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Crarhsi TOCBSIIEHa MEXaHWYECKOH YCTOIUMBOCTH CTapOBO3pPACTHHIX JAEPEeBhEB JAyda deperrdaToro,
IIPOU3PACTAIOIIMX HA DKOJIOTMYECKON IPaHULIe PacIpOCTpaHEHUs BUJA B cTenu. JlepeBbs U3y4E€HHOIO BHJA,
IIpou3pacTaroliye B yciaoBusx rora Bocrouno-Esponelickoil paBHUHBI (JIoHEUKUI KpsbK), MOTYT JOCTHraTh
Bo3pacta 200 Jer, cCOXpaHsAs IpPU 3TOM KHU3HECHOCOOHOCTH (6 OaIoB) M BEICOKYIO MEXaHHYECKYIO
yeroitunBocth (me=10" kr, EI=9,8*107 H-M%) mae mpu AefiCTBHE HEONArONMPHATHBIX METEOPOTOrHYECKUX
(akTopoB. YCTaHOBJICHA TECHas CBA3b MEXAY MOP(OMETPUYECKUM IapaMeTpoM OTHOIUCHHS AWaMeTpa
CTBOJIAa JEpeBa, K €ro BBICOTE OT MapaMeTPOB >KECTKOCTH Ha H3THO CTBONA, KPUTHYECKOH Macchl U
OTHOCHUTEIBHOTO COMPOTHBIEHUS] H3rHOy. IlomyueHHBIH pe3ynbTaT CTATUCTUYECKOTO aHalInM3a MOXKHO
HCTIONB30BaTh IIPH MOHUTOPHHTE AyOpaB WM OAWHOYHBIX HacaxiaeHud Quercus roburL. ¢ uensio
BBIABICHUS PACTCHUI C HU3KOM MEXaHMYECKOH YCTOHYMBOCTBIO IO IOKA3aTENII0 OTHOLICHUS JUaMETpa K
JUIIHE CTBOJIa/CKEJICTHBIX BETBEH, Kak MOP(HOMETPUIECKOTO MapKepa YCTOHIUBOCTH JiepeBa.

Knrouegvte cnosa: Quercus robur L., MexaHWYecKass yCTOHYMBOCTb, CTEIHas 30HA, KpPUTHUYECKas Macca,
MophoMETpUIECKHI MapKep YCTOWYMBOCTH, OTHOCUTENBHOE CONPOTHUBICHUE H3THOY, MOLYTb YMPYTOCTH,
OGroMexaHHuKa

BBEJEHHE

B rpanunax ropona JloHellka, KpyHmHOTO MPOMBIIIJIEHHOTO IieHTpa BocTouHoM
EBporsl, cymecTByeT YHUKAIbHBINA MPHUPOJHBIN JIECHOW MAacCHB, SIBISIOIIUICS OCTaTKOM
JIPEBHETO Jieca, BXOIAIIETO B CETh OalipadHbIX JiecoB OacceiiHa pekm Kampmmyc.
CornacHo kapTorpadudyeckoMy Marepuany (oOmime Tomorpadudeckue rmianbl (1700-¢
roga), kaptel Teogopa ®puapuxa ¢on LlyGepra (1800-¢ roma)), [lyrumoBckmii nec
(48°03'53"ceBepHoit mmpoTsl, 37°47" 34" BOCTOYHOM IONTOTHI) CYIIECTBOBAT U
SKCIUTYyaTUPOBAJICA AJIS 3aTOTOBKH JPEBECHHBI 3300 0 OCHOBaHUs ropoja JloHerka
(1869 rom). C HayaioM WHAYCTpUAIHM3AIMKA PETUOH OBUT B OCHOBHOM O00€3JIECeH H3-3a
CIpoca Ha JIPEBECHHY JUIs CTPOUTENHCTBA M MPOM3BOACTBA ApeBecHoro yrias (Puc. 1).
Hanmname necHukoB mo peBosoruu 1917 roma m 4acTHYHOE TIPEBpAIEHHE Jieca B MapK
nepes; Bropoit MupoBoil BOMHON MO3BOIWIM COXpaHUTh [IyTHUIOBCKUI JleC B COBETCKUM
MIEPUOA.
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Puc. 1. Ilytunosckuii nec Ha kaptax LllyOepra (A) 1 Ha COBpeMEHHOW KapTe ropoa
Honenka (b): kpacHol nuHUEH 0003HAYCHBI 3eJICHBIE KOPHUIOPHI, KOTOPBIE CYIIECTBOBAIN
B 1878 romy; mis mpuBsS3KM COBpeMeHHOH KapTbl W kapThl LllyGepra, mncmomb3oBanu
nporpammel OziExplorer V 3.95.6d u Google Earth V 7.1.5.

