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BIOLOGY, BIOTECHNOLOGY AND ECOLOGY

Lyzogub V.S., Chernenko N.P., Kozhemyako T.V., Dziuban I.0O.
Individual reactions of cerebral hemodynamics and heart rate during mental activity with high rate of
information presentation

Lyzogub Volodymyr Sergiyovych, Doctor of Biological Sciences, professor, head of department, director Institute
Chernenko Nataliya Pavlovna, assistant professor

Kozhemyako Tatyana Vladimirona, assistant

Dziuban luriy Aleksandrovich, assistant

M. Bosyj Scientific Research Institute, department of Anatomy, Physiology and Physical Rehabilitation

B. Khmelnytskyj Cherkasy National University, Cherkasy, Ukraine

Abstract. Analysis of parameters of heart rate variability (HRV), wave structure of heart rate (WSHR) and cerebral hemodynam-
ics (CH) during differentiation and information processing at high rate of its presentation allowed to distinguish three types of indi-
vidual reactions dependent on functional mobility of nervous processes (FLNP). Normoreactive type of reaction determined in 61%
of subjects with high FLNP was characterized by optimal and coordinated reaction of intracranial vessels tonus and systemic sym-
pathicoadrenal mechanisms of heart rate regulation. Another type, hyperreactive, was determined in 63% subjects with low FLNP.
This type of vegetative support control of mental activity was characterized by marked activation of systemic sympathicoadrenal and
minor activation of regional control mechanisms. The third type of reaction, hyporeactive, was characterized by minor changes of
regional and absence of compensatory reactions of systemic control mechanisms and was detected in 6% of subjects with high FLNP
and in 10% of subjects with low FLNP.

Keywords: mental activity, information processing, functional mobility of nervous processes, heart rate variability, cerebral he-

modynamics

Introduction. The question of psychophysiological con-
trol of mental capacity in terms of types, volume and
intensity of load only began to be studied [6, 9, 15]. In-
crease of significance of study of peculiarities of influ-
ence of increased informational load on organism in glob-
al science is evidenced by discovery of several phenome-
na, including Karoshi syndrome (sudden death on work
position [27]) and “burnout disease” (“burnout” [3, 5]),
which affect up to 60% of workers exposed to high in-
formational and psychoemotional load. Thus researches
demonstrate notable interest in searching reliable indices
informative of mental activity control and predicting [1,
20, 25].

Brief summary of relevant publications. Discussion
of peculiarities of cardiac function and cerebral
hemodynamics (CH) regulation during intensive mental
activity has been quite active during the last decate. One
reseachers think that mental activity is accompanied by
increase of hemodynamic support of encephalon [19, 28].
At the same time reduction in cerebral blood supply has
been demonstrated during intense mental activity [22, 23].
It was shown that multidirectional reactions of cerebral
hemodynamics take place during mental work [6]. We
think that multidirectional cerebral hemodynamics
changes to a great extent can be explained by the
hypothesis of influence of individually-typoligical
characteristics of higher nervous activity (HNA) on such
reactions. But the question about connection between
individually-typoligical characteristics of higher segments
of central nervous system and vegetative reactions during
mental activity is quite debatable. Data has been received
showing that individually-typoligical characteristics of
HNA are not connected with parameters of vegetative
reactions in resting state and during short mental work
load [4, 16]. Some authors in resting state already
observed differences in activation of vegetative control
systems of heart activity in people with different

individually-typoligical characteristics of HNA [13].
Peculiarities of fatigue development during mental
activity are also well described in literature [8, 21]. But
individual differences in cerebral hemodynamics and
cardiac activity during long-term hard mental activity
with high rate of information processing have not been
established. Such a study is quite promising for
understanding fundamental processes of brain functioning
and hemodynamics, and for development of measures for
prevention of mental tiredness and diseases of nervous
and cardiovascular system.

Research objective - to establish the role of individu-
ally-typoligical characteristics of higher nervous activity
in peculiarities of heart rate and cerebral hemodynamics
regulation during processing of information with high rate
of its presentation.

Materials and methods. In total 158 students of Com-
puter Technologies department have been tested (age: 18-
21 years). Individually-typological characteristics of main
nervous processes (functional lability [FLNP]), heart rate
variability (HRV), wave structure of heart rate (WSHR),
rheoencephalography parameters (REG) and mental ca-
pacity were determined.

Mental capacity was diagnosed during work on a com-
puter during 30 minutes with high rate of information
presentation, which was individual for each subject. Vol-
ume of information processed during 30 minutes and
quantity of mistakes at the beginning, in the middle and at
the end of work were determined.

FLNP was measured using M.V. Makarenko method-
ics [11] on a computer complex “Diagnost-1” in forced
pace mode (constantly increasing load). The highest speed
of differentiation of positive and inhibitory stimuli which
were presented randomly one after another was deter-
mined. Quantitative parameter of FLNP used was the
maximum speed of stimuli presentation at which subject
was making not more than 5-5.5% mistakes.

©)V. s. Lyzogub, N. P. Chemenko, T. V. Kozhemyako, I. O. Dziuban 2014
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Immediately before the main test and during 30
minutes of processing of information with high rate of
stimule presentation HRV, WSHR and REG were deter-
mined.

Parameters of HRV and WSHR were measured using
software “Caspico” [9]. Main characteristics of HRV and
WSHR were established. During HRV analysis mean
cardiointerval (R-R), standard deviations of NN intervals
(SDNN), mode (Mo), mode amplitude (aMo), regulatory
systems tension index (IN) and heart rate (HR). Power of
WSHR in high-frequency (0.15-0.4 Hz; HF), low-
frequency (0.04-0.15 Hz; LF) and very low-frequency
(<0.04 Hz; VLF) ranges, total spectrum power (TP), indi-
ces of vagosympathetic tension (LF/HF), vegetative nerv-
ous system reactivity (ratios of LF/HF and IN during tast fulfill-
ment to baseline values) were calculated. The latter character-
ised the reaction of systemic mechanisms of regulation [2].

REG was measured using fronto-mastoidal (FM) elec-
tode layout. REG parameters were determined using
computer diagnostic complex ReoCom XAl, which al-
lows registering of electrocardiogram (ECG) and reogram
(RG), and blood pressure was measured. The following
indices were determined: reographyc systolic index (RSI,
Ohm), large arteries tonus (TI, cu), medium and small
arteries tonus (Tms, cu), bisferious index (B, %), cerebral
vessels reactivity index (CVRI), which was calculated as
ratio of Bl during task fulfillment to baseline value [26].
The latter characterised the reaction of intracranial resistance
vessels and regional vasomotor control mechanism [14].

Statistic analysis was done in software Excel-2003 and
Statistica for Windows. Parametric and nonparametric
methodics of analysis were used.

Results and discussion

By FLNP values all subjects were divided into 3
groups: with low, medium and high FLNP. During mental
activity with individually high rate of stimuli presentation
subjects with low FLNP processed from 2400 to 2700
stimuli and made on average 134.1+£12.09 mistakes
(5.59%). At the same time their agemates with high level
of FLNP demonstrated much higher volume of infor-
mation processed, from 3600 to 4500 stimuli, and mean

A
AmMo
200
150
LF/H IN
LF/H
50 /
0 %
NN
H /‘ i
VL

number of mistakes was 307.6+13.00 (9.32%; p<0.05).
Subjects with medium FLNP showed intermediate values.

So mental capacity in differentiating positive and in-
hibitory signals presented at maximum speed was de-
pendent on typological characteristics of HNA. Subjects
with high FLNP demonstrated higher values of volume of
information processed and mistakes in comparison to
subjects with low FLNP (p<0.05).

Our results show that activation of cardiac activity con-
trol mechanisms and cerebral hemodynamic reactions
during information processing with high speed of stimuli
differentiation depends on FLNP. Analysis of parameters
of REG, HRV and WSHR allowed to measure the tension
level and to distinguish main variants of vegetative con-
trol mechanisms participation in maintenance of mental
activity.

During 30-min task fulfillment only subjects with low
FLNP showed increase in aMo and IN and decrease in
SDNN in comparison to baseline values (p<0.05). Sub-
jects with low FLNP during mental activity with individ-
ually high rate of information presentation showed in-
creased activation of sympathetic and decrement in acti-
vation of parasympathetic segments of VNS and increase
in centralisation of HR control. Subjects with low FLNP
had higher aMo and IN, and lower SDNN values in com-
parison to subjects with high FLNP (p<0.05). For exam-
ple, in the middle of 30-min period of mental activity
aMo was 55.7% (49.9; 60.4%) and 43.1% (39.9; 51.0%)
in subjects with low and high FLNP, accordingly
(p<0.05). Regulatory systems tension index (IN) in these
conditions was 233.4 (202.9; 314.3) and 94.8 (74.5;
152.3) conditional units (cu) in subjects with low and
high FLNP, accordingly (p<0.05), which indicates higher
activation of central, suprasegmentary levels of control in
subjects with low FLNP [2, 12].

Thus subjects with low and high FLNP during infor-
mation processing demonstrated different level of vegeta-
tive control mechanisms involvment. Changes of HRV
and WSHR parameters during information processing at
high speed of its presentation in subjects with different
FLNP are shown on radar chart (Fig. 1).

B

150

100
o
0

SNN

VLF

Fig. 1. Changes of HRV and WSHR parameters during information processing in comparison with baseline; A - subjects with low
FLNP, B - subjects with high FLNP.
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It can be seen that parameters of HRV and WSHR in
these groups have the following peculiarities. Firstly,
comparison of values in groups with low and high FLNP
show that changes of some parameters (aMo, IN, SDNN,
VLF) are opposite and do not coincide. Secondly, pa-
rameters HF, LF/HF change in the same direction but in
varying degrees. It can be stated that mechanisms of vege-
tative support of heart activity during information pro-
cessing differ in subjects with different FLNP.

WSHR in subjects with high FLNP during information
processing was characterised with much higher HF, VLF
and TP and with lowe LF-norm (p<0.05). For example, in
the middle of 30-min period of mental activity HF was
126.4 (70.3; 281.9) ms? and 237.3 (158.5; 331.5) ms? in
subjects with low and high FLNP, accordingly (p<0.05).
VLF was 373.02 (262.1; 457.6) ms? and 562.1 (420.7;
1003.8) ms? in subjects with low and high FLNP, accord-
ingly (p<0.05). TP in these conditions was 834.9 (755.5;
982.8) ms? and 1567.3 (1092.2; 2048.3) ms? in subjects
with low and high FLNP, accordingly (p<0.05). LF power
in normalised units (LF-norm) was equal to 35.6 (21.1;
65.02) ms? and 21.4 (18.9; 57.7) ms? in subjects with low
and high FLNP, accordingly (p<0.05). Subjects with
medium FLNP showed intermediate spectral power val-
ues. Such results may indicate that subjects with high
FLNP have higher level of activation of central and pe-
ripheral mechanisms of HR control. Results of subjects
with high FLNP are indicative of domination of supra-
segmental influences and show higher activation of cen-

tral and metabolic levels of HR control [2, 15]. That is
why higher TP values along with high VLF during mental
activity in subjects with high FLNP should be considered
as one of specific mechanisms of cerebral hemodynamics
(CH) and HR control [7].

So features of main nervous processes not only present
neurodynamic base of highest possible rate of faultless
response but form peculiarities of control of vegetative
mechanisms that create corresponding background for
mental activity.

During information processing with high rate of differ-
entiation of positive and inhibitory stimuli statistically
significant (p<0.05) changes of RSI relative to baseline
values were detected only in the left cerebral hemisphere
in subjects with high FLNP. Baseline RSI in this group
was 0.43 (0.399; 0.59) Ohm and during load rose by
18.5% (p<0.05). Comparison of CH in groups demon-
strated much higher blood filling of both right and left
hemispheres during mental work in subjects with high
FLNP compared to low FLNP.

At the same time redistribution of blood in favour of
the left cerebral hemisphere was seen. Subjects with high
FLNP showed significantly higher (by 25%) RSI in the
left hemisphere in comparison to subjects with low FLNP
(p<0.05).

During high speed of information presentation CVRI
and IPAHC depended on individually-typoligical charac-
teristics of HNA (Fig. 2).

- cu ,
AT A L | 5
# i I
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Fig. 2 Cerebral vessels reactivity index (CVRI) - B (in the right and left cerebral hemispheres) and vegetative nervous system

reactivity - A (by IN and LF/HF) during individually high speed of information processing in subjects with low (

D)and

high FLNP (% ): p<0.05 - statistically significant differences between groups with low and high FLNP.

Comparison of CVRI and IPAHC values in subjects
with different FLNP showed that during high speed of
information processing 61% subjects with high FLNP
demonstrated coordinated normoreactive changes of both
indices of CH and HR. 63% subjects with low FLNP had
hyperreaction of LF/HF and minor changes in CVRI.
Hyporeactive reaction type was characeterized by mar-
ginal changes of regional and absence of compensatory
systemic control mechanisms. Such reaction type was
detected in 6% of subjects with high FLNP in comparison
to 10% of subjects with low FLNP. Probably, subjects
with low FLNP have lower threshold level of vegetative
reactivity of limbic-reticular complex, and thus we sooner
see discoordination of cortico-subcortical interwork that
plays substantial role in development of adverse reactions

of incracranial vessels. Normoreactive reaction to mental
work typical for subjects with high FLNP is achieved by
activity of two interconnected control mechanisms - a
systemic (nonspecific) sympathoadrenal and a regional
(specific) vasomotor. The first one provides mobilisation
of energy reserves required and the second one controls
their effective use [12, 20, 26].

Thus CH and HR regulation during mental activity
with high rate of information processing is connected with
individually-typological characteristics of HNA and de-
pends not only on complexity of the task but also on basic
characteristics on main nervous processes.

During mental work with high rate of information pro-
cessing subjects with different FLNP demonstrate vegeta-
tive reactions in mechanisms of HR and CH control that
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differ in magntude and direction. Subjects with low FLNP
during information processing with high rate are charac-
terized by lower brain working capacity and higher acti-
vation of mechanisms of vegetative control of HR (mainly
due to sympathetic segment of VNS), and also by lower
CH values.

Integral analysis of variational and spectral cardioin-
tervalography and rheoencephalography parameters,
along with characteristics of main nervous processes
represents an important component in systemic approach
to determination of role of individually-typoligical char-
acteristics of higher nervous activity in vegetative support
of mental activity. Presented work substantiates rationale
of using individually-typoligical characteristics of higher
segments of central nervous system for objective evalua-
tion of mental activity results and vegetative mechanisms
of control of heart rate and cerebral hemodynamic reac-
tions.

Conclusions

1. So long-term mental activity in differentiating posi-
tive and inhibitory signals presented at maximum speed is
dependent on individually-typological characteristics of
HNA. Subjects with high FLNP processed more infor-

mation and were making less mistakes in comparison to
subjects with low FLNP.

2. 61% of subjects with high FLNP in comparison to
subjects with low FLNP showed coordinated normoreac-
tive decrease in intracranial vessels tonus on the back-
ground of minor exertion of systemic mechanisms of
heart rate regulation.

3. Hyperreactive type of vegetative support control of
mental activity was characterized by marked activation of
systemic  sympathicoadrenal and minor activation of
regional control mechanisms. Such type of individual
reactions of vegetative support of mental activity was
found in 63% of subjects with low FLNP.

4. Detected relationships between FLNP and mecha-
nisms of vegetative control of heart function and cerebral
hemodynamics serve as evidence of their coordinated
action in forming individual reactions of adaptation to
specific mental activity. Typologic characteristics of main
nervous processes form the psychophysiologic basis of
mental activity during information processing and deter-
minate different contribution of vegetative mechanisms of
regulation of heart rate and cerebral hemodynamics.
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JIuzory6 B.C., Uepnenko H.II., Ko:xkemsiko T.B., /[31060an 10.A. UnguBuayajbHbIE peaKUM TeMOIHHAMUKH F0JIOBHOT0 MO3-
ra u cepe4YHOro pUTMAa BO BpeMsl YMCTBeHHOIi 1esiTeTbHOCTH € BbICOKOI CKOPOCTH NpeabsiBJIeHNs HH(popManuu

AHHOTanus. AHanm3 mokasareneii BapuadensHocTH (BCC) 1 BomHOBOM CTpYyKTYpHI cepraeuHoro putMa (XCCP) u reMoauHaMuKH
rosoBHOro Mo3ra (I'TM) mpu nud depeHumpoBannu u nepepadborke HHHOPMALUHN HA BRICOKOW CKOPOCTH €€ MPEIbsSBICHHUS MO3BOJIMIT
BBIIEINTH TPH THIA WHAWBUIYAIBHBIX PEaKINil, KOTOPble HAXOJWMINCh B 3aBUCHMOCTH OT ()YHKIMOHAIHEHOI MOABMKHOCTH OCHOB-
HbIX HepBHBIX nporeccoB (OPHIT). HopmopeakTuBHuil THI peakin oOHapyxeH y 61% o6cnenyembix ¢ Beicokoit ®PHII, xapakTre-
pH3OBaBLUPIﬁC5{ ONTHMAJbHONH M COTJIACOBAHHOM peaKuMeﬁ TOHYCa HWHTpPAaKpaHUAJIBHBIX COCYAOB W CHUCTEMHBIX, CHMIIATO-
a/IpeHaJIOBBIX MEXaHM3MOB PErYISILHMU CEePJSYHOro pUTMa. BTOpoil THN — runeppeakTHBHBIX, 0OHApPYKHIH B 63% NIl ¢ HU3KOIT
®PHII. OH conpoBo>kaancs BEIPa)KCHHOW aKTHUBALMEH CUCTEMHBIX, CUMIIATOAJPEHAIOBON U HE3HAYMTENbHON - PETHOHAPHBIX MeXa-
HU3MOB PETyJISAIHA. TpeTHil THII peaKkiuil - THIIOPEaKTUBHBIN OTIINYAJICS He3HAYHTEIbHBIMI H3MEHEHHSMH PETHOHAPHBIX U OTCYT-
CTBHEM KOMITCHCATOPHBIX PEAKIMI CHCTEMHBIX MEXaHM3MOB PETYISIMN ObLT 3aperucTpHpoBaH B 6% ¢ BbIcokoi 1 10% i ¢ HU3-

Kkoit ®PHII.

Knrouesvie cnosa: ymcmsennas oesmenbHocms, nepepabomia ungopmayuu, GyHKYuoHATbHAS NOOBUICHOCHb HEPEHBIX NPoYec-
€08, 8apuabenbHOCnb cepoeuHo20 pumma, yepedpanbHas 2eMoOUHaMUKA 207106HO20 MO32d
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Abstract. A survey of 29 trained and untrained youths aged 18 to 20 years was carried out. It has been shown that the optimal level

of adaptation of a trained body to prolonged and intense physical exercise is provided by the activation of not only the constitutive

calcium-dependent nitric oxide synthesis, but also by oxidative arginase metabolism of arginine, which yields a range of important

low-molecular bioregulators and antioxidants, including urea. Significant reduction in the functionality of the body of trained youths

at the end of competition period and as a consequence the manifestation of disadaptation signs correlates with increased oxidative

calcium independent nitric oxide synthesis and its non-oxidative synthesis due to reutilization of stable circulating NO metabolites.
Key Words: metabolism, arginine, nitric oxide, physical exercise, adaptation, youths

Introduction. It is proved that nitric oxide plays an im-
portant role in the adaptation of the organism to physical
exercise in particular through the regulation of the func-
tional state of the cardiovascular system [4, 5, 6]. A num-
ber of authors identified the restructuring of the functional
status of endothelium and nitric oxide system in humans
under the influence of muscular work, which relates pri-
marily to the increase in nitric oxide (NO) synthesis and
as a consequence to the severity of vascular vasodilator
responses [7-10]. It should also be noted that in almost all
studies metered and nondurable physical exercises were
exclusively used.

As we have shown earlier, young sportswomen per-
forming prolonged physical work of great intensity and
amount in either the mode of training, or in aggravated by
psychological stress mode of competition manifested
significant changes in nitric oxide synthesis: among the
women, at transition from training load up the same one,
but in terms of psychological stress the intensity of the
oxidative degradation of arginine with the participation of
cNOS reduced significantly, as well as arginase pathway
of its metabolism by which such important low-molecular
bioregulators as urea, polyamines and GABA are synthe-
sized; and conversely the oxidation of arginine by calcium
independent iINOS enhanced [1, 2].

The goal was to study the characteristics of changes in
the exchange of L-arginine including oxidative nitric
oxide synthesis in healthy persons under the influence of
prolonged exercise of significant amount and intensity. It
was important to examine the intensity of nitric oxide
synthesis both inducible and constitutional, the intensity
of its reutilization (salvage) synthesis through the restora-
tion of stable circulating metabolites — nitrite and nitrate,
as well as the intensity of a non-oxidizing degradation of
arginine by arginase.

Methods. The experiment involved 17 untrained stu-
dents, young men (control group) and 12 trained young
men, handball players (experimental group) aged 18 to 20
years. Youths of the experimental group systematically
performed muscular work of large amount and intensity
during 11 months. The first three months were training
period, over the next 8 months (competition period) train-
ing exercises (25 — 30% of the total load of the training
period) were carried out in parallel with the competition
in accordance with the schedule of a team.

In the study, biochemical parameters that characterize
the rate of metabolism of L-arginine by two alternative
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pathways of metabolism (non-oxidative arginase way and
oxidative NO synthase one) were determined in blood
plasma of youths in both groups.

The intensity of non-oxidative metabolism was as-
sessed by determining the activity of arginase and urea
amount formed when using this enzyme. The intensity of
the oxidative degradation of arginine to synthesize nitric
oxide was assessed by the activity of different isoenzymes
of NO-synthases — calcium dependent constitutive one,
cNOS (it was determined as the total activity of endothe-
lial and neuronal NOS: eNOS + nNOS = cNOS) and
calcium independent inducible one (iNOS), as well as the
level of stable oxidized metabolites of nitric oxide, name-
ly: nitrite (NO, ) and nitrate (NO;3 °) anions.

We also estimated the intensity of nitrate anions sal-
vage for re-synthesis of nitric oxide by determining
NADPH-dependent nitrate reductase activity in the blood
plasma. All those indicators were determined according to
previously described methods [1, 2].

We also calculated relative changes (D,%) in biochem-
ical parameters with respect to certain investigated period,
or control according to such a formula:

D =100 (X; — X,)/ X,

where Xi is the final value of a parameter; Xn is the in-
itial value of the parameter.

All biochemical parameters were measured in leuko-
cyte enriched plasma of untrained young men of the con-
trol group at the beginning of survey and in trained young
men of the experimental group three times: at the end of
the training period (or beginning of competition period),
in the middle and late period of competition period. In the
process of the training period (3 months), physical activi-
ty was performed in the absence of factors of psychologi-
cal stress, and within the competitive period (8 months) it
was performed in both a stress-free mode, and in stressful
conditions of the responsible competitions.

Chosen scheme for determining these biochemical pa-
rameters was based on the fact that we tried to evaluate
the changes in the activity of different pathways of argi-
nine and nitric oxide synthesis in the late training period
(at the peak of physical fitness, achieved during the train-
ing sessions), in mid-competition period (after 7 months
after the start of training or 4 months after the start of the
competitions), and at the end of competition period (with-
in 11 months after the start of training or 8 months after
the start of the competitions).
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In untrained young men of the control group at base-
line of the survey and in trained ones of the experimental
group after the training period, in the middle and late
period of competition period we determined simultane-
ously the overall physical work capacity (PWC,yz) by
means of sub maximal test PWC,7, and maximal oxygen
consumption (VO,max) relative to body weight by Karp-
man’s [3]:

PWCi7¢ =
[N1 + (Nz - N1) (170 — HRl)/(HRz - HR1)]/BW,

where N; is capacity of the first load, kgm / min; N, is
capacity of the second load, kgm / min; HR; is heart rate
at the end of the first load, min ¥ HR, is heart rate at the
end of the second load, min ™ BW is body weight, kg.

VO,max = 1.7 - PWCy,o - BW + 1240,

where PWC,y, is relative value of the overall physical
work capacity, kgm -min * -kg™; BW is body weight, kg;
1.7 and 1240 are constant coefficients.

All results were processed by variational statistics
method, using t Student's test. Mean value (M), standard
deviation (m) and coefficient of reliability (P) calculations

was performed using Calc (OpenOffice.org), STATISTI-
CA’99 (“StatSoft. Inc”).

Results and their Discussion. In the investigation we
analyzed the dynamics of biochemical and functional
parameters of surveyed and trained youths. Table 1 shows
the results of a preliminary survey of both the control and
experimental youth groups. Examination of the latter
group was held at the end of the preparation for the com-
petitive season, at a kind of a peak of their functional
readiness, which was confirmed by their sufficiently high
values of the general physical working capacity PWC;zo
and maximal oxygen consumption (VO,max). The young
men who trained regularly and intensively for 3 months at
that stage manifested values of almost all the studied
biochemical parameters significantly higher than those in
untrained youths of the same age in control group. This
showed the importance of the studied biochemical mark-
ers of NO-synthase and arginase pathways of arginine
metabolism, as well as oxidative and (by NOS) non-
oxidative salvage (by nitrate reductase) synthesis of nitric
oxide for youths’ adaptation to prolonged and considera-
ble physical exercises [7-10].

Table 1. Biochemical and functional parameters of the surveyed (control group n = 12) and trained (experimental group n = 17)

youths (M + m)

Parameters Control Trained
NO,, pmol - mg™ of protein 177.1 £18.1 323.70 + 24.70*
NO;, nmol - mg™ of protein 7.74 +0.82 1.67 £0.20*
Arginase, nmol-min™'- mg™of protein 1.21£0.16 2.09 +0.25%
Urea, nmol- mg™ of protein 56.68 = 5.40 75.80 + 6.20*
Constitutive NO-synthase, pmol-min - mg "of protein 40.04 +3.24 58.6 +7.90*
Inducible NO-synthase, pmol-min - mg™of protein 14.44 £4.08 12.3+£2.45
Total NO-synthase, pmol-min"- mg of protein 54.48 +7.48 70.95 +9.85
Nitrate reductase, nmol- min™* mg™ of protein 3.17£0.15 3.47+041
General physical working capacity, kgm: min™*- kg™ 12.86 +0.97 26.64 +1.31*
Maximal oxygen consumption,ml- min™ kg™ 4832+ 1.24 70.24 + 2.84*

*—P<0,05.

However, analysis of the results made it possible to as-
certain the presence of a specific hierarchical organization
of arginine exchange and nitric oxide synthesis in the
experimental group of surveyed youths at the highest
(maximum) level of their functional readiness. So, at the
end of the training period with the maximum values of
PWC,7 (twice higher than in the control) and VO,max
(statistically significant excess of VO,max control values
by 50%) the dominant role in providing the necessary
content of nitric oxide and as a consequence, the maxi-
mum level of functional parameters of trained youths
fully adapted to the implementation of a long and signifi-
cant physical activity is provided by a sufficiently high
activity of constitutive nitric oxide synthesis (+46.35%
compared with the control) in combination with high
levels of arginase activity (+72.73%). In addition, the
importance of achieving optimal functional fitness may
also have a contribution of nitric oxide re-synthesized
from its circulating stable metabolites (nitrite anion con-
tent was by 82.78% higher, and nitrate anion content by
78.44% lower than those in the controls), although signif-
icant differences in nitrate reductase activity were not
recorded. Significantly lower (by 14.82%) values of iNOS
in young men compared with the control group also testi-
fied in favor of an optimal state of nitric oxide synthesis

in young men of the experimental group at the beginning
of the training period.

In general, we can say that more expressed constitutive
de novo nitric oxide synthesis in trained youths, combined
with a relatively moderate increase in salvage pathway,
increased intensity of arginase pathway and decreased
activity of calcium-independent (by iNOS) NO synthesis
were observed against the background of increased values
of their overall physical working capacity and aerobic
efficiency as compared to control. It is a convincing proof
of the important role of nitric oxide synthesized by consti-
tutive way rather than inducible one to ensure an adequate
level of functional fitness of the body.

We also evaluated the changes in nitric oxide synthesis
in various stages of training and competitive activity of
trained youths in the dynamics of adaptation to changes in
the nature and extent of external impact on their body in
the form of muscle work.

As it is seen from the results presented in Table 2,
long-term combination of training and competitive pres-
sures in trained youths of the experimental group resulted
in decreased level of their physical work capacity and
maximal oxygen consumption by the middle of competi-
tion period, which fully confirms the published data on
this question. In this connection, significant changes were



Science and Education a New Dimension. Natural and Technical Sciences, 11(3), Issue: 21, 2014 www.seanewdim.com

observed in the system providing the body with nitric
oxide.

It has been found that under conditions of prolonged
muscular work a dominant role in ensuring the optimal
level of the system of nitric oxide synthesis belongs not
only to oxidative constitutive synthesis of NO but also to
its non-oxidative re-synthesis from stable metabolites.

Thus, in the middle of competition period some plasma
parameters reached maximum values: the content of ni-

trite anion (+16.77%), cNOS activity (+22.30%), and
especially nitrate reductase activity (+112.68%), while on
the contrary, content of the nitrate anion (-38.92%) and
the activity of arginase (-37.32%) reached the minimum.
It is possible that increased activity of cNOS was due to
decreased activities of both arginase and iNOS (-15.20%)
competing with cNOS for the common substrate — L-
arginine.

Table 2. Changes in the absolute values of the biochemical and functional parameters in trained youths, depending on the duration of
regular physical exercises and psychological stress during competitions (M + m)

Parameters Middle of competitive End of competitive peri-
peruid od
NO,’, pmol - mg™ of protein 378.0 + 46.90 299.2 + 16.00%*
NOj3’, nmol - mg’1 of protein 1.02 £0.13%* 1.33 £0.05**
Arginase, nmol-min™- mg?of protein 1.31 +£0.29% 1.89 +0.06
Urea, nmol- mg™ of protein 57.60 +9.60 65.80 +2.70
Constitutive NO-synthase, pmol-min™*- mg™of protein 71.67 £6.42 37.65 £ 3.00%**
Inducible NO-synthase, pmol-min™- mg~of protein 1043 £1.36 20.20 £ 1.30%*
Total NO-synthase, pmol-min™ mg~of protein 82.1+2.42 57.85+8.03
Nitrate reductase, nmol- min™*- mg™ of protein 7.38 + (0.87%%* 4.80 + 0.45%*
General physical working capacity, kgm- min?- kg 23.77+0.57 19.85+0.61*
Maximal oxygen consumption, ml- min*- kg 63.61+1.20 60.25 + 1.92%*

*-P<0,05; **-P<0,01; *** - P <0,001.

It is known that the end of competition period in
sportsmen is characterized by a powerful growth of the
natural fatigue, decreased physical ability and physical
fitness. In accordance with the results presented in Table
2, in trained youths at the final stage of the study we actu-
ally showed marked significant decrease in PWCyo (by
25.49% compared to baseline values) and VO,max (-
14.22%). At the same time, the need for continued com-
petitive activity and performance of physical activities at
the appropriate level requires the mobilization of func-
tional reserves and the formation of new physiological
mechanisms of its adequate adaptation to regular muscu-
lar work.

As it was shown by the results of our study, adaptive
adjustments in the synthesis of nitric oxide in the bounda-
ry phase and even above-threshold external influences are
reflected in the change in the hierarchy of the individual
components. In the survey of youths in the experimental
group at the end of competition period, we found signifi-
cant changes in the intensity of oxidative de novo and
non-oxidative "salvage" nitric oxide synthesis. At that
time, the main role in the synthesis of nitric oxide was
owned by its calcium-independent synthesis (significant
increase in INOS activity from baseline values was
64.23%). Thus, the calcium-dependent synthesis of NO
decreased reciprocally (-35.76%).

The results of survey made it possible to identify some
significant features in the organization of nitric oxide
synthesis in young men aged 18 — 20 during their pro-
longed training and competitive activities. It has been
shown that the transition from the relatively favorable
conditions of the training period to the extreme conditions
of the competitions was accompanied by a change in the
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values of the main ways to ensure their body's nitric oxide
— from the dominant role of oxidative constitutive de
novo NO synthesis from L-arginine and non-oxidative
arginase metabolism of the latter with the formation of
intermediate low-molecular bioregulators and antioxi-
dants (urea, polyamines, GABA) to the predominance of
oxidative calcium-independent inducible nitric oxide de
novo synthesis and its non-oxidative "salvage" synthesis.
Thus, we can assume the paradoxical possibility of partic-
ipation of non-oxidative arginase pathway of arginine
degradation (arginine + H20 — urea + ornithine — pu-
trescine — GABA — guanidine butyric acid (GBA) —
NO or arginine + H20 — urea + ornithine — glutamate
—GABA— GBA — NO), and not just oxidative NO
synthase degradation (arginine + H20 — citrulline + NO)
in maintaining high levels of nitric oxide synthesis as
evidenced by a high content of nitrite anion in the blood
plasma of untrained young men. Perhaps it is a necessary
and important condition for their effective adaptation to
the implementation of large amount of training loads for a
long time. Obviously, high arginase activity in trained
young men may provide additional nitric oxide formation
during the oxidation of different isozymes of GBA along
with the classical arginine oxidation by NOS. In addition
arginase metabolism of arginine can consistently provide
the body with urea as an antioxidant and regulator of NO
synthesis, putrescine as a regulator of cell proliferation
and antioxidant, GABA as a regulator of mitochondrial
pore and inhibitory neurotransmitter in the CNS, which is
also very important to adapt to the intense and prolonged
physical exercise of a training period in the absence of
psychological stress factors. Within the competition peri-
od when the effects of these factors are enhanced, the
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intensity of the non-oxidative exchange of arginine is  nitric oxide and citrulline) and non-oxidative metabolism
gradually reduced to the level of untrained young men, of arginine (synthesis of ornithine and urea). The high
that is, from a biochemical point of view there is almost  portion of nitrite anion content in the total pool of circu-
complete body deadaptation at the end of competition lating in plasma stable metabolites of nitric oxide corre-

period according to non-oxidative exchange of arginine. sponds to body adaptation to prolonged and intensive
The data obtained are not only evidence of the im-  physical exercise.
portance of both oxidative and non-oxidative arginine 2. An increase in the degree of adverse effects of inten-

metabolism for adaptation to prolonged physical exercise  sive training (physical) and competitive (both physical
of large intensity, but also the important role of non- and psychological) stress is accompanied by a pro-
oxidative (constitutive calcium-dependent and calcium-  nounced adaptive changes in the hierarchy of constitutive
independent inducible ones) and non-oxidative "salvage"  oxidative (decrease) and inducible (increase) de novo
pathways of nitric oxide synthesis, which is an essential  nitric oxide synthesis, as well as non-oxidative salvage

complement to the existing information on the subject. nitric oxide synthesis (increase) andnon-oxidative degra-
Conclusion. dation of L-arginine (decrease).
1. The end of training sessions within the training peri- 3. Physical deconditioning of young men at the end of

od for young men performing regularly muscular work is  competition period is accompanied by a significant in-
characterized by high levels of both oxidative and non-  crease in the activity of oxidative calcium-independent de
oxidative metabolism of L-arginine on account of both  novo synthesis of NO and in a less degree
calcium-dependent constitutive NO synthase (synthesis of
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BornanoBckas H.B., ManukoB H.B. OueHka THHAMHKH H3MeHEeHUS] AKTHBHOCTH PAa3JU4YHBIX MyTeil 00MeHa aprUHMHA MPH
aflanTanuu K Gpu3nyeckuM Harpyskam

AnnoTtanus. [IposeneHo obcnenoBanue 29 TpeHUPOBAaHHBIX W HETPEHUPOBAHHBIX IOHOMIEH B Bo3pacte 18-20 mer. JlokazaHo, 4TO
ONTHMAJIBHBIN yPOBEHb aaNTallii UX OPTaHW3Ma K MPOJOJDKUTENFHBIM M HHTEHCHBHBIM (pU3MUECKUM Harpy3kaMm o0ecriednuBaeTcs
MIPEBaINPOBAHIEM MHOTOCTAUITHOTO HEJOOKUCIEHHOTO apTMHA3HOTO METabo0IIi3Ma apTHHIHA U €T0 OKHCIUTEIFHOTO MaTaboIm3Ma
IIPY y4aCTHH KOHCTHTYTHBHBIX KanmbluizaBUCUMbIX NO-cunTa3 (eNOS u nNOS), npu KOoTOpeIX 00pa3oBBIBAETCS HECKOIBKO Ba-
HBIX HU3KOMOJIEKYJISIPHBIX OHOPEryJISITOPOB M aHTHOKCHIAHTOB (Mo4yeBHHa, nmonuamMuHbl, ' AMK) Hag ogHOCTaAMIHEIM KalIbLIUIAH e-
3aBHCHUMBIM OKHCJICHHEM aprHHHHA, U3 KOTOPOro 00pa3oBBIBAETCS JIMIIb OKCHA a30Ta. 3HAYUTEIBHOE CHIKEHHE (YHKIIMOHAIBHBIX
BO3MOXHOCTEI! OpraHn3Ma TPEHUPOBaHHBIX IOHOIICH B KOHIIE COPEBHOBATEIbHOIO NMEPUOJIA U, KaK CIEICTBUE, IPOsBIEHUE IPU3HA-
KOB JIe33/IallTalliy, CBSI3aHO C SKCIPECCHell akTHBHOCTH HHYITHOETbHON KanbIuiHe3aBucnMoit NO-CHHTa3bI, YTO HE KOMIIEHCUPYET
MOTPeOHOCTH OPTaHN3Ma B OKCHZIE a30Ta.

Knrouesvie cnosa: memabonusm, apeunut, oxcuo azoma, gusuyeckue ynpasicHeHus, a0anmayus, oHouU
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Abstract. A palmaris longus egy anatémiai és élettani szempontbol jelentéktelen izom, ami az emberi evoltcié soran elvesztette a
szerepét, amit eredetileg a féemldsokben betoltott. Viszont az izom, funkcidvesztésének koszonhetden, igen nagy jelentdségre tett
szert a plasztikai és rekonstruktiv sebészetben, mint az egyik leggyakoribb indonor az ingraftokhoz, a rekonstruktiv és plasztikai
sebészeti eljarasokhoz. Ugyanez eredményezte a palmaris longus szokatlanul nagy variabilitasat, ami tovabb ndveli az izom egés-

koziil a leggyakoribbak az ideggyulladasok, melyeket az valt ki, hogy a rendellenes palmaris longus nyomast gyakorol az idegekre. A
fentebb emlitett adottsdgai miatt a palmaris longus izom gyakori targyava valt az élettani, morfoldgiai és anatomiai kutatasoknak.

Kulcsszavak: palmaris longus, agenézis, izom, ideggyulladds.

Bevezetés. A palmaris longus izom hianyarol szo6lo elsé
jelentés Colombo Matteo Realdo nevéhez flizédik, aki
1559-ben a De Re Anatomica Libri c. miivében irta le a
megfigyeléseit [10]. A palmaris longus agenézisének
tanulmanyozasa mar akkor meglehetdsen nagy vizsgalati
csoporton volt kivitelezve. Ezt kdvetden a palmaris
longus izom agenézisével foglalkozé irodalomban hossza
ideig nem taldlunk semmilyen jelentdsebb kutatast, egé-
szen 1909-ig. Ekkor jelenik meg J.P. Schaeffer munkaja,
Egyuttal itt keriil leirasra a Schaeffer-féle teszt, ami a
palmaris longus izom agenézisének kimutatasara szolgal.
A tesztet azota is folyamatosan — szinte minden jelents-
sebb vizsgalat soran — alkalmazzak. Jelentdségét az is
mutatja, hogy az irodalomban gyakran egyszerien csak
standard tesztként emlegetik.

A tudomanyos folyoiratokban azodta rendszeresen je-
lennek meg munkak, amelyek a palmaris longus izommal
foglalkoznak, am az izom, annak agenézise, tovabbi le-
hetséges valtozatai és kutatasuk csak az utdobbi évtizedek-
ben kaptak igazan komolyabb szerepet.

Az utobbi két évtized szakirodalmaban egyre gyako-
ribbak a palmaris longus izommal foglalkoz6 cikkek. E
tanulmanyok  sziikségességét a plasztikai és a
rekonstruktiv sebészetben az izom iranti kiemelt érdekld-
dés indukalta, melynek eredményeképpen az utdbbi évti-
zedekben jelent6s mértékben nétt a palmaris longus-szal
foglalkoz6 anatdémiai, morfologiai, fizioldgiai, sebészeti
¢s mas tanulmanyok szama. A plasztikai és rekonstruktiv
sebészet tovabbi fejlédésével a PLI morfologiajaval, fi-
aktualisabbak lesznek. [53]

Az utobbi években a palmaris longus izom
agenézisével, tobbek kozt a fent emlitett okok miatt, mind
tobb kutatd foglalkozik. A jelenkori kutatdsok azonban
gyakran nem korlatozédnak csupan a palmaris longus
hianydnak vagy meglétének kimutatdsara, hanem az izom
agenézisének mas anatomiai és élettani rendellenességei-
nek, illetve kiilonlegességeinek kapcsolataval is foglal-
koznak. Tobb kutatas is ismert, amely a palmaris longus
izom funkciovesztésének mértékével foglalkozik, illetve
azzal, hogy mennyire Orizte meg eredeti funkcidit az
izom, vagy milyen funkcioi 1éteznek egyaltalan.

Tobb olyan vizsgalat is késziilt, amely a szorito erdt és
a PLI izom hianyat vagy meglétét probalja kapcsolatba
hozni. A t6bbség ilyen kutatds azt mutatja, hogy nincs
kapcsolat a PLI megléte €s a szoritd erd kozott, ugyanugy,
mint ahogy nincs Osszefiiggés a palmaris longus hianya és
a kétujjas szoritd eré kozott. Bar Cetin és tarsai 2013-ban

16

6-11 ¢éves gyerekekkel végzett méréseinek eredményei
arra utalnak, hogy az izomnak talan mégis van valamilyen
jelentdsége ebben a korban, mivel azok a gyerekek, akik-
nél hianyzott a palmaris longus izom, szignifikdnsan
kisebb kétujjas szoritd er6t tudtak kifejteni egyes ujjaik-
kal, mint azok, akiknél regisztraltdk az izom meglétét [39;
47; 17, 8; 16; 21].

A palmaris longus izom jelentosége az orvostudo-
manyban és alkalmazasa a plasztikai és rekonstruktiv
sebészetben. A témaval foglalkoz6 kutatok korében alta-
lanosan elfogadott ténynek szamit, hogy a palmaris
longus hianya oOrokletes. Viszont iddig az izom
agenézisének az 6roklédésmenete is, az agenézis geneti-
kai hattere is tisztazatlan.

Az elsé kutatdst, mely a plamaris longus izom
agenézise oroklédésének vizsgalatat tlizte ki célul, 2013-
ban Brazilidban végezték Morais és tarsai. Ennek alapjan
a palmaris longus izom agenézise recessziven 6roklodik,
am sajnos a vizsgalatot csak kisszamu mintan (99 ember
25 csaladbol) végezték [34].

Tobben is felvetették, hogy az orvosi diagnosztikaban
nagy jelent6séggel birna, ha valamilyen kapcsolatot vagy
Osszefiiggést sikeriilne kimutatni a palmaris longus izom
agenézise és mas (nehezebben diagnosztizalhatd) rendel-
lenességek vagy betegségek kozott. Egy hasonld kapcso-
lat kimutatasa mar csak azért is fontos lenne, mert a
palmaris longus agenézisét konnyebb kimutatni, mint mas
anatdmiai vagy élettani rendellenességek tobbségét. gy,
ezaltal, lehet6ség nyilna az adott (palmaris longus
agenézisével kapcsoltan 6rokl6dd) anomalia meglétének
konnyebb eldrejelzésére. Ez jelentdsen segithetné az or-
vosok munkajat az adott szakteriileten. Sajnos idaig a fent
leirt dolgok csak elméleti szinten léteznek, mivel igen
kevés olyan munka sziiletett, amelyben a palmaris longus
mas rendellenességekkel vald kapcsolatat vizsgaltak vol-
na. Altalaban ezek is elsdsorban az olyan — orvosi szem-
pontbol kevéssé jelentds — rendellenességekkel valo kap-
csolatokat vizsgaltak, mint a plantaris longus izom hianya
vagy a gyenge flexor digiti minimi izom. 2002-ben
Elizabeth O’Sullivan és Barry S Mitchell kimutattak,
hogy kapcsolat van a palmaris longus hianya és a rendel-
lenesen fejlédo felszines artérias tenyéri iv kozott [3].

Mivel a kéz teljes értékili funkcionalasahoz nem sziik-
séges az izom mitkodése, hianya pedig nem fejt ki semmi-
fajta észlelheté negativ hatdst a csuklo, illetve a
metakarpofalangedlis iziiletek miikodésére, a palmaris
longus a plasztikai és rekonstruktiv sebészet egyik kulcs-
fontossagi izmava valt. Mivel az alkaron feliiletesen
helyezkedik el, sebészeti uton az in és az izom kénnyen
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hozzaférhetd, eltavolitasa pedig nem jar semmiféle hat-
rannyal a kéz miikodésére nézve, ezenkiviil az in megfelel
a rekonstruktiv és plasztikai sebészetben alkalmazott
kritériumoknak. Ez tokéletessé teszi az ortopédidban,
kézsebészetben, illetve rekonstruktiv sebészetben valo
alkalmazasra.

A fent leirt tulajdonsagoknak koszonhetéen valt a
palmaris longus izom a sebészek elsdszamu valasztasava
olyan mutéteknél, ahol ingraftok készitése, sériilt inak
rekonstrukcidja €s mas, hasonld feladatok allnak az orvos
elétt. Az ilyen mitéteknél altalaban csak olyan esetekben
alkalmaznak mas inakat, amikor a palmaris longus izom
hianyzik a paciens mindkét karjarol, vagyis bilateralis
agenézis all fenn, vagy egy olyan vastagsdgu in sériilt
meg, amelynek a helyrehozasahoz nem elegendé a
palmaris longus izom indnak a vastagsdga, példaul az
achilles-in sériilése.

A palmaris longus izom inat a plasztikai és
rekonstruktiv sebészetben illetve az ortopédiaban a kovet-
kez6 eljarasokban alkalmazzak:

—a kézsebészetben  sériilt
ingraftok készitésére [22],

— in-transzplantaciora, az ujjak funkciosériilésének kor-
rigalasara insériilés kovetkeztében [13],

—a plasztikai sebészetben ajaksériilések helyreallito
mttétei soran [3],

— ptozis korrekcidk soran [26, 35],

— arcbénulas kovetkeztében bekdvetkezett funkcionalis
és esztétikai defektusok helyreallitasa soran stb. [5].

Mindezek mellett a palmaris longus izom elsédleges
tampontként szolgal a n. medianus gyulladasanal felalli-
tandé blokad esetében, illetve szamos kézmiitét soran
kivitelezendd anesztéziai eljarasnal.

Sok sebész azon a véleményen van, hogy a palmaris
longus izom ina a legalkalmasabb alapanyag donorinként
vald felhasznalasra, mivel az izom ina tokéletesen eleget
tesz szinte minden kételezéen betartandd kévetelménynek
a donor in hosszusagat, atmérdjét, szilardsagat és hozza-
férhet6ségét tekintve, ezenkiviil felhasznalasa nem ered-
ményez semmifajta funkcionalis hianyossagot a végtag-
ban, amelybdl eltavolitottak [50; 51].

inak  helyreéllitasara,

1. tablazat. A palmaris longus izom agenézis rataja egyes népcsoportoknal

Szerzé Orszag/régioé Pop/csoport Agenézis
Machado és Didio (1967) [29] Brazilia amazonasi indianok 3,7%
Troha és tarsai (1990) [51] USA kaukazusi ncs. 5,5%
Ceyhan és Mavt (1997) [9] Torokorszag torok 63,8%
Thompson és tarsai (2001) [50] Eszak-frorszag ir 25%
Sebastin és tarsai (2006) [47] Kina kinai 4,6%
malaj, 11,3%
Roohi és tarsai (2007) [42] Malajzia indiai 6%
kinai 6%
Kose és tarsai (2009) [25] Torokorszag torok 26,6
Kapoor és tarsai (2008) [23] India indiai 17,2%
Mbaka és Ejiwunmi (2009) [31] Nigéria yoruba 6,7%
Eri¢ és tarsai (2010) [14] Szerbia szerb 37,5%
Sater és tarsai (2010) [45] Bahrein bahreini 36,8%
Dogramaci és tarsai (2010) [12] Afganisztan afgan 21,9%
Agarwal (2010) [2] India indiai 20,2%
Ertem ¢és tarsai (2011) [15] Torokorszag torok 34,5%
Hiz és tarsai (2011) [19] Torokorszag torok 15,1%
Alves és tarsai (2011) [4] Kina kinai 20%
Sankar és tarsai (2011) [44] India andharai 28%
Mehul Tandel és tarsai (2012) [32] India indiai 13,08%
Morais és tarsai (2012) [33] Brazilia brazil 26,5%
Osonuga ¢és tarsai (2012) [38] Ghana ghanai 3,1%
Sharma ¢s tarsai (2012) [48] India indiai 16,25%
Kyung és tarsai (2012) [27] Korea koreai 4,1%
Barkats és Nagy (2013) [7] Szlovéakia magyar 30,1%
Barkats (2013) [6] Magyarorszag magyar 32,2%
Lahiji és tarsai (2013) [28] Iran irani 22,8%
Sangeeta Rajani és tarsai (2013) [43] India indiai 16%
Hojjatollah Karimi-Jashni és tarsai (2014) [20] Dél-Iran irani 30,7%
Tejaswi (2014) [49] India indiai 27,44%

A palmaris longus izom morfologiai elvaltozasainak
jelentosége az alkar patologiaiban. Ugyan a palmaris
longus nem sziikséges az alkar tokéletes funkcionalasa-
hoz, és ezért teljes hianya nem befolyasolja az alkar meg-
hetnek problémat. A palmaris longus izom ugyanis gyak-
ran okozhat ideggyulladast azaltal, hogy nyomast gyako-
rol a n. medianus-ra vagy (sokkal ritkabban) a n. ulnaris-
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ra [1]. A n. medianus lefutdsanak az als6 szakaszan a
palmaris longus izom ina részben fedi a n medianus-t.
Ennek a kovetkezménye az, hogy azok az elvaltozasok,
melyek az izom disztalis részét érintik, hatassal lehetek a
n medianus-ra. igy azoknal az elvaltozasoknal, melyeknél
az izmos has helyzete disztalis iranyba tolodik, vagy az
imos rész mérete olyan mértékben megnd, hogy eléri a n.
medianus-t, az izmos rész nyomast gyakorolhat az idegre.
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Ez a nyomas szamos tiinetet idézhet el6, de leggyakrab-
ban a carpal tunnel syndrome tiinetei jelentkeznek.

A tiinetek, melyeket a rendellenes palmaris longus ki-
valthat a n. medianus-ra gyakorolt nyomas altal, a kovet-
kezdk lehetek: csiklandozd, zsibbadt, égetd vagy szurd
érzés a mutatd- és a kozépsod ujjban és a gylrtisujj radidlis
iranyba nézé felében, szird fajdalom a csukloban és a
tenyérben, a szoritd erdé csdkkenése, a csuklo és az érintett
ujjak mozgékonysaganak a csokkenése.

A fenti tiineteket a témaval foglalkozo irodalomban
fellelhet esetjelentések alapjan a kovetkezd palmaris
longus rendellenességek okozhatjak:

— reverz palmaris longus izom [3; 11; 18; 46];

— jarulékos PLI, ami a palmaris longus izom alatt he-
lyezkedik el [54];

— rendellenes lefutastt PLI, aminek a lefutasa radialis
iranyba tolddott el és a tenar fasciajaba sugérzott [24];

— medialis izmos hast, két innal (egy proximalis és egy
disztalis) bir6 palmaris longus izom [30].

Az olyan esetekben, amikor a rendellenes palmaris
longus izom a n ulnaris-ra gyakorol nyomast, a Guyon
szindréma tiinetei jonnek el a betegben. Ezek a kovetke-
z0k lehetnek: zsibbadtsag, szard vagy égetd fajdalom a
kisujjban és a gylirisujj ulnaris felében, érzékveszetés az
emlitett ujjakban.

A fenti tiineteket a témaval foglalkoz6 irodalomban
fellelhet6 esetjelentések alapjan a kovetkezd palmaris
longus rendellenességek okozhatjak:

— accessorius palmaris longus izom

Ramavath A. és Lal, Sakamuri Raj 2009-es jelentésiik-
ben beszamolnak egy elvaltozasrél, melyben a palmaris
longus izom inardl egy jarulékos izom valt le, ami atha-
ladva a Guyon csatornan keresztezte a n. ulnaris-t, nyo-
mast gyakorolt ra, ezaltal kivaltva a Guyon szindroma
tiineteit [40].

— a palmaris longus inar6l eredd jarulékos izom, ami az
6todik metakarpus bazisan tapad, és lefutdsa kozben
nyomast gyakorolt a n. ulnaris-ra. [41]

A fent leirt esetek és a palmaris longus lehetséges vari-
acidinak ismerete fontos jelentéséggel bir a radiolégusok
és sebészek munkdjaban  differencialdiagnosztikai
szemponbol. A palmaris longus izom varidciéi és
agenézise ismeretének fontossagara vilagit ra az eset, amit
R.V. Weber ¢és S.E. Mackinnon irnak le, miszerint egy
rekonstrukcidos miitét soran a sebész a palamaris longus
ina helyett a n. medianus egy részét vagta ki €s hasznalta
fel ingrafthoz egy rekonstrukcios miitét soran [52].

A palmaris longus izom agenézis rataja egyes nép-
csoportoknal. Az adott témaval foglakozo kutatok koré-
ben koztudott ténynek szamit, hogy a palmaris longus
agenézisének gyakorisaga kapcsolatban all a vizsgalt
csoport genetikai hatterével és etnikai hovatartozasaval. A
vizsgalt csoport genetikai hatterétdl és etnikai hovatarto-
zasatol fiiggden meglehetdsen nagy kiilonbségek tapasz-
talhatoak a palmaris longus agenézisének gyakorisagaban.

Az alabbi tablazat néhany kutatd vizsgalatainak ered-
ményeit foglalja Gssze.
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Barkats N. Anomalies of palmaris longus muscle, their significance in medicine, the use of muscle in surgery

Abstract. The palmaris longus is one of the most variable muscles in human body. Its variability was caused by the loss of anatomi-
cal and physiological function it had in the primates, during the evolution of human hand. Though the muscle lost its function, this
function loss made it an important muscle in plastic and reconstructive surgery as the most frequently used tendon donor. Also this
function loss made it an important muscle in medicine and surgery, since different variations of palmaris longus may cause various
pathological processes. Most frequently nerve inflammation, caused by nerve compression by an anomalous variation of palmaris
longus muscle. The described above features made the palaris longus a frequent subject of the anatomical, morphological, and physi-

ological studies.

Keywords: palmaris longus, agenesis, muscle, nerve inflammation
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A Troglodytes troglodytes gyakorisaganak valtozasa Munkacs teriiletén — 6t év megfigyelései alapjan
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Osszefoglalé. A Troglodytes troglodytes a verébalaktiak (Passeriformes) rendjébe tartozik. Ukrajna kozponti, nyugati és északnyuga-
ti részén allando jelleggel tartozkodik, itt kolt és neveli fel a fiokait. Kutatdsom soran az 6korszem megfigyelését az elmuilt 6t évben
Munkdcs teriiletén végeztem. A munka az kérszemallomany szambeli valtozasat irja le, valamint a madarak teljes eltiinését a varos

tertiletérél a 2013-as év soran.

Kulcsszavak: Troglodytes troglodytes, 6korszem, Munkdacs, Latorca.

Bevezetés. A Troglodytes troglodytes — 6korszem — a
verébalaktak (Passeriformes) rendjébe tartozik. Hossza:
9-10,5 cm. Erddk strli aljndvényzetl részein, elgazoso-
dott tisztasain, illetve cserjésekben, buja patakpartokon,
kertek strijében kolt, de akar kopar szigeteken is, ha
sovényeket, cserjéseket, kdfalakat stb. talal. Europa északi
részérdl télen elvonul [Mullarney et al. 2007]. Hangja:
izgatott allapotban kemény ,.cserrrrr” hangon cserreg
vagy egytagu csettegést ,,csett!” hallat, néha hosszasan,
ezeket véltogatva szol. Eneke termetéhez képest megle-
pben er0s, ha az egy egységnyi testsulyra produkalt
hangmennyiséget nézziik, akkor az érték tizszer nagyobb,
mint amire egy kakas képes, kissé a kanariéra emlékezte-
t0, fémesen csengd, magas hangok és trillak keveréke, pl.
rendszerint takarasban énekel. [National Geographic
Society 1999] A Troglodytes troglodytes tipikusan
holoarktikus madarfaj, mely mind Eurdzsiaban, mind
Eszak-Amerikaban szélesen elterjedt az észak-déli irdny-
ban, de csak a kontinensek keleti és nyugati részein fi-
gyelhetd meg ez az elterjedés. A kontinensek kdzponti
részein a Troglodytes troglodytes elterjedésében nagy
hézagokat fedezhetiink fel [Drovetski et al. 2004]. A
nearktikumban a Troglodytes troglodytes altal lakott kele-
ti és a nyugati részeket egy szlik kozponti rész koti dssze,
ami Manitoban, Saskatchewan tartomanyon €s Albertan at
halad. A palearktikumban a keleti és nyugati részeket egy
szlik rés valasztja el, ami Tiirkmenisztanon halad keresz-
til. A Troglodytes troglodytes az egyik legkomplexebb és
filogenetikailag legdiverzebb taxon [Brewer 2001], amely
hivatalosan 39 alfajt szamlal, de ett6l tobb alfaj is leirasra
keriilt a nearktikus régioban.

Mindkét kontinensen vannak teriiletek, melyek a mada-
rak szamara alland6 lakhelyiil szolgallnak, valamint olya-
nok, ahol a madarak csak csak a szaporodasi idGszakot
toltik vagy éppen a hidegebb telek soran vandorolnak oda,
hogy azokat atvészeljék. Ukrajna keleti és délkeleti részén
tipikusan a téli vendégnek szamit, mig Ukrajna kozponti,
nyugati és északnyugati része tipikusan a madar allando
a madar az egész évet tolti, és ott is szaporodik.

A vizsgalt teriilet jellemzése. Munkacs Karpatalja
kozponti részén teriil el az Eszakkeleti-Karpatok aljaban,
az Alfold és a hegyvidék talalkozdsanal. Gazdasagi po-
tencialja, tovabba a lakossadg szdma szerint a megye ma-
sodik legnagyobb varosanak szamit. Ungvartol 42 km-re
délkeletre, a Latorca partjan fekszik. Koordinatai: 48° 27’
0" N, 22° 43" 0" E. Tengerszint feletti magassaga: 128 m,
teriilete 27 km?. Munkacson keresztiil folyik a Latorca.
Munkacs éghajlata mérsékelt. A tél enyhe, a kozéphomér-
séklet -2 és -5 °C kozott valtozik, tartés hotakard nem
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mindig alakul ki. A meleg id6szak meghaladja a 9 hoéna-
pot. A juliusi kozéphémérséklet +20—+21 °C. Az évi
csapadékmennyiség 600—700 mm, a csapadék zome nya-
ron hullik. Tavasszal a sarki eredetli 1égtomegek fagyokat
okoznak, az 6sz rendszerint meleg, szaraz és napos. E16-
vilaga nagyon gazdag és valtozatos, nagyon sok itt a:
csiga, kagylo, pokszabasu, szazlabu, ikerszelvényes, rak,
rovar, korszajh, hal, kétéltd, hiilld, madar és emlds. Nem
térek ki sem kiilonb6z6 jellemzésekre, sem masra, csak
egy felsorolasra, amibe beletartozik a fajnak a magyar és
a latin neve.

