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ABSTRACT

Karliuk A. A. Enhancement of ecological safety of the Siversky Donets river
and Liman group lakes in the area of Zmievskaia TES impddie Manuscript.

The Thesis for the PhD degree (candidate of engineering sciendles in
specialty of 21.06. 01 Environmental Safetyl Scientific Research Institution

cUkrainian Scientific Research I nstit

Dissertation is aimed at solving the scientific problem of support the
ecological safetyof water bodies in the Zmiev TES area by monitoring the
processes of formation of a surface water quality in the lakes of Liman entity.

In Ukraine, the reserves of sgfirification of most aquatic ecosysis are
significantly depletedthe quality of sdlcleaning as an ecosystem service is low,
and frequent cases of s@bllution characterize this ecosystem service as
associated with environmental risk.

The shortage of water resources in the nedhtern region requires special
attention to the statef the main waterway of the Kharkiv regiénthe Sversky
Donetsriver. To date, the action of natural and anthropogenic factors significantly
increases the level of environmentek of deterioration of theiersky Donets
river, which requires research tetermine the factors that lead to changes in
environmental status, pollution and the ability of the water body teckszlh.

In recent years, little attention has been paid to the further study of
mechanisms, development of ways to intensify and asisessvironmental risks
of degradation of selfreatment processes of water bodies; although these issues
are still far from being fully explored, the application of modern tools and
approaches can significantly update knowledge in this area.

Largescaleeconomic activity in the region necessitates the development of
appropriate water protection measures to improve thditimm of surface waters.
The S' ver gvieryandlihe fake$s & the Limagoup are in the zone of
influence of Zmiivska TPP. The d&kes of the liman group have a hydraulic
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connection with other watdiodies and play the role of a buffesne between the
direct impact of the Zmiiska TPP and the i8ersky Donetsiver. Thereforethe
regulation of water quality of lakes and the adjagerit of the river requires close
attention to the study of hydrological, chemical and biological processes that have
developed in these water bodi€sven all the above, we note that the definition of
measures to rehabilitate and preserve the ecologalkbeing of lakes and ensure
the environmental safety of the Seversky Donets River is an extremely importan
and relevant scientific and practical task.

As the object of research in the presented work the processes that determin
the ecological state of ater quality of the lakes of theitman group and the
Siversky Donets river in the zone of influence of ZrekaTPP are considered.

As a subject of research, the ways of increase obgwall safety of lakes of
the Liman group and the riveriv&rsky Donet, methods and measures for
definition and decrease atgative influence of the Ziniska thermal power plant
on formation of water quality of these water objects are considered.

During the dissertation the following methods were used: statistical, expert
evaluations, observation, system analysis, measurement, modeling and forecastin
Modern instrumental methods were used for measurements: potentiometric, atomi
absorption, flame photometry, etc. Statistical processing of results and
retrospective analysisvere used for processing and analysis of experimental
research data. The following methods are used in the work: correlation ainalysis
to determine the role of external influences and inland water processes in the
formation of water quality in lakes; H& methodi to perform predictive
calculations of the formation of the quality of the studied surface waters;
ecological assessmentto determine the ecologicabndition of the lakes of the
Liman group and theigrsky Donets riverbalance method to asess the man
made and natural impact on the studied lakes and rivers.

In the course of work the results having character of scientific novelty, in
particular are reached, in particular:

- for the first time the influence of a wide range of natural artlr@pogenic
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factors on the formation of water quality of interconnected serveater bodies
lakes of the Lman group and the riverinv&rsky Donets was theoretically
substantiated and experimentally proved;

- for the first time the interrelation of bictand abiotic factors during the
formation of the ecological state of surface water massifs in the zone of influence
of the energy object is scientifically substantiated on the example of kaniiv
TPP;

- for the first time a method was developed to deteenthe degree of
impact of lake on the water quality of theivirsky Donetsriver due to the
removal of polluted waters and infiltration of filtration waters with the creation of a
systematized database of hydrological status, hydrochemical and hydyatablo
composition of the ecosystem;

- the system of ecological monitoring of water bodies in the zone of
influence of the energy object was improved due to the inclusion of
hydrobiological and microbiological indicators;

- the existing schemes of wastewateeatment in natural water bodies
(bioplateau Chaika) have been improved;

- hydrochemical, hydrobiological and microbiological studiethe cascade
of lakes of the Lman group were further developed,;

- the methodical bases of the analysis of proces$eselfcleaning for
concrete conditions of formation of an ecological condition of system of lakes ha
got the further development.

The practical significance of the obtained results lies in the development of
specific recommendations for the interc@tion of selfcleaning processes in the
studied system of lakes, and in the possibility of using methodological
developments to improve environmental safety in other water bodies, including
those under the influence of TPP

Personal contribution of thepgicant. The dissertation research is an
independently prepared scientific work. The applicant directly participated in the

implementation of all stages of reseaicfrom the analysis of literature sources,
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defining goals and objectives for obtaining aptbcessing the results, the
formation of the main principles of work and conclusions. The author substantiates
the need for chemicanalytical and biological studies of water bodies located in
the area oinfluence of Zmiiv TPP, using system analysise thoice of control
points and controlled parameters is determined; samples of surface waters an
bottom sediments were taken for hydrobiological (phytoplankton, zooplankton,
zoobenthos) and microbiological analysis; the role of external influences and
inland water processes in the formation of water quality in the lakes of the Lyman
group is determined; a comparative analysis of the retrospective and curren
ecological status of the studied water bodies was performed. Abaksse model
of the systenglLake Chaikai Lake Lichovee in the period of time of active
anthropogenic load is constructed. Forecast calculations ofcewfater quality
formation of $versky Donetgiver and LakelLiman group; priority indicators of
their composition are allocated. Amproved scheme of wastewater treatment on
the bioplateau of Lake Chaika is proposed. Water protection measures to increas
the environmental safety of thev@rsky Donetsiver and the lakes of the Lyman
group in the zone of influence of Zmgka TPP aresubstantiated. A series of
electronic diagrams, drawings was constructed and interpreted.

The first section of the work is devoted to the analytical review of scientific
materials. On the basis of the analysis of results of scientific researches ofsfeature
of formation, quality of surface waters the factors influencing their ecological
condition and ability to seifleaning are defined.

The second section of the work is aimed at substantiating the choice of
research direction and a description of the nfagtors shaping the ecological
status of the studied surface waters.

The third section focuses on the study of hydrochemical and hydrobiological
charateristics of the lakes of theiman groupand the adjacent part of the
Siversky Donetsiver, as well a®n establishing the dependences of changes in the
characteristics of biotic groups on changes in hydrochemical characteristics of

lakes.
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The fourth section contains the built mdmdance model of the system
cLake Chaikai Lake Lichovee, forecast calculabhs of water quality of the
studied lakes and rivers, as well as tmpact of filtration costs fronhake Chaika
on the river 8/ersky Donets, which come with groundwater flow and developed
recommendations on water protection measures to increasenthionmental
safety of the versky Donetsiver and the lakesf theLimangroup in the zone of
influence of ZmiiskaTPP.

Thusthe problem of ensuring the ecological safety of water bodies in the
zone of influence of ZmiiskaTPP on the basis of regulatioh the processes of
surface water quality formation of the lakdghe Liman group was solved.

The results of scientific research and provisions that make up the scientific
novelty of the candidatebs dissertat:
the Siversky Donets river and lakes of the Liman group in the area of influence of
Zmi i vska TPPe were used by PJSC ¢Cen
related to environmental safety Donets and lakes of the Liman group in the zone o
influence of Zmiivk T P P e .

The development of the dissertation was introduced into the educational
process in the preparation of students of a number of specialties studying at th
Kharkiv Nationaluniversity of civil defense of Ukraine in the discipling§Vater
supply andsewerage, cManagement irnvironmentalprotectiore.

Key words: Siversky Donets river, Liman group lakes, Zmiivska TES,
surface water pollution, modern ecological state, water quality forecasting,

ecological safety.
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Yomlsddz0 ossHAESEGE BOROMMEZ Isj -~ ds6 j dzdzts G 5
dZOH - sSH d Is L BLjO stiddhkzoOl] IOtifEtse
l tctso JHgMERE" HY J dzdzWv, HBSLoatsdzddzd oadwedlsd
sLjte YO2C€0O IsO [ dqutse .
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ftod 2 BO=hE 1; =00 | dzOYj dzdzm; W@ ez® y d2OMis iz f
dz0B dzd 3 j dzdzw 7 tsB yd fiydes/ | ditO SUs@ |, 17 d@0y jj ctkatw i
g/ 1 B f st jtoj Hdz = dzOB dzd 3 § dedzy B . H o Hz@ 1y gtz
dzOMmisizf dzed = dzOB dzd » J dzdz" ~dzday B BMIeR * LAgiEO YLl €z
oj dzdwiued 5§ jtejHdz ° dzOB dzd ¥ j dadz™ 7 .

ce¢hs ojazduthded dL dg@BUOY s My o Istejls! 5
YJ lso j tolsts iz dzOB dzd ¥ J dzdzv ~ LB GO8 Is! fmw
sBydmadzj dedzv G tedq ddgw e Is: mw.

I S 5dz0* dsts tesL 6O 2 deSOP CWO' ey letin® Qe 2 i
odCstdmlssobky yd ' 5 HOGOEHS dapa @S | OGO S I

v OB dzd ywi [As.ted tsd3j Isted ydz ~nOtcOCIsjtod Mls
ot 0 jtem! Cd2 [ tsdzj Y-

l sHdzd 2 |1 OGO | dzdBddzO [ s d1 O2B " «
fdzsh jtej|l BSOS Mdd( (L) , h dted
9, 2| Hn)e, | (Huodn, (o 03
y02¢0 1,71 1,0 1,6 1,7 1,28
" uso
' 9 jtef| - 3,0 6,0 2,0 -
[ 5dzi Y

JMe dz Cd, o Jdad wd{dzdflz@&u O tsilsiPreo q " sMis s Bz
! sdits Bz sO dzOB dzd ¥ j dadz¥ R L B ' & Gx0s:! Amiat
ts Bfuln dzj dzdzv tedzodgddz' {. tc d

l d-" HdZ H Odz H dzw tetsL tOm ZzdzC ' o
ols OB
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v OB dzd 4wl d4." &4 dz' H Odz SO twjLizdz IsOIsd tLtcOrkzdS o W' dz IstcO
dZOH - sHdd'do jotcfje.C d&O 1 fspdpyisdr® dgjf tcd MJjtcj Hdz sSBOGCOItste’ ydzd = L dzO-
dr o

M zOHEZ ftse jtcn dzj o SH)

-O ~
o m
— < 4]
. ® | g B | & | 2] ®
| - T T T N - = | % i N I < o =~
2| o | £ Ho < < < s | < 4l _ = S =) | o | O
I O — | e~ O >
L. _ ) x I

1 2000| 1700| 15 ’ 1 0 1 15 225 15 81 9,0 0,036 |0,0024 | 0,004 |9,0

LY

2 2000| 1700( 15 0,995( 0,54 | 1,01 | 14,925| 222,46| 14,92| 81,81 | 9,045 | 0,03516| 0,00236| 0,00391 9,0

LY

2000| 1700| 15 0,993| 0,52 | 1,015| 14,895| 221,59| 14,89| 82,215| 9,0673| 0,0348 | 0,00232| 0,00387| 9,0

LY

2000| 1700| 15 0,991| 0,52 | 1,014| 14,865| 220,70| 14,86| 82,134| 9,0628| 0,0346 | 0,00231| 0,00384| 9,0 | 0,121] 241,8

L5

2000 1700| 15 0,990| 0,52 | 1,014| 14,85 | 220,52| 14,85| 82,134| 9,0628| 0,0346 | 0,00231| 0,00384| 9,0

L5

2000| 1700( 15 0,990( 0,52 | 1,014| 14,85 | 220,25| 14,84| 82,134 9,0628| 0,0345 | 0,00230| 0,00384| 9,0

L5

1N
~olh— ol~orohr ol ohr— o
odlog|oFdOF[OAOAOH

2000| 1700| 15 0,990/ 0,52 | 1,014| 14,85 | 220,25| 14,84| 82,134 | 9,0628| 0,0345 | 0,00230| 0,00384| 9,0

£y
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L dzOy jy dbdzv 1 4, 8 B5=1d84d3, 19,0603 = 0,§3453c53.

