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APPLICATION PROSPECTS OF THREADED JOINT OF ARMATURE

Purpose. One of the main technological operations of buildings construction on the basis of monolithic frame
systems is the production of mesh reinforcement. The current interest is the new ways specification of advanced bond-
ing armature techniques without reliability weakness and design of the building in whole, as well as the finding of
use prospects of screw-threaded joint of armature as the most technological and economic method of re-bars joints.
Methodology. Advantages and disadvantages analysis of existing rebar compound technologies was implemented by
couplings of different types and constructions. The most promising vertical constructions for the vertical bars joints in
frameworks were determined. Findings. Researches of existing technologies of rebar joints by the couplings of differ-
ent construction were carried out. The installation method of mesh reinforcement of vertical structural elements with
the use of the special catching devices was developed. It allows considerably accelerating installation of mesh rein-
forcement. Originality. Regularity of labor intensiveness change of mesh reinforcement installation of columns at ar-
mature joint in vertical position by threaded couplings with the help of catching devices using special construction was
determined. This allows substantially reducing the labor expenditures during installation of these elements. Depend-
ency of labor intensiveness and cost of lap welding armature joints, by tub-seam welding and by thread coupling de-
pending on its diameter was designated. Regularity of labor intensiveness changes of installation at armature joints by
different methods taking into account preparatory works was defined. Practical value. The analysis of mechanical
armature joints techniques was conducted. It will allow selecting methods of armature joints to increase the speed of
construction works more economical and effective.

Keywords: armature; mechanical joint; cylinder thread; cone thread; coupling, that catches the device; installation

Introduction lap length increased up to 1.5-2 times., it makes
this type of joint uneconomical for armature of
large diameters used in the vertical elements.
Welded joint, especially tub-seam welding that
appropriate for large diameters armature of vertical
elements is energy intensive and requires a lot of
labor costs of highly skilled workers. In addition,
quality control of this joint type is a complex and
expensive procedure. Another shortcoming of ar-
mature welded joints is the inability to use heat-
strengthened armature of high class. This leads to
the increase of element section and rise in the cost
of construction [9, 14-16]. One of the solution
variants concerning this problem is using a threa-
ded armature joint. But we need to develop an ef-
fective technology to ensure the installation speed
and quality of work performance.

Analysis of recent research and identification
of unresolved issues. Many studies are devoted to
the problems of new armature joint types. In par-
ticular, they are as follows:

1. Armature joint with crimp couplings. The
authors [4] propose the following technology: cyl-

Using statistical analysis of buildings and struc-
tures in Ukraine it is found that one of the struc-
tural types of construction projects are monolithic
frame systems.

One of the main technological operations con-
structions of these buildings is the production of
mesh reinforcement. Modern production tech-
niques provide the rebar joint by welding or lap
welding. With the continuous increase the cost of
armature and energy resources, increasing the
number of storeys in buildings it is necessary to
define new and promising ways of armature joints
without the reliability reduction of structures and
buildings in general, as well as to develop the
technology of joint execution in construction site
conditions.

Problem statement. In modern construction in
monolithic reinforced concrete structures 2 ways
are used for armature joint: lap-joint and welding
of bars. New standards SBN V.2.6-98-2009 [1] and
SSTU B V.2.6-156-2010 [2] entered into force and
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inder coupling is put on the armature bar so that
half of it will close the butt-place in the specified
bar. After that, the coupling part, put on the bar, is
tighten using a hydraulic press. These operations
are performed sequentially for all bars of structure.
Next step: a new framework is installed so that the
bars get in to the set couplings. Thereafter cou-
plings are crimped sequentially in the top of the
newly mounted framework.

Advantages of this method are:

— the use possibility of fitting for the armature
of any class, including heat-strengthened one;

— butts finish of bars is not critical,

— high speed of elements installation;

— authors have declared high reliability of a joint;

— quality control for each butt is carried out
with the pressure gauge check during reduction
performance. Parameters are logged.

