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Introduction. Electrical machinery drives are used in industrial equipment manufacturing in
almost all industries. Their unscheduled stop or sudden failure are accompanied by considerable
economic losses. Especially large the losses are at powerful powerplants and facilities, that is why, the
technical diagnostics in this field is quite developed and is mandatory to prevent failures and timely
repair. Much less attention is paid to diagnosis of medium and low power plants, but their significance
in view of development of stand-alone drives and plenty of the latter, is growing. Diagnosis is mainly
performed by thermal, electrical and vibroacoustic methods, which in certain situations, such as low
temperatures, acoustic interference, etc., are not applicable or do not provide the necessary reliability
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of information [1-2]. Addressing today's challenges of diagnosis requires the use of innovative
methods and tools, including diagnostics of magnetic field distribution at the stator surface, acoustic
and even sensory methods, that involve the use of human senses (inspection, listening). This
measurement of diagnostic parameters is performed by contactless method and, importantly, in the
operating mode. But widespread adoption of such technologies in the industry is hampered by lack of
new modeling methods of energy facilities and appropriate software and hardware, that makes urgent
and important the research in the field of intellectual promoted comprehensive condition monitoring of
induction motors.

Use of diagnosing by the magnetic field distribution on the surface of the engine stator as the
main and as additional source of diagnostic information allowes more reliably assess the technical
condition and predict failure of electrical machines. The outside indirect diagnostic features are the
evidence set [3], which reflect the relationship of internal and external parameters. Such diagnostic
features may be the parameters of a stable mode, which vary according to the characteristic laws,
depending on the place of origin and type of primary faults. Each specific fault is characterized by
one or more external features. In some cases, an external sign directly indicates the presence of a
specific fault, in the other cases characterizes the fault only indirectly. That is, for the diagnosis and
prediction of electric machine and drive condition, it is necessary to know the nature of parameters
change at various primary faults and to choose from them the defining ones.

This task is solved by development of monitoring information technology that provides
recognition of the current state of induction motors directly during the technological process. An
expert system of electric motors condition estimation at the basis of external diagnostic indicators
which includes: temperature of motor elements heating, the case vibration, sound indicators of work,
magnetic field induction measured on induction motor stator surface, etc., was developed. The system
allows to carry out preliminary motor diagnostics with the issuance of recommendations about
possibility of its further operation expediency [7, 9].

Said problem is solved by constructing of information monitoring technology, which provides
the induction motors current state monitoring directly during technological process. The developed
expert system of electric motors assessment is based on external diagnostic indicators, which include:
temperature of engine elements heating, casing vibration, sound parameters, the magnetic field
induction, measured at the stator surface, etc., which allows preliminary diagnosis of engine with
issuing of recommendations on the possibility and expediency of its further exploitation [7, 9].

Experimental Verification. Experimental studies of information technology were carried out
in the production conditions, at the mining and processing enterprise of JSC "Poltava Mining and
Processing Works", Horishni Plavni, Ukraine. The induction motor that was inspected was the AKZ-
12-39-6UHL4 induction motor with nominal data: power of 320 kW, voltage of 6 kV, rotation speed

of 985 rpm, stator current 38.5A. The engine drives the conveyor belt No. 82, the SMS-2 section of
the crushing and processing plant (DZF). Conveyor No. 82 has a length of 182 m and a capacity of
3000 t/h. It transports ore from the “Barmak” crushers and drum magnetic separators.

This engine was selected as monitored object for the reason that the service personnel detected
the following abnormalities in its operation:

- acoustic oscillations with a periodic change of tone with a low frequency harmonic
component;

- the motor speed at rated load is reduced and its variations are felt. This is observed by a
slight uneven movement of the conveyor belt;

- the stator current, according to the amperemeter arrow oscillations, has a pulsating character,
with the oscillation amplitude being 5-10% of the value of the rated current.

To determine the cause of the motor operation abnormalities the stator phase current and noise
created by steady running motor were measured. The current registration was carried out by recording
the signal from high-voltage current transformer of induction motor connection cell with digital
system of electrical signals registration and visualization "Vizier-3".

Fig. 1 shows a graphical representation of the recorded motor current signal. The measured
current signal is very noised by impulse disturbances. Median filters were used to reduce the noise
level [4 - 6]. The filtered signals are shown in Fig. 2.
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Fig. 1. Recorded motor current signal
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Fig. 2. Filtered motor current signal

As can be seen from Fig. 2, the stator current contains a periodic component which is a
diagnostic feature for determining the motor state.

An additional feature is the running motor acoustic background analysis. An electronic sound
level meter was used to register it. Acoustic background mapping and analysis was performed using
specialized Wavosaur software (Fig. 3, 4).

I
Master: 00:00:00:000 00:00:09:447 00:00:18:554 00:00:28:341 00:00:37: 785 D0:00:47:235

00
0% 3

Fig. 3. Signal of running motor acoustic background

It is very difficult to conclude the presence of a periodic component in the acoustic signal
visually. So the low-frequency component of the acoustic signal was selected (Fig.4).

Master: [ 00:00:09:447 0D:00:18:8%4 00:00:28:341 00:00:37:788 00:00:47:235

-12
00de

w0z G

Fig. 4. Low-frequency component of the background acoustic signal

To sum up, we note that obtained data contain diagnostic features: current oscillations, the
acoustic signal contains a periodic low-frequency component with a frequency about 0.16 Hz. The
spectral components of the phase current and the acoustic signal are almost identical. The slight
difference is caused by the shift after filtering, because the filtering algorithms are different. The
program window with acoustic signal display and calculation information is shown in fig. 5.
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Fig. 5. The window display of the acoustic signal and the calculated information

To diagnose possible malfunction, we use a synthesized expert system. The expert system
contains a database of symptoms, causes and recommendations for similar operation mode (Table 1).

Table 1. Symptoms, Causes and Recommendations diagnosed mode.

Symptom

Reason

Recommendation

The rotor speed is
reduced and
oscillatory;  the
stator current is
pulsating

Poor contact in the rotor circuit:

1. Poor contact in the frontal parts windings,

the transition resistance between the rods or
the connection between parallel groups

check all
solderings;

rotor winding

2. bad contact in winding connections with

contact rings;

check busducts contacts in
the joints of winding and
slip rings;

3. bad contact in the brush machine;

grind brushes, clean contact
rings, adjust brush clamp,
check contacts of the brush
holder and adjust the clamp
evenly;

4, bad contact in connections between contact

rings and starting rheostat;

check contacts at the
connection points of the
stator wires and the starter
rheostat

5. bad contact in the starting rheostat;

insufficient ~ fitting  of
brushes, check and clean
contacts and brushes of
starter rheostat;

6. poor contact between the short-circuited

rotor cores and the short-circuiting rings
due to the cores separation from the short-
circuiting rings or the cores rupture.

find the breakage, solder or
replace the bursting rod

The selected features were introduced into the program "Expert System of Electric Motor
Failures Diagnostics™ and their reasons and recommendations for their elimination were received.

RS Global
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Fig. 6. The results of computer diagnostic system of fault detection

To predict the engine resource and lifetime the magnetic field distribution over the stator was
measured according to scheme shown at fig. 8. The measured data are shown in Table. 2.

Table 2. The magnetic field at the inductive motor stator

Induction, mkT

Point, i 112 |3|4|5| 6 7 8 9 110 |11 |12 |13 |14 | 15| 16
Value 380(190|73(21|81| 215|368 |118 | 233|159 | 24 | 16 | 27 | 138|261 | 108

The obtained distribution of induction is shown at diagram - Fig. 7b. The points at the diagram
correspond to the points in the measurement scheme - Fig. 7a.

151
14

13

12

10 9 8

Figure 7. The magnetic field distribution at the induction motor stator: a) diagram of magnetic
induction measurements at the induction motor shell surface; b) diagram of distribution.

The program window with magnetic field induction distribution and calculated data is shown
at Fig. 8.
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Figure 8. The magnetic field distribution and calculated information
According to obtained data, the value of Buzeman coefficient was calculated by expression [8]:
k, =0.12
Relative life expectancy of induction motor isolation
z=1-k, =1-0.12=0.88.

Conclusions. For the induction motor AKZ-12-39-6UHL4 of drive belt conveyor of mining

and processing plant PJSC "Poltava Mining and Processing Plant", Gorishni Plavni, Ukraine, at the
basis of outward symptoms was found an internal damage, which, by its value of stator current, did not
cause the damage protection system switch on.

Based on the developed diagnostic system software and the accepted features of the inductive

motor: visual slight decrease in the conveyor belt speed (motor speed), the oscillatory nature of the
stator current and presence of the acoustic signal periodic component, that accompanies the rotation of
motor, an existence of rotor damage was identified. The cause of the damage is a poor contact at the
winding connections, transitions between the rods, the connection between the parallel groups, the
brush unit or the starting rheostat.

Nouosw
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Received: 14 April 2020 The essence of the process of electric arc spraying, consists in melting
Accepted: 19 June 2020 the electrodes with an electric arc and continuous separation of the
Published: 30 June 2020 liquid metal formed at the ends of the electrodes, a stream of

compressed air and dispersing it on the sprayed surface

KEYWORDS To use the periodic removal of pulsating air flow of liquid metal from the
mass of liquid metal, ends of the electrodes, it is important to solve the problem of guaranteeing
parameters of the electric arc mode, ~ the exclusion of short circuits of electrodes in the complete absence of
pulsating air flow, spray flow and constant continuous supply of electrodes to the combustion
sprayed surface. zone of the arc. short circuit and when the spray flow is turned on after a

pause will ensure the separation and transportation of liquid metal from the
ends of the electrodes on the sprayed surface.

It is important to determine the optimal mass of liquid metal and the
time of formation of a drop of liquid metal depending on the
technological parameters of the sprayed electrodes and the energy level
of the arc that melts the electrodes.

Studies of the determining factors of this process, namely the
parameters of the electric arc mode, diameter, material and feed rate of
the electrodes are presented.
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of Factors, Determining Dispersity of Coating Particles at Arc Sputtering with Pulsating Spraying Stream. World
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A method of electric-arc sputtering with a pulsating spraying air flow was developed at the
department of Automation and mechanization of welding production of Priazovskyi State Technical
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University. The method’s principle was described in previous works and the results of investigation of
technological characteristics, a substantial decrease of spraying air consumption was reasoned, as well
as reduction of alloying elements losses in the coating at electrode materials sputtering.

However, the data regarding the influence of the main factors upon the particles dispersity of
the sputtered materials are still missing. This article proposes an analytical evaluation of the mass of
dispersed particles at electric-arc sputtering with pulsating spraying flow, with regard to the adjusted
Electric arc metallization (hereinafter EAM) [5] diagram, also noted was the leading influence of
electric arc energy upon the particles dispersity.

Figure 1 represents the evaluated diagrams of the forces, acting upon the liquid metal of
electrodes at electric-arc sputtering.

Figure 1la — is the diagram for the cases with maximum action of the spraying flow at EAM, in
accordance with [11, 12] data, when

I:st. = |:j + |:el. - (1)
where Fst — is the force of surface tension of liquid metal;
Fel —the electrodynamic force;
Fj — the force of dynamic action of gas jet upon the liquid metal.

Fig. 1. The diagram of electrodes acting upon the liquid metal at pulsating injection
of the spraying flow. a — jet action; b — absence of jet action
1 — sputtered electrodes, 2 — air jet; 3 —spraying air jet; 4 —electric arc; 5 — turbulence (depression)
area; 6 — liquid metal on electrodes butts; 7 —interelectrode space; 8 — particles of sputtered metal.

Fst — is the surface tension force; Fel — the electrodynamic force; Fj — the force of gas jet acting upon the
liquid metal; F, — the force of turbulence (depression) action at electrodes streamlining by the gas jet.

In case of absence of jet action (see Fig. 1b) the following forces action at removal of
emerging liquid metal from the surface of electrodes butts takes place:

-~ —

Fo< F, . @)
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The aggregate correlation of forces, acting upon the liquid metal of electrodes butts at
pulsating spraying operation flow [7] is represented by the expression (3):

I:p = I:sep. + I:el. + I:st (3)
or for the condition with removal of liquid metal from electrodes butts
I:p - I:st T (I:el. -+ I:sep.) (4)

Now, let us consider the action of forces upon the liquid metal for the case when the action of
the spraying jet at the interval is absent. We shall determine the value of the force of surface tension.
According to the data provided by B.E. Paton and P.P. Sheyko [7] the value of the force of surface
tension for ball surface of a drop on the electrode’s butt can be determined from equation by means (5):

2G
F, = 7R3 (5)

st.

cur

where R__ —isthe radius of curvature of the surface of the drop, in cm,

cur
R% — the electrode radius, cm

G — the value of surface tension, cm

The value of surface tension G is reduced nearly linearly with the temperature, turning into
zero at the critical temperature and can be determined according to Etvesh’s formula. According to the
data provided in the work [7] with regard to the electromagnetic system, formed by electrode stick-out
distance and the arc column:

I:st. :2,1(Tcr If) , (6)
(ee- )7
v

where T, or — is metal critical temperature, °K (is determined by Humberg’s collapse 7', =32Tkin)

T — metal temperature at a particular time instant, °K
¥ — metal specific gravity g/cm?®
M - — metal molecular weight.

Taking into account the main regularities of electrodes melting at electric-arc welding and arc
metallization and also the results, obtained by the authors in [5,6], it is possible to maintain that the
liquid metal at electrodes melting is formed due to arc’s power parameters and it moves, under the
action of forces towards the electrodes butts with subsequent sputtering by the gas jet. The
photographs of electrodes butts, pictured in Figure 2 at a momentary stoppage of the electric arc action
allow us to maintain that the liquid on the electrodes butts possesses the shape close to semi-ellipsoid.

Fig. 2. The character of electrodes butts meltback at arc metallization
with solid wire Ce-08I'2C, 2 mm in diameter;
1 - liquid metal on electrode butt — the anode; 2 — liquid metal on electrode butt —the cathode

With due regard to the described above an analytical electromagnetic model with steel
electrode and electric arc is proposed in Figure 3.
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A-A
section of the
arc column

Y

dbl cos
- T—

Fig. 3. Electromagnetic analytical model, formed by electrodes and the arc column.
I« — is the welding current, Li,L, —self-inductances, M1, —mutual inductance de — electrode’s
diameter, d.., — arc column diameter, 6., — the bigger half-axle of the arc column, Reuy — radius of the
electrode’s butt curvature ,I — electrode stick-out distance, x — arc length. .

On the basis of measuring of the parameters of electrodes butts after a momentary stoppage of
spraying and the analysis of the films of rapid shooting it was found that the value of ¢ could vary
within the limits of é~dy...2dw, See the diagram in Figure 4.

The value of the half-axle of semi-ellipsoid is variable and depends upon the rate of
electrode’s melting and the electrode’s material [7].

The value of the surface tension force, acting upon the liquid metal on the butt of the electrode at
electric-arc metallization is determined from the expression below, with regard to [5 and 6]

_ 4’2'(Tcr_T)'F;ec
Fst. - 1 % (7)
(/’l'i) 'Rcur
Y

where F,. — is the area of the front section of electrode melting with the shape of an ellipse with

axes parameters

d, )
=——¢e Figure 4 8),
2 ¢ 2sinw (Fig ) ®)

view A VA

dbl/

! dbl sin e
e

—

Fig. 4. An analytical model of the butt of a solid electrode for evaluation of Mjigm
1 —is the electrode, 2 —the liquid metal on the butt of the electrode, a, 6 —axles of the semi-ellipsoid.
zd2
then F. =mae =—-"2 9
see 4sin o ®)
or we may finally write that:
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2 —_—
Fst. _ 2’1 7T del (Tcr T) (10)

2(/"'7];)% 'Sinw'Rcur

For determination of the value of electrodynamic force which compresses the electrode and
tries to separate the molten metal from it the method is applied, its essence being the following
[7]:electrode’s stick out distance and the arc are considered to be two conductors with Ia¢, current
forming the system, its magnetic energy is equal to:

ol
W = _—3ac , 11
where o = o+ 0‘2+2M1,z — general inductivity of the system (see Figure 4).
The electrodynamic force, tending to alter the mutual location of two conductors can be
determined by changes in the energy of the magnetic system:

. R.
I:el — an — /LlO ]arc In J
ox 4.7 R

where Lo — being the absolute magnetic air permeability;

R — the radius of the arc column.

