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PUTM KaK OIMH U3 ITOTCHIINAIBHBIX BAPHUAHTOB TIOJIY-
YeHMST 3HAUCHUI XapaKTePUCTUK POTOPA, C ITOCTICIYIO-
1M OOOCHOBAaHHBIM BBIOOPOM Habopa XapaKTepu-
CTHUK IO METOIY HAaMMEHBIIINX KBaAPAaTOB 1 IIEPEXOIOM
K 3amade 6aJaHCUPOBKU.

Hayunas HoBu3Ha. BhIsiBieHa OCHOBHAasl MpUYMHA
WJIX UICTOYHMK (POPMUPOBAHUS TTOTPEIIHOCTH OIpee-
JICHUsI TEOMETPUUECKHX, MACCOBBIX M (PPUKIIMOHHBIX
XapaKTePUCTUK POTOPHBIX CUCTEM Ha BBIOETE — pa3HU-
IIa B TOTPEITHOCTIX M3MEPEHUSI OTHEIBHBIX Iapame-
TPOB BbIOETa: BpeMEHU U CKOPOCTHU BpAIlCHUS yIJIa 0~
BopoTa poTopa. TeopeTHuecKu Ipu JIIOOBIX, HO OOWHA-
KOBBIX IO BEJIWYMHE, MOTPEITHOCTIX M3MEpPEHHUS Ha
BeIOETEe (HampuMep, €ro BPEeMEHM) KaXKIOrO OIThITa
MojiyyaeM TOYHOE 3HAYeHHE MCKOMOM XapaKTepHC-
TUKH.

IIpakTHyeckasi 3HAYMMOCTb. 3aKJIIOUACTCS B BO3-
MOHOM MCIIOJIb30BaHMM IITATHBIX OCTAHOBOK POTOP-
HBIX CUCTEM JIJII MOHUTOPMHIa OCHOBHBIX CYMMapHbBIX
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Purpose. Determining the parameters of tillage operating unit design to provide energy-efficient tillage by means

of operating units of excavation machinery.

Methodology. The theoretical studies were based on the general provisions of agricultural mechanics, the elements
of continuum theory, Coulomb-Mohr theory of strength. Analytical and graphical analysis of mathematical models
was implemented by means of their visual reproduction in space and time on a PC using applied and developed soft-

ware.

Findings. The basic principles of adapted passive operating unit creation for vertically differentiated deep tillage
and recultivation after opencast mining (e.g., the case of amber extraction) are described.

Originality. The mathematical models for the construction of energy-efficient, environmentally focused tools for
loosening the soil and differentiated tillage based on the regularity research of the tool for loosening the soil chunk by

means of two plane buckle have been obtained.

Practical value. Methods for the design and engineering calculation of tiered operating units for differentiated deep

soil tillage have been developed.
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Introduction. Today in Ukraine and abroad, much
work accompanied by the tillage of soil, especially in
construction, open-cast mining, agriculture and land
reclamation has been performed. It makes wide use of
machines and mechanisms with passive and active oper-
ating units. Therefore, the current issue is to create ener-
gy-efficient operating units for excavation machinery [1].

Unsolved aspects of the problems. The use of soil and
energy saving technologies is considered to be a rather
pressing problem. In the next 15—20 years it is planned
to implement soil protection technologies on a third of
European countries’ area. This is especially true for op-
erations performed at a great depth. One option is to
adapt the working surfaces of tillage machines to soil
medium. Multi-stepped operating units sufficiently take
into account the differentiated layers of soil conditions
according to the tillage depth [2].

The protective properties of soils to a large extent are
determined by the state of the top layer with the thick-
ness of 0—5 cm. The presence of structural erosion re-
sistant particles (> 1 mm) and preservation of plant resi-
dues are considered [3]. At the same time, obtaining
high yields involves the intensification of primary tillage
and creation of the optimal structure of its more power-
ful layer (5—20 cm).

In the operating units the use of multiple types of
warping and crushing the soil are projected: breaking,
splitting, separating, cleavage, crushing, bending, shear-
ing and gravity blow [3]. Different methods have differ-
ent degree of control and different energy consumption.

It is necessary to choose the most efficient way of
handling the conditions and power capacity as the basis.
Its use in the design of operating units of tillage ma-
chines, including deep soil scarifiers, can improve the
basic quality indicators of the work.

