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ARCHITECTURE

Computer generated simulation of landscape during
the future architect training

L. V. Birillo, L. V. Osipa, O. A. Kostyuchenko

National University of Culture and Arts, National Aviation University, Kyiv, Ukraine
Corresponding author. E-mail: 88inna@i.ua
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Abstract. The article deals with question of using software tools for landscape computer simulation during professional future architect
training at a university. Computer simulation of the landscape at the final stage of project development during "Computer technologies in
architectural design” study and during qualification design project with Allplan CAD will aid future architects to increase the effective-
ness of design, to implement the idea and concept and to become competitive specialists.

Keywords: computer simulation, landscape, future architect training.

Introduction. The rapid development of information tech-
nology and computer engineering has led to significant
changes in all areas of society and in individual spheres of
its operation. Innovative approaches are used in various
areas to reduce the task-solving time.

Computer graphics allows to process a project from idea
to its virtual visualization, thus having system-fulfilling
role in all phases of architectural design. The use of com-
puter hardware and software in the preparation of future
architects is necessary because, it can shorten design -
development work on a new design significantly, imple-
ment the process of design itself and get better solutions.
Creating, editing and using three-dimensional graphics and
animation gives the architect the opportunity to convey an
idea effectively and to demonstrate projects and presenta-
tions flexibly. And one of the most important factors for the
successful and bright project implementation is modern
software usage.

Unfortunately, in the field of higher architectural
education the potential of modern computer facilities is not
fully used and possibilities of computer technology are not
utilized effectively. Since modern architecture is seeking to
create an object that is in harmony with their environment,
the topic of computer landscape simulation is relevant in
the landscape modeling during the future architects train-
ing.
Review of the publications on the topic. Interaction of
architecture and nature is explored in works of D.Simonds,
P.Portoheza, Ch. Jencks, I.Dobritsynoyi and others.

Introduction in the learning process of innovative meth-
ods and computerized training technologies, design and
educational process realization is aimed at mastering mod-
ern computer tools and technologies by students and is
dedicated to research of V. Bykov, R. Gurevich, A.
Gurzhii, M. Zhaldak A. Ershov, E. Polat, J. Robert A.
Spivakovsky, A. Spirin, N.Tverezovskoyi and others.

Different theoretical and methodological aspects of ar-
chitects training in higher education system research by K.
Halabyan, L. Ermakov, M. Barhina, E. Belousov, Y.
Belokon, N. Dokuchaeva, M. Demin, Y. Doroshenko, O.
Kashchenko A . Kudryavtsev, A. Stepanov, G. Somov, V.
Timohina, V. Tovbycha, M.A.Turkusa M. Nykolskoho, N.
Nechayev, L. Kholodov and others is dedicated to.

The aim of the work is the survey of software features
research for computer landscape simulation during future
architects training at the university.

Materials and methods. Research methodology in-
cludes: the method of analysis, synthesis, comparison,
generalization, systematization of theoretical data used to
identify problems condition of the study; experimental
method, based on the specifics of architecture; simulation
method in terms of environmental approach.

Results and discussion. Modern computer graphics
gives the architect new progressive future opportunities to
realize their creative potential. As a result, the emergence
of powerful computers triggered the opportunity to imple-
ment mathematical integration of graphics with a view to
future virtualization projects on the screen. Computer simu-
lation architecture implements a virtual environment.

The principles and techniques of computer design form
the basis of the current architectural practice and provide
dynamic shaping in interactive mode of the object virtual
model with regard to space relief formation of natural or
artificial environment. Rationalization of computer tools
and architectural design technology usefor solving
architecture - design tasks improves the efficiency and
quality of the process [1].

Applications for realistic space display of natural or
artificial environment relief formation can be grouped by
the similarity of the interface and the same work
principles: geographic information systems (GIS), three-
dimensional graphics editors, landscape designers,
landscape generators, computer-aided design and others. In
accordance with their capabilities, functionality vary for
more than several times [2].

Review and analysis of the special software
achievements for 3D-modeling of landscape have showed
that the most basic functions of the software are to
construct 3D models, but not the area; there is a great
variety of programs that will be inaccessible to the user
without special training and skills, while there are programs
that allow the user to create a simplified experience without
3D-model; 3D-modeling requires a significant technical
resources use.

Three-dimensional simulation allows to create the object
model, that is almost identical to the real image, which can
have a high level of detail, but requires high system
resources (3D StudioMax, Cinema 4D, etc.). Often the
landscape dseems artificial and too simplified.

The principle of the generator landscape functioning is
complex and is based on understanding of the the natural
landscape internal structure and geographic data

©|I. V. Birillo, L. V. Osipa, O. A. Kostyuchenko 2017
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knowledge of different ecosystems. Most generators built
landscape relief based on elevation map that can be ob-
tained on the basis of real data taken from the GIS data-
base, can be created by the program itself, or by the user’s
data. The relief in artificial natural landscapes can be
supplemented by various options entourage. The
functionality of the package can be expanded to with the
help of extra plugin use.

The models of landscape in computer-aided design is
obtained by changes within the given size according to the
building based on topographic survey.

The authors [3,4] indicate that SAD question of choice
is very important, because they must meet the following
requirements as efficiency of project implementation, a
great resource, high technical performance and quality of
work, simplicity and useability of interface, reliability,
affordable price.

The use of VIM process increases productivity of
construction industry significantly and can solve many
current problems associated with the lack of consistency in
information exchange [5].

Building Information Modeling facilitates work with the
object and is superior to classical methods of design. BIM
allows a virtual mode to develop and agree on the
components of the system for future buildings in advance,
check their viability, functionality and performance quali-
ties.

The integrated package Allplan is CAD-system for all
design work. All stages of the work, whether it is the
sketch, plan, landscape and changes made automatically are
available in graphic form for all participants of the design
process [6].

Allplan provides a number of convenient features for
creating a project landscape system. To these features be-
long image processing import formats (DXF, DWG, DGN,
and others.), fast data entry. Automatic detection points
inventory positioning, marking axes control enforcement
points, splines and coupling for Euler spiral are just a few
examples of the rich range of features of the program.

Master plans are known for their complicated geometry.
Work on it always starts with the initial surveying the area.
Knowledge of points coordinates is the most important
precondition for the transfer of data location into the
graphic. These coordinates can be obtained by digitizing
existing maps in the Allplan program. It can be done with
te help of manual input from the keyboard or directly from
files containing information about the point. Existing or
newly created points of three-dimensional space can be
processed later in the module «Digital Terrain Model».
Continuous communication between members of the
design process should be provided by using the «Geodesy»
function module in order to work on a master plan
smoothly.

Many types of signs typical for road construction of
curves and inscription elements are used for plan present-
ing. Its capabilities expand with assess features, control and
special functions, such as control points check or bending
the edge of the road.

The "Master Plan" function enables creating an accurate
3D model of the area. The function is divided into 4 mod-
ules for convenient use:

* The Site Plan module. This module enables a variety
of functions, especially for the road and bridge construc-
tion. In addition, it contains commands to build any curves

and slopes, as well as for inscription and picketing (place-
ment) of axial lines. There are additional commands for
example to create files and share geodetic points. The co-
ordinates can be imported into the program by digitizing
existing maps, manually with the keyboard or on the basis
of created files points of random format.

* The Digital Terrain Model module is a multifunctional
tool. It is the basis for all stages of design vertical space
near the building, drawing creation, calculation and display
of pits and mounds that gives new possibilities for terrain
submission in three dimensions. TSMM is particularly
useful in the breakdown of complex areas, athletic fields,
golf courses, etc. Besides it provides all the necessary
tools for vertical planning to a designer. With the help
Digital Terrain module master plan data in space can be
edited and modeled . These surveys are introduced or, if it
is possible, are imported digitally. Filling-up and dredging
can designed and calculated. Also, DXF and DWG files
can be imported and exported.

The area is represented with a grid that consists of a
three-dimensional triangular planes. Special areas (eg,
construction sites) can be defined in the grid and than cut
during editing. Master plan can be converted into 3D-body
module and edited into 3D model. Then it can be converted
back into Digital Terrain Model.

* The Landscaping Planning module includes special
features for creating dendrological and landscape plans ,
intelligent signs for creating plants, comfortable design for
plants and trees, automatic creation of plant explication,
information generation and s plant specification at all stag-
es of design, creating original drawings by using Bezier
curves, random sketches, lines, patterns, volume calcula-
tions. Calculation of planting plants areas and road surfac-
es. Computer-aided response and specifications on garden-
ing items, pavement and small architectural forms.

Conducted studies [7-8] enabled to determine that the
land (topography) and vegetation is most actively used in
the architecture as formative material, water is used less
active.

* The Urban Planning module. It is possible to create a
surrounding building and calculate required indices for
project in this module. With the help of the digital model
designing and sands and dredging calculating can be con-
ducted. Accordingly, you DXF and DWG files can be
imported and exported. The functions of the module are
used to create topographical, cadastral situation and plans,
to identify areas of housing, buildings, to create a consoli-
dated plan of installations, to calculate areas, lengths and
volumes construction. And also it cab ne used for automat-
ed receipt information and specifications for residential and
public buildings and structures [9].

Complex task at the development phase of the project
during the study course "Computer technologies in archi-
tectural design" (10 semester 5th course) at the National
Auviation University includes the construction of the build-
ing and building terrain model with the means of Allplan
programs "Geodesy" functional module. Future architects,
using the tools of the program, perform graphic work on
modeling the environment under the proposed option. As
the basis for work situational plan is provided, topo data of
the terrain and building data for design (e.g. art center) as
the main element of the environment. With computer de-
sign the placement of buildings with respect to relief is
taken into account:
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on a plane

to elevation,

on a slope,

hollow in the ground,
near a reservoir,

on water.

The interaction of architecture with relief is taken into
account:

o overlay overhang,

¢ transformation of the environment,

e terracing,

e geoarhitecture.

Environment model design begins with downloading
and analysis of topographic underlying cause in Allplan
CAD environment. The use of scanned topographic maps
with further setting the relevant data is possible, as well as
the use of fabricated arrays of coordinates points. By means
of the Site Plan module future architects set the basic pa-
rameters of the terrain. In particular parameters such as
pickets, axis lines, curves and slopes, options for the design
of roads and bridges can be set. By means of the Digital
Terrain Model module spatial triangulation terrain model is
created with coordinate points automatically, which can be
analyzed and visualized by appropriate means. To clarify
the type of terrain satellite images of Google Earth and
panoramic shooting of the area are used. On the terrain

model designed building is located and work on models of
environmental elements in Allplan CAD continues. Geode-
sy Module provides the main functions to designer for
spatial planning and urban development. It is creating plans
of areas use or building plans. The module allows o calcu-
late such important indicators as ratios floor space, land
area, building volume and create a model of the surround-
ing area of 3D buildings of various types [10].

The Landscaping Planning module is used for the design
and planning of plot with green plantations, walkways and
landscape objects. This module endues an opportunity to
create green space plans with automatic creation of explica-
tions and plant funds. The nodule is supplemented with
seedlings catalogs and special signs. At the end of work a
student has to assess the accuracy of he conducted comput-
er simulation.

Summary. Computer simulation of the landscape at the
final stage of project development during "Computer tech-
nologies in architectural design" (10 semester 5th year)
study and during qualification design project with Allplan
CAD will aid future architects to increase the effectiveness
of design, to observe the future real project and to imple-
ment the idea and concept. Complementing and extending
information educational environment with cloud technolo-
gies will enable students to become demanded specialists in
the labor market.
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KOMl'lblOTepHOQ MOAC/JIMPOBAHUE IPHA MOATOTOBKE 6y2]yl].[I/lX APXUTEKTOPOB

. B. bupuio, J1. B. Ocuna, O. 10. KocTroueHko

AHHOTamMs: B crathe paccMaTpHBAIOTCS BONPOCH HCIOIB30BAaHUS MPOrPAMMHBIX CPEICTB JUIS KOMITBIOTEPHOTO MOJSITHPOBAHHUS
nanmmadTa B mpohecCHOHANBHO MOATOTOBKE OYIyIINX apXUTEKTOPOB B YHHBepcuTeTe. KOMIBIOTEpHOE MOJEIMPOBAHHE Ha KOHEY-
HOM 3Tare pa3pabOTKH MPOEeKTa MPU U3yUeHUH TUCHUIUINHEI « KOMIBIOTEpHbIE TEXHOIOTHH B apXUTEKTYPHOM HPOSKTHPOBAHUM» U BO
BpeMst quruioMHoro npoektuposanust B CAIIP Allplan moMosker Oyaymmm apXuTeKTopaM IMOBBICHTE 3()(EKTHBHOCTD IPOESKTHPOBAHNS,
BOIUIOTUTH UJICIO M KOHIEMIIHIO, CTaTh KOHKYPEHTOCIIOCOOHBIMHU CIEIMAICTAMHU.

Knrouesnie cnosa: xomnviomeproe Mooenuposarue, 1aHouapm, no02omoska 6yoyuwux apxumeknmopos.
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BIOLOGY

XBHJIBOBI poLecH peryJislii cepueBoro puTMy 0cioé 3 pi3HUMH THIIAMH
reMoaMHaMIiKH| mix yac mpoou head-up-tilt

B. C. JIuzory06, M. FO. Makapuyk*, JI. I. FOxumenko*, C. M. Xomenko, H. I1. Yepnenko-Kyparina
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AnHoTauist. J[oCTiKYBaiu XBUIIbOBI mpotieciB peryisii cepueoro putMy (XITPCP) B oci6 3 pisHumu THmamu kpoBoo6iry (TK)
npu BUKOHaHHI nipo6u head-up-tilt. Becranosmeni ocoGuBoCTI peryssiii KpOBOOOIry, sika B HaHOiIbIIiH Mipi MPOSBISIIACH B YMOBaX
opromnpobu. O6crexyBani 3 TinepkiHeTndHuM TUoM KpoBoobiry (I'TIK) B monoxxenni head-up-tilt xapakrepusyBanucy BHIIMMA
nokaszHukamu xBrwinHHOTO (XOK), ymaproro 06’emy kpoBi (YOK), cepueBoro innekcy (CI) Ta HmX4nMH 3HaYEHHSMH 3arajJbHOTO
nepudepuanoro onopy cyauH (3[10), mo cuHXpoHi3yBasock 3 Oinbmo akTuBHiICTIO XIIPCP Ta BUCOKMMH 3HAYCHHSMH CIEKTpa-
TpHUX XapaktepucTuk Bucokoi (HF) i au3bkoi wactotn ( LF ) perymsuii ceprieBoro purMy (CP) mopiBHSHO 3 TiIOKiHETHYHUM THIIOM

kpoooOiry (I'K).

Kniouosi cnoea: munu kpogoobizy, yenmpanbha 2emMoOuHamixa, cepyesuli pumm, Xeuibogi npoyecu, opmonpooa.

Beryn. Bigomo, mo TK BigoOpaxkae neBHuil BapiaHT HOp-
MH, @ TaKOX BIJPI3HAETHCS XapaKTEPUCTUKAMH CHUCTEMHU
KpPOBOOOITrY Ta MeXaHi3MaMH HEHPOTyMOPaJIbHOI peryJisiii
ii gistieHOCTI [7, 15]. Tlpu 1pboMy cydacHe MOHSATTS HOPMH
3MeOUTBIIOTO0 TPAKTYEThCS HE TUIBKM AK TepeOyBaHHS
KOMIDICKCY ITOKa3HWKIB y BIINOBITHOMY [iama3oHi cepei-
HBOCTaTUCTHYHUX CTaHIAPTIB, aJie i sIK MOXJIMBICTD OpraHi-
3MYy [0 AyTOPETyJIIOBaHHS 3 METOI0 MiATPUMKH T'OMEOCTA3y
B MIHJIIMBUX YMOBax cepemosuiia [2, 6]. IcHye nymka, 1o
JIesIKI TTOKa3HUKY CEePLEBO-CYIMHHOT CUCTEMH € TeHETHYHO
JICTCPMIHOBAHUMH 1 BiZOWBAIOTh JMHAMIYHICTH MOMYJIS-
IfTHOT KOHCTHUTYIIIFHOT HEOMHOPITHOCTI Ta OOYMOBIIOIOTh
BiAMOBIIHMI reMouHamiuHuii i [5, 10, 19].

Koporkuii orasa myOjikamiii mo Temi. 3a Takumu
kpurepisimu sk XOK 1 CI aBTOpH BUAUIOTE Tilo-, €y- Ta
rifnepkiHeTHYHUI TUMU KpoBooOiry [1, 16], mio 3marHi omn-
TUMABHO 3a0€3MEUNTH BiIIOBIIHI PiBHI CEPETHHOTO apTe-
pilaJIbHOTO THCKY TPH OJHAKOBOMY BHMKOPHCTAaHHI €HEprii.
Posrmisgaroun THITOIOTIYHI 0COOIMBOCTI TEMOIUHAMIKHA 3
MO3UIII y4acTi aBTOHOMHOI HEPBOBOI CHCTEMH y PETYJIsI-
mii CP excrepruMeHTaIbHO JOBEACHO ICHYBAaHHS CHMIIA-
TO-, HOPMO- Ta BaroTOHIYHOTO THIB KpoBooOiry [3, 4].
Baxko He MOroIUTHCh, 1110 CHMIIATO-a/IpEHANIOBA CHCTEMA €
MIPOBITHOIO Y MIATPUMII HEWpO-BEereTaTHBHOI PIBHOBArk Ta
peryJuii azanTUBHUX NpolieciB opraHiamy. OTxe, Ha CbO-
rOJIHI BU3HAHO BKJIMBE NMPOTHOCTUYHE 3HAYECHHS MMOKa3-
HUKIB IeHTpansHoi remoanHamiku (LII') i CP. Aue Bigk-
PUTHUMHM 3aJIMIIAIOTHCSA NMUTAHHS MIOA0 3’ sICYyBaHHS 0CO0-
muBocter perymsnii CP 1 reMommHaMigyHHX peakmid y
ocib pizaux TK B ymoBax nii Ha opraHi3M pi3HuX (akTo-
piB cepenouma [8, 9, 11, 12, 20]. BpaxoByrouu excrie-
pPUMEHTaJBHE MiATBEPKCHHS HASIBHOCTI THIIIB Perysil
CP i TK noriuHo mpuIryCTUTH iCHYBaHHS Ta y4acTb Bif-
MIHHHUX MEXaHi3MiB PeryJisiii TeMOIMHAMIYHUX PeaKIlii
OpraHi3My y BiATIOBifb Ha pi3HOMaHITHI (pakTopm cepe-
noBuiia. TakuM YMHOM, BUHUKAE HEOOXITHICTH JOCIIIU-
T ocobmuBocti XITPCP y oci6 3 pizaumu TK.

Merta. 3’sicyBaTn 0COOJIMBOCTI ydacTi MeXaHi3MiB pe-
TYJISILIl CepeBOro puTMy B OCi0 3 Pi3HMMH THIIAMHU Te-
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MOJIMHAMIKH B TIOJIO)KEHHI JIe)Kauu Ta IPU BUKOHAHHI
OPTOCTaTU4HOI POOH.

Martepianu i meroau. YV 84-x 4osoBikiB BikoMm 18-22
p- B IIOJIOXKEHHI Jiexkaun Ta Ha 10- XBHIMHI OPTOCTATHY-
Horo monokeHHs Tima (head-up-tilt), oTpumanoro mpu
nepemimenti Ha 90° 10ropu TOJI0BOIO HAa MOBOPOTHOMY
CTOJIi, TIPOBOJMJIM CHHXPOHHY PEECTpAIlil0 MOKa3HHKIB
neHTpansHOi remoguHaMiku (LII') Ta XTICP. docmimkeH-
HS 3IIHCHIOBANM 3TiTHO HOPM OIiOCTHKH Ta MOJOXKCHb
I'enbcunckol nmexmapamii 1975 p. miciast n0OpOBINBHOTO
MTUCEMOBOTO TIOTOJKEHHS 00CTEXYBaHHUX.

Jns BuBuenHsa L' 3acTocoByBalu METOJ CIEKTpasb-
HOi peorpagii Ha KoMIbIOTepHOMY KoMmiuiekci ReoCom
XAI Medica i Busnauanu: YOK, XOK, 3I10 ta Bumipio-
Banu aprepianbuuii THCK (AT). Iist HIBEIOBaHHS BILUTHBY
Ha L' BiAMiHHOCTEH y Maci Tija 0OCTEXKYBaHUX IOJAT-
KOBO BH3HA4aJlM aHTPOIIOMETPUYHI JaHi Ta MOKA3HHUKH,
HOPMOBaHI 3 ypaxyBaHHsM tuiomii Tina: cepuesuii (CI) i
ynapuuii inaexc (Y1). [oain Ha rpynu 3a TK 3aificHioBa-
mu 3a nokasaukoM CI [1, 2]. Jocnimkenras XITPCP mpo-
BOJIMJIA 3a JIONIOMOTOI0 KapioiHTepBasiorpadii. Busnaua-
mu: kBaapatuune BigxunenHs (SDNN) Tta y cmekrpi
TpbOX rosnoBHux kommonentiB: 0,15-0,40T'n (HF), 0,04-
0,15 (LF), 0-0,04T'1r (VLF) [18].

CraructudHy 00poOKy OTpUMaHUX Pe3yJbTaTiB 3Aikc-
HIOBAJIM METOJIaMU MAaTeMaTH4YHOI CTaTUCTUKH 13 3aCTO-
CyBaHHSAM TakeTiB mporpam Exel Ta Statistica for
Windows 8.0. JIocToBipHICTh 3MiH 1 BiMiHHOCTEU Mix
MOPIBHIOBAIFHUMH BEIMYMHAMHU OILIHIOBAJIN 32 KPHUTEPi-
€M JocToBipHOCTI pi3HHLI (t) mo Tabmumi CThIOACHTA.
JloCTOBIpHMMH BB2)XQJIUCSI BiAMIHHOCTI NP 3HAYECHHSIX
p=<0,05.

Pe3yabTaTH AocifKeHHs Ta iX o0roBopeHHs. B -
TepaTypi HE iCHye €INHOI AYMKH IIOJ0 KiJIbKICHOTO pO3-
oty obcTexxyBaHUX Ha rpynu 3 pisanMu TK. ¥V mocmi-
mwxeHnsx [10] orpumano criBBigroments 25 @ 35 : 40 mix
00CTe)XyBaHUMHM BiAIOBITHO 3 TiMO-, €y- Ta TiHepKiHeTHY-
HUM THIAMU. Pe3ynbraté ofHux mocmigaHukiB [2, 3] Bka-
3ytoth Ha nepeBaxanHs ['TIK, a inmmx — 'K tumy Bingmno-
BIJIHO JI0 3arajbHOi KiNbKOCTI oOctexxyBanux [4, 16].

©|V, S. Lizogub, M. Yu. Makarchuk, L. I. Yukhymenko et al. 2017
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OTpuMaHi HaMH JaHi y3TO/DKYIOTBCS 3 pe3yJIbTaTaMU aB-
TOpIB, SIKi BUSBWIN OUTBIINN BiZICOTOK 00CcTe)KyBaHUX 3 EK
[11, 14]. Anani3 oTpuMaHHUX pPE3YJILTATIB JO3BOJIMB BCTa-

18,4% @.

HOBHUTH HEOAHOPITHICTH KPOBOOOIry Ta pO3MOIITUTH 00C-
TexXyBaHuX Ha 3 rpymu (puc.1).

65,4%

O rinokiHETHY HUIA

B oy KiHC THUHHI

rInep KIHCTHY HUH

Puc. 1. Poznoain o6cTe)xxyBaHUX Ha THITM FeMOAWHAMIKU 32 TIOKa3HUKAMHU CEPLIEBOTO 1HACKCY.

[epmry rpymy ckmanu 14 oci6 i3 BizHOCHO HU3BKHUM CI
(menue 2,08 n/x-M?) — TK, y apyry ysiituuiu 55 oci6 i3
cepenniv CI (Bin 2,09 no 3,24 n/xs-M?) — EK, TpeTio
npencraBmwin 15 ocib i3 Bucokum CI (monan 3,24 1/xB"M?)
—TTIK.
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Hocmimxenns mokasHukiB LI, sxi Mu oTpumanu B 1mo-
JIOKEHHI JIe)Kadl BISIBIUIO JIESKI BIIMIHHOCTI MK TIpen-
CTaBHHKaMU BHUIICHUX TPYII (puC.2).

HH

0 T
IO KIHEe THYI HHIT

ey KIHe THIHHANI

rirepKiHe THY HHT

Puc 2. [Toka3HUKH cepLeBOTo iHACKCY Y 00CTE)KYBaHHX 3 PI3HIMHU TUIIAMU TeMOJAWHAMIKH B TIOJIOJKEHHI Jiexkadn. [Ipumitka: * -
IOCTOBIpHICTH BiqMiHHOCTEH p<0,05, ** - p<0,01 BiZHOCHO MOKa3HHUKIB 0OCTEKYBAHHX 3 TIIOKIHETUIHUM THIIOM T€MOJHHAMIKH.

Bcranosieno icrorno Bumii 3HadeHus Y1, CI ta Humkdi
3110 y ob6erexyBanux 3 I'TIK tunom mopiBHSHO 3 mpej-
craaukamMu EK ta 'K TomiB (p<0,05). [TopiBHsAHHS aH-
TPOMOMETPUYHUX JaHuX oOcTexxyBanux rpymn ['K ta I'TIK
HE BUSABWIO JTOCTOBIpHUX BimMmiHHOCTEH (p>0,05). OTxe,
BiaminnocTi 3a [II" misck 'K Ta I'TIK He € HacmigKoM aH-
TPOMIOMETPUIHHUX OCOOTMBOCTEH. MOXKIIMBO, BiIMIHHOCTI
HI" oOymoBIeHi 0COOIMBOCTAMU PETYIATOPHUX CHUCTEM?
Jlist mboro Oynu TPOBEACHO CHIBCTABJICHHS MOKa3HMKIB
XITPCP y rpymnax 3 pisaumu TK (puc.3).

Hocmimpkenns xapakrepuctuk XIIPCP rpymax obcte-
KYBaHUX 3 PI3HUMH THUIIAMH T€MOJMHAMIKN y TIOJO0XKEHH]
JIe)Ka4d He BUSBWIO ICTOTHHMX BiAMiIHHOCTEH MOKa3HUKIB
LF, HF, VLF ta SDNN (p>0,05). VmoBipHo, 3abe3me-
YEeHHsI TeMOIMHAMIYHOTO TOMEOCTa3y B MOJIOKEHHI JIexa-
Y1 He TOTpeOye KOPCTKOTO KOHTPOJIIO MEXaHi3MiB pery-
msuii CP. Cucrema KpoB0OOIry miATpUMYE ONTHMalIbHI
YMOBH (YHKIIOHYBAHHS IIUIIXOM 3aTyYeHHS IHTpaKapi-
AIBHUX MEXaHi3MiB.
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VY rpyn obcrexyBanux 3 pisuumu TK y mosoxeHHi
nexxaun 3a nokazHukamMu XIIPCP He BHABHIM iCTOTHHX
BiJIMIHHOCTEH, Toi sk y monoxkenni head-up-tilt y mux
rpymax BCTAHOBIICHI BiIMIHHOCTI MiXk XapaKTEePHCTHKAMH
I ra XIIPCP.

Oco06imBO BHpa3Hi BIAMIHHOCTI K Y XapaKTePUCTUKAX
OrI', tak i XIIPCP npossumucs y rpymi — [Tl i T'TIK.
Bcranoeneno, mo y obcrexyBanux 3 ['TIK Bumi 3HaueH-
st XOK, YOK, CI ta mmxui 3110 cmiBmaganu 3 BUCOKH-
MU nokazHukamMu SDNN, a Takox MOTYKHOCTSIMU XBHIIb
HF i LF nopiBusno 3 obcrexysannmu K. VimosipHo,
Taka CHPSAMOBAHICTH Ta BIAMOBIIHUN MaTepH peaxmii
XITPCP mnpu macusHi#t opronpo6i 6ymu odymosneni TK.
O6cresxysani 3 'K tumnom kpoBoobiry B ymosax head-up-
tilt xapakrepusysainuch nmokaznukamu LI Ta XITPCP, 1o
JIEMOHCTPYBAJIM MEHIIly HANpYXXEHICTh CIIEKTPY y Aiamna-
3oni yactoT LF, HF, VLF ta SDNN (tabm. 1).
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Puc. 3. IlokazHuku kapaiointepBaiorpadii y ocid 3 pi3HUM THIIOM T€MOJHHAMIKH B TIOJOXKEHHI JIeKAYH.

Oocrexysani 3 EK Turnom kpoBoo0iry 3a mocmimKyBa-
HuMH nokasaukamu LI y 70% Bunanxis 3aiimMany mpomi-
JKHE TIOJIOKeHHS cepel] obcTexyBanux iHmux TK. 3 mite-
patypu BiIOMO, IO OUIBLIICTH JOCITITHHUKIB CXWISIOTHCS
JI0 AYMKH TPO O1JIBII JOCKOHATY Y3TOKEHICTh TeMOINHA-
MIYHHUX TPOIECIB Ta BHIIY EKOHOMIYHICTH CEpICBO-
CYAMHHOI AistmbHOCTI 0cib came 3 EK [3, 17].

Bcranosneno, mo I'TIK Tun remoanHamiku XapakTepH-
3yerbest Buiumu 3HadeHHsMu YOK, XOK, CI ta VI Tta
HikurMU 3110 MOpiBHSAHO 3 THIIMMH THIIAMU KPOBOOOIrY
[2, 14]. Mu He BUKIIOYAEMO, IO GLTBIIT BUCOKI 3HAUCHHS

I, xapakrepHi qis I'TIK B ymMmoBax opTonpoOu, MOXYTh
OyTH HACIIiJKOM BUIIIOTO PiBHS aKTHBHOCTI PETYIATOPHUX
SIK aBTOHOMHHX, TaK i 0apopernenTopHHX MEXaHi3MiB.
Came cepen X 00CTE)XyBaHMX BHIA ITUTOMA Bara cep-
LIEBOTO KOMIIOHEHTY CIIiBIIa/lajla 3 BUIIMMHU XapaKTepHc-
tukamu XITPCP. [lesxi aBTOpH HaroJoOMIyIOTh HA MEHII
€KOHOMIYHOMY PEKUMi POOOTH cepIlsd ocid 3 TilepKiHeTH-
YHUM THIIOM KPOBOOOIry, III0 MOXKE CYTTEBO 3MEHIIYBaTH
HOT0 KOMITCHCATOPHI BIACTHBOCTI [4].

Tabauus 1. CepeHi MOKa3HHKK reMOIMHAMIKK 00CTexKyBaHUX Y monoxenHi head-up-tilt, M+m

TOCIT IPKyBaHi TUIIH TEMOJMHAMIUHHUX TPYT 00CTEKYBAHUX
ITOKa3HUKHU rinokinernununii, I'TI eykinetnyanii, EK | rimepkinermannid, ['TIK
YOK (M) 36,3+3,3*## 48,9+4,7 52,842,8

XOK (i) 3,05+0,1*## 3,61+0,1" 4,35+0,1
R-R (mc) 645,2+13,1# 684,3+14,2 716,8+11,8
3110 (uin/c/cm-5) 2206,7+42 3*## 1847+5637 1584438.5
CI (1/xB/M?) 1,660,07*## 1,89+0,08 2,35+0,1
CpAT (MM.pT.CT.) 93,4423 94,3+1,9 942421
SDNN (mc) 39,842, T## 41,3+7,5 53,7+£3,3
HF (mc?) 109,4+13 2*## 204,3+12,7" 519,3+21,4
LF (mc?) 651,4+31,5*## 843,5+43,5n 122424273
VLF (mc?) 523,1+£23,1%*# 754,8+53,2" 640,85+32,3

[Mpumitka: * - mocToBipHicTs BiaMiHHOCTEH p<0,05, ** - p<0,01 mix nokazHukamu obcrexyBanux 3 [Tl i EK; # - mocToBipHicTh
BigmiaHOCTeH p<0,05, ## - p<0,01 mix moxasHukamu obctexxyBanux 3 [Tl i ['TIK; » - mocToBipHicTh BigmiHHOcTeH p<0,05, " -

p<0,01 mix noxa3unkamu obcrexxyBannx 3 EK 1 I'TIK.

3a nanumu [2, 14,16] meHmmii yaapHuit 06’em y ocid 3
I'K TamoM reMomuHaMIKK CIIpUsie eKOHOMi3amii (yHKIii
ceprg. Beranosneni Hamu Menmni 3HadenHs XOK, YOK,
CI, SDNN Ta rojoBHuX crekTpanbHux maianasonis HF, LF
i VLF, a Takox Ourein Bucokuit nokaszuuk 310 criB3ByuHi
JaHuM iHmUX aBtopiB [13, 14]. JIocnmimHHWKK BiIMi4arOTh,
mo 'K tun xapakTrepusyeTbest JOMIHYBaHHSIM CyIHHHOTO
TOHYCY apTepiajbHOI JJAHKHU KPOBOOOIry, 10 BHPaXKaeTh-
cs1 y 360impmenni 3[10 Ta HEBUCOKOIO MOTYXHICTIO CKOPO-
YEHHS JIIBOTO NUTyHOUKa [6].
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OTxKe, OpTOCTa3 YMHHUTH 3HAYHE IpaBiTalliiiHe HaBaH-
Ta)XEHHS HA OpraHi3M o0CTeXyBaHOTO Ta BUBOAWUTH LI 3
piBHOBaru. 3a TaKMX YMOB JiSUTBHICTH CepIEBO-CYIUHHOT
CHCTEMH BHMYIIIEHA CIPSIMOBYBATH BCi 3yCHJUISI Ha MiJT-
puMky CpAT, ontumizanito KpoBooOiry, 3aiyqaiodu sk
IHTpa-, TaK i eKCTpaKapliaJibHi MeXaHi3Mu peryJssinii. 3a y
MOBHM BHKOHaHHs npobu head-up-tilt y Bcix oGcrexysa-
aux BusBuian nigsumieHas R-R, 3I10 i ognoyacHe 3HU-
xennss XOK, YOK, CI ta noryxHocti HF, LF i VLF mo
BITHOIICHHIO A0 CTaHy Jiexxaun. CaMe B TaKMX yMOBax
ocobu 3 pisanMu TK xapakrepusyBanucs 0coOIMBOCTIMU
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ydacti, sk mexaHismiB LII", Tak i XITPCP. [[ns amanta-
MIHHO-TIPUCTOCYBAIBHUX PEaKIlii CepIeBO-CyINHHOI CH-
cremu oci6 3 I'TIK B ymoBax mepeOysanns B head-up-tilt
XapakTepHUM Oyia OUIhII BHpakeHA y4acTh, K iHTpaka-
pAMiaNbHAX, TaK 1 CHCTEMHHX GKCTpaKapAiallbHIX MeXa-
HI3MIB peryJusinii TeMOANHAMIYHOTO TOMEOCTa3y Yy IOpiB-
HSIHHI 3 00cTe)KyBaHUMH, 1110 Oynu BinHeceni no 'K i EK.

BucnoBku: 1. Y craHi Jekauil BCTAHOBJIEHO JOCTOBI-
pHo Bui 3HayeHHst Y1 ta CI ta Huxui 3I10 y obcrexy-
Banux 3 ['TIK Tunom kpoBooOiry mopiBHSIHO 3 NpPEACTaB-
nukamu EK ta I'K. 2. ¥V obcrexyBanux 3 ['TIK mpu opto-

npo6i B monoxenni head-up-tilt BusiiienHi B mokasHu-
ku XOK, YOK ta CI ta mmxui 3Hauenns 3110, mo cmis-
nmagany 3 OuIbm BUCOKMMH 3HadeHHsIMH SDNN, a Takox
motyxxHocti xsuwinb HF i LF, VLF nopisasso 3 T'K. 3. B
0ci0 3 pI3HUMH THIIAMH T€MOIWHAMIKH TP BUKOHAHHI
OpTOINPOON BCTAHOBIICHA Y3TOKEHA B3a€MOJIS MK pea-
kuiero LI i cekTpanbHUMH XapaKTepPUCTHKAMH peryJis-
uii cepreBoro putMy. 4. OTpuMaHi pe3yabTaTH MOXYTh
OyTH KOPUCHUMH JUIsi CKpHHiHTa (haKTOpIB PH3UKY ceplie-
BO-CYAMHHHUX XBOPOO Y JIIOAEH 3pilioro BiKy, CIIOPTHBHOL
¢izioorii 1 mpari.
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The wave processes of regulation the heart rhythm in people with different types of hemodynamics during the head-up-tilt
test
V. S. Lizogub, M. Yu. Makarchuk, L. I. Yukhymenko, S. M. Khomenko, N. P. Chernenko-Kuragina
Abstract . The wave processes of regulation the heart rhythm (WPRHR) in people with different types of the blood circulation (BC)
in the performance of the head-up-tilt test were investigated. The regulation peculiarities of the blood circulation, which showed in a
great measure during the head-up-tilt test, were established. The survey sample with the hyperkinetic type of the blood circulation
(HPBC) in slung head-up-tilt position characterized the large indexes of the blood minute volume (BMV), stroke output (SO), cardi-
ac index (CI) and the low indexes of the general peripheral vascular resistance (GPVR), which synchronized with the larger activity
of the wave processes of regulation the heart rhythm and the high indexes of the spectral characteristics of the high frequency (HF)
and the low frequency (LF) of the regulation the heart rhythm (HR) concerning the survey sample with the hypokinetic type of the
blood circulation (HBC).

Keywords: the type of the blood circulation, the central hemodynamics, the heart rhythm, the wave processes, the head-up-tilt
test.

BoJiHOBbBIE NPOLECCHI PErYJISIIUN CEPAEYHOr0 PUTMA JII0eil ¢ Pa3HBIMH THIAMHU FeMOJAMHAMMKH BO BpeMsi mpoos1 head-up-
tilt
B. C. JIuzory6, M. E. Makapuyk, JI. . FOxumenko, C. H. Xomenko, H. I1. Yepuenko-Kyparuna
AunHoTauus. V3yyann BOJHOBBIE MPOLECCHI peryisiiuu cepaedroro putMa (BITPCP) y mofieii ¢ pasHbIMH THIIAMH KPOBOOOpaIe-
nust (TK) npu nposeennu npo6s1 head-up-tilt. YeraHoBineHb! 0COGEHHOCTH PETYIISIUKE KPOBOOOPAIIECHHsI, KOTOPBIC B HAUOOJIbIICH
Mepe HPOSBIUIUCH BO BpeMs opTonpoOsl. OOcie0BaHHbIE ¢ THIIEPKUHETHIECKUM TUioM KpoBoobpamienus (I'TIK) B monosxeHnn
head-up-tilt xapakrepuzoBanuce GonbiMu nokazarensMud MunyTHoro (MOK), yaapHoro o6sema kposu (YOK), cepiedHoro uHje-
kca (CY) 1 HUCIIHUMH 3HaUCHUAMH obuiero meprdepudeckoro conpotusieHus cocynos (OIIC), 4To CHHXPOHHU3UPOBAIOCH C 6OJIb-
e akTuBHOCTHI0 BITPCP U BBICOKMME 3HAUCHHUSMH CIEKTPaIbHBIX Xapakrepuctk Bbicokoil (HF) u Huskoit wactotst (LF) pery-
msiumu cepaedroro purMa (CP) oTHOCHTENBHO ¢ THIIOKMHETHYECKHM TUIIOM KpoBoooOparenus (I'K).

Knrouesvie cnosa: munvi kpoeoobpawjenus, yeHmpanbHas 2eMOOUHAMUKA, CEPOSUHbIll UMM, 80IHO8bLE NPOYECChl, OPMONpoba.
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AHorauis. BcraHoBieHo, 1m0 noeTanHe 301IbIIeHHs (i3MYHOTO HABAaHTAXKEHHS CTYICHTOK 3 HU3BKUM piBHEM (Di3MYHOTO 310pOB’S 3
MOCTYNOBUM MiABUIEHHSIM MOTOPHOI IUIBHOCTI 3aHATTS, CKOPOUSHHSIM Yacy AOCATHEHHS MaKCHMaJIbHOI YaCTOTH CEPIIEBHX CKOPO-
YeHb Ta KUJIBKOCTI il MOBTOPEHb B OJHOMY 3aHSTTI NIPU3BOAWIN IO MOKpPAIICHHS IPOIECy aTanTallii cepleBo-CyANHHOI CHCTEMH Ta
BUKJIMKAJIH (YHKIIOHAIBHI 3pYIIEHHs, SKi BiIoOpaXkaan aJeKBaTHICTh 3aCTOCOBAHOTO (Pi3NYHOTO HABAaHTa)KEHHS.

Knrwwuosi cnosa: adanmayis, cepyeso-cyOunna cucmema, QizuyHe Ha8AHMANCEHHs, MOMOPHA WLNbHICMb.

Beryn. ['onoBHMM (akTOpoM BIUIMBY (i3MYHOTO HaBaH-
T@XKEHHS Ha aJanTalil0 CepLEeBO-CYIWHHOI CHCTEMHU €
patmioHanbHe IUTaHYBaHHS (PI3UYHOTO HABaHTA)KEHHS Ha
3aHATTAX (DI3MYHUM BHXOBAHHSIM Y BHIIMX HABYAIBHUX
3aKia/iax, SKe OIep)Kye CTYIACHT IPH BHUKOHAHHI (i3nWd-
HUX BropaB. PinyHe HABaHTAXKEHHI — I NEBHA Mipa
BIUIUBY PYXOBOi aKTHBHOCTI Ha OpTaHi3M JIOIAWHH, IO
CYNPOBO/IKYETHCS MIIBUILIEHHAM (BIIHOCHO CTaHy CIIO-
KOI0) piBHeM Horo ¢yHKIioHyBaHHs. JlocArHYyTH edek-
TUBHOCTI BIUIMBY (Di3UYHOTO HABAHTA)KEHHS MOJKHA JIMIIIC
32 yMOBH METOJMYHO I'PAaMOTHOTO HOTO J03yBaHHS IpPO-
TATOM Tepioay HaBuaHHsS. TOOTO, Y KOXKHOMY KOHKpET-
HOMY BHIIQJIKy HEOOXiTHO 3a0e3MeYuTH Takuid Horo o00-
AT, IHTEHCHBHICTb, MIOTYXHICTh, MOTOPHY IIUTBHICTB, SKi
AAyTh HAWKpAIIAN MPHUPICT MOKA3HUKIB (Di3MIHOI ImiIro-
TOBJICHOCTI Ta CIPHATHUME MOKPAILICHHIO afanTamii cep-
LIEBO-CYIMHHOI CHCTEMH IO 3alpOIIOHOBAHOTO PiBHA (i-
3WYHOTO HaBaHTaXEHHs. Bixg Toro mu i BBakaeMmo, IO
BUPIMICHHS TNPOOJIEMH IOETAHOTO CHCTEMAaTH30BAHOTO
301TbIICHHS. ()I3UYHOTO HABAaHTAXKCHHS Ta BH3HAYCHHS
HOro BIUIMBY Ha MEXaHI3MHU aJanTailii CepIieBO-CyIHHHOT
CHUCTEMHU CTYIEHTOK 3 HU3bKUM pIiBHEM (i3HYHOro 370-
POB’sl € 1 CbOTO/IHI AKTYaJIbHUM.

Koporkwuii orusin my@uikauiii mo temi. Ananiz Hay-
KOBOI 1 HAYKOBO-METOAMYHOI jliteparypu [1, 2, 4, 6] Bka-
3y€ Ha HEOOXIHICTH OCOOIHMBOTO MiIXOAY IO IUIaHYBaH-
HS (pI3UIHOTO HABAHTAXXCHHS HA 3aHATTAX (iI3UIHUM BU-
XOBaHHSAM y BHUIIMX HaBYAIBHHUX 3aKiajax Ta J03BOJIMB
BCTaHOBHUTH, 1110 METOJMKA IOETAITHOTO CHCTEMHOTO 30i-
JBIICHHS PiBHA (PI3MYHMX HABaHTAXXEHb CTYAECHTOK 3 HU-
3bKHM PiBHEM ()I3MYHOTO 30POB’sl HA OCHOBI BHBUCHHS
(YHKIIOHAJIBHOTO CTaHy OpraHi3My HayKOBO He OOIpYH-
ToBaHa. HeocTaTHhO BUBUYEHI TAKOXK MHUTAHHS KOMILICK-
TyBaHHs HaBYaJbHUX IPYIl, BU3HAUCHHS CTATyCy CTYJIEH-
TOK HHM3bKHUM DiBHEM (Pi3MYHOTO 3/10pOB’Ss, CUCTEMH MO-
JIyJBHOTO KOHTPOJIIO 3a (DI3MYHOIO IMiArOTOBJICHICTIO 1
¢dyHKIIOHATBHUM cTaHOM. HenocTaTHhO BUBUEHI METOIH
noOynoBu izionoriyHoi KpUBOi, MOJETIOBAHHS PIiBHIB
(hi3MYHUX HaBaHTaXXEHb 1 PeXHUMIB 1X periamentauii. B
OUThIIOCTI BUNANKIB (hi3MYHE BUXOBAHHS PO3TIISAIAETHCS
TUIBKM  SIK  (aKTOp O3JIOPOBJICHHS CTYAEHTOK He
3’SICOBAaHUMH 3aJIMIIAIOTHCS TMTaHHS J03YBaHHA (i3nd-
HOTO HaBaHTaXCHHS 3a 00CSATOM, IHTEHCUBHICTIO, TIOTYXK-
HICTIO, MOTOPHOIO IIIJTBHICTIO 3aHATH CTYACHTOK 3 HU3b-
KuM piBHEM (izmyHOTO 3710p0B’s [2, 3, 5].

Merta po6oTu. BusHnaueHnHs peakiiii Ta mpoiecy ajarn-
Talii cepreBo-CyJAMHHOT CUCTEMH CTYIEHTOK 3 HH3bKHM
piBHEM (i3MYHOTO 310pPOB’S Ha HOETanmHe 30UTbIICHHS
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piBHA (hi3WYHE HAaBAaHTA)KEHHS MPOTATOM JBOPIYHOTO Iie-
pioay HaBYAHHS.

Metoauka gociaigkenHsa. /{71 TpOBENCHHS Mexa-
TOTIYHOTO MOCHTIDKeHHS OYyJ0 3aly4eHo 57 CTYAEHTOK
MEIWYHOTO YHIBEPCUTETY, SIKi 3a pe3yJIbTaTaMH JIiKapCh-
KOTO OOCTEXCHHS Malli HU3bKUI piBeHb (PI3SUTHOTO 3110-
poB’st Ta OynM penpe3eHTaTHBHO IMOJUICHI Ha EKCIIepH-
MeHTabHY (28 ctyaenTok EI') Ta koHTponsHY rpynu (29
crynentok KI'). Crynentkam EI', 3 HU3bkMM piBHeM ¢i-
3UYHOTO 37I0pOB’s, OyJIM 3alPOIIOHOBAaHI 3aHATTS 32 PO3-
pOOJICHOI0 HaMHU TPOTrPaMoOI0 MOETAIHOTO 30UIbIICHHS
piBHs (DI3MYHUX HABAHTAXKEHBb IO CEMECTPy, sAKa Oyia
CKJIaJIeHa Y BIAMOBIJHOCTI i3 BUMOTaMH 1 po3paxoBaHa Ha
TaKy K KUTBKICTh TOIUH Ha HaBYAJBHHUN PiK, 110 i 6a3oBa
HaByYaJIbHA TporpaMa 3 (Hi3MYHOTO BUXOBAHHS PEKOMEH-
noBana MO3 YkpaiHu, ane B Hiif 3a[IpoNOHOBAHO PO3IIO-
It Qi3MYHOTO HaBaHTAKEHHS 3IIMCHIOBATH MO YOTHPHOX
eTanax 3a OCHOBHUMHU KOMIIOHGHTaMH KepyBaHHS (i3ud-
HUMH BIIPaBaMH Ha 3aHATTI: MaKCHMAJIBHOIO YacTOTOIO
cepueBux ckopouenb (YCC) 3ausrrs i wacom ii mocsr-
HEHHS, KUIBKICTIO MOXIIMBHX ITOBTOPEHb MaKCHMAallbHOT
(Mx) YCC i gacom iX IOCSATHEHHs, IHTepBalaMH BiAIO-
YUHKY MK (QI3MYHMMH BIpaBaMH 1 iX TpUBAIICTIO, MO-
TOPHOIO IIIJIBHICTIO 3aHATH 1 CEPEIHBOIO ITYJILCOBOIO Bap-
tictio (cepennim 3HadeHHsM YCC 3a 3aHSTTS), IOTYKHic-
TI0O poboTu. KpurepieM KOHTPOJIO 3a iHTepBajJaMH Bif-
MIOYMHKY y 4aci MPOBEIEHHs 3aHATH CIY>KHB PiBEHb Bij-
HoBneHHst YCC, sxmii 3a0e3rnedyBaB HOTO HaOIMKCHHS
no BuxigHoro piBHA. Ctynentku KI' 3aiimanmcs 3a 6azo-
BOI0O HABYAJIBHOIO NpOrpamor0 3arBepaxkeHoro MO3
VYkpainu.

Po3pobiieHi HaMu y TIPOIIEC MEAaroriyHOro eKCrepu-
MEHTY IPOTrHO30BaHi piBHI (i3MYHOrO 370pOB’s Ta ajar-
tanii cepueBo-cyanHHoi cucremu (CCC) CTyJeHTOK BH-
cyBaiu mepen cryaeHTKamu EI' KOHKpeTHI 3aBoaHHS —
CTHMYJIIFOBaHHS CHCTEMAaTUYHOCTI CaMOCTIHHMX Ta aka-
JEMIYHIX 3aHATh (DI3MYHMMHU BIpaBaMH, 00’ €KTHBHOCTI
070 OI[IHKY MOKa3HHKIB (yHKIioHANEHOTO cTany CCC,
(i3ugHOrO 3710pOB’S Ta (Hi3UYHOTO MiATOTOBJIEHOCTI LIO0
cemecTpy. i KOHTPONIO 3a aJalTallielo CepLeBo-
CYAMHHOI CHCTEeMM Ha IoeTarHo 30inpuieHi (izudHi Ha-
BaHTAXXEHHS IPOBOAMBCS 3aIMC  EJICKTPOKapiorpamMu
(EKT'), sixa peecTpyBamach Ha IOYATKy 3aHATTA, MiCIA
BHKOHAHHSI BU3HAUEHOTO 00CATY (i3MYHUX BIpaB, Mepes
YeproBOIO Cepiero BIpaB, B KiHII 3aHATH 1 4epe3 5 XB Iic-
I 1X 3akiHdeHHs. OIIHOYHI XapaKTePUCTHKHU aJlanTalliii-
aux moxuuBocteit CCC crynentok EI i KI' mopiBHIoBa-
JIICh HA MOYATKy 1 B KiHII KOKHOTO €TaIly 3aHsTb, a Ta-
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kox Ha novarky I B xinmi II, III ta IV eramiB, THUMYacoBi
MeXIi SKUX Oyiu BU3HA4eHi ais ctyneHTok EI. Ananra-
niriHi MoxuBocTi CCC CTynEeHTOK 3 HHU3BKHM DPiBHEM
(i3MgHOTO 370pPOB’S BUBYANHUCH 32 iX PEakIi€lo Ha Ioe-
TamHO 30iNMbIIeHI (i3W9HI HAaBaHTAXXEHHS KOHTPOIBLHOTO
3aHATTA 13 3aCTOCYBaHHAM Moaudikoanoi [4, 6] mpodu
Maptune-Kymienescbkoro.

®izionoriuni mapamerpu OyiaHM BUKOPHCTaHI, SIK TOJIO-
BHI TECTOBI MOKA3HUKHU CTaHy aJalTalliiHUX MEXaHi3MiB
CepLEBO-CYJMHHOI CUCTEMH CTYJIEHTOK B IIPOILECi BHUKO-
HaHHS (I3MYHMX HaBaHTaXXEeHb. (YHKIIOHAJBHI 3CYBU
CCC BuBUYQJIMCH NUISIXOM HOPIBHSHHS MOTOYHOI (hizioJo-
riYHOi KPUBOI 3 BpaXyBaHHAM CEpEIHBOI IMyJIBCOBOI Bap-
TocTi 3aHATTA 1 Hioro Mx UCC. IIpu Mx UCC anamizyBa-
JHucs mepencepreBo-nuTyHoukoBa (P-Q) 1 BHYyTpimrHbO-

nuryHoukoBa (QRS) mposigHocTi i amrutityga 3youns T.
ITo3a 3aHATTSM, Ha MOYATKY KOKHOTO €TaIly 3aHATH 1 B
kiami IV erany nocmimkenns, BupaxoByBasmcs YCC i
mynscoBuit Tuck (I1T) micns BukoraHHS ipoOu MapTtuHe-
Kymenescbkoro (30 rmmbokux mpucimanb 3a 45 c) Ta
gepe3 1 XB BIIHOBICHHS, a TaKOX IHIEKC CEpIEBO-
cyauHHoro tecty Pydd’e. [Ipu BuUBYEeHHI BIUIMBY noeTa-
ITHOTO 30iNbIIeHHS (i3UUHNX HaBaHTaxeHb Ha craH CCC
BUBYAINCH aMILIiTyna 3youiB P, R i S Ta ix mopdomnoris.

Pe3yabraTn Ta ix odroBopenns. [lopiBHsbHA Xapak-
TEpUCTUKA DPEe3yJbTATIB MEXaHI3MIiB ajanraiii cepreBo-
cynuHHoi cuctemu cryneHTok EI' ta KI' Ha moeramHo
30iIpmIeH] (i3WYHI HABAaHTa)KEHHS Ha MOYATKY i B KiHII
KOXKHOTO €Tally 3aHATh (DI3SUIHMMH BIpPaBaMU MOJAHO B
Tabmumi 1.

