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Abstract

The objective of this study was to explore the explanatory capacity of airborne laser scanning (ALS) metrics with
regard to tree size inequality properties from the forest. With this purpose, we selected the analysis of the Lorenz curve
as a method for determining complexity in forest structure. The Lorenz curve is a representation of the relations of
relative dominance among trees in the forest. Therefore, it presents a detailed description of the balance between overstory
and understory, providing with valuable information on the degree of inequality among tree sizes in the forest. The
methodology chosen was a canonical correlation analysis (CCA) of ALS metrics against regular quantiles along the Lorenz
curve. Results demonstrated that most explanatory power can be yielded from indices of concentration of return heights,
such as the L-coefficient of variation (i.e., Gini coefficient). This is highly relevant as it demonstrates the Lorenz
curves from tree sizes and return heights to be closely related. Moreover, the study of separate canonical components
allowed us to observe the correlation of certain metrics with each segment of the curve, detailing the effects that can
be observed in ALS surveys in relation with tree stocking balance relations in multilayered forests. The first CCA component
was more related to the dominant canopy, and therefore it influences the ALS surveys in a greater extent. This dominant
layer is mainly described by canopy cover metrics, and thus it depends mainly on the forest stand relative density. The
second CCA component was more related to the development of the understory, which influences the total amount of
returns observed and the skewness of their heights. Future research studying the Lorenz curve from ALS surveys could

provide forest inventories with important relations on forest structural characteristics.
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Introduction

The Lorenz curve M(x ) is a cumulative distribu-
tion function (CDF) of a relative probability density
distribution (PDF). This PDF is a rescaled density ra-
tio of two distributions, and therefore a relative PDF
(Handcock et al. 1999). In the case of forestry, these
two distributions are the distribution of diameters at
breast height (DBH) and its basal area-weighted coun-
terpart (Gove and Patil 1997). A basal area-weighted
PDF relates intrinsically to its original distribution, as
it is defined by the quadratic relation between the di-
ameter and the area of a circle (e.g., Gove 2003). The
Lorenz curve therefore expresses the dominance of each
tree in relation to its relative contribution to the total
basal area and stem density. Lexered and Eid (2006)
and Valbuena et al. (2013a) employed this property to
study tree size inequality and subsequently classify
forest structural types.

The Gini coefficient (GC; Gini 1912, Glasser 1962)
is a statistical descriptor directly related to the Lorenz
curve. The GC is the ratio between the second and
first L-moments, and it is therefore often referred to
as L-coefficient of variation (L.CV; Hosking 1990). It
is therefore a second order descriptor of concentra-
tion, i.e. relative dispersion. Previous forestry research
work has concentrated mainly on the advantages of
using (Knox et al. 1989, Lexerad and Eid 2006, Dudu-
man 2011). However, more detailed analysis of the
Lorenz curve and the L-moments has an interest in the
sense of obtaining a scale invariant comparison of
structural properties of the forest. For this reason, the
attention has very recently been turned to studying
tree size inequality by L-moments, especially with re-
gard to their relations with airborne laser scanning
(ALS) surveys (Ozdemir and Donoghue 2013, Valbue-
na et al. 2013b). The role of ALS in studying the com-
plexity of forest structure is based on the capacity of
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ALS to partially penetrate the dominant canopy, pro-
viding information about the understory (Bollandsés
et al. 2008).

Figure 1 summarizes the relation between the
Lorenz curve and the GC. In the Lorenz plot, the di-
agonal line represents a situation of complete equali-
ty, in which the relative difference between the PDF
and the weighted PDF is zero, and hence GC=0 (Wein-
er and Solbrig 1984). The Lorenz curve has this prop-
erty as it is multiplicatively scale invariant, in other
words, two PDFs present the same Lorenz curve if they
differ by a multiplicative constant (Handcock et al.
1999). Therefore, the GC provides a measure of varia-
bility in tree diameters which is invariant across de-
velopment classes, and the value GC=0 is observed
at any forest stand with all trees of equal DBH, regard-
less of their size. Furthermore, Valbuena et al. (2012)
pointed out the importance in forestry of comparing
Lorenz curves against the line rendered by a theoret-
ical uniform PDF, which asymptotically obtains the
middle value of GC=0.5. This line may therefore be
used as a reliable discriminator between even and
uneven-sized forest areas (Valbuena et al. 2013a). Fi-
nally, the highest dispersion in a PDF is given by a
maximally bimodal distribution, which asymptotically
obtains the maximum value of GC=1. In forestry this
theoretical condition would be represented by a situ-

Lorenz curves

ation of one sole big tree accounting for most basal
area, accompanied for an infinite number of very small
seedlings accounting for most stem density (Staud-
hammer and LeMay 2001).

