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Abstract. Developing multi-storey timber
construction requires control and minimized
deformations of both the building frame elements
and their connections. This is especially important
for buildings made of CLT panels, where
optimizing the building frame and minimizing
material consumption comes down to constructing
parts of the wall panel above the window and door
openings of separate elements. Also, dividing CLT
panels into smaller fragments is often attempted to
simplify logistics or reduce scraps when cutting a
large slab in production. Such frame detailing
requires monolithic connection of CLT panel
elements, achieved with a large number of screws,
which is extremely expensive, especially for
Eastern European countries. Timber structure joints
deformability is minimal in adhesive joints and
joints on glued-in rods. The analysis of the rigidity
and strength of CLT panels connections provided
with plate elements and the test results discussed in
this publication prove the efficiency and prospects
of this connection type, especially manufactured
with modern methods ensuring high dimensional
accuracy in cutting frame parts through the
application of various milling techniques.

The publication presents the results of tests
conducted with oak shear-key connectors of CLT
panels and compares them with the results of similar
studies using aluminum shear-key and connections
with a big number of screws in spline joints.
Analysis of the deformation behavior of
connections in multi-story building frames made of
CLT panels requires special attention and the search
for new solutions for connections and their
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components. Currently, shear-key connectors from
different manufacturers offer various geometric
variations that simplify their installation during
building frame assembly and sometimes even allow
for tightening of the connected components using
wedge-shaped surfaces.
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INTRODUCTION BACKGROUND

Intensive use of CLT panels in modern
construction makes the issue of connecting
frame panels to each other crucial. CLT panels
are most commonly connected with screws.
Minimizing the number of screws connecting
CLT panels significantly reduces the cost of the
building frame, which is important for
promoting timber structures in Eastern
European countries, including Ukraine. Timber
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plates made of hardwood (oak, beech or birch)
were used to join logs or beams lengthwise to
achieve a solid cross-section and full joint work
well before the advent of timber gluing
technology. As described in numerous previous
references, many bridges and long-span wall
designs were enabled with such connections.
The old SNIP 2-25-80 standards [5], adopted in
1982, provide data for designing such
connections, while the standards manual (1986)
features examples of calculating such beams.

The largest number of hardwood shear-key
connectors in simply supported beams is
installed near the support where the maximum
shear occurs.

b

Fig. 1 Built-up beams with timber plate-type hardwood shear-key connectors (a) according to SNiP [5]
and alumimium slot connector (b) manufactured by Rothoblaas [8]

Puc. 1 Baiku ckiiageHoro nepepisy 3 IIacTHHYACTHMH HIoHKamH (a) 3riguao jgo CHIlI [5] Ta amomiHieBa
mmonka Slot (b) BupoouunTBa kommnanii Rothoblaas [§]

STATE OF THE ART

Such a timber-plate connection made of
beech LVL and softwood LVL has already been
widely studied by Prof. H. J. Blass and T.
Schmidt (2018) for CLT panels connections, as
described in their works [3, 10-13]. A similar
solution, based on connecting keys, has been
adapted and offered in the form of an
aluminium key Slot by the Rothoblaas
company [8]. This key-connection solution is
widely used in engineering practice and
described in the works by D. Cassagrande et al.
[1, 2, 14] for multi-panel CLT shear walls, Fig.
2. The deformability is insignificant and such
an easily manufacturable connection is crucial
for modern construction to connect CLT wall
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panels [4, 15-19] and floor panels to each other
along the edge, as well as to provide corner
joints of CLT panels and to connect panels
along the face. In this publication, the obtained
testing results for oak plates deformability are
compared with similar testing results for the
aluminium SLOT and LVL-timber plates for a
comparative analysis of deformability, as well
as an analysis of changing rigidity in such joints
depending on the deformations.

The plates in the wall panels’ joints are
placed in the upper and lower parts of the joint
along the length of the vertical joint. This type
of connection is both rational and effective for
connecting floor slabs made of glued laminated
timber independently, without fixing them to
the concrete layer for timber-concrete floors.
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Ductility and behaviour assessment of
connections in CLT panels is very important for
buildings located in seismically active regions
[20-24]. Cyclic testing of CLT-panels’ joints on

ISSN 2522-4182

the mechanical fasteners is conducted
according to standard EN 12512:2001 [25],
which lists the corresponding methods

Frega Iil:—— _.DJ: Fuea

Fig. 2 Multi-panel shear wall with shear-key or plate type stiff connector (D. Cassagrande at al. [1]).
Puc. 2 BararockiasiHa CTiHOBA MaHeNb 31 MIMOHKAMH y CTHKaX ab0 )KOPCTKUMH KOHEKTOpaMH JI0 il

scyBy (D. Cassagrande and all [1]).