U BH' Hdzo s Jifledels tsdg@ W ' dz! Istc @y ' B 6820y d;
o tSH L sL . YyYo2¢€0 o9 tc . g4' 9 jtms Cd2 r
k=35d3/ HisBHtstc’ o dz¥ 9 Olsd d3J :
g=k@=35d3/ HE®B 03 45H3sBdE A3 =%/ WsALAK D 0dt 4 dz/ M

1 O Odzr dz' W Jic®isGyOQR2 M@ . ptotsL O s Odz
dzOH " 2ideifls 'O zo Odadz?  j S teOdzlz® ysets jwjc
Hdz ), wC BZzHEIS! d&OHatHdId o . I, 9]
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Q=qd (4.21)

ltcd HBoyddz H' dzw dz€ (L), wCO HsH
W' dz' steOy" 2dz odlstcOIsd o tHdy' & JstcgOHEAISHY
MlisOdetseo dIsd 3z Is * :

Q=g =0,121.(2000 =2418d3/ H ®BGs 0 0 ¥ 8NPEs, 8 dz/ fj €

4. 1.4 1 dLdzOyjdzdew off dzdobkz L jtO Y O]
e 9 jteh Cd2 r sdaj y!

I dL dzOyj dzdzv voORdkdoe kdzOs LG ' Hictsn & O3b Jlzff? €
[ SdzL W ©OREZdtsE IsjnrndesGj dzdzdmr .9tSH SO L O

1 &3 W@ ydzsBlE MEHO o to. tdaj Wy it T2
Mftcdyddzj dz0 MCdHEBsd3 Isjrdetse j dzgdedr o tH IO
odltcOls IO Ctdayj dalstcOy* 2. Sstsdzyd dzlstce Oy W
ftedfzh jdzdze dBdlls' atsets L d3 BdiE as® dfdyy tshiolf daufifes
WSt i3z dzO ok

iHdZY o dL dzOyj dgdg? Isj mdetsc j dzdzsects o ff dzdo Iz

this = (s Qist &eQp) / (Qs +Qp), (4.2)

HJ :
s I S sdgyj dzlstceOy'" W L OBtolzHdz¥ ¢ Yyts’ tcj ytse

MCqduOsls: Mw & t' ySk, &c/ HE
el Csdzyj dzB 6 Oy "tvjoytt® duyldise * 3, o tsH' , Bc/
QiodlstcOlSO IsjRdetsej dedzgd i otsH, h ¥ ¢ dH
QiodstOsOY . ySd, o

iHdY odL dOyYj ddz? ofdzdolz W' dz steOyY' = L

by = (H/\ QQn + H/\.dg/\) / (Q/\ +Q/\), (4-23)
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HJ :
Hy T Ssdzyj dzlste Oy’ W L OBtokzHdzt 8 yts™ toj yso d ¢

SLY.02C 0O Hts to. w' ' o jtgMm' ¢Cd2 [ tdaj y', &Be/ H
el S8dzyj dzlstcOy* v y' ' ° twjuydesdded o to' Yy
Qi W' dzt steOY" 2dz’ olstcObh; osHd L L. Y
QiodkteOkOY . ysd, &
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' HL J d3dzd - ‘ tc' yS sodn 9 SH f smdzizy d dzd
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oHd ud o jotcm Cd2 7 tsdzj y* , LO tOrlkzdatsC Isj
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v OB dzd YW teds.GtlesL d2' Ctdzyj delstcOy'® w3 € tet
e o jtem! €d2 1 tsdzj y!

l totsce dzts L dz' ¢
AOSdudPtdd ' SCttss ' Sy

) 5C OL & BOCIS | to' SEAGL | f 5C OL dzd €
& € tctsB 6y’ o jtef! ¢ d23
G' Yydets| |1 s t" ys(1 kttOGR 1 tedte’
¢ dzOH [t [yl o' oj| dd | Sodyj
YO [ dyte M Cd jodis| Oy
[ Sdzj | dZse s fite' ydz
[ OC 5L
s d oS h €
§ © daccry, | 5000 | 46000| 59667 | 15333 15772 439
sUJ/%HGC
W
SBM WQ 454 140 | 450 225 207 2
10 [ /°HC

1 Okzo Oy d d3ts hts tsHJ oy Odzg' tesL ORIz dzl 5
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LOf OM2 dz@fpigT * dz' © 7 O il iz

THdZY Ed@ite BOSCMd &3Odz! dzes sy dzdo d - o Ists!
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W tstc d3lz 9 O dzdz' ' 3 ydesets MSC zOH E sO Mmtsdz
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n dzts tc  HO3dge /H A tsdzj @ d3' fyls L B ‘dg//THdMs ' Mw  dzO

ltcORtsalzs yd, hts % 'JddzitclOtstFiy.’ 2 lgOEO Q5 |
0,121d3/ H B Iz, W' dzt steOy'" v L BLjKO 9o totsL |
off dzdo O 2O ' Hietsdzte ' ydzd?2 iy dd3 te. H
tc' Yy so(EOmdgH 4. 8) .
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v OB dzd YW stsddzy8j dzlstc Oy dzts tc d3ts © @dzcpri dents &

[ Sdzi Y-
ANOCIsduydz (5|t BLICORkAZS B9’
) 5@L dzd { 0 ' ydeseEts MC w9 jtem S22 [
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¢ dzOH YG)%'I thu‘ pjte|lsjodese ] W' dz lsits
P AU sdzj|1 MssChH 5Lr.0R00
100 d M di
G o q| 16:00| 11,00| 800 8,00 8,00
Jusftsd 642 | 4,36 2,85 2,89 2,85
Mb S 48,01 | 39,35| 42,00 42,46 42,00
oL sisls da®| 3,47 | 3,43 5,19 5,24 5,19
oL tsisls aff| 0,12 | 0,10 0,43 0,43 0,43
oL SIS
Ot 2| %91 | 042 0,39 0,40 0,39
[ Istlswsim W | 2,15 | 1,41 2,04 2,06 2,04
1 Odz' L 5 0,16 | 0,16 0,13 0,13 0,13
u zdzr W @ 318,07| 251,68] 127,00 129,85 127,04
mazsted H 91,30 | 7557 | 62,00 63,03 62,01
wlzod2 [1003,0d 899,00 973,00 984,00 973,00
1 01 0,25 | 0,09 0,06 0,06 0,06
1 OW Ists{ ts| 0,07 | 0,06 0,03 0,03 0,03
1GHds L L teOR zdd O, sLjtes Y O2C(
WisteBzo Odzdzy S &5 ydesets MC zOHE ' yStsoed
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l totsG dztsL Iz 9 Odzda” L d&z0yJ dz i s5CLOQ dzgsq Isds H
M s dz!' 1857134):
1. [ Sy tsdzj dgy' Odz! des L GdzOHY jdzgd?2 tWH
Le= A4+ (17 U & Leal T, (4.24)
2. [y dz¢ O Istej dzH Iz

Tt =D ql_t T I—t-l) + (1 + b) .c")Tt-l, (425)

3. Jtosegdztstf j tdZOtSH " @ o jtoj H

Yi= L+ 6 OT, (4.26)
HJ :
LiftcgsL dzgj L dzOyJ dzdgv HdzW f Blstsydese s d3t
TiodL dzOyJ dedzv Isj dzgH j dzy’' ° L dzOyg dz' ;

wiftesgdatsL dagj L dzOyJ dagdzv dzO t f jto' SH ' 9

U,ithsMmis® 2 dz2 L G d&zOH)Y PA]Odzdzr L ' dzlsj tco Oc

[jlstsH mtd 5O kM ' hdts L OMtHigsEssfH
ftetscdas8? .o [[fIsd &30dz: s, {H OBABPEAMGHY " dzw 5 15
MjtejHde 5Co OHtEOlsdyudets’® YsdBddzSd ftsc dtst &

l S sted MisOdadz? f totsgdetsL dedrn L dzOyJ dz dz
(G' HEsBR ' & ydzd & ¢ S Ddzjdzs®in o O B0 oHd o'
f ZOdzz o Odzdz? o HBEEMY SHOM! S5° H' Wd dzts
5B ttzdzstso Odzdn fodoSHSSR Stesdzdzdn L OR s
odtc’ h jdeda" ftotsecdesL so Odzdrn ftesBdzj d&3 L O o

L B ls' foisE azsaipraz® Sisdzas ¢ Mg @edzz 59 |
SL jte [ dd3Odaf oSS SA[P®].( s @m tg11)4 . 9
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s OB dzd ¥ oG EESL &z L dgOYj dedzv o o5 yded T
l sE () oG |) e |) bE|) oisd
L/ P BCOLdad © ¢ 50 2022 | 2023 | 2024 | 2025
1 2 3 4 5 6 7
1 |y e-dedts  @&36/ H d3| 23,14 26,99 | 30,84 | 34,70 | 38,55
2 |ius ®BE/ H®B 7.40 8,57 893 | 931 | 9,67
3 |mus, @8BS/ HK 5428 | 5544 | 56,59 | 57,74 | 58,89
4 |NOs, 3%/ H d3 5,73 6,02 631 | 659 | 6,87
5 [NO, &/ H 3 0,08 0,08 0,08 0,08 | 0,08
6 |NHi CB&E/ H R 0,67 0,65 0,64 | 063 | 0,62
7 | PQ, &/ H & 1,93 1,89 185 | 1,81 | 1,76
8 |Fe, e/ HK 0,10 0,16 0,16 | 017 | 0,18
9 [SQ, ®E/ HE 337 318 299 280 260
10 |[Cl, WG/ H 90 90 90 91 91
11 lukzod?2 L Oddh § 798 782 767 751 735
12 [ul 0t .1 dgBe / 0,11 0,07 004 | 004 | 002
131 OWIssf tosH X 0,05 0,05 0,04 | 004 | 0,04

10 jiLbkd sOOB] f s dasdz@y Oditizy  J s
fcsCOLdd?09&® X025 t' ¢ fjtcjHBOYO' Is! Mmw

dzOfyis iz § ded B3d Y dsek/Opicptbd® d3d PAF2H 88,55 4 b §T L

8, 2®6MN®siL 5, G CHiItE 9QLFelst 0, QM Hfs
v OB dzd Yyl tedtsclddtsL dz' L dzOyj dedzy =" d3° ydzd n
- l oG] el sG] toisc | todsdzl
L/ P BCOLdad C ¢ 5001 | 2022 | 2023 | 2024 | 2025
1 |y o.dedtg  3d3¢/ m{ 1355 | 13,80 | 14,23 | 1458 | 14,92
2 ldg &BE/ HXB 6,87 7,12 7,37 7,62 7,87
3 |mus, &G/ HG 40,97 | 40,72 | 40,47 | 40,23 | 39,98
4 |NOs, &B&E/ H 4,43 3,00 3,56 3,12 2,68
5 |NO, g%/ H g 0,057 | 0053 | 0,048 | 0044 | 0,039
6 |NHi, &/ H 0,65 0,69 0,73 0,77 082
7 | PO, &S/ 1B 1.1 0,96 0,83 0,69 0,56
8 |Fe, WS/ HGE 0,07 0,06 0,05 0,04 | 0,03
9 |SO, &/ H g 181 168 154 141 128
10 [Cl, #wc/ Hd& 7930 | 7815 | 76,99 | 7583 | 74,67
11 |uknd?2 LOd&Phd 678 654 629 605 580
12 |ul 61, 3Bs/ Hdg| 011 0,11 0,11 0,11 0,11
13 1 ®ssf osH 2S3sd 0,05 0,05 0,05 0,05 0,05
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f tots G dzfs ozl a P dzdzw
fjttjHBOYO I8! MW