To reduce the energy intensity of the process it is un-
desirable to utilize the processes characterized by press-
ing, clamping or compacting, i.e. splitting, breaking and
offsetting.

Analysis of the recent research. The research on the
operating unit surface shapes has been done with the
purpose of tillage intensification with minimal energy
costs [1]. Promising, from this point of view, is the ap-
plication of varying load surfaces. The energy intensity
of the processes of media destruction including soil is
known to be largely determined by the degree of grind-
ing. Needless grinding results in increased energy costs
[2]. Operating units are acting on the soil by means of
gradual bending in one or more coordinate planes [3]. It
is necessary to consider two-dimensionality of soil me-
dium and the cyclical nature of the soil crushing, the
gradual destruction of larger prismatic-like units into
smaller ones. The peculiarity of soil warping by bending
is different resistance to compression and tension. The
ratio of elastic modulus in compression and tension is
E./E,=2.5...4.1 [3]. The imaginary neutral line of the
ground floor under bending is displaced in the area of
compression, resulting in up to 62—83 % of the soil in
the cross section being under tension. This is a signifi-
cant advantage of operating units with the preferred
bending and stretching warps.
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Objectives of the article. The project envisages the
study of the influence of soil medium, parameters and
placement of tillage units on energy intensity of soil de-
struction and creation of energy-efficient operating
units of the excavation machinery.

In terms of controllability and differentiation of soil
tillage, the priority ways are those which are more de-
pendent on the parameters of operating unit than the
characteristics of the soil medium, i.e. separation,
breakage and bending.

Presentation of the main research. The basic idea of
the project is that the tillage units are designed to be lo-
cated in space so that each one works independently
from another and develops the soil within the area de-
termined by its ability to separate the largest volume of
soil from the solid mass due to technical and techno-
logical requirements. However, the spaces in which the
adjacent units work are joined. Working capacity of the
operating unit is determined by its parameters, soil type,
degree of coupling and additional loading (e.g. hydro-
static pressure) of the space.

In the course of theoretical research it is concluded
that the process of deep differentiated tillage is efficient-
ly performed with the use of the tiered operating unit. Its
parameters enable to maximally take into account the
differentiation of quality requirements to the tillage of
arable and sub-arable soil layers. The main operating
unit of such a multitier deep crusher is the curved soil-
crushing surface. Due to the shape and parameters of
the surface, the necessary quality of grinding of the de-
veloped soil layer is assigned [1, 3].

When loosening the soil it is necessary only to adjust
its macrostructure without destroying the structural soil
aggregates [3] that is why the design of potentially low-
power deep tiller is to be based on the elastic soil proper-
ties with proportional relationship between stress and
tensile warping. In this case the necessary condition is
the stability of tensile strain rate of the lower fibre of soil
chunks under its bending. Soil chunk is considered to be
homogeneous by the density, continuous medium
formed by a set of structural aggregates interconnected by
the clutch forces. In structural ripping of soil (agriculture,
reclamation) it is necessary to adjust only its macrostruc-
ture without destroying the structural soil aggregates.

Given these considerations, the authors have sug-
gested different versions of multilevel operating unit
shown in Fig. 1.

The version a has V-shaped placement of stands on
the bearing frame for the best horizontal stability in op-
eration. In oblique stands there is no vertical overlap-
ping of working surfaces in tiers in the direction of
movement of a working body. The soil developed per-
ceives a cross bend and compression on working sur-
faces. For regulation of the dimple and stability of move-
ment a reference wheel is set.

The version b has A-shaped placement of stands on
the bearing frame for increase in coupling properties of
the tractor from action of vertical response of resistance
of the soil development. In oblique stands there is a verti-
cal overlapping in 1/4 lengths of working surfaces at tiers
in the direction of a working body movement. The soil
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b
Fig. 1. Tiered operating unit for deep differentiated till-
age:
a — V-like bearing stand placement; b — A-like bearing
stand placement

developed perceives only a cross bend without compres-
sion. In front of working surfaces in the upper tier verti-
cal paper knives are set. The reference wheel is absent.
In general, the operating unit for deep tillage consists
of a frame with bearing stands, on which the tillage tools
in the form of conjunction of a horizontal knife with
concave symmetrical channel surface of variable curva-
ture are fixed (Fig. 2). The shape and parameters of the
surface provide the required deformation, degree of ten-
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Fig. 2. Soil loosening surface:

R, — the radius of the surface finite curvature; a — the
length of the surface; L — the width of the surface

sion and thus, crushing of the tilled soil layer.

