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MEDICINE, BIOLOGY, REHABILITATION AND SPORTS

Barkdts N.
Palmaris longus, a muscle that lost its function, or not? A pilot study

Norbert Barkats, Postgraduate student

Department of biological anthropology, Eétvos Lordnd University, Budapest, Hungary

Abstract. The palmaris longus muscle is one of the most variable muscles in human body. Its most common anatomic variation is
the complete agenesis of the muscle. The palmaris longus is considered to be a phylogenetically redundant muscle which lost its
function. This led to great importance of the muscle in plastic and reconstructive surgery, since the palmaris longus can be extracted
from the forearm without any complications, and can be used as a donor muscle. The general point of view is that the presence or
absence palmaris longus has no effect on the functioning of the forearm. This pilot study aims to assess the grip strength in people
who have unilateral agenesis of the muscle, thus establish whether it has any influence on the grip strength. According to the results
there is a great deviation from the expected results in patients who had unilateral agenesis of the muscle.
Keywords: palmaris longus muscle, agenesis, grip strength, Hungarian population

Introduction

The palmaris longus muscle (PLM) is often described as a
phylogenetically degenerate muscle, which lost its func-
tion and is no longer needed for human hand since it can
perform its functions properly with or without the muscle
alike [7]. The function loss of the muscle is considered to
be the main reason behind the development of a number
of different variations of palmaris longus that are de-
scribed in the literature, such as: agenesis of PLM, the
most frequent anatomical variation [15], reversed PLM
[Salgado], double PLM [11], variation in location [15],
and many others. As the human hand functions are usual-
ly not affected by the variations of the muscle, they usual-
ly remain unnoticed.

According to the anatomical descriptions PLM is as a
slender, fusiform muscle, with a short muscular belly
which is positioned proximally and a long tendon (10-12
cm) which passes anterior (superficial) and distally in
forearm of the upper limb of humans and disposed medial
to flexor carpi radialis. It is innervated by median nerve
and irrigated by branches from anterior ulnar recurrent
arteria. This muscle has its origin in the medial epicon-
dyle of the humerus [13] palmaris longus has largely
abandoned a direct bony attachment by attaching instead
to the palmar fascia [5]. Usually the anatomy books de-
scribe the most frequent anomaly of PLM, its complete
agenesis, and state that the frequency of the agenesis is
usually about 15%, but from the relevant literature we
may know that the frequency of the agenesis may wary in
a great way depending on the population in which it was
examined. [3, 6, 7, 9, 15] This study was done in Hungar-
ian population in which the agenesis rate may wary be-
tween 33 and 53% [1, 2, 3, 4, 5].

The general point of view is that PLM lost its function
and the muscle is no longer needed for proper functioning
of the hand. Yet some studies suggest that the muscle
could retain some of its original functions and may still
play some role in certain moves of hand and fingers. [6].
This made the PLM one of the main donor muscles of the
human body for tendon grafts and flaps used in plastic
and reconstructive surgery, orthopaedics and hand sur-
gery. The generally accepted point of view is that if we
remove the tendon of the PLM, it won’t affect the func-
tioning of the hand in any way. [10, 20]. Yet there are
only a few studies which could confirm this opinion [8,
10, 18]. This paper presents the results of a pilot study

done to assess the influence of the absence or presence of
palmaris longus muscle on the grip strength, and to estab-
lish whether further studies would be expedient.

Materials and methods

From overall 500 patients examined by conventional
tests for establishing the absence or presence of PLM 140
individuals were selected whose grip strength was meas-
ured by dynamometer. The group of selected 140 individ-
uals consisted of 3 subgroups: first subgroup was assem-
bled of 20 patients who had unilateral agenesis of PLM in
their right hand. The second subgroup was assembled of
20 patients who had unilateral agenesis of PLM in their
left hand. The third subgroup was a control group consist-
ing of 100 people who had PLM in their both hands.
There were several studies examining the effect of the
absence or presence of PLM on the grip strength. Yet to
state certainly that the PLM has or don have effect on grip
strength we would have to examine patients that have the
same muscles except for the presence or absence of the
PLM. This could be done only if we examine patients that
have the muscle, then surgically remove the PLM and
after complete recovery of hand and forearm muscles to
the state before surgery, assess the grip strength again.
Obviously we can’t do this. It was established that the
best way to maximally near the conditions mentioned
above is to examine the grip strength of people who had
agenesis only in one hand. According to 10% rule the grip
strength of the dominant hand is 10% stronger than the
grip strength on non-dominant hand. Yet from previous
studies we know that this rule is not always true. We may
assume that the difference in grip strength may vary be-
tween different populations and different groups depend-
ing on genetic background, lifestyle, occupation and
many other factors. To establish the difference in grip
strength of dominant and non-dominant hands in the ex-
amined population a control group of 100 patients also
was examined during the study.

During the examination all people who were doing any
sports or activities that could lead to development on
increased grip strength in one of the hands were excluded
from the study. All the patients who had any medical
issues that could influence the proper functioning of the
hand or grip strength were also excluded from the study.
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For the assessment of the presence or absence of the
palmaris longus muscle six different tests were used.

Namely: ~ Thompson’s  [19], Schaeffer’s [17],
Pushpakumar’s [14], Mishra’s 1, Mishra’s 2 [12] and Hiz-
Ediz [9].

The grip strength was measured by a calibrated dyna-
mometer.

Results

In the control group the general difference in the grip
strength between dominant and non-dominant hands was
10.71%. This result makes the 10% rule in the Hungarian
population a quite reliable orientation point.

During the evaluation of the results the first subgroup —
people who had agenesis in their right hand — had to be

divided further in two smaller groups: right-handers — 16
people, and lefthanders — 4 people. The difference in grip
strength in right-handers who had agenesis in their right
hand was -1.88%. This means that in these people the grip
strength in non-dominant hand was 1.88% higher than in
dominant. In the lefthanders who had agenesis in their
right hand the dominant hand was stronger by 18.11%.
The second subgroup — people who had agenesis in
their left hand didn’t have any lefthanders. In this group
the dominant hand was stronger by 23.93%.
Unfortunately the numbers obtained during the pilot
study are not enough for a convincing statistical analysis.
Yet as it can be seen in fig. 1. there is a great deviation
from both 10 % rule and control group in all the cases
when the patients had agenesis only in one of their hands.

® Expected difference level
according to 10% rule

® Expected difference level

according to control group
m Difference level in right-handers

with agenesis in right hand

Difference level in lefthanders
with agenesis in right hand

® Difference level in righthanders
with agenesis in left hand

25,00%
20,00% —
15,00% |
control group
differenc level
0,
10,00% 10% rule
difference
level
5,00%
0,00% .
-5,00%
10% rule Control group  Agenesisinright Agenesisin left
difference hand hand
Fig. 1. Differences between grip strength of dominant and non-dominant hands in examined sample
Discussion

Currently the general opinion is that the palmaris longus
muscle has no influence on grip strength or functionality
of hand, and its surgical removal would not affect the grip
strength of patient. The present study shows that the PLM
may still have some role in the functioning of the hand
and there could be negative effects on grip strength after
the surgical removal of PLM during plastic or reconstruct-

tive surgeries. Unfortunately this pilot study did not pro-
vided enough data for proper statistical evaluation thus we
can’t exclude the possibility that the present results are
only a product of accidental coincidence caused by low
sample size. Yet the differences found between control
group and groups with unilateral agenesis give us a good
starting point for further studies.
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Bopkau H. /I1uHHbBII JaJ0HHBIA MyCKYJI yTPATUJI CBOIO GYyHKIUIO WU Bee ke HeT? IInoTHoe nccienopanue

AnHoTanusi. J[TMHHAs agoHHAs MBIIIIA SBISIETCS OJHOM M3 HamOojee BapuabGeNbHBIX MBIIII] B OpraHu3Me 4eioBeka. HamGoiee
pacnpocTpaHeHHONH aHATOMHYECKOW BapHalueil sSBISeTCs MoJHas areHe3us Mblibl. Palmaris longus cunraercst gpuiioreHeTHuecKu
M3JHMLIHEH MBI, KOTopask yTepsia CBOI (YHKIHIO. DTO CAETaN0 MBIIIIY OYeHb Ba)KHOU B IUTACTHYECKOH M PEKOHCTPYKTHBHOM
XHUPYPTHUH, TaK KaK JOJTrast JaZOHHAs MBIIIA MOXKET OBITh U3BJICUCHA U3 IPEIIedbs 03 KaKuX-Iu00 OCIOKHEHHH, U NCTIOIb30BaHa
B KaU€CTBE MBIIIIBI-T0HOPA. OOMIENPUHATOI ABISETCS TOUKA 3PEHHMS, YTO HATWINE WIN OTCYTCTBHE OOJBIION JIaOHHOH MBIIIIEI HE
MMeeT HUKAKOTO BIMSHUS Ha (YHKIIMOHMUPOBAHME MpeNIUIedbs. JTO MUIOTHOE HCCIECIOBAHIE CTABUT CBOCH LENBIO OLEHUTH MPOU-
HOCTB CICIUICHUS B JIIOAEH, Y KOTOPBIX OOHapy)keHa OJHOCTOPOHHSISI areHe3Wsl MBIMIIEL, TeM CaMbIM yCTaHOBHTBH, HMEET JIU OHa
KaKoe-JIM00 BIMSHUE HA MIPOYHOCTH 3axBaTa. OOHAPYXKEHO CYIIECTBEHHOE OTKIOHEHHE OT 0)KHIAEMBIX PE3yJIbTAaTOB y MALIEHTOB C

OJIHOCTOPOHHEH areHe3uen JITMHHOM JIaJJOHHOM MBILIIIBI.

Knrouesvle cnosa: onunnas 1a0onnas Mmbulidya, He()opa%umue, NPOYHOCMb CYENiIeHUs, 6EHCePCKOC0 HACEIEeHUS
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Gregirchak N.N., Lych 1.V.
Research on cancer vaccines on cellular immunity of mice with Lewis lung carcinoma

Gregirchak Nataliya Nikolaevna, PhD in Engineering, assistant professor,

Lych Inna Valentinovna, PhD in Biology, assistant professor,

National University of Food Technologies, Kiev, Ukraine

Abstract. Antitumor activity of xenogenic and homologous vaccines prepared with the use of protein containing metabolites of
Bacillus subtilis B-7025 with molecular weight of 18.5 and 70 kDa were studied on Lewis lung carcinoma model. The relation of
tumor growth dynamics in mice that received vaccines injections with cytotoxic activity of lymphocytes and macrophages was
revealed. Those results can be used for further studies of the vaccine impact on humoral immunity section and for potential
production of cancer vaccines based on these glycoproteins and chicken embryonic proteins.

Keywords: adjuvants, cancer vaccines, tumor associated antigens, Lewis lung carcinoma, proliferation, apoptosis

Introduction

Treatment of tumors is a complex, and in malignant
forms, not always a solvable problem. One of the main
methods of its control is the use of chemotherapy, which
provides a direct cytotoxic effect on pathology.
Introduction to oncology practice of various schemes of
combined and complex treatment with new chemotherapy
has enhanced the effectiveness of traditional methods and
achieved, in some cases, complete remission, which,
however, did not change the overall situation. Indicators
of overall mortality from cancer remained almost the
same, and metastatic forms of disease take significant
proportions of them [1, 4, 6]. Often the death of a patient,
regardless of the successfully cured primary tumor node,
is caused by metastasis which have already existed at the
time of diagnosis. This means that, in most cases,
systemic chemotherapy used for prevention and control of
metastases does not lead to the desired effect [4,7].

The current situation poses a difficult challenge for
researchers to find fundamentally new methods and
schemes of malignant tumors treatment. Over recent years
there has been growing interest of researchers to methods
of biotherapy, such as immunotherapy of cancer patients
[2, 4, 5]. The latter has several areas, including the use of
cytokines, monoclonal antibodies and specific anti-tumor
vaccines. The use of cancer vaccines is very promising,
which applies the use of tumor associated antigens
(TAA), based on the formation of specific anti-tumor
immune responses. It should be noted that most tumor
antigens have low immunogenicity, leading to the need to
find different ways to improve cancer vaccines [3]. One
way to enhance the immune response to antigens is to use
adjuvants, the spectrum of which is very broad. However,
the effect of adjuvants on the immunogenicity of tumor
antigens and the dynamics of nonspecific and specific
antitumor responses is still not defined.

Previously, the main task of scientists who studied
excipients was to use them for stimulation of humoral
immunity. Adjuvants were either included into the anti-
infection vaccine or used with animals for the induction
of immunoglobulin synthesis. It was found that many of
them are able to stimulate cell-mediated immunity and are
suitable for use as part of cancer vaccines. However, the
effect of excipients on the immunogenicity of TAA and
dynamics of nonspecific and specific antitumor responses
remains an open question [6].

In previous studies on exposure of vaccines based on
chicken embryonic proteins and adjuvants of different
biological origin on tumor-bearing animals immunization,
it has been shown that all proposed materials of protein-
containing metabolites B. subtilis B-7025 with molecular

weights of 185 and 70 kDa have the best immune
modulating properties. Therefore, we selected these
components from the filtrate of culture fluid B. subtilis B-
7025 for further research on an experimental model of
Lewis lung carcinoma.

Paper objective is to study the influence of anti-tumor
vaccine based on chicken embryonic proteins and protein-
containing metabolites Bacillus subtilis B-7025 on
cellular immunity of mice with Lewis lung carcinoma.

Experimental part

Obijects of research. Within the experiment, there were
used male mice Balb/C, 2-2.5 months old and with
average weight of 18-20 g, obtained from the vivarium of
Institute of Experimental Pathology, Oncology and
Radiobiology of NAS of Ukraine. As a model of tumor
growth there was used Lewis lung carcinoma.

A series of experiments, namely triple immunization of
animals by chicken embryonic proteins (0.1 mg of protein
per injection) were carried out in mono or in combination
with adjuvant: lipids from cell B. subtilis B-7025
molecular weight 18.5 kDa and 70 kDa
(0.006 mg/injections), microbial cell BCG (0,34108
CFClinjections), colloidal silver (Ag) and suspension of
iron oxide (Fe304) in 2% solution of polidekstran
(0.06 mg/injections). For intact control (IC) were used
animals injected with NaCl.

To induce tumors, Lewis lung carcinoma cells were
injected intramuscularly (i/m) in the right hind limb at a
dose of 1x106 cells / mouse in 0.3 ml of the physical
solution to all groups of animals other than intact one.

Animals were divided into 10 groups of 10 animals
each. Mice of groups I, VII, VIII, IX, X under ether
anesthesia had their tumors surgically removed.
Vaccination of mice was performed twice with an interval
of 2 days in subcutaneous manner in a volume of 0.3 ml
of vaccine at a concentration of 0.3 mg/ml. Immu-
nological parameters were measured on the 34th day after
tumor cells transplantation.

Research methods.Vaccines were produced by the
standard method developed by Zatula. The necessary
concentration of adjuvants was added to chicken embryo
extract of protein with concentration of 0.3 mg / ml. After
being mixed, the mixture has been incubated in an
incubator for two hours at a temperature of +37 °C.

Immunological researches were carried out using the
MTT test. As target cells were used as homologous tumor
strains. As sell effectors — allocated lymphocytes and
macrophages.

Immunological examination of animals included:
identification of cytotoxic activity and antibody-dependent
cytotoxic activity of lymphocytes and macrophages,
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cooperative cytotoxic activity of effector cells; antibody
dependant cooperative cellular cytotoxicity of lymphocytes
and macrophages, ELISA detection of generated antibodies
specific to chicken embryonic proteins or tumor antigens
LLC, enzyme immunoassay of specific antibodies.

Results and discussions

We have evaluated immunological parameters
Xenogenic antitumor vaccine based on chicken embryonic
proteins and adjuvant of different biological origin, in
order to establish the most effective adjuvant and
determine by which the possible immunological process
is the realization of cancer vaccines.

Investigation of cytotoxic activity of lymphocytes
plays the main role in blocking tumor process. In
assessing the test results to determine cytotoxic activity of
lymphocytes can be seen that the introduction of CEP in
conjunction with protein containing metabolites of B.
subtilis B-7025 (with mol. mass of 18.5 kDa and 70 kDa)
decreases lymphocyte cytotoxicity. This indicates a
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decrease of load on the immune system of animals with
the tumor growth. Using lectin B. subtilis B-7025
observed a tendency to increase cytotoxic activity of
lymphocytes. Use of other adjuvant not led to significant
changes in activity of lymphocytes.

At the researching of antibody depended cytotoxic
activity of lymphocytes (Fig. 2) was found that only in the
groups treated with CEP and CEP with S. aureus
peptidoglycan, it was less than in intact controls. In all
other experimental groups have observed a tendency to its
increase.

Within the ELISA method there were established that
the maximal synthesis of antibodies was observed in
groups of animals, which as an adjuvant to CEP got
protein containing metabolite B. subtilis B-7025 with
mol. weight 18.5 kDa and 70 kDa and peptidoglycan of S.
aureus cells. In the group of animals where as adjuvant
were used BCG synthesis of antibodies was lower, than in
group with chicken embryonic proteins (Fig. 3).
According to this we can conclude that BCG activates the
cellular immunity and suppress of humoral.
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Fig. 1. Cytotoxic activity of lymphocytes of mice provided immunization DEB adjuvant
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Similar results were also obtained in assessing the
accumulation of antibodies to proteins of Sarcoma 37
(Fig. 4). Exploring the dynamics of accumulation of
medium molecular immune complexes in the blood of

*

1

0325 *

71 N

i}

ek}

=%}

]
o

020

>
<

o
"

T

R
A
S

A

4
o

0,15

i
s
b

0D 492nm

o
0.:
4

0.10

o
A

>
L

e
R
L P

L
5

0ps

e
i
e

"

o
A

5

oo

o
=
’0

s

Sl
TR

el

bl

2

o
e
i
e

&

£
%
L

&
<0
A

e
>
e

T

25
>
"

¥

experimental mice injected with the vaccine based on the
DEB and B. subtilis metabolites accumulated level of CIC
was significantly menshyym compared with other
vaccines. It shows their effectiveness.
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Fig. 3. ELISA detection of serum in experimental groups specific to chicken embryonic proteins
provided immunization CEP with adjuvants
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Fig. 4. ELISA detection of serum proteins in experimental groups against Sarcoma 37

It is shown that a mixture of metabolites of B. subtilis
B-7025 has immunotoxic effects on the mice Balb/C and
does not cause inflammatory reactions. Introduction of
CEP with adjuvant, mainly with protein containing
metabolites of B. subtilis B-7025, induces the formation
of specific Ig G in the serum of animals. These data
suggest the feasibility study of lipids as potential

immunomodulating agents for their further use in
oncology practice.
While determining the cytotoxic activity of

lymphocytes (Fig. 5) it was found that applicable to mice
with Lewis lung carcinoma, the use of vaccines based on
CEP in conjunction with protein-containing metabolites
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B. subtilis B-7025 with a molecular mass of 70 kDa
(group VI) increases this figure up to 11,19 £+ 0,26%,
compared to tumor growth control (24,84 = 0,0642%).
Increased cytotoxic activity of lymphocytes is also
observed in mice of groups III and V by 3,67 + 3,638 and
by 4,25 + 3,505%, respectively. During immunization of
mice which underwent surgery by vaccines based on
tumor cells and protein-containing metabolite B. subtilis
B-7025 with a molecular mass of 18.5 or 70 kDa, CEP in
conjunction with protein-containing metabolites B.
subtilis B-7025 with a molecular mass of 18.5 kDa have
showed positive impact on this immunity section
compared to performed surgery control.
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Fig 5. Effect of immunization by cancer vaccine on the performance of the cytotoxic activity of lymphocytes in immunized mice
with Lewis lung carcinoma as of 34th day after tumor cells (TC) transplantation (n = 10 in each group).

A. Animals with no surgical removal of the tumor: | — unvaccinated animals; I, IV — groups of animals immunized with vaccine
based on tumor cells (TC) and protein-containing metabolites (PM) B. subtilis B-7025 with a molecular mass of 18.5 or 70 kDa,
respectively; V, VI — groups of animals immunized with a vaccine based on CEP with PM B. subtilis B-7025 with a molecular mass

of 18.5 or 70 kDa, respectively.

B. Animals which underwent surgical removal of the tumor: Il — the control group of animals with a surgery done; VII, VIII —
groups of animals immunized with vaccine based on TC and PM B. subtilis B-7025 with a molecular mass of 18.5 or 70 kDa,
respectively; IX, X — groups of animals immunized with a vaccine based on CEP with PM B. subtilis B-7025 with a molecular mass

of 18.5 or 70 kDa, respectively.
C. X1 —intact animals

Note: * - p <0.05 compared to tumor growth control, ** - p <0,05 compared to surgery control
PM — protein-containing metabolite, TC — tumor cells of Lewis lung carcinoma.

Thus, according to the values of cytotoxic activity of
lymphocytes it can be concluded that the specified index
of tumor-bearing mice was stimulated to the greatest
extent by the vaccine which consists of CEP and protein-
containing metabolite B. subtilis B-7025 with molecular
weight of 70 kDa. Applicable to mice with tumors
removed the use of vaccines with CEP and protein-
containing metabolites B. subtilis B-7025 with a
molecular mass of 18.5 kDa was the most effective. These
results are of particular importance for tumor blocking.

The research on cytotoxic activity of macrophages has
showed that the mice of almost all groups happened to
stimulate cytotoxic activity of macrophages. Especially
the increased cytotoxicity of macrophages compared to
tumor growth control (25,72 + 0,11%), was observed in
mice of groups III and V by 9,53 + 0,08% and by 8,64 +
0,13% respectively, where vaccines based on protein-
containing metabolite B. subtilis B-7025 with molecular
weight of 18.5 kDa were used, both with tumor cells and
chicken embryonic proteins involved. In the case of
surgical removal of the tumor, the largest values were
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observed in group X (42,46 + 1,66%). After removal of
the tumor and the use of vaccines based on tumor cells
and protein-containing metabolite B. subtilis B-7025 with
a molecular mass of 18.5 kDa, there was recorded a
decrease of cytotoxic activity of macrophages compared
to control animals after surgery by 3,45 + 0,13%. Thus,
the group X has showed the highest index of cytotoxicity.

According to the indices of cytotoxic activity of
macrophages, it can be stated that the use of vaccines,
which include protein-containing metabolite B. subtilis B-
7025 with a molecular mass of 18.5 kDa, both with tumor
cells and chicken embryonic proteins involved, leads to
significant positive modulation of macrophages. With the
surgical removal of the tumor applied, the use of vaccines
based on CEP in conjunction with protein-containing
metabolite B. subtilis B-7025 with molecular weight of 70
kDa (group X) was the most effective, whereas a negative
effect on this index was observed when using vaccines
consisting of tumor cells and protein-containing
metabolite B. subtilis B-7025 with a molecular weight of
18.5 kDa.
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Fig 6. Effect of immunization by cancer vaccine on the performance of the cytotoxic activity of macrophages of immunized mice
with Lewis lung carcinoma as of 34th day after tumor cells transplantation (n = 10 in each group).

A. Animals with no surgical removal of the tumor: | — unvaccinated animals; I, IV — groups of animals immunized with vaccine
based on tumor cells (TC) and protein-containing metabolites (PM) B. subtilis B-7025 with a molecular mass of 18.5 or 70 kDa,
respectively; V, VI — groups of animals immunized with a vaccine based on CEP with PM B. subtilis B-7025 with a molecular mass
of 18.5 or 70 kDa, respectively.

B. Animals which underwent surgical removal of the tumor: 1l — the control group of animals with a surgery done; VII, VIII —
groups of animals immunized with vaccine based on TC and PM B. subtilis B-7025 with a molecular mass of 18.5 or 70 kDa,
respectively; IX, X — groups of animals immunized with a vaccine based on CEP with PM B. subtilis B-7025 with a molecular mass
of 18.5 or 70 kDa, respectively.

C. XI — intact animals.

Note: * - p <0.05 compared to tumor growth control, **-p <0,05 compared to surgery control.

PM — protein-containing metabolite, TC- tumor cells of Lewis lung carcinoma.

Conclusions

1. It was established that the most immunologically 5. Applicable to mice with Lewis lung carcinoma, the
active adjuvants for a xenogenic antitumor vaccines are  use of vaccine based on chicken embryonic protein and
glycoproteins B. subtilis B-7025 with mol. weight 18.5  protein-containing metabolite B. subtilis B-7025 with a
kDa and 70 kDa. molecular mass of 18.5 kDa enhances cell-mediated

2. The introduction intact mice sarcoma 37 antigenic  cytotoxicity in lymphocytes in 2 times and macrophages
washings cause the synthesis of antibodies that cross-react  in 1.5 times, compared to corresponding control animals
with chicken embryonic proteins. The most severe  with tumors.
reaction observed for antigens immunized colloidal silver 6. It was shown that the vaccine based on chick
and lipid B. subtilis B-7025. embryonic protein and protein-containing metabolite B.

3. The lowest level of antibody accumulation was  subtilis B-7025 with molecular weight of 70 kDa was the
found in groups of animals, which as adjuvant to CEP got  most effective in terms of influencing the cellular fraction
BCG antibody, which indicates the activation of cellular  of the immune system of the mice with Lewis lung
immunity and humoral suppression. carcinoma which underwent surgery. This is reflected in

4. The range of immunological effects studied vaccines the growth of the cytotoxic activity of macrophages by 2
includes activating effect on the cellular and humoral times compared to those of control animals with
response of adaptive immunity and on the reaction of natural  surgically removed tumor.
antitumor resistance (cytotoxic activity of LF and MF).

REFERENCES (TRANSLATED AND TRANSLITERATED)
1. Aucouturier J. The use of oil adjuvants in therapeutic vaccines /  Society for Biological Therapy // J. Immunotherapy — 2002. — Vol.
Vaccine. — 2006. - Ne 24. — P. 2 — 45, 25.-P.97-138.
2. Berzofsky J.A., Ahlers J.D., Belyakov I.M. Strategies for 6. Lee W.C., Wang H.C., Hung C.F. Vaccination of advanced
designing and optimizing new generation vaccines // Nat. rew. hepatocellular carcinoma patients with tumor lysate-pulsed

immunol. — 2001. — Vol. 1. —P. 209 — 219. dendritic cells: a clinical trial // J. Immunother. — 2005. — V. 28,
3. Cox J.C. Adjuvants — a classification and review of their modes ~ Ne 5. — P. 496 — 504.

of action / Vaccine. — 1997. - Ne 15. — P. 248 — 256. 7. Mesa C., Fernandez L.E. Challenges facing adjuvants for cancer
4. Herlyn D. Advances in cancer vaccine development / Ann.  immunotherapy / Immunol. Cell. Biol. — 2004. — V. 82, Ne 6. — P.
Med. —1999. - Ne 31.—P. 66 — 78. 644 — 650.

5. Keilhoz U., WeberJ., Finke J.H. et al. Immunologic monitoring
of cancer vaccine therapy: Results of a workshop sponsored by the

13



Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

I'perupuax H.H., JIeru U.B. Bausinue npoTuBoonyxosieBbIX BAKIHMH HA KJIETOYHOE 3BeHO HMMYHUTETa y MblllIei
¢ KapUHMHOMOIi Jierkoro Jlpronc
Annomayua. Ha Mojeny KapiuHOMBI J1erkoro JIblonca u3ydaid IpOTHBOOIYXOJIEBYIO aKTHBHOCTh KCEHOT€HHBIX U T'OMOJIOTHYHBIX
BaKIIMH W3TOTOBICHHBIX HA OCHOBE OENIOK COZIEpKAalIMX MPOAYKTOB *)usHeaesreapHoct Bacillus subtilis B-7025 ¢ monekynsapHoii
Mmaccoit 18,5 n 70 x/la. bruta oOHapykeHa cBs3b MeX/y AMHAMHKOM pocTa omyXxoJjei y Mplmel, HIMMyHHU3UPOBaHHBIX IpernapaTaMu
BAaKIWH, ¥ IUTOTOKCHYECKONW aKTHBHOCTEIO JTUM(OINTOB U Makpodaros. Pe3ynbTaTsl paboThl SBISIOTCS OCHOBOM IS HAJIbHEHIINX
HCCIIeI0BaHNH BIIVSIHUS BaKIIMHBI HA TYMOPaJIbHOE 3BCHO HMMYHHUTETAa U BO3MOKHOCTH CO3JaHMs IIPOTHBOOITYXOJICBBIX TIPENapaToB
Ha OCHOBE JaHHBIX TJIMKOIIPOTEHIOB U KYPHHBIX YMOPHOHAIBHEIX OEJIKOB.

Kniouesvle cnosa: aovioanmei, npomugoonyxonegvie 8aKyuHsl, Onyxoib accoyuposansie anmueensl, Kapyunoma nezkux Jleguca,
nponugepayus, anonmos
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Abstract. In in vitro experiments the MC was suggested to perfect the activity of monocyte-macrophageal system via the increase of
phagocytosis percent (by 2,5 — 3,5 times), phagocyte number (by 2 times); the MC also accelerates the oxygen-dependent cell metab-
olism. The MC demonstrates also a dose-dependent modulatory effect on indices of cytolytic activity of natural killer cells: low and
moderate MC concentrations inhibit this activity, while high concentration stimulates it. The MC was also proved to have influence
on peripheral blood lymphocytes at the receptor expression level. So MC can be attributed to a potential immunomodulator with

different types of effects on the immune system

Keywords: yeast RNA, tilorone, immunomodulator, lymphocytic cells, phagocytosis

Introduction. Many years of experience in clinical use of
interferon (IFN) drugs of I type (a, B-IFN), which have
antiviral, immunomodulatory and antiproliferative effects
[3, 14], revealed their significant efficacy for the
prevention and treatment of viral, bacterial and some
cancer deseases. The same properties in varying degrees
are found in some inducers compounds of IFN synthesis
[5, 7, 12], in particular, tilorone [2, 8].

Previously, it was found that a perspective inducer of
IFN of I type is a molecular complexes (MC), which are
formed by the interaction of yeast RNA and tilorone [4].
Obtainment of complex preparations based on synthetic
and natural compounds is a new, promising direction in the
pharmaceutical field. Thus, yeast RNA is a natural
compound, which the immune system has phylogenetic
adaptation to. Artificial hapten (in this case — tilorone) has a
targeted immunotropic action [2, 8, 11], being a xenobiotic
for the human body against which protective responses are
induced. In this paper, we aimed to investigate the effect of
MC on immunocompetent cells in in vitro experiments.

Objects of research. In in vivo experiments the CBA
and Balb/c mice were used. In in vitro experiments there
was used blood of 0 (1) group of healthy volunteer donors.
The components of MC were the marketable preparation of
RNA yeast and synthetic preparation 2,7-bis[2-
(diethylamine-ethoxy)-fluorene]-9-on dihydrochloride
(tilorone). MC is formed by the interaction of single-
stranded yeast RNA with tilorone and is considered one of
the most promising inducers of IFN-a/f of semi-natural
origin due to the presence of ribose within its composition
and formation of numerous double-stranded regions within
the structure of single-stranded RNA under tilorone.
Preparation of MC solutions of desired concentration was
performed by direct mixing of appropriate solutions of
tilorone and yeast RNA in buffer 0.01 M tris-HCI (pH 6.8)
and 0.05 M NaCl at a ratio of 1:10 (M:M).

RNA, pure tilorone and well-known inducer of IFN-
o/B of ribonucleic nature — rydostyn (double-stranded
RNA of Saccharomyces cerevisiae yeast, RPA(Research
and production association) "Vector", Russia were used as
comparison preparations.

Research methods. To study the effect of MC on the
immune system of experimental animals, the humoral
immune response of the mice was modeled using a T-
dependent antigen (AG) — sheep erythrocytes (SE) and T-
independent AG — lipopolysaccharide (LPS E.coli 0111).
The MC drug was intraperitoneally administered to mature
CBA mice in doses of 1.25 and 12.5 mg/kg of body weight
of animals. SE was intraperitoneally administered to
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animals in optimal dose of 4x10° in 0.2 ml of normal
saline, and LPS was subcutaneously administered in a dose
of 0.3 mg. Antigens were injected once. Animals injected
with equal volumes of SE and LPS according to their
groups served as a control value. Mice were sacrificed by
cervical dislocation under light ether anesthesia.

During the research there were determined the values
of formation of humoral immune response — the content
of antigen-producing cells (APC) in the spleen and 1gG
titers in spleen blood serum as of the 5th, 7th and 14th
day after immunization in 7 animals from each group.
Number of APC in the spleen of mice was determined by
direct hemolysis by Yerne. Antibody levels in blood
serum were determined by the method of passive
hemagglutination by Boyden.

Assessment of direct effects of MC on the functional
activity of the cells of immune protection was conducted
through in vitro tests. The functional state of neutrophils
and monocytes of blood were characterized by their
ability to absorb latex particles (d = 1,0 — 1,3 mm) with
calculating percent of phagocytosis (PP) — percentage of
phagocytic cells and phagocytic number (PN) — an
average of their activity [17] and the intensity of their
oxygen-dependent metabolism through NBTR (Nitro
Blue Tetrazolium Reduction) test according to the method
[9]. The assessments of peroxidase activity was conducted
by means of cytochemical coefficient (CCC). Cytotoxic
activity of killer cells was determined by non radiometric
method based on spectrophotometric count of hemoglobin
released from the red blood target cells destroyed by the
killers (SE) during their joint incubation [6]. Rosette
forming cells (RFC) was defined through the rosette for-
mation method with application of particles coated with
monoclonal antibodies [10].

Results and discussions. A characteristical feature of
immunomodulator substances is their potential impact on
the formation of humoral and cellular immune responses in
the body of experimental animals. Therefore, to determine
the presence of immunomodulatory activity of MC, at the
first stage of our research, we determined its influence on
the immune response: humoral immune response to thymus
dependent and thymus independent antigens.

Important indicator of the humoral immune system
which is changed under the influence of substances with
immunomodulatory properties, is the ability of Lph of the
spleen to antibody genesis. This is reflected in the
increasing number of antibody-producing cells (APC) and
antibody production to T-dependent antigen. The results
of this determination are shown in Table. 1.
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Table 1. Effect of MC on antibody-producing cells content (M + m; n =7)
in the spleen of CBA mice during immune responses to SE

Administered drug ey Number of a;ntﬁl?jzsy producing cells ey

Control (SE) 112,0+3,3 84,0+23 33,0+0,8
MK 12,5 mg / kg 446+19° 155,0 +4,7° 220+1,0°
MK 1,25 mg / kg 190,0 + 4,0 137,1+41% 386+1,7"
Yeast RNA 134,2+1,8 98,6 +3,5 31,2+14
Tilorone 83,0+1,9" 68,4 +27% 291+21
Rydostyn 92,0 +4,1" 790+15 39,0+2,7
Notes.

1. # —The difference in comparison with the initial figure is accurate (p <0,05).
2.« — The figure difference in comparison with the corresponding figure in the control group (SE) is accurate (p <0,05).
3. * — The figure difference in comparison with the corresponding figure in the group of animals treated with 12.5 mg / kg of MC is

accurate (p <0,05).

The analysis of these data revealed the following
patterns: MC being administred to animals of the research
groups has led to the increase of APC in the spleen, but the
use of this drug in doses of 1.25 mg / kg caused an earlier —
the 5" day of the study (190,0 + 4,0, P <0.05), more
expressive and longer effect. The RNA drug also increased
the content of APC in the spleen on the 5th days of the
study, unlike tilorone, which reduced this figure in some
extent. Rydostyn’s significant effect on the number of APC
in comparison with control values has not been revealed.

In general, the obtained results are consistent with the
references, since tilorone and yeast RNA as themselves,
depending on the dose, can enhance antibody production,
while rydostyn practically does not increase the number
of APC in the spleen. Therefore, we assume that MC
activates processes of APC increase in the spleen due to
the presence of the RNA in it.

To determine changes in functional activity of B cells
in the dynamics of the immune response to SE and
determine the impact of MC drug and comparison prepa-
rations on it, the serum hemagglutinin titers were
determined. It was found that the MC at a dose of 1.25
mg/kg versus rydostyn exhibits greater ability to
induction of antibody synthesis. This may be indicative of
its high immunomodulatory activity in these experiments.

To activate the T-independent immune response and
study the influence of MC on the formation of the
immune response of animals, they were immunized with
T-independent antigen — LPS E. coli.

To assess the functional activity of APC and quantitative
changes in the dynamics of the immune response to LPS
there were determined the contents of these cells in the
spleen and titers of specific antibodies in blood serum. At
that, the maximum content of APC in mice of the control
group was observed on 5™ day of the study, after which it
decreased, and as of 14" day after administration of LPS,
this figure has decreased by almost 2.5 times. In mice
treated with MC of 12.5 mg/kg, the reduced number of
APC in the spleen relative to controls occurred on 5" day
of the study, thus as of 7" and 14" day the figure reached
control values. In the case of yeast RNA, tilorone and
rydostyn, the content of APC was lower than control
values, with the lowest figures recorded in animals that
were injected with tilorone simultaneously with LPS.

Content analysis of anti-LPS-specific antibodies in
experimental animals within the formation of an immune
response to LPS has showed reduced titers of anti-LPS
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antibodies in the blood serum, which is caused by both
MC and its components. The only exception is a MC dose
of 12.5 mg/Kkg.

Thus, analysis of APC content changes in the spleen
and serum titers of anti-LPS antibodies in experimental
animals has showed no significant effect of MC dose of
1.25 mg/kg on the processes of antibody formation in the
immune response of CBA mice to thymus dependent
antigen, the presence of moderate stimulating effect of
this drug if it is administered at a dose of 12.5 mg/kg and
the inhibitory effect of the comparison preparations.

An important criterion for assessing the biological
impact of any agent in the body's immune system is its
expression at the cell level. Therefore, a study of
immunomodulatory properties of MC was carried out in
vitro, using lymphoid blood cells of healthy donors:
lymphocytes (Lph), neutrophil granulocytes (NG),
monocytes (MN), and natural killer cells (NK cells).

For us it was interesting to investigate the functional
activity of phagocytic cells of both NG and Mn under
different doses of MC and known interferonogens as a
potential immunomodulatory effect on the phagocytic
activity of blood cells is one of the necessary tests on the
presence of immunomodulatory effect [13].

To investigate the functional activity of phagocytes in
the first phase of the research we conducted the study of
absorbance ability of NG by means of latex test.

Figure 1 presents data on the impact of MC on pha-
gocytosis of NG, expressed in percent change in the pha-
gocytes percent (PP) (percentage of cells that have captured
the latex particles) (Fig. 1a) and phagocytic number (PN)
(average number of particles that were swallowed by the
phagocytic cell) (Fig. 1b) compared to the same parameters
for the individual components of the MC as well as the
standard inducer of IFN of | type — rydostyn.

As shown in Figure 1, none of the drugs in studied
concentrations had virtually any effect on the level of PP
of studied cells. MC at a concentration of 12.5 mg/ml
slightly reduced both the index of PP and PN (26.4% vs.
32.6% and 5.8 c.u. vs. 6.5 c.u. respectively). MC at a
concentration of 1.25 mg/ml significantly increased both
the index of PP and PN (38.7% vs. 32.6% and 7.5 c.u. vs.
6.5 c.u. USD respectively). RNA and rydostyn also
significantly reduced both parameters. Tilorone was the
only exception, which in the studied concentration could
potentially influence the process of phagocytosis due to
its direct action on cellular nucleic acids.
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Figure 1. Effect of MC and comparison preparations on the performance of phagocytosis of NG
Thus, during normal phagocytic activity of cells (32,6  cytochemical coefficient (CCC) (Fig. 2.b).
+ 0,9%) of NG, PP values before and after incubation Data from this test indicate that all the studied drugs
with the studied drugs differed a little from each other. As  also did not significantly influence both the number of
for PN, this figure remained virtually unchanged. NBTR-positive cells and their functional activity (Fig. 2).

The second stage of this research was to study the  The exception is a MC at a concentration of 12.5 mg/ml,
digestive capacity of NG in NBTR-test. Results of change  which significantly suppressed the number of NBTR-
in activity of oxygen dependent metabolism after positive cells by 36% and CCC by 31%. This may
interaction of NG with study drugs and comparison prepa-  suggests that the high concentration of MC has a negative
rations are shown in Figure 2. Definition of oxygen de-  impact on functional activity of NG and on the activity of
pendent metabolism of NG was performed by evaluating  oxygen dependent metabolism of NG.
the percentage of NBTR-positive cells (Fig. 2.a) and

igo_—l— _I__I__I_ % %,, éff"
A 111
; g1l

Figure 2. Effect of MC and comparison preparations on the performance of spontaneous NBTR-test of NG

Similar studies on the effect of MC on functional cantly increase the phagocytic activity of MN both
activity of phagocytic cells was performed on a model of  absorption and digesting one, unlike the NG.
MN. First, the absorbance capacity of MN was also stud- Thus, the MC at a concentration of 12.5 mg/ml
ied by means of latex test (Fig. 3). increased the PP by 3.5 times (Fig. 3a) and PN almost by
The data presented in Figure 3a determine absorption 2 times (Fig. 3b). When using the MC at a concentration
activity of MN before and after interaction with the of 1.25 mg/ml, there was an increase of PF by 2.5 times,
studied drugs and show that MC and rydostyn signifi-  while SF increased slightly by up to 27%. During the
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incubation of target cells with Monocytes with RNA and
rydostyn there was also observed a significant increase in
PP (2.9 times and 3.2 times, respectively), but PN re-
mained at control values. The least stimulating effect on

the number of active cells that absorb latex is observed
when adding tilorone (PP increased by 2 times). The
average number of particles absorbed by a phagocyting
cell (PN) increased by 1.5 times.
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Figure 3. Effect of MC and comparison preparations on the performance of Monocytes phagocytosis

Thus, Monocytes cells were more sensitive to activa-
tion by study drug. In this case, based on the results, we
can assume that a stimulating effect on Monocytes cell
was produced by MC due to the presence of RNA in its
structure.

Definition of oxygen dependent metabolism of Mono-
cytes was performed by evaluating percent of NBTR-
positive cells and cytochemical coefficient (CCC). The
results reflecting the impact of the studied drugs on the
metabolic activity of oxygen dependent Monocytes are
shown in Figure 4. Their analysis showed that the
percentage of NBTR-positive MN as well as an indicator
of CCC, under CC has increased in some extent. At the
same time, these figures decreased slightly under tilorone
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and rydostyn. The latter may indicate that the MC due to
its specific physical and chemical properties, can act as an
activator of certain redox reactions in MN cells.

Thus, in vitro experiments have shown the immuno-
modulatory effects of MC on functional activity of NG
and MN of peripheral blood of healthy donors. Our study
also showed that MC has a distinct effect on the
physiology of these phagocyting cells, causing
intensification of monocyte-macrophage system function.
Since hydrogen peroxide and oxygen radicals are the most
effective bactericidal phagocytes system, it allows us to
consider MC as a very effective factor of increase (MN)
and inhibition (NG) of phagocytic immunity activity.

Cccc

RNA

Control

MC 12,5
mg/kg

MC 12,5
mg/kg

Tilorone Rydostyn

Figure 4. Effect of MC and comparison preparations on the performance of spontaneous NBTR-test of Monocytes
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One of the important characteristics that occur under
the influence of potential immunomodulators on nonspe-
cific immunity is the cytotoxic activity of NK cells. Given
that, we examined the effects of MC on NK cells and pos-
sible change of their cytotoxic and antibody-mediated
cytotoxicity that occurs in this case. In this regard, the
parameters such as spontaneous cytotoxicity (SC) and
antibody-cell cytotoxicity (ABCC) of NK cells under MC
have been determined. The results of these studies are
shown in Figure 5.

As can be seen from the data (Fig. 5), cytotoxic activi-
ty of NK cells and cells responsible for antibody-
dependent cytotoxic activity increases proportionally with
increasing concentrations of MC. Thus, at low concentra-
tions of MC, there is a decrease in the activity of NK cells
by 5 times, but at a concentration of MC of 1.25 mg/ml
the SC and ABCC values reach control values, while at a

concentration of 12.5 mg/ml there is an increase in the
activity of NK cells by 2 times.

Since it is known that the manifestation of NK cells
activity in the microorganism is usually preceded by
infection with viruses, the formation of inflammatory and
tumor-forming process, and in experimental conditions —
the introduction of interferons and their inducers (and, in
particular, s-RNA), NKC activation occurs due to the
production of IFN-a/B, and IL(Interleukin)-12, and can
increase the activity of NKC by almost 100 times [18].
Therefore, our experimental data are consistent with the
references, since it is known that IFN of | type inducers
such as poly I:C and tilorone increase NKC cell activity
and responses to target cells by inducing perforyn and
TRAIL-dependent cytotoxicity [16], but without changing
the specificity of target cells [1, 15].
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Figure 5. Effect of MC on spontaneous and antibody-dependent cytotoxicity of NK cells

One of the current methods for assessing the impact of
a potential immunomodulator for cellular immunity status
is to determine the ratio of Lph subpopulations of
peripheral blood and phenotypic markers that characterize
the change in the functional state of the cell. The presence
of monoclonal antibodies virtually to all receptors that
provide differentiation and maturation of Lph, allows
them to reveal the mechanisms of various pathological
conditions of the human body. Therefore, it was
considered logical to study the effect of MC on the level
of receptor expression on Lph of peripheral blood: on T-
Lph (CD3 +), B-Lph (CD22+), as well as their individual
subpopulations (CD4+ and CD8+). For this purpose, the
method of rosetting of Lph with particles covered with
monoclonal antibodies against CD3+ (T-Lph), CD4+ (T-
helper) and CD8+ (T-cytotoxic / effector Lph) was used.
To determine the density of receptors on B-Lph there
were used erythrocytes coated with mAb (monoclonal
antibodies) against CD22+ after treatment of Lph with
various concentrations of MC. The results of these studies
are shown in Figure 6.

In the study on the impact of MC on cell responses, we
had found a dose-dependent effect of MC on the reaction
of T-rosetting. As seen in Figure 6a, when added MC at a
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concentration of 0.0125, 0.125 and 12.5 mg/ml, the num-
ber of receptors for CD3+ cells remained at the same
level, slightly below the control level of cells (by 17%,
13% and 21 %, p <0,05). When Lph were incubated with
MC at a concentration of 1.25 mg/ml, the number of
receptors for CD+ cells increased by 19%. In the case of
the analysis of receptors for CD22+ cells there was
observed a slight significant increase in the number of
receptors when Lph were incubated with MC at
concentrations of 0.0125, 0.125 and 12.5 mg/ml (by 26%,
11% and 19%). When using the MC at a concentration of
1.25 mg/ml, the number of receptors for CD22+ is
reduced by 44%. This suggests that MC affects the ability
of rosetting both of T-Lph and B-Lph and effectiveness of
receptor expression depends on the concentration of MC.