1 3,483 NH,sT1 L 0,65

H 18,82

v Qded yw % .1 Icls G dztsL dz' L dzOyJ dzdzv n
o o jtefm: €2 [ tsdaj y' (MBls. | 5dzj y* )
- l 6c|] GBCE|) BGBG|) GBGE(] BBG
. PBELOL ] 5001 | 2022 | 2023 | 2024 2025
1 |y o-dzdte °ge/ n| 823 | 800 | 7.78 7,55 7,33
2 l1usg ®BE/ HE 5,14 5,23 5,32 5,41 5,49
3 |mus &G/ H O 38,52 | 39,03 | 39,54 | 40,05 | 40,56
4 |NOs, 8%/ H B 10,28 | 10,22 | 10,16 | 10,11 | 10,05
5 |[NO, &/ H 5 019 | 020 | 022 0,24 0,26
6 |NHi, 8%/ H B 032 | 032 | 033 0,33 0,34
7 | PO, &S/ H B 1,81 | 212 | 242 2,73 3,04
8 |[Fe, d¥3¢/ H 009 | 009 | 0,09 0,09 0,09
9 [S0s, RE/ H& 157 157 151 148 145
10 |[Cl, WS/ H& 56,83 | 55,96 | 55,09 | 54,22 | 53,35
11 luznd2 L Odzd® § 540,7 | 531,3 | 5219 | 5125 | 5032
12 |ul 01, °KBE/ Hds| 006 | 004 | 0,04 0,03 0,02
131 O s esHEX K 002 | 002 | 0,02 0,02 0,01

1 O tojOlskadidls f tots ¢ (lzis O B dedazO y j dzdzv n
fsCOLddC " o ) o' Yy ' 9 jtemidddd 22 0285dz)
fjtcijHBOYO' Is' MW IsjdgHjdzy' v HEts @&/ d
lgsi L 5H®45MmueAsDL 3 & ,55 28 NO25 6 ;100, HBNHLYT 12 6 ;
0,32H ©,34 PO,iL 1, 81. Hts 3, 04

l S sdzOdets ftescdesL zo Odzdzy L dzOyj dz fts
YyYo2ed, [Jduytsej IsO H' dvdSd tc. o' otg tcmhh &
ftoj HMIs Co=RQAKE s’ h j ddzv W OBKPSMB S ¢ €
LO OCddqsdr ¥ 38C Qdzdzd § MOBICH FE#'¢ ®w.s T N, yutso j
ot 0 jtom! CdIT mp mdzj oy NHs", NOy, NGOy, PQO3 1 tots @ dats L ¢
L dzOyJ dazdzv J Esdzse ' ydzts| d deQulzfmizClds * f IscOalidr] d t
ot ' 9 jtem! Cd2 [ Bezgzy Yy ) (@@ 2 52 O tctc.H Y B & B s ¢
IsjdzgH jJdzy' ¥ HB 56" teh jdedgw wWCtsfils®™ otsHJ +
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4. 3 [ SLWeBBCO LOAtSH &9 htsHts LOBJjJ LY juy
sLjtf dBRBOdh €tz d LIOF tsB ' ¢ O dzda” L OB tolzH d
g ' 9 J tofipitdgj2y

ldo Ul RSE fFEtcthis dzs e Bz f ¢518 | detfetzd o 2 dzO
f oL Odaf dzd g3l o M CdB® Poxen] tc~ A @8 Is'o Sa @)
tctsdz!  otfdte flzO Y j dzdz' f'" HatH' &8 hisHis fftod?2 dgv
f ¢ tcOhjjCdadarts ¢ fiy s Gy © * @ f tso |f tc RBiggzste j~¢ ‘o tisda

IldL dzOyj dzdzv dgGfiga]j o' deb thtgasOZ Fdzl ) B OMG J «
" o jdeiSdzipy dzts L H' 2fdzj dzs o' HY SO ' H dzs
BOMde " &9 Htseojterndzgjodms SO " HL jd3dzgd= o tSH
J Stsdztsg ' IsO f todtctsH dad5~ ot jHM vic4n? Ol PRPIEAde. O
] “Hf'H dzts fls. 1 I SHbGsEts StHjSME oSO’
ftsojtcndzj ©od2 otsHdzd?2 tBO ' €Is OBB 286t Yo~

VL I BHd 2 tOdS so[l4l fH ditc jd§Od oo 'sd df ts9 j
tesL zdz' ‘ Is! fmw sCtcj dizgd 2 sO J&OyazgR,d3 ded
M W 3o Odz@n s Ot @ 20 620 MWy dsjOdzdz?Y HSB BG5S G
mis Odeld.L dzOyJ dzdzv BOMdo " o fseo jtorndaj 8 dn €
offtcco OHY jdzdz" H jto)y Oodese s dBsdz Iststed dze Iz
' ySsodudd B OMJ 2 ddOdF] dztisis 'ts dzCltedaf . j W § €

L ~ntSH' OdadgC selzd M olsOyY' 2 dzts’ tctsB SIS
Hisfdz' H Y j dadzgw we' mdetsets MEC dzOHEZ € i sdzj
ftoesOdzOdz' L tso Odgs ' fmdaz s ' 9 “lsHj thdds sizd ~ L tod
dz' Isj tcOlskztecdzd n HY J tojdd? dzlf 65 5 HiplftEedisc tBPjots o
1 BN E§tsets ©O2tsdzlz WOCIststed ftodtetsH datsc
Hise €' ddey Odzf s 1 d&3" " e Mm! S s v .

10 tjLlzdz IsOI Qs | OHjizshiige L Hzy | dz LH" 2
J Sz’ ydesets MlsOdzz §tso j tordelf o' don! T HEH
f ol IsL BEsHd,. OBGHE | yj dzdzv J Csdzse ' ydats
] 3Odzem! €5 ctokzfd SO LOfsB' ¢cOdedg? L OB tok
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19008 yd dz0 Isj, s hdsesddd L @etskzH
02 sdlz ) dylzj bENA ‘CHOdzs, (Muitf, J totff to € a@idFtf lslzj € ) L
hs Mftedwisddilzls! L d3 dz" § dzdig® 'M'ls Odid o @le. dedzis

[ dzv MlsOB " dz' L Oy~ IO f CtcOh j dede"h t5) € 5
LdZOrtsHW Isbifjlzde zL gdg" " oM S8 vy, i tsc

i Sflsdd3 L ko Olsd v o obisstezliEdEn0 dede ) dzO ts
[ 3Ok’ ctlzf d;

i H dzw f sCtcOh j dzdaw CdMmdzj o sE tej Xy d
tctsL BOo dzt 9 Odz! dgts” L HOIsdesmls' L. YO2¢0,
BzH ' adzd ylsots ¢' Hieslsjrdz ydedr M stclzH;

i Hdzw L Bjtoj 4 dedgW G ' Htotsdztswee Ysizasgusdz, |
Zistzkdh o Olsj ¥ L L @3 tees’ ¢ Odzdz" ftotsyd " o ]
dzd SBr ' Hdets ftetso jHJdadzgW Isjrmde’ ydedres L OrtSH'
Y’ 9 SH dz sBO" CIsd, F twBtsysdkiz MlsOdz
fticdtctsH Btsn Stesdzdzd » J LAV Hf ' t8ods SHISR g 9. (30 jtaidats L
f dztshts'L . g9 Isdzd ydzj , h ts L o3 dzh d Is! ¢ dz
ted ytsoe d dzd , WEHEB sl tf@fodimcn dzj o J B3 MiIssC 5d3,
JSsdzseg ' ydzese s MOz L jO [ dJyej i tot
f sdz' §h plgdgy di@s Ozt Gdisdzts M ls ‘dzs a3z f #€1WE.D BROER ¢ C

[MEC dekxfo" Ho Odz Y &8 " e St wvruw *° sl
fsojterndzgj odn IO ' HL jd3dzedms otSH, ~ tolkzdzls'
2tsets dzj GOsdodzse s oaddzdeolz dzj sBR ' Hdes:

T ftese jMisd LPEYHY fabxjuds o' §i  dzisidatOedzlz
sd (20 fjto' sH dzj L OHtse ")z dedr B Isj tstetsc

i dgj 5B~ ' Hdzts f' HIiIstcd BE sH®IOfizls A gjCkded € &
dzOfMmj dzj dedzt SO " Hfted ' dz3Miseo O3 Is dialdzj B 5 A3z
dZOH R tSH Y J dzdzt L sdzOzOC "' &8 k2 L tsdzse ' Ho

i dzO dslgtatec’ © | 32 sazig! C O s i@ &z s L 8 dz3 0
13" T e fmt €57 U[od dzj 5B = ' Hdzj MmMdMmisj d¢zOIs c
JSdzse "’ yYydetsets dBsdz ststcddzez  L.0Ot j fgifizodsj @at
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Bs dz' Is sted dedzlzizls 59 O dets fdgjtst®BjrH' jHERE O)listf of BizlfE-s =
OdzOdz' Is d sefs6 ‘' lay@zder” M sMmisj ted ¥ J dz@ o tsSH dzd -
i fosfsdlkz’ Is!' My EHsMOsdOddIsd Mdmlsj
otsHdzdr tBO6' CIs'" 8 9o Ltsde ofdzdoelkz | dzj tcGtst
~nOtcOCIsjtedMmisd ¢ e’ H &5 Hs'tstflair®diz St doz Q dilsldstindz,
B Ctets ' sdzse' Yydzd d3d T 8CO0OL dzdCOd3d (L O6 O
CdhCBo 5° f Odzd y¢ d, Csdz' WOc(d, f Ostse j
Cedi3f dzj CMmdets sy degdlsd "7 JStdzse' ydzd?2 Mmilsc
1" H yYyoOm OSIsdo dzts diz® 9 Odzs DA iz jdEsls @O 2
oMy B ' dh OClEZOd dzs¥ ftesBdzy BO L OB J Lt
LBjt' ¢cOId Moty MstekzCllkztelz WEzdCy' tsdz0
fMls' ydedr otsH o L jtcO fHtedotsHdIs! HES s
fMis Odziz+ GAsH de'j Uz’ ActsL B Qasdtjj dascis ] AMistsC 2
YODPftedqtesHdzed d@3 MistsCsd3 ( g belzOls g sH dd$* ‘L H
JWiClsdodediizsL Oz  s@f dzdo tsd3 dzOMmiszf dzgd = W
hts dzOH - SH Jdsi3¢ O deBRKZ Sz o * H 9 O dzla s 5 ABE@O dzd. 20
fJtcjBlzo OdzlOH ezV S So wZOG s  j o d3' N Iz 9 O dzdaw
B' Bdztseg ' ydztsg ts MOdsstsydn j dzdzv .  JId3EHOQIBQREZ N
L sdztse " H 9 OdzzH d2O2 B dOR KOOz dz' stsects B J to]
fsyoOlsClkz ' Ho' HEGSts filCHd@ply WHEOMEBEEdi OB
l1tets yJd mMe ' Hydls! mMdzOBC O Isjy' w s©O© tcj
f zOo O ydr dzdIlsyOfmdr otHEsMIsj 2 [ 1
1d8Br Hdzs o' Hdgtso dzt 9 OlIsd o dzOMdzz Mmd Mk
sL j 60O, odStedmlsso zs yd'  toy n Q cdet fiple ' dztc
B' Bdztsc ' WhktsGg s Mifsdztste® & yd LO tOnlzdets€ )
(tsyd tej sk LodyoO? dztsa ts, iz |3ds BHAdzY M Hf et dshd
58 HdzZOdetse s MIssSCkz fjtjH oadfkzmMEsd £ t y
¢ dzOdz" L dz' Isj t6,0Isfiztic dztf § d jn DBz 2 tf 1S O'L @9
hts Hdddd sidogdfr d&jilstsH' 9 yYFi§ldcd H Do
mMsB 58 CdzW "t dzt st Oy 2 d2 BOMJ 2dzd L f 5MOI
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[ Mdzso dzgd d3 S sy sdzj dzlstsdyz N Iskzydzes MW stcdzso O
BOCIsjte' ~ s d g 4 Is de,jOC jislgddz o SHIBIEESEE
NYdlsls* H' wdz! detsfls™ . I Mm' eotsded BJtekls: EYyo
9 'LHO o d iggzdids o A%) 9 1B ' tsci96dded Als O 73Bc 6 Odz' Yy dz
(69/93%) , LOdZ LO (Ht 5%),,4 adsSHIERHr[AP).W Ols ' o

vdmdz ydz' teo' hgpldaizre Qs GdzOdpsc Od3d Isd -
shdso s MEeMlstcOIs' 9 HdW Mftcw diico Odetsc s
oddzzyjdzdzy B BSGjdz' © L otsHJ tofOr%,d dzyiielg d3
97%, MiBg%,L 09 d fgg=fpad @da % [143].

