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Lenbio paboThl ABIIAETCA YCTAHOBICHUE MU3MEHEHUSI MOAY/ISl YIIPYTOCTH 10 BBICOTE CTBOJIA JIepeBa IPU cTaTudec-
KoM u3rube. M3mMeHeHue MoJyls yIpyrocTH pacTyLIEro JIepeBa IO €ro BBICOTE MPAKTUYECKH HE HCCIIEIO0BajIOCh. ABTOPBI
HPEIIPHUHSUIN MONBITKY BBIIOJIHUTE 3TO TPEeMsl cloco0aMu: Ha pacTyiieil Oepese, Ha CBEKECIMICHHOM LIEJIbHOM CTBOJIC M Ha
CBEXCCIMIICHHOM U Pa3pe3aHHOM Ha 4acTH CTBoJIE. [y reOMeTpUUeCcKOro onucaHust poQuiist CTBOJIA UCIIOIB30BaHA AIPOK-
cumupytomas popmyna. CMOIETMPOBAHBI CTBOJIBI OEPE3bl C MOMOIIBIO BBINOJIHEHHBIX UX 3aMepoB. Pa3paboTaHbl 1 OMHCaHbI
METO/IMKH BBINIOJIHEHHUS 3aMEPOB CTBOJIA M ONpeesIeHHs ero mporuda tpems crocodamu. BemudnHa Momyns yrnpyroctd B
HEePBOM ClIydae MCKa)KaeTcs 3a CUeT BIMsHMS JAedopMalii KOPHEBOW cHCTeMbI JepeBa. Ho 3TOT criocol sBisieTcs: caMbiM
HPOCTHIM U He TpeOyeT crnmnuBanus pactenus. [Ipu BTopoM crocobe CBEeXKECIHICHHBIH CTBOJ YKJIAAbIBAJICS HA JIBE OIOPHI.
Mex 1y HUMH K HEeMy HPHUKIIabIBaIach CTaTHUECKas Harpy3Ka 1 3aMepsuics nporud. PaccTosiHue MeXIy OropamMu JTUCKPETHO
M3MCHSJIOCh OT MUHHUMAJIBHOTO 0 MAaKCHMAaJIbHOTO 3HaueHUH. MOysb YIPYrOCTH BBIYHCISUICS MO (GOpMyIie, MOIYyYCHHON
Ha OCHOBE MHTErpUpOBaHUs IH(HEepPeHIMAIBHOIO YpaBHEHUs YIIPYroil IuHUM ocH cTBona. [Ipu Tperbem crocobe st Bbl-
YHCIICHUSI MOAYJICH YIPYTrOCTH OTPE3KOB CTBOJIOB Oepe3 OHM pa3pe3alluch Ha YacTH JUIMHOW COOTBETCTBEHHO 1o 20 u 25 cM.
3aTeM HKCHEPUMEHT BBIIOJIHSJICS aHAJOTUYHO BTOPOMY CIIOCcOOy IPH TIOCTOSTHHOM JUTHHE IposieTa Oanku. Pe3yabrars ONbITOB
HO3BOJIAIOT OTMETHUTD CJIELYIOIIee: BO-IIEPBBIX, C YBEIMYEHUEM [UIMHBI OTPE3Ka CTBOJIA MOJY/Ib YIIPYrOCTH BO3PACTacT; BO-
BTOPbIX, €I0 YBCIIMYCHUEC HOCUT HEJIMHEHMHBII XapakTep, B-TPETbUX, TEMII HApaCTaHUA YMCHbIIACTCA C YBCIIMYCHUEM IJIMHBI

HCIIBITYEMOI'O OTPE3Ka.

Kurouessle ciioBa: 6epesa, CTaTH4ECKH H3rH0, MOIYIb YIIPYyrOCTH, CTBOJI, KOPHEBAsi CUCTEMa, IPOTHO.

€JIbI0 pabOThI SIBISIETCS YCTAHOBJIEHUE U3-
MEHEHUSI MOAYJIA YNPYyrocTH IO BBICOTE
CTBOJIA JIepeBa MPU CTATUYECKOM U3rube.

DTO CBA3aHO C TEM, UTO B CIIPABOYHHKAX,
Haripumep, [1] mpuBOAATCS BEIMYMHBI MOMYJIS
YOPYTOCTH IPEBECUHBI, OJIyY€HHbIE Ha CTaHAAp-
THBIX 00pasiiax, BbIpe3aeMbIXx n3 cTBosa. Kpome
TOTO, OH MOXXET OBITh IOJyYeH MYTEM 3aMepOB
IJIOTHOCTH APEBECHUHBI NpU 15 % BIaXXHOCTH C
MOCJIETYIOIINM €€ MEPECYETOM 10 JIMHEHHBIM 3a-
BUCUMOCT:M [2]. B 1r060M ciydyae 3TH BeTHUHHBI
3a1AF0TCS AJI TOW WJIM UHOM MOPOJBL.

