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MEDICINE AND BIOLOGY

Komisar O.S., Boyko M.F.
Heavy metals in gametophytes of moss Bryum caespiticium Hedw.
in parks and on Lenina Avenue in Mykolayiv city (Ukraine)

Komisar Olena Sergiivna, lecturer of the department of ecology
Mykolayiv V. O. Sukhomlynskui National University, Mykolayiv, Ukraine

Boiko Michael Fedosiyovych professor department of botany

Kherson State University, Kherson, Ukraine

Abstract. On the territory of four parks in Mykolayiv (Ukraine) researches were conducted and analyzed for content of heavy metals
in gametophytes of moss Bryum caespiticium Hedw. Also rate of accumulation of heavy metals was analyzed on the territory of
parks in Mykolayiv. The least polluted in comparison with conditionally clean zone is the territory of park “Peremogy”, and the most

polluted is forest-park “Dubky”.

Keywords: heavy metals, bryophytes, gametophytes, Bryum caespiticium, Mykolayiv, Ukraine

Mykolayiv is situated in south part of Ukraine, in dry
steppe zone of the country. In climate of the city signifi-
cantly affects its location near the Black Sea. Mykolayiv
coordinates 460 58 00lIn.l. 32000 00Il e.l.,, Square-
253km2. City is situated on a peninsula, which is formed
by the rivers Inhul, Yuzhny Bug and Bugsky estuary. It is
situated 80 km aways from the Black Sea.

A significant number of moss species refers to organ-
isms that are able to accumulate heavy metals in signifi-
cant quantities [23, 25-26, 28-29, ETC.]. In technogenic
ecotopes they are one of the important components due to
its high tolerance to these conditions of existence and
presence of a wide range of resistant forms [3, 6, ETC.].
Some intraspecific forms of resistance to the toxic effect
of heavy metals elaborated in mosses [15]. In areas con-
taminated with heavy metals, there are some correlations
between the degree of contamination of soils and their
content in gametophytes of epigeynikh moss species [3].
Bryophytes show the degree of heavy metal pollution in
urban areas, particularly around industrial agglomerations
and industrial enterprises [2-4; 6; 18-19; 21; 27 ETC.].
Soil contamination by heavy metals depend on the capaci-
ty, characteristics and duration of work of enterprises, the
intensity of traffic, on the other - from landscape and ge-
omorphological conditions. Heavy metals are tightly
bound in the upper soil layer. The highest index of con-
tent of impurities observed at a distance of 1 to 5 km from
the sources of contamination, with the removal from the
enterprises the level of pollution is decreased and indexes
come close to the background [5].

Through studies of pollution and the realization of en-
vironmental monitoring, to heavy metals belong more
than 40 chemical elements - metals of the periodic system
with atomic mass more than 50 atomic units: Cr, Mn, Fe,
Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg, Pb and others. Particular
attention is paid to those elements which are toxic to or-
ganisms and can accumulate in them. According to classi-
fication of N. Reimers (Reimers), heavy metals are con-
sidered those, which are characterized by a density of
more than 8 g / cm 3. Therefore, Pb, Cu, Zn, Ni, Cd, Co,
Sh, Sn, Bi, Hg, we refer to heavy metals.

Moss Bryum caespiticium is a cosmopolitan species,
which is often found in different types of natural and par-
ticularly anthropogenic ecosystems, including the ecosys-
tems of Mykolayiv [9-14]. Species has a vital form of

dense mattae, by ecomorphs it is: in relation to moisture —

mesoxerophyte, to lighting-heliophyte, by trophicity of

substrate — oligomezotrofom, and the chemistry of sub-
strate — incertofitom.

Species of the genus Bryum are characterized by broad
ecological amplitude and by the Resistance to pollution
areas (THONI, SCHNYDER, HERTZ, 1993). It can accumulate
a large amount of heavy metals [3; 28-30], so it can be used
as an indicator species, as test—species concerning the de-
gree of pollution of any area. William Buck (EAC, 1982)
proved that exactly leaves of the moss capture heavy metals
from the air. D. Shaw [24] proved that for such mosses as
Ceratodon purpureus and Bryum argenteum, broad ecolog-
ical amplitude is common and they can digest different
habitat, including polluted with heavy metals ecotopes.
Also the author conducted research in laboratory conditions
on Bryum argenteum tolerance to heavy metals, as this
moss has the ability to accumulate heavy metals. It has
been proved that this species accumulate Cd, Cu, Zn, Pb in
urban habitats in elevated concentrations.

The aim of our research was to determine the content
of heavy metals in the gametophyte of moss Bryum
caespiticium Hedw. On territories of parks in Mykolayiv
and carry out relevant analysis based on the materials of
the results. Reaserches were done on the territories and
outskirts of the industrial enterprises, especially:

1) Park named after G.I Petrovsky with territory of 10 ha,
founded in 1930. Situated in the city center.

2) Park "Peremogy", founded in 1945, covers an area of
43 ha washed by the rivers Yuzhny Bug and Inhul.

3) Park-monument of the garden art "Lisky" with the ter-
ritory of 34.5 ha, is situated in micro-district "Lisky" in
the first terrace above the floodplain of Yuzhny Bug
River, which has a gentle incline from north to south,
toward the river. Southern part of the park occupies a
lake, with the territory of 9.2 ha

4) Forest-park “Dubky” on the Kosmonavtiv Str. occupies
an area of 4.95 ha.

Materials and methods of research. The basis for this
work became materials about the content of heavy metals
in gametophyte of moss Bryum caespiticium. Samples of
moss were taken on sample plots on the territories of
parks and their outskirts in Mykolayiv. Samples were
taken in autumn. Sampling of gametophytes of mosses
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were carried out on the same areas as the soil samples- in
industrial areas and in recreational area (conditionally
clean zone of the city- de bene esse clean area) for com-
parison the level of pollution. Samples were placed in
plastic bags with a label which indicated the names of
plants, location of selection and sampling date. For identi-
fication of moss temporary preparations were used, which
were researched by using binocular microscope MBS-2
and MICMED-2 in the laboratory of environmental moni-
toring and biodiversity named after Y.K.Pachosky at the
department of Botany of Kherson State University.

After sampling burned by common method. Content of
heavy metals (Cu, Zn, Cd, Pb) at gametofitakh bryo-
phytess conducted an atomno-absorbciynim method on
the tworadial spectrophotometer of S-115-M1(m. Sumi of
VO «SELMly), flame: acetylene of the special cleanness
of firm «LTD. «Linde» (GOST 5457-75), compressor of
diafragmenniy of UK-40.The data were treated statistical-
ly by using programs «Statistic for Windows». Results are
expressed in mg / kg and are average of parallel meas-
urements. Error of definition does not exceed 1% for cop-
per, 0.5% for zinc, 5% for cadmium, 3% for lead.

Results and their discussion. The results of our research
made in 2009-2013 showed that on the territories and
around the plants In Mykolayiv brioflora comprise 34

species of bryophytes [Komisar, Zagorodnyuk, 2012],
which are common representatives of brioflora of the
steppe zone of Ukraine [Boyko, 2009]. For research on
the content of heavy metals Brym caespiticium Hedw was
chosen, which was found in all areas of city parks select-
ed for the study.

On the basis of studies was found that in gametophyte (
burgeon with leaves and rhizoids) of the territories of all
parks in Mykolayiv is the accumulation of heavy metals
(the HM), but in different quantities. Thus, the highest
number on the content of Cu, Cd and Pb is characterized
the territory of the Forest-park “Dubky”, the content of Zn -
park "Lisky" (250,41 + 1,25205), which is not surprising as
both parks are located near the plants State Enterprise “ Gas
Turbine Scientific Production Complex “Zorya-Mash-
proekt” and "Chernomorsky Shipbuilding Yard".

The lowest indexes for the content of Cu are character-
ized by gametophytes of the park "Lisky" (58,24+0,5824),
on the content of Zn, Cd and Pb - the territory of the park
"Victory" (Table 1, Fig. 1).

Lenin Avenue (the Avenue) was characterized by ma-
jor indexes on the content of all heavy metals except
cadmium. For Cd values rolled over only in relatively
clean area, in all other investigated areas high content of
heavy metals was not found.

Table 1. Accumulation of heavy metals by gametophyte of moss Bryum caespiticium areas of Mykolayiv City

No Assembly point Content of heavy metals in moss gametophyte Bryum caespiticium, mg / kg
No. Cu Zn Cd Pb
1 |Forest-park “Dubky” (Sonth turbine factory) |64,33+0,6433 206,65+1,03325  |1,834+0,0917 50,9+1,527
2 |Park "Peremogy: 59,19+0,5919 177,73+0,08886  [0,876+0,0435 38,26+1,1478
3 |Park “Lisky” 58,24+0,5824 250,41+1,25205  |1,51+0,0755 47,03+1,4109
4 |Park named after G.I Petrovsky 61,714+0,6171 178,25+0,89125 1+0,05 30,88+0,9264
5 |Lenin Avenue 129,62+0,12962 304,32+0,52 1,326+0,0663 50,17+1,5051
6 |Conditionally clean zone 20,00+0,2 61+0,305 22,67+1,1335 5,334+0,1599
350 -
300 -
OForest-park “Dubky”
250 - " .
B Park "Peremogy
200 OPark “Lisky”
150 - OPark named after G.I Petrovsky
100 - B Lenin Avenue
50 M O Conditionally clean zone
O e
Cu Zn Cd Pb

Figure 1. Content of heavy metals in gametophyte of moss Bryum caespiticium in the parks and Lenin Avenue in Mykolayiv City

Table 2. Excess of maximum permissible concentration (MPC) of heavy metals of parks and Lenin Avenue in Mykolayiv City

Excess of maximum permissible concentration (MPC) of heavy metals of parks
Parks of Mykolayiv City and Lenin Avenue in Mykolayiv City
Cu Zn Pb Cd
Forest-park “Dubky” 21,44 times 8,89 times 1,6 times 3,7 times
Park "Peremogy” 19,73 times 7,73 times 1,19 times 1,75 times
Park “Lisky” 19,41 times 10,88 times 1,46 times 3 times
Lenin Avenue 41,54 times 13,23 times 1,56 times 2,65 times
Park named after G.I Petrovsky 20,57 times 7,75 times — 2 times
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Bryophytes more intensively accumulate heavy metals
and can be used as sensitive indicators of pollution of
ground ecotypes, particularly in the areas urboekosystem.
Content of heavy metals in gametophyte of moss in 5-10
times higher than the biomass of higher plants that grow
in similar conditions. So, Bryum caespiticium Hedw is a
promising target for the development system of an indica-
tion is by bryophytess of integrated pollution of ur-
boekosystems.

Thus, the most excess of Cu content is in Lenin Avenue
(41.54 times) and Forest-park “Dubky” (21.44 times), the
smallest excess encountered in park Lisya (19.41 times.);
The most Pb is in Forest-park “Dubky” (1.6 times), the
smallest park Lisky (1.46 times), and in Park named after
G.I Petrovsky maximum possible concentrations exceed-
ances was not found; Zn-the most excess is in Lenin Ave-

nue (13.23 times) and among the parks- park “Lisky, the
smallest is Park "Peremogy” 97.73 times); Cd the most
excess- Forest-park “Dubky” (3.7 times), the smallest is
Park "Peremogy” (1.75 times).
The coefficient of accumulation of heavy metals allows us
to see the accumulation of elements in conditions with
different pollution. [3]
The coefficient of accumulation we determined by the
formula:
Xij
=
where KA- The coefficient of accumulation,
xij- average accumulation i metal in dry matter of plant
samples contaminated with j-th place,
xi- average accumulation i metal in dry matter of plant
samples for controlling background.

Table 3. Coefficients of accumulation of heavy metals in soils of the parks in Mykolayiv City

Ne Coefficients of Accumulation of heavy metals by gametophyte of moss Bryum
Places the sampling caespiticium Hedw.
Cu Zn Cd Pb
1 |Forest-park “Dubky” 3,22 3,4 0,1 9,55
2 |Park "Peremogy” 2,96 2,91 0,04 7,18
3 |Park “Lisky” 2,91 4,1 0,1 8,82
4 |Lenin Avenue 6,5 4,98 0,1 9,41
5 |Park named after G.I Petrovsky 3,1 2,92 0,04 5,79

Coefficients of Accumulation of heavy metals by gameto-
phyte of moss Bryum caespiticium Hedw. You can make a
ranked series factory because of their reduction:
Cu: Lenin Avenue > Forest-park “Dubky” > Park na-
med after G.I Petrovsky > Park "Peremogy > Park “Lisky”.
Zn: Lenin Avenue > Park “Lisky” > Forest-park “Dub-
ky” > Park named after G.I Petrovsky > Park "Peremogy.
Cd: Lenin Avenue = Forest-park “Dubky = Park “Lisky
"> Park "Peremogy" = > Park named after G.l Petrovsky.
Pb: Forest-park “Dubky > Lenin Avenue > Park “Li-
sky” > Park "Peremogy" > Park named after G.I Petrovsky.
In reference to content of Cu, Zn, Cd Lenin Avenue ac-
cumulates the biggest part of these heavy metals, and for
the Pbis on the second place after Forest-park “Dubky”
(3.22). Thus, according to the Cu content the biggest coef-
ficient of accumulation besides Lenin Avenue has the ter-
ritories of Park “Lisky” and Forest-park “Dubky” (0.1)
and the smallest - Park "Peremogy” and the Park named
after G.I Petrovsky (0.04). The least of heavy metals ac-

cumulated moss for Cu with the park "Lisky" (2.91), and
the Zn - park "Peremogy" (2.91), for Pb - park named af-
ter G.I. Petrovsky (5.79).

Conclusions. Among the most polluted parks in compari-
son with conventionally clean area for Cu, Cd and Pb is the
area of Forest-park "Dubky", the content of Zn is park "Li-
sky". The least polluted by Zn, Cd, Pb - park "Peremogy".

Coefficients of Accumulation of heavy metals by ga-
metophyte of moss Bryum caespiticium of the territories
of the parks in Mykolayiv City are divided unequally.

Big Coefficients of Accumulation had the Forest park
“Dubky” and park “Lisky” what is not surprising as they
are near State Enterprise “Gas Turbine Scientific Produc-
tion Complex “Zorya-“Mashproekt” and "Chernomorsky
Shipbuilding Yard".

So, Bryum caespiticium Hedw is a prospective target
for the development of complex systems of an indication
is by bryophytes of pollution urban ecosystems.
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Komucap E.C., Boiiko M.®. Tsixkenable MeTa/abl B ramerodurax Mxa Bryum caespiticium Hedw. B mapkax u Ha mpocnekTe
Jlennna ropoaa Huxonaesa (Ykpanna)
AnHoTanusi. [IpoBeeHO U MPOaHAHAIN30BAHO COJIEPKAHME TSHKEIBIX METAJUIOB B raMeToduTax Mxa Bryum caespiticium Hedw. Ha
TEepPUTOPHUH UYeThIpex mapKoB ropoaa Huxomaesa (Ykpanna) Taxoke OblTa mpoaHaIM3MpOBaHAa HOPMa HAKOIUICHMS TSDKEIBIX MeETall-
JIOB Ha TeppUTOpHUM NapkoB r. Hukonaesa. Maneiiiiee 3arpsi3HeHHe 0 CPaBHEHHIO C YCIOBHO YHCTOM 30HOM SBISETCSI TEPPUTOPUS
napka "[lo6ensr" a Hanbomnee 3arps3HEHO - econapk "yoku".
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Abstract. The article presents the results of investigations of vascular plants, mosses and lichens diversity on the agricultural land-
scapes of southern Ukraine. Flora species of bryophytes agrolandscapes include anthotserotophytes, marshantyophytes and bryo-
phytes. Bryophytes are dominant and include species of the family Pottiaceae (50,0 % of all the species composition) and Bryaceae
(22,5 %). The vegetation is represented by the classes Stellarietea mediae, Polygono arenastri-Poétea annua, Agropyretea repentis,
Chenopodietea, including Red rare species — Anacamptis picta (Loisel.) R.M. Bateman, Lepidium pumilum Boiss. et Balansa and
others. There are 944 species of weeds on agricultural landscapes in the south of Ukraine that grow spontaneously. The most com-
mon among them are 130-150 species, 500 species are adventive. The methods of rare diversity conservation and measures to fight

weed infestation were proposed.

Keywords: phytodiversity, lichenodiversity, agricultural landscapes, southern Ukraine

Introduction. Agricultural landscapes are complex sys-
tems that were formed by the different elements of agro-
ecosystems, with all chains of farming systems, with in-
frastructure and protective measures for consistent. The
basis of agricultural landscapes are: agricultural land —
arable land in the whole, fields of one-year crops, hays,
pastures, fields of perennial grasses; artificial forest plan-
tations — belts, artificial forests of various purposes with
the tree and shrub components; transformed natural com-
munities — the remnants of natural forests, natural mead-
ows, natural steppe areas, marshes, wetlands, peatlands.
The components of agricultural landscapes are also locat-
ed in their territories erosion waterworks of different
types, limits and rotation fields, country roads, hydro-
graphic network, paved roads, various communication
lines of high-power, gas distribution stations, building
structures for various purposes, etc. [12; 15].

Agricultural landscapes of southern Ukraine are ecosys-
tems that were formed as a result of agrarian transformation
of steppe, ravine gully, river-valley, psamophytic, sea salt
and over-firth coenoses and coenoses of rock outcrops.

Under the influence of irrigation agricultural land-
scapes has been degrading in southern Ukraine; southern
black and brown soils as well as biota (primarily rare phy-
tobiota and lichen biota) appeared to be very sensitive to
high humidity [4]. The fundamental problem is the study
of the current state of rare phytodiversity of southern
Ukraine agricultural landscapes and strategies of its con-
servation and management, detection of rare phytodiversi-
ty state components, including vascular plants, bryophytes
and lichens in order to develop strategies for their conser-
vation and sustainable use based on autphytsozological
index, index of rarity and synanthropisation index.

A brief literature review. In the scientific world there
are a number of works on rare phytodiversity of agricul-
tural landscapes (Beymer, Klopatek, 1991, Evans, Eh-
leringer, 1993; Eldridge, Kinnell, 1997; Belnap, Gardner,
1993; Harper, Belnap, 2001; De Falko et al., 2001; Maes-
tre, 2003; D. Moon, 2009; M.Wingreen, 2010). Frag-
mented researches on rarity of phyto- lichen diversity of
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certain habitats were held in Ukraine (boiiko, 1988;
Botiko Ta iH., 1984; Xomocosues, 1999; Jlinyx Ta iH.,
2009; Karamo 2010; Moiicierxo, 2010; Ocramnko, 2011;
Ieperpum, 2011). This indicates the relevance and neces-
sity of our studies.

The purpose of research. The aim of the research was
to establish the state of phyto- and lichen diversity of the
agricultural landscapes of southern Ukraine — namely, the
diversity of higher vascular plant, of non-vascular plants —
mosses, and lichen diversity.

Materials and methods. Results are based on materi-
als obtained during the research expedition in 2012-2014.
We used conventional methods for botanical research:
route-exploratory method and establishing of trial and
sampling areas. During cameral processing of materials
aimed to determine the species temporary microscopic
preparations were used, which had been studied on binoc-
ular microscopes MBS-2 and MICMED-2. Materials were
worked out in the laboratory of biodiversity and environ-
mental monitoring named after J.K. Pachoski placed in
the Department of Botany (Kherson State University).

Results and discussion. Results of integrated study of
rare phytodiversity of agricultural landscapes, which ena-
ble to develop a strategy of management, conservation
and protection, are given.

Bryophytes as phytodiversity components are common
components of surface soil in agricultural landscapes with
varying degrees of disturbance. To some extent, they per-
form stabilization role in agricultural landscapes, they are
very sensitive to antropopression in general, especially in
the steppe zone. Therefore, they can be used as indicators
of digression and demutation of colorful kuazinatural and
disturbed ecosystems of the steppe zone. According to our
observationsaaaa bryophytes as elements of steppe zone
phytodiversity, are components of the soil surface on ag-
ricultural landscapes of various degrees of disturbance.

Bryophyte flora on the south of Ukraine has 31 species
of bryophytes. Division Anthocerotophyta is represented
by one species — Phaeoceros laevis (L.) Prosk. of family
Anthocerotaceae (3,2 % of species composition), Division
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Marchantiophyta — by 3 species of following families:
Ricciaceae (6,5 %) and Cephaloziellaceae (3,2 %), Divi-
sion Bryophyta — by 27 species of 14 genera of 5 families.
Among bryophytes there are dominant species: of the
genus Bryum (7 species, 22,5%) genera Pleuridium,
Acaulon, Microbryum, Phascum, Pterygoneurum and
Tortula are represented by 2 species. Among the domi-
nant species of the family Pottiaceae (50,0 % of all the
species composition) and Bryaceae (22,5 %), Funariaceae
and Ditrichaceae are represented by 3 species, Ricciaceae
— by two, Dicranaceae and Cephaloziellaceae — by just
one. Most families are represented by 1-3 species. This is
natural, since agricultural landscapes in their ecotope and
general physiographic features are not species arena of
shaping but of migration [2; 3]. On agricultural land-
scapes only upper sporogonium mosses are marked.

Best adapted to subsistence farming land are species
with loose sod; there are 24 species of them. Wide areal
species are dominat. They have holarctic, bipolar and
cosmopolite ranges of 21 species. In relation to the pre-
vailing humidity ecohydromorfes of mezoxerophytes and
xerophytes are prevailing by reference to light of habitats
— ecoheliomorpha of heliophytes, they are 27 species; by
reference to the chemistry of the substrate incertophyles
dominate with 18 species and Calcicole with 8 species; in
relation to the substrate trophicity by mezotrophes (18
species) and mezoevtrophes by 6 species. As for sex
structure, the mezoevtrophes and dioecious species are
almost identical — 16 and 14 species, respectively, and
inactive and less active species prevail — 15 and 5, which
is not due to the formation of communities of farmland.

A number of key causes that prevent the increase lichen
species diversity number in these areas was defined. The
positive dynamics of increasing diversity of species were
observed for only epiphytic species and species that grow
in a dusty area. Concrete slabs of channels and arica, con-
crete floors of agricultural facilities of agronomy and zoo-
technical character building with limestone dust of crushed
stone roads create some special conditions which lead to
the spread of such species. It is the concrete slabs of irriga-
tion canals where we had found a new species to science —
lichen Caloplaca wucuricola and lichenicolous fungus
Prouectria caloplacae, which grew at Caloplaca austroci-
trina [16, 18]. A number of species such as Collemopsidi-
um augermanicum, Staurothele ambrosiana, Caloplaca
soralifera were defined for the first time in Ukraine [14,
15]. The dominant species on concreted slabs are Cande-
lariella aurella, Caloplaca flavocitrina, C. teicholyta, C.
crenulatella, Verrucaria nigrescens.

Lichens that grow on the bark of trees can be used as bi-
oindicators on nitrates. Lihenobyota belts are represented
by 41 species of lichens and lichenicolous fungi. There are
the most common species Amandinea punctata, Lecanora
hagenii, L. saligna, L. carpinea, Lecidella elaeochroma,
Pleurosticta acetabulum, Parmelia sulcata, Melanelixia
subuarifera, Evernia prunastri, Scoliciosporum sarotamnii
and others [13].

Forest belts located in the coastal zone contain signifi-
cant amounts of bushy lichens, including Ramalina fastig-
iata, R. pollinaria, R. fraxinea, Anaptychia ciliaris.

Ravines and gullies remained almost the only refuge
steppe vegetation among the agricultural landscapes of
southern Ukraine. Interestingly enough in lichenologic re-
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spect is complex ravine and gully systems where natural
areas were preserved as a narrow strip along the right bank
of the Lower Dnieper. At the territory of investigated gul-
lies there is an architectural monument — XVIII century
bridge. On the concrete of the bridge 12 species of lichens
were found, including conventional species Lecanora al-
bescens (Hoffm.) Branth & Rostr., L. dispersa (Pers.)
Sommerf., Caloplaca saxicola (Hoffm.) Nordin, Candelar-
iella aurella (Hoffm.) Zahlbr. Also other species were
found such as Caloplaca concrecicola VVondrak & Khodo-
sovtsev, C. coronata (Koerb.) J. Steiner, C. teicholyta
(Ach.) J. Steiner. — on the covered bridge's surface; C. de-
cipiens (Arnold) Blomb. & Forssell, C. flavocitrina (Nyl.)
H. Oliver, Lecania inundata (Hepp ex Kérber) M. Mayrho-
fer, L. turicensis (Hepp) Miill. Arg. — on the vertical shaded
surfaces; Lecanora crenulata Hook. — on the horizontal
surfaces of the bridge, Staurothele ambrosiana (A. Mas-
sal.) Zsch., which has previously been found on southern
Ukraine anthropogenic substrates [8]. Concrete slabs of a
dam were studied and the following species of Caloplaca
have been found there: Caloplaca concreticola Vondrak &
Khodos., C. crenulatella (Nyl.), C. decipiens (Arnold)
Blomb. & Forssell, C. flavocitrina (Nyl.), C. saxicola
(Hoffm.) [9].

To study the flora of vascular plants we laid the model
sites that were selected taking into account geobotanic
units in the south of Ukraine —subzone desert wormwood-
grass steppes.Vegetation is represented by steppe, halo-
phytic and psamophytic: wormwood-fescue-grass vegeta-
tion of sandy steppes (dominants are Festuca valesiaca
Gaudin, Stipa lessingiana Trin. & Rupr., Stipa ucrainica
P.A. Smirn., Artemisia austriaca Jacg. Agrophytocenoses
on their place in conjunction with halophytic groups);
saline meadows and psamophytic groups (Alopecurus
pratensis L., Elytrigia pseudocaesia (Pacz.) Prokudin,
Puccinellia fominii Bilyk (fragments) and agrophytoceno-
ses in their place). Vegetation of investigated area is char-
acterized by high halophytization and the average per-
centage of the area of natural lands [9].

Ruderal vegetation is confined mostly to the roads and
roadsides belts. Vegetation of roads and roadsides belts is
represented by Artemisia absinthium L., Euphorbia segui-
erana Neck, Polygonum novoascaniucum Klokov, Sysim-
brium loeselii L., Xanthium albinum (Widd.) H. Scholz.
Woody vegetation is represented by Elaeagnus angustifo-
lia L., Robinia pseudoacacia L., Salix alba L. and Quercus
robur L., shrub vegetation — by Swida alba (L.) Opiz. A
class Stellarietea mediae representatives are: Ambrosia
artemisiifolia L., Chenopodium album L., Elytrigia repens
(L.) Nevski, Erodium cicutarium (L.) L Her., Polygonum
aviculare L. s.str., P. novoascaniucum Klokov mainly grow
in belts. Grouping class Polygono arenastri-Poétea annua
with the dominance of Polygonum aviculare, P. novoas-
canicum and Plantago lanceolata confined to roadsides,
and are characterized by soil disturbance. Also characteris-
tic types of the roads are representatives of class Agropy-
retea repentis — Convolvulus arvensis L. and Elytrigia re-
pens (L.) Nevski., Anisantha tectorum (L.) Nevski, Artemi-
sia austriaca Jacq. and Bromus squarrosus L. Dominants
that grow along the roads and in fallow, in forest belts are:
Conyza canadensis (L.) Crongist, Secale sylvestre Host,
Sysimbrium loeselii L., Berteroa incana (L.) DC. The vege-
tation consists mainly of Chenopodietea class groups with
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dominating of Atriplex tatarica L., A. sagittata Borkh,
Chenopodium album L. and Bromus squarrosus L. on
abandoned pastures. Xanthium albinum (Widd.) H.Scholz
(representative of the class Bidentea riparii) occurs as spo-
radic and forms thickets monospecies brushwood [11].

An analysis of the species composition of belts and road
verges vegetation found indigenous rare species of higher
vascular plants (rare for these elements of agricultural land-
scapes): Agropyron pectinatum (M.Bieb.) P. Beauv., Dian-
thus guttatus M. Bieb., Koeleria cristata (L.) Pers., Linaria
biebersteinii Besser, Salvia nemorosa L., Salvia aethio-
pis L. All these endangered species by Belgrade’s xeno-
morphes are stepanties which are typical for the area where
which the study was conducted [1]. Examples of measures
to increase the number of indigenous species and further
species diversity in forest belts and along roadsides within
the band of wormwood-grass steppes are seeding the cary-
opsides of turf grasses such as Agropyron pectinatum and
Koeleria cristata, various species of Stipa genus.

Another type is fallow agricultural landscapes. De-
pending on the age and distance to natural species diversi-
ty fallow cells can serve as an example of successful self-
healing. In areas with high level of halophytization of
vegetation fallows were investigated, where extensive
grazing is observed during the last decade. At the investi-
gational tract "Dolyna Kurganiv" (designed Regional
Landscape Park) in 2014 more than 400 species were rec-
orded such as Anacamptis picta (Loisel.) R.M. Bateman
(on an area of 80 square meters), which is protected by
the Red Data Book of Ukraine, Berne Convention and
CITIES. Within this investigational tract wet salt marshes
population Lepidium pumilum Boiss. et Balansa was de-
scribed, which is listed in the European Red List on an
area of about 1 km, the average density of individuals per
Im? was 15 [10].

So in areas with a relatively large area with decreasing
anthropogenic pressure the reduction processes take place
in species composition. Such elements of agricultural
landscapes surrounding the natural reserve can serve as an
additional buffer zone.

The high proportion of arable land causes a threat to
the conservation of floristic diversity of agricultural land-
scapes [14]. Agricultural landscapes are the arena for the
development of segetal phytobiota Agricultural land-
scapes in the south of Ukraine contain spontaneously
growing 944 species of weeds [5], more than 500 species
of them are adventive, they occupy ruderal places and
plant crops. They cause great harm in new regions
through intensive expansion. Adventive plants, getting
into new territory, primarily colonize ruderal habitat, but
then settle in plant crops. They can bring great harm be-
cause they don’t have new deterrent mechanisms of
spreading (such as diseases and pests which occur on their
home area) and can carry out expansion.

As a result of our research (2013-2014) Agrophytoce-
noses massively clogged the following adventitious spe-
cies: a) segetal — Amaranthus albus L., A. blitoides S. Wat-
son, A. powellii S. Watson, A. retroflexus L., Brassica
campestris L ., Capsella bursa-pastoris (L.) Medic., Che-
nopodium suecicum J. Murr., Conyza canadensis (L.)
Crong., Descurania sophia (L.) Webb. ex Prantl,, Echi-
nochloa crus-galli (L.) P. Beauv., Galeopsis ladanum L.,
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Galinsoga parviflora Cav., G. urticifolia (Kunth) Benth.,
Papaver rhoeas L., Portulaca oleracea L .., Raphanus
raphanistrum L ., Sinapsis arvensis L., Sisymbrium loeselii
L., Sonchus arvensis L., S. asper (L.) Hill., S. oleraceus L.,
Tripleurospermum inodorum (L ..) Sch. Bip., Xanthium
albinum (Widd.) H. Scholz, etc .; b) pasture — Anisantha
tectorum (L.) Nevski, Carduus acanthoides L., Pha-
lacroloma annuum (L.) Dumort, Peganum harmala L.,
Xanthium albinum etc .; ¢) ruderal — Artemisia absinthium
L., Conium maculatum L., Lepidium ruderale L., Malva
neglecta Wallr., M. pusilla Smith et al.

We offer one of the measures to combat the invasion of
weeds, including their distribution of agrophytocenoses in
Southern Ukraine. This method applies to biological
methods and lies in the formation of peculiar cultures-
phytocoenoses on the edges of agrophytocenoses. In natu-
ral phytocenoses which were not affected by human activ-
ities, real weed almost never happens, although soil sam-
ples of virgin land plowing their weed seeds are usually
found. This is the ultimate saturation, isolation and inac-
cessibility of natural plant communities to settle adventive
species.

The observations argue that the best anti-weeds (espe-
cially perennials root shoots) are turf grasses: Stipa capil-
lata L., Stipa lessingiana Trin. et Rupr., Stipa ucrainica
P. Smim., Festuca valesiaca Gaud. — in black and brown
soils. In the impurity different species of grasses can be
used — Phlomis hybrida Zelen., P. pungens Willd., Salvia
nutans L. If agrophytocenoses are located on sandy soils
(eg fighting Cenchrus pauciflorus Benth.) in this case the
following seed can be used: Stipa borysthenica Klokov ex
Prokud. and Agropyron dasyanthum Ledeb. Crops of cul-
tivated crops (eg. sunflower), which ripen in autumn are
recommended to plant with shrubs Caragana scytica
(Kom.) Pojrk around. It will delay the evil weed seeds
such as Ambrosia artemisiifolia — species, whose expan-
sion in the steppe zone led to its mass participation in
segetal, ruderal and natural vegetation communities.

Conclusions. Agricultural landscapes are characterized
by specific phyto and lihenodiversity. Lihenodiversity is
best represented in agricultural landscapes on such ele-
ments as concrete slabs channels and Arica, concrete
floors of agricultural facilities, zootechnical building with
limestone dust of crushed stone roads. Flora of vascular
plants found to be indigenous rare (rare for these elements
of agricultural landscapes): Agropyron pectinatum, Dian-
thus guttatus, Koeleria cristata, Linaria biebersteinii,
Salvia nemorosa, Salvia aethiopis. Non-vascular plant
flora include the following species: antotserotophytes
marshantsyophytes and bryophytes. Dominated bryo-
phytes include species of the family Pottiaceae (50,0 % of
all the species composition) and Bryaceae (22,5 %). Veg-
etation species of agricultural landscapes are represented
by classes Stellarietea mediae, Polygono arenastri-Poétea
annua, Agropyretea repentis, Chenopodietea, including
Red rare species — Anacamptis picta (Loisel.) R.M. Bate-
man, Lepidium pumilum Boiss. et Balansa and others.
There are 944 species of weeds on agricultural landscapes
in the south of Ukraine that grow spontaneously, more
than 500 species are adventive. The methods of rare di-
versity conservation and measures to fight weed infesta-
tion were proposed.
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Boiiko M.®., XonocoBues O.€., 'appuiienko JI. M., Meabnuxk P.I1., Knumenko B.M., llanomuukosa A.O. ®utopa3Hood-
pasue u JIUXeHOPa3Hoo0pa3He B YCJOBHAX arpoJaHAAQTOB 0ra YKpPauHbI

AHHOTauus. B craThe momaroTcs pe3yapTaThl UCCIEIOBAaHUN Pa3HOOOPa3us COCYAUCTHIX PACTCHUH, MOXOOOPa3HBIX U JIMIIAHHUKOB
arpojaHmaToB ora Ykpanasl. Oropy MOX000pa3HBIX arpoJaHImadTOB COCTABISIIOT BUABI AHTOIIEPOTO(UTOB, MAPIIAHINO(PHUTOB
1 6produToB. JoMuHHPYIOT GproGHTEI, cpeau KOTOpBIX Buau cemeiictBa Pottiaceae (50,0 % Bcoro BumoBoro cocrasa) u Bryaceae
(22,5 %). PacturensHoCTh TpencTasieHa Bumamu kiaccoB Stellarietea mediae, Polygono arenastri-Poétea annua, Agropyretea repentis,
Chenopodietea, B T.u. peakuME KpacCHOKHIDKHBIME Biamu — Anacamptis picta (Loisel.) R.M. Bateman, Lepidium pumilum Boiss. et Balansa
u ap. B arponanmmadrax rora YkpanHsl cHoHTaHHO Tpou3pactaroT 944 Buns! copHskoB. Hanbonee pacnpocTpaHeHHBIMU CpPEean HUX
cuntarorcs 130—-150 BunoB, cebiie 500 BUIOB SBISIOTHCSA aIBEHTUBHBIME. [1pe/sioxKeHbI METOIbI OXPAHBI PAPUTETHOTO OHOPA3HOO-
Opasus 1 MeponpusATHs OOPHOBI ¢ HHBa3UEH COPHAKOB.

Knioueswvie cnosa: pumopasnoobpasue, nuxernopasnoobpasue, azponanowagdmei, 102 Yxpaunul
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Jlyno O.A., @ypman FO.M.
BuB4yenns piBHsi QizMuHOro 310poB’s AiBYAT ripcbkux paiioniB 3akapnarrs
3a MeTa00JIIYHMM pPiBHEM aHAepOOHOI0 eHepro3ade3nevyeHHs!

Jlyno Onena Anamoniigna, KaHoUOam MeOUYHUX HAYK, OOYeHM,
3asioysau kageopu gizuunoi peabinimayii, Oexan gaxyivmemy 300p08 s 10OUHU
JIBH3 “Vawceopoocvkuii Hayionanvruil yHieepcumem ', m. Yarceopoo, Vrpaina

@ypman FOpini Muxonatiosuy, 0okmop 6i0102iuHUX HAYK, npogecop,
3a6i0y6ay Kageopu Meouxo-0io02iuHUX 0CHO8 PI3UUHO20 BUX08AHHS | Qizuunol peabinimayii
Binnuywkuii oepoicasnuil nedacoziynuil ynisepcumem imeni Muxaiina Koyrobuncvkoeo, m. Binnuys, Yrpaina

AHorauis. JlocmimkyBanacs MOTYKHICTh 1 €MHICTh aHAepOOHUX MPOLIECIB eHepro3ade3neueH s OpraHi3My JiBUarT, SKi MPOKUBAIOTh
y TipchkuX paiioHax 3akapnaTTa. BeraHoBieHo, mo ¢i3uyHa mpane3aTHICTh Ta aHaepoOHa MPOIYKTHBHICTh AiBYAT TIPCHKUX paiio-
HiB 3aKapmaTTs 3aJIeKUTh Bi comaTtoTuly. HaliBumuii piBeHb aHaepoOHOI MPOAYKTUBHOCTI 32 MMOKa3HUKAMH TOTY)KHOCTI aHaepoo-
HHX QJIAKTaTHHUX 1 JJAKTaTHUX MPOLECIB €HEPro3ade3neyeHHs BUSABICHO y IPEACTABHUILb CHIOME30MOP(HHOr0 COMATOTHITY, 3 HAifHU-
KUIUH — y ekToMop¢HOro. HalfHmk4nii piBeHs aHaepOoOHOT IPOAYKTUBHOCTI 32 BIJHOCHHM ITOKa3HHUKOM €MHOCTI aHaepoOHHX JIaKTaT-
HUX IIPOLECiB eHepro3ade3neyeHHs BUSBICHO Y PEICTaBHAIL 30aJaHCOBAHOTO COMATOTHITY.

Knrwwuoei cnosa: anaepobua npooykmueHicms, Qizuure 300p08’s, COMAMOmMun

Beryn. CytreBy ponb y ¢popMmyBaHHi Gi3H4HOTO 310pOB’st
BiZlirpatoTh He Juie aepoOHi, ane i aHaepoOHI mporecu
eHepro3abesneveHHs KUTTEASUIBHOCTI opraHismy [2, 4,
5, 6]. Pesynbratu AOCHiKEHb CBiAYaTh MO ICHYBaHHS
TICHOT'O KOPEISIIIHOTO B3a€MO3B 3Ky MK aepOOHOIO Ta
aHaepOOHOIO MPOAYKTUBHICTIO OpTaHi3My, 1ie (aKTOPHUM
MOKa3HUKOM BHCTYIIa€ aHaepoOHa (JIaKTaTHA) MPOXYKTH-
BHICTB oprasismy [3, 9, 10, 12, 13].

Yepes 29 poxkiB micas YopHoOMIbChKOT KaTtacTpodu B
VYkpaiHi 3aJIMIIAIOTECS. OKpEMi TEPUTOPIi 3 MPUPOAHUMHU
€KOJIOTTYHUMH OCOOJIMBOCTSMH, Jie icHye iomnuit nedi-
LUT, SIKMH ICTOTHO BIUIMBAE Ha T'OPMOHAIBHUH CTaTyc
MEIIKaHIIB [UX TepuTopid. OZHUM 3 TaKUX PETiOHIB €
3akapnartsa. Monoas 3 pi3HEX O0iOreOXiMIYHUX 30H, SKa
HaBYA€ThCSA y BUIIMX HaBUAJIBHMX 3aKJaJax, BBAXKAETHCS
MIPAaKTHYHO 3/I0POBOIO, OIHAK, 3a pPe3ylbTaTaMu JIOCIHi-
JUKEHb TPOBiAHMX yueHux 3akapmnarts [1, 3, 7, 8] 6ararto
3 MOJIOJTUX JIFOJICH MAarOTh NICBHI BIIXWICHHS Y QiI3HIHOMY
crani. Lli BiIXWIECHHS CTOCYIOTBCSI OKPEMUX aHTPOIIOMET-
puuHHX (3pocTy, Macu, Iponopuiii OynoBu Tina) Ta Gio-
XIMIYHUX MTOKAa3HUKIB (HAPUKIIA/, HU3bKHI PIBEHb THPE-
OIIHMX TOPMOHIB y KpoBi). TeHAEHIIisI 3HWKEHHS MOKa3-
HUKIB (YHKIIOHAQJIBHOI'O CTaHy Ma€ B3a€MO3B’SI30K 13
BMICTOM THPEOiJHHX T'OPMOHIB B OpraHi3Mi IOHAaKiB, SIKi
MEMIKAITh y TIPCHKiA MICIIEBOCTI 3aKapraTTs, [0 MOXE
CBIUUTH TPO HETAaTUBHUH BIUIMB 0iOr€OXiMiYHOI 30HU
perioHy SIK €BOJIOLIHHO HeaJeKBaTHOTO YMHHMKA 30BHI-
rHBOTO cepesonumia [1, 3, 7, 8].

Ha nanwmit wac mociiKeHHS MOKAa3HHKIB aHaepoOHOT
MIPOJYyKTUBHOCTI OPraHi3My IPOBOAWIUCS y OCi0 pi3HOTO
BiKY 1 cTaTi 0e3 ypaxyBaHHS TEPUTOPiaIbHOI HAJIEKHOCTI
obcrexxyBanux ocib. JlocmimkeHHs aHaepoOHOI MPOIyK-
TUBHOCTI OpraHiaMmy y oci® mocTmyO0epTaTHOTO Mepioxy
OHTOTE€HE3y 3 PI3HUM COMATOTHIIOM, SIKi TIPO’KHBAIOTH B
3akapnaTchbKOMY PETiOHi, T03BOJIUTh OTPUMATH HOPMATH-
BH (Di3UYHOTO 3710POB’S JiBYAT.

3 ornsay Ha BUINEBUKIIAJEHE METOI0 JaHOI po6oTH €
BCTaHOBUTH 3/IaTHICTb JIIBYAT PI3HOTO COMATOTHILY TipCh-
KX pailioHIB 3akapraTchbkoi o0yacTi axantyBaTHCS [0
¢i3nuHOT poOOTH B aHaepoOHOMY peXHMi eHepro3abes-
TICYCHHSI.

Marepianu i meroan. [IpoBeneHo OpPiBHAIBHUN aHa-
i3 piBHA (i3UIHOTO 3I0POB’S y NiBYAT MOCTITyOepTaTHO-
ro mepiogy oHTOreHe3y Bikom Bix 16 mo 20 pokis. Kinb-
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KICTh 00CTE)XEHMX iBYaT TipChbKUX pailoHIB 3akapraTch-
koi obnacti cranoBmwia 102 ocobu (46,4%). PiBens ¢izu-
YHOTO 370pPOB’S OLIHIOBAIH 32 IMIOKa3HUKaMH aHaepOoOHOT
MIPOXYKTUBHOCTI OpraHizMy. Jlis mbOoro BH3HAYAIM I1O-
TYXHICTh aHaepOOHHX aJaKTaTHUX MPOLECIB €Heprosa-
Oe3IedYeHHsT OpPTaHi3My 32 MAaKCUMAaJIbHOIO KiJIBKICTIO pO-
6otu, BukoHaHOi 3a 10 ¢ (BAHT j5), a TaKOX MOTYXKHICTH
aHaepOOHMX JIAKTATHUX TPOICCIB EHEePro3ade3neycHHs
OpraHi3My 3a MaKCHMAJbHOIO KIJBKICTIO pOOOTH, BHKO-
HaHoi 3a 30 ¢ (BAHT3y) BUKOPHCTOBYrOYH MeTo Binrar-
CBKOTO aHaepoOHOro Tecty, onucanoro I0.M. dypmanom
31 cmiBaBropamu [9]. Jlns OLIHKH €MHOCTI aHaepoOOHUX
JaKTaTHUX TIPOLECIB eHeprozade3neueHHss OpraHiMy,
TOOTO MaKCHMaJIbHOI KUJTBKOCTI 30BHIIIHBOI poboTtn 3a 1
xB (MK3P), BukopucroByBamu wmeroquky Shogy A.,
Cherebetin G [17]. ComaroTunn BH3HAYalld 3a METOIOM
Xir-Kaptepa, sKuii BBa)Kae€TbCs YHIBEPCATBHHM, TOMY
PEKOMEHIY€EThCS Il 00CTEXEHb JIFo/el pi3HOI pacoBoi
MIPUHAJICKHOCTI, Pi3HOI CTaTi, IMUPOKOTO BIKOBOTO Jliama-
30Hy (Big 14 10 70 pokiB), a Takoxk 3a0e3meuye TPHOXKO-
MIIOHEHTHY (KHPOBOT0, M’S30BOr0 Ta KICTKOBOI'O KOMIIO-
HEHTY) aHTPONIOMETPHUYHY OLIHKY. 3a JIOTIOMOT0I0 aHOTO
METOAY MOXHa KUIbKICHO OIIIHUTH MEPEeBary: €HIOMOp-
¢ii, abo BiTHOCHOTO OXHMpiHHS; Me3oMopdii, abo BigHOC-
HOTO PO3BUTKY CKEIICTHO-M’S30BOi CHCTEMH; eKTOMOPii,
a0o BiTHOCHOI IiHIHHOCTI (BHTATHYTICTH Tina). KokeH
KOMIIOHCHT BH3HAYaBCs B HE3MiHHIH ITOCIITOBHOCTI: €H-
noMopdist — Mme3oMopdist — eKToMOpdist, SKi BHPaKAIOTh-
Csl YMCIIOBUMHM 3HAYEHHSIMHU (aHTPOIIOMETPHYHUMH TIOXi-
JHVMH) 3 TOYHICTIO IO OJHIET mecsatoi. 3a mertogoM XiT-
Kaptepa comaTtoTnn BU3Hadamu rpadidHEM criocobom,
a0  aJrOPUTMOM, OCKIUJIbKH 3a aJrOPUTMOM BHPaXOBY-
BaTH COMATOTHII 3pYYHIIIIE.

Pe3yabTaTH 10caiaseHHs Ta iX o0ropopenHs. Y 1o-
CIIDKYBaHHMX JiBYAT 3a MeToa0oM XiT-Kaprepa BH3HAuUU-
JI COMATOTHII i YMOBHO PO3MOAUTIIIN iX Ha IISITh TPYI: 3
eKTOMOP(HIM COMAaTOTHUIIOM, €HAOMOP(HHM COMAaTOTH-
1IOM, €HJJOME30MOP(GHUM COMATOTHIIOM, ME30EKTOMOP)-
HUM COMAaTOTUIIOM, 31 30aJaHCOBaHMM COMAaTOTHIIOM.
Po3snoain giBuar ripchkux padoHIB 3a COMaTOTUIAMH Y
BiJICOTKOBOMY BiJHOIICHHI mojaHuii Ha puc. 1. Haii0Oinb-
Iy KUTBKICTh JiBYAT BUSABJICHO 31 30aJIAHCOBAaHUM COMa-
totunioM (41,2%), HaiiMeHIIa i3 eHAOMOP(GHUM COMAaTo-
tunoMm (5,9%).

©)o. A. buio, Yu. M. Furman 2015



holis.diana@gmail.com
Typewritten text
O. A. Dulo, Yu. M. Furman 2015


Science and Education a New Dimension. Natural and Technical Sciences, 111(5), Issue: 41, 2015 www.seanewdim.con

41,2 %

13,7%
Puc. 1. CiBBigHONIEHHS YNCENFHOCTI NMPEACTABHUIb PI3HUX COMATOTHIIIB TIPCHKUX PalioHIB y %

Pesymbratn mocmimkeHs TMOTYXXKHOCTI aHASpOOHUX aiak-
TaTHHUX IPOIECIB €Hepro3ade3neueHHs OpraHi3My 3a ab-
COMOTHOIO BenmnmunHOI0 BAHTg 46 yV HIBYAT TipCHKHUX
paiioHIB BUSIBUJIM CYTTEBY IepeBary LbOrO MOKAa3HUKA Y
NPE/CTaBHUIb €HAOME30MOP(HOro COMAaTOTHUILY, MOPiB-
HSHO 3 0c00aMu 1HIIKMX cOMATOTHUIIB. Tak, 3HaueHHs a0-
CONMMOTHOTO ToKa3HUKa BAHT g 4. Y TpEICTaBHUIL €H-
JIOME30MOP(HOT0 COMATOTHUILY Y CEpeTHbOMY CTaHOBHUTH
2374,6+68.2 KFM'XB-l, o Ha 33,2% nepeBully€e 3HAYEH-
HSl IPEACTaBHUIb 3 ME30€KTOMOP(HHM COMAaTOTHUIIOM,
sake craHoButh 1783,0+46,7 KIM-XB (p<0,05). Cepenns
BenuunHa BAHT g 6. PEACTaBHUIL €HAOME30MOP(PHOTO
comarotuny Ha 44% mepeBHIye cepeJHE 3HAYCHHS
MPECTaBHUIL €KTOMOP(PHOTO COMATOTHITY, SIKE CTaHO-
BuTh 1648,6+44,7 krm-xB ™ (p<0,01). Cepeni 3HaYCHHS
BAHT g 46, TPENCTaBHALL €HAOME30MOP(HHOTO, SHIOMO-
pdHOrO Ta 30aMaHCOBAHOTO COMATOTHIIB MiX COOOIO
BipOTiTHO HE BiAPI3HAIOTECS. Tak caMo cepelHi 3HaAYCHHS
BAHT g 5., IPEeACTaBHUIL ME30EKTOMOP(HHOTO Ta €KTO-
MOP(HOro COMATOTHIIIB BIPOTIIHO HE BIIPI3HAIOTHCA.
JociipkeHHsT TOTY)XHOCTI aHaepoOOHUX alaKTaTHUX
NpOLIECiB eHepro3ade3nedyeHHs: OpraHi3My 3a BiJIHOCHOIO
BennunHOW BAHTg y npencTaBHUIB TipChKUX PaiOHIB
3aCBIIYMJIO BIPOTIZIHO HMKYMK PIBEHb AAHOTO MMOKAa3HUKA
y IiB4aT eKTOMOP(HOr0 COMATOTHITy HMOPIBHAHO 31 3Ha-
YCHHSMH TPEJICTABHUIG IHIINX COMATOTUITHHX TPYI. Y
0ci0 eH/I0Me30MOP(HHOTO0 COMATOTHUITY CEpe/IHE 3HAUCHHS
BAHT g gin. (42,311,36 krv-xBkr't) BiporigHo He mepe-
BUIIIYE CEpPEJHI0 BEIUYMHY JiBYaT EHIOMOP(HHOIrO
(39,4+1,1 KFM'XB_l'KF_l) Ta 36amancosanoro (39,5+1,17
krM-XB Kr') comarorumis (p>0,05), mepeBuIyioun pa-
30M 3 THM, 3Ha4ECHHS JiBYaT ME30€KTOMOp(HOro comaro-
iy (37,840,84 krm-x8 ™ kr') Ha 12% Ta eKTOMOp(HOro
comarortuny (36,941,08 KFM'XB_l'KF_l) Ha 13,1%. ¥ npen-
CTaBHUIb eHJO0MOp(dHOro, eHgpoMe30MoppHOTo Ta 30aa-
HCOBAaHOTO COMAaTOTHUIIB cepenHi 3HaueHHT BAHT 19 4y HE
MAaIOTh MiXK c00010 BiporigHoi BiaMinHOCTI (p > 0,05).
AHani3 pe3yJbTaTiB AOCIIKEHb aHaepOOHOT MPOIyK-
TUBHOCTI 32 a0COJIIOTHOIO BEJIMYWHOKO MOKa3HHWKA MOTY-
JKHOCTI aHaepOOHUX JIAKTATHUX TIPOIIECiB eHepro3adesrie-
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B Eanomopdu
59 %
Ennomesomopdu
B Me3soekTomopdhu

Bl Extomopdu

O 36anancoBanuii

yeHHst opranismy (BAHT3p) y nmiBUaT TipchKuX paiioOHIB
MI0Ka3aB, 110 CEpPEHE 3HAUCHHS a0COIIOTHOTO MOKa3HUKA
BAHT3p npencraBHUIL €HAOME30MOP(HHOTO COMAaTOTHUILY
ripcbkuX paiioHiB craHoBUTH 2299,9461,6 Kl“M'XB-l, 1110
Ha 8,6% Oimble, HIXK y NMPEeICTaBHUIL 30alaHCOBAHOTO
comatoruny (p<0,05), y SKMX BEIHMYMHA TAHOTO ITOKa3-
HHMKa cTraHoBUTH 2118,3+56,94 KFM'XB-l; Ha 36,7% Oinb-
1Ie, HXK y JAiB4aT Me30eKTOMOpQHOro comaroruny (p <
0,01), cepenHe 3Ha4YCHHA SKHUX CTaHOBUTH 1682,6+39,3
KFM'XB_l; Ta Ha 44% mepeBakae 3HAUYCHHS MPEICTABHUIIh
exTomopdHoro comaroruny (p<0,01), sike cTaHOBHTH
1598,7+32,6 KIM-XB . CepemHi BENWYMHU TOKa3HHUKA
BAHT 30 46, IIBYAT TIPCHKUX PAHOHIB 3 ME30CKTOMOP(PHUM
COMATOTHUIIOM Ta NepeBaror exTomopdii Mixk co0or0 Bi-
porigHo He BiapisustoThes (p>0, 05).

Pesymeratn mocmimkeHs (Gi3MUHOI Mpare3gaTHOCTI 3a
MOKa3HUKaMH aHaepoOHOI MPOJYKTUBHOCTI OpTaHi3My
BimoOpaxeHi y Tabmwmi 1.

Oco0mmBoCTI TIPOSIBY aHaepOoOHOI MPOAYKTHUBHOCTI y
MPECTaBHUIb TIPCHKUX paAHOHIB pPI3HUX COMATOTHIIIB
BUSIBJICHO TaKOX IPW BU3HAYCHHI BIJHOCHOI BEITMYMHU
HOTY)KHOCTI aHAaepOOHMX JIAKTaTHUX IPOLIECIB eHeprosa-
Oe3meyeHHs opraHiamy. 3BepTae Ha cebe yBary Te, IO
HalHIK4i cepesiHi 3HaueHH BAHT g 4y, CIIOCTEPITatoTh-
Csl y TPeACTaBHUID TiPCHKUX PaioHIB Me30eKTOMOp(hHO-
ro (35,6+0,78 krm-x8 k™) Ta exromopdroro (35,8+0,73
KIM-XBKr'') COMATOTHIIB, Ki MiXK cOG0I0 He Bimpi3Hs-
o1ecst (p>0, 05). HaiiBumie cepenne 3nadenns BAHTgg
pizr, MAIOTB TIPEJICTABHULI TIPCBKUX PalOHIB €HJIOME30MO-
pduoro comarorumy 40,83+1,04 krm-xsl-xrl. Pasom 3
TUM, CEepelHI BEIUYMHH NOKa3HHKa BAHT3g iy AiBUAT
ripchbKUX paioHIB 3 €HIOMOpP(HHHUM, €HAOME30MOP(HHUM
Ta 30aJ]aHCOBaHNM COMAaTOTHUIIOM MiX COOOI0O BipOTiZHO
He Biapi3HsroTECs (p>0, 05).

Pesynpratn mociipkeHb €MHOCTI aHAepOOHMX JIaKTaT-
HUX TIPOLIECIB eHepro3abe3neueHHs opraHisMy 3a adco-
mroTHOIO BenmuuHO0 MK3P BusBHIM CyTTEBY mepeBary
[FOTO TTOKa3HUKA y JAiBYAT TipCHKHX PalOHIB €HIOME30-
MOpP(HOro COMATOTHUILY, MOPIBHSIHO 3 MPEJICTABHUISIMU
IHIITNX COMATOTHIIIB.
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Ta6uauus 1. AHaepoOHA NPOAYKTHBHICTH OpPraHi3My JBYAT ipChKHUX pailoHiB 3aKapmaTtsi 3aJIeHO Bix comaroruny (N=102)

CepenHe 3HaueHHs, M+m
n 30aJIaHCOBAHUI
OKA3HUKH eHoMophu eHoMe30Mophu Me30€KTOMOPhH eKTOMOp U COMATOTHII
(n=6) (n=25) (n=14) (n=15) (n=42)

BAHT 49, KrMXB 2296,7+72,3 2374,6+68,2 o*V 1783,0+46,7 | o*V 1648,6+44,7 | 2219,8+50,34
BAHT 10, KrM'XxB ™ KT - 39,4+1,1 42,3+1,36 « 37,8+0,84 « 36,9+1,08 39,5+1,17
BAHT 39, KrMXB™ 2227,4+40,8 2299,9+61,6 o*V 1682,6+39,3 | o*V 1598,7+32,6 |  2118,3+56,94
BAHT g9, KIM'XB ™ kr'* 38,3+0,91 40,83+1,04 o* 35,640,78 o* 35,840,73 37,7+0,84
MEK3P, krv-xs | e 1364,5+37,8 1488,6+47,4 o* 1187,64233 | *1127,4422,6 | e*1208,6+33,9
MK3P, KrM-XB 1 KT L  23,4+0,7 26,5+1,3 25,2+0,98 25,2+0,87 e¢(121,6+0,61
Maca Tina, KT 58,3+1,86 56,2+1,74 o*V 47,2+1,82 o*V 44,7+1,68 56,2+1,76

IMpumitky. BiporignicTs BiqMiHHOCTI cepenHix 3HaueHs (p<0,05):

* - BITHOCHO €HZIOMOP(]HOr0 COMATOTHILY; ® - BITHOCHO €HAOMOP(PHOME30MOP(HHOTO COMATOTHITY; ¢ - BIIHOCHO Me30MOP(HHOEKTO-
MopdHOro comaroTHiy; [ - BiTHOCHO €eKTOMOP(HOTr0 coMaToTHITy; V - BITHOCHO 30a1aHCOBAaHOTO COMATOTHILY;

Tak, 3HaueHHss abcomoTHOro mokasnuka MK3P y mpen-
CTaBHHIb EHJIOME30MOP(HOI0 COMATOTUIYy CTaHOBHTb
1488,6+47,4 xrMxB™, mo B cepennpoMy Ha 24,3% mepe-
BUII[y€ 3HAYCHHS NPEICTaBHHUI 3 ME30EKTOMOP(HHHUM CO-
MAaTOTHIIOM, SIK€ cTaHoBHMThL 1187,6+23,3 KIM'XB™ Ta Ha
18,8% 31 30alaHCOBAaHUM COMATOTHUIIOM, SKE€ CTAHOBUTH
1208,6+33,9 krm-xB* (p<0,05). Cepenns BeaMYHHA
MK3P 6. ipecTaBHUIG €HIOME30MOP(PHOTO COMATOTHITY
Ha 32% mepeBHIye CepeHE 3HAUCHHS MPEICTABHULD CK-
TOMOPGHOTO COMATOTHUILY, SIK€ CTaHOBUTH 112744226
krM-xB ' Ta Ha 9,1% NIEPEBUIIYE CEPEIHE 3HAYEHHS NPE-
CTaBHHIb CHIOMOP(HOTO COMATOTHUILy, SIKE CTaHOBUTH
1364,5+37,8 xkrmx"  (p<0,05). Cepensi 3HaueHHs
MK3P,6. TpencTaBHUIL ME30EKTOMOP(HHOT0, EKTOMOPQ-
HOTO Ta 30aJaHCOBAaHOTO COMATOTHIIIB MiX COOOO BipOTi-
JTHO HE BIJPI3HAIOTHCS.

JlocipKeHHsT €MHOCTI aHaepOOHHMX JIAKTATHUX MPOIIe-
CiB eHepro3ade3neueH s OpraHi3My 3a BiJIHOCHOIO BEJINYH-
Hoto MK3P 3acBiquuiio BipOTiHO HIKYHMH PiBEHb JAaHOTO
MOKa3HMKa y MPEJCTaBHUIIb TIPCHKUX paioHIB 30ajaHco-
BaHOTO COMATOTHITY TOPIBHSHO 31 3HAYEHHSIMH MPE/ICTaB-
HUIb IHIIMX COMAaTOTHITHUX TPYI. Y IMpEeICTaBHULD CHIO-
Me30MOpQHOTo comarotuy cepeane 3HaueHHS MK3P ;..
(26,5+1,3 krv-xB ™ Kr'™") BIpOTiHO HE MEPEBHUIITYE CEPEITHIO
BeNMUMHY JiBYaT extoMopdroro (25,2+0,87 krm-x ™ kr)
Ta Me3oexkTomMopdHoro (25,2+0,98 krm-xs-kr'') comaro-
tuny (p>0,05). Pa3zom 3 TuM, cepesiHe 3HaYEeHHS 0CIO eKTO-

MOP(HOr0 COMaTOTHIy NEPEBUIYE 3HAUCHHS IiBYAT €H-
nomopoduoro comarorumy (23,4+0,7 KrM-XB'l'Kr'l) Ha 13%
Ta 30ajaHcoBaHoro comarorumy (21,6+0,61 HM'XB'l'Kr'l)
Ha 22,7%.

BucHoBku. PiBeHb aHaepoOHOI MPOJYKTHBHOCTI JiBYaT
TipChKUX paiioHIB 3aKapmarTs 3aJe)KUTh BiJ] COMAaTOTHUITY.
[MoTyxHicTh aHaCPOOHHX aJaKTATHHUX 1 JIAKTATHHX IIPOLE-
ciB eHepro3a0e3leyeHHs y [IiBYaT 3 €HIOME30MOpP(HIM
COMATOTHIIOM BHUIIWH, HDK y NPEICTaBHULB IHIINX coMa-
ToTUMIB. HallMEeHIIMMU 1i TOKa3HUKU BHSABHIIUCH Y AiBYaT
3 TIepeBaror eKToMopdii.

BennunHa BiTHOCHOTO TOKa3HUKA MOTYKHOCTI aHaepo-
OHMX aJaKTaTHUX 1 JIAKTATHUX IPOIIECIB eHepro3abdesrie-
YEeHHs1 OpraHi3My y IpEICTaBHUIL EHIOME30MOpQHOro,
E€HIOMOP(HOTO Ta 30aJaHCOBAHOTO COMATOTHUIIB OLIbIIA,
HIXK y NPE/ICTaBHUIb €KTOMOP(HHOTO Ta ME30€KTOMOP(HHO-
IO COMATOTHIIIB.

PesynpraTi gocnmimkeHb CBiT4aTh PO Te, IO 3HAYCHHS
abCOJIOTHUX Ta BIJHOCHUX IOKa3HUKIB MaKCUMAaJIbHOT
KUTHKOCTI 30BHINTHBOI MeXaHIgHOT poOoTH 3a 1 XB y miBYaT
TIPCHKHUX PafOHIB BUABWIIMCS BIPOTiMHO BUIIUMH Y TIPEI-
CTaBHHIb SHIOME30MOP(HOI0 COMATOTHUITY, HAWHMKIUMHU
€ 3HauYeHHs! a0CONIOTHUX TOKA3HUKIB y MPEJCTABHUIIb €K-
TOMOpP(GHOro Ta ME30MOP(HOr0 COMATOTHILY, a 3HAYCHHS
BIJIHOCHUX TOKa3HHKIB BHSIBHJIMCS HAWHWKYUMH Yy TIpe-
CTaBHUIIb 31 30aJ1aHCOBAaHMM COMATOTHIIOM.
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Dulo O.A., Furman Yu.M.
Study the level of physical health of girls, which are living in mountain area of Transcarpathia by the metabolic level of an-
aerobic energy ensuring
Abstract. The work is devoted to study the level of physical health of girls of the age of 16-20 which are living in the mountainous
area of Transcarpathia. Level of physical health was assessed by indicators of aerobic productivity. Namely we determined power of
alactate 10-WAT and lactate 30-WAT of anaerobic energy ensuring processes by maximal count of completed work for 10 sec and
30 sec, capacitance of lactate anaerobic processes by indicators of maximal count of external work for 1 min (MCEW), using the
method of veloergometry. Using the Heath-Carter method we determined girls’ somatotype and allocated them into five groups: with
ectomorphic somatotype, endomorphic somatotype, endomezomorfic somatotype, mezoektomorfic somatotype and balanced somato-
type. The greatest number of girls identified with balanced somatotype (41,2 %). The least number of girls identified with endomor-
phic somatotype (5,9%).
We established that the level of anaerobic productivity which shows the physical health of girls which are living in mountain areas is
addicted to somatotype. When we determined the anaerobic productivity of girls’ organism by the relative value 10-WAT and 30-
WAT showed us probably low level of this value at girls with ectomorphic somatotype as compared with other girls with other soma-
totypes. Average values of 10-WAT, 30-WAT and MCEW at girls with endomezomorfic somatotype values exceed the values of
girls with mezoektomorfic somatotype by 33,2% (p<0,05) and girls with ectomorphic somatotype by 44% (p<0,05). High average
values of MCEW,,, have girls with endomezomorfic somatotype — 26,5+1,3 kgm-min™*kg™. The lowest values of MCEW,,, have
girls which are living in mountain areas with mezoektomorfic somatotype and ectomorphic somatotype and probably don’t differ
among them (p>0,05). The lowest values of MCEW,,, we can observe at girls which are living in mountain areas with balanced so-
matotype (p<0,05). Average values of 10-WAT,, and 30-WAT, at girls which are living in mountain areas with endomorphic, en-
domezomorfic and balanced somatotypes probably don’t differ among them (p>0,05).

Keywords: anaerobic productivity, physical health, somatotype
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Hdyuio E.A., ®ypman 10.H.
H3ydenne ypoBHs GH3N4YeCcKOro 310poBbs y AeBYIIeK FOPHBIX pPaiioHoB 3akapnaThs 32 MeTa00IMYeCKHM YPOBHEM aHa3po0-
HOT0 3HeproodecneveHus
AHHoTauus. PaboTta mocesimieHa U3y4eHHUIO YPOBHS (M3UYECKOTO 310pOBbs AeByliek 16-20 JeT, KOTOpble MPOXKUBAIOT B TOPHBIX
paifoHax 3akaprarbs. YPOBEHb (HM3MUECKOTO 370POBBS OLECHHBAIM 33 MOKA3aTEIIMHM aHA’POOHOI MPOAYKTUBHOCTU. A MMEHHO.
OTIPEAEISIIN MOITHOCTE anakTaTHeIX BAHT g 1 makTaTHEIX BAHT3) aHa9poOHBIX IpoIieccoB 3HeproodecnedeH s 3a MaKCUMaIbHBIM
KOJIMYECTBOM BBINOHEHHOH paboTs! 3a 10 ¢ 1 30 ¢, eMKOCTh JaKTaTHBIX aHA3POOHBIX IPOIECCOB 3a MOKA3aTeJIIMH MaKCHMAJIEHOTO
KoJdecTBa BHeIIHelH paboTsl 3a 1 mun (MKBP), ucnons3ys Meton BenosproMeTpun. Y o0CIeJOBaHHBIX JEBYIIEK UCIIONB3YS METOL
Xut-KapTepa onpenensiin coMaTOTHII U YCIOBHO PACIIpeeNIMIIN X HA IIATh TPYIIL ¢ SKTOMOPGHEIM COMAaTOTHIIOM, SHAOMOP(GHBIM
COMATOTHIIOM, 3HIOME30MOP(GHBIM COMATOTHIIOM, ME303KTOMOP(HBIM COMAaTOTHUIIOM, U €O COAaTaHCUPOBAHHBIM COMATOTHIIOM.
HauGosnbliiee KOIMYECTBO JEBYIIEK BBIBICHO CO COATAaHCHPOBAHHBIM coMaTOTHIIOM (41,2%), MeHblIee ¢ SHIOMOP(HBIM COMATOTH-
oM (5,9%).
Y CTaHOBJIEHO, YTO YPOBEHb aHA’POOHOH MPOTYKTUBHOCTH, KOTOPBIA 0TOOpaXkaeT (puzndeckoe 310pOBbE AEBYIIEK TOPHBIX pallOHOB
3aBHCHT OT coMaToTuma. OnpeeleHne aHadpOOHOW MPOIYKTHBHOCTH OpraHM3Ma 3a OTHOCUTENbHOU BemynHo BAHT o 1 BAHT3
MI0KA3aJI0 BEPOSITHO HU3KUH YPOBEHb JAHHOTO 3HAYCHUS Y NPEACTABUTEIHHAI] SKTOMOP(HOTO COMATOTHIIA IT0 CPAaBHEHHIO CO 3HAYe-
HUSIMU NPEJCTaBUTEIbHUL APYruxX coMaToTUnHbIX rpymn. Cpennue nokaszatenu BAHT,y, BAuT3 u MKBP y npencraBurensHun
9HJJOME30MOP(HOI0 COMATOTHIIA IPEBHIIAIOT 3HAYEHHS ITPEACTaBUTEIILHUL Me309KTOMOphHOro comarorumna Ha 33,2% (p<0,05), a
HPEACTaBUTENBHUI 9KTOMOpdHOr0o comaroTuna Ha 44% (p<0,05). Beicokue cpenuue 3uaueunuss MKBP,,,, HMEIOT IpeACTaBUTENbHH-
bl SHI0Me30MOopdHOTO comaToThma - 26,5+1,3 krv-mus Lkt Camele Huskue 3HadeHns MKBP g, HaGmonarores y HpeacTaBUTe-
JIBHUI] TOPHBIX PAOHOB ME309KTOMOP(HHOrO U SKTOMOP(HHOrO COMATOTHIIOB, U MEXIy cO00M BeposTHO He omnuyarorces (p>0,05),
cample Hu3Kkue 3HadeHust MKBP ., mocToBepHO HabIrOAIOTCS y IPEACTABUTENBEHUI TOPHBIX PAiiOHOB CO COATaHCHPOBAHHBIM COMa-
totunoM (p<0,05). Cpennue Benmuannbl nokazateneid BAHT g ory 1 BAHT3g (. A€BYIIEK TOPHBIX PAiOHOB C 3HAOMOP(HBIM, SHIOME-
30MOP(HBIM H cOaTaHCHPOBAaHHBIM COMAaTOTHUIIOM MEXIy CO00H BeposATHO He oTindatoTcs (p>0,05).

Knrwuesvie cnosa: usuuecrkoe 300posve, ana’pobHas nPoOyKmMueHOCMb, COMAMOMUn
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AHoTanisi. 3a pe3ynpTaTamu gociipkeHs npoctux (II3MP) i ckiragHux 30poBO-MOTOpPHHUX peakiii Bubopy oxHoro (PB1-3) Ta mu-
dbepenwiroBanHs 1BOX 3 TpboX (PB2-3) nmoapasHukis, 31iHCHEHO OLIHKY CEHCOMOTOPHUX (DYHKIIH AiTEH, MiUTTKIB Ta IOHAKIB i3 ciy-
XOBOIO JIeTIpuBalli€ro. BctaHoBIeHI 3arayipHi A1 TIIyXHUX 1 0€i0 3 HOPMaJIBHUM CIIYXOM 3aKOHOMIPHOCTI BIKOBOI JHHAMIKH Pi3HHX 32
CKJIaJHICTIO CEHCOMOTOPHHX (DYHKI[I CBiIUaTh HA KOPUCTh TEHETUYHO ACTEPMIHOBAHOI MPOrpaMu iX pO3BHUTKY. Y TIyXUX IiTEH,
MiAJTITKIB Ta FOHAKIB JIATEHTHI NEPiOI MPOCTUX 1 CKIAAHUX 30pPOBO-MOTOPHHUX PEaKIii Oylu JOCTOBIPHO OUIBIINMU, HIX Y TPyHax 3
HOPMAaJIBHUM CITyXOM Ta HOCTYIOBO 3MEHIITYBAJIUCH 1 JOCITAIM MaKCUMAJILHOTO PO3BHTKY Y 18-19 pokiB. binbln iHTEeHCHBHO 3MiHU
CEHCOMOTOPHHX (yHKIIIH BigOyBaMCh Ha CKJIAIHI peakuii, HiXK Ha IPOCTi i, 0cOOJIMBO, Yy TPy IIyXUX y HOPIBHSHHI 3 00CTeXKyBa-

HHUMH 3 HOpMaJIbHUM CJIIYXOM.

Knrwwuoei cnosa: onmozenes, ceHcomomopHi pyHKyil, cnyxoea oucyHkyis

Beryn. Cucrema ciyxy € OHOIO 3 MPOBIIHHUX cepel ic-
HYIOUUX Y JIIOJUHH CEHCOPHHX cucTeM. EBomromiiiHo i
POJIb 3pocia 3 MOSIBOI0 MOBH SIK 3ac00y comiamizaiii cyc-
MIbCTBA. BiICYTHICTD CIIyXy BHKIIMKAE 3MIHH y CITyXOBii
cucTeMi BiJ nepu(epUuHUX CTPYKTYpP A0 KOPH, CHPHYH-
HSI€ HETaTUBHI COMiajIbHI HACIIIKH, YHEMOXIIUBIIIOE OBO-
JoaiHHS MOBOIO [19].

Panime Ha Mozeni 30poBoi nenpuBaii y TBapuH OyiI0
MIOKa3aHO BHUCOKY YyTJIMBICTb HE3pUJIOrO MO3KY J0 3MiHe-
HHUX CEHCOPHMX YMOB iCHYBaHHS Ha PaHHIX €Tarax OHTO-
renesy [2, 22]. 3 Toro yacy HakKONUYeHO Oarato JIaHUX
00 CTPYKTYPHOI i (PYyHKIIOHATBHOI peopraHizalii nea-
(bepeHTOBaHOT CEHCOPHOI CHCTEMH Y TBapuH, CIINHUX Ta
rnyxux sozaei [20, 23, 24, 26, 27, 28, 30]. Hasexeni pe-
3yJIBTATH JOCIIKEHb CBiJYaTh PO BUCOKY ITUIACTUYHICTh
CEHCOPHHX CHCTEM TIIyXUX JIIOJICH, ajie MEeXaHi3MH HEl-
POOHTOTeHe3y Ha CbOT'O/[HI HOBHICTIO HE PO3KPHUTI.

AHaJi3 ocTaHHIX JociaifkeHb i myOJikauiii. Bu-
BYEHHS 0COOJIMBOCTEW CTAHOBJIEHHS PI3HMX 3a CKJIaJHIC-
TIO CEHCOMOTOPHUX (YHKIII B OHTOTEHE31 y JIIOJIMHH Ma€e
BaXXJIMBE 3HAYCHHS U1 PO3YMIHHS (Pi3i0JIOTIYHHX MeXa-
HI3MIB iHTErpaTuBHOI misutbHOCTI MO3Ky [9, 10, 12, 18].
OpHak, Ha CHOTOIHI IIe HE 3°sICOBaHI 3MIHH y BIKOBIH
JTUHAMIIl CEHCOMOTOPHUX (YHKIIH, IO BUKJIUKAHI CIy-
XOBOIO JIETIPUBAIII€I0.

Busdenns eHOMEHY CITyXOBOI JAempHBaIli y JIFOAWHH
TIOB’S3aHO, TOJIOBHUM YHHOM, 3 OOCTEKEHHSIMH JOPOCIUX
moeil. Metomamu HelipoaHatoMii Ta He#pogiziomorii,
TpaHCKpaHiaTbHOI MarHiTHOI CTUMYJIAMIT Ta Cy9acHOl He-
poBi3yayi3amii BCTAaHOBJIEHO, W0 CTPYKTYpHi Ta (yHKIIiO-
HaJIbHI HaciJKM BPOPKEHOI 1 HaOyTol TIyXOTH dacTo
BKJIIOYAIOTH 3MIHH Y PELENTOPHHUX BOJIOCKOBMX KIITHHAX
KOPTIEBOTO OpraHy, MiJKIPKOBHX i KOPKOBHUX CTPYKTypax
rojoBHOro Mo3ky [19]. IcHyOTh maHi, MO JTOBrOCTPOKOBI
3MIiHM B KIPKOBHX CTPYKTYypax IOB’si3aHi 3 HasBHICTIO ab0
BIZICYTHICTIO KPOC-MOJAJIBHOI ITACTHYHOCTI Ta MYJbTHCE-
HCOpHOi 00poOku iH(opmarii. IlokazaHo pPi3HOPIAHICTH
CTPYKTYPHHX 3MiH TOJIOBHOTO MO3KY HpH IHUCQYHKINIAX
cnyxy [21]. Jeski 3 AOCHIOHUKIB BHSABHIM 3MEHIICHHS
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00cary abo MIKpOCTPYKTYpH 01101 i3 30epe)KeHHAM Cipoi
PEUYOBHHH CITyXOBOTO IEHTPY Tinyxux [21]. [ekinbka cTpy-
KTYPHHX 3MIH Y MIIyXux OyJM 3Haii/ieHi 1 32 MeKaMu Clty-
x0Bo1 o6acti [21]. Konu M030K m036aBIslEThCSI CITyXOBOTO
BXOJly Y PaHHBOMY Billi € 03HaKH HE3BOPOTHHX MOPQOII0-
rYHUX 3MiH Ta aCUMETPIl y pi3HUX BiJILIAX MO3KY, alle € i
03HAKH peopraxizarii koprekcy [25].

VY Toif ke Yac 3aHIIAETHCS HE3PO3YMUINM SIK BiIOyBa-
€TBCS CTPYKTYPHO-(DYHKIIOHANBEHA PEopraHi3aiis CIyXo-
BOI CHCTEMH Ha Pi3HHX eTallax OHTOTEHE3Y 32 YMOB 0OMe-
KEHOI 3ByKOBOI apepeHTanii. Y 1bOMy BHIAIKy CEHCOMO-
TOPHI peaKiii 30pOBOi MOJATFHOCTI HA PO3yMOBI HaBaHTa-
JKSHHS PI3HOTO CTYICHS CKJIAHOCTI € UM HE €TUHUM HEiH-
Ba3UBHHUM METOJIOM, 110 OE3MOCEePEIHBO PEECTPYE BYHKITI-
OHAJILHUI CTaH CEHCOMOTOPHUX (YHKIIH y TITyXHX.

Mera cTaTTi — BUSBUTH 3aKOHOMIPHOCTI Ta 0COOJIH-
BOCTI BIKOBOi JIMHAMIKH CEHCOMOTOPHUX (QYHKLIH Yy mi-
TeH, MATITKIB Ta IOHAKIB 31 CITyXOBUMH AUCHYHKIIISIMU.

Marepianau Ta meronu. O0cTexyBanu 76 miTe, mimi-
TKIB Ta foHaKiB 12-19 pokiB 3 BPOIKCHUMH IBOOIYHIMHU
CITyXOBUMH JUCQYHKIIAMHU Ta 120 OZHOMITKIB 3 HOpMAaITh-
HUM cITyXoM. Po3mozin iX Ha BIiKOBI TpymH 3IiHCHIOBAIN Y
BIIIOBIMHOCTI 10 pekoMeHmalii CHMII03iyMmy IO BiKOBiit
¢iziororii [14]. 3aranbHuME KPUTEPISIMHU IS YYacTi y J10-
ciipkeHHi Oyna BiacyTHiCTh opraniunoi matomorii ITHC ta
4epenHO-MO3KOBO1 TpaBMHU B aHAMHE31, HEBPOJIOTIUHUX YU
TICUXIYHUX PO3Ja/iB, apMaKOJIOTIUHOI Teparii Ha MOMEHT
obctexxeHHA. JlOCTiKEHHSI TPOBOIMIN 3 JOTPUMAaHHIM
HOpM OIl0CTHKH Ta TOJIOKEHb XEIbCHHCHKOI JeKiaparii
1975 p. (y penakuii 2000 p.) 3a HonepeHHOI0 3ro/I0k0 ca-
MHX 00CTE)KyBaHHUX Ta iX OATHKIB.