1 O " Hfiplg @ O I 9 dzOMdzd Hisfdz' HY |
FPHBEME 8dz0dzj dzO fMna J B3O H & s aPdgsdzdgy Is(j & didis.c j
13T ey €57 s 4 ' s5cfygOdz. ¢ Y dztyf Bl sy Ch S
ftiodtesHdzd?2 ftesyj m mOdsedes | BadZO L a0 dzis
sL j cO2C O fotstf sdzlz® s+ mw Mise stcj dzdzw dzJ
fJtoj ntsf dzj dzdz?v tSBO " HZOWZSGE S IS n datsG § dzdztsG ¢

1 jejJ HBOYO' Is! Mw MmMeotstej dzgdg" HOBBd, h s
f 6z 5BO " HAdOMEGE B Is J ~ dzts G J dzUzts GiftsdzO &) bzt
tesls' € Odedzy ff tsisfistftizd W Is@ dBls O BBz W J W jCIsde
MRt yd Mdzs’ YIOHRQOAs S Hdye .HOBB d f ts5yd dzC
sB d3d X 4 dzj L " oHjdzdzce s BBCE Mok 'TdzOf
SetstctsH Y o Odz! dztss  HOd3lzwsk , sdzthyy JLdRdBES HslAf dzCds

l wEtsmMutssydmised tj Stsd3j dzhlz’ s+ Mw o ¢
sBtetsMIsOIsd 3y Mistelz’, dzOftdc Cda@d" j& HyjzdzdH2Q diB Iz 15 e
fteso jHjdedR @' HtetsB ' tsdzsé ' ydad Hisfpdz' H Y
fJte W' ' Istsdzief d3d O { tejutpidgghandra stagnadi Lymnaea ovate,
Viviparus viviparous, Bithynia tentaculata, Physa acuta, Planorbis plandrbis
s H. [144].



176

t dMzdesq " HtesMf stezH O, WwWGC jdzj digj dzls * dz
MOdBssydh §j dedzv tsL §j 60O

| HesMf stclzH Ols j tzf) d §iun§ sBjidhslz ' fid d3ts jstw @ Off ©APH G s f
1) Htc]j dzgOy dese s COdROIZE, 2) ®eBtetSHYykZzo Odz' dzets’™ H

HOdBBd, 5) fMistekdj dzj esL 8 'HAzOMES'E tH Gdi el izt €6 )dzdfts

1 BEdvHE dz20 §tOSCEdSkS A ks@OaY faid1s
sO " dghdr CteO dzOr, dBsyiz0 @y g5 { Htf c J
ftes2h sB " §iazOlb®)s OCo OlGstl ¥ H BO . KIY B CudzdL

B' 50" & ydedds of dzdo Ok. | tjLbkzdz Ol
o dHdzY ¢ Is dndrw Hz' ol M, EH,HSP ,  dzh 0 o tetsL yd
sydh j dets¥ to' Hdidass W' btegGss 1 1t B' t50
o sHBtetsMIsj 2, Yofmlsddz® tojysoaddz L Odzdh O
tesidzd dzOdsd Hdzv sHOdz M & BO6 s ttxipdd Isj ez j
Mz czo Ols Py W'da Iste H Ols dz' fyls fjtej W' Istdal
LOBJLYJukze Olsqdd3j ° dzl©jp dfipdlagdajdz’ Lydddddzh jtededa'ts

s JteOs ydfm: dz® o' IsjtcOkteds HOd ,
M cw dii3so Oded »  dzO * dzls f & f W' s@@3tp'tsva d Bnj dedats ¢
Bsdg® HisMwelsd Ldedyj dedey 1sOCdnr S isdayg dalst
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LOo d Mdde j Yytso dideq %, dz0 tOc10 dz' Y di' 69 97 j% s 0 & ‘dAd G |
tej ytsd q3aeqd%, Mk de'38Mis dr dz&gow d L DBR%L ts

l o sdzlz® s My s  totfs@ @B jrelictS 9 | -~ dz' g dasizw
fsdz" fh jdedgw Edstse totsL B Oodzj dzgdgv IsO B ' tsdzt
1 O29 0y dzdo " h s - Offic’' O Is jut©dnm Is f § s dzfd) Iy [ Bzbizy
f OcORBIIste' © €' Hietslsj n dg Yydats’ My stczHv d
otsH ,f ' HB O' ¢h Indzdzts YL B ' .t5Gy tsdjlg datizd tsB3- * H dz
Yof ftosntsHY szde® dzodstm lspn dzs 6 j dzdese s fls 5
YJ icp Ll sfazOlsEzy tosL tcORrkzdzC 2 ftod 2 3Odzd MHw  Is
TodtcOIsO otsH Isj T 3e4 dabitste b MBAKE, Z0, 12 3
iHBo Yy dug@ 250 d3.
iMlstetzl " dz2 dzZO HOBRROH 9 X d dzts
TodMtslsO W' dz stelzys ysegts h Otclz o 5HWd 49 dB8 ' Y
iTodMmMtslsO W' dz2 stk yssegts " Otclz o tsHO], @ B ' i

it sLeORkZdeCd ftoetseo tsH ddzd M 17 diiste QP Az @ dzc
Q, wed?2 wwOdmfheodzdsds Mo tHJdzdys yYyOMEz HTS
B' Sff &zZOlsts, 9900 yd, hts BOdzOdzl HEts IO
oYd oMmMlsOdzso do Mmw .

Vl,C'Sl: Ql, (427)
Vz(Bzz Qz, (428)

HJ:
QikfjtejHd d58 o EBEPEHRSC | itE S 6K &
Q T kM tej Hdzj dz2' 06 sHdiEOEiEEsds tdsB] - dzts 6 § dzdzts
B' 5 zOks;

ViihoadHS ledzOtleBets Isjndets@ j dedesets flsts
sSB9O' Hdzsets € OdzOdzlz;

Vo i headHC " fMis! i tc 8 HEEOdasddsY Istg e des 6 §f dzd:
od 3 W 80K & dzy' B S ZOSG:

STfdzsh O fjtejlsddzz © tBO ' Hdesdsz € OdzOdz

Sifatsh0 fjtejlsddzz o B' Bff dzOIts.

Vl = L1 / tl, (429)
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V2 = Lz/ tz, (430)

HJ :
LitHSo Y ddzO o JdsHicelzy @bz tsBO " Hdzse s € Odz

LTHS9 Y ddz2O o dd3 tos 9 Odes™ H' dzw dzgS d B ' t5¢

t1TyYyofm ftotsn tstHy ge@edegt e sBls j - detsc j dedatse s e
H' dzvw dzy® B9 ' Hdztets € OdzOdzlz;

i Yyofm ftotsn tstH by ge@edes ¢ sBls j - dats ¢ j Hzdas dztsh Ty s
B' &R®Is ts,

slstcd iz * QBT H dzw

Q1= (L1.G5) / ty, (4.31)
Q= (L,.O5) /1, (4.32)
Q1= Q2= Qy, (4.33)

HJ :

Qi kfmjtej Hdzl dz' O oeOlididy] | WFBE dztsc MiIsts €
L Odehls Mw to' adzddzd © tSHddzedyr yYyOMmMEz HB
BO " d3ts

= (L&) / Q. (4.34)

[ sdsBlz © dsts :
t,= (1250.¢220.00,4)/ 0,12 = 916667 c = 1H B

s OB dazdyw - 4 dL2 Hdz H Odz Hdzw ftetsj Cls
"dals j dzpd W SOyt T ftesyd MO MOBssydh j dadzy ¢

Il R Hd2 HOdE HEv ftosjClslzo Odf

vfMjtejHdzj dz2' 6 a ZREPE s izt (0, 12 Md3

tlstcdzj dzj o sdzOf tc@o dzv ¥ yO HOBB O (1250 3

dlstclzdzj dzj o sStesSL H' dz2 dzZO HOMBB O H|{220 3

1 O dMdzO HOBB O HBo Y ddets® 1850 &

rtoj dzOy dzd?2 COdzOdz Hts9 y d dats s 1650
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1 OC " deyg dzdzv IS O

#jtojHdw hdqteddzO B' B dzOIsts 220 o3
] 'O RdOls s 300 ¢
zodHG " flsie RS’ @ dg® s Okt 0,0486

HjtejHd" hoadHC fls' §slssCk o |0, 00193

YOm ftesntHYjdd" §sksSk yjtj|/ll H' B

sO0Cddz yddesdz, L tcOrbkzditsod?2 YO f{tot
podz' sCk MmisOoddis otfeligzl1lng BMJ tcj H

1 " H Yofm  jedfdmisp Oz Y ded - e hj dz my
Cdzlsj dgind W S Oy o B' Bdztse ' ydzd ~ f &y jddip'y adal
HsMWGElsd LddyJ dedg 1SOCdm Sdzy dzstcOy”’ 2
toJ ytsd gait8J0 %, B ' 8G J dzdAi98% | Undodd' GO 1B €, L O
114190 % IsO dzOW SS8GXBHBEC(SIFOB dZ. 4. 13) .

v OB dzd yvl W@Wsdd@sL so Odzd?2 MEC zOH 6 JhH j dats’

T [drste|Lr sl O2 3§ dez o TS 1 " mdzwj WjCls
f/ Cdisf sdzy disydhsydh jisydh j
E &5/ H dg | dzv %
1 50 1530 |[mu s 61,3 18,39 60-80
2 9,1 102 |éL tsls dz' Iy 0,65 0,03 95-98
3 0,024 1 dLtsls dz Is| 0,034 | 0,004 95-98
4 0,5 2 dLisls Odi 0,83 0,17 70-90
5 0,61 35 |Asm¥ Olsd 2.1 0,84 Hits 8
6 100 500 |akdz ¥ Olsdl 269 167 36-40
7 0,1 03 |10 L ts 0,27 0,13 14-90
8 0,05 03 |1 Ol tetsH B 0,0938 | 0,023 80-90

b zOdz' L we' fpdesets MEC dzOHE o tsH sL j to
ot 9 jtem! €d2 [ dgjy' fsCOLOs, his tshdaso
sted Odz’ ydz' MysdzzSd, B' ts5¢j dzdls Odfj. ytso d dzd ,

l otsodg'H jHBMdzZ HYlg'dzdew M thhe & H & YyOMmded = 2
YOPE ftsdz fhjdedzg wWCtsfls® otHd Isjndets@j dzad
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1 0Of tosf sdzso Odz0 EZHME t5dz0 dzp dz® f i s jiFOOQH wsas:
hs o9Cdzs yo' o MmiB] HtdosHdzd?2 B tSYj datsL .