The “X-fix C” key developed by the
Haaslacher company (ETA-18/0245 [6]) is
formed by two plates with inclined planes.
When driven into a pre-milled groove, the
connected parts of the CLT panels are pulled
together to minimize or eliminate the gap in the
joint. This key also has widenings from the
centre to the edges to retain tensile forces in
such a connection. The general views of the
Slot, X-fix C key and oak keys in the tested
samples are shown in Fig. 3.

Joints deformations in timber structures is
often a key criterion, since the horizontal
displacement in wall panels cannot exceed
more than h/100, where h is the height of the
wall panel. The efficiency of shear-key joints in

comparison with connections effected with
screws installed in a row along the joint is
significantly higher. Figure 4 shows a graph of
the deformation of connections tested samples
with an aluminium shear-key Slot and screws
installed in a row (spline joint) in the same
samples, obtained from the publication by
D. Cassagrande [1].

The load values and deformations are
reported per couple of screws. Initial slip of
around .3 to .5 mm was observed as a gap
between the SLOT connector and the CLT
panel, but there was no initial slip in screwed
joints. The number of screws was calculated to
match the SLOT connector’s strength and
stiffness.

Fig. 3 General view: Slot key (a), X-fix key (b), and oak keys in the tested samples (c)
Puc. 3 3aransuuii Bua amominieBoi mmonku Slot (a), X-fix mmonka i3 mmonkosoro 6pycy JIBJI (b) Ta
nTyOoBa MIOHKA SIKa BUKOPUCTOBYBAJIACh y MOCIIHKEHHI (C)
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Forew, kH
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Fig. 4 Force-deformation diagram (a) for aluminium Slot shear-key connection (c) and spline joint with

screws (b) based on data [1].

Puc. 4 Kpusi HaBanTaxxeHHs-1edhopMaltis (a) i 3’€JHaHb 3 amOMiHieEBOO IMOHKO0 Slot (¢) Ta ams
3’€JHaHb 3 HaKJIaKaMu Ta rBUHTaMU (D) Ha OCHOBI eKcriepuMeHTaIbHUX nanuX [1].

DESIGN APPROACH TO CALCULATING
SHEAR-KEY CONNECTORS

The characteristic values of load-bearing
capacities for the SLOT connector calculated
according to equation (2.1) are proposed in

ETA-19/0167 [8], where te is penetration depth
which equal 60 mm -.5*tgap (tgap<5mm) and bes
is the effective connector depth. ber=b =89 mm
for LVL and glulam, bef=Xd0 + .1* (b-Xd0) for
CLT, where Zd0 is accumulated layer thickness
of CLT elements within width b parallel to
shear force Fy kq.

For =Ko -0y - Foo -[\/tgap +2-(t, =5mm) +2-(t, —5mm)* —2-(t, —5mm)j (1)
Y 1 for a, > 480mm and a;, >480mm
* 7 11-0,001- (480 —min{a,;a,,}) for a,480 <mm and a,, < 480mm @)

Slip module per Rothoblaas Slot connector according to ETA 19/0167 [8]:

Ker = LN fmm
20

se

K = PN /mm
15

According to the USSR norms [4, 5],
reference bearing capacity in kN is calculated
as follows:

R, rc =0,625-3-b 5)
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CLT or softwood LVL (3)

hardwood LVL or GLT (4)

where:
0 is plate thickness with the recommended
value of 12 mm and b is the connector
width.

The recommended hardwood shear plates
width is 4.5—5*3, which corresponds to te value
of 2.25-2.5 and which is very similar to the
conclusions published by T. Schmidt and H.J.
Blass [3, 10], who tested a group of specimen
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series with different depth penetration te. When

te exceeds 20, the bearing capacity does not
increase.

