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DEVELOPMENT OF COMPOSITION AND TECHNOLOGY OF COMBINATION DRUG
WITH NEURALLY MEDIATED ACTION «<MEMOFIT»
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Mema. Memorw pobomu Oyno po3pobka ckiady KOMOIHO8AHO20 NPOPINAKMUYHO20 3ACo0Y V U0l meepoux
orcenamunogux kancyn «Memogimy, usHAUeHHS MEXHOAOSIYHUX | MIKPOOIONIO2IUHUX NOKA3HUKIE HANIENPOOYK-
mig i 20mosoi hopmu ma po3poodKa nPomMucio8oi mexronoaii kancyn « Memoghim»y.

Memoou docnioxyncennsn. /Jocniodxcents, npedcmasieni y cmammi, RpoGOOUTIUCH 3d MeMOOUKAMU, HABCOCHUMU )
Heporcashiti papmarxonei Yrpainu.

Pe3ynomamu docnioycennsn. Y cmammi o0IpyHmosana HeoOXiOHicmb po3pobku 006asku JiemuyHoi 00 payiony
XapuyeanHs 01 HAOAHHA CNEeYianrbHux OICMUYHUX 61ACMUBOCMEN 3 MemOoI0 pe2yiayii yuKyiti ma cucmem op-
2aHI3MY 8 PaAMKax Qi3iono2iuHux HOpM npu NopyuieHHAX ynKyil nepeogoi cucmemu. [Ipedcmasneno pes3ynb-
mamu 8UBYeHHsa (PapMaKo-mexHOI02IYHUX MaA MIKPOOIONO2IYHUX NAPAMEMPIE CYXUX eKCMmpaKmis, uo 6xo0sams
00 cknady meepoux Jxcenamunosux xancyi «Memogimy. 3anpononosani onmumansHi mexnono2iuni napamempu
supobnuymea kancyn «Memoghimy. Ilpeocmasneni pesynomamu mamepianvuozo 6anaucy cepii kancyn «Memo-
@imy, wo niomeeposcyromsv payioHanrbHIiCMb 00PaAH020 MexHoao2iuHo20 npoyecy. TexHonozia supobHUYmMea Ka-
neyn «Memogimy enposadacena 6 ymosax TOB «/3 « THLJIC».

Bucnoexu. Ha ocnosi ompumanux excnepumenmanbHux OaHUX 6USHAYEHH PapMAKo-mMexXHOI02IUHUX NOKAZHU-
Ki8 CYXux excmpaxmie 0yi0 6CaH081eH0 MONCIUBICIb PO3POOKU HA iX OCHO8I MBEPOUX NIKAPCLKUX POPM Y 8U-
enaoi kancyn. Obrpynmosana i po3podieHa npomMuciosa mexHoa02is i cxema mexHoI02IMHO20 Npoyecy Kancyi
«Memoghimy Ons euxopucmanis 8 payionax JiEMutHO20 XapuyeanHs Ax 000amKoge 0xcepeno 6iono2iuHo aKmu-
BHUX DEHOBUH, WO CNPUSE HOPMANI3aYii OYHKYIOHYB8AHHA 207106HO20 MO3KY, RIOBUWEHHIO Y8a2u, HOPMANi3ayil
CHY; MA€ 3a2abHO3MIYHIOIOYL 1ACMUBOCMI, NIOBUUYE POZYMOBY MA PI3UUHY NPAYE30AMHICIb

Knruosi cnosa: mexuonozis, meepoi 1ikapcovKi popmu, Kancyau, poCIUKHI eKCmpaxkmu, 3aX80pIo8anHs Hep8o8oi

cucmemu

1. Introduction

Main diseases caused by stress give to understand
that mental tension promotes not only negative emotions
but also it intensifies chronic inflammatory processes at
the different diseases. Physiological reactions occurring
at the moment of inability to control yourself are the
response of the organism on stress. Stress accompanies
people from the origin of mankind only its causes can
change in the course of time.