Ha momeHT cOopa nmaHHBIX MO MOP(OJIOTHM M ajUIOMETpHUM AyOa YeperrdaToro
(2013-2014 ron) nec 3anumain okojo 80 ra, BKIIOYas OBparu ¢ py4bsiMH, BIIAJAIOMIMUMU B
pexy Kampmuyc [1]. Jy0 uepemrvarteiii (Quercus robur L.) — ogmH M3 caMbIX
paclpoCTpaHEHHbIX U JOJIOXKHUBYILIUX BHJOB J€PEBHEB B EBPOICHCKUX YMEPEHHBIX
Jecax, B TOM 4ucie U ropoje JloHenke. Apean ecTeCTBEHHOIO IPOU3PACTaHUs 3TOTO BUAA
oxBaThiBaeT Ooublnyto 4yacth EBpombr [2]. Jly0 depemrdyarbiii urpaeT KIHOYEBYIO POJIb B
CTpYKType ¥ (QYHKIIMOHHPOBAaHHUH JECHBIX dKocucTeM [3-5]. B IlyTmiioBckoMm Jiecy oH
SIBISICTCS OJHUM W3 TOMUHHPYIOUIMX BHAOB M HAaXOAWUTCS Ha HKOJOTMYECKOH TpaHuUIe
pacnupocTpaHEHMsI BUJa B CTEIIH.

Jy6amM, 0TOOpaHHBIM U3 OCTaTKOB CTapOBO3PAcTHOrO jeca B JloHelke, KaK [IpaBuio,
ot 150 mo 250 ner [1]. PacTyT oHHM, Kak Ha CKJIOHaX OBPAaroB, TaK W Ha WX BEpIIWHAX.
Cpenuuit BO3pacT JepeBhEB MPOU3PACTAIONINX Ha CKJIOHAX coctaBisieT 143+31 roga, a Ha
BepmmHax 183+35 roma [1]. Cpennue 3HaueHUs OTHOIIEHHWS BO3pacTa K JAHAMETPY
(;met/cm) Ha ckionax (1,828+0,336 ner/cm) u Ha BepmmHax (2,735+0,394 ner/cm) nmenn
noctoBepHble oTinuug (P<0,05).

Ilo Mepe pocrta, B3pOCIEHHUS IEpEBa, y HETO H3MEHSIOTCS TEOMETPUUYECKHE U
Mopdosorndeckre napameTpsl [6]. MexaHuueckasi yCTOHYHMBOCTh, KOTOPask ONpeIeIiseTCs
KO3 (QUITUECHTOM KECTKOCTH, HAXOIUTCS B CBS3H C JHUAMETPOM (d4) U C JIMHOH (172).
[Tostomy otHomenue d/I MokeT OBITH HCIONB30BAaHO Kak MOP(OJIOTHYECKHH MapKep
MEXaHUYECKOM yCTOWYMBOCTH [JI€pEBAa WM €ro CKEJIETHBIX BETBEH. Xapakrep
OHTOTeHEeTHUYeCKUX m3MeHeHnd d (amamerpa) u 1 (mHBI), 00YCIOBIHMBAET yBEIMUCHHE
MEXaHUYECKOW YCTOHYHMBOCTH CTapOBO3PACTHBIX AepeBbeB [6]. OmHako CyliecTBYIOT
HPOLIECCH, IPUBOSIINE K CHIKEHHIO (PM3UKO-MEXaHUYECKHX CBOHCTB JIPEBECHHBI — 3TO
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IIAKIIMYECKAE TEMIIEpaTypHble W3MEHEeHHs [7, 8], ocnmabiieHHMe TPOYHOCTH TKAaHEH, B
pe3ynbTaTe TMPOM3paAcCTaHHs JCPEBhEB HA 3arps3HEHHBIX TEPPUTOPHAX, pas3pylieHHE
TKaHed Tpubamu u T.1a. [lo HamMM WCCICHOBaHUSIM JKU3HECIIOCOOHOCTh BCEX
UCCIJICJIOBAHHBIX CTapOBO3PACTHBIX JIEPEBBEB Jy0a UYEpelrdaToro B CpeAHEeM Oblia
ornedena mo mmkane JI. C. CaBenseBoit (1975) 6-10 Oammamm (Xopolee COCTOSHHE),
MO3TOMY  BBINICONUCAHHBIE TPOIECCHl He OyayT BHOCUTH BKJIaa TPH  OICHKE
MEXaHUYECKON yCTOMUMBOCTH HACAKICHUM.

