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Annomayusa. JlecHple TOJOCH B 30HE OTBOJAA YKEJIE3HBIX JOPOT UTPAIOT BAKHYIO 3AIIMTHYIO POJIb,

apeaorBpanias CHEXKXHBIC 3aHOCHI JKCJIC3HOAOPOKHBIX HYTeﬁ. Ota 3allliTHasA poOJib BO MHOI'OM OIIPEACIIA-

eTcsl CTPYKTYpoit tecHoro nosiora. COBpeMEHHbIE TEXHOJIOTUH JIUAAPHOTO 30HIUPOBAHMUS 00ECIIeUUBAIOT

KpyITHOMacITabHOe KapTorpadupoBaHUe JIECOB C MONyYCHHEM TPEXMEPHON WHGOPMAIMHA O CTPYKType

JICCHOTIO I10JI0ora, CTCCHU ACrpaanuun JEeCOB, Ha,[[3eMHOI>i (bHTOMaCCC, HepBI/ILIHOf/i IpoaAyKIUH 1 61/10pa3—

HooOpa3uto. JInapHasi TEXHOJIOTUsI HENIOCPECTBEHHO HE JaeT MH(OPMAIUIO O HaJ3eMHOH (uTomMacce

JOC€PEBHEB, U OHA OICHMUBACTCA KOCBCHHO IO JIUCTAHIITMOHHO U3MEPACMBIM I1OKA3aTCIIAM, BOKHEUITMMU 13

KOTOPBIX ABJIAIOTCA BBICOTA ICPEBHEB U IUAMETP KPOHBI. HmeroTcst MHOTOUKCIICHHBIC MOACIN U Ta6J'II/ILU:I

JJIA OCHKHA (bl/ITOMaCCI)I JCPEBLECB KakK 110 AUaMETPY CTBOJIA, TaK U 110 IBYM IICPEMCHHLIM — BBICOTC ICPCBA

U TUaMeTpy cTBoa. [ MX COBMEIIEHUS ¢ TaHHBIMHU JIUAAPHOTO 30HANPOBAHNS HEOOX0IMMa pa3padoTKa

MOI[CHeﬁ 3aBUCUMOCTHU JUaMETpa CTBOJIA OT BBICOTHI ACPCBA U AUAMETPA KPOHBI. LICJ'H: Hamero ucciaecao-

BaHUS — 110 (PaKTHYECKUM JITaHHBIM MopdomeTpun 280 nepeBbeB MATH JPEBECHBIX MOPO, POU3PACTAIO-

[UX B MyTE3aIUTHBIX JIECHBIX mojiocax CBepUTOBCKON JKENIe3HOW JTOPOTH, TIOCTPOUTH JABYX(aKTOPHBIE

MOZCIIN 3aBUCUMOCTHU JUaMETpa CTBOJIA OT BBICOTBI ACPECBA U AUAMCTPA KPOHBI U CPABHUTDL ITOJTYYCHHBIC

MOJIEJIM C BCEOOIMMHU MOJIEIISIMU, pacCUUTaHHBIMU J1iist iecoB EBpasun (Yconbues, 2016). [Tomyuennsie

Mozenu o0bscHSIOT 71-91 % m3MeHUMBOCTH auaMeTpa crtBoja. CoracHO MOAETSIM JWaMeTp CTBOJA

Y BCEX TOPOA NOJIOKUTCIIBHO CBA3aH KaK C BBICOTOM ACPCBaA, TaK U C AUAMCTPOM KPOHBI. BKJ'IaZ[LI BBICOTEI

JACpPeBa U JUaMecTpa KPOHLI B 00BsICHEHNE U3MEHUNBOCTH AraMeTpa CTBOJIa COCTaBUJIM COOTBECTCTBECHHO

44 n 56 %. CpaBHEHHE TOMyYSHHBIX MOJIETEH ¢ BCEOOIUMH T JiecoB EBpaznu moka3ano mpu Mpodnx

PaBHBIX YCIOBHUIX HAJMUYHUE CYIIECTBEHHBIX pa3In4IMii B TuaMeTpax cTBosa oT 64 1o —13 %, no-suanmo-