People who experience of stress are more inclined
to the development of nervous system diseases. It has
been affirmed that influence of stress on mental health is
limited but destructiveness of stress was proved physio-
logically many times. Scientists could determine that
stress is one of the most common causes of the develop-
ment of different somatic diseases.

Many research of scientist prove that short-term
single stress experience trains memory and brain making
people to decide quickly. In this case human body trig-
gers defense mechanism that assures rush of stress hor-
mone promoting neuron interaction followed by im-
proved efficiency of brain function. It is impossible to
say how stress influences the memory and brain func-
tions. Emotional instability and angst, anxiety, rueful
feelings effect certain areas of brain that are responsible
for memory, blocking which makes memory and intellec-
tual abilities worse [1, 2].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Stress-relaxation practice, such as meditation, can
improve your health and prevent memory loss. And, as it
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reduces some of the negative impacts of cholesterol,
cortisol, and high blood pressure, a stress relaxation
practice also has the added benefits of improving your
focus, attention, and optimizing your overall mental
performance. Biologically active substances, medicinal
plants and herbal medicines can have sedative, anxiolytic
properties and improve cerebral blood flow, physical and
mental efficiency [3, 4].

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

Treatment of neurological disorders must be com-
prehensive oriented to the removal of disease-related
reasons and stress factor that can provoke them. To get
positive effect in prevention, diagnosis and treat-
ment of pathological conditions of nervous system is
possible only by the influence on different components
of pathological processes eliminating the cause of disease
and symptomatology. According to this, medicinal plants
and herbal medicines that have sedative, neuroprotective,
tonic properties and raising nonspecific resistance of the
organism are used [5, 6].

4. Allocation of unsolved parts of the general
problem, which is dedicated to the article

Dietary supplements such as composition of natu-
ral (or nature-identical) biologically active substances
intended to take with food or include into the composi-
tion of foods with the aim of fortification of ration with
nutrient materials and biologically active substances and
their complexes are an effective and harmless prophylac-
tic agents. These supplements are products of plant, ani-
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mal and mineral origin that improve competition form,
increase physical force, endurance, mental alertness and
performance efficiency acting in the body more mildly
then medicinal products and having much less adverse
effects [7, 8].

Therefore, the development of combination domes-
tic medicinal products based on the safe types of herbal
raw materials facilitates the expansion of the range of
dietary supplements used at the neurological disturbances
and reverse after-effect of negative impact of stress.

Rational number of excipients necessary for car-
rying out of every production stage were calculated tak-
ing into account of physico-chemical properties of plant
extracts. Microcrystalline cellulose (MCC) was added
into the composition of capsules to improve encapsula-
tion mass quality. Addition of lactose into the encapsula-
tion mass enhances its physical characteristics because
lactose has high stability and low hygroscopicity. One of
the problems of capsule production is a formation of
good fluidity of encapsulation mass in the electric-
powered devices (hood, bunker). Received mass can
have a rough surface that complicates its absorption from
the filling hopper into the matrix slots. Besides that mass
can stick during the encapsulation. Lubricant (magnesi-
um stearate) was used for releasing and decreasing of
these negative phenomena.

5. Formulation of goals (tasks) of the article

The aim of this article was the development of
combination prophylactic agent in the form of hard-
gelatin capsules «Memofity, determination of technolog-
ical and microbiological parameters of intermediate
products and finished medicinal product and develop-
ment of manufacturing process for capsule «Memofity.

6. Statement of the basic material of the study
(methods and objects) with the justification of the
results

Investigations focused on the active pharmaceuti-
cal ingredient or finished product production and deter-
mination of their technological and microbiological pa-
rameters were carried out on the TOV “DZ “GNCLS”
facilities.