Due to the fact that in this case the expression of
receptors both for T-Lph and B-Lph increases, we can
assume that MC’s immunomodulatory effect on Lph,
which we have found, is associated with the effect of this
complex both on the T- and B-chain of the immune
system of the body. Therefore, in our further research, we
aimed to investigate the subpopulation of T-Lph, namely
CDA4+ (T-helper) and CD8+ (T- cytotoxic / effector Lph),
which have different functions.
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Performing their helper function, CD4+ Lph help, at
first, B-Lph to turn into antibody-producing plasma cells,
CD8+ Lph — into mature cytotoxic T cell, and thirdly,
help macrophages  to perform  delayed-type
hypersensitivity effects. These functions of T-Lph-helpers
are realized due to the fact that they, in their turn, are
divided into two subpopulations that perform various
helper functions through the production of various
cytokines. CD8+ Lph implement specific cellular immune
responses — that is the main effector cell of cell-mediated
immunity, which carries lysis of targets, providing genetic
constancy of internal environment.

Results receptor’s expression changes to SE, coated
with monoclonal antibodies up to CD4+ and CD8+ after
incubation of Lph with MC solutions of different
concentrations are shown in Figure 6b. In our
experiments, under the influence of MC on the process of
rosetting of subpopulation of T-Lph, there is observed a
possible reduction of subpopulation of CD4+ when ad-
ministering cells with low concentrations of MC, namely
0.0125 and 0.125 mg/ml (14% and 27%, respectively, P
<0.05) and increase of their number by 23% and 14%,
respectively, at higher concentrations of 1.25 and 12.5
mg/ml (P <0.5).
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Figure. 6. Effect of MC on the expression of CD-receptor for blood lymphocytes

While determining CD8+ (T-cytotoxic / effector Lph)
we noted depressing effect of MC when applied at low
concentrations (0.0125 mg/ml and 0.125 mg/ml) by 20%
and 24%, and at a concentration of 12.5 mg/ml even by
48% (P <0,05). Only when administering MC into Lph at
a concentration of 1.25 mg/ml, an increase in expression
of the receptor CD8+ Lph by 16% (P <0.5) was observed.
Immunoregulatory index, however, remains within the
normal range of 0.9 to 2.0.

Consequently, MC had distinct accurate effects on the
expression of receptors both for CD4+ and CD8+ Lph,
and the effectiveness of its application depended on the
concentration.

Conclusion. Summarizing the results obtained, we can
state that a direct effect of MC on cell phagocytes and
Lph has been proved. This is confirmed by the increasing
number of phagocyting cells of monocyte-macrophage
population, increased cytotoxic activity of NK cells and
cells responsible for antibody-dependent cytotoxic
activity and changing the expression of receptors for Lph
under the influence of different concentrations of MC. So
MC shows in vitro its immunomodulatory properties. It
shows the prospectivity of further studies of its effects on
the level of macroorganism.
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AnHoTauusi. B sxcriepumenTax in Vitro 1oxa3aHo HEMOCPEACTBEHHOE CTUMYPHPYIOIIEe BIIMSHUE MOJIEKYISIPHOTO KOMILIEKCA Ha MOHO-
OUTapHO-MaKpo(araabHYIO MOMYJLIUIO KJIETOK Yepe3 yBeInUeHUe mpouenHTa ¢paromuTosa (B 2,5-3,0 pasa) u ¢aromurapHoro ucia (B 2
paza); MK Taroke BIUsSeT Ha OKHCIUTEIbHO-BOCTAHOBUTEIBbHBIN METabOMM3M KIETOK. KoMITIeKkC JeMOHCTpUpPYET J0303aBUCHMOE MO-
JIyJUpYIollee BIMSHUE Ha ITOKA3aTeIN [IUTOTOKCHIECKOH aKTHMBHOCTH HAaTypaIbHBIX KIJIIEPOB: HU3KUE U CpenHue KoHneHTparmy MK
BIUSIOT YTHETAIOIIE, 8 BBICOKHE KOHIEHTPAIMN UMEIOT CTUMYIHPYIOIIee AeHCTBHE NX aKTUBHOCTH. Taxke mokasaHo, uro MK umeer
HETMOCPEACTBEHHOE BIIMSHKE Ha YPOBEHb IKCIIPECCHH PeLienTopoB Ha uMmdormTax nepedepudeckoit kpou. Takum oopazom MK mox-
HO OTHECTH K MOTEHIHAILHBIM HIMMYHOMO/IYJIITOPAM C Pa3HbIM XapaKTepOM BIIHSHUS HA IMMYHHYIO CHCTEMY.
Knrouesvie cnosa:oposicoicesas PHK, munopon, ummynomooyisamop, ium@amuyeckue Kiemku, pazoyumos

21



Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

banuuuesa /I.B.
Menuko-61oioruyeckue KpUTepHu HeGJIaronpUsiTHOIO JeHCTBUSA
(puznyeckux paxkTopoB HA PENPOAYKTHUBHYIO CHCTEMY

banuyuesa [lenspa Benuesna, 0okmop 6uonocuyeckux Hayx,
npogecop raghedpui buonoeuu, sxonoeuu u XK/
PBY3 ,, Kpvimckuii unsicenepro-nedazcozuueckuii ynugepcumem”’, e. Cumgpeponons, Kpsvim

AHHOTanus. B nanHo# paboTe maeTcst aHaIM3 OMONOTHYECKUX KPUTEPUEB HEOJIArONPHUSTHOTO IEHCTBHS BHOpalnH Ha PErporyK-
THUBHYIO CHUCTEMY MY>KCKOTO H >K€HCKOTO OpraHm3MoB. IIpoBelleH KOMIUIEKC T'MTHEHHUYECKUX, COIMOJIOTUYECKUX, KIMHUIECKHX U
JKCIIEpHIMEHTANIBHBIX HCCIeqoBaHui. JlaHa TUTHEHHUYecKas OlLEHKa YCIIOBUH Tpyda pabounx BHOpPOOMACHBIX Npodeccuil mo KoM-
IUIEKCHOH OLIEHKE TPYAOBOH AEATEIBHOCTU € YYETOM BceX (PaKTOpPOB MPOU3BOJACTBEHHOH cpenbl. PaccunTan MHTErpaIbHBINA MOKa3a-
Tellb KOMITJIEKCHOHM OLIEHKU ()aKTOPOB MPOU3BOACTBEHHON B BHJE CTATUCTHUYECKOTO Oamna CTEMEeHH BPEIHOCTH Kaxaoro gakropa
(B+Sn), a cymma 6anoB mo BceM (pakTOpaM XapaKTepH30Baja CTENeHb MPOQEeCCHOHATBHOIO pHCKa KaXIoil MpodecCHOHAIBHOM
rpymmnsl. KoppesinuoHHO-perpecCHoHHBIH aHann3 3aboiaeBaeMocTr ¢ BYT B 3aBHCHMOCTH OT CTETIEHH BPEIHOCTH KOMIUIEKca (hak-
TOPOB NIPOM3BOJICTBA MO3BOJIHII MOTYYHUTE Pt KOAPQUIMEHTOB OGHOIIOTHIecKOi akTHBHOCTH. Tak BenmmuuHa ImpUpocTa 3aboseBae-
MOCTH Ha |1 Gam cTeneHn BpeaHOCTH (MHTETpabHBIN I0Ka3aTelb CTEIIEHH BPEIHOCTH BCeX (haKTOPOB) IO ITOKa3aTeIsIM OOJIEBIINX
JIAI[ y XKEHIIMH BBIIIE, YeM y MYy>X4YHH B 4,5 pa3a, 1o ciaydasM 3aboneBanns — 4,3 pasa, 1o JHIM HETPYAOCHOCOOHOCTH — 2,2 pa3a U
II0 TTOTEPSM JHEH HeTpynocnocoOHocTH B 2,1 pasa. IIpu 53TOM OHOTIOTHYecKUil SKBHBAJICHT KEHCKOTO T0JIa Kak (haKTopa pucKa oIe-
HHUBAeTCs OT 2 10 40 5 0a/uioB CTENEHH BPEIHOCTH. YCTAHOBICHO, YTO BIHMSHHE BHOpAmMy pabodux MECT Ha PEHpPOIYyKTHBHYIO
(GYHKIUIO OIOCpEayeTcsl Kak depe3 KeHCKHH Tak U MYy»KCKO# opranusM. Kpurepusmu HeratuBHOTO (hakTopa Ha KCHCKHH OpTaHU3M
SIBIIETCS 9acTOTa HApYIICHUH MEHCTPYaldbHOU (DYHKIUH, CAMOTPOM3BOJIGHBIX BBIKHIBIIIECH, MEPTBOPOXKICHHUH, OTKIOHEHHS B aH-
TPOIIOMETPHIECKHX ITOKA3aTENIX HOBOPOXKAEHHBIX, 3a00JIeBaHus eTel B paHHEM BO3pacTe; MY)KCKOH OpraHM3M — YTHETEHHUE I10JI0-
BOW (D)YHKIIMH, TOCTOBEPHOE YBEIMUCHUE YaCTOTHI CAMOIIPOM3BOJIBHEIX BBIKHIBIIICH y UX KEH, HE UMEBIINX KOHTAKTOB C BHOpany-
eil. YcTaHOBIICH aJIUTUBHBINA (G QEKT Mo IMOKa3aTelsIM YacTOTHl CaMOIPOU3BOJIBHBIX BBIKUBIIICH, MEPTBOPOXKICHUH B CITydasx
korna oba cynpyra paboTaroT B yClIOBHAX Bo3zeiicTBust BuOpanuu. Bmecte ¢ TeM BuGpoomnacHast npodeccus cynpyra HO4TH TaKkxkKe
CKa3bIBAaeTCs KaK M €ro BpeIHbIC NMPUBBIYKU: KypeHHEe U 3J0ynoTpeOiieHne ankoroiaeM. Beé 3To mo3Boimno paccuuTaTth Koddhumu-
€HTBI OMoJOrnYecKoi 3((PEKTUBHOCTH BHOpPAIMK MPU BO3ACHCTBUM Ha PENPOAYKTHBHYIO (QyHKUHUIO pabounx Tak, BHOpoomacHas
npodeccust Cynpyros MOBBIIIAET PUCK IS TOTOMCTBA IO MTOKA3aTENsIM Macchl HOBOPOXKIAEHHOTO, YaCTOTE MEPTBOPOXKICHHH, Mila-
JIEHYECKOI CMEpTHOCTH 110 4 pas3, a TakKe MPH COYCTaHNH C BPEIHBIMH IPUBBIYKaMH (KypeHHE, YIOTpeOIeHHe aJIKOToIs) 10 8 pas.

Kniouesvie cnosa: Qusuveckue axmopsl, eubpayus, eubpoonachas npogeccus Qusuono20-eueueHu4ecKas nacnopmusayis,
BYT (spemennas ympama mpy0ocnocoOHOCHU, penpoOyKMUGHAs cucmema, QyHKyus, smbpuozenes, Ouonouueckue Kpumepuu,
UHMEZPANbHbLIL NOKA3amenb, 6ePOAMHOCTb, NEPEMHOdCEHUEe 6ePOAMHOCIEl, a0OUMUBHYIIL dPPeKm, Camonpous3soIbHble 6bIKUObL-
Wi, MepmeopodcoeHue, IKOHOMUYECKUil yuepo, Koppensayusl, peepeccus

IHocTanoBka npodaembl. He 3aTparuBas Bceil ClnokHO- — CHM M arTectanuu pabounx mecT. [IpumeHena GamibHas
CTH U IPOTUBOPEUMBOCTH NMPOOIEM, BOHUKAIOIINX B CBSI-  OLIEHKA.
3 C TEXHUYECKOW PEBOIIOIMH B MPOMBIIUICHHOCTH, CJIe- [Ipu moacyere OaIOB M OLEHKE BIUSHUS U3ydacMOTO
JTyeT JIHIIb MOAYSPKHYTh HEYKIIOHHBIH POCT KOHTHHTEHTa  (DakTopa Ha COCTOSHHE OpraHW3Ma YYHUTHIBATH YPOBEHB
JUI, HEMOCPEICTBCHHO MOJBEPrafoIuXcsl HeOmarompu-  (akropa, MPOIODKUTEIBHOCTh €ro ACHUCTBHS B TCUCHHUE
SITHOMY BO3JCHWCTBHIO TaKWX IPOHM3BOACTBEHHBIX (U3U-  paboueil cMeHBl. baiuipl, yCTaHOBIICHHBIC IO CTEICHH
4yeckux (akTopoB, Kak BuOpanusi, mym u ap. [1, 2]. BpPEIHOCTH (PAKTOPOB, KOPPEKTHPOBAIH IO (hopMyIIe:

B Hacrosmee BpeMs J0Ka3aHO, YTO PEAKIHUU LIEIOCT- KXpaxr = Xex X T
HOTO OPraHM3Ma Ha Camble Pa3HOOOpasHble YU3UYECKUE  rpe X, — CTENEHb BPEIHOCTH (HAKTOPA, YCTAHOBJICHHAS
PasApaxuTeNH, B 3HAYUTEIBHOH MEpe YHHBEPCAIbHBI M 110 rUTMeHHYEcKOi Knaccudukanuu Tpyaa; T — OTHOIIe-
crepeotunHsl. HeGnaronpusitasie >Qpextel BuOpaumn Ha  ppe (haKTHIeCKOro BPEeMEHH NIEHCTBHS JaHHOTO (haKkTopa
OpraHrn3M 4Ye€JIOBCKa XapaKTCPHU3YIOTCS JIOKAJIbHBIM neu- (HO pe3yipTaTaM XpOHOMETPaXHbIX Ha6HIOHeHHﬁ) K 00-
CTBUEM Ha TKAaHH M 3aJIOXKCHHBIC B HUX MHOT'OYUCJICHHBIC IEMY BPEMEHU pa60qeif1 cMeHlbl. Ecimm BpEMsI IEUCTBUS
OKCTEPO- M WHTEPOPELEeHTOpbl (IPSIMOH MHUKPOTPaBMHU-  (akTopa coctaBiuseT 50% paboueii cMeHsI, To T=1.

pyrouuii 5hp¢heKr), a TakKe ONOCPEIOBAHHO Yepe3 LCH- JInist KOMIUIEKCHOW OLEHKH HeOnaronpustHeix 3¢ ¢ek-
TpaJIbHYI0 HEPBHYIO CHCTCMY HAa Pa3IMYHbIC OPraHbl U  ToB NeWCTBHSA BUOpALUH pabOYMX MECT, BBISBJICHUS CTeTe-
cucremsl [3, 4]. HU TIEPEHOCHMOCTH JOMHHAHTHOTO (haKTopa, Xapakrepa

Ilean uceneqoBannii. AHanu3 OHONOTMYECKHX KPHTE-  cOCTOSHUS (PU3MOJIOTHYECKUX CUCTEM, aJeKBAaTHBIX BO3-
pHeB HEOIaroNpUsTHOTO ACHCTBHS BUOpALMU HA PENPO-  neifcTBMIO BUOpALMH, YCTAHOBJICHHS HAPYIICHMIl Perpo-
AYKTUBHYIO CHCTEMY MYXKCKOTO U JKCHCKOIO OPIaHHW3MOB.  NyKTHBHOH (DYHKIMH MYKUYMH M JKCHIIWH, BBISBJICHHS

Meroabl u 06bem nccireroBanuii. B npouecce npo-  ocobeHHOCTEl OCIOKHEHNs TeUeHHs, GepeMEHHOCTH, po-
BCIICHNS aHajIM3a OUCHUBAIIMCH yCJIOBHA TpyAa ONCPATO-  5oB M MOCIEPOAOBOTO NEPHOAA, 310POBbE U Pa3BUTHE pe-
POB CaMOXO/IHBIX MAlUMH (MAlIMHUCT KCKABAaTOPA, ONE-  GeHKA NPOBEICHBI COLMOJIOTMYECKHME HCCIEOBAHMS. AH-
parop Oyinb03epa, onepatop OypoBOro CTaHKA) U BBIIHM-  KeTHpOBAHHEM (110 Pa3pabOTAHHBIM CHEIHATM3UPOBAHHBIM
BaJbLIML TaMOYpHOTO 1exoB. Bospact obcieoBaHHBIX  ompocHMKam) oxBaueHbl 923 uyenoBeka, B TOM umcie 532
xoseOacst B mpesenax 36,5+0,7 — 42,5+0,9, crax B 1pO-  mysxumn u 391 keHImHA, PaGOTAIONINX B YCIOBHIX BO3-
¢deccun: 13,9+0,4 — 17,0+0,9 ner. JENCTBUS BUOPALMY Pa3IMIHBIX KATETOPUH.

DaKTUUECKOE COCTOSIHUE YCIOBHM Tpy/a OLEHUBAJIOCh Ananus 3a607eBaeMOCTH IPOBOAWIM IO JHAM Bpe-
10 (pU3HONOrO-TUIMEHNYECKON HacnopTu3auuu mnpodec-  vennoii ytpatsl TpyaocnocooHoctr (BYT).
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HuTterpanpHbll  MOKa3aTelb KOMIUIEKCHOM OLIGHKH
(haKTOpOB MPOM3BOJICTBEHHOH CPEAbl ONMPENEIsUI C TO-
MOIIBI0 CTaTUCTHYECKOrO Oaiia CTENEHH BPETHOCTH
Kax0ro ¢pakropa mno dopmyne B + S, rne: B — cpenne-
apuMeTHIecKoe 3HA4YeHHE IOoKa3aTens; S, — CpexHe-
KBaJpaTUUECKOE OTKJIOHEHHE.

Just craTucTHdeckoi 00pabOTKH MOJYy4EeHHBIX JaHHBIX
HCIIONB30BANIM MAKET CTATHCTHYECKHUX Tporpamm «Statis-
tica 6.0». Ucnomne3ys kputepuit Konmoroposa-CmupHo-
Ba, OLICHUBAJIU COOTBETCTBHE paCIpeieNeHUul HOpMaib-
HOMY 3aKOHY. J[OCTOBEpPHOCTh pa3inuuuil OLEHUBAIH C
nomompio t-kpurepust CTpIOAEHTA.

H3znoxxenne ocHoBHOro marepuaJna. [Iposenen kom-
IUIEKC TMTHEHUYECKHX, COILMOJIOTMIECKUX, KIMHUYECKHX
1 9KCIEPUMEHTAIBHBIX UCCICIOBAHUH.

'mruennueckas OLEHKa YCIOBHH Tpylda paOO4YHMX BH-
OpoonacHbIX HpogecCHii OCHOBBIBAJIACH HAa KOMILIEKCHOW
OLICHKE TPYJOBOI JESATEILHOCTH ¢ YYETOM BceX (PakTopoB
MIPOU3BOJICTBEHHOM cpenpl. Paccuntan MHTETpasibHBIN 1O-
KazaTesib KOMIUIEKCHOW OIIEHKH (DaKTOPOB IPOMU3BOI-
CTBEHHOH B BHJIE CTaTHCTHYECKOTo Oajjia CTENEeHU Bpel-
HOCTH Kak10ro (paktopa B + S, , a cymma 6aios 1o BceM
(hakTOpaM XapakTepnu3oBajia CTEIEHb NPOPECCHOHATBHOTO
pHCKa KakIoi mpodeccHoHaNbHON rpymIsI |5, 6].

st IpeoTBpalieHnst ¥ MPOTHO3UPOBAHMS COLHAIILHO-
HKOHOMHYECKOro yiiep0a, Kak IO0Ka3alu NpoBeNEHHbIE
HCCIICIOBAHMS, YIUTHIBAIOCH (DOPMHUPOBAHUE OOIIICH 3200~
neBaemocty ¢ BYT u 3aBucUMOCTB €€ OT pakTOpOB NMPOU3-
BOJICTBEHHON cpenbl. KoppensimoHHO-perpeccuoH-HbIi
aHau3 3aboneBaeMocty ¢ BYT B 3aBHCHMOCTH OT CTeeHI
BPEIHOCTH KOMIUIEKca (paKTOpOB MPOM3BOJCTBA HO3BOJINII
MOJyYHTH Pl KOIPQPUIIMEHTOB OMOJIOTHYECKOH aKTHBHO-
ctu. Tak BennuuHA MpHpocTa 3aboneBaeMocTH Ha 1 Garn
CTENEHHN BPEIHOCTH (MHTErpalbHBIA TOKa3aTeNb CTETICHN
BPEAHOCTH BceX (PaKTOPOB) IO TOKa3aTelsiM OOJEBIINX
JMI y JKEHIIMH BBIIIE, YeM Y MY)X4uH B 4,5 pasa, 1o ciy-
yasimM 3aboneBaHus — 4,3 pasa, 10 JHAM HETPYIOCIOCOOHO-
CTH — 2,2 pa3a ¥ 1o MoTepsaM JHEH HeTPYJOCIIOCOOHOCTH B
2,1 paza. Ilpu 3TOM OHOIOTHYECKHUH IKBUBAJICHT KEHCKOTO
nosa Kak (akTopa pucka OLEHUBAeTCs OT 2 10 5 OauioB
CTETICHH BPEAHOCTH. YCTaHOBICHA BEIMYMHA IPUPOCTA
3a00JIeBaEMOCTH 10 JIHSIM HeTpyaocnocoOHocTH Ha 11b
KOPPEKTUPOBAHHOTO YPOBHS BHOpAlMu y MYXYHH Ha
12,17, y xeHmuH 36,3. DTH MaHHBIE TOBOPAT O OOJBIION
YYBCTBUTEIHHOCTH JKEHIIUH (B 2,8 pa3) K HeONaromnpusr-
HBIM YCJIOBUSIM TPyZa U K BUOPAIIMOHHOMY BO3JICHCTBHIO.

KonmuecTBeHHBIN aHaNN3 M3MEHEHUH STHX NOKa3aTelel B
COIIOCTAaBIIEHUN C YPOBHSIMH BHOPAIiy CBHAETEIBCTBYIOT
0 TOM, YTO Pa3iH4Ms B YPOBHIX BHOpAIMH, BBI3BIBAIOIINX
OJIMHAKOBBIC CHBUTH (IO TOKa3aTesM 3a00JIeBAEMOCTH),
cocTaBioT 8,4 1b.

HccnenoBanusi TOKas3aad, 4TO PEHNPOLYKTHBHAS CH-
cTeMa 4yBCTBUTEJbHA U aJeKBaTHO pearupyeT Ha HeOxa-
TONPUATHOE JIeHCTBHE 00LIel BUOpalyy.

YCTaHOBIICHO, YTO BIHMSHUE BHOpanMy pabOvMX MEcCT
Ha PENnpoAyKTHBHYIO (DYHKIMIO OTOCPEIYeTCsl KaK yepes
JKEHCKHH Tak W MYXCKOH opranm3Mm. Kputepusmu Hera-
THUBHOTO (pakTOopa Ha XXCHCKUH OpraHU3M SBISETCS 4Ya-
CTOTa HApYyHOICHHH MEHCTPYaJbHOW (YHKIWH, CaAMOIPO-
M3BOJIBHBIX BBIKHBIIICH, MEPTBOPOKACHHUH, OTKIOHCHNUS
B aHTPONOMETPUYECKUX MOKA3aTEeIIX HOBOPOXKIEHHBIX,
3a0oJeBaHns JeTell B paHHEM BO3pacTe; MY>KCKOW opra-
HHU3M — YTHETEHHE NOJIOBOH (pYHKINH, TOCTOBEPHOE yBE-
JWYEHUE YaCTOThl CaMOIIPOM3BOIBHBIX BBIKHIBIMIEH y MX
KEH, HE UMEBIINX KOHTAKTOB C BUOpALIUCH.

YcraHOBNEH aJIUTHBHBIA 3 dEeKT Mo nmokazartesisMm ya-
CTOTBI CaMOIPOM3BOJIBHBIX BBIKUABIIICH, MEPTBOPOXKIE-
HHUI B CITy4dasx Korjga oba cympyra paboTarT B YCIOBHSIX
BO3JeicTBUA BHOparmu. Bmecte ¢ TeM BHOpoomacHas
npodeccust Cynpyra IOUYTH TAKKe CKa3bIBacTCA Kak M €To
BpEAHBIC MPUBBIUKN: KypeHHE W 3JI0YNOTPEOICHHE aKo-
rosieM. Bcé€ 310 mo3BONMIIO paccunTaTh KOIPPUIMEHTHI
ononormdeckoit 3(pHeKTHBHOCTH BHOpAaLKM TPU BO3CH-
CTBHH Ha PENPOAYKTHBHYIO (QYHKIHIO padoumx (Tadm.l.).
Tak, BuOpoomnacHas npodeccus Cynpyros MOBBIIAET PUCK
JUIS TIOTOMCTBA TI0 TTOKA3aTeNIiM MacChl HOBOPOXKIEHHOTO,
4acTOTE€ MEPTBOPOXKACHUM, MIIaJICHYECKON CMEPTHOCTH 10
4 pas, a TaKKe MPU COYETAHHU C BPEIHBIMU MPUBBIYKAMH
(xypeHmue, ynotpeOneHue ajJKkorons) 10 8 pas.

AHanu3 SKCHEPUMEHTANbHBIX JAaHHBIX 10 HM3YYECHHUIO
BIIMSIHUSL BUOpalM Ha CIEpPMAaTOreHe3, OOreHe3 M 3M-
Opuorenes, a TakKe Ha Pa3BUTHE MOTOMCTBA ITO3BOJIHII
paccuuTats psax Ko3pPUIHEHTOB OHOIOTHISCKOH dPPek-
THBHOCTH BHOpanuy Ha PENpPOIYKTUBHYIO (DYHKIHIO XKH-
BOTHBIX (TalI. 2.).

VYCTaHOBIIEHO, YTO KPUTEPHEM HEONAronpusTHOTO BO3-
JEUCTBHSL 00IIel CHHYCOMNANEHON BEpTHUKAIBHON BHOpa-
IIUM IS CAMOK SIBJIICTCS IIEPHOJ JPOOJICHHS OIIOAOTBO-
PEHHON ANWLEKIETKA M BacKyJsApU3alus IUIALEHTHI, a JULs
CaMIIOB — TPOIH(EpUPYIONINE CIIEPMATOTOHUH, CIiepMa-
TOLIUTHI ¥ paHHUE CIIEPMATHUTHI, 00YCIIaBINBAIONINE PE3KOE
yBeNnuueHne aHTuepTHILHOTO 3 deKTa criepMaTo30H1I0B.

Taomamna 1. Kosddurmentst 6ronorndeckoii 3 hexTnBHOCTH BUOPAIMU MPU BO3ISHCTBUH Ha PENPOAYKTUBHYIO (DYHKIIHIO pabounx

Ioxa3aremu 3HaueHne K03 PHUIHEHTOB

(OTHOCHTEIILHO KOHTPOJIST) MYKYHH JKeHIUH | pa3
BennunHa npupocrta 3aboneBaemoctd ¢ BYT Ha 1 Gamn creneHu BpeAHOCTH (MHTETpabHbIH
HI0Ka3aTelb CTENEeHH BPETHOCTH BeeX (haKTOpOB):
- 110 OOJIEBIIMM JIMLIAM 1,23 5,61 4,5
- 10 CJTy4asiM 3a00JIeBaHus 2,70 11,69 4,3
- 110 JTHSM HETPYJOCHOCOOHOCTH 37,46 81,32 2,2
- 10 OTEPsIM THEeH HETPYI0CHOCOOHOCTH 0,11 0,22 2,1
Buonornyeckunii SKBUBAJICHT J)KEHCKOT'O 110J1a, Kak (hakTopa pucka, B 6ajuiax CTeNeH! BPEIHOCTH 2-5
Bennunna npupocra 3adoneBaemMocty ¢ BYT Ha 115 KOppeKTHPOBaHHOTO YPOBHS BUOpaIIUH:
- 110 JTHSM HETPYJ0CHOCOOHOCTH 12,67 36,3 2,8
Bubpoonacuast mpodeccust CyrpyroB MOBBIIIAET PUCK U TIOTOMCTBA (IO ITOKA3aTelsiM: Majast
Macca HOBOPOXKIEHHOTO, YaCTOTa MEPTBOPOIKICHHUH, MITaJieHuecKasi CMEPTHOCTh JI0 TO/ia) B pas3 4,0
110 a0COJIOTHBIM BEJIHYMHAM PHCKA
To ke B coueTaHUH C BPEAHBIMH TNPUBBIYKaMH (KypeHHUE, YIOTPEOICHHE alIKorouisl), pa3 8,0
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Ta6muma 2. Kosddunments! 6nonornueckoii 3¢phexTuBHOCTH BUOPALIMY IIPU BO3ACHCTBUH Ha PEIPOAYKTUBHYIO (DYHKIIUIO
9KCHEPUMEHTAIBHBIX )KUBOTHBIX

3naueHne K03 PUIHCHTOB

Tlokazareny OTHOCHTEIEHO KOHTPOJIS "
caMIiibl caMKH [lepeMHOKEHNE BEpOSTHOCTEH
[{uKIMIHOCTH MOJIOBOH (QYHKINH (B pa3ax)
- PUTMUYHOCTS (YAJIMHEHHUE €r0 MPOAOIDKUTEILHOCTH) 1,3+2,4
- yBeNUUeHUe neproa mokos (a3 JuICTpyc U METadCTpyc) 2,0+3,8
- COKpaIlleHHE KOJIMYECTBA IMKJIOB B MECSI 24
I'mGens 5MOPHOHOB (BBIIIE B pa3ax):
- obmras 3,5 4.8
- 10 uMITaHTanuy (a3 AUICTPYC U METAICTPYC) 7,3 7,1
- COKpaIlleHHe KOJMYECTBA IUKJIOB B MECSI] 1,3 3,4
BeposTHOCTb BBKMBaEMOCTH SMOPHOHOB
(HIKe 10 aOCOTIOTHBIM BEJIMYMHAM BEPOSITHOCTEN):
- obmras 0,75 0,29 0,21
- 0 MMILIAHTAIHH 0,32 0,21 0,07
- TI0CJIC UMIUIAHTAlUK 0,14 0,14 0,02
BeposTHOCTD POXKICHUS U BBDKMBAEMOCTH IIOTOMCTBA
(HrKe 10 aOCOTIOTHRIM BEJIMYMHAM BEPOSTHOCTH):
UyBCTBUTEIBHOCT K BHOpAINH (BBIIIEC B pa3ax)
[Ipu nepeMHOKEHUH BeposiTHOCTEH (B pas3ax):
- BEPOSITHOCTh POK/ICHHUS TOTOMCTBA 0,6 0,29 55
- BEpOSITHOCTh BBKHBAEMOCTH ITOTOMCTBA 1,7 3,5 14,3

B Tabmume 2 npencrasieH psn ko3 GUIHEHTOB OHOIO-
TMYeCKOi 3¢ PEeKTHBHOCTH BHOpanuy SIPKO AEMOHCTPHPY-
I0IKX OOJBIIYI0 YyBCTBUTENBHOCTh CaMOK K €€ BO3ZIEH-
CTBHIO IO TIOKa3aTelIssM oOIIeil M Mociie MMIDIaHTalnoH-
HOU rubenu 3MOpHOHOB. OTMeueHa Oosiee HHM3Kas BBDKU-
BacMOCTh 3MOPHOHOB, OCOOCHHO IO MMOKA3aTEIIsIM OOIICH U
JIOUMIUIAHTAlMOHHON WX THOENH, a TakkKe BEepOsTHOCTEH
POXKIEHHS U BBDKUBAEMOCTH MOTOMCTBa. [loyueHs! nHre-
pecHble JaHHbIE, B TOATBEP)KICHHUE COLMOJOTHYECKUX
WCCIIE/IOBAaHMH, TI0 CHIDKEHHIO BEPOSTHOCTEH POXKICHUS U
BBDKHMBAaEMOCTH MOTOMCTBA B 5,5 u 14,3 pa3 npu aaIuTuB-
HocTH 3(ppexTa BUOPOBO3ICHCTBUS HA POAUTEICH.

Amnanu3 Ononormdeckux 3Q(ekToB BUOpAIwH, 1Mo CIie-
IU(pHUIECKUM M MHTETPAIBHBIM IOKa3aTelsIM, MO3BOJIMII
YCTQHOBHUTBH IIOPOT BPEIHOTO NEHWCTBHMS BHOpauu, Ha
ypoBHe 83 nb (o yckopeHuto O,OIM/CZ), Ha pPEenpoIyK-
TUBHYIO, HEPBHYIO M DHJOKPUHHYIO CHUCTEMBI, YTO JaéT
BO3MOXXHOCTh 00OCHOBaHHO CYJHTh O T€X YPOBHSX (ak-
TOpa, KOTOPBIE OTPAIAT KEHIIMH (MX MOTOMCTBO) OT He-
OJaronpuUsTHOrO BIMSHUS BUOpanuu B TPOW3BOJICTBE.
Marepuainbsl MOTYT OBbITh UCIIOJIB30BaHBI NIPU TIEPECMOTPE
[IAY ans TeXHOIOTHIECKUX BUOPAITHIA.

TaxuMm 06pa3oM, KOMIUIEKCHOE UCCIIEJOBAaHHUE YCIOBUH
TpyZa ¥ HM3y4eHHWE BIMSHHUA MX HAa OPraHM3M pabodnx,
MO3BOJMJI  YCTAHOBUTh KayeCTBEHHO-KOJINYECTBEHHBIE
COOTHOIIICHHS BKJIaJla BUOPAIINH U COMyTCTBYIOIIUX (hak-
TopoB (IIyM, JIOKajbHas BHOpaius, HEOJArONPHSITHBINA
MHKPOKJIMMAT, 3arpsa3HeHHs] BO3IYIIHOW cpenbl, pusnye-
CKHE M HEPBHBIC Harpy3Kkd U p.) B GopMupoBaHue 3a00-
neBaemoctn ¢ BYT, Hapymenuss B crenuduueckux
(GYHKIHAX MYXKCKOTO U JKEHCKOTO OpraHu3ma.

BeiBoawl. BosjeiicTBre BHOpanuu pabodyMx MeCT Ha
PENpONyKTUBHYIO CHCTEMY OIOCPEAYEeTCSd KakK depe3
JKEHCKUH, TaK U MYKCKOW OpraHU3M.

YcraHOBIICH aaIUTUBHBIH 3 EKT Mo MOKa3aTessIM da-
CTOTBI CaMOIIPOU3BOJIbHBIX BBIKHJBIIIEH, MEPTBOPOKIE-
HUH B CIydasx Korja o0a cyrpyra padoTaioT B YCIOBHUIX
BO3JICHCTBUS BUOpAITUH.

BubpoonacHas mpodeccus cynpyros MOBBIIIAET PHCK
JUIS TIOTOMCTBA TIO MOKa3aTeJIsiM MacChl HOBOPOXKJIEHHO-
ro, 4acTOTe MEPTBOPOXKIEHUM, MIIAJCHUECKON CMEPTHO-
CTH 710 4 pa3, a IpU COYETAHNUHU C BPEAHBIMH MIPUBBIYKAMHU
(kypenue, 310ynoTpedIeHne ajJKoroyieM) 10 8 pas.

JIMTEPATYPA (REFERENCES TRANSLATED AND TRANSLITERATED)

1. CyeopoB I'.A. 'mruenndyeckoe HOpMHpOBaHHE OOIIeH BHOpa-
i (I A.CyBopoB). - ['urnena tpyna u npoeccHOHANbHEIE 3a-
6oseBanus, 1984.- Ne10 — C.9-13.

Suvorov G.4. Hygienical setting of norms of general vibration [Gi-
gienicheskoe normirovanie obshhej vibratsii (G.4.Suvorov)]. - Gi-
giena truda i professional’nye zabolevaniya, 1984.- Ne10 — S.9-13.

2. Bammuuesa J|.B. CpaBHutenbHas Guosioruyeckas oreHKa BHO-
PaMOHHO-LTYMOBOT'O BOS}IeﬁCTBHﬂ B 3aBUCHUMOCTH OT A03bI BI/I6—
pammu B okcriepumente ( [1.B. bamanesa, 3.U. Jlenncos).- Me-
JMIAHCKAH sKypHaNn Y30ekucrana, 1979 ,Nel2, C 50-53
Balichieva D.V. Comparative biological estimation of noise- vi-
brating influence depending on the dose of vibration in an experi-
ment [Sravnitel'naya biologicheskaya otsenka vibratsionno-
shumovogo vozdejstviya v zavisimosti ot dozy vibratsii v ehksperi-
mente ( D.V.Balichieva, EH.l.Denisov)].- Meditsinskij zhurnal
Uzbekistana, 1979 ,Nel2, S 50-53

3. bammaumesa /1.B. K smOproTrponHOMy nelicTBuro ooOmieii BuOpa-
i (/1.B. banmmuauesa).- Yuensie 3amiuckn KpbiMcKoro WHXeHep-

24

HO-TIeIarOTHYecKoro yHuBepcureTa. Bemyck 5, 2004.- (Cumde-
ponons: HULL. KUITY).- C.64-68.

Balichieva D.V. To the embryotrophical action of general vibra-
tion [K ehmbriotropnomu dejstviyu obshhej vibratsii (D.V. Ba-
lichieva).]- Uchenye zapiski Krymskogo inzhenerno-pedagogi-
cheskogo universiteta. Vypusk 5, 2004.- (Simferopol': NITS.
KIPU).- S.64-68.

4. bamnunesa /I.B. Bo3Mo)kHble MeXaHU3MBI  (POPMHUPOBAHHS
HapyIICHAS PENPAyKTUBHOW (PYHKIMH SKCIIEPUMEHTAIBHBIX JKH-
BOTHBIX IIpH BI/I6paIII/IOHHOM BO3,I(CI71€TBI/II/I 1 UX SKCTPANOIALNA Ha
yenoseka (/].B. bamanesa) Yuensie 3amickn Kpeivckoro mrske-
HEpHO-TIeJaTOTMIeCKoro yHuBepcurera. Bemmyck 9 ,2007.- (Cum-
¢epomons: HUI.KUITY).- C.17-22

Balichieva D.V. The possible mechanisms of forming of violation
of genital function of experimental animals at oscillation influence
and their extrapolation on a man [Vozmozhnye mekhanizmy for-
mirovaniya narusheniya reprduktivnoj  funktsii  ehksperi-
mental'nykh  zhivotnykh pri vibratsionnom vozdejstvii i ikh
ehkstrapolyatsiya na cheloveka] (D.V. Balichieva) Uchenye




Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

zapiski Krymskogo inzhenerno-pedagogicheskogo universiteta.  cucremy (J.B. bammuuesa, I1LB. IllunkapeBckuii).- YdeHsle 3a-
Vypusk 9 ,2007.- (Simferopol': NITS.KIPU).- S.17-22 nuckd TaBpUYECKOro HAIMOHAIIBHOTO yHHBepcuTeTa um. B.H.
5. bamuuena J1.B. K mexanusmy Ouonorndeckoro nevictsust Bu6-  Bepnaackoro, Tom. 26 (65), Ne2. buonorus, Xumusa, Cumpepo-
paunu Ha cnepmarorene3 ([[.B. banmuuena).- Yuensle 3amucku  momb. 2013.

TaBprueCcKOro HalMOHANBHOTO yHuBepcurera WM. B.W. Bepuan-  Balichieva D.V. Medicobiological criteria of unfavorable action of
ckoro. Tom. 20(59), Ned. Buonorus, Xumus,Cumdeponons, 2012.  general vibration on the genital system [Mediko-biologicheskie
Balichieva D.V. To the mechanism of biological action of vibra-  kriterii neblagopriyatnogo dejstviya obshhej vibratsii na repro-
tion on spermatogenesis [K mekhanizmu 'iologicheskogo dejstviya  duktivnuyu sistemu] (D.V.Balichieva, P.V. SHinkarevskij).-
vibratsii na spermatogenez] (D.V.Balichieva).- Uchenye zapiski Uchenye zapiski Tavricheskogo natsional'nogo universiteta im.
Tavricheskogo natsional’nogo universiteta im. V.l. Vernadskogo.  V.I. Vernadskogo, Tom. 26 (65), Ne2. Biologiya, KHimiya, Simfe-
Tom. 20(59), Ne4. Biologiya, KHimiya,Simferopol', 2012. ropol'. 2013.

6. bammunesa J[.B. Meauko-6uosiorindeckue KpUTepud HebIaro-

MPUATHOTO JeHCTBUSA OOmIed BHOpalMM Ha PENpOAyKTUBHYIO

Balichieva D.V. Medicobiological criteria of unfavorable action of physical factors on the genital system
Abstract. The analysis of biological criteria of unfavorable action of vibration on the genital system of masculine and female organ-
isms is given in this work. The complex of hygienically, sociological, clinical and experimental researches is conducted in the article.
The hygienical estimation of terms of labour of workings vibrodangerous professions is given by complex estimation of labour ac-
tivity taking into account all factors of production environment. The integral index of complex estimation of factors of production as
a statistical mark of degree harmfulness of every factor (V+sn) is expected, and the sum of balls on all factors characterized the de-
gree of occupational take of every professional group.
It is set that influence of vibration of workplaces on a genital function will mediate as both female and masculine organism. The cri-
teria of negative factor on a female organism is frequency of violations of menstrual function, spontaneous abortions, stillborn, rejec-
tion in the anthropometric indexes of new-born, diseases of children in early age; a masculine organism is oppressing of sexual func-
tion, reliable increase of frequency of spontaneous abortions of their wives, not having contacts with a vibration.
Correlated and regressive analysis of morbidity with temporal loss of ability to work depending on the degree of harmfulness of
complex of factors of production allowed to get the row of coefficients of biological activity. So size of increase of morbidity on a 1
mark of degree of harmfulness (integral index of degree of harmfulness of all factors) on the indexes of being ill persons for women
higher, than for men in 4,5 time, on the cases of disease is 4,3 time, on the days of disability are 2,2 time and on the losses of days of
disability in 2,1 time. Thus biological equivalent of sex of women as a risk factor estimated from 2 to to 5 marks of degree of harm-
fulness.
An additive effect is set on the indexes of frequency of spontaneous abortions, stillborn in cases when both spouses work in the con-
ditions of influence of vibration. At the same time the vibrodangerous profession of spouse almost also tells as well as his harmful
habits: smoking and abuse of alcohol. All of it allowed to expect the coefficients of biological efficiency of vibration at affecting
genital function of workers. So, the vibrodangerous profession of the married couples promotes a risk for posterity on the indexes of
mass new-born, to frequency of stillborn, to the infantile death rate to 4 times, and also at combination with harmful habits (smoking,
use of alcohol) to 8 times.

Keywords: physical factors, vibration, a vibrodangerous profession, genital system, biological criteria, integral index, probabil-
ity, additive effect, spontaneous abortions, stillborn
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CHEMISTRY

bpem B.B., Koscyxapov B.A., /Imumpenko U.B., byza C.I1.
TexHoIOrMYecKHE 0COOEHHOCTH MOJIYyYEeHUs BJIATOCTONKHNX (PJIIOCOB

bpem Braoumup Buxmoposuu, kanoudam Xumuyeckux HayK, OOyeHm,
0eKaH XUMUKO-MEXHONI02ULEeCK020 (aKyIbmema

Kooicyxape Braoumup Hrosnesuu, 0okmop mexHuueckux HayKk, npogeccop, 3a8edyiowuti kagheopoi
JImumpenxo Unna Bukxmoposna, kanouoam mexHuyeckux HayK, Cmapuiuii npenooasamens
byea Ceemnana Ilempoena, cmapwuti npenooasamens

Oodeccruil HayuoHaIbHUU noIUmexHuyeckuil ynugepcumem, 2.0decca, Yxpauna

AnoTauus. CyliecTByrOLIasi TEXHOIOTUS U3TOTOBJICHUS (DIIFOCOB NMPUBOIHUT K 0OPAa30BaHUIO PA3IMYHBIX KPUCTAIHYCCKUX OKCH/I-
HBIX (pa3, KOTOpbIe XUMHUYECKH aKTUBHBI 10 OTHOLICHHUIO K Biare Bo3ayxa. IIpu XxpaHeHue (JIIrOCH MOTJIONIAIOT BIIAry BO3AyXa U Kak
CJICJICTBUE 3TOTO THAPATHPYIOTCS C cozepkanneM Boasl 1o 0,5 mace. %. s ycTpaHeHHs yKa3aHHOTO HEOCTATKa NPEIJIoKeH Me-
TOJ TIOBBIIICHUS BIArOCTOMKOCTH (hTOPUAHO-OKCHIHBIX (DIIOCOB B KOTOPOM TEXHOJIOTMYECKMM COBMELIEH IPOLEcC UX KapOOHH3a-
LUK ¥ TpaHyisuud. IIpoBeiIeHHbIH TepPMOAMHAMHYECKUIT pacuyeT MeToAa U aHaIn3 MOJIyYCHHBIX TepMOJUHAMUYCCKUX JAHHBIX 1103~
BOJIMJI 3aKJIFOYKTH, YTO TPOBEACHHEe mpolecca kapboumsamu (Pco, = 0,101325 MIla) B ncciegoBaHHOM HWHTEpBalie TEMIEpPaTyp
BO3MOXKHO HE JUISI BCEX PACCMOTPEHHBIX peakiuil. ONTHMabHbIE YCIOBHS NPOBEICHNS KapOOHM3alMM MHOTOKOMIIOHEHTHBIX IIPO-
H3BOJICTBEHHBIX (UIIOCOB HEOOXOIMMO KOPPEKTHPOBATH C YI€TOM MHOT000pasus uX (akTHieckoro (a3oBoro cocrasa. [IpoBeneHs!
MIPOMBIIUIEHHBIE HCIIBITAaHUS CIOC00a MMoydeHus! (IrocoB, 00eCcIIeunBaloIIero NOBBILICHHE NX BIIaTOCTOHKOCTHU TP OTKPBITOM Xpa-
HEHMH Ha Bo3Jyxe Ha HukomnosbckoM 3aBoze deppocmiaBoB. s peanus3anuu crocoda IpeaiokeH HOBBIH BApUAHT PACHONIOKEHUS
TpyOBI-COOpHHKA U KOP3UHBI-IPHEMHUKA B CHCTEME TEXHOJIOTHYECKOro 000pyIOBaHHUS. DTO MO3BOJIMIO COBMECTHTH IIPOLECC Kap-
OOHHU3AaIUHU C CyXOH rpaHysauuei. VcnpiTaHus mokazainu 3QQeKTUBHOCTh crocoba MPUMEHUTENBHO K MPOHU3BOACTBY (TOPHUIHO-
OKCHIHBIX ()JIFOCOB IOBBIIIEHHOH BIAroCTOWKOCTH.
Knrouesvie cnosa: pmopuono-oxcuonvie ¢arocel, KapooHuzayus, epanyiayus, uopamayus, 61a20CMoUKocms

Berynnenne. V3BecTHBIE (UIIOCHI TIPU XpaHEHHWH TOTJIO-  OpaHHOM wmHTepBaje Temmeparyp (573...1373 K) mma
AT BJAry BO31yXa, B PE3YJbTAaTe YCro COACPKAHHC B YKA3aHHBIX BBIIIE B3aMMOJACHCTBHMH. 3HaYeHUA AGY BBI-
HHX BOJIBI MOKET jocTurath 0,2...0,5 Mace. %. B mponec-  yyepsmmes ¢ momowpio ypaBHeHuii tumna
ce HM3TOTOBICHUS (hIroca MPOMCXOMUT OOpa3oBaHUE pa3-

¢ POHCXORIT 00p p AG® = A +BT, (4)

JIMYHBIX KPUCTAJUTMYECKUX OKCUAHBIX (Da3, mo Ooubluei
YACTH XUMUYECKH AKTHBHBIX [0 OTHOIICHUIO K Bjare Boz- A€ A # B — KOO OUIHEHTEI, ONPEICICHHbIC C IIPHUBIICYe-

JIyXa M KaK CJIeICTBHE 3TOro (Iockl TuapaTupytoTes [1]. HHUEM Pa3NIMYHbIX TUTEPATYPHBIX TaHHBIX [2].

