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SUMMARY

Buts Yu.V. Scientific and methodological bases of relaxation of
ecogeosystems under the technogenic loading of pyrogenic originQualifying
scientific work on the rights of the manuscript.

Dissertation for theDoctor of Science Degree in specialty 21.06.01
Environmental Safety. V. N. Karazin Kharkiv National University, Kharkiv, 2019.

The dissertation will be defended at a meeting of the specialized scientific
council D 55.051.04. Sumy State University of Mmistry of Education and Science
of Ukraine, Sumy, 2020.

The thesis iss devoted to the substantiation of scientific and methodical bases
of relaxation of ecogeosystems under the technogenic loading of pyrogenic origin.
The results of the work have besufficiently tested and implemented, which is
confirmed by the relevant acts.

In the dissertation work is systematized the technogenic influence of pyrogenic
processes on the components of the environment and its state. The essence
technogenic influere of fires on vital functions and human health is found out,
which is not only a threat to life, but also a negative impact on the population of
complex mixtures of chemicals represented by combustion products of forest anc
peat, which often occurs in comiation with typical contaminants atmospheric air:
emissions from industrial enterprises and vehicles. The concept of "pyrogenic
relaxation of ecogeosystems" and its relation with other processes gfypogenic
research are proposed. On the basis o$dmentific and theoretical results of research
on the effects of the pyrogenic factor on the environment;pgsigenic processes
of pyrogenic relaxation were generalized, with the aim of identifying the laws of
restoration and reproduction of ecogeosys after the effects of manaused effects
caused by fires.

The theoretical and methodological estimations of technogenic risk of pyrogenic
origin of ecogeosystems of Ukraine are substantiated. Use for forecasting the

occurrence of forest fires of the Hastates of natural complexes (stacks) carries
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additional information and allows to improve the existing methods for forecasting the

occurrence of fires. Fire safety in ecological systems is significantly dependent. The
number of fires in eco geosystemgrificantly depends on meteorological indicators,

in particular, on the temperature of the atmospheric air and will increase with the
increase of air temperature in the summer, which is especially relevant for the
eastern, soutkastern and southern reggof Ukraine. It was established that at low
fires with a height of flame Bi1 m, the heat flux density of more than 2 m from the
flame exceeds 12 k¥k. In other types of grass fires, thermal radiation of the
indicated density can be at a distance af2l2m.

The estimation of the degree of anthropogenic risk of damage to forest
ecogeosystems in the Kharkiv region was calculated, and corresponding cartographi
works were constructed. The area of fires in the Kharkiv region is dominated by
small and smallires, indicating the timely detection of foci foci and the coordination
of fire-fighting between fireextinguishing units and forest farms. By the specific
weight of the area of fires, the undisputed "leader" is the "DP lzium forestry", as
evidenced byhe developed cartographic material. Forests "DP Kupyansky forestry",
"DP Zhovtnevy forestry" and "DP Chuguefabchansky forestry" are classified as
risk groups that require detailed justification, and ecogeosystems "DP lzyumsky
forestry" are characterizedy a risk acceptable only in special circumstances. It
should be noted that it significantly influenced the increased risk of forest fires in this
forestry forest fire in 2008 (the total area of forest fires in the forestry area was ovel
1600 hectares).

The regularities of pogiyrogenic relaxation of ecogeosystems of the Kharkiv
region, which consist in the transformation of the constituent components of
ecogeosystems, are established. The phytocoenoses of natural complexes react to
stress manifestain of the pyrogenic factor by changing the main parameters of
diversity (species riches, species numbers, Shannon and Simpson indices, Pi
equation). By the index of variability, the Simpson variety index of pyrogenically
transformed complexes exceeds blaekground several times. The excess is inherent

in the Shannon index and Peel's equalization index. We can state that the influence «
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the pyrogenic factor on natural complexes leads to an increase in the dynamism of th

indicators of species diversitwhich consists of fluctuation deviations of the indices

of variety and computed statistical parameters. The revealed dynamics of indicator:
characterizing diversity is an integral part of the generalpgstgenic relaxation of
ecogeosystems, aimed at asishing the equilibrium of the processes of their
functioning.

Forest lowland fires sharply change the morphological form of the upper part of
the soil profile, forming a new pyrogenic horizon, which, according to the physical
and chemical properties antbntent of the ash elements, differs from natural
analogues. Changes in soil and vegetation complexes are due to the dynamics of tl
geochemical processes in the soils due to the activation of the mineralization proces
from the combustion of litter ancetbaceous vegetation and the subsequent change in
the migration of chemical elements, which includes ecological danger; reduction of
humus due to combustion of organic matter, displacement of physical and chemica
parameters and soil acidity index towardsutral reaction and alienation.

On the basis of the calculations it can be argued that the influence of the
technogenic loading of pyrogenic origin on the geochemical migration of heavy
metals takes place. The range of precipitation of hydroxides andetjien of
predominance of soluble hydroxocomplexes have been studied by constructing
concentratiodogarithmic diagrams (CRLs). Feat the pH = &i 14, Cd*at pH = 7
14, CF*at pH = 719, Zr*" at pH = § 11, Ni at PH = 814, and the lowest migration
potertial. Pl at pH = 912, Fé* 1 pH = 95i14. In a more acidic environment,
soluble substances are formed, but at a pH increase of oiilly, @ifey can decrease
their mobility by an order of magnitude, which contributes to their concentration in
the soils &er the fire. In a neutral soil reaction, most of the heavy metals (Al, Cr, Zn,
Cu, Fe (1), Ni) are in a slightly soluble form (in the form of hydroxides), with their
migration capacity insignificant, which leads to the accumulation of these chemical
elements in the soil . In a separate group it is necessary to allocate heavy metal
moving in a neutral environment (Fe (Il), Cd, Co, Mg, Mn). Any increase in pH

values contributes to their fixation. The obtained calculations can be used to predic
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the geochmiical migration of heavy metals in soils after the maade consequences

of emergencies of pyrogenic origin.