A megfigyeléseket a varos harom kiilonb6z6 részén
végeztem. A varoson atfolyd Latorca két szakaszan, me-
lyek koziil az egyik bozotos, nehezen hozzaférhetd, embe-
rek altal nem vagy csak nagyon ritkdn bolygatott teriilet, a
masik egy strandolasra alkalmassa alakitott része a folyo-
partnak. Ezenkiviil, egy — a varos belsejében elhelyezkedd
— parkos részen is végeztem megfigyeléseket.

Eredmények és kovetkeztetések. A leirt teriileten Gt
éven keresztiil végeztem az Okorszemek megfigyelését.
Megfigyeléseim elsé éveiben a Troglodytes troglodytes
egész évben mindharom kutatési teriileten megtalalhatod
volt. Egyedszama valtozé volt, de nem mutat Gsszefiig-
gést az évszakokkal. Ebben valosziniileg szerepet jatszha-
tott az is, hogy a madarakat a téli hdnapok soran folyama-
tosan etetik a varosban. Az 0korszem altalaban nehezen
hozzaférheté bozotokban fészkelt, és ideje nagy részét is
ott toltotte. A Latorca bozotos partszakaszan egyedszama
sokszorosan meghaladta a strandteriiletnek kialakitott
partrészen, illetve a parkban megfigyelhet6t.

A 2013-as évben a madarak allomanya drasztikus
csokkenésnek indult. 2013 majusara az Osszes egyed
eltint a vizsgallt teriiletrél. Azt, hogy mi okozhatta az
allomany ilyen hirtelen csokkenését és végiil a madarak
teljes eltlinését, nem sikeriilt megallapitani. A vizsgalt
teriileten a vizsgalati id6 alatt nem fedeztem fel jelentds
antropogén hatést, amely negativan hatott volna a mada-
rakra. A bozotos, mely éveken keresztiil lakohelyiil
szolgallt szamukra, tovabbra is érintetlen. Ugyszintén
kizarhat6 az 0j ragadozok megjelenése, mivel a teriilet
folyamatos megfigyelés alatt allt, és ez alatt az id6 alatt
egyetlen olyan allatot sem detektaltan, amely ne lett volna
korabban is jelen a teriileten és veszélyt jelenthetett volna
valoszinitlennek tartom, mivel nem talaltam egyetlen
madartetemet sem. Az Osszes fioka elérte a ropképes kort,
és sikeresen elhagyta a fészket. Sehol nem talaltam olyan
maradvanyokat vagy nyomokat, melyek elpusztult 6kor-
szemekre utaltak volna, legyen az akar betegség, akar
ragadozo6 altal okozott pusztulas.

©)lp. Golish 2014
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1. abra. A Troglodytes troglodytes gyakorisaganak valtozasa az egyes vizsgalati teriileteken
Az egyetlen szamottevé valtozas, ami a teriileten megfi- Mindezeket szamitasba véve azt tartom a legvaldszi-

gyelhetd volt: a hdmérséklet és az id6jaras valtozasa. Az niibbnek hogy a Troglodytes troglodytes 6sszes példanya-
utobbi években a nyari hémérséklet szokatlanul magas nak az eltiinése a vizsgallt teriiletrél az idéjarasvaltozas
értékeket ért el. A téli id6jaras pedig az allatok szamara  eredménye lehetett, ami azt eredményezte hogy a teljes

teljességgel szokatlan és kiszamithatatlan modon alakult. populécio elhagyta a teriiletet.

REFERENCES
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2. National Geographic Society 1999 Field guide to the birds of Complex biogeographic history of a Holarctic passerine,

North America, 3rd edn. Washington, DC: National Geographic  No. 271, 545-551 Proc. R. Soc. Lond. B (2004).

Society. 4. Mullarney K., Svensson L., Zetterstrom D., Grant P.J. Madar-
hatarozo // Park konyvkiadé / Budapest, 2007.

Golish D. Changes in the frequency of Troglodytes troglodytes in the city of Mukachevo - a study based on five years of
observation
Abstract. The Troglodytes troglodytes belongs to the order of perching birds or, less accurately, the songbirds (Passeriformes). In the
central, western and north-western parts of Ukraine the Troglodytes troglodytes resides as a constant resident. | carried out a five
years long observation of Troglodytes troglodytes in the city Mukachevo. The paper describes drastic change in the rate of the birds
and in the end the total disappearance of the Troglodytes troglodytes in the city area during the year 2013.

Keywords: Troglodytes troglodytes, Eurasian wren, Mukachevo, Latorca
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A Vérke-csatorna vizminéségének térbeli valtozasa

Kurtydk Adam, MSc student, University of Debrecen, Hungary

Csoma Zoltan, PhD in Crop Sciences and Horticalture

Ferenc Rakéczi 11. Transcarpathian Hungarian Institute, Berehove, Ukraine

Abstract. Kutatasunk a Beregszaszi jarast (Ukrajna, Karpatalja) délkeletr6l északnyugat felé atszeld Vérke-csatorna vizmin$ség-
vizsgalatan alapszik. Az elmult években a Vérke-csatorna dkologiai allapota szembedtlé negativ jelenséggé valt a kornyéken él6k,
valamint a Beregszaszba latogatok szamara. Tanulmanyozva az aktualis helyzetet azt szerettilk volna megtudni, hogy a Vérke egyes
szakaszain milyen eredetli és mértékii szennyezés van jelen. Mindezidaig viszonylag kevés kutatas foglalkozott a témaval, eredmé-
nyeink igy hozzajarulhatnak a probléma részletesebb feltarasahoz. Eredményeink szerint egyes helyeken tobb vizmindségi paraméter
is meghaladja az Ukrajnaban érvényes hatarértékeket. A terepi bejarasok alatimasztjak, hogy mindezt erés antropogén hatasok okoz-
zak, ugy mint: kommunalis szennyvizek, illetve termalflirdékbdl szarmazé oldott sok. Komoly problémat jelent, hogy Beregszasz
esetében a szennyvizhalozat csupan 40%-os lefedettségii [10]. A megfeleld csatornarendszer, valamint a termélviz koriltekintd fel-
hasznalasa hianyaban a helyzet mindmaig megoldatlan a kérnyéken él6k szamara.

Kulcsszavak: Vérke, vizmindség, Ukrajna

Bevezetés. A Karpataljai Okologiai és Természeti Eréfor-
rasok Hivatala rendszeres méréseket végez a karpataljai
folyokon, igy a Vérkén is [3]. Vizsgalataik a beregszaszi
szakaszon 6 db mintavételi pontra korlatozodik. A hivata-
los monitoring rendszer mellett masok is kutattak a Vérke
vizminéségét: Hluh O. and Boriszova N. [1], Csoma Z.—
Hadnagy I. [6], Vince T. [13]. Az altalunk vizsgalt minta-
teriilet a Vérke teljes szakaszat lefedi, lehetdséget nyujtva
a vizmindség valtozasanak eddiginél részletesebb megis-
merésére.

A vizsgalt teriilet. A Vérke-csatorna a Borzsa folyd
jobboldali mellékadga, korabban a nagy Kkiterjedésii
Szernye-mocsar legfobb taplaldja volt. A szervezett viz-
szabalyozasi munkalatok megjelenésével medrén jelentds
munkalatokat hajtottak végre, s vizét a Szernye-patak altal
a Latorcaba terelték [9]. A Nagyborzsova kozelében eredd
vizfolyas Beregszaszon athaladva Gut mellett egyesiil a
Szernye-patakkal (1. abra). Jelenlegi hossza 33 km, amely

179 km? teriiletti vizgyiijté teriilettel parosul. Folyasa
lasst: esése csupan 0,3 m/km [4]. A Vérke-csatornara
vonatkoz6 vizminéség-vizsgala-tainkat 2011 aprilis 10-én
kezdtiik. Az akkor még a beregszaszi szakaszra korlato-
z6d6 mintateriileten (hossza 9 km) 6 db mintavételi pontot
jeloltiink ki. A kovetkezd, 2011. november 30-i mintabe-
gyUljtés soran ujabb 6 db helyszin keriilt bevizsgalasra a
Vérke forrasatol a Beregszasz elhagyasaig tartd szakaszon
(21,5 km), melyhez Nagybor-zsova ¢és Nagybakta is hoz-
zatartozik. A kibovitéssel azt szerettiik volna megtudni,
hogy milyen hatést gyakorolnak ezek a kisebb telepiilések
a varosba érkezd folyovizre. A harmadik mintavételre
2012. oktober 29-én keriilt sor Gijabb 4 db helyszin bevo-
nasaval, melyek a Vérke also szakaszan talalhatok. Itt arra
voltunk kivancsiak, hogy képes-e a viz az Ontisztulasra
vagy tovabbi szennyezések érik Balazsér, illetve
Kisbégany kozelében. A vizsgalati teriiletet €s a mintavé-
teli pontok elhelyezkedését az 1. abra mutatja be.
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1. abra. A mintavételi pontok elhelyezkedése a vizsgalt teriileten (a szerz6 szerk.)

Anyag és modszer. Kutatasi mdédszeriink mind hely-
szini, mind pedig laboratoriumi vizsgalatokat magaba
foglal. A helyszini mintavételezést erre a célra kialakitott

vizmeritd edénnyel végeztiik. A kordbban desztillalt viz-
zel atmosott, majd a helyszinen a vizsgalt vizzel tobbszor

JA. Kurtyak, z. csoma 2014
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atoblitett felcimkézett palackokat sziniiltig megtoltottiik
vizzel — kiszoritva ezzel a levegot.

A laboratériumi munkat a begytjtést kovetd 24 oran
beliil megkezdtiik. A kapott adatokat az Ukrajnaban hata-
lyos hatarértékeknek megfeleléen értékeltiik [4]. A fobb
paraméterek a kovetkezdk:

A viz pH értéke. A pH a vizmindség fontos tényezdje,
értékétdl mas egyéb mindsité jellemzok is fiiggnek. Az
altalunk alkalmazott analitikai mlszer az inoLab pH/ION
Level 2 tipust pH-mér6 késziilék.

Fajlagos vezetéképesség. Az elektromos vezetdképes-
ség a vizben oldott 6sszes ion (Ca®*, Mg®*, Na*, K*, stb.)
mennyiségérél tajékoztat. A vizben oldott sétartalom
meghatarozasanak rutin elvégzésére kiilondsen alkalmas a
viz fajlagos elektromos vezetéképességének modszere
[7]. A mérést WTW inoLab Cond 730P tipust
konduktométerrel végeztiik.

Nitrat-ion koncentracio. A viz nitrat-ion koncentraci-
ojat pV-150 MU tipusu késziilékhez csatlakoztatott nitrat-
ion szelektiv elektrodaval mértiik.

A viz N-NH* tartalma. Az ammoénia (NH;) mennyi-
ségének meghatarozésa a vizek anyagforgalmanak vizsga-
lataban ¢és a kiilonb6zd ontisztulasi folyamatok meghata-
rozasiban igen fontos. Az NHy/NH** komponensek ara-
nyat elsésorban a pH-érték szabja meg. A pH novelésével
nd a szabad ammonia aranya. Ha a felszini vizekben na-
gyobb ammoniatartalom mérhetd, akkor ez elsdsorban a
kommunalis szennyvizek, illetve bizonyos ipari szennyvi-
zek bejutasara enged kovetkeztetni [11]. Az ammonium-
ion meghatarozasat Spekol 11 Carl Zeiss Jena tipusu
spektrofotométert hasznaltunk. A modszer pontossaga +/-
0,02 mg/l NH,".

Eredmények és értékelés. A viz N-NH** koncentra-
ciéja. Az ammonium-nitrogén megengedett koncentracio-
ja tiszta vizben a halfauna szempontjabol 0,39 mg/l, mig a
haztartasi és ivovizfelhasznalas esetén 1,5 mg/l [4]. A
varos kiils6, déli pereméhez tartozé mintdk (B07-B08)
csak egy esetben haladtak meg hatarértéket 2011 folya-
man (2. abra).
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2. dbra. Az N-NH*" koncentraci6 valtozasa a Vérke beregsziszi szakaszan

Ahogy azonban a Vérke eléri a belvarost, az N-NH**
koncentracié a sokszorosara né. A rovid, minddssze 1,8
km-es szakaszon a viz kivalo (I.) besorolasa atmenet
nélkil valik erds szennyezettségiivé (V.) [4]. A B09-B11-
es mintavételi pontoknal a szennyezés mindkét idépont-
ban kozel azonos mértékben, csupan kb. 8%-os eltéréssel
jelentkezik. A N-NH** mennyiségének tobbszords meg-
emelkedését a varos kozponti részén az allami hivatal
ezévi adatai is alatamasztjak [3].

Az N-NH*" csak nagyon magas koncentracioban kéros
az élélényekre, azonban a hdmérséklet emelkedésével és
lugos kémhatas mellett ammoniava alakulhat. Az értéke-
1ésénél ezért figyelembe kell venni, hogy a viz kémhatasa
a megengedettnél nagyobb koncentracioban ammonium-
nitrogént tartalmazé B09-B12-es mintak esetében enyhén
lugos (pH~7,14). A pH>7 érték mellett mar megindulhat
az ammonium ammoniava valo atalakulasa, ami nagyfoka
veszElyt jelent az éldvilagra a kanalis ezen a szakaszan. A
folyamat a tavaszi-nyari iddszakban, a hémérséklet emel-
kedésével tovabb fokozodhat [8].

23

A viz fajlagos vezetoképessége. Beregszaszban a
szennyvizelvezetés mellett a termalfiirdokbdl szarmazo
elhasznalt héviz elhelyezése sem megoldott. A kiilonb6z6
asvanyi sokban feldusult termalviz kozvetlen mederbe
terelése soran a Vérke dkologiai allapota ezen a szakaszon
tovabb romlik. A beregszaszi termalvizes uszoda kornye-
zetre gyakorolt hatdsa mindharom mintavétel soran kimu-
tathato volt az elektromos vezet6képesség kiugro értékein
keresztiil. Az egymastol 1,4 km-re 1évé B09 és B10-es
mintavételi pontok kozott elhelyezkedd 1étesitmény tevé-
kenysége kihat a Vérke teljes tovabbi szakaszara, mely a
4. abran jol érzékelhetd.

Korabbi méréseink alapjan a Nagybakta bels6 lako-
ovéhez tartozo B05-6s mintavételi ponton is tapasztalhato
volt kisebb kiugras a vezetdképesség terén, azonban ez
hatarértéken beliil maradt, illetve Nagybakta elhagyasaval
fokozatosan csokkent.

Korabbi, mésok altal elvégzett mérések a vezetdképes-
ségre vonatkozoan csak 2007 és 2009 kozott allnak ren-
delkezésre, ezért ezt a paramétert nem tudjuk egy idében
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Osszehasonlitani sajat, ujabb méréseinkkel. A hivatalos
adatok alapjan a vezet6képesség Beregszaszban nem 1épi
tul a 400 puS/cm-es megengedett értéket [3]. Eredménye-
ink azonban azt mutatjdk, hogy a vezet6képesség Bereg-
szasz kozponti részén hirtelen megemelkedik és jelent6s
mértékben meghaladja a hatarértéket. A két méréssorozat
kozott eltelt egy évben nincs tudomasunk olyan esemény-
r6l, ami magyarazattal szolgalhat a vezet6képesség ilyen
mértékli megemelkedésére (a termaluszoda 1972-es fenn-
allasa ota szinte valtozatlan feltételek mellett tizemel és
bocsat ki termalvizet a Vérkébe).

A mérések soran a viz ion-Osszetételét is vizsgaltuk,
hogy feltarjuk azokat az 6szetevoket, amelyek jelentésebb
mértékben emelik a vezetOképességet. A kationok kozil a
K" hatszorosdra, a Na' tizenegyszeresére, az anionok
koziil a Cl” 6tvenszeresére, a PO4™ pedig a négyszeresére
emelkedett a B09 és B10-es pontok kozott.
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4. abra. A vezetdképesség valtozasa a Vérke teljes szakaszan (2012.10.29.)

A viz N-NO® koncentraciéja. A nitratos nitrogén
megengedett hatarértéke a halgazdasag szempontjabol 9
mg/l, haztartasi felhasznalas esetén pedig 10 mg/l [4].
Ennek megfeleléen a Vérke beregszaszi szakaszanak
nitratterhelése hatarértéken beliill marad. A vezetdképes-
séghez hasonléan azonban itt is megfigyelhetd jelentd-

sebb vizkémiai valtozas a B09 és B10-es mintavételi
pontok kdzott.

A N-NO® koncentracié mértéke a két idépont kozott
nem valtozott szamottevéen. Eredményeink 2011-es hiva-
talos adatoktol abban térnek el a, hogy ramutatnak az
alsobb szakaszon bekovetkezd nitratterhelésre [3].
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Osszegzés. Terepi bejarasaink soran szembesiiltink a  hogy a Vérke vizét elsésorban Beregszasz kozponti ré-
Vérkét sujto okolodgiai problémaval, mely a laboratoriumi  szén, illetve a Beregszaszhoz tartozd Beregardoban éri
vizsgélatok alapjan pontos szdmadatokkal is alatamaszt-  erds szennyezés. A viz ezutan nem képes az Ontisztuldsra
haté. Az ammonium-nitrogén és a vezetdképesség eseté-  — a szennyezettség mértéke allandosul a Vérke also szaka-
ben tobbszords megemelkedést és hatarértékek-tallépést  szdn egészen a torkolatig. A legnagyobb problémat a
tapasztaltunk Beregszasz kozpontjaban. A vezetOképessé-  haztartasi és épitdipari hulladék, a szennyviz, valamint a
get befolyasolo kationok koziil a K* hatszorosara, a Na*  termalviz bedramlasa okozza. A Vérke teljes hosszat
tizenegyszeresére, az anionok koziil a Cl” 6tvenszeresére,  lefedd és tobb vizmindségi paraméter vizsgalatat magaba
a PO4” pedig a négyszeresére emelkedett, amit a bereg-  foglalo kutatasi eredmények birtokéban az eddigieknél
szaszi termalvizes uszoda tevékenységével hozunk &ssze-  részletesebb képet alkothatunk a kanalis kornyezeti alla-
fliggésbe. Mas vizmingségi paraméterek is azt mutatjak,  potarol.
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Kurtysk A., Csoma Z. Spatial changes in water quality of Verka-channel

Abstract. Our research is based on the water quality measurements of the Vérke canal which flows from south-east to north-west in
the Beregszasz district. Our results may contribute to a deeper understanding of the problem, since very few investigation dealt with
this topic. Unlike previous researches we can form a much more detailed picture of the ecological state of the canal, as the area of the
research covers the whole length of the Vérke. According to the results in some sections several water quality parameters crossed the
official Ukrainian permissible limits. The field works confirm that it is caused by strong anthropogenic effects such as: communal
wastewater and dissolved salts from thermal baths. The serious problem is that in Beregszasz the sewage network has a coverage of
40% only and due to the lack of the proper drainage system and the appropriate use of thermal water the problem is still unsolved.

Keywords: Veérke, water quality, Ukraine

KypTtak A., Yoma 3. IIpocTpancTBeHHBbIe H3MEHEHHsI KauecTBA BO/bI kKaHate p. Bepke

AnHoTanus. [IpuBeneHbl MaTepHalbl UCCICIOBAaHNS KayecTBa BOJBI KaHana Bepke, KOTOpwIil mepecekaeT beperoBckuii paifoH B
HANpaBJICHUH OT IOr0-BOCTOKA Ha ceBepo-3amaj. Llenb maHHON paboThl — OLIEHUTH MPOCTPAHCTBEHHBIC H3MEHCHUS 3arpsSI3HEHHOCTH
KaHajia 1 PacKpbITh €€ npuduHbl. [IpoObI Boabl ObLIM 0TOOpaHbl B 16 Toukax Ha Bcel 33 KM MPOTHIKEHHOCTH KaHayia. XHUMHUYECKHUE
aHaJIM3BI TIOKA3aJIl 3HAUYUTEIIbHbIE IPEBBIIIEHNUS TPAHNYHO JOIMYCTHUMBIX HOPM COAEP)KaHUsA aMHAaYHOTO a30Ta, a TAKXKe eIEeKTPOIpo-
BOJTHOCTH BOAbL Ilo pe3ynbTataM SKCHEIULMOHHBIX M JIAOOPATOPHBIX HCCIENOBAaHUNA YCTaHOBJIEHO, YTO OCHOBHBIMU NPUYMHAMU
3arpsI3HEHHOCTH BOJIBI KaHajia Bepke ecTh BBIOPOCH B HEE CTOYHBIX BOJ M HCIOJIb30BAaHHBIX TEPMAIIBHBIX BO/I.

Knrwoueewie cnosa: Bepke, kauecmeo 8oovl, Ykpaurna
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Determination of decorative value of green hedges in Chernivtsi region
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Abstract. The decorative value of the most common varieties of green hedges in Bukovyna has been determined. Green hedges with
a high degree of decorative value have been distinguished. A number of species have been proposed as candidates for planting of

greenery for amenity and decoration.

Keywords: hedges, aesthetic evaluation, decorative, evaluation criteria

The objective of the study is to analyse green hedges
growing within Chernivtsi region for the purpose of estab-
lishing their decorative value, to distinguish specific and
individual decorative peculiarities, as well as to reveal
prospects for using green hedges in Bukovyna.

One of the decorative components of any greenery in
populated areas is the green hedge, this is especially true
once there is a relationship between functionality and
decorative value. While the functionality of each green
hedge can be determined reasonably well [1, 5], the deco-
rative value determination is a matter of individual opin-
ion.

There is a variety of procedures to determine the deco-
rative values of trees and shrubs: N. Kotelova, N. Grecko,
1969; N. Kotelova, O. Vinogradova, 1974; H. A kubov,
2005; A. Kalmykova, 2009. They are all based on the
merit point system. When making a general assessment of
decorative value of green hedges in Bukovyna, T. An-
drusko and A. Tereskin scale of value was used to deter-
mine decorative features of shrubs (Andrusko, 2012).

The procedure involves the analysis of decorative fea-
tures for free-growing shrubs such as architectonics of
shrubs; the colour of shoots; the terms and duration of the
foliage cover; texture, colour, seasonal foliage colour
change; the terms and duration of flowering; the size of
inflorescence; the inflorescence colour set-off against the
background of foliage; the mode of fruit dispersal and
preservation; the size and decorative value of fruits; col-
our set-off; the density of fruits in the crown; the fra-
grance and acceptance of shrubbery on the background of
landscape.

Since the given procedure is used to assess separately
growing shrubs, while we are to assess green hedges
(continuous shrub row planting), it was modified and
supplemented with decorative features: the integrity of
green hedge; the height of bareness from below; its con-
tour; assessment of evergreen hedge; the division of phe-
nophases of flowering and fruiting. Depending on the
manner of creation, all the hedges were classified into
shaped (specially pruned and trimmed) and free-growing
(a complete analysis and tables are to be presented in the
dissertation work).

The species composition of green hedges in Chernivtsi
region is of a great diversity: about thirty plant species are
on record (Table 1); however, no more than seven of them
are used more frequently than others. That is why an
analysis was done to find out the most freguently used
plant species (Table 2). [7, 8]
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Table 1. Analysis of green hedges in Chernivtsi region for their
plant species used.

Name of species Number of pieces | %
Acer Ginnala 1 0.36
Acer platanoides 3 1.07
Buxus sempervirens 52 18.5
Carpinus betulus 55 19.6
Cotoneaster melanocarpa 4 1.4
Crataegus monogyna 1 0.36
Forsythia suspense 2 0.71
Juniperus Sabina 1 0.36
Juniperus virginiana 1 0.36
Ligustrum vulgare 32 11.4
Parthenocissus quinquefolia 10 3.56
Philadelphus coronaries 1 0.36
Physocarpus opulifolius 16 5.69
Picea abies 3 1.07
Robinia pseudoacacia 1 0.36
Spiraea media 9 3.2
Spiraea salicifolia 2 0.71
Spiraea Vanhouttei 16 5.69
Symphoricarpus albus 7 2.49
Syringa vulgaris 6 2.13
Thelycrania alba 48 17.1
Thelycrania sanguinea 4 1.4
Thuja occidentalis 4 1.4
Tilia cordata 1 0.36
Tilia platyphyllos 1 0.36
Total 281 100

Based on the modified scale, distinguished were green
hedges of various degrees of decorative value: of very
high degree — 40- 49 points; high degree — 31-39 points;
medium degree — 22-30 points; low degree (less than 21
points) (Fig. 1).

Based on the data from Fig.1 and Table 2, we can see
that the decorative value of green hedges that are special-
ly shaped are rated higher in most cases as compared to
free-growing hedges. Buxus sempervirens and Ligustrum
vulgare-formed hedges are best amenable to shaping,
these are small-leaved species that are able to withstand
heavy pruning to form different figures of regular and
irregular shape. Therefore they get the highest decorative
rating only when they are subjected to pruning.

There is little difference, up to 2 points, between the
trimmed and free-growing hedges of lovely flowering and
broadleaved species. The best example of this are Sym-
phoricarpus albus-formed and Thelycrania alba-formed
hedges which have the same or approximately the same
decorative rating both in shaped and free-growing condi-
tions.
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Table 2. Decorative value of green hedges
. Decorative value of hedge
No. order  |Name of species Type of green hedge PoINts Degree
1 Buxus sempervirens Shaped 31 High
P Free-growing 27 Medium
2 Carpinus betulus Shaped - 24 Medium
Free-growing - -
. Shaped 31 High
3 Ligustrum vulgare Free-growing 27 Medium
- Shaped 26 Medium
4 Physocarpus opulifolius Free-growing 51 Low
. . Shaped 29 Medium
5 Spiraea Vanhouttei Free-growing 27 Medium
. Shaped 30 High
6 Symphoricarpus albus Free-growing 30 High
. Shaped 29 Medium
7 Thelycrania alba Free-growing 31 High

Buxus sempervirens—formed green hedge is worthy of
special attention, this hedge keeps up its decorative value
all the year round, giving off sweet aroma when flower-
ing. Also, of some unconventional appearance in winter-
time is Thelycrania alba-formed hedge due to its red-
brown shoots and architectonics, while in autumn it puts
on violet-red foliage.

During the flowering period, the most attractive is a
free-growing Spiraea Vanhouttei-formed hedge. Its tassel-
assembled flowers are arranged along the whole length of
the shoots, which endows the hedge with highly aesthet-
ical attractiveness (Fig.2).

Noteworthy is also Symphoricarpus albus-formed
hedge (30 points) that is valued for its long-term preserva-
tion of fruits which remain on the plants untill the next
season. The white-coloured fruits are most conspicuous in
late autumn and early spring in the absence of snow.

During the flowering and fruiting periods Carpinus
betulus-formed hedge does not change the degree of its
decorative value. This is due to its inexpressive small
flowers of green-reddish catkins and fruits that blend in
with the leaves or they are not conspicuous at all in the
shaped hedge. Also, the colour of the foliage differ little
in autumn and wintertime.
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b) o )
Figure 2. a) free-growing Symphoricarpus albus-formed green hedge in Lesia Ukrainka street, the city of Chernivtsi; b) free-growing
Spiraea Vanhouttei-ormed green hedge in VVorobkevych street, the city of Chemivtsi; ¢) Buxus sempervirens-formed hedge in Chervonoarmiyska
street, the city of Chemivtsi.

This type of hedge has a marked advantage: it is possi-  rens, Ligustrum vulgare, Symphoricarpus albus. The
ble to form hedges of various height (1-3 m) and length;  species Spiraea Vanhouttei, Carpinus betulus are found to

also this is the least expensive species to use. be of medium decorative value.
In general, proper tending green hedges always yields In our opinion, the assortment of species used for green
good results regardless of which species is used. hedges in Chernivtsi region can be qualitatively and quan-

As a result of the assessment of green hedges conduct- titatively increased by using highly decorative species
ed by the scale of decorative values, the following species  such as Berberis thunbergii, Taxus bacata, Laurocerasus
have been found to be of highly decorative value officinalis, Cotinus coggygria and many others.
throughout the whole growing season: Buxus sempervi-
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Abstract. Current groups of drugs using for correction of the humans normal microflora were reviewed. The types of problems and
promising directions for improving probiotics were shown. Different probiotic's drug-forms were considered, and the possible as-
pects of the efficiency of bacterial agents were shown. Technological methods to improve technologies of obtaining and extending
the shelf life of probiotic were analyzed. The technology of polystrain substance of probiotic with high therapeutic properties and

spread spectrum of therapeutic action were shown.
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Introduction. The term "probiotic” is widely used for over
50 years. Defining it clarified during the accumulation of
experimental data. The latest was proposed by Canadian
professor of microbiology and immunology Gregor Reid
(2003): Probiotics — is living microorganisms, using of
which in adequate doses leads to improving the health of
the host [4, 9].

Modern methods for correcting violations in human mi-
crobial ecosystem based on the use of a wide range of bac-
terial products and functional food enriched with probiotic
microorganisms.

Despite a broad range of imported and domestic probiot-
ics, problems remain in their improvement, which are as
follows:

—study of the physiology of perspective industrial
strains to match nutrient media for their cultivation;

— determining the sorption processes of probiotic bacte-
ria as general biological process;

— study of the role of metabolic products and biological-
ly active substances of microbial cells to determine the
nature of adhezyns, as mechanism of antagonistic activity;

—development of technology of integrated products
based on consortium of bacteria with a wide range of an-
tagonistic activity;

—study of synergistic and inhibitory effects of various
species and strains of probiotic bacteria;

— development of optimal drug release forms (powder,
tablet with protective coating, capsules, granules, supposi-
tories, ointments, gels, etc.) that would ensure the preserva-
tion of the biological properties of probiotics and ease of
use;

—improvement of methods of determing antagonistic
activity of preparations containing viable microbial cells
and developing methods for the determination of living
organisms [8, 9, 11].

Among the scientific and practical areas related to mi-
crobial ecology, promising for development and implemen-
tation are:

— development of express molecular methods for de-
terming of the composition and activity of the humans and
animals microflora;

— search for new functional prebiotic substances;

—research and detailed molecular, biochemical and oth-
er mechanisms of the effectiveness of probiotics, prebiotics
and synbiotic medications in the prevention, treatment and
increase in terms of remission caused by various diseases
associated with imbalance of the microbial ecology of the
digestive tract;
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— in-depth assessment of harmlessness probiotic prepa-
rations and functional food enriched by probiotic microor-
gansms;

—explore the possibility of using representatives of nor-
mal microflora as carriers for constructing various bacterial
and viral vaccines;

— creation of modern biotechnology companies for pro-
duction probiotics, prebiotics and synbiotic medications,
antibiotics, immunomodulators, vitamins, peptides, biosen-
sors and others from representatives of normal anaerobic
microflora of humans and animals [6-9].

Presently probiotics are available in following forms:
freeze-dried biomass in vials or ampoules, lyophilized
biomass in gelatin capsules, rectal and vaginal supposito-
ries with lyophilized biomass; freeze-dried biomass pressed
in tablets, coated with soluble in gut membrane substances,
lingual tablets that dissolve under tongue [1-5, 10, 11].

Improving efficiency of domestic probiotics is an actual
problem, whose solution requires development of elements
of technological unification. The main stages of probiotic
technologies associated with accumulation of microbial
biomass and its stabilization is the object of intense re-
search. Development and practical application of the same
type culture media for cultivation of industrial strains of
bacteria and protective media for lyophilization products
reflect the current level of harmonization of technology of
probiotics.

Microbiological practice shows that effective medium
for the cultivation of industrial strains of bacteria can be
prepared using nutrient bases with a fairly wide range of
interchangeable substrates of animal, plant or other origin.
Nutritional basis that contains the necessary nutrients for
the metabolism of various microorganisms can be used as a
universal base component in the design of culture media for
various purposes. It is possible to develop standardized
systems of nutrient media for industrial applications. Cul-
ture media as a structural unit of a unified set shall consist
of two parts: constant (universal), which includes the base
substrate and the variable (specific), depending on the
specific needs of the production strain of bacteria. Making
such medium may include separate prepering of both parts,
and their mixing can be carried out immediately before or
during the cultivation of microorganisms [4, 8, 13].

As an example of this approach in the practice of receiv-
ing probiotics are casein-yeast medium. It is due to the fact
that they largely meet the requirements of industrial pro-
duction on the set of biological, technological and econom-
ic parameters [8].

Most probiotics come in lyophilized form (powders, tab-
lets, capsules, suppositories). The dry form is characterized
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by a high shelf life, easy of transportation and storage,
requires strict adherence to temperature. More efficient use
of hardware freeze equipment in the traditional production
of probiotics in the form of dry biomass in vials and am-
poules involves using protective mediums, allowing main-
taining cell viability to provide the necessary structure
(appearance) of dry product in a short and intense mode of
drying. Practice of developing protective mediums suggests
to minimize cell death and waste products in the physical
properties of cryoprotectant composition for each species
of bacteria must include qualitatively and quantitatively
balanced set of components [4, 6, 8, 11].

Unification of protective mediums used in the produc-
tion of probiotics includes limiting the number of compo-
nents required in the cryoprotectants for "hard" freeze
mode. Under these modes of drying negative biological
effects and defomation of structure are decreases by offset
increasing concentration of cryoprotectant in the microbial
suspension. At the same time achieve a better structure of
dry biomass is much more complicated than getting the
required number of living cells in a dry preparation. Work-
ing out the indicated problems was succeeded by using
sucrose-gelatin-milk protective medium that are currently
using in the production of most probiotic products [8, 13].

However lyophilized forms of probiotics have several
disadvantages, including long term release of microbial
cells from a state of anabiosis (8-10 hours in optimal condi-
tions of cultivation, which can be achieved only in the
laboratory). In the gastrointestinal tract (GIT) during this
period of time much of probiotic cells can eliminated, fail-
ing to activate. Therefore, the production of probiotics in
dry form has more to do with business interests of manu-
facturers than to providing high quality products. In hu-
mans, much of lyophilized microorganisms are killed be-
fore reactivation in harsh conditions of GIT [4, 8].

Technological methods that are administering prebiotics
to stimulate probiotic flora, can not always make a differ-
ence. Firstly, the amount of prebiotics that can be entered
into the dose is too small for the display of significant ef-
fect. Secondly, during transit through the proximal GIT
habitats in most cases prebiotic metabolized [4, 10].

Use acid-soluble capsule does not solve the problem of
increasing the effectiveness of oral probiotics as high acidi-
ty of the GIT tract is only one of obstacles. And the signifi-
cance of this barrier disappears if oral probiotic taken with
food, which is a powerful factor in protecting microorgan-
isms from gastric juice. Noteworthy and are increasingly
being used rectal probiotics [4].

Much more effective is "live" probiotics in the form of a
liquid suspension in a special protective environment. In
these preparations the bacteria are in physiologically active
form and can act immediately after ingestion. Probiotic
microorganisms in a liquid form is active, viable in harsh
conditions of GIT, do not require long-term reactivation,
showing its effect upon entry into the body. In addition, this
form of probiotics is best for children [8-10].

Innovation dosage form of probiotics is lingual (porous
instant) tablets are prepared by freeze-forming technology.
This allows to obtain bacterial preparations with highly
internal surface (porosity). Advantages of freeze-forming
technology is one-step formation of a probiotic tablet form
with high biological activity, while traditional technology is
multistage and includes drying and growing of biomass,
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mixing biomass powder with excipients (fillers, baking
powder, binders, dyes etc) and compaction under pressure.
Technology of tablet form bacterial drug is reduced to one
operation — freeze-drying cell suspension into matrices with
complex protective medium adding to it at least 7 — 9% of
ballast substances (structuremakers, bioprotectors). Produc-
tion of porous tablets requires no special equipment for
release from forms as a result of biomaterial compression
during drying under vacuum is its detachment from the
walls of shape matrix, which allows removing the dry tab-
let by shaking [4, 10].

Development of a method of designing probiotics in the
form of strong mutualistic multysymbiozis represents sig-
nificant progress in improving treatment of bacterial drugs.
When receiving other complex probiotics a certain strains
mixed in certain proportions under one condition — no
antagonism between the strains. These combinations of
strains grown under standard laboratory conditions, is not
the rule but the exception to the existence of microorgan-
isms. Getting in human biotops in the highly competitive
conditions with other well-adapted microflora, they either
die, turning into an edible substrate, or significantly reduce
its activity [13].

Necessary condition in the development of technology
and production of probiotics is to keep them stable for a
long time. Bacterial drugs containing live microorganisms,
is the least stable, since their activity may decrease as a
result of cell death. Microorganisms because of low levels
of biological organization remains viable even with com-
plete dehydration, in which case only in cells inversely
slowing or stopping metabolism. To prolong the viability of
bacteria is advisable to freeze drying, which occurs at low
temperature and high vacuum. Due to the hygroscopic
sealing dry biologics engaged under vacuum or in inert gas
flow [4, 8, 12].

Factors affecting the survival of microorganisms in dry

probiotics during storage is regulated residual moisture
content, the presence of protective mediums, storage drugs
in dry oxygen-free atmosphere. In order to protect probiot-
ics from stomach acid into tablets and encapsulated forms
applied acidresistant coatings or immobilizate bacteria on
sorbent [4, 8].
Results. As an example of probiotics technology can lead
technology, developed by author, of substance of polystrain
bacterial probiotic with therapeutic properties and wide
spectrum therapeutic effects through additional beneficial
activities: antimutagenic, hypocholesterolemic, proteolytic
action, sorption of heavy metals, immunomodulation and
antiviral properties. Substance of polystrain probiotic de-
veloped on the basis of five pre-selected high-probiotic
strains of bacteria genus Lactobacillus. Technology of the
substances is include such stages:

— A culture first generation (all five strains of lactic acid
bacteria cultured separately in flasks on MRS medium at
37 £ 1 °C during 48 hours);

— A culture of second generation (the first generation
culture used as inoculum for obtaining appropriate cultures
of the second generation, increasing the volume of culture
medium in 10 times, after 24 hours carrying out microbio-
logical control and determine the number of live cells of
lactic acid bacteria — should be at least 10° CUO/mI);

— Carried separately each strain in fermenter on casein-
yeast medium with parameters: temperature 37 + 1 °C; pH
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6.8-7.0 (regulated 5% solution of ammonia) overpressure
0.03-0.04 MPa, duration of 8-10 hours, periodically (every
hour for 10 minutes) include mixing device (70 rev/min)
and twice ( after 2 and 5-6 h of cultivation) in fermentor
served sterile glucose solution to final concentration in the
medium 1.5-1.7%. Cultivation process is stopped when
concentration of lactic acid bacteria - 10° CUO/m.)

— Stabilization of culture broth (culture fluid of five
strains of bacteria of genus Lactobacillus, obtained under
industrial biosynthesis are combined in a ratio of 1:1:1:1:1
(in terms of optical density of cell suspension) and add
milk-sucrose-gelatin protective medium;

— Freeze-drying [12].

Developed substance consist of — Lactobacillus del-
brueckii subsp. VKPM bulgaricus LB86-B-5788: Lactoba-
cillus delbrueckii subsp. delbrueckii DSM20074: Lactoba-
cillus rhamnosus LB3 IMB B-7038: Lactobacillus rham-
nosus V ®: Lactobacillus acidophilus (C) — 1:2:1:1:1, the
final concentration of strains in substance — 1x10° CFU/m.
This ratio of strains responsible for high rates of probiotic
properties developed substance. All strains isolated from
healthy people, resistant to harsh conditions of the gastroin-
testinal tract of human (gastric juice, low pH, digestive
enzymes), and have a high probiotic properties listed in
tabl. 1.

Table 1. Probiotic properties of strains genus Lactobacillus as base of polystrain substance

Property Strains of genus Lactobacillus

L. rhamnosus LB3 | L. acidophilus L. delbrueckii subsp. | L. delbrueckii L. rhamnosus

IMB B-7038 ©) bulgaricus LB86 subsp. delbrueckii | V®

BKIIM-B-5788 DSM20074

Antagonistic activity, mm
E. coli 42.340.51 36.1£1.05 37.9+1.23 36.6+1.21 31.241.25
P. fluorescens 30.4+1.0 24.240.83 27.8+0.94 268+0.97 29.8+1.03
A. colcoaceticus 35.3+£0.73 32.3+£0.99 20.9+0.71 21.2+0.83 31.3£1.18
S. marcescens 36.4+1.12 19.2+0.52 38.2+0.99 27.8+0.79 33.4+1.22
B. linens 30.7£1.09 28.8+0.74 22.840.85 23.1+0.67 34.2+1.07
B. mycoides 30.5+0.95 35.1+1.22 34.7+1.13 32.4+1.18 30.3£1.19
B. megaterium 33.2+1.21 20.1£1.07 26.1+£0.97 34.3+1.21 24.3+0.98
B. subtilis 34.1+1.18 28.4+0.98 20.9+0.81 29.8+0.99 30.7+1.14
B. cereus 37.7+£2.07 33.4+0.83 37.8+1.13 38.3£1.22 30.4+1.17
S. citreus 37.5£1.17 34.6+1.15 34.0+1.15 36.1+1.25 36.4+1.15
S. aureus 37.6+1.32 33.7+1.20 34.7+1.24 32.4+1.18 32.5+1.23
N. carollina 22.3+1.16 27.4+0.85 31.1£1.18 20.3+0.76 30.3+1.26
S. flava 20.3+0.92 28.6+£0.91 34.1+1.11 33.9+1.08 33.4+1.29
Acid formation, °T 210.844.75 193.845.81 170.0+7.81 178.546.33 197.245.45
Lyzocime formation, mm | 0 5 0 0 0
Adchesive activity
Native erithrocyte 5.08+0.23 3.23+0.11 4.93+0.17 5.09+0.25 6.57+0.28
Formalize erithrocyte 4.21+0.18 3.34+0.08 4.16+0.18 4.934+0.22 6.0+0.29
Resistant for antibiotics, zone of growth delay, mm
benzylpenicillin 2+0.07 0 0 1140.52 3+0.12
ampicillin 0 0 0 0 0
amoksicillin 0 0 4+0.11 13+0.59 7+0.35
cefazollin 0 0 0 11£0.55 5+0.21
amiacin 0 0 0 6+0.28 0
gentamicin 4+0.13 0 9+0.44 11+£0.49 7+0.36
streptomicin 7+0.34 0 3+0.08 7+0.31 0
linkomicin 17+0.75 5+0.22 9+0.24 25+1.14 13+0.54
doksiciklin 0 0 0 9+0.38 7+0.32
levoflocin 440.17 0 2+0.06 5+0.24 0
levomicitin 0 3+0.14 0 4+0.18 4+0.17
Antimutagenic activity,% | 99.03+2.87 58.43+1.99 90.38+3.12 95.90+4.05 81.22+3.98
Proteaze, OD/mg 637.04+17.13 339.13+15.01 74.8242.34 492.549 81 70.8443.42

Also selected strains have hypocholesterolemic activity, the
ability to reduce serum cholesterol. Strains with high level of
accumulation of external proteolytic enzymes, indicating the
possibility of their use in digestive disorders associated with
lack of appropriate enzymes in the host, and to modify the
immunogenicity of foreign proteins by proteolysis. The strains
have high antimutagenic properties (at 58.43-99.03%). They
exhibit high desmutagenic effect. Selected strains do not ex-
hibit antagonistic activity against to each other, but rather
characterized symbiotic relationship in the mixture.

Design of the polystrain bacterial substance based on the
fact that for each person who uses the bacterial drug based on
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it, creating favorable conditions for the selection of his repre-
sentatives of those species of lactobacilli that his intestines are
in short supply and polystrain probiotics concentrated in a
wide range of biotherapeutic functions.

Designed substance is not toxic to cells monolayer pig tes-
ticles PTP, mouse fibroblast L-929 and splenocytes and is able
to stimulate the functional activity of peritoneal exudate mac-
rophages of mice, increase the cytotoxicity of natural killer
cells and has antiviral activity. Characteristics of desined poly-
strain probiotic substance listed in table 2.
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Table 2. Probiotic properties of the polystrain probiotic substance

Properties Characteristic of the polystrain probiotic substance
Concentration of live bacterial cells, CFU / ml 1x10°
Antagonistic activity (zone of growth retardation test cultures), mm
Staphylococcus aureus 39.0+1.20
Staphylococcus citreus 38.0+1.15
Salmonella typhimurium TA100 41.0+£1.22
Klebsiella pneumonia 39.0+1.15
Serratia marcescens 37.0+1.15
Escherichia coli 32.0+1.15
Bacillus subtilis 38.0+1.20
Adhesive index 5.31
Titer of serum interferon, units/ml
on 6-th hour 3.7 log,
on 24-th hour 3.0 log,
Titer of circulating interferon, units/ml 4.240.5 log,
Concentration of Tumor necrosis factor-o, ng/ml
on 6-th hour 11
on 24-th hour 0.8
Phagocytic number,%
on the 1st day of observation 57.242.2
on the 3rd day of observation 57.542.3
5 th day of observation 57.4+2.2
Phagocytic index, conv
on the 1st day of observation 5.8+1.6
on the 3rd day of observation 5.7+1.3
5 th day of observation 5.8+1.6
Cytotoxicity index, % 39.7
Index of effectivenes in experimental herpetic meningoencephalitis | 50.0
in mice

Conclusion. Due to the results of numerous medical studies,
probiotics based on human physiological flora at present re-
garded as an effective method of restoring normal composition
and function of different biotops, and the emergence of a new

science-based information on the subject creates huge oppor-
tunities for probiotics to replenish the arsenal of new effective
bacterial drugs.
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CraposoiitoBa C.A., Ckpoukas O.U. TexHosornueckue acneKTbI H0.Iy4eHUs1 NPOOUOTHKOB

AHHOTanusi. PaccMOTpeHb! COBPEMEHHbIC IPYINIBI NPENapaToB, HCIOIb3yeMble JUIi KOPPEKLMHM HAPYLICHUH HOPMAaIbHOW MHKPO(IOpEI
yenoBeka. OcBelleHbI PoOeMbl U TIEPCIEeKTHBHBIC HAPABICHUS COBEPIICHCTBOBAHKS NPOOHOTUKOB. PaccMoTpeHs! opMbl BBITyCKa Mpo-
OHMOTHKOB, a TAKOKe MOKAa3aHBl BO3MOXKHBIC ACTICKTHI TMOBBIIECHUS 3()(EKTUBHOCTH MPOM3BOICTBA OAKTEPUOTEPANIEBTUYECKUX IMPENapaToB.
INpoaHam3HpoBaHb! TEXHOJIOTMYECKHE TPUEMBI, HAIIPABICHHBIE HA COBEPIICHCTBOBAHUE TEXHOIOTHY MOMyUIeHHs U MPOJUICHHUS CPOKA XpaHe-
HUSI IpoOMOTHKOB. [IpHBeneHa TEXHONOTHS MOTyYeHHsI CyOCTAaHIMH TIOJIMINTAMOBOTO OAKTEpHOTEpaNeBTHYECKUX Mperapara ¢ IIHPOKHM
CIIEKTPOM TEPANEBTHYECKOTO JICHCTBHS.

Kniouegvie cnosa: npobuomuxu, npobuomuyecKie MUuKpOpeanuzmMbl, MyIbmMunpoOUOmUKY, MeXHOI0UMU.
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bozoanoecvka H.B., I'onyoenko A.B.
3acTocyBaHHSI AaHTHOKCHAAHTIB NPH BUKOHAHHI HABAHTaKeHb BUCOKOI iIHTEHCUBHOCTI

bozcoanoscexa Hadia Bacunisna, dokmop 6iono2iynux Hayk,
3a6idysay kagheopu 300po8'sa ntoounu ma Qizuynoi peabinimayii

Tonybenxo Anacmacia Borooumupisua, acnipanm

3anopisvkuti HayionanvHull yHigepcumem, M. 3anopigcocs, Yrpaina

Amnoranisi. [IpoBeneHe BUBUEHHS ITOKa3HUKIB aHTHOKCHAAHTHOI CUCTEMH 1 (i3MYIHOI Mpare31aTHOCTI CHOPTCMEHOK BHCOKOI KBaJi-
¢ikanii 18-20 pokiB 10 i micis NpHHOMY €KAUCTEpOHY Ha PI3HHX eTarax 3MarajbHoro Iepiomy. HaiiGinpmma onmruMizamisi cTaHy
AQHTHOKCHIAHTHOI CHCTEMH eKIUCTEePOHOM BiJ3Hadasacs B KiHI[I 3MaraJlbHOTO Mepiofy, B yMOBaX 3HIDKEHHS iX (i3M4YHOI Ipame3aar-

HOCTI.

Knwowuoei cnosa: anmuokcudanmua cucmema, okcuo azomy, isuuna npaye30amHicmo, eKOucmepoH

Beryn. Hapasi BigmivaeTbes mijBuieHa ysara ¢isiosoris
0 BUBUCHHs (pi3ionmoriunoi posi okcunmy azory (NO).
[TokazaHa BaykJIMBa pOJIb CHCTEMU CHUHTE3Y OKCHILY a30Ty
Ta ii OKpeMHX KOMIIOHEHTIB B PEryJisilii pi3HOMaHITHUX
¢iziomorivanx (yHKMiA opraHizMy [3-7] Ta, 30kpema, B
3a0e3neueHHi HeoOXiMHOTO piBHS (Hi3HMIHOI Mpale3aTHo-
CTi 1, IK HACJIMIOK, JOBTOTPUBAIIO] alalTamii 10 cucTeMa-
THYHAX (Pi3MYHNX HaBaHTaxeHb [1]. JloBemeHo, mo He-
CHPUSTINBI 3MIHU B CTaHI CHCTEMH CHHTE3y OKCHAY a30-
Ty TPU3BOAATH 10 ICTOTHOTO MOTIPIICHHS 3arayibHOi (¢i-
3WYHOT Ipale3JaTHOCTi OpPraHi3my.

VY 3B’S3Ky 3 IIUM JOCHUTh aKTyaJbHUM € MUTAaHHS 00
NouryKy (akTopiB, SIKi MOXYTh CIpPUSATH ONTHUMI3aLil
(YHKI[IOHAJIBHOTO CTaHy CUCTEMH CHHTE3y OKCUAY a30Ty
i, THM caMuM, 30epeKEHHIO Ha HAJIE)KHOMY piBHI 5K (i-
3MYHOT Mpale3aTHOCTI OpraHi3My, Tak i HOro 3arajbHOro
¢yHKIiOHaTbHOTO cTaHy. OCOONMBO aKTyadbHHM IIe
MIUTAHHS € JJISl CHOPTCMEHIB BHCOKOTO PIBHS Y 3B’S3KY 3
HEOOXIJHICTIO MIATPAMKH BUCOKOTO PiBHSA (PYHKIIOHATH-
HOI MiArOTOBJIEHOCT] HA MPOTS31 JOCUTH TPUBAJIOTO Yacy.

MeTta poOOTH TOIATae y IOCHTIMHKEHHI 0COONMMBOCTEH
3MIHHM CTaHy CHCTEMHU CHHTE3y OKCHIY a30Ty Y TPEHOBa-
HUX JBYAT MiCJS MPUHOMY EKIHUCTEPOHY Ha Pi3HUX eTa-
rax 3MarajbHOro mepioay

OcraHHIM YacoM O1IbIIICTh JTOCHIJHUKIB TPUBEPTAIOTh
yBary 0 MO>JIMBOCTI 3aCTOCYBaHHS B IPOLIECI ONTHUMI-
3alil cTaHy CUCTEMH CHHTE3y OKCHIy a30Ty Pi3HuX (ito-
IpemnapariB, SKi MIiCTATh eKaucTepoH [2]. Haxais, excre-
PUMEHTAIBHUX JOCIIUKEHb CTOCOBHO OIIIHKH €()EeKTHB-
HOCTI 3aCTOCYBaHHs CKANCTEPOHY B IMiJBHUIIECHHI CHHTE3Y
NO B oprani3mi, Ha TaHWIA 9ac TPAKTUIHO HE MAE.

AKTyaJIbHICTB TIpEZCTaBICHOT MTPOOIeMH cTana mepen-
YMOBOIO JUUISI HIPOBEAEHHS [ILOTO JIOCHIIPKEHHSI.

Marepianu i MeTonu. B excriepiMeHTI B3sJIM y4acThb
14 tpenoBanux xmiBuaT 18-20 pokiB, 31 cTakeM 3aHATTA
croprom moHan 10 pokiB (BoseitboibHAa KOMaHa Cymep-
mirn yemmioHaty Ykpainu " Opbira-YHiBepcureT "). Ha
MOYaTKy, B CEpeAMHi i B KiHIIl 3MaraibHOTO TEpiody BCi
oco0u, [0 NPUHHSUIN Yy4acTh Y JOCIIDKEHHI, TpUHMaln
eKauCTepoH (3 po3paxyHKy 1 kpamnst Ha 10 kinorpam
Barn) 1 pa3 Ha 100y Ha 100 M coky mpotsirom 20 1HIB
KO>KHOTO €TaIry 3MarajibHOTo Iepiofy.

Js OiHKM CTaHy pI3HMX NUIIXIB CHUHTE3y OKCHIY
a30Ty y BCiX O0OCTE)KyBaHMX Ha BKa3aHHMX eTalax 3mara-
JBHOTO TIepioy B 30aradeHiil O1I0KPIBIIMY IL1a3Mi KPOBi
BH3HAYaJgM OIOXIMi4HI INMOKAa3HHUKH SIKi XapaKTepU3yIOTh
IHTEHCUBHICTh OOMiHY apriHiHy 3a JBOMa albTepHATHB-
HUMH (HEOKHCHOMY apriHazHoMy # okxucHomMy NO-
CHHTa3HOMY) MUISIXaMHd MeTaboli3My. I[HTEHCHBHICTH
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HEOKHCHOTO MeTa0oji3My OLIHIOBAJIM, BH3HAYAIOUH aK-
THBHICTb apriHa3d W BMICT CEYOBHHH, IO YTBOPIOETHCS
nmpu poOoTi 1poro QepmeHty. IHTEHCHBHICTH OKHCHOI
Jerpazanii apriniHy (3a sKol yTBOPIOETBCSI OKCHJI a30Ty
ouixoM de novo CHHTE3y) OIHIOBANM 32 aKTHBHICTIO
pisHEX 30depmenTiB NO-cuHTa3 — KambIliii3aneKHOT
KOHCTHTYTHBHOI (BM3Hadanacsi CyMmMapHa aKTHUBHICTh
eNOS + nNOs = cNOS,) i xkanpIiiiHe3aneKHOT 1HTYyIIHOEC-
npHOT (INOS) cHHTa3:M OKCHAY a30Ty, a TAKOXK 33 PiBHEM
OUPKYITIOIYAX CTa0IIFHUX METa0OoIITIB OKCUAY a30Ty —
uitput- (NO;) i nitpar- (NOjy) anioniB. OriHroBaIH
TAKOX IHTCHCHUBHICTh HEOKMCHOI peyTHIII3aIii HiTpaT-
aHIOHIB /ISl PECHHTE3Y OKCHIY a30Ty, BHU3HA4Yaro4yu
HA/J1®-3anexHy HiTpaTpeLyKTa3Hy aKTUBHICTb.

KpiM 3a3HayeHHMX MOKa3HHMKIB y MiBYaT, LIO B3sUIH
y4acTh B JOCHI/DKEHHI 32 JOTIOMOTOI0 BEJIOEPIrOMETPHY-
HOoro cyomakcumansHoro tecty PWC,;, BH3Hawamm Be-
TMYuHY 3aranbHOl QismuHOi mpanesgatHocTi (PWCiq,
KrM/XB/KT) 1 aepoOHoi mpoxykruBHOcTi (MCK, mi/xB/Kr)
IXHBOTO OpraHi3My.

Bci orpuMaHi i 9ac ITOCTIIKEHHS eKCTIEPUMEHTAIb-
HI Matepianu Oyiau oOpoOieHi CTaHIAPTHUMH METOAaMH
MaTreMaTHYHOI CTATUCTHKU 3 BUKOPHCTAHHSIM CTaTUCTHY-
Horo nakety Microsoft Exel.

Pe3yabraTi Ta ix o6roBopeHHs. ExcniepyMeHTanbHi
JlaHi, OTpUMaHI B XOXi IOTO OCIIMKCHHS IMOKA3aIu
HactynHe. [ToyaTok 3maranbHOTO THEpiogy XapakTepusy-
BaBCs HAMOLIBII BUCOKMM piBHeM (i3MUHOI mparesnaT-
HOCTI TpeHOBaHMX AiBuaT 18-20 pokiB, sSKHN 332 NaHUMH
CyOMaKCHMaIbHOTO TECTy PWCir CTaHOBHB
1405,32+49,19 krMexe ™’ i BifmoBinas piBHIO "BHIIE cepe-
IHBOTO".

Hawm Bnanocs BcranoBuTH (Ta0:. 1), 110 HaBiTH Ha eTa-
Il MakCHMaJbHUX 3HaueHb (I3UMYHOI Ipare3aaTHOCTI
MpUHOM eKIMCTEPOHY CIPHSB MEBHIN onTuMizamii QyHK-
LIOHAIBHOTO CTaHy CHCTEMH CHHTE3Yy OKCHJIY a30Ty Tpe-
HOBaHUX JiBYAT: BiJ3Hadajacs BHUpakKeHa TEHACHINS JI0
MiBUIICHHAS] iHTEHCHBHOCTI KOHCTUTYTHBHOTO 1 HITpat-
penyKTa3HoTO HUIAXiB yrBopeHHS NO (BigNOBiZHO Ha
11,924+1,50 % i nva 7,52+1,47 % y mopiBHSIHHI 3 BETUYH-
HaMH{ WX TOKa3HUKIB 0e3 IMpUioMy Ipenapary), 3araib-
Hoi NOS (Ha 8,58+1,47 %) i, HaBmaKku, JO 3HIKECHHS
IHTCHCUBHOCTI 1HAYIHOENBFHOTO W apriHA3HOTO MUIAXIB
Metaboutizmy L-aprininy (Biznosizno Ha 10,18+1,34 % i
Ha 7,21%1,36 %). KpiM 1poro, BiIMi4anocsi 3HUKCHHS B
a3Mi  KpoBi  KOHLEHTpauii  HiTpar-aHioHiB  (Ha
8,03+1,38 %) mpu migBUIIEHHI 3MICTy HITPHUT-aHIOHIB i
ceyoBuHu  (BigmoBimHo Ha 4,29+1,44% i Ha
5,71£1,46 %).
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Pazom 3 TM, 3a3HaYMMO JHINE TEHACHIINHUN Xapak-
Tep MPEICTABJICHUX 3MiH, BIICYTHICTh CTATUCTHYHO JIOC-
TOBIpHUX 3MiH BUBUCHUX ITOKA3HHUKIB, IO, HA HAITYy TyM-
Ky, MOXKHa TOSICHHUTH, IO-TIEpIIE, TOCUTh BHCOKHM CTY-
neHeM (YHKIIOHAJIBHOI 3aJIeKHOCTI MiX piBHEM (hi3maHOI
MPae3qaTHOCTI 1 CTAHOM CHCTEMH CHHTE3y OKCHAY a30-
Ty, a, HO-Ipyre, CIOYaTKy BHCOKMM piBHeM (i3W4HOI
Npane3JaTHOCTI TPEHOBAaHMX [iBYaT Ha JaHOMY eTarli
TOCIIIKEHHA.

