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PHYSICS AND MATHEMATICS

THE INTERPOLATION REPRESENTATION OF SOME
KINDS OF RANDOM FIELDS

Associate Prof. Ganna Verovkina
Ukraine, Kyiv, Taras Shevchenko National University of Kyiv, Department of Mathematical Physics

Abstract. Paper deals with some interpolation representations of random fields with regular
pass of interpolation knots. Research is based on observations of the process and its derivatives of the
first, second, third and fourth orders. The function bounded on any bounded region of the complex
plane is considered. The estimate of the residual of the interpolation series is obtained. The
interpolation formula that uses the value of the process and its derivatives at the knots of interpolation
is proved. Considering the separability of the random field the interpolation row converges to the
random field uniformly over in any bounded area of changing of parameter is obtained. The main
purpose of our work is the obtained convergence with probability 1 of the corresponding interpolation
series to the random field in any bounded domain of changes of parameter. Obtained results may be
applied in the modern theory of information transmission.

Keywords: interpolation, representation, separable, random, field, knot.

Introduction. The one of the fundamental results in the Theory of Information Transmission
is a theorem of expression of the function with a bounded specter of values in the periodic sequence of
initial moments. The significance of that fact was first introduced in [1]. The Theorem of Kotel’nikov-
Shannon is generally well-known [2]. In the present time, the investigations related to the construction
of interpolation polynoms are attracting significant interest. Many of the questions concerning the
construction of a spline approximation as well as a representation of a motion in 3D-modelling with
help of interpolation and approximation [3] are investigate. Many questions in modern physics [4] as
well as physics of materials [5] and the modern theory of signal transmission [6] are based on the
Kotel’nikov-Shannon theorem. The questions of interest are constructing for a separable random field
a certain form which with probability 1 has a corresponding interpolation representations. The present
work is concerned on the questions stated above.

Research. Let 5(2) , 1eR? be a separable random field with M5(2)=0 , which has the

following representation

£(i)= [ 1 £(2) Z(d72) )
[\2 i=1

where A is some set of parameters, A>=AxA , Z (dI) - random set function, defined on
A* =AxA and which satisfies

MZ(d2)=0, MZ(4,.4,)-Z(B,.B,)=F(4,.4,.B,.B,) . @)

where F' is a positive definite, additive in all arguments complex set function, such that

[ | Fldhdu) [<+o

(3)
A’ x A?

Results of the Research. Let f, (t,.,/’ti) , i=1,2,... be functions, such that each of them can
be defined in the complex plane in # to the integer function of exponential type with indicator

o,(4) , which satisfies
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sup o0,(4)=0,<© @
A el ’
sup  sup ‘f A ‘—L <oo 5
A el teR /i ' ©)

The properties of random fields with such representation where investigated in [7, 8]. The

following theorem holds true.
Theorem. Let 5(_) teR? bea separable random field, which satisfies conditions (1) - (5)

Then the following representation holds almost surely

§(Z)= i Zw: gk],kz (E)wk,,kz(;) .

ky=—0 ky=—

(6)

In (6) functions &, . (;):gkhkz(tl,tz) and @ , (;):wkhkz(tl,tz) have the following

representation

’ 3 2 3_134(&1)3(1‘ _tk,)s a ) ,

ékz(t) é(kz(tlatZ) g(k, kz)H ( ( ) (ti_tk,.) ]+§(l‘kl,l‘kz OZ o 2(Z’j (tz _tkz) +
t —tk2 e

12}

4 Q, a, “id

3
2[0[‘J (tl. —1 )3 3 :
)4—[@5[%] (.-, )SJ e+ + 2] S
/ L=t ———

2r
+§(tk] +;,th

05ty >4, o a, l4fa, ’ ¥ 6§(tk W) 14 o, 3%
+6—l‘1?(tl_tk') N Al A (t2_tk2) 61‘2 E 3 4 (tz_tkz) T(tz_tkz)
2n
05ty i, +07) a, (ti _tk.) a, ) 3 s, + b ’ 30 (tz 1 )
Dl e STy ple),
’ ot, ! 2r

+
o, 2r
t2 — tkz _

=, ———

2
62§(t ) + ) IRt R
)3J * - (t. tkf) (%) (tz —1, )3 *

P 21‘ ) o 14( .. ’
+M_al t,—t, ¥y i——(lJ (fz—sz 2
o, t,—t, "

atlz 2 3
et .t ) EW ) o 14( ay, 3 a, i
oo, | 4 (6 =1) (tftkz)*T 273 (TJ (b=t,) | E-1)+

aé(r + ) 3 &(t2—tk2)2 BE, 1)
6t22 (j) (t] ' )3 tz_t 2r " 6t1§t22k2 (algazJ(t‘_tkn) (tz_tkz )2+
2 g, a

+

DE( 1) *E(t, 1)
" 6t12k6t: (GIS%J(tl_t"')S(tz_t"z)+ atlzkatjk (a;?}(t‘_tku)z(tz_tkz)z
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5o 2r
_ 2 Sin%(ti _tk,.) Sln4[ti _tkf _(Z-J
=0, 00 =] | — Z - ®)
?(t" _tkf) B3

4 . . .
In (7), (8) we take ¢, =ki—ﬂ, i=12,..., whereas the interpolation knots in (6) form a
i o

rectangular grid on a plane

2r | 2r;
(k]_,k2_J, k],k2 EZ , (9)

a, a,

where ,, o, - are arbitrary real numbers, such that
o, >0, o, >0,, k,k,eZ .

Proof: To prove the statement of the theorem we use the result from the theory of integer
functions.

Let f,(¢,,4,) and f,(¢,,4,) be functions, which satisfy the conditions (4), (5). Then

0 0

SC)=T1re.2)=3 3 fin@. 2D 0), (10)

k== ky=—0

where function f, . (t_,l_) is defined according to (7). Applying the result from [8] we
obtain the residual estimate of the interpolation series (10)

RO=swpf(.7)= Y X [T )00 <Gl an

1
ky=—n ky=-n n

where G(;) is the function, which is bounded on every bounded domain of complex plane.
Consider the random field

& (t_): i i gkl,kz (t_)wkl,kz (t_) . (12)

kj=—0 ky=—0

According to the representation (1) the random field (12) may be rewritten as follows

L= (XY S Ao, (0))ZWD) | 13

A2 k=0 ky=—0

Applying (1) and (13) we obtain
MIED-EOF<R@ [ | Fdhdu)| (14)
A*xA?

From (14), considering the condition (3) and the estimate (11) we conclude, that the
interpolation series (6) converges to the random field 5(1‘) , teR? in mean square. Using the

separability of & (;) and convergence of M | é(;) ¢, (;) |* we infer, that the interpolation series (6)
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converges to the random field 5(;) with probability 1 uniformly in variable on every bounded

domain of variations of parameter.

Conclusions. The research focuses on the modern questions in the theory of stochastic
processes. The results in this work are principally new and they are related to the interpolation
representations of random fields with regular pass of interpolation knots. The interpolation formula
includes the value of the process and its derivatives of the first, second, third and fourth orders. The
convergence of the interpolation series to the considered random fields with probability 1 has been
proved. The work is a continuation and supplement of previously considered problems [10, 11].

Obtained results can be applied in the construction of spline-approximation and in the modern
theory of information transmission. The further research on this problem is planned in order to obtain
new schemes of interpolation representations of random fields.
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A RECONSIDERATION OF INTERACTION OF HIGH
ENERGY PROTONS IN ORGANIC TISSUE

"PhD Kozak Oksana,

’PhD Shvedov Anatolij,
*PhD Trembach Oleksandr,
‘Morus Oleksandr

Ukraine, Kiev,

"Region Oncology Hospital;
Institute of Nuclear Research;
*National Cancer Institute;
‘Research Support Organization

Abstract. Despite proton therapy has been developing rapidly there are a lot of question
which are not solved yet. This particularly applies to the interaction of high energy protons with the
particles in organic tissue. The measurements of dose correspond to the measurement of some integral
quantity. This happens when all events have already occurred. Under the events we understand all
types of interaction in very small times. We believe that it is necessary to revise the outdated concept,
which focuses on the proton-electron interaction. We offer our vision of what is happening at high
energy proton moving through the organic tissue.

Keywords: proton therapy, radiotherapy

If you only have a hammer,
you tend to make all problems behave like nails.

Proton therapy has been developing rapidly. Since the biological efficiency of protons is
higher than that of gamma radiation, doses of equal efficiency may be lower resulting in less possible
irradiation of healthy tissues. Such a phenomenon as the Bragg peak allows more local irradiation of
deep tumors. From this point of view, the healthy organs adjacent to the tumor and, which is more
important, distant from it, but located on the path of the radiation beam, are also spared.

Energy determines the mechanism of interaction. And this happens in all possible processes.
On the other hand, we can speak about Time of interaction which is inseparably connected with this
energy in all aspects. They both reflect the essence of one and the same event and are connected by
one conceptual chain.

The whole modern theory of proton therapy is based on the value of the dose, which can be
measured accurately enough if defined as energy absorbed per unit volume. In this case, the dose
appears as an integral value. Before the measurements some processes occur in tissue and ionization is
the result of them. In fact, namely ionization is measured in practice. But for very small times before
the moment of measurement, the proton goes a long way, if we consider the world from its point of
view. These small times for elementary particles correspond to the whole lived life.

The proton undergoes collisions, transformations, and absorption. Small mysterious entities,
which we call elementary, travel in their endless world. But this “clementarity” is a seeming. Studying
the behavior of these independent and stubborn creatures, we could be convinced that they not only
have consciousness, they create related groups with new properties, but they like to be unpredictable,
being at the same time bricks, from which the best comes - life, music, painting, beauty of the world.

A number of laws that create the universe require unconditional submission, they cannot be
violated, otherwise our world will fall to pieces. This is the law of energy conservation, momentum,
parity, etc. For elementary particles, these are also the laws of conservation of certain inherent
qualities. Here the word “devotion” is appropriate. The fidelity to exclusivity.

And the most important, the energy of an elementary particle determines the nature of its
interaction and determines the probability of its transformation. And energy itself is an essence. It
turns from one species into another, is transferred to other particles, absorbed and again appears in an
unexpected appearance. To trace the transformation of energy before the moment of the final
ionization is the most important task of proton therapy. Knowing the ways of energy conversion, the
process of dose structuring is possible and, as a result, more delicate management of the malignant cell
destruction process and the preservation of normal functioning of healthy tissues.

3(10), Vol.1, March 2018 7
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Once again, the times of interactions are determined by the energy participating in the
interaction. Nuclear interactions occur during times of order 10>'* seconds. To build a time hierarchy
means to indicate the values of the energies that are involved in interaction. The temporal hierarchy is
very important for understanding what is happening. For example, nuclei and electrons live in
different energy spaces, and therefore at different stages of time interactions. Electrons, living
peacefully on their nuclear shells, react on nuclei interactions with a delay of several time orders.

Each moment of transformation of energy is determined by the previous history. Also the
Bragg peak keeps in itself all the previous moments of this history.

And Laws of energy transformation look like the Laws of Buddhist Karma - inexorable,
invisible, but still creative power. But this is a separate article.

The task of this article is to return to the formation of ideas on high-energy protons interaction
with matter, to analyze the experimental data and, if possible, to systematize them, try to understand
what processes occur in organic tissue during high-energy protons movement in very short times
before the measurements.

It should be remembered that any model can describe any processes with sufficient accuracy.
It is only necessary to introduce several free parameters, the values of which are approved by the
experimental data. Moreover it is true when the proposed model functions are basic. But methodology
always constrains a problem.

Electrons live in the space which is measured in €V. When a proton with the energy of 250-300 MeV
flies by, the electrons don’t even notice what is happening. And proton also does not notice them.

All the time of proton movement through organic tissue the key role belongs to nuclear
interactions but obviously not to interactions with electrons.

Comparing the eV space with MeV is similar to not only comparing apples and oranges but
comparing apples with a snowman...

Ionization occurs on the whole route of proton but not due to Coulomb interactions of the
proton with electrons. Coulomb forces start working on the stage when proton has almost lost its
energy — in Bragg peak region.

It has to be said that the selection of the right phantom is extremely important. Usage of tissue
equivalent phantom or water phantom for measurements (“Sand is not a good replacement of oats” as
one of O.Henry’s characters used to say) can contain danger to miss the important interaction of the
proton with the nuclei of any element missed.

I cannot help saying a few words about the dose determined as energy absorbed per unit
volume. Dose occurs on completion of everything although all the most important things happen very
quickly in extremely short periods of time. The dose is determined as integral value.

The process of cell damage consists of a set of events that are fundamentally different in terms of
its influence on the cell. Maybe the dose needs structuring? Maybe the dose is a matrix or even a tensor?

The cross sections are in fact the probabilities of interaction of a particle with other particles
that occur on its path and which are not indifferent to the forces acting between them. The number of
these forces is not high. First of all, these are moss-covered Coulomb interaction, nuclear forces,
electromagnetic forces, etc. Each of them depends in different ways on the distance between the
particles and reacts to certain properties. The nature of these forces is understood very badly.
Sometimes it is necessary to assume that some third particle participates in interaction and as a ball in
tennis, this third essence connects the players.

Some cross sections may have small values, but as a result a heavy ion appears, which
destroys the cell dramatically. How can we evaluate this process: either from the point of view of
small probabilities or from the point of view of cell destruction?

In addition, existing nuclear theories are sometimes simply powerless to explain certain facts
that have been confirmed experimentally. For example, proton of several hundred MeV strikes a '*C
carbon nucleus knocking out the deuton, which takes away most of the impulse of the primary proton
(20-60 % or more). Understanding this on the basis of traditional models is absolutely incredible!
Knocking out a system which binding energy is two orders of magnitude smaller than its kinetic
energy is as unlikely as, for example, shooting at glass and not leaving a bullet hole but squeezing this
glass completely without breaking it.

The multidimensionality of events is one of the features of the mysterious world of particles.
There is an abundance of shades that sometimes cannot find analogies not only in projection of
language, but also in the language of formulas. For example, excitations of nuclei are of different
types-direct and cluster, which occur with different time parameters and different energy
characteristics. Scattering is elastic and quasi-elastic, which can be recognized only by an experienced
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physicist. Each event corresponds to a new physical possibility, a mysterious pathway running through
the forest of probabilities and branching into unknown world.

In the 30s of the last century, at the peak of the development of nuclear events,
mathematicians and physicists wanted to tame the world of elementary particles, to conquer it, that
means, to make it predictable. The only way to do this was to create models and it would be better if
these models could be understood by a four-dimensional listener. But everyone knows that the correct
model have to be flexible and it has to not only explain what have happened, but also predict events
that have not yet occurred or not observed.

At the end of the 1920s Thompson's model of the atom still reigned. The shell model timidly
offered itself. Neutron was not discovered by Chadwick but predicted by Ukrainian physicist from
Kharkiv Ivanenko. The young model won the hearts of physicists, but only because there was nothing
else to lean on. But later when growing old, Bethe -Bloch's model simply prevented the scientists from
moving forward or perhaps it stopped them from asking themselves a question, if it was really like that?

Maybe everything is completely different? Maybe it's more natural to leave the familiar world
and run after a white rabbit and fall into a hole with Alice for unusual adventures with crazy tailors,
the duchess and smoking caterpillars?

So, once again, elastic and inelastic interactions occur under proton irradiation of organic
tissue. Quasi-elastic (transformation of nuclei, but energy varies very little). Fragmentation of nuclei is
a highly probable event. a- particle, *'Li, ‘Be, *B, ''B, '’B is a result of fragmentation. Creation of
heavy ions in p irradiation is confirmed experimentally.

First- collisions of p and nuclei is a highly ionization process. Interactions happen in nuclear
times and before electrons notice the changes in nuclei all shell electrons are remained orphans.

A heavy ion can pass 120 nm, leaving behind cell scrapes.

Interactions are well studied and tabulated for a wide energy in the 60s of last century. Deeply
inelastic collisions are probable.

Most probably, contradictionally to adopted opinion, radiobiological efficiency is not an
average meaning. It is desirable to distinguish the impact of each process on organic tissue. The
contribution to each consequence of interaction can differ considerably. Especially for particles.

The well-known truth is that we think by negations. As soon as their Highness Doubt is
expelled from the field of thought, even the truth will become dead. I doubt, therefore, [ am.

It is important - in the particle world, all the processes that take place are resonant, which
almost serves as a synonym for the word “discrete”.

We have almost nothing, or rather do not know anything at all about the shape of the space
near the nuclei. In a very small space, incredibly huge energy is concentrated. And with the change in
the shape of space, the customary laws that are squeezed into the three straight Euclid axes with an
invisible and hopelessly direct axis of time, can change and most likely change.

A few words about Bragg peak. It exists as a proven fact, but how Bragg peak is formed is still
unknown. Of course, there is no longer a primary proton in it, and in it all the accumulation of
particles that appeared as a result of energy transformation along entire path is concentrated. It is
unknown why this final stop occurs with the release of energy.

The composition of the tissue, its density determines the width of the peak. And of course, its
existence indirectly speaks of a nuclear type of proton interaction. To involve electrons here is simply
indecent. Poor lambs peacefully grazing under supervision of the core, they have nothing in common
with all these scandalous events caused by the flight of a proton through organic tissue.

It is common knowledge that energy can be measured by a ruler (16 cm of length corresponds
to 6.8 MeV in the chamber). What information can physicist get from the shape of peak and the
distance to its final destination?
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OBIPYHTYBAHHS HJIAXIB IHTEJEKTYAJI3ALII
ACY PBIA

K. m. H., ¢. H. ¢. Byoapeyvkuii 1O. L,
Bbaxmam M. B.,

Hagincokuii 1O. B.,

Oniiinuxk M. 1.,

buxos B. M.

Yxpaiua, m. Jlveis,
Hauionanvna akademin cyxonymuux giiicok imeni cemomana Ilempa Cazaiioaunozo

Abstract. The article analyzes the current state of decision-making processes in military
affairs. The components of the decision support system are defined. The ways of intellectualization of
automated control systems for missile forces and artillery are proposed due to the use of methods of
statistical analysis, methods of genetic algorithms, simulation modeling, reasoning based on
precedents, their shortcomings and positive sides. The necessity of forming a database for the decision
support system, taking into account the experience of using missile forces and artillery in armed
conflicts of recent years and carrying out anti-terrorist operations, is determined. A common
algorithm for the use of the decision support system by commanders and staffs has been created.

Keywords: decision support system, automated control systems, genetic algorithm, simulation
modeling, reasoning based on precedents.

Beryn. PedopmyBannst 30poiinnx Cuit YKpaiHH MPOXOIUTH B TEPioj Mepexoay OuTbIIoCTi
JiepKaB BiJ TIAT(GOPMO-IIEHTPUYHOTO MPHHIUITY BEEHHs BIMCHKOBHX JIiH JI0 MEPEXOIEHTPHYHOTO,
aKui  Tependavdae  00’€MHAHHS OKpeMUX IH(POpPMAINIHHMX TEXHOJOTiH Yy CTIHKYy Mepexy
iH(opMaIiitHoro 3ade3rneveHHs] Uil BCIX PO30CEPEKEHHX CHJI Ha BCIX PIBHSAX — CTpaTEridHOMY,
olepaTUBHOMY, TakTHUHOMY. [lo cyTi, 3apa3 BinOyBaeThcsl UeproBa peBOJIONIs y BiHCHKOBIN CIipaBi,
TOJIOBHOIO METOIO SIKOT € MUpoKa iHdopMaTu3allis 1 aBToMaTH3allist npoleciB 30poitHoi 60poTHOU.

Pazom 3 M B Oymb-sikoMy 30pOHHOMY TPOTHOOPCTBI Ba)KJIMBUM (DAKTOPOM 3aJHIIAETHCS
CHIBBITHOIIEHHS! MDK MOTPIOHMM 1 HAsBHUM YacoM MPHHUHATTS pIlIEHHS Ha BIIOWUTTS ynapy
MPOTUBHHUKA Ta HEOOXIIHICTh Y BUIICPEIKEHHI 1 HAHECCHHI MPEBEHTUBHOTO yAapy.

VY 3B’S3Ky 3 BHCOKHM pIiBHEM BiIMOBIJAIBLHOCTI 32 pe3yibTaTH NPHHHATHX pPilleHb Ta
HEOOXIHICTIO MiZIBUIIEHHS MBUAKOMIT 1 epeKTUBHOCTI MPOIECiB MPUNHHATTS pillleHb 3’ SIBUBCSI HOBUH
HAYKOBHI HANpSMOK — IHTENCKTyallbHI CHUCTEMH MiATpUMKH NpuiHATTs pimens (CIIIIP; anrm.
Decision Support System, DSS). 3Haunuii BKIan y TEOpil0 MIATPUMKH NPUHHATTS pilleHb Ta
nooynosu CIITIP Buecnu E. Typban, . E. Aponcon — y Cnonydenux Illtatax Amepukw,
O. I. Jlapuues, I'. C. Tlocnienos, E. A. Tpaxtenrepn — y Pocii, B. M. I'mymkos, A.T'. WBaxHeHko,
A. A. Mopo3zos, b. M. I'epacumoB — B YkpaiHi Ta iHII IPOBiTHI BUEHI.

Ha cydacHomy erami HasBHHH 4Yac JUIsi TPUHHATTS pilIeHHS KOMaHAUpoM Yy 0010
OOYUCITIOETBCSl XBUIIMHAMH 1 TIparHe 10 MiHIMyMy, a IOTpiOHUH BH3HAYa€eThcs Oaratbma (akTopamHu,
B TOMY YHCJIi aBTOMATH3AIIEIO0 MPOIECY MPUUHATTS PillICHHS.

ABTOMAaTH3aIlis TPOIECY MiATPUMKHA TPUHHSATTS PINICHHS € HAHBaXKIMBINIMM HAMPsIMKOM
MiZIBHINCHHS €EKTHBHOCTI YIPaBIIHCHKOI isSUIbHOCTI KOMaHAMpiB 1 mradiB. Ha pizHUX piBHAX
iepapxii BICHKOBI KEPIBHUKU YIPAaBJSIFOTh BICHBKOBUMH OpTaHi3MaMH B YMOBaX PIi3HOTO CTYIEHIO
HEBM3HAYEHOCTI 00CcTaHOBKU. Ha crparerivHoMy piBHI BHUPIIIYIOTH HECTPYKTYpOBaHi mpoOieMu 3
HaHOUIBIIIMM CTYIEHEM HEBU3HAYCHOCT], Ha ONEPATHMBHO-TAKTHYHOMY — CIa0OCTPYKTYpOBaHi i3
cepemHiM piBHEM HEBHU3HAYEHOCTI, Ha TaKTHYHOMY - CTPYKTYpOBaHI i3 MalluM piBHEM
HeBH3HAaueHOCTi. Ha KOoXHOMY pIBHI BEIHYMHY CTPYKTYPOBAHOCTI Ta HEBH3HAYEHOCTI TMOBHHHA
KOMIICHCYBAaTH CHCTEMa MATPUMKH TPUAHATTS PpIMIEHHS 31 CTYNEHEM IHTeNeKTyamizalii, sSKui
MPOTUJIGKHHUN PIBHIO CTPYKTYPOBAaHOCTI 3aBAaHb, 110 BHpimyoThes [1]. Tomy posutky CIIIIP y
pakerHux Bilicbkax 1 aprtuinepii (PBiA) Ha BciX piBHSX HEOOXIAHO TPUAUISATH yBary HapiBHI 3
yIIOCKOHAJICHHSIM CHCTEM 030pOeHHS 1 IX OOHOBHX XapaKTEpUCTHUK.

MeTto0 craTTi € po3po0Ka peKoMeH allii 111010 cTBopeHHs Biruu3usaHoi CIITIP.

AHaJi3 nmonepenHix aocaimkeHb. CBITOBHI JOCBIJ BIHCHKOBOI'0O MHCTEITBA ITOKAa3ye, IO
ICHYIOTh IIPaBHJIA, TIOPSIOK MIATOTOBKK OOHOBHX Jii 1 IMOCIIJOBHICTE POOOTH KOMAaHIUPIB i MTA0IB
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MPH TPUHHATTI PIillIeHHS 1 JUTS TiIBUIIEHHS ONEPAaTUBHOCTI iX pOOOTH BaXKJIIMBO CTBOPUTH TPaBHIIbHI
QITOPUTMH JUTS aBTOMATH3allii IIbOTo mporiecy. [Ipu iX cTBOpeHHi JOIITEHO BUKOPUCTATH METOAH, SIKi
BHUKOPHUCTOBYIOThCS BITYM3HSIHUMHU Ta 3apyOKHUME HAYKOBIISIMH.

3anpononosanuii Oinbin 20 pokiB Tomy JxoHoM Xosutanaom, renernuHuit anroputm (IA),
peanizyloud METOJl BHUIIQJKOBOIO IIOIIYKY 3a aHajorielo 3 Tteopieto epomonii Jlapeina, npae
MOXIIUBICTh 3HAXOJUTH OJIM3BbKI JI0 ONTHMAaJbHUX BapiaHTH po3B’si3aHHg 3aBaaHHs. Cyte [A
QITOPUTMY TIONISITa€ 'y BiIOOpI HAa KOXKHOMY KpOIIi KpalluX MPOMO3MUIIH B pIilIEHHsX, SKi
MEPEMIIIYIOThCS  («CXPEIIYIOThCS») MK €000r0, POONISYM IOLUIBHINII HACTymHI BapiaHTH. Bin
OTPUMAaHMX y TaKHi CIOCi0 HOBHX IMPEACTABHUKIB OYIKYIOTH IIle OUThIN TapHHUX pe3ynbTatiB. [Iporec
MOBTOPSIETHCS KiNbKa pa3 MOKH He Oyle JOCSITHYTO MaKCHUMyMy HEOOXiqHO1 IiboBOT (QyHKIi. VY
BilicbkoBiii CIIIIP I'A moBMHEH BHKOPHUCTOBYBATHCS IPU TUIAHYBAHHI Oreparllii Ta CTBOPEHHI HOBOTO
OTEPATHUBHOIO IIMKYBaHHS BIHCHK, SIKMI O 32/I0BOJILHSB MAaKCUMaJIbHINA e(EeKTHUBHOCTI 3aCTOCYBAHHS
BIHCHK B Pi3HUX YMOBaX 0OCTaHOBKH.

Bukopucranuss I'A B CIIIIP mae cBoi mepeBarm Ta Hemoniku. [lepeBaroro reHETHYHOTO
QITOPUTMY € MOXIIUBICTD 3aCTOCYBaHHS HOTO JUIsl pO3B'S3KY CKIQJIHUX HeQOpMaTi30BaHUX 3aBJaHb,
JUIsl SIKMX HE pO3poOJIeH] crelialibHi METONHU, MPH Jy)KE BEIHKHX PO3Mipax 3aBllaHb 1 BIIICYTHOCTI
BITOPSIIKOBAHOCTI Y BUXITHUX JaHUX [5].

Pazom 3 Tum ['A He rapaHTtye, mo 3HAWICHUI PO3B'A30K OyAe ONTHMATbHUM (MPUHHATHHHA
JUISL TIOIIYKY <«JIOCHUTHh TapHOTO» pO3B'A3KY 3aBAaHHS 32 «IOCHTh KOPOTKHH uac»). BiH Takox €
Hee()eKTUBHUM Ha HEBEITMKOMY MPOCTOPI MOMIYKY.

Tomy Ha mpakrtulli yacrime meron iMitamiiHoro monemoBanus (IM). Cyrricts Merony IM
NoJsira€ B 0araTOKpaTHOMY BHUSIBIICHI CTPYKTYPHHX OCOOJIMBOCTEH y JAHUX, IO TIOCTYMAIOTh y XOA1
MOHITOPHHIY 13 3aCTOCYBaHHSIM KOHIICMIlI 0a3 MaHMX 1 aHai3y TEHJACHILIH, Ha eTami Bi3yaizamii
BHSIBJICHUX Y JaHHUX 3aJICKHOCTEH 3a JOMOMOIO 3aC00IB IHTEIEKTyalbHOrO aHaji3y maHux i Olap-
TexHonoriii. OCHOBOIO TPOIENYpPH TPUHHATTS PIlICHHS Yy TaKUX CHUCTEMax BUCTYIA€ y3aralibHeHa
Mojienb o0'ekTa nocnipkeHHs, peanizoana B CIIIIP Ha OCHOBI KOMIUIEKCY B3a€MO3AICKHUX
IMITaIIHHKUX 1 ONTUMI3AI[ITHIUX MOJIENIeH 3 PO3BUHCHUMH JMHAMIYHUMHU 1 iH()OpMAIIHHUMHU 3B'I3KaMH
MIXK MOJAEISMH BCIX PiBHIB [6].

Excniepr, sikuii roTye MpoMno3uilii B pillieHHs], PUiiMae akTUBHY y4acTh y TPOIECi YXBaJeHHs
pillieHHsA: Jaeramizye mnpoljaeMy W Mojenb, 3IIHCHIOE TeHepallil0 allbTepPHATUB, ITOCTAHOBKY
CTIPSIMOBAHOTO OOYHCITIOBAILHOTO CKCIIEPUMEHTY Ha IMITalliiiHid Mopenmi, BUOIp 1 paHXHpyBaHHS
KputepiiB. KpiM Toro, TexHomorisi iMiTaliiHOr0 MOJICIIOBAHHS JIO3BOJISIE BPaXOBYBaTH Cy0'€KTHUBHI
nepeBary eKkcriepra i Horo JOCBiJl y MTUTaHHI yXBaJeHH pilieHHs [7].

[eperaroro meroay IM e Te, o iMiTaIiiiHa MOJIENb JO3BOJISIE TOYHO i a/IEKBATHO OIMKCATH MPOIIEC,
IO MOJICNIOETHCS, BOHA Ma€ THYYKICTh BapilOBaHHS CTPYKTYpPH, QJITOPHUTMIB 1 MapaMeTpiB CHCTEMH.
Henonikom meromy IM e Benmuki mparesarpatd Ha CTBOPEHHS MOJENI W MPOBENCHHST EKCIIEPUMEHTIB, a
TaKo)K 0OpPOOKY pe3ysIbTaTiB; NMPUBATHUI XapakTep BapiaHTy pimeHHs npu IM, ToMy IO BiH BiINOBifae
(IKCOBaHUM €IIEeMEHTaM CTPYKTYPH, aJITOPHTMAM ITOBEIIHKY 1 3HAUEHHSIM TIapaMeTpiB CUCTEM.

VY cucremax, a1 SKHX XapaKTEpHI BeJIMKa KUIBKICTH TOYOK 30py Ha IIPOIECH, IO
BiIOYBalOThCA B HHUX Ta iX B3a€EMO3B'SI30K, BIACYTHICTH JOCTaTHBOI KiUIbKICHOI iH(opMaIli mpo
JMHAMIK TPOIECIB, a TaKOK MIHJIMBICTh XapaKTepy IPOIECiB y 4Yaci, 3aCTOCOBYETHCS METOJ
KorHituBHoro monenmoBanHs (KM). YV pamkax KOrHITMBHOI Mojeni iH(popMallisi MPO CHCTEMY
MPEACTABISAETHCS Yy BUIIISIII HAOOpPY TOHATH 1 MPHUYUHHO-HACHIAKOBUX 3B’SI3KiB, IO iX MOETHYIOTH,
HA3UBAETHCS KOTHITUBHOIO KapPTOIO Ta € BiIOOPaKEHHSM CYO'€KTHBHHX YSIBJICHB €KCIIepTa PO 3aKOHH
i 3aKOHOMIPHOCTI, BJIACTHBI CHCTEMI, II0 MOJACTIOEThCS. 10 KOTHITMBHOI KapTH 3aCTOCOBYHOTHCS
METO/IM aHANITUYHOI OOpOOKH, OpIEHTOBAaHI HAa JOCHIKEHHS CTPYKTYPH CHUCTEMH U OTpHMaHHS
MPOTHO3IB i MOBENIHKU MPH PI3HUX KEPYIOUMX BIUIMBAX, 3 METOI CHHTE3Y e()EeKTHBHHX CTpaTerii
kepyBaHHs [8]. OcHOBHI moHATTS i eranu KM BukmaneHi B [9].

Henomikamu KM € 0OMeXeHICTh 3aCTOCYBaHHS Ta HEMOKJIMBICTh YHCEIBHOIO MOJICITIOBAHHS
MOBEJ[IHKH CHUCTEM, TOMY IO Pe3yIbTaTH BUXOSTh SKICHUMH

VY BunajKy, KOmy MOAiOH1 3aB/IaHHS MOBUHHI MaTH MOAIOHI PO3B'S3KU (IIPHHIIMIT PETYISIPHOCTI),
BUJM 3aBIaHb, 3 SKAMH 3YCTPIYa€ThCS KEPIBHUK, MOBMHHI MaTH TEHICHIII O IIOBTOPEHHS, TOII
JIOLUTBHIIIE 3acTOCOBYBaTH MeToj MipkyBaHHs (MM) Ha ocHOBi mpereneHTiB. OCHOBHOIO METOIO
BUKOpHCcTaHHs amapary mnpeneaeHtiB y CIIIP € Bugada roroBoro BapiaHTy JIOAWMHOIO IO IMpUiiMac
pitensst (JITIP) my1s moTOYHOT cUTYaIlii Ha OCHOBI MPEIE/ICHTIB, SIKi BXKE Mald Miclle B MUHYJIOMY TIpH
KepyBaHH1 JaHUM 00'eKTOM a00 mporecoM. [Iisi KoMaHIUpIB ycixX piBHIB BUKopHCcTaHHS MM 1oB’s3aHe i3
3aHeCeHHsM B 0a3y JaHWX Pe3yNbTaTIB MPOBENEHHs TAKTUYHHX HABYaHb, KOMaHAHO-IITAOHUX HABYaHb,
aHaI3IB 3aCTOCYBAaHHS BIHCHK 1 OCBITY y JIOKAIBHUX BifHAX 1 KOH(IIKTaX OCTAHHIX POKIB.
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Cyre MM monsirae y BH3HAQuYeHHI CTyINEHS TOMIOHOCTI MMOTOYHOI CUTYyalil i3 CHTyallisiMd
npetienienTiB 3 6a3u npaswi (BI1). [Tpu npoMy BpaxoByroThCS Baru rapameTpis Juist curyartii i3 BI, 3amani
ekcrieproM. CTyIiHb MOMIOHOCTI 3aJIGKUTh BiJl OJM3bKOCTI MOTOYHOI CHTYAIl] 0 CHUTYaIlll MPEeACHTY 1
MOYKE BM3HAYATHCh 32 JOIIOMOI'OK0 CTATUCTUYHUX KPUTEPIiB MOMIOHOCTI Ta KopesiiiHoro aHamizy [10].

