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NOISE OF A HELICOPTER ROTOR

Abstract. In this paper, the main numerical methods for modeling the aerodynamically
generated rotor noise of helicopter are considered. In particular, finite difference schemes for steady
and unsteady 2-dimensional potential flows are given, on the basis of which a model of sound
generation of aerodynamic origin of a helicopter rotor blade is built. Examples of the solution of the
problem for 3-dimensional potential unsteady flow are considered. It should be noted that until
recently there was no general finite difference scheme for solving problems of helicopter rotor
acoustics. The numerical-analytical method developed by the author of this paper showed the ability
to solve problems of aeroacoustics of a helicopter blade for different types of flow models, both
potential and non-potential. The paper gives examples of the solution of similar problems, analyses
the application of the numerical-analytical method and compares it with existing finite difference
methods. In particular, the calculation schemes for the application of the method for a 2D steady flow
and a 3D unsteady flow are presented and the peculiarities of the selection of the number of points in
the calculation molecule are explained. Depending on the characteristics of a problem, the number of
computational grid points can vary both along the span and across the blade. This makes it possible to
adapt the numerical-analytical method for each of the problems to be solved. At the same time, a
stable calculation is performed based on the idea of the numerical analytical method itself, and the
convergence of the method is performed automatically each time.
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Introduction

The study of the noise of aerodynamic origin is an important task in the direction of
improving modern rotorcraft, in particular helicopters. To successfully solve the problem of
noise reduction of aerodynamic origin, it is necessary to find out which of the existing
numerical methods are suitable for studying this or that type of flow in which aerodynamic
noise is generated. This work is devoted to the analysis of existing numerical schemes for
solving problems of noise generation of the aerodynamic origin of a helicopter rotor.

First of all, it should be noted that initially the noise of aerodynamic origin was studied
on simple theoretical models, the purpose of which was to establish the dependence of the
noise of the rotor rotation on the kinematics of the rotor rotation and the geometry of the
blade. But then the range of questions significantly expanded after it was found out that the
noise of aerodynamic origin has different components, and types: rotation noise, high-speed
impulse noise, as well as the noise of the interaction of vortices and blades.
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Mathematical models, equations that simulate various types of noise, differ among
themselves. Accordingly, the methods of numerical calculation of rotation noise and blade-
vortex interaction noise, for example, are also different. Therefore, we present a detailed
analysis of the numerical approaches used to describe various types of the noise of
aerodynamic origin.

The purpose of this work is to analyze the existing numerical schemes for calculating
the noise of the aerodynamic origin of the helicopter rotor and as a result, show the method of
helicopter noise simulation depending on the flow regime.

1. Analysis of potential flow calculation schemes

The first type of noise that attracted the attention of scientists was the helicopter rotational
noise. The first theoretical model that investigated rotational noise was proposed by Gutin
[1]. It clearly states that the noise of rotation depends on the generated harmonics and the
size of the blade. But this model is only one-dimensional and unfortunately does not reveal
the nature of noise as it occurs directly inside the medium.
The next step in the study of the noise of aerodynamic origin is a model of the
generation and propagation of small disturbances from a thin wing, which is described by the
Karman-Guderley equation [2], [3], [4]

(K=(y+D¢.)o,. +9,, =0 (1)

2
where K =(1-M2)5? is the transonic similarity parameter, y =c,/c, is the ratio of

specific heat capacities. Since this equation is a nonlinear differential equation, the boundary
value problems based on it require a numerical solution. Let's consider the existing numerical
schemes and perform their analysis

It is known that equation (1), depending on the values of the parameters included in it,
allows the simultaneous existence of flow regions with subsonic and supersonic velocities in
the flow. This became the reason for selecting the calculation scheme for the numerical
solution of the problem based on the equation of (1) it turned out not easy.