V cepenuHi 3MarajJbHOTO TMEpiony y TPEHOBAaHUX JIiB-
4aT BiI3HAYANIOCS 3HIDKEHHS PiBHA (Di3MUHOI mpare3nat-
Hocti (mo 1147,57+65,77 krMexB T a60 Ha 18 %), sKuii
MPOAOBXKYBAB BiANOBITaTH 3HAYCHHAM 'BUINE CEPEIHBO-
ro" i, Ha HaIly OYMKYy, IIe 3a0e3ledyBaiocs, B IEPIIry
4yepry, 3a paxyHoK cyrreBoro (Ha 30 %) mimBuIneHHS
IHTEHCHBHOCTI OKHCHOTO KaJbLiH3a]IeKHOTO KOHCTUTY-
THBHOTO MIIAXY YTBOPEHHS OKCHAY a30Ty 1 ICTOTHOTO
3HIDKCHHS IHTCHCUBHOCTI BCIiX 1HINUX IIJISIXiB METa0O0i3-
My L-aprininy.

Ta6auna 1. BennuuHu BUBYEHUX Ol0XIMIYHHX MOKAa3HMKIB Y TpeHOBaHMX JiB4aT 18-20 pokiB Ha MOYaTKy 3MarajlbHOTO HEpioay

(M+m)

IToxa3nuku be3 npuiiomy exnucrepony [Ticas npuitMy eKIUCTEpOHY A%
CeuoBHHA, HMOJIB/MT OlIKa 71,98+7,56 76,09+7,99 5,71+1,46
iNOS, nMob/XB M Gika 8,54+1,47 7,67+1,32 -10,18+1,34
cNOS, nmonbe/xB Mr Gika 48,01+4,5 53,73+5,04 11,92+1,50
ApriHasa, HMOJIb/XB MTI OilKa 2,69+0,32 2,50+0,30 -7,21+1,36
H-penykrasa, HMOJIB/XB MT Oijika 4,62+0,25 4,97+0,27 7,52+1,47
NO,, mmonb/Mr Ginka 284,67+34,73 296,87+36,22 4,29+1,44
NO3, HMOIB/MT Oinka 1,48+0,15 1,36+0,14 -8,03+1,38
3ar. NOS, mMoJib/XB Mr" OijiKa 56,55+5,42 61,4+5,84 8,58+1,47

IMpumitka: A% — BennuuHa BigHOCHOT pi3HALI (Y %) MK aOCOIIOTHIMH 3HAUYCHHSIMH [TOKA3HUKIB 3 Ta 63 MPUIOMY eKIHCTEPOHY.

Byno BCcTaHOBIIEHO, MO TiABUIICHE 3HAYCHHS aKTUBHOCTI
c¢NOS morzo Oyt ogHEM 3 (PaKTOPiB, IO JIMITYye TOa-
JBIIIE TIIBUIICHHS aKTHBHOCTI JaHOTO (DEpMEHTY 1 micis
NPUHAOMY EKIOUCTEPOHY, aHAJOTIYHO TOMY, LIO iCTOTHE
3HIKCHHS IHTEHCUBHOCTI apriHa3HOTO 1 iHXynmHOeTsHOTO
OUIAXiB jAerpazaanii L-apriHiHy He NPHITyCKamo MOAaib-
IIOTO 1X MaiHHSI MICJIsT BUKOPUCTAHHS CKIUCTCPOHY.

SIK BUJTHO 3 TaHWX, OPEICTABICHUX y TaOmui 2, mics
MpUHOMY E€KAHUCTEPOHY Yy OOCTEXEHHX IiBYaT BiA3HAYa-
JIOCS JIUIIIE TOCTOBIpHE 3HIKEHHS KOHIEHTpAIIi B TIa3Mi
KpoBi HiTpaT-aHioHiB (Ha -15,87+1,51 %), mo wmormo
CBIIYUTH TIPO JEsIKE ITiIBUIICHHS iHTEHCHBHOCTI HITpAaT-
PeAYKTa3HOTO peyTHITi3aniiHOro IUsIxy cuHTe3y NO.

Tabauns 2. BennunHu BHBUCHHUX Oi0XIMIUYHHX MOKA3HUKIB y TPEHOBaHMX AiB4aT 18-20 pOKiB y CepeaHi 3MarajbHOTO TMepioay

(M£m)

IToxa3Huku Be3 npuiiomy exnucTepony [Ticas npuiiMy eKIUCTEpPOHY A%
CedoBHHA, HMOJIB/MT O1IKa 77,60+5,17 77,66+5,17 0,08+1,41
iNOS, nmois/xB Mr OiaKa 7,90+1,55 7,37+1,44 -6,71+1,40
cNOS, nmoin/xB Mr Oinka 56,45+3,05 60,12+3,25 6,51%1,46
Aprinasa, HMOJIb/XB MT OilKa 1,38+0,19 1,32+0,19 -4,22+1,40
H-penyxraza, HMOJNIB/XB Mr Oika 3,47+0,18 3,82+0,20 10,10+1,49
NO,, mmons/mr 6inka 348,94+27,33 381,69+25,20 9,38+1,36
NO3, HMOIB/MT Oinka 1,76+0,07 1,48+0,08* -15,87+1,51*
3ar. NOS, nmMoJib/XB Mr" OijiKa 64,35+4,21 67,494+4,31 4,89+1,43

[Mpumitka: * — p <0,05 y mopiBHSHHI 3 BeJIMYMHAMH MTOKAa3HUKIB, 3apEECTPOBAHUX Oe3 mpuitoMy ekaucTepoHy; A% — BelHyMHA Bij-
HOCHOT pi3HUMI (y %) Mix aOCONIOTHUMH 3HAYEHHSMH TTIOKa3HHUKIB 3 Ta 0€3 MpHiioMy eKAUCTEpOHY.

IleBHUM MiATBEPHKEHHSIM I[LOMY CTajia MMO3MTHBHA TCH-
JIEHINsT 10 3POCTaHHSA BMICTYy B IUIa3Mi KpPOBi HITPHT-
anioHiB (Ha 9,38+1,36 %) Ta aKTHBHOCTI HiTpaTpexyKTa-
3u (Ha 10,10£1,49 %). 3MiHM X BCiX iHIIMX O10XIMIYHHUX
MMOKAa3HUKIB OYJIM CTATUCTHYHO HEJOCTOBIPHHMU 1 HE3HA-
YHUMH. JIOCUTh 3a3HAYUTH, IO IMiIBUIICHHS aKTHBHOCTI
koHcTuTyTUBHUA NOS cknano timbku 6,51+1,46%, 3ara-
meHOT NOS — 4,89+1,40 %, a 3HWKEHHS aKTHBHOCTI iH-
nynunbensHoi NOS Ta aprinasu Bigmosigao 6,71£1,40 % i
4,22+1,40 %. IlincymMKoM 3a3HAa4€HHX NEPETBOPEHb Y
CHUCTEMI CHHTE3y OKCHIY a30Ty OpTaHi3My TPEHOBaHHX
niBgaT crtamo HezHauHe (Ha 7,6441,38 %) mimBumieHHS
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piBHA iX (i3muHOI Tpare3aaTHOCTI MicIs IPUHOMY eKIu-
cTepoHy. HaiGinpi sk iCTOTHUM BUSIBUJIOCS BIUIUB €KIHU-
CTEPOHY Ha CTAaH CHCTEMH CHHTE3y OKCHIY a30Ty TPEHO-
BaHMX J[iBYAT B KiHIII 3MaraJlbHOTO MEPiory, KU Xapak-
TepU3yBaBCs ICTOTHUM 3HWKEHHSM PiBHA IXHBOT Pi3HIHOT
npanesaatrocTi (10 845,18+41,13 krmexs ™ a6o Ha 30 %)
1 3HAYHHUM ITiJBUIICHHSIM 1HTEHCHBHOCTI 1HIyIIMOEIHHOTO
nusixy merabonismy L-apriHiny Ha (OHI TakoX ICTOTHO-
o 3HW)KECHHS IHTEHCHBHOCTI BCIiX IHINMMX INUISIXiB HOTO
Jerpajarii.
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Tadauus 3. Bennunan BUBYeHHX 0610XIMIYHUX ITOKA3HHUKIB y HETPEHOBAaHMX AiBYaT 18-20 poKiB HANPHKIHII 3MaraibHOTO Nepioxy

(M£m)
[Toka3zHuku bes npuiiomy ekIucTepony [Ticas npuitMy eKIUCTEPOHY A%

CeuoBHHA, HMOJIB/MI OiIKa 70,37+£2,99 74,23+3,16 5,49+1,45
iNOS, nMob/XB M Gika 15,96+1,50 11,62+1,09** -27,20+1,24
cNOS, nMob/XB Mr Oijika 31,82+1,91 46,8142,8%** 47,10+1,78
ApriHaza, HMOJIb/XB MT OilKa 1,32+0,08 1,06+0,06** -20,20+1,28
H-penykrasa, HMOJB/XB MT Oijika 3,90+0,36 4,62+0,43 18,40+1,55
NO,, mmons/Mr Oinka 340,74+20,56 421,89+16,35%** 23,82+1,28
NO3, HMOIB/MT Oinka 3,61+0,68 3,10+£0,81 -14,15+1,56
3ar. NOS, nMoJs/XB Mr Oijika 47,78+2,57 58,43+3,13** 22,28+1,58

Mpumitka: ** — p <0,01; *** — p <0,001 y mopiBHSAHHI 3 BeIMYHHAMHU ITOKA3HHKIB, 3aPEECTPOBAHUX O€3 MPUHOMY €KIHCTEPOHY;
A% — BenmumHa BiHOCHOT pi3HULI (Y %) MiX aOCOTIOTHUMH 3HAYEHHSIMH ITOKa3HHUKIB.

[puitom exAMCTEpPOHY B KiHIII 3MarajlbHOTO Hepioxy,
Ha (OHI MOTIPIIEHHS CTaHYy CUCTEMH CHHTE3y OKCHIY
a30Ty 1 BHPaXXEHOTO MNaJiHHs (i3WYHOI IMpane3laTHOCTI
TPCHOBAHMX MiBYAT, CIPHUSIB CYTTEBOI ONMTHMI3aIlii JaHUX
mapameTpiB (Tadm. 3).

[Micns mpuiioMy eKANCTEpOHY BiI3HAYAIOCH ICTOTHE,
CTaTHCTHYHO OCTOBipHE 3POCTAHHS IHTCHCHBHOCTI KOH-
CTUTYTHBHOTO NUIAXY CHHTE3Y OKCHUAY a30Ty (ITiABHIICH-
g1 axtuBHocti cNOS 1 3ar. NOS BigmoBimHO Ha
47,10+£1,78 % 1 nHa 22,28+1,58 %), HITpaTpeAyKTa3HOTO
nutaxy yrBopeHHs NO (TeHAEHIls 0 3pOCTaHHS aKTHB-
HOCTI HiTpaTpeaykrasu Ha 18,40+1,55 % i mo 3HIKCHHS
KOHIICHTpaIlii HiTpar-aHioHiB Ha 14,15+1,56 %, a Takox
JIOCTOBIpPHE 3pOCTAaHHsI 3MICTY B ILIa3Mi KPOBI HITPUT-
aHioHiB Ha 23,82+1,28 %) i, HaBMaKu, JOCTOBIPHE MaJliH-
HS IHTEHCHBHOCTI 1HIyIIMOEIHHOTO i apriHA3HOTO MUISAXIB
MeTabomnizmy L-aprininy (3HmkeHHs akTuBHOCTI INOS Ha
27,20+1,24 %, a aprinasu Ha 20,20+1,28 %).

VY mepcreKTHBi TUIaHYETHCS JOCHIAUTH 3MiHUA B aHTHO-
KCHIAHTHIH CHCTEMi y BHCOKOTPEHOBAaHHX IOHAKIB T
4ac HaBYAJbHO-TPCHYBAJIFHOI'O Ta 3MarajbHOTO IEpPioJiB
IIPY HECTIPUSATIMBOMY BIUTMBI 30BHILIHIX (DAKTOPIB.

BucHoBkH. Takum 4MHOM, pe3yJbTaTH OLIHKH 0CO0-
JIUBOCTEH 3MiHM aHTHOKCHIAHTHOI CHCTEMH y TPCHOBa-
HUX JBYAT MIC/S MPUHOMY €KIHUCTEPOHY Ha Pi3HUX eTa-

nax 3MarajbHOTO MepioAy J03BOJIMIN 3pOOUTH HACTYITHI
BUCHOBKH:

1. BukopucTaHHs eKAUCTEPOHY cepesl TPEHOBaHUX Ji-
BYAT CIIPHSJIO B I[IOMY ONTUMI3aIll CTAHY CHCTEMH CHH-
TEe3y OKCHAIY a30Ty Ha Pi3HUX eTarax 3MarajbHOro Iepio-
ny.

2. Hai6impm icTOTHWIA MO3UTUBHUEN e(DeKT BiJ BHKO-
PHCTaHHS €KIMCTEPOHY Bil3HA4YaBCs B KiHII 3MarajJbHOTO
Iepioy, B yMOBaX MaKCHMAaJIbHOTO 3HIDKEHHS X (izwd-
HOT Mpare31aTHOCTI.

3. HasiBHICTh MOpPOTOBUX 3Ha4YeHb MaAiHHA PiBHA (izu-
YHOI Mpale3JaTHOCTI TPEHOBaHUX OCI0 MPHU3BOAMUTH [0
CYTTEBOTO MiJBHUIIEHHS BIAMNOBIIHOT peakuii B cUCTeMi
CHHTE3Y OKCHJY a30Ty IIiJ BIUIMBOM EKAUCTEPOHY (TIpH
3HW)KEHHI piBHA (i3nuHOi mpane3narHocti Ha 20 % Ta
oinpIe).

4. IlinBUIIEHHS BiAMOBINHOI peakilii CHCTEMH CHHTE3Y
OKCHJIY a30Ty Ha JiI0 eKOUCTEPOHY NPH IOCSITHEHHI IO-
pory maminasg Qi3udHOI mpane3aaTHOCTI, 11 3pOCTaHHS, K
pe3ynbTaT JaHoi peakiii, CIyXaTh I0JaTKOBUM IEPEKOH-
JIMBUM ITiITBEPKECHHAM BOXIIUBOT POJIi CHCTEMH CHHTE3Y
OKCHJly a30Ty B 3a0e3reueHHi piBHs (i3MyHOT npane3nat-
HOCTI OpraHi3My Ta JIOBI'OCTPOKOBOI ajanTtauii 10 cucre-
MaTUYHUX (QI3MYHUX HaBaHTa)KEHb 3HAYHOTO 00’eMy Ta
IHTEHCHUBHOCTI.
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Bogdanovska N.V., Golubenko A.V. Application of antioxidants during performing high-intensity loads
Abstract. Is studied the antioxidant system state and physical performance of sportsmen temple qualification 18-20 years old before
and after taking of ecdysterone in various stages of competition period. The gratest optimize of the antioxidant system state by ecdys-
terone marked at the end of competition period, when the maximum reduction in their physical capacity.

Keywords: Antioxidant system, nitric oxide, synthesis system, physical performance, ecdysterone

Borpanosckasa H.B., I'ony6enko A.B. IlpuMeHeHre aHTHOKCHAAHTOB IIPU BBINOJIHEHHH HATPy30K BBICOKO HHTEHCHBHOCTH
AnHoTamus. [IpoBeeHo H3ydeHne COCTOSHIS aHTHOKCHIAaHTHOM CHCTEMBI U (pru3ndeckoi paboTOCIIOCOOHOCTH CITIOPTCMEHOK BBICO-
koii kBanmuukauu 18-20 et 10 u mocne mpuéma IKIUCTEPOHA Ha Pa3IMYHbIX TAlaX COPEBHOBATEIBHOTO Meproaa. Hanbomprmas
ONTHMH3ALHS COCTOSHHS aHTHOKCHIAHTHOW CHCTEMBI SKIUCTEPOHOM OTMEYanach B KOHIIE COPEBHOBATEIBHOTO IEPHO/IA, B YCIOBH-
SIX CHIDKEHHS X (PU3UYEeCcKOi paboToCrocoOHOCTH.

Knrouesvie cnosa: anmuoxkcuoanmuas cucmema, okcuo azoma, cucmema cunmesda, Qusuyeckas pabomocnocooHocmy, sKoucme-

POH
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MEDICINE, REHABILITATION AND SPORTS

3youenxo C.A.
IIporHocTnyeckoe 3HaYeHHe PeryasaTopHbIx T-1umpounTon
npu Enmreiina-bapp BupycHoii nadgexuun

3ybuenxo Ceemaana Anexcanoposna, KAHOUOAM MEOUYUHCKUX HAVK,
accucmenm Kageopvl KIUHUYECKOU UMMYHOL02UY U ANEP2OI0UU
JIb606CKULl HAYUOHATLHBIU MEOUYUHCKUL YHUBepcumem umenu Januna Ianuyxozo, . Jlveos, Ykpauna

AnHotamus. [IpoBeeHBI KOMIUIEKCHBIE KIMHIYECKHE U CIeNU(pHIeCKHe MMMYHOJIOTHIECKHE MCCIISOBAaHMS 52 MalMeHToB ¢ Iie-
JIBIO OIIEHKH KOJIMYECTBA PEryJIATOPHEIX T-TMMQOIMTOB B PAa3NMUHBIX CTaIUsIX XpPOHHUECKoro JnmiteitHa-bapp BupycHoro npomec-
ca. Ha ocHOBaHUM JaHHBIX MOJMMeEpa3HO# nemHoi peakuun y 48,1% nanuentos BesiBieHo JJHK EBV, urto ykassiBano Ha peluauB
EBV-undekuuy ¢ pennukanueii BUpyca, KOTOPbIi MOATBEPAMICS BRICOKMME THTpaMu crieruduueckux EBV-VCA-19G* u xnunuye-
CKUMH TposiBIeHHAMH. Y 51,9% mainueHToB quarHo3 xpoHumdeckodl EBV-unpexuun B naTeHTHON cTaguu Bepu(UIMPOBAIN Ha
ocHoBanuy Hamuunsg EBNA-IgG* u auskux tutpos cnenuduueckux EBV-VCA-19G™ Ha done orcyrerus JJHK EBV. Onpeneneno,
4ro y nmanueHToB ¢ EBV-unbpexnuell B craqun permMKanuy 1mokasaTeian abcoioTHoro konmdectsa T-reg-kierok (CD4+/CD25+)
onuti mocroBepHo mensine (0,341 10,08 T'/m, p<0,05) mo cpasuenmio ¢ nuamMu ¢ EBV-undexmmeii B narentroit cragnm (0,47 0,09
I'/71) u 3nopoBeivu (0,50010,16 I'/11), uTo MOXKET OBITH MPEAUKTOPOM (POPMHUPOBAHMS AyTOMMMYHHO WITH JIEPrHYECKOi MaTOJIOTHH.
Knrouesnie cnosa: xponuueckas Snwmeiina-bapp supycuas ungpexyus, pecynsimopusie T-mumgpoyumeol, UMMYHHASA cUcmeMa

BBenenne. OnHOll M3 NMOTEHIMAIBHBIX MPUYMH cpbiBa  cTH [2, 6]. [pyroit cyononynsuueit T-reg KieTok sBis-
HMMYHOJIOTHYECKOH TOJIGPAaHTHOCTH OpTaHM3MA SABJSETCA  IOTCS  aHTUIeH-WHAYILHPOBAaHHBIE perynsropHsle T-
HaJIMYHe XPOHUIECKOTr0 MH(EKIMOHHOTO TpoIiecca, BEI-  JTUMQOIUTHI, KOTOPHIC B IEPBYIO OYepenb BIUSIIOT Ha
3BaHHOTO, B IIEPBYIO OYepenb, BHYTPUKICTOUHBIMA BO3-  Oamanc Thl/Th2, orBercTBeHHBIN 3a 3()()eKTHBHOCTH
OynuTeIsIMu. nmmyHHOTO OoTBeta [10, 13]. OTH MuMdounTH pasimuya-

Kpartkuii 00630p myoaukanuii mo teme. [lo JaHHBIM  FOTCS MEXAY COOOW YCIIOBHSAME aKTHBAIIWH, TOBEPXHOCT-
HAyYHOH JMTEpaTyphl, CETOMHS Yalle BCErO TPUITEPaMH  HBIM (CHOTHIOM M MEXaHH3MOM CYIPECCHBHOTO [eii-
CpbIBa TOJECPAHTHOCTH MMMYHHBIX MEXaHH3MOB SBISIIOT-  CTBHSL. [lepBble u3 HUX - amanTuBHbIe CD4+CD25+Foxp3
cs XJIAaMHUJUH, TTApaMHUKCOBUPYCHI, T€PIECBUPYCHI, B TOM  T-KJIETKH - HE OTIMYAIOTCS OT HaTypajibHbIX. IMMyHOCY-
yyciie Bupyc Enmreiina-bappa HPECCUBHBIN 3(p(heKT ABYX IPYrux cyOomomynsauuil omo-

(EBV) u 1.1. [1, 4]. YpoBeHb uHpuumpoBaHHocTH  cpenoBan mnpoaykuued IL-10 u TpaHchopmupyromero
B3pOCIJIOTO HaceleHuss 3TUM BHUpycoM coctaBiser 90-  dakropa pocra B (TGF-B) [9, 12, 14]. Anxruren-
100%. nst EBV xapakTepHO HENOCPEACTBEHHOE MHPHU-  crneuuuyYeckue peryjisTopHble T-KIeTKM He NpernsT-
IIMPOBAaHHE NMMYHOKOMIIETCHTHBIX KJIETOK M IIOJIMOPTraH-  CTBYIOT HOPMAJIbHOMY MMMYHHOMY OTBETY, OJIHAKO CIIO-
HBII Tporm3M. Ero acconumpyror ¢ psaoM JuMQonpoian-  COOHBI CYIIECTBEHHO OCIa0MTh MMMYHHYIO PEaKIHIO B
(epaTuBHBIX, AJUIEPIHUECKUX M ayTOMMMYHHBIX 3a00Jie-  YCJIOBHSX 3HAUUTEIHHOTO CaMOIOBpexeHns. Cuuraercs,
BaHWH (PEeBMaTOMIHBIM apTPUT, CUCTEMHAsl KpacHast BOJ-  YTO MMEHHO 3TH KJIETKH 00YyCIIOBIMBAIOT (hopMHpOBaHKE
YaHKa, BAaCKYJIWTBl, MHACTEHUS TpaBHC, Hecmenuduue- Tak Ha3bIBAEMOW BBICOKOMO3HOI TOJIEPAHTHOCTH, CYII-
CKHH S3BEHHBIN KOJHUT U Jp.). EBV 0COOGHHO aKTHBHO  HOCTh KOTOPOH 3akKifodaeTcss B OJOKMpOBaHHH (-
HAYMHAET PEIUIMIMPOBAThCS Ha (OHE CHMIKEHHS akTHB-  (DEKTOPHOIrO 3BeHa MMMYHHOI'O OTBETA IPH MOCTYIUICHUU
HOCTH UMMYHHOH CHCTEMBI, B TOM YHCII€ IIPU IIpUMEHEe-  CBEpXOONBIINX J03 MaToreHa. BrICOKOAO3HAs TOJEpaHT-
HUM MMMYHOCYIIPECCHBHOHM Tepamuu. MeXaHW3M MHHUIIM-  HOCTh MPEJOTBpAIaeT Pa3BUTHE >XU3HEHHO OINAcHOTO
aIly ayTOarpecCry MPH 3TOM CBS3BIBAIOT C HAPYIIEHHEM  CHHJIpPOMa CHCTEMHOTO BOCHAJIMTENBHOTO oTBeTa [2, §].
MOJIJIEP)KKH BBICOKO/IO3HOM MMMYHHO# TosepanTHOcTH K Jedunur/aedext perynstopubix T-1uMpOIUTOB sBIISET-
MHGUIUPOBAHHBIM KJIeTKaM. B cBOO ouepens, IMMyHHas  CSl OJHOW M3 IPUYHMH CPHIBA HIMMYHHOW TOJIEPAaHTHOCTH K
cUCTeMa pearupyeT Ha aKkTHBHYIO DEIUTMKAalWI0 BUpyca  COOCTBEHHBIM aHTHI'€HaM M HMHAYKIHH ayTOMMMYHHOTO
Yyepe3 BKJIIOYEHHE 3aIIMTHBIX MEXaHM3MOB, B OOJBIIEH  OTBETa, O YE€M CBHUJETEIBbCTBYIOT ONUCAHHBIE KIMHHUYE-

CTENEeHU KIeTOYHbIX [3, 7, 11]. CKHE Cllydyad HacJeJICTBEHHOTO Jedekra MOJEeKyIIbI
B mocnenHue roapl 3HAYMTEIbHOE BHUMaHue yaenseT-  Foxp3 [5].
csl M3y4eHHI0 (YHKIMI peryisaTopHBIX JUMQOINTOB, Heas padorbl. MccnenoBanue KonmudecTBa peryis-

KOTOpbIE TPOSBISIOT CYNPECCHUBHYID AaKTHBHOCTh K  TOPHBIX JUM(OIUTOB y manueHToB ¢ EBV-undexnueii B
ayTOAHTUTEHAM M MH(EKIMOHHBIM areHTaM. KIfoueBbIMH ~ Pa3MUYHBIX CTaIUSAX AKTHBHOCTH XPOHHYECKOTO BHPYC-
CpeaN pEeTyNATOPHBIX KJIETOK SBIIAIOTCA YHUKaJIbHAs  HOTO IpOIecca.

JIMHAS T-xieTok THMYCHOTO MTPOUCXOXKACHUS Matepuanbl u MeToabl. beuto o6cnenoBano 52 gemno-
CD4+CD25+Foxp3, KoTopble OTHOCATCS K HaTypaJbHBIM  BEKa, KOTOPBIE HAXOIMINCH Ha aMOYTaTOPHOM JICYCHUH U
perymsatopauM  T-mumdonuram (T-reg). Cuutaror, 4T0  HaOMIOAEHWH BO JIBBOBCKOM pPETrHOHATHHOM MEIMIIMH-
okoio 5-10% mupkynupyromux T-1uMGOIUTOB 310pOBO-  CKOM LIEHTPE KIMHUYECKOH MMMYHOJIOTMU W aJUIeproJio-
IO 4YelioBeKa IPHHA/UIeKAT K YKa3aHHOW moImynsnuu  rud. Bospact obcnemyembix cocraBimsut 22,6+2,4 e,
kierok. C aKTHMBHOCTBIO HaTypaJIbHBIX T-reg CBA3BIBAIOT  cpeau KOTOpbiX Obuto 28 (53,8%) xeHmun u 24 (46,2%)
HHAYKIUIO TaK HA3bIBAEMOM HM3KOJO3HOH TOJEpaHTHO-  MYX4YMH. BceM maunueHTaM BBINOJIHEHBl KIMHUYECKUE
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JabopaTopHble W CIEIUAIbHBIE UMMYHOJIOTHYECKHE 00-
CJIEIOBAHMUSL.

[IpoBeneHO KOMIUIEKCHOE AMArHOCTHYECKOE HCCIIEN0-
BaHHE CBHIBOPOTOK C ONPENCICHHEM CEPOJIOTUIECKUX
mapkepos EBV (EBV-VCA-IgM/IgG, EBV-EBNA-IgG)
METOJIOM HENPSIMOTO ABYXCTYIEHYATOTO XEMILTIOMHHEC-
ueHtHoro ummyHoananu3a (CLIA) Ha TecT-cuctemax
“DiaSorin” (MTanus) ¢ HCIOJB30BaHHEM aHAIN3aTOpPa
“LiaiSon”. Ompenenenue JTHK EBV B kpoBH, CIltOHE H
cocko0ax CO CJIM3UCTOW 3aJHEHl CTEHKH IJIOTKH BBINOJ-
HSJIM METOJIOM TofiuMepasHod nenHoil peakuuu (I1LIP)
Ha auarHoctukymax “AmpliSens” (Poccus) mpu ucnonb-
3oBaHmu ‘“Rotor Geen 6000 (Corbett Recearch, ABcrpa-
mus). PeHoTHIHpOBaHUE JNUM(OIMTOB U OIpeleIeHue
9KCTIPECCHH OCHOBHBIX AaKTHBU3AIIMOHHBIX MapKepoB
MIPOBOAWIN C WCIOJB30BAHUEM MOHOKJIOHAJIBHBIX AHTH-
Ten Ha TpoToyHOM nwmrTodmoopmmerpe  “Bekton
Dickenson” (CILIA).

Pe3ynpTaThl HccneO0BaHUI aHAIN3UPOBANIU C HCIIOJb-
30BaHMEM METO/Aa BapHALMOHHOW CTATUCTHKHU C IIOMO-
mpto nporpamMmel STATISTICA 6 (Statsoft, USA).

KoHTposbHYIO TpyHIly COCTaBMIM 3A0POBBIE JHMIA B
kojnuecTBe 20 YeIoBEK COOTBETCTBYIOILIETO BO3pacTa U
ToJa.

PesyabraTrel U uX o0cy:kaeHume. Pe3ynbTaTbl KOM-
IUIEKCHOTO JTHArHOCTHYECKOTO HCCIIEJOBAHMS CHIBOPOTOK
KPOBH C OIIPEJIENICHHEM CEPOJIOTHIECKUX MapKepOB MOKa-
3ami, 9T0 y 52 (100%) demoBeKk BBIABICHBI aHTHTENA
knacca IgG k spepHomy antureny EBV (EBNA-IgG+),
410 ykasbiBaeT Ha 100% WHPHUIMPOBAHHOCTH ATUM BUPY-
coM. B obGcnenyemsbix nui game Bcero (76,9%) Bepudu-
upoBaiu ceponormdeckuii mpoduins VCA-1gM-/1gG+ -
EBNA-IgG+. Cneuuduueckue EBV-VCA-IgM+ B pas-
JIUYHBIX acconuanusax Ol oOHapyxkeHbl y 10 (5,2%)
YeJIOBEK C JJIMTENbHOCTBIO nepcucTeHuuu EBV nmo 2-x
JIeT.

Ha ocHOBaHMN KIMHUYECKHX, JIADOPATOPHBIX W CIIe-
U(pHUIECKNX HMMYHOJOTHYECKHX HCCIIEJOBAHMHA BCeX
OOJIBHBIX pa3/eNIN Ha IBE TPYTIIIHL.

CooTBeTcTBEHHO, 10 pe3ynbraraM 1P npu uccneno-
BaHWHU CIIIOHBI, KPOBH U COCKOOOB CO CIIM3UCTOH 3ajHEi
CTEHKH TJIOTKH YCTaHOBJIEHO, 4TO B 27 uenoBek (51,9%)
JHK Bupyca He oOHapyxkeHO. JlMarHo3 XpOHHYECKOU
EBV-un(exkuuu B JaTEHTHON CTaguu BepUPHUIMPOBAIIH
Ha ocHoBaHnu Hanumuuss EBNA-IgG+ u HHU3KHX THTpOB
cneuuduyeckux EBV-VCA-IgG+ no cpaBHEHHIO ¢ KOH-
TpoJbHOH Tpymmoi. ¥ manuentoB ¢ JJHK EBV (-) anam-
HECTHUUYECKUX M KIMHUYECKHX NPU3HAKOB MH(EKIIMOHHO-
TO BHUPYCHOTO IIpolecca He Habmroganu. DT OOJbHBIE
BOILUIM B MEpBYIO rpynmny uccienyeMsix aun ¢ JHK EBV

JHK EBV (+) 6p1a obHapyxena y 25 (48,1%) nanu-
€HTOB, MPUIEM, Kak B omHOM (21,7%), Tak U B HECKOJIb-
KuX OWoIOTHYEeCKuX cpenax omHoBpeMeHHo (78,3%).
Cpenu HuX - y 18 "enoBek TutTpsl cnennpudecknx EBV-
VCA-IgG+ Obuu yBenu4eHsl B 5-6 pas, a B cemu - y 7-10
pa3 Mo CpaBHEHHUIO ¢ KOHTPOJIbHOU rpymmoi. Ha ocHoBa-
HUM YyKa3aHHBIX [aHHBIX ITallMEHTaM OB BBICTABJICH
nuarHo3 xponmdeckoii EBV-un(pexun B ctaiun perumm-
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KaI[MOHHOW aKTUBHOCTH. Pe3ynbTaTel NETanbHBIX aHaM-
HECTHYECKUX JAaHHBIX W KJIMHUYIECKUX OOCIEeI0BaHUN
MMOKa3alli, YTO PENUANBE XpoHudeckor EBV-nHbpexmmm
COINPOBOXKIAINCH CICAYIOUIMMH KIMHHYECKUMH IIPOSIB-
JCHUSAMHU: CHHIPOM XPOHHYECKOH ycTamocTd — y 23 (
92,0%) denoBeK, CHHAPOM HH(EKIHOHHOTO MMMYHOZE-
¢unura — y 17 (68,0%), CHHAPOM IIHMTENBLHOTO CyOdheo-
puiureTa — y 16 (64,0%), cuapoM numdaneHonaTuy — y
13 (52,0%), annepruueckuii cunapom — B 11 (44,0%) n
HeBposiorndeckuit cuaapom — y 5 (20,0%) genosek. Otu
OoJibHBIE BOLLTH BO BTOpyto rpymmy jmn ¢ JIHK EBV (+).

Ha ocHOBaHMM CpaBHUTEIFHOTO aHANIN3a ()EHOTUIIHYE-
CKOM XapaKTEpPUCTHKU JTHUM(OLUTOB U MX aKTHBHPOBAH-
HBIX MapKepOB B yKa3aHHBIX rpynnax, nauueHtam ¢ JJTHK
EBV (+) Obut BBICTaBICH IHArHO3 MPHUOOPETEHHOTO MM-
MyHOAe(UINTa HHOEKINOHHOTO TeHe3a 110 KOMOMHHUPO-
BaHHOMY JTHM(OINTAPHO-(arouUTapHOMY THITy. Pe3yin-
TaTel aHanmm3a T-reg-mamdonmros (CD4+/CD25+) moxka-
3anu, uyro y Jui ¢ JIHK EBV (+) abcomoTHoe X Kouue-
cTBO ObLTO mocToBepHO MeHbIe (0,34+0,08 I'/n, p<0,05)
no cpaBHenuto ¢ nanuentamu ¢ JJHK EBV (-) (0,47+0,09
I'/n) u 310poBeMu suitamu (0,5040,16 /7). Y narueHToB
¢ JHK EBV (-) kak otHocurenbpnoe (20,21+4,20%,
p>0,05), Tak u abcomorHoe KonmmaecTBo (0,47+0,09 I'/m,
p>0,05) »THX KJIETOK MPaKTUYECKH HE OTIUYANach OT
TOKazaTeNel 370POBBIX JHI[ CO CIEAYIOUINMH JaHHBIMU:
20,50+4,20%, 0,50+0,16 I'/m.

ITonydeHHble pe3ynbTAaTHl YKA3bIBAIOT HA HAJINYHE
MIPUOOPETEHHBIX MMMYHOAC(UINTHBIX HAPYIICHUH WH-
(DeKIIMOHHOTO TeHe3a N0 KOMOMHUPOBaHHOMY JIUM(OLIH-
TapHO-(aroIUTapHOMY THITY Yy JIHII ¢ XpoHHYeckoii EBV-
uH(EKIHMeHd B CTaJAWX PEIUIMKAIMOHHOW aKTUBHOCTH M
BO3MOXHOE (POPMHUPOBAHKE CPBIBA BHICOKOI03HON UMMY-
HOJIOTMYECKON TOJIEPAaHTHOCTH C MOCIEIYIOUINM pa3BH-
THEM HMMYHOIATOJIOTUH B BHUJIE ayTOMMMYHHBIX M aj-
JEPTUYECKUX PEAKINIA/CHHIPOMOB.

Takum o00pa3om, omnocpemoBaHHas HMMYHOJOTHYE-
ckuM nedexToMm, xpormdeckas EBV-undekuns B cragun
pEIUIMKAIMK SIBJISAETCS MOTEHIMAJIbHBIM KaHIUIATOM Ha
POJb HETOCPEACTBEHHON NMPHYHMHBI CPHIBA TOJEPAHTHO-
CTH.

BriBoabI:

1. Nndunuposannocts EBV obcnenyembix i co-
ctasuia 100%.

2.V nur ¢ xpouudeckoir EBV-undpexuer B craauu
peIUIMKAlMK U B JIATEHTHOW CTaJMM Yalle BCEro Bepudu-
uupoBaicst ceposioruueckuii ipopuns VCA-IgM-/1gG+,
EBNA-IgG+ (76,9%).

3. JHK EBV BeusaBneHo y 48,1% manueHTos, 4To yka-
3pIBajio Ha peruauB EBV-undeknum ¢ perumkanonHon
AKTHBHOCTBIO BHpYCa M HAJIMYMEM KIMHHYECKHX IPOSB-
JICHUH.

4. Bepostao menbmme (0,34+0,08 I/, p<0,05) moxa-
3arenu kosmdectBa T-reg- wieroxk (CD4+/CD25+) y
nanueHToB ¢ EBV-uHbekuueld B cTaauu peruiMKamuu
BHpyCa MO CPaBHEHHUIO C JIMIIAMH B JIATCHTHOW CTaIuH
(0,47+0,09 I'/n) u 3mopoBeiMu (0,50+0,16 T'/) sBisroTCS
MPeAUKTOPOM (OPMUPOBAHUS AYTOUMMYHHOH WM aj-
JIeproIaToJIoruy.
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Zubchenko S. Prognostic value of regulatory T lymphocytes in Epstein -Barr virus infection

Abstract. It was conducted a comprehensive clinical and specific immunological study of the 52-patients in order to assess the num-
ber of regulatory T cells in different stages of chronic Epstein-Barr virus (EBV) process. On the basis of polymerase chain reaction
(PCR) in 48,1% of patients revealed EBV DNA, indicating that EBV infection relapse with replicative activity of the virus which
was confirmed by high titers of specific EBV-VCA-IgG+ and clinical manifestations. In 51.9% of patients chronic EBV infection in
a latent stage was verified on the basis of availability of EBNA-1IgG+ and low titers of specific EBV-VCA-IgG + amid a lack of
DNA EBV. It was determined that patients with EBV-infection in a replication step the absolute number of T-reg-cells
(CD4+/CD25+) were significantly lower (0,34110,08 g/l, p <0,05) in compression with with patients in latent stage (0,47+0,09 g/l)

and healthy people (0,50

0,16 g/l), which may be a predictor of forming an autoimmune or allergic disease.

Keywords: chronic Epstein-Barr virus infection, regulatory T cells , the immune system
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/yno O.A., I'yzax A.1O., Meneza K.I1., Manvuesa O.b., Kauanoea B.B.
Ocobennoctu 11 depeHIMPOBAHHOTO MOX01a B KOMILIECHOH peadMInTauuu 00J1bHbBIX
0CTEOXOH/P030M LIeiHOro oTAe a2 No3BoHOYHUKA (OIIOII) ¢ cumMnToMaMu NCUX03IMOUMOHATBHBIX
HApYyIIeHHI

Lyno Enena Anamonuesna, kanouoam mMeOUyUHCKUX HayK, 0eKan paxyibmema 300posbs Yenio8exa

TI'ysax Anexcanopa FOpweena, npenodasamenv Kagedpvl uzuueckoli peaburumayuu

Meneea Kcenus [lemposena, kanouoam mMeOuyuHCKUX HayK, OOYeHm, 3a8e0yiouds Kageopvl 0CHO8 300P08bs
Manvyesa Onvea bopucosna — kanoudam meOUyUHCKUX HayK, 0oyeHm Kageopsl 0CHO8 300p08bs
Vorceopoockuii nayuonanvrnuil ynusepcumem, e. Yaceopoo, Ypauna

Kauanosa Bepa Bacunvesna, enagusiil 6pau Yaczopoockoii 20po0ckoli NOIUKIUHUKY, 2. Yoceopoo, Ykpauna

AHHOTAamus. B cTaThe mpencTaBieHB! pe3yibTaThl NPUMEHEHUS KOMIUIEKCA peaOWIINTAIMK OOJIBHBIX OCTEOXOHIPO30M MICHHOTO
otzaena no3soHouHuKa (OLIOIT) ¢ cuMnTOMaMu ICHX09MOIMOHANIBHEIX HapymieHni. [IpeaBapurenbHas KOPPEKIHUS IICHXOIMOIIO-
HAJIFHOTO COCTOSTHHSA MAIlIEHTOB U WHIUBUIYaJIbHO MOAOOpaHHBIE, CIICHUANBHBIC YIpaXHEHHU JeueOHol puskynpTypsl (JIOK) s
MBILICYHBIX TPYIII MIEHHOTr0 OT/ea NO3BOHOYHUKA U IUIeYeil CIOCcOOCTBOBAIM YMEHBLICHUIO KIMHUKO-()YHKIHOHAIBHBIX U IICH-
XOHEBPOJIOTHYECKHX MPOSBICHUH OOJIC3HH, YIYUIICHHIO NT0Ka3aTelell KauecTBa XKU3HN OOJIbHBIX.

Knroueswie cnosa: ocmeoxoHopos wetinozo omoena no360HOYHUKA, NCUXOIMOYUOHATIbHbIE HADYWEHUS, Je4eOHas PU3KYIbmypa

AKTyaTbHOCTh TAaHHOH TEMBI OIIPEEeIIeTCS YBEIMIeHHEM  (DYHKIIWIA, TTOBBIIICHAE KauecTBa XKU3HU Y OOJIBHBIX BCEX
KOJIM4ecTBa OOJBHBIX ¢ 3a00JIEBaHUAMH IIEHHOTO OTIeda  BO3PACTHBIX KAaTEropuil mpu 3a00JeBaHUAX BHYTPECHHIX
no3BoHouHuka (IIIOII), mpu stom Ha OIIIBX crtpamaer  opraHoB. Peanuzanus OCHOBHBIX 3a7au peaOWIUTAIIUHN B
80-90% Ttpymocmnocobnoro HaceneHus [2]. BOCCTAHOBUTEIIBHBIN TEPUO]] 3aBUCUT OT HHIMBHyaTH-
HccnenoBanusi mocieaHEro NECATWICTUS CBHUIETENb-  3allMd MPOrPaMM BOCCTAHOBUTEIBHOTO O370POBIEHUS,
CTBYIOT O TeHJCHIMIX YXYIUICHHUs ICUXUYECKOTO 3I0pO-  YTO MO3BOJISET, C YUETOM aJanTal[MOHHBIX M KOMIIEHCa-
Bbsl HaceneHus. [Ipu 3ToM HaOmomaeTcss yBEJIMYEHHE  TOPHBIX BO3MOXKHOCTEW OpraHM3Ma MaleHTa, He TOJIBKO
KOJINYECTBA TCHXO3MOIIMOHAIBHBIX PACCTPOMCTB, 00y-  OOBEKTHBHU3UPOBATH PE3YNbTAaThl PECAOMIUTALIMH, HO U
CJIOBJICHHBIX HEOJIArONPUATHBIMA W3MEHCHHUSMH TPOWU3-  ONTHMH3HPOBATH €€ d3PeKTHBHOCTD [1].
BOJCTBECHHBIX OTHOIICHHH, COIMAIBbHO-TICHXO0JIOTHISCKHX ITox Habmonennem Haxomuiauch 35 6onpHBIX OIIBX,
CTEpEOTUTIOB W IIEHHOCTEH B YCIOBHAX Kpm3Hca W pbl-  cpemu HUX 20 xeHmuH U 15 myxunH. ObcnemoBaHne
HOYHBIX TpeoOpa3oBaHM, SKOJOTHICCKUMHU YCIOBHAMH.  BKIIIOYAJlO, B AMHAMUKE, COOp M aHAIN3 CYObEKTUBHBIX U
3HaYNTEIPHOE PACIPOCTPAHCHUE ICUXOIMOIMOHATIBHBIX  OOBCKTHBHBIX IPOSIBICHUNA OOJNE3HM, W3y4eHUE (yHKIIH-
POCCTPOMCTB cpeu Moael padoToCIocOOHOTO BO3pacTa,  OHANBHBIX M IICHXOHEBPOJOTHYECKHX MoKazatenei. Mc-
JUIUTENbHAsT yTpaTa TPYJAOCIOCOOHOCTH, CBUAETEILCTBY-  IOJIb30BAUCH ONPOCHUKH: WHTEHCHBHOCTH TOJOBHOMN
FOT O TOM, YTO 3TO HE TOJLKO MEIUIIMHCKAs, HO M BakKHAss  0onu B cooTBeTcTBMM C Kiaccupuranueit HIS (mikana
comuanpHas mpobiema [3]. BAIIl); omeHkn mokasaresei, XapakTepU3yIIuX ToJ0-
Oduznueckas peadwIUTalus, M0 omnpeaeiacHuio EBpo-  Bokpyxkenue (mkanma Dizziness Handicap Inventory);
MEHCKOro COI03a MEAMIMHCKUX criennanbHocTed (Cekusa — AMHAMUKH MTOKa3aTelie TpeBOXKHOCTH (IIkana [ 'aminbTo-
PRM), xapakrepusyeTcst ¢ Mo3uIuil coBpeMeHHbIX Meau- Ha (HAMD); mkana Counbeprepa (Spielberger C. D.,
LMHCKUX MOJIXO0J0B KaK TaKoBas, KOTOpas HalpaBjieHa Ha 1970) B obpadotke FO.JI. Xanuna (STAI). Cratuctude-
HOpManu3aui (QYHKIMOHATBHBIX HApYIICHHWH, BOCCTa-  CKas o0pabdOTka pe3yJbhTaTOB OCYHICCTBILIACH IPHU IO-
HOBIICHHE (HU3MUYECKOW AaKTHBHOCTH W KOTHHUTHBHBIX  MOIIM MakeTa mporpam Statistika 6,0.

Tabéauna 1. /luHamyka KITMHIYECKHX TToKas3aTeNneil y 60IbHBIX 0CTE0XOHAPO30M IeiHoro otesa no3poHounuka (OLLOIT) ¢ cumnromamu
TNICHXO3MOIIMOHAIBHBIX PACCTPOHCTB
No Ho xypca | Ilocne kypca %
- Ilokazaremm JIOK, n=35| JIOK, n =35
abc | % | abc %

HUCUC3HOBCHUS

1.|bone3HeHHOCTh (HEMpUATHBIE OIIyILIEHWS) B Iuee, oONacTW HaAIuleduil, mepernHe-

BHenIHel nosepxHoctH 1uiedei (Cy), 3aaHe-BHenmHeMy kpato ruieueid (Cy,), 3axmeit| 35 | 100 | 18 51 49
noBepxHocTH mieuei (Cy), MIeHHO-3aThITOYHOI 001aCTH
2.|BoJ1e3HEHHOCTh BOJIOCHCTOM YaCcTH KOJKH TOJIOBBI IPH MAJBIAIMH ¥ pacu€ChIBAHIN 35 | 100 | 10 29 71
3.|TonoBHast Goyb, TONOBOKPY)KEHHE, KOTOPBIC YCHIIMBAIKCH NPH 3alPOKUIBIBAHUN 19 | 54 4 21 79
TOJIOBBI BBEPX
4.| AuckomdpopT, TyroHoJBUKHOCTb B 00JIACTH LIS 35 | 100 | 6 39 71
5.| Bone3HeHHOCTh, XPYCT IPU HAKJIOHAX TOJIOBBI M €€ IOBOPOTAX B CTOPOHBI 35 | 100 | 7 20 80
6. ganpgxceHHocn, 3aiHell TPYMITBI MBI TUIeYeH, mapaBepTebpanbHbix Mbl [IIOIT B 3% | 100 6 39 7
v—U
7.|Boe3HeHHOCTh MPH MAaJbMAMKA OCTHCTBIX OTPOCTKOB ¥ MapaBepTeOpanbHUX TOUYEK 35 | 100 | 7 20 80

IIOII, HamepOOBCKUX TOUEK

Bce mamueHTHl NpoHDIM Kype peaOMiaMTanMy IIyTéM  Ha  KOPPEKIMs HPOSBICHUH  MCHXO3MOUIMOHAIBHBIX
BBINIOJTHEHHS CIIEHAIBHO Pa3padOTaHHOTO KOMILIEKCAa  HapyLIeHWi; Bce OOJIbHBIE MPOLUIH HHCTPYKTaX U OCBOU-
ynpaxkuenuit JIOK; co Bcemu OoibHBIMU ObUIA MpOBENE-  JIM TEXHUKY BBIIIOJIHEHHS OTACIBHBIX YIPaKHECHHUH.
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IIpu mocTyIuIeHNN Ha Kypc peaOuIMTalud B YCIOBHIX
mouKIrHUKA Bee 35 (100%) OONBHBIX JKalOBAJIUCh Ha
6onesnennocts B IIOTI, meliHO-3aTBIIIOYHON 30HE, HHO-
r7a B IUIEYaX — B IOKO€ W MPH IBIDKEHHUAX, HAKJIOHAX U
MTOBOPOTAX TOJIOBBHI B CTOPOHBI. BONBIIMHCTBO OOIBHHBIX
OTMEYaJIi 0OJIE3HEHHOCTh KOYKH TOJIOBBI MIPH MaJIbIAIHA
U PACUCCHIBAHUM BOJIOC, JUCKOM(POPT U TYrOIMOJBUK-
HOCTB B 00J1acTH 1ieu, Tadbuuna 1.

T'onoBHast 60JIb YACTO MPUBOIIIIA K PAHHEMY MPOOYIK/IC-
HUIO OOJIBHBIX, KIIMHUYCCKU JOMHHHUPYIOIIUM CHMITTOMOM
OBLIO OIIYIICHKE TSHKECTH B TOJIOBE, @ TAKXKE TOJIOBOKPYKE-
HUSI, YCUITUBAIOIINECS TIPY 3aTPOKU/IHIBAHUY TOJIOBBI BBEPX.

[Nampraryst  OTHAETHHBIX MBIIMICYHBIX TPYN IUICYeH |
LIOTI, wmccnenoBaHUs MOABIKHOCTH IIIEW — TTOJTBEPANIIA
Haymare (YHKOIMOHAJBHBIX HapyrreHud. OTMedeHo orpa-

HUYEHHE aKTHBHBIX M NMAacCUBHBIX ABrokenni B [1IOIT: Tyro-
TIO/IBIDKHOCTh OTZCNIBHBIX ITO3BOHKOBO-IBUTATEIBHBIX CET-
MEHTOB TIpH pa3rHOaHMsAX W poTamui. Y OOJBIIMHCTBA
OONMbHBIX — CHIKeHHe ammumTyasl apmkeHnit TIOIT Bo
BCEX HAIpPaBJICHHUSIX, 0COOCHHO BBIP)KCHHOE IPH HAKJIOHAX
TOJIOBBI B (DPOHTAJIBHOHM IIOCKOCTH; TIPH TIOBOPOTAaX B 00€
CTOPOHBI JIBIKEHUSI CONIPOBOXKIAINCH “XPYCTOM .

[Tpu nocTymieHn: Ha 03/10pOBJICHUE OBIIO TAKXKE IPOBe-
JICHO TICUXOHEBPOJIOTMUYECKOE TECTHPOBAaHUE,  KOTOpOE
noaTBepAwio Hanmmuue y OonbHbIX OILOIT komrekca
TICHXO3MOLIMOHAIBHBIX HapylieHuil. Bee OonbHBIE 0TMEua-
71 OBICTPYIO YTOMIISIEMOCTbB, OOLIYIO0 C1abOCTh, CHIDKCHHUE
SHEPTHUH, YMAJOK CHJ, yMEHBIICHHE OOMIEH aKTHBHOCTH,
SMOLOHATBHYIO JIAOMIIBHOCTD, pa3IpaKUTEIBHOCTb, He-
CIIep’KaHHOCTB, TabMHIIa 2.

Taéamnna 2. /lnHaMuka IICHX03MOIMOHAIBHBIX NokazaTened y 6ompHbIX OLLIOIT mox BistaneM kypea JIOK

Iocne xypca JIOK
0 kypca JIOK
Ne A Kyp_ ? SHEAHTENLEOS He3nauurensnoe
TIcHX03MOLMOHAIBHBIC HAPYIICHHS n=35 yIIydIIeHAE U
/i yiIydiieHue, 6e3 nepeMeH
yiIy4lleHHe
abc % abc % abc %
1 BeicTpast yTomisieMocTb, 06Hlii$[ crnabocTh, CHIDKCHUE JHEPTHH, 35 100 19 54 16 46
YIIaJIOK CHJI, YMCHBIIICHHE O0I1eif aKTHBHOCTH
2 OMOIMOHAIBHAS  JTAOWIIBHOCTB, Pa3APaKUTENBHOCT, HECIepiKaH- 35 100 19 54 16 46
HOCTb
CHIDKCHHE MHTepeca K paHee OOBIYHOM aKTHBHOCTH Ha po0OTe U B
3.|0bITy (BKJIIOYAs M CEKC), HEraTHBHBIE OIIYIIEHWS Npu obmenuu c| 21 60 12 57 9 43
JPY3bSIMH U OJH3KHUMA
4 CHIDKCHHE CaMOOIICHKH H YBEPEHHOCTH B cebe, cn(gcoGHocm K g 51 10 56 8 a4
KOHIICHTpAalMK BHUMAaHMsI, HEY/IOBJIETBOPEHHOCTh COOOH
Hapymienust cHa: 4yBCTBO pa3OMTOCTH MO YTpaM, OTCYTCTBHE 4yB-
5.|ctBa GopocTu U OTABIXa, TPYAHOCTH 3achIMaHus, MpoOyxaeHue mo| 21 60 11 52 10 48
yTpaM HEBBICIIAHHBIM

OIHOBpEMEHHO ¢ HapyIIeHnsIME cHa, 21 (60%) GoIbHBIX
OTMeualli CHIKEHHE MHTepeca K paHee OOBIYHOM aKTHBHO-
CTH Ha po0OTe M B OBITY (BKIFOYAas M CEKC), HETATHBHBIC
OLIYIIEHNS P OOIIEHUHN ¢ JPY3bIMH U Onm3knMH, B 51%
(18 GonbHBIX) ClIyyaB — CHMIKCHHE CAMOOLICHKH U YBEPEH-
HOCTH B ce0e, COCOOHOCTH K KOHIIEHTpPAallMM BHUMAaHHS,
HEY/IOBJIETBOPEHHOCTH COOOM.

I[Tpu nepBrUYHOM 00CIIE€0BaHUN OT/EIBHBIX MOKa3aTenen
KauecTBa JKU3HHU Y/IOBJICTBOPUTEIIEHOE COCTOSHUE YPOBHSA
¢u3nuecKoro (hyHKIMOHUPOBAHHMS, SHEPTHIHOCTH W KU3HE-
criocobHocTH Oynmm ycraHoBieHsl y 21 (60%) GonbHBIX
OIIBX, a: ¢usndgeckoll TPyIOCHOCOOHOCTH, OOIIEro BOC-
HPHATHS 37I0POBBSI, COLUAIBHON aKTHBHOCTH, SMOIIMOHAIIb-
HOTO (PyHKITHOHHMpPOBaHMS — TONBKO y 14 (40%) GONBHBIX,
Tabmuia 3.

Tabauna 3. lnnamrika nokasareneil kadecTsa xu3HU y 00pHbIX OLLOIT mox BnmsiareM Kypea JIOK

JTo kypea JIOK, Iocne kypca JIOK
Ne _ 3HaunTenpHOe yiyuieHne | HesHauntenbHoe ymydine-
INoxazareny kauecTBa KU3HA n=35
n/n LRANENIENE Hue, 0e3 nepeMeH
abc % abc % abc %

dusuyeckas TPYI0CIIOCOOHOCTh

1.|- ynoBneTBopHTENBHAS 14 40 10 71 4 29
— HUBKast 21 60 13 62 8 38
Ousnueckoe HyHKIMOHUPOBAHHE:

2.|— yIOBNIETBOPHUTENIBEHOE 21 60 14 67 7 33
— HU3KOE 14 40 10 71 4 29
Oo1ee BOCTIPHSTHE 3I0POBBSL:

3.|— ymoBneTBOpHUTENEHOE 14 40 11 79 3 21
— HHA3KOE 21 60 13 62 8 38
ConuanpHast akTHBHOCTb:

4.|— ynoBieTBOpHTEIIbHAS 14 40 9 64 5 36
— HU3Kas 21 60 11 52 10 48
OMormoHaIbHOE (DYHKIIMOHNPOBAHHE:

5.|— ynoBneTBOpHUTENEHOE 14 40 10 71 4 29
— HA3KOE 21 60 21 100 - -
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[Ipu omeHKe cTeTieHN BBIPAKEHHOCTH B KOMIDIEKCE IICH-  OOJIH, TOJOBOKPYKEHIS, SIIEMEHTOB JETPECHH B TPEBOTH -
XO3MOIMOHATFHBIX HApYIICHWH MHTEHCHBHOCTH TOJIOBHOM  OBLI yCTaHOBIICH JIETKMH YPOBSHBb HApYIICHHH, TabnuIa 4.

Taéauna 4. [lunaMrka NCHX0IMOIMOHAIBHBIX Mokazarenel y 6ompHbIXx OLLIOIT o imstareM Kypea JIOK
o Mo ucnons3oBanust | [locne ncnonb3oBanust KotrrporbHas
- ITokazaremm JI®K, n =35 JIOK, n=35
/o rpyrma
Banner (M + m)
1.|MuaTencuBHoCTH TON0BHOI 60 (HIS) :;’(iiog’i lp’1<ﬂ(:)(())’55 0
2.|TonoBokpyxenue (Dizziness Handicap Inventory) %ijalo’i ;2)’1:;)%2 1,0£0,9
3 Tloxazaremy OIleHKH IENPECCHH ¥ TPUBOTH (IIKana ['ammiibTona — 13,5+1,7 94+25 50413
‘|HAMD) p<0,01 p <01 ’ ’
4 YpoBeHb TpeBOXHOCTH (1IKaja “TpeBoru” Crmnbeprepa B oOpa- 23,1+29 17,7+2,1 12.941.4
‘|6otke FO.JI. Xanuna — STAI) p <0,05 p<0,1 T

BxuroueHne 31eMEeHTOB KOPPEKIMH TICHXOAMOIMOHANBHBIX HApYIIeHHH B KoMmIieke ynpakHeHnd JIOK mis GompHBIX
OLIBX ¢ cuMrtoMamMu TICHX0MOIMOHATIBEHBIX HAPYIICHAH CIIOCOOCTBOBAJIO TMOBBIIICHHIO 3(D(EKTUBHOCTH PealOITHTAIlIH
B YCJIOBMSIX MOJIMKIMHUKY. Hapsiny ¢ yaydiieHHeM KIMHUKO- (YHKIMOHAIBHBIX NIOKa3areyeld ObLIO YCTAHOBJICHO YITydllle-
HHE O0IIEro TICHXOAMOIMOHAIBLHOTO (hOHA, CM. TaOuIB 3, 4. YMEHbIIMIACH 00Iast ¢naboCTh, 00IIas aKTUBHOCTh YCHITH-
JIach. YIJIyUIIUJICS COH, alIeTHT.

