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OIIPEAEJIEHUE ITPOT'UBA CTPEJIBI XJIBICTA
KAHIMJIAT TEXHUYECKHUX HAYK, TOLEHT A. A. Yimmmmimii’
M. ®. I'puropses’
1 — ®I'BOY BO «IkyTckas rocyiapcTBEHHas CEIbCKOX035CTBEHHAsI aKaIeMUs»,

r. Skyrck, Poccuiickas ®enepauus

I/ISBCCTHO, YTO BEPTHUKAIIbHAA HAarpy3ka Ha TpeJ'[eBOllHHﬁ TPAaKTOp 3aBUCUT OT PasMCPHBIX XaPAKTCPUCTUK TPETIOEMbBIX
XJIBICTOB U PaBHACTCA BECY HpOFHyBHIeﬁCH YacTHy XJIbICTa OT KOMJIEBOI'O CpE3a A0 TOYKU OTPhIBA OT IMOBEPXHOCTH 3EMJIN U U3-
m6a}01uero MOMCHTA. JIJIH OnpeaciICHus Beca HOI"pyH(eHHOﬁ YacCTu YUYUTBIBACTCA paclpeACiI€HUE MACChI 110 JJIMHE XJIbICTA,
TUIOTHOCTH APE€BECHUHDBL, MOIYJIb YIIPYI'OCTH U CHUJIbI TPEHUS XJIBICTOB B ITAYKE. ﬂ,ﬂﬂ YIPOIICHUA pACUCT IMPONU3BOIWIICA IIPU CIIC-
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JIYFOIIMX JIOMYIIEHUSIK: 00pa3yIoIIyt0 CTBOJIOB MPUHIMAeM KaK 00pa3yroIIyro Tella BpalleHus (yCeYeHHBI KOHYC); TUIOTHOCTb
JIPEBECHHBI PaBHOMEpPHA 110 00bEMY TOH YacTH XJIBICTa, KOTOpas pacCMaTpPHBASTCSl B IAaHHBIA MOMEHT. BONBIIMHCTBO 33/1a4 0
Mporubde CTPeNibl XJIBICTa PEIIaoT ¢ TIOMOIIBIO TeopeMbl KacTnimaHo: yacTHas pOU3BOIHAS OT OTEHIMATBHOM SHEPTHHU CHC-
TEMBI paBHA MEPEMEIICHUIO TOYKH NPHIIOKEHHST CHIIBI TI0 HATIPABIICHHIO JAEHCTBHUS 3TOH CUIIBL. AJIFTEPHATUBHOE MPOCTOE pe-
IIIEHHE MOYKHO TIOJTYYHTh, UCTIONB3Ys YHIBEpcalbHOe quddepeHmaibHoe ypaBHeHHE YIpyroi TnHuM. [IpeacraBuM XTbIcT Kak
TUTIOCKYFO OAJIKy C pacrpeleieHHON MacCoi, B KOTOPOH BBIIENIMM YacTh, SKBUBAICHTHYIO 00BbEMY LIWJIMHIPA C THAMETPOM, PaB-
HBIM JMaMeTpy BepIlHHbL. OTcedeHHas IIMHAPOM 0030JIbHAsI YacTh OyZIeT MOKa3blBaTh M3MEHEHHWE MAacChl U IHaMeTpa 1o
JUTHHE XJIbICTa ¢ 00erx cTopoH. [lomydeHHbIe BEIpaKeH s TIO3BOJISIFOT OMPEIENSATh POru0 XJIBICTA IO €0 JUTHHE 0e3 yueTa aHu-
30TPOIHOCTH JAPEBECUHBI H MOTYT OBITh HCIIONB30BaHbI IPH OIpeZeNeHnH Ko3(QUIMEHTa paclpeeeH s Harpy3Ku MeXIy
TPaKTOPOM M BOJIOKOM TIPH TPEJIEBKE XJIBICTOB B ITONYTIOrPY)KEHHOM TTOJIOKEHHH.

KaroueBbie c10Ba: MOIyNb yIPYrocTH, IPOrU0, XJIBICT, ONTUMHU3ALIHSL.

