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Summary. Popular constructions as well as recommendations and dependencies concerning boring tools
parameters substantiation are analyzed. Comprehensive approach and new methods of technological and design
parameters determination for three-cutter boring heads operating with simultaneous allowance and feed
distribution are proposed. Two design versions of three-cutter heads providing simultaneous allowance and feed
distribution during the cutting process are presented. Dependencies for the determination of feeds for revolution,
for single finishing tool and cutting depth on roughing and finishing tools depending on their geometrical
parameters for both versions as well as formulae for determination of angular positions of roughing and the
second finishing tools relatively to the first one are derived. Optimization of the major and minor cutting edge
angles according to the criteria of maximum machining efficiency and given surface roughness is carried out.
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Statement of the problem. Boring is one of the most important treatment operations in
modern mechanical engineering, which requires besides high efficiency, affecting the products
cost, high accuracy on which depends the reliability of operating of some mechanisms, units
and machines in whole. The highest efficiency is obtained when the boring heads are used,
which provide simultaneous allowance and feed distribution during cutting [1, 2], and accuracy
is provided when boring tools operating with the feed distribution are used [1, 2].

That is why the development of scientific grounded approach to the design of boring
tool, which would provide good enough accuracy, being highly efficient and with needed
roughness of the treated surface, is the pressing problem.

Analysis of the latest investigations and publications. The problem of substantiation
of parameters for boring tools was analyzed in many scientific publications. In many
papers [3-8] the methods for design and construction of boring tools for special treatment
conditions were proposed. For example, in paper [3] the method of calculation and the design
of improved boring head as well as interpreting of its design parameters were proposed for
providing the needed treatment accuracy. In paper [4] the method of structurization of the
boring heads design for treatment of the ring grooves was presented, and in paper [5] the method
of improving the quality of holes in casing products was analyzed, which deals with the
balancing of cutting forces and torques, which makes possible to raise the accuracy of treated
holes. In some papers [4, 6-13] recommendations for the both the technological and structural
parameters of the boring tools are presented. For example, while using the boring head
presented in the paper [6] the recommended cutting depth is 7=0,3...0,7 mm, and when the head
described in paper [7] is used, the recommended values of cutting depth at the first cutter are
t1=0,1...0,5 mm, at the second t,=0,03...0,07 mm. The head described in [8] provides the
cutting depth, which is equal to that the relation of the general allowance to the cutters number.
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In [6] the recommended ¢ =60° for the rough treatment and for the finishing are ¢ =45°,

¢'=10°, r=0.4 mm. In paper [9] the boring head with different values of the primary
clearance angles in the plane is presented, here ¢, — ¢, = arctg(t/s). In paper [8] the cutters are

recommended to be replaced relatively the other towards the axis in 2 mm, and in [8] it is
shown, that the axis replacement of cutters is found according to the formula y = -s/360,

where y — is the angle displacement of one cutter relatively the other in the plane, which is

perpendicular to the head axis. In paper [11-13] original designs of the boring heads are
analyzed, but substantiation of their design or technological parameters are not available.

In papers [14-16] the recommendations for determination of technological or structural
parameters of four-cutter boring heads without taking into account the radius at the cutter top
are presented, in paper [17] the radii of the cutter tops being taken into account on the basis of
roughness models are presented in [18]. In paper [19] the approach to the cutters positions in
the three-cutter boring head, operating with simultaneous allowance and feed distribution, is
analyzed but not in details, and it needs further substantiation.

The presented paper will partially eliminate the gaps in this area having proposed the
complex approach and new method for determination technological and design parameters of
the three-cutter boring heads operating with simultaneous allowance and feed distribution,
application of which will make possible to design the tools of this type providing high efficiency
and quality of the treated surface.

The Objective: to carry out substantiation of technological and design parameters of
three-cutter boring heads providing simultaneous allowance and feed distribution while cutting.