Ta6uuns 3. Iokazauku YCC KOHTPOJIBHOTO 3aHATTA (X £ m)

Eram | Tlopsuzok oc- Maxkcumansaa UYCC 3ansTTS (y/XB) Cepennsa Hyﬂbing/le;pTlCTb 3aHATTS
3QHATH | JIJOKEHHS ET KI P mix ET KI P mix
(n=28) (n=29) ET i KT (n=28) (n=29) ETi Kl
I [MOYaToK 132+3,7 132+3,3 >0,05 11242,6 112+3,8 >0,05
KiHEIb 112435 128+2,8 <0,001 100+2,9 112435 <0,05
I MOYaToK 132+3,8 144+3,6 <0,05 116+3,5 132+£3,4 <0,01
KiHEIlb 112+£2.5 138+£2.4 <0,001 104+3,1 126+2.9 <0,001
1 [IOYATOK 132+3,6 150+2,8 <0,001 122+3,9 132443 >0,05
KiHEIb 110+2,9 132+£2,7 <0,001 108+2,8 120+3,7 <0,05
v MOYaToOK 140+£3,1 156+4,2 <0,05 128+3,6 144+3,1 <0,01
KiHEIb 116+2,6 13243,1 <0,01 11242,3 126+2,8 <0,001

IIpoBeneHi gocmimpkeHHs Ha movyatky | eramy i aHami3
iX pe3ynbTaTiB IMOKa3adW, IO TOCTamHe 301TbIICHHS
(i3MYHOTO HaBaHTAXCHHS KOHTPOJIBHOTO 3aHATTS 1 TMiCIISA
mpoOW y BHUXITHOMY 3HA4YeHHI BUKIHMKAJIO y CTYACHTOK
EI' ta K" mpaktruno omHakoBy peaknito CCC (tabm. 1,
2, 3). Skimo Ha moyatky | eramy 3aHATh QyHKIIOHANBHI
3cyBu CCC crynentok EI' Ta KI' 6ynu npakTuuHO ojHa-
KOBHMH, TO B KIHI[I BOHH JOCTOBIPHO MOKPAIIMIKCS Bif-
HOCHO TecToBHX mapamerpiB B EI'. ¥V crynenrok EI' Mx
YCC KOHTpOJBHOTO 3aHATTA B KiHII | eTamy 3aHATH, 1O
BiJTHOIICHHIO 10 HOro MOYaTKy, BUSBUIIACH MEHIIOK Ha
20 yn/xB, a B KI' Ha 4 yn/xB, cepeHs MyJILCOBA BapTiCTh
3aHATTS 3MeHImmwIack Ha 12 yu/xB B EI 1 3anmmminace Ha
BuximHoMy piBHi B KI'. Ammityna 3yous T mpu Mx UCC
sam3mwiIack Ha 20% B EI' i Ha 30% B KT, mo BkazyBaio Ha
kpamy amanrarito g0 rimokcii B EI, P-Q i QRS mo-
CTOBiIpHO He 3MiHIOBasmuCh. OTXe, MiJABHUIICHHS agarTa-
uiiaux MoxknuBocteid CCC B kinmi I eramy 6yno Big3Ha-
yeHo ymie B EI'.

Ha nouarky II eramy 3aHsiTh, 1O BIAHOUIEHHIO JIO MO-
yarky I (Tabu. 2, 3), UCC i nynbscoBuit tuck (I1T) micns
npoOu HoKpammwinch y cryieHtok EIT BigmoBimHO Ha
11,0% 1 na 25,7%; micns 1 xB BigHoBaeuus YCC nokpa-
mmnack Ha 5%, [T — ma 25,7%. Y crynenrok KI' — Bin-
noBigHo Ha 3,3% 1 Ha 11,5%, Ha 0% i Ha 11,9%. IHaekc
Pyd¢’e smenmmuBes va 2,9 oxg B EI' i Ha 1,1 ox B KT, mo
3a3Ha4yali0 3MCHIICHHS CYMH OTPHMAaHHX MapaMeTpiB
YCC (B crmokoi, miciis HaBaHTaKEHHS 1 4epe3 1 XB BiHO-
BJICHHS) BiANOBigHO Ha 29 yn/xB i Ha 11 yn/xB. Anamni3
OTPUMAaHUX AaHUX ITOKa3aB, 10 st ctyaeHToK KI' piBeHb
¢izngnoro HaBaHTaxeHHs Il eramy 3aHATH OyB BHCOKHM,
mo Oyno MiATBEpHKEHO 1 cTymeHeM (yHKIIIOHAJIBHUX
3cyBiB CCC Ha KOHTpOJIbHOMY 3aHsTi (Tabu. 1). Ha moya-
1Ky II eramy 3aHATH cepeqHs ITyIbCOBA BAPTICTH KOHTPO-

JMBHOTO 3aHATTA Oyna Ha 16 ym/xB Outpmoro, a Mx YCC
Ha 12 yn/xB Bumoro B KT, Hixk B EI'. Ammityna 3yoms T
sammwiack Ha 35% B KI'i Ha 20% B EI', P-Q i QRS 3Mmen-
mmtack Ha 0,02 ¢ ta 0,03 ¢ B KI'. OnHouacHO y cTyneH-
tok EI' muaHOBHM piBeHP (Di3MYHOTO HABAHTAXKCHHS [10-
csiraBcsi 0e3 JOCTOBIpHHMX 3MiH (PYHKIIH mepenceprieBo-
LITYHOYKOBOI 1 BHYTPIIIHbO-NIIYHOYKOBOI MPOBIIHOCTI.
Otxe, OTpUMaHi HaMH PE3YJIbTATH I1iJ] YaC KOHTPOJILHOTO
3aHsTTA B KiHIi I eTamy 3anath (Tabn. 1) mo3Bonuan Ham
3pO0OHTH BHUCHOBOK, IO PO3LIMPEHHS afanTaliiiHuX Me-
XaHI3MIB CeplieBO-CYJMHHOI CUCTEMH BiJIOYJIOCH y CTyJe-
HTOoK EI' Ta KI' mpm DOCTOBIpHOCTI pi3HHUIP TECTOBUX
MTOKAa3HUKIB.

V¥ crynentok EI’ cepennst mynbcoBa BapTiCTh 3aHATTS B
kinmi I eTamy 3aHAThH, TOPIBHAHO 3 HOTO IMOYATKOM, 3Me-
HImmIack Ha 12 yn/xs, a Mx UCC na 20 yu/XB; y cTylIeH-
Tok KI' BiXMOBiZHO cepemHs MyJbcoBa BapTICTh 3aHSATTS
3MEHIIIUJIACh, TOPIBHIHO 3 MOT0 MOYaTKOM, Ha 6 ya/XB 1
Mx UCC na 6 yn/xB. Amiutityaa 3yous T mocTOBipHO He
3Minmiaack B EI', TO B KOHTPOJIBHIN IpyIi 3HU3MIACH Ha
25%; P-Q i QRS 3menmmuiacek Ha 0,01 ta 0,02 c. Oxe, y
cryaeutok EI' Oyio Bif3HAYCHO BWII aganTailiiiHi MOX-
mBocti CCC, Hixk y cryaentok KI', ane Tum He MeHIe,
iX MOXXHa paxyBaTH SIK 3CyBH, SIKi BKa3yBaJll Ha ITOKpa-
IICHHS ajanTtaiiifaux mexaHisMiB B EI'. ®yHKIIOHANBHI
3CyBH, sKi Oynu 3adikcoBaHi Hamu y cryneHTok KI™ Ha 11
€Tarll 3aHATh, TAKOXK sK 1 Ha |, He BiIPI3HAINCH Bi JaHUX
MOTIEPETHIX TOCIiIKEHb.

Ha mouatky III eramy 3amsare (Ttabn. 2, 3), mo BigHO-
meHHio 1o novarky II eramy, peakuis UCC i IIT micns
mpoBeAeHHs mpobu mokpanqucs B EI' BimmosimHo Ha
11,2% 1 Ha 24,1%, a micis 1 xB BigHOBIeHHS Ha 5%, IIT 1
Ha 13,5%. Y ctynentok KI' mokpamieHHs Takox BigOyBa-
JIOCSI, ajie 3 JOCTOBIPHO MEHIIMM BiJICOTKOM, MOKa3HUKH
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YCC na 3,1%, a IIT na 13,1%, a micas 1 XB BiJHOBJICHHS
BignosigHo Ha 3,0% i Ha 14,2%. Iagexc Pydd’e 3men-
muBcs Ha 2,8 ox B EI'1 Ha 1,7 ox B KI', 1110 ¥ BU3HAYMIIO
3MmeHmIeHHs cymu nokasHukiB YCC 3a tectom Pydd’e
BignoBigHO Ha 28 yn/xB y cTyaenTok EI i Ha 17 ya/xB y
CTYICHTOK KOHTPONBHOI Tpymu. OTe, OTpUMaHI HaMHu

JlaHl BKa3yBallk, IO aJanTalliiHi MOMJIMBOCTI CEPIIeBO-
cynmuaHOi cucteMu B EI' 3 HU3BKUM piBHEM (i3HUHOTO
310pOB’sl MOoCcTOBipHO BHIi. DyHKITIOHANBHI 3cyBH B EI” i
B KI" Oynu BusiBiIeHI pi3Hi i 32 TECTyBaHHSIM KOHTPOJIBHO-
r0 3aHATTSA (Tabm. 1).

Ta6uuus 3. Iloka3HUKH ceplieBO-CYIMHHOI CHCTEMH CTYIEHTOK Micisl BUKOHAHHA NpoOH (X + m)

Eranu Tpymu [licns BUKOHAHHS POOH IHner: p
3aHATh YCcC % P IIt % P Pydpd’e
] om [ o | piaT ]
U (o) 13925 | 2030 |igieas| 095 | (7inp | <008
w fremhaens] oo |22 om | 1230 | an
IV |ir (oo 1528004 | 0% |y37ping| 0001 | V7L | <0001
o oo s ] oo [J00] oo | S04 | <aoo

Ta6suuns 3. Iloka3HUKH CepIIeBO-CYJMHHOI CHCTEMHU CTYICHTOK Mmicis | XB BIZHOBICHHS (X + m)

Eranu 3a- Tpymn Ilicnst BUKOHAHHSA TTIPOOH

HATh YCC % P Ir % P
U | kres | s | 0B | j3riy | 2020
e e | B2 oo
M| ez | iaen | 005 | 3any | <00
vl e T |
Worany | Kr ez | izere | 0% | ioomirs | <00

Ha mnouarky III eramy 3aHATh cepelHs IIyJbCOBa
BapTICTh KOHTPOJILHOTO 3aHATTs Oyia BusBieHa Ha 10
y/xB Oinbie, a Mx UCC Ha 18 yn/XB BuIle y CTYACHTOK
KT, nik y crynenrok EI', ammtityna 3yous T nocroBipHO
He 3MmiHroBanacs y cryaeHTok EI, y crynentok KI' BoHa
3HImKyBanacs Ha 25 %; P-Q 1 QRS 3MmeHmmnacs B HUX Ha
0, 02 ¢ - 0,03 c. ®yHKIIOHATBHI 3pYIICHHS HA KOHTPOJIb-
HOMY 3aHsTi, HanpukiHmi 111 eramy 3ansaTe (Tadm. 1), B ET’
MOXHa BBakatH goctoBipamMHu (p<0,001), Mx UCC y
Hux ckiagana 110,0£2,9 yu/xs., 3yous T 10CTOBIpHO HE
smintoBanacs, a B KI' BoHa 3umkyBanacst Ha 20 %, Takox
smenmunact P-Q i QRS na 0,01 ¢ ta 0,02 c. Cepenus
yJIbCOBA BapTICTh KOHTPOJBHOTO 3aHSTTs HanpukiHmi 111
eTary, y HOpIBHSHHI 3 HOro MOYaTKOM, 3MEHIIHJIacs Ha
14 yo/xB B ET" i Ha 12 ya/x8 B KI'; Mx UCC 3menmmnacs
BignosigHo B EI' Ha 22 yn/xB i B KI" Ha 18 yn/xB. OTxe,
XapaKTepUCTUKN  (DYHKIIOHAIBHOTO CTaHy CEpIIeBO-
cymuaHOI cuctemu cryaeHTok EI' i KI' mepekoHyroTs, 1o
B EI" 3 HU3BKUM piBHEM ()i3MYHOTO 30pPOB’sl HANIPHUKIHII
IIT eramy 3aHaTh BinOysocCs 3HaYHE PO3IIMPEHHS aaamTa-
miitnux Mexanizmis CCC.

Ha nouarky IV erany (tabu. 2, 3), 10 BiIHOIIEHHIO 710
nouatky III, YCC i IIT micns BUKOHAHHS TPOOHM TOKpa-
uryBanuchk B EI' Bigmosimuo Ha 9,9 % i Ha 9,1%, B KI" Ha
3,5% 1 Ha 11,0%. ITicas 1 xB BIZHOBJIEHHS BiANOBIIHO B
ET na 5,0% 1 B KI" Ha 6,0%, Ha 18,0% i Ha 8,6 %. Iugekc
Pydd’e smenmysabcst Ha 2,8 ox B EI' i Ha 1,7 on B KT,
10 BU3HAYMJIIO 3MEHIIeHHs! cyMH noka3zHukiB YCC Ha 28
y/xB. BaminHOCTI (yHKIIOHANBHUX 3pYyIIEHb OyJIH BH-
SIBJICHI 1 HA KOHTPOJIbHOMY 3aHATI B KiHui [V eramy (Taba.
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2, 3). Horo cepenns mysibcoBa BapTicTh BUsABJIEHA Ha 16
y/xB Ginbie, a Mx YUCC Ha 16 ya/xB Bume B KI', Hixk y
B EI'; ammnityna 3y6ust T nocToBipHO He 3MiHIOBasiacs B
El', 8 KI" BoHa 3umxkyBanacs Ha 20%; P-Q i QRS 3meHn-
mtacs Ha 0,02 ¢ ta 0,03 ¢ B KI'. V cryaenrok EI' mua-
HOBHUIl piBeHb (DI3MYHOIO HABAHTAKCHHS JIOCSTABCS NPHU
He3MIHHMX  [OKa3HWKax  (yHKII  mepeacepreBo-
[UTYHOYKOBOI 1 BHYTPIITHBO-IITYHOYKOBOI TPOBiTHOCTI.
OTxe, peakimis opraHi3My Ha (i3U4HE HaBaHTaKCHHS
KOHTPOJIBHOTO 3aHATTs HampukiHui [V erany 3aHsTh Xa-
pakTepusyBaiacsi 3MEHIIEHHSM CEepellHbOi IyJIbCOBOI
BapTocTi 3aHATTA Ha 14 yn/xB i Mx UCC Ha 16 ya/xB B
El' mo Bignomennto no KI'; amrutityna 3yous T 3HHKY-
Baytacst Ha 20% B KI', 8 EI" BOHa JOCTOBIPHO HE 3MiHIOBA-
nacst; P—Q 1 QRS 3menmysanucs Ha 0,01 ta 0,02 ¢ B KT'.
TakuMm 9UHOM, MoeTamHe 30UIbIMICHHS (HI3MYHOTO Ha-
BaHTAXXEHHS KOHTPOJIHOTO 3aHATTS Ha MOYATKY KOXKHOTO
eTary BHKIUKanmd B cryneHTok EI' ¢pyHKmioHaNmbHI 3py-
IICHHS, sKi BigoOpakadw aJeKBaTHICTb 3aCTOCOBAaHOTO
(i3UYHOrO HaBaHTAXXEHHS. Y CTYIEHTOK KOHTPOJBHOI
TpYITH TECTOBI XapaKTEPUCTHKH CTaHy BKa3yBaJH Ha IpH-
CYTHICTh HQJAMIPHOTO ()i3WIHOTO HAaBaHTAKECHHS.
Oco0nuBuil iHTEpEC BUKIMKAJIO 31CTaBJIEHHS TECTOBUX
MTOKA3HHUKIB MK TpynamMH 3 O0JIIKOM BHXIJTHUX MTOKa3HH-
KiB 1 maamx Hanpukidii IV eramy 3assats. Tak, UCC Ta
IT micas mpobu moxparmrysanucs Ha 43,5 % i Ha 63,0 % B
ErI', Bigmosigno UCC ta IIT ma 21,2 % ta Ha 50,8 % B
KT'; micns 1 XB BiIHOBIICHHS IIi MIOKA3HUKU MOKpAIlyBa-
mucst BiamoBigao Ha 20,0 % i Ha 57,6 % B EI'. V crynen-
Tok KI' moxasuuku UCC nokpamysanuca Ha 13,0 % Ta
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mokasuuku [IT Ha 47,5 %. Ianexc Pydd’e 3menmuBcs Ha
11,4 on B EI' i Ha 6,6 ox B KI', o BKa3yBajo Ha 3MEH-
meHast cymu nokasHukiB YCC (y CcTaHi CIIOKOIO, MiCHs
mpobu i wepes 1 XB BigHOBJIEHHs) BimnoigHo Ha 114
ya/xB B EI" i Ha 66 yn/xB B KI', amromityna 3yous T y cTy-
JEHTOK LUX TPYI y BUXiTHOMY 3Ha4YCHHI 3HIKYyBajacs Ha
30%, nampukinmi IV eranmy Bona 3meHmmtacst Ha 20%
tineku B KI', a B EI' nocToBipHO He 3MiHroBanacs. OTxke,
(i3ioNIOTiYHI  MEXaHI3MHU aJanTallii CcepleBO-CYAUHHOL
cucremn cryaeHtok EI'  Oyaum  JgocToBipHO — BHIi
(p<0,001).

BucnoBku. BcTaHOBI€HO TO3WTHBHI (pyHKIIOHANBHI
3pYIICHHS, AKi BiToOpa)kalli aJeKBaTHY PEaKIiio Ta IOK-
palieHHs MpoIlecy aganTallii CepIeBO-CyANHHOI CHCTEMHU

JI0 TIOETaIHOTO 30iMbIIeHHS PiBHA (DI3UYHOTO HABAHTA-
JKEHHsI TIPOTATOM JIBOPIYHOTO MKy HABYAHHS B CTY/CH-
TOK 3 HU3bKUM pPiBHEM (Di3UIHOTO 37]0POB’A.

JoBeneno, mo ¢izionoriydi mapameTpu B CTYACHTOK 3
HU3BKAM piBHEM (Di3MYHOTO 370pOB’S, 3a SKIMH BH3Ha-
ganacsl aJeKBaTHICTh (i3MIHOTO HABaHTAKEHHSI, BHUSBIIA-
M CTaOUIBHICTh (PYHKLIOHANIBHUX 3CYBIB ITOKAa3HHUKIB
CepIleBO-CYAMHHOT CHCTEMH BiJl IIEPLIOTO 10 YETBEPTOTO
eTany Ta HEOOXINHICTh 3aCTOCYBaHHSM CTaIliB y HpPOBE-
JICHHI aKaJeMiYHUX Ta CaMOCTIHMX 3aHATh (iI3MYHUMHU
BIIPaBaMH{ y JIBOPIYHOMY LIMKJI HaBYaHHS 3 MOCTYIIOBHM
MiBUIICHHSIM iX MOTOPHOI IIUIBHOCTI, CKOPOUYCHHS 4acy
JIOCSITHEHHSI MAKCHUMAJIbHOI BETMYUHU YaCTOTH CEPLIEBUX
CKOpPOYCHb Ta KUTBKOCTI ii HOBTOPEHD B OTHOMY 3aHSTTI.
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Reaction of the cardiovascular system on a gradual physical activity increase

A. Mahlovanyy, O. Kunynets, O. lvanochko, G. Mahlovana

Abstract. It is established that the gradual increase of female students physical activity with low levels of physical health, with a
gradual increase in motor density classes, reducing time to reach maximum heart rate and the number of repetitions in a class led to
the improvement of the process of adaptation of the cardiovascular system and caused functional changes reflecting the adequacy of
the applicable exercise.

Keywords: adaptation, cardiovascular system, physical activity, motor density.

Peakuus cepae4HO-cOCYANCTOI cHCTeMbI HA MO3TANHOE YBeJHYeHHe (PU3UUecKoil Harpy3KH
A. B. Maruaesanblii, O. b. Kynannen, O. }O. UBanouxo, I'. M. MarJyieBanas
AHHOTAIMsI. YCTaHOBJICHO, YTO MOATAIMHOE YBEIMUYCHHE (PU3NUECKOM HArPpy3KH CTYCHTOK C HU3KUM yPOBHEM (DU3HMUYECKOTO 370pO-
BbsI C MOCTETIEHHBIM TOBBIIIEHUEM MOTOPHOW IUIOTHOCTH 3aHSTHS, COKPAICHHEM BPEMEHH JOCTH)KEHHS MaKCHMAaJbHOW YacTOTHI
CEpICYHBIX COKpAIICHHH U KOJIMYECTBA €€ TOBTOPSHUH B OJTHOM 3aHATHH MPUBOIIIN K YIYYIICHUIO TPOIlecca aJalTalllH CepACTHO-
COCYIUCTOW CHCTEMBI M BBI3BIBAIM (YHKIMOHAJIBHBIC CABHTH, KOTOPHIE OTPa)Kalld aJeKBaTHOCTh MPHMEHEHHOTO (H3MUYECKOI
Harpy3Ku.

Knrouesvie cnosa: adanmayusi, cepoeuno-cocyoucmas cucmema, Quzuieckas HazpysKka, MOmMOpHAsl NIOMHOCHb.
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Exposure to lead and psychophysiological development
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Abstract. Among young people investigated enhanceable maintenance of biomarkers of aminolevulinic acid and coproporphyrine in
urines which represent the degree of development of leaden intoxication. The psychophysiological indexes (increase of anxiety de-
grees, depression, neurosis and aggressiveness levels) are conditioned the development of lead intoxication and closely correlates
with the increase of heme destruction products in urine. By the unique sign not depending on the level of lead intoxication appeared
rigidity, that, obviously, it is related in a greater degree to the type of temperament, which, as known, is the innate feature of charac-

ter of every personality.

Keywords: lead intoxication, §-aminolevulinic acid, coproporphyrine, psychophysiological indexes.

Introduction. In recent years the problem of environmen-
tal pollution with heavy metals, including lead, belongs to
the category of global ecopatological problems [1, 15].
Environmentally caused, relatively low levels of lead in
soil, water and food products of mass consumption that
were previously considered safe, in fact, cause many
neurotoxic disorders affecting primarily on cognitive
function [1, 6, 13]. Chronic lead intoxication poses a
threat primarily noosphere, increases the risk of mental
retardation and maturation of the younger generation, and
therefore threatens the future of humanity [3, 7, 12, 14,
17]. Current epidemiological data strongly suggest that
inorganic lead in environmentally caused doses has ad-
verse effects on the health of children, manifested a viola-
tion of mental and physical development, physiological
disorders, decreased intensity of synthesis of heme, the
development of anemia, increased threshold of auditory
perception and a reduction in vitamin D levels [7, 14, 17].
The effects of lead on the development of the nervous
system establish the basis for cognitive impairments in
lead-exposed children, even after reducing it concentra-
tion in blood [3].

Analysis of recent research and publications. Lead
exposure remains nevertheless an important public health
issue for three primary reasons: first, many populations
continue to be exposed to substantial quantities of lead;
second, the blood lead levels recognized to be associated
with potential toxicity have been revised downward in
recent years based on expanding recognition of the bio-
logic hazards of this metal, even with very low tissue
exposure; and third, certain groups of individuals in the
population continue to be at exceptional risk from lead
exposure, including children and teenagers [8].

Lead is toxic, even at trace levels, and cause profound
biochemical changes in the body. Chronic exposure to
this metal can result in its gradual accumulation in the
body; children and teenagers are more sensitive, and are
hence more at risk than others [4]. Negative effects on the
behavior and intelligence of children are found at even
lower levels of lead exposure than those commonly asso-
ciated with lead poisoning [11].

Numerous investigations focusing on the mechanism
of lead neurotoxicity have found a wide array of effects,
including apoptosis, excitotoxicity, interference with
neurotransmitter storage and release mechanisms, altera-
tions in second messengers, and damage to mitochondria
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[8]. Although there is no unifying mechanism, lead’s
ability to substitute for calcium, and possibly zinc, is a
factor common to many of its toxic actions. The disrup-
tion of dopaminergic functioning, which is involved in
motor control and attention, as well as memory and exec-
utive functioning, can produce a host of behavioral prob-
lems, including attention deficit hyperactivity disorder
and alterations in cognition [4]. Also, lead has effects on
glutamatergic transmission, which is a major player in
both development and neuronal plasticity and is related to
learning and memory impairments [16].

Goal. In contrast to studies noted above, results of psy-
chophysiological investigations in students from an en-
demic goiter area are limited. Considering the demon-
strated effects of lead toxicity it seemed conceivable that
this additive effect would be manifested in cognitive
defects such as learning and memory. Thus, the current
investigation is designed to test this hypothesis. The aim
of the present work is to study the lead’s effects on cogni-
tive and behavioral features in students from an endemic
goiter area.

Materials and methods. The study is included above
600 students of Ivan Franko Lviv National University
(males and females) between 18 and 24 years of age liv-
ing in endemic goiter area (Lviv region).

Experimental studies included the following main
stages.

1. Psychophysiological investigations. We used the fol-
lowing tests for evaluating cognitive and behavioral func-
tion of students. Coefficient of intellectual abilities is used
for estimation of mental retardation of students. The gen-
eral health questionnaire is used to estimate the students’
mental health. Test Aisenk’s is used for diagnostics of
self-appraisal of mental conditions (anxiety, aggression,
frustration, mobility). The level of anxiety is estimated by
a Teylor test [9]. The state of depression is diagnosed
following the test of Zhmurov [5]. For estimation of neu-
rosis is used the method of Hake and Hess [18]. Level of
aggression estimated by the method of Assinger [13].
Determination of formal and dynamic properties of indi-
viduality is carried out by the method of Rusalov [6].
Force of nervous processes is estimated by a tapping-test
[2]. Mobility of nervous processes is estimated by the
method of plasticity investigation [20]. The operative
estimation of feel, activity and mood is carried out by the
method of Raygorodskiy [13]. The attention is estimated
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by the proof-reading test of Anfimov [5]. Volume of
attention and mobility of basic nervous processes is car-
ried out by the tables of Shul'te [19].

2. Biochemical estimation of urinary d-aminolevulinic
acid and coproporphyrine concentrations. Measurement of
urinary d-aminolevulinic acid (3-ALA) level continues to
be a useful method for determination of extent of cut-off
point of lead toxicity. The level of urine §-aminolevulinic
acid is estimated following the method with Ehrlich’s
reagent. Coproporphyrine concentration in urine is meas-
ured using iodine as a substrate after suitable dilution
following the method by Kamyshnikov [10].

3. Statistical analysis. The results is expressed as mean
+S.D. Significant differences among the means measured
using a multiple range test at min. p<0.05. Data not hav-
ing a normal distribution is log transformed. Student t-
tests with 95% confidence intervals (0=0.05) is applied to
determine the significance of differences between groups.
The individual treatment difference between two groups
is assessed by computation of the least significant differ-
ence by taking at value for error at the level of 5% signifi-
cance. Statistical processing included descriptive summa-

Dependence of anxiety level on lead
intoxication
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intoxication
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rizing data, Student’s t-test, and correlation analysis.
These results are expressed with the use of procedure of
one-factor analysis of variance due to the program SPSS
11.5.

Results. Our results showed an increase in levels of 8-
aminolevulinic acid (3-ALA) and coproporphyrine con-
centration indicating of lead-induced oxidative stress.
Measurement of urinary 3-ALA level and coproporphy-
rine concentration continues to be a useful method for
determination of extent of cut-off point of lead toxicity.
After estimation of levels of 3-ALA and coproporphyrine
concentration in urine we divided the students into control
and experimental groups. Such correlation of students in
control and experimental groups is 35.96 + 2.45 and 64.04
+ 3.82% accordingly. We studied that the greater of stu-
dents’ inherent middle levels of 3-ALA and coproporphy-
rine in urine. Comparing the concentrations of 3-ALA and
coproporphyrine, the high levels of lead intoxication are
observed only in 1-9% students. The increase of lead
intoxication level for students substantially influences on

the level of their psychophysiological development
(Fig.1).
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Fig. 1. Dependence of psychophysiological indexes on urinary level.
In x-axis is -ALA concentration, pmol/ml; in y-axis is psychophysiological indexes in marks.

In particular, the increase of 3-ALA level in urine re-
sults in substantial growth of anxiety among young peo-
ple. In particular, maintenance of 3-ALA level in urine
over 5 umol/ml suggests that level of anxiety arrives at
high (25-40 marks) and ever-higher levels (over 41
marks).

We investigated that the level of depression is consid-
erably worsened for young people with the increase of
lead intoxication level. The level of moderate depression
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was registered for students in which found out mainte-
nance of urinary 3-ALA concentration over 4 pmol/ml,
and expressed and the deep depression was registered at
8-ALA level within the limits of 7-8 pmol/ml. Similar
results were investigated in relation to the degrees of
neurosis and aggressiveness. It is suggest that probability
of neurosis grows with the increase of lead intoxication
level. Analogical dependence is observed in the case of
aggressiveness. In particular, a surplus aggressiveness is
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inherent for students with the concentration of 3-ALA in
urine over 7-8 umol/ml.

Due to the method of one-factor analysis of psycho-
physiological indexes we studied the empiric
shortchanged Fisher coefficient exceeding the critical

(tables 1, 2). The analysis of variance allowed also inves-
tigating that the degree of lead intoxication not influence
on rigidity of personality. In this case this index is an
independent and, probably, determined the innate type of
temperament.

value which testifies about significance of our results

Table 1 An analysis of variance among influence of 5-aminolevulinic acid level on the degree of psychophysiological indexes of
young people

Psychc;ﬁgg)s(lezloglcal Disspersion Sum of Squares | df Mean Square F Sig. Fst
Level of anxiety b Between Groups 4592,639 118 59,645 18,39 0,0075 4,60
eve ?reg"/?é‘r'ey Y | Within Groups 8853,040 | 124 71,403
Total 13446,579 242
Level of d ion b Between Groups 12892,650 118 167,437 19,65 0,0057 4,60
EVel o1 AEpesSIoN BY | \yjithin Groups 17095,726 | 124 137,869
Zhmurov
Total 29988,376 242
Between Groups 1029,260 118 13,367 1,71 0,951 4,60
Level of rigidity Within Groups 2350,027 124 18,952
Total 3379,287 242
Level of neurosis by Between Groups 4356,580 118 56,579 80,76 | 0,00034 4,60
Hake and Hess Within Groups 6974,687 124 56,247
Total 11331,267 242
Level of ion b Between Groups 1005,764 118 13,062 253,65 | 0,00023 4,60
evel ot aggression bY | \wjthin Groups 1365845 | 124 11,015
Assinger
Total 2371,609 242

These results are expressed with the use of procedure of one-factor analysis of variance due to the program SPSS 11.5.

Table 2. An analysis of variance among influence of coproporphyrine concentration on the degree of psychophysiological indexes of

young people
Psychqphysmloglcal Disspersion Sum of Squares df Mean F Sig. Fst
indexes Square
1 2 3 4 5 6 7 8
Level of anxiety b Between Groups 3414,751 78 60,98 | 13,42 0,0075 2,72
eve (%ei‘/?c’)‘r'ey Y| Within Groups 5217,557 124 | 71,47
Total 8632,308 202
Level of . Between Groups 10664,352 78 190,44 | 16,82 0,0057 2,72
EVel OF CEDressIon | \vsithin Groups 9973,679 124 | 136,63
by Zhmurov
Total 20638,031 202
Between Groups 789,412 78 14,09 0,85 0,951 2,72
Level of rigidity Within Groups 1550,095 124 21,23
Total 2339,508 202
Level of is b Between Groups 2902,950 78 51,84 | 35,67 | 0,00034 | 2,72
EVEL OTNEUFOSIS DY\ \njithin Groups | 4445,173 124 | 60,89
Hake and Hess
Total 7348,123 202
Level of . Between Groups 664,679 78 11,87 | 125,37 | 0,00023 2,72
EVEL OTagressIon | \vsithin Groups 681,198 124 | 933
by Assinger
Total 1345,877 202 60,98

in the control and experimental groups of students, in
particular on the level of anxiety, depression, neurosis and
aggressiveness. Our results are presented on Fig. 2.

These results are expressed with the use of procedure
of one-factor analysis of variance due to the program
SPSS 11.5.

We compared influence of different concentrations of
8-ALA and coproporphyrine on psychophysiological data
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Fig. 2. Distributing of psychophysiological indexes among young people from control and experimental groups.

A. Degrees of anxiety: 1 — low; 2 — middle with a tendency to low; 3 — middle with a tendency to high; 4 — high; 5 — ever
higher; B. Degrees of depressed: 1 — absence of depression; 2 — depression is minimum; 3 — depression is easy; 4 — depression
is moderate; 5 — the depressed is expressed; 6 — depression is deep; C. Degrees of neurosis probability: 1 — low; 2 — high; D.
Degrees of aggressiveness: 1 — a peaceful type; 2 — a moderate aggressiveness; 3 — a surplus aggressiveness.

Our results show that in the control group of young
people a tendency to the low anxiety is observed in 8-
39%, in that time as in an experimental group these de-
grees are considerably below and expressed accordingly
from 2 to 28%. It is showed also, that high level of anxie-
ty in an experimental group considerably prevails com-
paratively with control group. It was also noted that the
ever-higher degree of anxiety is inherent only students
from the experimental group. It testifies to considerable
development of anxiety for young people with lead intox-
ication in relation to the indexes from control group of
students with low anxiety level. Similar results were in-
vestigated in relation to depression level. It is noted in
particular, that the signs of depression are more expressly
shown in the experimental group of the young people. In
particular, for people with lead intoxication the insignifi-
cant percent of young people noted with expressed and
deep depressed unlike a control group with absence of
such people.

Confronting different probability of neurosis from two
groups of students we suggest that in an experimental
group high probability of neurosis considerably prevail
low probability. An opposite tendency in a control group
is observed. Our results allow assuming that high proba-
bility of neurosis is dependent of lead intoxication level.
Similar results were noted in the case of comparison of
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display of certain aggressiveness degrees on condition of
lead intoxication and its absence. Thus, it is possible to
suggest, that worsening of psychophysiological properties
depends on development of lead intoxication level.

It was expressed the non-parametric analysis of corre-
lation of Spirmen grades with the purpose of finding out
of connection between the level of lead intoxication due
to measurement of 5-ALA and coproporphyrine level and
by the indexes of psychophysiological properties (Table
3).

The degree of the lead exposure closely correlates with
the degrees of anxiety, depressed and neurosis. The loose-
ly-coupled positive interface of degree of lead intoxica-
tion with the level of aggressiveness is also established.
However one of psychophysiological features, rigidity, is
characterized the negative and very low correlative coef-
ficient with the degree of lead intoxication confirming an
idea about independence of this property from the level of
lead intoxication. It was established also the close cross-
correlation links of psychophysiological features between
itself. Our results testify that increase of anxiety degrees,
depression, and neurosis and aggressiveness level is relat-
ed to the increase of 5-ALA and coproporphyrine levels in
urines representing the development of lead intoxication.
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Table 3. A non-parametric cross-correlation analysis of psychophysiological indexes of young people and level of lead intoxication

Level of Level of - Level of Level of neurosis Level of ag- 8-ALA | Coproporphyrine
Indexes anxiety by | depression | rigidity b gression by
y Hake and Hess - level level
Teylor |by Zhmurov Assinger
Level of anxie-| Correlation o o o o o
ty by Teylor | Coefficient 1,000 0,661(**) | -0,004 0,801(**) 0,976(**) | 0,976(**) 0,952(**)
N 12 12 12 12 12 12 10
Level of de- | o lation
pression by Coeffici 0,661(*) 1,000 -0,059 0,697(*) 0,952(**) | 0,976(**) 0,801(**)
oefficient
Zhmurov
N 12 12 12 12 12 12 10
Level of rigidi- Correlation
ty Coefficient -0,004 -0,059 1,000 -0,081 -0,099 -0,030 -0,081
N 12 12 12 12 12 12 10
Level of neu- | o 1ation
rosis by Hake Coefficient 0,801(**) | 0,697(%) | -0,081 1,000 0,952(**) | 0,952(**) 0,976(**)
and Hess
N 12 12 12 12 12 12 10
Level of ag- | o o lation
gress_ion by Coefficient 0,976(**) | 0,952(**) | -0,099 0,952(**) 1,000 0,976(**) 0,697(*)
Assinger
N 12 12 12 12 12 12 10
Correlation o o o o o
3-ALA level Coefficient 0,976(**) | 0,976(**) | -0,030 0,952(**) 0,976(**) 1,000 0,976(**)
N 12 12 12 12 12 12 10
Coproporphy- | Correlation " ox o - o
rine level | Coefficient 0,952(**) | 0,801(**) | -0,081 0,976(**) 0,697(*) 0,976(**) 1,000
N 10 10 10 10 10 10 10

** _ Significance of Spirmen coefficient (0.01); * — Significance of Spirmen coefficient (0.05).

Conclusions. Our results showed an increase in levels
of urinary &-aminolevulinic acid and coproporphyrine
concentration indicating of lead intoxication among
young people. In students investigated enhanceable
maintenance of biomarkers of aminolevulinic acid and
coproporphyrine in urines which represent the degree of
development of leaden intoxication. The psychophysio-
logical indexes (increase of anxiety degrees, depression,

neurosis and aggressiveness levels) are conditioned the
development of lead intoxication and closely correlates
with the increase of heme destruction products in urine.
By the unique sign not depending on the level of lead
intoxication appeared rigidity, that, obviously, it is related
in a greater degree to the type of temperament, which, as
known, is the innate feature of character of every person-
ality.
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CBHHIIOBAsi HHTOKCUKALMS M NCHX0(HU3H0I0rHYecKoe Pa3BUTHE CTY/IeHTOB JIbBOBCKOIi 00/1acTH
H. B. HaasiBaiiko, I'.M. Tkayenko
AnHotammsi. Cpenud MOJOAEXKH HCCIIEAOBAIM TOBBIIIEHHOE COJCp)KaHHE OHOMAapKEpOB O-aMHUHOJIEBYJIMHOBOM KHCIOTHL U
KOIpONophUppHUHA B MOYE, KOTOpPBIC INPEACTaBIAIOT CTEHEHb Pa3BUTHS CBHHIIOBOW HHTOKCHKanMu. Ilcuxodusmonornueckue
ToKasaresiu (yBelIMYeHHEe YpPOBHEH TPEBOKHOCTH, JIENIPECCHH, HEBPO3a M arpeCCHBHOCTH) OOYCIIOBIEHO Pa3BUTHEM CBHHIIOBON
WHTOKCHKAIIMA ¥ TECHO KOPPEIHpYeT C YBEIMYECHHEM HPOIYKTOB pa3pyIIeHHs remMa B Mode. ENMHCTBEHHBIM ITPU3HAKOM,
HE3aBUCHMBIM OT YPOBHS Pa3BUTHs CBUHI[OBOH MHTOKCHKAIIMHU OKa3ajlach PUTHIHOCTD, YTO, OYEBHIHO, CBSI3aHO B OOJbIIIEH CTeNeHN
C THIIOM TEMITepaMeHTa, KOTOPBIH, KaK N3BECTHO, SBIISIETCS] BPOXKACHHON YepTOH XapakTepa KakI0i JINIHOCTH.

Kniouesvie cnosa: ceunyosas uHMOKCUKAYUA, O-AMUHONEBYIUHOBAA KUCIOMA, KONPONOPQUPPUH, NCUXOPU3UOTIO2UYeCcKUe
nokasamenu

CBuHIEBA iHTOKCHKAaLisA Ta ncuxogizionoriunuii po3BuTOK cTyaeHTiB JIbBiBCcbKOI 00MacTi
H. B. Hanusaiiko, I'. M. TkaueHko
AmnoTanisi. Cepest MOJIO/I BUSBICHO MiABUIIEHUH BMICT GioMapKepiB 3-aMiHOJIEBYTIHOBOI KHCIIOTH Ta KOIPONIOpQipHHY y cedi, sKi
BiZTOOpaXaroTh CTYIIiHb PO3BUTKY CBUHIEBOI iHTOKCHKaIil. [Icuxodi3iosoriyHi NOKa3HUKM OpraHi3My (3pOCTaHHS CTYIICHIB
TPUBOXHOCTI, IEMPECUBHOCTI, HEBPO3y Ta arpeCUBHOCTI) 00YMOBIIEHO PiBHEM PO3BUTKY CBHHIIEBOT IHTOKCHKALIT i TICHO KOPEIIOE i3
30iMBIICHHSAM BMICTYy y ce4i MPOAYKTIB po3maay remy. €IMHOIO O3HAKOIO, sSIKa HE 3aIeKUTh Bill PiBHS PO3BUTKY CBHHIIEBOT
IHTOKCHKalii BHUABMIIACH PUTIAHICTh, IO, OYEBHIHO, IIOB’S3aHO OLIBIIOI MIpOIO i3 THIIOM TEMIIEPaMEHTy, KU, IK BiZOMO, €
BPOKEHOIO OCOOJHMBICTIO XapaKTepy KOKHOT OCOOUCTOCTI.

Knruoei cnosa: csunyesa inmoxcuxayis, o-aminonesyIiHo8a KUCI0ma, KOnponop@iput, ncuxoqhizionoeiuni noKasHUKY
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3MiHNM MaKPoO- Ta MIKPOEJIEMEHTHOI0 CKJIAAy TKAHUH i OpraniB
eKCIIEPUMEHTAJbHUX TBAPHH 32 YMOB KOMOiHOBaHOI il KCEHO0IOTHKIB

JI. 5s1. Heuuraiiso*, H. C. Xonra, X. A. Jlecbki, 1. C. Bazaanubka, A. M. EpcTeHiok
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AHorauis. JlocnimkyBanyn KOMOIHOBaHMH BIUTMB KaIMil0 XJIOPUIY Ta HATpito HiTpUTy Ha BMicT Kansiiro, Marnito, Llunky, Kynpy-
My Ta BaKKoro Metany Kaamiro B KiCTKOBif TKaHUHI Ta TKaHWHAaX NEYiHKH 1 HUPOK OimMX mrypiB Ha l-my, 14-ty Ta 28-my mobu
ITiCTIsT 3aBEPIICHHS BBEACHHS KCEHOO10THKIB. BCTaHOBIICHO, 1110 BBEICHHS JOCIIUKYBAaHUX KCEHOOIOTHKIB, CYITPOBOIKYETHCS PO3BH-
TKOM JNCMIKPOETIEMEHTO3Y, SIKHH XapaKTepH3yeThCsl HAKOMYSHHSIM KaJMIIo 1 pi3HOHAIpaBIeHHMH 3MiHAMH €CCEHITIaIbHIX MaKpo-
(Ca, Mg) ta mikpoenemenTie (CU Ta Zn). BimMiueHO iCTOTHE 3HIDKEHHS OCTEOTPOITHIX eneMeHTiB: Ca, CU Ta Zn y KiCTKOBIH TKaHH-
Hi. [Topsix 3 MM cnoctepirasest BUCOKUH piBeHb Ca Ha TJIi 3HIDKEHHST Mg y HUpKax Ta IediHni, JuHaMika 3MiH CU ta Zn Mana pizHo-
HaImpaBJeHUH XapakTep B MEUiHIl Ta HUPKAX y Pi3HI Nepioau eKCIEPUMEHTY.

Knrwouoei cnosa: maxpo- ma mixpoenremenmu, KOMOIHO8AHA Oisl KAOMIIO XA0pUOY MAa HAMPIIO HIMpUmy, KiCmkoea mKaHuHa, nevi-

HKAd, HUPKU.

Beryn. Po3BuTOK mpoMHUCIIOBOCTI 1 TpaHCTIOpTY, OyaiBe-
JMBHOI IHAYCTPIi, CLIBCHKOTOCIIONAPCEKOTO BUPOOHHUIITBA
CYMPOBOJKYEThCS 3a0PYIHEHHSIM MOBKUUIA Pi3HOMAHIT-
HUMH XIMIYHUMH crioiykamu. Cepell HUX BaKJIMBE Miclie
MOCIIAI0Th HITPATH, HITPUTH Ta COJi BaXKKUX METAIiB.
[TpoHnkaroun B MOBEPXHEBI i IPYHTOBI BOJH, HAKOIHYY-
I0YHCh Y POCIMHAX, BOHU BIUIMBAIOTh Ha OPTaHi3M JIIOJH-
HU 1 TBapHH.

3a0pyAHCHHS CIIONyKaMH KaaMiro OOYMOBIICHE ITepII
3a Bce IX CTIHKICTIO B HaBKOJWIIHHOMY CEPEIOBHII],
PO3UMHHICTIO B aTMoc(epHHX ocanaxX, 3IaTHICTIO [0
copOmii TpyHTaMH, aKyMyJIIii POCIHHAME, IOHHUMU
BIZIKJIAJICHHAMH, IO CHPHS€ iX ITOCTYIIOBOMY HAaKOIIH-
YCHHIO B JOBK/UTI. MeXaHi3M TOKCHUYHOTO BIUIUBY Ka-
Mil0 3YMOBJICHUH HOTO 37aTHICTIO aKTHBYBAaTH MPOIECU
MEPOKCHUIAIT JIMIAIB Ta OUIKIB MPH OJHOYACHOMY IIPHUT-
HIYCHHI aHTHOKCHJAHTHOTO 3aXKCTY, MOPYIIYBaTH Lijic-
HICTh MEMOpaH, NPUTHIYYyBaTH aKTHBHICTb (hepMeHTIB [1].

He MeHm akTyanbHOIWO [uid YKpaiHU 3alIUIIA€THCS
npobsiemMa HITpaTHOTO 3a0pyIHEHHS, MOB’s3aHA 3 IIOPY-
IIEHHSIM TEXHOJIOTIYHMX HOPM 3aCTOCYBaHHS Ta 30epi-
TaHHS MiHEpaTbHUX TOOPHB y CUTBCHKOMY TOCIIOIAPCTBI.
HakonwyeHHIO HITpaTiB y NPHUPOAHMX BOAAX CIIPHSE
KOMILIEKC IPUPOIAHO-KIIIMATHYHUX (haKTOPIB, sIKI MpUTa-
MaHHi TepuTopii Hamoi kpaiHu — 100pi GinkTpaniiiHi Ta
aepailiiiHi BJIACTUBOCTI I'PYHTY, AOCTaTHbO BHMCOKa TEM-
neparypa, 4epryBaHHs MepioJliB MIHIMaJIbHOI'O 1 MaKCH-
MaJIbHOTO 3BOJIOJKEHHS TPYHTY, HEBEJMKa INIMOWHA 3aisi-
TaHHsI IPYHTOBHX BOJI, IHTEHCHBHA €KCILTyaTallis BOJOHO-
CHHMX TOPHM30HTIB. 3pOCTaHHs PiBHS 3a0pyIHEHHS JKepel
BOJIOTIOCTaYaHHs PU3BOAMTH A0 TOTO, IO 3HAYHA KiJlb-
KICTh HACeJICHHS CII0)KMBAa€ BOAY 3 IIABHIIEHUM PiBHEM
HiTpaTiB. SIK BiIOMO, TOKCHYHICTH HITpaTiB 3B’s3aHA 3 iX
BiTHOBJICHUM METa0O0JiTOM — HITPUT-HOHOM, SKHA, 3T1THO
3 JJaHUMH HayKOBHX JuKepen [2, 3, 5,7], cipusie oOKuCHEeH-
HIO TeMOTIJ00iHy 70 METreMoryio0iHy, BHACIiJIOK YOro
pPO3BHUBA€ETHCS TeMiyHa rinokcia. Hitputm € mxepenom
BHcokopeakniitHoro HiTporeH (Il) okcumy Ta #ioro moxiz-
HUX, SIKi BIUNTUBAIOTh Ha MapamMeTpH BUIbHOPAJANKAILHOTO
romMeocrasy.

B nocrymHiii miTeparypi 3yCcTpidaroThCS MOOAMHOKI
JIaHl CTOCOBHO KOMOiHOBaHOi Aii IMX KCEHOOIOTHKIB Ha
OpTraHi3M JIIOJMHM 1 TBapHH, 30KpeMa, ITOKa3aHo 1X BIUIUB
Ha MOKAa3HUKH O1TKOBOT0 OOMiHY Ta CTaH 3aXMCHUX CHC-

25

TeM opraHismy [4, 6]. OmgHak, Malo IOCTIHKCHUMHU 3a-
JIMIIAETHCSA MAKpO- T4 MIKPOEJIEMEHTHUH CKJIaJl OPTaHiB i
TKaHWH 32 YMOB HaJXOJDKEHHS KaJMil0 XJIOpUIy Ta Ha-
TPIlO HITPUTY, 110 MA€ BaXJIMBE 3HAUCHHS AJISI PO3YMIHHS
iX BINIMBY Ha mepedir MeTaboNuHUX HPOLECIB Y )KUBUX
opraHizmax.

Metor naHoi poOOTH OyJI0 €KCIIEPUMEHTAIbHO IT0C-
JMAUTHA BIUIMB KOMOIHOBaHOI [ii KaaMmil0 XJIOpUOY Ta
HaTpito HiTpuTy Ha BMicT Kampmito, Marnito, L{uHKy,
Kynpymy ta KamMmito B KiCTKOBilf TKaHWHI Ta TKaHHHAX
MIEYiHKA 1 HUPOK 01X IIypiB.

Marepiaau i meroau. ExciepuMeHTH NPOBOAMIN Ha
O0imux Oe3mopomHuX IIypax-camisx (m=36) macoro 190-
250 r, SIKMX YTpUMYBaJIU B yMOBAaX BiBapir0 Ha CTaHIAPT-
HOMY pauioHi. TBapun Oyno moaineHo Ha ABi rpymnu: 1-
ma rpyna — inraktHi (n1=10), siki oTpuMyBanu (iziosori-
yuuit po3unH (0,9% pozunn NaCl) BianosigHoro o6'emy;
2-Ta — TBApHHM, SIKI OJICPKYBaIX BOJHHUI PO3YMH HATPIIO
HITPUTY 3 THUTHOK Bomoio B 1o3i 1/10 LDs, (2,1 mr/kr
MacH Tijla TBApHH), @ TAKOX BHYTPIITHEOM '130BO BBOAWIN
pozune CdCl; B mo3i 1/10 LDsp (1,2 Mr/kr macu Tina
TBapuH). [HTOKCHKAIIiI0 MIypiB 3MIHCHIOBAIN MPOTITOM
10-ti mi6. 3 MeTOI0 OXOIUICHHS Pi3HUX MEpiofiB agamnTa-
mii TBapHWH 10 il KceHOOIoTHKIB 3abip marepiany (crer-
HOBI KICTKM, TKAHMHH TEYIHKHA Ta HUPKH) TPOBOJUIN Ha
1-my, 14-ty Ta 28-My J00M miclisi 3aBEPLICHHS BBE/ICHHS
TOKCHKAHTIB MiJ JIErKMM e(pipHUM HApKO30M Ta MOAAJb-
IO JieKamiTaliero. B poOoTi 3 TBapuHaMU KepyBaJHCs
HNPUHIUNAMH «EBPONENCHKOT KOHBEHIIIT PO 3aXHCT Xpe-
OETHMX TBAapHH, [0 BHKOPUCTOBYIOTHCS B HAYKOBHX
nusx» (CtpacOypr, 1986)» ta 3akony Ykpaiam Ne3447-
IV Bix 21.02.2006 «IIpo 3axucT TBapWH BiJ KOPCTOKOTO
moBoKeHHs». Busnawamu Bmict Ca, Mg, Zn, Cu ta ta-
kox Cd Ha aTomHO0-abcopOIiiiHOMy criektpodoTomeTpi
C-115IIK. 3pa3ku npod roTyBajii METOJOM CYXOTO 030-
neHHs. OTpuMaHi pe3ysIbTaT CTaTUCTUYHO 00poOIIsTHCS
i3 3actocyBaHHsAM makery mnporpam «STATISTICA».
BuxopucToByBanmcs: CTaHIapTHI MOKAa3HWKK BapiamiiHOl
CTaTHUCTHKH, TaKi SIK cepenHe 3HadeHHA (M), cTaHmapTHE
BIIXWJICHHS CepeAHBOro 3HaueHHS (m). s BH3HauCHHA
JIOCTOBIPHOCTI BiIMiHHOCTEH BUKOPHUCTOBYBAJIHU
koedimienT CThiozieHTa. JIOCTOBIpHUMU BBaXKaJTUCS JIaHi
ipu p<0,05.
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Pe3yabTaTi A0CHiIKEHb Ta IX 0GrOBOPEHHSI.

V TBapuH, skux miggaBanu komGinosanii aii CACl; ta
NaNO;, BcTaHOBIICHO HOCTOBIpHE 3HIDKCHHs piBHS Ca,
Zn ta Cu Ha 1711 3poctanssa BMicTy Cd y CTErHOBUX KiCT-
kax (tabm. 1). Hakommuenus Cd B KiCTKOBi#l TKaHMHI
cnocrepiranocs i3 1-i mobu Mo 3aBepIIeHHIO BBEICHHS
KCEHOOIOTHKIB 3 4iTKO BHPa)KEHOIO TEHICHIIIEIO JI0 3pOC-
TaHHS 1 HaNPHKIHII EKCIepUMEHTY Lei MOKa3HUK OyB
BUIIIMM Y 17,7 pa3iB NOPIBHSIHO 3 TMOKAa3HUKOM IHTAKTHUX
TBapuH. Haiicyrresime 3HmkenHs Zn ta Cu BigOyBanocs
Ha 14-ty no0Oy — BinnosigHo Ha 45 ta 27 %. CTOCOBHO
BMicTy Mg y CTETHOBHX KiCTKaX CIIiJI BIAMITUTH TOCTOBI-

pae (mpu p<0,05, p<0,01) 3pocTaHHA B paHHEOMY HEPioi
IHTOKCHKAIll 3 HACTYIHHM 3HIDKCHHAM Ha 14-y moOy i
migBuiieHasiM Ha 20% IMOKa3HUKIB IHTAKTHUX TBapWH Ha
28-y noby. 3 HaykoBoi mitepatypu [1, 8, 9] Bimomo mpo
te, mo Cd**3pathuii ButicHaTu Ca®*, € KOHKYPEHTHUM
inribiropom Zn?* ra CU?* B MeTano(epMeHTax, 1o CIpH-
YHMHIOE JIO 3HIDKEHHS X akTHBHOCTI. Jlo Takux (hepMeHTIB
HaJle)xaTh Hacammepen JyxkHa ¢ocdarasa, nepysomnia-
3MiH, JIaKTaTAErigporeHasa, SKi BiJirpaloTb BaXIUBY
POJIb y METabOIIIYHUX TIpoLecax i MOPYyIICHHS aKTUBHOCTI
SIKMX 32 YMOB BIUIMBY COJIEH Ka/IMil0 Ta HITpaTiB Ipei-
CTaBIICHO y TomepeaHix poboTax [4,6].