Theoretical bases of modeling and complex mathematical models of
geochemical cycles have been developed, with the help of which estimations ant
predictions of geochemical migration processes in the soil environment of
ecogeosystems during anthropogenic loading of pyrogenic origin are obtained. The
obtained mathematical models of heavy metal behavior are adequate for compiling
predictive estimatiomf their geochemical migration and accumulation in ecological
systems as a result of the influence of the technogenic loading of the pyrogenic
agreement. The conditions of concentration and migration of compounds of heavy
metals are established, the egoiatior calculating the concentration of moving forms
of heavy metal compounds is derived. Mathematical models based on the
construction of concentratielogarithmic diagrams, taking into account the formation
of equilibrium concentrations of various compds of heavy metals in the
technogenic loading of pyrogenic origin, indicate an active migration ability under
the conditions of acidic pH of the soil environment, which is usually characteristic of
the postfire period

A regression model is proposed thates into account the influence of a group
of factors (the area of fires, the number of fires, the loss of humus in the soil from the
effect of fire, the dynamics of aclthse balance, etc.) on the relaxation of
ecogeosystems of different natural zonelse Tecisive factor of relaxation was the
regeneration of species diversity (species richness of the Margalef) of geocomplexe
that were exposed to the pyrogenic factor in comparison with the species diversity o
the species richness of the Marguerite ire thackground (control) areas. In
mathematical calculations, the adequacy of the model and its possible use fo
prediction of ecology ecosystem relaxation was checked. According to the model, the
greatest impact on the regeneration (relaxation) of echegosysof coniferous
forests is the number of fires and their periodicity, as well as the loss of humus in
soils due to the thermal action of the pyrogenic factor. Foigeosystems of steppes

and steppe onions, the correlation between regeneration oespaiversity and
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changes in acithase balance is greater than between regeneration and loss of humus

The greatest correlation for wetland ecogeosystems has been found between tt
regeneration of species diversity and the loss of humus in soils duetmitaistion
under the action of the pyrogenic factor. Calculation of these models allows obtaining
dynamic characteristics of simulated processes that are sufficient to evaluate th
technogenic risk and to search for their optimal forms of environmentagearent
security.

The proposed ways of restoring ecogeosystems (especially their specie:
diversity) should be implemented taking into account 4pgsbgenic processes by
increasing the efficacy of popyrogenic relaxation. For this purpose,
recommendatiasn have been made on the rational use of nature and managemen
decisions to ensure the environmental safety of-ppsigenic relaxation processes
of ecogeosystems after marmade emergencies of pyrogenic origin

The scientific novelty and the theoretical walof the results obtained are as
follows:

for the first time:

- the scientific and theoretical principles of relaxation of ecogeosystems under
the technogenic loading of pyrogenic origin and scientfethodological
peculiarities in its research were flaulated and the concepttgrminological
system "pyrogenic processes" and "postpyrogenic relaxation" of ecogeosystems at
formulated,;

- the theoretical and methodological estimations of technogenic risk of
pyrogenic origin of ecogeosystems of Ukraine @dohen the example of the Kharkiv
region) were substantiated; the estimation of the degree of technogenic risk o
damage by forest fires in the Kharkiv region was calculated and appropriate
cartographic works were constructed;

- the prediction model of pogtyrogenic geochemical migration of heavy metals
in ecological systems with anthropogenic loading and a regression model of post
pyrogenic relaxation of ecogeosystems were proposed;

the following were improved:
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- the scheme of generalization of the effeof pyrogenic factors on ecological

systems from the standpoint of ecological safety and rational use of nature in the
conditions of marcaused loading is improved and systematized,;

- the scientific and methodical approaches to studying the relaxation of
ecogeosystems, affected (excited) fires and methodical principles for determining the
levels of risk of emergencies in ecogeosystems caused by fires, their role in the
restoration of ecogeosystems;

- the methodology for the detection of patterns of trams&bion of phytocenotic
diversity of ecogeosystems in pgstrogenic relaxation conditions with technogenic
loading has been improved,;

the following were improved:

- the scientific ideas about the scientific and methodological bases of relaxation
of ecog®systems under the technogenic loading of pyrogenic origin;

- the recommendations on ecological safety, rational nature management anc
management of pogtyrogenic relaxation of ecogeosystems after emergencies of
technogenic origin and methods of incregsthe effectiveness of pepyrogenic
relaxation of ecological systems of different ecological conditions;

The ecologically oriented theoretical and methodological provisions, as well as
the consequences of the influence of pyrogenic processes on ectg®ssgad the
established patterns of pgsgrogenic relaxation of ecogeosystems in the conditions
of technogenic loading, have been formulated on the basis of them, will increase th:
degree of validity of organizational decisions on environmental safatggeanent.

Materials of the research were used to create a database on the magnitude of t|
manifestation and consequences of m@de and natural emergencies associated
with fires in natural ecological systems, in substantiating schemes of ecologically
sak and rational use and protection of these geocomplexes and in developing a
operational environmental monitoring system for the State Forest the Kharkiv region
fund.

The factors and regularities of relaxation of ecogeosystems that must be takel

into accomt when developing ecologically safe land use plans are identified, with the
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aim of optimizing the territorial structure of land in areas with an increased risk of

pyrogenic emergencies.

Application of methods for increasing the effectiveness of -pgsigenic
relaxation of ecogeosystems allows us to use recommendations aimed at improvin
the processes of natural regeneration of ecogeosystems in the conditions c
technogenic loading of pyrogenic origin on forests of forestry subordinate to the
Kharkiv Regimal Department of Forestry and Hunting and implemented in the
practice of the State Enterprise "lzium Forestry".

The calculated levels of environmental risk of forest fires and the specific risk of
forest fires in forest fires make it possible to prediet tamage to the forest land due
to the occurrence of fires and to apply a set of preventive and preventive measures
prevent the emergence of firelated emergencies, which is confirmed by practical
Implementation of the lzyumsky RV of the State Taxv@&e of Ukraine in the
Kharkiv region.

The results of this research have been used to develop a regional program fc
monitoring the natural regeneration of biotic and landscape diversity of the territory
of the Desnyansk&tarogutsky National Nature Regerand the Dniprovsk@rilsky
Nature Reserve and increasing the effectiveness of their fire protection.