Heab pa6oThI: OLICHUTh MEXaHUYECKYIO YCTOHYHBOCTh CTAPOBO3PACTHBIX JCPEBHEB
Jy0a depernryaTroro B yCJIOBUsX ropoja JloHenka.

MATEPHAJIBI 1 METO/bI

MexaHUYeCcKyl0 yCTOMYMBOCTh APEBECHBIX PACTCHUN OMPENETSUIH MO CIEAYIOIIUM
napaMeTpam:

a) CompoTuBIIeHHE APEBECHOTO CTBOJIA PACTEHISI MITH €T0 CKEJICTHBIX BETBEW M3rHOY,
NMpU JCWCTBUU JUHAMUYECKHMX WM CTaTHYeCKMX Harpy3ok. [lapamerp otpaxkaer

CIOCOOHOCTH pacTeHul BBIACPKUBATH HATPY3KU U OMPEAEISETCS MPOU3BEACHUEM MOIYIIS
64 CI°8
3

m d3%

ynpyroctu (MOE= ) ¥ BTOPOTO MOMeHTa ceueHus (I = %J I - pagnyc) crtBoia [9,
10].

Conpotusnenue u3rudy = EJ (D),

0) OTHOCUTETBHOE COTIPOTHRICHHE M3THOY [11]:

rIMOE
RRE = ™

2,

rae, r — paguyc ocHosanus crsosia, MOE — moaynp ynpyroctu, p — IUIOTHOCTb
JPEBECHHBI.

B) Kputnueckaa macca (m,;) 1 npeneiabHo gomyctumMas Harpyska (Pg). ITapamerpst
OTpaXaroT KOHKPETHbIE 3HaueHHs Macchl (KT uiau H), mpu neicTBUM KOTOpPOW CTBOJI
JPEBECHOTO PACTEHHsS WM €ro CKEJETHbIE BETBH HAYMHAIOT Je(OPMHPOBATHCS WU
00J1aMBIBaThCsI MIPU ACHCTBUM BETPOBBIX WJIHM IPaBUTALMOHHBIX Harpy3kax [11].

TEMOE]
Per ==——"— (3),
FPeor
mer=— @,
g
rae | — MoOMeHT wHepIuu cedeHus, | — JIMHA CTBOJA, g — YCKOPCHHE CHIIBI

TSDKECTH.

Hns cratuctiuueckoll 0OpaOOTKU JaHHBIX MCIIONB30BAIM MPOTPaMMBI «Statistica 8»
(StatSoft Inc.) m «Excel 2010» (Microsoft Corporation). JI0OCTOBEpHOCTh OTIMYHHA
CPEIHHUX 3HAYCHUH IONYYCHHBIX NAHHBIX ONpPEACISUTH C HWCIOJIB30BAaHHEM (-KPHUTEPHUs
CreiogenTta. Jlns ommcaHus 3aBUCHMOCTEH HCHONB30BAIA METOIBl PErpecCHOHHOTO
aHanm3a. [l BBIABICHHS TECHOTBI CBA3M MEXKAY MapaMeTpaMM MEXaHUYECKOU
ycTornuuBOCTH U d/1 rcnionb3oBanu ko duinenT koppessiiun [upcona (r).
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PE3YJIbTATBI 1 OBCYKJIEHUE