EXPERIMENTAL PROGRAMME.
SPECIMEN GEOMETRIES AND TEST
SETUPS

g
|
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The shear tests were carried out to evaluate
the shear resistance of CLT-to-CLT oak timber
plates connections or shear-key connectors,
analogous to aluminium Slot shear-key
connector manufactured by Rothoblaas. The
connection between two adjacent parallel
panels follows the configurations in Fig. 5.

b
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Fig. 5 Testing diagrams and geometry of the tested specimens with the shear-key oak connector:
a - specimen series K-1; b - specimen series K-3; ¢ - specimen series K-4; Photo by A.Bidakov

Puc. 5 Cxema BunpoOyBaHb Ta T€OMETPUYHI MapaMETPH 3pa3KiB 3 JyOOBUMH IIMOHKAMU
a —3pasku cepii K-1; b - 3pasku cepii K-3; ¢ - 3pasku cepii K-4; Astop doto A.binakos

This solution avoids the cuts needed for lap
or spline joints, which are easily
manufacturable on the factory production line,
but challenging to obtain on-site. The

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 17/2025

experimental configuration consists of two
parts, 245mmx700mm in size, joined with a

shear-key connector, as shown in Fig. 5 (a, b)
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as the single-shear configuration. Also, the
considered three-partite double-shear K-4
configuration grants a symmetrical application
of the vertical load, see Fig. 5 (c). The authors
tested three different configurations, or series,
each one within five iterations. Therefore, the
total number of conducted tests was 3x5=15.

Table 1 Tested configurations details
Ta6.. 1 [TapameTpu BUIIPoOYyBaHMX 3pa3KiB

The configurations differ by the size of shear-
key oak connector and the number of shear lines
in the specimen series. Tested CLT panel
layouts provided the accepted thicknesses of
140 mm (40 + 20 + 20 + 20 + 40). Table 1
shows the details of the tested specimen series.

CLT

Number

Label thickness, CLT layouts, mm Timber plate of shear Num.ber of
geometry, mm specimens
mm surfaces
K-1 140 40-20-20-20-40 40*120*200 1 5
K-3 140 40-20-20-20-40 20*120*100 1 5
K-4 140 40-20-20-20-40 20*120*100 2 5

The tested 140 mm thick CLT elements were
produced by the Ukrainian company Rezult,
ETA-21/0914 [7]. The oak shear-key
connectors had a planed, smooth surface,
without any visual defects such as cracks, splits
or cavities. The shear-key connectors were
installed in milled grooves to a depth of 120
mm, without tolerance for the dowel thickness.

The K-1 and K-3 series of samples had
undercut support elements so that the sample
incline was approximately 14°. In this case, the
support centres coincided with the vertical axis
passing through the shear-key centre in the
samples. The oak shear-keys were located in the
middle along the vertical axis of the sample, see
Fig. 5 (a, b). The K-4 series of samples had the
shear-keys in the middle of the vertical section
of the joint. All the samples were loaded until
the shear-keys began to fail

The load was applied with a constant load
rate of .1 mm/s and according to EN26891 [9]
the failure occurred within 300 seconds. The
relative slip between the two CLT parts near the
shear-key location was measured by a 250 kN
load cell. A dial gauge was used to register
deformations.
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RESULTS & DISCUSSION

The results obtained from testing SLOT
connector joints and the screwed connections
are presented in Table 2. The load-deformation
diagrams for tested single-shear specimen
series K-1-1...K-1-5 (thick shear-key) and tests
series K-3-1...K-3-5 (thin shear-key) are
shown on Fig. 6. Similar diagrams are shown
on Fig. 7 for tested double-shear specimen
series K-4-1...K-4-5 with two thin oak shear-
key connectors.

The curves of the tested oak connectors
show an initial slip around .2—.4 mm due to the
imperfections and a small gap between the
connector and the grooves surfaces of CLT
panels’ parts. Observations confirmed the oak
shear-key elastic behavior and, additionally,
wooden laminations failure parallel to the load
direction, which was also observed for LVL
connectors in tests performed by Schmidt and
Blass [3, 10] and in the tests with aluminum
SLOT shear-key performed by D. Casagrande
[1, 2].
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Load,kN

4 5 6 7

Deformation,mm

Fig. 6 Load-deformation curves of tested series K-1 and K-3 single-shear specimens
Puc. 6 Kpusi HaBaHTa)XeHHS-IeopMallisi BUIPOOYBaHHUX 3Pa3KiB 3 OJHUM CTHKOM Ta OJHIEI0 MIMTOHKOIO

cepiit K-1 ta K-3

05 1 15

25 3 35 4

Deformation, mm

5 55

Fig. 7 Load-deformation curves of tested series K-4 double-shear specimens
Puc. 7 Kpusi HaBanTaxeHHA-geopMallis BUIPOOYBaHUX 3pa3KiB 3 ABOMa CTHKaMH Ta IBOMa ILTIOHKAMH

cepii K-4

Table 2 Test results of series K-1, K-3, and K-4 joints
Tabauuns 2 Pesynpratu BunpoOyBanb 3’ e¢qHaHb cepiit 3pa3kis K-1, K-3 ta K-4