Takum O6p3,30M, KOppEKIHA NMCUXOOIMOIMOHAJIBHOTO COCTOAHUA NMAIUEHTOB U UHAUBUAYAJIbHO HOI[O6paHHI)I€, crieualib-
Hble ynpakaenus JIOK nyist MBILIEYHBIX TPYIIT NISHHOTO OT/eNa NO3BOHOYHHKA U IUIeYell CHOCOOCTBOBAIM YMEHBILICHHIO
KIIMHUKO-(DYHKLIOHAJIBHBIX M TICHMXOHEBPOJOTHYECKUX MPOSIBICHNH OOJIE3HH, YITy4LICHHIO TOoKa3areseil KayecTBa KHU3HU
6ompHBIX OIIIBX.
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Jyno O.A., @ypman FO.M.
BuBueHHns piBHs1 QizuuHOro 310poB’s I0HAKIB ripcbkux paiioniB 3akapnarrs
3a MeTa00JIIYHMM pPiBHEM aepo0HOr0 eHepro3ade3nevyeHHs!

Hyno Onena Anamoniiena, KaHOuOam mMeOUHUX HAYK, O0YeHm, OeKaH pakyrvmemy 300p08 s TOOUHU
JBH3 «Yoicecopoocerutl nayionanvhuil yrigepcumemy, m. Yaceopoo, Yrpaina

Dypman FOpii Muxonaiioguy, 0okmop 6iono2iunux Hayk, npogecop

Binnuyvruii nayionanenuii meouunuil ynisepcumem im. M.1. Iupozoea, m. Binnuys, Yxpaina

AHorauis. Po6oTa npucssiueHa BUBUCHHIO PiBHA (hi3MUHOTO 3A0pOB’s 10HAKIB 17-21 poKiB, sIKi MPOXKUBAIOTH Y TIPCHKUX paioHax
3akapnarTs. BcraHoBieHO, 1m0 piBeHb aepoOHOI MPOAYKTHBHOCTI, SKMH BinoOpaxae (isMyHE 340pOB’S, Y IOHAKIB 3aJEXHUThH BiJ
COMAaTOTHITy. Y I0HaKiB €HI0Me30MOP(HOro Ta 30aNaHCOBAaHOTO COMATOTHIIIB PiBEHb aepOOHOI MPOIYKTHBHOCTI BiANOBINAE “HIDKYE
MIOCEPEHBOT0”, a ¥ IOHAKIB 3 ME30MOP(QHUM, ME30eKTOMOP(HIM Ta eKTOMOP(GHUM COMATOTHIIAMHU ‘TiocepeqHboMy”. HaliBummit
piBeHBb aepOOHOI MPOAYKTHBHOCTI 32 BiJTHOCHOIO BEJIMYMHOIO MaKCHMAJILHOTO CITO’KMBAHHS KHCHIO BHSIBIICHO y NPEICTABHUKIB €K-
TOMOpP(HOTO COMATOTHITY, a HAHIKINIT — y eHIoMe30MopdHOTO.

Knrouogi cnosa: ghizuune 300pos s, aepobna npodyKmusHicme, Gisuuna npaye30amuicms, COMamomun

Beryn. BianoBigHo 10 iCHYHOYHMX KOHIENIIN mpo ¢i3nud-
HE 3JI0pOB’sl WOr0 IHTErpajJbHUMH MOKa3HUKAMU BHCTY-
nae aepoOHa MPOAYKTUBHICTH opraHiamy [2, 5, 11]. Tomy
COMAaTHYHE 37I0POB’sl KOHKPETHOT OCOOH CIIiji OI[IHIOBATU
3a (i3i0NOTIYHUMH TIOKAa3HUKAMH, SKi BiZoOpakaloTh
MaKCHUMallbHO MOYJIMBHI MeTaOoNiYHHAN piBEeHB aepoo-
HUX TIpoIeciB eHepro3abesmnedyeHHs. [ OMiHKK aepoo-
HUX TIPOIECIiB €Hepro3alde3MedeHHs KHUTTEMISIIBHOCTI
OpraHi3sMy PEeKOMEHAYIOTh BUKOPHCTOBYBATH TaKi MOKa3-
HUKH SIK MaKCUMajlbHE CIIOKMBaHHS KHCHIO abo mopir
anaepobOHoro oominy (ITAHO) [2, 6].

®dopmyBaHHS (DI3UYHOTO 370pOB’S BiIOYBa€ThCS IMif
BIUIMBOM €HJIOT€HHHX Ta €K30reHHUX YMHHHUKIB [8]. [Ipu-
YOMY TPUBAJIUI BIUIMB €K30T€HHUX YMHHHUKIB MOXE BH-
KIUKaTH B OPraHi3Mi 3MiHH T€HCTHYHOTO XapakTepy.
ToMy HamioHaNmBHI Ta MOIMYJALiHI BiAMiHHOCTI MOpdo-
(YHKIIOHATTFHAUX TTOKA3HUKIB CTUMYITIOIOTH HAYKOBIIIB 10
MOUIYKY BIJHOCHUX CTAaHAAPTIB IJISI JKUTETIB OKPEMHX
periosiB [2, 3, 10]. 3okpeMa B YkpaiHi iCHYIOTb TEPUTOPIi
3 E€KOJIOTIYHMMH OCOOJIMBOCTSIMH, SIKI BH3HA4YaIOTh T'Op-
MOHAJIBHUH CTaTyC MEIIKaHIIB I[NX PETiOHIB, cOMaToOMe-
TPUYHI TApaMeTpH, OKpPeMi KOMIIOHEHTH COMATOTHITY,
KOMITOHEHTHHH CKJIaJ] MacH Tija, QyHKIIOHAILHUN CTaH
[7, 9]. OnHumM 3 Takux perioHiB € 3akapmarts [4].

Tomy, mist 37ificHEHHS 00’€KTHBHOTO aHAaJi3y CTaHy
(bi3uuHOTO 3710pOB’sl 0Ci0 PiI3HOTO BIKY 1 cTaTi HEOOXIAHO
YiTKO BU3HAYUTH, SKi 3HAYCHHS W MeEXi (i3i0JOTiIHUX
KOJINBaHb ITOKA3HUKIB aepoOHOI MPOAYKTUBHOCTI OpraHi-
3My 3aJ€KHO BiJl COMATOTHILY, NPUTaMaHHI 37I0pPOBOMY
HACEJICHHIO 3aKaphaTchKol 00JacTi.

3 orsiy Ha BUILEBMKIIAJCHE MeTa JAaHOI podoTH Io-
jsrajla 'y BU3HAYCHHI aepoOHUX MOXKIMBOCTEH IOHaKiB
ripChKUX paioHIB 3akapraTchkoi 00NacTi 3aleXHO BiX
COMATOTHILY.

Martepiaau i MeToau. IIpoBeneHo NOpiBHAUIEHUI aHa-
7i3 piBHA (Pi3UUHOTO 3MOPOB’S y IOHAKIB MOCTIyOepTat-
HOTO TIepiogy OHTOreHe3y BikoMm Bix 17 mo 21 poky. Ki-
JIBKICTh OOCTEXKEHUX IOHAKIB 3 TIPCHKHUX pailoHiB 3akap-
maTcbKoi obnacti ctaHoBmwia 124 ocobu. PiBeHs ¢izudHo-
IO 37I0pPOB’Sl OLIIHIOBAJIM 3a IOKa3HUKaMH aepoOHOT mpo-
JYKTUBHOCTI, a caMe BUMIipIoBaiM (i3M4yHy IparesnaT-
HicTh (PWCy79), MakcuManbHe crioskuBaHHs kucHi0 (VO,
max)> BUKOPHCTOBYIOUHM METO/] Besoepromerpii. [ist omin-
K piBHA aepoOHOI NMPOAYKTHBHOCTI BHKOPHUCTOBYBAIIU
ominouny mkany S.II. Ilsprara. ComaroTnn BU3HaYaIN
3a MetogoM Xit-Kaprepa, sikuil BBaKaeThesl yHIBEpCasb-
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HUM, TOMY PEKOMEHIYETHCS JJIsl OOCTEKEHb JIto/eH pi3-
HOI pPacoBOi NPHHAJIEKHOCTI, Pi3HOI cCTaTi, IIUPOKOTO
BiKOBOTO nianazony (Big 14 no 70 pokiB), a Takox 3a0e3-
neuye TPHOXKOMIIOHEHTHY (KHPOBOTO, M’S30BOTO Ta
KICTKOBOTO KOMITOHEHTY) aHTPOIIOMETPHYHY OLIHKY. 3a
JIOTIOMOTOI0 JaHOTO METOXy MOXKHa KUIBKICHO OLIHUTH
mepeBary: eHmoMopgii abo BIZTHOCHOTO OXHUPIHHS; Me30-
Mop(ii abo BITHOCHOTO PO3BHUTKY CKEIETHO-M S30BOL
cucremu; ekromopdii abo BiIHOCHOI JiHIHHOCTI (BUTAT-
HyTicTh Tina). KoxkeH KOMIIOHEHT BU3HA4YaBCS B HE3MiH-
Hil mocmimoBHOCTI: eHaoMOopdis — Me30MOpdist — eKTo-
MOpdisi, SKI BUPAKAIOTHCS YUCIIOBUMH 3HAYCHHSIMHU (aH-
TPONOMETPUYHUMH TOXIMHUMH) 3 TOYHICTIO JO OIHI€T
necsitoi. 3a meronoMm XiT-Kaprepa comaroTnn Bu3Haya-
eTbes TpadiyHUM criocoboM abo x anroputMoM. OCKinb-
KM 32 aJrOPUTMOM BHPaxOBYBAaTH COMATOTHII 3pY4HIIIIE,
Hamu OyB 3aCTOCOBaHU caMme 1ei crocio.

PesyabTaTn gocaigkeHHs Ta ix oGroBopeHHsi. AO0-
comotHe 3HaueHHS PWC,;o FOHaKiB TipChKOi MiCIIEBOCTI
0e3 ypaxyBaHHsS COMAaTOTHITy CTAaHOBHJIO B CEpPEIHbOMY
1029,27 + 42,9 xrm'xs, a BigHocuumii — 13,88 + 0,52
KrMXB Kr.  AGCONIOTHA BETHYHHA MAKCHMAILHOTO
CIIOXKHMBAaHHS KHCHIO JopiBHIOBama 298976 * 64,78
mirxs’, a BigHocHa — 40,3 + 1,23 murxskr. PiBeHs
aepoOHOI TPOJYKTHUBHOCTI 3a BIJHOCHOIO BEIMYHHOIO
MaKCHMaJIbHOTO CHOXHMBaHHSI KHUCHIO Y IOHaKiB TpChKHX
paiioniB 3a SL.II1. [IspHaToMm BinmoBinae “HuK4Ye mocepen-
HpOro”. Cria BiA3HAYUTH, 1O AJISI OIIHKKA aepoOHOI mpo-
JYKTHBHOCTI OCTaHHIM 4YacOM 3aCTOCOBYIOTb HOHSTTS
“Oe3mevyHuil piBEeHb 370POB’s1”, SKE OIIHIOIOTH 33 BIIHOC-
HUM TMOKa3HUKOM VO; nax. IS 4oNOBIKIB “‘Oe3meyHuit
PiBEHB 3I0pOB’s’” 3HAXOAUTHCS Ha Mexi 42,0 M-xB T kr
CepenHe 3Ha4YeHHS BiJTHOCHOTO ITOKa3HMKA MAaKCHMallb-
HOTO CIIOKMBaHHS KHCHIO y IOHAKiB TipCHKHX palOHIB
3HAXOJUTHCS HIDKYE «OE€3MEeYHOro piBHS 370pOB’sD» 1
craHoButh 40,3 + 1,23 Mirxs kr

VY nmocmipKyBaHHX FOHaKiB 3a MeTonoM XiT-Kaptepa
BU3HAYMIIM COMATOTHII 1 YMOBHO PO3MOIUIMIIM iX Ha I’ STh
IpyI: 3 €HA0ME30MOP(HUM COMATOTHIIOM, ME30MOP(OHUM
COMaTOTHUIIOM, ME30€KTOMOP(MHHM COMAaTOTUIIOM, EKTO-
MOP(QHUM COMATOTHUIIOM, 3i 30aJJaHCOBAaHMM COMATOTH-
oM. Po3mozin 1oHakiB TipCBKUX paioHIB 32 COMAaTOTH-
IaMH y BiZICOTKOBOMY BiJHOWICHHI MOJaHWHA Ha puc. l.
Haiibinpury KinmbKicTh IOHAKiB BHSIBICHO 3 €HIOME30-
MopdHauM comarotunom (33,9%), HaliMeHIIa i3 eKTOMO-
pdHUM comaToTHmioM (4,8%).

©)o. A. buto, Y. M. Furman 2014
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Puc. 1 CniBBiZHOIIEHHS YHCENBHOCTI NPEICTaBHHUKIB Pi3HUX
COMATOTHIIIB TiPCHKUX paioHiB y %.

Pesympratn mocmimkens (i3MYHOI mpame3faTHOCTI Ta
MAaKCHUMaJIbHOTO CIIOXKHUBaHHS KHCHIO BimoOpakeHi ¥y
tadymi 1.

3radyeHHs aOcomoTHOro mokasHnka PWCi;o y mpen-
CTaBHHKIB ME30€KTOMOP(HOTO COMATOTHITY y CEpPEeIHBO-
My Ha 17,3% mnepeBuilye 3HAa4YeHHS IPEACTaBHUKIB 3
CHIIOME30MOpPGHUM Ta 30aJaHCOBAHUM COMATOTHUIIOM
(p<0,05). Cepenns BenmuunHa PWCi7g 45, TPEICTaBHUKIB
exkToMop(dHOro comaroTury Ha 16,2% mepeBuIye cepe-
HIi 3HAYCHHS MPEJCTaBHUKIB eHIoMe30MOp(dHOro Ta 30a-
naHcoBaHoro comatotumy (p<0,05). Cepemni 3HauCHHS
PWC,7¢ a5.. MPEICTABHUKIB ME30MOP(PHOT0, ME30CKTOMO-
pdHOTrO Ta EKTOMOP(HHOTO COMATOTHIIB MK COOO0O BipO-
TiTHO HE BiAPI3HAIOTECA. Tak camMo cepelHi 3HAYCHHS
PWC,7¢ a6.. IpeACTaBHUKIB eHAOMEe30MOp(hHOTO Ta 30ama-
HCOBAaHOTO COMAaTOTHIIIB BipOTiTHO HE BiAPI3HIIOTHCS.

Ta6aunsa 1. ®izunyna npanezgatHicts (PWCi7) 1 aepoOHa MPOAYyKTUBHICTE OpraHi3My IOHAKIB TipChKUX paiioHiB 3akapnarTs

3aJI)KHO BiJl COMAaTOTHUILY

CepenHe 3HaueHHs, M+m
Toxa3auku eHnome3oMopu | 30amaHCOBaHUI COMATOTHUI ME30E€KTOMOPhH eKToMophu Me3oMophu
(n=42) (n=28) (n=19) (n=6) (n=29)
PWC 70, KrM-xB ™ 996,33+44,82 991,4+42,1 *V 1204,7+66,98| *V 1183,2+58,73 1079,41455,3
PWC,70, krm-xB KT 13,30,58 14,1+1,28 15,9+1,32 *16,7+1,44 14,8+1,21
VO,, mrxs” 2933,7+76,2 2925,45+65,4 *V 3287,9+492,86| *V 3251,4+92,43 3074,9485,01
VO,, mrxs ™ kr 39,1+0,93 41,6+2,13 * 43,3+1,29 * 45,8+1,48 42,2+1,61
Maca Tina, Kr 75,0 £3,7 70,4+2,8 75,9442 71,06+3,3 72,8134

[pumitku. BiporigaicTs BigMiHHOCTI cepennix 3HaueHb (p<0,05): * — BiZHOCHO 0ci0 eHI0ME30MOP(HOTO COMATOTHUILY; ® — BiTHOCHO
0ci6 Me30MOpP(HHOTO COMATOTHUILY; ¢ — BITHOCHO 0Ci0 ME30€KTOMOP(HOT0 COMATOTHILY; [] — BITHOCHO 0Ci0 €eKTOMOP(HOTO COMATO-

Tuny; V — BITHOCHO 0ci0 30a1aHCOBAaHOTO COMATOTHITY

JocmimkeHHs (Hi3MIHOT MPane3qaTHOCTI 3a BiTHOCHOIO
BemunHOI0 PWC, 7 3acBiIYMIIO BipOTiTHO HIDKYUH pi-
BEHb JTaHOTO TIOKa3HWKAa y MPEACTAaBHUKIB €HIOME30MOp-
(bPHOTO COMATOTHITY MMOPIBHSHO 31 3HAYCHHAMH MPEICTaB-
HUKIB IHITMX COMATOTHIIHUX TpyH. Y TpPEACTaBHUKIB
€KTOMOP(HOTO  COMATOTHUIY  CEpPeIHE  3HAYCHHS
PWC,7¢ sins. Ma€ HAMBUIIMI TOKA3HUK 1 TIEPEBUILYE Cepe-
JIHIO BEJIMYKMHY FOHAKIB CHIOME30MOP(HOTO COMATOTHITY
Ha 20,4% (p<0,05), y Toit yac sk y roHaKiB 30anaHCOBA-
HOTO, Me30MOP(HOT0 Ta ME30€KTOMOP(HHOI0 COMATOTH-
miB cepenHi 3HaUeHHSI PWC 7 4. HE MAIOTh MK COOOIO
BiporimHoi BigmirHOCTI (p > 0,05).

Oco0mmBocTi TPOSBY aepoOHOiI MPOIYKTUBHOCTI Y
MPEJCTaBHUKIB TipCHKUX pPalOHIB PI3HUX COMATOTHIIIB
BHSBJICHO TaKOXX INPU BHU3HAYCHHI BiHOCHOI BEIHYMHU
MaKCHUMAaJIbHOTO CIIOKUBaHHSA KUCHIO (nuB. Tabm. 1). 3Be-
pTae Ha cebe yBary Te, IO CepeHi 3HAYCHHS BiTHOCHOTO
MMOKa3HUKa MaKCHMaJbHOTO CIIOKHBAHHS KHCHIO y OCi0
eHJ0Me30MOp(PHOTO Ta 30aJaHCOBAHOTO COMATOTHITIB
BiJINIOBIJAIOTh PIiBHIO aepoOHOI MPOIYKTHBHOCTI “‘HMKYE
nocepenaporo”. Cepenti 3Ha4€HHA VO) max sigm. ME30MO-
pdHOTO, ME30EKTOMOPPHOTO Ta €KTOMOP(PHOTO COMATO-
TUMIB BIAMOBIIAIOTE “TIOCEpeNHBOMY” PIBHIO aepoOHOI
NIPOJyKTUBHOCTI. BiporiqHo HaiHWX4Yi cepeHi 3HauYeHHS
VO, max sims. CHOCTEPIralOThCS Y MPEICTABHUKIB TIPCHKUX
paiioHiB enmome3omopHOoro comarorumy (p<0,05). Haii-
BuIlli cepeaHi 3HaAUCHHS VO, jax pigy, MAIOTH TIPEJCTaBHUKA
extomopHoro comarorumy — 45,8+1,48 mur-xelkrt Ta
MesoekTomopdroro comaroruny 43,3+1,29 wm-xslkr.
CepenHi BenunuuHA NOKa3HUKA VO» pay giw. FOHAKIB TIPCh-
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KHX paiioHIB 3 Me30MOp(GHUM, ME30€KTOMOP(HUM, €KTO-
MOp(hHUM Ta 30aJaHCOBAHMM COMATOTHIIOM MiXK COOOIO
BiporiiHO He Biapi3HAoThCs (p>0,05).

BucHoBkH. Pe3ynbratn 1ociipkeHp CBiIYATh MpO Te,
mo ¢i3uvHe 3A0pOB’S IOHAKIB TipCHKUX paioHIB 3akap-
narTsl 3aleXuTh Bif comarotuny. DizudHe 310pOB’s
IOHAKIB €H/I0Me30MOp(HOTo Ta 30a1aHCOBAHOTO COMATO-
THIIIB HIKYE “‘Oe3rnedyHoro piBHs 310poB’s” 3a ['JI. Ana-
HaceHKOM [2] i BimoBizae “HMK4e MocepenHboMy” piB-
HIO aepoOHOT npoayKkTuBHOCTI 3a kputepismu S.I1. ITsp-
Hata (1983). Hatomicte i3udHe 3M0pOB’s FOHAKIB TipCh-
KHX paioHIB Me30MOp(HHOro, Me30eKTOMOP(GHOrO Ta
eKTOMOP(HOTO COMATOTHUIIB BIATIOBiAaE “Oe3MEYHOMY
piBHIO 3m0poB’ss” 3a I'.JI. Amanacenkom [2] i “mocepen-
HBOMY’ PIBHIO aepOOHOI IMPOIYKTHBHOCTI 32 KPUTEPIIMH
SLIL. Tapuara (1983).

KinpkicHuii aHami3 piBHS (Gi3UUHOTO 30POB’S y IOHA-
KiB TIPCBKUX PalOHIB 32 BIJHOCHOIO BEIWIHMHOI MaKCH-
MaJIbHOTO CIIOKMBAHHS KHUCHIO CBIIYHTH HPO TIepeBaru
MIPEICTaBHUKIB €KTOMOP(HOTO COMATOTHITY, JI¢ IepeBa-
JKa€ M SA3eBUH KOMIIOHEHT, a BMICT JKHPOBOT'O KOMITOHEH-
Ty € He3HaYHUM. HalHK4nii piBeHb (i3NIHOTO 310pOB s
cepeJl MPEeCTaBHUKIB IHIINX COMATOTHIIIB 3aPEECTPOBAHO
B €HJ0Me30MOpP(]IB, Y SKHX BMICT M’S3€BOTO 1 XXKMPOBOTO
KOMITOHEHTIB TPE/ICTAaBICHUH INPUOIM3HO B OJHAKOBUX
TIPOTIOPIIifX.

TakuM 4nMHOM, piBeHb (Hi3UYHOTO 3/10POB’ST HAMHMK-
YUl BUSIBUBCS y IOHAKIB, COMATOTHII SIKHX XapaKTepU3y-
€THCSI 3HAYHUM BMICTOM JKUPOBOTO KOMITOHEHTY.
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Dulo O.A., Furman Y.M. Study the level of physical health of young men of mountainous area transcarpathia by the meta-

bolic level of aerobic productivity of providing of energy

Abstract. The work is devoted to the study of the level of physical health of young men of the age of 17-21, which are living in the
mountain area Transcarpathia. Level of physical fitness was assessed for indicators of aerobic efficiency, namely determined physical
productivity, maximum oxygen consumption, using the method veloergometry. To assess the level of aerobic productivity and use
the scale Y.P. Pyarnata. We surveyed young men using the method Heath-Carter somatotype determined conditionally distributed
them into five groups: with endomezomorfic somatotype, mesomorphic somatotype, somatotype mezoektomorfic, ectomorphic
somatotype and balanced somatotype. The greatest number of young men identified with endomezomorfic somatotype (33,9 %), with
minimal ectomorphic somatotype (4,8%). The level of aerobic efficiency, which displays the physical health of the young men with
endomezomorfic and balanced somatotypes correspond to the level "below average"” and the relative performance of maximum oxy-
gen consumption in mountain young men somatotype these are below the "safe level of health” and constitute 39,1£0,93 ml-min™-kg’
Yand 41,6+2,13 ml'min™kg™, respectively. Average values VO, max rer. Mesomorphic, mezoektomorfic and ectomorphic somatotypes
meet the "average" level of aerobic productivity and the level of physical health of these young men somatotype corresponds to the
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"safe level of health". Significantly the lowest average values VO, . rel. Observed representatives mountain endomezomorfic soma-
totype (p<0,05). The highest average values of VO, max rel. Fepresentatives have ectomorphic somatotype — 45,8+1,48 ml-min™*-kg™
and mezoektomorfic somatotype 43,3+1,29 ml-min™-kg™, and was significantly different from other somatotypes 14,6 %, and 9,7 %,
respectively (p<0,05). Average values of VO, max rel. YOUNg men mountain with mesomorphic, mezoektomorfic, ectomorphic and
balanced somatotypes among themselves were not significantly different (p>0,05).

Keywords: physical health, aerobic productivity, physical capacity, somatic type

Adyiso E.A., ®ypman F0.H. U3yyenue ypoBHsi GU3H4YeCKOro 310pPOBbs IOHOLIEli TOPHBIX paiioHoB 3akapnaThs 3a MeTa00/11-
YeCKMM YPOBHEM a3po0HOI0 JHeproodecnevyeHust

AnHoTamus. PaGoTa mocesieHa n3y4eHnio ypoBHS (HU3HUECKOTO 310pOBbs foHOMIEeH 17-21 roxa, KOTOpEIE MPOKUBAIOT B TOPHBIX
paifoHax 3akaprnaTbsi. YpOBeHb (PU3MUECKOTO 3/J0POBBS OLICHUBAIH 3a ITOKAa3aTeSIMH adpOOHOH ITIPOJYKTHBHOCTH, @ IMEHHO OIIpe-
JeTSIH (PU3HYIECKYIO MPOIYKTHBHOCTD, MAKCHMAJIbHOE MOTPEOIeHHEe KUCIOPOa, UCTIONE3YS METOA BEOdproMeTpuu. s oreHKn
YPOBHS a3pOOHOM MPOIYKTUBHOCTH UCIIOIB30BAIN OLeHOUHYI0 mikany S.I1. IlspHara. ¥ 06ciaeq0BaHHBIX IOHOIIEH UCIIONB3YSI METO
Xut-KapTepa onpenesnsiii COMaTOTHUII U YCIOBHO PACIPEAENIIN X Ha ISATh TPYIII: C SHAOME30MOP(HBIM COMaTOTHIIOM, ME30MOP-
(GHBIM COMATOTHIIOM, ME303KTOMOP(HBIM COMATOTUIIOM, 3KTOMOP(HBIM COMAaTOTUIIOM U CO COATaHCHPOBAHHBIM COMATOTHIIOM.
HauGosnbliiee KOJIMUECTBO IOHOIICH BBIBICHO C 3HIOME30MOpHBIM coMaTtoTHHOM (33,9%), MeHblee ¢ 3KTOMOP(HBIM COMATOTH-
oM (4,8%). YcTaHOBIICHO, YTO YPOBEHb ad3pOOHOH NMPOLYKTHBHOCTH, KOTOPBIH 0TOOpaXkaeT pU3NIEcKoe 3J0pOBbE Y FOHOMIIEH SHI0-
Me30MOp(hHOro M COATAHCHPOBAHHOTO COMAaTOTHIIOB COOTBETCTBYIOT YPOBHIO “HI)KE CpPEIHEro”, a OTHOCHTENBHBIE ITOKa3aTeNn
MaKCHMaJIFHOTO NOTPeOJICHUsI KUCTIOpoJa y FOHOIIEH TOpHBIX PailOHOB STHX COMATOTHIIOB HAaXOAATCS HIDKE “0€301acHOTO YpPOBHS
3n0poBbsi” U cocraBmsior 39,1 + 0,93 wirmal Fkrt u 41,642,13 mrmun kr! cootBeTCTBEHHO. Cpennue 3uaueHust VO3 max orm-
Me30MOP(HHOro. Me303KTOMOP(HHOr0 U SKTOMOP(HHOr0 COMATOTUIIOB OTBEYAIOT “CPeHEMY” YPOBHIO a3pOOHOHN MPOAYKTHBHOCTH, a
YPOBEHBb (U3MUECKOTO 30POBbS IOHOMICH 3TUX COMAaTOTUIIOB COOTBETCTBYET ‘‘0€30MacHOMY YPOBHIO 310poBbsa” . JlocTOBEpHO ca-
Mble HU3KHE cpennue 3HaYCHUS VO, max ory. HAOMIOZAIOTCS y MPENCTaBUTENCH TOPHBIX PaiOHOB 3HIOME30MOP(HOTO0 COMAaTOTHUIIA
(p<0,05). Cambie BbicOKHMe cpeaaue 3HAYCHUS VO, pax o HUMCIOT TMPEICTABUTECIH 3KTOMOP(HOIO COMATOTHNA —
45,8+1,48 M MuH ke T Me309kToMopdHOTO comaroruna 43,3+1,29 M MEH kT 7 JIOCTOBEPHO OTJIIMYAIOTCS OT IPYTUX COMATO-
TtunoB Ha 14,6% u 9,7% cootBercTBeHHO (p<0,05). Cpennne BenmuunHbl MOoKa3aTeNsd V Oy max oy, FOHOIICH TOPHBIX pailOHOB ¢ ME30-
MOpGHBIM, ME303KTOMOP(HBIM, 3KTOMOP(GHBIM U cOaJaHCHPOBAHHBIM COMATOTHIIOM MEXIY COOOH JOCTOBEPHO HE OTIMYAIOTCS
(p>0,05).

Knrouesvie cnosa: pusuueckoe 300posve, aspodHas npooyKmusHocmy, Gusuieckas pabomocnocobHocmy, CoMamomun
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CHEMISTRY

bpem B.B., Koswyxapwv B.A., Casuu CJL., byza C.IL., /Imumpenko H.B.
DJIEKTPOXUMHYECKOE JIETHPOBAHNE MEPEIUIABJISEMbIX CTAaJeld THAPUA000PaA3YOIIIMMH YIeMeHTAM#I

bpem Braoumup Bukxmoposuy, kaHouoam xumudeckux Hayk, 0oyenm, 0eKaH XUMUKO-MEXHOL02UHeCKo20 aKyaivmema
Koorcyxape Braoumup Axoenesuy, 00kmop mexuuieckux Hayk, npogeccop, 3asedyrouull kKageopoi
Casuu Ceamocnas Jlagpenmuosut, KaHOUOAm XUMUHECKUX HAYK, OOYeHm
byea Ceemnana llemposna, cmapwuii npenooagamens
JImumpenxo Huna Buxmoposua, cmapuiuii npenooasameins
Oodecckuti HayUOHATbHBIL noaumexHuyeckutl ynugepcumem, 2. Odecca, Yxkpauna

AHHOTAamus. 3ajgada MOJTyYSHUS BHICOKOKAUECTBEHHBIX CTaled HE BCerja JOCTHIaeTcsl B OOBIYHBIX CTaJEIUIaBHJIBHBIX arperarax
TPaAUIMOHHON MeTamTypru. B cBs3u ¢ 3TUM MHTEHCHUBHO Pa3BUBAIOTCS CHOCOOBI IOTMONHUTEIbHONH 0OpabOTKH TOTOBOW CTamu.
OIHUM U3 TaKUX CHOCOOOB SIBISIETCS METOA deKTpouuiakoBoro nepermiasa (DLLIT). Bmecte ¢ TeMm, mpakTHYeCKOEe UCTIOIB30BaHNE
3TOTO c1oco6a, Kak B METALTyprH4ecKoil, Tak ¥ B MAIIHHOCTPOUTENbHOH MPOMBIIIIEHHOCTH BBISIBUIIO, YTO B PSIJIE CIIydaeB JJIEK-
TPOILIAKOBBIA MEpEeIIaB CTane COMPOBOXKIAETCSA 3HAYUTEIbHBIM JOIOIHUTENFHBIM HaBOJOPOKHBAHUEM. YKa3aHHOE 00CTOSTENb-
CTBO IO CHX IOp CAEPXKHMBAaeT IMMpoKoe mpuMmeHeHue crocoba DIIT mis mepermiaBa MHOTMX KOHCTPYKIMOHHBIX JIETHPOBAHHBIX
MapoK CTaiei, 00najaronMX MOBBIIIEHHOH (DIOKEHOYYBCTBHTEIBHOCTBIO (T.€. CKJIOHHOCTBIO K 00Opa30BaHHIO B HUX BOIOPOJHBIX
TpeIMH — T.H. (pokeHoB). B paboTe B pON3BOJICTBEHHBIX YCIOBHSX OIIEHEHA B3aHMOCBSI3b MEXKIY CTCIICHBIO ECTEXHOMETPH3AIIN
pacmiaBoB diarocoB AH®-6 u AH®-32 u (hi10keHOUyBCTBUTENEHOCTHIO MeperuiaBisiemMoit ctamu 15X3HM®A B utom cocrostauu. C
yueToM (opM CyIIeCTBOBaHHUS BOJOpOJa B JKejle3de pa3paboTaHa OpuUTHMHANbHas MeTonuka (mo mapamerpy Py) KoaHmdecTBEHHOH
OLIEHKH (DIIOKEHOUYBCTBUTEIBHOCTH KOHCTPYKIIMOHHBIX CTaled. B NMpOM3BOACTBEHHBIX YCIOBUSX HCCIENOBAHO BIMSHHE CTEIICHH
BOCCTaHOBHTENIBHOU AecTexrnoMmeTpuzauun GpiuocoB AH®D-6 u AH®D-32 (3amaBacMoii BBEJCHHEM B HUX PA3IUYHBIX KOJHYECTB A0~
MUHHS WK Lepusi) Ha (IOKCHOTYBCTBUTEIBHOCTD NeperaBnsieMoii crand Mapku 15X3HM®A B 1UTOM COCTOSHUH. Y CTaHOBIIEHO,
4TO mpHcazaka K ¢arocam BoccranoButeneit B kommdectse 0,08...0,16 macc. % mo3BosieT CHU3UTH (PIIOKCHOUYBCTBUTEIBHOCTD CTAIH
B 2...3 paza no cpaBHeHuto ¢ nporeccamu DIIIIT Ha 06bMHBIX (irocax. OGHapYKEHO TAKKe, YTO MPU PABHBIX CTEIEHSIX JIEeCTEXUO-
METPHU3aLUH CIICHU(PUIHOCTD YKa3aHHOro 3(pdeKra 3aBUCHT OT cocTaBa (uroca. Pe3ynpraTaMH ONBITHBIX IUIABOK C BBEJCHHEM B
HCXOJHBIC NIJIAKOBBIC paciuiaBbl (Ha ocHoBe GurtocoB AH®-6 u AH®-32) dpropuna CeF3 u nepus no xoxy DI noaTBepkaeHO, 4TO
(JIOKEHOUYBCTBUTEIEHOCTD IIEPEIIaBIIeMBIX KOHCTPYKIMOHHBIX ctanied (15X3M®A u 40XH) onpenensercss oCTaTOYHBIM COJeEp-
XKaHHEM B IocieaHux nepust. OfHAKO, 3Ta 3aBUCHMOCTb NMEET SBHO BBIPAKCHHBIE MUHUMYMBI, TIOJIOXKEHHE KOTOPBIX CBA3aHO KakK C
COCTaBOM IIEPEIUIABIIIEMOT0 METAIIA, TaK U C COCTABOM HCIOJIb3yeMOTo (IIroca.
Knirouesvie cnosa: 600opoo, gaioc, pacnias, cocmas, cmans, GroKeHOUy8CHMEUMENbHOCHb

Beenenne. B mpakTuke METalIyprU4eCKOW MPOMBINI-  3HAYUTENIBHBIM JONOJHHUTEIBHBIM HABOJOPOKUBAHHEM.
JICHHOCTH 3KOHOMHMYECKH Pa3BUTBIX CTPaH B IOCIEIHME  YKa3aHHOE OOCTOSTENBCTBO 1O CHX IOp CIEpKUBAaeT
JIECATHIIETHS] HaOJII01aeTCsl yCTOMUMBAst TEHACHIMSA pocTa  IIMpOKoe IpuMeHeHne crocoda DI ams nepemasa
JIOJIM KaueCTBEHHBIX CTajleld B 00IieM oO0beMe MX MPOM3-  MHOTMX KOHCTPYKIIMOHHBIX JIETHPOBAHHBIX MapoK CTa-
BojcTBa. JlanmpHelIee MOBBIIICHUE JOJU, U yIy4lIeHHe Jied, 00JaJaromuX IMOBBIIIEHHONW (IIOKEHOUYBCTBHUTENb-
CBOMCTB Ka4yeCTBEHHBIX KOHCTPYKIIMOHHBIX CTaJel IBJsl-  HOCTBIO (T.€. CKJIIOHHOCTBIO K 0Opa30BaHHUIO B HUX BOJO-
©TCsl aKTyaJIbHOW 3aJadeil M METaUTyprudecKodl MNpo-  POIHBIX TPEHIHH — T.H. (JIOKCHOB).
MBIIIUIEHHOCTH Y KPauHBbI, TOCKOJIBKY 00bEMBI IIPOU3BO/I- OmnauM n3 MetonoB yrmyumenus DI sBisercs anek-
CTBa JTOTO YHMBEPCAJIHHOTO MaTepHajia OINPEleNIioT  TPOXHMHYECKOE JIETHPOBAHHE IEPEIUIaBIIEMBIX 3TUM
MacmTadbl ¥ TEXHUYECKUH YPOBEHb MHOTHX JPYTHX IPO-  CHOCOOOM cTajeid THApHI000pa3yolMMHU 3JIeMEHTaMU
M3BOJICTB (B TOM YHCJIE B 00JJACTH HOBOM TEXHHUKH). [1,2,5]. OnHako ocyuiecTBIIEHHE TAKOIrO Mpoliecca B Mpo-
OpHako 3ajjaya NOIYYEHUS BBICOKOKAYECTBEHHBIX  HM3BOJCTBEHHBIX YCIOBHUSX CBSI3aHO C PSJIOM TEXHOJIOTH-
CTajel He BCEeTAa JIOCTHIaeTCTCs B OOBIUHBIX CTaJleTla- YEeCKUX YCIOKHEHWH IUIaBKM. B CBs3M ¢ 3TUM Hamu
BWIBHBIX arperatax TpPaAWIHOHHOW MeTaulypruu. B mpeampuHsATa mHONBITKa pa3pabOTKM NPHHIUINAIBHBIX
CBSI3U C 3TUM MHTEHCHBHO Pa3BUBAIOTCS CIIOCOOBI JIONOJ-  OCHOB croco0a YHCTO XMMHUYECKOTO BO3JEHCTBHSA Ha
HUTETHHON 00paboTKM TOTOBOM cTanu. OnHUM U3 TakuxX  IiakoByro ¢asy twraBku JLIIT mns crumymmpoBaHus
croco0oB SIBIISIETCS METO] SJICKTPOIIUIAKOBOTO MIEpeIiaBa  Hepexoja W3 Hee THAPHA000pa3yIoIHUX 3IEMEHTOB B
(QUIIT). On mpu3HaH BBICOKOI()(EKTUBHBIM METOJOM  IEpeIUIaBIIeMbI METaI.
yIIydIIeHus: KadecTBa Metamia, nosromy DI goBonbHO B paborax psiga wccrnenoBareieil B MOCIEIHUE TOIBI
IIMPOKO PAcCHpOCTpaHEH B INPOMBINUIEHHOCTH. Mertan-  mokas3aHo, 4Tto BeneHue mpoiecca JIIT Ha BoccTaHOBH-
Jypru4eckne OCOOCHHOCTH YKa3aHHOTO cIocoba OCBe-  TENBHBIX (UII0caX B 3HAYMTENFHOW CTETIEHH DPACIIMpPSET
IICHBI B psiJie ClielHanbHbIX padot[3,4]. MeTautyprudeckue Bo3MoxkHoctu OIIIII. B mpocreiimem
Bmecre ¢ TeM, mpakTHYecKOe HCIIOJB30BaHME 3TOTO  CiIydyae BOCCTAHOBHTENbHBIE CBOWCTBA (DJIIOCOBBIM pac-
cnocoba, Kak B METAJUTypTMYECKOH, TaK W B MAIIMHO-  IUIABaM MOTYT OBITh IIPHAAHBI IyTEM BBEACHHS B HUX
CTPOUTENBHON MPOMBIIIJIEHHOCTU BBIIBUIO M HEKOTOpPBIE — MeETauindeckoro amoMunus. lllnaku mpu 3ToM oka3biBa-
ciabble CTOPOHBI MPOIIECCa 3JIEKTPOIUIAKOBOTO Mepera-  IOTCS JIeCTEXHOMETPH30BaHHBIMH, T.€. COCTOSIIMMH U3
Ba, TpeOylolmye NadbHEHIINX HAayYHBIX M TEXHHYECKHMX  KOMIIOHEHTOB HE CTPOI'0 CTEXMOMETPHUYECKOTO COCTaBa, a
nopaboTok. B wacTHOCTH, 0Ka3aJ0Ch, UTO B PAAE CAIy4aeB € HEKOTOPHIM JeGHINTOM KHCIOpojaa, (GTopa M IPYyrux
JNEKTPOIITIAKOBEIA TEpeIuIaB CTajleil COMPOBOXKIACTCS  METAJUIOMIHBIX 3JIeMEHTOB. CTEmeHb IecTeXHOMEeTpH3a-
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Y (ITFOCOBBIX PACIUIABOB (B 00JaCTH UX TOMOTEHHOCTH)
U COOTBETCTBEHHO HMX BOCCTAHOBUTEIBHBIH MOTCHIIHAI
BO3PacTalOT NMPOMOPIIHOHATEHO KOJINYECTBY BBOANMOTO B
HHUX METaJJIa-BOCCTAHOBUTEIIS.

Hesas. B paboTe B IpoN3BOACTBEHHBIX YCIOBUAX OIIe-
HEHA B3aMMOCBSA3b MEXIY CTEHCHBIO JECTEXHOMETPH3a-
M pacmaBoB ¢uocoB AH®-6 1 AH®-32 u ¢dnokeno-
YyBCTBUTEIBHOCTHIO TeperIaBIsieMon CTajH
15X3HM®A B TUTOM COCTOSTHHH.

MeTtoaukn M Martepuanbl. [ OLEHKH J1€CTEXHO-
METpH3alUH M  (PJIOKEHOUYBCTBUTEIBHOCTH IIPOBEPKU
HaM{ pa3paboTaH NPUHLUNUAAIGHO HOBBI METOA OIpe-
neneHnst (pIOKEHOUYyBCTBUTEINBHOCTH CTaled, OCHOBAaH-
HBIIl Ha 3KCIIEPUMEHTAIHHOM Ta30aHAIMTHYECKOM OIIpe-
JICICHNN OTHOCHUTENBHBIX COAEPKaHMH BOIOPOAA, HaXo-
JIIUXCS] B UCTIBITYEMOM METaJUIE B Pa3NUYHBIX (opMax

Vit

cymecTBoBaHMA. B pa3paboTaHHOM METO/E HCIOIB3YIOT-
csl MpoOBbl MeTayla 3HAYUTEIBHO MEHbIIeTo auamerpa (7
MM) U [UIHHHOU 70 MM, TpeIBapUTEeI-HO HACHIIIaeMbIe B
H, (PHZ:1,013~105 IMa) B Teuennn 2 wacos mpu 1100 °C u

3aTeM 3akKaiauBaeMble B Boje. HemocpencTBeHHO mocie
3aKalKy o0pa3sel] IOMEIAlOT B PEaKIMOHHYIO KBAPLEBYIO
TpyOKy cIleruaisHOrO razoaHaims3aropa [1,2], ¢ momo-
LIBI0 KOTOPOTO B PEXHME HENPEPHIBHOIO HOABEMA TEM-
neparypsl (or komHaTHOM 70 1100°C) cO CKOpOCTBHIO
20°C/MuH aBTOMATHYECKH (M TaK)Ke HEMpPepBIBHO) (GuUK-
CHpyeTcs TeKyllas CKOPOCThb BBIIEICHHS (B HECYIIUH ra3
— N) U3 aHanM3MpyeMoro MeTayuia MOJIEKYJISIPHOTO BO-
nopona. [lomydeHHble TakuM o0Opa3oM Ha Juarpamme
caMoIucla TePMOKHHETHYECKUE KPHBBIE Jera3aluu 00-
pasla UMEIOT THUITUYHBIN BUA, TIPEJICTaBICHHbIH Ha puc. 1.

1000

1200 . lg

Puc. 1. TunuuHast KprBasi 3aBUCUMOCTH OTHOCHUTEIBHOW CKOPOCTH BBIICTICHUSI BOJOPOJIA U3 UCTIBITYEMOro o0pasiia
OT TEKYILIEH TeMIlepaTyphl Jerazaiiu

Ha puc. 1 MOXXHO BBIAETHTH TPH 00JIACTH TEMIIEPaTyp,
OTBEYAIONINX BBIIEJICHUIO TPEX OCHOBHBIX (OpM Cylile-
CTBOBaHMS BOJOPOJa B METaJuIaX TPYIIIBI XKeJle3a 1 CIila-
BaxX Ha MX OCHOBE (B TOM umcie — 1 B craisix). CooTBeT-
CTBYIOIIE 3THM OOJACTSIM IIIOIAAM HOA KPUBOW KHHe-
THKH JIera3aliy UCIBITYeMOro odpasna B pexxume Herpe-
PBIBHOTO TOBBIIEHHsT Temmeparypsl (S;, Sy, u S3) mpu
NIPUHATOW METOAMKE aHaJIM3a OKa3bIBAIOTCSl MPOIOPIIHO-
HaJIbHBIMKU  KOJIMYECTBAM BOAOPOJa, HAXOAAIIHUMCA B
MeTaJule B CIEAYIOMMX (OopMax CYIIECTBOBAHHUS: B BHJE
YaCTUYHO TPOTOHHU3HMPOBAHHBIX OJHOATOMHBIX YaCTHIL
H®, B BHzIe MOMeKyIspHBIX HOHOB H," 1 B BHIe Momeky
H,. CxnonHOCTH K 00pa3oBaHMIO ()JIOKEHOB B CTaJSIX, B
OCHOBHOM, OIIpEJESIeTCs] OTHOCUTEJIBHOM JI0JIEd B Me-
Tae 1u¢¢Gy3HOHHO-TIOABIKHOTO Boopoaa (T.e. pOpMBI
H®"). KOIMYeCTBEHHO yKa3aHHOE IOJOKEHHE MOIKHO
BBIPA3UTH CIEIHATBHBIM TapaMeTpoM (qu):

qH = S]_/ (Sl + 82 + 83), (1)

IZie gy — OTHOCHUTEJbHAs 101 "cBoOOMHOTO" BOIOpOA B
CBE)KOHACKHIIEHHBIX UCIBITYEMBIX 00pa3iax, a S;, S; u S3
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— yX€ W3BECTHBIC BEIMYMHBI, ONpeAesieMble SKCIepHU-
MEHTAJIbHO C TIOMOIIbIO TPa(UKOB, MOJOOHBIX TPHBEICH-
HOMY Ha puc. 1.

C npyroii cTOpoHbI, BO3MOXKHO, TI0Ka3aTh, YTO OTHOCH-
TelbHas KOHIEHTPALUs MHKPOIIOp M TOJMBaKaHCUA B
HCTIBITYEMOM MeTaille, B KOTOPBIX MOXET OBITh paccpe-
JIOTOUECH BBIICISAIOUIMNACA U3 MeTalla U MOJE3yoUuics
BOJIOPOJI, 10JDKHA OBITH NPONOPLHUOHAIILHA TAKOMY Mapa-

MeTpy (q n):

q1=S2/(S:+Sa), 2

IJIe qy — OTHOCHTENBHAS OIS MOJIEKY/IAPHOTO BOAOPOIA
(H,) B ero mosexynspHbix Gopmax cymectBopanus (Hy®
+ Hy). C yueToM Gu3HIECKOTO CMBICIIA TTAPaMETPOB qy H
On (IIOKEHOIYBCTBHTEIBHOCTD CTAIHM (C YHETOM 0COOCH-
HOCTEH pacIipesieneHst B Heil BOJOpo/ia MO pa3IndyHbIM
(dopMaM ero CymecTBOBaHHMS), BhIpa’kaéMyl0 HOBOW KO-
JMYECTBEHHOHN XapakTeprcTHKoH (P), MoxeT OBITH ompe-
JIeJIEHA COOTHOILICHUEM:

D =qu/qy ©))
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C yuerom ypaBHeHu# (2) u (4) paBeHCTBO (3) IpUHU-
MaeT BH:

D= (S;+S3) S1/(S1+S,+S3) - S5 (4)

OKOHYATENBHBIM PAa0OYNM YpaBHEHHEM JJIS OIpere-
neHus (HIIOKEHOYYBCTBUTENFHOCTH MeTalla Mo Ipejia-
raeMoMy HaMH CIIOco0y ¢ MoMolnbio mapamerpa Oy sB-
JISIETCSI COOTHOLICHHE!

Oy =[((S2+Ss) ~ Si/(S1+ S, + S3) - Sg) —1]-100 ()

Kak BugHO u3 CTpyKTYphl ypaBHeHHs (5), mpemio-
xKeHHbI mapamerp ®y okaspiBaeTcs Oe3pasMEpHBIM U
MOXKET NPUHUMATh JH000E€ MOJOXKHUTEIBHOE 3HAYCHUE.
Yem OH BbIIIE, TEM BbIIIE (NIOKEHOYYBCTBUTEIHHOCTh
HCIBITYEMOW CTaJIH.

[TockonbKy B HacToOslIiee BPEMS HE CYIIECTBYET €Ile
CTaHAAPTHOTO METOJAa ISl ONpefeleHus (HIOKCHOUYB-
CTBHUTEIHHOCTH CTalld, TO COIIOCTABICHHUE IIPEIOKEHHO-
ro HaMH crocoda ¢ OOIIeTPH3HAHHBIMU HE IPECTaBIIs-
eTcs BO3MOKHBIM. B OCHOBHOM ke B HacTosimieil pabore
JUIl  KOJIMYECTBEHHOTO BBIPAKEHHS (DIIOKEHOUYBCTBH-
TENbHOCTU HCCIEAYyEeMbIX CTajlell HCIONB30BaJICS Mapa-
metp Dy.

PesyabTaThl W HUX 00cy:xaeHusi. ONBITHBIE IIABKU
OIIII npoBoaniIM Ha OTKPHITON ycTaHOBKe A-3206, mu-
TaeMOW TEPEMEHHBIM TOKOM M CHAOXEHHOH MEeIHBIM
KpucTayuu3aropoM Beicotod 300 MM u & 140 mm [3].
PacxomyeMbIM 37I€KTPOJOM CIIYXKHJI NMPOKAT JHAMETPOM
50 MM U3 yKa3aHHOW MapKH CTaJld MapTEHOBCKOH BbI-
wiaBky. [I1aBky Benu ¢ kuAKAM craptoM. s Hamas-
neHust 4 kxr Quroca MCIOIb30BAM I'PaQUTOBBIA THUTENb-
KOBII (C TPa)UTOBBIM 3JIEKTPOJOM), MHUTAEMBIH TEM K€
TpaHcopmMaTopom, YTO U NeperiaBHas nedb. Beimiasis-
JIM CITUTKU BeCOM 27 KT cO cKOpocThio mepermiasa 60...70
kr/4. [To Xoy MJIaBKH ¢ MHTEPBAJIOM B 15 MUH. BO ¢Iroc
MalbIMH TOPUHAMHU BBOAWIN JOOABKU aTIOMHMHHUS M Iie-
pust (B Buae ¢eppouepust ¢ coxepxkanueM repust 90
Macc. %) B cymmapHoM konmgectse 10 0,08 u 0,16 macc.
% coOTBETCTBEHHO. V3 CIIMTKOB ONBITHBIX ITUIABOK OTOM-
paim mpoOBI JHaMeTpoM 7 MM U JJTUHOHM 7 MM IS Oompe-
JeneHnst (PIIOKEHOUYBCTBUTEIFHOCTH B Bapuante ®H s
TIepeTIaBIeHHON CTallk B JINTOM COCTOSTHHH.

PesynbraThl MpOBEJCHHON TaKMM 00pa3oM CepuH Ilia-
BOK TIPHBEJCHBI Ha pHUC. 2, U3 KOTOPOTO BUJIHO, YTO IO-
BBIIICHHE BOCCTAHOBUTEIHHOTO IOTEHIMANa IeperiaB-
HBIX ()JIFOCOB COTIPOBOK/IAETCS 3HAYNTEIbHBIM CHUKEHH-
eM (uiokeHOUyBCTBUTEIbHOCTH cTanu DI,

Taxk, nobaBka amomunus Kk parocam AHD-6 u AH®D-
32 B xonmuuectse 0,09 macc. % cHmxaer BenmuunHy OH =
B 2 pa3a (kpusble 1 u 2). VI3 comocTaBieHns KpUBBIX 2 U 3
MOXHO BuaeTts, uto g0 0,08 macc. % 3ddexr BausHMA
TIPUCAJIOK ATIOMUHMS M Lepus Ha DH neperuiaBiIsieMoro
MeTajuia MpakTHYeCKH oguHaKkoB (mist duroca AHD-32).
C manpHEHIIMM pocToM 3THX 100aBoK (1o 0,16 macc. %)
3G PEeKTUBHOCTh /100aBOK IIEpHs OKAa3bIBAETCS TOpa3zo
Bhie. KpoMe TOro, omnbITHBIE AaHHbBIE, IPUBEJCHHBIE Ha
puC. 2, CBUAETENBCTBYIOT O TOM, YTO IPU PaBHBIX CTEIe-
HAX JIECTEXHOMETPH3ALNH CIeH(PHIHOCTs 00Cy)KIaeMo-
ro 3¢dekra sBHO 3aBHCUT OT cocraBa (uioca (puc. 2,
Kpussle 1,2).
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[

"

[Al], [Ce] - 107, mac. %

Puc. 2. ®nokeHouyBcTBUTENbHOCTE (D) cTanmm  Mapku
15X3HM®A B nutoMm coctosnuu nocie DI ¢ npumeHeHuem
¢mroco AH®-6 (1) u AH®-32 (2,3) u BBeJCHHEM B HUX IO
X0y IUIaBKM pa3lMUHBIX KommdectB amomuHust  (1,2)
u uepus (3)

O6HapykeHHBI 3()(EeKT 3HAYUTETHHOTO CHIKEHUS
(IIOKEHOYYBCTBUTEIILHOCTH ~ KOHCTPYKIIMOHHOH  CTaJ
NP TeperyiaBe ee IM0J[ BOCCTAaHOBHUTENILHBIMU (IirocaMu
MOXeT ObITh 00BSICHEH cienyronM obpa3zom. Bocctano-
BHUTEJIbHAS JECTEXHOMETPU3alHsl IIIAKOBBIX PaCIIaBOB
COIIPOBOKAAETCS IOSIBIICHHEM B HHUX KaTHOHOB C Qop-
MaJIbHO TIOHIKCHHOHM BaJICHTHOCTBIO. B mocieaneM ciry-
yae B MOHHBIX paciUlaBaX BO3HHUKAIOT KOMIUICKCHBIC Ka-
troHs! THIa Na,', Ca,2", Ce,*" u .. Hapacranue cozep-
JKAHWS TOCICIHUX B HEMETAIUTMYECKOH (aze CUCTEMBI
¢uroc — MeTal CTUMYJIUpYyeT (MPUMEHHUTENBHO K CHUCTe-
mam OIIIT) mepexon B MeTAIUIMYECKHUH PacIUIaB ¥ aTOMOB
THIPUI000Pa3yIOUINX 3JIEMEHTOB [0 YPaBHEHUSM THIIA!

(Ca"") g = (Ca*") s + [Calue; (6)
(Ce23+)(1m = (Ces+)tlm + [Ce]Mc . (7)

B pesymnbprate pa3sutusa nponeccos (6) u (7) KOHIECH-
Tpanus THAPUI000PA3YIOMINX IEMEHTOB B CTAJIAX TIOCIIE
OUIIl Ha BOCCTAaHOBUTENBHBIX (DIFOCAX OKAa3bIBACTCS
MTOBBINICHHONH (M TeM B OOJbBIIECH CTEHCHH, YeM BBIMIC
CTeleHb JecTexuoMmerpuzanuu  ¢urocoB). CrencreueM
MPEAICTAaBICHHOIO MEXaHU3Ma SIBJISETCS AOMOJHUTENBHOE
MHKPOJIETUPOBAHUE TIEPEIIIIABJICHHOTO MeTajla dJIeMEH-
TaMH, S((GEKTUBHO CHIDKAIOMNUMH  (IOKEHOTYBCTBH-
TEJIbHOCTh CTaJIH.

Bwmecre ¢ TeM H3BECTHO, 9TO (PIIOKEHOUYBCTBHUTEIb-
HOCTh KOHCTPYKITMOHHBIX CTajiell CHIKAETCsl C BBEICHH-
€M B HUX MaJbIX JO00aBOK THAPHUI000pa3yIONINX dJIEMEH-
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TOB JINIIb O OMNPENEIICHHOTO Tpejesna, IMociIe 4ero OHa
HadynHaeT Bo3pacTaTh. C ydeToM 3TOro 0OCTOSITENLCTRA,
BO3MOJXKHO, OBUTO MPUHIUIHAIBHO JOMYCKaTh, YTO ONTH-
MaJBHOW NECTEeXMOMETPH3AHEH PacIuIaBOB (IFOCOB MO
xoxy OIIIT MokHO 00eCTeYUTh ONTHMAIBHOE MHKPOJIE-
THPOBaHME IIEPEIUIABIAEMON CTaM THUAPHI000pa3yro-
IIMMHU 371eMeHTaMu. [l SKCIepUMEHTalIbHOM MpoBepKU
TAaKOTO 3aK/IIOUCHMs IIPOBEACHA CIeluaNbHas TpyIna
OTIBITOB.

Omnsrtebie iaBku DI mpoBoaunu Ha TOif *e ycra-
HOBKe, YTO U IIIaBKH Npeasiayuiedt cepuu. Ilo xony me-
pemtaBa craneit Mmapok 15X3M®A u 40XH Bo ¢urocs
PaBHOMEPHBIMH IOPLUSIMH BBOAWIN (heppo-IepHUeByIO
muratypy (c 90 macc. % Ce). Obmiee KOIMIECTBO BBOJH-
MOH B XHIKHE (IIIOCHI JUraTypsl BapbHPOBAIOCH TaK,
9T00BI B CIMTKaX IOTOBOTO METa/ula TOJNydaTh pa3ind-
HBIE KOHIIGHTPAIlMM OCTATOYHOTO IEpHs (B Hpenene a0
0,022 macc. %). Ing ycuneHns CTUMYJIHPOBAHHS Iepe-
X072 IepHs U3 NUIAaKOBOH (Dasbl B JKUAKHHA METaJI IO
cxeme (7) NPUMEHSUTH ONBITHBIE (UIIOCHI, TOJy4aeMble
CMeIIeHHeM pPaBHBIX BeCcOBBIX pnoJeil (mo 50 macc. %)
¢dmroco mapok AHD-6, AH®-32 u CaF, ¢ ¢Topumom
nepus (CeF3). Ha aByx mepBBIX M3 yKa3aHHBIX cMeced
Benu nepemnaB craau 15X3M®A, Ha TpeTbeil — mepe-
miaB cramd 40XH. ®nokeHOUyBCTBUTEIBHOCTh IIEpe-
IUTABJICHHBIX TaKUM 00pa3oM CTajJel ONpenessuld TOIbKO
UL TUTOTO cocTostHus (st cmutkoB DIIIT) mo mapamer-
py ®H. OmbITHBIE NaHHBIE IOCIETHEH CEPUH OIIBITOB
MIOKa3aHbI Ha pHC. 3.

20 24
[Ce] - [0} ’ mae. %

Puc. 3. ®nokeHouyBcTBUTENbHOCTH (P,) cramm Mapku

15X3M®A (1,2) u40XH (3) B mutoMm cocrostauu nocie DI ¢

npuMeHeHneM (IrocoB cieayrommx cocraBoB:l — 50 mace. %

AH®-6 + 50 macc. % CeF3; 2 — 50 macc. % AH®-32 + 50 macc.