It is obvious from the equation (12) that the electrodynamic force is in square dependence
upon the arc current and is raised along with the increase of the diameter of its column and the
decrease of the electrode’s diameter. In [8] an expression for determination of the value of the
electrodynamic force was proposed, which largely corresponds to the applied analytical model:

I,__2 -
A+ 4,6-19-5) = Al,,” A+2,3-1g 'iL') (13)

el j

(12)

el

I:el = Al arc
where A — is the coefficient, equal to 0.005 din /A?, according to the data, provided in [10]

larc — the value of the arc current, A

Ij — the radius of the arc column, cm

I'el — the radius of the electrode, cm

ij — current density of the arc column, A/cm?

lel —current density on the electrode, A/cm?

With regard to the analytical model, represented in Figure 4 for a solid electrode at arc

metallization, for ,; we may write down through current densities:

I
I:el = Alarc2 (1+2’3|g ie_l) (14)
i
For solid electrodes the current density, according to the data provided in [8] will be determined
through re

oy = 5 (15)
The current density of the arc column will be determined on the basis of the model, Figure 4,
according to A view we assume the arc column possesses the shape of an ellipse, with the bigger axle

w
equal to 26, = 26 -cos — and the smaller one equal to 2a = de, thus, we have
2
d, w
6ol = - cos —
2sinw 2
2
. zd w Tr @
Now we determine  F;, = zae; = e .g-cos —=—"—cos —
2 Sin@

The current density in the arc column, with regard to the obtained expressions will be equal to:
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. @
. l,..Sinw 2l SIN 2
IpOl - - 2 (16)

a
zZr2cos — A
2

By inserting the obtained expressions into the original equation (14) we will finally have for
our case:

P, = AI,>(1+2,3-Ig ;) (17)

Zsing
2

I.e. we will get the equation for determination of the value of P

On the other hand, by assuming that on the butt of the electrode (at the first stage) the liquid
metal has the shape of semi-ellipsoid, its maximal volume being equal to [9], Figure 4:

2
Vo sel = gﬂaec, (18)

d,
where a — is the smaller half-axle of ellipsoid a = ? =TIy

_da
2sino
Applying the obtained expressions we can determine the value of half-axles of the semi-ellipsoid of
the liquid metal on the butt of the electrode ¢ and ¢ by means of thermalphysic melting indices and

parameters of the sputtering mod, as the half-axle « is a constant value, equal to a half of the
electrode’s diameter. Let us, now, establish the dependence:

€ = f(Tb’Tliqm’Iarc77/’M>w-)'u'c=f(vel’f’w-)

For the case with the biggest quantity of liquid metal on the electrode’s butt, preceding separation by
means of Pg it is possible to write down:

¢ — the bigger half-axle of ellipsoid & =

Pst = el (19)
By inserting the value from equations (10) and (18) we will have:
4’2'(Tlcr2_T)”'ab < A2 (1+2,31g—t ) (20)
(/’li)é . Rcur ZSing
¥V 2

3
Having expressed 7', = ETb we will obtain that ¢ — the bigger half-axle of the ellipsoid will be
determined from the equation:

(ar2.309 - )Ry,
2sin ?
b= 21
21-7-d,-1,5-7,-T7) (1)

¢ — is the second small half-axle of the ellipsoid.

The value of ¢ — can be determined as the thickness of the liquid layer at the discharge
(pushing out) of the liquid metal from the electrode’s butt. According to the data, provided in [9] the
thickness of the liquid layer on the electrode’s butt can be determined from this equation:

V

| = Yo
£ (22)

where Vg —is the arte of feeding of dispersed electrodes, cm/sec;

arc
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f — the frequency of liquid metal discharging (determined according to oscillograms or shooting
data). The discharging frequency can be taken with regard to the data, provided in [17], the discharging

time at being equal to ty, =5,73-10 " sec, then f = %104 =0,174-10* =1740 rev/sec.

| value can fluctuate within the limits: 0 <1=<¢
For evaluation of ¢ we have:

c=1="Ye (23)

By inserting the obtained expressions into the original equation (18) we’ll get, with due regard
to the fact that the liquid metal on the electrode’s butt acquires the shape of a semi-ellipsoid (Vo sel)

Ve 'A\Iarc2 (1+ 21 3- Ig ;)(ﬂ ° i)% ) R(:ur
Zsin? r
0-5el 6,3-f(,5-7,—17) (24)

The mass of the liquid metal pushed out upon the electrode’s butt will be equal to (assuming
that M =V -}) for asolid electrode

cur

Al 2V, y(@A+2,3-1g— Ty -H% . R
2sin = 4
Myigm = 2 (25)
. 6,3- FT(L5- 7, — Tyigm )
In the expression above the values represent physical characteristics of the electrode or
parameters of the sputtering mode. The value Tiigm can be found in literature [7, 8].

It is not difficult to see that R, = f(@,6,c,d, ), i.e. it depends upon the value of the

liquid layer of the angle between the sputtered electrodes and the diameter of the sputtered electrodes,
with regard to [7].
Applying the diagram pictured in Figure 4 we can determine:
V,
I:acur = - H (26)
2 f sin?(arctg 2Ve'lemv)
el

Thus, we have received the equation that enable us to determine the radius of the curvature of
liquid metal, depending upon the rate of electrodes feed, their diameter and the angle between them.

It follows from the data, contained in formula 26 that with growth of the angle between the
electrodes — @W - the value of the curvature radius decreases, it leading to an increase in the thickness
of the liquid layer upon the butt, a similar influence has acceleration of the rate of electrode feeding as
acceleration of the feeding rate, as a rule leads to an increase in mass of the molten electrode metal as
well as in the thickness of the liquid layer.

An increase in the frequency of spills and in electrodes diameter leads to growth of the
curvature radius of the surface of the liquid metal on the electrodes buitts, it, probably, being connected
with a decrease in the thickness of the liquid layer. The performed investigations showed that the
obtained equation reflected actual conditions of electrodes melting and could be applied for
calculations. By inserting the received value of Reuy from (26) into the original equation (25) and after
rearranging it we will have:

Alarczvely(l_'_ 2,3- Ig ;)(# . i)% -R
2sin < 7
mqum = 2 2 H (27)
12,6- f2(@,5-7, — 7Tqn) sin?(arctg W)

2

cur

where A —is a coefficient, equal to 0.005din /A? (the data obtained from [10]);
.. —the value of arc current, A;

¥ —the density of electrode metal, g/cm? (for Fe= 7,6 g/cm?®);
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@ - the angle between the sputtered electrodes, @ =30°;
1

1100
according to the data, provided in [17] t, =5, 73-107 sec (for steel), f =1740 sp./sec;
M —intensity (26.9)
T, — boiling temperature (-2,550°K, Al — 1000°K)
Tyqm — liquid metal temperature (for Fe — 1,535°C)

f — the spills frequency, assumed to be, f =1,100 sp/sec, t, = =9.10"*sec.(Al) or

V, —electrode feeding rate, cm/sec (the main rate 5 cm/sec)

The obtained expression can be applied for determination of the mass of metal, accumulating
on the electrode butt at arc melting.
It can be clearly seen from the determined expression (27) for evaluation of the mass of the

liquid metal upon the butts of the electrodes that m,;,., depends on the parameters of the mode of
electric arc sputtering, the liquid metal temperature on the electrodes butts and properties of metal.

The results of calculations and graphical plotting are summarized in the nomogram of dependence
of My, for electrodes the cathode and the anode upon the parameters of electric arc sputtering, pictured in
figure 7. It can seen in the nomogram that with an increase in arc current the mass of liquid metal on the
electrodes butts is increased at the same spillage frequency, it being caused by energy increase, generated in
the arc. On the cathode the value of liquid metal is by ~3,5-10 kg greater than on the anode for electrodes

2mm in diameter and by ~5-10° kg for electrodes 2.5mm in diameter, this is likely to be caused by
different temperature level. For optimal current values for electrodes 2mm in diameter (1,=200 A) the value

of liquid metal mass on the cathode is Mgy ~16,5-10° kg and on the anode Myigm ~13,5-10 kg, for

electrodes 2.5mm in diameter (larc = 250 A) these values are My, =31,6-10° kg and My, =28,4-10° kg

respectively. The level of values of liquid metal mass on the electrodes butts is increased with an increase
of the electrode diameter.

UsrB
36
dy= 25MM 24 d= 2.5um
32
30
” \dw: o
a
Kf g rl-{ 2500 2000| 1500 26 \
f, My 7000 900 800 700 600 500 1 2 Iy 4/ _
655 - B, my/min
m,.. 107
Tigm s | .l
45 1 / 'Jldbj.': 2, SMM
40 +
35 + -
30 -
d, = 2mMMm
o5 | b
20 +
15 -
10 -
5

cathode
— — = anode

Fig. 5. Nomogram for evaluation of liquid metal mass on the butts of electrodes (anode and cathode)
in dependence of the mode parameters of electric arc sputtering, the wire 06X18H9T dw =2,0; 2,5 mm.
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The dash-and-dot lines on the nomogram show the values liquid metal mass on the cathode. At
the raised current values, when the spillage frequency of liquid metal is increased the value of the
mass of liquid metal is less than on the anode at the equal mode parameters and is for electrodes 2mm

in diameter larc =220...320 A My, =15...34-10° kg.

This investigation does not take into account the influence of the spraying stream upon dispersity
of the coating particles. Still, in [11,12,14,15 et al.] works there are expressions, that take into account
the influence of the spraying stream upon the dimensions and mass of the sputtered material.

Represented below are the results of investigation of the frequency of pulsations of the
spraying flow upon the particles dispersity, with the objective of determining the influence of the
frequencies of pulsations of the spraying stream upon the value of particles mass:

Fig. 6. The microstructure of coatings depending upon the number of pulsations of compressed
air, *x50: a— without pulsations, b —pulsations equal to 43 Hz, ¢ — pulsations 65 Hz, d — pulsations
105 Hz (powder wire ITTT-MM-2)

The microstructure of coatings obtained at different frequency of the pulsating air-spraying jet
with application of powder wire ITIT — MM — 2 is shown in Figure 6. It can be easily seen in the
photographs that the coating microstructure is practically not changed when the number of pulsations
is altered. The coating structure is not homogeneous when there are no pulsations in the air-spraying
flow and has a lot of particles of different shape. Particles dispersity was also determined using the
method, described in [16], by trapping the sprayed material in a vessel with water. The sprayed
material was collected, dried and sieved through a set of sieves with different diameter of holes.

We determined the weight of each fraction in the experimental portion of the sprayed material

M exp
n=——100% (26)

fr
where M., —is the material mass determined on the basis of the results of the experiment, in g

M, — the mass of fraction particles, g

The experiments were conducted for jet pulsation frequencies 0, 20, 40, 60, 80, 100, 120 Hz.
The results of the fractional analysis for 10I"20Bb steel grade are shown in Figure 7.

The character of changes in fractional particles dimensions at spraying of solid section wires is
not essentially changed at approximately equal ratio of fractions n for different frequencies, as energy
indices of the material spraying remain unchanged as it was shown earlier.
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Fig. 7. The character of changes in particles dispersity of particles, depending on the frequency
pulsations at EAM with application of a pulsing spraying jet, the sprayed material being -7072C

The represented results allow us to arrive at the conclusion that the energy of an electric arc is
the factor determining the particles dispersity at electric arc sputtering with a pulsating spraying
stream. At collecting of liquid metal on the butts of the sputtered electrodes, when Fg < F¢ the liquid
metal due to the acting Fe is pushed into the sprayed air flow. At low frequencies (20-30 Hz) of air
supply an increased collecting of liquid metal is possible in the absence of the flow acting, it leading to
growth in particles dimensions or to a short circuit. At medium frequencies (40-60 Hz) the time of
formation of liquid metal on the butts of the electrodes coincides with the frequency of impulses of the
spraying stream, the dimensions of the particles being optimal, just like at impulse-free spraying. At
increased frequencies the flow action apparently takes place when the liquid metal has not been
accumulated yet during the pause and its tearing off with an air stream is done at the recurring
(repeated several times) action of the spraying stream. At that the value of the mass of liquid metal is
determined by the arc energy and no essential influence of the frequency of the pulsating stream upon
the particles dispersity is supposed. It also should be taken into account that the level of the energy of
the spraying stream is not changed, as the shape and size of the jet of the metallizer, gas temperature
and pressure, flow conditions remain constant at pulsating electric arc sputtering.

Conclusions.

1. The method of melting of sprayed material is proposed at pulsating action of the sprayed stream
as well as a scheme of electrodes butts action upon the liquid metal with and without air spraying flow.

2. It was found the level of electric arc energy at constant jet parameters and characteristics of
gas flow was the critical factor for the coating particles dispersity.

3. Metallographic analysis and the methods of fixation of dispersed particles in a vessel with
water allowed us to assert that at sputtering of wires with solid section application of a pulsating
stream could not exert any essential influence upon the fractional composition of the sprayed material,
as the mass of particles was determined mostly by energy indices of the electric arc.
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Introduction. Many problems in mathematics, physics, biology, economics, and other
sciences are reduced to nonlinear equations or systems of such equations. The equations may be
algebraic, ordinary differential or partial differential and systems may comprise the equations of one
type, but may include equations of different types. The solutions of these equations and systems
subdivide into regular and singular ones. Near a regular solution, the implicit function theorem or its
analogs are applicable, which gives a description of all neighboring solutions. Near a singular solution,
the implicit function theorem is inapplicable, and until recently, there had been no general approach to
the analysis of solutions neighboring the singular one. Although different methods of such analysis
were suggested for some special problems.

Main Part. We develop a new calculus based on Power Geometry [1, 2, 3, 4]. Here we will
consider only to compute local and asymptotic expansions of solutions to nonlinear equations of
algebraic classes as well as to systems of such equations. But it can also be extended to other classes
of nonlinear equations for such as differential, functional, integral, and integro-differential [7].

Ideas and algorithms are common for all classes of equations. Computation of asymptotic
expansions of solutions consists of 3 following steps (we describe them for one equation f = 0).

1. Isolation of truncated equations fj(d) = 0 by means of generalized faces of the convex
polyhedron I'(f), which is a generalization of the Newton polyhedron. The first term of the expansion of
a solution to the initial equation f = 0 is a solution to the corresponding truncated equation fj(d) = 0.

(@)

2. Finding solutions to a truncated equation f] = 0, which is quasi homogenous. Using

power and logarithmic transformations of coordinates we can reduce the equation f].(d) = 0 to such a
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simple form that can be solved. Among the solutions found we must select appropriate ones that give
the first terms of asymptotic expansions.

3. Computation of the tail of the asymptotic expansion. Each term in the expansion is a
solution of a linear equation that can be written down and solved.

Elements of plane Power Geometry were proposed by Newton for algebraic equations (1670).
Space Power Geometry for a nonlinear autonomous system of ODEs was proposed by Bruno (1962)
[1]. Thus, now it is exactly 50 years for the Newton polyhedron.

It is clear that this calculus cannot be mastered during this paper. We will try to summarize our
ideas and in the next paper, we will consider this problem and give algorithms for nonlinear systems of
algebraic equations.

Algebraic equations [2, 3].

In this paper, we consider a polynomial depending on three variables near its singular point
where the polynomial vanishes with all its first partial derivatives. We propose a method of
computation of asymptotic expansions of all branches of the set of roots of the polynomial near the
mentioned singular point. Now there are three types of expansions. The method of computation Is
based on space Power Geometry. All examples are for polynomials in two variables.

Let X = (x;,x5,%3) € R30r C3 and f(X) be a polynomial. X° is called to be singular for the
set F = {X : f(X) = 0} if all the partial derivatives of the first order of the polynomial f vanish at the
point X° and f(X°) = 0.

Consider the following problem. Near the singular point X° for each branch of the set F, find a
parameter expansion of one of the following three types [6].

Typel
[ee] [ee] [ee]
X, = 2 bkvk, X, = 2 ckvk, X3 = Z dkvk,
k=1 k=1

where by, ¢y , dj, are constants.
Type 2

X, = Z bpquPv1, Xy = Z CpquPv?,  x3= Z dpquPv?,

where by, ¢,q, dpg are constants and integer points (p,q) are in a sector with the angle less than z.
Type 3

% = Z BV, x, = Z ve@vE,  xs = Z 5 (W,

where S (w), v (W), 6k (u) are rational functlons of uand /¥ (u), and zp(u) is a polynomial in u.

Objects and algorithms of Power Geometry.

Let a finite sum be given (for example, a polynomial)

f(X) =Y foX? over QE€S, (4.1)
where X = (x;,%,%3) € R%, Q = (q1,92,q3) € R® and X© = x{'x]?xJ®, f, = const € R.

