about 0,07 kW was determined at a
feed speed of 8 m/min and a cutting depth of 0,1 mm
(fig. 1 and fig. 3).
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Fig. 2. Variation of power consumption during the sanding of
black alder wood at an angle of 45 degree to the grain
orientation when using the sequence of 120 grit size as
a function of feed speed and cutting depth
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Fig. 3. Variation of power consumption during the perpendicular
sanding of black alder wood when using three sanding
sequences as a function of feed speed an cutting depth
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pe3aHus

— The power increased with the increase of feed
speed and cutting depth for all the sanding programs.

— The highest power consumption was deter-
mined, as expected, in case of perpendicular sanding
for all three sanding sequences (fig. 3). Such sand-
ing is not recommended for production because the
specific productivity represents 30...100 % of the
sanding when processed parallel to the grain.

— The cutting schedule are to be chosen based on
the criterion of a minimum power consumption and
therefore the parallel sanding is recommended.

— It appeared that the sanding sequence of 100
and 120 grit sizes generated the best results for a
minimum power consumption.

CONCLUSIONS

The results of the present work showed that the
parallel sanding with a sequence of 100 and 120 grit
sizes may be selected to fulfill the criterion of a
minimum power consumption. Based on the findings
of this work and apart of the presented approach,
by applying a joint criterion of power consumption
and surface quality, a better cutting schedule may be
obtained.

Such results are to be compiled in future works
with a view to achieve a more efficient use of the raw
material for furniture manufacturing.
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Hacrosimast paboTa sIBIISIETCS] 4acThIO HCCIIEA0BATENBCKOTO MIPOCKTA, BBIMOJIHAEMOr0 B PyMbIHUM B TeueHHUE IO-
CJICTHAX HECKOJBKUX JIET U HAIPaBIEHHOTO Ha MPUMEHEHNE HEKOTOPHIX MAJOHCIIONb3YEeMbIX JIPEBECHBIX HOPOJ,
TaKMX KaK OJIbXa, TONOJb M Oepe3a, C LEJbl0 KalUTaIH3aluK 3THX JAPEBECHBIX PECYpCOB Ul MX JalbHEHIIEro
HCIOJB30BaHUS B MEOEIbHOM IPOMBIIIJICHHOCTH. HCHB}O CTaTbHu SBJIACTCA ONPCACICHUE HAWIYYIIETO pEeXUMa
pe3aHus BO BpeMst IIpoliecca IUTN(OBAHIS IPEBECHHBI IIPH PACCMOTPEHUH ITOTPEOICHNS YHEPTUH B KaueCTBE KPU-
tepus onTuMuzanuu. lllnndosanue npesecunsr oabpxu yepHOH (Alnus glutinosa L.) mpoBoanIoCck ¢ NCONB30Ba-
HHUEM IIHPOKOJICHTOUHO-IUTH(OBATBHON MAIIMHBI ¢ IEPEMEHHBIMU PEKUMAMHU PE3aHU, IS TPEX pa3MepoB abpa-
3MBHOTO 3€pHA, B TPEX HANpPABJICHMIX NIIH(poBaHUs. VccaemoBaHus MPOBOAMINCE B IIPOMBIIIIEHHBIX YCIOBUSIX,
BCE JlaHHBIC 00pabaThIBAIMCh METOIOM PErPECCHOHHOTO aHainu3a. Pe3ynbraThl JaHHOTO MCCIIEIOBaHHS MOKA3aIH
yBEJIMYCHHE MTOTPEOICHUS SHEPTHH 110 MEPe YBEIMUYEHHsI CKOPOCTH MOIAYH ¥ DIIYOHUHBI Cpe3a, COOTBETCTBEHHO.
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Jlnst Ka4eCTBEHHOM BBICOKOYACTOTHOW CYIIKH JIPEBECHHBI TPEOyeTCsl IEKTPOMAarHUTHOE TOJIe ¢ PaBHOMEPHBIMH
XapaKTepuCTUKaMU. B cTaTbe paccMOTpeHBI IPUHIUIIEI BEIPABHUBAHMS T10JISI B pabodeM KOHAEHCaTope, IO3BOJIS-
IOIINE CYIINTh ATUHHOMEPHBIE COPTUMEHTBI, U IPUBEAEHBI CIIOCOOB! CHIDKEHHSI HEPAaBHOMEPHOCTH HarpeBa MHjIo-
MaTepHajoB B Pa3IMUYHOM AMANa30HE YaCTOT IEKTPOMArHUTHOTO u3nydeHus. IlokazaHo, 4To B CpeHEBOIIHOBOM
JIMaITa30He YacTOT CTOSYHE BOJHEI HE OKa3bIBAIOT 3aMETHOTO BIMSIHUS HA PACIIPOCTPAHEHHE MOJIS BAOJIb KOHIEH-
caropa. B BeicokogacToTHOM nuamnasone S...15 MI'n uinHy KOHAEGHCATOpa M 9aCTOTY TOKa HEOOXOIUMO yBSI3bIBATh.
[Ipennaraercs nBa croco6a. [lepsbiii — noakiroueHre BU-reneparopa B AByX-Tpex TOYKAX IO JUTMHE KOHJIEHCA-
Topa. Bropoil — nozaxioueHue peryaupyeMbIXx MHIYKTUBHOCTEH B Toukax noakiaroueHus BU-renmeparopa. s
YMEHBIIEHNSI HEPaBHOMEPHOCTH HAarpeBa ITAa0ess 10 CEISHHIO MPeIaraeTcs TPEXIIEKTPOIHBIN KOHACHCATOP.
KnrodeBble c10Ba: BHICOKOYACTOTHAS CYILKAa, HEPAaBHOMEPHOCTh HArpeBa, 4AacTOTa TOKA, KOHIEHCATOp, CTOSYUE
BOJIHBI, ITyYHOCTH HANPSHKESHUS
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BBICOKO‘{aCTOTHaﬂ CYIIKa TMHJIOMATePHAIOB OCY-
IIECTBISIETCS C MTOMOIIIBIO AIIEKTPUIECKOTO KOH-
JICHCATOPa, MEXTY INTACTHHAMU KOTOPOTO MOMEIIA0T
npeBecuny. KoHJIGHCATOp MOXKET COCTOSITh U3 JIBYX
u Oosee TiacTuH. J[JMHA KOHIEHCATOPA YIS CYIIKH
CTaHIAPTHOTO MITA0LIIS IIJIOMaTePUAIOB — 6 METPOB.

BricokouacToTHas Cymika, 110 CPAaBHEHHUIO ¢ KOH-
BEKTUBHOW MEHHEe MPOJIOJKUTENbHA U 00eceun-
BaeT Ooliee BHICOKOE KaYeCTBO CYXOU JIPEBECHHBI.
B T0 ke Bpemst T TONYyYEeHHUsT BBICOKOTO KauecTBa
HEOOXOJIMMO PEINTh 3aJ1a4y MOJIBOJA JIEKTpOMar-
HUTHOM PHEPTHU K Marepuay, oonaaarmmemMy Heo-
JTIMHAKOBBIMH 3JICKTPHUECKUMH XapaKTePUCTHKAMHU
Pa3HBIX y4acTKOB. 3HAYCHUS BIAXKHOCTH CHIPOWH
JOCKH U3MEHSIFOTCS JIaXKe TO JUTHHE OJHOM JTOCKH,
YTO BBIPAKAETCS B PA3JIMYMH IEKTPUUCCKUX TTO-
KazaTeliei: BEJIMYUHBI aKTUBHOTO U PEAKTHUBHOTO
COTPOTHUBIICHHUS, TUIICKTPHUCCKOM MPOHUIIAEMOCTH
Y TaHIeHca yriia JUAIEKTPUIECKUX ToTeph. UTOOBI
KaueCTBCHHO CYIIHUTh JIPEBECHHY, HEOOXOIUMO HC-
KIFOUUTh HEPAaBHOMEPHOCTh BIQYKHOCTH B JIOKaJIb-
HBIX 00JacTsIX MuIoMaTepuaion [1-8].

VnenpHbIe MOIIHOCTH, MTOTIIONIAEMbIE MTHIIOMATE-
pHaliaMy ¢ pa3InaHON BIXKHOCTBIO, OTIPEIEINISIOTCS
OTHOIIICHUEM [4]:

P _E; & 165, E; &

L L O
P, E? e} tgd, E} €f

rne P, u P,; — yjienbHble MOIIHOCTH, BbIJIE-
JsieMble B MHJIOMaTepralax ¢ MeHbIIEH U
OoJIbIIIEN BIIAXKHOCTBIO;

E,n E, — HanpsHKeHHOCTh IEKTPUIECKOTO TIOJIS
B MWJIOMaTepHaiax ¢ MEHbIIEH U OonbIIei
BJIQXKHOCTBIO;

€5 1 €] — KOdPPUIMEHTH AUAIEKTPUYECKUX
MPOHUIIAEMOCTEH MEHEe BIAXHBIX U OoJee
BJIQKHBIX [THJIOMATEPUAIIOB;

tgd, U tgd, — TAHTEHCHI yIIIa TUAICKTPUICCKIX
MOTEPh MEHEE BIAKHBIX M 00JIce BIAKHBIX
MHJIOMaTEePHUAIOB;,

€5 1 €] — IUANIEKTPHYECKIE TIOTEPH MEHEE BIIaK-
HBIX ¥ 00JIee BIQKHBIX THIIOMATEPHAIIOB.

ViesbHast MOIITHOCTD, BBIICIISIEMasi B MaTepHale,

OIPEIEIIACTCS BHIPAKCHUCM:

P,= U0 Ctgs, 2)

rne U — HanpsixeHue, B;
® — YIJI0Bas 9acToOTa;
C — eMKOCTh pabouero KoHeHcaTopa,

_ee’S
d

HepaBHOMepHOCTH HarpeBa MOXKET BOSHUKATh HE
TOJBKO TIO MIMPWHE, HO U TI0 JUIMHE KOHAEHcaTopa
M3-3a XapakTepa pacpoCTpaHEHHS DTIEKTPOMAarHHT-
HOW BOJHBI. B01h KOHIGHCATOPHBIX TUIACTHH pac-
MIPOCTpaHEeHNE AEKTPOMATHUTHOM BOJHEI B +/€” pa3
OosbInie, yeM B muitoMarepuanax. [loatomy anekrpo-
MarHuTHasi BOJTHA, TOWIS 10 KOHIa mTabes, oTpa-
JKAeTCsl W HAIpaBJISeTCs HaBCTPEUy CIEAYoIIei
BostHE. B pesynbrare 00pa3yroTcs cTosare BOJTHBI U
BO3HHUKAIOT ITyYHOCTH ¥ Y3JIbI HANPSOKEHUS U TOKA.
MaxkcuMyM BBIJICIICHHUS TEIUTa MPOUCXOANT B ITyYHO-
cTsix. YToOBI HarpeB ObLT O0JIee paBHOMEPHBIM, pac-
CTOSIHHE OT TOYKH MIPUCOETMHEHUS (huepa 10 KOHIa
mralenst MUIOMaTepPHaIoB He JIOJDKHA TIPEBHIIIATh
10 % nnuHbl BosHbL. JlomycTumasi JIMHA KOHJICHCa-
Topa L, onpenensiercs BeipaxkeHueM [10]

Cc

, . 3)
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I a-107
Make — . [0 (4)
fe
rae a — ko3¢ GUIMeHT, paBHbId 3; 4; 6 B 3aBU-
CUMOCTH OT HCPAaBHOMCPHOCTH HAIIPSKCHUA
BIIOJIb KOHJIEHCaTopa, Yo — 5; 10; 25;

f— uacrora Toka, ['1I.

Ha puc. 1 nokazana 3aBUCUMOCTh MaKCUMaJIbHOM
JJIMHBI KOHI[eHcaTOpHOﬁ IJIAaCTUHBI IIPU IMOAKIIIOYEC-
HuM BU-reHeparopa Kk ceperHe KOHIEHCATOPHOU
IUTACTUHBL. B cpenHeBOTHOBOM JMana3oHe 4acToT
CTOAYMEC BOJIHBI HE OKA3bIBAIOT 3aMETHOI'O BIIMAHMUAA,
HO B BBICOKOYACTOTHOM JIalia30He JUTUHY KOHJICHCa-
TOpa U JJINHY BOJHBI HEOOXOIMMO yBS3aTh. ITO Ka-
caercst yacTot Beiie 4 - 10° ', YToObl yMEHBIIUTE
HEPABHOMEPHOCTH HAITPAXKECHHOCTH SJICKTPOMAarHuT-
HOTO TIOJISl BJIOJTb KOHJICHCATOPA, BBICOKOYACTOTHBIN
TeHEepaTop MOJKIIIOYAIOT B HECKOIBKUX OTIpeleIICH-
HBIX TOYKax K KOHJIEHCATOPY (TIEPBBIHA CIIOC00).

Lmax, M
14 -
12
10

0 5 10 15 20 £, Mru

Puc. 1. 3aBucMMOCTh MaKCUMaJIbHON JJTMHBI KOHIEHCATOPHOU
IUIACTUHBI OT YaCTOThI TOKa ITPHU HEPABHOMEPHOCTH pac-
Hpe/IeNIeHNs HAMPSDKEHHOCTH TTOJISL BAOJb KOH/IGHCAaTopa
He Boime 10 %

Fig. 1. Dependence of the maximum length of the capacitor
plate, for, the non-uniformity of the distribution of the
field strength along the capacitor is not higher than 10 %,
on the frequency of the current

Bropoii crioco® ymeHbIIeHUs] HepaBHOMEPHOCTH
Harpesa MWJIOMAaTepHaIoB OCHOBAH Ha MOAKIIOUEHUN
PEryJIMpyeMbIX HHIYKTUBHOCTEH, KOTOPBIE HACTPanBa-
FOTCSI B PE30HAHC C HAarpy3Koi. B kauecTBe nepeMeHHbIX
HMHIYKTUBHOCTEH MOT'YT MCIOJIb30BaThCsl IEPEMEHHbIE
BapHaToOphl, yCTaHABIMBAEMbIE B MECTE ITO/IBOJIA BBICO-
kot yactotsl (BY) ot rereparopa k konaeHcaropy. [1o
Mepe YBEIMUYEHHS PACCTOSHUS OT TOUKH ITOABO/A K KOH-
nexcaropy BU HanpsbkeHHe M3MEHSeTCs, UTO yXy/IIaeT
XapaKTepUCTHKH Mporpesa Marepuaia. [loatomy ot
KOJIMYECTBA MECT ITOIBOJA EKTPOMarHUTHON 3HEPTUH
K KOHJCHCATOPy 3aBHCUT PaBHOMEPHOCTb XapaKTepu-
CTHK IIOJISI U Ka4eCTBO CYIIKU APEBECUHBI. TernoBoi
SHEPIUH B MaTepHaje BHIIEISACTCS TeM OOJbIle, YeM
BBIIIE HAIPSDKEHHOCTD 3JIEKTPOMATrHUTHOTO TIOJIS.

YacToTbl, pa3perieHHble A7l IPUMEHEHHUS B IPO-
MBIIUIEHHOCTH, Ha KOTOPBIX 3((HEKTUBHO MOXKHO

CyIIUTh mrutoMarepuansl: 1,76; 5,28 u 13,56 MI 1.
XoTs BeIIIENISIeMasi B MaTepualie YHePrus POMOPIIU-
OHAaJIbHA YaCTOTE MOJIs, B KOHCTPYKIIMU CYIIUIBHBIX
YCTaHOBOK CJIE/IyeT YUMTHIBATh 3aTyXaHHE MOJIS Ha
IJIacTHHAX KoHjeHcaropa. C yuyeToM J0myCTUMOMR
HEPAaBHOMEPHOCTH B JAPEBECHUHE TEMIIEPaTypPHOTO
TOJIS1 UBMEHEHUS XapaKTePUCTHK 3JICKTPOMArHUTHO-
IO TIOJIS BAOJTb KOHJIEHCATOPA HE TOJDKHBI MPEBBIIIATh
10 %. Torpa s yactothl 1,76 MI't MakcuMaabHas
JUIMHA TUIACTHH, pacCUUTaHHas 1o ¢popmyse (4), co-
ctaBngeT 6,5 M. [loaToMy B KOHJIEHCATOpE, paccyu-
TaHHOM I10 JUIMHE Ha OJIUH ITa0eb, TOUKa IMOIBOJIA
BBICOKOW Y4aCTOThI MOYKET pacroiararbCs B JIFOOOM
mecre. [ gacrotel 5,28 MI ' MakcuManbHast AjTiHa
IUTACTHHBI cocTaBiseT 2,7 M. Jlns mogBoma sHEp-
UM K KOHJICHCATOPY MPOTSHKEHHOCTHIO 6 M MOYKHO
HCIIOJIb30BaTh OJIHY IEHTPAJIbHYIO TOUKY. B MecTe
OJIBO/Ia SHEPTHHU CIICIYET YyCTAHOBUTH IEPEMEHHYIO
WHIYKTUBHOCTH JIUOO MOAKIIIOYUTH KOHJEHCATOp B
JBYX Toukax. [Ipu 3TOM paccTOssHUE OT TOYKHU ITOJI-
KJTFOUEHUS JI0 KOHIIA AJIEKTPO/Ia IOJHKHO OBITh PABHO
OJTHOM YETBEPTH JUIMHBI IUTACTUHBI KOHACHCATOPA, a
PACCTOSIHHE MEXIy TOYKAMH MOIKIIOUEHUS — I10-
JIOBMHE JJIMHBI IUIACTHUHBI KOHACHCATOpa. BapuaHT
JIBYXTOUEYHOI'0 MOAKJIFOYCHHS KOHACHCATOpa MpH-
BEJICH Ha puc. 2.

j

<g-t-2--

L/4 L2 L/A

<o

I\ s
¢ ¢

N

Puc. 2. [lonknrouenue BY — rerepartopa k pabouemy KOHAEHCa-
TOpY JUIMHON 6 M B ABYX To4kax [1]

Fig. 2. Connecting the RF generator to a working capacitor 6 m
long at two points [1]

ITpu ucrionp30BaHuK 4acToThI 13,56 M1, a tMeH-
HO TakoBa yactora BU-reHepaTtopoB, BbIITyCKaeMbIX
JI3BY BHUMTBY (BUI'60/13), momycTumast [ymiHa
IJIAaCTHHBI KOHACHCATOpa cocTaBisieT Bcero 0,85 M.
Konzaencarop Hato mOAKIIOYATh B TpeX Toukax. [Tpu-
YeM pPACCTOSHHUE OT KPAHUX TOYEK MOMKITIOYEHUS
JI0 KOHITA 3JIEKTPOJa TOJDKHO COCTABIATH 1/6 miH-
HBI JIEKTPOJIA, & MEXITY TOYKAMHU MOJKITFOUEHIS —
1/3 mwHBI AIEKTPOoIa, ¥ B 3THX TOUKAX CIISTYET IO/~
KITIOYaTh NepeMEHHBIE MHITyKTUBHOCTH JIJIsI HACTPOMA-
KM B pE30HAHC C HAarpy3koil. TpexanekTpoaHas cxema
MTOJKITIOUEHNS KOHeHCAaTopa IIpHUBEeIeHa Ha puc. 3.
IleHTpanbHbIN BRICOKOTIOTEHIIUAIBHBIA 3JIEKTPO.
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1 2

[O%)

dy

Puc. 3. TpexanexTpoausiii pabounii KOHIEHCATOP C BEpTHU-
KaJIbHBIMH 3JIEKTPOaMH: | — LEHTPabHBIN (BBICOKO-
MOTEHIMATBHBII) dIEKTPo.; 2 — OOKOBOM DIEKTPOI;
3 — nuinomaTtepuanbsl; 4 — MPOKIAAKUA TOJILIUHOMN
2,5 cM; 5 — Tenexka

Fig. 3. Three-electrode working capacitor with vertical electrodes:
1 — central (high—potential) electrode; 2 — lateral
clectrode; 3 — sawn timber; 4 — gaskets thickness
2,5 cm; 5 — trolley

KpEenmuTCs Ha TeJeKKe, IMMIIOMaTePHAITbI 10 ITHPUHE
mTalens yKIaIbBaloT K EHTPATFHOMY BBICOKOTIO-
TEHIIMAIBHOMY DJIEKTPOAY Ha MPOKIAIKaX TONIIH-
HO¥ 2,5 ¢cM. DTOT METOA 0COOCHHO paIrliOHAJICH JJIs
peanu3anuy BaKyyMHO-BBICOKOYACTOTHOM CYIIKH,
KOTJIa MaTepHall HAXOMUTCs B aBToKIIaBe. CepuitHble
MPOMBIIILJICHHbIE aBTOKJIABBI UMEIOT JJUAMETP OT 2,5
110 3,6 M, OHU XOPOIIO MOAXOJAT SISl BAKYYMHO-BBI-
COKOYACTOTHOM CyIIKH. TpexXaneKTpo/iHasi cucTeMa
KOHJIEHCATOpa MO3BOJISIET UMETh MaKCHUMaTbHBIN
00BeM 3arpykaeMoro mMarepuana. IJIeKTpudecKas
E€MKOCTh pabodero KOHJAeHCaTOpa ONpeIessIeTcs Mo
hopmyre

(n=1)(e;S, +£,5,)e,S

P an(dyel S+ d,e,S, +€,5d,)’

)

TJIe 77 — YHUCIIO IEKTPOIHBIX IIIACTHH;

€, — JUAIIEKTPUUYECKas TPOHUIIAEMOCTh BO3-
myxa;

€, — JIUAIIEKTpHYECKask IPOHUIAEMOCTD BBICY-
IIBA€MOM JIPEBECHHEI;

S — o01mast OJHOCTOPOHHSS TUIOMIA/H IEKTPOI-
HOM TITACTHHEI;

S, — TUTOIIA b TUTACTHUHBI, 3aHSTAasi TOPU30HTAITb-
HBIMH BO3yIITHBIMHU ITPOMEXYTKAMH MEXKTY
[HUIIOMaTeEpHAIaMH, CM?;

S, — IIOmaAb IIACTUHBI MIEKTPOAA, 3aHATAs
BBICYIIMBAEMBIMH ITHJIOMATEPHATIAMH, CM?;

d, — cyMMa BCeX BO3YIIHBIX IPOMEKYTKOB I10
BBICOTE IITA0EIS, CM;

d, — cyMMa TOJILHUH BCEX MUJIOMATEPHAIIOB 110

BBICOTC HITa66J'I$I, CM.