Dry extracts from ballota nigra herb and meadow
rue pasque flower herb were obtained in accordance with
general scheme. Air-dried dry raw material milled to the
particle size 3-5 mm, were placed in extractor. Extraction
was performed with hot water in the ratio raw material —
extractant 1:10 factored in absorption coefficient of ex-
tractant till complete extraction of BAA from the raw
material. Extraction was done twice at the temperature 70—
80 °C for 1.5-2 hours. Received extracts were combined,
filtered and concentrated in vacuum evaporator at the
temperature 50-60 °C and pressure 80-87 kPa to obtain
heavy consistence (humidity did not exceed 25 %). Ob-
tained dry extracts were dried in the vacuum drying oven
at the temperature 70-75 °C and pressure 80-87 kPa.

Dry extract from the leaves of ginkgo biloba was
obtained by the extraction with 70 % alcohol in the ratio
raw material — extractant 1:5 factored in absorption coef-
ficient of extractant till complete extraction of BAA.

Alcohol was distilled off from the received aque-
ous-alcoholic extract and dried at the above mentioned
conditions.

Received dry extracts were monitored by the fol-
lowing quality parameters: appearance, loss on drying,
heavy metals, microbiological quality according to the
SPh Ukraine [9].

Received dry extracts are dark brown, free-flowing
and non-hygroscopic powders with characteristic smell
and taste common to plant raw material. Determined loss
of drying for extracts of ballota nigra, meadow rue pasque
flower and ginkgo biloba was 4.10 %, 3.90 % and 3.50 %,
respectively. Content of heavy metals in dry extracts was
not more than 0.01 % (100 ppm). Loss on drying for ob-
tained dry extracts did not exceed 5 % in accordance with
the requirements of SPh Ukraine [9].

Microbiological parameters for the active
pharmaceutical ingredients used for production of
dietary supplement are subject to the requirements of
«Temporary hygienic norms for the contents of chemi-
cal and biological contaminants in the biologically
active additives» No. TH 4.4.8.073-2001 [10]. Plating
method was used to determine microbiological param-
eters [9]. Obtained results are given in the Table 1
below.

Table 1
Microbiological parameters for dry extracts and produced capsules
Parameter Requirements of Results of monitoring*

AND Sample Ne 1 | Sample Ne2 | Sample N3 | Sample Ne 4
TAMC (CFU g/mL) 10* 260 320 450 490
TYMC (CFU g/mL) 10° <10 <10 <10 <10
Presence of
Enterobacteriaceae absent absent absent absent absent
S. aureus absent absent absent absent absent
P. aeruginosa absent absent absent absent absent

Note: *sample M [ is a dry extract of ginkgo biloba leaves, sample Ao 2 — dry extract from ballota nigra herb, sample Ne 3 — dry
extract from meadow rue pasque flower herb, sample N 4 — «Memofit» capsules

Pharmaco-technological test for obtained dry
extracts were performed in accordance with the proce-
dures of SPh Ukraine. These tests included particle
size distribution, fluidity that is characterized by the
natural angle of slope and spilling time, bulk volume

and volume after shrinkage, shrinkage qualities and
density (bulk density and tapped density) [9].

Powders of obtained dry extracts were not non-
homogeneous on composition that's why sieve analysis
was performed. It is known that particle size distribution
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of powders influences such technological properties of
dry extracts as fluidity, pressing, density as well as or-
ganoleptic parameters, average mass of solid dosage
forms, accuracy of dose for active substances in medici-
nal products [11, 12]. Results of experimental data point
to the fact that main fraction consists of powders with
particle size from 0.2 mm to 0.31 mm for all extracts
under test. This confirms ability to use these extracts to
obtain dosage forms in the form of capsules because this
fraction must have sufficient fluidity and density at the
filling of capsule. Results of particle size distribution for
obtained dry extracts are given in the Table 2.

Natural angle of slope changes in a wide range
from 25 to 35° for free-pouring and from 60 to 70° for
less-pouring materials. That's why the less natural angle
of slope the more fluidity [11]. The values of natural
angles of slope for dry extracts from the ballota nigra
herb, meadow rue pasque flower herb and ginkgo biloba
leaves were 29°, 26°, 27°, respectively. They are within
the limits for free-pouring materials.