To each of the summand of f the sum (4.1), we assign it vector power exponent Q, and to the
whole sum (4.1), we assign the set of all vector power exponents of its terms, which is called the
support of the sum (4.1) or of the polynomial f(X), and it is denoted by S(f). The convex hull of the
support S(f) is called the Newton polyhedron of the sum f(X) and it is denoted by I'(f).

The boundary oI' of the polyhedron T'(f) consists of generalized faces F]@

of various
dimensions d = 0, 1, 2. Here j is the number of a face. To each generalized face F}d), we assign the
truncated sum fj(d) X) = ZfQXQ over Qe F]@ NS).

Example 1. We consider the polynomial f(x,y) = x5 + y® — xy?. Support S(f) consists
from points Q:=(5,0), Q>=(0,5), Qs=(1,2).

The Newton polygon I'(f) is the triangle Q: Q: Qs (figure 1). Edges and corresponding
truncated polynomials are

rD . pO s 2 PO fDoys 2 D D _ys 4 s

Let R3 be a space dual to space R3 and S = (51,52, S3) be points of this dual space. The scalar
product
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(Q,5) = q151 + 425, + q353 (4.2)
is defined for the points Q € R® and S e R3. Specifically, the normal external N to the generalized
face T'? is a point in R2,

The scalar product (Q, N, ) reaches the maximum value at the points Q € F,((d) NnS,ie., atthe
points of the generalized face F,((d). Moreover, set of all points S e R3, at which the scalar product
(4.2) reaches the maximum over Q € S(f) exactly at points Q € F,Ed) , is called the normal cone of the
generalized face I''“) and is denoted by U'®.

Example 2: (cont. of Example 1). For faces F,((d) of the Newton polygon I'(f) of Figure 1,
normal cones are shown in Figure 2.

For edge F}l) j =1,2,3 normal cone Uj(l) is a ray orthogonal to its edge. For vertex F](.O) =Q;=

R;, j =1,2,3 normal cone is open sector between rays orthogonal to edges F}l) adjacent to vertex R;.
Theorem 1. If fort — oo the curve
x1 = bt51(1 4 (0)), x, = ct2(1 + (0)), x5 = dt53(1 + (0)) (4.3)
where b, ¢, d and s; are constants, belongs to the set Q, and the vector S = (s4,S,,53)€ Ul((d), then the
first approximation x; = bt®1, x, = ct%2, x3 = dt’3 of the curve (4.3) satisfies the truncated equation
%) =o.
See the proof of the theorem in the paper [2, 3].

Fig. 1 Fig. 2

The truncated sum fj(o) corresponding to the vertex FJ(O) is a monomial. Such truncations are

of no interest and will not be considered. We will consider truncated sums corresponding to edges F}l)

and faces FJ(Z) only.
Power transformations have the form
logX = alog?, (4.4
where logX = (logx;,logx,,logx3)T, logY¥ = (logy;,logy,,logy;)T, « is a nondegenerate
square 3 x 3 matrix (a;;) with rational elements a;; (they are often integer).
The monomial X© is transformed to the monomial Y9t by the power transformation (4.4),
where QT = aTQT. Power transformations and multiplications of a polynomial by monomial generate

the affine geometry in space R3 of vector power exponents of polynomial monomials. The matrix «
with integer elements and det &« = +1 is called unimodular.

Theorem 2. For the face I‘j(d), there exists a power transformation (4.4) with a unimodular matrix

a which transforms the truncated sum fj(d) (X) into the sum in d coordinates, i.e. f].(d) X) = YQ'h(Y),
where h(Y) = h(y,) ifd=0, h(Y) = h(y,y;) ifd=2. Here Q' = q}, q%, q5€ R® and other coordinates
y2,y3 ford =1, for d =2 are small. For the polynomial fj(d) (X) the sum h(Y) is also polynomial.

The proof of this theorem is similar to the proof of theorem 3 in the paper [2].
The cone of the problem K is a set of such vectors S = (s4, s, 53)eR? that curves of the form
(4.3) fill the part of the space (x4, x5, x3), which must be studied. So, our initial problem corresponds
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to the cone of the problem K = {S = (s, 55,53): S < 0} in R3, because x;, x5, x5 = 0. If x; > oo then
s; > 0 in the cone of the problem K.
Example 3. For variables X, y near origin x =y = 0 cone of the problem is the quadrant IlI:

{K3 = s;s, > 0}. In Figure 2 some cones of the problem K; intersects several normal cones U]Q). E.g.
Ks intersects Uil), U;D and Ugo), Ugo), Ugo). K1 intersects Ugl), U(lo), U;").

Let’s give a step-by-step algorithm for solving the problem.
1. We compute the support S(f), the Newton polyhedron I'(f), its two-dimensional faces

F}Z)and their external normal N;. Using normal N; we compute the normal cones U} to edges 1“;(1).

2. We select all the edges I'™) and faces T'?

J
problem K. It is enough to select all the faces FJ(Z), which external normal N;j intersect the cone of the

, which normal cones intersect the cone of the

problem K, and then add all the edges F,El) of these faces

a) For each of the selected edge F,(cl), we fulfill a power transformation X — ¥ of Theorem 2
and we get the truncated equation in a form h(y;) = 0.

b) We find its roots. Let y? be one of its roots.

c) We fulfill the power transformation X — ¥ in the whole polynomial f (X) and we get the
polynomial f; (Y).

d) We make the shift z; = y; —y?, z, =y,, z3 = y; in the polynomial f;(Y) and get the
polynomial £, (Z).

3. If y? is a simple root of the equation h(y;) = 0 then, according to Implicit Function
Theorem, it corresponds to an expansion of the form y, =}, apqy’l’yg where a,, are constants. It
gives an expansion of type 2 in coordinates Y.

4. For each of the selected face Fﬁl), we fulfill a power transformation X — ¥ of Theorem 2
and we get a truncated equation in the form h(y,,y,) = 0. We factorize h(y;,y,) = 0 into prime
factors. Let h(y;,y,) = 0 be one of such factors and its algebraic curve has genus p.

5. If p = 0 then there exists birational uniformization y; = é(z,), vy, = n(z,) of this curve.
We change variables y; = é(z,) + 21, ¥» = n(z) and then h is divided by z:. We change variables in
the whole polynomial f (X) and get the polynomial f,(Z) & £,(Y) = f (X)

If R(y,,y,) is a simple factor of h(y,,y,) then roots of the polynomial f,(Z) are expanded
into series of the form

7y = Y= ak(Zz)Zéc (4.5)
where a, (z,) are rational functions of z,. It gives an expansion of type 3 in original coordinates X.

If A(yy,y,) is a multiple factor of h(y;,y,) then we compute the Newton polyhedron of the
polynomial f,(Z), compute the cone of problem K, = {S:s,,s; < 0} and continue computations.

6. If p = 1 (elliptic curve), there exists the birational change of variables y;,y, = z;, z,,
transforming h(y;,y,) = 0 into the normal form z? — 1 (y,), where v is a polynomial of order 3 or 4.

If p > 1, we distinguish hyper-elliptic and non hyper-elliptic curves. The hyper-elliptic curve
is birationally equivalent y,,y, — z;, z, to its normal form zZ — y/(y,) , where v is a polynomial of
order 2p +1or 2p + 2.

If factor A of h is simple we get expansions of solutions of equation f£,(Z) = 0 into series
(4.5), where ay, are rational functions of z, and /Y (z,). We get the expansion of type 3 in original
coordinates X.

If R(yy, ) is a multiple factor of h(y,,y,) then we continue computation for f,(Z) as above.

In this procedure, we distinguish two cases:

1. Truncated polynomial contains a linear part of one of the variables. The generalization of
the Implicit Function Theorem is applicable and it is possible to compute parametric expansion of a set
of roots of a full polynomial.

2. Truncated polynomial does not contain a linear part of any variable. Then the Newton
polyhedron for a full polynomial must be built and we must consider new truncated polynomials
taking into account the new cone of the problem K.
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Example 4 (cont. of Examples 1-3).

1. For edge Fgl), we get a truncated equation x> — xy? = 0i.e. y = +x2. Itis case 1, and this
asymptotic form is continued into power expansion of branch

y=+x%+ Z by x?¥
- - - k:2
near the origin x =y = 0 (figure 3).

2. For edge I'", we get a truncated equation y5 — xy2 = 0i.e. y = +x/3. It is case 1, and
these asymptotic forms are continued into power expansion branches

kK
3

y = iw + Z bkx
k=2
near the origin x =y = 0 (figure 4).

Ya Ya

N

y=x y=3x

Fig. 3 Fig. 4

3. For edge 1‘(1), we get truncated equation x3 + y3 = 0. It has the simple factor x + y = 0,
i.ey = —x. Itis case 1, and the power expansion at infinity is

y=—x+ Z by xk
k=2

Fig. 5

Figure 5 shows a general view of the equation f(x,y) = x> + y° — xy2. In the neighborhood
of a singular point.

Asymptotic description of a subset of singular points of € can be obtained by the same
procedure, but we have to select only singular points in each truncated equation. As a result, we obtain
expansions of type one.

So we got the following result: If we perform calculations for 1-4 using this procedure, then at
each step we find all the roots of the corresponding truncated equations, and find all the curves of the
roots of the truncated equations with a positive native elliptic or hyperelliptic, we get a local description
of each component of the set Q adjacent to the starting point X°, in the form of expansions of types 1-3.
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Introduction. Water is the source of life and it is a building material used by all organisms,
water brings the necessary substances into the body and takes out everything unnecessary. Water is a
universal solvent. It is of great importance in a person's daily life. It is one of the most important
unchangeable resources and invaluable wealth of our planet. It has always been considered as the first
source of life. Water is used widely and in many ways. From the day of its origin, man has been
influencing the biosphere, using its resources, which has led to some changes in the biosphere. Thus
the problem of environmental protection is of vital importance, especially by means of the importance
of water. Rational use and protection of water resources is crucial.

Chemically pure water does not exist in nature. While moving in the earth's crust, water
touches many minerals, dissolves them, and carries them along the entire path of circulation. Natural
water is a solution that contains substances of different nature and condition, so the study of natural
waters requires knowledge of the basic properties of the solutions [1].

Martvili district is located in the north-eastern part of western Georgia, in the Odisha lowlands
(southern part) and in front side of the Egrisi ridge mountain (central part) and its southern slopes
(northern part). It is bordered on the north by Lentekhi, on the east by Khoni and Tsageri, on the south
by Abasha, on the west by Senaki and Chkhorotsku districts. The southern part of the Martvili area is
occupied by a lowland, which rises from 60 to 170 m from southwest to northeast. The highest point is
located at 3003 meters above sea level. To the south-west of the Martvili area lies the Askha Mountain
Massif, which is rich with karst caves, waterfalls, mineral deposits and building stones. Lebarde’s
“Chegola” and the Dviri Mountains are rich with healing mineral waters. The beautiful valleys of the
plants on the shore create wonderful relief formations, small river plains and table-lands where
excellent gardens are cultivated on the alluvial soils of hundred years. The rivers Tekhuri and Abasha,
which originate from the Egrisi ridge, flow onto the territory of the municipality [2].

The village of Nakhunao is mountainous, Elena Hill is 150 meters above sea level. Four pure
cold springs flow down from Elena Hill. The places where the springs come out from the ground are
900 meters away from each other.

Calcium and magnesium ions are the leading ions in low-mineralized waters. Magnesium and
calcium salts determine the constant and temporary hardness of water. An increase in mineralization
leads to a decrease in calcium content which is caused by low solubility of CaCO3; and CaSO..
However, the amount of magnesium and calcium in chloride waters increases because MgCOs is well
soluble in water, unlike calcium carbonate and sulfate [3]. Calcium content in river waters does not
exceed 250 mg/l. Magnesium and calcium content in underground water is much higher [4]. The
content of magnesium, calcium and iron in fresh water depends on the type of soil, the season and the
time of day or night.

One of the main tasks in the research of water composition is to determine the content of ions,
the analysis is based on the specific properties of each ion and determines their concentration. Some
ions are highly toxic, and because of their presence, water can be useless for drinking. lons may not be
poisonous, but it may worsen the physical and organoleptic properties of water. For example, iron is
not a poisonous substance, so water containing it has no toxic effects. Nevertheless, the presence of
iron ions in water is undesirable. If its content exceeds 0.3 mg / I, the water is unsuitable for drinking
and household use. Such water has a brownish-brown and metallic taste. When snow and rain water
hit the ground, it washes away sand and clay particles, this particles are difficult to be soluble in water
and therefore they stay in a floating condition. The presence of floating substances in the water makes
it useless for drinking and household use [1].

Important microorganisms in the formation of the chemical composition of water, use mainly
organic substances in the water as nutrients and transform them into minerals, Therefore, the sanitary-
microbiological research of spring, well and network waters is an interesting thing. As much as
underground waters polluted by fecal masses, which are used by humans for various purposes, can cause
intestinal infections, damage the urinary tract and genitals, or cause bacteremia, poisoning and much more.

Objective. Our objective was to study hydrochemical and sanitary microbiological research of
the Elena Hill spring waters in the Nakhunao community of Martvili Municipality.

Taking into consideration the importance of magnesium, calcium, and iron in leading the vital
processes of humans, animals, and plants’ organisms, the aim of our study was to research the content

of magnesium, calcium, iron, HCO; -is ,SOi'-is ,Cl'-is ,I'-is ,CO,, oxygen, BODs and
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biogenic elements in the Elena Hill spring waters, in the village of Nakhunao, Martvili district. The
actuality of the issue lies in the fact, that the content of the abovementioned ions was analyzed in these
waters for the first time, for which highly sensitive methods were selected.
The experimental part. Methodology for determining chemical elements in the water
Analyzes were conducted in Analytical Chemistry Laboratory of Kutaisi Akaki Tsereteli State
University. Methods tested in hydrochemical practice have been used for analysis [6].
The acidity index was measured by a potentiometric method (potentiometer pH 673- M).
The mercurymetric method was used to determine chlorides (titrant 0,01 Hg(NG,),).

Indicator diphenyl (carbazole).

Hydrocarbons were determined by the acidimetric method titrant 0.1-0.01 N HCI indicator
methyl naringerin.

The content of calcium and magnesium, as well as the total hardness of the waters being
researched is determined by the complexonometric method (Titrant 0.01N Complexon 1Il.). To
determine the magnesium ion content, we used an eriochrome black as an indicator, we created the
recommended area with an ammoniacal buffer, and we used merexide as an indicator to determine the
calcium ion. Alkaline area was created by 2N sodium alkali.

Sulfate ions were determined by the classical gravimetric method, a precipitating form is
presented by BaSO, .

Common iron in the waters are determined by photometric method after preliminary rusting in
the alkaline area (photometric reagent sulfosalicylic acid) (photoelectrocolorimeter).

Carbon dioxide gas was determined by the alkalimetric method. Titrant 0.1-0.01N NaOH .
Indicator Phenophthalene

We determined the oxidization by the permanganatometric method (oxidant 0,01 N KMnO,,

acidic area. titrant 0,01 N H,C,0,).
Oxygen content and BODs were determined by iodometric method (titrant 0,01 N Na,S,0O,in
an alkaline environment Mn(OH), oxidized by oxygen dissolved in water and transferred to a four-

valent manganese compound, which is formed in the presence of excess Kl in the acidized solution I,).
The dry residue was determined by the classical gravimetric method.
lodine ion was determined by the Reznikov method [7] (Titrate 0,0IN Na,S,0,). Oxidized

was accompanied by prepared bromine water.
Biogenic substances were determined by photometric method: NO, membrane reactive,

NO, sodium salicylate, NH, — Nesler's reagent, POf’ —ammonium phosphormolybdate. Sanitary-

microbiological research of the studied water were carried out in the laboratory of microbiology of
Akaki Tsereteli State University of Kutaisi and the examination laboratory in “Microbiology” Ltd.
Mesophilic aerobes and facultative anaerobes, common coliform bacteria, and Escherichia coli have
been studied by using modern methods.

Explanation of the experiment. Thus, Mg, Ca®", Fe*",HCO;, CI,SO;, CO; were
determined for the first time in Elena Hill spring waters in the Nakhunao community of Martvili
Municipality, oxidizability, Oxygen content BODs dry residue biogenic elements and |~ ion by
chemical and photometric methods. The results of the analysis are given in Table 1.

The spring waters studied by us are low-mineralized (0.02-0.65 mg / L), so their reaction is
almost neutral (5.91-6.28). The ion content is variable.