,21.]'[5[ ABTOKJIaBa CTAHAAPTHBIX Pa3MEpPOB, UCIIOJIb-
3y€MOT0 B KQYECTBE OTPakJICHNUI CYIIUIBHON ycTa-
HOBKH, B KOHJICHCATOp 3arpy’aroT JBa ITadens
mmpuHoi 60 cM 1 BeicoTOH 120 cMm. O6pe3HbIe T0CKH
YKJIaJIbIBAIOT Ha MPOKJIaAKaxX TOIIIUHON 2,5 cm 6e3
mnanuid. [llupruna u ToNMHA TOCOK HA €MKOCTh
KOHACHCATOpa NPaKTUYCCKHU HE BIUAIOT. PacueTsr
TIOKa3bIBAIOT, YTO EMKOCTh KOHJEHCcaTopa C, mpu
BrnaxkHocTtu 60 % cocraBnsger okoio 1500 nd u
camwkaercs 10 500 nd npu BrakHOCTH TOCOK 15 %.

BxonHoe comnpoTHBIICHHE ONpeeNsieTCs BhIpa-
JKECHHUEM

Xy =L =

+ol,, (6)

oty

rjae L' — WHIYKTUBHOE COTIPOTHBIICHHE (HIe-
pa, 1 mxI'H;
L, — WHAYKTHBHOCTH 3a3€MJISIONINX IIHH,
0,1 mxI'H.
B 3aBucuMocT OT BIaXKHOCTH MaTepraia BXOJTHOE
COTIPOTHBIICHHE COCTABIIAET OT 85 10 70 Om.
B xoH1Ie CymIKu ciieyeT CHIDKaTh HampshKeHue,
9TOOBI pEaKTUBHBIN TOK HE MpeBhITa 250 A.

BbiBOAbI

IIpu BBICOKOYACTOTHOM CyIIKE MUIOMAaTEpHaioB
JIOTyCTUMAs HEPaBHOMEPHOCTh HANPSKEHHOCTH JIEK-
TPOMAarHUTHOTO TIOJNISl HE JOJDKHA TpeBbImarh 10 %.
HanpskeHHOCTD 2IeKTPOMarHUTHOTO TTOJIs YObIBaeT
10 Mepe yAaJieHns TUIACTHHBI KOHZEHCATopa OT BBO-
THOTO (repa. 3aTyXaHne BEICOKOIACTOTHON SHEPTHH
YBEITUYMBAETCS C YBEIMYEHUEM YaCTOTHI TOKA.

JJ1 IPOMBIIIUTEHHBIX 9aCTOT PACCTOSHUS MEXKITY
MIPUCOETNHUTEIBHBIMHU AJIEKTpogamMu (uaepa He
JIOJDKHBI IPEBBIIIATH: JIs 4acToThI 1,76 MI'i— 6,5 M;
5,28 MI'm— 2,7 m; st wactothl 13,56 I'm— 0,85 M.
B ycranoBkax ¢ reHepaTtopom Toka yactoTtou 13,56 '
ClIelyeT MPUMEHSITh TPeXIIaCTUHYATHIA KOH/IEHCa-
TOP, MOJIKJIFOYAEMBbIN B Tpex Toukax. [Ipu 3Tom B Ka-
YECTBE OIPXKICHUHN CYIIUIBHON YCTAHOBKHA MOXKHO
WCIIOJIb30BaTh aBTOKJIAB.

Paboma svinonnena npu (punancogoii noddepoicke
Munucmepcmea obpasosanus u nayxku Poccutickoti
Dedepayuu, npoexm Ne 37.8809.2017/b4.
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FEATURES HIGH-FREQUENCY DRYING LUMBER

V.P. Galkin!, A.A. Goriaev?, N.B. Balantseva?, O.A. Kalinicheva?, A.A. Kalinina'

' BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
2 Northern (Arctic) Federal University, Severnaya Dvina Emb. 17, Arkhangelsk, Russia; 163002

vgalkin@mgul.ac.ru

Considered the process of balancing the electromagnetic field along the capacitor with long-length lumber drying during
high frequency. Different ways of reducing the uneven of heating of lumber in a different region of the electromagnetic
field frequency are given. It is shown that in the medium frequency range standing waves do not exert significant
influence on the distribution of the field along the capacitor. In the high-frequency range of 5...15 MHz condenser
length and the current frequency should be linked. Is offered two ways. The first — the connection HF-generator in
two-three points along the length of the capacitor. Second — connect adjustable inductances at the points of connection
HF-generator. To reduce the non-uniformity heating of stacks over the cross section is considered three electrode capacitor.
Keywords: high-frequency drying, the uneven heating, current frequency, capacitor, standing waves, voltage antinodes

Suggested citation: Galkin V.P., Goryaev A.A., Balantseva N.B., Kalinicheva O.A., Kalinina A.A. Osobennosti
vysokochastotnoy sushki pilomaterialov [Features high-frequency drying lumber]. Lesnoy vestnik / Forestry
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B/IUSSHUE NOBEPXHOCTHOM BJIAXKHOCTU HA BJIATOOBMEH
NMPU HU3KOTEMIMEPATYPHOU CYLLKE O PEBECUHDI

H.B. Ckyparos
MI'TY um. H.D. Baymana (Mbituinsckuii punuan), 141005, MockoBckast 001acTb, . Mbrtuiy, yi. 1-s MHctutyTekas, 1. 1
skuratov@mgul.ac.ru

B nporiecce HU3KOTEMITEpaTyPHOIl CYIIKH MepeMeleHHe BObI H3HYTPH K MOBEPXHOCTH JPEBECHUHBI IPOUCXOIUT
IJIaBHBIM 00pa3oM IOA JISWCTBHEM IpaJUeHTa BIAXXHOCTH. MIHTEHCHBHOCTD yNAJICHUS BJIATH U3 MOBEPXHOCTHBIX
CIIOCB JIPEBECHHBI ONPECIIACTCS YCIOBUAMHU €€ B3aUMOICIHCTBHUS C CYLIMIBHBIM areHToM. IIpH CyIiKe Hen30eKHO
BO3HHMKAeT M3MEHEHUE PAa3MEPOB, BHEIIHETO BU/a M B3aHMHOTO PACIIOJIOKESHHUSI aHATOMUYECKUX JIEMEHTOB JIpeBe-
CHHBI. MHOTOUHNCIIEHHEIE UCCIIEI0BAHNS, B KOTOPBIX OBLTH HCIIOJIb30BAHBI COBPEMEHHBIE METOIBI KOMIIBIOTEPHON
TOMOrpadMu U PEHTTEHOCKOINH, TTOKA3aJI1, YTO HAaHOOJIbIIHE U3MEHEHHS TIPU CYIIKE IPOMCXOAAT B IIOBEPXHOCT-
HBIX CJIOSIX JIPEBECHHBI, HEITOCPEACTBEHHOW KOHTAKTUPYIOIIHMX C CYLIMIBHBIM areHToM. [Ipu MexaHudeckoii oopa-
0O0TKe peBECHHBI 3HAYNTENNbHAS YaCTh KJIETOK Ha TOBEPXHOCTH B Pa3IMYHON CTEIeHH MoBpexaaeTcs. B mponecce
CYILIKH JPEBECHHBI KaK IEJble, TaK M MOBPEXKICHHBIC HAPYXKHBIC KICTKU Onarofaps ycyuike nedopMHpyIOTCs.
JlnameTpsl MUKPOKAIUIUIIPOB B UX CTEHKAX MOCTEIEHHO yMeHbIIaoTcss. COOTBETCTBEHHO, COKPALIASTCS CyMMap-
Hasl TIOIA /(b MEHUCKOB KallMJIIIPOB, C KOTOPBIX UCTIApsIeTCsI BOJA. DTO, B CBOIO OUepe/ib, IPUBOIUT K N3MEHEHHIO
XapakTepa BiaroooOMeHa. B paboTe mokazaHo, 4YTO HHTEHCHBHOCTB BJIArooOMeHa 3aBHCHT HE TOJIBKO OT Iapame-
TPOB BO3/yXa, HO U OT XapaKTEPUCTUK (PU3NUSCKUX CBOMCTB JPEBECHHBI: 0a3MCHOM IUIOTHOCTH U KO3 duumenTa
o0beMHOIT ycymky. [IpuBeneHs! 3aBHCHMOCTH OTHOCUTEIBHOH IO i HCIIapEHHs ¢ TOBEPXHOCTH APEBECHHBI
COCHBI 1 Iy0a OT BIaXHOCTH. [Tosry4eHHbIe TaHHbIe OyTyT HCIIOIb30BaHbI PH HAXOXKCHHH KO3(DUIINEHTOB BIla-
rooOMeHa IpH HU3KOTEMIIEPaTypPHOU CYIIKEe JPEBECUHBI PA3INYHBIX TOPO.

KoroueBble c10Ba: cyIika ApeBeCHHBI, BITar0OOMEH, HOBEPXHOCTHAS BIAKHOCTH, 0a3HCHAs INIOTHOCTD JIPEBECHHEI

Ccpuiaka st nutupoBanusi: Ckypator H.B. BiusHue moBepXHOCTHOM BIaXHOCTH Ha BJIarooOMEH MPU HU3KO-

TeMITepaTypHOU cyike apeBecusl // JlecHoit BectHuk / Forestry Bulletin, 2017. T. 21. Ne 4. C. 78-82.

DOI: 10.18698/2542-1468-2017-4-78-82

Knaccnqecxas{ KOHBEKTHBHAS CyIIIKa TPOXOANT B
ropsiueM BO3J1yXe, KOTOPBIH, C OIHOW, CTOPOHHBI,
HarpeBaeT JIPeBECHHY, a C Pyroi — TOMIOMIAeT HC-
napsieMyIo U3 Hee Bofy. llpn HU3KOTEMIIEpaTYpHOM
TIpoIiecce MmepeMerIeHue BOAbI M3HYTPH K TOBEPXHO-
CTH PEBECHUHBI TPOUCXOANT TIIABHBIM 00pa3oM 10
JIEHCTBUEM IPaIMCHTA BIAXKHOCTU. IHTEHCUBHOCTH
poliecca BHYTPEHHETO BIIaroriepeHoca XapakTepu-
3yeTcst Kod(PPUITUEHTOM BIaronpoBOIHOCTH, KOTO-
PBIii 3aBUCHT OT HallPaBJICHHS IIOTOKA, TEMITEPATYPHI,
IDIOTHOCTH, a TAK)KE OT BIQKHOCTH IPEBECHHBI [ 1, 2].
CKopOCTh yaieHus BIard U3 IIOBEPXHOCTHBIX CIIOEB
JIPEBECHHBI OTIPEIEIISETCSI XapaKTepOM ee B3arMO-
JEHCTBHS C CYIIMIIBHBIM areHTOM.

B pesynbrare cymku pazMepsl MOIEepeyHoro ce-
YeHUs MUJIOMATePHaNIoB 3aMETHO yMEHBIIAIOTCH,
B TO )K€ BpeMsI TOTPEONUTEIhCKUE CBOMCTBA JpeBe-
CHHBI KaK MaTepHhaia CyleCTBeHHO yITy4IIaroTCs.
B HekoTOphIX citydasx u3-3a Ype3MEepHO JTHTEIh-
HOTO HAaXOXIEHUS B TOPSIYEM BO3IyXe APEeBECHHA
MOYKET TIOTEMHETh U JJaKe CHU3UTH CBOIO IIPOYHOCTh
" 37acTUIHOCTD [3]. Hanmbonpmme n3MeHeHHS B
Tpoliecce CyIIKH IPeBECHHBI HAOMIOMAIOTCS Ha ee
MTOBEPXHOCTH, MIOCKOIBKY BIKHOCTH TTOBEPXHOCTH
CHIKaeTcs Hamboiee ObIcTpo. Llenpio manHOM pa-
OOTHI SBISAETCS WCCIIEOBAHNE BIMSIHHUS BEITMYNHBI
MTOBEPXHOCTHOH BIQYKHOCTH JIPEBECHHBI Ha XapaKTep
BIIarooOMeHa Py HU3KOTEMIIepaTypHOH CyIITKe.

MaTtepuanbl U MeTOAbI

BzanMonelicTBre npeBeCUHBI C IUPKYIUPYIOIIIM
B CYLIMJILHOW Kamepe BO3/yXOM SIBJIIETCS BaKHOU
4acThIO CYIITMIIBHOTO TIpoIecca W KOTopast BO MHO-
TOM ONpeeNsieT XapakTep ero nporekanus. [Ipu
MOJIEIMPOBAaHUH TIpOllecca KOHBEKTUBHOW CYIIIKH
B Ka4eCTBE YCIOBUH, OMUCHIBAIOMINX 3TO B3aHMO-
nercTBUe, B OONBIIMHCTBE CIy4aeB HCTOIb3YIOT
rpaHn4HbIe ycioBus 3-ro poaa [4]. B coorBeTcTBHI
C OIHMCHIBAIOIINM 3TH yCIIOBHUS YpaBHEHHEM IUIOT-
HOCTB TIOTOKA BOJIBI, NCHIAPSIOICHCS C TTOBEPXHOCTH
COXHYIIEH IPEeBECHHBI, TPOTIOPIIMOHATBHA PA3HOCTH
MEXAY IMOBEPXHOCTHOW U PAaBHOBECHOW BIJIAXKHO-
cThio. KoaddummuerToM mpomopnuoHaIbHOCTH B
9TOM YpaBHEHUH ABISIETCS KOd(PPUIIUEHT BiIaro-
MIPOBOTHOCTH:

q= Ocup6(unos - up)a (1)

I7ie ¢ — IUIOTHOCTH IOTOKA yAalsieMO# ¢ 1o-
BEPXHOCTH BOJIbI;

0, — K03 (HUIUEHT BIarooOMeHa, OTHECEHHBIH
K Pa3HOCTH BJI@YKHOCTH Ha TIOBEPXHOCTH Uy,
¥ PABHOBECHOM BIAKHOCTH Uy;

Ps — 0a3nCHas IUIOTHOCTH JIPEBECUHBI.

W3 3TOT0 paBeHCTBAa MOYKHO BBIYUCIUTE KOA(HH-
IIEHT BJIarooOMeHa, €CJIU TPH MPOBEICHHS YKCIIEPH-
MEHTAJIBHOH CYIIIKU BECOBBIM CIIOCOOOM OIIPEIeIISITh
IUIOTHOCTH IOTOKA BJIATH, YIAISIeMOil ¢ OOKOBBIX
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MOBEPXHOCTEH ONBITHOTO 00pasiia,  U3MepsTh I0-
BEPXHOCTHYIO BIIQXKHOCTH [5, 6].

[ImoTHOCTH TOTOKA BJIArd ¢ OMpEnesieTcs Kak
KOJIMYECTBO BOJIBI, YJIAISIEMOE B €IMHUILY BPEMEHHU
C CIMHUYHON MOBEPXHOCTH 0Opasna. [lpu cHmke-
HUU BIQXXHOCTHU CTPYKTYpPa JPEBECHUHBI BCIESICTBUE
YCYIIKA U BO3/IEHCTBUS TOPSIUETO BO3/TyXa, B OTIINIHE
OT MHOTHX KalMJUIAPHO-TIOPUCTHIX TEJ, CyIIeCTBEH-
HO u3MeHseTcs. B pesynprare cymkn Hen30exKHO
HCKa)KAIOTCS pa3Mepbl, BHEITHUI BUJI U B3aMHOE
pacnooKeHHe aHATOMHYECKHX 3JIEMEHTOB JpeBe-
cuHbl. TakuM 00pa3oM, BoJa MpH CYIIKE YAASeTCs
C MMOBEPXHOCTH JIPEBECHHBI, COCTOSHNE KOTOPOH (a
CJIeI0BaTEIbHO, U XaPAaKTEPUCTHKHU) HETPEPHIBHO
W3MEHSEeTCSI.

Ha puc. 1 mokazan oguH M TOT k€ Yy4acTOK IO-
BEPXHOCTH 00pasiia 13 JPEeBECHHBI Ty0a TONIIHHON
2 MM ¥ MUAPUHONA 50 MM JI0 ¥ TIOCTIC CYIIKH IPH

KOMHATHO# Temrieparype. Kak BUIHO U3 pUCYHKa,
B pe3yJbTaTe CYIIKHA TEKCTypa IPEBECHHBI 3aMETHO
n3MeHmIach. OUeBUIHO, YTO MOAOOHEIEC U3MEHEHUS
MMEIOT MECTO MPH CYIIKE JIFOOBIX MHIOMATEPHAIIOB.

Pe3yJII)TaTI)I HCcCiIeaJ0BaHUA KMHCTUKH U JJUHAa-
MUKHU CYIIKHU C IMOMOMIBIO CaMbIX COBPCMCHHBIX
METOJIOB, HallpUMep KOMIIBIOTEPHON TOMOTpaduH,
TAaK)KXE Jar0T OCHOBaHUs IojiaraTb, 4YTO B APEBECH-
HE, 0COOCHHO B €€ MOBEPXHOCTHBIX CJIOSX B XOJIE
npoiiecca MPOUCXOIST CYIIECTBEHHBIC U3MCHEHHSI.
B pabote [7] ¢ mOMOIIBIO KOMITBIOTEPHOTO TOMO-
rpada moyueHbl KPUBBIC PaCIpeICiCH s BIaXKHO-
CTH TI0 TOJIITHE COCHOBOTO 00pa3iia Ha pa3IMYHbIX
3Tanax ero HU3KOTeMIeparypHoil cyku. Beicokas
paspeliaroias CiocoOHOCTh TPUOOPA J1aa BO3MOXK-
HOCTb ONPEJIEIUTH BIAXKHOCTD B CJIOSIX TOJIIIUHOM JI0
13 MM (puc. 2). Pesynbrarel 00pabOTKH 3THX KpH-

BbIX, IPUBEACHHBIC HA OTOM KC PUCYHKE, ITO3BOJIAIOT

Puc. 1. Baennmii Buj o6pasia u3 ApeBecHHsI J{yda 110 (ciieBa) U rnocie (Crpasa) CyIIKH
Fig. 1. Appearance of a sample from oak wood to (left) and after (right) drying
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Puc. 2. Pacnipenenienne BIaXHOCTH MO TOJNIIMHE COCHOBOTO 00pa3iia MpH HU3KOTEMIIepaTypHOU CyIIKe (ClieBa), KpUBBIC H3MECHEHHUS
BIIQ)KHOCTH Ha pa3iIMYHON MIyOuHEe M MuKpodoTorpadus moBepxHocTu obpasia (crpasa)

Fig. 2. The distribution of moisture over the thickness of a pine sample at low-temperature drying (left), curves of changes in humidity
at various depths and a micrograph of its surface (right)
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BnnsHne noBepxHocTei...