Statement of the task: 1. To develop the method for substantiation of technological
design parameters of three-cutter boring heads providing simultaneous allowance and feed
distribution while cutting. 2. To propose dependencies for finding the main technological and
design parameters. 3. To optimize the finishing cutters, the maximum efficiency being
provided.

Results of investigation. Investigations of the technological-design parameters are
carried out for the boring head, which is treating simultaneously with the allowance and feed
distribution, providing the needed roughness of the treated surface basing on the mathematic
models presented in [18]. The essence of method for finding technological and design
parameters for the three-cutter boring heads (TBH) with one roughing and two finishing cutters
is that of determination of the angle positions of finishing cutters and their tops, the top of the
second finishing cutter (SFC), is matching with the maximum micro-roughness, created by the
first finishing cutter (FFC). The position of the roughing cutter is specified by the condition of
providing the balance of all acting radial components of cutting forces. The value of the primary
¢ and secondary ¢’ angles at the plane on the finishing cutters are assumed to be equal

o=p,=¢ and @', =¢', =¢". Non-uniform position of the finishing cutters in its turn will

result in non-equal height of micro-roughnesses. To eliminate this disadvantage two methods
for specifying two versions of the TBH design performance were proposed: the first —

correction of ¢ on SFC - ¢,, , the second — correction of ¢’ on SFC — ¢,, . To solve these

tasks let us use the general scheme for roughness formation by the proposed TBH presented in
Figure 1.

58 ... ISSN 2522-4433. Scientific Journal of the TNTU, No 4 (96), 2019 https://doi.org/10.33108/visnyk_tntu2019.04


https://doi.org/10.33108/visnyk_tntu2019.0

Petro Kryvyi, Volodymyr Krupa, Volodymyr Kobelnyk, Yaroslav Kosiv

f 2 3 & 9
l

7
1A

1=l e

o
| <
Kz

A

[INGLY

AN

l
Wi
A

A
Q'

A
!

S HS

Figure 1. General scheme for forming the roughness of the TCH treated surface providing simultaneous
allowance and feed distribution: 3 and 1 — are the roughing cutter position in the moment of the blank
revolution beginning and in the moment of its completion correspondingly; 2 and 4 — is the trajectory of the
top motion of roughing and finishing cutters correspondingly; 5 and 7 — is the FRC position at the moment
of the revolution beginning and at the moment of completion;

6 — is the SRC position after the revolution completion

Let us analyze the scheme of position of the finishing cutters and forming the rough
surface according to the first version (1) of the TBH design performance (Figure 2).
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Figure 2. Scheme of the finishing cutters position according to the first version and roughness
forming of the treated surface: 3 and 1 — is the position of the first finishing cutter in the moment of the
revolution beginning and in the moment of its completion correspondingly; 2 — is the position of the second
cutter replaced relatively the 1-st in the angle 61

To determine such technological parameters as the feed value on the finishing cutters
let us introduce the coordinate system in Ox (Figure 2). The axis Ox is directed to the right (in
the reverse direction of the feed) and the tops of all finishing cutters are located on it, and Oy is
directed upwards. Let us choose arbitrary point on the axis Ox — N1 and locate the FRC -3 in it
at the moment of revolution. Then let us plot the beams to the axis Ox at the angles ¢ and ¢".
They will show the position of the primary and secondary cutting edges (PCE and SCE) of the
FRC in the moment of the revolution beginning. Having provided the value H=~Rz and having
used [18], the feed value on SRC will be:

s, =H -(ctgp+ctge’) . @
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The obtained feed on the axis Ox will be presented by the segment N1N2. The point N2
corresponds to the SRC top-2 at the moment of the revolution completion. The location of the
secondary cutting edge SRC will be obtained having plotted the straight line from the point N2
to the axis Ox at the angle ¢'.