The largest amount of magnesium ions is found in the northern spring water 0.1000 mg /1.
While the least amount is found in the eastern spring water 0.0024 mg /1.

The content of Ca*" ion is variable as well. A relatively large amount was found in the
northern spring water 0.0074 mg / |, and its content is small in the western spring water 0,0016 mg/I.

Fe** ion content is big in the western spring water 0,04 mg/I, and its content is small in the
northern spring water 0,02 mg/I.

HCO, ion content is the biggest in the eastern spring water 0,0098 mg/l, the content of
hydrocarbon ions is small in the northern spring water 0,0060 mg/I.
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SOf‘ ion high concentration is fixed in the eastern spring water 0,0453 mg/l. A small amount

of sulfate ions are contained in the northern spring water 0,0206 mg/I.

Eastern spring water contains a relatively large number of chloride ions 0,0064 mg/l. And its
content is less in the southern spring water 0,0046 mg/l.

The highest carbon dioxide content is in the northern spring water 0.0118 mg / I. A small
amount of carbon dioxide is contained in the southern spring water 0.0053 mg / I.

Water oxidation is relatively high in the western spring water 2.32 mg / L, its small amount is
found in the northern spring water 2.16 mg / I.

Oxygen content is high in the western spring water 14.69 mg / I. A relatively small
concentration of oxygen is found in the northern spring water 9.79 mg/ L.

BOD:s is 61 mg/l in the eastern spring water, and it is — 8,16 mg/l in the northern spring water.

The dry residue is the highest in the eastern spring water 0.65 mg / I. Its content is the lowest
0.21mg/l.

The content of biogenic elements NO,, NO,, NH,, PO; at the detection margin is

smaller. 1~ ion content is also variable. |~ is high in the western spring water 4,185 mcg/l. A small
amount of iodide ion contains a northern spring water 2,538 mcg / I

Table 1. Results of hydrochemical analysis of Elena Hill spring waters in village Nakhunao of
Martvili region
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Results of microbiological analysis are given in table 2.
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Table 2. Results of microbiological analysis of Elena Hill spring waters in village Nakhunao
of Martvili region

# Microbiological unit of measurement Standard not more Result of
indicators than examination

1 | Mesophilic aerobes Ktse/ml
and facultative 37°C 20 32
anaerobes 22°C 100 105

2 Comm_on coliform 300 ml Not allowed Was found
bacteria

3 | Escherchia coli 300 ml Not allowed Was not found

Conclusions. The ion content in the above-mentioned studied waters is within the norm and
its use for drinking and agricultural purposes is acceptable. The main microbiological indicators in the
samples of water being researched are within the norm, only in some samples microbiological
pollution is established.
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systems for the treatment of diseases, as well as further prospects of
using this field in medicine. Modern drug delivery systems are
characterized by target orientation, rapid response to the environment
and the use of biocompatible and biodegradable nanomaterials which
allow for the development of the next generation of more effective drugs.
Interdisciplinary research in this fast-growing field provides
opportunities to design and develop multifunctional devices that can

accurately target and successfully administer the release and distribution
of active ingredients in the body.
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Beryn. V nonepeiHpoMy oriisizi [2] MU JOCIIIKYBaTH OCTaHHI TEHJICHITIT B pO3po0Ili HAHOIKIB
(nanodrugs); B miit crarTi MPOJOBKHUMO OIS Cy4aCHOTO CTaHy PO3BUTKY HaHOo(apmaili, a came,
HanpsIMOK «HaHOPO3MIpHI cucTeMu jJocTaBky JiikiB» (nanoscale drug delivery systems, nanoDDSs). Lie
HaWOUIBII TOMyJISIPHE 3aCTOCYBaHHS HAHOTEXHOJIOTiH B MenunuHi: Ha yactky DDSS mpunanae 78%
npoaaxie i 58% 3asBOK Ha MATEHTH 110 BCbOMY CBITOBI. JI0Xi/1 B/l iX BUTOTOBJICHHS Ta MPOIAXYy JIHIIIC B
2019 poui nepesuus 170 miapa. 1o:i., a B 2020-My, siK ovikyeThbes, Bupocte mie Ha 20% [3].

[IpoexTyBaHHA Ta CUHTE3 €(EKTHBHHUX CHCTEM OCTAaBKH JIiKapcbkux 3acobiB (JI3) maioTh
KUTTEBO BAXKJIMBE 3HAUCHHS JUIT MEAWIWHM. TeparneBTrudHa yCHinmHicTh JI3 6arato B 4oMy 3aJIeKUTh
BiJI 34aTHOCTI JIiF0Y01 PEYOBHHU MOTPANUTH y KIITHHY, IS 4OTO ii MOTPiOHO 310J7aTH B OpraHi3Mi
JeKinpka Oap'epiB: aHaTOMiuHI (€miTeNii, €HAOTENiHd, KIITHHHA MeMOpaHa), (i3UKO-XiMiyHI Ta
dbepmenrtaTurHi. [Tomonatu Bei i 6ap’€py TOMOMAralOTh «CHCTEMH TOCTABKH JIKIBY.
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HocTaBka — 1e cnoci® ynpaBisiTH HaHOJIKaMH 33Ul AOCSTHEHHS MEBHOTO TEParneBTUYHOIO
edekry. Bix crmocoby TpaHCTIOPTYBaHHS 3ajeKaTh MIBUAKICTh MOTIIMHAHHS, PO3MOILTY, METa0OIi3MYy i
KIIIPEHCY HaHOJNIKiB, a OT)Ke TPHUBAIICTh iX Mii Ta pe3yJdbTaTHBHICTh. B cydacHUX cucTeMax
HaHOMaTepiajal BUKOPUCTOBYIOTHCS JJISl KOHTPOJILOBAHOTO TPAHCIIOPTYBAHHS TEPANIeBTUYHUX arcHTIB
JI0 TITHOBHX OO0'€KTIB Ha CHCTEMHOMY, JOKaTbHOMY (TKaHWHHW, OpraHH, OKpeMi KIITHHH) Ta
BHyTpimHbOKTITHHHOMY piBHsX (intracellular delivery), a takox mis po3poOku HOBUX (HOPMYIISIPIB
JUI. TIOTYXHHX Ol0aKTUBHHMX CIIONYK 3 HECHPHUATIAMBHMH XapaKTePUCTHKaMHu. [HKamcymsamis y
nanoDDSs npu3BoAuTh 10 MMOOKUX 3MiH B pO3MOALT Ta BUBeAeHHI JI3, a TakoX y TepaneBTHYHIH
e(heKTUBHOCTI (HOCSATHEHHS Oa)kaHMX eeKTiB 1 3MEHIIIEHH MacTady HEeCIPUATINBHX HACIIAKIB).

Mera pgociaigkeHHs. MeToro poOOTH € MJOCHIKEHHS CyYacHHUX TEHACHIIH PO3BHUTKY
PO3p0o0JIEeHNX Ha OCHOBI HAHOTEXHOJIOTiH CUCTEM, SIKi BUKOPUCTOBYIOTHCS IS JOCTaBKH JIKiB.

Metoau mociigskeHHs. AHai3 JiTepaTypH (TepIIomKepen), MOPIBHAILHUA aHaNi3 Pi3HUX
METOAMYHHUX IMAX0I1B, KOHTEHT-aHaIl3 TEKCTIB.

Pesyabratu pocaimkenns. NanoDDSs BusHaudaloThCs SK CUCTEMH JOCTaBKH JIKIB 3
Hanouactkamu (HY) abo nBodasHumu mikamu, B SKMX MPUHAMMHI OJUH BUMIpP PO3Mipy IUCTIEPCHOL
¢azun abo YacTOK 3HAXOMUTHCS B HAHOMETpHUYHOMY miamaszoHi [7]. Jxst pospobkm nanoDDSs
BukopuctoBytoThcsl HY (sik mpaBmino <100 HM) CHHTETHYHUX TONIMEpiB, JiMiAiB a00 MeTaliB, sKi
TIOTJIMHAIOTHCS KINITHHAMH O11bII €(DeKTUBHO, Hi’K MaKPOMOJIEKYJIH JiKiB. i1 BAKOPHCTaHHS B SIKOCTI
DDSs 3aBasiku BHUCOKOMY pIiBHIO 0iOoCyMiCHOCTI Ta OiopaskiiafaHocTH imeanmbHO miaxomsats HUY,
BUTOTOBJICHI 3 CHHTETHYHHX TIIOJIMEpiB, TakuX sK modiBiHiaoBuid coupt, poly-l-lactic acid,
nomierunenriikons (ITET), poly(lactic-co-glycolic acid), momimep-nminigai riopuani HY, a takox
MIPUPOJTHI TOTIMEPH, TaKi K aJbriHaT 1 XiTo3aH [8].

3aranom mporiec JOCTaBKM HAHOMIKiB MOYKHA PO3AUTUTH Ha 3 eTaru:

1) BBeneHHs mpemnapaTy — HEIHBa3WBHUM (IIEPOpPAILHO, MICIEBO — TpaHCACPMAIbHO 1
TPaHCMYKO3QJIbHO, & TaKOX IHTaNsAiiiHO) a00 iHBa3WBHUM (iH'€KIist a0 BBEJCHHS 4epe3 HaHOIIIIH)
CIoco0oM;

2) BUBLIbHEHHS aKTUBHOTO 1HTpeNieHTy (1HTPEIi€HTIB);

3) TpaHCTIOPTYBaHHsS aKTUBHHUX IHTPEAIE€HTIB dYepe3 OioJoriyHy MeMmOpaHy 10 Micist
NpU3HAYEHHS JJIsl BUKOHAHHS LUTBOBOT [Iii.

Hdus po3pobkn cydacanx DDSS HeoOXimHI MDKAMCHUTUTIHAPHI TOCIHIIKEHHS, IOETHAHHS
po3poboK y apmaillii, MOJIEKYJSpHii Oioyorii Ta OpraHiuHild Ximii, TOMy III0 KOHTpPOJIbOBaHA
JIOCTaBKa JKiB MoenHye (i3wmdHi MexXaHi3Mu (pO3YMHEHHS, ocMoc, Mudy3ito i T. 1.) Ta OloXiMiuHi
(reHHa Teparisi, BAKOPUCTAHHS JIIIIOCOM, MOHOKJIOHAIBHUX aHTUTLI, BUTOTOBIIEHHS MIKPOEMYIbCiH i
T. 1.). [Tlix yac mpoektyBanHs HoBuXx DDSS oco0nuBy yBary mpuaiIsSioTh JiarHOCTHII MATOJIOTTYHUX
ctaHiB, (apmakomuHamili Ta (apMaKOKIHETHIl HAHOJIKIB. 3arajom, Jyis oprasizaimii e(eKTHBHOI
JOCTaBKU BaXKIIMBO PO3YMITH:

— B3a€MOJIiF0 HAHOMATepialliB 3 OI0JOTIYHNM CepeIOBHUIIIEM;

— MOJIEKYJISIpHI MeXaHi3MM KIIITHHHOI CUTHai3alii, ski OepyTh ydacTb B maTodizionorii
KOHKPETHOTO 3aXBOPIOBAHHS;

— MeXaHi3MH (PYHKIIOHYBaHHsS PpELENnTOpiB Ha MOBEPXHI KIITHH, Ha KOTpPI HALIIOETHCS
nanoDDSs;

— (¢apMaKOKiHETHYHI XapakTepucTUku JI3 — 0COOJMBOCTI NPOIECY BHUBUIbHEHHS,
PO3IOBCIOJDKEHHS Ta METabO0i3MYy JiF040i peYOBHHH/AaKTUBHOTO 1HTPEIIIEHTY, a TAKOXK CTaOiIbHICTB 1
B3a€MOJII0 KiIbKOX JI3 mpu iX 0/1HOYaCHOMY BBEICHHI.

JocmimkeHHss B 00JacTi palfioHajIbHOI JAOCTaBKH JiarHOCTHYHUX a00 JIIKapChbKUX 3aco0iB
JIONIOMAraloTh:

a) BHM3HAUYUTH TOYHI MillleHI — KJIITHHH Ta PELEeNTOpH, L0 MOB'A3aHI 3 KOHKPETHUMH
KIIHIYHUMA ~ yYMOBaMH  (KJIFOYOBHMH MIIICHSIMH € MOHOHYKJeapHi (aroiurd, JCHJIPUTHI,
€HJI0TeNiaJbHI Ta PAKOBI KINITUHH — MYXJIMHU Ta CYIHH [4]), a TaKOX

0) BHOpaTH BIANOBIMHI HAHOHOCII JUIS JOCATHEHHS HEOOXIHUX peakiid mpu MiHiMmizamii
noOIYHUX eeKTiB.

Hanopo3mipHi dYacTKM MaioTh VHIKadbHI CTPYKTYpHI, XiMidHI, MEXaHidHI, MAarHiTHI,
EJIeKTPUYHI Ta OioJIOTiYHI BiIacTUBOCTI. BoHM 3a0e3neuyroTs ycmimmuuii Tpancnopt JI3 3a paxyHOK
TaKUX BJACTUBOCTEH, SK BHCOKA HECyda 3/IaTHICTh, OIIBIN BHCOKA CTaOUIBHICTH B O10JIOTTYHHX
pimuHaX, MBUIKE PO3YNHCHHS, BUCOKA PO3YMHHICTh B HACHUEHUX PO3YMHAX, CTIUKICTBH JO OCIIAHHS,
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3MIATHICTh MIEPETUHATH KIIITUHHY MEMOpaHy, MOXJIUBICTh TIOTJIMHATHUCS KIIITHHAMHY [TPUPOJTHUM YUHOM
yepe3 aacopOriitamii enmonmto3. Li BractuBocTi KomiekciB 3 HU 3abe3nedyroTs ix OimbmI TpuBay
MUPKYJIAII0, a OTXKe, ¥ MOTeHIial Ul ToJinmeHHs ¢apMakoaoriyHoro mpoditro icHyrounx JI3 Ta
MOJXJIMBICTh 3aCTOCYBaHHS HECTAOLIBHHMX, BHCOKOTOKCHYHHMX Ta IOIaHO PO3YMHHUX JiKiB. Tak,
npuenHanas npo momiMepHoi HY  mirowoi pedoBMHM MO3BOJISIE 3MIHIOBATH 11  PO3YHHHICTB,
riapoOoOHICTh 1 MPOHUKHICTH, @ OTXKE, i 3a0e3MeYNTH TOCTaBKY /0 LiThOBOI TUISHKH 0e3 Jerpanmarii
B IIUTYHKOBO-KHUIIIKOBOMY TPAaKTi, 3HUKCHHS IIUPKYJIIOI0YOr0 00'€MY Ta aKTHBHOCTI.

Jlyis mpuKpiTUIeHHST MOJIEKYJT 040l peuoBrHH 10 HY BHKOPUCTOBYIOTHCS TakKi METOIH, 5K
KallCyJIIOBaHHS, HEKOBAJIEHTHE KOMIUIEKCOYTBPEHHS Ta KOH'IOTAIlis 3 TOJIMEPHUMH HOCISIMH, TOX
HAHOMPUCTPOI, 110 BUKOPUCTOBYIOThcs y DDSS, MicTATh iHKANCyIb0BaHi, MOTJIMHEHI, TUCIIEProBaHi
a0o koH'roroBaHi akTuBHI iHrpemienTr. NanoDDSs niroTh 3a JOMOMOrOr pIi3HUX MEXaHi3MiB:
coumo0iizartii, TapreTyBaHHs, a TAKOXK iHiliHoBaHHOTO BUBLIbHEHHS (triggered release).

OTxe, HAHOHOCIT MAIOTh PAJ IEpEBAr y MOPiBHAHHI i3 3BrdaitHnMu JI3:

— 3aXUIIAI0Th JII0Yy PEYOBHMHY Bij Jerpajaimii J0 TOro, SK BOHA JOCATHE IUILOBOIO
MpU3HAYCHHS;

— TMOIIIIIIYIOTh 1i BCMOKTYBaHHS;

— JIO3BOJISIFOTh KOHTPOJIIOBATH IIBUKICTh BHUBUIBHEHHS Ta PO3MOI aKTHBHHUX IHTPEIIEHTIB
0 TKAaHWHAX;

— 3armo6iraroTh X B3a€MOIi 3 HEYIIKOHKEHUMHU KIIITHHAMH, YHUKAIOUH TOOIYHUX €(PEeKTiB.