MY, BCIIEJICTBUE CIEU(PUIHON MOPPOCTPYKTYPhI HACAKACHHI B 3aIIUTHBIX JIECHBIX TOJIOCAX.
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Abstract. Forest belts in the railway protectional zone play an important role, preventing snow
drifts of railway tracks. This protective role is largely determined by the structure of the forest
canopy. Modern lidar sounding technologies provide large-scale mapping of forests to obtain three-
dimensional information about the structure of the forest canopy, the degree of forest degradation,
aboveground phytomass, primary production and biodiversity. Lidar technology does not directly
provide information about the aboveground phytomass of trees, and it is estimated indirectly by
remotely measured indicators, the most important of which are the tree height and the crown diameter.
There are numerous models and tables for estimating the tree phytomass both by stem diameter and
by two variables — tree height and stem diameter. To combine them with lidar sounding data, it is
necessary to develop models of the dependence of the stem diameter on the tree height and the crown
diameter. The purpose of our research: based on the actual data of the morphometry of 280 trees of
five tree species growing in the forest shelterbelts of the Sverdlovsk Railway, to construct two-factor
models of the dependence of the stem diameter on the tree height and the crown diameter and compare
the obtained models with generic models calculated for the forests of Eurasia (Usoltsev, 2016). The
obtained models explain 71-91 % of the variability of the stem diameter. According to the models, the
diameter of the stem in all species is positively related to both the tree height and the crown diameter.
The contributions of tree height and crown diameter to explain the variability of stem diameter were
44 and 56 %, respectively. Comparison of the obtained models with those universal for the forests
of Eurasia showed, all other parameters being equal, the presence of significant differences in stem
diameters from 64 to —13 %, apparently due to the specific morphostructure of forests in protective
forest belts.

Keywords: pine, birch, spruce, poplar, larch, protective forest belts, stem diameter, regression models

For citation: Urazov P. N., Usoltsev V. A., Urazova A. F. Stem diameter models depending on tree
height and crown diameter in protective forest belts of the Sverdlovsk railway // Forests of Russia and
economy in them. 2025. Ne 2(93). P. 35-44.

Beenenue C MOJTyYeHUEM TPEXMEPHOU HH(DOPMAINH O CTPYKTY-

JlecHbIe MONOCH B 30HE OTBO/IA JKEJIE3HBIX JJOPOT
UTPAIOT BAXXKHYIO 3alUTHYIO POJb, MPEIOTBpaIIas
CHEXKHBIE 3aHOCHI KEJIe3HONOPOKHBIX myTel (OmeH-
Ka..., 2024). Dra 3amuTHas poiib BO MHOTOM OIpeJie-
JSIeTCS CTPYKTYpOit ecHoro nosora. CoBpeMeHHbIE
TEXHOJIOTUH JTUAAPHOTO 30HANPOBAHUS 00€CIIeTBa-
0T KpyImHOMacTabHoe KapTorpaupoBaHue JECOB

pe JIECHOTO MOJI0Ta, CTENEHH IeTPalalli JIECOB, Hal-
3eMHOI (puTomMacce, MEPBUYHON MPOTYKIIUU U OHO-
pazaoobpasuro. O0mEeMupoBOr OUOTNOMETPUYECKHIA
aHaJu3 MO JTaHHOW Teme Ha ocHOBe 412 mybnuka-
IIUH, TPOMHIEKCUPOBAHHBIX B 0a3e JaHHBIX Scopus
3a mepuon 2004-2022 rr., mokasani, 4To 3a MOCHE-
HUE TIATH JIET KOJMYECTBO ITyOJMKAIMii HapacTaio
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B reoMmerpudeckoit mporpeccun (Forestry..., 2024).
Hcnonp3oBanue JaHHBIX JUCTAHIIMOHHOTO 30HAUPO-
BaHUA C MPUMEHEHHEM METOJ0B HEHPOHHBIX CeTel
MOKa3ai0 00HA/IeKUBAOIINE PE3YIbTATHI 110 HJICH-
TU(HUKAIMK TOPOJHOTO COCTaBa JISCHOTO IIOJIOTa
(Data..., 2023).