Apparently, loosening the soil is due to bending
warping. This is because the soil is bimodule environ-
ment. Therefore, when bent, as a result of correlation of
compression and stretching modules, 62—67 % of active
medium provides the tension, which is the least energy-
intensive type of fracture.

The process of tillage is as follows. When the operat-
ing unit is moving, the soil particles which are cut off
with every horizontal knife, are moving along the sur-
face and are gradually bent from the edges to the middle
due to the surface channel shape and are structured by
warping bend in two coordinate planes reaching the es-
timates in the end of the surface (Fig. 2).

The use of these operating units enables, through the
structure of the tilled soil, to establish favourable condi-
tions for the recovery of the soil hydrophysical state
without the use of additional technical means.

According to the research, the shape of soil loosen-
ing surface largely depends on soil conditions.

Multi-tiered operating units designed according to
these principles were tested in production trials in Info-
Centre CAE (Rivne region) and on arable lands of
Mirne PGE (Rivne region) which have mainly sandy
loam soil type with density of 1.41—1.48 g/cm® and hu-
midity of 12—15 % at the depth of 0.5 m. The number of
strokes of DorNDI drummer is 3...6.

The trials were conducted to test the efficiency of the
operating unit and determine quantitative and qualita-
tive indices of its performance.

||] ||| l|l I|I I‘I
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Fig. 3. Operating principle of the tiered operating unit for deep differentiated tillage:

R, — the radius of the surface finite curvature; L — the width of the surface; H — the total tillage depth; h, — the depth of tillage by
the upper tier; h, — the depth of tillage by the lower tier; v — the angle of the cutting edge line slope to the horizon; o. — the angle of

the surface to the horizon
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The results of the tests revealed the following: deep-
ening of the operating unit from the soil surface level was
due to its own weight when hydraulic cylinders were in
floating position and depth adjustment was carried out
smoothly; soil loosening with multitiered operating unit
is characterized by density decreasing to 1.11—1.28 g/cm?
which corresponds to the loosening coefficient within
1.15—1.27; traction resistance was increasing propor-
tionally to the tillage depth and averaged 25—28 kN;
mixing of upper and lower layers of soil while loosening
was not observed.

The comparative tests of two-tiered structures
(Fig. 1) proved better efficiency in the performance of
A-like operating unit with the surfaces where the main
factor was just bending of soil layer. Installation of the
support wheel made it possible to obtain better macrore-
lief of the field.

During testing of the first, V-shaped option, with
surfaces where the main factor was just bending the soil
layer, better field macrorelief was obtained. In the other
option, the A-like type, with the surfaces with additional
compressional destruction of soil layer due to the com-
plicated passage of loosened soil, drawing prisms were
formed before the operating surfaces, the surplus of
which was running between the bearing stands forming
undesirable field macrorelief.

In general, soil loosening by multitiered operating
unit is characterized by the decrease in upper layer den-
sity to 1.22—1.36 g/cm?, which corresponds to the loos-
ening ratio within 1.23...1.32; in structural contents of
loosened soil dominated the ground units to 25—50 mm
in diameter (<25 mm — 65 %; <50 mm — 93 %); deepen-
ing of the operating unit from the surface was due to its
own weight, and depth adjustment was smooth; mixing
of upper and lower layers was not observed.

Besides some positive moments there was also little
accumulation of soil between the paired stands.

Therefore, due to research studies on deep differenti-
ated development of the soil it has been set that tier
working bodies with unary stands (Fig. 4) are more per-
spective. At the same time placements of stands depends
on soil type. For heavy soils the option with oblique
stands is offered (Fig 4, @), and for light ones — it is con-
structive simple option with vertical stands (Fig. 4, b).

The main parameters of tiered operating units for
deep soil differentiated tillage depend on soil conditions.

The maximum tillage depth is selected depending on
the technological needs or physical and mechanical prop-
erties of soil horizons. If the soil is uniform, without any
expressed illuvial horizons, the tillage depth 0f0.4...0.6 m
is adopted. On the reclaimed lands with drainage systems,
in order to improve their functioning, the depth of loosen-
ingis 0.15...0.20 m lower than the depth of laying drains,
counting from the top of drainage tubes.

That is

H=H,—d,—(0.15..0.2),

where H,, is the depth of laying drainage; d, is the drain-
age tube diameter.