Ta6auus 1. EneMeHTHui CKi1aj1 3011 CTETHOBUX KiCTOK 11ypiB, ypaxkeHux CACl2 i NaNOz (M + m)

Enementu I?;ille){l 1-mia no6a (n=8) | 14-ta mo6a (n=8) |28-ma n06a (N=8)

Ca, 330,85+6,21 311,08+4,32* 305,65+3,28* | 285,06+3,47%*
MI/T 3011

Mg, 38,14+1,40 51,80+2,11%* 34,62+1,81* 45,61+£2,53*
MI/T 3011

Zn, 458,61+37,24 | 314,17£25,12* | 252,90+32,81** | 369,62+29,33*
MKT/T 30JIH

Cu, 17,95+0,88 13,56+0,72* 13,12+1,21* 17,7£1,05
MKT/T 3011

Cd, 2,10+0,26 8,18+0,43* 8,85+0,52%*** | 37,08+1,02%***
MKT/T 30111

[Mpumitka. * — p<0,05, ** — p<0,01, *** — p<0,001 —
CTYHiIHb BIPOTIMHMX 3MiH TIOPIBHSAHO 3 MOKa3HUKaMU
IHTaKTHOI IPyNHY TBapHH.

Pesymbratn mocmimpkeHHS PIBHSA €CCCHINATbHHUX MiK-
poenemenTiB Zn ta Cu B IHOIMX OpraHax Ta TKAaHUHAX,
30KpeMa, B MeuiHli Ta HUpKax 3acBimummnm (main.l, 2)
HACTYIHI 3MiHK: 3pocTanHs Cu HaWOUIBIIO MIpoo Ha
1-14-y nobu ekcriepuMeHTy, BOTHOYAC Y HUPKOBIH TKa-
HUHI CIIOCTEPIrasoch iICTOTHE 3HWKECHHS ZN y 1Iei mepioz.
OueBuHO, 30inbIIeHHs piBHA CU B MeviHIi Ta HUPKax €
KOMITEHCATOPHOIO PEAKII€I0 OpraHi3My, OCKUIbKH Iel
MIKpPOEJIEMEHT y CKJIai LEepyJIOoIUIa3MiHy MpOSIBIISE Ta-
KOX 1 aHTHOKCH/IAaHTHI BJIACTUBOCTI, 3a1100Iratouu MepoK-
CHIHOMY OKHCHEHHIO JIITi B,

KOHTPOTb | e
14 noba
28 noba

E[leuyinka M Hupkn

Mau. 1. Bmict KynpyMy B HUPKOBil TKaHHHI Ta
MEYiHIi eKCIIepUMEHTAIbHUX TBApUH 32 YMOBH
KaJIMi€BOI Ta HITPUTHOT IHTOKCHKAII

Junamika BMicTy Zn B mnediHui Oyna iHmoro: Ha 1-y
100y 1el MoKa3HUK 3HIKyBaBcs Ha 38 %, Ha 14- ta 28-y
J100y 1CTOTHO MEepeBUIyBaB 3HAYEHHs KOHTPOJIO Ha 33,7-
88,0 %. Taki 3MiHM MOXHA PO3IISIIATH SK aJalTHBHY
BIIMOBiZIb, OCKIJIBKK CaMe€ HOHHM IUHKY € TPUPOTHUMH
IHAYKTOpaMH CHHTE3Y METaIOTIOHETHIB y MeUiHIIi.
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B [leuyinka M Hupkn
Maur. 2. Bmict 1MHKY B HUPKOBIill TKaHHHI Ta
MeYiHIli eKCIePUMEHTAIBHUX TBAPHH 32 YMOBH
KaJIMi€BOi Ta HITPUTHOI IHTOKCHKALIi1

CrocoBHo BMicTy Ca y HUpKax Ta IEYiHLi eKcrepume-
HTaJBHUX TBapWH, CIiJ BIIAMITUTH CYTTEBE 3POCTaHHS
HOro MpOTArOM BCHOTO IIEPIO/Y CIOCTEPEeKeHb, HAHOIIb-
I0t0 Mipoto Ha 14-y moOy — B 2,5 pasu y medinmi Ta B 3,2
pa3u B HHUpPKax MOPIBHSIHO 3 MOKAa3HHKAMH KOHTPOJBHOT
rpymu (mai. 3).
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KOHTPOIb | s

14 noba

28 noba
B [leyinka M Hupkun
Maur. 3. BmicT KanbIiifo B HUPKOBii TKaHUHI Ta

TEYiHII eKCIIEPUMEHTAIBHUX TBAPUH 32 YMOBHU
KaJIMi€BOI Ta HITPUTHOT IHTOKCHKALIIT
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BonmHouac HaMu BiMidu€HO iCTOTHE 3HYIKEHHS PiBHA
Mg B HHUPKOBIA TKaHWHI Ta TMEYIHII JAOCHITHUX TBAPHH:
HalcyTTeBimIe 3HIKEHHS BiAMi4eHO B HUpPKax Ha 14-y Ta
28-y no0Oy, (Ha 44-48 % HmX4e, HK B IHTAKTHHX TBa-
pun). B meuinmi konreHTparisis Mg 3HHXYETHCS B paH-
HBOMY IIepiofii crocTepekeHs — Ha 35,5-51,2 %, Ha 28-y
o0y el TTOKa3HUK 3pOCTaB Ha 26 % MOPIBHSHO 3 KOHT-
POJIBHOO TpyTIOt0 (Mai. 4).

KOHTPOJIb 1 ;[06a " H06a

B [leuinka ™ Hupkun

28 moda

Maur. 4. BmicT Martito B HUPKOBi# TKaHUHI Ta
MEYiHI[ eKCIICPUMEHTATBHUX TBAPUH 32 YMOBH
KaJIMi€BOI Ta HITPUTHOT IHTOKCHKAITiT

Hocmimxenns Bmicty Cd mokasayio 3pocTaHHs HOTo
KOHIICHTpAIlii B TMEYiHII Ta HHUPKaX TBapHH YpaKCHUX
CdCl; i NaNO; (mai. 5). ITounnaroum 3 1-i qo6u crocre-
PEXEHHsS 1 10 3aBEepLICHHS SKCIICPUMEHTY KOHIICHTpAILIis
Kangmiro migBumryBanach: B HUpKax — y 95-142 pasu Ta
nedinni — B 160-285 pa3iB mopiBHSHO 3 KOHTPOJIBHOIO
IPYIOIO TBAPHH.

TakuM 4YMHOM, MPOBEJCHI HaMH JOCIIJUKEHHS J03BO-
JIMJIM BCT@HOBUTH, LIO B OPraHi3Mi €KCIEepHUMEHTaIbHUX
TBapuH 32 YMOB KaJMI€BO-HITPUTHOI IHTOKCHKALii CIIO-
CTEpIraeThCsl PO3BUTOK JAUCMIKPOCIEMEHO3Y, SIKHHA Cy-
MIPOBOKYETHCS 3MIHAMHU PIBHS JKATTEBOBAKIMBHX MaK-
po- Ta MIKpOCJIEMEHTIB B OpraHax Ta TKaHHHAaX, II0 Mae
BaXXITMBE 3HAYCHHSA JJISl PETYIIALIT OOMIHHAX MPOIIECiB.

KOHTPOJIb 1 z[06a

14 noba
W [Jeuinka ™ Hupku

28 moba

Maur. 5. BmicT KaiMifo B HUPKOBiH TKaHWHI Ta
NEYIHI1 CKCIEPUMEHTAJIbHUX TBAPWUH 3a YMOBHU
KaJM1€BO1 Ta HITPUTHO1 1HTOKCHUKAII11

BucHoBknu:

1. KombiHoBaHa fis KaaMiro XJOpHIY Ta HATPIlO HIT-
PHUTY CYNPOBOIKYETHCS HAKOMWYEHHSIM KaaMIlO B KiCT-
KOBiff TKaHWHI, HUPKaX Ta IMEYiHII EKCIEPUMEHTAIbHUX
TBapHH 1 NOPYIICHHSIM piBHS ecceHIianpHuX Makpo- (Ca
ta Mg) ta mikpoenemenTis (CU ta Zn).

2. 3HmwKeHHs piBHI ocTeoTponHux eneMeHtiB Ca, Cu
Ta Zn y KICTKOBIH TKaHHMHI €KCIIEPUMEHTAIIbHUX TBAPHH
MOXK€E MPU3BOJUTH JI0 IOPYIICHHS MiHEPaJIbHOI IIIJIbHOC-
Ti KICTOK 32 YMOB ITO€JJHAHOTO BILIHBY XJIOPHIY KaaMIIO
Ta HATPIIO HITPHUTY.

3. Hanmipne nocrymnennst CdCl; Ta NaNO- 3ymoBioe
TIOPYIICHHS 0I0CIEMEHTHOTO CKJIagy HHUPOK Ta IEYiHKH,
10 B CBOKO Yepry Ma€ BaXJIUBHUI BIUIMB Ha METaOOJIdHI
MIPOIIECH SIK B IIUX OPTaHax, TaK i OpraHi3Mi B IIOMY.

IlepcnexkTHBY MOAAJBIIUX AOCTIAXKEHb. 3 OISy Ha
OllepXKaHi pPe3yNbTaTH, MOLITHHO BHBYUTH TICTOJNOTIUHY
CTPYKTYpY TKaHHH MEUYiHKH, HUPOK Ta KICTOK, a TaKOX
AKTHBHICTh MapKepHUX ()EPMEHTIB LUX TKAaHWH 32 YMOB
eKCIIEPUMEHTAJIbHOT KaJMI€BO-HITPUTHOI 1HTOKCHKALl.
[lepciekTHBHUM € TakoX IOLIYK e(pEeKTUBHHX 3aco0iB
KOpEeKIi{ HEeraTHBHOTO BIIMBY Ha OPTraHi3M JOCIIIKEHUX
KCEHOOIOTHKIB.
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Abstract: We investigated the combined effect of cadmium chloride and sodium nitrite on the content of Calcium, Magnesium, Zinc,

Copper and heavy metal of Cadmium in bone tissue and the liver and kidneys of white rats at 1-st, 14-th and 28-th days after

the.xenobiotics action. The introduction of xenobiotics studied, accompanied by the development dysmikroelementoz characterized

by the accumulation of cadmium and multidirectional changes essential macro- (Ca, Mg) and trace elements (Cu and Zn). Marked a

significant reduction osteotropic elements: Ca, Cu and Zn in the tissue along with this there was a high level of Ca amid falling Mg

kidney and liver dynamics are Cu and Zn was multidirectional nature of the liver and kidneys at different times of the experiment.
Keywords: macro- and microelements, combined effect of cadmium chloride and sodium nitrite, bone tissue, liver, kidneys.

N3MeHeHNs1 MAKPO- 1 MHKPO3J1eMEHTHOI0 COCTABA TKAHEH W OPraHOB IKCIIEPHMEHTAIBHBIX KUBOTHBIX B YCJIOBHSAX KOMOU-
HHUPOBAHHOTO /1efiCTBHSI KCEHOOUOTHKOB
JI. 51. Heuuraiino, H. C. Xonra, X. A. Jleckus, . C. Bazanuukas, A. M. IpcTeHI0OK,
AHHoTanus. Vccnenosann KOMOMHMPOBAaHHOE BO3/EHCTBUE KaJIMUS XJIOPU/A U HATPUSL HUTPUTA HA COAEPIKAHUE KallbLUsl, MarHUs,
LMHKA, MEIU U TSHKEJIOT0 MeTasla KaAMUs B KOCTHOM TKaHH, a Takoke TKaHAX M€YeHH U Movek OenbIx Kpbic Ha 1-10, 14-10 u 28-¢ cyT-
KU TIOCJIe 3aBEPIICHUS BBOJIA KCEHOOMOTHKOB. Y CTAaHOBJIEHO, YTO BBEAEHHE HCCIIETyeMbIX KCEHOONOTHKOB, COMPOBOXKIACTCS Pa3BH-
THEM JAUCMHUKPOEIEMEHTO03a, KOTOPHIH XapaKTepU3yeTcsl HAKOIUICHHEM KaJMHs U Pa3HOHANPAaBICHHBIMI H3MECHEHHSIMH CCEHIHANb-
HBIX Makpo- (Ca, Mg) u MuxposnementoB (Cu 1 Zn). OTMEUYEHO CyIIECTBEHHOE CHIDKEHHE 0CTEOTpONHUX ieMeHToB: Ca, Cu u Zn B
KOCTHOH TKaHU; HapsiAy ¢ 3TUM Halmoxacs BRICOKHH ypoBeHb Ca Ha (oHe cHIbKeHUs Mg B HOYKax ¥ redeHy, JJMHamMuka n3MeHe-
Huit Cu 1 Zn uMerna pa3HOHANpPaBJICHHBIIT XapakTep B IEYEHH U NTOYKAX B Pa3HbIC MIEPHOJIbI SKCIIEPUMCHTA.

Knrouesvie cnosa: makpo- u MukposiemeHnmyl, KOMOUHUPOSAHHOE Oelicmeue KaOMus XIopuod U Hampus HUmMpumd, KOCMHAsL
MKAMb, nevenb, NOYKU.
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Abstract. The phytotoxic and antagonistic properties of Trichoderma and Fusarium fungi strains isolated jointly in various
agrocenoses were studied experimentally. The maximum antagonism towards Fusariums was produced by Trichoderma strains,
extracted from wheat isogenic lines. The strains of Trichoderma showing the remarkable effect against fusariums also appeared to be
the most phytotoxic. In tests on phytotoxicity the seeds and seedlings of wheat or mustard often were more susceptible responders to
exometabolites in fungi-conditioned, cell free culture medium than water-cress, which is the classic object for such assays.

Keywords: antagonistic properties, phytotoxicity, Trichoderma, Fusarium.

Introduction. Getting high crops and preserving the nec-
essary quality of farming plant cultures on the background
of high specialization and concentration of agricultural
production is a priority in many countries across the
world, including Ukraine [1, 2]. In modern paradigm the
use of biological preparations based on active strains of
microorganisms with antagonistic and fungicide proper-
ties is considered as the most perspective and promising
alternative for chemical methods of plant protection from
phytopatogens [2, 3]. It is also well known that the inter-
actions between soil microorganisms belonging to differ-
ent systematic and physiological groups can vary consid-
erably — from mutually beneficial coexistence to active
competitive conflicts. One of the forms of the substrate
competition is the antagonism, which means that one ac-
tive strain produces the anti-microbial substances (antibi-
otics, bactericines, lysis enzymes, etc.), while the other
members of microbiocenosis react on that within the lim-
its of their physiology. For example, in a number of stud-
ies the authors showed that the soil micromycetes of
Fusarium Link genus are the facultative parasites for
many agricultural plants [4, 5]. At the other hand, the spe-
cies of Trichoderma Pers. are the natural antagonists of
Fusariums, and this fact is used in practice [2, 3]. Usually
the assessment of antagonistic properties of manufactured
biopreparations is carried out experimentally, by co-
culturing only the antagonist and the responding organism
on the solid substratum [6, 7]. However, the phytotoxic
effects produced by antagonistic strains have been studied
insufficiently. The most frequent responding object in
such experiments is the watercress seeds, while the reac-
tions of plants, which should be treated with the prepara-
tions per se, are not examined, that renders such results
suspect.

Study objectives. Considering listed above, the aim of
present work was to evaluate the antagonistic and phyto-
toxic activities of several species of soil micomycetes of
Fusarium and Trichoderma genera, which were extracted
from soils under various agricultural plants.

Materials and Methods. For present research the
matched sets of soil fungi species were selected in the
collection of microorganisms maintained at the Plant
Physiology and Biochemistry of V.N. Karazin National
University, Kharkiv, Ukraine. All micromycetes were
extracted from soils of various agrocenoses located in
Kharkiv region, North-Eastern Ukraine. Strains Fusarium
heterosporum TrA3 and Trichoderma TrA763 were iso-
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lated from the rhizosphere of the winter wheat Triticum
aestivum L., isogenic line Vrn-Ala. Species F
heterosporum TrB21 and Tr. TrB were found in the rhizo-
sphere of wheat, isogenic line Vrn—-Bla, and F. heteros-
porum TrD32 and Trichoderma TrD — from the rhizo-
sphere of wheat, isogenic line Vrn—Dl1a. From the rhizo-
sphere of white mustard, Sinapis alba L., the micromy-
cetes F. heterosporum S25, F. oxysporum S1, Tr. koningii
S83 and Tr. aureoviride S407 were isolated. The strain of
Tr. aureoviride Tr405 was found in the rhizosphere of
summer wheat. Strains F. heterosporum P23, Tr. koningii
P59 and Tr. aureoviride P578 were extracted from the top
soil layer of the fallow land.

For the experiments the microorganisms were cultured
on solid substratum (mash-agar) or in bulk culture using
diluted non-hop beer mash [8]. The antagonistic activity
of all Trichoderma strains against all Fusarium strains
were measured in the pairwise comparison in conditions
of their direct co-culturing [9, 10]. If an obvious, but not
very significant growth delay was observed for one of the
species after 2-3 days of co-culturing, the effect was esti-
mated as antagonistic relationships (marked as +). If one
of the paired strains showed some overlap with its coun-
terpart in the borderline zone between them, and the for-
mer oppressed the growth of the latter, then the moderate
antagonism was recorded (++). The occurrence of the
remarkable, clearly seen zone of the delayed, oppressed
growth for one of the strains was considered as the marker
of a strong antagonism (+++).

For the studying of the micromycetes’ phytotoxicity
their sterilized exometabolites were obtained; for that the
conditioned culture medium, collected after 5-7 days of
the single strain fungi culturing, was filtered through the
Millipore™ membrane syringe filters with pore diameter
0,2 um. This conditioned, cell-free medium was used for
the biotest against water-cress seeds or the seeds of that
agricultural plant, which rhizosphere the particular fungi
strain was initially extracted from. The impact of exomet-
abilites was assessed on the seeds germination and on the
length of the seedling roots measured on the 7 day of
growth [8]. The micromycetes culture was considered as
toxic, if its medium caused at least 30 % decrease in seeds
germination rate or seedling root growth in compare with
the relevant matched control (fresh medium) [2].

Considering that the micromycetes can grow not only
on leafs but also in plant phylosphere (leaf surface), the
additional assay was performed the isolated leaf plates for
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data completeness [8]. In this experiment the white mus-
tard and wheat sprouts of equal age were used; the plants
were grown in the factorostatic chamber at constant tem-
perature of about +22-24°C and illumination lasted 16 h
per day. The equal-size fragments of the leaf plates were
isolated and treated with the cell-free medium collected
from fungi cultures; in the matched control series the ster-
ile, non-hop beer mash was used instead of conditioned
medium. The observations were conducted during three
days; the appearance of necrotic spots, burns, changes of
the color on the leaf plates were recorded [8]. Each of
experimental series was carried out three times, and data
collected in these repeats were combined and averaged for
the analysis in present work.

Results and discussion.

The analysis of data available in the literature showed
that currently there are about 50 bio-preparations in the
world, based on Trichoderma micromycetes [7], and the
majority preparations are aimed at the oppression of the
pathogens’ growth and dissemination. However, there are
gaps in our knowledge on whether these properties are
present in all strains of this species. The strains of micro-
mycetes tested in present work were extracted from the

rhizosphere of the same agricultural plants, and notewor-
thy the wheat didn’t carry the signs of fusariosis-type
damage. That can be an evidence of rather high, natural
fungistatic background, which was maintained, among
other factors, by Trichoderma fungi. In our study the an-
tagonistic properties of the selected Trichoderma strains
towards Fusarium were the highest in strains found in the
rhizospere of wheat isogenic lines (Table 1). This finding
can be partially explained by the fact of the high concen-
tration of phytopathogens, including Fusariums, present
in the rhizophere of the wheat in natural conditions [3].
Thus these strains of Trichoderma, competing with
Fusariums, are permanently ready to synthesize a lot of
compounds that decrease the growth of phytopathogens.
Therefore these strains also appeared to be more active in
the experiment. However, the strongest antagonistic im-
pact against all tested Fusarium strains was observed
from Tr. koningii P59, which was extracted from the top
soil layer of the fallow land. The lowest rate of antagonis-
tic activity was detected for the strain Tr. koningii S83 that
was found in the white mustard rhizosphere, and also
from the strain Tr. aureoviride P578, extracted from the
soil of the fallow land.

Table 1. The assessment of the antagonistic activity of Trichoderma micromycetes towards various strains of Fusarium

Micromycetes r::eli:?c:;:?- hetegspo- heterispo- F. heteros- | P heteros- | F. ox-
rum TrA3 | rum TrB21 | rum TrD32 | PO-TUM S25 | po-rum P23 ysporum S1
Trichoderma sp. TrA21 ++ ++ ++ ++ ++ ++
Trichoderma sp. TrB13 +++ +++ ++ ++ ++ ++
Trichoderma sp. TrD6 ++ ++ +++ + ++ +
Tr. koningii P59 +++ +++ +++ ++ 4 F++
Tr. koningii S83 + + + ++ ++ +
Tr. aureoviride P578 + + + ++ + +
Tr. aureoviride S407 ++ ++ +++ ++ ++ ++
Tr. aureoviride Tr405 ++ +++ ++ ++ + +

Fungi strains’ phytotoxicity was evaluated using a
widely accepted methodology that included measure-
ments of responses of water-cress seeds, but also white
mustard and wheat seeds were added as responding ob-
jects. The results of these experiments are presented in
Table 2.

It can be seen that all tested micromycetes showed
some impact on both seeds germination and the length of
the seedling roots in responder plants, but the extent of
this influence varied between species and strains. The
oppressive action produced by Fusariums was more ap-
parent. The conditioned medium after culturing F
heterosporum S25 decreased significantly the germination
of water-cress and wheat seeds; the mustard seeds ap-
peared to be less susceptible towards the exometabolites
of that fungi strain. The strains of F. heterosporum, ex-
tracted from the rhizosphere of the isogenic wheat lines,
were more effective in causing a decrease in the germina-
tion of water-cress and wheat seeds, and also influenced
the length of seedling root length. The data analysis also
showed that the seeds and sprouts of the wheat were more
sensitive towards the exometabolites of Fusarium species;
meanwhile the water-cress, being a classic responder for
such tests, appeared to be less responsive. The influence
of the Fusarium-conditioned medium on the mustard was
found to be less effective, except the significant impact of
these exometabolites on the seedling root length. It can be
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explained by the fact that the mustard seeds contain the
substances or compounds, which have phytoncide proper-
ties and thus decrease the phytopathogens growth [11];
during the germination of the seeds the amount and con-
centration of these substances declines, and the seedlings
become more vulnerable to the damage caused by fungi
exometabolites.

The experiment with testing of the phytotoxicity of
conditioned medium from various cultured fungi strains
against isolated leaf plates didn’t provide striking results
with clear tendencies (data not shown). Clearly detectable
damage to wheat and mustard leafs was noticed for the
medium conditioned by Fusarium species, extracted from
the rhizosphere of wheat isogenic lines Vrn—B1la and Virn—
D1la. Other Fusarium strains and all Trichoderma species
didn’t produced significant injuries in the leaf plates.

Conclusions. The study showed that different strains
of the same Trichoderma fungi species, originating from
different locations, had different antagonistic activity to-
wards Fusarium species and strains. The most active
strains were extracted from the rhizosphere of isogenic
wheat lines. The biotests for the phytotoxicity were per-
formed for both genera of micromycetes against water-
cress seeds but also against wheat and mustard seeds. This
testing showed that Trichoderma strains, which were ac-
tive antagonists towards Fusariums, also produced a sig-
nificant phytotoxicity against responding plants. The al-



Science and Education a New Dimension. Natural and Technical Sciences, V(13), Issue: 121, 2017 www.seanewdim.com

teration of the seedlings root length appeared to be a use-
ful parameter in such experiments, because it was able to
reveal the toxic action of conditioned medium in series,
where no effect on the seeds germination was detected.
Noteworthy, in some cases the phytotoxic outcome was
negligible in water-cress, but very strong in the agricul-
tural plants used as responders. In total, the data obtained

in present study, contribute to our knowledge about the
antagonistic relationships between different participants
of soil fungi communities and as well between micromy-
cetes and plants. The results can be used in practice for
identification of fungi strains, which potentially can be
the producers of biopreparations for agricultural plant
protection.

Table 2. The influence of the medium, conditioned by cultured micromycetes, on the seeds germination
and the length of the seedling roots of the responding plants (% of the control)

Micromycetes Responding plants

Lepidum sativum L. Sinapis alba L. Triticum aestivum L.

Seeds ger- Seeds ger- Roots Seeds Roots

mination Roots length mination length germination length
Fusarium heterosporum TrA3 75 80 98 77 55 67
F.heterosporum TrB21 78 81 97 79 56 70
F.heterosporum TrD32 70 83 97 81 55 70
F. heterosporum S25 50 98 87 80 60 75
F. heterosporum P23 81 71 97 81 61 70
F. oxysporum S1 80 94 89 88 65 69
Trichoderma sp. TrA21 99 98 99 98 80 80
Trichoderma sp. TrB13 80 100 98 99 82 82
Trichoderma sp. TrD6 98 102 97 96 89 87
Tr. koningii P59 88 71 97 97 88 86
Tr. koningii S83 95 72 96 99 82 87
Tr.aureoviride P578 99 107 98 98 85 88
Tr.aureoviride S407 97 103 98 98 86 85
Tr.aureoviride Tr405 65 87 71 97 88 80
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Onenka GUTOTOKCHYECKHX H AHTATOHUCTHYECKHX CBOWCTB MOYBEHHBIX MHKPOMHIETOB C Y4eTOM COBMECTHOTO MecTO0OH-
TaHUSA
O. U. BuHHHKOBA
AHHOTanus. B sKcrepyMeHTe U3y4eHbl (PUTOTOKCHYECKHE M aHTArOHUCTHYECKHUE CBOMCTBA M30JIATOB MOYBEHHBIX MHUKPOMHIETOB
pomos Trichoderma u Fusarium, BbIIeNeHHBIX M3 Pa3HBIX arpoLEHO30B. MaKCHMMAabHbBIA aHTArOHUCTH3M B OTHOIICHHH (y3apHeB
TPOSIBIISUTN M30JIATHI TPUXOJAEPM, BBIICICHHBIC M3 pH30Cc(epbl H30TeHHBIX JHHUN muieHunpl. M3omsater Trichoderma, nmokasaemme
Hanbosee oTdenuBEIA dPdekT Ha dy3apusix, Taxxke oblagany IOBHIIIEHHOH (QuTOTOKCHYHOCTBHIO. B Tectax Ha (PUTOTOKCHYHOCTD
CeMeHa U MPOPOCTKH FOPYHUIIBI U MIICHHIIBI 3a4aCTy0 OKa3bIBAJIUCH 00JIee YyBCTBUTEIBHBIMU K BIHSHHIO 9K30METa00IUTOB rPHOOB,
YeM ceMeHa Kpecc-cajlaTa, CYUTAIOIIErocs! KIIaCCHIECKUM TeCT-00bEKTOM B TAKUX HCCIIEOBAHMSX.

Knrouesvie cnosa:anmazonucmuueckue ceoiicmesa, rumomorcuunocms, Trichoderma, Fusarium.
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AnHoTanmsi. OCyIIecTBIEHO OLCHKY KOJIOrHYecKoi 06e30macHoCTH arpocepbl 30HbI BIUSHHUS YPOOCHCTEMBI IO TPYIIaM MoKa3a-
Teneil pecypcHOro, OMOLEHTPUYECKOTO M AHTPOIIOLICHTPHYECKUX OJIOKOB, PACCUMTAHO MHTETPAJIbHBIC MOKA3aTeIn U c(hOPMHUPOBAHO
MAaTpHIy THIIOJIOTHH arpocdepsl M0 YPOBHIO 3KOJIOTHYECKOH Oe3omacHOCTH. IIpeuioxkeH0 OCHOBHYIO M JOMOJHHUTENBHYIO CTpaTe-
THIO 00€CTIeYeHHs 3KOJIOTHUECKOH O6e30macHoCT! pernoHa. CIporHO3UpOBaHbl MOJIETH YIPABICHHUS 9KOJIOTHYECKON 0e30MacHOCThIO

arpoceps! IpH pa3HbIX IPUOPUTETAX PA3BUTHUS PETHOHA.

Knrwuesvie cnosa: sxonocuueckas 6ezonachocms, ypbocucmema, 2opod Posno, acpocghepa 30mbl énusinus ypoocucmemsl, cmpa-

meauu IKOJL02U4ecKol 6e30nacHOC.

@®opmHupOBaHHE SKOJOTMYECKH OE€30IacHBIX — YCIIOBHH
KHU3HEICATEIIHHOCTH HACENICHNs, COepeXeHHe MpHPO-
HBIX 9KOCHCTEM, PECYPCOB ISl CETONHAIIHUX U OYyAyIIHX
TIOKOJICHUH SIBISIETCS TJIABHBIM HPHOPUTETOM YeJIOBEUE-
cTBa Ha (oHE pa3BUTHUS INIOOAJBHBIX MpoOJIeM BceoOuen
nmerpaganuu  dkojormueckux cucreM [1-5].1Ipum  sToM
obecrieueHne IKOIOTUUECKOI CTOWKOCTH IJIaHEThl 3HAYH-
TEJIFHO 3aBHCUT OT JKOJIOTMYECKOTO COCTOSIHUSI OTIEIIb-
HBIX JIOKaJbHBIX TEPPUTOPUN, PEruoHoB, crTpad. llox
9KOJIOTHYECKO# 0e30MacHOCThI0 TeppUTOpHH ( pEernoHa)
OylneM MOHMMAaTh THII AWHAMHUYECKOTO PABHOBECHS KO-
JOTHYecKol (OKpy’Karollas cpefa) SKOHOMHUYECKOH (Xo-
3IHCTBEHHAs! ESATEIBHOCTD) M COLMAIBHON (HaceleHue)
CHCTEM, IIPH KOTOPOM IIPOHCXOIUT COXPAHEHUE 3KOJIOTH-
YECKOrO PaBHOBECHS 3a CUET MUHHMMH3ALUHM BMeEIIaTelb-
CTBA B 9KOJIOTHYECKYIO CHCTEMY, PallHOHAIBLHOTO MIPUPO-
JIOTIOJIb30BAHUS, JIOKAIU3AIMN JKOJECTPYKTUBHBIX (haK-
TOPOB, 3AIUIIEHHOCTh OT HHUX YeJIOBEKa, OKpYKarouen
Cpelsl M IPUPOIHBIX pecypcoB [5].

Henabio uccaenoBanuii spusercss GopMupoBaHUE MPO-
THO30B W TMEPCIEKTHUBLI obecreueHuss IKOJOIHUECKOM
0e30macHOCTH arpocgepsl 30HbI BIUSIHUS TOPO/a.

Jns nocTmKeHWs IeIW HMCCIIEA0BaHUM HEeo0X0oImMo
pELINTh ClIeAyIONINe 3a1aui: 000CHOBATh BHIOOP OCHOB-
HOTO M BCIIOMOTATEJILHOTO CTPATeTHH 00ecIeueHHs KO-
Jorn4yeckoi OeszomacHocTH arpocdepbl 30HBI BIMSHHSA
yp6ocuctemsr (3BY) Ha OCHOBaHWM OIIGHKH WHTETPab-
HOTO YPOBHS AKOJIOTHYECKON 0e30macHOCTH arpocdepsl;
CMOZIEIMPOBATh M3MEHEHUs] IKOJOIMYeCcKo Oe30rmacHo-
CTHU ITPU UBMCHCHWH YCJIIOBUU PA3BUTHUA PETHUOHA.

OO0beKT McCJIeA0BAHMA IIPOIECCH  (OPMHUPOBAHUS
9KOJIOTHUECKOH 0e30macHOCTH arpoceps! 30HBI BIMSHUS
yp6ocuctemsr PoBHo. [Ipenmer mccienoBaHus - ympas-
JICHHE 3KOJOTHYECKON 0e30macHOCThIO arpocdepsl 3BY.

Marepuanbl M MeTOAbl MCCJeJ0BaHu. Pe3ynbraTel
paboTHI MOJTYyYEHBI C UCIIOJIb30BAHUEM METOJIOB CHCTEM-
HOTO aHajM3a (MccienoBaHus 0coOeHHOCTel U (haKTOpOB
COCTOSIHUSI OKPYKAlollIeH Cpeibl).

Bbutn  mMcTonb30BaHBI  MaTepHaibl  CTATUCTHYECKUX
C€KEroOJHUKOB, PETHOHAJIBHBIX ITOKJIAAOB O COCTOSHHUU
OKpY>Karolel NpUpOHON cpeibl.
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Pesyabrarsl m 06cyxnenusi. VccienoBanus mnpoBo-
JWINCh B TIpefeniax arpocdepsl 30HBI BIMSHHSA TOpoja
PoBHo (Vkpauna). Ilog arpocdepoii 30HbI BIHSIHUSA YpOO-
CHCTEMBI TOHMMAaeM IPOCTPAHCTBEHHYIO HCTOPUYECKH
CJIOYKHMBLIYIOCS ~ COIIMO-DKOHOMHKO-IKOJIOTHYECKYI0 CH-
cTeMy, KoTopas (DyHKUMOHHPYET B Ipeieiax TeppuTo-
pHH, NOJBEPraeTcsi BO3/ICHCTBUIO ypOOCUCTEMBI U XapaK-
TEpU3yeTCsl ONpPEACTICHHBIM THUIIOM Pa3BHUTHsI, CTEHECHBIO
UCIIONIb30BaHUS MNPUPOJIHBIX PECYpCOB, THUIIOM JaHJ-
madTHBIX TEPPUTOPHAIBHBIX KOMIUIEKCOB M (PYHKIHO-
HalbHBIMHA B3aMMOCBS3AIMH. OILEHKY 3KOJOTHYECKOH
6e3omacHocT arpoctepsr 3BY Oymem mpOHM3BOAHTE C
TIPUMECHEHHEM aJIMHHHUCTPATHBHOTO YCTPOMCTBA TEppH-
topun. Arpoctepa 3BY mpencraBieHa ceMbro aIMHHH-
CTPaTUBHBIMU palilOHaMM, KOTOpPBIE Pa3MEIICHHBIMH BO-
KpYT Topoja.

Mero/MKa nccaeOBaHMs NpelycMaTpuBaia aHalu3 1
OLIEHKY 9KOJIOTHYECKOl 0e30IacHOCTH peruoHa C HC-
nosp30BanreM 17 mokaszateneidt pecypcHoro, 15 mokasa-
Teneil dnocepoueHTpUIecKoro 1 9 nokasaresiend aHTpo-
noteHTpuueckoro 070koB (puc.l). IIpu 3tom dopmupo-
BaJIl COOTBETCTBYIOIINE MATPHIIbI HAOIIOeHUN 6a30BBIX
WHJIMKaTOPOB M TIPOBOJMIM CTaHIAPTH3ALUI0 MAaTpHIl
Habmonenust [5,5] crenyromum oOpa3om: Bce 0a3oBbie
WHJIUKATOPBI TPYNITUPOBAIN HA MHAMKATOPHI CTUMYJISITO-
pBl M WHIUKATOPHI-IECTUMYISTOPOM; HOPMHPOBaHHE
ToKazaTeNied MPOBOMIIN MO COOTBETCTBYIOIIUM (OPMY-
nam (puc.l) ¢ BBIOOpOM MUHUMAIBHBIX U MaKCUMAJIbHBIX
MoKa3aTeNnel Ka)XJI0ro MHIWKATOpa M3 MaTpHIlbl HaOIIo-
nenuit [4]. PaccumThIBaNM YACTHYHBIE HWHTETPATHHBIC
ITOKA3aTeM YPOBHS OSKOJIOTHYECKOH O€30macHOCTH C
ITOMOIIBI0  CPETHETCOMETPUIECKOTO TOKa3aTens Ul
Kaxaoro 6imoka puc.l. OneHKy 3KoJoTrHYecKoi Ge3omac-
HOCTH TPOBOAWJIM MO COOTBETCTBYIOIIEH mikane: or 0
(9KOJIOTMYECKU-0TIacCHOe COCTOsIHKE) 10 | (9KoJjornye-
CKH-0€3011acHOEe COCTOSIHHE), TPH 3TOM BBIAEIEHBI Clle-
JYIOIME THana3oHbl: 3KOJIOTHYECKH-0€30I1acHOe COCTOs-
aHue 1 - 0,675; cocrostaue 3xonormdeckoro pucka 0,6755
— 0,4834; sxonornyecku-yrpoxatomee cocrosiaue 0,4833
— 0,1919; oskomornuecku-onacHoe cocrosaue 0,1918 —

o[s].

©|A. M. Pryshchepa, N. M Vozniuk, E. A. Brezhitskaya, L. M. Stetsyuk 2017


http://mail10.online.ua/
holis.diana@gmail.com
Typewritten text
A. M. Pryshchepa, N. M Vozniuk, E. A. Brezhitskaya, L. M. Stetsyuk 2017


Science and Education a New Dimension. Natural and Technical Sciences, V(13), Issue: 121, 2017 www.seanewdim.com

AHanu3 1 oueHKa nokKkasaTtenemn aKkonornueckom 6esonacHoctTu
arpocdpepbl 30HbI BNMAHUA ypbocucremsl

i)

’ dopmurpoBaHue 6a3bl faHHbIX (MaTpuUL, HabnogeHUn 6a3oBbIX MHANKATOPOB)

PecypcHblit 6ok (17

nokasarene) (15 nokasatereit)

BuocdepHoueHTpuyeckuii 6rnok

AHTpOMOLEeHTpUYecKknit 6rok
(9 nokasareneit)

~x

| I/IH}ll/lKaToplfl')]eCTl(lMleﬂTopl/l I:>PEBC, _ Enini I/IHI[I/IKaTOpa;
Ei I,in - MMHUMAJIbHOE 3HAaYE€HUE HAUKATOpa
.
""""""""""" e i

I, — bakTHYeckoe 3HaUEHNE MHAUKATOPA;
I,,,x - MAKCHMAaJIbHOE 3HAaYEHHE

PacuyeT 1 oueHka 4aCTUYHbIX MHTErpanbHbIX MHOEKCOB, (pOpMVIpOBaHVIe mMaTtpuy
KPUTUYECKNX COCTOSIHUI

—

’ PacyeT 1 oueHka uHTerpansHoro nHaekca  I1=3/p,-p,- p, ‘

- =

OueHKa 3KONMoru4ecKou
6e3onacHocTH
arpocdepbi

Bui6op rnaBHoOM 1 BcnomMoraTenbHoOM cTpaTterum
ynpaBneHus 3Koriormyeckoil 6e3onNacHoOCTbLHO,
dopMupoBaHue NPOrHO3HbIX MoAenen obecneyeHus
3Konoruyeckon 6esonacHocTu

Puc.1. Merononorudeckue moIxo1bl OLIEHKH SKOJIOTHYecKoi 6e3omacHOCTH arpocdeps! 3BY

B pesymnbraTe paboTs ObUTH cHOPMUPOBAHEI MATPHUIIBI
HaOIIOICHUH, CTPYIIITUPOBAHEI WHINKATOPHI-
CTUMYJISATOPHl U WHAWKATOPHI-ICCTUMYJSATOPHL. Paccuu-
TaHO CTaHJAPTU30BAHHBIC MATPHUIIEI HA OCHOBaHHE KOTO-
PBIX MBI OTIIPEEITIIN YaCTHIHBIC HHTETPATbHBIC WHACKCHI
pecypcHoro, OHOC(EpPOIEHTPUIECKOTO U aHTPOIOIIECH-
Tpudeckoro 610koB (tabm.1). Onenka pecypcHOH cocTaB-
JAIOIIENH 9KOJIOTHYECKOH 0e30MacHOCTH HCCIIEAyeMBIX
pationoB arpocdepsl 3BY ycTaHoBHIa, YTO YaCTUYHBIN
HHTErpalbHBIA HHAEKC KoJebercs B mpenenax ot 0,2597
(mns Tomanckoro paiiona) k 0,5099 (mist OCTpoKCKOTO
paiiona) (tabn.l). TTo GIOKY pecypCcHBIX Moka3zarteneil B
OCTpOKCKOM ~ paiioHEe dSKOJIOTHYeCKas 0e30MacHOCTh
HAXOJUTCS Ha YPOBHE HSKOJIOTUIECKH PHCKOBOTO COCTOS-
Hus, a B [omanckom, [Jy6erckom, 3n010yHoBckoM, Ko-
CTONOJbCKOM, MIMHOBCKOM U PoBeHCkOM paifoHax Xa-
paKTepU3yeTcss DKOJOTHYECKH YTPOKAIOIIAM COCTOSHU-
eM.

Pacuer OHOC(hEpHOIEGHTPUYHON COCTaBIAIOUIEH 3KO-
JIOTUYEeCKO 0€30MacHOCTH HCCIeNyeMBIX PaiOHOB arpo-

coeprr 3BY mokaszan, 4To WHTETpaibHas OICHKA KOJeO-
nercs B npenenax ot 0,1377 (mns PoBeHckoro paiioHa) K
0,6432 (mma Octpoxckoro paiiona). [lostomy, B
OctpokckoM 1 MIIMHOBCKOM paiOHax 3KOJOTHYECcKast
0€301acHOCTh HAXOANUTCSA Ha YPOBHE 3KOJOTHYECKH PHC-
KOBOTO cocTosiHus, ['omanckoi, Jly6eHckoit, Koctomomns-
CKOM paiOHBI XapaKTEePHU3YIOTCS 3KOJIOTHYECKH Yrpoxka-
IOIIUM COCTOsSIHMEM, a PoBeHckoil n 37010yHOBCKOW —
9KOJIOTHYECKH ONACHBIM cocTosHueM. VcciemnoBaHus
AQHTPOIOLIEHTPUYECKONW COCTABIISAIONIIEH 3KOJIOIMUECKOM
6e3omacHocTu arpocdepsl 3BY mokaszano, 4yTo yacTmu-
HBII MHTErpalibHbIM MHJIEKC KoyieOieTcs B mpenesax OT
0,5322 (mma Aybenckoro paiiona) k 0,7615 (mns Octpox-
CKoro paiioHa). B coorBeTcTBHU € 3TUM B OCTPOKCKOM
paiioHe sKoylormdeckass O€30MacHOCTb HaXOJUTCS Ha
YPOBHE 3KOJIOTHYECKH OE30IacHOTO COCTOSHHS, TO €CTh
HE TPUBOAMT K HAPYIICHHUIO 5KOJOTMYECKOTO pPaBHOBE-
cus, a l'omanckuii, Jlybenckuii, 3mondynoBckuii, Kocro-
nosnbckuid U PoBeHCKUH palloHBl XapaKTEepU3YIOTCS CO-
CTOSIHHEM HKOJIOTHYECKOTO PHCKA.

Taoamnma 1. OueHka 5K0JI0rnueckoii 6e30macHOCTH arpocdepsl 30HbI BIUSHUS YPOOCHCTEMBI C UCIIOIb30BaHUEM YaCTUYHBIX HHTE-
I'paJIbHBIX UHACKCOB

AJIMUHHMCTpaTUBHbIE PaioHBI
INokazarens Toman- | Ay6en- | 3monbyHo- Kocromo- MutetHOB-CKOU | OCTpOoK-CKOM Posenc-
ckuid (1) | ckoit(2) |  Bckoii (3) nbeKoi (4) (5) (6) kuii(7)
YacTu4HbIe HHTETPaIbHbBIC HHACKCHI/YPOBEHb 3KOJIOTHYECKOit 6e30MacHOCTH
N 0,2597 | 0,3984 0,2944
PecypcHblii 010K Vrposa | Yrposa Vrposa 0,4027 Yrpo3za | 0,3908 Vrposa | 0,5099 Puck [0,4152 Vrpo3a
Brocdepronenrpuueckuii | 0,3876 | 0,2250 0,1485 0,2221 Vrposa | 0,5301 Prck 0,6432 Puck 0,1377 Omac-
0JIOK Yrposa | Yrposa | Onac-HOCTh HOCTh
AwntponoueHn-tpuueckuii | 0,5925 | 0,5322 0,5893 Vrposa| 0,5558 Yrposa 0,6704 Beszonac-|0,7615 be3omac- 0,6377 Puck
6JI0K Yrposa | Yrposa HOCTh HOCTh
Mirerpamsisiit mzexe | 000! | 93827 16 9953 Viposa| 0,3677 Viposa | 05179 Puck | 0,6297 Puck  [0,3316 Vrposa
past A Yrposa | Yrposa |’ P ' P ' ' ' P
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Pacyer wWHTErpaJibHBIX TOKa3aTeleld 3KOJIOTHYECKOM
0€30MacHOCTH TPOJIEMOHCTPUPOBAT, YTO [ OmIaHCKUH,
Jly6enckmii, 3monoynoBckuid, Kocromonbckuii u PoBeH-
CKHMI palloHBl XapakTEpU3YIOTCS SKOJIOTMYECKH YIpOKa-
IOIIAM COCTOSIHHEM, a MHMHOBCKHH u OCTpPOXCKHH —
3KOJIOTMYECKH PUCKOBBIM. B 11e510M, HccnenyemMslil peru-
on arpoctepsl 30BY xapakTepu3yercs 3KOJIOTHYECKU
YTPO’KAIOUIMM COCTOSIHHEM SKOJIOTMYecKoW Oe30macHo-
CTH.

Marpuiibl KpUTHYECKUX COCTOSIHUH (hopmupyeM u3 Oa-
30BBIX MOKa3aTeleil, KoTopble UMEIOT IOKa3aTellu B Ipe-
nenax 0-0,1918 — sKoJIOrMYECKH OMACHOE COCTOSHHE 10
0,1919 — 0,4833 — 5KOIOTHYECKH YTPOXKAIOIIEE COCTOS-
aue (tabm.2). Kak BUaHO M3 TaGIHIBI HapyIIEHHE KOJIO-
ruueckoil Oe3omacHocTH arpocdepst 3BY mpomcxomut
13-3a HQZIMCHHOTO HCIIOIb30BaHMs IPHPOIHBIX PECYPCOB.
Jst 3TON TeppUTOpUU XapaKTEpHbI BBICOKUN IPOLIEHT
paclaxaHHOCTH, 3HAYMTENIbHBIE OOBEMBI HCIIOIb30BAHMS
CBEXEN BOJbI Ha X03HCTBEHHO-TTUTHEBLIC HY>XXAbI, HU3-
KU IPOLEHT JIECUCTOCTh TEPPUTOPHUH, 3HAUYUTEIIbHBIC
00bEeMBI 3arOTOBKU JIMKBHHOM JAPEBECHHBI, HU3KUH 00b-
€M JICCOBOCTAHOBJICHHMsI Ha 3eMJIIX JiecHOro QoHma u
o0beM nocajkH u nocesa jeca. Kpome Toro, HeraTUBHYIO
CUTyaluio (OPMHUPYIOT 3HAYUTENbHBIE OOBEMBI BHIOPO-
COB BPEIHBIX BEIIECTB CTAI[MOHAPHBIMU M TEPEABHIKHBI-
MU HCTOYHHKAMH, B TOM YHCIIE BEIOPOCHI JTHOKCHIA CEPHI,
JMOKCHIa a30Ta, METaHa, OKCHJA yIJepona, He METaHo-
BBIX JIETyYMX OPTaHMYECKHX COCAWHEHUH, OKCchaa, o0be-
MBI 00pa30BaHHBIX TOKCHYHBIX IPOMBIIIICHHBIX OTXOH0B
u orxonoB I-III knaccos onacHoOCTH.

Jist Toro 4ToObl U3MEHUTDH IKOJIOTHYECKOE COCTOSTHHE
arpocdepsl 3BY HeoOxoaumo chOpMHUpPOBATH JIOJTO-

CPOYHBIH Kypc oOecTieueHHns] IKOJIOTHIECKON Oe301macHo-
CTH Yepe3 Moa00p OCHOBHOW M BCIIOMOTATEIBHOM CTpaTe-
rur. OCHOBHAsI CTpaTerus, KoTopas OyaeT HalpaBjieHa Ha
OKOHYATEIFHBIA PE3yNIbTAT U 3aBHCUT OT IKOJOTHYECKOTO
cocrosHUS arpocdepsr 3BY, nomomHuTeNnsHas — obecre-
YHBAET IMPOIEC pean3alliil OCHOBHOM CTpaTerd M 3aBH-
CUT OT (PMHAHCOBOTO COCTOSIHMSI pernoHa. Hamm cdop-
MHUpOBaHa MaTpHIla OCHOBHBIX M BCIIOMOTaTeNbHBIX CTpa-
TErHii B 3aBUCHMOCTH OT 3KOJIOTHYECKOTO U 3KOHOMHYE-
CKOTO COCTOSIHUSI pervoHa. [Ipenmnonaraercsi BEIOOp pec-
TYTUBHON OCHOBHOM M aKTUBHOW BCIIOMOTAaTEJIbHON CTpa-
teruii ais [omanckoro, JlyoeHckoro, 31010yHOBCKOTO |
Kocrononsckoro paiioHoB. Jlng MiblHOBCKOTO U
OCTpOKCKOTO HEOOXOTUMO PEaTn30BaTh JUCCUTIATHBHYIO
OCHOBHYIO M KOHIICHTPHYECKYIO BCIIOMOTATEIBHYIO CTpa-
Teruto. B 3ToM cirydae HEOOXOOMMO MPOBECTH MEPOTPH-
SITUS, KOTOpPBIE OYyAyT HAIpaBJICHBI HA CHUKEHUE PHUCKOB
OT DKOJIOTHYECKH IEeCTPYKTHUBHBIX (aKTOPOB, 3a CUET
OIIpe/ic/ICHUs] NIPUOPUTETHBIX HAIPABIECHUN B IPUPOIO-
OXpaHHOﬁ ACATCIIBHOCTH W KOHUCHTpaluW YCWIHNU U
(bI/IHaHCOB Ha MHUHUMHU3AOHUIO 3KOJOTHMYCCKUX PHCKOB B
3eMJICTIONIb30BAHUM, JIECOTIONIb30BAHUM U IiepepaboTKu
OTXOJIOB.

PaccmoTpuM ONTUMHUCTHYECKHAN M TIECCUMUCTUICCKHUN
MIPOTHO3 M3MEHEHHUH YKOIOTUYECKOH Oe30MacHOCTH arpo-
cdepsr 3BY (puc.2). Bo3sMoXxHOCTH M3MEHEHHS dKOJOTH-
YEeCKOH CHUTyaIluH B paiioHaX, KOTOPBIC HaXOIATCS B KO-
JIOTHYECKH  PHCKOBOM  COCTOSHUHM  (MIIMHOBCKUH,
OCTpOXCKUI palOHBI) JIe)KaT B JABYX HAlPaBIICHUSIX:
yIy4IlIeHHEe UX COCTOSHHUS K SKOJIOTHUECKH 0e30MacHOMY
U yXyIUIEHHEe — K JKOJOTMYECKH YIpOXKaIoIEeMy HIH
ONIaCHOMY COCTOSIHUIO.

Monnesib M SMeHeHMs1I 3KOJIOrMmUYecKoro cocrossHMsA
o.8 arpocdpepbl SOHbI BRAMAHMA yp6°cuc're|v|bl
5
dkonormnyvyeckm 6eszonacHoe coctosiHue (DBC)
0,7 [ JIVHTerpanbHbIM NoOKa3arenb
] 0,6 1 ====-COCTOAHME 3KOJFIOrM4YecKoro
E pucka (C3OP)
] _ U dxkonorm " yrp LA
g 0,5 (oo |fe===df====o|f===1 [ | R | | B cocrTosiHue (JYC)
= —_—— JKOoJIOrm4eckKkm onacHoe
’E 0,4 — cocTtosaHme (3OC)
3 — — 4
E 0,3
S TeHaeHUMN NameHeHusa
X 0,2 B | AN || N NN | | SN S | S S S — — S — 3KOrornyYeckom
= 6e3onacHocTn A3BY npu
0,1 I npUMeHeHnn
’ 4 pekoMeHO0BaHHbIX
4 cTparernm
o T
045:" O‘_oJ* ‘_él‘ o“'é’ d‘.o"‘ o"'é’ d_o“’ ‘*o"' TengeHuUMN nsMeHeHune
R R °¢° <& & S R ¢ aKororn4eckom
> g Nai © i 3 4 6esonacHocTu A3BY 6Ges
<° Q" <3 «°¢ < < <°
Ry & s o npUMeHeHns
¥ * pekoMeHaAOoBaHHbIX
cTparermm

Puc.2. Mozens n3MeHeHNs SKOJIOTHIECKOTO COCTOSTHUS arpocdepsr 3BY.

[Ipy ONTUMUCTHYHOM MPOTHO3E PEANTH3ANHHA PECTYTHB-
HOW crpareruu Juis PoBeHckoro, 3mon0oyHOBcKoro, Ko-
cromnoiibckoro, ['omanckoro, JlybeHCKOro pailoHOB TIpo-
M30MIIET WM3MEHEHHE COCTOSIHUS CpeAbl arpocdepsl K
9KOJIOTHYECKU-PUCKOBOMY u JKOJIOTHUECKHU-
6e3onmacHOMy. B 1emom, npu ONTHMUACTHYECKOM IIPOTHO-
3e, MPOU30HIET U3MEHEeHHE cocTostHue arpocdepsl 3BY B
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CTOPOHY YJIy4llIEHHE COCTOSIHUSI K OKOJIOTHYECKHU-
0e301acHOMY, TIPH 3TOM JOJDKHA OBITH peajn3oBaHa Cy-
TIOPTUBHASI CTPATETHsI, KOTOPAasl HalpaBJIeHa Ha yKperuie-
HHUE JOCTUTHYTBHIX MO3WIMH B 00JACTH 3KOJIOTMYECKOH
6e3omacHoctu. Ilpeobnanaromuii xapakTep mep obecrie-
YEeHUsI SKOJIOTHYECKOH Oe30MacHOCTH SBIISIETCS! NPEBEH-
TUBHBIHA. [Ipy meccMMHCTHYECKOM NPOHO3€, IPON30UIET
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YXYIIICHHE YKOIOTHYECKOTO COCTOSHUS K IKOJIOTHYECKH
YTPOXKAIOIEMY U 3KOJOTMYECKH OIACHOMY COCTOSHHH
arpocdepsl 3BY. B aToM cirydae B qanbHeHIIIeM HE00XO0-
MO IIPUMEHSTh COOTBETCTBEHHO PECTPYTHBHYIO U pe-
3UCTEHTHYIO cTpareruo. [Ipu BEIOOpE BCIIOMOTATEIBEHON
CTpaTerny BO3MOXXHBIC IPOTHO3HBIC W3MCHEHHS YPOBHS

(uHaHCOBOTO OOECIIeYeHMsI IKOJOTHIEeCKOl Oe301macHo-
ctu. Tak mpw BBHICOKOM (HHAHCOBOM COCTOSHHH MJISt
MirHoBcKOTO B OCTPOKCKOTO palioHa BCTIOMOTaTEIbHON
CTpaTeTHel SBIACTCS MHTEHCUBHAS CTPATETHA, IUII BCEX
OCTaNbHBIX TUQQY3HAS CTPATETHS.