JlociipkeHHsT TapaMeTpiB  CEeHCOMOTOPHHMX (yHKIil
BKJIFOYAJIO BU3HAYEHHS XapaKTEPHCTHK JIATEHTHUX Iepio-
JIiB ITPOCTUX 30poBO-MOTOpHUX peakuiit (II3MP), peakmii
Bubopy omHoro (PB1-3) ta nudepeHmitoBaHHS IBOX
(PB2-3) 3 TprOX moxpa3HMKiB. 7 TOCTIIKEHHS HpPOC-
TUX 1 CKIQJIHUX CEHCOMOTOPHHX peakiliii Oyia BUKOpHUC-
TaHa METOJMKAa Ta KOMI'IOTEPHHH MIarHOCTUYHHH KOM-
mrekc «Jliaraoct-1M» [9].
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Jns BusHauenHs [I3MP oOcTexxyBaHOMY MPOTIOHYBAJH
MIpH TIOSIBI Ha €KpaHi MOHITOpa KOXHOi T€OMETPUYHOI
¢irypu sKHaHIIBHAIIE TPaBOO (JTiBOIO) PYyKOIO HATHCKa-
TH Ta BIAITyCKaTH KHOMKY. 3a YMOBH AociimkeHHs PB1-3
00CTe)KEHOMY TPOTIOHYBAIM TIPH TOSABI Ha €KpaHi MOHi-
TOopa (IrypH «KBampar» SIKHAHIIBUAIIE HATHCKATH Ta
BiIyCKaTH NMpaBy KHONKY. Ha iHIII CHTHaIM KHONKY He
Haruckatu. [Ipu BusHaueHHi PB2-3 nBox (03UTHBHHEX) i3
TPbOX (OJHOTO TaJIbMIBHOTO) HOAPAa3HHUKIB, IO BHKOHY-
BaJach JBOMa pYKaMH OOCTEXYBaHOMY pPEKOMEHIyBa-
JIOCh TP TIOSIBI Ha €KpaHi MOHITOpa curHamy ¢irypu
«KBaJpaT» SKHANIIBHUIIIE NPAaBOI0 PYKOKO HATHCKATH 1
BiIycKaTH npaBy KHONKY. [Ipu mosBi dirypu «komo» —
JBOIO PYKOIO JiBY KHONKY. Ha ¢irypy «TpuxyTHUK» Hi
JiBYy, Hi TpaBy KHOIIKY HE HATUCKATH. [HIWBiZyaIsHUM

NIOKa3HHKOM CEHCOMOTOPHHX peakLiii MM BBaXald Te
3HAUEHHS JIATCHTHOTO Tepiofy, sike Oysl0 HaWMEHIIUM Y
TPHOX 3aMipax KOXKHOTO TECTY.

OtpuMaHi pe3ynbTaTH OOPOOIUTH  KOMI FOTEPHOIO
nporpamoro Microsoft Excel-2010.

Pe3yabTaTn Ta ix 00roBopeHHs. Y BiKOBOMY Jiamazo-
Hi Bix 12 1o 19 pokiB HaMu OyJu JOCHIKEHI Ta MPOaHaTi-
30BaHi 0COOIMBOCTI ()OPMYBAHHS PI3HMX 32 CKIIAIHICTIO
CCHCOMOTOPHHUX pEaKLiii y 0OCTe)KYBaHUX 13 CIyXOBOIO
nucdyskuieto. J{ns BusBIEeHHST ocoOnmBocTeil hopMyBaH-
HSl CEHCOMOTOPHUX BJIACTHBOCTEH y TIIyXHX HPOBOIMIN
CIIIBCTABJICHHSI 3 0OCTEXKYBaHUMH 3 HOPMAJIBHOIO (DYHKITi-
€0 cinyxy. Pesympratén cencomotopHuX peakmiii [13MP,
PB1-3 ta PB2-3 y pi3Hi BikOBi mepioau ocid 3 HOpMaIbHUM
CITyXOM Ta TIyXHX IIpeACTaBleHi y Tadmumi 1.

Ta6uuns 1. BikoBa guHaMika OIPOCTHX 1 CKIAJHAX CEHCOMOTOPHUX peakmil y 00CTEXYBaHUX 3 AUCHYHKINEIO CIYXY

I'pynn BikoBi rpynu, poku
Tokasmiin oBCTeRYBAHMX 12-13 14-15 16-17 18-19

BMP. wc Hopwmanbauii cyx 265,6+6,3 260,6+8,1 248,7+7,1 244344 4

? Tnyxi 298,8+8,7* 291,4+10,9* 282,449 9* 276,1£8,9*

PBLs Me Hopwmanbauii cayx 398,4+8.9 359,1+5,7 357,1+4.8 350,3+4,5

~ Tnyxi 428,5+9,4 381,3+7,8* 366,7+7,2 363,3+7,6*

PB,.; Mc Hopmanbuuii ciryx 469,1+10,3 461,5£5,9 449,5+6,4 421,447,1
~ Tnyxi 52,9,7+10,3* 509,9+7,4* 461,1+8,8 454,4+10,6

IMpumitka: * — moctoBipHicTh pi3HULE p <0,05 MK 00CTEKYyBaHHMH 3 HOPMAJIBHUM CIYXOM Ta TIyXHMH, B MEXaX BiIIOBIIHOTO

BIKOBOT'O TIepioay

VY obcrexyBanux 06ox rpyn [I3MP noctymnoBo 3meHIny-
Banach 3 BikoM (p<0,05). Haiibinpmmii yac I[I3MP Oys
BCTaHOBJICHUH y aiteit 12—13 pokiB, a MiHIMaIbHUX 3Ha-
YeHb 1iell NoKa3HUK Jocsaras y ocib 18-19 pokis, mo Bka-
3yBaJlo Ha MakcUMaJlbHUI i pO3BUTOK y koMY Billi. Kpim
TOTO, y BCIX BIKOBHX TpyIax OOCTe)KYBaHHX 31 CIyXOBHU-
MU JACOYHKIISIMA BUSBJICHI OUIBIN JIATEHTHI TMEpioaw
gacy [I3MP, HiX y 00cTexXxyBaHHX 3 HOPMAaJbHHUM CITy-
XOM. 3HauMMi pi3HHLI OyTM XapakTepHi Uit ocid BCiX
BikoBux rpy (p<0,05).

BikoBa qunamika PB1-3 y rpynax nmitei, miasiiTkiB Ta
IOHAaKIB 3 HOPMaJbHUM CJIYXOM Ta IJIyXUX XapaKTepu3y-
BaJlaCh IOCTYIIOBMM 3MEHILIEHHSM JIATCHTHHUX IEPiOiB.
Amnani3 3min PB1-3 y o0cTesxxyBaHuX 000X JOCIHIIKYBa-
HHUX TPYI BHUSBHUB IOCTYIOBE 3MEHILIEHHS IOTO MOKa3-
HUKa 3 BikoMm (p<0,05). Haibinpmmuii yac PB1-3 Oys
BCTaHOBJICHUH y mitei 12—13 pokiB, a MiHIMaIIFHUX 3Ha-
YeHb [l OKa3HUK JocsraB y ocid 18—19 pokis, mo BKa-
3y€ Ha JOCSTHEHHS MaKCHMAaJbHOT'O PO3BHUTKY L€l Biac-
THUBOCTI y 10HaKiB. KpiM Toro, y BCiX BIKOBHX rpymax 00-
CTeXYBaHMX 31 CIYXOBHMH TUCQYHKLISIMH BUSBICHI Oi-
JbIII TaTeHTHI nepioau yacy PB1-3, Hix y ocib 3 Hopma-
neHuM ciryxom (p<0,05). BixcyTHi 3HAUMMI pi3HHII TilTb-
Kd y BikoBuX Tpymax 12—13 ta 16-17 pokis (p>0,05).

Hocnipkennst yacy PB2-3 y oOcresxyBaHUX 3 Pi3HHM
CTaHOM CITyXOBOi (DYHKIIi{ TOKa3amno, Mo K y TPYIi TITyXUX
00CTeXyBaHUX, TaK i 3 HOPMAJIBHUM CIyXOM HaWOUIBIIMIT
Yac Il BUKOHAHHS CEHCOMOTOPHOTO 3aB/IaHHS OYB BHSIB-
neHuid y aitedd 12—13 pokiB. Y mojaipmioMy y BCiX BIKO-
BUX IpyIax, SIK y TIYXHX, TaK 1 0ci0 3 HOPMAJILHUM CITyXOM
criocTepirajocs MOCTYIOBE IiJABHINEHHS IIBHIKOCTI CEH-
COMOTOpHOTO pearyBanHs Ha PB2-3 ax 10 MakcMMalbHUX
BenmunHU y 18-19 piunomy Bini. 3minu nokasHuka PB2-3
3 BIKOM MaJii 10cToBipHi BiaMinHocTi (p<0,05). Kpim Toro,
Y BCIX BIKOBHX Ipynax 0OCTE)XyBaHHUX 31 CIIyXOBHMH JHIC-
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(YHKUISIMHM BUSBIICHI OLIbIII 3HAYEHHS JATCHTHUX MEpio-
niB PB2-3, Hixk y 0oci0 3 HopMansHuM ciayxoM. CraTuctiy-
HO 3HAYMMIi PI3HHLI MK cepelHiMHU 3HayeHHsMHU PB2-3 y
0ci0 3 HOPMaJBHUMH CIIyXOM 1 TIIyXMMH OYJIM BHSIBIICHI
TiMBbKH y BikoBuX rpymax 12—13 ta 14-15 pokis (p<0,05).

3a HacIiAKaMu MPOBEICHOI POOOTH Y BIKOBiH JHHAMIII
TIIyXUX Ta 0Ci0 3 HOPMAJTBHUM CIIYXOM Pi3HHUX 3a CKJIAJ-
HICTIO 30pOBO-MOTOPHHX PEaKILiii BCTAHOBJIICHUH Hapaje-
Ji3M PO3BUTKY 1 YITKO BHALTIETHCS 3aralbHA TCHICHIIIS, SKa
OIFICaHa B JIITepaTypi — 3MEHIIICHHS JTATCHTHHUX TEpioJIiB
mijg wac go3piBanHs opranismy [1, 3, 8]. Ilopiuni 3minn
TPUBAJIOCTI POCTHX 1 CKJIAHMX 30pPOBO-MOTOPHHX PEaKIii
BIIPI3HSIOTBCS Y YyIOUMX Ta DITyXHX 0oci0. Biamitumo, mio 3
BIKOM 3MEHIIICHHS JIATCHTHUX TEPIOJiB BiIOYBAEThCS IIBHU-
Qe y TAYXHX OOCTEKYBAHHX, HIK Yy OCI0 3 HOpMaIbHHM
ciyxom. Ha puc. 1 nokasaHi 3MiHM TPOCTUX Ta peakiiii BU-
6opy PB1-3 i mudepenmiroanas PB2-3.

Xapakrepuctuka BikoBux 3MmiH [I3MP, PB1-3 Ta PB2-
3, Ky MU TPOBENM IIJSIXOM CITIBCTABICHHS BiJHOCHHUX
BEJIMYUH, OOpPaxOBaHUX Y BICOTKaX B PI3HUX BIKOBUX
repiojiax 3 MepioJJoM MakCUMyMYy iX mposiBiB y Bimi 18—19
PoKiB. 3a Takux yMoB y rpymi 12—13-piunux oOcTexyBa-
HUX 3 HOPMaJIbHUM CIyXoM moka3Huk I[I3MP craHoBuB
91%. KosxHi HacTynHi 2 pokH mei MOKa3HUK ITiABHITyBa-
Best 1y 18-19 pokiB Habmmwkasces 10 makcumymy (100%).
3a meil BiKOBHI mepiof y Ipymi 3 HOPMAaJbHHUM CIyXOM
narenTHi nepioau [I3MP ckopotmnuce Ha 9%, a y rpymi
rnyxux Ha 8% (p<0,05).

VY rpyni 12-13-pigHnx oOCTEXyBaHUX 3 HOPMaJIbLHUM
ciryxoM nokasHuk PB1-3 cranosus 87%. KosxHi HacTynHi
2 poku BiH miaBuilyBaBcs 1y 18—19 pokiB HabmmkaBcs
J0 MakcumaibHoro piBHs (100%). 3a el BikoBuit nepion
nareHTHI nepionn PB2-3 ckoporminch, a CeHCOMOTOpHA
PEaKTHUBHICTh MiJBUIINAIACE y OCi0 3 HOpPMaJbHHUM CITy-
xoM Ha 13%, a y riyxux Ha 18% (p<0,05).
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TISMP

OHopu. ciryx

PB1-3 PB2-3

B Toyxi

Puc. 1. Tnnamika 3miH (%) BiJHOCHO MaKCHMAaJILHOTO 3Ha4eHHS 18—19 pOKiB ITOKA3HHUKIB MPOCTHX 1 CKIIATHUX CEHCOMOTOPHHX
peaxmiif y ITyXux Ta 3 0Ci0 3 HOPMAIBHUM CIIyXOM

Junramika 3MmiH peakuii nudepernitoBanas PB2-3 BusBu-
ma, mo B rpymi 12-13-piuHNX 00CTEXyBaHUX 3 HOPMAJb-
HHUM CITyXOM Ieil nmokasHuk OyB Bceoro 88%. KoxHi Ha-
CTymHI 2 poKM BiH miaBumlyBaBcs iy 18—19 pokiB Ha-
ommwkaBcs 1o MakcuMmanbHoro piBHA (100%). 3a meit Bi-
KOBUII Tepiof] y Tpymi 4ylo4uux JaTeHTHi mepiogun PB2-3
ckopotunuch Ha 12%, a y rmyxux — Ha 17% (p<0,05).

OTxe, HaBeJIeHI pe3yJIbTaTh BiKOBOI AMHAMIKM Ta aHa-
JIi3 JaTEHTHHUX NEPio/IiB MPOCTUX 1 CKIIQJHUX CEHCOMOTO-
PHHX peakiliii mokas3as, 10 3a Mepioa OHTOTeHe3y 3 12 i
10 19 pokiB y JiTeH, MiIITKIB Ta IOHAKIB BiOYBa€ThCS
MOCTYNOBE iX CKOpOUYEHHs, ajne OilbIl IHTEHCUBHO — Ha
peakmii BuOOpy Ta AudEpeHIiIOBaHHS, HIK Ha MPOCTi
30pPOBO-MOTOPHI aKTH 1, 0COOIUBO, y TPYIi IIyXHX, HIX Y
0ci0 3 HOpMaJIbHUM CITYXOM.

BusiBneni 3araipHi Uit 000X Tpyn 00CTEXKYBaHHX 3a-
KOHOMIPHOCTI BiKOBOi JWHAMIiKH ()OPMYBaHHS CKIQJTHUX
CEHCOMOTOPHHX PEaKI[iii CBIMIYUTh HA KOPUCTh TEHETHYHO
JIeTepMIHOBaHOI MporpaMu iX po3BUTKY. BoueBunp, Ha-
BeZieH1 aHi B Tabi.1 cBiAYaTh Mpo MOCTYNOBE A03PiBaHHS
CECHCOpPHHX CHCTEM, HEPBOBOI CHUCTEMH Ta PIi3HUX CTPYKTYp
MO3KY, 110 3a0€3IeUyI0Th MepepoOKy MPOCTOT 1 CKIIAIHOT CeH-
COMOTOpHOI iH(popMalyii. Biomo, mo y aiteit, miuiTkis Ta
FOHAKIB BiIOYBA€THCS TIOCTYIIOBI 3MiHU Y PO3BHUTKY IPEIICHT-
PaTBHOT JUISTHKA KOPH rOJIOBHOrO Mo3Ky [15]. B 7-12 pokis
YIIOCKOHATIOETHCS. MDKIICHTpaJIbHA B3a€EMOJIA i B IIOMY
3aBepIIyeThCs  (DYHKIIOHATBHE JO3piBaHHSA AaCOMIaTHBHUX
30H KOPY T'OJIOBHOTO MO3KY, I1I0 PETYIIOIOTh CKIIaTHY PyXOBY
aktuBHICTh [13, 14]. IligBuIlEHHS MIBUAKOCTI MEPEepOOKH
inpopMamii y aiTe#, MUITKIB Ta FOHAKIB, HMOBIPHO,
TIOB’53aHO 3 TIOAAJBIINMHU CHPSDKCHUMH MO(OJIOTTYHIMHA |
(GYHKIIOHATPHUME  TIepeOy/IoBaMH Y HEHPOHHHX Mepekax
KOPH TOJIOBHOTO MO3KY 1 HEpBOBO-M’5130BOT0 amapary [15].

IIpuseprae yBary toif ¢akt, mo mokazuuku [I3MP y
BCiX BIKOBHUX TpyHax, sIK y TIIyXHUX, TaK 1 y dylodu, Oymu
MEHIII B TIOPIBHSHHI 3 YacoM, SIKUH OyB HEOOXITHWH M
niepepoOku ckutaHoi iHdopmarii PB1-3 ta PB2-3 (p<0,01-
0,001). Sk Gaummo, MIBUAIIE 3a BCE BiIOyBajiach pPeaxilist
Ha TIPOCTI MOAPAa3HUKM 1 BOHA 301IbLIYBaach Ha CKIAIHI
cursanmy. MIMoBipHO, pHXOBaHMI Yac peaKiiii € mpsMoli-
HiltHOIO QYHKIIi€IO Ti€l KiTbKOCTI iHpOpMaIii, Ky Hece B
c00i cUrHaJI, 3aJIeKUTh BiJl CKIIQJHOCTI 1 CTYIEHsI HeBU3HA-
YEeHOCTI Horo Ha Yac mpen’ siBIeHHSI. B Hamomy excriepu-
MeHTiI Oymm BuOpaHi TpW cHocobW oprasizamii 30poBO-
MOTOpPHHX akTiB obctexyBanux: [I3MP, PB1-3 Ta PB2-3.
CTaTUCTHYHA JOCTOBIPHICTh BKa3aHHUX CIIOCOOIB OpraHiza-
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il CeHCOMOTOPHMX PEaKIiil HOBEAEHa METOAOM JHCIEp-
ciiiHoro anamizy (p<0,05). He BuKkitOUeHO, 1110 Y 0OCTEKY-
BaHMX, IIPY BUKOHAHHI PI3HHUX 32 CKJIAJHICTIO CEHCOMOTO-
pHHX peakimiii BHOIpKOBO OyiH 3amisHi pi3HI MEXaHi3MHU
30pOBO-MOTOPHUX peakiiil [2]. Mu BUALIAIN JBA OCHOB-
HUX MEXaHI3MH, SKi TOB’sA3aHI 31 CKIAJHICTIO 30POBO-
MOTOpHHX peakuiil. [lepinii MexaHi3M CTOCY€ThCS JIaTeH-
THHUX TmiepioniB [13MP, sikuii mosicHIoe, 1m0 1€ 30poBO-
MOTOPHHI aKT 3TIHCHIOETHCSI 0€3 aKTUBHOI y4acTi BHIIMX
BIUIIJTIB LIEHTpalIbHOI HEpBOBOi cucTemu. Helipodizionori-
YHI MEXaHI3MH IPOCTHX 30POBO-MOTOPHHX peakiii, oue-
BHUJTHO, TIOB’5I3aHi 3 CyNpacHiHAIbHUMU BIUIMBaMH Ha 30y-
JUTMBICTH CETMEHTAPHUX CTPYKTYp 1 IIi TapaMeTpn MOKHA
pO3TIANaTH K Taki, IO XapaKTepHU3yIOTh PEaKTHUBHICTH
CHCTEM aKTHBallii cToBOypoBoro piBHs [16].

Hpyruit — crocyersest PB1-3 1, ocobmiBo, peakiit miadepe-
HiiroBanHs PB2-3. Jlis 3milicCHEHHS TaKuX 30pOBO-MOTOPHHX
peakii HeoOXiHO OyI1o 3amy4yaTy Oe3y HEPBOBHX CTPYKTYD 1
LEHTPIB, y TOMY YHCJI BHII[ LIEHTPU KOPU TOJIOBHOTO MO3KY,
IO Bi/INOBIAF0TH 38 aHATITHKO-CHHTCTHYHY JSUTBHICTH [8].

Omxe, 3 aHaji3 Pe3y/IbTATIB HAIIOTO JOCHTIHKCHHS Ta
JITepaTypHI JaHi MOKAa3ald, 110 BUSIBJICHI HAMHU PI3HHUIL
MK TIOKa3HUKaMHU MPOCTHX 1 CKIaJHHUX 30POBO-MOTOP-
HUX peaklii, sKki Oyau OoTpUMaHi Ha OJHUX 1 THX K& 00-
CTe)KYBAaHUX y TPYIIi TIIyXUX Ta YyIOUHX 0Ci0 IMOB's13aHi He
TUTBKH 3 BIKOBUMH OCOOJIMBOCTSIMHU, SKi BiIOyBarOThCS B
HEpPBOBIl CHCTEMi Ha PI3HUX eTarax OHTOTeHe3y, a 1 00y-
MOBJICHI Pi3HOIO CTPYKTYPOIO 30pOBO-MOTOPHOI HisIIBHO-
CTI Ta CBIIYUTH TPO YYaCTh B Il MISIBHOCTI Pi3HUX
CTPYKTYp i piBHIB HepBoBoi cuctemu [4, 5]. V Biamosia-
HOCTI 3 JiTepaTypHUMH AaHuMU [16] MOKHA BBaXKaTH, 110
CKJaJHi i MPOCTI CEHCOMOTOPHI peaxilii HecyTh pPi3HHH
¢izionoriyanii 3micT 1 BinONBaOTh QYHKIIOHATBHI Mexa-
HI3MH pi3HUX cucTeM 1 migcucreM. Y Bumanky 3 I[I3MP
Taka JisIbHICTh Oyna crpsMOBaHa, B OCHOBHOMY, Ha 3a-
Oe3reueHHs] MaKCUMAJIBHOTO TEMITy PyXiB 1 ToMy, Tpeda
JyMaTH, BHIIMM BiJJlilaM IEHTPAJILHOI HEpBOBOI CHCTe-
MU BiJIBOJUTHCSI 3HAYHO MEHIIA POJib, @ OCHOBHE HaBaH-
Ta)KeHHS MOKJIa/IeHe Ha nepudepryHy HEPBOBY CHCTEMY.

MexaHi3mu, siKi 3a0e31euyIoTh CKJIaHI peakiii BuOo-
py Ta mudepeHIioBaHHSA, Ha HAml MOTJIAI, BiIOWBAIOTH
PEeaKTHBHICTh, aKTHUBAILIO Ta PETYIALiI0 OB BUCOKOTO
piBHS, HacaMmIlepel, yd4acTb (POHTAIBHO-TIMOIYHOTO
komruiekcy [6, 7]. V Bumamky 3 CKIagHAMH 30pOBO-
MOTOPDHHUMH pEakKIlisIMH Taka pyXxoBa MisJIBHICTE Oyia
pe3yabTaTOM IIBHIKOCTI CIPUHHATTA, aHaJi3y, mepepoo-
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kv iHpopMarii i MpUHHATTS TPaBUIBHOTO PIlICHHS, IO
BHMarajao OLIBIN CKJIaIHOI aHAIITHKO-CHHTETHYHOI Iis-
mpHOCTI. OCHOBHA pOJIb y HBOMY BiJABOAWMTHCS BHUIIUM
BiJIiJIaM IIEHTPATbHOI HEPBOBOI CHCTEMi — KOPi TOJIOBHO-
T'0 MO3KY 1 MAKOPKOBHM CTPYKTYpaM, a He TIIbKH IIBU/I-
KOCTi PO3ITOBCIOKCHHS 30YIKEHHS 0 HEMPOHHIM KOM-
IUIeKcaM, 1o OyJI0 XapakTepHo y Bunaixy 3 [I3MP.

OTxe, pe3ysIbTaTH MPOBEACHUX JOCITIHKEHb JT03BOJIS-
I0Th 3pOOUTH BHCHOBOK, III0 BiKOBa JHHaMiKa CEHCOMO-
TOpHUX (YHKLIH ryxux i ocid 3 HOPMaIbHUM CIyXOM
Mae 3arajibHy TEHJICHLIO, SIK JUIS TPOCTUX TaK 1 CKIIaJHUX
30pOBO-MOTOPHUX aKTiB. Pa3oM 3 THM MO)KHa BBa)aTH,
mo y GpOpMyBaHHI IPOCTHX i CKIAJHUX PEaKIii BHOOpY
Ta Tu(epeHIIIOBaHHS BIKOBIM XapaKTePHCTUKAM, CKIIa-
HOCTI TepepoOku iHpopMarii Ta OHCHYHKIII CIyXOBOTO
aHaJlizaTopa HAJC)KUTh BUpimanbHa ponb. OYEBHIHIM €
Te, M0 y TIYXHWX MIBUAKICTH 30pOBO-MOTPHHUX PpeaKIliit
HIDKYa, a JIATeHTHI TepioIu MOBIIi, HIX y 0ocid 3 HopMa-
JBHUM CiyXxoM. Panimie Oyno mMoOka3aHO poJib 30py Ta
ciyxy y (GopMyBaHHI 30pOBOi Ta CIIyXO-MOTOPHOI KOOp-
JQUHALil TpH BpoKeHi ciimoti [29]. Takox Bimomo, 1o
CIIyXOBa CHCTEMa CIEIiaNi3y€eThCs HAa YaCOBUX MapaMeT-
pax cTUMYJIIi, a 30poBa — npoctopoBux [11]. Besymos-
HO,ITICPeKOHaHi, [0 BCi CEHCOMOTOPHI aKTH MalOTh IPOC-
TOPOBO-YacOBI KOOpIWHATH, aje BIAMOBINP HA 30pOBI
MOZIPa3HUKU CKOpillle aapecoBaHa JO YaCOBHX XapakTe-
PHUCTHK CUTHANY, HDK O NPOCTOPOBHX. TOMY MOXJIHMBO
OTpUMaHI HaMH Kpallli pe3yJbTaTH 30pPOBHX CEHCOMOTOP-
HUX QYHKUIH Y 9YIOUUX € pe3yJIbTaTOM y3rOJUKEHOI Kpoc-
MOJaNbHOI JisUTBHOCTI CiIyXoBoi 1 30poBoi cucrem. Ha-
BIIAKH, y TIIyXUX TaKa B3a€MOJIisl BTPAYa€eThCsl 1 3CyBa€Th-
cs1 y Oik AMCYHKIIT CIIyXOBOI CUCTEMH 1 TOMY PEECTpPY-
BaJIMCh JIOBII JIATCHTHI MEPIOAX K MPOCTHX TaK CKIaj-
HUX peakiiil. Taka 3aKOHOMIpHICTh B HAIIOMY €KCIEpH-
MEHTI MaJla Miclie y BCiX BIKOBHX Ipymax.

TakuM 4nMHOM, OCOONHMBOCTI PO3BHUTKY BHABICHHX HAMU
CEHCOMOTOPHHX (YHKIIIH, BKa3ylOTh Ha Te, IO TpocTa i
CKJIaJIHA CEHCOMOTOpHA i-sUTBHICTh 3a0e3MedyeThest pis-
HUMH CTPYKTYPaMH i MeXaHi3-MH, SKi 3MiHIOIOTBCSI B OHTO-
reHe3i. Ha Hamry myMKy pO3BHTOK CEHCOMOTOPHHX (YHK-
[iif B OHTOTeHE31 MPENCTaBIsIE CO00I0 T00pe Y3romKeHy
TEHETUYHO JIETEpPMIHOBaHy MpOrpaMy YJIOCKOHAJIEHHS
€JIEMEHTIB, CTPYKTYpP Ta MEXaHI3MIB IO iX 3a0e3MeYyIoTh.
CiyxoBa mUC(YHKIISE BHOCHTh KOPEKI[I0 y BIKOBY JHMHa-
MIKy PO3BUTKY CEHCOMOTOPHUX (DYHKIIIH.

BucHoBku:

1. BeraHoBneHi Juist TIyXuX 1 0oci0 3 HOpMaJbHUM CITy-
XOM 3aKOHOMIPHOCTI BiKOBOI AWHAMIKH Pi3HUX 3a CKJIaf-
HICTIO CEHCOMOTOpPHHX (YHKIII CBiqdaTh Ha KOPHCTH
TEHETHYHO ACTePMIHOBAHOI MPOrpaMy iX PO3BHUTKY.

2. Y toyxux nmiTe#, miATITKIB Ta IOHAKiB JIATCHTHI T1e-
pioay MPOCTHX 1 CKIATHHUX Peakiiii BHOOpPY Ta mudepeH-
LiOBaHHSI CEHCOMOTOPHHX pEaKIiid Oyiawm JOCTOBIpHO
OLIBLIMMU, HIK y TPYyNax 3 HOPMAJIBHUM CIIYXOM Ta I0C-
TYNOBO 3MEHIIYBAJIMCH 1 JOCSITAM MaKCUMaJbHOTO PO3-
BUTKY y 18—19 pokiB. binbll iHTEeHCUBHO Taki 3MiHH Bij-
OyBaJIMCh Ha CKJIaaHI peakilii BuOOpy Ta peakiii audepe-
HIIIIOBaHHS, HIXK Ha IIPOCTI 1, 0COOJIMBO, y IPyII TIyXUX y
MOPIBHAHHI 3 00CTE)KYBaHUMH 3 HOPMAIBHUM CIYXOM.

3. BusBneHi 0co0MMBOCTI BIKOBOi TUHAMIKH IPOCTHUX i
CKJIaJHAX 30pPOBO-MOTOPHUX PEaKIil y TIyXUX BITHOCHO
JiTeH, MiITITKIB Ta IOHAKIB 3 HOPMAIBHUM CITyXOM CIIiJ
BBa)KAaTH K HEAOCTATHICTH PO3TOPTAHHS CIIQJKOBOI MPO-
rpaMu iX pO3BUTKY.

4. IIBUIKICTh HPOCTHX 1 CKJIAJHUX CEHCOMOTOPHHX
peakuiil y aiTei, miUIiTKIB Ta IOHAKIB 31 CIlyXOBOIO JIepH-
BAIli€l0 XapaKTepu3ye 1HAMBIAyallbHi OCOOIMBOCTI Iepe-
poOku iHdpopmarii i MOXKyTh OyTH BHKOpHUCTaHI sIK iH(DO-
PMaTUBHUIN KpUTEPil OLIHKH Psily NCHXO]i3i0noriyHnx
(GYHKIIH Ta NOBEIIHKOBUX PEaKIii.
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Lizogub V.S., Makarenko M.V., Yukhimenko L.I., Khomenko S.M., Koval J.V., Kozhemyako T.V.
The age dynamic of sensomotor function of people with heart deprivation

Abstract. Sensorimotor functions: simple and complex visual-motor responses, select one and two of the three differentiation stimuli
for children, adolescents and young people with auditory deprivation was studied. The general laws for the deaf and those with
normal hearing age dynamics of different complexity sensorimotor functions indicate genetically determined program of
development. In deaf children, adolescents and young latent periods of simple and complex visual-motor responses were significantly
higher than in the group with normal hearing and gradually decreased and were full development in 18-19 years. Features age
dynamics of simple and complex visual- motor reactions in relatively deaf children, adolescents and young people with normal
hearing was found. More intense changes in sensorimotor functions to the complex reactions of Deaf children was registered.
Keywords: ontogenesis, sensomotor function, heart dysfunction.

Juzozyé B.C., Makapenxo H.B., IOxumenko JI.U., Xomenxo C.H., Kosans FO.B., Koscemaro T.B.
Bo3pacTHasi JTMHAMHKA CEHCOMOTOPHBIX (PYHKIMIi JTr01eli co cJyX0BOii nenpuBanuei
Annortanus. [To pesymsratam nccrenoBannii mpocTeix (II3MP) 1 citoXHBIX 3pUTENIFHO-MOTOPHBIX peakimii Beioopa oxuoro (PB1-
3) u qubdepenunanun n8yx u3 Tpéx (PB2-3) pasmpaxurerneii, mpoBeaeHa OeHKa CEHCOMOTOPHBIX (DYHKIHU JETeH, MOPOCTKOB U
IOHOIIIEH CO CITyXOBOI1 fenpuBanyeil. BeisiBieHHBIC 00IIMe T TIIYXUX U JTIOAEH ¢ HOPMAIBHBIM CIIyXOM 3aKOHOMEPHOCTH BO3pacT-
HOM JUHAMHKH PA3JIHMYHBIX IO CJIOKHOCTH CEHCOMOTOPHBIX (DYHKIHMH, YTO CBHAETEIBCTBYET O T€HETHUECKH JCTEPMHHUPOBAHHOMN
nporpamMMme UX pa3BUTHA. Y TNIyXHX JeTel, MOJPOCTKOB U IOHOLIEH JIATEHTHbIE IEPHOABI TPOCTHIX U CIOKHBIX 3PUTEIEHO-MOTOPHBIX
peaxuuii ObUIH TOCTOBEPHO OOJIbIIIE, YEM B IPYIIAX ¢ HOPMAIBHBIM CIIyXOM U ITOCTEIIEHHO YMEHBIIAINUCh, JOCTUTIas MAKCHUMaJIbHOTO
pa3Butus B 18-19 net. Bonee HHTEHCHBHO N3MEHEHHS CEHCOMOTOPHBIX (DYHKIHUI MPOUCXOANIN Ha CJIO0KHBIE, YeM Ha MPOCThIE peak-
II1H, ¥ 0COOCHHO, B TPYIIIIE TIyXHUX [0 CPABHEHHIO C UCCIIETyEMBIMU C HOPMAIBHBIM CIIYXOM.

Kniouesvie cnoea: onmozenes, ceHcomomopHvie yHKyul, Cryxoeas Ouc@yHKyuss.
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Maxapuyx M.IO., I'nazupin LJ]., Cmonap C.I.
Oco0auBoCTi 0i0J10TiYHOT0 J03piBaHHS YYHIBCHKOI MOJIOi *KiHOYOT cTaTi
BH3HAYEHOT'0 32 TEMIIAMU CTATEBOI0 PO3BUTKY

Maxkapuyx Muxona FOxumosuu, dokmop 6ionociuHux Hayk, npogecop, 3a8idysau kapedpu izionozii 1oouHu i meapum
Kuiscokuii nayionanvnuii ynisepcumem im. T.1 . 1lleguenka, m. Kuis, Yxkpaina
*asupin I/ kanouoam bionociunux Hayx, ooyenm Kageopu exonozii

*Cmonsap C.I. acnipanm

Yepxacvkuil nayionanvuuii ynieepcumem im. b. Xmenvnuywvxozo, m. Yepracu, Yxpaina

AnoTanisi. JlocmipkyBanucs ocoOIMBOCTI G10JIOTIYHOTO JO3piBaHHS CydacHOI YYHIBCHKOI MOJIOAI JKIHOYOI CTaTi BH3HAYEHOTO 3a
BTOPHHHUMH CTAQT€BUMH O3HaKaMH. BCTaHOBIICHO, III0 aKTHBHI IIPOLECH CTATEBOTO HO3PIBaHHS OIIBIIOCTI AiBYAT PO3NOYNHAINCS B
11 pokiB, a 'y 12-26% niBuat y 8-10 pokis. Jlo 15 pokiB 3a OiIBHIICTIO BTOPHHHMX CTaTeBHX O3HAK IieH piBeHb caraB 95-98% Bix
3aBEpLICHHS IIPOLECIB CTATEeBOr0 J03PiBaHHS, 38 BUKIIOYEHHAM menarce — 58% a6o 6.98+0.50 oanis. Bix 15 no 16 pokis crareBe
no3pisaHHs 100% AiBUaT 3aBEPIIHUIIOCS, 3 0COOINBO AKTUBHUMU NIPOIIECAMH CTAHOBIICHHS MiCSIYHOTO IIMKITY. JlaHUH MOKa3HUK MOKe
OyTH iHpOpPMaTHBHUM Ui Au(epeHmianii Gpi3sHyHIX HaBaHTakeHb AiBdaT 11 - 16 pokis.

Knrwowuoei cnosa: dionoziune ma cmamege 003pi6anHs, YUHIBCbKA MOI00b HCIHOUOL cCIami, 6MOPUHHI cmamesi 03HaKu

Beryn. Binomo, mo 3a OymoBoro i AeSKHUMH (QDYHKITISIMH
KIHOYHMH OpTaHi3M ICTOTHO BiIpi3HSETHCS BiJ YOJIOBIUO-
ro, Taki BIIMIHHOCTI CTOCYIOThCS 1 iX myOepTaTHHX Hpo-
necis. CraTeBe 03piBaHHS JiBYAT BiOYBAa€ThCS, K 1 Y
XJIOIIIIB, YIPOJOBX KiJIbKOX (ha3:

— mepiia ¢asa, nepenydepratauii mepion[11, 14, 16];

— npyra ¢a3za, ¢asa Ge3nmocepeHbOr0 CTaTeBOroO J03pi-

Baumst [11].

[Ipomecu craTeBOro mO3piBaHHA SICKPaBO BHPaXEHI U
ICTOTHO BIUIMBAIOTH Ha OPMYBAHHS OPTaHi3My B IUIOMY
i, IK HACNIZOK, MOXYTh OyTH iH(GOPMATHBHUMH IS JH-
(epeHIIifoBaHHS PO3YMOBUX Ta (i3WYHUX HABAHTAKCHB
YUYHIBCBKOT MOJIOZi, IO IyX€ BaKIMBO JUIl IPAKTHKU
HABYAJIBHOT MisUIBHOCTI Ta (pI3UYHOTO BUXOBAHHSI 1 CIIOP-
THBHOI MiATOTOBKH [4]

AuJte BIIPOJIOBXK KIJIBKOX POKIB MPOBE/ICHI TOCIHIIKEHHS
npotieciB  0i0JOTIYHOrO JO3piBaHHS YYHIBCHKOI MOJIOJI
pi3HHX perioHIB YKpaiHU 32 BUKJIFOUEHHSM LIEHTPAJIbHO-
ro[2]. dauwuii hakT 6yB MOTHBOM BHOOPY OOPaHOTO HAMHU
HaInpsIMKy JJOCJIiIKEHb.

Kopotknii orasig aireparypu. Bizomo, mo temmnu 0i-
OJIOTIYHOTO J03PiBaHHS OpraHi3My KOKHOI TUTHHH TeHe-
TUYHO ETEPMIHOBaHI 1, K HACIIJOK, IOSTAITHO B MPOIECi
OHTOTCHE3y BHU3HAUYAIOTh IHIMBIAyaTbHUHA piBeHb MOPdO-
(YHKIIOHATBHNX TOKAa3HUKIB Ta MCUXIYHUX MOXKJIHBOC-
Teit 11 opranizmy. KpiM Toro, Ha reHETHMYHHUI KOJ TEMIIiB
CTaHOBJICHHS JMTSIYOrO OPraHi3My, BIUIMBAIOTh COIliajib-
HO-CKOHOMIUHI Ta ekoJyoriuHi ¢akropu. B pesynbrari
MPOSIBIISIOTHECS (PEHOMEHHM aKceseparlil Ta perapaaiiii, abo
3HAYHOTO NMPHUCKOPEHHS YM YIOBUIBHEHHS TEMIIB (i3nd-
HOT'O PO3BHUTKY CY4acHHUX AiTeil.

BHyTpimHEOrpynoBa akceseparis, po3X0o/KeHHs “‘Tiac-
nopTHoro” i 6ionoriuHoro Biky, Ha n1ymky C.B. Xpymesa
[15], cTaBuTH psia cepiO3HHMX MHUTAHb MPO HEOOXiOHICTH
BpaxyBaHHS 1HIUBITyaJbHUX OCOOIMBOCTEH KOXKHOI TUTH-
HU TpH: perjameHTauii (i3sMYHMX HaBaHTaXXEHb, BH3HA-
YEeHHI HOPMATHUBIB (i3UYHOI HiATOTOBIEHOCTI, OIHII (yH-
KI[IOHAJIBHOTO CTaHy Ta PyXOBHX 31i06HocTei [15].

@DakT IHIUBIAYaIFHO-TUIIOJIOTIYHIX 0cOo0IMBOCTEH 0i0-
JIOTIYHOTO J03piBaHHA OPraHi3My y4HIB CBIIYUTH HE Tilb-
KM TIpO Pi3HI piBHI MOP(OPYHKITIOHATEHUX MOKIHBOCTEH
JiTe, a ¥ BiAMOBIIHI 3MIOHOCTI 10 HABYAHHS Ta TPEHYBaH-
Hs1. Buxogsuu 3 uporo B.K. banbceBuu, B.A. 3anopoxa-
HoB [2], B.A. Hukuriok [14], C.C. Hapckas [8], I.1. T'na-
supin [7], 5. XKepHoBuukoBa [9] BkasyroTh Ha HEOOXia-
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HICTh IIMPOKUX NOCHTIKEHb 1HIMBIAyabHIX TEMIIB CTa-
HOBJICHHSI JUTSYOTO OpTraHi3My, BIKOBHX OCOOIHBOCTEH
PO3BUTKY pyxoBoi (GyHKLIT i po3poOili, Ha 1iii OCHOBI, Me-
TOJMK TENAroriuHuX Mid, TOOTO AudepeHIIHOBAHOTO Ha-
BUAHHS Ta BUXOBAHHs, B TOMY YHCII i (izuunoro [ 2, 7, 8,
9, 14].

Jocmimkents MopQo-GhyHKIIOHATHHOTO 1 010JIOTIYHO-
rO JIO3piBaHHs OpPraHi3My pi3HUX perioHiB YKpainu Oyiu
mpoBeaeHi y 2000 poui minx kepiBHunTBOoM 1.P. Bapmmsik
[2] 3a BuKIIOYEHHSM LEHTpaNbHOTO periony. LlikaBum €
(hbaxT 3HAYHOTO MPUCKOPEHHS TEMIIB (BI3UIHOTO PO3BHUT-
Ky cydacHHX aiteii. ToMmy Oymo BHUpIIIEHO BCTaHOBUTH
0CcOOIMBOCTI 010JIOTIYHOTO TO3pPiBaHHS YYIHIBCHKOI MOJIO-
Il LEHTPaIBHOTO perioHy YKpaiHu.

Merta poGoTH: 3’CyBaTH OCOOJHBOCTI 010JIOTIYHOTO
JI03piBaHHsI Cy4acHOI YYHIBCHKOI MOJIOJI JKiHOYOT cTati 3a
BTOPUHHHUMH CTaT€BUMH O3HAKaMH IIEHTPAIBHOTO perio-
Hy YKpaiHu.

Opranizanisi Ta Meroau aociaimkeHHsi. OOCTEKESHHS
npovnu 1673 yuenuns 301 [-III ctynens Ne 7 ta 19
Mmicta Yepkacu. Y KOXHIiH BiKOBiil rpymi Oymo Big 78 1o
115 obcrexxyBanux. JloCHiIpKeHHS TEMIIIB CTATEBOTO J[0-
3piBaHHs BigOyBayoCs 3a BU3HAYEHHAM CTaliil gopmy-
BaHHS BTOPHMHHHUX CTaTE€BUX O3HAK 1 3arajbHOI0 (OpMY-
JIOKO CTATeBOro J03piBanHs [4].

BusHadeHHs 6i0J0TYHOrO BiKy AiTEH MPOBOIUIOCH 32
BTOPHHHHUMHU CTATEBUMH O3HaKamu [4].

Cranii po3BUTKY BTOPUHHHX CTaTEBUX O3HAK LIS JiB-
YaT BU3HAYaJIM 32 TAKOI CXEMOIO:

Bonoccs Ha 106Ky: Pg — BigcyTHICTH Bosoccst; Py — mo-
OJIMHOKI KOPOTKI BOJIOCHHM Ha HEBENWKIH IEHTpaNbHIN
JinsHOoi 100ka; P, — BUpaXkeHe KydepsiBe BOJIOCSHE ITOK-
PUTTS Ha cepenHii nursHLI JoOKa; P3 — rycre xydepsise
BOJIOCCSI, 1110 IOKPHUBAE BCIO MIOBEPXHIO JIOOKA.

Bonoces min maxBamu: AXy — BIJICYTHICTH BOJIOCCS;
AX; — mepii TOHKi BOJOCHHH; AX, — BUpaKCHE BOJIOCSIHE
MOKPUTTSI; AX3 — MOBHE BOJIOCSHE TOKPHUTTSL.

DopMyBaHHA MOJOYHHX 3a5103: Mag — COCOK HpHIija-
HATHH HaJl HABKOJIOCOCKOBOIO Opeosioro; Ma; — HaBKOJIO-
COCKOBA OpeoJIa MiHATA i pa30M 3 COCKOM YTBOPIOIOTH HE
BEJIMKUI KOHYC; Ma, — opeoJia 3 COCKOM YTBOPIOIOTb BU-
paXXECHUI KOHYC, MOSBIISIOTHCS O3HAKH MOJIOYHOT 3aJ103H;
Mag — chopmoBana MosIOYHA 3aJ1034.

dopMyBaHHS MEHCTpyalbHOTO IMKIY: Meg — BiAcyT-
HICTh MeHCTpyauiid; Me; — IMOYMHAIOTHCS MEpPLIl MEHCT-
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pyanii; Me, — He perysapHi MeHcTpyalii; Mes — moBHe
BCTAQHOBJICHHS MEHCTPYaJIbHOTO IIUKITY.

[HnuBigyapHUHA MOKa3HUK OioJoTidHOI 3pilocTi opra-
Hi3MY KOXKHOI JIiBYMHH OLIHIOBAIH Y 3AJIEKHOCTI BiJl pO3-
BUTKY BCiX BTOPMHHHX CTAaTCBUX O3HAK 3a 3arajlbHUM
6anom. KoxHilt cranmii po3BHTKY Ti€l 4M iHIIOI O3HAKH
BIAIIOBiAa€ MEBHA KUILKICTH OaiB:

P():O P1=4 P2=8 P3=12

AX():O AX1=4 AX2=8 AX3=12
Mao:0 M31:4 Ma2:8 Ma3:12
MeOZO M61:4 MCZZS M€3:12

3araipHa cyMa OTpUMaHHUX OaliB € MMOKa3HUKOM iHIH-
BiJlyaJIbHOTO CTaTEBOrO PO3BUTKY. J[Jisi BU3HAYCHHS TEM-
B CTaTeBOr0 ab0 0i0JIOTIYHOTO PO3BUTKY HAMHU PO3pP0O0-
JIeHa OLliHKOBa Tabmwuis (Tadu. 1).

Ta6auus 1. Ouinka TemmiB 610I0TIYHOTO AO3PiBaHHS AiBUAT 33 CYKYITHHM 0aJ0M BTOPHHHHUX CTATEBUX O3HAK

. . Temnu GionorigHOTO PO3BHUTKY (KUIBKICTH OaiB)
Bik (pokiB) I - T - - Vioni -
pUCKOpeHi OpMaJIbHi, Y3TOJUKYIOTBCS 3 TACHOPTHHM BIKOM MOBUIBHEH]
10 18i> 8-16 <8
11 26i> 12-24 <12
12 301> 16-28 <16
13 34i> 18-32 <18
14 421> 26-40 <24
15 48 42-46 <42
16 - 48 <48
17 - - -

PesyabTaTH fociifzkeHHs Ta ix o0ropopenHs. Cratese
JI03piBaHHS OKpEeMHX AiBYaT po3mouasiocs y 8-9 poki
MOSIBOI0 OKPEMUX BOJIOCHH ITi MAaXBaMH 1 HAOpSKaHHAM
cocka rpyaHoi 3amo3u. Y 10-pidHHX TOCTIIKYBaHMX Ha-
MH 3a(iKCOBaHa MOSBa TPHOX 13 YOTUPHOX BTOPHHHHX
CTaTeBUX O3HAK, 3a BHUKIIOUEHHSIM MeHapxe. Ha 4.42 ta
10.00% cdopmoBaHMii BOJIOCAHUH HMOKPHB Ha JOOKY Ta
i maxsamu 1 Ha 22.25% — MomnoyHa 3ano3a. CyKymHHN
0a CTaTeBOro NO3piBaHHS JiBYAT 3HAXOAMBCS Ha piBHI
4.27 6ana, mo cranoBuio 8.90% Bix piBHsI 3aBEpLICHHS
nybepTaTHOro nepiony.

Po3risig pesynbTariB CTaTeBOro J03piBaHHS JAiBYAT 32
(OpMyBaHHIM OKPEMHX BTOPMHHHX CTAaTEBHX O3HAK MO-
Ka3aB, III0 OBOJIOCIHHSA JIOOKA Y HUX BiZOyBasocs aKTUBHO
Bix 10 mo 11 pokiB (Ha 21.83%), Bixm 11 mo 12 pokiB (Ha
17.83%), Big 12 mo 13 pokiB (Ha 25.84%), Big 13 mo 14
pokiB (Ha 10.08%), Bix 14 nol5 pokis (ua 18.42%). Bixg

15 mo 16 pokiB Iii MPOIECH ICTOTHO YMOBUILHUIIACS Ha
piBHi Bcboro 1.58% 3a pik 1 3aBepiumiucs y Bcix 16-
piYHEX OiBYAT i mocarnu piBHA 12 6aiiB, o0 CBIAYHIIO
PO TIOBHE Ta C(OPMOBAHE BOJOCSHE MOKPUTTS HA JOOKY
JOCIIKYBaHHX JKIHOYO CTATi.

[Mpubmm3HO Taka TEHICHIIA CHOCTepiraiacs i y mojaa-
JBLIMX MPOIECaxX OBOJOCIHHS IiJ MTaXBaMH JiBYATOK — B
10-11 pokiB (17.25%) y 12-13 poki (30.17%) y 13-14
pokiB (16.41%) 1 B 14-15 poxkiB (22.84%). Ane B mepion
Bif 11 10 12 poKiB, KOJIM Y HUX OBOJIOCIHHS i/l MaxBaMu
(aKTHYHO 3aBEpIIMJIOCh — pIYHHHA NPUPICT CTAHOBUB
1.75%. Taxi >x TeMI1 OBOJIOCIHHSI ITiJl TAaXBaMH CIIOCTEPi-
ramucst B 15-16 pokiB — 1.58% 3a pik i 3aBepIIwInCs y
BCix 16-piuHUX IiBYAT, HOCSTH piBHA 12 OamiB, o CBif-
410 PO c(HOPMOBAHICTH BOJOCSHOTO TOKPUBY i Max-
BaMK 00CTEXYBaHUX JKiHOUYOT cTati (Tadu. 2).

Tabauns 2. XapakTepuCTHKA BiIKOBHX 3MiH MOKa3HHUKIB CTATEBOTO TO3PiBaHHS AOCIIKYBAHHUX KIHOUOT CTATI
HEHTPaIbHOTO periony Ykpainu (M+m, %)

TTOKa3HUKH CTATEBOTO JIO3PiBaHHS
Bik P % cdop- Ax % cdop- Ma % cdop- Me % cdop- |ban crateBoro| % chop-
MOBAHOCTI MOBAHOCTI MOBAHOCTI MOBAHOCTI| JI03piBaHHs | MOBAaHOCTI

7 0 0 0 0 0 0 0 0 0 0

8 0 0 0.15+0.27 1.25 1.04+0.60 8.67 0 0 1.19+0.73 2.48

9 0 0 0.50+0.44 4.17 1.17+0.60 9.75 0 0 1.67+0.93 3.48
10 | 0.53+0.27 4.42 1.20+0.50 10.00 | 2.67+0.60 | 22.25 0 0 4.27+0.90* 8.90
11 | 3.15+0.94 | 26.25 3.27+0.86 2725 | 4.12+0.60 | 34.33 1.33£0.90 | 11.08 11.88+2.87 15.60
12 | 5.2940.71 44.08 3.48+0.94 29.00 | 4.90+0.63 40.83 1.42+0.77 | 11.83 15.10+£2.59* 31.46
13 | 8.39+0.69 | 69.92 7.10+0.84 59.17 6.71+£0.66 | 55.92 |5.16+1.12*| 43.00 27.35+2.96* 56.98
14 | 9.60+0.65 | 80.00 9.07+0.75 75.58 8.67+0.71 7225 | 6.93+1.13 | 57.75 34.27+3.05 71.40
15 | 11.81+0.43| 98.42 11.81+0.43 98.42 |11.40+0.68| 95.00 |6.98+0.50 | 58.17 46.67+1.74 97.23
16 12.00 100 12.00 100 12.00 100 12.00 100 48.00 100

* — MOCTOBIPHICTH PI3HHMII 3araibHOTO Oay craTeBoi pOpMyJH y TOPIBHSHHI 3 MONEPEIHBO0 BIKOBOIO KaTeropiero Ha piBHI p<0.05

Crig BiIMITHTH, IO y MPOIEcaX OBOJOCIHHS MPOCIIIKO-
ByBaJacsi HEpiBHOMIpHiCTh — OuTbII akTHBHE B 10-11, 12-
13 1 14-15 pokiB Ta Menm Bupaxene y 11-12 i 13-14 po-
KiB. Takox MO)XHA BIAMITHTH, IO OBOJOCIHHS IIijJ Iax-
BaMH 1 Ha JOOKy (DaKTHYHO 3aBepHIMIIOCSH y OimbmIOCTi
ob0cTe)kyBaHuX 10 15-piunoro Biky i cranoBmiio 98.42%
BiJI piBHA KiHIIEBO{ 1X cpopMOBaHOCTI, a 10 16 POKiB MOB-
HicTIO 3aBepmmiocs y Bcix 100% miByar.
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@dopMyBaHHS MOJIOYHOI 3aJI03HM y JIESKUX JIBUATOK PO3-
royasocs y 8 poKiB Ta 3aBepUIMIOcs B 15 poKiB i gocsriio
piBas 95.00% (11.40+0.68 GaiiB), ane piBeHb KiHIEBOI
c(hopMOBaHOCTI MOJIOYHHX 3aJI03 B 16 pokiB OyB BHABIIE-
HUH y 5% 00cTe)KyBaHUX.

[Tpu mocmimpkeHHi MiCSYHOTO IUKIY MU OTPHMANHN Taki
pesynbrary. JlaHi nmporiecu y AiB4aTok posmnodanucs — B 11
pokiB (1.33+0.90 6aniB i 11.08%) i Oynmu Ha HpOMY piBHI
CTaOLIbHUMHU 10 12-piYHOTO BiKy — NMPUPICT MiHIMAJILHUH,
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ycporo 0.90 6amis. Bix 12 mo 13 posmoyaBcs iHTEHCUBHUI
PO3BHTOK ITi€i BTOPHHHOT CTATEBOI O3HAKH, OJIPa3y MPUPICT
3.74 6amiB, ab6o 31.17% (p<0.05). Bix 13 1o 14 pokis po3-
BUTOK JaHOI (YHKIIIT IIPOJOBKYBABCS, ajle He TaK IHTCHCH-
BHO — 14.75%. Bix 15 no 16 pokiB y Bcix 00CTEKyBaHUX
niBuaT OyB BCTaHOBJICHUM MICSYHUM IUKI. Y 1eil BikoBHi
niepiot BigMideHi HalOLIbII aKTHBHI Ipoieck (GopMyBaHHS
MICSIYHOTO IUKITY JiBuaT — 5.02 6anu, a ue 41.83%. ToobTo,
y (opmyBaHHS JaHOT BTOPMHHOI CTAaTEBOI O3HAKH BiaMiue-
HO HaWOLIBII Mi3HIM Ta IHTEHCUBHUI TOYaTOK (3 11 poKiB).
AHani3 NOKa3HHUKIB CYKYyITHOro Oaiy craTeBoro Jo3pi-
BaHHJ JIiBYAT JI03BOJIUB BCTAHOBUTH OCOOJIMBOCTI X cTa-
TEBOTO J03piBaHHA. Po3noumHanocs crareBe NO3piBaHHA
IBYATOK y 8 POKIB, MOSBOIO OBOJIOCIHHS IIiJl MAXBAMU i
MEepIIUMH 03HAKaMU (OPMYBaHHS MOJIOYHHX 3aJ103, 3ara-
TBHUN 0an cTaTteBoi (OopMyIH y HUX Ha TOH 9ac CKIaaaB
1.1940.73 GauiB. Bix 8 no 9 pokiB crabimizamis oux mpo-
eciB 1 akTHBHE iX cTaHOBIeHHS Bix 9 mo 10 pokiB — mpu-
pict cykymnHoro 6any cknaB 2.60 6anis (p<0.05). Menm

akTuBHI nporiecu Bix 10 1o 11 pokiB — 30iIbIIEHHS ITOKA-
3HHKIB 3araibHOTO Oairy He 3Ha4Hi (p>0.05). Bix 11 pokis
1 IO KIiHIIA TIPOLIECIB CTATEBOTO J03piBaHHSA (OPMYyBaHHS
crareBoi (yHKHii 0OCTEeKyBaHMX >KiHOUOi cTati, Mo 16
POKiB, BiOyBanocs 3 BHpPaKEHHUMH 3MiHAMH 3aralbHOTO
Oamy crareBoi popmynn y Mexax Bif 3.22 mo 12.40 Gami
3a piK y 3anexxHocTi Bif Biky (p<0.05-0.01).

Hamu cxnageHo Tabnuii Uit OLIHKY TEMITB OioJioriy-
HOTO JI03piBaHHSI 00CTE)KYBaHHMX >KIHOUOI CTaTi LEHTpa-
JBHOTO pPerioHny YKpaiHu 3a CyKyNHHM 0ajoM CTaTeBOro
JI03piBaHHsI, BH3HAYEHOTO 3a BTOPHMHHHMHU CTaTe€BHUMU
O3HaKaMH. BUX0Js1uM 3 OTpUMaHKX JTaHUX LI0/0 KUTBKOC-
Ti GaniB BOHU Au(epeHIitoBaIncsS Ha TPU THUITOJOTIUHI
Tpynu “yHOBUTPHEHI TeMITH OiOIOTIYHOTO MO3piBaHHS,
“HOpMaJbHI TeMIH 0i0JOTIYHOTO JO3piBaHHA, “TPUCKO-
peHi Temnu OioNOTIYHOTO MO3piBaHHA. 3a MEXi Karero-
piit mpuitasTa gons 1.34, toéro M+0.67¢ 3rizHO 10 TEO-
pii Hopmu (Tabm. 3).

Tadanus 3. Oninka TeMIiB 610JIOTTYHOTO JT03piBaHHS JiBUAT 32 CYKYITHHM 0aJOM BTOPHHHHX CTATEBUX O3HAK

. . Temmu 61070TIYHOTO PO3BUTKY (KIIBKICTh 0aIiB)
Bik (pokiB) T - i - - Vion -
PHUCKOpEHi OpMaJIbHi, Y3TrODKYIOTECS 3 IACIIOPTHUM BIKOM TIOBiJIbHEHI
8 3i> 0-2 -
9 5i> 0-4 —
10 7i> 0-6 -
11 20i> 4-19 0
12 23i> 8-22 7i<
13 37i> 18-36 17i<
14 441> 25-43 24i<
15 — 45-48 44 i<
16 — — <48

MmoBipHO, 110 8-10-piuHKX JiBYATOK HE MOXKHA OYI0
BB@)KATH peTaplaHTKaMH, SKIIO Y HUX IIe He PO3IoYyau-
Csl MPOLIECH CTaTeBOTO JO3piBaHHsi, 00 X mosBa y weif
BIKOBHUH TepioJ] CBiM4mMiIa Mpo MPHUCKOpPEHi TeMIu 0iolo-
TiYHOTrO A03piBaHHS.

VYV 16-piuHHX [IiBYAT MPOIECH CTATEBOTO J03PiBaHHS
BXK€ 3aBEpIIMIIMCS 1 He J0cAriM NediHITUBHUX 3HA4YEeHb
CYKyITHOTO Oaity ctateBoi popmyiy, a 1ie 48 OaniB, MOXke
CBIJTUUTH IIPO PETAPAAILIIO.

VY pesynbTari MpOBEACHOI OI[IHKH TEMIIB CTATEBOI'O
J03piBaHHs AiBYaT 8-16 pOKiB, BU3HAYEHOT'O 32 CYKYITHUM

OayoM craTeBoi GOPMyYJIM HAMH BCTAHOBJICHO, IO TIIBKH
y aeskux 8-10-pidHHX NiBYATOK PO3IIOYHNHAIOTHCS MIPOIe-
CH CTAaTeBOr0 JO3PiBaHHS il TAKUX 0OCTE)KYBAaHMUX MOXKHA
BBaXKaTH akcenepantamu (tadn. 4). Cepen 8-piuHuX miB-
YaTOK IMPHUCKOPEHI TEMIMH CTAaTEBOTO JO3PIBAHHSA Maju
25.93% obcrexxyBaHUX, cepel 9-piuHHX, BIAMOBIIHO
12.50%, a B 10 pokiB Takux niBuatok Oyno 26.67%. Y 11
POKIB JiBYAT 3 MPUCKOPEHUMH TEMIIAMHU CTATEBOTO JI03pi-
BaHHs Oyino 18.18%, HopMmocTeHikiB, BignoBinHo 72.73%,
a perapaanTis Tibku 9.09%.

Tabauns 4. Po3noin o6cTexxyBaHNX jKiHOYOI CTaTi IEHTPAJIBHOTO PETiOHY YKpalHU Ha TPYIH
3a TemMIIaMu 0i0JIOTITHOTO Ta cTaTeBOTo Ho3piBaHHS (%)

. . Temnu 6i070TiYHOTO PO3BUTKY (KIJBKICTH OaJiB)
Bik (pokiB) I - T - - Viosi -
pHCKOpeHi OpPMAaJIBHI, Y3TO/DKYIOTHCS 3 HACIOPTHUM BIKOM MOBLIBHEHI
8 25.93 74.07 -
9 12.50 87.50 -
10 26.67 73.33 -
11 18.18 72.73 9.09
12 22.58 70.97 6.45
13 25.81 41.94 32.26
14 50.00 20.00 30.00
15 - 85.71 14.29
16 — 100 -

Omxe, y OIMBIIOCTI JOCTIIKYBaHUX XKIHOYOT CTaTi aKTUBHI
MPOLECH CTATEBOTO A03piBaHHsA posnounHanucs 3 11 po-
kiB. Cepen 12-piuanx Hamu Bumiieno 70.97% nisuar 3
HOpManbHUMH, 22.58% 3 mpuckopenumy i 6.45% 3 ymoBi-
JHHEHNIMH TEMIIaMH CTaTeBOTO no3piBaHHA. Y 13 pokiB
cepell AIBYATOK ICTOTHO 3MEHIIWIAcs Ipyna HOPMOCTEHi-
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KiB (41.94%), aye 3Ha4HO BHpOCTA KiJIbKICTh pPETapaHTIB
(32.26%). I'pyma o0OcTexxyBaHUX JKIHOYOI CTaTi ILOTO BiKY,
10 MaJIi MPUCKOPEHI TEMIM CTaTEBOTO JO3PIBaHHS 3aJTH-
mmiacs ¢akTaaHo 6e3 3MiH (25.81%). V 14 pokis niBuata
PO3MOIiNIeHi MDK THIIOJIOTIYHUMH TPyIaMH 3a TeMITaMHU
GiosoriuHOTO J103piBaHHsA HacTynmHUM ynHOM: 50.00 (akce-
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nepantn); 20.00 (HopmocTteniku); 30.00% (perapmantu).

V 15 pokiB GiLBIIICT AiBYAT BXKE 3HAXOIMIIKCS Ha 3a-
BEpIIAIIEHUX CTaIisX CTaTEeBOTO JO3PiBaHHA i cepen HUX
Oyno BuzineHo Tinbku 14.29% o0cTexyBaHHUX 3 YHOBLIb-
HEHUMH TEMIIAMH CTaTeBOTO JO3piBaHHA yci iHIII
(85.71%) BusBmmucs HOpMocTeHikamMu. s Oinbmocrti
JiBYUAT cTareBa 3puTicTh y 15 pokiB Moxe OyTH ¢izionori-
YHOIO HOPMOIO iX (pizuuHOro crany. ¥ 16 pokis yci 100%
oOcTexxyBaHUX JKIHOUOI craTi cykynmHo Mmanu 48 Oauis,
1110 BKa3yBaJIO Ha JIOCATHEHHS CTaTeBOI 3pLJIOCTI.

Bucnosku:

1. BcraHoBineHI 0COOIMBOCTI 0i0OJIOTIYHOTO TO3PiBAHHS
Cy4acHOI YYHIBCHKOI MOJIOJI JKIHOUO1 CTaTi 32 BTOPUHHAMH
CTaTEBUMH O3HAKaMU LICHTPAJIBHOTO PETi0HY Y KpaiHH.

2.Y 12-26% niBuat B 8-10 pokiB po3moyanocs craTeBe

JO3piBaHHs, aje IIi MPOoIecH OULTBIIOCTI 00CTEXYBaHHX
JKiHOYOT cTaTi akTuByBasmcs jmmie y 11 pokis. Bix 10 mo
15 pokiB y miB4YaT BiOYBa€ThCS OBOJIOCIHHS TIiJ TAXBaMHU
Ta Ha JOOKY, (opMyeThCs IpynHA 3aJ03a, & CTAHOBJIICHHS
Mics9HOTO IUKITY — Big 11 1o 15 pokis.

3. ®opMyBaHHA YyCiX CTaTeBHX O3HAK BimOyBaiocs
MEHIII aKTUBHO HAa IMOYaTKy MPOIECIB CTATEBOTO J03pi-
BaHHS JIBYAT 1 OUTBIN aKTHBHO IMpPH X 3aBepIICHHI, 0CO0-
nuBo Bix 12 mo 13 Ta Bix 13 mo 14 pokis. [lo 15 pokiB 3a
OUTBIICTIO BTOPUHHHUX CTATEBUX O3HAK JIOCATABCS PiBEHb
95-98% Bij 3aBepIIICHHS MPOLIECIB CTATCBOTO JI03PiBAHHS,
3a BUKJIOUCHHSIM menarce — 58% abo 6.98+0.50 Oaumis.
Bix 15 mo 16 pokiB crareBe nospiBanas 100% mniBgar
3aBEPIIMIOCS, 3 0COOIMBO AKTUBHUMH MPOLECAMH CTaHO-
BJICHHSI MICSIYHOTO LIUKITY.
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Makarchuk M.Y., Glazyrin 1.D., Smolyar S.1. The article is titled female pupils features of biological naturation defined in
terms of sexual developmend
Abstract. The article deals wish the features of biological maturation of modern female youth according to the secondary sexual
characteristic. The author comments on the female processes of puberty which in most cases starts at the age of 11 and only 12-26%
of girls reach sexual maturity at the age of 8-10. Further the author states that until the age of 15 according to most secondary sexual
characteristic girls reach level of 95,00-98,48% of sexual maturity with the exception of menarce — 58,17%. At the end of the article
the author draws the conclusion that 100% of girls reach sexual maturity at the age of 15-16 with especially processes of menstrual
cycle formation. At the end of the article the author concludes by saying that this indicator can be informative for differentiation of
physical activity for girls at the age of 11 till 16 years old.

Keywords: biological maturation, sexual maturity, female pupils, secondary sexual characteristics

Maxkapuyk M.IO., I'na3pipun U./., Cmoasap C.A. OcofeHHOCTH GHOI0rHYeCKOro co3peBaHus yqauleicss MOI0AEKHU )KeHCKO-
o 10J1a onpesie1éHHOro 10 TeMIIaM N0JI0BOT0 CO3PeBaHMs
AnHOTamus. VccnenoBanuch 0cOOCHHOCTH OHOJIOTMYECKOTO COPEBAHMSI COBPEMEHHOH ydaleicss MOJIOA&KH JKEHCKOro ITojia 110
BTOPHUYHBIM IOJIOBEIM IIPH3HAKaM. YCTaHOBJIEHO, YTO aKTHBHBIE IPOIECCHl MOJOBOTO CO3PEBAHUs OOJIBIIMHCTBA JEBOYECK HadMHa-
rorcs B 11 net, a y 12-26% — B 8-10 ser. o 15 net 3a GOTBITUHCTBOM BTOPOCTEIICHHBIX TOJIOBBIX MPU3HAKOB JIOCTUTANICS YPOBEHB
95.00-98.42% ot 3aBepIIeHHs IPOIECCOB IIOJIOBOTO CO3PEBAHM, 3a HCKIIOUeHHeM menarce — 58.17% wmu 6.98+0.50 6anos. Ot 15
10 16 ner nonosoe co3peanue 100% meByIlIek 3aKOHIUIOCH, C 0COOEHHO aKTHBHBIMHU MPOIIECCAMH CTAHOBJICHUS] MECAYHOTO IUKIIA.
JlaHHbIi TOKa3aTeIb MOKeT ObITh HH(YOPMATUBHBIM UTsl AuddepeHnnanun Gu3ndeckux Harpy3ok 1st Aesyiek ot 11 go 16 mger.
Kniouesvie cnoga: buonocuyueckoe u noiogoe co3pesatie, yiaudsacs MoI00ENUCh HCEHCKO20 NOJd, GMOPUYHbIe NOI08ble NPUSHAKU
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Pyouwun CJI.
EBoJonisi ekocucTeM B KOHTEKCTI CyYaCHOI MPUPOIHMYO-HAYKOBOI KAPTHHH CBIiTY

Pyouwun Cepeiit [Imumposuy, 00kmop neda2ociuHux Hayk, KaHOuoam 0io102IYHUX HAYK
3asidysay kageopu meopii | MemoouKu GUKIAOAHHS NPUPOOHUYUX OUCYUNIITH
TInyxiecvruti nayionanvHull nedazociynuil yHisepcumem imeni Onexcanopa Jlosoicenka, m. I'nyxis, Yxpaina

AHoTauis. €11HO 3araTbHOBU3HAHOT MOJIEINI €BOJIIOLI] eKOCHCTEM HeMae; KOXKHa ii HayKoBa BepCisi HOCHUTh TUMYAaCOBUH XapakTep.
YTBOpeHHs pi3HUX (HOPM OpraHizailii eKOCHCTEM, IX SBOIIOLIsS 00YMOBICHI KOOTIEPATUBHOIO JI€I0 TPHOX CKIIAJOBHX: 1) )KUBOI Mate-
pii, sIka eBOMIOIIOHYE; 2) a0iOTHYHHX KOMIIOHEHTIB €KOCHCTEM, III0 CaMOOPTaHi3yIoThCs; 3) BUIBHOI eHeprii ekocucteM. lepapxiuna
CTPYKTypa exocucteM 3emii: 6iocdepa — Oiomu — JaHIMIadTHI €KOCUCTEMH — 010T€0IeHO3U; 6a30BOK0 TAKCOHOMIYHOK OJMHU-
nero iepapxii € Gioreornenos (6ioneHo3+6ioTomn). B exocucremi iHAMBITYaIbHI XapaKTEPUCTUKH CKIIAZIOBHX Y3TODKYIOTHCS MOMIK
c00010; BUIMAIIHHS OJHOTO 3 JIAHIIIOTIB CHCTEMH 3MIHIOE CTPYKTYPY i QYHKIIT iHIINX.

Kmrouogi cnosa: naykosa kapmuna ceimy, MoOeii; 2e0XpOHON02Is egomoyii 3emii; opeanizayis, (hYHKYIOHY8AHHS MA e8OIOYisl eKOCUCTEM

IMocranoBka mnpo6aemu. Ilpami B. Bexinememesa [1],
B. Bepnancekoro [2], FO. Onyma [12], M. Peiimepca [18]
Ta my6ikanii octanHix AecatiniTh (K. Brose [26], M. To-
ny6ens [3-5], B. XKepixun [6], M. Kammmos [8], B. Kpa-
cinos [9], €. Kynin [10], C. Mopos [11], X. [Taiitren [13],
A.Tlotimt [7], T.PaboraoB [14;15], C.Pa3ymoBchKuii
[16;17], C. Pyaumun [19-22; 25], O. CasinoB [23; 24] ta
iH.) 3acBimumim, mo: |) IPHUPOAHUYO-HAYKOBA KapTHHA
CBiTY, K W Kimacudikariis, opraizamisi, (pyHKIIOHYBaHHI
Ta €BOIIIOLSI EKOCUCTEM, € TIPOAYKTOM BIIKPUTHX Ne0aTiB i
TUMYacOBOT'O KOHCEHCYCY (JOOpOBUIBHOI 3rofn) BUSHHX
I0JI0 00’ €KTMBHO-ICTUHHOTO 32 3MICTOM CHUCTEMaTH30Ba-
HOT'O 3HAHHSI, €IWHOI 3araJbHOBH3HAHOI MOJE/ €BOJIOLT
EKOCHCTEM TIOKH HE iCHYE; 2) TiJ CBONIOIIEI0 EKOCUCTEM
PO3yMIIOTh 3MiHH IXHBOT IPOCTOPOBOI Ta (HYHKIIOHATBHOT
oprasizaiii y 4aci; 3) OPHHIMIN CHHEPTETHUKH, JOCATHEH-
Hs Gloreoximii i MONEKyIIpHOI (PITOreHOMIKH, eBPUCTHKA
CHUMOIOTEHETHYHOI MapagurMy B 010JIOTiT CTBOPIOIOTH HO-
BUI MOTJISA HA €KOCHCTEMOJIOTIIO.

Crnaouicmes NOSICHEHHsT MeXanizMie e8onoyii eKocuc-
mem 00yMOo61eHa mum, Wo:

1) VTBOpeHHSs Ta €BOIOLlis €KOCHCTEM IOB’sI3aHi 3 Te-
OXPOHOJIOTI€I0 €BONIONIT MIaHeTu (Tadiuus 1), MmosBoO
(eHOMEHY JKUTTS, BUHUKHEHHsM (orocuHresy. Lli nwm-
TaHHS 3QJIMIIAIOTHCS Ha piBHI rinote3. Hampukian, onHa
3 HUX mepeadadae, 10 B 0OCHOBI (ijioreneTuuHoro Jlepesa
xutrs (Tree of life) smaxomutscs T.3. «ocrauHiit yHiBEp-
canpHHMi chinpHUE mpemok» (last universal common
ancestor, LUCA) — rinoTeTH4HHii 3arajbHU# MPEAOK Cy-
gacHOro OiopizHOMaHiTTsA 3emui (icHyBaB Omm3pko 3,6-
4,0 mupa. pokis Tomy) [10; 22; 26].

2) ExocucTeMa — Ii¢ KOMIUIEKC >KHBHX OpraHi3miB, 1
BOZHOYac abiOTMYHE CepeloBHILE iXHHOIO ICHYBaHHS 3
yciMa B3a€MO3B’sSI3KaMH 1 B3aeMojIi€ro Mixk HuUMH. OTxe, B
€BOITIONIT €KOCHCTEM OJHOYACHO ICHYIOTH JIBI Y3TOJKEHHI
(opMH PO3BUTKY: a) €BOJIIOIIS KUBHX OpraHi3MiB; 0) ca-
MoOopraHi3amis He)KHUBOi MaTepii. JlomiapHO BpaxoByBaTH it
Te, III0 €KOCHCTEMHU HE PO3MHOXYIOTBCA SIK JKHBI OpraHiz-
MH; MK €eKOCUCTEMaMHt HeMae 00poTh0a 3a iCHyBaHHSI.

3) IIponecu B Gioctepi MOPOKYIOTECS M MIATPUMY-
I0ThCS SIK KOCMIYHMMHU (pakTOpaMu (COHSYHHMM CBITIIOM,
NIPOMEHSIMHU Bifl IHIIMX acTpodi3MYHUX JDKEpen), Tak W
3eMHHMMHU (TpaBiTali€lo, eHepriero odbepranHs 3emui Ta ii
cynyTHUKa Micss, MarHiTHUM II0JIeM TUIAHETH, TeruIo-
BUM BHIIPOMIHIOBAaHHSM HaJp TOLIO). 3MiHAa E€KOCHCTEM
BiOyBa€eThCSA BHACIINOK JOBTOTPHBAJIOI IepeOymoBH iX-
HBOI CTPYKTYpHO-(PYHKITIOHANBHOI OpraHi3amii Iif] BIUIH-
BOM DIi3HHX YMHHHKIB, a caMme: 3MiH KJIIMaTHYHUX a0o
IPYHTOBO-T1IPOJIOTIYHUX YMOB, 3€MJIETPYCIB, TOPOYTBO-
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peHHs, Mirpaiii MaTtepukiB, HanpsaMmy ¢inorenesy ¢irto-,
300-, MIKO- Ta MIKpOIIEHO3iB; HaKONMUYEHHS B €KOCHCTE-
Max 3amaciB BUTBHOI €HEprii jyis 3a0e3nedeHHs i Mexa-
HI3MIB 3aXHCHHX YU CBOJIOIIHHUX MepeOymoB (30Kpema,
MApHUKOBOTO e()eKTy Ta O30HOBOrO IIapy arMocdepu).
JouineHO BpaxoByBaTH W aHTPOIOTeHHHH (GaKTop 100
3MiH €KOCHUCTEM.

4) eBoIOLSl EKOCUCTEM — CTOXAaCTHYHHM Iporec (Te-
PeIUIeTiHHA HMOBIPHICHOTO 1 IETEpMiHOBAHOTO); Pe3yIIb-
TaTH €BOJIOLIT BaXKKO nepenbadyBat. [HIIMMH clioBamH,
SKIIO B YSIBHOMY €KCIIEPUMEHTI «IIOCTaBUTH EBOJIOLIHHY
IUIaTiBKy HAaHOBO», TO PE3YJbTAT Oyae pi3HUTHUCS Bif TO-
ro, 110 crocrepiraemo y peanbrocti (C. I'ynn) [10, c. 57].
Hopeuno Ttakoxx HaBectn cioBa X. [laiftrena 3 ioro
kHIKKH «Kpaca ¢pakraniBy: «3aKOHU NPHPOAU JIOIyC-
KaloTh JJIs OJiH Oe3Jiy pi3HUX BapiaHTIB, ajie HAll CBIT
Mae OIHy €uHy icTopiro» [13, c. 17].

5) cimin po3pi3HATH €BOJIOIII0 [EHO3Y 1 CYKIIECiio;
OCTaHHS € TIOBTOPIOBAaHHMM, 3aI[POrPaMOBAHHM IIPOLIECOM
3MiHH yTPYIIOBaHHA [6].

Memooonoeciuni opiecumupu w000 00CHiONCEHH opea-
Hizayii, YyHKYIOHYB8AHHA MA eBONOYIL eKoCUCmEeM:

1) Iepapxiuna cTpykTypa exocucteM 3emii: Giocthepa
— OiomMu — JaHAMAPTHI EKOCHCTEMH — 010T€OIICHO3H.
Ba30B00 TaKCOHOMIYHOIO OIMHUIICIO iepapxii € Oioreo-
1eno3 (6ioreHo3+6iorom). Mo3aiuHicTe 0ioneHO31B 00Y-
MOBITIOIOTh MIKPOCKOCHCTEMH (MapIeiiy, CHHY311, KOHCOP-
1ii); 1X BUKOPHCTOBYIOTh JJI KapTyBaHHA 00’ €KTIB HpH-
POIOOXOPOHHOTO, PEeKPeamiiHOro, CaHITApPHO-TIri€HIYHO-
ro 3HaueHHs [21];

2) Oyap-sika ekocucTeMa — (ppakTaibHa CTPYKTypa
(fractal structure) — mae BIACTHBOCTI CaMOIOIIOHOCTI,
TOOTO CKJIANAEThesl 3 (PparMeHTiB, CTPYKTYpHHH MOTHB
KX (MPOJYLIEHTH, KOHCYMEHTH, PEAYLEHTH) [TOBTOPIO-
€THCS TIPH 3MiHI MacmTady;

3) yrBOpeHHs pi3HUX (HOpM oprauizarii ekocucrem, ix
€BOJIIOIiSI OOYMOBJICHI KOOIIEPAaTHBHOIO Ji€I0 TPHOX
CKJIQJIOBUX: KHMBOi Marepii, fKa eBOJIOLIOHYE; abioTHU-
HUX KOMIIOHEHTIB €KOCHUCTEM, II0 CaMOOPraHi3yIThCs;
BIJIbHOT €HEpril eKOCHCTEM.

4) B ekocHcTeMi (SK CaMOPEryIIOU0i €IHOCTI) 1HIHU-
BiJlyaJIbHI XapaKTEPUCTHKH CKJIAQJOBHX Y3TOJKYIOTHCS
(CHHXPOHI3YIOTECS) TIOMIDK CO000; BUIAIIHHS OJHOTO 3
JIAHIIOTIB CUCTEMH 3MIHIOE CTPYKTYPY 1 GYHKIIT IHIINX;

5) eBOJIOII0 €KOCHCTEM MOXKHA PO3MIISLIATH SIK MPO-
11eC CTBOPEHHS 1 3aTIOBHEHHS €KOJIOTIYHHX Hilll; €BOJIOIiS
BHUJIIB IEPEXONTH B EBOJIOLII0 €KOCHCTEM;

6) Oiocepa — emaumHa rI00aTbHA EKOCHCTEMA, TOMY
3MIHIOETHCS, €BOJTIOI[IOHYE 3arajioM.

