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The current state and main problems of communal services in Ukraine, in
particular in the spheres of water supply and waste management, are considere
The necessity and, tledore, relevance, development of methods for intensifying
technological processes in the municipal infrastructure of settlements, aimed a
reducing the cost of material, energy and other resources, can be achieved throug
wider use of biotechnology apprdees and methods.

Groundwater with increased content of iron and manganese in relation to
regulatory requirements is widely involved in drinking water supply systems
almost in all the territory of Ukraine. For the conditioning of such waters,
numerous methads of decontamination and demagnetization are proposed, which
differ in the degree of technological reliability, economy, etc. Typically, these
technologies involve the oxidation of iron and manganese compounds, followed by
separation of the formed predge in the filters.Oxygen, ozone, chlorinated
compoundsare usually useds oxidantsand quartz sand, zeolite, claydite, ate
usedfor the loading of filters

In the practice of water treatment for the purification of water from iron
compounds, theoscalled method of "simplified aeration" is used, which consists
in oxidizing iron (Il) with oxygen by means of preliminary aeration of water,
followed by filtration on fast filters.

The technology of water removal from manganese compounds is much more
conplicated, because unlike iron for oxidation to insoluble forms of dioxide
requires more powerful oxygen than air or chlorine, oxidants. In addition,
manganese in the form of dioxides is in intermediate valence, that is, certain
conditions are necessary fats deposition. In practice, water purification
technology for demagnetization, as a rule, is implemented on specially modified
materials that require periodic regeneration, which leads to a significant increase i
the cost of the purification process. t@dugh there are some work on the
possibility of oxidation of manganese under the influence of microorganisms, but

most often they have a research purpose and practically no such technologies a
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practiced in the practice of water supply of both Ukraire @her countries of the
world.

Consequently, despite the existence of a number of technologies for
decontamination and demaganization, the processes that occur during the remov
of iron and manganese constructions are still not sufficiently studied.

The problem of removing ammonium compounds which enter the water due
to metabolic processes, agricultural and livestock activities, as well as disinfection
with the use of chloramination is unsolved. Biological nitrification is considered
the most acceptablemmng existing technologies, but it is implemented in special
structures- bioreactors, which significantly reduces the possibility of its use in
conditions of water treatment plants. In addition, according to the results of the
research, it has been foutidht although processes in fast deamonization filters are
certainly similar to the processes of nitrientrification, which occur during sewage
purification, the possibility of their intensification by biotechnology methods is
insufficiently studied.

In the study of the existing filtration technologies for the removal of
ammonium salts, it was found that although processes in fast deamonization filter:
are certainly similar to the processes of nitfidi@tion, which occur during the
purification of sewagethe possibility of their intensification by biotechnology
methods is not sufficiently studied.

According to the results of the analysis of the current state of the problem of
solid waste management in Ukraine, a key problem was found in the existence o
numerous landfills (and sometimes also spontaneous landfills), to which waste
falls without any sorting, despite the statutory ban on placing unsorted waste
objects.

In the study of the work of rapid filters on the water intake of the village of
Khoroshiv, esults were obtained that showed a violation of the iron / oxygen ratio,
which is typical for normal conditions of annealing. In the experiments, this figure

was in the range of 0.120.25, and according to existing ideas, deep removal of
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iron compounds nder such conditions was impossible. To confirm the above
assumption, experiments were carried out on filtration of water with an iron
concentration of 13,3 N 0,8 mg [/ d m
presence of bacteria in the filter matérighe results of additional experiments
showed that the use of sodium hypochlorite due to its disinfecting properties took
place only physicehemical processes (autocatalytic oxidation and deactivation
due to adhesion), and the purification efficiencysv@wver compared to oxygen.
When using oxygen in parallel, both physical and chemical and biological
processes ran over, and their overall efficiency was higher. That is, the results
obtained not only confirmed the role of microorganisms in the processref
irritation / demaganization, but also showed the possibility of practical application
of biotechnology methods to improve the efficiency of water purification from iron
and manganese.

For the thorough examination of the biological agent from the ifiljer
material of the various neineezing filters, 10 cultures of iron and manganese
oxidizing microorganisms were isolated. The evaluation of the morphology of the
cultures obtained, according to the scheme, allowed them to be classified a:
Siderocapsa, Lothrix, Sphaerotillus, Galionella, Metallogenium,
Hyphomicrobium.

Obtaining a biological agent has led to the possibility of biotechnological
intensification of the technology of disinfection / demaganization by introducing in
the filtering loading of imculum of microorganisms. For the practical realization
of this process, first of all, the technological features of the process were studiec
and the effectiveness of different cultures of microorganisms was established. th
data of experiments showed aegominant role in the processes of water
disinfection of microorganisms of Leptothrix, Sphaerotillus, Metallogenium and
Siderocapsa.

Increasing the activity of a biological agent can be achieved by creating

selective cultures that can contribute to a deeper removal of manganese fror



19

water. To this end, previously deleted cultures have been removed. Leptotrix anc
Sphaerotilus have beereated with known mutagens, in particular UV irradiation
and HNO2. For further st udi-8pghaerotilus mi
cultures was selected, which contributed to the high efficiency of removal of
manganese (up to 98%).

To implement the prom®d schemes a number of technological tasks were
solved, including: to develop effective methods of transfer of inoculum to the
loading of filters, to select the most suitable filtering loading for the specified
purposes, to determine the optimum paramsetmnd regimes of filtering and
washing of the filtering layer.

Based on the results of the research carried out for the implementation of
biotechnology for disinfection and demagnetization on rapid filters, two
technological schemes were developed usirtgrabor selected microorganisms
cultures.

The study of the possibility of intensifying the deamonization of
underground water technology was carried out by conducting a complex of pilot
studies on the water of the artesian well in the city of Khmelnyt3ke
experimental plant included the Culligan HiFdoUX-40 factory pressure filter
with an aerator (manufactured in Italy), loaded with a special filter material
BiofilterTM, on which the microorganisms are effectively fixed and retained.

The results ofthe experiments allowed to reveal important dependencies.
First of all, the decrease in ammonium concentration in the filtrate correlated with
the indicator of the MI, which also depends on the number of microorganisms in
the loading of the filter.

Since the concentration of dissolved oxygen at the filter inlet has an opposite
effect on the flow of processes (nitrification requires high oxygen content, while
denitrification- microaerophilic conditions), it was appropriate to investigate their
regulaities at different valuesf this indicator. The results of experiments showed

that when the oxygen supply was reduced from 8 to 55 mg / dm3, the
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concentration of ammonium in the filtered water was in the range of00121mg

/ dm3, nitrites- 0.27-0.28 mg / dm3, and nitrates gradually decreased from 11.0 to
2.4 mg / dm3, that is, at high concentrations of oxygen due to nitrification, a
significant amount of nitrates was produced (this figure exceeded the yield), and a
the oxygen content decreased dolenitrification, the decomposition of nitrates
and their concentration declined

To enable the practical implementation of biotechnological intensification of
water deamination filters through the introduction of a filter of microorganisms
cultures, itwas necessary to solve the problem of establishing the optimal
parameters of the process, in particular, to determine the amount of nitrate an
denitrifying microorganisms in inoculum and the concentration of dissolved
oxygen.

For this purpose, a stochastnathematical model was developed in which
the time of water in the filter (depending on its design features and the rate of
filtration) and the content of ammonium and nitrate input water were taken
according to the main parameters. The model is impleedess a program in the
language Swift 4.0. To assess the adequacy of the developed model for thre
points, an experiment was conducted to determine the optimal oxygen content &
the boundary of distribution of zones of nitddenitrification. The resultsf the
comparison of the experimental data obtained with the forecast by model showe
that the prediction error of the model does not exceed 6.0%, that is, it is muct
smaller than the allowable value for engineering calculations.

Based on the results did research and the developed model, a technology
for intensifying the biofiltration process for ammonia removal was developed,
which includes the following stages:

Preparation of 3 inoculum pills Thiobacillus, Nitrosamonas and Nitrobacter
in the programma amount;

the inoculum 1 is fed to the bottom of the filter, where the denitrification

process is predominantly present and remains there {80 8dinutes;
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a mixture of inoculants 2 and 3 pogygenated air is fed into the filter and
stays there for 890 minutes, with the inoculum 1 also in the filter;

spent inoculums are removed from the filter into the system of treatment of
flushing waters.

Upon completion of the specified operations, the filter is ready for use.
During the operating mode, the optin@@ncentration of air oxygen is maintained
at the filter inlet.

The use of technology has allowed to shorten the start time of the filter for
use from 18 to 2 days.

The interconnection between the morphological composition of the solid
waste and the bioceses formed therein was investigated by sorting several
samples that arrive at the polygons mm. Kiev and Khmelnitsky. In unsorted and
sorted samples of fractions, after 10 days of stay in conditions created close to th
real ones at the site (oxygen availiéyp was modeled by keeping specimens in
rectangular containers with a depth corresponding to the depth of the embankmer
at the site), biocenoses of microorganisms were identified, their genital affiliation
was determined and quantitative composition.

From the foregoing it is clear that in order to predict the optimal composition
of biocenosis for unsorted wastes, it is necessary, first of all, to determine the
morphological composition of the waste. But in practice the situation is
complicated by the fadhat during the stay in the body of the landfill there is a
continuous change in the qualitative and quantitative composition of the waste, an
therefore the optimal biocenoses are also changing.

Given the considerable complexity of the study of theestdtreal solid
waste landfills, it was considered appropriate to first create a mathematical mode
for the possibility of simulating the probable biological processes in the body of
the landfill and predicting the composition of microorganisms biocertbs¢sre
formed at the same time. An assessment of the adequacy of the developed mod

was carried out by comparing the predicted data obtained from the model with the
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experimental data for the map of the polygon in Chernivtsi with an approximate
time of gay of the SHW for 5 years. Comparison of the predicted composition of
the biocenosis with the actual allocated showed that the difference between th
predicted and actual data on the number of bacteria in the biocenose was 12.59
and according to the mdmuplogical composition did not exceed 15%, which
confirmed the adequacy of the developed model.

An assessment of the effectiveness of the proposed technology was carrie
out by laboratory on samples of MSW in Kyiv using a traditional -Based
preparation Subtilis and mixed drug, the composition of which was determined by
simulation.

According to the data obtained, the use of a mixture of cultures close to the
optimal biocenose composition led to a more efficient accumulation of biomass in
the layer of skbd waste, and thus accelerated the biodestruction and rate of
subsidence of t he sampl e (by 26, 4
confirmed the promise of application of biotechnological methods for
intensification of the process of biodegradatiorsabstances in the body of solid
waste landfills during their reclamation.

As the results of the research, the methodology of using biotechnology for
the intensification of technological processes in the municipal infrastructure of
settlements has been @bsped It allows, through the implementation of
successive stages, to improve significantly the efficiency of the processes-of non
freezing, demagnetization, deamonization in water supply and biodegradation o
organic compounds at landfills. An assessnoérthis methodology is made on the
example of the method of aerobic stabilization of sewage sludge.