Ieab paGoThl. Pa3paboTka TAaKMX METONOB TONyde- Berancrennbie sHaueHus kodpouumueHTo 4 u B s
HUsE PIIFOCOB, KOTOPbIE obecreunBany Obl MOBBINIEHHE nx ~ TPoIecca xapOoHusauuu 1o peakuusm tuna (1)...(3)
BJIATOCTOMKOCTH TNPH OTKPBHITOM XpPaHEHHWHM Ha BO3ayxe.  [TO3BOJIMIHM M3 COOTHOLNCHHS

Jlns peanusanuu 1enu paboThl HEOOXOAMMO Pa3paboTaTh K, =UP, ®)
NPUHIMIHATLHbIE OCHOBEI BOSMOKHBIX BAPHAHTOB PEIIE-  pne N — rokasaTellb CTENCHH, PABHBIH 3HAUCHIIO KOIG-
HI IOCTABJICHHON 3a/1atH. (ULMEHTa B JaHHOM YPaBHEHUH, OHPEJEIUTh 3HAYECHHUS

Tepmonunamuyecknii ananus npouecea. [IpHHIH-  p. . 719 paccmaTpuBaeMoro HHTepBala TEMIIEpATYP
MHabHbIH aHATN3 NPEJUIOKEHHOTO METO/Ia TOKA3BIBACT, (5731373 K)

YTO OH MO3BOJISICT BECTH 00pabOTKY (PIIFOCOB YIIICKHCIBIM AHQIU3 TONY4eHHBIX TEPMOAMHAMHYECKUX IAHHBIX
Ta30M OJIHOBPEMEHHO C MX TPAHYISUMEH M MOCHENYIO-  o3pou 3aKIIOYMTE, YTO IPOBEAEHHE MPOLEcca Kap6o-
UM OXJIaXkJIeHneM. Bo3aMoxkHa Tak ke 00paboTka (ito- nnsauun (Pegy = 0,101325 MITa) B HCCIe10BAHHOM HH-
COB YIJIGKMCI/IBIM Ta30M B CMECH C HHEPTHBIMH Ta3aMH  1eppane TeMmepaTyp BO3MOXKHO He JUIS BCEX PAcCMOT-
NPU pasiiMuHBIX JaBjieHusx. Pabouas aTMmocdepa mpu PEHHBIX PeaKilHii, a JWINb U TeX B COCTABE KOTOPBIX
TPOBEJICHHM MPOLECCA MOXET OBITh MPOTOYHOM, HEMPO- ooy coemuuenns:  MgO-2A1,0;, 2Ca0-MgO-2Si0,,
TOYHOM MM LHMPKY/ISUMOHHOH. CHIKCHHE BIArONOINO-  (a0-2A1,05 3Ca0-2Si0,. Peaxmm KapOGOHM3ALMH TIO
TUTEJBHOU CIOCOOHOCTH ()IIFOCOB, MOMYYEHHBIX YKa3aH- JIPYTHM CXeMaM B YKa3aHHBIX YCIOBHAX HE TPOTEKAIOT.
HBIM IIYTEM, CBSI3aHO C IOBEPXHOCTHOH KapOOHM3ALMEH  Peaxyms ¢ 3Ca0- ALO; pu Pco, = 0,101325 MITa uzer
KPUCTaJUTHYECKUX (a3 OKCHIOB (IIFOCOB, alIOMMHATOB M 1onrro B uHTepBae Temmepatyp 573...973 K. Tonyuen-
CHIIMKATOB IO CXeMaM HBIE PE3YJLTATHI MO3BOJISIOT 32KIIOUHTh, YTO HEKOTOPHIE
(MeO)y; + (CO2)res= (MeCOg)y, - (1) peakiuu 1enecoo0pa3’HO MPOBOJAWTH MPHU IMOBBIIIEHHBIX
(MeO - 2 AlyO3) 1 + (CO) 143 = (MeCO3) 1 + 2 (Al:03) 1, (2)  namnenmsx, BozsmoxkHO Aaxe mpu Pep, = 0,101325 MIla.
2 (MeO - Si02) 1 + 2 (CO2) 143 = 2 (MeCOg) 1, + (SiO2) v (3)  Ouemmano, uto u kapGOHM3AIMIO BIIOCOB C IENBIO TIO-
[Mony4eHHble NpH 3TOM KapOOHATHBIE IUIEHKHM He 00pa-  HIDKCHHSI WX BJIATOHOIVIOTHTENBHON CIIOCOOHOCTH, BO3-
3YIOT KPUCTAIUIOTHAPATOB (HE THAPATHPYIOTCS Ha BO3AyXe)  MOXKHO, NPOBOJWUTH KaK NPH IIOBBIIICHHBIX JaBICHUAX,
W TIPEJOTBPAINAIOT B3aMMOJAEHCTBUE 3aKIIOYEHHBIX B HUX TaKk W TPUA JaBJICHUH JHOKCHIA YTJepoja MEHbIIe
OKCHJIOB, JIFOMHHATOB M CHJIMKATOB C BJIaroil BO3myxa. 0,101325 MIla. B uemnom e onTuMaibHbIe YCIOBHUS MPO-
Tak kak rpanyiasius npu temieparypax 1100 °C u BexeHHs KapOOHHM3aLMM MHOI'OKOMITIOHEHTHBIX MPOMU3BOA-
HIDKE, TO ISl 3TOr0 HEOOXOANMO OBLIO PACIoNaraTh 3Ha-  CTBEHHBIX (DIIFOCOB HEOOXOIUMO KOPPEKTHPOBATh C yde-
YCHWSMH CTAaHIAPTHBIX M3MeHeHHi ['mb0ca AG! B Bb-  TOM MHOroo0pasus uX (hakTHuecKoro (azoBoro cocrasa.
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JKcnepMMeHTA/IbHbIE JaHHbIE H HX 00paldoTka. OTi
3a7a4M, KaK, OKa3aJoCh, BO3MOXXHO, PEIIUTH TOJIBKO C
MIOMOIIBIO JOTONHUTENBHBIX JTA0OPATOPHBIX HCCIIENA0BA-
HUMH, UCTIONB3YS IS 3TUX LENeH pasImdHble MapKu (Irro-
COB NPOMBIIUICHHOTO MPOU3BOACTRA. [yl n3ydeHus npo-
IIECCOB pa3paboTaHBI Ta00OPaTOPHBIE YCTAHOBKU, KOTOPHIC
MO3BOJISUIM  TIPOBOJUTH 00pabOTKY (DIIFOCOB ITHMOKCHIIOM
yraepoaa Kak npu Pcp, = 0,101325 Mlla, Tak u npu mno-
BBHIIICHHBIX JaBieHusx [3,4].

HccnenoBaHo BiMsHHE BBICOKOTEMIEpaTypHOil oOpa-
0OTKM B JAMOKCHZE yIJIepoJia Ha BJIArOIOINIOTUTEIbHYIO
cnocobnocth ¢uttocoB (f). C nenbio onpeseneHus: ONnTH-
MaJBHBIX YCIIOBHH TpOBeAeHUS 00paboTKH KapOOHM3a-
muro Benmu mipu 473...1273 K 1 pa3nu4HBIX BpEeMEHHBIX
BBIJICP)KKaX.

AHanu3 3aBUCUMOCTH BJIarONOTIOTHTENBHBIX CIIOCO0-
HOCTeH (DIrOCOB, COCTaBBI KOTOPBIX IIPEACTABICHBI B
Tabmn. 1, OT Temmeparyp u BpeMeHH uX 00paboTKH B OCY-
meaHoM CO, TO3BOJIMI 3aKJIIOYUTH, YTO HAMOOIBIIEMY
CHI)KEHHIO BIIArOMOTTIOTHTENBHON CIIOCOOHOCTH CIIOC00-
CTByeT KapOoHu3amus ¢urocoB B uHTepBaie 673...873 K.
Jns apdexTrBHOTO NpoBeAeHust KapOOHM3aMu (IIIOCOB
B yKa3aHHOM HUHTepBasie TemnepaTyp pocratouHo 300 c
BeIIep)KKH B Toke CO,. IlomyyeHHBIe NpOKaIMBaHHEM B
Jauokcuze yriaepona npu 873 K u npu Takoi xke Temnepa-
Type IPOKaJIMBaHMs B aproHe MpoObl (UIOCOB BBLAEPIKH-
BaJMCh Ha Bo3ayxe. Oka3anock, 4To 00paboTKa (IIFOCOB
JVOKCHIIOM YTJIEpOAa 3HAUYUTENHEHO CHIKAET MX BIIAroIo-
TJIOTUTENBHYIO CIIOCOOHOCTP (AJIs1 MCCIIETOBAHHBIX (ITIO-
coB 1,5...2,0 paza).

Ta6suna 1. Mapku 1 cogep:KUMoe OCHOBHBIX KOMIIOHEHTOB ()JIFOCOB

Mapxku CojaeprkaHHe OCHOBHBIX KOMIIOHEHTOB, Macc. %
q)H}OCOB CaF2 CaO MgO A|203 S|02
AH®D-6 OcHoBa < 8,0 - 23-31 <25
AH®-25 50-60 10-15 10-15 12-20 2-7
AH®D-29 37-45 24-30 2-0 13-17 11-15
AH-291 10-20 20-28 17-27 35-45 <25
BbP-1* 33,3 333 — — 333
bP-2* 33,3 33,3 - 33,3 —
bP-3* 40 10 5 CaCl, 10 LiF 25
bP-4* — 50 10 CaCl, 5 LiF 35

* — OMBITHBIE (PITFOCH

Taomuna 2. Ipenens npensaputensHoit ruapataiuu (Oy,,,) U CHUKEHHS BIAronoriIoTUTeNbHOM cocodnocTH (f) durocos
B 3aBHCHMOCTH OT BHJIa HX 00pabOTKH

3
Mapka ¢mroca| ['azoBas dpaza | asnenue, [1a T napannensnm%()ﬂ:f}:l?(/)lslloo r| Cpemmce f, %
Ar 101325 553 55.1 552 55.2 .
Al 101325 36,5 36,8 36,2 36,5 342
co, 1013250 34,2 33,6 338 33,9 41,3
2026500 - - - . -
Ar 101325 57.7 57.0 576 578 -
101325 312 321 30,6 313 459
AH®-25 Cco, 1013250 27.9 20.6 28.9 28,8 50,2
2026500 - - - - -
Ar 101325 205 264 = 27.9 -
101325 19.7 216 . 20,7 459
AH®-29 Cco, 1013250 9.9 8.7 8.9 9.3 66,6
2026500 349 28.8 36,2 333 776
Ar 101325 20,0 2.1 - 2.1 -
101325 157 114 = 136 355
AH-291 Cco, 1013250 8.7 8.6 . 8,65 59,5
2026500 8.6 6.4 . 75 64,5
Ar 101325 247 26.0 24.9 252 -
pa 101325 12,9 18.2 158 156 38.1
co, 1013250 12,8 10,0 16.2 13.0 484
2026500 25,7 26,6 28,1 26,8 -
Ar 101325 30,2 311 28,7 30,0 .
P2 101325 2.1 103 - 20,7 311
co, 1013250 16.2 13.8 = 15,0 50,0
2026500 13.7 123 125 128 57.2
Ar 101325 273 271 272 27.2 -
Epa 101325 183 17.9 7.1 178 347
Cco, 1013250 121 8.9 - 105 614
2026500 12,0 7.8 - 9.9 63,6
Ar 101325 258 251 246 252 -
pa 101325 174 17.2 16,7 17.1 323
Cco, 1013250 133 13.2 122 12,9 488
2026500 8.8 7.8 . 8.3 67,1
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KapOonuszanus npy HOBBIIIIEHHOM JABICHUH YTIIEKUC-
JIOTO Ta3a CYIIECTBEHHO M3MEHSET TpeIesbl IpeaBapH-
TeNFHOHN TruApatanmy (iarocoB. B Tabm. 2 mpuBemeHsI pe-
3yJIBTAaTHl MCCIICIOBAaHUM BIMSHHSA KapOOHM3aIWH, TpOBe-
JICHHOW TIpH Pa3UYHBIX [ABJICHHUSAX, Ha BJIAromlOTIOTH-
TenbHYIO crocoOHOocTh (f) HEKOTOpPBIX CTAHAAPTHBIX H
OTIBITHBIX (DJIIOCOB.

Tak, s dmoca AH-291 kapOonmzanus npu 101325
ITa CO, cHWKaeT BIaromnoryoTHTEIbHYIO CIIOCOOHOCTH Ha
35,5 %, a mpu 1013250 ITa CO, — Ha 59,7 %. [Ipu nanb-
HEHUIIeM TOBBIEHUU P, 10 2026500 ITa BenuuuHa XOTs
CYIIECTBEHHO M HE MEHSETCS, HO OCTAaeTCsl OYECHb BBICOKON
(64,5 %). MeHee ogHO3HAYHBIM SBIAIOTCS PE3YIBTATHI IO
¢mocam AH®-29 u BP-1, xots mepexon ot Pcp,= 101325
[la xapaxrepusyercss W3MEHEHHEM IIOHIKEHHUS BJIaromno-
IJIOTATEIBHONH CIOCOOHOCTH COOTBETCTBEHHO OT 25,7 IO
66,7 % u or 38,1 no 48,4 %. AnanormuHas KapTHHA
Habmromaercst st gpirocoB AH®-6 w AHD-25, xots ¢ 60-
Jlee MEHBIIUM CHMI)KEHHEM HMX BJIArONOIIOTUTEIBLHON CIIO-
coOHocTH. BraromornoruTesnbHasi CliOCOOHOCTh OMBITHBIX
¢umocoB bP-2, BP-3 1 BP-4, koTopble HMEIOT Malylo BOJIO-
ponomponuiiaeMocts  [3,4], TpPUMEpPHO  OJMHAKOBAs.
YMeHbIIEHHE BJIaronorjioTUTEIbHON CIOCOOHOCTH (IIto-
COB MOXKHO OOBSCHHTH COJIEPKAHHEM OCHOBHBIX KOMIIO-
HEHTOB, 2 IMEHHO YMCHBIIICHHEM COICPKaHHUS OCHOBHBIX
okcrnoB. UTo KacaeTcs OYeHb HHU3KWAX 3HAUYCHHWH IpH IIe-
pexone k kapOommsamwm mpu 2026500 Ila, To mmsa mx
OCMBICIICHUS W OOBSCHEHUS HEOOXOINMO IPHUBJICUCHUC
METOOB (PM3UKO-XMMHYECKOTO aHAW3a IUIA yYTOYHCHUS
(a3oBOro cocraBa 00pa3lOB KapOOHH3MPOBAHHBIX (DIIrO-
coB. B 1ie0M, kak Hokaszanu pe3ysbTaThl aHAIW30B, Kap-

KoMIoHEHTBI
f(bmoca OT J103aTOPOB

OGoHM3anMIO0 (HIIIOCOB, KaK NPH TIOBBIIICHHBIX JABICHUAX,
Tak W TpH JaBJIeHUH quokcuaa yriepoaa 101325 Tla, cre-
JyeT Ipu3HaTh 3P (HEKTUBHBIM MyTEM CHIDKCHUS UX BIIAro-
TIOTTIOTUTENBHO CIIOCOOHOCTH.

B npousBoacTBeHHBIX ycnoBusax Hukonoabsckoro 3aBo-
Ja peppocCIIaBOB IIPOBEACHBI MPOMBIIUICHHBIE UCITBITAHMS
crocoba TOydeHUsT (IIFOCOB, 0OECIIEUMBAIOIICTO ITOBHI-
LIEHHE MX BJIATOCTOMKOCTH TPH OTKPBHITOM XpaHEHHH Ha
Bo31yxe. B kauecTBe OOBEKTOB HCCIEOBaHUS OBLIM BbI-
opansl parocet AHDO-6, AHD-29 u AH®-25, coaepxkaue
B cBoeM coctaBe 10 30 % OKCHAOB KajablMi U MarHus.
BeiruiaBka irrocoB mpounsBoamnack B Tpex(asHbIX Medax
CKB-6063 mommuocThO 2,5 MBT. PactmaBnennsiit diroc
TPaHyINPOBAJIM TIOTOKOM C)KaThIX ra3oB. sl HCIOIB30Ba-
HUS OCTaTOYHOTO TEIUIa MacChl IPaHyIMPOBAHHOTO (uTroca
KapOOHM3AMIO OCYIIECTBISIA B HEKOTOPOM OTpPaHHYCH-
HOM 00BbeMe KOP3WHBI-TIPHEMHHUKA C TIOMOIIBIO CIICIIHAIb-
HOU TpYyOBI-cCOOpHUKA, KOTOpas TMpEeICTaBIsieT Cco0Oit
CTAIBHYIO TpyOy, 3aKaHUHMBAIOIIYIOCS B BEPXHEH 4acTu
CTaJIbHOW BOPOHKOM, CIIOCOOCTBYIOIICH JIydIIeMy MOma ia-
HUIO TPaHyN BHYTpb. B HmxHel uactu TpyObl-cOOpHHKa
BBapeHa ra3ornoBo/sINas TpyOKa ¢ cepueill MeJIKUX OTBep-
CTHii, 0OpallleHHBIX K JHUILY BO H30€XKaHHe UX 3a0UBaHUS.
Cxema pacnonoxeHus TpyObl-COOpHHKAa W KOpP3WHBI-
MIPUEMHHKA B CHCTEME TEXHOJIOTMYECKOTro 000pYHOBaHMS
n3o0paxxeHa Ha pucyHke. Ilomaya auokcunma yriepoaa B
TpyOy-cOOPHUK M B JHUINE KOP3WHBI-TIPHEMHHKA CKBO3b
niepoprpoBaHHbIE OTBEPCTHSI HAYMHANACH TIEpPE]l BBIITYC-
KOM (pIrroca ¢ LETbI0 MPEBAPUTENHLHOTO BEIMBIBAHHS BO3-
JyXa M TpOAOJDKallach B TEUEHHUE HECKOJBKHUX YacoB JIO
HOJIHOTO OXJIAXKICHUS BCE MacChl rpaHy.I.
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Pucynok. Cxema pacrnonoxeHus TpyObI-COOpPHUKA B CHCTEME TEXHOJIOTHIECKOTO 000pYA0BaHUs U epdo-
PYPOBaHHBIX OTBEPCTUH B THUIIIEC KOP3UHBI-MIPUEMHKKA: | — Tpexda3sHas neus; 2 — popcyHka; 3 — skpaH;
4 — xop3WHA-COOPHUK; 5 — CTIOW rpaHyIMpPOBaHHOTO (hroca; 6 — TpyOa-cOOpHHUK; 7 — Io1ada ra3oB B
JTHHIIE KOP3UHBI-TIPUEMHUKA CKBO3b NIep(OPHUPOBAHHBIC OTBEPCTHS
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OT60p TIPOO OCYIIECTBIISIIM B TPEX TOYKAX: M3 CTPYH
paciuiaBa, U3 cios ¢uroca B KOp3MHE-TIPHEMHUKE U U3
TpyOBI-COOpPHHUKA. JTO [aBaJi0 BO3MOXKHOCTH COIIOCTa-
BUTH JaHHBIC O COJACP)KAHWHM BOJOPOJA B TMIAPATHPOBAH-
HBIX NMPO0ax TOciie MpoBeaeHUS KapOOHM3aUU C BOIO-
pomocolepKaHHeM THIPaTUPOBAHHBIX, HO IpeABapH-
TEJILHO He KapOOHHM3MPOBAHHBIX HacTeil (uiroca ToH ke
IUIABKU M C UCXOHBIMH 3HaueHUsIMH (H) B )kuaxoMm ¢iaro-
ce. U3 cTpyn pacmniaBa oTOOp MPOM3BOAMIICS C TIOMOILBIO
CICIHMATBHOTO MEXaHHYECKOro MpoO0ooTOOpHUKa, obec-
MEYMBAIOLIETO ITOJyYEHUE 3aCTEKIOBAHHBIX HETHIPATH-
pyromuxcsi 1mpod B BuAE IUIACTHHOK. [IpoObl 3actekio-
BaHHBIX (DJIFOCOB JI0 aHAIN3a XPAHIIHCh B CIICHUAIBEHOM
TepMETHYHOM 9Kcukartope. IIpoObl TrpaHyIHpOBaHHBIX
¢rocoB (st oOecriedeHns MPOTEKaHUs MpoIiecca THapa-
TalluM) XPaHWINCh Ha BO3AyXe B TEUCHHE IBYX Henelb. B
TabJ. 3 TPHUBENCH COCTAaB IIMXTHI HEKOTOPBHIX HMPOMBIII-
JICHHBIX ()JIIOCOB ISl IPOBEICHUS IUIABOK U IPaHYISALHN
¢umoca. TemnepaTypa CTpyH KUAKOTO (Iroca B MOMEHT

ero BhImycka coctaBisiia 1853...1823 K. PesynbraTs
aHAJIM3a NpoO, B3ATHIX B Pa3IMYHBIX IUIABKax, Ha colep-
KaHHM BOJOPOJAa M CHIDKCHHE BJIAroNOINIOTHTEIBHOMN
cniocooHoctu (f) rpanyIMpoBaHHBIX (IIOCOB MOCIE HX
THIpaTaliy npeacTaBieHsl B Tabn. 4. Kak crenyer, rpa-
HYJUpOBaHHbIC (DIIIOCHI IMOABEPrajuCh TUAPATAIMH, B
pe3ysbTaTe Yero CojepikaHue BOAOPOJa B HUX YBEIHYH-
JIOCh IO CPABHEHHIO C UCXOJHBIM COJICPIKaHHUEM.

HccnenoBano B J1abOpaTOpHBIX YCIIOBHSIX BIIMSTHHE
BBICOKOTEMIIEPAaTypHOI 00pabOTKH B AMOKCHJIE yIiIeposa
Ha BJIArONOrJIOTHTENIbHYIO criocobHocTh ¢uttocoB (f). C
LIEJIBIO ONPEJIENICHHs] ONTUMAJIBHBIX YCIOBUH MPOBEICHUS
o0pabotkn kapOoHm3ammioo Benmu mpu 473...1273 K u
Pa3IMYHBIX BPEMEHHBIX BBIACpXKKaX. OKa3ajoch, YTO
00paboTKa CTaHNAPTHBIX NPOMBINIICHHBIX M OIBITHBIX
(GIIIOCOB IMOKCHIOM YIieposia 3HAUYUTEIIBHO CHIKACT X
BJIArOIOTJIOTHTEIBHYIO CIIOCOOHOCTh (M1 HMCCIIeHOBaH-
HBIX (irocos 1,5...2,0 paza).

Tadmuna 3. CocTaB MIMXTH MPOMBIIUICHHBIX (IIIOCOB

CocTaB MHXTHI (QIFOCOB, KT
Mapka v v
DI00pPUTOBBIN Heramenas Maruesur KBapuessriit
¢umroca I'muHO3eM N
KOHIICHTpaT U3BECTh KayCTHYECKHil IECOK
AH®D-25 2100 400 170 400 70
AH®-6 1800 900 400 - 60
AH®D-29 1400 400 700 80 320

[pexzie 4eM MpUCTYNHUTh K 00CYKICHUIO MONTYyYEeHHBIX
JTAaHHBIX, CIIEIyeT NPHUHATh BO BHUMAHHE U PE3yIbTaThI
aHanM3a 4acTH TeX Mpo0 rpaHyIMPOBaHHOTO, HO HE Kap0Oo-
HHU3MPOBAaHHOTO B IIEXOBBIX YCIOBHSX (uoca (0ToOpaH-
HBIX W3 KOP3MHBI-IPUEMHHKA), KOTOPBIE 3aTeM II0/IBepra-
JUCh KapOOHM3AINH B JIAOOpaTOPHBIX yCIoBHsX mpu 873 K
u atMocepHoM paBieHnu CO,. VX aHamM3y npeanecTBo-
BaJla TaKXKe BBIJEP)KKa Ha Bo3myxe. C ydeToM AaHHBIX O
CYIIIECTBEHHBIM CHIKEHHM BIIArONOTJIOTUTEILHONW CHO-

COOHOCTH 3TUX JKe (IIIOCOB MOCNe MX KapOOHM3alMH B
7a00PaTOPHBIX YCIOBHSX MpPEACTaBICHBI B Ta0Om. 4. B Tad-
JMIE 5 TpeacTaBIeHBI PE3yNbTaThl MPOMBIIUICHHBIX HC-
neiTaHuil. OCHOBHOW NPHUYMHOM OTCYTCTBUSL BBICOKOIO
TIOJIOKUTENIFHOTO pe3yJibTaTa KapOOHM3AIMM B LEXOBBIX
yenoBusx 1o pirocy AH®-29 n HesHaunTenmbHOTO 3 hek-
ta o ¢gmocy AH®-25 u AH®-6, moxet OBITH 00BSICHEHA,
TIPE3K/IE BCETO, HU3KOM TeMITepaTypoil TpaHyJl, OMbIBAEMBIX
JMOKCUZIOM YTJIepo/ia B TpyOe-cOOpHUKe.

Ta6auna 4. Coneprxanue Bogoposa (H) u cHIKeHHe BIaronorioTUTENbHON ciocoOHOCTH  DIFOCOB B 3aBUCMMOCTH OT BUIA MX
00paboTKH B 1aOOPaTOPHBIX YCIOBHSIX

Mapka I'a3oBas 3uavenus (H), em®/100 T
¢amoca baza JlaHHBIE TapaJIENBHBIX OMBITOB Cpennue Af, %
Ar 55,1 55,2 55,2 -
AH®-6 CO, 36,8 36,2 36,5 34,2
Ar 58,0 57,6 57,8 —
AH®-25 CO, 32,1 30,6 31,3 45,9
Ar 35,1 33,4 34,3 -
AH®-29 CO, 7,5 7,9 7,7 77,6

CoracHo 3amepam, IPOBEACHHBIM B 3TOM COOPHHKE C
MTOMOIIBI0 XPOMEJIb-ATFOMEICBBIX TEPMOIIAp Ha pa3jindy-
HBIX ypOBHS[X, MaKCHUMaJIbHas TeMnepaTypa TaM HEC Hpe-
Beimaia 523 K u B teuenue 180 ¢ mocie 3armoHEHMS
¢mrocom cHmxanace a0 323 K.

TTocKOJBKY MpeaBapUTEIbHBIC JTa00OpaTOPHBIC HCCIIC-
JIOBaHUSI W TEPMOJMHAMHYCCKUI aHATU3 yKa3bIBaJd Ha
HEOOXOIUMOCTh MPOBEACHUS KapOOHHU3AIUU B YCIOBHUIX
JIOCTATOYHO BBICOKHX TeMIepaTyp, ObUIa MPEIIpHHATA
MIOTBITKA COBMECTHTH IMpoIllecC KapOOHHM3AIUU C CYyXOWu
rpanyssinued. Jns mcciiemoBaHui OBUTH KCIOIB30BaHBI
¢rocet AHD-6 1 AH®-25. Okasanock, 4To IpoIecc ux
KapOOHM3auu B TPyOe-cOOpHUKE MpPOTEKad, OYEBUIHO,
0oJsiee MHTEHCHUBHO. BiaromoriioTuTenbHas CIIOCOOHOCTH

29

¢moca AH®-6 B pesynbTaTe KapOoHHM3anuu (Tporiecc
OCYHIECTBIISIICSI B TpyOe-cOopHHKe) ObLla CHIDKEHa Ha
AH®-25 na 16,4 %, AH®-6 Ha 24,1 % a AH®-29 Ha
31,5 %. OmpeneneHHy0 poib ChITpana TemIeparypa B
Tpy6e-cOOpHIKe, KOTOpasi, OCTaBanach B Tedenue 36-10°
¢ B mpexaenax 873...573 K. Huskue pe3ynbrathl cOBME-
IICHHOTO TpoIiecca KapOOHU3AIMH U TPAHYIISIIUN MOXKHO,
OUYEBUJIHO, OOBSACHHUTH IBYMs (PAKTOpaMHU: OYCHH BBICO-
KO TeMmepaTypoll paciuiaBa H HEJIOCTATOYHBIM KOJIHYe-
CTBOM COJIEpXKaIllerocss B CMECH YIJIEKHCIoro rasa. B
LIEJIOM K€ IKCICPUMCHTAIBHO MOATBEPKICHA dPPCKTHB-
HOCTb cI10c00a MPUMEHNUTEIBHO K IPOU3BOJICTBY (IIIOCOB
AH®-6, AHD-25 u AHD-29.
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Ta6auna 5. Conepxanue Bogopoza (H) u cHmkeHHe BIaronoraoTHTENFHON criocoOHOCTH f (IIFOCOB B 3aBUCUMOCTH
OT YCJIOBHH UX IOJYyYCHHUS

3navenns (H), cm*/100 T

Mapia VYcnosus nonyyeHus
¢uroca JlaHHBIE TapaJIeNbHBIX OMBITOB Cpennue Af, %
3acTeKI0BaHHbIE 17,9 17,7 17,8 —
He xap6oHn3upOBaHHEIC 54,9 53,9 545 -
KapGouwuzanus B TpyOe-
AH®-6 c60pHHKE 41,8 40,8 41,3 24,1
T'panymsus-kapOoOHH3ALHS
cmechio Bozayxa u CO, 56,2 55,1 55,7 —
3acTeKI0BaHHBIE 27,3 27,1 27,2 -
He xap6oHM3upOBaHHEIC 53,8 54,6 54,2 -
KapGonwu3zanus B TpyOe-
AH®-25 c60pHHKE 454 45,2 45,3 16,4
T'panymsus-kapOoHH3ALHS
cmechio Bozayxa u CO, 54,3 58,2 56,3 —
3acTeKI0BaHHBIE 35,1 33,4 34,3 -
He xapOoHH3upOBaHHEIC 45,3 43,5 44 4 —
AH®-29 Kap6onusanus B TpyOe-
cOopHuKe 30,3 29,9 30,1 315
T'panynsus-kapOOHH3ALHS
cmechio Bozayxa u CO, 45,7 43,4 445 -

BeiBoapbl. [lpensokeH MeTon MOBBILIEHUS BJIArOCTOM-
KOCTH (PTOPHIHO-OKCHIHEIX (PIFOCOB B KOTOPOM TEXHOJIO-
THYECKAM COBMEIIIEH TMpoIece X KapOOHU3AIUU U TpaHy-
ssinun. [IpoBeieHHbI TEpMOAMHAMUYECKUI pacyeT U aHa-
JIN3 TOJYYEHHBIX TEPMOJUHAMHUYECKUX AAHHBIX MO3BOJIMI
3aKJIFOYUTh, YTO TPOBEACHHUE IIpoIrecca KapOOHU3AINH
(Pco>=0,101325 MIla) B rcclie[O0BAHHOM HHTEpPBAJIE TEM-
reparyp BO3MOKHO HE AJI1 BCEX PACCMOTPEHHBIX PEaKIIMM.
OnTuManbHbIC YCIIOBUS MPOBEICHUS KapOOHU3AIUH MHO-
TOKOMITOHCHTHBIX TPOM3BOJACTBCHHBIX (DIIFOCOB HEOOXO-
JTIIMO KOPPEKTUPOBAThH C YIETOM MHOT000pa3us ux (akTH-

yeckoro (ha3oBoro cocrara. IIpoBefeHBI MPOMBIILICHHBIC
HCTIBITaHUS CIOco0a TMOMy4eHust (PIFOCOB, 0OeCTeInBaio-
IIeTO TOBBIIICHHE HMX BJIArOCTOMKOCTH TPH OTKPHITOM
XpaHEeHNH Ha BO3qyxe Ha Hwukomomsckom 3aBome deppo-
crmaBoB. [ peanmm3anuy croco®a TPEIIoKeH HOBBIH
BapHaHT PACHOJIOKEHHUS TPYOBI-COOPHHUKA ¥ KOpP3HUHBI-
NPUEMHHUKA B CUCTEME TEXHOJOTMYECKOro 000PYIOBAHUSL.
3TO TO3BOJHIO COBMECTUTh IMPOLECC KapOOHH3ALUHU C
Cyxo#l rpanymsanuei. Mcmpitanus mnokasaid d¢dexTus-
HOCTbH CII0C00a MPUMEHHUTENILHO K MPOU3BOJACTBY (HTOPHI-
HO-OKCH/IHBIX (DJIFOCOB MOBBILIEHHOW BJIArOCTOMKOCTH.
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Brem V.V., Kozhukhar V.Ya, Dmitrenko 1.V., Buga S.P. Technological features of production of moisture fluxes

Abstract. The existing technology of manufacturing fluxes leads to the formation of various crystalline oxide phases which are
chemically active towards to the moisture of air. When storing fluxes absorb moisture of air and as a consequence hydrate with water
content up to 0.5 mass. %.

To eliminate this drawback the method of increase of water-resistance of fluoride-oxide fluxes in which technologically combined
the processes of carbonization and granulation was proposed. Conducted thermodynamic calculation of the method and the analysis
of the obtained thermodynamic data allowed to conclude that the holding of the carbonization process (Pco, = 0,101325 MITa) in the
investigated temperature range is possible not for all considered reactions. Optimal conditions for carbonization of multicomponent
production fluxes must be adapted to the diversity of their actual phase composition.

Conducted industrial tests of the method of obtaining of fluxes, providing the increase of their water-resistance with open storage
on the air at the Nikopol ferroalloys plant. To implement the method was proposed a new variant of layout of the pipe-collector and
basket-receiver in the system of technological equipment. This enabled to combine the process of carbonization with dry granulation.
Tests have shown the efficiency of a method in application to the manufacture of luoride-oxide fluxes of increased water-resistance.

Keywords: fluoride-oxide fluxes, carbonization, granulation, hydration,water-resistance
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Kynwenxo b.B., Iaiioapycu H.U., Kynwenko b.b., Momusax JI.A.
B3aumoneiicTBre NepXJIOpIUPUIMHKAPOOHOBBIX KHCJIOT ¢ SF4 B cpene 0e3poagnoro HF

Kynwenxo bopuc Bacunvesuy 00Kmop Xumudeckux Hayk, npogeccop,

Tanioapocu Hean Heanosuy, acnupanm,
Kynwenxo bopuc bopucosuu, mazucmp,

Momusix Jluouss Anamonvesna, KaHOUOAm XUMUYECKUX HAYK, OOYeHM,
Odecckutl HayuoHanbHelll norumexnuyeckuii ynugepcumem, 2. Odecca, Yxpauna

AnHoTtanms. [Ipu B3auMonaeiicTBUN NepXIopIupUANHKapOOHOBEIX kuciot ¢ SF, B pactBope 6e3Boanoro HF B Msrkux ycnoBmsx c
BBICOKHMH BBIXOJaMH OBUIH IIOJYYEHBI O-, B- U Y-TpUGTOPMETHIIEPXIOPIUPUANHEI, B KOTOPHIX IPH BBICOKMX TEMIIEpaTypax IO
neiictBueM SF,4 B pactBope 6e3BopHoro HF mpoTekaroT peakiuu HyKJIeo(pHIBHOTO 3aMelIeHns] aTOMOB XJiopa Ha (Top ¢ oOpa3oBa-
HHUEM TPUPTOPMETHIIBHBIX MPOU3BOAHBIX XJIOP(PTOPIHPUANHOB, COACPHKALIUX OT OJHOTO JIO0 TPeX aroMoB ()TOpa B MUPHIMHOBOM

KOJIbLIE.

Knrwueswie cnosa: uemvipexghmopucmas cepa, pmopucmulii 6000p0o0, 31eKmMpoPuibHoe U HYKIeoUIbHOe 3aMeljeHue

BBeaenue

Yetsipex¢TopucTas cepa ABISIETCS YHHKAIbHBIM CEICK-
TUBHBIM (PTOPUPYIOIIMM areHTOM IS 3aMeHBl Ha (Top
KapOOHMJIBHOTO KHCIIOPOAA B albJeruaax, KeTOHaX, Kap-
OOHOBBIX KHCJIOTaX M MX MPOU3BOJHBIX, a TAKXKE THAPOK-
CWJIBHBIX TPYIN B KHUCIBIX crnupTax. OJHUM U3 BakKHEH-
HIMX JOCTHXXGHUH B XHMHUHM YETHIPEX()TOPUCTOH Cephl,
3HAYUTENIBHO PACHIMPSIOIINM BO3MOXKHOCTH €€ NpHMEHe-
HUS B OPraHMYECKOM CHHTe3€, SBISETCS MPOBEIEHHE pe-
akuuid GTOpUpOBaHUS B pacTBOpe OE3BOIHOTO (hTOPUCTO-
ro Bogopoza [1].

Kpartkuii 0630p ny0aukanmii no reme

Panee [2] HaMu OBUIO TOKa3aHO, YTO KOMIUIEKCHAsh CMECh
peareutoB SF,-HF-HIg, momumo d¢ropupoBanust kucio-
pOACOAEPKAIMMX OPraHMYECKUX COCIMHEHHH MOXKET
Y4JacTBOBATh B PEAKIMAX AIEKTPO(UIBHOTO TaJOreHHpO-
BaHUS APOMATHUYECKUX YIJIEBOAOPOAOB. Yerhlpexdropu-
cTas cepa B pacTBope 0e3BopHOro (ropucroro Bogopozaa
oOpa3yeT peakIMOHHOCHOCOOHBIH Cy/Ib(OHHEBBI HOH
*SF;. Cynbonuessiii mon 'SF;, kxak kuciota Jlbiomca,
CHOCOOCTBYET MOJISAPU3AIMH MOJIEKYJIIBI TaTOTEHUPYIOIETO
areHTa, yBEJIMYMBAET KOHIIEHTPAIMIO MO3UTHBUPOBAHHBIX
aTOMOB XJIOpa WM OpoMa B PEaKIMOHHON Cpene W BBIBO-
T U3 chephl peakiiu rajnores- annousl. (Cxema 1):

o+ -

3 8 -
SF,+ HF  —> FES ~F~HF — SF," + HF,
5" & st & . _
Cl=Cl + F;8 ~F+HF —> Cl=Cl~FS ~F-HF —> Cl " + SFCl + HF,

Cxema 1. Bzaumogeticteue SF, ¢ xiopowm B cpeae HF

Juist monTBepKACHUs ANEeKTPO(UIBHBIX CBOHUCTB SF4-
HF-HIg, HamMu GbUTH W3ydYeHBI peaknuu OEH305Ia M ero
IIPOU3BOJHBIX C ATOM KOMIUIEKCHOM CMEChIO PEareHTOB U
MIOKa3aHo, YTO BCE PEaKIMU TI'aJOreHUPOBAHMS apOMaTH-
yeckux coenunenuit SF4,-HF-HIg, noguunsiorcs npasu-
JaM OpHEHTallMd B OEH30JbHOM KOJbLE ISl JJIEKTPO-
¢bupHOro 3amereHus (Cxema 2):

COOH CF5
SF4 HF
—_—
X Br, Br
la-b

1a: X=X'=H; 1b: X= COOH; X'= CF;.

Cxema 2. BzanmMojelicTBie apOMaTHISCKIX
KapOOHOBBIX KHCIOT ¢ SF4-HF-Br,

VBenuueHne KOJUIeCTBa OJICKTPOHOAKIETITOPHBIX 3a-
MECTHTEIIEH B OEH30JIbHOM KOJIBLIC 3aTPYAHACT pCeaKUunu
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3aMelICHUs BOZOpoaa B GEH30JbHOM KOJIbIC Ha IaJOreH,
KaK ¥ JOJDKHO OBITH MpH 3IEKTPOPIUIFHOM IIporiecce, a
BBEJICHUEC HUTPOTPYIIIBI B MOJICKYJly OCH30WHOH M dra-
JIEBOM KHCJIOT MOJHOCTBIO MPEISITCTBYET PEaKIHsM 3JIeK-
TPOMUIBHOTO TaJOTCHUPOBAHUS JaXe B XKECTKHX YCIIO-
Busx (Cxema 3).

C npyroii cropossl, npu B3aumozeiicteun SF,-HF-Cl,
C HaCbIIICHHBIMHU OPraHUYC€CKUMHU COCAWMHCHUSAMHU, B 3a-
BHCHMOCTH OT 3JICKTPOHHOW MPHUPOJABI 3aMECTHTENCH Y
PCaKIMOHHOIO IIEHTPa MPOHMCXOINUT JIMOO IEKTPODUIL-
HOE 3aMEIICHHE aToMa BOAOPOJA Ha XJIOp, MO0 HYKIICO-
(buIBEHOE 3aMelleHre BOIOpoaa GTOPOM.

X X

COOH

CF,
SF4—HF—H1g2
_—

95%

NO,
2a-b

NO,

2a: X=X'=H; t= 160 °C; 2b: X= COOH; X'= CF3; t=200 °C.

Cxema 3. B3aumojelicTBie HUTPOIIPOU3BOIHBIX
apoMatnuecknx kapooHoBsix kuciot ¢ SF4-HF-HIg,

Mpb1 nokaszanu, 4TO HpPU B3aUMOJEMCTBUU KOMILJIEKC-
HO# cmecu pearentoB SF4-HF-HIg, ¢ mpemenbubiME yT-
JIEBOAOPOAAMHU Ha TIEPBOU CTAIUM MPOUCXOAHT DIICKTPO-
drTbHAs aTaka SP°- THOPHAN30BAHHOTO aTOMa YIJIepoja
raJloTeH-KaTHOHOM C 00pa30BaHHEM IEHTaKOOPAHHUPO-
BaHHOTO KapOoHueBoro noHa (A) [3].

Crabmm3anus noHa (A) MOXKET TIPOTEKATh ABOSKO: JTH-
00 MPOHCXOMUT PEeaKIHs IEKTPOPHUIBHOTO 3aMEIICHUS
aToMa BOJIOpOJia rajoreHoM (TyTh a), MO0 B pe3ynbTare
TepeHoca THAPHUI-UOHA HA OKHUCIHTENb W OTHICTICHUS
XJIOPHCTOTO BOAOpoaa obpasyercs: kapoeHueBsid noH (b),
KOTOPBIi IPUCOEANHSET aHnOH (Gropa (myTh 6, Cxema 4).

h
+ > R—C—Cl

R 5+ 5- R H -H ]|{
R-?—H+Cl~cl-~SF3~F~HF—» R—$-<\ R R
Cl | +F~ )

R R b, |R—C*| —=R-C—F

A —HCl | |
R R

Cxema 4. O6pa3oBaHue 1 CTaOHIH3AINSA
NEHTAKOOPANHUPOBAHHOTO KapOOHMEBOIO HOHA

OpHako, OTIIEIUIEHUE aTOMa BOAOPOAA C NEKTPOHHOMN
rapoy moJ| AeHCTBUEeM 3JIeKTPO(MILHOTO peareHTa Hellb-
351 Ha3BaTh AUMUHHPOBAHUEM TUAPHUI-UOHA, KaK CUUTA-
10T aBTOPHI padort [4,5], MOCKOJIBKY aTaKyromas 3J1eKTpo-
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¢unsHas gactuna (Cl) obmamaer Gonee CHIBHBEIMHU 3IICK-
TPOHOAKIENTOPHBIMH CBOMCTBAMH, Y€M BOJOPOI, a yXO-
JSIIIeH TPYIIIOi SBIASTCS MOJICKYJIa C AIIEKTPOIIO3UTHBH-
POBaHHBIM aTOMOM BOJOPOJA.

Peakumonnas cmecs SF4 B cpene (ropuctoro Bomopo-
Jla TaKKe SBICTCS HCTOYHHKOM aHWUOHOB (ropa. Hamu-
YHe 4eTHIPeX(TOPUCTON Cephl B CUCTEME MOJHOCTBIO UC-
KJIFOYaeT NPHCYTCTBHE BJIarM B PEaKLMOHHOH cpeze, 4To
CHJIbHO YBEJIMUMBAET HyK/IeO(HIbHBIE CBOMCTBA aHUOHOB
¢dropa. IIpu stom cucrema SF4-HF crnocoOna pearupo-
BaTh M0 HYKJICO(QUILHOMY MEXaHU3MY.

Heasn

HuTepecHo OBUIO W3Yy4YUTh B3aUMOJICUCTBUE YCTHIPEX-
(dTopucToii cepbl B cpene 6€3B0THOT0 (GTOPUCTOTO BOJIO-
poJa ¢ MepXJOPIMUKOIMHOBOM, MEPXJIOPHUKOTHHOBON U
MEePXJIOPUZOHUKOTUHOBOM KHUCIIOTaMH, Ui KOTOPBIX He-
BO3MOJKHBI PEAKIUU ANEKTPOGUIEHOTO 3aMEIICHHS W Ha
puMepe KOTOPBIX BO3MOXKHO M3YYUTh PEaKIUH HYKICO-
(¢UIEHOTO 3aMEmIeHHs XJIopa Ha (TOp B HMHUPHUAHHOBOM
KOJIBIIE.

MarepuaJjbl 1 MeTOABI
UYetsipex¢Toprctasi cepa ObLIa MONydeHa MO METOIUKE
[6]. TepxiopmupuIHHKAPOOHOBBIE KHCIOThI TONYYCHBI
KUCJIOTHBIM THPOJIM30M MEPXIOPLUUAHTHPUANHOB [7].
Crnektpsl SIMP F sanmcans Ha crektpomerpe Tesla
BS-497 ¢ wacroroit 94.075 MI'1 OTHOCHTEIILHO BHEITHETO
cranmapra- CF3COOH B pactBope (g — arierona. CrieKTpsI
SIMP C sanucansr ma criexrpomerpe Bruker AM-400 ¢
yactotoit 100 MI'11 oTHOCHTENEHO BHYTPEHHETO CTaHAapTa
I'MJIC B pactBope dg — areroHa. ['a30-KHAKOCTHAS Xpo-
Mmarorpadust mpoBoAKIaCk Ha XpoMarorpade «Chrom-31»,
JIETEKTOP — KaTapoMeTp, Ta3-HOCUTENb — TeNni, CTaJbHAs
KonoHKa (6,3 M x 6mMM) ¢ 15% cumukona FS-1265 Ha HoO-
curete Chromosorb W(AW-DMCS) 60-80 memr. Cmech
coenunenuii 3a-3b u 4a-4b pasgensim MeToOM mpenapa-
tuBHOI [KX Ha xpomatorpade «I[TAXB - 07», crampHas
konoHka (5m x 10 mm) ¢ 20% Carbowax 20 M na xpomo-
copoe WAW. I'az-HocuTens — renuit. TemmnepaTypa pasze-
nenust — 120°C.