MipkyBaHHsI Ha OCHOBI TPEIEACHTIB MOXe HE MPUBECTH J0 HEOOXIHOT'O PO3B'SI3KY BHHHKIION
mpoOIeMHOI CUTYyaIlil, HAPUKIAJ, Y BUTIAJKY BiICyTHOCTI mofioHoi cutyanii B BI1. Tomy HeoOXigHO
nepenbaunTy nonoBHeHHst BI1 y mpomeci 3acrocyBanns MM [11].

Jlo mepear MM Ha OCHOBI MNpeEIEICHTIB MOKHA BIJTHECTH HACTYITHI aCIEKTH: MOXJIHUBICTh
MPSIMO BUKOPUCTOBYBATH JIOCBiJI, HAKOMTMYEHHUH CHCTEMOIO 0€3 IHTEHCHBHOTO 3aly4eHHS eKcIlepTa B
Ti€el a0 IHIIIA MpeaMeTHii 001acTi; MOXKIIMBICTh CKOPOUYCHHSI Yacy MOLIYKY PO3B'S3KY MOCTaBJICHOTO
3aBJIaHHA 32 PaXyHOK BHKOPHCTaHHS BXKE€ HAsBHOTO PO3B'S3KY JUIsl MTOMIOHOTO 3aBJaHHS; MOXKJIMBICTb
BUKITIOYUTH TIOBTOPHE OTPUMAaHHS ITIOMHJIKOBOTO pIlIEHHS; BIICYTHS HEOOXiJAHICTH MOBHOrO i
MOTNIMONICHOT0 PO3TJIsy 3HaHb TMPO KOHKPETHY TPEJAMETHY Tally3b, 3aCTOCYBaHHS alTOpUTMY
TBOPYOTO MOIIYKY, IIO MiBUINYE e(EeKTUBHICT BUPILICHHS 3aBAaHb.

Jlo Henonikie MM Ha OCHOBI MPELEACHTIB MOXHA BIIHECTH HACTYITHE: NPU OIKCI MPEICICHTIB
3BUYAHO OOMEKYIOThCS ITOBEPXHEBUMH 3HAHHSMH IIPO MpPEAMETHY o00JIacTh, BEIHMKA KUIBKICTh
Mpele/IeHTIB MOKe TIPHBECTH JI0 3HIYKEHHS MPOIYKTHBHOCTI CHCTEMH; MPOOJIEMATUYHUM € BH3HAUYCHHS
KpUTEpiiB ISl iHIeKcalii 1 TOpIBHSHHS MPEIENCHTIB, TPOOIeMH 3 HAIArOHKEHHSM allrOPUTMIB
BU3HAYCHHS MOAIOHUX (aHAJIOTTYHHX ) MTPEIECCHTIB; HEMOXITMBICTh OTPUMAHHS PIllICHHS, /TSl SIKOrO HeMae
MpeLeaeHTIB a00 CTYITIHb iX MOAI0OHOCTI (T10100M) MEHILIE 3aJAHOTO IPAHMYHOTO 3HAYCHHSI.

Tam, ne moTpiOHO BUpINIYBATH 3aBJAHHS MPOrHO3YBaHHs, Kiacugikaiii abo KepyBaHHs, IO
aKkTyasbHO TipH ooy noBi Mozeneii CIIIIP, 3actocoByroTh HeliporHi Mepexxi (HM) Ta cucteMu 3 HEHITKOIO
norikoto (CHJI). OcHOBHI TOHSATTS, aNrOpUTMH HaBYaHHS ¥ BukopucranHs HM Bukmazeni B[12].
HM n03B051s110Th BiZITBOPIOBATH HA/A3BUYANHHO CKJIAJIHI 3aJIGKHOCTI Ta CHPABJIIOTHCS 3 OUTBIIMM YHCIIOM
3MIHHHMX 1 BIi[3HAYAIOTHCSI TMPOCTOTOI0 BHKOpPHCTAaHHs. KoMaHIup, NpUAMaroud pilieHHs, minoupae
MOTPIOHI JIaHi, a MOTIM 3aIycKae allrOpUTM HABYAHHS 1 YJJOCKOHAJIGHHS IOTPIOHOTO BapiaHTy.

HM cropusitinusi Ui 3aBlaHb po3Ii3HaBaHHS 00pa3iB, aje aHalli3 HAaBYCHOI MEPEXi JOCHUTh
CKJIAJIHUU 1 JUTS KOPUCTYBaua MpeacTaBisie co0o YopHuil smuk. [Ipu npoMy sIKy-HeOyIb anpiopHy
iH(OopMaIito (3HaHHS eKCIepTa) s IPUCKOPEHHS Mpotiecy i HapuaHHs B HM BBecTH HEMOXKITUBO.

CHJIL, naBnakw, CIpUSITIMBI JJIsl TIOSICHEHHS] OTPUMAHUX 3 IXHBOIO JIOMIOMOT0I0 BUCHOBKIB, ajie
BOHH HE MOXYTh aBTOMAaTHYHO 37100yBaTH 3HAHHS JJIsl BUKOPHCTAHHS iX y mporeci 3700yBaHHS
BucHOBKIB. CHJI nomigbHO 3acTOCOBYBaTH JMJisi CKJIQJAHHMX IPOIECIB, KOJIM HEMA€E MPOCTUX
MaTeMaTHYHUX MOJIENIEH, SIKIIIO EKCIIEPTHI 3HAHHS PO 00'€KT ab0 MPO MPOoIeC MOYKHA CPOPMYITIOBATH
TINBKH B JTIHTBICTUYHIN QopMI.

Binznaunmo, 110 ocHoBHuME Henonikamu CHJI € HacTynHi: BUXITHUE HAOIp HEYITKUX PaBHUII, IO
TIOCTYITIOETHCS, (POPMYIFOETHCSI EKCIIEPTOM-TIOAMHOI0 W MOYKE BUSIBUTUCS HETIOBHUM a00 CYyIEpEUsIUBUM;
BUJI 1 TapaMeTpu QYHKIIIH MPUHATIGKHOCTI, 110 OMUCYIOTh BXiIHI i BUXiJHI 3MiHHI CHCTEMH, BUOUPAIOTHCSI
CYO'€EKTHBHO i MOXKYTh BHSIBUTHCS, 1110 HE LILIKOM BiZIOMBAIOTh PEaibHY JIHCHICTD.

Buxnan ocHoBHOro marepiaiy. Anani3z nokasye, mo sukoprcrannsi CIITIP no3sonuts BuacHo
BIIOPATHCS 3 TAKUMH TPYJHOIIAMHU MPUHHATTS pillleHb, SK HEAONIK a00 CylepewImBicTh iHpOpMaIlii,
PI3HOMAaHITHICTh 200 BeNMKa KUTbKICTh (haKToOpiB, Cy0'€KTHBI3M Ta OaraTto iHmmX. HaykoBuid minxin go ii
crBopennst CIIIP y BumaaKy 3acTocyBaHHS MEPEIOBUX TEXHOJIOTIH i METOMIB TO3BOIUTH c(hOpMyBaTH
IHTENeKTyalIbHy aBToMaTn3oBany cucremy yrpaiinas (IACY) PBiA, Hanx siKOI0 ChbOTOJHI TIPAIIOIOTH
nepenoBi Kpainu cBity. CTpyKTypHa cXxeMa Takoi CHCTEeMH HaBeJleHa Ha puc. 1.

CIIIIP amapatHO 1 OpraHi3amiiHO TOBHHHA OyTH 00’€JJHAHA KOMYTAIIHHUMH 3B’S3KaMHU
(opraHizanifHUMU 1 TEXHIYHUMH) 31 BCiMa TincucreMamu (puc.l) 3a JonomMororo 3acobiB uQpoBoro
3B’s13Ky. I, SKIIIO B po3poOIli KOMIUIEKCIB 3ac00IB aBTOMATH3AIll I YacTHH 1 miapo3aunie PBiA, sk
nepuIoro TexuivyHoro eramy crBopeHHs IACY, 3po0ieHi 3a JomoMoroo BOJIOHTEPIB MEPIli KPOKH, TO
pob6otu 31 ctBopenHst CIIIIP Ha TaKTHYHOMY, ONMEPATUBHO-TAKTUYHOMY 1 CTPATETIYHOMY PIBHSIX JJIS
iHTenekryanizanii ACY 1e He po3moYaiucs.

Cain Bigmituth, mo CIIIIP - ne ckinanni iHpopMalliifHO-aHaIITHYHI CHCTEMH, 3MICT 1 CYTHICTb
SIKHX PO3BHBAIOTHCS Pa30M 3 PO3BUTKOM KOMITHOTEPHUX Ta MEPEKEBUX TEXHOIOTIH, METOJIIB aHATI3y
iH(opMarlii, Ta opranizaiii ynpasiiHHs BilicbkoBuMu cuctemamu. Jlo cknamy CIIIIP Bxomsath Tpu
rojoBHI KOMIOHeHTH: Oa3a manmx (B/[), 0asa momeneri (BM) 1 mporpamHa migcucreMa, sKa
CKJIaJIA€ThCs 3 cucTeMHu ynpaiinHs 0a3oro nanux (CYB/l), cucremu ympapiiHHs 0a30i0 Mojenen
(CYBM) ta cucremu ynpapiiHHs iHTepdeiicoM Mix KOpHCcTyBadeM 1 KoMI'torepom [2-4].
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IACY PBiA

OI11¢c¢cH|cTeMH

PO3BiIKH ToHmoreoAesud. 1 MeTeopOoIorid VIIp. IAp. 1 BOTH. opragizanii
Ta BH3H. KOOPA. HaBiramifiHor o HOTO i OamicT. apTHIL Ta yaap. CIIIIP VIIpaBIiHKEA
06’ €eKTIB (ITineit) 3abe3neueHHA 3abesmeueHHS. PAaKeTH. BifiCEK

Puc. 1. Cmpykmypna cxema IACY PBiA

B/l rpae B indopmaniiniii Texnomnorii CIIIP BaxximBy ponb. [aHi MOXKYTh BUKOPUCTOBYBATHCS
Oe3rmocepeTHb0 KOPUCTYBAUEM JUIsl PO3PaxXyHKIB 32 JIOMTOMOTOF0 MaTeMaTHYHUX MOJICIICH.

BM - crenianbHO opraHizoBaHHil Ha0lp MaTeMaTHYHUX MOJIENCH, METOI SKHUX € OMHC i
OINTUMI3allis TPOIECiB 4M OOEKTIB. BukopucranHs Mmojenell 3a0e3reuye IPOBEACHHS aHali3y B
cHCTEeMax MiATPUMKH TPUHHATTS pimieHb. Mopeni, 0a3ylounch Ha MaTeMaTH4HIM iHTeprperaiii
npoOieMu, 3a JOMOMOTOI0 TIEBHUX allTOPUTMIB CHPHUSIOTH 3HAXODKEHHIO 1H(OopMaIlii, KOpUCHOT st
NPUAHATTA TPAaBWIBHUX pilieHb. Mojeni 30epiratoTbess y 0a3i y BHIVISAJI KOMaHIHUX (ailis,
CreliaJbHUX TmporpaM abo MoayiaiB. Mojeni MOAUIAIOTECS Ha ONTHUMI3alilHI, MOB'sI3aHi 3
MiHiIMIi3aIie0 ab0 MaKCHMI3alli€r0 MOKAa3HUKIB (HANPHKIIAA, KOMaHAUPH YacTO XOUYTh 3HATH, SIKi iX
Jii BelyTh 1O Makcumizamii edexTy abo MiHiIMi3amii BTpar), 1 OMHMCOBI, SKi OMHCYIOTH IMOBEIIHKY
JIesIKOi CUCTeMH 1 He TpW3HAYeHi juis 1ined ynpasiiHHs (ontumizamii). Y CIIIP 6a3za moneneit
CKJIAJIAE€THCS 13 CTPATEriYHUX, TAKTUYHUX 1 ONEPATUBHUX MOJICINICH, a TAKOXK MaTEeMaTHYHHUX MOJICIeH
Y BUTJISI CYKYITHOCTI MOJIGBHUX OJOKIB, MOJYIIB 1 TIPOLIEAYp, 0 BUKOPUCTOBYIOTHCS SIK €lIEMEHTH
st X moOynoBu. s ympaBniHHS 0a30i0 MOJENEH CTBOPIOETHCS CHUCTEMa YIPABIIHHS HEIO SIK
CYKYIIHICTh MPOTPaMHHUX 3ac00iB 1 Mporenyp, MpU3HAYSHUX Ul CTBOPEHHS, 3MiHH, MIATPUMKU Ta
MaHInyJroBaHHs MoaesiMu. Cxema 3ampornoHoBaHoi BitickkoBoi CIITIP mokazaHa Ha pucyHKy 2.

CTIITP
Baza n1+neneﬁ Basa fanux Bbaza Mo:iejeﬁ
ANTOPHTMH NPHHAHATTA Iadopmamnitino — ATOpHTM pillleHHA Ha
DilIeHHs KOMaHIHDOM aHaliTHYHA Gasza BHKOHAHHSI BOTH. 3aBI.

| ] biok BBOOY || Brok BROIY 1 - Bnok BBOIY
TIOUATKOBHX JAaHHX 3amucy TIOYATKOBHX JAaHHX
| | BIoK OIiHKH | | Kputepii ominku | | Baoxk oTpuMaHHA i
00CTAaHOBKH eheKTHBHOCTI aHami3v
| BII0K OIIIHKH | | ocBizm 3acTocyB. __| BIIOK OLIiHKH cTaHy
eeKTHBHOCT1 PBiA B JIOK.BilfHaX 1 IIOJIOKEeHHA
L Biok pospax. | | JToceim | brox BH3HAYEHHHA
BOTHEB. 1 MAHERD. 3aCTOCVBAHHA BapiaHTV BUKOH.
| BIIOK BH3HAY. | | Jloceixi anami3 | BIIOK OIIHKH
00’eMVy 3aBIaHE i KIITH. TH etheKTHBH.
| | BIIOK BHBOIY | | Koedimientn BIT. | BII0K BHBOIY
pe3vIbTar. 1 TTX OIiT pe3VIBTATIB 1
| | B0k oI-Ku | | Joriakori gaHi. L B0k omiHKH
e()eKTHBH. Tadmuoi, TC BOTHEBHX
Brok oOmeskeHb 1 | | Brok kapTorpadii.
PeXHMY JOCTYIIY T'IC

Puc. 2. Cxema CIIIIP
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Komanaupy, HaualbHHUKY, OpraHy YIpaBIiHHS PI3HOTO PIBHS NMPH MPUNHSTTI MPaBHILHOTO
pilieHHS HEOOXiJHO OMHMpaTHCh HA MOYATKOBI JaHi (CTaH, IMOJOXCHHS, 3a0e3ledyeHHs YacTHH 1
nigposainis PBiA), anroputmu, 3a SKUMH IPOBOUTH PO3PaxXyHKH.

3 MeTOI aBTOMAaTH3allii PO3paxyHKiB Ha ONEPATUBHO-TAKTUYHOMY pIiBHI 3a OCHOBY Ha
MOYaTKOBOMY €Talli MOXHa B3ATH METOIUKY ONEPAaTHBHO-TAKTHYHHUX PO3PAaXYHKIB, METOIUKY
BHU3HAYEHHS e(QEeKTHBHOCTI apTHJEpIicbKol pO3BIAKW. 3BHYAHO, TpU PO3pOOIi anTrOpUTMIB
HEeoOXiIHO BpaxyBaTH JIOCBIJ 1 aHami3 3acTrocyBaHHs PBiA B anTHTepopuctnuHiii onepanii (ATO) Ha
Cxonmi Ykpaiau Ta 3acrocyBanHs PBiA B jokanbHuX BiifHax i KoH(]IikTax ocraHHIX pokiB [13].
CrpykrypHa cxema mozeni anroputMy Bukopuctanus CIIIIP, mo npornonyeTses, HaBeneHa Ha puc. 3.

[UIAHYBAHHS |

AHaTI3 3aBIAHEL OtpumanHS iH)opMarii AHamTi3 YMOB

O11HKa T0CTOBIPHOCTI
1H(opMarii

Omninka 00CcTaHOBKH
baza nanux Budip 3aco0iB ang npuilHATIS | _ Baza momeneii
PpliIeHHS, BH3HAUEHHS KPHTEpPIiB

v Y

ITodymoBa MoIened 711 po3paxyHKIB

A

ITpoBeeHHA PO3PAXYHKIB,
MPOTHO3VBAHHS Pe3yIbTaTiB

IOCKOHQIEHHA DABH

v

Onrumiszaitis

AHaTi3 OTPUMAHHX
pe3yIETaTiB,
BUIMOBITHICTE KDHTEDLAM

Viockonatenus 0asm

Y1

] [enepaiiis anpTepHATHB |

‘ Budip Haite()eKTHBHIMIOrO BapiaHTy |

A
| [IpuiingarTa pilmeHns |

Puc. 3. Cmpyxmypuna cxema mooeni aneopummy suxopucmanns CIIIIP

Kpim anroputmis, aist CIIIP morpibna BJI, siky BoHa Oyae BUKOPHUCTOBYBATH a00 B SIKOCTi
MMOYATKOBUX JIaHUX, a00 rOTOBMX BapiaHTIB pillieHb, 3 SKUMHU Oyje mopiBHioBaTH. CKIIaJI0BOIO 0a3u
JaHUX OyayTh TaKOXK PE3yJNbTaTH, BUCHOBKH, aHAJI3 Ta MPOMO3HUIIi KOMaHIHO-IITAOHMX HAaBYaHb 1
TpeHYBaHb Ta TAKTUYHUX HaBYaHb BIMCHK PI3HUX pIiBHIB Bi Opuramu (TOJIKY) JO ONMEpaTUBHOTO
KoMmaHyBaHHs Ta CyXOIyTHHUX BiHCBK.

BesymoBHO, crucTeMa MOBMHHA MaTH BiflIOBiJIHE MporpamMHe 3a0e3reveHHs Ui BUKOHAHHS
HEOOXiIHUX 004ncIeHb, pobOTH 3 0a30t0 JaHWX (Ipo cBoi Bilickka 1 Bilicbka CYIPOTHBHUKA,
JIOBIZIKOBUH 1 IHIIMI MaTepiai), 3aco0H MiArOTOBKH JOKYMEHTIB, IPHIHOMY 1 niepenadi qanux [ 14].

VY 0610k orpuMaHHS Ta aHamizy iHQOpManii HEOOXiTHO BKIIOUYHUTH MOKJIHMBICTH OTPUMAaHHS
iH(OpMAIIii Bil KOCMIYHOT'0, TIOBITPSTHOTO €JIEMEHTIB 1 €JIEeMEHTY Ha3eMHOT PO3BIJIKH.
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[Mpu Buznauenni Burismy CIIIIP HeoOXimHO BpaxoBYBaTH psii TEXHIUYHUX (MTOTYXHICThH 1
MPONYKTUBHICTh OOYHMCIIOBATBHUX 3acO0iB Ta Mepex), opraHizamiifHuX (po3mofin (yHKmiA Mix
00YHCITIOBATIBHIME 3ac00aMH 1 OIepaTopoM) OOMEKEHb, a TAKOK OOMEXKEHb, MOB'A3aHUX 3 00IroM
CNEKTPOHHUX JIOKyMEHTiB. KpiM Toro, HeoOXimHO OOIpYHTYBAaTH CITiBBITHOIICHHS IIEHTpaji3aiii B
3aranpHii cucreMi ynpaeniHas PBiA 1 camoctiiiHocTi 11 eneMeHTIB y BHOOpi BapiaHTIB i THpu
MPUAHSATTI PilICHHS.

[Tpu obrpynTyBanHi cknamy CIITP HeoOXiqHO MPUITHATH 10 yBaru HACTYIIHE.

Cucrema (pyHKIIOHYE B JIBOX CTaHaX - Ha €Taml MiATOTOBKM 1O BIMCHKOBUX il 1 B X0l
BilicbkoBMX [iii. Ha erami miAroTOBKM WiMbOBa (YHKISE CUCTEMH — MPOTHO3 e(EeKTUBHOCTI
3aCTOCYBaHHSl YacTWH 1 migpo3nimiB PBiA i mpuiHATTS pimieHHS Ha iX 3acTocyBaHHS, Ha erami
BE/ICHHS - KOPUT'YBaHHS paHillle MPUHAHATOrO PIIEHHS Ta YNPAaBIIHHS MiAPO3JiIaMH 1 YaCTHHAMH B
3aJIeKHOCTI BiJi 0OCTAaHOBKH, 110 CKJIajacs B yMoBax oOMeXeHHs yacy. B oMy BUnaiKy, 0coOIHBO B
NpH BeJeHHI 000pOHHOrO 000, pIllIeHHs, 10 MPUIAMAEThCS, MOTPeOye HE TUIHLKH KOpEryBaHHS B
3aJIOKHOCT] BiJl O NMPOTHMBHUKA, a W NPUUHATTS WOr0 3aHOBO, BIAMOBIIHO 10 OOCTAaHOBKH, IO
JMHAMIYHO 3MiHIOeThCs. [lpn mpomy, ninekoBy QyHkiito CIIIIP MokHa BU3HAYMTH SIK MiHIMi3allito
qacy Juist OOIpyHTYBaHHS ONTHMAaIBHOTO BapiaHTy 00MOBOTr0 MOpPSIIKY yrpynoBanHst PBiA 3a paxyHok
CKOpPOYEHHSI 00csry pydHoi mpami npu BHOOpPI TUISSHKH MICHEBOCTI 1 MPOBEACHHI TAKTUYHHX
po3paxyHkiB. BuOip BapiaHTiB 00OHOBOro MopsaKy B KOMIUIEKCI 3 3axoJaMu IO ae3iHdopmarrii
MPOTHBHUKA 1 OLlIHKA €(PEeKTHBHOCTI KO)KHOTO 3 HUX BPYYHY B YMOBaxX OOCTaHOBKH, IO JTUHAMIYHO
3MIHIOETBCSI, HE TIPOCTO YCKIIQJHEHI, a BiKe HeMOxIuBi. HeoOxiaHi po3paxynku Ha EOM Ha Bcio
TaKTUYHY, OIEPATUBHO-TAKTUYHY, ONEPATHBHY TIHOWMHY MOOYJOBH 30HH OOOPOHH B peaJbHOMY
MaciTabi yacy 3 ypaxyBaHHSIM MPOTHO3Y PO3BUTKY OOHOBHX JIii.

Takum uyMHOM, 32 pe3yiabTaTaMu MpoBeaeHoro orisny cydacHi CIITIP moBuHHI MaTH HacTyIHI
BIIACTHUBOCTI:

- CIIIP namae xoMaHAMpaM YCiX PIiBHIB JIOMIOMOTY Yy TMpoleci NPUHHATTS pillleHb 1
3a0e3nedye MiATPUMKY Y BChOMY Jlialia30Hi KOHTEKCTIB 3a/1a4. Jlymka KepiBHHKA Ta iH(pOpMAILis, 110
renepyerscst EOM, sBISIFOTH €TUHE TIiJIe JUISl TPUITHSTTS pillleHb;

- CIIIP miarpumye 1 mocuiroe (ajie HEe 3MIHIOE 1 HE BiJMIiHSE) MIpKyBaHHS Ta OI[IHKY
KoMmaHupa. KoHTpob 3anumaeTbes 3a KepiBHUKOM;

- CIIIIP mnigBumye e]eKTUBHICTD TPUHHATTA pilieHb. Ha BigMmiHy Bin mTaOHHX
aJIMIHICTPaTHBHUX CHUCTEM, JI¢ pOOUTHCS aKIGHT Ha aHamiThdHoMy mpoieci, y CIIIP BaxkuBiiiow €
e eKTUBHICTH MPOIIECY MPUNHHSATTS PillICHb;

- CIIIIP BuKoOHYe iHTErpallito Mojaenel 1 aHaJIITHYHUX METOJIIB i3 CTAHIAAPTHUM JIOCTYIIOM JI0
JNaHux 1 BUOIpKOIO 3 HUX. [Nl HAJaHHS JIOTTOMOTH npu HpI/II/IHHTTl leIeHL aKTHBYETBCS OJHA 200
nekinbka mopeneit. [Ipu npomy BmicT BJl 0XOIUTIOE iCTOpitO MOTOYHMX 1 MOMEPEIHIX Omepallid, a
TaKoX iH(OpMaIlifo 30BHIITHLOIO XapakTepy Ta iH(opMaIlito mpo oOCTaHOBKY.

BucnoBku. Homi konieniii BeaeHHsS O0HOBHMX IiH, yJOCKOHajeHHS (OpM 1 CIOCOOIB
3aCTOCYBaHHSI BIMICbK, BHCOKa TEXHOJOTIUHICTh 3ac00iB 30poiHOi OOpOoTEOM B OOCTaHOBI, IO
JMHAMIYHO 3MIHIOEThCS, HOTpeGyIOTL MIBHJIKOCTI Ta SKOCTI MPUHHATTS YIPABIIHCHKOTO PilllCHHS
KOMaHIHpaMH BCiX plBHlB 1HTeneKTyan13au11 cucTeM ynpaBmHH;I

Ha mincraBi aHamizy BiTOMHUX METOMIB 1 aHFOpI/ITMlB nodyznosu CIIITP SaHpOHOHOBaHI/II/I
KOMILJICKCHUW ~aJrOpUTM, SIKAH, Ha BIAMIHY BiJl ICHYIOYHMX, JO3BOJISIE CYTTEBO MiJBUIIUTH
OIEPaTHUBHICTh, aJICKBATHICTh 3MiHAM OOCTAHOBKH 1 IHTEIEKTYAIBHICTh MPOIeCY NPUHHATTS PilllCHHS
KOMaHJMpaM# BCix piBHIB. Bukopucranns nux ¢akropis B CIIIIP no3BonuTh Bropatucsi 3 TaKHMH
TPYAHOIIAMH TPUHHSTTS PillieHb, SIK HEJOMIK a00 CylepewInBicTh iH(popMallii, piI3HOMaHITHICTh 400
BEJIMKa KUTBKICTh (DaKTOPiB, CYO'€KTHBI3M 1 OaraTbma iHITUMH.

ToMy, OCHOBHOI0 3ajaycio chorofHi B pamkax crtBopeHHsi [ACY PBiA € po3poOka
MPOrpaMHO-aJITOPUTMIUHUX Ta MporpaMHo-anapatHux 3aco0iB CIIIIP Ha ocHOBI 3HaHb, HAKOIMTUYCHUX
CIeLiaaicTaMu — eKCIepTaMH, JOCBiay 3acTocyBaHHs PBiA B xoHuIikTax i1 JIokanbHKX BiiiHax, ATO
Ta Cy4acHHX OOUYHMCIIOBAILHHUX 3ac00iB 17151 00poOKH iH(opMallii B peaibHOMY Yaci.
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KOHLUENTYAJBbHA MOJEJb IHOGOPMALIAHOT
CUCTEMM JUISI MIITPUMKU BUSHAYEHHS CTPATETLTI
JTISIILHOCTI TA PO3BUTKY TYPUCTUUYHO-
PEKPEALIMHUX KOMILJIEKCIB

eukn. Jlin’anina X. B.
Yxpaina, Tepuonine, Teproninvcokuit HayioHaNbHUI eKOHOMIYHUIL YHIGEpCUNEm

Abstract. The article contains the necessary stages, mathematical and statistical methods,
modern information technologies for the functioning of the tourism industry in which analytical
reporting is carried out. On the basis of the methods discussed in the author's previous works, namely:
impulse modeling of scenarios for the development of the tourist-recreational complex; modeling the
attractiveness of investment in tourism; modeling the forecasting of demand for tourism, analysis of
the activity of tourist and recreational facilities of administrative regions of Ukraine; technology of
analysis of tourist recreation on the basis of spatial data. The architecture of the typical informational
and analytical system supporting the definition of the strategy of activity and development of tourist-
recreational objects is structured. Determined further directions of use of information-analytical
systems in conjunction with dynamic simulation models.

Keywords: information system, tourist-recreational complex, conceptual model, clusterization, tourism.

Beryn. Po3BuTok TyprcTudHOro Oi3HeCy € HEMOXJIMBUM 0€3 3alpoBa/KyBaHHS HOBITHIX
IHQOPMAIITHUX TEXHOJIOTIH, SKi YOe3NeuyloTh: IHTErpamifo i 3B’S30K, MOJEPHI3YIOTH SIKICTh Ta
Oe3reky TYpPUCTHYHHX IOCIYT, Iepenady BenuKoro o0'eMy iHQopmarii, 301IbIIEHHS IIBUAKOCTI
o0cnyroByBaHHS Ta e(pEKTHBHICTb, MOXKIIHMBICTh BpaxOBYBAaTH IMOTPEOM KOXKHOTO iHIHMBITyaTbHOTO
KJTi€eHTa, eeKTUBHUHN 3BOPOTHIH 3B SI30K.

Cepen mporpaMHUX 3aco0iB JUIsi MOJCTIOBaHHS JiSJIBHOCTI Ta PO3BUTKY TYPUCTHYHO-
pekpeaniiaux 00’exTiB MoxkHa BuautuTH: UrbanSim, LEAM, MOLAND, SLEUTH.

[IpoBeacHuii orsan iH(OpMaiHHOrO 3a0e3MeueHHs IoKa3aB, MO icHyro4i IH(opmarliiHi
cucremu (IC) He mal0Th 3MOT'Y KOMIUIEKCHO BUPIIIYBATH MUTAHHS CTPATETil MiSUTBHOCTI Ta PO3BUTKY
TYPUCTUYHO-PEKpEaNiiHuX 00’€KTiB, XO4a BOHO € aKTyalbHHM JUIi OpraHiB  MiCI[€BOTI'O
CaMOBpsITyBaHHsI, KEPIBHUKIB TYPUCTHYHUX ITIIPUEMCTB, MEHE/KEPIB, IHBECTOPIB.

Pesynbratun pociimkenns. Posrisg po6it [4-7] nmokasas, 1o iH(opMaliiHa cucTeMa Mae
CKJIaJaTHCh 3 TAaKUX KOMITOHEHTIB: MIJACHCTEMH KOHCOJIZAIil 1 OYMCTKM JaHMX, IIiACHUCTEMHU
MOJICTIIOBAHHS, TIJICUCTEMH pEKOMEHAalid 10 ¢GopMyBaHHS CTpaTerii pPO3BUTKY TYPUCTHYHO-
peKpeaiiHux 00’ EKTIB.

Ha puc. 1 BigoOpakeHO nmiarpamy IMOTOKIB JaHUX JJIsl MIATPUMKHA BU3HAYEHHS CTpaTerii
JISTTBHOCTI Ta PO3BHTKY TYPHCTHYHO-PEKpEalifHiX 00’ €KTIB.

Puc. 1. Konyenmyanvua moodens inghopmayitinoi cucmemu 015 RIOMPUMKU USHAUEHHS cmpamezii

3 puc. 1 BUAHO, 110 Ha IMEPUIOMY €Tami KOPHUCTyBa4 MOBHHEH 3i0paTH MOTPiOHI JaHi, JJIs
moOyJI0BM MOJIeNi: eKCrepTHi ominku, nani 3 TPK (TypuctuaHo-pekpeaniiHoro KoMIiekey), Jani 3
JepxaBHOI CITy)KOM CTaTUCTUKU YKpaiHU Ta I'e0/IaHi.

Ha nactymHoMy Kporii y mijicucTeMi KOHCOMIIAIil 1 OUUCTKH JaHuX (pHc.2), Y 3B SI3KY 3 THM,
mo aani g0 2015 poky Ha caiiti [lepkaBHOI ClIy)XOM CTaTHCTUKM YKpalHH ITOJAIOTHCS JIMIIEC B
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¢opmari Portable Document Format (PDF), Ttomy mnorpiOHO 3a m0moMoror mporpam Juis
PpO3ITiZHABaHHS TEKCTY MEPETBOPUTH JIOKYMEHTH.

Jani gaHi NOPOXOASTh OIIHKY SKOCTI Ta MPOBOAMUTHCA I1X oOuucTKa. [licms dYoro maHi
nepenarThes B 0a3y manux. @aitnu bJl kparie migTpUMyIOTh ITICHICTh CTPYKTYPHU JTAaHUX, OCKUTBKH
THII 1 BJIACTUBOCTI X IOJIIB JKOPCTKO 33JIal0ThCS MPH M00YynoB1 TaOmuib. OmHAK JJIs CTBOPSHHS Ta
aaMinicrpyBanHs BJ] motpiOHi daxiBii 3 OLIBII BUCOKUM PIiBHEM ITTOTOBKH, HDK JJIsI pOOOTH 3
MOMYJISIPHUME OPICHUMHE JJOATKAMH.