Key words: biotechnology,iron removal,demaganization, deamonization,

iron oxide,solid wastes biodegradation, mathematic modelling, effectiveness
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BjdzL JHddzz. 1 Owedz Mis! EMdH" 8 d&jIsOdz' o,
f'H Mo bdzcodd o CtetsMC s 503, O IsOCtsy ¢

Il dH" dzj dgdzv CEdzr ste dg' IstedW ' C kv ydr B
r dzv tslsted 30 dzdzy ¢ dzdzy sk tegB qzOE s dyujo H ' Bt
RO ' dzslsdz 2 EfmMlsOdeso y' , odMm" o Odzd M dzC
(NHp)SO, -1, 0 PO-KHO 632 ,NaCd y-0MgbS G4 ( Mde Si@ )
MgCO; ( dzOH dzd h 5C) ;. Hdflad dzdsp Bdze d I 5% Qi Is
BOCIjte: 2 oadwoedwefmw L O L d3gj dzgh j dgdaw d3 o d3" f

I dH"' dzj dzdzv Ckzdz skted dz2 stcdW "' C Olsste"
Ckdz szted d2OS By dedg?v dzO MmMjtejHsodh j Is
tcOL " 9. [ dzw o dL dzOyj dedzv s ydfdnfisus Is gz’ € tiz teifh
Cdalstetsdzy ' o d4)y 4 @ dzdedizd O OGOLME O Isj &Y j
-2830Au 5O to- IS dz/Og D y(' dzjtc tgj g dgj d2fs GeY HCdE

[ dzw o dH " dzj dzdzw Ckzdz skzte Hydg IstedW ' €
odMm' o Odzd ! dg@ o djo disjO Chifsjctds- 5 D dz@H Iz :tc SN a
Ctotsn BB dzG ; U fds=0dKI 6 ;3-0KHCOG - 0Mg3S G5 3 N
0, 3¢:06@AOtG; HMlsdiz BzOZO o 5H O
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2. 1.2 1tydode MjtjHtsoadhO * tjddd
L HEtsMdz Hy j dzdev 'L OO EIgER Y Hzd Odf 5 d 9 dz’

kseod Skdz BdsBDRs @dzdz? . ( Lo jHJdes f Jte] dz
mMjtejutsoadh " | HdzW ftedeBlskzo Odzdz? W Edm o BC
vsOBd&Zdqyw 2.1. 1jtjdz ¢ ' ME&ZOH odCtste
= 0 T N
o) —- :-N : Ji g
< B o o o 5 = I
o o ® o B - P
s ts 3t ts dzj dzls d @ o 4 s ﬂgw m
fsydodsets fj| 2 a7 Lo | LBY 7
g T e i) —DE -9 0
—p -3 s 87T =
s g4 =T -3 2
- =y =i 34 .
> > a —n
1 2 3 4 5 6
(NH4),SO, 0,5 - 1,5 1 -
NaNG; 0,5 2 - - -
KoHPO, 0,5 1 0,05 1 -
MgSQA 7,6l 0,5 - - - -
MgSO, - 0,5 - 0,5 -
MgCO;, - - - dzOH dzg -
CeHsO; 10 - - - -
C1oH2,011 2 - - - -
] Hisd L Ol | 1 - - - -
FeSQA 7,0l 5,9 ] i ; _
MnSO4,@85H 4,7 - - - -
FeSQ - mMdz' H - fmdz' H -
OcOEBOts 20 20 - - 20
MnSQ, - - 0,007 - -
MnCGO; - - - - -
KCI - 0,5 0,05 - -
NacCl - - - 2 5
Ca(NQ,), - - 0,01 - -
CeH1206 - - 0,002 - -
1 jflstsdz - - - - 10
f 0w fdzd 2 d €1 - - - - 1
o] 6,8 6,87,0 - - 6,87,0




(00]
~

] tSHBO Y J dzdf’v Is ©
n (@ - - -
"N g 28| o |§egSzEios,
kg ™ m — @ @ -—uag-—bgggg§%
< - =p | go _‘é 0 88| g -g § Jé-g s o
ssdysdjas T2 | To | Lo 5 [BedET0L029
fexdodesets M pny | py | °Y | v |7 T8 E-gES
G 4 TO o) 8 z 0o 3 'EPE;'.EP_"“D
— - - B O] N, 9 NTzuNT29
g8 | g ¥ N N ol e
— b | = o o O g
3 T > - o o
7 8 9 10 11 12 13
(NH,),SO, - 0,5 1,5 - - - -
NaNO; 5 - - - - . -
KoHPO, - 0,05 | 0,05 - 1,5 0,2 -
Na,HPO, - - - - 3 - R
MgSQA 7,0l - - - - - 0,3 -
MgSO, 0,3 0,05 - - - - -
CaCQ - 0,1 - - - 3 -
KHCO, 0,5 - - - - - -
] HEsd L Ols - - - - - - 15
b ¢ @xE Ots 20 10 - 12 - - 0,75
MnSG, - - 7 150 - - -
MnCG; - - - 2 - - -
KCI - 0,05 | 0,05 - - - -
KI 0,5 ] ; - ) 3
NaCl 0,3 - - 5 0,3 2,5
Ca(NQy), - 0,01 | 0,01 - - - -
CeH1,04 - 150 2 - 2000 - 5500
Ctotsa d30 dz 5 - - - - -
fJitflssdz 1 - - - 10 - -
Yy' OdetsC sB OdzO| - 0,00001 - - - - -
CiHiNOS+( s Odi - 0,0004 | - - - - -
36 W ded 2 J ¢ - - - 1 - - -
Hic" YHY o d?2 - - - 0,075 5 - 5
NagCeHs0; - - - 0,15 - - -
NH,CI - - - - 1 - -
3 dz¥ i © - - - - ; 15 ;
CeCktoclzH L W ded| - - - - - 2 -
L-yd milsd dz - - - - - - 0,5
Is' scdz' S sdzw Is| - - - - - - 0,5
tcj L OL ztc' dz - - - - - - 0,001
e - - - - 72 16872 7,1
r dzw 9 dH "' dzj dzdzw L Odz'-10t5 ELGANHgL3©, 20, 56 d=F .
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Ca(NG),1 0, 0 K;HRO;-0, 05 G40 M@ % Oc0,, OK5Cl ;0 ,Cla CdO
Y' OdztsC s5800,d0 A T, 0O 0@RedLdc @tc HJMIsd
o HD Uk

[dzv LB jBRaz etk L Odz' L 557 O j)BQNH 5MndS,
KCI-0, 05,HRO,-0K 05 @Gj3)p-C,aq NOG, -2¢ d36S s LH@ fls d
o sHIH &

[ dzw sy’ dzC d 1P drid lsiasamndsdzd £ ts HSSZ dziL Is Ots d
s¢CdMmdzs 9 Olsd dBOdE Odz 9 d¢ SdpdBdzbderdd Do QY Ots:
J EMsDOLBO ¢, Hitc' Y H-PSOFWBNCEES AlsBOC Is,7T Mn
0, 1Ma€H:0,-0, 15 -O¢QIBXE,000 ¢, HJMAHdg ts9 OdzC

[ dzw sls tc d B30 dada™ Ckdz skted dz' Istcd W
mMjtejHtsoadh j dzOImBIEESRAS & ts0 M PEOK,HO c-52 , NDa Gl;
MgSQ,-0, 5 @4 MR $Id k( zBlg@P" 5¢) ; HJ-fMisdds o

[ dzw o dH " dzj dzdgv Ckdz skt Hydz2' stedW " €
odMm' e Odzdm+ dzO sy dodzi MJtgiH O Jd;] USEOC
Ctotsn BB dzG ; U fds=0dKI 6 ;3-0KHCOG - 0Mg3S G5 3 N
0, 3G:06@AMtcc; HOMIsfiz BzOdZO 9 ts5H O

1 od dz0ttsh zo Odzdz S kdz' skte 3 Ctostce Od
‘dzls j dzeid WH SiplytedZIC g B Mistso zo Odzd M+ dzOMmlis Iz t

PseudomonaskKH,PO, 1 1, 5 #8PO,TNBa, O G 5 NG CLI|T7T NH
1, 06, ifL0f,IsOsdas, i 200 C 8L OHte' YHYB9 G2 G4 ¢ f
HdMisd dzi So¥pdg®, 7, 2.

Bacillus d3j idd"5i @D ¢, S kS EkztekHOGW #HFQ T Q2GMIs to
MgSOAH,O1 0,36 Nal34g CaCQ-30¢ #©687, 2; HdMIsdd
o BHD U

Micrococcus: Is' s dz' C sdz' ' 9 j6 ' Mmip o 156 HIK)G:,
Hitc' YHY B d2-5] Oflsze QGdle, @ O Na€l/- &z, 50 -wd ffds d dz
0,50 ¢, ' sclz §5GdEls -MmpPEdl i ) J Gits g O
HdMisd dzf SoiPdp® ' dzyj o je1(LdEfy j2dsdAve ) 7, 1 RN 0O
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2. 1.3 JdLdOyj dzdzv tetsHtso 5 dzOdzj ¥ detsfyls

10 " HMilsOo ' HAzW s g df'L HizPJydz'dzdzy toSHISOAE' L
Is @BO dzts © dzfdzt ¥ yd ~B IBAAE Istg ol RSB tz dzO® H @2 Sz §f
dzOo j H j dats  [288], frplsdLisdsO  j dzdaW tcSHtSO S - * HJ (
BO dzts © defm dzs ¥ yd ~ dz® O Gl pdis'e 2 1 d L dz0 tg dzH( St MB (
2.1).

2. 1.4 s' &z €' MdzO Y dz€C O MEC ZOHE o € to

[ dzw C' dz €' Mmdzts’ sy’ dz$ d B Ctostce O
LOMlssMsozo OamMw ' HicOrkdetsE 3 Ctotststc e Odz
LOWOtcBtsolzo Odzdz" d©3 sSCMdH" 8 L Odz'  Bsig P dzlzt
MEdzOHE CBY dBE0O o Al O@EL  igdzs ¥ yd~ B OC
ftoesBd s jtojHdy 5 tetsL 8 tsH d dzd My sOC dd3 yc
fslstcOf dzw dzd BdzdL ' €85 100 oy CSteststec Odz' L A3

[ " Ctostec Odz' L dsd S dzOMdW " Sd@dzd ! L O

- H dzv odL dzOyj dde® GOdzs ©dzts ¢ d fdzs -yd -
tcSiderocapsate Leptothrix  Sphaerotillus Galionella, Metallogenium  tc.
Hyphomicrobium Is © Codgh (sO¢ ", h 5 dzj 1 90 H O
BOdzdze Odzs € d Mzt ¥ ydm BOCISjte’ 2) :

-Hdzv o dL dzOjytg ‘dtlzv 2z BIPE ROH " & CtotsyjidetstL |
dz' Istcd W ° (INmresamonagds ®.Niwabacter) H j dz' Is tc GHtobaCillug y °
Denitrificang Is© ' dzh * .

[ dzw @B Ctetsyd dzesL Iz fsdz' ctsdz o sl ¢
smdzseo dzd d3d BteW sdzse ' yYdzdidgd s RiEMEoDoRds, dz
Bacillus, Micrococcus, Sarcina, Escherichia, Aerobacter, Klebskela * dzh * .

v OC 5y odd3 tcs o Odzts ! L OC Odz' dzj 3" € to
LO9 Odzls Oy j dgdgw W' dz' stcz (OB GtOd3 vl l H
BB ssHJC 58 .
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1. BuciBaHHA npo6 Ha NOXWUBHI cepegoBULLa

L y

CepepoBuue No2: Konowii Byporo koneopy.
Konip cepenoeuiLa 3MiHOETECA Big Dexesoro go
KOPWUYHEBOTO.

CepepnoBuiie Nei: Konowii KOBTO-OpaHmeBOro
konsopy. Konip cepegoeuvlla 3amiHKETBCA Big,
CBITNO-3EMeHoro A0 ipKaBoro.

v v
‘ 3anizobakTepii | | MapraHeusoKucHIoKoYi GaKTepii

|
W
2. Big6ip konoHi Ta 3abapBneHHA 3a Mpamom

‘ CpamueraTveHi ‘ ‘ He 3abapeniooTbes ‘

Pin Gallionella: wnitnin  He
MaTbe [POCTEeK, NOYKOBWMAOHOL
chopMK,  YTBOPIOIOTE  3aKpyYeHi

abo HeaakpyqeHi cTebnuHN.