In this study, we explored the explanatory capac-
ity of ALS remote sensing for describing the tree size
inequality properties of the forest. Valbuena et al.
(2013b) analyzed the relation of ALS metrics to spe-
cific indicators, which are descriptors about the am-
plitude and symmetry of the Lorenz curve. A natural
step forward was to focus on a more profound analy-
sis of the relations observed along the whole curve.
The analysis of the entire Lorenz curve was chosen
in order to observe the effect that relations of rela-
tive dominance among trees has in the return cloud
rendered from an ALS survey. The aim of this research
is to acquire a more profound knowledge of the effects
that ALS metrics have at different segments of the
Lorenz curve.

Materials and Methods

This study site was 800 ha of boreal forests sur-
veyed with an ALTM Gemini sensor (Optech, Cana-
da) at the municipality of Kiihtelysvaara in the prov-
ince of North Karelia (Finland; approx. lat.: 62°31° N;
lon.: 30°10° E; 130 —150 m above sea level). Dominant
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Figure 1. Lorenz curves of theoretical tree diameter distributions (white bars) and their corresponding basal area-weighted

distributions (dark bars)
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tree species is Scots pine (Pinus sylvestris L.), ac-
counting for 72% of total standing volume, with a
minor proportion of Norway spruce (Picea abies [L.]
Karst.) and deciduous trees. The field sample consist-
ed of 79 squared plots with sides sizing 20, 25 or 30 m,
varying in relation to stand density. Plot location was
determined subjectively, with the intention to include
the range of variability in the area. Every tree (i) with
DBH larger than 5 cm or height larger than 4 meters
was measured and recorded. Basal areas were calcu-
lated for single stems (g, m?) and ranked (r) accord-
ing to decreasing DBH. Following Valbuena et al. (2012),
sample Lorenz curves were obtained at plot-level as
the cumulative proportions (p,) of the total basal area
in relation to the cumulative proportions of stem den-
sity xr(p?=nf/n) accounted from each ranked tree. The
sample bias-corrected estimator of GC developed by
Glasser (1962) was employed for calculating the rela-
tive tree basal area differences observed within each
forest plot.

We applied high density ALS data (11.9 pulses:
m?). The ALS returns were processed using Terras-
can software (Terrasolid, Finland), and a digital ter-
rain model (DTM) was produced from returns classi-
fied as ground. Return heights above ground level
were obtained by subtracting the DTM altitude under-
neath each individual ALS return. A set of ALS met-
rics was generated with FUSION software (version 3.1,
USDA Forest Service), using 1 m as canopy cover
threshold (McGaughey 2012). The ALS metrics detailed
on Table 1 were computed from the height-above-
ground distributions, following the state-of-the-art in
ALS remote sensing (Neasset 2002). They included the
abovementioned L-moments and their ratios (Hosking
1990), and therefore the Gini coefficient was, in this
sense, also considered for the distribution of ALS
return heights above ground.

Statistical analyses and modelling were carried out
in R environment (version 2.15; R Development Core
Team 2011). Least absolute shrinkage and selection
operator (LASSO) method for variable selection (Tib-
shirani 1996) was implemented using package GLM-
net (version 1.9-3; Friedman et al. 2010). LASSO is a
predictor shrinkage method, which is a special case
(a=1) of a penalized least squares method called elas-
tic net. It minimizes the sum of squared residuals sub-
ject to the sum of the absolute values of the estimat-
ed coefficients (Z|ﬁj|), that is to say, the L1-norm of
the coefficients (7). LASSO was in this case used as a
variable selection method since some of the coefficients
are shrunken to zero, and hence discarded, by con-
straining the latter sum by a threshold 2|/J’j|s:, also
called the lasso parameter. The optimization algorithm,
the least angle regression (LARS) (Efron et al. 2003),

Table 1. Summary of ALS-derived predictors

Lidar metrics Symbol
Moment statistics
Central tendency Mean; Mode

Dispersion Var; SD; CV; MAD.P50; MAD.mode;
CRR
Skewness/Kurtosis Skew; Kurt
Order statistics Max; Min; P50