Ecologically safe recommendations for managing the processes of post
pyrogenic relaxation of ecogeosystems in the conditions of the technogenic loading
on the environment were taken into account in the development of methodical
recommendations for participatory strategic planning for local communities of
Ukraine, prepared by the Social Union "Slobozhansky Strategies" within the
framework of the project thprovement of local government in the Pisochinsky
Amalgamated community in the Kharkiv region through the creation and adoption of
a participatory development strategy ", which is implemented with the financial
support of the Government of Canada undenigagreement No. CFEO18KYIV -0
002 and proposed for use in the participative strategy of the Pisochinsky settlemer

integrated community of the Kharkiv region, which is being developed in 2018,



24
namely in the chapter devoted to the protection of the emwient from the man

caused load.
Key words: ecogeosystem, ecological safety, technogenic loading, relaxation of
ecogeosystems, heavy metals, pyrogenic factor, landscape fire, ecological condition:

geochemial migration
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1 sCOL dzed € s1” 2 sr” 17 A5 dets o
H' dzv o
2008 ' ¢
(B dedz’ & uw® 7,2 i 12,6
Bej.So. /100 Mg 4,1 i 7.1
| 23z 0,9 T 1,9
dL BIs 0,4 | 0,1
2013 ' ¢
{BdB dedz’ ¢ v @ 9,2 10,1 12,5
$3GJ. ¢ 9. / 100 g2 4,4 5,6 7,0
| £ &3z 1,1 1,8 1,9
dL s 0,2 0,4 0,1
2018 t' ¢
[ BB dedz' € uw & 10,2 10,8 12,1
B6d. 9./ 100 mMg* 5,6 6,5 7.1
| &3z 1,8 0,6 2,0
dL Bls 0,2 0,1 0,1
*r ot dzw dzS O Mdse O HPEZO o' H Y jy' Ek 2008 tot
*xort dzw dz€ O srT 1 fsmMstcOYHOZO o' H sy
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1" LB 'dhjdegdsv a3 9 Sk LeOtedh L dzOyJ dadaw
L d3 dgh 26 s mw . Aj o' WL Odets L sddz, & s
LEOMO* O tedfm. 3.1
| teOdgz dzts 3 sted ydzd?2 MEC dzOH M tcdnm dz' Msea d
ftej HMMisOQodzj dzd?2 "' h Odzddzd WteOCy' wddd. vy Ofp
9" H 71%Ht 97, 2

Pik
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

9

= 0 -\
=Dl
5 -10
g -20
£ 230
2 _
o% -40
-50
-60 A
-70 : > - :
A y=-0,1591x>*+ 960,99x% - 2E+06x + 1E+09
-80 R*=097
-90

{ Mz dzBE) B .fills kM & ~wkdlsOF 1) fydzw
b btezv dzdz’ L W ts dzts otaf d3y dedd fflsidkl (HL) Q

5j B jtcOze® ftedL j Bizsets " Otk fto ' lstew
HsMw O BhAagfL ' ¢t Btc' HSCtS fiodLotsHIS! HE

I sdse' fiils: ) &Y j 6Ok tti0o & totstsdisizLL (A0 s
ptsdzse fls!, IsjdfjtcOskic® LOdjydl: o'H J¢
Mridakz o BHddn ' IkdR 3j kd§fOR & Mk o st

sO0Cdd  ud dats o, Bjlsj sesdse ' yd i Ctas

LOBJ LY Jykzels: dstsy dzd szsiyldzy detfetc B ke gz dztf = © -
pddzv sSCtsds SCtojdsdn Hdz ® L odmsCts Isj dgf j t
b & Isdz' 2 fjtc' SH.

[ sfdz' Yy k¥ yd Bty dzdoe L 3" dzd tshdztse dzd ~
“wlkds' o, f2HjddR otcdyds, & fi)sidaptC
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o OMisdotsMmisj 2 ~“thkzdals' o ' fMdrve | gotsy j 1§ ted3 da
¢l tese dzgdz' Mls! “tekzdzls® 9 e, ' H yYyddyz L zd3
(stcOdzmW stc 3O 5 BY Hzj § Mizs © OMISEP sMilsj 2 7 tolz dzls

U &' kjEOlkzte' LEMmisted j@ulBLZMs: HOMs, §WVE
Ttekdzlst MytsMmisjtc' cO' st Mw ORI BZzAZL Y W T s
B ctelzs ls! o dedydz ceBtedLBdalsd T thkdzlskz L ¢
ZOdHh OWIsd OBt d@OCSEdquksls! Mw bk ' HL ddHf
fsw fydzj dets OCEkdBEzdYy' ' ¢ Lsd ddr jdj &j dls*
Hjtej oatsfls Odzlz. 1ted L dedy J dzdz' dzlz ) dztsmyIs ¢
Ctoj dzgdz’ & , COdz' & s Ot Is oz dzd o d &kq , 72
L dzZORsHW s iqw k HBMiskzy dz' 2 tBdlzd de@sldfifigwdz "WAs
[219.

1 sdz' yd & dz' ydi2 = thiptfdidsdAzC QL de@tzd ff tod tetsH dzd
l tod totsH dz ftsy 4" H3s Y tdzjIsdz ts o3 ) IskOldsadts te | dzdaw
OQtets 3O Is d ydzd n okedzj otsH dz' al89. (Nl ) ( ks dz'c @&
odMsSCsl@Esdz] CEdzv todz N istcad dglswds! fief gz’ ozkz
C'dz' yj. 14BJLEJSCSO EZlotstojdadzw 1 o) o' wi
dz6s Hddzed, W' ItslssCidydzs Mise Hdv tetsfdzd dg, L
HOdztse s ff d Is Odzdz™ .