BigcyTHi

3. OocnigxeHHA mopdonorii

A ! !
- . . Bin  Leptothrix:  npami
Bin_Sphaerotillus: npsami

NanuuyKkM O3TaloBaHi B nanwsia, 8 NaHLiokiax,
» P OTOMEHWX YOXNOM abo BiNbHO
OKpEMnX TNaHL HOMKKaX

BOEPEINHI YOXNIB nnaeardi y BUMMALI OKpeMux
pen : KMiTWH, Nap KNiTKH.

v/ v/

4. 3abapBneHHA OKCUAIB 3ani3a Ta MapraHuylo B CTPYKTypax BakTepii

|
Vi Vi v

OkcngHi cnonyky aaniaa Okcngn mapradue Okcnown 3aniaa Ta

Pig Siderocapsa:
chepyyHi abo oBan.Hi
KNiTUHW.

3abapBnoIOTLCA Y CHHIN 3abapBniolOTLCA Y CHHIW MapraHuio He
Konio 1 J, 3abapBnNKTLCA
W

Pig _Leptothrix: H4oxnv NpocoYeHi .?!&MEI%MED&&J thopmi ﬂﬂmﬂ!ﬂﬁ_
OKCMAAMU MADIAHLIO | 3ani3a. naeyuyka", HaKOnM4yIoTL HOXMM  TOHK, He
OKCMOM MapraHuilo y BBirHyTMX NoKpUTi  OKCHMOaMM
TiHiAX, wo pPO3X0OOATLCS 3aniaa Ta

pagiansHo Big LeHTpy. MapraHuio.

5. OocnigxeHHA mopdponorii BUgineHux KynbTyp 3 o60ox cepegoBuLy

4

‘ Pia Hyphomicrobium: yTBOpEHHA NpOCTEK. ‘

tdm. a2 &O

o dL dzOyj dzdav

s H i o3® Uzt © Hzn dals o W ¢

BOCIk ' 2,

o5 L td t5e ddFClEQRZ]RE® ®ifgdase 't 2 |

1 jtoj eOn Zdats €
ftecsosHdomw L O

o &5 flsk
" 1S te d3lz dzts

Coydesegts "L tesH
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. 0wl ¢
€ h
D TUTT
HETC  dzo €' fMmls+ B CetccOdz’ Ld3' 9 bk L O Odzls
wi ¢ dzr € Mmis! Cdz' sddz 2 COd3j tc | stew’ 9 O,
Jy dz€ © ftsetc’ h desfls” o dL dzOyj dzdaw tc 1
MisOlsdMmisd ydzed i3 di3d ssHOBd, odmBHWY] L to
ftcd BLIGORERZE O E SO tc° | BeW[299]0 O

2. 1.5 [lstedd3Odzdzy MmJj dzj Clsso Odzdr h IsOd3

[BO' Clstsdg Mmjdzj Sy~ Bzezdt aid' rCitexs,ts to,8 O dz
odLdOyjde w¢ dO2B ' dzzh jWjClsdodz htsHT
Yyjdz' ssotsdzsz L Qo Odzls O2Pldedz’ hodHSECdr W' dz

[  CtosBtec Odz' L 3 totsL d3detsy zo O dzd M h dzw ;
i tirnseadh i dzOMmlis k.80 NENONGHROH MYSOAHIOH
fs @, Sydtets L tcj Oc J dzls '186 , dfd @@L O
G' Htetsdz' L Ol COL jT tzz, WO & 5,9ds,d ydze @ fyls d dz
oSHOdzZ, pPH=6P8PRGGCOW j B j teOIlslztc @ 24 IzHA ds,d
yofm ¢ Ekd [54ibHz'd8Azdzw

[BtesBSC O 3 Stwsstcc Odz i tistc deistpdetsdy SH 2@ b
~noddz dzdz 2I6@ yOMmtsdyz tsBtotsBL,d a2'0H ff 200 ,H dAs5 ,
BzlsOc jdz adStstcd Mistso ko O fHzy jedsls @ gzd 219 1STO
0,04f , d, fsed Istcedo Odzsfyls® BtetsBSCd 20 =~ o.

gdJdz Sy w hlsOdz'" © LH' 2Mdzs ak® Big' tctBy Bt
f so desy ' dzdzj f 5y do dzj MdtecjHtsadh j, ¢ d&z@
fMd dzi ClIsdodzj Yy dodzaij MjtjHtsadhj BJL LO
LBJte' cOdedzy f jteifMm' 8 Odzd ! LT R tg)fSEEEe d N
1,56, K ©,05¢ , .HRO, i 0,05¢G , Ca (1 NOlc , G dzF 2dga ,0
HdMisd dz' saX@HzO o tsSH O

1 " fdzw L Ofj dzj dzdzw YJsdz o sE s L Ob9
Ldzi L Odz' L dzgj dzdgv SO HJ BOdze OdzOy " °’ o tsHd t
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YydtejL dzedma W' dz' stckzo Odzd fy! s H § dfitdlis o * BEHZ
o BH ', L HBSHO9 Odzdz" d3 L Odz" L O ° 30 dz6 O dzlz
Cd3f sdzd dels' o .

stsdzlstetsdzj &3 Hdzv Y g€ d vwEtsmlis' L O dz,
B Cststee Odz' L dz3O0d3qd mdzkz y d dzd yJjtsdz' sse
ftocdtoctsH dz' d3d lLept@zdO@d tS.phaerfoth | Yofg §si
W'odzt stclzo Odzdz? 9 f totSH 59 20 H' B. Y JtojL
tesL ydded L Odz'[290) Is©O d3Odze O dzlz

2. 2. r sfdz' H Y j dzdaw ftesyj m' o Ldzj L O
Hj ORsdz' L Oy' ° otH(

2.2.1. mOtOf lojdied Hlgft © osCHiE[M Is

(SMyjteddjdelsd L " dalsjdemdi " COy" ~ sy
Hy Odisdz L Oy "' LH" 2Mmde* 9 Odzd My z0 toj Odz

BtsH j dz' dad = Lt HLSUIPdAZ@QIRY. j dzdzv 7 L 9 d H Odzj dadaW
LOfmlssMso o OkzOM! ot s [ dgdz0o d BB L L Odz
LOdzjydes o' H fOys-s1540 bfy( fpdgses anddatsh

dzj o M C4epds BE/(HWgFE A OMIs' & H s il dasERO dA
sJizsopd g sBdts stcdle pdzls ¢c1 rsvw [ ] e, totsL |
sjtedlstste" ’ dz ftego S BY OL Og'n f'HL j o

nOOCIsjtedL zo OdzdMm! Isdfsodds HdwW B' dzt h &
WL Se s ydzedd3 mMS dzOH s d3, LsCte] @O Bd&ZdL* €
687, 5, L OG Odz' datss -6 ,dBlz 3 da3dgsdz A H3d3 BO dz¢ O d
¢ dMdzs 9 Oed8lizls F°1 &5, O

stc' i3 bsets, o jSMijteddj disOr L OmMssh
Golskzo Odzdf! hdWRtsd HEBSHO9 Odzdz? HE ' HL
tetsL Yyd dz, 90 FMIICClzj 5B R " Hdzts' HdzvW HBMW G dzj dzc
Cdzyj dzlstcOy" 2 LOdzZ' L O ' dBZOdze Odzlz.
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ltod dEtSfy jdedgv = L HJ Odisdz' L Oy' ° o9 tsH(
B md3j dz' dzgdy! €2, o WwWC'2 f'H YOff o
fMjtej Hdz sz RO/ ds 3 dzl BHZQtgE b Hdds st s
0,13- 0,17 BE/>H a3 [ v odL dzOyOdztgiys v [dzlin dstf tseH e’ dz?
tetsL yd dzd Gilslzeo Odzd M dzO 9 COL Odz" 2 1"
L teOn 59 OdzdH,),S0O,. dz' ¢ sfyls”

2.2.2 1de'te W' d stekzy ysets ROl tc' Odzlz
ltojHAB] Istsds HEsMdz HY j dz ' HOdz 2 tetsBt
Hj BOdze OdzOYy " wed?2 sXidzMdsj dpdr’ fLs@drte J k
dZOMmMiszf dzdd3 W' dz' Istelzo Odzdzv d@3 Cte" L+ h Otc L jt
s fydzts 0 dzj dz0 9 Odzls Oy j dzdav L o dH Odzj dzdzv
W' dzt Istclzo Odz' dz M stckzH d, 0] hmModid , dz0O
L O Odzls Oy 4 dzdzv . v fiplez®@ dzdf! totsfc o (fBEsotef dzds -9 t6 O
n' i3 yde' O Isjrdesdztse’ ydzg o d&zOMmilsdoe tsmls®
ftesdddmMzso sets o d¢C tsted fls Odzdz™ O IIs0O¢C By
ssCMdSsdzse ' Yydzd dsc * & O dzi Q ded B3O tc dztf dGz3s ¢ O 3
BZOQde" o, wWC' odSttdmbtsobkzels: Mw E ftOCIs
ltcORtsalzse yd M OL Odzj , Hdzw  ftetse j Hj dadz
f OcOdzjIste' &9 W' dz' stekzs ydr L Oo Odzls Oy j dz'
dzO o sHBYd Mdzd A MlsOdzy’ v A RO Is jugj' =z dls
(Cdz' detsfIsd dztsdz' Is) atsC " toda Yy’ S sEts -3MotsHIEED C
CoOtoysaod?2 1T &S, S5V tag§,y StcOdzzdz? s Odzj O
Gryphskand W@l 2 W tc &S y3ds (30 JtetsB dzfRRb o O 1 sdzt h
ldes' 't yjtdz sk Bkzeo LEdtsedzj dzd?2 Isd d3,
B Ctosf stedMmisdr C Ol OMdzgdrn Odz¥ di3sfddz' ¢ Ols
Isj n desdzts e ' ydzd @3 f OOl ste ORI jLCOs dzts € "H
dZOMmMdz" HEC " @ fted ' 7 odSttedMmlsOdadzs . | tsdzd
f* " HH OB [s! Mw B3 » Odz" ydz* 2 sBtotsB Y L dzO
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dz' C Odzt dz' M\HkSSOSLZzEY s y' 2d (Ol 5B A
BJ LY jyds Hdzv "dpdolaish sistcc@@dslay ftoj HiNIsO¢
Hdzv odSBtedMmMisOdzdzy E ftetsyj MOR ' HEetslstso ¢

10 3 dzj eOdzse ™ yded s MG zOHtsd3 o 56¢ dtedad
Cdz' desfIsddzsdz’ sO Rtsets o d3 Mls -7 Y shctsH
HiSL o tsdzW odd shbffcsaa Ol s jtoj Hdz! SEts5 L
MCZOHB yYj?2 &GOl te’ OdzC @dz' Heedid Isy s dz' HISS
W s te i3z died, K, O L@l 8 Sli 1080H

soOtoytsad?2 '  Mts¢C o' HdesMdIls! MW HE ' dz
OHGJj L' W 2dz O otsifds "', HM’ L Odzd h O' Is
LOMssMso Odzedr £ ftcOCIsdy’ otHtYdh j dadgw

l S stedMisOdzdzy OCIsdo dzsects o ke ' dzdzw, dzj
~nOOCIsjtedmisd S d, ZO0 otHBHtose Hdzdr MiscC
dzj LOHtse " dz' dz' Isjrdesdzse ' ydz f OtcOd3j Isted
zj eg¢ " 2 d&BOIsj e’ Odz, Hdzv L Of tsB' 6 Odedz" 9 (¢
Mfjy Odz dzgd = CtdemlstezC y"' 2) SO dzj sBR " HG
(HBMdls! MC dzOH dzd 2 tugtnyiadhy of IskOgEme @n) .o SH t

ltcORsoalze yd to' L detsf dzOdztso o dzO M dz' n Ot
f'mMék IsO OSkdodsets obkae' dzdzv, O IsOC 5y
BOIjtc' Odzd BEdZd o9 dBtcOdz Hdzw ftetse j HJ d
Hj B30dz¢ OdzO Y " .