ISSN 2522-4182

——K-3-1
——K-3-2
K-3-3
K-3-4
——K-3-5
——K-1-1
——K-1-2
—8—K-1-3
K-1-4
K-1-5

——K-4-1
——K-4-2
K-4-3
K-4-4
—e—K-4-5

Average value, Average value, Ccov
Label Fmagx, kN max. defo?mation, mm SD of Fax of Frax, %
K-1 87 6,81 4,29 4,93
K-3 45,22 3,85 5,41 11,96
K-4 68,8 4,11 0,46 0,7

ByniBenbHi kKoHCTpyKUii. Teopis i npakTuka * 17/2025
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Fig. 8. Failure mode in tested specimens:

a-deformation types for thick oak shear-key connector (series K-1);
b-deformation types for thin oak shear-key connector (series K-3);
c-deformations of thin oak shear-key connector (series K-4) in double-shear conditions

Photo by A.Bidakov

Puc. 8. Buau pyiiHyBaHs BUIPOOYBaHHX 3’ €JHAHD 31 LIMIOHKAMHU:
a - Tunm fAedopMariiii 1 MacHBHOI (TOBCTOI) 1y60BOI mmoHKH (cepis K-1);
6 - Tunm nedopmatiit 17t TOHKOT ay6oBoi mimonkH (cepis K-3);
6 - nedopmariii ToHKOT 1yO0BOi mIMoHKH (cepis K-4) B yMOBax MOABIHHOTO 3CYBY.

Astop doto A.binakos

The failure modes for the joints with oak
shearkey connectors are shown in Fig. 8, with
the observed typical failure of timber near the
shear-line (Fig. 6a), i. e. compressed along the
grain direction timber and bent oak shear-key.
In both failure modes, a rigid body rotation with
no residual plastic deformations of the
connector was observed.
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The test procedure and the evaluation were
based on DIN EN26891 [9]. Both the ultimate
load Fvitest and the stiffness ks per connector
were determined. The stiffness was determined
in the 10% to 40% range of the ultimate load in
the linear-elastic range.

ByniBenbHi koHCcTpyKUii. Teopis i npakTuka * 17/2025
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The low deformation of shear-key
connections proves their significant advantage
compared to screws, nails, pins, and bolts.
Intensified deformation was observed along the
line two connected CLT panels due to
compression in the grain direction of the CLT
panel and perpendicular to the grain of the
hardwood in the shear-key itself, see Table 3 for
each series of the tested specimen.

Comparative analysis diagram of CLT-panel
shear-key connector slip module in shear in-
plane tests with marked min/max values and
mean value is presented in Fig. 9.

ISSN 2522-4182

The load-bearing capacity of the tested K-1
series shear-keys is greater than that of the Slot
aluminium key due to their greater width and
length, but the character of the deformation is
the same, as shown in Fig. 10.

According to equation (1), the characteristic
strength Fyrk equals 40.57 kN for the
aluminium Slot connector in the 90 mm (24-42-
24) CLT panel and 122.96kN for the
200*120*40mm oak shear-key connector in the
140 mm (40-20-20-20-40) CLT panel. Shear-
key joints are versatile and they can minimize
ductility and deformation of both the
connections between CLT panels and between
CLT and beams or columns made of glued
laminated timber that need to be included in the
joint work.

Table 3 Slip module ks connector TOr joint with dowel-type fasteners per shear plane in in-plane tests of the

series K-1, K-3, and K-4 specimens

Ta6a. 3 Moaynb KOB3aHHS Ksconnector IISI HaTeIbHUX 3’€JHAHb HA OJIUH CTHUK 3CYBY IPHU BUNPOOYBaHHIX y
TUTOIIMHI TIaHe i [yts 3paskis cepiit K-1, K-3 and K-4

Number of K-1- K-3- K-4-
specimen ks, KN/mm ks, KN/mm ks, KN/mm
1 24.6 24.5 57.72
2 99.12 13.7 334
3 34.37 11.23 73.22
4 40.16 45.3 54.97
5 34.57 43.05 34.06