Height quantiles Pifori=1,10,20,...80,90,99

L-moments Lifori=1,234
L-ratios L.CV; L.skew; L.kurt

Canopy cover

All returns First returns
Total count Count.total Count.total.f
Count/Percent. >1 m  Count; Cov Count f;

Cov.f

Count/Percent. > Count.mean; Cov.mean Cov.mean.f
mean
Count/Percent. > Count.mode; Cov.mode Cov.mode.f
mode

SD: standard deviation: CV: coefficient of variation; MAD: Median absolute
deviation above median (P50) and mode; CRR: Canopy relief ratio (see
McGaughey, 2012)

was used to compute the entire path of LASSO solu-
tions by stagewise additive fitting. The optimal solu-
tion was selected by choosing the elastic net coeffi-
cient (A) which provided the smallest mean squared
error in leave-one-out cross validation (LOOCV) (Zou
and Hastie 2005). LASSO was carried out using the
GC as response variable, in order to limit the number
of predictors involved in the canonical correlation anal-
ysis (CCA) to only those truly related to the Lorenz
curve of tree size inequality.

Regular intervals along the entire Lorenz curve
were considered in order to observe the effects of ALS
metrics at different portions of them. The sample
Lorenz curves computed at plot-level were divided at
regular quantiles, therefore obtaining a multivariate
response y={M(.05), M(.10), ... , M(.90), M(.95)}. CCA
was carried out between this response and the pre-
dictor dataset resulted from the LASSO selection.
Being in this case y a multivariate response, CCA was
selected with the purpose of observing relations at
different portions of the Lorenz curve. In addition, CCA
is used as the basis for transforming the feature space
for k-MSN imputation, a method widely employed for
ALS estimation in forest inventories (Maltamo and
Packalen 2014). A closer look to the individual canon-
ical components, therefore, provides detail on which
ALS metrics are most influential in the estimation of
indicators related to the Lorenz curve. As the disper-
sion of the variables considered may differ significant-
ly, we chose the variance-normalized version of CCA
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weighted in relation to others (Stage and Crookston
2007). F-statistic significance test was applied to de-
termine which canonical vectors were relevant to an-
alyze.

Results

The variable reduction strategy carried by LAS-
SO resulted in a reduced predictor dataset with 25 ALS
metrics (Figure 2). We chose selecting the A which pro-
vided the minimum LOOCYV error (left vertical line), as
opposed to choosing the error contained within one
standard error of the minimum A (right vertical line).
We considered that prior variable reduction would oth-
erwise have resulted in an excessively reduced pre-
dictor dataset for the actual purpose of CCA.

The significance F-test was positive for two ca-
nonical vectors in the CCA. In Table 2, the top 25th
percentile of the absolute coefficient values are de-
noted in bold, therefore signifying those variables most
involved in the canonical correlation. The first CCA
component (r= 0.97, p-value < 0.001) explained vari-
ance predominantly in the left part of the Lorenz curve
(lower quantiles), whereas the second CCA component
(r=0.90. p-value < 0.001) did in the right part of the
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Figure 2. LASSO results. The mean squared error (MSE)
curve obtained by LOOCV is shown in red colour, accom-
panied by corresponding bands extending one standard de-
viation. The x-axis shows the elastic net coefficient A in log-
arithmic scale, whereas the top is annotated with the corre-
sponding number of predictors selected. Hence, stagewise
additive fitting sequences from right to left. Vertical lines are
the optimization thresholds: minimum MSE (left) and MSE
within one standard error of the minimum (right)

Lorenz curve (higher quantiles). Note that as coeffi-
cients have been computed over z-standarized varia-
bles, they can be directly compared with the purpose
of analyzing their explanatory power. See Table 1 for
the meaning of the predictor variables.