[ sMdz" HY j detigtslz L W "adHf Bstclz® ysets dBBOIsjtc’ O
EmMlsOdzsoy', wWCO oCdzs yodzO 3tsH j ddsdelz’ Is &Y * it
d3d3. l dmMslsO W' dz' stz ysegts " Otz HdzW SH
B3 Y Or -15MMO d3d3. rdzv Hoth Otesoadr W' dz' Iste
MG dzts o L@ 0 gl dA[O @z 2 h O, wWCd2 MS d&zZOH
OCIsdo dztsets o lzg ' dBdV0; T d3dgSjotdhtalz] o HeGtes §f * MC &
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223 0fOwOlkteds GW sttddj dedz?" HEMd HY

[ dzw Of OOk dse s sY st dsdzj dzdz” H
o Csted Mo LigPdag' Ozt dz' § * deslsdz  Mlsj dzH g
Bzj SBR' Hdz kjodsdse yd §0Lokjksed (Ml
eifdid ftesd3decd ° Is. H. ).

[ sfpdz" HY jdedg? ftesyjMmkz L dzjL Odz' L dzj dzdzv
' dslsd 2 bkilsOdtso def B3d toff §) zO s 2d d3q  tidass s
CsdzsOCIsdz® * gdz Mls: O W' dz kte. | OjtcO

fsiiszf OO o SCtdlsOCIdz * Bz M, L wCs’
Boda 31 cbepdnobumry
- »
7/
71T\ A — J
//////
I 7
. 7777
z / 0777
TIHEIa/IHEHA B
p—

tdfm. 2.2. [Mdsed StsdhstkzSlsds d Jj dj d
Hj BOdzG OzO Q| td @ listszls;0C2s dzO i ¥ ‘d3tiz' s + ; 3

[ dzv  dBtsy dzd @ sfls ftstc’ odgVdzdz?" of dzdokz
CdMmdzt SO ¢ fsndzstedlskz) odStsttdmissalzeo Odz
wets® eonsHddd StdlsOCkdzO ‘ &d Mls!, &OMt
CsRds@zz * dgdz' Mis! BEAZO f jtjHBOYJ d20 By &
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e j toH dzts @ d dzd sO ¢ dMmdzed ¢ f sHOs8 Is! fmw )
fjtoj g hkzsls! mw CtsdzlsOC sz L tCdMmdad € s

L tcOo dz' dadaw sB fMw ¢ O] tcj OGJ dzls’, 9, \
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vOB dzBBY I do' odzt 9 Odedz? O dets € d mdzts Is dz
[ v 1 Magnetospirillum gryphiswaldense MSR-1 Is © Od3" detsC d
fsmdz' Hiso des iz} 1@ @O de® ey dzt ¥ yd = Galbdhddlg tc* 2

 sidz" HY 2o Odzd?2 tstec Odz
Gal_lionella Gallionella Gall_ionella Gallio_nella
ferruginea subs acididurans | capsiferriformans
gine Pl ramosa P
1" dz€ d | capsiferriformans ShG148 ES2
Magnetospirillum ] sodesls© G j dzdes sz, %
gryphiswaldense 100 25 25 100
MSR-1 Ltekf O
4 4 4 4
i * Gallionella
[ -ud M dzt 2e-09 6e07 3e13 5e12
MamA [wd e nt 25 23 25 24
Length 138 195 186 210
[ -ud M dzt 4e-37 6e-05 le-34 le37
MamB |wd e nt 27 27 27 27
Length 286 115 279 286
(-u d fmdzt 9e-25 7e-06 8e22 5e-26
MamM |wd e n t 28 30 28 28
Length 262 102 260 262
(-u d fmdzt 3e09 3el2 5e07 8e-10
MamO |wd e n't 26 29 28 26
Length 171 178 148 171
(-u d fmdzt 5e-38 4e-39 4e-34 2e-38
MamE |wd e nt 43 46 45 43
Length 185 184 171 185
(-u d fmdzt 6e-04 3e04 2e04 2e-04
MamK |wd en't 24 25 23 24
Length 303 334 301 303

10 tjLikzd IsOIsOdRRd B' ' daW sted3ZOY ' 2 dzes e
HsMdz' Hy @ dztfos d3O0dzc Odets € d Mdzs & yd ~ fEsEGS sigyts 2
ftesHizyj dzZsOd3d 1 [ odqwedddmw 28 & Ctofs
Sphaerotilus natans subsp. natdbsS M 6 5 Eeptothsi@ochraced. 1 2 {f €
hsdzj sy dzdots ftosedesL o Olsd B' Bd3 dzj tc ©Odz'
My Cojdetso Odets[31]] f s dz' Miss
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Is © Sphaerotilus

 sihdz" HY 2o Odzd 2 Btec Odz
Sphaerotilu
Slderqcapsa Sphaerotilug Sphaerotilus| Sphaerotilu S natans
' amnicola fluitans dichotomus | s natans subsp.
15z d | JosHI_oo1 natans
Magnetospirillum B DSM 6575
gryphiswaldense ] s detsls O ¢ j dedes Bz, %
MSR-1 75 50 50 50 25
ek O
4 4 4 4 -
1 ~H t ' Sphaerotilus
Siderocapse
r-yud m| 4e08 0.008 0.008 0.008 0.007
wder
MamA (%) 30 23 23 23 23
Length 120 98 98 98 98
(-ud lel4 4e-34 4e-34 4e-34 2.0
MamB | wd e n | 26 30 30 30 36
Length 184 265 265 265 42
(-ud m| 2el6 3e28 3e28 3e28 0.32
MamM ‘*(Jo/f)’)e " 26 31 31 31 32
Length 264 268 268 268 93
(-ud m| 3e09 7e-10 7e-10 710 7e-10
wder
MamO (%) 31 27 27 27 27
Length 165 164 164 164 164
t-yud m|{ 7e36 9e-34 9e-34 9e-34 5e-34
wd e
MamE (%) 45 44 44 44 44
Length 164 177 177 177 177
(-ud m| 2e04 0.001 0.001 0.001 2.2
MamK “(‘0/‘:)6 T 24 23 23 23 33
Length 300 295 295 295 86
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[ v 1 Magnetospirilum gryphiswaldense MSR-1 Is © Od3" dets¢ d
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Hyphomicrobium
[ shhdz" HY ko Odzd 2 tstec Odg
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535 | qQ 73 7] 7] 7]
5 ” “g“g (§_§ 0| E E® 5 = £
1 rwed |85 55 88| 2 | 28 | §s | 29 2q
Magnetospirillum | S £ | 8§ |§c88| 2+ | €2 | x| 2d | 24
. €S g oScEgE| @ (R EC | 20 | Lo
gryphiswaldense | s £ | 22 |5c5| E= c a Gz | Ed | Ed
MSR-1 58| E§E |EE5| ¢ Sy | aN| 87| 2@
O | & o>wn| &5 c O > o o
I o=k g_I > > I > >
%E\ % I I I I
] Sodetsls©O G J dzdzs gz, %
100 | 25 | 50 | 100 | 25 | 50 | 50 | 50
ek O
2 | 4 | 4 | 2 | 4 | 2 | 2 | 4
t * Hyphomicrobium
(-uyd fmd %(; 4e08 | 506 | 4e06 | 2e06 | 7e06 | 5e-08 | 2e-07
MamA Fident| 27 | 28 | 24 | 22 | 24 | 34 | 27 | 27
Length 153 | 169 | 136 | 160 | 151 95 | 161 | 77
[-ud fd i‘“g 2e14 | 3e14 | 0.025| 2e22 | 1e17 | 3e-07 | 3e-08
MamB - dent| 24 | 22 | 26 | 30 | 28 | 27 | 25 | 25
Length 257 | 269 | 185 73 270 | 183 | 72 | 208
(-ud fd ?LZ 718 | 2e17 | 4e05 | 7e19 | 3e17 | 2e12 | 1e-04
MamM [wd e nt| 25 25 26 34 27 27 25 22
Length 278 | 281 | 265 59 274 | 262 | 265 | 91
(-yd fmd 212 lel13 | 3e08 2.5 3e10 | 1e08 | 2e08 | 1e09
MamO I~ i ent| 30 | 33 | 29 | 29 | 30 | 29 | 28 | 27
Length 166 | 167 | 164 | 126 | 173 | 156 | 161 | 176
(-ud fd ?;,S 239 | 1e37 | 1.2 | 2e39 | 2e39 | 2e39 | 5e41l
MamE e nt| 45 | 46 | 48 | 45 | 45 | 44 | 43 | 43
Length 190 | 188 | 168 29 188 | 191 | 195 | 195
(-ud d 5.7 | 0047| 0.018 | 2.2 | 2e06 | 24 | 8.7 | 2e04
MamK |wd e nt| 33 27 22 31 27 30 29 25
Length 73 | 201 | 294 49 304 93 91 | 339
t ' Hyphomicrobium
MamA | -y d i dzts 3e06 | 4e06 | 5608 | 2e-06 | 8e-07 | 8e07 | 5608
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1 dk¢d | 85| 55 |ES8¢S| 3 538 | 8E | 3w | 3
Magnetospirilum | S € | 88 |588| 83| €2 | e8| 84 | S«
- ES| 55 |©9EE| & O EC | S0 | C©
gryphiswaldense | s 2 | 22 |555| €= g Sz | Ed | EQ
MSR-1 55| E§ |E&5| 8 S | EN |87 | 8™
O | == S>n| &5 s O = S S
T o9 < T > > I > >
%f % T T T T
l Sodetsls O G j degdes sz, %
100 | 25 | 50 | 100 | 25 | 50 | 50 | 50
ek O
2 4 4 2 4 2 2 4
wdent (9 25 29 23 24 27 27 29
Length 153 109 166 151 153 | 153 | 134
(-ud fdzts 2e15 | 7el14 | 7e16| 0.035 | 6e16 | 1lell | 5e16
MamB lwdent (9% 23 25 24 26 24 22 29
Length 269 189 258 91 257 | 277 | 185
(-yd fndzts 6e19 | 1lel6 | 6el18 | 3e05 | 3e18 | 5e14 | 1e16
MamM lwdent (9 25 25 24 28 25 23 26
Length 284 283 267 173 278 | 269 | 287
(-uyd fndzts 2e07 | 1e10 | 3el2 | 8e09 | 2e12| 0.41 | 3e07
MamO wdent (Y 28 30 31 29 30 31 30
Length 164 164 143 164 166 121 165
(-uyd fndzts 9¢39 | 3e38 | 4e38 | 2e30 | 3e39 | 3e39 | 7e31
MamE lwdent (9 44 46 45 45 45 45 39
Length 190 188 188 181 190 | 190 | 198
(-ud fmdzts 35 0.004 | 0.001| 16 5.7 5.6 7.2
MamK lwdent (9 37 25 26 39 33 33 28
Length 41 212 309 54 73 73 39

" Cteststec Odz" L i3 ° dzg" Hyphomitsdbifing denitrificads)
Hyphomicrobium spMC1, Hyphomicrobiunzavarzinii Hyphomicrobium spl2-
sp. SCN 6511,
Hyphomicrobium denitrificansATCC 51888, Hyphomicrobium denitrificans
INES1,Hyphomicrobium nitrativoran®NL23, Leptothrix cholodniiSR-6) dizO & Is
L HOlsdz Mmusiz o GrjsfddzlsLidsdr'dds df dizlz'ts € ted Mis ©Odz' ydz'
-8’ Gcwlkzf d.