The first successful attempt to numerically solve the Karman -Guderley equation was the
Murman-Cole scheme [5]. For the numerical implementation of the scheme, the authors
choose equation (1) in a conservative form, which allows using a fully conservative scheme:

(Wj)x -, =0 )

where w=0_=(y+1)¢, —K,v=0; =(y+ ;.
Let (x,y) is an arbitrary element with a uniform step of the difference grid in the plane
(x,y), and the nodal points have indices (7, j) . Equation (2) can be written in a conservative

form for a cell that centered at a point (i, j) (Fig. 1). As a result, we have:

2 2
w w

[(7)141/2,]' - (7)1'—1/2,]' 1Ay - (Vi,j+]/2 - Vi,j—]/Z)Ax =0 3)

Otherwise, relation (3) can be written as:

1 —
E(Wi+]/2,j Wi ) W ¥ Win DAY = (Vi jiip = Vi) AX =0 (4)
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Fig.1 Control cell

Now, if we solve the equation in a domain where it is an equation of elliptic type, that
is, an equation of the Laplace type, then central finite differences are used to approximate
both wand v:

_ _ P — P _9Pi — P
Vijrn = ((pj/)i,j+]/2 = i Vi1 = 0y
c _ _ (I J O, J _ (pi,j - (pi,j—]
Wi = ((px)i+]/2,j = i sWi i = 0y

((Pm,j 0, )((Pi+],j _2(pi,j +(pi—],j)_((pi,j+] _2(pi,j +

Py
2 x (Ox)? 0y)° )=0 )

Equation (5) is a central difference scheme of the second order of accuracy, which is
an approximation of the equation for the elliptical (subsonic) region. The issue of the stability
of this scheme and fulfillment of the Courant-Friedrichs-Levy criterion is discussed in detail
in the monograph of one of the authors of this scheme [4]:
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Fig. 2. Calculation template in the elliptic domain
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Such a template is not suitable for the hyperbolic (sonic) flow region, since it contains
points upstream. To avoid this effect, the calculation template shifts downstream by one point
by index i+1— i for the first (nonlinear) term of equation (2), which i is responsible for the
formation of shock waves that transform into a sound wave:

G =Pin; 0 =20, 10, 0 — 20,0,
(A P = (S =0 (6)
® i i+1
Jo
- X .
I=1 W i+,
.
Lji-1
— X -

Fig.3 Calculation template in the hyperbolic domain

What happens in the region of sound points: points where the flow accelerates or
decelerates to the speed of sound? A different pattern is used here, which does not coincide
with either the hyperbolic or elliptical patterns:

(pi+],j - (pi,j + (pi—],j +(pi—2,j )((pi+],j - (pi,j + (pi—l,j + (pi—2,j ) _ ((pi,j+l - 2(pi,j + (pi,j—l ) —0 (7)
2 x Ox)? Oy)

As can be seen from the above example of solving the problem, it is impossible to use
only one numerical template for different flow regions. The finite-difference scheme
considered above is a scheme of the first order of accuracy in the hyperbolic flow region [5].
In the elliptical flow region, it has the second order of accuracy.

(

iy i+ 1 X
ay

o (o} X o
=2, i=1] i I+ 1,

ihj—1X

—»  Ax |e—
Fig. 4 Calculation template of the operator at a point on the shock wave

The second-order accuracy difference schemes for the hyperbolic domain are given in
[5], and the methods for obtaining them are described in the monograph [6]. Analysis of
coupled shock waves, in terms of using numerical schemes, was carried out in [7]. After fit,
there have already appeared works using this calculation procedure [8], but for equations in
full potentials, without separation of small perturbations from the flow. In [8] calculation of
plane unsteady flow has been carried out. Both central and mixed finite differences were used
for mixed time and coordinate derivatives.
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So far, we have not talked about the characteristics of the flow during study we are
interested in shock waves. For the analysis of the solution of the Karman -Guderley equation,
which describes the propagation of small disturbances from a thin wing, the pressure
coefficient C, is of interest. The preassure coefficient is defined as a ratio

C,=2(p—ps)/ pU 2. The above numerical schemes calculate the pressure coefficient in the

form of a parabola if there is no shock wave in the flow. If a gap appears on the pressure
curve, that is, a shock wave is realized, then the profile has the form of a deformed, "torn"
parabola [4]:

Fig. 5 Pressure distribution, K = 1.8

The experience of later studies of the unsteady plane transonic flow showed that the
pressure coefficient of propagation of small disturbances in the unsteady flow has a different
shape than a parabola. Such a discrepancy can be explained by the fact that the numerical
schemes considered in reality do not reveal the non-stationarity of the flow: in them, the
shock wave is, as it were, stopped in relation to time. Therefore, it makes sense to further
consider non-stationary schemes for solving the Karman-Guderley equation.