105

99.12
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ddule

45

Slip mc

25

W K1
M K2
W K-4

1

Fig. 9 Slip module values analysis of specimens subjected to shear testing.
Puc. 9 Anani3 BenmuurH MOyl KOB3aHHS BUNIPOOYBAaHUX Cepiii 3pa3KiB 3 1yOOBHMU LIMOHKaMU IPU

BHITPOOYBaHHSX Ha 3CYyB
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Force, kH

0 5
Deformation, mm

e K-1-1
—K-1-2
—4—K-1-3
*—K-1-4
K-1-5
~=— Slot

10 15

Fig. 10 Load-deformation curves of tested single-shear specimens, series K-1 and Slot (by Casagrande et.

al. [1])

Puc. 10 Kpusi HaBaHTaXeHHs-aeopMaltisi BUIIpOOyBaHUX 3pa3KiB 3 OHUM CTHUKOM Ta OAHI€I0 IITIOHKOO

cepiti K-1 Ta Slot (by Casagrande at. all [1])

CONCLUSIONS

This paper analyses mechanical behaviour of
two types of stiff shear-key connectors made
from oak and used in CLT structure joints.
Static tests were carried out on 3 specimen
series with one and two shear lines and yielded
values of stiffness and strength, which were
additionally compared with similar data for the
aluminium SLOT connectors and screw spline
joints, described in other publications.

The test results of oak shear-key connectors
in CLT panels’ shear joints showed that their
strength and deformability values belong to the
same range as the values for the SLOT
aluminium  shear-key = manufactured by
Rothoblaas. The the shear-key connectors at all
the loading stages are characterized by a close-
to-linear dependence of the force F/Fmax to
deformation d/dmax ratios. The efficiency of
shear-key connector joints is evident and
extremely promising in comparison with screw
joints, since one SLOT aluminium shear-key is
equivalent to 28 screws (HBS8*100) in a half-
joint joint and to 114 screws (HBS6*70) in a
joint with an overlay [1]. The work of the

74

aluminium shear-key and the thick oak shear-
key is almost identical, with the oak key being
twice cheaper, which is crucial for the
Ukrainian market. K-1 series shear-key
connectors are wider and longer, which
accordingly increases their load-bearing
capacity and reduces the connection flexibility
in comparison with the one-size aluminium
shear-key connectors.

Today, the prospects of shear-key
connections application and demand for them
are evident in the construction of CLT panel
houses, especially in terms of the building
frames’ rigidity, calculated as 1/1000 of the
building height for horizontal displacements.
Easy installation of shear-keys in pre-milled or
made in-situ grooves make this solution widely
applicable. This research is continued to
combine the work of glued laminated timber
columns and beams with CLT diaphragm walls
in the building frame.
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AHAJII3 POBOTH HA 3CYB 3’€ JHAHb
31 IIITOHKAMM 3 JIEPEBEHU
TBEPJIUX MMOPIJ Y CTUKAX CTIH 3
K/ MAHEJIEN