The disadvantages of this are as follows:

— joint is non-detachable. That is, in case of in-
stallation error it is necessary to destroy the joint
elements with the possibility of armature damage;

— during crimp of couplings there is a need to
use a hydraulic press or other crimp device. Ac-
cordingly press jaws or gripping devices have to
pass between adjacent bars freely. This imposes
design complexities:

—the minimum distance between the bars
should be limited, it often interferes with the opti-
mal selection of the diameter and the number of
bars in the structure;

—it is necessary to use additional expensive
equipment (hydraulic press);

2. Armature joints with threaded couplings. Au-
thors [3, 6, 8, 10-13] have proposed the following
technology: before placing in to the structure both
bars, which will be connected afterwards, are sub-
jected to special treatment: the bars ends are
trimmed, and then they rolled thread using a spe-
cial machine. Joint of bars is operated as follows:
a female coupling is screwed on one of the bars
with a torque wrench, and then the second bar is
inserted and screwed in accordance with the speci-
fied in the technical documentation force.

The advantages of this method are as follows:

— the use possibility of a joint for armature of
any class;

— high speed of elements installation;

— authors have declared high reliability of a joint;

— setting accuracy of the bars in to the vertical
position of the project is not critical, since while
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screwing the coupling, displacement of bars on
height and more accurate positioning occur (using
couplings with many-sided thread). In another op-
tion, the bar is lowered until it contacts the other
one, whereupon the coupling, winding on it, does
not change the distance between the bars (in case
with positional couplings, or using locknuts);

—thread use increases the contact area surface
in several times, it reduces the overall dimensions
of the butt, and thus use such joint in more com-
plex structural elements;

— the joint is detachable. In the case of installa-
tion errors or other situations one can spin cou-
plings and dismantle the joint for 1-2 minutes. At
the same time the coupling can be operated as sec-
ondary;

— it is easy to control proper joint operation us-
ing the number of threads, which remains outside
the coupling and the force of coupling tightening
mounted on the torque wrench;

—works on the machines are operated before
armature installation at the stage of its manufac-
ture. This allows you to perform all the preparatory
work in a convenient location concurrently with
the implementation of the remaining construction
and installation works, which are carried out on the
critical path. The framework is installed very
quickly — it needs 30-60 seconds for tightening of
one coupling, the tool is only a torque wrench;

— use of threaded armature joint technology al-
lows performing operations by workers of lower
qualifications, compared with tub-seam welding.

The disadvantages of this method are as fol-
lows:

—it is necessary to use additional expensive
equipment (cutting machine, thread rolling ma-
chine);

— processing accuracy of bar butt is critically
important (for thread rolling one needs clean cut
that perpendicular to the longitudinal axis of the
bar) and the bar length compliance (the butts of the
bars in the fabricated part must be coplanar);

— difficulties with framework bars mounting
may arise in the conditions of quick installation,
that is being installed in to the couplings, fixed on
the bars of structures. That is why one needs addi-
tional research to accelerate and simplify the in-
stallation process.

There is a variant of a threaded armature joint
with tapered thread, both on the bars and cou-
plings. But such thread imposes restrictions on the
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installation methods (in particular, it is impossible
to screw the coupling with the lock nut on the 1*
bar, after that to screw on the 2™. It is possible to
use only one variant with position coupling), be-
cause the use is not reasonable.

Many questions should be solved:

1) Determining the most technologically ad-
vanced and cost-effective types of mechanical ar-
mature joints with the possibility of heat-
strengthened armature;

2) Development an effective technology to en-
sure the speed of installation and quality of opera-
tions.

Purpose

Determining the use prospects of a threaded
armature joints as the most technologically ad-
vanced and cost-effective method of armature re-
bar joints. Comparative analysis of the existing
armature joints methods on a construction site. De-
termination of the most efficient, cost-effective and
technologically advanced methods of armature
joints among existing ones. Determination and
solving problems related to the armature joints on
the construction site.

Methodology

Advantages and disadvantages analysis of the
existing rebar compound technologies using cou-
plings of different types and constructions. Deter-
mination the most promising technologies for the
vertical bars connection in the frames of the verti-
cal structures.

Findings

The threaded joint of armature using the cou-
plings with cylindrical thread seems to be the most
technological. Currently at the market of connect-
ing elements are presented the following types of
the couplings:

1) Standard connecting couplings. The connec-
tion technology is as follows: Preliminary the thread
is rolled on the bars, which are being connected.
Then, the coupling is screwed onto the bar so that
the bar takes a half of its length. Thereafter, the sec-
ond bar is screwed into a coupling from the free side
to the necessary effort using the torque wrench.
Such couplings are the simplest and cheapest to
manufacture. But they can be used only in cases
where at least one of the bars can freely rotate.