In the second half of the 70s of the last century, to solve a two-dimensional non-
stationary problem for the equation of propagation of small disturbances from thin wings, a
number of authors resorted to an implicit ADI (alternating direction implicit). This method
was used in [9] for the case of low-frequency unsteady two-dimensional flows. In this case,
the Karman-Guderley equation is solved in the following form:

Ad)tt + 2B¢xt = C(I)xx + (I)yy (8)
where
A :kzMi /6*3,B :kMi /52/3,C:(1—Mi)/52/3 —(y+D)M”¢,

The parameter m of this expression is a function of M . This parameter is an adjustment
parameter for the critical value of the pressure coefficient [10]. The time parameter
k=wc/U_ is the Strouhal number. According to the coordinates x,y in (8), the double-

sweep method was used:
by coordinate x :

2B(At)_]5x (ajn,:] - Jnk) = Dxfj,k T 5yy¢;,k
by coordinate y:
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Here

_ . n n 1 n n
g,=0,if CF 1, +Ciyp, >0,6,=1,if Coyp +CPy), <0

This work was followed by more publications in which the method of modeling the flow at
the shock wave is being improved. Thus, in works [61], [54], the method of separation of
jumps and stretching of grid coordinates is used. Shock waves are considered as gaps
perpendicular to the flow direction. A little later [13] the authors develop their approach for
three-dimensional flow, but not for Kdrman-Guderley, and for the equation of the full flow
potential. At the beginning of the 80s [14] the inverse problem is solved: according to the
given pressure is the flow field and the shape of the wing profile.

2. Numerical analytical method

The author of this work proposed a numerical-analytical method [15], [16], which has
been successfully tested on a number of solved problems of helicopter blade noise generation.
The main idea of the method is that finite-difference representations of derivatives in the
equations to be solved are not used explicitly. The reason is simple: it is not always known in
advance which of the known decompositions, with what accuracy, will prove to be the most
convenient.

Therefore, according to the idea of the method, we have the following: at the n—1
points of the calculated "molecule" we perform a standard Taylor series expansion and at the
n point we assume that the small perturbation propagation equation is automatically fulfilled.
In fact, we forcibly require that the small unsteady perturbation generation equation is
satisfied at the n—th point. From such condition we actually have automatic fulfillment of
convergence condition of required numerical solution.

At the same time, the expansion coefficients in the Taylor series are expressed
implicitly from the system of n equations. Such a scheme of the method is used for separate
boundary value problems, where the boundary condition allows integration, therefore it is not
added to the calculation system of equations. But this happens only in simple cases.

If it is additionally necessary to fulfill a boundary condition, which occurs in most
problems, then this boundary condition is also added to the calculation system of equations. In
this case, we have the following: at the n —2 points of the calculated "molecule" we perform
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expansion into a multidimensional Taylor series, and we also require satisfying of the
equation being solved and the boundary condition. Thus, the number of points of the
calculated molecule, for which expansion in the Taylor series is required, is reduced by 2.

Below we will consider the implementation of the numerical analytical method for the
two-dimensional stationary and three-dimensional non-stationary Karman-Guderley
equations.

3. 2-dimensionals case

Equation (1) of Karman-Guderley in dimensionless variables &=x/c,n=Ay looks

like :

(R YA A

Z_f =0,
M1 M12 f'777

(1)

For the two-dimensional case [17], we have a 6-point scheme: at five points we expand the

function f(&,,m.), f € C*([0;1]x[0;1]), into a Taylor series:

SE,m) :f(ao’no)"'fg(&oano)(gi_éo)+fn(§0’no)(ni_no)+
+%[f55(§0’77 o)(é' _go)2 + 2f5,7(§0 )17 0)(51' _50)(771' _770) +fm7 (50’77 0)(771' _770)2]+

+o(max {(§ - ﬁo)z,(ﬁ— &)M—n,),(n— n0)2) ’i =L...,5 )

In the 6th point (§,,m,), we require automatic execution of the equation:

. [1—#+s(v+1)12@0,110)]]2&(&0,110)—A’;—fﬁm(ao,m=0. (13)

The non-penetrating boundary condition f, =8g,,0<&<1 in this problem is fulfilled

automatically.