Puc. 2. ITiocucmema xonconioayii ma ouucmxu 0anux ingopmayiinol cucmemu 0jist NIOMPUMKU
8U3HAYEeHHs cmpamezii

Ha nactynHomy ertari moTpiOHO MPOBECTH MOOYI0BY MOEHTI, HA OCHOBI PO3TIISIHYTUX METOJIB
y TOTepeHiX poboTax aBTopa, a caMe: MoJelb | - iIMIyJbCHE MOJCIIOBAHHS CIIEHAPIiB PO3BUTKY
TYPUCTUYHO-PEKPEANiHHOTO KOMIUIEKCY; MOJENb 2 - MOJCIIOBAHHS IMPHUBAOIUBOCTI IHBECTHIIIN Y
Typu3mi [3]; Mozmenb 3 - MOJICNIOBaHHS MPOTHO3YBaHHS TOMHUTY Ha TypusM [2]; mojens 4 - aHami3
JISITBHOCTI TYPUCTUYHO-PEKpeaiiHuX 00’ €KTIB aJIMiHICTpaTUBHUX perioHiB Ykpainu [1]; moxens 5 -
TEXHOJIOTIS aHali3y TYPUCTHYHMX peKpealid Ha OCHOBI NPOCTOPOBUX JaHUX. BiANMoBiAHO 10
napamerpiB Mozienei 3 0a3u JaHUX BU3HAYAIOTHCS BXIIHI mapaMmerpu. 1o MeToiB, 1110 BUKOPHUCTAHI B
MiJIcCKCTeMI MOJICIIOBaHHS, BUKOPHCTOBYEMO areHTHE MOJICIIOBAHHS, MaTeMaTHYHE MOJICIIOBAHHS,
aBTOperpeciiHe MOJICNIOBaHHs, MeToja camoopraHizoBannx Kapr KoxoHeHa Ta mpocropoa
aBTOKOpEJIAIii Ha ocHOBI IHAEeKCY MopaHa.

Mogens 1. [lng anamizy IUHAMIKM TIOBEIHKM KOTHITHBHHX KapT BUKOPHCTOBYETHCS
MaTeMaTHYHHUH anapaT IMITyJIbCHUX MPOIEeCiB. Amapar iMIyJIbCHUX MPOIIECiB J03BOJISIE IIPOTHO3YBATH
3HA4YCHHS KOHIIENTIB Y JUCKPETHI MOMEHTH 4acy. 3 i€l MeTo Tpeda 3poOUTH NEBHI MPUITYIICHHS
010 BIUIMBY 3MiH 3HAY€Hb IapaMerpa JesKOro KOHIENTY Ha TapaMmeTpu IHIMX (Jaii Taki
MPUITYIICHHST HAa3WBaTUMEMO TMpaBWJIaMH 3MIHM 3HAYeHb IapaMeTpiB KOHIenTiB). Bubip takmx
MpaBWJI Ma€ BaXIJIMBY pOJb. 3TIAHO 3 PO3POOJECHHUM MEXaHI3MOM CTPATEriyHOro YIpPAaBIIIHHS
TYPUCTUYHO-PEKPEANIHHOTO KOMIUIEKCY B JaHOMY JOCTIKEHHI BHKOPHUCTOBYETHCS KOTHITHBHHN
MIJX1J, OMMCAHUHN paHilie. ABTOPOM IPOBEACHO KOTHITHBHE MOJCIIOBAHHS YIPABIIIHHS PO3BUTKOM
TYPUCTUYHO-PEKPEANiHHOTO KOMILIEKCY, Ta BHUJAUICHO TaKi €Tand KOTHITMBHOTO MOJICITIOBAHHS:
pO3pOOJICHHS ~ KOTHITHBHOI ~ KapTH  PO3BHTKY  TYPUCTHYHO-PEKPEAIIMHOTO  KOMILIEKCY B
TepHONBCHKil 00MacTi; BU3HAYEHHS! OCHOBHUX (DaKTOPIB, YIPABIIHHS SKUMHU TPHUBEE 10 OaKaHMX
pe3ynbTaTiB (PYHKIIOHYBAHHS TYPHCTHYHO-PEKPEAIITHOr0 KOMIUIEKCY; IMITyJbCHE MOJEMIOBAHHS 1
CIICHApHI JTOCIIKECHHSI.

Mognenb 2. Po3risiHyTO JHHAMIYHY MOJIENb MPUBAOIMBOCTI IHBECTHIIIH y TYpHU3Mi, OCHOBHOIO
3aauer0 SKOi € pO3MOJLT HAasSBHUX KOIITIB Ha PO3BUTOK OKPEMHUX CEKTOPIB TypiHIyCcTpii. Y
JMHAMIYHOMY KPHTEpii ONTHMAaJIbHOCTI PO3BUTKY TYPHCTUYHOTO 00’€KTa HEOOXiJHO TMOpIBHATH H
OLIIHUTH TOTOYHI BUTPATH Ta IHBECTHUIII B HOBE OYIIBHHUIITBO 1 PEKOHCTPYKI[IO HOro 00’€KTiB 3
pesynbraTaMu (QYHKI[IOHYBAaHHS 3a IEpioJl PO3BHTKY TYPUCTHYHOTO 00’€KTa 1 BHXOIy HOTro Ha
ONTHUMAIBLHAN PEKUM (QYHKITIOHYBAHHSI.

Mopens 3. AHajmi3 Ta NPOrHO3YBaHHS IONUTY € HAWMBaXIMBIIIMMHU CKIAJOBUMH €IEMEHTaMU
CTpATEeriqHOro TIAHYBaHHS PO3BUTKY MIMPHEMCTB 1 Tairy3i TYpH3MYy B IIIJIOMY, OCKIJIGKH TOMUT Ha TTOCITYTH
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B Lii chepl € qoMiHAHTHUM (DAKTOPOM, IO BU3HAYAC IOTEHIaN IX po3BUTKY. [IpoBeneHO perpeciiHuii
aHaIi3, MPOLEC] BUSABIEHHSA KOPEIALIMHO-PErPECIHHUX 3B’SI3KIB MDK DPE3YIBTATHUBHUM ITOKA3HUKOM 1
dbakropaivu  BenmumHaMu. KpiM OOYIOBM €KOHOMIKO-MAaTeMaTHYHOI Monemi, OyJIo DPO3paxoBaHO
KoeillieHT MHOXXWHHOI perpecii, koeillieHT AerepMiHallii, CTaHIapTHY TIOMIJIKY, -KpuTepili CThro/IeHTa.
Mognenb 4. Anroput™ (QyHKIIIOHYBaHHS camoopraHizoByrounx kaptT (Self Organizing Maps -
SOM) sBnsie cobol0 OOWMH 3 BapiaHTIB KiacTepu3ailii 0araTOBUMIpHUX JlaHWX. BaxmBoro
BiMiHHICTIO anroputMy SOM € Te, 1110 B HbOMY BCi HEMPOHU (BY3IH, LCHTPH KJIaciB) BIIOPSIKOBaHI B
JGSIKY CTPYKTYPY (3a3BU4ail TBOBUMIpHY cmcy) [lpu npoMy B X0z HaBYaHHS MOIUQIKYEThCS HE
TUIbKU HEWPOH-TIEPEMOXKEIlb, @ W HOro Cyciiid, aje B MEHIIOMY CTyIeHi. 3a paxyHOK 1boro SOM
MOXKHA BB&KaTH OIHHM 3 METO/IIB TMPOCKTYBAHHS 0araToBHMIipHOTO mpoOCTOpy B npocnp 3 OuIBII
HU3BKOIO po3mipHicTio. [Ipn BI/IKopI/ICTaHHl [[LOTO AITOPUTMY BEKTOPA, CXOXK1 B BUXLIHOMY IIPOCTOPI,
BHSBIIAIOTECA T1OPYY 1 Ha OTpI/IMaHII/I kapti. [IpoBenmeHo KiacTepuzalilo JaHUX 3a JIOXOAaMH,
BHJIATKaMU Ta KUTBKICTIO TYPHCTIB 3a PI3HUMH BUJaMHU Typu3My Tpotsirom 3 2011-2017 pp.

Puc. 3. ITiocucmema mooenrosanis 6 mooeni inpopmayitinoi cucmemu 0 RIOMPUMKU GUHAYCHHSL
cmpamezii

Mogenp 5. AHam3  TEpPUTOPIANbFHOTO  PO3MIIIEHHS  O0’€KTIB  IPYHTYIOThCS  Ha
BHUKOpPUCTOBYBaHHI reo-iH(GopMaIiiftHuX TeXHoIoriid. Po3pobieHo nporpaMHuil MOIYIb I TOOYI0BH
MoJieNTi KiacTepu3zaiii reorpadiyHUX 00’ €KTIB Ta aBTOMATH30BaHOI MOOYOBH TEMAaTHYHUX KapT. 3a
JIOTIOMOT'OI0 CTBOPEHHSI Bar, BHOKPEMJICHO BHIHM MPOCTOPOBOI CyMDbKHOCTI. JloCiipkeHO THUTaHHS
MaTEeMaTHYHOI'0 aHajidy reorpadiunoi iH(opmMamii 3a J0NOMOro METOLY IMPOCTOPOBOT
aBTOKOpeNsIii. BuzHaueHo KiacTepu MpoleciB MOTOKY TYPHCTIB y perioHax YKpaiHM Ha OCHOBI
JiarpaMu po3citoBaHHs MopaHa. BcTaHOBIEHO MO iCHYE JESKHi PO3KH] 3HAYCHb TYPUCTUUHHUX
MOTOKIB 32 PErioHaM, IO BIUIMBA€ HA TOUYHICTh aHamizy. OTpuMaHi pe3yiabTaTH MOXYTh OyTH
BHUKOPHUCTaHI IIPY OLIHII 30aJJaHCOBAHOCTI PO3BUTKY TYypH3MY IO perioHax i popMyBaHHs MexaHI3MiB
3rJIaJPKyBaHHSl BIUIMBY 30BHINIHIX MIOKIB HAa EKOHOMIUHY nuHaMiky. [lomamplmmMu HampsiMmaMu
JIOCITIIDKEHB € TIepeBipKa TiloTe3 MPo XapaKkTep MPOCTOPOBUX B3aEMOJIIM.

3a BIANOBIIHUMH, JO MOJCTIOBAHHS, METOJAAMH PO3PaxOBaHO pE3YJbTaTH Ta BUBEICHO Y
BUTIISI TpadiKiB, qiarpaM Ta Kapr.

Ha pucynky 4 mnpencraBiieHO 3aBEpIIIbHUK €Tanm MOIENI IH(GOPMAIIHOI CUCTEMH IS
MiATPUMKA BU3HAYECHHS CTPATEril PO3BUTKY TYPUCTHYHO-PEKpeariiHuX 00’eKTiB. B sskoMy Ha OCHOBI
OTPUMaHMX pe3yibTaTiB chOPMOBAHO OCHOBHI peKOMeHparii, mono crparerii possutky TPK. [l
BOr0 TOOYZOBAaHO CHCTEMY MOJEIed PO3BUTKY HpI/IBa6HI/IBOCT1 KYJIbTYPHO-ITI3HABATBHOT'O
TYPUCTUYHOTO 00’ €KTa Ta MPOBEJCHO aHANI3 Pe3yJbTATIB KIacTepu3allii.
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Puc. 4. ITiocucmema ghopmysanms pexomenoayitl ¢ mooeni ingpopmayiinoi cucmemu 0Jist NIOMPUMKU
8U3HAUEeHHs cmpamezii

3a pe3yiabTaTamMu MOOYJAOBaHUX MOJCICH KIacTepH3allil MOKa3HHUKIB TYPHUCTHYHOrO MOTEHIIIATY
TepHominbchkoi 001acTi Oyiu 3rpynoBaHi y 4 kinacrepa 3 piBHeM 3Hauyiocti 0,01 % (tab.1).

Tabmuus 1.  Pesynapraté  kjacrepuzamii  TNOKa3HHKIB — TYPUCTHYHOTO  TOTEHIay
TepHomiIbCHKOT 00JIACTI
Krnactep 0 Krnacrep 1 Kracrep 2 Kracrep 3
[Tigraenpkuii Byuanpkuit Kpemenenpkuit BepexaHchbkHit
Kosiscbknit TepeOoBIsHCHKUT I'ycsatunchruit SammunbKui
JlanoBenpKuit 300piBCchKHit 30apa3bkuii YopTKiBChKUH
I[TinBomounceKuii TepHomiIbCHKHUI MoHacTupHUChKUH
BopiBchkmii HIymcekuit

BucnoBku. TakuM YMHOM, y CTaTTi BHU3HA4YCHO CYTHICTh CJIEMEHTIB Ta eTamiB Oi3Hec-
AHAJIITHKH, T1JI 9ac MPOXO/DKCHHS SIKUX, JaHi CTPYKTYPYIOThCS 3 MpoOJieMaMH MPeAMETHOi o0macTi,
MIEPETBOPIOIOTHCS B CTpaTeriudy iHdopmaliiro 3a paxyHOK MOIMYKY TEHJIEHIIH, 10 TOTYE OCHOBY JIJIs
HEHTPAIFHOTO €TaIy MPOIeypH NPUHHATTS pillieHb — MOJICITIOBAHHS, IO MIATPAMYETHCS Cy4acHOIO
TEXHOJIOT1€10 KOMIT IOTEPHOTO MOJICITIOBAHHSI.

ExciepuMenTanbHi  po3paxyHKH Ha  Marepianax — TepHONUIBIIMHU — [MOKa3aJd, IO
3alpONOHOBAHUK IHCTPYMEHTapiii € 3pyYyHHM 1 MNPaKTHYHO peali3oBaHMM Ha 0a3l CcydacHHX
KOMIT I0TepiB 3acO000M ISl pO3paxyHKIB e)EeKTHBHHX CTpATErid PO3BUTKY TYpU3MY B TYPUCTHYHO-
pekpeariiiHoro komiuiekcy. Pospobnena IC moxe Oyt 3acToCOBaHAa B KOMITETaxX IO TYpHU3MY IS
JOCIIDKEHHS TYPU3MY B TYPHCTHYHO-PEKpCAIifHMX KOMIUIEKCaX Ta OOIPYHTYBAaHHS TEMIIIB i
HaNpPsMIB PO3BUTKY TypH3MY Yy CBOiX perioHax.
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TRANSPORT

PA3PABOTKA XUMHNYECKOI'O COCTABA CTAJIA AJI51
KEJIE3HOJOPOKHbBIX KOJIEC, OBECHHEYUBAIOLIETI'O
HOBBIINEHUE UX CTOUKOCTHU K OBPA30OBAHUIO
JAE®EKTOB HA IIOBEPXHOCTU KATAHUA

K. m. H. Kononenko A. A.
Yxpauna, /Inenp, Hncmumym uepnoit memanaypeuu um. 3. H. Hexkpacosa HAH Ykpaunut

Abstract. It was found that the chemical composition of the wheel steel together with the heat
treatment of railway wheels, is one of the main factors determining their properties, and its improvement -
an effective way to improve the reliability and durability of these products. Produced advanced smelting
ingots with different alloying systems. It was found the effect of chemical composition on the mechanical
properties and microstructure of steels for railway wheels. Proposals for changes in the chemical
composition of steel railway wheels, based on the operating conditions and the results of analyzes to
improve the resistance to the formation of defects on its running surface. Recommendations on the best
structural state in the rim of a railway wheel, which enhances their useful life.

Keywords: railway wheel, chemical composition, defect on the rolling surface, dredging,
phase transformations.

Beenenue. Boicokue TpeOoBaHMS, NPEABSBIAEMBbIC K 3KCILIyaTAllHOHHOM HAJAGKHOCTH U
JIONTOBEYHOCTH KENE3HOIOPOKHBIX KOJIEC, MPENONPEeNiOTCsS UX OTBETCTBEHHBIM Ha3HAUEHHUEM B
CTPYKTYpe TOJBHKHOIO COCTaBa, HEIMOCPEJCTBEHHBIM BIHMSHUEM Ha O€30MacHOCTh JABWIKCHUS U
CIIOXHBIMH, CIICU(PUIECKIMHU YCIOBUSIMH DKCILTyaTallH.

3a TmocinenHuWe JIECATHIIETHS OKEIe3HOJOPOXKHBIM TMYTh TpeTepleNl  CYHIECTBEHHYIO
MOJICPHH3AIHIO. DTO U3MEHWIIO YCIOBUSI pabOThl KOJECHBIX Map B AKCIUTyaTallMd. YBETHYUBIIASCS
KECTKOCTh MyTH OTPA3MIACh HA COCTOSHHH pabOuMX IMOBEPXHOCTEH Kolec. 3a MOCIEeJHUE TOJIbI IO
00TOUeK 1O BBIIIEPOMHAM YBEITUYMIACH MOYTH B 2 pa3za. HedKOHOMHUYHBIH METO/ BOCCTAHOBIJICHHS
npoQuIIst KaTaHUs KOJIec 00TOUKOH BEJET K CYIIECTBEHHOMY COKPAICHUIO PACYETHOTO CPOKA CITYIKOBI
KOJIECHOM mapbl. B CBsI3M ¢ 3TMM BO3HHKIA HEOOXOAMMOCTh B pPa3paldOTKe MEpONpPHUSATHH I10
YCTpaHEHHIO TPUYHH, TPUBOSIIIX K 00pa30BaHUIO ITHX JCPEKTOB.

U3 cymecTByOMIX TUTOB BHIEPOMH HanOolee paclpOCTPAHEHHBIMH, SIBISIOTCS JAe(EKTHI,
KOTOpbIC 00pa30BAIMCH B PE3YJIbTaTe pa3orpeBa MOBEPXHOCTH KaTaHUsI KoJieca ITPH TOPMOXKECHHH, TIPU
3TOM 00pa30BaHUIO BBHIIICPOMHBI MPE/IIECTBYET BOSHUKHOBEHHE HA MOBEPXHOCTH KAaTaHUS IOJI3YHA.
WzBecTHO, 4TO Ha 0Opa3oBaHHE BBHIIMIEPOMH BIHUSET NENbIH Pl (aKTOPOB DKCILTYyaTAI[HOHHOTO H
MartepuaioBeqieckoro xapakrepa [1, 2]. K mepBbIM OTHOCSATCS WHTEHCHBHOCTH TOPMOXKCHHS,
CKOPOCTb JIBUXKCHUSI BATOHA, COCTOSIHUE TOPMO3HOM CHCTEMBI U Jip. MaTepuaioBeIuecKiuM PakTopoM
B [IEPBYIO OUEPEND SBISIETCS. XUMHUUECKUI COCTaB KOJIECHOM CTAJIH.

Pesynbrarel  uccaenoBanus. Jlnsg  1poBeAGHHS — MCCIEIOBAHMHA  3aKOHOMEpPHOCTEH
o0pa3oBaHusl HanOOJIee PacpOCTPAHEHHBIX YKCILTYaTAIIHOHHBIX Ie)eKTOB ObLITH OTOOpaHbI Koeca 3
cramu Mapku «T» u mapku «2» (FOCT 10791-2011) ¢ nedextamu Ha MOBEPXHOCTH KaTaHHUS.
HecMoTpsi Ha BBISIBICHHBIC HEKOTOpBIE OTIMYMS 10 BHEIIHEMY BHJY XapakTepa BBINEPOUH U
CTPYKTYPHBIM DPa3JIM4MsIM METajula B 30HE, MpHIErarolled K o0JacTsM, COJepiKalluM YKazaHHBIH
nedekr, AN Kolec paszIM4YHBIX MapoK, MpUpoJia 00pa3oBaHUs YKa3aHHOTO Jedekra OTMHAKOBA.
Mexanu3m ero oOpa3oBaHWsi MOXKHO MPEACTaBUTH clenytonmM obOpaszoM. I[lpu skcruryaranum B
Mporiecce TOPMOXKEHHs Kojleca B 30HE KOHTAaKTa C PEIbCOM IPOUCXOAMT BBICOKOTEMIIEPATYPHBIIH
OBICTPBIIl HarpeB Meraiia o0ozia BbIe AC; M TIOCIEAYIONIEE €ro OXJIaxJaeHue. B 3Tux obmactsix
MPOUCXOAUT (a3oBas TMEpeKpUCTAIUIM3AIM  MeTalula, W o0Opa3yercs HoBas CTPYKTypHas
COCTABIISIIOIIAST — TAK HAa3bIBACMBIN OECCTPYKTYPHBIH MapTEHCHUT, WM «raplieHuT» [6]. CTpyKTypHbBIE
MpeBpaimieHus B JIOKAJIbHBIX 00JacTsX o000aa Kolieca MNPUBOIAT K OOBEMHBIM HM3MEHCHHSM,
BBI3BIBAIOIIMM BHYTPEHHUE HANPSDKCHUS, OCITA0JICHHE MEX3EPEHHBIX W MEXK(a3HbIX CBS3EH MEXIy
OCHOBHBIM METAJIJIOM M HOBOM CTPYKTYPHOM COCTaBJISIIOLIEH U, KakK CIEACTBUE, IOSABJIECHUE
MUKPOTpeNH. BbICOKHE, ymapHble M IHMKIWYECKHE HATPY3KH OOJIErdaroT 3apoKACHUE U POCT
MUKPOTPEIIMH U MPHUBOIAT K TOMY, YTO IOJ JIEHCTBHEM KAcCATENbHBIX KOHTAKTHBIX HANpSHKEHUH B
30HE KOHTaKTa «KOJIECO-PEIhCy C MOBEPXHOCTH 000/Ia KoJieca CKaJIbIBAIOTCS YaCTHIIBI HOBOH (basbl.

HccnenoBanuss MUKPOCTPYKTYPBl B 00jacT Ae(heKTa «BBIIICPOMHA Ha IOJI3YHE» IMOKa3ajH,
9TO0 B  TIOBEPXHOCTHBIX  CNOSIX 000/a TOPUCYTCTBYIOT  TPCIIUHBI  PAa3IUYHOW  JUIMHBI,
pacmpocTpaHsoIecss OT TOBEPXHOCTH KaTaHWs BIrUIyOb o00oma. Kak mnpaBuio, TpEHIMHBL,
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oOpazoBaBIfiecss Ha TOBEPXHOCTH KaTaHHS KOJeca, MPOHHKAIOT B TIOyOb 000/a MPaKTHYECKH
MEPIEHIUKYIISIPHO K TOBEPXHOCTH KaTaHHWs Ha TIYOMHY, COOTBETCTBYIOIIYIO TOJIIMHE METaslia,
MPETEepIEeBIIEr0 U3MEHEHUsI B IMpOIecce DKCIUTyaTalliy, a 3aTeM W3MEHSIIOT HalpaBlICHHE CBOETO
JBUKEHUS To4YTH Ha 90° M pacrpoCTPaHAIOTCS BIOJIb TPAHUIIBI MEKTY OCIIBIM CIIOEM M METaJLIOM, HE
MIpeTepIEeBIINM CTPYKTYPHBIE U3MEHEHUS B IIpoliecce IKCIuTyaranuu [4, 5].

Eme omqaiM MexaHn3MoM 0Opa30BaHus BRIICPOUH Ha MOBEPXHOCTH KAaTaHHS KOJIEC SBISIETCS
ycTanocTHoe paspylieHre. KoHTakTHbIC HANPsKEHHUS PUBOJAIT K 00pa30BAHUIO CETKH YCTaIOCTHBIX
TPEUIMH, OT KOTOPBIX CO BPEMEHEM HAa4YMHAIOT pa3pacraThcs OoJiee KpPYMHBIC TPEHIMHBL. JTO
paspacTaHue B 3HAUYMTEILHOW CTEMEHW 3aBUCHUT OT TAaKMX DKCIUTYyaTallMOHHBIX TapaMeTpoB, Kak
CKOPOCTbH JIBMIKEHHS, CHJIA TSTH, CTETICHb UCTIOJIL30BaHUS CHJI CIICTUICHHSI U IPOCKaJIb3bIBaHUs. Takum
00pa3zoM, KOHTaKTHO-YCTAJIOCTHBIC BBIKPAIIMBAHUS MOTYT MPHBECTH K HM3JIOMaM, MPEICTaBISIFOIIIM
MaKpPOCKOITMYECKHI  OTKOJN, KiaccH(UIMPYeMbIii Kak BbIIEpOMHA, KOTOPOE MPUBOIUT K
HEOOXOJJMMOCTH TPEKICBPEMEHHON 00TOUKH KOJIECHBIX TIap.

[Ipu uccnenoBanuyu MeTama 000/bEB KOJIEC pa3THYHOIO XUMHUECKOTO COCTaBa YCTAHOBIICHO,
4T0 00pa30BaHUE BBIMIEPOUH YCTAIIOCTHOI'O MPOMCXOXKJICHUST HE CBSI3aHO C BO3HHMKHOBEHHEM HOBOIA
¢daspl. 3apokIeHHEe TPEHIMHBI MOXKET MPOMCXOJHMTh Ha HEKOTOPOM YIIyOJIEHHMH OT IMOBEPXHOCTH
KaTaHWs B OOJIACTH C HEONAaronpwsTHOW CHCTEMOW HanpsHKEHUH, HAlpuMep B MECTE CKOIUICHUS
HEMETAJUTMYECKUX BKJIIOYCHUH, SBISIOMIMXCS KOHICHTpaTOpaMu HampsbkeHuid. [lanmee pasputhe
TPEUIMH TIPOUCXOJUT B HANpaBICHHH K IIOBEPXHOCTH KaTaHUS C BBIOpachiBaHUEM OOKOBBIX
OTBETBJICHUM OT MaruCTpalbHON TPELIMHBI.

B ciyuae 3apokieHUM YCTaIOCTHOM TPEIIMHBI Ha TOBEPXHOCTH KaTaHHS, €€ Pa3BUTHE BIITyOb
00o0/1a KojIeca CBS3aHO C IUIACTHYECKOHM nedopmaliert OMu3IeKaIIMX MHKPOOOBEMOB MeTajia, a
JIBIDKEHHE €€ TIPOUCXO/IUT B HANIPABIICHUH JIMKBAIIHH.

[o pe3ynpraTaM aHATMTHYECKUX WCCIICNOBAHUN OBUTH OMpEIClieHbl OCHOBHBIC HAIPABJICHUS I10
M3MEHCHUSM XUMHYECKOT'0 COCTaBa CTAH IS JKENTE3HOAOPOXKHBIX Kosec [3]. bbuto ycraHOBIEHO, 9TO:

— TIOBBIIIEHUE COZEPKaHUS MapraHia B komecHod cramu or 0,6 mo 1,4 % compoBokaaercs
POCTOM ITPOYHOCTHBIX XapPAKTEPUCTHK 32 CUET YBEITMYCHHS KOIMUECTBA MIEPIINTA U CHIKCHHSI KOIMYECTBA
JIO9BTEKTOMIHOTO (pepputa Onarogaps YBENMYCHHIO YCTOWYMBOCTH AQyCTEHUTA, TOHMKAIOIIETO
Temreparypy ero pacmama. [lmactrueckue CBOMCTBAa cTaiu C coiepskaHueMm Mapranna jgo 1,2-1,6 %
HaXOJATCS Ha OTHOCHUTEIHLHO BBICOKOM ypoBHE. [loBbIIIEHHOE cozep)kaHHe MapraHIla IMOJOXKHTEITEHO
CKa3bIBACTCS M HA TEPMOCTOMKOCTH KOJIEC MPU HU3KOM M BBICOKOM COJICp’KaHUH YIIIepo/ia;

— TIOBBIIICHHE coaepkanms kpemaus 1o 1,7 % B cranu ¢ 0,4 % C He3HAYUTETHLHO TOBBIIIACT
MPOYHOCTHBIC XApaKTEPUCTUKH KPEMHUCTOH CTall M TPAaKTHYECKH HE CKa3blBaercss Ha ee
TUTACTHYECKUX CBOWCTBaX. [laHHbIE O BIMSIHUM TOBBIIICHHOTO COJEpP)KaHUS KPEMHHUS B KOJIECHOM
cramnu ¢ 6oJee BEICOKMM COJIEpPIKaHUEM YTIIepoJia Ha IKCITyaTallMOHHBIE CBOMCTBA OTCYTCTBYIOT.

Crnenyer mom4yepkHyTh, UYTO NpPHUMEHSEMbIE B HACTOSIIEH paboTe Takue JIEeTHPYIOIIUe
AJIEMEHTHl KaK MapraHel] M KPEMHHH, OKa3blBalOT Pa3IMYHOC M BO MHOTOM IPOTHBOIOIOKHOE
BIIMSIHAE Ha CTPYKTYPY M cBoOiicTBa crajell. Tak MapraHel] MOHMKAET 3HAUCHUST KPUTUICCKUX TOUYEK
Ac; 1 Ac;, CTaOMITU3UPYET ayCTCHUT, TIOBBIIIAET €r0 YCTOHYNBOCTh, 8 KPEMHUI, HA000POT, MTOBBIIIACT
3HAYCHUSI ITUX KPUTHYECKHX TOYEK, CHIDKAET YCTOMYMBOCTh ayCTEHHTa, CTAOMIHM3UPYET (eppurT.
[TosTOMY HEOOXOAMMO YYHUTHIBATH B3AMMHOE BIMSIHUE OTHX JIEMEHTOB IPH UX COBMECTHOM BBEICHUH
B CTallb, ¥ MPABHIILHO OMPENETUTh UX ONITUMAILHOE COJICPKAHHE B CTAIIH.

B naGopaTopHBIX YCIOBHSX OBUIM BBITUIABICHBI CAMTKH MaJloro o0bema auamerpoM 80 MM ¢
MOBBIIIICHHBIM COZIEP)KaHUEM MapraHila ¥ KPEeMHHs, MPOBEACHBI ONBITHl 0 TOPSIUEH IMIacTHYECKOH
nedopmanum, KoTopas MpOBOIUIACh ITyTeM Ocaaku Ha BenmuuuHy aedopmaiuu 50 %. MccnemnoBaiu
MEXaHUYECKUE CBOMCTBA M CTPYKTYPHOE COCTOSIHMSI ONBITHBIX CTaJIEH IIOCJIE MX TEPMUYECKON
00pabotku. [l MpOM3BOACTBA MKEE3HOMOPOKHBIX KOJieC ¢ TBepAoCThio He Hmke 320 HB moxHO
PEKOMEHJIOBATh JIJISl  ONBITHO-IIPOMBINUIEHHOTO ONpPOOOBaHUSl CTalb CIEAYIOIIEr0 XHUMHUYECKOTO
coctasa: C=0,54-0,60 %; Mn=0,90-1,10 %; Si=0,70-0,90 %; V= 0,07-0,12 %.

B pabore ObuM TpOBENEHBI CPABHUTEIBHBIE HCCIEAOBAHHUS CTOMKOCTH K TEPMHUUECKOMY
BO3JICHCTBHIO JKEIIE3HOJIOPOXKHBIX KOJIEC, M3TOTOBICHHBIX M3 PA3IMYHBIX MapoK craid. VcciemoBaHwus
IPOBOIMIIMCH Ha 00pa3lax, BRIPE3aHHBIX M3 000/IbEB HKEIE3HOTOPOXKHBIX Konec Mapku «T» u Mapku «2»
(I'OCT 10791:2011), mpomzBonctia [TAO « MHTEPITAUIT HT3», a TakKe OMBITHBIX Koec MapKu «K».

OCHOBHBIMH TOKA3aTEISIMH, XapaKTEPU3YIOIIMMHU CTOHKOCTh KOJIECHOH CTal K 0Opa3oBaHUIO
e eKkToB TEMIoBOro BO3JCHCTBUS, SIBISIFOTCS TBEPAOCTh 00pa3oBaBLIErocsl «OEIoro cios» M ero
TOJIIUH U MUKPOCTPYKTYpA.

Pesynbrarhl MeTammorpadM4ecKux MCCICIOBAHUN CBUIIETEIBCTBYIOT O TOM, YTO HE3aBUCHMO
OT COJIEpXKAaHMS YIJIEpoJla B CTANM ISl JKEJIE3HOJOPOKHBIX KONEC, B TIOBEPXHOCTHBIX CIOSX
HCCIIEyeMBIX 00pa3ioB oOpaszyercs cjiabo TpaBuMas o0jacTh (Oenblii Cjof) ¢ IOBBIIMICHHOM
TBEPJIOCTHI0 W CTPYKTYPOH BBICOKOYIJIEpOAMCTOro MapreHcuta. C ynmaneHHeM OT KOHTaKTHOM
MOBEPXHOCTH KOJIMYECTBO MApTEHCUTAa YMEHBIIAETCS, a KOIUYECTBO HW30BITOYHOrO Qepputa
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yBenuunBaercs. CTPyKTypa OCHOBHOIO MeTajia MpEACTaBIsIeT CO00H TepauT ¢ HeOOIbIINM
KOJIMYECTBOM JO3BTEKTOUIHOTO (heppHTa.

12000
=0—Mapka T
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T 8000 -
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PaccTosiHUEe OT MOBEPXHOCTU KaTaHUS, MM.

Puc. 1. HUszmenenue mukpomeepoocmu no ceuenuio 06paszyos 0600ves xoaec Mapox «2», « Ty u «K»
nociie mopmodiCceHus Ha 1a00pamopHOM cmenoe

Ha puc. 1 npexacraBien rpa¢puk U3MEHEHHs] MUKPOTBEPJOCTH B 00pa3lax, BBIPE3aHHBIX M3
0001beB Konec Mapok «2», «T» u «K» mocie TopMoKeHuUs Ha 1a00paTOPHOM CTEHJIE.

Kak cnenyer u3 3THX 3aBHCUMOCTEH, TITyOMHA MapTEHCUTHOTO CJIOSI HA TIOBEPXHOCTH KaTaHUS
uccnenyeMbpix oopasnoB paBHa 0,8 MM 0,9Mm 1,3 MM s craneid mapku «2», «K» u «T»
COOTBETCTBEHHO. JTO 03HAYAET, YTO YyBCTBUTEIBHOCTh K TEPMUYECKOMY BO3JCHCTBHIO CTaEH «2» U
«K» ornuuaercs HezHauuTenbHO (mpuMepHo Ha 12 %). B To e BpeMs UYyBCTBUTEIHHOCTH K
TEPMHUYECKOMY BO3ICHCTBHIO cTanu Mapku «K» B cpaBHeHUM co cTajibio «T» HWKe MPUMEPHO Ha
44 %. Bropo#t monoxuTenbHOH 0coOeHHOCThI0 Mapku «K» B cpaBHeHHMH ¢ mapkod «T» siBisiercs
Ooree HU3KUN YPOBEHb MUKPOTBEPIOCTH €€ MAPTEHCUTHOTO CIIOS.