3aKJIIOYHTh, YTO HEECTECTBEHHOE U3MEHEHHE BIIaXK-
HOCTH TIOBEPXHOCTHOTO CJIOSl MOTYT OBITh CBSI3aHbI
TOJIBKO C MCKAKEHNUEM CTPYKTYpHI 3ToTo cios. [loz-
TBEPIKJCHHE ITOTO MPEUIOKEHHUS MOYKHO BUJIETh Ha
Mukpodororpaduu (cMm. puc. 2, cripasa). HapyxHbie
KJIETKH, IOCTENICHHO BBICHIXas, JIe(OPMHUPYIOTCS, KaK
MIPaBUJI0, HEPABHOMEPHO, YTO ¥ IPUBONT K U3MEHE-
HUSIM B CTPYKTYpE TIOBEPXHOCTHBIX CIIOEB 00pa3IoB
npeBecunsl [8]. [IpuMepHO TO ke camMoe MMPOUCXOIUT
B MOBEPXHOCTHBIX CIIOSIX MHJIOMaTepUalioB U 3a-
TOTOBOK, KOTOpbIE MPEABAPUTEIHHO MOJBEPrajach
3HAYUTEIBHBIM MEXaHHUECKUM BO3JICUCTBHSIM B TIPO-
LIECCe PaCIIMIIOBKH, ITPH WX CYIITKE B IPOMBIIIICHHBIX
CYIIMJIBHBIX Kamepax. Jlaxke mpu HeOObIIIOM yBEIH-
YEHWH Ha MPOJIONIBHBIX cpe3ax JIrodoro odpasia u3
JPEBECUHBI XOPOIIIO BUIHO, YTO €r0 TIOBEPXHOCTHBIE
CJIOM COCTOST KaK U3 LEJBIX, TaK M TTOBPEKICHHBIX
B Pa3JIMYHON CTEIECHU KJIETOK.

HpeBecuna sBiseTcs KamWUISIPHO-TIOPUCTHIM
TEJIOM, TIOPHCTOCTh KOTOPOTO XapaKTepHU3yeTcs OT-
HOCHUTEIHHBIM 00BEMOM ITyCTOT MPH HYJIEBOH BIaXK-
HOCTH. /{711 OTE€4eCTBEHHBIX MOPOJ €€ BETMYMHA
ronebnercs B mpenenax 40...77 % [9]. B nporecce
CYIIKH JIpeBECHHBI BOJIA B BUJIE KHUIKOCTH U T1apa Iie-
pemernaeTcs Mo KanmuisipaM U3 BHYTPEHHUX CIIOEB
K TIOBEPXHOCTH, C KOTOPOH yIajseTcsl B pe3yabrare
BraroooMena. KonmnuecTBo u pa3mepbl KamuuISIpOB
B IpEBECHHE TAHHOH MOPOBI 3aBUCSAT OT €€ IIIOTHO-
ctu. Ha puc. 3 B kauecTBe nmprMepa MprBeIeHbI 3aBU-
CUMOCTH OTHOCHUTEIHFHOTO 00beMa op (KarmuIIpOB)
OT UX JMaMEeTPOB B PEBECHHE TOMOJS C HU3KOH H
BBICOKOH TUIOTHOCTHIO [ 10]. U3 rpaduka BUIHO, UYTO
YeM IUIOTHEE JIPEBECHHA, TEM MEHBIIIE THaMEeTPhI e
KanmuiapoB. Ha 0CHOBaHWHM 3TOTO MOXKHO 3aKJIIO-
YHUTb, YTO IJIOTHOCTH JPEBECHHBI IOJKHA BIUATH HA
XapakTep BIarooOMeHa IpH CyIIKe.
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Puc. 3. Pacripenenenue nop 1o guaMeTpam B IpeBECHHE TOTIONS
C HU3KOH U BBICOKOH IJIOTHOCTBIO

Fig. 3. Pore distribution by diameter in poplar wood with low
and high density

Pe3ynbTaTbl M 06CyXaeHME

[To aHasoruu ¢ TEMI00OMEHOM MHTEHCHUBHOCTD
BJIar0OOMEHA MPUHATO OINPEACIATh 110 OTHOIIIE-
HUIO KO BCEH IJIOIAMH MOBEPXHOCTH COXHYIIETO
Marepuaja. B peaqbHOCTH MCHapeHHE BOABI MIPU
CYHIKE MPOUCXOAUT TOJIBKO C MEHHNCKOB KalluJLJIsA-
POB, BBIXOAAHIUX HAa INOBEPXHOCTH APCBECHUHBI. Nx
OTHOCHTEIIbHASI CyMMapHas Iuiomajs S, Koropas
CYIICCTBEHHO MEHBIIIE TUIOIIAM TOBEPXHOCTH COX-
HYIIEro MaTepuaia, MOXeT ObITh pacCYMTaHa 110
cremyromieit popmyse:

0,001u,,,p5

Sk = ,
1- KB (uH.H - ul‘[OB)

2

rae Ky — kospdunuent 00beMHON yCyIIKH
JPEBECHUHBI,
Uy, — TIPEJIel HACBIIICHUS KIIETOYHBIX CTEHOK.
Kpussie Ha puc. 4, moctpoeHHsIe 1o hopmyiie (2),
WLTIOCTPUPYIOT BIMSHUE BIAXKHOCTH Ha BEIUYNHY
PpeanbHOM IUTOMIA/M KCIIAPESHUS TIPH CYIIKE IPEBECH-
HBI COCHBI 1 y0a. OKa3aaock, 9TO MPH BIAKHOCTH,
PaBHOMH MpeieTy HACHIIECHHS KJIETOUHBIX CTEHOK, IS
JPEeBECHHBI Ay0a 3Ta IIomans cocrasisier 17,2 %
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Puc. 4. 3aBUCUMOCTh OTHOCHUTENIFHOH IIJIOIAN UCIIAPEHUS C
HOBEPXHOCTHU JPEBECUHBI COCHBI ¥ y0a OT BIa)KHOCTH

Fig. 4. Dependence of the relative area of evaporation from the
surface of pine and oak wood from humidity

OT IUIOIIAAH MOBEPXHOCTH TOCKU HJIM 3arOTOBKHU,
JUIsL IpeBeCUHbI COCHBI — 12,6 %. OueBUIIHO, YTO
CHIKEHHE TTOBEPXHOCTHOM BIIa)KHOCTH BEIET K
YMEHBLICHHIO 3TOH IJIOIAAH U, KaK CIEACTBUE, K 13-
MEHEHUIO XapakTepa BIaroooOMeHa. 3Hast 0a3uCHYyIO
IJIOTHOCTH U KOY(PPUIIUEHTH 00bEMHOHN YCYIIKH,
HECJIOXKHO MOJYYNUTh aHAJIOTMYHBIE 3aBUCUMOCTH
JUIsL IPEBECUHBI IPYTUX MOPOI.
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BnnsiHve NOBepXHOCTEN...

UHHOBaLMOHHbIE 3KOJIOrMYECKU YUCTbIe TEXHOJIOTMUM...

BbiBOA,bI

[NomyueHHbIe pe3yabTaThl MO3BOJISIOT 3aKITFOYHTh,
YTO TP OITMCAHWH BIAr00OMeHa B TIPOIIECCE HU3KO-
TEMIIEPaTYPHOU CYIIKH HEOOXOIMMO YUUTHIBATH HE
TOJIBKO TIApaMeTpPhI CYIIMIIBHOTO areHTa, HO M TIOKa-
3aTeny QU3MIECKUX CBOMCTB IPEBECHHBI: 0a3HCHYIO
IUIOTHOCTh U KO3 duineHT o0beMHoN ycymku. B
JaJIbHEHIIIeM HOBBIC JIAHHBIE Oy/IyT MCIIOIB30BaHBI
TP HAXOXKIEHUH KOA((HUITUSHTOB BlIaroooMeHa mpu
HU3KOTEMIIEPaTYPHOU CYIIIKE IPEBECHHBI Pa3INUHBIX
HIOPOI.
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MHHOBaLMOHHbIE DKOIOFrMYECKU YUCTbIE TEXHOJIOTUM... BnunaHwue ﬁOBerHOCTeVI...

EFFECT OF SURFACE MOISTURE CONTENT ON EXTERNAL MASS
EXCHANGE AT LOW-TEMPERATURE WOOD DRYING

N.V. Skuratov
BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
skuratov@mgul.ac.ru

At the process of low-temperature drying, water movement from the inside to the wood surface occurs mainly
At the process of low-temperature drying, water movement from the inside to the wood surface occurs mainly
under action of moisture gradient. The intensity of moisture removal from wood surface layers is determined by
the conditions of its interaction with the drying agent. When drying the change in sizes, appearance and relative
location of wood anatomical elements occur. Numerous studies in which modern methods of computed tomography
and fluoroscopy have been used have shown that the greatest changes at drying occur in wood surface layers that
are in direct contact with the drying agent. When mechanical treatment of wood occurs, a significant portion of
surface cells are damaged in various degrees. During wood drying process both whole and damaged outer cells
are deformed due to shrinkage. Diameters of microcapillaries in their walls gradually decrease. Accordingly, the
total area of the capillary menisci from which water evaporates is reduced. In turn this leads to the change in the
conditions of moisture exchange. In this paper it is shown that the intensity of moisture exchange depends not
only on the air parameters, but also on the physical properties of wood: the basis density and the volume shrinkage
coefficient. Dependences of the relative area of evaporation from the surface of pine and oak wood on moisture
content are given. The obtained data will be used when determining the moisture exchange coefficients for low-
temperature drying of wood of different species.

Keywords: wood drying, moisture exchange, surface moisture content, wood basis density
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sushke drevesiny [Effect of surface moisture content on external mass exchange at low-temperature wood drying].
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KoMno3nuOoHHbIe MaTepuasbl U3 OTXOA0B...

UHHOBaLMOHHbIE 3KOJIOrMYECKU YUCTbIe TEXHOJIOTMUM...

YK 678.01 DOI: 10.18698/2542-1468-2017-4-83-88

KOMMNO3ULUNOHHDbIE MATEPUAJIbI U3 OTXO40B
METAJINTUSUPOBAHHOU BYMATU HA TEPMONNACTUYHOM
CBA3YHOLIEM

A.IO. I'pankun, A.H. 3apyouna, A.C. Capunkuii, A.A. IlleBasikoB
MI'TY um. H.D. Baymana (Mbituinsackuit punuan), 141005, MockoBckast 001acTb, . Mbrtuy, yiu. 1-s MHctutyTekas, 1. 1
grankin@mgul.ac.ru

OTXO/IbI SABJISAIOTCS JCIIEBBIM CHIPHEBBIM PECYPCOM M MTO3BOJIIOT MCIONB30BATh UX IOBTOPHO B OCHOBHOM IPOU3-
BOJICTBE MJIM B IIPOU3BOACTBE M0O0YHON mpoxykuuu. C yBeIndeHHEeM 00beMOB IPOU3BOJICTBA METAJUTM3HPOBAH-
HOM OyMaru mosiBHJICS HOBBIH crienuryecknii Bua OyMakHBIX OTXOJ0B — OTXOJbI METAIIM3UPOBAHHON OyMarm.
B HacTos1ei cTaTtbe MpUBEICHBI pe3yabTaThl HCCASIOBAHHS MO TOJIYYSHUIO TUNTUTHBIX MaTepUasioB ¢ UCIIOIb30Ba-
HHUEM OTXOJIOB IIPOM3BO/ICTBA OyMary, MeTaJUIN3UPOBAHHON aTIOMIHUEM, KaK HAallOJHUTEISI H OTXOJ[OB U3 ITOJIHD-
THJICHOBOH IIJIEHKH KaK CBS3YIOLIEro. B kauecTBe HAMOMHUTENS yIOTPEOIISITH OTXOIbI METATIIM3NPOBAaHHON OyMa-
ru Mapku Metalvac E HWS, m3menbucano# 10 pazmepa 20 X 4 X 0,059 mm. B kadecTBe ChIpbs TS CBSI3YIOIICTO
HCIOJIb30BAIM OTXOJb! NOIUATUICHOBOM IIEHKHU, U3MEJIBYEHHON 10 cpenHero pasmepa 10 x 4 x 0,01 mm. Hopma
pacxozia CBS3YIOIIETO BO BCEX SKCIIEPUMEHTax OblIa 3adukcupoBaHa Ha ypoBHE 20 % OT MacChl HAOTHUTENS. 3a
OKOHYaHHE Ipoliecca NPECCOBaHUS IPUHUMAIN BpeMs JOCTI)KEHHs TeMIleparypbl B LieHTpe Opukera 150 °C. Ana-
JIM3 MONyYEeHHBIX JaHHBIX MOKa3aj, 9TO 3aBHCHMOCTh BPEMEHH IIPECCOBAHUS OT INIOTHOCTH 00pasiia IpH MpodInX
PaBHBIX YCIOBHAX MPAKTUIECKH OMH3Ka K IuHeHHoi. [IpuBeneHs! Takxke pe3ynbTaThl H3yUeHUS (PU3UKO-MEXaHH-
YECKHUX CBOICTB IOJIy4eHHBIX 00pa3ioB. [IpoBeaeHHbIe HCCiIe0BaHMs TO3BOISIIOT CAEIATh BEIBOJ O BO3MOKHOCTH
ymoTpeOesIeHns 0TXOJI0B ITPOU3BOACTBA METAIITM3NPOBAHHON OyMaru JuIs MOTydeHUs] KOMIIO3UIIMOHHEIX MaTepHa-
JIOB Ha TEPMOILIACTUYHOM CBSI3YIOIIEM. DTH MaTepUalIbl MOTYT IPUMEHATHCS B PA3TUIHBIX 00IACTSIX TTPOMBIIIICH-
HOCTH KaK TeIJI0- ¥ 3BYKOU30JISILIHOHHbBIC MM KOHCTPYKLHOHHBIE. KpoMme TOro, M3roToBJIEHHbIE C UCIIOIb30BaHUEM
METaJTM3UPOBAHHBIX OyMar IIMTHI MOTYT 00JIaJaTh OCOOBIMH IEKTPOMATHUTHBIMH CBOHCTBAMH, YTO HO3BOJIUT
pacmmpuTh 00IacTh UX NPUMEHEHHs (HapHMep, CO3/1aHNe 3aI[UTHOTO CII0S, IPETATCTBYIONIET0 MPOHUKHOBEHUIO
paaroBoiH). [ToaToMy MccieoBaHus B TaHHOM HaIPaBJICHUH SIBISIOTCS IEPCIEKTHBHBIMU U OyIyT TPOJIOIIKEHBEI.
KoroueBble ciioBa: MeTayum3upoBaHHast Oymara, OyMakKHBIE OTXOJBI, OTXOABI TEPMOIIACTOB, TEPMOILIACTHIHOE
CBA3YIOIIEee, KOMITO3UIMOHHbBIE MaTePHAIbI, TIIIOCKOE TPECCOBAHNE

Cceplika a5 nutupoBanns: ['pankun A.1O., 3apyouna A.H., Casunxuit A.C., llemsixoB A.A. Komno3unuon-
HBIE MaTePHAJIbl U3 OTXOJ0B METAITM3UPOBAHHONW OyMaru Ha TEpMOIUIACTHYHOM CBs3ytomieM // JlecHoli BeCcTHUK /

Forestry Bulletin, 2017. T. 21. Ne 4. C. 83—88. DOI: 10.18698/2542-1468-2017-4-83-88

1_ [ poOrieMa HUCTIONB30BaHMS 1 TIEpepabOTKN OTXOI0B
A nponsBozcTBa B HAIIM THU KpaifHE aKTyalibHA.
OTXO0MIBI SBISIIOTCS JETIIEBBIMA CHIPEEBBIMU peECypCa-
MU 7 TI03BOJISIFOT TIPOM3BOIUTEIIO HCIIONB30BaTh UX
ITOBTOPHO B OCHOBHOM TTPOM3BOJACTBE WIJIH B ITPOU3-
BOJICTBE ITOOOYHOM MPOAYKITHH, YTO TOBBIIIAET KO-
HOMHYECKHE [TOKA3aTes ! MpeanpusiTs. BO3MOXHOCT
BTOPHYHOH ITepepabOTKH NMEET OOJTBIIOE 3HAUCHHE H
JUTS 3aILUThI OKPY>KAOLIEH Cpebl OT 3arpsa3HEHUN B
nenoMm [1-3].

OcTaHOBHMCS Ha MCIOTB30BAaHUH OyMaXKHBIX
OTXOJIOB (MaKyJaTypsl) U OTXOAO0B T€PMOTLIACTOB
(TmonmATHIICHA, TIOTUIIPOITAJICHA | T. 11.).

BymakHbIe OTXOBI B Ka4€CTBE BTOPUIHOTO ChI-
B HAXOAT MIUPOKOE MPUMEHEHNE, B YaCTHOCTH,
JUTS BBIPaOOTKH OTPEeIEHHOTO BHIa OyMar, Kap-
TOHA, CAHUTAPHO-TUTHEHUYECKUX U3JEIUH, Jpe-
BECHO-BOJOKHUCTBIX TUIHT, SKOBAThI, KPOBEIBHBIX
MaTeprajioB U PAa3IMIHBIX OyMa)KHO-TTOJIMMEPHBIX
KOMITO3ULIUOHHBIX MaTepuasioB [4—6]. Takxke uH-
TEpeCHBI UCCIIEIOBAHUS IO MTPOU3BOJCTBY OyMax-
HO-TIOJTMMEPHBIX TITUT, B KOTOPBIX Pa3INIHbIC BUIBI
OyMa)KHBIX OTXOJIOB HMCIOJIB3YIOTCS B Ka4eCTBE Ha-
TTOJTHUTEJIS, @ OTXOJIBI TEPMOILIACTOB (TTOJTMATHIICHA,

TTOJTUTIPOTIAJICHA | JIP.) — B KaueCTBE TEPMOIIIACTH-
YeCKOTO CBSI3yroImIero [7-9].

C yBenmnueHHEeM 00BEMOB TTPOU3BOJICTBA METaJI-
JTU3APOBAHHON OyMaru IOSIBIJICS] HOBBIN BHIT OyMask-
HBIX OTXOJIOB — OTXOZBI METAJUTM3UPOBAHHOHN OyMa-
T'H, KOTOPBIE W3-3a CBOMX CIEIU(PUIECKIX CBOHCTB
TOKa He HaXOAAT TPUMeEHeHUs. Memaniusuposannas
bymaea — 310 Oymara, Ha TIOBEPXHOCTH KOTOPOH ¢
OIHO¥ 00 C 00eWX CTOPOH HAHOCUTCS TOHKHUH CITOH
MeTalIa Wik MeTaummaeckoit pompru. OHa JOBOH-
HO YacTO MCIOJB3YeTCs B MoMUrpadun, 0COOCHHO
TP TIPOU3BOJICTBE HAPYKHOW PEKITAMBI, STHKETOK
JUTSL QJTKOTOJIEHOM TTPOAYKIINH, YIAKOBOK KOCMETH-
YeCKHX M Map(IOMEpPHBIX M3, MPH YIAKOBKE
TabagHBIX M3ACIHUA. [[71 TpOou3BOACTBA METAIIIH-
3UpPOBAaHHON OyMaru MpUMEHSIOT TPU OCHOBHBIX
croco0a: BakyyMHYIO METaJTH3aIHI0, TAMHHUPOBA-
HUE ¥ MeTaJTn3alunio nepenocom. Hanbomee gacto
MIPUMEHSIETCS BaKyyMHasl METaJTU3alns, KOTaa Ha
MTOJITOTOBJIEHHYIO OyMary ImyTeM HallbUIeHHs HaHO-
CUTCSI TOHYAUIIMI METAIUIMYECKUI CJI0M B BBICOKOM
BaKyyMe. 3aTeM MOBepX METAJUTM3HPOBAHHOTO CIIOS
HaHOCHTCS JIaKOBOE TOKpBITHE. braromaps stomy
METaJUTM3UPOBAHHBIN MaTepHall MpuoOpeTaeT CTOM-
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KOCThb K HcTUpaHuto. Kpome TOro, JIakoBblil Cioi
[103BOJISICT HAHOCUTh CTOMKOE M300paKCHUE U TIPH-
JlaBaTh MPUBJICKATEIbHBINA BU m3nemusm [ 10].