This numerical scheme allowed direct satisfaction of the convergence of the proposed
method, and its implicit type ensured the stability of the calculation. The curves of pressure
coefficients given in Fig.6 at Mach number values M =1 (the range of the problem
calculation zone) indicate that the numerical analytical method successfully coped with the
task of calculating the sound flow in a physically unstable region. At the same time, the
numerical scheme did not "fall apart", as happened with most known finite-difference
representations.

Note that in the case where function f(§,,n;,,)depends on time, 4 more derivatives

N N are added to the Taylor series in the expansion, so the scheme becomes an 8-
S JE It Yy p
points scheme if we take into account the fulfillment of the boundary condition.

4. 3-dimensionals case

The author of this paper previously derived a complete three-dimensional equation for
the propagation of small disturbances from a thin wing [18], and performed an analysis of its

10
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partial cases. To solve the boundary problem of studying the generation and propagation of
small non-stationary disturbances from a helicopter blade, a numerical analytical method was
used [19]. In this case of its application, we have a 3-dimensional equation for the
propagation of small disturbances:

ke 1 2kc (kc)2 cY 1
(5] S +[1_V]2+(1+Y)8fg]fgg+ U S E S~ 2 ngg =0 (14)
where E=x/c,n=Ay,C=z/R,t=kt.
0.5 ¢ ; 04
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T2 \\_ 0.3 | )
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Fig. 6 Calculation of the pressure coefficient in the transonic flow range
Boundary condition is:
kc
5 e Te" ehef,,0<E<1,n=n(E), (15)

Next, by the analogy given above for the two-dimensional case, we choose the number
of calculation points of the template by the number of unknown derivatives in the function
represented in the Taylor series expansion, but by 2 less, since we also have the boundary
condition (14) and equation (15), which is solved.

FEMCLT) = F(EM,06,0T) + £ (& —E) + (=) + fo(G—C,)+ £ (1,-7,)+
PTG =6+ f =) 4 £, (G =)+ £ =514 £, (& =6, —n) +

+fé§(§i - &o)(gz _Co)+fn(;(qi - Co)(ni _TL,) +f§t(§i - go)(’ti —T0)+fm(ni _no)(Ti - T0)+

+ (G =E (T, — 1)+ R(AY),i=1,n-2 (16)

So, in the three-dimensional non-stationary case, we have shown the calculation of the
pressure coefficient (Fig.7) in the cross-section of the blade. As can be seen from Fig.7, the
pressure distribution according to the non-stationary model is significantly different from the
pressure distribution according to the stationary model (Fig.6).

11
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Fig. 7 Pressure coefficient along the blade chord

5. Calculation schemes of non-potential flow

The existing schemes for calculating sound disturbances in the potential
approximation were considered above. These models are usually used for relatively large
values of Mach numbers, M > 0,5, when rotational noise is dominant, rather than vortex

noise. In the case of M < 0,5, the vortex component of the noise is significantly activated,

and therefore the potential approximation is no longer appropriate. In this case, full equations
for simulating the generation of sound of aerodynamic origin, which take into account the
vortex component of the flow, are used for calculation.

To date, a sufficient number of theoretical non-potential models [20], [21] are known
which, according to the authors, are capable of describing the generation of the sound of
aerodynamic origin. However, these models are somewhat physically inaccurate. That is why
the majority of researchers choose the currently most popular models of Fowkes-Williams-
Hawkings [22] and Forsyth's 1A formulation [23] for the calculation of helicopter noise, and
Lighthill's acoustic analogy is used only in some cases. But this does not mean that these
models are physically more accurate: Lighthill's acoustic analogy and its application in the
form of the Ffowkes-Williams-Hawkings model leave the question of the physicality of these
approaches [21].

Consider the Ffowkes-Williams-Hawkings equation:

T o [ P A oY
A7 (p—0n) = i iy 0" J
7 (p—py) = @c,ax,{[ o ax,-i[r|1—Mr|w(") j[ prile &,&]J[ a7 (1)

Equation (17) contains the Lighthill equation inside, which was obtained artificially:
by adding a certain term to the left and right sides, which formally led it externally to a wave
equation that seems to describe the generation of sound. The question arises: if we add other
derivatives to the left and right sides, what will we get formally? I mean that the approach
used by Lighthill is not physically correct, because by physically unexplained addition and
subtraction of certain derivatives in the equation, we thereby actually add certain physical

12



Bicnux Yepracwvroeo nayionanvsnozo ynieepcumemy imeni boeoana Xmenvrhuyvkoeo

components, and get equations that describe a completely different physical process. This is
the main physical drawback of this approach.