Having plotted the straight line N2 perpendicular to axis Ox to the crossing with the SRC
PCG at the moment of the revolution beginning, we will obtain the point C and section N2C.
Having plotted the line from the point C to the crossing with the axis Ox at the angle ¢’, we will
obtain the PFC position at the moment of the revolution completion -1, and, correspondingly
the feed value on the revolution (s, mm/rev), which is equal to the segment length
N/N, =N,N, + N,N,; (Figure 2). Having taken into account, that NN,=s, and
N,N;=N,C-ctgp' (from 4AN’1N2C), and N.C corresponds to the value Hi, that is,
N,C=H, =s,-tgp (from 4N"1N2C), and having substituted the feed value s, from (1), and

having done the transformation, we will obtain:

s=H - (ctgp+ctge’)’ -tge. (2)

Having plotted the straight line through the points N2 and B (the point of crossing of
the straight line parallel to the axis Ox through the point A from the PRC PCG at the moment
of the revolution completion), we will obtain the SRC PCB position, corrected value of the

angle ¢,, , as well as the segment N/N,, the length of which corresponds to the feed value on
the PRC correspondingly s, (Figure 2).
The PRC feed — s, can be found from 4N"1N2C:

s,=N’,N, =H,/tge". (3)
From AN"1N2C the value Hy is found from the dependence:
H, =s, tgep. 4)
Having substituted in (4) instead of s, its value from (1), we will obtain:
H,=H - (ctgp+ctgp’)-tge . (5)

The feed value on PRC was obtained having substituted the A1 value from (5) in (3).
We will obtain:

s — H+H-tgep-ctge'

1 —” ©)

Having analyzed AN1N2B, we will find the corrected value ¢, on SRC:
@, =arcctg ((s,—H -ctgp')/H ). Having simplified this equation and having substituted the
value s, from (1), we will obtain:

¢, = arcctg (tge/tg’e"). (7)

The analysis of ¢ and ¢’ effect on the feed s (2) is performed using the dependence
schemes of s from the primary and secondary angles in the plane presented in Figure 3.
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Figure 3. Scheme of the TBH s dependence on ¢ and ¢’ at H =const : a) s= f(¢p) at different values ¢’
—+—+ =10 r—2—0 =15 e—o—0— ' =20 +—u—u — ' =25°
=—=—=  »=30" b) s=y(p) atdifferent values ¢ :e—+—+— p=45";#—=—= — »=60°;

- =75

The analysis of schemes presented in Figure 3 a shows, that when ¢ increases, the
general value of the TBH feed increases under the proposed position of cutters and the provided
H =~ Rz = const . When the secondary angle ¢’ increases in the plane (Figure 3 b), the value s
decreases. Here we can conclude, that in order to increase the feed under the given cutters
position and the condition H = Rz = const , it is worth increasingly ¢ and decreasing ¢’ on
the cutters.

Graphical presentation of the dependences of the primary and secondary angles effect
in the plane I and Il of the finishing cutters on the value of the corrected primary angle in the
SFC plane at H ~ Rz = const is presented in Figure 4.
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Figure 4. Schemes of dependences of the primary corrected angle in the SRC plane on values ¢ and ¢':
a) ¢, =v(p") atdifferent p': 62— — 5'=10°;0—0—0 - p'=15"; 0——0 — ¢'=20°;
O—0—0— ¢'=25"; At — '=30";0—e—8_ o'=45";b) ¢, =5(p)

at different p:¢——+—+ — p=45°; e—e—e — p=60"; =—=—a_ =75°

The analysis of these graphic dependences shows, that when ¢ increases, the value of
the corrected primary angle in the plane on the SRC ¢,, decreases, and when ¢’ increases
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@, increases too. In this case the nature of the ¢ effectand ¢’ on ¢,, is opposite of that on

the feed, that is, engineering contradiction takes place, the solution of which while taking into
account some restrictions was made by optimization of the geometric parameters I and II of the
finishing cutters. Some engineering restrictions are opposed because of the following:

I. The value of the primary angle in the plane having some restrictions and can not be
less than some minimume, . , the inequality must be provided ¢, . <¢,. Then the first

restriction will be expressed by the following dependences: ¢,, ... <arcctg (tggo/ (tg¢')2), or

p <arctg (t9")’ -ct9pm ).