Tab/una 2. Matpuia KpUTHIeCKUX cocTosiHUM arpocdepsl 3BY

Ha3zBanue noka3zarens

AIMUHUCTPATHBHbIE PaliOHbI

1 2 3 4 5 6 7
PecypcHbrit 6110k
Pacnaxanocts Tep-pun, % DYC* - 2VC - 2VYC - 2VC
OpPraHUYECKHX oVC oVC - ovVC 9VC 2vVC -
K-CTBO HCHOB3. BOIBL, MIIH. M, B T.4.: - 2VYC - - - - -
X03. MUTHEBOE BOJIOCHAOKEHHE , MITH. M3 DOC** 2VC 20C 20C 2VC - -
[Tpowus3B. OTped., MITH. M° - 2VC [DVC |- - - -
Jlecucrocts Tepputopun, % 20C - - - 2VYC - -
O6beM 3ar0TOBKH JJPEBECHHEI, TUC. M° 20C - 20C 20C 20C 20C
JlecoBoccTaHOBIEHNS , Ta 20C - 20C - 20C - -
O0OBeM IocaaKH U IIOCEeBa Jieca, ra 20C - 20C - 2VC - -
BrocdeponeHTpruHsIil 610K
O0BeM BBIOD. Bpel. BEIIECTB, THIC. T., - - 20C DYC 2YC - 2VC
-CTAllMOHAPHBIMU UCTOUHUKAMH; 2VC 20C 20C 20C - - 20C
- IEPEIBKHBIMHU HCTOUHHKAMU, - - 2VC - - - DYC
Y nenbHBIN Bec pernoHa B 00uieM oobeMe BEIOpOCOB - - 20C - - - 2VC
BBIOpOCH! BpeTHBIX BEIIECTB CTAll. ICTOYHUKAMH, T : JIMOKCH-
Iy cepsl - 20C 20C 20C - - 90C
JIMOKCHJTY a30Ta 20C 20C 20C 20C - - 50C
METaHy 30C - - 20C 30C 20C 20C
Okxkcun yriepoza 20C 20C 20C 20C - - 20C
CyM-HBI€ yJIeIbHBIE BEIOPOCH! BPEI.BELIECTB T/KM? - - 20C - - - 2VC
BBIOpOCHI BpeTHBIX BEIIECTB aBTOTPAHCIIOPTOM, T: - - 2YC - 2YC - 2VC
JTHOKCH]TY a30Ty - - 2VYC - 2VC - 2YC
METaHy - - 2VC 2VYC - - 9VYC
Oxkcupt yriepozia - - 2YC |- - - 2YC
OKCHJly a30Ta - - 250C - - - -
Caxu - - 2VC - 2YC - 2VYC
HE METAHOBBIX JIETKUX OPraHUYECKUX COEICH. - - 2YVC - - - 2VC
O6bem 00111ero Bo00TBeeH s (6€3 OUMCTKH), THC. M3 - 2YC - - - - 2YC
MHnexc BOZOOTBEIEHUSN CKIIA 3arpsiI3HEHHBIX BO/I, % - - - - 2VC - -
O0BbeM 00pa3oBaHMs POM. TOKCHYECKHX OTXOJIOB, THC. T |DOC 20C 20C 20C - - 20C
Y nenbHBIH 00beM 00pa30BaHUS W HAIMYHS TPOMOTXOI0B
Ha eJ-1ly IJIOMAAU PETUOHA, T/KM? 30C 3YC 20C 20C - - 20C
O06nbemb! obpazoBanus orxonoB I-111 kinacca omacHocT, T |- 20C 20C 20C - 2VC 20C
VY nenbHsIi Bec oTxo0B [-111 ki1acca B 001iem Bece 0TX0-
110B, % - 30C 20C 20C 30C 20C 20C
Kon-TBO X¥M. OIIaCHBIX OOBEKTOB, - 2VYC 2VC 2VC - - 20C
AHTPONOLEHTPUYHBIN OJIOK

UHCNeHHOCTh HACENeHHUs , THC. el 2VC - - - 9YC 9VYC -
JleTckast cMepTHOCTb J10 roja , 4edl. 3YC 3YC 20C 20C 2VC - 20C
AKTHUBHBIH TyOepKyJIe3, dell. - 9yC |- 30C |- - 20C

*3KOJIOTHIECKOro yrpoxatoriero cocrostaus (OY C), sxonorndecku onacHoe cocrosuue (30C)
1 — lNomanckoit; 2- Jlybenckoit; 3 — 3moia0yHoBcKoif; 4- KocTononbckoit; 5 — MitbiHOBCKOI; 6 — OcTpoxkckuil; 7 — POBEHCKOI paiiOHBL.

Takum 00pa3oM, MPOU3BEICHA OIICHKA 3KOJIOTHICCKOMH
6e3onmacHoctu arpoctepsl 3BY, BEIIeneHBI OCHOBHBIC
JIECTPYKTUBHBIC (DaKTOPBI M3MEHEHHS CPEIbl U IPEIIO-
JKCHBI ITyTH YIPaBICHUS KOJOTHYSCKON 0E30IacHOCTH ¢
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HCIOJIb30BAaHUEM OCHOBHOM M JOIMOJIHUTENbHBIX CTpaTe-
ruil. B mampHeimem HE0OXOIMMO CPOPMHPOBATH CHCTE-
My METOJIOB, MEpPONPUSATUH, UHCTPYMEHTOM MJIs pealu-
3allMU CTPATErHMH HKOJIOTHYECKOW OE30MaCHOCTH arpo-
cephl 30HBI BIUSHUS TOPOIA.
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The forecasts and prospects providing for environmental safety of agrosphere zone of influence of the Rivne city

A. M. Pryshchepa, N. M Vozniuk, E. A. Brezhitskaya, L. M. Stetsyuk

Abstract. The estimation of environmental safety of agrosphere urban system zone of influence was conducted by groups of re-

source, biocentric and anthropocentric units indicators, integral indicators were calculated and agrosphere matrix typology was

formed by the level of environmental safety. The basic and additional strategies of environmental safety providing of the region was

proposed. Environmental safety management models of the region at various priorities of regional development were predicted.
Keywords: environmental safety, urban system, Rivne city, agrosphere urban system zone of influence , environmental safety

strategy.
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FOOD INDUSTRY
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AHHOTalifA. SIK BiIOMO pHC € OIHI€I0 i3 HAHIIHHINX MPOAOBOIBYMX KYJIBTYP y CBITi, 10ro BUPOOHHITBO CTAHOBHUTH IOHAMT
700MiH. ToH. B YKpaiHi Ha ChOTOAHI CTBOPEHO MOHAX 35 BITYM3HAHUX COPTIB pHCY, HOrOo BUPOOHHULTBO csATae 10 65 — 72 TUC. TOH
mopiyHo. [HcTuTyToM puicy HAAH VYkpainu, 3riiHO 10roBOpy Hpo CHIBIIpaIlio, OyJlI0o HalaHO CiM COPTIB PUCY, OJUH i3 IKUX OYyB
BUPOIIEHHH 32 JOIIOMOTOI0 KpAIleJIbHOTO MOJINBY. B maHiif HaykoBo-mocHiaHil poOOTi mocmimkyBanncs 3pasku pucy 2014 — 2015
POKiB BpoxaitHocTi. Bymo mocmimkeno ¢izuko-XiMidHi 1 (i3i0T0TiUHI MOKA3HUKHY BITIN3HSIHUX COPTIB PHCY 1 IOPIBHSIHO X 33 IINMH
NOKa3HUKaMH. Pe3ynbraTu aHanmiziB MOKas3ajd, IO BCi JOCTIIKYBaHI COPTH PHCY PI3HHX POKIB YpOXKalHOCTI MAlOTh MOPIBHSHO
BUCOKHH BMICT Kpoxmaitio 10 68,5 %, O6inkoBux pedoBuH 10 10 %, 1 0 gy’e BaKIMBO BUCOKY 3MaTHICTB 10 MpOpocTaHHA. Bera-
HOBJICHO, 1110 BUPOLIYBaHHs PUCY 3@ JOIIOMOT'0I0 KPAIleJIbHOTO MOJIUBY € OiIbII eKOHOMIYHUMH 10 BUTPATaM BOJIH, aJie 1o (i3HKo-
XIMIYHUM TOKa3HHKaM BiH MOCTYMAETHCS COPTY BiKOHT, KM BUPOIIEHUH KIaCHYHHM CIOCOOOM y 4yekax. BcraHoBieHoO, mo mo
BCIM IOKa3HUKaM KpaIldM BHABHJIOCH JBa COpPTU pucy — AraT i OHTapio, 3 SKOr0 B HOAAJBIIOMY PEKOMEHIYEMO BUTOTOBISTH

PHUCOBHIA cOTOA 1 OE3rIIOTEHOBE pUCOBE MUBO a00 KBAC, IS JIFOACH XBOPHX HA LEMIaKiIo.
Knrouosi cnosa: puc, excmpakmugnicme, Kpoxmaub, 0OMIWKY, 30amHICIb 00 RPOPOCHAHHSL.

Beryn. Puc — ogna 3 HaHI[IHHIIINX MPOJIOBOIBUNX KYIIh-
Typ y cBiTi. PucoBa kpyna — OCHOBHHI HPOIYKT Xapdy-
BaHHS Ounbmie sk 3 mupa. mopaeit. Ha manuit yac mociBu
pucy posramosasni y 112 kpainax Ha mromi 165 MiH. ra.
PiyHe BUpOOHUIITBO 3€pHA Y CBiTi cTaHOBUTH Ounblie 700
MJIH. T. 3a BPOXKaiHICTIO Ta BaJIOBMMH 300pamMu pHC
3aiiMae Ipyre Micie cepell ycix 3epHoBUX KyabTyp [1-3].

KynbTuByBaHHAM prcy B YKpaiHi Oyio 3anovaTkoBa-
HO B 1925 p. Ha XepconuuHi, 0. XopTuust, Ha Kpusopi-
JOKi, aJle BArOMAN PO3BHUTOK IIf Tairy3b oTpuMaia B 60-x
poKax, micyst OyZiBHUIITBA BEIMKUX PHCOBHX 3pOIIyBa-
JHHUX CHCTEM IH)KCHEPHOTO THUILy Ta BBEJICHHS B [IIO
Kpacno3nam’ssachkoro i [IiBHIYHOKPUMCBHKOTO MaricT-
palbHUX 3pOIIYBaTbHUX KaHAIIB.

Bcrporo mix pricoBuME CiBO3MiHAME B HAIll 4ac 3aifHs-
T0 30 THC. ra pijum, siKi po3MillleHi Ha MiBAHI XepCOHCh-
Koi 00J1., a Takok y 3arutaBi Jlynato Omecbkoi 00JacTi.
[{opivyHo mijg MOCIBH PUCY BigBoamiIocs mo 12 Tuc. ra, 1e
JIaBaJIo 3MOTY OTpUMYBaTH 65 — 72 THc. ToH pucy [1, 2].

B VYkpaiHi cTBOpeHHSIM Ta BIPOBAKEHHSIM Yy BHUPOO-
HHUIITBO HOBUX COPTIB pHCY 3aiiMaeThcs [HCTUTYT pucy
HAAH 3a pokm #oro icCHyBaHHS CTBOPEHO TMOHanm 35
BITYM3HSAHUX COPTIB pHUCY, 3 sSkuX 19 3aHeceHi mo [Jep-
JKaBHOTO PEECTPY COPTIB pociwH Ykpainu [2]. Janum
IHCTHTYTOM OYIIM HaJaHi 3pa3Ku PUCY U AOCIHIHKEHHS
Horo BcixX (hi3MKO-XIMITHUX 1 (Di310JIOTIYHHX TOKA3HUKIB.

FnioteHIH

TnwoteH (ThiaguH + FNKOTEHIH)

Puc 1. ITpocTropose 306pakeHHs riaroteny [12]
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AHaJii3 JiTepaTypHUX JaHUX TA NMOCTAHOBKA NPO-
O0nemu. XapdyBaHHS € OJHHUM i3 HaWBaXUIMBIMMX (ak-
TOpIB, SIKI BU3HAYAIOTHh 3M0pOB’s Hamii. [ 3m0poB’s
JFOJIMHA BAXKJIMBOIO € HE TiJIbKU IOBHOLIHHICTH Xap4y-
BaHHs, ajie it Horo npoginakTHyHa Ta IETOKCHKYIO4a JIisl,
3yYMOBJICHa JIOCTATHIM BMICTOM Oi0JIOTIYHO-aKTHBHUX
CIOJIYK, 30KpeMa, aHTHOKCH/IAHTIB, BITaMiHiB, MIKpPO- Ta
MikpoeneMeHTiB [3, 4].

OcraHHIM 4acoM Yy BCbOMY CBITI 3’sIBJIS€TbCS Bee Oi-
mpime 1 Oimbme iHGopMamii mpo mpoOnemu,  sKi
TOB’s13aHHI 3 Xap4oBHMH ajieprismu. Jlo miei XxBopoOu
MOJKHA BifHecTH 1 memiakiro. I{e xBopoba ayToiMyHHOTO
XapakTepy, a came IJIIOTCHOBa HENEPEHOCHUMICTH a0o
[IIIOTEHOBA EHTOPOIIATIS.

['moten (puc 1. ) — rpyna OinKiB, B OCHOBHOMY, TIPO-
JIaMIHIB 1 TJIFOTEINIHIB, SIKI MICTSTHCS B 371aKOBHX KYJIBTY-
pax — MIIEHHII, XKHUTTI, TIMEHI, BIBCl. Y XBOpHUX IIeiaKi-
€10 TNIPU BXXUBAHHI TJIIOTEHOBHX XapuOBUX IPOJYKTIB
PYHHYIOTHCSI BHYTPIIIHI CTIHKH

TOHKOT'O KHIIKIBHHKA, 1 SK HACIIJOK MOPYIIYETHCS
3MATHICTh TiAPO3y 1 TOTJIMHAHHS IIOXKUBHUX PEYOBHUH.
€IuHe JIKYBaHHS U1 TAKHX XBOPHUX — IOCTiHE TOTpH-
MaHHs 0€3TJII0TEHOBOI JieTH [3, 6].

3a ocTaHHIMM cTaTUCTHYHMMH mannmu BO3 wacrtora
IIFOTO 3aXBOPIOBAaHHS B CBiTi HaOmmkaeTbes a0 1% Ha-
cexerns [3]. B Ykpaini Ha nemiakito xBopie 6mu3pko 200
THC. YOJIOBIK, B OCHOBHOMY, B TAKHX perioHax, sk Kwuis,
JIsBiBCBKA, Ofechka i XapKiBCchKa 00JIACTi.

Jlo cupoBHWHHN BUTBHOI Bif IUIIOTEHY, BiIHOCATH : PUC,
TpeuKy, KyKypya3y, copro, amapant [4]. 3apyOixHi aB-
TOpU BiAMIYaroTh [5, 6], MO B OCTaHHI POKU DPHUCY, 5K
0e3MII0TEHOBIH CHPOBHHI 1 NMPOAYKTaM Ha HOro OCHOBI
NpUAUIAIOTE BenuKy yBary. Tak, B Taimanni, ne puc €
OCHOBHOIO 36pHOBOIO KYJIBTYPOIO, 13 HBOTO BUPOOIISIOTH
Pi3HI MPOAYKTH XapyyBaHHS, a TAKOXX PUCOBHUI conof i
Oe3riroTeHoBe mUBoO [7].

KynbTypHuii puc — omHOpiYHA sipa pOCIHHA, Haje-
XKUTh 10 POJAWHH 3JIAKOBHX. 3a CBOEIO OYIOBOIO 3€pHO
pHCY aHAJIOTIYHE JI0 {HIIMX 3/1aKiB 1 CKIAIa€eThCsA i3 000-
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JIOHOK, 3apoJiKa Ta €HIOoCIepMy, IpH YoMy Bix 14 % mo
35 % macu 3epHa mpumagae Ha Tpy0i KBITKOBI TUTiBKH.

IInig pucy — 3epHiBka. BoHa BUTEHO JIEKHUTH Y TIOPO-
JKHWHI, YTBOPCHIH BEPXHBOIO Ta HIKHBOIO KBITKOBHUMH
IUTIBKaMH 1 HE 3pOCTA€THCSA 3 HHUMH, aje 3aIHIIAETHCS
YKJIaJeHOI0 B HHUX IiCJII 0OMOJIOTY.

Po3wmipu ii Bix 4 no 10 MM B noBXHMHY 1 10 3,5 MM B
mmpuHy. Maca 1000 3epen pucy (pa3oM 3 IUTIBKaMH)
KoauBaeThes Bix 27 oo 34 . [1, 4, 9].

AneiipoHoBuii map 3aiimMae 2 — 4 % 1 npencTaBIcHUN
OJHUM PSAOM KITHH. 3 OOKYy CIIMHKHM BiH MOXe OyTH
6aratopsauuM. Ha yacTky 3apozaka nmoBomurscs 2 - 3 %,
eHnocuepmy 65 — 67 %. KoHcucreHwiss eHmocnepmy

pucy dacrtime OyBae CKIONONIOHOIO, ajie iHOIiI — HamiB-
%
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ckiorofiona a6o GopomHucTa. Lle, mepmr 3a Bce, MoB's-
3aHO 3 BUCOKOIO YaCTKOIO aMijo3u B kpoxmadi. [lmiBuac-
TiCTh (BMICT KBITKOBHX i KOJJOCKOBHX JIYCOK) y OUTBIIIOC-
Ti BITYM3HSIHUX COPTIB ckiamae 16,5 — 25 %, a B 3pas3kiB
cBiToBoi konexmii 10 — 35 % Bix Macu HaciHHA.

Bararo BITYM3HAHUX Ta 3apyOiKHUX BUCHHX IPOBO-
AT JIOCHIJDKEHHS TIO0 BHMBUCHHIO XIMIYHOTO CKJIAIy
3epHa PHUCY 1 MPOIYKTIB HOro mnepepoOku. XiMidHHUN
CKJIaJ PHUCY, B OCHOBHOMY, 3aJ€KHTh BiJl IPYHTOBO-
KIIMaTUYHUX YMOB, pailOHy BHPOIIYBaHHS 1 TCHETHYHUX
ocobmmBocTel copty. [ani mpo XimiuHHMH CKiaja 3epHa
puCy, B IOPIBHSHHI 3 IHIIUMH KyJIbTypaMu IpeJICTaBIeH]
Ha puc 2.
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Puc 2. Ximiunuii cKiiajg 3epHa pucy, B IOPIBHSAHHI 3 IHIIUMH KyJIbTypaMH

B 3B’s3Ky 3 IIMIM aKkTyaJlbHUM € BUBYCHHS HAHOIIBII
MOMIMPEHNX B YKpaiHi COPTIB pPHUCY i BCTAHOBJICHHS IX
MPUIATHOCTI 711 BUPOOHMITBA BITYU3HSHOTO PHUCOBOTO
corony.

ini Ta 3aga4i gocuaixkenb. MeToro nMpoBeaeHHS 10-
CIIJKEHb € BUBYEHHS (i3MKO-XIMIYHUX 1 (izionoriyHux
MOKa3HUKIB HAMOUIbII MOIIUPEHHUX BITYU3HSIHUX COPTIB
pucy.

Jlnist mocsiTHeHHs! TOCTaBlieHOT MeTH Oy MOCTaBJIeH]
HacTymnHi 3aBaaHHs: 1) BusHauutn ¢i3uuHi MOKa3HUKU
pucy; 2) BusnauuTu ioro ximiuHi Ta (i3iooriuHi moka-
3auKy; 3) [lopiBHATH LI TOKAa3HHUKH Y pHUCi ypoxkaro 2014
12015 pokis.

Marepiaau Ta MeToAu AOCTiAKeHb Pi3HUX COPTIB
pucy. /i mpoBeneHHs AochipkeHb [HCTHTyTOM pHCy
HAAH Oynu HamaHi BITYH3HSHI COPTH PHCY YpPOKaio
201412015 poxky.

MeToau AOCHTIHKEHb — aHATITHYHI, (HI3MKO-XIMIUHI,
(bi3i0JI0TIYHI 3 BUKOPHCTAHHSIM CYYaCHUX INPHJIAIIB Ta
METOJIIB TOCIIKEHb, 110 3aCTOCOBYIOTHCS Y BUPOOHHUII-
TBi COJIOAY 1 MuBa. BU3HAYECHHS IMX MOKA3HHKIB MPOBO-

UTNCS. B HaBYaJbHIA saboparopii xadenpu BIIEB 3a
JIOTIOMOTOI0 METOJIIB JOCIiKEHHS IPUHHATHX Y BHPOO-
HUITBI conoxy i muBa [10].

VY mociimHUX 3pa3kax BH3HAYamM 00’eMHy macy (Bara
OoIMHMII 00'eMy 3epHa B IrpamMax) 3a JOTIOMOTOI0 ITYPKH,
Macy 1000 3epeH BaroBUM METOJOM, 3€PHOBI 1 CMITTEBI
IOMIIIKKA — Ha cutax PoTens.

Iloka3HUKU BU3HAYaAIU: GMICM KPOXMANIO 33 METO-
nom Esepca [10], 6inxosi pewosunu 3a metonom Kenbna-
nst [10], excmpaxmusnicmo pucy 3a MmetojoM [1aBioBCh-
koro [10], emicm 6o0n02u 3a TPUCKOPEHUM METOIOM
BUCYyITyBaHHS y cymmibHil madi CELI — 3M [10], ¢i-
3ionoeiuni noxasnuky 3rigHo Metonuku [10], eusnauenns
2nomeHy aHalli3 MPOBEACHO 3TiTHO METOINKH Habopy R-
Biopharm, RIDASCREEN Gliadin, lot 14291.

Pe3yabTaTn gociaimkens ¢Giznunux, XiMmivuux i ¢i-
3i0JIONYHUX MOKA3HUKIB BITYM3HAHUX HaHOLIBII
NomMpennx coprtiB pucy. Ilepen npoBeneHHsIM I0CITi-
JUKEHb B 3pa3kax pHUCY BH3HAuYaJld OCHOBHI (pi3M4Hi mmo-
Ka3HHUKH, sIKi HaBeeHi B Ta0I. 1

Ta6anmi 1- OcHoBHI (i3UYHI TOKa3HUKK COPTIB PUCY

06’emua Maca r/mqm° Maca 1000 3epen, T
Copr pucy

2014 2015 2014 2015
Arar 623,4 610,4 34,5 32,5
BikoHT 616,7 569,9 29,9 27,4
BiKkoHT KparnensHOTo MoJMBY - 510,4 - 23,4
Osnrapio 618,5 601,1 30,2 30,4
Ipemiym 578,2 571,9 27,3 27,2
[Mpectmx 601,2 584,4 28,2 25,0
VYkpaina 96 602,2 591,4 30,6 24,1

CeprHeBHiA 616,1 - 24,3 -
Jlazypit - 572,4 - 24,7
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SIK BUIHO 3 OAEPKAHUX JAHHUX, MK COPTaMH 3HAYHUX
BigMiHHOCTEH Hemae. Tak, OutbInmii mokasHuk «O6’eMHa
Maca» OyB y Bcix copTiB pucy ypoxato 2014 poxy, skuit
Kopenroe 3 mokasHukoM «Maca 1000 3epen» me MoXxHA
MOSICHUTH KIIMaTHYHUMH yMoBamu, JiTo 2014 poky
Oymno Oinmpmm xapkimmM 3a 2015 p., sSK BigoMo y 37aKo-
BUX KYJNbTypax y 3acyLUIMBHH IepioJ B eHaocrepMi
OLUTBINIE HAKOMTUYYETHCS KpoxMaito [4].

3 tabu. 1 BUAHO, 110 HAKOIIBIIOK 00’€MHOI0 MACOIO 1
Macoro 1000 3epen BonomiroTe copti Arat i OHrapio, a
HaiimeHmioro copt [Ipemiym 2014 poky Bposkaro.

B 2015 poui IncTuTyTOM pHcy npoBOAMIIMCS BHIIPO-
OyBaHHS BHPOIIYBaHHS pHCY HOBHUM METOAOM, SIKHH

BHUKOPHCTOBYETHCS B IHIINX IaTy3sX POCIMHHUITBA —L&
KpaneJdbHui TojuB. [IOpiBHAHO 3 KIACHYHWMH CIIOCO-
00M BHpOIIYBaHHS PUCY Y YeKax IeH crmocib OimbmT exo-
HOMIYHHH, TaK SIK 3MECHIIYIOThCS BUTpaT Bonu [1]. s
IIBOTO eKCIIEpUMEHTy OyB BimiOpaHWUl cepeqHbOCTHTIIHN
copT pucy BiKOHT, BHPOIIEHHI KIACHYHHM CIIOCOOOM
MaB Kpallli HOKa3HUKU 1o 06’ eMHii Maci (569,9 r/om®),
maci 1000 3epen (27,4 T.) YMM BUPOLICHUH 3a JOMOMO-
rol0 KpamnejabHOro nonuBy: o06’emnHa maca — 510,4 1, a
Maca 1000 3epen — 23,4 T, [i MOKa3HUKU HAWMEHIII HE
TUIBKU 110 JAHOMY COPTY, aJie 1 B HOPIBHSAHHI 3 1HIIMMHU
copTamH.

Taomuui 2 - OcHOBHI (i3UYHI NOKa3HUKH COPTIB PHUCY

IlniBuacricts, % Ha CP IFOMHHKH’ % ——
Copr pucy 3epHOBI CMITTEBI
2014 2015 2015p 2015p
Arat 19,30 18,02 0,10 0,00
Bikont 18,91 20,37 15,01 0,02
BiKkOHT KpanensHOro MONIUBY - 20,97 15,07 0,40
OHnTapio 17,34 17,00 1,20 0,04
TIpemiym 18,38 20,44 0,01 0,00
TIpectik 18,91 18,02 0,20 0,01
Vkpaina 96 18,83 20,26 0,05 0,03
CepraeBuii 20,54 - - -

Jlazypir - 17,51 1,20 0,04

Sk BuaHO 3 Tabx1. 2 Ha MOKA3HUK IUTIBYACTOCTI PiK BH-
poiryBaHHS Maibke He BIUMBae. HaitOimpimuM BiH OyB y
2014 poui y coprax Cepnresmii (20,54 %) ta Arar
(19,30 %), a B 2015 pori — y cepeHbOCTHUIIINX COPTaX
Bikonr, IIpemiym, Ykpaina 96. 3epHOBUX AOMILIOK Haii-
Oinpuie Oyno y coptiB BikoHT, BUPOILIEHHX SK 32 KIacH-
YHUM TaK 1 KpareJlbHUM TTOJTHBOM.

3HauHM 1HTEpec I BUPOOHHMLTBA COJOAY 13 pHCY
Ma€e TOKa3HUK 3JaTHOCTI 0 MPOPOCTAHHS, KUK BU3HA-

gaeThes 32 MeToamkoro [10]. ¥V Bcix HagaHWX 3pas3kax
BH3HAYAJHN BOZOYYTIUBITCH i 3MaTHICT IO IPOPOCTAHHS.
Bci coptu pucy BHABWIHCSA BOOOYYTIUBHUMH. 3aTHICTH
JI0 IPOPOCTAaHHS BU3HAYAIN Ha YETBEPTY OOy Bij moya-
TKy 3aMmouyBaHHs. CIia BIAMITHUTH, IO BCi JOCIIIDKY-
BaHHI COpPTH pUCY n00pe mpopocTanu. JlaHi HaBeacHI B
puc 3.

0O Nasypit 2015 poky BpoXato

@ Jlasypit 2014 poky BpoXato

B CepnHeBuit 2015 poky Bpoxato
B CepnHeBuit 2014 poky Bpoxato
W YkpaiHa 96 2015 poky Bpoxato
B YkpaiHa 96 2014 poky Bpoxato

O Mpecwx 2015 poky Bpoxato

O Mpecwx 2014 poky Bpoxato

@ Mpemiym 2015 poky Bpoxato

W [Mpemiym 2014 poky Bpoxato
0 OnTapio 2015 poky Bpoxato
B OnTapio 2014 poky Bpoxato

@ BikoHT kpanernbHoro norme 2015 poky Bpoxato

B BikoHT panenbHoro nomvey 2014 poky Bpoxaro

O BikoHT 2015 poky BpOXato

O BikoHT 2014 pok Bpoxato

B Arat 2015 poky BpoXato

@ Arat 2014 poky BpoXato

1
80 100

Puc 3. — 3narnicTs 10 npopocranus pucy 2014 poky BpoxaiiHocTi, %

3 OTpUMaHUX JaHWX BHIHO, IO B 3pa3Kax pPHCY Hai-
OUIBIIO0 3MATHICTIO 10 TipopocTaHHs B 2014 pori Boo-
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JM paHHBOCTHIII copTH: Arar, Ilpectmk, Bererarmiii-
HUi nepiox skux tpusae 105 — 110 xi6 [1, 2].
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CepenHbo- 1 M3HBOCTUTIII COPTH, BETETALlIMHUN TIepi-
on sxkux 120-140 mi6, Mamu 31aTHICTH MO TPOPOCTAHHSI
Ha 10,8 % - 8,0 % MeH1e, Y4uM PaHHBOCTHUTIII COPTH.

B 2015 pori HaBmaku OiTBIIOI0 3MATHICTIO IO TIPOPO-
CTaHHS BOJIOJAUIH CEPEeNHBO- 1 Mi3HBOCTUTIII COPTH PUCY
Vxpaina 96 (94,0%) i IIpemiym (93,5 %), ane HalimeHITy
3[aTHICTH /10 MPOPOCTaHHS MaB copT BikoHT, Bupouie-

MaJIi Maike OJTHAKOBY 3[aTHICTh IO TPOpOCTaHHs 89,5 -
91,5 %.

HaiiBa)xnuBilmmMM MOKa3HUKOM 3€pHA € HOTO eKCTpaK-
THUBHICTB, sSIKa, SIK BiZIOMO, 3aJICKHUThH BiJ BMICTY KpOoXMa-
JII0, B TIepepaxyHKy Ha cyxy pedoBuHy (CP). ExcrpakTi-
BHICTbH — II€ 3/IaTHICTh CYXHX PEYOBUH 3epHA IEPEXOTUTH
B PO3YMH.

HUHA KpanensHuM nonuBoM — 71,0 %. Bcei inHmi coptu

Ta6uuns 4 - OcHOBHI XiMiYHI TOKa3HUKH Pi3HUX COPTIB pHCY

ExcrtpakTuBHicTb, % | BwmicT kpoxmanio, % Booricts.% Bwmicr 6inkoBUX pevo-
Copr pucy CP Cp ’ BUH, %CP

2014 2015 2014 2015 2014 2015 2014 2015
Arar 79,0 78,2 68,14 68,20 10,9 9,8 8,28 8,40
BikonT 74,5 68,6 67,18 66,14 11,2 9,4 6,69 6,96
BiKkOHT KparnensHOro HONUBY - 68,8 - 64,3 - 9,7 - 68,3
Omnrapio 75,2 74,3 67,24 71,1 11,2 9,4 8,34 8,41
TIpemiym 68,0 67,7 65,75 64,4 10,8 10,0 8,81 9,01
TIpectik 73,0 71,4 68,48 67,6 11,2 9,6 9,41 9,02
Vkpaina 96 73,0 72,0 67,23 66,1 10,8 9,2 7,54 7,60

CepnHeBuii 73,0 - 68,48 - 11,4 - 8,10 -
Jlazypir - 67,5 - 63,6 - 9,2 - 7,65

Sk BugHO 3 Tabn. 4 Maibke BCi COPTH PUCY YPOXKaIO
2014 poky, mo aHANi3yBaJIUCS 32 BMICTOM KPOXMAJIO i
3B’513aHY 3 UM EKCTPAKTHUBHICTh MAaJO DPI3HATHCS MIX
co0oro, aie HaOINBIII MOKA3HUKH Mald COPTH Arar i
OmnTapio B 2014 1 2015 pp, a Haiimenmi — [Ipemiym.

3a BMICTOM OJIKOBUX PEYOBUH JOCIIJKEHI COPTH pH-
cy ypoxato 2014 i 2015 pokiB TakoX Majo pi3HATHCS
MiX c00010.

3rilH0 MDKHapOJHHMM CTaHAapTaM, sSKi perjiaMeHTy-
IOTh SIKICTh MPOAYKTiB XapuyBanHs [13, 14] no armrore-
HOBHX MpPOAYKTIiB («agluten free») MoXyTp OyTH BigHe-
CeHl MPOAYKTH, B SIKUX MIiCTUThcA He Oimprre 200 mr
IJIOTEHY B pa3paxyHKy Ha | Kr cyxoi pedoBuHH. SIK
MPaBWJIO, BMICT TJiafMHIB y TJIIOTEHI 3HAXOJIUTHCS Ha
piBai 50%. Tomy HOpMi Ha rmoteH 200 mr/kr (0,02%)
BiJINIOBiJja€ TpaHWYHA KOHIIEHTpaIis rmiaguaa 100 Mr/kr

(0,01%). Tinpku mpu TakOMy piBHI MOXKHa Ha3BaTH IPO-
IOYKT ariTiOTEHOBHM.

Ha cproromHi B miTepaTypi akTUBHO Ae0ATYEThCSA MO-
JKIIMBICTH 3HIDKCHHS JIOIYCTHMOTO piBHSA TJIFOTCHA B
TaKuX MpoAyKTax a0 20 MI/KT.

3pasku pucy copty OHTapio i Arat Ta OTpUMaHHii co-
JI0J 13 HUX OyJW HampaBiCHI JJIsi BU3HAYCHHS BMICTY
TII0TeHy OyJi HampaBJeHi B HayKoBY Jlaboparopito TOB
«Xema» B M. Kuesi.

AHaJli3 TPOBENCHO 3TiHO MeToAWkH Habopy R-
Biopharm, RIDASCREEN Gliadin, lot 14291. Yytmu-
BicTh TecTy 20 ppm (MI/KT)

[onpiOHEHHS ¥ piAWHHA SKCTPAKIlis MPOBEICHI 3Til-
HO 3 PEKOMEH/IAIlisIMA BUPOOHHUKA.

«be3 rmoreny» - Bmict meHme 20 ppm (2 mr/100
TpaMiB IPOIYKTY).

OpneprxaHi pe3yabTaTd 3BEICHO B TA0I. 5.

Ta6uns 5 - BMiCT NTIOTEHY B 3pa3Kax 3epHa i COJIoy

. Po3sBenenHs 3paska
Ne Has3ga 3pa3kis 710 1/400 1/1000 ppm KomenTap
1 Puc «Arar» Her HE MICTHTh
(3epHo) ) DJIIOTEH
2 Puc «Onrapio» Her HE MICTHUTh
(3epHO) ) TIIIOTEH
Puc «Arar» HE MICTHUTh
3 HeT.
(comonm) TIIIOTEH
4 Puc «Ontapio» Her HE MICTHTh
(comnon) ) TIIIOTCH

Sk BumgHO 3 Tabm. 5 puc 3 copry OHrapio i Arar He
MICTUTh TJIOTeHY. | ozjepXaHuii 3 1[bOTO 3epHa CONOJ ,
TaKOX SIBJISIETHCSI arJIIOTEHOBUM. A Iie 03HA4ae, 1o Horo
MOXXHa BHUKOPHCTOBYBaTH SK CHPOBHMHY JUIsi O€3rIIoTe-
HOBHUX Xap4OBHX MPOIYKTIB.

PesynbraTu aHami3iB mMoKa3aiu, IO BCi TOCTIIKyBaHi
COPTH PHUCY PI3HUX POKiB YpOKaHOCTI MalOTh TOPiBHA-
HO BHCOKHI BMICT KpOXMauTto, OiTKOBMX PEYOBHH i, IO
Jly’e BKJIMBO, BUCOKY 3JIaTHICTb /IO IPOPOCTAHHSL.

ToMy Ge3yMOBHO CIIiJi BUBYUTH MOKJIUBICTH MPOPOC-
TUTH X 1 IPUTOTYBATH 3 HUX COJIOJ, SIKHH, K BiZOMO, 3a

41

CBOIM CKJIAZIOM 3HAYHO OUIBII HiHHUH, HIX HE TPOPOIIe-
He 3epHo [4].

OOroBopeHHsl pe3yabTaTiB JOCJHIIKeHb. 3 OTpUMa-
HHMX JaHuX sKi HaBedeHi B Tabn. 1 — 5 BHMAOHO, IO BCi
3pa3KH BiANOBIZAIOTH HOpMaM CTaHaapTy Ha puc. Haii-
KpallMMH 3 JOCIIJUKYBaHMX 3pa3KiB BUSBHWINCH [Ba
COpTH, SIKi HAlOIIBII MPHUIATHI A7 BUPOOHMIITBA 13 HUX
conony, e coptu Arar i Ontapio. Sk BuaHO 3 Tabm. 3
BCI COpTH pHCy MpPHIATHI Ui COJIOJOPOLICHHS, aie
KpalIMMH BUSIBHIIUCS BHIIE BKa3aHi COPTH.

Puc mopiBHSHO 3 IHIIMMHU 3€pHOBHUMH KYJIBTypaMH B
CBOEMY CKJIaAi Mae OINKOBI PEYOBMHH B SKHX HE Mic-
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TUTHCS TJIIOTEH, IKUH € HeOe3NeUHUM IS JTI0/IeH XBOPUX
Ha T[eJTiaKiio Ta TIIOTEHOBY €HTapOIIATIIO.

OTpuMaHi pe3ylbTaTH IOCHiHDKeHb Nal0Th MOMIIH-
BiCTh 3pOOWTH BUCHOBKH, IO BITYM3HSAHI COPTH PUCY TIO
BCIM TIOKa3HUKaM TMpHIATHI AT BHPOOHHITBA 3 HHUX
COJIOY, TaK SIK B MPOIEC] CONIOIOPOIIECHHS 3MEHIITYETHCS
KUTBKICTh [JIIOTCHY.

BucHoBKH.

1. JocmimkyBaHi COPTH PHCY BiIIOBiIalOTh HOpMaM
JICTY 4965:2008 «Puc. TexHiuHi yMOBH»

2. 3a mokaszuukamu «O0’emHa Maca» Ta «Maca 1000
3epeH» MOYKHAa BCTAHOBHTH, IO B pHUCi Oyme Oinmpire um
MEHIIIe KPOXMAJIIO.

3. OCHOBHUMH TOKa3HUKaMH PHUCY AJISI BUPOOHHUIITBA
3 HBOTO COJIO/Y € 3JIaTHICTB JI0 IPOPOCTAHHS.

4. HaifkpamuMu COpTaMu PUCY IUTsl BUPOOHHUIITBA CO-
JIOJy 1O BCiM moka3HuKaMm € Arat i OHTapio.
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Comparative characteristics of different varieties of rice in Ukraine
V. M. Koshova, R. M. Mukoid, A. O. Kobernitska, O. V. Polishchuk, L. Kudravtskava
Rice - one of the most valuable food crops in the world. Currently, there are the crops of rice in 112 countries on the area of 165
million. ha. The yield and gross harvest of rice ranks is on the second place among all crops. The main production of rice in the
world, mostly concentrated in Asia, which accounts for 90% of world production of rice. China and India have the leading position
among the countries in the world in terms of gross harvest of rice in recent years .The cultivation of rice in Ukraine began in 1925,
but the development of the industry was in the 60s years, after the construction of large rice irrigation systems ,engineering type.
Today, introduction of new rice varieties NAAS Institute of rice The State Register of Ukraine includes 19 plant varieties, 7 of them
were given by us for investigation. Physicochemical and physiological indicators of domestic rice varieties were investigated and
compared . The analysis showed that all varieties of rice which were studied in different years yield with a relatively high content of
starch, proteins, and very importantly high ability to germinate. Established that among all the best indicators were two varieties of
rice - Agate and Ontario, which subsequently recommended to make rice malt and rice gluten-free beer or kvass, for people suffer-
ing from celiac disease. At the end of the investigetion were found the gluten content in grain of rice and rice malt, an analysis were
conducted by the methodology of set R-Biopharm, RIDASCREEN Gliadin, lot 14291, gluten in the samples were found.

Keywords: rice, gluten, rice malt, gluten-free beer
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Annotanusi. [IprMeHeHre 3anMTH MOPCKUX OEperoB JOIDKHO YIHUTHIBATE OCOOCHHOCTH IIPHPOABI U TapMOHHPOBATH ¢ Hell. MopcKoi
Oeper Ha TeppuTopru Opecchl Kak 4acTh OeperoBoit 30HeI UepHoro mMopst chopMUpoBaiCsS M MEHsETCs M0-IpyroMy, YeM KOHTHHEH-
TanbHbIe JanamadTeL. [losToMy Gepero3amura ToJDKHA YIUTHIBATH TOTOKH SHEPTUH H BEIECTBA, OCOOCHHOCTH CTPYKTYPHI M THHAMHUKHI
6eperoBoii 30HbI, y4acTHe PasInyHbIX (aKTOPOB U MPOIECCOB POPMHUPOBAHMS, HA3HAYCHHS 3AIUTHBIX COOPY)KEHHIT B GeperoBoil 30He.
BrimonHseTcst KpaTKuil aHaIu3 CyHIecTBYoIIei 6epero3amuTbl. Kaxapiii 6epero3amuTHelil TPOEKT A0DKEH 00eCTieuuBaTh TapMOHHIO
MEXIy 3allUTHBIM COOpYXEHHEM U OeperoBoil MPUPOJHON CPemoi, T.e. obecreunBaTh Ha3HAYEHHE OEPEro3allThI, €€ JUTUTEIbHYIO

9KCILTyaTal|Io, He HAHOCUTS YIiepOa OKpysxarolieii cpeze.

Knrouegwie cnosa: Yepnoe mope, bepee, bepecozawuma, npupooa, 600a, HAHOCHL.

I'mapoTexHUYIecKOe CTPOUTENHCTBO B OEpEroBoil 30HE
MOpeil oTIMYaeTcs BBICOKOH CTOMMOCTBIO, HO 3aTpaThl
OKa3bIBAIOTC elie 6osiee 0ObEMHBIMH B IPOLIECCE SKCILTY-
aTallil TOTO WM HMHOTO COOPYKEHHMsS Ha aOpa3HOHHO-
omacHoM yuacTke [5, 6]. B GombmHCTBe ciiydacB Gepera
UepHoro mops (mmHa okosio 4100 kM, ¢ yu4eToM MajbIX
3aJIMBOB U OyXT) HO/IBEPratoTCsi BOJIHOBOMY Pa3pyILICHHIO,
a IMOTOMY TEPSIOT 3HAYUTEIBHYIO IUIomans, 10 100 ra/rof
[1]. Baxwo, uto BMecTe ¢ 0OpyiieHHeM GeperoBoit Teppu-
TOPHH Pa3pyLIAIOTCs IOPOTH, KOMMYHHKAIUH, PEKpeari-
OHHBIC ¥ JKWIBIC MOCTPOHKH, HH(ppacTpykTypa u 1p. Cie-
JIOBAaTeNIbHO, TEMa CTaThbH MMEET NMPAKTHIECKOE 3HAYCHHUE
SBJIACTCS aKTyaJdbHOH. Ee mccienoBanme HacunTHIBaeT
6onee 200 yeT, HAUMHAS OT MAIIMHHBIX TEXHUYECKHUX JICH-
cTBuid o Omaroyctpoiictsy @eonocun, barymu, Tpad3o-
Ha, bypraca, Bapnsi, Oneccel, EBnatopun. Ha UYepHom
Mope 0epero3anuTHOMY THAPOTEXHUYECKOMY CTPOHTEIIb-
CcTBy OoJIbIIOE BHHUMAaHHE BIIEpBBIE cTan yzaenats M.H.
I'epceBanoB (60-70-¢ rogst XIX croseTwst), 3aTeM JaHHYIO
temy m3ydamu B.JO. Pymmens, I1.C. UexoBud, A.M. Jlpan-
uukoB, I1.K. boxwua, JI.J. Ceumesckuii, H.H. [[xyHKoB-
ckuil, I1. bpyyH u ap. ZlocTaTo4uHOo NOJIHBIN 0030p my0.Jiu-
KaImii 10 TeMe HaXoMuM B psage padot [1, 3, 4]. C mexny-
HapOJHBIM OIBITOM IOJO0OHBIX MCCIEJOBAHUI MOXKHO II0-
3HAKOMHTBCS B padote [7]. OHa xapakTepusyer pasHO00-
pa3HbIe HCKYCCTBEHHBIE CTPYKTYPBI» B O€peroBoii 30He, a
ux OOmpIIas 4acTh MPEACTaBICHA OEpero3alluTHBIMH, a
TaKkKe MOPTOBBIMH, CBallHBIMU COOPYKEHUSIMH, KaHAJIaMH,
MOJIBOAHBIMU KaphepaMu, NpHYaJaMud M Mpod. Baxwo,
9YTOOB!I OHH BBITIOJIHSUI CBOE Ha3HAYECHHUE, UCTIONH30BAINCH
MaKCHUMAJILHO JIONTO W HEe HAHOCHIM yiiepO pecypcam Oe-
PEeroBoii 30HBI MOPSI: B 3TOM 3aKJIFOUAeTCs MX IIaBHAsA (-
(DEKTUBHOCTE.

JlaHHas Tema JaBHO BOJIHYET JXMTEJIEH HPHUMOPCKUX
paiionoB pasnumuHbix YepHomopckux Ctpan [3, 4]. Tlpen-
NPUHUMAIOTCS TIOTIBITKH IPEJOTBPATUTh 3TH HEraTHBHbIE
sBiaeHns. Ho mombiTky peaxo npuHocsr ycnex. [TpuunHsl
Tpu: 1 — BBICOKAsi CTOMMOCTBH CTPOMUTEIBCTBA U SKCIUTyaTa-
U Oepero3aluTHLIX COOPYXKEHHH; 2 — 4acToe OTCYT-
CTBHE HEOOXOANMON KBaJM(PHUKAIMK MO BOIIPOCaM O HPH-
POIHBIX MPUYMHAX M MEXaHW3MaX, JEHCTBYIOMMX B Oepe-
TOBOH 30HE; 3 — TEXHWYECKHE TPYIHOCTH. B 3TO CBs3M

HeJbI0 aHHOH PadoThl CIY)XUT BBISABICHHE HAYYHO-
TEXHUYECKHUX MOAXOJOB ISl TAPMOHHU3ALMH HCKYCCTBEH-
HBIX COOpPYXEHHH U NMPHUPOJHBIX KOMIOHEHTOB OeperoBoi
30HbI Ha npumepe Omecckoro Oepera YUeproro mops (puc.
1).

Marepuajbl 1 MeTOABI MCCIeA0BAHMIT ObUIM OOBIY-
HBIMH JUIsl JaHHOW TeMbl [6, 7]. OCHOBHBIE MaTepHaIIbI
ObLIM MOJYYEHBI aBTOPOM B IIpOLIECCE IKCIEAMIIMOHHBIX
HATYpHBIX HCCIECAOBAaHMN M MHOTOJETHHX HHCTPYMEH-
TaJbHBIX CTAI[MOHAPHBIX HAOIIOJCHHH, COTTIACHO METOMH-
ke [1, 5, 6]. Bepera Obun KapTOrpadUpoOBaHbI B MaciITade
1:25000. Iox HabmomeHwe OBLTO B3ATO 7 Oepero3aminT-
HBIX COOPYXEHHUH, B T.4. HOYTH 12 kM anunHbl OJaecckui
Oepero3aluTHBIl ¥ TPOTHBOOIION3HEBOM KOMIUIEKC. B
YHCIIE COOPYKEHUH — OYHBI, BOTHOJIOMBI, CTEHKH Pa3HBIX
KOHCTPYKLMI, BHEIIHUE TIOPTOBBIE MOJIBI, TPYHTOBEIE TEP-
pacsl 1 ipod. Ha Oepery Mexy M.ByroBo Ha roro-3amnaze u
ycree ChluaBcKol Oanku Ha BocToke. [lnmmHa Oepera co-
cTaBisieT =~ 65 kM. Cpeay TeopeTHUECKUX OBIIM HCIONB30-
BaHbBl METOJABl PETPOCHEKTHUBHBIN, KapTorpadudaeckuii,
CHCTeMaTH3alliH, CPaBHUTENbHO-TeorpadpuIeckuii, aHau-
THYECKHE, MATeMAaTHIECKOH CTATHCTHKH.

Pe3yabrarsl u nx o6cyxaenune. CoBpeMeHHEINH Oeper
copMHpPOBAIICS B TOJIOIEHE, B POIIECCE HACTYIUICHNS BOJT
UYepHoro Mopsi Ha Oeper B TEUCHHE IIOCIENEIHHUKOBOH
TPAHCTPECCHHM W 3aTOIUIEHHs CEBepO-3aIlaiHOro Iueinbda
[4]. ToebimieHre ypoBHS TMPHUBENTO K CONPUKOCHOBCHHUIO
YPOBHS MOpPSI M HECKOJBKHMX MaJbIX CKIAZ0K, PacuIeHEeH-
HBIX paznomamu. [lo pas3nomam 3aJOXKHMIINCH JIMMAHBI
(Man. Amxanbikckuii, Yabanckuii, bon. AmkanbIkCKHH,
Kysumpanikuit, Xamkubeiickuii, Cyxoit). Beicokuii 6eper
(Bomopaszen) MeXIy HaMH CTall Cpe3aThCs BONHAMH, KO-
TOPBIMH BBIPaOOTAINCH aKTHBHBIE KIU(bI. CI0XHOE reo-
JIOTHYECKOE CTPOCHHE KOPEHHOTO Oepera 00yCIIOBHIIO pa3-
BUTHE aOpa3MOHHO-OMOM3HEBBIX KiH]oB. [TockoibKy K-
(Bl CII0XKEHBI B OCHOBHOM IJIMHUCTBIMHU HOPOJaMH, TO a0-
Pa3MOHHBI UCTOYHHK HAHOCOB OKA3bIBAETCSI MAJIONIPOAYK-
TUBHBIM. KpyToil MOABOIHBIN CKJIOH NPUBOJUT K CMEIlle-
HUIO HAHOCOB Ha ITyOMHY ¥ IEHCTBHIO BOJIH TIOBBIIIEHHOM
ciisl. B 3T0M CcBs3M OeperoBast 30Ha WCTIBITHIBAET OCTPHINA
neuut HaHOCOB. CHOXWIIMCH YCIIOBHS, 1O KOTOPBIM
CHJIBHOE JIeHICTBHE BOJHOBOW aOpa3wyl M Pa3MBIBOB SIBIIS-
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€TCsl CWIIBHBIM M HePEePHIBHBIM, a IOTOMY U MoTepH Oepe-
rOBOM TEpPUTOPUM 3HAYMTENBHBL. BMmecTe ¢ paspymenuem
Oepera OBICTPO pPa3pyIIAIOTCS Ppa3IUYHBIC TOCTPOHKH

(puc. 2).
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Puc. 1. Pacnonoxenne Oepero3amiTHOro KOMIUIEKca Ha
OpnecckoMm Gepery UepHoro Mopst. YuacTku: 1 — Mex Iy MBICOM
Jlamxkepon u OyxToit Apkamus; 2 — MexIy OyXToil ApKaaus u

MbIcoM bonpmoit @onTan; 3 — Mexay MpicoM bonbimoit @oHTaH
u Gankoit JIroctnopd. Ha Bpe3ke 4epHOl cTpenkoil moKa3aHo
o01Iiee MOJIOKeHNEe H3y4eHHOro Oepera.

- ~Etel] 228

Puc. 2. PexpealronHas 3acTpoiika, He BIMCAHHAs! B IPUPOIHbINA
pexuM pa3BuTHs Oepera, IoMa cTporHch Ha 6epery 30 et
Hazaza B 60 M OT 6eperoBoii UepThI.

COOTBETCTBEHHO, HAIMYHBIC 3aackl HAHOCOB HA H3Y-
gyeHHOM OpecckoMm mobepexse UepHOro Mops ObUTH
KpaiiHe HeBeJIMKH. lI3MepeHne JMHEHHBIX W OOBEMHBIX
pasMepoB mspked B 105 Toukax mokazanu CpenHU ux
o6bem 12 M3m. D10 B 10-11 pas meHbue TOro oobeMma,
KOTODBIH 00ECTIeUMBACT 3aIIUTy MOAHOXbS KIU(OB U TO-
BEPXHOCTh AKKyMYJISITUBHBIX ()OPM OT BIMSIHUSL NPHOOH-
HOT'O MOTOKA MY MOBBIILIEHHOM HATOHHOM YPOBHE MOPSI BO
BpeMsl IeHCTBHUS IITOPMOB. Takoil HEJOCTATOK HAHOCOB U
CTOJIb MaJible IUIDKHU MTOCTOSHHO JIepKaT BOJHOBYIO abpa-
3ui0. CrenoBaTenbHO, pa3pylieHHe Kin(oB, OTCTYHAaHHUE

Mexay ygacTkaMu KIA(OB B YCThSAX JIFMaHOB 0Opa3oBa-
JIICh aKKyMYJISITUBHBIC 3aMBIKAIONIAE (OPMBI — MEPECHI-
1. B €CTECTBEHHOM COCTOSHHM OHM MMEINN TEHETHYECKU
COTIPSDKEHHYIO OEperoByI0 JIMHUIO C COCCAHUMH a0pa3u-
OHHBIMH YYacTKaMH y BOJOpa3ZenoB. B ycnosusx obmero
neduita HAHOCOB BBICOTA TIEPECHITICH Obl1a HEOOJBIIOH,
He Ooiee 1,5 M, OeperoBast TMHUS 3aKOHOMEPHO OTCTYIaia
Belen 3a cocenHUMH Kiudamu. IToBepxHOCTH mepechinen
ObLJTa JIMIIIEHA CYIIECTBEHHBIX 30JI0BBIX (opM OGeperoBoro
penbeda (Bbicota < 1,6 M). Ot Boin. ADKaJIBIKCKOTO B CTO-
poHy XapKHOEWCKOTro JIMMaHa paclpoCTpaHsIICs Majo-
MOIIIHBII TIOTOK HaHOCOB, KOTOPBIM OBLT CO3/IaH IIMPOKHH
IUBDK B BepmiuHe OMIECCKOTO 3alMBa, a CO BPEMEHEM —
niepeckiny TuMaHoB Xamkuoen n Kysumeauk. U xots moTo-
KU BCE XK€ CO3/IaBallll «KaAPMaHHBIE» IULDKH (IPaBa, BECh-
Ma MeJIKMe) BAOIb abpasHOHHBIX yuyacTkoB (< 30 m3/m
HAHOCOB), HO OCTAHOBUTH Pa3BUTHE OIOJ3HEH, OTCTyIaHUE
KIU(pOB U Pa3MBIB aKKyMYISATHBHBIX (DOPM TaKue IIIDKA
ObTM He B cocTosiHMM. OHM HE NPENCTaBIISUTN CEephe3HON
nperpajibl s CPeJHUX M CHIBbHBIX mTopMOB (10% obec-
NIEUCHHOCTH), KaK MOKHO BHJIETh Ha puc. 2. B memom oc-
HOBHOM IPUHIMII CO3JAHUS MCKYCCTBEHHBIX ILULDKEH OC-
HOBBIBACTCS Ha BO3MOXKHOCTSX TaIlleHHS BOJHOBOM SHEP-
THH: Y€M CHJIbHEE CHIDKACTCS SHEeprust (BOJHOJIOMaMH,
OyHaMu, BBIEMKaMH M TIpOY.), TEM BBINIE COXPAHHOCTh
IUBDKEH. B ecTeCTBEHHOM COCTOSIHMM MCKYCCTBEHHBIE OT-
CBINKH JIOJDKHBI OBITH ONTHMAIBHBIMH: OTCHIIKH OOJIbIIIe
OINITUMAJIBHBIX PHBOJIIT K YCHUIICHHBIM Pa3MbIBaM U OBICT-
PBIM TIOTEPSIM JOPOTOCTOSIIMX HAHOCOB, a MPH MEHBIINX
OTCBHITIKAX HE TOCTHIAeTCs IeIh Oepero3amuTsl [5].
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Puc. 3. PernonasnpHblii rpadMk CBSI3U IIHMPHHBI TIECYaHO-
IpaBUHHOTO IUISDKA B (M) U ero yiensHOro 00beMHOT0 pas-
Mepa Fa (M3/M) B Geperosoit 30He.