] "tesGej dzdzd?2 ot dzdo O e OdzteER sBPEJdA " E
| J dzgdzOH324 875 [ toj H MisOMifizj wz oz dzals O dz! dz' H Odz
Zlso tstej dzadz"™ telizdddls QBH dzO € HOdzd m ftets MG dzOH,
oz dfls2 Otej dz' 9, Nts OHABHWIS! ftd fdits

[ dzv HtsMmdz" HY j dzdzy ez HBeEDAH] d2Br HAZ'd (S
I L dzOyodzdmw 161 E o Mo @k dis oy S &z .
9Jtendz n ctudadgEdpo®E, Ctsdzyd delstcOy’ " 1 o1 L
1,5 HB 22,081Mc/ ¢tjclsO@Bziz. L dzOyj Gztlzy [020% JzC
99030, Mt HOd WO HEHaEY SdB Oy OdzOm JSists dzj L
LOL dzZ0ydsglzdaldsfgdz" Hy j dzedr t©O2Bdz" © Blzdzd Gt
M " hode, s dzaj Mftedwsils! My ~ kO OFC
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ltod LEtsteWdade Rot2dzdB! fifwstes b dz'd jikzl dizlls
stsCmdyded s HtosHEZSIS' 9 cEtte’ dedz? yYjtejL ftod
Yy!' sz ftesHEZSCISORd dzj f sodzsets L GeBSteOdzdzg? =~ 9
2I3WHJtd L'  HdzOdedzW, Odzy YOMBSH Hisdz'CldzpkH
Flswiss s fipw L Clsodiy dsa[B2gss 190 H Oded &3  H 5
fjtcjoOy0Osls! i8' Bj dzDtigde” ded 3¢ ¢ ' dz' yw dsd, O
ftedmkldy bk &Odkds ¢ d ¢ tsf)lsw itz diddin dz0 Q dz®
B@se ' todets, L dzOydzO yomslgddpy L “ wm da@@dn fizsy j
{slssCOR] s Istew.

s OCdd yYyddetsdz, fHtetsatsHY jdadze?w sy jy' HodL
“tokzdzls ' & dz02 B ' dz! ihdzOd JsOG] HzlzL ¢ W dp@zdzls to j dzlz .
we 9 fMOmtsdikz 9 j tcrRidd § st cdis td L 1§ dzis s af dizy |
fsmdzw f S5) § Y dzg -~L dff dagdflzd " W BEOL dz2d " © 9o HBLE
cetedL sdzZsOR, hts tsBlzditso dzj dets dzOH A SH Y j dzdzv d



s OB G & Mgl "k dfsERdY ofdkdeb f' e ddsct ydddkdS o, d&&/
| [ g, vibGOW[ ] @ qE]
1OWISO AJthJ (4 j dzL O dzls te ¢
R D &9 o | oy
(2 200 o fp s
1dLtsea O i 0 (rl? wreredin! € d& Msey et t
(v O "1 (Msmdsed? B' )
I e’ &0 § w| 0i5 f] 114 77 1,6 0.7 0.6 22
| j GoasBq L &k 6115 10 5.4 0.7 0.2 0.2 16,5
1 dLsBPI O (r1 cwLesim! €d2 & Metsmy e)
(v dRE O T2 (L& hOdd? & )
I deste' &0 g u| 9° M g5 7.2 0,9 0.6 0,4 18,7
| jtenaas B stk O L ° 7.3 5,8 0,8 0,1 0,1 14,1
Asdagso O H' dzv dz€ O (r1 cuwL s &3 €d2 dz Me M
[ im0 ' nwmis| 92 M 39 2.1 0,2 0.1 0 6.3
| | eras@d i sk O 12 3,2 0.2 0.1 0 0 3,5

80¢



1dLBo0O sy in0O (r} c¢csbkfdowdf! €d2 dz" Mt
(v O "3 (Mehdased? B )
| Jeste' 0 ' nu| O° 3.6 8,2 1,1 0,2 1,7 14,8
| jonassRd i stz O 1O 3,3 4,2 0,4 0,3 1,1 9,3
1L dL s O f 5y Jyaki(! r¢1d 2¢ sdZ e sy e )
(v dRE O T4 (L& hOdd? & )
| detste’ &0 § ' u| O° 3.9 7.9 0.6 0,2 1,2 13,8
| j eoased i sk OO 3,5 3,8 0,5 0,2 0.4 8,4
ANEdREo O H' & %SO (11 cskfovwdm Cqd2 & Mes
[ fse® §° nfmis| O 1,7 2,2 0,4 0 0 4,3
| j to ol Bk sz dgl OO 11 0,1 0,3 0 0 15

60¢




1dL s 0O 30 (r} c¢crBolsdzgjod?2 d& Metsmi €
(VSO "5 (Mehmdsed? B )
| et o g u2° Md 45 35 05 05 1,1 18,6
| jenessedl st M 112 3,9 0,7 0,2 0 16
L L B00 §6%J%0 (11 croobdod?2 & Mesmf o
(Wi O "6 (Mhdsed? B )
I e’ &zo ¢ wo° Md 154 3.1 0.6 05 35 20,3
| jenesedil sl T T 99 3,3 0,5 0,1 1,7 15,5
ABdzs9o O H'  dzvw dzC O (rl1 c¢crsoalsdzgj od2 dz' Mmetsmy
[ hse 0 ' amsP MA 44 1,7 0.5 0 0 6,3
| jonassedl stk N 29 0 0,5 0 0 3,4

0] %4
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Hagramim  @eHaHTpeH [Tipen Terpaden Beporo [IAB
B Brmopina ImIcTIIKa BepxHiii map rpyHTY
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Hadramnix DeHaHTpeH [Tipen Terpaden Beporo AR
B [TimcTImKa BepxHiii map rpyHTY

t dMEIECe C &zOH 1 01 E o tCrai dils ‘Gostcd L 5 dzls C

I douj dedz o3 Mlskz roCRYACE] te dglf BAYAE fipls f * to &
Gjtn' df juchdF ciindz Hy j dzd n 7 tolz dzls © AD By BB Ly dic
OdzOdz' L 2 2)(tetf frH dzts3cztflB tc of ROz B clzls OF s ff 4 T J ¥ d dz
ot dzd o f 84" da & Qo deidisy § dzlstc Oy " Hglz = ts C
ftesOdzOdz' L s Oded mn 1 [ € sl jlsdzlff tsfis\Hostef'hdjsiiz iz dzls
dzj L O2 BOdedd3 otscdzj 3 SO ~“wckdzlssdz EteOy J dzd
1 5Ctgfdg@zy julzBBO T H oW jY' [k ojtndy sz 7 tek
0il5 el dzezOtted B dzf L &ts tc Oz ff HAZOHN I 6 itcddd "B QL K
[ j dgh tets'isdOBufmils Cr IsO Fe[4d.9' H 1,7 Ht 1, 1)
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[MS dz §d Hehd HYyjddv §jtejHBOYUOdL] {1
o3’ Mk “ ol disOBso iR jSBEjshmdmsjd O ' 5 0O
OB L OMssmEs Odzs S SKW(IS @8 dz)izls3 € Ts2izy j dzls 6 Oy

O | (3.4)
HEToad Mis R' d&3' ydes s gdz] dzy g Getizls tzked3s'sfgld * T Isd3’;
J &z Bpezs &’ CIs’ J Is O dzts dzdzts mMdmlsj d&3d .