Discussion

In forestry, the meaning of the Lorenz curve dis-
crete quantiles considered in this study y={M(.05),
M(.10), ..., M(.90), M(.95)}, is grounded on the rela-
tive dominance of individual trees within the forest
(Weiner and Solbrig 1984). Each of these M(x ) repre-
sents the proportion of cumulative basal area which
corresponds to the proportion of cumulative stem
density x accounted by the trees ranking =r (Valbue-
na et al. 2013b). For the concave Lorenz curves here-
by considered (from trees ranked according to de-
creasing DBH), the left part of the Lorenz curve rep-
resents the relative dominance of the upper layers.
These approximately correspond to the M(.05-.25)
quantiles (Figure 3). On the other hand, the right part
of the Lorenz curve represents the presence and de-
velopment of understory and suppressed trees, approx-
imately around the M(.55-.95) quantiles. Thus, as the
Lorenz curve represents relative tree dominance, each
portion of the curve is related to the different layers
that can be found in a multi-structured forest. The
relative dominance of the upper strata is therefore
represented in the right tail of the Lorenz curve, where-
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Figure 3. Relation of each portion of the Lorenz curve with
the different components of forest structure
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as the left tail describes the relative rarity of the low-
er strata.

The results obtained in the CCA analysis showed
the interest of considering discrete portions along the
Lorenz curve. They allowed us to attain a more profound
understanding of the effect that ALS metrics have at
different segments of the curve. It can be observed in
Table 2a that each canonical component was roughly
focused on either half of the curve. This is denoted by
larger absolute coefficient values (numbers in bold)
obtained for either tail of the curve at each CCA com-
ponent. The M(.05—.25) quantiles obtained higher val-
ues in the first CCA component. Hence, the predictors
showing higher coefficient values in this component in
Table 2b are more related to the upper strata. On the
other hand, the M(.55-.95) quantiles were mainly rep-
resented in the second CCA, and its corresponding ALS
metrics are thus more related to the degree of develop-
ment in the lower strata.

The middle part of the Lorenz curve, in the region
of M(.20-.50), is the area that distances itself the most
from the diagonal. It is therefore the segment most
related to the GC of DBH inequality, as the GC equals
to the area comprised between the Lorenz curve and
the diagonal (Gini 1912). This middle part was repre-
sented in both canonical components, showing some
of the highest absolute values and therefore most in-
fluencing the relation with ALS metrics. Consequent-
ly, those predictors having large absolute values on
both components are those with most explanatory

Table 2. Canonical correlation analysis (CCA) components
for the Lorenz curve M(x ). See Table 1 for the meaning of
the predictor variables

(a) CCA components (b) CCA components
Response Predictor

variable CCA1  CCA2 variable CCA1  CCA2
M(.5) -1.78 1.53 Mode -0.01 0.10
M(.10) 3.29  -3.98 var 0.08 -1.2
M(.15) 254  -0.75 cv 508 997
M(.20) 0.31 1.88 pPo1 044 -0.14
M(.25) 1.68 137 P05 -1.15 0.05
M(.30) 069 166 P20 0.14 0.61
M(.35) 141 -4.08 P40 -0.23 0.72
M(.40) 328 400 Max -0.27 2.26
. : L3 1.00 -3.47
%Egg; '2-;’2 '3'1: Lov 756 1405
: . - L.kurt 0.25 0.61
M(.55) -1.56 4.43 MAD.P50 015 098
M(.60) -1.09 1.44 MAD.mode 027  -2.88
M(.65) 1.41 -4.79 CRR -0.40 222
M(.70) -0.49 0.27 Count.total 0.21 2.26
M(.75) 0.31 -0.52 Count.total.f 0.30 -0.75
M(.80) 0.68 3.31 Count 1.23 2.58
M(.85) -0.86 -4.85 Countf -1.45 -3.98
M(.90) 0.45 2.88 Cov -1.70 -1.40
M(.95) -0.39 .0.37 Cov.mean -0.05 0.21
Cov.mode 2.05 0.93
Cov.mean.f 1.08 1.62
Cov.mode.f -1.65 0.37
Cov.mode / -0.32 -1.87

Count.total.f

power with regards of tree size inequality. Results dem-
onstrated that such ALS metrics were actually indices
of concentration, i.e. dispersion of return heights rel-
ative to their average. One such ALS metric was the
coefficient of variation (CV), which is the ratio be-
tween the standard deviation and the mean, second
and first moment respectively. Most importantly, the
ALS metric having the highest absolute coefficient
values was the L-coefficient of variation (L.CV), which
is also the ratio between the second and first L-mo-
ments. It is noteworthy to mention that L.CV is actu-
ally the GC of ALS return heights (Hosking 1990). This
demonstrates the Lorenz curves from tree sizes and re-
turn heights to be closely related. There is therefore
a chance for finding scale invariant relations between
the Lorenz curve of tree diameter PDFs and ALS re-
turn height PDFs. The upper layers of the canopy have
relation of dominance with the understory both in
terms of the number of seedlings growing underneath
and the number of ALS returns reaching it (Bolland-
sas et al. 2008). The relation of dominance between
overstory and understory is similar in both cases, and
therefore the Lorenz curve and the L-moments are re-
liable means of studying these relations of balance
among vertical strata in multilayered forests from ALS
remote sensing (Ozdemir and Donoghue 2013, Valbuena
et al. 2013a).