I1. Taking into account the fact, that two finishing cutters at such position must provide
the treatment roughness being not lower than that of the three-cutter head with the symmetric

position of cutters, the feed s, at the second finishing cutter is s,/s <1/3. Having substituted
(1) and (2) in this inequality and having simplified it, we will obtain the second restriction:

p<arctg(2-tgp").
III. As the value ¢,, is always less than ¢, then ¢, <. Having substituted its value

from (7) instead of ¢,, , we will have: arcctg (tg(z)/(tggo')z) < ¢ . Having solved this inequality

relatively ¢ we will obtain: ¢ > arcctg (Jl/(tggo')z )

Let us add the following restrictions:
v, ¢ 2 Prin.

V. 9= Prax.

VI # 2P i,

VIL # 59

Being provided with the target function, which deals with the fact that the treatment
efficiency providing the given roughness must be maximum, that is, s — max, or taking into

account that (2) (ctge +ctge')’ -tgp — max , we will obtain the equations system being the
mathematic model of geometric parameters (angles in the plane) of the head cutters.

@ L arctg ((tg¢')2 “ClY @, min)
p <arctg(2-t9¢p")

@ > arctg ( 1/(0'[9(0')2)

(0 2 ¢min

qD S wmax

P <P

(ol 2 golmin

H ~ Rz = const; (ctgp +ctgep')’ -tgp — max

The solution of the obtained system will be illustrated graphically (Figure 5). In the
coordinate system @ O¢' the restrictions are shown, the schemes of which are signed by

corresponding Roman numerals.
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Figure 5. Graphic illustration of the maximum values ¢ and ¢’ restrictions for the first version
of the TCH design

The analysis of the presented schemes showed (Figure 5), that the set of maximum
values p =g, and ¢'=¢’ , which can be used while designing the presented above boring
heads, is in the middle of the quazi-convex polyhedron ABCDE (hatched area).

Having taken into account the target function— (ctge+ctge')’ -tgp — max, the
roughness values being provided, and Figure 4a, b, and having assumed that, for example,
P S0 o <P the @ value must be chosen on the line ABC, which restricts the
maximum values of the angles in the plane. The equation of the line ABC will be determined

by the system:
] 2 1 | '
¢5ar0t9 ((tgq) ) 'Ctgq)ZKmin) npu @, 360 onm S(D 2
¢’0nm = (8)
arctg(2-tge") mpu @, <@ <0

Let us analyze the scheme of the finishing cutters position and forming the rough surface
according to the second version of the TBH design. (Figure 6)
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Figure 6. Scheme of the finishing cutters position and roughness forming of the surface according to
the second version: 1 — is position of the 1-st finishing cutter at the moment of the revolution beginning;
2 — is the position of the 2-nd finishing cutter being replaced relatively the 1-st in the angle 01; 3 —is the

position of the 1-st cutter at the moment of the revolution completion
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To determine technological parameters, such as feed values on the finishing cutters, let
us introduce the coordinates system yOx. The principle of the PFC position at the moment of
the revolution beginning and after its completion is 1 and 3 correspondingly, similar to that of
the 1-st TBH version. The SRC is placed so, that the micro-roughnesses height formed as the
result of the SRC PCE and PRC SCE contacts is equal to H = Rz = const . While correcting the
value of the secondary angle in the plane on SRC — ¢',,, we make so, that the theoretical
micro-roughnesses hight as the result of the PRC PCE and SRC SCE contact is also equal to
the given H =~ Rz =const . In this case the feed value s is found according to the formula (2)
and the feeds at the first and second finishing cutters — from the dependencies (1) and (6)
correspondingly.

The corrected value ¢',, is found according to the formula:

@', =arcctg (ctg(p'+tggo-(ctg(p')2 —ctggo) (9)

The nature of the ¢ and ¢’ effect on s will be similar to that in the 1-st version of the
TBH design.
The graphic dependences of the primary ¢ and secondary ¢’ angles effect in the plane

on the value of the corrected secondary angle on SRC ¢',, are presented in Figure 7, a, b.
respectively.