JlumapHast TEXHOJOTHSI HEMOCPE/CTBEHHO HE
JaeT uH(OpMAaIUIo 0 HaJ[3eMHOM (pUTOMacce JepeBb-
€B, 1 OHa OLEHWBAETCS KOCBEHHO MO TUCTAHIIMOHHO
M3MEPSIEMBIM TIOKA3aTelsiM, BaXHEHITUMH W3 KOTO-
PBIX SIBIISIFOTCSL BBICOTA JICPEBHEB U JIUAMETP KPOHBI
(Estimation..., 2010; Allometric..., 2017; Reduced...
2023). Ha ocHOBe 0a3bl JaHHBIX O (puTOMacce JepeBb-
eB JiecooOpasyoux nopoj EBpazuu Obutu pa3pado-
TaHBI MOJICITH 3aBUCUMOCTH KaK (pakIuii Haa3eMHON
¢uTomaccer (Ycomnbues, 2016; Yconbues, Llenopnei,
2021; YcombreB u np., 2023; Ypazosa u np., 2024),
Tak u uromaccel KopHeH (Ycompies u mp., 2022a)
OT BBICOTHI JIepeBa U TUaMeTpa KPOHBI, 00BSICHIFOIINE
W3MEHYHMBOCTh (PUTOMACCHI B JIMara3oHaX COOTBET-
cTBeHHO 73-98 u 78-96 %.

Kpome Toro, nmmapHas TEXHOJIOTHS IOMOTaeT
OTCIIC)KUBATh PEAKIMIO JKOCHUCTEM Ha HW3MCHECHHS
KJIMMaTa, IeTpanannio JIECOB U M3MCHCHHSI B 3eMJIe-
nons3oBaHnu (A universal..., 2012). CoBmemeHue
JTAHHBIX HA3€MHOTO ¥ BO3AYILIHOTO JIA36PHOTO CKAHU-
POBaHUS TIO3BOJISET TIOBBICHTH TOYHOCTH OI[CHOK JHa-
MeTpa KpOHBI U BBICOTHI jepeBa (Non-destructive...,
2022). Ilocneanue OsTh JET JUAAPHBIE TEXHOIOTHH
MOKA3bIBAIOT CIIOCOOHOCTHh HANPSIMYIO TIPEIOCTaB-
JISATh TOYHYEO HH(POPMAITUIO O BEPTHKAIBHBIX CTPYK-
Typax pacTHTEIbHOCTH B NIOOAJLHOM MacuiTade
(Evaluation..., 2024).

Jlis 9KOIIOTUYECKUX WCCIIeOBaHM Ha OCHOBE
JIUJIAPHBIX TEXHOJIOTMU B CBSI3U C M3MEHEHHEM KIIH-
Mata HeoOxoamma WH(OpMamus O Ha3eMHOM pac-
MIPEJICIICHUH JIePEBhEB HE TOJNBKO 1O (puToMacce, HO
U 1o JauameTpy cTBoJIOB jepeBbeB (Predicting...,
2018; Prediction..., 2019; An automated..., 2023).
W3BecTHa OBONBHO TECHAs CBSI3b JMAMETpa CTBOJA
¢ JuaMeTpoM KpoHbl. Ha mpumepe enu BOCTOUHOM
B Typunu ObUT BBITIONHEH CPAaBHUTENBHBIN aHAJIN3
HA3BaHHOW CBS3M IO CEMHU pa3HbIM MozensMm. Hawm-
MEHBIIIYI O0BSICHUTEIBHYI CIIOCOOHOCTh MOKa3ala
JMHERHAast 3aBUCUMOCTE (R? = 0,834), HanbOIBITYIO —
HOJIMHOM TpeThero mopsiika (R? = 0,862), u npome-