B mocnennue Tombl MosSBUIOCH MHOTO padoT, I0-
CBSIICHHBIX BO3MOXXHOCTH TOJIYYCHUST KOMITO3UIIH-
OHHBIX MaTEPHUAJIOB Ha TEPMOIUIACTUIHOM CBSI3YIO-
mem [1, 2, 11-16]. B kauecTBe CBSI3yIOIIETO B HUX
HCTIONB3YIOTCSl U3MEJIBICHHBIC OTXOABI TEPMOTLIA-
CTOB, TAKWX KaK TOJIUATHIICH, TTOJUTIPOIIAIICH U .
HamonmauTenem B TakuxX Matepragax MOTYT CITYKHUTh
M3MEINIBUCHHBIC IPEBECHBIE, OyMaKHBIE OTXOIBI WITH
JPyTHE OpTaHUYIeCKUE U HEOPTAaHMIECKUE MaTepHa-
Jsiel. Bo Bcex paborax oTMedaeTcs epCleKTUBHOCTh
HCITONTb30BAHUS TAKUX MaTePUajOB B CTPOUTEIHCTBE
U APYTUX OTPACIIAX MPOMBIIUICHHOCTH.

B Hacrosimeil ctaTbe NpUBOAATCS PE3yJIbTATHI
HCCIIEIOBAHMS T10 TTOYYCHHIO ITUTHRIX MaTepHUAIOB
C WCIIOJIb30BaHUEM OTXOIOB IIPOM3BOJCTBA Oymaru,
METaJUTU3UPOBAHHON AIFOMUHHUEM, KaK HATIOJHHU-
TENS W OTXOJ0B W3 MOJMAITHUICHOBON IJICHKU KaK
CBSI3YIOIIIETO.

B xagecTBe HaMOMHUTENS YIOTPEOISITH OTXOIBI
Oymaru, MeTaJUTM3UPOBAHHOHN aTIOMUHUEM METOZIOM
BakyyMHOU MeTaumn3anud. OTXOIbI METALTH3HPO-
BaHHOU Oymaru mapku Metalvac E HWS momyuensr
ot npennpuatug-uzrorosurens AO «l anmuneo Ha-
HOTEX» W UMEIOT CIIEAYIONINEe CBONWCTBA: TONIINHA
0,059 mMM; TIOTHOCTL Oymaru 68 1/M2; IJIOTHOCTH
HanbuteHns amoMmuans 0,1 r/m?. 71 ucrons30BaHus
OTXOJIOB METAJLTM3UPOBAHHOW OyMaru B KadecTBe Ha-
TIOJTHUTEITS MX U3MENBFIaIN B O(pHCHOM YHUUTOXKHTENE
oymarwm (mpenepe) mapkun HSM 102.2. TTomydenusre
gacTUIEI UMeTH pa3Mepsl 204 % 0,059 mm. OTHOCH-
TENbHAS BIQXKHOCTDh M3MENFICHHBIX OTXO/IOB TTEpe]
IIPECCOBAaHMUEM COCTaBIsIA 5 %.

B xadecTBe ChIpbs IS CBA3YIOMIETO YIIOTPEOISIIH
OTXOJIBI TTOJUATHUICHOBOH IJICHKU 0€3 mpeaBapu-
TEJIbHOW COPTUPOBKH IO BHUJaM U MapkaMm. Ilnen-
Ky M3MeNbuaji Ha APOOUIIKE POTOPHOTO THMA IS
miactmacc Mapku UITP-150 ¢ quameTrpom siueex
kaymopyromieit pemetkn 10 mM. [Tomydennsie yactu-
II6I TIOJIMATHIICHA IMETTH cpeHue pa3Mepsl (10 + 5) X
X (4+1)x (0,01 +0,001) mm. Hopma pacxomoB cBsizy-
FOIIIETO BO BCEX DKCIIEPUMEHTAX ObLIa 3a(hUKCHpOBaHA
Ha ypoBHe 20 % OT Macchl HAOJIHUTEJI.

[IpeccoBanne MpoOBOANIN HA YKCIIEPUMEHTAIb-
HOW yCTaHOBKe, pa3pa00TaHHOH ISl MCCIIEAOBAHUS
TIpoIiecca ropsTYero MPecCOBaHMs IMUPOKOTO CIIEKTpa
KOMITO3UITMOHHBIX MaTepuaioB [17, 18]. YcranoBka
co3JaHa Ha 0aze MMEIOMErocs THAPABINIECKOTO
rpecca 1 MO3BOJSET PETYINPOBaTh, U3MEPATH U pe-
TUCTPUPOBATh MapaMeTphl IKCIIEPUMEHTA B CIIEIY-
FOIUX JMara3oHax:

— TeMIIeparypy HarpeBaTreJIbHbBIX ITUT pabodero
yuactka — ot 20 mo 220 °C;

— TEeMIIepaTypy HcclieyeMoro odpasia — OT
20 no 220 °C;

— Harpy3Ky Ha UcCCIeAyeMblii o0pasel — OT
0,01 mo 2,5 MlIla;

— M3MEHEHHUE TONIIMHBI HCCIEyeMOoro o0pasia —
ot 0,12 10 0,005 Mm;

— CKOPOCTBH Jie(hOpPMUPOBAHUS UCCIICAYEMOTO 00-
pasua — ot 0,001 g0 0,025 m/c.

Pazmepsr uccnemyemoro obpasmua 0,3 x 0,3 m.

st perucTpanuy TeMIeparypsl B TEHEHUE BCETO
Mpolecca MPecCOoBaHUs 3aKIaAbIBAIH TEPMOIIAPHI
HA BEpPXHEH U HM)XHEH IOBEPXHOCTH H I10 LIEHTY
Opuxkera. B mporecce Bcex dKCIIEPUMEHTOB TEMIIe-
patypa it npecca coctamsuia 200 °C, naBneHue
npeccoBanus 2,5 MIla, uarepBas u3MepeHus: TeM-
nepatypsl 15 c.

Bpuker mis mpoBeneHust skcriepumMenta Gop-
MHUPOBAIH ClIeAyIOIUM 00pa3om. Hanomuurens co
CBSI3YIOIINM, CMEUIMBAJIH BPYYHYIO B HEOOXOIUMBIX
mnmponopuusax, CMECb paBHOMEPHO 3aChIlajiv B CIICIU-
anbHyto hopmy pazmepom 0,30 x 0,30 M, ycTaHOBIICH-
HYIO Ha JIAaTYHHOM Ttosiione pazmepom 0,32 x 0,32 m,
C TIPOKJIAJIKOW U3 MTONMATHIIEHTEepeTanaTHOM IieH-
KH | YJIO’KCHHBIMH Ha Hee TepMOIIapoii s uzmepe-
HHUsl TEMIIEPATYPbI B LIEHTPE HUKHEH MOBEPXHOCTH
OpuKeTa ¥ AUCTAHIIMOHHBIMU MIPOKJIaIKaMu. B rieHTp
c(OPMHUPOBAHHOTO MAKETa Yepe3 CIeUaTbHBIN BbI-
pe3 B hopMe yCcTaHABIUBAIH BTOPYIO TEPMOTIAPY JJIsI
W3MEHEHUS TeMIIepaTyphl B LIEHTPe OpUKeTa, TocIie
Yero MaKeT MMO/IPECCOBBIBAIIH.

[Mocne moanpeccoBku GopMy CHUMAJIH, HA OpH-
KET TIOCIIE0BATEIbHO YKIAbIBAINA TEpMONIapy JUIst
HM3MEPEHMS TEMIIEPATYPBI B IEHTPE BEPXHEH 1TOBEPX-
HOCTH OpHKeTa, MPOKJIAJIKY U3 MONUATHIIeHTepedTa-
JIATHOM TIJIEHKU U JIATyHHBIN TOJJIOH.

Topstuee npeccoBanue chOpMUPOBAHHOTO OpH-
KeTa MMpOoXOoaAMnJIoO MEXKIAY HArpeBaTrCJIbHBIMU I1JIN-
Tamu Tpecca, umeromumu pasmep 0,4 % 0,4 M, 1o
JOCTH)KEHHS B I[EHTpEe OpUKeTa TeMIlepaTyphl
170 °C. Oxnaxnenue odpasma MPOBOAUIN MEXKIY
OXJIAXKXKJACMBIMHU TNIMTAMHU 10 JOCTHUXKCHUS B HECHTPE
opukera temmneparypst 50 °C mpu gaBieHUH mpec-
coBanms 0,2 MIla.

AHanu3 TeMIepaTypHO-BPEMEHHBIX XapaKTepH-
CTHK, TOJIy4E€HHBIX B IMPOIIECCE MPEeCCOBaHUA 00-
pa3moB pa3TUIHON TIOTHOCTH (PUCYHOK), TIOKa3all,
YTO MPOTpeB IEHTpa 00pasiia MOXKHO pa3/eNuTh Ha
HECKOJILKO ATAIOB.

Ha nepBoM sTamne npeccoanusi HaOIronaeTCs
3ara3/ipIBaHie Havalla Iporpesa IeHTpa OpuKera
BBUJIy TIOCTEIIEHHOTO TIPOrpeBa OpHUKETa MO TOJIIINHE
OT €ro NOBEPXHOCTEN K LEHTPY, IPUYEM C ITOBBILIE-
HUEM KOHEYHOH TIOTHOCTH 00pa3lioB BpeMsi Haua-
Jla IpoTpeBa IeHTpa OpHUKeTa yBETHYUBACTCS. JTO
CBSI3aHO ¢ OOJBIIEH HaYaTbHON TONIUHON OpHKeTa
" YBCJIMYCHUEM BPEMECHU CMBIKAHUA IIJIUT IIpECca 1
HX MMOCAaAKH HAa TUCTAHUOHMOHHBIC ITPOKJIAAKH.

Ha BropoM 3Tare HauMHaeTcst MPOTPEB IEHTpPA
6pI/IKeTa, MHTCHCUBHOCTH KOTOPOT'O0 3aBUCUT OT TEC-
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Puc. M3menenne temneparypsl B OpUKeTe B Ipoliecce Ipec-
COBaHMS NMPU PA3IMYHBIX 3HAYCHMSAX IUIOTHOCTH OpH-
Keta: / — TeMmIeparypa Ha HIKHEH MOBEPXHOCTH
Opukera; 2 — TeMIeparypa Ha BepXHEil OBEPXHO-
cTu Opukera; 3—5 — Temrmeparypa B IIEHTpe OpUKeTa
(3 — pgp = 310 kr/M?*; 4 — pg, = 660 KT/M; 5 — g, =
= 1100 kr/m%)

Fig. Temperature change in the briquette during the pressing
process at different briquette densities: / — temperature
on the bottom surface of the briquette; 2 — temperature
on the upper surface of the briquette; 3—5 — temperature
in the center of the briquette (3 — pg, = 310 kg/m3; 4 —
Pgp = 660 kg/m*; 5 — pg, = 1100 kg/m?)

10 tvuH

IJIONIPOBOTHOCTH OpHKETa, a 0aH, B CBOIO OYEPEIb,
3aBHCHT OT IJIOTHOCTH W BIAXKHOCTH Opukera. Yem
0OJIBITIEC TUTOTHOCTHh OpUKETa M €T0 BIAKHOCTD, TEM
BBIIIIE TeMIT rporpesa [7, 12, 13].

Tpetuii aTan HAYMHAETCS PU JJOCTUIKEHUU TEM-
repatypsl B ieaTpe opukera 100 °C mpoucxomut
WHTEHCHUBHOE MCIIapeHNe MMEIOMIeICs BIaru, 94To
MIPUBOJINT K PE3KOMY CHIDKCHHIO POCTa TeMIIepaTy-
pe1. Temmieparypa B ieHTpe OpHKeTa B 3TOM CiIydae
3aBHCHUT OT TEMITEpaTyphl HACHIIIEHHBIX TAPOB BOJIHI,
KOTOpasi, B CBOIO OYepe/lb, 3aBUCUT OT JABIICHHS
MapoTa3oBOi CMECH B IIEHTPE OPUKETa U YBEITNINBA-
€TCs MIPH TTOBHIIIICHUH JaBJICHUS TTapOTa30BOil CMECH.
B c¢Bs13u ¢ 3THM TSI OPUKETOB ¢ OOJIBINCH TIIOTHO-
CTBIO ¥ OOITBIIIEH BIaYKHOCTBIO TEMITEpPaTypa Ha TOM
aTare OyJeT HECKOJIBKO BBIIIE, YeM ISl OPHKETOB C
MEHbIIIEH MJIOTHOCTHIO U MEHbBIIEH BIAXXHOCTHIO.
TPETHI 3Tal MPOIOIKAETCS 10 MOMEHTA yHAaJIeHUS
Mapora3oBoii CMeCH M3 IIeHTpa OpHUKeTa, IIPHYEM JIIS
OpUKETOB ¢ MEHBIIIEH TUIOTHOCTHIO TTPOIOIIKUTEIh-

HOCTb 3Tala HAMHOT'O MEHbIIIE, YeM JJIsi OPUKETOB C
OoJblei mioTHoCTHIO [7, 12, 13].

YerBepThlil 3Tall HAYUHAETCA C JOCTUKEHUEM
TEeMITepaTyphl TUIABICHUS CBSI3YIOMIETO (IS TIOTHD-
TUJICHA Pa3INIHBIX MapOK TEMIIEPATypa TUIABICHUS
BapbHpyercs B Auanazone 105-135°C[11, 19]). Ha
ATOM JTare MPOUCXOIUT TUIABJICHUE UCTIONB3YEMO-
rO TEPMOIUIACTA U €r0 PACTEKAHHE C 3aMOJIHCHUEM
CYIIECTBYIOITUX MOP. IHTEeHCUBHOCTH MPOTpPEBa Ha
YETBEPTOM JTale 3aBUCHUT OT IUIOTHOCTH OpHUKETa,
KOJIMYECTBA CBSZYIOIIETO M €T0 TeMITePaTyphl TIaB-
nenus. [Tpu GonpIelt mioTHOCTH OpUKeTa, MEHBIIIEM
COZIEp’)KaHUM TEPMOILIacTa U OOJBINCH TeMIepary-
pe ero IIaBJICHHs TEMIT IIPOrpeBa IIEHTpa OpUKeTa
BBIIIIC.

Tperuii u 4eTBEPTHI 3TANbl B 3aBUCUMOCTH OT
TEeMIIEpaTyphI TUTABJICHUS UCTIOIE3YEMOTO B KAY€CTBE
CBSI3YIOILIETO TEPMOIIACTa MOTYT B TOM WM MHOM
Mepe MePEKPHIBATHCSA. B CBsI3M ¢ TEM UTO B KaueCTBE
TEPMOIUIACTA UCIIOIB30BAIA OTXOIBI U3 CMECH TTOJTH-
STUJICHOBBIX TUICHOK, MapKH KOTOPBIX HEU3BECTHBI,
a cJeJoBaTeIbHO, HEU3BECTHA U UX TEMIIEpaTypa
IUTaBJICHUS 32 OKOHYAHHE TMPOIlecca IUIaBICHUS,
CBSIBYIOIIETO MPHHSUIA MAaKCUMAJIbHYIO TeMIIepaTy-
py TUTaBJICHUS MCIOJIB3yeMOTO TepMoIutacTa (st
nomudTHieHa — 140 °C, mis monumponuieHa —
170 °C [11, 19]).

Ha 3axmrounTensHOM dTare mpeccoBaHUS TOCIIe
OKOHYAHUH TIJIABICHUSI CBS3YIOIIETO U €r0 pacTe-
KaHUSI MTHTCHCUBHOCTH MPOTPEBa OpHUKETa 3aBUCHUT
JIUIIH OT €T0 TeIJIOMPOBOJHOCTH. YeM BEIIIE TUIOT-
HOCTB OpHKETa U MEHBIIIE KOJTMYECTBO CBSI3YIOIIETO,
TEM OHa BBIIIIE.

3a OKOHYAHHE MPOIIECca MPECCOBAHUS OpHUKeTa
1enecoo0pa3Ho MPUHUMATH BPEMST JOCTHUKCHUS B
LIEHTpE OpUKEeTa MAKCUMAJIbHON TEMITePaTyPhI ILJ1aB-
JICHUST UCTIOIB3yEeMOTO TEPMOIUTACcTa ¢ HEOOIBIINM
3armacoM, rapaHTHPYIONTUM TIOJTHOE €r0 TUTABIICHUE
1 pacTEeKaHWe 10 CYIIECTBYIOMNUM TTopaM. B Hamrem
ClTydae 3a OKOHYaHHeE MTPOIecca TopsIero MmpeccoBa-
HUSI MOYKHO TIPUHSTH BPEMsI TOCTH)KCHUS B TICHTPE
opuxera Temmeparypsl 150 °C. B mpoBeneHHBIX HC-
CJICIOBAHUAX ATO BPEMS COCTABWIIO: JUIsI 00Opa3IioB
IUIOTHOCTBIO IIOTHOCTBIO 310 Kr/M> — 6,75 MUH;
IUIOTHOCTBIO 660 Kr/M® — 6,25 MuH; 1100 kr/m? —

TaOnuma

Du3nuKo-MexaHu4ecKHe CBOMCTBA HccieayeMbIX 00pa31oB
Physico-mechanical properties of the samples under study

Tpenen Bononornomenne, % Pa30yxanue no tonmuHe, %
Ne Tonmuna, ILtoTtHOCTB,
obpasua MM Kr/m? MPOUHOCTH TpH
usrude, MIla 3224 32244 3224 3a24u
1 10 310 0,8 141,31 145,34 14,23 15,74
2 10 660 3,7 71,76 87,86 19,49 21,03
11 1100 18,2 8,01 19,25 2,76 11,98
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5,25 MuH. AHanM3 MOMyYEHHBIX JaHHBIX MOKa3ad,
YTO 3aBHCUMOCTh BPEMEHH MTPECCOBAHUS OT MJIOTHO-
cTH 00pasiia MpH MPOYHNX PABHBIX YCIOBUSIX MTPAKTH-
yecku Onm3Ka K JuHeiHom [20-25].

Pesynbratel nccinenoBanus GU3NKO-MEXaHUUE-
CKHMX CBOMCTB ITOJYYEHHBIX 00PA3IOB MPEICTABICHBI
B TaOIUIlE.

[IpoBeneHHBIE HCCEOBaHUS TTO3BOISIOT CHe-
JIaTh BBIBOJI O BO3MOYKHOCTH MCIIOIb30BAHNUS OTXOJI0B
MIPOM3BOJICTBA METAITM3UPOBAHHOW OyMaru Juis 1mo-
Jy4eHHsI KOMIIO3UIIMOHHBIX MaTepraioB Ha TEPMO-
MIJIACTUYHOM CBA3YIOIIEM. DTH MaTepHaIbl MOTYT
TIPAMEHSTHCS B PA3INIHBIX 00JIACTSIX MTPOMBITIIICHHO-
CTH KaK TeTI0- ¥ 3BYKOM3OJIAIMOHHBIE M KOHCTPYK-
nroHHbIe. KpoMe Toro, M3roToBJI€HHBIE C UCTIONB30-
BaHHEM METAJTU3UPOBAHHON OyMarw IIUTHI MOTYT
o0naiaTh 0COOBIMH AIIEKTPOMArHUTHBIMH CBOMCTBA-
MH, YTO TIO3BOJIUT PACITUPUTH O0JIACTH UX TPUMEHE-
HUs (HanpuMep, CO3AaHue 3aIUTHOTO CIIO0s, TPETsT-
CTBYIOIIETO TIPOHUKHOBEHHUIO PATNOBOIH, U T. [I.).
[ToaToMy nccnenoBaHus BJAHHOM HalPaBJICHUN SB-
JISTFOTCSI TIEPCTIEKTUBHBIMU U OYIYT MPOIOKCHEI.
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APPLICATION OF COMPOSITE MATERIAL BY USING METALLIZED PAPER
PRODUCTION WASTE

A.Y. Grankin, A.N. Zarubina, A.S. Savickiy, A.A. Shevlyakov
BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
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Waste is a cheap raw resource and allows to reuse them in the main production or in production of the secondariest
production. With increase in the production of the metallized paper in our region the new specific type of a paper waste —
a waste of the metallized paper appeared. In the present article results of a research on receiving slabby materials with
recovery of production of the paper metallized by aluminum are given as an excipient and a waste from a polyethylene
film as binding. As an excipient used a waste of the metallized paper of the Metalvac E HWS brand crushed to the size
20 x 4 x 0,059 mm. As raw materials for binding used a waste of the polyethylene film crushed to the average size
10 x4 x 0,01 mm. The consumption rate binding in all experiments was recorded at the level of 20 % of the mass of an
excipient. Took temperature first passage time in the center of a briquette for the end of process of a molding 150 °C.
The analysis of the obtained data showed that dependence of time of a molding on exemplar density under other equal
conditions is almost close to the linear. Results of a research of physical and mechanical characteristics of the received
exemplars are also given in article. The conducted researches allow to draw a conclusion on a possibility of recovery of
production of the metallized papers for receiving composites on thermoplastic binding. These materials can be used as
the self-contained warm and acoustic or constructional material applied in various fields of the industry. Besides, when
using of the metallized papers of a plate can have special electromagnetic characteristics that will allow to expand the
field of their application, for example, for creation of an armor coat from radiowaves and so forth. Therefore researches
in this direction are perspective and will be continued.
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The overall objective of the investigation is to change coniferous wood element to poplar in the wall construction of
light frame wood residential buildings therefore important properties were compared. Although not all coniferous
element of wood wall is worth to be changed, but there are elements such as studs what are not bearing big forces
and have lower exposure. It was investigated some of the most important influencing factors determining the
utilization of poplar elements in light frame wall constructions. The element chosen to be changed in the wall
construction was examined in the following aspects: mechanical properties; thermo-dynamical properties; screw
holding strength. Nowadays one of the most important questions is the thermal resistance of the structure. Originally
the studs are heat bridges among the thermal insulation materials being between studs. The poplar studs have a
lower thermal conductivity than that of the coniferous consequently the thermal bridge effect is lower compared to
the coniferous. The other main part of the study is to investigate the properties of the whole construction. According
to our investigations the poplar seems to be an appropriate row material of light frame constructions with the
condition the bulk density is higher than 400 kg/m?.