BuiBoabl. Pa3zpaboran XuMmuueckMid CcOCTaB CTaluM JUIs  JKENE3HOJOPOXKHBIX — KoJIec,
obecrieunBaloNui TTOBBIIIEHHYIO CTOMKOCTh K 00pa30BaHHIO BHIMIEPOUH TEIMIIOBOTO MPOUCXOXKICHHS
B Ipollecce JKCIUTyaTaluu. [Ipou3BeneHbl J1abOpaTOpHBIE TUTABKH, pa3paboTaHbl paloOHAIBHBIE
PEKUMBI TEPMHUYECKOTO YIMPOYHEHHS JKEE3HOJOPOXKHBIX KOJleC M3 ONBITHOM cramu. [lokazaHo
CHIDKEHUE YYBCTBUTEIIBHOCTH K TEPMHUYECKOMY BO3JEHCTBHUIO Ha 44 % 1O CpaBHEHHIO CO CTaJsIMH,
MIPUMEHSEMBIMHE JIJIS1 TPOU3BOJICTBA XKene3HoaopokHBIX Konec o ['OCT 10791-2011.
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OILIIHKA AJTANTAIII BOAIIB 10 MPO®ECIMHOI
NISAJIBHOCTI, SIK IOKA3HUK BE3IEKHU PYXY

k. m. n IHanuyyk M. B.,

K. M. H Yaitxkoecvkuii 1. A.,
k. m. H Jloniwnin b. B.,
‘keom.n 3a6umuuu A 0.,
"Manuyx T. M.

Ykpama,

'Ieano-®pancxiscok, Isano-Dpanxiscvruii Hamouwlbuuu mexHiunuil ynmepcumem Had;mu i cazy;
K'uw, Iucmumym méepuemmcu imeni I'nywikosa;

’Kuis, I'onoenuii cepsicnuit yenmp MBC Ykpainu

Abstract. In order to determine a driver’s reliability for error-free driving, the paver authors
have proposed a new methodological approach that considers his/her work as an adaptation activity
directed at the achievement of a positive result, coordination of metabolism. energy. and information
processes in the body, and its implementation in specific motor actions. The technically innovative
portable electrocardiograph Kardioplus P6 with the Oracle software has been used for the first time
in order to carry out the experiments to diagnose the drivers. It allows combining the accuracy and
speed of measurements, increasing the studies efficiency, and visual observing the trend towards
improvement or deterioration of the drivers' functional status indicators. It has been noted that the
proposed information technology is available and easy to use in practice, and the results obtained are
well correlated with the data received during the survey by traditional methods.

Keywords: driver’s reliability, traffic safety, vehicle, adaptation, electrocardiograph.

Beryn. [Ipodeciiina aismbHICTS BOJIist Oy b-SKOI CIIeIiasTi3allii sBIisie cO000 CKIIaIHY ONepaTOPChKY
poboTy, sika 3MICHIOEThCS B yYMOBaX BHCOKHX TCHXOEMOIIIHNX IIepEBAHTAKEHb, XapaKTepU3YEThCs
3HAYHKUM 00CSTOM iH(OpMALlii, 1110 TIEPEPOOISIETHCS Ta OL[IHIOETHCS 10 T CYKYITHOCTI Pi3HUX ITOKa3HUKIB,
Cepelt SIKMX HAHOUTBIII BaXIMBIM € Oesrieka JI0pOKHBOro pyxy. IoB's3ano 1ie 3 TiM, 10 HE JWMBITUCH Ha
3yCHJLISL KOHCTPYKTOPIB aBTOMOOLUIB, YJOCKOHAICHHS [OPIr YACIO JOPOXHBO-TPAHCIIOPTHUX IIPHION
MIPOIOBXKYE 3AHIIATUCS JTy>KE BUCOKHM 13 KOXXHUM POKOM Bce 30UIbIIyeThCs [ 1].

O3HaliOMJICHHSI 3 MPUYMHAMHU JOPOKHBO-TPAHCIIOPTHUX MPHUTOJI, IPUHHATAMH B CTATHUCTHII],
MoKa3ye, 10 OUIbIIa YaCTHMHA LUX MPUYMH € HACIIJKOM KOMILIEKCY OCOOJIMBOCTEH, L0 HOCSTH
TICUXOJIOTTYHHIA XapakTep. 3a JaHUMHU BITUYM3HSHUX 1 3apyOLKHUX JOCIHIIHHKIB i3 3arajbHOTO 4YHCciia
MPUYMH JIOPOKHBO-TPAHCIIOPTHUX TIPUTOJ] HA YACTKy MOMHWIJIOK BOJIIB JOBOIUTHCS 10 95 %, 1 Ha
MEpIIOMY TUIaH1 BUSBIISIOTHCS IICHXOJIOTTUHI aclieKTH JisubHOCTi [2,3.4,5].

[pobiema Ge3riekn TOPOKHBOTO PYXY OPraHIYHO TIOB'3aHa 3 IPOOJIEMOI0 HATIMHOCTI ITpalli BOIis.
Tak, y @pannii B 73 %, B Aarmii — 80 %, B CHIA — 85 % noposKHBO-TPAHCIIOPTHI TIPUTOJI BUHUKAIOTH 110
BUHI BoiiB. Bimomo, mo B VYkpaini 2/3 Bcix aBTOaBapiii TPAIULIETBCS TOMY. IO BOMii HE BCTUTAIOThH
MPABUIIBHO TIPUHAHATHA DIlIEHHST B CKIAJHUX JIOPOXKHBO-TPAHCIIOPTHHX CHUTYAIlisIX. A TOMY BHU3HAUCHHS
YUHHUKIB, 10 BIUIMBAIOTh HA HAMHHICTH POOOTH, Ta JIArHOCTHKA CTAHY 37I0DPOB'S 1 MCHXO(i3I0I0rTIHOrO
CTaHy BOJIIIB € Ba)KJIMBOIO 3a1a4et0 MPOMUIAKTUKH JTODOKHBO-TPAHCIIODTHOI'O ThAaBMaTHU3MY.

JlikyBanus nocrpaxnamux B JTII komrye cycHiibCTBY JOCHTH J0POI0, OCOOJIMBO TPaBM, SIKi
MOTPEOYIOTH TOBrOro Tepiony JiKyBaHHsS abo BUTpar 1o iHBaminHocti. Hanpukian, B CHIA ekoHomiuHi
Butpatd B ITT 3a pik ckiamarote 2 % HalioOHAIBLHOrO noxoay, ado mo 50 MiIbspAiB I0NapiB, v
Himeuunni — Omu3bko 10 MinbsipmiB €Bpo. B YkpaiHi Ha ChOromHi MM HE MaeMO TOYHHX JAHHX. ajie
3BaYKAFOUM HA TY KUIBKICTh TIOCTPAXKIAJIUX, MOPAHEHUX Ta 3ardONIMX, MOXKHA CKa3aTH, IO aBTOIOPOXKHIN
TPaBMATH3M CIIOHYKA€ JI0 JIy)KE BETHKHIX MaTepianLHHx 3aTpaT HAllOro CyCIIbCTBA [5].

Psift 0CHiIHUKIB, BB2XAIOTh, 1O HAIIMHICTh JIOJAMHH IPH p13HI/IX CTPECOr'CHHUX BILIMBAX
BKJIIOYAE B ceOe KPIM BUCOKOrO npo@ec1onam3My, BIIOBI/IHOT MOTHBALII, IH/WMBIXYaIbHO-TICHXOION TYHAX
0COOJNMBOCTEH TaKi SIKOCTI, SIK CTPECOCTIMKICTh 1 aJANTHUBHICTh, SIKi, B CBOIO YEPry, € CHCTEMHHUMHU
BJIACTUBOCTSIMHU 1 320€3MEUYIOTHCS IICHXOJIONTYHUMHI MEXaHi3MaMK Pi3HOTo piBHS peryJsiii [6,7,8,9,10].

HesBaxkaroun Ha pi3Hi iHTepnperaiii MOHATTS HaJifHOCTi, HE BUKJIMKA€ CYMHIBY T€, IO B
HOro OCHOBI 3HaXOIUTHCS 3ATHICTh BOJIS J0 OC3MOMHUIKOBOIO KEPYBaHHS TPAHCIOPTHHM 3aCO00M.
Pasom 3 THM BapTO BiJ3HAYMTH PO HEBEIUKY KUIBKICTh HAYKOBUX POOIT 3 JaHOI TEMaTHKH, a
HEOOXIIHICTh B MIABUINEHHI ©(EKTUBHOCTI, PE3yJbTATUBHOCTI Ta SKOCT1 MiSJIBHOCTI BOMIIB SK
cy0'exTiB mpodeciitHol mpalli 00yMOBJIIOE aKTyallbHICTh MPOOJEMATHKH 1 HEOOXIIHICTh IIPOBEACHHS
KOMITJIEKCHUX HAYKOBHX JIOCIIJIKCHb.

Metoau Ta opravizamisi gocairkeHb. B 0CHOBY METOMONOTIYHOTO MiIX0Ay OYII0 MPHHHSATO
Te, MO0 POOOTY BOMIS CHiI PO3MIAAATH SK aJanTaliiHy TiSUTbHICTh, CIPSMOBaHY Ha JOCSITHEHHS
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MO3UTUBHOTO PE3YJIbTaTy, KOOPMHAIIIT METa0ONIYHIX, eHEPreTHYHHUX Ta THPOPMAIITHUX MPOLIECIB Y
OpraHiamMi Ta HOro peaiizailii B KOHKPETHHX PYXOBHUX aKTax. 3a IbOr0 JaHUN BHJ ISUIBHOCTI
3MIACHIOETHCS 32 €IUHUMHU IIPUHIIMIIAME, BCTAHOBJICHUMH B TEOPii aganTalii.

CepiieBo- CYIMHHA CHCTEMa € OJIHIEIO 3 HAHOUIBII Ba)KJIMBUX CHUCTEM YKUTTE€3a0€3MCUCHHS Ta
IH/IMKATOPOM  afaNTAL[iHAX MOXIMBOCTCH JIIOAMHH, TOMY PiBEHb il q)yHKmOHyBaHH;I Oynemo
PO3IUISAATH, SIK IPOBIAHUH [IOKa3HUK, L0 BioOpaXkae CTaH ULTICHOro OpraHisMy Ta Horo piBHoBary 3
cepenoBHIeM. PUTM i cuiia ceprieBUX CKOPOUYECHb pearyroTh Ha Oy/b-sKi CTPECOB1 BIUIMBHU Ta MICTSThH
iH(OpMAIIiIO PO CTaH CUCTEM, IO iX perymoTs [11].

EnexrpokapaiorpadiuHe IOCHIDKEHHS TMepeadayano IpPOBEICHHS OIIHKK BereTaTHBHOI
peryisimii Ha OCHOB1 BapiaOelIbHOCTI CEpIIEBOTO PUTMY, aHANi3y CTaHy MioKaplia 3 ypaxyBaHHSM
ammtitTynHo-uacopux napamerpie  EKI, QikcyBaHHS TOpyIIeHb pPUTMY Cepls, a TaKOX
TICMXOEMOIIIITHOTO CTaHy BOAis. BapiabenbHicTh puTMYy cepiist BijioOpaskae poOOTy cepiieBO-CyIMHHOT
CUCTEeMH Ta pPOOOTY MEXaHI3MIB peryJsiii IUICHOro opranismy. lle oOCTeXeHHS aKTHBHO
BHUKOPHUCTOBYETHCS Y (YHKIIOHATBHIN JIarHOCTHIN, TOMY II[0 TOKa3HUK BapiaGelIbHOCTI CEpIIeBOTO
PUTMY I03BOJISE JAaTH 3arajbHy OLIHKY IPO CTaH MAIllEHTa, OCKUIbKU BiJOOpaXkae KUTTEBO BaXKIUBI
MOKAa3HUKH YIPaBiiHHA (i3ioNoriyHuME (QYHKIISIMH OpraHi3My, 10 HHUX BITHOCSATH (DYHKIIIOHAJBHI
pe3epBU MEXaHi3MiB HOTO YIpaBIiHHS 1 BEreTaTHBHUN OasaHc.

JlocmiypkeHHsT TPOBOAMJIMCH 3 BHKOPUCTAHHSIM TEXHIYHO-IHHOBAI[IHHOTO MOPTATUBHOTO
enekrpokapaiorpaga Kapuiommoc 16 3 nporpamunm 3aGesnedeHHsM «Opakyn», IO 103BOISE
NO€AHATH TOYHICTh i LIBUIKICTb BUMIPIOBAHb, MIABUIUTA CQEKTUBHICTh LOCIIPKCHb Ta HAIIAIHO
CIIOCTEpIraTH TPEH]I 10 MOKpaIleHHsI, 200 MOTipIICHHS MOKa3HUKIB (YHKI[IOHAILHOTO CTaHy BOJIIiB.

3rizIHO BH3HAYCHHS PiBHS (DYHKIIOHATIBHOTO CTaHY opraHi3My, 110 NIPUHAHSTE B TEOPil JJOHO30IOTTIHOT
JUArHOCTUKH | 12], BBKAaEMO 3a JIOLUIbHE BI/IJJ;]JIGHHH YOTUPHOX I'pajialliid (PyHKIIIOHAIBHOIO CTaHY:

- CcTaH 3J0pOB's 3 JOCTaTHIMH (YHKIIOHAIGHUMH (aJanTaliiHAMH) MOMJIMBOCTSIMH
opraniamy (uucenbHe 3HadeHHs 75 — 100 %);

- JIOHO30JIOTIYHI CTaHM, MPU SKUX ONTHUMAJIbHI aJanTalliiiHi MOXJIMBOCTI 3a0€3MeUyOThCS
OLIBII BUCOKOIO, HIXK Y HOPMi, HAllPyrol0 PEryIsSTOPHUX CHUCTEM, IO BEIe O ITBUIIECHOI BUTPATH
($yHKIIOHATBHHUX pe3epBiB opranizmy (50 — 75 %);

- TpeMopOi/iHI CTaHH, SKi XapaKTePU3YIOThCS 3HWKECHHSM (YHKIIOHATBHUX MOXKIHBOCTEH
opraniamy (25-50 %) ;

- cTaH 3puBY ajantalii (maroyoris) 3 pi3KUM 3HIKEHHSIM (PYHKIIOHATBHUX MOXKIHBOCTEH
OpraHi3Mmy y 3B's3Ky 3 MOPYIIEHHSM MeXaHi3MiB komreHcarii (0-25 %).

B sikocTi mocmimpKyBaHUX B3SIM y4dacTh Bofii — Bckoro 20 ocib, crax poOOTH Big 5 — 10
30 pokiB, Bik BoaiiB ckianas Big 22 10 57 pokiB.

PesynpTaTn pociigkens. Brache eJIeKTpOKapzuorpaMa (To0TO TpadiuHe mpencTaBlieHHS
PI3HUII MOTEHIlIaNiB, 10 BUHUKAIOTH B PE3yIbTaTi poOOTH ceplls i MPOBOMSATHCS HA MOBEPXHIO Tina)
BinoOpaxkae CTaH M'si3a Cepist (HAABHICTE IOCTPOro ab0 XPOHIYHOrO MOLIKOKCHH:), a TaKOK
npoBixHoi cuctemu cepiys. Ipuponto, ICHy}OTL Ha0ip MapKepiB PU3UKY PANTOBOI CMEPTi 1 CePio3HUX
CCPLEBO-CYAMHHUX TIOAIM, 3aCHOBaHMIl HA aMILITyAHO-4acoBuX mokasHukax EKI. Cryninb
BIJIITOBIIHOCTI aMILTITYIHO-4acoBux Noka3HuKiB EKI" Hopmi 6e3cyMHIBHO € Mipoto (DyHKIIIOHAITLHOTO
pe3epBY — B HAIIIOMY BHIIJIKy CTCIICHI HATIMHOCTI BOIS.

HopymeHHsMI pUTMY Ceplisi HA3HBAETBCS IMATONONIYHMI CTaH, NPH SIKOMY BiIOYBatOTBCS
NOPYIICHHS YaCTOTH, PUTMIYHOCTI 1 MOCIIXOBHOCTI 30yIKCHHs | CKOPOUCHHS CepILs. 3a LBOro
HASBHICTh 3arpO3NMBHUX NUTYHOUYKOBHUX apUTMIH € CHJIIBHUM TPEIUKTOPOM “‘apUTMIiYHOI cMepTi”, a
MEHIII HeOe3MeYH1 apuTMIl BCE XK CBIIYATh MPO 3HMIKEHHS (PYHKIIOHAJILHOTO PE3EPRBY.

KommnekcHni oka3HUK (DYyHKIIOHATBHOTO CTaHy CEepIIEBO-CYJAMHHOI CHCTEMH OpraHi3My Mae
BaYKJIMBE 3HAYCHHS B 3B'A3KY 3 BEJMUE3HOIO POJUTIO JAHOI CHCTEMH B MPHUCTOCYBaHHI J0 (i3UYHUX,
PO3YMOBHUX Ta IICHXOJIOTIYHMX HAaBaHTAKEHb PIZHOIO XapakTepy, ONTUMAILHOMY (YHKI[IOHYBaHHI
OpraHi3My B HaHpPi3HOMAHITHIIIMX 3a CBOIM 3MICTOM YMOBax BUPOOHMYOI AISUTBHOCTI. Y HAIUX
JOCII/DKEHHSX CEpelHs BEIMYMHA KOMIUIGKCHOTO TIOKa3HWUKA cTaHOBWiIA 75,4, IO BimoBinae
BHCOKOMY PiBHIO TIOKa3HHUKIB.

PisHOMaHITHI TIepeBaHTaXeHHSI B pOOOYOMY TPOIeci BUKIUKAIOTh 3HWKEHHSI BUTPUBAIOCTI 1
HEraTHBHY peakilito Miokap/a Ha (i3W4HiI HaBaHTaXCHHS. 3HAYCHHS KOMIUIEKCHOTO TIOKA3HUKa CTaHy
MioKap/ia, sSIKWii MaB Taki cepeHi 3HadeHHs: 48,7.

CtaH perynsTopHUX MEXaHi3MIB - OIMH 3 TPOBIJHUX YWMHHUKIB, IO OOYMOBIIOIOTH POOOUI
MOXJTMBOCTI BOAis. JloOpe 30anaHcOBaHA BEreTaTMBHA PEryJsisiilis M'A30BOI AISUIBHOCTI JO3BOJISE BOJIIO
NPU HAsSBHOCTI HAJIGKHOrO pPIiBHS MOTHBAIil MaKCHUMallbHO BUKOPHCTOBYBATH CBOi (DYHKIIIOHAIBHI
MOXJIMBOCTI, 3a0e3neuye HEoOXiIHYy €KOHOMilO (YHKIIH 1 BU3HAYa€ IMBHUAKICTh BIIHOBHHUX MPOIIECIB.
BenmurHa KOMIUIEKCHOTO MIOKa3HUKA PEryJIslil B HAKMX AOCTIDKEHHSX cTaHoBMIa 78,0.

[opyuiennst CCPLEBOrO PUTMY - L€ MNOPYUICHHS 4acTOTH, PUTMIYHOCTI 1 MOCIIZOBHOCTI
CKOpPOYEHb CEpIIeBOr0 M's3a. Y BOJIIB 3 MOPYIICHHSMH IIi€i q)yHKun BiJ[3HAYAETHCS JOCTOBIpHE
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3HIKCHHS MTOKa3HMKIB 3arajbHOi mpare3naTHocti. [Ipu BUsIBIIGHHI Y BOis OyJib-SKOTr0 MOPYIICHHS
CEepIICBOTO PUTMY HEOOXiTHO TPOBECTH TIOBHE OOCTEKEHHS 3 METOI YTOYHEHHS MNPUYUHHU
BUHUKHEHHS apUTMii. Y HaIMX JOCTIDKCHHSX MOPYIIEHHS PUTMY CEpIIsl y BOJIIiB HE BUSBIICHO

PoGotu ¢axiBuip 3 mcuxogizionorii OCTaHHIX POKIB JOBEIM, IO JEAKI OCOOIMBOCTI
BapiabeNbHOCTI PUTMY ceplsl BigoOpakaloTh pPiBEHb ICHXIYHOTO HaBaHTaKEHHs, OCOOIHMBO #oro
eMOIIIOHAIIFHOI CKJIaZIOBOI. TaKuM YMHOM, BIIKPUBAETHCS MOXKIIUBICT OTHOYACHO 3 (PYHKI[IOHATBHUM
CTaHOM CEPLIEBO-CYJAMHHOI CUCTEMH 00’ €KTHBHO OIIHIOBATH JICSIKI aCleKTH ICHXOEMOLINHOI chepu
BOMIA. Y HaIUX JOCTIHKCHHSX BCTAHOBJICHO BHMCOKI MOKAa3HUKU IICHMXOEMOILIMHOTO CTaHy BOIIB -
76,0, mo miaTBepIKY€E 3HAYHUN piBeHb (DYHKIIIOHATBHOT I ITOTOBKH BUIIPOOOBYBAHUX.

Bapro Big3HauuTH, IO MPONOHOBaHA iHQOpPMAIliifHa TEXHONOTIS JOCTYNHA 1 3pydHa JUIs
BHUKOPHUCTaHHS Ha MPAKTHIIl, 2 OTPUMaHI pe3yIbTaTH A00pe KOPENMOITh 3 JaHUMH, OTPUMAaHUMU TIPU
OOCTeKEHHI TpajauLiiHUMU MeTomamMHu. Bci mocimigkeHi Boail Iepes TECTYBaHHSM ITPOXOIUIH
ME/INYHE OOCTEKCHHSI y BCTAHOBICHOMY IOPSIKY B MEAMYHUX 3aK/Iazax.

Taxum 4MHOM aHalli3 OTPUMAHUX PE3YIbTATIB JO3BOJSE BH3HAYUTH CTYMiHb HALIHOCTI
BOJIisl, @ 3aCTOCYBaHHs IPOCTOrO i BIIHOCHO JCLICBOIO METOZy, € JOUUTBHAM 1 TIEPCIICKTHBHHM, 5K
MEIMYHO-KOHCYIFTATUBHOTO 3aXO0/1y I1iJ] Yac HaBYaHHs BOJIIB Ta y XHil npodeciiiHiil AisIIbHOCTI, 110
€ BaroMMM YHHHUKOM TNpPO(DITaKTHKH TpaBMAaTH3My Ta TpH3BENE 0 MOKpAIleHHS CHUTYyalii Ha
ABTOMOOLILHUX MaricTpaisx.

BucHoBkH. 3amporoHOBaHO HOBHMM METOJ BHM3HAYCHHS HAIIMHOCTI BOMIIIB JJIS HaJIiHHOIO
KEepYyBaHHs TPAHCIIOPTHUM 3acO00M, IO PO3TIsIae HOro poOoTy, SK ajanTaliiHy AisuIbHICTh. s
MPOBENICHHS EKCIEPUMEHTIB 3 JIIarHOCTHKH BOJIIB BIepiie OyJio BHUKOPHCTAHO TEXHIYHO-
IHHOBAI[IHHOTO MOpTaTUBHUI enekTpokapaiorpad Kapmiommioc 16 3 mporpaMHuUM 3a0e3rnedeHHIM
«Opakynm». BcTaHoBIIEHO, IO OTPUMaHI pe3yiabTaTh 100pe KOPETIO0Th 3 JaHUMH, OTPUMAHUMU TIPH
OOCTeKEHHI TpaJAMIIMHUMH METOJaMH, a 3aCTOCYBaHHS IPOCTOrO i BITHOCHO JEIICBOIO METOAY, €
JIOLITBHUM 1 TICPCIIEKTUBHUM, K MEAMYHO-KOHCYJIBTATUBHOI'O 3aXO0y ITiJ] YaC HaBYaHHS BOIIIB Ta y
ixHIl mpodeciiiHiid MisTBHOCTI, MO € BArOMUM YMHHHKOM MPOQIIAKTHKH TpPaBMAaTHU3MY Ta TPU3BENC
JI0 TIOKPAIIICHHS CUTYaIlii Ha aBTOMOOUIbHUX MaricTpasx.
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Abstract. The article presents the results of the analysis and estimation of the spatial-temporal
distribution of atmospheric precipitation in the Odessa region, which is known to be an area with
insufficient humidification. For solving a scientific problem, time data was used for 00, 06, 12 and
18 hours. The features of the regime of wetting of the territory of the Odessa region during 2000-2009
and 2010-2015 were considered for 10 and 9 stations of the region, respectively, for the periods
indicated, for each month of the main and transition seasons of the year. The analysis of the statistical
structure of atmospheric precipitation series indicates certain regularities in the spatio-temporal
scale, which is associated with modern changes and climate fluctuations.

Keywords: climate, climatic resources, atmospheric precipitation, statistical structure.

Introduction. The climatic conditions of the Earth are constantly changing and this is
confirmed by the entire history of the planet [4]. But the changes that took place at the end of the
20" century are substantial [1] and their cause, according to scientists, can be both natural and
anthropogenic factors [1].

Studies of the climate system point to real, valid, physically consistent fluctuations in the
thermal regime of the active layer of the ocean, land, and atmosphere, as well as the magnitudes of the
surface and general atmospheric circulation [1,2]. Especially significant changes in the climate were
observed in the zone 40-60 ° North. sh in 1951-2000 [1, 2-4]. The reliability of these estimates is
confirmed by data on the increase in the incidence of abnormal and extreme events [1, 5]. Changes
also affected precipitation, which increased by 0.5-1 % in the last decade of the 20th century on most
continents in the middle and high latitudes of the Northern Hemisphere, and their decrease was
observed at 0.3 % in ten years at tropical latitudes. The frequency of observations of extreme low air
temperatures decreased [1].

According to the Intergovernmental Panel on Climate Change, the global average surface air
temperature will increase to 1,4-5,8 © C by 2100, which in turn will increase the sea level by 0,09-0,88 m.
Therefore, it is possible to to draw a conclusion on the threat to humanity of existing changes in
climatic conditions [1].

The issue of global climate change and spatial hydrometeorological phenomena is constantly at the
center of the attention of the World Meteorological Organization (WMO) and scientists of the main areas
of climate research, including dangerous and spatial hydrometeorological phenomena [6]. The research of
the GHG is based on modern ideas about the theory of climate, the main provisions of which have found
their further development in the study of changes and fluctuations in the current climate [2, 6, 7].

Object and methods of the study. An important component of the global and regional climate is
atmospheric precipitation. They act as one of the most important characteristics of humidification and relate
to the most variable meteorological quantities both in space and in time. The rainfall in different regions of
Ukraine differs significantly in terms of quantity, character of distribution, annual flow, intensity, duration,
etc. [8]. The formation and precipitation of rain in Ukraine is the result of complex macro-circulation
processes that determine the heat and moisture exchange in the atmosphere. The distribution of rainfall in
some areas and, first of all, in the Odessa region, indicates a significant heterogeneity of this field, due to
different conditions of precipitation formation. Knowledge about atmospheric precipitation is necessary for
mankind to provide work of various spheres of economic activity of any country. This is the construction,
communal sphere and needs of many other units, in which it is necessary to take into account the climatic
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features when planning the socio-economic development of the region, in the design of industrial and
residential construction.

Atmospheric precipitation is a part of the climatic resources that influences the objects of
agricultural production, which is the most significant (along with the air temperature), and is an
important factor for substantiating the maintenance and coverage of agricultural systems, growing of
field crops, etc. Seasonal peculiarities of agricultural production combined with agro- meteorological
and agro-climatic information indicate a steady need and rural production in it [7].

In order to find out the changes in the spatio-temporal distribution of the monthly rainfall, in
comparison with the climatic norm [12], the time data was used for 00, 06, 12 and 18 hours. The
features of the humidification regime of the Odessa region at the beginning of the XXI century during
2000-2009 and 2010-2015 were considered for 10 and 9 stations of the region, respectively, for the
periods indicated, for each month of the main and transitional calendar seasons of the year.

In order to find out the nature and patterns of precipitation distribution in the territory of the
Odessa region, statistical methods of processing the source information were used.

Results of the study. Taking into account the practical significance of forecasting
atmospheric precipitation in conditions of changes and fluctuations in the climate, it was advisable to
estimate their spatial-temporal distribution in the Odessa region, which is known to be an area with
insufficient humidification, that is, there is a high probability of arid years. The lowest rainfall in
Ukraine falls here (400-500 mm) and on the coast - less than 400 mm [8].

Comparison of the duration of periods in spatially-temporal distributed rainfall at stations
located at different distances from each other, indicates its general causes, which may be multi-cycle
cycles in changes in solar activity or oscillations of the macroscopic circulation of the atmosphere. In
addition, the amount of precipitation, its repetition and intensity depends on many factors: the place of
formation, stage of development, power, trajectory of motion, moisture content of the cyclone, as well
as the physical and geographical conditions of the orography, local features of the territory. The
standard climatic period of 1961-1990 proposed by the World Meteorological Organization allowed to
reveal peculiarities of changes in both daily sums and monthly amounts of precipitation in the territory
of the Odessa region at the beginning of the XXI century.

Diagrams are constructed for each month in order to find out the dynamics of precipitation regime
in the Odessa region. As examples in Fig. 1 and 2 shows changes in the monthly rainfall in the spring
(March-May) and autumn (September-November) seasons. Dynamics of the regime of atmospheric
precipitation of the studied region in spring is presented in Fig. 1. As it follows from rice. la, in the first
month of the calendar spring at six stations of the region in the period of 2010-2015 there is a decrease in
the monthly rainfall, compared to the climatic norm, and at the stations of B.-Dnistrovsky, Sarat and
Bolgrad, the monthly rainfall was almost in line with the norm. In the previous decade (2000-2009),
precipitation growth (as compared to the norm) was recorded at eight stations in the oblast, except for the
two northern ones. Lyubashevka and Art. Calm. In April (Fig. 1b), in the period of 2010-2015, almost all
the stations in the oblast saw a decrease in the amount of precipitation compared to the climatic norm.
Exceptions are the stations of Lyubashevka, Zatyshya and Bolgrad. In the first decade of the XXI century,
the amount of precipitation (except for the Zatyshya station) was lower compared to the period 1961-1990.
The dynamics of the precipitation regime in the territory of the Odessa region in May is shown in Fig. 1st
As it follows from rice. 1, a significant increase in the amount of precipitation in the last six years
considered, was observed at five stations: Lyubashevka, Serbka, Rozdilna, Sarata and B.-Dnistrovsky. At
Zatsushi, Odesa, Bolgrad and Izmail stations there is a reverse trend.

Thus, at the beginning of the XXI century, the monthly rainfall in the territory of the Odessa region in
spring has a different month-by-month tendency to change compared with the climate norm. In March and
April, at most stations in the region, the monthly precipitation decreased (compared to the norm), and May
became more humid at the northern stations of the region: Lyubashevka, Serbka, Rozdilna; on st. Saratov and
Art. The amount of precipitation in the Bolgrad region was within the limits of the climatic norm.

In the summer season of 2010-2015 there are sharp and opposite trends in rainfall changes. If you
compare the dynamics of the rainfall regime in June and August - they have different trends. Thus, in June,
at all stations in the Odesa region rainfall increased compared to the climatic norm, and in August, on the
contrary. In July of this period only at three stations in the region the amount of precipitation was much less
than the norm: Art. Lyubashevka (28 mm), art. Serbka (15 mm) and Art. Lull (13 mm). At the stations of
Rozdilna, Izmail and Bolgrad, rainfall was almost the norm. In July, at three stations in the oblast, the
amount of precipitation significantly exceeds the climatic norm: Odessa (35 mm), Sarata (15 mm), B-
Dniester (about 10 mm). In the period of 2010-2015, for most stations in the Odesa Oblast, the maximum
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monthly rainfall for the summer season falls to June, and only at three stations in the oblast (Odesa, B.-
Dnistrovsky, Saratov) July (next to June) remains the "hottest" month of the year.

Analyzing the spatio-temporal distribution of atmospheric precipitation at stations in the studied
region in the autumn (Figure 2), it should be noted that the entire territory of the Odessa region this season
received the highest moisture (compared with the climatic norm) in October 2010-2015. In September
(Fig. 2a) only at two stations (Lyubashevka and Sarata) monthly rainfall exceeded the norm. The moon of
autumn with the least rainfall in the investigated region was the November of the period 2010-2015.