Results of bulk density determined during the
manufacturing process were used to determine the vol-
ume of matrix channel [11, 12]. Results of received pa-
rameters are given in the Table 3.

Table 2

Particle size distribution of dry extracts

Content of fraction, %
Sieve size, mm Dry extract of ballota Dry extract of meadow Dry extract of ginkgo
nigra herb rue pasque flower herb biloba leaves
-1.0+0.50 13.51+0.04 11.23+0.03 10.12+0.04
-0.50+0.31 13.02+0.04 12.65+0.03 13.89+0.04
-0.31+0.20 60.25+0.03 64.12+0.04 63.47+0.03
—0.20+0.09 10.69+0.03 9.95+0.04 10.58+0.03
Screening 2.53+0.03 2.05+0.03 1.95+0.03

Table 3

Pharmaco-technological parameters of dry extracts

Results of determination

Pharmaco-technological parameters Dry extract of ballota Dry extract of D_ry extra}ct of

. meadow rue pasque ginkgo biloba

nigra herb fi
ower herb leaves

Bulk volume (volume before shrink- 104.00+1.49 110.50+1.14 139.50+1.26
age), ml
Volume after shrinkage, ml 85.50+0.75 95.00+0.68 118.50+0.85
Shrinkage capacity, mi 18.50+0.61 15.50+0.35 21.00+1.21
Bulk density, g/ml 0.96+0.12 0,91+0,10 0.72+0.14
Tapped density, g/ml 1.16£1.05 1,05+0,45 0.84+1.01
Fluidity, sec 12.09+0,23 10.26+0.31 18.59+0.24
- natural angle of slope, ° 29.00+1.3 26.00£1.22 27.00£1.25

The composition of the solid dosage form in the
form of gelatin capsules was developed basing on the
obtained dry extracts, their investigation, as well as the
results of the pharmacological action of the active phar-
maceutical ingredients [5, 6, 13].

The obtained solid gelatin capsules containing
plant extracts had the following organoleptic characteris-
tics. Description: homogeneous powder of plant origin

from light brown to dark brown color. Smell. Specific
due to the presence of plant material. Taste. Specific due
to the presence of plant material.

During determination of the microbiological pa-
rameters of dry extracts and capsules on their basis, it
was established the compliance of the investigated sam-
ples with requirements of TN 4.4.8.-072-2001. The re-
sults are presented in Table 3.

Composition of “Memofit” capsules (composition of 1 capsule):

Dry extract of ginkgo biloba leaves

Dry extract of the ballota nigra herb

Dry extract of meadow rue pasque flower herb
Lecithin

Choline bitartrate

Excipients:

Microcrystalline cellulose, lactose,

calcium stearate (magnesium)

The manufacturing of capsules was carried out
according to the general technological scheme. The ac-
tive ingredients and excipients in the solid state in the
form of powder were filled into one of the parts of the

40

40.0 mg

50.0 mg

20.0 mg

140.0 mg

50.0 mg

up to 500,0 mg

shell, which was tightly closed by the second part. Solid
capsules have a shell consisting of two prefabricated
parts of a cylindrical shape, one end of each part is
rounded and closed, and the other end is open [4].
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Based on the obtained experimental data, it be-
came possible to develop an industrial technology for
obtaining the product and implement it in the production

in TOV “DZ “GNCLS”. The scheme of technological
process of capsules “Memofit” production in industrial
conditions is shown on Fig. 1.

Raw materials, Manufacture of dietary In-process control
intermediates and supplements «Memofit»
materials
Dry extracts of ballota Stage 1 Quantity of raw
nigra, meadow rue Preparation of raw materials,
pasque flower and materials —] particle size,
ginkgo biloba, Balance homogeneity of sieved
microcrystalline Tanks components
cellulose, calcium Sieve
stearate, lactose
monohvdrate
y
Stage 2 Mixing time,
Obtaining of encapsulation [ | homogeneity
mass for mixer
Rate of filling, control
Stage 3 | of intermediate products
Encapsulation (appearance, average
Capsule filling machine mass, disintegration,
dissolution)
Packing capsules
Stage 4 Number of cgpsules ina
; Capsule packing i
Containers . —  print quality control
capsules packing system :
a number of capsules in
l the lot
Leaflets, packs Stage 5 Completeness of
Packing containers in packs [#- packaging, stamp and
Packing table labeling correctness (lot
number, expiration date)
Grouped boxes, Stage 6 Number of packs in the
labels Packing packs inboxes ¢  box, correctness of
Packing table labeling
Final product . Control of a final
product