DETERMINATION OF FLEXURE ARROW A FELLED TREE
PhD in Engineering, Associate Professor A. A. Ushnitsky'
M. F. Grigoriev'
1 — Federal State Budgetary Education Institution of Higher Education «Yakutsk State Agricultural Academy»,
Yakutsk, Russian Federation

Abstract

It is known that the vertical load on the skidder including depends on the size characteristics hauling felled trees. In this
case vertical load on the tractor is equal to the weight having caved in portion trees portion by the lower part of the tree cutaway
to the point of lifted from the ground surface and bending moment. For a determination of the weight the immersed portion is
accounted distribution of mass along the length of felled trees wood density, modulus of elasticity and the friction force in felled
trees the bundle. To simplify the calculation was performed at the following assumptions: a generator trunks accept how to defin-
ing body of revolution (truncated cone); wood density is uniform over the volume of that part of felled trees which is seen cur-
rently. In most the tasks a trough arrow felled trees solve using Castigliano's theorem: where the partial derivative of the potential
energy system is equal force of moving the point of application of force in the direction of this force. An alternative simple solu-
tion can be obtained using a universal differential equation of the elastic line. We represent the felled trees how a planar girder
with distributed massin which distinguish the equivalent part of the volume of the cylinder with a diameter an equal to the diame-
ter of the top. Ed off by of cylinder, made of lumber forest part will indicate change in mass and diameter along the length of the
felled trees on both sides. The obtained expressions allow us to determine the deflection of the felled trees along its length, ex-
cluding the anisotropy of wood, and can be used in determining the load distribution coefficient load distribution between the
tractor and portage skidding of stems in half submerged position.

Keywords: modulus of elasticity, deflection, felled trees, optimization.

Ipu TpeneBKe XJIBICTOB B MONYIIOIPYXKEHHOM II0-
JIOKEHUM CYIIECTBYIOT OrPaHHYEHHsT K TPAHCIIOPTHOU
CHCTEME T10 BEPTUKAIBHON HATPY3KE M 0 BETHYHHE Pea-
JIM3YEMOr0 TATOBOTO YCHIMs. BepTHKanbHas Harpyska
Xapakrepusyercst Ko3(p(MHIMEHTOM pacrpe/Ie/icHUs Ha-
TPY3KH k, 3aBUCSIIINM OT BBICOTHI TIOJbEMA TPY3a, pasmep-
HBIX U YIPYTHX XapaKTEPUCTUK XJIBICTOB, M MPEICTABIISET
€000l OTHOIIIEHHE Beca TPOTHYBIICHCS YacTH XJIBICTA OT
KOMJIEBOT'O Cpe3a JI0 TOUKH OTPhIBA OT TIOBEPXHOCTH 3EMITH
1 u3rubaromiero Momenta. [lomydaem, 4To mpu TeopeTHye-
CKOM 00OCHOBaHMM Ko3(p(HIMEeHTa pacrpeneiicHus Ha-

TPY3KH HEOOXOIMMO YUHTHIBATH MPOrU0 XJIBICTA.
IIpoBenennsiii anamms [ 1, 2, 3,4, 5,6, 9, 10, 11, 12]
CBHJIETENLCTBYET O TOM, YTO B OONBIIMHCTBE 33/1a4, C KO-
TOPBIMHU MPUXOANTCSI CTAITKMBATHCSL HA TIPAKTHUKE, 33124y O
nporude CTpesbl XJIBICTA PElaloT C MOMOIIBIO TEOPEMBI
Kactunmano: vactHas TpOW3BOIHAS OT IOTEHIMAIBHOU
SHEPIHHM CHCTEMBI MO CHJIE PaBHA TIEPEMEILCHUI0 TOYKU
TIPHJIOXKEHUS CUJIBI T10 HATIPABIICHHIO JICHCTBHS STOM CHIIBI
[7, 8]. OnHako HamboOJIee TIPOCTOE PEIICHHE MOXKHO TOITY-
YUTh, WCHOJNE3YS YHHBEpCalbHOE IH(pQepeHIraTbHOS
ypaBHeHUE YIpyroi JuHuM. [IpencraBuM XJbICT Kak IUIO-
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CKyI0 OaJIKy C pacrpe/Ie/ieHHONH Maccoii, B KOTOPOH BbIIe-
JIMM YaCTh, SKBUBAIICHTHYIO 00BEMY IIMITHHIPA C THAMET-
POM, PaBHBIM AWAMETPy BepInMHBL OTCEYeHHas MIHH-
JIpoM 0030JbHAS YacTh OyJeT IOKa3bIBaTh H3MCHCHHE
MAcchl U IMaMeTpa 110 [TMHE XJIbICTA.