62-95, Hyphomicrobium sp. GJ21, Hyphomicrobium

&
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[ v 1 Magnetospirilum gryphiswaldense MSR-1 Is © Od3" dets¢ d
fsmdz' Hiso dzsmIs § 19 @@ dz® ey dz't Odz & Heem@dthisxj tc ' 2

 sihhdz" HY 2o Odzd 2 Btec O dz
© = o = o
£ S 23 £ 3 £
T>5 o 5a 3 S © 3 o~
x = X % Z 2% | 9
L oaed | S | Ex | £ | g7 %
Magnetospirillum 15 =1 8% g g =
gryphiswaldense @ 4 g Q @ 9
MSR-1 -
] sodzSIsO G J dzgdes sz, %
25 100 100 25 100 50
ek O
4 4 4 1 2 -
t ° Leptothrix
(-ud mdg 2e09 7e-09 8e-09 0.43 8e-09 0.86
MamA |wd e nt 31 27 23 35 23 29
Length 137 136 192 40 192 41
(-yd mdz 2el7 le-24 2e-40 9e17 2e-40 0.29
MamB |wdent 29 25 32 26 32 24
Length 184 280 259 184 259 46
(-yd mdz 1le22 5e27 2e-30 le-18 2e-30 1.2
MamM |wd e n't 30 24 30 26 30 28
Length 247 281 286 216 286 54
(-yd mdz 1e06 3el4 2e-08 0.76 2e-07 1.6
MamO |wd e n't 28 29 28 25 28 33
Length 177 166 184 56 167 33
(-ud md7 4e3l le 34 le 34 1.0 9e-35 2.8
MamE |wd e n't 45 41 44 33 44 33
Length 167 166 178 39 178 64
(-yd mdz 5el2 5e10 0.003 3.4 12 9.1
MamK wd e nt 27 25 23 24 33 36
Length 304 300 300 97 48 33

v O¢C dd3 yd dzts dz,

17

b (30idas @ajaigdi® “ ajd & O @z

(Gallionella ferruginea subsp. capsiferriformans, Gallionella ramosa, Gallionella

acididurans ShG148, Siderocapsa amnicoldOSHI_001,Sphaerotilus fluitans,

Sphaerotilus

facile/Hyphomicrobium

dichotomus,

facilis,

Sphaglus
Hyphomicrobium

natans

Hyphomicrobium

spS1/Hyphomicrobium
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sulfonivorans, Hyphomicrobium sgS1BSMeth3Hyphomicrobium s@B2-62-53,
Hyphomicrobium sp. NDB2Meth4 Hyphomicrobium sp. 99, Leptothrix
valderiana, Leptothx buccalis, Leptothrix cholodnii /Leptothrix sDUMS1)
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217

ldmdese € d L O ttsL H' dzsds

l totso j Hj dg HiSfedr'LHDOg dedis w S dnma dzO9 J H
HSLotsdwWE s/ LtesBdIsd dzOMmilskzy dz27 tsmdztse dz' ¢

[ 89 J HY dEBy dzlz e s dz B3 Cosstee Odz’ L d3' o
HJ d3O0dzc OElzOdy * dz0 9 " o dH S d A W JodiL 1O @Hzls @ Y J vk
1 5C OL Odast, dzghd tds dzts cff taafj-fip'tsdnls O ° ftcd LB dz
o d3' fiplsCedz' L O, h 5 5ftfeteddd o B d fifssdg Als dz6 o) dzO |
¢ sdzyJ dzlsstdi@s @ dpde 56 fs.

Il MisOdzetso dj eets | dzipd W ' € Ow ' s dzth BY Goy@dpdighH J
My tedwisd 1 gz & PYzolte s ° ) ol Asclpdiey 2 4 -~ dz
WOCIsBsOC dn 8 WHERHDS H fJtoddzdetsa ts L dzj L Ot
o d ¢ c@deliplaizy ff tctsidsdde Clocfid =8 H dzo sH d L dzP O g6y
otsHd [.Y &' HdB GRadsdsds@dedls: HisMmdz' vy jdo@ tejL k2
st sMmisjtc’ ¢ Odztf i H o dLh dpiiagzljls d o dzts fls Is j -
ftoesyjdm@S wEehts JWiSlkdoedz Mmlis o d H P tizg dad
odCtstcd O detztc B GBflm s L t vyl dzj-4§%,tcjlsty
f ol Od3” dzlaPt Iz H (dxlzj 5B to 5B dzj dziz o iz LS MdzegReHOO dzls

wL Oo Odzls Oy J dzdzy ff tcOy® ¢ yd - Wdztsiz' dsdgH ‘o dzj
Ckdz Iskte L OdsGiz® B GBMlsiziste " 2 tots L & tfeBflzj ditd j dals
tctsH tf dolef dzOdzj » dz' Mmls .

Zzdzw ntsdy §tstc’ o dzv dzdzvistc € Odz! € dgmIBiy wlizg’ * € to
OCIsdoe dzsis® & tsHeisd R O &zl datilserdec O dzlp | sEOWEARD dzj
hts HYfdyH Odz! ks ] dzipd W " C Oy "' fetdasg g §) Séc d fflsd
C k& dz' wstizHeppothrixls Sphaerotilus

zdzvWitsdz tsBtesBSCd dBzlsOGj dadzd d3sd toj ytso d
Ckdz skted L dzO02B "' dz' N o tcOy J dats® L HOIsd
MJ dzj € Ists o Oddt s HLgathrlx &k @phaerotilus 1 tcd "~ = o d Gt
JWidSlksdodz Mis! odHOMzj dzdz?¥ HBOAEE L L dBSHJ



218

l 5o j Hj dats  fshids BoddByisigdZy o dzOflsd o sfyls j 2
f OtcOBjIste & W' dz stekzs ydo *ROLjt' Od o,
ftesyd MOr ydh jdzdzw G dlsdzs™ otHd, L sty
Flsted BOdzdz? ' S tetststec O dC Usdfto iz | dzdp€ 20 9 ) eztiz)
H s o M5 Cts d offiftse j dasf BV BsEH Az L OC to' #f dzj C
B ClotststedDds ods 02 (ftso UBED sdajf / OB j LOJdFHi
tcjLbd bffEjoide FC e ydesets fetsyj Mk L dz
Hisfidz' Hy § dz , sdp@IS j & Otz o ips § s @ls , & I de dk
jUWiClsdotzf BEC & Yydzs Bz Ptz y ) HBSL oYY dzd
RdAsMsOldy 2 €' df Ofgl§'L tezOBBE®HRT. j S MY J
TOEOCIjtedMisdSd BEkdd GltedBOds HhY
s tedzd y! CBCE 6 tosHEs odgdds, O) " ¥ tcattf BYS @ lzdfldzfy O d
W oz stekzs yd2 OIS te 'O df sz Lh @ffls tifitskned dadg

] " HftOY' tso Odzts tdj o ciis tolf B Zd' £ Ssefistz dzts ¢ ts
LOBJ LY Jykz’ Is! Mu dizd & @ Gzdlzyf o ¥izj dzo IstlzD € g6 d 5 J Oz
dz' sz L OB tolzH dzj dz' |, O L Hikzetdgts, dzd ¢
L O9 O dzls O dpQlagiizs dz' € sfls R € fgis © tzts © dzj ozt o .
L Ofls s fdzte Ovatias ~  § fc tzezisif Isdf B3O dztecdedf i3 toj O dz'
ZOMls zf dzd d3d " CdEOjRiEhsfeau@mis - 1 & ts Hizf ks B & O dz
f totsd3d-01C0d r o 9 SHEHAfse ' IstoW dats "W C tOtc todgdirs Cydo
f tcts HOzfot€e * Istew d5 L ' dzls j daff) ¢ a5tz s oss o1 5; O dirf i
ftesBdoCO otsHESS SO o' stewd oty ¢ tsag’ 1
15 dkabsgd dF MAEde SO Is' d ¢d eotHB* L
ftoslsw-8tsEo 1

lo fls O dztsdejits BiZ' Hdz' Mils!  jte' sHdydesEts L
LOo OdzlsOy j dzdz? IsO totsL tetsB dzj dztyy! &G 6 tf daltsiyg
fills o s teRjfidslzl BO &z dzd B b d3tdy' SHiahvts tdestsQ dp' diIsd§ b

it sLtcsBdzj dats Isj mdesdzse® ydz' ‘" fgr j digf L Odis |
Hj BOdzG OO G'EdE o dej fj dzdzv * detsSCkzdzw s & &



219

C kzdzt Is Iz teeptathtex. Is GSphaerotilus © d L dzO g ] eztf s9 ° H dz’ I
fteusi " 9.

1 0f et sdztso Odets 9 Otc’ Odzlsd Of OtcOlskztcdats”’
ftotsH G Isdie dds figldc iz ©® O dz! dzd) D 0 ftf GO 0d3/ B @B 5.1
1 B ®jsd)IstclzC Isd o dz' ZHtsMC tsdz0 dzjsdpdef j Wic'j dg'e
f sHOyY  LogfCizinydsfipls @agedizB®dzd » S 2z dz) szt

l otso j H] des @t tcts 5 Oley)j Bakt dzs e * z0 'L
OotSHOR IO dBHjdz dzgdr teL yddzOrn. 1 8¢ 0L Odz
BOsdetitsy 4 MlsOdztso df od| tctsH dzd BBF49D 2 de ISBZGB0O T3Y
9"  Hf s " Hdets; L T jod@jKH8000 Oizefify] A dz/HIdf s o °

[ S j tod d3j dzls Odz' dzts M 1S offfi] IsHOedzfS"e jgeiidgsts Is d o dats
lsgdsizs 6L dzj L Odz' L dgj dzdzvdisiyjlsdsO dzly) © iz Y s §  TEdgd"CC
(2O tod Osdz@HEz SO f | tois ¢ Mhsif | atotg Hells ptGes tdz 1o iy w
dzj L dz@ydzS ' dz(HSstsfifls * toj OcGijsdzls & Jd3ah/jH dBH 5L o 15«
Cdzls j dzid W C @oPEyd j fiisudh j ddarj § sHOdz MO
tcj Odz'" LOY' v yY! et B@jlssHEz L Odzd WZEded M MmisP
ftojHAB] ssd3 dzOMlskzf dedr tetsL tcsB C .

tdLrkd sOId JjSMmY jted d3j dzls Otdas idad '~ dzta sdg@
sO0¢dr fEkBd COY' v~
l. {sLiesBCO dBIsBHJSEd " HjdsdW' SOy' Ct

sCdMmdzs 9 OlIsd Mz d LddEHGzd B 0O o 3O @&
stcOo YJjJdess.dzj disd o sH s tsfyls Oy O dadz” 9 tSH T
1 OkzC-lspisdz mdetf &z § ZMEs R4 : s1 02D6IuB.01-
1407 145. ( mMsB dMisd 27 oo sk Ot tctsB Y a3
L OcOdz dzgj dgdz' tojLEzdz? BOIs" 8 SO ' HGSIst
2. sz o CStoststecOdz L3 9 fted o dH Odzj dzdz'
W'odz IsteOR' Isis old@P ©dizls O § dzdzv o5/ 1 {Mded ¢
1 Oy’ BdzOdz! dzsE 5 Edz o JteimdlsjIskz 9 SH d
ftodtesHBS stedMiszeo Odzdz? . | B ' tedad §1 2001z € 59