Ilo [gaHHBIM TONYYEHHBIM B XOJA€ TIOJEBBIX WCCIEAOBAHWNA MBI  OICHHUIIN
MEXAaHMYECKYI0 YCTOMYMBOCTH CTAapOBO3PACTHBIX JepeBbeB Quercus robur L.
[TytunoBckoli GaiipauHoi myOpaBbl. YCTaHOBIEHO, YTO 3HAYEHHE OTHOLICHUS IUaMeTpa
cTBONA K ero BeIcOTe d/l s BCeX M3YUYEHHBIX DK3EMIULIPOB COCTABIBUIO B CPEIHEM
0,05+0,01. C moMompI0 PErPEeCCHOHHOTO aHajlW3a YCTAaHOBJCHA JOCTOBEpHAs CBS3b
mexny d/l M KpuTHYecKOM Harpyskoil, u maccoit (R*>0.99), KOTOpyH CIOCOGHO
BBIJIEPKATh JIEPEBO MPHU JNEUCTBUU CE30HHBIX HM3MEHEHHUI TeMIlepaTypbl OKpY:Karolleu
cpennl (Puc. 2).
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Puc. 2. 3aBucuMOCTP KpUTHYECKOM Harpy3sku oOT oTHomeHus d/l  kak
MOP(POMETPHUUECKOTO MapKepa MEXaHNIeCKOH yCTOMIMBOCTH

Tak B 3UMHUI CE€30H, ITPU OTPULIATEIBLHBIX TEMIIEpATypax Bo31yxa, 3HaueHus P, u m,
JUIS pacTeHuii BospacToM cBbime 100 jeT, IMeroT BrICOKHE ToKasatenu (10° Kr), KoTopele
HE JOCTM)KHMIMBI JJa’ke TP ACHCTBUM BETPOBBIX HATPY30K XapaKTEPHBIX AJI pernoHa (B
cpemHeM okumaeTcs cHuxkeHue mcr Ha ~20 % [12]), a TakkKe CHEXXHBIX U JICISIHBIX Oyph
(Puc. 3).

OTtHocuTenpHOe conpoTuBieHre Ha n3rud RRB npsiMo 3aBUCUT OT MOAyIisl yIIpyrocTu
(MOE). YcraHoBjI€HO, 9TO ¢ YBETWYCHHEM TONIIMHBEI cTBoja RRB pacreT B creneHHO#
3aucumoctd (R’=0.98), mosToMy mepemajpl TEeMIEpaTyp HE JOKHBI CKA3bIBATHCS HA
YCTOMYHMBOCTH CTApOBO3PACTHBIX JEPEBBEB, KOTOPHIE XAPAKTEPHU3YIOTCSA JOCTATOYHBIM
OTHOIIIEHUEM JIMAMETPa CTBOJIA K BBICOTE M 3aIlacoOM MPOYHOCTH cTBojA (Puc. 4).

63



KoprueHko B. O., Kanaee B. H., Xap4yeHko H. H.

6,0E+05
o Freeze = 2FE+10x3:8599
i y |
5,0E+05 . R:— 09961
0 Thawing > o
4,0E+05 )
= A Summer O/

£ 3,0E+05 O
= /@9/ /
2,0E+05 f

y = 1E+10x3:8599

1,0E+05
8 y = OF +09x355°°
0,0E+00 = . . . .
0,020 0,030 0,040 0050 0060 0,070

d/1

Puc. 3. 3aBuUcHMOCTh KpPUTHYECKOM Macchl oT otHomeHus d/1  Kkak
MOP(HOMETPUIECCKOTO MapKepa MEXaHHYECKOW YCTOMUNBOCTH.
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Puc. 4. 3aBUCUMOCTh OTHOCHTEIIBHOTO CONPOTUBIICHUS HA W3TUO OT oTHOmeHHs d/l
KaK MOP(OMETPUIECKOT0 MapKepa MEXaHUYECKON YCTOHYHBOCTH.