In the first month of winter (December) there is a significant increase in the monthly
precipitation in the period 2010-2015 at all stations in the Odessa region (compared with the climate
norm), and the highest rainfall in December of this period was recorded in Art. Bolgrad (67 mm). It
should be noted that rainfall in this month of 2000-2009 was almost the same throughout the oblast
(20-30 mm). Therefore, one can state that in this decade of the XXI century, the monthly rainfall is the
smallest of the periods considered. The analysis of the dynamics of monthly rainfall in the central month of
the winter season indicates an increase in the amount of precipitation in the period 2010-2015 throughout
the oblast, in comparison with the climatic norm. Most of their growth occurred at three stations:
Odessa, B.-Dnistrovsky, Rozdilna. For the last decade of the XXI century. (2000-2009), rainfall at all
stations in the Odessa region did not differ much from the climate norm. These differences fluctuated
within
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a) March; b) April; ¢) May
Fig. 1. Monthly precipitation (mm) at stations in the Odessa region. Spring
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Periods, years - 1961-1990 - 2000-2009 - 2010-2015
a) September, b) October; c) November
Fig. 2. Monthly precipitation (mm) at stations in the Odessa region. Autumn

5 mm at 9 stations, except for art. Serbka, on which during this period there was an increase in
the amount of precipitation (in comparison with the climatic norm) by 16-17 mm. In February, we
observe a significant (up to 15-17 mm) decrease in rainfall in the period 2010-2015 at all stations in
the Odessa region, except for Art. Serbian, where the amount of precipitation, in comparison with the
climatic norm, has increased by 10 mm. The decrease in the amount of precipitation (relative to the
norm) is observed in the previous period (2000-2009) at seven stations, and at the stations Serbka,
Odesa, B.-Dnistrovsky, on the contrary. Thus, in the Odessa region two months of the winter season
(December, January) have become more damp during the last six years, as compared to the period of
1961-1990, and in February, on the contrary, a decrease in rainfall was recorded.
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Today, the impact of climate change on the economy of the country and society is manifested
through an increase in the occurrence of adverse and natural phenomena observed in the most varied
shells of the Earth - the atmosphere and the hydrosphere. According to WMO, 90 % of all natural
disasters that suffer from humanity have a hydrometeorological origin [4, 7]. Therefore, in conditions
of rapid scientific and technological progress, humanity's dependence on climate has not diminished,
but, on the contrary, has substantially increased due to which the study of climate variability acquired
a clearly defined practical significance. An analysis of empirical evidence suggests that global climate
change can change the absolute values of air temperature, precipitation, seasonal course of these
variables and contribute to changing the species composition of vegetation, displacement of natural
zones [3, 4, 8, 9]. In separate seasons and for a year in a significant part of Ukraine, as a result of these
changes, the regional temperature increased 1.5-2.5 times relative to the global one. The general
regularity of the change in the amount of precipitation remains significant fluctuations from year to
year, as well as great variability in the territory [3, 5, 10, 11].

At present considerable progress has been made in collecting, systematizing and summarizing
empirical information that characterizes the climate of various spatial and temporal scales. But the
dispersion of source information complicates the study of the structure and variability of the current
climate and requires a statistical approach that can be used to explore the multi-year data archive,
which is a significant reserve for improving the quality of long-term weather forecasts. Therefore, at
the next stage, the method of research of non-stationary time sequences was used to find out the long-
term changes in the distribution of monthly rainfall in the territory of the Odessa region and to
determine the statistical structure of these climatic series.

As is known, most meteorological quantities represent non-stationary random processes. The
main reason for this is that, under the influence of different incoming solar radiation in the course of
the day, season, year, the quantities have a daily, seasonal, annual flow, etc. The long-term changes in
the nature of climate-forming factors lead to the emergence of trends, that is, unidirectional changes in
meteorological values over a long period of time. The study of the statistical structure of atmospheric
precipitation was based on the sequence of their values in the form of equidistant time series with a
discrete one month. They were depicted as the sum of the deterministic and random X3 (t) component.
In turn, the deterministic component consisted of the trend X1 (t) and the periodic component X2 (t),
which reflects the seasonal (annual) progress of the process X (t) [19].

So,

X (t) = X1 (£) + X2 (t) + X3 (t). (1)

The deterministic basis of the random process is extracted by filtration (or smoothing) of the
output time series. One of the types of smoothing is the sliding averaging, which in general can be
depicted as follows:

k+n/2

X(4)=— D 4 X() )

N ick—n/2

Where ai is the weight factor;
n - number of points at which smoothing is performed:

k=1+n/2;2+n/2;..;N+n/2; N=N(n-1)

Accepted in equation (2) ai = 1, which means that the smoothing operator determines a simple
moving averaging in which the weight of all points that participate in calculations of the mean value
on the interval [k - n/2; k+n /2] is the same.

According to the statistical structure of atmospheric precipitation series, the study area is
divided into five regions:

1) the coast is the station: Odessa, B.-Dnistrovsky, Chornomorsk;

2) the southern region is the stations: Saratov, Bolgrad, Izmail;

3) the northwest area is the station: Zatyshya, Rozdilna;

4) north - st. Lyubashevka;

5) eastern - st. Serbka
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Fig. 3. Time and smoothed rows of monthly rainfall (mm)
where, N- is the number of members of a row

Time and smoothed rows of atmospheric precipitation were constructed for all identified areas
of the Odessa region.

As examples in Fig. 3 shows time and smoothed rainfall levels for three areas: northwest,
northern, and eastern.

32 3(10), Vol.1, March 2018



Science Review ISSN 2544-9346

The analysis of the deterministic component for all territories indicates clearly defined both
trend and periodic components in the long-term mode. They include fluctuations with periods from
quasi-monthly to quasi-old. These components require further research to determine the local features
of certain areas of the Odessa region, which led to the division of the studied region into five regions
in terms of spatial-temporal distribution of atmospheric precipitation.

Conclusions. 1. Geographical location of the Odessa region forms the complex nature of
atmospheric processes and, accordingly, the distribution of precipitation in its territory at the
beginning of the XXI century in conditions of modern changes and fluctuations in the climate.

2. The study of the dynamics of monthly precipitation in the late 20th and early 21st centuries,
which was conducted on the long-term data of the three periods of averaging (1961-1990, 2000-2009,
2010-2015), indicates the ambiguity of the complex changes in the distribution of atmospheric
precipitation in different seasons of the year and in different regions of the Odessa region, which
requires further research in solving a scientific problem.

3. According to the peculiarities of the statistical structure of atmospheric precipitation series
in the Odessa region, five regions are defined: southern, northwest, northern, eastern and coastal.

4. Non-stationary time sequences of the studied climatic characteristics include both trendy
and periodic (from quasi-monthly to quasi-long-lived) components in the long-term mode of
precipitation in the territory of the Odessa region.
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KOHTHHEHT 3AT'AIOK 1 MTAPAIOKCOB

KaHOuoam 2e0n020 — MUHEPAnNocUUecKux Hayk, oouenm Koeoepko Bnaoumup Ioyapoosuy
Pecnyonuxa benapyce, 2. I'omens,

Abstract. The only continent on the globe with annual temperatures well below freezing even
in summer in the bright midnight Sun. This is the case when the cooling effect prevails over the heat
flux. Ice desert which holds 80 % of the fresh water of the globe. The strongest winds in the surface
layer and windless Sunny weather 3-5 m from the ice surface, etc.

Keywords: ice regime, the greatest natural refrigerator on the planet, stock winds, a provider
of cold and moisture to the Northern hemisphere in the winter time.

[Ipencrarnsiercst menecooOpa3HbIM HadaTh C IapajiOKCOB, aBTOPY OHHW MPEACTABIISIOTCS
npobieMaTHYHEee W MHTEPECHEE, 3arajJkd B OTIMYME OT HUX HMEIOT YaCTHBIA XapakTep M MeHee
000CHOBaHBI.

CaMpiM MacmITaOHBIM TAPaJOKCOM, HMMEIOIMIMM MECTO B TMpelelaX BCEero KOHTHHEHTA
AHTapKTUA, SBIISETCS OTCYTCTBHE IMOJIOKUTENBHBIX TeMIlepaTyp B TedeHue roga [1]. B atom merko
yoenuthest, u3yduB puc. 1. KOHTHHEHT NpakTHYECKH IMOBCEMECTHO MEPEKPHIT JBJIOM, CpEIHSS
TOJIIIIMHA JIeASHOro MoKpoBa coctaBiser 2500 M, maxkcumansHas — 4800 M. Cpenuss BbIcOTa
JeNITHOTO KTa HaJl ypoBHeM okeaHna — 2000 m, makcumanbHas — 4000 M (B eHTpe), CBOOOJHBI OTO
nbaa 0,3 % wmu 40 000 KM°, IIHPHHA MOPCKHX JIbIOB, OKPY/KAIOIKX AHTapKTHIYy Konebaercst or 500
10 2000!!! xm [2].

Puc. 1. Temnepamypnule pescumol Aumapxkmuovwl. 3umot (1), nemom (2) [1]

[lo reomormueckomy cTpoeHHI0 AHTapKkTHAa moxoka Ha HO. AMepuKaHCKUH KOHTHHEHT:
OonpIasi, BOCTOYHAS, YacTh — JAPEBHSSA IutaT(opma, MEHBINAs, 3amajHasi, — MOJIOJbIC CKJIaa4aThie
ropbl, Tak Ha3piBaeMble AHTapkTUueckue AHJbL. ECTh OCHOBaHMA MpearnosaraTh anpyuopy HaJIHYUe
MECTOPOXK/IEHUI TIOJE3HBIX MCKOIMAEeMbIX, MMEIOIMX MecTo Ha cocemHeM [O. AmepukaHCKOM
koHTHHEHTe [3]. OAHUM W3 HavaJbHUKOB AHTapKTHUECKOM 3KCIETUIIMU 3aCHAT KOPEHHOW BBIXOJ
KaMmeHHOro yris. [Ipockba kK uuTarensM oOpaTHTh Ha STOT (akT BHHUMAHHE W 3allOMHUTH €ro,
OOIIEN3BECTHO, YrONBbHBIE MECTOPOXKICHUS B XOJIOJHOM KIMMaTe HE (OPMUPOBAIUCH, IJISI STOTO
nporiecca Hy)KeH TEIMIbIA BIAXKHBIA KITUMat. Beixos 13, ka3anock Obl, Hepa3penmMoi CUTYaIH ObLT
HakljeH, O4eBHIHO, ¢ mojackasku A. Berenepa: sxo0br 200 —300 MJH JieT OT HbIHE AHTapKTHIA
BXOJIMJIa B COCTaB CyNepKoHTHHEHTa ['OHIBaHa U pacronarajach B TPOIIO3KBAaTOpHAIbHOM Tosce. Bot
BaM HeoOXoauMbIe Terao W Biara. CioxHO mogo0path ciioBa Juist yOeKJeHUs B aOCypJHOCTH ITOMH
THIOTE3bl, HO OHA >KMBAa W MoJ Ha3zBaHueM HoBas rinobanbHas TEKTOHMKA JIUTOCHEPHBIX TUIAT
paszensiercss M TPHUBETCTBYETCI MHOTHMH 3eMIIeBelaMH, TJIYINOCTH OKa3bIBaIOTCA JOBOJIBHO
KUBYy4HMH. Kpome TOro, mMecTropoxkIeHHs KamMeHHOro yriust umetorcss B C. moisipHOM oOnactw,
HanpuMmep, Ha apxunenare [lnunbepren. OH ToXe NPHUILIBLT M3 TPOMOIKBATOPHAIBLHOrO Tosica?
HepeanbHOCTD 1OIOOHBIX MPEITONIOKEHHH CTAHET OYEBHUHOM 1OCIe BHUMATENBHOTO aHAIIN3a PHUC. 2.
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31paBO MBICIAIINNA 4YWTaTedb, YU€HBIH TeM Oosiee, 0e3 0COOBIX YCHIIMH CHETaeT BBIBOA O
HEBO3MOXHOCTHU MNECPEMECUICHNUA KOHTHUHCHTOB HAa TBICAYU KUJIOMETPOB B TBép)j[bIX 0 CEUCMHUYECKUM
WCCIIeIOBaHUSAM MaHTHUHU U 0a3aJIbTOBOM CJIO€, pa3Be ecii o4eHb xodercs. [1o aBTopckoii Bepcuu, HU
OIWH M3 KOHTHHCHTOB, IaX€ OCTPOBOB C KOpOI71 KOHTHHCHTAJIbHOI'O THIIa, HUKOrJJa U HHUKyOda HE
nepemerancsi. OHu CHOPMHUPOBANIHCH B MEPBUYHBIX IOCICAKKPEIIMOHHBIX BIAJIMHAX M3 MaTepuasa
[IpoToKOHTHHEHTA, KOTOPBIA HBIHE sBJIsieTCS JHOM MupoBoro okeana. K coxkaneHuro, n300paxeHue
COJICPIKUT MOTPEHIHOCTh: TO, YTO TO3UIIMOHUPYETCS KaK OKeaHHUYecKasl Kopa, Jie pakTo — HapyKHas
obomouka 3emmu. E€ cpemusist MOIIHOCTE (TONIMHA) MO KOHTHHEHTAMH COCTaBJsieT nopsiaka 20 xwm,
a B mpeaenax OKeaHHYECKOTo JTHA T0 TOIHOKHUSIM KOHTHHEHTAIBHBIX CKJIOHOB UG 7,5 KM. 12,5 kM
6I)UII/I MEpEMCIICHBL C HpOTOKOHTI/IHeHTa B TICPBHUYHBLIC BIIAAWHBI. Cameble APEBHHUEC OCaJIKu
HEJIOCTYITHBI JUISl HU3Y4YCHHsSI M3-32 3HAYUTEIBHOW MOIIHOCTH O0Jiee TO3JHIX OCaJIKOB.

BocTouHo- MepyaHcko- CpeputHo-
TuxookeaHckoe  UnnMACKUA 0xHan ATNaHTUUEeCKUA Adpuka
nogHATHE wenob AmMepuka xpeGeT

KOHTUHEHTATNBHAA
KOPA

OKEAHWMECKAR KOPA

MAHTHA

Puc. 2. Paspes 3emnoii kopvr om Bocmouno-Tuxookeancko2o noonsmus 00 Agpuxu [4]

[Ipencrapnsiercsi, U3J0KEHHBIX BBIIIC JIOBOJOB M COOOpPa)KEHUH JOCTATOYHO JJISi HEIPHSITHS
CYIISCTBYIOIIMX MPEACTABICHUA O MPUPOJIC OJICACHCHUS AHTApKTUIBL VcTopuueckas Ieoyiorus
MaJICOHTOJIOTMYECKIMH HUCCIICIOBAHUSIMEA YCTaHOBIIIA, uTO 30 — 35 MITH. JIET OT HbIHE KIIMMAaT Ha Bcei
36MHOM IMOBEPXHOCTH ObUT TEMIBIM M BJIAXHBIM, IOp TOJa B COBPEMCHHOM IIOHMMAaHHUU HE
CYIIECTBOBAJI0. OTO aKCHOMa, OCIapuBaTh KOTOpyr cebe xyxke. I[loHmwkeHue TI100aIbHON
TeMIIepaTypsl ObLIO IEPMAHEHTHBIM M OJHOHANPABJICHHBIM, BO3BPATHBIM MpoOIlECC, HAIoI00He
pa3peKIaMUPOBAHHOTO HBIHEIIHErO TJI00aIbHOTO MOTEIJICHUS MECTa HE UMEII, ¥ HE MPESIBUIUTCS HU
MpH KakuxX 00CTOsTEIbCTBaX. [lepMaHEHTHOE noHudiceHue TEMIIEPaTyphl Ha TOBEPXHOCTH 3€MHOIO
1apa Mpoao/bKaeTcs, U uepe3 napy MHLIHAPIOB JIET 3eMIIsS MPEBPATUTHCS B JICASHOM IIap, APYroro
BapuaHTta [Ipupoma He 3anporpammupoBaiia. HeOe3bIHTepECHBIM NPEACTABIIACTCS 00CYIUTh MHCHHE
[JIALAOJIOTOB  OTHOCHTEIBHO  MpupoOsbl  OJEACHEHUS AHTapKTHUAB. B  0oTpemakTHpOBaHHOM
Buxunenveil BUie OHO IIPEACTABIAETCS COMHUTEIBHBIM.

Aumapkmuueckuit  Kaumam — NOJAADHLIN — KOHMUHEHMANbHbIU  (UCKAoYas nobepescve).
Hecmompsi na mo, umo 6 ILlenmpanvhou Aumapkmuode 3uMoll 6 MedeHue HEeCKOAbKUX MeCaues
NDOOONINCACNCA NOJIADHAS  HOUb, 2000845  CVMMADHAA DAOUAUUS NDUOIUdICAemcs K 2000801
CYMMADHOU — paouauuu  3K6AMODUANbHOU  30Hbl: cmanuus Bocmox — 5 [0oc/(m?  200)  unu
120 xxan/(cm? 200)], a nemom docmuzaem oueHv Ooavuwux 3navenui — 0o 1,25 I'oxc/(m? mec.) unu
30 kxan/(em? mec.). Oonaxo 0o 90 % npuxooswe2o menia ompaxcaemcsi CHeHCHOU NOBEDXHOCBIO
obpamno 6 muposoe npocmparcmeo u moiavko 10 % uoém na eé naepesanue. Ilosmomy
paouayuoHubvlil Oananc AHmapkmuobl OMpPUUAMeEIbHYII, a MeMnepamypa 8030vxa ouens nuszxa [S1.

CrpaHHas cuTyalMs: TOLOBOE IIOCTYIUIEHHE paguanuyd B LleHTpallbHYVIO AHTapKTHIY
IIDUMEDHO COOTBETCTBYET TOJOBOMY IOCTVIUIEHHIO DaIdaldd B DJKBAaTOPHAJIBHVIO 30HV. a
KJIMMAaTUYECKHE VCIOBHS HECOIOCTaBUMBIE. B JieTHHEe Mecsnbl KBaapaTHbIi Merp lleHTpanbHOM
AHTapKTUIBI U KBaIpaTHBIM MeTp mycThlHM Caxapa IoIYYarT IPUMEDPHO OJMHAKOBOE KOJIMYECTBO
CONMHEYHOM dHepruu. Moayau TeMiepaTyp oanHakossl, mpuMepHo 30 °C, Ho B Caxape co 3HaKoM +, a
B AHTapKTHIE CO 3HAKOM MHHYC. OTOT SBHBIA I1apaJoKC OOBICHIIOT TEM, 4YTO «...00 90 %
NDUX00SAUE20 MENIAd OMDANCAEMCS CHENCHOU NOBEDXHOCHbIO 00DAMHO 8 MUDOBOE NDOCMDAHCIEO U
moavko 10 % uoém na eé nacpesanuey. IloueMy mogooHoe He IpoucxoquT B CeBepHOM ITONYIIaPUH
Zeminn? 3uMoi KOHTHHEHTEI CEBEPHOTO MOMVIIAPHUS IIDUMEDHO Ha MOJIOBUHY MMOKDEITHI OCIECITUTENLHO
O€lIbIM CHEXHBIM IIOKDOBOM C OTDAXarolleld CIIOCOOHOCTBIO COIIOCTABMMOH C TaKOBOH V
AHTAPKTHYECKOrO CHEXKHO-JIEAOBOIO MOKpoBa. HO MpUXOAUT BeCHA., M CHEXKHBIN [TOKPOB MCUE3a€eT 3a
HCKIIOYEHHEM BBICOKHX TODHBIX BEPIIHH, TI€ IMDPEOLIBAET ITOCTOSHHO., HE3ABHCHMO OT MOIIHOCTH
comHeyHON paamarmu. Toxe crpanHo. ClenoBaTeNbHO, npupoda onedeneHus AHTapKTUIIBI OCTaETCs
3araJiKomn.
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Puc. 3. Bexosvie konebanus 160UCmocmu, OMHOCUMETbHBIX NOXOI00aHUl U yenaxcuénnocmu [6]

O6CV)KII36MBH71 rpad)mc JECMOHCTPUDPYET UCPCAOBAHUC TéHJ’ILIX " XOJOJHBIX IICPHUOJI0B DaSHOfI
JUTMTEITFHOCTH, CJICNOBATEIbHO, DA3PEKIAMHUPOBAHHOE HBIHEIIHEE 27100a1bHoe Nomenienie BCETo
JIUIIB KOPOTKUH DIIN30]1 B UCTOPUH 3EMIIH.

Yro kacaercs oyieicHEHUs AHTApKTHUIBL, HET HHUKAKOI'O CEKDeTra. CKophee — Hen30exHas
3aKOHOMEDPHOCTh, O Y&M HECKOIIbKO M03Ke. PUCYHOK 4, IEMOHCTPHDVET INIO0AILHOE OJICJICHEHHE B
C. monymapud, peasbHO MOATBEPKIaEMOe OTJIOKECHUSIMU aHTPOIIOr€HHOT' 0 BO3pacTa
cnet(UYEeCKOro CcocraBa: MODEHbIE CVIVIMHKM MW CYIIECH. T[DPABUMHO-TaJIEYHBIM MaTepuall,
PA3HO3CPHUCTHIC KBAPI-ITOJICBOIIIIATOBLIC ITCCKU, IIECPCOTIIOKCHHBIC T'JIMHBI, DK30TUYCCKHUC BaHYHLI,
IIp. MaTepI/IaJ'II)I, HOpO)KI[éHHbIe JUHAMWYHBIMH JICTHUKAMU, LIy)K,Z[I)Ie JJIA KOHKpGTHOﬁ MCCTHOCTH.

Puc. 4. Onedenenus 6 maxcumym nocieonezo 2n06aibro2o noxonodanus 17—21 meic. 1em Hazao:
1 — nednuxu cyuu u KOHMUHEHMATLHBIX Wenbghos,; 2 — niagyyue wenbghogvle; 3 — MHO2OLEMHUE
MoOpcKue 1b0bl; 4 — npuneonuxosvle ozepa, 5, 6 — okearckue medenus [7, c. 71]

O macmrabHoM oneneHennd B C. MONyHIapuy 3HAIOT HE TOJBKO TIISIIHOIOTH, 3HAIOT MOYTH
BCe, 3aKOHYMBINHE 0O0IIeoOpa3oBaTelbHbIe KOl He ynmamoch HaWTH CBEACHUH O TOM, 4YTO B
HACTosIIIiee BpeMsl JISTHUKOBBIM mepuoy mnpebdbiBaer B FO. momymapum, a TodyHee — B Tpenenax
AHTapKTHUYECKOTO apxwurienara U menb(oBbiX 30H. Her HaydHO 0OOCHOBaHHOW MPHYMHBI yXOIa
oneaenenus 3 C. momymapwus. [locnennuii KpynHBIA JEASIHOW MacCHUB, paCIONaraBITHICS Ha MECTE
HeIHemHero borHuueckoro 3anuBa bantuiickoro mMops, pactasi Bcero 8000 ner ot HeiHe. He MeHee
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KpYIHBIA JIEASHOM MacCUB yIElel Ha OCTPOBE ['pEeHJIaHIMs M HECKOJIBKMX OCTpPOBaX C 3alaJHON
CTOpPOHBI, BO3BBHIIIAIOIINXCS HaJl YpoBHEM okeaHa Oosee 1 kM. [lo aBTOpCKO# Bepcum, TuioniaHbe
HU3MEHHBIC JIEHUKH TIOSABWJIMCh B COBPEMEHHOM aHTPOIOI€HOBOM (UETBEPTUYHOM) MEpHUOAE
nepBoHavainsHO B FO. monymapuu opuentupoouno 500 — 600 Teic. jer Hazazn, a 200 —250 Teic. neT
OT HbIHE oyiefieHeHre Ha EBporeiickoM KOHTHHEHTE Havyallo MPOABUTAaThCA B I0)KHOM HarpaBieHud. B
KOHII€ TaK Ha3bIBA€MOr'0 JHEMPOBCKOI'0 OJIEJIEHeHN JIEAHUK 10 fAoiuHe p. Juenp omyctuics no 40-i
napauienu (mmporta r. JuemporerpoBck). o Takoif ke MmMpoThl omycTwics jenHuk Ha C. —
AMEpHKaHCKOM KOHTHHEHTE. BHUMAaTENbHBINH YUTATEh BIPABE 3aMETHTh, YTO BO BPEMs TII00aIbHOTO
noxonoanus ((ur. 4) oieCHEHNS UMEIIM MECTO B 000UX monymmapusx. J{eno B ToM, uTo AHTapKTUIa
caMblid BBICOKOM KOHTHMHEHT, NEPBbIM Ha HEM MOSBUJIOCH TOPHOE OJIEIEHEHHWE, paspocuieecs 10
YPOBHSI OKeaHa. AHTapKTH/Ia HUKOT/A, HU MPH KaKUX 0OCTOSTEIbCTBAX HE OCBOOOAMUTHCS OT JIEOBOTO
nokpoBa. Ta xe yuacTs y o. ['pennanausa. PekoMeHtyeTcs ysICHUTh U 3aTIOMHUTH 00IIee MPaBUIIO JUIS
MJIaHeThl 3eMIIs: JISTHUKOBBIE MEPHUOBl BO3HUKAIOT M PAa3BUBAIOTCS B TOM IOJYIIapHH, B KOTOPOM
Haxonutcs C. MarHUTHBIN momtoc. Huskue TemriepaTypbl 00YCIIOBJIEHBI YCHICHHEM XOJIOIMIBLHOTO
spdeKra COMHEUHOW paaualui, KOTOPBIH, B CBOK O4Yepedb, KOHTPOIUPYETCS aTMOC(EPHBIM
nasiieHreM. [10BepXHOCTh ¢ HYJIEBOW TeMIepaTypoll B 3eMHON aTMoc(epe HEOTBPAaTHO OIyCKAaeTcsl K
36MHOH IIOBEPXHOCTM — BOT OCHOBHas yrpo3a s 3eMHOM >ku3HU. Ilo aBTOpckOM Bepcuu,
HU3KOYpOBEHHOE IUIONIaHOe ojieneHeHne B C. MoNymapuu MME0 MECTO BIIEpBBIEC, HBIHEUIHEE
onenenenne B lO. momymapum mo cu€ry BTOpOE, a BBICOTHBIE (TOpHBIC) JETHHUKH AHTApKTHIIBI
MOSIBIUIMCh 3HAYUTEIBHO paHblle, Kak W ropHble geqauku C. momymapud. [lepexon neqHHKOBOTO
neproaa u3 0. monymapus B C. nonymapre HeoTBpaTUM, MOCKOJIBKY HEOTBpaTHUMa ouepeaHasi CMeHa
MOJIIPHOCTH MAarHUTHOTO MO IiaHersl 3emis. MHoro Bapmanrta pasButust 3emnu [lpupoma He
MpeaycMoTpena. 3emiid anpuopu MPEBpaTUTCS B OKeaH, 3aTeM B JISASHOW IMap, a B OTAAIEHHOM
Oyaymiem O0yner norsorieHa ConHIéM, OHO € MOPOAMIIO, OHO e€ 1 3a0epéET.

Crnenyrommii mapajokc COCTOUT B TOM, UTO B IIEHTpE AHTApPKTHIIBI KPYTIIbIi Toj Oe3BeTpue 1
sicHoe He0O, a Ha CKJIOHAaX JIEJSHOTO IMIUTa OYIIYIOT CHIIBHBIE BETPBI, CKOPOCTh KOTOPBIX 3UMOMN
Moxer pocturath 90 m/c mmm 325 km/vac. [lpu 3ToM 1o mepudepuu JEASHOTO IUTa KPYTIIBIA IO
CYIIECTBYET 30Ha MOHWKEHHOT'O JABJICHUS. DTOT HEOPAMHAPHBIA ()aKT HMCCIIENOBATENIN JICASHOTO
KOHTHHEHTa OOBSICHUIN HAJTUYHMEM CBOeoOpa3Hou rupkysauu (Puc. 5).

Puc. 5. Cxema yuprxynayuu 6o30yxa nao Aumapxkmuodoi. [8 + 6. K.]

HesareiinuBasi, Ha T1iepBBIA B3I, (GUr. 5 TMOHYXKIAeT K KPUTHYECKOHW OICHKE U
IIEPEOCMBICIICHUIO JIBYX MPOOJIEMHBIX BOIIPOCOB: 1) CTpaHHOIo, HEOOBSICHUMOrO C MO3MLUN (DU3UKH,
TIOBEICHUSI CTOKOBOTO BETpa; 2) HE MEHEE CTPAHHOW CHHONTHYCCKONW CHTYaIlMH HaJ LEHTPaIbHOMN
4acThio JefsHoro Kymona. CTOKOBBIN BeTep HanOoJiee CHIIBHBIM W CHErOHACHIIICHHBIN TIepe]] KpasMu
JIETHUKOBOT'O TEJla, MTHOBEHHO 3aTyXaeT MpH CBAJIMBAaHUKA Ha MOPCKOW JIEN WIIM OTKpPHITYI0 Bomy. C
nosierieareM CoJHIIa CKOPOCTh CTOKOBOT'O BETPa MOCTETIEHHO CHIXKAETCs, py He3axosameM ColHIle Ha
no0epekbe yCTaHABIMBACTCSl OE3BETPEHHAS MOr0/a, a JIMHUSI TallleHHsI CTOKOBOT'O BETpa OTOIBUTACTCS
BriyOb KOHTHHEHTa Ha 20 —25 kM. OOBSCHUTH CTOJNH CTPAHHOE MOBEJCHUE CTOKOBOTO BETpPA, MOXHO
OTKa3aBIIMCh OT €ro I'paBUTALMOHHON IpHUpoxbl. [10 aBTOPCKOM Bepcuu, OCHOBHOM JBMKYIIEH CHUIION
Ha3JIEKTPU30BAHHONW CHEKHO-BO3AYIIHONW MAacChl SBJISIIOTCS MarHUTHBIE CHJIOBBIE JIMHUM TJI00aJBHOTO
MarHuTHOTO Mo 3eMIIM, TPaBUTAIIMOHHAS COCTABISIOIIAs TOXE y4acTBYeT B JBM)KEHHM, HO UMEET
BCIIOMOTaTelIbHOEe 3HAYeHWE. B KOHIIE CBOEro IMyTH CTOKOBBIM Berep mpeBpamaercs B (EH OT
NmaTUHCKOro «(paBoHuyc» — TEWIbIA. [lo CymecTBYIOMNM MpeCTaBICHUSM, HarpeBaHUE BO3IYLTHON
MAacchl CBS3BIBAIOT C aJua0ATHYCCKUM MPOLIECCOM TIPH JIBHKEHHHU €€ TI0 TOPHBIM CKJIOHAM M JIOJIHAM.
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[To MHeHuIO aBTOpa, HarpeBaHUE UCXOJHO XOJIOJHOTO BO3yXa O0YCIIOBIEHO peKOMOHHAINEH HOHOB B
HEeHWTpaTbHbIE MOJIEKYJIIBI, & HE ¢ aabaTHaecKuM mporieccoM. TpaHcopMalnio CTOKOBOTO BeTpa B eH
OIKCaJl yYaCTHUK aHTapKTHUYECKUX sKcnenuumii B. bapauH, n3ydasumii ozepo Panok, pacnonoxenHoe
B IIGHTpPE OMHOTO M3 0a3ucoB B ropax Ilpmnma Yapmp3a. [[nmmua ozepa okonmo 10 kM, mmpuHa B
LEHTpaJIbHON YacTH oKosio 3 KM. O3epo MOKPBITO JBJIOM Pa3HON TOJIIMHBI: OT MOYTH 4—X METPOB Y
HHU3KOI'0 BOCTOYHOTO Oepera, JI0 JecsiTKa CAHTUMETPOB Y MPOTHUBOIOIOKHOr0. A y caMOro MOJHOXKBS
KpPYTOT'O TOPHOI'O CKJIOHA, C KOTOPOTO B 03€p0 CIIYCKAeTCs S3bIK JISTHUKA, — TOJIOCKA OTKPHITOW BOJIBI.
"Oxono kpasi 1eOHUKa noaviHwvi.... 1lo 6ode Gezym kopomkue 3ivle epebewku. Boosnas nwiib,
COPBAHMASL C HUX 8EMPOM, CIMOUM HAO NONbIHGEL, KaK 001AKO.

— Cmoxkosblil gemep naoaem ommyod, ¢ 6epuitiHbl, U He 0aém 800e 3aMEP3HYMb, — 2080PIO 5.

— A moorcem 6vimo 6nuzy ménnas eooa?”... [9]. Oka3zanock, 4TO TeMIIepaTypa BOABI y JHA, Ha
riryoune 346 M, paBHa Bcero +1°C u oHa Ha BKyc npecHas. CKOpee BCEro, MoJIbIHbS CYIIECTBYET 3a
cuéT pEeKOMOMHAIMM HOHOB CTOKOBOIO BeTpa. He HCKIIOYeHO, YTO CTalMoHapHas IOJBbIHBS,
OKpyXaromasi AHTapKTUay, 00si3aHa CBOMM CYIISCTBOBAHHUEM CTOKOBBIM BETpaM, HO HE 3a CUET
OTroHa JbJla, KaK CUUTAET OOJIBIIMHCTBO HCCIIEJOBaTeNeld, a 3a Cuér peKOMOMHAIIMM HOHOB B
HEHTpaabHbIe MOJCKYJIbL. FIMEHHO 3TOT mpollece MpeBpaliaeT XOoJNIoAHy 0opy B Témibiii dheH. Yro
Kacaercsi oTroHHOro 3(h@dekra CTOYHOro BeTpa, TO OH IMOJ OOJBIIMM COMHEHHEM, MOCKOIBKY Ha
HEKOTOPBIX y9acTKaX aHTaPKTHYECKOTO MOOEPEkbsl OH HE OIIYIIAeTcs Ha PACCTOSIHUU Bcero 1-2 kM.
OT JICJITHOT'O Oapbepa.

Uro kacaercsi BEpXHHUX BETBEH IUPKYISIHOHHBIX TpPapUKOB, HMX JIETHTUMHOCTH O]
BOIPOCOM, OUEBHJHO, MX MPHUIYMalld, 4TO Obl OOBSCHUTH TOCTYIJICHWE B CTOKOBBIC BO3IYIIHBIE
Macchbl CHEXHO-JINSHBIX KpHcTaioB. [lo aBTOpckod Bepcuu, OHM O0pa3yloTcs Hall Bcei
MOBEPXHOCThIO AHTapKTUABI U 3a €€ MpelenaMy IMpH B3aUMOJCWCTBUU COJTHEYHOTO BOAOPOAA C
aTomMamu atMmoc(hepHoro kucimopona. UTo KacaeTcs IITHICBOW CHHOINTHYECKOW CHTyalldd Haj
HEHTPAbHON Y9acThio AHTapKTHIBI, OCOOBIX MpOONieM 37ech He mpeaBuauTcs. OHa pacronoKeHa B
npenenax HO. monsgpHoro xacma, rje MarHUTHBIC CHIIOBBIC JIMHUHU JIMOO OTCYTCTBYIOT, MO0 BXOJIAT B
3eMHYIO TIOBEPXHOCTh IIOYTH BEPTHKAJIbHO, YEM HCKIIIOYaeTcd JiaTepalibHOE IepeMeleHIe
HaJIEeKTPU30BAHHBIX Macc.