220

"1 (6. i568. ( fMtsB dMisd 2 Bac@p Ly OMs: o
J S MY jted i3 dziezdi dzddz L ®g Otzdz' 5Ok )o O f° H ¢
[ sfdz" H Y j dadzgV B' sy dztsL ' o L O Odzls Oy j dz
Hj BOdzG OdzOY' ~ 5O W dsjlds(tedd S IO fisjzdzj/dzdz
D h ez j AP § jtoj H S H 2PISTE | B dzSidzis G
4. 73DDOI: 10.15587/17291061.2015.51056{(fts B d fyls d 2 B B8 @z
Eyofls ! o f zOdzkz o O dzdz' j Sy jteddj dzls iz
f' Heslssdy' MOkl

[lsted BOdzedz o dMBCBftesHESkdodsde NlsOd o
otsHd MY s@kzBOL Gtz O delrlzSotts Bl dz@ dz'  dajtc O i)
B fls. wjt'w: ujnd Yiz0150z0k L 8ls O @BtG R
(MeBdMisd?2 T 8deOtsC 2 yoOMmls: ) f &zOdzkz o O
bLOcOd dzj dzgdz' tejLbdz BOlk' s kO f' HEBISt
[ BLESBCO BjlsHE- KQpD 6k Gozig| H 2 QL odal d s
sy dzCtss jWJjSlkdodesmis® dfisHO@B Lizg dzd So'd:
s tc ©9 yJ Idz€ fisdzd € [HjMm C° HJjt) Oo dzts”’ 0]
Oh' Isj € BMBsd- 50u. i77/6. ( Msedmisd? Bas@pf
b yofls: o  f d&zOdzk olslinlzdz’ Iz LjCEGHfdg talj digtg ez

f ' Heslssdy' MOkl

[ sdz’ HY j dada? Mt ' o ds'OH dazs0 deaifdiatzts C L Gnddzs 18 -
ftedesHdzdn B' BYjdesL OF SO ' 85 of dzde da
J dzj o3 dzls® & / . 1. sttOoyj S 5. 1 BdiEzd "
csMisHOEMss O O ftodesHES sted fskzo OdzdzY
Okt 21517 4 (#.2)320. ([MsBdBEd®?d ddgdi
f zOdzz o Ocdzdz’ S MY jteddzj delskz, kL OcOd dzj
I L dz0yj dedz® Isj T dzts dztssaBquwddn L O Odizs Oy j d
Ldzj L Odz' L dzj dgdz? IsO HJj B3O0dze OdzOy " /
OCOHj & 120560 Haf.. LBD6. ([Mtedihkdd



10.

11.

12.

221

ZyOmls: o  dzOdzzo Odzdz' J SM Jjteddij dzlsiz, L
MisOIsls* ) .

Role of Biological Processes during Manganese Removal from Underground
Water |/ I. Kravchenko. cEUREKA:
2016.1- Tidg. 166 . (] MsB dmeEstd@ o o leaj Gftpl§ - )
JSMy jtedd3j delskz, EL Oc Odz'tsdgjsdedyg’ tinjlsiOdsdz’ 19 ©
[y &€ O ttsdz B' sdzse' ydzed~ ftetsyim' o L
Hj i30dzc OdzOy " otsHd / .1, stcOo yYJ dzb
l " MmMded ¢ 10y’ sdzOdz' dese s kdz' 9 jteimdlsj sz ¢
ISj m dzsdztse " W Qi 206ozY " =8 A .. 1228.
({MsBdMisdB c®dz] BHOMIs: o  ZzOdzkzo Odzdz' |
tcjLlzdz O 9 SO "  Hetslstsoay® MisOBIs’® ) .
lfdzde Ltk fijtcd CSdMkz otsHdzr dzO '
n ' d3 ydzts’ M¢ dzOH s ¢ Alzdzy tc sPj frHzi d3OdizE 1OEaR Y
stcOoayjdeS s. 1 OkzCtso 9" Mls' 10y’ sdzOdz' d
¢csd om! €2 tod IsjRA6.ydzdB (dz)l®g E&lIse
({MsBdMmMisd B c®dz] BHOMIs: o  zOdzkzo Odzdz' |
tojLzd BS@s'f "  Heslssoy' MlsOIsils’ ) .

it sdz2 BICtoststceOdzdL @Bse o tydmlsSj otSHT
i dzts Is dzts O3 Mzs £ Olsiztfs PEZs®O ¢ 1 [ PO fiyls Hz€
11 YJjdta®,0dgyd &z s d Hte. mddz@dw2016.0 Isj n
U . 38, "0 6. (-33.%) mMsBdMmMisdR Btea@a MY OMm
f zOdzlz o Odzdz” J S MY jJteddzd dzlskz, kL Oc Odz' dzj dz
1 OMmistsmize Odzadzy tsEdMmMded & © HzW  ° fids($ danfg W
L dzj L Odz' L dzj dgda” Hj BO0dzec OdzOY " otsH(J
1 Oy’ BdzOdz! dzgsegts Isjmdz ydesegts kdz o jtemdlsy
Cdzmlsdlemese I uw. T4Z. ([ mse dmEstd@o o lxaj Gy
f dzOdzlzo Odzdz' J ¢ MY J dzd d3ig falslizdz' EO®GH dds @z]


http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120
http://elibrary.nuft.edu.ua/library/DocDescription?doc_id=343120

13.

14.

15.

16.

17.

222

[y €O jWjClsde datsfmls' L OfMmistsmiz o Odadz™
“dzlsj dzgmMdW ' Ctso Odesdzsz ftesyj M Ldzj L Odz' L d
W' dz steOR  / J.]1. stOeayjdeSts, J.av. 1
sjrdz BdzsegfptemMdisjlslz vCtO dzd c¢sd’ o’ Cc
2017. 1 ~ 6 4. i1 49. DOI: 10.20535/1810546.2017.6.111985
({MsBdMmMisdB t®dz] BHOMIs! o  zOdzkzo Odiatt' |
tcjLEdz O 9 SO "  Hetslstsoay® MsOBIs™ ) .

1 B deW stedzOy*' 2dzj odwedzj dzdzdy ftetsHEZzY, dzl
L OISO d30dz6 OdzesC dMmded» BOSISjte” 2 /. Ja. |
1l 2dzO" oM €O, [. 4. 10dgyJdzeSts. I nnovat.
voo . 2, 1r®5, 2dom:. 2ROG.20535/ibb.2018.
i BtcO@s kZyoOMmls: o f &zOdzkz 9 O dzdz' j Sy jtodd
f'HesIssay' MlsOIsls' ) .

[ jssHBdzte yd2' " HatsHd HB B' Blsj n dats dzts
o dH" " dzj dedzv ClOQ@ " " HIgORIsHEA dss Odets ¢ d Mdzs & yd -
sSteOo Y dzf ts, | . 1. skL! &3 dgps €2, [ .
MjtelsdW ' COyu2w,18w ¢ & nlsOs3w. ([ MesBdhBg o o
ZyOmils! o § &zOdzzo Odedz' J SMYf jtodd3j daelslz, L
MlsOlsls* ) .

Isolation of pure cultures irerand manganesaxidizing bacteria from rapid
filters / O. Kravchenko, O. Panchenko. Biotechnologia Ace18.i v . 1 1,
21 . -8728 DOI : 10. 15407/ biotechdzO®d 3
ZyOmils: odz'f dgOWdirte jOtelz d3j dzls Iz, L Oc Odz dzj e
MisOlIsls* ) .

steQoyjdeSts [. 1., 1 Odgyj deS s [ . & [1s
Ldzaj L Odz' L dzaj dgdz" SO Hj BOde OdzOYy" ° otH(J:
L OW 9 dz. 12.03.2018; tsffkzsdz. ol .fiisSs @0 1
Eyomls: o fOI]jdsdtsdzk fshk¢k, ftotsojH]
SWistedidzj dzdz’ ff Olsj dalslz) .


https://doi.org/10.20535/1810-0546.2017.6.111985

18.

19.

20.

21.

22.

23.

223

stcQoyj dzS s [ . 1., | eysdz [. 1., s dzj yoe
BB CtoctstccOdz Ld3' @ wC fijtmMfjSisdoaded?2 M
cJ BlsjLdrsechissdz slswe: wvjLd HSfBo ' H

fteOCIsdydets™ CtsdWjtejdzy' ™ [/ 10y’ sdOdz o
f sdz' Isj ndz' ydads2d * odgfi) R2dOISLESK 8 .
stcQo yj dzS s [. 1., 1 Odzyd dz€ts [ . 1. 1 4 dzd ¢

W' dz' dadd o @ HL jdsdets™ otsHd "L L dzOydeddz o
{ . H . /1l 1B ' tcdzd¢ HBYIBO ' H]2-2P1H &Pttt
wdzdz® y-le2mi6j,tc o8& . -23081 5 .

stOo yjdeS s [ . 1. [ Sdz" HY J dzgdzgY 9 dH B9 BG
E L OoOthls @) pgrdzdgtclz Hdzv Hj B30dz6 OdzOy' ~ o
1 Odzyj dz€ ts, { . 1. | zytsdz [/ / 1B todzed €
cruvr-2@15¢é, o3 -luRdzdz juc ost i) -Z@ELL 58.
stcQoyjdeSts ¢. ). ndAiBddeE S e L S B sdzsE
ftod GaezjuxyoOdedd d HJ BOdZeOdzOYydd oBHT
LOGtlzL € 52 / o . 1. StcOo yYJ dzf 5, [ . .
[ " Y dzOtetsH dzs e 5 € RBetFjefkz ot [ ur[Elddztodytdmfny ' ¢
-4 . -81.6

| eysdz [ . 1. L tscelOal® tzdpelz W ' dzdB tdskiseo @dRdzW dt
we M s’ BL O HLO®Z] ‘dzdafffO ters Ll Ojdzlgdzd = o SH [/
steOo yj dzf ts, [ .cw.' BsQd gttt ' /w/ X X1 filstsc
X1 I MiECtO dzfff 1O ’ls W' C sftsda j toj dzy’
Is§ nde ydzd 2 [k dz'frp St Istj tiedz” dsgjch'del B de 2, * d
Co ' ldzim2a012.

mtstelzy d 2 1. 1. 1 O yOdz' dzd 2 fsfm' Bd
otsHEY sMisOYOdzdz? SO oBHBO " Ho j HJ daddld /
sd’ o: s1 L0203 2APPLBL ¢) .