The upper strata were mainly represented in the
first CCA component, and therefore ALS metrics with
higher absolute coefficients in that component are more
related to the dominant canopy. It can be observed in
Table 2b that canopy cover metrics were more related
to properties of the relative dominance of the over-
story. ALS metrics with highest absolute values for the
first CCA were: the proportion of return heights above
their mode (Cov.mode) and above 1 m (Cov). Valbue-
na et al. (2013b) also found canopy cover metrics to
affect all the indicators related to the Lorenz curve.
Moreover, the type of return also seemed to be an
important characteristic in terms of relative dominance
of the upper strata, since the proportion of first re-
turns above the mode (Cov.mode.f) was amongst the
most relevant ALS metrics in the first component. Also,
the total number of first returns (Count.f) was signif-
icant at both components, which may indicate this
metric to be related with relations of relative density
affecting all strata. Canopy cover may therefore be one
of the forest properties most affecting the left segment
of the Lorenz curve, as it is directly linked with rela-
tive dominance.

The relations with the lower strata could be ob-
served independently in the second CCA component,
on the other hand. After those already mentioned, the
most relevant metric in this component was the third
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L-moment (L3). As this is a metric describing asym-
metry (Hosking 1990), this result is consistent with
previous research describing the importance of com-
ponents of Lorenz asymmetry in defining the relative
importance of the understory (Valbuena et al. 2013a,
2013b). Other important metrics in the second compo-
nent found in this study were the median absolute
deviation from the mode (MAD.mode) and the total
return count above 1 m (Count). It is worth noting that
variance in the response M(x ) is intrinsically higher
at the right tail of the Lorenz curve and lower at the
left tail (Handcock et al. 1999). Hence, using z-stand-
arization for the response (Stage and Crookston 2007),
succeeded in emphasizing the effects over the higher
quantiles in the second CCA component, which oth-
erwise may have remained concealed. As a result, the
effect on the understory was revealed, and these ALS
metrics present most explanatory power with regards
to the degree of development in the understory.

Conclusions

The L-coefficient of variation of ALS return
heights, which is the Gini coefficient, was the most
relevant ALS metric in the canonical correlation anal-
ysis. Therefore, this paper demonstrates the Lorenz
curves of inequality in tree sizes and ALS return
heights to be closely related. Each tail of the Lorenz
curve provides different information on the relations
among trees in a forest: degree of dominance in the
overstory and development in the understory. Canon-
ical correlation analysis along the Lorenz curve there-
fore reveals the correlation of certain metrics with each
segment of the curve, detailing the effects that can be
observed in ALS surveys in relation with tree stock-
ing balance relations in multilayered forests. Canopy
cover metrics are related to the overstory in terms of
stand relative density, whereas the understory is as-
sociated with asymmetry metrics.
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KAHOHUYECKHNH KOPPEJIAIIMOHHBIN AHAJIN3 IJI1 HHTEPIIPETAIIUA METPUK
BO3AYIIHOTO JA3ZEPHOI'O CKAHHUPOBAHMA BJIOJb KPUBOH JIOPEHIIA
HEPABHOMEPHOCTH PASMEPOB JIEPEBBEB