Keywords: Light frame wood structure, poplar PopulusEuramericana, thermal conductivity, screw holding strength
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Introduction

In the northern hemisphere the most widespread
raw material used in light frame wood construction
is coniferous mostly scots pine and spruce. There are
wood species which is used mostly for industrial pur-
poses like poplars and the secondary utilization for
higher value added products is desirable. Many coun-
tries have great population of different hardwood
species e.g. the fast growing poplar. In descending
order Canada, the Russian Federation, the United
States, China and Germany have the biggest reported
natural poplar stands out of the International Poplar
Commission (IPC) member countries. China, India,
France, Turkey and Italy have the biggest reported
planted poplar areas, also in ascending order of [IPC
members [3, 15]. Some of these countries have high
quality poplar plantations that can produce materi-
als with dimensions appropriate for building frame
elements.

The possibility of using poplar in exterior struc-
tures was already examined [4]. According other
researchers’ opinions the most promising utilization
of poplar among others is structural panel industries
[1, 2, 9]. Fraanje [7] examined the possibilities of
using poplar wood as purlin.

There have already been numerous experiments
to use Hungarian broad leaved wood species raw
materials but these attempts have been suppressed
by the existing coniferous-based construction tech-
niques.

In the 1970’s the Forestry Research Institute in
Hungary (FPI) already looked into the possible appli-
cations of broad leaved wood materials in glue lam-
inated frame structures [6, 14]. The two applicable
species mentioned in their work are poplar and black
locust. From a strength point of view, black locust is
the most desirable; however, hybrid poplars are more
favorable in terms of figure and dimensional prop-
erties. The raw material of the first building of this
sort, using layered-cemented three-point arc framed
was hybrid poplar. In addition, even presently, there
are family houses at the Hungarian Great Plane with
poplar-based roof structure, what reason is the avail-
ability of poplar raw material at the region.

Apart from these, numerous European and North
American examples exist for using different wood
species than coniferous. There have been a number of
experimental attempts on using broad leaved wooden
materials for structural purposes. Hernandez et al. [8]
reported the construction of a vehicular bridge with a
glue laminated structure of tulip tree. Another example
is presented by the collaboration of the Swiss architec-
ture company, Bernath and Widmer with other experts
(Hermann Blumer, Michael Koller, Bergauer Holzbau
GmbH, Heiri Biihrer), who constructed a three-story
youth hostel of oak logs in Schaffhausen province
near Biittenhardt. In summation, experts are constantly
examining the possible usage of stratum raw materials,
which could open new horizons in wood construction,
beyond the conventional coniferous-based methods.
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To create safe poplar structures, thorough exam-
ination of basic stress factors, like tensile compres-
sive and bending strength followed by the different
analysis of the full-sized specimen including the
thermo-technical attributes. In the case of full struc-
tures where the overall performance depends on
the interaction of the adjacent materials and their
features, these thermo-technical and strength tests
and durability comprise the basis of the examination.

This article focuses on introducing only on some
of the important examined attributes, such as strength
and thermodynamic differences between poplar and
spruce. The authors are aware that deeper analysis of
more features is necessary for the applicability but
the article does not touch upon these due to space
limitations.

MATERIAL AND METHODS

In Hungary, poplar cover 1,5 million ha, account-
ing for the 9,6 %-a of the full forest area. Every
year 1,3...1,5 million m3 poplar raw materials are
processed which comprises 23...25 % of all wood
cutting. To ensure good quality, poplar plantations
have to be branch cut up to 6 meter height what can
be called pruning [11].

The coniferous wood species ratio is very low
in Hungarian forest contrast to the Siberian forests,
and also to the west — and north European forests.
Because of this fact high amount of the construction
wood is imported in building market. However, Hun-
gary has valuable broadleaved wood species such as
poplar (Populus Euramericana cv. Pannonia).

From the 1980’s more and more hybrid poplar spe-
cies have been genetically improved, cutting back the
share of then-popular I 214 Italian poplar. Examining
the plantation data of the poplar species in the 90’s, the
Populus Euramericana proves to have had the biggest
share (almost 50 %) on the market [13].

Fundamental differences can be observed among
certain poplar clones in density, strength, and figure
and also in durability. In the table 1 below the at-
tributes of the most common poplar clones and the
control variables are highlighted.

Among the mechanical properties density and
strength have crucial importance. Bending strength
plays a crucial role among strength features. Populus
Euramericana (Pannénia) was selected due to its excel-
lence in these two defining parameters along with its
figural properties, durability and quantity. Its Hungarian
ratio is remarkably high; it is the most important poplar
species of the plantation-type poplar growing [13].

Due to the lower mechanical properties of poplar
the dimensions of the cross section could expectedly
be changed as the distance of studs from each other.

Mechanically the wall should not be significantly
weaker than the original construction build with co-
niferous studs and top and bottom elements.

MECHANICAL PROPERTIES

The utilization of the different wood species
depends on their physical and mechanical proper-
ties. In general, the strength of poplar wood falls
below that of coniferous, but for certain species the
differences is not substantial. Examinations by the
Witmann and Pluzsik [14] provided strong correla-
tion between the mechanical properties of poplar
and their volume mass. According to their findings,
the poplar species whose absolute dry volume mass
reaches or exceeds 400 kg/m? can effectively replace
coniferous in strength-stressed structures and in
structural units. Taking into account the literature
and our test results, these apply to the Populus Eu-
ramericana. The comparison investigation results
also reveal that the density of wood highly depends
on the soil of planting location and the volume of
precipitation.

We conducted our tests on 50 Populus Euram-
ericana specimens prepared in accordance with the
standards based on the following strength groups:

— tensile strength

— compressive strength

— shear strength

— bending strength

— impact strength

SCREW HOLDING STRENGTH

There is only few literature with exact informa-
tion about the nail and screw holding strength of the
Populus Euramericana but there is indication that
their nail holding strength is 5...10 % lower than
that of pines [5]. Due to the number of species, the
screw holding strength of the hybrid poplar should
be measured experimentally, in parallel with pine test
units. The last valid standard (MSZ EN 1382) gives
an exact description of the examination that can be
conducted with arbitrary nail and screw properties so
that specific values can be assigned to the joints the
most likely to be used.

Thermal conductivity

Our research also examined the conventional
thermal conductivity of Populus Euramericana com-
pared that of the spruce, the most widely used wood
species in light frame wood construction. Minimizing
the thermal bridges is essential when designing the
wall structure. There is a huge difference between
the thermal conductivity of the wall frame and the
insulation materials.

The frame in the wall structure are located ev-
ery 62,5 cm. This wall structure relates back to the
125 cm table division. The usual 40...50 (45) mm
thick studs create a substantial thermal bridge in the
wall. 16,5 % of the full wall surface comprises wood
compared to insulation material [12]. The bigger the
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Table 1
Mechanical properties of polar species (Téth, 2006; Molnar, 1999) [10, 13]
Mexannyeckue cBoiicTBa noasipubix Buaos (Toth, 2006; Molnar, 1999) [10, 13]
. Mechanical properties . Hardness
Name ][?:;ISIII?]] : [MPa] : : ElaStE;ﬁ;;]d ulus [MPa, Brin.ell]
shear compressive bending tensile butt side
1-214 330 6,4 22,5 52 44,3 5330 21,9 8,3
Villafranca 350 6,9 32 64 46,2 5600 19,3 9,9
Triplo 360 — 26,6 57 64,1 — 22,8 7,7
BL-Costanzo 375 75 36,9 75,1 59,6 6160 254 | 113
Koltay 390 — — 56 — — — —
Kopecky 390 7,4 33 70,7 56,1 5620 20,6 12,5
Parvifol 400 — 32,9 66,3 75 7830 24,8 9.8
Agathe-F 405 6,9 29,6 58 44,5 5200 20,7 11,7
1-273 410 8,1 32,8 72,2 - 5690 28 13,9
Pannonia 410 8,3 32,6 67,4 56,2 6510 20,6 10,8
Robusta 419 8,1 30,2 66,9 74,4 7500 22,8 7,7
Unal 420 — — — — — — —
White poplar 450 7,8 38,3 67,5 82,3 8250 27 -
Black poplar 450 6 35 65 77 8800 30,5 —
Trembling poplar 450 6.8 32,5 56 75 7800 23 —
Spruce 470 6,7 50 78 90 11000 32 —
Scotch pine 520 10 56 80 104 12000 40 19

difference in thermal conductivity the bigger the
thermal bridge effect in the structure. The thermal
conductivity of the insulation material is 0,04 W/mK
compared to 0,12 W/mK of the spruce studs accord-
ing to the literature. In accordance, on one sixth of
the surface the coniferous material determines the
thermal conductivity while the rest of the surface is
dominated by the properties of the insulation material
in terms of thermal behavior.

If the spruce material is replaced by poplar, the
thermal bridge effect changes by the difference be-
tween the spruce and poplar thermal conductivity.

In the frame of another project, we also aimed for
constructing a test building that makes identifying
every step of the necessary technological processes
possible. Manufacturing the building blocks requires
industrial usage of the new material, and assembling
and joining the structures also differs from the spruce
technology. Testing and measuring the real stress
results become possible on the full-size structure,
especially regarding the thermal behavior of the
building. Determining the value of low energy need
is also possible.

RESULTS
MECHANICAL PROPERTIES

The test results have a strong correlation with
density. In numerous cases, the density of Populus
Euramericana reaches or even exceeds 400 kg/m’.
Using this material for studs in structural applications
is also possible, thus it can replace spruce in certain
structural units. Our test results are summarized in

table 2. In structural materials bending strength is the
most important property. According to our tests, the
Populus Euramericana should be further examined as
raw material for light frame wall construction as its
key strength properties approach those of the spruce.
It is important to examine which spruce parts can be
replaced in the wall structure system, as well as how
the dimension of these parts would change.

The strength test results of Populus Euramericana
show favorable values; in addition it is available in
high quantities. It is reasonably priced and it is a raw
material relatively easy to work with. Due to its low
natural resistance, the Populus Euramericana needs
proper protection as well.

Screw holding strength

Our screw holding strength analysis was conduct-
ed in accordance with the latest corresponding stan-
dards. Table 3 shows the test results of the Populus

Table 2

Comparison of mechanical properties
CpaBHeHHe MeXaHMYeCKHX CBOMCTB

Poplar Spruce
Name ch—uj,0, ch—uj,0,
(N/mm?) (N/mm?)

Tensile strength 52,49 90
Compressive strength 38,51 50
Shear strength 5,24 6,7
Bending strength 57,04 78
Impact strength 3,65 4,6
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Table 3

Result of screw holding strength tests of Populus Euramericana
IIpoyHnocTh Ha c:katne BuHTa Populus Euramericana

Name Butt [N/mm)] Serial 1 [N/mm] Serial 2 [N/mm] Serial 3 [N/mm] Serial 4 [N/mm]
Minimum 20,00 47,50 47,50 40,00 50,00
Maximum 62,50 92,50 90,00 95,00 102,50

Average 45,70 63,80 63,60 65,40 66,26

Scatter 8,84 12,31 11,92 11,52 9,86

Variance 78,07 151,59 142,13 132,74 97,25

Euramericana test pieces — measurements included
1 from butt direction, 2—2 screw tests from radial and
tangential direction.

THERMAL CONDUCTIVITY

During the tests we prepared 20 test specimens
per wood species whose corresponding thermal con-
ductivity are shown in table 4. The specimens had
been air conditioned in a climate chamber on normal
climate (20 °C and 65 % relative humidity). To be
able to compare them, the specimens were stored
and measured the same way with the same methods.

The data clearly indicates that the thermal con-
ductivity values of the poplar are more favorable.
Comparing our test results with the literature we ar-
rive to an even more desirable conclusion: according

to our measurements the difference between the two
wood species in terms of thermal coefficient is nearly
6 %. During the design process when using spruce
the usual values vary between 0,13...0,15 W/mK, in
contrast our measurement showed only 0,110 W/mK.

The need for technological change compared to
spruce techniques is going to be an important topic
to examine during the research, as well as finding out
whether the extra technology input is proportional to
the benefits derived from using poplar instead of spruce.

CONCLUSION
MECHANICAL PROPERTIES

All of the mechanical properties of poplar show-
ing weaker results than coniferous can be compensate

Table 4
Thermal conductivity of poplar and spruce specimens
TenaonpoBoAHOCTH 06PA3OB TOMOJISI U €JIN
. . Thermal conductivi Densi . . Thermal conductivit Densit
Specimen id. [W/mK] ty e /cm?], Specimen id. [W/mK] y e /cm;i

Poplar 1 0,099 0,319 Spruce 1 0,087 0,397
Poplar 2 0,105 0,335 Spruce 2 0,091 0,409
Poplar 3 0,106 0,343 Spruce 3 0,090 0,417
Poplar 4 0,105 0,357 Spruce 4 0,092 0,401
Poplar 5 0,101 0,346 Spruce 5 0,095 0,428
Poplar 6 0,100 0,340 Spruce 6 0,092 0,405
Poplar 7 0,112 0,414 Spruce 7 0,091 0,406
Poplar 8 0,098 0,410 Spruce 8 0,110 0,491
Poplar 9 0,117 0,406 Spruce 9 0,128 0,515
Poplar 10 0,113 0,420 Spruce 10 0,126 0,516
Poplar 11 0,099 0,405 Spruce 11 n.a. 0,517
Poplar 12 0,108 0,406 Spruce 12 0,124 0,503
Poplar 13 0,106 0,407 Spruce 13 0,124 0,519
Poplar 14 0,105 0,409 Spruce 14 0,128 0,529
Poplar 15 n.a. 0,410 Spruce 15 0,125 0,532
Poplar 16 0,096 0,421 Spruce 16 0,122 0,519
Poplar 17 0,099 0,422 Spruce 17 0,117 0,514
Poplar 18 0,098 0,412 Spruce 18 0,119 0,511
Poplar 19 0,097 0,419 Spruce 19 0,117 0,505
Poplar 20 0,103 0,416 Spruce 20 0,114 0,497
Average 0,104 0,391 Average 0,110 0,477

92

JlecHoli BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4



Using poplar elements in light frame...

HoBble MmaTepuaibl U TEXHONIOTUM...

with higher dimensions or higher processing tech-
nologies. The poplar material used for construction
materiel have to have higher density than 400 kg/m?.

SCREW HOLDING STRENGTH

According to the preliminary test results, the
screw holding strength of the poplar raw material
approximates that of the spruce. Special attention
should be taken to the number, size and location of
the joints in the important corner units. The point of
view this aspect the Populus Euramericana could be
substitute the spruce.

Thermal conductivity

Examination of the thermal coefficients revealed
that the Populus Euramericana shows better prop-
erties leading to decreased thermal bridge effect in
wall structures constructed of poplar rib frame. In
the wall construction the poplar causes lower heat
bridge effect thus the heat loss of the whole structure
is lower. In case of a successful project the poplar
could be the rival of the widely used coniferous row
material of wood residential buildings/
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NMPUMEHEHUE OPEBECUHDbI TOMOJIA A1 U3rOTOBJIEHUA CTOEK
B KAPKACHbIX KOHCTPYKUUAX BMECTO 4 PEBECUHDbI XBOUHbIX MOPOA

3. Macropu', M. I3ynu?, I A. Topbauena’

! Ilonpouckuit yrnsepeuret, HHOBarmoHHsIH nentp, Hungary, 9400 Sopron, Bajcsy-Zsilinszky utca 4.
2 [lonpoHCKHi yHUBEpCUTET, IHCTUTYT Jieca 1 mpupononois3osanus, Hungary, 9400 Sopron, Bajcsy-Zsilinszky utca 4.
SMITY um. H.D. Baymana (Meitviuacknii punmain), 141005, MockoBckast 00nmactb, . Mertuind, yi. 1-s1 MHerurytekas, . 1

pasztory.zoltan@uni-sopron.hu

Lenp paGoTHI 3aKITI09aIach B UCCIEIOBAHINH BO3MOKHOCTH 3aMEHBI QJIEMEHTOB KapKAaCHBIX KOHCTPYKLIHUH >KHITBIX
JIOMOB U3 JIPEBECUHBI XBOWHBIX [TOPOJI HA AJIEMEHTBI U3 APEBECUHBI TOIOJIS, a TAK)KE B CPABHEHUHM UX OCHOBHBIX
cBOMCTB. Jlaneko He Bce AMEMEHTHI U3 JIPEBECHHbBI XBOMHBIX MOPOJA MOKHO 3aMEHUTh, OTHAKO UMEIOTCS CTOMKU
KapKaca, KOTOPbIC CKPBITBI BHYTPHU OOIICH KOHCTPYKIIMK M HE MOABEPraroTcs OOJbIIMM Harpy3kaMm. [IpoBeneHbl
HCCIICIOBaHNSI HEKOTOPBIX Hanbolee BaKHBIX (haKTOPOB, OMPEEIISIOMINX HCIIOIb30BaHUE TOIOMS B JIETKUX Kap-
KaCHBIX KOHCTPYKIHUSIX CTCHOBBIX MaHENCH. DICMEHT, BHIOPAHHBIN JJIs1 3aMEHBI B KOHCTPYKIIUH CTCHBI, ObLT pac-
CMOTpEH B CIICAYIOIINX ACTIEKTaX: MEXaHNYEeCKHE CBOWCTBA, TEPMOTMHAMUUECKUE CBOMCTBA, MPOYHOCTH Kperuie-
HUs HIypynaMmu. B HacTosiiiee Bpemst ojiMe U3 BaXKHEUIINX BOIPOCOB — TEIUIOBOE CONPOTHUBIICHUE KOHCTPYKIUH.
CTOlKHM KapKaca sSBISIOTCS TEIIOBBIMUA MOCTaMH MEXKAY TETUIOW3OJSIIMOHHBIME MaTepualaMy BHYTPH KapKaca.
Croliku KapKaca U3 JPEBECHHBI TOMOJS UMCIOT 00Jiee HU3KYIO TEIUIOMPOBOMHOCTh MO CPABHCHHIO C JIPEBECUHOM
XBOWHBIX MOPOJI, CIIECIOBATEIBHO, 3(PPEKT TEIIIOBOTO MOCTa MPOSBIISCTCS B MEHbIIECH Mepe. B pesynbrare uccie-
JIOBaHHUSI BCEH KOHCTPYKIUH. YCTAHOBJICHO, YTO TOIOJIb SIBJISIETCS MOAXOASIIUM MAaTEPUAIOM JIJIsl KAPKACHBIX KOH-
CTPYKLMH NpH IOTHOCTH Bhimte 400 kr/m?>.