(/);: 5 '\\ 99;2 5
, \\ /
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a) b)

Figure 7. Dependences schemes of the corrected secondary angle in the SRC plane on the values of the
primary and secondary angles in the plane a) ¢',, = p(p) at different o' : &—=—2 — »'=10°;
O0—0—0 - p'=15"; O—C—10 — p'=20%; ¢—0—0— @'=25"; &=—a—a —p'=30°;
e—e—o  '=45°;h) ¢, =c(p") atdifferent p:¢—+—+ - p=45"; e—e—2  »=60°;

e @:750

It is seen from the schemes (Figure 7, a, b), that when the value ¢ increases, the
corrected value of the secondary SRC angle decreases, and when ¢’ increases, the value of
corrected secondary SRC angle increases. According to the effect of ¢ and ¢’ on ¢',, , letus

optimize the geometric parameters of the finishing cutters. Some engineering restrictions are
because of the following:

I. @', must be greater than that of the minimal admissible value, that is, ¢',, > @', -
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II. ¢',, can not Dbe greater than ¢', that is, ¢'>2¢',, then

go'zarcctg(ctg(p'+tg(p-(ctg(p')2—ctggo). Having expresses ¢ as ¢', we will obtain:

1+(1+4(ctge")’
2(ctgep’)’
III. Having taken into account, that two finishing cutters being in such position

must provide the roughness being not less than the three-cutter head with the symmetric
location, the feed s, on SFC is s,/s<1/3. Having substituted s, and s by their values
from (1) and (2) correspondingly, and having solved them relatively ¢, we will obtain:
p<arctg(2-tgp').

The other restrictions and the target function are similar to the restrictions and the target
function of the TBH design according to the 1-st version.

We will obtain the equations system being the mathematic model of the geometric
parameters (angles in the plane) of the head cutters.

@ > arctg

gD;K >¢)'min

1+ J1+4(ctge')’
@ > arctg ( gf )

2(ctge’)

p <arctg(2-tge’) H ~ Rz = const; (ctge +ctge')’ -tge — max
(DZ(Dmin
¢S¢max
(olzq)lmin
PP e

The solution of the obtained system is illustrated graphically (Figure 8). In the
coordinates system ¢@Og' the restrictions, the schemes of which are signed by the

corresponding Roman numbers, are presented.
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Figure 8. Graphic illustration of the restrictions for the maximum values ¢ and ¢’ for the 2-nd version
of the TCH design
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Having analyzed the results of schemes (Figure 8), we can conclude, that the values set
¢ and ¢', which can be used for the TCH design of this type, are inside the quazi-convex

polyhedron ABCD (hatched area).

Taking into account the target function— (ctge+ctge')’-tge — max the given
roughness value being provided, and having assumed, for example, that ¢', <¢' <o ..
®,.m» It 1S necessary to choose on the line AB, restricting the angle values, which satisfy the

conditions of all restrictions.
The equation of the line AB will look like:

Q < arCtg (2 tgwl) npu (0'1 < ¢'onm < (D'max (10)

The value ¢, will be found as the abscissa of the point A coordinates, which are formed
as the result of the restriction lines Il and IV crossing. We will obtain ¢', = arctg (tge,,, /2)

Knowing the feed values of the 1-st and 2-nd versions, such design parameters of the
head as the angles of cutters location can be found.