JKyTOYHOE MECTO MO KOA(P(UIUEHTY NeTepMUHAIINN
3aHAJa aJNIOMeTpUUecKas (CTENeHHas) 3aBUCUMOCTh
(R* = 0,835) (S6nmez, 2009). ITo marepuanam Gas3sl
JIAHHBIX O (UTOMAacce NIEPEeBBEB JIECOOOPA3YIOIINX
nopox EBpaszum Oblmu paccunTabl IBYX(AKTOPHBIC
aJUIOMETPUUYECKHe 3aBUCHUMOCTH JHaMeTpa CTBOJA
OT BBICOTHI JIepeBa U JrUaMeTpa KPOHBI It 26 TTOPOI,
MOKA3aBIIHE KOAPPUIIMCHTHI JICTSPMUHAIIUY B JTHAITa-
3oue 0T 0,802 mns mumer mo 0,983 st uBe (YCOmb-
1ieB, 2016). AHamOru4HbBIE Pe3yIbTaThl OBLTH TOTyYe-
HBl Ha YPOBHE JiepeBa HOPBEKCKUMH M KHTAHCKHUMHU
nccnenoatensmu (Predicting..., 2018; Prediction...,
2019; An automated..., 2023) u Ha ypOBHE JIpEBO-
ctost — anoHckumu yueHsiMu (Umemi, Inoue, 2024).
K HacrosmieMy BpEMEHH HMMEIOTCSI MHOTOYMC-
JICHHBIE MOJITH U TaOIUIIBI IS OIICHKH (PUTOMACCHI
JIepeBbEB KakK MO AMaMeTpy cTBoisia (YconbLeB U Ip.,
20226), Tak 1 10 ABYM TIEPEMEHHBIM — BBICOTE JIepeBa
u nuameTpy ctBoia (Yconbies, 2016). [{nst ux copme-
HICHUS C JJAHHBIMU JIMJAPHOTO 30HAMPOBAHHS HEOO-
XonruMa pa3zpaboTka MoJieNieli 3aBUCMOCTH THaMeTpa
CTBOJIa OT BBICOTHI JIepeBa M TUaMeTpa KPOHBI.

Ieab, METOAUKA U 00bEKTHI
HCCJIeI0BAHNS

Henp Hamero uccieqoBaHus 3aKII0UaIach B TOM,
YTOOBI:

— 10 (aKTUYECKUM ITaHHBIM MOpP(OMETpUH Je-
PEBBEB TISITU APEBECHBIX MOPOJ, MPOU3PACTAIOIINX
B IyTE3aIIUTHBIX JIECHBIX IMOJIOCAX BIOJb JKEIE3HOH
noporu B CBEpAJIOBCKOI 0OJIACTH, MOCTPOUTH JABYX-
(hakTOpHBIC MOJICIN 3aBHCUMOCTH JMaMeTpa CTBOJA
OT BBICOTEHI JIepEBa U THaMETPa KPOHHI;

— CpaBHUThH TOJYYEHHBIE MOJEIU C BCEOOIIH-
MU MOJICJISIMU, PACCUYMTAHHBIMH JIJIs JiecoB EBpasuu
(Ycompues, 2016).

s peanu3anyy MOCTaBICHHBIX 3aja4 ObLIa 3a-
JIOXKEHA cepusi MPOOHBIX IUIOMIAa/eH, TaKCallMOHHAS
XapaKTepUCTHKA KOTOPHIX ObLIa OITyOIMKOBaHA paHee
(Ouenka coorBercTBUS. .., 2024). Ha xaxmoii mpoO-
HOW TUTOIIAU OBLIM BBITIOIHEHBI 00Mepbl oT 10 10
15 MonmenbpHBIX NEPEeBLEB, B TOM 4ucCie 44 — COCHBI
0OBIKHOBEHHOM, 164 — Oepe3sr moBucioi, 40 — To-
noJst Ganmp3amMuueckoro, 17 — enu cuGupckoit u 15 —
JUCTBEHHUIIBI CHOMPCKOM. MeToanka oOMepoB M3JI0-
skeHa panee (OIleHKa COOTBETCTBHA. .., 2024).
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Pe3ynbrarbl u ux oo0cy;kaenmne
ITo ucxoaHBIM JaHHBIM MOJENBHBIX JIEPEBHEB

paccyuTaHbl pErPECCUOHHBIE MOIEIN
In(d)=ay + a,In(h) + a; In(Dy), (D

e d — TuaMeTp CTBOJIA Ha BBICOTE IPYIIH, CM;

D, — 1uaMeTp KpOHBI, M;

h — BBICOTA JIEpEBa, M.

3HaueHWs MOTYYEHHBIX pacdeToM KodddurmeH-
TOB @y, a; ¥ a, B Monenu (1) mpuBeneHsr B Tabm. 1.
KoaddunuenTst ay, a; u a, B Mmoaenu (1) 3HaunMbl Ha
ypoBH:X 0T p < 0,05 mo p < 0,001.

CoorHolenne PaKTUIECKUX U PACYETHBIX 3HAUE-
Huit In(d) (puc. 1) cBUIETENLCTBYET O PaBHOMEPHO-
CTH OCTATOYHOW JIUCIIEPCUHN M OTCYTCTBUH KOpPpPEJIsi-
LU OCTaTKOB.