B3aumopeiicTBre nepxJopnMpUAUHKAPOOHOBBIX KHC-
Jgor ¢ cucremoii SF,-HF

THonyuenue a-, - u y-mpugpmopmemuanepxiopnupuoutos
[epxnopnupuanakapOOHOBYIO KUCIOTY (la-c) B xommue-
ctBe St, 10 v SF4 u 10 mu 6e3BogHoro HF Harpesanu B
aBTOKJIaBE M3 HepxaBeromeil cramu eMkocThio 100 M
mpu temmeparype 50 °C B Tedyenme 7 4acoB. ABTOKIaB
OXJIKIAJIHM 10 KOMHATHOM TeMIlepaTypbl M yAQJSJIN Ta-
3000pa3Hble MPOAYKTHl peakuuH. PeakIMOHHYI0 Maccy
BBUIMBAIM Ha JIeJl, IPOMBIBAIN BOJOH, HEWTpaM30Ban
KapOOHATOM HATPHUsl M IEPErOHsUIM C BOJSHBIM IapOM.
[MpoxykT peakumu BKCTparupoBaiu 3GHUPOM, CYIIWIN
Na,SO,, 3¢up oTroHsH, TPUPTOPMETHINICPXIIOPIUPH-
JIUHBI TICPETOHAIHN 1101 BAKYYMOM.

Tonyuenue a- u f-mpugdmopmemuigpmopxiopnupuounos
IMepxmopmupuanHaKap6oHoByIo kuciaoty (la, 1b) B komu-
yectBe 51, 10r SF, u 10 M 6e3Bomuoro HF Harpesanu B
aBTOKJIaBE W3 HepaBeromeidl cramu eMkocTeio 100 mi
mpu pa3muyHbx Temmepartypax (100 °C u 150 °C gns la,
100 °C, 160°C u 200°C mis 1b) B Teuenue 10 wacos. AB-
TOKJIaB OXJIAKJAJIA O KOMHATHOM TeMmIlepaTtypbl U yjaa-
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JA7IM Ta3000pa3Hble NPOAYKTHl peakuuy. PeakiuoHHyro
MacCy BBUIMBAIN Ha JICH, IPOMBIBAIN BOXOH, HEHWTpamu-
30BaM KapOOHAaTOM HATPUs M NEPETrOHSIIM C BOISHBIM
napoM. IIpoayKT peakuuy SKCTparupoBaiu 3QUpoM, cy-
i Na, SOy, 3pup OTTOHSITH, TPOAYKT HEPETOHSITH 10T
BaKyyMOM.

2,3,4,5-mempaxnop-6-(mpugpmopmemun)nupuoun 4a
Beixox 5.19 t (95%), t,, 36-37 °C. °C SMP & 123.12
(xB., Jor = 262.25 Hz, CFy), & 134.74 (kB., Jcr = 6.91
Hz, C4), § 137.00 (c., C2), & 143.47 (ks., "Jcr = 6.94 Hz,
C5), 5 148.77 (kB., “Jce = 3.75 Hz, C3), 5 148,84 (ks., Jcr
= 3.75 Hz, C1). F SIMP § 10.90 (c., 3F, CFs). Duem.
ananmus paca. C¢Cl,F3N: Cl, 49.83; F, 20.00; maiineno: Cl,
49.70; F, 19.77. ten

2,3,4,6-mempaxnop-5-(mpugpmopmemun)nupuoun 4b
Bsixox 5.35 r (98%), t,, 31-32 °C. *C SIMP & 119.45
(xB., YNer = 262.27 Hz, CF3),5 130.09 (kB., Jor = 27.19
Hz, C-4), & 130.18 (xB., "o = 4.00 Hz, C-2), & 142.69
(xB., Jer = 7.12 Hz, C-3), & 147.10 (kB., e = 7.16 Hz,
C-5), & 153.63 (c., C-1). F SIMP & 20.30 (c., 3F, CFy).
Onem. amamu3 pacu. CgCl4F3N: CI, 49.83; F, 20.00;
Hatineno: Cl, 49.68;F, 19.83.

2,3,5,6-mempaxnop-4-(mpugpmopmemun)nupuoun 4c
Boixox 5.19 T (95%), tam 132-134 °C (30 mm), np®
1.5450. *C SIMP & 121.69 (kB., \Jcr = 262.03 Hz, CFy), &
131.68 (kB., “Jcr = 6.92 Hz, C2, C4,), & 149.36 (kB., "cr =
26.69 Hz,C3), § 151.97 (x8., YJcr = 3.75 Hz, C1, C5). *°F
SAMP 6 19.30 (c., 3F, CF3). Dmem. anHamu3 pacu.
CsClsF3N: ClI, 49.83; F, 20.00; maiineno: Cl, 49.80; F,
19.95.

3,4,5-mpuxnop-2-gpmop-6-(mpudpmopmemun)nupuoun 5a
Bbixox 4.63 T (90%), tenm 196-199°C (760 mm), np?*
1.4860. *C SIMP & 119.69 (d, Yer = 27.19 Hz, C-2), &
123.13 (kB. 1, Jer = 262.03 Hz, Yce = 4.02 Hz, CFy), &
130.74 (xB. 1, Jor = 7.12 Hz, 2Jce = 3.89 Hz, C4),
8 144.13 (xB. 1, N = 27.17 Hz, Yer = 7.12 Hz,C5), &
149.83 (xB. 1, er = 7.97 Hz, e = 4.02 Hz, C3), &
159.41 (xB.1, Jor = 8.03 Hz, 2Jce = 3.75 Hz, Cl1). F
SIMP 6 10.36 (c., 1F), 8 10.90 (c., 3F, CF3). Diem. ananus
pacu. C¢Cl3F4N: Cl, 39.67; F, 28.31; naiineno: Cl, 39.51;
F, 28.24.

2,3,5- mpuxnop -4-¢pmop-6-(mpugpmopmemun)nupuoun 5b
Boeixog 4.63 1 (90%), ten 193-197°C (760 mm), np2*
1.4857. 3C SIMP § 123.12 (xB.d, Y = 262.03 Hz, 2Jcr =
4.02 Hz, CFs), § 123.54 (xB.1, Jor = 27.19 Hz, 2Jce = 7.16
Hz, C4), § 125.60 (xB., \Jor = 27.19 Hz, C2), § 142.49
(kB. 1, \Jor = 26.70 Hz, 2Jcr = 6.67 Hz, C5), & 148.00 (x.
KB., ee = 7.97 Hz, Y = 4.02 Hz, C1), § 169.70 (. k.,
Yee = 3.77 Hz, 2cr = 8.03 Hz, C3). F SIMP § -28.42 (c.,
1F), 6 10.90 (c., 3F, CF3). Dnem. ananu3 pacy. CsClzF4N:
Cl, 39.67; F, 28.31; naiigeno: Cl, 39.55; F, 28.85.

3,5-0uxnop-2,4-ougop-6-(mpugmopmemun)nupuoun 5¢

Boixox 4.59 r ( 95%), tqm 180-183°C (760 mm), np*
1.4590. *C SIMP & 108.63 (1.1, ek = Ucr = 26.94 Hz,
C2), 6 119.14 (1. xB. 1, Jor = 20.88 Hz, ek = 6.89 Hz,
%Jer = 4.17 Hz C4), 6 123.12 (xB. 1. 1, “Jce = 261.78 Hz,
2Jer = Yok = 3.77 Hz, CFy), & 142.54 (kB. a. &, Jor =
27.19 Hz, “Jer = %Jer = 7.16 Hz, C5), 6 158.85 (u. x. k8.,
Yer = 262 Hz, Y = 7.47 Hz, %Jr = 3.8, C1), § 169.53 (x1.
. KB, Jor = 262 Hz, 2cr = 7.44 Hz, 3)cr = 3.8, C3). F
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SIMP § -28.42 (c., 1F, C3-F), 6 10.36 (c., 1F, C1-F), §
10.90 (c., 3F, CF3). Duem. anamu3s pacu. CgCl,FsN: Cl,
28.18; F, 37.7; maiineno: Cl, 28.01; F, 38.5.

2,4,5-mpuxnop-6-¢pmop-3-(mpugpmopmemun)nupudun 6a
Boixox 5.14 1 (100%) te,, 81-85°C (7 mm), np™* 1.4930.
BC SIMP & 113.42 (dks., "Jer = 11.78 Hz, )¢ = 4.00 Hz,
C2), 5 119.45 (xB., \Jor = 262.27 Hz, CF3), 5 125.73 (xs.
1, e = 27.19 Hz, 2Jce = 4.25 Hz, C4), § 144.60 (1. k8.,
Y = 2ce = 7.14 Hz, C3), 6 145.17 (1. k8., Jor = Jor =
7.12 Hz, C5), & 164.65 (1, Jer = 261.78 Hz, C1). F
SIMP 8 -65.36 (c., 1F, C3-F), 8 28.31 (c., 3F, CF3). Dnem.
anamus pacy. C¢ClsF4N: Cl, 49.83; F, 20.00; naiineno: Cl,
49.72; F, 28.08.

2,3,6-mpuxnop-4-¢pmop-5-(mpugpmopmemun)nupuoun 6b
Beixon 5.14 r (100%), te, 198-200°C (760 mm), np?*
1.4828. **C SIMP & 116.58 (. k8., “Jcr = 53.88 Hz, e =
26.94 Hz, C4), & 118.70 (u. xB., Jor = 8.03 Hz, 2cr
3.75 Hz, C2), & 123.85 (k8. 1, “cr = 262.02 Hz, 2Jcr
6.91 Hz, CF3), 8 147.55 (1. k8., \Jcr = o = 7.14 Hz, C5),
& 154.47 (n, Jcr =6.66 Hz, C1), & 165.02 (x. kB., Jof =
20.97 Hz, Ycr = 7.14 Hz, C3). *F SIMP & -65.63 (c., IF,
C3-F), & 2831 (c., 3F, CF3). Dmem. anHamu3 pacu.
CeCl3F4N: Cl, 49.83; F, 20.00; maiigeno: Cl, 49.65; F,
28.15.

2,5-0uxnop-4,6-ougpmop-3-(mpugpmopmemun)nupudun 6
Boixon T (98%), tem 191-193°C (760 mm), np** 1.4400.
BC SIMP § 104.20 (m.z. k8., “cr = 2Jcr = 26.70 Hz, 3Jce =
3.80 Hz, C2), & 112.26 (x. kB. 1, Jor = 2Jcr = 27.00 Hz,
%Jcr = 3.8 Hz C4), § 123.85 (B.1, "o = 262.02 Hz, Jor =
6.91 Hz, CF3), 8 145.90 (1. x. kB., er = e = 3Jer = 7.14
Hz, C5), § 164.81 (1. a. k8., ek = 262.00 Hz, Ucr = 3Jcr
= 7.1, C3), 5 165.12 (n. 1, “Jcr = 262.03 Hz, ek = 6.91
Hz, C1). °F SIMP & -65.63 (c., 1F, C3-F), 5 10.36 (c., 1F,
Cl-F), & 2831 (c., 3F, CF3). Dmem. anHamu3 pacu.
CsCl,FsN: CI, 28.18; F, 37.70; naiineno: Cl, 28.02; F,
37.90.

3-xn0p-2,4,6-mpugpmop-5-(mpupmopmemur)nupuoun 6d
Boixox 4.06 T (90%), tenm 128-130 °C (760 mm), np?
1.4090. C SIMP & 97.39 (1. 1, Yok = Yor = 26.94 Hz,
C2), 8 97.57 (xB. 1. 1, “cr = 2Jcr = 27.18 Hz, *Jcr = 4.26
Hz C5), 6 119.61 (k8. 1. 1, “er =261.78 Hz, 2Jcr = Yo =
6.67 Hz, CF3), & 157.29 (n. M, Jcr = 261.78 Hz, C5), &
162.40 (m. M, Y = 261.81 Hz, C3),5 163.38 (1, Jor =
262.78 Hz, C1). °F SIMP & -65.61 (c., 1F, C3-F), § 7.27
(c., 1F, C1-F), 8 28.31 (c., 3F, CF3), & 37.72 (c., 1F, C5-
F). Onem. anamu3 pacu. C¢CIFgN: Cl, 15.07; F, 48.41;
naiineno: Cl, 14.98; F, 48.37.

Pe3yabTaThl M 00Cy:KIEHHE
TpudropmMeTHIIGTOPXIOPIUPUANHBI SBISIOTCS 0a30BBIMU
BEIECTBAMHU JJISl CHHTE3a PA3IMYHBIX ITPOM3BOAHBIX, KO-
TOpBIE 00JIa/IAI0T BHICOKOH OMOJIOTMYECKON aKTHBHOCTBIO
U TposBIAIOT cebs Kak 3ddexTuBHbIe repOnuImasl, QpyH-
THLMTBI, HEMAaTOLMIBI U OakTepuLubl [8].

Hamu wn3yueHO B3auMOJEHCTBUE NEPXJIOPIUPUANH-
KapOOHOBBIX KHCJIOT C YETHIPEX()TOPUCTOU cepoil B cpele
0e3BOTHOTO (TOPUCTOTO BOJOPOJA W TOKA3aHO, YTO B
MSTKAX YCIIOBHSIX C BBIXOJAMH, ONHM3KMMHU K KOJIHYe-
CTBEHHBIM, O0Opa3yloTcsi o- B- W y-TpuTOpMETHIIIED-
XJIOPIUPUINHBIL
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fl

O°C 7h
4a—

33, 4a: X=X"=Y=Y =Cl; Z=COOH; Z"=CF3; 3b, 4b:
X=X'=Z=Z"=Cl; Y=COOH; Y =CF;;

3¢, 4¢: X=COOH; X =CF3; Y=Y =Z=Z"=Cl.

Cxema 5. B3anMmoeiicTBre epXIOpIUPUINHKAPOOHOBBIX
kuciot ¢ SF4-HF

YBenmuUeHNE TEMIIEPaTypbl PEakUUH MHEePXIOPHHPH-
IHKapOoHOBEIX KuciotT ¢ SF, B cpexe 6e3BogHOTO TO-
PHUCTOTO BOJOPOAA MPHUBOIUT K TOMY, YTO HApsIy C Ipe-
BpalleHNeM KapOOKCHIIBHON TpyINIbl B TPH()TOPMETHIb-
HYI0O HAYMHAIOT TPOTEKATh PEAKIHMH HYKJICO(PHIHHOTO
3aMeIleHns] aTOMOB XJIOpa B siape MUpUAWHA Ha (TOp.
Hanuuue 311eKTPOHOAKIEITOPHOW TPUGTOPMETUIBHOM
IpYIIBI U aToMa a30Ta B IMHPHIMHOBOM KOJBLE CIOCO0-
CTBYET IPOTEKaHUIO dTUX peakuuil. Ilpu 3ToM yBenuue-
HHe TemnepaTypbl peakuuu a0 100 °C mo3Boiser moiy-
4aTth o- U B-TpUPTOPMETHINOIUXIOPTOPIIUPUINHEI, Y
KOTOPBIX HYKJICO(QHUIHHO 3aMEIAcTCsl TOJIBKO OAWH aTOM
xyopa Ha ¢rop. IIpoBeneHne peakuu MepXIOPIUKOIH-
HoBoit kuciotel ¢ SF4-HF npu temneparype 150 °C npu-
BOJIUT K 00pa30BaHHUIO C BBICOKUM BBIXOJOM 2-TpH(TOp-
metui-4,6-nudrop-3,5-quxnopnupuanta (Cxema 6):

F
e j\/\/[Cl clf\jm
1’ N7 CF,
5b
f\f

Cxema 6. Bzanmopeiictsue nepxnoanKonHHOBoﬁ
kucnotsl ¢ SF, -HF

Cl

c1]|\/\/[c1 -
"> >CooH

3a

ISOC

[epxmopHuKoTHHOBAs KUcToTa o neiictBuem SF4-HF
npu 100 °C npeBparaercst B CMeCh M30MEPOB, COJEPIKa-
mUX (TOpP B YETBEPTOM HJIM LIECTOM MOJIOKEHHUSIX MMUPH-
JMHOBOTO sifipa, a mpu 160 °C - B 3-tpudropmerni-4,6-
¢ Top-2,5-nuxnopnupuiuH (6€). Cneayer OTMETHTb, YTO
B OTJIMYHME OT NEPXJIOP-NMKOJIMHOBON KHCIIOTHI, B KOTOPOH
HYKJIEO(MIHHO yJaeTcsl 3aMECTHTh TOJIBKO J[Ba aTOMa XJIO-
pa B nepxJI0pHUKOTHHOBOM kucioTe npu 200 °C npoucxo-
JIMT 3aMelIeHne TPeX aToMoB xJiopa Ha ¢rop ¢ oOpasoBa-
HueM 3-tpudropmernn-2,4,6- TpudTop-5-xaopnupuanHa
(Cxema 7):

100C c1 \CF3

f\lc“
>l Cl Cl

Cl

Clue™yCOOH g Hr| 160°c  Cla\\CFs
I G S
N~ Cl Z
b F g]c Cl
F
200°C Cl]\/\/[CF3
— |
F N/ F

6d

Cxema 7 B3anmopeiicTBre EpXITOPHUKOTHHOBOH KHCIIOTHI C
SF,- HF
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[Ipu HarpeBaHHM MEPXJIOPIUPHUAMHKAPOOHOBBIX KHUC-
jgot toiasko ¢ HF B orcyrcrBum SF, peakium Hykieo-
(¢MIBHOTO 3aMeIIeHus XJI0pa Ha GTOp HE MPOUCXOISAT, a
PeaKIHOHHASL CMECh CHIILHO OCMOJISICTCSL.

BeiBoas!
Takum o0pa3zoMm, KOMIUIEKCHas cMech peareHToB SF4-HF-
Cl, obnagaer kak 31eKTpOoQWIBHBIMY, TaK U HYKIeO(UIIb-
HBIMH CBOWcTBaMH. ['eoMeTpuueckas CTpyKTypa 4eThIpex-
(dTOpHCTOI cepbl 00YCIaBINBAET ABOWCTBEHHBIN XapaKkTep
ee noBezieHus. Hannune cBOOOIHOI 37IEKTPOHHOM Mapsl B
Molekyine SF, sBisieTcs MPUYMHOM NPOSIBICHUS €10 OC-
HOBHBIX CBOWCTB. B TO ke Bpems, deTrIpexdTopucTas cepa
MOXKET BBICTYNaTh KaK aKIENTOp JICKTPOHHOH Maphl, T.C.
MIPOSIBIIATH KUCIIBIE CBOMCTBA, T.K. BO3MOXKHO YBEIHMUCHHUE
KOOPAWHAIIMOHHOTO YHCIa CEPBI 10 IECTH.
[omoxxuTenpHas PoONb YETHIPEX(TOPHCTON CEpHI B pe-
AKIUAX OPTaHUIECKUX COCIUHEHHUH C KOMIUIEKCHOH cMe-

cero pearentoB SF4 - HF- Hlg, oGyciioBinena HecKoIbKH-
MH (haKTOpaMH.

Bo neprrix, Hanmmune SF4 B peakIMoHHON CMeCH yBe-
JMYUBACT KOHICHTPALMIO ITO3UTHBUPOBAHHOTO TaJlOreH-
HOHA, YTO CHOCOOCTBYET PEaKIUH 3IEKTPOQIIEHOTO Ta-
JIOTeHUPOBaHUS M NPHBOIHUT K BBIBOAY M3 Cephl peak-
LM XJIOP- WX OPOMaHUOHOB.

Bo BropeIX, SF; B pacTtBOpe 0Oe3BOAHOrO (PTOPHCTOrO
BOJIOPOZIa 00pa3yeT YPe3BBIUANHO PEAKIIMOHHOCTIOCOOHBII
cynbonuesslit non SF;" 1 non HF,', moceanuit u3 koTo-
PBIX SIBISIETCS MCTOYHMKOM aHHOHOB ¢ropa [2]. Hanuuue
YeThIPeX(TOPUCTON Cepbl B PEaKLMOHHOW CpeJie IIOJHO-
CTBIO MCKIIIOYAeT NMPUCYTCTBHE JaXKe CIICHOB BJIArM M yBe-
JMYABaeT HYKJICO(QHIbHBIE CBOMCTBA aHMOHOB (TOpa 3a
CYET IOJy4YCHHs He COJEpIKallero COJIbBaTHOH 0060JIOUKH
TaK Ha3bIBAEMOTI'0 «T'0JI0T0» (hTOPHA-HOHA.
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Kunshenko B.V., Gaydarzhi I.1., Kunshenko B.B., Motnyak L.A. Interaction of perchloropyridinecarboxylic acids with SF,

in anhydrous HF

Abstract. a-, - and y- trifluoromethylperchloropyridines were obtained by SF,/ anhydrous HF treatment of perchloropyridinecar-
boxylic acids in mild conditions. These compounds when treated by SF,/ anhydrous HF at high temperatures enter into nucleophilic
substitution reactions of the chlorine atoms by fluorine to form trifluoromethylchlorofluoropyridine derivatives containing from one

to three fluorine atoms on the pyridine ring.

Keywords: sulfur tetrafluoride, hydrogen fluoride, electrophilic and nucleophilic substitution
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Order and disorder in the aggregate states of the substance
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Abstract. It is justified that in the material science the term 'disorder' must have the only meaning that the microscopic state of the
system of many particles is assigned by a set of random quantities calculated on the basis of the probabilistic laws. At that point we
must take the geometrical (topological) parameters of the ideal spatial linkage of the atoms as basis of division of the solids into the
crystalline and amorphous ones. We also suggest calling the ideal structurally ordered substances the substances, in which fully deter-
minated functional dependence between the topological parameters of atomic network is observed. This stipulates the existence of
determinated short-range order, which, by virtue of their determinated character, ensure the formation of large-range order as well.
We shall call the ideal totally structurally disordered systems the systems, in which there is no correlation in the location of the struc-
tural particles in the space. We also suggest calling the structurally disordered (unordered) substances the substances, in which only the
probabilistic correlation relation between the topological parameters of atomic network is observed. This stipulates the existence of the
correlation short-range order and correlation medium-range order of the ideal atomic network, which, by virtue of their probabilistic
nature, result in the loss of large-range order. Besides the topologic ordering and disordering, a number of other types of ordering and
disordering are realized in the substances. Certain of them are inherent in the crystals only, other — in the amorphous substances and
liquids only, some of them are typical for any condensed medium.
Keywords: amorphous materials, order, disorder

Largely, this is due to the fact that, according to the general  states one has to establish a certain reference point. A
estimates, the information merit of the most of experimental  certain reference system or benchmark should be taken as
methods for the amorphous substances is about 20 percentas  the reference point [2, 3]. The unordered state is easy to
compared with those carried out for the crystalline materials.  be described by finding its deviation from the specified
In such conditions, one has to seek the ways of compensating  ideal. The reference system must satisfy at least two
the above significant loss of information. In turn, the suc-  conditions: the condition of ideality and the condition of
cessful use of this approach requires the solution of a series  the maximal correspondence to the relevant real systems
of tasks, i.e. clear physical and mathematical definition of the by the most general attribute(s).

following terms: ‘ordering’, 'disordering’, ‘amorphous sub- In crystals, the ideal spatial periodic lattices with the
stance', ‘short-range order (SRO)', 'long-range order (LRO)' translation symmetry serve as the above benchmark. The
and others, providing them with not only qualitative but also  condition of ideality in this case means the lack of any
strict quantitative sense; clear definition of various scale lev-  violations of the structural particle locations in the spatial
els of the amorphous material structure and studies of gen- lattice nodes. This means that all the particles are located
eral regularities of structure formation at each of them. strictly in the nodes, and no node is empty.

The notions of order, disorder, ordering and disorder- Thus, by definition, the ideal LRO in crystals describes
ing are decisive in relating the amorphous substances to a  a strong consistency in the structural particle locations in
specific class of objects. While the clear physical sense of  the space, which is repeated at the infinitely large distanc-
the the ratio of the average kinetic energy of the structural  es with the formation of the infinite three-dimensional
particles to the potential energy of their interaction makes  geometrically correct crystalline lattice. The presence of
classification of the substances over aggregate states clear  the translation symmetry of their structure is a necessary
and vivid [1], the problem of distinguishing the substanc-  attribute of the above lattices. In the substances with
es by the degree of their ordering is solved in more com-  LRO, the distance to any atom of the lattice can be set
plicated and controversial way. The categories of ordering  through its elementary cell parameters [4].
in the condensed state physics are used now with no clear The condition of the maximal correspondence between
quantitative gradation with insufficient disclosure of the  the benchmark and the real systems means that the spatial
essence of the boundary values of the absolute (ideal) lattices and the crystals under comparison must have the
order and disorder. Therefore there is a necessity of a dis- same symmetry group. For example, when describing the
tinct determination of the physical essence of these no-  structure of the crystals of the monocline syngony it is in-
tions concerning the amorphous substances. appropriate to use the spatial lattices of the cubic syngony.

What do the notions of order and disorder mean, how The spatial periodic lattices are the simplest example
could they be defined? On the intuitive level, we first ad-  of the ideal LRO, which does not exist in reality and is a
dress to the images of the spatial or geometric order and  convenient reference point only. In the real substances,
disorder. Such their application does not require a clear the total LRO is inaccessible, and the region of the real
quantitative description. crystals is located next to the total boundary order limit.

An important method of studying the ordering in any  In these crystals, disordering results from the thermal mo-
state of the substance is its correlation with other one, tion of the particles, the statistical character of the regular-
studied previously, more common ore more transparent. ities of filling up the crystalline nodes by the structural
To study the quantitative relations between different particles, the fluctuation processes and so on. The above
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processes result in the certain quantitative deviations from
the total order attributes, but the substance is considered
crystalline, if these deviations do not exceed some bound-
ary limit at which LRO vanishes. Thus, the topological
disordering of the structural particles locations is allowed
in crystals provided it does not destroy LRO.

The ideal gas is the example of the absolute or total
disorder benchmark. In any real substance, it is impossi-
ble to reach the total disorder. This is due to the interac-
tion between the structural particles, which necessarily
leads to a certain ordering in their locations. The character
and the degree of ordering in the mutual locations of the
structural particles depend on the type, value and charac-
ter of the forces acting between the particles, as well as on
the external conditions, which the particle is in. Depend-
ent of the relation of these parameters the topological or-
dering will extend to the certain distances in the space.

The region of the ideal gases with almost random loca-
tion of the structural particles lies near the total boundary
disorder. Only in case of their mutual approaching the
certain correlations of their location are revealed and the
relevant structural ordering occurs. Therefore the real
gases also have SRO, and the character of this order de-
pends on what is considered their structural particle. Thus,
the topological order and disorder in the substances are
revealed in the spatial correlations between separate struc-
tural particles that form the substance, i.e. in the character
of distribution of the atoms and in the local ‘geometric’
details of the above distribution.

As a result, the real substances lie in the wide region
between the total order states (ideal crystal) and the total
disorder (ideal gas) [5]. Some of these states are such
close to the absolute order and disorder that they can be
compared to the reference systems. In this case the
boundary states of the total order and disorder and the real
systems close to them allow quite rigorous and exact de-
scription of their structure.

At the same time, a great number of topological and
configuration distributions of atoms exist among the real
substances, which are quite far from the ideal reference
systems of the total order and total disorder. The amor-
phous solids belong to them as well. In the amorphous sys-
tems, relation between the order and disorder remains an
unsolved problem. Description of these intermediate states
in a form of the non-crystalline solids faces considerable
difficulties [6]. However, the lack of the spatial periodicity
in the atomic locations does not exclude the existence of
the specific atomic configurations in the amorphous mate-
rials, which join the groups of atoms due to the chemical
interaction between them. The character and the degree of
such local topological ordering depend strongly on the type
of atoms, the method of production of the material as well
as on the different kinds of its processing.

As follows from the above analysis, correlations be-
tween the structural particles that form a system make the
basis of the order. The order always competes with the dis-
order, which is internally inherent in the macroscopic sys-
tem. This competition results from the action of the average
energy of internal or external force field and that of the
disordered motion of the structural particles. Here both
order and disorder act as mutually complementary values:
the increase of a certain value leads to the decrease of an-
other one. The only way leads to the order — more close

36

correlation between the separate elements of the system, up
to combining them into the single entity (e.g., into the crys-
talline lattice). At the same time, the disorder may have
various forms [7]. The viewpoint of the authors of Ref. [8]
is close to the above statements. According to them, the
disorder could be defined as any violation of the totally
ordered system revealed in the lack of correlations of cer-
tain physical value that describes this system at the distanc-
es defining the disorder scale. At the same time, they call
the total order the visible non-vanishing correlations of all
physical values revealed at any distances within the limits
of the system. Thus, in the single crystals those configura-
tions of atoms are realized, which correspond to the mini-
mum of casuality: the number of the structural particles
with strictly correlated mutual locations is macroscopically
large. In the gas, where disordering is maximal, significant
are the correlations between several closest structural parti-
cles only. In the liquids and amorphous solids, the problem
of the relation between the order and disorder are still being
studied intensively [9].

In our opinion, the above definitions are physically
confined and terminologically incorrect. This is due to the
fact that they are based on the order of completely ordered
system — the notion that itself requires rigorous definition.
Furthermore, in case of introduction of violations in the
total order the type of ordering of the system must not
change. This means that the introduced disorder is insepa-
rably related to the initial total order, which must be kept
within the limits of the distances that set the scale of dis-
order and vanish at larger distances. Thus, the above defi-
nitions do not cover the systems, in which in case of dis-
ordering the total order is not simply violated, but also the
character of ordering is changed drastically. Therefore,
the above definitions are related only to the systems, in
which the particular disordering at the certain scale coex-
ists with the total order of the same type at other spatial
scale: the defective crystals, ferromagnetics, real disperse
systems etc. Most of real unordered substances with real-
ized disorder that exists itself and does not result from
'violations' in the totally ordered system of the same order
type, which existed earlier, go beyond the limits of the
above definitions. This means that the differences be-
tween the order and disorder cover not only quantitative
relations. One should also take into account the possibility
of realization of qualitatively different types of correla-
tions that correspond to the order and disorder.

Thus, classification of the amorphous substances as
simply the disordered systems and their comparison with
the ideal order or atomic disorder benchmarks is not rea-
sonable and directs researchers to the wrong way [2].
Such approach requires the existence of the totally or-
dered boundary state and disorder in each system. For the
most real systems, especially for the condensed substanc-
es, this is very difficult and, sometimes, impossible. The
glasses from the wide vitrification regions in many binary
and more complicated systems are a bright example of
this. To define the disorder in each particular glass one
has to have an infinite number of the boundary total order
models, which correspond to the set of the chemical com-
positions of the glasses and different technological condi-
tions of their formation.

One important question arises: must the studies of the
general nature of unordered condensed substances be also
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based on the relevant benchmark, for example, on the
notion of the ideal disordered atomic matrix (or atomic
network/atomic carcass)? Must the above network set the
defect-free amorphous structure similarly to the crystals?

To find an answer to the above question we shall focus
ourselves on some moments. First, in the above
definitions of the order and disorder the notion of
correlations is not used sufficiently explicitly. According
to Ref. [10], the correlation is the probabilistic or the
statistical dependence between the certain system
parameters. In this relation, it acts as the contradiction of
the functional dependence, at which the strict
unambiguous relation between these parameters is
specified. Correlation occurs when the relation between
the parameters in the system is complicated by the
presence of a number of random factors. In this case the
total order must be described not by the correlation terms
but by those of the functional dependence. Second, the
notions of the order and disorder must be interrelated to one
specific physical (or chemical) value or parameter only.
Third, in the particular systems, the order and disorder may
exist by several parameters simultaneously. In this case,
along with the vanishing of the order by one parameter, the
order by other physical parameters or values may persist in
the system. Such system will be ordered by one physical
parameter and disordered by other ones.

In our opinion, it is reasonable to use the following
definitions. The system with the total order by the
parameter P is any system with strict functional
dependence between the values of the parameter P of all
its structural elements. The system with the partial order
(the system with the partial disorder, the system with the
partial order, the disordered system) by the parameter P
has only the correlation (statistical, probabilistic)
dependence between the values of the parameter P and its
structural elements. In the system with the total disorder
by the parameter P, there is no (neither functional nor
correlation) dependence between the values of the
parameter P and its structural elements. In this context,
the systems with the total order are simply ordered or are
the systems with the long-range order by the parameter P,
whereas the systems with the partial order or partial
disorder are the unordered (disordered) systems by the
parameter P. In case of the lack of any order in the system
the latter is totally disordered or is the system with the
total disordering by the parameter P. That is, provided the
rigorous physical and mathematical consideration, the
term ‘disorder'’ must have the only meaning that the
microscopic state of the system of many particles is
assigned by a set of random quantities calculated on the
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basis of the probabilistic laws [11, 12]. In case of the total
order these quantities are completely determinated.

When analyzing the structure of the substances, in
general case, the terms 'order' and 'disorder' mean, first of
all, the topological ordering in the location of the
structural particles, i.e. the possibility to determine the
direct correspondence between the spatial locations of all
structural particles of the system [9]. Therefore, the
radius-vector T, that defines the location of the relevant i-

th atom of the substance in the space with respect to the
preset coordinate frame is considered to be the main
structural parameter of ordering P. Then the positions of
all atoms can be defined for the crystal in a form of the

unequivocal determinated functions F = k1§+|i5+mie,
where k,,I;,m, is a set of integer numbers that define the

positions of the crystalline lattice nodes, and &, b, ¢ are
the vectors of elementary translations of the basis cell in
the relevant crystalline lattice. In this case the discret
diffraction pattern for the crystals is completely described
by the representation of their atomic network over the
determinated set of translation vectors.

For the unordered substances the mutual location of all
the structural particles is described by the specific correla-
tion dependences. The main characteristics of these de-
pendences are the correlation functions Y (r), i.e. the

functions that define the probability of location of the

structural particles at the distances T; in the preset coordi-

I

nate frame [4]. The intensity distributions of radiation
diffracted by the amorphous substances obey such proba-
bilistic regularities. Therefore today one may consider
conclusively proven that the correlation regularities de-
scribe the structure of the amorphous network of the
amorphous substances and reliably reflect the character of
its revelation in the diffractograms.

The binary radial correlation function (or the binary
radial distribution functions) W(r) occupies a special
place among the correlation functions, because it may be
determined experimentally using the electron, neutron and
X-ray diffraction techniques. In case of the total topologi-
cal disorder there are no correlations in the spatial loca-
tion of the structural particles of the substance. This
means [13] that the vector r; with the same unit probabil-
ity takes any values (fig.1a). Certainly, one has to take
here into account that the structural particles cannot ap-
proach each other at the distances less than their size d..
The ideal gas is the model system with this total
topological disorder. A lot of real gases are also close to it
by their structure. The example of the radial distrubution
for these gases is shown in fig. 1b.

3da

Fig. 1. Binary radial correlation function W(r) for ideal (a) and real (b) monoatomic gas

Other order or disorder types will correspond to the
other ordering parameters P as well, for example, the

chemical order or disorder, the order or disorder in the
magnetic spin or dipole electric moment orientation of the
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structural particles, the orientation order or disorder in the
molecular substances. In this case the system may have
the total order by one parameter and the total or the partial
disorder by other parameters. The solid solutions are the
example of such system with simultaneous realization of
the topological order (the crystalline lattice is available)
and the chemical disordering (i.e. there is no functional
dependence in the distribution of the atoms of different
chemical elements in the nodes of the above lattices). Ex-
amination of the disorder in the crystals is often non-
separable from that of the phase transitions of the 'order-
disorder' type, which result in the crystal transition from the
state with the disorder by a certain parameter P to the state
with the order by the same parameter P.

The above analysis testifies to the incorrectness of
dividing the substances into structurally ordered and
structurally disordered ones on the basis of the presence
or the absence of LRO only. The latter is rather not a
criterion of the above division but a partial manifestation
of more general criterion that indeed makes a basis for
dividing the substances into the ordered and disordered
ones. The form of the dependence (i.e. functional or
probabilistic) between the ordering parameters P of the
structural particles can be such a criterion. In the
topological relation, realization of a strict functional
relation between the spatial locations of the structural
particles leads to the topological LRO (both the short-
range order and the intermediate-range order are realized
automatically), while realization of the correlation
dependence results in the LRO vanishing with the
conservation of the topologic SRO (in some cases — the

topologic IRO as well, chart 2). The difference between
the topologic SRO in the ordered and disordered
substances is a significant consequence of the choice of
the above criterion as the basic one. In the first case, we
deal with the rigorous functional topological SRO, while
in the second case — with the correlation probabilistic
topological SRO. The first-type SRO being repeated
along any direction results in the LRO realization, the
second-type one — does not lead to the LRO formation.

Let us note also that different aggregate states of
the substance have different character of the structural
disordering. In the gases, this is purely dynamical
disordering stipulated by the chaotic thermal motion of
the structural particles. In the case of the condensed
substances it is necessary to distinguish three different
types of disordering. The first is the dynamic-static
disordering, the value of which depends on the
temperature of the system only and is equilibrium for it.
This type of disordering is the most indicative for the
liquids, where the disordered spatial distribution of the
structural particles is combined with simultaneous
dynamism of their spatial locations. In the solids, it is
manifested in a form of the thermal oscillations of the
atomic network. The second type is a purely statistical
disordering determined by the disordered structure of the
system and is typical for the amorphous solids, where the
spatially unordered location of the structural particles is
static and, in the limiting case is independent of time. The
third type of disordering is related to the structural defects
of the ideal system and is inherent in both crystals and
amorphous solids.

Chart 2. Generalized diagram of the ordering degree variation in the aggregate states of the substance

The lack of any
regularity in the spatial
locations of the
structural particles

There is a probabilistic
correlation connection in
the spatial locations of
some closest structural
particles

There is a probabilistic
correlation connection in
the spatial locations of
rather large number of
closest structural
particles

There is a functional
determinated connection
in the spatial locations of

the most of structural
particles of the substance

There is a functional
determinated
connection in the
spatial locations of all
the structural particles
of the substance

Ideal gas

Real gases

Liquids

Real crystals

Ideal crystal

Amorphous solids

Total topological
disorder

Increase of the topological disordering degree

Total topological order

Increase of the topological ordering degree

3
>

Of particular importance in the description of different
condensed systems and phase relations is the degree of
order or disorder in the system. In our notations, this
parameter for the ordered (crystalline) and disordered
(amorphous) substances must be different. Since the ideal
lattice is a benchmark of the total order, then the degree of
ordering in the real crystals will be determined by the
measure of deviation of its structure from the above
lattice. Such deviations are usually characterized by the
type and concentration of different defects in the crystal.
Occurrence of these defects distorts simultaneously the
functional SRO and LRO in certain local sites of the
crystal. In such defective areas, the correlation SRO and
LRO arise. When the defect concentration exceeds a
certain limit, the crystal transits from the ordered
substances to the disordered ones. Disappearance of the
functional dependences and appearance of the correlation
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dependences in mutual locations of the atoms observed as
the LRO vanishing is a criterion of the above transition.
Thus, the degree of the crystal defectiveness can
simultaneously serve the criterion of its ordering degree.
Here this criterion describes the ordering degree of both
SRO and LRO of the crystals.

In the non-crystalline substances, elucidation of disor-
dering degree also requires introduction of relevant refe-
rence ideal systems but, as of today, there is no generally
accepted benchmark. Therefore it is reasonable to speak
about the ordering or disordering degrees in the amorphous
substances in the qualitative sense only. To develop the
strict quantitative criteria of the disordering degree in the
amorphous substances one has to take into account the
peculiarities of their structure. Figure 2 shows the gene-
ralized diagram that illustrates the character of ordering
variation in different aggregate states of the substances.
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The energy diagram of the substance is an important
element in describing both order and disorder in the
substances. In this context, especially principal in
disordering analysis is that at correlation SRO several
elements forming the macrosystem could be differently
distributed between the predetermined set of a great
number of the energy levels. As a result, the possibility of
the existence of different microscopic states, which are
almost identical from the viewpoint of the total energy of
the system but differ by the methods of location of separate
structural elements on the energy levels, i.e. in the different
energy states, is provided. Therefore for any macroscopic
system, which the substance is, the tendency to the internal
disordering is always characteristic. This is explained by
the fact that such macrosystem is related to a considerable
number of microscopic states with almost equal energy,
and they differ by the value of this energy.

Note that there are many partial notions of order and
disorder in the disordered state theory related to a certain
direction of their study or to different parameters P, which
determine the order. Yu.N. Shunin and K.K. Schwarz [14]
divide the disordered substances and the systems into four
classes depending on the type of disorder.

1. The disorder in the regular lattices, when the physi-
cal properties of the elementary cells of the structural ma-
trix vary randomly at the transition from one cell to an-
other one. This disorder can be compositional due to the
random fluctuations of the chemical composition of the
cells. It is manifested as the substitution disorder in the
alloys and solid solutions; the spin orientation disorder in
the crystalline lattice nodes; the defect location disorder in
the elementary cells and the diagonal disorder due to the
local excitation parameter fluctuations in the lattice nodes.
Other examples are the Anderson's disorder [15] — the
one-dimensional distribution of regularly located potential
wells of different depth and the spectral disorder that re-
flects the properties of the system in the reciprocal space
and provides the statistically disordered set of harmonics.
At the disorder of this type the total topological long-
range order or the translation periodicity in the locations
of the structural particles of the system may be kept. This
class of disorder types relates also to the amorphous sub-
stances if one takes the ideal topologically disordered
amorphous matrix as the initial structural unit.

2. The disorder in the irregular lattices with preserved
topology characterized by a small shift of the lattice nodes
with respect to the equilibrium positions. This results in the
vanishing translation periodicity of the relevant parameters
of the system and, respectively, this type of disorder is typ-
ical for different disordered systems. This includes the fol-
lowing types of disorder. The topological disorder in a
form of deviations of the lengths and angles of chemical
bonds as compared to the matrix of the ideal crystalline
lattice. The positional disorder with random shifts of atoms
with respect to the corresponding crystalline lattice nodes
(hot solid body disorder). The Lifshitz's disorder [16] in the
medium with irregularly located atoms having the same
potential. The Gubanov's disorder (Gubanov's quasi-
crystalline model) [17], at which the crystal topology is
preserved, but due to the gradual bending and stretching the
crystal becomes so deformed that orientation of the crystal-
line lattice planes at large distances is violated. The non-
diagonal disorder due to the violation of the translation
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symmetry of the interaction constants of the adjacent lattice
nodes. The Kroning-Peny disorder [18], in which the total
potential of the medium is a result of superposition of ran-
domly located o -like potentials. The media with these
types of disorder could be brought to the total order by the
continuous topological transformations.

3. The disorder in the irregular lattices with the broken
topology is characterized by the irreversible structural
changes, which may be accompanied by other violations of
the local physical parameters. At this topological disorder
the total order could not be restored by the continuous topo-
logical transformations. This includes [19] the polycrystal-
line disorder in the medium with the crystallite dimensions
that greatly exceed the free path of electron or phonon.
Dislocation disorder means violation of the polymer struc-
ture (polymer chain bending and intertangling). The gas-
type disorder is an ideal topological disorder in the medi-
um, where the structural particles are independently located
in the volume. Bernal's disorder is a structure in a form of
the randomly scattered spheres with no interaction within a
certain space volume. In the most cases this type of disor-
der relates to the amorphous substances.

4. The disorder of inhomogeneous continuous medium
based on the structureless concept of the substance as the
permanent continuum. In such a medium, the distribution
functions for the structural particles or their potential ener-
gies are of random and continuous character. In Ref. [20],
the continuum disorder with the continuous unordered po-
tential distribution; the Gauss's disorder in a form of a su-
perposition of randomly located separate potentials and the
Torp's disorder — a set of the 'hard' and 'soft’ regions, which
continuously transit from each to other — are pointed out.

The above classification is based on the geometrical
and topological properties of the atomic lattices. In this
case the spatial atomic structure (unordered or ordered) is
superimposed by the certain-parameter disorder. Small
distortions of the regular atomic structure, as a rule, pre-
serve the topology of the regular object (e.g., the crystal).
However, such irregular lattices are physically unstable
and rapidly relax to the regular structure with the minimal
energy. The irregular structures, which cannot be trans-
formed to the regular analogs via the continuous topologi-
cal transformations, are related to the higher degree of
disorder. This requires essential energy consumption re-
lated to the bond rupture. In addition, the above lattices
are quite stable and they could be considered the certain
phase state of the substance. There are also the disorder
models, which generally ignore the particular atomic
structure and develop the concept of the continuous medi-
um. They are based on the certain special random distri-
butions (e.g., Gauss distributions) of the substance density
or the energy potential. This approach is of general char-
acter and fails to provide the description of the particular
structure of real substances.

Note also that classification of solids by two attributes
— long-range order and short-range order — is rather sche-
matic, because both order and disorder in the solids are
never realized completely in a pure form. In the real bod-
ies, the minor disorder elements appear against the main
background of both short-range order and long-range or-
der or vice versa the minor order elements appear against
the main disorder background. In most cases one may
neglect certain minor disorder/order elements in the ideal
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system approximation, however in some cases the minor
elements become the same essential as the basic structural
background.

Summarizing the above analysis, one can make some
important conclusions.

It is necessary to take the geometrical parameters of the
ideal spatial linkage of the atoms as the basis of division of
the solids into the crystalline and amorphous ones. We sug-
gest calling such parameters of the atomic networks the topo-
logical ones and they are related to all scaling levels, i.e.
SRO, IRO, mesoscopic ordering and LRO.

We also suggest calling the ideal structurally ordered
substances the substances, in which fully determinated
functional dependence between the topological parame-
ters of mutual location of the atoms in the space is ob-
served. This stipulates the existence of determinated SRO
and determinated IRO of the ideal atomic network, which,
by virtue of their determinated character, ensure the for-
mation of LRO as well. We shall call the ideal totally
structurally disordered systems the systems, in which

there is no correlation in the location of the structural par-
ticles in the space. We also suggest calling the structurally
disordered (unordered) substances the substances, in which
only the probabilistic correlation relation between the topo-
logical parameters of mutual location of the atoms in the
space is observed. This stipulates the existence of the corre-
lation SRO and correlation IRO of the ideal atomic net-
work, which, by virtue of their probabilistic nature, result in
the loss of LRO.

The general structure of the ordered and disordered
substances is described mathematically by various ob-
jects. For the ordered substances this is the system of the
translation vectors, while for the unordered ones — the
correlation functions.