Formulation 1 of Farassat:

According to the formula obtained by Farasat [23], the sound pressure is determined
through the thickness source p, (x,t) and the load source p, (x,?):

4 (5.0) =4 pr(x.0)+ py (1) = j[ Py, PO j (= p""sg

r1-M) cr(l- M)’e’ ’e’ 5 (18)

where cos®=nr, is the local angle between the normal to the surface and the radiation

direction.

If you look carefully at equations (17) and (18), you can make sure that nothing is said
about the definition of the near sound field in these approaches. What methods are used to
find the potential of the sound field, or the density in the sound wave - they do not write about
it.

The main disadvantage of using Farassat's approach is that the source of sound is non-
existent fictitious sources, which are placed inside a solid surface. The question arises: why is
such a strange approach used? The answer is simple: in classical acoustics, Green's function is
used as an auxiliary solution to represent the far sound field. This makes it possible to record
the specified representation of the far field based on second Green's formula for real sound
sources.

Farassat used the next approach: he said that these sources do not have to be real
sound sources, let them be imaginary ones. Moreover, they are placed inside a hard surface
that does not emit sound. And this is actually the main obstacle to a physically accurate
determination of aerodynamically generated sound: in fact, such an approach lacks real sound
sources. And this was discussed in the work of Fedorchenko [24], as well as in the work [18].

In addition to the above-mentioned models, there are several models that describe the
sound of aerodynamic origin [21], but there is no numerical implementation of them. An
exception is a theoretical model proposed by the author of this paper [21]. The closed system
of equations obtained based on this model makes it possible to describe the problems of
aeroacoustics with accuracy to the values of the second order of smallness:

625'_L._625’_ (12 z, 62 + 1 ) R(p' ai ai ai azp az az—.)
ot MI 8&? o’ AR agz T0E T on T o¢ T 0g? TonoE” T oL

o 05 05 P9 P09

o0& on oc o8& omoE’ §3 (19)
_ 0'p oy 1 0@ op 0@ D 0o '
A (€+c212 (i+ - ('02)+ 9 .@ 2128_,0‘6_(0 1 9p o9 __ caﬁ+

08 on”~  AR”0¢ 08 0¢ on on AR*o¢ o¢ or
L EW P P e 6p}

ot on R e on R o | 20)

In equations (19)-(20), o,p' - are acoustical density and sound potential

correspondingly.

13
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Despite the mathematical complexity of this system of equations, the author
managed to numerically solve a number of interesting problems using the numerical
analytical method [25]-[28]. An interesting feature of the application of the numerical
analytical method, which was noticed, is the use of an unstructured calculation grid around
the blade. So, for example, along the chord, the step of the calculated grid is smaller (Fig. 8,
Fig. 9) than along the span of the blade. This is necessary for stable calculation according to
the numerical analytical method.

Fig. 9 Distribution of acoustic density on the surface of a helicopter blade [26]

And in conclusion, we will indicate that the near-field calculation data obtained with
the application numerical-analytical approach is easy to use to calculate the integral
representation of the far field. For this, there is no need to use any specific numerical
approaches: standard methods of calculating definite integrals are used.

Conclusions

1. In this work, a study of the methods of numerical calculation of the near sound field
of a helicopter is carried out.

2. The conducted analysis showed that there was still no single method, a finite-
difference scheme, for various flow models: each of the given numerical schemes solved a
certain problem.

3. It is shown that the numerical analytical method is capable of solving the problems
of helicopter noise generation for various types of flow, both potential and non-potential. This

14
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feature of the method allows it to be used for various tasks of modeling noise of aerodynamic
origin.
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JYK’SAHOB Ilerpo Bonoaumuposuy,
KaHIuAAT (I3UKO-MaTeMaTUYHUX HayK, CTapIIMi HayKOBUH CHIiBpOOITHUK, noueHT APDB,
HHIAT, HTTY “KIII”