Paccmotpum cTBOM AepeBa B Jecy U Uc-
MOJIb3yeM JJIi TEOMETPUUECKOTO OMUCAHUS €T0
npoduns, mMpu COBMEUICHUH Hadala KOOPIH-
HAT C KOPHEBOM IIEHKOM, almpOKCUMHUPYIOIIYIO
(opmymy [3]

r=a(H—x)", (1)
e 7 — OpJrHaTa 00pa3yromei mpoduis cTBoIa
(pamuyc cedeHus ¢ KOOPAUHATOH X), M;
@ — TIOCTOSTHHBIN KOd(DPUIHEHT JIJ1s1 JAHHOTO
cTBOjNA, M'7H;
L — I[OKa3aTellb CTENEHHU, KaK MpPaBHIIO,
IpoOHast BETUYHHA;
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H — BBICOTA CTBOJIA, M;
X — abcuucca cedyeHus, M.

OceBoil MOMEHT WHEPIIMU CEUCHUS CTBO-
Ja JepeBa, PacroiOKEHHOTO Ha PACCTOSTHUU X
OT Hayasa KOOpAuHAT (KOpHEBOM IIEHKH), OymeT
paBeH

I(x) = (n/ 4)a*(H — x)". (2)

CmonenupyeMm cTBOJ Oepes3bl BBICOTOM
H=4,59 M c noMo11bI0 3aMepOB, IIPEICTABIICH-
HbIX B Tabn. 1. [{ns maHHOTO CTBOJIA HA OCHO-
BaHuu (opmynsl (1) momyuum ko3P PHUIIEESHT
a = 4,546x10" 3, M * ¥ mokasareib CTENEHU
= 0,665, npu KOTOPBIX CTBOJ OyET UMETH IIPO-
¢bub kak Ha puc. 1.

Hauano koopimHaT COBMEIIEHO C TeOMET-
PUYECKUM IICHTPOM CEYCHHS Ha YPOBHE MICHKHU
cTBoMNa AepeBa. OCh x HamMpaBieHa MO OCU CTBO-
Ja, OCh y — MEPIEHIUKYISIpHO ocH x. [locTosH-
HBI KO3((ULUEHT a U MOoKa3arelb CTENEeHH L
ONPEACIISIIOTCS ¢ MOMONIBI0 3aBUCUMOCTEN [3],
HO C 3aMEHOH mapameTpa BBICOTHI rpyau /1 = 1,3
Hah=0,5m.

BrIcOThI 3aMepsuIiCh pYJNETKOM ¢ TOY-
HOCTBIO 0 | cM; mHamMeTphl HA COOTBETCTBY-
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Pe3yabrarsl 3amMepoB 0epe3bl BbicoToi H = 4,59 m
Measurement results of birch as high as H =4,59 m
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OnbITHBIE 1aHHBIE 17151 Oepe3bl BbicoTol H = 4,59 m
Experimental data for birch as high as H=4,59 m

TaoOonumoma 2

JlnmHa niponera 6aiku, A, cM 0 23,5 48,5 73,5 98,5 123,5 148,5
Koopauaara npuiioXeHust Harpy3ku, b, cM — 11,75 25,0 25,0 50,0 50,0 75,0
Wzrnbarommas narpyska, P, H — 58,86 58,86 39,24 39,24 19,62 19,62
3HaveHue nporudos, Ay, MM — 0,45 3,36 3,49 7,81 7,71 12,36
y.u
| I | 1 B U
0
2 X, M

Puc. 1. Mogens cTBona 6epe3sst BeICOTOM H = 4,59 M
Fig. 1. Model of a birch trunk as high as H=4.59 m
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Puc. 2. Cxema 3amepoB nporuda oTpe3KoB CTBOJIA
Fig. 2. The scheme of the deflection measurements of trunk segments

IOIHUX BBICOTaX B JBYX B3aWMHO TEPICH]IH-
KYJISIPHBIX TUIOCKOCTSAX — IITaHTCHIIUPKYJIEM
IITII-1 ¢ Tounoctrio mo 0,1 mMm. B kauect-
BE pAcCUYCTHOU MPUHUMAIACh CPEIHSS BEIH-
YuHA. YCWIUSA 3aMepsiuch JIUHAMOMETPOM
Toxaps H.I. (tunm JOP 0l) ¢ TouHOCTBIO
0,01 H [4-T7].