W3 pacueTHOl cxeMbl UMeeM (pHC.):
1 1
Mg = Ry — Q1§_ ngi
R, = 1(3Q1+ ZQZ);
6
— . — 1 .
Ql = 444 QZ - qul’ (2)
_ TR, _
G1=9p— 43 = q2— 01 =
gpm(di+ dpdy— 2d3).
6 b
rae [ — JUTMHA XJIBICTa, M;

()

€)

q1, 92, q3 — pacupeneneHnas Harpyska, H/wm;
P — IUIOTHOCTb JPEBECHHEI, KI/M;
dy¥ d, — COOTBETCTBEHHO KOMJIEBOI M BEPUIMHHBIN
JTUAMETPHI, M;
0; u Q, — cuna THKECTH COOTBETCTBEHHO IIMITHH/I-

pHUYECKON U 0030JIbHOI YacTh XJbicTa, H;

g — YCKOpEHHEe CBOBOIHOrO TaIeHHs, M/C .

1/2

Pucynok. Pacuernas cxema nporuba xJybicTa

CocraBuM auddepeHnnaibHoe ypaBHEHHE YII-

pyroi TuHUN:
2

M, =EIY"= Rz~ g5~
22 CI3Z3- (4)
2 Tel’

q, = = (5)

TA€ z — TeKyllasd KoopAuHaTa CEYCHUs, M,

1 1
39:252= Ryz— q;

E — MOZyNb yTIpyrocTH peBecusbl, H/m?;
] — MOMEHT MHEPIMH CEUCHHS, M .
MoMeHT HHepIUM CEeYeHMs A BEpIIUHHON

YacCTu OMpEACIACTCA BRIPAXKCHUCM !

[ = mdy

64’ ©)

ITocn €10BAaTCIbHO BBINIOJIHAA HWHTCIPHUPOBAHUC

ypaBHeHUs (4), moTydaeM:
’ 22 Z3 Z4
EIY =EIf = RA7— Gy~ q32—4l+E1Y0; @)
Z3 Z4 Z5

E1Y=RA?— di5,~ Q3FM+E19°Z+ ElY,, (8)
rzae 0 — yrosa moBopoTa Ce4eHusl.

E16, u EIY, — MOCTOSIHHBIE HHTEIPUPOBAHMSI.

[locTosiHHBIE MHTETPUPOBAHUS ONpEneNnseM M3
YCIIOBUSL PaBEHCTBA HYJIIO MPOruOOB B ToYkax 4 U B.
Ipuz=0Y,=0anpuz=[/Yg=0,T e.:

ElY, =0
3 3 12
EQ, = 64(q1ﬁ+:[3112—0— RAz). )
k

OueBUIHO, YTO B TOYKE MAKCHMAJIBLHOTO IPO-
ruba yrom moBopoTa cedeHus 6 OymeT paBeH HYIIO,

CJI€O0BATCIIbHO!:
3

22 z Z4

RA?_%?_%Z_“:_EIHW (10)
Pemast n1aHHOE ypaBHEHWE YHCICHHBIMH METO-
JlaMH, MOXKHO TIOJIYYUTh 3HaU€HWE TEKYyLIeH KOOpIu-

HATbI CEYEHUS] MAKCUMAaJILHOTO Iporuoda.
Jlis HaxoxJIeHusl teOpMaIMy XJIbICTa UCTIOINb-
3yeM paHee BhIBEACHHOE BhIpaxkeHHe (8), perias KoTo-
pPOE OTHOCHUTENBHO Y, IONYy4HM BBIpaYKEHUE ISl OTIpe-

NefieHus mporu6a 1o ANHHE XIBICTa:
3 4 5
z z z
RaTg~ 0153~ B3 q1+ B0z 11
EI ’
IMonmyveHHbIE BBIPAXKEHUS MO3BOJAIOT OIpere-