{ fizts o dXJQ@E s tBtc tsdzts e ' fdefs " fles wudEs o SH (),
SLJjtcOQ vy ®2WOCoOsste’ ™ " dzlsj dzimd o dzscts OB
hts LOBjLYJyk" odmMsClkz ' dzlsd dzmd o dz' Mis!
tej ytsoe d dzd . [ W@ QOldstE sty df 'd3j) dzdzw C2 A0 dz is @By
Lstsyj desL iz, § juk” L Oszby dzid owdg) o d itegs & dz'dadat;
toj ysododb.totstf sdzgtso Odzd 2 Isjrdetsdztse ™ yded?2 Mt
LdzOydzdr J Sy dz2OIsO|»2 dzdfm * @ dddtgBls, H@Ots gl

1 " H YoM oftcso OH Y § dzddy , Is jinf df B xiachldO c
" dels j deld B S@zp'eY ydzed s ftesyi Mt e MOBssyYdHh
HsfMwelsd Ldedy jdedaw Ctsdeyj deglsteOy' 2 IsOCdn
toj ytsd 0BP %, B ' 56 j ded09 8 %W, tsofigiBBf4 O OB L O
11490 % IsO dgAsidBOOD BisH Iz

1 Of tetsf 5 dz=p00 dz2OB spEdih J dedzv 5B ' GBH' dEC RIS
sLjtcO YyO2¢d, hs o ¢Cdzt yo o MmMiBj ftdts
Lded ¥ j dedz? Ctsdzgyj delsteOy' 2 L OBtckzHmBags yd 8, &
OL tsls dg'TlsitsO DdzdPB, Qi B @GOG 6K |s QedsisH®, 7 dzd 2
WsmW Ol 0, 84,  Hizd? @7 0IsOH s LMOAL 3 sIsO  dzOW Is
Hs 0, 023.

]l ftctseo OH Y j dzdzV LOf el sdztso Odzd - L OR BH
JStdzse ydets® BjLf jSd to.] cdz@dpie it £°6 2 dsteitst
ofdzdalz " efp! Ct5° U H.



181
Irey flsr 1L yruolrotolad tLrrwfu

1.1 dzw L OG Odz! dzts”’ sy dz¢d odzgf MCE HYJT
G' Hictsn ' 3 yYydesets tojy ddi3e’ osjiitgie CHED  p sdzf
od ¢ tsdzOdzts O dmOBAAIdEEE jj dg's F O LFOEsofjd Yyys O
g 9 jtom! C d2[124]. 5 @H tp'sdf sdzso Odzd?2 " HA' H B
H dzW f sHOdz' M dn B' dz' h BOMh OB A EH Otc
Codsf dzjICtS e j H j dz' Hisfydz' HY jdedz?" " HIse j toH
o' HBEZOo O' 5! Mw  So detsy ' sl sdz: MIRAES=HRRFE ‘N fiy Iz
ZOBRJIs! B9  HdzddZ COdzOdzsdz L sdztso ' H 9 O dzlz,
o L Jjt' Hdzv fodeséts f jtoj d&3 Nlzo Odadzy L
fn © d3ts ts Y d[12§].dadz™

21 0 " HfMlsO9 fteso jHjdedr OdzOdz' Isd yda
o ff 2Oy j dzgetzt Misltizd o ECOZO ] W@ " MB2 o tsHd tof
r sdzj y! , hts HBL o tsdzw ’ otcOnlzo Olsd dzOH R tSH
LO tOnizdats$ IS n deSGJ dzdzed 4133 g L 820y § dztdz! s @ ¢
sB tolzdzlstseo Odzts o f dzdo %' disLsjct©pzy G& 5 QCola)
ZOHAEs! L kst “tkzdlssedr otH. | MisO
9 L ELORBeOd 2 §' dz Sk’ daj od¢C dzed yj
g 9 jtem! €2 rrtdad y* ° ' @3 ydzddzd mME dzOH ¢t

BuftotscdatsL 59 Odzts Is Gz dzlsdz®@ LA HSS dzOdTBdy tedz
sjrdagsdtelz L OB tclzH dzj dzdz¥ dzO sL jte® [ dd3C
ot 9 jtom! Cd2 | tsdaj y' . ] etsG dzts L Ld3" dz w ¢
H' dzwiglzC e " @ jtofm! €d2 [ daj y* (Mdils. 1 sdzj y*
ftsc' toh j dadgv WwWiis. sy OSe@ED(digd® = ° d3O Lyddaf] T3g dzdif, |
LOsdMmdz" tj ysoadded, dz' steOIsd, nrdzstedHd, E
sL. [ Jy®e g mdz toj ysoddzed 1O OL sls O3 dz
( Mdsls. [edeidgj Ydzj O B tsdztsc ' ydai sy s>d 4
Osts zdzd 2 Is O[13B]=s MW Ols d

3=
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4. B tlzdzlstso Odzts dzj sB ' Hdz Mis ftolso j +
OdzOdz' Isdqydzedr IsO B' sdztse ' ydedrmr M sMmilsjtcj 3 J

ltosftsdzz’ Is! Mw EHsMCtsdOddIlsd MdMmlsj ik
sBO' Cls'" 9 obkLgdi “ietama'0 tcO<dg daddhh W e
nOOCIsjtedMlsdS @' HtctsB ' sdzse " Yyded dzgd (W " Ist
B CtesB ' szt yded B3d T 8COLdedS OB (L OGO
Cdh o ts’ f Odzd y¢ d, Ctsdz' W Ocd, i &leag dsj d
¢ s RYfpepts y° dzdds'dy dzck 293] 1 stz

bhujtstejIsdquydzs 5B tkzdzlstso Odzts SO teSL toisSE
Mftcdwlsdzdoasets JStdzse' Yydeses MlsOdzz s j t
tce " 9 jtem! C Mi]r sdzj y-

VHBEBMS 5dzOdzj dets Isj n dzsdzts 6 * B Gzz H dBB Gp8iHlzEs i
SLjte' wWODPECEr YO' o MiBj SSBfdiSh ¢ Hist
B' syjdesL "9, O MO tedWd.

10 ftesedesL dzed d3d BBy dz2€ Odzd yd HESL 9 s5dzd
Ctsdzyj dzlstcOy' 2 L OBtlzH dzt 8 ydr toj yts o dode, Is
80%, B' &g Jdzdz TR %, Mz dz' W BEBAJ0 %, TU4DID LI s
dZzOW Istsff oS BOO0 Bodl f totso OH Y J dzdz? L Off el tsdztso O
f" " Hoadh dIs! tc' o j dz j Sdzts@ ' ydats'’ B4 L1 J
SLfBBRBOdM! Cts° ctezfd o twWO2(BMdE of dzdolz 7 ¢

1 f te@toy J dedzy L O Ac siff BrélAso Oalz L OB jL § j ydls:
tc . ' 9jtem! Cd2 [ sdzd y* , h dzw 7 53 L C
dzi MOz y' sdeso Odzgd 3d SO Qo Ote' 2 dzd &3 ME d H C

[ Mdzts o dz' ZOkZS$ 0 tej L zdz sOIsd [12=128H ° dzt
133, 138, 141, 144
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 dmj elsOy' w ‘ L Oo jtoh j dzts® ZOEZzC tso 58
OCIzOdz dzOf RO Y akd® L OOY O Y @ § fsdiadzs * ydzts’
' Yysd o ppEEpHYULIdBO L jtc [ dBOdN! ¢ cC 56t
v o dfsotsh toj ¢ 2igkweay ' W st dgisoyQdzdzy v C sfyls’ L

10 tejLikzdz OO HdMjtlsOy' 2dedr H s
ftcOCIsdydze twjLEzdz sOIs(d:

1. Il L dzOyj dets tshdztse dz' Odzlstetsif sc j dzdz
Wistcdzgz o Odzdzy W C sfilsB 6 ' £tisH @, Dot oo 1 s d

1 BT oMt S5 U o, © mMmMoOdy] : odSdHd L OBte
fseo jtonda] 8 d2 mMis* ¢ L i dztsh ° o BHEBSLB B,
ZOfmdz' Hi8C Ltesh jdzadzw sz ©¢ ' BEH' 9 dzd ylso (

L s5dzs@dziz,0 cipMPtse Bistso Ydz'ls O o thHsd fJtcd dzd ¢
9 "  HOBSHWISI v COROLtsd3 Ltsdzsco " Ho Oz v ¢ .

2 . [ smdz' HY j dets G' Htetsn " d3' ydad 2 ‘ G
| d i30dzim! € t5° ctelzt d Is © H' dzv dz€ tc . d
L OBtolzH dzs ¥ yd dzd toj ytso d 20 B3 H ) Ig jdatietus @ § dzdiss.
[ JBOdEN! €e82fd SO H' dvdld t. g 9jtim! €
1 dheddz His Mmdsls. [ sdzd y+ ) ° mMzdz W Ols(, (
o 0Y¢" & IsOdzd .

Il MsOdzetso dzj dzts L B dz' M jdzdgv o3 Mz Mk d
sLY.02 C @ ffdzde sd MistsC ' sisERfEdz'oHOdsQdzlz, f tots
Mis' ydedr o8H 1 & " oafMm! Cts° s g sO Mmdls.
13 T e Cts5° ve 20 a3 ydzd?2 mMS &zOH 9 St
Ctstej dzv y' 2 dzdi0 , 19839 W Ldzs D (oRf B 1 @ e CHHO ks g
o 3" MistzC dn © L j tc° Yy 02 ¢ 0. l Mis Odzts 9 dzj dzts
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Line Plot of multiple variables
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Line Plot of multiple variables
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Line Plot of multiple variables
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Line Plot of multiple variables
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Wols s dzOdz€ Is s dzlz
sL jto [ dd3OdeMm! Qlisj tc 'c@®dz@ dfd L HOSIEIR'1 8y jods'.

9

"L U O Cdiyfts U j ted3’ alz W jodzdzW H
2 4 5

9 jJMmad dz' Ist tsfm' d
g ddz SL Jj dzj dz +

3
d
+ +
1 | Aphanizomenon flomquae (L.) Ralfs + + +
2 |Gl oeocapsa turgida (Kgi + + +
3 | Merismopedia glauca (Ehr.)sd. + + +
4 | M. tenuissima Lemm. + + +
5 | Microcystisaeruginea K¢t z. em. E + + +
6 | M. pulverea (Wood) Forti em. Elenk. + + +
7 | Oscillatoria agardii Gom. + + +
8 | 0. limnetica Lemm. + + +
9 | 0. planctonica Wolosz. + + +
10 | 0. tenuis Ag. + + +
11 |Spirulina subtilissi ma + + +
r ddztsw ' Istso + + +
12 | Peridinium cinctum Ehr. + + +
st ls¥ ' Istse dn + + +
13 | Cryptomonas caudata Schiller + + +
14 | C. ovata Ehr. + + +
| Sdslsd s + + +
15 | Chrysococcus biporus Skuja + + +
15 | C.rufescens Klebs + + +
r solstsL j dzj dz' + + +
17 | Ophiocytium cajgtatum Wolle + + +
18 | Trachychloron biconicum Pasch. + + +
[ " Olstsdiits o + + +
199 |[Achnanthes delicatul a + + +
20 | A. hauckiana Grun. + + +
21 | A. lanceolata f. ventricosa Hust. + + +
22 |[Amphora ovalis Kg¢gtz. + + +
23 |A.venetaK ¢ t z . + + +
24 | Cocconeis pediculus Ehr. + + +
25 | C.B132 + + +
26 | Cyclotella glomerata Bachmann + + +
27 | C. kuetzingiana Thw. + + +
28 |[C. meneghiniana K¢t z. + + +
29 + + +

Cymbella cistula (Hemp.) Grun.