Mosyns ynpyrocTu Onpeaessics TpeMs
criocobamu: Ha pacTyiiei Oepese, Ha CBEKECIH-
JICHHOM IICJIBHOM CTBOJIC M HA CBCKECIIUIICHHOM
pa3pe3aHHOM Ha YacTH CTBOJIA.

Benuunna Momynst ynpyrocTa B IepBoM
CIIy4yae UCKaXaeTcs 3a CUET TOr0, YTO 37€Ch TaK-
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ke MIPUCYTCTBYET AedopMaIis KOPHEBOM CUCTe-
MBI JiepeBa [8, 9].

[TosTomMy mmst ompeneiaeHus MOMYIS
YIPYTOCTH OTPE3KOB BBICOTOM /1, IEPEBO Cpe-
3aJ10Ch Ha yPOBHE IICHKH M 3aTeM IO CXEMe
puc. 2 3amepsiics nporud Ay, paBHBIA pa3HO-
CTHU 3HAYEHUM Mporuda mpu BEPXHEM U HUXK-
HEM TMpejaenax Harpy>KeHUs MOJA JeHCTBUEM
Harpysku P, paBHOH TaKkKe PasHOCTH MEXIY
BEpXHUM M HWXKHHUM IIpeJesiaMU Harpyxe-
Husi. OTBITHBIE TaHHBIE ST Oepe3bl BHICOTOU
H = 4,59 M, nony4yeHHble MO CXEME pHUC. 2,
npeACTaBlICHBl B Ta0n. 2. Moaynb ynpyroctu
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TaoOonuma 3

Pe3ynbrarsl 3aMepoB 1151 0epe3bl BbicoToil H = 4,59 m
Measurement results for a birch as highas H = 4,59 m

Bricora Bepesacmoro 0.25 | 25..50 | 50..75 | 75..100 | 100...125 | 125...150
orpeska, Ak, cm
JumHa mponera Oankw, 235 25 25 25 25 25
h, cm
Kooprwmara npuioserns 11,75 12,5 12,5 13,33 12,5 12,5
Harpysku, b, MM
H3m6a‘°“1ja2‘*arpy3“a’ 58,86 58,86 58,86 58,86 58,86 58,86
3HaueHue nporudos, Ay, MM 0,45 0,69 0,6 0,58 0,79 0,61
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= = 0
D S
39 0.2 0,4 0.6 0.8 1.0 1,2 14 1,6
= S nuna ompeska cmeona 6epésvt, h, m
1 - Cmeon Gepezvr evicomoit H = 4,59 m, ouamempom wetixu do = 33,3
u ouamempom Ha cepeoure cmeona dyp= 15,8 mm
2 - Cmeon 6epezot evicomoti H = 3,92 m, ouamempon weiiku do = 25,4
u ouamempom Ha cepedure cmeona dyp= 11,8 mm
Puc. 3. I'paduk u3MeHeHHst MOLYJIsl YIIPYTOCTH CTBOJIA IO BBICOTE
Fig. 3. The diagram of the elastic modulus change of a trunk along its height
BBIUKCIAICS 110 Gpopmyre (3), MoTydeHHOH Ha 4PdH >
OCHOBE HMHTETPUPOBaHUS nupPepeHnaIbHo- /= h(2p— 1) (4p—1)(4p— 3)’
IO ypaBHEHHUS yIPYIOH JIMHUU OCH CTBOJIA C
y4eToM BbIpakeHus (2). Pe3ynbraThl pacyeToB 4P(H —b)y™

st 6epe3 Boicotolt H = 4,59 u H = 3,92 m
MpeACTaBJICHbI HAa pUC. 3.

E(h)= X
-Ayma
—2(2H —4pb+b)Pd x , (3)
AV
Xl x (H =) +Cb+D

h(4p=3)2u-14p-1)

rme C u D — KOHCTaHTbl WHTErPUPOBAHUS:
C=mh-f-q—bm-z)h;D=f.
3mech
_ 2P(H-b)"™*

m= >
u=D4u-1)
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I e DEp— )(@p-3)

z={(1-4W)h’ +[4hp—d -3b+2H]} x
y 2P(H —h)™*
A(Zp—1D(4p—1)(4p-3)

['padux u3MeHeHUs] MOAYIs YIPYTrOCTH
CTBOJIA JIEpEBA 10 BBICOTE MO3BOJISIET OTMETUTH
caenyromiee (puc. 3). Bo-nepBbIx, ¢ yBenuue-
HUEM JUIMHBI OTpEe3Ka MOAYJIb YIIPYTOCTH BO3-
pactaeT. Bo-BTOpBIX, €r0 yBEIMYEHHE HOCHUT
HEJIMHEWHBIM Xapakrtep. Temn HapacraHus
YMEHBILAETCS C YBEJIUYEHUEM JUIMHBI /i UCIIbI-
TYyEeMOTO OTpe3Ka.
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Jlyis BBIUMCIIEHUS MOIYJEW YIPYrocTu
OTPE3KOB CTBOJIOB Oepe3 BeicoTor H = 4,59 M u
H = 3,92 M oHu pa3pe3ayiuch Ha YacCTH JUIMHOMN
25 1 20 cM. 3areMm 1o cxeMe puc. 2 TPOBOIUIIUCH
3aMepbl, TPECTaBICHHBIC JIJIs IEPBOM Oepe3bl B
Tabm. 3.