2) The adaptor connecting couplings that joint
the bars of different diameters. Joint technology is
the same as that of the standard couplings.

3) Position couplings with the multidirectional
thread. On the bars, which are being connected, the
right and the left-hand thread is rolled. When con-
necting the bars the coupling is put on the both
bars at the same time, and then it is screwed, pull-
ing the bars together. The same number of wind-
ings on different sides ensures precise and uniform
connection bars. The use of such couplings is
complicated by the need of rolling the different
types of threads on the bars.

4) Position connecting couplings with unidirec-
tional thread. When installing the framework the
both parts are screwed onto the corresponding bars
simultaneously or in succession. Such couplings
can be used for any joints without limitations, but
they are rather expensive due to the manufacturing
complexity.

It was developed a method using the standard
connecting couplings for positional joints where
none of the bars, which are being connected can
not rotate. It consists in the fact that initially the
thread of greater length is rolled on the bars. The
length of the rolled thread should make it possible
to screw the locknut and coupling on the each bar
completely. First on the connection bar is screwed
the locknut and then the connecting coupling,
completely. After that, the second bar is lowering
on the coupling face until it touches the first bar.
Thereafter, the coupling is screwed onto the second
bar twisting from the first one. When the coupling
is in the middle position and the both bars are
evenly screwed into the coupling, the locknut
clamps it, ensuring its spatial position. At this the
twisting effort of the locknut should be in accor-
dance to the technical documentation for the tech-
nology of the armature connection provided by the
supplier.

The most appropriate solution to provide the
speed and adaptability of installation is the use of
special catching devices [7, 8]. One of the variants
of such device is shown in Fig. 1.

The operation principle is as follows. Catching
device (1) consists of two halves connected by the
articulated joint on the one side and the closures
(2) on the other side. The connecting coupling (3)
on which the device is put, is being screwed on the
connecting bar (4).
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Fig. 1. Catching device

The bar of the framework (5), which is being
installed at the lowering of the framework should
fall into the accepting bowl at the top of the device
(1). After that it slides down under the action of
gravity until it reaches the coupling (3), its axis is a
continuation of the axis of the lower bar (4). Once
all the bars are in the design position, the closures
(2) are being untwisted and unlocked and the
catching devices (1) are removed. Another possible
variant to facilitate the installation of elements is to
use a special jig plate that will hold the bars, pro-
viding the design distance between them. Such jig
plate should be manufactured and installed into the
column framework at the stage of manufacture.
But the use of such jig plate will complicate the
framework production; it will not compensate pos-
sible deviations of the bar lengths during produc-
tion, as well as it will lead to the waste of arma-
ture. So, this option requires additional technologi-
cal and economic research.

Using the technology of threaded joint of the
armature will solve another important problem —
reducing the amount of waste products of armature
during manufacture of the mesh reinforcement.
During the manufacturing process of mesh rein-
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forcement there is a lot of waste — residues of the
bars up to 2 m length, which is almost impossible
to apply in the future work. It is connected with the
inability to determine the optimal bar cutting, de-
livery to the construction yard of the bars of differ-
ent lengths, and many other factors. The estimated
values of armature residues depending on the di-
ameter are shown in the Table 1.

Table 1

Estimated values for residues valves depending on
the diameter

Diameter, mm Residue value, %
6-12 mm 0-1.5%
14-20 mm 1.5-7%
22-32 mm 3.5-12%
3640 mm 15-33%

These residues accrue to the bars of such length
that it is practically impossible to use them in the
construction process when connecting using the
standard method. Shortening of the column
framework for the purpose of rational cutting of
the rebar increases the butt number, which leads to
high costs of labor and time, as well as slows down
the construction process.

Using a threaded joint of armature creates a tech-
nology of continuous bar. The technology is as fol-
lows. When cutting the standard 12-meter rebar the
residues using the threaded coupling are attached to
the new bars. After that comes cutting for the set
length and manufacture of the frames. As compared
to the combination of residues into the bars of the set
length the following advantages are obtained:

— 1 bar up to 12 m length contains no more than
1-2 butts. This makes it possible to distribute the
butts evenly along the construction length and en-
sure its higher reliability;

— the possible difference in time for bars prepa-
ration from the armature residues and of the logs is
compensated. It allows one to design more effi-
cient process for the armature preparation.