2
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30 | C. husedtii Krasske + + +
31 | C. pusilla Grun. + + +
32 | C. turgida (Greg.) Grun. + + +
33 | Diatoma elongatum (Lyngb.) Ag. + + +
34 | G. augur Ehr. + +
35 | G. constrictum var. capitatum (Ehr.) Cl. + +
36 |G.olivaceum (Lyngb.) K¢tzgd o+ + +
37 | G. parvulum varsubelliptizim CI. + + +
38 | M. varians Ag. + + +
39 | Navicula crucicula (W. Sm.) Donk. + + +
40 | N exigua (Greg.) O. M + + +
41 | N. gregaria Donk. + + +
42 | N. hungarica var. capitata (Ehr.) CI. + + +
43 | N. laterostrata Hust. + + +
44 | N. placentuh f. lanceolta Grun. + + +
45 | N pupul a K¢t z. + + +
46 | N radi osa K¢t z. + + +
A7 IN. frustulum (K¢gtz.) G + + +
48 | N. hantzschiana Rabenh. + + +
49 | N. intermedia Hantzsch + + +
50 | N. kuetzingiana Hils + + +
S1 | N. linearis W. Sm. + + +
52 |[N.paka ( K¢Sne. ) W. + + +
53 | N. spectabilis (Ehr.) Ralfs + + +
54 | N thermalis K¢t z. + + +
55 | N. thermalis var. minor Hilse + + +
56 |[Rhoicosphaenia curvata + + +
S7 | Stephanodiscus hantzsc@ifun. + + +
58 [Synedra tabulata (Ag.) + + +
59 |Suha var. danica (K¢tz. + + +
60 |[S. ulna var. oxyrhynch + + +

[ ©Gdz] dztso ' + + +
61 | Euglena ornata Roll. + + +
62 | Trachelomonas granulosa Playf. + + +
63 | T. oblonga Lemm. + + +
64 | T. volvocina Ehr. + + +

1 4 dzj dz’ + + +
65 | Carteriaglobosa Korsch. + + +
66 | C. klebsii France + + +
67 | Chlamydomonas sp. + + +
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68 | Chlorococcum infusionum (Salmk) Menegh. + + +
69 | Closterium acutum (Lyngb.) Bb. + + +
/0 |[C. sphaericum N2g. + + +
71 | Cosmarium punatlatum Breb. + + +
72 | Cosmoastrum orbiculare (Ralfs) P&lordv. + + +
73 | C. rectangulare Grun. + + +
74 | Crucigenia apiculata (Lemm.) Schmidle + + +
75 | Didymocystis planctonica Korsch. + + +
76 | Hyaloraphidium contortum Pasch. et Korsch. + + +
77 | Kirchneriella lunaris (Kirchn.) Mob. + + +
78 | Lagerheimia geneviensis Chod. + + +
79 | Monoraphidium arcuatum (Korsch.) Hind. + + +
80 | M. contortum (Thur.) KomLegn. + + +
81 | M. irregulare (G. M. &ith) Kom-Legn. + + +
82 | M. minutum (Nag.) Kom.-Legn. + + +
83 | M. tortile (W. et G.S. West) KorrLegn. + + +
84 | Oocystis borgei Snow + + +
85 | 0. lacustris Chod. + + +
86 | Pediastrum boryanum (Turp.) Menegh. + + +
87 | P. duplex Meyen + + +
88 | P. tetra (Ehrenb.) Ralfs + + +
89 | Scenedesmus acstivieyen + + +
90 | s. bicaudatus Deduss. + + +
91 | s. costatus Schmidle + + +
92 | s. denticulatus Lagerh. + + +
93 | S. ellipticus Corda + + +
94 | S. magnus Meyen + + +
95 |S.obliquuf Turp.) K¢t z. + + +
96 | S. quadricauda (Turp.) Breb. + + +
97 | Schroeleria setigea (Sched.) Lemm. + + +
98 | Sphaerocystis planctonica (Korsch.) Bourr. + + +
99 | Tetraedron triangulare Korsch. + + +
100 | Tetrastrum glabrum (Roll) Ahlstr. et Tiff. + + +
101 | T. staurogeniaformeSghred.) Lemm. + + +

t 0101 98 101 101




v OB dzdjvs "zt € Mlst e dH' ©, BHdddy' W' st zOdS stsdzz tc.
v OC Msdzd tc. &' 9.|tBLLs.BBJI" BLY.O2¢C¢| L. Y|tL. [ (t. uw' 9.
[ Ols My j &< O 90Ij | (sBO' H| ( dgBMmd fdgle j oo ts
1 dhSdd mis* ¢) MmlsOday [ Hzd Yy
Cyanophytad d dz' tsL J 6 4 5 8 11 -
{ M | Bacillariophyta-1 ' Ols s ¢ 23 37 34 15 23 -
2016 | Chlorophyta-| j dzj dz' 20 10 11 14 17 -
t 01 [ 58 66 57 53 60 -
Cyanophyta &d dz' tsL J 3 6 7 6 10 1
1§ M Bacillariophyta-1 * Ols ts ¢ 31 16 41 4 35 19
2017 | Chlorophyta j dzj dz' 16 7 8 18 29 3
t 01 [ 54 36 64 32 87 25
Cyanophyta e d dz' tsL | 7 12 6 8 11 4
I " Is| Bacillariophyta- * Ols ts ¢ 30 28 32 13 34 9
2017 | Chlorophyta-) j dzj dz' 17 18 6 9 15 10
t 01 [ 63 69 51 38 62 29
Cyanophytad d dz! tsSL J 6 6 4 9 11 3
{ M" | Bacillariophyta-1 * Ols ts ¢ 23 26 24 21 30 36
2017 | Chlorophyta j dzj dz' 18 14 2 28 19 3
t 01 [ 53 53 35 66 68 49
Cyanophyta e d dz' tsL | 3 6 3 12 7 2
1§ M{ Bacillariophyta-1 ' Ols s g 19 19 31 15 17 5
2018 | Chlorophyta-) j dzj dz' 14 9 6 32 39 7
t 01 44 45 45 73 74 19
Cyanophyta s d dz' tsL | 4 8 9 9 10 5
{ M" | Bacillariophyta- * Ols ts ¢ 23 33 52 7 30 12
2018 | Chlorophyta-y j dzj dz' 3 11 5 14 33 8
t 01 ] 30 52 66 30 73 25
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g o jtef! Cd2

ctlzd d
tc. &' 9. sLy.02¢(¢ L. Yy O ©. b.'!a’
. sL. sB&J ~ sL. [ d| M g B
My j € OMm! (BB 6" HC( ( dzO M ts .
[ Ols G v OC Mtsd LS ddz s ¢) fls O dzy [ Sdzj y!
Y 1 Y ] Y 1 Y J Y J Y J
2 3 4 5 6 7 8 9 10 11 12 13 14
gddz sL j 948 0,24 21,59 0,43 12,77 | 0,11 | 1526 | 0,7 97,63 | 4,71 - -
[ d dztsWw ' | - - 0,036 0,29 - - 1,156 | 1,783 - - - -
, stcdffIssW 0,017 0,03 0,24 0,243 - - 4,22 10,7 | 3,844 | 1,583 - -
125”16 [ ' Olstsdg 1,97 0,059 2,12 1,29 1,074 | 0,67 2,51 | 0,945 | 5,07 1,82 1,97 0,59
[ @G dzj dz 0,076 0,157 0,547 3,37 0,024 | 0,044 | 0,077 | 0,29 0,16 0,15 | 0,076 0,157
) 4 dzj dz| 1,012 0,22 1,35 0,5 0,444 | 0,092 | 5,44 3,23 | 10,66 | 1,98 | 1,012 0,22
t &) [ [ 13,38 1,29 27,32 6,28 1587 | 1,03 | 29,28 | 17,68 | 121,01| 10,42 | 13,38 1,29
gddz tsL J 11,28 0,219 5,88 0,196 9,58 | 0,553 | 5,39 0,24 | 13,32 | 0,613 | 0,07 0,002
r d datsw ' | - - 0,008 | 0,009 | 0,011 | 0,027 | 0,007 | 0,054 - -
1 stcdff IssW 0,004 0,011 0,016 0,003 - - - - 0,144 | 0,16 | 0,003 0,022
2017 [ ' Olstsd3 0,65 0,519 0,17 0,106 1,59 1,54 | 0,65 0,53 | 1,275 | 0,923 | 0,126 0,092
[ ® G dzj dZ 0,009 0,078 0,008 0,002 0,09 0,36 | 0,049 | 0,254 | 0,223 | 0,504 | 0,004 0,002
) 4 dzj dz| 0,58 0,112 0,573 0,257 0,47 | 0,082 | 0,935 | 0,52 1,92 0,58 0,23 0,008
t o) L[ 13,61 1,01 6,97 0,752 | 13,35 | 2,64 7,26 1,59 18,4 | 2,93 | 0,433 0,126
gddz tsL j 2,98 0,127 13,74 0,75 17,79 | 0,275 | 695,2 | 124,1 | 474,23| 93,02 | 9,3 0,142
r JdzsW ' | 0,004 0,038 0,054 0,306 0,102 | 0,206 0,005 0,043
[ st sdfflssW | 0027 0,001 0,009 0,044 0,03 | 0,005| 0,017 | 0,002 | 0,017 | 0,071 | 0,08 0,004
5017 [ ' Olstsdg 0,69 0,716 1,89 2,04 0,595| 0,388 | 11,03 | 2,227 | 6,15 | 4,73 0,16 0,199
[ ©Gdzj dZ2 0,031 0,045 0,205 0,485 | 0,045 | 0,018 | 0,067 | 0,108 | 0,034 | 0,025 | 0,009 0,004
1 4 dzj dz| 0,96 0,208 2,42 0,518 0,42 | 0,058 | 1,213 | 0,252 | 1,735| 1,61 0,84 0,093
t &) [ [ 5,35 1,18 19,62 4,28 22,47 | 0,99 | 712,1| 127,3 | 482,17| 99,46 | 11,53 0,55
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j dzcg3 s OB

1 0¢ ' dzy
2 3 4 5 6 7 8 9 10 11 12 13 14
wddgL j dz] 13,3 | 0,147 | 10,06 | 0,306 | 39,51 | 0,887 | 229,2 | 9,042 | 277,4 | 10,12 | 18,94 | 0,174
[ ddes¥ | - - 0,128 | 0,258 - - 0,162 | 0,387 | 0,056 | 0,335 | 0,005 | 0,012
, stcdffIstsW - - 0,056 0,189 - - 0,286 | 0,617 0,4 1,62 0,01 0,042
120f017 [ Olstsdg 059 | 0,248 | 0,779 | 0,935 | 0,383 | 0,45 | 6,108 | 11,81 | 25,39 | 25,85 | 2,165 | 1,443
[®cdzj dz 07 | 0,021 | 0008 | 0,01 | 0,013| 003 | 0,1 | 0,24 | 0,069 | 0,335 | 0,005| 0,029
1 4 dzj dz| 0,677 0,15 1,14 0,462 | 0,035 | 0,007 | 6,58 | 1,125 6,9 1,544 | 0,22 0,053
t 1 | 1565 | 0,637 | 13,01 | 2223 | 41,22 | 1,45 | 247,9| 23,45 | 312,8| 39,95 | 23,64 | 1,94
wddz L j 5015 | 0,105 | 4482 | 0,153 | 3,813 | 0,084 | 64,31 | 2,524 | 33,3 | 1,822 | 48 0,08
[ ddztsw ' | 0,003 0,009 0,04 0,196 - - 0,208 | 0,87 | 0,066 | 0,183