[ligBummT eheKTUBHICT, JOCTAaBKM HAHOIIKIB I1HKONM 3aBa)KalOTh TEBHI OioXiMiuHI
OOMEXCHHS, B TIepIly uepry, Hee(EeKTHMBHA pPO3YMHHICTH Ta HHU3bKA OI10JOCTYMHICTh JEIKUX
iarpexienTiB. [IpuMipom BupimeHHs MpoOIeMH MiABUIIEHHS 010J0CTYITHOCTI TiIpohOOHHX JiKiB MPH
[epOpaIbHOMY BBEICHHI MOKE CIYI'yBaTH CHCTEMa JOCTaBKH JIKIB, IO camMoemyibryerbes (Self-
emulsifying drug delivery system, SEDDS) — i30TpormiHa cyMmiln IpUpOAHUX a00 CHHTETUYHUX Maced,
TBEpAUX a00 PIIKKX MOBEpXHEBO-aKTUBHHUX peuoBUH ([TAP) abo omHOr0 UM AEKITBKOX T1iIpodiIbHUX
PO3YMHHUKIB 1 crliBpo3unHHUKIB/IIAP [5].

HaiiBa)xnuBiIo XxapakTepUCTUKOIO HAHOMIKIB € TOYHE HAIUTIOBaHHS ab0 TapreTyBaHHs (Bill
auri1. targeting). HarfimoBanus 3a6e3meuyeThest 3a paXyHOK TOTO, 10 CTPYKTYPa HAHOHOCIS J03BOJISE
HAHOJIIKaM 3B'S3yBaTUCS 3 LIJOBHMH pElENTOpaMH Ha KIITUHHIA MOBEpXHi. Bupinstore 2 Buam

TapreTyBaHHS:
1) nacusne — HecriendivHe HAKOMTMYCHHS B ypaXKeHiil TKaHUHI (SIK TPaBUIIO, PAKOBOI);
2) axmuene abo cneyucgpiune — CEJICKTHBHHN TPAHCIOPT HAHONpPENapary TUIbKHA 0

KOHKPETHHX TKaHWHU 1/a00 KITITHH.

PosriissHeMo jokiajHiiie o0uaBa BUIU TapreTyBaHHS.

— ITacusna cucmema docmaeku: TIpu NACUBHOMY HauiiroBanHi JI3 HakomuuyeThcs y Micii
3amaneHHs, abo y nmyxumHi. EdextuBHicTs Takux DDSS mipsiMo 3aJ1€KUTh BiJl TPUBAIOCTI IUPKYISIIT
JIito4oi PEYOBMHU Y KPOBOHOCHIHM cucTtemi. TepameBTudHi KOMIOHEHTH (iKW, (EPMEHTH, TEHHU,
BakKlMHK) TpUENHYIOThCS g0 HY um HaHOCTpykTyp OiloreHHoro (BipycHi 4acTKu, Karncuam) abo
HeOIOreHHOTO MOXO/PKEHHA, sIKi MaloTh (GopMy KoHTelHepa. HaHOTexHOMOrii TakoX IO3BOJISIOTH
CTBOPIOBATH BEKTOpHW, LIO 34aTHI 3axuIatd Bia agerpazauii Oiutku, ¢gepmeHtH abo crenudivni
TIOJITIETITHIN, SIKI BUKOPHCTOBYIOTHCS Y TepaleBTUYHOMY Tiporeci. Hampukian, koioigocoMu
(HaHOKAICYyNN) Ta JIMOCOMH MOXYTh YTPHUMYBATH BCEPEMHI HAHOCTPYKTYPH aKTHUBHI IHTPEIIEHTH,
AK1 3a3BMYall HE PO3UMHSAIOTHCS B LUTO-OE3MEUYHMX PO3UMHHHUKAX, 1 aJpecHO OOCTaBIATH iX A0
ypakeHOi TKaHHHW/OpraHy.

3a ocTaHHI POKH pPO3POOJIEHO BXKE TPH IMOKOJIHHS HEBIPYCHHX Ta BIPYCHHUX BEKTOPIB JIst
JTOCTAaBKH JIIOYMX PEUOBHH B KIiTHHH [1]:

| — HaHOC(epu 1 HaHOKanCyIu (HaHOIIbII BiIOMI 1 IOCTYTIHI);

Il — HY, BkpwuTi rimpodinearMu nomiMepamu, Takumu sik [IEL, TTETinipoBani HY;

Il — xomGiHauis siapa Ta OGioposknaganoi mosimepHoi oOoionku (IIED) 3 memOpanHuM
PO3Mi3HABAIBHUM JITaHIOM.

HeoOxifHicTh BUTOTOBJICHHSI BEKTOPIB HA OCHOBI HYKJIETHOBUX KHCIIOT 3 YacoM IpH3Beia J0
PO3pOOKH OpraHes-CHeudiIHIX MPEnapariB, sSKi JOCTABISIOTHCS OE3ITOCEPETHBO BCEPEANHY KIIITHHH
(B wmitoxoHnapii, mizocomu 1 T.1m.) Llg crparerii BusBMIACS IyK€ BIAJIOK, TOMY IO
BHYTPIIIHBOKJIITHHHANA TIPOCTOPOBHA KOHTPOJb Jikapchkmx HY mNpu3BoguTh J0 3HAYHOTO
T IBUIIECHHS TEPAMIEBTHYHOTO 1HACKCY Mperapary.

34 M 6(58), Vol.1, June 2020 RS Global



WORLD SCIENCE ISSN 2413-1032

3naTHICTH BIpYCiB BCTaBISITH CBOIO TeHETHYHY iH(GOpMalil0 B KIITHHH rocmnojaps Oyna
YCHIIIHO BUKOPHCTaHa ISl AOCTaBKU TeHiB. BipycHi HY, koTpi BUKOPUCTOBYIOTHCS B T€HHIN Tepamil
CKOHCTpPYHOBaHI 3 TMPUPOAHIX BIpYCiB, Y SKWX OLTBIIICTh MATOTEHHWX TEHIB 3aMiHEHI Ha KaceTy
TEpaneBTUYHUX TEHiB (MpH 30epekeHHi iH(EKIIMHUX BIACTHBOCTEH BipyciB). BipycHi kamcumu
MOXYTh OyTH 3MiHEHI NUISIXOM MyTareHe3y, IO JTO3BOJIsi€ (OpMyBaTH pi3HI KOHGIrypamii 3amis
JIOCTaBKH CITenn(igHNX TeHiB, (pepMEeHTIB a00 aHTUMIKPOOHHUX TTETITH/IIB.

— Axmuena cucmema O0ocmaexku. TIPU aKTUBHOMY HaiumoBanHi 1o HY mnpuennyrorbes
cnenu@iyHi aHTUTINA, TenTuad abo antamepd, (pParMeHTH KOTPUX MOXYTb B3AEMOMIATH 3
«MIMICHAMI) Ha KIITHHAX IUThOBUX TKaHWH/OpraHiB. OCHOBHHMH MINICHSIMH € PEIENTOPH Ha
KIIITHHHAX MeMOpaHax, JIiIiaHi KOMIIOHEHTH KJIITHHHOI MEMOpaHH, aHTUTeHH a0o crienudivni OiIKu
Ha KJIITHHHUX TIOBEPXHsAX [8]. AKTHBHE HAIUTIOBaHHS JI03BOJIsI€ JOCTaBisATH JI3 B WiabOBI
TKaHUHW/OpPIraHy, IO AO3BOJSIE 3HM3UTU HEOOXIAHY AJI JOCSATHEHHS TEPANeBTHUYHOIO PE3YJIbTaTy
JI03y, 3MEHIINTH IIKiIJINBI HACTIIKY T4 YHUKHYTH HEOKaHUX MOOIYHUX €(eKTiB.

[Mpuknanamu aktuBHEX DDS MoxyTh OyTH Taki HaHONPHCTPOI, SK BYTJIENEBI HAHOTPYOKH
(HailfuacTille BUKOPUCTOBYIOTHCS JIJIi BU3HAYCHHS MICIIC3HAXOJKCHHsI IMyXJIMHUA 1 JOCTaBKU 10 Hel
OHKOJIOTIYHHMX TIpemapaTiB), MIKpOYinW, IMIUIAaHTH Ta 30HIHM, IHKAICyJhOBaHI OIlOJOTIYHO
JIOKaJi30BaHUM BKJIQJEHHAM (3aCTOCOBYIOTBCS y JKyBaHHI aHemii Ta iHdekuiit). [loemHanns 3
O1JTKaM¥ TaKOK JT03BOJISIE CTBOPUTH TOYHI Ta YHIBepCaJbHi rOpHIHI HAHOCHCTEMH.

Oco0MMBO aKTHBHO OCTaHHI POKH PO3BHBAETHCS BBEACHHS HAHONIKIB Ha OCHOBI IMILIAHTIB
(implant based drug delivery). Hampuknan, it TOYHOTO MO3YBaHHS TEPAeBTUYHHMX 3'€IHAHb 31
CreliaTbHAMHA TIpOQUISIMI AOCTaBKHM (B TEPIIy Yepry, 1HCYJIiHY) BHKOPHCTOBYIOTHCS IMILIAaHTOBAaHi
HaHOHacocH  (NANOpUMPS)  juis  JOCTaBKM  JIiKiB, CTBOpeHi Ha  ocHOoBi ~MEMS-uwmrmiB.
Mikpoenekrpomexaniuau cuctemu (MEMS) — 1ie cBepxmaii mpuctpoi 3 pe3epByapaMu, MPHUBOIAMH,
HAcOCaMH Ta MPOTOYHHUM KaHaJIOM JUIS TOYHOT'O KOHTPOJIIO BUBUIBHEHHS JIiF04Y01 pEUYOBUHH, SIKI MOKYTh
OyTH iMIUIaHTOBaHI B Oy/b SIKy TKaHWHY YHM OpraH, B TOMY YHCIi, ¥ MO30K. MeXaHi3M BHBUIbHEHHS
3aCHOBaHUM Ha eNEKTPOXIMIYHOMY PO3YMHEHHI TOHKHMX aHOJHWX MeMOpaH, fKi TIOKPHBAIOTh
MiKpope3epByapH, 3allOBHEHI aKTHBHUM iHrpeaieHToM. Lle 103BoIIsie KOHTPOIIOBATH BHKH OJHOTO a00
nekinbkox JI3. J{ist BUroToBiIeHHs iMIUTAHTOBaHUX CHCTEM BHKOPHUCTOBYIOTHCSI HAHOTIOPHCTI MaTepiain
3 YHOPSIKOBAHOK 1 KOHTPOJBOBAHOK CTPYKTYPOIO Tip, BEIMKOI IUIONICIO MOBEPXHi i 00'eMoM mip
(HarpuKIaa, BUTOTOBJIEHI €JIEKTPOXIMIYHMM CIIOCOOOM HAaHOIIOPUCTHHN TIMHO3eM 1 HaHOTpyOuacTuit
TUTaH), MOHOIIIAPH, 1[0 caMO30UparoThes 1 T. . OCOOIMBO MEPCIIEKTUBHUM € BUKOPHCTAHHS TTOPHCTHX
HEeOpraHiYHMX HaHOMAaTepiaaiB Ha OCHOBI ByrJelo (carbon-based) mis nocraBku renis — gene delivery
systems. Xoda TyT € meBHI mpoOiemu. Hampukiaa, TOKCHYHICTh BYIJICNIEBMX HAHOMATEpiadiB, IO
3aJIeKUTh BiJl IX MeTabomi3My, SKUH, B CBOIO Yepry, BU3HAYAETHLCS J103010, (POPMOI0, XIMIYHUM CKIIaIOM
MIOBEPXHi, CIOCOOOM BILIMBY i YUCTOTOIO.

Kpim MEMS-uuniB po3poOmsitorbest  Takoxk — Oio-uinm  (biochips), BurorosieHi 3
BUKOpHCTaHHSAM QoToiitorpadii, HAHOETEKTPOHIKM Ta HOBHX OioMaTepiamiB. Taki apXiTeKTypH, SK
PEIIITKHA Ta KapKacH 3 HYKJISTHOBUX KUCJIOT TAKOX MOXKYTh MICTHTH €JIEKTPOHHI IPUCTPOT PO3MIPOM 3
MOJIEKYJly a00 BHKOPHCTOBYBAaTHCS IJIsl KOHCTPYIOBAaHHS MarepialiiB 3 TOUYHHUMH MOJIEKYJISIPHUMH
KoH(irypauismu. B monansmomy BueHi ouikytots crBopeHHs JHK-mpuctpoiB (DNA devices), ski
3MOXkyTh pertikyBarucs, ta JHK-mammu (DNA machines) 3 pyxoMuMH dYacTHHAMH Y BUIJISII
HAHOMEXaHIYHUX JaTYUKIB, IEPEMHUKAYIB 1 MHIIETIB.

Hactynaum kpokoM BaockoHasieHHS NanoDDSs cramm «po3ymHi» abo iHTeNleKTyasbHi
TEXHOJIOTIT tocTaBku JikiB (Smart DDSs), siki 3a6e3neuytoth: 1) BuBinbHeHHs JI3 suiie B HaIeKHOMY
MICIIi 3 HAJIG)KHOIO IBUJIKICTIO Ta 2) He BUBUIbHEHHS (200 Jyke TOBiIbHE BUBUILHEHHS) KOPUCHOTO
HaBaHTA)XEHHS /10 MOTPAIUISIHHS B LIbOBI TKAaHUHW/Opranu. ToYHa agpecHa JOCTaBKa JI0CATa€ThCS 3a
PaxyHOK TOT0, 10 HAHOHOCI, SIKi BAKOPUCTOBYIOThCs B Smart DDSs, 3natHi pearyBat Ha cienudivni
TpHUTEpH:

- eH0ocenHi: KONWBaHHA pH, piBeHb TOPMOHIB, KOHLEHTpauis (EepMEeHTIB, HEBEIHUKi
OloMoJieKyNH, piBEHb TIIFOKO3HW, OKHCIIOBAIBHO-BIIHOBHUM TPadi€eHT 1 T.1iH., SKi MOB'S3aHi 3
XapaKTepUCTUKAMHK MTEBHOTO 3aXBOPIOBAHHS;

- eK302eHHi: TeMIlepaTypa, KOJIMBaHHA MAarHiTHOTO IIOJIS, YJIBTPa3BYK, CBITJIO, €JIEKTPUYHI
IMIyJIbCH 1 T. iH.

Tpurepu MOXyTh 3amyckaTd a00 MMOCHIIIOBATH BHBLIBHEHHS aKTUBHOTO IHIPEMIEHTY/Ii0Y0]
PEUYOBHHH B YPOKECHHUX 00JIACTSX, M0 JO3BOJISIE 3a0€3IICUUTH:
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a) mporpamysanHs xii JI3 ta

0) HEIHBa3WBHMIA MTPOCTOPOBHIA 1 YaCOBUH KOHTPOJb HOTO JOCTABKH.

Hampuxitan, ¢isudgHi/XiMidHI BIACTHBOCTI MONIMEpiB €(PEeKTUBHO TPaHCHOPMYIOTBCS Y
BIJIMOBiAb HA 3MiHYy TEMIEpaTypH, piBHS pH 1 T. iH., 3aBASIKH YOMY IIBUAKICTH BUBLIbHEHHS JI3 Moke
KOHTPOJIIOBATHCS 1HTEHCUBHICTIO BIUIMBY NHX CTUMYyJiB. Ha ManroHKy HaBemeHO NpWKIam il
IHTENIEKTyalbHOI CHCTEeMH JOCTaBKM JIIKIB Ha OCHOBI JIIOCOM [UIA JIIKYBaHHS OHKOJIOTi9HOTO
3aXBOPIOBaHHs (ZIif0Ya peuyOBHHA BUBIIBHIOETHCS Y BIAMNOBiAb HA YIBTPa3BYKOBY CTHUMYJIALiO). s
MiABULICHHS! TOYHOCTI JOCTaBKH JiKiB BHKOPHUCTOBYIOTHCS HAHOHOCII, fIKi 34aTHI pearyBaTH Ha
«TiOpUOHI» CTUMYIH, HANPHUKIAA: TepMO- 1 pH-dyTimBi; TepMoO- 1 CBITIOYYTJIMBI; OKHCIIOBAJIHHO-
BimHOBHI 1 pH-pearyrodi; ynmpTpa3ByK- Ta MarHITHO-9YTIUBI 1 T. 1.
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Puc.1. [is cucmemu 0ocmasku nixié na ocHosi ainocom [6]

Ho ckmamy TtmmoBoi Smart DDSS  BXomsTh:  HaHOEJEKTpOMEXaHIYHAa  CHUCTEMa
(nanoelectromechanical system, NEMS), mikpoHacocH, MiKpOOCMOTHYHI i HaHOHACOCH, MiHIaTIOPHI
TOJIKH, & TAKOX JIATYUKHU Ta 3acO0M 3B'SI3KY JUIsl AMCTAHIIHHOTO KEPyBaHHS HACOCAMH W KOHTPOIIO
nepebiry mporieciB. bionoriuHi gaTd4Mkyd 30MparOTh JaHi BiJ OpraHiB 1 TKaHWH, OO J03BOJISIE
KoperyBatu rpadik JOCTABKH JIKiB BiJIOBITHO 0 TOTPeO OpraHizmy.