OnpenenéHHblil HHTEpeC MPEICTABISCT MPUPO/Ia HUII BHITAMBAHUS B Oaphepax MPECHOTO JIbJa
W TassHUE ero 0OJIOMKOB B MOPCKOW Bojne ¢ Temrepatypoit munyc 1, 4 °C. JIroOONBITHBINA TONSIPHUK
MOMECTHJI KYCOK MPECHOTO JIb/Ia B MOJUATHUIICHOBBIN NMAKET U OMYCTUJI €ro B MOJBIHBI0. B oTiamuune ot
HEH30JINPOBAHHBIX COOPAThEB, UCTIBITYEMBI 00pa3ell He Tasil B TeUeHHE JITUTEIBHOTO BpeMeHu. Emé
OJIHY TaiHy JIEITHOTO KOHTHHEHTAa MOXXKHO CUHTATh PACKPBITOH. MUKPOCKOITUYECKUE HCCIICIOBAHUS
KOPEHHOTO JibJia T[IOKa3aJd, 4YTO OH HAIIUIroBaH MEJIKUMH ITy3bIphKaMH HOHH3HUPOBAHHOTO
atMocepHoro raza. B TokompoBoOjsIIEH  MOpPCKONH  BOJE  TPOUCXOAUT  PEKOMOWHAIUS
WOHU3HUPOBAHHBIX AaTOMOB B HEMTPAIIbHBIE MOJIEKYJIBI C IK30TEpMUUECKUM (D HEKTOM.

Kopotko o Tom, oTkyaa cronpko cHera B C. monmymiapuu 3uMoil. OTBET OHO3HAYHBIN: U CHET
W XOJNoJ U3 AHTapKTHABL. B neTHre mecsisl (ekaOpb, SHBaph, (eBpalb) MaCIITAOHO MPOSIBIISIOTCS
XOJIOJMJIBHBIA M CHErooOpasyIolHil MPoIecChl COMHEYHON pajuanud, oco0eHHO B B. AHTapkTHIE,
rje TemioBoi 3¢ dexr ComnHia He TposiBiseTcs HUKoraa. B 3. AHTapKTHIe CHHONTHYECKAS CUTYaIIHs]
He Takas ®KECTKasl, MO3TOMY B MPOTHBOJISKAIICH 3amaJHON MOTOBUHE EBpombl KimMaT Oosiee MSTKUH,
HEpEeIKH TOTEIUICHUS W MaJloCHEeXKHbIe 3uUMbl. CioBoM 3umoii B C. monmymapuu TpaBuUT Oam
Anrapkruna. M emé: Gonbias 4acTh MECTOPOXKICHHH MOJIE3HBIX HCKOMAEMbIX AHTapKTHIBI HUKOTIa
He OyJeT ucronb30Bana, [Iprposa Tak pacriopsauiach.
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Abstract. Dynamics of current climate in Azerbaijan and observed consequences of conditions of
rapidly changing climate in the last decades were investigated. The carried-out assessment showed growth
of quantity and both intensity of the torrential phenomena, and identification of a tendency of daily
minimum and maximum air temperatures in various zones of the republic indicate warming of climate. The
analysis of results of a research, considering the complex nature of impact of the changing climate on
various spheres including social will give the chance to define degree of our vulnerability and will form a
scientific basis for development of possible options for adaptation and response measures.
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BaxxHocTh OLIEHKM AMHAMHUKH TEKYIIero KIMMaTa, a TakKe OXHIaeMbIX IOCIEICTBHIl B
OT/IENBHBIX PETHOHAX TPYIOHO TepeoreHnTs. CoBpeMEHHbBIE HCCIEAOBAaHUS B OOJACTH KIMMaTa
MPOBOAATCS B YCIOBUSIX OBICTPO W 3HAYMTEIBHO MEHSIONIErOCS KJIMMaTa, 4TO 0co00 pe3ko
MPOSABISiETCd Ha MPOTSHKEHWH TOCIHEAHHUX JBYX JECATUIICTHH, B OTIMYHME OT HCCIEI0BaHuUM,
MPOBOJAMMBIX, B TaK HA3bIBAEMBIX, OTHOCHTEIBHO «CTAOMIbHO-KIIMMATHYECKUX» YCIOBHSIX, KOTIa
MoJJOOHBIE U3MEHEHUST HAOJI0JANTUCh B TEYCHUH TTOUTH LENTOTO CTOJICTHS.

Metoauka uccienoBanus. B cratbe ObITM HCIONB30BaHBl METOJ] KIMMATHYECKOTO aHAIN3a
OT/IENBHBIX 3JIEMEHTOB KIMMaTa; (PU3UKO-CTATUCTUYECKUH METOJ]; METOJI JIMHEHHOTO TPEeHIa, METOJ
CPaBHUTENIHOTO aHAJIN3a.

OreHKa BO3MOXKHBIX ITOCTIEICTBUN M3MEHEHMsI KJIMMaTa SIBJISIETCSl OHOM M3 aKTyaJbHBIX U B
TOXE BpEMSl CIOXKHBIX MpobieM. B OoNbIIMHCTBE MOCIETHUX METCOPOJOrHYECKUX HAYYHBIX
WCCIIEJIOBAHUN JIelaeTcs BBIBOJ TOM, YTO TPSAyIIME TOTEIUIEHHE, CBA3aHHOE C KIMMAaTHYECKHUMHU
W3MEHCHUSIMH, TPEACTABIISCT yrpo3y s 4elloBeYecTBa HEKOTOPBIMH KOCBEHHBIMHU 3 dexTamu.
[Tpuyem, mociencTBHS OXKHIAEMbBIX H3MEHEHHI MOTYT OBITh HEMpeCKa3yeMbIMH KaK B MacIiTadax -
TaKk U MO BPEMEHHBIM paMKaM. Bennka BepoOATHOCTb, TOTO YTO «YCKOpEHHE» HU3MEHEHHsS KIMMaTta
Mpou30iieT ObicTpee, YeM OSTO OXKHJIAIOCh HECKONBbKO JIeT Ha3al. B Toxke BpemMsi HEKOTOpbIe
MPUPOIHBIE TMPOIECChl, TaKHe KaK W3BEpP)KEHHWE BYJIKAHOB M IIOCIEAyIOlIee BO3JeHCTBHE
crpatochepHbIX BYJIKaHHYECKHUX al’po3oiiel, a Tak ke cHmwkeHne CONHEYHOW aKTHBHOCTH MOTYT
MOHM3UTh CKOPOCTh M3MEHEHHsS TeMIepaTyphl BO3AyXa, CAEp)KHUBas MOTEIUIEHWE KINMaTa.
3no6oaHEeBHOCTH TIpobieMbl modynuina, Beemuprayo Mereoponoruueckyto Opranmzanuio (BMO) u
Opranmzamio  O0benmHenHbix Hamuit (OOH)  yupeamnu  MeXnpaBUTENbCTBEHHYIO —TPYIIITY
JKCIepToB Mo u3MeHeHuio knmmata (MI'OHMK), ocHOoBHOHM 3amadeil KOTOpPOHl SIBISETCS BBITYCK C
peryaspHBIMH WHTEpBajlaMH, TaK Ha3blBaeMbIX OIIEHOYHBIX JOKJIAJOB, IOCBSIIEHHBIX COCTOSHHIO
KIMMara 3eMJIH U OIICHKEe ero W3MeHeHHs B OyaymeMm. B caMoM TocieaHeM MATOM JIOKIIaze
BoimymienHoM MI'OUK B 2013-2014 1r. MO TOBOMY COBPEMEHHOTO COCTOSHHS aTMocdepsl,
Kpeocdepsl U OKeaHa, JielnaeTcss BBIBOA O TOM, YTO HE OCTAJIOCh COMHEHHUH B TOM, YTO OCHOBHOIA
MIPUYMHON U3MEHEHUS KInMaTa siBigercs yBenudenue cojepxkanusi CO, v Ipyrux MapHUKOBBIX Ia30B
B atMocdepe: «[loTermenne KIMMaTHIECKONH CHCTEMBI SIBIISICTCSI HEOCTIOPUMBIM (haKTOM, ¥ HAUMHAS C
1950-x romoB MHOrMe HaOJIOJacMble U3MEHEHHS SIBIISIOTCS OCCIpeIeICHTHBIMA B Maciitabax oT
JecsaTrieTnid o ThicsiaeneTuid. [Iporn3onnio morerieHne atmocepsl 1 OKeaHa, 3arackl CHera  JibJa
COKpATHJIMCh, YPOBEHb MOPS MOBBICHIICS, KOHLIEHTPALMK MapHUKOBBIX Ta30B Bo3pociu. Pakropami,
BIUSIONIMMM Ha W3MEHEHHE KJIMMaTa, SBJSIOTCS MPUPOIHBIE M AHTPOIOT€HHBIE BEIIeCTBA U
MPOIIECChI, KOTOPbIEe M3MEHSIOT dHeprerndeckuil Oamanc 3emian. OCHOBHOH BBIBOJ] COCTOMT B TOM,
YTO POCT BBIOPOCOB TMAPHUKOBBIX T'a30B OyAET SBISTHCS NMPUYMHOW NAbHEWIIEro MOTEIJICHUS W
W3MEHEHUH BO BCEX KOMITOHEHTAaX KIMMATHUECKOH cucTeMbl. [10 MHEHHIO yYeHBIX B OOIIEMHUPOBOM
MaciTabe MOKHO OKHJATh POCTa YMCIA KIMMATHYeCKUX Katakiu3moB [1,3]. Kpome Toro, mepromast
KapKOW TIOTOJIbI MOTYT CTaTh OoJiee JITUTENbHBIMU B OOJiee SKCTpEMalbHBIME 10 Temreparypam. Ha
rutanere Oyzer Ooiblle OXK/eH, HO IPU 3TOM BBIPACTET BEPOSTHOCTHh 3aCYXH BO MHOTHX PErHOHAX.
BosMorkeH pocT umnciia HaBOJHEHU, yparaHoB M pocTa YpOBHS MODSL.
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Onenka Tekymiero kKjiauMara u ysa3BuMoctu. HabOmromaemoe uW3MeHeHHE KIMMATa,
HECOMHEHHO, OKa3all0o W OKa3bIBaeT CBOC BIUSHHE HA KIMMaTHUYECKHE yCIOBUsS A3zepOailipkaHa, 4To
00yciIaBIMBaeT aKTyaJbHOCTh MPOOJIEMBI M JUKTYET HEOOXOAMMOCTh €€ JICTAJIbHOIO H3y4YCHHSI.
CoriacHO HEKOTOPBIM HCCIeNOBaHUsAM Y4YEHBIX A3sepOaiipkaHa B pecnyOnHKe, Kak U B MHpE
HAOJIOIAIOTCS TIOCIECTBUSL MU3MEHEHHUs KimMmara. Kak TOoKasblBaloT JaHHBIE OICHKH TEKYIIEro
KIuMmarta B AzepOaiijpkaHe, HaOMIOAETCsl POCT KOJNMYECTBA U MHTCHCUBHOCTH CEIEBBIX SIBJICHUN Ha
peKax ro-BoCTOYHOro ckioHa borbmoro Kaekaza. Ilocnmemnee pecsiTuiieTne 0O3HaMEHOBAJIOCh
cepueill peKoplloB B TeMIepaTypHOM pexuMme. Ilpuuem pekopliHble 3HA4YeHHs, OXBaThIBas
MPAKTUYECKU BCE CE30HBI, BCE Halie GUKCUPYIOTCS KaKk B aHOMAJIbHO JKapKHe, TAK U B aHOMaJIbHO
MoposHble mepuonasl. B mepumon ¢ 1881-2014 rr. B I'IHIKMHCKOM 30HE TeMIiieparypa BO3AyXa
BO3POCTIA: 6 3UMHEM Ce30He Ha 1,3-1,9°C.; secnoii na 0,6-1,7°C.; riemom ua 0,5-1,9°C.; ocenvio va 1-1,3"C..
B cpednem 3a 200 TeMmiepaTypa BO3AyXa 3a yKasaHHbIA mepron yBenmummack Ha 1,0 - 1,8°C.
BoNbIIMHCTBO HaydHbIX pabOT B 00JacTH KiIMMaTa OCHOBBIBACTCS Ha OICHKE HW3MEHEHHI
CpCAHCMECAYHBIX U TI'OAOBBIX BCIMYHMH. Camu 10 0666 CpCAHEMECAYHBIC U CPEAHCTOA0OBLIC JAaHHBIC
HEJIOCTATOYHO WH(POPMUPYIOT O TOM, KaK 3TH TeMIIepaTypbl OyAyT pacnpeseieHbl reorpadguyecku u
BO BPEMCHU.

Ha ocHOBe NMPOBEAEHHOI0 AHAJIN3Aa AHOMAJIUN CE30HHBIX U
TOAOBBLIX BCJIMYMH TeMIIepaTyphbl BO31yXa BbIFABJICHO:

YucJI0 NOJI0KHUTeJbHBIX AHOMAJINH 100 - — 3uMa

B nepuox (1881-1940 rr.): -

rom — 10 (16,7%),

suma- 12 (20%), N 18814940 19412010

Becua — 17 (28,3%),

aero— 13 (21,7%), BecHa

ocenb — 19cay4uaen (31,7%)

B mepwuox (1941-2010 rr.) poct
MOJIOKUTEJBLHBIX aHoMaJIui B 3-4

neTo

pa3sa :
ron— 45 (66,2%), e s

3uma — 44 (64,7%),

Becna — 42 (61,8%), ocenn

J1eTo, oceHb- 45 ciay4daen (66,2%)
OT O01IEro KOJInYecTBa

Puc. 1. Anomanuu ce30HHbIX U 20008bIX ENUYUH MEMNEPAMYPLI 8030YXA

Hexoropple yd4eHble MMoONaraloT, HampuMep, 4To HauOojblliee IMOTEIUIEHHE MpHISTCS Ha
HOYHOE BpeMsi CYTOK, KOTJIa OTPaKEHHOE TEIUIO SIBJISICTCS TIaBHBIM (DAKTOPOM, Pa3orpeBarolluM
atmocdepy. [Ipu >TOM HagO OTMETHUTH, YTO IKCTPEMYMBI OBUIM W3y4YeHBI HepocTaTodHO. HemaBHO
CTaJl BO3MOXKEH aHaJN3 JOJTOBPEMEHHBIX HM3MEHEHUN NHEBHBIX JKCTPEMANbHBIX TEMIIEpaTyp BO
MHOruX peruoHax mupa. OcobeHHO ¢ 1950-ro roma 3TH JaHHBIC MOKa3bIBAIOT YMEHBIICHUE YHCIIA
OUYEHb XOJIOIHBIX JHEW M HOUYEH M YBEIMYECHHE KOJMYECTBA KpalHE KapKHUX JHEH M TEIIBIX HOYEH.
[IpomomkuTensHOCTh Tepuoga 0€3 MOpPO30B  yBEIMYMJIACH B OONBIIMHCTBE CpEAHE |
BBICOKOIIMPOTHBIX peruoHOB o0oux monymapuii [7, 8]. [loqoOHoe uccnenoBanne ObLTO TPOBEACHO
B AsepOaiimkane. Ha mpuMepe HEKOTOPBIX TOPOa0OB A3epOaiikaHa, PacloiOKEHHBIX B Pa3IMUHBIX
KIIUMaTHYeCKUX 30HaX, a uMeHHO lllexku, ['asumkel, Actapsl 1 EBnaxa ¢ mpuMEHEHHEM MPOTrpaMMEI
RClimDex, paspaborannoii Kananckumu u AMEPUKAaHCKHMH SKCIEPTaMH, IPOBOIUTCS TPEHIOBAs
OLIEHKa M3MEHEHHUIl eXEeIHEBHBIX TEeMIIepaTyPHBIX JKCTPEMyMOB IO 27 pa3nUyYHBIM WHIEKCaM 3a
nepuoj ¢ 1970-2000 rr. Ha ocHOBe crienuaibHON porpaMMbl ObUT MPOBEJICH MMApaIUICIbHO KOHTPOITh
KayecTBa METEOJIaHHBIX M TOMOT'eHM3alus. B pe3ynbrare, Mo OTACTbHBIM WHIEKCaM ObLITH BBISBIICHBI
WHTEpECHbIE, CTATUCTUYECKH 3HAYNMBbIE Pe3yIbTaThI.

Kak BHIHO Ha pHCYHKAaX 2-6 uMCIO JHEH ¢ MMHMMANbHOH Temmepatypoii Beime 0°C
YBEIMYMBAETCS, TO €CTh YKCIO MOPO3HBIX HOYEHW YMEHBLIAETCS; YMCIO JHEHW C MHUHHMMaJbHOMN
TemrepaTypoii (Hounoil) Beime 20°C yBeNIMUMBAETCA, OJHOBPEMEHHO YMEHBIIACTCS YHCIIO JHEH C
MaKCHMANIbHOH (j1HeBHOM) Temmepatypoii Hmke 20°C M yBenmumBaercs mx umcno Beime 25°C;
YMEHBIIACTCS YHMCIO JHEBHBIX MaKCHMalbHBIX Temmepatyp Hike 0°C. Takux o6pasoM, oIeHKa
TEHJCHIINN SKEAHEBHBIX MUHUMANIBHBIX 1 MaKCHUMAaJIbHBIX TEMIIEpaTyp BO3AyXa B Pa3IHMYHBIX 30HAX
pecITyOJIMKH TOBOPUT O TIOTETUICHUH KJIMMATa.
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. o .~ 0
- Veenuuunoco uucno OHeu ¢ MUHUMATbHOU memnepamypou  6blile 20 C, BbIA6/IEHbL
nonoacumesibHovle mpeHObz:

. . . 0
Puc. 2. Yucno oueti ¢ munumanvroti memnepamypou eviuie 20°C

. . . 0
- Ompuyamenvivle mpenovl 8bIAGNIeHbl 8 YUCAEe OHell ¢ Makcumanvhou memnepamypoti Hudxce 20°C.

. . . 0
Puc. 3. Yucno oueti ¢ maxcumanvrot memnepamypoti Hudice 20°C

.~ .~ - 0
- B uucne oneil ¢ MUHUMAILHOU memnepamypou evluie 0" C sbisi671€Hbl NOLONCUMETbHBLE mpeHabl.
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. . . 0
Puc. 4. Yucno oneii c munumanvrou memnepamypou gviuie 0°C

. . . 0
- Honooicumenvuvie mpenovl 6 yucie OHell ¢ MaKcumanbHol memnepamypotl éviute 25 C Hauboaee
SHAYUMBIMU OKA3AUCH 8 NPEO2OPHOU 30He.

. . . 0
Puc. 5. Yucno ouetl ¢ maxcumanvrou memnepamypoti eviuie 25 C

. . . 0
- Buisgneno ymenvutenue yucaa oueti ¢ maxcumanvrou memnepamypoti Hudxce (0" C.

. . . 0
Puc. 6. Yucno oueti ¢ maxcumanvrot memnepamypoti Hudice 0°C

OIIHI/IM u3 HpOS[BJ'IeHI/Iﬁ r100aJIbHONO M3MEHEHUS KiIMMaTa B MUPE ABJIICTCA YBCIIMYCHHC
MOBTOPSIEMOCTH M JUIMTEIHHOCTH BOJH >Kaphl. VccieoBaHWs MOKa3bIBalOT, YTO 3a IOCIEIHHE
nepuopl B AzepOaiipkaHe MpeodinagaroT MoJoKUTENbHbIe TeMIlepaTypHble aHoManu. Ha npumepe
JIByX ropozos baky u Illeku npuBeeH CPABHUTENBHBIA AaHAIN3 CPEIHEMAKCUMAJbHBIX TEMIEPATYP U
BBISIBJIGHO WX TIOBBIIICHUE, KOTOpPOE Hamboiee sIpKO MposiBIsieT cedsi B aBrycre. B pesynbrarte
COBPEMEHHOI0 H3MEHEHMs KIMMaTa 3a IocieaHue 25 JieT HaOmromaercs yBelIWYeHHe, Kak
TIOBTOPSIEMOCTH, TaK M MPOJODKUTEILHOCTH BOJIH JKaphl [4,5]. s onpenenenuss aHOMaIbHO KapKUX
nepuosioB (BOJNH Kaphl), HaOmopaembix B ropoae baky um Illeku nerom, Obla HCHONB30BaHA
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nHpOpPMAIUS O EKEIHEBHOH MaKCHMaJbHOW Temrieparype Bo3ayxa B TedeHue 1961-2015 rr. Hdus
BBISIBJICHUA BO3MOXKHBIX H3MEHEHHI MaKCHMAaJIbHBIX TeMIIepaTyp paccMaTpHBAINUCh IOKa3aTelu,
oxBaTthIBaroImme aBa mepuoma 1961-1990 rr. m 1991-2015 rr. MccnenoBanusi MOKa3bIBAIOT, YTO B
nepuoa 1961-1990 rr. B baky u lllekn ObUIO OTMEUYEHO BCEro 2-6 BOJIH apbl COOTBETCTBEHHO, U UX
(puc. 7). B reuenne nocnenyronmx 25 ner Habmoganoch 17 ciayyaeB BoiH xapsl B baky u 23 B Illekn
[4,5,6]. Hy)HO OTMETUTB, YTO TIOPOTOBbIC 3HAUCHHS OBLITM BBIYMCICHB HA OCHOBAaHMH PEKOMEH AN
BMO u 1151 Ka)JI0T0 M3 TOPOJIOB, C YIETOM KIMMATHUECKUX YCIOBUI OHH Pa3IMYHbI U KOJIEOIIOTCS B
TEUYEHUH JIETHUX MECSIIEB B MHTEPBAJIE COOTBETCTBEHHO.

5

4

Yucno chyyaes
[\¥)

0 H |] H H H I I] I HI] H
O N < O 0 O N < WO NN < W O N < WOWOo o & W W O N < W
L W WO O OSSN OROROKRONOOOO O Do OO0 0 0O o o o -
a0 0O O Oy OO OOy Oy O OOy Oy OO O O O O OO O O
™ = o A A A1 A A AN NN AN NN
[oapl

B baky [ LUlekn
Puc. 7. Konuuecmeo crnyyaes 601 scapul, ommedenusix 6 2. baxy u [llexu

VY4uThIBas MHEPIUOHHOCTH KITMMaTa MOYKHO BBIIBUHYTH TPEINOJIOKECHUE, YTO U B OYIyIIEM B
A3sepOaiikaHe TeHICHIIHS TOBTOPSIEMOCTH BBIIIEPACCMOTPEHHBIX DKCTPEMYMOB OyJIET COXPaHSITHCS.

3akiiioueHue. YUeHbIe ICNalOT BAXKHBIA BBIBOJI 00 MHEPIIMOHHOCTH U3MEHEHUH KIIMMaTa U X
HeoOpatumoctH. K 2030 rogy B MEUpoBOM MacmTabe 0KHIAeTCsl pOCT TOPOACKOTO HACENCHHS B TPU
paza. DToT (QakT UMeeT MpsSMOe OTHOIICHHE K M3MEHEHHWIO KIMMarta, MOCKOIbKY UMEHHO Topoja
OTBETCTBEHHHI 3a TOTpebieHne okono 70 % MHpOBOI SHEPTHU M TaKOe Ke KOIMYECTBO BBHIOPOCOB
CO,, cBszaHHBIX C JHepreTukol. VMccinemoBanuss B 00JacTH KIMMaTa B YCIOBHSX €ro M3MEHEHUS
SIBIISICTCSl Ba)KHOW COCTaBIISIIOIICH HAyYHO — WH(OPMAIMOHHOW 0a3bl Ui TPUHSTHS TOJIHTHKO -
SKOHOMMYECKMX PpEIIEHUH 110 Pa3BUTHI0 PEruoHOB. IIpHHATHE TakWX pElIeHUH BKIIOYAET
paccCMOTpEHHE pa3IUYHBIX BapUaHTOB CMATYEHHS HM3MEHEHHS KiIuMaTa WM BapHaHTOB
MPHUCIIOCOONICHUS K HEMY IyTeM JIMOO YCIIENIHOTO COCYIIECTBOBAHHSA C HUM, JTHOO CMSTUCHHS €ro
OTPUIATENBHBIX MMOCIE/ICTBHM, TMOO MCIIONB30BaHUS €T0 MPOrHO3UPYEMBIX BO3/ICHCTBUN. YUnThIBAS,
YTO BO3JEHCTBUS KIMMaTa MOT'YT HOCUTh KOMIUIEKCHBIN XapakTep (HarpuMmep, Ha COCTOSHHE BOAHBIX
pecypcoB, Ha POCT M pa3BUTHE PACTCHUH, HA SKOHOMHKY, Ha COIHMalbHYIO c(epy), MpoBeacHUE
KJINMATHYECKUX UCCIIEIOBAHNUI U aHAJIN3 UX PE3YJIbTATOB JAET BO3MOXKXHOCTb B OIIPEIEIICHUU CTENEHU
Halled ysA3BMMOCTH, a TakKKe SBJISIETCS HAy4YHOM OCHOBOW [HJi ONpENeNeHUs] U OLEHKH psiaa
BO3MOXKHBIX ~BapHaHTOB aJalTalMd, 4YTO B JalbHEHIIEM MOXET TIOMOYb B BBIPA0OTKE
cOaTaHCUPOBaHHBIX MEpP PearupoBaHHS.
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Abstract. The perspective of bioindicative methods of studying the green plantations living
conditions of inhabited territories is analyzed, which makes it possible to identify valuable species-
indicators of a specific ecological situation and types of remediants of the environment. Woody plants
that are sensitive to the complex influence of environmental factors are expedient to use in greening of
cities recreational zones, and woody plants that are resistant to stressful growing conditions can be
used in landscaping of areas near transport highways and industrial sites.

The most informative bioindicative parameters of woody plants living condition at all levels of
the biosystem organization are singled out. Physiological and biochemical studies of phyto objects are
carried out at the molecular and cellular levels, cumulative — at the tissue level, morphological — at
the organ, organism and population-species level.

The modern methods of protecting green plantations from unfavorable environmental factors
are systematized. The most expedient is the combination of all methods of care for tree plants in a
single system of integrated protection, which will allow to timely identify and eliminate the causes of
deterioration of the functional state of urban phytocoenoses.

Keywords: bioindication, green plantings, phyto-protection methods, ecological factors,
environment.

Introduction. Green plantations play an extremely important role in urban ecosystems, which
is due to their environment-specific function. Being in an urbanized environment, green plantations
are the primary recipients of the ecological factors and react with a number of adaptive or destructive
changes [3, 4]. The nature of these changes can be judged on the ecological state of the environment,
the level of adaptive capacity of the plant to adverse growth conditions [8]. In this regard, it is possible
to draw conclusions about the use of woody plants as bioindicators or phytodesigners of the
environment. At the same time, there is a need to protect plantings from adverse environmental factors
of biotic, abiotic and anthropogenic origin. Therefore, the actual task of ecology is the development
and implementation of effective care methods of phytocenoses of urbanized ecosystems in order to
maintain the phytomelioration and decorative role of plants.

Research results. Environmental monitoring as a way to determine the state of the
environment involves the use of analytical methods for the study of abiotic components of ecosystems
and methods of biomonitoring. Biological monitoring methods are priorities in the bioecological
direction, since they allow simultaneously to study the vitality of plants in specific growth conditions
and to assess the ecological situation of the research area. The most promising direction of
biomonitoring is the biological indication that allows us to assess the ecological situation of a certain
area with the help of living organisms [9].

Bioindicative studies of woody plants included in the greening complexes of inhabited areas
are very informative and are carried out at all levels of the biosystem hierarchy: from molecular to
population-specific [5, 7]. The most promising markers of plants that grow in conditions of
anthropogenic influence are physiological and biochemical, which characterize the intensity and
correlation of assimilation and dissimilation processes of the organism. These processes can be traced
to the molecular level of the biosystem organization, which is the basis for the appearance of certain
visible features and properties of the organism. The content of photosynthetic pigments,
macrometabolic composition of leaves, enzymatic activity and buffer capacity of the internal
environment of leaves are the most sensitive parameters to stressful environmental effects. Plant
species that are perspective in the bioindicative relation, react to adverse conditions of growth by
decreasing assimilation processes, increasing catabolism and lowering the buffering stability of cells.
However, each species is characterized by an individual rate of reaction, the ability to withstand
fluctuations of environmental factors. Adaptive features of plants are of a special interest of scientists,
since they provide an opportunity to discover molecular mechanisms of protection and stress control.
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In particular, it is known that in response to environmental pollution, the adaptive reaction of plants is
the synthesis of tread protein compounds and lipids. The main enzymes of antioxidant plant protection
are superoxide dismutase, catalase, peroxidase, glutathione reductase, whose activity increases directly
in proportion to the intensity of the unfavorable environmental factors [12].

At the cellular level of the biosystem hierarchy, the most informative indicators of the plant
life state are the presence of chromosomal aberrations in cells and the fertility of male gametophytes.

The cumulative properties of green plantations determine the suitability of plants for selective
or complete absorbtion of the pollutants from the abiotic environment and accumulation or their
detoxifycation in plants tissues. Depending on this, the types of indicators, eliminators and
accumulators of toxicants are distinguished. The content of ash elements in plant organs is an
indication of the environmental pollution by heavy metals and an indicator of the presence in the
plants of mechanisms for counteracting the ingestion of pollutants in the body [1].

The type and degree of necrotic lesions of leaves, the coefficient of asymmetry and the area of
leaves, the mass of vegetative and generative organs are the indicators used in morphological
phytodynamics, and are characterized by relative simplicity and informativeness. Growth and development
of plants are classical indicators of the favorable environment of these organisms. At the level of the
organism, promising indicators of the functional state of plants are the level of defoliation and
dehromatation of the crown, the presence of pests and diseases of plants. Also, the ecological situation of a
certain city area reflects the phenological characteristics of individuals of a certain species. The clear
consistency of phenological phases, their duration and sequence is a reflection of the functional state of the
plant and the environmental favourability for the successful vitality of organisms.

Population-specific level of biosystem organization involves analysis of the dominant plant
life strategy in specific growth conditions. Such studies are convenient and appropriate for herbaceous
plants of natural and anthropogenically transformed areas or for woody plants of natural ecosystems.
This is due to the lack of the natural environment and the conditions for generative reproduction of
woody plants that grow in populated areas. This explains the priority of growth processes and the
accumulation of trees biomass in urban environments [6].

In analyzing the resistance of plants that are part of the greening complexes of urban areas,
there is a need to protect sensitive species from unfavorable living conditions and maintain a
functional state of resistant species with the aim of improving their phytomelioration function and
extending longevity.

The effective methods of protecting green plantations are: agrotechnical, biological, genetic,
chemical, integrated protection [10].

Agrotechnical method provides the correct, timely and systematic care of established
plantations with the removal in the first place of all patients, infected and weakened trees or their
parts. In order to rejuvenate the plants, to reduce the distance between the root system and the
assimilation apparatus, the development of the prevailing kidneys conducts the trimming of the trees
crown during the period of plants rest [11]. Maintenance of the sanitary condition of the plantations
involves the irrigation of the trees crown with water during the dry period, which prevents the
accumulation of dust on the leaves and the decrease of photosynthetic activity. The agricultural
method also includes the reconstruction of plantations by changing their composition and improving
the soil. Efficient fertilization of soil, drainage, soil washing are necessary for proper growth and
development of plants.

Biological, genetic and chemical methods are aimed at combating pests. The biological
method involves the use of biological control agents after entomophagous pests and is based on the
use of antagonistic interspecies interactions existing in nature. The genetic method is based on the
possibility of changing the genetic structure of the pest by irradiation or chemical treatment of
individuals, which leads to a reduction in the viability of the pest. The chemical method involves the
use of pesticides of organic and inorganic origin, that are toxic to pests. Pesticides are divided
according to the chemical composition, objects of use, the nature of the action and the way of
penetration into the organism of the pest.

Integrated protection is a scientifically sound combination of all the above-mentioned methods
of protecting green plantations in order to maintain their functional state [2].

Conclusions. Bioindicative study of woody plants of urbanized ecosystems is a promising
method of ecological monitoring that allows to determine ecological state of the environment based on
the reactions of phyto objects, to identify resistant and sensitive species, to competently create
complexes of green plantations in different functional zones of urbanized areas. When monitoring the
state of green areas of cities, it is expedient to use a complex of bioindicative research at all levels of
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the biosystem organization from molecular to population-specific, which will enable to identify the
plant life condition, expediency and prospects in the greening of a particular territory.

In order to maintain vitality and phytomeliorative function of plants, timely care is required
for them. Application of the integrated method of tree plants protection, combining agrotechnical,
biological, genetic and chemical methods, will help to maintain a good functional state of plantings
and prolong their life in urban environment.
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Abstract. The aim of this study is investigation of chemical composition of spent liquors after
peracid delignification of plant waste of agriculture, in particular Brassica napus straw. The
delignification process with peracetic acid was studied. The influence of solid to liquor ratio and
temperature of peracid treatment of straw on the dissolution of the components of raw materials and
efficiency of lignin removal from it, the content of dry residue and ash content was researched. It was
shown that the intensity of oxidation of lignin and low molecular weight polysaccharides during
delignification took place with the increasing both studied parameters of delignification process. The
ways of further effective processing of spent liquors after peracid treatment of Brdssica ndpus straw
are proposed.

Keywords: plant waste, delignification, peracetic, spent liquors, dry residue, ash.