Besides the topologic ordering and disordering, a num-
ber of other types of ordering and disordering are realized
in the substances. Certain of them are inherent in the crys-
tals only, other — in the amorphous substances and liquids
only, some of them are typical for any condensed medium.
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Bopkau E.U., UBannukuii B.I1., KosryHenko B.C. [lopsigok u 6ecnopsiiok B arperaTHbIX COCTOSHUSAX BelllecTBa

Annotanms. [Ipu aHanm3e CTPYKTYpPhI BENIECTB MOHATHUS MOPAIA0K M OSCIIOPSIIOK TOKHBI OTHOCHTCS JIHIIh K OJTHOMY KOHKPETHOMY
(HM3MKO-XUMHUYECKOMY MapaMeTpy CUCTEMBI HIIH K TPYIIIE €€ OAHOTHITHBIX MapaMeTpoB. B 4acTHOCTH, IIpH pa3feneHn  TBePIbIX Tel
Ha KPUCTAJUTAYECKUEe U aMOp(HbIE CIIEAyeT YUUTHIBATH TOJBKO T€OMETPUYECKHE MapaMeTphbl HIealbHOTO MPOCTPAHCTBEHHOTO YBSI-
3BIBaHHSI AaTOMOB MEXKIY COOO0M — TOTIOIOrHYeCcKre apamMeTpsl. [IpeuiaraeTcs Ha3bpIBATh UICATbHBIMUA CTPYKTYPHO YIIOPSIOYEHHBI-
MH T€ BELIECTBa, B KOTOPBIX peajn3yeTcs MOJHOCTHIO AETEPMUHHUPOBAHHAS, (PYHKIIMOHATbHAS 3aBUCHMOCTh MEXIY TOIOJIOTHYE-
CKUMH TTapaMeTpaM¥ aTOMHOM CETKH. JTO 00YCIIABIMBACT CYIIECTBOBAHHE B TAKUX CETKAX JCTEPMUHHPOBAHHBIX OJMYKHETO MOPSAKA
U TPOMEXYTOYHOTO (ME30CKOIIMIECKOT0) TIOPSAKOB, KOTOPbIe B CHIIy CBOEH JeTepPMUHHPOBAHOCTH O0ECIIEUYHBAIOT 0Opa30oBaHHE B
HHUX M JaJbHEro mopsijaka. MaeanbHbIMH MOJHOCTBIO CTPYKTYPHO pasylopsI0YeHHBIMH OyIyT CHCTEMBI, B KOTOPBIX OTCYTCTBYET
nmrobasi B3aMMO3aBUCHMOCTh B Pa3MELICHUH CTPYKTYPHBIX YacTHI[ B MPOCTpaHCTBe. [l BEIIECTB ITOMY YCJIOBHIO COOTBETCTBYET
TOJIbKO WeasbHbIN ra3. ieansHbIMU CTPYKTYPHO Pa3ynopsAOYeHHBIMU (HEYIOPSIIOUYCHHBIMH) MPEIaracTcs Ha3bIBaTh TaKHe Be-
I[ECTBA, B KOTOPBIX PEATH3YETCsl JHIIb BEPOSTHOCTHAS KOPPENSLMOHHAS 3aBHCHMOCTb MEX/Y TOIOJIOIMYECKHMH MapaMeTpamMu
aTOMHOH ceTKH. DTO 00yCIaBIHBaeT CYIIECTBOBAHHE B HUX KOPPEISIIIHOHHOTO OJIMKHETO TOPSIKA W KOPPEISIIHOHHOTO TPOMEKY-
TOYHOTO MOPSKA, KOTOPBIE B CHITy CBOEH BEPOSTHOCTHOW MPHUPOJBI BEIYT K MOTEpe JalbHETo mopsiaka. Kpome 3Toro, B peaabHBIX
HEYTOPSIIOYEHHBIX BEIIECTBAX, TAK K€ KaK M B KPHCTAJLIAX, AaTOMHBIC CETKH JIOTIOHUTEIBHO PAa3yMOPsIIOYUBAIOTCS TEIIOBBIM JIBH-
JKEHHEM CTPYKTYPHBIX YacTHIl, (PIYKTYalHOHHBIMH MPOIIECCAMH M Pa3HbIMH Je(eKkraMu. MaTeMaTHYeCKH CTPYKTypa YIOpPsIOueH-
HBIX M Pa3ylnopsJOYCHHBIX BELICCTB OMMUCHIBACTCS pa3sHbIMH OO0beKTaMH. [y yHOpSAAOUSHHBIX BEIIECTB 3TO CHCTEMa BEKTOPOB
TPAHCIIALUM, a U HEYHOPSAOUSHHBIX — KOPPEISLIMOHHbBIC (YHKIIUH.
Knioueswie cnosa: amopghuvie sewgecmea, nopsook, 6ecnopsoox
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Introduction. During the design of machines it is necessary to calculate the stress-strain state (SSS) of thin-walled
structural elements with the aim of rational choice of their size [1]. The high level of modern technology requires the
preservation of reliability and durability of structural systems, which leads to the need of development of new theories
and methods of calculation of shells and plates [1,2]. They should consider the different modes of operation, the actual
material properties, loading conditions, technological, operational and other factors. .

Analysis of recent research and publications. Recently, the search for effective methods of calculation of cylindrical
shells get great popularity among researchers. The substantial progress in this direction is impossible without the use of
modern computers. In particular, new research results can be found in the works of G. Berikelashvili, O.T. Becker, A.T.
Vasilenko, G.G. Vlaikov, Ya.M. Grigorenko, A.Ya. Grigorenko, P.A. Steblyanko etc.

Analysis of shell theory research indicates the need to develop a method of high accuracy for the calculation of thin-
walled structures within a single species, as well as creating opportunities for a wide range of application of the method
and summarize the results. There is a need to solve these problems in a spatial setting [5]. Therefore, to our mind, the
methods of calculation of plates and shells of variable thickness require further researching.

Purpose. Development of numerical and analytical research method variant of mechanical characteristics of plates
and shells of variable thickness increased accuracy.

Materials and researching methods. Quite often, when solving the specific problems, scholar faces with a problem
of transition from three-dimensional elasticity problems to two-dimensional. There are, at present, methods of construc-
tion of two-dimensional theories that can be classified as follows: methods of making different hypotheses and methods
of regular approximation to process within the solution of the three-dimensional problem of elasticity theory. Each theo-
ry has its own characteristics, it can be explained by the fact that different hypotheses concerning the deformation of
membranes and changing metrics of shell thickness are used, which in turn calls into question the credibility of deter-
mining SSS membranes, since it leads to significant errors in the calculations.

We consider the displacement and stress-strain state of a thin-walled body (plate, shell) loaded on the surface of ef-

fort—q,,0,,0, inthe middle surface. In the formulation it is assumed that the thickness of the body h can vary in both

directions. The key unknowns of this problem are: U,v,wW- displacement of the generating, directing and normal to the
middle surface.
Introduce to consider differential equations of the theory of shells Mushtari-Donnell-Vlasov

2 2 2
116—L:+C668—lj+(clz+066) OV OCy o o M,
OX oy oxoy Ox Ox oy oy

0Cq OV 0C, v 0[Cy Cply [Cu, Co @Zq
oy ox ox oy ox\ R R, R, R Jox ™
o'w o'w

11674- DZZW—F(ZDH +4D66)6X26y2 ox 6X3 ay W—i—
Dy, 4D | O'w (,3D, ,0Dg ) O°W

oy oy )ox*oy ox ox ) oxoy®

aan+alez azw+ 62D12+82D22 62w+482D66 azw+

ox? oy? ) ox? ox? oy? ) oy? OXy Oxoy

Cu Cpjou (Cp Cp|ov, C_121+2‘3_1z+c_222 w=gq,,
R, R,)Jox \R R, Joy (R® RR, R

2 2, 2
666—\2/+C228—\;+(C12+CGG)6—U+6C22»Q+
OX oy oxoey oy oy
0Co v Cy 2u 3C, U a[c_c_jw(c_c_]%wq

ox ox ox &y oy o oyl R R, R R,

C

4 3 3
D o'w +26D116_W+26D226w
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where X, Y,z — the coordinates relative generating, directing and thickness of the shell, respectively, R;,R, — the radii
of curvature in the direction of the coordinate axes of shell X, Yy, and the notation are introduced

Eh vEh Eh
Cu=Ca=ip Gami Ce=Ch=g 5y
Eh® VEh® Eh®

D,, =D,, = , Dy, = , Dy = :
TR o) TP 120-0?) T 24(1+v)

In this case, E — Young modulus and v — Poisson( (s coefficient.

In a closed form solving the following system of differential equations in partial derivatives is not possible. Usually
when solving the following problems approximate methods are used.

In order to reduce the order of a complete system of equations the additional unknown quantities are introduced to
the first one

ey UOGY) VY)W Y)
u'(x,y)= " V(X y)= " LW (X Y)= poant
as well as
" _ 8W,(X’ y) " _ &N”(X, y)
wW(xy)= ™ , W (X, y)= po
Based on this boundary value problem is formulated as
%:A(x)-\hf(x), o<x<L, Y(0)=Y,, Y(L)=Y,. )

Unknown quantities are the components of the vector
— _— —\T ——I——I——I—II—IIIT —_ _— —\T R
Y ={y1,y2,...,y8} =qU,U,V,V ,W,W,W W ¢, Y, ={ym0 + Yy 100 Y, } , (m:1,8).
Based on the conditions defined on the edges, we can formulate the boundary conditions for the system of equations (1).

Consider the case where one end of shell (plate) is fixed rigidly, and the second one is fixed hinge, so that the boundary
conditions take the form:

X=0,U=V=W=0,W'=%=0;x=L,u=v=W=0,W”=ZZT\£V=O. )
The matrix A(X) 8N x8N has the form
0 E 0 0 0 0 0 0
LZl L22 L23 L24 L25 LZG 0 0
0 0 0 E 0 0 0 0
L L L L L 0 0 0
S R <3>
0 0 0 0 0 0 E 0
0 0 0 0 0 0 0 E
0 L82 L83 O L85 L86 L87 L88

Here 0 i E are accordingly zero and single matrices N x N, N —amount of knots in direction to a coordinate y .
Through Lij the auxiliary matrices N x N are marked, the elements of which are expressed through geometrical and

mechanical characteristics. Except for it they depend a substantial rank on the method of approximation of derivatives
from the basic unknown functions by a coordinate y .
We introduce a net by a coordinate y as follows
Yo=Y, +h; i=L2,..N; y,=0; y,,, =27R.
Solution of boundary value problems for the system (1) is possible to find as interpolation expression, got with the
use of stressed splines.

U0) = 200 4, VN = X a0V o) = X a®wo0). @
1 .
ne tz%[y_yi]! yelyi Vsl

Coefficients &, (t) from formulas (4) are resulted in process [4].

42



Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

The expression (4) is used for description of solution of the system (1) and all derivatives on a coordinate Y. The part
derivatives from the unknown functions U,V, ware determined on the basis of formulas (4) by direct differentiation of

the proper expressions. As a result, the moving w is possible to write down for the first and the second derivatives as
follows:

2
wxy) LSy, (9, MY LSy w0
ay 3h2 n=-2 ay 9h2 n=-2

By an analogical method the third and the fourth derivatives are determined from the normal moving

3 2

V;y(ﬁ y) e nZZa'"(t) W (0, W(f ) g 2 1,00
Using formulas (4) we will write down the final expressions for the unknown functions and their derivatives by a cir-
cular coordinate in a point y=Yy,,t =1/3.

We will enter denotations

X) v y)=v(x) wix y;)=w(x)

u(x, y;)=u,

au(g/yi)zl 0t ) e ) ot ()
w(gy.) oy B0~ 1000
aw(;y, Vi) | 12h ()= W,y (X)+ 1w, , ()~ kw5 (x)}
azu;yX;yJ v 0oy (x)- 20, (x)+ Uy (x)]
%zr_g-m1<x>—zvi<x>+vm<x>], ©
%h—[u 20, 1) ()
83\'(;(_;;%):hﬂzs.[_wi_z(x)ﬂwi ()= 2w, (x)+ g, (x)]

High-quality new result consists in the fact that by stressed splines (4) it is possible to calculate the fourth derivative
from w by direct differentiation, namely

TULA) -2l )-2m 0w, ) ®
Here
m, =0,982, m, =0,473, m, =0,218,
n, =7,9136, k,=0,95681, k =11,2646 , k, =18,4641,
k,=9,1344, k, =1,9349 , k, =3,0870 , k, =5,9787.

By an analogical method it is possible to write down the expression for additional functions u’,v’,w’ and their de-

rivatives on a circular coordinate in a pointy =y,,t =1/3.
wxy;)=ui(x) vix v ) = vi(x) wxy; ) = wi(x), w(x, ;) = wilx), w(x, ;) = wilx),
aw'xy) 1

Py 12h 1Ko {,Z(X)—HOU{,l(X)+n qu( ) k u|+2( )]
) |
5 ~12h ) 6 )t )

W' y,) )

oy 12h 12 (%)= oWy (x)+ now{, (x) koW, ()}
*W(x,y;) My )
oy? . hz '[Wi—l(x)_zwi( )+Wl+l(x)1

43



Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

The method of numeral decision consists in the fact that it is necessary to enter a net X, =X;+h;

1=12,..,M -1, x, =0; x,, =L onacoordinate X.
The eight auxiliary matrices L,,, Ly, Ly, Ly, Ly, Lyg, Lg, , Lgg have the most simple diagonal form, namely
Ly, =h"-[[E], Los =h"-r"-[E], Lyg =—r"-[E], Ly =h"-|E],

12r' ,
Eul Lo =3}, Lus = 6" [E], ®

LA
R

where the next denotations are entered
1oh hY = 1oh v

h!:___ -2 rﬂ:_,r -

1%
hox' hoy' R R h2R’

The differential operators of different orders by a variable y from the unknown quantities enter into the complement

of the other ten auxiliary matrices L, ,L,;,L,,,L,; L, Ly Ly Lgs s Lgs o Ly, Dy @ size N x N . Approximation of
these operators in knots y can be different depending on that, what interpolation expression for this purpose is used.

Using expressions (5) — (7), we will get
e B e B e (DS @
11 X C66 ay Dll Rl RZ
where
0 n -k, O 0 0 ky, -—-ng
-n, O ne —kg 0 0 K,
k, —-n, O n, -k, O 0 0
0 ky, -n, O n, -k, O . 0
E, = ,
0 0 ke -n, O n, -k
0 0 0 ke, -n, O n, -k
-k, O 0 0 ky, —-n, O No
n, -k, 0 0 k, —-n, O
In matrices L, ,L,,, L, L5, e, Ly
o, 8a, -a, 0 0 0 a, —8a,
-8a, o 8a, -a, 0 0 0 a,
a, -8a, o 8a, -a, 0 0 0
0 a, -8a, o 8a, -a, 0 0
L, = ... . ,
0 0 a, -8a, o 8a, -a, 0
0 0 0 a, -8a, o 8a, -a,
-a, 0 0 0 a, -8a, o 8a,
8a, -—a, 0 0 0 a, —8a, o
a, 8a, -« 0 0 0 a, -8a,
-8a, a 8a, -, 0 0 a,
a, -8a, o 8a, -a 0 0
0 a, -8a, o, B8a, -a 0 0
L, = ,
0 0 a, —8a, o 8a, -q, 0
0 0 0 a, -8a, a, 8a, -a,
-a, 0 0 0 a, -8a, a, 8,
8a, -« 0 0 0 o, -8a, a,

44



Science and Education a New Dimension. Natural and Technical Sciences, 11(4), Issue: 32, 2014 www.seanewdim.con

—-20s Qg — s 0 0 0 o o,
a;  —20; o - 0 0 0 o
as o, —20 a3 —a 0 0 0
0 a; o, 20 oy —ag 0 0
L, = ,
0 0 o a, —-2a4 o - 0
0 0 0 as o, —205 o — s
— o 0 0 0 a; a, 20, o
ay — s 0 0 0 o o, —2a
20, f, — & 0 0 0 %y B
p 20, P — & 0 0 0 %y
%y B 20y P, —a 0 0 0
0 Ay B 20, B, -a 0 0
L= " )
0 0 g B 20, P, — & 0
0 0 0 ay B 20, P, —ay
—ay 0 0 0 o, B 20, B,
B, —ay 0 0 0 a, B 2«
B 2,34 :Be _133 0 0 0 ﬂs 135
Bs 2B Bs B O . 0 0 A
133 ﬂs - 2134 :Be ﬁ3 0 0 0
0 ﬁs ﬂs - 2ﬁ4 186 _ﬂs 0 0
Lg = ,
0 0 ﬂ3 :Bs - 2ﬂ4 ﬁe _ﬂs 0
0 0 0 ﬁs ﬁs - 2ﬁ4 ﬁs ﬁs
—Ps 0 0 0 s Ps -2p, Ps
ﬁe - ﬁs 0 0 0 ﬁ3 ﬁs - 2/34
Bs w, =B 0 0 0 5 0y
@, Bs w, -p 0 .0 0 B
B ] B w, —p 0 0 0
0 B @, Bs w, —p5 0 0
Lg, = - ,
0 0 B o Py w, =p; O
0 0 0 B o Py w, —p
- P 0 0 0 By o Py @,
w, -p 0 0 0 p o By
where for the thin-walled plate of variable thickness
a :_i' Lo 1 & :_i'(CH +Gh)'L’ %3 :_i' sy 1 Oy :_i'(clz +Gh)' % '
Cy oy Cy 12h, Ces O Ces 12h,
o = — Ko .6066’ 6:_mgcﬁe, —a N, .aceﬁlaszae_ N, 60_66
12h2C11 ay hZ Cll 12h2C11 8y 12h2C11 ay
a, :_hz&.cn,'gl =a, +n—0.&,/}2 =a, _Lac_ﬂ o, :_L.ac_ﬂ'
> Ces 12h,Ces Oy 12h,Css Oy 12h,Ces Oy
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2m, (oD oD n, 0°D
Be=—7 ° [ =2 66J1ﬂ5:ﬁ4+—0’—66’
h;D;; \ oX OX 3h,D,, Oxoy
ne 9°D ke, o°D
Po= By o fym oL
3h,D,; dxoy 3h,D,; oxoy
k, (6D, . 0Dy 1 [o?’D, &°D, 4m,
- . 2 , N — D 2D ,
ﬂ7 6h2 D11 [ ay + 6y ﬂg Dll axz + 8y2 h22 ( 12 + 66)
o =—— |2 2D66)—”—0[6D12 + Z—aDGGJ ,
h,D,, | h, 6\ o oy
W, =— L |:2m0 (D12 + 2D56)+n—0[—aD12 + 2—6D66 J:|
h,D, | h, 6\ oy oy
s o, ® 0 0 0 0 0 o o
0w, s ®, o, 0 0 0 0 0 o
0, 0, 0, o, o, 0 0 0 0 O
0, 0, 0 0, o, 0 0
0 w, o, o0, o, o 0
0 0w, 0, 05 o, o, 0
0 0 w, o, 0, o, o
0o 0 O 0 0 o o o0 o, o
o, 0 0 0 0 0 w, o o o
o, o, 0 0 0 .. 0 0 o o o
Denotations are entered here
2m, (o°D, &°D 2m 2 2
Wg = 02 { 212 + ZZZJ_ 42 21 Wy =— ! > m, - 9 IDZlZ +a IDZZZ +4—m1'—aD22 +D22m—22 )
D,;h; ox oy h; D,h; X oy h, oy h,
’D ’D 4m; oD m 2 D
Dy =— :I.2 0.[5 212_’_8 222 __1'6 22+D22_22 L0, =— mls.a—zz,a)gza)7,
Dyh; 2 oy h, o h, Dyh; 9y

Zero values (zero iteration) are selected in quality of initial values of the basic unknown quantities. As maximum
boundary conditions have the form (2), it is possible to write down

1;(0)=0, v,(0)=0, w,(0)=0, w(0)=0, 1=1,2,3,...,N.

Other unknowns u;(0),v/(0),w(0),w(0) are determined by the decision of the system of type (1), where
hE L, 0 0
L, HE 0 0

Vi y
Y=l = ‘ , A(0) = 0 0 0 E
WY 12r'

Results and their discussions. Searching for the solution of the system (1) can be carried out under the tridiagonal
matrix algorithm. The calculations were made in two directions [2, 3] on every iteration in Kknots

Xia =X +h =12, ML % =0, x, =L
At first it was with the use of formulas
Y (%) =Y (%) + m[(A(xi)Y)k + F(xi)] k=0,1,2,... 12)

for increasing values j=1,2,...,M —1 and then in the opposite direction j=M -1L,M -2,...,2,1 .
Here
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Ve (%2) =Y (%) + h[(AC) - ¥), + Fo) |, k=0,12,... (13)
Half the sum of values of unknown quantities in knots, got by formulas (12) and (13) allows to get solution on an it-
eration step.

Consider a numeral example, where plate, square in a plan, X € (0; L),y € (0; L) of variable thickness is locally

L 3L L. 7L
loaded with normal surface effort q, —const, X E[E%j y e(i—zﬁj The thickness of plate changes after a law
h= ho[1+ a(1—6x+6x2)] [1].
The figure 1 shows the typical results of numerical solutions for the dimensionless(EW/lO4 qz) normal displace-

ment of the middle surface of the plate.

The basic unknowns are determined after numeral so-
lution of the system (1). On the next stage it is possible
directly by geometrical and physical relations to find ac-
cording to deformation, curvatures, specific efforts and
specific moments.

The method of calculation offered in the article opens
new possibilities in the plan of solutions of problems in
relation to optimization by the thickness of form of the

-0.01 thin-walled plates and shells.
Conclusions. The new effective iteration approach to
-0.02) the solution of problem of calculation of the thin-walled

plates and shells of variable thickness is offered. The
method of calculation of the stress-strain state of the thin-
walled bodies of variable thickness is developed. The
method of calculation is taken to the decision of SLAE
(The System of Linear Algebraic Equations) with the use
of iteration methods. The Seidel method is offered in this
work to application. To improve the convergence of the
Seidel method, that is required to reduce the required
number of iterations the accuracy to the minimum pro-
. posed by the introduction of a specially developed deriva-
Fig.1 tive approximation, which provides a maximum diagonal
coefficients in the original algebraic equations in compar-
ison to neighboring elements [3, 5].
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lindrical shell of variable thickness based on iterative methods //  Sukharev. — M.: Mir, 1985. — 264 p.

Zbirnyk naukovykh prats Dniprodzerzhynskoho derzhavnoho

J3106aB. A., Crebasinko IL.A. [Ipumenenne cni1aiiHOB NPH MCYHCIeHHH MPOTruGOB /IS IIACTHHBI epeMeHHOH TOJIHHbI
AHHOTamusi. B cratbe npuBeneHB! HOBBIE PE3YNBTATHl ML IOCTPOCHHS METOJa pacdeTa IepeMeIleHHi U HaIpshKeHHO-
neopMHPOBAHHOTO COCTOSTHUS TUIACTHHBI ITepeMEeHHON TommHBL. CoCpeoToueHO BHIMaHHe Ha HEOOXOANMOCTH pa3paboTKH Me-
TOJIa HOBBIIIEHHOI TOYHOCTH MOTYyYESHUSI JOCTOBEPHBIX PE3yIbTAaTOB.

Kniwouesvie cnosa: umepayuonnwiii memoo, uuciennoe peulenue, HanpsaicenHo-oegpopmuposannoe cocmosmue (HAC), mouxo-
cmeHHble meja nepemenHot MmoauuHbl
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Copoxuna M.M., llempywiun I1.B., Maxkyxun P.A.
O 7 -3aMKHYTBIX N-KpaTHO @ -UEHTPAIbHBIX H N -KPaTHO {2 -KOMIO3MIIMOHHBIX
(opManuaX KOHEYHBIX IPYIIT

Copoxuna Mapuna Muxaiinogna, kanouoam QuuKo-mamemamudeckux Hayx, OOYeHm
Hempywun Ilagen Bukmoposuu, cmydenm mazucmpamypul no Hanpasienuro « Mamemamuxay
Maxkyxun Pycnan Anekcanoposuuy, cmyoeHm mazucmpamypul no Hanpasienuio « Mamemamuray
Bpsanckuii cocyoapcmeennviii ynusepcumem umenu M.I". Ilemposckoeo, 2. bpsawnck, Poccus

AHHoTanus. PaccmarpuBaiotcss (popManMi KOHEUHbIX TPYIII, T.€. KJIACChl KOHEYHBIX I'PYII, 3aMKHYTbIE OTHOCUTENIBHO B3SATHUS TO-
MOMOP(}HBIX 00pa30B M MOANPIMBIX Npou3BeneHuit. [lycts 7 — moxarpynmosoit ¢pyHkTop. @opmarmsi F Ha3bIBaeTCs 7 -3aMKHYTOM,
€CIIM CO BCAKOM cBoel rpynmoit G ¢dopManust F ComepKuT U Bce €e 7 -MOATPYNIEL. B cTaThe monydeHo omucaHue CTPOSHUS KPUTHU-
YECKHX 7 -3aMKHYTBIX N -KpPaTHO (¥ -IICHTPAJBHBIX M N -KPaTHO ( -KOMITO3HIIHOHHBIX (OpMaIiii KOHEYHBIX TPYIIIL.

Knrouesvie cnosa: xoneunas epynna, popmayus zpynn, noOSpynnosou (GYyHKmMop, T -3aMKHYMAs Gopmayus, @ -YeHmpaibHas

Gopmayus, Q -kKomnosuyuoruas gopmayus

B Teopum KiaccoB KOHEUHBIX I'PYHI HEHTPAIBHOE MECTO
3aHMMaIOT (hOpMaIMy TPy, BBEACHHBIC B PACCMOTPEHHE
B. lannroniem B 1963 roay [1]. OcHOBHBIE pe3ynbTaThl O
(opMansIX KOHEUHBIX I'PYII MPEACTABICHBI B MOHOTpa-
¢usx JLA. IllemerxoBa [2], A.H. Cxu6bst [3]. Tlpu uccne-
JIOBaHMH (popManyii BAXKHYIO pOJib UTPAIOT (PYyHKIHOHAIIb-
HBIe MeTofbl. Tak, HalpuMmep, B OCHOBE OIpeAEIeHHs JIo-
KalbHOW  (hopMaiMy, BBEJIGHHOW B  PacCMOTpEHHE
B. lammroriem, J1€KWT TOHATHE SKpaHa — OTOOpa)KEHHs
MHOKECTBA BCEX IPOCTBIX YHCET BO MHOXECTBO BCEX
(dopManmii Tpynm, ¢ MOMOIIBI KOTOPOTO CTPOMTCS JIO-
KayipHas Gopmarys. B manpHelimeM Takue QYHKINH CTAIN
Ha3bpIBaTh CIOyTHUKaMH ¢opmammit. B 1974  romy
JILA. lllemeTkOBEIM OBLTH BBEJCHBI B PACCMOTPEHHE KOM-
NO3UIHOHHBIE (opManyn [4], CIyTHHKaMH KOTOPBIX SB-
JSTFOTCS. OTOOpaXKEHHMsI MHOKECTBA BCEX IPOCTHIX TPYIII BO
MHOKECTBO BceX (opMarmii rpymil. B nameHeliem cramu
H3y4aThCsl YaCTHYHO JIOKaJIbHBIE (@ -JIOKAJbHBIE) U HYa-
CTHYHO KOMITIO3UIMOHHBIE ( {2 -KOMIIO3UIIMOHHBIE) (hopMa-
mun (cM., Hanpumep, [5-6]). B 1999 rony B.A. Benepuu-
KOBBIM OBUT IPEJUIOKEH HOBBIH (DyHKIIMOHAIBHBIN MOAXO0.
K M3y4eHHo (opmaryii, OCHOBaHHBII Ha HCIIOJIb30BAHUN
st opManmii  HOBOM  yHKIMHK HaIpaBJICHUsL.
B.A. BeiepHUKOBBIM OBLUTH BBEJCHBI B PACCMOTPEHUE @ -
BeepHble U 2 -paccnoennbie popmarmu [7-8]. Tlpu sTom
® -NoKaJbHast (opManys INpeAcTaBuia COOOW OIMH M3
BUJIOB @ -BeepHOU Qopmanuu, a £ -KOMIO3UIIMOHHAS
(dbopmaryst — OJIH U3 BUAOB (2 -pac-CIOCHHOW (HopMaIn.
Emie ogHUM BaKHBIM BHJIOM @ -BeepHbIX (hopManuii siB-
JSTFOTCS N3y4aeMble B HACTOAIICH paboTe @ -TIeHTpalbHbIe
(opmanuy, HanpapjeHHe KOTOPBIX KOJUIMHEAPHO HarpaB-
JIeHNI0 {2 -KOMITO3HUIIHOHHOH (hOpMaITiH.

Teopust mOATPYNIOBEIX (YHKTOPOB KaK CaMOCTOSTEIIb-
HOE HalpaBJIeHWE B paMKax TEOpHM Tpynmn Oeper cBoe
Havayio B paborax P. Bapa [9] u B.U. [Inotkuna [10]. Oxa-
HaKo 0COOCHHO MHTEHCHBHO JIaHHAsl TEOpHs CTajla Pa3BH-
BaThCs B MOCIETHNE TO/BI B CBSI3M C OOHApY)KCHHEM Tec-
HOH CBSI3M MEXIy NMOATPYNIOBBIMH (PYHKTOpPaMH U Kjac-
camu rpym. Tak, Hanpumep, A.H. Ckuboit B MoHOTpadun
[3] Meton moarpynmoBEIX (YHKTOPOB MPUMEHEH K H3yde-
HUIO CBOWCTB JIOKQJIBHBIX (popMarnuii, 3aMKHYTBIX OTHOCH-
TEJIFHO CHCTEM MOATPYII, BBIACISIEMBIX HOATPYIHOBBIMU
¢dyuxropamu. B [11] C.®. Kamopuukossim 1 M.B. Cerb-
KUHBIM TPE/ICTAaBICHA KIACCU(PHUKAIMS TIOATPYIIOBBIX
(YHKTOPOB ¥ pa3pabOTaHbI CBA3M MOJATPYIIIOBBIX (PYHKTO-
POB C pa3NMYHBIMU KJlaccaMu rpyni. B wacTHocTH, HHTE-
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pec B JaHHOM HAIPAaBJICHUH NPEACTAaBIAIOT 7 -3aMKHYTHIC
kinaccel rpynm. [lycts 7 — moarpynnosoit ¢pyHkrop. Knace
rpymn F HaspIBaeTCs 7 -3aMKHYTBIM, €CIIH CO BCSKOW CBO-
et rpynmoit G kmacc F comepXut M Bce 7 -IOATPYIIITBI
rpynnsl G . Hacrosimast cTaThs MOCBSILIEHA H3Y4YECHHIO
KPUTHUYECKHX 7 -3aMKHYTBIX N -KPaTHO @ -LICHTPANbHBIX H
KPUTHYECKHX 7 -3aMKHYTBIX N -KpaTHO £2 -KOMIIO3HLIHOH-
HBIX (hopMaIMii KOHEYHBIX TPYIIIL.

PaccmarpuBaroTcss TONBKO KOHEYHBbIE IpymIbl. OCHOB-
HBIC OMpECICHHUS U 0003HAYCHUS MOXHO HaWTH B [7-8,
11-13]. IlpuBenem mumrs HeKOTOphIe w3 HUX. [lycts 7 —
0TOOpaKeHHe, CTaBsILEe B COOTBETCTBHE KaXIOW IpyIie
G uexotopyito Henycryio cuctemy 7(G) ee moarpymi.

loBopsar, uyto 7 — moxarpynmoBoii QyHKTOp, ecnn

7(G)? =7(G?) mns nroboro mzomopduszma ¢ KaxmOn
rpynnsl G. [loarpynnosoii pyHKTOp 7 Ha3bIBa€TCs pery-
JIIPHBIM, €CJIU BBIMOJIHAIOTCS CIIELYIOIIIE IBA yCIOBHUS:

1) u3 toro, uro N — HopmasbHas noarpymnna rpymmst G u
M € 7(G), cienyer MN/N ez(G/N);

2) m3 M/N e z(G/N) canenyer M e z(G) (cM., HanpuMep,
[11]).
Qopmanus F HazplBaeTCs 7 -3aMKHYTOM, €CIH U3

G eF Bcernma crneayer, uro 7(G) < F [11].

1. Kputuueckue 7 -3aMKHYTbI€ N -KpPaTHO @) -
HEeHTpaJbHbIe GopMAMU KOHEYHBIX IPYNI
Mycte P MHOXECTBO BCEX TIPOCTBIX YHCEI,
O #<P, G, — Kjlacc BCEX @ -TPYII, TO €CTh TaKHUX

rpymn G, uto 7(G) c @, rae z(G) — MHOXKECTBO BCEX
HpOCTHIX JenuTeneil nopsaka rpymnsl G; O, (G) — G, -
panukan rpynnsl G; G, — kiacc Beex ' -rpynm; S, —
KJIacC BCEX TPYII, y KOTOPBIX KaKJIbIA TJIaBHBIA P-(ax-
Top uentpanen; f:wu{w }—{popuayuu epynn } n
o:P— { Henycmule  opmayuu  Oummunea } - COOT-
BEeTCTBEHHO wF -QyHKkimsa u PFR -pynxmms. Popmarms
oF(f,6)=(G:G/0,(G) e f(w) u G/Gy, e f(p) nus
Bcex pPewnz(G)) HaspiBaeTcst () -BeepHO#l (opma-
et ¢  -cnytaukoM f u Hanpasiennem o [8]. Hampas-

JeHue O @ -BeepHOW (Qopmanuu HasbiBaeTcs bp-
HAaIPaBJICHUEM, €CITM OHO SIBIISIETCS D-HampaBlieHUEM, T.c.

S(a)N, =5(q) mmst mo6oro g € P ; u sBsercst p-Harpas-
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nenuem, T.e. G,0(q) =05(q) s moboro geP . Yepes
8, 0003HavaeTcs HampapJIeHHE () -LIEHTpPabHOI popma-
1M, TO €CTh 5,(p) =S,, s Beex peP [8].

[Iycte 6 — Hekoropast PFR -¢ynkus. [loarpynmnosoit
(GYHKTOp 7 Ha3bIBaeTcsl O -paJuKalbHBIM, €CIIH JUIs BCS-
koit rpynnsl G u mns Besikod N e 7(G) cmnpaBeuiMBO
paseHcTBO G,y MN = Ny, st Beex p eP. [yers 7 —
MNOATPYINOBOW HYHKTOp. @ -cyTHHK f @ -BeepHOil hop-
Malldd Ha3bIBACTCSA 7 -3aMKHYTBIM, €CIM A JTF000TO

pewv {a)'} dopmanus f(p) sBasercs 7 -3aMKHYTOM.
ITycte & — npousBonbHast PFR -dyHKIMA, N € NU{O}.
Besikyto gopmanmio cumraror 0-KpaTHO @ -BEEpHOU ¢
HanpasienueM O . [lpu n#0 ¢opmanus F nHazeiBaercs
N-KpaTHO @ -BEEPHOM C HaIpaBJICHHUEM O , eciii F mmeer
XOTs OBl OIMH @), ;) ~CIYTHUK, TO €CTh TaKOH @ -CIIyT-
HHK, BCE€ 3HAYEHUSI KOTOPOTo SBJIsttoTCs (N-1)-KpaTHO @ -
BeepHbIMU (popMaIusiMu ¢ HampapiacHueM O . OTMeTUM,
YTO BIEpBBIC NaHHAs KOHLeNUus Uil dopMauuii Obuia
npemioxkeHa A.H. Ckuboi, a mmenHo, B 1987 romy
A.H. Ckuba BBem B pacCMOTpeHHE MOHATHE N-KpaTHO
nokanbHOHM popmanuu [14].

Yepes rwF,(X,0) ob6o3Hauaercs 7 -3aMKHyTas nN-
KpaTHO @ -BeepHas (opMalusi ¢ HampaBlieHHEM O , T10-

poxIeHHas MEHOXecTBOM rpyr X, @wF,"(X,5) — n-kpar-

HO ®-BeepHas (Qopmanus C HampaBIeHHEM O ,
oOmamaromasi XoTss OBl OJHUM 7 -3aMKHYTBIM @ -
CIIyTHHKOM, IO-POXKACHHAs MHOXXECTBOM TIpymm X.

dopmarmio rwF,(X,5,) 0o603Hauar0T yepe3 rwZ,(X) .
[lycte 6 — bp-HampaBneHne  -BeepHO# (opmaruu,
6<08,, T — PeryJaapHbIii O -paIuKaNbHBIA MOATPYIIIOBOIL
(byHKTOp, X — COBOKYMHOCTH Tpymil. Toria, BBUILY J€MMBbI
1 [15], cipaBeynBo paserctso 7w, (X,8) = oF, (X,0).

[ycts H — Hexotopsiit knace rpynn, NeN. 7 -3am-
KHyTasi N-KpaTHO @ -BeepHast popmanusi F ¢ Hampasie-
HueM O HasbiBaercs H,, ;-Kputnueckoi Qopmanmei,

ecmu F & H, HO Bce coOCTBEHHBIE 7 -3aMKHYTHIE N-KpaT-
HO @ -BeepHble noadopMaIiK ¢ HanpaBieHueM o u3 F
B kimacce H comepxarcsa. OOmas npoOiema m3ydeHus H
o -KpuTHUeckux (opmaruii BIepBble ObLIa HOCTaBICHA
JLA. llemerkoBeiM B 1980 romy [16]. HccnemoBannem
KPUTHYECKHUX JIOKAIBHBIX, @ -JIOKAIBHBIX, N-KpPaTHO @ -
JOKambHBIX (opmanuii 3annManucek A.H. Ckuba u ero
y4eHuKH (cM., Hanpumep, [17]). OTmerum, 910 B padboTe
[15] comepxaTcst pe3ynbTaThl O KPHUTHYCCKUX T -3aM-
KHYTBIX @ -BeepHBIX (opmanusx, a B padore [18] — pe-
3yJIBTaThl O KPUTHYECKHX T -3aMKHYTBIX £2 -pacciioeH-
HbIX ¢opMmanusax. B cruenyromel Teopeme H3ydaeTcs
CTpOEHHE KPUTHYECKUX 7 -3aMKHYTBIX N-KPaTHO @ -
LEHTPAIBHBIX (POpPMaIMii KOHEYHBIX TPYIIIL.

Teopema 1. Ilycmbs neN, t — pecynapuuiii 5,-padu-
KanbHulll nooepynnogot gyukmop, H — nemycmas v -
3AMKHYmMAs @ -YeHMpaibHas Gopmayus ¢ MAaxKCUManis-
HbIM 6HYMpeHHUM @ -cnymuukom h, F — 7 -3amxnymas
N-Kpamuo @ -YeHmpanvHas Gopmayus ¢ MUHUMATLHBIM
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T =3aMKHYMOIM @, 1y -cnymuukom f. Ecnu gpopmayus F

aengemes H -kpumuueckoti, mo F=rwZ (G), 20e G

Twp O3
—  mononumuueckas 2pynna ¢ monorumom P =G",
npuuem ecmu w(P)c w, mo gopmayus f(p) sasraemca

h(p).,, -Kpumuyeckoti ona Hekomopozo per(P), a
(n

-
,Dfa

eciu n(P)gw, mo f(w') semiemes h(e'),, 5, “kpumu-
yeckoll popmayueil.
HokazarenpcrBo. Ilycte F H, , 5, “KpuTHYeCKas

¢dopmanust u G — rpynma HauMeHsIero nopsiaka u3 F\H.
Torma G sBNAETCS MOHOMUTHYECKON TPYNIIION ¢ MOHOJH-

oM P=G" u F=rwZ (G). Mo nemme 2 [19]
f(wf):rwz(il)(G/Ow(G)), f(p):er( 1)(G/Gscp)’

st Beex pewna(G) nu f(p)=0, ecmn pew\xz(G).
Cornacno teopeme 6 [13] h(w') =H n a1 moboro p € @
cipaseaiiso h(p) =N h(p) =N h,(p), rae h, — npous-
BOJIbHBI BHYTPEHHHH @ -CITyTHUK opmanuu H. Beumy
JokazaTtenscTBa jtemMmbl 1 [15], h sBusercs 7 -3aMKHY-
TBIM (@ -CITyTHUKOM (hopmaruu H .

Ilycts #z(P)cw. Ecmu f(q)ch(q) maa moboro

ger(P), T G/Gs, € f(d)Sh(g) am Beex ger(P).
INockomsky G/PeH u PcO,(G), To G/O,(G)eH=
=h (&) GeH,
HeBO3MOKHO. Ilostomy f(p)zh(p) ma HekoTOpOro
pen(P).

Iycts h(p)=@. Torna per(H) n Z, ¢H. Tak kak
f(p)2d u mo nemme 7 [13]

Z,eN,f(p)=F. Taknm obpasom, Z, eF\H, 1 nosromy

u, cormacHo Jjemme 2 [13] 9TO

pewnz(G), TO

G=2,. Kpome Toro, Z, =(Z,)s_ 4, sHaunt, f(p)=(1)
- h(p)nu(

L -KpuTH4yeckas hopmManusi.

ITycts h(p)#@ U M — coOcTBeHHas 7 -3aMkHyTas (N-
f(p)-

[peanonoxunm, uro Mg h(p) u M — rpynmna MUHAMAIb-

1)-xkpaTHO @ -UeHTpadbHas moAdopMarma 3

Horo nopsaka u3 M\h(p). Tornza M - MoHonuTHueckas
rpynna ¢ mMononutom R=M"P. Ecim Rc O, (M), 10
M eN,h(p)=h(p),
0,(M)=1 un mo nemme 18.8 [20] cymecTByeT TOYHBIH
F,IM]-monyms K. Tlycts T=[K]M.
Torna rpynma T MmoHonutiyHa ¢ MoHomuToM K =C; (K) =
:TScp . Beugy memmer 7 [13], T eNMc N, f(p)cF, un

4YTO  HEBO3MOXkHO.  I[loaTomy

HEIPUBOJUMBIN

3Haunt, twZ,(T)SF. Ecmu rwZ,(T)=F, 10 f(p)=

=t0Z (/T )=rwZ (M)SM, HTO HEBO3MOXKHO.
(n—1) (n-1)

Mostomy rwZ,(T)C F, u 3naunt, 70Z (T)S H. Torma

T/Tsc,, €h(p) mw MEh(p), YTO  HEBO3MOXHO.

CnenoBarensHo, Mc h(p) u dopmauus f(p) sBasercs

h( p)m( -KPUTHYECKOH.
n

&
—1) 3
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ycte  z(P)gw. Torma PgO,(G) u f(o)=

=rwZ (G)gH=h(w")- Ilyctb M — cobcTBennas 7 -
(-

3aMKHYyTast (N-1)-kpaTHO @ -LeHTpanbHas noa-GopmManus
u f(o) u M,=rwZ,(M). Tornra M, cF. Ecniu M, =F,

TO f(a)’)zer( l)(M/Ow(M):M EM)SMC f(w)- Ilpo-

tuBopeyre. CrnenosarenbHo, M, cF, u 3Hauur, M, cH.
IMostomy McH=h(w') u dopmamusa f(o') sBIseTCA

h(o") . -kpurideckoii. Teopema fokasana.

T o
(n-1)

2. Kpurudeckue 7 -3aMKHyTbIe N -KpaTHO (2 -
KOMIO3MIIHOHHBIE (hJopMaN KOHEUHBIX TPYII
IIycts | — KIace Bcex MPOCTHIX TPyMIH, {2 — HEMyCTOH
nozkiacc knacca |, G, — kiacc Bcex £ -rpyIi, TO €CTh
takux rpynn G, uro K(G)CS Q, rume K(G) — kiacc Bcex
TpyNH, HW30MOPQHBIX KOMIIO3UIMOHHBIM  (haKTOpam
rpymnsl G; G, — Kiace Beex A'-Ipynm; S, — KJIacc BCex
TPyMI, Y KOTOPBIX KaXIbIN rIaBHbIA Z b -(pakTOp LIEHTpa-
nen; 0,(G) — G,-pamukan rpynmst G; f:QU{Q'}—
{ Ggopmayuu  epynn }H dopmayuu
Qummunea} -cootBerctBeHHO QF -pynxkmms u FR -
Gynxuusa. Popmanus QF(f,9) =(G: G/0,(G)E f(Q) u
GIG,, & f(A) min Beex A€ QNK(G)) HasbiBaercs
Q -paccioennoit ¢opmanuein ¢ Q -cnytHukom | u
HanpasineHueM @ [7]. Hanpasnenue ¢ £ -paccioeHHOMN

@:1— {nenycmoie

¢dopmanym HaspiBaeTcs Dr-HampasieHuem, eciu OHO
aBisiercss  D-mHampasienmeMm, T.e. @(A)G, =¢@(A) s
moboit  abeneBoit Tpymmel AEIl; W sBugercs -
HanpasiienueM, T.e. G,@(A) =@(A) ana mobdoro AEI.
Yepes ¢, 0003HAYaeTCs HampaBlieHUe (2 -KOMIO3UIIMOH-
HOM (opmanyn, To ectb @,(A) =S, , it Bcex A< [7].
Omnpenenenve @ -paJuKajJbHOTO  MOJTPYIIIOBOTO
byHKTOpa, 7 -3aMKHYTOro £2 -criyTHHKa £2 -paccioeH-
HO#t (opmarmu, N-kpaTHO <2 -paccioeHHOW (opMaiuH,
H -KpUTHYECKOH hopMmariu HOpMYyTUPYIOTCS aHAJIO-
TMYHO COOTBETCTBYIOIIMM OIPEICNICHUsIM W3 MyHKTa 1.
OTMETUM JIHIIb, YTO 7 -3aMKHYyTas N-KpaTHO £2 -KOMIIO-
3UIMOHHAs opMalusi C HAMPABICHUEM @ , IOPOXKACHHAs

TQhe

MHOECTBOM Ipynn X, obo3Hauyaercs uepes 7QC, (X) .

B cnemyromeil Teopeme ONMCHIBAETCS CTPOEHHE
KPUTHYECKHUX 7 -3aMKHYTBIX N-KpaTHO £2 -KOMITO3MIIOH-
HBIX (hOpMaIHii KOHEUHBIX TPYIIIL.

Teopema 2. Ilycmv neN, t — peecynapubii ¢, -padu-
Kanvuwlll nodepynnogou ¢yukmop, H — uenycmas T -
samkHymas £ -KOMNO3UYUOHHAA DopMayus ¢ MAaxcu-
ManvubiM eHympennum Q2 -cnymuuxom h, F — 7 -3am-
KHymas N-Kpamuo £2 -KOMNO3UYUOHHA opmayus ¢ M-
UHUMATbHBIM T =3aMKHYmMbIM  Q.q-cnymuukom f. Ecau
popmayus F aensemea H,, , -kpumuueckou, mo F=

7QC.(G), 20e G — monorumuyeckaa epynna ¢ MOHONIU-
mom P=G", npuuem ecru K(P) S Q, mo gpopmayus

f(A) asrsemes h(A)., %-Kpumuqecxoﬁ 011 HeKomo-
(n—1)
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poeco AEK(P), a ecnu K(P)ZEQ, mo f(Q) saeraemcs

h(Q"), 2. -Kpumuueckou gpopmayuetl.

—1)

HokazatensctBo. Ilycte F H.o 0

¢dopmanus u G — rpynma HauMeHbIIero nopsiaka u3 F\H.
Torma G sBIAETCS MOHOMUTHYECKON TPYNIIION ¢ MOHOJH-

P=G" F=7QC,(G).
f(@)=70C_ (GI0,(G)), F(A=rQC  (G/Gs,),

-KpUTHIECKasA

TOM u Torma

i Bcex A€ QNK(G) u f(A)=0,ectu A€ Q\K(G).
1 [12] h(A)=H
Ae {Q’} ) (Q \A) u m1s Beex AE QN A cripaBeiuBo
h(A)=G,h(A) =G,h'(A), rae h' — MpOU3BOJBHBIA BHYT-

CormacHo Teopeme s Ir000ro

perHuit Q -cnyTHUK Qopmarun H .
ITycts K(P)<Z Q. Torpa:

0,(@)=11 £(Q)=rQC  (G)ZH=h(2).

[Tycte M — coGcrBeHHas 7 -3aMkHyTast (N-1)-kpatHo £ -
paccinoenHas nondopmarua u3 f(Q) u M, =7QC,(M).
Torma M, cF. Ecnim M, =F, 10

f(@)=70Z  (M/O,(M):MEM)=ME F(Q).