PerpeccrnoHHbIN aHaN3 MOKa3al JOCTOBEPHYIO CBA3h MEXAY JKECTKOCTHIO Ha M3THO
1 d/1 (R*=0.98). TaHreHc yria HAKIOHA MPH W3MEHEHHH TEMIIEPaTyphl COCTABILI 3,7, a
MOKa3aTeNb CTEMEHHOH 3aBHCHMOCTH HM3MEHSUICS B 3aBUCUMOCTH OT TEMIIEpPaTyphl
Bosmyxa (Puc. 5). B cpemHem mpm 3aMoOpo3Ke, JKECTKOCTh Ha W3THO CTBOJIOB
CTAapOBO3PACTHBIX JepeBbeB mMeeT 3Hauennme 9,8%10 H-M’, a mnpum oTTamBaHuu
5,9%10" H-m°. Takas moteps sxectkoctu (EI) He KkpuTHUHa s 1y6a deperrdaToro B
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Bo3pacte Oomee 100 meT W MpH CE30HHBIX HM3MEHEHUSAX TEMIIepaTyphl BO3Ayxa HE
NPUBOJIUT K MOTEPE MEXAHNYECKOH YCTOMYMBOCTH PACTCHUS B LIEJIOM.
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Puc. 5. 3aBucUMOCTbL JKECTKOCTM Ha w3rmd ot orHomenus d/l  kak
MOP(HOMETPUIESCKOTO MapKepa MEXaHHYECKOW YCTOMUNBOCTH.

IIpn amammse TECHOTBI CBA3H (Iyy) MEXKIY IIapaMEeTpaMH MEXaHHUYECKOU
ycroitunBoctu (P, m., RRB, EIl) u oTHomenuem nuamerpa CTBOJa PAacTEHUS K €ro
BeicoTe (d/l) ¢ yderoM BoO3pacTa pacTeHHil, BBISIBICHA BEChbMa BBICOKAs CBSI3b IS
CTapOBO3PACTHRIX JAepeBbeB Quercus robur L. mnpomspactarommx B IlyTrimoBckoit
OaiipauHoit ny6pase (Tabm. 1). [lomy4deHHBIN pe3yabTaT CTATHCTUYECKOTO aHATH3a MOYKHO
UCIIOJb30BaTh MPU MOHUTOPHHIE IyOpaB C IENbIO0 BBIABICHUS PACTCHHHA C HU3KOM
MEXaHUYECKOW YCTOHYMBOCTBIO IO mokazarenatro d/l xak MophOMETpHUECKOro Mapkepa
YCTOWYMBOCTH JIEpEBA.

Taoauna 1.
TecHoTa cBsi3u (Iyy) TapaMeTPOB MeXaHHYECKOii ycToliuuBocTu ot d/l, ¢ yuerom
BO3PAcCTa JIePeBbEB Iy0a 4epenrdaToro

TTapameTpbl MEXaHUYECKON YCTOMUYUBOCTH
Bospact P ., RRB E
105-150 0,97 0,97 0,97 0,96
151-200 0,96 0,96 1,00 0,96
201-254 1,00 1,00 1,00 1,00
O6mee (105-254) 0,95 0,95 0,98 0,96
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3AK/IIOYEHHNE