The angle of soil cutting with a plowshare is deter-
mined by the soil conditions
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Fig. 4. Tiered operating units for deep soil differentiated
tillage with improved stands:

a — three-tiered with slanted blades; b — two-tiered with
straight blades

a,> 457 0,5¢°,

where ¢° is the angle of soil internal friction.

Given that the angle of soil internal friction is 22°...
30°, it is considered that o, > 30...35".

The vertical spacing of the soil loosening elements is
defined as follows

\/ 2aB,,.4..h (1 +tgo, ctg 0%)
X

(qcr —4q ) ktmns tg” o,

1
X\/(Hctgoca tg(p+(f0n —(ptog,)(ctg(xa —tgq)))’

where a, is the angle at the top of compaction core; o, is
the cutting angle; o,,,, is the coefficient of the tool car-
rier drive grip on the supporting surface; ¢ is the angle of
the external soil friction; q is the pressure on the knife
upper surface; ¢, is the pressure on the face knife sur-
face at the critical cutting depth; k., is the depth ratio
of the guaranteed chipping of soil to the critical cutting
depth (kq,s=0.9...0.95).

The ratio of the tool carrier drive grip on the ground
¢, and movement resistance f,, are selected according
to soil conditions for the soil scarifier utilization and the
type and condition of the drive; approximating rates a
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and n are defined by the appropriate method depending
on the type of soil and its consistency (for solid sand clay
a=1.564; n=0.658; for medium-soft loam, respective-
ly — 1.654 and 0.593, stiff clay — 1.770 and 0.540; solid
loam — 1.605 and 0.592, medium density clay — 1.659
and 0.581, hard clay — 1.616 and 0.589).

After that the number of the soil tilling tools in the
stand is determined

M=H/h.
The tilt angle of the cutting part is defined from a
condition

Bk, —2hcosa,

- <ctgo <
2hsino,

S
< Ky (CHRY +ctg0L,) —CtEOL, + =2,

where §, is selected in terms of strength rate; k, is the
coefficient of soil layer volume change.

The calculation of traction resistance required to
move one stand with several soil scarifying tools is per-
formed in the following way

H (qkr - qO )hktrans tgn CX,p
w, =—B,_<khA + +
front h loos { 3 {qo 2a B]ogs
+ hcA4qcr } + kapys HBIZOOS >

where A; = 1 + tgopctga, + f,,(ctga, — tge); Ay =1+
+ tge + ctga,; for loosening loam k,, = 1.4; k, =
= 0.9...0.95; k;pps = 0.9...0.95; f;, is the coefficient of
movement resistance; vy, is the specific gravity of soil; £,
is the ratio of total power consumption of the cutting
force; k,, is approximation ratio of traction resistance of
soil carrying.

The number of stands in the operating unit is deter-
mined according to the basic tool carrier traction rate

N. :WB.M .
ris W

front

The methods are developed on the basis of research
evidence and are used for determining the parameters of
the stepped deep soil grinders with channel soil loosen-
ing surfaces. The main elements of the methods are
tested at JSC “Rivnesilmash” [5].

The main criterion for designing the structure of
deep soil scarifier is the value in cross-section of the
structural unit /, of the loosened soil which is set ac-
cording to the recommendations [2, 4].

The radius value of the final cross-section surface R,
significantly affects the quality indicators of loosening.
It is determined by the set size of the diameter of the
structural soil unit and relative deformation of disrup-
tion (fissure) for respective soil conditions.

Quantitative indicators of the loosening strip depend
on the width of the surface cutting edge L which is deter-
mined in proportion to the radius of the final cross sec-
tion surface R,.
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The surface length a is responsible for the process of
loosening intensity; it is determined depending on the
operating speed of the loosening unit.

Longer surfaces are more linear than shorter ones
contributing to easier passing of soil. In relatively long
surfaces (a > 0.25 m for top soil layer, a > 0.42 m for sub-
soil layers) two-plane destruction takes place while in
shorter surfaces it is three-plane destruction. Increasing
the speed and improving soil jamming result in the sur-
face extension.

According to the parameters of soil loosening surface
the mathematical model z = f(x, y) in the form of Carte-
sian coordinates is recorded.