Such TBH design parameters as the central angles, which regulate the circular position
(location) of the cutters, are found using Figure 9 a.

b)
Figure 9. Scheme of the roughing and finishing cutters position and calculation scheme for finding the angle
positions of the cutters: T, II and IIT — are the PRC, SRC and the roughing cutter correspondingly

The values of the angle 61, which provide the SRC angle displacement relatively PRC,
will be found according to the formula:

6 =2r-s,/s, (11)

Having used the Figure 9 b, as well as taking into account [15, 19], the angle &, is found
from the dependence:

0, = arctg[(1-cosd,)/sin g, |+ /2. (12)

The radial sweep (the cutting depth) on the roughing cutter is found being based on the
balancing condition of the radial cutting forces on the roughing and finishing cutters. The total
radial component of the cutting force on the finishing cutters, which must be balanced with the
radial component of the cutting force on the head roughing cutter, the cutting depth being tr and
the feed s, will be found according to the theorem of cosines (Figure 9 b)

P =P%+P.—2P,P,cosf, (13)

yily2

where Py1 Py> — are the radial components of cutting forces at the 1-st and 2-nd finishing cutters
correspondingly, H.
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Having taken into account the dependence [20] P, =10C,t*s**HB™K_, for finding the

radial components of the cutting forces, the formulas for finding the radial components of the
cutting forces at the 1-st and 2-nd finishing, as well as on the roughing cutter, will look like:

P, =10Ct*s* HB"K ,,

(14)
P,, =10C,t*s,* HB™K ,, (15)
P, =10Ct, 8" HB™K . (16)

where Cs — is the proportional factor taking into account the physical-mechanical properties of
the treated material while finding the cutting forces; HB — is the Brinell hardness; K, — is the
presented correction coefficient on the principle angle in the plane; x2, y2, n> — are the power
values specifying the effect of t, s and HB correspondingly on Py;

Having substituted (14), (15), (16) in (13) and having solved it relatively t, as well as
taking into account, that t, + t = p, where p — is the treatment allowance, we will obtain the
dependence for finding cutters basing on the balancing condition of the radial components of
the cutting forces.

%2
(17)

2y. 2 2y 2 YooV
(P \/sl Ko +8,° K, —25775,°K K, -C0s G
2 s .K

@3

Conclusions. The method for finding the three-cutter boring head parameters providing
the simultaneous allowance and feed distribution while cutting was developed. Two possible
versions for manufacturing TBH were analyzed basing on the geometric and design parameters.
The dependences for the design of such TBH were obtained, which make possible to determine
their technological (feed on the revolution and on a single finishing cutter as well as the cutting
depth on the roughing and finishing cutters) and design (the cutters interrelated position)
parameters. The optimization of the geometric parameters of the finishing cutters was
performed providing the maximum treatment efficiency. The graphical dependences, according
to which the feed of the head revolution can be found depending on the parameters of the treated
surface roughness and the angle values in the plane, were presented. The substantiation of the
TBH makes possible to design their construction for the special treatment conditions under the
given initial parameters.
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OBI'PYHTYBAHHA HAPAMETPIB TPUPIBLHHEBUX
PO3TOUYYBAJIBHUX I'OJOBOK 3 IHIOAIJIOM ITPUITYCKY I
HHOJAYI TA ACUMETPUYHUM POSMIIIIEHHAM PI3IIB