A disadvantage of this technology is only pro-
duction complicating. It is necessary the careful
measuring and cutting the armature to obtain the
desired length of the bars. But these works are car-
ried out in parallel with the main process, without
affecting the duration of the works, which are car-
ried out in the critical way.
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Fig. 2. Costs for butt armature of different types

The Fig. 2 shows the relative values of one butt
for different types of armature junction. The calcula-
tions were performed for the reinforcement of the
brand A400S. The position couplings BARTEK
produced by the corporation DEXTRA were taken
as the threaded couplings. For the armature of A500
class the tub-seam welding is not applied. And the
cost of overlap will increase due to the increased
cost of the armature itself. Cost of works taking into
account the wages and material cost as of
01/01/2014 were taken according to the software
package AVK-5 version 2.12.2 (recommended for
use by all participants in the building, the letter of
the Ministry of Regional Construction of Ukraine
no. 9/10-1306 from 31.12.2008). Time to install the
butt by the threaded couplings was taken on the ba-
sis of study of the video materials presented by the
company DEXTRA.

Cost of the threaded couplings was taken on the
basis of the catalog of DEXTRA Company exclud-
ing depreciation of equipment to cut the armatures
and rolling of the thread. The following prices for
materials and resources were taken into account:

—armature A400S and A500 — cost 8 000 UAH/tn;

— tubs for welding — 16 UAH/kg;

— electrodes for welding, diameter 4 mm, mark
E50 — 12.85 UAH/kg;

— costs for 1 person/hr for the worker construc-
tor (welder) of the 6 category — 28 UAH;

—costs of 1 person/hr for the worker construc-
tor of the average category 4.6 — 22.76 UAH; (the
calculation of the cost of the workers labor include

the average monthly salary of 3 400 UAH for the
category 3.8).

The Fig. 2 shows that the lap joint is the most
economical for the armature diameter up to 25 mm.
But at this the area of the framework reinforcement
in the junction area is doubled that leads to com-
plications when laying the concrete mix and
overreinforcing of the element.

In addition, during overlap the armature is not
connected coaxially, and this leads to the appear-
ance of unaccounted calculations of eccentricities
and eccentric work of rebars.

The Fig. 3 presents the comparative time ex-
penditures for rebar junctions of different types
provided the work of lemployee. Connection of
armature by the threaded coupling allows one to
perform the prior operations in parallel with the
basic construction and installation operations that
are performed using the critical path. As a result,
the speed of direct installation of the mesh rein-
forcement approaches to the speed of installation
with the armature overlap. It should also be noted
that for connection by the threaded couplings are
needed the workers of much lower qualification
than, for example, for connection by tub-seam
welding.

Change regularity of installation labor input of
the mesh reinforcement columns under armature
joints in a vertical position by the threaded cou-
plings with the help of special designed catcher
was determined. This will significantly reduce la-
bor costs for installation of these items.
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Fig. 3. Average time expenditure for butt installation for different types of joints

The dependence of the labor input and cost of
the overlap armature joints using tube-seam weld-
ing and by means of threaded couplings, depending
on its diameter was defined.

Change regularity of the installation labor input
of the framework under joint was defined. Fig. 3.
Average time spending for the butts system for
different types of armature joints by different
methods, taking into account the preparatory work
was also determined.

Originality and practical value

The installation of the mesh reinforcement col-
umns under armature joints in a vertical position by
the threaded couplings with the help of special de-
signed catcher was designed. This will significantly
reduce labor costs for installation of these items.

The most economically and technologically ad-
vantageous joint methods of mesh reinforcement
columns in a vertical position, depending on the
diameter and the armature class were determined.

Conclusions

Threaded armature joint with the use of cou-
plings with cylinder thread is the most promising
type of armature joint for today. But further re-
search and developments of operation technology
are necessary. In particular, it requires the devel-
opment of a production line for maximum adapta-
bility in the performance of preparatory operations
(rebar cutting, trimming, and thread rolling).
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INEPCIIEKTUBU 3ACTOCYBAHHSA PI3bBOBOI'O 3°€EJHAHHA
APMATYPH