©)ls. p. Rudyshyn 2015
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Pe3yabTaTH Ta iX 00roBopeHHsi. B KOHTEKCTI HAIIOTO
JIOCITIJHKEHHS JOIIIBHO PO3YMITH, 110 MEXaHi3MH (yHK-
IIOHYBaHHA MPUPOJHUX EKOCHCTEM MiAKOPAIOTHCS CuUHe-
peemuunum nocmyaamanm. 1) cucremMam He MOXKHa HaB'si-
3yBaTH IIUIAX PO3BUTKY; 2) JUIL HUX iCHYE IEKijbKa aib-
TepHATHBHUX NUISAXiB PO3BUTKY; 3) PI3HOMAHITHICTH BH-
CTymae B SIKOCTI T0YaTKy CTBOPCHHS HOBOro; 4) B 0c00-
JUBUX CTaHAX HECTIMKOTO cepeloBuIna (Toukax Oipypka-
1ii) Maji BIUIMBHM (HANPUKIJIAJA, aHTPOIIOTEHHI Iii) BILIH-
BalOTh Ha MPHUPOIHI EKOCHCTEMH. Yce Lie € apryMEeHTaMU
Ha KOPHUCTh 30epekeHHs OIOTHYHOTO 1 JIaHImadTHOTO
PI3HOMaHITTS SIK rapaHTa cTabiIpHOCTI Oiochepu.

B tabmumi 1 moka3zaHO PO3BHTOK IDIAHETH Y BHIJIAII
n’amu nocrioo8HUx egomoyiu nicis «Benukozo eudyxy»:
1) eBomOIIiil eeMEHTapHUX YaCTHHOK; 2) eBOJNIOMIi XiMi-
YHHUX eJIEMEHTIB; 3) eBoromii MiHepamiB; 4) OiomorigxHoi
eBOJOIIIT (Bif TOSBH JKHUTTA); 5) COIIABHOI €BOIOIT
(mostBa 1 AisUTBHICTE JTroaWHHK) [19; 20; 25].

Eesonioyin enemenmaprnux 4acmuHoK TOYHHAETHCS
«Benukum BuOyxom» 15-10 mipa. pokiB TOMY — IIPUCKO-
PEHUM PO3LIUPEHHIM (YIIPOJOBXK 10 C) HaATycToi (lO80
r/em®) i magrapstaoi (10%° K) Touxs BeecBity posmipom
10 cm. PesynbraToM BHOGYXY GY/IO YTBOPCHHS €IEMEH-
TapHAX YaCTHHOK, SKUX BimoMo Maibke 300 (kBapkiB,

(hoTOHIB, HEHTPHHO, EJICKTPOHIB, MO3UTPOHIB, MPOTO-
HiB, HEUTPOHIB Ta iH.). YBech BUANMUI BcecBiT yTBOpHB-
Csl €IMHUM aKTOM 1 MOMIMPIOETHCS A0 TEIep, 0 CYHpo-
BOJDKY€ETBHCS OXOJIOJPKEHHSM PEUOBHMHHM 1 BUIIPOMIHIOBaH-
HaMHU. [Ipo Take MOIMPEHHS CBIAYUTH 3MIIIEHHS CIEKT-
paNbHUX JIIHIHA BiaJICHUX TaJaKTUK Y YEPBOHY YaCTUHY
cHeKTpy (T.3. «4epBOHE 3MIIIEHHS») — TFAJIAKTUKU Biaja-
JISIFOTHCS BiJ] 3eMJIi.

Eeontouin ximiunux enemenmie. T1icis 3HIKEHHS Te-
MIepaTypH MOYMHAETHCS 3’ €JJHAaHHS MPOTOHIB 3 HEUTPO-
HaMH 3 YTBOPEHHSM siaep Baxkux izotomiB H, He. Tep-
MOSIIEpHI peakilii yTBOpPEHHs XIMIYHUX €JIEMEHTIB 3 ele-
MEHTAapHHUX YacTWH (IPOTOHIB) BinOYBarOThCS 32 HaJBU-
COKHX TEMIIepaTyp i THCKY, SKi 3a0€31eUyIOTh 3ITKHCHHS
OJIHOMMEHHO (IIO3WTHBHO) 3apAPKEHUX YaCTHHOK, IO
BIZIITOBXYIOThCS. Take «BOAHEBE 3TOPSIHHSI» MOCTIHHO
BinOyBaeThcst Ha CoHIIi 1 3a0e3medye eHeprieto Oiocdepy
JUISl TEPMOJTMHAMIYHOT MiZITPUMKH FTOMEOCTa3y KUTTS.

CoHile yTBOpMIIOCS OJIM3BKO 5 MIIPJ. POKIB TOMY; Ha-
POJKeHHST 3eMIli 3HAXOAUThCS Y Mexkax 4,6 MIp. POKIB.
JocnimkenHs xiMigaoro ckiaay COHISL METOIaMH CIIEK-
TPaJBHOIO aHali3y BCTAHOBUJIO, IO Maibke 75% macu
3aiimae H, 6imspko 24% He, pemra 1-2% npunanae Ha
iHmi esemenTH. Ilponec neperBopenns ['enito Ha OB
BaXKKi s1/1pa BinOyBaBcs B Haapax CoOHIS 3a yMOB HaJIBH-
cokux Temneparyp (y Mexax 108°C) Ta T'yCTHHU
10° r/em®: 3% He = %C; 1%C + %, He = %50; %0 + *,He =
%, 0Ne; °;oNe + “,He = 2412|V|9

OTxe, BUXITHUM MaTepiajoM i ToOyIOBH YCiX ene-
MeHTiB 0yB I'imporen.

Jlam 3aKkOHOMIpHO MPOJIOBXKYBAJIACS €60.1I0YisA MiHepa-
/I8 — YTBOPEHHS 1 IEPETBOPEHHS OKCHUJIIB, COJICH Ta Hali-
PI3HOMaHITHIIINX pedoBUH (y TOMY YHCI OpraHidYHHX)
1I€ HEXXMBOI IUIAHETH, LIO € MPEIMETOM BUBUEHHS IeoXi-
Mii Ta reoxorii. 3riqno npunnumny Jle llarense rapsua
IUIaHEeTa MOIJIA CHHTE3yBaTH KHCEHb 3aJI0BrO JI0 IOSBU
¢dorocunTe3y 3a cxemoro: 2 Hy +2 CO, =2 CH,0 + O,1
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bionoziunoi esonrouyin i nepgicui exocucmemu. Ilpu-
TPUMYEMOCS HAYKOBOi TOYKHU 30Dy, L0 KUTTS HE BUHHK-
JI0 3 HEeXXMBOTO, a 3’ SIBUJIOCS Y BUTII nepeicHOi ekocuc-
memu 3 aHAepOOHUX TeTepOTPO(diB Ta XEMOCHHTETHKIB Y
CHPUSATINBUX IJI IIbOTO yMOBax Ha 3emii B apxei. Taka
NIEpBUHHA €KOCHCTeMa Oysia CIIPOMOKHAa CTBOPHUTH IIEp-
BUHHI 010T€0XiIMIYHI IIUKIIY 3aBJISKH TPOHIUHOMY JIaHIIFO-
Iy, Ha KIITaIT «HEOPraHiuHI CIIOJIYKH — XeMOTpo( mep-
LIOTO TOPSAAKY — XEeMOTPO( Ipyroro Mmopsiaky — XeMo-
Tpod-peayueHT». BinpHOro kucHio B arMocgepi apxero
He Oy1o (abo Horo BMICT OyB Mi3epHHIA).

Inest BIYHOCTI JKHTTS HayKOBa, OCKUIBKH B Hill icHYE
(yHIaMeHTaIbHE TTOJIOKEHHS 0i0JI0Tii — )KMBE MOXOIHUTH
Bix xuBoro (®panuecko Peni), oo 3akpiruieHO MOI0KeH-
HAM KJIITHHHOI Teopii — KITHHA MOXOMUTH BiJ KJIITHHH
(Pynomsd Bipxos). Takwii miaxin miaTBEpIKye MaTpH-
Hull npuamn «JAHK — MiTo3», skuii mpamtoe yHiBepca-
JBHO 1 oro Baxko cupoctysatu [19; 20; 25].

BunukHeHHs kuBoro 3 HexuBoro (3a O. OmapiHum —
. XonaeitHoMm) moTpedye KPUTUYHOTO MEPErIILy, OCKi-
JBKU iCHYIOTB TaKi apzymenmu npomu 2inomesu adioce-
nezy [20]:

1. l'imore3a abioreHe3y He MOSCHIOE MEXaHI3M IOSBU
iHpopmaniitHoi MaTpuni — rereruanoro koxy JAHK (abo
PHK) 3 moszumiit camoopranizarnii marepii. Lle morpidHO
cupuiiMaTé TiNbKH Ha Bipy. ['eH MaltlOyTHHOTO TOKOJIIHHS
OyInyeTbcs BUKIIOYHO HA MATpHUIll T€HA MONEPEIHBOTO
TIOKOJIHHS.

2. T'imote3a O. Omnapina — /1. XonzaeiiHa 3anuimae Bigk-
PUTUM TUTaHHS NEpPexXoay KoalepBaTHUX Kpareilb 0
CIPaBXKHIX HMBUX KIITHH. SIKIIO MPHUITYCTHTH, IO «IPO-
010HT» BUHUK 3 HE)XMBOTI'O KOAIEPBATY, TO SIK BiH BIIKHB
y nozanpiomy? Yu Mir gisté npupoHuil 100ip npu BU-
HUKHECHHI KMBOTO 3 HEXHBOTO y «IIOKUBHOMY OyIIbii0-
Hi», J1e He OyJIo KUTTS y BUIIIl copmMoBaHOI ekocuc-
TeMH 3 11 TpodiyHMM JaHIFOTOM i GOpOTHOOIO 3a iCHY-
BaHHA? [IpokapioTH 3 NMPUYUH IIBHUAKOTO PO3MHOKCHHS
3a KOPOTKHUH T€OJIOTIYHUH TIepiol Budepnaau O OioreHu 3
IBOTO OYIBHOHY.

3. XKusa marepis 3a JI. [TactepomM 00OB’SI3KOBO CKIIa-
JIA€ThCS TUTBKH 3 XipalbHO YHCTHX CTPYKTYP (ONTHYHUX
i30MepiB TUILKH OJTHOTO KJIacy: «+» a0 «—»). Yci Oinku B
npupoi MoOyYI0BaHI BUKITIOUHO 3 JTiBoobepTarouunx (—) L-
aminokucior; JJHK ckmagaerscst TiTbKH 3 mpaBooOepTa-
tounx (+) D-pubo3u. PedoBuHM HEOIOTE€HHOrO IOXO-
JOKEHHS XIpallbHO CUMETPHYHI — «JTIBUX» 1 «IIPaBUX» MO-
JIEKyJ B HUX IOpiBHY. XipaJhbHa YUCTOTA € HEOOXiTHOIO
yMoBoto icHyBaHHs npuHIMny «JAHK-mito3» y Burmsai
peruTikaIii HyKJIeTHOBUX KHCJIOT, [0 OOYMOBITIOE CIICIIH-
(iKy >XKHBOTO, CBIIYMTH HPO HEMOXKIMBICTH OJIEPXKAHHS
JKHMBOTO 3 HEXKMBOTO, ICHYBaHHS SIKICHOI MEK1 MIX KUBUM
i HexuBuM. OTXKeE, KOPEKMHO 2080pumu He npo GUHUK-
HeHMsL JICUmms. Ha 3emai, a npo CMEOPEeHHs YMO8 HA Nad-
Hemi 0151 NOSIBU HA HLOMY JHcUummsl, 10 Bi0yI0Csa Maibke
YOTHUPHU MIIPJ. POKIB TOMY.

Ines BIYHOCTI XUTTA HAyKOBa, OCKUIBKHM B HIl iCHye
(yHIaMeHTaJIbHE TIOJIOKEHHS 0i0JI0Tii — )KMBE MOXOIHUTH
Bix xuBoro (dpanyecko Pei), mo 3aKpirieHo MoIoxeH-
HAM KJIITUHHOI Teopii — KIITHHA MMOXOMUTH BiJ| KIITHHH
(Pynonsd Bipxos). Takuii miaxig miarBepaxye MaTpud-
nui npuHnnn «JJHK — miTo3», skuii npaiioe yHiBepcaib-
HO 1 ioro Bakko cripoctyBati [19; 20; 25].
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Ta6mus 1. 'eoxponostoris eBosmomii 3emii [19; 25]

JIBCTBO, 3CMJ'IepO6CTBO, CKOTapCTBO

KAMHA30M1

67 MITH. pOKIB — JIO ChOTOJIHI

MUKOBA TijiKa poxy Homo.

Epa HOBOTO XUTTS

I'mobanbHa ekonoriyna kpusa. Texnocgepa. Po3BUTOK Hayku, KyJIbTypH.
Po3BuToK pemecen, OyaiBHUITBO, cenuil, MicT. [TocTilinnii po3BUTOK HEHPOHHUX 00’ €JHAHD TOJOBHOTO MO3KY UL
3amam’ITOBYyBaHHS 1 mepepoOku iHdopmarii. PozceneHHs moanHu 1o BCii ruiaHeTi. 30upaHHs, TOMIOBaHHSA, pubda-

200-150 muc. poxie — peBoIIONiiHA MTOSBA JIOJHHH PO3YMHOI CyJacHOI — KPOMaHBHOHIIS.
Couianvna esonioyia noounu po3ymuoi (Homo sapiens L.)
700-50 muc. poxie momy — Ha IUTaHETI iCHYBaB HeaH/iepTaIelb (OPs i3 KpOMaHbHOHIIEM); HeaHAepTajIeb — Ty-

1,5 man. pokie momy — nomynsaniHui BUOyX poxy Homo y BUrMIsSAi apXaHTpOMiB — HAMIaBHILINX JFOJCH: MiTEeKaHT-
pora, CHHaHTpoIa, TeiiAenb0ep3bKO1 JI0AMHU Ta iH.
[laHyBaHHS MOKPUTOHACIHHUX POCIMH, NTAXiB, CCAaBLIiB

Marii
[Mepmi KBITKOBI pOCIMHA

JKHUTTS
ME30301

230 — 67 muH.

100 man. poxie momy — ocraTouHe popMyBaHHs O6iochepH SIK €AUHOT CHCTEMH 00OMiHY pEYOBHHH, CHepTii Ta iHpop-

200 man. pokie — moMysALiHHUI BUOYX Ha3eMHUX TEIUVIOKPOBHUX TBAPUH Ha CYXOZOMi

[Nommpenns pentumiit
300 mn. pokie momy

JKHUTTA

MHAJIEO30U

Epa naBuboro | Epa cepennboro

570 — 230 muH.

Ilosira TNEPIINX XOpAOBHUX.

INepri Ha3eMHi CyANHHI POCIHHY; Ha3eMHi am(ibii
400 man. pokie momy — BMICT KHCHIO BiIIOBi/Ia€ HOTo piBHIO B cy4acHill atMocgepi
500 man. poxie momy — BUXi POCIIMH Ha CyXOALT

CyXOMOJIL.

Epa pannboro
KHUTTS
MMPOTEPO30H1
2,6 mpa. —
570 mutH. pokiB

y Mexax 3-4 %). I[TosiBa aepoOHUX GakTepiid.

[ounnae popmyBaTucs 030HOBHH map y cTpaTtocepi; BUHUKAE
Po3kBiT MikpoopraHi3miB, BOIOpOCTel, Oe3xpedeTHHX i 6e3uepenHuX. [louaTok IpyHTOYTBOPIOIOYOTO MPOIIECy Ha

1 mapo. pokie TOMy — CTBOPIOETHCS OKHCITIOBaIbHA aTMOoc(epa (i3 HU3bKHM BMICTOM KHCHIO

BuHMKHEHHSI eyKapiOTHYHUX (SIIepHHUX) OpTraHi3MiB.

Epa naitnepuoro
JKHUTTS
APXEM
3,6- 2,6 mupx. pokiB

[NocumoeThes BIUTMB MApPHUKOBOTO €eKTy aTMOchepH, SIK peryasaTopa KiiMary

2 Mapo. pokie nocnine GOTOCHHTE3YIOUI MPOKAPIOTH MOCTYIOBO 301IBIIYIOTH KUTBKICTh KUCHIO B aTMOCchepi 3emii;
YTBOPIOIOTHCS BiKJIQAN OPTaHIYHOTO MMOXOKEHHS (BaITHIKH, Tpadit Ta iH.)

JIOMIHYIOTh OTHOKTITHHHI IPOKAPIOTH Y BITHOBIIIOBAIBHIN aTMocdepi

3 mapo. — nosiBa mepuux GOTOCHHTE3YIOUNX NMpokapioT. [Touatok popmyBaHHs OGiopi3HOMaHITTS Oiochepu

JKuBa pedoBHHa CTae TBOPIEM 1 HOCieM OioreoximMiuHOT eHeprii Ha IIaHeTi

[MosiBa mepmMx aHaepoOHUX reTepoTPOGHHUX MIKPOOPTaHi3MiB

bBionoziuna esonroyin Gepe cBiii moyarok 3,8-3,6 Mipa. pokiB TOMy

Esonruis minepanie

MOYATOK

Esontouyia enemenmapnux 4acmunok
15-10 mapa. «Beaukuii BUOYX»

4 Mapo. pokie momy — CTBOPEHHS YMOB JUTS TIOSIBU JKUTTS Ha 3eMITi

YTBOpeHH: taHeTH 3emis Oim3bKo 4,6 mapd. pokie momy

Egonroyia ximiunux enemenmis. TepMOsIIEpHi peakilii cuHTe3y ycix enemenTi 3 ['igporeny i [emito.
YtBopennst CoHiist 611u3bK0 5 Mapo. pokie momy.
VY1BopenHss COHSIYHOT CHCTEMH 3 TIPOTOIIAHETHOT PEYOBHHHI-TYMaHHOCTI, sika obepTaiiacs i CTHCKaIacs

JKuBa pedoBuHa 3’gBHIAcs y BUTJIAAI aHAepOOHUX Te-
TEPOTPOPHUX TPOKAPIOTIB-XEMOCHHTETHKIB, SIKI YIpO-
JIOBX OJIHOIO MIJbSPIY POKIB CHHTE3YBaJM OpraHiuHy
PEYOBHHY 32 paXyHOK €HEprii XiMiYHMX peakiliii (KUCeHb
IIPU XEMOCHHTE31 HE BUALIAETHCA). BIM3bKO TphOX MIIpA.
POKIB TOMY 3’SIBJISIFOTBCS IepIli (POTOCHHTE3YI0Ui MIiKpO-
OpraHi3MH, II0 JJ03BOJISIE )KUBIM PEHOBHUHI 11le AKTHBHIIIIE
BUKOHYBATH MICiI0 TBOPIIS i HOCisl 6ioreoXimMivuHOi eHeprii
CoHnsl. YIpoJoBx Maibke ABOX MUIBSPIIB POKIB apXxero
KMBa PEUOBMHA ILIAXOM (poTOCHHTE3y MOCTYNOBO 30i-
JBIY€E B aTMOC(epi KOHIIEHTPALiI0 KUCHIO (y TIPOTepo301
BOHA CTAaHOBUTH Bxke 3-4%). ATMocdepa cTae OKUCITIOBA-
JILHO¥O, 0 € TPUKIIAZOM €KOJIOTIYHO1T KaTacTpodH.

3 mosBOIO pi3HUX ra3iB B atMocdepi moumHae IiATH
MAPHUKOBHUH e(eKT, M0 MATPUMYE KUTTS Ha TOBEPXHI
TUIAHETH.

Bunuxnenns bacamorknimunnux opeanizmie 3abesnequ-
J10 Ginbuy cmabinbHicmy eKxocucmem i nO2IUOUILO e80H0-
yiro exocucmem no agmompogromy wiaaxy. IlounHaeTses
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PO3KBIT aepoOHHMX MIKpOOPraHi3MiB, BOJOPOCTEH, Oe3x-
pebeTHuX 1 6e3YepenHux; HarpoOMa/KYIOThCS JIOHHI BiJIK-
Jaau B MOpPSX 1 OKeaHax; 3’sIBJSIEThCS O30HOBHMI €KpaH,
KU 3aXUIIae yce KUBE Big 3ryOHOTO yIbTpadioleToBO-
IO BUIPOMIHIOBAHHS 1 J1a€ 3MOT'Y 3IHCHUTH BHXiJl )KUBHX
opraHi3MiB Ha cyxonun (6amu3pko 500 MIIH. pOKIB TOMY).
3anunIaeTbesl BIIKPUTHM HAayKOBE 3alUTaHHS: 4OMY YCi
TOJIOBHI TAKCOHH TBApHMH — X THITH, BUHUKJIN OJHOYACHO
B KeMOpilicbkomy mepioni (570 MIH. pOKiB TOMY, Iepiof
TpuBaB 70 MJIH. POKiB), a Bijl iX €BOJIOLIHHMX TONEpe-
HUKIB Hemae cmifiB? YoMy Bcymeped nepenbaueHusM Y.
JapBina, Tax i He 3HAIIEHO MITBSIPAIB BUKOITHUX PELITOK
nepexigHux popm?

Csimosuil okean — HaN0A8HIWA NPUPOOHA eKocuchie-
Ma, B SIKIH TOCTIHHO 3AIMCHIOETBCS TPOIEC OOMIHY Ta
TpaHcdopMaii eHeprii, pedoBuHH Ta iHpopMarlii Ha ma-
HeTi. YHIKaJbHICTh OKEaHy € CHHEPreTHYHUM IIPOSBOM
00’ enHaHHA Pi3HUX (PI3MYHMX, XIMIYHUX Ta O10JIOTIYHHX
MIPOLIECIB B €IMHY €KOCHCTEMY. YIIPOJIOBXK €BOJIOLIT 3e-
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My mpupoaa CBITOBOTO OKeaHy HEOJHOPA30BO 3MiHIOBA-
JIaCh MiJ Ji€I0 Pi3HUX IMPOIECIB: COHIYHOTO BUIIPOMIHIO-
BaHH, TEOJIOTIYHMX Ta TEOXIMIYHHX (haKTOPIB i, IO OCO-
OJMBO BaXKJIMBO, IIiJ] BIUINBOM I'€OXiMi4HOI poOOTH XKHUBOI
PEUOBHHU.

Be3 ysBrneHHs mpo eponromiro Giochepu 3 TeosorigHol
TOYKH 30py HE MOXHA 3pO3YMITH BIUIMB XXMBUX OpraHi3-
MiB Ha JiTocdepy, Ha (HOpMyBaHHs I'€OJIOTIYHUX BiJKIa-
nis. B. BepHanchkuil mucaB, 10 TpaHITH — 1€ MUHYJI
Oiocdepu, OCKIIBKH TOCITIKECHHS PO3MOBCIoKeHHs Ka-
pOOHY y MEpPBHHHO-0CAZIOBUX MMOPOAX MOKA3aJd, HacaM-
nepen, iforo OioreHHu xapakTep. TakuM YHHOM, €BOJIIO-
LifHWHA Tpoliec )XKUBOI PEUYOBHHU OE3IEPEPBHO OXOILTIOE
6iocdepy ympomomx yciei reoxponosorii 3emii i Bimo-
OpaxaeTbes B 11 HeXMBHX Tinax. [Iprmgomy, guM Oinbiae
OpraHi3MH BIUIMBAIOTH HAa CepemoBHUINe Oiocdepn, THM
iHTeHCHUBHIIIE BigOyBaeThes ix eBoromis. Ha ocHOBI 11p0-
TO SIBUIIA MOXHA TOBOPUTH, IO 3MIHIOETHCS, €BOJIOLIO-
Hye Oiocepa 3arajioM, a He TUIbKH 1i OKpEMi YaCTHHU;
€BOJIIOLLISI BUJIB IIEPEXOUTH B €BOJIIOLII0 Oiochepu.

400 MJIH. POKIB TOMY Y MaJIc030i BMICT KHCHIO BXKE Bi-
JINOBIJTa€ MOTO PIBHIO B cydacHii atmocgepi. Bindysa-
€Tbsl PO3KBIT HA3eMHUX CYJMHHHUX POCIHH, aM(pioii. XKu-
Bi OpPraHi3MH pa3oM i3 KOCHOIO PEYOBHHOIO ITIOCTYIIOBO
($opMyIOTh OIOKOCHY pPEUOBHHY — IpPYHT. Ocmamoune

dopmysanns _cyuyacuux napamempis biocghepu, ax €Ounoi

2n06aabnoi_exocucmemu, 8iooynoca 100 man. poxie mo-
my. TlounHaeThCcs MaHyBaHHS MOKPUTOHACIHHUX POCIIHUH,
ITaxiB 1 CCaBIlB.

CyyacHa KOHIIEIIis iepapXiyHol cTpyKTypu Oiochepu
nepeabavae 11 yMOBHMU MOAT Ha Oiomu, JaHmadTHI
€KOCUCTEeMH Ta 0ioreoneHo3u. biomu — BeNUKi perioHa-
JIbHI 200 CyOKOHTHHEHTAJIbHI €KOCHCTEMH, II0 XapakTe-
PH3YETHCS TIEBHUM THUIIOM POCIMHHOCTI YH CHelU(pi4HO0
pucoro mangmadTy. Ha Ttemepinmnii 4yac kimacudikartis
0i0MHHX €KOCHCTEM MICTHTh TaKi KaTeropii: TyHapa (ap-
KTHYHA 1 aNbIHChKa), JICOBI EKOCHCTEMH IIOMipHOTO
mosicy (Taiira, MilIaHi JiCH, TUCTSHI JIICH), TPOIIYHI JiCH
(mxyHTOi), cremu, mycremi, 00JO0Ta, BOIHI €KOCHCTEMHU
(mpicHOBOIHI, CBITOBHH OKeaH). ['OpM30HTANBHI MEXi
01OMHHX EKOCHCTeM HaiJopedHille BU3HAYATH 3a MeXa-
MU (i3uKo-reorpadivHuX 30H; BEPXHIO 1X MEXKY CIIiJ «ITi-
JTHATH» JI0 PiBHS BEpXHBOI Mexi TporiocdepH, y sKii Bif-
OyBaeTbcsi (POPMyBaHHS TiIPOTEPMIYHOTO PEXKUMY EKO-
CHCTEM, 8 HW)KHBOIO MEXKEI0 OXOMHUTH HAMruOII ropu-
30HTH 3aJIsiraHHs mia3eMuux Box [3-5; 7; 12; 21 1.

BiamoBigHO 10 11OTO, piBHUHHA YacTHHA Y KpalHH Ha-
JISKUTH IO TPHOX OIOMHUX €KOCHCTEM: MIIIaHUX JIiCiB,
JIICOCTEIOBOI Ta CTENOBOI.

[oxin Ha randwagmu 0oOGyMOBIEHHUH TIEPEBAXKHO Te0-
MopdosoriunuM  pakTopoM  (penbehoM  MICLEBOCTI).
JlanamadTHI ekocucTeMH — CyKYIHICTb 010reoleHo3iB Ha
OJTHOPiHIN 3a T'e0NOTIYHIMH, TeOMOP(OIOTIYHUMH, IPY-
HTOBO-T1IPOJIOTIYHUMH, KJIIMATUYHUMH TTOKa3HUKAMHU
TSHIT 3eMHO1 MmoBepxHi. Taka CyKymHICTh 0ioreoreHo-
3iB MoenHaHAa MiX COOOI0 TEHETHYHHMH (32 MOXOKEeH-
HSM), iICTOpHYHUMH (iCTOpisSi PO3BUTKY Ta OCBOEHHS), T'e-
OXIMIYHUMH (T€OXIMIYHE CHOJYYeHHS, CTIK BOJAH, Iepe-
HECEHHS OPraHIYHUX i MiHEpaJbHUX PEUOBHH) Ta 0I0THY-
HUMH (Mirpauisi TBApHH, NEPEHECEHHS 1acIiop 1 KUBOTO
POCIIMHHOTO MaTepiaiy) 3B'SI3KaMHM W OXOIUICHI TEBHHM
THUIIOM TOCIOJAPChKOTO0 BHKOpHUCTaHHA. HaiiMeHmoro
JMaHAmAa(THOI0 €KOCHUCTEMOIO CIIijl paXyBaTH TaKy TEepH-
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TOpiabHy OJWHUITIO, B CKJIA/I SKOT BUAUIIETHCS HE MCH-
e TBOX CIOPITHEHUX MiX c000r0 OioreorneHo3iB, HaOi-
JBIIO0 — TPUPOAHUN TEPUTOPiaTbHUN KOMIUICKC, SKHMA
3a po3MipaMH He TMepeBHIIye (i3uKo-reorpadiaHOro
oxpyry. Ilpuknanamu maHAmLAQTHAX €KOCHUCTEM € HEBE-
TuKi piukoBi Oaceitam abo yacTWHH OacelHIB BEITHUKUX
piK, TIpchKUX XpeOTiB abo TipChKUX CXHIB, (hi3HUKO-
reorpagiyHuX a00 reo00TaHIYHUX PaloHIB TOLIO.
biozceoyenosu — KOHKpETHI €KOCUCTEMH, TIPOCTOPOBI PO-
3MIpH SIKUX 30IraloThesl 3 MEXKaMH JIUITHKYA 3eMHOI TIOBEp-
XHI 3 O/IHAKOBUMH IPYHTOBHUMH, T'1JIPOJIOTIYHUMH Ta KiliMa-
THYHUMH YMOBaMHM, BKPUTOI CIODIIHEHUM POCIUHHHM
TIOKPHBOM, IO XapaKTEPH3YeThCS ONHOTHIHUMHU B3a€EMO-
BITHOIICHHSAMH MK yciMa XMBHMH OpraHi3MaMH Ta 30B-
HIIHIM cepepoBumieM. TobTo, OioreomeHos = OioreHo3 +
6iorom; ne, GioreHo3 — me (iTOIEHO3, 300IeH03, MiKOIle-
HO3 1 MiKpPOIICHO3 pa30M; 0i0TOI — MPUPOIHUH OTHOPITHUI
JKUTTEBUHN TIPOCTIip, KOTpUH 3aceneHnid OiomeHo30M. bazo-
BUM 0JIOKOM (MiZICUCTEMO0) 6i0reoneHo3y € (hiTOIeHO3.

Couianbna esotloyisa OB’ s3aHa 3 MOSIBOIO 1 AisIBHIC-
TIO JIOJMHU (@HTPOMOTEHE30M) Ha Halmii ruiaHerti. EBo-
JIFOLLIS JTFOJIMHY HEe3BHYaliHa 1 He BKJIAaJaeThcsl B Oloyoriv-
HI Mexi, okpecieHi Teopieto Y. Jlapsina. Ha BinmiHy Big
TBapHH JIOAWHA: 1) HE MPHCTOCOBYETHCA 10 MPUPOIH,
BiTOKPEMITIOETRCS Bif HEi. 3Hapsas mpari, pi3Hi BUAH
30poi, BOrOHb, OJAT, CHHTE3 HOBHX PEYOBHH, IO HE ic-
HYIOTH B IIPHUPOIi, T0OyBaHHSI KOPUCHHUX KOTIAIHH Ta 1H. —
e Ti mpuilomMH, 3a AOTIOMOTH SKHX BOHA BUOKPEMITIOETH-
Csl 13 HaBKOJIMIITHBOTO IIPHPOIHOTO CEPEIOBHUINA, CTBOPIOE
BJIACHE MITYYHE; 2) JI0JMHA BOUBAE JIIOANHY, TOOTO 3are-
pedye CBOJIIOLIAHUA 3aKOH O10JIOTIYHOTO BH)KHMBaHHSI
BUJly — BHYTPIIIHbOBUIOBE 3HUILECHHS y MPUPOJI HEIOLI-
JbHE, e, (AKTUYHO, CAMO3HMIICHHS; 3) 3 YCIX JKHBHX
icToT 3emiTi TITBKM JIFOIMHA 3aJIUIIIac mcis cebe XiMidHe,
GbizuuHe «CMITTSI», 10 3a0pyIHIOE JOBKILIS (Y TPUPO/II
BCE MOTIMHAETHCA 1 TpaHC(HOPMYEThCS B TPODiUHIX JTaH-
ILIOTax), 3HUIIYE BIIACHE CEPEIOBHINE ICHYBAHHS, BIACHY
eKoJIoTiyHy Himry. OTxe, 3aJHIIa€ThCs BIAKPUTAM 3allH-
TaHHA. «SIKIIO JIOJMHA € YaCTHHOIO NPHPOIH, TO YOMY
YaCcTHHA 3HUILYE Hiae?».

CorianpHa €BOJIOIIS MPOIOBXKYETHCS Y BUTISIL TI0-
0anbHOI EKOJIOTIYHOT KpH3H, CTBOPCHHS TeXHOChEepH.
AHTpoONOreHHHI BIUIMB Ha Olocdepy NPHUBOIUTH 110 He-
3BOPOTHHX IPOLECIB, — 3HWXKYEThCS ii Oiomaca, 3MiHIO-
€THCSI XapaKTep aKyMyJIsiiii COHSYHOI eHeprii B MmoBepX-
HEBHX OOOJIOHKaxX IIAHETH, 3MEHINYEThCS OioyioTiuHe i
naHqmadTHE PI3HOMAHITTS Ta iH. AJlle eKOJOTiuHI Tpo-
6neMu — 11e Tpo0IeMH JIOUHY, a He npupoau. Lle okpe-
Ma TeMa 100 MOOYIOBH MOJENTI KOCBOIIOIIIHOTO iCHY-
BaHHS CHCTEMH «CyCHUIBCTBO-Oiocdepay, KOJIHM JIFOACTBO
HaBUYUTHCS 3aJIOBOJILHATH CBOI COLIaIbHO-€KOHOMIYHI
3abaraHku B Mexxax OydepHoi emHOCTI Giochepu.

BucHoBku. YTBOpeHH: pizHUX (hopM opranizamii exo-
CHUCTEM, iX EBOJIONiS OOYMOBJIEHI KOOIEPATHUBHOIO IIEIO
TPBOX CKJIAJOBUX: 1) )KMBOi Matepii, sSika €BOJIIOMIOHYE; 2)
a0iOTHYHNX KOMIIOHEHTIB €KOCHCTEM, II0 CaMOOpraHi3y-
IOThCS; 3) BUTBHOI €Heprii eKocucTeM. lepapxiuHa CTpyK-
Typa exocucteM 3emii: 6iocdepa — Giomu — maHAMAPT-
Hi €KOCHUCTEMH — 010reoLEeHO03U; 0a30BOK TAKCOHOMIU-
HOIO ojauHHMIEI iepapxii € Oioreomeno3 (6iore-
HO3+06ioTom). Mo3aidHicTh Oi0IEHO3IB 00YMOBIIOIOTH MiK-
poexocucTeMH (Tapieny, CuHysii, KoHcop1ii); X BUKOpHC-
TOBYIOTH IS KapTyBaHHSA 00 €KTIB MPUPOZOOXOPOHHOTO,
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pEKpeariitHoro, caHiTapHO-TIri€HIYHOTO 3HAa4eHHs. EKOCH-  BifyaJbHI XapakTepUCTHKH CKIAJOBUX Y3TOJKYIOTHCS
cTteMa — (pakTaibHa CTPYKTypa — Ma€ BJIACTHBOCTI caMO-  TIOMiXK CO0OI0; BUMAIIHHSI OJHOTO 3 JIAHIIOTIB CHUCTEMHU
moAi0HOCTI, TOOTO CKIagaeThes 3 (PpParMeHTiB, CTPYKTyp-  3MIHIOE CTPYKTYpY 1 (yHKIIl iHINMX; TpH BTpaTi CBOIX
HUA MOTHB SKHX (TIPOAYLIEHTH, KOHCYMECHTH, PEIyLIEHTH) EJIEMEHTIB eKocucTeMa (pOpMYe iHII 3B’SI3KH, CTA€ €KOJIO-
MIOBTOPIOEThCA TIpH 3MiHI MacmTady. B exocucTeMi iHAW- — Ti9HO HOBHM NPHPOJHUM yTBOPECHHSM.
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Rudyshyn S.D. The evolution of ecosystems in the context of modern naturalistic world view

Abstract. There is no single, generally accepted and scientifically backed model for the evolution of ecosystems. Each of the existing
models bears temporary character. The formation of various forms of ecosystems and their evolution are caused by three main fac-
tors, which are: 1) the living matter which evolves; 2) abiotic — self-organizing components — of ecosystems; 3) free energy of the
ecosystems. The hierarchical structure of Earth's ecosystems is: Biosphere, biomes, landscape ecosystems, biogeocoenoses. The basic
taxonomic unit of this hierarchy is the biogeocoenosis (biocenosis + biotope). In the ecosystem the features of the different compo-
nents exist in mutual connection and balance. If one of the chain components is lost, it changes the function and structure of all the
others.

Keywords: scientific world model; geochronology and evolution of the Earth; organization, functioning and evolution of ecosystems

Pymummn C.J1. DBoIOIMSI IKOCHCTEM B KOHTEKCTe COBPEMEeHHOii ecTeCTBeHHOHAYYHOIl KapTHHBI MHpPa

AnHoTtamusi. Ha cymectByer eanHoit o0iienpr3HaHHON MOJIENH IBOJIOLMH SKOCUCTEM; KaXK1asi e Hay4dHasi BEPCUsl HOCUT BPEMEH-
HBI xapakTep. OOpa3oBaHHE pa3IMIHBIX (JOPM OPraHU3ALUH SKOCHCTEM, UX 3BOJIOLUS OO0YCIOBICHEI KOOIIEPAaTUBHON JEHCTBHEM
TpeX COCTAaBISIONIMX: 1) KUBOH MaTepHu, KOTOpasi YBOJIOLHOHUPYET; 2) CaMOOPTaHU3YIOIIUXCSl AOMOTHYECKHX KOMIIOHEHTOB 9KO-
cucreM; 3) cBOOOAHOM 3HEpruu ’KocucteM. Vepapxudeckas CTpyKTypa sKocucTeM 3emiti: Ouocdepa — OHOMBI — JTaHAMAQTHBIE
9KOCHUCTEMBI — OMOTeOIeHO3bI; 0a30BOI TAKCOHOMHYECKON €IMHUIECH UepapXuu sBIsETCsS OuoreoreHo3 (omorneHo3 + 6uortom). B
9KOCHCTEME MHANBHIYalIbHbIE XapaKTEPUCTHKH COCTABILIIOLIMX COTJIACYIOTCS MEXAY coOOl; BhIMaJeHUE OJHOM U3 Ieneil CHCTeMBbI
U3MEHSIET CTPYKTYPY ¥ GYHKINH IPYTHUX.

Knwouesvie cnosa: nayunas kapmuna mupa,; mooenu; 2e0XpoHoN02Us 2600y 3eMau, opeaHu3ayus, QyHKYUoHUposanue u 360.io-
Yus IKocUcmem
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Tumodgpiniuyk I.P., Anoxina C.1I., Ky3neyosa O.B., bowman C.B., Cemenenxo C.b.,Cnoooosan K.B.
3MiHM FrOPMOHAJILHOI AKTHBHOCTI Ta 0ioXiMiuHi mepe0y10BU KOPH HATHUPHUKOBUX 327103 HA TJIi
PO3BHTKY eKCIIePUMEHTATBHOI0 HYKPOBOIo AiadeTy y IIypiB pi3HMX BiKOBUX Ipyn

Tumoghitiyyx Inea Pomanosna, KaHouoam meOudHux Hayk, ooyeHm kagedpu Qizionocii

Anoxina Ceimnana Isaniena, kanoudam meouyHUX Hayk,ooyeHm xageopu izionoeii

Kysneyosa Onexcandpa Borodumupisna, kanouoam meOudHux Hayk, ooyenm kagedpu gizionozii

bowman Coghiss Bonooumupiena, acucmenm xageopu ¢izionoeii

Cemenenko Ceimaana bozoanisena, kanouoam 6iono2iuHux HayK, acucmenm xageopu gizionoeii

Cnob00an Kcenis Banepiigna, kanouoam meouyHux Hayk, acucmenm xageopu namogizionoii

bykosuncokuii oepacasnuii meouunuti ynigepcumem, M. Yeprisyi, Yxpaina

Anorauis: CTaTTs NpUCBIYCHA BUBYCHHIO OCOOIMBOCTEH CTaHY IPOOKCHAAHTHO-aHTUOKCHIAHTHOI CHCTEMH B KOPi HaIHUPHUKOBUX
3aJ03 Ta JOCTIDKEHHIO BMIiCTYy KOPTH30Jy B IUIa3Mi KpOBi IIypiB pi3HUX BIKOBHX TPYH Ta Ha TJIi PO3BUTKY €KCIIEPUMEHTAIBHOTO
LyKpOBOTO AiabeTy. BusBieHi BiKOBI 0COOIMBOCTI TOBENH, IO i3 BIKOM BiOyBaeThCcsS HApOCTAHHS MPOLECIB NEPOKCUAALIT IpU O1-
HOYaCHOMY 3HIDKCHH1 aKTHBHOCTI aHTHOKCHIAHTHHX ()EPMEHTIB y TBapHH HAHCTapLIOro BiKy, a TaKOXX BCTAHOBICHO IIOCTOBipHE
3pOCTaHHS BMICTY KOpPTH301y. LlyKpoBHil qiabeT MOCHIIIoe MPoIecH NepoKCHAALIil IPU OHOYACHOMY 3HIKEHHI aKTUBHOCTI (hepMeH-
TiB aHTHOKCU/IAHTHOTO 3aXUCTy. 3pOCTaHHS BUIbHOPAJUKAIBHAX MPOLECIB i 301IbIICHHS PiBHS KOPTH30JY Y IIypiB CTapuIOl BIKOBOT
IPYIH, OCOOINBO Ha TJIi PO3BUTKY IIyKPOBOTO JiabeTy, BKa3yOTh HAa MOJJIMBI IPUYMHH TIPHIIBUAIICHOTO CTapiHHA Ta AereHeparil 3

BIKOM.

Knruoei cnosa: nepexiche oKUCHeHHA 1inidie, AHMUOKCUOAHMHUL 3AXUCTH, KOPMU3ZOL

Beryn. IlocriiiHicTh piBHS TJIOKO3U B KPOBI — BaKIMBa
YMOBa MiAITPUMAaHH HOPMAaJBbHOI XKHUTTEIISIIBHOCTI Opra-
Hi3My. HopMoriikeMist € pe3ynbTatoM y3romkeHoi pobo-
TH HEPBOBOT CUCTEMH, TOPMOHIB 1 mevinku [1].

Kopotknuii orsusig my6aikaniii mo Temi. [{ykposuit mi-
abeT 3a3BHYal PO3MIIANAETHCS SIK BAXKKE METaOONIIYHE
3aXBOPIOBAHHS, SIKE ITOB'A3aHO i3 MOPYIICHHSAM YCiX BUIIB
oOminy. IlpoBigHa pose B IIbOMY HAJICKHUTHh HacaMmIiepesn
KIITHHAM NEYiHKH, SIKi BiATBOPIOIOTH BEUKUH HaIHIIOK
[JIIOKO3M 1 OeTa-KIIITHHAM MiJUUTYHKOBOI 3aJio3H, SIKi
MPOAYKYIOTh 1HCYJIIH 1 MOIIKOKEHHS SIKUX, B KIHIIEBOMY
pe3yJIbTaTi, IPUBOIUTH 10 MOCTYIOBUX 3MiH Y BCiX MeTa-
OOJIIYHUX 1 TPAHCIOPTHUX TIpolecax, sSKi NPUIIMaIOTh
y4acTh B 0OMiHi riroko3u B oprauismi [3,7]. IIpu miaGeri
PO3BUBAETHCS OKUCIIOBAIbHUM CTPEC, SIKUM BUKJIUKAETh-
Cs BUTBHIMH KHCHEBUMH pamukanamu. Y xBopux LIJ]
PI3KO TIOTIpPIIYIOTHCS AaHTHOKHCIIOBAIBHI BJIACTHBOCTI
KpOBi, TPH EKCHEPUMEHTATBHOMY Mdia0eTi 3HIKYETHCS
AKTHBHICTb AHTHOKHCIIIOBAILHOTO 3aXHCTy B TKaHMHax
IIypiB I MUIIEH, aKTUBYETHCS TIEPEKUCHE OKMCHEHHS JIi-
migiB B MO3Ky, mediHili, HUpKax i kposi [2]. B ymoBax
MOPYIICHHS BYTJIEBOJHEBOrO0 OOMiHY BHHHMKa€e «MeTabo-
JIYHUH CTpecy, SIKMH aKTHBYE TiloTajaMo-rinodizapHo -
HAJHUPHUKOBY CHUCTEMY OpraHi3My 3 METOI0 ajamnTarfii.
KopTukocrepoinu MaroTh HaA3BUYailHO IUPOKUM CHIEKTP
i, KOHTPOJIIOIOYH MPOIIECH PO3BUTKY 1 ArdepeHItitoBaH-
HS KJITHH, PETYJIOIOTh KIITHHHY mpoJjidepanito, 3MiHA
MeTaboJli3My Ta PO3BUTOK HEWPOEHIOKPUHHHUX MoIupi-
Kalliid, 10 JO3BOJIIE OpraHi3My BIANOBIZAaTH Ha CTpec
aJIeKBaTHUM YMHOM Ta aJlallTyBaTHCh JI0 YMOB iCHYBaHHS
[5,6]. Hacnizkom Takoi amanrauii € 3pocTaHHs PiBHS KO-
TH30I1y, SIKHH CTa€ MPUYMHOIO I1ie OIIBIIOT rineprilikemii,
aTepockiiepo3y cyauH. [ligBuieHa mpoayKilis KOPTU30TY
MPUBOJMTH 10 PO3BUTKY ayTOIMYHHHX HPOLECIB B €HJIO-
Temii cynuH, 301bITye BMICT B KPOBI JIIMOMPOTEi{HIB HU-
3bKOi mIimbHOCTI, TOKCHYHUX TpoaykTiB ITOJI. ITomko-
JOKEHHSI €HI0TENII0 CYyauH iX AucyHKIisS CIpHsi€ PO3BH-
TKY TilIeppeaKTUBHOCTI Cy/IHH i Ba3oKHCTpHKIIil [3,7,8].

3 BIKOM 3MIHIOETBCS XapakTep BUIbHOPAJNKAIBHUX
NPOLIECIB, CTaH CYAMH, 1110, OE€3YMOBHO, BIUIMBA€E HAa 3pOC-
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TaHHs TPOLIECIB MEPEKUCHOTO OKUCHEHHS Ta 3HMKCHHS
AKTUBHOCTI ()epMEHTIB aHTHOKCHIAHTHOrO 3axucty [7,8,9].
MeTo10 aHOTO MOCHTIKCHHS OyJ0 — BCTAHOBUTH OCO0-
JTMBOCTI BIKOBOI peakiii HaAHUPHUKOBOI CHCTEMH MpHU
CTapiHHI Ta Ha TIIi pO3BUTKY I[yKPOBOTO 1iabeTy.
Marepianu Tta mMeroau: JocmipkeHHS MPOBEICHO HA
HENHIMHIX 7Ta00paTOpPHUX MIypax-CaMIlIX OMHO (MoJomi
TBapUHMU), T ATUMICIIHOTO (IOPOCIi TBAPHHH) Ta BiCIMHA-
IIATAMICSIHOTO (CTapi TBapWHH) BIKY Ta Y TBapHH i3 eKc-
HNEePUMEHTAILHUM LYKpOBUM Jiabetom. Jljisi BiATBOpEHHs
ykposoro miadery (IIJI) 2 Tumy 3a metogom A.M. Viibs-
HoBa 1 10.A. TapacoBa BUKOPHCTOBYBAJIM MPOTaMiH CYJIb-
¢ar, sKuii BBOAWIM BHYTPIIIHBOM'si3eBO (B/M) 103010 1
MM/KT 2 pa3u Ha jeHb npotarom 14 ni6. HagHupHuKOBI
3aJI03M IIBUJIKO BUIMAIIM Ha XOJIOAI, (PiIKCYyBaJIU B PiIKOMY
asori. st mocmimkeHHs 3a0upand e Kopy HaIHUPHU-
KiB. HaBaxkm romoreHi3yBamu B oxoyiomkeHomy Tpuc-
HCIl 6ydepi (pH — 7,4). B oTpumaHix roMoreHaTax BHU3Ha-
Yauu JOCHIPKYBaHI ITOKa3HUKHA. BUBUYCHHS TPOIECIB OK-
cuialii NPOBOAWIM IO BHU3HAYECHHIO BMICTY HPOAYKTIB
nepekucHoro okucHenHs imigie  (ITOJI):  nmieHoBuX
koHtoratiB (JIK) Ta manonoBoro anbueriny (MA). AKTuB-
HIiCTh (epMEHTIB aHTHOKCHIaHTHOTrO 3axucty (AO3) omwi-
HIOBAJIM 110 aKTUBHOCTI (DEPMEHTIB: CYNEPOKCHIMCMYTa31
(CON), xaranasu (KT), ryrarionnepokcuaasu (I'TI0) [4].
Jnst BU3HAYEHHST aKTUBHOCTI TIIOKOKOPTUKOINIB BH3HAYa-
JM BMICT KOPTH30JIy B TUIa3Mi KPOBI MiAJOCIITHUX TBApHH
Habopamu dipmu «XbloMen». TBapHH AeKaniTyBalIH 3 10-
TPUMaHHSIM TIpaBWJ eBTaHa3ii. KpoB 30upanu B LeHTpH-
¢yxHi npobipku. IIpoBogwnu neHTpudyryBaHHs HpoTs-
rom 20 xBuiauH. KoHIeHTpalilo KOpTH30Jy BUpaXkaid B
HMOJIL/N Ta3Mu. ExcriepuMeHTanbHI BTpy4YaHHs Ta €BTa-
Ha3isg TBapUH MMPOBOJIUIIACS 3 JIOTPUMAHHSIM MIKHAPOJHUX
MIPUHIMTIB €BPONEHChKOT KOHBEHINII PO 3aXKUCT XpeOeT-
HUX TBAapHH, sIKI BUKOPHCTOBYIOTHCS IJIsl €KCIIEpHMEHTa-
JBHUX Ta 1HIMX HaykoBuX Imineil (CtpacOypr, 1985), yx-
Banu Ilepmioro HarioHampHOTO KOHTpecy 3 Oioetnkn (Ku-
B, 2000). CTaTUCTHYHE OIpPAIIOBAHHS OTPUMAHUX PE3YITb-
TaTiB MPOBOAMJIM 3a JIONIOMOIOI0 TPHUKIIAJHHUX IpOrpam
"Statistica 6.0" Ta "SPSS 13". [IpoBomwin po3paxyHOK
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HACTYITHHUX CTaTUCTHYHHX TOKA3HHKIB: CEPEIHIO aprU(mMe-
THYHY, CEPeIHbOKBAJPATHYHE BIIXWICHHS, CTAaHIAPTHY
MOXHOKY cepenHboi aprudmeTraHoi. s OIiHKH BiAMiHHO-
CTe! cepenHiX BEeNWYMH IPH HOPMAIIBHOMY XapakTepi po3-
MOJITy BHOIPKOBHX CYKYITHOCTEH BUKOPHCTOBYBAIIN Tapa-
MetpuyaHHi t-KpuTepid CteiogeHTa. CTAaTHCTUYHO BipOTif-
HUMH BBakas 3Miau npu p < 0,05.

Pe3ysabTaTH Ta ix 00roBopeHHsi: AHali3 cTaHy iHTE€H-
CUBHOCTI JIINIONIEPOKCUIALIIT Ta aHTHOKCHIAHTHOTO 3aXHUC-
Ty B KOpi HaJHUPHHKOBHUX 3aJI03 Ta BMICT KOPTH30JIy B
u1a3Mi KpoBi LIypiB 3 IYKPOBUM JiabeToM i 6e3 y TBapuH
PI3HMX BIKOBHX I'PYIl BUIVISAA€ HACTYITHUM YHHOM.

Hami ocnmijpkeHHs: BCTAHOBUITH JTOCTOBIPHE 3pOCTaHHS
PIBHS KOPTH30IIY i3 BIKOM Ta 3HaYHE HOTO HAPOCTAHHA MPHU
PO3BHTKY E€KCIIEpUMEHTAJIBHOTO ITyKpoBOTO miabery. Tak,
Y MOJIOZIMX TBapuH Oe3 1iabeTy piBeHb KOPTH30IIY B TUIA3Mi
KpoBi ckianaB 5,67+0,23 MKMOJB/J, y JOPOCIHX i CTapuX
TBAapUH pPiBEHb KOPTU30JIy MaB TCHICHIIIO J0 HAPOCTaHHS
no 7,28+0,41 mxmons/n 1 7,96+0,14 MKMOJIB/T, BiAIOBIA-
HO. B mma3mi kpoBi HIypiB i3 [ia0eTOM PiBEHb KOPTH30ITY
3HAYHO 3POCTaB: Y MOJIOJMX TBapHH BiH IiJBUIIYBaBCS B
3,1 pa3u, y nopocnux B 2,9 pasu, y cTapux TBapHH PiBeHb
KOPTH30Jly 3aJIMIIaBCi BHIIUM HOpMU B 1,9 paszu. 3poc-
TaHHS PIBHA KOPTU30JIy MMOBIPHO CTAJI0 NMPUYUHOIO IIE
Oi1bIIO] rimepriikeMii 1 HapOCTaHHS MPOLECIB MEPEKUCHO-
T'O OKMCHCHHS JIIIIIB IIPH OXHOYACHOMY 3HIDKCHHI aKTHB-
HOCTi ()epMEHTIB aHTHOKCHIAHTHOTO 3aXHUCTY.

PiBeHpP TPOAYKTIB TEPEKHCHOTO OKWUCHEHHS IIIiIiB
3pOCTaB y CTapuX TBapHH Oe3 miadery. Y OTHOMICSIHHUX
Ta I’ ITAMICSYHAX TBapuH piBeHb JIK ckiaB BiAmoBigHO
10,43+0,15 amouns/mr 6inka ta 11,02+0,05 aMoas/MT 011-
Ka. Y CTapux TBapHH BiIMIUYE€HO HApOCTAHHS IMPOMYKTIB
minonpeokcunarii K B 2,1 pa3u, a MA 3pocraB 10
9,23+0,15 umoss/Mr Oisika npu 4,5+0,25 HMOIB/MT OiNka
ta 5,2+0,17 HMONB/MT OiNKa y MOJIOAMX 1 CTAPUX TBAPHH
BIZIMOBIIHO. Y CTapuXx TBapHH I10 3PIBHSHHIO i3 JOPOCIH-
MH BiIMIiYeHI HIKYi IMOKa3HUKU aKTHBHOCTI (pepMEHTIB
AQHTHOKCHJIAQHTHOIO 3aXUCTY. PiBeHb CymepkcuamIucMyTa-

3u y Mojonux TBapuH OyB 8,01+0,21 on/xB-Mr Oinka. Y
nopociux piBenbs COJl 3poctaB B 1,5 pa3m, a y crapux
3HMmKYBaBcs 10 7,06+£0,21 on/xB-mr Oinka. PiBeHp kaTa-
Ja3M Yy MOJIOAMX 1 JOPOCIHX TBapHH OYB MPaKTUYHO OJI-
HakoBuii 3,06+0,01 mxmone/xB-Mr Oinka Ta 2,92+0,04
MKMOJIB/XB-MT' Oifka. Y cTapux TBapWH PiBEHb KaTamxa3u
3HMXKYBaBcsA B 1,2 pasu.

LlykpoBuii niabeT BUKIMKAae pi3Ke HAPOCTAHHS PIiBHS
MPOJIYKTIB NEPEKUCHOTO OKUCHEHHS JIMIIB Y BCIX BIKOBHX
rpynax. ¥ MOJIOZMX TBapHH 3 €KCIIEPUMEHTAILHUM I[yKPO-
BuM aiaderom (ELJ]) pisens JIK ta MA 3poctaB B 2,6 Ta
2,8 pasiB BiznoBimHo. Y crapux tBapuH 3 (ELJ]) piBens
JK 3pocraB B 3 pasu, a MA pmocsraB piBasa 12,2+0,17
HMOIB/MT Oika. [ligsrmenns piBas npoxykris [TOJ] Bin-
OyBaJIOCh Ha TJi 3HIKCHHS aKTHBHOCTI (pepMeHTIB aHTHO-
KCHIAHTHOro 3axucty y TBapuH 3 ELJI, Tak y Momomux
TBapuH 3 aktuBHiCTE CO/] Ta KaTanmasu 3HIWKyBajach B 2,3
Ta 1,5 pa3iB BiIMOBIAHO, y TOPOCINX Ta CTAPUX TBAPHH I
TeHaeHwis 30epiranack 1 piens CO/l Ta karanasu y cra-
PHIX TBapuH 3HIDKYBaBcs B 3 Ta 2,3 pa3u BiINOBIIHO.

OtpuMaHi J1aHi 103BOJISIOTH 3pOOUTH TE€BHI BUCHOBKH: 3
BIKOM HapOCTalOTh IMpPOLECH IIEPOKCHUIALI] MPU OJHOYAC-
HOMY 3HWKEHHI aKTUBHOCTI (DepMEHTIB aHTHOKCHaHTHOTO
3aXUCTy, Y TBApHH HaCTapIIol BIKOBOI IPyNM BTPAYaeThes
piBHOBara MiXk IIMMH TIpoIIecaMu B Oik TepeBakaHHs TPO-
LleCiB TEepOKCHIamNii, a EKCHEPUMEHTAIBHUN ITyKpOBHH
niabeT JUIIe MOCHITIOBAB MPOIIECH JIIMOMEPOKCHIAIIIT; CTa-
piHEsA MoanQikye OiOXIMIYHI TPOIECH B CTOPOHY HapoOC-
TaHHS MPOAYKTIB MEPEKUCHOTO OKMCHEHHS JIMIIIB i 3HH-
JKEHHsI aKTUBHOCTI ()epMEHTIB aHTHOKCHIAHTHOTO 3aXHC-
TY; CYTTEBE 3pOCTaHHS PIBHS KOPTH30Jy Y TBapUH 3 EKCIIe-
PYMEHTAJIBHUM I[yKpPOBUM JiabeToM OyJI0 HMPHYMHOIO Ti-
neprilikeMii Ta HOrIMOJIEHHS ITPOLIECiB MIEPOKCUIALITL.

OTpuMaHi 3aKOHOMIPHOCTI CIIPSIMOBYIOTh HAIlly yBary
Ha POJIb HATHUPHUKOBHX 3aJI03 Y PEryJsiiii piBHS TIIFOKO-
3M 32 YMOB PO3BUTKY €KCHEPHMEHTAIBHOTO I[yKPOBOTO
niabeTy y TBapHH Pi3HUX BIKOBUX IPYII i TUKTYIOTh HEOO-
X1IHICTB MMOJAIBIINX JOCHTIKEHD.
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Changes of hormonal activity and biochemical reorganizations of a cortex of adrenal glands on a background of development
of an experimental diabetes at rats of different age groups
Abstract. The work is dedicated to researching of features of a condition peroxidation - antioxidant systems in the adrenal gland of
rats and the level of hydrocortisone in plasma of blood of different age groups. Are established age and the region features have
proved, that with the age the products of lipid peroxidation are increased and the antioxidant enzymes protection are decreased at
simultaneous at animals of the senior age group and the level of hydrocortisone at animals of the senior age group tended to increase.
The diabetes strengthens processes of lipid peroxidation at simultaneous decrease in activity of antioxidant enzymes protection. In-
crease of a level of peroxidation processes and increase in a level of hydrocortisone at rats of the senior age group specify the possi-
ble reasons of the degeneration of cells with years.

Keywords: the products of lipid peroxidation, the antioxidant enzymes protection, hydrocortisone

Tumodpuiiuyx U.P., Anoxuna C.U., Kyznenosa O.B., bomran C.B., Cemenenko C.B., Ciio0oasH K.B.
H3menenust ropMOHAIBHONH AKTHBHOCTH M OMOXHMHMYECKHE MepPecTPoiiki KOpbl HAANMOYEeYHHKOB Ha (hOHe Pa3BUTHS IKCIe-
PHUMEHTAJIBHOI0 CAXapHOTo AMadeTa y KPbIC Pa3HBIX BO3PACTHBIX IPYNII
Annortamusi: CTaTbsl TOCBSIIEHAa U3YYSHUIO OCOOCHHOCTEI COCTOSHMS IPOOKUCHO-aHTHOKCUIAHTHOM CHCTEMBI B KOpEe HaJAro4ed-
HHUKOB M HCCIICIOBAHHIO COJIEPIKAHUS KOPTU30JIA B IIa3Me KPOBH KPBIC Pa3HBIX BO3PACTHBIX IPYII Ha ()OHE Pa3BUTHUS EKCIIEPUMEH-
TaJbHOTO CAaXapHOro auadera. BhIABICHO, 4TO ¢ BO3PACTOM IPOMCXOIUT HAPOCTAHHE IPOLECCOB MEPOKCHIAIMH IPH OJHOBPEMEH-
HOM CHW)KCHHH aKTHMBHOCTH aHTHOKCHAAHTHUX (D)EPMEHTOB y )KUBOTHBIX CTapOH BO3PACTHOM IPYIIIBI,  TAKKE BBISBICHO OCTOBEP-
HOE BO3pacTaHHe YpOBHS KOPTH 30ia. CaxapHblil THabeT yCHIMBAET MPOLECCH MEPOKCUIAIMHU TIPH OJJHOBPEMEHHOM CHIKEHHH aK-
THUBHOCTH ()ePMEHTOB aHTHOKCHIAHTHOMW 3alMTH. Bo3pacTaHue cBOOOTHOPAAUKAIBHBIX POIIECCOB U YBEIMYCHUE YPOBHS KOPTU30-
JIa 'y KpbIC CTapoil BO3pacTHOM TpyIIbl, 0COOEHHO Ha (JOHE pa3BUTHS SKCHEPUMEHTAIBHOIO CaXapHOTro AMadeTa yKa3blBalOT Ha BO3-
MOYKHBIE PUYUHBI YCKOPEHHOTO CTAPEHUS U JIeTeHEePAIU C BO3PACTOM.

Knrouesnle cnosa: nepexucnoe oxucienie 1unuoos, AHMUOKCUOAHMHAS 3auuma, KOPmu3oi
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Yepuenko-Kypazina H.I1.
InauBinyaabHi peakiii reMoAUHAMIKH rOJI0BHOI0 MO3KY Ta peryJsimii cepueBoro puTtMmy
NPH PO3YyMOBIH AiATbHOCTI 3 HU3bKOI0 IIBUAKOCTIO Npe1’ABJIeHHs iHpopmamii

Yepuenko-Kypaeina Hamania I[laenisna, kanouoam 6i0102i4HUX HAYK, CAPUIULL BUKIA0AY
Hayko8o-0ocaionutl incmumym ¢isionozii imeni M. Bocoeo
Yepracvkuil nayionanvuuii ynigepcumem imeni b. Xuenvnuyvkozo, m. Yepkacu, Yxpaina

AHoTamisi. Y rpynax oOCTeXyBaHHX 3 BHCOKOIO, CEPEIHBOIO Ta HU3BKOIO (DYHKIIOHAIBPHOIO PYXJIMBICTIO HEPBOBHX IPOIECIB
(®PHII) mpu po3yMoBiii IisUTbHOCTI Ha HU3bKIN MIBUAKOCTI Mpe’siBICHHs Uil audepeHuitoBanHs i nepepodku indopmarii goci-
JOKYBaJM peakuii reMoauHaMiku rojgoHoro Mo3ky (I'TM), Bapiabensrocti (BCP) i xBunboBoi ctpykrypu (XCCP) ceprieBoro pur-
My. BUSBIIM TpU THIIN 1HOWBITYaTbHUX PeakIii, fki 3Haxoaumucs y 3anexnocti Big @PHII. J{ns 6inpimocti ocib 3 Huspkoro GPHIIT
OyB XapakTepHHH 'rimeppeakTUBHHU" THII 3a0€3MEUEHHS PO3YMOBOI MiSUIBHOCTI, IO CYNPOBOIKYBABCS BHPAKCHOIO AKTHUBALIEIO
BCP ta XCCP i He3HauHot0 peakuieto ['TM. Ipyruii Tun - "rinopeakTuBHUM" BUpi3HABCS He3sHaYHUME 3MiHamu [TM 1 BiacyTHiCTIO
komneHcatopaux 3MiH BCP Ta XCCP, mo 6yB 3apeectpoBanuii y Gursmocti oci6 3 Bucokoro GPHII. Tperiii - "HopMopeakTHBHUHA"
XapaKTepHu3yBaBCs ONTHMAIIBLHOIO Ta y3ropkeHoto B3aemoxmiero 3MiH I'TM i BCP ta XCCP i 6yB BusiBnenuii y 31% obcTexyBaHuX 3
HU3BKOI0, 53% - cepennboio Ta 34% Bucokoio GPHII. Pesynpraté H03BOMISIOTE HIPOrHO3YBATH IHIMBITyallbHI TEMOAWHAMIUHI peak-
il TOJOBHOTO MO3KY Ta PETYILLil cepleBOro PUTMYy B yMOBaxX iH(pOpMamifHMX HAaBaHTaKEHb 3 ypaxXyBaHHAM iHIUBiTyaJbHO-
TUTNOJOTIYHHX BIACTHBOCTEH BUIIMX BiAIiNIB IICHTPAIbHOI HEPBOBOI CHUCTEMH.

Knruogi cnosa: posymosa disnvHicmo, nepepobka ingopmayii, hyHKYioOHANIbHA PYXIUSICIb HEPEOBUX NPOYeCis, eapiabenbHicmb
Ma xeunb068a CMpyKmypa cepyegozo pummy, yepeopanbra 2eMoOuHamiKa

Beryn. B ocranHiif yac y 3B°43Ky 3 iHTEHCH(IKAII€I0 OCBi-  HOTO CTYIEHA IH(QOpMAIiHHIX HaBAaHTA)XCHb BiJKPUBA€E
TH Ta pO3yMOBO{ Hpalli, 30UIbIINIIACH 3aI[IKaBJICHICTh BUe-  [UISX JO PO3YMIiHHS OIOJIOTIYHMX OCHOB 1HIMBITyalbHHUX
HUX JI0 IPOOJIEMH OLIHKH, KOPEKLii 1 yIpaBJiHHSI pO3yMO-  BIAMIHHOCTEH MiX JIIOJBMH, po3UIH(pPOBKU Helpodiziono-
BOIO Mparie3aatHictio mroaeii [7, 9, 10, 15, 18, 20, 23]. Ha-  riyHux MeXaHi3MiB CKJIaJHHX MCUXIYHUX SIBHIL Ta HEOO-
KOIMUYEHO 0arato JaHuX o0 (GyHKIIOHANBHOI peopraHi-  XigHe A po3poOKH NpO(UIAKTUYHHX 3aCO0IB PO3BHTKY
3allii pi3HUX CHCTEM OpraHi3My, y TOMY YHCII i TOJIOBHOTO ~ PO3yMOBOI BTOMH 1 3aXBOPIOBaHb HEPBOBOI Ta CEPLEBO-
MO3Ky, y JIIoAei mijJ yac po3yMoBoi misuibHOCTi [4, 12, 19,  cynuHHOI cucTeM.
21]. PesympTaTHl IMX OOCHIIKEHb CBiMYaTh MPO BHCOKY Merta gocainkeHHs1 — 3°sICYBaTH POJb IHIUBITyalIbHO-
¢yHKIIOHATBHY IacTHYHICTh [ TM Ta peryssiTOpHUX CHC-  THITOJIOTIYHUX BJIACTHBOCTCH BUINMX BIIILTIB LEHTpAIb-
TeM, aje IHOWBigyalbHI MEXaHI3MH il 9ac po3yMoBoi  HOI HepBOBOi cucteMH y peakuisx [TM Ta perymsmii CP
IUSUTBHOCTI TIOBHICTIO He po3KpuTi. HeoOXimHICT BUBYCH-  MPH PO3YMOBIH HisUTEHOCTI HA HHU3BKill IIBUAKOCTI Tepe-
HS IHIUBITyaTbHUX 0COONMBOCTEH JFOMUHH JUKTYEThCA IK  POOKH iH(pOpMaIIii.
CaMOI0 JIOTIiKOIO PO3BUTKY, TaK i HOTpeOaMu CyCITiIbCTRA. Martepiann Ta meroau. Y 158 donoBikiB, Bikom 18-21
Koporkuii orasn my6uikaniii mo temi. HemonaBuiMu ~ pik 3a mokasuukom @OPHII Bu3Havamu iHAWBIITyaabHO-
JIOCTI/PKESHHSMH JTOBEJICHO, 110 XapaKTePHOI PUCOI0 B3a-  THUIIOJOTIYHI BJIACTHMBOCTI HEPBOBOI CHCTEMH Ta y CTaHi
emozii "noanHa-cepeioBuIIe” € Te, IO JII0AMHA BUCTYNAaE  CIHOKOK 10 1 MijJ yac nepepoOkH iHpopMalil Ha HU3bKIil
i aKTHBHOIO CTOPOHOIO, MOJICJIFOIOYM PI3HOMAHITHI CTpa-  MIBHAKOCTI 1l Tpea sBICHHS OIiHIoBamu peakiii [TM,
Teril aganTanii, BAKOPUCTOBYIOUH sIK reHeTH4Ho 3akpiruie- BCP, XCCP, a Takoxk peecTpyBajM KiNbKiCHI 1 SIKiCHI
Hi, Tak 1 HaOyTiI MexaHi3Mu. J[oBeeHO, 110 OyIb-IKe MCH-  MOKAa3HUKH PO3YMOBOT MPaIe3JaTHOCTI.
XOEMOIIiiHe HaBaHTA)KEHHS 37aTHE 3a IEBHUX OOCTaBHH Poszymosy npayezoammicme NiarHOCTYBaJM BIIPOIOBXK
MIPU3BOJIUTHU JI0 MOPYIICHHS KPOBOOOIry, oOMiHy pedoBrH, 30 XBWINH Au(EpEHIIIOBAHHA Ta TepepoOku iHpopMarii
imyHopeakTuBHOCTi Tomo [16]. Bucoka inpopmamiiina  Ha OJHAKOBIM JJIsI BCIX OOCTE)KYBAHUX HHU3bKIH IIBHIKOCTI
LIHHICTh JaHWX, OJICP’KaHMX 3a JOMOMOror peoeHnedano- (70 mompasHUKIB 3a XBIIHHY). OOCTe)KyBaHHU MTOBHHCH
rpadii, mATBEpIKEHA BCIE0 TPAKTHKOK BUKOPUCTAHHS  OYB IIBHAKO 1 TPaBIUIHPHO AU(EPEHIIIOBATH iH(POPMAIIFO,
IIFOTO METOy B KIIHIIIl B YMOBax Iepe-OpOBacKyISIpHHX  SKa CIIiAyBajia y BHIIAQJKOBOMY IOPSIKY, Y BUIJIAI TeoMe-
natosorii. IlepebpanbHa reMoJHaMika pearye Ha He3Ha-  TpUyHHX Giryp. @PHII AochipKyBalId 3a METOIUKOIO
YHi 3MiHM aKTHBHOCTI TOJIOBHOTO MO3Ky, 3a0e3neuyroun  M.B. Makapenka [9] Ha koMIT FoTepHOMY KOMIUTEKC «/Jlia-
30epekeHHs iepapXii piBHIB yNpaBiiHHA (i3i0JOTIYHUMH  THOCT-1» B peXuMi “HaB’s;3aHOTO pUTMY (TIOCTIHHO 3pOC-
¢byukismu B oprauizmi [6, 19]. [llupokoBimomi BcTaHOB-  Taroue HaBaHTaxkeHHs). KinmpkicHum mokasaukom OPHIT
neni tvnu remoauHamiku [1]; [17]. Bonnenko H.I'., Cag-  Gyna MakCHMMallbHA IIBUIKICTH TPEI SIBICHHS IOIpa3HHU-
yeHko B.A., [TaxomoBoro JI.€. [5] Oyiu BcTaHOBNIGHI THIIM  KiB, Ha sKil oOcTexyBaHUil poOuB He Ounbine 5-5,5% mo-
TeMOJIMHAMIKM Ha CTAaHJapTHE HaBaHTaXXEHHS (OPTOCTa3).  MHJIOK.
Bimowmi i Tumu Bereratuku [3, 11]. Ta un icHye 3B'130K Mix BCP 1a XCCP nocnipKyBaiu 3 BUKOPHCTAHHSIM KOM-
TUMAMH TeMOJMHAMIKM 1 BEreTaTMKH 3 IHJMBiAyalbHO-  I'fOTepHOI nporpamu ,,Caspico” [8]. IIpu ananisi BCP Bpa-
THUIOJIOTIYHIMH BJIACTHBOCTSIMU BHUIIOT HEPBOBOI isUIGHO-  XOBYB&JIM 1 PEAKTHBIHICTH AaBTOHOMHOI HEPBOBOI CHCTEMHU
cti? Amxe iHmuBimyanpHO-THIIONOTIYHI BiactuBocti Ma-  (IPAHC) sk BigHomreHns 3Hadenb LF/HF ta IN mig gac
10Th TeHeTnuHy mnpupoay. Koedimient XompiuHrepa mist  poOoTH 10 GOHOBHX 3HaueHb. OCTaHHIN xXapaKkTepu3yBaB
nux cranoButh 0.53-0.86 [9]. HeoOxiaHicTh TakMx HOCTI-  peakiiifdo CHCTEMHHMX MeXaHi3MiB peryisii [2]. s docni-
JUKeHb OOyMOBJIGHA THM, IO BWUBYEHHS 1HAWBIMYanbHO-  Ooicenhsi [T M BUKOPHCTOBYBAIM KOMIT IOTEPU30BAHMMA
THTIONIOTIYHUX OCOOJIMBOCTEH BUINMX BiAIiUIB rojoBHoro  miarHoctuaHui komiuiekc (ReoCom XAI) ta dpoHTOMAC-
MO3KY Yy BETeTaTUBHUX Ta TeMOJWHAMIYHUX peakiisix i  ToimampHe (FM) posramryBaHHS enekTpomiB. Bu3Hauamm
3HA4YCHHS iX B LJICHATIPaBJICHIM MOBEIIHII B YMOBaxX pi3-  iHAeKc peakTuBHOCTI nepedpanbHux cynun (IPLIC), sxuid
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po3paxoByBaiH BigHOIIEHHIM 3Ha4eHb JIKI mig gac Buko-
HaHHS po0OTH 10 cTaHy crokow [22]. OcranHiit xapakre-
pHU3yBaB peakiilo iHTpaKpaHiaJbHUX CYAWH OIOpY 1 perio-
HAPHOTO Ba30MOTOPHOTO PETYIISITOPHOTO MexaHizmy [13].

Cmamucmuyny o06pobKy Oanux TIPOBOIWINA B €IIEKT-
pornux Tabmuix “Excel-2003”, Statistica for Windows.
BukopucroByBanM mapaMeTpuyHi Ta HemapaMeTpH4Hi
METOJU CTATUCTUKH.

Pe3yabTaTn Ta 00ropopenHs. 3a nokazHukamu OPHIT
BCiX 00CTE)KYBaHMX MOAUIMIN Ha 3 TPYIH: 3 HU3BKUM, Ce-
penHiM Ta BUCOKMM 11 piBHeM. Bcei nociimpkysani 3a 30 xB.
nepepoOIsUIn OHAKOBY KUIbKiCTh iH(popMmanii — 2100 ¢i-
Typ 1 IOIMycKaim B cepemHboMy 56,845,03 moMmiok, 1o

nopiBHIOBaIO 2,7% Bifg 3aramsHOTO 00’eMy poboTi. OTxe,
PE3yIBTATUBHICTh PO3yMOBOI JisNTBHOCTI HA HU3BKIiH IIBH-
JIKOCTI TrepepoOku iHdopMarii He 3aexana B iHIUBITya-
JILHO-TUIONIOTIYHUX BiacTuBocteii BHJI. BcraHoBieHo,
10 aKTHBAISI TEMOAWHAMIYHUX PEaKIliii TOJIOBHOTO MO3KY
Ta MexaHi3miB peryiinii CP mizx gac po3yMoBOi HisiIbHOCTI
mo mepepoOIr iHpopMarlii 3HAXOMUTBCA B 3aJCHKHOCTI Bif
IHIUBITyaIbHO-THIIONOTIYHUX BiacTuBocteir BHJ[ oOcte-
JKyBaHUX. AHaJi3 KomIulekcy nokasnukiB ['TM ta BCP
JIO3BOJIMB OLIHUTH CTYIiHb HAPY)KEHHS 1 BUIUIUTH OCHO-
BHI BapiaHTH y4yacTi BEreTaTHBHUX MEXaHI3MiB peryJsusiuii y
3a0e3ne4YeHH] PO3yMOBOI AiSUILHOCTI Ha HU3BKIM IIBHIKOC-
Ti IepepoOku iHdopmarii (puc.l).

Puc. 1. 3minn (%) nokasaukis BCP Ta XCCP mig wac nepepoOku indopmanii BiTHOCHO (GoHY y 0Ci6 3 HU3bKOI0 — A Ta BUCOKOIO — b
@OPHIIL

Bugno, mo 3mian nokasaukie BCP ta XCCP obctexyBa-
HUX, mo Biapizusumucs piBHeM @DPHII, matote HacTymHI
ocobmuBocTti. [lo-miepime, MOpIBHSIHHSA pe3yibTaTiB I
TPYIH 3 HU3BKOIO 1 BECOKOor0 OPHII cBiquuTh Ha KOPHUCTH
Toro, mo 3minu 3HadeHr IN, AMO, SDNN, VLF, HF,
HF/LF ue 36iratotbest. [Ipu po3ymoBiii IisUTbHOCTI 3 HU3b-
KOO IIBHJIKICTIO Npe]’siBeHHs iHpopMallii 3a xapakrepu-
crukamu CP icTOTHUX BinMiHHOCTEW BiHOCHO (DOHY B
rpynax 3 pisHuM piBHem ®PPHII we Bussieno. IIpote B
cepeinHi Ta HAPHUKIHIN poOoTH y 0ci0 3 HI3bKo0 DOPHIT
BusiesieHi Buii 3HadeHHss AMO ta IN 1 mHmxui SDNN y
MOPIBHSIHHI 3 00CTeX)KyBaHUMHU 3 BHCcOKo0 (p<0,05). Tak, B
cepenuHi 30-XBIIHMHHOI po3yMoBoi misutbHOCTI AMO cra-
HoBuia 51,01 (47,5;58,6)%, 43,7 (36,9;46,9)% BianoBigHO
UIT  O0CTeXKYyBaHMX 3 HH3BKHM Ta BucokuM OPHII
(p<0,05). IaeKc HampyXKeHHs TOPIBHIOBAB B IHX JK€ YMO-
Bax — 190,9 (126,7;239,8)y.0., 104,3 (83,9;145,8)y.0. Bin-
MOBIZHO /711 OOCTE)XYBaHWX 3 HU3BKMMH Ta BHCOKUMH
1H/IMBiyaIbHO-TUTIOJIOTIYHUMH  BiacTUBOCTAMH  BH]]
(p<0,05). SDNN cranowio 35,1 (32,2;40,8)mc., 47,1
(41;50,4)mc. BiamoBigHO T 0Ci0 3 HU3BKOIO Ta BUCOKOIO
O®PHII (p<0,05). MoxHa KOHCTaTyBaTH, IO MEXaHi3MH
BEreTaTUBHOTO 3a0€3MEYEHHS CEpLeBOi MisTIBHOCTI TpH
nepepoOIIi iHpopMarii Ha HU3bKIH MIBUIKOCTI € HEOTHAKO-
BUMH 17151 oOcTexxyBaHux 3 pisHoro ®PHII. ¥V ocib 3 Hu3b-
koro ®PHII BusBiieno icrorne miasuinenns LF, LF/HF i1
onnoyacHe 3HwkeHHs: HF, HF-norm (p<0,05), mo Bkazy-
BAJIO HA 3POCTaHHS AKTUBHOCTI CHMIATHYHOTO BiIJITY
ABTOHOMHOI HEpBOBOI CHCTEMH y MEXaHi3Max peryssuii
CP [2,14]. O6crexyBaHi 3 BUCOKOIO, Y OPIBHSHHI 3 HU3b-
xoro ®PHII xapakrepusyrorses Bumumu 3HauyeHHaMu HF,
VLF Ta TP i Hmxuumu LF-norm Ha modaTtky, B cepeauHi
Ta HAMPHUKIHII po3yMoBoi mismbHOCTI (p<0,05). Tak, B ce-
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pemuai 30-XBUITMHHOI PO3yMOBOI MisUTBHOCTI TOTYXKHICTB
XBWIb AOyxe Hm3bkoi wactotm (VLF) craHoBmima
430 (307,1;557,7)mc?, 826,8 (558,07;1134,2)mc? BignoBin-
HO 175t 0ci6 3 Hu3pKor Ta Bucokoro OPHIIT (p<0,05). ITo-
TYXHICTh XBHIb BucOKoi yactotu (HF) cranoBmma 181,6
(99,3;273,1)mc?, 332 (189,8;445,5)Mc? BIAMOBIAHO ISt
o0cTe)xxyBaHUX 3 HM3bKOIO Ta BHcokoio ®PHII (p<0,05).
3aranpHa MOTYXHICTh XBHJIb pi3HOT yactoTH (TP) B 1iux xe
yMmoBax obcrtexxeHb ctaHoBmia 1129,9 (992,2;1582,9)mc?,
2007,7 (1501,9;2314,4)mc? BiAMOBIAHO I OOCTEIKYBAHUX
3 Hu3bKOW Ta Bucokoro OPHII(p<0,05). Otpumani naui
npo Buii nokasuuku VLF y oci6 3 Bucokoro ®PHII cBin-
YaTe MPO TMepeBary HajCerMEHTAapHUX BIDIMBIB, IO BiO-
OpaKaroTh TiJBHUIICHY AKTHBHICTH IICHTPAIBLHOTO i MeTa-
OouigHOTO piBHIB peryismii. Ock YoMy OLTBII BUCOKI 3Ha-
yeHHs TP pa3zom 3 BucokmMu 3HadeHHsAMu VLF minm gac
PO3YMOBOI IisUTEHOCTI y 0oci0 3 Bucokoro ®PHII cruix BBa-
JKaTH K OJUH i3 crienuiYHuX Croco0iB yMpaBIIiHHS Te-
Moxauramikoro i CP [14].