3acrocyBanHss NEMS mnst mocraBku JiikiB yepe3 OiOKarcyyd, MIiKpOTOJKH Ta MiKpoHacocu
JoroMarae TiJIBUIIMTH e(eKTHUBHICTh QapMmakoTepamii (32 paxyHOK TOYHOTO 1 aJeKBaTHOTO
JIO3YBaHHA), @ TAKOX MOKPALIUTH SKICTh XHUTTS Nali€HTIB (32 PaXyHOK 3HMKEHHS 03 Ta 3MEHLICHHS
yacToTu BBeneHHs JI3, 1m0, B CBOIO 4epry, NPU3BOIUTH A0 3HIKEHHS TOKCHYHOCTI).

BucnoBku. BuxopucranHs y Qapmanii HaHOTEXHOJOTIH JIOOMAarae IOJIIIIYBaTH
(dapMakosoriuHi Ta TepameBTHYHI BIACTHBOCTI Bxe icHytouux JI3, pospobmaru HoBi JI3 i3
BIATBOPHOIO 1 mependauyBaHOI KiHETHKOIO Ta BJOCKOHAIIOBATU CTparterii JocTaBKH JiikiB. Taki
ocobmuBocti HY, sk Manmumii po3mip, 1HAMBiAyalli3oBaHa ITOBEPXHS, MOJNIMIICHA PO3YHHHICTH 1
0araToyHKI[IOHAIBHICTD Jal0Th MOXJIMBICTH (papMaleBTaMm 1 MeJUKaM IT0-HOBOMY B3a€EMOJIATH 3i
CKJIagHUMHU KITITUHHUMHU (yHkOisimu. Hanpuknan, nanoDDSS 3MoxyTe moegHyBaTHCS 3 CHCTEMOIO
KOMITFOTEPHOTO MOHITOPHHTY JUISI aBTOMaTHYHOTO PETYJIIOBaHHS TOMeOcTasy (PiBHS TIFOKO3H B KPOBI,
piBus Ca, piBHS OKCHUTeHALIT 1 T. 11.).

3acrocyBanns HY Ta HanomnatdopMm Ui JOCTaBKH JIIKIB HaJa€ psj Iepesar y MOpPiBHAHHI 31
3BuuaiinumMu DDSS. AnpecHa tocTaBka aKTHBHOTO iHTPEIi€HTA/MIF0Y01 pEYOBUHU JI0 IUTBOBUX KIIITHH
abo oprasiB Mmokpamniye ix 0i0po3MO/ii, MOIYIIOE IMyHHY BIJIIOBIb OpPraHi3My, HaIpaBis€ aKTUBHI
MOJIEKYJIM Ha Yypa)KeHI TKaHMHM Ta 3aXWINAE 3/70pOBi, 3MEHIIYE€ KOJMBAaHHA KoHIeHTpauwii JI3 y
LTBOBUX OpraHax/TKaHWHAaX Ta O03BOJIE MIATPUMYBATH HOTO KOHLEHTPALI0 MPOTATOM Oibll
TPUBAJIOTO dYacy. 3a paxyHOK 3HIDKEHHS TEeparneBTHYHO e(EeKTHBHOI 03U Ta 3HIDKCHHS PU3HKY
BUHUKHEHHS CHCTEMHHX TIOOIYHHUX e(EeKTIB MiJABUILYETbCS C(PEKTUBHICTh JIKyBaHHA. PaHHS
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JIIarHOCTHKA Ta aJpecHa JOCTaBKa MEHII TOKCHYHUX HAHOJIKIB JIO3BOJIIOTH €(DEKTHBHO KEpyBaTH
mepebiroM BaXKKWX XPOHIYHHUX 3aXBOpPIOBaHb, TakuxX sk pak, BIJI/CHIJl i miaGetr. bigsm BHCOKa
e(heKTUBHICTH Ta OE3NMEYHICTh MiABUIIYE BiPOTiAHICTH JOTPUMAHHS MAIlilEHTOM CXEMH JIiKyBaHHS, 110,
B KiHIICBOMY TIiJICYMKY, IPU3BOJIUTH JIO 3HUKCHHS BUTPAT HA OXOPOHY 37I0POB'S.
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industry is considered. This paper reveals the significance of the lean
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and construction projects are summarized, which must be minimized to
increase the economic efficiency of the construction company, namely:
losses due to overproduction, loss of time due to expectations, losses due
to unnecessary transportation, losses due to unnecessary processing,

losses due to unnecessary stocks, losses due to the provision of poor
quality services, losses due to ignoring the human factor. The content of
the listed losses and what threat they pose to the activity of the
construction enterprise are revealed. The principles of economical
production of a construction company, which must be followed when
organizing the construction process: determining the value, determining
the flow of value creation, ensuring the flow, “extraction™ of the product
and kaizen. It is the application of the concept of lean production in the
management of investment and construction projects will increase the
economic efficiency and competitiveness of the construction company.
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Beryn. EdexTuBHICTS JISUTBHOCTI SIBJISIE COOOI0 BAaXIIMBUI HAmpsiM B CTpaTerii pO3BUTKY
opraHizamii i MOXJIUBOCTI Ti BHUXOJly Ha 30BHIIIHI PUHKHA B yMOBaxX JMHAMIYHOTO 30BHIIIHBOTO
cepenoBuIa. TpaguLifHO €eKOHOMIYHUN 3MICT €()EeKTHBHOCTI MOJISIra€ B TOMY, IIO BOHA BifoOpaxkae
piBeHb Bimmaui TPYOOBUX 1 MarepiaJbHUX pPECypCiB, sIKi BHKOPHCTOBYIOTBCS Yy BHUPOOHHIITBI.
JlocsTHeHHS BUPOOHHUYMX Ta €KOHOMIYHHMX PE3YNbTATiB, IX BIAMOBIAHICTH OYIKYBaHMM IOTpeOaM
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cepu BUPOOHMITBA i CYCHiIbCTBAa B LIIOMY CBiI4aTh mpo e(eKTUBHICTH poOoTHM KoMmaHii. IcHye
0e31i4 Pi3HUX JYMOK CTOCOBHO BU3HAYEHHSI MTOHSITTS «E()EKTUBHICTHY.

bescymHiBHO, maHe TOHATTA 0araToaclekTHE 1 BH3HAYHTH WOTO TPOCTOI0 (HopMysoro
HeMoxnBo. OfHaK, CiiJl 3BEpHYTH yBary Ha HAcCTyIHe: TpaiuliiHe LiHOYTBOPEHHs, OCOOJIHBO B
MOCTPASIHCHKUX KOMITAHISIX, 3IHCHIOEThCS, SIK TPaBWIO, HACTYIHUM YHHOM — BHTPAaTH Ha
BHPOOHMIITBO TPOMYKIli BH3HAYAIOTH SK CYKYIHI BUTPAaTH 1 A0 HUX JOMAETHCS OYiKyBaHHH,
TUTAHOBaHUM NPUOYTOK — TAKMM YMHOM (hopMyeThes 1iHa. [IpH 1IbOMY AaHUI NPUHLIKI HE BPaXOBYE
BXJIMBOI 0OCTaBMHU: JaHa (QOpMysia HE MOTHUBYE BHPOOHHMKIB /IO 3HW)KEHHsI BUTpatr, 0araTo XTo 3
SIKUX TTOCTABJISIOTH TOBAPH HAa PUHOK i3 3aBHIICHOIO COOIBAPTICTIO.

@opMy1a 3BHUaHHOTO BHPOOHUIITBA: IIPOAEMO Te, [0 BUPOOIIEMO:

Lina mpomanxy _ [pubyToK + Brparu
HMPOIYKTY

CDopMyﬂa OHIaJJIMBOTO BHpO6HPIIITBaZ BPIpO6HSI€M0 Te, IO IIPOJAEThCA:

[pubyToK = Lina mpoptay | _ Brpatu
IPOIYKTY

Llina nmponaxcy ToBapy CKopoYeHHs BTpaT —
BCTAHOBJIOETHCSI BUXOASAUU 3 MOXTHBICTb BIUTHBATH
PHHKOBOI KOH FOHKTYpPH Ha npUbyTOK

30iMbIIeHHS TPUOYTKY —
16 OCHOBHUM CTUMYII
TATBHOCTI MAIPHEMITIB

Puc. 1. llopiensanns popmyn eupobruyme

VY HaBezeHy (GopMyily BKIIOYEHO BeIMYE3HAa KUIBKICTh BTpaT, sIKi HECYTh BUPOOHUKM Ha
PI3HUX CTaaisIX BUPOOHHIITBA, IIOCTABKH, 30€piraHHs i TPAHCTIOPTYBaHHS.

[MoniOHuit croci6 He € eexkTUBHUM B Hamn 4ac. J[ns edexTuBHOro Oi3HeCy mepeadadeHo
IHIMWA TiAXiA, SKAH BHKOPUCTOBYETHCS OaratbMa, HANPUKIAM, SMOHCRKHMH KOMIIaHisMHU. BiH
0a3yeThCcst HA TOMY, 1110 IPUOYTOK JIOPIBHIOE Pi3HUII pUHKOBOI IIHU Ta BTPAT IMiAIPUEMCTBA. B ibomy
BUTIAJIKY, JJsi 3a0€3MECUeHHs] JIOCTATHBOTO MPUOYTKY, 3a yMOBH ()OpMYBaHHS PHUHKOBOI IIiHH,
3aJIMIIAETHCS TIIBKU OAWH (haKTOp JJIs TMOMIIIeHHs Oi3Hecy — 3HMKeHHs BTpar. OCHOBHA 3a/a4a st
IiABUIICHHS €(EeKTUBHOCTI P LbOMY — 3MEHILEHHS Pi3HOTO POAY BTpaT. Y MiHHS pPO3Pi3HATH BTPATH
Ha BUPOOHHULTBO MPOAYKTY a00 MOCIYrH Ta BTPAT, IO HE JOCTAaBIIAIOTH LIHHOCTI KIIEHTY, SIKi IpU
1IbOMY BHHHUKaIOTh, 1 € dopmyia epekTuBHOro OizHecy (puc. 1). Came MOIIYyK YCYHEHHsI BTpaT €
OCHOBHUM TIPUHIIUIIOM OII3/THBOTO BUPOOHMIITBA [1].

B nmanmit uwac inei «lean production» (omaaiuBe BUPOOHWIITBO) HAOYBAarOTh OCOOIMBOI
aktyaipHOCTi. OmnTUMi3zaiiss Ta CKOPOYEHHS BTPAT BiJOYBAa€ThCs HAa BCIX PIBHAX EKOHOMIKH.
ITepenyMOBOIO XBHIJII CKOPOUYEHb POOOYUX MICIb 1 3HUXKEHHSI OOCATIB IMiAMPUEMHHUIILKOI TiSIBHOCTI
crana maHgemis COVID-19. V 3B'si3ky 3 nuM 3aBIaHHAM 0araThbOX MiJANPUEMINB € ITiITPUMKA
MOTOYHOTO PiBHS JUJIOBOT aKTHBHOCTI Pi3HHMH CIIOCOOAaMU, OJTHUM 3 SIKUX, € OIIA/IJINBE BUPOOHHUIITBO,
sIKe€ BU3HAHE Ha CBITOBOMY PIiBHI SIK 3acCi0 IiJBMIICHHS HAlllOHAIBHOI KOHKYPEHTOCIPOMOXHOCTI Ta
€KOHOMIYHOi Oe3eKu.

Martepiaan Ta Mmetoau. OmauinBe BAPOOHUIITBO CTAHOBUTH OCHOBY HOBOTO €TaIly PO3BUTKY
CHUCTEM MEHE/DKMEHTY SIKOCTI Ta SBISIETHCS OJHIE0 3 GopM HemiHiiHOro MeHepkMeHTy. OCHOBHA
METa OIIaUIMBOr0 BUPOOHHLITBA — JOCSTHEHHS MiHIMAIbHUX BTpaT Hpalli, MiHIMAIbHUX TEPMiHIB 110
CTBOPEHHIO HOBOI MPOAYKIII YM HaAaHHS MOCIYT, FAPaHTOBAHOI MOCTABKU MPOAYKLIi 3aMOBHUKY YU
BHKOHAHOTO 3aMOBJICHHS, BUCOKA SKICTh TP MiHIMQJIbHIH BapTOCTI.

IcTopiss BHHUKHEHHS KOHIIEHINI OINAJJIMBOIO BHUPOOHHUIITBA IIOB'sA3aHa 3 (HEHOMEHOM
OUKITIYHOCTI PO3BUTKY €KOHOMIKHM. Y 50-Xx pokax MHHYJOIO CTOJITTS SAMNOHChKAa EKOHOMiKa
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nepekuBana 4eproBuil mukmiyHui crnag. Came 3 HOTO Yacy MPUHHATO BECTH BiUIIK BUHHKHEHHIO
METO/IIB OIaNINBOTO BUPOOHUIITBA. CyTh OIIAUIMBOTO BUPOOHMIITBA: MU TIOBHHHI BUPOOJISITH Te, 1110
KYIUTHh CHOXHUBA4 Ta MOTPIOHO BUPOOIATH TaK, MO0 MiHHICTH MPOAYKTY Oyjla MaKkCUMAlbHOIO MPH
MiHIMaJIbHHUX BTpaTax.

Po3BuTKy KOHIENIii OIMIaAMBOTO BHUPOOHMIITBA TMPWALUIEHO yBary 0ararb0X BYEHHUX:
L I1 Bymeka, 1. T. [xonca, JIx.K. Jlaiikepa, M.JL xopmxa, O.E.Jlesi, T. Jlyiicrepa, /l. Temminra,
I'M. Ckynaps, T. Ono, M. Betinepa, M. Imai, M.A. Muponenka, T.B. OMeIbSHEHKO Ta iH.

3acHOBHMKOM KoHIenuii BBaxkaloTh Taiiti OHo (Taiichi Ohno), skuii po3pobuB ii Ha
armoHcbkoMy mianmpuemctBi «Toiorta» (“Toyota Motor Corporation™) [2]. Ilicast Toro, sk Buiinnia
kanra Jx.I1. Bymeka ta JI.T. [Ixxonca “The Machine That Changed The World” («MammHa, sxa
3MIHHMJIA CBIiT») — I TEOpis ONIAJIMBOIO BUPOOHMIITBA CTaja BCECBITHHO BU3HaHOK [3]. ChorojHi
MPUHLMIN  OIIQJJIMBOTO  BHPOOHUIITBA 3acTOCOBYIOThCA B Amonii, Himewyunni, Kurai,
Bemuxobpuranii, CILA, Pocii, Ykpaini Tomro.

Crioci6 BIpoBaKEHHS OIAAJIMBOTO BUPOOHUITBA IS BAPOOHMUOI cepH, 3aIpOIOHOBAHUN
Ixefimcom Bymek MoxkHa TpaHcTioBaTH i B cepy OyaiBauiTea. K. Bymek 3anpononyBas: «3HaiiTu
arelra 3MiH», TOOTO HEOOXiTHO OOpaTH KepiBHUKA, JiJepa, KW 3MOKE BIPOBAIUTH TEXHOJOTIi
OIAJJIMBOTO BUPOOHMIITBA Ha OyndiBeIbHOMY TMiANpueMcTBi. CamMe Ha HBOTO TOKJIAJIAETHCS
BIJINIOBIIAJIBHICTh 332 PO3POOKY Ta BHPOBAKEHHS KOHIENIl. TakoX KEpPIiBHUK MPOEKTY MOBUHEH
BOJIO/ITH TIEBHHMH 3HAHHSIMH 3 TEXHOJOTIM OIMaJJIMBOTO BHUPOOHMIITBA 1 OpPraHi3yBaTH HaBYaHHA
criBpoOiTHUKIB. HeoOXxigHO HaBUATH HE TITBKA BIIJOMHM MeETOAaM, IPHHOWNAM 1 3aco0am
OIIAJJIMBOTO BUPOOHMIITBA, AJI€ 1 OSCHUTH (i10cOo]iro JaHOT CUCTEMHM, 3HAUUMICTh 1 HEOOX1THICTH ii
BIIpoBapKeHHA. Lle moTpiOHO MTst TOTO, MO0 JFOAWHA YCBIIOMIIEHO 3aCTOCOBYBAJa IO CHCTEMY Ha
MIPAKTHIIL, @ HE T MPUMYCOM 3 OOKY KepiBHHUITBA [4].