S tod f Ists% 0,014 | 0002 | 0,024 | 0,025 | 0,014 | 0,005 | 0,338 | 1,307 | 0,003 | 0,013 | 0,01 | 0,014
2018 [ Olstsdg 0338 | 018 | 0367 | 0,185 | 1,58 | 1,397 | 3,494 | 1,425 | 2,092 | 0,873 | 0,2 0,097
[ ®Gdzj dZ 0,031 0,068 0,017 0,051 | 0,018 | 0,014 | 0,053 | 0,178 | 0,05 | 0,154 | 0,006 0,002
1 4 dzj dz| 0,484 | 0,084 | 0,257 | 0,045 | 0,303 | 0,039 | 5354 | 0,95 | 10,17 | 2,154 | 0,123 | 0,028
t 014 6,84 052 | 5548 | 0686 | 6,624| 16 | 7873 | 7,54 | 2,092 | 0,873 | 557 | 0,265
uddz L j 4456 | 0,201 | 349 4,87 | 56,01 | 1,107 | 371,43| 72,66 | 558,8 | 16,22 | 9,254 | 0,185

[ Jdes¥ ' | - - 3,46 6,97 - - 0,208 | 0,516 | 0,16 | 1,535 | - -
. JstdflstsW - - 1,73 4,28 | 0,615 | 0079 | 0,236 | 0,514 | 2,58 | 0,182 | 0,016 | 0,002
12(;].8 [ Ols s d3ts| 0,593 0,385 4,136 2,345 6,7 3,574 | 6,35 1,04 | 6,613 | 5,205| 0,39 0,155
[ ®cdzj dz 0085 | 0,047 | 0114 | 053 | 057 | 0,863 | 0,065 | 0,22 | 0,161 | 0,83 | 0,007 | 0,107
1 jdzj dz] 1,91 | 0,207 | 209 | 0,667 | 2,265| 0,28 | 2,336 | 0,533 | 16201 | 31,62 | 1,513 | 0,186
R 7,044 0,210 | 46,430 | 19,660 | 66,160| 5,903 | 380,62| 75,483| 730,32| 55,592| 11,18 0,635
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s OB dzdyVl dutead?2 MC dZzOH L st dzOdzS Is ts dzded -
[sdzj y' kO BLjte [ JBOdN’ S° ¢ teA2d0 1L.80 taha k

- v 0C Msded * v jteds' dz ftetso j H j dzdz
i/ 1 9d Mmd dz' st t' dg L d d3C
1 2 3 4 5 6
vsdf SARCOMASTI GOP
1 | Arcella vulgaris Ehrenberg, 1830 + + + +
2 | Arcella dentate 0 + 0 0
3 | Centropyxis discoides Deflandre, 1929 0 + + +
4 | Centropyx aculeate Ehreaiy, 1840 0 0 + +
5 |¢cti nos ph emirEhrenbeg, 1840 c h 0 0 + 0
Tdy Cl LI OPHORA
6 | Astylozoon faurei Kahl, 1935 0 0 + +
7 | Vorticella companula Ehrenberg, 1831 0 0 + +
8 | Vorticella microstoma Ehrenberg, 1830 0 0 0 +

sdf ROTATORI A

9 | Asplanchna herricki de Guerne, 1888

10 | Brachionusangularis angularis Gosse, 1851

11 | B. calyciflorus calyciflorus Pallas, 1766

12 | B. calyciflorus anuraeiformis Brehm, 1885

13 | B. calyciflorus dorcas Gosse, 1851

14 | B. calyciflorus spinosus Wierzejski, 1891

15 | B. leudigii rotunda Rousselet, 1907

16 | B. quadridentatus quadridentatus Herman, 17§
17 | B. quadridentatus cluniorbicularis Scoricov, 18

18 | Euchlanis dilatata dilatata (Ehresrig, 1832)+

19 | Keratella cochlaris tecta (Gsse, 1851)

20 | Keratella quadrata (Muller, 1786)

21 | Lecana luna Muller, 1776

22 | Lecana lunaris (Ehrenberg, 1832)

23 | Lecana cornuta rotunda (Fadeev, 1927)

24 | Lecana infula Harring et Myers, 1926

25 | L. nana nana (Murray,1913)

26 | L. bulla bulla (Go sse, 1832)

27 | L. qudridentata (Ehrenberg, 1832)

28 | Mytilina mucronata mucronata (Muller, 1773)

OO0 |I0 0|0 |0|0|0|0O|0|po|O|O|O0|O0|O|O0|O|+ |+

ololo|lo|lo|o|o|o|+ |+ |o|lo|o|+|o|+|o|o|+|o|o
Ol+|+|+|+|+|+|+|o|o|o|+ |+ |o|o|o|o|o|o|+|o
+ oo+ |+ |o|o|o|+ |+ |+ |+ |+ ||+ |+ |+ |+ ]|+ ]|+]|O

29 | Polyarrthra dolichopt@ dolichoptera Idelsor
1925

30 | Platyias quadcornis (Ehrenberg, 1832) 0 + 0 0
31 | Pleuroxus trigonellus O.F. Muller, 1785 0 0 0 +
32 | Trichotria tetractis pauperra (Ehrenberg, 1830 0 + 0 0
33 | Rotatoria sp. + + 0 0
sdfy ARTHROPODA
CLADOCERA
34 | Alona affinus Leydig, 1860 + 0 0 0
35 | A. quadrangularis (O.F.Muller,1785) 0 + 0 0
36 | A.rectangula Sars, 1862 0 0 + 0
37 | Chydorus sphaericus (O.F.Muller,1785) + 0 0 0
38 | Diaphanosoma brachiurum (Lievin, 1848) jvn. 0 + 0 0
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1 O¢ ' dzyj dgdpd4 s
1 2 3 4 5 6
39 | Peracantha trunca®.F.Muller,1785) + 0 0 0
40 | Rhynchjtalona rostrata (Koch, 1841 0 0 + 0
41 | Scapholeberis mucronata (O.F.Muller,1785) + 0 0 0
42 | Simocephalus vetulus (O. F. Muller, 1776) 0 0 + 0
COPEPODA 0 0 0 0
43 | Cyclops viénus, Uljnine, 1875 0 + + 0
44 |Clz c | twepuis Fsscér, 1851 0 + + 0
45 |[Har pactictsi dae sp. + 0 0 0
46 | Nauplii + + + +
47 | Copepoditii cyclopoda + + + +
48 | Copepoditii diaptomus + 0 0 0
t &1 14 22 27 11

*s' d C'fls! oadH' e ' HzsWOM oH & fyde =] jndz
o 5 j dzdo HdE' IRCBHZ BBomzjtlzts fj L Sdadzts® H d dzO 3’ € t



v OB dzd ywi
Fetokzf scaaOdgy tolig! ¢ d 2
d € C;/ dgo fedadc ))d3

vid.fpj dzt dz' fmls -
[ sdz Y

Is ©
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B' 5kOMO

s

5O sLjt [ d&O

[ M 1 deCIsd ftotso j HJ dedg? H sy
Hisfp(u OB s 1 5
HYJdq " ydz'|SO gt 9gt. dovtets [1L. JLr.jfvg@g L. d
G |- | sdaj|r tsdzj| dh j|stasdh| Yy 02§ 2C 0O uso
dzd| s dh | MBle j| ez o Ol sB O ‘| dzOM
Cd] ddz |[cotsd 2 Odzd | dzO
[ sdad| [ d a3 fls’
dz
1 2 3 4 5 6 7 8 9 10
Rotatoria | Y 6800 0 13600 0 2170 | 58600 | 9000
l 39,1 0 36,97 0 7,8 7,68 54,8
Cladocera | Y 6000 0 7000 0 1470 | 1500 | 12000
[ d l 186,1 0 127,2 0 29,2 31,1 424
5016 Copepoda| Y 5600 0 14200 0 11130 | 2900 | 11100
J 138,5 0 2548 0 35 62,8 | 2389
t o)y L[]y 18400 0 348M 0 4770 | 100@M | 32100
J 364 0 418,9 0 72 101,6 | 717,6
I
Sarcomast| Y 0 100 0 0 500 0 800
igophora | J 0 0,76 0 0 0,38 0 0,61
Rotatoria | Y 500 100 0 0 500 0 4000
l 0,45 0,22 0 0 1,225 0 488,4
1l j i d Cladocea |Y 0 300 0 0 500 0 1200
2017 ] 0 1,0 0 0 60,0 0 162,0
Copepoda| Y 750 300 0 0 6000 0 2000
J 5,55 0,22 0 0 4,49 0 16,88
t o)y L[]y 1250 800 0 0 7500 0 8000
J 6,0 2,2 0 0 66,1 0 671,1
Sarcomast| Y 1818 600 1125 375 600 0 5000
igophora | 1 1,36 0,45 0,51 0,2 0,45 0 3,8
Rotatoria | Y 1818 3600 125 0 2400 0 1200
l 1,593 3,28 | 0,113 0 0,54 0 1,4
| ' Is g Cladocera| Y 0 0 125 0 0 0 0
2017 J 0 0 0,113 0 0 0 0
Copepoda| Y 104838| 1600 | 1000 0 800 0 2600
J 721,14 | 9,76 6,1 0 1,72 0 11,28
t oy L]y 108474 | 5800 2375 375 3800 0 8800
l 724,09 | 135 | 6,836 0,2 2,71 0 16,48
Sarcomast| Y 300 1200 750 1000 100 0 1200
i-gophora | J 0,228 0,85 | 2,273| 0,69 0,076 0 0,9
5
Ciliophora | Y 0 100 0 0 0 0 400
l 0 0,04 0 0 0 0 0,006
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1 O¢ " dzyj dzdes
1 2 3 4 5 6 7 8 9 10
Rotatoria Y 300 100 3250 | 400 0 4000 | 7600
) 0,27 0,8 4,105 | 0,28 0 19,2 | 16,52
Cladocera Y 150 1000 250 100 0 0 0
[ fp ) 3,0 7,0 51,25 | 29,0 0 0 0
5017 Copepoda Y 300 800 500 500 0 400 | 3200
J 2,085| 15,2 2,9 5,42 0 52 | 24,32
t o L] Y 1050 | 2300 | 4750 | 2000 | 100 | 4400 | 12400
J 5583| 2,38 | 60,53| 354 | 0,076 | 24,4 | 41,75
Sarcomastigophor| Y 1200 0 300 0 1000 | 2800 | 300
J 0,776 0 0,126 0 0,76 | 1,12 | 0,16
Ciliophora Y 400 0 0 0 0 13000 O
] 0,0056 0 0 0 0 0,182 0
Rotatoria Y 0 0 0 0 1000 0 0
1 d d3 ] 0 0 0 0 13,47 0 0
2017 | Cladocera Y 200 0 0 0 0 0 0
) 4,0 0 0 0 0 0 0
Copepoda Y 600 0 0 0 500 0 0
] 6,0 0 0 0 1,1 0 0
t o L] Y 2400 0 300 0 2500 | 15800 300
] 11,336 0 0,126 0 15,33| 1,302 | 0,16
Sarcomasti Y 0 500 1000 200 200 0 2400
gophora ) 0 0,335 | 0,76 | 0,152 | 0,152 0 4,34
Rotatoria Y 0 0 750 0 200 100 0
) 0 0 1,7505 0 0,243| 0,5 0
1 Cladocera Y 0 0 1000 100 0 0 1600
5018 J 0 0 15,0 1,8 0 0 259,0
Copepoda Y 0 250 3500 | 2500 | 800 600 | 3400
J 0 0,9 11,9 19,3 2,6 2,16 | 15,32
t o) ] Y 0 750 6250 | 2800 | 1200 | 900 | 7600
J 0 1,24 | 29,41 | 21,252| 2,995 | 2,812 | 278,81
Sarcomasti Y 400 100 400 0 200 400 700
gophora ) 0,0441| 0,076 | 0,119 0 0,152 | 0,304 | 1,89
Ciliophora Y 0 0 200 0 0 0 0
J 0 0 0,0028 0 0 0 0
Rotatoria Y 0 200 0 0 200 200 800
J 0 4.0 0 0 0,083 | 4,0 4,29
[ " | Cladocera Y 0 600 0 0 0 0 100
2018 ) 0 15,0 0 0 0 0 1,7
Copepoda Y 400 600 0 0 300 200 0
1 1,44 4,44 0 0 1,44 2,0 0
R Y 800 1500 600 0 700 800 | 1600
) 1,48 | 23,516| 0,12 0 1,675| 6,50 | 7,88

Is ©
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1
we s muwf wyy gmrt o Jels [ w

R, [Jrwlftr?sesl  J1n0d?r AB)
freom Y Jwwle?s 4y tosf1V)

tewlrte?srE VAL (AT ).