8.00 -
7.00 -
; 6.00 A
55,00
E%W—
53.00 1
2,00 -
1.00
0,00

Fe /n Cu N1 Pb Cr

OKJ Nel BKJ Ne2 0OdonoBaKOHIIEHTpAILI
t dfMzdzBE] 8. fals ttkRitskdn Wstd If kO
jSseimdmnj & MsmMdasedr & ' o mOLSC' oh ddzd

11

v OB dzd. 1T s3si W y' ‘ dzlsd S tsdzyd dzelstc Oyt 1|
[56, 5.
m' 3" yded? Cu Zn Pb Cr Ni Fe

jdzj oBjdels | (tekR|(tekh (ko (ekr| (kR
sty Wisted Wistodi W Stedh ¥ s tedy

sr 1 1,71 0,39 1,21 6,78 0,11 2,72

s 2 4,16 1,18 9,76 8,22 0,16 3,12
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v g BU3T &t " 99" Hdztsh j dzdz? o 3" Mistkz dEfO A7 1 1B
[99].
m° od3t yded 2 Cu Zn Pb Cr Ni Fe
(ckr(tczd(tekzr (tckzr| (tekzn
Wstodi stedW stod W stodi ¥ 5t dd

11 s t&lzdzlsds 3,0 23 20 0,05 4.0 T
vfj toj Hdzj

CdzyJ dzlstc G . . . . . .
Higdz M j dzd 1,15 0,34 0,77 1,16 0,004 5,63
T teizdag®/lR S 6| 1,95 1,21 6,12 1,64 0,13 5,93

 Odzd? 8COLdBS 9"  HBEBKOY O mMskzy ' dz ¢
HeMdz HY ko Odzsdzgz sBO ' CIs' HSE 2tets Wikdztso ts
[104. 1 © o ‘dalzds o ' H gkl 2 CjJW"  y' ‘' dzss Ctsdzyy
P deW St d3OIsdodzd s (sOGBdz. 3. 13) .

10 S W" y' ' delstsdy € sdzyd dzlssePoy J dedetizls © 83 |
"1l "2 fitjoedh ks ls! W sdztso ' Husdg@al jH dgdind
LtcOL C Q.M '3 OAL ded ¢ ¢ Legsypulazy Cr, Ni IsO Pb.

1'eidh jdgdzw Ctsdzyj dzlstcOy ' 1 [ " telkzdzls On
&zOh & HE®GS E, By E2ls! Blzlsd MmMftdydds dz Is
B MO MmOt tso O IJ182].0 o la it tosie(ls-z Q Isfdpy J dz
Ttokdzls O WELOU dEQdzd o f dzd o i offd Ltalyf Gkt ) dz
fsoowWL OB dzj cOdz' L Oy * ¥ 2 |« Grpdowtlzd Mtfis tsH ) Istaftsoifr
LEtstcOdzdzy ' CthteyPupkscss o " d3' ydzd »n  jodigtagjL didsdzls
Ttz dzls iz .

Iy dasBBztcOn 2o Odzdzv dg Qdgts ¢ IBE dpdas & s Mmls ¢
H' dzvW dzgs¢ HB dzOMmj dzj dzd - G E2deS s’ o, dgtsy J d3ts
HsfMdz" HYydJdedmr JEBGEiBMdMI] &3, & ksdkkk ydmnd

[H] O totsL tc O S s@BEMdEY ftctsc detsL 2o O dzdz
f s H df "Itz dzls O~ f ° g dzv dzOlinyi- wetf & o dedzg dzdat
f sntSHY J dadzv .
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1 Odzj y R'tsfgllsy'j dZb@@E'dr dGBjlsOdz' @ 9" H o d3 T
T tolz dzls thpjEsiH s d PO (us®@) dzOyOdes @Y C do d T g Iz dzls &
® " H' Bdp@Ddatt' de¥' difPOBZWtc s @ j dadats ds® aHidalrd offzts tc * 9 «
Wisdesa  dzv dgS Gplzvy f 5y J ez dz2B® B §MB o Odzets L ded ¥ §
f' Mdzw odcetteOdadzy, LB dz' h jdadz" t6]1 L O tOR L

[ dzw odw o dzj dzdaw ftose ' Hdzd n yddadzd € ° o
odSstedMmMlsOdzed?2 §hdtej dzd2 1T IgisOts @ B) & datg €lzd s § ¢
tc'day dz' . v jdzfp BjIssHE LoatsHdIs! Mw HEs o MisOdzat
Miskzy * dz ‘ zOf oW di3ts € ofdzdoz WOCIBt® dz
Ctsdzyj delstcOy' ¥ o BHBOdBE dzh j Rzl W y' * dzls
B'dz hd2 odzj MsC W OC Itstedz; ¢ tif asts tgfislsf'o ddf tc £ 1
HOdzs G 5 yd dzdzdi®f Qe s dajnaifls dinj ddzdz" .