OTxe, OTpUMaHi pe3yJbTaTH aHaNi3y CTATUCTHIHHX,
BapiallifHUX Ta CHEKTPAJIbHUX XapaKTEPHUCTHK BKa3yIOTh
Ha 3aJIEXKHICTh PErynsaTopHuUX MexaHi3miB CP Bim piBHA
OPHII. BusiByieHi 3B’3KH MiX BIAaCTUBOCTSIMH OCHOBHHX
HEPBOBHUX IPOIIECIB Ta PETyJSAIIEr0 pOOOTH cepls € CBil-
YEHHSIM IX y3rojKeHOI B3aeMozil y opMyBaHHI 1HIUBITY-
ATBHUX pEaKIii NMPUCTOCYBaHHS CEpLEBO-CYANHHOI CHC-
TEMH JI0 po3yMoBoi HisibHOCTI. [lepepoOka iHpopmanii y
moneit 3 Bucokoro ®OPHII 3xiiicHroBanach 3a paxyHOK
OLTBII BUPAXKCHUX CHCTEMHUX, BATOCUMIIATUYHUX, & Y OCi0
3 HI3BKHM — CHMIIaTO-apEHAJIOBUX MEXaHi3MIB peryJsii
CP. 3’scoBano, mo I'TM, sxy anamizyBanmu 3a PEI’ mpu
HU3BKIM IBUAKOCTI TepepoOku iH(popMaIllii, 3aleKHOCTI
Bix ®PHII He nposiBua (puc.2).
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Puc. 2. Ingexcy peakTHBHOCTI IepeOpanbHUX CyuH — b (B mpaBiii Ta B JiBii MiBKYIi FOJIOBHOTO MO3KY) Ta aBTOHOMHOI HEPBOBOI CHCTEMHU

— A (3a IN Ta 3a LF/HF) npu Hu3bKiil mBHAKOCTI nepepoOku iHGopMarii y oci6 3 HU3BKAM — [ ra sucokmy — pisaem OPHIT: #-
p<0,05 — 3HAaUyIIi Pi3HAUII MiXk MOKa3HUKAMH y 00CTEKYBaHUX 3 HU3bKOO Ta BUucokoro GPHIIL.

Tax, peorpadiunmii CHCTONMIYHUH 1HAEKC, AKUHA BKAa3ye HA  YEHHS PO3YMOBOI MisIIBHOCTI, SKHHA XapaKTepH3yBaBCS
ITyJbCOBE KPOBOHAMIOBHEHHS T'OJIOBHOTO MO3Ky, Ta JKI,  ONTHManbHOIO Ta y3ro/KEHOIO PEakKIi€lo0 TOHYCY IHTpaK-
10 BKa3ye HA TOHYC IHTpaKpaHiaIbHUX CYIWH OIOpYy, HE  paHIaNbHUX CYJMH 1 CHCTEMHHX, CHMIIATO-aJpEHATOBUX
BIZIPI3HAINCE y OOCTE)KYBaHMX 3 HHU3BKOIO Ta BHCOKOIO  MexaHi3MmiB peryimii CP. Bin OyB xapakrepuuii st 31%
@PHII six B cTaHi CHOKOIO TaK 1 MPU HU3BKIH MIBUAKOCTI  00CTeXyBaHUX 3 HHM3bKOIO, 43% cepennboro ta 34% - 3
nepepoOKH iHpopMarii. Bucokoro ®PHII.

3 puc.2 BUIHO, [0 Y 0Ci0 3 HU3BKOIO, HiJK 3 BUCOKOIO, OTxe, po3yMOBa [isUTBHICTh 3 HU3BKOIO IIBHIKICTIO
®PHII IPAHC (3a LF/HF) 6yB Bummii, 0 BKasyBajio Ha  nepepoOku iHpopMallii y OOCTEKYyBaHMX 3 HH3BKOIO
OlJbLIY aKTHBAII0 BereTaTMBHUX MexaHi3miB perymsiuii  @PHII xapakrepusyBanach OisbIl BUPaKEHOI aKTHUBALli-
CP. Ha ocuogi 3min IPIIC Ta IPAHC npu po3yMoBiii Jisl- €10 CHCTEMHOTO, CUMIIATO-aAPEHATIOBOTO 1 MEHIIIOK ydYa-
JHHOCTI HAMH BHIUICHI THIHM ii BEreTaTUBHOTO 3a0e3le-  CTI0 PErioHapHOTO, CYAWHHOTO MEXaHI3MiB PETYJISIii.
YeHHs U1 00cTexyBaHuX 3 pisHuUM piBHeM @PHII. Bun-  Ins rpynm oOctexxyBanux 3 Bucokoro @PHII nepepoOka
HO, II0 TP HU3BKIH MBUAKOCTI epepoOku iHpopMaliii y  iHpopmarii 31ifiCHIOBalach 3a BIICYTHICTIO 3HAYHUX 3MiH
ocib 3 pizaum piBHem OPHII 3amywamice pi3Hi peryiiaro-  TOHYCY IHTpaKpaHiadbHUX CYIUH Ta CHCTEMHHX MEXaHi3-
pHi MexaHi3Mu. [lns Oimbmrocti obcrexxyBaHux (56%) 3 MiB perymanii CP. Takum 4nHOM, BKe NPU HU3BKIH IBU-
ums3bkoro OPHIT xapakrteproto Oyia rineppeakiis LF/HF  nxocti npen’snensst ais mepepoOku iHpopmarii cmo-
Ha ()OHI HEe3HAYHOI ydyacTi perioHapHUX, CyJJMUHHHX peak-  CcTepirajach pi3Ha aKTHBALlis PEriOHapPHOTO 1 CUCTEMHOTO
it (ues3nauni 3miau [PIIC mist 000X MiBKYJIb TOJOBHOTO — MexaHi3miB peryJsiiii CP, 110 3HaxX0iI0Ch B 3aJISKHOCTI
Mo3Ky). Takuii TMI BereTaTMBHOTO 3a0e3Me4eHHs PO3y-  Bill IHIWBIIYalbHO-THIOJOTIYHUX BIACTHBOCTEH BUIIMX
MOBOT JIiSUTLHOCTI HaMH PO3LIHIOBABCS SIK "TilleppeakTHB-  BiJJIUIIB IEHTPAILHOT HEPBOBOT CUCTEMH 00CTEKYBaHHUX.
nuit". IMoBipHO, y oOctexyBanux 3 Huzbkoro O@PHII mo-
pir BereTaTMBHOi pPEaKTHBHOCTI TirmoTanamo-IimMOiko- BucHoBknu
PETUKYIISIPHOT CHCTEMHU HIDKYMI TOMY Mae Miclie TreHepa- 1. PozymoBa mpare3jaTHiCTh 00CTEeXYBaHUX NPH HU3b-
Ji30BaHa peakxilisi KipKOBUX 30H, IO i OOYMOBIIOE BIAIO-  Kil IIBHAKOCTI Tpe SBIICHHS 1 epepoOKu iH(popMarllii He
BiJHY aKTHBAIlIF0 BETETATHBHUX MEXaHI3MIiB 3a0e3MeUeH-  3aJe)KHUTh BiJ iHIWBIIYaJIbHO-TUIIOJIOTIYHIX BIACTHBOCTEH
HS po3yMOBOI JistmbHOCTI. Y 57% 0ci6 3 Bucokoto ®PHII  ocHOBHMX HEpBOBHX IPOLECIB.
nepepoOka iHpopmarii Ha HU3BKIH MBUAKOCTI CYIIPOBO- 2. TumornoriyHi BIACTHBOCTI OCHOBHHUX HEPBOBUX IIPO-
JOKYETBCSL BIJICYTHICTIO 3HAYMMUX 3MIH TOHYCY IHTpakpa-  LieciB 32 YMOBH IepepoOku iHpopMalil Ha HU3BbKIH IIBHI-
HiaJIbHUX CY/MH TOJIOBHOTO MO3KY (p>0,05) Ta BereraTu-  KOCTI 11 mpeji’siBJIEHHs O0YMOBIIIOIOT Pi3HY y4acTh Mexa-
BHUX MexaHi3miB peryisiuii CP (p>0,05). [ToxiOHi 3MiHM  HI3MIB peryssiii TeMOJMHAMIK{ TOJIOBHOTO MO3KY Ta cep-
PEaKTUBHOCTI CY/IMH MOB’S3YIOTh 3 MOPYIIEHHSM (DYHK-  LIEBOTO PUTMY.

i}l BiAIOBIAHNUX IHTETPATUBHUX CTPYKTYP MO3KY i iHTEp- 3. st obcrexxyBannx 3 Husbkoro OPHIT Gy xapakre-
MIPETYIOTh SIK MPOSBU BETE€TATHBHOI MUCQYHKIIT y GopMi  pHUI rineppeakTHBHHUNA THI BET€TaTHBHOTO 3a0€3MEUECHHS,
BHYTPILIHBO CHCTeMHOI HAesiHTterpauii [22]. Ilpumyckae- 10 XapakTepu3yBaBcsl BHpakeHOI aktuBauiero BCP Tta
MO, III0 Taka BereTaTWBHa peakuiss ooymoBieHa MoHOTO-  XCCP i Hesnaunoro — [TM. [l oci® 3 BHCOKMM piBHEM
HI€I0 JIAHOTO BHUJly PO3YMOBOTO HABaHTaKEHHS JJIsI 00-  JOCIIPKYBaHHMX THIIOJIOTIYHHMX BJIACTHBOCTEH — Tillopeak-
crexyBanux 3 Bucokoro ®PHII. Hamu Takox OyB Buami-  THBHHH, SIKMHA BHpi3HSBCSA He3HauHMMM 3MiHamu [TM i
JIeHW# "HOPMOpPEaKTHBHUH" THII BEreTaTUBHOTO 3a0e3me-  BiJCYTHICTIO KOMIIEHCATOPHUX MexaHi3MiB peryssinii BCP.

JITEPATYPA

1. Apununn H.. [epudepuueckue «cepaua» 4enoBeka. 2-e U3l xemsiko [Ta iH.] // ®izionoriunmit xypHait — 2011. — T. 57,
- M.: Hayka u Texnuka, 1988. —64 c. Ne 1. - C. 88-93.

2. baesckuit P.M. OrneHka ypoBHS 3/10pOBbsI IPaKTHUeCKH 310po- 5. Bonmnenko H.I.  M3yueHue THUMONOrHueckux 0OcoOeHHOCTEH
BBIX JIIOZeH (MeTomudeckoe pykoBoacTBo) / baesckmit P.M., TEMOJMHAMIKHA OpraHM3Ma CTYJEHTOK He(H3KyIbTYpPHOTO
Bepcenena A.I1., bepcenes E.1O. — M.: Cioso, 2009. — 100 c. BY3a / Bomuenko H.I'., CaBuenko B.A., Ilaxomora J1.3. //

3. Beitn A.M. BererarusHsle paccTpoiicTa. - M.: Hayxka, 2003. — Hayunsie Beomoctr benl'Y. Cepmst: Meaumuna. Gapmars.
480 c. —2011. — Ne 13. - C. 75-79.

4. BikoBi 0COOIMBOCTI HIBUAKOCTI IeHTpanbHOI 00pobku iHdop- 6. [onosuenxo I.B. Iepebpanbua remoaunamika aiteit Big 8 1012
Marii y ocib 3 pi3HUM piBHEM (YHKIIOHATIBHOT PYXJIMBOCTI He- POKIB 3 MOPYLICHHSIM PYXOBOI aKTHBHOCTI LIEHTPAIBHOTO IO-

pBoBux nporiecis / M.B. Makapenko, B.C. JIuzory6, T.B. Ko-

40



Science and Education a New Dimension. Natural and Technical Sciences, 111(5), Issue: 41, 2015 www.seanewdim.con

xomkeHHst / 1.B. Tonosuenko, M.I. Taiigaii // dizionoriunuit
sxypHai. — 2013. — T. 59, NeS.— C. 25-30.

7. Kanpaumn B.B. 3MmiHn po3yMoBOi mpare3faTHOCTI ONeparopiB
3a yMOB 1000B0i TpyznoBoi nistmbHOCT!/ Kanpuum B.B., llBens
A.B., €menxo O.1. // ®izionoriunmii xxypuan. — 2011.- T. 57,
Ne 2. - C. 49-57.

8. Koanerko C.O. AHaimi3 BapiaOembHOCTI CEpIIEBOTO PUTMY 3a
JIOTIOMOTO00 MeToty MemianHoi criekrporpamu / C.O. Kopaire-
HKo // ®izionoriunmit xyprai. — 2005. — T. 51, Ne3. — C.92-95.

9. Makaperko M.B. Ownrorenes mncuxodizionoriynux ¢yHKiit
moauan / M.B. Makaperko, B.C. Jluzory6. — Yepkacu: Bep-
THKaib, 2011. -255 c.

10. Maxkapuyk M.IO. Ananraist oci6 pi3Hoi cTati 10 IisTBHOCTI 3
BHCOKHM DIBHEM BiNOBIAIBHOCTI 3a pe3ynpTar / Makapuyk
M.IO., Yikina JI.B., [ra in.] // BicH. Yepkacek. yH-TY ( cepist
Bionoriuni naykn). — 2010. — Ne180. — C.50-58.

11. Hoznpauer A.Jl. CoBpeMeHHBIE CITOCOOBI OICHKH (DYHKIINO-
HAJIBHOTO COCTOSIHHMS ABTOHOMHOI (BEreTaTMBHOW) HEPBHOM
cuctems! / A.Jl. Hoznpaues / @usnonorus yemnoseka. 2001. -
T.27.— Ne 6. — C. 95-101.

12. Mlargenko O.A. Ilcuxodisionoriuyamii aHami3 e(EeKTUBHOCTI
1epeOpasbHOI TeMOANHAMIKH 33 JOTIOMOTOI0 Jonrieporpadi-
4HOI Ta peoeHnedarorpadiunoi Bizyamizanii. / O.A. [lanuenko,
C.M. Panuenko // ®izionoriynmii xypHan. — 2012. — T. 58,
Ne 1.- C. 76-80.

13. Poukua M.A. OcoOGEHHOCTH COCTOSIHHSI COCYIOB MO3ra MpH
MO3roBeIX // Buomen. TexHom u pamuodnekpon. — 2004. —
Ne 8-9. - C. 11-16.

14. XacnekoBa H.b., Mamuit B.M. O npupone HH3KOYaCTOTHOU
cocTaBIitonIeii BaprabeIbHOCTH PUTMa Cepilia B POJIN CHMIIa-
THKO-TIapacuMIaTnieckoro B3aumoeiictsus / H.b. Xacmexo-
Ba, B.11. Mawmuii / Poccuiickuit hU3HOIOrUUeCcKuil KypHa. —
2002. — Ne 2. — C.2 37-247.

15. XpenkoBa B.B. OneHka aganTalioOHHBIX BO3MOYKHOCTEH CTy-
JIEHTOB Ppa3NUuHbIX (akynsTeToB FOkHOTO (emepanbHOTO
YHHMBEPCHTETa METO/IOM BapHalMOHHOH KapJHOMHTEpBaIOMe-

tpun / XpenkoBa B.B., Abakymona JI.B., KapcakoBa A.A.,
XKypasnesa M.B. // O6pa3zoBaHue, cropT, 340pOBbE B COBpE-
MEHHBIX YCIIOBUSX 3Kosoruueckon cpenpl: 11 MexnyH. H-mip.
koH(epeHwsa — PoctoB v//1.: FOxHBIH (enepaiabHbIil yHUBED-
curer, 2013. — C. 326-332.

16. Yixina JI.B. BB ysiBHOI poTarii 06’€KTiB Ha cTaH ncuxodi-
3ionoriuanx ¢ynkmii xinok / JI.B. Yikina, C.B. ®enopuyk [Ta
in.] // ®izionoriunmii xkypHai. — 2012, — T. 58, Ne 5. — C. 36-43.

17. llIBaabast 1.K. AprepunaibHbBle THIIEPTOHHH W THIIOTOHUH.
PykoBozctBo mo kapauonoruu / LK. IlIBana6as - M.: Menu-
nuHa, 1982. - T. 4. — C. 5-20.

18. Chennoufi L. Stress and burnout among / L. Chennoufi,
F. Ellouze, W. Cherif, et al.// Tunisian teachers. Encephale. —
2012. - V. 38(6). — P. 480-487.

19. Gender characteristics of cerebral hemodynamics during com-
plex cognitive functioning / M. Misteli, S. Dushek, A. Richter
[et al.] // Brain and cognition. — 2011. — V. 76, Ne 1. — P. 123—
130.

20. Lambiase M.J. Systolic Blood Pressure Reactivity During
Submaximal Exercise and Acute Psychological Stress in Youth
/ M.J. Lambiase, J. Dom, J.M. Roemmich // Am J Hyper-tens. -
2013.-V. 26, Ne 3. - P. 409-415.

21. Lyzogub V.S. Individual reactions of cerebral hemodynamics
and heart rate during mental activity with high rate of infor-
mation presentation / Lyzogub V.S., Chernenko N.P., Kozhe-
myako T.V., Dziuban 1.0. // Physiol. Meas. — 2014. — V. 21,
Ne Il (3). — P. 7-11.

22. Perez J.J. Spatiotemporal pattern of the extracranial component
of the rheoencephalographic signal / J.J. Perez, E. Guijarro,
J. Sancho // Science and Education a New Dimension. — 2005.
—1s.26, Ne 6. — P. 925-938.

23. Zhang L. Mental health and burnout in primary and secondary
school teachers in the remote mountain areas of Guangdong
Province in the People's Republic of China / L. Zhang, J. Zhao,
H. Xiao et al. // Neuropsychiatr. Dis. Treat. — 2014. — V. 10. —
P. 123-130.

REFERENCES TRANSLATED AND TRANSLITERATED

1. Arinchin N.I. Peripheral "heart" of man. 2nd ed. — M.: Science
and Technology, 1988 — 64 p.

2. Baevsky R.M. Assessment of the level of health in healthy
people (methodological guidance) / Baevsky R.M., Berseneva
A.P.Bersenev E.Y. - M .: Word, 2009. — 100 p.

3. Wayne A. Vehetatyvnsie disorder. — M .: Nauka, 2003. — 480 p.

4. Age features speed central processing information in individuals
with different levels of functional mobility of nervous
processes / M.V. Makarenko, V.S. Lyzogub, T.V. Tanner [et al.]
/I Physiological magazine. —2011. — Vol. 57, Ne 1. — P. 88-93.

. Volnenko N.G. Study of typological features of hemodynamics
of the body of the university students not sports / Volnen-
ko N.G., Savchenko V.A., Pakhomova L.E. // Scientific state-
ments BelSU. Series: Medicine. Pharmacy. — 2011. — Nel3. —
P. 75-79.

. Kalnysh V.V. Changes in mental capacity of operators under
conditions of daily work / Kalnysh V.V., Shvets A.V., Eschen-
ko A.l. // Physiological magazine. — 2011.— Vol. 57, Ne 2. —
P.49-57.

. Kovalenko S.0. Analysis of heart rate variability using the
method of median spectrogram / S.O. Kovalenko // Physiologi-
cal magazine. — 2005 — Vol 51, Ne 3. — P. 92-95.

. Makarenko M.V. Ontogeny of physiological functions of hu-
man / M.V. Makarenko, V.S. Lyzogub. — Cherkasy: Vertical,
2011.— 255 p.

10. Makarchuk M.Yu. Adaptation of the two sexes in activities
with a high level of responsibility for the outcome / Makarchuk
M.Yu, Chikin L.V., [et al.] // Bulletin of Cherkassy University
(Biological Sciences Series). — 2010. — Ne 180. — P. 50-58.

41

11. Nozdrachyov A.D. Modern methods for evaluating the func-
tional state of the autonomous (vegetative) nervous system /
A.D. Nozdrachyov // Human Physiology. 2001. — Vol. 27—
Ne 6. —P. 95-101.

12. Panchenko O.A. Psychophysiological effectiveness analysis of
cerebral hemodynamics using dopplerohrafichnoyi
reoentsefalohrafichnoyi and visualization. / O.A. Panchenko,
L.V. Radchenko // Physiological magazine. — 2012. — Vol. 58,
Ne 1. —P. 76-80.

13. Ronkin M.A. Features state of the brain in the cerebral vessels
/I Biomed. tehnol. and radioelekron. — 2004. — Ne 8-9. — P. 11-
16.

14. Haspekova N.B., Mamii V.1. On the nature of the low-frequen-
cy component of heart rate variability and the role of the
sympathetic-parasympathetic interaction / N.B. Haspekova,
V.l. Mamii // Russian Journal of saline. — 2002. — Ne 2. —
P. 237-247.

15. Khrenkova V.V. Evaluation of adaptive capacities of students
from different faculties of the Southern Federal University
variational method cardiointervalometry / Khrenkova V.V.,
Abakumova L.V., Karsakova A.A., Zhuravleva M.V. // Educa-
tion, Sport and Health in the present conditions of environmen-
tal protection: Il International Scientific and Practica. Confe-
rence — Rostov n/D.: Southern Federal University, 2013. —
P. 326-332.

16. Chikina L.V. The impact of mental rotation of objects on the
state of physiological functions of women / L.V. Chikina,
S.V. Fedorchuk [et al.] // Physiological magazine. — 2012 —
Vol. 58, Ne 5.— P. 36-43.



Science and Education a New Dimension. Natural and Technical Sciences, 111(5), Issue: 41, 2015 www.seanewdim.con

Chernenko-Kuragina N.P Individual reactions of cerebral hemodynamics and heart rate during mental activity with low rate
of information presentation
Abstract. Analysis of parameters of heart rate variability (HRV), wave structure of heart rate (WSHR) and cerebral hemodynamics
(CH) during differentiation and information processing at low rate of its presentation In groups of subjects with high, medium and
low functional mobility of nervous processes (FLNP). Found three types of individual reactions, which were depending on FLNP.
Hyperreactive type of reaction was determined for most people with low FLNP. This type of vegetative support control of mental
activity was characterized by marked activation of WSHR and minor activation of CH. The second type of reactions, hyporeactive,
was characterized by minor changes of CH and the absence of compensatory changes HRV and was detected in most people with
high FLNP. Third - " normoreactive" type of reaction was characterized by optimal and coordinated reaction of CH and HRV and
was detected in 31% of subjects with low, 53% - medium and 34% - high FLNP. This study allows to predict individual hemodynam-
ic reaction of the brain and the regulation of heart rhythm in the information load with taking into account individual-typological
properties of the higher parts of the Central nervous system.

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

Yepuenko-Kyparuna H.II. UaauBuayaibHble peakuiMyd reMOAMHAMHMKH IO0JOBHOI0 MO3ra M peryJsiiMi CepAe4yHoro puTMa
IIPH YMCTBEHHOM /IeTeIbHOCTH ¢ HU3KO0H CKOPOCTHIO IpeIbsiBJIeHUS HH(POPMaLH
AHHOTanms. B rpynmax oOcnenyeMbIX ¢ BBICOKOH, cpeqHeld M HHU3KOH (YHKIHMOHAJIHHOM MOJIBM)KHOCTHIO HEPBHBIX MPOLIECCOB
(®ITHII) mpu yMCTBEHHOH AEATENBPHOCTH C HU3KOH CKOPOCTBIO MPENbIBICHUS Al AU depeHInpOoBaHUs U epepaboTku uHdpopma-
LUH OTIPENEIUTN PeaKlui reMOoIuHaMuKH rooBHoro mosra (I'TM), BapuabensHocT (BCP) 1 BostHOBO# cTpykTypsl (BCCP) cep-
neqHoro putMa. Onpeaenuii TPY IPYyIIbl HHIUBUIYaTbHBIX pPEakuid, KOTOpble Haxoqmiich B 3apucumoctu oT GITHII. {ns 6ois-
muHCTBa ocobeit ¢ Hus3koit MITHIT Gbu1 XapakTepHblil "rhreppeakTHBHBIN" THIT 06ECIEUCHHUs] YMCTBCHHON AESTEIBHOCTH, KOTOPBIH
Xapaktepu3oBaiicsi BeipaxeHHoW aktuBaueit BCP u BCCP u HesnauurenpHoi peakuueir ['TM. Bropoit tun - "rbropeakTiBHbIH"
OTJIMYAJICS He3HAUNTENbHBIMU M3MeHeHnssMu [ TM 1 otcyTeTBHeM KomiieHcaTopHbIX n3MeHenniit BCP n BCCP, kotopslii 6611 3ape-
THCTPHUPOBaH y OosbIIMHCTBA ocobeii ¢ Bricokoi OITHII. Tpernit - "HOpMOpEaKTHBHBIA" XapaKTEepHU30BAJICS ONTHMAIBLHBIM B3aH-
MmozeiictBueM usMeHenuit I'TM u BCP ta BCCP u Obu1 BbisiBIeHHBIH y 31% o0cnenyeMbix ¢ HU3Koi, 53% - cpenneit u 34% BbIco-
kot ®ITHII. Pe3ynbrarsl M03BOJISAIOT IPOTHO3UPOBATh MHAMBUYaIbHbIE TEMOJUHAMUUYECKUE PEAKIIUM FOJOBHOTO MO3ra U peryJis-
UM CEPJECTHOr0 PUTMA B YCIOBHAX MH()OPMAIMOHHBIX HATPy30K C y4€TOM WHIMBUAYaNTbHO-THUIIOJOTMYECKHX CBOMCTB BBICIINX
OT/IE€N0B LIEHTPAJIbHOM HEPBHOMN CUCTEMBI.

Knrouesnvie cnoea: ymcmeennas oessmensHocmy, nepepabomra uHGopmayuu, QYHKYUOHANbHAS NOOBUICHOCHb HEPEHBIX NPOYec-
€08, 6apuaberbHOCHb U BOIHOSAS CIPYKIYPA CEPOEUHO20 PUMMA, YepeOpanbHas 2eMOOUHAMUKA
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ECOLOGY

Malyarenko O., Samoilenko V.
Regional ecological networks: developed geoinformation modeling approaches

Malyarenko Oleksandr, Postgraduate

Samoilenko Viktor, Doctor of Science in Geography, Professor
Taras Shevchenko Kyiv National University, Kyiv, Ukraine

Abstract. The conceptual bases for geoinformation modeling of regional ecological networks were developed with substantiation of
new algorithm by which such networks are consistently modeled from a set of (quasi)geosystems of actual natural-anthropogenic
and/or (quasi)natural bio-landscape territorial structure with new artificial environmental elements addition. The modeling result has
to be network ecological cores and corridors with their buffer zones, which are divided into prior and perspective for creation and
must support an optimally formed frame of region’s bio-landscape diversity.

Keywords: bio-landscape territorial structure, (quasi)geosystem, regional ecological network, ecological core and corridor,

geoinformation modeling

Introduction. Substantiation of ecological networks crea-
tion at regional level is now the actual problem of natural
geography because such networks essentially expand na-
tional and international ecological network structures and
are used as "guide"” for implementation of local ecological
networks supporting principles of sustainable environ-
ment development.

Review of publications. In [3-5], considering existing
experience summarized in [1-2]), there were proposed
theoretic-applied bases for geoinformation modeling of
regional ecological networks, particularly for mean by
area river basins with close to ordinary degree of their
economic infrastructure. So, the principal goal of this
research is to improve methods of regional ecological
network modeling towards increasing of their applicabil-
ity in diverse economic-environmental conditions, includ-
ing complicated.

Methods. The following conceptual bases for re-
gional ecological network geoinformation modeling
were formulated. Initially, ecological network modeling
region (ENMR) should be considered as a combination of
(quasi)natural (QNS), natural-anthropogenic (NAS) and
anthropogenic (AS) structures. From here, in accordance
with ([3-5]), dynamic of ENMR and its structures can be
represented as

D{ENMR} = {QNS(wqns:Raons:t) N 1)

M (NAS(wnas,Rnasit) U AS(Ras, 1)}
where ONS(wons, Rons, t) and NAS(wnas, Ruas, t) is a to-
tality of QNS and NAS random fields; AS(Ras, t) — a totali-
ty of AS determined fields (see [3]); w in general — a total-
ity of elementary experimental results, i.e. wgons and wpas
— number of mentioned random fields' registering (by
fields' values and/or coordinates); R altogether — total
spatial area of all fields in model (1), i.e. total boundaries
of researched region under R e (x,y) in Cartesian coordi-
nates of chosen for modeling GIS tools, wherefrom R e
{Rans M (Rnas U Ras)}; t— continuous time parameter.

ENMR (quasi)natural structure (QNS) is divided into

singular substructures (SNS) (second order subsystems)
— plane substructures (SNSP) and network biocentric sub-
structure (SNSNgqy), and also into integrated network
bio-landscape substructure (ISNgn) in accordance with
notation
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D{QNS} = {ONS(@qns,Rons: 1)} =
= {SNS(wsns:Rsns:t) M ISNon(@isngy:Risngye D)} =

= {(SNSP(@snsp,Rsnse:t) [ SNSNon(@snsngy: Rsnsngy:t)) 1 2)
N ISNQN(wISNONvR[SNONxt)}
where WsNSy (SNSPs wSNSNQN and w|5NQN — registering

number for random subfields of appropriate substructures
in (2), RSNSSv Rsps, RSBNSQN and RISNQN — Spatia| Subﬁelds’

subareas of these substructures provided that Rgns = R
e{(Rsnse M Rsnsngy) M Risngyds Rswse = R Rsnsngy # Ri
Risngy 7 R.

In turn, firstly, (quasi)natural singular plane sub-
structures in (2) correspond to model

{SNSP} € {LS N PGS N BS N PDS N OSPS} (3)

namely they combine such substructures of ecological
network modeling region (ENMR), as:

1) Landscape substructures (LS) — taxonomic units
of genetic-morphological landscape territorial structure of
the regional level, such as stows (ST) and sub-stows
(SST), wherefrom

D{LS} = {LS(wsRis)} = )
{ST(wst,Rsr,t) N SST(wsst,Rsstit)}
where w_s, wst and wsst — registering number for random
subfields of appropriate substructures in (4); R.s, Rst and
Rsst — spatial subfields’ subareas of these substructures
considering that total spatial area of landscape substruc-
tures is Ris =R € {Rsr N Rssr} and Rsr € {Rssr};

2) Physical-geographic substructures (PGS) — cer-
tain level units of physical-geographic zoning ([1]), espe-
cially physical-geographic areas (PGA) and districts
(PGD) considering that they belong to zones (PGZ), sub-
zones (PGSZ) and lands (PGL) with correspondence to
formalized notation

D{PGS} = {PGS(®ps,Rpcs:t)} = {PGZ(wpcz,Rpez ) N
1 PGSZ(wpesz,Rpesz:t) N PGL(@poL,RpeL D)} N
N PGA(@wpeaRpeat)} N PGD(wpep,Reen )}
where wpgs, ®Wpsz, Wpasz, WpaL, Wpca aNd wpep — register-
ing number for random subfields of appropriate substruc-
tures in (5); Rpgs, Rpsz: Rpasz: Reol, Rpea @and Rpgp — Spa-
tial subfields’ subareas provided that total spatial area of
PGS is Regs =R € {Rpcz (1 Rpasz M Rear M Reca N Recp}s
3) Basin substructures (BS) — on the one hand, a to-
tality of basin territorial substructures (BTS), from the

®)
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higher rank basins (BTS;) up to the lower rank basins
(BTS,); on the other hand, basin morphological-positional
substructures (BMPS), i.e. identified within selected rank
BTS watershed-plain (WPG), slope (SLG), terrace (TRG),
floodplain (FPG) and riverbed (RBG) geosystems, and,
very often, their combinations (CMPS). Following the
logic of previous formalization, it's possible to note that

D {BS} = {BS(wgs,Res,1)} = {BTS(wgrs,Rars,t) N

N BMPS(wgwmps,Ramps:t)} (6)
D {BTS}= {BTS(wgts,Re7s,t)} = ©)
= {BTSy(wsrs,;,Rers ;1) N ... N BTSy(wsrs,,Rers,, 1)}

D {BMPS} = {BMPS(®gpps,Remps,t)} =

= {WPG(wwpg,Rwpa,t) U SLG(ws 6,Rs.6,t) U

U TRG(wrre,Rrra:t) U (8)

U FPG(wepc,Repe,t) U RBG(wrge,Rrac:t) U (M)

U (N) CMPS(wcmps,Remps: D)}
where wgs ... wcmps — registering number for random sub-
fields of appropriate substructures in (6)-(8); Rgs ... Rcwmps
— spatial subareas of these subfields considering that total
spatial area of BTS subfields is Rgrs =R € {Rgrs; (1 ... N

RBTS,n} and of BMPS subfields RBMPS =R e {RWPG U U

(N) Remes}

4) Positional-dynamic substructures (PDS) — the
units of positional-dynamic zoning ([1, 2]), i.e. para-
dynamic areas (PDA) and subareas (PDSA), landscape
tiers (LTI), basin and para-genetic sectors (BPGS) and
landscape strips (LSTR), which permits to make formal-
ized notation

D{PDS} = {PDS (wpps,Rpps:t)} = ={PDA(wppaRepat) N

n PDSA(a)PDSA|RPDSA1t) ﬂ LTI(CULThRLTIvt)} ﬂ

(1 BPGS(wgpes,Repes: )} N LSTR (@i str,Risr D}
where wpps ... wsTr — registering number for random sub-
fields of appropriate substructures in (9); Reps, Rppa, Rep-
sa» Rumi, Repes and Ry str — spatial subareas of these sub-
fields provided that total spatial area of positional-
dynamical substructures is Rpps = R € {Rppa [ Rppsa N
Rini M Repes N Ristr} etc.;

5) Other (quasi)natural singular plane substruc-
tures (OSPS) — accessory under modeling substructures,
which characterize geographic-botanic, zoological-
geographic, geologic, hydrogeological, relief-forming,
soil and other regional peculiarities, including combined
by attributes.

Secondly, (quasi)natural singular network biocen-
tric substructure (SNSNqy) in (2) is identical to recon-
structed (retrospectively reproduced) elements of regional
(quasi)natural biocentric-network landscape territori-
al structure (BNLTSqy) (see [1, 2]), such as bio-centers
(BCon), bio-corridors (BCRqoy) and interactive ele-
ments (IELqy), herefrom

D {SNSNgy} =D {BNLTSqy} =
{BNLTSon(@enLtsgy:Renctsoyt)} = {BC(@ecqyRecqyt) U
U BCR(wpcray:Recront) U IEL (0L gy RieL oy )}

where WBNLTSoN+++ DIELGN — registering number for ran-

dom subfields of appropriate substructures in (10);
Renitsgy -+ RieLgy — spatial subareas of these subfields

given that RBNLTSQN £#R.

©)

(10)
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Thirdly, (quasi)natural integrated network bio-landsca-
pe substructure (ISNgy) in (2) can be identified with a
totality of network connected elements forming (qua-
si)natural bio-landscape territorial structure (BLTSqy),
namely, from the one hand, reconstructed patches of LS
(stow and sub-stow geosystems), BMPS (terrace-floodplain
geosystems etc.) and BNLTSqy considering general back-
ground of (quasi)natural singular plane substructures. On
the other hand, properly BLTSqy (quasi)geosystems are
regional (quasi)natural cores (QNC) and corridors
(QNCR) of bio-landscape diversity which serves as re-
gion’s quasi-natural (reconstructed) frame of bio-land-
scape diversity (RFBLDgnwr). Herefrom

D {ISNgn} = D {BLTSqn} =D {RFBLDgyyir} =

{BLTSon(@sLtsgy:ReLtsgpet)} =

= {RFBLDENMR(wRFBLSENMRrRRFBLSENMth)} =

= {QNC(@gnc,Rone:t) U QNCR(wonerRoneri )} ¥

V{SNSP (cosnsp,Rsnse: ) }
where WBLTSgy +++ PSNSP — registering number for random
subfields of appropriate substructures in (11); RBLTSQN

Rsnsp — Spatial subareas of these subfields provided that
ReLrsgy 7 R

NAS and AS in (1) should be considered as regional
functional structure of nature management (RFSNM)
with the further division on natural-anthropogenic and
anthropogenic regional functional and nature man-
agement substructures (RFNMS), such as agro-
industrial (AIS), industrial (1S), settlement (SS), transport
(TRS), nature-protective (NPS) and multi-recreational
(MRS) substructures, therefore

D{NAS U AS} =D {RFSNM} = D {RFNMS} =
{RFNMS((@renms) Rrenus: )} = {(AlS(@ais,Rais t) U
U 1S((@is),Ris,t) U SS(Rss,t) U TRS(Rrrs,t) U
NPS(wnps,Rnps:t)) N MRS(wwrs,Rvrs: 1)}
where wrenws ... @wmrs — registering number for random
subfields of appropriate substructures in (12);
Rrenwms. - -Rmrs — spatial subareas of subfields in (12) con-
Sidel’ing that Rrenmvs = R.

In particular, NPS in (12) includes objects of nature
conservation fund (NCF) and biotic-protective (BPS),
other special protective (OSPS) and ecological network
(ENS) substructures, that's why

D {NPS} = {NPS(wnps,Rnps,)} =

= {NCF(wnce.Rncrt) N (U) BPS(wgps,Reps,t) U (M)

U (N) OSPS(wosps;Rosps:t) N (U) ENS(wens,Rens:t)
where wpps ... wens — registering number for random sub-
fields of appropriate substructures in (13); Ryps ... Rens —
spatial subareas of these subfields given that Ryps # R and
BPS substructures are both point and polygonal spatial
features and groups of these features (see [4]).

In turn, ecological network substructures in (13) will
agree with general notation {ENS} € {NLEN 1 (U) IS-
Nana M (U) MEN} and therefore they include at regional
scale:

1) Substructures of national (inter-regional) and lo-
cal ecological networks' elements (NLEN), considering
a level of their conservation status implementation;

2) Actual natural-anthropogenic integrated network
bio-landscape substructure (ISNana), Which is identical
to actual natural-anthropogenic bio-landscape territori-

(1)

(1)

(13)
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al structure (BLTSana) (see for comparison (11)). There-
fore the last one represents connected and/or, more often,
disconnected patches of synergistically integrated certain
QNS components, which are preserved (first of all "with
human assistance™) in close to natural state under condi-
tions of anthropogenic pressure and impact of structure-
destroying natural factors and/or are already restored. Such
patches include actual elements of landscape and basin
substructures (SSTana, STana and CMPSuya) and (qua-
si)natural biocentric-network landscape territorial structure
(BNLTSapa) and also proper components of nature-
protective substructures (NCF, BPS and OSPS) considering
general composition of other RFSNM elements (see (12)).
In this case (quasi)geosystems of BLTSana are regional
actual natural-anthropogenic cores (ANAC) and corri-
dors (ANACR) of bio-landscape diversity which form
region’s actual frame of bio-landscape diversity (AF-
BLDgnwr), preserved in close to natural state. Wherefrom

D {ISNana} =D {BLTSana} =D {AFBLDgnur} =

{BLTSana(PetspppsReLTS ANA DY =

= {AFBLDENMR(wAFBLDENMR|RAFBLDENMR|t)} =

{ANAC (@anac:Ranac:t) U

U ANACR( @anacr:Ranacr)} ¥V

vV {RFNMS((wrenms)Rrenms:t) — NPS(@nps,Rups, )}
where wgirsyy, --- @nes — registering number for random
subfields of substructures in (14); Rgirs,y, --- Rups— spatial
subareas of subfields in (14) given that Rg s, ,, # R €tC.;

3) Modeling regional ecological network (MEN) re-
garded, firstly, as a set of BLTSaya and/or BLTSqy (qua-
si)geosystems, initially identified and finally selected ac-
cording to specified system of bio-landscape diversity
analysis' criteria for the purpose of current or perspective
conservation and/or restoration and protection of such
(quasi)geosystems as future ecological network's compo-
nents. Secondly, MEN structure can be extended by prop-
er additional artificial elements of nature-protective sub-
structures (NPSapp) that may provide optimal composi-
tion and formation of future ecological network. All men-
tioned MEN components are earmarked to support im-
plementation and sustainable functioning of region’s op-
timally formed frame of bio-landscape diversity
(OFFBLDgnmr), Which is the most close to such (qua-
si)natural frame (see (11)). Properly structural elements
((quasi)geosystems) of MEN are regional ecological
network cores (EC) and corridors (ECR) and their
buffer zones (BZ), herefrom

D {MEN} = {MEN(wwenRuent)} = {EC(wec,Rec,t) U
ECR(wecr,Recrit) U BZ(wgz,Rez )} =

= {OFFBLDENMR(wOFFBLDENMRrROFFBLDENMR:t)} v

v {lim (OFFBI—DENMR(wOFFBLDENMRvROFFBLDENMth)) =
= (RFBLDENMR(wRFBLDENMRsRRFBLDENMRyt) U

U NPSaop((@npsapp) Rupsapp )}

where @yen... ®npsypp — registering number for random
subfields of substructures and elements in (15); Ryen... R
NPsapp — SPatial subareas of subfields in (15).

It should be remembered during modeling that ecologi-
cal network cores and corridors in (15) have to be selected
and analyzed as possible and then as final with their fur-
ther division into prior and perspective for creation, in-
cluding their relevant buffer zones.

(14)

(15)
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Results and discussion. Considering the above precondi-
tions, new algorithm of regional ecological network mod-
eling contains the number of specified by criteria opera-
tions aimed at consistent creation, coordination and trans-
formation of defined model structures with simultaneous
forming and information saturation corresponding blocks
of GIS database "Regional Ecological Network". Such
structures are:

1) Model structure MS-1 — the result of investigating
region boundaries determination, wherefrom

{Ms-1} = {R} € {Rons N (Ruas U Ras)} (16)
2) Model structure MS-2 — ordered set of definite
(quasi)natural singular substructures under model

{MS-2} e {ONS(@qnsRonsit) —
— (BLTSon(@gLrs gy ReLrsonit)}

3) Model structure MS-3 — the structure of bio-land-
scape diversity "frame" reconstruction and initial selection
of possible MEN elements in accordance with notation

- Nl 1 =
{M5-3} € {BLTSqn(@sLrsgy:ReLtsgyt)}
{RFBLDenwr(@rFBLDErs RRFBLDENR' DY =
= {ONC(wanc.Ronet) U ONCR(@woner, Roner )} =
= {ECpon(@ecpoy:Recpgyt) U EC-
Reon(@ecrpon: Recrpon: D)}

where ECPQN(wECPQN’RECPQN’t)
and ECRPQN(wECRPQN,RECRPQN,t) — the first set of possible
MEN cores and corridors as reconstructed by modeling
cores and corridors of BLTSqy;

4) Model structure MS-4 — the structure of region’s
anthropogenic transformation degree, presented as

{MS-4} € {RFNMS((@renms),Rrenms:t) —
— BLTSana(@BL1spp 00 RBLTS AN E) —
— MEN(wyen,Rvent)}

5) Model structure MS-5 — the structure of bio-
landscape diversity frame (quasi)geosystems' actualiza-
tion according to equation

{MS-5} € {BLTSANA(wBLTSANAnRBLTSANAnt)} = {AF-
BLDENMR(COAFBLDENMR1RAFBLDENMth)} =

= {ANAC(wanacRanac:t) U ANACR(wanacrRanacrit)} =
= {ECpana(@ecpppyarRECH ) U EC-
RPANA(a)ECRpANAvRECRpANArt)} v {MS-3}

where ECPANA(wECPANA’RECPANA’t) and
ECRpana(@ecrppna RECRpanArT) — the second set of possible
MEN cores and corridors as differentiated by modeling
cores and corridors of BLTSana;

6) Model structure MS-6 — the structure for analysis
of natural-frame significance and state level concerning
both sets of possible MEN cores and corridors by (19) and
(20) and selection of the first set with final (principal)
MEN cores and corridors (ECgnpy1 and ECRgnpg) IN
accordance with notation

{MS-6} € {(ECPQN(wECxRECvt) U ECRPQN(wECRxRECth)) N
(U) (ECpana(@ec,Rec)t) U

U ECRpana(@ecr,Recri1)) N (RENMS((@renmis) Rrenms:t) —
NPS(wnps,Rnps 1))} =

={(Ms-3) N (V) (MS-5) N

N (MS-4)} = {ECrinp1(@ecey p1:ReCEyp 1 D) U

U ECRenpa(@ecreyy p 11 RECREN p 1 D}

(17)

(18)

(19)

(20)

1)
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7) Model structure MS-7 — the structure for OFF-  regarding peculiarities of their application to model struc-
BLDenmr first variant creation (see (15)) by addition and  tures (16)-(23) adequate to proposed algorithm, to modify
coordination with MS-6 of required NPS,pp elements and  geoinformation-technologic approaches to implementa-

approximate BZ computation by notation tion of mentioned algorithm and to verify developed
{MS-7} € {(M5-6) U NPSpop(@yps, 00 Rrpspport)) U model _solutions on example of representative region’s
_ ecological network.
U BZ(wgz,Rez t)} = (22)
= {OFFBLDENMR(Q)OFFBLDENMRYROFFBLDENMth)}VARl
8) Model structure MS-8 — the structure for OFF- Conclusions. The conceptual bases for geoinformation

BLDevwr second variant creation by division of MEN  modeling of regional ecological networks were developed
cores and corridors and their buffer zones from (22) into by formalized structuring of the region into (quasi)natural,
prior (subscript "pr") and perspective (subscript "pp") ac-  anthropogenic-natural and anthropogenic structures, their

cording to equation further differentiation into substructures and modeling of
{MS-8} = these substructures' dynamics, which allows to generate
={OFFBLDenmr(®@orrBLDgwr ROFFBLDEN R D YVAR? € an optimally formed frame of region’s bio-landscape di-
€ {(ECpr(@ecpp,Recopt) U versity. ) _ _
U ECRen(®@echogRechag ) U BZor(@70 Rezag 1)) U (23) New algorithm of ecological network modeling con-

U (ECop(®ecoRecot) U tains_ number of_specified py griteria operations air_ned at

PR ECPP! consistent creation, coordination and transformation of

U ECRep(@ecrop Recrpprt) U BZpp (8755 Razp0:1))} defined model structures with simultaneous forming and

Prospects for further research are to improve the sys-  information saturation corresponding blocks of GIS data-
tematization of bio-landscape diversity analysis criteria  base "Regional Ecological Network".
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Abstract. The purpose of this study was to investigate and establish the differences in blood parameters in horses Hutsul breed in the
Transcarpathian region. In accordance with established haematological and serum biochemical values, they can be used to assess the

metabolic state of the animal, monitoring treatment of animals.

It was found that the performance of PCV, MCV, MCH, MCHC Hutsul breed horses were within physiological fluctuations were
similar with the literature data. The highest values were total bilirubin, glucose, AST and potassium.
Investigated hematological and biochemical blood parameters in horses Hutsul breed that will use data from a study of healthy

and sick animals.
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Introduction. Hutsul horse — aboriginal rock domesticat-
ed horses that spread in the Carpathians and in many
Eastern European countries, is one of the world’s gene
pool. Its breeding in Ukraine is concentrated in the moun-
tainous and foothill areas of Zakarpattia, Lviv, Ivano-
Frankivsk, Chernivtsi regions [1]. In Europe Hutsul breed
horses bred in Poland, the Czech Republic, Hungary, Slo-
vakia, Austria, Romania, Germany [2].

Horses Hutsul breed formed under the influence of
mountain climate, in a depleted feed, as characterized by
good health, high labor productivity, efficient use of food,
fitness and endurance. In the current population of horses
Hutsul breed characterized by typical mountain horses
grounds. Unique and biological quality of the horses to
ensure their effective use in diverse economy [3]. In partic-
ular, Hutsul breed of horses used in breeding, sport, hippo-
therapy, agrotourism, agricultural work. They are well suit-
ed for use in the mountains. For mountain biking trails
horses of this breed with packs on their backs weighing 100
pounds or more are up to 100 km per day [4].

Population Hutsul horses evolved over the centuries
and came from people in ancient times (beginning of 5- to
9 th century) and so the researchers of this breed differ-
ently interpret it and have common views on the origin
and formation of its features. The first information about
mountain horses were still in the early XVII century. Spe-
cies bred by crossing local mountain horses Galicia and
Bukovina noritskogo type stallions and horses eastern
type, including Arabian breed. However, it is believed
that Hutsul horses — are the direct descendants of the tar-
pan, who moved to the Carpathians yore [5].

The main type of Hutsul horses — harness-onerary.
Body type its massive, rounded body shape, strong consti-
tution. The trunk is wide, deep, long, medium size head
with a wide forehead, straight profile, thick neck is short,
low withers long, steep shoulder, short limbs, well put.
Hutsul horses of small stature (height at the withers for
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horses is 135-145 cm for mares — 132-143 cm). They are
hardy, undemanding, are highly resistant to diseases, fer-
tility, longevity. The color usually bay, gray and red, rare-
ly crow, dun, cream-colored with dark shades [6].

Our study aimed to establish reference values for blood
parameters Hutsul breed horses and their comparison with
accepted values for this species. Horses that do the hard
work, especially in mountainous areas, the physiological
limits of blood parameters may differ from other horses
[7]. Although it is not clear whether these differences
result physiological adaptation of animals or the result of
work in difficult conditions. Such research will improve
the welfare of horses [8].

Hematological and biochemical blood parameters in
horses used for early diagnosis of non-contagious, infec-
tious and parasitic diseases. They are also used to monitor
disease, recovery and treatment of animals. This is im-
portant in postoperative patients. Such studies are used to
assess the metabolic state of the animal in sport horses for
planning specific physical activities, as well as with the
scientific purpose [9].

Hematological and biochemical parameters of blood
horses of various breeds and productivity trends are well
known and are described by many scientists and can be
covered in various articles and books [10, 11]. Research
concerning the Hutsul breed horses limited to specific pub-
lications and describe only some blood parameters [12-15].

The aim of this study was research the haematological
and biochemical blood parameters in horses Hutsul breed
that will allow to use the data in the study as clinically
healthy and sick animals.

Materials and methods. In total, 24 clinically healthy
horses Hutsul breed aged 3 to 7 years from two farms in
the Transcarpathian region were used in this research.

All horses were healthy and did not show any signs of
abnormality during the study period. The mares were not
pregnant and were not lactating during the trial.
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The blood samples were collected from 24 animals in Oc-
tober 2014, and they were handled with care to minimize
stress-induced effects. To reduce circadian variations, all
samples were collected before the morning feeding. The
diet included horse hay, oats, bran, and did not receive sup-
plements and minerals. The water was used ad libitum.

Blood samples were taken from the jugular vein using
a 16-gauge needle into the vacuum blood tubes, 10 ml
(Vacutest, Italy). Tubes of etilendiaminotetraacetic acid
(EDTA) were used to study the blood haematology and
the tubes without EDTA were used for blood biochemical
examination. The haematological and biochemical studies
of the horses Hutsul breed blood were carried out at the
Laboratory Department of Internal Diseases and Clinical
Diagnostics of the Lviv National University of Veterinary
Medicine and Biotechnologies.

The blood haematology was analysed using an automat-
ed hematology analyzer Mythic 18 (Orphee S.A., Switzer-
land) by using the PZ Cormay S.A. (Poland) reagents. The
red blood cell count (RBC), white blood cell count (WBC),
platelet count (PLT), differential leukocyte count, haemo-
globin concentration (Hb) and mean cell volume (MCV)
were measured directly; packet cell volume (PCV), mean
cell haemoglobin (MCH) and mean cell haemoglobin con-
centrations (MCHC) were calculated automatically.

After collection of blood samples into the vacutainer
tube without EDTA they were centrifuged at 3000 U/min
for 10 min. to fractionated blood separated serum was
evaluated. Concentrations of serum total protein (TP),
albumin (Alb), total bilirubin (TBIL), glucose (Glu), urea
(Urea), creatinine (Crea), calcium (Ca), phosphorus (P),
magnesium (Mg), potassium (K), sodium (Na), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and the gamaglutam-

iltransferase (GGT) activities were measured using an
automated blood chemistry analyzer BS-120 (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd., P.R. China)
by using the PZ Cormay S.A. (Poland) reagents.

The results of hematological and biochemical studies
compared the results established for horses [16, 17]. All
data were analyzed using Microsoft Excel (2010) software.

Results and discussion. When interpreting diagnostic
blood parameters in horses is necessary to consider the
breed, age, sex, physical activity, as some physiological
limits blood may differ [18, 19].

The mean values of blood haematological and bio-
chemical parameters in healthy working horses Hutsul
breed are shown in tables 1-2.

Number of red blood cells healthy animals fairly con-
stant, so setting change their number has diagnostic value.
However, keep in mind that their number can vary de-
pending on time of day study, age, sex, performance, ex-
ercise animals. Analysis of RBC and HGB in sport horses
used to establish the degree of fitness and ability of exer-
cise training. Exercise horses requires an increase in
blood oxygenation, and specific response to this stress is
to increase the number of red blood cells and hemoglobin
[18]. The average values of RBC and HGB horses Hutsul
breed (Table 1) were within the physiological oscillations
identified for this species [3, 16, 17].

In a number of diseases in animals can be modified
erythrocyte hemoglobin saturation that is adjusted with
the analysis of red blood indices. Indicators PCV, MCV,
MCH, MCHC used for differential diagnosis of anemia in
animals [20]. Horses Hutsul breed PCV is within physio-
logical fluctuations, but it was the lower limit of abstract
rules [16, 17]. The mean MCV, MCH, MCHC horses
were similar with the literature data.

Table 1. Mean values with standard deviation (M+m) of blood morphological parameters for healthy working horses Hutsul breed
Parameter Blood morphological parameters for horses Hutsul breed Reference indices from the literature
M=+m lim Winnicka A., 2008 [16] | Buismno B.B., 2014 [17]
RBC, 10™/I 7,540,12 6,7-7,9 5,5-10,0 6,0-9,0
HGB, g/l 116,6+2,38 102,0-126,0 80,0-180,0 90,0-140,0
PCV, % 31,1+0,63 27,0-34,3 24,0-52,0 35,0-45,0
MCV, fl 41,6+0,60 37,0444 35,0-58,0 37,0-58,0
MCH, pg 15,6+0,21 14,1-16,7 10,0-20,0 16,0-20,0
MCHC, g/dI 37,5+0,12 36,9-38,2 31,0-37,0 31,0-36,0
WBC, 1071 8,5+0,50 5,1-13,1 5,5-12,0 6,0-11,0
LYM, 10/ 4,4+0,36 2,1-7,1 1,5-7,7* -
MON, 1071 0,20+0,023 0,10-0,30 0-1,5* -
GRA, 10°/1 4,4+0,21 2,9-5,6 2,3-9,5* -
PLT, 107 106,0+8,27 62,0-151,0 150,0-400,0 200,0-600,0

* — Andriichuk A., 2012

White blood cells in the body do primarily protective.
Depending on the type they are involved in phagocytosis,
making interferon, lysozyme, histamine and other biolog-
ically active substances. Lymphocytes play a major role
in specific defense reactions — the formation of cellular
and humoral immunity. The average values of WBC
horses Hutsul breed physiologically experienced consid-
erable fluctuations. The increase in the number of leuko-
cytes was saline, which was due to exercise. In the analy-
sis of leukocyte subpopulations stipulated difference
compared with prescribed standards for horses [16-18].
The main role of platelets in the body - participated in
the initial homeostasis. Mean blood PLT Hutsul breed
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horses was lower than that given in the literature data [16,
17]. However, in the literature, we found a message show
limits fluctuations platelets in sport horses, which is con-
sistent with the results of our research [18].

To assess the status of the organism, the establishment
of functional and morphological state of individual organs
or systems, as well as identifying pathological condition,
it is recommended to perform basic laboratory tests. In
their activity is common veterinary specialist with situa-
tions where deviations in laboratory tests are fundamental
in diagnosis [17, 20].

Reduction of total protein in serum develops when the
body is insufficient protein, liver and kidneys. Less com-



Science and Education a New Dimension. Natural and Technical Sciences, 111(5), Issue: 41, 2015 www.seanewdim.con

mon increase in its concentration [21]. The mean of total
protein and albumin in horses hutsul breed is within the
limits set for this type of animal (Table 2).

The concentration of total bilirubin though not extend
beyond physiological fluctuations, but was close to the
maximum value [16]. The variations in the reports of dif-
ferent researchers are considered that have been arisen
from species, geographical and nutritional factors, timing
of blood sampling, and the methodology and equipment
used by laboratories [22].

In the study of glucose found that the level of Hutsul
breed horses also had higher mean values for this species,
which we believe was due to stress during the selection of
animal blood [17].

In modern laboratory diagnostics monitoring urea and
creatinine are used to diagnose Kidney disease. In our
study, the serum urea levels in horses Hutsul breed were
within the reference range for the species of animal [16,
17]. Contents creatinine may depend on body composition,
nutrient intake, muscle development [22]. In the studied
animals is at the lower limit of the physiological limits.

Enzymes are used in equine medicine to assess muscle,
liver and heart function [17, 22]. As a result of studies
found that serum AST activity Hutsul horse breed was
slightly higher compared with the average animal of this
species [3, 22]. However, there are reports that these val-
ues may be acceptable. ALT and GGT performance hors-
es Hutsul breed did not differ from those established by
other authors [16, 17].

Table 2. Mean values with standard deviation (M+m) of blood biochemical parameters for healthy working horses Hutsul breed

Parameter Blood biochemical parameters for horses Hutsul breed Reference indices from the literature
M+m lim Winnicka A., 2008 [16] | Buisno B.B., 2014 [17]

TP, g/l 67,2+0,75 62,5-72,5 60,0-78,0 65,0-80,0
Alb, g/l 36,5+0,32 34,8-38,2 29,0-59,0 -
TBIL, umol/| 17,8+0,75 12,1-23,1 13,7-25,6 7,0-17,0
Glu, mmol/I 4,9+0,10 4,353 3,1-6,2 3,0-5,0
Urea, mmol/l 5,2+0,15 4,3-6,0 41-74 3,5-6,0
Crea, umol/I 101,0+1,74 90,3-108,8 106,1-167,9 100,0-160,0
AST, U/l 451,24+14,04 358,0-574,0 205,0-555,0 50,0-200,0
ALT, U/l 8,5+0,73 6,0-13,0 3,0-25,0 5,0-15,0
ALP, U/l 176,5+12,58 44,0-304,0 109,0-315,0 100,0-250,0
GGT, U/l 13,7+0,70 10,0-17,0 12,0-45,0 20,0-40,0
Ca, mmol/I 2,90+0,024 2,74-2,98 2,25-3,12 2,5-3,5
P, mmol/l 1,36+0,047 1,16-1,61 1,13-1,90 1,2-18
Mg, mmol/l 0,80+0,015 0,70-0,86 0,70-1,15 0,7-1,0
Na, mmol/I 144,2+1,76 134,0-150,8 139,1-156,5 135,0-145,0
K, mmol/Il 5,2+0,17 4559 3,5-4,7 2,8-4,8

ALP activity depends on age and physiological state of
the organism. Research ALP used primarily to diagnose
diseases of the skeletal system [17]. In our study, ALP
varies widely, but did not exceed specified limits [16, 22].

Throughout the study, the differences in calcium,
phosphorus, magnesium and sodium concentrations in
horses Hutsul breed did not exceed the ones for horses
and were similar to the literature searches. The difference
found in the contents of potassium, since the figure was
23 % higher than to the commonly cited values for horses
[16, 17]. This increase may be due to both climatic factors
feeding conditions and breed features [17, 22].

The haematological and serum biochemical values
determined in the present study serve as reference values

for horses Hutsul breed and could be used in diagnosing
diseases and determining their prognosis, as well as in
preventive measures.

Conclusions

1. It was found that the performance of PCV, MCV,
MCH, MCHC Hutsul breed horses were within physio-
logical fluctuations were similar with the literature data.
The highest values were total bilirubin, glucose, AST, and
potassium.

2. Investigated hematological and biochemical blood
parameters in horses Hutsul breed that will use data from
a study of healthy and sick animals.
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MaxkcumoBuu U., CiiuBunckas JI., Beinsipuuk C., Bydek K., Cranen M. I'emaTosiornyeckne u 0HOXMMUYECKHe NMOKA3AaTeH
KPOBH 310POBBIX Pado4HuX JIOMIAIel rylyIbCKOii NOpoabl
AunHoTauus. [{enpro JaHHOTO HCCIIe0BaHus OBUIO MPOBECTH MCCICIOBAHMUS, aHAM3 M YCTaHOBHUTH pe)epeHTHBIC 3HAUYCHUSI KPOBH
JOIIaeH TYIyIbCKOW MOPOIBI. Y CTaHOBICHHBIE FeMaTOJIOTHYSCKUEe U OMOXMMHUYECKHE OKA3aTelI KPOBH MOTYT OBITh HCIIOIb30Ba-
HBI JUIS OLCHKH METa0OJMUYECKOTO COCTOSHHUS JIOMIACH, THArHOCTHKY 3a00JICBaHUi, MOHUTOPHHTA 3()()EKTHBHOCTH JICUCHUS 0OJTb-
HOTO KHUBOTHOTO.

beuo ycraHoBieHo, 4To mokaszarenu remarokputa, MCV, MCH, MCHC B nomiazeii ryiyabckoil mOpoabl HAXOAWIHCh B Mpe/e-
nax (HU3NOJOTMICCKUX KOJICOAHUH M COTJIAIaNCh C TUTECPATYPHBIMU JaHHBIMH. CaMble BBICOKHE 3HAYCHHUS OBUTH YCTAHOBIICHBI IO
obmemy onnupyouny, rimokose, AcAT u kanuu.

HccnenoBanue reMaToNOrHYeCKHX 1 OMOXUMHYIECKHX MTOKa3aTes el KPOBH Y JIOIa/iel TyIyIbCKOW HOPOIbl OYAyT UCIONb30BaATh-
sl TIPU MCCIICIOBAHUS 3A0POBBIX M OOJIBHBIX KUBOTHBIX.

Knrwoueswie cnosa: nowaou, 2yyyisckas nopooa, Mopgonoaus, 6uoxumus, Hopmel
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Abstract. The article shows the results of treating the dogs suffering from hepatodystrophy and proven therapeutic efficacy of the
hepatoprotector Hepatiale®Forte. In dogs suffering from hepatodystrophy there was found increased serum activity of alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), glutamate dehydrogenase (GLDH), alkaline phosphatase (ALP), gamag-
lutamiltransferase (GGT), an increase in total bilirubin level, concentration of bile acids, hypo- and hypercholesterolemia. Use of the
hepatoprotector in a complex treatment scheme for dogs with hepatodystrophy gradually restores functional status of hepatocytes due

to combination of L-ornithine and soybean phospholipids.

Keywords: dogs, hepatodystrophy, enzymes, bilirubin, cholesterol, bile acids, treatment

Introduction. The liver is a central organ of homeostasis
performing more than 500 metabolic functions, particular-
ly carbonaceous, lipidic, protein, macro- and micro-
elemental, vitamin as well as biligenic and bile-excreting
ones. Often its damages are only partial reflection of gen-
eral pathology [1].

Hepatodystrophy is one of the most spread liver diseas-
es, characterized by dystrophy, necrosis and lysis of
hepatocytes, liver failure and toxicity [1]. The etiological
factors of hepatosis are the use of poor quality forages,
deficiency of vitamins and essential amino acids in the diet
and use of drugs having hepatotoxic effects. Unfortunately
Ukrainian veterinary pharmacy does not provide the veteri-
nary professionals with the medicines having hepatoprotec-
tive properties, that were tested specially for small domes-
tic animals [1, 2]. Practicing doctors often apply the medi-
cines, that the human medicine uses (Gepabene, Glutargin,
Antral, Liv 52 Symepar, Essenciale, Erbisol, etc.). The
practitioners assort the dose of such medicines empirically,
that, of course, hinders the achievement of positive clinical
effect, sometimes it is irrational, and in turn could be even
detrimental. In connection with the above it is appropriate
to develop and apply effective complex scheme for treat-
ment of the dogs with hepatodystrophy.

Brief summary of relevant publications. Liver dis-
eases are widespread in all kinds of domestic animals,
particularly, hepatodystrophy is diagnosed in 30—40 % of
dogs [2]. Ukrainian and foreign scientists pay much atten-
tion to studying clinical status of the functional and mor-
phological condition of the dog’s liver with hepatodystro-
phy and to development of treatment schemes [3-6].
However, most proposed hepatodystrophy treatment
schemes are not used in modern veterinary medicine.
Thus, it is important to find methods requiring minimum
material expences and providing rapid recovery.

Research objective of our research work was to elabo-
rate the efficient treatment scheme for dogs with hepato-
dystrophy.

Materials and methods. The object of the research
was the German shepherd (n=8), spaniel (n=5), Yorkshire
terrier (n=3) and mix-breeds (n=4); all the dogs were kept
in domestic conditions.

The dogs treatment was complex and covered applica-
tion of the diet (Royal Canin Hepatic); hepatoprotector
Hepatiale®Forte, produced by Vet Planet (Poland), at the
rate of 1 tablet per 15 kg of live weight once a day and
complex of B-vitamins (Hepavi Kel) 1 ml per 10 kg of
live weight subcutaneously.
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Blood for the study was obtained from the jugular vein:
firstly before the morning feeding and secondly 2 hours
after it to determine the postprandial level of bile acids.
The repeated of blood serum tests was performed on the
30" day after the treatment begins.

Serum samples were tested for total bilirubin (TB), cho-
lesterol; activity of aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), alkaline phosphatase (ALP),
gamaglutamiltransferase (GGT), glutamate dehydrogenase
(GLDH); concentration of bile acids (BA) by enzymatic
method using test-systems of company “Audit Diagnostic”.
Biochemical blood tests were performed at the laboratory
of internal diseases and clinical diagnostics at Lviv Nation-
al University of Veterinary Medicine and Biotechnologies
named after S.Z. Gzhytskyj using biochemical analyzer
BS-120 (Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., China) with PZ Cormay S.A. (Poland) reagents.

The statistical processing of the obtained findings was
performed by the software StatWin and Microsoft Excel
using Student’s t-test and statistical programme.

Results and discussion. Use of complex therapy for
30 days had a positive effect on the body and blood pa-
rameters of the dogs.

70 % of the dogs were found to be suffering from hy-
perbilirubinemia, that, in our opinion, in this case indi-
cates not only on a violation of pigment function of the
liver, but also on cholestasis. After treatment, the content
of bilirubin in serum was significantly (p<0,01) lower at
28.6 % compared to the one before treatment.

In the blood serum of all ill dogs there was found hy-
perenzymemia (ALT and AST) (Table 1).

Treatment of dogs suffering from hepatodystrophy
contributed to normalization of the indexes of functional
liver condition, that was manifested by decreased activity
of ALT and AST compared to before treatment for 55.2%
(p<0,001) and 49.3% (p<0,001) respectively (Table 1).

Performed researches have shown that the activity of
GLDH in serum of the dogs with hepatodystrophy in-
creased in case of all examined animals, that indicates on
the violation of the hepatocytes structure [7-9]. After ap-
plied treatment there was revealed decreased activity of
GLDH for 54.9 % (p<0,001) compared to dogs before
treatment that indicates of hepatocytes recovery. The activi-
ty of ALP and GGT in serum was high in all examined
dogs (Table 1), that indicates on the development of intra-
hepatic cholestasis. After the applied therapy the ALP and
GGT activity decreased by 60.6 % (p<0,001) and 49.3 %
(p<0,001), compared with the dogs before treatment.
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Table 1. Serum biochemical parameters in dogs (n=20)

Parameter Biometric indicator Before treatment After treatment
lim 1,03-75 1,5-4,1
TB, mkmol/I M+m 4,24+0,29 3,03+£0,17
p< 0,01
lim 65,7- 95,3 24,1-49.4
ALT, U/l M=m 82,0+1,57 36,7+1,67
p< 0,001
lim 45,7 -74,5 20,3-41,1
AST, U/l M+m 55,6+2,00 28,2+1,37
p< 0,001
lim 6,7-7,6 1,4-5,2
GLDH, U/l M+m 7,1£0,06 3,240,22
p< 0,001
lim 155,5 - 215,0 54,3-98,6
ALP, U/l M+m 180,8+3,59 71,2+3,17
p< 0,001
lim 6,6 - 8,7 2,8-5,1
GGT, U/l M+m 7,540,13 3,8+0,16
p< 0,001
lim 2,7-9,7 4,0-5,8
Cholesterol, M<+m 5,0+0,53 4,7+0,12
mmol/Il
p< 0,5
lim 11,1-32,3 3,1-8,3
bBeéfnran fke?c?llrﬁlg M=m 16,2+1,12 4,9+0,40
p< 0,001
lim 25,3-59,9 12,0-18,1
BA, mkmol/l M+m 36,6+2,55 15,3+1,31
2 hours after feeding o< 0,001

—p < probable difference compared to dogs before treatment

In 40% of ill dogs were diagnosed with hypercholesterol-
emia, that indicates on liver disease associated with vio-
lation of the processes of bile acids formation and bile-
extraction [7], in 45% — hypercholesterolemia — reduction
of synthetic function of hepatocytes [7—9]. After the com-
plex of therapeutic means has been applied, the average
content of cholesterol in dog’s blood serum was lower for
6 % (p<0,5) than in case before treatment.

Determination of the concentration of bile acids in se-
rum is a specific and sensitive test for the detection of
hepatobiliary diseases. The sensitivity of the test increases
provided that the cholates are determined before feeding
and 2 hours after it [9-13].

Our research has shown that the concentration of BA in
serum before feeding as well as after it increased in ill
dogs (Table 1). After applied treatment the concentration
of bile acids in serum before feeding and 2 hours after it
went down by 69.8 % (p<0,001) and 58.2 % (p<0,001)
respectively. These positive changes, in our opinion, are

related to the restoration of bile-extracting function of the
liver and enterohepatic circulation of bile acids.

Thus, the combination of L-ornithine and soybean
phospholipids for dogs regulates liver functions and has
protective properties in the treatment of liver failure. L-
ornithine regulates the urea cycle in dogs and plays a role
in transformation of ammonia, as well as reduces its tox-
icity level. Phospholipids together with bile acids play a
vital role in the digestion and absorption of fat-soluble
vitamins.

Conclusions

1. In dogs suffering from hepatodystrophy there was
found increased activity of ALT, AST, GLDH, ALP,
GGT, an increase in total bilirubin level, concentration of
bile acids, hypo- and hypercholesterolemia.

2. Use of the hepatoprotector in a complex treatment
scheme for dogs with hepatodystrophy gradually restores
functional status of hepatocytes due to combination of L-
ornithine and soybean phospholipids.
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Lyapima T.M., CiinBunckas JL.I'.
TepaneBTuyeckas 3¢ dpextuBHocTb 'enaTuane @opre npu JedyeHUU codaK 32 renaToaMcTpoPuun
AHHOTanus. B crathe npuBeAeHB! pe3yabTaThl JEUEHHU COOAK 3a renaTogUCTpodUH U JOKa3aHa TepaneBTHIecKas 3QPEeKTHBHOCT
renatonporektopa 'ematnane ®opre (Hepatiale®Forte). B chiBOpoTKe KpOBH OONBHBIX COOAK BBIABICHBI HapyHICHUS (DYyHKLIHO-
HAJILHOTO COCTOSTHHS MEYCHH, B 4acTHOCTH pocT akTuBHOCTH ATAT, AcAT, I'JIAT, conepkumoe o0biiero OnnupyonuHa, aKTHBHOCTH
JI®, I'T'TII, runo- u runepxosiecTeposieMys, IOBBIIIEHHE KOHLIEHTPALUH JKETYHBIX KUCIIOT. Y CTaHOBJICHO, YTO UCIIOJIb30BaHKE Iema-
TOIIPOTEKTOpa B KOMIUIEKCHOH cXeMe JIeueHHs CO0aK 3a renaroJucTpody IOCTEIIEHHO BOCCTAaHABINBACT (DYHKIIHOHAIBHOE COCTOSI-
HHE TenaTounToB Onarogapst KoMOHHanuu L-opHUTHHA ¢ 3cceHIMaNbHBIMU GochoInIuIaMu COH.
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Abstract. The article presents the results of prophylactic effectiveness feed additive XTRACT™ 6930 for non-contagious diseases
of the gastrointestinal tract in the composition of the basic diet of suckling pigs on modern pig farm.It was established that the use
XTRACT™ 6930 has positive effect on biochemical blood parameters of piglets, decreases their morbidity and mortality before

weaning and increases growth parameters.
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Introduction. It is hard for Ukrainian producers of pork
to compete with European, using outdated technology and
animals with low genetic potential. Therefore, the devel-
opment of swine breeding in Ukraine is through the intro-
duction of technological innovations that define efficiency
and should be adapted to the conditions of the farm prop-
erty [1].

Brief summary of relevant publications. As a result
of the intensification and transition pig industry on an
industrial scale significantly increased morbidity and mor-
tality of young pigs from non-contagious diseases. In par-
ticular, this applies to diseases of the gastrointestinal tract,
which make up from 40 to 60% of internal pathology [2].
Gastrointestinal diseases of non-contagious etiology in
piglets during suckling period, lead to low weight at
weaning, which negatively affects their further develop-
ment and survival [3]. Their effective prevention can de-
crease mortality of animals and improve quality of their
products.

Known methods of preventing diseases of the digestive
system, involve use of antibiotics, sulfonamides and nitro-
furans, which violate microbial ecosystem of the digestive
tract and have a number of other negative consequences
[4, 5]. Following the adoption of the ban for use of feed
antibiotics in the European Union, the interest has been
growing to natural and safe drugs [6, 7].

Among them are phytobiotics — drugs or feed additives
containing incorporates essential oils, plant extracts, natu-
ral alkaloids or alcohols. They have antibacterial proper-
ties, create favorable conditions for the growth of Lacto-
bacillus gut and inhibit the growth of pathogenic organ-
isms, stimulate appetite, improve digestion and feed [8—
11]. Several authors [6, 9], which studied the use of phy-
tobiotics for piglets, also point out increasing growth pa-
rameters and preservation.

Research objective — determine prophylactic effective-
ness of phytobiotic feed additive XTRACT™ 6930 as part
of the basic diet for non-contagious diseases of the gastro-
intestinal tract in suckling piglets on modern pig farm.

Materials and methods. The studies were performed
on pig farm (9000 main sows). The object of the research
were clinically healthy piglets (Landrace; n = 40) aged 10
days, selected on the basis of analogues (age, sex, weight).

Experimental group of piglets from the age of 10 to 28
days received additionaly to feed made fodder additive
XTRACT™ 6930 (Pancosma S.A., Switzerland) provided
by "UkrFeed" Ltd. (Ukraine) at dose of 150 g/t in accord-
ance with the recommendations in the guideline to use.
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The material for the study was blood, obtained from the
vena cava cranialis on the 10" (before feeding XTRACT™
6930), 20" and 28 days of age (before weaning from the
sow). Serum samples were tested for total protein (TP),
albumin (Alb), urea (Urea), creatinine (Crea), glucose
(Glu), total bilirubin (TB); activity of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamaglutamiltransferase (GGT); con-
tent of calcium (Ca) and phosphorus (P). Biochemical
blood tests were performed at the laboratory of animal in-
ternal diseases and clinical diagnostic at Lviv National
University of Veterinary Medicine and Biotechnology
named after S.Z. Gzhytskyj using biochemical analyzer
BS-120 (Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., China) with PZ Cormay S.A. (Poland) reagents.

To determine the effect of XTRACT™ 6930 on the
growth parameters of piglets, 2 groups were formed: con-
trol (n = 20) and experimental group (n = 20). The weight
of piglets was determined in both groups on 10", 20" and
28 (before weaning from the sow) days of age [12].

To control the preservation we formed control (n =
134) and experimental group (n 137) of clinically
healthy piglets selected on the basis counterparts, who
were in the same housing. The piglets were followed up
from 10™ to 28-day of age (before weaning from the sow),
with detection of morbidity and mortality due to non-
contagious diseases of gastrointestinal tract.

Clinical status was controlled 24 hour per day,
throughout the research period by standard methods of
veterinary medicine [13, 14].

All experimental data were processed by standard
methods of mathematical statistics using statistical pack-
age of Microsoft Excel.

Results and discussion. As a result of XTRACT™
6930 use in suckling piglets we observed marked decrease
(Table 1) of total serum protein on 20" day, but on 28 day
of life this parameter was significantly (p<0,01; 0,05)
higher compared to 20™ and 10™ day 5.7 % and 3.8 %
respectively. Albumin level was significantly (p<0,01;
0,05) higher on day 28" day compared to 10" and 20"
day 12.5 % and 10.0 % respectively. The increase of these
indicators was within the physiological normal levels
[13-15], which indicates the intensification of many en-
dogenous and exogenous substances transport [16].

The intensity of protein metabolism in piglets was
evaluated by the content of serum urea.

Serum urea levels in suckling pigs was significantly
(p<0,001) decreased on the 20" and 28" days compared
to levels the beginning of the experiment, 24.0 % and
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30.6 % respectively. Reduction of urea in the blood serum
of experimental piglets is apparently caused by increased
protein metabolism during suckling period [17].

Regardless serum creatinine of piglets on 20" day, it
was increased (p<0,001) comparing to 10" day to 20.7 %,
and on 28" — to 23.6 %. This metabolite positively corre-
lates with the intensity muscle tissue growth, thus sug-
gesting a higher intensity of synthetic processes in mus-
cles during suckling period [18].

Serum glucose was significantly (p<0,05) higher on the
28" day of age comparing to the beginning of the experi-
ment, which indicates increased use of fatty acids in ener-
gy metabolism [19].

Level of total bilirubin in serum of suckling piglets was
significantly (p<0,05; 0,001) decreased on 20" and 28"
day to 7.9 % and 14.3 % respectively compared to 10"
day. Reduction of this indicator was not pathological as
levels were within physiological norms [13-15].

Table 1. Serum biochemical parameters in experimental group of piglets (M + m; n = 20)

Age, day
Parameter 10 20 28
TP, g/l 65,9+0,79 64,7+0,87 °ANG8 4+0,69
Alb, g/l 35,1+0,92 35,9+0,44 20730 540,97
Urea, mmol/l 4,9+0,15 **x3 740,13 0003 440,12
Crea, mkmol/I 96,7+1,59 ***116,7+3,04 °°°119,5+1,92
Glu, mmol/I 5,4+0,14 5,7+0,16 °5,9+0,13
TB, mkmol/l 6,3+0,12 *5,8+0,15 00015 440,12
ALT, U/l 39,9+0,84 **%3() 740,88 00029 740,71
AST, U/l 53,6+0,81 ***33 241,06 °°°31,6+0,5
ALP, U/l 163,4+2,67 ***146,9+1,77 09°145,2+1,35
GGT, U/l 48,7+0,85 **%25,6+0,99 ©0°24,1+0,87
Ca, mmol/I 2,8+0,05 2,7+0,03 2,7+0,06
P, mmol/l 2,6+0,09 **2 240,06 000 240,04

*_ p<0,05; **— p<0,01; ***—p<0,001, 20™ day compared to 107
°_ p<0,05; °°— p<0,01; °°°—p<0,001, 28" day compared to 10"
A_ p<0,05; M- p<0,01; M*_p<0,001, 28" day compared to 20"

The use of XTRACT™ 6930 in feeding of piglets de-
creased serum aminotransferases activity comparing to
the beginning of experiment. Thus, the activity of ALT
decreased on 20" day to 23.1% and on 28" day to 25.6 %
(p<0,001). The activity of AST also decreased on 20" and
28" day to 38.1% and 41.1 % respectively (p<0,001).
This indicates a positive impact of feed additive on func-
tional condition of the liver.

High activity of alkaline phosphatase in pigles at the
beginning of the experiment is caused by intense synthe-
sis of osteoblasts in bone tissue due to active process of
growth [13-15]. The activity of alkaline phosphatase in
the serum of piglets significantly (E<O,001) decreased on
20" and 28" day comparing to 10" day 10.1 % and 11.1
% respectively.