KiiroueBble cJIoBa: KapKacHbIC KOHCTPYKIIMH U3 APEBECHHBI, Torob Populus Euramericana, TemionpoBogHOCTb,
MIPOYHOCTH KPEIUICHH IIypyaMu
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MPOMUTOYHASA YCTAHOBKA AJ1 NOBbILLEHUA AHTU®PUKLLIMOHHDbIX
CBOUCTB KOHCTPYKLUUWOHHOIO MATEPUAJIA HA OCHOBE
MoANOULMPOBAHHOU OPEBECUHDI
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TIpu M3rOTOBIICHUH JI€TAJICH TPEHHUS U3 IPECCOBAHHOI IPEBECHHBI TSl CHIKEHUSI KOODGUIIMEHTA TPEHUS U YBEJIH-
YEHHs H3HOCOCTOMKOCTH B APEBECHHE JTOMKHO HAXOAUThCA 7...9 % OT Macchl CyXoi JApeBeCHHbI aHTU(PUKIINOH-
HOI CMa3KH, COCTOSIICH 13 MacJITHUCTON OCHOBBI (MUHEPAIbHOE MACIIO, COJIUIO0N, NapaduH, Hepe3rH U T. 11.) C J0-
GaBKamu HaHOYACTHIL TpaduTa u aucyIbdhuaa MonudaeHa. Eciiu conepxaHie CMa3KH B I€PEBSHHOM TOALIUITHUKE
menee 7 %, ko3 OULHEHT TPEHHUsT YBETHUMBAETCs B HECKONbKO pas. [1pu conepskannu cmasku 6omee 9 % koaddu-
IIUEHT TPEHHs] HE YMEHbBIIACTCsI, HO CHI)KAIOTCSI IIPOYHOCTB U N3HOCOCTOWKOCTD, TaK KaK CMa3Ka sIBJISIeTCS IUIAaCTH-
(ukartopoM M pazmsrdaer apeecuy. HemoctarkoM BceX M3BECTHBIX CIIOCOOOB MPOIUTKH JIPEBECHHBI SIBISCTCS
TO, YTO OHM HE MO3BOJISAIOT MONYYUTh KOHIEHTPAINIO MACIAHUCTOH skuakocTu MeHee 40 % Mo OTHOIIEHHIO K Mac-
ce CyXOH PEBECHHBI, B IPEBECHHY JIBIDKETCS YHCTas XKHUIKOCTH Oe3 pacTBopuTeis. Ecian ncrmoip30BaTh pacTBo-
puTeINb, BOSHUKACT TPYAHOpaspemnmMas npodiaemMa — yaaleHue pacTBOPUTEIIS U3 ApeBeCHHbI. [IpenMyiiecTBoM
HPEDKEHHOTO aBTOPOM CIIOc00a MPOMMUTKU SBISETCS BO3MOKHOCTD BBOANUTH AaHTH()PUKIMOHHBIE MACIISTHUCTBIE
COCTAaBBI B IPEBECHHY B MaJIBIX KOJINYECTBAX Oe3 IPHMEHEHHUS paCTBOPHUTEIICH ¢ paBHOMEPHBIM pacIipe/ie/IeHUeM
CMas3KH 110 BCeMy 00bEMY 3arOTOBKH. JTO IT03BOJISET MOJIY4aTh MOALIMITHUKH CKOJIBKEHHUS ¢ KOdhUIIHEHTOM Tpe-
aust 0,05 1 nunelnbM n3HocoM 1,12-107°. TIpoBOAMINCE SKCIIEPUMEHTAILHBIE HCCIIEN0BAHNS HA yCTAHOBKE JUIS
HPOIUTKHU JPEBECHHBI C TOPLA IO/ JABJICHUEM a’pO30JIEHBIM CIIOCOOOM. DKCIEPUMEHTHI J0Ka3ald, YTO MOXKHO
BBECTH B JIPEBECHHY JKH/KYIO U KOHCHCTEHTHYIO CMa3Ky B COCTOSHUH a3p030JIs IPH PAaBHOMEPHOM €€ pacrperie-
JIEHUH TI0 3aroToBKe JUTMHHOI 800 MM, MpH 3TOM KOHIIEHTPAIUs CMa3KH B 3arOTOBKE cOCTaBIseT oT 2 10 12 %,
¢ pa3dpocom 1o uimHe 10 1,5 %.

KutoueBble ¢j10Ba: IpeBECHHA, IPOIUTKA, a9P030Jib, YCTAHOBKA, aHTU()PUKIIHOHHBIC COCTABbI, CAMOCMa3Ka

Ccepuika pasi nurupoBanmsi: [lapunos JI.A. TIpornurounas ycraHOBKa JJisl NMOBBIMICHHSI aHTH(PUKIMOHHBIX
CBOICTB KOHCTPYKIIHOHHOTO MaTepuaia Ha 0CHOBE MOAN(GHUIPOBaHHOIT apeBecuns! // JlecHoit BectHuk / Forestry
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peccoBaHHasi APEBECHHA UCIIONB3YETCS B y3JIax

TPEHUSI KaK KOHCTPYKLMOHHBIA MaTepuall Ajs
M3rOTOBJICHHUS TTOJIIUIIHAKOB CKOJIBKEHHUS, BTYJIOK,
BKJIAJbIILICH B PA3JIMUHBIX MAIIMHAX U MEXaHHU3Max.
OnHUM U3 YCIIOBUI HaJIS)KHON PaOOTHI Y3JIOB TPEHUS
1 JI0JTOBEYHOCTH HMOALIMITHUKOB U3 IPECCOBAHHON
JPEBECUHBI SBIISIETCS] HATMUME CMa304YHOTO MaTepu-
aJa, yMEHBIIAIoMIEeTo KOX(PHUIIMEHT TPEHUS U TT03BO-
JISIFOLIEro paboTaTh Ha CaMOCMa3Ke.

OOnacTe NpUMEHEHNs! IEPEBIHHBIX HOIIIMITHUKOB
CKOJIB)KEHHSI — Y3J1bI TPEHHS IOIbEMHO-TPAHCIIOPTHOTO
000pyIOBaHus1, HACOCHI, JOPOKHO-CTPOUTEIIbHBIE MAIIIH-
HBI, CEIbXO3MAILIMHBL. B orbeMHBIX KpaHax pasinyHbIX
CHCTEM — MOCTOBBIX, KOHCOJIbHBIX, KpaHOaIKax —
W3M0JIb3YIOT BTYJIKHM U BKJIAIBIIIN, U3TOTOBJICHHBIE U3
MPECCOBAHHOM JipeBeCHHBI. [ IpeinpusiTis, BHEAPHUBILIIE
MPECCOBAHHYIO IPEBECHHY B y3J1aX PasIMUHbIX BUIOB
KpaHoB, 310: Boponesxckuii 3aBox K10 nm. Kanununa,
JIBICBBEHCKHIA METAIUTY pruuecKuii 3aBof, CraBsHCKHIA
3aBoz «CrpoiiManny 1 1p. Ha nmpeanpususix ieMEeHTHOM
MPOMBIIIEHHOCTH U KEJ1€300€TOHHBIX KOHCTPYKLIUH
HCTIONB3YIOTCS y371bl TPEHHSI KOHBEHEPOB, TPAHCIIOP-
TEPOB, LITHEKOB, POJIbI'aHIOB. BHEApUIIM peccoBaHHy 0
JPEBECUHY B Y3JIbl TPEHHSI CBOEro 00opynoBaHust «Bo-
pouexcensmaiy, TIL-1, CK, )KbU-1 u np. B y3nax

TPEHHsI HACOCOB M KOMITPECCOPOB ByTypiamHOBCKIO
Macno3aBona (Boponexckas o6macTs), XK naHoBCKoro
KOKCOXMMHYECKOTO 3aBOJA MCTIONB3YIOTCS BKJIA BTN
U3 TIPECCOBAHHOM JIPEBECHHBI.

Boponexckuii 3aBon um. Kammanna, CraBsHCKAN
3aBon «CTpoiimMann MPUMEHSIOT JIePEBIHHBIE Y3ITbI
TPEeHUS Ky3HEUHO-TIPECCOBOTO 000PYIOBaHMs, pabdo-
TAIOIIEro TPH YAApPHBIX HArpy3Kax.

AHanM3 HayYHO-MCCIIEIOBATEECKIX padoT, Pon3-
BOJICTBEHHBIX WCTIBITAHUN CBHIETENHCTBYET O BBICO-
KOM pabOTOCIIOCOOHOCTH TIPECCOBAHHOMN JIPEBECHHEI,
paboTaroreii Ha caMoCcMa3Ke. YCITCITHO TPOIIIIH HC-
TIBITAHUS TTOAIAITHAKHY CKOJTBKEHHS U3 TIPECCOBAHHOM
JIPEBECHHBI, TPOMUTAHHBIE YUCTHIM MHHEPATHHBIM
maciiom MC-20, KoTopble TPIMEHSITH BMECTO ITapH-
KorrommuITHIKOB Ne 204, paboTaromix Ha OTKPHITOM
BO3/IyXE B YCIOBUAX aOpa3wBHOM Cpebl (ITeCoK, 00
CTeKI1a, T0JIOMUT). OTIBITHO-TTPOMBITIIIICHHON ITPOBEP-
KOW YCTaHOBJICHO, YTO CPOK CITYXKOBI TIONIITHITHUKOB
13 aHTH(PPUKITHOHHON TTPECCOBAaHHOHN APEBECHHBI
(AITT) ipeBBICHIT CPOK CITY’KOBI IITAPUKOTIOIITATTHAKOB
B 2—3 pasa, Mpu 3TOM CTOMMOCTb IMOJIIIUITHUKOB U3
AIIl B 3 paza mensire [1, 2].

OCHOBHBIM JIOCTOWHCTBOM ITPECCOBAHHOM JIpeBe-
CHHBI SIBIISIETCS CIOCOOHOCTH paboTaTh Ha caMocMas-
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Ke, 4T0 00ecneunBaeT HU3KUH KOd(QOHUIMCHT TpEeHHS
IIpH MTyCKEe U OCTAHOBKE MexaHu3MoB. [logmmmHu-
KM CKOJBKEHHSI CaMOCMa3bIBAIOIINECS Pa3INyaioT:
0 BUAY pabodeii MoBepXHOCTH (IMIMHAPHYECKNE,
cdepudeckue, KOHMYECKHUE), TI0 KOHCTPYKITHOHHOMY
WCTIOJTHEHUIO (C BHYTPEHHUM KOJIBIIOM, 0€3 HEro), 1o
BOCTIPHHAMaeMO Harpyske (pajuanbHble, paanaib-
HO-ymopHbIe) [3].

CMma3Ky BBOAAT HETTOCPEICTBEHHO B y3€J TPEHUSL.
Cy1iecTByIoIye TEXHOJIOTHH TPOMUTKY TTPECCOBAH-
HOM IPEBECHH MO3BOJIIIOT BBOJIMTH CMA304HbII MaTe-
pHaI B TOTOBBIH MMOAIIMITHHK CKOJIBXKeHHs1. B mporecce
TPEHHUS U3 MOAIINITHUKA BBIIEISIETCS HEOOXOAMMOE
JUTsE pabOTHI y371a KOJTHMYECTBO cMa3ku. K maHHBIM
TEXHOJIOTHSIM OTHOCSITCS TIPOIMTKA MACJIOM METOJIOM
ropsTde-XOJIOHBIX BaHH U MPOTUTKA B aBTOKJIABE. DTH
CIOCOOBI MPUMEHUMBI TOJIBKO K YK€ TOTOBBIM H3/IENH-
M (JeTaJsiM TPEHUs) U3 IPECCOBAaHHON IPEBECHHBI.

B nacTosimiee Bpems MosiIBUIACh BOZMOXKHOCTD
BBE/ICHUSI CMa304HOTO MaTepHaja HEelOoCPEICTBEHHO
B 3arOTOBKY JIPEBECHUHBI TIepel MPECCOBAaHUEM. JTO
CTIOCc0o0 a’pO30JILHOM MPOTIUTKY MO/ AaBieHneM. Ero
MIPEUMYIIIECTBA B TOM, YTO CMA304YHBIN MaTreprai BBO-
TISIT B HATypaJIbHYIO APEBECHHY 10 IPECCOBAHUS , TEM
caMbIM obecrieqnBasi 60Jiee MOTHYIO U Ka9eCTBEHHYIO
MIPOTUTKY [4, 5].

1 2

[pouiece MpONUTKHU SBISAETCS TIOXO KOHTPOIHUPY-
€MbIM U HEITPUMEHHUM JIJISl IPEBECUHBI IIOTHOCTHIO
1200 xr/m3 1 BeIIE. ITpONMTKA HATYPAIBHOM APEBECH-
HBI TIPOIIIE, OJJHAKO CYIIECTBYIOIINE CIIOCOOBI U yCTa-
HOBKH HE MO3BOJISTIOT IO3UPOBAHHO BBOIUTH CMa3Ky B
JpeBeCcHHy. BBeieHHe cMa3Ku B MaJIbIX KOJMYECTBaX
(3...10 %) ¢ paBHOMEPHBIM pacTIpeICTICHHEM TI0 BCEMY
CEUYCHHIO 3aTOTOBKU paHee ObLIO HEBO3MOXKHO. Llennb
HacTosIIIeN paboThl — CO3/IaHKE CII0C00a 1 KOHCTPYK-
LUK YCTAHOBKH JIJIsS BBEICHHS CMa3KH B HATYPaJIbHYO
JPEBECHHY B BHUJIE adp0305ii [6]. JlpeBecuna sBisieTcs
CIIO)KHBIM KaITWUISIPHO-ITOPUCTHIM MaTepHaioM, T0d-
TOMY BBEJICHHE a3P030J1s1 BO3MOXKHO JIUIITH HA CTIEIH-
aJIbHO CKOHCTPYMPOBAHHON YCTaHOBKE, CXeMa KOTOPOi
nprBesieHa Ha puc. 1.

Oco0eHHOCTh KOHCTPYKIMY IPOMBIIIUIEHHOH yCTa-
HOBKH B TOM, 4TO 16 3arOTOBOK IPEBECUHBI pa3MEPOM
80x80x700 MM OTHOBPEMEHHO TTPOTUTHIBAIOTCS a3-
PO30IIBHOM CMECHIO Maciia ¥ BO3yXa /10 HeOOXOMIMON
CTETICHH cofieprkaHmst Macia B apeBecure (1o 10...12 %
OT Macchl CyXOH JIPEBECHHBI).

Abdpo30rbHAsT YCTaHOBKA COCTOHT M3 CTAHUHBI, HA
KOTOPOM 3aKPETUICHBI IBE TUTUTHI (TTOJBMKHAS M HE-
TTOJBIDKHAS ) IJIsT 00ECTICUCHUS TEPMETHYHOTO 3aKpe-
TUTEHHSI C TOPIOB 16 3aTOTOBOK 3a CYET THAPOCUCTE-
Mbl. K Top1iaMm 3aroroBoK cO CTOPOHBI HEMOJBUAKHON

5 6 7 8

3 4
/
/

|
N

15 14

\

i
/
6

——1 ]

19 18 17 1

Puc. 1. A3po3onbHasi ycTaHOBKa JUlsl TPONIUTKU JPEBECUHBI: /— TOMIMBHBIN Hacoc Beicokoro aasinenus (THBJ); 2 — tpy6o-
MIPOBOJ; 3 — TEIUIOAIEKTPOHArpeBaTeIbHBIC AIEMEHTHI; 4 — 0aK JJISI IPOITUTHIBAIONIETO PAcTBOPA; 5 — THAPOIMIHHID;
6 — MaHOMETP KOHTPOJIIS TaBICHUS MPIKUMA; 7 — 3JIEKTPOKOHTAKTHBIN MAaHOMETD; § — TUApocTaHnus; 9 — GpopcyHKu;
10 — BakyyMmHBIH Hacoc; /] — pecuBep AJst Bakyyma; /2 — o0pasiibl JPeBECUHBI; 3 — MyJIbT yrpasieHus; /4 — mHeB-
MoONDIaHTH; /5 — QuibsTp; /6 — pecusep Juist TaBIeHUsS; /7 — ITHEBMOKOMIIpeccop; /8 — 3JIEeKTPOnpoBox; /9 — dIeKT-

poasurarens aius THB/L

Fig. 1. Aerosol plant for impregnating wood: /— high-pressure fuel pump (fuel pump); 2 — pipeline; 3 — heat-electric heating
elements; 4 — tank for impregnating solution; 5 — the hydrocylinder; 6 — pressure gauge for pressure control; 7 —
electrocontact manometer; § — hydroelectric station; 9 — injectors; /0 — the vacuum pump; // — receiver for vacuum;
12 — samples of wood; /3 — the control panel; /4 — pneumatic hoses; /5 — the filter; /6 — receiver for pressure;
17 — pneumocompressor; /8 — electric wire; /9 — electric motor for injection pump
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IUIMTBI 4Y€PE3 IMHEBMOKJIAIIAHbI OT pacCpeaCIuTEIs
TIOJIBOZTUTCS a9P030JTh, KOTOPBIH MOJTYYeH B JOPCYyHKAX
TIPH [TOMOIIM TOTUTMBHOTO HACOCA BHICOKOTO JIABJICHUSI.
C npyroi#t CTOPOHBI K TOPIIAM TTOJIBE/ICH BAaKyyM 4epe3
QHAJIN3aTOPbI KOHTPOJISt MACIIOBO3/IYIITHOM CMECH, KO-
TOpBIE ITPU AOCTHHKEHUHU TPeOyeMOo CTENIeHH! TIPOITHT-
KM 3arOTOBKHM OTKJIFOYAIOT ITHEBMOKJIAIIAH CO CTOPOHBI
HarHeTaHus cMecd. OCHOBHBIE TTapaMeTphbl M Xapak-
TEPUCTUKHU YCTAaHOBKH IMPEACTaBICHbI B Ta0mMIIE [7].

KoHcrpykimst obecrieunBaer:

— CKBO3HYIO IPOIUTKY 3aT0TOBOK JI0 COJICPIKAHUSI
cMmasku 12 % oT Macchl CyXO# IPeBECHHBI

— ynoOCTBO B pabOTe, IKCIUTyaTalliid U 00CITYKHU-
BaHUU,

— DKOJIOTUYECKYFO YUCTOTY MPOU3BOJICTBA.

Tabnuna
OcHOBHBIE mapaMeTpbl YCTAHOBKHA
Basic installation parameters

HaumenoBanue napamerpos Jlanubie
Tun CranuoHapHbIi
Pazmep 3arotoBok 80x80x700 Mmm
KonmuecTBo 3aroroBox 16
JlaBieHue asposonu 1,0-1,5 MIla
Bakyym 80 xI1a
[Torpebasiemass MOITHOCTH 3,0 KBt
[MoTpebnsiemoe HanpsHKeHHE 380 B
JMTenbHOCTh onepanuu 25 MuH
I'abaputser 2400x770x2000 MM
Macca ycTaHOBKH 800 xr
IMapanTuiinblil cpok 12 mec
T He mine 80
TeMmneparypa skcIulyaTaluu +15...+400 °C

Lyem [

70 |
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Il Il Il Il Il I
0 5 10 15 20 25 t,MuH
a
Lyem [
70
60 [
50
40
30
20
10
Il Il Il I
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Hcnbitanust o nponuTtke OpyCKOB B a3pO30JILHOM
YCTaHOBKE MPOBOJIATCS IO CIEAYIONICH METOHKE.
bepezorie Opycku pazmepom 80X 80x 700 MM B Ko-
nuyectse 16 mT., ¢ BIaxXHOCTHIO 5...8 %, mporpersie
1o Temrieparypsl 70 £ 50 °C, ycTaHaBIHBAIOT B SUCHKH
npecc-popmel. J{iist repMeTH3alul BEPXHETO U HUXK-

P, MIla
1,0F
0,8}
0,6
04}
02f

0
-0,1

f, MUH
30 muH, 45 ¢

P, MIla
1,0+
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0,4}
02F

o35

-0,2

3,5113,513,5113.5]13,5]|3.5|3.5|(3.5| |3.5

t, MUH
30 mun, 45 ¢

0

Puc. 2. l{uxiaorpaMmsl a3p0o30IbHONM MPOMHUTKH OEepPE30BBIX
OpyckoB: a — Opycku 0e3 BHUANMBIX ITOPOKOB; O —
¢ cyukamu 110 20 % obObema Opycka WIH HMCIOIIHE
kococyoii [10, 11]

2. Cyclograms of aerosol impregnation of birch bars:
a — without defects; b — with knots up to 20 % of the
bar volume or having an oblique layer [10, 11]

Fig.