OeperoB M pa3pyllieHHE BCEro IOCTPOSHHOro Ha Oepery
OBLTH 3aBEOMO 3aIIPOrPaMMHPOBAHbI MpHUpoIoi. [ToaTomy
JUTSL 3alUTHI OEPEroB OT pa3pyIleHuUs ObLIO OBl JJOTUYHBIM
BO3BE/ICHHE JIOCTATOYHO KPYITHBIX HCKYCCTBEHHBIX IUIS-
XKeH, Kak 3To ObuIo caenaHo Ha KaBkasckux Oeperax Uep-
Horo mopsl, Ha FOmnanackux Geperax CeBepHOro Mops, Ha
Jlurypuiickux 6eperax Cpequ3eMHOr0 MOPSt U Ha MHOTHX
apyrux Oeperax [7].

Ho B ycrmoBusx octporo aedummta HAHOCOB 3TO OBLIO
HepeanbHo. CaMa 1o cebe mpupoaa He Morjia co37aTh Ta-
KHUC TUUIKH JJaXKE€ C IMMOMOMIBIO AKTUBHBIX THIAPOTCXHUYC-
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CKHX COOPYXCHHUH, U He CO3/1aBaja, CKOJIbKO ObI HU OBLIO
MONBITOK. Maso TOro, MOCTPOEHHBIE B IOMOIIb IUISDKAM
THAPOTEXHUYECKHE COOPYKEHUSI caMH OBICTPO pas3pylua-
mck. Ho He TOIBKO INTOPMOBBIMH BOJHAMH, HO U MO
BIIMSTHUEM JICHCTBHUS BBITMPAHUS OMOJI3HEBBIX OJIOKOB Ha
puOpekHOM MenkoBoabe, B 20-40 M oT 6eperoBoii IMHAH,
a TaKXke M JEeHCTBUSA JIbAa B CypoBble 3UMEIL. IIporecc BbI-
NUpaHus paspyman GpyHIaMeHT («IIOCTeNb») BOJHOJIOMA,
OyHBI, psbKa WIIM CTEHKH, CMUHAJI UX B OOJIOMKH, a 3aTeM
IITOPMOBBIMH BOJIHAMH OHH YJIQJSUTCh B PasHBIE CTOPO-
Hbl. [lo 3TOH e MpUYMHE CUUTAHHBIE MECSIIBI ICPKAIUCH
HCKYCCTBEHHBIC IUISDKM B YCJIOBHSIX BECbMa IPHITYyOOTro
MOABOJHOTO CKJIOHA. [l03TOMy B MOCIEIYIONIIME TOMBI
MPOW3BOAMIACE TPUTPY3Ka OIOI3HEBOTO CKJIOHA MCKYC-
CTBEHHBIMH TE€PPACAMH, THAPOTEXHUIECCKIMH COOPYKCHH-
SIMU U OTCBIIIKOM HMCKYCCTBEHHBIX IULDKEH. A OIHOBpe-
MEHHO CHIDKAJIOCh HANPSDKEHHE OIOJI3HEBOTO CKIIOHA ITy-
TEM €T0 BBIONAXKUBAHKSA JI0 COCTOSIHUS CIa00 HANpPSKEH-
HOT'O WJIK BOOOIIE HEHAIPSHKEHHOTO.

AHAJIOrOB CO3/IaHHUs YCIICIIHOW Oepero3aluTsl NPOTHB
OOBaJIBHBIX U OIOJI3HEBBIX OEperoB MpH YCUJICHHOM Hei-
CTBUM MOPCKHX BOJIH JIO cepenvHbl XX Beka He ObLIO.
Hy»xHo Ob110 pa3zpaboTaTh U IPOESKTHPOBATh COOCTBEHHYIO
KOHCTpYyKIuio. MeTox mpob u ommbok Ha Opecckux Oepe-
rax npojoJpKaics B TedeHue moury 150 ner, moka He ObUIO
HalIeHO KOMIUICKCHOE DEIICHHE, COOTBETCTBEHHO KOH-
KPETHBIM (U3UKO-TEOTpaMIECKIM YCIOBHSIM, COTJIACHO
HaKOIUIEHHOMY OmbITY. Ha ero ocHoBanuu B 1959 . Hawan
cTpouthes Opeccknii Oepero3aluTHEI U MPOTHBOOTION3-
HeBoM koMIuieKc. OH pacioNoKuiICs BAOMb 12,3 KM JAJTUHBI
OeperoBoii JIMHUK Mex 1y Mbicamu Jlamkepon u boi. don-
TaH, BKJIOYAT B CeOs HMCKYCCTBEHHbIC IUIDKH (32 1iT.),
OTpaK/ICHHBIE OJIMH OT JAPYroro KpymHeIMH OyHamu. Yto-
OBl TUISDKM HE Pa3MBIBANCH U IUISHKEBBIN NECOK HE BBIHO-
cuicst B Mope, B 100-150 M ot Gepera ObUIM yCTaHOBIICHBI
MIOABOJHBIE BOJHOJIOMBL. UTOOBI 0OecTieunTs BOZOOOMEH
OTPaK/ICHHBIX IUIDKEYIeP)KUBAIOIINX OACCEIHOB C OTKPHI-
TBIM MOPEM, BOJIHOJIOMBI OBUIH CZENaHbI HE CIUIONIHBIMH, a
¢ y3kuM TponrBoM. Komriekce OblT paccunTal Ha SKCILTY-
ataiuio 10 25 ner. CBO 337jauy OH BBIIOJHUI B TEYEHUS
3TOTO BPEMEHH, XOTS SKCIUIyaTallMOHHBIE PAacXoabl ObLIN
BeChMa 3HAYUTEIIHHBIMH U TPEOOBAIN OOJIBIIINX PECYPCOB.

IomydeHHBIH ONBIT MOKAa3aJl, YTO IPUMEHEHHE IMO0J00-
HBIX KOMIUIEKCOB Ha JIPYTHX y4dacTKax Oepera oOXomuTCS
JIoporo. 3artpaThl HE COOTBETCTBYIOT 3(P(EKTHBHOCTH H
JIOJITOBPEMEHHOCTH 3KCIUTyaTallly, OHHM HEaJeKBaTHO Be-
suku. [loaromy eme B 1963 r. Ha Bbixone u3 nopra HOx-
HBIIl ¥ Ha TEPPUTOPUH I0XKHOH wacTth mepecsinu Cyxoro
mMaHa (nopt MinpndeBck) OblIM IPUMEHEHBI HCKYCCTBEH-
HBIE 3aIIUTHBIC TEPPAChl U3 €CTECTBEHHOW I'PYHTOBON Mac-
CBl. OTH COOPYKEHUSI BBHITIOJNHSIOT HECKONBKO (YHKIWI 1
XapakTepU3yITCs MHOromeneBoit paboroit [5, 6]. Ouu
OJTHOBPEMEHHO 3aIlUIIAI0T Oeper oT adpa3uu, MO3BOJISIOT
YTHIM3UPOBATH W3JIHIIHIOI TPYHTOBYIO Maccy, HE 3arps3-
HSIOT IPHOPEXXHYIO BOAY, SIBISIOTCA CyOCTpaToM st OEH-
TOCHBIX OPTaHW3MOB, CIIOCOOHBIX OYHINATH BOXY, MOTYT
CITY’)KUTh JJISI Pa3MEIICHHUsI PEKPEarlMOHHBIX IMOCTPOEK |
np. Tlostomy ux 3¢pdekTuBHOCT, OYeHb BBICOKA. [Ipume-
HEHHE TOPMO3HUTCSI HEJIOCTATKOM HE0OXO0JMMOT0 COCTaBa 1
KOJIMYECTBA TPYHTOBOH MAaCCBHI, a TaKKe HEYMEHHEM DKO-
JIOTOB, THJIPOTEXHUKOB M TE€OJIOTOB PALMOHAILHO pa3Me-
CTHTb ¥ PACCUNTATh pa3Mephl TPYHTOBBIX Teppac.

[lo pemeHnI0 MECTHBIX UYMHOBHHKOB, Ha MOPCKOM

CHJIBHO pa3pyIiaeMoM Oepery B mpezenax mocenkoB Yep-
HOMOpckoe 1 DoHTaHKa (CpeHrEe CKOPOCTH abpaszuu 1o 2
M/TOM), BBICOKUH (110 45 M) TJIMHUCTHIA KJIN( OBLI BBIO-
JoxeH. Hukakue coopyXeHHsT NpUMEHsUIMCh. B wurTore
OIIOJI3HEBBIE TIOJIBIKKH CHIIBHO 3aMEUTHITICH HA KOPOTKHH
MOMEHT BbINONaXKBaHKuA. Ho moToMm abpa3woHHas moi-
pe3ka OeperoBbIX CKJIOHOB MOPCKUMH BOJHAMH MPOJOJI-
xanack. Yepes 1,5-3,5 roga yBenuumics yKJIOH OeperoBo-
IO CKJIOHa JO0 COCTOSHUS Takoro pocTa BHYTPEHHHX
HarpsHKEHUH, YTO OTOJI3HEBBIE TIOIBMKKH BO30OHOBHIIHCE.
BHauane CKJIOH NMOKpBIICS MEJIKUMHU TPEIIMHAMH, a 3aTeM
— 3akonamu. Ilpuyem, Oeper cram oTcTymaTh ¢ BO3pOC-
UMK CKOPOCTSMH. McIoNHEHHEe Takoro MepomnpHsATHS
MOXET CIY)XUTb SIPKUM TIPUMEPOM HEMOHWMAaHHSA MeXa-
HHU3MOB Pa3BUTHS aKTUBHBIX OEPETOBBIX CKIOHOB M HETpa-
MOTHOTO BMEIIATENILCTBA B MIPUPOAHBII mporiecc. 06 3ToM
K€ TOBOPUT PHC. 2. 31eCh B €CTECTBEHHOM COCTOSHUH Oe-
per oTcTymajl co CKOPOCTAMH A0 2,5 M/TOI, 3KOJIOTH U
CTPOMTEIM CUUTAIIH, YTO CTPOCHHS OyIyT B OE30IaCHOCTH,
€clii UX pacnojoxuTh B 50-60 M oT Mops. Ecnu Ob1 oHM
TPOKOHCYJILTUPOBAJIUCE CO 3HAOMMWMH CHEIUAIUCTAMU,
TO TOMA MOCTPOWJIK ObI Ha 1-2 KM B CTOpOHE, rie Oeper
CTaOWIBHBIN, HE pa3pylIaeTcs U He oTctynaeT. Ho oHu Hu
C KEM HE ITOCOBETOBAINCH. Takas CHTyauus SBISETCS II0-
BCEMECTHOW Ha mobepexbe UepHOro Mops, 9To yKa3bIBacT
Ha MpeHeOpeXeHHEe 3aKOHOMEPHOCTSAMH pPa3BUTUS MOp-
ckux OeperoB. 1 mpupoma mctut (puc. 2).

MHoroneTHee OTCTymaHue aOpa3HOHHO-00BAIBLHOTO
Kirda Ha TEPPUTOPUH HOBOTO ropoza MimbnueBck npuBeio
K 3HaYUTEJHHBIM MOTEPSIM TOPOJCKON IIIONIAN, TTOCKOIb-
Ky CKopocTu abpa3uu ObUTH paBHbI 1,2-1,8 M/ron 3a mepu-
on 1957-1984 rr. B kauectBe 3amuthl oT abpasuu B 1987
r. OblIa IpUMEHEHa TOJAIOpHAasi OCTOHHAsT KOHCTPYKLUS B
BUJIE CTYNEHYaToro OaHKeTa BJOJb IOJHOXBS CKIIOHA.
CkJ10H OBIT BBINOJIOXKEH 10 6°, TeppacUpoBaH, TPyHTOBas
Macca OT TeppacHpOBaHMs IOILIA HAa HApAIIMBAHUE IOI-
HOXBbsI. MopcKkoi Kpaii OSTOHHOW KOHCTPYKIMH B IUIaHE
TpeJICTaBIsieT co00i psax BorHyTocTel. [IpoeKkTHpoBIIMKN
PacCUMTBIBAIIM, YTO BOTHYTOCTH OY/IyT paccemBaTh BOJIHO-
BYIO 3HEPTHIO TaKUM 00pa3oM, 4YTO OyIyT 3amlOJHATHCS
HAHOCAaMHU M CO3[aBaTh KPYIHBIN UK, KaK yKa3bIBaroOT
HpHUpojiHbIe aHanory. [Ipeamonaranock, 4To IUIHK Oyaer
NpeZoXpaHsITh Oeper OT pa3pyIIeHUs M HCIOJIb30BATHCS
JUIA pa3MelieHns oTapixarmuxX. OmHako, B IPUPOAE BO-
THYTOCTH Oepera SIBIISIOTCSI HAHOCOHAKOITUTEISIMU B YCJIO-
BHUSAX MOCTOSHHOM M3MEHYMBOCTH. IMEHHO JUHAMHUYHOCTb
OIIpesieNsieT CIOCOOHOCTh BOTHYTOCTEH aKKyMYJHPOBAaTh
wopk. [loaToMy, ectecTBeHHO, 4TO B MbHueBcke 3amiuT-
Hasg KOHCTPYKILMS SIBJISIETCSI TTACCUBHOM, NPHIPYKaromen
TIOZTHOXbE OEperoBoro CkioHa. VcKycCTBEHHas OTCBHINKA
BCeT/ia IMOJBEPraeTcsi OBICTPOMY pPa3MbIBYy, — Oeperosas
30Ha WCIIBITHIBAET OCTpBIN Aedunut HaHocoB. ITostomy
OHa TpeOyeT MOCTOSHHOTO MOMOJIHEHMsI. B 001mem, nanHoe
Oepero3aluTHOE COOPY)KEHHE COXPaHsSET TEPPUTOPUIO
NnprueBcka, XOTs U He sSBIsETCS TUIshKeoOpasyromuM. K
TOMY € OHO TpeOyeT MOCTOSTHHOW JOPOTOCTOSIIEH HCKYC-
CTBEHHOM TIOJICBIIIKA HAHOCOB, 1 paCXOJbl OTPOMHBI.

B mporecce uccrenoBanuii ObITM HAaHECEHBI HA KapTy
YYacTKH, Ha KOTODPBIX IUIDKHM HAJEXHO 3allUIIAIN MOp-
CKO# Oeper, 1 OH He paspymaincs. Ha apyrux ydactkax
IUBDKK OBIITM HEOOJBIIMMHM, a TIOTOMY HE MOIJIM IPEIsT-
CTBOBaTh IITOPMOBOMY paspyuieHHio kirdos. Oka3zaiocs,
YTO HAJEKHas 3aluTa Oepera ObIBaeT TOria, Korjxa o0b-
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eMHBIH pa3Mmep IUisbka mocturaet > 140 m/M, a BbicoTa >
1,9 M. Tam, i€ B €CTECTBEHHO BHJEC OHA XapaKTePU3YeTCs
yKazaHHBIM 00BeMOM, Oeperosammra He Hy)KHa, KaKk U He
HYXXHa Kakas-1100 3acTpoiika. Takne HaHOCOHACHIIIICHHEIC
YYaCTKH OJaronpHsATHBI IS CO3MAHMS HMCKYCCTBEHHOTO
nmaHqmadTa ¥ JOIDKHBI OBITH BKIIIOYEHBI B COCTaB 3allo-
BEJIHHKA C BHICOYAMIIIUM YPOBHEM 3aIlOBEIaHUS.

IToy4ynTenbHbIM SIBISIETCS. COOPYXKEHHME Majlod TraBaHU
JUTSL XpaHEHUs JIOJIOK U sIXT Ha Mbice CeBepHOM OfecCcKOM.
CoBpeMEHHbBIC TPUHIUIEI OEPErOBOr0 MPUPOIOOIH30Ba-
HUSl TOKA3BIBAIOT HEOOXOAMMOCTh Yy4YeTa HaIpaBICHHs
JICHCTBUS BJIOJIEOEPETOBOr0 OTOKA HAHOCOB U MIOHUMAaHUS
TPaHUIT JIUTOTMHAMIYECKHUX cucTeM. J[aHHas Majias raBaHb
BBIXOIWT Ha TIIyOMHBI OKOJO 3 M, a OCHOBHAs Tpacca Iie-
peMelIeHrst HAaHOCOB BO BIOJEOEPErOBOM MOTOKE JIOKAJIH-
30BaHa Ha riryomnax 1,5-2,5 m. CremoBarensHO, orpaau-
TEJIFHBIE COOPYKEHHS TaBaHH ITEPEKPHUTH OCHOBHYIO Tpac-
Cy BIOJBOEPETOBOTO TOTOKA, KOTOPBIM NMHTAaJl HAHOCAMH
wispbkn Onecckoro 3anuBa (ypouute <«Jly3aHoBkay) Ha
nepechinax Xamkuoeiickoro u KysuibHunkoro jgumana. B
JTOM CBSI3U JMHAMMKA IUBDKEH IOMEHSUIAach C aKKyMyJls-
TUBHOW Ha JECTPYKTUBHYIO, TIOJ] BIMSIHAEM YETO pa3Mephbl
IUBDKER CTalnd HEYKJIOHHO COKpallaThCs. JTO MPHUBEIO K
YMEHBIIICHHIO WX PEKPEAllMOHHON €MKOCTH M HEOOXOIH-
MOCTH €KETOJTHOTO UCKYCCTBEHHOTO TOTIOTHEHIIS.

BreiBoabl: Takum 006pa3om, MOKHO 3aKITFOUHTH, YTO:

1. Onecckoe mobepexne, MIMHOW OKOJO 65 KM, Hachl-
IICHO PA3IMYHBIMU THIPOTEXHUYECKIMHU COOPYKECHHUIMHI
pa3HOil (GOpPMBI M pa3MEpOB, BO3BEICHHBIX C MEIBIO

MPEOTBPATUTE TIPOIeCChl abpa3uu W TOTepu OeperoBOi
TEPPUTOPHH.

2. CTpOHTENILCTBO ~ THIAPOTEXHHUYECKHX  COOPYKCHHI
Pa3NMYHOTO HA3HAYEHWS NPECTaBIsIET OO0 3IeMEeHT
BO3MYIIEHHUS TPUPOTHONH CHCTEMBI OEperoBOW 30HBL, a
OeperoBasi 30Ha CTPEMHTCS IOTAaCHTh 3TO BO3MYILICHHUE,
n30aBUTbCS OT COOPY)KEHMH, OTTOPrHYTh MX. Takoe OT-
TOpKEHHE Yallle BCEro MPOMCXOJUT OOJNE3HEHHO sl MPH-
POABL, BEJET K HETAaTUBHBIM ITOCIIEICTBUSM, IJIABHOE — K
He3(h(HEKTHBHOCTH.

3. Hu ogHO rmaporexHHYeckoe coopyxkeHue Ha Omec-
CKOM TI00EpeXbe HE BBIIOJIHHUIO CBOEr0 Ha3HAUYCHHS B
MIOJTHOM 00BEMe, HH OZHO HE OBUIO «BIHCAHO» B NPUPOI-
HYIO CTPYKTYpY OeperoBoii 30HbI. CBS3aHO 3TO CO CIIOKHO-
CTBI0O ¥ MHOTO()AaKTOPHOCTBIO PA3BHUTHS OEPEroBOil 30HEI.
Ee-To Kak pa3, KaKk NMpaBHJIO, HE CMOIIH y4YECTb I'€OJIOTH,
THAPOTEXHHUKH, MPOSKTUPOBIINKH M 3KCIUTyaTallMOHHUKH.
[ImanmpoBaHre TEPPUTOPUH W co3daHWEe APPEKTUBHOI
Oepero3aiuTel 00BIYHO 00eCIIeUHBaAIOT (BPU3UKO-Teorpadbl
(pupossie reorpadsr).

4. CornacHO NPHOOPETEHHOMY OIIBITY, JUISi ONTHUMH3a-
LUK JIFO00TO THAPOTEXHUYECKOTO COOPYKEHUSI B CTPYKTY-
pe GeperoBoii 30HbI MOPS, IS OCTHKECHUS TUITAHUPYEMOM
3¢ (PEeKTHBHOCTH COOPYKEHHS W JTOCTHKEHHS IIEIU CTPOU-
TEIbCTBA B MaKCHMAJBbHOH Mepe HeOOXOIMMBIM M JI0CTa-
TOYHBIM SIBIISIETCS (DM3MKO-TEOTpadMIECKUH TTOJX0H, C
NIPUMEHEHHEM HAyYHO-HCCIIEI0BATEIbCKOTO MOTECHIMANA
¢dusmaecKoi («IpupoIHOINY) Teorpadum.
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About efficiency of defence structures along odessa coast of the black sea

Yu. D. Shuisky

Abstract. On destructive coastal areas have into account features of shore-zone nature, including Odessa shore section of the Black Sea,
with reversible harmonious position between coastal nature and coast-protection structure. The Sea Shore around Odessa is part of the
coastal system. It the part have the differences from continental aerial landscapes. What is why coastal defenses have take into account
energy and substance flows, kind of energy, structure and dynamics of coastal zone, sediment budget, chemical-mechanical qualities of
rocks and deposits, appointment of different shore defenses, etc. In this text is analyzed different constructions of coastal protections
along shoreline of the Black Sea, especially from Small Adjalyk liman to Sanjeiskiy Cape. Every of the defense structures must to secure
harmonization between the human impact and the coastal environment for conservation of the coastal territory with different infrastruc-
ture.
Keywords: Black Sea, coast, coastal defense, nature, water, sediment.
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AnHoTanus1. B cratbe 00Cyk1aroTCs ABa pa3MYHBIX MOAX0/a K ONPEASIICHHIO 3JIEMEHTapHOT0 COOBITHS B TEOPHH BeposiTHOCTeH. [lo-
Ka3aHoO, 4TO KOHEYHas anredpa CirydaiHbIX COOBITHII IMEET MOJHYIO TPYTIITY IEMEHTAPHBIX COOBITHIL.
Knrouesuwie cnosa: Teopus eepossmrocmeil, cmoxacmuieckutl JKCnepumenm, cayyaiinoe coovimule, 21emMenmapHoe coovimue.

BBenenue. CoBpeMeHHas! TEOPHUSI BEPOSTHOCTEH — pazmen
MaTeMaTUKH, B KOTOPOM MAaTe€MAaTUYECKMMHU METOAAMH
M3y4aroTCsl 3aKOHOMEPHOCTH CITyJalHBIX SIBIICHHI. OJTa
TEOpHs HAXOANT MPUMEHEHUSI B IIPOU3BOJICTBE (HAaIpHUMep,
CTaTUCTUUECKUHA KOHTPOJIb Ka4eCTBa MPOMBIIUICHHBIX U3-
JIenuif), B €CTeCTBO3HAHUY (KBAHTOBBIH XapakTep sIBICHUIH
MHKPOMHpA, CTATUCTUYECKHE CBOWCTBA aHCcaMOJiel aToMOB
U MOJIEKYI), IPH aHaJIM3e OOLIECTBEHHBIX TEHACHIMH (co-
LHoJIOTHYeckHe onpockl) U T.1. CoBpeMeHHast Teopus Be-
pOSITHOCTEH OMNMpaeTcss Ha CJOXKHBIM MaTeMaTHYeCKHUM
anmapar. Haumbonee pacmpocTpaHeHHOE JIOTHYECKOE IIO-
CTPOCHHE OCHOB TEOPHHU BEPOSITHOCTEH (aKCHOMAaTHKa TEO-
puM  BeposTHOCTEW) paspaborano B 1933  romy
A.H.Konmoroposeim [1]. Hamomuum 3TH akcuomsr [2].
Mycte () — IPOCTPaHCTBO SIEMEHTAPHBIX COOBITHI (MC-
XO/IOB) HEKOTOPOI'O CTOXAaCTHYECKOro J3KCIepHMeHTa. B
MIPOCTPAHCTBE 3JIEMEHTAPHBIX COOBITUH BBIAEICHA CUCTEMA

F noamuosxects, sBnsiomascs o -anreGpoil. D10 03Ha-

YaeT, YTo:
A) QeF,;
A) ecmAcF,To A=Q\ AcF;
Ag) eciu A e F,i=1,2,..., TO UA, eF.
i=1
MHoskecTBa U3 O -airedpsl F  HasbBaroTes crydaii-
HBIMH COOBITHsAMH. Kaxnomy ciydaiiHomy cobbitaio A

IIOCTABJICHO B COOTBETCTBHE YHCIIO P(A) (BepOSITHOCTB

CIly4aifHOTO COOBITHS A), obnamaromee CIICAYIOIIUMH
CBOMCTBaMU:

R) P(A)ZOI[J‘IHKa}K,Z[OFOAE F;

P,) P(Q)=1 Py) ecnu (A )~ nocrenoBatesHOCTs CtyuaiiHbix CoOBITH TaKast, 410 A M Aj=D(i#j),o

| UA |-Xp(n)

Vreepkaennst A), Ay), A3), R),P,), P3) cocrasmsior

CUCTEMY aKCUOM TEOPUHU BepOsITHOCTEN. Tpoiika
(Q, F, P) Ha3BIBACTCS BEPOSTHOCTHBIM ITPOCTPAHCTBOM.

JIIs TIOJTHOTO TIOHMMAHUS 3TOM aKCHOMATHKH HE00XO-
JIIMa JIOCTaTOYHO ITy0OKas MaTeMaTudecKasl MOATOTOBKA,
B YAaCTHOCTU BIAJICHUE OCHOBHBIMU IOHATUSIMU TEOPUU
Mepsl Jlebera, KOTOPYIO CTYAEHThI-MaTeMaTUKH H3Yy4aloT
JIMILIb Ha TPETbEM KypCeE, a CTYJEHTbl TEXHUUYECKUX U JKO-
HOMMYECKHX CIIEIMaJIbHOCTEH, 3a4acTyio, BOOOIIE HHKO-
raa. IToaroMy npeacTaBisieT MHTEpPEC MOAXOAAIIEEe JOTU-
YecKoe 00OCHOBAaHME TEOPHU BEPOSTHOCTEH VIS HaydHO-
HOMYJSIPHOTO M3J0’KEHHS OCHOB TEOPHH, JIOCTYIHOTO
HIKOJIBHUKAM CTapIIMX KJIACCOB M CTYAEHTaM MIIAJIINX
KypCOB pa3lUuHbIX cHenuanbHocTed. KoHeuHo, Takoe
YIIPOILIEHHOE 0O0CHOBAaHHE HE TO3BOJISIET B IIOJHOM Mepe
[IPUMEHUTh COBPEMEHHBIM MaTEMAaTUYECKUW amnmapar mjis
H3Yy4YEHUs] 3aKOHOMEPHOCTEH CIllyyailHbIX SIBJIEHMH, HO 3TO
1 He TpeOyeTcs B AIEMEHTAPHBIX M3JIOKEHUSIX OCHOB TEO-
pun. C npyroil CTOpOHBI, B MPUKIATHBIX HCCIEIOBAHIIX
HMH)XEHEPHOIO0 WJIM HKOHOMMYECKOI'O XapakTepa HCIOJb-
3YIOTCS TOTOBBIE PE3YAbTAThl U ANTOPUTMBI, U JUI HpU-
KIIaJHUKa 3/1eChb ITaBHOE IOHMMAThb BEPOSTHOCTHBIM Xa-
paKkTep TEOPETHYECKUX CXEM U MPAKTHYECKUX CHUTYalUH,
NP 3TOM MHOTHE TOHKOCTH MaTeMaTH4eCKHX O0OCHOBa-
HU UCTIONIb3YEMBIX Pe3yJIbTaTOB YXOJSIT Ha BTOPOH ILIaH.

Kpartkuii 0630p nyéaukauuii no reme. Kuura [3] BbI-
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JIAIOIIETOCs] YKPAUHCKOTO YYEHOro B 00JACTH TEOPHU Be-
posaTHocTell u MaTeMaTHdeckoi cratucTuku A. B. Ckopo-
XO0/1a MPE/ICTAaBIIET aipecOBaHHOE IIMPOKOMY KPyTy YHTa-
TeNel, B YaCTHOCTH yYCHUKAM CTapIIMX KIACCOB, DJIEMEH-
TapHOE U3JI0)KEHUE OCHOB TEOPUU BEPOATHOCTEH. B aroi
KHHUTE 3JIeMeHTapHOe COOBITHE ONPEEIICHO Oe3 aneuIuu
K TEOPHH MHOKECTB, Ha sI3bIKE COOBITHI. CXOmHBIE OIpe-
JIeTIeHHs] HAXOuM B y4ueOHuKax [4,5], a Taxoke B CHpaBoy-
Huke [6]. B cratee [7] paccmarpuBaercsi psii acHeKTOB
HCTIONTB30BaHUSI 00CYKIaeMBIX ONPENeIICHUI TIPU U3JI0Ke-
HUH OCHOB TEOPUH BEPOSTHOCTEH B BHICIINX y4eOHBIX 3a-
BEJICHUSIX.

Ieas. HekoToprle Hay4HO-TIOMyJIIpHBIE MO0 Hampas-
JICHHBIE Ha paHHee Pa3BUTHE TEOPETUKO-BEPOSATHOCTHOU
UHTYWIIMH W3JI0KEHHUS OCHOB TEOPHHM BEPOATHOCTEH CO-
JIepKaT OIPE/ICNICHNE 3JIEMEHTAPHOTO COOBITUS Ha SI3bIKE
COOBITHH, TO ecTh 0e3 ameUIAIUN K TeOPHH MHOXECTB U
BEPOSITHOCTHOMY NPOCTpaHCTBY. Llens HacTosmiel paboThl
COCTOHT B HCCICIOBAHWU CBOWCTB AIIEMEHTAPHBIX COOBI-
TUH B CMBICJIE TAKOTO OIIPEIEIICHUSL.

Marepuajbl U MeTOabl. Jlornueckuil ananus omnpene-
JICHUS 3JIEMEHTAPHOTO COOBITHS Ha SI3bIKE COOBITHI.

AKcHOMaTHYeCKoOe olpe/ie/ieHHe 3J1eMEeHTAPHOIO CO-
ObITHs. CTOXaCTHIECKHUIT KCIIEPUMEHT, CIIyJaifHoe COObI-
THE, BEPOSTHOCTH CIYYaifHOTO COOBITHS SBIISIOTCS MCXOJI-
HbIMM NOHSATUSIMM TEOPUM BEPOSTHOCTENW. B npuBeneHHOM
BO BBE/ICHUH aKCHOMATHKE TEOPHUH BEPOATHOCTEH HJIeMEH-
TapHOE COOBITHE SBISIETCS TOYKOW MPOCTPAHCTBA dJIEMEH-
TapHBIX COOBITHH (ICXOI0B) HEKOTOPOTO CTOXACTHYECKOTO
sKkcriepuMenTa. OTmpesieNieHne  3JIEeMEHTapHOro  COOBITHS
KaK TOYKM IPOCTPAHCTBA 3JIEMEHTAPHBIX COOBITHH Ha3o-
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BeM akcromatmdeckuM. CiydaiiHoe COOBITHE MPEeCTaBIs-
er coboii snement o -anre6psr F.

IIpumep 1. CroxacTudeckuil SKCIEPUMEHT COCTOMUT B
NoAOpacklBaHUKM LIECTUTPAaHHOW WrpajibHOW KOCTH, Ha
rpaHsX KOTOPOW BBIOMTHI OYKU OT OfHOTrO 10 mrectu. [lox-
XoJsiliee MPOCTPAHCTBO JJIEMEHTAPHBIX COOBITHH COCTOMT
u3 uucen 1, 2, 3,4, 5, 6, To ecth

0Q={1,2,3,4,5,6}.

JomycTim, 9TO 3KCHEPUMEHTATOP WHTEPECYETCS HHC-
JIOM BBINABIIMX OYKOB. Torjma B KadecTBe O -aureOpbl

CITyJaifHBIX COOBITHII MOJYKHO BBIOpaTh CEMEHCTBO BCEX

~ Q
HOAMHOXKECTB 5 = 2 IMPOCTPAHCTBA BJICMCHTAPHBIX

coOwrtuit (2. B 3TOM NpHMepe 3JIeMEHTapHBIE COOBITHS
SBJIIOTCS CITy4ailHBIMU COOBITHSMM.

3aMeTnM, 9TO IIIEMEHTApHOE COOBITHE, TOYHEE, COOT-
BETCTBYIOLIIEE OHOAJIEMEHTHOE MHOXKECTBO, MOXET He
OBITh CITy4aiHBIM COOBITHEM, TO €CThb MOXET He NMpUHal-
JIexarb O -anreOpe ciaydadHbIX coObiTHi. [IpuBemem

IIpuMep, HOATBEPHK A0 ATO 3aMeUaHue.

Hpumep 2. JJomycTuM, YTO B CTOXaCTUYECKOM SKCIIE-
PUMEHTE MPEABIIYIIETo MpUMepa 3KCIEPUMEHTATOp WHTE-
pecyeTcsl JIMIIb YeTHOCTBIO YMCIIA BBINABIIMX OYKOB. To-
I7la B KauecTBe O -aireOpbl Cly4ailHbIX COOBITHH MOXHO

BBIOpaTh CEMEHCTBO MHOXKECTB
{2.{1,3,5},{2,4,6},Q}.

3aMeTUM, YTO JJIEMEHTApHBIC COOBITHS MPEABIAYIIETO
npuMepa He SBILSIIOTCS CIIyYaiHBIMU COOBITHSIMH B HACTO-
SAIIeM IIpUMepe.

IBpHCTHYECKOE ONpeieieHHe 3JIeMEHTAPHOTO COObI-
THA. B 3TOM IIYHKTC MBI BBEIEM IMOHATUE DJIEMCHTAPHOI'O
COOBITHSI HE3aBHCHMO OT aKCHOMATHKHU TCOpUH BEPOSATHO-
CTEH.

CiyyaiiHoe cOOBITHE, MTOJOOHO MHOMECTBY, SIBIISIETCS
HCOMPCACTIACMBIM TIOHATUEM. Mpb1 oCTaHOBUMCSI Ha Clie-
JyroneM OObSCHEeHHH 3Toro noHsatus. Ciy4aiiHoe coOBI-
THE U1 33JaHHOTO CTOXAaCTUYECKOI0 HKCIEPUMEHTa — ITO
TaKoe COOBITHE, KOTOPOE MPOUCKXOJHUT MU HE MPOHCXOAUT
B pe3ysibTaTe 3TOr0 JKCIICPHUMEHTA. 3aMETHM, 4YTO IpH
9TOM PACCMATPUBAIOTCS COOBITHS, KOTOpBIE HHTEPECYIOT
uccleioBaTeNss B JaHHOM OJKCIIepUMEHTe. EcTecTBeHHO
TpeOoBaTh, YTOOBI CEMEUCTBO COOBITHI IAHHOTO CTOXa-
CTHYECKOT0 SKCIEPUMEHTa ObLIO anreOpoil. ITo 03HAYaET,
YTO CEMEHUCTBO COOBITHI COIEPIKUT HEBO3MOXHOE COOBI-

THe (0603HauMM ero uepes V ), JOCTOBEpHOE COOBITHE
(o603naunm ero uepes U ); mns kakmoro ciywaiiHoro
cobbITHss A HPOTHBONONOKHOE €My CTydaiiHoe CoObITHE

A Taxoke IPUHAIUIEKAT CEMENHCTBY; IS IBYX TIPOU3BOJIb-

HbIX cobbiTuii A, B cemeiictpa ux cymma A+ B (co6mI-
THE, COCTOSIIEE B TOM, YTO IPOUCXOJHUT XOTS OBl OJHO 3
3THX cOOBITHIA), a Takske ux npoussenenue AB (cobbtue,
COCTOSIIIEE B TOM, YTO ITPOUCXOJUT KaXK/10€ M3 STHX COObI-
THI) TpHHAJUIe)KAT ceMeicTBy coObiTHi. [IpuBenem npa
IpUMepa CTOXaCTHYECKOrO IKCIIEPUMEHTA U COOTBETCTBY-
IOIINX anreOp Ciry4aifHbIX COOBITHH.

Ipumep 3. CroxacTUUECKUIl IKCIIEPUMEHT COCTOMUT B
OTHOKPAaTHOM TOAOPACHIBAHWM MOHETHL. Pe3ynmpTaTel: Mo-
HeTa Jieryia Ha IoJ repboM BBepx (BBIMAN repl), MOHETa
Jieryia Ha ToJT IudpaMu BBEpX (BhIIAia pemrka). B stom
9KCTIEPUMEHTE MBI UMEEM TOJBKO J[Ba CIIyYaiHBIX COOBI-

THS, OTIMYHBIX OT HEBO3MOXXHOTO W JOCTOBEPHOTO: CITy-
JaiiHoe coObiTne A MPOMCXOIWT TOrAa M TOJNBKO TOT/A,
KOTJIa BBITIAJIaeT Tepd, MPOTUBOIIOJIOKHOE CITydaifHOe CO-

ObiTHe A TIPOUCXOMMT TOrA M TONBKO TOT/A, KOT/A BbI-
mamaer pemka. COOTBETCTBYIOMIas anredpa CIydalHBIX
coOBITHH

{V,AAU}.

IIpumep 4. CroxacTudeckuil SKCIEPUMEHT COCTOHUT B
U3MEPEHUU OIPEJCNICHHON BEMYUHBL, KOTOpas MOXKET
IIPUHUMAaTh HEOTpHIlaTeNbHble 3HaueHus. [locue skcnepu-
MeEHTa JUIS IPOU3BOJIBHOIO 3aMKHYTOT'O CJIeBa MOJIyHHTEp-

Bajia [a,b) C [O,+OO) MOXKHO OTBETUTb Ha BOIIPOC O

MIPUHAJUIC)KHOCTH Pe3ylIbTaTa M3MEpPEHUS 3TOMY IOIyHH-
TepBasly (HO HE O TOYHOM 3HAYEHUM JAaHHOW BEIMYMHBI).
CootsercTByommas anredpa ciry4yailHbIX COOBITHI COCTOHUT
13 HEBO3MOXXHOTO COOBITHS, JOCTOBEPHOTO COOBITHS WU
BCEX COOBITHH, KaKH0€ M3 KOTOPBIX COCTOMT B INpHUHAI-
JISKHOCTH pe3yiIbTaTa M3MEPEHUI HEKOTOPOMY KOHETHOMY
OOBEAMHCHUIO 3aMKHYTHIX CJI€Ba MOJYHHTCPBAJIIOB Ha He-
OTPHUIATENFHOH MOITYOCH.

[ycts A, B — ciyuaiinbie cobbITHS HEKOTOPOTO CTOXA-
CTHYECKOTO SKCHepUMenTa. 1'0BOpAT, uto u3 cobbitus A
crenyer cobbitne B, ecnu Beerma, korna B 1aHHOM 3Kc-

TICPUMCHTE TTPOUCXOAUT CcOOBITHE A, MpoOUCXOaUT U CO-

oprue B. O6osnauenue: A C B. Cryuaiinbie co6brrus
A, B naspisatorcs pausivu, ecrt AC Bu B A

ycts {Aa | @ ET}, rme | — MHOXECTBO WHICK-

COB, — CEMEICTBO CIydalHBIX coObITHH. COOBITHE, COCTO-
siIiee B TOM, YTO MPOUCXOANT MO KpalHEeH Mepe OHO CITy-
YyaifHOe COOBITHE W3 CEMEWCTBa CIydalHBIX COOBITHI

{Aa | eT}, HA3bIBAETCS CYMMOM JTOTO CeMeWcTBa

CITy4aifHbIX COOBITHI 1 0O03HaYaeTCs

> A,

aeT
CyMMa KOHEYHOTO CEMEWCTBA CIIy4aiHbIX COOBITHH SIB-
JISIeTCSl CIyYaHBIM COOBITHEM, T. €. 3JIEMEHTOM aireOpsl
CITy4aifHBIX COOBITHH.

Pasnocteio A— B cnyuaitneix coburtuii A, B nasmbl-
BaeTcs ClydyaifHoe COOBITHE, COCTOSIIIEE B TOM, UTO (B JIaH-
HOM KCTIEPMMEHTE) clydaitHoe cobbiTe A MpOMCXOuT,

a B HEC IIPOUCXOOUT. BCJ'IG,I[CTBI/IG PpaBCHCTBa

A—B = AB, pasHocts cryyaitHbIX cOOBITHIl sBISETCS

CITy4aifHBIM COOBITHEM.
OTMeTHM Takoe CBOMCTBO OTHOIIEHHS CIICTOBAHUS: €C-

m Ac B, 1o
B=A+(B-A).

[MpuBenem nokazatenbCcTBO paBeHCTBA (1) Ha s3BIKE CO-
obiTHit. I[TycTh mporcxoaut ciydaiinoe coobitne B. Ecim
NPOUCXOMUT cOObITHE A, TO, 110 ONpPENENEHHIO CYMMBI
coObITHH, TIponucxoauT cobpiTne mpaBoi dactu (1). Ecim
cobbiTHe A He TPOMCXOIHUT, TO TPOUCXOMMT COOBITHE
B — A, u, crenoparensHo, MpOMCXOAMT COOBITHE MpPaBOil

gacti (1). Takum o6paszom, u3 neBoit yactu paBeHcTBa (1)
clieiyeT mpaBas. Termepp MPEeAroNokKHUM, YTO MPOUCXOIUT



coOwiTre TpaBoi actu (1). Torma mpoucXomauT OTHO U3
coowrruit A, B — A Ecmu npoucxomur cobwirue A, To,

B cuny cootomenus A C B, mpoucxomur cobeitne B.
Ecmu npoucxoaut cobbrtne B — A, To u3 onpenenenns

Pa3sHOCTH COOBITHIA CIIE/LYET, YTO MPOMCXOUT cobbiTHe B.
CrnenoBaTenbHO, U3 MpaBod yacTH paBeHCTBa (1) ciemyer
neBas. PaBeHctBo (1) mokazaHo.

Onpenenenne 1 [3, 4, 6]. Cnyuaitnoe codritue E #V
Ha3bIBAaCTCsl JIEMEHTapHBIM COOBITHEM, €CIH JJIS HPOU3-
BOJILHOTO CITydaiHOro coObiTus A HMeeT MecTo OJHO M3
COOTHOILIEHUI:

EcAwmu EcA

B npumepe 3 cobbitus A U A sBnsroTcs snemeHTap-

HeIMH. OnpeneneHne 1 3IeMEHTapHOTO COOBITHS Ha30BEM
IBPUCTHIECKHM.

CornacHO 3BPHCTHYECKOMY OIPENCICHHIO, B OTIHYHE
OT CHTyalluM B paMKaxX aKCHOMAaTHKH TEOPHUH BEPOSITHO-
CTeH, dJIeMEHTapHOE COOBITHE SBIISIETCS CIyYaiiHbIM COOBI-
THEM.

Anrebpa ciy4allHbIX COOBITHH HE 00s3aTeNIbHO COJlep-
KHT 3JIEMEHTapHbIe coObITUs. VHaue roBopsl, dyeMeHTap-
HbIE COOBITHS HE 00513aTEIBHO CYIIECTBYIOT KaK JIEMEHTBI
anreOphI CITyYaifHBIX COOBITHIA.

Mpennoxenne 1. Anrebpa ciay4aifHBIX COOBITHI B
npuMepe 4 He COAEPIKUT IEMEHTAPHBIX COOBITHH B CMBIC-
JIe 3BPHUCTUYECKOTO OTIPEICICHHS.

Hoxazamenvcmeo. Ipenmonoxum, anredpa cIyqaiiHBIX
coOBITHI B IpuUMepe 4 CONEPKUT IEMEHTAPHOE COOBITHE.

O6o03naunm ero gepe3 E. Ilycte 310 coGbITHE COCTOMT B
TOM, YTO PE3yJIbTaT M3MEPEHHUs MONal B KOHEYHOE O0B-
€MHEeHUE 3aMKHYTBIX CJIeBa MOJIYHHTEPBAJIOB

[ag, by ) Ulay, by ) U Uag, bg).
Paccmotpum cobeiTHe A, cocTosmiee B TOM, uTO pe-

3yJIbTaT U3MEPEHU NONAN B TIOJIYUHTEPBAIL [al, Cl), Tae

dq <G < Q_ Torma 06a OTHOIIEHUS CIENCTBUSA

EcAECA

noxubl. Cnenosatensho, E He sBnsercs snemenrap-
HBIM coObITHeM. Takum oOpa3oM, anreOpa CIydaHBIX
coObITHH TprMepa 4 3eMEHTApHBIX COOBITHI He cojep-
xuT. [Ipennoxenue 10ka3aHo.

Mpenaoxenne 2. Mycrs Eq, E; —snemenrapusie co-

ObITHSI B CMBICIIE omnpezenieHns | B HEKOTOpoW anredpe
ciy4aiHbIX coObITuil. Torma

ﬂok‘a\?ameﬂbcm@o. B CUJIy OIIPCACIICHUA 3JIEMCHTAPHO-
TO COOBITHS,
u, CI/IMMeTpI/IlIHO,
Ecnu
E]_CEZ I/IE2CE1,TO E].:EZ
Ecnu

10 3nementapuble cobbrtnst Eq, By nexmouaror mpyr
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apyra, 10 ectb E1E, =V,

Een B EZv 10 cobbrtust Eq, E5 He moryr 6bth
pEanu30BaHbl B OJHOM M TOM K€ CTOXACTUYECKOM JKCIIe-
pHMeHTe, TO ecTb, Kak u Bbime, EqE, =V. TIpemnoxe-
HHUE JI0Ka3aHo.

Tpennoxenne 3. Cryuaitnoe coobrrne E =V sns-
€TCSl 3JIEMEHTAPHBIM B CMBICJIE SBPMCTHIECKOTO ONPEJIENe-
HHS TOT/IA U TOJIBKO TOT/IA, KOT/Ia ISl IPOM3BOJIBHOTO CITy-
gaitHoro cobsitus B #V Ttakoro, uto B < E, crnenyer,
yto B =E.

Hoxaszamenvcmeo. Heobxooumocme. Ilyctb ciydaiitnoe
cobritie E #V  sBnsercs snemMeHTapHBIM B CMBICITE 3B-
B=V, BcE.

puctuyeckoro ompenencuus. [lycTb
CornacHo onpeaenenuto 1,

EcB wwm EcB.
Ecm BcE u EcB, o B=E. Ecou Bc E

u E < B, to cayuaiinsie coobrrus B u B npoucxopsat

B pE3yJbTaTe p€ajin3alilui OAHOTO U TOT'O K€ CTOXAaCTHUYC-
CKOT'0 JKCOCPUMCHTA, YTO HCBO3MOXXHO JId cnyqaﬁHoro

coourtust B =V, B=U. Ho B#U Bcnencreue co-

otnowenns E < B.Cnenosarensno, B = E.
Hocmamounocms. Ilycts E #V u nna npoussonsuo-
ro ciyuaiinoro cobsitus B #V  Taxoro, uto B < E,

cnenyer, uto B = E. Tpeanonoxum, uro ciyqaiinoe

cobritue E He sBnseTCA »neMeHTapHBIM B CMBICHE OIIpe-
nenerus 1. Torga cymecTByeT Takoe CiydaifHOE COOBITHE

C, uro

E¢CuEgC.
Hetpyano suners, uto C #V, C # U.Paccmorpum
ciydaitnoe  coobrtue  B=EC. Ecm B =V, 10

E cC, uro mpomusopeunt cootomenmo E & C.
Iycte B#V. Tak xaxk B < E, to B =E. Ho, ecru
E = EC, 10 E < C, uro nporuopeunt coorHomenmo

E & C.Cnenoparensno, ciyuaiinoe coosrrue E #V
SABJISAETCS SJIEMEHTAPHBIM B CMBICJIE BPUCTHYECKOTO ONpe-
JleTIeHUsL.

IIpennoxkenue 1oka3aHo.

Onpenenenne 2 [5]. Ciyuaiinoe cobwrue E #V
Ha3bIBAETCSI 3JIEMEHTapHBIM COOBITHEM, €CIH B anredpe
COOBITHII MMeeTCsl JIMIIb [Ba CITyYalHBIX COOBITHSA, IS
KOTOphIX E sBisieTcs cresicTBHEM: HEBO3MOXKHOE COOBI-

THe u camo E.

Bcenencteue npennoxenus 3, onpeneneHue 1 u omnpene-
JICHHE 2 3JIEMEHTapHOTO COOBITHS SKBUBAICHTHEI.

I'oBopsiT, 4ro anrebpa ciaydailHBIX COOBITHH OOsamaer
TIOJTHOM TPYIIOH 3JIeMEHTapHBIX COOBITHH, eciH Cyle-
CTBYeT CEeMEHCTBO 3JIeMEHTapHBIX COOBITHIH

{Ea | 94 ET}, rae T — MHO>XXECTBO HHICKCOB, TaKoO€,

> E,=U.
aeTl
210 03HAYacT, 4YTO B PE3YJIbTATC CTOXACTHUYCCKOI'O 5KC-

4qTo



MepUMeEHTa, anredpa cirydailHbIX cOOBITHI KOTOpOro oba-
JIAeT TIOJTHOM TPYIIITOH 3JIEMEHTAPHBIX COOBITHMA, MPOUCXO-
AT POBHO OJTHO 3JIEMEHTapHOE COOBITHE.

Tax B npuMepe 3 snementapHbie coobrus A 1 A co-

CTaBISIOT TIOJIHYIO IPYIIIY 3JIEMEHTapHBIX COOBITHH.
Teopema 1. Anrebpa, cocTosimas U3 KOHEYHOTO JHCIIA

CIyJaifHBIX COOBITHH, O0JIaIaeT IOTHOM TPYIIION dIeMeH-

TapHbIX COOBITHI B CMBICIIE 9BPUCTHYECKOTO OIPEIEIICHUS.

Jloxazamenvcmeo. Ecrm U sBnsieTcss dneMeHTapHbIM
cOOBITHEM, TO YTBEPXKICHHE TPHBHAIbHO. B mpotmBomo-

JIOKHOM CJIydae HaiifieTcs Takoe ciydaiinoe cobeitue B,
qto B#V,B#U,B cU. Eciu coberrue B anemen-
TapHo, To nonoxkum E; = B. Muaue naiinercs ciyuaitnoe
cobetie C #V,C # B,C © B. Eciu C —oanemen-

TapHoe cobbitue, To nonoxkuM E; =C u ra B cuny

KOHCYHOCTHU anre6p1,1 cnyqaﬁﬂmx CO6LITHﬁ, enovka pac-
cyme}mﬁ 060pB€TCH Ha KOHCYHOM 1Iare. HpI/I 9TOM 6yz[eT

HalineHo onementapHoe cobbitne By U,  npuuem
Benenctsue pasercrsa (1) Oymem mmers U = Ej + By,

rne Bj =U —E;. Eciu B; —anemenraproe coGbitue,
TO TeopeMma J0Ka3aHa. B MPOTHBOIONOKHOM Cilydae MpH-
MEHHM K ciydaiiHomy coGbituio B mncnonssosanmyio
BBIIIIC IIETIOYKY PACCYKACHHUI, YTO MPUBEACT K PABCHCTBY

B]_:E2+Bz,

B, =B; —E,. Takum o6pasom, momyunm paBeHCTBO

rne E, —onemenraproe cobbitue,

U = E; + E, + B,. Iosropsiem uenouxy paccyxaeHuit

TUTSt 82 u 1.1 Tlocne | — Toif LEnouKy MOTyYuM paBeH-
U=EF +E +..+E +B;,

’ EI — Pas3JIMYHBIC DJICMCHTAPHLIC CO6I)ITI/I$I,

CTBO
EEy,...
B =U _(El +E, +...+E ) BenecTere KOHE-
HOCTH anreOphl CIIyJalHBIX COOBITHH, HaimeTcs gucio I,
B, =V,B,_; #V.
U=E +E, +..+E,. Teopema noxazana.

rae

JUIs KOTOpPOTO [omyunm

B anemenrapHoii Teopum BeposiTHOCTE# [8, cT. 656,
657] orpaHMYMBAIOTCA CTOXACTHYECKHMH AIKCIIEPHMEHTA-
MH C KOHEYHBIM YHCIIOM HCXOAO0B. Bce momxoamsmme st
TaKUX CTOXAaCTHYECKHX SKCIIEPUMEHTOB aireOphl Cirydaii-
HBIX COOBITHH KOHEYHHI. [lo3TOMy anreOpsl COOBITHII B
AIIEMEHTAPHOI TEOpUH BEPOATHOCTEH Bcerga OO0NamaroT
TIOJTHOM TPYIIIOH 3JIeMEHTapHBIX COOBITHI B CMBICTIC IBPH-
CTHUYECKOTO OITIPEIEIICHHSI.