Introduction. The steady growth in demand for various types of pulp and paper products, as
well as the shortage of raw materials for their production, necessitates the use of non-woods for the
production of fiber materials. Different plants were offered to obtain pulp: jute [1], bamboo [2], grass
[3], wheat straw [4], corn stalks [5]. One of the sources of such raw materials can be the straw of
Brdassica napus wich is cultivated for oil-rich seeds. The straw that is not used in agriculture can be
considered as an alternative to wood for the production of pulp and cardboard and paper products [6].

Existing technologies of cellulose production have a negative impact on the environment. In
the sulfate method of pulping, spent liquors, accounting are burned in the process of regeneration of
chemicals, and the environment contaminated with a highly toxic, lethal products such as hydrogen
sulfide, mercaptan, etc. A significant disadvantage of sulfite pulping technology is the lack of
regeneration of chemical reagents and the production of unprocessed lignosulfonates with limited
application as a by-product.

The search for fundamentally new non-waste technologies for the production of pulp is carried
out in various directions, including biological synthesis of cellulose, enzymatic delignification of
wood and solvolytic delignification in organic solvents. The processes of solvent pulping are
characterized by a lower temperature and much shorter time than traditional ones [7]. Solvent
technology allows one to build environmentally friendly plants of small productivity, which are as
close as possible to the sources of raw materials. In the process of pulping spent liquors, which
contains more than half of organic substances of plant material in the modified form, is formed.

The solvolytic methods of delignification make it possible to utilize hemicelluloses and to obtain
reactive lignin from spent liquors with further effective application for different purposes. The use organic
substances of spent liquors can increase not only the economic efficiency of the methods of obtaining pulp,
but also increase the profitability of production in general. At the same time, the problem of environmental
protection can be solved, as the wastes has a minimum content of harmful substances.

The aim of the research work is to investigate chemical composition of spent liquors after peracid
delignification of straw of Brdssica ndpus in different conditions, in particular dry residue and ash.

Experimental. Straw of Brdssica ndpus with the content of cellulose, lignin, pentosans, wax
and resins, ash of 37.7, 26.4, 29.6, 3.6 and 7.2, respectively, was used as a raw material. The
delignification of straw with peracetic acid at different solid to liquor ration (5-9:1) and temperature
(70-90 °C). The concentration of paracetic acid was 10 % and the time of the process was 120 min.
The straw was delignified in water baths using reciprocating refrigerators to prevent the loss of
components of the solution. At the end of pulping, the spent liquor was taken in separate flask for
further analysis.

The analysis of the spent liquors was carried out in accordance with the procedure described in [8].
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Results. To investigate the influence of temperature of the delignification process on the
composition of spent liquor, the pulping of straw was carried out at the 70, 80 and 90 °C. The results
are shown in Fig. 1.
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Fig. 1. Influence of temperature of peracetic delignification of straw on amount of dissolved
components of raw material (a), efficiency of lignin removal from straw (b), dry residue (c) and ash
content (d) of spent liquors

As can be seen from the data, the increase in the temperature from 70 °C to 90 °C leads to a
increase the amount of dissolved substances significantly, while the efficiency of lignin removal
decreases slightly. At the same time, the increase in the temperature from 70 °C to 90 °C leads to an
increase in the dry residue due to the intensification of the process of diffusion from plant material of
different extractive substances, lignin, as well as products of oxidation of polysaccharides, and mineral
substances to the spent liquor. At the same time, the ash content decreases.

An important factor in the process of delignification along with temperature is the ratio of
solid to liquor, which determines the nature of the diffusion processes in plant material during
delignification. To study the influence of such parameter on spent liquor composition, a series of
Brassica napus straw pulping was done with a solution of peracid of 10.0 % at 90 °C, during 120 min.
As can be seen from the data in Table 1, pulping at 5:1 solid to liquor ratio allows one to get lower
amount of dissolved components of raw material and get spent liquor with low content of dry residue
as a result of incomplete delignification of straw. Diffusion restrictions on the transfer of oxidative
reagents from the pulping solution to the intercellular space of the raw material lead to inhibition of

48 3(10), Vol.1, March 2018



Science Review ISSN 2544-9346

the processes of oxidation of lignin, complicate the diffusion of the fragments of oxidized lignin from
straw to the spent liquor.

The increase in the value of the solid to liquor ratio to 9:1 contributes to reducing the diffusion
limitations of the process of transition of delignification products to the pulping solution, Under these
conditions, the dry residue content of the spent liquor is significant, which is obviously the result of
the transition to a solution not only of products of the oxidation of lignin, but also of a significant part
of low molecular weight polysaccharides.

Ash of spent liquor is represented by mineral substances of plant raw material and with the
increase of dry residue of the spent solution, the ash decreases.

Table 1. Influence of the solid to liquor ratio on dry residue and ash content of spent liquors

Solid to liquor Amount of dissolved Efficiency of Dry residue,

ratio components, % from raw material | lignin removal, % kg/m® Ash, %
5:1 46.1 89.4 39.9 14.5
7:1 52.8 93.6 43.2 8.2
9:1 60.3 96.6 55.1 3.9

Obtained spent liquor can be used for further processing, for example, with the application of
evaporation. The regenerated distillate can be returned to the delignification process, and from the
cubic remnant can be used for precipitation of a low molecular weight lignin, which can be used in the
production of phenol-formaldehyde resins, for chemical processing into phenolic products, also as a
filler of plastic, linoleum, for reducing the viscosity of drilling fluids and in other directions.

The other way for spent liquor effective utilization is its application in pulping process (up to
60 %) together with the fresh peracetic acid solution.

Conclusions. The influence of technological parameters of the delignification process (solid to
liquor ratio and temperature) Brassica ndpus straw on the characteristics of the spent liquors were
investigated.

It was established that increase in solid to liquor ratio and temperature of the leads to increase
in dry residue content due to the intensification of the process of diffusion from plant material of
different extractive substances, lignin, as well as products of oxidation of polysaccharides, and mineral
substances to the spent liquor.
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Abstract. The article provides ecological and agrochemical assessment of soil of Bereznivskyi
region Rivne Area. It is established that prolonged heavy use of soil area resulted in a decrease of
humus content in soils major area by 0.06 %, phosphorus - 2.2 mg/kg, potassium - 2.7 mg/kg of soil,
compared with the previous round of the survey. The lead content in soils of the area ranges from
0.1 to 24.1 mg/kg, of cadmium - 0,01-1,93 mg / kg, zinc - 0,2-36,2 mg/kg, of copper - 0.1-17.7 mg/kg,
of mercury - 0,03-0,08 mg/kg.

Keywords: agroecological state, soil, humus, phosphorus, potassium, cadmium, zinc, copper,
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Formulation of the problem. The problem of the protection and rational use of land, in our
time, is extremely relevant, both in our country and around the world.

Constantly growing negative impact of human activity often leads to catastrophic state of the
environment, which is determined primarily by the destruction and even rupture of constant
interrelation in living ecosystems [1, 2].

Modern environmental and economic conditions, the energy crisis, obsolete and physically
destroyed farm equipment, lack of organic fertilizers, intensive plowing of sloping land led to
disruption of farming systems, increased degradation processes, soil erosion and run-off, the acidity,
weed-infested and so on. In pursuit of high yields, the soil began to plow deeper and more often, being
poured with huge amounts of fertilizers and pesticides. As a result, huge areas lost the ability to absorb
and hold water, their structure degraded, soils became saturated with harmful chemicals [3].

Due to the extensive development of agriculture and forestry, inefficient maintenance reserve and
other nature protection, area ratio of arable land disrupted natural grasslands forest and water resources and
as a result - an intensive development of erosion, compaction arable soil, reducing its fertility.

Therefore, the rational use of land in agricultural development and effective application of
complex measures of control and soil fertility management are not possible without understanding
their actual agroecological conditions. So we are talking about a qualitative assessment of the soil at
this level when you take into account not only productivity, but also contamination, heavy metals,
pesticides and other toxicants [5].

In recent years, there are significant adverse changes in the quality of soil due to increased intensity
of the impact of anthropogenic and technogenic factors on land resources. Unbalanced load on all
categories of land has reached a level at which catastrophic consequences not only for the whole system of
nature, but also for the social sector in general are possible. According to statistics, there was the tendency
of worsening the quality of the fertility of land. Of particular concern is the rise in recent years of
technological processes and violations of water pollution and chemical indicators of soil quality [6, 7].

Analysis of recent research. Under current conditions, reliable means of restoring sustainable
agro-ecosystems functioning of Polissia area is the greening of agricultural production. In this
connection it is necessary to forecast agroecological situation, improving the management of fertility
and productivity of agrocenoses in specific soil and climatic and economic conditions, on the basis of
a detailed assessment of agroecological soil conditions in the region.

In agricultural ecosystems, ecological balance between synthesis and decomposition of
organic matter, which led to the deterioration of nutrient, water, air and other modes of soils is
deteriorated. The greatest danger for soil cover of Polissia are the processes of dehumification and
decalcification, the intensity of which is increasing annually.
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The impact of anthropogenic factors on physical - chemical, agrochemical and agrophysical
degradation of soil Woodlands of Ukraine is studied by many scientists: V. A. Kovda, Yu. A. Zlobyn,
B. M. Mirkin, G. A. Bulatkyn, V. V. Laryonov, V. V. Lisovyi, V.. Kisel, V.V. Medvedev,
R. S. Truskavets and others, but now it is still important and urgent.

Materials and methods of research. Comprehensive assessment of the state of agroecological
farming of arable land is based on the analysis and synthesis of source materials, statistical data and soil-
agrochemical, ecotoxicological monitoring using evidence-based criteria, standards, regulations.

Assessment of climatic conditions performed according to years of systematic observations of
Rivne Hydrometeocentre, agro-climatic handbooks and technical report on the comprehensive
updating soil map area.

Data processing of agrochemical certification of agricultural land of Bereznivskiy region, held
in 2009, by "Oblderzhrodyuchist."

The selection of soil samples was carried out to a depth of 0 - 20 sm.

Laboratory analytical tests to determine the agrochemical properties of soils were conducted by
conventional methods: humus by Turina (GOST 26213-91), pH - potentiometrically (GOST 26483-85),
mobile phosphorus - by Kirsanovs (GOST 26207-84) and modified by Machyhina (ISO 4114-2002); heavy
metals in soil were determined at atomic adsorption spectrometer P-115 by the ZINAO method.

Mathematical statistical analysis and results analysis were carried on "Excel" at PC [4].

Results. The reaction of soil solution plays an important role in the development of plants and soil
microorganisms, affects the speed and direction of motion in its chemical and biochemical processes. The
acquisition of plants batteries, the intensity of microbial activity, mineralization of organic matter, soil
degradation and dissolution of minerals of various soluble compounds, coagulation and peptization of
colloids and other physical and chemical processes, determine the response of soil.

Acidic reaction of soil among the adverse environmental factors, hindering the growth and
development of most crop species. Acid reaction is the characteristic of sod-podzolic and bog soils,
neutral — of black. All crops are differently related to the degree of acidity of the soil, as a culture has a
pH range at which it grows well and develops.

In total surveyed area of acid soils, as shown in Table 1, with pH < 5,5 there 15,999.9 ha
(74.5 %) of them are strongly acidic (rN<4,5) - 5400.5 ha (25.1 %), moderately acidic (pH 4,6-5,0) -
6023.8 ha (28.0 %), slightly acidic (pH 5,1-5,5) - 4575.6 hectares (21, 3 %). Area of soils that have
reaction medium is neutral (pH 5,6-6,0) is 3232.4 hectares (15.0 %). Total area of neutral soil pH of
6,1-7,0 is 2271.4 hectares (10.5 %).

Table 1. Description of land farms of Bereznivskiy region in terms of pH

Area of soil by reaction environment
S Very acidic Acidic Med1gm We_akly Close to Neutral
urveyed 245 41-45 acidic acidic neutral 6.1-7.0
area, ’ o 4,6-5,0 5,1-5,5 5,6-6,0 o
thousand ha | Thou- Thou- Thou- Thou- Thou- Thou-
sand | % | sand % sand % sand % sand % sand %
ha ha ha ha ha ha
21,50 1,09 | 5,1 | 431 |20,0| 6,02 | 28,0 4,58 |21,3| 3,23 | 150 2,27 | 10,5

Because of harmful impact on the soil, anthropogenic and abiotic factors, technological use of
soil in large parts of Ukraine lost 10-25 % of organic matter, virtually all the arable land in the subsoil
layer of compacted, significantly reduced inventories of nutrient forms of phosphorus and potassium.
Reduced calcium content in acid soils and thus extends unstructuring, crust formation, overcompaction
of topsoil and, consequently, reduced productivity of agricultural crops.

If the trend remains the same, in the nearest future Ukraine may be on the verge of starvation
humus - a major environmental disaster. And then there is no land treatment, reclamation,
environmental, organizational and economic measures that can recover potential crop land.

If not to compensate ground that what is taken, it violates the basic law of agriculture - the law
of return.
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Table 2. Agrochemical characteristics of land by humus content, mobile phosphorus and
exchange potassium preliminary rounds and final examination

Name of The humus content, % | Phosphorus content, mg/kg of soil Potassium, mg / kg of soil
administrative- preliminary | lastround | preliminary round lastround | preliminary | lastround
territorial unity round round

Bereznivskiy region 1,76 1,70 78,2 76,0 51,7 49,0
By area 1,97 1,92 116,3 166,0 69,4 67,3

When comparing the two rounds of inspections (tab. 2), the main agrochemical indices of soil
Bereznivskyi region decreased: humus by 0.06 %, phosphorus - 2.2 mg/kg, potassium - 2.7 mg/kg of soil.

If the trend remains the same, in the nearest future Ukrainian soils, as well as Bereznivskyi region
may be on the verge of a major environmental disaster. And then there are no land treatment, reclamation,
environmental, organizational and economic measures that can recover potential crop of land.

The current status of the soil depends on many diverse factors. The development of industrial
production, transport, agriculture and municipal biosphere pollution causes various man-made
compounds. A significant amount of pollutants is emitted, ultimately entering the soil, that
accumulates to a much greater extent than the atmosphere and water sources. This is due to the fact
that most of all the processes of mineralization of organic residues and metabolism between the Earth's
crust, hydrosphere, atmosphere and living organisms are held in the soil.

In the study area (Table. 3) in 2011, an increase of pollutant emissions was seen, if compared
to 2009. However, emissions in the region decreased.

The density of emissions from stationary sources of pollution per kilometer square area was
152 kg to 130.9 kg in 2009, the per capita population 4.2 and 3.6 kilograms respectively.

Table 3. Emissions of pollutants into the atmosphere from stationary sources of pollution

The volume of total The density of the P o K
Administrative unit emissions, t. emission kg / km? er capita, kg
2009 2011 2009 2011 2009 2011
By area 16210,0 9971,5 808,4 4973 14,1 8,7
Bereznivskyi region 223,7 260 130,9 152 3,6 4,2

Intensive industrialization in Ukraine, led to a problem of technogenic pollution of soils with
heavy metals, including also Polissia region.

Analyzing the level of soil contamination with heavy metals (tab. 4-8), it should be noted that
99,3-100 % of surveyed soils content to 0.5 MAC.

Lead content (tab. 4) in the soils of the area ranges from 0.1 to 24.1 mg / kg, of cadmium -
0,01-1,93 mg/kg, zinc - 0,2-36,2 mg/kg, copper - 0,1-17,7 mg/kg, of mercury - 0,03-0,08 mg/kg. Soil
contamination by heavy metals of MPC was not found. Tables 4-8 show the distribution area for the
content of heavy metals in soils of the study area.

Table 4. Distribution of the surveyed areas of Bereznivskiy region farmland for lead content

Surveyed area Distribution of the levels of pollution, thous. ha
thous. ha > | Upto5,0 5,1-10,0 10,1-15,0 15,1-20,0 20,1-25,0 More than
) mg/kg mg/kg mg/kg mg/kg mg/kg 25,0 mg/kg
10,598 6,003 4,145 0,372 - 0,078 -

In the area of soils of 6.003 thousand ha, a low level of lead is observed. In this area its
concentration is up to 5.0 mg / kg of soil. Only 78 ha of its concentration reaches more than 20.1 mg / kg.

Table 5. Distribution of the surveyed areas of Bereznivskiy region farmland for cadmium content

Distribution of the levels of pollution, thous. ha

S“rtzzzdgea’ Up 00,20 | 0,21-0,50 0,51-1,0 1,01-1,50 1,51-2,0 | More than 2,0
) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
10,598 7,524 2,665 0,409 - - -
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Minor content of cadmium (0.2 mg / kg) was observed at 7.524 thousand ha, and high (0,51-1,0 mg/kg)
- only at 409 ha of (tab. 5).

Table 6. Distribution of the surveyed areas of Bereznivskiy region farmland for copper content

Surveyed area Distribution of the levels of pollution, thous. ha
thous. ha ’ Upto 7,0 7,1-14,0 14,1-21,0 21,1-28,0 28,1-35,0 More than
) mg/kg mg/kg mg/kg mg/kg mg/kg 35,0 mg/kg
10,598 10,284 0,314 - - - -

In the area of soils of 10.284 ha low copper content is observed, its concentration reaches
7 mg / kg. Soils with high concentration (7,1-14mh / kg) occupy only 314 ha of ground (tab. 6).

Table 7. Distribution of the surveyed areas of Bereznivskiy region farmland for zinc content

Distribution of the levels of pollution, thous. ha
Up to 16,0 16,1-20,0 20,1-40,0 40,1-60,0 | 60,1-80,0 | More than
mg/kg mg/kg mg/kg mg/kg mg/kg 80,0 mg/kg
10,598 9,993 0,162 0,443 - - -

Surveyed area,
thous. ha

Minor zinc content (up to 16.0 mg / kg) was found in the soil at area of 9,993 ha, higher
concentrations (20,1-40,0 mg / kg) on area of 443 ha (tab. 7).

Table 8. Distribution of the surveyed areas of Bereznivskiy region farmland for mercury

Surveyed Distribution of the levels of pollution, thous. ha
area, thous. Up to 0,10 0,11-0,20 0,21-0,50 0,51-1,00 1,01-1,50 More than
ha mg/kg mg/kg mg/kg mg/kg mg/kg 1,50 mg/kg
5,607 5,607 - - - - -

In soils of the area low level of mercury is detected. In the area of 5.607 ha surveyed its
concentration reaches 0,10 mg/kg (Table. 8).

To increase the fertility of sod-podzolic soils one should carry out activities such as fertilizing,
liming, the gradual deepening of the topsoil, planting lupine fertilizer. Particularly problematic
introduction of phosphate fertilizers. We recommend using phosphate flour, making local practice
phosphate fertilizers. In light soils should be used as organic fertilizer and potash, very effective green
manure, crop perennial grasses. Among organic fertilizers the preference should be given to peat
compost manure.

The complex measures for culturing leads to the predominance of humic-accumulative
process, improve the quality of humus, increase of NRA.

In sandy loam and sod-podzolic loamy soils it is needed to add 50-60 t/ha of organic fertilizer
in the fall or during a previous culture. Soluble fertilizers, the active ingredient which is not absorbed
by the soil (especially sodium nitrate, calcium and ammonium) and is easily washed out, should be
added mostly in spring and during the growing season.

Turf loam soils used in field crop rotations and for improving grasslands. They spend flaky
stubble, autumn plowing with a depth of 22 - 25 sm. Adding fertilizers. Need to add pure lime up to
3.5 t/ha and drainage of excess of moisture.

Meadow marsh, mud bog and peat bog soils require radical improvement through the rapid
meadow. Drainage, making lime 4.5 - 5.0 t/ha and active ingredient is needed. To use as grasslands.

In the lowland peatlands drained and poorly decomposed, water regime is needed. Radical
improvements by introducing phosphorus-potassium fertilizer. To use as grasslands.

To restore the fertility of acid soils and getting stable yields of crops, chemical reclamation of
acidic and second acidified soils is recommended. For traditional technologies of amelioration of acid
soils that prevailed in Ukraine during the large-scale reclamation, on slightly acidic soils, add 3.4 tons
of lime per 1 ha and on medium sour - 5.6 t / ha, separately on the soil surface with further plowing.

Conclusions. 1. The soil of Bereznivskiy region is represented mainly by three genetic types - sod
(23772.1 ha or 39.2 %), sod-podzolic (23,029.8 hectares or 36.4 %) and marsh (9693.2 ha or 15.3 %).

2. Agricultural land area is 63,765 hectares, representing 37.2 % of the territory. The structure
of agricultural land into arable land accounts for 36,821 hectares, which is 57.7 %.
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3. The soils have acidic reaction: the area of soils with pH < 5,5 is 15,999.9 hectares or
74.5 %. Area of soils that have reaction close to neutral (pH 5,6-6,0) is 3232.4 hectares (15.0 %). Total
area of neutral soil pH of 6,1-7,0 is 2271.4 hectares (10.5 %).

4. Prolonged intensive use of soil area resulted in a decrease of humus content in soils at major
area by 0.06 %, phosphorus - 2.2 mg/kg, potassium - 2.7 mg/kg of soil, compared with the previous
round of the survey.

5. The lead content in the soils of the area ranges from 0.1 to 24.1 mg / kg, of cadmium - 0,01-
1,93 mg/kg, zinc - 0,2-36,2 mg/kg, of copper - 0, 1-17,7 mg/kg, of mercury - 0,03-0,08 mg/kg.

Conducted environmental and agrochemical assessment of soil will be used to identify crises
in agricultural land use; monitoring and predicting changes in the functioning of agricultural
landscapes; expert decision-making that will be the basis for developing operational programs and
long-term measures to improve the agro-ecological condition of agricultural land.

REFERENCES

1. Matviichuk, B. V., Dovbysh, L. L. & Matviichuk, N. H. (2012). Dynamika
ahrokhimichnykh pokaznykiv gruntu zalezhno vid system udobrennia zhyta ozymoho v umovakh
Polissia. Ahropromyslove vyrobnytstvo Polissia, 2012, Spetsvyp : Materialy konf. molodykh
vchenykh «Naukovi zdobutky molodi — vyrishenniu problem APK», 117-121.

2. Zhuravel, S. V., Matviichuk, B. V. & Matviichuk, N. H. (2011). Osoblyvosti orhanichnoho
zemlerobstva na Polissi. Zbirnyk naukovykh prats Natsionalnoho naukovoho tsentru «Instytut
zemlerobstva NAAN», 2011, 1-2, 86-94.

3. Berestetskiy, O. A., Voznyakovskaya, Yu. M. & Dorosinskiy, L. M. (1984).
Biologicheskie osnovy plodorodiya pochvy. Moscow : Kolos.

4. Dospekhov, B. A. (1985). Metodika polevogo opyta (s osnovami statisticheskoy obrabotki
rezultatov issledovaniy). Moscow : Vysshaya Shkola.

5. Effect of miniral nutrition on wheat powdery mildew development / J. Stojanovic,
S. Stojanovic, R. Ognjanovic, M. Milovanovic. 1994. Vol. 31, Ne 7-10. P. 279-281.

6. Effect of miniral nutrition on wheat powdery mildew development / J. Stojanovic,
S. Stojanovic, R. Ognjanovic, M. Milovanovic. 1994. Vol. 31, Ne 7-10. P. 279-281.

7. Chriatesten L. A. Conservation tillage use. Magleby Journal of soil and water conservation.
1983. Vol. 38, Ne 3. P. 156-157.

54 3(10), Vol.1, March 2018



Science Review ISSN 2544-9346

T'PAHYJOMETPUUYECKHNH COCTAB
PEKYJbTUBUPOBAHHBIX TEXHOI'PYHTOB HA
TEPPUTOPUU BbIBIHINX AMBAPOB MECTOPOKIEHUSA
KAPA APHA PECITYBJIMKHU KA3AXCTAH

K. ¢. —x. H. /lemeyos C. H.,
K. 0. n. /locoepzenoe C. H.

Kazaxcman, Animamot, Kazaxckuit HayuHo-ucci1ed008amenbCKuili UHCIUMYH HOY608€0eH U
u azpoxumuu um. Y. Y. Ycnanosa

Abstract. The article discusses the change of the content of granulometric composition of
reclaimed technoground barns. Conducted reclaimed work influenced on content tehnoground, by
changing the ratio of physical clay to a group of physical sand. Than narrowly these ratios, so higher
the content of physical clay in the profile tehnoground, but reduced coefficient of silty. The results of
the analyses of the granulometric composition shows that the content of physical clay increases.

Keywords: silty fraction, physical sand, physical clay, the coefficient of silty, the horizon.

BBenenue. Ilog rpanyisomerpudeckuMm (WJIM MEXaHMYECKHMM) COCTaBOM TIOYBBI MBI
MMOHMMAaHHEM OTHOCHTEIBFHOE COJepKaHKe B HeW YacTHUIl pa3HOI BETHMYMHBI: KAMHEH, MecKa, MbUIH U
IMHBL. Pa3Mepsl OT/eNbHBIX 3epeH MEepBUYHBIX MHUHEpasoB Jiexat B npenenax or 1,00 mo 0,01 mwm,
XOTSl BECbMa 4acTo JUaMEeTp HEKOTOPBIX 3€peH KBapla, MOJEBHIX MINAaTOB M IPYTHX MHUHEPAJIOB
npeBbiaeT 1MM. Pazmepsl yacTHIl pa3MUYHbIX CIIOANCTBHIX MHUHEPAJIOB (CepHUIINTa, THIPOCIION U Ap.)
00bryHO Kosedaercs ot 0,01 o 0,001 mm. Haubonee pacnpocrpaHEéHHbIC TIIMHUCTBIC MHHEPAJIBI CIIle
Oonee mucriepcHble, pazmepsl ux vactui — 0,005-0,0001 mm. 1 HakoHel B MOYBax MPHUCYTCTBYET
KOJIJIOUTHO-AMCIIEPCHBIE BEIIECTBA, TMaMETP YaCTHIl KOTOpOoro oobrdHo Menbie 0,0001 mwm.

[Ipeobmaganre yacTuI] TOrO WJIM MHOTO pa3Mepa B MOYBOOOPA3YIOMIMX MOPOAAaX M MOYBAX
omnpeseNsieT B 3HAUUTENLHONH Mepe MHOrHe (pu3uyeckre cBOWCTBA MOYBEHHOW Macchl. [IpomeHTHBIE
colaepXaHHe B TIOYBE YACTUI[ pa3IMYHOTO pa3Mepa W HX COOTHOLIEHHE Ha3bIBaercs
TPaHyJIOMETPUUECKUM (U MEXaHUYECKHM) COCTAaBOM TTOYBHI.

Jaist Toro, 4T0OBI MOXKHO OBUIO Pa3liMvaTh MOYBBI PEIIOKEHBI pa3IHyHble KIacCU(PUKAIHH,
OCHOBHBIC Ha COOTHOIICHUH COJICPKAHMS Pa3IMYHbIX TpaHyJoMeTpruueckux ¢paknueii. [lepBas takas
Knaccuukalysi — o4eHb npocras Obuio mpemiokeHa H. M. CubupueBsiM [1]. B ocHOBY ee ObuL1O
MOJIO)KEHO COOTHOIICHHS COACPKAHUS 4YacTull (U3NYeCKOW TIHMHBI M (U3UYECKOro IecKa.
B Hacrosimee Bpems HamOoliee WIMPOKO TIPUMEHSIETCS KiacCU(UKAIMs TPE/UIOKEHHAS —aKall.
B. P. Bunbsimcom [2] u ycoBepmeHncTBoBaHHas npod. H. A. Kaunnckuwm [3].

I'panynoMeTpuyecKuii COCTaB IOYB COCTOMT M3 MEIKUX (paKiud CKICHBAIOLICHCS
OpPTaHUYECKUM BEIIECTBOM TOYBHI.

O6pazoBanue arperatoB u3ydeHo /. I'. Bunenckum [4], KOTOPBIH MPeUIOKEHHsI TEOPUIO €ro
00pa3oBaHUs U MPAKTUYECKOE MPUIIOKEeHHE. MeTo/T aHaTOMUPOBAHHE MTOYBEHHBIX arperaToB U3y4eHO
noxt pykooactesoM U. H. AutunoB — KapaTaeBsim [5].

C. A. BrnanprueHckuii [6] MpUMEHUB MUKPOCKOITMYECKHI METO/I, ONUCANl CTPOSHHE arperaTtos
YEPHO3EMHBIX M KAIlITAHOBBIX IMOYB. MUKpOCKOUUeCcKUM MeTronaoM moib3oBancs /. H. Cunepu [7]
MpH OINKCAaHUM CTPOEHUS OPraHO-MHUHEPATBHBIX COCAMHEHWH, WCKYCCTBEHHO CO3JaHHBIX W U3
muHepanoB u rymatoB. C. H. CenskoB [8] mpu ucciaemoBaHHMM arperatoB mo4ye bapaObl Takke
MPUMEHST MUKPOCKONMMUYECKUI METOJl. ECTECTBEHHO, YTO MOXKHO MOJOWMTH K OMNPENETCHUI0 MPUYNH
CTPYKTYpoOOpa3oBaHUSI a I0YBaX HE TOJBKO CHHTETHYECKUM, - TMPHEMaMH HCKYyCCTBEHHOIO
MonenupoBanus. IlocimemHumM MeTomoM, Kak M3BECTHO, IOAB3YETCSl B CBOMX HCCIEIOBaHUAX
1. B. Bepmmnus u ap. [9], a Taroke oryactu /1. I'. Bunenckwuii [10]. Pazsutue uneit . I'. Bunenckoro
MbI HaxoauM B pabotax M. I'. 'opekosoii [11], H. I1. Konocora [12].

W3zBectHo, uTo B CIIIA B mocienHue rojpl B Ka4eCTBE MOYBEHHBIX CTPYKType-00pa3oBaTeiiei
YCUJIEHHO WCIIBITBIBAJIM pasinuHble monucaxapuasl. Tak, Xenpuk u Mazapu [13], Ammucon [14],
Maptun, Teiinop [15] uzydanu aeiicTBHE B TIOYBY OPTaHUYECKUX COCAMHEHUN THIA TMOIMKPUIIATOB,
aKpWJIATOB, TMONUKPMI-HEHUTpuinoB. Ilpu u3ydeHum reHesuca MOYB M3YYald TPaHyIIOMETPUECKUN
cocraB nouB U. A. Accunr [16] u A. A. Cokomnos u 1ip. [17]

B GonbImMHCTBE CTpaH MHpa B COOTBETCTBUU C MEXK/YHAPOIHBIM COTJIAIICHUEM MPH BBIICICHUH
(dpakuuy JEHCTBYIO CIEAYyIOMAs IIKalla pa3MepoB TPaHyJIOMETPUYECKHX 3JIEMEHTOB: KPYITHO3EM
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(TpaBenMcTast 1 KAMEHHUCTAs YaCTh TIOYBEHHONU MACChl)>2MM, MEIK03eM <2 MM. B Menko3eme BBIACISIOTCS
(pakiuu: necka kpyrHoro u cpeanero — 2,0 -0,2 mm, menkoro — 0,2-0,074 mm, neum — 0,074 — 0,002 MM
rHbl () - <0,002 mM. JIroOble nccienoBaHus B 00JaCTH TIOYBOBE/ICHHS, arPOXUMHUM, SKOJIIOTUH HE
00Xx0auTCst 0€3 U3yUEHHs TPaHyJIOMETPHUYECKOr0 COCTaBa IMOYB.

I'panynomerpuyeckuii cocTaB MOYBbl BaXKHEHIIMI TMOKAa3aTelb MPOU3BOJICTBEHHBIX CBOMCTB
mouBbl U e€ mwiogopoaus. OH OTpakaeT MOYBOOOPA30BATENIbHBIIN MPOIeCcC, MO ISHCTBHEM KOTOPOIO
pa3BUIIaCh MTOYBA.

Heo0xoauMocTh mpoBecHUST JaHHBIX WCCIIEOBAHWIN BhI3BaHA TEM, YTO paHee COJCpKaHHE
IPaHYJIOMETPUYECKOTO COCTaBa TEXHOTPYHTOB PEKYJIGTHBHPOBAHHBIX B pPa3HbIC TOABI y4acTKax
OBIBIIMX aM0apoB HE OIpeNeniiock. [Ipexae Bcero, ¢ TpaHyJIOMETPHYECKUM COCTABOM TECHO
CBsI3aHBl (PU3UYCCKHE, TEXHOJOTHYECKUE, (HU3NKO-XHMHUYECKAE W BOJHBIC CBOWCTBA TEXHOTPYHTOB,
KOTOpBIC B 3HAYMTEILHON Mepe 0OYCIIOBIMBAIOT U OMOIOIMUYECKYIO aKTUBHOCTh T.K. OT HEr0 3aBHUCAT
BCE MPOIIECCHI MPOUCXO/ISIINE B TEXHOTPYHTAX.

[MosTOMYy W3y4eHHUs] TpaHYIOMETPUYECKOTO COCTaBa TEXHOTPYHTOB pAa3IMYHBIX TOJIOB
PEKYJIBTUBAINH SIBIISCTCS AKTYaTbHBIM.

Lenpio mccnemoBaHust SIBISICTCS M3YYCHHsI TPAHYJIOMETPHUECKOrO COCTaBa M MPHYMHBI MX
W3MEHEHUS 110 MPOQUITIO TEXHOTPYHTOB U3y4aeMOoro 00beKTa.

O0BbexThI 1 MeToaAbl. O0BEKTHI CCIICI0OBAHMS SBUJISIACH TTOYBBI M TPYHTHI, 00pa30BaBIIIHECs
B TIPOMBICIIOBBIX YyCIOBUsIX Ha mpennpusatusx AO «Maren Ilerponeym», 3arpsis3HeHHbIE HEe(ThIO,
YCTOWYMBBIMH HE(PTSIHBIMH OMYJIbCHSAMH W HEQTIHBIMH [UIAMaMH. OTO MOJBEprarouencs
PEKYJIBTUBAIIMH TEXHOTPYHTA YYaCTKOB B MecTaX OBIBIIMX amM0apoB JIsl clIiBa OypOBBIX PACTBOPOB U
HeTSAHOW dMYJBCHU, OUUIICHHBIE [[EOTUTHO-MHKPOOHOIornaeckuM Merogom B 2011-2014 ronax Ha
MecTopokaennu Kapaapha.