At the beginning of the experiment serum GGT activi-
ty in piglets was high (Table 1) due to the first portion of
colostrum intake, which has a high degree of activity of
this enzyme [20]. After feeding XTRACT™ 6930 activity
of GGT in serum to decreased to 50.5 % (p<0,001) on
28" day comparing to 10" day, and to 47.4 % on 20" day
comparing to 10" day.

Evaluation of serum calcium levels in piglets, fed by phy-
tobiotic feed additive, did not reveale significant changes.
However, the content of inorganic phosphorus was signif-
icantly (p<0,001) decreased to 15.4% within physiologi-
cal norms on 20" day and remained at constant level. The
high content of inorganic phosphorus on 10" day con-
firms its increased content in newborns when fed colos-
trum and milk [20].

During weighing of the piglets on 28" day of life we
found (Figure 1) that the introduction of XTRACT™
6930 at a dose of 150 g/t of feed into the diet of the exper-
imental group (EG) piglets contributed to significant
(p<0,01) increase of weight to 9.2 % and average daily
growth (p<0,001) to 12.9 %, compared to control group
(CG) animals.

The use of feed additive XTRACT™ 6930 in experi-
mental group (EG) of piglets reduced their morbidity and
mortality from non-contagious diseases of the gastrointes-
tinal tract and thus increased their preservation in suckling
period to 6.8 % compared to control group (CG) animals
(Table 2).

Figure 1. Body weight of suckling piglets (n=40)
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Table 2. Prophylactic effectiveness of XTRACT™ 6930 for non-contagious diseases of the gastrointestinal tract of piglets
during the period of experiment

Morbidity Mortality
Group - -
quantity % quantity %
CG (n=134) 38 28,3 11 8,2
EG (n=137) 26 18,9 2 14

Conclusions

1. Application of suckling piglets feed additive
XTRACT™ 6930 for 18 days resulted in a positive im-
pact on metabolism: increased levels of total protein, al-
bumin, glucose serum; reduced levels of urea, phospho-
rus; reduced the activity of ALT, AST, ALP and GGT.

2. The inclusion of XTRACT™6 930 in the diet of
suckling pigs contributed to the increase of body weight

and average daily growth of experimental group piglets
compared to control group of animals.

3. Using of feed additive XTRACT™ 6930 for piglets
of experimental group increased their preservation in
suckling period due to lower morbidity and mortality
from non-contagious diseases of the gastrointestinal tract.
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Jlykamyk B.A., CimBunckas JL.I. IIpoduiaaktuyeckas 3¢@ekTHBHOCTh (PUTOOMOTHYECKOH KOPMOBOIi 100aBKH NPH He3a-
Pa3HBIX 00JIe3HAX KeTyA0YHO-KHIIEYHOI0 TPAKTA B NMOJCOCHBIX MOPOCAT

AnHoTamusi. B ctathe npencraBneHsl fanHble npodunakTudeckoit spdexruBHOCTH KOpMOBO# n06aBkn IKCTPAKT™ 6930 npu
60JIE3HSX KENTYAOYHO-KHILIEYHOTO TPaKTa HEe3apa3HOM MaTOJIOIMH B OCHOBE OCHOBHOTO PAallMOHA MOACOCHBIX MOPOCST B YCIOBUSAX
COBPEMEHHOTO CBUHOKOMILIEKCa. Y cTaHoBleHO, uTo mpuMeHeHne DKCTPAKT™ 6930 monoxXuTensHO BIHsAET HA OHOXMMHUIECKUE
MIOKA3aTeNI KPOBU MOPOCAT, YMEHBIIAET 3a00J1€BaeMOCTh U THOENb MOPOCAT A0 OTHEMA, a TAKKe CIIOCOOCTBYET yBEIMUCHHUIO TTOKa-

3aTeiel ux MPONU3BOAUTEIBHOCTH.

Knrwueswie cnosa: nopocsama, npoghuirakmuxa, pumoduomuieckas Kopmogas 006asxa, 60ae3Hu, HCeAyOOUHO-KUUEUHbIL MPAKM
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CHEMISTRY

bpem B.B., Koxcyxap B.A., Ieanuenko JI.B., /Imumpenko 1.B., byza C.I1.
Bin0ip npo6 pinkoro ¢uirocy i ra3oBoro aHajizy Ha BMiCT BOJAHIO

bpem Borooumup Bikmoposuy, kanoudam XiMiuHUX HayK, 00yenm, 0eKaH XiMiKo-mexHoI02i4H020 haKyibmemy
Koorcyxap Bonooumup Axosuu, dokmop mexuiunux Hayx, npoghecop, 3a6ioyseay xagheopu

Isanuenxo Jlinia Bacuniena, KanHouoam mexHiyHux HayK, 0oyeHm

Hmumpenko Iuna Bikmopiena, kanouoam mexuivHux HayK, Cmapuiull 6UKIa0ay

byea Ceimnana Ilempiena, cmapuiuii uxnaday

Ooecwvrutl HayioHanbHU noaimexnHiunul yHisepcumem, m. Odeca, Yxpaina

AHoTauis. Po3po0ka TeXHOJOTTUYHHUX TapaMeTpiB MeperiaBy, sKi O T03BOMMIN OTPUMYBATH METall 3 HalIMEHIIUM BMiCTOM BOJHIO €
aKTyalbHOIO 3amadeto. [Ipobiiema 3HIKEHHA BMICTY BOJAHIO B IIUIAKOBIH (ha3i B Mpolecax elIeKTPOILIaKOBOIO MepeIiaBy cTajei i
IHIMX MEeTaJiB JOTeTep 3aIHIIAEThCs HEBUPINIEHO! Yepe3 HeOCTaTHE OCBOEHHS METOJIB Ia30BOTO aHaNi3y B AaHil obmacti. Kpim
TOTO 3'sICYBaIOCs, [0 HAHOLIBII TPYIHOIII IIPU aHaJI31 Ha BOJCHB IOB'I3aHi 3 MUTaHHAMH BinOOpy Mpod pinkux ¢uIrociB B mporeci
TUTaBKH i1 IUTaHHSIMY 30epiranHs mpo0d 1o aHawizy.

3 ypaxyBaHHSIM HaKONMYEHOTO JOCBiAY poOOTH 110 Binbopy mpob piakux ¢uIociB B 1a00paTOPHUX 1 IPOMHUCIIOBHX IUIaBKaxX po3-
poOIieHO TapTiBHUI MeXaHIUYHINA MPoOOBiNOIpHIK, KU 3a0e3Meuye BUCOKI CTaHAApPTHI YMOBH BifOopy Takux mpo0. BunpoOyBanHs
BOTr0 MpoOOBiNOipHUKA MTOKA3aJI0 BUCOKY e(heKTHUBHICTh HOro poboTH. Tak onepikaHi 3 1oro 10mMoMororw 3ackioBaHi IpoOu ¢irocis
MArOTh MTOBHY 1HEPTHICTH 1 CTIHKICTh 10 BOJIOTH TOBITPS, a TAKOX HE BUMAraroTh CIEUIAIFHIX 3aX0/1iB 00epeXHOCTI IpH 30epiranHi
ix 10 aHamizy. [loka3aHo, 0 TapTiBHUA MEXaHIYHUI NPOOOBIAOIPHHUK € TEXHOIOTIYHO ONEPATHBHUM 1 YHIBEPCATbHUM HPUCTPOEM,
SIKMH B PAKTHUIIl Ta30BOTO aHANI3y NPUIATHUH HE TUTBKH I BinOopy mpob i3 po3iuiaBiB (UIIOCIB Ta NITAKiB aje i A1 Bigdopy npod
pinkoro meraiy.

Knrwwuoei cnosa: sooenv, enekmpouiiaxkosuil nepenias, ¢moc, siopamayis, npo6osiodip

Beryn. Binomo, mo orpumaHHsS BHCOKOSKICHUX crayied I3 mporo mormsiay eekTHBHHMHU BHSBISITBCS Ti CHOCOOM
MetonoM enekrponuiakoBoro meperuiaBy (EILIT) 3i 3HM-  ckiryBaHHS mpo0 (uIroCiB, sKi 3a0e3MedyoTh OB MIBH-
’KEHAM BMICTOM BOJIHIO € CKJIQHOIO 3a7adero depe3 Horo  AKOCTI i OLbIny rTMOMHY OXOJOKEHHS PO3IUIaBy (0XO-
IIKIUTMBU BIUIAB Ha SIKICHI BIIACTHBOCTI CTAJEH 1 CIUIABIB.  JIOMKCHHS IO TEMIIEpaTyp, OJIM3BbKHUX IO KIMHATHOT).
Yepes 1ie BUMOIOIO CTaNCIUIABHIBHUKIB € PO3POOICHHS Yepes HEJOCTATHIO MIBUIKICTh OXOJIOIKEHHS BHABUIIHU-
TAaKUX TEXHOJIOTIYHUX MapaMeTpiB MeperuiaBy, sKi O mamm ¢ Hee(eKTHBHHMHU METOIHM MPOOOBIIOOpY: came CKITy-
3MOT'y OTPUMYBATH MeTajl 3 HaWMEHIIMM BMICTOM BOJIHIO.  BaHHA (pirociB sik "'mpokarka” iX po3IuiaBiB MiXK MiJHUMHU
BHaciiok Toro, 1o neperiaB CTaji 3IiHCHIOETECS B CHC-  BaJIKaMU i CJIMB CTPYMEHS PO3IUIABY Ha IIBHIKO 00epTO-
Temi ra3-uitoc-Meran, HEoOXiZHO BHUBYATH B3aeMofio  Bui (31 mBuakicTo 10 20000 00/XB) MIAHUWHA MIOCKHIA
BUIIE BKa3aHUX (a3 B yMOBaxX BUCOKHX TEMIIEpaTyp. nuck. MogentoBanHs 1poOoBinoopy Ha posmiasi PbF,,
[TpoGiiema 3HMKEHHST BMICTY BOJIHIO B IIUIAKOBIW (ha3i B sIKWil BOJIOJIE BHCOKOI KPUCTATi3alifHOIO 3AaTHICTIO, Y
npolecax eJeKTPOILIaAKOBOro MeperuiaBy cTajiei 1 iHMX — BHNAJKy 3aCTOCYBaHHs MIJHHUX BaJKiB (Hiamerp OJM3bKO
METaJliB OTeNep 3aUIIAEThCA HEBHPIIIEHOT uepe3 Heno- 150 mw, mBuakicte obeptanHs 1470 06/xB) mokasalo,
CTaTHE OCBOEHHS METOIB Ta30BOTO aHANI3Y B JaHIi 00-  IIO IpHU I[HOMY CIIOCO01 Uepe3 Majuid Yac KOHTAKTy PO3TI-
nacti. Kpim Toro 3'acysanocs, mo Haif0inpii TpyAIHOIII — JIaBY 3 OXOJIOAHUMH MOBEPXHSIMH HE BIAETHCS OJCPIKATH
IIpHU aHaji3i Ha BOJCHP NOB'A3aHi 3 MUTAHHAMH BiIOOpYy  TOBHICTIO 3ackjioBaHi mpoOu. [lpu 3muBaHHI PO3IDIaBY
npod pigxux durocis B mpoueci nmaBku # nutaHHsME  PBF, 3 neui (Big temneparyp 900...1300 °C) Ha oGepro-
30epiranHs mpo0 0 aHATi3Y. BHI y TOPH3OHTANBHIN IJIOMMHI MiTHUH OHCK (miamer-
Orasin mybaikaniii. Oco6mBocTi po6oT i3 propuaHO-  pom 160 MM) Takoxk He OYIO OTPUMAHO CTabiILHHX pe-
OKCUIHUMH # i3 (TOPHIHO-XIOPHIHO-OKCHIHUMH (umto-  syneratie (100 % ckio). BinsHaueHe € HACHiZKOM TOro,
camu 0OyMOBIICHI IXHBOIO iHTEHCHBHOIO TifpaTalli€fo MPM [0 B OCTAHHLOMY BHIIAJKY TEIUIOBiABi BiJ IUIBKM pO3II-
30epiraHHi Ha TOBITpi 3a 3BnuaifHuX TemmepaTyp [1]. I'il-  nmaBy (BigHOCHO Malo TEMIONPOBiNHMI) 3HIHCHIOETHCS
patanis (IIOCiB HE TiNBKM BHOCUTH OUIbLIy HEBHM3HAU€-  OJHOCTOPOHHBLO W HeTpuBanmil yac. KpiMm Toro, KoHCTpy-
HICTH y pe3y/NbTaTH BU3HAYEHHsS BMICTY BOAHIO y (irocaXx,  krTuBHE 0GOPMIICHHS HMX CrOCOGiB He Bimmosizae Bumo-
ajie B pAAi BUNAJKIB TOBHICTIO BHKJIIOYAE MOKIMBICTE  ram NMpPOCTOTH ¥ HAMIMHOCTI, TEXHOIOTIYHOI THYYKOCTI i
NPOBEJIEHHs] 00'€KTHBHOTO ra3o0BOro aHanizy ix. Cnpobu  yHmiBepcanbHOCTI B 3actocyBanHi. [loganbmmii ekcrepu-
3aCTOCYBaHH JUIA 1Ii€l METH TPAJULIHHKUX CIIOCOOIB 3arap-  MeHTAIBHUN MOUIYK MOKA3aB, 10 3aJ0BIILHUX PE3yibTa-
TOBYBAaHHS OKCHIHMX METaIyprifiHuX muiakis [2] — y Bomi, TiB mo mpo6oBimOopy pigkumx (IIFOCIB MOYKHA IOCAITH
y PiIKOMY a30Ti, y METAIEBUX 13I0KHUIAX — HE JAH II0-  TaKUM MOPIBHSHO MPOCTHM CHOCOOOM, K 34YaIOBAHHS
SUTHBHHX Pe3y/bTaTiB. Yce lie CTPUMYE CKCIIePUMEHTANb-  HeBeIuKoi (6mu3bko 0,5 cM®) mopiii posuiaBy Mix 1BoMa
Hi NOWIYKH LUIAXiB PO3B'A3aHHA PI3HMX TEXHOJOIYHHMX  MacMBHMMH Mimaumu Opyckamu [2]. Ha ocHOBi mporo

3aB/laHb, 10 MOB'I3aHi 3 PO3MIISIHYTOIO IPOOJIEMOIO. croco0y po3poOieHa KOHCTPYKIIS ILIIONIMIBHOTO IPO-
BcTaHoBiieHO Takox (AMB., HalpuKnaja, po3podky [2],  GoinbipHuKa, sika HaBeaEHA Ha pHC. 1.
mo Juis mpobosinbopy ¢urocie 3 6araTbox 3MIHCHEHHHX [Ipo6oBiAGIPHUK CKIaNa€TbCA i3 YOTHPHOX OCHOBHHUX

crnoco0iB CJIiJ 3BEpHYTH yBary Ha Ti, siKi 3a0€3ledyloTh  (YHKUIOHANLHUX BY3JIB: HEPYXJIMBOI XOJOIMILHOT Mij-
OJiepsKaHHs P00 3 HAHOLIBIIMM CTYNIEHEM 3aCKIOBAHOCTI  Hoi mumTH (4), PyXJIMBOI XOMOMMIBHOT MigHOT TwkTH (2)
NpY MaKCHUMasbHii iXHil TexHoNOriyHill onepaTMBHOCTI i3 TpyOuacTor pykoaTkor (1) i 3aXMCHOrO METaneBoOro
if KOHCTPYKIi#HOT HA/IHOCT] BiANOBIHOTO OONAJHAHHSA.  KOXKYyXa Bijl Opu3iB (3), BAKOHAHOTO 3 TOHKOTO JIMCTA He-
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pkaBirouoi ctam. [Tpu poOOTi i3 TUIIOIMUIBLHUM MPOOOBI-
noipaukoM Ha taBkax EIIT motpibHo 2 omepatopa.
OmvH 3 HUX CIEIiabHOI0 MPOOHOI0 JIOKKOI abo KBap-
IIOBOIO 3aCMOKTYIOUOI0 TPYOKOIO JIicTae depes 3a30p Mixk
KPHUCTATI3aTOPOM 1 EJEKTPOIIOM, IO IIEePEIUIaBIETHCS
HEBEJIMKY TOPIII0 PiIKOTO NUIAKy i 37MUBa€ ii B HEHTP
HIDKHBOT TapTiBHOI minTH (4) npoOoBinGipHuka. [licms
LOTO JIPYTUIl OIepaTop yAapoM 3BEpXy PYXJIHBOIO Tap-
TIBHOIO TUTUTOXO (2) PO3ILIIONIYE KPATUTIO PiJIKOTO (IIIOCY
1 MPOXOJIOMKYE IUTIBKY (DIIFOCY MK IUTUTAMHM L€ MPOTSI-
roMm mpubnusHo 10 c. OpepkaHa Mmpu IBOMY CHocoOi
CKJIyBaHHS 1poba ¢uitocy sBiIse€ COOOI0 TEHIITHY ILTIBKY
toBmuHOM 0,3...1,0 Mm. IIpu poborTi i3 ¢rocamMu Mapku
AH-291, mo MiCTATh BENUKY KUIBKICTh OKCHIIB 1 BOJIO-
0T TOMY 3HIDKCHOIO KPHCTANi3aliifHOI0 3JaTHICTIO,
ICJIT HETPUBAJIOTO BiANIPAIbOBYBAaHHS HABHUUYKY HpoOo-
BiZOOpY BIAETHCS OJepKAaTH TOHKI TOBHICTIO 3aCKJIOBaHi
IUTiBKU (pITFOCY, SIKi HE TimpaTyroTh IpH 30epiraHHi Ha
THOBITPI.

250

Puc. 1. KoHCcTpyKIis IUTIOIMIBHOTO TPOOOBIA0ipHIKA PiAKNX
¢urociB

Puc. 2. [Tpuniunosa cxema npo6oBinbipHuKa pinkoro durocy
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IIpu poborti i3 gurocamu mapok AH®-1 i AH®-6, Gara-
X 3a BmictoM CaF,, Takox MO)KHa JOOUTHCS IIJIKOM
3aIOBUTPHUX PE3yNIbTaTiB y Bimbopi mpobd 3 mobpe 3a-
CKJIOBAaHMMH TTOBEPXHSIMHU.

[MpuHIMIIOBa cxemMa KOHCTPYKIii MpoOooTOIpHIKA pif-
koro ¢urocy [3] HaBemeHa Ha puc. 2. IIpo6oBinbipHHK
CKJIQJIAETHCS 13 YOTHPHOX (DYHKLIOHAIBHHUX BY3JIB: TIOTIE-
PEIHBO BaKyyMOBaHHOTO 00'emy (1), BAKYyMHOTO OJHO-
XO/0BOrO KpaHa (2), pO3HIMHOTO MIiJHOTO TapTiBHOTO
xononuinbHuKa aetani (5)...(8) 1 ycMoKTyBanbHOI KBap-
1oBoi abo meraneBoi Tpyoku (9). 3a 1ONIOMOror IBUHTIB
(3) 1 rymoBoi mpoxsaaku (4) BakyymoBanuii o0'em (1)
IITBHO 3'€THAHUH 3 BEPXHBOIO YACTHHOIO (5) XOJIOIHIIB-
HHUKa. ['epMeTHYHE 34JIeHYBaHHS PO3HIMHUX YacTHH XO-
JIOMITBPHAKA 3MIIHCHIOETHCS 3a JOIMOMOTOI0 O0onTiB (6) i
rymoBoro ymrinsHeHHS (7). Ilicis 3anypeHHs Tpyoxu (9)
y pigkuit ¢urroc 1 BigkpuBaHHS KpaHa (2) po3IIiaB BCMOK-
Ty€eThCs B IPpoOOBiAOIpHUK. J[0XOAIIH 10 TIOCKOTO 3a30-
Py Mix BepxHBOIO (5) 1 HHXKHBOT (§) YaCTUHAMH XOJIOIU-
JIBHUKA, 110 33/Ia€ThCSI CTYNEHEM J1e()OpMyBaHHS I'yMOBO-
ro yurineHeHHs (7), po3miaB Brauserbcs (CyTh CHOCOOY
[3]) vy 3a30p XonoauIbHKUKA i TapTYETHCA.

Sk moka3aHo B po6oTi [3], BUKOHAHHS (POPMYIOUOTo 3a-
30py, O U rapTye, y IboMy IpoOOBIIOIpHUKY y BUTIISAAL
JIBOX TAapajJelbHUX IUIOIIMH, PO3TAIIOBYBAHUX IEpPIICH-
JUKYJSIPHO 10 OCi YCMOKTYBAJbHOI TPYOKH, pOOHUTH IpPO-
0OBiIOIpHUK HEIOCTATHRO KOMIAKTHUM. A HAasBHICTH Y
poOOBiAOIPHUKY IMOMEPETHRO BaKyyMOBAaHHOI CHCTEMH
(bamonHa), MO 3'€AHYETHCSA 3 XOJIOMWIEHUKOM CIICIialib-
HUM BaKyyMHHUM KPaHOM, YCKJIQJHIOE HOTO KOHCTPYKLIIO.
Yce 11e 00yMOBITIOE HEIOCTATHBO BUCOKY OINEPaTHBHICTh
poGoTu 3 TakuMm mpoOoBindipuukoM. Kpim Toro, Takuii
npoOoBiAOIpHUK He 3ade3neuye CTpPOry CTaHIapTHICTh
YMOB IPOOOBiI00PY, TOMY III0 OCTaHHI 3aJIeKaTh Y [BOMY
BUIAJKY BiJl HIBUAKOCTI BIIKPHUBAaHHs BaKyyMHOTO KpaHa
repesl yCMOKTYBaHHSIM ()IIOCY B XOJIOAWJIBHHK, BiJl CTY-
neHs 30epeXeHHs BaKyyMy y BaKyyMOBaHHil cHcTeMi 3a
Iepio yacy Bif 11 MOMepeAHbOI BiAKAYKA JO MOMEHTY
y3sTTs poOu # T.11. HeBrcoka cTaHmapTHICTE YMOB HpO-
00BimOOpY B3HMKYE aHANITHYHY SKICTh TNPOO pPiAKOTo
(rocy, o BiZOMPAIOTHCS OIMHCAaHUM OOJIaTHAHHSIM.

Mera. [IpuHIMIIOBE CHPOIIEHHS PO3POOJIEHOI KOHC-
TpyKIiii 1poOOBinOipHUKA ¥ MiABUINEHHS HAIIHHOCTI B
fioro po0oTi, MiJBHUIIEHHS CTaHAAPTHOCTI YMOB NPOOOBI-
n0opy # NOMIMIIEHHs IKOCTI Mpo0, 110 BiJOUparoThCs.

Metoau. Po3pobieHa HOBa KOHCTPYKIisl MEXaHIYHOTO
rapTiBHOTO IpoOOBiIOIpHUKA, KA JOKIATHO OIMCAaHa B
moBimomiieHHAx [4]. TlomimmenHs TeXHOJOTiI MpoOoBif-
Oopy I 3HauUHEe BJOCKOHAJICHHS! KOHCTPYKIi MpoOoBinOi-
pHHMKa B I[bOMY BHIIQJIKy JOCSATAETHCS THUM, IO MeTaje-
BUH (MiIHHMI) XOJOIMWIBHUK NpOOOBiAOIpHHKAa BUKOHY-
€TBCS 13 JIBOMa CIIIBBICHO PO3TAlIOBAHUMHU KOHIYHHMU
MMOBEPXHAMH (3 peryiasoBaHuM y mexax 0,2...2,0 mm 3a-
30pOM MK HHMH), & B SKOCTI 3aCMOKTYIOUOi CHCTEMHU
3aCTOCOBYETHCA CIEHIANBHUN MPYKUHHUHA TOPITHEBHA
MexaHi3M. [IpuHIMmoBa cxema po3poOsieHOro mpoOOBiI-
OipHHKa piaKoro QIIrOCy HaBeJeHa Ha puc. 3.

[TpoGoBiaOipHUK TIpaIfoe B Takuil crioci®. 3BiTbHEHHS
(32 IOTIOMOTOI0 PYKOSITKH CITyCKOBOTO MEXaHi3My) Toriepe-
JIHBO CTHUCIIOI NPYKUHH (5) IPAKTHIHO MUTTEBO CTBOPIOE B
3aCMOKTYIOYOMY TTOPIIHEBOMY MEXaHi3Mi PO3pLIKEHHS i3
3aIMIIKOBUM THCKOM MeHmn 0,05 atM. BHacmigok Lboro
CTBOPIOETHCS INIMOOKE PO3PIIKEHHS B XOJOAWIBHUKY H Y
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po6o 3a6ipHiit TpyOIi (1). Pigkuii diroc 3acMOKTYeThCS B
TpyOKy (1), po3raHsieTbCs B Hild, a TIOTIM PO3CIKAETHCS JIO-
0OBOIO YaCTHHOIO BHYTPIITHHOTO KOHYCA (8) 1 BraHAETHCS B
TapTiBHUM KOHIYHUI 3230p XOJIOAMIFHIKA.

5

Puc. 3. [IpuHnumnosa cxema npoOoBiAGipHUKA piIKkoro Guirocy

fIRZ34

(/4

Puc. 4. KoHCTpYKTHBHI 0COOIHMBOCTI TapTiBHOTO XOJIOAMIbHUKA
mpoOoBinOipHIKA

BukonaHHsS OpMyIOY0To 3a30pY B XOJIOMIHLHHUKY Y BU-
TSIl TBOX CITIBBICHUX KOHIYHHX ITOBEPXOHB Pi3KO 3MEH-
[Iye JiaMeTp XOJOJWIbHUKA, IO 3HAYHO IOJIETIIYE IIPO-
OO0BiOIp 3 BaXKOAOCTYIMHUX AUISHOK IMOBEPXHi (UIFOCY.
3acTocyBaHHSI KOHIYHOTO 3a30py IOJIETLIYE PEryIroBaHHS
Horo BeMMYUHH (32 paxyHOK Pi3b00BOTO 3’€THAHHS YaCTUH
XOJIOIMIIBHMKA). 3aCTOCYBAaHHA K IOPIIHEBOTO 3aCMOKTY-
F0YOr0 MEXaHi3My, 110 0e3MOCepPeIHbO 3’ €HYEThCS 3 XO-
JIOVUTLHUKOM, 3HAYHO CIIPOIIYE KOHCTPYKIIIO MPOOOBiI-
OipHHKa, MOJIETIIYE W TPUCKOPIOE OTepaIllii Mo MmiJroToBII
Horo 10 poboTH i onepariro Bidopy mpodu pigakoro ¢iro-
cy. 3acTOoCyBaHHS NOPIIHEBOIO 3aCMOKTYIOUOIO MEXaHi3-
My BHUKJIIOYa€ HEOOXITHICTh 3aCTOCYBAaHHS BaKyyMHOTO
KpaHa MDK XOJOAWJIBHHUKOM 1 BaKyyMHOKO CHCTEMOIO
BUKJIIOYA€E 3aCTOCYBaHHS BAaKyyMHOI'O Hacoca JJIsl Torepe-
JTHBOTO CTBOPEHHS PO3PiHKEHHS Y BAKYyMOBaHOMi OaJIoHi,
K 1ie TiepeadavaeThest (IuB. puc. 2) mpu podoTi i3 mpobo-
BifgOipHUKOM [3].

3aCMOKTYBaHHS PiIKOTO (DIFOCY B TapTiBHUH XOJOIH-
JBHUK y TpoOOBiAOGIpHUK BiIOyBa€eThCA MPHU CHPAIBOBY-
BaHHI MOPITHEBOTO MEXaHi3My 3a PaxyHOK TOIEpPEIHbO
CTHCIMBOI IHJIIHIPHYIHOI MPYXUHU, YTPUMYBAHOI 10 MO-
MEHTY Y3STTA MpOOH 3BHYANHHM CTOMOPHHM (CITYCKO-
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BHM) MeXxaHi3MoM. CripalibOByBaHHSI IPYKUHHOTO TTOPIII-
HEBOTO MEXaHi3My He 3aJIe)KHTb BiJ Jii oreparopa, mo i
3a0e3medye BHCOKY CTaHOAPTHICTH YMOB IpoOOBinOopy
IpU 3aCTOCYBaHHI IOPIIHEBOTO TPOOOBinOipHHWKA. Yci
oreparii Mo MiAroToBI MPoOOBiOipHIKA O PoOOTH, IO
BimOopy mpoOHM ¥ BHUTATY Ii 3 XOJNOTWIFHHUKA BUKOHYE
onuH oneparop. [lIBunka 3MiHa 3a37aerifb MiarOTOBIIC-
HUX XOJOAWIBHHKIB Jla€ 3MOTY IPU HEOOXITHOCTI BigOH-
patu npobu pinkoro ¢irocy HaBiTh i3 MPOMHUCIOBUX ar-
perariB 3 iHTepBaioM 1... 2 XB.

OcranHill POPMYETHCS BHYTPILIHBOIO OBEPXHEIO KOP-
mmycy (3) i 30BHIIIHBOIO TTOBepXHETO setaii (7), 1o MatoTh
OTHAKOBY KOHYCHicTh (12 °). Benmumna rapriBHOTO 3a30-
PY 3aBISKH HApi3HOMY CHOJYYECHHIO MiXK TOJIIBKOIO XOJIO-
IUITBHUKA (4) 1 pyXITUBUM KOHYCOM (7) JIETKO PeryIO€eTh-
csg B Mexax 0,2...2,0 MM 1 3 OCTaTHLOIO TOYHICTIO 3a/a-
€TBCS TIOCTIHHOI IUII KOHKPETHHX YMOB IIPOOOBinOOpY.
Jnst poro micis CKIIaJaHHS XOJOAWJIBHWKA MIJHHH KO-
Hyc (7) crodaTky 3a JOTIOMOTOI0 BUKPYTKH BIBUHUYETHCS
B XOJIOMWJIBHUK 10 MoBHOro (3a3op 0,0 MM) KOHTakTy
fioro 3 kopmycoMm (3), a OTiM BUIBHHYYETHCSI Ha 3ajaHe
YHCIO0 O0CpTIB, IO BIAMOBINAE YCTAHOBIIOBAHOMY 3a30-
py. OCcoOIMBOCTI KOHCTPYKIN XOJIOAUIBHUKA B PO3PO0-
JeHOMY IpoOOBiNOIpHUKY MOKa3aHi Ha puc. 4.

[Ipobo3abipHa kBapoBa (BHYTpIIIHINA HiamMeTp 7 MM, 30-
BHIIHIHM — 9 MM) TpyOKa (1) YBOOUTBCSA Y BXiIHY YaCTUHY
KOpITYCY XOJOAWIbHUKA (3), BHTOTOBICHY 3 M.
3’emHanHs kBapuoBoi TpyOku (1) 1 kopmycy (3) yuiinsHro-
€Tbcs HaOmBaHHAM (8) 3 a30€CTOBOTO MIHYpa 3a JOTIOMO-
rOI0 CHEeLiaJIbHOI raku (2), 1110 BUKOHYE TaKOXK POJIb paji-
alifHOTO eKpaHa, SIKMH 3aXUIae KOPIYC XOJIOAMILHHKA
BiJI TEIUIOBOTO BHIIPOMIHIOBaHHS (DIFOCOBOTO PO3ILIABY.
ToniBka XononunbHUKA (4) CIIYKHUTh JJI1 BaKyyM IIUIBHO-
rO MPUEHAHHS XOJIOJMIBHHUKA JI0 32CMOKTYIOUOTO IMOPII-
HEBOTO OOyajHaHHs (AuB. puc. 4) 1 i (QIKCYBaHHS B XO-
JOMUIBHUKY BHYTPIIIHBOTO PYXJMBOTO MiJHOIO KOHYyca
(7). XBocToBHK BHYTpIIIHBOTO KOHYyca (7) po3cBEepIiIeHO
TaKMM YHHOM, IO BiH CIY>KHTh BaKyyM IIPOXOAOM MiX
3aCMOKTYIOYMM IOPIIHEBMM MEXaHI3MOM 1 TapTiBHUM KO-
HIYHMM 3a30pOM XOJIOJMIIbHUKA BUTBHHYYETHCS Ha 3a1aHe
YHCII0 00EPTiB, BIAMOBITHUX 10 BCTAHOBIIIOBAHOTO 3a30DY.
3'enHanns rouiBku (4) i xoprycy (3) XoJ0onUIbHUKA YIITi-
JIBHIOETHCST (PTOPOILIACTOBOI 200 MapOHITOBOIO KiIBIEBOIO
npoksiaakoro (8). Jlist 3armodiraHHs BUXOY PiIKoro ¢uirocy
3 XOJIOJWJILHUKA B 3aCMOKTYIOUOMY OOJIaJiHaHHI mependa-
YeHa IJI0CKa Ccripaiib (5) 3 MiTHOTO ApOTY.

VY KOMITIEKT KOKHOTO TPOOOBiNOIpHUKA BXOIUTE 7...10
XOJIOZAMIIBHHKIB 1 OJHE 3aCMOKTYIOUE IOpIIHEBe 00Jaj-
HaHHA. 3i0paHi 3a3Jajeriip XOJOIIIBHUKK (CKIIaJaHHS,
yCTaHOBKAa YCMOKTYBaJIbHOI KBapioBoi TpyOKH i ycTaHOB-
Ka 3aJaHoi BEJIMYMHHM TapTiBHOTO 3a30py) MO3BOJISIOTH
MIPOBECTH JIOCUTH OLIBIIY cepilo Bibopy mpod 3 MiHiMa-
JHHUMH BUTPAaTaMHU 9acy Ha Iepe3apsKeHHs mpoOoBindi-
pHHUKA (3MIHY XOJOIUJIBHUKA i CTHCK MPYKHHU B MOPIIHE-
BOMY 3aCMOKTYIOUOMY MeXaHi3Mi). OnTuMaabHa TOBITUHA
OJIepXKyBaHUX TPoO (hirocy Al BU3HAYSHHS BOJHIO CTa-
HOBUTH 0,3...0,6 Mm. TTicas 3acMOKTYBaHHS PiIKOTO (ITFO-
Cy B TIpOOOBIAOGIPHIK, XOJIOJMIFHAK Pa3oM i3 KBApIIOBOIO
TpyOKOIO ¥ (IIFOCOBOKO TIPOOOIO YCepearHI HbOTO BiIIiIs-
€TBCS BiJl IOPIITHEBOTO MEXaHI3My H 3aJIMIIAETHCS HA TOBI-
Tpi /10 TOBHOTO HOro po3dupanHs i BUTATY npodu. Jloxat-
KOBE OXOJIOJUKEHHS XOJIOJMIIBHHUKA Y BOJI HE TIPHUITYCTHUME.
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Burarayra 3 XonomuibHHKA 3acKioBaHa Ipoba Qurocy
BHSBIIIETHCS JYXKE€ TEHIITHOI M JIETKO MOAPiOHIOETHCS.
OTtpumaHi B Takui crocid mpobu 30epiratoTbes 10 aHaTI-
3y B 3aKpUTHX MpoOipkax, abo Ha BIIKPUTOMY IOBITpi 3a
KIMHaTHOI Temrepatrypu. AOCOMOTHO 00OB'SI3KOBHM 3a-
MOODKHAM 3aXOJOM TIPH BCIX OIepamifx, MOB'I3aHAX 3
BUTSITOM TPOOH 3 XOJIOMIbHUKA, 30epiranusM ii i miaro-
TOBKOIO JI0 aHaJIi3y, € MOBHE BUKJIIOYECHHS KOHTAaKTY (po-
0oTa TUIBKM 3a JOOMOTOI0 METAJICBOTO MIHIETa) 3 Mallb-
IKIMM PYK oneparopa o mnpoOoinOopy # mabopaHT-
aHaniTika. HeoTpuMaHHS i€l BAMOTH BHOCUTH OiIbIITy
YaCTKy BUIAJKOBUX MMOMWJIOK Yy PE3yNlbTaTH BU3HAYECHb
BMICTY BOJHIO Yy Qurtocax (3HauHe TXHE 3aBUIICHH).

Ha puc. 5 300pakeHa IpHHIMIIOBA CXeMa KOHCTPYKIIii
HOPIIHEBOI0 NPYKUHHOTO 3aCMOKTYIOYOTO 00JaJHAHHS
mpoboBinbipanka. lle oOmamHaHHA CKIagaeThes 3 3-X
OCHOBHHX (PYHKI[IOHATBHUX BY3JiB: POOOYOr0o HUITIHIpPA

(2) 3 moprHeMm (3) i mTokoM (14); MPyKUHHOTO MEXaHi3-
My, 1o nojsrae 3 aeranei (5), (13), (15)...(24); cromop-
HOTO (CITyCKOBOT0) MEXaHi3My, IO CKJIAAy SKOTO BXOASATH
nerami (6)...(12). [Napamerpu pobodoro mumiampa (2) i
xoxy mopmHsA (3) oOpaHi TaKUMH, IO 3aCMOKTYIOYe 00-
JaTHAHHS ICNISA CHpPAarbOBYBAaHHS 3a0e3meduye 3ajiIIKo-
BUH THCK y po003abipHii TpyOLi H XOJIOIUILHHUKY TPO-
6oBinOipauka mopsaky 0,05...0,10 aTtM 3ayexHO Bix J0-
BXXMHH 3aCTOCOBYBaHOI TpyOkH (y Mexax 150...500 mm).

CrpaiboByBaHHS IPYKMHHOTO MEXaHi3My BiZOyBa€Thb-
Csl 32 PaxyHOK €Heprii MoNepeaHbO CTUCIIUBOI BPYYHY
LUTHAPUYHOI cripanbHol mpyxkuau (20). Y 3BeneHOMY
CTaHI TPYXNHA BTPUMYETHCS CTOIOPHUM (CITyCKOBHM)
obOmaguanusaM. [IpyxwHa 3BUTPHIETHCS MPHU MPUTHCKAHHI
cyckoBoro Baxkens (8) mo xopmyca (13) mpyXuHHOTO
MeXaHi3MYy.
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Puc. 5. KoHcTpyKIist MPpyXMHHOTO HOPIITHEBOTO 3aCMOKTYIOUOT0 00J1aJHAaHHS TPOOOBin0ipHHUKa
1 — 3armymka; 2 — poOITHUK IWITHAP; 3, 4 — mopIIeHs; 5 — kopryc ¢GinbTpa; 6...12 — merami cromopHoro Mexanismy; 13, 15...24 —
JleTaji Ipy>KUHHOTO MeXaHi3My; 14 — MTOK MOpIIHS; 25 — PTOPOIIIacTOBE YIIUIEHEHHS.

Yac cnparoByBaHHS MexaHi3My — Oim3eko 0,05 c. Trep-
JICTh TPYKUHH BUOMPAETHCS TaKUM YHHOM, 1100 BOHA
3abe3nedyBaiia eHepriiiHmA moBHHUN Xin mopmHs (3) 1o
KIiHII1 HaBiTh MPH IIUIBHO 3aKpUTOMY 3ariymkor (1)
Bx0Zi B pobdounii mumiaap (2). Koxyx (16) npusHadeHwMi
JUTA 3aXHCTy OIleparopa Bif yaapiB ymopom mroka (14)
IIPU CHPAIbOBYBaHHI NMPY)XWHHOTO MexaHi3My. [Hmii ne-
Taxi KOHCTPYKIIT 3aCMOKTYIOUOTO OOJIQHAHHS HaBelleHi
Ha puc. 5. 3aranpHa AOBXKWHA MPOOOBiAOIpHIKA — OIN3b-
ko 500 mm, Bara — 2,5 Kr.

IIpoBeneHHsI eKCIEPUMEHTY Ta OOGrOBOPEHHsI pe-
3yJbTaTiB. 3aCTOCOBaHE B PO3TISTHYTOMY MPOOOBinOip-
HUKY OpHTiHAJIBHE 3aCMOKTYIO4E OOJIaHAaHHSI POOHTH
HOro aBTOHOMHMM, OIIEPAaTHBHUM 1 HAIIHHUM y POOOTI.
Kpim TOro, Taka KOHCTpYKIList mpoOoBinOipHNKa 00yMOB-
JIIO€ HOT0 YHIBepCAJBHICTh: BiH MOXXe OyTH BHUKOPHCTa-
HUHA 1 y 3BHYaifHOMY CTaJICIUIaBUJIBHOMY BHPOOHHIITBI
JuIsl BiIOOpY MPOO OCHOBHMX (SIKI KPHCTaIII3yIOThCS, PO3-
CHUMAIOTHCS M TiApaTyloThCs HA TOBITPl) HUIAKiB (HaNpH-
KJaz, KapOigHux abo O1TMX B eNEKTPOCTATICIIIABIIIEHOMY
MeperuiaBi), a TaKOXX y BCUIIKMX BHJAX METATyprifHUX
MIPOIIECIB JIJISl CTAHAAPTHOTO BiOOpPY MPoO pikoro Mera-
a1y. Y 1IbOMY OCTaHHBOMY BHIIQAKY KOHCTPYKIIiSI XOJIOIH-
JbHUKA CIIPOILYEThCS W BHOMpAETbCA 3 ypaxyBaHHIM
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0COOJIMBOCTEH KOHTPOJILOBAHOT'O METally i METOIIB oro
MOJIaJIBIIIOTO aHAII3Y.

[epeBipka edeKTHBHOCTI 3arapTOBYBaHHS MPOO 3 PiIKOTO
(rocy 3a ITOTIOMOTOIO 3aIllPOTIOHOBAHOTO MPOOOBiAOIp-
HHUKa IpoBefieHa B Ta0OpaTOPHUX YMOBaxX 3 BUKOPHCTaH-
HAM npomucioBoro ¢mrocy mapku AH®-6. OO6panwmii
(uTt0C 3BUYAHOTO TPaHyJIOMETPUYHOTO CKJIA/Ty CIIOYaTKy
npoxaptoBaiu 3a 1100 °C npotsirom 1 rox. Ha IPOTOYHIH
atMoccepi ocymeHoro aprony. CreniaJlbHUMHU J0CIiia-
MH 3 BUKOPUCTaHHSIM aHaji3y (urocy Ha BoneHb OyIiio
TOTIepeIHbO BCTAHOBJICHO, 1[0 3a3HAYEHE MPOYKAPIOBAHHS
3a0e3nedye MOBHE BUOAJICHHS i3 (IIIOCY BOJICHHBMICHUX
razie (H,O, HF, HCI, H,, H,S). Oxonomkennus ¢irocy
MIPOBOAMIIOCS TAKOXK y CTPYMEHI OCyllIeHoro aprony. [le-
ra3oBaHa B Takui croci6 HasimeHHs ¢irocy (40 1) po3mi-
Jstacs MpHOJIM3HO HapiBHO Ha 1Bi yactwHU. OpHA Yac-
THHA TPOKapeHoro (aerazoBaHoro) (uIoCy BUTPHUMYBa-
Jacsi Ha BIIKPUTOMY TIOBITPI i3 cepenHbolo Bosorictio 50
% 3 mepiofMYHMM KOHTpOJIEM ii Barm Ha aHaJTiTUYHHX
Barax 3 nomuiakor = 0,0001 r. Byno BcraHoBiE€HO, 1O
301IBIICHHS Baru (UIIOCY B IIiH cepii BUMpoOyBaHb BinOy-
Ba€THCS 32 PaXyHOK IMOTIMHAHHS MPOOOI0 BOJIOTH 3 TIOBi-
Tps. Ilicnsa 6 rox. BUTpUMKH rifpaTanis ¢urociB cTabimi-
3Y€ThCS 1 MMPAKTUIHO HE 3MIHIOETHCS HABITh MPU NIEPEHE-
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censi ¢rocy B atmocdepy mositps 3 100 % BomoricTio.
Ornucani oco6mBoCTi Timpatamii ¢purocy AH®-6 Ha moBi-
Tpi UTFOCTPYIOTHCS X0I0M KpHBOi 1 Ha puc. 6.

Hpyra nonoBuna HagimenHs (~ 20 r) mpoXapeHOro
¢rocy po3IUTaBIUIACh y THTUI 31 cTekiorpadity B Iuia-
BWIIBHIH medi 3a temmepatyp 1600...1650 °C y nporou-
Hilt atmocdepi aprony. Ilicns 10 xB. BUTpUMKH QITtoco-

BOT'O PO3IUIABY 3a 3aJIaHOT TEMIIEpaTypH 3 HHOTO BilOMpa-
Jucs 2 mpoOr MOCHiTHUX 3pa3KiB 3a TOTIOMOTOI0 MEXaHi-
YHOTO TIOPIIHEBOTO MpoboBinbipanka. [Ipodu Bimbupa-
muca pizHoi ToBmMHM B Mexax 0,3...0,6 mm. Pazosa
CIOJIyKa OTPUMAaHUX MPOO KOHTPOJIOBANACS CIEKTPOT-
padiuHuM i peHTTeHOrpadiTHIMI METOIaMH.
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Puc. 6. Kinernuni kpuBi rigparamii (3a 25 °C) nonepeanso nerazoBaHoro ¢urocy mapku AHD-6
y moBitpi 3 Bouorictio 50 % (1) i 100 % (II)
1 — rpaHyIBOBaHOTO, OXOJIOJPKEHOTO ITICJIs Jierasallii B CTpyMeHi OCYLIIEHOTO aproHy;
2 — BiiOpaHOTO 3 PO3ILIAaBY 3a JOIIOMOTOIO MOPITHEBOTO MPOOOBIAOIPHIKA Y BUTIIAI 3aCKJIOBAaHMX ILTIBOK TOBIIUHOKO (0,3...0,6 MM).

Burpumka 3acnmoBanux npod ¢mrocy AH®-6 Ha mositpi 3
50 % 1 100 % BoyOTiCTIO B M€XaX YyTIMBOCTI 3aCTOCOBA-
Horo BaroBoro koHTpoiro (£ 0,0001 r) i BHKOpUCTAaHOTO
napajeibHO I'a30BOT0 aHai3y (Jrocy Ha BMICT Y HbOMY
BoJH (3 morpimmmicTio + 1,0 eM*/100r dumrocy) He BHsIBIIA
fioro rigparariii. Pe3yabraru 1i€i cepii BUNMpoOyBaHb Hpe-
cTaBJieHi KpuBiit 2 puc. 6. SIKOro-To MOMITHOTO BOJIOTOB-
OupaHHs B 3aCKJIOBaHUX MPO0Aax HE criocTepirajocs u mic-
JsL TPHOX MICSIIB 30epiraHHs ix y Bojoromy mnoitpi. Ort-
JKe, 3aCKJIOBaHI ()IFOCH BUSIBIISIIOTBHCS BOJIOTOCTIHKUMH —
MOBHICTIO IHEPTHAMH CTOCOBHO BOJIOTH TMOBITpsl. MoITH-
BO TPHUITYCTUTH, IO 3aCTOCYBaHHS MPOOOBIAOIpHUKA TTiJI-
BUIIUTh HAIHHICTh aHai3y MeTalypriiHuxX QirociB i
IIJaKiB HE TUIBKM Ha BMICT y HHMX BOJHIO, aJie i a30Ty Ta
inmux razie (Hanpukinan, CO, CO,, SO,). [loganburi BuU-
POOHMYI JOCIHIAM MO BHBYCHHIO OCOONMBOCTEH BiIOOpY
po0 3a OTTOMOTOI0 TIOPIIHEBOTO MPYKUHHOTO MTPOOOBiI-
OipHHMKa TOKa3allk, IO BOJIOTOCTIHKAMHU BHSBISIOTHCS
1rineHi (6€3 TPIIUH 1 BIAKPUTOI IOPUCTOCTI) Tipodu ¢utro-
CiB 13 3aCKJIOBAaHMMH MTOBEPXHIMH, IO MICTATh yCepenuHi
cebe 3HauHy YacTKy KprcTaigignoi gasu (1o 10...20 06.%).

3 ypaxyBaHHSAM J1a0OpaTOpHUX BUIPOOYBaHb 1 €KCILTya-
Tamii y BHPOOHHYMX yMOBaX (IIPH BHIDIABII KOHCTPYK-
[iitHKUX JieroBaHux craieit meromom EIIIT) BcTaHOBIIEHO,
10 po3po0ieHuid NMPYXUHHUI BaKyyMHHUI NpoOOBinOip-
HUK 3pYYHUI, HaIiiHWi 1 ehexTHBHUIT y poOoTI.

BucHoBkH. 3 ypaxyBaHHSM HaKOIMHYEHOTO JOCBimY
pobotu 1o Bigbopy npo0 piakux (GIrOCiB B 1a00paTOPHUX
1 IPOMHUCIIOBUX IUIaBKaX PO3pOOJIEHO TapTiBHUN MeEXaHi-
YHHUN TTPoOOBIAOIpHUK, SIKHUI 3a0e31edye BHCOKI CTaHIap-
THI YyMOBH BigOOpy Takux mpo0. BumpoOyBaHHS HBOTO
mpoOoBiAOIpHUKA TOKA3aJ0 BHCOKY €(EeKTHBHICTH HOTO
pobotu. Tak omepkaHi 3 HOro JOIIOMOTOK 3aCKJIOBaHi
1poOu (hiIrOCiB MAIOTh MOBHY 1HEPTHICTH 1 CTIMKICTBH 10
BOJIOTH TOBITPS, @ TaKOX HE BHMAraloTh CIENiaTbHHX
3ax0[iB obepexHocTi TpH 30epiranHi ix no axamizy. [lo-
Ka3aHO, N[0 TapTiBHUH MeXaHIYHWN NpoOOBiAOIpHUK €
TEXHOJIOTIYHO ONEpPaTHBHHUM 1 yHIBEpPCAJbHHM IPHUCTPO-
€M, KU B TPAKTHUIl Ta30BOTO aHAJi3y MPUIAATHUN HE
TUTBKH JUTS BiOOpy mpo0 i3 po3miaBiB (UIFOCIB Ta IUIAKIB
aJie i a7t Binbopy mpob piKoro Meraiy.
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Brem V.V., Kozhukhar V.Ya, Ivanchenko L.V., Dmitrenko I.V., Buga S.P.

Sampling of liquid flux for gas analysis of the hydrogen content

Abstract. The development of technological parameters of melting, which would allow to get the metal with the lowest hydrogen
content is an actual task . The problem of reducing the content of hydrogen in the slag phase in the process of electroslag remelting of
steel and other metals still remains unresolved through lack of development of methods of gas analysis in this area. In addition it was
found that the greatest difficulties in the analysis of the hydrogen are associated with the issues of sampling of liquid flux during
melting and storage of samples before analysis.

With accumulated experience in sampling of liquid fluxes in laboratory and industrial meltings was developed hardening mechan-
ical sampler, which provides a high standard of criteria of such samples. Test ofthis sampler showed the high efficiency of its work.
So castelvania flux samples have full inertia and resistance to moisture of the air, and do not require special caution when storing
them before the analysis. It was shown that the hardening mechanical sampler is technologically operational and universal device,
which in practice of gas analysis is suitable not only for sampling from molten fluxes and slags but for sampling of liguid metal.

Keywords: hydrogen, electroslag remelting, flux, hydration, sampling

Bpem B.B., Ko:xxyxap B.f., UBanuenko JI.B., Imutpenko U.B., Byra C.II.

OT160p npod :xuaKoro ¢uiroca 1Jisi ra30BOro aHAJIN3a HAa coep:KaHUe BOIOPOIa

AHHOTanus. Pa3paboTka TEXHONIOTMYECKHX MapaMeTPOB MepeIuiaBa, KOTOpPhIE ObI MO3BOJMIM IMONTYy4YaTh METAUl ¢ HAUMEHBIINM
coliepKaHIEM BOJOPOAa SBISIETCA aKTyallbHOH 3anadeil. [IpobieMa CHIKEHHS cOIep>KUMOT0 BOJOPOa B IIUTAKOBOH (asze B mpomec-
cax »JIEKTPOILIAKOBOTO IeperiaBa cTaneil 1 Apyrux METalIoB O CHX MOpP OCTAeTCs HEPEHIEHHON depe3 HeI0CTaTOYHOE OCBOCHUE
METOJIOB Ta30BOT0 aHAIIN3a B JJaHHOH obsacTi. KpoMe TOro BBIICHUIIOCH, YTO caMble OOJIBIINE TPYIHOCTH IIPH aHAIN3E HA BOJOPOJ
CBSI3aHHBI C BOIIPOCaMH 0TOOpa MPO0 JKUIKUX (IIIOCOB B IpoLiecce IUIABKK M BOIPOCAMH XpaHeHUs po0 10 aHaJIH3a.

C y4eToM HaKOIUICHHOTO ONBITa paboTHI IO 0TOOPY MPOO JKUIKUX (GIFOCOB B TaOOPATOPHEIX U MPOMBIIUICHHBIX IJIaBKaX pa3pa-
00TaH 3aKAJIOYHBIH MEXaHWYECKHH NMPOOOOTOOPHHK, KOTOPHII oOecreunBacT BHICOKHE CTaHAAPTHHIE YCIOBUS 0TOOpA TakHX HpoO.
HcnpiTanune 3Toro mpo600TOOPHHUKA TOKA3AJI0 BEICOKYIO 3(QEKTUBHOCTH €ro padoThl. Tak MolydeHHBIE C €ro MOMOUIBIO 3aCTEKIO-
BaHHBIE TIPOOBI (PIIFOCOB MMEIOT MOJTHYI0 HHEPTHOCTh U CTOMKOCTB K BJare BO3/1yXa, a TAKXKe He TPeOyIoT ClenHaIbHBIX Mep OCTO-
POXXHOCTH TIPH XPaHEHUH UX 10 aHanu3a. Iloka3aHo, YTO 3aKaJOYHBIH MEXaHHYECKUH MPOOOOTOOPHUK SIBISIETCS TEXHOJIOTHYECKU
OTIEPaTUBHBIM M YHHBEPCATBHBIM yCTPOICTBOM, KOTOPOE B MPAKTHUKE Ta30BOT0 aHAIM3a IMPHUTOAHO HE TOJNBKO I 0TOOpa mpob m3
pacruiaBoB (hJIFOCOB M IIUTAKOB, HO U T 0TOOpA MPOO KHUIKOTO METaIIa.

Kniouesnle cnosa: Bonopo, EKTPOIIIAKOBLIN MeperIas, GIroc, ruaparanys, mpobootdop
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Abstract. Taking into consideration the current knowledge about planetary structure of the Solar system it was noticed that both
planets groups could be formed by one physical process similar to the phenomenon of standing waves with length A, = 1/2 (here:
A = cPy, ¢ is the speed of light and P, = 160 min is a certain period). The principle of the ordering for outer planets and dwarf plan-
ets is represented in the wave form as a = nA/2 or a = (2n + 1)A/4 (where a is a semi-major axis and n is a whole number) ar-
ranged these planets at distances from the Sun proportional to a quarter and a half of the wavelength (Jupiter — A/4, Saturn — 4/2, Ura-
nium — 24/2, Neptune — 34/2, Pluto — 44/2, Eris — 74/2). This algorithm also satisfies the conditions of the location of the most major
transneptunian objects including comet families. The principle of the orbit ordering for inner planets is expressed as 2ma = mAy,,
with the step A5, = (1/12)A,,, and m = 3, 6, 8, 12 for orbit lengths from Mercury to Mars that is commensurable with the length of
standing wave Ag,, = 4/2 and its harmonics. The spatial organization of the Solar planetary system is described by two related kine-
matic algorithms of the single wave mechanism.These results are quite accurate and can be considered as empirical. It is important
that the wave principles of structuring of the planets do not support the idea of the formation of the Solar planetary system in the
form of power law including the law of Titius-Bode. Also it was revealed an explicit resonance of proper oscillations of the Sun and
planets. Their global periods are virtually multiples of kPy/2, where k = 1, 2, 3. This result is showing signs of a quantization of the
gravitational interaction of these objects and is associated with the length of the standing wave Ag,, = 1/2 as with the ordering factor
in the Solar planetary system.

In whole, these interconnected findings should be considered as essential on the background of the current knowledge about the
laws of structuring the planets in the Solar and exoplanet systems.

Keywords: Solar system, exoplanets, principles of the ordering for planets, standing waves

Introduction Standing waves and principles of the ordering of main
The list of discovered exoplanets reached one thou-  objects in the Solar system
sand. Several hundred well-studied exoplanets and tens Since L, — scale has the dimension of a wave with the

their systems promoted a research of scenarios of their  length A = ¢P, = 19.24 AU both principles of L, — reso-
dynamical evolution. The first investigations of exoplanet  nance can be transformed into a wave form.
systems (Lovis et al. 2010; Flores-Guttierrez and Garsia- For orbits of outer planets the principle of the L, —
Guerra 2011) showed that the principles of the ordering of  resonance 2a = nL, can be represented as a = nd/2.
semi-major axes of planets differ substantially. In some  Then the distances of the outer planets from the Sun are
cases these orderings are similar to power laws or the  multiple of a quarter or half wave: Jupiter — 1/2, Saturn —
Titius-Bode law. One important conclusion is that there  1/2, Uranus — 21/2, Neptune — 31/2. The distances of
are no rules for ordering of planets by a scientifically  well-known dwarf planets are: Pluto — 41/2 and more
proved physical mechanism. distant Eris — 71/2. This corresponds to the determination
At the same time, for the Solar system were revealed  of standing waves which arise by interference between
other principles the ordering of planets on the basis the  direct and reflected waves in the same body.
program of magnetic field registration of the Sun as a star. Their standing wave is A, = 1/2, the linear dimen-
This program led to discovery of “enigmatic” pulsations  sjon of this body is multiple to 1/4, the wave nodes and
of the Sun with a period P, =160 min (Severny et al.  antinodes with the zero amplitude and double amplitude
1976) and the ordering of planets in the Solar system (Ko-  respectively are distributed along the body with this mul-
tov and Kuchmi 1985, Kotov and Khanejchuk 2011). It tiplicity — see Fig. 1.
was shown that in the Solar system there exists a common Numbers of 1/2 and 1/4 one can find from the Table 1
“Lo-resonance” of the planets with the “scale” L, =  which contains certain characteristics of the Solar system:
cPy = 19.24 AU, where c is the velocity of light. The  planet masses, semi-major axes of the planet orbits and
positions of planets in the Solar system were determined  periods of the planet oscillations (for more details see the
by two simple principles: 2ma = Ly/n for orbits of inner  text).
planets and 2a = nL, for orbits of outer planets (where a This algorithm satisfies also the conditions of the loca-
is semi-major axis of an orbit and n is a natural number).  tion of the well-known major transneptunian objects (TNO)
For the inner planets (Mercury, Venus, Earth and Mars)  with determined kinematic parameters of their orbits in-
the numbers are n = 8,4, 3, 2 and for asteroids n = 1. For  cluding comet families. Semi-major axes of the majority of
the outer planets (Saturn, Uranus, Neptune) and dwarf  these TNO are multiple of A, = 1/2 or of even numbers
planets (Pluto and Eris) these numbers are respectively  of 1/4. For example, for Pluto, Orcus and Ixion they are
n=1,2,3 and n = 4,7. But for Jupiter such number is  equal to 4.11/2 i.e. these objects are arranged in the 4-th
fractional n = 1/2. node from the Sun; for 2002 AW semi-major axis is equal
The physical nature such ordering of planets are not  to 4.91/2 i.e. this object is in the 5-th node; for GK147,
explained. However, in connection with the detection of  SM331, VK305, XR190, YW134 semi-major axes are
extrasolar systems it becomes necessary to study these equal to 61/2 or they are in the 6-th node. Semi-major axes
principles more carefully. Considering the planets posi-  of Eris and 2007 ORy, are close to 7.01/2 i.e. these objects
tion in accordance with the principles of the L, — reso-  are in the 7-th node from the Sun. Semi-major axes of the

nance was offered a wave algorithm for explaining of the  minority of these TNO are multiple of odd numbers of /4.
ordering of planets in the Solar system.
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Fig. 1. The schematic ordering of outer planets in the phenomenon of standing waves

Table 1. The Solar system characteristics

Planet M a a,A/2 2rta, A/4 T, min T, Py cT,A/2
Mercury 0.055 0.387 0.040 0.50 - 1/2 85 0.5 1
Venus 0.815 0.723 0.076 095 -1 90 0.5 1
Earth 1.000 1.000 0.104 1.31 - 4/3 84 0.5 1
Mars 0.107 1.524 0.158 199 - 2 100 0.5 1
Jupiter 317.9 5.203 0.54-1/2 6.80 172 1 2
Saturn 95.16 9.509 0.99-1 12.42 236 1.5 3
Uranus 14.54 19.25 2.00-2 25.14 177 1 2
Neptune 17.14 30.19 3.13-3 39.43 158 1 2
Pluto 0.022 39.50 410-4 51.59
Eris 0.029 67.67 7.03-7 88.39
Sun 167 1 2

Distances from the Sun are equal to 4.54/2 for
Haumea, Quaoar and Varuna and respectively equal to 7.5
and 8.5 1/2 for 2007 UK126 and CP105.

Distances from the Sun of transneptunian comet fami-
lies with very eccentric orbits and direct motion near the
plane of the ecliptic are also commensurable to the stand-
ing wave length Ay, = 4/2 as a parameter of their posi-
tion. In the range of 15-200 AU from the Sun three fami-
lies of such comets were revealed (Kozlov 2011). They
are located at the average distances 56, 86 and 106 AU,
which correspond to 2.91, 4.47 and 5.514 or in standing
waves their distances are 6, 9 and 111/2, i. e. these comet
families are concentrated at the nodes of the standing
waves.

Thus, the distance from the Sun to outer planets (ex-
cepting Jupiter) and to the majority of transneptunian ob-
jects including a families of comets are represented by
simple equation in the wave form a = 2nA/4, where
n=1,2,3,..11. The distances from the Sun to the mi-
nority of transneptunian objects and Jupiter are represent-
ed as a = (2n + 1)A/4 (for Jupiter n = 0 and a = 1/4).
From the foregoing it follows that Jupiter is located at the
shortest distance from the Sun.

The inner planets cannot obey the wave algorithm for
the outer planets because their distances from the Sun are
smaller than A/4. However, they are represented by their
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own principle of the L,-resonance 2ma = Ly/n. This
principle transforming to the form 2ma =mal, is the
equation of standing waves for orbits of inner planets.
Here, AL, = (1/12)4,, is a “daughter" standing wave and
the numbers m = 3,6, 8, 12 “quantize” the orbit lengthes
of the inner planets from Mercury to Mars respectively.
The equation of standing waves for inner planet orbits
follows from simple resonant relations of orbit lengths for
the planets Mercury—Venus, Venus—Earth, Earth—Mars.
They arecloseto1:2, 3:4, 2:3. The number 12 as the
least common multiple of these resonances points to a
discrete set of daughter standing waves 1%, = A, /12 =
A/24 that is contained in the fundamental standing wave
Agw = A/2.

The structural architecture of inner planets on the basis
of the relation of lengths of planet orbits from Mercury to
Mars can be represented in standing waves as (1/4)(1/
2):(1/2)(A/2):(2/3)(1/2): (A4/2) or as A/8:1/4:1/
3:1/2 — see Fig. 2. The length of the Mars orbit is direct-
ly equal to the length of the standing wave A, = 1/2 as
to the fundamental harmonic. Its first and third harmonics
are strictly contained in the length of the orbits of Venus
and Mercury and its two second harmonics are contained
in the orbit length of Earth (see the fifth column of Ta-
ble 1).
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Fig. 2. Fragments of schematic orbits of the inner planets are shown in the wavelengths. Distances to the planets are
normalized to the semi-major axis of Earth's orbit.

Analyzing equation 2ma = mAa%,0ne can ascertain that
there is a limited number of integers m which determine
the number of standing waves with the length A%, =
Asw/12 contained in possible “stationary” orbits. In their
quantity the resonance of orbit lengths for inner planets
plays a key role. The extended set of resonant relations of
the orbit lengths for the inner planets could be presented
in the following form: 1/24: 1/12:1/8: 1/4: A/3: A1/2: A.

It is logically to expect the existence of planet with the
orbit length equal to A. The absence of such a planet be-
hind Mars (in place of the asteroid belt) can be explained
not only by the “pumping out” of planetesimals by Jupiter
but also by negative role of a powerful resonance 1 : 1
which can arise because of the equality of the wave with
the length A and the orbit length of this hypothetical plan-
et. The absence of the planets with the minimum length of
their orbits (m = 1, 2) between the Sun and Mercury can
be explained similarly. In particular, for m = 1 the dis-
tance of such hypothetical planet from the Sun would be
equal to 0.127AU. Meanwhile, in the exoplanet systems
as a rule there are several planets at such distances from a
central star (Lovis et al. 2010). In this sense the Solar sys-
tem is unique.

Thus, all main objects in the Solar system are arranged
on the basis of two algorithms of the standing waves of
one length Ay, = A/2. Their equations are identical to
those of standing waves in many physical processes.

Phenomenon of standing waves and the resonance of
the global oscillations of the Sun and planets

The phenomenon of standing waves initiates the calcu-
lation periods of “global* oscillations of planets because it
is known about amazing proximity the “enigmatic” P,-
pulsations of the Sun that is equal to 160 min and the
global oscillation of the Sun as a star with the period
167.3 min.

The formula which is used to estimate periods of such
oscillations of the Sun and the planets of mass M and ra-
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dius R is known as T = 2m(R3/GM)'/?, where G is the
gravitational constant. It is valid for spherical objects with
the symmetric distribution of mass and the homogeneous
gravitational field. Such eigenmodes can be considered as
global oscillations of these objects (without considering
their internal structure). The calculated global T-periods
(see Table 1) for the inner planets from Mercury to Mars
are equal to 85, 90, 84 and 100 min respectively, i.e. they

are in a close relation 0.5 : 1 to the P,-period of the Sun.
For the outer planets from Jupiter to Neptune they are
equal to 172, 236, 177 and 158 min, i.e. the T-periods of
the Sun and outer giant planets are in relation 1 : 1 to the

P,-period of the Sun (only for Saturn it is 1.5 : 1, but this
result is perfectly correspond to low averaged density of
Saturn in comparison with other giant planets). This can
be described by simple equation T = kP, /2. It obeys the
rules of integers k = 1,2,3 and here P,/2 as the first

harmonic of P, -pulsations of the Sun is the least common

multiple for these T -periods (with an average relative
error in 5%). It is recognized that there is a common reso-
nance of global oscillations of planets and Sun. It is the
first unusual result: the whole “planetary orchestra” is
tuned to the frequency of global pulsations of the Sun.
Table 1 shows also for all of these objects that there is the
second simple equation, cT =~ kA/2 where k =1,2,3.
Consequently, global oscillations of planets are deter-

mined of the standing wave with the length A, = 1/2 =

cT. There is the second unusual result: periods of global
oscillations of planets and the Sun are directly associated

with the standing wave 4, = 4/2 as with the structural
factor in the Solar system.

In general, these simple calculations gave unexpected
results about the unusual aspects of gravitational interac-
tions between the Sun and the planets. These findings can
be also considered as to a certain extent the confirmation

of the existence of global “enigmatic” Pj-pulsations of
the Sun.
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Conclusions: phenomenon of standing waves and the
Solar system structure

The results of the wave investigation of the Solar sys-
tem structure could be explained by existence of a physi-
cal mechanism similar to the phenomenon of standing
waves presented in two variants but with the same length
of the standing wave. In the first of them, the lengths of
"stationary" orbits of the inner planets agree with the first,
second, third and fundamental harmonics of the standing
wave. In case of outer planets and main transneptunian
objects including the families of comets, their distances
from the Sun are multiple of the length or half length of
the standing wave. The ordering of all planets obeys the
rules of integers according to distinct resonance relations.
These results can be considered as empirical and are quite
accurate. Their average deviations from the calculated
positions are within 3-5% which could be explained as a
result of long-term evolution of the Solar system. It is
reasonable to suppose that the formation of both groups of
planets in the Solar system could be realized by means of
a specific wave process. And their movements in a circle
on the orbits corresponded to these wave processes. These
wave principles of the orbit ordering for planets do not
support the idea of the formation of the Solar system
structure in the form of power law including the Titius-
Bode law and its modifications. Also it was revealed an
explicit resonance of proper oscillations of the Sun and
planets.

The analysis of the standing waves phenomenon
evinced the common resonance of global oscillations of
the Sun and planets. This resonance irrespective of the
inner structure of these objects showed the definite con-
nection between gravitational and waves processes.

The phenomenon of standing waves proved itself as a
factor of structuring the planets in the Solar system and as
a new aspect in the scientific investigations.

Brief remarks on the nature of the phenomenon of the
standing waves

In the mechanism of standing waves the discrete struc-
ture of the Solar system looks as a quite nonrandom phe-
nomenon. One can draw a conclusion that the wave algo-
rithm of the structure of the Solar planetary system is the
accomplished fact. This puts a question about the origin
and nature of this phenomenon.

Empiric data offer a suggestion that global P;-

pulsations of the Sun, regardless of reason and time of
their origin, were able to synchronize and save the wave
structure of the Solar system in the process of its evolu-
tion up to the present tense, although now these pulsations
can be observed in relict form. Indeed, according to esti-
mates made by Molchanov (1969) the probability of casu-
al formation of the planetary system with properties of the
Solar system is about 10°~10™. Then, in the terms of the
current knowledge, it is not difficult to represent the sce-
nario of forming of the Solar system by the mechanism of
interference of coherent waves within a protoplanetary
disk but without considering the physical nature of these
waves (Skulsky 2013). These waves have the velocity of
light, but it is difficult to study them with the help of hy-
potheses of the electromagnetic or gravitational nature.
The energy of electromagnetic waves with 1 = 19.24 AU
is very small. Nevertheless, it would be interesting to
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model the formation of planets in the protoplanetary disk
taking into account the influence of the Schumann-like
resonances (Schuman 1952) in the cavity between the
surface of the young Sun and ionized gravitational shafts.
A possibility of origin and interference of coherent waves
from spherical objects interacting gravitationally is prob-
lematic because this is forbidden in the general theory of
relativity. However, there are other possible interpreta-
tions of gravitation. For example, the gravitational field
can have not only the tensor component (as in the general
relativity) but also the scalar one. The scalar component
may be emitted in spherically symmetric oscillations of
any source of gravitation, including the Sun (Sokolov
1992). The phenomenon of wave structurization of the
Solar system can be represented as a relativistic delay of
scalar part of the gravitational field or a disturbance on
the Newtonian potential. In any case, the hypothesis of
the possible existence of gravitational waves (including
those with length 4 = cP, = 19.24 AU) and their interac-
tion can have the right to existence although it is not easy
to interpret in terms of the accepted modern concepts.

The next aspect of the problem consists in that the
wave algorithm in the structure of the Solar system con-

firms existence of P,-pulsations of the Sun, while theoret-
ical studies of internal structure of the Sun do not confirm
the existence of these pulsations (Appourchaux and Palle
2013). They note the fast damping of low-frequency g-
modes at their transfer to surface of the Sun. Howerer, it
should be noted that one of possible variants in searches
of an answer can consist in consideration of the interac-
tion of gravitational and magnetodynamic processes. In-

deed, the surface P,-pulsations of the Sun (Severny et al.
1976, Kotov and Khanejchuk 2011) were revealed by the
method of registration the magnetic field of the Sun as a
star. It is known that tachocline region which is responsi-
ble for the enhancement of the magnetic field of the Sun
and plays a key role in nature solar cycle lies on the bot-
tom of the convection zone. The global g-modes should
reach this zone without significant damping. It allows to
suppose the modulation of general magnetic field by g-
modes and their transfer together with this field to surface
of the Sun. Then the impact on the structure of planets
will be carried out the magnetic field of the Sun which is
modulated by the low-frequency oscillations of global g-
modes. In this aspect, such observation method is a prom-
ising in the study of the internal structure of the Sun and
solar-planetary interactions. In particular, one can expect

to detect the variability of the P,-pulsations of the Sun
within the 22-year cycle.

Henceforth, we should take into account that the gravi-
tational interactions between the planets and the Sun as a
star can be characterized without considering their de-
tailed internal structure (the formula T = 2 (R3/GM)/?
for the global period reflects the averaged densities for all
objects). Their interactions are described by certain quan-
tized parameters. But there are the saltatory variations in
the interaction between the Sun and the terrestrial planets
and between the Sun and the giant planets. For the inner
planets there is relation T = P,/2 while for the massive
outer planets it grew twice T = P, but for the Saturn it
grew three times T = 3P, /2. It is not surprisingly because
these estimations concern to very low density of Saturn in
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comp_adrison tfr)] Othfif OIUteEiplaSeti) but tgeredi_s an fargazing Solar P,-pulsations and the mechanism of generation of
coincidence the calculated and observed radius of Saturn. ; .
It should be considered as an accomplished fact the good waves of the Iengtlj A = cPy including the phenomenon
incid f offective radii of all obiects according to of standing waves in the structure of the Sqlar planetary
coincidence o . ) ding t system remains still inexplicable. Such studies should be
the equation T =kP,/2 and their observed radii. It. IS continued because they raise questions about the for-
obvious that the Sun as a star and the planets are showing mation of Solar and exoplanet systems. For example, the
signs a quantization of their gravitational interaction and phenomenon of standing waves could.explain the k;asic
this is associated with the length 9f the standing wave questions of the planetary cosmogony: why the planet
Agw = 4/2 as the structural factor in the Solar planetary  orpits in the Solar system are nearly circular and coplanar
system. These results are unusual but are interconnected  and why there are two groups of planets which are located

on the basis of the simple physical equations. from the Sun according to two algorithms of one wave
In general, the discovered findings of this research are  mechanism.
related to the basic foundations of our worldview and Thus, it is worth pay"']g attention to the need for a

represent problem in their interpretation. The nature of  more complete analysis of this physical problem.

REFERENCES
1. Appourchaux T. and PalleP.L., 19 Sep 2013, ar Xiv : 5. KozlovV.A, 2011, Izv. Crimea Astrophys. Obs., 107, 251
1309.3835 v2 [astro-ph.SR] 6. Lovis C., Segransan D., Mayor M., et al., 2010, Astron. Astro-
2. Flores-Gutierrez J.D. and Garsia-Guerra C., 2011, Rev. Mex. phys. Man., N HD10180
Astron. Astrophys., 47, 173 7. Molchanov A.M., 1969, Icarus, 11, 95
3. Kotov V.A. and Kuchmi C., 1985, Izv. Crimea Astrophys. 8. Schumann W.O., 1952, Zeitschrift und Naturfirshung, 7a, 149
Obs., 72, 199 9. Severny A., Kotov V., Tsap T., 1976, Nature, 259, 87
4. Kotov V.A. and Khanejchuk V.I., 2011, Izv. Crimea Astrophys.  10. Skulsky M. Yu., Izv. Crim. Astrophys. Obs., 2013, 109, N4, 10
Obs., 107, 99 11. Sokolov V.V., 1992, Astrophys. Space Sci., 191, 231

Ckyabckuii FO.M.
O BOJIHOBOIi CTPYKTYpe B IPOCTPAHCTBeHHOM opranu3anuu Co/IHeYHOMH IJIaHeTAPHOI CHCTeMbI
AHHOTAIMsI. AHAIN3UPYST COBPEMEHHBIE IPEJICTABICHUSI O IPOCTPAHCTBEHHOM CTpyKType COJHEYHOI IUIaHETHON CHCTEMBI, OBUIO
3aMe4eHo, YTOo 00e IPYIIIBI ITaHET MOIM OBl OBITH CHOPMHUPOBAHBI B €IUHOM (PH3HYECKOM HpOIEcce, YIOI00ICHHOMY SIBICHUIO
CTOSIYUX BOJIH C JUIMHOH Ay, = A/2 (3necs A = cPy, ¢ — ckopocts cBeta u nepuo Py = 160 min). [puHnun ynopsimoueHus st
BHEIIHUX ¥ KapJMKOBbIX IUIAHET, IPEICTABICHHBIA B BOIHOBOHN (opMe, nMeeT BUA ypaBHeHud a = nA/2 wmm a = (2n + 1)1/4 (tae
a — OoJbIIast MOTyoCh M N — IeJIble YHCIIa), COTJIACHO KOTOPBIM STH IUIAHETHI PacIoiararoTcst OTHOcHTeNIbHO COJTHIIA Ha PAacCTOSHH-
SIX, KPaTHBIX YCTBEPTH WIIH TOJIOBKHE JUTMHBI BosHbI (FOmurep — A/4, Carypu A2, Ypau — 21/2, Henrryn — 3A/4, Tlnyron — 414, Dpu-
na — 7A/14). DToT aIropuT™ yI0BIETBOPSIET TAKOTO POJIa PACIIONIOKEHHAM HAHOO0JIee KPYITHBIX TPAHCHENITYHOBBIX OOBEKTOB, BKITIOUAst
cemelicTBa KoMeT. [IpHHIIUIT yIOpsII0YeH!s: OPOUT BHYTPEHHKX IUIAHET BHIpaXeH B opMme 2ma = mAy,, ¢ marom Ay, = (1/12)Ay,
um=3,6,8, 12 m1a anuH opouT rtanet oT Mepkypust 1o Mapca, 4To COM3MEpHMO C JUTMHOM cTosiuel BONHBI Ay, = A/2 u ee rap-
MoHHK. [IpocTpancTBeHHas opranu3aiys COITHEYHOH ITaHETHOW CHCTEMBI Y€TKO OMHCHIBAETCS ABYMS POJICTBEHHBIMU KHHEMAaTHIe-
CKIMH aJTOPUTMaMH €IMHOTO BOJHOBOTO MEXaHU3Ma. DTH Pe3yIbTaThl SBISIOTCS AOCTATOYHO TOYHBIMH M MOTYT PAacCMaTPHUBAThCS
Kak sMmuprdeckue. BakHo, 9TO BOIHOBBIE IPUHIUIIBI CTPYKTYPHPOBAHUS IUIAHET HE MOANEPKHUBAIOT Haelo obpa3oBanus ComHed-
HOM TUIAHETHOHM CHCTEMBI B BHJE CTEIEHHOro 3aKoHa, BKJouas 3akoH Tummyca-bone. OOHapykeH Takxke sSBHBI pe30HaHC cOO-
cTBeHHBIX Konebanuit ConHia u mianeT. VX riobanbHble MEepUOAbI IpakTHdecku KpatHbl kPy/2, rne kK = 1, 2, 3. D1oT yKa3biBaeT Ha
MIPU3HAKH KBaHTOBAHUS TPAaBUTAMOHHOTO B3aWMOJAEHCTBHUS STHX OOBEKTOB B WX CBS3H C JJIMHOW CTOSTYECH BOJHHI Ay, = A/2 Kak ¢
(axtopom ynopsaouenus mianeT B ColHeYHO cucteme.

Pe3ynpTaThl 3TOr0 MCCIeIOBaHUS B3aUMOYBS3aHbl I MOTYT PacCMaTpUBAThCS KaK CYIIECTBEHHBIC Ha ()OHE COBPEMEHHBIX Mpe.-
CTaBJICHHI 0 3aKOHAX CTPYKTYpHpoBaHus ruiaHeT B CONHEYHON M K30IIAHETHBIX CUCTEMaX.

Kniouesvie cnosa: Conneunas cucmema, IK30n1aHemsl, NPUHYUNbL YROPAOOUeHUs NAAHem, CIosadue 80IHbl
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Abstract. It is shown that the glasses are a kind of the amorphous state produced due to the reverse phase transition 'liquid—solid' under the
external conditions providing the suppression of the crystallization processes. The structure of the glass is determined by the structure of the
initial melt and the character of the processes of its evolution during vitrification. The amorphous films are the type of the amorphous state
produced as a result of irreversible processes of condensation of the vapor and plasma flows onto the substrates under the surface conditions
that exclude crystallization processes. The atomic and molecular composition, the energy condition of the particles of the vapor and plasma
flows and the character of their condensation onto the substrate surface appear to be decisive for the amorphous film structure. Production of
glasses and amorphous films from different aggregate states of the substance stipulates substantial differences of their structure and all specif-

ic features and properties.
Keywords: amorphous materials, glasses, amorphous films

Presence of short range order and absence of long range
order combine different types of non-crystalline state with
substantial distinctions into one group. Among the class of
the amorphous solids, a group of the substances produced
by melt cooling is very wide and especially important in
practice. The process of their formation starts from the
equilibrium liquid state that exists at the certain tempera-
ture and pressure. Further temperature and time regimes of
fast cooling with solidification modify, to some extent, the
structure of the initial melt. Nevertheless, in the solid
amorphous state these substances reproduce necessarily the
specific peculiarities of the structure of corresponding ini-
tial melts. As a result, this group of substances has a good
reason to be clearly distinguished of a wide class of the
amorphous solids into the separate subclass of glasses [1].

Considering the glasses and the glassy state as one of the
types of non-crystalline solids is traditional in modern
physics of the condensed substances [2-5]. One should note
here that the term 'glass' is lower in hierarchy than the term
'non-crystalline', while the terms ‘vitrification' (for inorgan-
ic materials) or 'gumming’ (in organic materials) are treated
as the basic kind of the amorphous state formation process-
es. At the same time it is assumed that the terms 'non-
crystalline' or ‘amorphous' are more general as compared to
the term ‘glassy’, and the class of the amorphous solids is
much wider and comprehensive than the class of the glassy
bodies — like the general is wider than the particular. It is
also noted that the glasses are always amorphous, but not
all of the amorphous substances are the glasses. Expansion
of the term 'glass' to the level of the 'non-crystalline solid'
or 'solid amorphous substance' is not feasible. The state-
ment that the crystal can be transferred to the glassy state
by irradiating it by high-energy particles without melting
could not be considered correct as well [6].