% CeF3; 3 — 50 macc. % CaF, + 50 macc. % CeF;

OKCHEepUMEHTAIEHO YCTaHOBJIEHO, 4TO 0e3 100aBOK
JUTraTypsl BO (UIIOCOBBIE pacIlIaBbl 3aMETHOTO IIEpexo/a
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LEepust B TEPEIUIaBIIEMbIH METaI HE MPOHUCXOIUT, He-
CMOTpsI Ha 3HaYUTENbHBIE conepxkanust CeFs B ncmomb3o-
BaHHBIX ONBITHBIX (urtocax (1o 50 macc. %). Kpome Toro,
00Hapy’>KE€HO, YTO BO BCEX TPEX HCCICAOBAHHBIX BapHaH-
TaxX IUIABOK Habmomaercs (puc. 3, kpuBsle 1....3) omHO-
THIHAs 3aBUCHMOCTh BeIM4MHBI (DH OT coaepkaHus
Lepust B CTanu. Bce Tpu KpUBBIE UIMEIOT YETKO BBIPAKEH-
HbIE MUHUMYMBI (DJIOKEHOYYBCTBUTEILHOCTH NP BIIOJHE
onpezeNeHHbIX 3HaueHusax uepus. s cramn 15X3MDA
U3 JBYX NpPHUMEHEHHBIX Oosiee 3((eKTHBHON OKa3aiach
¢uocoBas cMmech, cocraienHas u3 AH®-6 n CeF;. Boc-
CTaHOBUTEJbHAs JeCTeXHOMeTpu3anus Quroca ¢ BBee-
HueMm B Metain1 okojo 0,005 macc. % Ce obecrneunBacT
CHIXEHHE ()IIOKEHOTYBCTBUTEIBHOCTH MEPETIABICHHON
CTIM B JINTOM COCTOSIHUHM HPHUONM3UTENBHO B 5 pa3 1o
mapameTpy ®@H (puc. 3, xpuas 1). IlepermaB 3Toit ke
cramu Ha AH®-32 u CeF; (puc. 3, xpuBas 2) oka3pIBacT-
cst MeHee 3¢ dexkTnBHEIM (DH CHIKAeTCS MPUMEPHO B 3
pasa) mpu CPaBHUTEIBHO OOJIBIICH KOHICHTPAIUU IIEPHS
B MeTauie (okoio 0,013 macc. %). [nsg neperaBa cranu
mapku 40 XH nox ¢umrocom u3 CaF;, u CeF; ontumansHoe
cozepkanue nepus B metajuie coctasiser 0,004 macc. %.
OnHako, nocturaemslii mpu 31oM 3 ¢dexT cHkeHus: OH
(8 1,5 pa3za) cpaBHHTENBFHO MalbIii [0 OTHONICHHIO K
HCXOIHOU (hIIOKEHOUYBCTBUTEIHHOCTH (pHC. 3, KpuBas 3).
OmnbITHBIC TaHHBIC, IPEICTABICHHbIEC Ha pUC. 2 U 3, MOKa-
3bIBAIOT, 4TO BeneHue npoueccos JIIIT Ha BoccTaHOBH-
TENBHBIX JECTEXHOMETPHU30BAHHBIX (itocax (Mpu cooT-
BETCTBYIOUIEH ONTHMHU3AIMM TEXHOJIOTHH MPUCATKH K
HUM BOCCTaHOBUTEJEH) MPUHIUIHAIGHO IO3BOJISIET J0-
CTUYb 3HAYUTEIHLHOTO CHMXKEHHS (DJIOKEHOUYBCTBHUTEINb-
HOCTH TEpeIUIaBIIeMbIX KOHCTPYKIHMOHHBIX —CTaleH.
BwMmecre ¢ TeM cieayeT OTMETUTb, YTO U IIPH IPUMEHEHUN
JIECTEXOMETPU30BaHHbIX (DIIFOCOB HCXOJHBIH COCTaB
MOCJIETHUX B 3HAYUTEIHHOM CTENEHM BIMAET HA CKIIOH-
HOCTb BBIOPaHHON MapKH CTald K OOpa3oBaHMIO BOJIO-
POJHBIX TPEIIUH.

BeiBoabl. C yueroM (hopM CyIIecTBOBaHHS BOAOPOJa
B JKeJle3e pa3paboTaHa OpUTrHHAIbHAs METoAHKa (110 ma-
pametpy Dy) KOIUYIECTBEHHOH OLICHKH (JIOKCHOYYBCTBHU-
TENbHOCTH KOHCTPYKIMOHHBIX CTaJeH.

B mpou3BOACTBEHHBIX YCIOBHAX HCCIIEAOBAaHO BIIHS-
HHE CTENEHH BOCCTAHOBUTEIBHOHN JECTEXMOMETPHU3ALUU
¢mocoB AH®-6 1 AH®D-32 (3aaBacMoii BBe/eHHEM B
HHUX DPa3JIMYHbIX KOJMYECTB ANIOMHHHUS WIHM LIEpUs) Ha
(IIOKEHOYYBCTBUTEIHLHOCTh MEPEILIABIISIEMON CTaIM Map-
Kk 15X3HM®A B 1UTOM COCTOSHHHU. Y CTaHOBJIEHO, YTO
npucajgka K (iarocaM BOCCTAHOBHTENEH B KOJIMYECTBE
0,08...0,16 macc. % mno3BOJSIET CHU3UTH (IIOKEHOUYB-
CTBUTEIHHOCTh CTAJIM B 2...3 pasa IO CPaBHEHMIO C IPO-
neccamu DIIIT Ha oObraHBIX (urtocax. OOHapYKEHO TaK-
K€, YTO MPU PaBHBIX CTENEHAX JECTEXHOMETPU3ALMU
cnenn(UIHOCTh yKa3aHHOTO 3((eKTa 3aBUCHUT OT COCTa-
Ba ¢urtoca. PesynpTaTraMu ONBITHBIX TUIABOK C BBEJICHHEM
B UCXOJHBIE IUIAKOBBIE pacIUIaBbl (Ha OCHOBE (DIIOCOB
AH®-6 1 AH®-32) ¢dropuna CeF; m mepus mo xoxy
OIIIT moxaTBep aeHO, YTO (PIOKEHOUYBCTBUTEIBHOCTh
MeperUIaBIsieMbIX KOHCTPYKIMOHHBIX cTajner (15X3MDA
n 40XH) onpenensercs OCTaTOYHBIM COJEPXKAHHUEM B
nocieanux nepusd. OHaKo, 3Ta 3aBUCUMOCTh HMEET SIBHO
BBIpaKEHHBbIE MHUHUMYMBI, MOJI0)KEHHE KOTOPBIX CBS3aHO
KaK C COCTaBOM IEpPEIUIaBJIsieMOro MeTajlla, Tak M C CO-
CTaBOM HCIOJIB3YEMOro (uIoca.
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Brem V.V., Kozhukhar V.Ya, Savich S.L., Buga S.P., Dmitrenko I.V.
Electrochemical doping of remelted steels by hydride elements
Abstract. The task of obtaining high quality steela is not always achieved in ussual steel-melting aggregates of traditional metallur-
gy. In this connection the methods of additional treating of ready steel are intensively developed. One of such methods is the method
of electroslag remelting (esr). However, the practical usage of this method, both in metallurgical and machinery industry, has re-
vealed that in some cases the electroslag remelting of steels is accompanied by significant additional hydriding. This circumstance is
still holding back widespread usage of esr method for remelting of many structural alloy steels with increased flakes sensibility (i.e, a
tendency to form hydrogen cracks — so-called flakes). In the work the relationship between the degree of destoichiometrization of
flux melts AH®-6 and AH®--32 and flakes sensibility of remelted steel 15X3HM®A in the molten state in industrial conditions is
evaluated. Given the forms of existence of hydrogen in iron the original method (by the parameter ®u) of quantitative assessment of
flakes sensibility of structural steels was developed. In the production conditions the effect of degree of reduction destoichiometriza-
tion of fluxes AH®-6 and AH®-32 (defined by incorporation of different amounts of cerium or aluminum) on flakes sensibility of
remelted steel 15X3HM®A in the molten state was studied. It was established that additive of reduces to fluxes in an amount of 0.08
... 0.16 wt. % allows to reduce flakes sensibility of steel 2 ... 3 times as compared with the esr processes in usual fluxes. It was also
found that at equal powers of destoichiometrization the specificity of this effect depends on the composition of the flux. With the
results of experimental melts with the introduction in the original slag melts (based on flux AH®-6 and AH®-32) of fluoride CeF3
and cerium during the esr it was confirmed that flakes sensibility of remelted structural steels (15X3M®A and 40XH) is determined
by the residual content of cerium in them. However, this relationship has clearly expressed minima, whose position is due to both the
composition of remelted metal, and the composition of the used flux.

Keywords: hydrogen, flux, melt, composition, steel, flakes sensibility.
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bpem B.B., Koxscyxap B.A., Casuu CJIL., byza C.II., /Imumpenko I.B.
JecopOuist BoaHIO i3 iirociB GPTOPUIHO-OKCHIHUX CHCTEM

bpem Borooumup Bikmopoeuy, kanoudam XiMiuHUX HAYK, O0YeHm, OeKaH XiMIKO-MeXHOI02I4H020 (haKyibmemy
Koorcyxap Bonooumup Axosuy, 0okmop mexHiunux Hayx, npoghecop, 3a6ioyseay xagheopu

Casuy Ceamocnag Jlaspenmitiosuy, KAaHOUOAM XIMIYHUX HAYK, OOYeHMm

byza Ceéimnana Ilempisua, cmapwuii suxkiaday

JImumpenko Inna Bikmopiena, cmapuiuii guxiaoay

Ooecwvruil HayionanbHUl noximexuHiunull ynigepcumem, m. Odeca, Ykpaina

AHorauis. TepmiuHa gerasaiisi IPOMHUCIOBUX IPaHYJIbOBAaHUX (UIIOCIB B PeXHMi O€3MepepBHOTO MiABUILICHHS TEMIIEPAaTYpHU SIBISE
c000I0 TOCTIJOBHHH PsA cTajiil TepMidHOI Jerasarii pi3HUX (OpM ICHyBaHHS B HUX BOJHIO. Y BIIIOBIIHOCTI O BUMOTH 3a0e3Ie-
YeHHs MOBHOI JecopOuii BoxHIo 3 dropuaHo-okcuaaux ¢urocis EIIT mimiTyrodoro crafieio mporecy TepMidHOI aerasamii BUSBIIS-
€Thesl ocTaHHs ctafist. 1ilf cTanii BigmoBinae o0acTh MaKCUMaIBHUX TEMIIepaTyp Jerasaiii. BctaHoBIIeHO, O B il 001acTi TeM-
neparyp, BU3HaU€Hil JJIs1 KOKHOT Mapku (Tocy, 3 (IIFoCiB BUAUISIOTHCS PO3YMHEHI B HUX BOJCHBEBMICHI rasu. 3 BpaxyBaHHIM Tep-
MOJMHAMIYHUX 0COOIMBOCTEH POZYMHEHHS BOAHIO B (PTOPHIHO-OKCHIHHUX PO3IUIABAX 1 3 ypaxyBaHHIM OCOOJMBOCTEH MPOMHUCIOBOT
TEXHOJIOT1] BUIIIaBkH Ta rpanysuii ¢mocis ELII 3 ocTaHHIX HOBUHHI BUAUIATHCA B pa3i TepMid4HOi AecopOIlii, B OCHOBHOMY, TaKi
BozeHbBMicHI rasm, sk HyO, HF, HCI ta H,. ocmimkeHHs KIHETUKH TEPMIiYHOI JerigpaTamii 1 Aera3amii BOJCHFBMICHUX CIIOIYK 3
rpaHy’ QUIIOCIB Pi3HUX PO3MIpPIB BUSBUIIO, IO BiTHOCHHUHN PO3MOALT BOJHIO Pi3HUX (OPM HOTO iCHYBaHHS (KPHCTAJIOTiAPATH, T1IPOK-
CHIM | pO3YMHEHUH BOJEHB) IUIsl JaHOI MapKy MPUOIN3HO OJHAKOBHH y BCiX (pakuisx. PozunHeHi y ¢a30BUX CKIamoBUX (IIOCiB
BOJICHBBMICHI Ta3u BUAULIIOTBECSA B 00JacTi Temmepatyp Bumux 3a 650...700 °C. JIiMiTyr0uuM eTaroM 6araTocTaiiHOTrO MpoIecy
TEPMIYHOT Jerasailii (GTOPUIHO-OKCUIAHUX (ITIOCIB € MecopOllis pO3UMHEHUX BOJACHBBMICHUX ra3iB 3 KPUCTATIYHHX 1 CKIOMOIOHIX
(a3 rpaHyI. 3a TONOMOTOI0 KIHSTUYHHX KPUBHX TEPMIUHOI JecopOIiii BOIHIO B i30TEpMIYHOMY PEXUMi I (QIIFOCIB PI3HUX MapoK
BU3HAUCHA CTYIiHb JACCOPOIT BOJHIO 32 PI3HUX TEMIICPATYp.
Knrwuoegi cnosa: 600enn, enekmpouliakoguil nepenias, goc, decopoyis, oeciopamayis, 2iopamayis

Beryn. Bimomo, mo oTpuMaHHS BHCOKOSKICHHX CTajedl  HHM BIDIMB 0araTo pi3HUX TEXHOJIOTIYHHX OCOOIHMBOCTEH
MeTonoM enektpouutakoBoro neperaBy (ELUIT) 3i 3uu-  muaBku. HaiiGinble BayIMBOIO 3 HUX SIBIISIETHCS Mapka (a
KEHUM BMICTOM BOJHIO SIBIISIETBCS CKJIQJHOKO 3a/lauelo B 3arajbHOMY BHIJKY — CKJIaJl) 3aCTOCOBAHOTO (IIIOCY.
4yepe3 HOro WIKIIJIMBHH BIUIMB HA SIKICHI BJIACTHBOCTI Mera. BuBunty HaiiOuIbII 3araibHi XapaKTEPUCTUKU
craineil 1 ciaBiB. Uepes 1ie BUMOIOIO CTANCIUIABMIBHUKIB — TPOIIECIB JeriapaTarlii i rigpararii BiIHOCHO 10 CTaHIap-
SIBISIEThCSL PO3pOOKa TaKMX TEXHOJOTIYHMX MapaMeTpiB  THHUX TpaHylboBaHUX (uiociB mapok AH®-1, AH®-6,
neperiaBy, ski 0 JA03BOJIMIM OTpUMYyBaTH Mertan 3 Hail-  AH®-29 i AH-291, ski 3aCTOCOBYIOTbCS Y MeTalypriii-
MEHIIMM BMICTOM BOJHIO. BHACHiZOK TOrO, 0 NeperuiaB  HOMY BUPOOHHITBI €JIEKTPOLILIAKOBOTO MeperiaBy.

CTajl 3IIMCHIOETBCS B CHCTEMI rasz-¢iaroc-meraln, HEoO- IIpoBeneHHnsi ekcnepuMeHTY Ta OOrOBOPEHHS pe-
XiJIHO BHBYATH B3a€MOJIII0 BUILE BKa3aHUX (a3 B yMOBax  3yJbTaTiB. CroYaTKy BHBYWIM IIOBHOTY i MIBHAKICTBH
BUCOKHX TEMIIEpaTyp. BUJIUJICHHS] BOAHIO 3 JOCTIPKYBaHUX (IIIOCIB 3a TeMmepa-

TexHomoriuHa mepeicTopis cTanmi B Bedmkid Mipi Bi-  typum Bixm 200 mo 1200 °C. [lerasamist ¢urociB (HaBaXka
nmobpaxaeTsest Ha i prnokeHouyTnmBOCTi. Takox Bimomo,  Macoro 0,5 r) 3xilicHIOBasIacs B MMOTOKY a30Ty, OYUIICHOTO
[0 TOYaTKOBHI BMICT BOaHIO B ¢uitocax EIIIIl B Oara-  BiJ KHCEHbBMICHHX Ta3iB MPOMYCKAHHSAM HOro depes
THOX BHIQJIKaxX 3/iHCHIOE BU3HAYaJbHUIl BIUIMB Ha Horo  ryOuactuii Tutan 3a 700 °C. KoHBepTyBaHHS BOAECHBBMI-
KOHIICHTPAIIO B TIEPCILIABIIEMOMY METaJII. cuux rasis (H,O, HF, H,S, HCI), mo Buginuucs 3 npo-

®ditrocy, sIKi BUKOPUCTOBYIOTHCS B pa3i eCKTPOILIAKO-  JKapeHuX (uitociB, y eauny ¢hopmy H, 3midicHioBanocs 3a
BOTO MEpeIUIaBy MOTJIMHAIOTh BEJIMKY KUIBKICTh BOASHOI  JOMOMOTO CIEHIalbHOT po3po0biieHoi mirarypu. ITokasa-
nmapu 3 arMmoc(epH, BMICT BOAM B HUX MOXKE JOCATaTH  HO, IO HAWCKIAAHIIIE 3 TPaHyJIbOBaHUX (TOPUIHO-
0,2...0,5 mac. % [1]. IIpu posmnaneni Takux ¢unocie  oxcuaHux rocis ELIIT (B pasi ix Tepmiunoi merasarii B
METOJIOM €JIEKTPOIIAKOBOTO MEperiaBy BoJa, sIka MOr-  MOTOKY ra3y HOCIS pexXuMy Oe3NnepepBHOTO MiJBUIEHHS
JMUHAETHCS TBEPIAUMH (PIIFOCAMHU B 3HAYHIN Mipi Mepexo-  TeMIepaTrypu BUAUISIOTHCS PO3YMHEHI B HUX BOJCHBBMi-
JUTh y (IIrocoBHi po3IuiaB, a Jlaji BHACHiJOK Mik(pa3-  cHi rasu (B ocnoBHomy HF, H,, H,S, H,O, HCI). Tunosi
HOTO PO3MOJITY — Yy pikuil MeTan. 3a paXyHOK BHECEHOI  KpHBi Jerasaiii ¢uiociB 300pakeHi Ha PHUCYHKY, TEPMO-
¢rocaMu BOJIOTH, BHHUKA€ HABOJHEHICTh MeTaly, IO  KiHETWYHI KPHBI Jera3ariii 3BUYaifHuX (PIFOCOBHX IpaHyI
ABJSIETBCS TIPUYMHOIO YTBOPEHHSA BOJHEBUX TPIMMH  (KpuBi 1) y CIiBCTaBIIGHHI 3 TAKMMH , IO MTPOMIILIH ITOTIE-
((brokeHiB) i ra3oBMX IOpP y MPOMHUCIIOBHX BEIMKUX 3IMT-  pEIHIO Aerasamiro (sxa 3a0e3reuye MOBHE BUIIJICHHS 3
Kax CJICKTPOIIJIAKOBOI'0 MEPEIIiaBy, a TaKOX y BI/IpO6aX, HUX yciX (bopM BOJHIO, B TOMY LII/ICJ'Ii p03‘{I/IHCHOFO)

1O BUTOTOBJIAIOTHCS METOJIOM €EKTPOULIAKOBOTO JIUTTS. | [oRTOpHY TiApaTAlilo B BOJIOTOMY MOBITPi (KpH-
Juist 3anobiraHHst YTBOPEHHIO TAaKHX NS(EKTiB y BHPOO- o 2)

HU4YUX YMOBax HalJacTile 3aCTOCOBYIOThH MONEPCIAHIO

Jeriziparanito (UIIOCIB IIIIXOM NPOXAPIOBaHHA iX Ha 6 6
noBiTpi [1, 2]. [IpoTe B psiai BUNaakiB e MeTo] BUSABIIS- HIO B 06paHuX MPOMMCIOBHX (iocax Gymu oTpu-

€Tbcsl MaOeEKTUBHIM. 3 ypaxyBaHHsM 11b0r0 Mokaupo ~ MaH! BHACIIOK BUBHYCHHI TEPMOKIHCTHHHUX KpH-
OyJI0 NIPUITYCKATH, IO Ha ()IOKEHOYYTIMUBICT cTali ene-  BHX JcTasalll ¢mociB y motowi azory (AuB. pucy-
KTPOILIAKOBOI TEXHOJIOTIi TOBUHHI 3IHCHIOBATU IIOMIT- HOK).

JonatkoBi BijoMocTi Ipo GOpMH iCHYBaHHS BO/I-
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Pucynok. KineTnuni kKpuBi TepMidHO1 1ecopOiii BogHIO B pexuMi O6e3ynuanaoro HarpiBanHs (20 °C/xB.): a — (AH®D-1), 6 — (AH®-

rigparanii Ha Bosloromy HoBiTpi (2)

JocmimkyBaHuid 3pa30K HarpiBaJId BiJ KiMHATHOI TeMITe-
parypu mo 1000...1200 °C 3 TOCTIHHOI IIBHAKICTIO
nigsumeHas Temiepatypu 20 °C/xs. OTpuMaHi TepMOKi-
HETHYHI KPUBi, JOCHTIDKYBaHUX y poOOTi (rociB, Bimo-
Opaxanu TmporecH JerifpaTamii (QrociB  (BUIANICHHS
a71copOoBaHOi 1 3B'I3aHOT y KPUCTAJIOTIAPATH 1 TiIPOKCH-
JId BOJIM) 1 ferasariil (BUIIJICHHS 3 (IIIOCIB PO3UUHCHHX Y
HUX BOJCHBBMICHUX Tra3iB). 3 IOCIHiKyBaHUX (IIOCIB
BOJICHBBMICHI Ta3W BUAULAINCS B pa3i HarpiBaHHSA HEpPiB-
HomipHOo. Ha kpuBux( pHCYHOK) MOXKHA BHAUIUTH IO
JeKiJIbKa MmiKiB. Bigomo, 110 OCHOBHOIO BOJEHLBMICHOIO
crnonykoro y ¢urocax € Bosa. ToMy NpUPOAHO NPHITYCTH-
TH, MO pPI3HOMAHITHAM TIiKaM KpPUBUX BiJIIOBiJAOTh
pi3HOMaHITHI (OPMH 3B'S3aHOT y (uItOCax MOJIEKYJISIPHOT
BOJM. Y 3araJlbHOMY BUIIJIKy YHCIIO ITiKiB HA TEPMOKiHE-
TUYHHUX KPUBHX HE 3aBXKAM JIOPIBHIOE YHCITYy Pi3HOMAHIT-
HUX (opM 3B'SI3aHOT BOJHM, OCKIJIBKM KPHUCTAJOTiApaTH i
JIesiKi TIIPOKCUAN B pa3i Oe3ymMHHOTO HarpiBaHHS PO3K-
JIAIaI0ThCS, K MPaBWIIO, Y IeKiiabKa cTamin [1].
Jlabopatopre mocmimkeHHs ¢umociB Mapok AH®-1 i
AH®-6, mpoBeieHe 3a A0MOMOTO0 iH(paYepBOHOI CIIEK-
TPOCKOTIi ITOKa3anw, 110 3B'A3aHil y Grocax MOIEKyIIp-
Hil BOoAl BIANOBIAarOThL 00JacTi T BaJE€HTHUX KOJIMBAHb.
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[Ipu oMy WNKOM 3aIOBLTEHE OTPUMAaHHA IHX (popm
CIIOCTEpiraiocss NpH TMPHUTOTYBaHHI 3pa3Kka Ui JOCIi-
JUKEHHS Y BHIIBIII KOJOITHOT CHCTEMH (CYCIIeH3ii) TOHKO
po3apiObHeHOTO (rocy y BasemiHOBiH ouii. Bracmimok
nociipkeHHs GurociB Mapok AH®-29 1 AH-291 nHaniitHOl
BIZIIIOBIAHOCTI He Oyio mocsarayTo. Lls obcraBuHa mOB's-
3aHa, 0YEBHIHO, 3 TUM, 10 (iarocu mapok AHD-29 i AH-
291 O6inpmr ckJaaHI 32 XIMIYHEM 1 (Ga30BUM CKJIaJTaMHU
(muB. Tabn. 1) i B rigpaTOBaHOMY CTaHI MICTATh BEJIHKY
CyMapHy KiJbKiCTh Pi3HOMaHITHUX BOJEHBBMICHUX CIIO-
TyK (KpHCTaJIOTiApaTiB 1 T1APOKCHAIB) 1, MOKIMBO, aaCco-
p6oBaHoi Bonmu. BimHecenns ¢opm 3B's3aHOl BOmm Ta Il
MOJIEKYJT IS BCIX JOCIHIIPKYBaHUX (DIIFOCIB TaKOXX HEHa-
IiHE.

Cwmyru nornuHanHs B [U-cekrpax ¢urocis, xapakrep-
Hi JUI1 pi3HOMaHITHHX (OPM BOJH, Ta BIANOBITHO IO
mitepaTypHux aaHux [1, 3], Moxxe BinHoBizaTH pi3HOMa-
HITHUM KpHCTaJoTiApaTaM i Tigpokcuaam, a takox H,O
azcopOoBaHiii oBepxHEw 1 Kaminspamu. HaxiiiHa imeH-
tudikamis mux GopMm Boau y ¢urocax 3a gornomororo Y-
CIEKTPOMETPA 3 CEPEAHBOI0 3IATHICTIO MPAKTHYHO HE
3I1MCHEHA.
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Ta6mmus 1. Xapaxrepucruka (irociB JOCIHKEHUX y poOOTi
Mapku [ Po3mip Cryninb Cxian dasu Bwmicr Crpykrypa dasu 3aranpHa CTpyK-
¢urociB °C rpaHyl, |3aKpHCTaIi30BaHOCTI, ¢asu, TypHa XapakTepH-
MM % 00. % ctuka Qurocy
AH®-1 1400 | 0,3...1,5 100 CaF, 90 Kpucraniuna
Hesuznauena 10 =4 [omnixpuc-
¢aza TaJNiyHa
AH®-6 1420 | 0,2...2,0 70 CaF, 40 Kpucraniuna
Cxkio - — Kpucramm i ckino
3Ca0-AlL,0; 20
Ca0-6Al,0, 7 Penrtrexo-amop¢ua
HeBuznaveHna ¢asa 3 -
Kpucraniuna
AH®-29 1200 | 0,3...3,0 70 CaF, - Kpucraniuna
Cxkio - — Curan
Hesnznavena ¢asa - Penrtrenoamopdna
AH®-291 | 1440 | 0,3...3,0 75 5Ca0-3Al,04 35 PentreHoamopdna
Cxiio 25 -
MgO-Al,0O4 20 PenrreHoamopdua Curan
MgO-CaF, 10 Kpucraniuna
Ca0-6Al,0, 7 Penrtrenoamopdna

Juist BCix JOCHiKYBaHUX Y poOOTi (hiIrociB 3aranbHu-
MH € TiK{, IO BIiJNOBIAAIOTH TEeMIepaTypaM OJHU3bKO
60...100 1 160...180 °C. Ha yacTtky BigmoBimHux (opm
BojaM B 3araii mpumnaznae Bin 3 mo 10 % BomHIO, 110 BUI-
TAETBCS 3 (QIIOCiB (PUCYHOK). BBakaeTbes, 1m0 HasiBHI
MKKA BiAMOBiNalOTh KamipstpHO (miku 3a 60...100 °C) i
moBepxHeBo (miku 3a 160...180 °C) agcopOoBaHill BOI.
TakuM 9uHOM, BOAA, IO NMPUCYTHA Yy (pirocax y mux ¢o-
pMax, BUIAISETHCS BXKE 32 HU3BKHX TEMIIEpaTyp MpoXKa-
proBaHHs. 3 maHuX Tabi. 1 odeBmaHO, mo Bxke 3a 200 °C
BOJla BHMIAISIETbCS 3 (UIIOCIB JIOCUTH MIBHAKO, a 3a
230...300 °C crocTepiraerbcsi IPakKTU4HO MOBHE ii BUa-
JIGHHS 1 TOMY ajzicopOoBaHa BOJla HE MOXE B 3Ha4HUX
KIJIBKOCTSIX TEPEXOAUTH B PO3IUIAB B pa3i pO3ILIABIIIO-
BaHHs (UIIOCIB Iepes IUaBKow. BupanenHs ajacopOoBa-
HOI BOJIM B pa3i NpoXaproBaHHs (IIIOCIB HE MOXKe CYIpO-
BOJKYBaTHUCS IMPOIECaMH MipOTiApoii3y (TOpHIB i Imo-
B'A3aHUX 3 UM BTpaTaMu (arocaMud (TOpy, OCKIIBKA
MPOTIKaHHSA MPOIECIB MIPOTiAPOII3y BUMAara€ BiTHOCHO
BHUCOKHUX Temriepatyp [3].

ExcriepumeHTanbpHa TepeBipka MUX MNPHITYIIEHb Oyna
MITBEpKEHA CeliaIbHUMU Aociiiamu. st [boro st
onHi€el ¥ Tiel xk ¢pakuii oOpaHuX NapTiid GIIIOCIB piZHUX
MapoK OyJH, 3a MPUAHATOI0 METOIUKOI0, OTPUMAaHI KPUBI
TEPMOKIHETHYHOT JecOpOIlil 3 HUX BOMHIO JJISI ABOX BU-
MaJKiB — y 3BHYaHOMY CTaHi (CBKHX NPOMHCIIOBUX
(rociB) Ta TOBTOPHO TiApaTOBaHUX (IIFOCIB MiCIs TOTe-
penHpoi iX moOBHOI Tepmiunoi aerasamii. IlomepenHio
Jierazanito (JIIOCiB B OCTAaHHBOMY BHIIAJIKY NPOBOJHIH B
MOTOI BHCYIIEHOTO ra3y-Hocis (a30Ty) nporsiroMm 1 rox.
OXOJOIKEeHHS J1era30BaHuX (IIIOCIB 10 KIMHATHOI TeM-
nepaTypy 31iHCHIOBAIOCS TaKOX B MOTOLIl ra3y-Hocis 0e3
posrepmeru3anii ycTaHOBKH. /{1 TOBTOpHOI rimparamii
Jera3oBaHux (JIIOCIB OCTaHHI po3MmilryBaiauch Ha 60
TOJMH B CIIeIialbHi CKIISHI OIOKCH, B SIKMX IMiJTPUMYyBa-
mack 100 % BomoricTh MOBITPS 3a KIMHATHOI TeMIepary-
pH.

CriBcTaBiieHHS KPpUBHUX | 3 KpUBUMH 2, 300paKeHUMHI
Ha PHUCYHKY Julsi BCiX mociimuHux Mapok ¢uocis EIII,
JI03BOJISIE 3pOOMTH BUCHOBOK, 1110 BUAUJICHHS PO3UMHEHHX
B (ha30BUX CKJIAIOBUX (UIIOCY BOJCHBBMICHHUX Tra3iB CIIO-
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cTepiraeTbes B obsacti Temmeparyp Bix 700 go 1100 °C.
B nanomy Bumnanky BimHocHo jierko (3a 700 °C) BomeHb
BunisieTbest 3 urocy AH®-6, a 3 HallOLIbIIMMU TPYA-
Homamu 3 ¢utocy mapku AH®-29 (3a 1100 °C). Otpu-
MaHHH pe3ynbTaT (JuB. pHC.l) eKCIIEPUMEHTAIBHO MiJT-
BEp/Ky€ BHCIIOBJIICHE DaHillle MPUITYHOICHHS, M0 HanOi-
TBIIOT TEPMIYHOI aKTHBaMii MOTPEOYIOTh MPOIECH BHIA-
JEHHSI 3 IPOMUCIIOBUX T'PaHYIbOBAHUX (PIIFOCIB PO3UMHE-
HOi YaCTMHU BOAEHBBMICHHX CIIONYK BOJHIO, IO Mic-
TUThCA B HUX. CaMe 1 cTafis B OaraTocTamiitHOMy Tpo-
Heci BHUSIBISETHCS JIIMITYIOUOI B BHNAQJAKY TEPMIYHOT
nerazauii propunHo-okcunHux Qarocis. IToBHOTY BHaa-
JICHHsI PO3YMHEHOro B (uItocax BOJHIO B 3HAuHIH Mipi B
bOMY BUIaKy OyZe BH3HAuaTH PiBEHb MOYAaTKOBOI Ha-
BOJIHCHOCTI PO3IUIABJCHOTO B KpHCTaiizaropi (irocy B
Bapianrtax EIII 3 TBepanuM cTapToMm.

Crymiee nmecopOuii BOAHIO 3 (HTOPHIHO-OKCHIHHUX
¢mrocie EIIIT 3a pisHUX Temreparyp IpOKaplOBaHHS B
nporo4Hid ocymeHid armocdepi azory (3a Ppp, =0,1
MIla) Bu3Ha4YeHa B Iiif poOOTI TAKOXK METOIOM i30TEepMi-
YHUX BHTPUMOK (PITIOCIB, AKi Jnera3yroTbes. Dirocu B miid
cepii ZOCIiIiB BHKOPHCTOBYBANHUCS 0e3 MOMEpeaHbOTO 1X
po3ciBy, TOOTO 3BHYAHOTO T'PaHyJIOMETPUIHOTO CKIIALy.
Pesynbratu 1iiei cepii mocmimiB HaBexeHi B Tabmwii 2.
Jani Tabn. 2 MatoTh Oe3nocepeiHe MPAKTHYHE 3HAYCHHS
— 3 iX JIONOMOTOI0 JIJIS T’ SITH HAOIIbII IMHUPOKO 3aCTOCO-
BaHMX B MPOMHCIIOBOCTI €IEKTPOILIAKOBUX (IIFOCIB st
3aJaHUX TEMIIepaTyp MOXYTh OyTH BHW3HA4€HI TpaHUYHI
3HAUEHHSI CTYINEHIO TepMidHOi JecopOrii BOAHIO 3 HHUX
TIPY MPOXKapIOBaHHI B BUCYIIEHIH MPOTOYHIH atMocdepi.

BinsnadeHo, 110 MpoBeeHHsT MPOKaploBaHHS (IIIOCIB
Ha BIJIKPUTOMY HOBITpi He 3a0e3reuye HaBeJIeHUX B TaOJI.
2 piBHIB iX Jerasaimii BHACNIJOK B3aemomii (irociB 3 Bo-
JsiHOI0 Taporo. OcTaHHI MOXKYTh OOMEXKYBAaTH — MEXY
JecopO1rii BOJAHIO B HUX HaBiTh 3a IMOPIBHSHO BHCOKHX
TeMIlepaTyp 4epe3 MOXKJIMBOCTI MOsBU y (iirocax cyTre-
BOi 3aJIMIIKOBOT HABOJHEHOCTI, TIOB’SA3aHO1 3 TEPMOIHHA-
MigHOI0 po3umHHicTIO H,O Ta HF B TBepamx xpucramiy-
HUX Ta CKIOMOAiOHMX (azax (GTopuaHO-OKCUIHUX (iTto-
cie [1, 3].
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Ha moxuuBicTh icHYBaHHA y (imrocax, siki MposKapeHi
Ha TIOBITpi, 3aJWINKy HABOJHEHOCTI BKa3yIOTh MpPsMi
BKaziBkHu B pociimkenHi [3] Kpim toro, B pasi mpoxapro-
BaHHS (IIFOCIB y BOJIOTOMY TIOBITPI 32 TEMITEPATypP BHIIUX
500 °C oTpuMyIOTh 3HaYHHI PO3BUTOK IPOLECH iX Mipo-
TiApOoi3y 3a CXeMaMH:

B pasi npoxaproBanHs (HITIOCIB, TIPOTiIPOII3 MOXKE
TIPU3BECTH JI0 3HAYHOI BTPATH B HUX QTOpHAiB (~ Ha 2 —
10 mac. %), mo, 6e3cyMHIBHO, MOTIpIIye €KOHOMIUHI Ta
€KOJIOTi4HI TIOKa3HUKH BCHOTO TEXHOJIOTIYHOTO IIPOLECY
MeperuiaBy MeTainy. 3 BpaxyBaHHSM BigMmiueHHX oOcTa-
BUH MOKHA BH3HATH JOLUIBHAM HPOBEICHHS TEPMIidHOT
Jerazauii (JIIOCIB B OCYIIEHMX NMPOTOYHHUX YU LUPKYJIS-

(CaFz)pn + (Hz0)ra: = (Ca0) g + 2(HF) 1 (1) LIITHUX HEUTpaTbHUX T'a30BHX CEpelOBHINAX abo y Baky-
(MgFZ)d)JI + (HZO)raz = (Mgo)(bn + 2(HF)ra3- (2) yMl
Ta6mus 1. Xapakrepuctruka (irociB JOCIIDKEHHX Y poOOTi
Po3mip Cryninb Bwmicr 3aranpHa CTpyK-
Mapxku Ui . .
{miocis oC TpaHyl, |3aKpHCTai30BaHOCTI, Cknap dasu ¢asmy, CrpykTypa dasu TypHa XapaKkTepu-
MM % 00. % cTuka Qurocy
AH®-1 1400 | 0,3...1,5 100 CaF, 90 Kpucraniuna
Hesuznauena 10 = [omnixpuc-
¢aza TaJiyHa
AH®-6 1420 | 0,2...2,0 70 CaF, 40 Kpucraniuna
Ckio - — Kpucram i ckio
3Ca0-Al,03 20
Ca0-6Al,0, 7 Penrreno-amopgna
Hesu3snauena daza 3 -
Kpucraniuna
AH®-29 1200 | 0,3...3,0 70 CaF, - Kpucraniuna
Cxkio - — Curan
HeBusnauena ¢aza - Pentrenoamopdna
AH®-291 | 1440 | 0,3...3,0 75 5Ca0-3Al,04 35 PenTreHoamopdna
Cxiio 25 -
MgO-Al,0O,4 20 PenrtreHoamopdua Curan
MgO-CaF, 10 Kpucraniyna
Ca0-6Al,0, 7 Penrtrenoamopdna

[pore, B ESIKUX BHUIA/IKaX MOJIMBE BUKIIFOUSHHS I0-
NepeHbOro IpoxaproBanHs ¢uitoci. [y 00poOku cra-
JIel, 110 MaroTh MiJBHIICHY CXWIBHICTH JO YTBOPEHHS
BOJIHEBUX TPIIMH, MOXYTh OYTH BUKOPHCTAaHI JIMIIE Ti
¢urocu, WO TOMEPeIHbO PO3CisSHI Ha OKpeMi (pakiii,
BMICT BOJHIO B SKHX JOCTaTHHO HU3BKWI. Dpakiii 3 mij-
BUILCHOIO HAaBOAHEHICTIO MOXYTh BHKOPHCTOBYBATHCS
TakoX 0e3 MoINepesHbOro MpOosKaploBaHHS Il PoOOTH 3
OUThINI CTIHKAMH 10 BOIHIO MeTajnamu, (HAMpHKIad, 3
ayCTEHITHUMH HEp)KaBiIOUMMHU cTaysiMu). Takuil cesex-
TUBHMH MIJXiJ] 10 BUKOPUCTAHHS I'PaHyJIbOBAaHUX IIPOMHU-
CIOBHX (UIIOCIB MOXeE OyTH pPO3MIMPEHHH 1 ULIIXOM
OKpEMOT0 BHKOPHCTAaHHS pi3HHUX maprTiit dirocy onHiel i
Ti€l K MapKy, KOJUBAHHA B HABOJHEHOCTI SKHUX TaKOXK
Beiwki [1]. s copTyBaHHA pi3HHX MapTid Ta ¢pakmii
¢urOCiB 3a CTyHEeHEeM IX HaBOIHEHOCTI HEOOXiTHa JHIe
JI0ZIATKOBA OpraHizamis aHanizy (JIIOCIB Ha BMICT B HUX
BOJTHIO.

BucnoBku. [lokazaHo, mo TepMidHa aerasaris Ipo-
MHCJIOBUX I'PaHyJIbOBaHUX (IIOCIB B pexxumi Oesnepeps-
HOTO TiJBUIIEHHS TeMIepaTypH SBISE cOO0I0 MOCHTIIOB-
HUH psAn craniii TepmiuHOoi merasamii pizHUX (GopMm icHY-
BaHHS B HMX BOJHIO. Y BIAMNOBIZHOCTI 10 BUMOTH 3a0€3-
MIeYeHHS TIOBHO1 JiecopO1ii BOIHIO 3 (PTOPUIHO-OKCHIHIX
¢mocie ELIIT mimiTy:09010 cTamieo mporecy TepMidHOT
Jerasariii BUSIBIIIETbCS OCTaHHs cranid. L{ii cTaxaii Biamo-
BiZlae 00JIaCTh MAaKCHMaJbHUX TEMIIepaTyp jerasarii
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(pucyHok). BcranoBneHo, 1m0 B 1ii 00iacTi TemMmeparyp,
BU3HAYCHIN sl KOXKHOI Mapku uitocy, 3 QuItociB BUi-
JSIIOTHCSI PO3YMHEH! B HUX BOJICHBBMICHI ra3u. 3 Bpaxy-
BaHHAM TEPMOANHAMIYHUX OCOOJIMBOCTEH PO3UMHEHHS
BOJHIO B (DTOPHUIHO-OKCHAHMX PO3IUIAaBaxX i 3 ypaxyBaH-
HSIM 0COOJIMBOCTEH POMHUCIIOBOT TEXHOJIOTIT BUIUIABKH Ta
rpanysmii ¢urocis EII 3 ocTaHHIX TOBHHHI BUIIIATH-
csl B pas3i TepMidHOi JecopOiIlii, B OCHOBHOMY, TaKi BOJe-
HbBMicHI ras3u, sk H,O, HF Ta Ho.

TakuM 4YMHOM, BUBUCHHS KIHETHKU TEPMIuHOI JecopO-
1ii BOJAHIO i3 IpaHyJ Pi3HUX PO3MIPIB BHUSBUIIO, IO Bij-
HOCHMH pPO3MOJIJI BOJAHIO 3a pi3HUMH (dopMamu Horo
iCHyBaHHS (KpUCTAJIOTIIPATH, TIAPOKCUIN I POZYMHEHHH )
JU 1aHoi MapKu (IIOCY MPHUOJIM3HO OMHAKOBHU Yy BCIiX
(bpakmisx.

[MTokazaHo, 1m0 po3unHEeH] y (a30BUX CKIATLOBUX (IO~
CiB BOJEHLBMICHI Ta3W BHIIAIOTHECS 3 HUX B oOJacri
temriepatryp Bummx Hix 700 °C. BeraHoBieHo, o JiMi-
TYIOYMM €TalioM 0araTocTaJiifHOro mporecy TepMidHOI
nerasamii - QTOPUIHO-OKCHIHUX (IIOCIB  BHUSBIIAETHCS
JlecopOIIisi pO3UNHEHUX BOJCHBBMICHHX Ta3iB 3 KpUCTAIi-
YHUX 1 CKIomoAiOHuX (a3 rpaHys. 3a JOMOMOTOI0 KiHe-
TUYHUX KPHUBHX Jeras3amii B i30TepMIYHOMY peXuMi iHTe-
pBairy 900...1200 °C gns ¢oarociB 'STH Pi3HUX Mapok
BH3HAYEHO CTYMiHb JecOpOIlii BOAHIO 3a Pi3HUX TemIepa-

TYp.
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Brem V.V., Kozhukhar V.Ya, Savich S.L., Buga S.P., Dmitrenko I.V.
Desorption of hydrogen from fluxes of fluoride-oxide systems
Abstract. Thermal decontamination of industrial granular fluxes in the mode of continuous rise of the temperature is a sequential
series of stages of thermal degassing of different forms of existence of hydrogen in them. In accordance with the requirement of
ensuring of full desorption of hydrogen from the fluoride-oxide fluxes of ESR the limiting stage of the process of thermal degassing
is the last stage. This stage corresponds to the area of maximum temperature of degassing. It is established, that in this temperature
range specified for each brand of flux, from the fluxes highlight dissolved in them hydrogen-containing gases. Taking into account
the thermodynamic characteristics of dissolution of hydrogen in the fluoride-oxide melts and taking into account features of industri-
al technology of smelting and granulation of fluxes of ESR from the latter must be released during thermal desorption, mainly, such
hydrogen-containing gases, as H,O, HF, HCI and H,. Investigation of kinetics of thermal dehydration and degassing of hydrogen-
containing compounds from the granules of fluxes of different sizes have shown that the relative distribution of hydrogen of different
forms of its existence (crystalline, hydroxides and dissolved hydrogen) for this brand is approximately the same for all factions.
Dissolved in phase components of the fluxes hydrogen-containing gases produce at temperatures higher then 650...700 °C. The limit-
ing stage of the multi-stage process of thermal degassing of the fluoride-oxide fluxes is the desorption of dissolved hydrogen-
containing gases from crystalline and glassy phases of granules. With the help of the kinetic curves of thermal desorption of hydro-
gen in the isothermal mode for fluxes of different brands a degree of desorption of hydrogen at different temperatureswas defined.
Keywords: hydrogen, electroslag remelting, flux, desorption, dehydration, hydration

Bpem B.B.,Ko:xxyxap B.S1., Casuu C.JI., Byra C.II., /Imutpenxo I.B.
Jecopouust Boropoaa u3 ¢irocoB (pTOPUAHO-OKCHIHBIX CHCTEM
AnHoramusi. TepMuueckas jerasanus IPOMBINUICHHBIX TI'PaHYJIMPOBAaHHBIX (IIOCOB B pEKUME OeCnpepblBHOIO IOAbeMa
TeMIIepaTypbl IPeCTaBIseT co00il OCIen0BaTENbHBIN PsIJ CTaANI TEPMUUECKOH Jera3aliy pasHbIX (OpPM CYIIECTBOBAHUS B HUX
Bozmopona. B coorBercTBUU C TpeOGoBaHMs OOecTedeHHs IOJHOI IecopOmmu BOAOpoaa U3 (TOPUAHO-OKCHAHBIX ¢urocoB DI
JUMUTHPYIOMIEH CTaguel mpolecca TEPMHUYECKON Aera3alliil OKas3bIBaeTcs IMOCIETHsSI CTaaus. DTOH CTaIud OTBEYaeT 00JacTh
MaKCHMAJIBHBIX TEMIIEpATyp JIera3alii. Y CTAaHOBICHO, YTO B 3TOH 00IaCTH TeMIlepaTyp, ONpeaeNIeHHON I KaKaoi Mapku (iiroca,
13 (IIIOCOB BBIIEISIIOTCS PACTBOPEHHBIE B HUX BOAOpojaocozepxkaniue raspl. C y4eToM TepMOJMHAMHYECKHX OCOOCHHOCTEH
pacTBOpeHHusI BOJOpOaa B (pTOPUAHO-OKCHIHBIX pacIulaBaX M C YU4E€TOM OCOOEHHOCTEH MPOMBINUICHHOH TEXHOJOTHU BBIIUIABKU U
rpanyamun - GurocoB DI ¢ mocneaHMX JOIDKHBI  BBIAGNATBHCS HPU  TEPMHUUYECKOW JecOpOIMH, B OCHOBHOM, TakKHe
Bojopoaocoaepkamue rasel, kak H,O, HF, HCl u H, HWccrenoBanne KUHETHKH TEPMUYECKOW METHApaTallid W Jera3aiudd
BOJIOPOJIOCOAEPIKAIINE COSANHEHHI M3 TPpaHys (IIFOCOB pa3HBIX Pa3MepoB MOKA3ajio, YTO OTHOCUTENBHOE paclpe/ieeHie BoJ0poaa
pasHBIX (GOpPM €ro CymecTBOBaHHME (KPHCTAJUIOTHAPATHI, THAPOOKCHABI W PACTBOPEHHBId BOJOPOMA) UL JaHHON MapKu
MPUOTM3UTENFHO OAWHAKOBHEIA BO BeeX (pakuusax. PacTBopeHHBIE y (pa30BBIX COCTABISIOMKX (DIIFOCOB BOAOPOIOCOIEPIKALINE Ta3hl
BBIJIEIIIOTCS B 00IacTH Temreparyp Boicmux 3a 650...700 °C. JINMUTHPYIOIIUM 3TarloM MHOTOCTaJJHHOTO MPOIIecca TePMIYECKOM
nera3aiyy GTOPUIHO-OKCHUIHBIX (DIFOCOB SBISIETCS NEecOpOLHUs PaCTBOPEHHBIX BOJOPOIOCOIEPKALINE T'a30B U3 KPUCTAIUINIECKUX U
CTEKIOBHAHBIX (ha3 rpanys. C HOMOIIBI0 KHHETHYECKHX KPHBBIX TEPMHYECKOI necopOIMU BOIOPOJIa B H30TEPMUYECKOM PEXUME
Jutst pIIFOCOB pa3HBIX MapoK OIpesieNieHa CTeNeHb 1eCOpOLMH BOAOPOA IIPH Pa3HEIX TeMIIepaTypax.

Knrouesvle cnosa: 6000poo, 31ekmpouiiakoswlii nepenias, guoc, decopoyus, decudpamayus, cuopamayus

57



Science and Education a New Dimension. Natural and Technical Sciences, 11(3), Issue: 21, 2014 www.seanewdim.com

Epaiizep JI.M., Ieanuenxo J1.B.
I'anypriiine nepepo6JieHHs1 NOIIMiHEPAJILHUX KAJIIHUX PyJ B MeTO/ CyJIb(aTHOro BUIYrOBYBAHHS
000pPOTHUMH PO3YMHAMU HA OCHOBI IIEHITY

Epaiizsep Jleonio Muxonaiiosuu, 00kmop mexHiuHux Hayx, npoghecop
leanuenxo Jliniss Bacuniena, kanouoam mexuHiuHuxX HAYK, CMapuiuil GUKIa0ay
Ooecwruil HayioHanbHUl noximexuiunull ynieepcumem, m. Odeca, Ykpaina

Amnoranisi. [Toniminepansai pyan (IIMP) [pukapnatts, mo MICTATh y CBOEMY CKJIaJi OiIbIIe TBOX JECATKIB MiHEpawiB i sKi Haje-
xatp 10 cucremun K*, Na®, Mg2+ ||SOZf, Cl7, H,O, cmyxarb cupoBHHOK i BHPOGHHUTBA KaTifiHHX NOOPHB Ta {HIIHMX
LIHHUX HPOIYKTiB. 3a iCHYIOYOI TEXHOJIOTI] BIIIyTOBYBaHHS KaJIieBMICHUX MiHEpaJiB 3 MOAPiIOHEHOI pyIH BeIyTh CEIEKTUBHO 000-
POTHUMH pO3YMHAMY, HACHIEHHMH 3a HaTpiro xjopuaoM. OCHOBHA Maca TajluTa IPH IIbOMY 3aJIHIIAETHCS Y BifBaN 1 BUBOAUTHCS
Pa3oM 3 MCKOBO-TIIHHUCTO0 (hpaKIli€ro i BaAXKKOPO3UMHHUMH KaJlieBMiICHUMHU MiHepanamu (TaHrOerHiT Ta iH.) 3 mpouecy. Lle mpus-
BOJUTH JI0 BTPATH L[IHHOI CHPOBHHH 1 CTBOPIOE €KOJIOTi4HI MPOOIeMH, MOB'I3aHi 3 YTBOPCHHAM 0araTOTOHHAKHHUX BiIXOAiB. Y I1b0-
My 3B'SI3Ky BaXJIMBHUM 1 aKTyaJIbHUM 3aBJaHHSAM € PO3POOJICHHS HOBUX TEXHIYHHX PillleHb I 3MiHCHEHHS KOMIUIEKCHOTO 0€3BiaXo-
nHoro mepepobnenHs IIMP. Jlo HEX BiTHOCHTBCS cIIOCi0 BWIYTOBYBAHHS PyIH Cylb(GaTHUMH po3dnHamu. Ha BiaMiHy Bim Tpaiu-
LiI{HOI TEXHOJIOTIi XJIOPUIHOTO BIIIYTOBYBaHHS B HBOMY 3HIHCHIOETBCS BUTAT 3 PYIM YCIX PO3UMHHHUX MiHEpaliB B TOMY YHCII i
ranity. OnepxaHuil po3cii HepepoOIITIOTh Ha KalliifHi 100pHBa, KyXOHHY CUIb 1 MarHiro XJIOpUA 32 3BUYaHOIO0 TEXHOJIOTiEr0. BinBa-
JBHUH KeK, 10 3aJHIIMBCS, MICTHTh MICKOBO-TJIMHUCTY (paKiilo i KaJiiHI MiHepanu, sSiKi He PO3YHHIIINCS, TA CIIY)KHTh KaliHHUM
JI0OPUBOM IIPOJIOHTOBAHOI Aii 3 MiKpoeJieMeHTaMU. THM CaMHUM YTHIII3YIOTBCS BCl KOMIIOHEHTH PYIH. 3a pe3yIbTaTaMy IPOBEICHIX
JIOCTIDKEHb Ha COJIbOBiH, BOJHIN Ta HATPOHHIHM MPOEKIisAX Ha3BaHOI cucTeMu MoOyJOBaHa poOoYa Jiarpama mporuecy, sika BizoOpa-
xKae crnenudiky cyap(paTHOro BUIIyTOBYBaHHS PyIN PO3YHHAMH MICHITY 1 PO3IMIMPIOE YABICHHS PO METPUKY (Hi3MKO-XIMIUYHHX Jiar-
pam. Po3po0iieHO TEXHOJIOTIUHY cXeMy MOJEpHi3allii FOJIOBHOIO PEaKTOPHOT'O MPOLIECY 3 MAKCHMaJIbHUM BUKOPHUCTAHHSIM HAasBHOTO
oOnagHaHHA, SKa MPUIATHA TAKOX IS IepepoOSICHHS HAKOIMMYCHUX TaliTO-TaHTOCHHITOBUX BiABAaNiB.
Knrwwuoei cnosa: noniminepanvui pyou, Kanitini 006pusa, Cyib@amue 6uny208y8anHs, Qizuxo-ximiuni diaepamu

Beryn. OcHOBHAM TeXHIYHHM PIIIGHHSAM ICHYIOYOi Tex- B poOoTi [1] Ta anpoOoBanuii Hamu panimie [4]. Ha Bia-
HoJorii mepepobieHust [IMP e ramypriifiauii mMertonm y  MiHY BiJl TpaguIiifHOI TEXHOJIOTII XJIOPUIHOTO BHIYTOBY-
MOEIHAHHI 3 JOIMOMDKHUM — ()IOTALlifHUM METOJOM 3a  BaHHSI B HBOMY 3MAIHCHIOETBCS BIUTYUCHHS 3 PyIU YCiX
TaK 3BaHOI0 KOMOiIHOBaHOIO cxeMoro [6]. ['ooBHMIT peak-  PO3YMHHHX MiHEpaliB, B TOMY 4Hcii i ramity. Lle mocsra-
TOPHUH TIPOIleC — BIIYTOBYBAaHHS KaJTi€BMICHUX MiHepa-  €ThCS 3aBISKH MPUHIUIIOBO iHIIIHM OpraHi3amii TOJIOBHOTO
JIB 3 TONEpeTHbO MOAPIOHEHOT CHPOBUHY — 3[IMCHIOIOTH  PEaKTOPHOTO Ipoliecy. MeToro 1i€i podoTH € TeopeTHIHE
BHUOIPKOBO 3 TAKHM PO3PaXyHKOM, 100 3aJIUIIATH OCHOB-  OOIPYHTYBAaHHS 1 MOJANBIINA PO3BUTOK METOAY CYib(da-
HYy Macy TaJliTy y BiJBaJi i BUBECTH HOT0 pa3oM 3 MICKO-  THOTO BHJIYTOBYBaHHS 3 ypaxyBaHHSM JIOCBily €KCILTya-
BO-MYJIUCTOIO (DpakKIli€l0 3 CUCTEMH B MOYATKOBIH cranmii  Tauii iCHyrOUOi TEXHOJIOTTYHOT CXeMHU.

nepepoOJieHHs] pyJH. 3 ILI€ METOK BHIYTOBYBaHHS Martepiann ta meroau. Ilpouec cynspaTHOrO BHIY-
BeAyTh OOOPOTHMMH pO3YMHAMHK, HACHYEHHMMH HATpilo  roByBaHHs (puc. 1) BKIIOYAE JIBI OCHOBHI CTajii: BlacHe
xaopuznoM. OzepKaHuil KOHIIEHTPOBAHUH JIYT MICJIsl OCBi-  BHWJIYTOBYBAaHHS PYAM OOOPOTHHMH CYJIb(ATHUMHU PO3YH-
TJICHHS BiJ TIMHUCTOTO [UIAMY MiANAIOTh CEJIEKTUBHIM  HAMH i CTafilo pereHeparii cyib()aTHOTO pO3UHHY.
KpHUCTadi3amii, Yepryrouyd TMpPOLECH BUIApOBYBAaHHS- . Pyma(P)

OXOJIOJDKEHHS, 1 OJIepXKYIOTh TOBapHI MPOAYKTH — K0
cynmbdar, KaJiMarfesiro, XapyoBy Ta TEXHIYHY KyXOHHY
CLJTb, PO3YHH MAarHii0 XJIOPUAY AJ €JICKTPOIi3y Ta iH.
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Merta. VY 3B'I3Ky 3 BHKJIaIeHIUM, BaXKJINBUM 1 aKTyallb-
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JXizgHe nepepoOiieHHs pyan. Jlo HUX BIZHOCUTBCS CHOCIO
Cysb(aTHOTO BWJIYrOBYBAHHS, BIIEpLIE 3alpONOHOBaHMN  Puc. 1. [IpunrmmoBsa cxema Cy/Ib()aTHOTO BHITYTOBYBaHHS
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VY cBOIO Yepry KO>kKHa CTafisi CKIAQNAEThCs 3 ONHOTHUII-
HUX OTepalliii mepepoOsieHHsT BiAMOBIIHUX CYCIIEH31H Ta
iX po3mineHHs. Y HepBiCHUX JOCIIIKSHHIX Ha BIIIYTOBY-
BaHHS PyIH IMOJABaId HACHYCHI PO3YMHHU HATPIIO CYIb-
¢aty [1, 4]. [lix yac BuTyroByBaHHs mepedirac KOHBEP-
CIffHMIA TIpoIlec — Mepexif B PO3YMH XJIOPUIB, IKHU CY-
MIPOBO/KYETHCST BHIIAJIAHHAM B OCaJ HATpio cyibdary,
OCKIJIbKM B TIPHCYTHOCTI XJIOP-iOHY PO3YMHHICTH HOTO
NPUTHIYY€eTbCsl 3a Oynb-siKoi KOMOiHawii iOHIB HATpIlo,
KaJlito, MarHio:

Na,SO,,) + MeCl () ¥=> Na,S0,,, + +MeCl, ), (1)

y(m) y(p)’

ne Me—Na*,K*, Mg?.