Merta. OnHi€l0 3 OCHOBHUX TEXHOJIOTIUYHHX OIIEpalliidi CIIopyIKeHHS OyIiBerh Ha OCHOBI MOHOJITHHUX KapKacHUX
CHCTEM € BHTOTOBJICHHSI apMaTYPHUX KapKaciB. AKTYaJbHHM NPH IILOMY € BU3HAYCHHS HOBHX HEPCIICKTUBHHX CIIO-
co0iB 3’€JHAHHS apMaTypu 0e3 3HIKEHHsI HaAIHOT KOHCTPYKUIT Ta OyMiBesb y LiIoMy. BaxIMBUM Takox € 3HAXO-
KEHHsI TIEPCIEKTHB BUKOPUCTAHHS Pi3bOOBOT0 3’€IHAHHS apMAaTypH SIK HAMOUIBLI TEXHOJOTTYHOTO i €KOHOMIYHOTO
Croco0y 3’€IHAHHS apMaTypPHUX CTPHKHIB. MeToauka. AHaii3 mepesar i HeOJIKIB ICHYFOUHX TEXHOJIOTIH 3’ €JHAHHS
apMaTypHHUX CTPHXKHIB 3IIIICHIOBaJIM 3a JIOIIOMOrO0 My(T DPI3HOTO THIa W KOHCTPYKLiHd. Bu3Havanuce HaiOUTbII
MIEPCIIEKTUBHI I 3’€JHAHHS BEPTUKAJIBHUX CTPYIKHIB y KapKacax BepTHKalIbHI KOHCTpyKUii. Pe3yabTaTu. [Ipoene-
HO JIOCJI/KEHHS ICHYIOUMX TEXHOJIOTIH 3’€IHaHHS apMaTypHHUX CTPH)KHIB 3a JOMOMOIOI0 My(T pi3HOI KOHCTPYKLIi.
Po3pobieno criocid MOHTa)Xy apMaTypHHUX KapKaciB BEPTHKaIbHMX KOHCTPYKTHBHHX €JIEMEHTIB i3 BUKOPHCTaHHSIM
CHeLialbHUX YJIOBIIOIOYMX IPUCTPOIB, 110 03BOJISIE 3HAYHO ITPUCKOPUTH MOHTaX KapkaciB. HaykoBa HoBu3Ha. Bu-
3HAUEHO 3aKOHOMIPHICTH 3MiHH TPYAOMICTKOCTI MOHTa)XXy apMaTypHOTO KapKaca KOJOH IIPH 3’€IHAHHI apMaTypHu
Y BEPTUKAITFHOMY MOJOKEHHI pPi3bOOBUMH My(TaMH 3a JONOMOTOIO YIIOBIIOBada CIEMiaNbHOI KOHCTPYKII, IO
JTO3BOJISIE ICTOTHO TIOHM3HWTH BHUTPATH TIPalli HA MOHTaX IMX €JIEeMEHTiB. BU3HAYeHO 3aJIeKHICTh TPYIOMICTKOCTI Ta
BapTOCTi 3’€[IHAHb apMaTypu BHAIYCK, BAHHOILIOBHOIO 3BapKOIO i 3a JIONMOMOIOK Pi3b0OBHX My(T 3a1eXHO Bif il
niameTpy. Bru3HaueHO 3aKOHOMIPHICTH 3MIHM TPYAOMICTKOCTI MOHTaXy Kapkaca MpH 3’€JHAHHI apMaTypH pi3HIMH
METOJ[aMH 3 ypaxyBaHHSM HiarotoBuux poOir. pakTuuyHa 3HaumMicThb. [IpoBeneHo aHaii3 MexXaHIYHHX CHOCOOIB
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TPAHCIIOPTHE BY AIBHULITBO

3’€HAHHA apMaTypy, BU3HAYCHO CIIOCOOM MiJBUILEHHS IIBHUAKOCTI MOHTaXy apMaTypHOrO Kapkaca IpH BHKOPH-
CTaHHI pi3b00BOro 3’€AHAHHS ApMATYpy My(BTaMH 3 HUITIHIPOBUM Pi3bOJICHHSIM.
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INEPCIHHEKTHUBBI IPUMEHEHUSA PE3bBOBOI'O COEIMHEHUA
APMATYPbI