Mathematical formulas for calculating the parame-
ters of soil loosening surface are as follows

a=\2e,-LV,, 1

2
2=2(R -1,)+1, —\/{ﬂ(Re —lw)+le =
X X

2
zgRe— (EREJ -2,
X X

where ¢, is relative warping of the fissure; /, is the size
value of the calculated structural soil unit; V,, is the op-
erating speed of working unit; ¢,.= 1c; z, y, x are the cur-
rent coordinates; y=0...L/2; x=0...a.

The general assembly of the deep soil scarifier oper-
ating unit is determined by spacing of soil loosening sur-
face in three mutually perpendicular directions.

The b value spacing of the tilling tools along the
width of the operating unit is within the range limited to
the principle of free soil passing between tiers without
supporting of the upper tier by the lower one (d,,;,,) and
avoiding the soil contact in the zone of active soil crush-
ing (d,,, Which determines the stand inclination an-
gle .

Vertical spacing is determined by the height of the
soil layer 4 that can be efficiently tilled with one surface.

The number of tiers j and stands m with soil loosen-
ing surfaces is determined by the total tilling depth H
and the width of the cutting unit grip B.

Mathematical formulas for calculating the parame-
ters of deep soil scarifier operating unit are as follows

0
b=2h-tg—;
£2

R=1|s1]; £=ZR;
2e, 2

Vg cosa,

2g

d

max

(Vag sina,, +\/2gasinaa +(V,sina, )’ );

min

__h 2R cose(tga, +igy,).
gy, \Lg+ClV,)tea,tgy,’

COs? (el ™) e (yh2+C ctg (poj
R - 2 b [ )
siny, { siny, ’

(1-sing,)cosg,
ki, (1+ k), )si
<9 W( + h)smoca.

b

_k,+1 R,
k, 36,23-e,—1,22

2no k,
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h
\pzarctg;; B=m(L+b)—-b; H=h-j,

where 0, ¢, @, are respectively, the angles of cross sec-
tion, external and internal soil friction, 6 = 40—50°; y is
the proportion of the soil in the natural state; 4, is the
depth of tillage on the lower tier; g is acceleration of
gravity, g =9.81 m/s?; v, is the fissure angle of the soil in
the lower tier, radian; ¢ is the coefficient of the sizeable
soil jamming, ¢ = 120 000...150 000 kN/m?; C, is the
coefficient considering the resistance change of soil bulk
jam along with the speed change, C,=5.3 kN x s/m*; k,
is the ratio of tension zone height to the compression
zone height while bending (k, = h,/h,); o, is the angle of
the surface installation to the groove bottom, o, =
= 15—30°; k is specific resistance to cutting in a tier; e, is
soil porosity; o, is limiting stress of the ground fissure; m
stands for the number of stands with tilling units; j is the
number of tiers.

Experimental testing and computer modelling of the
given analytical dependencies for differentiated tiered
loosening with different physical and mechanical soil
characteristics proved the adequacy of the basic param-
eters of the suggested deep soil scarifier operating unit.

Conclusions. The developed technique for engineer-
ing calcula “Rivnesilmash” and CAE “InfoCenter” of
Rivne region, provides the ability to create customized
passive operating units for vertically differentiated deep
soil tillage and land recultivation after opencast mining.
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Meta. BuzHaueHHs mapaMeTpiB KOHCTPYKILii IPyH-
TOOOPOOHUX OpraHiB [JIs1 3a0e3MeUeHHs] eHepro3oepi-
raloyoi po3poOKU TPYHTIB poOOUYMMM OpraHamMu Ma-
ILIWH 151 3eMJISTHUX POOIT.
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Metomauka. TeopeTuuHi JocigKeHHs 6a3yBaauch
Ha 3arajbHUX IMOJIOKEHHSIX 3eMJIEpOOChKOI MeXaHiKu,
eJIeMeHTaxX Teopii CYLiJIbHOIO CepeAoBUILIA, TEOPil Mill-
Hocti Kynona-Mopa. AHaniTuuHO-rpadiyHuid aHali3
MaTeMaTUIHUX MOJeIeil BUKOHYBABCS 3a JOTIOMOTOIO
Bi3yaJIbHOTO 1X BiATBOpPEHHSI y MPOCTOpi Ta yaci Ha
ITEOM 3 BUKOpHUCTaHHSIM IIPUKJIATHUX i PO3POOICHIX
IIporpam.