Kaxoii Ob1 Manol JJIMHBI HE OBLT OTpe-
30K CTBOJIA, €0 JUAMETPhI B Pa3IMYHBIX cede-
HUSAX pasnudatorcs. CiaenoBareIbHO, MOMEHTBI
WHEPIMHU, BBIYUCIIsEMBbIE TI0 dopmyie (2), Oy-
OyT pa3nudbl. [1oaTOMY Ui BBIUMCICHHS yC-
PEIHEHHOTO MOMEHTa MHEPIIUU OTPe3Ka CTBOJIA
BOCIIOJIB3yeMcs POpMyIIoit

hi+l

%ja‘*(ﬁ_x)“dx [(h,, —h),

i+l
h.

i

I =

; 4
i€ I — NOPSKOBBIN HOMEP OTPE3Ka, OTCUUTHIBA-
€MBIH OT HIEHKH CTBOJA.

J171s BBIYMCTIEHUS] MOAYJISL YIIPYTOCTH OT-
PE3KOB BOCIIOJIb3yEeMCsl M3BECTHOH (hopmyroit
COINPOTHUBJICHUS] MaTepHalioB, MOIYYEHHOH U3
YCIIOBUSI MAJIOCTH pa0bOThI KacaTeIbHBIX YCUIUN
B CpaBHEHUU C paboToil HOopManbHbIX [10, 11].
B namem ciyuae ¢ yuetom BeIpaxkeHus (4) ona
OyZeT UMETh BU/T

E =

1

P.d}(h—-d)’
3 Avlh

[To popmyne (5) u nanubM Tabd. 3 TIPO-
BOJMJINCH BBIYUCIEHUS. Pe3ynbTaThl pacueToB
IIOKa3bIBAIOT, YTO M3MEHEHHME MOAYNS YIIpY-
TOCTH OTPE3KOB JIepEBA TaK)KE€ HOCUT HEJIIMHEH-
HBII XapakTep. XapakTep KpUBbIX aHAJIOTHYEH
puc. 3.

)

10.

11.
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THEORETICAL AND EXPERIMENTAL STUDIES OF THE VARIATION OF ELASTICITY MODULUS OF A
GROWING BIRCH TRUNK ALONG ITS HEIGHT

Kotov A.A., Prof. MSFU, Dr. Sci. (Tech.); Ivanov G.A., Assoc. Prof. MSFU, Ph.D. (Tech.)®

kotov@mgul.ac.ru

M Moscow State Forest University (MSFU), 1st Institutskaya st., 1, 141005, Mytischi, Moskow reg., Russia

The aim of this work is to establish the variation of the elasticity modulus of elasticity along the height of a tree trunk
in static bending. The change in the elasticity modulus of a growing tree along its height has not virtually been studied. The
authors have attempted to do this in three ways: along a growing birch, along a freshly felled trunk and along a freshly felled
trunk cut into pieces. To make a geometric description of a trunk profile the approximation formula has been used. Using the
measurements of birch trunks their models have been developed. In addition, the authors have developed and described some
methods of measuring a tree trunk and those of quantitative determination of its deflection, produced in three ways. The value
of the elasticity modulus, in the first case, is distorted due to the influence of the tree root system deformation. But this method
is the simplest one and it does not require cutting a tree. In the second method a freshly felled trunk was placed on two supports.
Some static load was applied to it between them and its deflection was measured. The distance between the supports was
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10.
I1.

discretely changed from the minimum value to the maximum one. The elasticity modulus was calculated by the formula derived
by integrating the differential equation of an elastic line of a trunk axis. In the third method, to calculate the elasticity modulus
of some birch trunk segments the trunks were cut into pieces by a length of respectively 20 and 25 cm. Then the experiment
was carried out similarly to the second method with a constant span length of the beam. The results of the experiments allow
us to note the following: first, with the increasing length of a chump, the elasticity modulus increases; secondly, its increase is
non-linear in nature; thirdly, the rate of the above increase decreases with increasing a tested chump length.

Keywords: a birch, a static bend, the elasticity module, a trunk, a root system, a deflection.
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