Fig. 1. Scheme of production of solid gelatinous capsules “Memofit”

Stage 1. Preparation of raw materials

It begins with the receipt of raw materials from
the warehouse. Each lot (batch) of a dry extract of ballota
nigra, meadow rue pasque flower and ginkgo biloba,
microcrystalline cellulose, calcium stearate and lactose
monohydrate (80) coming into production, regardless of
the presence of a supplier certificate, is to be checked at
the control and analytical laboratory on compliance with
the requirements of the current analytical normative
documentation (AND).

The raw materials are used in the production after
receiving the analytical passport from the analytical la-
boratory, which confirms its quality.

The ingredients for the lot are weighed in tared,
labeled tank on scales (CP 7). Sieve the ingredients on
the manual sieve Ne 250 (0.250+0.034 mm) (GF 4) in the
tared tanks (C 6.1.—C 6.5.).

Control the quality of screening — the absence of
visible particulate matter in the screened raw material.
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Stage 2. Obtaining mass for encapsulation

All ingredients from the tanks (C 6.1.—C 6.5.) are
transferred into the mixer (GF 18) and mix. Transfer the
mass from the mixer (GF 18) in the tank (C 21) through
the sieve number 250 (0.250+0.034 mm) (GF 4).

Stage 3. Encapsulation and dedusting of capsules

Encapsulation of mass from stage 2 is carried out
on an encapsulator MS-2. Hard-gelatin capsules number
1 are obtained. Weigh the mass for encapsulation on the
sheet of paper in order to fill 120 capsules on scales (CP
2). Conduct the filling of the first 120 capsules. After
filling the first capsules, control the average mass of one
capsule 0.500 g+7.5 % (from 0.4815 to 0.5006 g). When
positive results of the average mass are obtained, the
prepared amount of mass is encapsulated.

Filled capsules are controlled for the absence of
mechanical damages and various deformations.

Dedusting of capsules is carried out in the fume
hood by shaking capsules on a metal hand-screen Ne 50.

Stage 4. Pre-packing of capsules

Capsule packing is carried out on a capsule filling
system (GF 55) by 50 capsules in containers sealed with
a tamper-evident closure. Free space in a container or a
bottle is filled with hygroscopic medical cotton.

The label or self-adhesive label is attached to the
container or bottle.

Stage 5. Packing of capsules

Each tamper-evident capped container is placed in
a pack of imported cardboard «Alaska GS-2», manufac-
tured by the company «International Paper - Kwidzyn
s.a.», Poland or from the recycle cardboard chrome-
ersatz in accordance with TU U 13-0281041-315-96.

70 packs are put into corrugated box number 7.

In order to determine the correctness of the
choice, organization of the technological process and the
development of production regulations, the mass balance
was calculated for the production of the dietary supple-
ment “Memofit”; it presented in Table 4.