10 fted € dzOH ' toRtb Af tieds(PzO tizis te iy dzts L Odzj ¥ o
LHOIdtsmls® 903¢Cdr &BjlsOdz' 93.13lsQuMzdz' sOIsd d

1O0Bd o dvY o dr dogdf,sfifistg tedze O Hetsipds * y 3 § s 0 d3l
sO o1 OBt ) BRIz WG o 2 ' 1dgj' depwj dztfj ] & dz@bts o g H A
Cdmdzslsdzsmils® ~“tckzdzlstso 56 t5kztew (s ipdztizkr ) | tielg 5z dzH
me d dzj y- Zlso ste® &g ¢ ¢ B to tsdzjudSdzslz’ § iH HS@izIS -
L CtstcOdzdz’ Istéts mdpdigmRiey Sz ¢ dz2 € Mmis! o d detps
Ttkdzstsose s MizEgAi o i @ tcEO o Edkse OfF Cd
L dzOud df' sHtgisy d® fedfzmisdisd, Mt o  d BEHJ
H' 8 dz2O dzse " MOHYOdzy' , hts Blzhigpk! o dMOHY
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t dMEzMBET) Odzj 3 dz' Mils: o dwe dzj dedz? Mo d dzy
mMjtejHBBadh O

BMICT CBIIHITIO, MI/KT
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g R*=10.0035

- ” ~

7 ——
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Bwict rymyey, %o

[ dMEz3ABE) Odzd % dz' Mis! o W e dzj dzdz" Mo dday® b

[lsted BORZO L Odzj 3 dz' Mls' o d Mz Pb o' H t&

gpp= 1,01 + 0, 19 1ts1(3.5H

Hipiod Mis Pb k “tekdids', &c/ Sc.
ddzj HdzY HOdS' LOdydsihls' Mfsmsjts
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O dzO dzts ¢ 'y dzff t3ts O etz BL s 0 O S dzy JOaidgom ity 'k
¢ d CeApl iz O of' m  j ST Jtddj dlsOdz ¢
L B Nz dzdz' cGbkdskmbk L dedy k' B¢ ks Do @ dpdes o3
[OkO0 OftsSMddoy' v sfdhk' s v ©' o dev dz

4ppb=2,231 0, 6,5 T (3.6)
Hpgiodg Ml ckdkkmkz b ~“tkdils' , %.
1 tod HtsH Q98 Odzdz silstcd d30 dzd n L Odzj ¥ dz
tc ‘day dzdz" :
gpp= 1, 62 140 ,09,21TT to1 (3.7)

sEjW 'y ‘dzs fjtejH HBd* ckkkhmEz b
o 'disYy, Nt o' H cbkdknk deikhinisls Paz® 1y Gtzj g
o' dz LOd&jNdls: o'H t1. IBLIEES IR’ ,$
" " Hodh j dedgvtoc L ddPm| alas H d Is ¢ HtS LB ' dz' hj dz
fjtejojHjdadzg" 2tsets E ttsL yddzdze W tstcdzlz.

[BO' HdzOdzdz" of)' 7 Iste! 57 S ZOH o d A
f 4 dzs sk’ s@aste O3ds). (ted . 3

—B-TyMycC
—i— CBEHHEITR

—4-pH

{ Mk BTl & fdsk figtz, 1 dzs d3ezl a3z ts R ey jLtizo d o
H' dzw dzgC OR
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G dOdz' L ¥ yd tedJLbkzdz IsOIsd ftetso jHjdzedr HIE
ftcd dzj 0 j dzd C sdzz W Rbdzts 9o dpizn zLisda@sfnjlsdzdz ' Is
zOo Odzls Oy j dzdzv zOo ' Is! " mdzw C gy j oy 2Oy zdz
Czdszmkz o dz dgis H kzy jJkBdzj L dzO ydzd 2 ;
o3 Mis d3 IsiPlziddzlss detEsie] L deHIS iy vz @&BD H s |
i fdzw H' f'twtsey dedatsG ts ud dedzd € Iz, h s
fjtcjojH] tzdpdil ke 5 diBj sOdzz, P s Bk dOCSYd
Hjwednrmn tsC ' 9;
f 59 j HPbdA]O jLyOfis ¢ o' H 9o 3 fplzktzls @& d3iz I |
odL dzOydisdmw, dzO fij GcdztdzistdsjsHs, T flelgO ¢ y ' * ©
ddzj HBMAz" HY J dgdgYW HBL & sdzW ° LtiesBdisd od
i fdzw BOMh IsOB dats ' 9 jterntso s’ 34",
ZOH R tsHdIsd [ztcj Hakodgs'sje j° Mfjlse stct 8 Olsd W ' Ists|
© ' Hdztso dzj dzdaw dz' MmasEads @OMOH K J d2 tolz dzls i
CdMmdzslsdz' Mmlss sM¢" " dz2 €d E SCdmazscdkkz 1O
90y¢dr BIISOA 9 L &ORBSHdI! v E ttL yddzds 2
s tsdzy J dzls e tedetslz” y dz' H' OG teOd3qd B Oy
B SOtz dBsOrHESY s3ce s ftsBkHBod sf[ o HA&W
[344, w¢C dzjtsBm' Hdzdr HzYv desStedBOdz! dets™ Y dlIsls
o0y¢dn d&J sOdz' 9, w g sy zIs!  EHIOdREL Zzio st
B ctOyY 2z L HOId fMmis! OBts By dzdoe ' Mis! H
SMOHY J dedzgV dgj tetsL yddzdzad = 6 ' HEBWSC Mo HH A’ UgjL dBS
ftcd we¢drmn 90y¢"° BB sOdzd BEZHEIS! BOIsd  dal
MittjHsadh' |, - kggsesOk & OWdagc Hdg' ] '~ 7 dzO¢
L CdMmizsdiz Mmj 316 BH) "o Eodidd' QBN Is
yomisscd Idfdg] [ Moz (dzfzpy)dz’ [ M FERPMls " ~$ delgiizp O
(4,5 <t <5,8) aofg' &34 Is Odzd , Cto'ddlz Fe (dgjl
B G tolz 5Oz ® ! v tc s M dzd dzO = .
1 " Hoadh jdadg? L dzOygj dz' 1 MmMftedw’ W' ¢MOy"'
[344).
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0 1 2 3 4 5 6§ 7 8 5 1 U B 1 u
| Fe(IIT)

I Mn
1 Fe(II)
1Cd
——-—AMg

{ IMEZMBTr ' Of OL sdz BOS M BOd degsE s SMOHY
C' HEesCMsCsdi diSh' o = & wddi |

—_— «+ > 4 b
cd <« cd | > < cd |* cd |»
“1 B ™ Pb Pb Mg |
Mg Mg . - Mg |» Fe(Il)
7 Fe(l) | *Fe(ll) Fe(II) L~
Zn Zn Zn
< ;iﬂ . - Ifiu > * o |*
n n Mn
- &
Cu Cu ¥
“ N | Twi |
Hg Hg
- Cr - A >l/
Fe(TIT)
Al E