Pesynbrarhl aHanu3a BKIAJO0B JUAMETpPa KPOHBI
W BBICOTHI JiepeBa B O0BSICHEHUE BapbUPOBAHUS JTHA-
MeTpa CTBOJIA TIOKa3aHbl B Tabm. 2. [‘eomeTpuyeckas
3D-unrepnperanus mozenei (1) gana na puc. 2.

[peacraiseT WHTEpEC CPaBHUTH MONYyYCHHBIC
MOJIEJIA JIMaMeTpa CTBOJIOB B HACAKICHHSX 3aIllUT-

HBIX TI0JIOC C BCEOOIIMMH MOJENSIMH, PACCUYUTAHHBI-
MU 110 0a3e JaHHBIX O (hUTOMACCE JICPEBHEB JIECOO-
Opazyromux nopos EBpazuu (tadm. 3).
ComnocrasieHne MOJIeIeH, MIPUBEIEHHBIX
B TaO. 1 U 3, moka3ao, 4To MPHU OJHUX U TEX Ke 3Ha-
YEHHSIX BBICOT JCPEBHEB U TUAMETPOB KPOH THAMETP
CTBOJIA B 3aIIMTHBIX TIOJ0CaxX OOJbIE 3HAYSHUH BCe-
o0mmx Mozenel y coceH Ha 46 %, y Oepe3 Ha 64 %,
y eneir Ha 3 %, y Tomoneit Ha 54 %, a y JTHUCTBEH-
HUII, HaNpoTuB, MeHbIe Ha 13 %. Takum oOpazom,
pasnuuus AMaMeTPOB CTBOJA IPHU MPOYUX PABHBIX
YCIIOBHUSIX B 3alIMTHBIX JIECHBIX TOJOCAaX W PACCUH-
TaHHBIX 10 BCEOOMIMM MOJEJSM BapbHUPYIOT OT 64
1o —13 %, 4to, MO-BUAUMOMY, OOYCJIOBJICHO CIICIIH-
(hraHOI MOPGhOCTPYKTYpOIl HACAKICHHUHN B 3aIIUTHBIX
nojocax. BrpodeM, B 3apyOeKHOI JTUTEparype ecTh
CBUJICTEIHCTBA TPAKTHUYECKU COBMAJAIONINX 3HaYe-
HUW JuaMeTpa CTBOJIA KaK ()YHKITUH BBICOTHI JIEpeBa
U InaMeTpa KPOHBI, PACCYUTHIBAEMBIX 10 JIOKATHHBIM

u BHeInHuM jnanHbiM (Predicting..., 2018).

Tabnuya 1
Table 1
Xapaxrepuctruka mozeneit (1)
Characteristics of models (1)
Koappunmentst monenu (1)
ggsgléfsi The coefficients of the model (1) adjR2** QR
ap* ay In(h) a,In(Dy)
SF’CH*‘ 0,7367 0,6229 0,5611 0,910 0,075
me
g?p“a 0,3695 0,7641 0,4367 0,705 0,175
irch
g:m, ~0,1079 0,9620 0,3595 0,760 0,143
pruce
IT,"“O“" 1,0762 0,3585 0,6916 0,770 0,128
oplar
E“CTBeHHHHa -0,9393 1,2232 0,3156 0,747 0,088
arch

* B cBOOO/HBII 4eH BBe/leHa rornpaBka Ha sorapudmuposanue (Baskerville, 1972);
** adjR? — ko3 HULHEHT JeTepMHUHALIMH, CKOPPEKTHPOBAHHBIN Ha YUCIIO IEPEMEHHbIX;

**% SE — crangapTHas OMMOKa ypaBHEHHUSI.

* Logarithm correction (Baskerville, 1972) was introduced into the free term;
** adjR? is the coefficient of determination adjusted for the number of variables;

**%* SE is the standard error of the equation.
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Logarithm of actual values
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Puc. 1. CooTHomeHne pakTHYECKUX M PACUCTHHIX 110 Mozeny (1) 3HaueHmi

3aBHCHMOM TIEPEMEHHOM ISl COCHEI (&), 6epessl (0), enn (8), ToTmoms (2) M TNCTBEHHUIIEI (0)