Exp. smoothing: S0=6,363 TO=,0739
Lin.trend,no season; Alpha= ,450 Gamma=,170
BBarkeHi p-Hu, mr/am3

22 15
20
18 | 110
. 16 |
e
=
= 14 i 5
= B
=t . =]
¥ 12} N =1
& 7
= K &L
L 10} ¢ 10
s
&
a8 |
6 | -5
—— 3BaKeHi p-Hu, mr/om3 (L)
4 | (L)
- - Smoothed Series (L)
(L
2 -10 -+ Resids (R)
0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 (R)

Case Names

{dMEzdi8T s dzsL o 43 fdsdz a 'O .4 Mddy dejsyizj y(' ) &3

Exp. smoothing: S0=1,333 TO=,0539
Lin.trend.no season; Alpha= ,300 Gamma=,200
BCKS, mrOo2/am3

7 4
S 3
5 {2z
B {1
2 4
@
S {0 8
2 3 2
= &2
) -1
R =2
)
7
-3
o -4
-1 -5
o 2 a & 8 10 12 14 16 18 20 22 24 26 28 30

— BCKS5, mrO2Z/am3 (L) --- Smoothed Series (L) Resids (R)

t gz T tetse detsL! LidEDsuig de. | tsdzj y* ( MBls.

Exp. smoothing: S0=26,58 T0=,8478
Lin.trend,no season; Alpha= 300 Gamma=,200
XCK, mrO2/am3

55 30
50 |
20
45 |
40
10
&
= &9y o
=] S
2 30 o 3
= 177
[}
e o
S 25t
>
-10
20
15 |
-20
10
5 -30
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—— XCK, mrO2/am3 (L) --- Smoothed Series (L) Resids (R)

t dMzd&S T tescdatsL L dpOwig.de'. musgdz] y! ( mMdsls .



Exp. smoothing: S0=12,72 TO=-,269
Lin.trend,no season; Alpha= ,300 Gamma=,200
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HiTpaTtn, mr/am3

16 . : . . . . . . . . . . . . 12
14 | 110
12 18
| -
- 10
‘% 1 4 w
¥ o E
- 12 =
= 3
2 °f lo =
=
4
{1-2
2 1-4
or {-6
-2 -8
o] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
—— HitpaTu, mr/am3 (L) --- Smoothed Series (L) - Resids (R)

{ MEzdds T s ¢ datsL

o3 Mlalz adz" Iptts@ds Yo

Exp. smoothing: $0=,5138 T0=-,014
Lin.trend,no season; Alpha= ,300 Gamma=,800

g Mmtdzls

HitpnTi, mr/am3

0.6 . . . . . . : . . . - - - - 0,4
0.5 | 103
0.4t 102
& 0.3 0.1
=
= - “®
= L. <
Z o2} joo0 3
E - 3
EL o
T 0.1} 1-0.1
0,0 1-0.2
0.1} oS 1-03
-0,2 -0,4
o] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
—— HitpuTtn. Mr/am3 (L) --- Smoothed Series (L) Resids (R)

{ MBSt ¢ das L

o d3' ofn leolz daiz’ I tsdfllg -

( Ma3ls

Exp. smoothing: S0=,2000 T0=,0068
Lin.trend,no season; Alpha= 450 Gamma=,170
A30T amoHiAHui, mMrN/am3

0,50 03
0,45
02
0.40 |
c‘zgc 0,35 | 0.1
= i s
€ 0,30} .
= g 0,0
=
Z 025}
=
u
2 020f B
=
2 015¢ 02
0,10
-0,3
0.05 |
0,00 0.4

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30
Case Names

(g Mk B! tese dasL o o'
( foBlds.dzj

Residuals

—— A30T amoHinHui, MrN/am3 (L)
(L)

--- Smoothed Series (L)
(L)

Resids (R)

(R)

sk Owmtlblz ©deazy?
y' )
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Exp. smoothing: $0=2,304 T0=-,008
Lin.trend,no season; Alpha= ,500 Gamma=,570
OpTodocchaTn, Mr/am3

5.0 2
4,5
1

4,0
-~ 35}
el o]
=
= 3.0} .
= . -
= : s
3 2,5 e -1 2
g - &
8 20+
2
o -2
O 15}

1.0

-3
0.5}
0,0 -4
(o] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—— OprodboccpaTi, Mriam3 (L) --- Smoothed Series (L) - Resids (R)

I dMgMe e dzsL o &8 Misk us toos. s WsEjOUs' o fipds

Exp. smoothing: S0=,0655 T0=,0023
Lin.trend,no season; Alpha= ,400 Gamma=,300
3anizo, mr/am3

0.7 _ : _ _ : _ : - _ . . _ : . 0.5
06 N B
0.3
0,5}
02
2 0.4 ¢ 0.1
w
=i &
= o3} 00 3
] 8
2 o
&S ozt i
0.2
01} SO .
0,3
0,0} 04
0.1 0.5
(o] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

—— 3anizo, mr/am3 (L) --- Smoothed Series (L) - Resids (R)

it Mz T tctsedzetsL o d3' Misk oL @tzd L Qr ts Greplig. yizts)

Exp. smoothing: S0=105,9 TO=,6406
Lin.trend,no season; Alpha= ,300 Gamma=,400
Cynbdatn, mr/gm3
300 T T T T T T T T

T T T T T T 200
250 S 160
& 200 100
=
= »
= . s
= 150 | eee.. {80 B
]
S <11
] o
S
& 100 (o]
50 r 1 -50
[0} -100
[e] 2 4 (5] 8 10 12 14 16 18 20 22 24 26 28 30

—— CynedcaTtu, mr/am3 (L) --- Smoothed Series (L) - Resids (R)

t dmMzdes T ozt L o oz fiis@rls Wglzeo . [ sdzd y+ ( Md3ls



{ d Mz gaec) tots ¢ dats L

{ M gass) ©c datsL

 MIAM3:

Hadronpogykri

{ d Mz HARE) ois ¢ dats L

Xnopuam, Mram3:

Cyxuil 3anvok, MrigM3:

80

Exp. smoothing: S0=59,86 T0=,0058
Lin.trend,no season; Alpha= ,490 Gamma=,490
Xnopuawn, mrigm3
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65
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50

45

1100
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900
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700
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400

2 4 6 8 10 12 14 16

—— Xnopuawn, mr/gm3 (L) --- Smoothed Series (L)

o o5 o lsily. of. dzty taftaj’ 1

Exp. smoothing: S0=666,2 T0=2,246
Lin.trend,no season; Alpha= ,220 Gamma=,200
CyxWiA 3anuLiok, Mr/iam3

18 20

400

300

200

100

-100

Case Names

-200
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

Lin.trend,no season; Alpha= ,840 Gamma=,600

HadpTonpoaykTu, mr/am3

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Case Names

Residuals

o &5 Mlsk

Exp. smoothing: S0=,1426 TO=-,005

-0.,1
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30

20

o
Residuals

-10

( Mls

—— CyXWii 3anuuok, Mr/am3 (L)

(L)
--- Smoothed Series (L)

Residuals

iz cofs 6ty 3 dfydapid) G k)

— HadpTonpoaykTn, mr/am3 (L)
L

Smoothed Series (L)

o i3 Misk oVl & itz ys )



BCKS mrO2iam3:

3BaKEHi p-HM, MILM3:

{ d MzgaB8 <€) tots ¢ dats L

12

10

XCK mrO2/nm3;

frctd vo

Exp. smoothing: S0=8,339 T0=,5217
Lin.trend,no season; Alpha= ,900 Gamma=,600
3BaxkeHi p-Hu, mr/am3
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Case Names

BS 0

Residuals
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—— 3BakeHi p-Hu, mr/am3 (L)

(L)

--- Smoothed Series (L)

L
AAAAAA Resids (R)
(R)

Exp. smoothing: S0=1,473 T0=,2539

Lin.trend,no season; Alpha= ,400 Gamm
BCK5 mroO2z/am3

a=,300

o &3 fgkdz a Om].fdad@2 S C

v v T v T T v T T v T T T T 4
413
PP {12
1
428
S
3 10 =
77}
4]
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1 -1
=]
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o] =) 4 6 8 10 12 14 16 18 20 22 24 26 28 30
—— BCK5 mro2/am3 (L) --- Smoothed Series (L) - Resids (R)
t dMzdd8€) tcse desL L da@@ygudze vw@sc o
Exp. smoothing: S0=59,73 T0=,5435
Lin.trend,no season; Alpha= ,600 Gamma=,400
XCK Mroz/am3
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Exp. smoothing: S0=,1379 T0O=-,002
Lin.trend,no season; Alpha= ,200 Gamma=,300
HiTpuTn mr/iom3
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0.25 +
0,2
0.20 |
2 0.1
= 0,15} BRI}
g =
= =
= 2
g o0} S ey P oo =
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—— HiTputnn mr/gm3 (L) --- Smoothed Series (L) - Resids (R)
. t t
i MEzQdd6711 tetsedzsL o d3 MiszkOWE GBsted Is’ o
Exp. smoothing: S0=,2427 T0=,0013
Lin.trend,no season; Alpha= ,300 Gamma=,400
A30T aMOHIAHKMA, MrN/am3
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E =
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E 04| 100 &
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o
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2 o2}
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ool —— A30T amMoHiitHnii, mrN/gm3 (L)
N g {-06 (L) ,
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Exp. smoothing: S0=,7888 T0=,0558
Lin.trend,no season; Alpha= ,200 Gamma=,300
OpTtodrocdaTt, mr/am3
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Exp. smoothing: 80=,1346 T0=,0041
Lin.trend,no season; Alpha= ,400 Gamma=,300
3anizo, mr/am3
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Exp. smoothing: S0=431,6 T0O=-12,2
Lin.trend,no season; Alpha= ,200 Gamma=,300
CynbdaTti, mr/iom3
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Exp. smoothing: S0=96,29 TO=-,055
Lin.trend,no season; Alpha= ,200 Gamma=,100
Xnopwawu, Mr/gm3
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Exp. smoothing: S0=7,250 T0=,6200
Lin.trend,no season; Alpha= ,400 Gamma=,300
3BaxkeHi p-HuU, Mr/am3
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Exp. smoothing: S0=7,250 T0=,6200
Lin.trend,no season; Alpha= ,400 Gamma=,300
BCKS, mrO2/am3
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Exp. smoothing: 80=50,24 TO=-471
Lin.trend,no season; Alpha= ,250 Gamma=,200
XCK, Mro2/am3
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Exp. smoothing: S0=4,401 TO=-,062
Lin.trend,no season; Alpha= ,300 Gamma=,200
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Exp. smoothing: S0=,1522 T0=-,004
Lin.trend,no season; Alpha= ,300 Gamma=,250
Hitputn, mriom3
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