IIporuBopeuune. CiemoBaTtenbHo, M, —F, ¥ 3Hauwr,
M, cH. Iloastomy MEH=h(Q") u dopmauus f(Q') sB-
asercst h(Q'),, %-KpI/ITquCKoﬁ.

(-1

IMycte K(P)=Q u AEK(P). Ecm A€ A, 10

f(A):rgc( 71)(6), h(A)=H u mostomy f(A)Zh(A).

Kaxk u BbIIe, HETPYAHO NHPOBEPUTH, YTO BCsKas COO-
CTBeHHas 7 -3aMKHyTas (N-1)-kpatHo £ -pacciioeHHast
noadopmanus u3 f(A) comepxurcs B h(A). Crnenosa-

TeNbHO, B oTOM ciydae f(A) - h(A),,

-KpUTHYECKast
(n—1) 7

(dopmarnms.
IIycts rpymma A m3omopdHa Z,. Torma QNA#0.

lyets 0={qEP|Z, =Q}. Ucnonssys cuexncreue 4.2

[13], monyuaem, uro F - H,,  -kpurtnueckas Gpopmaums

[

u o Teopeme 1 popmatms f,(p) ssnseres h(p),, -
1]

KPUTHYECKOH, rae f,— MHUHMMAIbHBIA 7 -3aMKHYTBIN
@4y -CUYTHUK Gopmaumn F, h - MakCMMasibHbIH BHY-
TPEHHUH @, ;) -cyTHUK opmaumn H. Otmernm, uro,

cormacuo nemme 1 [15], f(p)=rwZ (G/Gs,) u o
(n—=1) a

reopeme 1 [12] hy(p)=N.h (p)=N,h(p), rme h -
MIPOU3BOJIGHBIN BHYTPEHHHH @ -CITyTHHK (opmammu H.
Beuny cnencreus 4.2 [13], f,(p)=f(Z,) u h(p)=h(Z,).

Orcioga, cHoBa wWcmonb3ys cienctesue 4.2 [13],

nony4aem, uro popmarms f(Z ) ssasercs

h(zp)r o, o -Kputndeckoi. Teopema 1oka3aHa.
n

—1)
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Bomasaxkosa JI. A., /lvozmesa 1. O.
MareMaTH4YHA MO/eJIb OTHOKAHAJIbLHOI CHCTEMHU MacOBOro 00CJIyrOByBaHHS
i3 3pocTaloyuM HATXOXKEHHAM BUMOTH

Bomsxosa Jlecsi Anopiisna, kanouoam Qizuxo-mamemMamuyHux HayK, OOYeHm

Lvoemeea Ipuna Oxcenmiisna, acnipanm

Binnuyekuii oeparcasnuii nedazociunuil ynisepcumem imeni Muxaiina Koyrobuncokoeo, m. Binnuysa, Yrpaina

AmnoTauis. B pO6OTi IpeacraBji€Ha MaTéMaTu4Ha MOAEIb OJTHOKaHAJIbHOI CHCTEMU MacOBOTO 06CJ'Iy1"0ByBaHH$[, JIJTA SIKO1 4ac HagXxo-

JDKEHHSI BUMOTH CKJIaJa€ThCs 3 IBOX €TaIliB.

Knrwowuoei cnosa: cucmema macosozo obcnyzosyéanus, ranyoe Mapkoea, nepexioui iMosipHOCmi, NOKASHUKO8ULL pO3NOOi

Bumory mpakTHKM BXe MaiiKe MiBCTOJNITTS BHCYBAlOTh
nepes TEOPi€l0 MacoBOr0 OOCIYrOBYBaHHSI BEJIMKE YUCIIO
nocTaHoBOK 3ajad [1]. KoxkHa HOBa mocTaHOBKa Mae 3a
MeTy Mo0yI0By MaTeMaTHYHOI MoJei, sika O BigoOpaxa-
Jla ICTHHHHMH XapakTep AOCHiKyBaHHUX sBUIL. HaiOinbin
e(eKTHBHIM y IFOMY IUIaHI BHUSBUBCS IHCTPYMEHTapii,
po3pobieHuit B Teopil BUMAKOBHX IPOLECIB 1 0COOINBO
MapKOBCBKHX [2].

[IpomecH, y SIKMX TEPEX0aN BU3HAYAIOTHCS BKIIAICHIM
nmaHIoroM MapkoBa, a 4ac mnepeOyBaHHA Yy KOXXHOMY
CTaHI MOKAa3HUKOBO PO3MOJIiJIEeHAa BHIIAJKOBA BEJIWYMHA,
BUSIBIJIMCH NMPUIATHUMU JUIS ONMHCAHHS (YHKI[IOHYBaHHS
Halpi3HOMaHITHIIHX cucTeM [ 1-5].

HoBu3Ha npornoHoBaHOi TyT MaTeMaTH4HOI MOJENl y
XapakTepi BXiZHOro MOTOKy [3-4]. fkumio cranmapTHHi
MiAXia mepeadavae, mo BXiAHUH MOTIK € PEKYPEHTHUH, TO
B HamIiil poOOTi Yac HaAXOMKEHHS BUMOTH CKIIAIAa€ThCS 3
Yacy MiJrOTOBKM BHMOTH 1 4acy BJIaCHE HAJXOIKCHHS
(TpaHCmOpTYBaHHs) Ii, MPUIOMY TPUBAIICTE KOXKHOTO
CTaHy € MOKAa3HUKOBO PO3IOAIJICHA BUIAJKOBA BETUYNHA.

3po3yMino, mo 3a IMUX YMOB (PYHKIIIOHYBaHHS TaKoOi
CHCTEMHU OIHCYEThCS MapKOBCHKHM IPOLIECOM, a TOMY
IPU 3HAXOJ/DKEHHI OCHOBHHX MMOBIPHICHHX XapaKTepuC-
TUK OyJIM BUKOPHCTaHI METOAM TEOPii MapPKOBCHKHUX IMPO-
LIECIB.

Hexait Ha 00ciTyroByo4mii MpUCTPii HATXOAUTH PEKY-
peHTHHuil moTik BuUMOr. Yac HaAXOKEHHS BUMOTH Mae
(bYHKIIIO PO3MOJLTY

0, saxwot <0,
F(t) =

— ot

A L
/11_42 /11_42

ge 4, >0, 4,>0 (A4 #4,). fxmo BuMora HagXOJUTb B

1- gAt, saxuot >0, (1

MOMEHT, KOJIM OOCIYroBYIOUMI NPUCTPId BUIBHHH, TO
BOHA HEraifHO MOTpaIUIsfe Ha O0OCIyroByBaHHS 1 00CIyro-
BY€ThCA 4ac 7] i3 pyHKLIEO pO3MOALTY

)

IpUYIOMYy BUIIAJKOBA BE€JIMYHA 7) HE 3aJIC)KUTH BiII BXi-

0, sxwot <0,
cm={
1—e™, axwot >0,

JTHOTO TOTOKY. SIKIIO X BMMOTa HaAXOAWTb B MOMEHT,

TIOKU TIPUCTPiil 3alHATHI, TO BOHA BTpayaeThCsl.
OCKITbKM 9ac HaJXO/DKEHHS BHMOTH € CYMOIO JIBOX

He3aJIe)KHUX BUNAIAKOBUX BenmuuH & 1 &£,, TO Oymemo

BB@XATH, IO ¢&; — 4ac MiATOTOBKHM BUMOTH 10 BiIIpaB-
JIeHHs (Ma€e TMOKAa3HMKOBHH PO3MOLT 3 MapameTpoMm A, ),
&, —4ac HaJIXOJPKCHHs BUMOTH (Ma€ ITOKa3HUKOBHH poO3-

HOJIN 3 mapaMeTpoM A, ). Y 3B’A3Ky 3 UM (yHKIIOHY-

52

BaHHS CHCTEMH MOJXKHA OIMKCATH Yy Takuii croci6. Cucre-

Ma MOJKe nepeOyBaTH y CTaHax:

€, — CHCTeMa BilbHA, iie MiArOTOBKA A0 BiJNpPaBICHHA
BUMOTH, nepeOyBae y oMy cTaHi dac &, 1 mepexo-
JTUTH 13 HMOBIPHICTIO OJTUHHMIIS B IPYTHIA CTAH;

€, — CHCTeMa BlIbHA, BUMOIa 00CIyroByeThCs, mepedy-
Bae y oMy cTaHi wac min(&;,7) (BBaxkaemo, IO Bif-
NpaBHUK AicTae iHGOpPMALi0 MPO NPUOYTTS BUMOTH i
TIOYMHAE TOTYBATH HACTYIIHY) i IEPEXOJMTh B CTaH € 3

HMOBIpHICTIO
P =Pl <&)=—~— ®3)
A+ u
abo y cTaH €, 3 HIMOBIpHICTIO
A
P =P <m)=—"—1 )
A+ u

€, — BUMOTa IPOAOBXKY€E 0OCIYroByBaTHCh, IepedyBace y

npoMy ctaHi yac min(&,,7) 1 mepexoauTs y cTaH €, 3

HMOBIpHICTIO
P =Pln<&)=—+—— (5)
A, + 1
a0 y cTaH €, 3 HMOBIPHICTIO
A
P =P(& <) =—"—. (6)
Ay + 1

Yac mepeOyBaHHS CHCTEMH y CTaHaX €, €,, €, €,
Ma€ TOKa3HUKOBHH PO3IOJIIT BiAMIOBIAHO 3 MapaMeTpamMu
Ay Aps i+, Ay +

TakuM uuHOM, (PYyHKIIOHYBaHHS JOCIIJKYBaHOI CHC-
TEMH MacOBOTO OOCIIyTOBYBAaHHS OIUCYETHbCS MapKOBCh-
kum niporiecoM & (t) , MHOKHHOK CTaHiB SKOTO € MHOKH-
Ha {el,ez,es,e4}, rpad Horo MOXJIHMBUX INEPEXOiB Ma€

BUTJISA,

[
>

€4
Puc. 1

€ €3 €3

Toii ¢akT, mo B MOMEHT Yacy ! mporec mepedyBae y
crani €,(i =14) Gymemo 3amucyBatu Tak: &(t) =i, 30k-
pema 3rigso 3 Hammm npumnyiueHnsam &(0) =1. IMepexonu

3MIMCHIOIOTHCS 3TiHO 3 BKJIQJICHUM JIaHIIoroM MapkoBa,
SIKAW 32/1a€ThCS TAKOK MaTPHULIEIO:
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0 1 0 0
0 0 1 /(1)
y7,
7 0 0 7 L @)
1 T H 1 T U
0 i 4 0
y+pu A, +u

OcHoBHUMH XapakTepucThkamu mpouecy &£(t) e imo-
BIPHOCTI TOTO, LIO MPOLIEC Y MOMEHT Yacy t 3HaxoauThes
y CTaHi €; 32 yMOBH, 11O Yy OYaTKOBHI MOMEHT BiH 3Ha-

XonuThed y ctani €; . [TozHaunmo ix

P; () =PE® = jl£(0) =i) .

CKOpHCTaBIIKACH POPMYIIOIO TIOBHOI IMOBIPHOCTI, CKJIaZIeMO CHCTEMY (YHKIIOHATHHUX PiBHIHD

P, (t+At) =P, (1)P(&, > At) + P, ()P (7 < At)P(&, > At) + o(At),

P, (t+ At) =P, (t)P(&, < At) + P, (t)P(&, > At) + P, (1) P(7 < At)P(&, > At) + o(At),

(®)

P (t+At) =P, (1)P(&, < At) + P ()P(n7 > At)P(&, > At) + P, (t)P(17 > At)P(&, < At) + o(At),
P (t+At) =P, (1)P(n > At)P(&, < At) + P, (t)P(7 < At)P(&, < At) + o(At).

3BiKM [ICTaHEMO CHCTeMY JIHIHHUX Iu(epeHIliab-
HUX PIBHSHB:

' P11’ (1) =—24, P, (1) + P, (1),
P (1) = AP (t) = A, P, (1) + 4P, (1),
P13, (t) = A,P, (1) — (4 + 1) Pa (t) + A, P, (1),

Py (O =24,P,;(t) = (1, + )P, (V).
IT xapakrepucTuune piBHAHHS:

(9)

X+, 0 —u 0

- X+ A 0 -
. 2 oo v 22+ 4, + )X +
0 -4, X+A,+u -1,
0 0 -4 X+, +u

+ (A + A +10)° + gy + g+ g f)X* +
+ (A Ay + A A, 43 A+ A+ Ay p® + A, pu?)x =0,
OueupHo, mo X, =0, X, =—(4, + 4, + 1) — KopeHi
uporo piBasHHsL. 11le ABa KOpeHi piBHSHHS JicTaHEMO 3

pisrsaE X° + (4, + A, + )X+ LA, + A+ A,u=0,

TOOTO X;, =%(—(/1l + A, ++u)t

2 2 2
A7 42,7+ P~ 2y~ 2api— 200 11)
Toni 3aranpHUl po3B’s30K cuctemu (9) MomaeThes y
BUTJISAIL:
Xot X3t Xqt
P,(t)=c, +C,e"% +Ce™ +c e’
Pra(t) = Cyy + €€ ™ +Cppe™ +C,p8™,
Xot X3t Xqt (10)
Ps(t) =Cy + €072 +Ch0€™ +Cgpe™,
P,(t) =, +C,,°% +c, 6" +c, 0™,
Ockimbkn ReX, <0 mmt k=234, 10 icHytoTh Tpa-
wuui lim Py (t) =c,, (t=14), ski mo3Ha4yuMo BiANOBiAHO
t—+0
7Ty, Ty, Wy, 7, (CTAlIOHAPHI IMOBIPHOCTI).

Crauionapui  xapakrtepuctuku 7, (K :J:l) MOXHa
3HalTH 32 HOpMyITaMu:
_ P M,
My pym, + pam; + pym,

ge P, P, P3, P, — craunioHapHi HIMOBIPHOCTI BKIaje-

V4 (11)

HOro JaHiora MapkoBa, 10 3amaetbcst Matpurnero (7),

53

—i m —i m —ifce eI} Jac
2 12: 3 /13: 4 A, p >

skuit npouec &(t) NPOBOAWTH BIANOBIAHO y CTaHaX €,

, M

e,, €;, e,. CrauionapHi ¥MOBIpHOCTI BKJIaJ€HOIO JIaH-
1rora MapkoBa € po3B’ 130K CUCTEMHU:

_ H
pl_psﬂl-i-,u’
U
= + _—,
P =P p412+y
A
Ps =P, t Py 2 ) (12)
A, +u
p,=p A
! 321"',“,
P+ Py + Ps+ Py =1

SIKY PO3B’sDKeMO rpado-aHali THIHAM METOI0M [6].

3a rpadom mepexojiB BKJIAASHOro JiaHirora Mapkosa
o0y IyeMO HIKHI PEIIiTKA KOXKHOI BEpPIIMHH 1 JUIT HUX
3HAWJIEMO iHACKCH:

JUTS IepILOT BEPIIMHA

1 2 3 4
Puc. 2
1 2 3 4
Puc. 3
U A U H U

» (13)

Iy

L+p Zp+p A+pu p+p A+u
JI7ISL APYTOi BEPIIMHU

Puc. 4
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1 2 3 4
Puc. 5
1 2 3 4
Puc. 6
I “ou
2 A+u A, +u A+u A, +u (14)
S S .
Ay+p A+pu A+ A+pu A, +u
JUIsl TPETHOI BEPILIUHU
1 2 3 4
Puc. 7
1 2 3 4
Puc. 8
A
l,=—22 2 1, (15)
Ay+u A, +u
JUTSL YeTBEPTOI BEPLIMHH
1 2 3\/:
Puc. 9
A
l,=—"2 (16)
A+ p
. I
Tom pk:T,z[e
l=l 41, +1, 41, =2+ —* ad L 17)

dptpt Atp Ayt p
TOYHIIIIE

o, - Ao i+ p1? _
20,4, +34,u+31,u+3u
~ Aaft+ 1 + A
P2 24,4, +3A,u+3A, 430 8)
A, A u+ut +A,u
Ps = 24,0y +3A, pt+34,u+3u%
D, = LA, + A u .
2 A, +34, u+34,u+3u
CkopucraBmuch Gopmyioro (11), maemo
= U i),
o = O Aaft® + D), (19)

1

7Ty =X

()“1/122 +AAu), 7y = %/112/12’

ae
AN=2"2 + 22" + 20 Qg+ Ao i+ 20" i 2 o+ Ayt
Hapemri, BpaxyBasiiu, o

P, (0)=1, P,(0)=Ps(0) =P, (0)=0, P, (0)=—4,,
P, 0)=4, Py (0)=P, (0=0, P, (0)=42,
Po (0 =—4° = Ay, Py (0)=Ady, Py (0)=0,

Ma€eMO YOTUPH CHCTEMH JJI BU3HAYCHHS
C,(i=14k=234)

Cip +Cy5 +Cy =1-1,
XaCip + X3Ci3 + X,Cyy =—4y, (20)
X22C12 + X Cig + X, Cy = 4",
Cy +Cp3 +Cpy =—75,
X3Ca + X3Co3 + X, Cpy =4y, (21)
X, Cop + X5 Cog + X, Cop =—4,",
Cap +Cg3 +Cyy =73,
X,Cgp + X3Ca3 + X,Cq4 =0, (22)
X, Cgp + X5 Cag + X, "Cyy =0,
Copp +Cg3 +Cyy =—7,
X,Cyp + X3Cypg + X,Cyq =0, (23)
X22C42 + X3ZC43 + XAZC44 =44,

TakuMm uYnMHOM, TOOYHOBaHI IepeximHi HMOBIpHOCHI
XapaKTEepUCTHKH, sKi ITOBHICTIO ONHUCYIOTh (PyHKIIOHY-
BaHHS OJHOKAHAJIBHOI CHCTEMM 3 JBOETAIIHUM HaJIXo-
JOKEHHSIM BUMOTH.
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A mathematical model of a single-channel queuing system with increasing intake of applications
Absrtact. Mathematical model of queuing system with the receipt of requests consisting of two stages is constructed.
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Mapmon A.", Tonomé P.', Miya B.*', Bepews M.}, Bopxau €.%, Pizo I.*
Paman cniekTpH Ta NOpPiBHSUIbHUI aHATI3 CTPYKTYPH CTEKOJI po3pi3iB
Astg'GeSQ, A5233—G6233 , Astg'GeS

1 . . . . .
YVarceopodcokuii nayionanvnuil ynieepcumem, m. Yaceopoo, Yepaina

2 . .. . . . .
axapnamcoruil yeopcokuil incmumym imeni @epenya Paxoyi |, m. Bepezoso, Yrpaina
Lenm ¢hizuunux docnioaxcenv Bienepa Yeopcokoi akademii nayk, m. Byoanewm, Yeopwuna

AmnoTtanis. [IpuBeneHi gocmipkeHHss PamMan cekTpiB crekon po3pisiB AS,S3-GeS,, As,S3-Ge,S; , AS,S3;-GeS Ta 3 BUKOpHCTaHHSIM

MEPLIONPUHLIUITHAX PO3PAXYHKIB IPOBE/ICHA iX CTPYKTYpPHA IHTEpIIpETAIlis.
Knrwwuoei cnosa:Paman cnekmpu , xanvkozeHioni cmexaa, pospizu AS;Sz-GeS,, As,S3-Ge,Ss , AS,S3-GeS , cmpykmypa cmexon

Beryn. IIpobnema cTpyKTypOyTBOPEHHS HEKpUCTaIiy-
HUX TBEPJUX Til € QyHIaMEHTaJIbHOO B (Di3UIIl TBEPAOTO
tina [1]. O6uupHa 061acTh CKIOYTBOPEHHS B MOTpifiHii
cucremi Ge-As-S nonyckae HenepepBHY 3MiHY ONTHYHUX
IapaMeTpiB, 10 BaXXJIMBO NPH MOMIYKY CKJIaIiB 3 CyILIb-
HOYB’S13aHOI0 MAaTPHLEIO CTPYKTYPHU ISt CTBOPEHHS MPO-
MCHEBOCTIMKHX €JIEMEHTIB ONTHKH IOTY>KHHX Ja3epis,
HEINiHIHHOI Ta IHTeTrpadbHOI ONTHKK BHAUMOro Ta [4 mia-
Ma30HY, ONTHYHUX MOKPHTH 1 IUTIBKOBHUX IOJIIPU3ATOPIB
[1-3]. B Toii e 4ac JOCHIKEHHS JIOKAJIbHOI KOO IHHA-
i1 aTOMiB B CKIaJHUX CTEKJIAX HA CHOrOJHI € HE YUCEIIb-
HHUMH, LIO MOB'SI3aHE K 3 €KCIEPUMEHTAILHUMHU, TaK 1 3
TEOPETHYHUMH CKJIQJIHOLIAMH iX BHBYEHHS Ta OIIUCY.
YcKnagHeHHs CKIanxy 0OMexye 00’€M CTPYKTYPHHUX na-
HUX, 10 OAEPXKYIOTh AU(PPAKUIITHUM METOJIaMu, i TOMY
Ha TepIIMil IUIAaH JOCHIIKEHb 110 CXeMi CKIaj-
CTPYKTYpa-ANCIIEPCHICTH-BIACTUBOCTI BHCTYIIA€ METOJ
Paman crekrpockormii. MeToro maHOi poOOTH € JOCHi-
JoKeHHST PamaH criekTpiB MOTpiltHUX cTekon cuctemu Ge-
AS-S Ta iX CTpyKTYpHOI iHTEpIpeTaIii.

Mertoaukn gocaimkennb. CHHTE3 CKIONOLIOHNX MaTe-
pianiB cuctemu Ge-As-S 3iiicHIOBaBCA 13 €JIEMEHTAPHUX
KOMITIOHEHT yucToTu “OCY” B-5 B KBapIleBUX aMITyJiax.
BuxinHi KOMIIOHEHTH 3BaKyBaJUCh 3 TOYHICTIO 0 107
KI' 1 HACUINAJIMCh Y BijnaneHi KBapleBi aMIlyJu, sKi 1O-
MepeHbO0 0OPOOIATICh KOHIIEHTPOBAHOIO a30THOIO KHC-
JIOTOIO 1 NPOMHUBAJIMCH TUCTUIILOBAHOIO BojoI0. Hamnos-
HEHI IIMXTOI aMIIyJId 3a JIOTIOMOT'OI0 Ta30KHCHEBOTO
najJbHUKa MporpiBanack a0 temneparypu 400-450 K mos
YCYHEHHs IapiB BOAM 1 3allalOBAJIMChH MiJl BaKyyMOM IIO-
pAOKYy 10" Topp. CuHTE3 CcTeKONT ASyxSi00.x TPOBOIUBCA
MOBUIBHUM HarpiBaHHSAM B TpyOuacTiii eNeKTpHUHIN redi
1o Temmepatypu 900 °C Ta 3arapToByBaHHSAM Ha MOBITPi
JI0 KIMHaTHOT Temrepatypu. Bei 3pas3ku BifnamoBanucs 3
METOI0 BHJIYYEHHS 3QJIMIIKOBHUX HAIPYT, SIKI BUHUKAIOTh
B HUX TIpH 3arapTyBaHHi . [Iporec cuHTE3y repMaHiiBMi-
CTHUX MOTPIHHMUX CTeKoJ, OyB Aemo ckiaaanHimmm. Cro-
YaTKy aMITyjia 3 IIUXTOI0 HarpiBayiachk 3 MBUAKICTIO 250
K/rox no remnepatypu 800 K i BuTpuMyBantace B TakoMy
craHi npotsaroM 5 roauH. 1le A03BOIMIIO 3MEHITUTH THUCK
napiB CipKH y aMmITyjax i 3armoOirtu ix po3puBy B mporeci
cunredy. [loTiM Temmeparypa CHHTE3y IIiJBHIIyBaslach
o 1200 K 3 mBuakictio nopsiaky 100 K/rox. Posmnas
npu wiit Temneparypi BuTpuMyBascs nporsirom 10 ron, a
noTiM 0X010KyBaBes 3 mBHAKicTio 1.5%10% K/ (oxo-
Jo/pKeHHs y Boai). OtpuMani 3pa3ku OyJM OJXHOPIAHUMHA
1 He MICTHJTU BKJIFOYCHD KPUCTATIUHOT (a3u.

* corresponding author, e-mail: v.mitsa@gmail.com
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Jls BUMIprOBaHb BUCOKOPO3AUIbHUX PamaH cHekTpiB
BukopuctoByBaBcsi Bruker IFS-66 intepdepomerp 3
CCD-naerextopom mpueaHanuii 1o Bruker FRA 106 Pa-
MaH Moayisi. B sikocTi jkeperna 30yIKeHHS! BUKOPUCTO-
ByBaBcs Nd:YAG nasep 3 notysxkHictio Oinbiire 500 MBT i
JIOBXKUHOIO XBUII A,=1064 uM (E,;;=1.17 eB). Ilpu mo-
clipkeHHAX PaMaH CeKTpiBCTEKON BUXiTHA MOTY>KHICT
Ja3epHOr0 BUIPOMiHIOBaHHS ckimamana 90 mMBt. Bumi-
pIOBaHHS TPOBOMIMINCE NPH KIMHATHIH Temmeparypi 3
BukopucTtanHaaM 180° koHirypamii. Po3ainbHa 3qaTHICTR
criekTpoMertpa ckimagana ~1 cm™. s BUMiprOBaHHS MiK-
po-PaMaH B cTeks1aX BUKOPHCTOBYBAJINCH TAKOXK CHCTEMA
Renishaw System 1000. [ns 30ymKeHHST pO3CifOBaHHS B
IbOMY BHIIQJIKy BUKOPHCTOBYBABCS JTIOAHUII Jazep 3 10-
BXKHHOIO XBHII A5 =785 HM., (BiAmoBimHa eHepris ¢o-
ToHiB E.5;=1.58 eB).

3 METOI MiJBUILIEHHS JOCTOBIPHOCTI IHTEprperanii
eKCIIEPUMEHTAIIbHUX JITAaHUX, Ta JUIsl PO3YyMIHHS MPOLIECIB,
sIKi BiZIOyBalOTbCS B XaJbKOTEHiaX HPU ONPOMIHEHHI, B
poGoTi OyJO BHUKOPHCTaHO CEPil0 MEPUIONPHHIMITHIX
PO3paxyHKIiB TaKHX XapaKTePUCTUK KiacTepiB ((hparMeH-
TiB CTPYKTYpH) K ONTHMajlbHA I'€OMETpisl, YaACTOTH KO-
JUBaHb (BKJIOYaloun PaMaH-aKTHBHOCTI), CTaOlIbHICTD,
SHEprisl YTBOPEHHs, 3HAYECHHS EHEepreTHYHOI IIUIMHA
tomo. /Iy po3paxyHKiB B OCHOBHOMY BHKOPHCTOBYBa-
JUCh TakKi MakeTH KBAaHTOBO-MEXaHIYHHX MPOrpam sk
GAMESS (US) [4] Ta GAUSSIAN-03 [5]. B skocri 6a-
3MCHHMX Ha0OpiB MPH PO3paxyHKax BHUKOPHUCTOBYBAJIUCH
SK BiZioMi, Tak 1 MogudikoBaHi HaMHu O0a3MCHI HAOOPH.

PesysabTaTH Ta ix obroopennsi. Ha puc. 1. mpen-
CTaBJieHI CHeKTpu PamaH CHEKTpW CKIIO-TIOIIOHOTO C-
AS40Se0(AS,S3), 3HATI MPU PI3HUX JIOBKHHAX XBUIIb Jia-
3epHOro 30ymKeHHs. [IopiBHAHHA IUX CIEKTPIB Ja€ Mo-
KIIUBICTh BUSIBUTH BIZIMIHHOCTI, SIKI BUHUKAIOTh B CIIEKT-
pax npu 30ymkeHHI PamaH-CcHrHATy pi3HHUMH €HEprisiMu
¢doroniB. Bonn HacTynHi: 1) 3MiHIOETBCS IIMPHHA CMYT
Ta 1X MOJIOXKEHHs; 2) BiAOYBa€ThCS MEpepo3NoIiI iHTEH-
CHBOHOCTI CMYT; 3) B CIIEKTpax 3HATUX npu E,>2.41 eB
IOMITHO TIPOSIBISEThCS cMyra 6imst 700 em-. B [3] Gyna
PO3IIIsIHYTa MOJIeNIb HAHOT€TEPOMOP(HHOTO CKIOYTBOPEH-
HS, 3TIIHO SIKOi MATpUII0 CTPYKTYPH CKJIOIMOIIOHOTO
JMUCYTh(iay TepMaHi0 MOXHA PO3MIIAIATH SIK CYKYITHICTh
KJIACTEPIB, IO SBISIOTH CO00I0 (hparMEeHTH BCIiX BiTOMHUX
B cucteMi kpuctaniB. Tak, B cucreMi AS-S BigoMi MoJe-
KYJISIpHI KPHUCTAJIM HHU3bKOTEMIIEPATYPHOI 1 BHCOKOTEM-
neparypHoi a3 AS,Sz, BIANOBIIHO OpHIMEHTa Ta aHOP-
mimMeHTa, y3oHITY AS;Ss, mumopodity (d- As,S;) Ta pizHi
moaudikawii As,S, [1-3,6].
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IHTeHcuBHicTb KPC, BigH. oA.
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4YaCTOTHWK 3CYyB, CM

Puc. 1. 3anexuicts Paman criektpiB ¢-ASySgg (AS,S3) Bijt 10B-
JKUHH XBUJI JTA3EPHOTO 30y/DKCHHS
1) Ay5.1=1064 HM™;
2) hy52=785 HM; 3) A,53=632.8 HMm;
4) }\.;544=5 14.5 HM,
5) Ay55=488 HM; 6) PamaH CIIeKTp MOKPUCTATITHOTO aypHIIiT-
MeHTY AS,S3.

340

IHTeHcuBHicTb KPC, BigH. oA.

250 350 400

o -1
YacTtoTHuin 3CyB, CM

Puc. 2. PamaH crieKTpH HOJIKPUCTANIIYHOTO ayPHUITITMEHTY
As,S3 (1) Ta cxionoaiororo As,S; (2)
Ta pO3paxoBaHMl CIEKTP KiacTepy opriMenTa AsgS;,:
(3) — inTerpanbHuii ciekTp; (4) — CHIEKTP 3 OKPEMHUX rayciaH.
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Puc. 3. ®parMeHTH KpUCTANiYHOI CTPYKTYpH HU3BKOTEMIIEpa-
TypHOI (OpmiMeHTa) Ta BUCOKOTEMIIEpaTypHOi (a3 (aHOpmiMeH-
ta) Tpucynbdiny mumr’sky (As,Ss) [6].

Posnmounemo cTpykTypHYy iHTeprperarnito Paman crek-
TPy CIIEKTpi CTeXiOMeTpUYIHOTO CKIany c-ASs Sg (c-
As,S3), 3uATOTO TIpH A5,=1064 HM (puc. 1, xpusa 1), B
paMKax HaHIPOCTINIOr0 MOJIEKYJSPHOTO HaOIMKEHHS.
Ie HaOIMKCHHS Ta€ MOYKIIMBICTH 3pOOUTH BHCHOBOK, IO
ckiagHa cmyra B Paman cmektpi c-AS,Se 3 MaKCHMY-
mom mipu 340 cm™ ta mepernrom mpu 311 em™ Biznosinae
CHUMETPHYHMM Ta AaCUMETPUYHHM BaJICHTHHM KOJIMBaH-
HaM mipamin ASS; (puc. 1, kpusa 1) [2]. PospaxyHku
KOJIMBHOTO CIICKTPY B PaMKax KJIACTEPHOTO HAOJMKCHHS
NpUBEACHI Ha pHC.2, Ae 3pOOJICHO MOPIBHAHHSA PO3paxo-
BaHoro PamaH cnekTpy 12-4JIeHHOTO KiJIbISI OpIliMEHTa
(puc. 3), chopmoBanoro i3 mipamim ASS; (kimactep
ASgS1,), TUIIOBOTO SIK JJISl @aHOPIIMEHTA TaK 1 Ui KPHC-
TaMigHOTO oOpmiMeHTa AS,S;, 3 eKCIIepUMEHTAIbHIMHU
PamaH cnekTpaMu TONIKPHCTAJIIYHOTO OpIIMEHTa Ta
ckionofionoro As,S;. SIk BUAHO, pO3paxoBaHHil Teope-
THUYHO iHTerpajbHuil cnekTp knactepy ASsSiy (puc. 2,
KpuBa 3) 100pe BiATBOPIOE EKCIIEPUMEHTAJIbHUII CIIEKTP
HOJIKPUCTAJIIYHOTO 3pa3ka OKpPIM OJIHOTO BaXKJIMBOTO
BUKJIIOUYEHHSI: TIOJIOKEHHSI OCHOBHUX CMYT B MOJIKpHCTA-
JIYHOMY 3pa3Ky OpIliMeHTa crocTepiraerbes mpu 310 i
355 e, Tomi AK PO3paxoBaHOMY IHTETPATEHOMY CMYTH
cnoctepiratotecst mpu 334 1 344 emt Bigmitumo, 1o
cMyra npu 330 cM™ € HaiiGiibl iHTEHCHBHOIO B PamaH
CIEKTPI HEJIABHO BIJIKPHUTOrO KPHCTAIY aHOpIiMEHTY [6].
AwHani3 crhiBiCHYBaHHS B MaTpULi CTPYKTYpH c-AS;Sso
KJIacTepiB aHOPIIMEHTY 1 OpHIMEHTYy NOTpedye Mmojaib-
IIOTO BUBYEHHS, Pe3yJIbTaTH SKOr0 OyAyTh NPHUBEJCHI B
HACTYIHHX poOOTax.

3ocepenMMoch Jalli Ha BHUSBICHHX B PamaH cmekTpi
c-AS40Sg0, (puc. 1) crmaboinTeHCHMBHHX cMyr npu 187,
222 cm™t Ta mepermmy mpu 360 cm’ Ta cmyrnm mpu
233 cm™. Tloenanns mpuBenennx B Tabm. 1 pospaxosa-
HUX JIaHUX 4acTOT KOJIMBaHb MOJIEKYJ peajibrapy Ta Ia-
papeanbrapy criipHO 3 aHajti3oM Paman crniektpy (puc. 1)
BKa3ye Ha Te, 0 B MAaTPUI CTPYKTYPH €-AS4Seo TPHUCY-
THsI HEBEJIMKA KUJIbKICTh HAaHO(A3HUX BKIJIIOYEHb MOJIEKYIT
peanmbrapy B-As;S,; 1 mapaneansrapy p- AS;S;. I3 3poc-
TaHHSAM eHeprii 30y/pkeHHss PamaH curHany BHSBJICHO
psan edexTiB BKa3aHWX BHIIE, MOB’S3aHUX 3 MOXIIUBOIO
Moaudikariero Moiekyn AS;S,. Ockinbku 3mMiHu B Paman
CTIIEKTpax IOB’si3aHI B OCHOBHOMY B O0JIACTi KOJWUBaHb
kimactepiBe As;S; (auB. Tabmd. 1), TO 1A MOSCHEHHS MPO-
LeciB, SIKi BiIOYBAarOTHCS, NMPH ONPOMIHEHHI JIa3epHUM
BUIPOMIHIOBAHHSM CJIiZI NPOBOAWUTH aHaNi3 KOJMBHHUX
CIIEKTPiB KpUCTANIYHUX Monmudikauin As,S,. Skmo - i
a- As,S, xpucraniuni moaudikamii peansrapy BiIpizHs-
I0ThCS TIIBKH YIIAKOBKOIO OJIHOTHITHUX MOJeKys AS;S, B
KpUCTAIIYHy TpaTKy, TO B Tapapeayibrapi BiIMiHHOIO €
TAKOX JIOKAJIbHA CTPYKTypa MOJIEKyT AS,S, [2].
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Puc. 4. Paman criekTpH CTEKOJ po3pizy
(As253)x(GeS2)100-x (M152=785 M)
Ta6uus 1. YactoTu komusaub ( V), inTercusrocti KPC (1579),
cwoBi mocriiiui (f) KP-aktuBHMX ( I¥P€>3 A%a.0.M.) BanenTHuX
ta nedopmariiianx Mox af)-AsS;Ss 1 p-AS,S,, po3paxoBani
merogom DFT (B3LYP/6-311 G*).

vemt [P A%a.om [f, MILiw/A|  BumHECEHHS
. o(B)-AssS,
171/181" 7.1 1.2 [Vip(As-As)
178 /188 15.7 12 |vy(As-As)
219 32 1.7 |3(S-As-S)
220 105 2.0 |8(As-S-As)
228 4.1 1.1 |3(S-As-S)
347 13.7 2.8 VE+A(S'AS'S)
362 43.9 2.8 |va(S-As-S)
P-ASsS,
174 10.5 0.8 [3(S-As-S)
186 55 0.8 |3(S-As-S)
207 6.4 1.5 [3(As-S-As)
218/228" 10.9 1.9  |va(As-As-As)
222/232" 3.4 20  |ve(As-As-As)
240 6.9 21  |8(As-S-As)
315 36 2.2 |V(As-S)+va(S-As-S)
331 4.3 25 |ve(S-As-S)
336 19.8 24 |va(As-S)
347 33.0 2.6 |va(As-S-As)

8, v, A, E, ¢ i np — nedopmariiini i BaJieHTHI, CHMETPUYHI, He-
cHUMeTpHuHi, (a3Hi, npotudasHi KOJUBaHHS BiAMOBIAHO; * —
KoperoBani 4actoTi AS-AS KOJIHBaHb
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ToMmy mepepos3noaisl iHTEeHCUBHOCTEH B o0jacTi Ba-
NeHTHUX KoimmBaHb AS-AS (tabx. 1) BimoOpakae TpaHc-
dopmartito  a(B)-As;Ss—p-AssS, (puc. 1, xpusi 2-5):
3MEHIIIEHHS {HTEHCHBHOCTEH cMyr mpu 187 i 220 cm™
(xapaktepaux st o(f)-As;Ss) CYyIPOBOIKYETBCS OIHO-
YaCHMM 3POCTAHHAM IiHTEHCHBHOCTeW cmyr mpu ~230-
239 em™t (xapaxTepuux s p-As,S,) . Kpim Toro, 3po3y-
MUINMH € 1 3MiHM B 00JIaCTi BAJICHTHUX KOJHMBaHb AS-S:
3MEHIIEHHS {HTEHCHBHOCTI aybmery 342 i 362 cm™
(0-,B-AS4S4) CynpPOBOKYETHCS 3MILIICHHAM [IUX MIiKIiB 10
~330-336 i 349 cm™ (p-As,S,). TakuM unHOM, mWOG YHH-
KHYTH HOJIMOP(HUX NEPEeTBOPEHb peajibrap-rnapapeans-
rap IpH 3MCEHIICHHI JOBXHWHHU XBWII 30YIDKYIOUOTO BH-
MPOMIHIOBaHHA  Bil  Ay;51=1064 HM;  Ay5,=785 HM;
As63=632.8 HM; Ay54=514.5 HM; 100 Ay55=488 HM mpu mOC-
JmiKeHHI PaMaH CHEKTpiB MOTPIHHUX CTEKOJ CHCTEMHU
Ge-As-S 3 MOXJIMBUMH HaHO(a3HUMH BKIIOYCHHSIMH,
HaM TOTPiOHO Oyio BUOpaTu mxepena 30ymKkeHHs Paman
CUTHAJy SIK MIHIMYM B iH(padyepBoHili 001acTi BUIIPOMI-
HIOBAHHS — A51=1064 HM; A,5,=785 HM.

Sk BumHO 3 puc. 4, Ans cTekon pospizy As,Sz;-GeS,
MaKCUMYMH, XapakTepHi st c-GeS,, MoYMHAIOTh MPOsB-
astucs B PamaH criekTpax MOYHMHAIOTH MPOSIBIISITHCS B
Paman criekTpax CTEKOJ, MO MicTATh He MeHmIe 40 Mo
% GeS,(puc. 4., xpuBa 3). B PamaH cmekTpi ckiamy
(AS,S3)60(GES) 40, KpiM HAHOITBII IHTEHCHMBHOI CMYTH
npu 340 cM™, crioctepiraerses mepernH Gims 375 e i
BHHHKA€ HOBHiT MaKcHMyM Oinst 435 cm™.

B pamkax kigacTepHOi mMoneni OyZOBH CTEKOJN MakCH-
MymHu ipu 375 emti 435 emt moxna BIIHECTH 10 KOJIH-
BaHb YOTHPHOXWICHHHUX Kijenpb i3 TerpaeapiB GeSyp,
3B’s13annX pedpamu [7]. Cymyrn npu 375 i 435 em™ oxHa-
KOBO IIiJICHJIIOIOTBCS B pe30HaHCHUX crekrpax KP mpu
BUKOPHCTAHHI B SIKOCTI JpKepena 30y/PKeHHsI aproHOBOTO
nazepa 3 A= 480 um [8,9]. st crexon (AS,S3)x(GeS2)100.x
npu 100<x>60 CnaboiHTeHCUBHI cMyru B obmacti 190-
300 cM™ moKHa pO3IIILAATH SIK Pe3yJbTaT HAKJIaJaHHS
CMYT, 1[0 3yMOBJICHI KOJIMBAHHIMH aTOMIB B HAaHO(a3HUX
BKIIOUCHHSX P -As,S, npn 187, 222 em™ ta mapapeans-
rapy p -As,S4 6ims 200 ta 230 eM ™ (uB. Tabm. 1). I3 3po-
craHHsM BigHomenHs 10 Ge/S=0,5 B noTpiiiHuX cTeknax
nipu 0<x>40 B o6macti 200-300 cM-1 mposBiIsETHCS Ccina-
OOIHTEHCHBHA CKJIHA CMyra 3 MaKCHMyMOM Oifst
250 cm™. J{ist 36iMbIIEHHsT JOCTOBIPHOCT 1i BigHECEHHS
PO3TIITHEMO SIK BIUIMBA€ IHTEHCHBHICTH IIi€i CMYTH TpH
36inbinenHi BigHomenns Ge/S=0,66 B ckionoaibHOMY c-
Ge,S; (pI/IC. 5)

OgHodyacHO 3 pocToM cMyrd mpu 250 cm™ B Paman
cnektpi c-Ge,S3 3pocrae iIHTCHCUBHOCTh KOJHBaHb OiIs
400 cm™. Lleit ogHOuacHHMit pict iHTeHCHBHOCTEH 000X
CMYT MOXHa 3B'SI3aTH 3 IOSBOKO B CTPYKTYpI CKIa “mede-
KTHUX” 5-M WIEHHHMX KUIBLEBHUX KJIACTEpiB , KOJMBAaHHSI
Ge-Ge 3B'A3KIB SIKMX, YITKO MPOSBISIOTHECS IpH 255 1 400
cM™ B paHHiX po6GoTax Taki KOIMBaHHS Gy BimHeceHi
J0 “eTaHonomiOHUX” MOJIEKYJ, IO 3 SABISIOTHCS B MaT-
pHIi CTPYKTYpH cTekos cuctemu Ge-S mpu BigHOMICHHI
Ge/S>0,5 [1]. B nopiBusani 3 ¢-GeS, (Ge/S=0,5) 3 noxa-
JBIIMM  3pocTaHHsM BigHomeHHs Ge/S B C-Ge,S;3
(Ge/S=0,66) BinOyBaeTbCcs AenoiMepizallis IapyBaTHX
KJIACTEPIB NUISXOM BIAIICIUICHHS BiJl O-TUWICHHUX Ki-
neup 4-uneHHuX Ge€,S;.47, Ha MO BKAa3ye 3MEHIICHHS
iHTeHcHBHOCTI KoMMBaHp Oimst 370 i 430 oM™ (puc. 5.
kpuBa 3).
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Puc. 6. Ctpykrypa kiacrepis cynabdiny repmaniro (X=S) [10]

MOKIUBICT YTBOPEHHS JAHITIOTIB 13 4-WICH-HUX Ki-
nenb Ge,Syi4p nenoniMepusartii imoctpye puc. 6. Kinre-
Bl aTOMH CIpKH 3 NoABiiiHMMH 3B’ si3kamu Ge=S B po3pa-
XOBaHOMY KOJMBAJBbHOMY CIHeEKTpi kiacrepiB Ge,Sp,
NPUBEJCHUX Ha pHUC. 6, MAIOTh YaCTOTH KOJHBAHb, IO
nexats Bia 500 10 550 emt [10].

Sk BUAHO 3 pHC. 5, B €KCNEPUMEHTAJIBHOMY CIIEKTpi
sk c-GeS; Tak i c-Ge,S3 B ipoMy iHTEpBaii IilicHO mpH-
CyTHI crmaboiHTeHCHBHI KoimBaHHA. [loniOHe WacToTHE
MOJIOKEHHS MAlOTh KOJIMBAHHA KIHIIEBUX aToMiB AS=S B
rpoHONOAIOHNX KiacTepax AS,Sp, M0 BXXe eKCIEPUMEH-
TaIIbHO BUSABJIECHO B Paman cmektpi c-As,S;, 3arapToBa-
Horo Bix 500°C [11]. IIpo yTBOpEeHHS OJUHOYHUX S-S 3B’513-
KiB B JIeeKTHHX KiTbLIeBUX Kiactepax GesSs.qp (S-S) crin-
YUTh €200 IHTCHCUBHA cMyTa mpu 492 em?t (puc. 4). Io-
ni0HO 1o HaHO(a3HMX BKIIOYEHb peanbrapy Ta napape-
anprapy B c-AS,S;, iIeHTH(}IKOBaHUX MO AaHUM aHaJi3y
Paman cnektpy (puc. 1), B pi3HUIIEBOMY CIIEKTpi CTEKOJ
Ge,S;ta GeS, {lRGezsg'lRGESZ(T2VZ)} (pI/IC 5) B TIH K€
CHeKTpanbHill oOmacti sk 1 B Paman cmektpi c-AS,;S3
(puc. 1) 4iTKO TOSBISAETHCS CKIAIHA CMYyTa 3 MaKCHMY-
MoM npu 231 oM™, XapakTepHa i KOJNWBaHb aTOMIB B
KJlacTepax Ha OcHOBI mipamin SGez; 3 TOTPiHHO KOOpAH-
HOBAHOIO CIPKOIO MO repManitoo. Jpyruii MakcuMyMm Ko-
JMBaHb KiacTepiB Ha ocHOBI SGez3 B po3paxoBaHOMY i
eKCIIepUMEHTAIbHOMY pi3HHLEeBOMY criekTpi {IrGe,Ss-
IrGeS,(T,V,)} mposiBisteThes mpu 246 cm™ (puc. 5, kpu-
Ba 3). TobTo ckiagna cmyra B Paman criektpi C-Ge,S; B
obmacti xomuBaub Bix 200 g0 280 cM™ (puc. 5) Moxe
BUHUKATH BHACITIZIOK HaKJIaJaHHS 4acTOT KOJIMBaHb Je-
(dexTHHX 5-W WIEHHWX KibIeBux kiactepiB 3 Ge-Ge
3B’si3KaMu TipH 250 CM™' | KONMBAHE KIIACTEpiB 3 MOTPIii-
HOI0 KoopauHariero Ge mpu 200, 230 i 246 cm™ | xapak-
TEPHHX JUIS1 KPUCTAIIYHOTO MOHOCYIb(iny repmaniro [1].