Ilerpo Kpusnii; Bononumup Kpyna; Boronumup KodenbHuk;
Apocaas Kocis

TepHoninbcokuu HAYIOHAILHUU MeXHIYHUL YHigepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Peztome. [lposedeno  awnaniz  KOHCMPYKYil, a MAKOXC PEKOMeHOayili 01  NPUSHAYEHHs
KOHCTPYKMOPCOKUX [ MEXHON0IYHUX NAPAMEmpie po3mouyeaibHux iHcmpymenmis. Pospobneno memoouxy
NPOEKMYBaHHsL MPUPI3YEGUX PO3MOUYBANLHUX 20JI060K, WO NPAYIOMb 3a MemMOOOM OOHOUACHO20 HOOINY
NPURYCKy ma nooadi i Micmsams 0OUH YOPHOGUL Ma 08a YUCMOSI pi3yi, npuyomy Opyeutl 4ucmosuli pizeys
BCMAHOBNIEHUTL Y MOUYTI MAKCUMATLHOT MIKDOHEPigHOCMI NPpOini0, CMEOPeHOT NPOX0O0OM NEPUIO20 YUCTHOB020. 3d
CHOCOOOM PO3MIWEHHS OPY2020 YUCMOB020 Pi3YYsl 3aNPONOHOEAHO 06d BaPiANMU KOHCMPYKMOPCbKO20 UKOHAHHS
207108KU, 8 AKUX 30TUCHIOEMbCA KOPUSYBAHHA AOO0 20]106H020, AOO0 OONOMINCHO20 KYMA 8 NIAHI HA OpyeoMy
uyucmoeomy pisyi. /[na 060x eapianmie KOHCMPYKMOPCbKO20 GUKOHAHHA HA OCHOGI cXeM 0OpoOKu HAGeOeHO
3anexcHocmi 05l U3HAYEHHA N00ay HA pizeysb i HA 00epm 20106KU, KOPUSOBAHUX 2008HO20 MA OONOMINCHO20
KYMI8 y NJAHI HA OPY2OMY YUCMOBOMY PI3Yl 3AIENHCHO 8i0 NOYAMKOBUX 2eOMEMPUUHUX NAPAMEMPIE YUCTOBUX
Ppi3yie, a makodic 3a0aHoi eucomu MikponepisHocmell npoginto. Buacniook ananizy 3anexcnocmeti 6naugy 3minu
20/106H020 MA OONOMIJNCHO20 KYmig y MIAHI HA NO0Ayy 6UAGLEHI MEeXHIYHI NpOmupiuus, po36 30K SKUX,
8PAXY8ABULU NEHI 0OMeINHCeHH S, 30IUCHIOBANU WIAXOM ONMUMIZ3AYTT 2e0MEeMPUYHUX NAPAMEMPI8 YUCHOBUX PI3YI6.
Onmumizayito Kymig y niawi 051 060X 8apiarmie KOHCMPYKMOPCbKO20 GUKOHAHHS 2071080K 30IUICHEHO HA OCHOGL
DPO3DOONEHUX — MEXHONO2IYHUX — 0DMedCeHb, W0  8pAXo8ylmb  0COOIUBOCMI  eleMeHmi8  KOHCMPYKYIL
PO3MOYYEATLHUX 20/I080K, A MAKONC 3abe3neyeHHs 3a0anoi eucomu Mikponepisnocmeli npogino o6podaenoi
nogepxui. 3anponoHo8aHo 3anexcHicmv Oas QyHKyii memu, w0 noifeac y 3abesneueHHi MAKCUMATLHOT
npooykmusnocmi oopobaenns. Haseoeno 3anedsicnocmi 0is U3HAUEHHA YEHMPATbHUX KVMIG, AKi peiameHmyions
Kpy206€e NOJOJCEHHA PI3Yi6 20106KU (0py2020 HUCHOBO20 MA HYOPHOB020 BIOHOCHO NEPULO20 HUCHOBOZ20).
Ompumano Gopmyny Ona GuU3HAYEHHA AUOUHU PI3AHHA MA YUCMOBUX pi3Yi6 3aledCHO 6i0 NpUnycky Ha
00pobReHH Ma 3 YMOBU 3PIBHOBANCEHHA BCIX PAIATLHUX CKIAO0BUX CUN PI3aHHA. 3aNPONOHOBAHA MemOOUKa
0acms  MONCIUBICIL — PO3POOAAMU  KOHCMPYKYIL  Mpupizyesux po3mouy8aibHuxX 2071080K  NIOBUWEHOT
NPOOYKMUBHOCMI 00POOIEHHSL.

Kniouosi cnoea: posmouysanivna 20n106Ka, pizeys, sucoma MiKponepieHocmel npoginio, nooava Ha
pizeys, nooaua na obepm, enubUHA PI3anHs, PAdiaibHA CKAA008A CUU PI3AHHS, KYM Y NAAHI, ORMUMI3ayis Kymie
Y NNaGHI.
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