The glassy substances have some similarity with the
supercooled liquids [7]. This is due to the fact that vitrifi-
cation is the continuous second-order phase transition
from the supercooled liquid to the solid state at the vitrifi-
cation temperature. The glass and the supercooled liquid
correspond to the two close but different thermodynam-
ical states separated by the phase transition. Both these
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states are disordered, but the nature of disordering in them
is different. The homogeneous liquid is the state with the
equilibrium structural fluctuations, whereas in glasses
these fluctuations are frozen. The above two states are
similar by their atomic structure [4]. In most cases they
are similar by the isotropic character of their properties.
The peculiarities of the structure of the crystalline phases
in this substance influence considerably formation of
short range order in liquids.

When defining the term 'glass', the principal difficulties
arise due to the gradual character of the change of all char-
acteristics of the glassy substance at the transition from the
liquid state to the glassy one and vice versa. The most
complicated is the problem of determining the boundary
between the liquid and the glass. To solve this problem one
has to begin with the most general definition of the terms
‘glass' and 'glassy state' and then turn to the method of find-
ing the gquantitative distinctions between the liquid and the
glass. According to Ref. [8], the ‘glassy substance is the
amorphous solid produced by cooling the liquid (viscous
melt) without crystallization'. Note that equality of the no-
tions ‘amorphous melt' and 'metal glass' indicated in Ref.
[9] is due to the singleness of the notions 'melt’ and 'glass.
This singleness results from the same initial liquid state,
which the above substances are produced of. The following
properties are considered characteristic for the glasses:

1. Their formation results from cooling (frosting) the
liquid without crystallization or at the pressure increase.
That is, the liquid state is the initial state for producing
glasses, while the process of glass formation is the vitrifi-
cation phenomenon [10, 11-14].

2. The process of the transition from the liquid state to
the glassy one must be reversible, i.e. the process reverse
to vitrification must be realized, i.e. softening [1-3, 15] or
defrosting [16, 17].

3. The lack of the characteristic vitrification tempera-
ture 7y and the corresponding transition at this tempera-
ture are the essential features that distinguishe the amor-
phous state from the glass. In many amorphous materials,
such transition can be masked by the crystallization pro-
cesses initiated by the excess of the defective states or by
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the surface. Other amorphous materials, in particular, the
films, can demonstrate the pseudo-transition with certain
temperature close to 7y the structural relaxation to the
state identical to the liquid cooled to this temperature.
After this transition or simultaneously with this transition
the above material crystallizes.

4. In the isobaric-isothermal conditions in the glass, the
time of relaxation of any degree of freedom to equilibri-
um is too large as compared with the duration of the ex-
periment or of the glass use [10, 18]. The glass samples
must have macroscopic size at least in one dimension
[15], and this attribute, probably, distinguishes the glass
from ultradisperse particles.

The glassy state is thermodynamically stable [19] and
possesses the mechanical properties of solids [20].

The glass has the properties of undefined chemical
compounds and possesses the isotropic properties in the
macroscale, while fragility and conchoidal cleavage are
also typical for it [2].

Which of the above properties became generally accept-
ed and most frequently used definitions of the glass? One
of them is the following definition [21]: "The glasses are the
amorphous solids produced by the melt supercooling inde-
pendent of the chemical composition and temperature re-
gion of solidification, which due to the gradual increase of
viscosity possess mechanical properties of the solids; the
process of the transition from the liquid state to the glassy
state must necessarily be reversible’. "The glassy state is the
type of the amorphous state, in which the substance has the
dynamical viscosity coefficient above 10'*-10% P, i.e. it
has mechanical properties similar to those of the crystalline
solid and differs by the ability to return after being melted
to the initial state in the predetermined cooling mode. The
glass is a monolithic material consisting primarily of the
glassy substance'. In these, quite similar, definitions, the
following properties are chosen from all the above ones:
a) the glass is one of the kinds of the amorphous substanc-
es; b) it is solid; c) the liquid is the initial aggregate state
for glass production; d) the reversibility of the transition to
the liquid state, i.e. the reversibility of vitrification and sof-
tening processes, is inherent in glasses.

In this relation, it is difficult to agree with the point of
view of G.M. Bartenev and D.S. Sanditov [19], according
to which it is almost impossible to give definition of the
glass, which will cover all possible compounds and condi-
tions of their formation. Definition of the glass, which is
valid at least today, is given above. If it appears unac-
ceptable for a certain state of the substance, this means
that the above substance belongs to the other amorphous
state. In case one finds new, more general, attributes or
properties of the glassy state of the substance, the defini-
tion of the category of glass will be changed as well.

Note that, according to Ref. [6], the solid body differs
from the liquid, first, by the lack of fluidity and, second, by
the lack of the changes in the relative locations of atoms.
This definition allows the solid state of the substance to be
clearly distinguished from the liquid state at the change of
the aggregate state, i.e. at the crystallization or melting. In
the process of vitrification, at the continuous variation of
the fluidity and relative mobility of the structural particles,
it is quite difficult to find the boundary between the liquid
and solid states. This could be made only on the basis of
some general agreement. As a result, the author of Ref. [6]
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reports the following definitions. Vitrification is the transi-
tion from the liquid state to the glassy state due to the freez-
ing of the structural (configuration, conformation) frag-
ments of the liquid that accompanies the temperature de-
crease or the pressure increase. The glassy state is the
amorphous non-equilibrium state, to which the liquid trans-
its as a result of cooling or increasing the pressure acting on
the liquid. It differs by that one cannot neglect the effects
related to approaching the equilibrium by the substance
during the period of observation or operation.

However, speculations [6] are not completely correct for
two reasons. First reason is a simplified consideration of
the vitrification process as a simple structural fragments
freezing in the liquid under the temperature decrease. In
reality, the process of vitrification is more complicated and
includes both freezing of the structural changes in the lig-
uid and the simultaneous processes of the solid phase nu-
cleation [22]. Second, high-temperature phase tempering
indeed suppresses weak diffusion processes, however, it
does not interfere the reconstruction in a wider scale. Fur-
thermore, quick cooling is frequently used not to fix the
high-temperature variety of the structures but, in contrary,
to initiate new global transformations. Examples are the
steel tempering into the martensite, the alloy tempering on
the copper and manganese bases to provide them with the
shape memory properties. The statements that the glass is a
solidified liquid and that the liquid is a softened glass con-
tain the tautology inefficient for the researcher and technol-
ogist [22]. There the glass should be considered not the
frozen liquid but the result of the synergetic phenomena of
the system self-organization in the course of the change of
the structure in the strongly cooled medium, i.e. due to the
evolution of the melt structure from ‘existing to emerging'
[23]. As a result, vitrification should be defined as more
general notion located at the same level with the notion of
crystallization. Since crystallization is the phase transition
from the liquid or gaseous phase to the crystalline one, then
vitrification is the transition from the liquid phase to the
non-crystalline one. The decisive role in this transition be-
longs to the kinetic phenomena [24]. Here the structural
peculiarities of the melt that force the latter to transform
into the glass, not the crystal, is the unsolved problem, i.e.
the glasses are produced of the liquids but are formed at the
melt structure freezing in the processes, which are tenden-
tiously directed toward the crystal formation.

Both the crystalline and non-crystalline solid states are
formed not only from the liquid but also from the gaseous
phases. Most frequently the films or coatings with the
thickness from monoatom layers to dozens of microme-
ters are formed at the gas-phase deposition.

The amorphous film state of the substance is termino-
logically unclearly determined in literature like the notion
of the amorphous state. For example, according to one of the
points of view, the thin films are considered the disperse
form of the amorphous substance [25].

The amorphous films should be considered a kind of the
amorphous solid state [1] produced by the direct condensa-
tion of the gas or plasma flows. The phase composition and
the structure of the films substantially depend on the inten-
sity of the atomic, molecular or ion plasma flows. It should
be noted here that, as follows from the above definition, the
difference between the glasses and the amorphous films
could not be reduced to different bulk and surface states of
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the substance only. The glasses could also be realized in a
form of the thin (glassy) films), for instance, at the super-
fast tempering of the metal melts or at the condensation
according to the ‘vapor—liquid—glassy film' mechanism
[26]. Such glassy films must be similar by their properties
to the glasses more or less modified by the influence of the
surface and the peculiarities of their production.

The degree of microheterogeneity could not be the at-
tribute of the glassy substances. Therefore the comments
[9] stating that the glass is the homogeneous state of the
substance and the amorphous sample is microheterogene-
ous state are incorrect. As an example of such incorrectness
one may note the comparison of the single crystals, poly-
crystals, block crystals, ultradisperse particles, solid solu-
tions, inhomogeneous glasses after liquation and so on.

It is generally assumed that if the same substance is
produced in a form of the massive glass and the amor-
phous film, then its properties are quite close [27]. For
example, the short range order characteristics in them
almost coincide [28]. The only exception is the properties,
which are closely related to the specific character of pro-
duction of these two kinds of the amorphous substances.

Let us analyze the distinctive features of the condensed
amorphous film state.

1. The methods of production of the amorphous films
are related to the use of the phase transitions between the
aggregate states 'gas (plasma) — solid" with condensation
of the latter onto the relevant substrates.

2. A specific, close to two-dimensional, geometry of
amorphous films, in which the directions parallel and per-
pendicular to the substrate are essentially non-equivalent.

3. Strong manifestation of the effects of the surface in-
ter-phase interactions at the boundaries 'substrate—film'
and ‘film—environment' [29, 30]. In many cases the amor-
phous films must be considered a complex inseparable
system 'substrate—film—environment'.

4. The higher degree of the thermodynamical non-
equilibrium (metastability) of the amorphous films as
compared to the glasses. This is revealed in the consider-
able differences of the transition processes in the amor-
phous films and glasses to more equilibrium structural
states and at their crystallization [31]. The relaxation time
at the glass synthesis is larger than that at the amorphous
film condensation [32] and, therefore, the structure of the
glass is more equilibrium.

5. A large intensity of relaxation changes of the struc-
ture and the properties in the post-condensation period.

6. The influence of different dimensional effects (in-
cluding the phase and quantum effects) on the processes
of structure formation and on the physical parameters
[33-35].

7. Due to a larger non-equilibrium and multiple-factor
character of condensation processes, the concentration
regions of production of the stable amorphous films in the
complex systems are, as a rule, much wider than the cor-
responding vitrification regions.

8. Various atomic configurations of the amorphous
structural network are realized in the wider ranges [36].

9. The possibility of the multiple reverse transitions to
the melted state [27], which are the specific attribute of
the glass, is completely excluded in the amorphous films.
Such transitions of the films to the liquid state are masked
or hindered by the processes of the structural relaxation
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and crystallization in the films. This peculiarity is not
general and could be violated in some cases. Furthermore,
a considerable difference in the crystallization of the
amorphous and glassy materials reflects the fact that we
deal with different states of substance. Respectively, they
will demonstrate the temperature and the time dependenc-
es of the physical and chemical properties and the charac-
ter of the phase transitions.

At the same time, one has also not to overemphasize
the above distinctions, as is suggested, for example, in
Ref. [37]. It is stated that one may compare only the
glasses and single crystals, the amorphous and the poly-
crystalline films of the same chemical composition. Note
that the chemical individuality of each particular sub-
stance is revealed differently in its different realizations.
However, comparing the specific character of the glasses
and amorphous films, one may note that the films in many
points are similar to the glassy state, though they possess
a series of specific features [38]. The main distinctions are
stipulated by the character of the initial state of their for-
mation, i.e. by the flow of the vapor or plasma particles.

It is evident that the atomic, molecular and ionic compo-
sition of the above flows will substantially stipulate the
structure of the films produced. At the same time, an im-
portant role in the structure formation is also played by the
energy state of the particles of the vapor and plasma flow
and by the kinetics of the processes of their condensation
on the substrate surface. In this case, contrary to vitrifica-
tion, the character of formation of the amorphous films
structure during their condensation is studied extremely
insufficiently. In general, the action of all these factors
must ensure the considerable difference of the structure of
the amorphous films and glasses of the same substance.

In the structural relation, it is assumed [39] that the films
include large concentration of the homobonds, whereas in
glasses they are almost absent. One has to take into account
here that the homodonds themselves may enter different
structural formations in the films and glasses (e.g., separate
clusters or continuous network). In this relation, the films
are considered more defective by the degree of chemical
binding and by the type of the chemical bonds [40]. Exper-
imentally such distinctions are revealed in the electronic
properties of the films and glasses. Consider, as example,
Ref. [41], where it is shown that the specific electric con-
ductance of the amorphous GeS, films is four orders larger
than that in the relevant glasses of the same composition. In
addition, even film annealing at the temperatures close to
T, does not lead the value of their conductance to the char-
acteristic values for glass. This means that the glasses and
the films differ not only by the concentration of the defects
but also by the peculiarities of the atomic network struc-
ture, i.e. by different geometric topology of the structural
units (SU) and their relation.

One more important moment is that the surface regions
of the film will strongly differ from the bulk ones. In par-
ticular, large densities of free chemical bonds may occur
at the surface and their considerable fraction may take
part in the surface structure reconstruction. Some of the
film properties will depend on the film thickness. A great
role could be played in films by the surfaces related to the
internal pores and cavities. Moreover, other essential dif-
ferences in the amorphous film and glass structure of the
same substance are possible.
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Ctékna u amopdHbIe NJIEHKH KAK BAa B2 HEKPHCTALLIHNYECKOI0 COCTOSTHHS BelllecTBa

AnHoTtamusi. Ctexia sIBISIFOT co00it 0JJMH W3 BUIOB aMOP(HOTO COCTOSIHUSI, KOTOPBIil 00pa3yercst B pe3yibrate 00paTuMoro (ha3oBoro
TIePexo/1a XKUAKOCTh — TBEPJOE TENO MPU TAKHX BHEIIHUX YCIOBHSIX, KOTOpbIE 00ECIIEUMBAIOT MOJABIEHHUE TPOLECCOB KPHCTAILTA3AIMHL
CTpyKTypa CTEKOJ ONpefenseTcsl CTPYKTYpOi HMCXOAHOTO paciiiaBa M XapaKTepoM IPOLECCOB €T0 3BONIOLHU BO BPEMs CTEKIOBAHUSL
AMop(HBIE IIIEHKN — 9TO BHA aMOP(HOTO COCTOSIHIS, KOTOPBIH (hOpMUPYETCst B pe3ynbTaTe KOHICHCAIMH apo-TUIa3MEHHBIX TOTOKOB Ha
TIOJUIOJKKAX B TAaKUX YCJIOBHSIX, KOTOpbIE MCKIIOYAIOT MHUIMMPOBAHUE TIPOIECCOB KpucTaum3anuy. Onpenensionmmy (GakTopaMu st
CTPYKTYpPBI aMOP(MHBIX IUIEHOK €CTh aTOMHO-MOJICKYJIIPHBIN COCTaB M SHEPreTHYeCcKOe COCTOSHUE YaCTHII TTapo-TUIa3MEHHBIX OTOKOB, a
TaKKe XapakTep MX KOHACHCAIMH Ha MOBEPXHOCTH MOUIOKKH. [TomydeHne cTekon 1 aMOp(HBIX IUICHOK U3 Pa3HBIX arperaTHbIX COCTOS-
HMI1 BEIeCTB 00YCIaBIMBAET CYLIECTBEHHbIE PA3INUHS UX CTPYKTYPHI U BCEX (PU3NKO-XUMHYECKHX CBOHCTB.

K 0CHOBHBIM OTJIMUHTENBHBIM YEPTaM aMOP(HOTO IIIEHOYHOTO COCTOSHHS MO>KHO OTHECTH: a) MONydeHHE B pe3yNbTaTe Mpo-
TekaHus (Ha30BBIX IEPEX00B Ia3 (I1a3Ma) — TBEPAOE TEJIO ¢ KOHICHCAlKell Ha COOTBETCTBYIOLINX MOAT0XKKAX; 0) ocobast, OnusKas K
JIByMEPHOH T'€OMETPHH, B KOTOPOH HAIpaBICHHs TapajuleNbHble W MEePHEHIUKYIISIpHbIE TOI0KKE CYIIECTBEHHO HEIKBHBAJICHTHBIE; B)
CHJIBHOE TIpOsiBIIeHHE 3(h(EKTOB MOBEPXHOCTHOTO MeK()a3HOTo B3aMMOICHCTBUS Ha TPAHMIIAX HOJIOKKA — IUICHKA U IUICHKA — BHEIITHSIS
cpena; T) Oonee BBICOKAsi CTENEHb TEPMOJMHAMHYECCKOI HEPABHOBECHOCTH (METAaCTaOUIILHOCTH) B CPABHEHHH CO CTEKIIaMH; /1) HHTCHCHB-
HOE TIPOTEKaHWE PENaKCAllMOHHBIX W3MEHEHHI! CTPYKTYPHI M CBOHCTB B IOCICKOH/CHCAIIMOHHEIN TIEPHOJ; €) CYIIECTBEHHOE BIIVSHHC
PasHBIX pa3MepHBIX 3((EeKTOB Ha MPOIECCH CTPYKTYpooOpa3oBaHus M (GH3NUECKUe MapaMeTphl; k) Ooree IMPOKNe KOHIEHTPaIOHHBIE
00J1acTH MOMy4YeHHs U1 ABYX- U 0oJiee KOMIIOHEHTHBIX CHCTeM; 3) OoJiee IIMPOKUI THaNa30H PeaTn3yIONMXCs aTOMHBIX KOH(UTYparuii
OIIKHETO U TIPOMEXYTOYHOTO TOPSI/IKA HEYTIOPSIOUEHHOH aTOMHOM CEeTKH; 1) HEBO3MOXHOCTb MHOTOKPATHBIX 00PAaTUMBIX PEBEPCHBHBIX
MEPEX0JI0B B UCXOJHOE (TTapo0Opa3HOE) HITH )KUIIKOE COCTOSHIE.

Kniouesvie cnoga: amopghuvie sewjecmsa, cmexia, amopghuvie nieHku
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AmnoTanis. ITpoBescHO TONMIAPOBE JOCTIKEHHS CKIaNy IUBKE ASy(Ge,S3)g) Metomom BIMC npu TpaBnerHi 3paska ionamu Cs' Ta

OTPUMAHO PO3MOALT CKJIAAOBHX €JIEMEHTIB IUTIBKM IO TOBIIMHI. 3HA4E€HHS BiJCOTKOBOI'O BMICTY CKJIQJOBHUX €JIEMEHTIB ILTiBKU

Ass5(Ge,S3)gs 1 TOKaIbHE OTOUEHHS aToMiB Hocimkeno Meronamu SRPES i XPS, siki garoTh cursan 3 nmo6us ~10 ta ~30 A, Binmosiz-

HO. B poGoTi MPUBOAMTHCS aHAMi3 CKIIALy Ta JOKAILHOTO OTOYCHHS aTOMIB CBIKOCKOHIEHCOBAaHUX aMOP(HHX MTBOK AS,(G€,S3)100.x-

OOroBOpIOETHCS 3MiHA OMIDKHBOTO TMOPSIIKY aTOMIB Ta CTEXiOMETpii IUTiBOK MHPH iX JIa3epHOMY OIPOMIHEHHI Ta TEPMIYHOMY BiIIali.
Knrouoei cnosa: BIMC, SRPES, XPS, Ge,Ss, 1oxkanvre omouenss amomie

I. Betyn

[TpoGnema po3MIMPEHHS YMCIIa HOBUX BHCOKO3aJIOMITIOO-
YUX HEKPUCTANIYHMX IUTIBOK B NPHUKIAJHOMY acCHEKTi €
aKTYaJIbHOIO TIPH CTBOPEHHI IHTErpabHO-ONTUYHUX €Jie-
MEHTIB U1 HaJAMIBUAKOI mepenavi iHdopMamii i onTHKH
TOHKOILTIBKOBUX MOKPHUTTIB Ta (yHAAMEHTAJIBHOIO JUIS
IUTIBKOBOTO Marepianio3HaBctBa [1-6]. Hekpucramiunuii
CTaH YTBOPIOETHCS NPHU TEPEOXONIODKEHHI piakux (as,
SIKIO KOHJICHCAIS 3MIACHIOETBCSA 10 MEXaHi3My Mapa-
piauHa-TBepaa (amopdua) ¢asa [7]. Xapakrep dopmy-
BaHHs CTPYKTYPH KOHJEHCATy 3aJIe)KUTh, HacamIiepel,
BiJl YMCJIa BUHUKAIOYHX B HHOMY IIGHTPIB POCTY i B 3ara-
JHHOMY BHIIQJIKy II€ BU3HAYA€THCS PIBHEM IEPECHUCHHS 1
MIePeoX0JI0KeHH mapoBoi ¢as3u [8]. JoaaTkoBi neHTpH
POCTY Ha MiJKIAALI MOXYTh BUHHKATH 32 PaXyHOK IpH-
CYTHIX B TapoBiii ¢a3i ckIagHuX 0araToaTOMHHUX KOM-
IUIEKCIB, IO MOXKE CIYXXUTH TPUYNHOI0 OOMEXEHOTo
POCTY KPHCTaJIB HaBiTh MPH JOCTATHIN MirpariiiHiit 31a-
THOCTI YaCTHHOK Ha MiIKJIaAIi I MPUBOAUTH 1O CTAOLIi-
3ail HekpucraiiuHoro crany [7]. Ilpu koHneHcauii mapu
Ha HeMiJIrpiTy MiAKIaJUHKY IIPH MPOCTOMY TEPMIYHOMY
BUIIAPOBYBaHHI CKIOMOMIOHOTO C-AS,S3, crocrepiranocs
3arapTOBYBaHHS KOMIIOHEHT mapoBoi a3y i HalOuIbIn
ctabibHa KOMIIOHEHTA MapoBOi (ha3u cTaBaja JIAOUTFHOIO
Ha MIKIAaON IpU TepMooOpoOI i ompoMiHEeHHI KCEHO-
HOBOIO JIAMIIOI0, 110 HaONMXKano CTPYKTYpy IUTIBKH 10
CTPYKTYpH BUXimHOTO ckja. OIHAK Jisi MOHOXpOMaTHd-
HOTO JIa3epHOT0 BUIIPOMIHIOBAaHHS Ha IUTBKY a-AS;S; rmpu
eHeprii myuka sazepa E >1.96 eB crnpuunssia, Tepmo-
HAMWICHIH, IUIBII HOMIMOP(HI MEPETBOPEHHS «peajib-
rap-napapeanbrap» [9]. B ymMoBax AHMCKpEeTHOTo TepMiy-
HOTO HAaIMJICHHS IUTIBOK, KOJIM 3pOCTa€ B 2 pa3u TemIiepa-
Typa BUIapoByBauda i eHepris yactuHok [10], mexanizm
KOHJZICHCAIli1 3MIHIOETBCS, B TIOPIBHSHHI 3 MPOILIECOM KOH-
JIeHcalii pyu MPOCTOMY TepMiyHOMY HamwieHHi. [linBu-
IIeHa «pajiallis» BUIIapoByBaya NPU AUCKPETHOMY HaIH-
JICHH1 crIpusie OLTBII MOBHOMY 3JIMTTIO KJIacTepiB Ha He-
MAIrpiTikA MIKIAAI 1 TPOTIKAHHIO MPOIeCy KOHIEHCAIIi
10 MeXaHi3My napa-piguHa-amopdna daza [11]. Braxa-
10Th, 110 30UIBIIEHHS TEMIEpaTypy BHUIIAPOBYBada BeJle
JI0 3pOCTaHHS CTEIeH] Aucomiallii po3IuIaBy CipKOBMICHO-
ro CKJa y BUIApOBYBadi i 30UTBIICHHS JOMI BUTBHOI cip-
KW, 3MEHIIICHHS A0JIi 6araToaTOMHHX KJIACTepiB B MapOBil
¢a3i. BinpHa cipka, SK HaiJerma ckiagoBa mapoBoi Ga3u
XaJIbKOTeHITHOTO CKJIa, MOXE BiJICMOKTYBATHCS BiKady-
04010 CHCTEMOIO HAINMIIIOBAIBHOI YCTAHOBKH, IO MOXE
CHPUYMHIOBATH 3MiHY CKJIay TUIIBOK.
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JiiicHO, CTPYKTYpHI JaHi pO3IIaBiB 3HAYHOI YaCTHHU Xa-
JBKOTEHITHIX CTEKOJI CBiqUaTh, IO IIi MaTepialii MpH IUIa-
BJICHHI JIMCOLIIOIOTH 1 CTPYKTypa PO3IUIABIB MPH TEMIIEpa-
Typax, HIDKYE TeMIIepaTypy BHIIAPOBYBAHHS], HE BiIIOBI-
Jae CTpyKTypi BuxigHoro ckia [1]. ToOTo, mis oxepxaHHsL
HOBHX CKJIQ/IiB IUTIBOK JIJIsl IHTEIPAIBHOT 1 CHIIOBOT ONTHKHY,
JIc CYTTEBY POJIb B MOTJIMHAHHI CBIT/JIA BIIIrpa€e CTaH MOBE-
PXHi IUIIBOK, MOTpeOye BUBYEHHs npobiema (pakuioHy-
BaHHSI, 3MIHHU CKJIaJy 1 CTPYKTYPH IO POo(diII0 IUIiBKH, L0
BeJie 70 11 ONTHYHOT HEOTHOPITHOCTI 1 BIAMIHHOCTEH CKIla-
Iy 1 (I3MYHNX BJIACTUBOCTEH MOBEPXHEBUX 1 MPUIIOBEPX-
HEBHX INapiB BiI Takux B 00’eMHOMY ckii. Bimomo, 1o
NpH JAUCKPETHOMY BHITAPOBYBaHHI 30UIbLICHHS TeMIlepa-
TYpH BHIIApOBYBa4ya BUPIBHIOE IIBHIKOCTI BUIIAPOBYBAHHS
KOMITOHEHT PEUOBHHH, L0 TUIABUTHCS 3 PO3KIIAJIOM 1 CKIIa
IUTiIBKH MOKe HAaONWKaTHCSA O CKIaay BHXITHOTO CKIIA.
OueBH/IHO, IO JUTS 3[IMCHEHHS] TEXHOJIOTTYHUX MPOLECIB
OJiepXKaHHs IUTIBOK, 110 3a0e3Me4yloTh YMOBHU BiJTBOPIO-
BAHOCTI CTPYKTYpH 1 CKJIaay IUTIBOK XaJbKOT'€HIIIB repma-
Hif0, OpMyBaHHs KOH/IEHCATY i3 3aJlaHUMU BJIACTHBOCTSI-
MH, HEOOXIZHO JOCHINTH CKJIaA 1 CTPYKTYpY IOBEpXHIi
IUTIBOK 1 BIUTUB TE€PMOOOPOOKH 1 ONPOMIHEHHS TUIIBOK, L0
MOXYTb HaOJIIKAaTH BIACTHBOCTI IUTIBOK JI0 BIACTHBOCTEH
00’€MHOTO CKIIa.

Mertoro naHoi poOOTH € MOCTiKCHHS CKIaay 1 JoKa-
JBHOT KOOP/JMHALI] MOBEPXHEBUX i NPUIIOBEPXHEBUX Mla-
piB mwiiBok ASs (Ge,S3)gs, OJIepKAHUX JAUCKPETHUM Tep-
MIYHHM BHUIIAPOBYBAaHHAM y BaKyyMi.

1. Marepiaau Ta MmeToan

[TniBKK /71 OCIIIKEHb HAMMISUTUCh METOJIOM JIMCKPET-
HOTO TEPMIYHOI'O BHIITAPOBYBAHHS HA KPEMHI€BY IIiJKJa-
queKy 3 migmapoM SiO,. ITomaua mopolky 3ificHIOBa-
nach 3 BiOpoOyHkepa. IlIBHIKiCTh MOJadi peryoBaiach
Halpyrorm J>KUBJICHHS eleKkTpoMarHirty. KonueHrpariii-
HUi npodine enemeHTiB OyB 3HATHH Ha TNpHiIaii
CAMECA IMS 4F (®panuis) [Nomaposuii ananiz ckinamgy
wiiBKH ASyo(Ge;S3)gy IPOBOIMBCS TpPABICHHSM 3pas3KiB
ionamu Cs”.

JIist GinbIT TOYHOTO BU3HAUSHHS CKJIANY IUTIBKU Ta aHa-
T3y CTPYKTYpH OYJI0 BUKOPUCTAHO METOM (HOTOEIEKTPOH-
HOi CHIIEKTPOCKOMIi 3 CHHXPOTPOHHUM BHIIPOMIHIOBAHHSM
(SRPES) 3 enepriero 30ymxenns 100 Ta 615 eB ta meron
penTreHo-doroenekrpornoi crekrpockorii (XPS) 3 enep-
riefo ¢oroni 1486.6 eB (Elettra Synchrotron light source,
Materials Science Beamline, Trieste, Italy). HocmimxeHHs
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MPOBOJVJIMCS UT BU3HAYEHHS HAABHOCTI Ta BiICOTKOBOTO
Bmicty As 3d, Ge 3d, S 2p, O 1s ta C 1S nuisgxoM aHaisy
KB B (POTOECNEKTPOHHOMY CIIEKTpi IUTIBKH, OJEPIKAHOTO
3i ckma Ass(GeySz)es. Imentudikamist mikiB BimOyBamacs
3TiHO TX eHeprii 3B 513Ky, IpUBEAEHUX B Jitepatypi [11]. B
poOOTI TpMBeNeHI pe3yabTaTH aHaTi3y aMopQHOI, CBIKO-
HaNWICHOI IUTIBKW, Micis 1i BTOPMHHOI 0OpOOKM mpH
320 °C mpotsirom 60 XBHIMH Ta TCIIs ONPOMIHCHHS NTa3e-
poM 3 J10BXHHOIO XBHII 514 HM. OnpOMIHEHHS IPOBOJU-
JHCS B Kamepi, 3 BaKyyMOM (10'3 [Ta). Ilicns HammieHHS
JIOCITIJDKYBaHHH 3pa3okK 30epiraBcsi Ta TPaHCIIOPTYBABCS Ha
MOBITPI IPH 3BUYAHUX YMOBaX.

I11. Pe3ysabTaTH Ta ix 00roBopeHHs

BIMC-npogpine. Ha puc.l mnpencrasmenmii BIMC-
npodine wriBKE ASy(Ge,S3)g0, HAIMIECHOT AUCKPETHUM
TepPMIYHIM BUIAPOBYBaHHAM Ha mimmap SiO, mpu TeM-
nepatypi BunapoByBada T=970 K.

109 T T T T LI T T T

IHTEHCUBHICTb, BianikiB/cek.

Yac, xB.
Puc. 1. BIMC-npodins maiBku ASyy(Ge,S3)go.

Awnaniz BIMC-nipodinto rutiBok Ha ocHOBI ckia c-Ge,S;
nokasye, 1o posnoziia Ge, AS i S 1o TOBIIWHI IUTIBKH, Ha-
HeceHol Ha MKJIaAKY 3 KpeMHito 3 miamapoMm SiO,, Ho-
cuTh HeoxHopigauit xapaktep (Puc. 1) 3 MakcuMymoMm B
LEHTpaIbHIN JacTHHI TUTiBKH. Jlerko Oauywt, mo 3 OOKy
MIKIaJMHKY B TIPOIeci KOHIEHCAIlli IITiBKK BimOyBamacs
Ju(y3is KpeMHito 1 kucHio. [IpndoMy Ha MoBepXHi IUIiBKH
CIIOCTEPIra€eThCs JIesIKe 3pOCTaHHsI BMICTY KHCHIO, B TIOpiB-
HSHHI 3 IPUIIOBEpXHEBUMH Iapamu. [loBepxHeBi i mpuro-
BEpXHEBI IIApH BIJPI3HAIOTHCS KPYTHMH KOHILICHTpalliii-
HuMH ¢ponTamu (Puc.1).

Haii6inpim nmpo6ieMHOI0 € 3MiHA CKJIAy B MOBEPXHE-
Bil 1 MpHUITOBEpXHEBiH 007aCTi IIIBKH, IO 3a3HajIa TPaB-
JIEHHS 10HaMH 1Ie3il0 1 po3MillleHa Ha MOYAaTKy 4YacoBOi
mkanu BIMC-nipodimto mmiBku (Puc.1). 3pobutn BUCHO-
BOK IIpO ii MPOTSKHICTH BaXKO, TaK K PO3IiUIbHA 37aT-
Hicte mpmmaxy Cameca IMSF mo riomOuni ckiagae
3.0 ™.
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Penmeenogpomoenekmponi cnekmpu i cknao nuieKu Ha
noeepxHi i 6 npunogepxenesux wiapax. 3 MeTOI OfCp-
KaHHS iH(pOpMamii Mpo CKIAx i JOKaIbHY KOOPIMHAINIO
atomiB Oymu 3H:ATI SRPES criekTpn 3 30ymkyrounmu eHep-
rismu E;=100 i E;=615 eB. Bussneno, mo mnpu eHeprii
CHHXpOTpOHHOTO mydka E,=615 eB Ha moBepxHi cBixeHa-
nwieHoi amopdroi miisku (~10A) MicTaThes Taki enemeH-
: Ge-19%, As-2%, S-21%, C-46% i O-12 %,
(Ta6n.1). Bigrowmenus Ge/S=0.9, a O/Ge=0.63. Tobto Ha
BiZIMiHY Bif BuXigHOTO cKia Ge,ASpSy, CKIaj IUTiBKU y3a-
ragbHeHO MoxkHa mpenctaBuTH K Ge,AS,S¢CiO100.5-0-c-d-
ToBepxHs mniBkyu Ha piHi ~10 A € okcuansoBaHoro i Kap-
OonizoBaHo0. [Ipm BHKOpHCTaHHI B SKOCTI JKepena 30y-
mwxeHHs eHeprii E;= 1486.6eB, xopucHa iH(popMmaris oxe-
pxyetbes 3 Tmmbunm ~30A. B mpomy  Bumamky
ay(Ge)=17 %, fy(C)=31%. Jlerko GauywTH, MO B IHOMY
BUTIAJIKy TPUIIOBEPXHEB] IIapH MEHII 3a0pyIOHEHI BYyTIe-
LeM, 3aTe BMICT KUCHIO TyT Outpinmii (Tabm. 1). 3abpyn-
HEHHS MO)K€ TIOTPAIUISTH Ha MOBEPXHIO y BUIJISI BYTJie-
LIEBOBMICTHHX IapiB Macel, sIKi MOXYTb 3’SIBJIATHCS B CHUC-
TeMi y BUIJIAI IapiB Maces 3 Mac/ITHUX HACOCIB, a TAKOX 3
OTOYYIOYOTO CEepeIOBHUINLA MiJl yac 30epiraHHs 3pa3KiB.

Ta6uaunsa 1. BizcotkoBuii aromapHuii ckinag, amopdHoi (a),
BiAnaneHoi (B) Ta onpomineHoi (0), mwiiBku ASs(Ge,S3)gs, 0TpH-
Manwuii 3a noromoroo SRPES(615 eB) Ta XPS(1486.6 eB) ana-

i3y
EneprineB | C ] S | Ge | As |Ge/S|O/Ge

a |615 46 |12 |21 |19 |2 09 |0.63
B (615 12 |22 |36 (30 |- 0,83 [0.73
o |615 47 |11 |21 |18 |3 0,85 |0.61
a |1486.6 31 134 |17 17 |1 1 2

B |1486.6 11 |42 |25 |22 |- 09 |19

o |1486.6 3% 31 |17 |15 |2 0,9 |2.06

OnpoMiHEeHHS Ja3epoM IPU3BOMUTH 10 30imbimeHHs C
ta As Ha 1 %, 3menmenns O ta Ge Ha 1 %, S cBoro BMicTy
He 3miHtoe. BinHomenns:t Ge/S ta O/Ge 3MeHIIyeThCsl 10
0.85 ta 0.61. Biaman npmBoauts 10 BTpat C Ta As, C cra-
HOBUTH 12 %, a AS 3HMKae noBHICcTIO. BHacminok Brpat C
ta AS 30ibiryetbest BMicT O o 12 %, S o 36 % ta Ge no
30 %. Bignourenus Ge/S 3menmyersest i cranoBuTh 0.83,
ta 3pocrtae BimHorieHHss O/Ge=0.73. 30uibIIeHHS BiIHO-
urenass O/Ge moxe OyTu 3B’s3aHe 3 AUQY3i€I0 KUCHIO 3
HUIIMX IapiB y npoueci Bixnany (Tabx. 1). Ha rimbuni 1o
30 A (E= 1486.6 eB) B amopdHOMy 3pasky BMicT C 3MeH-
mryetsest 10 31 %, O 3pocrae mo 34 %, mo Moxe OyTH
3B’3aHO 3 OKHCIOM HiAKIaaku SiO,. S Ta Ge 3MEHIYIOTh-
ca go 17 %, As=1 %. Bimmomenns Ge/S=1, a O/Ge=2.
OmnpoMiHeHHS PU3BOAUTH /10 30iibHIeHHs B 00’emi C 10
35% ta O 1o 31 %. S He 3minHroeThCs 1 piBHe 17 %. Ge
3MeHIryeTbest 10 15 %, As=2 %. Bignomenns Ge/S=0.9, a
0/Ge=2.06. Tlicnst Bimmany uyactiuHa C BUNAPOBYETHCS 1
ctanoBuTh 11 %. Ilig gac Bigmamy AS TOBHICTIO 3HHKAE.
Bwicr O 36inbiyerbes 10 42 %. Buicr S ta Ge pocre 110
25 % T1a 22 %. Bignomenns He 3MiHoeTsca Ge/S=0.9, a
O/Ge 3meHmyeTbest 1 ctaHoButh 1.9. Le cBiuuth mpo Te,
1o 3pocTaHHs BMicTY O CIPHYMHEHE BEIMKHMHU BTpaTaMH
C, a BimHocHO Ge iioro BmicT 3MeHmmBces. (Taom. 1).
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Ha puc. 2 i 3 npuseneni C 1s ta O 1s SRPES cnekrpu
aMop(HOTO 3pa3ka Ta ICIAsS HOro TePMIYHOTO Bigmairy
npu 320 °C mpotsrom 60 xBumuH. JIerko MoKHa moGadn-
TH, SIK IHTEHCHBHICTB BYTJICITIO TIaa€ OibIIe K y 3 pasm.
HatomicTs Ha ¢oni 3MeHmeHHs KinbkocTi C, TpHUOIIN3HO
y 2 pa3u 30imbmryeTses iHTeHCHBHICTE O 1S TiKy B CIIeKT-
pi. Posrisinaroun BIUIMB TakMX 3a0pyJHEHb HA ONTHYHI

BJIACTUBOCTI, CJiA BIAMITUTH, IO HasBHI Ha IOBEPXHi
IUTiBKA 3a0pyJHEHHS 4acTO MAaloTh BHUCOKUH Koe]imieHT
MOTJIMHAHHS B ONITUYHOMY Aiama3oHi. Lle Moxke moripmu-
TH XapaKTePUCTHUKH ONTUYHUX MpUCTpoiB. OmHak edekt
3MEHIIIEHHS TPO30POCTi CIIOCTEPIraeThecsl TUTBKU MPH Ha-
SIBHOCT1 B 3a0pyJHECHHS MOPSA 3 OKHCIAMH TaKOX 1 (par-
-MEHTIB BYTJICBOJIHCBUX JIAHITIOTIB.

250 | Al L B
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200 84% 1 | _
3 - C-0/C-S c-C
g | | 2854eB 284.8 eB |
I
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Puc 2. C 1s SRPES cnekrpu amopdHoro (A) ta Tepmivno Bignaneroro (b) 3paskis
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BucHoBkH

1. Ha ocHoBi gocmimkens miiBku ASy(Ge,Ss)g MeTO-
nom BIMC BuSBIEHO HaASBHICTP BHCOKOIOTIMHAIOUYHX
nomimrok Si Ta O (0KpiM OCHOBHHX eieMeHTiB - As, Ge Ta
S), BMiCT OCHOBHHX €JIEMEHTIB MaKCHMAIbHUH MOOIH3Y
CePEeIIHY TUTiBKH.

2. Meromamu SRPES Ta XPS BcraHoBieHO, 110 IUTIBKA
As5(Ge;S3)gs € CHITbHO KapOOHI30BAHOK Ta OKCHUAM30Ba-
HOtO. I3 36inmpirennsiM rmubuan Big 10 mo 30 A BizcoTko-
Buii BMicT C 3MeHIIyeThest, a O 301IbIIyEThCS.

3. Bignan miiBKY NPU3BOJUTE IO MEPEPO3NOIITY KOH-
neHtpamii gomimok. Ha rmubuni mo 10 A BincorkoBwuit
BMicT C 3MeHITyeThes B 4 pa3u, a O 30UIbITy€eThCST BIBIY.
Bigrommennst O/Ge 36imbIryeThes, Mo MoXe OyTH MOB’s-
3aHO 3 Au(Yy3i€r0 KUCHIO 3 MMOmuX mapiB. Ha rmmOuHi
~30 A koHUEHTpalis BYTIemo 3MeHITyeThCs B 3 pasy, a
BMICT KHUCHIO 30imburyersest Bix 34 mo 42 %. OpHak Bif-
notreHHss O/Ge 3MeHIyeThes B pe3ynbrari qudysii O no
MPUTIOBEPXHEBHUX LIAPIB ILTiBKU.

Bigman ruriBku ASs(Ge,S3)es npu 320°C mpHU3BOAMTE 10
BUTIAPOBYBAHHSI 1 3SHUKHEHHS 13 TOBEPXHi TUTIBKH MUIII SIKY.

4. JlazepHe OTIpOMiHEHHS 3pa3Ka MPHU3BOIUTH I0 30171b-
IICHHS KOHIICHTpAIIii BYTJICIIO K Ha TOBEpPXHi, TaK 1 BH-
KIIMKae Horo nudy3i0 B IMPUIIOBEPXHEBI IIAPH IUTIBKH.
Konnentparist O Ta Ge mpu onpoMiHEeHHI HE3HAYHO 3Me-
HILYETHCS, @ BMICT S 3aJTUIIAETHCS HOCTIHHUM.
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Merpeuxnii C., Muua B., I'oiom6 P., Konapat O., [Tonosuy H., bopkau €.,Mapton A., Bepem1 M., Huxk O.

Cunxporponnbie ()0ToeJeKTPOHHBIE CIIEKTPHI, COCTAB M JIOKAJIbHAsI KOOPIWHALMS ATOMOB B NJIeHKax Ge,S; npu BBeeHNH
MBILIbSAKA
AnHoTauus. ITpoBeieHO MOCIOHHOE HCCiIeI0BaHie cocTaBa MeHKH ASy)(Ge,S3)gy MeTogom BUMC nipu TpaBineHu# obpasiia HOHa-
mu Cs* 1 nonyueHo pacrnpe/iesieHie COCTABIAIONMIMX 3JEMEHTOB TUIEHKH 10 TOJIIMHE. 3HAYEHHE MPOLEHTHOTO COEP/KAHUS COCTAB-
JISTIOIIUX 2JIeMeHTOB TIeHKH ASs(Ge,S3)gs 1 JTOKaNbHOE OKpYy)KeHHEe aToMOB HccnenoBano Metogamu SRPES u XPS, kotopsie qarot
curHan u3 ray6un ~10 u ~30 A, cooTBercTBeHHO. B paboTe MPUBOAMTCS aHANM3 COCTABA U JIOKAILHOTO OKPY)KEHHS aTOMOB CBEXKEC-
KOHJICHCHPOBAHHBIX aMOP(HBIX TIEHOK AS,(Ge,S3)100.x- TakKe 00CYKIaETCS M3MEHEHHE GIIMKHETO MOPSIKA aTOMOB H CTEXHOMET-
PUH IJICHOK MIPU UX JIA3CPHOM 06nyqum«1 U TEPMHUYCCKOM OTKHUIEC.

Knrouesvie cnosa: BUMC, SRPES, XPS, (Ge,S3),10kanbHoe okpysicenue amomos

Petretskyi S., Mitsa V., Holomb R., Kondrat O., Popovich N., Borkach E, Marton A., Veresh M., Csik A.
Synchrotron photoelectron spectra, composition and local atomic coordination in Ge,S; films at introduction of arsenic
Abstract. Layerwise investigation of composition of As,q(Ge,Ss3)go film were performed by SIMS method using etching of the sam-
ple by Cs* ions and the depth distribution of the constituent elements of film were established. The percentage of the constituent ele-
ments of Ass(Ge,S3)gs film and the local atomic coordination were investigated by SRPES and XPS methods which collect a signal
from the depths of ~10 and ~30 A, respectively. The analysis of the composition and the local atomic coordination of fresh deposited
amorphous and atoms As,(Ge,S3)100.x film are given. The changes in a short range atomic order and stoichiometry of films at laser
irradiation and thermal annealing were also discussed.

Keywords: SIMS, SRPES, XPS, Ge,Ss, local atomic coordination
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Cazumoe 10.X.
I'uGpuaHOE MHTErpaibHOE MPe0dpa3oBaHue CBEPTKU:
OCHOBHasl TEOpPeMa, CJIeACTBUS U3 He€, HEKOTOPbIe MPUJIOKEHUsI

Cazumos IOpuii Xamumosuu, kanouoam Quzuxo-mamemamuyecKux HayK, 00YeHm Kageopvi aneebpol u ceomempuu
Torbammurckuil 2ocyoapcmeeHnblil yHugepcumema, 2. Tonvammu, Poccus

AnHoOTamus. VccnenoBanue MoCBsIIEHO THOPUIHOMY HHTErPaJbHOMY NTPeoOpa3oBaHUIO CBEPTKH, KaK pe3yibTara I10CIeI0BaTelb-
HOTO IPHMEHEHUs CHHYyC—TIpeoOpa3oBanust Pypbe 1 OTHOCTOPOHHETO NpeobpasoBanust Jlamnaca; mpuBoauTcs GopMaIbHEINA BEIBOJ
bopmyiel cBEPTKH; maéres GpopMyITHpPOBKA TEOPEMBI ISl OMPEACIEHHOr0 Kinacca (GYHKIHN; MpeIIaraloTcsl NpUIoKeHNsT CBEPTKU B
BUJIE BBIYMCIICHHBIX ONPEEIEHHBIX U HECOOCTBEHHBIX HHTETPAJIOB OT KyCOYHO-TIOCTOSIHHBIX (DYHKIHUIL.

Knrwouesvle cnosa: HeCOOCTBEHHBI MHTETpaj, HOpMa; TMOpUAHOE HMHTETpajbHOE MpeoOpa3oBaHUE; MpeoOpa3oBaHUE CBEPTKU;

PaBHOMEPHO CXOJSIIMICSA HHTErpail.

BBenenne. B HacTosmiee BpeMs MHTETpaibHBIE ITPpeodpa-
30BaHMs ABISAIOTCS MOIUHBIM M IIHPOKO HCIOJIb3yEMBIM
MaTeMaTHYECKUM CPEJCTBOM DEIICHHs Pa3IUYHBIX TeEOo-
pPETUYECKUX U MPAaKTUYECKUX 3a/ad.

C TNOMOIIBI0 MHTErpalIbHBIX IPEoOpa3oBaHUil MOMKHO
BBIBECTH HHTETPaJIbHBIC PAaBEHCTBA, NPHUMEHEHHE KOTO-
PBIX TIO3BOJISIET HAXOJUTh HE TAOJIMYHBIC HA TAHHBIH MO-
MEHT OIpeJleNIEHHbIE 1 HECOOCTBEHHbIE UHTETPAIbl U pe-
LIEHUS! MHTETPAIIbHBIX YPABHEHUH ONPEIENIEHHBIX BUIOB.

B nmanHO# cTatbe BHauane MpUBOIUTCA (HOPMANbHBIN
BBIBOJI HMHTETPAbHOTO paBeHCTBA (TMOPHIHOTO HHTE-
TPaJIbHOTO NPeo0pa30oBaHMsI CBEPTKH), 3aTEM JOKa3bIBa-
€TCsl TeOpeMa O €ro CIPaBEIINBOCTH AJIS ONPEAEIEHHOTO
Kiacca (YHKIMH, U3y4aroTCsl €0 CBOWCTBA M, MIPUBOIAT-
cs cuencrtBus U3 He€. HakoHel, paccmaTpuBaroTCs IpU-
JIO)KEHUSI OCHOBHOM TeopeMbl M €€ CIEeACTBUH B BHIE
AQHAJIUTUYECKUX BBIPAXKEHUM HE TaOJIMYHBIX MHTETPajIoB
OT MPOCTEUIINX KyCOYHO-TIOCTOSHHBIX (DYHKIUH BUA.

®opMaNbHBI BLIBO HHTEIPAJILHOTO paBeHcTBa. B
Havase, ¢ YUCTO (OPMAIBHOH TOYKH 3pEHUS], MOKaXKEeM
BBIBOJI MHTETPAILHOTO PaBEHCTBA, KOTOPOE OBLIO TOITY-
YEHO C MOMOILBI0 MOCIEI0BATENBHOIO MPUMEHEHHS CH-
Hyc—TipeobpasoBanus Pypre u mpeobpasosanus Jlama-
ca. B aTom myHkTe Oynem mpenmnonarath, YTO MOJMHTE-
rpajibHble ()YHKIIMHM TAaKOBBI, YTO YJIOBJIETBOPSIOT YCIIO-
BHIO CYIECTBOBaHMs MHTerpanoB. OrpaHuYeHus], HaKIa-
JIbIBa€MbI€ Ha MOAMHTErpaJibHble (QYHKINHU, OyIyT yKa3a-
HBI B TIOCJIEYIOUTNX ITyHKTaX.

PaccmoTpumM uHTErpan suaa

[#(x)- ol

I7ie B Ka4eCTBe MOJBIHTETPATIbHBIX (PYHKIMH O6epyTcs cu-
Hyc—TipeoOpa3oBaHus Dypre QyHKIHIA F(X) u CI)(X), T.¢

—t)-dt, (1)

:Tsin(t~x)~F(X)-dX,

ole=1)= [sinlie—t)-y]-ofy)-oy.

Torma

jjsmt X

0

Ism[r t)-y]- @(y)-dy;-dt.

DOyHKIUA q>(y) 51 F(X) JIOJKHBI yIOBJIETBOPATH yCIIO-
BHIO, YTO a0COJIIOTHBIC WX BEIMYHMHBI HHTETPUPYEMBI Ha
[0,00). B mocneaneM BbIpaK€HUU TOMEHSIEM MOPSIIOK

HMHTETPUPOBAHUS
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[F00-ly

BuyTpeHHuil uHTErpai, O4EBUAHO, PABEH

fan(- )i~ y}ae - X3 y-sinlex)

jsin(t-x).sin[(r—t)-y]-dt -dx-dy. (2)

x? —y? y? —x?
B pesynbrate, popmyia (2) npumer BuL
Jsin(r~y)-cl>(y)~ j‘XZL_yZ-F(x)-dx -dy +
0 i} 0 ) (3)
+Isin(r~x)~ F(x)- I%XZ-QD(y)dy -dx

y

0 0

[TprMeHnM OHOCTOPOHHEE MpeobpasoBarue Jlariaca
Iexp(— t)- ‘I’(‘c) dt
0

K uHTerpanam B BbIpaxeHHsAX (1) u (3) u, momdydeHHbIe
pe3ynbTaThl npmpaBHﬂeM

[x-F(x)-dx Ty (y
gm [ra)

T x-F(x)-dx
y+z -([x e [
x - F(x y<D y)-dy

+-[x +7° I -x? o

IMocne HepeO603Ha‘IeHI/I${ BO BTOPOM JBYKPaTHOM HH-
Terpase, paBeHCTBO MPUMET OKOHYATEIbHBIN B

Tx F(x)-dex ®(x)-dx

boxP vz ) X+t

:TX-_dX Ty Fly ) dy, Ty
) X% +2° . Y- s Y-

(4)

OcHoBHas Teopema u ciaeacTsus u3 Heé. [Ipensapu-
TEJIbHBIE 3aMEUaHMUSL.

Omnpeneaenne. [lycts V — npocTpaHcTBO, cocrosiiee

n3  Qyakumii  f, samasspix wHa [0,00), Takwx, uTO

f(x): O(l/\/;), T.C. |f(X) <C; /\/;, X = N; (pyHKIHH
PaBHBI C TOYHOCTHIO SKBHBAJIEHTHOCTH
frgo u{x"f(x)—g(x] - 0}: 0).

B mpoctpanctse V onpeaennm HOpMY (3aBHUCSIIYIO OT
2>0),
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. X-|f (x)-dx [Tocre MOACTAHOBKH JaHHOTO pe3yjbTara ypaBHEHHE
If[, = Jﬁ (4) npeobpasyercs B TOKIECTBO.
o X t7 Teopema nokaszaHa.
OueBuHo, uto s T € V, unrerpan cxoqurcs, T.K. JlBa cieAcTBUsL U3 TEOPEMbI BBIBOISTCS B pe3yibTaTe
L. . = MPUMEHEHHUS] OYEBUIHBIX 3aMEH MEPEMEHHBIX
Jx|f(x) deI ( /\/—) dx  C; J-\/_ dx _ f g P
N 2177 /—Z 2 1 72 J-F(x)-dxljx-QD(x)dX:
° . x> +2° x? +2°
IpoctpancTso V ¢ Takoit HOPMO sIBNsAeTCA GaHaXO0- 0 0 , (5)
1 2 2 2 - . Ty- .
BeIM (L “c BECOM x/(x +VZ )). o - :.[ 2dx i '|:X'®(X)'IF(zy) dg/ +F(x)-fy qz)(Y) 2dy:l
Breném HenpepbIBHBIN THHCHHBIHA (yHKIIOHAT A: V o X +Z oY —X o Y —X
- R: rue
1) AA-f+u-g)=2-Af)+u-Ag), L, ueR, X)|/«/;<CF, X=Ng; [0(x)<Cy/Vx,
f,geV; o o
dx
2) |A(fY<Cy-|f]. - j !X e
0 AmaV: . (6)
Hpeiemf (q) B;H;HHOHM " - T T F(y)-dy (x): T oly)-dy] o
Az(f):j%,mma _Ox2+z2 >y =X . yi-x°

0
rIe

<c, J‘¢ IF(x)/vx <Cp, x2Ng; |@(x)/Vx <C,, x=N,.

) <c, 1], -c,
Xtz Eciu B (5) u (6) F(X)E h =const , To

X% + 22

_[ ()dx

CrenoBarenbsHo, ycioBue 2) Beinonnsiercs mpu Ca = 1.

IIycts F(x), (D(X)GV U, TOTa 9TOMY JK€ IIPOCTPAHCTBY .T zdx - .]EX : Q23(X)~2dx _
NpUHAUIEKAT QYHKIIHHA BHIA R X"+
1y @(y)-dy T Ty ty-o(y)dy]
f(x) = F(x)-.“%z(z,mc ZJXZ ; {X'Q(X)'Iyz _yX2 +Iy yz(_yz(2 y]dx
0 0 0
T T [y -oly)-dy dx  Fo(x)-dx
f|, = | =] dx < .
Il !‘ x? +2° ! X)'([ y? =x? § J‘x2+zz -[x +2°
oo, Ty( ) 1PV N B U PPN BT T
) x? +2° ° 4.7 5 X 1y —x2 Oyz_xz
IlycTs F(x) (x) TaKe, YTO BLIIOJHAIOTCA J[BA YCIIO- HO BHYTPEHHHUI MHTErpal B 1-oM cllaraeMoMm crpasa —
BUSL: 9TO HOJIb, TO3TOMY
D) Fl)= 0B/ . o0~/ L [jrete] - ot
X 2 X2 +2° y? —x? 2.2 9 xX*+2°
2) UHTETpaIIBI
Tx-y-F(x)-o(y)-dx-dy x-y-®d(x)-Fly )dx dy J’ 1 I@(y)-dy .dXZL_Jq’X)'dX.
J. (X2+ZZ)-(y2—X2) ! J‘ ( ) y ) 0X2+22 Y yz—X2 2-2 0X2-|-Z2
SIBJISTFOTCS] PABHOMEPHO CXOJISIIIAMUCS.
Teopema. [Tycte F(X), ®(X) yIOBIETBOPSIOT YCIOBH- Ipunoxenne 1. Kycouno-nocrosiHubie GyHKIUMH.
siv 1) 1 2), TOrZIa CIPaBEUIMBO MHTErpalbHOE paBeHcTBo  11YCTh
4. 0, O<x<a b<x<ow
Jloka3aTejbCcTBO. BBHIY BBIOJIHUMOCTH YCIOBHH 1) F(X): h,, a<x<b’
U 2) BO BTOPOM cllaraeéMoM MpaBoii yactu (4) momeHsiem
HOPSIIOK HHTErPUPOBAHHS, T.C. (7
( dx yd) )dy o(x) = 0, 0O<x<eg, d<X<oo.
I x2 + 72 .[ h21 c<x<d
0

OueBUTHO, YTO JaHHbIE (PYHKIUH yIIOBIETBOPSIOT
° x-F X)- dx YCIIOBUSIM TEOPEMBL U €€ CIEICTBUAM.
:_qu)(y)dy I 5 ( 5 =
s (x% +

) 22). (X _ yz) Bo Bcex mpuMepax, eciii 3T0 0c060 He OroBaphBaeTCs
azb=c=#d, g=#h=z O0<a,b,cdgh<w.
T y-O(y)-dy _ T x - F(x)-dx 3 DyHKIMN, 331aBaeMble COOTHOIICHUAMU (1), HOCIIe0-
Yz > xE-y? BATeNBHO MOJICTABMM B HHTErpajibHble paBeHcTBa (4), (5),
=7 . . (6), Torna
_jy @(y)-dy 'IX F(x)- dx
o yi+zt 4 xP+z?
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a’+z
j- | dx _
4 (x2+zz)
_ 1 ) (b—a)~z}
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B (11) u (12) norpedyem, urobbr 8 —> 0. Ipu BbIUMC-
JICHUH WHTErPajioB B 3THUX BBIPAXKEHUSIX, HCIOJIb3yeM
CTaHAAPTHBIN MPUEM, MPUMEHEHHE KOTOPOTO CIPaBEIIH-
BO, B CHJIy PABHOMEPHOUN CXOJUMOCTH TTOCIICTHHX,

€n| a+x|

(13)

b
éLrQ_e[f(x,a,b,z)'dx=
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Tfr' a+x dx 1 arct 2[ j Hannas Gopmyia coBmamaeT ¢ M3BECTHBIM PE3YNIBTATOM
J X X~(X2+22) /2 g [1, c. 489].
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ARCHITECTURE AND CONSTRUCTION

Sadowska E.J.
The late baroque wooden church of Michael the Archangel in Szalowa(Poland) —
the church from wooden model

Sadowska Ewa Janina, Dr., Institute of the History Architecture and Historical Monuments Preservation
Cracow Universitety of Technology, Cracow, Poland

Abstract. The church in question was built in the land of Gorlice in the times of the Counter-Rreformation in a village previously
owned by heretics. It was founded in 1756 by Krzysztof Jordan. It was inspired by monumental twin-towered masonry churches. It
was also built based on a mobile, wooden model, which could have been built by Franciszek Placidi, which, unbelievably, was pre-
served and is on display at the National Museum in Cracow in the bishop Erasmus Ciotek Palace near Kanonicza Street. It was regis-
tered as a historical monument in 1931 and chosen to be put on the UNESCO World Heritage Site List in 2000.

Keywords: Wooden twin-towered church, late baroque, baroque wooden church model, UNESCO World Heritage Site

site, in a village which had an Arian gathering hall built
near the manor by its owners, the dissident Szalowski
family, which had the Stirrup as their coat of arms. The
dissident Serafin Szalowski was supposedly buried be-
neath the floor of the wooden gothic church which existed
on the site in the years 1575-1595.

The wooden church of Szalowa was built based on a
wooden model, which was preserved and is now on display
in the National Museum at the palace of Erasmus Ciofek,
Bishop of Plock, at Kanonicza Street 19 in Cracow. [2]

The Cracow architectural models were developed and
created by the founder and long term director of the Polish
Academy Of Sciences Historical Monuments Measurement
Workshop. The model of the church is unique among the
preserved architectural models. These include: the models
of the towers of the church of St. Anne in Cracow from
around 1775, probably made by Sebastian Sierakowski,
placed in the Jagiellonian University Museum; the models
of altars from Cracow churches — of the Carmelite Sisters
church at Wesota Street, the Jesuits church of St. Barbara
(by Franciszek Placidi), the Franciscan Minor Brothers, as
well as many other altars and tabernaculae. [2]. The model
of the church in Szalowa is, perhaps, the work of Fran-
ciszek Placidi, the designer of the church of the Trinitari-
ans, the facade of the church of the Piarists, the western
The parish church of Michael The Archangel in Szalowa, ~ Vestibule of St.Mary's church, the Lubomirski family
in the Beskid Niski, on the border with Pogorze chapel in the church of the Camaldolese in Bielany, the
Roznowskie, was built in the years 1736-1739 at the time  building of the shelter for the poor and sick of the parish of
of the Counter-Reformation and founded by Krzysztof St. Mary at Sienna Street 16, the fléeches on the roofs of the
Jordan, who had been the owner of the village at the time, ~ churches of St. Barbara and the church of Corpus Christi,
with the co-founder of a part of its furnishings, the prov- ~ altars such as the one in the Loretonian chapel of the
ost Wojciech Stefanowski. It was later finished and con-  St. Mary’s church, the main altar in the church of St. Nicho-
secrated in 1756. In 1808 the presbytery underwent reno- laus, the main altars in the churches of the Benedictine Ab-
vation at the initiative of provost Sebastian Proszowski,  bey in Tyniec and the church of the Holy Cross in Bielany.
with further restorative work being done in 1911 and in  [3]
the years 1952-1954. In 1931 the building was officially The model of the Szalowa church is composed of three
introduced into the registry of historical monuments (po-  distinct parts, the body of the temple and its presbytery is
sition A-553/31). In the year 2000 the church was select- ~ capable of being slid along the line of crest of the roof, re-
ed, along with other wooden gothic churches at Binarowa, ~ Vealing the interior upon opening it. Both parts are connect
Blizne, Debno, Haczow, Lipnica Murowana and Sekowa, DY an octagonal fléche which turns into a lantern. Two
to become a UNESCO World Heritage Site, along with ~ symmetrical, low towers are fitted with spherical crowns.
the preparation of the appropriate documentation [1]. The main nave and the presbytery are of the same height,

The church of Michael The Archangel in Szalowa, covered by a gable roof, with the lateral naves being of
however, was not put on the list in the end, due to stand-  lower height than the main one, covered by shed roofs.
ing out from the rest. The church in question is an example of employing the

The Szalowa parish was created before 1375 and the  Principles and architectural tendencies of masonry church
church in question is the third one to be erected on the  construction of the Baroque in the field of wooden struc-

Pic. 1. The wooden church in Szalowa (model B. Witek)
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tures, which is a phenomenon thought to be unique to Po-
land. The author of the unpublished monography about the
Szalowa church — the arts historian Irena Konopka, [4]
basing on measurements of the building and its model
came to the conclusion that it bears a strong resemblance
and is heavily influenced by the architecture of the church-
es of Cracow, especially with three-nave structures pos-
sessing three portals, such as the church of St. Peter and St.
Paul (1605-1649, the facade, dome and interior was de-
signed by Giovanni Treyano), St. Anne (1692-1703, de-
signed by Tillmann of Gameren), of the Conversion Of St.
Paul of the Missionaries on Stradom Street (1719-1728,
designed by Kacper Bazanka), of the Illumination Of The
Most Holy Virgin Mary of the Carmelites on the Piasek (its
present form after the reconstruction in the middle of the
XVII century) [5]. Of the structures that are listed above,
only the church of St. Anne possesses two towers, the oth-
ers have none. In the church of St. Peter and St. Paul there
are, however, two recessions in the facade with sculptures
of the saints, which are in turn subject to the central bas-
relief depicting the Apotheosis of the Eucharist and of the
Name of Jesus. When we connect the far points of the tym-
panums it is evident that their meeting point is the central
bas-relief, precisely located at the line of the horizon and at
the height equal to three quarters of the pillars and col-
umns. The facade of the Szalowa church shares a similar
composition, with roughly square proportions and a cen-
trally located sculpture of its patron near the top.

I think that the church in Szalowa is far more similar to
the church of the Rapture of The Most Holy Virgin Mary,
which is a part of the monastery of the Camaldolese on
Srebrna Goéra in Bielany, which also has three portals on
its front facade and is flanked by two towers and a central
projection with a triangular top (designed by Andrea
Spezza, 1609-1630) [6, 7, 8, 9].

The Szalowa church is built from fir tree wood as a
square cross-section log structure with dovetail corners
with sawed-off butts. The lower part of the facade is board-
ed, the upper - covered in shakes arranged in the herring-
bone pattern. It possesses very pronounced cornices.

The facade of the church is wide, of a simple composi-
tion, with two towers and two stories, with the so called
donkey ear style of crown. It is reminiscent of a style of
building which originated in the XVII century in the
Lubelszczyzna region in masonry, which then spread all
over the Rzeczpospolita. Facades with twin towers were
thought of as more elegant. In the era of the Counter-
Reformation during the Baroque, the double tower facade
reached the height of its popularity in brick and stone
architecture. As Ryszard Brykowski writes: "The Baroque
tendency towards the grandiose, the opulent and the for-
mal was now paired with the Counter-Reformist teachings
of the Church, which emphasized the importance of the
frontal facade, which was in accordance with the theoreti-
cal treatises on architecture of the time, as well as with the
preaching of the leaders of the Catholic revival." [10]

In Szalowa, the triangular top of the church, located
between the towers, is accented by a realistic sculpture of
St. Michael The Archangel, clad in Roman-style armor,
with his winged form triumphant in the fight of good ver-
sus evil, with one leg on the back, and the other on the
head of Satan, lying on his stomach, with a grimace on
the latter's face, with a tongue sticking out in a gesture of
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defeat. The sculpture of the patron defeating the devil is
protected by a wooden cross clad in steel and a semi-
circular small roof. The low towers, depicted as taller on
the model, have a square shaped floor plan, with a pillar
structure, with their crowns fashioned in a pear-like
shape, which accent the cornice, turning into a spike with
a sphere on its tip. The fléche is octagonal with a similarly
octagonal top, which turns into an eight-paned lantern,
above which there is cornice, with a dome fitted with a
sphere and a cross.

Pic. 2. The wooden church in Szalowa frontal facade
(drawing M. Kuna)

Pic. 3. The wooden church in Szalowa cross- section
(drawing M. Kuna)

Within the form of the frontal facade one can observe
three projections of the vestibules, the middle of which is
slightly wider than the outer ones, which were constructed
twenty years after the temple was opened for use. The
model lacks these projections. The church is a three-nave
basilica with a rectangular floor plan with a three-sided
presbytery reminiscent of gothic temples. The presbytery
and the central nave are covered by a common gable roof
(called a "saddled roof" by the authors of a work on the
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subject from 1916), with the fléche tower slightly lower
than on the model, with its height not as drastically larger
than the towers near the frontal fagade [11]. The roof was
originally clad in shakes, with steel sheets being intro-
duced later (after 1911).

Pic. 1. The wooden church in Szalowa pulpit
(photo Ewa Janina Sadowska)

The modest exterior gives no hint of the opulence to be
observed in the interior. The main nave and the presbytery,
the widths of which are equal to one another, are covered
by apparent barrel vaults, with the adjacent naves having a
flat ceiling. The main nave possesses arched openings to-
wards the side naves, with the arches having wavy profiles,
upheld by pillars with a square body and a Corinthian capi-
tal. The columns are slanted in relation to the nave, which
is a unique feature, as it evokes a feeling of movement
which is very characteristic of Late Barogue when ob-
served along with the line of the archway and the balcony
of the choir. The wavy profile, analogous to the opening of
the main nave towards the side naves is also present on the
arch between the main nave and the presbytery. The wall
with its bent transom, sporting a wavy profile, connects
with the rather low presbytery. The model of the church
can be slid apart along its length, showing the interior. The
interior of the church shows a more consequent, thought
out approach than that of the model.

The interior itself is very homogenous, with its entirety
made of wood with polychromatic decoration. Although
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from a distance the altar may seem like it is made of stone,
it is actually made of wood treated to appear as marble, as
it is in the church of St. Franciszek Salezy in Cracow. The
opulence of detail is evident in the polychromatic painted
walls and ceilings, flourishing with shades of white, blue
and gold with a floral motif, showcasing palm leaves,
which must have been very exotic at the time, forming ro-
settes on the ceiling, with their quarters visible in the cor-
ners. The decoration itself is in the Rococo style and is dat-
ed to 1796 and authored by Johann Dunin. [12]

The decoration was renovated in 1808 during preserva-
tion works. The decoration of the presbytery is architec-
tural - six opulently decorated settings with shield crests
have evocations to Virgin Mary sculpted into them, as
well as allegoric representations of the Adoration Of The
Holy Sacrament, Mount Golgotha, Noah's Ark and the
Ten Commandments. The decoration of the presbytery is
supported by the painted motifs of the transom at the bor-
der with the main nave, where one can see the scene of
the Crucifixion as it is commonly depicted in sculpture,
with the figure of the mounted soldier having his hand
and weapon protruding from the painting as actual sculpt-
ed elements for added realism.

The altars: the main one and the ones located at the
sides of the church are richly decorated and painted, with
the main altar fitted with mirror motifs.

One of the aforementioned six altars located near the
sides of the church, sporting a painting of St. John of Kety
holds a special place in the minds of the faithful of
Szalowa — two out of the five miracles which were ac-
cepted as genuine by the Holy See and which were need-
ed for the canonization of the saint happened in Szalowa.
The canonization was planned for the year 1768 in Cra-
cow, a mere twenty years after the building of the church,
was halted until 15 of July 1775 due to “barriers public in
the Polish nation”. [13, 14].

An interesting element of the interior decoration of the
church in Szalowa is the Rococo style pulpit, richly deco-
rated and covered by a canopy, connected with the choir
by a staircase and a gallery for the collators. The choir
itself has a wavy shaped parapet and a lambrequin, along
with stalls and benches. Three Rococo style confessionals
from the XVIII century can be found in the church, with
one of them decorated with the likeness of St. Jan Nepo-
mucen, the canonic of the collegiate of St. Giles in Pra-
gue, who was the confessor of queen Zofia. This confes-
sor lived in the period of heavy fighting with the Hussites,
and upon refusing to break the secret of the confession to
the king, Vaclaus IV of Luxemburg, was imprisoned tor-
tured and drowned in the Veltava by being cast from a
bridge. His veneration has been spontaneously spreading
since the XV century, with the official beatification by
pope Innocent Xl taking place in 1721, three hundred
years after his martyrdom took place. In 1729 the pope
Benedict XIII introduced him into the host of the Saints
[15]. The church’s baptismal font, made from black mar-
ble, is dated to the XVIII century, along with the angel’s
head shaped stoup.

The church in Szalowa has been discovered by the his-
torical monuments conservators at the shift of the XIX
and XX centuries, with Wiadistaw Tomkowicz describing
it in the first tome of his Teka Grona Konserwatorow Ga-
licji Zachodniej. [16]
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It also made an appearance, with drawings of its floor
plans and decorations, in the work “KoS$cioty drewniane
Galicji Zachodniej” by Feliks Kopera and Leonard
Lepszy, which was published during the First World War
in 1916. [12]

The Cracow monastery of the Camaldolese at Srebrna
Gora in Bielany, behind the enclosure, in the space of the
former Baroque refectory, in the working part of the mon-
astery, one can observe on the ceiling a similar polychro-
matic painting as in the church of Szalowa, with field
flower motifs and vines, which also possesses very simi-
lar colors. This room is currently used for drying under-
wear and ironing clothes, while the ceiling itself is cov-
ered in boards that are painted white, with only parts of
the decoration visible where the paint has been removed.
especially from the top, as seen from the attic, where the
Wooden Architecture Science Circle was performing
measurements of the wooden roof structure. [17, 18, 19]

Within the National Museum, the exhibition of the mod-
el of the church of Szalowa lacks any detailed information
on the fact that the building was actually erected based on
it. At the same time there is no mention of this fact within
the building itself. We can find this information on the pub-
lic webpage of the community of Szalowa. It is my opinion
that this information deserves to be more widely spread.
Students of architecture, especially those currently studying
wooden structures or the history of Polish architecture
could greatly benefit from it. The measurements and plans
of historical monuments should be digitized, which can be
accomplished by students during their third academic year
practical studies at the Faculty of Architecture, and pub-
lished. An example of this is the work done in the Sixties of
the XX century on materials related to Wojstawice (the
wooden buildings of the town, including those of Jewish
origin, had had their arcades restored - especially the house
of the shoemaker Fawka, which currently hosts the head-
quarters of the Panorama of Cultures Society), which were
used as a part of the social and education projects called
"Virtual Wojslawice", "Wooden Architecture Of The
Towns of Lubelszczyzna", "The Cultural Landscape Of
The Towns Of Lubelszczyzna" as well as "The Trail Of
The Jews Of Lubelszczyzna" and "The Multicultural Herit-
age Of Local Communities" which were organized in co-
operation with the Jewish Historical Institute and the Mu-
seum Of The History Of Polish Jews. Two decades later,
the materials gathered by the Polish Students Association
project called Chetm 80 in 1979, which catalogued wooden
architecture, were used to initiate the project called "The
Trail Of The Wooden Architecture Of The Land Of
Chelm", which included restoring buildings that were de-
stroyed or reconstructed to their former, historical appear-
ance. The documentation of a motor mill, which was pow-
ered by the wind until the beginning of the XX century (the
motor house was constructed in 1940 in the rarely found in
Lubelszczyzna timber frame structure) located in
Pobotowice near the Chetm Lubelski - Hrubieszow road in
the Chetm Region Of Protected Environment near the Ty-
wa river, was digitized and as a model is shown as a part of
the architectural trail and as an entry point for course pro-
jects for the historical monuments preservation classes on
the third year of the bachelor studies at the Faculty of Ar-
chitecture (for members of the Wooden Architecture Sci-
ence Circle). [20]
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Pic. 5. Cracow at Srebrna Goéra in Bielany Monastery of the
Camaldolese frontal fasade (drawing P. Zheromsky)
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Cracow at Srebrna Goéra in Bielany Monastery of the
Camaldolese (photo Ewa Janina Sadowska)
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Pic. 8. The wooden mosque of the polish Tartars in Kruszyniany
frontal fasade (drawing M. Kuna)
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Pic. 7. The wooden synagogue in Gabin
(drawing K. Ksiezarczyk)

The church of St. Michael the Archangel in Szalowa is
located in the valley of the Szaldéwka spring, beneath
Maslana mountain, a region valued for its vistas, which
has not been heavily spoiled by the advancement of civi-
lization. It would be good to protect its cultural landscape
and its identity as much as we protect its environment

[21]. The genius loci and spatial harmony of Szalowa is
worth of preserving. [22].

Wooden churches with two towers were not uncom-
mon in the Baroque period. [23, 24]

The currently filial church in Tomaszéw Lubelski of
the Annunciation Of The Most Holy Lady, the only two
towered wooden church in the region of Zamojszczyzna,
which was built between the years 1627 and 1727, de-
signed by an unknown architect affiliated with the court
of the Zamoyski family [25, 26], (the founder of the
church was Zdzistaw Zamoyski) may be an analogy to the
Szalowa temple. It is more well-known than the church in
Szalowa, which is located away from commonly used
roads and paths. It has earned itself an early XX century
mention in the monography of the famous architect and
renowned historical monuments conservator of the Wawel
Castle Adolf Szyszko Bohusz [27]. Franciszek Klein, on
the other hand, wrote about this building in the "Archi-
tekt" magazine. [28]

Among other two towered Baroque period Polish tem-
ples of the once-multicultural Rzeczpospolita were the
famous two towered mosque of the Polish Tartars in
Kruszyniany, dated to the second half of the XVIII centu-
ry, perhaps earlier [30], as well as the two towered syna-
gogue in Gabin [31], burned during the Second World
War, the model of which was developed from preserved
iconographic materials and is accessible on the Internet.
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Hlynvea I'M.
MeTtoauka Mo1eJIMPOBAHUS MJIAHHPOBOYHON OPTaHU3ALMH TEPPUTOPHATIBHBIX
cucreM pekpeanuu B Ykpaunckux Kapnarax

Llynvea I'ennaouti Muxatinosuy, kKanouoam apxumexmypbi, 00yeHm Kkageopvl 2pacocmpoumenLCcmea
Hayuonanvnviii ynueepcumem «JIvgiscoka nonimexuikay, 2. JIv6oe, Yxpauna

AHHOTAamusl. B craThe XapakTepu3ylOTCs OCHOBHBIC TEHJICHIIMH Pa3BUTUS TOPHO-PEKPEAalliOHHBIX TEPPUTOPHII B COBPEMEHHBIX
YCIOBHSX Ha TeppuUTOpuM YKpaumHckux Kapmar. ABTOp yka3bIBaeT Ha HEOOXOJMMOCTh KOMIUIEKCHOTO MOAX0Ja B MPOIECCE MPOEK-
THUPOBaHMUS, CTPOUTENILCTBA U SKCIUTyaTallul peKpeallnoHHbIX 00bekToB. [Ipennaraet cBoe BuAeHHE TEHACHIUH U MyTel peanu3auu
KOHIIETITYaJIbHBIX MPOEKTOB YUPEXJCHUH OTAbIXa B ropax Ha 0a3e MPaKTHYECKOTO yJacTHs B PeaTbHOM MPOEKTUPOBAHUU TOPHO-
JIBDKHBIX M TOPHO-PEKPEAIOHHBIX KOMIIIEKCOB Ha TEPPUTOPHH Y KpauHCKuX Kapmar.

Knrouesnvie cnosa: OynkyuoHanbHO-NIAHUPOBOYUHAS CIPYKIMYPA 20PHO-PEKPEAYUOHHBIX MEPPUMOPUL, TAHOUADMHO-NPOCTPAH-
CMBEHHA CMPYKMYPA, YCMOUYUB0CMb PEKPEAYUOHHOU CUCTEMbL, TAHOWADMHO-NPOCMPAHCMEEH LI Oaccelin, cucmema «npupooa-

1{6]10(5‘61(-06“466‘"160»

Brenenne. B HacTosee BpeMs, HECMOTPsI Ha TPYJHOCTH
B JKOHOMHKE M HETPOCTYIO COIHAIBHO-TIOJUTHYECKYIO
CUTyallio B YKpawHe, HPOSBISIETCS aKTUBHOCTH 0OIIe-
CTBEHHBIX, KYJIbTYPHBIX M OM3HEC IPOLECCOB, YTO HETO-
CPEACTBEHHO BIIMSCT HAa MPOCKTHPOBAHUE, CTPOUTEIHCTBO
U SKCIUTyaTallio OOBEKTOB HOBOM HH(pacTpyKTypHI
CIIOpTa M OT/(bIXa B TOPHOW MECTHOCTH.

ITomynsipHOCTE OTABIXA B TOpax pacTeT ¢ KaKAbIM To-
JoM. IIprunHOM 3TOMY ABJISE€TCSI pOCT MOOMIIBHOCTH Hace-
JICHHS, CTpEMJIEHHE Pa3HOOOPa3UTh OTIBIX OT IKCTPEMAalIb-
HBIX BUJIOB CIIOPTa 10 CIIOKOHHOTO OT/BIXA U IIPU ITOM, HE
3aBHUCHMO OT CE30Ha, T.€. Ha MPOTSHKEHUH KPYTJIOro rofa.

HaGmonaeTcs moBbIIEHHE YPOBHS TpeOOBaHMI I10-
TpebuTens K KadecTBY M Pa3HOOOPA3MIO YCIYT, IPENo-
CTaBISIEMBIX MH(QPACTPYKTYPOH PEKPEallMOHHBIX TEppH-
TOpHH, a TaK)Ke He0OXOIUMOCTh OPraHU3ALUH KPYTIOTo-
JIMYHOTO aKTUBHOTO OTIbIXa. Bce 3Tm mpomecchl 00y-
CJIABJINBAIOT MOSIBJICHUE HOBBIX TEHAEHINH B MIPOEKTUPO-
BaHUH, CTPOUTENIECTBE U Pa3BUTHU PEKPEALMOHHBIX KOM-
IUIEKCOB HOBOTO THIIA.