[MopiBHIOIOUH X iHTCHCHBHICTH B PamaH criekTpax C-
GeS; ta c-Ge,S;3 (puc.5 ) MokHa cKkasaru, 0 B MATPHILI
cTpykTypu c-Ge,S; hopmyroThest HaHOGA3HI BKIFOUCHHS
GesSsian (Ge-Ge) 1 SGes-Sgjz, BMICT KX MEPEBEPINYE iX
BMicT B c-GeS, . AHAIOTiYHO 10 BUSIBIECHUX paHimre [12]
HaHO(a3HUX BKJIIOYCHB BUIbHOTO GE B IUTIBKaX HA OCHOBI
c-Ge,S;, Hamu BusiBneHui neperun oits 300 cem’ B pi3-
uunesomy crektpi {IrGe,S3-1rGeS,(T,V,2)} (puc. 5) po-
3MIlIEHUH B 00JIaCTi YacTOT, JIe MPOSBISIOTHCS KOJIUBaH-
Hs1 amopduoro repmaniro a-Ge [1]. Ile mae migcraBy ro-
BOPHUTH TIPO HAsSBHICTh TAKOX 1 B cKii c-Ge,S; HaHO(Da3-
HUX BKIIOYEHBb BUTBHOTO TepMaHif0. TaKuM 9UHOM IIOpi-
BHSUIBHHU aHami3 PamaHn cmektpiB c-GeS; i c-Ge,S; Bka-
3ye Ha Te, WO 30iibHIeHHs BigHomenHs Ge/S B ocraH-
HBOMY IPUBOJHUTH A0 (OpPMYyBaHHs CTPYKTypu c-Ge,Sz
HIECTUYIICHHUMU KUTbLSIMH GE€3S3.6/2, YOTUPHOXUICHHHU-
MU KUTBIIME  G€,S5440, MEHEKTHUMH I ITUWICHHUMHA
KinbisiMu Ge3Ss.a/n (S'S), GesSsiap0 (Ge'GE), SGes-Sg3 Ta
KJIacTepaMu Ha OCHOBI €.0.Geyyy.

PosrnsHeMo mani eBomroriro Paman crektpiB po3pi3y
(GeSs)x  (AS2S3)100x (puc. 6). IlomoxeHHS OCHOBHHX
cMmyr B Paman criekTpi ckia nporo po3pisy 3 x=80 noai6-
HE JI0 TIOJIOKEeHHS cMyT B c-Ge,S; (puc. 5), cTpykTypHa
IHTEpIIpeTalisl KOJIMBHUX CMYT SKOTO NPOBEAEHA BUIIE.
Hust x=60 B Paman criextpi crexon (Ge,S3)y (AS2S3)100-x
YITKO MPOSBISIOThCA cMyra npu 270 cM ™, sKa € OfHIE
13 HaOIIBII IHTEHCUBHUX CMYT B PamaH ciexTpi Kpucra-
maigaoro As;S3[8], chopMOBaHOr0 3aMKHYTHMH KJACTE-
pamu AS4Ss, pPO3paxyHKH KOJHMBaHb SIKOTO MPEICTAaBIICHI
B TaOi. 2. B o6macti 180- 240 ¢cm™* B Paman CIIEKTPi IhO-
rO CKJa 3’SIBIISIIOTBCS CMYTH, XapakTepHi Ul peajibrapy
Ta mapapeansrapy (puc. 7). Cmyra npu 340 eM™ ckia 3
x=60 BKa3zye Ha IPUCYTHICTb B MA-TPHILI CTPYKTYpH Ki-
neub GegSsign, @ cMyrm 3 Makcumymom Outst 250 i
400 cm™ — Ha HasBHICTH Kiltenb GesSs.qp (Ge-Ge).
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Puc. 7. PamaH crieKTpu CTEKO po3pi3y
(Ge2S3)x(AS2S3)100-x (As5.2=785 HM)
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Puc. 8. Paman criekTp cTekoa po3pi3y
(AS253)x(GeS)100-x (A52=785 1m)

3 poctom X Big x=60 mo x=10, iIHTEHCUBHICTb CMYTH
npu 270 em™ 3MEHIIYETHCS, & IHTCHCUBHICTh KOJIMBAHb
xapakTepHux st P-AssS, Ta r-AsyS, 1o x=20 3ammmia-
€Thcs 3HAYHOKW. OJHOYACHO 3 POCTOM X BIIMOBIIHO 3Me-

60

HIIEHHAM BimHoureHHs Ge/S B MOTpidHMX CTEKIax, 3Me-
HIIYETHCS IHTEHCHBHICTH KOoJHMBaHB B oOmacti 400-450
cM™, IO CBiTYMTE PO 3MEHIIEHHS 0N B MATPHII CTPY-
KTypH CTEKOJ IIeCTHWIeHHHX Kinenb Ge3Sziep Ta
I ATHAICHHUX Kiterb GesSsiqn (Ge-Ge). Ilpu wHabmu-
*eHHi 10 C-As,S; (X=10) Paman criekTp TOTpifiHOTO CKiIa
noaibHuit 1o Paman criektpy 6inapHoro C-As,S; (puc. 1).

ITpu 36inpiuenHHi BigHoueHHs Ge/S=1 st kpaitHbOro
unieny (GeS) po3pisy (AS,S3)x(GeS)ig.x , Paman cnektp
cxna npu x=90 (puc. 8) moniOumii 1o Paman crexTpy
cka po3pizy (GeySs)x(AS;S3)100.x IPU aHAIOTIYHOMY BMi-
cti As,S3 (puc. 7). ToOTO M1 MOTPIHKUX CTEKONI 000X
po3piziB, Omu3pkux M0 AS;S3 cTpyKkTpa € moaidHoMo. I3
3pPOCTAaHHAM X JAOMiHyI04010 B obmacti 180-300 cm™ e
CKyIajHa cMyra 3 MakcumymoM 218 ev™ | Ha BHCOKOUaC-
TOTHOMY KPHJIi SIKOT MOMITHOIO € 1o0pe po3aijiceHa cMyra
npu 232 em?, a Ha HU3bKOYaCTOTHOMY KPHIII YiTKO BH]I-
HO 1Bi cmyrH mipu 187 1 208 cm-1. HaitOinpm iHTeHCHBHI
i3 cMyr mpu 218 Ta 232 cM™ € XapaKTepHHMHU IS KOIH-
BaHb 3B’s3KiB AS-AS B MOJIEKyJIaX peayibrapy Ta mapape-
anprapy BignoBinHo (tadum. 1). ITpu 90<x<60 iHTEHCHB-
HicTh MakcuMyMy mpu 218 oM™ 3poctae, MmO CympoBo-
JOKYETHCSI PO3IBOEHHSAM HAaHOUIBIII IHTEHCUBHOTO MaKCH-
Mymy mpu 340 cM™ i BHHHKHEHHSIM WiTKOI CMyrH mpH
361 cm™. Pict 060X CMYT 9iTKO CBIiIYHTH IPO 3POCTAHHS
B MATpPHI CTPYKTYPH TMOTPIHHHUX CTEKON HaHO(AZHUX
BKITIOYCHB, XapakTepHuX s B-AsS;S,. IIpu 50<x<40 in-
TEHCHBHICTh CMYT,XapaKTEePHHUX I KOJHMBAaHb aTOMIB B
B-As;S, 3menmyeThes i B Paman criektpi B obmacti 180-
300 cm™ moumHae oMiHyBaTH KOMMBHA Mojxa mpu 270
cM, xapakTepHa IS KOJMBaHb 3B°s3KiB AS-AS B As,S;
(Tabu. 2) , iIHTCHCHUBHICTH SIKOT HEMEPEPBHO 3pOCTaia Mo-
annatoun 3 x=70. Pict inTencusrocti mpu 270 cm™ cy-
TPOBOKYETHCS. 3CYBOM KONMBHOI MOmM Bim 340 cm™
(x=60) 10 350 cm™, T06TO B GiK PO3MIILEHHS KOIUBAHD
BaJIeHTHHX 3B’513KiB AS-S B AS;S;3 (Tabi. 2).

Ta6mmus 2. Yacrorn v (M) Ta Paman-inTeHcHBHOCTI
[Pavan (A%/a.0.M.) KonmBaHb Kimactepy As,Ss, po3paxoBaHi

merogom DFT/Stuttgart RLC ECP (nd).

Kiacrep v,em’t | Paar
A,S;3 180 4.2
187 7.7
198 6.8
201 7.0
228 8.4
271 28.4
327 4.6
329 45
357 211
368 2.0
369 2.3
BucnoBkn. Ilpu BigXuieHHI CKiIagy HOTPIHHMX

CTEKOJI BiJ CKJaay CTEKOJ TICeBAOOIHAPHOTO pO3pi3y
As,S3-GeS, i 30inbmenni BigHomends Ge/S Big 0,5
(GeS,) mo 0,66 (Ge,S3) i 1o 1.0 (GeS) B kpaiinix wieHax
pOBpiBiB ASZSg'GeSZY AS,S3-Ge,S;, AS,S;-GeS Biamosi-
HO, B MAaTpPHIli CTPYKTYPH IOTPIHHMX CTCKOA AS)Ss-
Ge,S;, As,S3-GeS 3 pocrom Ge/S B 061acTi IPOMIKHUX
CKJIAJIIB HAPOCTA€E BUJALICHHs HaHO(a3 peanbrapy, napa-
peanbrapy (As;S,) Ta mumopdity (AssS3). IIpu 3poctanHi
Biguomenus: Ge/S B crexnax (AS,S3)x(GeS)1g0.x pu x=45
JIOMiHYy€ BUJIJICHHSI HaHOKIacTepiB TUMophiTy AS,Ss.
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ponents of a computer system

Introduction. The need in high-performance computing
in the world belongs to the fundamentals of the strategic
potential and has important scientific, technological and
national economic significance. To date, there are two
basic methods of increasing productivity and performance
of computing systems: the use of more advanced element
base; parallel execution of computational operations.

The first method involves a very significant invest-
ment. Experience of the firm CRAY, which has created a
supercomputer based on gallium arsenide showed that the
development of a fundamentally new element base for
high performance computing systems is a daunting task
even for such big-name corporations. The second method
dominates after the announcement of the government
program “Accelerated Strategic Computing Initiative"
(ASCI) in the United States.

Given the above, we note that in recent years the process
of creating high-performance systems developed mainly in
one direction: combining many parallel processors for the
solution of a large and complex problem [1-4]. In this re-
gard, one often identifies today a concept between a super-
computer and parallel (multiprocessor) computer system.
To build supercomputers one takes serial microprocessors
provided with their local memory and connected via a
communications medium. This architecture has many ad-
vantages: if necessary, one can add processors, increasing
the productivity of the cluster; if financial resources are
limited or the necessary computing power is known in ad-
vance it is easy to select the desired system configuration.
The name of such systems emphasizes theoretically unlim-
ited scalability devices of this class.

Analysis of ways to develop high-performance systems
shows that the real turning point in mastering the parallel
computing technologies can be achieved in the developing
of additional (actually base) level in the hierarchy of capac-
ities of hardware multiprocessor computing systems MPP-
architecture or the personal computing clusters. Thus, it is
proposed to establish the foundation of the pyramid hard-
ware technology for parallel computing as personal compu-
ting clusters similar to the existing instruments with tradi-
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tional technologies in the form of sequential computations
as the PC. As computers have ceased to be exotic after
widespread of the PCs as well mastering techniques of par-
allel computing is only possible as a result of widespread
use of the PCs. In this case, if the beginning of the common
use of PCs belongs to the other half of eighties , the mid-
first decade of XXI century should be considered the be-
ginning of the spread of personal calculable clusters in the
form of multiprocessor computer systems with distributed
memory. Scope of these systems application is very wide:
mastering the parallel computing technology, creation and
debugging of parallel programs, including problem-
oriented packages and libraries, as well as run of the model
developed software.

This paper shows that the problems that arise when de-
veloping parallel computing systems usually are para-
mount and require in-depth study and research. Indeed, a
distributed (parallel) computer modeling covers the entire
spectrum of modern computing: supercomputers, cluster
computing systems, local and wide area networks, etc. In
addition, distributed modeling permits to solve problems
that require large amounts of CPU time to integrate math-
ematical models processed on different (including geo-
graphically distant) computer systems. In this regard the
problem of designing computing clusters, as well as the
development of numerical algorithms for parallel proces-
sors are relevant and paramount.

Statement of the problem. The work is devoted to the
modeling of high-performance multiprocessor architec-
ture of data processing systems used to solve problems
with the expanding field of computing. At the same time
there is difference grid dimension M; time of computing
the problem by using a single-processor system is deter-
mined by the value t. This parameter is not determinative.
The principle is increasing of the grid size, wherein more
than one that may be processed in the memory of one
processor. This procedure is decisive for a more detailed
calculation or getting some new effects of the investigated
processes. To solve this class of problems we propose
multi-processor system which is characterized by high
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reliability and high energy efficiency. The technical result
is achieved due to the fact that the system contains a sepa-
rate re - configurated network for the exchange of data
between computing nodes, more manageable and running
in parallel switches, the intermediate buffer memory
switches. Such a system also provides nodes' network
booting and the mechanism to reserve key components.

Analysis of recent research and publications. In
modern conditions the cluster systems are constructed by
use of computing nodes based on standard processors
connected by high-speed system network (interconnect),
and, usually, by auxiliary and service networks. However,
in recent years the leaders in manufacturing hardware
computer technology offer a form factor: in particular, the
companies IBM, LinuxNetworx and others have at their
disposal a cluster solution built on the basis of so-called
blade technology. In the practice of parallel computing
the following problem is considered: there is difference
grid dimension M; computation time when using a single-
processor system is determined by the value t. This pa-
rameter is a decisive and critical. Principle is to reduce the
time for solving the problem. The procedure itself is de-
terminant for design of new processes to meet the chal-
lenges of medicine, military affairs, and others.

There are many computing systems with the shared
memory which are oriented on solving of the task. These
systems involve the processors united with definite com-
mutation environment. Among them there are Intel Para-
gon, IBM SPI, Parsytec, Blackford MultiCore and oth-
ers.The differences between these systems depend on the
type of processors and the structure of communicative
area. The typical example of such systems may be pre-
sented by the cluster Blackford MultiCore [5].

Nevertheless, it should be noted the following disad-
vantages of a multiprocessor system:

1. Low real productivity solutions of strongly coupled
tasks.

This disadvantage due to the fact that the peak perfor-
mance of the compute node is equal to 37.28 GFLOPS,
and the communication environment for all nodes in the
cluster system could exploit one Gigabit network.

2. The high cost of the system.

Lack of is predetermined by application processors
specialized components, housings format 1U/2U, spe-
cialized air conditioning systems, high-power UPS sys-
tems, and more.

3. High power consumption and high operating costs of
the system. The reason is the need for high energy con-
sumption for infrastructure the entire cluster system (8
kVA, 10 kVA),which increases the cost of holding the
cluster. To create conditions for the reliable operation of
the cluster we need to reserve the necessary components
to form a cluster, and this, in turn, increases the cost of
operating a cluster system.

4. Complexity of the cluster operating.

The reasons for this lack can be explained by two fac-
tors. Firstly, there is a need to retain staff of certified spe-
cialists for adjustment, operation and maintenance of the
cluster system. Second, the operating system is installed
on each of the compute nodes, so in the event of failure or
the need for changes in the system or software one has to
migrate each node separately. All this leads to an increase
in system downtime.
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It is also known that the efficiency of the parallel com-
putations significantly depends on many factors, one of
the most important is the specificity of the data transfer
between neighboring nodes of a multiprocessor system,
because this slowest part of the algorithm can negate the
effect of increasing the number of processors used. These
questions considered to be critical in the process of mod-
eling of a wide class of problems with the help of modular
multiprocessor systems and today these are being ad-
dressed by many researchers [4, 5, 10].

In practice of parallel computing the known module of
a high effective multiprocessor system on high alert con-
tains [6] one master node (MNode001) and five slave-
computing nodes (NNode001, NNode002, NNode003,
NNode004, NNode005), three controlled switch (SW1,
SW2, SW3), intermediate buffer memory switches, re-
configurated network for the data exchange between
computing nodes, virtual LANSs, the redundancy mecha-
nism of key components, and also provides network boot-
ing nodes. Commutative network multiprocessor compu-
ting system operates in two modes: having topology of
the star type or of the circle one. This cluster system is
based on blade technology. It is a densely packed module
processor of a blade type installed in the rack. The rack
inside contains nodes, devices for efficient connection of
the components of the control equipment internal network
systems, etc. Each blade cluster runs under its copy of the
standard operating system. The composition and output
nodes may be different within the same module, and a
homogeneous unit is considered in this case. The interac-
tion between the nodes of a cluster system is installed
using the programming interface, i.e. specialized function
libraries. In designing the multiprocessor system special
attention was paid to the possibility of extension or modi-
fication of the cluster in the future.

Among the disadvantages of such a system we can call:

1. Inability to use such a system for solving problems
with an expandable calculations' area. The disadvantage is
predetermined by the fact that the communication envi-
ronment for all nodes of a cluster system is designed to
use one-gigabit network. In solving problems with an
expandable area calculations we will meet the overload of
network resources of the system as so the processors will
be forced to idle and the system will work only on the
organization of the data exchange between its nodes.

2. Low real performance for tightly coupled tasks. This
disadvantage is connected in a one-gigabit network laten-
cy at which most of the time will be spent for data ex-
change and synchronization .

3. Limited and specially oriented range of problems
that can be solved with the help of such a system. This
disadvantage is due to the fact that the solution of prob-
lems with using commutative computer network system is
based only on the use of two modes. The first mode simu-
lates the network star-topology, the second simulates the
circle-topology t. These modes are oriented to implement
data exchange limit depending on a restricted class of
problems solved by the proposed cluster.

4. Limited expandability of a multiprocessor system.
The reason for this deficiency is caused by using one-
gigabit network, so during expansion of a cluster system
the number of its blades will be limited because of an
overload of network resources.
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Unsolved part of the problem. The existing multipro-
cessor computing systems are not focused on solving
tasks with an expanding field of computing. Acting meth-
ods of analyzing the effectiveness of multiprocessor sys-
tems do not allow to determine the optimal number of
nodes to solve the mentioned above class of problems. At
the same time the proper development studies on the
analysis of the influence of the network interface on the
efficiency of such systems have not acquired. In addition,
for evaluating the effectiveness of a computer system the
basic analytical relations through the parameters of the
studied system are not presented.

The purpose of the study is to provide a multi-module
computer system, the real efficiency and productivity of
which would peak at solution strongly coupled problems
and problems with an expanding field of computing. And
in addition, the system must have high reliability and high
energy efficiency. Units of the claimed device must be
equipped with the help of computer technology of mass
production. These solutions allow to design the claimed

system in universities, research organizations, research
centers. Due to the significant demand for blade configu-
ration systems within the domestic market the further
development of blade technology for the construction of
the cluster computing system should be acquired.

Basic results of research. Design features of the mul-
tiprocessor system. Multi processor module system in-
cludes one master node (PMO001) and slave-computing
nodes (PNO01, PN002, PNO03, ..., PNOON), two con-
trolled switches (KGI, KIB), intermediate buffer memory
switch KGI, reconfigurated network for communication
between computing nodes, VLANSs core redundancy com-
ponents and also provides a network boot nodes. Commu-
tative multiprocessor computing system operates in six
modes: star, circle, ruler, complete graph, grid, lattice
closed. These modes have been focused on the implemen-
tation of the limit data exchange representing the particu-
lar problems which are solved using the proposed system.
Fig. 1 shows its block-diagram.
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Switch IB - Fig.1. Block diagram of the

multiprocessor system

Distant access to the resources of the system can be
provided via the multiprocessor workstations (1) connect-
ed to the INTERNET (2) through a personal firewall (3) of
a university network. Internal access to the resources of
the system is ensured through multi stationary station
working groups and laboratories of a university (6), per-
sonal mobile laptop station (7), the experimental laborato-
ry (8) and through personal workstation operator of the
multiprocessor system (10).

64

Fig.2. Communication modes desktop PC with the mul-
tiprocessor system

Features of functioning of a module in the multipro-
cessor computer system. After the power supply to the
power supply master node (ATXm) and external signal
START of control module POO we notice the startup and
initialization of the master node module system. Loading of
operating system directly can be performed either from the
hard disk or CD / DVD-devices. After downloading of the
operation system the specifically oriented configuration
script that sets up the work of DHCP-server also runs. In
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addition the number of computing nodes of the system is
determined on this step and, if necessary, there is access to
the Internet environment or to an external network. Also
the basic parameters are determined. Consistent power
supply to (ATX1 — ATXN) and initialization of slave-nodes
reduces the required power for unit UPS, runs all the com-
puting nodes and slave-load operating systems in them.
After downloading and debugging of all computing nodes
of the cluster the appropriate script is finalized and the sys-
tem is ready to perform parallel computations.

Master node (PM001) through the switch KGI provides
the direction of data related to the management, diagnosis
and downloading of the tasks' conditions. In turn, the slave-
nodes respectively to the solving algorithm, implement the
mode of computation required. Exchange of data between
computing nodes is organized as a separate network with
the help of a managed switch KIB. To maximize the effi-
ciency of a cluster system, we have to reconfigurate the
second network structure respectively the specifics tasks.
Send / receive data in slave-nodes takes place without buff-
ering using a managed switch IB. Intermediate and final
results of the calculations are sent to the master node via a
managed switch Infiniband KIB. In this case, management
and transfer of relevant data from the slave-node occurs at
using the AC adapter HCA (Host Channel Adapters). Di-
rectly data storage for further processing is performed via
the AC adapter TCA (Target Channel Adapters).

Features of functioning for a module multiproces-
sor computer system. At the first stage of the research
we consider how to build the interface and what are the
main modes of operation. For convenience we note that
the computer network system has two main characteris-
tics: bandwidth and latency. The capacity of the computer
network is defined with the speed of data transfer between
two nodes latency refers to the average time that elapses
between a function call and data transfer itself. It is usual-
ly spent on addressing information, triggering intermedi-
ate network devices and other network situations arising
during data transmission.

In general, we note that the capacity and latency not
only characterize the work of the cluster, these character-
istics also influence on restriction of the class of problems
processed by using the cluster. So if the problem involves
an intensive exchange of data sent packages having a
small volume the cluster equipped with a network inter-
face with a high-latency will spend a lot of time to estab-
lish a network connection, and less time to transfer data
between nodes in the system. Under these conditions, the
nodes in a multiprocessor system will be idle and parallel-
ization efficiency will be significantly reduced. On the
other hand, if data packets are large, the effect of latency
on the system efficiency may be reduced due to the fact
that the transmission takes considerably more time than
the establishment of the connection. In this regard we
consider the ramifications of choosing the network inter-
face for the design of a modular multiprocessor system
and following items describe each element of equipment
and features of its functioning.

Network cables. For network management, diagnostics
and loading we use the network technology GigabitEth-
erne t [7]. It introduces standard 1000BASE-T, IEEE
802.3ab which uses a twisted pair category 5e for com-
munication. InfiniBand copper technology applicable in

the switching network communication between slave-
nodes of a multiprocessor system .

AC adapter. For this purpose, you can use network
cards that supports the standards InfiniBand. In the design
of the proposed multi-processor systems priority was giv-
en to the adapter company Mellanox MHQH29C-XTR [8].
Network cards from this company have significant affect
on the performance of network communications. Each
blade of the processor system includes four dual-port
adapters (IB1 — 1B4, Fig. 1). The main features of these
adapters are: such adapters with support for the virtual
protocol VPI (Virtual Protocol Interconnect) provide the
most flexible and high-performance network connections
for high-performance computing systems. Thanks to this
multiprocessor system offers high performance, high-
speed access to the network and storage resources, guar-
anteed bandwidth and low latency.

In addition, the adapter of MHQH29C-XTR type support
data rates up to 10 Gbit / s per channel and may contain the
serial control interface. Copper cable interface has the same
performance as an optical one but has a lower price.

Switch. This is one of the most important devices of the
network interface in a multiprocessor system which im-
plements the aggregation and switching network chan-
nels. We use the 36-port switch Grid Director 4036 type
of Mellanox (Voltaire) company with the capacity equal
to 40 Gbit / s In the proposed multi-processor system.

This device relates to switches intended for the con-
struction of high-performance multiprocessor systems
based on copper compounds. They maintain a standard set
of network technologies: in particular virtual network
traffic prioritization, port trunk, multicast filtering, scaling
to thousands of nodes and others.

Switch family manufacturer Mellanox for InfiniBand
provides for superior performance and port density. It
allows you to create the most cost-effective and scalable
network commute ranging in size from small clusters to
clusters having tens of thousands nodes. These switches
can also transmit converged traffic by combining guaran-
teed bandwidth and great facilities of extended QOS
which provides the highest system performance.

Technical network characteristics of the described sys-
tem are shown in the Tabl. 1. The computational experi-
ments to verify the performance of the system [9] were
based on of this equipment.

Table 1. Technical characteristics of the network
multiprocessor system

Type InfiniBand
Capacity 10 Gbps
IB QDR/FDR10 (40Gbf/s), 4X

Network cable Standard ° QSFFE )

Price, (1.0 m) $84

Price, (2.0 m) $ 95

Price, (3.0 m) $109

Type MHQH29C-XTR

Standard Mellanox
Network Capacity 10 Gbps

Price $ 818

Type Grid Director 4036
Sswitch Standa}rd Mellanox

Capacity 2880 Ghps

Price $ 8500
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Star Topology. The main feature of this topology is
that all processors in the system have a connection with
the control processor. The structure of such a network is
shown in Fig. 3.

At first the "distributed VLANa and VLANb" are con-
figurated in the network switch KIB. In this case compute
node PMO0O01 is connected to an external first two-portal
HCAIB1 via adapter input/output ports 1,2
(HCAmMO01.1.1, HCAmMO001.1.2) and with the port KIB001
and KIB002 (VLANa) via the managed switch KIB, via the
external second two-portal HCA 1B2 adapter with the in-
put/output ports 1,2 (HCAmO001.2.1, HCAm001.2.2),
with ports KIB003 and KIB004 (VLANa) via the managed
switch KIB, third two-portal HCA IB3 adaptera in-

put / output ports 1, 2 (HCAmO001.3.1, HCAmO001.3.2) are
connected with the port KIB005 and KIB006 (VLAND)
with the managed switch KIB and by the fourth two-portal
HCA IB4 adapter from input/output ports 1, 2
(HCAmMO001.4.1, HCAmMO001.4.2) with the port KIB0O7 and
KI1B008 (VLAND) via the managed switch KIB. According
to this scheme the delivery of computing nodes in the
cluster is connected. Network storage is attached to the
switch KIB with four ports adapter KIB033, KIB034,
KIB035, KIB036 with adapter TCA1, TCA2 to VLANa and
adapter TCA3, TCA4 to VLANb. We obtain two virtually
independent star topologies which increase the reliability
and network speed of data exchange.
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Fig.3. Structure of a network
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module of a multiprocessor
system for implementing a star

Computational experiments. Features of develop-
ment of parallel computational algorithms for the personal
calculable cluster is in detail covered in [11]. The effec-
tiveness of the proposed approach for the computational
experiments confirmed the decision of problems of non
stationary heat conduction, some aspects of inverse prob-
lems of modeling study of thermal properties of materials,
the prediction problem of ecological systems under the
influence of natural and anthropogenic factors. In addi-
tion, the developed multiprocessor system has been used
for a more detailed calculation and for obtaining some
new effects of the investigated processes. Parallel circuits
for numerically analytical visualization of vectors' solu-
tions are disclosed in [9]. The resulting isolines mark
smoothness and the proposed approach makes it possible
to build a minimum of work on the input and output data
of the investigated class of problems. Furthermore, since
the values of the basic grid nodes are arranged in region,
the layer hour operation does not communicate with each
other. Therefore, the calculations for constructing graphs
or isolines can be executed in parallel and simultaneously.

Conclusions and prospects for future research. In-
troduction to the multiprocessor system having standard
InfiniBand of a separate computer network for data ex-
change and implementation of mechanisms for aggrega-
tion network interface and support for VLAN, specially
organized for the modes of data exchange in the network
managed switch KIB, and developing a network boot
mode processors and the redundancy the key components
mechanism module enabled:
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topology

— firstly, to receive the following priorities through the
application of InfiniBand technology: low latency, scala-
bility, redundancy, the possibility of selecting the required
velocity from a given speed range which in turn allowed
to use the designed system to unleash to decouple the
strongly coupled tasks and the tasks with the expanding
field of computing ;

— second, to modify the configuration of the computer
network adapting its structure to meet each specific type
of tasks through a terminal or a WEB-interface;

— third, to execute the direct exchange of data between
main memory nodes of a multiprocessor system due to the
formation of a separate computer network with link ag-
gregation and VLAN implementation mechanisms using
application RDMA (Remote Direct Memory Access) tech-
nology and InfiniBand opportunity. It is possible to in-
crease the speed of computation while unleashing tasks,
provide high-speed access to the memory of the cluster
nodes and data exchange between them, relieve the CPU
for data exchange and reduce the bandwidth that extends
between the nodes in the cluster;

— fourth, the use of adapters ConnectX provided new
connective opportunities for different computing envi-
ronments. This determines the increase in productivity
throughout the computer system and allows to offload the
CPU from the InfiniBand service traffic;

— fifth, to increase the effectiveness of the cluster sys-
tem, adapting the structure of its network to the outbreak
of the goals of each type;
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— sixth, to simplify the design, build or replace the
cluster nodes that are out of order, due to modularity, and
also to simplify the work and operation of the entire sys-
tem.

Prospects for further research in this scientific direction
the authors see in the coverage of issues related with the
study of computing in a multiprocessor system slow be-
cause of its expandable memory. There occurs the need
for increased computing power of the system to decouple

a certain class of applications. Founded principle of mod-
ularity can increase performance of the computer system
through the addition of new slave-nodes. The authors
consider it expedient to introduce the corresponding ana-
Iytical expressions for calculating the efficiency of the
claimed computer system. This would allow researchers
to choose the most effective configuration of a multipro-
cessor system and its modes of operation. The authors
intend to address such study in the next publications.
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Introduction. Next generation networks (NGN) represent
a single transport platform for combining multiple types
of services. One of the main aspects that should be taken
into account at designing NGN is ensuring the appropriate
level of Quality of services (QoS). With the development
of next generation networks, an approach to defining ser-
vice levels on the basis of the customer's QoS require-
ments becomes prevailing. In the currently used QoS
management systems the focus mainly is paid to technical
parameters of the network. The development of an im-
proved QoS management system in NGN which takes
into account users’ requirements is relevant. For this pur-
pose it is the most expedient to use the artificial intelligent
methods, because they allow evaluating user opinion most
effectively.

A brief review of publications on the subject. There
are examples of successful application of artificial intelli-
gence methods in QoS management. The paper [1] pro-
poses a network quality of service evaluation system that
uses a combination of fuzzy C-means (FCM) and regres-
sion model to analyze and assess the QoS in a simulated
network. The proposed QoS evaluation system provided
valuable information about the network’s QoS patterns
and based on this information, the overall network’s QoS
is quantified. In paper [2] were analyzed different models
to measure and monitor voice quality using Random Neu-
ral Networks (RNN). An article [3] presents a fine grain
quality management method for real-time applications.
Neural networks ensuring an early and accurate prediction
of execution times of uncontrollable actions which allows
selecting adequate quality level parameters. The paper [4]
is proposing a neural network which is able to predict the
customers’ overall satisfaction of service quality with a
promising level of accuracy. In article [5] combination of
two types of neural networks — the Kohonen network and
multilayer perceptron (MLP) — was used for the analysis
and evaluation of QoS for VolP traffic. However, in these
and other studies attention is mainly given to technical
aspects, such as delay, jitter, and packet loss ratio. There-
fore, taking into account customers’ QoS requirements is
a relevant task.

The goal. With the development of next-generation
networks the approach to the evaluation of QoS has
changed. In these conditions it is essential to develop a
reasonable system for service quality evaluation and man-
agement, which takes into account not only the technical
aspects of the network, but also the users' requirements.
The aim of this work is to develop the concept of QoS
management system in NGN, which allows considering
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customer perception and customer's QoS requirements
most effectively.

The body. According to ITU Recommendations, quali-
ty of services management in NGN is carried out on the
basis of the application of the four views on QoS [6].
These viewpoints cover all aspects of QoS, both from the
service provider's and user's (and customer's) viewpoints:
* customer’s QoS requirements;

* service provider's offerings of QoS (or planned/targeted

QoS);

* QoS achieved or delivered;
* customer perception (survey ratings of QoS).

Figure 1 shows service provider's and user's viewpoints
on the QoS.

Customer Service provider
Cudtomer’s QoS ofeered
QoS > by
requirements provider
A
\
QoS QoS
perceived > achieved by
by customer provider

Figure 1. Four viewpoints of QoS

Customer’s QoS requirements — this is an expression
of the level of QoS required by the customer. The criteria
and parameters identified to express these reflect the re-
quirements.

QoS, offered by provider, — The QoS criteria or param-
eters offered by the service provider are formal terms
specified unambiguously and may be used for the follow-
ing: as the basis for SLA between the service provider and
clients on a bilateral basis of agreement; public declara-
tion by the service provider about the level of quality that
can be expected by the users at large; As the basis for
planning and maintaining the service at the level of per-
formance being offered; as the basis for users to choose a
level of quality to meet; their particular requirements
among the service provider's offerings.

QoS, achieved by provider — The QoS delivered is the
actual level of quality achieved or delivered by the service
provider and may be used for the following: as the basis
to compare the delivered with the offerings by the users,
regulators and as a check in the SLAs; As the basis for
any corrective action by the service providers.

QoS, perceived by customer — the QoS perceived by the
user may be expressed by ratings based on customer sur-
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veys and is an indicator of what the user thinks the level of
quality received or experienced. This data may be used for
comparison with delivered quality and identifying causes of
any ambiguities; planning any corrective actions.

To get overall idea of QoS, these different viewpoints
need to be taken into account. Thus, it is necessary to con-
sider both objective and subjective measurements (evalua-
tions), which are the only means to assess the user percep-
tion aspects of the QoS. The main difficulty of obtaining
subjective measurements is that it is a time-consuming and
expensive procedure. At the present time in the world an
artificial intelligence is widely using to address these chal-
lenges. The paper of authors [7] introduces the concept of
application of a hierarchical fuzzy system for determining

A 4

the degree of user satisfaction with quality of services. The
proposed approach can be used to extrapolate and predict
the degree of user satisfaction with quality of services on a
limited statistical material.

Based on ITU-T E.802 recommendations and the need
to integrate the users’ requirements we propose implemen-
tation of the process of ensuring the level of quality like it
is shown in figure 2. A block for evaluating the degree of
customers’ satisfaction of service quality was included in
the scheme. The block was implemented using fuzzy logic
techniques. Fuzzy logic, which is the basis for the imple-
mentation of fuzzy control methods, describes the nature of
the human mind and the course of his reasoning more natu-
rally than the traditional formal logic systems [8].

Reference quality Analysis Process Output
indicators —»O—» @) > 3) > @)
@ A
N e N P Xul|
| PR . Xin
L7 Y,
1 <— »i
! - ! User
— Y, X ——  surveys
Pa

Hierarchical fuzzy system

______________________________________

Figure 2. The scheme of the process of ensuring the level of quality

For accounting the users' perception of QoS the
scheme has the following blocks:

1. Reference quality indicators. Are determined by the
service provider, also are based on expert evaluations
and user surveys.

2. Analysis. Block performs its functions when studies are
carried out and compares the achieved quality indica-
tors with reference quality indicators and information,
provided by feedback channels. In case of need, gener-
ates the necessary control feedback. Initially, the action
represented by this block is not applied.

3. Process. This block represents the process developed
by the service provider in order to deliver a service with
a level of quality as specified by the reference quality
indicators.

4. Output. It is the quality effectively delivered to the cus-
tomer by the service provider as the result of the quality
process.

5. Hierarchical fuzzy system (HFS). On the basis of ob-
jective measurements of the network characteristics and
the results of user surveys HFS determines the degree
of user satisfaction with quality of services.

Consider the application of the scheme on an example of
evaluating the quality of multimedia services. According to
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ITU-T Recommendation E.802, for multimedia services is
especially suited four-market model, since the separation
between the transport and service layer is taken into ac-
count. The model consists of four components that are used
to describe the different elements of the services that con-
tribute to the QoS: content creation, service management,
delivery network and customer equipment. Different parties
may be in charge of transport, provision and content and
the supply of terminal equipment. Thus the overall quality
of a service (as perceived by the user) is a combination of
different elements that are working independently of each
other [6]. Taking into account that the index for each of the
components of QoS, in turn, depends on a set of criteria,
implementation of this framework is requested to submit as
a hierarchical system of fuzzy productive output. For each
component Y; are defined corresponding quality criteria Xj;
(i — number of the component, j — number of the quality
criteria of i-th component. Number of criteria for each i-th
component can be different). On the first hierarchy level is
determined the value that each of the QoS components
reached (Y1, Yz..., Yi..., Yp) depending on quality criteria
(X11, X12, yeees Xijs- ., Xpg)- On the second hierarchy level the
final index Z — the degree of satisfaction of users of ser-
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vices — is determined, depending on the values achieved by
each of the components.

An advantage of HFS is the transparency of the pro-
cess, which allows the system to transmit to the analysis
block not only the final quality indicator but also the level
achieved by each of the components of QoS.

Further in analysis block it is determined whether the
user's level of satisfaction with the provided service agrees
with the required level. In case of discrepancies, the sys-
tem determines the cause — compares the actual quality
indicators (QoS, achieved by provider) with reference qual-
ity indicators (QoS, offered by provider). In case it was
found that any of quality indicators haven't reached suffi-
cient level, the recommendations /control actions aimed at
bringing this indicator to the reference value are generated.

In case quality indicators were found to be in good
agreement with the reference values, but the user is still not
satisfied with received service quality (Customer’s QoS

requirements are higher than QaS, offered by provider), the
recommendations on the necessity of the reference quality
values correction are generated. Thus it is necessary to dis-
tinguish parameters that depend on the operator and prob-
lems related, for instance, with the quality of content or end
user's equipment. In that case, the system generates rec-
ommendations on ways to improve the situation.

Conclusions. Proposed system of QoS management in
next generation networks allows considering user's opinion
of QoS most effectively. Proposed scheme of the quality
assurance process makes it possible to take into account
user's perception of the received QoS. This becomes possi-
ble through the introduction into the scheme the HFS
block. It determines the degree of user's satisfaction with
QoS using fuzzy logic methods and, with this solution, it
possible to identify the most important QoS criteria and
maintain their condition at required level at which user is
satisfied with the quality of received services.
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AHorauis. Po6oTta mpucesiueHa BUBYCHHIO MOKJIMBOCTI 3aCTOCYBaHHSA POCIMHHOI 6iono6aBku "Enamin" y TexHosorii cupiB romiia-
HAckKoi rpynu. HaykoBo 00IpyHTOBaHO TOLINBHICTh 3aCTOCYBAaHHS Ta CIOCIO BHECEHHS 010JIOTiYHO aKTHBHOI 100aBKH IpU BUPOO-
HUILTBI CHUPIB rOJUIaHACHKOI TpynH. ExcriepuMeHTanbHO BCTAHOBIICHO ONTHUMANbHI JO3U AJISI BHECEHHS €NaMiHy IpH BUPOOHHLTBI
cupiB. Ha 0CHOBI 0TpuMaHuX pe3ynbTaTi JOBEACHO, 10 BUKOPUCTAHHS €JIaMiHy B TEXHOJIOTI] CHPiB TOJUIaHACHKOI TPYNHU PO3IMIUPIOE
X aCOPTUMEHT Ta IiABUILYE SKiCTh. 3aCTOCYBaHHS POCIMHHOI OiomobaBku "Emamin" y TexHOJOTi CHpIB rOMIaHICHKOI TPy HE
noTpedye BUKOPUCTAHHS JOAATKOBOTO TEXHOJIOTIYHOTO 00IaAHAHHS.

Knrwwuoei cnosa: mexnonozis, cup, 6ionoeiuno akmusHa 000a6Ka, elamit, aKicms

Beryn. AxryanbHUME 3aBA@HHSMH IPU CTBOPEHHI HOBO-
T0 MOKONIHHA ()YHKIIOHAJFHUX MOJOYHHX TPOAYKTIB €
YIOCKOHAJICHHS ICHYIOUHX Ta PO3po0Ka HOBUX TEXHOJIO-
Tiif, BUKOPUCTAHHS PI3HOMAHITHHX, Y TOMY YHCIi HaTy-
paypHIX 010100aBOK.

3rigHO 3HAYHOI KiJBKOCTI HAYKOBHX IIOBIIOMIICHBb Y
TPYHTi, KOpMax, BOAI Ta MOJIOII Pi3HUX Oi0TEOXIMITHUX
30H 3aXiJJHOTO pPeTioHy YKpaiHU CIIOCTEepIiracThCsi HecTaua
ecceHIlialbHUX MikpoesjeMeHTiB. Hectaya B pamioHi Bi-
TaMiHiB, MiHEpAJIbHUX PEYOBHH Ta MIKPOEJIEMEHTIB Y
BCBOMY CBITI BHM3HAYa€ThCsl MAaCOBUMHM 1 MOCTIHHO Aio-
YuMHU (PaKTOpaMH, L0 HETaTUBHO BIUIMBAIOTH HA 3J10-
poB’st mroneit. Tomy B Oarathbox KpaiHax 3aKOHOJAaBYO
3aKpITUIeHO 000B’A3KOBICTh 30aradeHHs MAacOBHX HPOIY-
KTiB XapuyBaHHS JaHUMH MIKPOHYTPI€HTaMH.

Sk BioMO, CHp — Xap4OBH MIPOIYKT 3 BUCOKOIO €HEp-
TETUYHOIO 1 OIOJIOTIYHOK IHHICTIO, JO CKJIaxy SIKOTO
BXOJISTh HE3aMiHHI aMiHOKHCIIOTH Ta MPOCTIII CHOIYKH
OLIKOBOTO 1 HEOIJIKOBOTO a30Ty, KHUP, BITAMIHH, YHCICHHI
MaKpo- 1 MiKpOeJIeMeHTH.

Huska 1ociiTHUKIB Hamaralimch BUKOPUCTOBYBATH Jie-
SIKI MIKPOEJIEMEHTH Ta iX KOMIUIEKCH B CHpPOBApiHHI.
[Tpote Bci BueHi sIK JpKepesia MiKpOEJIEMEHTIB BUKOPHUC-
TOBYBaJIM iX cynb(aTHi (200 iHIIi) MiHEpaJIbHI COJI.

Ha namry nymky OiibIn ZOIITEHIM € 3aCTOCYBAaHHS Ha-
TypaIbHUX POCIMHHUX 010100aBOK, IO MAOTh 3HAYHUH
BMICT Je(piIUTHIX MIKpOEIEMEHTIB Ta iHIMIHUX 010JO0Ti9HO
aKTHBHUX pedoBHH. Bukopucranus sik 0ioo0aBku emna-
MiHY, BPaxOBYIOUH Haml 0ioreoxiMiduHUi perioH, 30imHe-
Huil 3a logoM, € BKpail akTyaabHUM.

Enamin — 1e GionoriyHo-akTUBHA 100aBKa, 110 BUIO-
TOBJIIETBCS 3 MOPCBHKO{ KamycTH — JaMiHapii. 3aBIsKu
BMICTy B ellaMiHi anesrinaris (10 35 %) BiH CIyXHTh TIpe-
KpacHHM €MYJIbIaTOpOM, 3TyIIyBadeM i CTalimi3aTopom.
YV HaykoBi#t niteparypi Bizomo nonan 100 HaiiMeHyBaHb
AIBriHATHUX MPOAYKTIB PI3HOTO CKJIAaTy, CTYHEHS OYHCT-
KU 1 IpU3Ha4YeHHs. AJBriHATH 3aCTOCOBYIOThCS Y (hapMma-
LEBTUYHIN Tay3i, a TAaKOXK K 3TyllyBavi Ta cTabimizaro-
pH TIpu BUPOOHHITBI 3yOHUX I1acT, KpeMiB, Ma3eH, J10Ch-
HoHiB 1 Macok. Enamin no0pe moeaHyeThesl 3 pOCIMHHU-
MU, M SICHUMH, M’SICO-POCIMHHUMH KOHCEPBaMH, KOBOa-
camMH, KOHIUTEPCHKUMHM, XITi000yJOYHMMH BHpPOOAMH,
MalioHe3aMH, DKEMaMH, JXelle, TEPIIUMH 1 APYyTUMH
ctpaBamu. Bigomo, mo TepmidHa 00poOKa MpOAYKTIB MPU
120 °C =e 3HMWKY€ pamio3axvcHi Ta O10JIOTIYHI BIACTHBO-
cTi enmaminy. IS TPOMHCIOBOCTI Ta MiANPHEMCTB TPO-
MaJICbKOTO XapuyBaHHS po3poOieHo moHax 20 BUIIB
NPOXYKLii 3 BUKOPHCTaHHSAM eJaMiHy (XJi0, HpSHHKH,
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MEYUBO, KOHJUTEPCHKI BHUPOOH,
M’SICHI Ta M’SICO-POCITHHHI H iH.).

HesBakaroun Ha Te, IO €laMiH Ma€ XapaKTEpHHUH 3a-
Iax MOPCBHKOI KaIyCTH 1 HENpUEMHHH Oypo-3elIeHuH KO-
JIip, TIe He JINIIEe HETaTUBHO HE BiAOMBAETHCS Ha SIKOCTI Ta
30BHIIIHFOMY BUTJIAI IPOAYKTIB 3 HUAM, ajie, HaBMaKH, IIi
MPOAYKTH CTAIOThH Ie CMAYHIMIAMH, a BCi XJ1iO0OYIOUHI
BUpOOM HaOYBaIOTh HOBOI SKOCTI — Habararo JoBuie 30e-
pirarmoTh CBIXKICTh Ta HE YepcTBitOTh. Ha manuii yac miam-
pHEMCTBA Xap4OBOi HPOMHUCIOBOCTI BXKE€ OCBOIIM BUPOO-
HHLTBO IIPOAYKTIB XapuyBaHHS 3 €JIaMiHOM.

3 orysiny Ha BHUIIEBHUKIIAJICHE MeTa JaHOI po0GOTH Io-
Jsiraja B yJOCKOHAJICHHI TEXHOJIOT1i CHPIB TroJUIaHCHKOT
TPYIH OUITXOM 3aCTOCYBaHHS 010JIOTIYHO aKTUBHOI J00a-
Bku "Emamin", BUTOTOBIIEHOI 3 MOPCHKHX OYpHX BOJOPO-
cTeil.

Martepiann i meromm. ExcnepumeHTanbHI HOCIHI-
JUKCHHS TIPOBOJMIINCHE B yMOBax Jaboparopii kadenpn
TEXHOJIOTIT MOJIOKA i MOJIOYHHMX HPOAYKTIB JIbBIBCHKOTO
HalliOHAJILHOTO YHIBEPCUTETY BETEPHHAPHOI MEIUIMHU
ta 6ioTexnooriii im. C.3. [kuupkoro.