Ha cporoaHiniHii JeHb OJTHIEIO 3 KITIOYOBHX ITPOOJIEM, TIOB'I3aHHUX 3 pealizalli€l0 IHBECTUIIIHHOTO-
OymiBeNIbHUX TPOEKTIB, € 3pHB TEPMIiHIB BBE/ICHHS B €KCIDIyaTallit0 00'eKTiB OyIBHUIITBA, — TO, 3TIJHO 3
KOHIIETIIIIEI0 OIIA/TMBOTO BUPOOHHMIITBA, 1€ € BTPATOI IS OYAiBENPHOTO IiJIPUEMCTBA, IO TATHE 3a
c00010 MOJIOPOXKIYAHHS KiHIIEBOI BAPTOCTI peaizallii MPOEKTY i, SIK PABUIIO, TIOTIPIIYE SIKICTh Oy IIBHUIITBA.

[Ipu mocnimkeHHi BTpaT Ha Oy TiBENbHUX MAMPUEMCTBAX OYJI0 BU3HAYCHO BiCIM BHIIB BTpaT B
OyniBenpHOMY mporeci (Tabmn.1), siki HeoOXiTHO 3BECTH IO MiHIMyMY, IIOO IMiIBUIIMTA €KOHOMIYHY
e(heKTUBHICTH MisITFHOCTI OyAiBEILHOTO ITiIPUEMCTBA.

Tabnuusil. Buau BTpaT npu peastizailii iHBeCTHIIHHO-OY/1iBeJIbHUX MTPOEKTIB

Ne Brpatun 3micT
1 Brparu uepes Bupo6uunTso, o nepesuitye nonurt. [IpuknazomM MoOXyTh
MepeBUPOOHUIITBO CIIyT'yBaTH 1HBECTHUIIHHO-OYIiBEIbHI TPOEKTH KUTIOBUX
KOMILJIEKCIB.
2 Brpatu gacy uepes OuikyBaHHS Ha IHBECTOpPa-3aMOBHHKA, 3aTPUMKa BUKOHAHHS TIEBHOT
OYiKyBaHHS cTaii OyiBEBHOTO MPOIIECy Yepe3 Te, M0 3aIMi3HIOEThCS

3aBepIICHHS POOIT Ha NonepeHil cTail.

3 | Brparu npu HenoTpibHOMY| HenpoayKTHUBHI BIAPSDKEHHS 111010 KoJia MPOOJIEMHHX MMUTaHb
TPaHCHOPTYBaHHI CTOCOBHO OYZAiBEILHOTO 00’ €KTY, BUPILIEHHS SIKUX HE TOTpedye
0CcOOUCTOT MPUCYTHOCTI KEPIBHUKA MPOEKTY, a AOLIIBHUM 1
JIOCTATHIM € OTIepaTHBHI NleperoBopu abo eNeKTPOHHE CIUIKYBaHHSI.

4 | Brpatu uepe3 3aiiBi eranu | J[01aTKOBI MEpEBIpKH Ta BUIIPABICHHS [UIsl BUSBJICHHS 1 YCYHEHHS
00poOKH HESIKICHUX Pe3yJIbTaTiB.

5| Brparu uepe3 3aiiBi 3anacu| CkymueHHs BEJIMKOI KUTBKOCTI OyIiBeIbHUX MaTepianiB abo
IHBEHTApI0, HXK 11¢ HEOOXIJHO B IICBHUI MOMEHT 4acy.

6 | Brparu uepe3 HenotpiOHi | [lepeMineHHs JIt0/iel Ta BaHTaXIB 3 OTHOTO 00’ €KTy Ha iHIIHK 6e3
nepeMileHHs Oyab-s1KOi METH.

7 Brparu uepes Bunyck | 3aBepuieHHs OyIiBHUITBA 00'€KTa, AKUI HE BIAMOBia€ BUMOTaM
JeeKTHOT MPOAYKIN | KOHTPOJIO SIKOCTi Oy IiBHUIITBA.

8 | Brpatu uepes irnopysanusad Jlo 1€l rpymu HajeaTh Taki BTpaTH, AKi BUKIHMKaHI CKJIaIHOIAMHU
JIIOJICBKOTO (hakTOpy Cy4YacHOI'0 aJIMiHiCTPYBaHHS HE TLJIKU Ha MiJIPUEMCTBAX
OyJIiBeNbHOI raysi, a i y opraHax Jep>KaBHOTO PEryIIOBaHHSI.
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Ha pucynky 2 mnpeacraBieHO II’ITb OCHOBHHMX MPHUHLIMIIIB OINAUIMBOTO BUPOOHHUIITBA
OyIiBETHHOTO MiAPHEMCTBA!

1.
Buznauenns
LIHHOCTI
2.
Busnauenns
5. Kaiigzen MIOTOKY

IlpuHLHIH CTBOPEHHS

OLIA/LTTHBOIO T
BHPOOHHIITBA

OyniBeJIbHOTO
niAnpueMcTBa

4.
"Bursrysanns" 3. 3322?;1;[)§‘ICHH51
HPOIYKTY y

Puc. 2. Ilpunyunu owaorueozo eupodbruymea OyoieebHO20 NiONPUEMCMEA

1. Busnauennsa yinnocmi. BaxxnuBo po3yMiTH, B YOMY KOHKPETHO HOJISTa€ ILiHHICTH MOCIYT
OyIiBEIBHOIO MiAMPUEMCTRA JIJIS KITIEHTa-3aMOBHHUKA, SIKIIO MiAIPUEMEIb YiTKO YSBIISIE, SIKI BUMOTH JI0
MPOAYKTY OyiBEeIbHO-IHBECTHIIIMHOTO TPOEKTY HAWOUIBIN IiHHI JJI1  KIIE€HTIB, BIH 3MOXe
CKOHLIEHTPYBAaTHCA HA OCHOBHUX MOMEHTAX, BiJ] IKMX 3aJIC)KUTh, Y1 OYyAyTh 3a70BOJICHI 3aMOBHUKHU.

2. Busnauennsi nomoxy cmeopenis yinnocmi. Peanizaiiis OyaiBeJIbHO-IHBECTUIIITHOTO TIPOEKTY
po30MTa HA OKpEMi OpraHi3allifHO-TeXHOJIOTIYHI IUKIIH, SIKi, B CBOIO YEPry, CKIAJAIOThCSI 3 OKPEMHUX
TEXHOJIOTIYHUX oOIepauili, sIKi MOXXYTh BHMKOHYBaTHCS IOCJiZOBHO, HapajelibHO a0 3 YacTKOBUM
CYMILIEHHSIM B dYaci - MOTOKOBMM MeTonoM. Il BOPOBAaKEHHS TaKOl CHCTEMH MEHEKMEHTY
CIOYATKy CJiJl CKJIACTH KapTy MOTOKY CTBOPEHHS I[IHHOCTI BIATOBIJHO JO0 TPA€KTOpii MepeMillieHHs
MatepiaiiB, poOoYMX i oOiagHaHHA B XOJi mporecy. lIpu 1IbOMy OCHOBHY yBary 3BEepTarOTh Ha
BUSIBIICHHS 1 YCYHEHHS BTpaT B OyliBETLHOMY IIPOIIECI.

3. 3abesneuenns nomoxy. B obnacti OyaiBHMIITBA CKJIAJaHHS Takoi KapTH € OOOB'SI3KOBHM 1
3HaXOJIMTh CBOE BiJIOOpPaXXEHHSI B KaJeHIapHOMY TUIaHi-Tpadiky BUKOHAHHS POOIT, KPIM IILOT0, HA KOYKEH
OKpeMHuil BUPOOHUYMI MPOLIeC CKIAAAEThCsl TEXHOJOTYHA KapTa. KanennapHuii miaH BUKOHaHHS PoOOiT -
1ie rpadiuHe 300pakeHHs CHCTEMH KOMILIEKCIB OyaiBenabHUX mpotieciB. Lls cucrema OararoBapiaHTHa i
KepoBaHa; ii TIaHyBaHHA 1 ONTHMI3alis (po3poOKa Ta ONTHMI3allisl KaJleHIapHOTO TUIAHY) BUKOHYIOTHCS
Ha OCHOBI TE€XHIKO-€KOHOMIYHOI OI[IHKM MOJIMBHX BapiaHTiB i iX 3icTaBieHHs. CiiJl JMIIe MiIKPECIUTH,
II0 B KOXHOMY pO3INIIHYTOMY BapiaHTi MOBWHHI OyTH JOTpHMaHi BCi HEOOXiIHI mapamerpu
TEXHOJIOTIYHHUX IPOIIECIB 1 KOMIUIEKCIB TPOIECIB, a TAaKOX iX CyBOpa IOCITIJOBHICTh. B pe3ymbrari
BIPOBA/KEHHSI METOJIB CHCTEMH «OepeXIMBOIO BHPOOHHUIITBA» BHHHUKAIOTH BEJIMYE3HI PE3EpBH, SKi
MOXHA BHKOPHCTOBYBATH, YCyBalOUM BYACHO BTPaTH, SIKi BHHHUKAIOTH Ta 3rOPTAlOYM €TalH, II0 HE
JIOJIar0Th MiHHOCTI. Ha mpakTHil KiHIIEBOK METOI0 3aCTOCYBAaHHS JaHOI CUCTEMH € OpraHi3ailis MOTOKY
OJIMHUYHMX BHUPOOIB CTOCOBHO JI0 BCiX BUJIIB POOIT, Oy/Ib TO IPOEKTYBAHHS, TPUHOM 3aMOBJICHb 200 caMe
OyniBHMLTBO. Takuii MOTIK 3a0e3Medye MOCHIJOBHY peajli3amilo iHBeCTHLIHO-OyIiBEIBHUX MPOEKTIB 31
MIBMKICTIO, 1110 BIANOBIAA€ 3alIUTaM 3aMOBHHKA.

4. "Bumseysannua" npodyxmy. OpieHTallis Ha TOTPEON IHBECTOPIB-3aMOBHHKIB 3 TOYKH 30Dy
AKOCTI HaJaHHA OydiBEeNbHUX TOCIYr Ta iX KIUIBKOCTI JIEKUTh B OCHOBI YCHIIIHOI [isSUTBHOCTI
OyAiBEIBHOTO MiANPHUEMCTBA.

5. Kaiiozen — 6e3niepepBHE BIOCKOHATICHHS.
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PesyabTratu  gociaimkennsi. [luTaHHs Tpo opradizamilo  yOpaBliHHS — 1HBECTHLIHHO-
OymiBeTbHMMH TIPOEKTaMH B paMKaxX BIPOBA/PKEHHS KOHIEMIN] OIAaJIMBOT0 BHUPOOHUIITBA He
perIaMeHTOBaHU JKOOHUMH HOPMATHBHHUMH ITOKyMEHTaMH, mpotre B cranmaptax ISO cepii 9000
BUKJIJICHI OCHOBHI NPUHIMIN CUCTEMH MEHEIXMEHTY SKOCTi, fKi MOBHICTIO Y3TOMXKYIOTHCS 3
PO3TISTHYTOIO KOHIEMIiero. Ha xanb, mpaBWiIbHWUIA BUKIIAJ KEPIBHUKAMH MPOEKTIB BUMOT Y BHIJIAL
IHCTPYKITif, BKa3iBOK Ta IHIMHMX BHYTPINIHIX HOPMATHBHHUX JOKYMCHTIB 30BCIM HE TapaHTye ix
NpaBUIIBHOI iHTEprpeTamii i KOPEeKTHOro BWUKOHAHHsS, TOMY KIIOUYOBHM (AaKTOpoM e(eKTUBHOCTI
BIIPOBAKCHHS KOHIEMLii OIIaJINBOTO BUPOOHHUIITBA € JIIOCHKHIA.

Ha 3akmouHoMy erari Tipoliecy YMpaBIiHHA MOTOKaMH PO3POONIAIOTECA IHCTPYKINT IS
MIEPCOHANTy, SKOMY ITOBHHHI OYTH IOCTYITHI IHCTPYMEHTH JIOTICTHKH, IO 3aCTOCOBYIOTHCS Ha
BIJIMOBIAHMX CTafisiX OyAiBHUITBA: MPOEKTHA JOKYMEHTAIlsl Ta aHANI3 TEXHOJOTIYHHUX aJbTEPHATHB;
IJJaHW BHKOHAHHS POOIT, TOTpeOM B MaTepiaiaxX, 3aBaHTaXEHHS TEXHIYHUX 3aco0iB, TUTAHH POOIT
MIePCOHANTy 1 MAPSAHUKIB, B cepi MaTepialbHO-TEXHIYHOTO IIOCTadaHHS — JaHi Mpo crHemudiky
MarepialliB, IJIaH TOCTaBOK MaTepialbHUX pECypciB Ha [UISHKH, IUIaH 3aBAaHTAKEHHS TEXHIKH,
periiaMeHT Ha 3aMOBJICHHS TEXHIKU 1 perjiiaMeHT OIIHKM Ta OOJiKy MaTepiaJbHHX BTpaT; B Mpolleci
BHKOHAHHS POOIT — IDIaH iX BUKOHAHHA IO 00'€KTaX, 3BITHICTh IO MPOIYKTHBHOCTI MEPCOHATY 1
BUKOPUCTAaHHS TEXHIKM, MpaBWiIa TeXHIKM Oe3neku. [Ipu 3acTocyBaHHI JaHMX IHCTPYMEHTIB
HEoOXiZHO 3a0e3MeunTH 3BOPOTHHH 3B'SI30K JUIsl OTpUMaHHS iHQopMalii mpo craH NpoueciB i
OTIepaTHUBHOTO BHECEHHS 3MiH JI0 TpadiKiB Ta IUIaHIB BIAMOBIIHO 10 (aKTUIHHX MTOTPEO.

BucHoBku. B po0oOTi poO3KpHTO 3HAYEHHA OIIAUIMBOTO BHPOOHWIITBA Ta MeTa HOrO
BIIPOBAKCHHS, y3arajlbHEHO BHIU BTpAT NPHU pealizalii iHBeCTHLIHHO-OyAiBEeIbHUX MPOEKTIB, SKi
HEOOXiMHO 3BECTH N0 MIHIMyMy, O[O0 MIiJBUIIATH EKOHOMIUHY eQEeKTUBHICTh IisSUTBHOCTI
OynmiBenpbHOTO TMiANpUEMCTBA. HaBemeHO TNPWHIMNK OIIAUIMBOTO BHPOOHUITBA OYAIBEIEHOTO
MiANPUEMCTBA, SIKMX TOTPIOHO JOTPUMYBATHCS NIPU OpraHizaiii OyaiBeIbHOTO IPOLIECY.

BpaxoBytouu BuIne3rasane, MOKHa 3 BIEBHEHICTIO TOBOPHUTH TIPO Te, 1110 Ha CHOTOH] TEXHOJIOT1i
OIAJUTMBOTO BUPOOHUIITBA TIOCTYTIOBO BIPOBAPKYIOTHCSH Y BCi Cepu JKUTTSA, a TakoxX y cdepy
OymiBHUIITBA. 3aCTOCYBaHHS KOHIICHINi OINAJJIMBOr0 BHUPOOHMIITBA HAa OYIiBEJIBHOMY ITiIIIPUEMCTRI
JIO3BOJISIE 3pOOMTH IIPOIIEC YIPABIIHHSA 1HBECTHIIHHO-OY/IIBEIbHUMHU TPOEKTAMU OUIBII S(EKTUBHUM,
3a0e3meunTy e(heKTUBHE YIPABIiHHSA pecypcamMyd Ta MiJBUIIMTH KOHKYPEHTOCIIPOMOXKHICTB JIAHOTO
TiATPUEMCTBA.
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Problem statement. Today, forestry lands occupy an important place among the categories of
lands of Ukraine and have a special legal regime. The basis for the allocation of forest lands in a
separate category are the following features: germination of forest vegetation in their territory,
forestry, including through the reproduction of forests, increase their productivity, quality composition
and conservation of biodiversity [1; 2].