BbIBOABI. AKCHOMAaTHYECKOE U SBPUCTUUECKOE OTIpeie-
JICHUS JIEMEHTapHOTO COOBITHS Pa3IMYHbL. DJIeMEHTapHOe
COOBITHE B CMBICIIE aKCHOMAaTHYECKOTO ONpENeIeHHs MO-
JKET He OBITh CIydaWHBIM COOBITHEM. DJIEMEHTapHOE CO-
6LITI/Ie B CMBICJIC 3BPHUCTUYCCKOI'0 ONPCACIICHUSA SABJISACTCA
CITy4aifHBIM COOBITHEM. DIIeMEHTapHbBIE COOBITHS B CMbICIIE
AKCHOMAaTHYECKOTO OTIPE/ICNICHNUSI CYIIECTBYIOT BCETAA, a B
CMBICJIC 3BPUCTHYECKOTO OINPEAEICHNS MOTYT HE CyIIe-
CTBOBaTh. B 31eMEeHTapHON TEOPHH BEPOSTHOCTEH B IPO-
M3BOJIHOM anrebpe CilydaiiHbIX COOBITHH 3JIeMEHTapHbIC
COOBITHSL B CMBICIIC 3BPHUCTHIECKOTO OMNPENENCHHUS CyIIe-
CTBYIOT U 00pa3yloT IOJIHYIO TPYIITY 3JIEMEHTapHBIX CO-
OBITHI.
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Abstract. The aim of the present study was to evaluate the effect of water and saline overload on pyruvate kinase (PK) and glucose-6-
phosphatase (G-6-Ph) activities in the liver of streptozotocin (STZ) diabetic rats. In streptozotocin diabetic rats under water and salt
stress observed inhibition of glycolytic cleavage of glucose and increasing gluconeogenesis. These changes are more pronounced in the

liver of diabetic rats undergoing saline load.

Keywords: water and saline overload, pyruvate kinase, glucose-6-phosphatase, liver, diabetic rats.

Introduction. Type 1 Diabetes Mellitus (T1DM) is a
widespread chronic disease among children and
adolescents [8]. This is a complex disease involving a
combination of factors, such as genetic susceptibility,
immunologic dysregulation and exposure to environmental
trigger [18]. Liver plays a vital role in blood glucose
homeostasis. Recent studies have provided considerable
evidence that hepatic glucose production plays an
important role in the development of fasting hyperglycemia
in diabetes [14]. Salt plays an important role in the control
of blood pressure in obesity and diabetes mellitus [13].
High-sodium intake may increase blood pressure and dia-
betes is a salt-sensitive condition [4].

Pyruvate kinase (PK, ATP-pyruvate-O-phospho trans-
ferase, EC 2.7.1.40), which plays a metabolic role in bacte-
ria, plants, and vertebrates, is found in various organisms.
In mammalian tissues, there are 4 types of PK which are as
follow: M1 isoenzyme that is found in skeletal muscle,
heart and brain; M2 isoenzyme that is present in kidneys,
adipose tissue, and lungs; R isoenzyme that exists in eryth-
rocytes, and L isoenzyme found in liver [3].

PK isoenzymes control consumption of metabolic car-
bon for biosynthesis and use of pyruvate for energy produc-
tion. The regulatory role of L-PK plays a crucial role in
living organisms. Researches on glycation of intracellular
proteins show high susceptibility of the enzymes to modifi-
cation with methylglyoxal (MG) [3].

Despite many research studies on the importance of gly-
colysis in production of MG as a glycation factor, little data
are available about modification of glycolitic enzymes. It
has been shown that MG inhibits glycolysis in metastatic
cells of Ehrilich tumor and leukemic leukocytes through
the formation of glycated glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH). Furthermore, glycation of
GAPDH from rabbit muscle as a result of treatment with
MG leads to a significant decrease in the enzyme activity
[3].

A recent study in PK activity on cultured fibroblasts iso-
lated from type 1 diabetic patients with and without
nephropathy showed a significant decrease in PK activity
in diabetic fibroblasts with nephropathy compared to those
of subjects without nephropathy and normal people [3].

Glucose 6-phosphatase (EC 3.1.3.9, G6Ph) is an enzyme
that hydrolyzes glucose-6-phosphate, resulting in the crea-
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tion of a phosphate group and free glucose. Glucose is then
exported from the cell via glucose transporter membrane
proteins. This catalysis completes the final step in glucone-
ogenesis and glycogenolysis and therefore plays a key role
in the homeostatic regulation of blood glucose levels [14].

The aim of the present study was to evaluate the effect
of water and saline overload on pyruvate kinase (PK) and
glucose-6-phosphatase (G-6-Ph) activities in the liver of
streptozotocin (STZ) diabetic rats [5].

Male Wistar rats weighing 180 +/- 50 g were made dia-
betic by injection with a single intraperitoneally (i.p.) dose
of STZ (65 mg/kg b. w.) [1]. After the induction of diabe-
tes, animals were maintained for 5 days with free access to
standard rat chow and tap water [4, 12]. After 5 and 12
days was carried out to determine the level of glucose in
vivo [16]. Blood was taken from the tail vein evaluate the
basal glycemia level with the use of One Touch Ultra
(LifeScan, USA) [16]. Water stress was carried out by in-
troducing the animals water at the rate of 5% of body
weight. Saline loading diabetic rats was performed by in-
troducing a 0,1% NaCl at a rate of 5% of the body weight
of rats. Blood and tissue samples were collected at day 12
post STZ injection (from diabetic group serum glucose
level significantly elevated < or = 300 mg%, p < or = 0.05)
[1]. The animals were divided into groups : 1) intact rats
(the control group); 2) STZ- diabetic rats with overt (basal
glycemia >150 mg%) diabetes; 3) animals with overt dia-
betes undergoing water stress; 4) animals with overt diabe-
tes undergoing saline stress. Determinations of basal levels
of glucose, activities of pyruvate kinase (PK) and glucose-
6-phosphatase (G-6-Ph) in the liver were by standard
methods [2].

Results.

Our results (Tab.) showed changes in activity of the en-
zymes studied in STZ-diabetic rats: the activity of PK was
42% lower and the activity of G-6-Ph was higher 182%
respectively compared with the same indexes of control
rats.

Notable are the studies that found the altered activities
of the key enzymes of carbohydrate metabolism such as
hexokinase, pyruvate kinase, glucose-6-phosphate dehy-
drogenase, glucose-6-phosphatase, fructose-1,6-
bisphosphatase [2, 12]. Other studies have shown that [1,
16], liver function, nitric oxide (NO), malondialdehyde and
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phosphoenol pyruvate carboxykinase were significantly
increased, while superoxide dismutase, reduced glutathi-
one, total protein, lactate dehydrogenase, pyruvate kinase
and hexokinase were inhibited after STZ treatment. So,
diabetes in rat liver is accompanied by increase phos-
phorolysis of glycogen and gluconeogenesis; by decrease -
glycolysis and characterized by reduction in the activity of
antioxidant enzymes [6, 10, 11].

Table. Changes of pyruvate kinase and glucose-6-phosphatase
activities on a background of streptozotocin diabetes in rats which
had water or saline stress (x=Sx, n=6)

Indexes . Glucose-6-
Pyruvate kinase, hosphatase
mkmol / min X g phosphatase,
Groups . mcg (P)/minxg
tissue .
tissue
1. Control group 51,2+2,28 21,9+1,83
2. Overt diabetes 29,842,112 61,8+4,152
3. Overt diabetes 24,5:1,87 58,5:3,77
+ water stress
4, Ove_rt diabetes 11,041 758bc 932+4,632b¢
+ saline stress

1. a, b, ¢ - changes are reliable (p<0,05).
2. a - concerning control (intact) rats ; b - concerning rats with
overt diabetes;
¢ - concerning rats with overt diabetes which had water stress.

Activation of gluconeogenesis explains the relative ben-
efit of glucocorticoids, which induce the synthesis of key
enzymes of gluconeogenesis. PK activity in the liver is
reduced only under conditions of absolute deficiency of
insulin, which leads to a decrease in ATP synthesis, in par-
ticular through substrate phosphorylation. Histological ex-
amination of diabetic liver showed necrosis and degenera-
tive changes of hepatocytes [1].

According to the results obtained in the liver of rats with
STZ diabetes, which had water or saline stress, decreased
activity of PK and increased activity of G-6-Ph by an
average of 65% and 245% respectively compared with the
same indexes of control rats. These changes are more
pronounced in the group of diabetic rats undergoing saline
load. In the liver of animals of this group activity of PK
was 52% lower, and the activity of G-6-Ph was 61% higher
than in diabetic rats undergoing water stress. There was no
significant difference between the performance of diabetic
rats without stress and diabetic rats with water loading. It is

well known that fluid overload has a higher predictive
value of an elevated risk for renal progression than diabetes
in late chronic kidney disease [9].

It is known that, the main neurohumoral mechanisms of
salt-induced cardiovascular changes in STZ-diabetes are
increased sodium and vascular sensitivity to adrenergic
stimuli, which act in combination to produce a final result
of higher arterial pressure levels [4]. In other studies indi-
cated that defects in the effects of NO, endothelin, and ATP
increase blood pressure, especially in a NaCl-sensitive
manner. In diabetes, disruption of NO-induced inhibition of
transport may contribute to increased blood pressure and
renal damage [7]. Other results show that paraoxonase 1
activity is decreased in fructose-fed insulin-resistant rats on
a high-salt diet, which may be associated with increased
oxidative stress, leading to inflammation [15].

Diabetic nephropathy (DN) is a major cause of end-
stage renal disease (ESRD) affecting nearby 20%-30% of
diabetic patients worldwide. Therefore, preventing DN as a
serious microvascular complication of IDDM to reduce the
risk of ESRD is a clinical priority [17].

Mechanisms by which kidney glomerular, interstitial,
and vascular functions are injured consist of inflammation,
oxidative stress, endothelial dysfunction, and accelerated
fibrosis. Endothelium dysfunction that has been described
in DM consists of impairment in many aspects of endothe-
lial functions including anti-inflammatory, antiproliferative,
and vasodilatation. In vessels, a balance between vasodila-
tation and vasoconstriction is achieved by normal endothe-
lial function. Vascular inflammation is a result of combin-
ing damage in vasomotor response, augmenting cell prolif-
eration, increasing platelet aggregation, and vascular per-
meability. Furthermore, endothelial dysfunction has been
reported as the early sign of atherosclerosis and atherogen-
esis. The renin—angiotensin-aldosteron system (RAAS) has
a main role in the progression of DN. Inhibition of the ren-
in-angiotensin system (RAAS) may be effective in prevent-
ing DN through amending all above mentioned complica-
tions [17].

Conclusion. In streptozotocin diabetic rats under water
and salt stress observed inhibition of glycolytic cleavage of
glucose and increasing gluconeogenesis. These changes are
more pronounced in the liver of diabetic rats undergoing
saline load.
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Abstract. Production of IL-6 and IL-10 in TB patients is independent of drug resistance, but increases in response to increased syn-
thesis of endotoxins by MBT; the magnitude of endogenous intoxication and cytotoxic hypoxia creates prerequisites for the devel-
opment of drug resistant strains. The IL-18/IL-10 ratio in these patients characterizes the increase in severity of the patient’s state, the
spread of inflammation processes in the lungs and the development of drug resistance. Optimizing Tivortin pathogenetic therapy
positively influences on the specific inflammation. It has been obsereved more rapid term of MBT cessation (an average of 3,8+0,7

months) in 75% of patients.

Keywords: tuberculosis, multidrug-resistant, interleukins, Tivortin.

Introduction. According to WHO Ukraine ranks 1-st in
the ratio multidrug-resistant tuberculosis (MDR TB)
among patients receiving re-treatment (79.4 %) [4]. In
Ukraine MDR TB diagnosed in 16 % of patients who first
diagnosed TB and 44 % of patients with recurrent disease.

Drug resistant TB — is the form in which the patient
identifies Mycobacterium tuberculosis resistant to one or
more anti-TB-drugs, as confirmed by a laboratory test
drug susceptibility [3]. In patients with pulmonary TB
drug resistance reaches 81 % [4]. Among the varieties the
most concern is the stability MDR TB that may be the
cause of extensively drug resistant TB (XDR).

It remains unclear the role of cytokines in the devel-
opment of resistance of mycobacteria to anti-TB-drugs.
Also, are not yet identified markers that reflect the pro-
gression of pathological process in multidrug-resistant
tuberculosis, and was not set their predictive role in as-
sessing the success of anti-tuberculosis chemotherapy in
standardized programs [1, 2, 3].

Aim. Determine the features of cytokine regulation in
patients with multidrug-resistant pulmonary tuberculosis
and their role in development of the systemic inflammato-
ry response, pathogenetic ground for applying of Tivortin.

Material and methods. Were enrolled 116 patients
with pulmonary TB. All subjects were randomized in 3
study cohorts: cohort 1 (41 subjects) were included pa-
tients with newly diagnosed pulmonary TB, with pre-
served sensibility to TB drugs; cohort 2 (63 subjects)
were included MDR TB patients with confirmed re-
sistance to at least 3 first line TB drugs (HRS), cohort 3
(12 subjects) were included patients with XDR TB, con-
trol group (20 subjects) were included healthy humans
Clinical, radiological, biochemical, microscopic, microbi-
ological, immune-enzymatic and statistical study (ANO-
VA and Pearson correlation) methods were used.

The chemotherapy (ChT) program included 34 MDR
TB patients, which are divided into two groups. Group 1
(gr.1 — control) included 18 patients treated with standard
chemotherapy and hepatoprotector Karsil (1-2 tablets 3
times a day) for 2 months. Group 2 (gr.2 — main)) includ-
ed 16 MDR TB patients who were administered nitrogen
monoxide donator — Tivortin (producer LLC «Yria
Farmy), 4.2% solution for infusion (100 ml intravenously
daily per 10 days) then 10-day break with followed con-

tinuation for another 10 days. Subgroup A — before treat-
ment; subgroup B — in treatment dynamics. Efficiency of
optimized pathogenetic Tivortin therapy evaluated in
dynamics for clinical symptoms, some blood biochemical
parameters, cytokine balance, nitrogen monoxide level,
chest X-ray data and the term of MBT cessation.

Results and discussion. We carried out a comparative
analysis of certain pro- and anti-inflammatory cytokines
(Chart 1) that shows a significant increase in the plasma
concentration of cytokines in TB groups vs. control group,
and we determined the probability of the dependence of
these parameters upon the resistance profile of the MBT.
So, the blood concentrations of IL-6 in all groups TB
groups were significantly increased compared to control
group, there was a 11.08 fold increase in group 1, 13.9
fold increase in group 2, and 4 fold increase in group 3 of
IL-6 level (p<0.001). A significant intergroup difference
was found of plasma concentration of IL-6 between pa-
tients with sensitive and resistant TB (Chart 1). Thus, the
level of IL-6 in group 2 was 1.7 fold increased, compared
to groupl (p1<0.01). However, in patients of group 3
marked reduction in IL-6 concentration was compared to
groupl — 2.8 fold (p<0.001) and group 2 — 3.5 fold
(p3<0.001). Low values of IL-6 in patients XDR TB, in
our opinion, can lead to chronic carrier of intracellular
infection, rapidly progressive course of the inflammatory
process, which poorly responds to anti-TB treatment and,
probably, is one of the factors producing their own XDR
TB forms due to prevalence of humoral immune respons-
es[2, 3, 5].

A pronounced activation of all phases of the inflamma-
tory niprocess in all study cohorts compared to control
group, probably, is indicated by the increase in the level
of anti-inflammatory IL-10 (Chart 1). Thus, in group 1
level of IL-10 increased by 2.3 folds, in group 2 — 1.8
folds, in group 3 — by 1.9 folds (p<0.001), this indicate on
inhibition of cellular immunity and perhaps the beginning
of specific chronic inflammatory process. The plasma
concentration of 1L-10 in sensitive TB patients has in-
creased by 1.2 folds compared to group 2 and 3
(p1<0.001, p»<0.01). There were no statistically signifi-
cant differences in concentration of 1L-10 in group 2 and
3 (ps>0.4).
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Chart 1. Plasma concentrations of certain cytokines in sensitive and resistant pulmonary tuberculosis patients

. Control group Group 1 Group 2 Group 3
Cytokines (n=20) (n=41) (n=63) (n=12)
6.84+£5.4
IL-6* 1.70840.015 18.92+14.17 23'1%i53i39 p<0.001
(pg/ml) : : p<0.001 p <0.01 2<0.01
pr=v p3<0.001
3.55+0.23
3.38+0.79
IL-10 4.2+0.75 p<0.001
(pg/ml) 1.7920.127 p<0.05 P i%%%ll p2<0.01
Pl p3>0.4
194.11+81.89
IL-18 537.67+£276.67 329.32£148.10 p<0.05
268.34+101.74 p<0.1
(pg/ml) p<0.001 <0.001 p2<0.001
=5 p3>0.05

Note: Data are presented as average and standard error
(M+m). p — significance level related to control group; p:
— significance level between group 1 and 2; p2 — signifi-
cance level between group 1 and 3; ps — significance level
between group 2 and 3. * — interleukine.

The activity of IL-18, whose role is to improve the re-
sistance to intracellular pathogens and is essential for the
formation of anti-TB acquired immunity, significantly
increased in sensitive and MDR TB patients compared to
control group. For example, in gropul there is a 2 fold IL-
18 increase (p<0.001), respectively, in group 2 — 1.2 fold
(p<0.1). However, in patients XDR TB there is a tenden-
cy to reduce the plasma concentration of this cytokine
below the level of control group. The level of IL-18 in
group 3 decreased by 1.4 folds in comparison with control
group (p<0.05). Intergroup difference of plasma concen-
tration of IL-18 in sensitive and MDR TB patients was
proved. Thus, in group 2 vs. group 1 there is a 1.6 folds
decrease of IL-18 (p1<0.001), IL-18 decrease in group 3
vs. group 1 was of 2.7 folds (p2<0.001). Also, there is a
decrease of IL-18 concentration in group 3 of 1.7 folds
compared to group 2 (ps<0.05). The difference in plasma
concentration of 1L-18 in sensitive and MDR TB patients
is on the ultimate level of statistical significance
(p1,2<0.001).

In our opinion, the production of IL-6 and IL-10 in TB
patients, regardless of resistance, raise in response to
increased synthesis of MBT endotoxins, increase of en-
dogenous intoxication and cytotoxic hypoxia, all these
create prerequisites for the development of resistance.
What caused the lack of correlation between the IL is not
yet clear, however, this fact is not crucial, as the most
important prognostic criterion is the imbalance in the IL-
18/IL-10 ratio; with an increase in the severity of the
patient’s condition, the spread of inflammation processes
in the lungs and the development of drug resistance; there
is a significant bulk of the Tx-lymphocyte type 2 (CD4+),
which indicates the development of deep gap in cellmedi-
ated immune response and prevalence of an ineffective
anti-inflammation immune activation. The increase in IL-
6 plasma concentration, probably, indicates a high activity
of systemic inflammatory response, which is maximally
expressed in MDR TB patients (23.70£13.39). This cyto-
kine plays a key role in the development of inflammation,
immune response to infectious factor and lung tissue
damage with the formation of massive destructive chang-
es that were present in patients groups assessed by us. IL-
6 plays a special role as ,hepatocyte activating factor”,
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which induce the synthesis of acute-phase proteins in the
framework of systemic inflammatory response that leads
to emerge of specific inflammation process outside the
pulmonary tissue and activation of systemic inflammatory
response syndrome.

High levels of IL-10 in patients with pulmonary TB
have a favorable prognostic impact, because multifunc-
tional properties of 1L-10, ability to inhibit the synthesis
of most proinflammatory cytokines and block apoptosis
of macrophages and monocytes play an important role in
the formation of a limited specific inflammation in the
broncho-pulmonary parenchyma. Given the fact, those in
MDR TB and XDR TB patients’ levels of IL-10 is not too
high and are efinitely lower than in newly diagnose TB
patients, in such patients widespread, disseminated TB
forms dominate over infiltrative forms (ratio 1:2).

The studies have shown that patients with MDR TB by
Tivortin optimizing pathogenetic treatment better tolera-
bility of ChT, more rapid detoxication (81.8% patients per
1,2+0,1 months) and bronchopulmonary (in 90.9% of
subjects pert 2,7+0,3 months) syndromes were recorded.

Is established that inclusion Tivortin into the program
of pathogenetic treatment while ChT intensive phase
promotes the normalization liver functional activity,
therefore low cytolytic activity of AST and ALT en-
zymes, prevents the development of drug-associated par-
enchymatous hepatitis, accompanied by the absence of
clinical symptoms characteristic for acute toxicity liver
disease (associated with the use of pyrazinamide and
levofloxacin).

The results showed reduction of pro-inflammatory IL-6
and increase the ratio of anti- inflammatory I1L-10 and IL-
18 testify to the activation of the immune response Th-1
type, aimed, to restrict the specific inflammation within
the affected site at Tivortin pathogenetic usage in the
intensive phase of chemotherapy.

Refining pathogenetic therapy with the inclusion into
the treatment program Tivortin enhances the effectiveness
of standard chemotherapy, being characterized by the
positive roentgenologic dynamics. So partial resorption of
focal changes in the main group were in 62.5%;
infiltrative — in 68.8%; destructive changes regression in —
75%; in the control group (gr.1B) was slight tendency to
positive dynamics of X-ray changes within rentgencontrol
period.

Microscopic and cultural studies in the control group
observed a steady of MBT cessation only in 27.8% of
cases, 72.2% — of MBT reverse by those who ChT inter-
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rupted because of the development drug-induced liver
injury in 83.3% of patients. Thus dyspeptic syndrome
appeared in 13.3% of patients, asthenovegetative 20%,
hepatomegaly in 26.7%, syndrome combinations were
observed in 40%. In the main group subsequently detect-
ed a steady of MBT cessation in 100% of cases and, de-
velopment of drug-induced liver injury was not observed.

Conclusions.

1. Assessment of IL-6 plasma concentration in pulmo-
nary MDR TB vs. sensible TB patients revealed a signifi-
cant 1.7 folds increase (pi<0.01), and, respectively, a
significant 1.2 folds decrease in the level of IL-10 and IL-
18 (p1<0.001), these confirm the strengthening of endog-
enous intoxication, cytotoxic hypoxia and activation «sys-
temic inflammatory response» syndrome.

2. Assessment of plasma concentration of certain pro-
andanti-inflammatory cytokines in MDR TB patients
showed that it is dependent on the profile of MBT re-
sistance to anti-TB drugs. Plasma concentration of I1L-10
in MDR and XDR TB patients is significant lower than in

sensible TB patients and correlates with the prevalence in
MDR TB patients of widespread/disseminate TB forms
over infiltrative TB forms (1:2 ratio).

3. It was established that the usage of Tivortin in pa-
tients with MDR TB prevents enhance of cytolytic activi-
ty of AST and ALT enzymes. Their level remained in the
normal range (43.15+2.9 U/l and 37.97+£2.3 U/1).

4. Comparative analysis of pro- (IL-6, IL-18) and anti-
inflammatory (IL-10) cytokines in plasma contents of
patients with MDR TB testify to the activation of the
immune response Th-1 type, aimed, to restrict the specific
inflammation within the affected lung at Tivortin patho-
genetic usage in the intensive phase of chemotherapy.

5. Optimizing Tivortin pathogenetic therapy positively
influences on the specific inflammation so partial resolu-
tion of focal changes occurred in 62.5% of cases; infiltra-
tive — in 68.8%; destructive changes regression — in 75%
of patients. It has been obsereved more rapid term of
MBT cessation (an average of 3,84+0,7 months) in 75% of
patients.
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Pestome. [pomyxmusa MJI-6 u NJI-10 B rpynmax 6ompHbIX Th He3aBHCHMO OT PE3HCTEHTHOCTH BO3PACTAaET B OTBET Ha MOBBINICHUE
cuHTe3a 3HA0ToKCMHOB MBT, HapacTaHue »HIOT€HHOW MHTOKCHKAllMU U IUTOTOKCHUYECKOW T'MIIOKCHH, CO3JIAeT MPEANOCHUIKH JUIS
pa3BuTHs ux pesucteHTHOCTH. [ucbamanc coorHomeHns WJI-18/MJI-10 y oTux OONBHBIX XapaKTepU3yeT HapacTaHUE TSHKECTH CO-
CTOSIHUSI TIAl[UEHTA, PacHpOCTPAHEHHOCTh BOCHAIMTENILHOTO IIpoLecca B JIETKMX M (OpMHpOBaHHE Pe3UCTEHTHOCTH. ONTUMHU3ALNS
THBOPTMHOM MATOr€HETHYECKOM Teparuy MOJOKUTENBFHO BIMsIET Ha crenuduieckoro BocnaieHus. [Ipexpaienue 0akTepruoBbiie-
JIEHUsI IPOU301LIO B OoJiee ObICTPHIi cTpok (B cpeaneM 3,8+0,7 mecsineB) y 75% nanueHTos.

Knrouesvie cnosa: mybeprynes, mynromupesucmenmuvitli mybepryies jeekux, unmepaetikunslt, Tusopmun.
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AHoTauis. Y cTarTi po3risHyTo npolieMy KaniOpyBaHHS KOMIApaTopiB 3MIHHOTO CTPYMY 3a aMILTITYIHOIO CKJIaJOBOIO MOXHOKH —
CTPYMOBOIO OXHOKOI0. Taki KOMIapaTopy 3aCTOCOBYIOTHCS 1H)KEHEPaMH 3 METPOJIOTI U1l BU3HAYCHHS METPOJIOTIYHUX XapaKTepH-
CTHK MacCIITa0HUX IepeTBOpIOBaviB. BUKOpHCTaHHS KOMIIapaTopiB MOBUHHO TapaHTOBAaHO 3a0e3MedyBaT KOPEKTHICTE i MPOCTexKy-
BaHICTh pe3yNbTaTiB BUMiproBaHb 10 cucteMu Sl. IlomaHmii y crarTi MeTon mo3BoJIsiE 3aI0BOJBHHUTH 3a3HAa4eHi BHMOTH. Mertox
KaniOpyBaHHS 3a CTPYMOBOIO IOXHOKOIO, KOTpUIl BUKJIAIEHUH y JaHid cTarTi, 0a3yeTbcs Ha BH3HAYEHHI PI3HUII MK IOKa3aMH

KoMIlapaTopa 1 eKBIBaJICHTHUM 3HAYEHHSIM.

Knrwowuoei cnosa: xomnapamop, 8i0HOCHA pi3HUYS CIPYMIB, HEBUSHAUEHICMb BUMIDIOBAHb, NPOCMENCYBAHICb Pe3YIbMamis eumi-

prosans

Beryn. Y noBesikaeHHIH NpakTHII 1HKEHEPIB IPUKIIaTHOT
METPOJIOTIT YaCTO BUHHUKAE 3aBJaHHS BU3HAUCHHS BiIHO-
CHOT Pi3HUII ABOX OJIM3BbKHX 32 aMILTITYO0 Ta NOYaTKO-
BOIO (ha3010 CHJI 3MIHHOTO CTPYMY 13 BUCOKOIO TOYHICTIO.

ITix yac BU3HAYEHHS MOIMPABOK 3a aMILIITYI0I0 (MOIy-
JeM) MacITaOHUX IIEPEeTBOPIOBAYIB CHJIM 3MIHHOTO
ctpymy (mami — MII) Ha TpakTUIl y BUMipIOBAIBHUX
mabopaTopisix peai3yeThCsl METOM TOPIBHAHHS 3a JIOTO-
MOTOI0 KOMIIapaTopa CepeAHbOKBAAPATUYHOTO 3HAUYCHHS
CHIIA BUXITHOTO CcTpyMy gociimpkyBanoro MII i3 cepen-
HBOKBAJIPaTUYHNM 3HAYCHHSAM CHIM BUXITHOTO CTPyMY
MII 3 BiTOMOIO 3 NIPUAHATHOK HEBH3HAYCHICTIO BUMIpPIO-
BaHb (nani — HB) crpymoBoto moxuokoro.

Ciij 3a3HauuTH, IO ICHYE TNPaKTHYHA MOXIIHUBICTH
BUKOPHCTAaHHS KOMIIapaTropa O0e3MocepesHb0 Y SIKOCTI
€TaJIoHa I1iJ] YaC BU3HAYEHHS METPOJIOTTYHUX XapaKTepH-
cruk (mami — MX) mpeuusiiHuX 3aco0iB TanbBaHIYHOT
PO3B’SI3KM y IIMPOKOMY Jiana3oHi CHIIM 3MIHHOTO CTpY-
My, 30KpeMa, B Taly3i METpPOJIOTIYHOTO 3a0e3NedeHHs
JMYAIBHUKIB €NEKTPUIHOT SHepTii, i, B TAKOMY BHIAJIKY,
BUHHMKAE HarajgbHa HEOOXigHICTh 3a0e3nedeHHs NMpocTe-
JKYBaHOCTI pe3ynbTaTiB BuUMiptoBaHb (mam — IIPB) mo
MDKHApOHOT CUCTEMH OJMHULB Sl.

Jlo mporo ciif 1ogaTH, M0 HIMPOKO PO3MOBCIOKEHI
Ha TepeHax kpain CHJI kommapaTopu, KOTpi BUpOOIIeH] y
JIpyTiil MOJOBUHI MUHYJIOTO CTOJITTS Ta A0 TEHepilIHbO-
ro 4acy 3HaxXOIsThCs B EKCIUTyaTallil, 4yacTo-rycTo He
MaroTh JOCTATHBOI KIILKOCTI pO3psiB, 11100 3a0e3neYnTn
HeoOxinHy 6axxany HB [7].

Crucanii orasan myoaikamiii 3a Temoro. [lyOmikarii,
SKI CTOCYIOTBCSI BHKOPHUCTAHHS KOMIIApAaTOpiB IiJ dYac
Bu3HaueHH MX TpaHchopmaropiB CTpyMmy, NEpeKOHY-
10Tbh, III0 BHECKOM CTaHJIapTHOT HEBU3HAYEHOCTI, CIIPHIH-
HEeHOI BUKOPHUCTAHHIM KOMIIapaTopa, y 3arajibHy CTaHaa-
pray HB, six npasuio, Hextytots [3]. Lle He auBHO, Bpa-
XOBYIOUM TOYHICTH BHUMIPIOBAaHHS, SIKOi JOCATAIOTH CY-
YacHI KOMIIApaToOpH, 1 KOTpa CTaHOBUTH Ui CEPIHHO
BupoOieHnx mnpuianiB Oxm3eko 0,5 % Bim pe3ynbTary
BuMiproBaHHA (mani — PB), skuif cTaHOBUTH, HANIPHUKIIAA
0,1 %. Ipote, B pasi, xomu PB cranosuts 0,001 %, BHe-
COK y 3arajbHy cTaHaaptHy HB, cnpuunneHuii Bukopuc-
TaHHSAM TaKOTO KOMIIApaTopa, CTAHOBUTHME BXKE€ OJIM3BKO
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20 % [5]. HocmimkyBaHuii METOJ] € KOMOIHAIIIEIO BiOMHX
Ta peaji3oBaHHX METOJIB EIECKTPUYHHX BHUMIPIOBaHb [2;
6].

MerTo1o cTaTTi € npono3uLis MeToy BU3HaYeHHsT MX
KommapaTopa Ta ouiHtoBaHHs HB min gac iforo kamiopy-
BaHHS, a Takoxk 3abe3neueHHs [IPB 1o wmikHapomnoi
CHCTEMH OJMHUID S| B pa3i BUKOPUCTAHHS IIbOTO KOMIIa-
paTopa y SKOCTi eTalloHy, a He 3ac00y MOPIBHIHHS.

Martepiann Ta meroau. CydacHuil KOMIapaTrop BiT-
YU3HSHOTO BHPOOHHITBA MOOYMOBAaHUH TAKUM UHHOM,
III0 MAa€ y CBOIH KOHCTPYKIIi BUMipIOBaJIbHUH JIAHIIOT, B
SIKOMY BiZJOyBa€ThCSl BUAIJICHHS BEKTOPY CHIH CTPyMY,
110 SIBJISIE COOOI0 PE3yJIbTAT BEKTOPHOTO BiHIMAHHS CHIIH
cTpyMy ertasoHHoro MII Big cuim cTpymy IoCnmiKyBa-
Horo MII. V wiii BUMIprOBaJbHINA CcXeMi BiJOyBa€ThCs
NIEPETBOPEHHS 3a3HAYEHOI CHIIM CTPYMY, a TAaKOX BHXiJ-
HOi cwmm cTpymy eramonHoro MII y Hampyry mig vac
MPOTIKaHHS 4Yepe3 MEeBHUM eleKTpuyHHui omip. B mona-
JBIIOMY BUMIipIOBaJbHA iH(pOpPMAIIiS MTEPETBOPIOETHCS HA
rQpoBi KOM 32 JONOMOTOI0 aHAJIOTO-IH(PPOBOTO Tepe-
TBOpIOBa4a [5], MpOBOAMTHCS OOYMCICHHS BiTHOIICHHS
MOJIYJISl BEKTOPY Pi3HHII CHII CTPYMY JI0 MOJIYJISI BEKTOPY
BUXIJIHOI CHJIM CTPYMY eTasionHoro MII.

Juist kaniOpyBaHHS KOMIIapaTopy, BPaXOBYHOUU BHUMO-
M MO0 TOYHOCTI 3a crenu(ikaimiero Ta 0COOJIMBOCTI
HAIlIOHAJBFHOI eTaJIOHHOT 0a3u YKpalHH, AOIIEHO BHKO-
PUCTOBYBAaTH €TAJIOHHI 3aCO0M BHUMIPIOBAaJIbHOI TEXHIKH,
mo MawTh [IPB 10 HauiOHAJIBHUX €TAJIOHIB OIJUHHUII
3MIHHOT HalpyT'H, OTIOPY, a TAKOXK 4acy Ta YacTOTH.

3anpornoHOBaHNH METOJ JI03BOJISIE BM3HAYATH BiAXH-
JICHHS TIOKa3iB KOMITapaTopa Bijl €KBIBaJIEHTHOTO 3HAYEH-
Hf I Yac BUMIPIOBaHHS BiTHOCHOI PI3HHII MOIYIIB
CHIIM CTPYMY €TAJIOHHOTO Ta JociiuKyBaHoro MIT (mami
— BIIHOCHOI Pi3HUII CTPyMiB) — KaJiOpyBaTH 3a CTPyMO-
BOIO TIOXHOKOIO — 32 BUKOPHCTAHHS BUMIpPIOBAIBHOI CXe-
MHU, TIPE/ICTABICHOI Ha PUCYHKY 1.

PosrasHEMO eeMeHTH BUMIipIOBAIBHOI CXEMU JIJISl BU-
3HA4YCHHS BiIHOCHOI pi3HMII CTpyMiB. [[ng xamiOpyBaHHS
KOMITapatopa HeoOXigHe CTabilbHE HKEePENIo CHIIH 3MiH-
HOTO CTPYMY, III0 Ma€ J[Ba KaHAJIM BHUXiIHOTO CTpyMmy. 3
MIepIIOro BUXOJY BHTIKa€E CTpyM la, cmia sikoro craso-
BHTH BiJICOTKH Ta JIOJI BIiJICOTKIB BiJl CHII CTPYMY le, 110
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BUTIKa€ 3 JPYroro BHXOLYy LBOro pkeperna. EnemeHTH
BHMIpIOBAJILHOI CXeMH 3’€HAaHI TaKUM YHHOM, IO
CTPYM, SIKUH BHUTIKA€E 3 MEPIIOrO BUXOAY CTBOPIOE IMaJliH-
Hs Hanpyru V1 Ha erajoHHOMy MarasmHi omopiB R1, a
TaKkoX Ha pesucropi R3, xoTpwii € HEBix €MHOIO CKIIATO-
BOIO KOHCTPYKIII JOCHTiKyBaHOTO Komrapartopa. Cuma
LLOTO CTPYMY CHPUHMAETHCS KOMIIAPATOPOM SIK PI3HHILSA
MDK BEKTOPOM CHJIM CTpyMy eTanoHHoro MII Ta Bekrto-
POM cuim cTpyMy nocnipkyBaHoro MIT, ockinbku pesuc-
Top R3 BHUKOpUCTOBYETHCS A OTpUMaHHs iH(opMmaiii

Jlxepeno CHix 3MiHHOTO

PO BENMYWHY PI3HUIII MK JBOMa BXiJHUMH CHJIAMHU
ctpymy [5]. Ctpym, sikMii BUTIKae 3 IPYroro BUXOIY
JOKepena CTpyMy CTBOPIOE TaJiHHS Hanpyrd V2 Ha era-
JOHHIN KoTymmi omopy R4, a Takox Ha pesucropi R2,
KOTpHI BUKOPHCTOBYETHCS Y KOHCTPYKIIT TOCTIHKyBaHO-
ro KOoMIlaparopa IUIi OTpUMaHHs iH(popMamii mpo BeJH-
YUHY BXiZHOI CHJIM CTpyMY Bix eranonHoro MII. JIBoka-
HaJBbHUN ocumiorpad HEOOXiAHWH Uil BUSHAUEHHS KyTa
S MK BEKTOpaMu CHJI CTPyMy, IO IPOTIKAIOTh Yepes3
etanonHi onopu R1 ta R4.

cTpymy
Bux2 R4
Bux1 ol 1
| —
{(v2)—
R1 N”
P
.—.(Vl )—I a °x a X
Nt TT. TT
R2
T —
N
M ¢ - Kommaparop
Bx1
1N
v
Ocuumnorpad Bx2

Pucynok 1. Enextpuuna cxema [uis KaiOpyBaHHS KOMIIapaTopa
3a CTPYMOBOIO MTOXHOKOIO

[Tix gac xaniOpyBaHHS KOMIIapaTOpa BCTAHOBIIOETHCS
HB PB, a came pe3ynbratiB BusHaueHHs MX — Af — Bin-
XWJICHHS TOKa3iB KommapaTtopa f Big eKBiBaJEHTHOrO
(onopHoro) 3HaueHns fe mig yac BUMIpIOBaHHS BiJHOCHOT
pizuuui crpymiB. [Ipu BUKopHucTaHHI cxeMH, 300pakeHOol
Ha PUCYHKY 1 Juisi KajiOpyBaHHsI KOMIapaTropa HpOIOHY-
€TbCSl BPaxOBYBaTH HAacTyNHI Jpkepena HB: konuBanHs
(po3citoBaHHs) MOKa3iB KOMITApaTopa, €TAIOHHUX BOJBT-
METpiB, iXHI OJWHMII MOJIOAIIOTO PO3PSTY MOKa3iB (AHcC-
KpeTHicTh), HB eranmoHHWX MarasuHy OIOpiB, KOTYIIKH
OTIOpY Ta BOJBTMETPIB 32 CBIJOITBOM IPO KaIiOpyBaHHS
g crenu(ikamiero, HeCTaOUIbHICTh BHUXITHUX CHTHAJIB
JOKEpeIa CHJl 3MiHHOTO CTPYMY, €JIEKTPOMarHiTHI 3aBajiy,
10 YHEMOXJIMBJIIOIOTh TOYHE BH3HAYCHHS KyTa 3CYBY
(a3, pO3MOIUIEHHS CIJIM BUMIPIOBAHOTO CTPYMY MIiX
BXiJTHUM OIIOPOM €TaJIOHHOTO BOJIbTMETPY V1 Ta eranoH-
HUM omopoM R1, Temnepatypra 3anexHicTe MX enemen-
TiB BUMiPIOBAJIbHOI CXEMH.

Juist cknajaHHs MaTeMaTHYHOTO BUpa3y, IO IMOB’S3ye

OIOCEPEIKOBAHO BUMIpIOBaHy BennuuHy f. 3 BUMiproBa-
HUMH BXiTHAMU BenmunHamu V1, V2, ta iHTepBamoM yacy
t MDX BIATTOBITHUMH TOYKaMHU CHHYCOITalIbHUX CHTHAIIB
V1, V2, HeoOxinHo 3ranaTtu 3akoH OMa Ta BUpa3UTH KyT 3
yepes t. BpaxoByrouu 3a3HaueHe, OTPUMAEMO:

_n 1)
IA_RI
_z @)
le " R4
B=100-m-t (3)

VY 3aranbHOMY BHIJIAI PiBHSHHS 3B 3Ky MK BXiITHH-
MH Ta BUXIJHOIO BeauunHamu mae Burisia (4). Iligcras-
nsoun (1) - (3) y (4) Ta BpaxoByrOUM MOMPABKH €TAJIOH-
HHUX BOJIbTMETPIB, OMOPIB 1 PO3TaNyKEHHSI CHIIM CTPYMY
Ia, OTPHMAEMO PIBHSHHS 3B’A3KY %).

12 -sin?(B) + [I, + I, - cos(B)]?

Af = f—f, =100+ f —

(4)

0,0001 - I2
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— T 32
1= Ay, + Ay,)* - sin?(100-m - t) +

V2 —Ay, + AT,

V1— Ay + AT,

K& -
R1 — Agy)?
Af =100+ f — ( 1)

2
+ Ky - - cos(100 - 7 - t)]

RE— Dgy R1-Ap

(®)

0,0001 -

Y dopmyuti (5) IpUHHATI HACTYITHI TO3HAYCHHS:
Kvi— MHOXKHUK, 1110 BPaXOBY€ pO3Tally)KeHHs CTpyMY la;

Avi, Avz — BIAXWIICHHS TI0Ka3iB €TQJIOHHUX BOJBTMET-
piB V1 ta V2 Bin BiAMOBiAHWX 3Ha4Y€Hb HAIIOHAIHHOTO
€TaJIOHY HaIPpYTU 3MIHHOTO CTPYMY;

AT., AT, — nonpaku 10 MOKa3iB €TANTOHHMX BOJNBTME-
TpiB V1 Ta V2, mo xapakTepusyloTh TeMIepaTypHy 3a-
JICKHICTB;

V2 — Ay, + AT,

R4 — Ay

Ar1, Ar2 — BIIXWICHHS 3HAYCHb €TATOHHHX OmMOpiB R1
Ta R4 Bij BiAMOBIAHUX 3HAYEHBH HAIIOHAIBHOTO CTAJIOHY
oropy.

PesyabTaTH Ta ix o0roBopenHs. Crnupanoyuch Ha
orpumany ¢opmyny (5) mia ouintoBanHs HB cxiranmeno
OIO/DKET HEBU3HAYCHOCTI, KOTPWUH BKJIIOYAE CTAaHAAPTHI
HEBU3HAYEHOCT]I 3a THIIOM A Ta 3a ThMnoM B. Bromxker
HEBU3HAYEHOCTI IPEICTaBICHNH y Tabmumil.

Ta6auns 1.
BxinHa BennunHa CraniapTHa HeBU3HAYCHICTh BXiIHOT BETMYMHI p .
- ; 03M01TT
Ilo3HaueHHs Orinka [To3nauenHs Omninka
S CepenHe KBaJpaTHIHE BIIXUICHHS cepel- HopMamsHuii
~| (3aTumom A) HBOT'O 3HAYECHHS P
F Cepente apupmernyne f 7
ovp 3a cienudikanicro KoMmaparo PiBHOMIpHHI
3a TrnoM B) ¢ paTOpy P
3a crienmdikariero era- u N . s
Kyq ia (Kv1) 3a crienudikarii€o eTaToHHOTO BOIBTMETPY PiBHOMIpHUI
JIOHHOTO BOJIETMETPY (3a Tuniom B)
Svi Cepe/iHe KBaIpaTHUHE BiJXUIICHHS Cepel-  O——
Vi CepenHe apupmMeTHIHe (3a THIIOM A) HBOT'O 3HAYECHHS P
V1 V10Mp 3a cnenudikamiero PisoMipHuii
(3a Tunom B) €TAJIOHHOTO BOJILTMETPY
3a CBiJJOIITBOM PO u . . N
Ayq son p (Bva) 3a CBiIOUTBOM PO KamiOpyBaHHS HopmanbHuii
KamiOpyBaHHs (3a Tuniom B)
A 3a CBiZOITBOM PO
R1 KaniOpyBaHHs UGr1) 3a cai i 0 .
o a CBIIOLITBOM PO KaTiOpyBaHHS OpMalbHUI
R1 3a cnenudikamiero Mara- (3a Tuniom B)
3HHY OIIOpY
~ Uty . .
T Cepenne apupmernyre t | (3a Tumom A) 3a IpOTOKOJIOM PiBHOMIpHUI
Svz Cepe/He KBaIpaTHUHE BiJXUIICHHS Cepel- HobmansHuii
V2 CepenHe apupmMeTHIHe (3a THOM A) HBOT'O 3HAYEHHS P
V2 V2omp 3 . . L
a cnenudikaliero eTaJoOHHOTO BOJIBTMETPY PiBHOMIpHHIA
(3a Tumom B)
3a CBiJJOLITBOM IpO Ka- u . . .
Ay, 1on p (Bv2) 3a CBiIONTBOM PO KamiOpyBaHHS Hopmanbauii
TOpyBaHHS (3a Tuniom B)
3a cnenudikamiero era- UaT L . N
AT, wHGiKan (Bv2) 3a crienudikariieo eTaJoHHOTO BOJIBTMETPY PiBHOMIpHHIA
JIOHHOT'O BOJIbTMETPY (3a THUIIOM B)
A 3a CBiZONTBOM PO
R4 KaniOpyBaHHS Ura) 3a cai i 0 .
e a CBIIOLITBOM PO KaiOpyBaHHS OpManbHUI
R4 3a cienudikamiero KoTy- (3a Tuniom B)
IIKH ONIOpY
3a crienudikariero era- UpT o . L
AT, Pircan (Bva) 3a crienudikariieo eTaJoHHOTO BOJIBTMETPY PiBHOMIpHHIA
JIOHHOTO BOJIbTMETPY (3a THIOM B)

BucHoBku. MeTo1 BU3HaU€HHS! MOAYJISl BEKTOpA CUJIU
3MIHHOTO CTPYMY, IO SIBJISIE COOOIO PI3HUIIO TBOX OJIH-
3BbKHX 32 BEIMYHHOIO BEKTOPIB CHIIM 3MiHHOTO CTPYMY,
OIIHC SIKOTO BUKJIAJICHO BUIIE, HAJa€ MOXKITUBICTE 3a0e3-
neuntH [1PB 3a BUKopuCTaHHS KOMITapaTtopa 3MiHHOTO
CTPYMY B SIKOCTi €TAJIOHY YU IPUCTPOIO MOPIBHIHHS i1

yac kaaiopysauts MII 10 HaI[iOHAILHUX €TAJIOHIB OJTH-
HHMIII 3MIHHOI HAIIPyTH, OIOPY, & TAKOXK Yacy Ta YaCTOTH.
[epcniexTrBa yrounenns HB mim wac kamiOpyBaHHS
KOMIIapaTopiB 0OyMOBJIEHAa HOAAIBIINM yJOCKOHAJICH-
HSM eTasloHHOl 0a3um Ykpainum [1], a Takoxx norpebammu
€KOHOMIKH Ta TEXHIYHUM PO3BHTKOM JIEPXKABH.
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The problem of defining comparation accuracy of AC current amplitude values
V. V. Isaiev
Abstract. The metrology engineers' daily tasks of determining the percentage difference between two similar in amplitude and initial
phase AC currents with high accuracy are outlined in the article. The insurance of correctness and traceability of the measurement by
the use of comparators during operations of calibration is discussed. The necessity of such measurements for providing the traceabil-
ity of results to the Sl units is also underlined. The opportunity to meet the mentioned requirements with help of the described meth-
od is determined too. The calibration method concerning the percentage AC current error as the difference between comparator's
reading and equivalent value has been considered.

Keywords: comparator, relative current difference, uncertainty of measurement, traceability of measurement results.

IIpo61ema onpenenenust TOYHOCTH KOMIAPHPOBAHNS AMILUIHTY/AHBIX 3HAYEHHH CHIIBI TEPEMEHHOI0 TOKA
B. B. Ucaes
AnHoTtamusi. B crathe paccMoTpeHa mpobiema KaJHOpPOBKH KOMIIQpaTOpPOB MEPEMEHHOT0 TOKA IO aMIUIUTYIHOH COCTaBIIIOIICH
MIOTPELIHOCTH — TOKOBOH MOTPeIIHOCTH. Takue KoMIapaTopsl IPUMEHSIOTCSI HHXKEHEpaMH 110 METPOJIOTUH ISl OTIPEAEIICHUS] METPO-
JIOTHYECKHX XapaKTePUCTUK MacIITaOHBIX mpeoOpas3oBareneil. Vcnone3oBaHne KOMIApPAaTOPOB JOIDKHO TapaHTHPOBAHO OOecredn-
BaTh KOPPEKTHOCTb M MPOCIIEKUBAEMOCTh PE3yJIbTAaTOB U3MepeHuil k cucteme Sl. IIpencraBienslit B craThe METOA MO3BOJISET YI0-
BJIETBOPHUTH yKa3aHHbIC TpeOoBaHUSA. MeTox KamMOPOBKH IT0 TOKOBOH IOTPENTHOCTH, KOTOPBIN M3JI0’KEH B JaHHOH CTaThe, Oa3upyer-
s Ha ONIPEAENICHUH PA3HOCTU MKy TTOKa3aHMAMH KOMIIAPaTOpa U SKBUBAJICHTHBIM 3HAUYCHUEM.

Knioueevie cnoea: xomnapamop, omHOCUMENbHAS PA3HOCMb MOKO8, HEONPeOeieHHOCHb U3MepeHUl, NPOCIeNCU8aeMocmsy pe-
3VILIMAMOS UsMepeHUll.
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AHoTauisi. CTaTTs NpUCBSUCHA JOCTIIKEHHIO TOPOBOTO MPOCTOPY 3pa3KiB TKAHWH KICTOK ISl BCTAHOBJICHHS 1X (DI3MYHUX XapakTe-
PHCTHK Ha PI3HHX CTaJisiX OHTOTeHe3y 3a pe3ynbratamMu PEM-mocmimkens. OTpuMaHi cTepeosioro-IulaHiMeTpUIHI TaHi TOPOBOTO
IIPOCTOPY 3pa3KiB NMPEHATaJBHOTO i MOCTHATAILHOTO PO3BUTKY. [IpoaHati3oBaHO OTpHMaHi TicTOrpaMy PO3IOILUTY HOp 3a IUIOMaMHI
Ta CyMapHUMH IUIOIIAMH Ta OL[IHEHO BHECOK IMX IOP B 3aTaJbHUH MTOPOBHH MPOCTIp. 3a JOMOIIOTOO IPOIIOHOBAHOT METOIMKH Ta-
KOJK TIPOBEJICHO JOCIIDKEHHS IPOIIECY MiKPOTPIIMHOYTBOPEHHS IIPH €KOAHTPOIIOTEHHOMY HaBaHTaXXEHHI. 3po0JIeHO cripo0y BHKO-
pucTaTH OUIBII y3aranbHEHUH MiAXid, SKUi BpaxyBaB OM TUIOBI (i3MYHI 3aKOHH MOJICTIOBAHHS.

Knirouogi cnosa: Pacmposa enexmponna mikpockonis (PEM), peonozis, mopghonozis kicmrkogoi mxkanunu, 6iomamepiano3snagcm-

60, NOPOBULL NPOCMIP.

Beryn. [Tutanss B3aemMomii IIOAWHN 3 IPUPOAOI0, MiCIIA i
poii ¢akTopiB 30BHIIIHBOTO CEPEOBHINA B OHTOTEHE3i
JIONIMHM Ha0yBarOTh HaJ3BHYaiHOI akTyajbpHOCcTi. Hay-
KOBO-TEXHI4YHAa PEBOJIIOLSI MOBCIOJHO IPOHUKAE B JIO-
CBKE HTTA, 3MIHIOIOUH HOTO PUTM, 30BHILIIHE CEPEIOBH-
1Ie, CTPYKTYPY 3aXBOPIOBAHOCTI, MeXi 310poB’s. Ha cho-
TOIHIITHIA JEHh OYEBHUAHO, IO OCOOIMBOCTI OymOBH,
(GyHKIIi PO3BUTKY OpPraHiB i CHCTEM JXHBOTO OpPTaHi3My
3HAYHOK MipOI0 3YMOBJICHI €KOAHTPOIOTeHHUMHU (PaKTo-
pamu 30BHiIHBOTO cepenoBuiia [1]. CeiTy BimoMo Oib-
me 4 MIH. XiMIYHHX PEYOBHMH, Ha PHHKY INPEACTABICHO
Oimpme 50-TH THCSY XIMIYHHX CIIONYK, IIOPIYHO Maibke
1000 mpemnapatiB NpOMKUCYIOThCS B IMPOMHUCIOBOCTI, CiJib-
CBKOMY TOCHOAAPCTBI, MequIuHi, moOyTi. Bei BoHu 3ara-
JIBHOCBITOBI 0I10COIII0AHTPOIIOTeHHI 0e3 HalliOHATbHHUX
KOPZOHIB, OTPYTH IIUPOKOTO CHEKTPY Aii 3 MPOJIOHrOBa-
HHUMU 1 ICTIOHYIOYMMH BJIACTUBOCTSIMU, 3/1aTHI BUKJIUKATH
Oe3miu HeratmBHHMX edekTiB. Sk pesynbraT, mpobiema
OXOpPOHH 3JJ0POB’s JIFOOMHY IIEPETBOPHIIACS Ha II00ab-
HY.