3a KOHTPOJIb 0OpPaHO CHYYKHUH CHP 3 HU3BKOIO TE€M-
nepaTyporo apyroro HarpiBanus "Tommanacekuit’. Ilpu
BUPOOHUIITBI TOCIIHOTO CHPY BUKOPHUCTOBYBaIH 0i0JI0-
riYHO akTUBHY n00aBKy "Emamin".

VY meprmiii cepii TOCTiIKEHb BHBYAIUCH TEXHOJOTIUHI
0COONMBOCTI BUPOOHHUIITBA JOCTITHOTO CHPY i3 BUKOPHC-
TaHHSM CHeIiaJbHUX MiHi-(popM, a came mporecu Gop-
MYBaHHS CHPHOTO 3€pHa, IPECyBaHHs, COJIHHS T'OJOBOK,
0COOJIMBOCTI iX MaKyBaHHS Ta BU3PiBaHHS.

Jpyra cepist mocmimkenb nepeadavana BUBYSHHS CIO-
co0IB 1 METOIB BBEAECHHS BITYM3HAHOI OiomoOaBku "Ema-
MiH" y TEXHOJOTI9HHUII polieC BUPOOHHIITBA CUPIB TOJIIa-
HJICHKOT IPYIH, a TAKOXK BCTAHOBJICHHS ONTHMAJIbHUX 103
3aIPOIIOHOBAHOI 610/100aBKY JJIs1 BUPOOHHIITBA CHPY.

Sk GioNoriyHO aKTHBHY J00aBKY BHUKOPUCTAaHO Oiom-
penapat "Enamin”. [Ipenapar mae 3enenuii kouip. biozmo-
0aBKa BUITYCKAETHCS, K y (OopMi MOPOLIKY, Tak i B Tab-
JeroBaHii ¢opmi, ska noTpedye B IIbOMY BHIAJKY,
000B’SI3KOBOTO TIO/IPIOHEHHS Tepe]] MepeMillyBaHHIM i3
CHUPHHUM 3€pHOM. Y XOJi IPOBEICHHUX JTOCITIIKCHb O0i0T-
penapar "Examin" BHOCHIN B CHpHE 3€PHO.

[Ipenapat "Enamin" 36arauye pamion logom, mpupo-
HO 30aJJaHCOBAaHWM Ha0OPOM MAaKpO- Ta MIKpOEIIEMEHTIB,
BiTaMiHiB; BUBOJUTH 3 OPTaHi3My PamiOHYKIiIH i BaXKi
METaJH; MO3UTUBHO BIUIMBAE HA IMyHHY CHCTEMY OpTraHi-
3My; HE Ma€ MOOIYHOTO BILTUBY.

OCHOBHI TEXHOJIOTIUHI XapaKTEPUCTUKH CHPY JOCIi-

MaﬁOHe?,, KOHCEpBU
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JUKYBaJIM 32 3arajbHONPUAHATAMH MeToaukamu. [IpoOu
cupiB Bigobupamu 3rigao 'OCT 3622. [Ipu BUTOTOBICHHI
CHpiB KOHTPOIIOBAJN TaKi MOKA3HUKH: MACOBY YacTKY JKHU-
py B cupi Ta y cyXiif pedoBuHi cupy Bixmosigao xo I'OCT
5867-90, macoBy gactky xyopucroro Hatpito 3a ['OCT
3627-81, opraHoJeNTHYHI MOKA3HUKH 3PITUX CHPIB 3TiTHO
I'OCT 7616-85, MacoBy 4acTKy BOJIOTH 1 CyXHX PEYOBHH Y
CHpl aHATITHYHAM METOJOM — LIUISIXOM BHCYILYBaHHS Ha-
BakkH cupy 1pu 105 °C 1o nmocriiiHoi MacH.

Pe3ysnbTaTH A0CTiIKEHD Ta iX 00roBOpeHHs. JloCmi-
JHUH CHpP BUTOTOBIISIBCA 32 TPAIULIHHOI CXEMOIO BUPO-
Oonunrsa cupy "lommaniacbkuil” 13 IEBHUMH 0COOJIMBOC-
TaMu. bymo nepenbadeHo GpopMyBaHHS CHPHHX TOJOBOK
y crenianeHuX MiHi-popmax. Lle y cBoto "4epry 3mycuio
HAC 3MIiHHTH JesIKi TEXHOJIOTIYHI TapaMeTpH BUPOOHUIIT-
Ba MPOAYKTY.

TexHOMOTIUHI MporecH HOpMaii3amii, MiArOTOBKHA Cy-
MIIITi, 3aKBaIlyBaHH, 3CiTaHHsA, 0OPOOKH CHPHOTO 3TYCT-
Ky TPOBOJIWIIN 32 TPAAULIHHOI TeXHoJjoriero cupy "Ton-
JIaHJCBKUH".

Jocnimauii cup GopMyBaiy i3 miacTa, mcis 4oro da-
cyBaiu y creniaibHi MiHi-popmu. CHpHI TOJOBKHU Miaja-
BaJIM CaMOMPECYBAHHIO Ta MPECYBaHHIO i3 3MEHIICHHIM
tucky mo 10 kIla i BurpumyBamu mpotsrom 1,5-2,5 rox.

ITicnst mpecyBaHHS CHp HANpPABISLIA HA COJIIHHA Y COJIH-
JbHI OaceifHu, ne migmaBaau coNiHHIO mpoTsrom 1,5-2,0
ni0 y poscomi i3 KoHHIeHTpamieo 10 22 % i Temmepary-
poto 10-16 °C mpu BOJIOTOCTi MOBITPS y CONMIBHOMY Bifl-
ainenHi 80-90 %. Ilicns comiHHS CHp HampaBIsUIN y Ka-
Mepy U BU3PiBaHHS.

[TonepenHpo mepen UMM AOCTIAHUA CHP MaKyBaH il
BaKyyMOM Y TE€PMOYCaJ04HY IUIIBKY, B SIKi BiH 1 BH3pi-
BaB 30-45 nuiB. Buspinuii cup Hanpasmisiian Ha 30epiraHHs
npotsiroM 1 wmicsinsg. BUrorosieHuil cup BUPI3HAETHCS
OpHTIHAIEHUM BUIIISAIOM, Ma€ IPUBadIUBY Gopmy.

[Tix wac mpoBeJCHHS TOCIiIKEHh MU HAMarajiuch BiJi-
HaliTH MaKCHMalIbHO MPUHHATHUHA crioci® BHeceHHs Oio-
JIOTIYHO-aKTHUBHOI pociuHHOI ©OiomobOaBku "Emamin",
3HAUTH ONTUMAJIbHY 103y ii BHECEHHS.

OrmiHka pe3yNbTaTiB MPOBEOCHUX AOCIIIKEHb Ta PO-
0oTa gerycramiifHOI KOMICii IO3BONHMIM BHOpaTH Haii-
OlmpIn BHanmi BHAOM 3pas3kiB. ONTHMAaNFHOIO BUSBUIACH
no3a 0,90 r 6iog00aBKM Ha TOJIOBKY CUPY B CHELIiaJIbHIN
MiHi-popMi. BHeceHHS 11i€i 01010T1YHO aKTHBHOT T00aBKU
3HAMIUIO CBOE BigoOpaXkeHHs Y (popMyBaHHI OpraHoJien-
THYHHUX MOKa3HUKIB OTPUMAHOTO MPOAYKTY, SIKI OJaHi y
tabmuni 1.

Tabauus 1. OpranoienTU4HI TOKa3HUKH CHYY)KHHUX CHPiB

HaiiMeHyBaHHS MOKa3HHUKIB Ta X XapaKTEPUCTHKA

Bapianr cupy . KOHCHCTEHIIIS, s . .
CMax i 3amax PHCYHOK 30BHILIHIH BUIIIAA KOJIip, CTaH TicTa
HOBEPXHSI
Kontponbhuii |BupaxxeHuit IIaCTUYHA, BiUKa KpyTJIO], KipKa piBHa, TOHKa, 03 IOIIKO- TICTO IUTACTHYHE, 3JIeTrKa

CUPHHUH, 3 HasIB-
HICTIO TOCTPOTH
1 JIETKO1 KHCITY-
BaTOCTI

3JIerKa JJaMKa Ha
3THHI, OJJHOPI-
Ha T10 BCiif Maci

OBAJIBHOI YU KYTO-
Boi hopmu, piBHO-
MIpHO pPO3TaIIoBa-
Hi 10 BCilf Maci

JOKEHB 1 0e3 TOBCTOTO IMiKiPKOBOTO
I1apy, MOKPHUTA CHELialbHUM Mapa-
(hiHOBHM, TTOTTIMEPHUM KOMOIHOBa-
HHM CIUIaBOM IIiji BAKYYMOM

JIaMKe, O17I0T0, 371eTKa
JKOBTOTO KOJIBOPY, O
HOpi/iHE 10 BCiit Maci

Jlocimiaamii

CBIXKHH, CHp-
HUH, 37IeTKa

KUCITyBaTHil,
CMaK CUpHUHN

3JIeTKa JIaMKa,
OJIHOpi/IHA 110
Maci, OBEpXHs
OJCKy4Ja

BiuKa pi3Ho1 pop-
MH, YacTillle He-
HpPaBHIIBHOT, pi3-
HOTO pO3Mipy

KipKa piBHa, TOHKa, Ha pO3pi3i He-
Mae MiIKipKOBOT'O MIapy, MiHi-
rOJIOBKA IIIJTFHO 3adacoBaHa y
KOMOIHOBaHHMI CIIIaB MiJl BAKyyMOM

TICTO 3JI€TKa JIAMKE,
YKOBTYBATOT0, 3JIETKA
Ciporo KoJIbopy i3 mpo-
CBITJICHHSIM JI0 30BHIIII-

HiX KpaiB (Ha po3pi3i)

VY Tabnuni 1 HaBeneHi qaHi 040 CMaky, 3anaxy, KOH-
CHUCTEHIIIT, PUCYHKY CHpIB, & TaKOX iX 30BHIIIHHOTO BH-
ISy, KOJIbOPY Ta CTaHy TicTa.

AHami3 OpraHoJISNITUYHUX IOKa3HUKIB KOHTPOJIBEHOTO
Ta JOCIITHOTO 3pa3KiB CHPY 3aCBIAYMB IX JESIKy BiIMiH-
HICTB Y 3B’SI3KY i3 PI3HHUIICIO B TEXHOJIOT].

Sk BiZOMO, CMaK Ta 3amaxX — OZHI 13 HalBaKIMBIIIMX
TIOKa3HUKIB SIKOCTi, SIKi HEpEeBIPSAIOTHCS 3a YUCTOTOIO,
CTYIIEHEM BUPaKEHOCTI CHPHOTO CMaky, THUIOBICTIO. Sk
BiJIOMO, THIIOBO BUPAXEHHH CMaK cHPY (HOPMYETHCS Y
Mepio/T ONTUMAIBHOI 3PiIOCTi, sIKa HACTYTIAE IO MOMEHTY
3aBepIIEHHS TepMiHy BU3piBaHHA abo nremo mizHime. [Tpn
JIOBTOTPHUBAJIOMY 30epiraHHi CMaK CHpY JEm[o HOTipIry-
€TBbCS, apoOMaT IOCIAbIIOEThCSA, TOMY HEOOXiTHO 3HATH
ONTUMAJIBHI TEpMiHM BH3piBaHHA 1 30epiraHHs CHpIB.
3arajabpHOI0 BUMOTOIO ISl BCIX CHPIB € BIJICYTHICTH CTO-
POHHIX ITPUCMAKIB Ta 3amaxis.

[Ipu BHeceHHi HoxHOi Oiomo0OaBKH, CMak 1 3amax Joc-
JITHOTO CHpPY MOPSK 13 30€peXeHHsIM TPaIHLiHHOTO CHp-
HOTO 3JIeTKa KHCJIOTO BiJATIHKY CTajgM OLIBII CHPHUMH.
KoHcucreHIis 3anummiace IMPYKHOIO, HELIUIBHOIO, a
moBepxHs Oiuckydoro. OJHAK, Cif BiI3HAYWTH, IO i3
30IBIIEHHAM JO3HM 010100aBKH BHILE ONTHUMAIBHOI JO3K
(1,00-1,25 r/Ha roNOBKY CHPY) KOHCHCTEHI[S YILIiIbHIO-
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€TBCSI 1 MOBEPXHs CcTae MaTroBOK. [Ipu ornsiai pUCyHKY
JOCHITHUX 3pa3KiB cupy 3 0i000aBKOO, TMOPIBHIHO i3
KOHTPOJIbHUM CHPOM, HaMH BHSBJICHO Take: Ha po3pisi
PHUCYHOK XapaKTepu3yBaBcs BiUKaMH pi3zHOI hopMu (Kpy-
IJIi, OBaJIbHI) OLNBII-MEHII PIBHOMIPHO pPO3TAalIOBaHUMH
mo mepepizy OaroHy. IIpomykT 30epir TOHKY KipKy, Ha
SIKIH He BUSIBJICHO MOIIKO/KCHb.

[Mopsia i3 MM DOCTIIHMIA 3pa30K CUpPY XapaKTepu3yBa-
BCSl OPHTiHAIBHOIO (OpMOIO (Kpyriia TOJIOBKA). 330BHI
cup OyB MOKPUTHIA MOJIiMEpHOIO IIIiBKOr0. Ha po3pisi cup
MaB INIACTUYHE TICTO i3 XapaKTEPHHUM >XOBTYBATO-CIPHM
3a0apBieHHAM. [3 30UTbIIEHHSM 103U 0107]00aBKH BHIIE
ONTUMAJIFHOI TICTO CTaBaJI0 KPUXKUM i HaOyBamo O
TEMHO-CIpHH BiATIHOK.

Sk BigOMO, 10 HOPMATHBHHMX TEXHOJOTIYHHX ITOKa3-
HUKIB, 32 IKHMH KOHTPOJIOIOTH BUPOOHUITBO CHPIB Bil-
HOCSITh MacoBY 4acTKy XHpY, Bojiord, pH cupy Ta MacoBy
YacTKy COJII.

VY Tabnuni 2 HaBeEHO TEXHOJIOTIYHI MMOKa3HUKHU y KO-
HTPOJIBHUX Ta JOCHIIHUX B3ipIsAX cupiB. 3a pe3yibraTa-
MU JIOCIIJUKEHb (i3UKO-XIMIUHI MOKa3HUKH CUPY Tpajul-
iHHOTO BUPOOHUIITBA OYyJIM B HOPMAaTHBHHUX Mexax. Tak,
MacoBa YacTKa XHUPY HNPOXYKTy cTaHOBMIA 45 %, MacoBa
yactka Bosiorn — 44-43 %. Benuuuna pH cupy micis
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npecyBaHHs Oyma Ha piBHI 5,6-5,5, a y 3pimux 3paskax
Oyna Hmwk4oro — 5,4-5,5. 3pasku cupy Oynu macoro 2,5-
6,0 xr i3 1,5-3,0 % coui Ta ManM eHepreTHYHy IiHHICTH
352-377 xkan. Di3uKO-XiMiYHI MOKA3HUKH OCITiTHOTO
CHpY XapaKTepU3yBaJNCh NEBHUMHU BiJIMiHHOCTSIMH TOpi-
BHSTHO i3 KOHTPOJBFHUM. Tak, MacoBa 4acTKa KHUPY B CHPi
cranoBmna 44 %, BMICT BOJIOTM Hicisl NpecyBaHHS —

45 %, a 3pimoro — 44-43%. BusHaueHHS aKTHBHOI KHCIIO-
tHocTi (pH) mokasaino, 1o ii 3HaYeHHs B CHPI Micjs Ipe-
cyBaHHS Oynmu y Mexax 5,7-5,6, a B 3pilioMy mpoOayKTi —
5,6-5,5. Nocmigauii cup OyB 3a (OpMOIO OKpPYTIINH Y BU-
gl ronoBku Macoro 0,3-0,4 Kr sk0BTO-Ciporo KOIbopYy,
YIIAKOBaHUH Y TEPMOYCATOUHY ILTIBKY.

Ta6auns 2. TexHOIOTIYHI MOKA3HUKHU CUPIB

TexHOJIOTi4HI TOKa3HUKH CUPY Maca Dopma
Ne . Macosa | MacoBa yacTka BoJioru, % pH cupy, on. Macoga P Eneprernyna
Bapianr cupy - - - : 6aTomny, CHPHOTO S
n/n YJacTKa micst 3pizoro mics 3pLIOro | YacTka r Gatony LIHHICTb, KKaJI
XKHPY, Y| mpecyBaHHS MpecyBaHHs comi, %
1.|KonTpossHui 45 45 44 5,6-5,5 54-55| 1,5-3,0 |2,5-6,0 OpyCOK, OpyckoBuii: 352
TOJIOBKA KpyTia |Kpyrimii: 377
2.| JocmiaHui 45 45 44-43 5,7-5,6 5,6-5,5 2 0,3-0,4| xpyrma MiHi- 380
TOJIOBKA

JlonaBaHHS 1O CHPHOTO 3epHA POCIMHHOI 0i10100aBKU
HE JIAIIC HAAAJI0 MPOAYKTY OPUTIHAIBHUX OPraHOJICIITH-
YHUX XapaKTEPUCTHUK, aJie i MiIBUIIMIO HOrO eHepreTuy-
Hy miHHicTh A0 380 kkan mpotu 352-377 kkan y Aocmia-
HOMY 3pa3ky. TakuM YHMHOM, MOKHA 3POOMTH BHCHOBOK
PO TiIBHIIECHHS SKOCTI Ta OIiONOTIYHOI IIHHOCTI CHpIB
TOJUTAH/ICHKOT TPYIIH.

Crizx 3a3HAYMTH, IO 3aCTOCYBAaHHS POCIMHHOI 0iomo-

6aBky "EnamiH" y TE€XHOJIOTII CUPIB TOJUIAHJCHKOI IPyIu
He MoTpedye BUKOPUCTAHHS HOBOTO YH JJOAATKOBOTO TEX-
HOJIOTIYHOTO 00JIaTHAHHS.

BucHoBku. TakuM 4uHOM, PO3pPOOJICHO TEXHOJOTIIO
BUTOTOBJICHHS CHPIB TOJUIAHACHKOI TPYIH i3 BHKOPHC-
TaHHAM ellaMiHy. 3alpONOHOBAHO ONTHMAJBHY J03y POC-
nuaHOI Oiomo6aBkm "Emamin" i3 pospaxynky 0,90 T Ha
roioBky cupy (0,4 xr).
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nep, C.A. Casenbes, A.A. Caseinbes // Chiposiesine 1 MacioeIue.
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Hachak Y.R., Mykhajlytska O.R. Using of plant bioadditives in the technology of cheeses of Dutch group

Abstract. The work is devoted to the study of the possibility of using of plant bioadditives "Elamin™ in the technology of cheeses of
Dutch group. Scientific substantiated the rational usage and method of introduction a biologically active additive in the production of
cheeses of Dutch group. We’ve experimentally determined optimal doses for entering elamin in the production of cheeses. Based on
the obtained results, it is proved that using elamin in the technology of cheeses of Dutch group extends their assortment and increases
the quality. Using of plant bioadditives "Elamin™ in cheese making of Dutch origin does not demand use an additional technology
equipment.

Keywords: technology, cheese, biologically active additive, elamin, quality

I'ayak 10.P., Muxaiisunkas O.P. IIpumeHeHue pacTuTe/1bHOH 0M0100aBKH B TEXHOJIOTHH ChIPOB IOJJIAHICKOM IPyIIIbI
AnHoTanms. PaboTa nocesieHa U3y4eHU 0 BO3MOKHOCTH IPUMCHEHHS PACTUTENFHON Ono100aBKH "DiaMUuH" B TEXHOJIOTHH CHIPOB
roJUIaHAcKo# rpymmbl. HaydHo 060CHOBaHO 1eNieco00pa3HOCTh MPHUMEHEHHUS U CIIOCOO BHECCHUS OMOJIOTHUCCKH aKTUBHOM J00ABKU
IIPU NPOU3BOJCTBE CHIPOB I'OJUIAHJICKON I'PYyMIbl. DKCIIEPUMEHTAIBHO YCTAHOBJIEHBI ONTHMAJIbHBIC J03bl BHECEHMS 3JIaMMHA IIPU
MIPOU3BOJCTBE ChIpOB. Ha OCHOBE MOTydEHHBIX pe3yIbTaTOB JOKA3aHO, YTO HCIIOIB30BAaHHE JIAMHHA B TEXHOJIOTHH CHIPOB TOJUTAH-
CKOM TPYHIIBI PACIIUPAET WX aCCOPTHMEHT W MOBBIIIAET KauecTBO. [IpruMeHeHne pacTUTeNbHON 0HMOm00aBKH "DnaMuH" B TEXHOIO-
THH CBIPOB T'OJUIAHACKOH Ipynmbl He TpeOyeT HCIOIb30BaHMs IOTIOHITEIFHOTO TEXHOIOTHIECKOTO 000pyJOBaHHS.
Knrwoueswie cnosa: mexrnonozaus, colp, Ouonocutecky akmueras 006asKa, 3NAMUH, KA4ecmeo
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Menvnux B., bninoep FO., Menoens B.
MartemaTuuHuii popmastizm Tpanchopmairii paxioexo0rivyHOro CTaHy TepUTOPii i3 3acTOCyBaHHAM
Matpunb MapkoBa i PEM-mikpockomii

Menvruk Bonooumup Mukonaiioguu, npogecop, 00Kmop mexniyHux HaykK, 3a6i0yeay Kkapeopu
Bninoep IOpiti Cmenarnosuu, kanouoam mexHiuHux HayK, 00yeHm

Menoenv Baoum Ilasnosuy, Inscenep
Kagedpa ceooesii, 3eMne8NOPAOKYBAHHA MA KAOACMPY

Cxionoesponeticokuil HayioHanbHul yHisepcumem imeni Jleci Yxpainku, m. JIyyvk, Yrpaina

AHoTamnisi. Po3risHyTi i3 3aralbHAX MaTeMaTHYHO-(OPMATICTHYHUX MO3MLIN NMUTaHHSA TpaHc(OpMaIlil B Yaci pamioeKoJIOTiYHOro
cTaHy BpakeHoi Tepuropii. [Tokasano, mo noaiGHi TpaHCOpMAIIil BiIIOBIJal0Th MApKOBCHKUM IIpoIiecaM, sIKi IIPOTIOHY€ETHCS Xapa-
KTepH3yBaTH MaTpHIIMA MapkoBa. J[aHO MPOTHO3ZHHMH aJTOPUTM Y BHIJLIII CHCTEMH MAaTPHYHUX DPIiBHSHb KaJIMaHIBCBKOTO THITY.
[IpononyeThCs iHTErpOBaHA PaAioCKONIOTIYHA OIiHKA 13 3aCTOCYBaHHAM cydacHoi PEM-mikpockomii.

Knrwowuoei cnosa: padioexonocis, npoenosysanns, mampuyi Mapxoea, PEM-mixpockonis

Beryn. Bracninok mirpauii pagionykiinis (PH), siki moT-
panwiu B IPYHT, BiOyBaeThCs 1X MEepepO3NOILT SIK Y TJIHU-
OUHY IPYHTY, TaK 1 TOPH30HTAJIBHO, 110 € IPUYUHOIO HAJI-
XOJKEHHSI X Y POCIMHH, Y I'PYHTOBI BOAM Ta Yy BOJO¥-
muma [1-5]. Bizomo, mio BeptukanbHy mirpaimito PH 3y-
MOBITIOIOTH TaKi MporecH: QiIbTparis aTMOCPEpHUX Oma-
IiB yruO TPYHTY; KamiJIsipHE MiATIKaHHS BOJOTH IO II0-
BEPXHI B Pe3yJbTaTi BUIIAPOBYBAHHS; TEPMOIICPEHECCHHS
BOJIOTH T Ji€0 TPAJI€HTHOTO TMEPEepO3MOIITy TeMIIepa-
TypH; pyX Ta Audy3is BUTPHUX i aIcopOOBaHHX iOHIB, a
TaKOX IIEPEHECCHHS HA MITPYIOYHMX KOJIOIJHUX YaCTHHKaX
1 KOpEHEBIMH CHCTEMaMH pociuH Ta iH. [6-10].

BaximBy ponp Binirpae KOHLEHTpALsl COJIEH y TpyH-
TOBHUX pO3YHMHaX, SIKa MOXKe 3MiHIoBatuch y 10 pasiB i
OuTbIIE, a i3 3pOCTAHHSAM KOHIICHTpAIlil IPYHTOBOT'O PO3-
4yuHy cyTTeBo (B 5-14 pasm) 30inbmIyeThesi KoedilieHT
dbinprpamii [11].

BaxnBuM (akTopoM € KUCIOTHICT IPYHTY. 3alIe)KHO
BiJl MIHEpAJIOTIYHOTO CKJIaJy, BMICTY I'YMYCY, aKTHBHOCTI
MIKpPOOPTaHi3MiB Ta iHITNX YAHHHKIB, BIACTUBOCTI IPYH-
TOBOTO PO3YHHY y Pi3HHX IPYHTaX MOXYTh OyTH pi3HUMH
(mst 6inmpmmocti rpyHTIB pH=3.5-9.0). B™MicT opraHigHHX
pedoBuH KosmBaeThes Bix 1-2% B ciposemax mo 10-12% y
MOTYXKHHUX YopHO3eMax [12].

Mirpartiiss pafioOHyKIIiiB, 10 MOTPAIUISIOTh B IPYHT,
3aJIeXKHTh 1 BiJl TYCTHHHU TpaB'sIHOTO MOKPUBY. SIKII0 poc-
JIUHHICTh TyCTa, TO B 3eMJit0 motparuisie jume 20% pa-
MIOHYKITIIIB, a iHmm 80% BKIIOYAIOTHCS B MPOIEC MIrpa-
i, sskuit TpuBae 1-5 pokiB. OMUCaHU MEXaHiI3M BEpTH-
kaibpHOT Mirpanii PH e o cyTi arpoxiMigamnM.

IIpote mirpanito PH MoxHa omucatu i Ha OCHOBI Ha-
CTYITHUX YOTHUPHOX TPOIECIB: KOHBEKIIiI, sIKa BigoOpakae
HarpaBsJieHe TEpPEHECeHHs IOTOKY MAacH; HCIIepCiiHO-
mudysiitHoro mpomuecy; copOuii-azcopOuii i3 HOBHUM
CHEKTPOM MOXJIMBHUX (Di3MKO-XIMIYHHX B3a€MOJIH MiX
PH Ta rpyarom i mexaniune nepenecenns PH, copboga-
HUX Ha IHEPTHUX HOCISX.

Taka cmpomieHa MeXaHiKO-JeTepMiHICTHYHA KOHIIET-
i 6a3yeThCsl Ha MPHUITYHICHHI, M0 BCi (i3MKO-XiMidHI
mporiecy, Mo KepyroTs Mirpaiiero PH B rpyHTI, MOXYyTh
OyTn CTpPOro omnmcaHi. BUTbII peasicTUYHOIO MOJEILIIO
MOMIMPEHHS PaJiOHYKIIAIB 1 pa/lioOeKOJOTiYHOTO CTaHy
TEpUTOPIi € CTOXacTHYHa IMOBIpHICHAa MoJelb. [HTEepIpe-
Tallis MPOIECiB MOBEAIHKN XIMIYHUX CHOJYK y I'PYHTOBO-
MY MMOKPHBI OTpHUMaJa Haitbinbiie 3actocyBanus [13].

AHaJIi3 0CTaHHIX HAYKOBHX AOCTiI:KeHb. [IpogoBxy-
F0YM 3arovatkoBaHi B [6, 8] mocimimKeHHs Ta aHATI3yIOYH
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[7, 14] moxxHa 3pOOMTH BHCHOBOK PO TXHIO aKTyaJlbHICTh
Ta TEPCICKTHBHICTh. Tema CTaTTi BiJNOBINAE TEMATHIN
3arajbpHOJICpKaBHOI KoHIeniii "HamioHansHOI mporpamu
OXOpOHHM 3eMeJb" Ta TICHO TI0B’si3aHa 3 Jepxremoro: "Jloc-
JIDKEHHsI Cy4acHOTO CTaHy Ta po3poOka 3acobamu I'1C-
texHouoriit i PEM-Mikpockorii 3acaj] palioHaJIbHOTO 3eM-
JIEKOPHUCTYBaHHSI €pO3iiHO-IerpajoBaHuX 3eMenb BosuH-
CBKOI BHCOYMHH" (neprxpeectpariinuii HOMEp
0111U002146), mo BUKOHYBajlack Ha Kadempi reomesii,
3eMIICBIIOPSAKYBAaHHS Ta Kajactpy BOIUMHCHKOrO HalioHa-
JBpHOTO yHiBepcutety iMmeHi Jleci Yipainku (2011-2012p.).

Mera nanoi poOOTH NONATAE Y AOCIIKEHHI MOYKIIUBO-
CTi BUKOPHUCTAaHHS MapKOBCHKMX BJIACTUBOCTEW (MaTpHLb
MapkoBa) B OIIHII PaJiOCKOJOTIYHOTO CTaHy YPaKCHUX
TEpUTOPiil, po3po0Li MareMaTHuHOro (OpMati3My TaKo-
ro MiAXOmdy.

Buxuiajg 0CHOBHOTO MaTepiary

I. Buxkopucranusa marpuubs MapkoBa npu ouiHui pa-
[1i0eK0JI0riYHOro craHy Tepurtopiii. Hexail Ha neBHuMi
MOMEHT 4acy t, BiZoMHIl pagioeKOJIOTiYHUM CTaH ypa-

xeHoi teputopii. 11l06 BM3HAYMTH CTaH cepenoBHUILNA B
MoMeHT uyacy ty =t,+ Nz, 3MozemoeMo oxpemi 3MiHU

CTaHIiB Uil MOMEHTiB t, 1 t _, JTiHIHHMM omnepaTopHUM
piBasHHAM [15, 16]

Q" (i) =K(7)-Q"*(i)

a0 cIporIeHo

€]

Q=K-Q, )

ne K — miniifauit omeparop K(z) mpu ¢ikcoBaHomy 7 .
OueBUIHO CTaH CEepelOBHUINA sl MOMEHTY ty MarhMme

BUTJIS;
Qu =K(..(K-Q)K)..)),

a00 B O11pII KOMIAKTHIN Gopmi

O :KN'Qo- 3)

Omnepatopre piBHSHHA (3) Ma€ BIACTHBICTH MapPKOBCh-
KHX JIQHITIOTIB, JJIS SIKUX CIpPaBEIJIUBE HACTYITHE IIOJIO-
XKEHHS: HEe3aJeXKHO BiJ MOYAaTKOBOTO cTany Q, mociimo-

BHICTh HACTYITHUX CTaHIB, SIKAUM BJIACTHUBE CITiBBiIHOIICH-

Hs (2), Ma€ IeBHUI rpaHudHuii ctan Q*, T06TO
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limQ, () = Q"()
IIpu upomy
Q(H=K-Q(i-1),
a0o B AMCKpeTHIN GopMi

2.9 =2,

1110 BiJITIOBIJIa€ CTaHy PiBHOBAry.

Ipote y Bumaaxy mii TOJATKOBHX 30BHINIHIX JKEpEI
BIUIMBY CTaH PIiBHOBArd MopymyeThes. [1o3HaunMo depes
P.(i) omepaTop 30BHImHIX BIUMBIB. Toxi cHiBBiTHOIICH-

(4)

HA (2) MaTUMe BUTJISLI

Qr (I) = ZQr—l(j) : I<ij + I:>r (I)

abo
Q=K-Q,+FR. ©)

AJle B IbOMY BUIAJKy MOXKJIMBa HEBH3HAUEHICTh, TO-
My IJIsl IOBHOTH Mojeni (5) HeoOXiTHO BKa3aTH CIOCOOH
MOMONAHHA CTATHCTUYHOI HEBU3HAYCHOCTI BHXIJHOTO
MaTepiary i JaTh MaTeMaTHYHHUHA amapaT iMOBIpHICHOTO
IHTEpIIONIOBAaHHS MIPOCTOPOBUX 3HAYCHb TpaHCHOpMaLiif
pamioeKoIoriYHoro crany cepenosumia [17,18].

OOMeXUMOCsT Uil IIPOCTOTH OJHOBHMIPHUM BHITQ -
KOM. 3poOMMO TaKi NPUIYIIEHHs: HeXall 0araToBUMipHHIA
CTaH pa/lioeKOJIOTIYHOTO CTaHY OMHCYETHCS BEKTOPaAMHU:

X={Xi}, X =[x %..x] ()
i BeKTOpOM eMIipHIHIX BUMIpiB Z = {Zi}. 3 BeKTOpa
X,

,} BUIISAETHCS (Xl,xz,..,xm) mepmux M 3Ha4eHb X ,
e M — BUMIpHUIT BEKTOp, 110 (YHKI[IOHAJIBHO HE IOB'S-

3aHUH 3 KOOpAMHATAMH X X -

m+11°*
B 3arajgpHOMY JOCHTIKyBaHa CHCTEMa MOXE OMUCYBa-
TUCS] TAKKUMH IBOMA MATPUYHUMH PIBHIHHIMU:
X, =0X,,+Tlaw,, ™
Z,=HX,+v,,
ne @©,I',H — 3anmexurtsp Big yacy; [n] — HOMEp iTepa-
uif, @, — rayciBcbka BHIIaJKOBa MOCIIIOBHICTb 3 HYJIBO-

BUM MaTeMaTUYHUM OYiKYBaHHSM.

Marpuus ' ans opHOBHMIpHOTO BHMmMAAKy € Marpu-
LIEFO-CTOBMIEM 3 OJHHM HEHYJIHOBHM €JIEMEHTOM, TOMY
JIPYTUM JIOZIAHKOM B IIEpUIOMY PiBHsIHHI cucteMu (7) Mo-
JKHA HEXTYBAaTH.

3 BpaxyBaHHSM 3pOOJICHHX MpUIYIIEHb Mepile piB-
HsIHHS cucteMu (7) Uit N -HHOT iTepalii 3anuIeTbes Tak:

19.00 31.00 21.97 86.72
2037 3279 1231 44.34
2157 7480 800 29.06
19.00 86.00 47.00 28.00
2261 7811 4756 45.00
3421 4897 7568 54.81

|36.00 50.00 86.00 70.00

Q= 700 600 19.00 64.76
2300 1117 16.99 4247
2400 11.00 10.00 17.61
2307 11.83 1044 1162
2156 1272 1916 4.37
22.00 1200 2083 2.00
18.79 1257 1867 5.5

Xl all alm 0 0 Xl
XZ 321 a2m 0 0 XZ
: . ’
Xn | =|am a,, 0 0 Xy +To,
Xm+1 Xm+1
L% 1o L AL % Joa

Je @, 1T.A. —4acTkoBi noxinHi ¢pynkuii @ .

OOuucneHHs 3HauYeHb CKCTPAmojbOBaHMX X 3iiic-
HIOETBCS 13 3aCTOCYBaHHAM MaTpHIlb MapKoBa 3a Takolo
PEKYPEHTHOIO CXEMOIO:

Xl[n] = a11x1[n _1]+"'+ a1me[n _1]’
Xz[n]:azlxl[n_1]+"'+32mxm[n_l]v (9)
Xm[n]: amlxl[n _1]+ et amern[n _1]'

HeoOxigHi 1u1st TAKUX 00YKCIICHB anpiopHi IMOBIPHOCTI
W, i Pjj 3HaxomaThes 3a BimoMHMH (opMynamu Teopii
imogipHocri [19, 20]

Pij [n]: M {xi [n _1]Xj[n _1]}: f (pij [n _1]aii)‘
(10)

me 1<i,j<m, a smax M{.-}osnauae oneparito 3Ha-
XOJDKCHHS] MATeMaTHYHOTO OYiKyBaHHS.

B TakoMy miaxoni 3araisHOIO BIACTHUBICTIO € MapKoO-
BICTh TMEpPEXiTHUX CTaHiB, TOMY MPOTHO3M, OACpKaHI Ta-
KAM. YMHOM MOXKHA TPAKTYBaTH SIK MapKOBCBKHH MpO-
rao3 [15, 16].

Sk mpuKIIaj, MOKa3aHO aHAJ3 PaTiOCKOIOTIYHUX 3MIH
okpeMo B3siTol Teputopii micist YopHOOMIBCHKOT aBapii
yepe3 10 1 20 pokiB.

VY BiAMOBIAHOCTI 3 BUKJIAJICHUM QJITOPUTMOM MA€EMO:

N =10 — gucio ukiiB (POKiB IPOTHO3Y);

14x9 — po3mipHICTh BUXiJHOT i IPOTHO3HUX MATPHIIb;

* — 03HaYa€ BiJICYTHICTh NaHUX.

[Mpukiax NpaKTUYHOrO PO3PAXyHKY MaTpuib Mapkosa
npuseaeHo Ha puc.l. Tyr: matpuust M, otpumano 3a mo-

JCITBHUMHU XapaKTEePUCTHKAMH PaJiOeKOJIOTiYHOTO CTaHy
NeBHOI TepUTOpii Ha Yac eKCTpeMalibHOI CHTYyalii (to);

marpuust M, - pospaxosana st =1, +10; marpuus M,
— g t,=t,+20. B po3paxynkax 3a ¢yHxuiro @ B3dra
GaratodakTopHa JiHiliHa perpeciitna momens [19, 20].

118.00 63.80 3300 0.0 0.0
11059 49.85 4200 0.0 0.0
18.00 3474 26.00 0.0 0.0
11.00 2513 2897 0.0 0.0
1413 3224 31.00 0.0 00 |;
1200 3400 3228 0.0 0.0
32.00 3573 4572 0.0 0.0
3257 38.00 47.00 0.0 0.0
36.50 39.28 52.00 0.0 0.0
38.31 4534 48.00 0.0 0.0
36.40 4896 4874 0.0 0.0
4335 4935 5787 0.0 0.0
45.00 4497 61.00 0.0 0.0
4113 36.78 32.00 40.00 47.00
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6.40 6.40 463 5438 77.00 30.60 1.26
714 903 438 2107 7163 21.82 12.00

8.28 4916 3.69 6.9 7.21 1370 10.00
6.40 59.00 045 4.00 267 862 10.04
932 5191 7.4 3200 325 1290 10.00
18.89 30.62 40.66 29.78 0.45 14.00 10.61
2000 3200 47.00 32.00 14.00 13.75 15.53
Qo = 1.60 042 18.00 30.38 13.89 14.00 16.00
10.00 4.18 12.01 22.06 14.87 13.93 12.00
16.00 4.00 4.00 906 1216 13.39 13.00
1430 421 386 237 648 12.02 1281
460 097 068 073 771 937 11.38
400 040 045 040 800 817 12.00
394 081 063 082 737 876 253

0.0 0.0 * % * %
0.0 0.0 * * % * 4
0.0 0.0 * k% x 4
0.0 0.0 * *ox o
0.0 0.0 * * 5 * 4
0.0 0.0 % % % 4 %
0.0 0.0 3 4 3 * ¥
00 00| BT s 24« 33
0.0 0.0 * * ok * 3
0.0 0.0 2 3 * * 3
0.0 0.0 * * % *® %
0.0 0.0 * * ok * ok
0.0 0.0 3 * ok *® 2
3.11 445 * * ok * ok

Puc.1. Marpuni MapkoBa Hawac t,, t, i t,.

Komm’toTepHa peaiizaiiis ajiroputMy MapKOBCHKOTO
NPOTHO3y IOKa3aja, IO BiH MOXe OyTH peaii3oBaHuii
IBOMa IUIAXaMH, IO BiPi3HSIOTHCS IMOCIIIOBHICTIO 3a-
CTOCYBaHHS IPOLEIYP MEPETBOPEHHS MATPHIIb 1 IPOTHO3Y
OKpEeMHUX eJIIEMEHTIB MaTpHUIlb. ¥ CHMBOJIBHIH Gopmi mep-
WA 1 IPYTHH TMiIXOAN MAIOTh BUTIIS!

TePIITHA TiXia

Qo npoeHo3 Qo : Q() k Q1 , Q1 npouos Q1 1 Q1 k Qz 1

JMPYTHR T IXi1]1

QOM)QU ' Qo —k_>Q11 Ql —k_)QN '

ITpu 3acTocyBaHHI MEPIIOTO MiAXOLY Ha KOXKHOMY 4aco-
BOMY IIMKJI PO3B’SI3YIOTHCS [IBI 3a/1adi: 3aja4a MpOTHO3Y i
3ajaya Iepexonqy OO0 HACTYIIHOro dacoBoro K -pignoro,
LUKITY.

B npyromy mimxoni cmodaTKy poO3B’A3YEThCS 3agada
MIPOTHO3Y, a MOTIM y BCiX YaCOBMX HHUKJIAX — TUIBKU 3a]a-
Ya Iepexoay 10 HaCTYITHOTO 9aCOBOTO IUKITY.

Puc.2. Mopdosoriuni 0oco6auBoCTi epeOy10BH KiCTKOBOI TKAHWHH ITi/T BILTHBOM ITiIBHIICHOT paIiaii:
a) MIKpOCTPYKTypa KiCTKOBOI TKAHHHH B HOpMi, 30inbmenns 10000%; 6) parMent ry6uacTol KicTKH, ypakeHol BpaeHOro XBO-
poboro ITepreca, — 1000%; B) KopTHKANEHA YaCTHHA KiCTKH, BpaxeHoi guctpodiero, — 3000%; r) dparmMenT ypaxeHoi 0CTEOMOIO KicT-
Kn, — 1000%; 1) KicTROBO-XpsIIOBHiT ek30CTO3, (parment kictku, — 2000%; ¢) PEM-mikpodororpadis kictkoBoi maxyrn, — 5000,

I1. PEM-Mikpockonist qecTpyKuii KicTKOBOI TKAHUHHU

Ha Tepuropisix, palioakTHBHO BpPaXEHHX BHACIIZIOK
YopHOoOMIIBECHKOT aBapii, KpiM paiioakTHBHOTO 3a0pyHe-
HOTO IPYHTOBOTO 1 POCIMHHOTO TIOKPHBY CIIOCTEPITraroTh-
Csl CYTTEBI AECTPYKTUBHI 3MiHHU KiCTKOBOI TKAHHHH Y JIIO-
neit 1 TBapuH [21]. Ha mikpodoTtorpadisx (puc.2, a, 0, B, T,
I, €) OTPUMaHUX 3a JIONIOMOTOI0 CYYacHOI €JIEeKTPOHHOI
Mmikpockomnii pactpooro tumy (PEM "Hitachi-S800") mo-
Ka3aHWH 3pa30K 3/10pOBOI KICTKOBOI TKAHMHH JIFOJIMHU (a)
Ta 3MiHU TIOB’s3aHi 3 HETaTUBHUMHM 30BHIIIHIMU TIpoIieca-
MHU: ypaxkeHHs XBopoboto Ilepreca (6), muctpodicro (B),
0CTEOMOIO, (T), KICTKOBUM XPSIIIIOBUM €K30CTO30M (€), Kic-
TKOBOIO JIAKYHOTO ().

Binmigeni necTpykTuBHI 3MiHM OOYMOBIJIEHI JETIOHY-
BaHHSAM B KICTKOBil TKaHWHI TOJIOBHUM YMHOM paaioak-
TUBHOro 1e3ir0-137 1 crponniio-90. Tpusane Haxxo-
JOKEHHS Ta iHKOpropamist iX y KiCTKOBiH TKaHHHI CyHpo-
BOJDKYETbCS PO3BHUTKOM B KICTKaX pSAIYy CTPYKTYPHHUX
nepeOy/ 0B, HAOUIBII BpaXXEHUX B 30HAX POCTY 1 ajam-
THUBHOT'O PEMOJIYJIIOBAHHS KiCTKH.

BucHOBKH i nepcnieKTHBH NOAAJIbIINX A0CTITKEHb

1. I3 xOMII'IOTEPHOTO MOPIBHSHHS IMX MIiAXOMIB MOX-
Ha 3pOOKMTH TaKWii BUCHOBOK: B IIEPLIOMY ITiIXO/i PO3B's-
3yerbest N 3amad NpOTHO3YBaHHS, a B JPYroOMY TiIBKH
onna. [Tepumii mifxig He HAKOIMYY€E TIOMUJIOK TIPOTHO3Y-
BaHHA, a KOXKHUH pa3 yTOYHIOE IPOTHO3 TPH IMEepexoi 3
OJTHOTO 4acOBOTO IIMKJIY Ha iHmmMi. Jpyruii migxin: mnep-
Il 3MPOTHO30BaHI 3HAYEHHS IOUIMPIOE ITIOCIIJOBHO HA
pELITy YacoBUX IMKIIB, 10 IPUBOIMUTH IO HAKOTIMYEHHS
MOMUJIOK MPOTHO3YBaHHS 3 KOXXHHUM YaCOBUM IUKIJIOM.
Od4eBUIHO, 3 TOYKH 30py TOYHOCTi, HEOOXiTHO BimmaTH
repeBary nepuomMy mijaxoy.

2. B cykymHOCTI po3po0iieHa MeTouKa JTO3BOJISIE 3/TiH-
CHIOBATH Ha SKICHO HOBOMY piBHI iHTErpoBaHy OIIiHKY,
IHTEpIIpeTalilo Ta MPOrHO3 PaIiOEKOIOTIYHOTO CTaHy Te-
pHTOPIi, @ TAKOX BIUIMB PafialliiHUX, €KO-aHTPOIIOTEHHUX
(akTopiB Ha 3]I0POB’S JIOMHH.
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Abstract. The question of time transformation of radio-ecological state of the affected area is investigated from a general mathemati-
cal-formalistic positions. It is shown that such transformations correspond to Markov processes that are offered to be characterized
by Markov matrices. The predictive algorithm is given as a system of matrix equations of Kalman’s type. The integrated radio-
ecological assessment with the appliance of modern SEM-microscopy is proposed.
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Meabnuk B.H., Baiungep 10.C., Menneas B.Il. MatemaTnueckuii popmanuszm tpanchopmManuu paguodKoJI0rH4ecKoro co-
CTOSIHMSI TEPPUTOPUM ¢ IpUMeHeHHeM MaTpull MapkoBa u POM-mukpockonuu

AnHOTanmsi. PaccMOTpeHHBIE U3 OOIIMX MaTeMaTHYeCKU-(POPMATUCTUICCKUX MO3MIUN BOMPOC TpaHchHOpMaluu BO BPEMEHHU pa-
JIMO3KOJIOTNYECKOTO COCTOSIHUS TIOpaXKeHHOM Tepputopuu. [lokazaHo, 4To mogo0HbIe TpaHC(HOPMaLUH COOTBETCTBYIOT MaPKOBCKHM
mpolieccaM, KOTOpBIE TpeIaraeTcs XapakTepu30BaTh MaTpuuaMu MapkoBa. [laHo TPOTHO3HBIH alrOPUTM B BHIE CUCTEMBI MATPU Y-
HBIX YpaBHEHHUII KalMaHOBCKO# Tuna. [Ipeanaraercs HHTErpupOBaHHAS PAIHOIKOIOTHUECKAs OIIEHKA C MPUMEHEHHUEM COBPEMEHHON
POM-MukpocKomun.

Knrwoueswie cnosa: paouosxonozus, npocHosuposanus, mampuyst Maproea, POM-muxpockonus
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