Pexpeannonnsle pecypesl YikpanHckux Kapmat oGma-
JTAIOT 3HAYMTENBHBIM ITOTEHIIMAIIOM PA3BUTHS U HMEIOT
LEJTBIHA PSIT IPEUMYIIECTB Iepe i TOPHO-PEKpearliOHHBIMU
parionamu 3amagHoii EBponbl. Ha cerogssimuuii eHb
TJIaBHAS 3a/1a9a B PEKPEallMoOHHON 00JacTH — 3TO co3ja-
HUE COBPEMEHHOM KOHKYPEHTHOW YCTOMYMBOH pekpea-
IUOHHOU cucTeMbl. OCHOBHOHM NpoOieMOll B pa3BUTHH
peKpeanioHHON crcTeMbl YKpanHckux Kapmar siisercs
OTCyTCTBHE OOIIEH CXeMBl Ppa3BUTHS PEKpearlnOHHBIX
TEPPUTOPHH, Pa3padOTaHHON M YTBEPXKIEHHOHW Ha Tocy-
JTApCTBEHHOM ypoBHe. OTCYTCTBHE pEIJlaMeHTa HCIIOJIb-
30BaHMS U Pa3BUTHS TEPPUTOPUU NPHUBOIHUT K CTpeMIIe-
HUIO HMHBECTOPa aJaNTHPOBaTh CYMIECTBYIOIINE Yydpe-
JKJIEHUS OT/bIXa CTapOro THIIA METOAOM IPUCIIOCOOICHHS
K HOBBIM TpeOOBaHMIM M CTaHIAapTaM KadecTBa B MpeIo-
CTaBJICHUH TypHCTHYecKHuxX yciyr. Kak pesymerar — He-
3¢ PEKTUBHOE OCBOCHHE TEPPUTOPUH, UTO B CBOIO OYe-
penb BeeT K ee Aerpajanuu.

['opHO-pekpeanionHble  KOMIUIEKCHl (hOPMHPYIOT pe-
KpealmoHHy!0 HH(PacCTpyKTypy, KOTOpas HalelieHa Ha
KpYIJIOTO/INYHYIO 3KcIutyaTanuio. Ce30HHOE (DyHKIMOHU-
pOBaHME HE MHTEPECHO, TaK KaK TaKoil PexMM paboThI HE
obecrieunBaeT He TOJIBKO PEHTA0ENbHOCTh KOMIIIIEKCOB, HO
1 3HAYUTENHFHO TOHIDKAET YPOBEHb YCIYT, YMEHBIIAET
BO3MO)KHOCTH BEIOOpa BH/Ia PEKPEAIIMOHHON IS TETbHOCTH
1 MECTa peajli3aliil CBOUX MOTPEOHOCTEH B OTABIXE.

Bospocias ”HTEeHCHBHOCTD TPYAOBOH AEATENBHOCTH U
BO3pocuIass MOOWIBHOCTh HAaceJeHUs TpeOYIOT paruo-
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HAJIBHOTO pAaCHpefieNieHus PEeKPeallMOHHOrO0 IOTOKa IO
HamnpasJeHWsIM W 1O BpeMeHu. HeoOxomumo cospaHue
HOBBIX CKOPOCTHBIX TPaHCHOPTHBIX CBSI3€H C LENBIO CO-
KpalleHusl MoTeph BPEMEHM Ha JOCTYNHOCTh, a TaKXkKe
pa3MelIeHIe HOBBIX OOBEKTOB peKpeanny BOIHM3M LCH-
TPOB KOHIICHTPAIMH TPYIIIOBOTO PACCENCHUS.

Ilesabr — BBIABICHHE MOTCHIMANA, HEOOXOAMMOTO IUIS
OpraHu3aIlii OTAbIXa, aHAJU3 U OIeHKa INPHUPOIHBIX,
9KOHOMHUYECKHX U COLMAIbHBIX PECYpPCOB Ui (POPMHUPO-
BaHHs YCTOMUMBOM pekpeariioHHoi cuctemMsl KapnaTcko-
IO pEeruoHa, ONpeJesieHue U MPOTHO3 TeHJACHUUN pa3BH-
TUSI TOPHO-PEKPEAIOHHBIX TeppuTopuil. Moaenuposa-
HUE TEPPUTOPUATIBHON CUCTEMBI pEKpealuy Y KpauHCKUX
Kapmar. BeisiBieHre OCHOBHBIX NPHHIMIIOB U (OPMYIIH-
poBaHMe 3a1ad Ui pa3pabOTKH €ANHON KOHLEIINH pa3-
BUTHS TOPHO-PEKPEAIMOHHBIX TEPPUTOPHH Y KPaHMHCKUX
Kapmat Ha o0mmeHannoHaaIpHOM yPOBHE.

MarepuaJjbl 1 MeToabl. [Ipy IPOEKTHPOBAHUN TOPHO-
PEeKpealOHHOM CHCTEMBI B YCIIOBUSIX TOPHOTO JaH madra
npenajaraeTcsd HCIONb30BaTh METOJ] BBIJICNICHHS JIaH[-
mad THO-MPOCTPaHCTBEHHBIX OacceitnoB (Puc. 1). Jlann-
maTHO-TIPOCTPAHCTBEHHBIH 0acceifH — 3TO TeppHUTOPHA
OTpaHMYEHHAas BOJOpAa3JellaMHU Pa3HOTO TOpsAAKa B 3aBU-
CHMOCTH OT I'PaIOCTPOUTENIFHOTO PaHIra TEPPUTOPUH OCBO-
eHus (pETHOH, 30Ha, paiiOH, y4acTOK U T.IL.).

OCHOBOI1 METO/IOJIOTHH JOJKHBI CIYXKHTh (yHIaMEH-
TaJbHbIC MCCIICOBAHUS B3aUMO/EHCTBUS BHYTPH CHCTE-
MBI «IpUPOJA-4eIOBeK-00mmecTBo». Pemenne naHHON
mpo0emMbl TpedyeT NeTaIbHOTO aHallu3a, OLECHKH IIpH-
POIHO-TEPPUTOPHATIBHEIX KOMILIEKCOB W pa3paboTKu
CTpaTeTHH MOBEICHNS YEJIOBEKA B YCIOBUAX OT/IBIXA.

Hepapxusi peKpearioHHbIX CHCTEM IpeIoNaraeT Tep-
PHUTOPHAIBHYIO OPraHM3aIMI0 C yIETOM XapakTepa JIaH.I-
m1aTHO-TIPOCTPAHCTBEHHOH,  (DYHKIIMOHAJIBHO-TUIAHUPO-
BOYHOHM OpraHM3aIliH TEXHOJIOTHYECKIX MPOIIECCOB M OCO-
OEHHOCTEN KOHTHHIEHTAa OTABLIXAIOMKX. B o0mem Bume
nepapxus 0azupyercsi Ha NPHUHIMINAX «EeIMHOHAYAIUS -
peruoH, 30Ha (KypopT), apeaj, LEHTp, MOJIUEHTpP, KOM-
IUIEKC, ydpexkaeHue. KaxaoMy ypoBHIO OTBOAMTCS CBOS
pONb B PEKPEallMOHHOM OOCIY)KMBaHHH, (OPMHUPYETCS
NIpo(HITb, OTIPENIEINSIOTCS KOJIMYECTBEHHbIE M Ka4eCTBEH-
HBIE XapaKTEPUCTHKU H COCTAB MPE/IaraéMbIX YCIIyT.

OCOGEeHHOCTD IPaJOCTPOUTEIBHOMN CTPYKTYPBI TOPHBIX
TEPPUTOPUI — 3TO JTUHEHHOCTE. POPMUPOBAHUE 3aCTPOM-
KM BJIOJb JOJIHH PeK U BIOJb TPAHCIIOPTHBIX KOMMYHH-
Kaluii ompejenseT, B OOJBIIMHCTBE CiIydaeB, (Hopmy
(YHKIMOHATBHO-TITIAHUPOBOYHOW CXEMBI HACEJICHHBIX
ITyHKTOB.

©)|H. shuina 2015
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Takas ocoOeHHOCTH  JaHAMIA(THO-TIPOCTPAHCTBEHHOM
CTPYKTYpPHI TPaIOCTPOUTENBHBIX 00pa30BaHUI 00yCIIaBIH-
BaeT (GopMy U HAIPaBICHHOCTh TEPPHTOPHAIBHOTO Pa3BU-
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COCTaBJISIET OCHOBY TEPPHTOPHAIBHON OpTaHM3aliH 30H
OTABIXA, T.€. IPOCTPAHCTBO OTPAaHHICHHOE JIMOO BU3Yallb-
HO, 1100 €CTECTBEHHBIMHU NPETPafiaMHt SIBISIETCS TEPPUTO-
pHUaTIbHONM eAMHMLECH peKpealliOHHOTO OCBOCHHS B YCIIO-
BUAX TopHOTo Janamadra (Puc.2).
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Hepapxusi pekpeanmOHHBIX CHCTEM — 3alloT CO3JaHHsA

TaKOW CTPYKTYpHOW OpTraHHM3aIlH, TPH KOTOPOH OYIyT

obecrieueHbl ypoBHH KoM(opTa W 0OCIyKXMBaHUA, a TaK

K€ TIOJTHAsI MAJTUTPA MPEIOCTABISIEMBIX YCIIYT.

OO0masi Momenb TEPPUTOPHUATBEHOW CHUCTEMBI peKpea-

UOHHBIX JTaHAMA(TOB CTPOHUTCS Ha Oaze:

— TEPPUTOPHUATIBHO-TIPOCTPAHCTBEHHOTO  paclpeliesIeHUs
PEKPEAMOHHBIX PECYpCOB M 3KOHOMHYECKOTO IOTEH-
Hana;

— CTPYKTYPHOM HEpPapXHU CHCTEMBI PACcCEICHHs C YUEeTOM
OXpaHbI MPUPOHBIX U KYJIbTYPHBIX JIAHIA()TOB;

—IPOTHO3a CYLIECTBOBAaHMS M Pa3BUTUS IKOCHCTEM B
YCIOBHSAX PEKPEAIMOHHBIX HAarpy30K C Y4ETOM IIpo-
CTPaHCTBEHHO-BPEMEHHBIX ITMKOBBIX HArpy30K Ha MpH-
POIHO-TEPPUTOPHATIBHBIE KOMILIEKCEI;

— OTIPE/ICJICHNE ONTHUMAIIBHBIX JOMYCTUMBIX Harpy3oK Ha
3JIEMEHTBI IPUPOJHO-TEPPUTOPHUATBHBIX KOMIIIEKCOB.

PesyabTaTrhl M HMX 00cy:KaeHHe. MHOTOJETHUI ONBIT

paboThl B 00JIACTH TEPPUTOPHAIBHOIO HPOEKTHPOBAHHMS

nH(pacTpyKTypsl 3UMHETO OTAbIXa B YKpanHckux Kap-
marax JaeT IpaBoO HA CBOE MOHMMaHHE M TPAKTOBKY pea-

JUH B poleccax ypOaHU3aIuK FOPHBIX pallOHOB.
3a 3TOT MepHoJ BPEMEHH B COCTAaBE ABTOPCKHX KOJI-

nextiBoB ['opmsont AJl u AKB Hlymera (¢ 2005 r. T30B

AKJI) 6pu1H pa3paboTaHbL:

2003 / T'oprombixHAas 30Ha / ¢. [Tmoner JIbBoBCcKo# 0011

2003 / T'opronsikHAas 30Ha / ¢. [Tuaropommm JIbBoBcKo#
0051.

2004 / 'opHosbbKHas 30Ha / ¢. Posmyd JIbBoBCKOit 0051.

2004 / I'opHosbbKHas 30Ha / ¢. PenmuHoe 3akaprnaTckoi
0011

2004 / I'oprosbbkHas 30Ha / ¢. TepHaBka, c.JlaBouHe
JIbBOBCKOI! 00

2005 / I'opHosbbkHast 30Ha / ¢. [Tunmunen 3akaprnaTckoi
0051.

2005 / T'opHOMBIKHBINA TEHTp / ¢. 3ammibekoe JIbBOBCKOM
0051.

2005 / T'opHO-pekpeatnoHHbIi TIeHTp / ¢. ['paboser, ¢.M.T.
Cnasceke, c. [Tmonerr JIsBoBcKoii 001.

2006 / TopuonbbkHast 30Ha / ¢. Bonocsiika JIbBOBCKO# 0011

2006 / I'opHOJBDKHBIN LeHTD / ¢. SInuHkyBaTe, c. BepxHs
Poxanka JIbBoBckoii 001

2007 / I'opHo-pexpeanonHsblii ieHTp / ¢. HoBocenuia
3akapIaTckoi o0

2007 / Pexpearponnslii paiion «Ilononnna Pynay / 3akap-
MIaTCKO 00J1.

2007 / I'opHOIBIKHBIA M pEeKpEALIMOHHBIA KOMITIEKC /

c. Slonmynuna MiBano-dpaHKoBCKoii 00671

2008 / T'opHonbikHas 30Ha / ¢. [lomsiHa JIbBOBCKOM 0011.

2008 / I'opHonbbkHas 30Ha / ¢. KBackl 3akapriaTckoit 0671

2008 / T'opHombbkHBIE 30HH / ¢. [Togo6oBer 3akapnaTtckon
0051.

2010 / I'opronsikHAas 30Ha / ¢.M.T. BopoxTta Bano-
DpaHKOBCKOH 00T

2010 / Konnermus «3umusiss Onumnuana B Y KpamHCKAX
Kapmnarax / cmt. CnaBckoe, HCh «Tucosemny JIbBoBcKast
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2007/ KoHuernmust reHepaabHOro IUIaHa Pa3sBUTUS TOPHO-
JTBDKHOTO KypopTa «Jlparoopar-Ksacel 3akapnarckoit
00u1.

2007/ Konmerust pa3BUTHsI TOPHOJBDKHOTO KypopTa «Be-
mknit Bepx» Mexropckwuii paiion, 3akapraTckas o0

2007/ Koumemnmus pa3BUTHS TOPHOJIBDKHOTO KypopTa
«[Tnait» Mexropckuii paiioH, 3akaprarckast 00J1.

2007/ KoHuenuust pa3BUTHS TOPHOJBDKHOTO KypopTa
«I'mmba» Mexropckuii paiioH, 3akapraTckas o0JI.

B BeIIEnepeurciIeHHbIX paboTax ObuIM arpoOupoBa-
HBl W pa3pabOTaHbl OCHOBHBIE IOJIOXKEHHS METOAUKU
MIPOCKTUPOBAHMS YCTOHUYMBBIX CHCTEM peKpealud B
ycnoBusix YkpauHckux Kapnat. IlpoBeaeHsl HaTypHble
HAONIOACHNS, W3y4eHBI  OCOOCHHOCTH  MPHPOIHO-
TEPPUTOPUATBHBIX KOMIUIEKCOB, XapaKTep B3aHMMOOTHO-
LIEHUH MEXIy OTABIXAIOIMMH U MOCTOSIHHBIM HAaCEICHH-
€M, a TaKXe€ BO3MOYKHOCTU CYLIECTBYIOILEH CEpBHCHOMN
nHppacTpykTypsl. B pesynbrare uccienoBaHnii M OLCH-
KU TIPOBEJCHA JIOKAJIN3AIU U ONpEeSICHbl TePPUTOPUU
NPEUMYLIECTBEHHOTO OCBOCHUS C pa3paboTkoil (pyHKIH-
OHAJIPHO-IUTAHUPOBOYHBIX ~ CXeM W JaHJWadTHO-
IIPOCTPAHCTBEHHOM MOJENM OpraHu3aluu TEPPUTOPUI
JUIS KPYTJIOTOJMYHOTO OTABIXA.

B cocTaBe rpanocTpouTenbHON TOKYMEHTAUH IO CO-
3[JaHAI0 TOPHO-PEKPEAlMOHHBIX W TOPHOJBDKHBIX KOM-
mwiekcoB aBTopckuM koimiekTuBoM AKB Hlymera (T30B
AK/I) 6p1u11 pa3paboTaHBI:

— IPUHLUITHAIbHBIE (YHKINOHATIbHO-TUIAHHPOBOYHbIE
CXEMBI;

— OmpeJeNICHbI 30HbI BIUAHUS Ha CHCTEMY PacCceeHuS;

— BBITIOJIHEHBI PACUEThl MAKCUMAIBLHO JIOMYCTUMBIX Harpy-
30K (BMECTHMOCTH) 30H KOHIIEHTPALUH OTABIXAIOIIUX
6e3 ymiep6a Ha OKPY>KaroIlyto IPUPOIY;

— OmpeJiesieHbI TOTPEOHOCTH 10 BEIWYMHE IUIOIAIH OCBO-
€HMs1, SHEPTOPECYPCOB, BOJONOTPEOICHNS H MOIITHOCTh
OYHCHBIX COOPY>KCHUH.

BriBoaBI

Ananm3 cymecTBylomeld npoOJeMaTHKH W BBIIBICHHBIX
TEHJEHUUI B pa3BUTUM Teppuropuil YkpauHckux Kapnar
yKa3bIBaeT Ha HEOOXOUMOCTh pa3padOTKN (hyHKIMOHAIb-
HOTO 30HHPOBAHUS, 00BEMHO-TIPOCTPAHCTBEHHOTO MOJiE-
JMPOBAHUS TOPHO-PEKPEAI[OHHBIX KOMILJIEKCOB U TEppHU-
TOPHH B HOBBIX YCJIOBUSX Ha OOIICHAIIMOHAIEHOM YPOBHE.

IIpakTHyeckoe 3HaueHWE MAHHOTO HCCIIEIOBaHMS 3a-
KJTIOYaeTcst B pa3paboTKe METOJONOTHYECKHX OCHOB Ipa-
JIOCTPOUTENNFHOTO IMPOEKTHPOBAHUS PEKPEallMOHHBIX Tep-
pUTOpHUl B TOPHBIX yCNOBHAX YkpauHckux Kapmar, mpo-
THO3UPOBAaHUU COIMAIBHO-DKOHOMHYECKUX MPOLECCOB Ha
TEPPUTOPUU OCBOECHHUS, ONPEIEICHUN BEIMYMHbBl U UHTECH-
CHUBHOCTU MHBECTHLMOHHBIX Mporpamm. JlaHHas MeToquKa
JIaeT BO3MOYKHOCTH C()OPMYJIMPOBATh 33/1a4y TI€pesl opra-
HaMH CaMOYIPABJICHUS IMPU COCTABICHHH PETHOHATBHBIX
KOMITJIGKCHBIX ~ IUIAHOB  pa3BUTHA Kak  COIMAJIBHO-
9KOHOMHUYECKOH chepbl Tak U MHYPACTPYKTYPHBIX O0BEK-
TOB — TPAHCIOPTHBIX CHUCTEM, HWHXEHEPHO-TEXHUYECKHX
KOMMYHUKAIUH U T.II.

JlanpHelmas xoMMeprmanu3amnus OOBEKTOB HWHPpa-
CTPYKTYpbl Ha TeppuTOpHHM YKpauHCkux Kapmar npacrt
BO3MOYKHOCTH TOBBICHTH PEHTA0ENILHOCTD, a 3a0HO Kaue-
CTBO U KOJIMUECTBO MPENOCTABISIEMBIX YCIYT B yupexse-
HUSX OTAbIXa C OJHOBPEMEHHBIM IIOBBIIIEHUEM YPOBHS
KoM(opTa 00CITy>KHBaHHSI.
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Shulha H. Methods of modeling planning organization of territorial systems of recreation in the Ukrainian Carpathians
Abstract. The article characterizes the main trends in the development of ski-resorts and recreational areas in modern conditions in
the territory of the Ukrainian Carpathians. The author points to the need for an integrated approach in the design, construction and
maintenance of recreational facilities. Offers his vision of trends and ways to implement the conceptual projects of leisure facilities in
the mountains on the basis of practical involvement in the design of ski-resorts and recreational facilities on the territory of the
Ukrainian Carpathians.

Keywords: functional and planning structure, ski-resorts and recreational areas, landscape and spatial structure, stability of rec-
reational system, the system "Nature-Human-Society", methods of modeling
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TECHNICAL SCIENCES

Mauok B.B., I'vyenuu C.1.
MartemaTU4He MOJAETIOBAHHSA 0i0JIOTIYHUX NMPOLECIB YCKIATHEHHUX MACOTIEPEHOCOM

Jauox Bacunbs Bonooumuposud, OOKmMop mexHiuHux HayK, npogecop
TIyenuu Cepeiii Iéanosuy, kanoudam mexHiyHUX HayK, CMapuiuil UKIa0ay
Hayionanvnuuii ynigepcumem «JIvgiscoxa nonimexuixay, m. Jlvsis, Yrpaina

AHorauis. [IpencTaBieHo pe3yIbTaTH BUBUCHHS IIPOLIECY MOTTIMHAHHS BYTJIEKHCIIOrO a3y OJHOKIITHHHUMH MiKPOBOJOPOCTSMH.
3’scoBaHoO cTafii mepediry mporecy BpaxoByHOUYH 0COOIMBOCTI YMOB KyJIbTHBYBAaHHS, a CaM€ HASBHOCTI KIIITUHHOTO Ta MIXKKJIITHH-
HOTO cepenoBuina. [100y10BaHO MaTeMaTHYHy MOJICIb HOTJIMHAHHS BYTJICKUCIIOTO Ta3y 3 MOBITPS KIIITHHAMH MiKPOBOJOPOCTEHA.
OtpuMasi pillieHHS JI03BOJISIIOTH MOJICIIOBATH KiHETHKY TIPOLIECY MOTJIMHAHHS BYTJICKUCIIOTO a3y Ta MPOrHO3YBATH OOIaHaAHHS 1JIs
3[1HCHEHHS TEXHOJIOTIYHOTO IPOIIECY OUHIICHHS I'a30BUX BUKU/IIB 32 YMOB peajlizalii 610TeXHOIOTITHOTO IPOIeCy Ha MPAKTHII.
Knwwuosi cnosa: gpomocurnmes, Mikpo8ooopocmi, MamemMamuyHa mooeib, Koepiyichm maconeperocy, 6iomaca, MidCKiimuHHe

cepedosuwye, oudysis

Beryn. YV HuHINIHIN Yac JIOJCTBO 3MYIIEHE BUPIIIYBaTH
3HAYHY KUIBKICTh €KOJIOTIYHHX IMpoOJeM IOB’S3aHHX 3
aQHTPOIOTEHHNM BIUIMBOM HA HABKOJIMIIHE CEPEIOBHIIE.
ToMmy He € BHKIIOUCHHSAM HETaTUBHMI BIUIMB Ha aTMOC-
(hepy BeMKOT KUTbKOCTI IPOMHUCIIOBUX BUKH/IIB, 30KpeMa,
BYTJIEKHCIIOTO Ta3y. ICHye BeJlMKa KITBbKICTh METOJIB
OUMIIECHHS Ta30BUX BUKHUIIB BiJ BYIJIEKHCIOrO Tasy y
IIPOMHUCIIOBUX MacIuTabax, OJHAK BapTO Mam’ATaTH i Ipo
(DOTOCHHTETHYHY AaKTHUBHICTh POCIMHHOTO CBITY, SKa
3MEHIIYETHCS B HACHIZOK JAeAali aKTHBHIIIOrO HOro
3HUILEHHS.

Hayka noBena 31aTHICTh IPUPOAN 10 MOTJIMHAHHS BY-
[JIEKHCIIOTO Ta3y 3 atMocdepH pociMHaMU Ta BOJOPOC-
TSAMH Ta WOTO HAKOMUYCHHs y BUrsiai OGiomacu [1]. Xi-
Mi3M JIaHOT'O NPOLIECY BiOOpaXKa€ThCs PEaKIi€ero:

CO, + mH,0 + consuna enepris — C,(H,0), + nO,. (1)

AHaJi3 ocTaHHIiX gociaimkens i mydmikamiii. Mikpo-
BOJIOPOCTi € OTHOKITITHHHIMH, POCIHHOIIONIOHUMH Opra-
Hi3MaMH, B SIKHX HOTJIMHAHHS BYIJIEKHCIIOTO Ta3y 3yMOB-
JoeThes nponecoM (otocuHTesy. JlaHi opraHisMu MaroTh
BEJIMKI TIepeBaru HaJ 3BUYaiHUMM Ha3eMHHMH POCIIHHA-
MU, OCKIIBKHA MIiKPOBOJOPOCTI XapaKTepPH3YIOThCS BHCO-
KAMH TeMIIaM{ TPUPOCTY, IO CHPUSIE IBUIKOMY MEpeT-
BOPEHHIO BYIJIEKHCIIOro razy y Oiomacy. BoHH MOXyTh
BUPOCTATH B 3aKPUTUX CUCTeMax, 30epirarwuu BCi HEOO-
XiJ{HI BJIACTHBOCTI, B SIKUX HAa3€MHI POCIMHH HE MOXYTh
PO3BHBATHCS, TOMY BIIPOBAJUKEHHS IIPOMHCIOBUX CIIOCO-
0iB TIOTJIMHAHHS BYTJIEKUCIIOTO Ta3y 3 MOJabIINM (OTO-
CHHTE30M € BXKJIMBHUM 3aBIaHHAM cydacHOCTi[2]. Takox
HE MEHII BaXKJIMBUM 3aBIAHHIM € BHPIMIEHHS NMPOOIeMHU
PO3LIMPEHHSIM MEX 3acTOCyBaHHS OTPHMaHOi Oilomac.
Ha croroHimHii 1eHp HAIOUIIBHINIE IEPEPOOIITH 11 Y
BYTJIEBOAHEBI MPOIYKTH TiAPOTEPMAaIbHOIO KapOoHi3alli-
€0 abo y OiomaymmBo. He MeHImI mikaBuM € aHaepoOHE
OpOJIiHHS, B PE3yJIbTATi YOTO OJePIKYETHCS Ta3-MeTaH [3].

OTxe, 3aCTOCYBaHHS OJHOKJIITHHHHUX BOJIOPOCTEH, Aae
MOXJIUBICTh pPeali3oByBaTH O10JIOTIUHI MPOIECH OYH-
IIEHHS] Ta30BUX BUKHUJIB BiJ BYTJIEKUCIIOTO rasy. Tomy
JIOCIII/PKEHHST BIUIMBY TEMIIEpaTypd Ha HIBHIKICTH MOT-
JIMHAHHS BYTJIEKUCIIOTO Ta3y MiKPOBOJOPOCTSIMH € aKTya-
JIBHUM 3aBJIaHHSM ChOTO/IeHHs[4].

Meta po6oTH mojsirac y BUBUCHHI BIUIMBY TeMIIepa-
TypH Ha NPOIECH, SIKI CYNPOBOKYIOTh HOTJIMHAHHS BYT-
JIEKHUCIIOTO Tra3y i3 Ta30BOT0 CEepeOBHIIA KIITHHAMH MiK-
poBomopocTel, abo HITMMH CJIOBaMHU y BHBUCHHI BIUTUBY
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TeMIlepaTypyd Ha TPOLECH, SIKi CYNPOBOKYIOTh TpPaHC-
(hopMarliro ByTJIEKHCIOro Ta3y y Oiomacy.

Marepianu i meroau. biosoriuni 00'exTH, SIK MpaBH-
70, oy’XKe CKJIaJHi, a Ha TPOIECH, IO MPOTIKAIOTh B HUX,
BIUIMBAIOTH 0arato (pakTopiB, SKi YacTO 3aJie)KaTh OIHMH
Bi ogHOTO. Haif0iIbII BaXKITMBHMH 3 SIKUX € TEeMIIepaTy-
pa, CTYHiHb aeparii, OCBITJICHICTh, KOHIICHTPAIis BYTJIe-
KHCJIOTO Ta3y, BMICT Makpo Ta MiKpOEJIEMEHTIB, JTyKHO—
KHUCJIOTHHH OayaHc i T. 1. 3a MOmmoMororo Kopermii ¢izu-
KO-XIMIYHUX BEJIMYHH 3 OIOJOTIYHUMH MOXKHA OJCPIKATH
OinbLI TIIMOOKE PO3YMIHHS MPOLECIB Y JAOCIIIKYBAaHOMY
6i0JIOTTYHOMY O0'€KTI.

OCHOBOIO Cy4YacHOi CTpaTerii KiHETHYHOTO HOCIi-
JUKEHHSI Ta ONMCY OlOJIOTIYHUX MPOLECIB, YCKIIaJHEHUX
MacOIEPEHOCOM, € PO3JIbHE KiJIbKICHE BUBUCHHS BILIH-
BY KiHETHYHUX 1 Au(y3iHIX (PaKTOPIB Ta MOIIYK TAKOTO
PEeXUMY TPOBEAEHHS TPOIECy, KON BIUIMB MacONEPEHO-
Cy He3HauHHI ab0 Moke OyTH 3HEXTYBaHHH.

[Tpouec moriMHaHHS BYTJIEKUCIOTO Ta3y MiKPOBOJO-
pocTsMH 3a YMOB #oro 0apOOTyBaHHIS dYepe3 BOIHUI
PO3YHH YMOBHO MO>HA MOJITUTH HA YOTHPH cTaii [5]:

— nepwa cmadis; MBEJICHHS BYTJIEKUCIOTO ra3y 3 oc-
HOBHOT'0 00’€My pO3UMHY JI0 NOBEPXHI KOJOHIH Oiomacu
MikpoBosopocTeld. KiJbKICHO 1el mnpolec ONUCYEThCS
PIBHSHHSIM MacoBiiayi:

dM/dt=pgF(C-C,); (2)
ne [ — xoeQillieHT MacoBiquadi BiJl OCHOBHOTO 00'eMy
pO3YMHY IO TIOBEPXHI TPaHMI KOJOHIH MIKpOBOIOpOC-
Ted; M - Maca BYIJIEKHCIIOTO Ta3y, 10 Nepeniuia 3 OCHO-
BHOTO 00'eMy pO3YMHY /O TOBEpXHI I'DaHUIll KOJOHIN
MiKkpoBogopoctel; t — gac; F — moma moBepxui Macoo0-
Miny; C, C, — KOHIIGHTpallisl BYTJIEKUCIIOTO ra3y B OCHOB-
HOMYy 00'eMi pO34MHY 1 Ha TIOBEpXHI TpaHHIN KOJOHIH
MiKpOBOJIOPOCTEH.

— Opyea cmadis; nudys3is BYTIEKUCIOTO Ta3y Bi MO-
BEPXHI I'PaHMII KOJOHIH MIKpOBOJOPOCTEH, Yepe3 MiXK-
JITHHHE CEePEeOBHIIE O MOBEPXHI MEMOpaH KIITHH MiK-
poBonopocreil. [I[poHnKHEHHS pO3YMHEHOTO B pijKiil dasi
BYTJIEKUCIIOTO Ta3y JI0 MOBEPXHI MEMOpaHH KJIITHHHU TPO-
XOAUTHh LUITIXOM MOJeEKyJsipHOi nudysii 3 nomaapuImM
TPaHCIIOPTOM HOTO uYepe3 KIITHHHY MeMOpaHy y BHYTpi-
i 06’eM. KinmbkicHO mporiec MKKIITHHHOTO Macorie-
PEHOCY OIUCYETHCS PIBHAHHAM:

D, =¢-D; ?3)
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Iie € — KoediIieHT, 10 BU3HAYAE TIOPUCTICTh KOJIOHIH Mi-
KpoBosopocTeit; Dy, — koedimieHT audy3ii ByrieKucioro
ra3sy B MUDKKJIITHHHOMY CEPEIOBHINI KOJOHIH MiKpOBOIO-
pocreit; D — koeoimieHT mudy3ii BYTIIEKHCIOTO Tazy y
BOJI:

— mpems cmadis; TPOHUKHEHHS BYTJICKHCJIOTO rasy
4yepe3 KIITUHHY MeMOpaHy y BHYTpIlIHIH 00’€M KIIITHHU
MikpoBogopocTi. [I[pOHUKHEHHS BYTJIEKHUCIIOTO Ta3y yepe3
KIITHHHY MeMOpaHy MOXe 3[IMCHIOBATHCS, SIK 33 paxy-
HOK aKTHUBHOTO, TaK 1 IACKBHOTO TPAHCIOPTY. Y BUNAAKY
MIACHBHOT'O TPAHCHOPTY INpolec Mae TUy3idHUN Xapak-
Tep, Ta MOKe OYTH IPENICTaBICHHUH PiBHIHHAM:

V= _chradcm; (4)
Jie y — TYCTHHA 00'€éMHOTO TIOTOKY BYTJIEKHCIIOTO Ta3y de-
pe3 KriTHHRY MeMOpany; Cp — KOHIIGHTpAIis BYTIEKHACIIO-
ro rasy B MDKKIITHHHOMY cepemouii; D, — koedirieHT
Ju(y3ii BYTJIEKHCIIOro ra3y 4epes KITHHHY MeMOpaHy.

— yemseepma cmadig; dporocuntes. nsax mudysii 3a-
KIHYY€EThCS B XJIOPOILIACTAX, TYT BYIJICKHCIIMI ra3 BCTY-
nae B OioximMiuHy peakuito Gpotocuntesy. Kineruka doro-
CHUHTE3Y OIHCYETHCS PIBHSIHHSM:

dC
dt =kCeo,Chio: ®)
ne k — koHcTaHTa MBUAKOCTI 6i0XiMiYHOT peakii (oTo-

CHUHTEZY.
3riHO TpaBWia aJUTUBHOCTI CyMapHHH Koe(ilieHT
MaconepeHocy — K BU3BHAYa€ThCSI:

1 (6)

K =

)

D,

[

1 | 1’
i +=
£ D, k

ne | — ymoBHWUIA cepenHiit po3Mip KOJIOHI#T MiKpOBOJOPOC-
Teif; 0 — TOBIIMHA MEeMOpaHU KIIITHHU MiKPOBOJOPOCTI;
D, — xoedinieHT audys3ii ByrJIEKHCIOro razy depes Kili-
THHHY MeMOpaHy; K — KkoHCcTaHTa mBHAKOCTI 6ioXiMidHOT
peaxiiii poTocuHTe3y.

UYepes KIITHHHY MeMOpaHy KOHLEHTpALlisi BYTJIEKUC-
JIOTO ra3y 3MEHIIYeThCs 3a JIHIHHUM 3aKoHOM Bix Cy 0
C,. 1lIBHAKIiCTH TpaHCIOPTY BYIJICKHCIOTO Ta3zy depes
OIMHUIIO TUToIi —F KTiTHHHOT MeMOpaHu:

M _y-p,FCe=Ce. 7
dt o
ne Cp Ta Cp — KOHIICHTpALIiS BYTJIEKUCIIOTO ra3y Ha 30B-
HIIHINA Ta BHYTPINTHIA TOBEPXHI MEMOpaHH KIIITHHH MiK-
POBOAOPOCTI BiIIIOBITHO.

[IBuakicTe 0i0XIMIYHOT peakmii mpormopIiiiHa KOHIIe-
HTpaIii ByrJiekucsioro razy — Cp y BHYTPIIIHBOMY 00’ €Mi
KIIITHHHU, OCKIJIBKM KOHIIEHTPAI[isl BOAN Y BHYTPIITHBOMY
00°eMi KIIITHHHU € JOCTaTHRO 3HAYHOIO 1 MOCTIIHOIO.

u, =kCsg. (8)

B ymoBax cTamioHapHOTO CTaHy KiJbKiCTh BYTJIEKHC-
JIOTO Ta3y, M0 BCTYNA€ B peakiilo (GoTocHHTE3y piBHA
KUJIBKOCTI BYTJIEKHCIIOTO Ta3y, IO NMPOHUKAE Yepe3 KIli-
TUHHY MeMOpaHy y BHYTpIIIHii 06’ €M KIITHHU:

ﬁC(CO_CB)p :kCB (9)
ne f,- KoedillieHT Maco NpOBIJHOCTI Yepe3 KIITHHHY
MeMOpaHy.

Buznauusi i3 piBHAHHEA (9) Cp Ta HiJICTaBUBIIN HOTO

y piBHsHHS (8) OTpUMaeMo BHpa3 Ul BU3HAUCHHS MIBUJI-
KOCTi peakuii ()oTOCHHTE3Y:
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c. Kb

Ck+p,

c

Skmo mBuAKicTs peakuii ¢oTocuHTE3dy Oinbiua 3a

LIBHJKICT TPAHCHOPTY BYIVIEKUCIIOTO Ta3zy uepe3 Kili-
TUHHY MEMOpaHy:

u,=

(10)

k> g, . (11)

Toni B 3HamenHuKy piBHAHHSA (10) MoXXHa 3HEXTyBaTH
BEJIMYMHOIO — £ 1 MBUAKICTh PeaKii JOPiBHIOBATHME:

u, = 5.C, (12)

3 piBusaHHA (12) BUTIIHBaE, 10 MBUAKICTH peakmii ¢o-
TOCHHTE3Y BU3HAYAETHCS MIBHIKICTIO TUQY3ii (Tpancmop-
TYBaHHS) BYIJICKHCIIOTO a3y depe3 KIITHHHY MeMOpaHy
(mudysiitHa KiHETHKA).

SIKIIo K MIBHAKICTH peakiii Oyne 3HaYHO MEHINA BiJ
LIBHJKOCTI TPAHCIIOPTY BYIJIEKHCIIOTO ra3y uepe3 Kili-
THHHY OOOJIOHKY:

k<< p,. (13)

To B piBasHHI (10) MOXHa 3HEXTYBaTH BEIUYHUHOIO -
k , Tomi MWBHUAKICT peakilii POTOCHHTE3Y TOPIBHIOBATH-
Me:

u, =kC,. (14)

ToOTO MBHUAKICTE peakiii BU3HAYAETHCS MIBUIKICTIO
B3a€MOJIii BYTJICKHCIIOTO Ta3y 3 BOJIOK0. SIKIIO IIBUIKICTH
peakiii B3aeMoii BYTJIIEKUCIOro ra3y 3 BOIOK HyKE Be-
JIMKa, TOII KOHIEHTPALlis BYTJIEKUCIIOrO ra3y y BHYTpILI-
HhOMY 00’€Mi KITITHHU piBHA HYINIO, 1 piBHAHHA (7) TIepe-
MHIIETHCS:

dm D
—=U=—
dt 1)

Lle nmpocTe cIiBBIAHOIIEHHS HA OCHOBI EKCIIEPUMEHTa-
JHHUX JAHUX Ja€ 3MOTY BU3HAYHUTH KoeimieHT audysii
BYTJICKHUCIIOTO Ta3y B KIITHHHIH MeMOpaHi.

SIKIIO IIBHAKICTH peakilii BU3HAYAETHCS MIBHIKICTIO
JUdy3ii BYTIIEKHACIOTO Ta3y TO AN iHTCHCH}IKaIil mpo-
Lecy B LIJIOMY JOLLIFHO 3aCTOCOBYBATH MEPEMilllyBaHHS
TOOTO 1HTEHCU(IKOBYBATH TiIPOAMHAMIKY. SIKIIO K IIBU-
JIKICTh PeaKilii 3aJIeKUTh Bifl IBUIKOCTI GioximMiuHOT B3a-
€MOJIii, TO OYEBUJHO IHTEHCH(]IKALs TiIPOIUHAMIKH He
JacTh OaKaHUX Pe3yJIbTaTiB. Y [bOMY BUIAAKY CIIiJ ITij-
BUIyBaTH Temneparypy. Ha nudysiiiHy kiHeTuky mia-
BUILEHHSI TEMIIEpaTypH BIUIMBAE 3HAYHO MEHIIE, HDK Ha
IIBUJIKICTH O10XIMIYHOT peaKirii.

Jiist 610J0TIYHIX MPOIIECiB, MIBUAKICT SKUX 3aJIC)KUTh
BiJl IIBHIKOCTI Oi0XIMIYHOI peakiii, 3aJIe)KHICTh 11 BiJ
TeMIEPaTypH OMUCYETHCS PiBHIHHSIM:

E

u=kC" RT. (16)

ne E — enepris akTuBaii, N — MoseKyssipHicTh peakuii, C

— KOHIIGHTpALlisl pearyro4yux peYoBUH, K — KOHCTaHTa
LIBHJKOCTI 610XiMIUHOI peakuii.

3aJeXHICTh KOHCTaHTH IIBUAKOCTI 010XIMIYHOI peak-

uii — K Big Temneparypu — T Ma€ BUTIISAL;
E

FC (15)

0"

k=k,e RT. (17)
[Tponorapudpmysasiu piBHsHHS (17) oTprUMaeMo:
E E
lgk =lgk, ————=Igk, -————. 18
J 9% 2,3RT ¥ 4,575T (18)
[Mosnaumsmu Ig k, uepes — B, a yepes — A4

JiCTaHEMO BHpa3:
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A

Igk=B-—. 19
g T (19)

Benuuunu 4 Ta B € KOHCTaHTaMU JJaHOT peakirii. ko
32 eKCIIEepUMEHTAIbHUMH JaHUMH T0OyayBaTH rpadik

. 1 .
sanexxuocti, Igk = f(?) , TO JIaHa 3aJIC)KHICTh OIMIIETh-

Csl IPSIMOIO JTiHI€I0, TAHT€HC KyTa HAXWITY SKOi JO3BOJIMB
BH3HAUNTH BenmanHy — A (puc. 4). Ereprito axtuBamii
Br3Havanm: E = 4,5754 = 4,575¢ga.

[l BUBYEHHA BIUIMBY TEMIIEpaTypd Ha MPOLEC IOT-
JMHAHHSA BYTJIEKHCIIOTO Ta3y MiKpOBOJOPOCTSAMH IPOBO-
JIMITHCH €KCHEPUMEHTANBHI JOCIIKEHHsS Y TpboX (hoTo-
Oiopeakropax. AmapaTypHe O(QOPMIIEHHS JIOCIIKEHb
3a0e3neuyBajgo JOCTATHIO KUIBKICTh BYIJIEKHCIIOIO ra3y
MIKpPOBOZOPOCTSIM y BChOMY 00’€Mi (OoTOOIOpEaKTopiB.
Opranizanis HepeMillyBaHHS Ta OCBITJIIEHHS CIIPHSIIO
NpOLIeCY TOTJIMHAHHS BYIJIEKUCIIOTO rasy, L0 CYIPOBO-
JUKYBAJIOCHh 3pOCTAHHSAM KUTHKOCTI KIIITHH MIKpOBOJOPOC-
Teit (Oiomacu). Temmeparypa cepemnoBUIA KyJIbTHBYBaH-
Hi1 y (oTobiopeakropax cranoBmma 20+£1°C, 28+1°C,
35+1°C BimnoBigHO. pH cepemoBUI KyIbTHBYBAaHHS CTa-

HoBMIIA 6,5. Binbip Oiomacu BOIOpOCTEH 3mMiMCHIOBAIH 3
BCTAQHOBJICHUM 1HTEPBAJIOM 4acy. Bu3HaueHHS KOHIEHT-
pamii 6iomacu BomopocTel MpOBOAMIH (POTOKOIOPUMET-
PUYHHM METOIOM.

Pe3ynabTaTn Ta 00roBopeHHs. 3a yMoB 0apOOTyBaHHS
BYTJICKHCIIOTO Ta3zy depe3 BOTHHH po3dnH y dorobdiopea-
KTOpax, Mi/BiJi BYIJIEKUCIOrO ra3y 3 OCHOBHOTO 00'eMy
PO3YMHY 10 TIOBEPXHI rpaHUILli KOJIOHIH MIKpOBOAOpOCTEH
€ inTeHcuBHUM. Tomy koedilieHT MacoBigiadi — f € Bia-
HOCHO 3HAa4YHOIO BEJTMYMHOIO, @ 0OCpPHEHUM HOTo 3HaueH-
HsM (uB. (6) MOKEeMO 3HEXTyBaTH. BpaxoByroun mopuc-
TiCTh KOJOHI# MikpoBomopocteii (3a ymoB £=0,4), momyc-
KaeMo, IO TPHUCYTHIH KOHBEKTUBHHUH MAacOIIEPEHOC BYT-
JIEKUCIIOTO Ta3y B MUKKIITHHHOMY 00'€Mi KOJIOHiH, a Bif-
TaK APYTrUM Koe(illieHTOM 3HAMEHHHKY BUpasy (6) Takox
HEXTyeMO. TpPaHCIOPTYBaHHS BYIJICKHUCIOIO rasy depes
KIITHHHY MeMOpaHy Ta 0ioXiMiuHa peakiii (OTOCHHTE3y
CYIPOBOJIKYETBCSL TPOLIECOM HPHPOCTY OiomMacH,a MpH-
pict 6iomMacu MPONOPLiHNI KUIBKOCTI IOTIMHYTOTO BYT-
aekucioro rasy (CO,), Tomy:

aA

=1
m
n

o
im

o
Fa
i

C, jarian

o
=]
in

IS
=

o
=
n

o

1 2 q -] 3 1 12 14

1, 20

Puc. 1. KineTn4Hi KpHBi IPHPOCTY KOHLEHTPaLii MiKpOBOJOPO-
CTeH Bifl 4acy 3a BiIIIOBITHHUX TeMIEpaTyp

&}

k 106, 1ic

1:5 \

0,00345

T, K

000315 00032 000326 0,0033 0,00335 00034

Puc. 3. 3anexHicth koedinieHTy nmpupocty — Ky MikpoBOIOpoc-
Tel BiJl 3BOPOTHOT TeMIiepaTypu — T

dNn  dM dm
———— (20)
dt dt dt
ze (Z_N — IIBUJIKICTH MPUPOCTY KIIITHH MIKPOBOAOPOCTEN
t
. dM , ,
B CEpeIOBHIIII; el MIBUAKICTh TMPHPOCTY MacH Mi-

2 20¢

+a T T T T
o 1 i 3 +

wh
=]

t nofim

Puc. 2. KinetnuHi KpuBi HpHpOCTy Jorapupmy KOHIIEHTpAIii
MIKpOBOJOPOCTEH BiJl 4acy 3a BiIOBITHHUX TeMIIEpaTyp

565

000315 00032 000325 00033 000335 00034 000345

g k

= a7

575

48

505

589

595

1TK

Puc. 4. 3anexuicts norapupma koediuieHty npupocty — Kpy
MIKpPOBOJIOPOCTEH BiJl 3BOPOTHOT TeMIIepaTypu — T

dmCoz
dt

KpPOBOJIOPOCTEH B CEepeIOBHILL; — MBHJKICTb TO-

TJIMHAHHSA BYTJIEKHUCIIOTO Ta3y.

Takum 9uHOM, cyMapHE 3HaYCHHSA KOe]illieHTy Maco-
nepeHocy - K mpomopiiiiiHe cyMmi X JBOX BEIWYHH 3Ha-
MEHHHKa piBHAHHA (6), TOOTO KOedillieHTy NIpHPOCTy
Giomacu — Kp,:
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ke ~ K. (21)  mo6a™; Kmpg=0.12 mo6a™; kmss=0.15 moba™ Bimmosimo.

PesynbTaTii KiHETHKHM €KCIIEPUMEHTANBLHUX gocii-  OTpuMaHUWil pe3yabTaT A03BOJISIE BCTAHOBUTH 3aJICKHICTh

JUKeHb TIPUPOCTY OioMacw MIKpOBOJOPOCTEH 3a YMOB  KOeQiIlieHTy HpPHUPOCTY MiKpOBOJOPOCTEH BiA TemIepa-
MIOTJIMHAHHA BYTJIEKHCIIOTO Ta3y 3a Pi3HHX Temreparyp  TypH (puc. 3). AHATITHIHHHN BHpa3 IKOTO MA€ BUTIISA:

MIpeCTaBJICHI Ha PUCYHKY 1. _2073

e € TumoBi KpuBi IPHUPOCTY, AKi MAIOTh TaK 3BaHy S- k,=1135-10""¢ T (24)
nofibHy Qopmy i JO3BONAIOTE BHALIMTH 4OTHPH (asu Po3spaxoBaHe 3HAYCHHS €HEPTii aKTHBAIlSA 32 BUPA30M
NpHUPOCTY, SIKi MPOXOAATH Yy TeBHill mocmifgoBHOcTi Ta  (21) cranoBuTS E = 4,57 kJlx/Mons (Puc. 4).
BHUPaXXCHI OLIBIIOK a00 MEHIIOK Miporo: yar-dasy, da3sy Ha ocHOBI OoTpuMaHHX eKCIIEpUMEHTAIbHAX ITaHUX
EKCIIOHEHIIaNLHOrO POCTY, CTalioHapHy da3sy, Gasy oci-  BCTaHOBJIEHO, IO MIBHAKICTH IPHPOCTY 6ioMacH, TOOTO
JIAHHS KYJIbTYPH. LIBHUJIKICTh TMOTJIMHAHHS BYTJICKHUCIIOTO ra3y Ta BiIMNOBIg-

Sk BUIHO 3 PUCYHKY | KiHETHKa NPHPOCTY CYTTEBO  HO WIBUIAKICTH PEAKIii (POTOCHUHTE3y 3a MOCIIMKYBaHUX
3aJIeXHUTh Bijl Temneparypu. OTpUMaHi eKCIIEpUMEHTallb-  TeMIIEpaTyp OAMHAKOBOIO 3HAYECHHS B 4aci, 110 3acBiadye
Hi KPHBi JOCHIJKEHHs KiHETHKM N0OpE ONMHCYIOThCA PiB-  (hepMEHTAaTMBHMI MeXaHi3M JOCIiKYyBaHOTO MpOLECY.
HSHHAM (22): SIKUH OTIMCYETHCSl KIHETHKOIO (pepMEHTATHBHHMX peakiii

N = Noe’k"‘t . (22) Mixaemnica-MeHTeH.

BucHoBok. JlocmipkeHO TPOIECH, AKi CYNPOBOIXKY-
FOTh TpaHC(OPMAIIII0 BYTJIEKHUCIIOTO Ta3y y 0iomMacy Mik-
BU3HAYHTH KOeDillieHT MPUPOCTY — Ky [pH KOKHOMY pmaonopome;ﬁ. BuBueHo Bci cTamii Ta BCTAHOBJIEHO JIIMi-
3HAYeH] TeMIIepaTypH. TYIOYH CTajil0 MPOLECY MOTIMHAHHS BYIVIEKACIIOrO rasy

INN =InN, +k.t. (23) 13 MOBITPA KITHHAMM MIKPOBOIOpOCTEHi. OTpI/HYIaHO aHa-

TTUYHY 3aJISKHICTh KOe(ilieHTy MPUPOCTY MIKpOBOIO-

pocTeil Bl TeMIIEpaTypH Ta BU3HAUCHO CHEPIil0 aKTHUBa-
uii peakuii porocuHTe3y B HUX.

Jane piBHAHHS B JOTapU(OMIYHAX KOOPAWHATAX OITH-
Cye MpsMY JIHIF0 TaHT€HC KyTa HaXWily sKOi JO3BOJIIE

PesynpTaTi mepeTBOpeHb 300paKEHO Ha PHUCYHKY 2.
KoedimienT mpupocty 6iomacu MiKpOBOJOPOCTEH 3a T0C-
JKYBAaHUX 3HAYCHb TEMIIEPATyp CTaHOBUB Kp=0.10
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Dyachok V., Huhlych S.
The mathematical modeling of biological processes complicated mass transfer
Abstract. The results of the process of absorption carbon dioxide from unicellular microalgae are studied and explored. The charac-
teristics all stages of the process are provided such as culture conditions, the presence of cellular and extracellular environment. The
mathematical model of the absorption of carbon dioxide from unicellular microalgae constructed. The solution of kinetics simulation
of the process of absorption of carbon dioxide predicted, equipment and conditions for this process are selected.

Keywords: photosynthesis, microalgae, mathematical model, the mass transfer coefficient, biomass, intercellular environment dif-
fusion

Hstyok B.B., I'yrauu C.U.

MaTeMaTH4YeCKOe MOIETUPOBAHHE GUOIOIHYECKHX MPOLIEC COB YC/IOKHEHHBIX MacCOMEPEHOCOM

AunHoTtauus. [IpeicTaBiensl pe3yibTaThl U3yUEHUs POIECCa TOTJIONIEH s YIIIEKHCIIOTO ra3a 0MHOKICTOYHBIMH MUKPOBOIOPOCIISI-

MH. YCTaHOBIICHBI CTAJUH MPOXOXKICHHS MPOIEcca C YI4ETOM OCOOEHHOCTEH YCIOBHI KyJIbTHBUPOBAHUS, & MMEHHO HAIMYHS Kie-

TOYHOM U MEKKJICTOUHOM cpersl. [TocTpoeHa MaTeMaTiHuecKasi MOJIelIb MTOTJIOIIEHHUS YTIIEKKCIIOTO Ta3a ¢ BO3MyXa KIETKaMH MUKpPO-

Bojopoieil. TloydeHHbIe pe3yabTaThl Pa3pelialoT MPOrHO3UPOBATh KAUHETHKY MPOIecca MOTJIOMIEHUS YIIIEKHCIOTO ra3a U Ipey-

CMaTpeTh 000PYIOBaHUE JUTS TPOBEICHHS TEXHOJIOTHIECKOTO MPOIECCa OYUCTKH Ta30BbIX BEIOPOCOB B POMBIIUICHHBIX YCIOBHSX.
Knrouesvie cnosa: ghomocunmes, Mukposooopociu, MameMamuyeckas mMooeib, Kodguyuem macconepenoca, buomacca, meic-

Kaemounas cpeoa, ouggysus
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3aé’anoe B.JI., Mucwpa T.I'., boopos B.C., 3anoposiceys IO.B., Ilonosa H.B., /lekancokuii B.€.
3akoHOMipHOCTI Aii MyJbCYIYHX MOTOKIB B YMOBaX MPOTUTEUiiiHOTO po3aiienHs ¢a3
npu BiOpoeKkcTparyBaHHi i3 pocJMHHOI CHPOBHHH

3aé’sinoe Bonooumup Jleonioosuu, 0.m.H., doyenm,
Mucropa Tapac I'pucoposuu, k.m.H., doyeHm,
boopos Bikmop Cemenosuu, K.m.H., OOyeHm,
3anopoaceyv FOnia Braoucnagisna, K.m.H., Ooyenm,
Ilonosa Hamania Bikmopiena, k.m.H., 0oyeHm,
Jlexancovkuit Baoum €82enosuy, acucmenm

Hayionanvuuii ynieepcumem xapuosux mexuonoeii, m. Kuie, Yxpaina

Amnotanisi ChopMynp0BaHO pe3ysbTaTH IOCIIHKEHb 3aKOHOMIPHOCTEH PO3IOBCIO/DKEHHS ITyJIbCYIOUHX CTPYMEHIB, 1[0 TE€HEPYIOTh-
csl elleMeHTaMH BiOpoIiepeMillyBaIbHUX NIPUCTPOIB BiOpoekcTpakTopa Oe3nepepBHoOi nil. OmicaHo MeXaHi3M NPOTUTEUiHOTO po3-
nineHHs (a3 B yMOBax TBepAo¢a3oBoro BibpoekcTparyBanHs. OTpuMaHi aHANITHYHI 3a1€KHOCTI JAIBHOCTI Aii MyJIbCYIOUNX ITOTO-
KiB, @ TaKOX IPOAYKTHBHOCTI amapara BiJ{ KOHCTPYKTUBHHUX 1 PEKMMHUX ITapaMeTpiB HOro poOOTH, MOXKYTh OyTH BHKOPHCTaHI IIpU
KOHCTPYIOBaHHI Ta ONTHMi3allii poO0TH BiOpOEKCTpaKkTopiB Oe3nepepBHOT ii.

Knrwouoei cnosa: sibpoexcmpazysanhs, 2iopoouHamixa, nyabCyrouuil NOmix, po3oileHHa a3, MamemMamuiua mooeisb

Beryn. B Hamn wac npo6iieMa TeXHIYHOTO YIOCKOHAICHHS
eKCTpaKILiHHOI amapaTypd Ha OCHOBI MojepHi3auii Ma-
LIMH 1 anaparis, 3aCTOCYBaHHs JIOCSITHEHb HAYKU 1 TEXHi-
KA Ta NPOTPECHBHUX INPHHIMIIIB TEXHOJIOTI] BHITyYEHHS
KOPUCHUX PEYOBUH 3 BUKOPHCTAHHSIM HOBHX (I3UUHHX
3ac00iB iHTeHCH(IKAIT IPOIIECIiB € MPEAMETOM MTOCTIHHOT
yBar# HayKOBI(B Ta 3arajJbHOBH3HAaHWM HaNpsMOM Hay-
KOBO-TEXHIYHOTO mporpecy. s HaiOLIBpm eHepro- Ta
MaTepialoeEMHHX Taly3el XapuoBOi IPOMHCIOBOCTI, Ta-
KX SK IIyKpOBa, OJIi€-)KUPOBA, KOHCEPBHA, BUHOPOOHA,
IIMBOBAapHa, JIKEpPO-TOpiTuaHa, KpOXMalle-aToKoBa, ¢a-
pMaleBTUYHA, i€ MIOPIYHO MNEepepOOIISTIOTECS MIIbHOHM
TOH POCIMHHOI CHPOBHHHM Ta 1i BiIXO/iB OBOYEBOIO, KO-
PEHEBOro, TpaB’sHOTO, JIMCTOBOTO Ta IUIOJOBO-STiHOTO
MOXOJIKEHHS, 111 331241 0COOJIMBO aKTyaJIbHi.

Koporknii orssin nmyoaikaniii 3a Temor. [Ipu Bciit
PI3HOMAaHITHOCTI KOHCTPYKIIA CYY9acHHX EKCTPaKTOPiB
nepioAndHol Ta Oe3rmepepBHOI Mii iCHYIOTh 3araibHi He-
JTOJIKH, OOYMOBIICHI X HU3BKOIO e(EKTHBHICTIO IPH TIe-
pepodui npiOHOGPaKWiIHHOT POCTHMHHOI CHPOBHHH, IO
CTa€e MAaJIONIPOHUKHOIO ISl €KCTPAareHTy BHACIHINOK ii
VIIBHEHHST B poOouiit 30Hi amapara [1]. TakuM yrHOM
NpaKkTH4YHE 3a0e3NeUeHHsT YMOB ONTHMAIBLHOTO BEICHHS
NpoLleCY  eKCTParyBaHHS  TPAJUIIHHUMU  METOJaMHu
YCKJIaTHIOETHCSI HE TUIBKU BIIACTUBOCTSIMU CHPOBHHH, aje
H TIPOLIECHO-TEXHOJOTIYHIMH Ta KOHCTPYKTHBHUMH MO-
KIMBOCTSIMH 1CHYIOYOTO €KCTPaKI[iifHOTro 00JaJHaHHS.
Amnai3 TpaauUiiiHuX crnoco0iB eKCTparyBaHHsS B CHCTEMI
TBEpJe TUIO-piAMHA BKa3aB HANPSAMOK BHPIMICHHS ITi€l
po0JIeMH, CYTh SKOTO IOJISITa€ B CTBOPEHHI TaKUX TiJpo-
JMHAMIYHUX PEXUMIB PyXy, 10 3a0e3MeuyloTh MakcuMa-
JIbHE OHOBJICHHS TOBEpXHi B3aeMonii (a3 3a paxyHOK
CTBOPEHHSI PEXUMY IHTEHCHBHOI 3HaKO3MiHHOI TypOyii-
3ariii moroky [2, 3].

Cepen BitoMHX amaparis, B poOOTi IKHX 3aCTOCOBYIOTh
Taki PeXUMH, HAHOULTBII MEPCIEKTUBHUMH € BiOpOEKCT-
pakTopu. BibpoekcTparyBaHHsS € MOPiBHSIHO HOBUM TEX-
HOJIOTIYHUM IIPOIIECOM, 3arajibHa TeOpis SIKOro CKJIaJIHa i
3HAXOJUTHCS HA MOYATKy CBOrO PO3BHUTKY. Jlo cbOrojHi-
IIHBOTO Yacy 3aJIMIIA€ThCS HE3 SICOBAHOI HHM3Ka BaKIIH-
BUX IHTaHb, IIOB’SI3aHMUX 3 TEOPI€I0 Ta MPAKTUKOI BiOPO-
eKCTparyBaHHs, 110 MOTPeOYIOTh BU3HAUYEHHS 0COOIMBO-
cTi Qi3uyHOT MPUPOAM i MyJIBCYIOUMX CTPYMIB Ha crasil
ix remepamii eleMeHTaMH BIOpYBAIBHHUX TapijoK, pO3IO-

95

BCIOJDKEHHS iX B poOo4oMy 00’eMi amapaTta Ta INepeHe-
CEHHSl MacH BWJIYYEHHMX MLIJbOBHX KOMIIOHEHTIB i3 poc-
JIMHHOT CUPOBHMHH Ha PI3HUX MAacCIITA0HUX PIBHSIX, BKIIIO-
Yalo4yu MUTAHHS T1IPOJUHAMIKU TPOTHTEUiHHOTO PO3Ii-
seHHs (a3 npu HerepepBHOMY mporieci [4, 5].

Meta po00TH TONISATaE Y MOCTIIHKEHHI 3aKOHOMIipHOC-
TeH PO3MOBCIOMKEHHS IYJIBCYIOUNX 3HAKO3MIHHUX TYp-
OyJIEHTHHX CTPYMEHIB B pobodoMy 00’eMi BIOpOeKCTpak-
TOpa, TEHEPOBaHMX E€JIEMEHTaMH BiOpONepeMilryBatbHIX
MIPUCTPOIB, a TaKOX PO3POOJICHHI MaTeMaTH4HOI MOJENi
MPOTUTEHIHHOTO po3AiicHHs (a3 mpu OesrmepepBHOMY
BiOpOeKCTparyBaHHi Ta OOIpYHTYBaHHI MEXaHi3My LIbOTO
HpoIIeCy.

Martepianu Ta MeToau. J{ociiKeHHST BUKOHYBAJIUCh
Ha po3poO0IIeHii Mozeni BiOpoekcTpakropa Oe3mepepBHOT
nii [6] 3a cxemoro puc.l. YcTaHoBKa Mae€ BEpPTUKAIBHHIN
OWTHAPUIHUH Kopiryc niamerpoMm 0,3 M Ta BHcoTOIO 1,5
M 3 npuegHaHuM U-TofiOHUM 3aBaHTa)XyBaJIbHUM TIPHU-
cTpoeM. Jlns momawi ekcTpareHTa B OCTaHHIM BepXHiH
1ap3i BCTAHOBJICHO JTyNIOBHH PO3MNOAIIIOBAY.

Bcepenuni KOOHH pO3MINIEHO BPIBHOBAXCHHUN BiOPO-
TPaHCIIOPTYBAJIBHUI NPUCTPiIH 3 MIHIMAaJIbHUM 3a30pOM
no nepudepii, 110 CKIAAAETHCS 13 CUCTEMH JIBOX IITOKIB
i3 3aKpIIJICHUMH Ha HUX TPAHCHOPTYBaJbHUMHU Tapijika-
MH CIIEI[iaJbHOT KOHCTPYKILI (pHC.2) 3 MOXIHUBICTIO pe-
TYJIIOBaHHS 1X KIJBKOCTI, BiICTaHI MK HHMH, YaCTOTH
KOJIMBaHb Ta aMILIITY M.

ExcrpareHT moJja€eThest B anapar Ha piBeHb BEpXHbOT Ta-
pinku. OHOYACHO BCTAHOBIIIOETHCS 33aHUH aMILTITYIHO-
YaCTOTHHH PEXHMM KOJIMBAaHHS BiOPOTpaHCHOPTYBaJIBHOI
cuctemu. IlinrorosneHa mo ekcTparyBaHHs HOApiOHEHA
POCIIMHHA CHPOBHHA 4Yepe3 3aBaHTAXKyBAIGHUN HPHUCTPIH
HarpaBJISEThCS M HIWKHIO TapiiKy, pyXaeTbest Oesnepep-
BHO B3/IOBXK amapara 3a JIOTIOMOTOI0 BiOpOTpaHCIIOPTY-
BaJIbHUX TAPUIOK MPOTUTEHIHHO E€KCTPAreHTy 3 TMOCTYIIO-
BUM BWJIYYEHHSIM [UJIbOBHX KOMIIOHEHTIB Ta BHBAHTAXKY-
€TBCS 3 amapara y BHIJISAL MIPOTY depe3 JIOTOK. ['oToBmi
eKCTpakT depe3 (iabTp BiABOAMUTHCS 3 amapata. [Iporture-
yiifHe po3aiTeHHs (a3 B amapaTi 3M1HCHIOETHCS 32 PaXyHOK
PI3HHUIII TAPABIIYHUX OTOPIB MEPETOKY pOOOYOTO cCepelo-
BUIIa Ye€pe3 TPAHCTIOPTYBAIIbHI BIIKPUTI eNleMeHTH (THYUKi
naTpyOKH, 1110 3aKpiIUIeHi Ha TPaHCTIOPTYBAIBHUX €JIeMEH-
Tax-comax), (inpTpyBambHOrO edexry uepes QuUIBTPY-
BaJIbHI €JIEMEHTH Ta CeIMMEHTalii YaCTOK TBEpIOi (a3u Ha
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Puc. 1. 3aranpHuii BUTIISLT TAOOPATOPHOTO BiOPOEKCTPAKTOpa
Oe3nepepBHOI Aii: 1 — Kopmyc; 2 — 3aBaHTaXKyBAJILHUI
HpUCTpii; 3 — Tapinku; 4 — miHeK; 5 — BiOponpusiz;

6 — dinpTpyBambHA peIIiTKA; 7 — JIOTOK.

Puc. 2. TparcnopTyBanbHa Tapijika 3 THYYKAMH MaTPyOKaMH:
1 — rayuki natpyoku; 2 — GUILTPYBaJbHI €IEMEHTH; 3 — JHUIIE;
4 — oopT.

I
D
2 o
~J
]
aw
N <
d <
- !

Puc. 3. Cxema BUMIpIOBaHHS JAIbHOCTI Aii My/IbCYIOHOTO CTPY-
MEHs1, TeHEPOBAHOT0 TPAHCIOPTYBAILHUM €JIEMEHTOM J1abopa-
TOPHOTO BiOpoeKcTpakTopa Ge3nepepBHOT il
1 — TpaHCTIOPTYBAJIBHUHN €JIEMEHT; 2 — THYYKHIl MaTpyooK;

3 — Tpyo6xka Ilito-IIpannTis
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TIOBEpXHI TapiJiok. BcraHoBneHwid Mo mepudepii Tapiiok
0OpT MpU3HAUEHWH I YTPUMaHHSA TBepmoi a3y Ha ix
MOBEPXHi, MOCHWJICHHS PO3IUTIOBATBHOTO edekty (a3 Ta
3aro0iraHHs BiJ 3MUBY NpiOHUX (pakiiiii TBeproi dasu 3a
MeXI [T TApiIKy.

[Tynecyroui TypOyJIeHTHI CTPYMEHi, IO TeHEPYIOTHCS
BiOpoIepeMilTyBaIbHUIMHU TIPUCTPOSIMH BiOPOEKCTPAKTO-
pa, BU3HAYAIOTh iX riIpOoAMHaMIKy B MacIuTadl amapara Ta
YMOBH OOTiKaHHSI IOBEPXHI TBEPJOrO Tijla IPU Macoo0-
MiHi. B IbOMy KOHTEKCTi 3Ha4HUI1 IHTEpEC MPEACTaBIISIN
3aKOHOMIPHOCTI iX PO3MOBCIO/KEHHS B HENPOTOYHOMY
pobovoMy cepeoBHILI.

Jlns mpoBeieHHsI TOCTiNiB BUKOPHUCTOBYBABCS Iu(Ma-
HOMeETp 3 TpyOKoto Ilito-IlpannTis 3 miameTpom OTBOpPY
2 MM 3 BIIIIOBiTHUM TapyBaHHAM Ta MOXXJIMBICTIO BH3Ha-
YaTH MIBUIKOCTI 3BUYAHHUX IOTOKIB 3 JOCTAaTHBOIO TOY-
HICTIO IJIs MPAaKTHYHUX po3paxyHKiB (0,5-0,6%) y mexax
0,01-2,5 m/c.

ITix yac BHUMIprOBaHb JATBHOCTI Jii MYJIBCYIOUYHX CTPY-
MeHiB L Ta BuUMiproBaHHA iX mBHIKOCTeW TpyOka IliTo-
IIpanaris BCTaHOBIIOBAJAach B poOOUOMY 00’e€Mi amapara
B3JIOBX OCi TPAHCIOPTYBAIBLHOIO BIKPUTOTO €JIeMEHTa —
COIUIAa 3 MOJXKJIMBICTIO BECTH Bi3yallbHi CIIOCTEPEKEHHS
(puc. 3) CriBBigHOIIECHHS IiaMeTpiB MATPYOKIB 1 coren Ta
X BHCOTH, 1 peTyITFOBaHHSI BIACTaHi Bil HHOTO CIELiaTbHIM
MexaHi3MoM 3 (ikcamiero mokasiB Ha aupmanomeTpi. Joc-
T DKEHHSI BUKOHYBAJIMCh Ha BOI 3 TemriepaTyporo 293 K
0e3 HasiBHOCTI TBepOi (a3u Ta 3 TBEpHOIO (Pa3oro sIK Mo-
JETTHHOI0 CHPOBHHOIO — KaIlPOHOBOIO JIPiOKOI0 O1JI0TO KO-
JBOPY, KyTacTol GopMH i3 EKBIBAJIEHTHUM J(iaMETPOM 3 MM
Ta ryctuHoto 1110 Kr/M®. CriBBiTHOIIICHHS iaMETpiB MaT-
pyOKa Ta comua, a TaKoXX HOro BUCOTHU Ta JAiaMeTpa COoIlia
3MIHIOBATUCH Y Mekax, Bianosiguo D/d = 1-3; H/d =1-4.
Corta miametpom 15, 20, 30 MM BCTaHOBJIIOBAJIKCH Y TaT-
pyOkax 3 miametpamu 36 i 56 mm, Bucotoro 45 i 60 mmM.
[Napamerpn konMBaHB BiOPOTPAHCIIOPTYBAIBHOI CHCTEMH
3MIHIOBAJIUCh Y MEXaX: 9acToTa KoimBaHb | — 4 I'1y, amri-
mityma 10; 15; 50 mm. JocmimKyBanuch KOHCTPYKIIIi Tapi-
JIOK 3 JKUBHM TiepepizoM 5,5 — 14,2 %.

3a mokazamu JudmMaHOMETpa po3paxoByBalach cepei-
HBOIHTErpajibHa 32 T1epioJl KOJIMBaHb Ta CEpelHs 110 Ie-
pepi3zy CTPyMEHs IIBHIKICTh MyJbCYIOYHX IOTOKIB Ha
Bigctani L tpyOku Ilito-Ilpanntns Bix cepeqHboro mo-
JIOKeHHs Tapiyiku (puc3.):

w, =0,637k.f2gh,, 1)

ne k=w_/w,, — BiIHOIIEHHS CEepelHbOi Mo Iepepisy
CTPpYMEHS MIBUAKOCTI 10 ii MakCHMMajbHOTO 3HAYCHHS B
nentpi (K = 0,5 s TamMiHApHOTO MOTOKY; JJISL TypOyIeH-
tHoro — k = 0,75-0,87 npu mynecaniiinomy uucii Peitno-
apaca Re, = 5000); h — pi3Huus piBHIB pinuHu B TpYyOLi
[ito-IIpanmis; g — NpUCKOPEHHS 36MHOTO TSKIHHS.
[TowyaTkoBe cepelHbOIHTErpaIbHE 3a TEPio KOJIUBaH-
HS1 3HAYEHHS IIBUKOCTI ITyJIbCYIOUHX ITOTOKIB BU3HAYAIN

3a piBHSHHSM:

w, =2Afp/e, )
ne A i f — BiamoBigHO aMIUTiTY#a Ta yacToTa KOJMBAaHb
BiOpYIOUOi MEPETOPOKH, a P, € — BIAMIOBITHO YaCTKH He-
nepopoBaHOi YAaCTUHM Tapiiku Ta ii mepdopauiii i3 3a-
30poM 1o nepudepii B 30Hi BCTAHOBJICHHS B arapar.

Bincrans L BH3Ha4anmm 3a aHAJOTIEl0 31 CTAI[lOHAPHH-
MU TYpOYJICHTHUMH CTPYMEHSIMHU

L=L,+4,5r, 3)
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ne L, — BincTaHp BiJl TOYKM BUMIPIOBAHHS JI0 3pi3y COILIA
MIPH CEPEIHBOMY TIOJIOKECHHI BIOPYIOUOi TIEperopoaKw; I
— paziyc coma.

Pe3ysabTaTH Ta iX 00roBopeHHs. 3BepTalodn yBary Ha
BIZICYTHICTh I'DYHTOBHUX TCOPETHYHHX Ta EKCIIEPUMEHTa-
JBHUX PO3po0OK B Taiy3i TiIpoawHaMiKu TBepaoQa3oBo-
ro BiOpOeKCTparyBaHHs, BUBYaJINCh 3aKOHOMIPHOCTI pO3-
MIOBCIO/KCHHSI MYJIbCYIOYUX TYpOYJIEHTHHX HOTOKIB, Ie-
HEpOBaHHUX TPAHCIOPTYBAJbHUMHU €JIEMEHTaMH BiOpoekc-
TPaKTOpa, y HENPOTOYHOMY pIIKOMY cepenoBuImi. 3a
MOKa3aHHAMHU AH(MaHOMETpPa, BUKOPUCTOBYIOUH TPYOKY
[ito-IIpanaTiis, po3paxoByBalu CepeHBOIHTErPATIbHI 32
MepiosT KOJMBaHb Ta CEPeHi B3IOBX Iepepi3y IyNIbCylo-
YOT0 CTPyMEHS IBHUIAKOCTI MyJIbCYIOUHX ITIOTOKIB HA BifC-
TaHi L Big cepeaHbOTO TMONOKEHHS Tapiiku. PesymbraTu
eKCIIEPUMEHTIB y3arajbHeHi rpadikom S-momiOHoOi KpuBoi
(puc. 4) B koopmuratax 1g(K) — Ig(Re, ), xe K — dynx-

MiOHATBHUN KOMIUIEKC, IO 3B’sI3y€ T€OMETPHUYHI Ta pe-

JKUMHI TIapaMeTpu  poOOTH BiOPOTPAHCIOPTYBATBHHUX
MIPUCTPOIB:
D2 \(2ap)"
K = Ho i (4)
d.H )\ de

ne Ho = Lge/(2Ap) — MoandikoBaHmii KpUTEPili TOMOX-
pourocti; Re, = 4A%p/(ev) — mymbcamiituii KpuTepii
PeiiHonb/ica; v — KiHeMaTH4YHA B SI3KICTh €KCTpareHTa; L,
d., D, H, A, f — BiamoBigHO BificTaHB PO3MOBCIOIKEHHS
ITyJIbCYIOYOT0 OTOKY 3 MOYAaTKOBOKO IIBUKICTIO W, JTia-
METp CcOIUIa, JiaMeTp Ta BUCOTAa THYYKOTrO MaTpyOKa, am-
IUTIITYZla Ta 4acTOTa KOJIMBaHb BiOpocHcTeMu; P, € — Bil-
MOBIZTHO YacTKU Herep(opoBaHOI YaCTHHH Tapiiku Ta il
nepdopartiii i3 3a30pom 1mo mepudepii B 30HI BCTaHOB-
JICHHSI B amapar.

g Ky

0,6 -

=14 =

— EHCTIEPHMEHTA il SHAMEHHE Tk J‘ 200 nama
CRCIEPHMENTILML Inauennn npn o <30 am:

= VCCPEIHEH] IHAHCHHA PN u" 15 sam;

— VOCPEAHEHT IHAUSHHA TPH o

= = veepeaneni anauenns npu o =30 sam

20 ning;

T T T ¥
35

40 a5 lg(Re)

Puc. 4. Y3arajgpHeHHsI eKCIIEpHMEHTAIbHUX JAHUX 110 BCTAHOBJICHHIO JATBHOCTI PO3IIOBCIOJDKEHHS MTYJIECYIOUUX CTPYMEHIB B JBO-
(a3oBOMy ITyJIbCaLliiTHOMY ITOTOLI NIPH Pi3HUX MapaMeTpax KOJUBaHb

Pe3ynbraTi eKCliepUMEHTAJIbHUX JAHUX y BChOMY JIOCIi-
JOKEHOMY Jiana3oHi TiApOJMHAMIYHUX PEXHMIB poOOTH
amapaTa y3araJbHIOIOThCS 3aJIeKHICTIO!

lg(K)=-0,238+ 0,864

1+100,376(3,45—Ig(Re")) '
3a cymicHuM BupimieHHsM piBHAHB (4) i (5) BigHOCHO
H- d1,85

Takum d9nuHOM, 3a BEIHMYMHOIO Lo mpm mpoekTyBaHHI
BiOPOEKCTPAKTOPIB CTa€ MOKJIMBHM BH3HAYaTH BiJICTAHb
MDK BiOponepeMillyBaJbHUMH HPUCTPOSIMU, rabapuTu
amapara, BHCOTY BCTaHOBJICHHS pO3BaHTa)KyBaJIbHOI'O
NIPUCTPOIO ISl BiJBeleHHs mpoTy. BenmnmunHa Ly Takox
MoOXe OyTH B35iTa SIK MacIiiTaOHUK (GaKkTOp MpH MOAEINIO-
BaHHI MPOIIECy.

IlepeBaru BiOpoeKkcTparyBaHHS, ITOB’sI3aHI 3 IHTEHCH-
(ikariero MacoONepeHEeCeHHs 3a PaxXyHOK aKTHBi3aIlii Mi-
*a30Boi MOBEPXHi MPH ii KOTUBAHHAX 1 MyJbCaIlifHOMY
00TiKaHHI, CTAaIOTh 3HAYHO BarOMIIIMMH B YMOBaX IPOTH-
TEYiHOTO po3AUIeHHS (a3 3a TO0TOMOrolo Bidpartii pobo-
YHUX €JIEMEHTIB IPH MiHIMaIbHOMY TTO30BXHBOMY TI€pe-
MilllyBaHHI. B OCHOBI Takoro TpaHCIIOPTYBaHHS JieKaTh
MEXaHi3MU PO3ALICHHS (a3 IoIepeyHnMH BiOpYHOUMMHU

©)

L, , orpumyemo:

(1+19,815-Re;°v376)’1 )

L, =0,642-7,311
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MEePEropoIKaMu, sIKi CEKIIOHYIOTh BiIOPOEKCTpaKTop, 3a-
JIMIIAI0YH MOXKJIMBICTD TIPOHUKHEHHSI Yepe3 TXHIH >KUBHN
nepepi3 tBepaoi ¢asu. L{i epexTr MOBHHHI AOMOBHIOBA-
TUCsI MeXaHi3MaMmu (ikcarii BuaiieHoi TBepaol ¢as3u Ta il
TIO/IaJIBIIIOTO MIEPEHECCHHS B 30HY [Iii HACTYITHOI TapiJIKH.

BcraHoBIIeHI B 0TBOpax *KMBOTO Hepepily Heperopoa-
KM HAaca/IKM 3 Pi3HUM TiJpaBJIi9YHUM OIIOPOM Yy ITPOTHIIEK-
HUX HampsMKaX pyXy CTBOPIOIOTH Pi3HY PYIIIHHY CHILY
(GITBTpYBaHHS 1 SIK pe3yNbTaT — OLUTBIIE HArpoOMaJKCHHS
ocafy TBepaoi (a3u Ha OTHOMY 3 OOKiB (PITBTPYBAIHLHOTO
eJIeMEeHTa TEePEeropoIKy (3 OOKYy HAIpPSIMKY TPaHCIIOPTY-
BaHHS, SKIIO TiIpaBIiYHUHN OMip HACAAKH B IOMY Ha-
MPSIMKY MEHIIUH, HIX Y IpOTHIeKHOMY). B ineamsHOMY
BUNAJKY II€ NPHU3BOAMUTH O TPAHCIIOPTYBAHHS TBEPAOT
(ha3u B3TOBXK amapara.

TakuMm dYUHOM, TPW OJHAKOBOCTI IEPEMINIyBaHUX ¥y
B3a€EMHO TIPOTHJICKHHMX HampsMKax o00’eMiB cycreHsii
3aB/SIKM BUILIM KOHLEHTpALil CTPyMEHIO B HAalPSIMKY
TPaHCIIOPTYBaHHS TBEPJOi (ha3u peasbHO 3a0e3MeuyeThes
mporec po3auieHHs das.

TpaHcriopTytody 31aTHICTb BiOpYBaIbHHX TapiJOK JOC-
JIJDKYBaJI HA MOJICNBHII CHCTEMI KalmpoHOBa Jpidka — BO-
na. ExBiBaneHTHHH pajiyc KalpoHOBOI IpiOKH, popma Kol
no1iGHa 10 KyJISICTOi, CTAHOBHB 3 MM, TycTHHa 1167 kr/m®.
TpaHncnopTyBanbHy 34aTHICTh TapiOK BH3HAYalIH 3a



Science and Education a New Dimension. Natural and Technical Sciences, 111(5), Issue: 41, 2015 www.seanewdim.con

MIPOIYKTUBHICTIO BiOpoeKkcTpakTopa IO TBEpAii Qa3si.
Jlnst eoro TBepay (asy piBHOMIpPHO MOAAaBAIM B 3aBaH-
Ta)XyBaJbHUN TPUCTpil, BigOmpanwm i3 30HH pO3BaHTa-
JKCHHS 1 3BayKyBaJli 4epe3 OTHAKOBI MMPOMIKKH Hacy.