An important factor in balanced forest use is the ecological and economic assessment not only of
the results of the use of forest resources, but also of the useful functions of the forest. A necessary condition
for such an assessment should be a system of ecologically sound forest use, which would take into account
the natural patterns of development of forest ecosystems. Such an assessment should be used to reflect the
value of forests as part of a country's national wealth; analysis of forestry activities of enterprises and forest
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users; substantiation of the effectiveness of all forestry measures; maintaining the state forest cadaster;
establishing the amount of damage caused to forests; collection of fees for forest use [3].

Analysis of recent research and publications. The issue of forest land use has been studied by
such scientists as Khavar Yu.S., Chopnyk O.P., Synyakevych .M., Furdychko O.l., Shershun M.H.,
Drebot O.1., Antonenko I.Ya. It is in the scientific research of these scientists that the theoretical and
methodological principles of effective use and conservation of forest lands are substantiated.

Problem statement. The purpose of our study is to analyze the current state and make
recommendations for improving the mechanism for ensuring the effective use and protection of forest
lands based on the study of theoretical and applied aspects of land use in the forest sector.

Presentation of the main material. It is well known that forestry is the second largest form
of land use in Europe after agriculture. After all, it is a specific intersectoral structure, the main task of
which is the cultivation of multifunctional forest plantations used for the formation of green areas,
forest parks, water protection, soil protection and recreational forests, conservation and reproduction
of biodiversity, timber harvesting, forest resources [4]. According to Art. 34 of the Forest Code of
Ukraine [5], forestry should ensure forest management on the basis of sustainable development, taking
into account natural and economic conditions, purpose, forest plant characteristics, species
composition of forests, as well as the functions they perform.

The land fund of Ukraine, according to Dana 's Department of State Land Cadaster, as at
01.01. 2017 [6] of 60 354.8 thousand hectares (Table. 1).

As seen in the structure of land fund most of the territory occupied by agricultural land —
71 %, forests and other wooded areas — 17.6 %, built-up land — 1.6 %, open lands without vegetation
or with little vegetation (rocky places, sands, other ravines) — 1.7 %, the territory of the pit covered
with surface waters — 4 %.

Table 1. Land Fund of Ukraine (01.01.2017)

Land area
. . . Total % to the
The main types of land and economic activity thousand total area of
hectares UKraine
Agricultural lands 42813.7 71.0
including: agricultural land 41569.4 68.9
of them:
arable 32478.4 53.8
fallows 320.8 0.5
perennial plantings 897.7 1.5
hayfields 2409.8 4.0
pastures 5489.7 9.1
other agricultural lands 1244.3 2.1
Forests and other wooded lands 10591.9 17.6
including:
covered with forest vegetation 9675.4 16.0
not covered with forest vegetation 198.9 0.4
Land for commercial and other purposes 52.1 0.1
Public lands 281.8 0.5
Land of mixed use 28.9 0.1
Land used for transport, communications 493.4 0.8
Lands used for technical infrastructure 65.1 0.1
Lands used for recreation and other open lands 743.9 1.3
Open wetlands 979.4 1.6
Dry open lands with special vegetation 17.6 0.1
Open lands without vegetation or with insignificant vegetation 1029.9 1.7
(stony places, sands, ravines, others)
Waters (areas covered by surface waters) 2423.5 4.0
Total (territory of UKraine) 60354.8 100

* Source: developed by the author based on data [6]
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Analyzing the distribution area of land for forestry purposes by primary species in the oblasts
of Ukraine, we can conclude that the correct their use largely depends not only on the successful
development of the economy, but the state of the environment (Fig. 1).
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Fig. 1. Distribution of forests in Ukraine by predominant tree species, %
* Source: developed by the author based on data [6].

After all, forest ecosystems and forestry lands of Ukraine have certain features in comparison
with other European countries, in particular:

— lower than the average European level of forest cover in the country;

— the predominant ecological value of forests and their high share up to 50% with limited use;

— significant areas of protected forests (15.4%), and have a steady upward trend;

— half of the forest plantations are artificially created and need intensive care;

— lack of an economic mechanism to stimulate, preserve and reproduce the potential
productivity of lands, in particular forest lands.

Regarding the interdepartmental distribution of these lands (Fig. 2), the largest share (68%) falls on
the State Forest Agency , the Ministry of Agrarian Policy — 1.8 million hectares (17%), the Ministry of
Defense — 0.2 million hectares (2%), the Ministry of Emergencies — 0.2 million hectares (2%), the Ministry
of Environment - 0.1 million hectares (1%), the Ministry of Infrastructure — 0.1 million hectares (1%),
other ministries and departments — 0.2 million hectares %), located on reserve lands and not provided for
use — 0.8 million hectares (7%) [Official site of the State Agency of Forest Resources].

2% Ministry of 7% Land stock

Defence 2% Ministry of
1% Ministry of Em ncy Situations

Environmental - P d—— 2% Other
Protection \

17% Ministry of
Agrarian
Policy and Food

1% Ministry of
Infrastructure

68% State
Forest Resources
Agency
Fig. 2. Departmental allocation of land for forestry purposes in Ukraine, 2017
* Source: developed by the author based on data [7].
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The results of the analysis of the current state of distribution and use of forest lands are an
objective basis for claiming the imperfection of relations in this segment of the economy. On the one
hand, they are an integral part of nature management with all the general features of the latter, on the
other - have certain specifics and need improvement, primarily in accordance with current trends in
socio-economic development, which are primarily related to Ukraine's accession to the WTO and
integration into the world economy, the urgent tasks of reforming economic relations and institutional
structures in the forest and land sectors in terms of sustainable development.

The negative consequences of anthropogenic transformation of forest lands are:

— defragmentation of natural and natural-anthropogenic landscapes;

— loss of habitats of species;

— reduction of biological diversity;

— quantitative destruction of valuable elements of landscapes and their components;

— deterioration of qualitative characteristics of component landscapes.

The main causes of problems in forestry regarding land relations are imperfect redistribution
of forest lands between users, incomplete processes of reforming environmental, economic and legal
property relations, inefficient system of public administration in the field of land use and protection,
land legislation and land market infrastructure, incomplete formation automated system of state land
cadaster, the ineffectiveness of the mechanism of economic incentives for land use and protection [8].

There is a significant decrease in the area of land used by agricultural enterprises. As a result
of denationalization and unbundling of lands, the share of private property of citizens who have the
right to manage these lands independently or lease them has significantly increased, as well as the
gradual expansion of land used by forestry enterprises (Table 2).

Dynamics of changes in the structure of the land fund of Ukraine for the period 1998-2016
years. The main types of land use and functional, shown in Fig. 2 and in table. 2. The latter indicates
changes in its structure by main types of land, as well as by main land users and landowners.

Table 2. The structure of the land fund of Ukraine by main land users and landowners
1998 2007 2008 2009 2010-201 6 p.

Major land

users and
landowners

Area,
thousand
hectares

%

Area,
thousand
hectares

%

Area,
thousand
hectares

%

Area,
thousand
hectares

%

Area,
thousand
hectares

%

Agricultural
enterprises

40805.5

67.6

211433

351

19507.9

32.3

18367.8

304

17787.2

29.7

Citizens

5933.9

9.8

17773.4

29.5

19064.9

31.6

19908.0

33.0

20192.6

335

Institutions,
institutions,
organizations;
enterprises of
transport,

industrial
enterprises;
units,
organizations,
defense
educational
institutions

communication;

2337.8

3.9

2615.6

43

2594.2

4.3

2518.7

4.2

2380.8

4.0

Forestry
enterprises

7022.6

11.6

8484.7

14.1

8540.0

14.1

8550.1

14.2

8582.5

14.3

Reserve lands
and lands not
provided for
ownership and
use within
settlements

3353.9

5.6

9438.4

15.6

9783.1

16.2

10155.9

16.8

10567.3

17.2

Other land users

901.1

15

854.3

14

864.7

14

854.3

14

844.4

14

Total

60354.8

100

60354.8

100

60354.8

100

60354.8

100

60354.8

100

* Source: developed by the author on the basis of the Statistical Yearbook of Ukraine.
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Table 3. The structure of the land fund by the main types of land and functional use in Ukraine

Maior land 1998 2008 2009 2010 2011-201 6 p.
usérs and Area, Area, Area, Area, Area,
| thousand | % | thousand | % | thousand | % | thousand | % | thousand | %
andowners
hectares hectares hectares hectares hectares
@ﬁg‘;’”'t”ra' 41890.1 | 69.4 | 417638 |69.2 | 41722.2 | 69.1 | 41675.9 | 69.1 | 416258 | 69.0
Ecr)]rgstry 10331.0 | 17.1 | 104759 | 17.3 | 10503.7 | 17.4 | 10539.9 | 175 | 105701 | 175
ﬁ‘r‘]'o'lt'”p 23862 | 40 | 24583 | 41 | 24675 | 41 | 24702 | 41 | 24890 | 4.1
Open
s 9208 | 15| 9571 | 16 | 9660 | 1.6 | 9724 | 16 | 9780 | 16
Open lands
without 11056 | 1.8 | 10390 | 1.7 | 10405 | 1.7 | 10425 | 1.7 | 10328 | 1.7
vegetation
Other lands | 13012 | 22 | 12396 | 21 | 12380 | 21 | 12352 | 20 | 12366 | 21
Water 24196 | 40 | 24211 | 40 | 24169 | 40 | 24187 | 40 | 24225 | 40
Total 60354.8 | 100 | 60354.8 | 100 | 60354.8 | 100 | 60354.8 | 100 | 60354.8 | 100

* Source: developed by the author on the basis of the Statistical Yearbook of Ukraine.

Regarding the structure of the land fund in terms of major land users and landowners, the area
of land provided for ownership or use to citizens increased from 5.93 million hectares, as of January 1,
1998 to 20.19 million hectares, as of January 1, 2016 (respectively from 9.8% to 33.5%); the area of
forestry enterprises increased from 7.02 million hectares to 8.58 million hectares (by 1.56 million
hectares); the area of reserve lands and lands not provided for ownership or permanent use increased
from 3.35 million hectares to 10.57 million hectares by 7.22 million hectares. Instead, the area of
agricultural enterprises decreased from 40.8 million hectares to 17.8 million hectares (from 67.6% to
29.7%, respectively) [6].

Thus, from the above data we can conclude that the division of land into categories is a dynamic
process, at any time in the course of economic activity on the land there may be a need to change its
purpose. Determining and changing the ownership of a land plot to a certain category of land is the
prerogative of public authorities — state and local self-government, which are endowed with such powers.

In the general structure of the land fund of Ukraine, forest lands occupy 17.6%, but in the
Carpathian region — 48%, Polissya — 26.8%, the least in the steppe — 5.3%, which indicates the
urgency of this problem.

50
45
40
35
30
25
20
15

10

5

5,3
0

Ukraine Carpathians Polissya Forest-steppe Crimea Steppe

el Actual forest cover, % el Optimal forest cover,%

Fig. 3. Forest cover in Ukraine in terms of natural areas, 2016 %
* Source: developed by the author based on data [6;7].
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The total area of forestry lands and forests on other categories of lands is 10.8 million
hectares, of which 9.7 million hectares are covered with forest vegetation. (Table 5) [7].

The analysis of the given data testifies to an uneven arrangement of the specified category of
lands of the territory of Ukraine. In particular, they are concentrated mainly in Polissya and the
Ukrainian Carpathians.

The largest area of forestry lands - in the Zhytomyr region - 1094.4 thousand hectares, and the
smallest — 94.9 thousand hectares in the Nikolaev area. If we consider the area of land of administrative-
territorial units in terms of the most covered with forest vegetation, they predominate in the Vinnytsia
region and account for 95.3% of the total area of its territory (351.4 thousand hectares). The least
forested lands are located in the Kherson region — respectively 61% (132.4 thousand hectares).

Table 5. General data on forestry lands in Ukraine (01.01.2016)

Land covered with forest
o _ o The total area vegetation
Administrative-territorial Total area, of forestry land, i
: ) thousand hectares
unit thousand km as of 01.01.20186, % of the
thousand hectares on 01.01.2016
total area

Crimea 26.1 330.7 276.3 83.6
Vinnytsia 26.5 368.6 351.4 95.3
Volyn 20.2 702.5 632.4 90
Dnepropetrovsk 31.9 197.1 152.8 77.5
Donetsk 26.5 213.9 185.5 86.7
Zhytomyr 29.9 1096.4 989 90.2
Transcarpathian 12.8 695.8 652.9 93.8
Zaporozhye 27.2 125.2 105.4 84.2
Ivano-Frankivsk 13.9 625.9 576.7 92.1
Kyiv 28.1 731.5 600.9 82.1
Kirovograd 24.6 175.1 158.8 90.7
Luhansk 26.7 362.2 282.9 78.1
Lviv 21.8 682.8 626.4 91.7
Mykolayivska 24.6 134.8 94.9 70.4
Odessa 33.3 259.8 195.3 75.2
Poltava 28.8 271.5 236.2 87
Rivne 20.1 849.8 731.7 86.1
Sumy 23.8 442.8 403.8 91.2
Ternopil 13.8 207.8 1924 92.3
Kharkiv 314 415.5 372.7 89.7
Kherson 28.5 217.2 132.4 61
Khmelnytsky 20.6 283.8 262.7 92.6
Cherkasy 20.9 345.8 319.3 92.3
Chernivtsi 8.1 261.8 237.8 90.8
Chernihiv 31.9 713.4 656.6 92
m. Kyiv 0.8 35.8 31.3 87.4
Sevastopol 0.9 37.8 32.4 85.7
Together 603.7 10785.3 9490.9 88

* Source: developed by the author based on data [6;7].

The research indicates the need to improve the regulatory framework for the balanced use and
restoration of forest lands, due to the appropriate system of both legal and organizational economic
measures that would ensure environmental, resource-saving and reproductive nature.

From the point of view of the legal regime, forests have a limited operational significance and
are subject to state registration and protection. Relations related to the use of the forest fund are
regulated by the Land and Forest Codes and other acts of legislation of Ukraine. Land legislation
defines the general provisions that relate to the regulation of the use and protection of forestry lands,
and forest reflects the specifics of the regulation of these relations (Fig. 4).
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special right to land

Fig. 4. Stages of legal regulation and use of forest lands
Source: formed on the basis of [5; 8].

One of the main features of the legal regime of forest lands is the multifunctional use of
forests, which allows the simultaneous use of forests by different people for different needs, for
example, temporary use of forests for harvesting secondary forest materials, secondary forest uses and
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other needs is carried out without land acquisition. forests, a permanent forest user on the basis of a
special permit (Part 6 of Article 18 of the Forest Code of Ukraine) [5]. Significant features of
management in the relationship of use, protection and reproduction of forest lands. Some management
functions coexist or are absorbed by similar functions related to forests [10]. Planning of forest land
use is carried out primarily in the form of forest management, which, in particular, provides for
"drafting of the organization and development of forestry and author's supervision over their
implementation” (paragraph 13 of Article 46 of the Forest Code of Ukraine) [5].

In accordance with Part 1 of Art. 5 of the Forest Code of Ukraine, forestry lands consist of
forest and non-forest lands.

In case of change of purpose of forest land plots there is an obligation to compensate for losses
of forestry production. At the same time, a simplified procedure for the transfer of forest land to non-
forest land for purposes related to forestry (apparently, the law assumes that the preparation of a new
land management project is not required) [5]. When transferring to non-forest lands, the issue of
felling and use of wood is resolved. An obligation may be established to preserve forest plantations
and take care of them even in the case of transfer of forest lands to non-forest lands (Part 2 of Article
58 of the Forest Code of Ukraine) (Fig. 4).

Conclusions. From the above we can conclude the current state of forest lands, which
revealed the following strengths that become real in the implementation and conduct of the
assessment: assessment of the existing state of forest lands; identification of risks and negative trends
and phenomena in forest use; accounting of forestry lands and improvement of forest cadaster;
planning and implementation of measures for the balanced use of forestry lands; increasing the
efficiency of integrated forest management. The main factors of the theoretical study can be identified
in relation to the effective use of forest lands as a spatial basis and source of productivity of forest
ecosystems and the causes of these problems: 1) preservation of forest lands and change of purpose of
forest lands, 2) encouraging the transformation of other elements of the landscape into forest lands and
increasing the area of forested lands. The solution to these two problems lies in the plane of decision-
making on land use, establishing a socially optimal purpose of land, compliance with land legislation,
promoting reforestation and afforestation; 3) stimulating the preservation and increase of productivity
of forest lands, which requires the use of levers of influence on land and forest users; 4) irrational use
of forestry lands, which leads to loss of potential benefits of the landowner.
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