{  MEzBABE) sjor * fipf Oz ¢ R B ydedn j dzj d3j dzls ' o |
ftod L3 d&@ t1 ~“tkddstseatsets MjtejHiBe d!

v O dd3 ydiasds) dzw § sfisy " s8] dgtlzydzd &3° fath €
mM"tedrn & Msodr " HL Sdzj dzd r» dzdetzizlst fots o " His
J oz s Gte’ddls stgj OCy' s dzO f ' to 65 d b GdimiEcikiaOfiaRd
wC dRtej HMisiPle @iz ~ tolz dals HO T WS 'y [ iR 2 o O dzdz" o
" dzls § ded o Hasdgds s O¢ udtejL flo@fdd (it
MisMisjte’" ¢cO' Is! Mw L Odzj 3 dzea'frHs ! 1 Gnolsdety fij Isizv  aff d
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zO” tclzdzglg N sHOR'AY s j X fj oj Hdz & " dgls 4 dzfyd
s " HL Sdejzddds'dH L dzOyJ dzd 2 y' IsC s tcj OCy" * 8
o zOMisdoasMmisj 2. ek dzbge dzils O®@®h 5 - OLOC Is
Hisfydz HY j dzgd D . § B8 GedL daf'SH ik lsdesmls®  §&yJy " ,
Ttkdals O fteswoeod ff tetsej dedesets yddaded C O f 6 C

AL RS s ydz o zOMisd o sfls" M tedn dz' mts
fsyjy ¢ tehkelk! v, MC' d ¢d ' Mistlsds
J dzj d3j dzlsdzle’ 2 o dedastc O Skzdskzm, L d3gj dzh z2° Is! mw
L BHddtets BS Iz, ftsdzj ch 28 ISitc iz tlate@sdigd ¢ iz dztlzt
PRtsod ftstesMmisOddy, tshiskz ° tsLeodlClz Mt
(0i15 M) mM'tedn dz' Mtse d 8 Geficdf' ' s SRdajj ddefss
ftsyjy" Ldzdy k2 s qw L O tOr kzdets§ i 5o jistsOdigday
Ttz sk EttedL Bdzls .

[ " mMse' dedLtse’ ftyjx' ' LEts L d3" dgt v Is
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Mg i 1107, P 1744, Mni 2151, Sii 1384, Cri 2482, Cui 2595, Nii 2732, V
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n=3 Cuw+30H = Cu(OH)' | g14,42
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n=1 Ig[Cu(OH)] = | g K EKwigHg34 pH
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s Ols' Ss | gb | gb| | gb| | gb
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Co* -14,7 4.4 9,2 10,5
Cré? -30,18 10,1 17,8 24 29,9
Cuw* -19,66 6,0 13,18 | 14,42 | 14,56
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Mg?* -9,2 2,60 16,3 i i
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Hg?* -25,44 10,59 | 21,82 | 20,89 | 10,67
P -14,9 6,29 10,87 | 13,39 I
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[ Jodatbd BL ts5| 4,657 |y stodatsL j @Y dzl o dz@
Ttebkzdzls d f StctsSH OR :
[ HL 5dzj dz MdtejHdz & clkzdzk 6,97,2
" 4,55,1 ROd&s CGezdRzmd | 7,273
Is | ditgtstc 6,870 |y stedetsL j &3 -L Odzd h| 6,97,6
mMsdztsdzy® 9 Ols* dzO
ytstedesL j{ 7017,1 |[ zydgstedzetsL j d3dz® 7| 9,59,6
s " HL Az
{ jGeOHBo O 7,2 |[ kzyds ~ tebkdzsd 9,59,6
Yy stedztsL jJ &3 | 6,76,8 | Jtedzese ' T telkzdzlsd | 576,7

2O d&zj Mo d




248

. R
Konomax

i3avenwnnisxa
.,

Onigzoneni rpyutu pH 4,5-5,7

L

YopHosemu pH 6,7-7,6

JlyuaHi rpyntu pH >7,7

t dMkzdets§ j 5858 B'lsye@'[AflsH of dzdosd3 Isj n dats
RZO@Z®OY § dedzv ' tets5G j dzdid®G tff tof € AOm Y | daddc € * o fi
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[ dG6JdzH O HIg jlschf).df lidoefs @fjl d =~ t3] I8 Odzl aizd ¢
Isj ndetsG j dedetse s dzOo Odzls Oy J dzdgv ff " totsG j dzdes G 5
tej ¢ Sdzlz) )

AepHOBO-NiA3ONNCTI FPYHTI YopHosemu
v JlepHOBO-NiA30ANCTI TPYHTW Ha AaBHbOaNI0BIaNbHUX Ta BOAHO/ILOA0OBUKOBUX BIAKNaAaX, MOPEHI Ta NeCOBNAHNX v YopHosemu rUGOKI Ha NeCoBUX NOPOAAX
nopoaax

YopHo3emn rVBOKI ManoryMycHi BuayrosaHi
[lepHOBO-NPUXOBaHONIZ30AWCTI NiLaHi Ta MUMHNCTe-MIWaHi rPyHTW (60poBi nicki) HopHosemn ruBoKi cepeHBOryMycH

[EpHOB0-CNa60- CePegHLONIA30ANCTI MILY3HI Ta FMHACTO-MILYaHI FPYHTY I opHosewmy rUBOKI CepeHBOryMYCHI kapGoHaTHI
Il YopHO3emy MUBOKi CepeAHBOTYMYCHI BUNyroBari
oniazonexi rpyHTH /| UopHO3EMM 3BUYAIAHI Ha NECOBMX NOPOAAX
/| OnigsoneHi rpyHTI NepesakHo Ha NecoBUX MOpofax - opHO3EMY 3BIUEHHI CEPEARBOTYMYCHI TMGOKI

YopHE3eMH 3BNHaiHI cepeHBOryMyCHI

Cipi onigsoneni rpyHT YOpHO3eMH 3BUYEHHI MANOTYMYCH

TewmHo-Cipi onig30neHi rpyHTH
YopHozemu onigzeneHi /| HopHoseMM Ha WiNbHIX FMUuHaX