Table 4
Mass balance of a lot
Consumed Received
Nafme of raw material, Quantity Name of final product, Quantity
intermediates and . .
. kg t. units losses and waste kg t. units
materials
Raw materials Dietary supplement
“Memofit” Ne 50 with 70
. 25.0
packs in a group package,
including:
Dry extract of the ballota 2625 Hard-gelatln capsules Ne 0, 50.0
nigra herb red-white
Dry extract of meadow rue 1.05 Containers or bottles 1.000
pasque flower herb
Dry extract - of - ginkgo 2.1 Self-adhesive labels 1.000
biloba leaves
Lecithin 7.35 Pack 1.000
Choline bitartrate 2.625 Leaflet 1.000
Microcrystalline cellulose 7.875 Corrugated box Ne 7 0.015
Lactose 2.362 Pads to corrugated box Ne 7 0.03
Calcium stearate 0.263 Group labels 0.015
Hard-gelatin capsules Ne 0, Self-adhesive tape or packing
. 52.0 0.3
red-white tape (scotch tape)
Wastes, including:
Materials Containers or bottles 0.005
Containers or bottles 1.005 Self-adhesive labels 0.005
Self-adhesive labels 1.005 Pack 0.005
Pack 1.005 Leaflet 0.005
Leaflet 1.005 Group labels 0.003
Corrugated box Ne 7 0.015
7Pads to corrugated box No 0.030
Group labels 0.018
Self-adhesive  tape  or
packing tape (scotch tape) 0.0003
Expenses:
Encapsulation mass 1.25
Hard-gelatin capsules Ne 0,
. 2.0
red-white
Total 26.25 56.0833 Total 26.25 56.0833
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Manufacturing specification was developed based on
the obtained mass balance data and the level of the techno-
logical process organization was assessed as sufficiently
effective. The mass balance allowed to calculate the general
technical and economic indexes of production such as the
regulated expenditure rates of raw materials, materials, in-
termediate products and energy per unit of finished product.

Determination of quality parameters of the fin-
ished dosage form: organoleptic parameters, mass homo-
geneity (2.9.5), decomposition (2.9.3) were performed
according to the SPhU procedure in order to develop the
technical specifications of Ukraine for the dietary sup-
plement “Memofit” [9].

The uniformity of mass was determined for
20 units of a dosage form of medicinal product, selected
by a statistically valid scheme, weighed each separately
and calculated the average mass. A medicinal product can
passes the test if no more than two individual masses devi-
ate from a value that does not exceed the value specified in
Table. 2.9.5.-1. For capsules with an average mass of
300 mg or more, the tolerable deviation is 7. 5 % [9].

The average capsule mass was calculated by the
formula:

m :zx[,

* X,

i

where Xx; —sum of the masses of 20 capsules, g; X; —
quantity of capsules.

The maximum deviation from the average mass
was calculated by the formula:

X —-m
X=—T% 2 .100 %,
mc
P
where X« — the maximum value of the capsule mass, g;
M,y — an average capsule mass, g.
The minimum deviation from the average mass

was calculated by the formula:

Xmin —m,
X=—T2.100%,

cp

where X, — the minimum value of the capsule mass, g;
m,, — an average capsule mass, g.

The following experimental data were obtained
during determination the of the uniformity of mass of
capsules: the average mass 0.4493 g, the maximum devi-
ation from the average mass 1.27 %, the minimum devia-
tion from the average mass 2.59 %. The obtained data
meets the requirements of the SPhU regarding the quality
of hard-gelatin capsules.

Water was used as a liquid medium for disintegra-
tion tests. The device was switched on for 30 minutes
maintaining the temperature at 36-38 °C and examined
the state of the capsules. Tests are considered to be sus-
tained if all six capsules disintegrate. The conducted
“Disintegration of tablets and capsules” test showed that
solid capsules with dry extracts disintegrate in 15—
20 minutes.

7. Findings from the research and prospects of
further development of this area

The results of the development of the composition
of the combination prophylactic agent in the form of
hard-gelatin capsules «Memofit», determination of tech-
nological and microbiological parameters of intermediate
products and finished medicinal product and develop-
ment of manufacturing process for capsule «Memofity
are presented.

Pharmaco-technological and microbiological pa-
rameters of dry extracts, included in the composition of
hard-gelatin capsules “Memofit” were studied. Research
of rational composition choice and optimal technological
parameters for production of capsules “Memofit” was
carried out. The results of the mass balance for the lot of
capsules “Memofit” that confirm the rationality of the
chosen technological process are presented. The technol-
ogy of manufacturing process for capsules “Memofit”
was introduced in the production in TOV “DZ
“GNCLS”.