224

tdrrwfwd/ fLwyr ¢ w v 8arRAWS §Awg
reofJrwoAwwy Ywrygpfrrm 1 [

4. 1. 7 8fdz HY J dzdeH Jt©Osssl d 100Jd dgOR zts a3z

l dHOdzj dzdzv L ftcdtesHdzdms o©o8BH Mfsdzz¢
M 9 0ydzdeokz L OHOyYkY d&is dztc's Yy &R * iz H G |
L dz2Oydz0 yOoOfmisddz® " HL jdgdzedrm o tSH, w g a3t
o SH ] sMeP MHBdEdEY ' H o POdgsdiz REREEZ ¢ d#gH. O '

Ul ndesdzte ' v 1B j Odgsiddr € I©feOe d dzts, L 9 C
My jy Odz' dzd - hodHCdnR B' sW' dz Iste’ o, )
LOCte" fdzs ' s+ Mmw B3 & Bdzd® dztftddd, to s Hzdzth s s 1S9 & HsC
W odzt Iste.lz o Cpdddgvytse 5 f tetsB dzj das® OL QW2 ddztO'!
9900 sty dzdffd HWOsESS of Stafs HHZz S Is @ des e s toj Y
stsBlsts BjLYftsMjtc]jHAZ St 9 dHOdzj dgdz?v L 9 S+

[ dzw o do yd dzdav By dzd o sfls Cdzls  dzfd W
f° HL J dzdzd ~ o tSH Bkzdzs ffteso jHj dets € tsd3tf dzj
Otelsj L' Odzm! S 5° Mo jtoH dzpts@ded H dzgO I figls Grelztdzg
ZOf ' tcdzd?2 W' dzt Iste L QoatsHM! € G 56 WXHADRIS 519
Oj Ottt (o9dtesBdzd ylsoa © wlsOdz" ™) , L Qo
BOIs j to' 10 Bitdier®®  f tod L dz@ dz)¥ dztsic &S to' f dzj dzdzv
Flsted 30Odzdzy 3" §tetststce Odz' L o3

10 Cjte adzdylseatsds L BI2Fadf Qudisdzts cjtk dgff * dxl
ZOtetsh j dagdz?  slstc’ Bl BB Is s 3O ddde o  dzj t
fsHOoOId odnm Hdzz otsHEZ L ' Hodh j dzd o3
LH' 2fMmdz¢ 9 Olsd € tsdids)tg sz ORI @ b z Wod s te
HisMWY ¢ dzj dadze"c tsdefsteay g dasdiE® (5 =11 [soCidydz! s G ts, W
fidtejotsHdldmy o) Cfisisdsbu@ P @ W dptf @H3c @ dyy tsectyls d
EmMlsOdzso €, oCdzt yor yd OJj tcOlstste, BEdzd da



225

c ¢ o J ' HL dzOyOdztsfy! Wo' a2 jlsitasdaizlz & © @
Ckzdz skzted B CetBERZO@ 0s i3ig®r Iz dzts € ‘facd o
W' dzt Istcke QedticsH dese s MjtejHtsoadh O (L odr"
dzj Ofj flsduydzlf g o R SOF wSLle s o HBERZO O Is! T
tesLodIlssC o3 §'tctsis'torcdObdstEAi 3 H dzsd Is! Mw  H ¢t
EmMsOdzseo $d. 10 yYy' sz jIsOf" L H" 2MdeslZ s+
W' dzt sieOls'a 3" Missdz Ofssdz 6. 1" Mdzv HBMWE &
sMmils Odzdz! 56 15, hts Mo ' Hydls: ftoz O B1g 0 de
fJtcj otsHtists dgtdug jzy dd§ * dz' €' Mmls! @ jstp'Otls tc ' 5 HI
L3 dgh 2° Is' myw .

lteslswetsdy HsMdzZ" HYy jdzg2, WwWG&' 9 Cdzs yoozq
sO odnfBH' W' dz ste®O odL dzOyOe mw o d3 -Mmis
C(Bdeyd dzlstcOy*™ v Odstsdz’ ¥, dg Istedls’ o, dzg' StcOL

1" H yofm ftese jHJdedz?" HBMdz HY J dzd 8§ B GzC
ZOMmiszy dzd dizd : - B J Wiz j dc@®@dtplezO *0 ,3Q0 11,9 dZ,89E0OIs
5O dz st BRiw /*H BLEY W' CMkzo-@WEN' s dzp/ ty'dzo o

1 O SHJ toy Odzd d3d O dzj CAdHiAP dzq d3iz del® tesL tcOr
d W CIlsd eodfdiplsiadzw L 9 sH d y i3t dz° ez' 19t He O dad
tojLzdzz@BOkdj dzts £ sOBdz. 4.1 1O dzO tcdf.

v OB dzd yw 4. 1.  ddzOd3" CO L d3 ded fts5CC
f' HetslstsoaCd W' d kte® (LE Hdes S jte' odedylse
SFdzdéwdft stsdayj dZbeoOy" W w
ot ZO dotH' S e/ mg ! FdEdg
[ BB d3G /°H O3 1 adHOd]
. . . . 11 v, O i3ts @b &
sdfmd dz| ¢ iss g s d M1 " Iste| ISthui/3ﬁ
1 8,4 2,40 5,8 0,26 | 10,3 65 25
2 8,4 2,20 5,2 0,29 | 105 185 31
3 8,4 2,14 4,6 0,3 10,5 335 33
4 8,4 2,01 3,9 0,32 | 11,0 305 37
5 8,4 1,99 3,6 0,32 | 10,9 455 38
6 8,4 1,74 3,1 0,28 | 11,7 505 45
7 8,4 1,62 2,7 0,16 | 12,0 560 49




226

Sizwt%% SB@wa#fo”lw [%jSilds

[ 5B Bc /3H &3 “OGrnBH S B/ HA (o

Oiits tFo &

sama omsdsaniy s s LY OO
8 8,3 1,27 2,2 0,25 | 134 700 60
9 8,3 1,09 2,1 0,27 | 142 780 66
10 8,3 1,01 1,8 0,24 | 143 720 68
11 8,3 0,97 1,4 0,22 | 14,6 850 70
12 8,3 0,75 1,4 0,27 | 15,0 920 76
13 8,3 0,44 1,3 0,26 | 154 900 86
14 8,3 0,39 1,1 0,24 | 159 940 88
15 8,3 0,41 0,9 0,22 | 157 960 87
16 8,3 0,35 0,7 0,25 | 158 955 89
17 8,3 0,28 0,7 0,25 | 16,0 970 91
18 8,3 0,26 0,6 0,26 | 16,4 960 92
19 5 0,25 0,2 0,18 9,9 900 92
20 5 0,27 0,2 0,14 6,6 920 91
21 5 0,28 0,2 0,19 3,5 940 91
"W OojHjdzs MjtejHnde OtdW dBjilsdyds L dzOyj dzdzv

[ 59

Odstsdz” ®
1f ¥°10

“teyd?

" delsj tce Odz H dzw
ls ®0,0datsds tew dgdz ols to Ols * o
s/ fij S lsg2Wedzts M ls

<0, 05 MEEZOH O 9
s © 8 1ded trjdgs 6 s

0

100
90

80

W

70

60

50
40

(WiClkde dz s ,

30

20

/,,./"’

10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

vstedo Odz' s

td

) .

1 Odzj y dz' mls!

JWJCIsdie di fisits iz 0o0df



227

tjLizde sOsd ftetsojHjdedmn Jj St jteddyj dzls
LOdzj y dzgsfls® ', dOMOBYjtejH, Mt Lddyj da
Cstej dzb 9o Odzs L f 8§ @ WzG@&BEEL 5 v, Odzj Y dIs! ¢
B Ctostcs Offfcd Rz b @b Ddzls Oy j dzdz’ W' dzt st O.
st' @3 bkets, ftcd LB' dz h j dzdz iWjcl
SHA&EYOMdts E W' d steseo Odz' 2 otH' M sfls)
MBYO Yj2 C0LddsS ' doj Md B d zama . A4
IZstcd3Olsdolz (P, 50 C ARCOBHR W OCH» z of Glisds " s
tesL tocsBdzj dgdz' Isjrmrdetsdzse’® ° HJjOBsdz L OYy' .
10 bkjndtsdse ydzddz toj ¢ zOd3j dzlstsas  tots
f HEtltsoyset fjto' sHES8 ¥ hH WB st @fs tacdiz®o Ef

L dgj dgh jdes  sHOyYykz ¢ dmdzs, hts o' HtOLEZ

dz' stcOEOofftcsHisSoa Yo OdzO L di3j dzh o Olsd mqw *
v ' HeskBoayd?2 fjtt' 5H wLoesld W' d k

f Hodhbk' k! w, " Mftedw' OClkdso ' LOY" °

FPlso stej dzadzt dz' steOIs®" & (L 1 3¢ OBSds @O Isdsts
lted L dgj dgh j dzdz' odn ' Hds’ CBdzyd dzlstc Oy '
dz' stedW¥ "™ SOy ‘ f syd dzO# Is " HBEZzo Olsdm!
dz' stc®@lslzZdy z° Is+ mw .

l ste odzgs ¥ yd tBHJjtYOdz tjLkzdz sOIsd L b
L OC tsdzts d3' to dzts fi) low dz@k'H Igftdgslgtg dpy * € Oy " - o Isjn
mis*® ydzd n o SH, sYJj o dH dats, hts sy Mmd |
fiteijB' cOdzd OdzOdzsGE ' ydats.

1dtB8Br Hdzs 9" HL d2ZOydisd, hts ' H yof
W' odz ste@lzj 9 MisOdzts o dzj dzd ~ f tod ydvdz Jipyjtids]jota
sydh j dadav , wej MmMkftsotsH Y zeo Odztsfiy! L tots il
h Otc' L O Odzls Oy § dzgdzv IsO W' dz' IstcOIs’ . ] BH(
l dz2Ofdz' Hs¢ Y!' BEs Bkt ftwd2dwists to' " j dzdz
LH' 2Mdze] dedz” L dzj D QuAGs | ezl S BEs@dAsSG s dzO 1ot



228

l fsHOd sz W' dz@ Istc fteOys 9 O MlsOB"
fteslwesdgs 3 i Mwy' 9.

l totso jJ HJ dzd 2 Codl3f dzj ¢ M Hitsfpdz' H Y j dg L
B' W' dz' Istc' 9, IsOC epfn UXE , ¢ Grudvl iHgjaOnd3teHE HRE | O
By O o Hdzgj Misd Hts § jtemMf jSIlsdodedr d3j Ist
fdlsdzse s o tsHBH tsls Oy O dzdz™ . J Ists?2 Y J Y
B CtosWdsted L dOoCtsdzdh dz' sets  Mtf teg H dzxo dzk
f tslstc jlsBtca'ts Oz 1617 H' B, o F st S ody! IseY s W
ftcOys 8 Is cdzO0 MmjBj e, Yd ted L dzj dztsy dzd o * i
sydh jdedgv otsHd ' H Odtsdz & .

stc' i3 e, dzg BR '  Hdets otcORtsoalzo Olsd
dzj odCdzt yjdzg odfOHSCd Ry daftriss Op @dztz®
hts ftslstejBlz® LefddzeSd W' dz IstcO, HiL ' dz
fsolsttedzsets dzOtetsh o Odzdey o3 Ctotsstcc Odz' L d3'
tesBtslsd W' dzt stc@ L Odzdh O Is* qw  dgj f jtoj HB (
BOIsj to' Odz' dzd -~ 9 ( IsdefXisdz] Isidzv L @zt d J ©d
wetsfyls® i dlsdats’ otsH (. [ dzw L Of sB ' G Odad
Hy Od3sdz" L Oy "' ° dzj sBr " Hdzs f jtcjHBOYOIsd d
BHMls OdzsoHEIS R 5 % o' H ttsBtYBe .

ltcOrRsoalzse yd odhj MCOL Olzj - dzie trty & ‘dz dzts |
LOf sodaj dadz? B ' tsSW ' dz' ste" @ dz' stedW ™ Ckzs ytss
ftesyjfMm HjORsd LOY' " B ' dz2h Cjtetso Oded g3

ldasHwvwyd L yYy' e k£ fsHOd hdar HGMHd
sfdso dzd?2 B' sdztse ' ydzd 2 o P Qdizlsdzdzsy €1 2 o HH d
W' odz stelz o Odzdz &ZO hodHGCdmr B' W' dzt stcO~n .