YUCEJIBHI CXEMHM JOCIIIKEHHSA AEPOAMHAMIYHOI'O
HIYMY POTOPA I'EJIIKOIITEPA

Anomauin. B Oawiii pobomi po3eisiHymo OCHOBHI YUCENbHI CXeMU MOOCTIOBAHHS ULYMY
pomopa 2enikonmepa aepoOUHAMIYHO20 HOXOOJCEeHHS. 30Kpema, HABeOeHO KiHYe8O-pisHUYesl cxemu
0151 CmayioHapuoi, Hecmayionapoi 2-eumipHoi nomenyianbHol meuii, Ha OCHO8I KO 6ydyembCs
MoOdenb 2enepayii 36YKy aepoOUHAMINHO20 NOXO0O0JCeHHsi aonami pomopa ecenikonmepa.Hasedeno
NPUKAAOU PO38 A3aHHS 3a0ayi 01 3-6UMIPHOI nOmeHYianbHoi Hecmayionaproi meuii. J{nsi Kod#cHOL 3
nepeniveHux — 3a0a¥ NPONOHYEMbCA GIACHA KiHYego-pisHuyesa cxema. Lfi cxemu cymmego
BIOPI3HAIOMbCSE 00HA 610 00HOI. Omoice €OUHOI KIHYEBO-PIZHUYEB0T cXxemu 0/ p0O36 SI3aHHS 3a0ay
aKycmuku pomopa eenikonmepa (akxmuyHo He ICHYy8ano 0o Hedaguix nip. Lle yckiaouogano
npaKkmuyHe 3ACMOCYBAHHA BKA3AHUX CXeM, OCKIIbKU Ni0 4ac po38 a3aHHA KOHKPemHOI 3a0auyi
MOJICIUBA peanizayis pi3HUX munie meyii, wo nompeodye noCmiuHoi 3MiHU PO3PAXYHKOBO20 WAOIOHY.
Bupiwennss danoi npobremu 60anoch 00CseHymu 3a608KU GUKOPUCHAHHIO YUCETbHO-AHATIMUYHO20
memody. Hucenvho-ananimuynuii  Memoo, po3poOieHUll  a8mopom 0aHoi pobomu, noKa3as
CIPOMOJICHICb PO38 A3Y8amu 3a0a4i aepoaxyCcCmuKy 1onami eeiikonmepa OJisi PI3HUX Munie meuyii, sik
nomeHyianbHux max i He nomenyiarbHux. B pobomi nasoosamvcs npuxiaou po3e’s3anHs nooioHux
3a0a4, GUKOHAHO AHANI3 3ACMOCYBAHHS YUCETbHO-AHATNIMUYHO20 MemOoOy, NOPIGHAHHS 3 ICHYIOUUMU
KiHYeso-pisHuyesumu cxemamu. 30Kpema, npeocmagieHi po3paxyHKosi wabIOHU 3ACOCYBAHMHS
Memody o0na  2-8umipnoi cmayionapHoi meuii, 3-eumipnoi HecmayionapHoi meuii, NOACHeHA
cneyughixa eubopy KitbKOCmi MOYOK Y PO3PAXYHKOGIU MONeKyni. B 3anexcnocmi 6i0 ocobiueocmi
KOHKpemHoi 3a0aui, KilbKiCmb mMO40K PO3PAXYHKOBOI CIMKU MOACe 8aPIIOBAMNIUCY SIK Y3008HC POZMAXY,
maxk i nonepex aonami. e dae 3mo2y Haraumogysamu 4UCeTbHO-AHANIMUYHUL MEMOO N0 KOJCHY 3
3a0ay, wjo po3e’szyemvcs. llpu ybomy euxomyemvcs cmiuKuil po3paxyHox, a 30I0CHICMb Memooy
Wopaszy BUKOHYEMbCSA ABMOMAMUYHO HA NIOcmasi i0ei camozo YucerbHO-AHANIMUYHO20 Memooy.
Pospobnenuii asmopom memood 0036015€ GUKOHYBAMU HUCETbHUL PO3PAXYHOK WYMY pomopa
eenixonmepa 05 PI3HUX PENCUMIB 11020 pobomu.

Mema cmammi. Memoio danoi pobomu € aHAi3 ICHYIOUUX YUCETLHUX CXEM PO3PAXYHKY ULYMY
aepoOUHAMIYHO20 NOXOONHCEHHS pomopa celikonmepd.

Memoou oocnioricennsn. Teopemuunuii AHANI3 iICHYIOYUX YUCETLHUX CXEM.