Jo cepenuau 60-X POKiB JOCIIKEHHS KiCTKOBOI TKa-
HUHH Ha CyOMIKpOHHOMY DiBHi OyJIO yTpyIHEHE, OCKib-
KH Yy AOCHiJHHUKIB HE OyJIO JOCUTH HAIIIHOTO iHCTPYMEH-
Ta JUI1 BUBYCHHS HAATOHKUX CTPYKTYp [2,3]. CBimTioBa
ONTHKA He 3a0e3mnedyBaia MOTPIOHOT PO3AUIHLHOI 3aTHO-
cTi, mo0 BUBYATH MOPQOIIOTiI0 KICTKOBOI TKaHWHH, il
OKPEMHX KOMIIOHEHTIB, TUI KOHTAKTIB M)k HUMH, Xapak-
TEP MOPOBOTO MPOCTOPY, OPIEHTALLiFO MOP B pocTopi. [4]

Metorw pobOTH € PO3poOKa METOIUKH OCIIHKECHHS
MOPOBOTrO MPOCTOPY KiCTKOBOI TKAaHWHM TBApHH 3a JIOMO-
Mororo PEM 3 mopanemioro oOpoOKoro y crierializoBa-
HOMY HpOrpaMHOMY 3a0e3ledYeHHi Ui BCTaHOBJICHHS
KUTBKICHUX Ta SIKICHUX MOKa3HHKIB HA Pi3HUX eTamax po-
3BUTKY OpraHi3miB. Ha ocHOBi NpONOHOBAaHOT METOAUKH

HPONOHYETHCS PO3IIISIHYTH IPOLEC TPIIIMHOYTBOPEHHS B
KICTKOBOMY MaTepiaji IiJ| i€f0 eKOaHTPOIIOTEHHOTO Ha-
BaHTQXXEHHS Ta 3acTOCYBaTH Yy3arajllbHEHY pPEOJIOTIUHY
MOJIENb ACCTPYKIIL.

Buxsia ocHoOBHOTO MaTepiady.

1. PEM-cTepeoJioris mopoBoro nmpocropy AecTpyk-
THBHO 3MiHEHOI KiCTKOBOI TKAHUHH

OnHi€ro 3 HaHOLIBII BaXKIMBHX O3HAK KICTKH, IO B
3HAYHIA Mipi BU3HAYa€ 11 BIACTUBOCTI (MIIHICTB, €IaCTH-
YHICTB Ta iH.), € TOPOBUI mpocTip. Bizomi B mitepartypi
mai [4,5] cBim4aTe mpo 3MIHH TOPOBOTO TIPOCTOPY B
MPOLECi OHTOT¢HE3y, EKOAHTPOIIOTCHHUX BILIHBIB TOLIO.

[MTopucTicTh KICTKM XapaKTepPH3YEThCS 3arajbHUM Ta
nudepeHniioBaHMM 00'eMoM TIOp, iX OymOBOIO i OmMHMCY-
€THCS KICHUMU 1 KUTbKICHUMH NOKa3HUKaMu. OCHOBHI 3
HUX — KUIBKICTb, po3MipH, (hopMa, Opi€HTallis Ta B3aEMHE
po3miteHnas nop [6,7]. BaxiuBicTh 1uX mapaMeTpiB He
BUKJIMKAE CyMHIBY. HaMu nociipkeHO OpOBHI MPOCTIp
3pa3KiB KICTKH B mepion mpeHaTamsHoro (Bos taurus) i
noctaaTanpHoro (Oryctolagus cuniculus) onrorenesy [8].
30ip MartepialiB IPOBOJUBCS Ha EKCIIEPUMEHTAbHINA 0a3i
«Deodanis» [acTuTyTy 300M0Tii HAH VKpainu. Buko-
HaHo PEM-dotorpadyBaHHs 3pa3kiB Npu 301TBIICHHIX
100, 300, 1000 i 5000 mix kyTom 0°, 6°, a TakOX TPOBE-
JICHI KUTBKICHI JOCIIIKSHHSI MIKPOCTPYKTYPH 3a Iporpa-
Moro «Stimany» [9]. Mikpodororpadii (puc.1l) BukoHaHi
Ha pacTpOBOMY eNeKTpOHHOMY Mikpockomi «Hitachi S-
800» (SnoHis). Beporo mo moBHiit nporpami cTepeosiori-
YHOI OIIHKK OYyJIO MPOaHAII30BAHO YOTHUPHU 3pa3ku (IBa —
Bos taurus , mBa — Oryctolagus cuniculus)].

Ha puc. 2 ta puc. 3 mokaszaHi JaHi CTepEOJIOTiYHOTO
aHali3y 4eTBepToro 3paska (aus. puc.l, r). Jocmimkysa-
HUH 3pa3ok — (parment os dentale mMoiomoi ocoOwHH
Oryctolagus cuniculus y Bimi 38 nHiB.

Puc. 1, a, 6, B, r. MikpocTpyKTypa KiCTKOBOi TKaHHHH OKPUBHOI KiCTKH uepena y Bos taurus i Oryctolagus cuniculus: a, 6 — OS
interparietale, eMOpioH Bos taurus, 4 Ta 6 MicAIl po3BUTKY; B, T — Os dentale s. Mandibula, juv Oryctolagus cuniculus, 5 Ta 38 ni6.
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Puc.2. Oi)iCHTaHiSI op 3a hakropom
dopmu.
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Puc.3, a, 6, B, 1. ['icTorpamu po3nozinxy nop 3a: a) nepuMeTpoM; 0) eKBiBaJIEHTHHMH AiaMeTpaMH; B) IDIONIEIO; T) CYMApHOIO IIIO-
miero. Pesynprati cTepeosorivHoro aHanizy Hux 3paskiB MpuBeaeHi Ha puc.4 1 tabm. 1.

JocmimkyBaBcsi MOPOBHH TPOCTIp 3pa3KiB KiCTKOBOI TKaHWHH HOPKH amepukaHcbkoi (Mustela Vision) , puc.4,

Taou. 1

20KV

X600 S8um

Puc. 4, a, 6, B, r. PEM-MikpodoTtorpadii 3pa3kiB KicTKOBO TKaHHHU HOPKH aMepukaHchkoi (Mustela Vision): a, 6 — cTpykTypa ro-
Minku (oxomuii M. YopHoOwib, 36imbmenns 40, 130 kpaT); B, T — CTpyKTypa rpyaHoro xpeoms (okoiuii M. HopHOOMIE, 301IbIICHHS
600, 5000 xpar);

Ta6muus 1. [TlincymMkoBa TaOmuIs pe3ysbTaTiB CTPYKTYPHOTO aHAIi3y KiCTKOBOT TKAHMHHU F'OMIJIKM HOPKH amepHkaHchkoi (Mustela

vision)
306isbIIeHHS 100 200 400 800 1600 3200 64000 | 128000
Po3mip mikcena | 2,34 1,72 0,86 0,43 0,21 0,11 0,05 0,03
KimpkicTe nop 281421
[opucricts (%) 29,88

3aranbHa mwioma nop (Mxm?) 195774

3aranpHuil nepuMeTp nop (MKM) 883912
Cepenniii miametp (MKM) 0,470336
Cepenniii moma (Mkm?) 0,695663

Cepenniii nepumerp(MKm) 3,14089

IMutoma nosepxHst (1/Mkm) 1,14142

PesynpTaT JOCIIKEHb MOPOBOrO HMPOCTOPY HEPEKo-
HJIMBO MiATBEPAMIN BIKOBI 3MIHM MOBEPXHEBOI CTPYKTY-
PH KICTKH y TBapuH Ha PI3HMX CTajisfiX eMOpiOHaJIbHOTO
Ta MOCTHATAJIBHOTO PO3BUTKY. CIOCTEpIraeThcsi CyTTEBA
PI3HHUIA B po3moaii mop 3a ¢pakropoM (HopMH Ta po3Mi-
pamu. MakcUManbHUNA CepeqHii JiaMeTp CIOCTepiraeTh-
csi B eMOpiOHaJbHMX 3pa3KaxX 1 3HAYHO 3MCHIIYETHCS Y
moctHatadpHUX. OdYeBHIHO, mporec (GopMyBaHHS cTabi-
JBHUX JiaMeTpiB MOp 3aKiHUy€eThCs B LIEH mepiof.

[t OpiBHSIHHS NPOBOJMBCS KIJIBKICHUX aHali3 ryo-
gacToi KiCTKH, ypaxkeHoi xBopoboto Ilepreca. Otpumani
pe3yabTaTH HaBeleHI B TaONMIX 2 - 3 Ta Ha PUCYHKAx
5,6,7.

Puc.5. [Ipuxnag PEM-ctepeonapu. I'yGuactoi KicTku.

I3 omepkaHUX NAaHMX BUIHO, IO 3arajibHa MOPUCTICTh
3paska ryouactoi KicTku n; ckinanae 40,43 %, a cam nopo-
BUI TPOCTIp NpeICTaBICHUH YOTHpPMa KaTeropisiMu Iop
(D1, D2, D3, D4). I3 kpuBoi po3moiny mop 3a eKBiBaJICHT-
HUMU JiaMeTpamMu 0a4rMo, 10 HaWOiIbI O6araTouncesb-
Ha KaTeropis CKJIaZieHa yibTpaMikporopamu D1 3 exBiBa-
neatHUME giametpamu 0,1039-0,4591 mxm. Jlami oyt

D, =0,4591-0,8680, . /i

TOHKI MIKpOTIOpH
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ITUI BKJIAJ] B 3aTJIbHY MOPUCTICTh BHOCSATH TOHKI MIiKpO-

D, =0,86809,4595
MKM
D, =9,4595-743715

3a J10MOMOTrOI0 TicTOrpaM po3MoJily TOp 3a IUIOMaMH
Ta CyMapHUMH IUIOMIaMH OYJIO OLIHEHO BHECOK IIMX MOp B
mopoBHii TpocTip. Xo4a yineTpamikpornopu D; 6araroun-
CeNbHi, aje yepe3 AyKe Malui po3Mip dacTka ix B 3ara-

i KpYIHI N
mopu D3 . Ix Brmax ( N ) cknanmae Bevoro 2,8%. He mus-
JISIYUCH Ha Te, IO KUIBKICTh KPYIHHUX MIKpOHop Habararo
MEHIIIa 32 BCi OCTaHHI, Yepe3 CBil BENMKHN pO3Mip BOHU
CKJIQJIAIOTh OCHOBHY YaCTHHY MOPOBOTO npoctopy — 53%.
Kinpkicte ApiOHMX MIKpOHOp B IOPOBOMY IPOCTOPi
cknanae 37,5%.

JBHIA MOPUCTOCTI ( N ) ckmagae Bceoro 6,7%. e meH-

Ta6muus 2. KinpkicHuX aHa3 ry64yacTol KicTKH, ypakeHoi xBopoboto [lepreca

Mopdo- Ka, %,
3pasok JOTiYHU#T D1 D2 Ds D4 n, % 361mb1II.
napamerp 250"
9,4595-
3pazox Nel D, MkM 0,1039- 0,4591|0,4591- 0,8680 | 0,8680- 9,4595 74,3715
XBOpOOa N, % 6.7 238 378 53.0 40,43 11,73
Tepreca K 046056 | 082099 | 026-03L | 012-015
Taomauus 3. KinpKicHI XapaKTepUCTHKH CTPYKTYPHOTO aHajli3y 3pa3Ka I'yduacToi KiCTKH.
36utbmenHs M Ta po3Mip eneMeHTy po3ouTTs L
M 250 500 1000 2000 4000 8000 16000 32000
L (mxm) | 0.563 0.281 0.141 0.070 0.035 0.018 0.009 0,004
KinbkicTb nop 295311
Topucricts (%) 40,4345
3aranpHa mwioma nop (Mxm2) 134334,5625
3aranpHuil nepuMeTp nop (MKM) 696753,0625
Cepenwiii miametp (MKM) 0,2836
Cepenns nomma (MKM?) 0,4549
Cepenwiii mepumerp(MKM) 2,3594
ITuroma nosepxust (1/Mxm) 2,1001

Ni/N*t
Ni/N*t

05918
0.9049
1.3836
24156
3.2348
4.9481
7.5627
11.5636
17.6810
27.0346
413364
63.2043 4
966407
147.7657
225.9368
345.4621
528.2188
807.6576
1234.9254
18882267
4414.5000

2887.1382

Si/S
Ni/N*1

0.1000
0.1211
0.1468
01774
0.2148
0.2600
0.3148 ¢
0.3811
0.4613
0.5585
0.6761
0.8185
0.9909

3454621 e

gghge E8sBe3Eys
RidEs Eairphing
=F R RS L
S (sq. um) Kf
B) r)

Puc. 6, a, 6, B, r. ['icrorpama po3nofiny 3a: a) eKBiBaJICHTHUMH JiaMeTpaMu; 0) IJIOIaMH [OP; B) CyMapHUMH ILIOLIAMH TI0P; T)
(hakropom dopmu mop.
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.

0.2

0.0055

0.0085 4
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0.0303
0.0463
0.0708 4
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0.1656
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0.3871 -
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2.1156

3.2348

11.5636 -
17.6810
27.0346
41.3364
63.2043
96.6407
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225.9368
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4414.5000
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1888.2267 4

S(sq. um)

Moz ®<= @c=1f *<=FA k=250 Y<=102 19<=09F L<=1638 ¥ <=H5536 +<= 2621

Puc. 7. icrorpama posnoaity «dakrop ¢opmu — mioma» mop.

TakuM YMHOM MOXHa CKa3aTH, 10 B OCHOBHOMY IIO-
POBHIA TIPOCTIp JOCIIIKYBAHOTO 3pa3Ka CTBOPEHUH Kpy-
ITHUMH i IpIOHUME MIKpOTIOpaMH.

I3 ricrorpamu po3mnominy mop 3a ¢paxTopoM (GOpMH Ta
rpadika 3anexHOCTi pakTopa GopMH Bif iX wIomi Oavm-
MO, IO B IIOPOBOMY MPOCTOPI 3pa3Ka MepeBaxaroTh c1ado
BUIOBXKEHI

(
K; S .
( =0,82-0,99) kpymHi i apiGHI Mikporopu. B MeHImii

KIJIBKOCTI TIPHCYTHI CHIIBHO BHIOBXKEHI (

K
f 0,46-0,56) Ta i3oMmerpuuHi

Ki =0,26-0,31)

Ta LIMApUHONONIOHI ( K =0,12 —0,15) ToHKi i ynpTpami-
Kponopu. B pe3ynbraTi opieHTaliifHOrO aHaii3y, BUKOHA-
HOTO 32 METOJIOM TpajicHTa IHTEHCHBHOCTI CUTHAJly, BH-
SBUJIOCS, IO MIKPOCTPYKTYpa B 3arajJbHOMY Mae cialy
CTYIIiHb Opi€HTAMIi CTPYKTYPHHUX €JIEMEHTIB, MPO IO TO-
BOpUTh HH3bKE 3HAUeHHS Koe(imieHTa aHi30Tporii

( K

f=11,73%) [9].

2.MikpomexaHi3Mm aecTpyKmOii KicTKM B mpomecax
€KOAHTPONOTeHHOT0 HABAHTAKEHHSI.

3 Oiomexaniku BimoMo [9], mo MILHICTE KICTKOBOT
TKAaHWHH 3aJIEKUTh BiJ XiMiuHOTO CKiany [2,4,8], 3arams-
HOI CTPYKTYPH, KUJIBKOCTI i MIIIHOCTI KOMIIOHEHTIB, Opi€-
HTanii OCHOBHMX KOMIIOHEHTIB B3JI0BXK I0O3J0BXKHBOI OCI
KICTKH, BiKY, HI[UIBHOCTI, IHAMBIIyaJbHUX YMOB POCTY
BiJIIOBITHOTO OpraHi3My, YMOB 30epiraHHs eKCIIepUMCH-
TaIbHUX 3Pa3KiB KiCTKOBOi TKaHWHH, MIITHKH KICTKH , 3
SIKOT BUTOTOBJICHO 3Pa30K 1 T.JI.

Bupuenns 3 momomororo PEM apXiTeKTOHIKH KiCTKO-
BOT TKAHHMHHU 3 TMO3MIIN MEXaHIKH PyWHYBaHHS J03BOJIHIIO

OipII TOTTTHOJICHO 3'ACYBaTH MOXKIIMBHIA MEXaHi3M 3apo-
JUKEHHS 1 pyHHYBaHHS MIKPOTPIIIHH HpH i 30BHIMIHIX
HAaBaHTa)KeHb, a TAKOXK OLIHUTH MOXJIMBI IIUIIXH IaJbMy-
BaHHS iX IMOAAJBIIOTO PO3BUTKY. I3 dakrorpadivynmx mo-
CIIDKEHb BCTAaHOBJICHO, IO OCEPEAKaMH pPYyHHYBaHHI
KICTKM TP CTaTOJMHAMIYHHX HABAaHTa)KCHHSX € MIKPOT-
pimmaE po3mipom 6mu3sko 10 Mxm. Ha puc. 8 (a, 6) mo-
Ka3aHO 3apOJDKEHHS MIKPOTPILIMHU B LIEHTPAJIbHOMY Ka-
Hayi ocreoHa [4].

6)

a)
Puc. 8, a, 6. PEM-mikpodoTorpadii 3apopkeHHs TPIIUHA B
LEeHTpaJIbHOMY KaHauli ocTeoHa (1), 30impmenns 1650,

CaMe i KaHAJIK CIi PO3TISAATH SK OCHOBHI KOHIICH-
TPaTOPH HANPYT NPH HABAHTAKCHHSX, IO 3HAYHO Iepe-
BUILYIOTh (Di3i0JIOTIUHI, OCKUIBKM B Tpolieci HaBaHTa-
JKEHHsI B 30HaX LIEHTPAJIbHUX KaHAIIIB BUHUKAIOTh KPUTH-
YHI Halpy>XEHHS 1 BOHM € TPaHHULSIMH 3 OcJa0JIeHHUMHU
MDKMOJICKYJIIPHUMH 3B’si3KaMH. JIOCSTHEHHSI KPUTUYHUX
HAMpYyXXEeHb MPUBOAUTH MO 3MUTTS KaHamiB (prc.9-10).
Ileit mporiec € HE3BOPOTHHUM 1 3aBEPIIYETHCS MOSBOIO OJ1-
Hi€l a00 NEKiTPKOX MariCTpallbHUX MIKPOTPILIHH, a OTXKE,
1 IUTOLIMH PyHHYBaHHS.

BUTIPOOYBaHHS HA CTHCK. 30UThIIeHHS 620

Pyx ¢poHTy TpilmmHH, siKa NOMIMPIOETHCS CTaOLIBHO,
MOYKHa BB)KAaTH SIK MOUIMPEHHS aBTOXBHWJILOBUX Jedop-
Malid y pe3ysibTaTi CIIOHTAHHOTO IEpPEeCyBaHHS YIIKO-

64

KiCTKOBOI TKAHWUHU 3 BUTATYBAHHSIM OKPEMHX OCTEOHIB 3 MaTpH-
kca. 30ibmends 1507,

JDKEHB 13 OLIBII HANpY KEeHOT B MEHII HalpyXXeHy 00J1acTh
KICTKH SIK TBEPJIOTO Tija.

I3 ¢dakrorpadiyanx AOCHIUKEHb MOBEPXOHb 3JIOMY
3pa3KiB KICTKH BUSBJIEHO, IIO MaBYTHHOIOIIOHE MOIIH-
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PEHHSI BTOPUHHUX MIKPOTPIITUH, TICISAIIEI0 SKOTO € OC-
TaTOYHE PYHHYBaHHS, BU3HAYAETHCS MiKPOHEOIHOPITHO-
cTsMU po3mipamMu 1-10 MKM, po3TalIoOBaHUMH Ha JESKid
ruOuHI Bix moBepxHi 3momy. [12]. Skmo mpu mommpeH-
Hi MIKpOTpIIWHU B ii BepIIHHI BigOyBaeThCs pi3ke 30i-
JBIIEHHS pafiyca, TO HACTyNae TaJbMyBaHHI PyXy 1 3y-
nuHKa. Llei npuHnun nodpe BizomMuii B MexaHill pyiHy-
BaHHA. /|y KICTKOBOT TKAaHMHU 30HAMU 3YIHHKH TPIlIMH
MOXYTh CJIY>KUTH YHUCJICHHI KaHaJM, aje LIUIBHICTh 1X
Mae OyTH JOCHTh BHCOKOIO IS peaizamii bOro MpUH-
uumy. Y KICTKOBIH TKaHHMHI € TakoXX KICTKOBI Jlamelni, y
SKHX CIHOCTEpIraeThCsl PI3HUH HANpsIMOK KOJIAT€HOBUX
BOJIOKOH, $IKi, OYEBHIHO, MOXYTh OyTH 30HaMH TrajbMy-
BaHHS MiKpOTPIIIUH.

3. Peosoriuna mogenb AecTpykuii KicTKOBOI TKa-
HUHU.

Hawmu 3po6ieno crpoOy BHKOPHCTATH OiNBII y3araib-
HEHWH MigXin, SKUi BpaxyBaB OM HE TUTBKH 3MiHY Y
CTPYKTYpi (Ha MIKpo- Ta CyOMIKpOCTPYKTYpHOMY piB-
HSIX), ane il TUNOBI Qi3UYHI 3aKOHU MOAeTIoBaHHs. Takuit
MiaXig 0COOIUBO BasKIMBHM, OCKIJILKH B HAIll Yac CIIOCTE-
piraeTbcss TEHICHIlS 3aCTOCYBAaHHS B OpPTONCAMYHIN
MpaKTHL HOBHX LITyYHHX MarepianiB (Hanmpukiai, Oio-
KepaMigyHUX MOKPUTH TOII0). [t pi3sHOOiYHOTO 1X MOCTi-
IDKSHHSI, 30KpeMa KOMIT I0TepHOT0, HeoOXiHa peooriv-
Ha MOJENb, M PO3POOKH SKOI CKOPHCTAEMOCS TEOPI€r0
Bonbimana — Bonbereppi [11], piBHSHHS 5SKOi MOAaMO Y
BHTIIAI IHTETPabHOTO pIiBHAHHA BombTeppi apyroro

poay:
& (t) = Sij (t) +

2G

e,(t).

1

1 1
%}[K(t —Z')Sij(‘[)d‘[ 1)

" — KOMIIOHEHTH JeBiaTopa TEH30pa Je-

o

Ie

. . e 1
dopMamiii i HampykeHHS HAa MOMEHT dyacy'; )
("J :1’2’3) — KOMITOHEHTH TEH30piB aedopMariiif i Ha-
NPYXKEHb; G=F/ 2(1+V) — MOAYJb 3cyBY; E - MOIYIb
IOnra; V — xoediuient Ilyaccona; 7 — uac, o nepemny-

1 )

%01 # j)

ij —

Bas '; K(!) — gynkuis BromBy;
Kponexkepa.

V pieastasi (1) mepiiuii 101aHOK B TPaBiil 4acTUHI —
npykHa Jedopmatiis, a Apyruid — B'sI3KONpyxHa aedop-
Mallis.

B ymoBax ckiaJlHOro Hampy>K€HOIro CTaHy IpH IOC-
0

i piBusuna (1)

— JIeNnbTa

TifHUX HABaHTAXXEHHSAX, TOOTO U

MaTUME BUI'JIAQ

Sol. ¢
—
eij(t)_ G 1+.!K(r)dr @)
Jludpepentiiroemo oGuaBi yactum (6.86) 3a U i poss'-
SKEMO Bi K(t)'
JTHOCHO :
K(t)S) dt ¥

. K(t)
DyHKIIIS BIUIUBY € CHHTYJIIpHOIO, TOOTO TIpH
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t=0,=de; /dt >o0,= K(O):oo_o
APV - K(t)
i rpagik Takoi QyHkmii MOXHa NMOOYyAyBaTu 3a
pesynbrataMu  AU(EpeHLIIOBAaHHS KPUBOi IOB3Y4OCTi

e;(t) -t

Ha mpaxrtuiii 9acTo KOPUCTYIOTECS aHANITHIHOIO (hop-
MOIO 3anmucy (QYHKIIH BIUIMBY, IO MICTUTh HESIKY Kilb-
KiCTh TapaMeTpiB, sKi HEOOXiJHO BU3HAYHNTH 3a €KCIEpH-
MEHTAJbHUMH MaHUMH. Taki CHHTYIspHI QYHKIIT moOpe
ONMCYIOTh INBHIKICTh PENAKCAIiHHUX MPOIECiB, SIKIIO
MICTATh JIOCTaTHIO KIUJIBKICTh HapaMmeTpiB, sKi pa3oMm 3
NIPY>)KHUMH TIOCTIHHMMHM € MEXaHIYHMMH XapaKTepHCTH-
KaMM KICTKOBOI TKAaHMHHU. BUIbII OeTaJbHO LI MUTAHHS
BHUCBITIICHI B poboTi [1,7,8].

Jlnsi BU3HAUeHHS MEXaHIYHMX XapaKTEePUCTUK KiCTKO-
BOI TKAaHUHM 33 JaHUMM OlOMEXaHIYHUX JOCIIAIB MOYKHA
CKOPUCTAaTUCh HAaOIMKEHUM METOJOM — METOJIOM CyMi-
mieHb. CyTh HOTO TOJATaEe B MOPIBHAHHI (CyMiIleHi) eKc-

~

MIepUMEHTAIbHOT KPUBOi ~ © 3 moxibHOMO i# i3 Tab-

T

JIMYHUX TCOPECTUYHUX KPUBUX , OTPUMAHUX IJId

pi3HHUX TapaMeTpiB QYHKIII BIUTUBY a B A g aorapud-
Mi4Hii cucTemi koopauHart. Ilicms rpadigyHoro cymimieH-
Hsl, MapaMeTpU TEOPETHYHOI KPUBOI 13 ypaxyBaHHAM pi3-

. . t =
HUII 1O oci abcuuc (dacy) * e

MPUIHCYIOTHCS
eKCIIepUMCHTANBHIH KpUBill, TOOTO:
a, =, =, Ae = KaAr; K=t /t, 4)
B pe3ynbTati oTpUMYIOTBCS ae, [, Ae :
—Pote o n, na-1
g e o, gl 't
Ke(te): Z[& { e}] (S (5)

t. = F(aen)

Takuil WAXiA € MHAPOKO BKUBAHUM, OCKUIBKH IS

BCTaHOBJICHHS [IAPAMETPIB CHHTYJSIPHOTO sIpa T( ) €
6i0JioTeKa 3 JOCTATHBOIO KIUIBKICTIO TEOPETUYHUX KpH-

r , AKi OOYHMCIICHI Ui IIUPOKOrO

a,f A

BUX (YHKIIIH

Jiarma3oHy 3Ha4YeHb MapaMeTpiB 3 IHTEepBaJIOM

qacy 2 0.0001.

Bcranosneno [4,11], mo xapakTep pyWHYBaHHS KOM-
[IAKTHOI KiCTKOBOI TKAaHWHU 3aJeKUTh BiJ IIBUIKOCTI
nepopmyBanHA. [Ipy Manux MBHIKOCTAX MPOIEC PyHHY-
BaHHS OYMHAETHCS 3 YTBOPEHHS MIKPOTPIIINH Ha HOBEp-
XHAX TOJUTY MK CTPYKTYPHHMH €JIEMEHTAMH KiCTKOBOT
TKaHWHH, {X MOBUIBHOTO POCTY 1 yTBOPEHHS HEPiBHOI MO-
BEpXHI pyHHYBaHHS 3 BUTATYBaHHSIM OCTEOHIB 3 MiXKOC-
TEOHHOI pedoBHHH. EHepris, BUTpaueHa HA pyWHYBaHH,
ii7ie B OCHOBHOMY Ha ITOJIAJIbIIIE TIOIIUPEHHS TPIlMHY, a B
MEHIIIH Mipi — Ha iX yrBOopeHHs. [Ipy BeNMKHX MIBUAKOC-
TSAX TPIIMHU MOIIUPIOIOTECS Yepe3 BCi CTPYKTYpHI efe-
MEHTH 1 YyTBOPIOETHCS APIOHO MIOPCTKA MOBEPXHS PYHHY-
BaHHA. SIKIIO MpH MalMX IIBUAKOCTSIX Ae(OopMyBaHHS
Iporiec pyHHYBaHHS MOXKHA PO3TIIANATH SIK B’A3KHH, TO
mpu OUTBIIMX MIBHIKOCTAX BiH Kpuxkui. IlepeximHa 06-
JIACTh BiJl OJTHOTO BHJY PyHHYBaHHS JI0 1HIIOTO 3aJIE)KUTh
BiJl BUJly HalpyXXEHOTO CTaHy: JJs CTUCHEHHS B3/IOBXK
ITOB3I0BXXHBOT OCi BOHA BiJIOBiNa€ MBUAKOCTI Aeopmy-
BauHs nopsaky 0,002¢™, uns posrary — 0,01 ¢,
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3HauHUH MPAKTUIHUH IHTEpEeC Ma€e MEXaHiuHA MOBEi-
HKa KOMIIAKTHOI KICTKOBOI TKaHHHH NP MAJIOLUKIOBOMY
nehopMyBaHHi, a TaKOXK MIPH BUNIPOOYBAHHSAX HA BTOMJIC-
HICTB. ADKe y 3BHYAHHMX (Pi3i0JOTIYHMX yMOBaX KicTka
HaifgacTime MiINaeTbCs BIUIMBY caMe MEPiONUYHO 3Mi-
HIOBAaHHUX HABaHTAXKCHb.

IIpomoryeTsest [9] 3B'SI30K MiXK HANpYXEHHAM 611,

nedopmariero €11 1a vacom NIPEACTABISITH Y BUTIIS AL

ze El

R(t =S 811) — AApo pernakcariii abo QyHKIIiS BIUTUBY.
Sk 1y Bunazaky (6.88) sapo penakcanii anpoKCHMY€eTh-
Cs1 GKCIIOHCHIIAIEHOK (DYHKIIIEI0:

nhab A YY)
R(t—s, g’ll):zﬁexp D

i-1 01 7

MOYaTKOBUH  MOAYJIb  HPYXHOCTI;

(6)

e '—dac penmakcartlii; # — 4MCIIO YaciB penakcarii; !

t
O-ll(t) = Elgll(t)_ El_[gll(s)R(t -, gll)ds () o0&y,
0 . - Lo Mg
i p — KoedilieHTH anpoKCcHMAIlii; 4
BukonaBum interpyBanms, komn ¢ =COMSt  orpivae-
MO HACTYIHHUH BHpa3:
: &
L )= 11
011(811)_ Ee,—-Eéy Z T p TEXP —— -1 O]
i1 Téy" Tiéy
SIkmo n=2, T0o
(4,)=E,e, —E,-&5° expl - —AL|-1
Oul\én)=Eén — 5 &y blTl ; TEXp T | 7T
" Titén
®)

&
__tn |
|1

+b,7, s
Trén

S +exp
Ty 511

Jist i€l Mozei Ha OCHOBI €KCIIEPUMEHTATBHHUX JTaHUX
[7] otpumani mactymui 3Hauenus: p=0,95; bl =23,564;

b2 =0,75; Tl=0,59c; & =0,20c mas KiCTKOBOI TKaHHHH 3
BosioroeMuicTio W=8.5%. Mae wmiclie HeiHIMHA 3aIexkK-

)
HICTb 3 MOZIyJIEM MPYXKHOCTI TOPSIKY E = 1470
BucHoBKM i nepcneKTHBH MOAAJNBIIUX A0CTiIAXKEeHb
1. 3acTocyBaHHS Teopil MOB3y4OoCTi abo permakcarii
nmepopmamii [10,13] gms peororii KiCTKOBOT TKaHUHH €
MEPCIIEKTUBHUAM. AJle B IIbOMY HalpsMKY MOTPiOHI OLIbII
I'PYHTOBHI JIOCJIJDKEHHS, OCOOJIMBO KOJIM KICTKOBY TKa-

HUHY PO3TIIIATH 3 TO3UIiH OioMmarepiallo3HaBCTBa SK
AHI30TPOITHHUHN reTePOreHHUI 010KOMIIO3HUT.

2. I'eTeporeHHICTh MEXaHIYHUX BJIACTUBOCTEH KOMIIa-
KTHOI pEYOBHMHH KICTKH B HAIlPSIMKY T'OJIOBHUX OCEH aHi-
30Tporii 00yMOBJICHA OCOOJIMBOCTSIMH ii apXITEKTOHIKH, a
HAsBHICTh Yy KICTKOBiI TKaHUHI 00'€MHOI, MPOCTOPOBO
OpIEHTOBaHOI CHUCTEMH BHYTPIKICTKOBHX IIPOCTOPIB €
BIIMIHHOIO PHCOI0 II SK MPHUPOJHOTO OiOKOMIIO3UTY B
MOpIBHAHHI 31 IITYyYHUMH aHaimoramu. KoOHIEHTpaIis,
PpO3MipH Iop 1 KaHaliB, MO0 YTBOPIOIOTh CHCTEMY BHYTPI-
[THBOKICTKOBHX TIPOCTOPIB, OOYMOBIIOIOTH OaraTocTa-
NiifHICTh pyHHYBaHHSI.
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The concept of rheological model of bone tissue ecoanthropogenic destruction

V. Melnyk, A. Shostak, Y. Melnyk, N. Mulyar

Abstract: The pore space of bone’s samples to determine their physical characteristics at different stages of ontogenesis by the re-

sults of SEM studies is considered in the article. The pore space stereological-planimetric data of prenatal and postnatal growth sam-

ples is obtained. The analysis obtained histogram distribution of pore areas by the total area and assessed the contribution of the pores

in the total pore space. With the proposed methodology and the research process at the microcrack under ecoanthropogenic over-

weight. An attempt was made to use a more general approach that would take into account the common laws of physics simulation.
Keywords: scanning electron microscopy (SEM), rheology, bone morphology, biomaterials science, pore space.

Konuenuus peosornueckoii Moie I YKOAHTPONOTeHHOI 0CTe01eCTPYKIMH
B. Meabnuk, A. lllocrak, FO.Menabsank, H. Myasip
AnnoTtamusi. CTaThsl MOCBSIIEHA UCCIIEIOBAHNIO TOPOBOTO NMPOCTPAHCTBA 00Pa3IOB TKaHEeH KOCTeH AJIs YCTaHOBJICHUS MX (u3nue-
CKHX XapaKTepHCTHK Ha pa3HBIX CTaAWsIX OHTOreHe3a mo pesynsTataM POC-nccnemoBanmit. [lomydeHHBIE CcTepeonoro-
TUTAHUMETPUUYECKUE TaHHbIE TIOPOBOTO MPOCTPAHCTBA OOPA3IIOB MPEHATANFHOTO U ITOCTHATAIFHOTO pa3BUTHs. [IpoaHamM3upoBaHBI
MOTy4eHHbIE THCTOTPAaMMBI PACTIPEIEIeH s TIOp MO MUIOMAAIM H CyMMapHBIMH IUIOMIAASAMH U OLCHEH BKJIAJ 3THX MOp B odmiee mo-
poBoe npocTpaHcTBO. C MOMOIIBIO TIPEIaraéMoi METOJUKH IIPOBEAEHO HCCIIEOBAHNE TIPOIECCa MUKPOTPEITMHOOOPa30BaHuUs TIPH
9KOAHTPOIOTeHHOH Harpy3ke. ClesaHa MoIbITKa UCIIOIb30BaTh Oosiee 0000IIEHHBIH OAX0/1, KOTOPHBII yden Obl THIHYHBIE GH3nye-
CKH€ 3aKOHBI MOZEINPOBAHHSI.

Knwuesvie cnosa: Pacmposas snexkmponnas muxpockonusi (POM), peonozus, mopgonozus kocmnoti mxkanu, 6uomamepuanose-
OeHbe, NOPOB8Oe NPOCMPAHCMEBO.
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KOMII’FOTEPHOI KOJIOPpUMeTPii
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AHoTamisi. Y CTaTTi IPE/ACTABICHO Pe3yNbTaTH BH3HAYCHHS BMICTY (IAaBOHOINIB y HACTOSX 3 JIUCTS YOPHOI CMOPOAMHHM, TOPOOUHH

3BUYANHOI, 0MyHI Ta TpaBU BepOCHU 3 BUKOPUCTAHHAM KOMII IOTEpHOI KoopuMeTpii Ta criektpodoromerpii. Beranosneni kopems-

i 3anexHoCTi Mixk Komipaumu RGB-, XYZ-, Lab-xapakteprcTHKaMH Ta KiJIbKiCHIM BMiCTOM (DJIAaBOHOIMIB Y BOAHHX PO3YHHAX.
Knrwowuoei cnosa: 3abapenenns, komn 1omepHa KOI0OpUMempis, KOLpHi KoopouHamu, 6apeHi peiosutu.

Beryn.BusnadeHHS KiTBKOCTI OapBHHUX PEUOBHH B CHPO-
BUHI, HanmiBpabpukarax Ta TOTOBIH MPOAYKLII € BaXKIH-
BUM 1 HEOOX1JHUM JJI1 BCTAHOBJIEHHS 010JIOrYHOI Ail X
CHOJIYK Ha OPraHi3M JIOJUHHU, CTAaHJaPTU3YBAaHH 1X KiJb-
KOCTIi B TIPOJYKIIi 13 BIJMIOBITHAM 3a3HAYCHHSIM B HOpMa-
TUBHHX JOKYMEHTaX Ta Ha MapKyBaHHI.

LliHHUM JKepesioM HaTypajbHUX OapBHHX PEUYOBHH €
JMCTS TUIOJOBO-ATIIHNAX JIEPEeB 1 TPaBM JIKapChKUX POC-
JIMH, a TaKkoXkK X Hactoi abo excrpaktu [1]. 3abapsrieHHs
HACTOiB Bifl CBITJIO-)KOBTOTO /0 KOPHUYHEBOTO KOJIBOPY
3YMOBJICHE BMICTOM(QIIaBOHOINIB, SKi € (IaBOHOBHUMH
MrMEHTaMH 1 MaloTh P-BiTaMmiHHy nito. Jleski 3 HUX Ma-
10Th MOMapaH4eBe (aypoHu) abo 4epBOHE i CHHE 3a0apB-
neHHs (aHToIiaHu). BUCOKHUIT BMICT IIMX PEYOBHH MAKOTh
JIUCTSL 4Yaro, JIMCTS IKBITHIPEYMXH, IUIOAM ILUIIIMHH,
LIKipKa JMMOHA, HE3piJli IIOJJMBOJIOCHKOTO TopiXa TaiH.

IcHYIOTB pi3HI METOM SIKICHOTO Ta KiJbKICHOTO BU3HA-
4yeHHs (DIaBOHOINIB B HacTOsX. XiMIU4HI METOAM H03BO-
JSIFOTH NIPOBECTH SIKICHE BUSBIICHHS LUX CIOJIYK, CIICKT-
podoToMeTpUIHI — BU3HAYUTH iX KUIBKICTB, METOA XpO-
MaTorpadii (ra3oBoi, piIMHHOI, MMANepOBOi) — AECTAIBLHO
BUBYMTH CKJIaJl OapBHUX CIOIYK 3a KilacaMH 1 € Hail-
OinbIn TOYHEM [2].

KopoTrkuii orasix my6uaikamiii 3a Temorw. OnHiero 3
TPaAMLIITHUX METOJMK KUIbKICHOrO BH3Ha4€HHs (hJ1aBo-
HOI/IIB € CrIeKTPO(OTOMETPUYHHI METO]| 3 TIEpEPaxyHKOM
Ha pyTuH. OCHOBOIO METOIUKHU € BIACTUBICTH (DJIABOHOI-
JIiB yTBOPIOBAaTH 3a0apBJEHUI KOMIUIEKC i3 CHHPTOBHM
po3urHOM XjIopuay airoMiniro [3]. s peamizarii meto-
UKW HEOOX1MHUM € T00YI0Ba KaliOpyBaibHOrO rpadika
3aJIe)KHOCTI ONTHUYHOI TYCTHHH BiJI KOHIIEHTpaLii pyTHHY
B po3unHi[4]. Uepe3 MOXKIMBHI BHECOK IHIIMXPEUOBUH B
ONTHYHY TYCTHUHY aHAJII30BaHWX PO3YHMHIB HMPOBOAUTH iX
OYHIIEHHS 0 (IaBOHOIAHOT (ppakiii abo 3aCTOCOBYIOTH-
csl peakiii KOMIIEKCOYTBOpeHHA. DOTOKOIOpUMETprd-
HUHA METOJ 3aCHOBaHMI Ha OCHOBI KOJBOPOBHX pEaKIii
(J1aBOHOIIB COJISIMH pI3HUXMETAIIB (aJFOMIHIIO, IIMPKO-
HiIO, THTaHy, XpOMy, CyYpMH), 3  JIHMOHHO-
OOpPHMMPEaKTHUBOM 1 HapeakxIlii BiTHOBJICHHS IMHKOM abo
MarHi€eM B KHCIIOMY CEPEIOBHIIII.

IIpote, BapTO BiAMITUTH, III0 BUCOKOTOYHI CIIEKTPO(o-
TOMETPHYHI 1 XpomarorpadiyHi METOJH € JOCUTh 3aTpaT-
HHMH, KOIITOBHHUMH Ta TpuBamuMmu[5]. Tomy mouineHO
PO3pOOISITH Ta BIPOBAKYBaTH EKCIPECHI Ta HEIOpOTi
cy4acHi HU(POBI TEXHOJIOTIT AT KUIbKICHOTO BU3HAUYCH-
HS MOJTieHOTBHUX CIONYK 1 xyopodiniB. Jlo HUX BigHO-
CHUTBHCSI METOJI KOMIT'IOTEPHOI KOJIOPUMETPii, IpeIMeToM
JOCTIKeHHS sIKOoi € Taka (i3udHa XapaKTEpHUCTHKA SK
KOJIp.
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3rigHoO KJIIACHYHUX TIYMA4eHb,KOJIp € Cy0’ eKTHBHOIO
XapaKTepUCTUKOI0 CBiTNIa, IIO0 BifoOpaXkae 37aTHICTH
JIFOJICBKOTO OKa PO3PI3HATH JOBXKUHY XBHJII €JIEKTpoMar-
HITHOTO BHUIPOMIHIOBaHHS Y BHANMOMY CIIEKTpi 3 JOB-
xuHOt0 XBui 360...780 um [6].J]1s BU3HAYEHHS KOJIBOPY
XapuoBOro MPOAYKTY SIK MOKa3HHKa SIKOCTI BHKOPHCTO-
BYIOTh TE€pMiH «3abapBieHHs». Llel Moka3HUK 3HAYHOIO
MIpOI0 3aJIeXHUTh Bi MIITHOCTI 00’€kTa, KoedimieHTa
3aJIOMJICHHS, CTymeHs Omucky, ¢akrypu tomo. Komip, B
CBOIO YEepry, € OUIBII IIUPIINM ITOHATTAM, SIKE BKIIIOUAE B
ceOe 3a0apBIICHHS Ta YMOBH OCBITJIICHHS 00’ €KTa.

MeTo10 J0CTiIKeHbCTATIO BU3HAYECHHS BMICTy (ia-
BOHOIIB HA OCHOBI OLIHKK 3a0apBJICHHS HACTOIB 3 POC-
JMHHOI ~ CHUPOBMHM 3  BHUKOPHCTaHHSIM  METOIY
KOMIT FOTEPHOI KOJIOPUMETPIl Ta MOPIBHSIHHSI OTPUMaHUX
pe3yNbTaTiB 3 JaHUMHU CIEKTPO()OTOMETPUYHOTO BH3HA-
YEHHS.

Martepianu Ta Meroau. [IpenmeToM IOCITiIKCHHAOY-
70 00paHO TpeACTaBHUK (PIAaBOHOINIB — pPYTHH, HACTOI
JIMCTS. YOPHOI CMOPOAWHM, TTOKOBTLIOTO JIMCTS sOMyHI,
JUCTA TOPOOWHU 3BUYANHOI, TpaBU BEPOCHH, SKi MICTATH
B CBOEMY CKiIafi (u1aBOHOIiAW.PyTHH BUKOPHCTOBYBAIN Y
BUTJISIII )KOBTOTO KPUCTAJIIYHOTO TIOPOIIKY.

Jis BU3HA4YEHHS BMICTy OapBHHX PEUOBHH HACTOIB
NPOBOIMIIN OLIIHKY 3a0apBJICHHS METOIOM KOMIT FOTEPHOT
KOJIOpUMETPii, crnekTpodoToMeTpil i OpraHoJEeNnTHYHO,
1[0 a0 3MOTY TEPEBIPUTH CIIBCTABHICTh PE3YJIbTATIB
BUMIpiB. JIJi1 BU3HAYCHHS KOHIICHTpAIlil ()IaBOHOIIIB B
JIOCITI/DKYBAaHUX HACTOSIX 3aCTOCOBAaHO METO]| MOOYyIOBU
KaJ1iOpyBasbHOTO rpadika:

1) 3a)eXHOCTI 3HAYEeHb KOJIPHUX KOOPAWHAT Bij KOH-
OeHTpamii pyTHHY y BOJHOMY pO34MHI  (METox
KOMII FOTEPHOI KOJIOpHUMETPIi);

2) 3aJIe)KHOCTI ONTUYHOT TYCTHHU PO3YHHY PYTHHY BiJ
H#oro KOHIEHTpAaIil (CIeKTPOPOTOMETPUIHUIN METO).

Jis oTpuMaHHs KanmiOpyBadbHHX TpadikiB Oyno mpu-
TOTOBJICHO CTaHAAPTHI PO3YMHH PYTHUHY 3 KOHIEHTpALIis-
mu 0,05; 0,2; 0,4; 0,6; 0,8 mr/mi1.

Komm’'toTepHa KOIOpUMETpisi TPYHTYETBCA Ha TOMY,
IO KOJIIp MOXKHA HPEICTaBUTH Y BUIILIII CYMH TPbOX
TiHITHO He3aNeKXHUX KOIbopiB [7]. st KimbKicHOT OIiH-
K{ KOJIbOPY CTBOPEHI Ta YAOCKOHAJEeHI OCHOBHI CHCTEMH
koopauHaT Kossopy: RGB, CIEXYZ, CIELab.

B cucremi RGB 0CHOBOMOJIOKHUMH KOJIOPAaMH BH-
crynatoTh uyepBonuii (R), 3enennit (G) Ta cuwiii (B), T06-
TO TPU MOHOXPOMATHYHI BHUIIPOMIHIOBAHHS JOBXXHHOIO
xsum 700,0; 546,1;435,8 HM BiAMOBiAHO. 3HAYEHHS KOX-
HOT KOJTipHOi KoOopauHaTH B cucteMi RGB 3MiHIOETBCS B
Mexax Bix 0 1m0 255 yMOBHHX OJMHHIG KOJIPHOC-
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Ti.EdbekTUBHIM 1HTETpaTLHUM MOKa3HUKOM 3a0apBIICHHS
MOXYTh BHKOPHCTOBYBATHCh TI'€OMETPHYHI IapaMeTpu
niarpaM, o0yI0oBaHi B MOJIPHUX KOOPJAWHATAX, HA STKHX
BiIKJIaJJ€HO PE3YJIbTAaTH BHMIpiB BEIWIHH iHTEHCHBHOCTI
KOJNIPHUX KOMIIOHEHT B KomipHii cuctemi RGB.Skmro
RGB-cucrema € mpocroposoio, To CIEXYZ € oprorona-
JIBHOIO, a KOJipHI KoopauHatu XYZ 3MiHIOWOThes Big 0
no 100. B cucremi ClELabkoopmunara L 3amaesckpa-
BicTh 3a0apBiicHHS 1 3MiHIO€ThCS Bif 1 10 100, a — 3MiHa
KOJILOpPY B Jiana3oHi Bia 3eneHoro (-128) mo wepBoHOTrO
(127), b—six cunboro (-128) mo xoeroro (127).

OuiHKy 320apBJICHHS] HACTOIB Ta BU3HAYEHHS KOJIPHUX
KOOpAMHAT IPOBOAWIN 32 TakuMH eramamu. CHodaTtky
OyJo MiATOTOBIICHO CKIISIHY KIOBETY, HAIIOBHEHOII JOCIIi-
IDKYBaHUM 3pasKOM HAacTOI0, BCTaHOBJIEHO KIOBETY IO
KIOBETOTpHMada Ta po3MimeHo Horo Ha ckaHepi. [ligro-
TOBKA 3pa3KiB HACTOIB HE MOTPiOHA, OCKIJIBKU MPH 3aCTO-
CyBaHHI KOMIT'IOTEPHOI KOJOPHMETpii MyTHICTh, CYIyTHI
PEYOBMHHM, YaCTKH CHPOBHMHHM HE BIUIMBAIOTh Ha SIKICTh
300pakeHHsI Ta HOro KoOJipHI XapakTepucTuku. BuzHa-
YEHHsI KOJIPHUX KOOPJIMHAT HACTOIO3/IICHIOBAJIOCH CKa-
HYBaHHSIMJIHA KIOBETH B OOpaHOMY pexuMi.3a J0MoMo-
rOI0 IporpaM oOpoOKH 300pakeHb OTpUMaHe 300pakeH-
HS iZeHTH(IKYBaIN Ta BU3HAYAIN HOTO KOJIpHI KOOPIH-
Hatu B cucteMi RGB, CIEXYZ, CIELab.

Bu3HaveHHs ONTHYHOI T'YCTHHHU HACTOIB MPOBOJIMIIN Ha
cunekrpodoromerpi UNICO B KBapmoBiii KiOBeTi 3 TOB-

ITUHOIO ONTHYHOTO Imapy 1 cM mpu AoBxkuHI xBuii 440
um[8].

PesyabTaTn Ta o6roBopenHsi.KaniOpyBanpHUI Tpa-
(ik 3aJeKHOCTI ONTHYHOI TYCTHHH TPH JOBXHHI XBHII
440 EM3a pyTHHOM HaBelIeHO Ha puc. 1.
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Puc. 1. KanibpyBansHuii rpadik 3aeKHOCTI ONTHYHOI I'YCTHHI
BiJl KOHIIEHTpAII] pyTHHY

3anexxHiCTh onTHYHOI TyCTHHH DrBim KoHIEHTparlii
pytuny CrB mexax 0,05..0,8 mr/mn € miHiffHOIO, IO
MIITBEPIKYETBCS ~ BHCOKHM  CTYIEHEM  KOpeJswil
R%>0,997 i Bka3ye Ha aJeKBaTHICTh OTPUMAHOTO PiBHSH-
HS Ul BCTQaHOBJICHHS BEJIMYMHU BMICTY IIITMEHTY 3a
OTPUMAHOIO BEJIMUYMHOIO ONITUYHOI I'yCTHHHU

D, =1,219=C, 1)

KaniOpyBanpHuit rpadik 3ameXHOCTI KONIPHHX KOOP-

JHAT BiJ KOHIICHTpAIlil pyTHHY HaBEeIECHO Ha puc. 2.
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Puc. 2. KaniOpyBanpHuii rpadik 3a1e:KHOCTI KOJMIPHUX KOOPAMHAT BiJl KOHIIEHTPAMii pyTUHY:
a) RGB-koopaunaty, 6) XYZ-xoopaunaru, B) Lab-koopannatu

3a moOynoBaHUM KaJliOpyBaJdbHHM TpadikoM ais py-
TtuHy 3 RGB- Ta XYZ-K00opauHaTamMu BUABICHO, 0 R Ta
G, Xta Y KOMIIOHEHTH € HE3MIHHUMH, OKPIM HEBHCOKOTO
MKy 3pOCTaHHS B MeXaxX KOHIEHTpalii IrMeHTy
0,6...0,8 mr/mn.B cucremi RGB nnst pytuny icHye Bupa-
JKeHa JIiHIfHA 3aJIeXHICTh 32 B KOMITOHEHTOI0, B CHCTEMI
XYZ- 3a Z KOMIIOHCHTOIO,Ki MAarOTh HHU3XIJTHUH Xapak-
tep. Lle o3Havae, Mo NpH 3MiHI KOHIEHTpaii MirMeHry,
3MIHIOETBCS BIITIHOK KOJBOPY 1 I 3MiHA HANpAMYy 3ajie-
JKUTH BiJl 3MiHH CUHBOI CKJIaIOBOI KOJIBOpy. Jmst oTpuma-
HOTO Tpadika CKIAACHO PIBHSAHHA 3 BUCOKHM CTYICHEM

69

KOpEeJIALii, 10 CBIMYUTHh MPO BiATBOPIOBAHICTh JaHUX i
BipHMIA BHOIp KOJNIpHUX KOMIIOHEHTBITa Zrmms po3paxy-
HKY
B, =-1142=C, +2236 R%>0,997 )
Z, =-577+C, +7846 R2>0,992 (3)
Hust cuctemu Lab-xkoopauHat dyTimBuMEH 10 3MiHH
3a0apBICHHS JIOCIDKYBAHUX PO3YMHIB € a- Ta b-
KOMITOHEHTH, 3MiHa SIKMX BiJl KOHIEHTpauii pyTUHY OIH-
CYETBCSI PIBHSIHHIMHI

a, =—245%C, 95

= R2>0,978 (4)
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b, =60,0+C, +4 R*>0,995 (5)

TToGynoBani kanmiOpyBanbHi rpadiku 3a71eKHOCTI KO-
puoi B, Z, alb-koopanHaT Ta ONTHYHOI IYCTHHH 32 PyTH-
HOM € a/IeKBaTHUMH, TOMY iX MOXXHa BHKOPHUCTOBYBAaTH
JUIsl BU3HAYEHHS ()JIaBOHOI/IB B €KCTPAKTaX.

Anpobanito KaniOpyBalbHUX IpadikiB Ta BU3HAUCHHS
e(eKTUBHOCTI IX BHKOPUCTAHHS MPOBENU JUIS PEAbHUX
00’€eKTIB — HAcCTOIB JIUCTS YOPHOI CMOPOAMHH, SIOJIYHI,
TOpOOWHU Ta TpaBU BepOEHW, SKi 3TITHO JITepaTypHUX
JAHUX MICTATH B CBOEMY CKJaii ¢aBoHOian. OpraHoe-
IITHYHA OIliHKa 3a0apBJICHHS HAcTOiB HA 3-if Ta 7-i1 JeHb
eKCTparyBaHHs HaBejeHa y Tabmmi 1.

Bwmict ¢maBoHOINIBBH3HAYANN TaKoXX Ha 3-if Ta 7-U
JIeHb HAaCTOIOBaHH:3a KaJiOpyBaJlbHUMH KPHBUMH, 1100Y-
JIOBAaHMMH 32 JOTMIOMOTOI0 KOMIT'FOTEPHOI KOJOpHUMETPii i
cnekrpodoTomerpa. Y Tabauui 2 HaBeAeHi KOJIipHi KOOp-
JWHATH HACTOIB.

Pesynpraty Bu3HaueHHs (IaBOHOINIBY HAcTOSIX 3 BHU-
KOPHUCTaHHSAM CIIEKTPO(OTOMETpa Ta KOMII IOTEPHOI KO-
JOpUMETpii HaBeIeHO B Tabmi 3.