Ha BocTOUHBIX TpaHUIlax apeana Mponu3pacTaHus ITOTO BU/Ia CaMble CTapble JyOpaBbl
NPOM3PACTAIOT B PEAKHX €CTECTBEHHBIX HACAXKICHHAX W B HACAKICHHAX, CO3JAaHHBIX
CkpsoxunckuMm B 1819 rony, ¢on I'paddom B 1843 roagy u Jlemanom B 1875 rogy. Takum
00pazoM, BO3pacT CaMBIX CTaphIX IEPEBHEB B ATUX ApeBOCTOsAX cocTaBisieT 140-200 ier.
Brionae BO3MOXXHO, 9TO B CTEITHOW 30HE €CTh O0Jiee CTaphle SK3eMIUISIPHI AyOa, pacTyiue
B COOTBETCTBYIOLIMX MECTHBIX YCIOBHUSX. OTH (GakTel W Bo3pacT Quercus robur L. B
IlyTunoBckoM Jecy TO3BOJSIOT TPEANONIOXKHUTh, YTO JEpeBbs Iyba dYepemrdaToro
Mpou3pacTaroiue B ycaoBuax tora BocrouHo-EBporneiickoit paBHUHBI (JloHEUKUI Kpsixk),
MOTyT JOCTHraTh Bo3pacta okomo 200 JeT W IHpH 3TOM COXPaHATh BBICOKYIO
MEXaHUYECKYI0 YCTOMYHUBOCTH (mcr=105 kr, EI=9,8%10’ H-MZ), Jaxe TMpU JEeUCTBUU
HEOJIarOMPUATHBIX ~ METCOPOJIOTHYECKAX (HAaKTOPOB. ITO OTKPHIBAET IMEPCIICKTUBY
TUTAHWPOBAaHUSI WM TOCAJAKH MHOTOJETHHX HACAKICHWHA B CMEIIaHHBIX TOPOJACKUX U
CTEMHBIX YCIOBHSIX.
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MECHANICAL STABILITY OF OLD-AGE QUERCUS ROBUR L. TREES IN
THE CONDITIONS OF THE CITY OF DONETSK

Kornienko V. O.", Kalaev V. N.2, Kharchenko N. N.?

'Donetsk National University, Donetsk, DPR
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The field data were used to evaluate the mechanical resistance of the old-age trees of
Quercus robur L. in the Putylivsky ravine oak forest. It was established that the value of
the ratio between the trunk diameter and its height (d/I) was on average 0.05+0.01 for all
the studied specimens. The regression analysis was used to reveal a reliable correlation
between d/l and the critical load and the mass which a tree can withstand under seasonal
temperature variations. For example, in winter, when the temperature is below zero the
values of P, and m,, for trees over 100 years old were high (105 kg), which are beyond
what is achievable even under the wind forces characteristic of the region, and under
conditions of snow and ice storms. The relative resistance to bending directly depends on
the physical and mechanical characteristics of the wood. As a result, the research showed
that with a growing diameter of the tree trunk the RRB of the pedunculate oak grows in
the power-law relation (R>=0.98; x'*%), that is why the temperature factor should not
influence the resistance of old-age trees with a sufficient ratio between d/l and the trunk
strength margin. The regression analysis showed a reliable correlation between the
bending stiffness and d/l (R*=0.98). The slope of the logarithmic dependence under
temperature variations was 3.7 and the value of the power-law relation changed depending
on the air temperature. On average, when freezing, the bending stiffness of the trunks of
old-age trees was 9.8-10’ N-m’, and when thawing it was 5.9-10" N-m”. Such a reduction
in stiffness (EI) is insignificant for pedunculate oaks older than 100 years old and the
seasonal temperature changes do not lead to a reduction in the mechanical resistance of
the plant as a whole. The analysis of the strength of relationship between the parameters of
the mechanical resistance (P, m.,, RRB, EI) and the ratio between the diameter of the tree
trunk and its height (d/l) with due consideration of the age of the plants revealed a strong
relationship for the old-age trees of Quercus robur L. growing in the Putylivsky ravine
oak forest. The obtained results of statistical analysis can be used to monitor oak forests in
order to single out plants with low mechanical resistance with the help of the d/l
parameter, which serves as a morphometric marker of tree resistance.

On the eastern boundaries of the habitat of the species, the oldest pedunculated oak
forests grow as a part of rare natural forests and forests planted by Skryazhinsky in 1819,
von Graff in 1843, and Leman in 1875. Thus, the oldest of the trees are 140-200 years
old. There might be older oak specimens in the steppe region which grow under adequate
local conditions. These facts and the age of Quercus robur L. trees in Putylivsky forest
allow us to suppose that the pedunculate oak trees growing in the south of the East
European Plain (Donetsk Ridge) can be about 200 years old and still be viable (6 points)
and have a high mechanical resistance (m,=10" kg, EI=9.8%10" N-m’) even under

67



KoprueHko B. O., Kanaee B. H., Xap4yeHko H. H.

unfavourable environmental conditions. This shows the benefit of planning and planting
perennial tree plantations in mixed urban and steppe landscapes.
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