P. BaabOyena, I1. Ilakanen, T. Tokona, Ma. Maaramo
Pezome

[{enpio maHHOTO HCCIENOBAHUS OBUIO M3YYHThH IOSCHUTENBHYIO CIIOCOOHOCTH METPUK BO3AYLIHOTO JIA3€PHOTO
ckanupoBanus (ALS) B oTHOmIEeHNN cBOHCTBA HEPABHOMEPHOCTH Pa3MepoB JIepeBheB jteca. st 3TOro B KadecTBe MeToa IJIst
ONpe/eNIEHHs CI0KHOCTU B CTPYKTYpE Jieca.HaMU MCIOJb30BaH aHanu3 kpusoil Jlopenua. Kpusas Jlopenua sBusercs
MH/MKaTOpOM OTHOIICHUI OTHOCHTEIBHOTO IOMHHHPOBAHHUS CPEOH JEPEBbEB B Jiecy. TakuM 00pa3oM, OHa MpEICTaBiIsIeT
coboii mopoOHOe onrcaHue GajlaHca MeXay BEPXHHM M HIDKHHUM SIPyCOM HaCaKICHHS, IPEIOCTaBIIA LICHHYI0 HH)OPMAIUIO
0 CTCIEeHH HEePaBHOMEPHOCTH pa3MEpOB JIEPEBBEB B Jiecy. BriOpaHHas MeTononOrus ObIIa OCHOBAaHA HA HCIIONH30BAHHU
KaHOHHYECKOTo KoppensnnoHHoro ananusa (KKA4, CCA) MeTpuk BO3AYIIHOTO JIa3€PHOTO CKaHUPOBAHHS MPOTHUB
PeTYISIpHBIX KBaHTHIIEH BHONB KpuBoil JlopeHma. Pe3ynsraTel mokasaiy, 9YTO HaHOOJBIIEH MOSCHUTEIBHOW COCOOHOCTHIO
00J1a/1a10T MOKa3aTeNy KOHIEHTPALMU BBICOT OTPAKEHUsI, TakKue Kak L-koadhdunment Bapuauud (T. €., koddouipenrt Gini). Ito
nMeeT OONbIIOe 3HAYEHHE, TI0CKOIbKY JIEMOHCTPHPYET, 4TO KpHBbIe JIOpeHIa, 3aBHCSIIE OT pa3MepOB AEPEBbEB U BHICOTHI
OTpaXXCHUSI TECHO CBSI3aHBI MeXIy coboil. Kpome Toro, M3ydeHne OTIAEIbHBIX KAHOHHYECKUX KOMIIOHEHTOB ITO3BOJIMIIO
HaOMI0aTh KOPPEISINIO ONPEAEeTIeHHBIX METPUK C KaX/IbIM CETMEHTOM KPHBOH, AeTAMN3UPYIOMIM 3P PEKTHI, KOTOPHIE MOTYT
HabmIoaThCA MPU NMPOBEJSHNN WHBEHTAPU3AIUH TUIOTHOCTH AECPEBHEB B MHOTOSPYCHBIX JIECaX C HMCIIONB30BAaHUEM
BO3JIYIIIHOTO Jla3epHOro ckanupoBanus. [lepssiii kommoHeHT CCA 6bLT 60riee CBsI3aH C JOMUHUPYONIHM TIOJIOTOM, H TIO3TOMY
OH B 0OJbLICH CTENEHM BIUSAET Ha MHBEHTAPU3AIUIO C HCIOJB30BAaHHEM BO3JYIIHOIO JIa3ePHOTO CKaHUPOBAHHUS.
JloMuHHpYIOIMH SIPYC B OCHOBHOM OIUCHIBACTCSI METPHKAMH IOKPOBA ¥, TAKUM 00pa3oM, 3aBUCUT HMPEHMYIIECTBEHHO OT
OTHOCHTEIIFHOH IUIOTHOCTH JipeBocTos. Bropoif kommorenT CCA Ob11 Ooee CBS3aH ¢ pa3BUTHEM IOUIECKA, BIUSIONIETO Ha
00IIyI0 CyMMy BO3BpPaTOB M aCHMMETPHIO €ro BBICOTHI. [lociemyromniye rccieioBaHus C HCIONb30BaHNeM KpuBoi JlopeHta,
IOCTPOECHHON Ha JaHHBIX BO3AYIIHOTO JAa3epHOr0 CKaHMPOBAHHs, CMOTYT 00ECIIEUUTh MHBEHTApU3ALMIO JIECCOB BAaXKHBIMU
JITaHHBIMH O CTPYKTYPHBIX XapaKTEPUCTUKAX HACAXKACHHUH.

KirodeBble ciIoBa: BO3AYIIHOE JIa3epHOE CKAHHPOBAHWME, HHBCHTAPU3AIUs JIeCca, HEPABHOMEPHOCTh pa3MepoB
ZiepeBbeB, KpuBast JIopeHIa, KAHOHMUECKUI KOPPEISILIMOHHbIN aHaIu3
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