Amnopiu BIJJAKOB,
Oxkcana ITYCTOBOHTOBA;
Bsiuecnas KOCMAYEBCHhKHU:
Opin KY3VE

Anoramisi. Po3poOka  0araTormoBepXxoBOTO
JiepeB'sTHOTO OyAIBHUIITBA BUMAara€ KOHTPOJIO Ta
MiHiMi3alii nedopMaliiii Sk eneMeHTiB Kapkaca
Oyximimi, Tak i iX 3'eqHanb. lle 0cOONMMBO BaXKIUBO
s Oynisens 3 CLT-naneneit abo 11K]l manened,
KOJIM ONTUMI3allist Kapkaca OyaiBii Ta MiHiMi3amis
BUATpAaT MaTepianiB 3BOAWUTHCA OO0 OYIiBHUIITBA
yaCcTMH CTIHOBOI IaHell Hajg BIKOHHUMH Ta
JIBEPHUMH OTBOPAaMH Y BHUTJIAJII OKPEMHUX AETaleH.
Takox noain [1KJl naneneit Ha ApiOHI GpparMeHTH
abo gmerami Kapkacy dYacTO TPOBOJMTHCS IS
CIPOIICHHS JIOTICTUKU YX 3MEHIIICHHS 3aJIUIIKIB
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MaTtepialy TpH PO3KPOi BENWKOI IUIMTH Yy
BUpOOHMITBI. Taka aeramizailis Kapkacy BHUMarae
IOCSATHEHHSI MOHOJITHOTO 3'€THAaHHS BiIIIPaBHUX
mapok IIKJ] manened, mo BuMarae BeIUKOI
KUTBKOCTI TBHHTIB, IO € HAI3BHYAWHO TOPOTHM,
ocobmuBo  mns kpaim  CximHoi  €Bporm.
HedhopmaTuBHICT 3'eTHaHb TIePEB'THUX
KOHCTPYKIIH MiHIMaJbHA B KICHOBHUX 3'€JHAHHIX
Ta 3'€MHAHHAX Ha BKICEHUX CTPIKHIX. AHATI3
JKOPCTKOCTI Ta MiHOCTI 3'emHanb Mixk [1K]]
MaHelssMU Ha TUIACTUHYACTHX KOHEKTOpax 4YH
IIMIOHKAaX 3 JIEPEBHHU TBEPUX JIMCTBSIHUX MOPIJ i
pe3ynpTaTi  BHIIPOOYBaHb, pO3TJISIHYTI B il
myOmikartii, JOBOIATH e(heKTUBHICTh Ta
MEepPCIEeKTUBHICTh [BOTO THITy 3'eqHaHHs. Lle
0COOJIMBO CHOTOJHI aKTYaJIbHO TPU BUKOPHCTaHHI
Cy4acHUX METOJIB pi3aHHs JeTaleil Kapkaca 3
BHCOKOIO pO3MipHOIO TOYHICTIO Ha
aBTOMAaTHU30BaHUX THIAX pi3aHHs, sIKe
BiIOYBa€ThCsl y BIATIOBITHOCTI IO 3aBaHTaXEHOT
Mojenl kapkacy OymiBii. Takok IIMOHKOBI
3'€eTHAHHA MOXXYTh BHKOPHCTOBYBAaTHCh y CTHKax
kojgoH uyu Oamok 3 IIKJ mnanemsmu s
3a0e3MeUeHHs CyMicHOI po0OTH Te EKOHOMIl
BEJIMKOI KUIBKOCTI HAareidbHHX 3'€IHyBAJIbHUX
€JIEMEHTIB. IIpoBeneni eKCIIepUMEHTATbHI
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JOCT/DKEHHSI BUKOHYBAJIHCh 3  YPaxXyBaHHSIX
AHAJIOTIYHUX JOCIIJOKEHh B IHIIMX IIOCTAHOBKAX
€BPOTCHCHKUX JOCTIAHHUKIB 1 TOPIBHIOBAINCH 3
oTpuMaHi pe3yibraTi (YKpaina).

Y myOmikarmii mpeacTaBiieHi  pe3yibTaTH
BUIIPOOYBaHb, MPOBEJICHUX 3 JTyOOBUMH IITIOHKO-
BuMH y cTukax CLT-maHene, Ta MOpiBHIOIOTHCS 3
pe3yibTaTaMi  aHAJOTIYHUX  JOCHIKCHb 3
BUKOPHUCTaHHIM AIFOMIiHI€BHX MITTOHKOBUX
3'eTHaHb Ta 3'€THAHb 3 BEIUKOIO KUIbKICTIO TBUHTIB
y 3'€THAHHAX 3 HaKJIaJIKaMH. Amnaiis
nedopmariiiHol moBeniHKM 3'€IHAHb Yy Kapkacax
OararonoBepxoBux OymiBens 3 CLT-maneneit
BAMarae oOcCOONMBOi yBarn Ta TIOMIYKY HOBUX
pilieHs i 3'€HaHb Ta 1X KoMmmoHeHTiB. Hapasi
IIMOHKOBI  3'€JHAHHSA  PI3HUX  BUPOOHUKIB
MPOIMOHYIOTECS 3  PI3HUMH  I€OMETPHUYHHUMH
BapiamisiMH, IO CIPOIIYIOTHh IX MOHTaX MIiJl 4ac
CKIafaHHsl Kapkaca OyniBmi, a 1HOAI HaBiTh
JTO3BOJISTIOTH 3aTSATyBATH 3'€IHYBaHi KOMIIOHEHTH 32
JIOTIOMOTOFO KITMHOTIOAI0HHUX MTOBEPXOHb.

KarouoBi cjioBa: CTiHOBI HaHeNi; MOMEPEYHO-

KIIGEHA JIEPEBWHA; IIITOHKOBI 3'€THAHHS; 3CYB
3'€THaHb; }KOPCTKICTh CTHUKIB.
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