Developed capsules “Memofit” proposed for use
in diets as additional source of biologically active sub-
stances that promotes normalization of brain functioning,
increase of attention, normalize sleep cycle; having tonic
properties, raises mental and physical efficiency.
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SUBSTANTIATION OF THE COMPOSITION OF SURFACE-ACTIVE SUBSTANCES IN
DEVELOPMENT OF A CREAM WITH SILVER CITRATE

© Z. Polova, 1. Gladukh, H. Kukhtenko

DapmayesmuuHuM eMyIbCiaM HUHI NpUOiIAEMbCs 6ce OLbua y8aed, OCKIIbKU 80HU HAULTU WUPOKe 3ACMOCY-
8anHs 6 MeOuyHitl npakmuyi. Lle cmano moxciusum 3a805Ku AKICHO HOBOMY PIBHIO HAYKOBUX OOCHIOJCeHb md
docsieHelb 8 00NACMI CMEOPEHHS eMYIbCIUHUX CUCIEM, d MAKONC PO3UWUPEHHIO ACOPMUMEHNY 0ONOMINCHUX De-
YOBUH MA BUKOPUCIAHHIO HOBO20 CYYUACHO20 00naoHanHs. Emynvcii aensaroms coborw cemepocenni oucnepchi cu-
cmemu, wo nomenyitino Hecmabinoni. Tomy numanns cmadinizayii emyibCiuHUX CUCIEM € 20JI08HUM 8 MeXHO-
02I1 eMynbCiil.

Mema. Buguenns cmpykmypHo-MexaHiuHux e1acmueocmell KOHYEHMPOBAHUX eMYNbCIIHUX CUCIEM 8 3ANeHCHO-
cmi 6i0 cymaphoi konyenmpayii IIAP ma 0ocnioxcenns Ko10ionoi ma mepmiunoi cmaditbHocmi 3paskie s 00-
IPYHMYBAHHS CKAAOY NOBEPXHEBO-AKMUBHUX PEUOBUH NPU PO3POOYI KpeMy 3 cpibaa yumpamom.

Memoou. ©apmarxo-mexnHonr02iuni Memoou 00Cai0NCeHb NPOBOOUU 32I0H0 3 gumozamu Jlepacasnoi @apmako-
nei’ Ykpainu.

Pe3ynomamu oocnioxncennsn. /[ocniodceno Konoiony ma mepmiyHy cmabilbHICMb 3pA3Ki8 Kpemy eMyabCiliHo20 3
cpibna yumpamom, 3a AKUMU 6CTNAHOBNIEHO, WO BUKOPUCMAHHA eMyabeamopis 6 konyenmpayii 4 % ma 6 % ne
3abesneuye Qizuynoi cmabinbnocmi. Bukonano oucnepcHuil ananiz 2emepo2eHHUX CUCmeM, 3d AKUMU 6CMAHO 8-
JIEHO, WO 3PA3KU i3 BUKOPUCMAHHAM KOMOIHAYIL eMylibeamopie € 00HOPIOHUMU 3d POIMIPOM YACMUHOK MACAAHOL
¢asu, saxi ne nepesuwgyiomsv 10 mim. JJocniodnceno nosedinky 3paskie emyabCilho2o Kpemy 3 cpiona yumpamom
nio yac ma nicis MEXaniunHoi decmpyKyii, pe3yibmamu SKux 2apanmyioms CmadiibHiCmb cucmemu nio 6NAUGOM
MexXaHiuHoi 06pobKU 8 npoyeci NPOMUCI08020 BUPOOHUYMBA MA BUKOPUCTNAHHA.

Bucnoexu. B pezyromami excnepumenmy o0IpyHmMoBarHo GUKOPUCMANHHS 015 CMAbinizayii emyabCitinoi cucmemu
3 cpibna yumpamom KOMOIHAYII0 NOBEPXHEBO-AKMUBHUX peyosuH:. emyaveamop Ne I ma yemocmeapunosuti
cnupmy y xinekocmi 8—10 %
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44