Pa3om 3 Hatpito cyiabpdaToM ocaKyIOThCs ApiOHOIHC-
MepCHI TIMHHUCTI Ta MYJUCTI YacTHHKH, SKi CTalOTh
HEHTpaMH KpHUCTaTi3alii, 0 MOJeTIIye PO3IiIIeHHS TeX-
HOJIOTIYHUX CyCHeH3ii. BindinmeTpoBanuii auctuii po3cin
BIZIBOAATH 3 TOJIOBHOTO IIMKIY Ta MEPEPOOIISIOTE B TOBa-
PHI MPOAYKTH 32 3BUYAHHOIO TEXHOJIOTi€I0. 3aJMIIOK Ha
¢GiTBTpi — Cyap(aTHUI KeK — ABiUi MOCIiZOBHO 00pOOIIs-
I0Th 0AJIAHCOBOKO KIJIBKICTIO BOJAW JUIsSA pereHeparii 00o-
POTHOTO Cynb(haTHOTO PO3YHHY i HANPABISIOTH HA BUITY-
TOBYBaHHSI HOBUX MOpLi pyau. BigMuTuii Mynuctuii kex
BUBOJATh 3 TMPOLIECY Y BHIVISAI BIIBAIBHOTO KeKa.
OcTaHHIi MICTUTh HEBWIIYYEHI 3 pPyOu Ba)KKOPO3UMHHI
KaJieBMICHI MiHEpajH, alieé He MICTHUTh TaliTy, 1 MOXe
CITY>KATH O€3XJIOPUIHUM KaJliifHO-MarHi€BUM JOOPHBOM.

Hepnomikom mepBicHOTO crocody [1] € HeoOXimHiCTh
JIOCTABIISIHHS 330BHI HATpifo cynbdary Ui 3aryCKaHHS
TEXHOJIOTIYHOTO Tpouecy. HacTymHuMm ioro po3BuTKOM
CTaB IMOIIYK 1HIIUX CYTh(PATHUX PO3YUHIB, SIKi MOXKIIHBO
Oyyio OM OJIep)KYBaTH Ha MICIli 3 MPOAYKTIB MepepoOIeH-
Hi pyad. 3 Ii€l0 METOW OyJI0 MPOBEICHO aHAJIOTIYHI
JIOCHIZKEHHST CyJb(aTHUX pPO3YMHIB Ha OCHOBI LICHITY
(xanmimarsesii).

CyTh €KCHEepHMEHTAILHOTO METO/a JOCIHIIKEeHb, Je-
TaJbHO OMUCAHOTO paHimie [3, 4] momsrae B TOMYy, IO
HeTlepepuBHUM nporiec (puc. 1) OyB 3aMilieHUI ageKBaT-
HOIO CYKYITHICTIO 3B'SI3aHMX MIX COOOI0 OKPEeMHX ITHKIIB,
IO CIiIYIOTh OAMH 32 OAHWUM. Taka MOJeNb Jaia 3MOTy
BUBYUTH OCOOJIMBOCTI NpOIECY 1 OJEp>KaTH MOBHE YsB-
JICHHSI TIPO BC1 HOTO eTaIy — Bif ITyCKy Yepe3 MepexiTHui
Mepio 10 BUXOAY Ha CTAaIliOHApHWH Oe3rmepepBHUA pe-
KHM.

VY nochikeHHsIX BUKOPUCTOBYBAIN PO3MOJIOTY pyay (
d <3 MM ) Taxoro ionHoro ckiaxy: K — 10,46 %:; Mg®*
~ 4,40 %; Ca”* — 0,48 %; Na* — 13,91 %; SO, — 24,61
%; CI" — 26,46 %; H,O — 10,04 %; Hepo3unHHUIT 3a1H-
mok (H.3.) — 9,64 %. KanieBMicHI MiHepanu B HiH mpen-
CTaBJICHI B OCHOBHOMY KaiHiTOM, JJaHTOEHHITOM Ta CHIIb-
BiHOM. [IJIst MyCKY MpoLiecy B HEPLIIOMY IHKII Ha BUIYroO-
BYBaHHsI IO1aBaJli HACHYCHUIl PO3YMH HICHITY, Y3ATHI B
HopMi 120 % Bix cTexioMeTpH4YHOI KiJTBKOCTi, po3paxo-
BaHoi 3a piBHSHHAM (1). TpuBajicTh BHIYyrOBYBaHHS B
KO>KHOMY IIMKJII ctaHoBmiIa 30 xB. 3a Temneparypu 70 °C.
Ha pereneparito cynbhaTHOro po34MHy CHOYATKy MOJa-
BaJdM TAKOX SIBHUI HAJJUIIOK BOAMU 3 po3paxyHKy 1,3
Mac. 4acTHHH Ha | Mac. yactuny pyau. [Ipuaomy, ocHOB-
Hy "yacTuHy (60 %) 1€l Bomu momaBany Ha CTaJiI0 SKCT-
pakuii cynsgarHoro keky, pemry (40 %) Boxu BUKOpHC-
TOBYBAJIM JUISI BiAMUBaHHS 3aJMIIKIB CyIb(aTiB 3 MyJHc-
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TOTO KEeKy Iepei BHAAICHHAM BiIBaJbHOTO Keky. Ilicims
KOXKHOTO IMKJIYy CTaHZapTHUMH METOAAaMM BH3HAYAIIU
10HHUH cKiIan i Macy XJIOPHOHO-CYNIb(aTHOTO po3coy i
BiJIBAIEHOTO KE€KY, a TAKOX Macy Bcix (inpTpartiB i 3amu-
mKiB Ha QUIBTPi. Y Mipy BHXOIy Ha CTaIliOHApHHUH pe-
KM, SIKAH Hactae depe3 4...5 IUKIIB, CKIAJ i Maca Io-
TOKIB TIOCTYIIOBO 3MIHIOBAJIMCS, MiCIsl 4OTo 30epiraiucs
CTaOUIbHUMH, 1[0 CBIAYMIIO NMPO BUXiJA Ha Oe3mepepBHUI
mporec. 3a pe3yabTaTaMH aHaJi3iB CTAIlIOHAPHOTO PEKU-
My OynyBanu poOouy aiarpamy AJisl IPOBEACHHS Ha Hid
rpadoaHaNtiTHYHUX PO3PAXYHKIB IPOLIECY .

PesyabraTi Ta ix odroBopenns. /s noOymoBu po-
00401 IiarpaMu pe3yibTaTH aHaji3y Ha3BaHUX MPOIYKTIB
IepepaxoByBAIM B EKBIBAICHT-IHICKCH 32 METOIUKOIO,
MPUHHATOIO B ICHYIOWiH TEXHOJOTIi mepepoOieHHs pyan
[5], a came — sk BiTHOIICHHS YHCIIa €KBIBAJICHTIB JAaHOTO
KOMIIOHEHTa JI0 CyMH YHCENl eKBiBAJCHTIB KaJlifo i Mar-
HifO:

X = _ Ber @)
E .+E ,.
2K Mg
yo 2
E . +E .
2K Mg
__ B 3)
E . +E ,
2K Mg
__ Buo (4)
E . +E ,
2K Mg

Ie X, Y, 1 Ta W — CKBIBAJICHT-1HJCKCH 10HIB SOf" Mg G

Na* ta Bomu.

ITotiM Ha COJIBOBY (X — ¥), BOAHY (X — W) Ta HATPOHHY
(x n) mpoekuii (puc. 2) giarpamMu  CHCTeMH
K*, Na*, Mg* || SO, CI-, H,O 3aBmamu diry-

PATHBHI TOYKH MPOIYKTIB, sIKi Opaiy ydacTh y Iporieci
(3arymosani). Ix mosHaueHHs po3mmdpoBaHi HA NPHUH-
munoBid cxemi (puc. 1). Ilomepennro OyB CcKiIameHHA
rpad, mo BimoOpakae B3aEMO3B'A30K CTalill IpoIecy
(puc. 3). Ayru rpada BignoBifaoTh MaTepiaJbHUM MOTO-
KaM, KO)KHa BEPIIMHA — CTAisAM 3MIllyBaHHI-PO3MOALTY
NPOJYKTIB, sIKI BXOJSTH O BepUIMH rpada i BUXOIATH 3
Hux. [ToenHaBIIM MOMApHO B KOXHIH Mpoekiii pobouoi
miarpamu (puc. 2) (irypaTvBHI TOYKH BiAMOBITHHUX BXIig-
HUX 1 BUXIHAX TOTOKIB (IIpaBWIO 3'€THYBaJbHOI Ips-
MoOT), BU3HaYaeMO (irypaTHBHI TOYKH iX MepeTuHiB 1, 2,
3, 4 (He3aTymoBaHi), sIKi € aHAJOTaMH BEpIINH rpada, o
BIJINIOBIiJAIOTh OCHOBHUM CTaMisiM IpOIeCy Ha CXeMi
(puc. 1).

[Tpn oMy HE0OXiJHO MaTH Ha yBa3i Taki 0cOOIMBOC-
Ti 1i€i poboyoi miarpamu. SIk BHIHO 3 puC. 2, OCHOBHI
moOy0BH poOOYOro MPOIeCy Ha COJBOBiM MpoeKii BH-
XOJIATh 3a MEXi KBajpaTHOI miarpamu. lle mosicHIOEThCS
TAM, IO 3HAYECHHS EKBiBaJCHT-IHIEKCIB PO3PaxOBAHO
3rigHO (opMambHOMY iX BH3HA4EHHIO 3a (opMylamMu
(1...4), K e IPUHHATO B TEXHOJIOTIi XJIOPHIHOTO BHIY-
roByBaHHA [2, 5], 1 BinoOpaxatoTb crenudiky cynbgar-
HOTO BWJIYTOBYBaHHS B YMOBaxX HaJMipHOTO BMICTy Cy-
nbpdaT-ioHa mpakTHYHO Ha Beix cranisx. Ilpore, mis co-
JHOBOI 1 HATPOHHOT MPOEKIIH 3aJIMIIAIOTECS CIIPABEIIIH-
BUMH 00HJ(Ba TIpaBmiIa — i MPABUJIO 3'€IHYBAIBHOT IIPSIMOT
1 IPaBUIIO BaXKEJS.
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Puc. 2. PobGoya miarpama mporecy BHIYTOBYBaHHS pPyId

000pOTHUM PO3YMHOM Ha OCHOBI IIEHITY: a — BOJHA MPOEKIis; O
— COJIbOBA MPOEKIis; B — HATPOHHA MPOEKILis

KaxyTb, 1o Taki xiarpaMu MaroTh HOBHY OapileHTpH-
YHICTb [5].

Touka 5 Ha nmiarpami (Ha rpadi, puc. 3 BiACyTHS) Xapa-
KTepU3y€e CyMapHHUH MpOLEC BUIIyTOBYBAHHS, 1110 MOEIHYE
Bci crazii (OKOHTypeHI MyHKTHpOM). Y MiICYMKy BiH
MOJIATAE Y PO3UMHEHHI pyAau O0aJaHCOBOIO KiUTbKICTIO
BOJIH, 1[0 TIO/IAETHCS B TPOLEC, 3 YTBOPSHHIM HPOJYKTIB
BUJIyTOBYBaHHSI XJIOPUAHO-CYIb(ATHOTO  PO3COTY
(XCP) i BigBampHoro Keky (BK). 3nHatoum xoopamHaTé
KIHIIEBUX TOYOK 3'€THYBAIbHMX BIJIPi3KiB i KOOPAWHATH
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TOYOK TMEPETHHY, L0 JIe)KaTh MK HUMH, MOXKHA Terep,
KOPHUCTYIOUUCH TPABUIIOM Baxels (LIEHTPY Baru), BHUPi-
[TyBaTH Halpi3HOMAHITHIIII TEXHOJOT1YHI 3aBIaHHS.

Pyna

Bona

Puc. 3. IloBHuit rpad mpouecy BHIYTOBYBaHHS pyAd 0OOpOT-
HUM PO3YMHOM Ha OCHOBI IIEHITY

EdextuBHicTh Cynb(paTHOr0 BHIYrOBYBaHHS B LIJIOMY,
SK TOJIOBHOTO MpOLECY KOMIUIEKCHOTO MepepoOIeHHs
PYIU OI[HIOBAJM, BUXOASYH 3 TMOKA3HHUKIB XJIOPUIHO-
CyIb(aTHOTO PO3CONY 1 BiABAIBHOTO KEKYy — THX HAIIiBII-
POIYKTIB, AKi MiJISATaIOTh MOAATBIIOMY TIEpEepOOICHHIO B
OUTbOBI MPOAYKTH. OCHOBHHH IOKa3HUK — KOe]imieHT
BIITyYCHHS — PO3PaxOBYBAJH AK BITHOIICHHS MacH JaHO-
rO KOMIIOHEHTa B XJOPHUIHO-CYJIb(hATHOMY pPO3YMHI 0
ioro Macu y BuXimHIA pymi. Jns kamifo i MarHifo BiH
cTaHOBUTH BinnoBiaHo 90 1 88 %. Hacrinbku BuCOKi 3Ha-
YeHHsI Koe(illieHTIB BUIIyYEHHS! KOPUCHUX KOMIIOHEHTIB
MOPIBHAHO 3 TPAAMLIHHOI TEXHOJIOTIEI XJIOPUIHOTO
BUJIYTOBYBaHHS IMOSICHIOIOTBCS, MaOyTh, OLIBII BHCOKOIO
PO3YHMHIOBAJILHOIO €EMHICTIO CY/Ib(ATHOTO PO34MHY 1 30i-
JBIICHHSAM TIOBEPXHI PO3IUTy (a3 BHACTIIOK PO3CHUIIAHHS
3epeH pyaH B TIPOIECi CyNb(haTHOrO BHIYTOBYBaHHS HA
JpiOHIMII KpUCTAIA OKPEMHUX MiHEpayiB, IO CIIOCTEpira-
Jocst eKcrepuMeHTanbHo. KoedirieHTH BrTydeHHs 10HIB
XJIOPY 1 HATPIil0 B PO3CLT IIe BHINE i HAONMKAIOTHCS JO
100 %, mo miaTBepAKY€ETHCS MPAKTUYHO MOBHOIO X Bij-
CYTHICTIO B TBEPIOMY 3aJIMIIKy — BiJBAILHOMY KEKy
(muB. Tabu. 1). JIpyruii HamiBOPOAYKT — BiIBAJILHUN KEK —
mictuth 10 13 % K,O Bix #oro KiIbKOCTI B py/Ii y BUIJISI-
Il BaXKOPO3UMHHMX KaJiMHUX MIHEpaliB 1 MICKOBO-
MYJIUCTHH 3aJIMIIOK, IKUH MICTUTh MiKpOEJIEMEHTH.

Ha Bopauiii mpoekuii (puc. 2.a) ¢girypaTuBHa TOYKa BO-
o (100 % H,O) Bunanena B HecKiHYeHHICTh. ToMy s
MIPOLIECiB, TOB'SI3aHUX 3 BUKOPHCTAHHSIM YHCTOI BOAH,
TaKMX, SIK TPOMHUBAHHS [IUIaMy, IPUTOTYBaHHs pereHepa-
LifHOTO pO34YMHY 1 CyMapHHH NpoLEeC BHIYTOBYBaHHS —
JUISL OUX TIPOLECIB 3aJMIIAETHCSA CIPABEAIMBUM TUIBKH
TIPaBUIIO 3'€/IHYBANIBHOI IPSAMOT (3'€IHYBANIBHI MapanenbHi
oci W), IIPaBHJIO BaXKels TYyT HE3acTOCOBHO. ToOTO cro-
COBHO TPHOX HA3BaHMX IIPOIECIB BOIHA IPOEKIIS Mae
YaCTKOBY OapilleHTPUYHICTb.

BUKOpHCTOBYIOYH PE3YNIbTaTH EKCHEPHUMEHTAIbHUX
JOCITipKeHb 1 pobody nmiarpamy, OyB mpoBeneHui rpado-
AQHATITUYHUH PO3PAaXyHOK Macu Ta iOHHOTO CKJIaay Mpo-
JYKTIB BIJIyTOBYBaHHS PyAM OOOPOTHHM PO3YMHOM Ha
OCHOBI IIEHITY, SIKMH 3BefeHO B Tabn. 1. Po3paxyHku
BHKOHaHO Ha 100 T pynu.
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Tabanus 1. Maca ta ckiiajf IpoAyKTiB BIUIyTOBYBaHHs Py 000POTHHM PO3YHHOM Ha OCHOBI HICHITY

T
Moy | M o
K* Mg Ca? Na* Cl- SOi’ H,O H.O.

10,46 4,40 0,48 13,91 26,46 24,61 10,04 9,64
Pyna (P) 100,0

10,46 4,40 0,48 13,91 26,46 24,61 10,04 9,64
OGOpOTHHIA CyITb- 7,54 3,72 - 5,35 6,58 26,27 139,74 -
(aTHUI po3unH 189,2
(OCP) 3,99 1,97 - 2,83 3,48 13,89 73,84 -
XopumHo- 9,42 3,84 - 13,88 26,44 19,96 131,46 -
cynbdaTHH po3cin 205,0
(XCP) 4,60 1,87 - 6,77 12,90 9,74 64,12 -
CynbdaTHuii Kex 842 8,58 4,28 0,48 5,38 6,60 30,92 18,32 9,64
(CK) ' 10,19 5,08 0,57 6,39 7,84 36,72 21,76 11,45
MyHCTHIl KeK 28.6 1,54 0,82 0,48 0,29 0,36 6,39 9,08 9,64
(MK) ' 5,38 2,87 1,68 1,01 1,26 22,34 31,75 33,71
BiaBanbHuil Kex 250 1,04 0,56 0,48 0,03 0,02 4,65 8,58 9,64
(BK) ' 4,16 2,24 1,92 0,12 0,08 18,60 34,32 38,56
TIpomuBHA Bozia 536 0,50 0,26 - 0,26 0,34 1,74 50,50 -
(I1IB) ' 0,93 0,49 - 0,49 0,63 3,25 94,21 -

BucHoBkH. Pe3ynbraTi ekcriepuMeHTaIBHHX 1 Tpado-
aQHAJTITUYHUX JOCIHIIKEHb CyIb()AaTHOIO METOY BHIYro-
BYBaHHsI CBiJYaTh PO MOXKJIMBICTb OpraHi3aiii KOMITIeK-
CHOrO OE3BIIXOIHOTO IMEepepOoOSicHHS MOJiMiHEepaTIbHOT
pyau. BiamosinHo 10 po3pobieHoi cxemu [6] omepikaHuii
B TPOIIECI BUJIYTOBYBAHHS XJIOPHUIHO-CYIb(ATHHI po3Cit
nepepoOIISTIOTh B TOBAPHI MPOAYKTH 32 3BUYAWHOIO ralry-
PriifHOI0 TEXHOJIOTIEI0 3 MAKCHMAJIbHUM BHKOPHCTAHHIM
ICHYI0YOTr0 yCTaTKyBaHHS. BifBanbHUI Kek Mmicis rpaHy-

JFOBaHHA i CYIIIHHA CTae 0E3XJIIOPUIHUM KaJiifHUM 100-
PHMBOM IIPOJIOHTOBaHO] 1ii 3 MikpoeneMmeHTamu. Ls cxema
NpUJaTHA TaKOX JUIsl YTWIi3auil HakoNMMueHHWX Oararto-
TOHHAYXHUX TaJliTO-IaHrOCHHITOBHX BiJBAJIB.
BrpoBapkeHHs criocoOy cyib(aTHOro BUITyroByBaHHS
JIACTh 3MOTY HE TIJBKH MOJIMIIUTH TEXHIKO-CKOHOMIYHI
NOKa3HUKH BHPOOHUIITBA, ajie 1 BHUPIMIUTH EKOJIOTIuHi
MPOOIIEMH TaTypriHHOTO TIepepoOIeHHS MOTiMiHepaTbHOI

pyau.
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Abstract. Polymineral ores (PMO) of Prikarpatye containing in their composition over twenty minerals belonging to the system
K*, Na*, Mg®" ||SO;", CI", H,0, are the raw material for the production of potash and other valuable products. By the exist-

ing technology the leaching of potassium-containing minerals from the crushed ore lead selectively by circulating solutions saturated
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in sodium chloride. The bulk of halite, however, remains in a heap and outputs together with gravel - clay fraction and sparingly
soluble potassium-containing minerals (langbeinite, etc.) from the process. This leads to loss of valuable raw materials and creates
environmental problems associated with the formation of waste tonnage. In this regard, an important and urgent task is to develop
new technical solutions for the implementation of an integrated waste-free processing of the PMO. These include the method of ore
leaching by a sulfate solutions. Unlike conventional technology of chlorine leaching in this method extraction from the ore of all
soluble minerals including halite is carried. The resulting brine is processed to a potash, sodium chloride and magnesium chloride in
the usual way. The remaining depleted cake containing gravel-clay fraction and insoluble potash minerals serves as a long-acting
potash fertilizer with trace elements. By the same way all the components of the ore are disposed. By the results of studies on the salt,
water and soda projections of called system was constructed a flow chart of the process that reflects specificity of sulfate ore leaching
by the solutions of shenit and extends the knowledge of the physico-chemical metric charts. The technological scheme of moderniza-
tion of the main reactor process with the maximum use of existing equipment, which is suitable for processing of the backlog halite-
langbeynit dumps was developed.
Keywords: polymineral ores, potash fertilizers, sulphate leaching, physicochemical charts

Opaiizep JI.H., UBanyenko JI.B. 'asypruyeckasi nepepadoTka NoJIMMHHEPAIBHBIX KATUAHBIX Py METOAOM CyJb(aTHOI0O
BbIIEJAYMBAHUS 000POTHBIMU PACTBOPAMH HA OCHOBE LICHUTA
Annoranus. [Tommvmnaepansasie pyast (IIMP) [IprkapmnaTes, comepkanye B CBOEM COCTaBe 0oJiee IBYX JECITKOB MHHEPAIOB, OTHO-

cammxest k cucteme K*, Na*, Mg?* ||SO§_, ClI7, H,O, cmyxar ceippeM Iy IPOM3BOACTBA KaTHHHBIX YIOOPEHHH U JPYrux

LIEHHBIX MPOAYKTOB. [0 cylecTByoIel TEXHONIOTUY BhILIEIAUNBaHUE KaIMHCOAEPKALUX MUHEPAJIOB U3 U3MEIbUEHHOHN Pyl BEAYT
CENIEKTHBHO OOOPOTHBIMH PACTBOPAMH, HACHIIIEHHBIMH 10 XJIOpUAY HaTpus. OCHOBHAS Macca TaluTa IpH 3TOM OCTaeTcsl B OTBAJle U
BBIBOJJUTCSI BMECTE C ECKOBO-TJIMHUCTOH (hpakimell u TpyTHOPaCTBOPHMBIMHU KaMHCOIEPKAUMI MUHEpanaMu (JTaHrOSHHUT | Jp.)
U3 mpouecca. IT0 MPHBOAUT K HOTEPE LEHHOTO CBIPbS M CO31aET IKOJIOTHYECKUE MPOOIeMBl, CBI3aHHbIe C 00pa30BaHNEM MHOTOTOH-
HaKHBIX OTXOJOB. B 3TOM CBsI3M Ba)KHOW M aKTyaJIbHOH 3aJadeil sBisieTcst pa3paboTka HOBBIX TEXHHYECKHUX PEIICHUH ISl OCYIIeCTB-
JICHUsI KOMIUIEKCHOH Ge30TxomHoit mepepadotku [IMP. K HUM oTHOCHTCS crIocO0 BBIIIETAUNBAaHKS PYABI CYIb(ATHEIMU PACTBOPAMH.
B omnuue oT TpaAUIIMOHHON TE€XHOJIOTUM XJIOPUIHOIO BBILIEIAYMBAHUSA B HEM OCYILECTBIIIETCS U3BICUEHUE U3 PYJIbI BCEX PacTBO-
PHMBIX MHHEPAJIOB, B TOM 4Hcie M ranura. [lomydeHHsIi paccon mepepabaThiBaloT Ha KaIMHHBIE YIOOPEHUs, TOBapEeHHYIO COIb U
XJIOpUJI MarHus 1Mo OOBIMHOM TexHosoruu. OCTaBIIMICA OTBAJIBbHBIA K€K, COASPIKAIUil TECKOBO-TIMHUCTYIO (DPAKIHIO M HEPACTBO-
pHBIINECS KaIMHHBIE MUHEPAIIBI, CITY)XUT KaJIMHHBIM yJ00pEeHHeM NPOJOHIMPOBAHHOTO AEHCTBHSA ¢ MUKpO3IeMeHTaMu. TeM caMbIM
YTHJIM3UPYIOTCS BCe KOMITIOHEHTHI pyabl. [1o pe3ynbraTtam MpoBEAEHHBIX UCCIIEI0BAaHUM HA COJIEBOM, BOJAHONW U HATPOHHOM MPOEKLHUAX
Ha3BaHHOW CHCTEMbl IIOCTpOeHa pabodas AuarpamMma mHpolnecca, KoTopas oToOpakaeT crnenu(HKy Cyiab(haTHOTO BbIIIENaYHBAHUSL
PYZABI PACTBOPAMH IICHHUTA U PacIIUpsieT MPEACTABICHUS 0 METPHKE (PH3NKO-XUMHUUECKUX auarpaMM. PaspaboTaHa TeXHOJIOTHYIECKas
cXeMa MOJEPHU3ALMHU TOJOBHOIO PEAKTOPHOI'O Ipoliecca ¢ MaKCUMAaJIbHBIM HCIOJIb30BAaHUEM HMEIOLIErocst 000pyI0BaHus, KOTOpas
MIPUrOHA TAKXKe UL epepabOTKH HAKOMHMBIINXCS TATUTO-JIAHTOCHHUTOBEIX OTBAJIOB.

Knrwuesvie cnoea: nonumunepanvhvle pyosl, KaautiHble yY00OpeHus, cyrv@amuoe eviujeradusanue, Qu3UKo-xumuyeckue oua-
epammol
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PHYSICS

Ileyko B., Miya O., bopkau €.
IIpoexTyBaHHA NPOCBITIIOIYNX MOKPHUTTIB 3 HEBEJIHUKOI0 YMCJIa IIAPIB
npu naginyi cBiT/Ia mix KyTom

Ileyxo Bacunv leanosuu, acnipanm

Miya Onexcanop Bonooumupoguu, Kanouoam mexHiuHux HayK, OOyeHm

Kagedpa Kibepremuxu ma NPUKIAOHOI MamemMamuxu

Vowceopoocvruil nayionanvuuil ynigepcumem, m. Yorceopoo, Yrpaina
bopkau €seeniii Inniu, kanouoam Qisuxo-mamemamuyHux HayK, OOyeHm, npopeKmop
3axapnamcokui yeopcovkuti incmumym imeni @epenya Paxoyi I, m. bepeeoso, Yxpaina

AHoTanisi. Po3paxoBaHo onTHMaibHI TapaMeTpH OAHO-, ABa-, TPHU- Ta YOTUPHUIIAPOBHX OJHOPIIHMX IPOCBITIIOIOUNX CTPYKTYp Ta

IIPOBEICHO X MOPIBHSUIBHUH aHAIII3.

Knrouogi cnosa: npocsimaroioue nokpumms, ORMuMizayis CmpyKmypu, MampuiHuil Memoo

Beryn. OcranHiM 4acoM MOMITHO 3pic iHTepec A0 TeXHi-
YHOTO 3aCTOCYBaHHS 0araTOMIapoOBHX iHTepQepeHIIHHNX
cucTteM i (QUIBTPIB ONTHYHUX CTPYKTYP, IO BUKIUKAJIO
IIBUIKANA PO3BUTOK Ti€l Taimy3i (i3WYHOI ONTHKH, IO
CTOCYEThCSI BiOWBAHHS, NPONMYCKAHHA 1 IOTIIMHAHHS
CBiTJIa B OJHOMIAPOBHX a00 0araTonrapoBHX TOHKOILTIB-
KOBHX cucteMax. OnTuyHi OaraToriapoBi MOKPUTTS BH-
KOPUCTOBYIOTHCSI B ONTHYHUX CHCTEMaX KOCMIYHOI TeX-
HIKH, ONTUYHOMY NpUIaN00yAyBaHHI, IHTETpaNbHIA OI-
THUIll, PEHTIeHIBCbKI Ta HEWTPOHHIN CHEKTPOCKOMIT,
€JIEKTPOJMHAMIL BIIKPUTHX CHUCTEM, IPH CTBOPEHHI
TCHEPaTOpiB 1 IEPETBOPIOBAYIB EJIIEKTPOMATHITHOTO Ta
IHIIUX BUIPOMIHIOBaHb, B amapatrypi KOHTPOIIO 3a0pya-
HEHHSI HaBKOJIMIIHBOTO cepenoBuina i T.1. OcobnmuBhit
iHTEepeC BHKIUKAIOTH MPOCBITIIOIOYi ONTHYHI MOKPUTTS,
3po0IieHi 3 HeBeIMKOoro yncha mrapis [1-3].

Metoau po3paxyHkiB. i1 po3paxyHKy CIEKTpaib-
HHUX XapaKTEPHUCTHK ONTHYHMX 0araTomapoBHX IMOKPHUT-
TiB OyZI€MO BUKOPHUCTOBYBAaTH MaTpUUHUI MeTo Aberne
[3]. LinboBy dyHKLit0 OGaraTomapoBOro NOKPUTTS Mpe-
CTaBUMO Y BUTIIsiI [4]:

2, 12,)=max F(n,d)=
fd
, 1
L e @
max —ZTz(ﬁ,d,ﬂ(i))
n,d\ Li=
ne T — koedilieHT NpOMmyCcKaHHs, 3aJIeKHUH BiJ BEKTOpa
3HAUEHb I[IOKAa3HUKIB 3aJIOMJIEHHA N = (nl, Nyyoees nk),
BEKTOpa 3Ha4YeHb
d=(d;,dy, ....

TOYOK CITKH CHEKTpalbHOro iHTepBala Bin A0 A,,

TCOMETPUIHOL TOBIIMHHA
,dk) Ta OOBXWHHA XBum A, L — gmcio

IIpY piBHOMIPHOMY HOTO PO3MO/ALTI 3 KPOKOM AL :
A =4
AL

+1. 2)

[pu gocnimxeHHI BHOMPAIHUCH 3HAUYCHHS 1.35<n: < 2.6,

J
50mi<d; <750 mn (j=L N),N=123,4.

Pe3yabTaTu Ta ix odropopenns. OnruMizyeMo mnapa-
METpPU OJHO-, JBO-, TPHU- T4 YOTUPUIIAPOBOTO MOKPUTTA
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Ha CHekTpaibHOMY iHTepBaii Big 200 mo 700 HM mpu
HaJiHHi CBiTIA mix KyToM 6, = 30°. B axocTi miakmaim-

HKH Bi3bMEMO CKJIO 3 IIOKa3HHUKOM 3ajomieHss N =151,
3a JIOIOMOTrOI0 T-aNroputMmy [4], co4aTtky 3HaXOIUMO
onTHMabHI mapamerpu (yHkuionany (1), a mami ninou-
paeMo TOKa3HHWKHU 3aJIOMIICHHSI peallbHUX MaTepialiB, sKi
HaWOIKYe 10 OTPUMAaHMX TEOPETHYHHMX pe3YNbTaTiB.
[Ticnst uporo QikcyeMo MOKa3HUKH 3aJIOMIICHHS 1 ONITUMI-
3yEMO TOBIIMHH ILAPIB.

PosrnsHeMO omHOIIApOBE MOKPUTTS, MPH MAAiHHI CBI-
Tha mig kyroMm 6, = 30°. Ilicna nposeqeHHs 00YHCIECHD

VIS s-ToJsApu3anii OTPUMAEMO ONTHYHE HOKPUTTS, I
skoro map ToBmuHOW O, =74.945HM ckiamaerscs 3
marepiana NagAlFg, TOKa3sHHK 3aJOMIEHHS  SIKOTO
n, =1,35. 3navenns nineoBoi Qynxuii (1) mopiBHIOE
0,9740529. TIprmuomy npu A = 376 HM OTPHMAEMO MaK-
cUMyM KoeQillieHTa MNpOIMycKaHHA T, = 0,9854454,a
npu A = 200 HM OTpUMAEMO MiHIMYM KoedilieHTa npo-

myckanHs T, =0,9420194 (puc. 1).

1
T
0.92, - - . - = -
200 250 300 350 400 450 500 350 600 650 700
A, HM
— S-TOIAPH3AINA
----- P-TIOIApH3AIng
Puc. 1. Kpusi koedilieHTiB MpomyckaHHs ISl OJHOLIAPOBOTO

HOKPUTTSl 1pH KyToBi 6, =30°.

Just p-nonsipuzanii npu nagiHHI cBiTHa Oyia cripoex-
TOBaHAa HACTYIHA OJHOIIAPOBA ONTHUYHA CTPYKTYpa: VIS
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mapy B3sa1o NagAlFs 3 mokasnukom N, =1,35 TOBIIMHOIO
d, =74,645.3nauenss winboBoi ¢yHkuii (1) mopiBHIOE
0,9901028. IIpuuomy mpu A = 374 HM OTPUMAEMO Mak-
cuMyM KoedinieHta mpomyckaHas 1., =0,9955420, a
npu A =200 orpumaeMo MiHIMYM KoedilieHTa nmpory-
ckanHsa T, =0,9746879.3 pucynky 1 BuaHO, O Ha

BCHOMY CIIEKTPAbHOMY IHTEpBali IS S-TIOJIAPH3AMii
Koe(illleHT TPONMYCKaHHS CIPOEKTOBAaHUX IOKPHUTTIB
MEHIIIe HIXK JUIsl p-TIOJIsipU3altii.

Po3risiHeMo JBOIIApOBE MOKPUTTS, TIPH MaAiHHI CBITIA
min xyrom 6, =30°. Ilicna npoBegeHHS OOUUCIEHb IS
S-TIoJsIpHU3allii OTPUMAaEMO ONTHYHE ITOKPHUTTSA 3 HACTYII-
HOIO  CTPYKTYpOIO:  HepIMidi  map  TOBLIMHOIO
d, =145,254um 3 matepiana Al,O3;, NMOKAa3HHK 3aJIOM-

aeHHs sikoro N, =163, nmpyruit — marepian NagAlFg 3
n, =135
d, = 73,413 M. 3HaueHHs wimboBoi ¢GyHkuii (1) mopie-

IIOKa3HUKOM  3aJIOMJICHHA Ta TOBIIMHOIO

Hioe 0,9773440. [Ipuuomy mpu A = 334 HM OTPUMAEMO
MaKCUMYM KoedirmieaTa MIPOIYCKAHHS
Toax =0,9974588, a npu A = 200 HM OTpUMAEMO MiHi-
MyM KoeoiuieHTa mpomyckaHHa T, =0,9281729 (puc.
2).

097

0.94

0.92

200 250 300 330 400 450

A, EM

500 530 600 6350 700

— S-TIOJLAPH3ALLA
p-TIonApH3AILA

Puc. 2. Kpusi koedili€HTiB MpOIycKaHHs ISl IBOIIPOBOTO
MTOKPUTTS TIPH KYTOBI.

s p-mosisipu3aiiii mpu maaiHHi CBITNIA Oyja CIpOek-
TOBaHAa HACTYIHAa JBOILAPOBA ONTHUYHA CTpyKTypa. s
nepmoro mapy B3aTo SiO 3 TOKa3HUKOM 3aJOMJICHHS
n, =16 roBmunoro d, =149,475, nus npyroro NazAlFg 3
nokasHukoM N, =135 roBmmuoro d, =72,873. 3Ha-
yeHHs ninpoBoi ¢yskmii (1) gopisaroe 0,99105169. IIpu-
qoMy 1pu A =336 HM OTPHIMaEMO MaKCHUMyM KoedimieH-
Ta npomyckanus T, =0,9994164,a npu A =200 orpu-
MaeMo MiHIMyM KoedirmieHTa IIPOITyCKaHHS
Toin =0,9685197.3 pucynky 2 BHIHO, IO HAa BCHOMY
CHEKTPATbHOMY IHTEpBai A p-moysipu3anii KoedimieHT
MIPOIYCKAHHS CIIPOSKTOBAHUX MOKPHUTTIB OULIBIIE HIX IS
S -TIOJIAPH3AIIii.

PosristHeMo TpuIIapoBe MOKPUTTS, IPH ITaJiHHI CBiTIA
min xyrom 6, =30°. Ilicia npoBegeHHs OOUUCIEHb JJIs
S-noyisipu3anii OTPUMAEMO ONTHUYHE MOKPHUTTS 3 HACTYI-
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HOIO0 CTpyKTypoto: mepumii map — Al,O; 3 nokasHukom
samomiters N, =1.7 toBmuHo d; =95,703 HM, ApyTHil —

Mmarepian SiO 3 IOKa3HUKOM 3ajloMJeHHA N, =16 Ta
toBumHow d, =50,000 HM, TpeTiit — NagAlFg 3 mokasuu-
koM N, =1,35toBmmHo0 d, =68,719. 3HaueHHS IiTbO-
Boi ¢ynkuii (1) mopiBaroe 0,9807555. Ilpmuomy mpu
A =323HM OTPUMAEMO MaKCHMyM Koedili€HTa IpoIryc-
kauHa T, =0,9963507,a npu A =200HM OTpHUMaEMO

MiHIMyM KoeoimieHTa mpomyckaHHs T, =0,93919162
(puc. 3).

T
0.93 . . — - -
200 250 300 350 400 450 300 530 600 650 700
A, HM
—  S-IIOJLIpH3ALLA
----- p-IonApHU3aIa
Puc. 3. KpuBi koe(illieHTiB MPOMyCKaHHS U1 TPHUIIPOBOTO

nokputTs npu kyrosi 6, = 30°.

Jnst p-nonsipu3anii mpM MajiHHI CBITJIA M KyTOM
6, =30° Oyna crnpoeKkToBaHa HACTYIIHA TPUIIAPOBa OI-

THYHA CcTpyKTypa. s mnepmioro mapy B3sito Al,O3 3
MOKA3HUKOM 3aJIOMJIEHHS n, =165 TOBIMHOIO

d, =100,410, mms apyroro PbTe 3 moka3HHKOM 3aJ0M-
aeHHs N, =157 toBmmuor d, =50,000, mis TpeThoro
NazAlFg n, =135
d, =68,788. 3uauenns uinboBoi dynxuii (1) gopisHioE

3 ITIOKa3HUKOM TOBIIWHOXO

0,9927670. I'padix koedillieHTa TPOITyCKaHHSI IS P-
noJsipu3anii mokasano Ha puc. 3. [Ipndyomy npu A =325
HM OTPUMaEMO MaKCHUMyM KoeQillieHTa IpOIyCKaHHS
Tax =0,9987641, a npu 2=200 orpumMaemMo MiHIMyM

=0,9747135. Tak sk i

JUISL OTHO- Ta JBOIIAPOBOTO MOKPHTTS JUISI TPHUIIAPOBOTO
Ha BCbOMY CIIEKTPAJILHOMY IHTEpBaJi Ul S-NOJISPHU3AL]
Koe(illieHT TPOIMYCKaHHS CIPOEKTOBAaHMWX IOKPHUTTIB
MEHIIIEe HiX JJIs P-TIOJIAPU3allii.

PosrnsHeMo YOTHpHIIApPOBE MOKPUTTSA, NPH MaaiHHI
cBitna mig kyrom 6, =30°. Ilicas mpoBeneHHs 004KC-

koedimieHTa mpomyckaHHA T,

JICHb JIIS S-TIOJSIPU3AIlil OTPUMAEMO ONTHUYHE MOKPUTTS 3
HACTYITHOIO CTPYKTypoto: nepiuuii map — Al,O3 3 mokas-
HUKOM 3ayomiieHHst N, =1,7 ToBumHOKW 0, =51,356 HM,
npyruit — marepian HfO, 3 moxasHHKOM 3alOMIICHHS
n, =1,98 rtoBmmuHoro d, =80,122um, tperiit — Al,O3 3
n, =1.68

d, =50,000 am, werBepTtmit — NazAlFs 3 mokasHHKOM

ITIOKa3HUKOM 3aJIOMJICHHA TOBIIUHOO

n, =1,35 TtoBmunoro d, =65022. 3nayeHus wuinboBOL
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¢ynxuii (1) nopisrroe 0,9861392. ITpuaomy npu 2 =602  zanomuennst N, =1.69 tosumuoro d, =51,624, nus apy-
HM OTPHMAaEMO MAaKCUMyM KoeQillieHTa IpOIyCKaHHS
Thax =0,9984755,a mpu A=200HM OTPUMAEMO

MiHIMyM KoedimieHTa mpomyckaHHS T, =0,9382722
(puc. 4).
1

roro HfO, 3 mokasnukom 3amomnenas N, =198 tosmwu-
Hoto d, =83505, mus tpersoro Al,O; 3 mokasHHKOM
3anomieHHs Ny, =1.67 TtoBmmHOIO d; =50,000 mns ge-

tBeproro NazAlFg 3 mokasuukom N, =135 ToBIunHO©0

d, =63,733. 3nauenns nimpoBoi ¢yHkuii (1) popiBHIOE
0,9943578. I'padix koediumieHTa NPOIMYyCKaHHS Ui P-
noJsipu3aii rnokasaHo Ha puc. 4. [lpudaomy npu A =587
HM OTPHMAaEMO MAaKCUMyM Koe(illieHTa NpOIyCKaHHS
Thax =0,99999,a mpu 1=200 oTpUMaEMO MiHIMYM

=0,9551313.01xe, Ha

0.99

0.97

KoedillieHTa TPOIyCKaHHS T,

min
0.86 BCbOMY CIIEKTPAIbHOMY iHTEpBaIl I P-MOJAPHM3ALIi
KOeQiIlieHT TPOMYCKAaHHS CIIPOCKTOBAHUX MOKPHUTTIB
094 OiTBIIIe HIXK IS S —TIOJISIPHU3allii He3aJeKHO BiJ KITBKOCTI
Iapis.
083 350 300 330 200 230 300 350 800 630 700 Tadauus 1. 3HayeHHs 1inb0BOi PYHKIIII PH IPOEKTYBAHHI
] , HM KinekicTh 1apiB S-HOJ'IHpI/I?;aL[lﬂ p-HOJ'IHpI/BaL[lH
. 1 0,9740529 0,9901028
— S-IOIApH3AmA 2 0,9773440 0,9910516
""" Pp-IomApI3amg A 3 0,9807555 0,9927670
Puc. 4. Kpusi koediieHTiB MPOMyCKaHHS A YOTHPHUIIAPOBOTO 4 0,9861392 0,9943578

HOKpHUTTA 1pu KyToBi 6, = 30°.
Just s- 1 p-nonsipuzaniii 3Ha4eHHs LiIbOBOI (yHKIIT
PosrisiHeMo TpHIIapOBe MOKPHUTTSL, MPHU MaAiHHi cBitia ~ [PCACTABJICHO B (Tabm. 1).

min xyrom 6, =30°. Ilicis npoBeneHHS OOYUCIEHb I ) . )
BucnoBku. JIiis1 s- i p-noJspu3aiiiii 3HAYSHHS IO~

Bol (yHKIII 3pocTae i3 30UIBMICHHAM KUTBKOCTI IIapiB.
Kpusi xoedimieHTiB mpoIryckaHHs Tpu 301IBIICHH] Kilb-
KOCTI IapiB MOBOIHUTHCS OUIBIN PIBHOMIpHIIIE TSI 000X
marepian SiO 3 mokasHMKOM 3anomieHHs s p-mons-  pomspumsamiit. OTpUMaHi 0HO-, BO-, TPH- Ta YOTHPHIIA-
puzanii mpu mamiHHI cBiTna mix kytom 6, =30° Oyma  poBOro MOKPHTTA MOKHA PEali3yBaTH i BAKOPHCTOBYBATH

S-moJisipu3alii OTPUMAEMO ONTHUYHE MOKPHUTTS 3 HACTYII-
HOIO cTpyKkTyporo: nepuuii map — AlyOz 3 mokasHukom
sanomiiens N, =1.7 toBmuHow d, = 95,703 HM, Apyruil —

CIIPOEKTOBAaHA HACTYITHA YOTHUPHUIIAPOBA ONTHYHA CTpyk-  Ha IPAKTHUIL.
typa. s mepmoro mapy B3sato Al,O; 3 mOKa3HHKOM
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Abstract. It is justified that the amorphous state are such substances, which are realized in the solid area of the phase diagram. At the
same time ordered or disordered by a particular physical parameter can be any aggregate state of matter. Therefore, solid state com-
bines two large classes of substances: ordered solids (mostly crystals) and disordered solids (or amorphous). It is shown that the main
parameters of this separation are the geometric characteristics of the spatial arrangement of the particles of matter among themselves,
which defines a topological order of the solid. Thus, the terms "disordered" can be applied to any state of matter, and the term "amor-

phous " - only for solid systems.
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Intensive studies in the field of amorphous materials are
being carried out now in growing scale. The interest in
these studies is due, on the one hand, to a number of
unique properties that favor their wide practical applica-
tion. On the other hand, the studies of the disordered
systems are a hot topic in view of the fundamental sci-
ence. The problem of description of the physical proper-
ties of the disordered systems is still one of the most intri-
guing and not completely solved problems of the modern
condensed state physics. The principal question of the
above studies is correlation of the physical and chemical
properties of the amorphous substances with their atomic
structure. About ten different models and axiomatic ap-
proaches are available here, and this could not be justified
taking into account the up-to-date successes in the amor-
phous state science.

It follows from the mentioned above that, when con-
sidering the general questions of the amorphous state of
the substance, it is important to establish the hierarchy of
different terms according to the attribute 'general — partial’
and assign them a clear physical sense. Consider first the
hierarchy of the terms used by the most of researchers
dealing with the condensed state of the substance.

In accordance with the generally accepted classifica-
tion, a certain substance in the fixed external conditions
may have one of four aggregate states: solid, liquid, gase-
ous and plasma states. Each of the above states has its
own region in the generalized phase diagram (fig. 1). The
field of the solids having polymorph modifications can be
divided into several subregions and each of them corre-
sponds to a certain equilibrium or metastable phase of the
substance (the o-, B- and y-phases in fig. 1).

The principal criterion of the above division is the ratio
e of the average Kkinetic energy of the structural particles
to the potential energy of their interaction. Parameter e
and, respectively, the realized aggregate state are deter-
mined by the physical conditions of the substance, mainly
by the temperature T and the pressure p. Therefore, in the
first approximation e = e(p, 7). For solids e(p,7) << 1 (in
the ideal case e(p,7) — 0), for liquids e(p,T) = 1, for gases
and plasma e(p,7) >>1 (in the ideal case e(p,7) — x).
The motion of atoms and molecules in different aggregate
states also differs significantly.

In particular, the structural particles of the substance in
the gaseous state are not bound or are very weakly bound
by mutual interaction forces and move slowly filling the
whole volume. At the transition of gases into liquid the
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translation movement of the structural particles extremely
slows down, while the interparticle attractive forces in-
crease resulting in the formation of quite strongly bound
groups of atoms, i.e. short range order (SRO). The value
e(p,T) ~ 1 for liquids means that the ordering potential
energy of interaction of the structural particles and the
disordering kinetic energy of the thermal motion of the
structural particles have comparable values. Therefore,
the motion of the structural particles in the liquid com-
bines their continuous oscillations around the equilibrium
positions and frequent leaps from one equilibrium posi-
tion to another one. Each ‘leap’ occurs when the structural
particle receives the activation energy sufficient for
breaking its bounds with adjacent structural particles with
the transition to the neighborhood of other structural par-
ticles. The typical leap frequencies for the low-molecular
liquids reach 10'-10" s. Such specific character of the
structural particles interaction and motion stipulate fluidi-
ty and almost continuous structural change of liquid with
temperature of the system.

solid

.

2 Y-phase.....ooecmereee"
§ ———— — -

g phase T e
2| B-phase

gas(plasma)

Ay
’ C "

Ophase.
#P!

- - ¢

'l s 'o‘

temperature
Fig. 1. Simplified phase diagram for a certain substance in the
pressure-temperature coordinates (arrows indicate two basic types
of transitions between the aggregate states used to produce amor-
phous materials)

In the solid, e(p,T) << 1 and, therefore, the motion of
the structural particles occurs only in a form of the con-
tinuous oscillations around the equilibrium position. The
leaps from one equilibrium position to another one occur
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so rarely that in the ideal case could be neglected. As a
result it is assumed that the atomic structure in solids is
fixed and does not vary with temperature within the limits
of occurrence of this phase.

Liquids and solids are much closer to each other ac-
cording to their properties. This enables them to be com-
bined into the same group of substances — the condensed
media. The availability of a certain order in the locations
of the structural particles with respect to each other due to
quite close positioning and stronger interaction with each
other is a distinctive feature of the condensed state of the
substance. Dependent of the character of this order the
liquid or solid could be classified as ordered or unordered
condensed state.

The transition between the aggregate states is accom-
panied by a leap-like or continuous change of parameter
e(p,T) that reflects the character and dynamics of the
change of intermolecular (interatomic, interionic) distanc-
es and corresponding interactions. At the same time, the
other properties of the substance — free energy, entropy,
density etc — are changed at the transition point. The fol-
lowing are the examples of the continuous processes:
vitrification, glass transitions to the melted state with
increasing pressure and temperature, liquid transitions to
the gaseous state above the critical state.

The possibility of the continuous transitions and occur-
rence of the substances simultaneously possessing specif-
ic properties of different aggregate states (amorphous
solids, liquid crystals, highly-elastic polymers etc) at first
sight indicate some conventionality of differentiation of
the substances according to their aggregate states. How-
ever, if one takes as a basis only the criterion e(p,T) and
the relevant character of motion of the structural particles,
then any substance in the specific fixed conditions could
be unambiguously related to the particular aggregate state.

In the modern condensed-state physics, the notion of
the phase is being used more widely and is stricter than
the notion of the aggregate state. At the same time, the
notion of the aggregate state is wider than the notion of
the phase, because for many materials there exist several
stable and metastable phases both in the solid and in the
liquid aggregate states. While at the transition from one
aggregate state to another the parameter e(p,7) changes
significantly, the phase transition is accompanied by the
transition from one aggregate state to another. If the pa-
rameter e(p,7) does not change considerably, then the
phase transition takes place within the limits of the same
aggregate state, where several phases do exist.

It is often assumed from the standpoint of the thermo-
dynamical phase with the account made for metastability
that the amorphous substance is a super-cooled liquid.
However, by definition, the phase is the equilibrium (or
metastable) homogeneous state of the substance and the
transitions between the phases are accompanied by the
change of the physical properties. This means that consid-
eration of the amorphous substances as the super-cooled
liquids is related to the presence of the word 'metastable’
in the definition of the thermodynamical phase. However,
the solid state may also be metastable. Moreover, meta-
stability (non-equilibrium) is more typical for the solid
state than for the liquid, thus, from the viewpoint of defi-
nition of the thermodynamical phase, there are no serious
grounds for the transition from the solid body to the su-
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per-cooled liquid when defining the amorphous substanc-
es.

In accordance with the problem considered by us, the
following moments are important. First, the most of the
objects under study, which are called amorphous, have the
parameter e(p,T)<<1 and demonstrate quite high thermal
and time stability of the atomic structure. Second, the
experimental data available now do not indicate the pos-
sibility of pointing out the additional aggregate states on
the basis of the e(p, T)<<1 criterion. Third, the transition
to the solid state is, in general case, possible both from the
region of the aggregate state of the gas and from the lig-
uid aggregate state (fig. 1). Fourth, the change of the
external conditions of transition from one aggregate state
to another one affects considerably the structure and the
properties of the final substance produced. Simultaneous
account of these moments, in our opinion, results in a
clear conclusion: the amorphous substances are realized
in the solid-state region of the phase diagram, i.e. they are
attributed to the solid aggregate state. In this relation, for
example, it makes no sense to treat the glass as the liquid,
even the super-cooled one. The e(p,T) criterion indicates
clearly the necessity to relate the glass to the solid aggre-
gate state [1]. Though by their structure the glasses are
similar to liquids, by the interaction force and by the
character of thermal movement of the structural particles
they are typical solids. The lack of the translation move-
ment of the structural particles and conservation of, pri-
marily, their oscillations only around the equilibrium
positions are common for both the crystalline and the
amorphous states. In this case the main problem that stip-
ulates the transition of the liquid to the ordered crystalline
or unordered amorphous state is the character and the
value of the strength of the chemical bonds between the
structural particles.

Thus, different phases could be realized in the solid-
body field of the phase diagram for specific substance
dependent of the conditions of production of the above
substance. In equilibrium conditions, this field is filled
with the polymorph crystalline modifications, for exam-
ple, the a-phase, B-phase and y-phase (fig. 1). In the non-
equilibrium or quasi-equilibrium synthesis conditions, the
glassy, amorphous, nanostructural and other disordered
phases occurring at the same temperatures and pressures
as the crystalline ones may be realized in this field [2, 3,
4]. The occurrence of different unordered phases in fig. 1
is indicated by the bands separated by the dotted curves.
As seen from figure 1, not only the crystalline but also the
structurally unordered amorphous substances may corre-
spond to the a.-, B- and y-phases [5].

The transition of available non-equilibrium unordered
solid phases to the equilibrium ones is possible only in
case of the discrete leap-like change of different parame-
ters (volume, entropy, enthalpy etc.), i.e. due to the phase
transitions of the first kind. The peculiarity of this transi-
tion is that after the completion of the above transition the
final state of the substance is located at the same point of
the p—T diagram as the initial one. These states differ by
the character of the atomic network structure and by the
degree of non-equilibrium. In Ref. [6], the possibility of
the transitions from the ordered (crystalline) phase to the
unordered (amorphous) phase with increasing pressure of
the system is specified.
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Another approach to classification of the substances
based on their atomic and molecular structure [2] is im-
portant in the modern physics. According to it, the terms
‘ordered' and 'unordered’ must occupy the next hierarchic
level [7]. This hierarchic level is typical for any aggregate
state. This term most frequently means the presence or the
absence of deviations with respect to the certain parame-
ter(s) as compared to the system that serves the reference
of particular ordering and is called the ideal system [8]. In
this case the classification lies between two boundary
cases: the ideal reference completely ordered system (e.g.,
ideal crystal) and the ideal reference completely disor-
dered system (e.g., ideal gas). Correspondingly, the terms
‘ordered' and 'unordered’ could be applied to any system,
which has total or partial ordering or disordering at least
by one parameter as compared to the ideal structure.
Thus, in general case, the gases (plasma), liquids, and
solids could be both ordered and disordered by some
parameters, occupying certain intermediate state between
the ideal boundary cases. Regarding the solids, it should
be noted that their division by the structural peculiarities
into the crystalline (with the ordered structure) and amor-
phous (with the unordered structure) is generally accepted
[9] and is based on the results of the contemporary com-
plex structural studies [2].

Thus, the parameter e(p, 7) and the degree of the struc-
tural ordering correspond to the two different levels and
two substantially different views of classification of the
substances [10]. Therefore, the aggregate state of the solid
must combine two large classes of the substances: the
ordered solids and the unordered solids. Such division
into the above classes must be made not in the plane of
their assignment to the certain aggregate state, but in the
plane of the specific peculiarities of the atomic structure
and physical and chemical properties. It is assumed here
that the crystals are the ordered solids, whereas the amor-
phous substances are the unordered solids. However, in
this case non-ordering does not mean a total chaos in the
atomic locations [11]. As J. Zaiman [12] expressly noted,
the term 'disordering’ in this context means the presence
of a 'violated order', not the total order. What order is
violated in the amorphous substances, what order do the
'miss'? In our opinion, the reference point should be speci-
fied by the reference system of the ideal order in the solid.
The simplest and the most general parameter of the occur-
rence of disordering in this system is SRO.

Thus, taking into account the above analysis, it should
be stated that one of the principal classification criteria of
pointing out the class of the unordered substances among
the solids is the lack of long rangr order (LRO) in their
structure [13]. Such classification corresponds to the
hierarchic level next after the aggregate state. Two groups
of identical terms are ‘'located' on this level. The first
group includes the 'disordered solids' or the ‘crystalline
substances'/crystals. The second group combines the
‘unordered solids' or the 'non-crystalline'/'amorphous’
substances [14, 15]. The solids with LRO belong to the
first group, whereas those without LRO enter the second
group.

In this context, the following comments seem to be
important. First, application of the above two groups of
terms should not go beyond the same aggregate state of
the substances, for instance, the solids [16]. Second, one
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has to keep in mind the ordering (or disordering) not by
any structural parameter, but only by the character of
mutual topological spatial geometric locations of the
structural particles. That is, the single parameter used to
estimate ordering or disordering on this level is the topo-
logical LRO only. Third, if one takes into account the two
first conditions, we don't see the essential reasons to con-
sider the term 'non-crystalline' substance more general
than the 'amorphous' substance.

Note V.S. Minaev's sensible comment [17]: rigorous
etymological value of the terms ‘amorphous' and 'disor-
dered' means total, not partial, absence of the shape and
order, i.e. both notions include the meaning of the lack of
any order. Therefore V.S. Minaev assumes that generally
accepted term ‘amorphous' should be replaced by 'semi-
amorphous', while 'disordered’ — by ‘semi-disordered'.
Having completely agreed with these comments, we,
nevertheless, see no necessity in the replacement of gen-
erally accepted terminology. However, regarding the
solids, the total lack of the topological LRO should be
taken as the only basis of etymological meaning of the
terms 'amorphous’, 'unordered' and ‘disordered'. There-
fore, further the term 'ordered' state should define the
substances with total topological order that necessarily
includes the topological LRO as well, while the 'unor-
dered' state — the substances with no topological LRO in
the structural particles location. As regards the substances
with no topological order, they will be specially denoted
by the term 'totally disordered state'.

It is unreasonable to extend the area of application of
the term ‘amorphous substance' to the liquids [16, 18].
Ordering or disordering is a typical attribute of the con-
densed state in general. In this relation, we may refer to
Ref. [14], which clearly states that the liquids could be
disordered (common) and ordered (e.g., liquid crystals
and polymers) as well. A particular, well-developed sys-
tem of terms does exist to describe the liquids as the spe-
cific aggregate state. In some cases of ordering in the
liquids in the LRO scale, the special terms, for example,
the 'liquid crystals', are used. Thus, the terms 'disordered’
and 'unordered' could, in our opinion, be applied both to
the liquids and solids. The term ‘amorphous', in turn, is
applicable only for the solid condensed systems, since the
liquids have no shape due to their physical and chemical
nature.

Thus, the term ‘amorphous' concerns the solid aggre-
gate state of any substance having no topological LRO,
i.e. the structure of which could not be described by a
certain spatial lattice with the translation symmetry. We
shall call the lack of the topological LRO the disordering
(or non-ordering). Therefore, if we deal with a solid ag-
gregate state, the terms ‘amorphous', 'non-crystalline’,
‘unordered' and 'disordered' can be considered equivalent
and used as synonyms. In the same context, the terms
‘crystalline' and 'ordered' for the systems with the topolog-
ical LRO can be considered synonyms as well.

Thus, all the substances during their phase transition
from the gaseous or liquid state to the solid state could be
realized in a form of the unordered (amorphous) systems
with no topological LRO, or as the ordered systems (crys-
tals) with topological LRO. In certain conditions, the
transitions between the above kinds of the solid state are
also possible. In case of the transitions 'crystal — amor-
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phous body' LRO vanishes, while at the transitions 'amor-  crystalline and amorphous states may have different or-
phous body — crystal' LRO arises. dering degree.