Y =

JISTH TMPOrU0 XJIBICTA MO €ro JJIMHe 0e3 ydeTa aHu30-
TPOITHOCTH JPEBECHUHBI U MOTYT OBITH HCIIOJIE30BaHBI
IIpH OmpeaeieHud KoddduiuenTa pacnpeaciacHus Ha-
IPY3KH MEKIY TPAKTOPOM U BOJIOKOM IIPU TpPEJICBKE
XJIBICTOB B IOJIYIIOTPYKCHHOM MOJOKeHUHU. [IpakTu-
Yyeckash 3HAYMMOCTh 3aKIIOYAaeTCs B HCIONb30BaHUU
MOJYYCHHBIX BBIPAYKCHUN IPH MPOCKTHPOBAHUM Tpe-
JICBOYHBIX CHCTEM ISl OINPEIENICHUS BBICOTHI PAcCIIo-
JIO)KEHHS TEXHOJIOTHYECKOro 00OpYyJIOBaHMS ISl Tpe-
JICBKU XJIBICTOB, 00OOCHOBAHMs KOHCTPYKTHUBHBIX Mapa-
METPOB MHOTOITMJIBHBIX PACKPSIKEBOYHBIX YCTAHOBOK

BO M30€KaHNe 3aKIMHUBAHNS MAJIBLHBIX JUCKOB U T. II.
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MOBBIIIEHUE BBIXOJIA JEJIOBOM JPEBECHUHBI U3 KPYTJIBIX IECOMATEPHUAJIOB
C BHYTPEHHEM 'HUJIBIO
H. C. ®poaos

OI'BOY BIIO «Cankr-IlerepOyprekuii rocynapcTBeHHbIH JecoTexHudecknii yausepcureT umenu C.M. Kuposay,
r. Cankr-IlerepOypr, Poccuiickas ®eneparus

B cratee mpescraBiieHbl CBEICHUS, TOCBSIIEHHbIE METONAM PACKPSDKEBKU JPEBECHHBI C CEPALIEBUHHON THUIIBIO.
[pennokeHo MCHONB30BaTh B KauecTBe AEPEKTOCKONa MOJIEPHU3UPOBAHHYIO PEHTTEHOBCKYIO YCTAaHOBKY Ha OCHOBE JIOC-
MOTpPOBOI'O PEHTIeHa POXOHOTO THIIA, a Takke B nape ¢ HuM 3D ckanepa. B craThe MpUBOAATCS CXEMBI PACKPSHKEBKH XJTbI-
CTOB C CEpLICBUHHON THUWIBIO JIS PA3IYHBIX PSIIPHATHI B 3aBHCUMOCTH OT 00beMa ¥ THIIA MPOU3BOIMMOMN MPOTYKIIHH.
Hcnonp3yroTcsi OKOpeHHbIE WM HEOKOPEHHBIE XJIBICTHI B 3aBUCUMOCTH OT TEXHOIOIMYECKOM 1EMOUKy Mmpou3BojacTa. Ecnu
MIPOU3BOICTBO HAIIENEHO Ha MPOU3BOACTBO OKOPEHHOI'O MMIOBOYHMKA, MAJIOMATEPHANIOB, a TakKe TEXHOIOIMYECKON IIeTbI,
TO TpEeJIaraeTcs UCIOJIb30BaTh MIEPBYIO TEXHOIOTHYCCKYIO IIEIOUKY. XJIBICThI OKAPUBAKOTCS, MPOU3BOIAUTCS E(HEKTOCKOITHS
U ckanupoBaHue. Jlajgee BeJeTCsl COPTUPOBKA Ha JIENOBBIE XJIBICTHI M HU3KOKAUECTBEHHYIO ApeBecuHy. [IponsBomurcs pac-
KpSDKEBKA TI0 COPTUMEHTHOMY TUIAHY JIETIOBBIX XJIBICTOB, HU3KOKAYE€CTBEHHBIE XJIBICTHI PACKPSDKEBBIBAIOTCS HA JJIMHBI OT
1 no 1,5 M 1 janee Ha JUHUIO MIPOM3BOCTBA ILEMbI. J{anee okopeHHbIe COPTUMEHTHI UAYT Ha MPOU3BOICTBO MUIOMaTepHa-
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