P . YopHO3eMM Ha WINEHUX FANHaX
erpagoBaHi rpyHTH

pan Py [l YopHo3emy CONDHLI0BATI Ha LYiNbHIUX MVHAaX

/| PerpapoBaHi rpyHTI /| YopHo3EMHI FAMHICTO-NilLaH Ta CynilaKi rpyHTIA

Il YopHo3zemu perpajosani

[ HopHO3EMHI MIMHINCTO-MILLAHI Ta CyNiLaH rpyHTH

\/ YopHo3eMM 3anMLLKOBO-CONOHLIIOBATI Ha NeCOBUX NOPoAaXx

HepHO3eMU IMNEOKI 33IMLLIKOBO-CONOHLIOBATI
[l HopHo3eMW 3BNHARHI 3aNMUIKOBO-CONOHLFOEATI

Ty4YHO-4OPHO3EMHI TPYHTH
/| Nyuro-uopHosemui rpyHT

Jly4HO-YOPHO3EMHI (MMEOKO-CONOHLIBATI FPYHTK

NyuHi rpyHTI
V! JyuHi rpyHTIA

[ JTyHHi T3 HOPHO3EMHO-NYUHI MOBEPXHEBO-CONOHLOBATI MPyHTI
ﬂ)‘-IH\ Ta YOPHO3IEMHO-NYHHI FJ'I\’\()-DKO-CCIIOHLUDEST\ rpyHTH

10 " HiMsOo ftetseo j HJ dzd A tc 5 IdefORdiz’ dz& iz
fsojH' d¢d o0%Cdh &BikOdk o, w¢' CttEdhd
Citn' & yds® & wOyY'S kO OCk&kzdvy'w o
Isj ndetse j dzdetse 5 dz0 9 Odzls Oy j dzdzw f ' tetsej dzdztsG ¢
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] 5B LH o OSAPD j&FDE R ' dP Susid’ dztf fifldd & j © dztsaglp dzdz
zOo Odzls Oy 'jtelisis | dzdzs G 5 ff tSA tSH Y § dadzw HisL o tsdzd
LHOLd fMik! 1§ O &OHOL ftescdsL " G stp
) SH 8@ Bty &z o s j SMisteOf sdzs 9 Olsd 2O ' ¢
L OL dzgO¥ Is! Isj ndesc j dzdzse 5 dzO9o Odzls Oy j dzdzy '
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431 jCtejMm 20 &sHjd (sfls]' st jfdeds’
sjndsc j dedzs Bz dzOo Odzls Oy j dzdz
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H'oBGelze o' HiMSE®@OR ) j dzdes a g takis Is v ¢ tSId3012t0t0 .8
sy ¥ Or Isjtedlsttte’ ' ftes2Hjdets’ [28F9scdzej &3 2 MmO
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F=A (4.8)

HFIifsC0OLddS o' Hdzso dzt 9 Odesfls' JCtsejtsmMdmls
AL A, €108 0" IS W " daelsd Ctstej dzv g
Y, Yo, Y3, éqiYUddzdzed € d, NPts of dzdeo O Is! dz® o' Hdztso

) @disga o j 1 j dadzy dzse R ff j X &Y dadzcE @1 () d dzdz
Cjctejm' v MO’ & d 2 dets® :



251

F=Ao+ AXi+ AXo+ AsXs+ &4, (4.9)

[ dzw L dzOR sH Y j dedz?  dzj 9¢" @ s dBPr € C sinW) ' yo' d &
BjlstH dO2dBjd"dT CoOHKOL & SO HONb gz
Lo fggeskzdz IsOIsd dfOeds® f) i § wed &J fids @dzsiatadifiz’ H X §
[ Olj BOIsdyds § BB 8OG LS s BEE 55 § o5 ¢ ts O Bg
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F, = xOTE (4.14
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YKPATHA

MIHICTEPCTBO OCBITH 1 HAYKH, MOAOJI TA CIIOPTY YKPAIHU
TABPIFICbKHMIT HALIIOHAABHHI YHIBEPCUTET imesii B. I. BEPHAZICBKOTO

95007, . Cimpeponoan, npociekr akaemika Bepraicnkoro, 4
Ten. (0652) 54-50-36  Daxc (0652) 54-52-46  F-mail: rector@tnu crimea pa hitp://www.tnu.crimed

07.06.75 e St/
Ha Ne |——— —T

JOBIAKA
Npo BMNPOBADKEHHS pe3ynbTaTiB fochimkeHHs byu Opis Bacunsosuya

JlaHa Mpo Te, WO pe3yabTaTu AociijkenHs Byu HOpist BacunboBuya «Cyuacuuii cran
MpoliieMy BIUIMBY NOXEX HA PEOCHCTEMM PIi3HWX TPUPOAHHX 30H TepuTopii YkpaiHu»
BK/IIOYEHO [0 KOJIEKTUBHOI MoHorpagii «HaykoBo-MeToAWuHi Ta NPUKIAAHI acrnekTu
eKosiorizauii», sKa BUKOHaHA B MeXaxX KOMIUIEKCHOI TemH jociimkenus «Haykoso-
MeTOAWYHe 3abe3nedeHHs  peanizalii  cTpaTerii  CTaloro  po3BUTKY»  (HOMep
aepxpeectpauii 0113U000201).

[Ipumipauku KonexTHBHOI MOHorpadii posicnani B 6i6nioTexu 3a BCTAHOBISHUM
nepeikoM:;

bi6bniorexa Aaminictpauii [Tpesunenta Ykpainu
Hauionansna 6i6nioreka Ykpaiuu im. B.l. Bepraacekoro
HauionansHa napiamenteska 6i6niotexa Ykpainu
JepxaBHa HayKkoBO-TeXHiuHa 6iGnioTeka Y KpaiHu
JIeBiBCchKA HaykoBa GibiioTeka im.. B. Credannxa
Oneckbka 1epkaBHa HaykoBa OibiioTeka

XapkiBschbKa jlepkaBHa HaykoBa Oibniotexa iM. Koponenka
Knuxkosa [lanara Ykpaiuu

[MpopekTop 3 HaykoBOI po
Taspilicbkuil HaLllOHATBH]
yHiBepcuteT imeni B.1. Bagia

I.X.H., npogecop B.®. Ulynerux
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