In many cases there is no clear boundary between the The next, lower, step of the hierarchic pyramid con-
crystals and amorphous materials [13]. For instance, in  tains the terms that define different classes/kinds of the
the crystal with high defect concentration the regular  amorphous substances, each of them having specific char-
atomic structure may be violated resulting in LRO break-  acteristics of the atomic network disordering, not inherent
age or even vanishing. Increase of the defect concentra-  in other ones. The examples are the glasses, amorphous
tion leads in this case to the crystalline lattice destruction  films, amorphized solids, gels, pastes etc. In each of these
and, as a result, to the continuous transition of the crystal-  classes, the principal question is the relation between the
line state to the amorphous one. In addition, both the  order and disorder.
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Martin AG Current status and proposals for norms in the field of ~ tural land as an example of Lviv region / M. Degree, M. Bohira /
land in Ukraine / AG Martin , T. Onkar / / Land management /Land management Gazette. - 2007. - V2 5. - P. 34-35

and cadastre. - 2008. - M2 . - P. 21-27 . 7. TuxonoB A. T. HaykoBi migxomu 0 3eMiIeyCTpiiHOTO
4. TIpo 0XOpoHY 3eMelib : 3akoH Ykpainu Big 19.06.2003 p. Ne  mpoekTyBaHHS arpodopMyBaHb Ha 3acagax CTaJOro PO3BUTKY
962-1V // Binomocrti Bepxosnoi Pagu Ykpainu. — 2003. — Ne 39.  3emnexopucryBanHs / A. T. Tuxonos, B. II. ®enenko //

—C. 349. 3emueBniopsiauii BicHuk. — 2002. — Ne 4. — C. 23-26.
On Land Protection Law of Ukraine of 19.06.2003 Ne 962 -IV /| Tikhonov T. scientific approach to designing zemleustriynoho
Supreme Council of Ukraine . - 2003. - M2 39. - S. 349. agricultural enterprises based on the sustainable development of

land use / T. Tikhonov, VP Fedenko / / Land management Ga-
zette. - 2002. - Ne 4. - P. 23-26

bopkau E.W., UBanunxkuii B.I1., KoBrynenko B.C. AMop¢dHoe cocTosiHMe B HepapXn4ecKoil KiaccupuKanuu BelecTBa
AHHoTanms. AHHoTanys. Jlexaliee B OCHOBE BBIJICJICHUS PA3HBIX arperaTHbIX COCTOSHUN BEIIECTB COOTHOLLICHUE CPEeIHEeH KUHEeTH-
YECKOW SHEPTHH JBUKEHUS CTPYKTYPHBIX YACTHII K CpeiHelN MOTEeHIMAIbHON SHEPTHH UX B3aUMOJEHCTBUS yKa3bIBaeT HA OJIHO3HAY-
HYIO pealn3alnio aMOp(HBIX BEIIECTB MIMEHHO B TBEPAOTEIBHOW oOnacTu (a3oBoii nuarpammel. [Ipu paBHOBECHBIX YCIOBHUSX I1O-
Jy4EeHHUS 3Ty 00JacTh 3alONHIIOT TOMUMOP(HbIE KPUCTAIUTYECKIEe MOAN(DHUKAIINH, a IPH HEPAaBHOBECHBIX YCIOBHUAX B 3Ty XKe 00-
JIaCTh TOMAIAIOT Pa3InYHbIE CTEKI000pa3Hble, aMOp(HBIE U APYTHe CTPYKTYPHO HEYHOPSIOYCHHBIE (a3bl. «YTIOPSIOYEHHBIMY HITH
«HEYTIOPSOYESHHBIM» 110 OINpEeAeICeHHOMY (DU3MUECKOMY IapamMeTpy MOXKeT OBITh JII000€ arperaTHoe COCTOSHHs BemiecTBa. Ilpu
9TOM CTeNEeHb PasyHopsIOUCHUS ONpeaenseTcs AUcIepcueil pacipeeneHusl BeIMYUHbl OJHOTO NapaMeTpa WIH HEeCKOJbKUX Mapa-
METPOB CHCTEMBI. B COOTBETCTBHMH C 3TUM W TBEPAOTEIILHOE arperaTHOE COCTOsHHE oObeauHseT B cebe qBa OONBIIMX Kilacca Be-
LIECTB: YHNOPSIOYCHHBIE TBEpAbIe Teia (B OCHOBHOM 5TO KPUCTAJLIbI) M HEYNOPSIOUSHHBIE TBepAble Tena (Wi aMopdHBIe Belle-
ctBa). [Ipu 3TOM OCHOBHBIMH MapaMeTpaMH TaKOTO pa3feeHUs SBISIOTCS T€OMETPHUYECKHE XapaKTEPUCTHKU MPOCTPAHCTBEHHOTO
PacIoNOXKEeHUSI CTPYKTYPHBIX YaCTHUI] BEHIECTBA MEXIY cOOOMH, UTO OmMpeneNnseT TOMOJOTHYECKAH TMOPSI0K TBEPIOro Tena. Takum
00pa3oM, TEPMUHBI «PO3YMOPSIOYCHHOEY HIIH «HEYHOPSIIOYCHHOEY» MOKHO TMPHUMEHSTH IUIA JIIOOOTO arperaTHOrO COCTOSIHUS Be-
[IECTB, @ TEPMHH «aMOpP(HOE» — TOIBKO LIS TBEPIOTENHHBIX cucTeM. B Oolee y3koM cMbIcie clioBa aMOP(HBIM SBISIETCS TBEPIO-
TEJILHOE arperaTHoe COCTOSIHUE JTI000T0 BEIIECTBa, B KOTOPOM OTCYTCTBYET TOHOJIOTHYECKHH JaNbHHI IOPSIOK, TO €CTh CTPYKTYPY
KOTOPOTO HEeJb3sI OIMCATh NPOCTPAHCTBEHHOW PEIIETKON C ONpeeNIeHHOM IPYyNIoil CHMMEeTpuH.
Knrouesvie cnosa: azpecammuvle cocmosinus gewjecms, gasa, amoppuule seujecmsa
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Heupkyn CJL.
[pumenenue puabTpa Kasmana B cucrteMe HaeHTH(PUKAIINH KPYITHOKYCKOBOI PyAbI

HA KOHBellepHOH JieHTe

Lsupkyn Cepeeii Jleonudosuu, cmapuiuti npenooasamens

Kageopa ungopmamuxy, a8MOMaAMuKy U CUCMeM YnpaeieHus
I'BY3 «Kpuseopooicckuii HayuonanvbHsill yrusepcumemy, 2. Kpueoii Poe, Ykpauna

AnHOTamus. B crathe paccMoTpeHo npuMeneHne ¢mibTpa KanMana B cucteme HueHTHOUKAINH KPYITHOKYCKOBOH Pyl Ha KOH-
BeiepHOH JIeHTe, YyCTaHOBIIEHO, YTO aJITOPUTM paboTH! prIIbTpa MOXKET OBITH IPUMEHEH B PEIICHUH 33/1a9i UACHTU()HUKAINH KPYyII-
HOKYCKOBOM pyZIbI U CKOHIIEHTPUPOBAHO BHUMAHHE Ha TOM, UTO TPEII0KEHHBII QUIBTP 0OecreunBaeT yCTOHINBOE MOTyUEHUE

OLICHOK C BBICOKOM CTETICHBIO TOYHOCTH.

Knrouesvie cnosa: ¢unomp Kanmana, asmomamusupoeannas cucmema ynpasieHus, uOeHmuukayuu KpynHoKyckosou pyobl,
00beKm HAOM00eHUsA, COPMUPOBKA, (DYHKYULL NPUHAOTEHCHOCEN

ITpoGmema aBTOMAaTH3alMM MPOLECCOB TOPHOTO MPOM3-
BOJICTBA U JKU3HEACATENBHOCTH 4YEIOBEKa, CBSA3AaHHBIX C
pacro3HaBaHUEM U COIIPOBOXKACHHUEM O0Pa30B, SIBISETCS
OZHO! W3 NEPCIEKTUBHBIX BETBEU Pa3BUTHs COBPEMEH-
HbIX UT-rexHonorui.

B cucreme wuaeHTH(UKAMU KPYMHOKYCKOBOW PYHBI
HCIOJIB3YETCSl CTallMOHApHAas BHJCOKaMepa, KoTopas
KOHTPOJHPYyeT paboduee MPOCTPAHCTBO KOHBEHEepHOU
neHThl. Ha ocHOBaHMM mocTymnaromeil BuaeonHpopMaIim
BBIIENAIOTCA KYCKH PYABI, KOTOPBIE COOTBETCTBYIOT 3a-
JaHHBIM KpuTepud. Jlanee cucreMa HAXOOUT TPAEKTOPHIO
U KOHTPOJIUPYET €€.

Cuctema paboTaeT ¢ MHOXXECTBOM Pa3JIMUHBIX KYCKOB
pyasl (0OBEKTOB), pPACIIONIOKEHHBIX Ha KOHBEHEPHOM
nente. [lpuu€m Kycku pyabl, B o0IIeM ciydae, UMEIOT
NPOM3BOJIBHYIO (OpPMY W MOTYT NEPEKPHIBATHCS JIPYT
JIpyroM. Beinenenne u CONpoOBOXKICHHE KYCKOB PYHABI B
TaKUX yCJIOBUSX SIBJISIETCA JOCTATOYHO CJIOKHOM 3aJauei.
Jlist e€ penieHus MCHONB3YIOTCS psill (QUIIBTPOB pa3ind-
HOH pa3sMepHOCTH: MelnaHHbIH, GrIsTp [aycca u GmiIbTp
Kanmana.

Bo Bpemst nBuKeHUsI pyAbl Ha KOHBEHEPHOH JIEHTE B
30HE CONPOBOXKIECHUS ONPEIEISIIOTCS KYCKH PYABI, yIO-
BIIETBOPAIOILIME 3aJaHHBIM KPUTEPHSAM, IOCIE YEro BbI-
MOJHAETCS OLEHKa MX KOOpAMHAT. Jlnd MOBBIIIEHUS
HA/IeKHOCTH OIICHMBAHUS IapaMeTPOB KYCKOB pYJIBI,
HCTIONB3YIOTCS] PEKUM aBTOMAaTHYECKOTO CONPOBOXKICHHUS
KYCKOB Py/bl, KOTOPBIIl CTPOUTCS O MPUHIUITY JUCKPET-
HOM CUCTEMBI aBTOCONPOBOXIAeHUs. IIpu MHOronenesom
COTIPOBOXKICHUU TpeOyeTcsl pacrpenelieHue BPeMEHHOT0
pecypca JuUisl IoJIy4eHHUs! IEPBUYHBIX U3MepeHuil. B atom
cilyyae BO3HHKAeT 3a/1aya ONTHMH3ALUK Neproaa odpa-
LIEHUH K KaXJIOMY KyCKY PyAbl O KPUTEPUIO KOJIHYe-
CTBO KYCKOB - TOYHOCTb AaBTOCOIPOBOXAEHUS. AHalu3
MPAaKTHYECKOTO HCIIONb30BaHUS (QUILTPOB B KOHTYpE
HETIPEPHIBHOTO aBTOCONPOBOXKICHUS, IoKazaln 3¢pdek-
TUBHOCTh HCHOJB30BaHUS C TOYKM 3pPEHHA KadecTBa
GMIBTpaii U MPOCTOTH peanm3anuu ¢unbTp Kammana.
OreHKa KOOpPAWHAT B CHCTEME OCYIIECTBISIETCS IyTEM
COTIOCTaBJICHUS WHPOPMALINK O HAWICHHBIX KyCKaX PYIb
¢ (haKTHYECKUMH JaHHBIMH 00 MX MECTOMOJIOKEHHH Ha
KOHBEWEPHOH JIEHTE.
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Heas. Iexp HacTosmEe# pabOTH 3aKiIOYacTCsA B pac-
CMOTPEHUH MaTeMaTH4YecKod monenu ¢uabrpa Kanmana
NpU IPUMEHEHUH B CHCTEME UICHTU(HUKALUU U aBTOCO-
IIPOBOXK/JICHUU KYyCKOBOHU PYZBL.

Matepuanbl M MeTOABI HccIel0BaHMil. 3agady co-
MPOBOXICHUS MOXKHO paccMaTpuBaTh KaK XOPOIIO H3Y-
YEHHYIO NPOo0JIeMy TEOPUHU YIIPABIEHUS, KOTOPasi COCTOUT
B TOM, YTOOBI OLIEHHTh COCTOSIHHE CHCTEMBI Ha OCHOBa-
HUU MOCJIE0BATEIbHOCTH 3alIyMJIEHHBIX M3MepeHuit [1].
dopmanbHO MMeeTcs MOJeNb 00BEeKTa, KOTopas HaOuro-
JlaeTcs B 3aIIyMJICHHOM IIPOCTpaHCTBE cueHbl. O0o3Ha-
9UM Yepe3 — molenb 00beKTa — HabardeHue o0bekTa. B
o0IeM ciryyae — BEKTOpa MPU3HAKOB, KOTOpPHIE BIIOJIHE
MOTYT MMETh Pa3HyI0 pa3MepHOCTb. B mporiecce compo-
BOXJIEHHs] O0BEKTa MOJEIM W HaOJIOJIEHUS MOTYT HC-
MOJIB30BATHCS IByMsI CLIOCOOAMHU:

1. TlocmenoBaTenbHOCTh HAOMIONEHHA MPUMEHSETCS
JUIA yTOUYHEHHsI 0a30BO MOJeNu. 3aMEeTUM, YTO MOJETH C
TE€YEHHEM BPEMEHH TaKXe MOXET M3MEHATHCS, MOITOMY
Ka)XJI0€ HOBOE HAOJIOJICHNE MOJKET JaBaTh HOBYIO OLICH-
Ky MOJETH.

2. TlocTpoeHHas OLIEHKa MOJENH HCIOJIb3YETCs s
TIPeACKa3aHNsl MOJIENN W HAOJIIOAEHHS.

B pesynbrare monmydaeM MexaHW3M OOpaTHOW CBSI3M:
HaOoaeM, OIEHMBAEM, MPEACKA3bIBACM H, OOHOBISIEM
Ha OCHOBAHUU Ipejacka3aHuil. Takoif MeXaHU3M JIEKUT B
OCHOBE METO/IOB COTIPOBOKICHNUS, OCHOBAHHBIX Ha (DHIIb-
tpax Kanpmana u ¢punbrpax yactun. B nanHoM u3noxe-
HUU OCTaHOBHMMCS Ha IIpuMeHeHnn ¢mipTpa KaneMana.

[Ipexne, ueM paccMaTprUBaTh MPUMEHEHHE aNTrOpUTMa
Kanmana mis permrenus 3agaun GUIbTpandy, HATIOMHAM
(opMyIHPOBKY 3amaud (QUIBTPAIMM CIy4alHOTO TNpo-
L[ecca C M3BECTHBIMU TUHAMUYECKMMHU CBOHCTBAMH, JUIs
pemenust Kotopoii ¢pmisTp Kanmana n3HavansHO npeHa-
3Havancs. llens ¢wipTpa Kanmana - MUHMMH3MpOBaTh
JUCIIEPCUI0 OLIEHKU BEKTOPHOTO CIy4yaillHOTo Ipolecca
Xk, m3Mmensronierocs Bo Bpemen:n (1). Cyrts mporecca
(unbTpauu cOCTOUT B cienyronieM. OunbTp paboTaeT B
NPEANONIOKEHUH, YTO CHUCTEMA SBISETCS JIMHEHHOH
(mabiroieHNe SIBIIAIOTCS] TMHEWHONW (YHKIIMH COCTOSTHHMS)
M IIyMBI ONHCHIBAIOTCS ['ayCCOBBIM pacmpeiesieHHeM ¢
MaTeMaTHYeCKUM OKHJAaHHUEM, paBHBIM Hym0. Torma
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MOJeNb OOpPaTHOH CBS3M MOXET OBITh OIMCaHa BEKTOP-

HbIMH ypaBHeHHsIMHE (1) 11 (2).
Xir = FXy + W,

1)
)

rac — Fk - MaTpuia HpeO6pa30BaHI/IH COCTOSAHUA CHUCTC-

z, =H/x +v,

MBI, W, — m-MEpHBIH CllydaiiHblif BeKTOp ommubok (Oe-
MBI TIyM ¢ HopManmbHBIM pactpenencHueM N(0, Qy) ¢
MaTeMaTHYeCKUM OKUAaHueM, paBHbIM 0 W Marpuueit

koBapuanmu  Q,); H,— Marpuna cBs3u Momenn u

Habmonenust; Vi — «Oensliiy myM ¢ HOPMalBHBIM pac-
npenenenrem N(0, Ry).

3amMeTuM, 4YTO 1O ONPEAEICHHI0 MaTPHUIIbI KOBapUaluu

.. 5
Qc =M(w,w,) (Q)ij =M(Ww,w,)".

[IpuBenem npumMep MoAenH Uit CITydas paBHOMEPHOTO
nBrkeHus [2]. CocTosiHuE CUCTEMBI ONpENENnseTcs NoJo-
KEHHEM U CKOPOCTBIO KYCKOB PYABI, COBOKYITHOCTh KOTO-
PBIX MOKET OBITH IIPEICTABIICHO BEKTOPOM BHzA (3).

X

y

X =

©)
VX
Vy
Matpura npeobpasoBanus cocrosus F, u F, ucxo-

1151 U3 GU3MUECKUX COOOPAKEHHI, MOXKET OBITh 3alTUCcaHa
cornacHo (4).

10 dt 0
01 0 dt
F= (4)
001 0
00 0 1

[TockonbKy TIpH COMPOBOKIEHUN KaMepa PEerHCTpUpY-
TOJIBKO KOOPJMHATHI IIOJIOKEHUSI OOBEKTa, TO

{z
HpeﬂCKa3aHI/Iﬂ Hk = H MOJKXHO 3a11ucaTtb B COOTBETCTBUU

c(9).

€T

Z, =

X} [MosTomy wMmatpumy cCBsi3u HaOJMIOIEHUS U
YA
Y Ik

Q)

o o+
o P o

00

T.K. B peasIbHBIX YCJIOBHAX HeNb3d HAaOM0IaTh HUACH-
TUYHBIA [IOTOK PyZbl, TO BBOOUTCS ['ayccoB LIyM ¢ Mat-
punieit koBapuanuu Qy. Matpunia koBapuanuu Ry cTpo-
UTCSl, UCXOMs U3 TOrO, HACKOJIBKO TOYHO BBIIOJIHSIIOTCS
U3MEPEHUs] MOJOKEHUs] KYCKOB pyJbl Ha KOHBEHEpHOU
JICHTE.

Tenepp monyuum 000OIIEHHBIE ypaBHEHHS Ul 00-
HOBJICHHSI COCTOSIHUS U MOJIeNHU. [1iest COCTOUT B TOM, UTO
CHauaja CTPOUTCSl ampHOpHAas OLEHKa Xy COCTOSHUSA

coryacHo (1):
X =FoaXo + W (6)
3areM ¢ HCIOJIb30BAaHHEM IOCTPOECHHOW OIIEHKH BBI-
qHCIIseTCs HaOJIoIeHe

z, =H/ X  +v,

()
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Taxxe MOXXHO ONPEAETHTH alOCTEPUOPHYIO OIEHKY
Xk COCTOSTHHS, KOTOpas CTPOHUTCS TOcie HaOIIOEHUSI.
Beeaem ommbku e¢ (8) u ek (9), CBA3aHHBIE C Kax IOl
OLICHKOW COCTOSIHUS.

e, =X,

— X ©)
©)

Ounetp Kansmana onepupyer passoctsto z, — H, X, ,

+

N -
€ =X — X

B KOTOPYIO BHOCHUT BKJIaJ OIMOKA €, M CIy4aHbIH IIym
V.. B mpmeampbHOM ciydae mIymM OTCYTCTBYET M OLCHKA

COCTOSIHUSI M7ealbHa, M03TOMY yKa3aHHasi pa3sHOCTh 00-
pamaercst B HOJIb. 3a/1a4a COCTOUT B TOM, YTOOBI ITOCTPO-
uTh MaTpuuHbIH ko3ddunuent Kanemana K, c mensio

OOHOBJICHHSI aNOCTEPHUOPHOI oreHkn coriacHo (10).
Ortciona, ecnmun K, M3BECTEH, TO M3BECTEH 3aKOH MOIy4Ye-
HHA OOHOBJICHHOH MOZENU X, .
X =X +K(z, —HX) (10)

VYpasaenus (8) — (10) mo3BONAIOT MOTYYUTH BBIpaXKe-
HHE CBS3U allpHOPHOI U anocTepuopHoil omuoku (11).
e;:Xk‘Xf:Xk‘((E‘Kka)X[‘Kka): 11)
=%, ~(E-K H R +K, (Hox, +v, )=(E-K H, K +K,v,

U3 onpeneneHst MaTpHUIBl KOBapHAIMU TaphI CITydaii-
HBIX BEJTUYWH CICIYIOT BEIpaxkeHus (12).

- —n-T T T
P = M(ekek ), R M(ek*elj ) R, = M(vkvk) (12)
Benenctere He3aBUCHMOCTH OMIMOOK W TOJTyYaeM HY-

JIeBYI0 KOBapHUaluio Juist Benudud e, u V, (13).
M(ev) =M(ve") (13)

IIponenap HecnoxHbie Tpeodpa3zoBanus (14) (ymHO-
xeHue (11) Ha €, U onpesieIeHUEe MaTEMAaTUIECKOTO OXKH-
JAHWUS OT MOJTYYCHHOTO BBIPAKCHHS), MOXKHO IMEPEUTH K
YpaBHCHHIO C MaTpHIaM¥ KoBapuarwu (15).
eey = (E -KH e +K e

- - \r _ \r

=(E-KiHo i ((E -KH e+ Kkvk) + Kka((E K H e+ Kka) =
= (E-KH e (E-KH,J + (B~ K, H ik + Kve (B - KeH, '+ Ky

Pk+:(E_Kka)Pki(E_Kka)T+KkRkKII (15)
Otcroga momydaeMm, uTo Mmarpuiy K, HeoOxoxumo

BBIOpaTh TakK, YTOObI CyMMa JHArOHAJBHBIX JIEMEHTOB
(cneo) marpuupl P, Oblia MUHUMATBEHOM.

(16)

Pemenue Z[aHHOﬁ 3aa4n ONpeaACIACTCs MOCPEACTBOM

trace(P,") — min,,

mnddepenuuposanns ¢pyuxuun trace(P, ) mo K, (17).
—2(E-KH, )P, HL +2K,R, =0 17
Kak cnenctsue, momydaem dopmymny (18) mis Beramc-
nenust matpunsl K, .
Ke =R HEL(R, +H P HT )™, (18)
rae
P =FRPRLF +Qy (19)
3aMeTnM, 4TO MOCPEJICTBOM HECIONKHBIX MaTeMaTH4e-
CKMX BBIKIIAJJOK MOXXHO BBIBeCTH (popmymy (20) mnst BbI-
yucneHus P, .

pk+ = (E - Kk H K )Pk_ (20)
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V3 BBIIIE W3JI0KEHHOTO MOYKHO BBIJICIMTH 2 dTama pa-
00ThI punbTpAa:
1. Ilpeockaszanue. Ilpenmonaraer BBHIYHCICHUE alpHU-

OpHOIt oneHKH coctosiaus X, (6) u Habmonenus z, (7).

2. Koppexyusa. BkirodaeT omnpeneicHne MaTPHIHOTO
kodbdunuenta Kanmpmana K, (18) um mocrpoenue armo-

CTEPHOPHO# OLEHKU COCTOSIHMS X, cormacHo (10).

PaccmorpuM Gosiee neTanbHO anroOpuTM paboTHl (HHITb-
Tpa Kanmana npuMeHseMblil B KOMIIBIOTEPHOM 3PEHUU.

[Ipeanonoxum, 9TO cUCTEMa MOXKET HaXOIUTHCS B CO-
crosHUIX X¢={X1, Xp, ..., Xt}, B MOMeHT Bpemenu t. [To-
CIIEZIOBATENILHOCT ~ HaOmtoneHuid  OyneM  0003Ha4aTh
Z2:={24, Z,, ..., Z;}. YUUTBIBas 3TO, BBEJEM IIPEAIIOIONKE-
HHE O TOM, YTO COCTOSIHHE X; 3aBUCHUT TOJBKO OT MpEbl-
NIYIIETO COCTOSIHUA Xiq - yclloBU€ MapKOBCKOW Lemnu.
TakuM o00pa3oMm, MNONXYYHUM CHCTEMY C HE3aBUCHMBIM
HabopoMm HaOmroneHni. TeXHMKH (QUIBTPAUH YaCTHI
MIPEACTABILIIOT paclpeielIeHue BEPOSITHOCTH B BUAE KOJI-
JIEKIWU B3BEIICHHBIX BHIOOPOK - YaCTHI], MOSBICHHE
KOTOPBIX PETYIHUPYETCSl TOCPEICTBOM BBEICHHS BECOB.
Torma mHOXecTBO S; (21) Oyzmer ompenensats (yHKIUIO
IUIOTHOCTH BEPOSITHOCTH IJISi COCTOSIHHUSI TIPH 33aHHOM
Habope HaOmoneHHUH. S; 3amaeT MPUOTIKEHHOE pactpe-
nenenue P(X, | Z,) .

N
Si=1 (st 7t JiEN > it (21)
i=1

3amada COCTOUT B TOM, YTOOBI MOCTPOUTH METOJ BOC-
CTaHOBJICHUSI MHOXKECTBa Ha OCHOBaHUH Si.;. DopmanbHO
aITOPUTM MOXKHO MPEJCTAaBUTh B BHJIE MOCIIEOBATEIBHO-
ctu 3TanoB [1]:

1. ITycTh BEIOOpKH B MOMEHT BpeMeHH t-1 mocTpoeHb!
(22)

Stl—{(sit_l,ﬂit_l),i—l, N ’i”it_l—l} (22)

JIOTIOJIHUTENIBHO BBIYMCINM HMHTErPaIbHBIE Beca coriiac-
HO (23)
¢ =c,+mti=1LN,c, =0 (23)
1. lamee ompenenmyM N-bIf SK3EMIUIAP BBIOOPKH S
i wero ciydaitHeIM 00pa3oM BBIOEpeM YHCIO I U3 OT-
pe3ka [0,1] - u Beumcnum j=arg min; {c>r}. Orcroona
-1
T0JTy4aeM TEKYIIYIO OLEHKY COCTOSHHS S, .

2. Cnenyromuii 3Tamn - OpejckasaHue ClIeIyIoNero co-
crosHus. Ilpenckaszanue (24) BBINONHAETCS aHATOTMYHO
(1), c pa3HuIEH IUIIb B TOM, YTO HET OTPaHUUCHUMH, CBSI-
3aHHBIX C JIMHEHHOCTBIO CUCTEMBI U BUAOM pacHpezesne-
HUS IIyMa.

Srt1 = Ft—lsitil + Wi, (24)

4. Jlanee BBIMOTHUM KOppekImio. Mcmone3ys Tekyiee
HaOJIOJICHUE Z; U €ro pacrpeelieHne, Heo0X0IUMOo ycTa-
HOBUTH BEC MOJYYEHHOTO IK3EMILIsipa coraacHo (25)

t t
T = p(zt | Xt = Sn) (25)
5. [Moctponm MHOXecTBO Sy, moBTOpHB Iard 2 - 4 N -

pas.
6. HopmanusyeM mocieoBaTeNbHOCTh BECOB  Tak,

N
t_
YTOOBI E”' _1.

7. BeluncnuM HawIydmIylo OLEHKY AJISI COCTOSIHHUS Xy,
HarpuMmep, Kak JHHEHHYI0 CBEPTKY IOJIy4YeHHOro Habopa
9K3eMILIIpOB BbIOOpKHU (26). Takum oOpasom, dakruye-
CKH OIIPEECIIUM HEKOTOPBII CPEHUI KYCOK PY/BbL.

N

teT

Xy = 2. as]
i=1

PesyabraTel M uX obcyxnenue. OnucaHHBIA anro-
PHUTM TPOILTIOCTPHUPOBaH rpadudecku (puc. 1).

(26)

Puc. 1. MimmrocTpanms paboTl adropurMa
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Ha Bxoze urepamum anropurMa MMEETCSI MHOXKECTBO
KYCKOB PYJIbI {(Si"l,ﬂitfl)} (BepXHHMii ypOBEHb aMATpAM-
MbI). B pesymnpraTte N-KpaTHOTO BBIOOpa KYCKOB PYHABI U3
St1 TomydaeTcss HEKOTOPHIH Habop 3K3eMIUIpoB (2-oi
yYpOBeHb CBepxXy). [IpuMeHeHue mara npeacKa3anus Npu-
BOJUT K (pOPMHUPOBAHHIO MHOXKECTBA OIIEHOYHBIX COCTOS-
HUIl KyckoB pyabl (3-uil ypoBeHB), 3aTeM sl KaxJIou
OLICHKH BBINOJHAETCS KOPPEKLUsT Ha OCHOBAHUHM HUMEIO-
muxcst HaOmoaeHni. Kak cinencrsue, co3maercsi MHOXKe-

CTBO YaCTHI[ B TEKYIIUH MOMEHT BpPEMEHH (ITOCIIEIHHI
YpOBEHB JMarpaMMBl).

Pe3ynpTaThl MOAENMPOBAHUS aJanTHBHOTO (uiIbTpa
Kanpmana B makere Matlab mokazansl Ha puc. 2, 3. Ha
puCyHKE 3 BHAHO, YTO TPH HCIOIB30BaHWU (DHIIBTpa
Kanmana oneHka MeCTOIOJIOKEHHA KyCKOB PYIBl HJIEH-
THYHA peaJbHOMY pacrojoxeHuto (kpuBas Actual cos-
nmajgaer ¢ kpuBoi Estimation). MoxxHO ckazaTb, 4TO airo-
putm Kanmana oOecrieunBaroT CXOJHBIE IIOKa3aTelu
KauyecTBa.

Fath Tracking without Kalman Filter

T T T T | I I T
W 1[ \,4 Estimation [
\/ —+— Actual
/\ —+— Measured |
£ ]
=
=
3
=)
o
20k
a0 I | | I I I | I I
1] 05 1 15 2 25 3 35 4 45 5
Tirne(s]
Puc. 2 — Pe3ynbpTaThl MOACIMPOBAHUS CONPOBOXKICHHUS KYCKOB py bl 6e3 ¢pmibTpa Kanmana
Path Tracking with Kalman Filter
I I T I I I [ | P
L _\ / 1 'r A ]\/\ —+—Actual 1
EE —+— heasurement
04 i Estimation |
= o, ¥
[
i=)
.E -10 - ¢ —Jj
o
a0k 4
a0 I I I I I I I I I
1] 0.5 1 1.5 2 25 3 35 4 4.5 5
Tirne(s)

Puc. 3. Pe3ynbTaTsl MOAENTMPOBAHHS COMPOBOXKACHHS KYCKOB pyIbI ¢ GhuiapTpoM Kammana

BoiBoabl. Iloka3aHo, 4TO ajaroput™M paboThl (UIBTPA
Kamvana MOXHO TPHMEHHTH B 3ajade HACHTHPHUKAIIUU
KpYIHOKYCKOBOH pynbl. IIpoBeneHo uccnenoBaHue mpo-
Iecca CTaTUCTHYECKOH 00paboTKK WH(OpMAIMH, HA OC-
HOBE KOTOPOTO YCTaHOBIJIEHO, YTO IMPEIOKEHHAs] MOJIH-
¢ukamst GuIbTpa 00eCTIeYNBaET YCTOWIHBOE MOTYIECHUE
OLICHOK C BBICOKOM cTeneHbto TouHocTH. Puibtp Kanma-

Ha TpeAcTaBiIsieT co00i HaWIydlInid (B CMBICIE MUHH-
MyMa JIUCTIEPCHM ONIMOKM) JHWHEHHBIN (UIBTp HE3aBH-
CHMO OT BHJA PacIpelesieHHsI U MO3BOJISIET PeaIn30BaTh
s dexTrBHOE ymnpaBieHUE MPOIECCOM HIASHTH(PUKAITUU
KpPYITHOKYCKOBOH pyabpl. Ciexyer OTMETHTh, YTO CKO-
pPOCTb 00PaOOTKH BHIICOM300PKEHHUS C TTOMOIIBIO (HITb-
tpa Kanmana He Benuka.
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Tsvirkun S.L. Application of Kalman filter in system identification lump ore on the conveyor belt
Abstract. The article discusses the use of the Kalman filter in the system identification lump ore on the conveyor belt, it was found
that the algorithm of the filter can be applied to solving the problem of identification of lump ore and focused attention on the fact
that the proposed filter provides sustainable obtain estimates with a high degree of precision.
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Mewanunoe C.K., I'vnewa E.M., bazpuii B.B., Ycemumenko B.O.
DJIeKTPOHHAs CHCTEMa OMOMETPUYECKOr0 KOHTPOJIS M YIIPaBJIeHUS HAJAeKHOCTHIO
(pYHKIIHOHMPOBAHUS Y€JIOBEKO-MANIMHHOW CHCTEMBbI

Mewanunos Cepeeti Kapmunosut, 0oKkmop mexHuueckux Hayk, npogeccop kageopwvl d1eKkmpoHuKu
Tynewa Enena Muxaiinosua, kanouoam neoazocuieckux Hayk, O0YeHm Kageopsl 31eKmpoHUKY
Baepuii Bukmop Bacunvesuu, Kanouoam mexHuueckux Hayk, 00yeHm Kageopuvl 31eKmpOoHUKU
Yemumenko Baaoumup Onezcosuy, cmapuwuil npenooasamens kagheopvl 31eKmpOHUK
JHenpood3eporcuncKuil 20cyO0apCcmeeH bl meXHuueckutl yHigepcumem, 2. JIHenpoosepiicutck, Yxpauna

AHHoTanus. [IpuBe/ieHbl TaHHbBIE AaHATUTHYECKUX HCCIIEI0BaHUM 3JEKTPOHHOH CHCTEMBI B KOMIIIEKCE OMOMETPUYECKOTO KOHTPOIIS
HaJEKHOCTH (YHKIHOHUPOBAHHS CIOXKHON TEXHUYECKOM CHCTEMBI Ha MPHMEPE OYMCTHOTO 320051 COBPEMEHHON YrONbHOH IMIaXThI.
Paccmotpeno nosenenne cucteMsl «Henosek-Mammna-Cpenay Ha OCHOBE U3Y4EHUsI ICUXO(MU3UOIOTHIECKIX 0COOEHHOCTEH MoBe-
JICHUsI 4ENIOBEKa B SKCTPEMAJIbHBIX YCIOBUSX COBPEMEHHOIO Ipou3BoAcTBA. CaenaH BBIBOA O TOM, YTO JJIS HOBBILIICHUS YPOBHS
MIPOMBIIUIEHHONH 0€30MacHOCTH IPH IKCIUTyaTalldd BAKHBIX M ITOTEHIHAIGHO OINACHBIX IPOU3BOACTBEHHBIX OOBEKTOB JOJIOXKEH
CYIIECTBOBATh ONpe/eTIeHHbIH MUHIMYM OHOMETPHYECKHX ITapaMeTPOB, KOHTPOJIMPYEMBIX HEIPEPHIBHO (B on-line pexume).
Knrouesnvie cnosa: uenoseveckuii paxmop, 6uomempuieckuli KOHMpPOb, CAONCHAS MEXHUYECKAs, CUCEMA, NPOU3E00CHIEEHHbIIL

obvekm

Brenenmne. IIpu skcrutyaTaiuy CI0XKHBIX MAIIUH U KOM-
IUIEKCOB YEJIOBEK M MalllMHa CTAHOBSTCS OOBbEIMHEHHBI-
MU B OJIHY clOXKHYyI0 TexHuueckyio cuctemy (CTC). B
nporecce ee (pyHKIMOHUPOBaHUs B moxacucreme "Yerno-
Bek-Mammaa-Cpea"  MPOUCXOOUT — TPHUCIIOCOOIICHHE
(B3amMOIeHCTBIE) YETIOBEKA M OCTAIBHBIX €€ ITOJICUCTEM,
B pe3yibTaTe 4Yero HaJeXHOCTh (DYHKIIMOHWPOBAHUS B
[EJIOM TI0 CHCTEME MOXKET OBITh KaK ITOBBIIICHA, TaK U
nonwxkeHa. [logcucrema  "Yenosexk-Mamunna-Cpena”
SIBIISICTCS BOCCTaHABIMBAaeMON u oOcmyxmuBaeMoit. Ilo-
3TOMY OHa 00J1aJjaeT CTPYKTYPHBIM, HHPOPMAIIHIOHHBIM U
(YHKIMOHAIBEHBIM PE3ePBUPOBAHUEM U €€ HAJICKHOCTh B
LIEJIOM MOXKET OBITh BBIIIE HA/JEKHOCTHU OCTAJIBHBIX TOJ-
cucrtem CTC. PaboTocnocoOHOCTh M HaJEKHOCTh MOJICH-
cremsl "Yenosek-MamuHa-Cpena" B 3HAUYUTEIHHOH CTe-
MIEHHU 3aBHCAT OT ICUXO(PUINOIOTHUSCKIX 0COOEHHOCTEH
4eloBeKa M OT TPHUCIIOCOOJICHHOCTH MAIllMH K B3aWMO-
JeficTBUIO ¢ YenoBeKoM. To ecTh, He0OX0aM OHOMETpH-
YEeCKH KOHTPOIb (PU3UOJOTHYECKIX U MICHXOJIOTHUSCKUX
BO3MOJKHOCTEH UeJIOBEKa HECTH OMpEACICHHBIC HATPy3KU
U TIeperpy3Ku, BOCIPUHIMATE U TepeaBaTh TPEOyeMyIo
nHpopManuIo, HAXOJUTHCSI B JAaHHOM CUTyallMH WU
ycIoBUAX HeoOxomuMoe Bpems u T.I. [IpuMepom cospe-
MenHO CTC sBistercss ouncTHON 32001 yroapHOHN IIax-
Thl. PereHne BONpocoB 6€30MacCHOCTH OCOOEHHO Ba)KHO
IIPU SKCIUTyaTaI[il OYUCTHOH BRIpabOTKH, paboTaromeii B
pEeXXHMe MOBBIIIEHHBIX Harpy3oK, KOrjia OTKa3 OJHOTO W3
AJIEMEHTOB TaKOW CHCTEMBI MOKET PUBECTH K KaTacTpo-
(PUIECKUM TTOCIIEICTBUSIM.

IlocTraHoBKa 3a7ayM MCCJIeJOBAHMNA. DproHoMuye-
CKHE CBOMCTBA UEJIOBEKA MPEACTABISIIOT COOOH KOMIUIEKC
AHTPOIIOMETPHUYCCKIX, (DU3UOJOTHYSCKUX U TMCUXOJIOTH-
YECKHX €ro CBOMCTB. Bompochl BIHSHHUS 4EI0BEYECKOTO
¢akTopa Ha ypoBeHb Oe3omacHocTH mpu padore CTC
JIOCTAaTOYHO MOJIPOOHO paccMOTpeHkI B pabdore [1].

AHaim3 TpUYMH TpaBMaTU3Ma B KOMIUIEKCHO-
MEXaHW3UPOBAaHHBIX JIaBaxX, MO JaHHBIM PaboThHI [5], TO-
Ka3bIBaeT, 4TO yAENbHas IOJS TPaBM B pE3ysbTaTe IO-
BpEXKJICHUSI MalllUHAMU U MEXaHU3MaMH COCTaBJIIET OKO-
10 30%. U3 uux okoso 50% npuxoaurcst Ha CyOBEKTHB-
Hble NPUYMHBI: HAaXOXJeHUe B omnacHoil 3o0He (14,3%),
omubouHble aeiictBus (6 — 12%), HecoriaacoBaHHOCTH
neiicreuit (2,9 — 10,2%), npoBencHHE HEMPEIBUACHHBIX
pabot (2 — 3%).
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OunctHON 3a00#f COBpPEMEHHOI YroJIbHOM HIAXTHI Kak
CTC mpencraBiser co0oi COBOKYNHOCTh TaKHX IOICH-
creM, Kak "ATtmocdepa”, "TexHomornyeckoe o60pyoBa-
Hue", "llpukonrtypHas ob6nacts” u "OOCITyKHBaIOMINH
mepcoHai’’, Kaxaas W3 KOTOPBIX COCTOMT W3 Habopa
CTPYKTYPHBIX TOJCHCTEM, B3aMMOJCHCTBYIOIINX MEXKIY
co0oif 1Mo cxeme IOCIEeIOBAaTEIbHO COCIMHEHHBIX 3JIe-
MeHTOB [3]. IIpu 3TOM monHas wHpOpManus o0 ypoBHE
6e3omacaoctr Takoit CTC MoxkeT OBITh MONTydeHa, W 110
HEH OCYIIECTBIICHB! CBOCBPEMEHHO OIEpalliy IPOTHO3a U
yIpaBJIEHUs C TOMOIIbI0 KOMIUIEKCHON CHCTEMBI KOH-
TPOJISL ¥ YIPaBJICHUSI HAJCKHOCTHIO ()yHKIMOHUPOBAHUS
ouncTHOro 3a6ost [3]. OnHOI M3 MOACHUCTEM 3TOH KOM-
IUIEKCHOW CHCTEMBI KOHTPOJS M YIpAaBJICHUS SBISIETCS
KOMIUIEKCHAsI CHUCTeMa OMOMETPUYECKOr0 KOHTPOJIS 00-
ciyxuBatouiero CTC nepconaina.

Kak ykaspiBaercst B pabote [4], Ha0o IOMHHUTE O ABOS-
KOH pOJNM 4YesoBeKa € MO3MIMM HaJeKHOCTH: C OJHOH
CTOPOHBI, YEJIOBEK — 3TO BEChbMa COBEPIIEHHAS! CHCTEMA,
OH MOJET OIICHMBAThH CJIOKHYIO OOCTAHOBKY M NPHHH-
MaTh TaKHE€ PEIICHUs, KOTOphle HE CII0OCOOHA IPUHSTH
HHUKakas YIpaBiAioIas MallWHAa; C APYrod CTOPOHHI,
YeJIOBEeK caM IOJBep>KeH "OTKazaM', eCli Ha €ro HepB-
HYI0O CHCTEMY U Ha (U3MYECKOE COCTOSHHUE ACHCTBYIOT
HEJIOIYCTUMBIE TIEPETPY3KH.

OcoOble  TpoONeMBl HMEET CcHucTeMa KOJUICKTHB-
KOMITJIEKC MAaIllMH-OYMCTHas BbIpaboTka. B Hel, kpome
yKe TEepPEeUHCIEeHHBIX (PaKTOPOB, BEAYILYIO POJb UTPAIOT
COIMAIbHBIE OTHOIICHUS, Mepapxusi (CONOJUYNHEHHOCTH)
OTJENbHBIX UCIOTHUTENEH, OPraHU3alluOHHAs CTPYKTypa
MOJIPa3/IeNIeHUs], UIEOIO0THsl U B3aUMOOTHOLLIECHHUS JIFOJEH,
CHCTEMBI yNIPABICHHSI KAYECTBOM M HaJIeXKHOCTBIO.

TakuMm 00pazoM, HeJIbI0 HACTOsIIIe PadOThI SBIISCT-
CSl MCCJICOBAHHE 3HAYNMOCTH YeJIOBEYECKOT0o (paKkTopa B
paboTe KOMIUIEKCHON CHCTEMBI OMOMETPHYECKOTO KOH-
Tponsa HaxexHocTH ¢yHknnorupoBanus CTC Ha nmpume-
p€ OYUCTHOTO 32005 COBPEMEHHOM YrOJIbHON IIaXTHI.

OcHoBHasA 4yacTb. OnHOW W3 TVIABHBIX IICHXO(MHU3NO-
JIOTUYECKUX 0COOCHHOCTEH Tpy/a rOpHOPadOUHX SIBIISET-
Csl BBICOKAsl CTETIeHb MX NMPO(EeCCHOHAIBHOTO pPUCKa. DTO
CBSI3aHO C BO3HMKHOBEHHMEM YacCThIX KOH(IMKTHBIX CHTY-
aluii, co3JaBaeMbIX NPOTUBOPEUUBBIMA MOTUBAMH MOBE-
JICHUSI B CJIO’)KHOM NPOM3BOJICTBEHHOW 0OCTaHOBKE. AHa-
U3 PUCKOBAaHHBIX JEHCTBUI ueloBEKa IMOKa3all, uTo y
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rOPHOPA0OYMX YrOJBHBIX MIAXT YaCTO BCTPEYAIOTCS Ciie-
JIYIOIIAE MOTHBHI [ 1]:

— MPEeHEOPEKUTENHHOE OTHOIIIEHHE K PHCKY;

— HEAUCIMIUIMHUPOBAHHOCTb;

— MPHUBBIYKA K OTIACHOCTH;

— MEPEeoLeHKa CBOUX BO3MOXHOCTEH.

Mozenp 4enoBeKO-MalllMHHOW CUCTEMBI MPEICTaBIICHA
Ha pucyHke 1.

/

~

CocroaHua
cucreMby

-

Puc. 1. Mozens 4ea0BEKO-MAIIHHHON CHCTEMBI: Y — 4JeIOBEK;
M — mammna; C — paboyasi cpena, KOTOPBIC CBSI3aHBI MEXIY
co0oif M BHemIHeH (JuIs BCeil CHCTEMBI) CPenoi IpW MOMOIIN

M 1)
MaTepHalbHOE BO3MYIIEHHE (YIPaBIAIOIINEC KOMAaHIBI Ha Ma-
IIWHBI U MEXaHU3MBbI, IMOTOKU MAaTEpUAJIOB, SHEPIrUU H T.l'[.);

TEXHOJIOTUH

BXOAHOE HWH(POPMAIMOHHO-

E(t) — BBIXOJ] TOTOBOH MPOAYKIMH, OTYETHI O (PyHKIMOHUPO-

BaHnu CTC B peanbHOM peXrMe BpEeMEHH, H. T.I1.

PasBuBaromeecs B mporecce Tpyna YTOMIJIGHHE CITO-
coOCTBYET BBHIOOPY HEIPABHIILHOTO PEUICHHUS, BBITEKAO-
1Iero M3 KOH(IMKTa B BBIOOpE MEXAY BBINOJIHEHHEM
paboThI OE30MaCHBIM CIIOCOOOM HJIH €€ BBITMIOJIHCHHEM C
MEHBIIUMH YCUIHUIMHU U CPOKOM, HO C OOJIBIINM PHUCKOM.
Upe3mepHasi TSHKECTb OT/AENBHBIX Ollepaluid, JeduiuT
BPEMEHHM Ha HMX BBINOJIHEHHE 3a4acTylo JENaroT 3aTpyn-
HUTETBHBIM COOJIIOJICHHE OCTOPOKHOCTH, a MaMsATh O
JTOTIOTHUTEBHBIX YCHIIUAX, HEOOXOAUMBIX UIS TIPHIMEHE-
HUS CpecTB Oe30macHOCTH (TIOAKpeIUieHHas paboToit 6e3
TpaBM), ONIPaBJIBIBACT PUCKOBAHHEIC ICHCTBUS.

Crnemyer OTMETHTH, YTO YEIIOBEK, B OTIMYHE OT aBTO-
MaTHKH, He BeIeT ce0s panumoHanbHO. bomee Toro, oH
OCYIIECTBIIIET WHTYUTHBHO IIOMCK pPEIICHHHA, KOTOpHIC
OTBEYAIOT CTATUCTHYECKUM KPUTEPHUSIM, WIN IPOU3BOIAUT
3aMeIleHHe TOAJIeKAIIEro PelIeHHIO Mpolecca accolua-
Me C HEKOTOpOW paHee HMMEBLIEHCS CHUTyalueu, s
KOTOPOH y HEro OTJOXKWJIOCh B TAMATH pPELICHHE II0
MIPEeXHEMY OMBITy. Takoe pemeHne, 0JHAKO, BO3MOXKHO
TOJIbKO Ha 0a3e MoJXOJMe MEHTAIbHOW MOJENH TOBe-
JieHust cucteMbl. Hapsiny ¢ BbIlIENEpEeYUCIEHHBIMU CITO-
COOHOCTSIMHM, YENIOBEK KaK 4YacTh MOJCHCTEMBI "YestoBek-
Mammna-Cpeaa" nposiBIseT CylIeCTBEHHbIE HEJJOCTATKU:

— OTPaHUYEHHOCTh NaMSITH;

— OTCYTCTBHE WM HaJU4W€ MEHTaJbHOW MOJENU C
OIIMOKaMH;

— OrpaHMYCHHAS HaJIe)KHOCTB;

— HEJOCTATOYHOE MOCTOSHCTBO TPYIOCIOCOOHOCTH, B
0COOEHHOCTH, TP ITUTENILHOH padoTe;

— IIpeayOexIeHHOCTh U (PUKCUPOBAHHOCTE;

— HEJIOCTAaTOYHAs! MEHTaJIbHAsS apru(PMETHKa,;

— OrpaHMuYEHHAasl MMoJIoca NMPOMYCKAHUS TMPU PYUHBIX
pearupoBaHHUSX.
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ITo nanaBIM paboTH [1], CymecTByeT Tpu THUMNA TOBe-
JCHUS YeJI0BEKa:

— Oazupyromieecs: Ha 3HAHWIX;

— Oasupyroleecs: Ha paBUIaX;

— basupyromieecss Ha TOTOBHOCTH.

YpoBeHb aBTOMAaTH3allMM YEJIOBEKO-MALIMHHOW CH-
cremsl [1]:

F

asm

VA= , 1)

F

aem+ pyun
rge F,,— GyHKIUH, KOTOpble MOTYT OBITH BHIIIOIHEHBI

aBTOMaTuKOM; F YHKIIUH, KOTOPBIE MOTYT OBIThH

aenﬁpytm - (b
BBIIOJIHEHEI JIM0O YEJIOBEKOM, JINOO aBTOMATHUKOM.

Torga MakCUMajabHO BO3MOKHBIM ypOBEHb aBTOMAaTH-
3aIiM, KOT/la aBTOMAaTU3UPOBAHO MAaKCHMAaJIbHO BO3MOXK-
HOe yncino GyHKIwii [1]:

F -F

asm+ pyun PYuH

yAmax = (2)
asm+ pyun

Ilonatue "uenmoBeueckwe OTKa3bl" SABISETCA Kak ObI
npeoOpa3oBaHreM (aKTa, YTO YEIOBEK CO CBOMMH BPOXK-
JICHHBIMH W MPUOOPETEHHBIMU CIIOCOOHOCTSIMU U cllabo-
CTSIMHM HEJOCTaTOYHO IIPUHUMAETCS B pacyeT IpHU MPOeK-
TUPOBAaHMU TEXHHYECKHX cucTeM. [lo3ToMy akTyaibHa
3ajja4a TaK CIIPOEKTUPOBATH TaKylo cucreMy "YenoBek-
MammHa-Cpena, 9T00b OHA MaKCHMAJIBHO 'CUHTANach"
C YeJIOBEKOM. B nmaHHON cHTyanmu MOXXHO YTBEpP)KIATh,
YTO YEJIOBEK BBIHY)KICH HITH Ha KOMIIPOMHUCC C TOPHBIMHA
MallMHAMH, MEXaHW3UPOBAHHBIM KOMILIEKCOM M OYHCT-
HBIM 3a00€M B IIEIOM, B PE3YJbTaTe YETO ITOSBIACTCS
BO3MOXHOCTb JJI1 ONTUMM3ALIHH.

Cnpasemnuo u obparHoe: CTC (ounctHas BbIpabOT-
Ka) TaKkKe NOJDKHA '"mpucrnocadiauBaThCsa" K 0COOCHHO-
CTsIM JoJiel, ee oOcmyxuBammux. [locnennee yrtBep-
JKJIEHHE TOBOPHUT O BO3MOXKHOCTH ONTHMM3ALUN CHCTEMBI
(oumcTHOI 3200i1) IO OTHOIICHHUIO K YEIOBEKY.

TakuM 00pa3oM, UMEIOTCS IB€ BO3MOKHOCTH JUIS OTI-
TUMU3AIMN: [IEPBasi — CO CTOPOHBI YEJIOBEKa MO OTHOIIE-
HUIO K OYHCTHOMY 320010, M BTOpasi — CO CTOPOHBI OYHCT-
HOW BBIpAaOOTKM IO OTHOIIEHHIO K YEJIOBEKY, B CBSI3U C
YeM, MOTYT OBITh IOCTPOEHBI IBE LEJICBBIC (YHKIHH.
Boobmie roBopsi, 6oyiee mMpaBUIBHO MOHATHE 'deloBeUe-
CKHUH OTKa3" 3aMEHHUTh MOHATHEM 'ommnOKa o0CTyKuBa-
HUA". K OCHOBHBIM NpHYMHAM OIIMOOK OOCITYKMBaHUS
MOKHO OTHeCTH [1]:

— CHTyallMOHHBIE (aKTOpBI (HEYHOOHasi KOMIIOHOBKA,
pabouee MecTo, OKpyKarolas 00cTaHOBKa, HH(pOpMaIIH-
OHHBII KOHTPOJIB);

— (uznyeckue, SMOLUMOHAIBHbIE, COIMANIBHBIE U Opra-
HU3aIMOHHbIE  (akTopbl  (YyTOMJIEHHOCTb, OOJE3Hb,
CTpecc, HeraTUBHBINH NPON3BOJICTBEHHBIH KIIMMAaT, II0Xast
00y4EeHHOCTb ITEPCOHAIA);

— HENPaBHUIbHOE BOCIIPHATHE PHCKa.

Crnenannsle B paboTe [2] BBIBOABI O HETATHBHOM BIIHS-
HUU Ha 4YeJOBeKa ANCKOM(OPTHHIX YCIOBHH TpyAa B
KaMEeHHOYTOJIbHBIX IIaXTax MO3BOJISIOT yTBEPXKIATh, YTO
9TO BJIMSHHE HE MOXET OBbITh YYTEHO IETePMUHHPOBAH-
HBIM 0Opa3oM. [Ipu ydere genmoBedyeckoro akropa He0O-
XOUMO YJIEJSITh 0c000e BHUMaHHE 00pabOTKe M yILIOT-
HEHUIO (CXKATHIO) MOCTYMAIOMIEH OT KOHTPOJIMPYIOUIMX
MOJCHCTEM M LEHTPAIBHOIO  HMH(OPMAIOHHO-
YIPABILSIIONIETO KOMIUIEKca MHGpOpMauu. JTO Heo0Xo-
JMO JUJIsL TOTO, YTOOBI YEJIOBEK-0IepaTop U 00CIyKuBa-
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IOIINI OYMCTHYIO BBIPAOOTKY IEPCOHAI MOTJIH aJIcKBaTHO
U CBOEBPEMECHHO YCBOUTbH IOCTYMAIOIIUH HMOTOK MHGOP-
Malyy U IPUHATH Ha 3TOH OCHOBE MPABUIIbHBIC PEIICHNUS.
Jns moctikeHus Takoro 3QQexTa yIUIoTHEHHe HH(Op-
Malyu JO0JDKHO COOTBETCTBOBAThH PANY TpeOOBaHMWIA, KO-
TOpBIE MOYKHO CPOPMYITHUPOBATH CIEAYIOIINM 00pa3oM:

— ompezaeneHHOCTb. YenoBeK NOJDKeH MOoJydaTh KOH-
KpeTHyl0 HuH(]OpManuio, B COOTBETCTBHU C KOTOPOH
HEOOXOAMMO NpEANPUHUMATh BIIOJHE KOHKPETHBIE U
onHo3HauHble nelctBus. [locrynaromas nadopmanus He
JIOJDKHA JIaBaTh IMOBOAOB JUIS KOJleOaHHi 100 OBITh XOTs
OBl B KaKOK-TO Mepe JIBYCMBICIEHHOIA;

— obparumocts. B ciyuae HeoOxomumocTn nH(pOpMa-
IIMOHHOE COOOIIEHNE HOKHO UMETH BO3MOXKHOCTE OBITH
pa3BepHYTBIM I Oojiee MOAPOOHOTO aHajIM3a IPHYWH,
€ro CO3JaBIIINX;

— NIpeicTaBUTeNnbHOCTh. llocTymaromas wHpoOpManms
JIOJDKHA OBITH B (hopMe, KOTOpasi He CMOKET OBITh OCTaB-
JIeHHOW Oe3 BHMMaHMsA. [ OYMCTHO# BBIpaOOTKH 3TO,
MO-BUAMMOMY, JOJI’KHA 6I)ITL CHCTEMa CBETOBOH U 3BYKO-
BOM CUrHajiusanuy, pasMClIiCHHass Ha KOHTPOJIbHO-
YIPaBJISIONIEM ITyHKTE M HEMOCPEACTBEHHO Ha paboumx
MecTax.

Onenky HanmexxHoctd U OeszomacHoctn CTC ymoGHO
OCYIIIECTBUTH HE YyUHUTHIBAS CIEIYIOIINE OOIINE IOJIOXKE-
HUSL:

MPOM3BOJICTBEHHAsI JIEATEIBHOCTh IMOTCHIUAIBHO
OlIacHa, TaK KaK CBS3aHa C IMIPOBEJCHHUEM TEXHOJIOTHYE-
CKHX TPOLECCOB, a MOCIEAHNE — C YHEPronoTpedIeHneM
(BBIpaOOTKOM, XpaHeHHEM, MTPpeoOpa3oBaHEeM MeXaHHYe-
CKOH, BJIEKTPUYECKOW, XMMHMUYECKOH, SACPHON U ApPYyrou
SHEpIHUn);

— ONACHOCThH MPOSBIIETCS B pe3yibTaTeé HECAHKIIHO-
HUPOBAHHOTO JMOO HEYNpPaBISIEMOTO BBIXOAA SHEPIHH,
HaKOIUICHHOW B OOOpYZOBaHWHM W/WJIM BPEAHBIX Belle-
CTBaX, HEMOCPEACTBEHHO B CaMHUX pa0OTAIOMIMX, BO
BHEITHEH OTHOCUTEIBHO JIIOJIEH M TEXHUKHU CPEIE;

— BHE3aIHBIN BBIXO/I SHEPTUH MOXKET CONPOBOXKAATHCS
MIPOMCIIECTBUSIMH € THOENBIO WIIM TPAaBMUPOBAHUEM JIFO-
Jied, TOBPEXICHUSAIMH OOOpYHOBaHUS MIM OOBEKTOB
OKpYXaIoIIeH UX MIPUPOTHOHN Cpepl;

— TMPOUCIIECTBUAM MPEIIIECTBYIOT LENH MPEANOCH-
JIOK, TPUBOJAIINE K IOTepe YIPABICHUS TEXHOJOTHYE-
CKHM TIPOIIECCOM, HEXKEJIaTeIbHOMY BBIOPOCY HCIOJIB3Y-
€MBIX B HEM JHEPI'MH WU BPEIHBIX BEIECTB, UX BO3JCH-
CTBHIO Ha JItOfIel, 000py0BaHUE U OKPYKAIOIIYIO CPELLY;

— 3BEHBSIMU [TPUYMHHON IIETH TPOUCIIECTBHS SIBIISIOT-
cs1 oIIMOOYHBIE ¥ HECAHKIIMOHUPOBAHHbIE AEHCTBUS Tep-
COHala, HEHUCIPABHOCTU M OTKa3bl TEXHUKHU, a TaKXKe
HEepacyeTHbIE BO3JCICTBUS Ha HUX U3BHE.