L,cm
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40 -
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20

10 15 20 25 30 ¢, MuH

Puc. 3. 3amonHeHnst MacioM OpyckoB: @ — 0e3 MOPOKOB;
6 — c KococinoeM; 6 — ¢ cydkamu J10 20 % oObema
Opycka

Fig. 3. Curves fill the oil bar: a — without defects; 6 — with
a slant; 6 — with knots up to 20 % of bar volume
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Puc. 4. Comepxanue macia B Opyckax mocie IponuTku: | —
Opycku 0e3 mopokoB; 2 — Opycku ¢ cyukamu 10 20 %
o0beMa; 3 — OPYCKH € KOCOCIIOEM

Fig. 4. Curves showing the oil content in bars after impregnation:
1 — bars without defects; 2 — bars with knots up to 20 %
of volume; 3 — bars with cross-bed
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12 +
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HEro TopIa OpycKa NCTIONB3YyeTCsl THAPOCUCTEMA BbI-
COKOT'O JIABJICHMSL, IIPU ATOM ITPOMCXOUT BIABIMBAaHHUE
TOPIIOB OPYCKOB B KOHYCOOOpa3HbIC SIMEWKHU U YILIOT-
HeHue ux no nepumerpy. Kaxnas sueiika cucreMoit
TpyOOITPOBOIOB MOJKITIOYEHA K PECUBEPAM: BEPXHUE
yepes popcynku TpyoonpoBonamu Ha THB/I, HiokHnIE
K BaKyyMHOMY pecHBepy. A3p030JIb CO3/1aeTCs B STUCH-
Ke 1o/ naBnenueM 3a cuetr THBJI, ¢hopcyHOK U KoM-
rpeccopa. [Ipu BKIIFOUEHNH B Hadase IPONUTKA IIPo-
HCXOAMT OTKPBITUE BAKYYMHOI'O KJIallaHA U CO3JIaHKE
BaKyyMma B KaXJ10i HIkHel siueiike. Ha npotskenun
BCEro nuKia nojjaepxkuBaercs paspsoxenue 80 klla
3a CUET BaKyyMHOI'O HAcocCa, KOTOPbIA MOJKIFOYEH K
pecuBepy ¥ paboTaeT B aBTOMATHIECKOM peskuMe [6].

ITogaua a3po30is OCYLIECTBISAETCS B BEPXHUE
STUCUKU TUKIn4Yecky, 3a cauetr THBJ u dhopcyHOK,
YCTaHOBJIEHHBIX Ha KAYKJOU sSUeiiKe, OT pecuBepa Io-
CpPEeACTBOM IHEBMOKIanaHoB. ITocne 3aBepiueHus
OIIEpAaLK T10 ITPONUTKE BBIKJIKOUAIOTCSI BCE THEBMO-
KJIAIIaHbI U BKJIFOYAOTCS THAPOCUCTEMA, IPOUCXOIUT
pa3MbIKaHue rpecc-(hOopMBI 1 OPYCKH H3BIICKAIOTCS U3

Ac,% [
12 -

Ac,% [
12

0 6 7 8 9 10 C,%

Puc. 5. 3aBucuMocTh coziepkaHns CMa3Ku B ApeBecHHe Ac, %, OT pa3nuuHblii (pakTOpoB: a — Temmeparypsl ¢, °C; 6 — naBneHus
P, MIla; 6 — Bnaxuoctu W, %; e — conepxanust moaudukaropa B apesecune C, %.

Fig. 5. Technological parameters of the plant: ¢ — the dependence of the lubricant content in the wood (Ac, %) on the temperature
t, °C; 6 — the dependence of the lubricant content in the wood (Ac, %) on the pressure P, MPa; ¢ — the dependence of the
lubricant content in the wood (Ac, %) on humidity W, %; e — the dependence of the lubricant content in the wood (A, %) on the

content of the modifier in the wood C, %.
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ycTaHOBKH. | [porieHT mponuTKu OpyCKOB OIpenesnsier-
Cs1 ITyTeM BBIOOPOYHOTO B3BEIMBaHuA [8, 9].

Ha puc. 2 npencraBineHbl TUKIOTPaMMBbl a3p030-
JIBHON MPOMUTKH O6Epe30BhIX OPYCKOB MO OMBITHBIM
peXrMaM, TIpeIBAPUTEIHLHO MOI0OpaHHBIM Ha J1a00-
paToOpHON YCTaHOBKE.

UTtoObI orpenenTh BpeMsi, HEOOXOANMOE TS a9pOo-
30JIBHOM IIPOIMTKH BO BPEMsI IPOIUTKH, JUIs KA 10U
TPYIIBI OPYCKOB, 3aMEPSIIM PaBHOMEPHOCTD 3aIoJI-
HEHMsI MacJioM Opycka 1o Bceit jumHe. st 3Toro
yepes KaKIble AT MUHYT YCTaHOBKY OCTaHABIINBAJIH,
BBIOMpAIX TPpU OpyCKa U 1O JTHHE OpycKa BHICBEPIIH-
BaJIM HACKBO3b OTBEPCTHSI THAMETPOM 3,5 MM, II[yTIOM
KOHTPOJIMPOBAJIH ITpUCyTCTBHE Macia. Ha puc. 3 mpen-
CTaBJICHBI KPUBBIC 3aMIOJIHEHHsI OPYCKOB MacjioM [9].

Korna HaliieHo BpeMst IPOITUTKY AJIs1 KaXK 101 IpyTI-
Tl OPYCKOB M OBIT PACCMOTPEH TPOIIECC 3AIOTHEHHS
MacJIOM BCel JJIMHBI OpycKa, HEOOXOIMMO OITPEICITUTh
COfIepKaHWe Macya B IPEBECHHE TTOCIIE MPOIUTKH.

Juis aToro oTbupanu mo Tpu Opycka U3 Kaxmou
TPYTITEI ¥ BECOBBIM METOAOM OTIPE/IESIIIN POIIEHT
coziepkaHus Macia B Opycke. Pesynsrarel 3amepoB
MIpe/ICTaBIeHbI Ha prc. 4. TexHonmornueckue napame-
TpbI pabOTHI YCTAaHOBKH MPHUBEIEHBI Ha pHc. 5 [12].

BbiBOAbI

1. Pa3zpaborannas u anpoOupoBaHHAS KOHCTPYK-
WS TPOMTUTOYHONW YCTAHOBKH TTO3BOJISIET BBOJUTH
B JIPEBECUHY KHJKYIO0 ¥ KOHCUCTEHTHYIO CMasKy B
BHUJIE adPO30JIsi C PABHOMEPHBIM pacIpe/ieieHIeM ee
10 BCEMY CEUEHHIO 3ar0TOBKHM Ha JUTHHY 10 800 MM.

2. TexHOMOTHYIECKUE PEKUMBI TIPOITUTKH 00ECTIe-
YHBAIOT BBEJCHNE CMa3KW B KOHIIEHTPAIUU OT 2 JI0
12 % c pazodpocom o mmmnHe He ooee 1,5 %.
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IMPREGNATING UNIT FOR INCREASING THE ANTIFRICTION PROPERTIES
OF STRUCTURAL MATERIAL BASED ON MODIFIED WOOD

D.A. Parinov

Voronezh State Forestry Engineering University Named after G.F. Morozov, 394087, Voronezh, Timiryazev Str., 8

dmitryparinov@mail.ru

In the manufacture of friction parts molded timber to reduce friction coefficient and increasing the wear resistance of the wood
should be 7...9 % by weight of dry wood antifriction composition consisting of an oily base (mineral oil, grease, paraffin,
ceresin, etc.) with additives nanoparticles of graphite and molybdenum disulfide. If the grease content of the wooden bearing
of less than 7 % of the coefficient of friction is increased by several times. When the lubricant content of more than 9 % of
the friction coefficient is not reduced, but the reduced strength and wear resistance, as Grease is a plasticizer and softens the
wood. A disadvantage of all known methods of impregnating wood is that they do not allow to obtain an oil concentration of
less than 40 % by weight of dry wood, as a clean liquid timber moves without solvent. If a solvent is used, there is a tough
problem of removing the solvent timber and the method becomes unsuitable for practical implementation. The advantage of
this impregnation method is that it allows to introduce in the compositions antifriction oily wood in small quantities without
the use of solvents with a uniform distribution of lubricant over the entire volume of the preform. This allows bearings with
friction coefficient of 0,05, and the linear depreciation of 1,12 - 10-°. We are conducting a pilot study on the installation
of wood impregnation under pressure from the end of the aerosol method. Experiments have proven that it is possible to
introduce liquid into the timber and the grease in an aerosol state with a uniform distribution of its preform length 800 mm,
and the grease concentration in the preform is from 2 to 12 %, with a range in length up to 1,5 %.

Keywords: wood, impregnation, spray, installation, antifriction compounds, self-lubricating

Suggested citation: Parinov D.A. Propitochnaya ustanovka dlya povysheniya antifriktsionnykh svoystv
konstruktsionnogo materiala na osnove modifitsirovannoy drevesiny [Impregnating unit for increasing the
antifriction properties of structural material based on modified wood]. Lesnoy vestnik / Forestry Bulletin, 2017,
vol. 21, no. 4, pp. 95-100. DOI: 10.18698/2542-1468-2017-4-95-100
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Crenan 0030p JIMTEpaTYypPHBIX HCTOYHUKOB MO PEXHUMaM M IapaMeTpaM CyIIKH ITHIOMAaTepPHAIOB U3 APEBECHHBI
sceHst TommuHoN 50 MM. IlpuBeneHbl peXUMBl CYIIKH, 3aBHCAILIME OT TEKyLIeH BIaKHOCTH HMHUJIOMATepHAaJOB,
npencrasieHnsie B Tpyaax E.C. borganosa, AWM. Pacesa, I1.C. Ceprosckoro u B 'OCT 19773-84. Pexxumbl paziu-
YaI0TCs HauaJlbHOW M KOHEYHO TeMIepaTypoil areHTa CyIIKH, CTEIEeHbIO HACHIIIEHHOCTH Ha Ha4aJIbHOM W KOHEU-
HOM 3Tamnax nporecca cyumku. [Ipomeec cymku, mo pa3HsIM HCTOYHUKAM, BKIIIOYaeT B ceOs oT 3 1o 12 crymneHeit.
[epBble UMITYIbCHBIC CYLIKH TUJIOMATEPUAIOB U3 IPEBECUHBI siceHs Hadaiauch B 1995 . (OO0 «Murapy, Mocksa)
B MOJIEPHU3UPOBAHHON CYIIMIIBHON Kamepe «Ypal-72» ¢ MonepeyHo-ropu3oHTalIbHON HUpKyJsiiuei. [IpuBenenst
MapaMeTphl JaHHOTO PEeXMMa CYIIKHU, a TAKKe CyIIKa B KOHBEKTHBHBIX CYIIMIBHBIX KaMepax YueOHO-TIPOu3BOa-
cTBeHHBIX MacTepckux MI'VJI ¢ nonepeuHo-BepTHKAIbHON LUPKYIISILUCH areHTa cymKy. Bia)kHOCTb IpeBeCUHbI
B TIPOIIECCE CYIIKH OMPEIeISUTH C TOMOIIBIO KOHTPOIBHBIX 00Pa3IoB, a Pa3BUTHE CYIIHIBHBIX HAPSDKEHHH — I10
CHJIOBBIM 0Opa3naM. HauanpHast BIaXXHOCTh ApeBeCHHEBI onpeaensiack B coorBeTcTBuu ¢ [OCT 16588 —91. [1pu-
MEHEHHE UMITYJIECHBIX PEKUMOB ITO3BOJISIET CHU3UTH ITOTPEOICHNE AIIEKTPOIHEPTUH TIPH CyIIKe siceHst 10 60 %.
KuroueBble cjioBa: mrIoMaTepya U3 APEBECHUHBI SICEHS, IMITYIECHAS CYIIKA, PEKUMBI CYIIKH

Cebuiaka st nutuposanus: Kypsiuos I'H., Kocapun A.A. mnynbscHas cylika MUIoMaTepUanoB U3 IPEBECUHbL
siceHsl ToNKHON 50 MM B KOHBEKTUBHBIX CYIIHIBHBIX Kamepax // JlecHoit BecTHuk / Forestry Bulletin, 2017. T. 21.
Ne 4. C. 101-105. DOI: 10.18698/2542-1468-2017-4-101-105.

HCCHB TIPEICTABISIET COOOW PO JTMCTOIAIHBIX
pacTeHuil ceMelcTBa MacCIMHOBBIX, HACUUTHI-
Baronuil okoio 70 BUIOB, pacIpOCTPAHEHHBIX B
yMepeHHOM Tosice CeBEepHOTO TONyIIapHsi, pexe
B CyOTPONMYECKHUX M TPOMHYECKHX JiecaxX. SIceHpb
pacTer rpymiamMu B CMEIIaHHBIX Jiecax, MHOTa BMe-
cTe ¢ AyOOM W JAPYTHUMH JHCTBEHHBIMH TTOPOJAMH,
o0pa3ys siceHeBbIe Jieca. BricoTa gepeBa mocTuraet
30...50 m, a nuameTp ctBosia — 1,5 M. Kpona nepesa
YIUTMHEHHAs STIIeBHUHAS, C BO3PACTOM BBICOKOTIO/-
HSATAas, IIMPOKO-OKPYTIIAs C H30THYTHIMU MOJIOZBIMHU
BeTBsiMH. Scenb xkuBeT 10 150-350 net. I{BeTer n
mnonoHocut ¢ 15-20 net. B Poccuun npouspacraer
11 BUJIOB sCeHs, HHTPOAYLIMPOBAHO ele 0Kojo 20
Bua0B. Hanboiee pactipocTpaHeH sICEHb BBICOKHAN
WU OOBIKHOBEHHBIN (Fraxinus excelsior), KOTOPBIHA
pacreT 110 Bee 3amamHoit Esporre, B CpeauzeMHO-
Mopbe U Manoil A3uu, a B Poccuu K 1ory u 3amnanay
ot Bonrn n na KaBkasze [1].

SIceHp OTHOCUTCS K SAPOBBIM KOJIBIIECOCYANCTHIM
nopojiaM. [oJluyHbIE CJIOM BCIEACTBUE Pa3Inuui B
CTPOCHMU TO3JIHEH U paHHEU JIPEeBECHHBI XOPOIIO
3aMeTHBI Ha BCeX paszpesax. fAmpo cBemio-Oypoe,
3a00JI0HB TIHPOKAs, )KEITOBATO-0eIIast, TOCTEIICHHO
niepexozsmiast B apo. CepaiieBUHHBIE JTy4Yl BUIHBI
Ha paguaabHOM paszpese B BUAC HEOOIBIINX OIeCTs-
KX YepToUueK 1 Touek [2]. CpenHee 3HaYEHUE MII0T-
HOCTH SIC€HSI OOBIKHOBEHHOTO TIPY BIAYKHOCTH 12 %
cocraysierT 680 Kr/mM?, B aGCOIFOTHO CYXOM COCTO-
SHUU — 645 xr/M°, 6a3zucHas wioTHocTh 560 kr/m3
[3]. SIceHp He ycTyIaeT Mo MPOYHOCTH TyOy, IMeeT
KpacHBYIO TEKCTYPY, 3HAYUTEIBHO TIPEBOCXOAUT Y0

10 CTOMKOCTH K Ae(pOpMAITHsIM U YIapPHOH BSI3KOCTH.
SlceHpb MMPOKO HMCIIONB30BAIICS AJIST U3TOTOBICHUS
JIBDK, 00pydei, Becel U Jake B KOpaOIeCTPOCHUH
[4, 5]. B HacTosmiee BpeMst MPUMEHSETCS TIPH H3T0-
TOBJIEHHUH TAPKETa, JIECTHHUI], OKOH 1 MeOeITH.

CTOMMOCTH MHUJIOMATEPHANIOB W 3aTOTOBOK U3
SICEHsI COCTaBISAET OT 35 1o 45 TeIC. py6. 3a 1 M.
BcnencTBue BbICOKOM IIIOTHOCTH JPEBECUHBI SICEHS
CYIIIKa €ro MPe/ICTABISET OIPEe/IeTIeHHBIE CIOKHOCTH.
B I'OCT 19773—84 nns mapoBO3IYIIHBIX KaMep
MEPUOINIECKOTO JCHCTBHS ISl IPEBECHUHBI SICEHS
U uibMa ToiuHon ot 50 10 60 MM NpUBEIEH Iid-
TUCTYIIEHYATHIN pexXuM Cymiku Tabm.1 [6].

B crpaBouHmKe 10 Cymike npeBecuHsI [7] mpu-
BEJICH PEXXUM CYIIKH JJIS SICEHS ¥ rpada TONIHHON
ot 50 mo 60 MM, BKJIIOYAIONIUN B ceOs ommeparuu

Tadoauna 1
Pexxum CYIIKH IMMUJIOMATEPUAJTIOB U3 IPEBECUHBI
siceHsl M WJIbMa TOJIIIHHOI oT 50 10 60 MM [6]
The drying of sawn timber from ash and elm wood with
a thickness of more than 50 to 60 mm [6]
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Ilcnx-
CS;;[;?X "II)ZTM;): pomeT- CreneHb

HOCTb JpeBe- arenTa pudeckas HaCLIHICOH—

CHUHEL, % cymkw, °C Pa313?:CTB, HOCTH, %
=35 45 2 )
35-25 47 3 33
25-20 51 5 75
20-15 54 9 60
<15 65 18 37
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Taoauma 2

Pexum cymikyu nuioMaTepuasioB U3 ApeBeCHHbI siceHs1 M rpada ToamuHoi ot 50 10 60 mm [7]
The drying of sawn wood from ash and hornbeam thickness of more than 50 to 60 mm [7]

Bnasxxnoctb Bux 06paGoTicu Temneparypa arenra IIcuxpomerpuueckas CreneHb
npesecrHbl W, % cymku, °C pasHocTh, °C HACBIICHHOCTH, %
Wu IIporpes 48 0 100
ot Wh no 35 Cymika 43 2 88

35-25 Cymika 45 3 73

25 Braroremioo6paboTka 49 0 100
25-20 Cymka 49 4 79
20-15 Cymika 53 7 66

ot 15 no Wk Cyuka 62 18 36
Wk Konpunuonuposanue 62 12 52

MporpeBa, CyIKH, MPOMEKYTOYHON BIaroTerio0-
OpabOTKM ¥ KOHIUITMOHNPOBAHUS (TaldI. 2).

Tam xe NPUBOAUTCS TPEXCTYIEHYATBIN PEXKUM
CYIIKH JUISI TTAJIOMaTepHUaoB TOMIUHON oT 50 mo
60 MM (Tabm. 3).

Taonuma 3

Pe:xxum cymiku nuiaoMarepHuaJioB U3 IpeBeCHHBI
ay6a, niabma, rpada u sicens [7]

Drying of sawn timber from oak, elm, hornbeam and ash [7]

Cpennsst Temnepary- | Ilcuxpome- CreneHb
BIIQYKHOCTD pa arenra TpHUYecKas HACBIIICH-
JIPEBECHHBI, CYIIIKH, Pa3HOCTH, HOCTH,

% °C °C %
30 47 2 90
30-20 50 5 75
20 62 18 36

I1.C. CeproBckuii [8] IpHBOIUT PEKUM CYIITKA
nwioMarepuanaoB ToimuHon ot 50 1o 60 mwm, e
SCeHb O0beauHsIeTCS ¢ OyKOM, KJICHOM W JINCTBEH-
Hute (pexxuMm Ne 12) (Tabm. 4).

Taonuma 4
Pesxum cymiky nujioMarepuasioB U3 ApeBeCUHbI
Oyka, siceHsl, KJIeHa, JJMCTBEHHU bl TOJTIINHOM
ot 50 10 60 MM [8]
The drying of sawn timber from beech, ash, maple, and
larch thickness from 50 to 60 mm [8]

- | T
BnaxHoCTh Te:ldg:pI?TTz emreparypa Hac;e“e:; )
JPEBECHHEIL, paare «MOKPOTO» CBILLCHHO
% CyIIKH, TepMOMETPa, CTH,

°C °C %
Baimie 40 53 49,5 82
40-30 57 52,5 78
30-20 60 51,5 63
20-15 63 51 52
15-10 66 50 42
Huxe 10 69 48 32

[IaTucTyneHuaToe U3MEHEHNE TapaMeTPOB Cy-
WKJIBHOTO areHTa MpeaycMoTpeHo [9] pexuMom
CYLIKH 1y0a, siceHsl, wibMa U rpada TONIIHMHON OT
50 mo 60 MM (Tabum. 5).

Y pexXrMOB CyIIIKH, TIPEJICTABICHHBIX B Ta0I. 1-5,
HUMEIOTCS pa3finyus B HAYaJIbHOM TeMreparype, Ko-
TOpasi HAXOMUTCS B quamnaszone 43...53°, KoHeTHOM
temrreparype (61...69°), cTenieHr HACBHIIIEHHOCTH B
Hagase nporecca (82 ... 100 %) u B koHIIe mporecca
(32... 38 %). KonmuecTBO CTyneHe# CyIIKH BapbH-
pyetcs oT 3 10 7.