Hesb. OHOI U3 OCHOBHBIX TEXHOJIIOMMYECKHUX ONEpalliii BO3BEICHMUS 3aHUI Ha OCHOBE MOHOJIMTHBIX KAPKACHBIX
CHUCTEM SBJIACTCA U3TOTOBJICHUC apMaTypPHbLIX KapKacoB. AKTyaJ'IbH])IM SABJICTCA OINPECACIICHUE HOBBIX IMEPCIICKTUBHBIX
CIOCO00OB COCANHEHH ST ApMATYphl 03 CHIKEHHS HA/ISKHOCTH KOHCTPYKIIMK U 3[[aHUS B 11EIOM. Ba)yKHBIM TakxKe sIBJIs-
€TC HaXOXKACHHUC TICPCIICKTHUB UCIIOJIb30BaAHUA pe31>6030r0 COCIUMHCHUA apMaTypbl KakK Han60nee TEXHOJIOTHYHOI'O
M 3KOHOMHYHOTO crioco0a COeAMHEHHs apMaTypHBIX CTepxHeil. Meronuka. AHaIN3 NPEUMYILIECTB M HEIO0CTATKOB
CYIIECTBYIOIIMX TEXHOJIOTUI COEIMHEHUS] apMaTypHBIX CTEPXKHEH OCYIIECTBIISUICS C MOMOUIBI0 My(T pasiMyHOro
THUIA U KOHCTpYyKuuid. Onpeaensuinch Hanboliee MepCIeKTUBHBIC ISl COSMHEHUS BEPTUKAIBHBIX CTEPXKHEH B KapKa-
cax BepTUKaJIbHbIE KOHCTPYKIMH. Pe3yabTaTshl. [IpoBeneHb! vuccinen0BaHus CyIIECTBYIOIIUX TEXHOJIOTHUI COEIMHEHUS
apMaTypHbBIX CTEPXKHEH C MOMOIIBI0 MY(DT pa3sIHMIHON KOHCTPYKIMH. Pa3paboTan cocod MOHTaXKa apMaTypHBIX Kap-
KaCOB BCPTHUKAJIIbHBIX KOHCTPYKTHUBHBIX 3JIEMCHTOB C MCITIOJIb30BAHHUEM CIICHUAJIBHBIX YJIABJIMBAIOIUX yCTpOﬂCTB, 4yTo
MO3BOJISIET 3HAYUTEIILHO YCKOPUTh MOHTaX KapkacoB. HayuHasi HoBu3Ha. OnpeieneHa 3aKOHOMEPHOCTh U3MEHEHUS
TPYI0-€MKOCTH MOHTa)Ka apMaTypHOIrO Kapkaca KOJIOHH NMpPU COCIMHCHHUU apMaTypbl B BEPTHKAJIHHOM IOJIOKCHUU
pe3b00-BbiMH My(TaMK C TIOMOIIBIO YIABIMBATENS CIICHUATbHON KOHCTPYKIMHU, YTO MO3BOJISIET CYIIECTBEHHO CHH-
3WUTh 3aTpaThl TPy/Ja HA MOHTaXE 3THX 3JIeMeHTOB. OmnpejieieHa 3aBUCUMOCTD TPYAOSMKOCTH U CTOUMOCTH COC/THHE-
HUIA apMaTy-pbl BHAXJIECTKY, BAHHOIIIOBHOM CBApKOH M C MOMOIIIBIO Pe3b00BBIX My(PT B 3aBUCHMOCTH OT €€ AUaMETPA.
OnperelieHa 3aKOHOMEPHOCTh M3MEHEHHS TPYJOSMKOCTH MOHTaXa KapKaca MPU COSIUHEHHH apMaTypbl Pa3sHBIMH
METOJ[aMH C Y4Ye-TOM MOATOTOBHUTEIbHBIX pabot. IpakTHyeckasi 3HAYMMOCTB. [IpoBeleH aHAIN3 MEXaHHMYECKHX
CIOCO0OB COEAM-HEHUs apMAaTyphbl, YTO MO3BOJUT 0oJiee SIKOHOMUYHO U 3(PPEKTHUBHO MOIOUpaTh CIIOCOOBI COCMHE-
HUSI QpMATyPBI JUTS TIOBBIIICHHUS] CKOPOCTHU BBITIOTHEHHUS CTPOUTEIBHBIX padoT.

Kniouegvie cnosa: apmarypa; MEXaHU4ecKoe COEIUHEHHE; IIMIMHAPHYECKas pe3p0a; KOHyCcHas pe3bba; Mmydra,
YIJIaBIHMBAOIIEE YCTPOUCTBO; MOHTAXK
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