Taéanus 1. OpraHonenTrnyHa oniHka 3a0apBIeHHS HACTOIB Ha 3-
i1 Ta 7-i1 IeHb HACTOIOBAHHS

3a0apBieHHsA
3-if JeHb HACTOI- | 7-if JeHb HACTOI0-
BaHHS BaHHHA

Hacriit

CBITJIO-KOpUYHEBHHA
3 BIATIHKOM 3€JI€HO-
ro

JIucts yopHOi cMO-
pOJMHU

JKoBro-3enenui

INoxoBTine aucTs
SOITyHI
JIncts ropoOuHN

CaiTino-xoBTHil | Bypo-kopuunesuit

KosTro-3eneHuit Bypo-3enenuii

Tpasa BepOeHu CBiTio-x0BTHI | KOBTO-KOpHUUHEBHI

Ta6mmus 2. KonipHi koopiMHaTH HacToiB Ha 3-i Ta 7-i
JIeHb HACTOIOBAaHHS

Harii  |R|G | B [X[v[Z[L[a]b
3-ii IeHb HACTOIOBAHHS
JIncts cmopoxuan | 218 | 240 | 220 |73(82|80| 93 | -10
Jlucts si6myHi 215|237 | 213 |70(80|75| 92 | -13

JIucts ropobunn | 218 | 241 | 222 |74|83|81| 93 | -10

(NN

Tpasa BepOeHH 217 1235| 213 [70({79(74| 91 | -11

7-i1 1eHb HaCTOIOBAHHS

JIucts cmopoaunn | 215|236 | 218 |71(79|78| 91 | -9 | 6

Jlucts si6myHi 216|238 | 188 |68|79|59| 91 | -15 |22

JIucts ropobunu | 216 | 237 | 217,5|71(80|77| 92 | -10 | 7

TpaBa BepOeHH 216 | 240 | 206 |71|81|70| 92 | -12 |14

Tadanus 3. BMicT ¢u1aBoHOINIB B HACTOAX, Y NepepaxyHKy Ha PYTHH

Bwict ¢naBonomi, mr/ 100 M
Ne 3/ Hacriii Komm’roTepHa KonopumMeTpist
CrexkTpooTOMETPHYHO Lab Lab
RGB XYZ
(a-xoopx.)| (b-xoopm.)

1 Jlucts cmopo-| 3-if 1eHp 8,1+0,1 3,1 2,7 2,0 5,0
JAHA 7-# n1eHb 14,1+0,1 49 0,8 2,0 3,3
2 |Mucrs sGayni 3-ii 1eHb 9,5+0,1 9,3 6,0 14,3 8,5
7-ii ieHb 30,0+0,1 31,1 33,7 22,4 30,0
3 Jlucts  ropo-| 3-i neHp 1,1£0,1 1,4 4.4 2,0 50
OuHU 7-ii neHb 4,1£0,1 53 2,5 2,0 50
4 TpaBa BepOe-| 3-ii neHb 9,0+0,1 9,3 1,7 6,1 8,5
HU 7-i nenn 15,5+0,1 154 14,7 10,2 16,7

3rigHo maHUX TaOmumi 3 HAHOLTBIIHMIA BMicT (hIaBOHOI-
JIiB CIIOCTEPIra€ThCS B HACTOI 3 JIUCTS SAOJYHI, a HAMEH-
mui — B eKcTpakTi Jucts ropodunu. CriBCTaBIsSIOYM
pe3ysbTaTH, OTPUMAaHi MpHU CIEKTPOYOTOMETPHYHOMY
aHajizl, Ta pe3ynbTaTH KOMII'IOTEPHOI KOJIOpUMETPIl
BCTaHOBMJIU, 1110 KUIBKICTh ()JIABOHOIAIB B HACTOI 3 JIUCTS
siONyHI Ta BEpOCHH € OJHAKOBOIO, JJISI HACTOK) JIUCTS
CMOPOJIMHM Ta TOPOOMHM — CIIOCTEPIraeThCs Pi3HULA 3a
IBOMAa METOJaMM BH3HAaueHHs. Taki  BIAMIHHOCTI
TIOB’sI3aHi 13 MEePexo/loM JI0 eKCTPAKTy He Jnie (GeHoIb-
HUX CHONYK, a i KapOTHHOIMIB i XJIIOpodiiB, sIKi 3HAYHO
BIUIMBAIOTh HA KOJIpP HACTOIO Ta IiCIs EKCTparyBaHHS
MaroTh BJIACTHBICTH /10 OKUCIICHHS Ta 3MiHM 3a0apBICHHS
PO3YHHIB, 10 TPU3BOIMTH 10 3CYBY KOJIPHHX KOOPAUHAT
300pakeHHS] Ta MaKCHMYyMIB CBITJIONIOTJIMHAHHS, II0 B
CBOIO Yepry BIUIMBa€E Ha KiHLEBHH PE3yJIbTAT PO3paxyH-
KiB.

Cepen HaBeIeHHX PO3PaxyHKiB BMICTY (IaBOHOIMIB 3a
B, Z, a i b-koopauHaTamMu MOXKHa BCTQHOBHTH, IO ONpa-
LIOBaHHS PE3YJIbTATIB CKaHyBaHHS KOJILOPY HAcTOiB 3
BukopucTaHHsIM RGB-cucremu € HalOLIBII TOYHUM,
OCKIJIbKM OTpUMaHi pe3yibTaTH € HaOMKeHUMH 10 pe-

3yJIBTAaTiB KOHTPOJBHOTO METOLY — CHEKTPO(POTOMETDIi.
Tomy AOIIIEHO BBAXKATH, 1[0 OTPHMAaHE PIBHSIHHS perpe-
cii (2) Br=f(Cr) € anexBaTHMM JyIs1 BU3HAYCHHS (IIaBOHO-
iniB y HAcCTOSIX 3 HU3bKUM BMICTOM CYIYTHiX OapBHHUX
PEUOBHH — XJIOPOQ1iJIiB Ta KAPOTHHIB TOILO.

BucHoBkm.IIpoBeseHa omiHka e(EeKTUBHOCTI METOIM-
KM  BH3HAueHHs  (IaBOHOINIB 3  BHUKOPUCTaHHSIM
KOMIT FOTEPHOi KOJIOPUMETpii Ha NMpHKIagl HACTOIB poC-
JMHHOI cupoBHHU. OTpHMaHi pe3yabTaTH 3acBiIUMIN
CHIBCTaBHICTh pe3yNbTaTiB ckaHyBaHHSI B RGB-cuctemi 3
CIEeKTPO(OTOMETPUYHIMH BHU3HAYCHHSMH 3 YypaxyBaH-
HSIM TOYHOCTI BUMIPIOBaHHS JJIs HACTOIB 3 IOKOBTLIOTO
mucTst s0myHi Ta TpaBu BepOeHnm. OpHaK BiIMIHHICTBH
Pe3yNbTATIB MOA0 BMICTY PYTHHY VIS JIUCTSI CMOPOJUHU
Ta TOpOOMHH BiAIMOBiIHO, MOTPEeOye MPOBEICHHS IOCHTi-
JDKEHBb 13 OTPUMAaHHSAKaJIiOpyBadbHUX TpadikiB Ta BHUKO-
HaHHI PO3paxyHKiB Ui KOMIUIEKCiB OapBHUX CIIOJYK,
TaKuX SK: XJIOPOQiI-KapOTHHOIAHUN KOMIUIEKC, KapOTH-
HOIJTHO-aHTOLIIAHOBUH KOMILIEKC.

3a OTpUMaHNMU pe3yJIbTaTaMHu MOXKHa CTBEPJUKYBATH,
0 METOJHMKA € JOCTOBIPHOIO JUI PIIIKUX POCIMHHHUX
HacTOiB i MOKE€ BHKOPHUCTOBYBAaTUCH JUISl OL[IHKM 3a0apB-
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JICHHS THIIHAX piaKux cucteM.Bukopuctanus
KOMIT TOTEPHOT KOJIOPUMETPIi 3HAYHO MPHUIIBHIIIYE MPO-

IeC aHaji3y BMICTY (IaBOHOIMIB Ta 3MEHIIYE YaCTHHY
BHUTpAT Ha XIMIYHI peareHTH i 00JIaHaAHHS.
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Determination of flavonoids in extracts using computer calorimetry
O. A. Petrusha, K. A. Naumenko
Abstract. The article presents a results of determination of flavonoids in leaves extractof of black currant, mountain ash, apple and
herb verbena using computer colorimetry and spectrophotometry. Correlation of color RGB-, XYZ-, Lab-propertiesdependence of
quantitative content of flavonoids in aqueous solutions.

Keywords: painting, computer colorimetry, color coordinates, pigments.

Onpenenenue cofepxaHus GpIaBOHOHIOB B HACTOSIX ¢ HCMOJIb30aHHEM KOMIBIOTEPHOI KOJIOPUMETPHH
O. A. Ilerpyma, K. A. Haymenko
AHHOTanms. B cTaThe MpencTaBICHBI PE3YNIbTAThI ONPEICIICHHS COMEPKAHUS (PIIAaBOHOUIOB B HACTOSAX C JIUCTHEB YEPHON CMOPO/IH-
HBI, PSIOUHBI OOBIKHOBEHHOM, SIOJIOHN U TPaBbl BEPOCHBI C UCTIOIH30BAHUEM KOMIIBIOTEPHOU KOJIOPUMETPUH U CIIEKTPOPOTOMETPHH.
YV CTaHOBJIEHBIKOPPETISAIMOHHBIE 3aBUCUMOCTH MeK 1y 11BeToBbIMU RGB-, XYZ-, Lab-xapakreprcTikaMu HKOJMYECTBEHHBIM COMIED-
»aHneM ()IaBOHOUIOBB BOJHBIX PAaCTBOpPAX.

Kniouesble cnosa:ysem, KOMNbIOMEPHASL KOIOPUMEMPUSL, YEEMOBble KOOPOUHAMbL, NUSMEHMbL.
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AHoTanisi. Po3risiHyTO reoMeTpuuHy Monenb pyxy inepuioina B.M. Tonuuna, ckiafeHy Ha OCHOBI piBHsAHHs Jlarpamxka Apyroro
pomy, a TaKOX MOXJIMBY MoH(iKkamilo iHepIioina, ska 6a3yeThCsl HA KONMBAHHIX Y BEPTUKAJIbHIN IDIONIIMHI IBOX MasTHHKIB, IIPHE-
JHaHWUX JI0 Bi3Ka. Byno BH3HaYeHO HEXAOTHWYHI TPAEKTOPIl MEepeMilleHHs BAaHTaXIB IIMX MAsSTHHKIB, 3aBISKH YOMY yTBOPIOIOTHCS
MIOTO/UKEH] KOJIMBAHHS MasTHHKIB 1 iHIMIIOETBCS PyX Bi3Ka y TOPH30HTAIFHOMY HAIPSIMKY.

Knrwwuosi cnosa: inepyioio B.M. Tonuuna, mamemamuuruii Masmuux, pigHanus Jlaepandica opyeoeo pody, pazosa mpaekmopis.

Beryn. Bcei texniuHi mpucTpoi, 1m0 3a0e3Me4yroTh nepe-
MIIIIEHHS TiJl HA TOBEPXHI H Y MPOCTOPi, BUKOPHCTOBYIOTh
HasIBHICTH IMeBHOI onopu. ToOTO pyX BHHHUKA€E y pe3yiib-
TaTi BIAINTOBXYBaHHA BiJ SIKOTOCH CYOCTpaTry: 3€MHOL
MMOBEPXHI, BOAH, MOBITPs. [Ipy BUKOPUCTAaHHI TpaTuIlii-
HUX PYUIIB pPyX BUHUKAE y PE3yIbTaTi B3aEMOMII pyIIis 3
HaBKOJIMIIHIM cepenoBuiueM. s B3aeMopisi, IPUPOAHO,
3aBXXAU CYNPOBOIDKYETHCS CHIAMH TEePTsl, HA MOJOJIAHHS
SKUX BUTPAYa€ThCs 3HAYHA YaCTHHA CHEPTil MaJliBa.

Puc. 1. Iaepuioin B.M.TomuanHa

s momynsipusariii Ta JAeMOHCTpailii 0coOnIMBOCTEH
pyXy iHepIioina MpOBOAMIMCS HOTO «3MaraHHs» Ha CIIH-
3bKill TOBEPXHI 3 BI3KOM 13 MIPUBOJIOM Ha KoJieca. Bizok 3
BEAyYHMMH KOJIECAMH IIPOTHO30BAHO OYKCyBaB, a BI30K
B.M. TomunHa mpocyBaBcsi 1o moBepxHi. s pisHOOIY-
HOTO aHai3y npo0iIeMH iHepIioiaiB OIUIEHO Oy/Ie po3r-
JITHYTH OJVH 3 iX Pi3HOBHUIB, SIKMI 0a3yeThCs Ha iHIIIO-
BaHHI PyXy Bi3Ka y FOpPH30HTAJILHOMY HalpsIMKy 3a JI0-
MIOMOTOI0 KOJIUBAHHS Yy BEPTUKAIbHIN IJIOIIUHI BaHTaXIB
JIBOX TPaBITAI[IHUX MasTHHKIB, SIKi MAIOTh MMEPEMIII[yBa-
TUCS 110 HEXAOTUYHHX TPAEKTOPISIX.

Orasa my6Jikamiit mo Temi. UncieHHi eKCriepUMEHTH
3 JIEMOHCTpALIIMU PyXy iHepIioiga Ta HOro pi3HOBHUIIB
BUKJIMKAJIM JIMCKYCII0 B HAYKOBUX Kojax. bijbpiia yacTtu-
Ha BUCHHMX BBaXKae€, IO pyX iHepuioina oOyMOBIEHHI
NIPUCYTHICTIO B PO3IIISHYTIH cucteMi cui TepTst. Toxi sk
nocninoBHUKH B.M. TomunHa BBakaroTh, 10 pyX iHEpIIi-
oina MoB'sI3aHNH 13 BUHUKHEHHSIM CHJI 1HEpLIl 32 paXyHOK
NPUCKOPEHOro 00epTaHHs BaXKeiB i3 BaHTaxamu [2].

OnHak Taka iHTepIpeTaliss MOBOJUKEHHs iHepIioina
CIIPUYMHIOE HEOOXITHICTh MPHUITYCTHUTH, IO HOPYIIYIOTh-
cs 3aKOHM MexaHiku HpioToHa. Amke MOMIIMBICTH CTBO-
pEeHHS 3a3HA4YEHOTO PYIIiS CYNepeduTh 3aKoHYy 30epe-
KEHHS IMITyJIbCy. TOMy IPUXWIBHUKN 1HEPLiOiNiB CTBEp-
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Y 30-x pokax MHHYJOTO CTOJITTS  IH)KEHEp
B.M. TosrunH cTBOpUB iHepuioin [1], skuil ckinagaeTbes i3
JIBOX GKCLEHTPUYHUX BAaHTAXIB Ha BaKelsiX (HerpasiTa-
OifHIX MasATHHKIB), YCTAaHOBJICHHX HAa PYXOMOMY Bi3Ky
(puc. 1). EXCIIeHTpUKH CHHXPOHHO O0EPTaIOTHCS 1 Imepe-
MIITYIOTBCSI Ha3yCTPid OIUH OJHOMY 3i 3MIHHOIO Herepe-
pBHOIO KyTOBOKO MmBHAKICTIO [2]. Tlpm mpoMy B OgHHX
CEKTOpax KoJla, SIKE OMNHCYIOTh EKCIEHTPHKH, KyTOBa
IIBUIKICTh MTOBOPOTY HETPAaBITAIIMHUX MAasTHHUKIB 30i-
JBLIYETHCS, @ B IHIINX — 3MEHIIY€EThCS (pHC. 2).

~

155"
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w>0 <~ WX

w? 2122
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Puc. 2. Pexxum pyxy BaHTaxy

JDKYIOTh, IIO TYT BUKOPHUCTOBYIOTBCS SIKICh «HOBI» BJIac-
THBOCTI IHEPLIHHKUX Mac 1 rpaBiTalliiiHUX MOJMIB.

Jist nosicHeHHs1 pyXy pi3HOBUAY iHepuioina B poborax
[3, 4] posrmaryTto Horo Mmommdikamito Ha 06a3i 2d-
MIPY’KUHHOTO MAasTHHKA, KOHCTPYKIisS SKOro 3abesreuye
MIPSIMOJTIHIHICTE OCi IPYKUHU B TIporieci konmBaHH. Lle
JIO3BOJIMJIO TIOSICHUTH (1 YHAOUHUTH) IPUYUHH PYXY Bi3Ka,
SIKI TIOB’s13aHi 31 CTUCHEHHSIM YU PO3TATHEHHSM IPY>KUHU
B TI€BHI 3py4YHi MOMEHTH MOJIOKEHHSI BAHTaXXy Ha TPa€eK-
Topii Horo nepeminieHns. ToOTO iHIMIIOBAHHS PYXY Bi3ka
y TOPU3OHTAJIBHOMY HAmNpPSMKY 3/1HCHIOETBCS 3aBJASKA
MOTO/PKEHUM KOJIMBaHHSAM MAasTHHKa, BAHTAX SIKOTO Mae
pyxaTHcsi 1Mo Harepej 3HalJeHIl HeXaoTWYHIN TpPaeKTo-
pii.

HexaoTnuna TpaekTopis pyXy BaHTaXy I03BOJISIE y3-
TOAWUTH 3 HaNpSIMKOM PYXy Bi3Ka IPOLECH PO3TATHEHHS
(puc. 3,a) 1 crucHenHs npyxunu (puc. 3, 06). Tobto y
TIepIIOMY BHUIIAAKY BiJICTAaHb MK MacaMHM IITYYHO 3011b-
LIYEThCS, @ Y APYTOMY — 3MEHIIYEThCS, IO BIUIMBA€E Ha
TIOJIOKEHHS Bi3ka. B poOoTi oOpaHO Taki HMO3HAuYeHHS:
Maca Bizka Mp = 150; maca BaHTaXy HMPY>KHHHOTO MasT-
HuKa m = 40; xoedilieHT KOpCcTKOCTI nmpyxuHn k = 250 i
JIOBXKMHA NPYKWHH Y HEHaBaHTaXeHOMY cTaHi d = 5.

©|E. 1. Sukharkova, O. V. Shoman, V. V. Semenova-Kulish, G. V. Morozova 2017
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Puc. 3. KonmmBanus 2d-nipykMHHOTO MasTHUKA ITi]] BI3KOM

-12
a
m
y
”
0 M v X
u
m

Puc.4. Cxema inepuioina B.M. Tomuuna

Merta. Po3po0uty reoMeTpuiHy MOJACTH PYXY iHEpIIio-
ima B.M. TomunHa, ckiafieHy Ha OCHOBI piBHsAHHS Jlarpa-
H)Xa JPYToro POAy, a TaKOoX CIOCiO IHIIIOBaHHA PYyXY
Bi3Ka y TOPH30HTAJIBHOMY HAIPSMKY 32 JOIIOMOIOI0 KO-
JMBaHHS y BEPTHKaJbHIH IUIOIIMHI JBOX MAasTHHKIB,
NpUETHAHUX 10 HBOTO. [IpK 1IbOMY KIIFOUOBHM MOMEHTOM
€ BH3HAUCHHS HEXAaOTUYHHUX TPAEKTOPIH MepeMilleHHs
BAHTaXIB IUX MASTHHKIB.

OcHoBHa vactuHa. [y CKJIagaHHS T€OMETPUYHHX
Mozeneit pyxy MpHCTPOIB MepermiyuMo oOpaHi YMOBH
imeamizamii 3amaq: a) mapaMeTpH KOJIMBAIHHOI CHCTEMH i
MOYAaTKOBI YMOBH 33JalOThCSI B YMOBHHX UYHCIIOBUX OJH-
HUIIX; 0) KOJMBAHHS MasTHHUKIB 3IIHCHIOIOTHCS y BEPTH-

KaJIbHIN TUTOIIVHI; B) BCi €JIEMEHTH CHCTEMH HE MaroTh
TOBLIMHH, HEBAroMi 1 He 1e()OPMYIOTECS, OTIOPH Y By3Jax
1 OIip MOBITPS Mif Yac KOJIMBaHb BIJICYTHI; T) KOJIMBAIbHA
CHCTEMa € KOHCEPBAaTHBHOIO — TOOTO 3amac MeXaHiuyHOl
eHeprii B mpoIleci KOJUBaHb 3aJUIIAETHCSA IOCTIHHUM
(BTparu eHeprii BincyTHi). BBaxkaemo, mo mpouec po3ci-
I0BaHHsI eHeprii BiZ0yBaeThCs MOBIJIBHO B IOPIBHSIHHI 3
XapaKTepHIMH MacIITabaMu 4acy B CHCTEMI.

Ha puc. 4 HaBeneHO cxeMy KOJIHMBajIbHOI CHCTEMH iHE-
puioina B.M. TomunHa, sika CKIagaeThCs 3 Bi3Ka Ta 3a-
KpIIUIEHNX Ha HHOMY JBOX HETPaBIiTAIlifHUX MAasTHUKIB
(mitoTH B TOPHU3OHTANBHIN TUTONINHI). I omHcy qUHAMI-
KN pyXy 1€l KONMBAJIBbHOI CHCTEMH BHKOPHCTa€EMO DiB-
HsaHH: Jlarpanxa Apyroro pomy.

Sk y3araabHEHI KOOPAUHATH 00epeMO TakKi mapaMeTpH:
u(t) — ropusoHTaNbHE 3MilIEHHS Bi3ka B370BXK oci OX;
v(t) — KyT BigxuneHHs MasTHHKIB Bif oci Ox. [dami y ¢o-
pMynax NpUHAHATO NO3HaueHHs: M — Mmaca Bi3ka; m —
MacH BaHTaXXy KOXXHOTO MasiTHUKA; I' — JOBKUHA MasTHH-
KiB.

Jlarpamxuan cuctemu iHepimioiza B.M. Tomanaa mae
Buriin [2]

2 2
d d d d
= —_ 2 — — —_ —_ i } 1
L:=(M +2m) (dtu(t)) +mr (dt v(t)) 2mr (dtu(t)) (dtv(t)> sin(v(t)) ®
Cucrema audepeHnialbHuX piBHAHB Jlarpanxka Apyroro poxay Ajsl KOHCEPBATHBHUX CHCTEM Ma€ BHUIJISL
doL oL doL oL
o =0, — = @
dtdy oJu dtov OJv
[Ticns mepeTBOPEHHS 0JepKYEMO CHCTEMY PIBHSHB (TYT 1 aii 30epekeH0 CHHTaKCcHC MOBU Maple):
d? d? d? d 2
2 (Wu(t)> M+ 4 <Eu(t)> m—2mr (Ev(t)> sm(v(t)) - 2mr (E v(t)) cos(v(t)) =0 -
2 2

d
—2mr (—r (ﬁ v(t)

Po3B’si3yBati cucreMy piBHsHB (3) OynemMO 4HCEIBHO
3a JornoMoror Meroay Pynre-Kyrtn y cepenoBuiii
Maple. Buxopucroyroun HaOmmwkeHi po3s’s3ku U(t) i

x,®)=U@)+r cos(V(t)),xz =@ +r cos(V(t)),
yi(t) = rsin(V(t)).yz t)=-r sin(V(t)).

Jam HaBememo po3paxyHOK iHepiioina B.M.TomuuHa
3 mapamerpamud M =15; r=1; m=3 i 3 HOYaTKOBUMH
ymoBamu UOQ = 0; u'0 = Du0; v0 = 7t/2; v'0 = DVO.

3a3Ha4yeHi YMOBH CIIiJ] iHTEPIpeTyBaTH Tak. MasTHUKH
MOYMHAIOTh pPyXaTHCs 3 TO4YaTKy KoopAuHaT (ymoBa
u0 =0) i 3 moJIoKeHHs TepreHUKYIIpHO oci OX (ymoBa
V0 = 71/2). Bisky y HanpsiMKy oci OX HamaeTbes I0YaTKo-
Ba IBUAKICTH 3HaueHHsIM U'0 = Du0. A xyram BigxuieH-
HSl MasTHHUKIB HaJa€ThCs IOYATKOBA IIBUJIKICTh 3HAYCH-
HiM V'0 = Dv0. 3a3zHaunmo, mo mpu Big’ emHOMYy DvO0

d
> + <ﬁu(t)
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> sin(v(t))> =0

V(t) B nexapToBiii cuctemi koopauHat xOy Tpaektopii
HEepPEMIIEHHs] KOKHOTO 3 BAaHTAXKIB 000X MAasSTHHKIB IO-
OynyBaTh 3a GopMyITaMu:

(4)

«BEPXHi» MasTHUK Oyze PyXaTHUCh 3a HAIPSIMKOM CTpPiJi-
KU TOJMHHHKA, a «HIKHIW» - NPOTH HANpPSIMKY CTPLIKA
roJuHHUKA. B pe3ymbraTi Bi3ok iHepIioina Oyne pyxaTu-
cs mo oci Ox mpaBopyd. Ha xapakrep pyXy BIUTUBaTH-
MYTb SIK BETMYUHH MapaMeTpiB iHEpIioixa, Tak i 3HaYCH-
HS TTOYaTKOBHUX yMOB. [IpM bOMy TOJIOBHOIO XapakTepH-
CTHKOIO OyJie NMepepuBYACTICTh MEPEMIICHHS iHepuioina
npaBopyd. Bijg 3HaueHb BXIAHUX JaHUX IEPEMIIICHHS
Oyne abo Oe3 3ymuHOK, a0o, yacTimie, 3 3yIHHKaMH, a
Hai4acrime (IIpu JA0BUILHOMY BHOOpi 3Ha4YEeHb IapamMeT-
PiB 1 TOYATKOBUX YMOB) — 3 TIOBEpHEHHSIM JiBOpYY. 3aa-
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4a BHOOpPY ONTHUMAIBHUX IMapaMETPiB € TOJOBHOIO JJIS
JIOCITIPKEHHS Teopii IHEePIioiiB.

Ha puc. 5 HaBeneHo npuknan o0YHCIEHUX TPAEKTOPIH
PYXy BaHTaXiB MasTHHKIB JJI BapiaHTy 3 NOYaTKOBHUMHU
ymoBamu Du0 = 1; DvO = -1.

P

-1

Puc. 5. O6uncineni TpaekTopii pyXy BaHTa)KiB MasTHHKIB

Byno ckianeHo mporpaMmy IeOMETPUYHOIO MOZEINIO-
BaHHs pyXy IiHeplioiza 3a pe3yiabTaTaMd pPO3B’sI3aHHS
cucremu piBHsAHB JlaHpawxka apyroro poxy. Ha 6a3i npo-
rpaMH CTBOPEHO aHIMAaIiMHUHA (iTbM, KaJpu 3 SKOTO

npeacTaBieHi Ha puc. 6. [lepernsn ¢ineMy nae miacraBu
CTBEpJUKYBATH, 110 HABEJICHHWH BapiaHT pO3paxyHKy Xa-
paKkTepu3yeThCcs PYXOM iHepILioina mpaBopyd Oe3 3yIu-
HOK.

Puc. 6. Animaniiini kagpu po3paxoBanux (a3 pyxy iHepuioina

HoBuMm pizHOBHIOM iHepLioina MOXKHA BBaXXaTH MPH-
CTpiii, pyX SIKOTO 3IIHCHIOETHCS 3a JIONIOMOTOI0 KOJIMBAH-
HS Y BEPTUKAJIbHINA TUIONIMHI JBOX TPaBITAI[IfHUX MasT-
HUKIB (IIIOTh Y BEPTUKAJIBHIN IIOIIMHI), TPHUEAHAHUX JI0
pyxomoro Bi3ka (puc. 7). [Ipu npomy BaHTaXi MasiTHUKIB
MaroTh TEepEeMIlllyBaTHCs 10 3aBYACHO OOYUCICHUX HeXa-
OTHYHHUX TpaekTopisx. [lokakeMo, IO 3a3HAYCHi KOJIH-
BaHHS JO3BOJIIIOTH iHIIIIOBATH PYX Bi3Ka Y TOPH30HTAIIb-
HOMY HaIpsMKy.

Ha puc. 7 HaBeleHO cXeMy KOJHMBAJILHOI CUCTEMH, sIKa
CKJIAIA€THCS 3 Bi3Ka Ta MiIBIIIEHUX J0 HBOTO JBOX MasT-
HUKIB. /)11 omucy MUHAMIKH pyXy Ii€l KOIUBAIBHOI CHC-
TEMH BUKOPUCTAEMO piBHAHH JlarpaHxka Apyroro pony.

Sk y3aranbHEHI KOOpAMHATH 00EPEMO TaKi MapaMeTpH:
u(t) — ropusonTanpHe 3MmimieHHs Bi3ka; V(f) — kyT Bigxu-
JIeHHs BiJl BepTHKami mepmioro mastauka; W(f) — Kyt
BIZIXWJICHHSI BiIl BepTHKaii Apyroro mastHuka. [ami y

)
W(t)>

2
+ mld1sin(v(t)) (%v(t))

(m0 + m1 + m2) (%u(t))
d2
—mldl cos(v(t)) (ﬁ v(t)

dZ

—m2d2 cos(w(t)) (dtz

2
+ m2d2 sin(w(t)) (%W(t)) =0 (5
d? d?
—m1d1 cos(v(r)) (ﬁ‘ll(if)) +m1d1? <E v(t)>
+mldlg sin(v(t)) =0

%u(t)) +m2d2? (%w(t))

+m2d2gsin(w(t)) =0

—m2d2 cos(w(t)) <

Po3B’sa3yBatu cuctemy piBHAHB (5) OyaeMo 4HCENBHO
3a gomomororw Merony Pynre-Kyrru 3 mnapamerpamu
di=4;d2=8; mp=1; m =113 004aTKOBUMH yMOBaMH
u0=0;u0=0;v0=0;v0=1;w0=11iw'0="-1
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(dbopMmysax MpUUHATO MO3HAYCHHS: Mo — Maca Bi3Ka; mi —
Maca BaHTaXy IEpIIOr0 MasTHUKA; My — Maca BaHTAXY
Jpyroro mMasTHuKa; di — IOBXHHA TIEpLIOro MasTHHUKa; d2
— JIOBXKMHA Ipyroro MasTHuka; g = 9,81.

Puc. 7. Cxema 1BOX MagTHHKIB ITiJ] BI3KOM
Cucrema piBHsAHB Jlarpamxka Opyroro poay Mae BH-
TJISI:

3 yMOB cClijiy€, 1110 CTapTOBE MOJIOXKEHHS Bi3Ka Ha IO-
gatky koopauHat (ymosa UQ = 0) 6e3 modaTKkoBOi MIBHI-
kocti (ymoBa U'0 = 0). [epiiuii MasTHUK MOYUHAE PYX 3
BePTHKAJIBHOTO moioxkeHHs (ymoBa VO = 0), sskoMy Haja-
HO IIBHIKOCTI YMOBHOI OJMHUIN Yy HampsMKy IPOTH T'o-
JMHHUKOBOI cTpinku (ymoBa V'O = 1). Jlpyruit mMasTHUK
MOYHMHAE PYX 3 BiIXUICHOTO MOJIokKeHHs (ymoBa WO = 1),
SIKOMY Ha/IaHO IIBUJIKOCTI BEJIMYMHOIO BiJl’€MHOT YMOBHOT
OJIMHUIIl y HANPSIMKY 33 TOJMHHUKOBOIO CTPIUIKOIO (YMO-
Ba W0 = -1). B pesynbrati Bi3ok Oyme pyxaTucs mo oci
Ox npaBopyd. Ha xapakrep pyxy BIUIMBATUMYTb BEINYH-
HM TIapaMeTpiB iHepuioina i 3HaYeHHs TOYaTKOBUX YMOB.
[Tpu 1bOMY TOJIOBHOIO «EKCILTyaTaliiHOI0» XapaKTepHc-
THKOIO TaKOX Oy/ie MepepuBYACTICTh MEepeMillleHHs Bi3ka
paBopyH.

Po3paxyHOK KOJMBaHb MAasSTHUKOBOI CUCTEMH (pHC. 7)
BHKOHAEMO 332 YMOBH BH3HAU€HHsI HEBIJJOMOTO 3HAYCHHS
MacH mp 3aJIC)KHO BiJI IHIIMX BIJIOMHX HApaMETPiB CXEMHU.
Jnst o0uncIIeHHS KPUTHYHOTO 3HAYEHHS M2 BUKOPUCTAE-
Mo croci6 npoekuiitnoro gokycysanus [3-4]. [lns uporo
no0yayemMo HabukeHe 300pakeHHs IHTerpajibHOT KPUBOT
y (a3oBoMy mpocTopi ojHiei 3 (QYHKIIH y3araJlbHEHUX
KOOpJHMHAT, IO 3aje)KaTUMe BiJ| MEBHOIO 3HAYEHHS Ia-
pametpa M. [Ipu moBinmsHOMY 3Ha4YeHHI M ¥ (azoBOMY
MIPOCTOPI OJIEPKUMO «3AILUTYTaHY» IHTErpalbHy KpHBYy. li
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npoeKiiss Ha (a30By IUIOLUIMHY TaKOXX MaTUME BUIJISA[
«3arryTanoi» ($a3oBoi kpuBoi (puc. 8). [Ipu 3HaueHHI M2
= 2 ozIep)Ky€EMO TIpoeKIiiine pokycyBaHHs (puc. 9).

Puc. 8. InterpanbHa kpuBa i pa3oBa TpaeKTOPis y3araabHEHOT
KOOpIUHATH V(t) U1 JOBUIFHOTO 3HAYEHHS M2

Puc. 10. [arerpansaa kpuBa i ha30Ba TPAEKTOPIs y3aralbHEHO
KoOpauHATH U(t) IS 3HAYEHHS mapameTpa My = 2

B poborax [3, 4] moka3aHO, IO MPH ITOETHAHHI KPUTH-
YHOTO 3HAYCHHS Mapamerpa (y HamloMy BHIAAKY My) 3
IHIIMMHY BHUXIJHUMH HapaMeTpaMH KOJIHMBAJIBHOI CHCTEMH
JTO3BOJISIE 3HANUTH IIyKaHI HAOJIKEHI pO3B’SI3KU nudepe-
HIlIaJbHUX piBHAHB Jlarpamka apyroro poxy. B pesyin-
TaTi 00YuCIeHb Oyno 3HalIeHo Ha0ip 3HAYCHB MMapaMeT-
pie d1 =4;d2 =8, mp=1; mp = 1; my = 2 i HO4aTKOBUX

i

Ha puc. 10, 11 306pakeHo «choKycoBaHi» iHTeTpasibHI
KpHBi 1 (a30Bi TpaeKTOPii y3araapHeHUX KoopauHaT u(t) i
w(t) 11 3HAYCHHS TapaMmeTpa My = 2,

Puc. 9. IarerpanbHa kpuBa i ¢pa3oBa TpaekTOpis y3aralbHEHOT
KoopauHatH V(t) [T 3HaYEHHs mapameTpa Mz = 2

)

1.

A

|

K

[
|

X

Puc. 11. I[arerpansHa Kpusa i azoBa TPAEKTOPis y3araib-
HEHOI KoopauHATH W(t) [T 3HAYSHHS apaMeTpa My = 2

ymoB U0 =0; 0=0; v0O=0; v'0O=1; w0=11w0=-1,
sIKi 3a0€3MeYyIOTh ICHYBaHHS JBOX HEXaOTHYHHUX TpPAEK-
TOpiH MepeMiIIeHHsT 000X BaHTaXKiB MasITHUKIB.

Ha puc. 12 HaBeneHO po3paxoBaHi HEXaOTHYHI TPAEK-
TOpii pyXy BaHTaXiB MasiTHUKIB JJIs1 OOpaHOTO BapiaHTY.

Puc. 13. 300pakeHHs KOJIMBaHb MAsTHUKIB ITi]] BI3KOM

Byno cxmameHo mporpamy T€OMETPHYHOTO MOJIEITEO-
BaHHS pyXy Bi3Ka 3 MasTHUKaMH 3a pe3yJibTaTaMu
PO3B’s3aHHS CHCTEMH PiBHsAHB JlaHpaH)a APYroro pomy
(5). Ha 6a3i mporpamu CTBOpPEHO aHiMaIliiHUN GiabM,
KaJpu 3 AKOro mpezacrasieHi Ha puc. 13. Ileperman dinb-
My Ja€ MiJICTaBU CTBEP/KYBATH, [0 HABEJACHUH BapiaHT

75

PO3paxyHKy XapaKTepH3YEThCS PYXOM Bi3Ka MNpaBOpyd
0e3 3yNHMHOK 3aBJSIKM OPraHi30BaHUM pyXaM BaHTaXiB I10
00uHCIIeHIH TpaeKTOPIii.

BucHoBku. Po3poGienuii cioci6 mo3Boisie BU3HAYaTH
rnapamMeTpd HEXaOTHYHHX KOJHMBaHb Y BEPTHKaJIbHIN
IUTOIIMHI BAaHTAXIB IBOX MASTHUKIB ITiJl PyXOMHUM Bi3KOM.
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Ii xoMMBaHHS 3aTHI 1HIIIIOBATH PyX Bi3Ka y TOPH30HTA-
JIBHOMY HampsaMKy. [IpuuuHy HepeMilieHHs Bi3ka MOYKHA
MOSICHUTH TIOTO/DKCHUMHU 3MiHAMH MOMEHTIB OOepTaHHS
MasTHUKIB y BHUSBJICHI MOMEHTH TOJIOXKCHHS 000X BaH-

TaXiB Ha OOYHCICHHX TPAEKTOPISAX iX IMEepPeMillleHHs.
IIpoBeneHi mociipkeHHs Oy IyTh KOPUCHAMU TS aHAITI3Y
TIPUYUH PYXY Pi3HOBHUIIB iHEPITIOiIiB.
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I'eomeTpuueckoe MoesinpoBanue ABuskeHust uHepuuouaa B. H. ToruuHa U ero MassiTHUKOBOI0 aHAJIOra
E. H. CyxapsbkoBa, O. B. [lloman, B. B. CemenoBa-Kyauu, I'. B. Mopo3oBa
AnHoTanmsi. PaccmoTpena reomerpudeckas MoJelb IBUkeHUs uHepruouaa B.H. TomuuHa, cocraBieHHas Ha OCHOBE YpaBHEHUS
Jlarpamka BTOpPOro pojnia, a Takke BO3MOXKHAS MOAMGUKAIUA WHEPIHOUIa, KOTopas 0a3upyercss Ha KOJeOaHUSIX B BEPTUKAILHON
IUIOCKOCTH JBYX MAasTHHUKOB, MPHUCOCAMHEHHBIX K TeJeXKe. BBUTH ompeneneHsl HeXaoTHYECKHE TPACKTOPUH TIepPEMEICHNs TPY30B
9THX MasTHHKOB, OJarofaps 4eMy o0pa3oBBIBAIOTCS COTJIACOBAaHHBIC KOJIEOaHUS MAsTHUKOB M HHUIIMMUPYETCS IBHYKEHUE TEIEKKH B
TOPH30HTAIEHOM HAIlPaBICHUH.

Knrwueesvie cnosa: Unepyuouo B.H. Toruuna, mamemamuyeckuii Masmuuk, ypaenenue Jlacpausica emopozo pooda, ¢hazosas
Mpaekmopusi.
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THERMAL PHYSICS

Areas of high energy efficiency of energy supply systems with
cogeneration heat pump installations of small power and peak electric boilers
In heat supply systems
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Abstract: The approach, aimed at determination of the areas of high energy efficiency of energy supply systems (ESS) with cogen-
eration heat pump installations (CHPI) of small power and peak electric boilers (EB) in heat supply systems (HSS), on conditions of
optimal operation modes of CHPI, taking into consideration complex impact of variable operation modes, sources of drive energy for
steam compressor heat pump installations (HPI) of small power, with the account of energy losses in the process of generation, sup-

ply and conversion of electric energy, is suggested.

Keywords: area of high energy efficient operation, energy supply system, cogeneration heat pump installation, peak electric boil-

er, heat supply system

Introduction. In recent years a number of investigations,
dealing with the efficiency of usage combined cogenera-
tion heat pump installations in thermal schemes of heat
and energy supply sources were carried out [1 — 12]. The
application of combined CHPI enables to reduce the con-
sumption of natural or alternative gas by 30 — 45 %, as
compared with boiler installations of the equivalent ca-
pacity [1], and obtain cheaper at cost electric energy, as
compared with the grid energy (by 30 — 40 %). Cogenera-
tion drive of HPI compressors can be provided on the
base of gas engines-generators, manufactured by Ukraini-
an enterprises.

Publications review on the subject. In research [8]
energy efficiency of ESS, based on combined CHPI and
peak sources of heat (PSH) is evaluated, efficient opera-
tion modes of these ESS with the account of complex
impact of variable operation modes, sources of drive en-
ergy for steam compressor HPI of various power levels,
with the account of energy losses in the process of genera-
tion, supply and conversion of electric energy are deter-
mined. In research [9] methodical fundamentals are de-
veloped, assessment of energy efficiency of ESS with
combined CHPI and PSH, on conditions of optimal opera-
tion modes of CHPI for heat supply systems is performed.
In accordance with [8 — 9], optimal distribution of loading
between CHPI and PSH (for instance, hot-water fuel-fired
boiler, electric boiler, solar collectors, etc.) within the
frame of ESS largely determines energy efficiency of the
above-mentioned ESS. Such distribution is characterized
by the share of CHPI loading within the frame of ESS B,
that is determined as the ratio of thermal capacity of CHPI
to thermal capacity of ESS B = QCHPI/QESS. In the pa-
per [8] it is suggested to realize comprehensive assess-
ment of ESS with CHPI and PSH energy efficiency by
complex dimensionless criterion of energy efficiency:

Kess = (1-PB) - Kpg +B-Keppy .

where Kesn _ dimensionless criterion of energy efficien-
cy of peak source of heat within ESS (hot-water fuel-fired
boiler (FB), electric boiler (EB), solar collectors, etc.),

Kenrr — dimensionless criterion of CHPI within ESS
energy efficiency from the researches [2, 7 — 8].
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In research [8] spheres of energy efficiency operation
of CHPI of various power levels, obtained on the base of
the research [7] and determined by CHPI energy efficien-
cy dimensionless criterion ¥crei | depending on real val-
ues of HPI coefficient of performance or and efficient

factor of gas-piston engine-generator (GPE) "EcPE | En-
ergy efficient operation modes of CHPI correspond to the

condition KcHPi > 1. High values of energy efficiency
dimensionless criterion for ESS with CHPI, obtained in
[8], confirm high energy efficiency of such combined
energy supply systems. In [9] it is determined that energy
efficiency of ESS with CHPI and peak electric boilers
almost two times exceeds the energy efficiency of modern
high efficient electric and fuel-fired boilers, intended for
operation in heat supply systems.

In [1-12] the authors did not determine the areas of
high energy efficiency of ESS with CHPI of small power
and peak EB in HSS, on conditions of optimal operation
modes of CHPI.

Obijective. Aim of the research is the determination of
the areas of high energy efficiency of ESS with CHPI of
small power and peak EB in HSS, on conditions of opti-
mal operation modes of CHPI; determination of high en-
ergy efficient operation modes of ESS with CHPI and
peak EB in HSS, with the account of complex impact of
variable operation modes, sources of drive energy for
steam compressor HPI of small power, with the account
of energy losses in the process of generation, supply and
conversion of electric energy.

Materials and methods. The research contains the
evaluation of high energy efficient operation modes of
ESS with CHPI of small power and peak EB in HSS. En-
ergy efficiency of ESS with steam compressor HPI of
small power (up to 1 MW) with cogeneration drive from
GPE was studied. Electric boiler houses were provided to
be used as peak sources of heat in ESS. The investigated
ESS with CHPI and EB can completely or partially pro-
vide auxiliary needs in electric energy and provide the
consumers needs in heating and hot water supply.
Schemes of the ESS with CHPI and peak EB for heat
supply systems are presented in works [1, 10]. Methodical
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fundamentals of energy efficiency evaluation of ESS with
CHPI and EB are given in research [8]. Areas of high
energy efficiency of ESS with CHPI of small power and
peak EB in HSS can be determined from the dependences,
suggested in the research [11 — 12], on conditions of

Kenpi > 1 and Kess > 1 [11]. If the above-mentioned
conditions are realized, the investigated ESS with CHPI
and EB can be recommended as high efficient energy
supply systems that can be competitive with modern high-
efficient electric and fuel-fired boilers in heat supply and
energy supply systems. In our study the areas of high en-
ergy efficiency of ESS with CHPI of small power and
peak EB for heat supply systems are defined on condi-
tions of optimal operation modes of CHPI on the base of
the research, carried out [7 — 8].

Results and discussion. Application of the suggested
approaches, aimed at determination of the areas of ESS
with small power CHPI and EB high energy efficiency for
heat supply systems will be demonstrated on the specific
examples. Figs. 1 — 2 shows the results of research, aimed
at determination of the areas of high energy efficiency of
ESS with small power CHPI and EB in HSS, for energy
efficient operation modes of CHPI, based on the results of
the studies [7 — 8]. The values of the dimensionless crite-
rion of energy efficiency of ESS with small power CHPI
and EB in HSS is studied for the cases of seasonal varia-
ble loading of CHPI within ESS for optimal values of
CHPI loading share the range of g = 0,16...0,63 [13 —
14], that corresponds to temperature modes of heat supply
system operation. As above mentioned, the areas of high
energy efficiency of ESS with CHPI and FB can be de-

termined on conditions of KcrHP1 > 1 and Kess > 1 [11].

e
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Fig. 1 — Area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler house for heat supply, on
conditions of minimal efficiency of GPE and EB, with the con-

sumption of electric energy by electric boiler from CHPI

The research is carried out for energy efficient opera-
tion modes of CHPI with Kcrei =1,1...2,1 (on conditions
of maximum efficiency of GPE) and with
Kenpi=1,1...1,6 (on conditions of minimum efficiency
of GPE), based on the results of the studies [7 — 8]. The
above-mentioned values of CHPI Kcrri energy efficien-
cy criterion correspond to the values of real coefficient of
performance of CHPI within the limits of ¢r =3,0...5,4
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for CHPI of small power, according to [8].

Fig. 1 shows the area of high energy efficiency of ESS
with CHPI of small power and peak electric boiler house
for heat supply, on conditions of minimal efficiency of
GPE and EB, with the consumption of electric energy by
electric boiler from CHPI.

In the given research, according to [2, 7], the following
values are taken into account: value of GPE efficiency

factor Meere = 0,31 and value of electric motor efficien-
cy with the account of energy losses in the control unit of

electric motor Meo = 0,8. Electric boiler house with Mes
= 0,9 is provided to be peak source of heat in ESS for
these conditions. The value of dimensionless criterion of
energy efficiency of electric boiler for the cases of electric

energy consumption from CHPI will be Kps+ =0,223.
As it is seen from Fig. 1, the values of complex dimen-
sionless criterion of ESS energy efficiency are

Kess =1.0...1.03 n condition of minimal efficient
value of energy efficient criterion of CHPI Kener = 1,5;

for operation modes of ESS with Kenri > 1,5 the values
of dimensionless criterion of ESS energy efficiency

change within the limits of Kess =1,06...1.09 por he
investigated operation modes of ESS for heat supply sys-
tems the values of the complex dimensionless criterion of

ESS energy efficiency are Kess =1.0...1,09 4 congi-
tion of f = 0,61...0,63 and it can reach the value of

Kess =1.6 9 11] on condition of p= 1.
As it is seen from Fig. 1, on conditions of Kerpr > 1,5

and Kess > 1 [11], dependence, shown in Fig. 1, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
conditions of minimal efficiency of GPE and EB, with the
consumption of electric energy by electric boiler from
CHPI. On these conditions, the above-mentioned ESS can
be recommended as high efficient systems of energy sup-
ply, as their efficiency exceeds energy efficiency of high
efficient electric and fuel-fired boilers.

Fig. 2 shows the area of high energy efficiency of ESS
with CHPI of small power and EB for heat supply, on
conditions of maximal efficiency of GPE and EB, with
the consumption of electric energy by peak electric boiler
from CHPI. In the given research, according to [2, 7], the
following values are taken into account: value of GPE

efficiency factor Mesre = 0,42 and value of electric mo-
tor efficiency with the account of energy losses in the

control unit of electric motor Mep =0,8. Electric boiler

house with Mes = 0,95 is provided to be peak source of
heat in ESS for these conditions. The value of dimension-
less criterion of electric boiler energy efficiency for the
cases of electric energy consumption from CHPI will be

EC __
Kesn = 0319 Ag it is seen from Fig. 2, the values of
complex dimensionless criterion of ESS energy efficiency
Kess =1.01...119 45 condition of minimal efficient
KCHPI =17;
for operation modes of ESS with Kener > 1,7 the values
of dimensionless criterion of ESS energy efficiency

are

value of energy efficient criterion of CHPI
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change within the limits of Kess =1,06...1,44
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Fig. 2 — Area of high energy efficiency of ESS with CHPI of
small power and EB for heat supply, on conditions of maximal
efficiency of GPE and EB, with the consumption of electric
energy by peak electric boiler from CHPI

For the investigated operation modes of ESS with
CHPI of small power and EB for heat supply systems the
values of the complex dimensionless criterion of ESS

energy efficiency are Kess =1.01--144 41 condition of

=0,5...0,63 and it can reach the value of Kess =21 [8 -
9, 11] on condition of f = 1.

As it is seen from Fig. 2, on conditions of Kerpr > 1,7

and Kess >1 [11], dependence, shown in Fig. 2, deter-
mine area of high energy efficiency of ESS with CHPI of
small power and peak electric boiler (boiler house), on
conditions of maximal efficiency of GPE and electric
boiler (boiler house). On such conditions, the above-
mentioned ESS can be recommended as high efficient
energy supply systems, as their efficiency almost two
times exceeds energy efficiency of high efficient electric
and fuel-fired boilers. The studied ESS can be competi-
tive with modern high efficient electric and fuel-fired
boilers in heat and energy supply systems.

The area of high efficient operation of ESS with CHPI
of small power and EB, on condition of electric energy
consumption by peak electric boiler from energy system
of Ukraine, in the process of operation in heat supply sys-
tems, is determined in research [12]. In our research it is
determined that ESS with small power CHPI and peak
electric boilers will be high energy efficient, if the share
of CHPI load in ESS will be B >0,5...0,61 (depending on
the levels of energy efficiency of GPE and EB). However,
such operation modes of ESS will be provided on condi-
tion of high efficient operation of CHPI with energy effi-

ciency index of Kerei > 15...1,7 (depending on various
ESS elements energy efficiency). These conditions corre-

spond to the results of the research, shown in Figs. 1-2. At
these conditions the areas of high energy efficiency of the
above-mentioned ESS are determined. Under realization
of these conditions, modern high efficient electric and
fuel-fired boilers will be inferior by energy efficiency to
the above-mentioned ESS.

Under such conditions, the above-mentioned ESS can
be recommended as high efficient energy supply systems
for heat supply, as even in case of minimal efficiency of
GPE and electric boiler, energy efficiency of ESS exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. This ESS can be competitive with modern high
efficient electric and fuel-fired boilers in the systems of
heat and energy supply.

Conclusions. Areas of high energy efficiency of ESS
with small power CHPI and EB in HSS, on conditions of
optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with CHPI and EB in
HSS, with the account of complex impact of variable op-
eration modes, sources of drive energy for steam com-
pressor HPI of small power, with the account of energy
losses in the process of generation, supply and conversion
of electric energy are determined.

The suggested approach, aimed at determination of the
areas of high energy efficiency of ESS with small power
CHPI and EB in HSS has a number of advantages:

it takes into account variable operation modes of ESS
for heat supply during the year with the change of loading
share between steam compressor CHPI and peak EB in
ESS;

it enables to determine areas and modes of high energy
efficient operation of ESS with small power CHPI and EB
for heat supply, at which energy efficiency of the studied
ESS almost two times exceeds energy efficiency of mod-
ern high energy efficient electric and fuel-fired boilers;

it allows to develop recommendations, aimed at high
energy efficient operation of ESS with small power CHPI
and EB with different scheme solutions for heat supply
systems.

Under conditions of ¥crr1 > 1,5...1,7 (depending on

various ESS elements energy efficiency) and Kess >
the areas of high energy efficiency and high energy effi-
cient operation modes of ESS with CHPI of small power
and peak electric boilers, for various ESS elements energy
efficiency are determined. It is determined that ESS with
small power CHPI and peak electric boilers for heat sup-
ply will be high energy efficient, if the share of CHPI load
in ESS will be g >0,5...0,61 (depending on the levels of
energy efficiency of GPE and EB). Under these condi-
tions the above-mentioned ESS can be recommended as
high efficient energy supply systems, as their efficiency
almost two times exceeds energy efficiency of high effi-
cient electric and fuel-fired boilers.
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O0nacTu BbICOKOH 3HeproddgeKTHBHOCTH CHCTEM YHEProcHad;keHHsl ¢ KOTeHepAllHOHHO-TENIOHACOCHBIMU YCTAHOBKAMM
MaJI0if MOIIIHOCTH U MHKOBBIMH 3JIEKTPHYECKUMHU KOTJIAMH B CHCTeMaX TelI0CHAOKeHUs
O. II. Ocranenko
AnHoTtanms: [IpenoxkeH MoaXxoa MO ONPEeTICHUI0 00JacTeil BRICOKOW HEpProd(eKTUBHOCTH CUCTEeM 3HeprocHabxenus (CD) ¢
KOT'€HEpalMOHHO-TeIUIOHACOCHBIME ycTaHoBKamu (KTHY) Maso#f MOIIHOCTH M MHKOBBIMH 3nekTpuueckiumMu komiamu (OK) B cu-
CTeMax TeIUIOCHA0XKEeHUsI, TIPH YCJIOBUSIX ONTHMAIBHBIX pexxnuMoB pabotel KTHY, ¢ ydeToM KOMIUIEKCHOTO BIMSHHS TTEPEMEHHBIX
PEXKUMOB PabOTHI, HCTOYHUKOB ITPUBOIHON SHEPTUH IS ITAPOKOMITPECCHOHHBIX TEIUIOHACOCHBIX ycTaHoBoK (THY) manoit MomiHo-
CTH, C YUETOM ITOTePh SHEPTHHU NIPU TeHEPHUPOBAHNH, CHA0KEHUH U IPE0OPa30BaHUN INEKTPUIECKON SHEPTHA.

Knioueswvie cnosa: obracme 8vicokoll snep2oIghexmusnocmu, cucmema IHepeocHadICcenus, Ko2enepayuoHHo-menioHAcoCHAs
YCMAano8Ka, NUKOBbIU dNIeKMPUYecKull Komei, cucmema meniocHab4ceHus
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