O -10°, w'frox

~ A=5107 M
— A=10-107 m
A=1500" u

— 0
- O
— iy

450 =

400 <

350 <

200 — " Bokzmann
ym AL+ AlAZ
Equation B+ el ool
1 | i)
| Redizss MISHT 1829608 6559176
150 | CiSar
Ag, R-Squane 058617 099418 o
| Value Standasd Ermor
T & Al 53515288 157750211
|s A2 IrABETAY 1873721
100 = & 0 1365383 16,73423
B LS T3 280668
|o a1 &3 006 31 56627
1 o A2 45731142 10,4704
|o 0 2254552 094378
500 o & STTET 068433
|F AL TansaT 1588543
|F Az 455 85708 774132
T |F ] 387380 05788
|F e T 81527

I e L I A R
20 30 40 30 60 A-f, mic
Puc.5. 3anexxHicTh MPOAYKTHBHOCTI BIOPOSKCTpaKTOpa
(po3paxyHKOBa) BiJl IHTCHCHUBHOCTI KOJIUBaHb BiOPOTpaH-
CHOPTYBAJBHOI CHCTEMH (TPAHCIIOPTYBAHHS MOJIEIBHOT

CHPOBHHH)

BisyaqbHUMH CIIOCTEPEKEHHSIMH BCTAHOBJICHO, IO
BUXiJl BIOpOEKCTpaKTOpa Ha POOOUMIA PeXHUM TIPH 3a/1aHii
IHTEHCHBHOCTI KOJIMBaHb, SIKMH 3a0e3rnedye HEeoOXiTHy
MPOJYKTUBHICTh arapara, CylpoBOKYETHCSI CTBOPEHHSIM
mapy TBepaoi ¢asm y 30HI Mix Tapinkamu. Takuii map €
IITYYHAM CEKIIOHYIOUUM €JIEeMEHTOM, HEIPOHUKHHUM JUIS
MyJbCYIOYUX TYpOYJICHTHHX CTPYMEHIB SIK TPaHCHOPTY-
BaJbHUAX BIKPUTHX EJIEMEHTIB HMKHBOI Tapillkh TaK i
(GUIBTPYBANBHUX €IIEMEHTIB BepXHbOI. [IprdomMy, TOBIIH-
Ha [Iapy IpU BCTAaHOBJICHOMY PEXHMI JIMIIAETHCS He-
3MIHHOI, OCKIJIKH TIOIIOBHIOETHCS BiJl KHMBJICHHS 3HH3Y
Ta BUTPAYAETHCS Y BEPXHbOMY IIapi PO3MUBAHHAM IMYJlb-
CYIOUHUMH CTPYMEHSMH (iTbTPYBaIbHUX €IEMEHTIB Bep-
XHbOI TapilKh 3 MOJANBIIMM IEPEHECEHHSIM YacTHHOK
TBeproi (a3 TPAHCHOPTYBAIBHHUMH €JEMEHTaMH Ili€l
TapiIKK y HACTYIHY BEPXHIO CEKIIiIO.

JocinimkyBaBcs BIUIMB KUIBKOCTI BIIKPUTHX (TpaHC-
MOPTYBAJbHUX) €JIEMEHTIB i3 BCTAHOBJIEHHMMH Ha HHX
THyYKUMH NTAaTPyOKaMH Ha TPAaHCIIOPTYBAJIbHY 3IaTHICTBH
BiOpoekcTpakropa. Jlociiny BUKOHYBAIHCH 3 (iKCOBa-
HOI0 ammutiTy080 (4=10-10" M) Ta wacrororo kommBans (f
= 3 I'my) BiOpoTpaHcnopTyBanbHOI cucTeMHu. ['eoMeTpruaHO
po3TanryBaHHs MaTpyOKiB Ha Tapiikax 3IiHCHIOBAIOCH TIO
KOHIIEHTPUYIHHUM KOJIaM i3 30epeXeHHSIM CHMETpIii.

PesynbraTn TakuX JOCTIIB y3araabHIOBAINCH rpadid-
HOIO 3aJIeKHICTIO, SIKA CBIMYHUTH, IO CYTTEBOTO 30iJIb-
IIEHHS NMPOIYKTUBHOCTI 10 6 €IeMEeHTIB He cIocTepira-
eThcsl. ToMy HAWOUTBIN JOIIIBHOIO KiTBKICTIO BCTAHOB-
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JICHUX EJIEMEHTIB CJIiJl BBXKaTH Bix 8 10 14, BpaxoByodu
BWJI POCIMHHOT CHPOBUHH, TOOTO i1 Pi3WUHI BITACTUBOCTI.

[ITo cTocyeThcst HasIBHOCTI OopTa To mepudepii Tapin-
KH, TO BIH MOXe OyTH PEeKOMEHIOBaHHU K (akTop, M0
migBHILye eeKT 3aTpuMaHHs TBepaoi (azy Ha MOBEpXHIi
TapiJIKU TpH i pyci yBepX, a TaKOXK HE J03BOJISIE 3MUBaH-
HIO TBepaoi (Ga3u, KOJH iCHYE KiNbLIEBUIA 3a30p MiX CTiH-
KOIO arapaTa Ta TapilKor. 3aJIe)KHICTh MPOIYKTUBHOCTI
BiOpOEKCTpaKTOpa BijJi IHTEHCHBHOCTI KOJHMBaHb BiOpOT-
PaHCHOPTYBAIBHOI CHCTEMH ITOKa3aHO Ha puc.5.

Sk BumHO 3 Tpadiunoi 3amexuHocti Q = (Af), kpuBi
MIPOYKTUBHOCTI MAIOTh PO3LIAPYBaHHS 32 BIUINBOM aMII-
JITY] KOJMBaHb BiOPOTPAHCHOPTYBAIBHOI CHUCTEMH, He-
3BaXKAIOYH HA TE 10 OYEBHIHUM 3IHIIAETHCS 3MICT 3pO-
CTaHHS TPOXYKTHBHOCTI i3 30iJbIICHHAM IHTCHCHBHOCTI
i1 KonuBaHB (HOOYTOK aMIUTITyJH HA YacCTOTY KOJUBAHb
BiOpOTpaHCTIOPTYBAIHHOT CHCTEMH).

Y 11b0OMy KOHTEKCTI TaKO CJIiJ 3a3HAYUTH, L0 AJISI pe-
KHMy poGOTH amapata 3 amuiiTya0t0 4=5-10° M Tpancro-
PTYBaHHS TTOYMHAETHCS NMpUOIM3HO 3 wactotu 4 I'm, ms
A4=10-10" m 3 wacrororo 1 I'y i wist 15 Mu npubnuzxo 3 0,5
I'u. ToOTo OinbIa aMIUTITYAa KONWBAHE 3a0e31edye mova-
TOK TPaHCIIOPTYBaHH NPH O1IbII HU3bKUX YaCTOTaX.

CKJIaHICTh B pO3po0Ili Teopii po3paxyHKy BiOpOEKCT-
paxiiiiinoi amapaTypu Oe3mepepBHOI Mii Ta MOJICTIOBaHHI
i TpaHCHOPTYBaJBHOI 3JaTHOCTI IOB’s3aHA 13 CYNPOBO-
JDKEHHSIM TIPOIIeCY SIBUIAMHU Pi3HOI (i3UYHOT MPHUPOAH.
Tomy BpaxoByloun psj 0OMEXEHb Ta MPUIYIIEHb LI0A0
6araTorpaHHOCT] TIPOIECy, CTABMIACH 3a/1ada OTPUMATH
AHANITHYHY 3aJIeKHICTh MIPOAYKTHBHOCTI amaparta BiX
PSKUMHHUX Ta KOHCTPYKTHBHHUX ITIapaMeTpPiB MPOIECY.

MareMaTHYHHI OMUC 3aKOHOMIpPHOCTEH pO3IiUTCHHS
HEOJTHOPITHOI CHCTEMH, 32 YMOBH HECTHCHEHHA 11 po0o-
YOro CepeJlOBHUINA, HEPO3PUBHOCTI PyXy MOTOKY, a TAKOXK
PIBHOCTI BTpaT THCKY IIpH IIEPETOKY CEpPENIOBHUILA Y B3ae-
MHO MPOTHIIS)KHUX HampsiMax MpH HOTo 3arajbHOMY pyci
yepe3 TPAHCIOPTYBajbHI Ta (UIBTPYBAJIbHI EJICMEHTH,
MOe OyTH M0JJaHO B HACTYIHIN GopmMi:

(1;8)(5, ~F,)(K, - Kt

CL+ /ch(cz1 fi-C3) ;

CcLfZ-c2,fi-C3

2
CL+ V’Clz (C22 fy _C32) — MoTIpaBOYHi Koedirrie-

Cy, f;-C2,f;-C3,
HTH JUIsl LIBUJIKOCTI TPAHCTIOPTYBaHHS TBEP/O1 (a3u;

_ énaﬂ éorl _ énaTZ éOTz
Cli_pc fz +f2 ’C]'Z_pc f2 fz
nar oT nart oT
JUHAMIYHA XapaKTepHCTHKA TPAHCIIOPTYBAJIBHOTO eJIeMEH-
Ta M1 9ac PyXy TapilK{ BiANOBIAHO BBEPX Ta BHU3,;
énl 4 é"q’l EJHZ
f2 f2 f?
n od n o
HaMiYHa XapaKTepHCTUKA (iTbTPyBaIbHOTO €JIEMEHTA ITij
Yac pyxy TapiIKH BiAMOBITHO BBEPX Ta BHU3;
C3, =C3, =rx/2n — rigpoauHamMiuHa XapaKTePUCTHKA
apy ocajy ITiji yac pyXy TapiJIK¥ BiJIIIOBIJHO BBEPX Ta

L P

or
Ioug 10 HJTOU.Ii TapinKH; E.maﬂ ’ énaTZ ! ao‘rl ! ao‘rZ’ &od)l !
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Q,, =4An

e K, = f(p
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;;04)2, €., &, — BiNOBiHO MicIeBi ripasiumi onopu B 3Ha‘leHHﬂ.i Y TOJIABIIOMY MPAKTHYTHO HE 3AIEKUTH Bix
napameTpiB i KOJIHMBaHb.

[IpoTurediiine TpaHCHOPTYBaHHA (a3 y BiOpOeKCTpak-
TOpi JOCATAETHCA 32 PaXyHOK Iii JBOX OCHOBHHX MeXaHi-

naTpyOKax, 0TBOpax TPAHCTIOPTYIOUHX €IEMEHTIB, OTBOPax
(GUTBTPYBANTBEHUX €TIEMEHTIB, 1 Iep(Ooparlisx I 9ac pyxy

TapuUIKK BIATIOBIHO BBEPX Ta BHU3; P, P, — BIINOBIIHO 3MiB X pO3AiNIEHHA — CEIMMEHTALINHOrO 1 GiIbTpyBaIb-
TYCTHHH CyCIIeH3ii Ta ekcTpakTy ((inbTpary); N —dyacTora  HOTO, NPHYOMY €(EKTHBHICTH NEPLIOTO 3HAYHO BHILIA.
KOJIMBaHb TApLIKK; € — YacTKa XMBOTO Iepepizy anaparta. OnTHMaNbHOK KOHCTPYKIIEIO BiOPOTPAaHCIIOPTYBAILHOIO

eJIeMEHTa € BiOpylo4a meperopojka 3 narpyokamMu OnTH-
MaJIbHUX T€OMETPUYHHUX PO3MipiB, OopToM mno mepudepii
Ta QiIBTpyoUMMH eneMeHTaMu. OTpuUMaHi aHaITHYHI
3aJIeXKHOCTI JaJbHOCTI il MyJIbCYIOUMX ITOTOKIB, a TAKOX
MIPOXYKTUBHOCTI amapara BiJl KOHCTPYKTUBHHX 1 PEXHM-
HUX MTapaMeTpiB HOro pobOTH, MOKYTh OYTH BUKOPHCTaHI
IpU KOHCTPYIOBAaHHI Ta ONTHMIi3amii poOOTH BiOpOEKCT-
pakTopiB Oe3mepepBHOi nii. PamioHamsHUM pexxuMoOM
pobotu BiOpoekcTpakTopa, o 3abesmedye HEOoOXimHy
MPOAYKTUBHICTH 3 MiHIMAJIBHAM €(DEKTOM MO3I0BKHBOTO
TIepeMilTyBaHHS MOXKHa BBaXKaTH PEXHMM 3 aMILTITYZOIO
10-MM Ta yacTOTOIO KOJMBaHb 2,7 I'1I.

TakuM 9MHOM OTPHMANIM AHATITHYHY 3aJICKHICTH TPO-
IYKTUBHOCTI BiJl OCHOBHHUX KOHCTPYKTHBHHX Ta PEKUMHHX
napameTpiB po0oTH BibpoekcTpakTopa Oe3nepepBHOT Aii.

BucnoBok. HaknananHust 1mojsi HU3bKOYACTOTHHX Me-
XaHIYHUX KOJIMBaHb Ha po0OOYE CepPeIOBHIIE Y BiOPOCKCT-
pakTopax Moxe OyTH e(eKTHBHHUM 3acOOOM CTBOpPEHHS
HEOOXITHOTO TiIPOAMHAMIYHOTO CTaHy CHUCTEMH 1, SK
HACIIIZIOK, MMOTYKHUM JDKEPEJIOM iHTeHCHUIKaIlii mporecy
eKCTparyBaHHs. BCTaHOBIEHO, IO JAambHICTD il MyJIb-
CYIOYHX TOTOKIB, TEHEPOBAaHUX POOOYNMH €JIeMEHTaMH
3pocTae i3 30UTBIICHHSIM IHTCHCHBHOCTI KOJMBAaHb BiOpO-
TPAHCIOPTYBAJIBLHOT CHCTEMH, IOCATAE AESIKOTO MEKEBOTO
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3aBbsioB B. JI., Mucwpa T.I'., Boapos B. C., 3anopo:ken IO. B., IlonoBa H. B., lekanckuii B.E.

3aKOHOMEPHOCTH JIeHCTBUS MYJIbCHPYIOLINX MOTOKOB B YCJIOBHSIX MPOTHBOTOYHOIO pa3aeieHus a3 mnpu BUOPOIKCTPArupo-

BaHUHU U3 PACTHTEIbHOTO ChIPb

Annotammsi. ChopMyIHpoBaHbl pe3yIbTaThl UCCICSIOBaHNI 3aKOHOMEPHOCTEH PacpoCTpaHEeHUs MyJIbCUPYIOLIUX CTPYid, TeHepupye-

MBIX 3JIEMEHTaMH BHOPONEPEMELINBAIOIINX YCTPOHCTB BUOPOIKCTPAKTOPa HEMPEPBIBHOTO JelcTBHsA. OnucaH MeXaHu3M MPOTHBOTOY-

HOro pasneneHus (a3 B YCIOBHIX TBepAo(azHOro BHOpOIKcTparnpoBanus. [lonydeHHbIe aHANIMTHYECKUE 3aBUCHMOCTH JabHOCTH

ﬂeﬁCTBHﬂ l'[y.]'ll:CI/IpleLl.ll/IX IMIOTOKOB, a TaKXeE HpOPBBOJ]MTeHbHOCTI/I annapaTa oT KOHCT‘pyKTI/lBHbIX u pe)KI/IMHbIX napameTpOB €ero pa60—

TBI, MOTYT OBITh MCIIOJIb30BaHBI MIPH KOHCTPYUPOBAHUH M ONTHMH3ALINH PabOTHI BUOPOIKCTPAKTOPOB HEMPEPHIBHOTO JICHCTBHS
Knrouessie cnosa: subposkcmpazupoganue, 2UOpOOUHAMUKA, NYIbCUPYIOWUT NOMOK, pazdeienue haz, MamemamuiecKkas MoOeib
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Koeanvcokuit b.M., 3anvko H.B., Illogzentox M.B.
Bu3HaueHHsI KOJIPHUX XapaKTepUCTHK APyKapcbkux ¢Gapo 3a cneKTpajJbHUMH KPUBUMU Bil0OMBaAHHA

Kosanvcokuti boeoan Muxatinosuy, kanouoam mexHiuHux Hayx,

ooyenm Kapeopu mexnonozii 000pyKapcoKux npoueci@l

3anvrko Hamania Bacuniena, kanouoam mexHiuHux HayK,
.1
Odoyenm xKagheopu mexnono2ii 000pyKapcobKux npoyecie

Llogeentox Muxauno Bacunbosuy, 00kmop Qisuxo-mamemamuiHux Hayx, npogecop,

. o . . . 2
npoGioHUL HAYKOGUTi CRiBPOOIMHUK

1 . . . .
Yxpaiucoka axademia opykapcmesa, m. Jlveis, Yrpaina

2 . . . .
Tuemumym ¢hisuxu konoencosanux cucmem HAH Vkpainu, m. Jlvsis, Yrpaina

AmnoTtanist. OnrcaHo METOIUKY PO3paxyHKy KOOPIMHAT KOJIBbOPY 3a CEKTPaJIbHIMI KPUBHMH BiIOMBAaHHS KOJIILOPOBHX 3paskiB. Ilepe-

BIPEHO TOYHICTh OTPHUMAHHX PE3yJIbTATIB HOPIBHUIBHIM aHATI30M 3 eKCIIEPHMEHTATBHUMY JaHUMH Ta 3HAYEHHSIMH, PeKOMEHIOBAaHUMUI

craanapTom ISO 12647-2. Bu3HaueHi MOKa3HUK HETiHIHOCTI Ta KOOPIMHATH 0a30BHX BEKTOPIB ApyKapchkux Gapod y RGB-npoctopi.
Knrouogi cnosa: xoropumempuuni xapakmepucmuxu mpiaonux ¢ap6, cmanoapm 1SO, cnexmpanvhi 0ami, NOKasHuK HeniHitiHoc-

mi OpyKapcwuko2o npoyecy

3abe3nedeHHs SKOCTI NPOAYKLil HomirpadiyHol npoMuc-
JIOBOCTI, B KOHTEKCTI HanpsiMy o()CEeTHOr0 BUPOOHUIITBA,
CTOCYETBCSI TOYHOCTI KOJIbOPOBINTBOPEHHSI HA BiIOUTKY.
OpHUM i3 HUISIXIB BUPIIICHHS 3a/a4il oJiep)KaHHs AKICHUX
MOBHOKOJIIPHUX JIPYKOBaHHUX 300pakeHb € CTaHAapTH3a-
I1is1 OCHOBHUX ITapaMeTpiB MPOLECY BiATBOPEHHS KOJIbOPY
3acobamu nomirpadii. OCHOBHEM Tay3eBUM CTaHIAPTOM
st oeetHoro aApyky € ISO 12647-2 [1], wo BimoOpaxkae
BEJIMYE3HUH CTATUCTUYHUM MaTepial, HaKONUYEHWH B
pe3ynbTaTi BUMIPIOBaHb B pEalbHUX YMOBaX OaraTbox
oceTHUX ApyKapeHs.

bazosumu mapamerpamu 6aratohapOOBOro IpyKy, II0
MAaloTh OE3MOoCcepeIHil BILIMB Ha AKICTh BIJOUTKY € Xapa-
krepuctuky ¢ap6 i manepy. CnekTpaibHi XapaKTepHCTH-
Ku Tpiaau $apO, 10 BUKOPUCTOBYIOTHCS IJISL APYKY TH-
paxy CTPOro CTaHIAPTH30BaHI 1 HE MOXYTh 3HAYHO Ba-
pifoBaTHCA, TaK SK MPH IOMY OyIyTh BiTIYTHI CIIOTBO-
PEHHS KOJIIpHOT TaM¥ JPyKOBaHOTO BUJIAHHS.

Craagaptom 1SO 12647-2 omrcaHo KOJipHI XapaKTepH-
CTHKH TIEPBHHHHUX KOJBOPIB IPYKapchkux (apd (romyowit,
MypITypHAH, KOBTHH) Ta 1X OlHApHUX HaKIaTaHb (YEepPBO-
HU, 3€JICHUH, CHHIA) W periaMeHTOBAaHO MOIJIHBI MEXi
BIIXWJIEHb KOJOPHUMETPUYHHUX J@HUX BiJl HOPMAaTUBHHUX
3HaueHs y Buripiai nonyckiB AE . Crenndikarnii kompopo-
BUX 1 mpo3opux ¢apod st 4-hap6oBoro opceTHOro APyKy
mictute ISO 2846-1 [2]. Lleit MOKyMEHT € TPHITHCOM 3
MepeBipKH IPyKapchkux (ap0d B TaOOpaTOPHUX YMOBAX.

Mertoro 1aHOT poOOTH € IIPEACTaBICHHS METOJIUKH PO-
3paxyHKy KOOpAMHAT KOJbOPY IOJIIB BIIOMTKY IMIKAIH 32
CHEKTPaJbHUMH KPUBHMU BiIOMBAaHHS 1 MOPIBHSIHHS OJie-
PKaHMX 3HAYCHb 3 JTAHUMH, PEKOMEHJOBaHHUMH CTaHIap-
toM ISO 12647-2 Ta BH3HAUEHHS BEJIMYMHU TOKA3HHKA
HEMHIHHOCTI Y TaHOTO IPYKAPCHKOTO MPOIIECY.

Teopisi. KonopumeTpudsi XapakTEpUCTHKH IPyKapCh-
Kux ¢apd BUMIpIOIOTE criekTpodoromerpamu. Lli TexHiuHi
3aco0m 3a0e3NeuyroTh Cy9acHHH PiBeHb KOHTPOIIO SIKOCTI
nonirpagiuHoi npoxykuii. B mepmry 4epry, Taki npuiaan
JIO3BOJIAIOTH 3JIMCHUTH CHEKTPO(OTOMETPHYHI BUMIpPH B
criekTpanbHOMY fianazoni 380-730 HM. OkpiM creKkTpalib-
HOI XapaKTepUCTHKH, OyIb-sIKHH CIIEKTPOPOTOMETP MOXKeE
MOIATH BUMIpSHI JlaHI B KOJOPUMETPHYHUX KOOPJMHATaxX
Konbopy, Hanpukiat, X, Y, Z abo CIE L*a*b*. Koopauna-
TH KOJIBOPY BHPAXOBYIOTHCS 13 CIIEKTPAIBLHOTO KoedimieH-
Ta BiOMBaHHS (MIPOIMYCKaHHs), CIIEKTPATBHOTO PO3MOILTY

€Heprii Jykepelia OCBITICHHS 1 BIACTHBOCTEH «CTaHAAPTHO-
ro crmocrepiragay. 3a koopaunatamu CIE L*a*b* 3niiic-
HIOIOTh KUTBKICHY OLIHKY KOJBbOPY Ha BiIOUTKY.

Came Ha 00pOOIli KOJOPUMETPHUYHUX NAHUX BiTOUTKIB
0a3yeThCcss METOJ] BHU3HAUCHHS IOKAa3HWKA HETiHIHHOCTI
BIITBOPEHHS TpiagHuX (apO A KOHKPETHOTO APYKapCh-
KOTO IIpoLecy.

Y po6ori [3] omrcana MeToqMKa pO3paxyHKy TOKa3HUKA
HEINIHIMHOCTI TIPW BIATBOPEHHI TPafallifHUX IIKaJ Tpiaka-
HUX (apb y komipHomy mpoctopi Adobe RGB (1998) 3a
JIOTIOMOT 010 anpokcumartii 3anexsocreit R=f(1-C), G=(1-
M), B=f(1-Y). HemiuiiinicTs B Ha#binbIIii Mipi BimoOpa-
JKae 3arajbHi 3aKOHOMIPHOCTI (popMyBaHHSI KOJBOPIB Ha
BIIOUTKY B peajlbHUX yMOBaX JIPyKapChbKOTo MPOLIECy.

B pe3ynbrari HECKIaTHUX MEPETBOPEHb MOXHA OTPHU-
MaTu JIiHIapU30BaHI KOJIPHI XapaKTePUCTHKH TpiaJHUX
dap6 B mpocropi Adobe RY”,GY7,BY” B zanexuocri Bin
BIJTHOCHOT IUTOIII S paCTPOBHX €JIEMEHTIB TpiagHux (apo.
Ha ocHOBi NiHIHHHX XapaKTEPUCTUK JIETKO BH3HAYUTH
KOOpAHMHATH KOJhOPY 0a30BUX BEKTOpiB TpiagHUX (apd B
mpocropi Adobe RGB (1998) [3].

Martepianu i meroau. /[y poBeneHHS JOCTIHKEHHS
OyJI0 BUKOPHCTAHO TPafalliiiHy IIKany YUCTUX JAPyKapCh-
KuX (ap0 Ta iX NOoMapHUX HaKJIaJaHb, IO MICTUTh TIOJ 3
BIJIHOCHOIO IUIOIICI0 PAcTpoBHX eneMeHTiB Bix 0 1o
100%, 3 xpokom 10. [l reHepyBaHHS IIKaIH 3aCTOCOBY-
Banu iporpamy Corel Draw X6.

Bigburok mikand OTpuMaHO IM(POBUM IPYKOM Ha
crpymenesomy npunrepi EPSON Stylus® Pro 4800 (RIP:
BestColour, mpodins: ISOcoated v2_eci.icc). Bukopuc-
TaHO HAIIBMAaTOBUH mamip g Komsopornpod EPSON
Standard Proofing Paper 240 semi-matte.

VY Xxomi #ocnijKeHHs, cnekrpodoToMeTpoM (ipmu
Datacolor (CILLA), oTpuMaHO CHEKTpaibHi JaHi MOJNiB
IIKaJX Ha BIOWTKY, a TAKOX MapajeibHO MOMIPSHO KO-
OpJIMHATH KOJIbOPY LIUX TOJIIB.

Ha oCHOBI OTPUMAaHHX CIEKTPAIbHUX AaHUX OIMHUILIEMO

METOJMKY BH3HAYEHHS KOJIIPDHUX KOOPIMHAT BiIOWTKiB
Ipykapcekux dap0.
KoopauHaT KoJIB0py pO3paxoBYIOTHCS 31 CIEKTPATBHOTO
KoedirienTa BiOMBaHHSA (MIPOITyCKAaHHS), CIEKTPAIBHOTO
po3mojily eHeprii Jpkepena OCBITIECHHS 1 BIACTHBOCTEH
«CTaHAAPTHOTO CIIOCTEpirayay.
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Komip mocmimxyBaHOTO 3pa3ka MOXXKHa OXapaKTepH3yBa-
TH, JIMIIC BKA3aBIIU OCBITJIICHHS, IPU SIKOMY BiH PO3rJisi-
nmaeTtbcs. B momirpadii craHmapTHUM JIKEpenoM OCBIT-
JICHHA JUIA OLIHIOBaHHS Ta BUMIPIOBaHHSA KONBOPIB Ha
BiIOWUTKY NPHUIHATO CTAHJAPTHE HKEPETIO JEHHOTO CBIiTIa
D50 3 xopemnboBaHOIO KOMipHOIO TemmepaTypoto 5000 K.
D50 xapakTepu3yeThcsi KOHKPETHHM CICKTPATbHUM PO3-
MOJIIIOM EHEPTii, BiJ SKOTO 3aJeXKUTh KOIIp, mo Oyxae
CIpUAMATHUCS CIIOCTEPIiraueM.

Jiss oO4YuCIieHHsT KOJNIPHUX KOOPIMHAT KOJBEOPOBOTO
3pa3ka BUKOPUCTAHO TAOJIMYHI JJaHi 3HAYCHb BiTHOCHOTO
CICKTPAIBHOTO PO3MOIIICHHS TOTYXKHOCTI JKepena CBi-
mia (1) .

DopMynn I po3paxyHKy KOOPAMHAT KOJLOPY BiOH-
TOTO CBITJIOBOTO MOTOKY KOHKPETHOTO KOJIHOPOBOIO 3pa-
3Ka € HACTYITHUMHU:

100

90
80 Cyan Ink
70 -

60 4

—e—10%

Reflection, %

A 20%
—v—30%
40%
—4—50%
60%
—o—70%
—*— 80%
—o—90%
—a—100%

T T T
450 500 550

T
600

lambda, nm

100

90

80 ¥
PRPSPIP R R R
-

70 4 2

/ A

24
e
- J ',.v-V'V'V"'""' v

il ) ;

40 4

Reflection, %

<
30 PPPPRE R

&/ /4.4
i A

P
“..o'v-oroo't"‘ &
2 - *
R T T T O B a4
v Sk A kK ¥y

Fietsesareseseey

RSP e
L E A ',v-v:-

A
b d e AL
/ A&A‘QAAIK&&- 2
60 A 5. 4

,‘/t/c
Py
e

Yellow Ink

—o—10%
A—20%
—v—30%
40%
—4—50%
60%
—o—70%
—*%—80%
—8—90%
—@—100%

T T T T
400 450 500 550

T T T T
600 650 700 750

lambda, nm

B pamMkax 1aHOTO JOCIIIDKEHHS TaKOX MOMIPSIHO CHEKT-
paibHI XapaKTEPUCTUKU TIOJIB IIKAIH, CHHTE30BaHHX
OlHapHHMH HaKIaJaHHAMH IypIOyHa+tXOBTa, TOIy-
OatmyprnypHa Ta roiay0a-+XKoBTa.

MoskHa NPUITyCKaTH, 0 OMKCaHa BHIIE METOAWKA JI0-
3BOJISIE TOYHO MPOTHO3YBAaTH 3HaYeHHs1 L*a*b*-koopaunar

KOHKPETHOT'O IOJIA ,Z[pyKOBaHO.I.

HIKaJIn.

X =2 @(A)x(A)p(A): ¥ = 3 (2)y(2)p(4): Z = 3 D(2,)2(4,)p(4,)
n=0 n=0 n=0

ne p(A,)— xoedimieHT BiTOWBaHHSA IS JAaHOTO 3pa3Ka,

@(A) — BiTHOCHE CHICKTPAIBbHE PO3MOIIICHHS MOTYXKHO-

cTi cTanaaptHoro Jpkepena ceitia CIE D50,

X(4,), Y(A,), Z(A,) — creKkTpanbHi KOOPAMHATH KOIOPHU-

MeTpudHoi cucteMu XYZ.

Bix xoopmunar X, Y, Z 3a CIE-piBHAHHAMH JIETKO Tie-
peiitu no xoopauHAT B cuctemi LAB.

Oo6rosopenHns pesyabrartiB. Ha pucynky 1, moOymo-
BaHO CHEKTpaJbHI KPUBI JKOBTOI, IypITypHOi Ta Toiry0oi
dap6. Ix mpescTaBIEHO y BUIMIAMI «BifT» CIEKTPATbLHUX
KPHBHX, II0 XapaKTEePHU3YIOTh PO3IOALT BUIPOMIHIOBaHHS
JUTSL KOXKHOTO TIOJISl TpajaniiHol mkanu TpiagHoi hapou.
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Puc. 1. CniekTpanbHi KpHBi BiIOMBAaHHS BiJOUTKIB YHCTHUX
Tpiagaux ¢hapo:
BBEpXY 3JiBa — Toiry0a; BBEpXY CIIpaBa — MypITypHA;
BHU3Y 3]1iBa — )KOBTA.

PesynpraTi BuMiptoBaHb L*a*b*-koopauHaT BigOHTKIB
mkan crnekrpodoromerpom Datacolor ta pospaxyskis
MpeaCTaBIeHo B TabmuIli 1.

Sk 6aunmo, AE g 0, MK eKCIEpMMEHTaIbHUMHU 3Ha-

YeHHAMH 1 THMH, II0 PO3pPaxOBaHI 3a CIEKTPAIbHUMH
JJAaHUMHM, HE TEpEBHIIYE BEIWYMHH T'PAHWYHOTO BiIXH-
nenns 3a cranaaprom 1SO (AE <5).

Taoauus 1. Pesynpratu BumiproBaib L*a*b*-koopaunar BinduTkis

EKcriepUMeHTAIbHI 3HAUCHHS Po3paxoBaHi 3a CIIEKTpaJIbHUMH TaHUMHU AE
Dapba L 2 b L a b* CIE2000
Tony6a 53,92 -37,67 -50,18 56,62 -45,33 -44,97 4,5
[ony6a+IlypmnypHa 22,64 22,06 -47,58 24,54 14,79 -45,46 3.9
[TypnypHa 47,75 72,15 -2,71 47,51 66,77 -5,49 1,8
[Myprypuat+XXosra 47,77 65,64 47,88 46,99 61,71 46,16 14
JKosra 87,73 -4,98 92,98 86,18 -4,98 94,63 33
XKogsra+l onyba 48,64 -67,30 29,05 48,65 -61,17 32,10 2,4
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Temnep mopiBHSIEMO, OTPHMaHI HaMHW, 3 BHUKOPHCTaHHSIM
criektpooromerpa Datacolor ekcriepuMeHTanbHI 3HA-
YeHHs 31 3HAYCHHSIMH, PEKOMCHIOBAHMMH CTaHAAPTOM
ISO 12647-2 [1] mst npyky Ha manepi tam 1,2.
ExcrieppMeHTaNbHI 3HAUSHHS, IPOMIPSHI Ha MOJSIX J10-
CIIIKYBaHOI IIKAaJM JTyXe J00pe y3TOKYIOTHCS 31 3Ha-
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Otmxe, rpadikd CIEKTPaJbHUX KPHBUX, NPEICTaBICHUX
Ha pHC. | MOXKHa BBa)KaTH CTAJTOHHUMH IJIsl THTIOBHX O(h-
ceTHHX (hapO 3a yMOB JpyKy Ha KpeimoBaHOMY Harepi.
Tomy mpeacTaBuMo mie Tpadikél «Bisi» U1 HOMAPHUX

YCHHSIMH, PErJIAMEHTOBaHUMH cTaHmapToMm 1SO 12647-2, a
KoMipHi BigMiHHOCTI 30BCiM He3HauHi (Tabmumg 2). Llei
(bakT 03BOJISIE CTBEPIUKYBATH, 10 BOHH XapaKTEPU3YIOTh
TUIIOBHHA TIIPOIIEC BIATBOPEHHS KOJBOPOBOTO OpPHIIHAIY
oceTHIM crIOCOOOM IPYKy Ha KpeiioBaHOMY Iamepi Ma-
TOBOMY a00 TIITHIIEBOMY THII 1,2.
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Puc. 2. CriexrpanpHi KpuBi BifOMBaHHS BiIOUTKIB OiHApHUX
HaKJIaJaHb Tpiagaux (apo:

BBEPXY 371iBa — rojy0a+imyprnypHa; BBEpXy ClipaBa — MypIryp-
Ha+tKOBTa; BHU3Y 3J1iBa — )KOBTa+T0OIy0a.

HakyaaHb TpiagHux (ap6. Lls inpopmamis € miHHOO,
OCKITBKH yci BUpOOHUKH oceTHHX (apO, sK mpaBmIio, HE
NPENCTaBISIFOTh CIIEKTPAbHUX JaHUX.

Ta6muust 2. EkcriepuMeHTaNbHi Ta cTaHaapTHi 3Ha4YeHHs L*a*b*-koopaunar BinduTkiB

ExcriepuMeHTaIbHI 3HAYEHHSI 3naveHns 31 craggapty 1SO 12647-2 AE
Dapba R a b L a b* CIE2000
Tony6a 53,92 -37,67 -50,18 54 -36 -49 0,6
Tony6a+IlypnypHa 22,64 22,06 -47,58 20 25 -48 2,6
[TypnypHa 47,75 72,15 -2,71 46 72 -5 1,9
IMyprypuat+XXosTa 47,77 65,64 47,88 47 66 50 1,3
JKosra 87,73 -4,98 92,98 88 -6 90 11
XKogsra+l onyba 48,64 -67,30 29,05 49 -66 33 1,9

OCKIJBKH IPYK TECTOBOI MIKamu OyB HUGPOBUI 1 31ific-
HIOBaBCSl Ha 0a3i MOTYXHOI KOJIBOPOMPOOHOI CHCTEMU 3
iMiTaItiero mporecy opCeTHOr0 APYKY Ha KpeiaoBaHOMY
mamepi, TO TMPEACTaBISE€ iHTEpeC BU3HAYUTH ITOKA3HUK
HEJTIHIHHOCTI 1 MOPIBHATH HOTO 31 3HAYCHHAM Y JUIS Kila-
CHUYHOTO odceTHOro ApyKy 3a cranmaprom ISO 12647-
2:2004 nns nanepy Ty 1, 2 (manip KpeWaoBaHHH TIIsTH-
LIeBHI a00 MATOBHH).

SIK BHIHO, 3HAYEHHS MOKAa3HUKAa HEIIHIMHOCTI, BU3HAUe-
HOTO 32 €KCIIEPUMEHTATLHUMH JJAHUMU 1 pO3paxOBaHUMU
3HaueHHsAMH L*a*b*- maibke cmiBmamarots. Kpim toro, y
BIIOUTKIB TpaJalliifHAUX TOJIiB TI0 KOXKHIil ¢apOi, oTpuma-
HUX Ha NA(POBOMY MPHUCTPOI BUBEACHHS TOCUTH OJIM3bKI
31 3HAUCHHSIMH MMOKa3HUKA HENHIHHOCTI BU3HAUCHOTO 3a
eKcrepuMeHTaabHuUMH JaHumu Fogra 27, mo xapakrepu-
3y€ o(CETHUH IPyKapChKUH IPOIIEC.

Tabmumns 3. ExciepuMeHTaIbHI Ta po3paXyHKOBI 3HAYCHHS MOKa3HUKA HETiHIHHOCTI

[Toka3HUK HeNMiHIHHOCTI C M Y K
32 KCIIEPUMEHTAILHUMH JTAHUMH 1.46 1.53 1.52 1.64
32 PO3pPaXyHKOBUMHU 3HAUECHHIMU 1,45 1,51 1,53 1,64
3a EKCIIEPUMEHTATLHIMU aHnMu Fogra 27 1,53 1,55 1,50 1,68
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Tadanus 4. Uncnosi 3HaueHHs KoopauHAT 6a30BUX BEKTOPIB (apd it mrudpoBoro i ohceTHOro ApyKy

Tpia,IIHa q)ap6a 3a eI;Zl:{Ie/lphAHHMEg;‘?;]Z};HMH 3a CKCHCEI;III;’IZ;I[;aHLHI/IMI/I 3a pO3anyH:ﬂ01\]:II:IIMI/I 3HAYCH-
[0.0189] [0.0102] [0.0121]
(F(‘:’%f)a 0.4972 0.4585 0.4986
10.7917 10.7750 | 10.7727
[0.1284] [0.1339] [0.1270]
(FE‘;;EYSB‘*HYP“YP“ 0.1394 0.1223 0.1442
0.3583 | 0.3446 | 0.3513]
[0.6483 | [0.6114 | [0.5773]
[Mypnypua (Magenta) 0.0777 0.0626 0.0875
0.3434 | 0.3278 ] 0.3416 |
[0.6410] [0.6253] [0.5965 |
?RYE%I;YPH“*XOB“ 0.0951 0.0931 0.1075
0.1148 | 10.1029| 0.1058|
[0.9738] [0.9121] [0.9279]
?@‘;‘f&) 0.8633 0.8166 0.7692
0.1002 | 0.0445 | 0.0323]
[0.0997] [0.1020] [0.1310]
?é‘;ggﬁ)*r‘my@ 0.4256 0.4242 0.4167
10,1653 0.1619| 0.1500

Bu3HayeHO KOOPIUHATH KOJILOPY 0a30BUX BEKTOPIB Tpia-
mHuxX ¢apod B mpocropi RGB. B Ttabmuni 4 mnpuBeneHo
YKCIOBI 3HAYCHHS KOOpAMHAT 0a30BHX BeKTOpiB (apd
JUTS ITUPPOBOTO 1 0CETHOTO IPYKY.

Xouva mudpoBuil Apyk Ta opceTHUI BiIpi3HIIOTHCS 32
NPUHLKIIOM (opMyBaHHs 300paXkeHHs Ha manepi Ta 6a30Bi
BEKTOPH KOIBOPOBHUX (Pap0d € OMU3BKUMH, OCKLUIBKU TIpeI-
CTaBISIFOTH KOJIBOPOBIZATBOPESHHS 32 OTHAKOBHX YMOB.

Bmsnauennss koopmuHart 0Oa3zoBux BekTopiB RGB-
MPOCTOPiI YUCTUX APYKAapchbkux (hapd Ta KoMOiHAIii iX
TIOIIAPHOTO HAKJIAJaHHS, HAa OCHOBI JIHIIHUX XapakTepH-
CTHK TpiagHuX (papd HeoOXimHe s po3paxyHKIB OITH-

MaJIbHUX YMOB KOJIbOPOIOIUTY 300pakeHHsI B po3po0Iie-
HIif paHille cHeuializoBaHiil KOMII'IOTEpHIH Mporpami
“ICaS KomnipJlpyk-1” [4].

BucHoBkn. Ha 0CHOBI CIICKTpalbHUX JaHUX BiTOUTKIB
IIKaJI OMKMCAaHO METOJIUKY PO3PaxXyHKy KOOPIUHAT KOJbO-
py 1 anpoOoBaHO METOJI BU3HAYEHHS ITOKa3HMWKA HElNiHiH-
HOCTI Apykapcbkoro mnponecy. Onep)aHO YHCIOBi 3Ha-
YeHHs1 0a30BHX BEKTOPIB KOJBOPIB, CHHTE30BAaHHUX Tpia-
noro (apd mpum "oTmpudpapOOBOMY APYI, SAKi MICTATH
iHHY iHpOpMAIio IS pO3paxyHKIiB ONTUMAIBHIX YMOB
KOJIbOPOTIOALTY 300pakKeHHs Ha CTafii JO0ApyKapChKOl
MiATOTOBKU (POPM.
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The method of determination the color characteristics of inks for spectral reflectance curves
Abstract. The methods of calculating color coordinates of spectral reflectance curves of colored samples. Verified the accuracy of
the results. The results were compared with experimental data and the values recommended standard ISO 12647-2. Non-linearity
characteristics of triad inks and contact base vectors inks in RGB-space method was determinated.

Keywords: colorimetric characteristics of process inks, standard ISO, spectral values, index of non-linearity of printing process

KoBanbcknii 5.M., 3ansko H.B., llloBreniok M.B.
Onpenesenne NBETOBbIX XaPAKTEPHCTHK NMEeYATHBIX KPACOK 32 CMEeKTPAJIbHBIMU KPUBBIMH OTPAKEeHUS
AHnHoTanms. OnucaHa METOAMKA pacyeTa KOOPAMHAT I[BETa 0 CIEKTPalIbHBIM KPUBBIM OTPaXKeHHUS IIBETHBIX 00pa3uoB. [IpoBepeHo
TOYHOCTH TOJIy9E€HHBIX PE3YJIbTaTOB CPAaBHUTENHHBIM AaHAJIHM30M C SKCIIEPUMEHTAIFHBIMU JaHHBIMH M 3HAYEHHSAMH, PEKOMEH/IOBaH-
HeIMH cTaHgapToM ISO 12647-2. OnpeneneHsl Moka3aTels HENMHEHHOCTH U KOOPAUHATEI 0a30BBIX BEKTOPOB IEUATHBIX KPACOK B
RGB-nmpoctpanctse.

Kniwouesvie cnosa: konopumempuyeckue xapakmepucmuku mpuaouwlx kpacox, cmanoapm I1SO, chexmpanvivie dannvle, nokasa-
menb HelUuHeuHOCMU NeYamHo2o npoyecca
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Heoviiuuya 1O.H.
HHTerpanms cucTeMbl 3KCIPECC-THATHOCTHKH MPOIecca 3IeKTPOIPO3UOHHOTO
MPOBOJIOYHOTO BHIPE3aHUS B TEXHOJIOTHYECKOE OCHAIIIEHHE

Hebvimuya FOpuii Huxonaesuu,

cmapwiuii npenodasameind Kageopvl UHGOPMAYUOHHBIX CUCTIEM U MEOUYUHCKUX MEXHONI02UL
Yepkacckuii HayuoHanvuslil yHugepcumem umenu bozoana Xmenvrnuykoeo, m. Yepkaccel, Yxpauna

AHHOTamus. B craTthe N3m0KeHs! pe3ynbTaTsl paboT 10 MHTETPUPOBAHUIO MOYIIS SKCIPECC-IHAaTHOCTUKY MPOIecca IEKTPO3PO3HU-
OHHOT'O IPOBOJIOYHOTO BBIPE3aHMS B TEXHOJIOTMYECKOE OcHamieHHe. OTpakeHbl 0COOCHHOCTH METOA0B OLEHKU KadecTBa 3JIEKTPO-
9PO3MOHHOTO BBIpE3aHUsI 63 OCTAaHOBKH Mpoliecca 00pabOTKH, OCHOBAHHBIX HA aHAIM3€ BBLACISIEMON B MEXIJIEKTPOJHOM IIPOMeE-
KYTKE SHEPTUM HMITYJIbCOB TE€XHOJIOTHYECKOro Toka. OmHcaHbl MOAXOMABI K OIEHKE 3(P()EKTUBHOCTH pabOTHI OCHOBHBIX CHCTEM
3NEKTPO3PO3UOHHBIX TPOBOJOYHBIX BBIPE3HBIX CTAHKOB. IIpecTaBieH aHaIW3 ammapaTHOTO U MPOTPaMMHOTO 0OecredeHHus, Heoo-

XOAMMOTO TSI PeaTU3allii U3JI0KEHHBIX ITOIX0I0B.

Knroueevie cnosa: DJIEKMPOIPO3UOHHOE NPOBOJIOUHOE 8blpe3dHue, 3KCle€CC-0u[12HOCmuK(1, cucmema ynpdaejienus mexnojaocude-

CKUM npoyeccom, cucmema 4ucioso2co npocpammHoco ynpaeienus

BBeaenue

dusndeckoe cTapeHHe CUCTEM M Y3JI0B JJIEKTPOIPO3HOH-
HBIX TPOBOJIOYHBIX BBIpe3HBIX cTaHKoB (DJI1BC) mpuso-
T K CHIDKCHHIO MX MPOHM3BOJUTEIBHOCTH M TOYHOCTH,
YBEITMUCHHIO IIIEPOXOBATOCTH O0pabOTaHHOW MOBEPXHO-
cti. B MHCTpYMEHTAbHOM MPOM3BOJICTBE SKCILTyaTAIIUS
CTaHKOB C OTKJIOHGHUSIMHM B TEXHOJIOTHUYECKOM IIpoIiecce
(TIT) mo TouHocTH cBbIme 10 MKM, 1O IIEpPIIaBOCTH 00pa-
OOTaHHBIX TIOBEPXHOCTEH CBBIIIE 2 MKM ISl YUCTOBBIX U 6
MKM JJIs1 YepHOBBIX PEKHUMOB 00pabOTKH HEIOIyCTHMa
[1]. B cny4ae Hamuuus Takux oTkiIoHeHuit B xone TII 06-
pabateiBaeMast fAeTaidb OyAeT HENONpaBUMO HCIIOPUCHA,
MOCKOJIbKY €€ Ka4eCTBO BO3MOXKHO OIpEACIUTH JIAIIH B
korne TII BcrmemcTBHE HENOCTYIHOCTH T HAaOMIOICHUS
30HBI 00PaOOTKHL.

Omnpenenenne npurogaocta IJIIBC x obpaboTke 1e-
TaJIA C OTPEICTICHHBIMI TEXHOJIOTHISCKUME TPEOOBAHHS-
MH HYXIAaeTcs B JAHHBIX O COCTOSHHMH COCTAaBIISIOLINX
TexHosornieckoro ocHameHus (TO) kak mepen HavanaoMm,
Tak ¥ Ha MpoTshKeHHH o0pabotku. IIporHozupoBanue Ha
OCHOBE aHAJIN3a PE3yJIbTATOB MPEIIECTBYIONNX MpOIlec-
CcOB 00pabOTKH HE TapaHTHPYET KaueCTBO TEKYIIETO B CH-
JIy OTJIHYHUI TpaeKTopru 00pabOTKH, (PU3UKO-XUMHUUECKUX
CBOWCTB Marepualia 3aroTOBKH, HAJTMYUS BIVSHUS BHEII-
HUX (axTopoB. He ABIsETCS BBIXOIOM YMEHBIICHHUS CPOKA
MEXIy TeXHHIecKuM oOciyxuBanreM D3IIBC, mockois-
Ky 9TO yBEJHMYHMBacT HAKJIAIHBIC 3aTpaThl Ha JKCIDITyara-
U0, TPeOYEeT OCTAHOBKHU OOIIEr0 TEXHOJOTHIECKOTO IIHK-
Ja, 9TO B IETIOM YMeHbIIaeT 3()EKTUBHOCTH AIIEKTPOIPO-
3HOHHOTO 000PYIOBaHUSL.

Cnenyer OTMETHTb, YTO B COBPEMEHHON TEXHHKE
HaONMIOaeTCsl TEHACHINS HEMPEPhIBHOTO  YCIOKHEHUH
000pyZIOBaHUS W TEXHOJOTMYECKUX MPOIieccoB. B cBs3m ¢
9THM TaKWe TOKa3aTeNy Kak HaJe)KHOCTh M SKCIUTyaTalu-
OHHasI CTAOMJIFHOCTD B OOJBIIMHCTBE CIYYaeB SBIAIOTCS
OTIpe/IeIITIONIMMH TIPH BBIOOpE 000pynoBaHMs. YIlydlle-
HHUE 3THX MOKa3zaTeled Hepa3pbIBHO CBS3aHO C HCIOIb30-
BaHWEM TEXHWYECKOW IMarHOCTHKH, YTO CIIOCOOCTBYET
OypHOMY Pa3BHTHIO 3TOTO HAalpaBiCHUs TEeXHUKHU [2]. B
YaCTHOCTH, JIETaJbHO pa3zpadorana u 3(EeKTHBHO HCIOIIb-
3yeTcsi TEeXHHYEeCKas JAWarHOCTHKAa MEeTaJUIOPEeXKYIINX
cTaHkoB [3], HO, B CHJIy OTJIMYHS MPOILECCOB U CTPOEHMS
TO, HemocpenCTBEHHBIH MEPEHOC MOIYYEHHOTO OIbITa M
HapaboTok Ha amarHoctupoBaHus IIIIBC HeBO3MOXEH.
TonpKo HEKOTOPBIE W3 HUX MOTYT OBITH MCHOJB30BAaHbI, 1
TO JIMIIb B paMKax o4epTaHus 0a30BBIX M0oaxoa0B. Crieno-
BaTeJbHO, 33/1a4a BHEAPEHUSI METOI0B AUATHOCTUPOBAHUS

104

TII smexTpospo3roHHOTO BBIpe3aHus (OOB) u oueHKH
cocrosHus DOIBC saBnsercs akTyanbHOM.

Iesan 1 3212494 HMCCIETOBAHUS

BBuny omepaTHBHOCTH TPOBEICHUS THATHOCTHPOBAHHUS

TII 9B u oleHKH pabOTOCTIOCOOHOCTH COCTABHBIX Y3-

108 DOIIBC 6e3 octaHOBKH 00pa0OTKH, B TIOCIIEAYIOLIEM

Takue poOOThl OyaeM Ha3bIBaTh DKCIPECC-AUArHOCTUKON

(BJ]) O9B, a cuctemy, KoTopas OyJeT BBIMOJIHATH ITH

paboTel — cucTteMoil dKcmpecc-quarHoctukn  (COJI).

OyHKIMOHATBHBIM HazHaueHueM COJI sBinseTcs:

— OLIEHKAa MI'HOBEHHOI'O COCTOSIHHSI TEXHOJIOTHYECKOTO
mporiecca,

— oleHKa padorocmocoOHOCTH cucteM DOB;

— OIlpeJeNieHre Pa3BUTUSA OTKIOHCHHH B IPOIIECCE BEIpe-
3aHUS;

— MPOTHO3UPOBAHMSI TIOKAa3aTeNleld KadecTBa JeTalld, MO-
Jy4eHHOMU B TIpoliecce 00padoTKHy;

— ompezieNieHus] BUJa H TMapaMeTpoOB KOMIIEHCAIIHH,
HaIlpaBJIEHHOM Ha ycTpaHeHue oTkiIoHeHui B TII.
Ienbio pabOTHI SABISIETCS OMpEICICHHE Crocoda pea-

JTU3AIUU U TEXHUYECKUX TPEeOOBaHWA K MOIYJIO JKC-

npecc-quarHocTuku npouecca 29B. [ng noctuxeHus

eI OBLUTH PEIIeHBI CIICAYIONINE 3aa4H:

— a”anu3 (PU3HYIECKHUX IPOIECCOB H (PAaKTOPOB, KOTOPHIC
HUMEIOT MecTO Iipu IIB;

— aHaJIHM3 TEXHOJOTHYECKUX OCOOCHHOCTEHW MPOTEKaHUS
O3B u cxeMbl Oy4YeHUs U3JIEHS;

— aHaAJIU3 CTPOCHUS TEXHOJIOTHYECKOTO OCHAIICHHSI,

— ompejiefieHue BXOJHBIX JaHHBIX, Hecylux HH(opma-
IMIO O TlapaMeTpax KadecTBa O0OpabOTKH M XapaKTepe
otkionenuii B TII;

— aHAJIU3 METOJIOB OMNEPATUBHOTO KOHTPOJSI KadecTBa
MTOBEPXHOCTH, MOTy4eHHOI myTeM DOB;

— ompezeneHue noaxoaoB uHrerpaunu COJ] Ha anmapat-
HOM YPOBHE;

— onpezeneHue noaxonoB uHrerpauuun COJl Ha mnpo-
rPaMMHOM YPOBHE.

DU3MKO-TEXHOJIOTMYECKHE 0CHOBBI IKCIIpecc-
auarmocTuxku DOB

[octpoenne COJ] O3B N0MIKHO MPOBOANUTHECS C YIECTOM
(pU3MIECKUX M TEXHOJOTHMYECKIX OCOOCHHOCTEH, a TaKkKe
ocobenHoctel crpoenns IIIIBC, xoTopsie paccMOTpUM
noapobuee. C ¢u3mueckoil cTOpoHbI mporecc 3D obpa-
0OTKM COCTOUT B OecrpepbIBHOM OOpa3oBaHWM M yjaie-
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HUUW U3 30HBI 0OPabOTKU YaCTHUI] METaula U APYTUX IMPO-
IyKTOB 3po3uu. Cpenu PakTopoB, KOTOPBIE OMPEILIISIIOT
NPOTEKaHWEe YKA3aHHBIX SIBICHMH, Hamboiee BECOMBIM
€CTb SHEPTHsl, KOTOPas BBIICIACTCS B CUCTEME IIEKTPOA-
HHCTPYMEHT — MEKAIEKTPOIHBIN mpoMesxyTok (MOIT) —
EKTPOA-ACTallb. YPOBEHb M CKOPOCTh TOCTYIUICHHS
sHepruu B MOII BIHAIOT KaK Ha JIEKTPUYECKHE U TEIUIO-
BBI€ ITPOIIECCHI B IPOMEKYTKE Ha BCEX CTaIUsIX UCKPOBO-
ro mpo0osi, TaKk ¥ Ha TEIUIOBbIE, TMAPOJAMHAMUYECKUE,
MIPOLIECCHl BOCCTAHOBJICHHSI HAYaIBHOTO COCTOSIHUS KaHa-
Jla Ha CTaJusiX, KOTOPBIE CIECAYIOT IOCIEe OKOHYAaHUS I10-
CTYIUICHUS SHEPTUH OT UMITYJIbCa TOKA.

Awmrmuntyna BeineneHus sHeprun B MOII onpenenser-
cs1, ¢ OJTHOI CTOPOHBI, TapaMETPaMH F'e€HEPaTOpa UMITYIIb-
COB, T.C. YCTAaHOBOYHBIM 3HAUYCHHEM HAINpPSDKCHUS, BHYT-
PEHHHM COIIPOTUBIICHHEM M MHAYKTHBHOCTBIO, IIapaMeT-
paMu KOMMYHUKALIMOHHBIX COEOUHEHHUM, a C IpYyrod —
HavdaJbHBIM W pa3psAIHbIM CONPOTHBIICHHEM KaHaina. [lo-
CKOJIBKY yKa3aHHBIE 3JIEMEHTHI MIEKTPUYECKOH IeTH Co-
€/IMHEHBI TI0CIIeIOBATENIbHO, TO MX aKTUBHBIC M PEAKTHB-
HBIE CONPOTHUBIICHUA OYAYT CKJIAIbIBaThCS, YTO OMpere-
JIAT aMIUIUTYyQy TOKa MW CBA3aHHYIO C HUM aMIUIUTyAy
9Hepruu. MI3MeHeHHsI CONPOTUBIICHHST OJTHOTO U3 JIEMEH-
TOB BJIEKTPHUYECKON IIENM BO BpPEeMs 04l HMILYJIECOB
TEXHOJIOTHYECKOTO TOKa BBI30BET IHHAMHUYECKHE H3MeE-
HEHHUS B BBIICJIICHUN SHEPTHH W, CIEAOBATEIbHO, HEpaB-
HOMEPHOCTH 3PO3HOHHOTO CHSTHS MeTayula. AHaJIU3 BBI-
nenenust sHepruu B MOII mo3BomseT onpenemnsTs Kade-
cTBO 00pabOTKH, TOCKOJIBKY YPOBEHb M XapakTep BBIZE-
JICHUS SHEPTHUHU ONPEICISIOT TIyOuHy U 1uaMeTp oopa3o-
BAHHBIX JIYHOK U TOJIUHY CTPYKTYPHO MU3MEHEHHOMU 30-
HBl (Oenoro cnosi). CienyeT MOAYEpKHYTh, YTO TpHUBE-
JICHHBIE 3BEHbs IEKTPUYECKOM LENU UMEIOT IPUCYIIUM
TOJIBKO UM YaCTOTHBIC W HIYMOBBIC CBOﬁCTBa, 0 KOTO-
PBIM BO3MOXKHO ITPOBECTU UX I/II[GHTI/I(I)I/IKS.HI/IIO u orpeac-
JUTH cTerieHb 3QhekTuBHOCTH UX padoTH [3, 4].

C TEeXHOJOTMYECKOW CTOPOHBI, PETHCTpAIMsS HEpre-
THYECKHX CHTHAJOB HE BIMSET Ha Mpolecc oOpaboTKH, U
MIPEOCTaBIISICT BO3MOXKHOCTH IPOBOJUTH PETYJISIPHOE
JIMarHOCTHPOBAaHUE BO BpeMs 00paOOTKM KOHTypa ieTa-
m1. TakuM 00pa3oM, HCIIOJIB30BAHUE SHEPTETHYECKUX
CUTHAJIOB JIJISl OTIpEIeNIEHUs] 0COOEHHOCTEH xo/a DD BBI-
pe3anue, (pYHKIIMOHAIBHOW CIOCOOHOCTH OCHOBHBIX CH-
CTEM M I TPOrHO3UPOBAHUA KaA4YCCTBa IOJYUYCHHBIX
MTOBEPXHOCTEH €CTh BOBMOXKHBIM U 3(p(PEeKTUBHBIM.

Brinenenue sneprun B MOII ciexyer moaenuTts Ha 1Ba

1 o
ByAa: OT OJMHOYHOI'O0 UMITYJIbCa E,(n) n OT ACHUCTBHUA IIO0-

crenoBatenpHocTH M nvmyssco EM) | koropoe crenyer

paccMaTpUBaTh KaK KOJUIEKTUBHBIE MPOLECCHI N0 BBICOTE
pe3a. HecMoTpst Ha TO, 4TO BEJIMUMHA YIaJIEHHOTO 00be-
Ma Ha €MHUYHBIH MMIYJIbC 3aBUCHT OT MHOTHX (hakTo-
POB, AJIst pa3pabOTKU METO/IOB TUATHOCTUKU U TIPOTHO3H-
pOBaHHUS PE3yIbTaTOB OOpPabOTKM BaXHO CBA3ATh yJia-
JICHHBIH 00BEM C 3Heprueil nmmnyisca. B kauectBe Takoit
CBSI3M BBIOpaH K03 (UITHEHT 00BEMHOTO CHATHUS MaTepH-
aja, KOTOPBIH SIBISIETCS yCPEIHEHHEM YAEIHHOTO CheMa
MeTala KaxI0ro UMITyiabca. PaccMoTpum ero onpenene-
uue. [lyckail BciaencTBHE BBIACICHUS 3HEPTUU OT M um-
MyJBCOB MPOU3OLLIO BBIpE3aHHE Maza IIUHOU |, uTO
SKBUBAJICHTHO CHITHIO 0OObEeMa MaTepHana 3aroTOBKH
V.=l -y +2-0py)-H,, TR djpy Jamerp

IIPOBOJIOYHOrO eKTpona-uHcTpymenta (IIDM); J,,,, —
BenuuuHa 3a3opa MOII; H, — BeIcOTa 3aroToBKuU. Yuu-
ThIBas, YTO 3a MTHOBEHHBIMHU 3HAYEHHAMH IOJIOKEHHH
(mo mauubM YITY) ompenensercs |, , a TexHOMOTHUECKHE
mapametpsl d,,,, , 8,,; ¥ H, U3BecTHEI, TO KO3 dHUIH-
€HT OOBEMHOIO CHATUS MaTepuana BBIUUCIACICS 110
dopmyne k, =V, /EM .

Taxke HECIOKHO ONPENETUTh MECTO BBIICICHUS
sHepruu Baoiab [I19U. Jls 3TOro Hy»HO C MOMOIIBIO OJ1-
HOBHUTKOBBIX TPaHC()OPMATOPOB CHATH BEIMYMHBI TOKOB
I, u |,, COOTBETCTBEHHO, HIJKHETO U BEPXHErO TOKO-

H
MIOJJBOIOB, ¥ MO WX 3HAYCHHSM BBIYHCIUTH KOOPIUHATY
paspsiza OT TEKYIIETO UMITyJIbca o GopMyIIe:

z(1,,1)=L,-(1,/1,+1) ™" -

rae L, — paccrosHue Mexnmy Tokomoxsomamu, a I, —

H.m

paccTosiHHE OT TOKOIOBOJA JI0 KPOMKHU 3arOTOBKH.
Omnpenenenne kodddunrenTa 00bEMHOTO CHATHS MaTe-

puana k, =V, /EM u xoopmumater z(l,, 1,) wurpaer nc-

KIIFIOYUTCIJIBHO BAXXHYIO POJIb B pCaIn3allii METOJOB 3KC-
peCcC-ANarHoCTUKH, KOTOPBIC 6y,£[yT H3JI0KCHBI HMXKC.

MeTonoJ10rust IKCnpecc-AMarH0OCTUKYU npouecca 9B
PazHooOpasue MeTon0B, MO3BOJISIOIINX IPOBOJUTH MO-
HutopuHr TII OD9B, ycTynaeT KoIM4ecTBy METOJOB TeX-
HUYECKOHW JMarHOCTUKH METAJJIOPEKYLIUX CTAHKOB, HO
OHH, 110 COCTOSIHMIO Ha CETOJHS, NPEICTAaBILSIIOT COOO0M
OCHOBY METOHOJIOTHH 3KCIpecc-IUarHocTuku. Kpartko
PaccMOTPHUM HUX HUXKE.

Mertoapl IMArHOCTHKHM (DYHKIHMOHAIBHOTO COCTOSHHUS
ocHOBHBIX cucteM OJIIBC, koTtopele OasupyroTcs Ha
aHaIM3€e CIEKTPAIbHON IUIOTHOCTH BBIAEIECHUS SHEPTUHU
MIPH 3JIEKTPOIPO3UOHHON BBIpE3Ke, U3J0KeHHb!I B [5]. Han-
HBIE METOJIbI IyTE€M HE3HAYNTEIHHOTO M3MEHEHUs Iapa-
MerpoB TII mo3BONAIOT CBA3aTh aHOMAJbHYIO IOJIOCY
4acTOT C OTKJIOHCHUSAMHU B ()yHKIIMOHHPOBAHUH KOHKPET-
HOH CHCTEMBI, IOJICUCTeMBI MM Moaynd. Mx Hemocrat-
KOM SBJISIIOTCS 3HAYUTEIbHbBIE BEIUMCINTEIbHBIC 3aTPAThI.

Crioco6 KOHTpOJII COCTOSHHS 3JIEKTPOIPO3MOHHOTO
nporiecca pe3anus [6], Takxke Kak U MeTo] [4], OCHOBaHbI
Ha CTAaTHUCTUYECKOM aHaNM3e SHepruu uMmynbcoB. Ce-
JEKTUBHOCTh JIAHHBIX METOIOB MO (YHKIHOHAILHOMY
COCTOSIHMIO HU3Kas. Y IOOHBI Ha IEPBUYHOM CTAANU JHa-
THOCTHKH, HarpuMmep, Juisi 0OHapy>KEHHsT MOMEHTA IOSIB-
neHus otkaonenuit TII.

Takue MeTozbl, KaK ompeJelieHne Mporuda mpoBoJIoY-
HOTO eNeKTpoa [7] u MIepoX0oBaTOCTH MOBEPXHOCTH [8] B
mporecce O3B, OTHOCATCS K IpyMIie 3KCIPEecCc-KOHTPOIIS
TII. Mcnonb3yst 3TH METOJIbI, BO3MOKHO MOJYYHUTH MPO-
THO3 TOKa3aTeNie KadecTBa MOBEPXHOCTH oOpabaThiBae-
MO JIeTaJIH.

AHanmu3, U3JI0)KEHHBIX METOJIOB, MPOBEJCHHBINA C TOY-
KM 3pEHUS UX pealu3alyy, ycTaHoBmI, uro COJl nomkHa
OIIEPaTHBHO TIOJIy4aTh MAaCCHBBI JaHHBIX BEJIMYUHBI TOKA
U MecTa MPOXO0XKJIEHHs Pa3psA0B, MTHOBEHHbIE 3HAUCHUS
nonoxenus IIOU, a taxxke BausaTh Ha napamerpsl TII
309B. Ilo 3Toii mpuumnHe, 00eCIEUUTb BBICOKOIO ddek-
TUBHOCTb OKCIIPECC-IUarHOCTUKU IPOLECCA BBIPE3aHUS
BO3MOJKHO JIMIIb TPH JOCTHKEHWH ONTHMAaJbHON HHTeE-
rparu CO/] B TeXHOIOTHYECKOE OCHAIICHNE.
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Huterpanus C3/l Ha annapaTHOM YpOBHe

Crpoenne coBpemeHHBbIX IDIIBC, HecMOTpsi Ha pa3HO-
oOpaszue KOHCTPYKIHH, HMEET THIHYHYIO CTPYKTYpY,
KOTOPYIO yIOOHO paccMaTpuBaTh HCXOAS M3 OCOOEHHO-
creit ocymectBieHust TII 31exTpospo3noHHON 00paboT-
ku. Ha ¢pyHKIMOHANBEHON cxeme, IpUBEJCHHON Ha pHc. 1,
npouecc ODB mpexacraBiieH Kak OOBEKT YNpaBICHHUS,
MPECTaBISIOMUI co0oit 3aroToBky 1. 1, [I9U m. 2, To-
KOIOABOB!I 1. 4, coIia mpoMbIBKU M. 5. OcHOBOH mpo-
necca DOB sBngeTcss UMITyJIbCHOE BO3JEHCTBHE B BUAE
AMEeKTPUUYECKOTro paspana M. 3, mpoucxopsiiee B MOII,
BBI3BIBAIONIEE DPO3UI0 3arOTOBKM M 00pa3oBaHME Iasa.
Bcnenctsue BbIAENEHHUS B OTPAaHHYCHHOM IIPOCTPAHCTBE
U 32 KOPOTKOE BPEMsI SHEPTUH OT CEPHU pa3panoB oOpa-
3yercst 00JIacTh BBICOKOTO JABJICHUS, YTO BBI3BIBACT JIO-
KaipHYyI0 aedopmarmro [I191 1 nomepedynyro BOJIHY BO3-
MYyIIEHUS. YAepKaHNue IEKTPOJa B ONTUMAIBHOM II0JIO-
JKEHUM OCYILUECTBIsIeTcsl HaTsbkeHueMm 71, . [lepemortkoit
I19U co ckopocThio V,, JOCTUraeTcsi MUHUMU3AIINS BIIUS-
HUS ero n3Hoca Ha mapaMmeTpsl OOB. Benencreue oTkino-
HeHus Gopmbl U pasmepa [19U, a Takxke HATUYUS TPCHUS
B HampaBJIOMUX (Ha puc. | He Moka3aHbl) NPHU MEePeMOT-
K€ MMEIOT MEeCTO Morepeunble konebanus. Cynepno3ums
konebanns [I9M oT pa3sHbIX HCTOYHUKOB 33aCT XapaKTep
MIPOCTPAaHCTBEHHO-BPEMEHHON (DIYKTyallMl SHEPrHH B
MEII.

O0600mas HM3JI0XKEHHOE, TI0J ONpPEICICHHUEM «BHYT-
PEHHHE BO3MYIIEHU» CJICIyeT MOHUMATh ANHAMHUYECKHE
BTOPHYHBIE TPOIECCHI, KOTOpPBIE BIUSIOT HA DOB 1 00y-
CJIOBJIEHBI KaK TEKYIIUM COCTOSIHHEM 000pyAOBaHUA, TaK
n ¢uuyeckumu sieieHusMu TII. Kpome BHyTpeHHHX
BO3MYILEHHH, Ha pe3yabTaThl 00pabOTKH MOTYT OKasbl-
BaTh BIMSHHWE BHEIIHHE BO3ACHCTBHA: TeMIleparypa Hu
JIaBJieHUE OKpPYXKarolled cpejpl, KojebaHus MexaHude-
CKOH U 3JIEKTPOMAarHUTHON IPUPOJBI U T.I1..

CobiroieHne HEOOXOANMBIX TApaMeTPOB M COCTOSTHHMS
0o0beKTa YIpaBICHUS 00CCICUMBACT YIPABILIOMINA O0B-
€KT, COCTOSIIMI 13 OCHOBHEIX cucteM DDIIBC, BhimeneH-
HbIX 1. 6 — 1. 12 (Ha puc. 1 0003HAYEHBI MyHKTUPHON 00-
nacteio). BozneiicTeue Ha mpornecc D9B ocymecTBiseTcs
yepe3 cucreMy nosuunonuposanus UITY u koopauHaTHBINA
CTOJI 1. 7, UICTOUHHUK TexHoyoruueckoro toka 'K, cucre-
My nepemertieansa [I9M n. 11 u npomsiBky 1. 12.

Mexay 00BbEKTOM YIpaBICHUS U YHPABIAIONIIM 00b-
€KTOM IPHUCYTCTBYIOT OOpaTHbIE CBSI3H IO NMEPEMEIICHUIO
u Harpy3ke Ha [IDW. Jlns ocymiecTBIEHUS] JKCIpecc-
JIMarHOCTUKN HauOoIblllee 3HAYCHHWE HMMeEeT oOpaTHas
CBAA3b 0 HArpyske, Kak MpaBUIIo, NOJAEpKUBaeMasl JaT-
YUKOM TOKa WJIM JaTYMKOM NaJeHUS HaNpsDKeHHS Ha
[I9U. Curnan u3 AaTyuka MOCTYIMAET HA CUCTEMY ajiarl-
THUBHOTO YIPaBJICHUS, KOTOpasi, COOCTBEHHO, U OIIpEaeIs-
€T PEryJINpOBOYHOE AEHCTBHE HA OOBEKT YIpaBICHHUS.
OHO ocymIecTBIsI€TCS, B OCHOBHOM, ITOCPEACTBOM H3Me-
HeHus BenmuuHBl MOII n mapamMeTpoB MMITYJIbCOB TEX-
Hoslorndeckoro Toka. s coBpemennbix DOI1BC, xoto-
pBIe XapaKTepHU3YIOTCSI BBICOKHM YPOBHEM aBTOMAaTH3a-
nuu [1], memecooOpa3HoO paccMaTpuBaTh CHCTEMY ajiarl-
TUBHOTO YIPaBJICHUS KaK CUCTEMY yNPaBICHHS TEXHOJIO-
ruyeckuM npoueccom (CYTII). Cnenyer oTMeTuTb, YTO
aBTOMATHU3alUsl OXBATHIBAET IPAKTUYECKH BCE ITOJICHCTE-
Mbl DDIIBC, T.e. Ha HUX BO3MOHO BO3/1€HCTBOBAThH MPO-
IPaMMHBIM ITyTEM — MU3MEHSTH MX MapamMeTphl U PEXUMBI
paboThl WM BKIIIOYATh-BBIKIIIOYATh. DTO IO3BOJISET pea-

JM30BBIBATE MPOTPAMMHO-CEJICKTHBHOE JHarHOCTHPOBA-
HHUE, KOTOPOE IINPOKO HCIIONB3YeTCs B CPEACTBAX TCXHU-
YeCKOH TUAarHOCTHKH, B YaCTHOCTH, U JWATHOCTHUKH
METAJUIOPEXKYIIUX CTAHKOB
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Puc. 1 ®ynxunonansHas cxema O0B

AHanmum3 (QYHKINOHATBHOM CXEMBI IO3BOJIMII OMpee-
JUTh MECTO IOJKIIOYEHUS M (YHKIHOHAJBHBIE CBA3H
CO/J1 ¢ npyrumu cuctemamu IIIIBC. Hcxonas u3 kpute-
pUsl MHHUMU3AIMK CBA3eH, HanOoJiee ONTHUMAJIbHBIM Me-
CTOM TOJKJIIOUEHUs sABJsieTcsa Beixox u3 TII, mocTonpky
3TO0 Hambojee MPUONMKEHHAass K KOHEYHOMY W3JEJIHIO
TOYKa (PYHKIMOHAIBHOW cxeMbl. J{Jisi IpoBeeH s celnek-
TUBHOTO 3KCIIPECC-KOHTPOJII HEOOXOIMMO (OpMHUPOBATH
HOPMHUPOBAHHBIC BO3MYILECHUS, YTO 00ECIICUNBACTCS CBSI-
3p10 Mexty CYIIT, cucremoii nepememenus 110U u cu-
CTEMOIl TeXHOJIOTHIEeCKOTO obecredeHus. [JOmoTHUTEb-
HbIM curHaiom CDOJI sBisieTcsi MTHOBEHHAs KOOpAMHATA
006paboTku, cmysxamias mepoit D0B.

[Mockonbky Qopma eraneil HHCTPYMEHTAJIBHOTO TPO-
M3BOJICTBA CJIOXKHASA U €€ MOJlydeHne TpedyeT MHOTOIpo-
XOJTHOW 00pabOTKH, TO WX MPOCKTHPOBAHHE IEIECO00-
pasHo BemMONHATE ¢ nomomnisio CAD/CAM cucrem, a
koppektupoBKy TII ocyliecTBisITh BCTPOCHHBIMU B
CVTII u YIIY Hactpoiikamu u onuussMu. J{is peanusa-
MM TaKOTO MOAXOa HEOOXOJUMO OOECIEUHTh IOJIKIIO-
YeHHE K JIOKAJIbHOW CETU WUJIM MEPCOHAIBHOMY KOMIIbIO-
tepy (1. 14 puc. 1).

HuTerpanus C3J1 Ha ypoBHe IPOrpaMMHOro odecre-
YeHust

IMpoektupoBanune mporpammuoro obecredenus (I10) CI/]
CJIe/IyeT BBINOJIHSITh MUCXO/SI U3 MPUHIMIIOB MOAYJIBHOCTH
U LEHTPAIM3alMK YIPABJICHUS, TO €CTh KaXIbIi MOJIYIb
JIOJDKEH BBITIONHAT OAHY WJIM Tpynmy (yHKIHUHA, KOTOpbIe
MOT'YT UMETh OOIIME BXOJHBIC JaHHBIE, HO MEXIy coOon
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OHH HE3aBHUCUMBI, XOTSI U KOHTPOJIMPYIOTCSI OJHUM SIPOM
— JWUCTIETYEPOM ANATHOCTHPOBAHHS.

IO pabortaer cremyrommuM obpa3zoMm. B aBTomaTmue-
CKOM pexxuMme pabotsl moxmporpamma (I1IT) cucremHoro
TaliMepa 3alyCKaeT HOBBIM LMKJI AMArHOCTUPOBAaHMS, B
Cllyyae PYYHOTO YNPaBICHUS TaKOH 3aIyCK MOXET Mpo-
Boauth IIIl kanana cBsa3u wnm IIIl mynera pydHOro
ynpasieHus. Jlucnerdep IUarHOCTHPOBAHUS Ha OCHOBE
JIAaHHBIX MEHEKEPOB PECypCcOB M MapaMEeTpOB, a TaKKe
BHYTPEHHETO COCTOSIHUS, ONpeAesieT BUA JUarHOCTUPO-
BaHMs U (OPMHUPYET 3alpoc Ha ero nposeneHue. Moayinb
JIMarHOCTUPOBaHUS (POPMHUPYET BBIOOPKY, MOJKIIIOUACTCS
k CYTII, mpoBOOUT CENEKTHUBHYIO AUATHOCTHUKY CHCTEM
O3IIBC, ompenenser mporud M YpoBeHb KojeOaHHN
[IOU, cocTosiHEE Mma3za W Ka4ecTBO NPOMBIBKH. Momyib
00paboTky nH(pOPMAIMK HA OCHOBE TAHHBIX O CTPYKTYpE
OTKJIOHCHHH BBITIONHACT OIPENCICHUE BHUAA W YPOBHSA
OTKJIOHEHUH TEXHOJIOTHYECKOTO IIPOIIECca U aIlapaTHOTO
oGecrieuenusi. [lonyueHHbIe JaHHBIE MOTYT IOCTYIATh K
JUCTICTYCPY AUArHOCTUPOBAHUA WM K MOAYJIIO IPOTHO-
3UpOBaHUs pa3BUTUs OTKJIOHeHUH. Ha ocHOBe mporxosa
MOJyJb yCTpaHEHHUs (KOppEeKLIMH) OTKJIOHEHHH ompene-
JISIeT CTPATEeruio0 UX YCTPaHEHHs, Ul 4ero MoiydaeT A0-

MIOJTHUTEIbHBIC JAaHHBIE OT AWCIIETYEpa AUArHOCTHPOBA-
HUSI U IEPEIacT HEMY PE3yJIbTaThl PAOOTHL.

[TonydeHHBIE pe3ynbTaThl AUATHOCTUPOBAHUS W BapH-
aHTBl UX YCTPaHEHHS AMCIETYEP NUATHOCTHPOBAHMS BBI-
BOJUT HA MOHHUTOP [UI HHOPMUPOBAHUS ONIEpaTOpA.

BriB0OBI
[o pesynbraram McciaegoBaHUs MOXHO CHOPMYIHPOBATH
CJIE/TyOLITIE BBIBOIBL:

1. BeieneHue 3HEPTUM OT UMITYJIbCOB TEXHOJIOTHYECKO-
T'O TOKa ompenesseT KauecTBeHHble nokazarenu TI1 D9B n
HeceT uHpopManuio o pabote cocraBHbIX yacteir DII1BC.

2. Ha tekymuii MOMEHT BpEeMEHH METOIBI KCIIpecc-
JVarHOCTHKH J0CTAaTOYHO pa3pabOTaHbl M MPUTOTHBI IS
MoHHTOpHHTa DOB.

3. Tompko ¢ ucnonb3oBanreM COJ] BO3MOXKHO TapaH-
THPOBATh KAYECTBO M3JEIHH, YTO O0YCIIOBIEHO CBOEBpE-
MEHHOCTBIO W TOYHOCTBIO OIPEAEICHHUS OTKIOHEHUH B
nporekanuu TII, ydera peiicTBust BHemHUX (akTOpoB U
OoJiee TMOKMM PEryJMpOBaHHEM IapaMeTpoB 0OPabOTKH.

4. CoBpeMEeHHOE COCTOSIHUE MUKPOAJIEKTPOHUKH U TIPO-
rpaMMHOTO obecriedeHus Mo3BoJsieT peanuzoBate COJI mms
D3I1BC, paboTarolyio B peKUME pPeabHOTO BPEMCHHU.
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Nebylytcia Yu.M. The integration of the rapid diagnostics of EDM wire cutting into technological equipment

Abstract. The article deals with the problem of the integration of the rapid diagnostics subsystem into the technological equipment of

the EDM wire-cutting machines. The features of methods of quality estimation of electro-erosive excision without the stopping of

processing which are based on the analysis of the energy of impulses of technological current selected in an interelectrode interval

are reflected here. The approaches to assessing the performance of the main systems of EDM wire-cutting machines are described.

The analysis of the hardware and software needed to implement the approaches set out in the submitted article is presented.
Keywords: EDM wire cutting, rapid diagnosis, process control systems, CNC systems
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