Pe3ynomamu  docnioxycennsn. Bussneno eiocymuicmes €0UHO20 HUCETbHO2O NIOX00Y 00
PO38’A3aHHA 3004y 2eHepayii wymy aepoOuUHaAMIiYH020 NOX0ONICEHHs pomopa 2eiikonmepa. Y axocmi
P038’A3aHHs 0aHOI npobremMuy NPONOHYEMbCS YUCETbHO-AHATIMUYHULL MemOo0, PO3POOIEHU a8MOPOM
dawnoi pobomu.

Bucnoexu.

YV oaniti pobomi suxonano 00CaiOHCceHH MeMOOI8 YUCETbHO20 PO3PAXYHKY ONUICHLO2O 36YKOB020 NOJIS
eenikonmepa, KOmMpi SUKOPUCMOBYIOMbC Osl  PISHUX  (DISUMHUX MOOeell. NOMEHYIAIbHA medis ma He
nomenyianbHa meyis.
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Ilposedenuii ananiz nokazas, wo €OUHO20 Memoody, KiHYe8O-pizHUYe6oi cxemu, O/ PISHUX Mooeael
meyii 00 cux nip He 6Y10: KOJCHA 3 HABCOEHUX YUCETbHUX CXeM PO38 SA3V8aNd UULe Ne6HY 3a0ayy.

Toxazano, wo uucerbHO-AHANIMUYHUL MemoO 30ameH po36’sa3yeamu 3a0adi 2eHepayii uiymy
eenikonmepa OJisL Pi3HUX MUnie meuii, IK NOMEHYIAIbHOL, maK i e nomenyianvhol. I ocobnusicms memooy
00360J1€ BUKOPUCTMOBYBAMU U020 OISl PIZHUX 3A0ad 3 MOOEIOBAHHSL ULYMY AePOOUHAMINHO20 NOXOONCEHHSL.

Knrouoei cnoea: wym pomopa ecenikonmepa, HUCeivbHi Memoou, YUCENbHO-AHATIMUYHULL
Memoo.
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PO3POBKA BEB-OPIEHTOBAHOI'O IHCTPYMEHTAJIBHOI'O CEPEJOBHUIIIA
JJIsA KEPYBAHHSA PO3KJIA/IOM 3AHATDH

YV oawii cmammi npedcmagneno pospoOKy  6e6-0pieHmMOB8AH020  IHCIMPYMEHMATbHOZO0
cepedosuya O eeKmuUBHO20 Kepy8ants po3KIA0OM 3aHAMb 8 HABYATbHUX 3aKAA0ax. 3poCmanis
KIMbKOCMI V4HI6 Ma 6UKIAOAYi6 V CYHACHUX OCGIMHIX YCMAHOBAX CMASUMb Nneped KepieHUYmMeoMm
BUKIUK 8 eheKmUeHOMY NIAHYBAHHI MA VHUKHEHHI KOHQIIKMIE y 2pagiky HAGYANbHUX 3AHAMD.
IHpoepamuuil incmpymenm, wo NPONOHYEMbCS, HAOAE 3PYYHUL IHmepghelic Ons CKAAOAHHSI Ma
OHOGAEHHS PO3KIAOY, 00360IAIOUU 6PAXOBYEAMNU DIZHOMAHIMHI 0OMEIICEHHS, HAABHICMb PI3HUX 2pyN
cmydenmis, uxnaoavie ma ayoumopii. Ilpusnauenuil iHCmMpyMeHm 0onomMazac asmomamusyeamu
npoyec NIAHY8AHHSA, 3d0e3neyye ONMuUMAibHe DPO3NOOINEeHHs pecypcié ma O0NOMA2a€e YHUKHYMU
NOMUJIOK, WO MOXMCYMb SUHUKAMU NPU CKAAOAHHI pO3K1ady 6pyuyHy. Pesynsmamu excnepumenmis
niOMBEPONCYIOMyb epeKMUBHICG 3aNPONOHOBAHO20 THCIPYMEHMY ma nepesazu GUKOPUCIAHHS 6e0-
MEXHOA02TI 0151 KEPYBAHHSL POZKAAOOM HABUATLHUX 3AHMDb.

Knrouoei cnoea: posxnad, aemomamuyna 2eHepayis pos3Kiady, 2eHeMmuYHUl alcopumm, 6eo-
000amox.
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