Tabnuma 5
Pesxum cyniky nujioMarepuajioB U3 ApeBeCUHbI
ny0a, siceHsi, WJbMa U rpada ToJINHOM
ot 50 10 60 MM [9]
The drying of sawn timber from oak, ash,
elm and hornbeam thickness from 50 to 60 mm [9]

Bnaxnocts | Temnepary- | Ilcuxpome- CreneHb
JIpeBeCH- pa arenra TpUYecKas | HACHIIICHHO-
HbI, % cymku, °C | pa3HocCTs, °C ctu, %
>35 43 2 89
35-25 45 3 83
25-20 49 4 79
20-15 53 8 74
<15 61 17 38

[IpuBeneHHbIC HU3KOTEMIIEPATYPHBIE PEXKHUMBI,
BKJIIOYAIOIIME OIEpaLIo MPOrPeBa, CyIIKY C pas-
JIMYHBIM KOJINYECTBOM CTYIEHEH, IPOMEKYTOUHYIO
Y KOHEYHYIO BJIATOTEII000pabOTKy M OTepaIuro
KOHJULIMOHUPOBAHMSI, IIPEAIIOIAraloT NCIOIb30Ba-
HUE ISl CYLIKU MMJIOMaTepHanoB U3 sICEHS TEXHO-
JIOTMYECKOTO BOSIHOTO Tapa.

B Hacrosimee Bpemst IpakTHUECKH HE OCTaOCh
JepeBooOpadaThIBAIOIINX IPEAPUATHH, HCIIONb3Y-
IOLIMX JAJIs1 CYIIKH TEXHOJIOTUYECKUI BOISIHOM map,
BCJIEZICTBUE €TI0 BHICOKOH CTOUMOCTH.

B 19941994 rr. Ha kadenpe CYIIKA U 3aIUTHI Ipe-
BecuHbl MI'VYJI ObuH pa3paboTaHsl, a 3aTeM IMPOILTH
IIPOMBIIIICHHYIO arpoOannio pexXxuMbl UMITYJIbCHON
CYIIKHM XBOWHBIX M JIMCTBEHHBIX ITOPOA APEBECHUHBI
B Kamepax nepuoauueckoro neicrsus YJI-2M u ka-
Mepax HempepslBHOro npunuuna aecrsus LHHU-
MNMO/-32 na npenmpusituu JIOK Ne 1 (. Mocksa.)
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Taoauma 6

CpoaHast Ta0uu1a pa3Iu4uil B pe:KUMax CylIKH NWJIOMATePUAJIOB U3 APEeBeCUHbI SICEHS TOJIIIUHOI
ot 50 10 60 MM
Summary table of differences in drying conditions for sawn timber from ashwood thickness from 50 to 60 mm

Temrmeparypa areira CyIiku, CTerneHpb HaChIIEHHOCTH
JlureparypHbIit KommuectBo C
HCTOYHHUK Ha4qalbHas, | o= o og oC | HadaIbHAL, KOHEYHasl, cTymeHeii OYETAHUE MTOPOL
°C ’ % %
T'OCT 19773-84 [6] 45 65 89 37 5 WnbMm
bornanos E.C. [7] 48 62 100 36 7 rpab
boraanos E.C. [7] 47 62 90 36 3 Jy06, unbsm, Tpad
Ceprosekuit I1.C. [8] 53 69 82 32 6 by, e,
JIUCTBEHHUIA

Paces A.I. [9] 43 61 89 38 5 y06, wnem, Tpad

B 1995 1. monyden matent Ne 2027127 Poccntii-
ckoii denmepanyu Ha CIOCco0 CYIITKA IMAIOMATEPHATIOB
1 3aTOTOBOK, MTO3BOJISIOINIA 0TKA3aThCS OT HCIIOINb-
30BaHMSI BOASHOTO Tapa B mporiecce cymkw [10].

C 1995 1. mo 2005 rox ma mpenmpusituu OO0
«uTap» (. MockBa) peKUMBI UMITYJIbCHON CYIII-
KU OBIIM HMCIIOJIB30BAHBI JIJISI CYIIKH XBOWHBIX ITH-
JIoMaTepraioB (COCHA, €1b) M TBEPAOTHUCTBEHHBIX
nIoMaTepruaioB (my0, Oyk, rpyIra, KJIeH, opex),
B TOM YHCJI€ U JJIS SICEHS TOIIMHON 53—58 MM, B
MOJIEPHU3UPOBAHHOM CYIIMJIBHON Kamepe ¢ a’po-
TUHAMAYECKUM TIPUHIIATIOM JTEUCTBUS «Ypan-72».
[Ipumep pexrMa CyIIKH MAIOMaTEePHAaIOB U3 SICEHS
TpuBezcH B TabI. 7.

Tabnuma 7
Pesxum cymiku siceHst TOJUHOM oT 50 10 60 MM
(000 «HuTap», r. MockBa)
Mode of drying, ash thickness from 50 to 60 mm
(«Intar», Moscow)

o | Tomeny | Tesmn o | Toguas
cyr cymku, °C Bpewms Bpemst | pocrs, %
paboThL, U | may3sl, 4

1 36 1 4 65,5
3 42 1 4 59,8
7 46 1 4 51,5
11 48 1 3 422
14 52 1 3 35,8
21 56 1 3 29,3
25 58 1 3 24,7
31 62 2 3 19,3
35 64 2 2 15,1
39 66 2 2 11,4
40 68 3 2 9,2
44 70 3 2 7,2

TaOnuma 8
ITapameTpsbl CylIKH MJI0MATEPHAJIOB U3
JApeBeCHHbISICEHs] TOJIIMHON 54 MM
(YIIM MI'VJI, MocksBa)

Parameters of drying sawn timber from lumber
54 mm thick (MGUL, Moscow)

Temmne- Pexxum cymiku Texymas
Bpews, | Zline B tocts,
pemst
oyr CYLIKH, Bpens naysbl, e
oC paboTsl, 4 %
q
25 60 2 3 15,2
30 65 2 3 12,4
45 70 2 2 7.8
48 70 3 2 69

B mponecce cymku KOHTPOIb 332 COCTOSTHUEM
Marepuraa IMpOBOIUIN C UCTIOIH30BAaHHEM KOHTPOJIb-
HBIX 00pa3IioB BIAJKHOCTH W CHIJIOBBIX 00pas3IloB,
3aJI0KeHHBIX B mTabens. [lepexon co cTymenn Ha
CTYTICHb, TIOBBIIIIEHNE TEMITEPATyphl M U3MEHEHHE
MapaMeTpoB peKUMa UMITYITbCHOH CYIIIKH OCYIIIeCT-
BIISUTH B 3aBUCHMOCTH OT PAa3BUTHSI TIOJTHBIX BHYTPEH-
HUX HaIpsKEHUHM.

CrienmansHO pa3zpaboTaHHas CHCTEMa aBTOMAaTH-
YECKOTO PETYIUPOBAHMS, BKIIOUAIOIIAs ICUXPOMe-
TPUYECKHA Y3eI («CYyXO0i» U «MOKPBI» TEPMOMETPHI
COIIPOTHBJICHUS ), PETYIIATOP TEMITEPATypPhI U TaliMep
Ha 6a3e mpubopoB HITO «OBEH» (1. Mocksa), 1o-
3BOJINJIA MCTIOIB30BaTh TEXHOIOTHIO UMITYJIECHON
CYIIIKH B YETHIPEX KaMepax MepuOINIecKOro Aei-
CTBHSI BMECTUMOCTRIO 12 M3 Y4eOHO-TIPON3BOICTBEH-
HbIX Mactepckux MI'YJI st cyilky nunomarepuasioB
u3 apeBecuHsl siceHs B nepuof ¢ 2009 mo 2013 .

B 2017 . aBTOpaMu noyyeHsl 1Ba AaTEHTa Ha CIIO-
€00 UMMYITLCHOM CyIIKH TroMarepuaios [11, 12].
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MMnynbcHasa cyLlKa NnuiomMaTepuanos.... HoBble MmaTepuaibl U TEXHONIOTUM...

IMPULSE DRYING OF SAW TIMBER OF THICKNESS 50 MM
IN CONVECTIVE DRYING CAMERAS

G.N. Kuryshov!, A.A. Kosarin?

' BMSTU (Mytishchi branch), 1 st. Institutskaya, 141005, Mytischi, Moscow reg., Russia
2 000 «Forcklady, 40 st. Partizanskaya, Moscow, 121359, Russia

kosarin2008@yandex.ru

The review of the book sources on the regimes and parameters of sawn timber drying of ash trees of 50 mm thickness
has been made. Drying regimes depending on the current humidity of the sawn timber presented in the works of
E.S. Bogdanov, A L. Rasev, P.S. Sergovsky and GOST 19773—-84 have been listed. The presented regimes differ in the
initial and final temperature of the drying agent, in the degree of saturation at the initial and final stages of the drying
process. The drying process includes from 3 to 12 steps, according to different sources. The first impulse drying of sawn
timber from ash wood was made in 1995 at LLC «Intar» in a modernized drying chamber Ural-72 with transversely
horizontal circulation. The parameters of the drying regime in convective drying chambers of MGUL with transversely
vertical circulation of the drying agent are shown. The control over the humidity of the timber during the drying process
was carried out by means of control samples. The development of drying stresses was based on force samples. Initial
humidity of wood was determined in accordance with GOST 16588-91. The use of pulse regimes allows to reduce the
consumption of electricity when drying ash trees up to 60 %.

Keywords: sawn timber, impulse drying, drying regimes
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thickness 50 mm in convective drying cameras]. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4,
pp. 101-105. DOI: 10.18698/2542-1468-2017-4-101-105

References

[1] Sukachev V.N. Dendrologiya s osnovami lesnoy geobotaniki [Dendrology with the basics of forest geobotany]. Leningrad:
Goslestekhizdat publ., 1934, 616 p.

[2] Lesnaya entsiklopediya [Forest Encyclopedia]. In 2 vol. Moscow: Sovetskaya entsiklopediya, 1985, 563 p.

[3] Stanko Ya.N., Gorbacheva G.A. Drevesnye porody i osnovnye poroki drevesiny [Wood species and the main defects of wood].
M.: Vsemirnyy fond dikoy prirody (WWF) publ., 2010, 155 p.

[4] Borovikov A.M., Ugolev B.N. Spravochnik po drevesine [Handbook of wood]. Moscow: Lesn. prom-st’ publ., 1989, 296 p.

[5] Pevtsov A.Kh., Perelygin LM. O fiziko-mekhanicheskikh svoystvakh drevesiny yasenya obyknovennogo [On the
physicomechanical properties of ash wood of the ordinary] Sb. rabot po issledovaniyu fiziko-mekhanicheskikh svoystv
drevesiny [Collection of works on the study of physical and mechanical properties of wood]. Moscow: Goslestekhizdat, 1933,
132 p.

[6] GOST 19773-84 «Pilomaterialy khvoynykh i listvennykh porod. Rezhimy sushki v kamerakh periodicheskogo deystviya»
[GOST 19773-84 «Sawn timber of coniferous and deciduous species. Modes of drying in batch chambers»]. Moscow: 1zd-vo
standartov publ., 1990, 446 p.

[7] Bogdanov E.S., Kozlov V.A., Kuntysh V.B., Melekhov V.I. Spravochnik po sushke drevesiny [Handbook of wood drying].
Moscow: Lesnaya prom-st’ publ., 1990, 304 p.

[8] Sergovskiy P.S. Gidrotermicheskaya obrabotka i konservirovanie drevesiny [Hydrothermal treatment and preservation of
wood]. Moscow: Lesnaya prom-st’ publ., 1968, 448 p.

[9] Rasev A.L. Sushka drevesiny [Drying of wood]. Moscow: Lan’ publ., 2010, 416 p.

[10] Sposob sushki pilomaterialov [Method of drying lumber]. Pat. Ne 2027127 Rossiyskaya Federatsiya / Rasev A.I., Kuryshov
G.N., Lyashenko S.V. Publ. 20.01.1995.

[11] Sposob impul snoy sushki pilomaterialov [Method of impulse drying of sawn timber]. Pat. Ne 2607923 Rossiyskaya Federatsiya/
Kuryshov G.N., Kosarin A.A., Raseva E.A. Publ. 11.01.2017.

[12] Sposob impul snoy sushki pilomaterialov [Method of impulse drying of sawn timber]. Pat. Ne 2615854 Rossiyskaya Federatsiya/
Kuryshov G.N., Kosarin A.A., Raseva E.A. Publ. 11.04.2017.

Author’s information

Kuryshov Grigoriy Nikolaevich — Cand. Sci. (Tech.), Associate Professor of the Chair of Wood Science
and Technology of Woodworking BMSTU (Mytishchi branch), kuryshov@mgul.ac.ru

Kosarin Anatoliy Aleksandrovich — Cand. Sci. (Tech.), Associate Professor, Deputy Director
«Forcklady, kosarin2008@yandex.ru

Received 10.05.2017

JNecHol BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 4 105



\ MUHOPOMTOPTI JIECOMPOMBILLIEHHBIN
I— POCCHUU KOMIMJIEKC POCCUU

MNPECC-PENN3

JepeBsiHHble KOHCTPYKLUU B TOPOACKOM CTPpOUTE/IbCTBE
M3MeHAT 061uK [lanbHero Boctoka

MpumeHeHWe AepeBsHHbIX KOHCTPYKLUMWIA B CTPOUTENBCTBE XKUIMbA MOXET 3HA4YUTENBHO YYYLLNTD

Ka4yecTBO ropoAckon cpefpl kak Ha JansHem BocToke, Tak 1 no Bcen ctpaHe. CTaTc-cekpeTapb — 3ame-
ctutens MuHucTpa npombilneHHocT 1 ToproBnu Poccum Buktop EBTYyx0OB cooGLwimn o nnaHax rocygap-
CTBa MO PacLLMPEHNIO NPUMEHEHNS APEBECUHBI B CTPOUTENBLCTBE B paMKaXx BbICTYNMEHNS Ha CTpaTerniyeckomn
ceccumn «KKX v xunbe. Yto 6ygeT coenaHo?» Ha BOoCTOYHOM akOHOMMYeckoM hopyme, KOTOPbIN NPOXOauT
Bo BnagusocToke.

B pabote ceccun npuHAnn yyactre MUHUCTP CTPOUTENbCTBA U XKUMMLLHO-KOMMYHANbHOIO XO03AMCTBa
Poccuinckon ®epepaumm Muxamn MeHb, 3amecTutens MuHUCTpa CTPOMTENLCTBA U SKUMULLHO-KOMMYHa-
nbHOro xo3sincTea Poccuiickon ®egepaunm AHgpen Ynbuc, samectntens MuHmucTpa Poccuiickon

Pegepaummn no passutnio JanbHero Boctoka Ceprer KavaeB, a Takke npeactaBUTENU KPYMHEMLIMX
KOMMaHWIM 1 NPaBUTENbCTB AaNbHEBOCTOYHbLIX PETMOHOB.

Mo paHHbIM cTaTCTMKKM, 6onee 80 % HaceneHus Poccum NpoxvBaeT B KPYMHbIX ropodax, U 9TOT NPOLUEHT
OyneT pactn B Grivbkanwume rogpl. B cBasu ¢ aTum 0byCcTpONCTBO ropoaoB, pasBUTME NX BHYTPEHHEN UHdpa-
CTPYKTYPbl, CTAHOBUTCHA NepBOCTENEHHON 3adadvel. naHupyeTca akTMBHO M3yyaTb MUPOBOW OMbIT U BHEd-
pATb NepeaoBble METOAMKN, KOTOPbIe CAENatoT XM3Hb ropoXKaH 6ornee aKONOorMYHoOM 1 KOMPOPTHON.

[epeBsHHblE KOHCTPYKLUMM B FOPOACKOM 3acTpovike OOMbLUMX rOpoAoB NMPUMEHSIIOT CTpaHbl, KOTOpble BO
BCEM MUpE NPU3HAKOTCS NMaepamMmn No opraHn3aumm yMHOW ropoackon cpeabl: AnoHus, CuHranyp v gpyrue.
B cBsasn ¢ atum MuHnpomTopr Poccnn, MuHcTpon Poccun, a Takke permoHanbHble Bnactu, NpodubHbIe
accouuaumm n 6rusHec-KoOMNaHnM 3auHTEpPecoBaHbl B paclUMPEHNM NMPOM3BOACTBA U NPUMEHEHUN OepeBsH-
HbIX KOHCTPYKLMA.

C TOYKM 3pEHMS NECONPOMBILLIIEHHOrO KOMMIEKCca, pasBUTue OepeBsiHHOro AOMOCTPOEHNST MOXET CTaTb
OOHVM Y3 OpariBEPOB pPasBUTUS MU NO3BONUT 3a4eMCTBOBaTb 3HaYMTENbHbIVM NECHON PeCcypeC CTpaHbl, a Takke
obecneynTb MynbTUNIMKATUBHbIN SKOHOMUYECKUIA 3DEEKT B CMEXHBLIX OTPaCnsiX: MPOU3BOACTBO CTPOUTEMb-
HbIX MaTepuaroB, SHepreTuka, TPaHCMOpPT, XUMULLHO-KOMMYHaIbHOe X038MCTBO, NOTpebuTensckie ToBaphbl,
B TOM 4ucne, mebenb.

«[danbHuin BocTok o4eHb AMHaMUYHO pasBMBaeTCs, B TOM yucre, 6narogaps HanaXeHHbIM KOHTakTaMm C
3apybexHbIMu napTHepamu. [Ins coxpaHeHUst BbICOKMX pe3ynbTaToB Heobxoamumo obecrneynsatb pa3BuToOCTb
BHYTPEHHEN MHAPaCTPYKTypbl. [JaneHuin BoCcToK, Kak 1 MHOrMe pervoHbl CTpaHbl, CTarkueaeTcs ¢ npobne-
MaMu B XunuwiHown cdepe. Ons peleHns atoro Bonpoca MuHnpomTopr Poccun npeanaraet pacLuvputb
NpUMeHeHWe AepeBAHHbIX KOHCTPYKUMI B CTPOUTENBCTBE XuUrbsi. B Hawwen cTpaHe cerogHst eCTe 4OCTaTO4HO
W pecypcoB, ¥ TEXHOMOMMA ANst Pas3BUTMS 3TOTO PbiHKA. Mbl MPOrHo3vMpyeM, 4To ONs AEpPeBSAHHOro AOMO-
cTpoeHus B Poccun moxeT BbipacTv 4o 30 % oT obLuero yncna BBOAMMOTO XWrbs, B TOM YKCIe, 3a CYET Mo-
ABNEHWNS MHOTO3TaXKHOrO KPYrnHOMNaHerbHOro AepeBsHHOrO AOMOCTPOeHNs», — coobmn Buktop EBTYXOB.

Pa3Butne gepeBsiHHOro 4OMOCTPOEHMS OTBEYaeT MriaHaMm pPas3BUTUSi OTPaciv, KOTOpbIe M3MOXEHbI B HO-
Bon Ctpaterun passuTtns necHoro komnnekca go 2030 roga. MNpasuTtenscTtBo Poccun ctumynupyeT npumve-
HeHne OepeBsIHHOTO CTPOUTENbCTBA MO COBPEMEHHBLIM TEXHOMOMMSM B PerMoHax ANns BO3BeAeHUs coumarnb-
HbIX 06bekToB. Cpeaun HUX — AeTckne cagbl, PU3KYNbTYPHO-0300POBUTENbHBIE KOMMMEKChI, DenbALIepCKO-
aKyLuepckve NyHKTbI, a TaloKe Xunbe B3aMeH BETXOro 1 aBapunHOro.

Cpeaun npegnaraeMbix Mep Mo CTUMYNMPOBaHMIO 3TOTO HaMpPaBfeHUsi rocnoaaepkka B BMAE MbroTHbIX
KpeauTHbIX CTaBOK NpW NOKYMKe AepeBsAHHbIX JOMOB Y nponssogutenei. «pyM aToM Mbl MOHMMaeM, YTo cyo-
cmauMm HoBble M HeobxogMmo oTpaboTaTb MexaHu3M WX npegocTaBneHus. Ha HavanbHom aTane Gyaet
npeaycMoTpeH obbem cybcnamin nopsigka 200 mnH pybnei. C y4eToM SKOHOMUYECKOW cuTyauum obbem cyb-
cMann MoXeT ObITb M3MeHeH», — fobasun Bukrop EBTyxoB.

K opyrvm mepam passuTvs OepeBAHHOrO JOMOCTPOEHUsI OTHOCATCS Takke U3MEHEHNE TEXHUYECKMX pe-
rMamMeHTOB B YaCTU MHOTO3TaXHbIX AOMOB, CTUMYNPOBaHNE PETMOHOB MPUMEHSATb AePEBSHHOE CTPOUTENb-
CTBO MO COBPEMEHHbIM TEXHOMNOIMSIM, BBEAEHME KBOT Ha WCMONb30BaHWE MPOAyKUMWM AEePEBSHHOTO AOMO-
CTpOeHUsi B pamkax chefeparnbHbIX U rocyAapCTBEHHbIX MporpaMM. B kpaTKOCpoYHOM NepcnekTnee aTn mMepbl
obecnevaT pocT pblHKa AepeBAHHOro AoMocTpoeHus Ha 10 %.
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