K genoseky-onepaTopy B JaHHOM KOHTEKCTE, a TaKiKe
U B OIpENEIEHHOM CMBICIE, U KO BCEMY OOCITy>KHBaro-
IIeMy OYHMCTHOHM 3a00i mepcoHaly, KpoMe TpeOOBaHMIA,
00yCTIOBJICHHBIX HENOCPEICTBCHHBIMU TPOM3BOJICTBEH-
HBIMH 3a/1a4aMH, JOJKEH OBITh MPEIBSIBICH CIEAYIONTUi
Habop TpeboBaHMii: 6€30MMO0YHOCTH, TOTOBHOCTH, BOC-
CTaHABIMBAEMOCTb, CBOEBPEMEHHOCTh, TOYHOCTH BOC-
MPUATHS M PearupoBaHUs Ha IMOCTYMAIOUIYI0 HH(pOpMa-
0. B coOTBETCTBMM € 3THM HEOOXOIHMMBI JIOTIOJHH-
TEJIbHBIE MEPOTPHATHS 10 MPoQoTOOPY JIUL, OOCITYXH-
BAIOIIMX OYHUCTHOMW 3a00H.

B Toii nnu vHON cTeneHu Kak onepaTropbl B OYHCTHON
BbIpaboTKe padoratoT Bce ropHopadoune. K daxropam,
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00yCIIOBNHMBAIOIIMM OMKOKK B paboTe omeparopa, H
BEAYIIMM K IOBBIIMICHHIO OMACHOCTH BEAEHUsS pador,
ciexyet oTHecTH [1]:

— HelocTaToK HH(pOopMaIin 00 aBapusx;

— neduIUT BpPEMEHN Ha IPUHATHE PEIICHNUI;

— HEaJCeKBaTHAas pPEakius B CTPECCOBOI CHTyaIuu
(BMsiHME cTpecca yCyryOJsieTcsl CTpaxoM, OOYCIIOBJICH-
HBIM TOBBIILICHHON OTBETCTBEHHOCTHIO, HEYBEPEHHOCTBIO
B ce0e, HeZIOCTATKOM 3HaHHUM U OIIBITA).

OueBUIHO, YTO YacTh THX OINMOOK, MPHUYMHBI KOTO-
pPBIX HE CBSI3aHBI C WHAWBHIYAIbHBIMH JIMYHOCTHBIMHU
Ka4eCcTBaMH, MOXKET OBITh MCKIIIOUEHA B pe3yJbTare 00y-
YEHUsSI U CIICIINAIbHBIX TPEHUHTOB.

BeiBoab1.

Taxum 06pa3om, MOXKHO yTBEPKIATh, UTO:

— IIOJTHBI W OIHO3HAYHBIN MPOTHO3 YpOBHS Oe3omac-
HOCTH TIpH BEICHUHM PAabOT B OYHUCTHOHW BBHIPAOOTKE MO
YeJI0BeUECKOMY (haKTOpy HEBO3MOXKCH B CHITy CHEenU(H-
KM MCUXO()U3UOIOTHUECKHX XapaKTEPUCTHK YEIOBEKa;

— B KauyeCTBE KOHTPOJHMPYEMBIX MapamMeTpOB MO JaH-
HOMY (haKTOpy MOTYT OBITh HCIIOJIb30BaHbl YUCICHHOCTD
paboraromux, MX BO3PacT M KBajdu(pUKalUMs, KOTOpas
JIOJDKHA OIICHHUBATHCS 110 CHIEMAIbHOM MIKae,

— OCHOBHBIM ITyTEM TOBBIIICHUS YPOBHSI O€30IIaCHOCTH
B OYHCTHOM 3a00€ M0 4eI0BeUeCKOMY (PaKTOpY, SIBISETCS
MIPOBEJCHNE 00ydaroIe-TPEHHPOBOYHBIX 3aHATHI C 00-
CITy)KMBAIOIINM OYHCTHOH 32001 NMEPCOHATIOM H PeTyisip-
HBI KOHTPOJIb €T0 ICHXO(PH3HOJOTHIECKUX XapaKTepH-
CTHK.

B o6mem cinydae, moncucrema "OOCITy>KHBaIOMINI
nepcoHan" sSBJSICTCS, B 3HAYUTEILHOM CTEIICHH CIieIidu-
yeckoil. OHAKO, HECMOTPS Ha 3TO, e¢ (PYHKIIMOHUPOBA-
HHE MOXHO paccMaTpHBaTh CO CHCTEMOTEXHUUYECKHX
NO3UIMH, KaK M (PYHKIMOHUPOBAHHE BCEX OCTAJBHBIX
HOJICUCTEM OYMCTHOTO 3a00s. Bonbiie Bcero (yHKumo-
HUPOBaHHUE 3TOW MOACHUCTEMBI CXOAHO C (YHKIMOHUPO-
BaHHUeEM MoJicicTeMbl " TexHomornaeckoe obopyaoBanue.

JeitctBuTensHO, moacucteMa "OOCTyKUBArOIIUH ep-
coHal" OKa3bIBaeT IOCPE/ICTBOM 3aJlaHus PEXKUMOB pabo-
TBl TEXHOJIOTUYECKOTO OOOpYNOBAaHUS NPsIMOE BO3IEH-
CTBHE Ha NPUKOHTYPHYIO 00JIaCTh MaccuBa, U3MEHSIS €ro
cocrosgHue. OYeBUIHO, YTO BBIXOJ 3a HEKOTOpPbIE IOIY-
CTHMBIE TIpeJeNbl MapamMeTpoB MoAcUCTeMBI "OO6CTyXu-
BaIOIMI MepcoHan", BIEeYET 3a COOOW aHAIOTUYHBIE H3-
MEHEHHsI B TIOBEJICHUU OTIENIbHBIX MO/I3EMHBIX PabOyHX.
C npyroii CTOpPOHBI, UX HENpPaBUIIbHBIE JACHCTBUS MOTYT
MTOBIIEYb 3a CO0O0H HapymieHus B padote Beeit CTC.

Tornma Uit OLEHKHM BEPOSTHOCTH HAAEKHOW PabOTHI
nojcucteMsl  "OOCIyXHMBalOIIMii  HepcoHan"  MOXKHO
MIPEAJIOKUTH Clieylomnii Habop MH(POPMATHBHBIX Mapa-
METPOB, KOTOPBIH SIBISETCS KBa3HIIOCTOSHHBIM (OH 00-
HOBJISIETCS OT CMEHBI K CMEHE):

— 4UCII0 pabOTAIONINX B OYHCTHOM 3a00€, A, ;

— UX KBaTH(HUKALUIO, A, ;

— BO3pacT, A,

— OTHOIIEHHE KOJMYecTBa PabOTalOINX B OYHUCTHOU
BEIpa0OTKE K MX ONTHUMAJIBHOMY (TpeOyeMoMy) Koiude-
CTBY, A, ;

— TIpoYMe MmapaMeTpsl pabOTAIOMNX, CIOCOOHBIE OKa-
3aTh BIHMAHUE Ha O€30MIaCHOCTD BeCHUS padoT, A .
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Kpome Toro, moimkeH CymiecTBOBaTh OMPEIETCHHBIN
MHHAMYM OHOMETPHYECKHX IapaMeTpOB, PETHCTpUpYE-
MBIX HEeTpepbsIBHO (B on-line pexwume). K TakoBBIM MOTYT
OBITH OTHECEHBI: TEMIIEpaTypa Tejla YeIoBeKa-omepaTopa,
YacTOTa ABIXaHUS M IIyJIbCA, BO3MOJXKHO, PETHCTpaLUs
akyctuueckoro u WK-u3nydeHus ¢ moBepxXHOCTH Tena
ropHopabouero. Ha cerogusniHuii n1eHb, 3T U3MEpeHUs
HE TPOU3BOJATCA B CHUIY CJIOKHOCTH HX pealu3alliu B

MIPOM3BO/ICTBEHHBIX YCIOBUSIX, & TaKXe JOPOTOBHU3HBI
HCTIOIB3YEMOM amnmapaTyphl.

OpmHako, COBEPIICHHO OYEBUIHO, UYTO Takas MH(opMa-
IUsT MOTJIa OBl CTaTh OJHHMM M3 KIFOUCBBIX 3BEHBEB HA
IIyTH K PEIICHHWIO MPOOIEMBbI MOBBIMICHHUS YPOBHS MHpO-
MBIIIJICHHOH 0€30MaCHOCTH MPHU IKCIUTyaTallui BaXKHBIX U
MOTEHINAJIBHO OMACHBIX MPOM3BOACTBEHHBIX OOBEKTOB.
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Bonowun H.B.
IIpoexTHpOBaHNE ABTOMATH3HPOBAHHBIX CHCTEM PACIIO3HABAHUS
C NCMOJIb30BAHNEM MAaTeMATH4YeCcKoro annapara cereii [lerpu

Bonowun Hukonaii Braoumuposuu, acnupaum

Omoenenue cUOPUOHBIX MOOCTUPYIOWUX U YIPAGTSIOUUX CUCTHEM 6 IHEP2EeTNUKe
Hucmumym npobnem moodenuposarnus 6 snepeemuke um. I.E. [Tyxosa HAH Ykpaunwi, 2. Kues, Yxkpauna

AHHOTanmsi. B cratbe mpuBeIeHBI pe3yiabTaThl HCCIEAOBaHUN B obiacTu 0OpaboTku nzoOpaxkeHuil. [lpeacTaBiaeHsl alropuTMbl
JIOKAJTM3AIMH U UICHTH(UKAIUH 0OBEKTOB HAOJIONCHUS C MCIIOJIBF30BAaHMEM MaTeMaTHYecKoro ammapara cerei Iletpu Ha m3o0pa-
*KeHHn 00JBpIIoro paspelieHns. Pacrio3HaBaHIe peay30BaHO HA OCHOBE METO/A YCHIICHHS IPOCTHIX KJIACCH(UKATOPOB C UCTIONB30-

BaHUEM METOJA JIOKAJIBbHBIX 6I/IHapHI)IX m1a0JI0HOB.

Knrwueswie cnosa: JIBLLI, AdaBoost, pacnosnasanue, uoenmughuxayus, cems Ilempu

Bgenenne. Llenpio pabotsl siBisieTcst pa3paboTKa U pea-
JM3anus MPOrpaMMHOTO KOMILIEKCa paclo3HaBaHUs 00b-
€KTOB HaOIroIeHus Ha m300pakeHnn. OH TOJDKEH peaju-
30BBIBaTh KaK MHHUMYM JIB€ OCHOBHBIC (DYHKIMHU: JIOKa-
JIM3aIUI0 00BEKTa W €T0 IMOCIEAYIONIYI0 HACHTH(HKA-
muro. O6paboTka M300paKEHHUST COCTOUT M3 CICTYFOIIUX
MIOCJIEI0BATEINILHBIX IIar0B:

— aHaJIU3 KayecTBa N300pakeHHS;

— HOJaBJICHHE IIIYMOB;

— BBIJICJICHHE TPaHUYHBIX XapaKTEPUCTHK 00BEKTa;

— reoMeTpHUYecKre NpeoOpa3oBaHusl;

— THIOMCK U BBIJICJIEHUE IVIABHBIX NPU3HAKOB.

Heanb. B pamkax naHHO# paboThl mpoBoAUTCs 0030p U
NIPUMEHEHNE OCHOBHBIX METOMOB IM(PPOBOIl 00paboTKM
n300paKeHNsI, OTIPEEIICHBl OCHOBHBIE aJlTOPUTMBI (PHITH-
TpaIlM, CETMEHTAllMH W PaclO3HaBaHWH, MOJYYEHBI OC-
HOBHBIC XapaKTEPUCTHKN H300paxkeHus. llenpro mccie-
JIOBAaHMS SBIAETCS pEIICHNWE 3aJa4d  KOMITbIOTEPHOH
naeHTH(UKannN 00bEKTOB HAONIIOAEHHS, HA OCHOBE aHa-
JM3a U300pakeHUH OOIBIIOrO pa3peIIeHus .

Matepuaabl u Meroabl. Meron AdaBoost omun u3
JYYIIUX 110 COOTHOILICHHUIO MOKa3aTenel (3¢ GeKTHBHOCTD
pacnio3HaBaHus) / (CKOpocTh paboThl). DTOT JAETEKTOP
OCHOBaH Ha YCHJIGHHH TPOCTHIX KJIacCU(HUKATOPOB. YCH-
JICHWE TPOCTHIX KJIACCU(HUKATOPOB — MOJXO0]] K PEIICHUIO
3a7a4 KJIacCU(UKALUH, ITyTeM KOMOMHUPOBAHUS MPUMHU-
TUBHBIX "Cc1a0BIX" Kiaccu(pUKaTOPOB B OIWH "CHIIBHBIN"
[4]. Tlog "cmmo#t" xmaccuduraropa B IJaHHOM Cllydae
MOHMMAIOT 3(P(PEKTUBHOCTh PEUICHUs 331a4n KJacCU(H-
karun. CrnaOsblit Kitaccu(UKaToOp NMEET BUA:

1, pf (X) < p®

hix, 1, p, @)= PFOO<P )
0, unaue

rne f — nmnpusmak, p — momspHOCTH (TOKa3bIBaeT

HalpaBJIeHUE HEPOBHOCTH), ® — IOPOrOBOE 3HAUCHHUE.
OuHAIBHBIA CHIIBHBIN KITaCCU(PHUKATOP UMEET BU:

T T
1
C(x) = 17;atht () =3 ;at

0, unaue

@)

1
rae a, =log—.
t
Pacno3naBanme 00pa3oB MPOXOTUT IyTEM HCIOIB30-
BaHUS JIOKAJbHBIX OnHapHBIX madmonoB (JIBII). JIBII —
OTHCaHHE OKPYKHOCTH TOYKH M300paKEHHS B JBOMIHOU
¢dopme. Onepatop JIBIL, koTOpHIH MPUMEHSIETCS] K TOYKE
n300pakeHNs, HCIONB3YeT BOCEMb TOYEK OKPYXHOCTH,
IIPUHUMasl [IEHTPalIbHYI0 TOUKY B Ka4ecTBO nopora. IIuk-
Celll, KOTOpbIe UMEIOT 3HaueHHe OOJIblIe, YeM LEHTPab-
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HBI TIHKCENb (WIM PaBHBI eMy), IPUHAMAIOT 3HAYCHUS
"1", Te, KOTOpBIE MEHBIIE IEHTPAIBLHOTO, NMPUHUMAIOT
3aagenne "0". Takum oOpazom, MOTydaeTcss BOCBMHUpPA3-
pAnHBIN OWHApHBIM KOJ, KOTOPBIH OIMCHIBAET OKPYXK-
HOCTb TiuKcess [3].

N3o0pakenue pazduBaetcs Ha KxK obGnacreit u B
KaXJIOH o0yacTh Al KaKAOTO IMKCENS H300pakeHHs
Beraucisiercs JIBII-koxa. TloTom Bce rucTorpaMmsl 06ia-
CTeli OOBEAMHSIOTCS B OAHY THCTOTpaMMy. OJTa T'HCTO-
rpamMa GopMHUPYET BEKTOP HPU3HAKOB N300paKEHHS.

[Mpu knaccudukanmu n300pakeHUH UCIIONIB3YETCS Me-
TOJ| HAXOXK/ICHUS HAMMEHBIIEro PacCTOSHHS MEXAy T'-

CTOrpaMmMamMu /’{2 . Paccrosane MCXKAY TUCTOTpaMMaMu

S u M ompenenseTcs mo GopmyIe:

k(& (S =M. )32
ZZ(S,M)ZZ Z( [} I,j)

Z\UiT S tMy;

B kauyecTBe MHCTpYMEHTA IS M3YYCHHUS M MOJEIHAPO-
BaHUS TOJOOHBIX CHCTEM IIpEIIaraeTcsi HCIOIh30BaTh
cetb Ilerpu (CII) [6]. CII B OCHOBHOM COCTOSIT U3 TpeX
OCHOBHBIX KOMITOHEHTOB: IIO3WIMHA, TEPEX0J0B M MVT.
Jyru cOeqUHSIOT MO3UINU C MEePEeX0JaMH U TEePEXObl C
no3unusamMu. He cymiecTByeTr Ayr, KOTOpBIE COEAMHSIOT
HEepPeXOAbI-IEPEeX0Abl M MO3UIUHU-TIO3UINH HANPAMYIO.
Kaxxmas mo3unus coaepKuT HOJIb MITH O0JIBIIE MapKepOB.
BextopHOe mpencTaBieHHE KOJMYECTBA MAapKEepoB Ha
Bcex mno3ummsax, ompenenser cocrosaue CII. IIpocroit
rpa¢ CII noka3aH Ha puc. 1.

@)

P2
P1 P4
T1 T2
P3
Puc. 1. I'pad Ceru [etpu
dopManbHast CTPYKTypa ClI OITUCBHIBAETCA:

(P,T,1,0,S), rne P — MHOECTBO MO3MIIHIA {pl,...,pn};
T — MHOXECTBO NepexolioB; | — MHOMXECTBO MO3ULUI
CBSI3aHHBIX C IMOMOIIBIO YT B KAUYECTBE BXOJAA B IEPEXO-
Ibl; O — MHOXKECTBO IO3UIMM, CBSI3aHHEIX C ITOMOIIBIO
YT KaK BBIXOJIBI M3 IEPEXOJ0B; S — MHOXECTBO (DYHK-
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IIMOHAJIBHBIX IIPaBHII,

{t,,. b0}

®opmansHOE omnpenenenne u coctossaue CII mokazan-
wot Ha puc. 1 (P, T,1,0,S) ™MoxHO 3ammcaTh Tak:

P=1{p. P, Ps,Pa}i T=1tto}s I ={{p}{ps, Pol};
O ={{p,. ps}: P, }}; S =10,00}.

Pesyabrarel. Kaxneni JIBII-xon mpencraBiser TUI
MHUKpPOHU300paKeHHUsT CTPYKTYpBl, a HMX paclpelelieHue
MOXKHO HCIOJB30BaTh B KAayeCTBE OIHCAHHS TEKCTYPHI
[1]. Kak meTon auis pacrio3HaBaHUS UCIIOJIB3YETCS BhIIIIE-
onucaHHblii Meton Adaboost. Bubl mpu3HaKoOB, KOTOpBIC
UCTIONB3YIOTCS JUI aHajiu3a WU300paKCHHS: TPaHUYHEIC,
JIUHEWHBIC, [ICHTPAILHBIC U TUATOHATBHEIC.

Takum o06pa3zom, 4T0OBI pacrio3HaTh OOBEKT HabIrOIEe-
HUS CHavajla co3maercs Habop st knaccudukanuu. Ecnn
TOBOPUTHh O Tpadudeckux ¢aillax m COOTBETCTBYIOIICH
HHPOPMALINHU, TO JJIS ITHX IeJed HamIydImuM o0pa3oM
nogonaer omnucaHue Ha ocHoBe JIBII-xomos. Kakmwiit
CIEIYIOUNA KIACCH()HUKATOp CTPOUTCA MO OOBEKTaM,
HEBEPHO KJIACCHU(UIIMPOBAHHBIM MPEABIIYIINMH KI1acCH-

KOTOpBIE COJEPKAT MapKephl

F2

BrfrmroTera

IS

KIIaC CEpMEATTEE Ha
ocuoee JIENI-kogoE

Bribmpaerca

¢ukaropamu. AdaBoost BbI3bIBaeT citalbIii Kiaaccuduka-
TOp B LMKIC t=1,...T. TTocne kaxgoro BbI30Ba OOHOBIIS-
eTcs paclpejesieHHe BEeCOB, KOTOPHIE OTBEUAIOT BasKHO-
CTH KaXXJOro M3 0OBEKTOB 0OyYarolIero MHOXKECTBA IS
knaccudukanuu. Ha kaxmoll uTepanmu Beca Ka)JI0ro
HEBEPHO KJIaCCHU(UIMPOBAHHOTO OOBEKTa BO3PACTAIOT
(WM aHAIOTMYHO, BEC KaXKAOTO KOPPEKTHO KiIAacCH(UIIH-
pPOBaHHOrO OO0BEKTa YMEHBIIAETCS), TaKUM 00pa3oMm,
HOBBIN KiaccudukaTtop "¢pokycupyercs”" Ha STHX 0OBEK-
Tax. CXeMaTH4eCKN NaHHBIH aJTOPUTM IPEICTABICH HA
pHc. 2 B BUAE YIPaBISIOMIEH CeTH, OMHON M3 MOTU(UKa-
muii ceteit [letpu [2].

Heuerkas Heiiponnas Cers Ilerpu (HHCII) ucmouns-
3yeTcd B KayecTBe METOJA JUId NPUHATHS PEIICHHIA.
Crpyxkrypa npennaraemoit HHCII nokasana Ha puc. 3 u
4. CeTb UMeeT CIEIYIOLHE TPU CIIOS:

— BXOJIHOM CJIOM, COCTOSIIMUI U3 N BXOJIOB;

— CJIOM IepexX010B, KOTOPBI COCTOMT M3 CKPBITBIX Ie-

PEXOJIOB;
— BBIXOJIHOU CJIOM, COCTOSIIINM U3 M BBIXOJOB.

CTPOMICA KOMIIOHEHT by M

mofaEmAeTeA ® C0x
P4 ®©

zabop «cmabrity Habop HMocTray T KpuTe P
TI}) OEE O TETEEO ¢ THY
Mepexog
HCXOHOLTT
BmfmoTera Tepeonpeasmerne abony
maccntbmﬁgrm aebm oy A
) obpasos O

Puc. 2. AnropuT™ pactio3HaBaHUS

Bxozpl obo3HavaroT 3HaueHus Gpynkumit. Makponepe-
XO/Ibl BBICTYIIAIOT B KayecTBE 00pabaTHIBAIOIIMX MOJY-
neil. KoMmmyHuKanuy 3aBUCAT OT apaMeTPOB IEPEXOJIOB,
KOTOpPBIE SIBIISIOTCS TOPOTOBBIMM 3HAYCHHSAMH M TIapa-
METpPOB IyT (COeANHEHHH), KOTOPBIE SBISIFOTCS BECaMH.
Kaxxapiii BBIXOJ] COOTBETCTBYET Kiaccy ImmabioHa. Map-
KHPOBKA BBIXOJHBIX MO3HWIMI OTpakaeT YpOBEHb MIadiio-
Ha COOTBETCTBYIOLIETO KJlacca.

XapaKTepUCTHKH CETH CIEAYIOIIHE:

— X sBJSETCS MapKepoM | -To BXOJHOTO CJIOsl, KOTO-

pBIit BeIUMCIsieTcss QyHKIMEH TPeyroiapbHOro oToOpaxe-
HUs. BepmwmHa naHHOW (GYHKIMM SIBISETCS CPEIHUM
3HAUYEHHEM BXOJHBIX TOYeK. [JJIMHA OCHOBBI TPEYTOJILHU-
Ka pacCUMTHIBACTCS MCXOJIS W3 PA3HUIIBI MEXAYy MHHH-
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MaJbHBIMA M MaKCHMAaJbHBIMM 3HAYEHUSIMH BXOIHBIX
CUTHAJIOB. DTOT MPOLECC HOJICPKUBACT BBOJ CETH Ha
nepuoje [0, l].

X, = f(input(j)) )
rae f-TpeyronapHas QyHKITHUS:
X—min(x) if x <average(x)
average(x)—min(x)"
f(x)= max(x)— X , if x>average(x) (5)

max(x)— average(x)
1, if x= average(x)

- Wij — BEC MEXKLY | -BIM TIEPEXOJOM U | -BIM BXOJIOM;
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— I;; — TOPOrOBBIi YPOBEHb, CBS3aHHBIN C MApPKHPOBKOiM
J -ro BXOoma u i -To Tepexoa;
— Z, — aKTuBalys i -To Nmepexosa, KOTOpslil onpenesnser-
Csl CIIEAYIOIUM 00pa3oM:

— n H— - p— H
Z, = J_Tzl[v\/ijs(rij N Xj)],j =1,2,..,n;i=1,2,..,hidden (6)
— Y, — MapkupoBKa k-0oro BbIXOJa C(HOPMHPOBAHHOIO

MEPEeX00M, KOTOPHIH BBITIONHIET HETWHEHHOE OTOoOpa-
KECHHUE B3BEIICHHBIX CYMM YpPOBHEHW aKTHBAIMU IIEPEXO-
JIOB Z, W COCTUHEHHBINA CB3SIMH V,,

No.ofTransitions

Y, = f( ;vki zij

rae f sBAsleTcst HeNMMHENWHON MOHOTOHHOW BO3pacTaro-

()

e ¢pyHknueit or R k [0, l].

Brixoasl

Bxonasl

ITepexonbl

Puc. 3. Crpyxrypa Heuerkoit Heiiponnoii Cetu Iletpu

IIpomecc oOy4yeHUs] ceTH 3aBUCHT OT MHUHHMH3AINU
OTIPEJIETICHHOTO MHJIEKCa MPOU3BOIUTEIBHOCTH C LEIBIO
ONTUMU3AINY [TapaMEeTPOB CETH (BECOB M MOPOTroB). VH-
JIEKC TPOM3BOIMTEIBHOCTH HCIONB3YeT CTaHIapTHYIO
CyMMY KBaJpaToB OMHNOOK [5].

E= (®)

N =

m
Z(tk -y )
k=1
roe t, — K-as uemp; y, — K-biii Bbixox. O6HOBICHHE
napaMeTpoOB OCYIIECTBIIACTCA B COOTBCTCTBUU C I'paau-
CHTHBIM MCTOAOM:

param(iter +1)= param(iter)—aV

©)

paramE

Puc. 4. Hacts 0003HaYEHUI BBIXOAA CETH

roe V

E 1O OTHOIIEHHIO K CETH MapaMeTpoB, ¢ — CKOPOCTb
00y4eHHs K03(UINCHTOB, iter — CYeTYNK NTEPALIUH.
Henuneitnast GyHKIMS, CBSI3aHHAS C BBIXOJIOM, OIIHCHI-
BaeTCs CICAYIOIIMM 00pa3oM:
1

=1y expl(- D ZV, )

Kaxnprii mpu3Hak o0bekTa HaOIIOACHUS TPOCHUPYET-
Cs Ha CBOIO 30HY, KOTOpas OTBEYACT 3a OIpelIeICHHBIN
Kimacc 0o0BeKkTOB HaOmromeHus. HekoTopele mpH3HAKH
BBICTYIIAIOT KaK HE3aBUCUMBIC OT JAPYTHX, a OCTaJbHBIC
COCTOAT B TaK Ha3bIBAEMBIX T'PYMIIaX U, COOTBETCTBEHHO,
O00BETUHSIOTCS B HEKOTOPBIC CUCTEMBI WiH Kiacchl. Cer-
MEHTAIUSI UCTIONB3YETCS ISl M3BJCUCHHS ICJICBBIX JaH-
HBIX U3 BXOISIIMX MPHU3HAKOB JUIsI ()OPMHUPOBAHUS BBIBO-
za.

BeiBoabl. B nanHOl paboTe omucaH anropuTM JIOKa-
JU3auyd 00bEKTOB HAOJIIOCHHMS, a TAKXKE UX MOCICIyIO-
mast BACHTUGUKAIA Ha W300pakeHn. [IaHHBIA OIX0M
MOXKET HAaWTH MpPUMEHEHHWE W TMPHUMEHSETCS INPH paspa-
0OTKE W pearu3alii MIPOrpPaMMHOTO KOMIUIEKCA PacIo-
3HaBaHUS OOBCKTOB HAONIONEHHUsT Ha H300pakeHUH
Oonpmoro paspemreHus. Pacrio3HaBaHue peaan30BaHO Ha
OCHOBE METOJA YCHJICHHS IPOCTBHIX KIACCH(MUKATOPOB C
UCIIOJIb30BAaHHEM METOJa JIOKAJIbHBIX OWHAPHBIX I11a0JI0-
HOB.

paramE TpaguCHT MPOU3BOAUTCIBHOCTH HMHACKCA

(10)
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Voloshin N.V. Designing of automated recognition systems using the mathematical formalism of Petri nets

Abstract. The article is presents the results of researching by image processing. The algorithms of location and identification of
objects with using the mathematical formalism of Petri nets on the high resolution image are presented in this article. Identification is
realized with using of AdaBoost method and the local binary patterns.

Keywords: LBP, AdaBoost, recognition, identification, Petri net
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Boponwk 10.10., becnanvko P.1.
MeToauKO-TeXHOJIOTiYHMIA acHeKT 3a0e3neyeHHs] PaliOHAJILHOI0 BHKOPUCTAHHSA 3eMellb
cibecbKOrocnoaapebkoro npusHadenns Kapnarcokoro periony

Boponrwox FOnisn Opiiena, acucmenm

becnanvro Pycnan leanosuy, kanoudam 6iono2iunux nayk, OOyeHm

Kagpedpa 3eMnesnopsoKy8anHs ma Kaoacmpy

Yepniseyvkutl HayionarwHuil yHisepcumem imeni FOpis @edvrosuua, m. Yepnisyi, Yrpaina

Amnorauis. [ITpoananizoBaHO Cy4acHHUi CTaH 3eMellb CLIbCHKOTOCHOAAPChKOTO Mpu3HaueHHa B KaprnaTcbkoMmy perioHi Ta mpooieMu
iX pauioHaTbHOTO BUKOPHUCTAHHS. PO3IIIIHYTO METOIMKO-TEXHOJOTIUH] aCleKTH 3a0e3MeYeHHs TaKOr0 BUKOPUCTAaHH. JociikeHO
aKTyaJbHICTh CHCTEMHOTO HiIXOIY JUIs PO3B'sI3aHHS NMPOOGJIEM CilTbCHKOTOCIIOAAPCHKOTO 3eMIEKOPHCTYBAHHS B PETIOHI Ta HIPUHHSTTS

pilIeHs.

Knrouogi cnosa: 3emni cinocvkococnooapcokoeo npusnavenns, Kapnamcokuii pecion, payionanvhe UKOPUCMANHSA, MENMOOUKO-

MEXHOJI02IYHI acnekmu, CUCmemd.

Beryn. 3emuti  CLTBCBKOTOCIIONApPCHKOTO  MTPU3HAYCHHS
CTpaTeriyHuil Ta OJWH 3 HaWOUIbII Ba)KIIMBHX pPECYpCiB
Vkpaian. CydacHHA pPO3BUTOK 3EMENBHUX BiTHOCHH,
3alpOBAPKCHHS 3€MENbHOI pedopMH, HEIOCKOHATICTh
3aKOHOJIaBUYO-HOPMAaTHUBHOI 0a3M, MpsSMO BIUIMBAIOTH HA
piBeHB Ta €PEKTHBHICTF BUKOPHUCTAHHS 3€MEJb CLITbCHKO-
rOCTIOIapChKOro Mpu3HaueHHS. OCHOBHI MEXaHI3MHU BH-
KOPHUCTaHHS 3€MeNb JOCIIIKYBaHOI KaTeropil 3eMens, sIKi
Oynu mependayeHi 3eMeNIbHOK pedopMoro, Ha MPAKTHUIN
Ta B 4aci NPOAEMOHCTPYBAlHM IOCEPEAHI pPe3yJbTaTH,
0e3nopaHiCTh B YMOBaX PHHKOBOI €KOHOMIKH Ta HE00-
X1IHICTh BIIPOBA/KCHHS HOBUX 3acajll YIPAaBIiHHS 3eMe-
JpHUMHU pecypcamu.[2,6] Ile 3ymoBItOE HEOOXiIHICTH
MOCTIHHOTO HayKOBOTO MOHITOPHHTY Ta PO3pOOKHU Oe3mivi
HAyKOBO-TEXHIYHHX IiJXO/IB, METOAUK, 5Ki O OOTpYyHTY-
BaIN paliOHAIBHICT BUKOPHCTAHHS 3€METb CUIbCHKOT0-
criomapchkoro npusHaueHHA. OcoOnmBOi yBarm ImoTpe-
OYIOTh CLTBCHKOTOCTIOAAPCHKI 3eMIli, O PO3TAIIOBaHI B
KapmarcpkoMy perioHi, OCKIIBKHA palliOHAJIBHICTh Ta
e(eKTUBHICTh iX BHKOPUCTaHHS, 3aJIeKUTh BIA IpUTa-
MaHHUX JIMIIE HOMY NPUPOIHO-KIIMATUUYHUX, pelbed-
HHUX, T'e0J0ro-reoMop(oIOTIYHUX OCOOIHUBOCTEH 1 PSIy
iHIIUX (DAKTOPIB, SIKI 3HAYHO BIIPI3HSAIOTHCS BiJl 3arajib-
HOJIEP>KaBHHUX.

AHaui3 nociimkenb Ta nyoaikanii. [Ipodiaemu pari-
OHAJIFHOTO BHKOPHCTaHHS 3€MENBbHUX PECYpCiB BHCBIT-
JeHO B mpargx Oaratbox HaykosmiB: [.K. bucrpskos,
B.M. Bymsk, A.A. Bapnamos, J.C. o6psik, .M. Jlo-
pom, IL.T. Kaszemip, O.I1. Kanam, I1.®. Kymuana, A.T.
Maptun, JI.5. HoBakosebkuit, C.O. Ocumuyk, A.5. Cox-
HU4, A.M. Tpetsk. JlocmimKeHHS, MO CTOCYIOThCS TPO-
65eM eeKTUBHOIO Ta €KOJIOTIYHO Oe3[EeYHOr0 BUKOPHC-
TaHHS 3€MeJb CLILCHKOTOCIOAPCHKOrO TPHU3HAYEHHS
Kapnarcekoro periony po3risayTo B npansax P.P. binnka,
AM. Tpersaxa, M.B. Illypuka Ta in. Ilpote, MmeToauKo-
TEXHOJIOTIYHI aJrOpUTMH 3a0e3MeueHHs paIliOHATBHOTO
BUKOPHCTAHHS 3eMellb JITAaHOI KaTeropii, 3aIMIIaloThesl He
BUBYEHHMH 1 TOMY IIOTPEOYIOTh MOJAIBIINX JOCIIIKEHb.

Merta Ta 3aBaaHHsa. MeToro 1aHoi poboTH € 0OIpyH-
TyBaHHS CYTHOCTI METOIMKO-TEXHOJIOTIYHUX MpoOieMm,
aHaJi3 X CKJIaJIOBUX YaCTHH 1 MOXKIIMBOCTI 3aCTOCYBaHHS
Jutsl 3a0e31edYeHHs PaliOHAIbHOIO BUKOPHCTaHHS 3eMeEIb
CLIBCHKOTOCTIOAPCHKOro  npu3HadeHHs Kaprnarchbkoro
periony. [lependaueHo BUKOHAHHS HACTYITHUX 3aBJIaHb:

— MpoaHaNi3yBaTH Cy4yacHi mMpoOneMu 3a0e3NedeHHS
palLioOHAIILHOIO BHMKOPHCTaHHS 3€MeJb CLIBCHKOTOCIIO-
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JIapChKOTO NMpH3HAuYeHHs Ta iX ocobnmBocti B Kapmartch-
KOMY perTioHi;

— 3aNPOIOHYBATH CHCTEMY CKJIQJIOBHX YacTHH OXOpO-
HH 3€MeITb CLITbCHKOTOCTIONAPCHKOTO MPU3HAYCHHS;

— OOTpYHTYBAaTH OCHOBHI METOJHMKO-TEXHOJOTIUHI IO-
Ka3HUKHM 3a0€3MCUYEeHHS PpAIiOHAJIbHOTO BHUKOPHCTaHHS
3eMellb CLIBCHKOTOCTIONApChKOro mNpu3HaueHHs B Kap-
MATCHKOMY PETIOHI.

Matepiann Ta MeTOAM AOCHiIKeHb. 3aKOHOAABYO-
HOpMaTHBHA 0a3a B rajy3i BAKOPUCTaHHS 3€Mellb, OCHOBY
SIKO1 CTAHOBUTH 3eMENbHUI KOJeKC YKpaiHu, HE 3a3Hauae
YITKOr0 BW3HAYEHHS CYTHOCTI IOHATTS pallioHaJbHE
BUKOPHCTAHHs 3eMelnb. Lle CTBOpIOE mepemkoan B po3y-
MiHHI 3eMJICBIACHUKAMH Ta 3€MJICKOPHCTYyBadyaMH 3Ha-
YEeHHsI Ta BKJIMBOCTI 3a0€3MIEUEHHS TAKOTO BUKOPHCTaH-
HSl 3€MENIb CLIBCHKOTOCIIONAPCHKOTO Npu3HadeHHA. On-
Hak, B ctarti 205 3eMensHOrO KOAeKkcy YKpaiHu, 3a3Ha-
YEHO 3MICT eKOHOMIYHOTO CTUMYJIIOBaHHS PallioHAIEHOTO
BHKOPUCTAHHS Ta OXOpoHH 3emensb.[1] Ile Tinbku omwH
(dakt 3 0e3miui iHIIMX, SIKI TOBOISITH HEJOCKOHATICTh Ta
HETIOBHICTh 3aKOHO/IaBY0O-HOPMATHBHOI 0a3u y cdepi
3eMeJIbHUX PECYPCIB, IKUI Ma€ HEraTUBHI HACITIIKH.

AHani3 npaip 6araTb0X yKpaiHChKHUX BUEHHX Yy Taiy3i
palioOHANILHOTO 3€MJICKOPUCTYBaHHs Ja€ IiJICTaBU BBa-
JKaTH, 10 palioHaJbHE BUKOPHCTAHHS 3€Mejb ClIIbChKO-
TOCIIO/IapPCHKOTO ITPU3HAYCHHS MTOBHHHE BKIIIOYATH KOM-
IUIEKC ~ METOAMKO-TEXHOJIOTIUYHHUX, EKOJIOTr00e3IevHuX,
€KOHOMIUYHUX Ta OpraHi3aliiHUX acmekTiB. B ymoBax
Kapmarcekoro perioHy JaHa mpoOiiemMaTika HaOyBae e
OUTBIIIOT KOMIUICKCHOCTI Ta TOTpedye BpaxyBaHHS 0C00-
JUBOCTEH i€l TepuTopii.

Y mpoteci 10ciiPKeHHST HaMK Oy BUKOPUCTaHI Taki
METO/IM HAYKOBOTO ITi3HAHHA SIK: MOHOTpaidHUA METOT
— JUIsl BUBYCHHS Ta y3araJbHEHHS ICHYIOUMX HayKOBHX
MiIXOIB IO BUPINICHHs] MPOOJEeMHU palioHami3alii BUKO-
PHCTaHHS 3eMellb CLILChKOTOCIOIAPCHKOTO MTPU3HAYCHHS
Ta BUSIBJIICHHS NPUYMHHO-HACIIKOBUX 3B'A3KIB PO3BUTKY
miei  mpobieMH;  CHCTEMHMH  Ta  CTPYKTYpHO-
(YHKIIOHATBHUNA TiIXOAH — JJISI aHANl3y BUKOPUCTAHHS
3eMellb CUTBCHKOTOCTIONAPCHKOTO MTPU3HAYESHHS K CHCTe-
MH, SIKa MICTUTH BEJIUKY KUIBKICTh €JIEMEHTIB Ta CKJIa/0-
BUX YacTHH, SIKi MaloTh IeBHE (DyHKLIOHAJIbHE NMpPU3Ha-
YEeHHS; METOIH aHaJi3y Ta CHHTEe3y — IpH OOTPpYHTYBaHHI
BHCHOBKIB Ta HPOTIO3UIIiil.

PesyabTaTH Ta iX 00ropopeHHsi. B ymoBax cworo-
JICHHSI CTaH 3eMeJIb CiJIbChKOTOCHOAaPCHKOTO MPU3HAUESH-
Hs1 KapraTchkoro perioHy Mo)KHa OXapaKkTepu3yBaTH SIK
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KPUTUYHHN 3 TCHIISHITIEIO JI0 TOTipIIeHHs. Taka CHTyaIlis
CIIpUYMHEHA HU3KOI0 (DaKTOPiB: MPaBOBUX, EKOHOMIYHHX,
OpraHi3alifHUX, TPHUPOAHO-KIIMATHYHUX, EKOJIOTIYHUX,
Te0JIOT0-TeoMOP(OJIOTIUYHIX, COIIabHAX Ta iH.

B cxmazni KapmaTtcekoro periony mepe0yBarOTh YOTHPH
obmacti VYkpainm: 3akapmaTtcbka, JIbBiBcbka, IBaHO-
Opankiebka i YepHiBenpka. [Tnonia cinpcpkorocnoaap-
CBKHMX YTib Y BOJOAIHHI Ta KOPUCTYBaHHI CLIBCHKOTOC-
MOJAPCHKUX MiJNPHEMCTB 1 TOCHOAAPCTB HACENIEHHS €
HaiiBumow y JIbBiBChKil oOmacti — 1025,1 Tuc. ra, Tomi
sk B IBaHO-®DpanKiBChKii — 493,3 THC. ra, B UepHiBenbKil
— 450,1 THC. ra BIANOBIAHO, 1 HAWHWKYUN MOKA3HUK B
3akapnarcekiit oomacti — 401,3 tuc. ra. [4] Bapro 3a3Ha-
YHUTH, IO 00JIACTi JOCTIHKYBaHOTO PETiOHYy MAarOTh Hai-
HIDKYI B YKpaiHi IOKa3HUKH 3emiie3a0e3eueHoCTi Cilb-
CHKOTOCIIONaPCEKUMH YTiUIAIMH 3 PO3PAaXyHKY Ha OJHOTO
xutens (Tabmn.1).

3 tabnumi 1 BuxHO, mo B KapmaTcekoMy perioHi Haii-
OUTBINIE CUIBCHKOTOCIONAPCHKUX YTih MPHUIMATae Ha OJ-
Horo Menikanis y YepHiBenbkiit oomacti — 0,5 ra, B ToMy
gucni punti — 0,36 ra, Aenio HWKYKH MoKa3HUK y JIbBiB-
chKill o0macti — 0,4 ra CiTbCHKOIOCHOIAPCHKUX YTih Ta
puti 0,28 ra, me HWKYI TOKAa3HMKH B IBaHO-
®pankiBepkiil — 0,36 Ta CUTLCHKOTOCHOAAPCHKUX YTillb, B
ToMmy umcm piumii — 0,27 ra, ta 3akapmatcekiit — 0,32 ra
ciIbchKOTOCTIONAapChKuX yrifgs i 0,15 ra - pimii Bignosia-

Ho. B cepennromy no Kapmnarcbkomy perioHi, Ha 0JTHOTO
MEIIKaHIlS TPUTIAAAE CUTbCHKOTOCIIOAAPCHKUAX YTillh —
0,40 ra, B Tomy wmcni pimti — 0,26 ra. [ nopiBHIHHS,
3a3HAYNMO, II0 B YKpaiHi Ii MOKa3HUKU CTAHOBISTH —
0,80 Ta 0,26 ra BiAMOBiAHO.

Ta6muus 1. [TokasHuky 3emiezabe3nedeHocTi HaceneHHsT Kap-
MaTCHKOro periony craHoM Ha 1 ciyas 2012 poky™

[Ti1o1a Ha OTHOTO MEIIKAHIIs, T'a

Obnacts CinbChbKOTOCHOAAPCHKUX o

o Pimmi

3akapraTchbKa 0,32 0,15
IBano-®dpaHKiBChKA 0,36 0,27
JIbBiBCBKA 0,40 0,28
UepHiBelpka 0,50 0,36
Kapnamcwruii pecion 0,40 0,26
Vrpaina 0,80 0,68

*Po3paxoBaHo 3a naHuMu: [ 4, c. 236-237; 3 c.11]

AHaNi3yI09H AUHAMIKY 3MiH IDIOMI CLTBCHKOTOCIIONAP-
cekux yrime B KapmaTcekomy perioHi 3a mepiom 1990-
2013 pp., IPOCTEKYETHCS CTiMKAa TCHICHIIISA X 3MCHIIICH-
Hs. Tak, 3a 23 poku oA ciibcbKOroCnoAapChKUX yrilb
Ha JIOCIIiKYBaHii TepuTopii 3Menmmiacs Ha 10,5 % [4].

OxopoHa 3eMeb ClIbCHKOr0CNoAapchKOro npu3nayeHus Kapnarcbkoro periony

Buau cinbchbKOrocnoxapcbKux i HeciIbCbKOrocnoAapchLKuX yriab

— pus

— OaraTopiuHi HaCaPKEHHS

— CIHOKOCH

— MacoBHINA

— Mepenoru

— 3eMJIi MiJ] TOCTIOAAPCEKUMHE OYAiBISIMH 1 TBOpaMu
— TOCTIOAPCHKI NUISXH 1 TPOTOHU

— MeJIiopoBaHi 3eMi1i Ta Ti SKi epedyBaloTh Y CTaHi BiJHOB-
JICHHS POJTIOYOCTI

— 3eMJIi THMYACOBOi KOHCEpBaIlii

— 3a0py/HEHI ¢/T yrinas, ski He BHKOPHCTOBYIOTHCS Y CIlIbCh-
KOMY rOCHOAapCTBI

BOJIHA €pO3is; ipuramniiiHa epo3is;

O3Haku AerpagauniiiHux npouecis

BITpOBa €po3isi;  IACOBHIIHA €PO3is

OpraHi3aIiifHO-ToCIo1apChKe;

Oxopona
JIiCOMEITIOpaTUBHA;

BIOPSIIKYBAHHS;  TiAPOTEXHIYHA; arpoTexivHa

— CIBO3MIHHUI MacuB
— KBapTaJl 38 BHJOM HACa/KEeHb
— MacCHB epesioriB

BriopsiAKyBaHHsI TEPUTOPiaJbHUX YTBOPEHb

— CiIHOKOCHHI MacuB
— 3QITICHEHHS
— OYZIBHHUILTBO TiIPOMENTIOPATUBHHUX CIIOPY

Puc. 1. CuctemMa 0XOpOHH 3eMelib CLITbCHKOTOCIIOApChKOTO NpH3HaYeHHs KapnaTchkoro periony

CpOTroJiHI € 3araJlbHOBiTOMHAM TOH (haKT, IO 3eMelIbHA
pedopma, He BUMpaBAaia MOKIAJACHUX Ha HEl CIIOJiBaHb,
SIK MATBEPKYIOTH BUILE HABEJCHI TU(PHU, i HE BHPIMIU-
JIa OJHOI0 3 HAaWBAKIIMBIIIMX 3aBIAaHb — 3a0€3[eUYeHHs
PAaIiOHATFHOTO, EKOJIOTIYHO OE3MEeYHOr0 Ta ¢)EeKTHBHOTO
BHUKOPHUCTAHHS 3€MEJb CUIBCHKOTOCIOAAPCHKOTO MPH3HAa-
YEHHS Ta iX 0XOpOoHH. Po3maroBaHHs 3eMesb KOJIEKTUBHOI
BJIACHOCTI IPOBOIMIOCS 0€3 BpaxyBaHHS 0COOIMBOCTEH
Kapmarcekoro perioHy, a TakoX He OyiaM BWIy4YeHI 3
00iry gerpamoBaHi i MaJONMPOXYKTUBHI 3eMIIi, SIKi TOTpe-
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OyBanu koHcepsauii. [lpuponHi ymoBH i pensed mocii-
JUKYBaHOI MICHEBOCTI, CIIPUSIIOTH 3MUBY 1 PO3MHBY IDYH-
TiB. Tepuropii, ne Oyno MpoBeseHO MPOTHEPO3iiiHi 1 Me-
JTOpaTHBHI 3aX0JIy - po3maiioBaHi, BUHMKJIA HAJAMipHA
MO/IPiIOHEHICTH 3eMelb, TOMY HAJIEKHUH JOTIIS 32 TaKH-
MU IUITHKAMHU HE BEAETHCS.

Ha namry mymKy, 3emiti CijTbChKOTOCTIOAPCHKOTO TIPH-
3HA4YCHHS HEOOXiHO PO3IIIAAATH K CHCTEMY 1 pUiMaTH
YIPaBIiHCBKI PIMICHHS, BPaxOBYIOYH TOBHHH KOMIUIEKC
MOKA3HUKIB, SKI MAlOTh MaKCHUMaJbHUH YW MIHIMAJIbHHI
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BIUTUB Ha 3a0e3TedueHHs pPamioHaIbHOTO BUKOPHUCTAHHSI
3eMenb. B 3aneKHOCTI Bif CTYIICHS BIUIMBY NICBHUX ITOKa-
3HMKIB Ha JOCHTI[KyBaHy HaMH IpoOieMy, B CTPYKTYypi
€JIEMEHTIB CHCTEMH, BOHU PO3MIIIYIOThCS Ha BiITIOBiI-
HOMY piBHi. BakJIMBOIO XapaKTEpPHCTHUKOIO CHCTEMH € ii
CTPYKTYpa, MiJl KO0 B TEOPii CHCTEM PO3YMIETHCS THII
B3a€EMHH 1 B3a€EMOJIifl €JIEMEHTIB, 3B'I30K CHCTEMH, IXHS
BIIOPSIIKOBAHICTh i1 opraHizamis, mo 30epiraetbcs IMpu
BCIX 3MiHaxX CHUCTEMH W pyHHYETbCS pa3oM 3 Hero.[5] Sk
HaMu Bxe OyJI0 3a3HAUEHO BHUINE — 3€MJIi CLITBCHKOTOCIIO-
JIapChKOT'0 MPHU3HAYEHHS, € CUCTEMOIO 32 CBOEIO CYTTIO i
TOMY JIOTIYHUM € 3aCTOCYBaHHS CHCTEMHOTO IIX0Y.

3abe3neueHHs PamioOHAIBFHOTO Ta €EKTHBHOTO BHKO-
PHCTaHHS 3eMelb CLTbCHKOTOCIIONAPCHKOTO NMPU3HAYEHHS
3aBXKAHM HEPO3IUIEHO PO3TIIIAETECS 3 X 0XopoHOt0. Tak,
HAayKOBO Ta METOIUKO-TEXHOJOTIYHO OOIpYHTOBaHA CHC-
TeMa OXOPOHH 3eMeNlb IMOBHHHA OIIHIOBATH HEOOXimHi
MpOIIeCcH He OULTIH iX Ha CKIanoBi (puc.1).

JaHna cuctema 4iTKO ToKa3ye 00’€KT, Ha KU CIIPIMO-
BYBaTHMYTHCS 3aX0JM OXOPOHH, MPOOJIeMH, SIKi ICHYIOTh
Ha JOCHKYBaHId TepuUTOpii 1 UIIAXM IX BHPILICHHS.
MeTOoANKO-TEXHOJIOTIYHAN aCIeKT 3a0e3IeueHHs parlio-
HAJIbHOTO BHKOPHMCTaHHS 3€MeJlb CiJIbChKOTOCHOAAPCHKO-
ro mpu3HaueHHs Kapnarchkoro perioHy B cBOilf OCHOBI
nepenbavae po3poOKy CHCTEM MOKa3HUKIB, CIEMEHTIB Ta
(akTopiB, sKi MarOTh OaraToOpiBHEBY CTPYKTYpY 1 B3ae-
MO3B’sI3KH MK co0oto. Lle 103BOJIsIE 0OTHOYACHO OLIHUTH
BCi €IEMEHTH, 1[0 CTBOPIOIOTH 1 BILIMBAIOTH HA MPOOJIEMY
Ta pO3POOUTH CIIPOIICHUH BapiaHT i BHpPINICHHS Ta 3a-
CTOCYBaHHS Ha MPAKTHUII.

PanioHanbHe BUKOPUCTaHHS 3eMeJb Mae nependadati
TrapMOHI3AIlII0 B3a€MOIIi CYCIIIBCTBA 3 BHKOPHUCTAHHSIM
MIPUPOJTHOTO PECYPCY - 3eMJIi, Ta PO3POOKY €KOHOMIYHHUX
MeXaHi3MiB i eKkoJIoridyHO Oe3meuHoi ekcrutyarariii. Pea-
JI3aIfisl bOTO MOJIOKEHHS Ha TPAKTHIN COpaBa He 3 JieT-
KHX, SIK BUTHO 3 CY4acHOTO CTaHy 3€MeNb Ha JOCIHIIKY-
BaHii TepUTOPii, aJKe CUTYyallis BUMArae MoeJHaTH MpaK-
TUYHO BaXKKO TO€JHYBaHe. MU BBa)Ka€Mo, JUIs BHpIIICH-
HS TIPOOJIEMH OPEYHO BUKOPUCTATH CHCTEMHUH MiAXif i
PO3TISIIATH TAPMOHI3AIII0 CYCIUIBCTBA 1 3€MITi,3 OJHOTO
00Ky, Ta €KOHOMIYHI MEXaHi3MH €KOJOro0e3IeyHol eKc-
rtyartaitii 3emii 3 iHIIOro, SK JBI BEJHKI CHCTEMH, SIKi
moTpeOyIOTh CTPYKTypHU3allii Ta BpaxyBaHHS BCiX IX
CKIagoBUX eneMeHTiB. [lepiia i3 3a3Ha4eHHX CHCTEM
posrisiaTuMe  TpoOJeMU aHTPOIIOTEHHOrO BIUIMBY Ha
3eMIli  CLIIBCHKOTOCIIOAPCHKOTO MPU3HAYEHHS, IHIIA —
€KOJIOTIYHI pU3UKH, SKi MPUTaMaHHI JaHil MIiCIEBOCTI, 1X
MIOJIOJIAHHS 1 CTBOPEHHS €KOJIOTIYHO OE3MeYHOro Ta eKo-
HOMIYHO BHTiJTHOTO cepenoBuina. Hactynuuii eran po6o-
TH 3 CHCTEMaMH Iiepeadayae ix ONTHMI3allifo: BU3HAYCH-
HS HaMOUIBII MPIOPUTETHHUX Ta JI€BUX HA NPAKTHUI Ha-
NPSIMKIB BUpIIIEHHS NMpo0jeMu pariioHasi3anii BUKOpHC-
TaHHS 3eMellb ClIbCHKOTOCIIOIaPCHKOr0 MpHU3HAUeHHs. B

pe3yJIbTaTi aHami3y ONTHMI30BaHUX CHCTEM, PO3POOIIS-
FOTBhCSI HAYKOBO 1 TEXHOJIOTIYHO OOTPYHTOBAHI MPOMO3UIIiT
o070 3a0e3neueHHs paIliOHANBHOTO Ta e(eKTUBHOTO
BUKOPUCTAaHHS 3eMeJlb CUILCHKOIOCIIOAAPCHKOT0 MpU3Ha-
yeHHs1 KapmmaTcbKoro perioHy, BpaxoBYIOYH HOTO IPUPO-
THO-KITIMaTH4Hi, penbedHi, reooro-reoMopdoIoridai Ta
iHII 0co6aMBOCTI. 30KpeMa, Ha JOCIIKYBaHii TepuTOpii
nepen0avyaeThbesl 3A1MCHEHH: 1) opraHizaliiHUX 3aX0[iB
— ONTUMI3allisl CTPYKTYPH CLIbCHKOTOCIIOIAPCHKUX YTib 1
HECIJIbCHKOTOCIOAAPCHKUX YTifb; 2) arpoMeniopaTHBHUX
3aX0/liB — IPOTHEPO3iiHI crmocodu 00poOITKY IpYHTY,
BiTHOBJICHHSI HOTO POJFOYOCTi; 3) MPOBEICHHS JIiCOMEIi-
OpaTHBHHUX 3aXOMiB — JIICOBI HAacapKEHH:, SKi 3iCHIO-
IOTh  BOJOPETYJIOIOYY, IPOTHEPO3iiHy, CaHiTapHO-
ririeHiuHy Ta iHII eKonoriuHi QyHKIII; 4) 3acTOCyBaHHS
TiIPDOTEXHIYHUX 3aXOMiB — CTBOPEHHS TiAPOTEXHIYHUX
CIIOPYZ, SIKI MEPeIIKOKATUMYTh YTBOPSHHIO HA CXHJIaX
BEIMKNX 00'€MIB IOMIOBHUX 1 TATUX BOJ.

BucHOBKH. AHaii3 Cy4acHOTO CTaHy 3€MeNb ClIbCh-
KOTOCIOIapChKOro npu3HaueHHs B Kapmatcbkomy perio-
HI Ta METOMU iX BHKOPHCTAHHS, NTA€ MiJACTABH BBAXKATH,
10 YKOJHI 3 MPOBEICHUX 3aXO[IB MepeadaueHuX, 30Kpe-
Ma, 3eMEJIbHOI0 peOpMOI0 He Janu pe3yibratiB. Jlocmi-
IDKyBaHa MICHEBICTh XapaKTEPH3YETHCSI BHCOKUMHU EKO-
JOTiYHMMH pPH3UKaMH B CHWJIy CBOIX HPHUPOIHO-
KJIIMaTUYHHX YMOB 1 OTpeOye 3aCTOCYBAaHHS TaKHX Hay-
KOBO-OOTPYHTOBaHHX METOIIB Ta MiAXOIB PO3POOICHUX
3 TEXHOJIOTIYHOT TOUKH 30Dy, SKi 0 3a0e3meunin pamioHa-
Ji3aI[iF0 BUKOPHUCTAHHS 3eMeNb CLIBCHKOIOCIIOIaPCHKOTO
NPU3HAYCHHS, BUPILIMBIIN IPU LOMY KOMIUIEKC CYITyT-
HIX 3aBAaHb. [laHi 3eMili MPOMOHYETHCS PO3TIISAATH SIK
CHCTEMY B3a€MO3AJICKHUX CIIEMEHTIB, MOKA3HUKIB, YHH-
HUKIB Ta (aKTopiB, sIKi MpsIMO abo OIOCEePeKOBAHO
BIUIMBAIOTh Ha 3a0e3NeueHHs] PalioHaJbHOTO BUKOPHC-
TaHHS CUIBCBKOTOCIIOJAPChKUX 3eMenb. CKiIazoBi cucTe-
MH MalOTb 0araTopiBHEBY CTPYKTYpY Ta 3B'S3KH, aHAJi3
SIKAX JJO3BOJISIE ONTUMI3yBaTH BCIO CHCTEMY CLIBCHKOTOC-
MOAAPCHKOTO 3EMIICKOPHCTYBAaHHS DPETriOHy 3a BHIAMH
OCHOBHHX 3aBJIaHb, sIKi mMoTpeOyroTh BupimeHHs. Lli 3a-
BIaHHS SIBISIOTH COOOK CYTHICTh BHU3HAYEHHS palioHa-
JBHOTO BHUKOPHCTAHHS 3eMeJb — FapMOHI3aliio B3aeMoil
CYCIILIBCTBA 1 3eMITi, Ta PO3POOKY EKOHOMIYHO JOIUIBHUX
MEXaHI3MiB €KOJIOTIYHO OE3MEeYHOr0 I BAKOPUCTAHHS.

BpaxyBaHHSI MOJIOHMX METOIUKO-TEXHOJIOTTYHHX ac-
NEKTIB 3a0e3leueHHs] BUKOPHUCTAHHS PalliOHAIBLHOTO
BUKOPHCTAHHSI 3€MeJlb CLIBCHKOTOCIONAPChKOT0 IPHU3HA-
yeHHs1 KaprmaTchkoro perioHy, CIpHSIOTH HOIIYKY ONTH-
MQJIBHUX Ta peajbHO Ji€BUX DIlIEHb 1€l mMpobieMu Ha
mpaktuii. KpiMm Toro, 3axonu nependavyeHi MUMH PilllcH-
HSMU, HO3BOJIATH MiHIMI3YBaTH 1 MOTIEPEIUTH SKOJIOTIUHI
PHU3UKHU Jerpaialii IpyHTiB, Ta MiIBUIINTH €()EKTUBHICTb
BUKOPHCTAHHS 3€MeJlb CLIIbCHKOTOCIIOIapPChKOI0 NpU3HA-
YEeHHS B PETioHi.
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