Brnepssie B 2011 rogy Ha Tepputopun mectopoxaenus KapaapHa Ha 3aMa3ydyeHHOM ydacTKe
noapsimunkamu TOO «Taza Cy» Oblla MpUMEHEHa TEXHOJOTHS OYHCTKH TIOYBOTPYHTA COTJIACHO
matenty Nel7975 ot 15.11.2006 r, TOO «Taza Cy» [19]. ®opmyna IpUMEHEHHOTO CITOCO0a OYHCTKH
MOYB W TPYHTOB OT HedTe3arpsA3HeHWH 3akiiodanach B cCiedyionieM: oOpaboTka 3arps3HEHHOTO
OHUONIEKCTPYKTYPOMHE(TSIHBIX YTIEBOIOPOJIOB, BHECEHUE Pa3PHIXIISIONIETO areHTa OCHOBE HaBO3a U
BBeZieHHE a30T U (hochopcopepikaluXx MUHEPAIbHBIX T00aBOK, Jajiee MOCICAYIONIee YBIAKHEHUE U
¢pesepoBanue. OTmedaercs TEM, 4YTO B KauyecTBE OMOAECTPYKTypa HCIOIb30BAIM OHOMAcCCy,
MPEACTABISIONIYI0 CcOOOW KOMIUIEKC TPHPOJHOTO IEONHTAa C BHEAPEHHBIMH B CTPYKTYpPY
HeTEOKHCISIIOIMMHE MHUKpooprann3MaMu Pseudomonassp., nwim Rhodoccussp. (11 T Gromaccsr Ha
1 ra). B xauecTBe MHHEpAIBHBIX J00ABOK HCIIOIH30BAM MHUHEPAIBHYIO CEIUTPY M HHTpOaMModoc,
KOTOphIe BBOIWIM TociemoBaTensHo mo 0,375, ma 1 ra, a B KauecTBE pa3phIXJIIONICTO arcHTa
WCIIOJIB30BAJIM HAaBO3 B KoiudecTBe 13 T Ha 1 ra.

[Mpumenennblii cnocod ommcan Takke B mareHte 2015 roma «Croco0 Omonormyeckoit
PEKYJIBTUBAIMH TIOYBBI, 3arpsi3HEHHON HedThio B HedTenpoaykTamiy». CoriacHo 3TOH MpUMEHEHHON
TEXHOJIOTUU TIPUPEKYIbTUBAUA HEe(PTEXUMHUSCKHH 3arps3HEHHBIX MOYBOIPYHTOB TNPHUMEHSUINCH
CJICIYIONIKE A03bI IPenapaToB: HENouT 5-7,5 1/ra; Ouonpenapat «bakoun» -75 kr/ra; HOUTpoaMMo(hoc
— 180 kr/ra [20]. Y4acTKu MECTOPOXKICHHI OUMIIAINCH 110 JaHHOW TexHojoruu B 2011-2014 rogax.

Bruomacca mpencraBusromas KOMIUIEKC TPUPOIHBIX IICOJUTOB C HEPTCOKUCISIONIMMHU
MHUKPOOPTraHU3MaMH, YCKOpSIET MHKPOOHMOJIOTHYECKYIO JIECTPYKIHIO YIJIEBOAOPONOB HehTH U
obecnieunBaeT 3G (HEKTUBHYIO Jerpajalfio CIOKHBIX HEPTSIHBIX YIICBOJOPOIOB U JOCTUYDL BBICOKOM
OYHCTKH TIOYBHI OT 3arps3HEHUI.

3a BpeMs TOJEBBIX OKCIECAWIIMOHHBIX paboT Ha TEPPUTOPHH MECTOPOXKICHUS OBLIH
MPOBENICHBI TOYBECHHBIC HAyYHBIC WCCIEAOBAHUA TI0 WM3YYCHUIO DKOJIOTHYECKOTO0 COCTOSHUS
3aMa3yueHHbIX TPYHTOB B YCIOBUSAX HedTsHoro 3arpssHenus. B 2016 romy ObUIO 3allokeHO
14 mouBeHHBIX pa3pe30B Ha pekyabTUBHpOoBaHHBIX B 2011-2014 rogax ywactkax. 3ajoeH OIUH C
LIEJTMHHBIN KOHTPOJIBHBIN pas3pes.

[TouBeHHBIE pa3pe3bl ObLTM W3YYEHBI M OMUCAHBI 110 MOPQPOIOTHYECKUM XapaKTEPUCTHKAM,
paszjeneHbl Ha TEHETHYeCKHe Topu3oHTHL. [Ipoba orOMpanuch W3 TEHETHYECKHX T'OPHU30HTOB.
CyIecTBYIOT pasiryHble METOJbI TPAHYJIOMETPHYECKOr0 aHalu3a pBIXJIBIX OTIOKEHWH W IOYB,
MpHYEM TIOCKOJBKY B COCTaB TIOYB MOTYT BXOJHMT W KpYIHBICE M MEJKHE YaCTHUIIBI, CIOCOOBI HX
pas3zencHusl HeCKOIbKO Pa3INIHBL

[TpumenstoTCS 1Ba METOa pa3AeieHUs] MEXaHUYECKUX (PpaKInu:

a) wmeroj orMmauuBaHus Qpakinun CabaHMHA, TPUMEHSIONICHCS OOBIYHO Ui aHAIW3a
MeCYaHbIX MOPOJI U MOYB, U BBIICIICHUS OTACIBHBIX (ppakiuid st JadbHEHIIIEro MHHEPaIOrndeckoro
Y XUMHYecKoro aHanuza[21];
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0) wmerox mnunerkd Moaudukammu KaduHCKOro, HCIONB3YyeMOW i IO0YB OOraThix
MbIJICBATBIMA W WJIOBATBIMH YacTUIAMU. B HacTosiiee BpeMsl UCIONb3yeTcsi 0oiee COBEpIICHHbIE
METO/IbI OTpeleNieHHs TPAaHYIIOMETPUYECKOTO COCTaBa, HAPUMeEp, JIa3epHbIC aHATN3aTOPhl Pa3MepOB
gactull. Mbl ompenenseM (pakiuu MUIETOYHBIM MeToqoM B Moaudukanuu H. A. Kaumnckoro
OCHOBaHHBIM Ha COOTHOIIICHHH KOJMYECTBa (PM3UUECKOr0o TMecka v (PU3NIECKOH TIMHBI B ouBe [22].
Ota knaccuuKaIys Moiay4nia B HacTosIIee BpeMst mupokoe pacrnpoctpanenus B CHI.

Pesynbratel m ux obcyxaenue. IloBepxHocth IIpmkacnuiickoi HH3MEHHOCTH ClararoT
JUTONIOTHYECKHI Pa3HOOOpa3Hbie, TIIaBHBIM 00pa3oM, O03EPHO-MOPCKHE 3aCOJICHHBIC OTIIOXKCHUS,
KOTOpbIe OBUIM HEOJHOKPATHO TEPEKPHITHI W Tepe OTIOKEHBI B pe3yNbTaTe aJUTFOBHATBHBIX
MPOIIECCOB, MPOTEKAONMMX CTAJUHHO B TEPHOJIBI PErpecCHM  XBalBIHCKOTO W YacCTUYHO
MOCIEXBAIBIHCKOTO  MOped. OTH OTJIOKEHUST M CIOy)Xar Hauboiee pacrnpoCTpaHEHHBIMU
MTOYBOOOPA3YIONIMMH W TIOACTUIAOIIUMHU TopoaaMu [Ipukacnuiickoii HensMeHHOCTH. CII0KEHbBI OHU
pa3HOOOpa3HBIMU, OOBIYHO CIIOMCTBIMH TIOCJIEXBAJBIHCKUMH OTJIOKCHUSMH, OT IECYaHbIX [0
TITMHACTBIX. [10 COOTHOIIGHHIO TpaHyJIOMETpHUECKHX (paKIMK B MEIKO3eMe, HccielyeMble TTOUBHI,
KOTOpbIC Pa3BHBAINCH HA CIOMCTBIX TOCIEXBAIMHCKMX OTJIOKEHHSIX, OTHOCATCS K KaTeropuu
JIETKOCYTTMHUCTRIX (Tabmuia 1). Conepxanue GU3MUSCKON TJIMHBI B pacuere OECCOJIEBYI0 HaBECKY B
BEPXHUX FOPU30HTAX Bappupyer ot 12 1o 48 %.

Bo Bcex ciyuasix KpuBasi pacrpeieiceHUsi B MOJHO Pa3BUTHIX IOYBaxX JacT MakCUMyM B
cpenHei yactu npoduist Ha Tayoune ot 10 mo 50 cm u Oonee ¢ npepbiieHreM Ha 5-10 % npoTus
BEPXHEr0 W MepeXoAHbIX K nopoxae ropu3onToB (BC). IIporcxoaut 3To riaBHBIM 00pa3oM 3a cueT
BO3pacTaHus HauOoiee TOHKOW WIIMCTON (pakluM KOJIMYECTBO, KOTOPBIX BO3pACTaeT MPHMEPHO B
2 paza, TOrga Kak TMbuieBatble dacTibl (ocoOeHHO kpymHo mbuieBatas — 0,05 -0,01 wmwm)
pacrmpeneneHbl Ooliee WM MEHee PaBHOMEPHO MIIHM JIAIOT MaKCHMyM B BEPXHUX TOPH30HTax (4UTO
OoJiee xapakTepHO i cpenHe mbplieBaToit ¢pakiuu — 0,01-0,005 MMm). ToHKO MbUTeBaTHIC (PAKIIUN —
0,005-0,001MM 4are Bcero Jar0T MaKCUMMyM B BepxHel yactu npoduist Ha riyoune ot 1 10 30 cm. B
a0COJFOTHOM BBIP2YKEHUH B MOYBE MpeodianatoT Menkuit necok (0,25-0,05 Mm), KOTOpBIH cocTaBIsieT
45 -80 %; HaMMEHBIIIEH TI0 BECY SIBISIETCS CPEIHHIM MEeCOK, OCTaJbHbIE XapaKTEPU3YIOTCS BETUIMHAMHU
MIPUMEPHOOIHOTO TTopsAaKa — oT 2 10 15 %.

[NoBbIIeHHOE COMlepKaHUE MIIMCTON (pakiK B CPEeAHEH MHOTA ¥ B HUYKHEH 4acTH MPOQUIIs
MOXET OBITh BBI3BAHO OJHOBPEMEHHO HECKOJIBKHMHU MPHYMHAMH 0O0Jiee HHTECHCHBHBIM 3/IeCh
TIIMHOOOPA30BAHKUEM Ha MECTE, TOTEPEH Uila MOBEPXHOCTHBIM TOPU30HTOM ITOYB B PE3YIbTATE BOJAHOM
W BETPOBOM 3PO3UHU IPUBHOCOM TOHKOJUCIIEPCHOTO MaTepralia U3 BBHIIIEIEKAIINX TOPH3OHTOB MyTEM
MpOCayMBaHUs MHHEPaJbHBIX CYCIICH3MH UM HaKOHEI, HEOCHHTE30M TJIMHUCTHIX MHHEPaJoB
HEIOCPEICTBEHHO U3 PACTBOPOB, (JOPMUPYIOIIMXCS B MPOIECC BHIBETPHUBAHMSL.

Ha Oypoii 30HabHON coloHYakoBaTod mouBe (LenuHa p.13) BepXHss 4acTh npoduis umeer
Oonee TSDKENbI TPaHYJIOMETPHUSCKHH COCTaB, YeM HWXKHSIS €€ 4acTh WM YeM IMOJICTHUIIAroNas
nopoja. B manHOM ciydae mouBa GpopMUpyeTCsl Ha TSIKENBIX CYTIMHUCTBIX TOACTHIAEMBIX eCKaMH
(Tabmnumna 1).

Pe3ynbTaThl rpaHyJIOMETPUYECKOTO aHAIN3a TIOKA3bIBAIOT, YTO Qpakius (U3HMUECKOro Mmecka
B pa3IMYHBIX y9acTKaxX pa3nnyHa. boiee HU3K0e COOTHOMIEHHE OTMEUEeHO B pazpese (p. 2) 2012 romy,
TJIe ero CojACp)KaHHE OTYCTIIMBO YMEHBIIAeTcs BHU3 1O NMpodwiro TexHOrpyHra. Pacrmpenenenue
CYMMBI 3TUX (HPaKIUU 10 MPOPHITIO0 TEXHOTPYHTA POTUBOIOJIOKHO (PU3MYECKOH TIIMHE.

[pencrasnenst pe3yabTATHI HCCIeIOBaHuU IPaHyJIOMETPUIECKOTO cocTapa
PEKYIbTUBUPOBAaHHBIX ydacTkoB B 2011, 2012, 2013 u 2014 rogax (tabnuma 1).

B abcomoTHOM BBIpaKEHNH B TEXHOTPYHTE rpeobuiaiarot Menkui mecok (0,20- 0,05 Mm) 1 kpyrHast
meus (0,05 — 0,01 MMm), xotopble cocTaBisioT cooTBeTcTBeHHO 80,125-61,712 u 4,444-12,845 %.
Hawnmensiem mo Becy siBisierca cpeanuii necok 2,009-4,318 %. CopepikaHue cpeqHeil M MenKoi
MBIUTH XapaKTEPU3YIOTCS BEMUYMHAMH MPUMEPHO OXHOrO mopsiika. B tabmume 1 maHo m3MeHeHUe
COOTHOIICHUHU (PU3MUECKOH TIIMHBI K PU3NIECKOMY TIECKY.

Ot cooTHOIIEHUS (PUZNIECKON TIIMHBI K (PU3NIECKOMY TIECKY 3aBUCHT TOBEJCHUE Pa3INIHBIX
¢dpakuuit B TexHorpyHTe. Tak, Ha pekyabTHBUpoBaHHOM ydacTke 2013 rox (p.1) cooTHOIlICHHE
(u3nvecKol TTMHBI K BeTHYMHE GU3NIecKoro necka B BepxaeM 0-30 cM ropusoHTe coctaBuio 1:8,54,
a B HwkenexameMm 30-65 cm ropuszonte — 1:9,08. B ropusonte 65-110 cM 3T COOTHOIIEHUS
coctapmwii 1:9,82. B nmanHOM ciyuae MpOM3OLUIO YBEHUYCHHE COJEpKaHUs (HU3UUECKOrO TecKa B
HWKHUX TOPU30HTaX TEXHOTPYHTA. DTO TPOM3OILIO HM3-32 YMCHBIICHHSI MEIKOH IBUTH, a TaKKe
YBEIUYEHUH CPEIHEH W KPYNHOW IbUIM, MENKOro mnecka. Ha BTOpOM peKyJIbTUBHPOBAHHOM YYacTKE
2013 roma (p. 2) cooTHouleHWe (u3MUECKON TIUHBI (u3nyeckomy mecky B BepxHem 0-20 cm
ropuzonTe cocraBmwio 1:10,56, a B Hmwxkenexamiem ropuzonte 20-50 cm, 1:3,57. Bo BTOpOoM
MOJIyMeTpoBOM TopusonTe — 1:3,60. B maHHOM citydae IpoH30IIUI0 YBEIUUECHHE COepKaHNEe MITHCTON
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(¢pakuuu B HW)KHUX TOPU30HTAX, a TAKKE COJEpXKAHWS CpenHed W menkod mbud. Kpome Ttoro,
MPOM30III0 CHUKEHUE COJIEP)KaHUsI MEJIKOTO MecKa W KPYMHOW MBUIM. DTO MPOU3ONUIO Oyaroaaps
MPUBHOCH TOHKOAMCIIEPCHOTO MaTepuajia U3 BBIIIE JISKAIIMX TOPHU30HTOB ITyTEM IPOCAYMBAHHI
MUHEpPAJIbHBIX CYCTICH3HH.

Tabmuma 1. ['panyaoMeTprUecKrii COCTaB TEXHOTPYHTOB PEKYJIbTHBHPOBAHHBIX B PA3ITMUHbBIC TOJIBI

5| Coneprxanus dpakiwii B % Ha aOCOMIOTHYIO CYXYIO TIOYBY = z
.- E . Pa3pesbl ppakiuu B MM 5 _ & 5
S E &5 Tlecok ITbu1b A 3x =20 UE
i | 2¢ - 2| E3 Ez| 58
) = =w — w 2 — = ~
22 | E2| 558|528 222|528 =5 | 58| E- |2:35| 28
o a, © | H8Q| 258 | EZL | E3< 28 S %< SEF| 88
Z 8 o O S © A > 8 o 8 T =R= o S S SRS o~
S | F° 282|284 | 2E5 222 58 iS5 | E%E| <
S = |97 FTg ¥ S0 g 28 6 g 2
—~ Q
P-1 0-30 4,158 80,125 5,239 2,418 2,821 5,239 10,478 1:8,54 | 50,00
Pex2013 30-65 3,912 80,845 5,322 2,452 2,481 4,988 9,921 1:9,08 | 50,27
65-110 | 1,862 82,87 6,027 3,214 2,411 3,616 9,241 1:9,82 | 39,21
P2 0-20 1,523 83,711 6,122 3415 2,012 3,217 3,217 1:10,56 | 37,21
PeK2-013 20-50 | 2,129 68,722 7,287 4,453 3,239 14,170 | 21,862 1:3,57 | 64,81

50-110| 2,009 69,284 6,989 4,398 3,441 13,879 | 21,718 1:3,60 | 63,90
0-20 5,030 61,712 | 11,762 3,650 6,084 11,762 | 21,496 1:3,65 | 54,71
P-3 20-35 | 3,865 62,047 | 11,976 | 4,125 5,966 12,021 | 22,112 1:3,52 | 54,36
Pex2012 | 35-45 | 6,041 76,182 4,444 3,636 2,828 6,869 12,333 1:6,50 | 51,51
45-100 | 5,748 76,012 4,964 3,258 2,994 7,024 7,024 1:6,53 | 52,90
0-30 5,104 78,384 4,430 4,833 2,416 4,833 12,082 1:7,27 | 40,00

Pellzz-?)lz 30-50 | 5,214 77,507 5,122 4,897 2,897 4,386 12,157 7,22 36,07
50-100 | 5,944 72,584 2,026 2,836 2,836 13,774 | 19,446 1:4,14 | 70,83

Ps 0-15 4,754 74,925 2,334 3,087 2,485 12,415 | 17,987 1:4,55 | 69,02
Per2014 15-35 | 4,082 77,846 | 10,040 | 4,016 2,008 2,008 8,032 1:11,45 | 25,00

3590 | 3,965 73,435 | 12,024 5,184 2,977 2,415 10,576 1:8,45 | 22,83
0-10 2,923 44413 | 12,656 8,981 15,105 | 15,922 | 40,008 1:1,50 | 39,78
P-6 10-30 | 1,988 43,556 | 12,845 8,745 16,122 | 16,744 | 41,611 1:1,40 | 40,23
Pex2014 | 30-60 | 2,862 76,573 8,468 3,226 2,016 6,855 12,097 1:7,26 | 56,66
60-100 | 2,102 75,589 9,184 3,745 2,166 7,214 13,125 1:6,62 | 54,96
0-30 5,418 78,443 2,421 2,421 3,228 8,069 13,718 1:6,28 | 58,82
P-12 30-60 | 4,318 75,845 3,667 2,945 4,097 9,128 16,17 1:5,18 | 56,45
Pex2011 | 60-80 | 1,621 62,259 6,494 4,058 4,870 20,698 | 29,626 1:2,37 | 69,86
80-110 | 1,245 61,198 7,124 5,148 5,441 19,844 | 19,844 1:2,28 | 65,20
0-20 0,702 39,811 12,308 5,333 11,897 | 29,949 | 47,179 1:1,12 | 63,47
P-13 20-40 | 0,711 37,25 13,224 6,415 11,846 | 30,554 | 48,815 1:1,05 | 62,59
Hemunua | 40-90 | 5,518 73,632 8,019 4,441 2,807 5,613 12,831 1:6,79 | 43,74
90-120 | 4,966 71,134 9,112 5,149 3,224 6,415 14,788 1:5,76 | 43,37
[pumeuanwe: 11 cB — necok ces3annblif; CII- cymeck; JI/c — cyrmunok C/- cyriuHOK cpefanuii, T/c — CyrimuHOK
TSDKEITBIT

Ha pexynpruBupoBansbix ydactkax 2012 roma (p. 3) cooTHomieHue (PU3NYESCKOH TIIMHBI K
BEIMYMHE (PU3MUECKOTO Mecka B BepXHeM jerkocyrmuaucToM 0-20 cM ropusoHTe coctaBuio 1:3,65.
OTO COOTHOIIEHHE Majl0 M3MEHHJIOCh B HIDKenexameM ropu3onte — 1:3,52. C mepexogom B
CyIleCHYaHbIi TOPU30HT 3TH COOTHOIIEHUS BO3pocia B 2 pa3a 1 coctaBmii 1:6,50 u 1:6,53.

Ha Bropom pekynbruBupoBanHOM yudactke 2012 roma (p. 4). CooTHolieHHue (U3HYSCKON
TIIMHBI K BenmuurHe (pusndeckoro necka B BepxHem 0-30 cM cymecyaHoM TOpU30HTE cocTaBuio 1:7,27,
a HIDKENeKalleM TOPH30HTE TAaKOro K€ TPaHyJIOMETPUYECKOr0 COCTaBa COOTHOIICHHE MX OCTaJICh
0e3 m3MeHeHus. Bo BTOpOM MOIyMeTpOBOM IOPH30HTE HECMOTPS Ha TaKOH jKe rpaHyIOMEeTPHYeCKHH
COCTaB COOTHOIICHUE (HPU3NYECKON TIUHBI K (PU3NIECKOMY TIecKy cocTtaBuio 1:4,14. 3To nmpon3onuio
W3-32 YBENUYCHHS WIMCTOH (Ppakiyu, YMEHBIICHHEM COJIepKaHUM KPYIMHOH M CpemHel NbLIH, a
TaKxKe Menkoro necka. ConepkaHust CpeTHEro Mecka W MEJIKOH TbUTA YBEIWYHITNCH HE3HAYUTENBHO.

Ha pekynpruBupoBanHoM yudactke 2015 roma (p. 5) coorHomieHne (HhU3NYECKOW TIMHBI K
BelIMUMHE (PU3MUECKOro IMecka cocTaBmiio B BepxHeM 0-15 cM ropusonte — 1:4,55. Hmkenexariem
necyanoM ropuzonTe — 1:11,45. C nmepexoioMm B cymecyaHblif TOPU30HT 3TH COOTHOIIEHHS COCTABHIIO
1:8,45. OTH NpOU30ILIN CHIKEHUEM MITHCTON (paKIUK, BO3pACTAHUEM CPEHEH U KPYITHOM MBLITH.
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Ha Bropom pekynbruBupoBaHHOM yuactke 2014 roma (p. 6) cooTHomieHue (uzHyecKoit
[JIMHBI K BeNWYMHE (¢usnyeckoro mecka B BepxHeM 0-10 cM CcpemHECYrVIMHUCTOM TOPHU30HTE
cocraBuio 1:1,50. B Hmxenexamem ropu3oHte Ttakoro ke cocraBa 1:1,40. C mepexomoMm B
CYIleCUYaHbI TOPU30HT — STH COOTHOIICHHS MPEBAIUPYET B CTOPOHY (U3MUECKOro necka 1:7,26 u
1:6,62. DT MPOU30NUTM YMEHBIICHUEM WIIMCTOW (PaKIMU, MEIKOW, CPEHEr0o M KPYIMHOW MBUTH U
BO3pAacTaHHUEM MEJIKOTO U CpeTHEro rnecka.

Ha pexynsruBupoBanHoMm yudactke 2011 roma (p. 12) cooTHOuIeHHe (GU3HYECKOH TIMHBI K
Benn4MHe (pu3mueckoro necka B BepxHem cymecuaHoM 0-30 cMm ropusonTe cocraBwio 1:6,28, a
HIDKENIeKalleM TOpPU30HTE TaKoro e cocraBa cocraBuino — 1:5,18. C mepexomom B
JIETKOCYTIIMHUCTBIN TOpU30HT 60-80 cM cooTHOIIEHHE (PU3UUECKON TIIMHBI K BETHUYUHE (PU3NIECKOTr0
necka cocraBuiio 1:2,37. B cpennecyrnunuctoM ropusonte 80-110 cM COOTHOIIEHHS 3THX TPYIMII
coctaBmiio — 2,28. B jaHHOM cilyyae MpOW3OIUIO yBEIMUYCHHE COJCpKaHHS HMIMCTON (pakiuu B
HWKHUX FOPU30HTAX, a4 TAKKE MEIKOM, CpelHENd U KPYIIHOM IbUIM U CHUXKEHHME COJEP/KaHUE MEJIKOro
Y CPEIHEero IMecKa.

B Bepxnem TspkenocyrmHuctoM (0-20 CM  TOPU30HTE ICIUHHOW Oypod 30HaIbHOU
COJIOHYAKOBATOW TIIOYBBI COOTHOIICHUS (DU3UYECKOW TIMHBI K BEIMYUHE (PH3MUECKOTO TecKa
coctaBuian — 1:1,12 B HmKenmexaimieM TOPU30HTE TaKOr0 TI'PaHYJIOMETPUYECKOrO0 COCTaBa JTH
coorHomtenus: cocrauid 1:1,05. Ho ¢ obneruenneM MexaHHMUECKOTO COCTaBa B HIDKHUX TOPH30HTAX
COOTHOIIICHUS (PU3MUYSCKOM IIMHBI K (PU3MYECKOMY IecKy coctaBuio 1:6,79 u 1:5,76.). D10 Benmer K
BO3PACTaHUIO (PU3MUECKOTO IMecKa.

Ternepb paccMOTPUM, KaK MPOMCXOAUT U3MEHEHHE KO3 (pPHIIMEHTa HITMCTOCTH B TEXHOTPYHTaX
PEKYJIbTUBUPOBAHHOTO  ydyacTka. M3 jaHHBIX Tabnmumbl 6  cleayer OTMETHTh, 4YTO Ha
pexynbTuBupoBaHHOM yudactke 2013 rona kod(h(UIUMEHT MIMCTOCTH B BEPXHEM IBUICBATO-MIIOBATO-
cynecuanoMm ropusonte 0-30 cm coctaBun 50,00, a ¢ mepexooM B HMKHHUE MECYAHBIC TOPHU30HTHI
k03 pUIMeHT MIMCTOCTH CHUXKatoTest 10 39,12.

Bo BTOopoM Ha pekynpTuBHpoBaHHOM yuacTke 2013 roma (p. 2) B BepxHEM IecYyaHOM
rOpu30oHTe KOI(QOUIIUEHT MIIMCTOCTH cocTaBui 37,26 ¢ Mepexo/loM B JIETKOCYTIIMHUCTOM TOPH30HTE
20-50 cM BO3poc B 2 pa3a u coctaBmi 64,81.

Ha pexynpruBrupoBannoMm y4actke 2012 ronma (p.3) B BepxHem 0-20 cM JErkoCyriIMHHCTOM
ropu30oHTe KO3 (OUIMEHT WIMCTOCTH cocTaBuI 54,71 v OH Majio U3MEHAETCS 0 MPOQPHUITIO OYBBI OT
54,36 0o 52,90.

Ha pexynpruBupoBanaom yudactke 2012 roma (p.4) kodpPHUIMEHT MIMCTOCTH MEHSIOTCS B
3aBHCHMOCTH OT TpaHyfioMeTpuyeckoro cocrasa ot 40,00 mo 70,83.

Ha pexynpruBupoBanHom ydactke 2014 rona (p. 5) B 3aBUCHMOCTH MEXaHMYECKOT'O COCTaBa
kodunment mmcroct koneodnercs ot 25,00 1o 69,02.

Ha BTOopoM pekynbTHBHpoBaHHOM yuacTke 2014 rtoma (p. 6) koadduument wmimcrocTn
konebmnercst ot 39,79 no 56,66. [louBa cpenHUil CYTITMHOK.

Ha pexynbsruBupoBanHom yuactke 2011 roga (p.12) B BepxHEM MOIyMETPOBOM CyleCHaHOM
ropu3oHTe K03()PUIMEHT UIUCTOCTH Koeonercs ot 58,82 10 56,45 ¢ mepexo/ioM B JISTKHIA U CPEIHUI
CYTJIMHOK Bo3pacraer 10 69,86. D10 camoe BbICOKOE 3HaueHue. Ha HenMHHBIX OYpbhIX 30HAIBHBIX
noyBax Ko3((PUIMEHT WINCTOCTH BBIIIE B BEPXHBIX TSHKENOCYTIIMHUCTBIX TOPU30HTAX M COCTABIISICT B
npenenax 63,47 ¢ mepexoaoM B CyIeCYaHbIi TOPU3OHT CHIDKaeTcs 10 43,37.

3akioyenne. B 3aciioYeHUM HANO0 OTMETHUTh, YTO IPOBEICHHBIC TEXHOJIOTHYCCKUE
MPOIeCChl Ha PEKYJITHBAIIMOHHBIX YYacTKaxX TNpPsSMO WM KOCBEHHO BIHMSIOT Ha COACpIKaHUS
IPaHyJIOMETPUYECKOTO COCTaBa IMOYBBL. DTO MOXET NPUBECTH K YMEHBIICHWIO WM YBEIWYCHHUIO
a0COJIOTHOTO cojiepKaHusi BceX 0e3 uckimodeHus (paxiuii, B ToM yucie (pusmueckoil rinuHbl. B
pe3ysbTaTe TEXHOTPYHTHI M3 pa3psijia CPETHECYTIIMHUCTBIX MOTYT MEPEHTH B JIETKOCYTIIHHUCTBIE W
cynecuanbie. [Ipu 3TOM paspymaercss CTPyKTypa MOYB, KOTOpas B CBOIO OYepe/b OIpenenseT
YCTOWYMBOCTh TOYB K BO3JCHCTBHIO E€CTECTBEHHBIX W AHTPOIOreHHBIX (akTopoB. Hapymienue
MPHUBOJIUT K TEpepaclpeNieieHHI0 U Pa3pylICHUIO IUIOTHBIX CTPYKTYPHBIX OTACIBHOCTEH 3a CcueT
YaCTUYHOW WJIM TIOJIHOW JMCIEepraluy IOYBEHHOrO0 Martepuana. HalOmomaercs morepsi HIIUCTOM
¢pakuuu B pe3ynbTaTe BOJAHOW M BETPOBOHW JPO3WH, a TaKKE C OTTOKOM €€ B HWKEIeKallui
ropu3oHT. OTMEUeHO yBEIWYEHHE COASpKAHUSI MENKOW, CpeHel M KPYMHOM MbUIM B CpelHEel 4acTH
npoduisi. [IpoMcXOMUT HEOCHHTE3 TIMHHUCTBIX MHHEPAIOB HEMOCPEJICTBEHHO W3 PacTBOPOB,
(dbopMHpYIOIIMXCS B MPOIECCe BBIBETPHBAHHA. B pe3yiabrare 3TOro Mpomecca TEXHO TPYHTHI
MEPEXOJISIT B Pa3ps/ibl TSHKENOCYTIIMHUCTBIX.

Urak, mpoBeneHMs] pPEKyJIbTHBHUPOBAHHBIX pabOT BIMSIOT Ha COJEpIKaHUE TEXHOTPYHTA,
MOBBIIIAST  cofiepKaHue (U3WYECKOW TJIMHBI, W CHWXKAsg TpYyNIbl (Qu3ndeckoro rmecka. Ha
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IpaHYJIOMETPUYECKUH  COCTaB  TEXHOTPYHTA  BJIMAIOT COOTHOIIGHHS  MEJIKO-, CpelHe- W
KpPYITHOIBUIEBATHIX (PpaKiimii, a TaKKe He YMOJISIETCSl pOJIb TOHKO M CPEAHE3EPHUCTHIX MECKOB.

OtMeuaeTcst BBIHOC WIHCTON (DpaKIMK U3 BEPXHUX DIFOBHAIBHBIX TOPH30HTOB U HAKOIJICHUE
ec B TOPH30HTE MIUTIOBHATIBHOM. B ganHOM ciydae nuddepeHumanys npoduis Mo MeXaHUIeCKOMY
cocTaBy 00s13aHa CaMOMY IIPOIIECCY ITOYBOOOPA30BAHHSI.

I'panynoMeTpuveckuii cocTaB TEXHOTPYHTA 3aBUCHT OT COOTHOIICHUsS (PU3MYESCKOW TIIMHBI K
rpymme gusndeckoro mnecka. Yem yxe (y3K0) 3TO COOTHOIICHHS, TEM BBIIIE CONEPKAHUS KPYITHOH,
Cpe/lHel W MEeNKOH MBITH B pa3HBIX CIOSX TEXHOIPYHTA, a TAKKE 3aBHCUT OT CHIIKEHUS COJCPIKAHUS
CpPEIHEro U MEJIKOr0 TIecKa.

YcranaBnmBaercsi oOpaTHAst CBSI3b MEXIY COJCpKaHWEM (PU3MUYECKON TIIMHBI C BETMYWHON
ko dunmenta wnucroctu. [lpu TOBBIIEHHH cofepKaHusl (U3MYECKOH TIMHBI TO Tpoduiio
TEXHOTPYHTA, CHU)KAETCsl BETMYMHA KO PHUIIMEHTa HITHCTOCTH.

PesynbTaThl aHANHM30B TPaHYJIOMETPUYECKOTO COCTaBa IOKAa3bIBAIOT, YTO C TOJaMHU
cojiepkaHue (HU3NIECKON TIIMHBI BO3pacTaerT.
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