PesyabraTtn. Omnmcadi OCHOBHI IIPUHITUIIA CTBOPEH-
HSI aJanTOBaHMX IMACUBHUX POOOYMX OpraHiB ISt nudde-
peHLIi0BaHOI 110 BEepTUKAJIi IITMO0KOI pO3pOOKH IPYHTIB
i peKyJIbTHBALlii 3eMeJTb MiC/Ist 100YBaHHSI KOPUCHUX KO-
MaJIMH BiIKPUTUM CITIOCOOOM (HaIpuUKJaa, OypIITUHY).

HaykoBa HoBu3Ha. OTpuMaHi MaTeMaTU4YHi MOJENi
IUJISI CTBOPEHHSI KOHCTPYKIIii eHepro3oepiratounx, eKo-
JIOTIYHO CIIPSIMOBAHMX 3aCO0IB PO3ITyIIyBaHHS W M-
depeHLiioBaHOI pO3pOOKM I'PYHTIB Ha OCHOBI BCTa-
HOBJICHHSI 3aKOHOMIpPHOCTi MeXaHi3My pPO3ITyIIeHHS
I'PYHTOBOI CKMOM ABOIIOIIMHHIM 3TTHOM.

IlpakTuuna 3HaymmicTb. Po3poOiieHa MeTonmka
MMPOEKTYBAaHHS Ta iHXKEHEPHOT'O PO3PaXyHKY SIPYCHOTO
pobouyoro opraHa misg rIMOOKOI audepeHIiiioBaHOl
PO3POOKU TPYHTY.

Kuouosi ciioBa: podouuii opean, rpynm, noopionenns,
apyc

Heasb. OmnpeneneHue mnapaMeTpoB KOHCTPYKIIUU
MOYBOOOPAOATHIBAIONIMX OPraHOB I OOecIeYeHMUsI
SHeprocoeperaIieii pa3padbOTKN TPYHTOB PabOUNMU
OpraHaMM MaIlIH TSI 3¢MJISTHBIX pa0oT.

Meromuka. TeopeTuueckue uccienoBaHUsI Oa3u-
POBAJIMCh HA OOIIMX IOJIOXKCHMSIX 3eMJICACIBPUCCKOM
MEXaHWKH, 3JIEMEHTaX TEOPUH CITJIOIITHON CPENbl, TEO-
puu npouHoctu KynoHa-Mopa. AHaIuTHYECKU-Tpa-
¢duyeckuit aHaIM3 MaTeMaTUYECKUX MOJIEJIeil BBIMOJI-
HSIJICS C TIOMOIIIbIO BU3YaJbHOTO UX BOCIIPOM3BEACHMSI
B IpocTpaHcTBe U BpeMeHu Ha [IDBM ¢ ucnonb3ona-
HUEM MPUKJIATHBIX U pa3pabOTaHHBIX ITPOTPaMM.

Pesyabrarbl. OniicaHbl OCHOBHBIE TIPUHIIUATIBI CO3-
JTAaHWS AN THPOBAHHBIX TACCUBHBIX pAOOYNX OPTaHOB
st nubdepeHIIMPOBAHHON IO BEPTUKAIA TIYOOKOM
pa3pabOTKU TPYHTOB M PEKYIBTUBAIINM 3¢MEJIb TTOCIIE
TMOOBIYM TTOJIC3HBIX MCKOIIAEMBIX OTKPBITHIM CITOCOOOM
(HammpuMep, STHTaps).

Hayunas noBusna. [losydyeHbl MaTeMaTUYECKUE MO-
JIeJ [U151 CO31aHUs1 KOHCTPYKLIMU SHEProcOeperaroimx,
SKOJIOTUYECKM HAaIlpaBJICHHBIX CPEACTB PBHIXJICHUS U
IuddepeHLIMPOBAaHHOI pa3pabOTKU TPYHTOB Ha OCHOBE
YCTAHOBJIEHUST 3aKOHOMEPHOCTU MeXaHU3Ma pa3phIxJie-
HMSI TPYHTOBOTO JIOMTST IBYXTJIOCKOCTHBIM U3TMOOM.

IIpakTuyeckas 3HauumMocTh. Pa3paboTaHa meToau-
Ka MPOEKTUPOBAHUS M MHXEHEPHOTO pacueTa sipyCHO-
ro pabouyero opraHa g Tiyookoi auddepeHimpo-
BaHHOI1 pa3pabOTKU TpyHTA.

KimoueBble ciioBa: pabouuii opean, epyHm, uszmenvye-
Hue, apyc
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