Fig. 1. The ratio of the actual and calculated values of the dependent variable according

to the model (1) for pine (), birch (6), spruce (8), poplar (2) and larch (0)
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Tabnuya 2
Table 2

Bxiiam He3aBHCHMBIX TTepeMeHHBIX Mojenu (1) B o0bscHeHne

HU3MCHYMBOCTU 3aBUCHUMBIX IICPEMCHHBIX, %

Contribution of the independent variables of the model (1) to the explanation
of the variability of dependent variables, %

3aBucuMas NepeMeHHas

ITopona Dependent variable
Species
In(h) In(Dy)
COCHa 35 65
Pine
Bepesa
Birch 60 40
Enp 26 74
Spruce
Tomomns
Poplar 36 o4
JluctBeHHUIIA
Larch 63 3
B cpensem mo mopoaam
Average by breed 444x17.1 53,6£17,1
a
8

Puc. 2. 3aBHCUMOCTb AMaMeTpa CTBOJIA OT BBICOTHI JIpeBa U IUAMETpa KPOHBI cortacHo mojenu (1):
JUTSL COCHEI (a), Oepeskl (0), e (8), TOMOoIsA (&) U TUCTBEHHUIIHI (0)
Fig. 2. Dependence of stem diameter upon tree height and crown diameter according to model (1):
for pine (a), birch (6), spruce (s), poplar (2) and larch (0)
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Tabnuya 3
Table 3
XapakrepucTrka mozenei (1), paccauTaHHBIX IO MaTepraiaM 0a3bl TaHHBIX 0 (UTOMACCE ACPEBHECB
necoobpasyronmx nopoa Espasun (Yconsues, 2016)
Characteristics of models (1) calculated from the materials of the database on phytomass of trees
of forest-forming species of Eurasia (Usoltsev, 2016)

Koaddurmentst mozmemnu (1)
Hopona The coefficients of the model (1) adiR,** Sk
Species "
ap* ay In(h) ay In(Dy)
}C).OCHa -0,1306 0,9550 0,2897 0,951 0,28
ine
Bepesa —0,7187 1,0228 0,3889 0,924 0,20
Birch
g”‘) ~0,2564 1,0080 0.3336 0,956 0,20
pruce
IT)onom, 0,0151 0,5301 0,8411 0,905 0,15
oplar
JIucTBeHHHIIA -0,3209 0,9703 0,4407 0,926 0,22
Larch
BriBoasbi

Takum oOpa3oM, 1mo naHHbIM 280 MOAEIBHBIX
JIEPEBHEB, TIOJTYUYCHHBIM UIS MATH JPEBECHBIX MTOPOIT
B 3aIlUTHBIX JICCHBIX IosIocax CBEPUIOBCKOMN Keles3-
HOM TOPOTH, PACCUUTAHBI AITIOMETPUICCKUE MOJIETH
3aBUCHMOCTH JIMaMeTpa CTBOJA Ha BBICOTE TPYIH OT
BBICOTHI JIepeBa M JUaMETpa KPOHBI, OOBSICHSIONINE
71-91 % wm3menunBoCTH muamerpa ctBona. Cormac-
HO MOJIEJISIM THaMETP CTBOJIA Y BCEX TIOPOA TIOTIOKH-
TEJBHO CBSI3aH KaK C BBICOTOW JiepeBa, TaK W C JHa-

METpPOM KpOHBI. BKi1aJpl BEICOTHI IepeBa U JuameTpa
KpPOHBI B 00BSICHEHNE U3MEHUYNBOCTH THAMETPa CTBO-
Jla COCTaBMJIM COOTBETCTBEHHO 44 u 56 %. CpaBHe-
HHUE TOJIY4YEeHHBIX MojeNieil ¢ BCeoOIUMH ISl JIeCOB
EBpasun mokaszao mpy mpoYnx paBHBIX YCIOBHUIX Ha-
JIMYHUE CYIIECTBCHHBIX Pa3Inuuii B AMaMeTpax CTBOJIA
ot 64 no —13 %, mo-BUAUMOMY, BCICACTBHUE CICIHU-
(braHOM MOPGHOCTPYKTYPHI HACAKICHUH B 3aIIUTHBIX
JIECHBIX TIOJIOCAX.
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