229

4. 2. JdL dzOoygddizssipidOGtztsstcc Odz' L d3° o

[ dzv 9o MiIs Odzts 9 dzj dzdzW B' szt ' ydesets 0OcGJ
EmMsOdzso € (d2O0 24 HtsBEkZ JSCMfjtoddj delslz)
B Cosyjdg Ctesttes Odz' L &3 o .

g j toj H tdzh d A B Iz dzts o dH ' diitdgamonds ‘¢ tcts
Nitrobacter w ¢ ' L O dz' Isj tcOlskteded &3 H Odzd d3d, H s
dz' stedW ™ COlstste’ o fls * y dadfiBbacillugs denitrific@ns, IsO'C s
' Hdegtsw lIs! MW His' oH. | df IsTctdB St OBdz L i3d yd n
HdzZw L BJjt' ¢ Odadgy fsHOdz hsets o dCtsted M
LBjtc' ¢cOdedza? i3 Ctotststec Odz' L d&3' © dzO@o j H j dzd 2

10 9" Hdi3 dzgz o' H tsydh jdedew Mmls' ydaed s
ftesyd Mdls@ B dz Isfefd d deddy' tcj Odz' L o Ols-d v
hoduHCdma W' dz IstcO=n . ltcOrtsolzs ydq mse dzd o
Bdzd L € d?2 HS dzOd3' dzOtedztscts  toj  d d3lz) Is O
oL BH dzjdets’™ 5 LOoOdzlsOy jdadzr W' dz' stcO,
BlzH j sitisthio s L d&3j dgh zo Ols d M Letsted HtsdadL L
W' dz bteO 2BGEts Ctsdpyd delsteOy' W BEHJ dzOB dzd >

lso stej dzdgw o dedy dz' 2 yOfmlsdde M stelzH

[MsBdzde ' MIs! fjttjB ¢k B 'JEBA&HBE dydkdDO-1
9 bz, s Cdmjde , VW &EYR' di'slstOO,Is fnts ts s
W' dz stelzs yj L OoaOdzlsOy jdzdzv, Mftsydo O’ Is! M
dz' IstedW " C k¥ yd dizqd, w g ¢ dMmdz & Is! O 3t dz'
Ctsdzgyj dzlstc Oy v I€idffpdzs L dwigdflzh Hzs dzedL 2 W' dz' Is

[dzv fjtejB 6z Hjdg stedW' COy"’ dzj 5B A
Ctsdeyj desteOy' w CdMmdzr HEBsSMisOlsdy 5 o d MBSO
B ' dz hj), bkt ¢ d ¢ 'Mls! & Ctes0j ey d da

ftesyijMmMd HJjdg IstedW" €Oy "' JteOCIlsdydes o
Ctsdzyj desteOy' ° Cdfydzr §' dzr ¢ Mls! o COL Odzq
OCIsde ' L OY" '~ ¢idefs FtedW 'L WY ds.iigz ME tstetsyJ



230

i SMYJteddgidgsli 4) dFtudizo’ ' LSt Lddy ke
dz2' stedW " SOy ", O Blsyj ' odHOdd] dedz?" MY ts5¢

[ sMdz" HyY jdedg? N SHB totsL f sH' dzj dzdgy B OC
' Hiso jtHddzs s dHPlsZ . o B8 Jtc jLdAz] Y& M 5
CdMmdzs dzO 9 7 by dz' 5ls g WdzeS/ Iz dy | BOCIsjte' = f
stcjlsddz L Oo Odzls Oy j dedzv d¥c'/ i’ disite ze, H Qdiits ff te o
dzd ¥ j L fdsdPpddQ dAs L O9 Odzls Oy j dzdzv .

zt8 Mlstsmiz' s:tdw fmCoddtiHem, tsG Is ts z 9 J ton dz
fjtejoOyOdzd ' ¢ Mitwmmehasdditrobdpter (ste tcdZv0 sO 3
© HYf tseo " Hdzts) , ftcdysdisz yJ M @99 ' Hdztsh j
L Odzd h O dzts fip - ftOCIsdydzts § smils’ 2 dzd 3. L dao
M sihte' ¢ Odzd M+  f Thipbadillss©o dzd ¢ d tc.

v O¢dd3 yd dats ds, tejL zdz IsOIs Odzd Hitsfpdz' H
f" Hise jtoHy | dzts, hs fttsyjm dz Ised¥' COy"°’
2OMmd ud d' 2 S dMmdzj &3, 1° H@EE ] tedzd ¥ ° Q¢ s O 03
B Ctotsyl dsilzy C ] o Offizs § s ls Ody' d&] € 5 s to CtOEA 'L a3
Nitrosamonas Nitrobacte;, © Ek dzdy dz' 2, L B' Hdzgj d2' 2 G «
ftesyjmM Hjd stedW' COy' ts ) dzts o Thdhycilles® s d
denitrificans

lteso JHjdzd?2 Cd3f dzj ¢ fn teHssfigfds dH ydgody' s zHf telz’
[Mdzs o dz20 B S oW dzste ©, WE Qi s lcda ts@eptCudis Appv j -
wWo dMtB 58 Bd? Cldstg dol¥ *° ¢ CNgrtssiemonads tlitrobacter. 1 dze
cdzdetsC O CdzOMdW ' €Oy w (HB oadHEZ) H&v dz
Il sts2 g dzqpflz' 2 yOMmisddz Wodz stelz W' CME
® d H Ehiobacillus denitrificans w g’ 9 HdzsmwIs! Mmw H S
3" Ctesstce Odz’ L d3' o .

l doyd dedgv tetsL fBH' dzj dgdgv C ' oz ©' MdzsG s
Wodz Is®9e " W sdhdrtz f ts9 j L d3d dz© p Grdals O>fzj d2dtc ' €
dz' stedW ' COlststc’ o, O IsO¢ tsy f sw oolalz' frjls iz
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Hjdz sted W2 CBBfstEY gWlZ £z IHsMa]hLdz. His ko O&d |
9COL Oz v sz L fgdz@ a3 € “toastfy @zs@'d L L i3 dz
tetsL Yyddzj desasts J S dmdpQdgjin s f sCOL ded & o dL
W tstc d3lz od® d@dimvts \j j difsiLtdzj B © ¢ 2 -fitg Hay Jsip'dd * d'Olytc d

ltcOntsolze yd, hts tojceclzdzt 9 Odadz? €' dz' € sy
CtsdemistezC Yy wWr HjtejHBOYj @O dzdhj dzO o -t
fdzdo o(Gdzy fatrstcOyY”’ Cdmdze dzO (Jtetsyd Mo
W' dzt stclzo Odgdzv, IsO jWjCIlsdoedz Mmils! tsydh j dac

()

4. 3. 1 do yj dzdaw ofdzdo 2 CBdzyj delstcOy”'
Hjdz stedW ' COy" " Htod W' dz' stelzo Odzdz' o tH(

[ME  dz €d ojdzdyddzO Ctsdzyj dzlstcOy" dz' IstisC
ftoslsddzj ydes off dzd o O ZO0 f§jtejB' 6 HEMd
fslstcj BIZ' f' ' Hodh jdese s o d3 Miskz € dmdes ,
B CtesOjtosW ' dzr dzgdm Edstse ), BEdzts HBtej ydzad
o' Ldzedr L 2Oy dzdzv n y!' sets S OLdzd CO.

] "HodhQizducd'L o sHdIs! HE { taliEdy@rgfiafie’ dits
dz' stedW ™ COy" . ) secdzvHEZ d&O Isj, hts o
Biofilter>®( L O9 Odzls Oy j dzdz? HBMdz Hdetsets W' dz Istot
dz' s izkz Oj totsB dzd A dz' INitrgsimoRa®’ls Nitmbager, B &z * 9
tej Odz' L Oy" °’ ftesyd M ydh j dzdzv dzj sB R ' H
1 dad 3 j dzdz" C tsdzyj dzlstc Oy ° tetsL yddzj desets € d
ftesyj Mz dzg stedW¥W' SOy~ IO ' dzlsj deqpd¥W " C Oy
Bsy d20 o dL dzOyOlsd kzde@ aids ' mlsi'j dO Hstdc dav " Hfip ¥ y
Iz L Oo Odzls Oy § dzdz’ W' odz stc O, 0O Bl
Hjdg stedW'™ COy" ’

c ¢S 9 J 9 HL d&z0OyOdzts ! odh j, ftetsyj Mc
9 " HBERZo Ot Is! MW L O 'Lt Miskzf jdv OJ tcO
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M sdzz¢ Odtsdz ¥ dzjtsBrR Hdes LOBjLY jydlsd
Misd Bzdzs © O fesyjm dz edW' COY' ° O daj

ltcOrnttoakzs yd mMCOL Odzj , Bzdzs L H' 2Mmdzj c
L Odzj y detsls' jWjClsdodetsfmls' ~HJjuOsksws dzjodgts ¢ t
ftesswesd WCdn fsHOYO Sdfmdzr o' H O tOls
Hs 1, ONG, 3¢ takkfc / wi'dgs Bz tclsE day jdAzldfitis@zdgs “dzO o F
Weodz Iste L a3 dzt HOEZDMBNOE GE/PHBLH oy Odz  t6
ZOo jHjdz 2.2 lsOBdz. 4

v OB dzd yw 4. 2. tWdCIlsde dz' Mmls! HJ Od3ts dz
tetsL yddaj detsc s S d fydes

la"H W' dz Is ldr'" H W' dz ste©
d3(§/3HCdSG/H§U‘[/ﬁ d3G'/3HCd3G/H 36 /°H| d3G /°H|ls L [ /°f

8,0 3,19 68000 3,1 0,11 0,28 11,0 2000
7,5 3,18 62000 2,6 0,11 0,27 10,4 2450
7,0 3,18 56000 2,1 0,11 0,28 9,0 2800
6,5 3,18 54000 1,7 0,12 0,29 6,5 3000
6,0 3,19 57000 1,2 0,12 0,29 4,3 3500
5,5 3,18 52000 0,3 0,12 0,29 2,4 4000
5,0 3,18 38000 0,3 0,18 0,31 2,7 4200
4,5 3,18 16000 0,4 0,26 0,35 3,4 4200
4,0 3,19 7000 0,2 0,41 0,53 3,8 3600
3,5 3,19 6500 0,1 0,76 0,72 51 3200
3,0 3,18 6200 0,1 1,24 0,95 5,8 4000
2,5 3,19 5000 <0,1 2,2 1,76 6,4 5500
2,0 3,18 4800 <0,1 2,65 2,20 7,1 6500
1,5 3,18 2000 <0,1 3,05 3,23 8,2 7000
1,0 3,18 1800 <0,1 3,10 3,50 9,4 3500

WO jHjds MjtejHdz OtedW dsjlsdydz L dzOyj dzdev
s teyd?2 ' dzlsjteo Oz Hdzv te<MOLBS/PH dydtzvls tOalss dp' ¢
tetsL yddsj dzs-EBlasdipdE {°Y0 s v’/ R C lsg2wsbdzsls”

1 0 tdMm. 4.2 LBSBOYJd2O GcOW' ydzO L O
W' dzt Istc O, stsBlsts o ®ydhjdz 2 otsH' , 9 ' H
fcsHOo QoMW E eoetHEZ fjtejH W' dz Istclzo Odac
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stsdzyj delstc Oy

0 051 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

s sdzy | tE@neze dzO o R SH]

tdfm. 4.2.09 &30Mdg dOdgtisdz’ ¥ dzO o dn SH'
Ctodzayj delstcOy' ' tetsL yddaj deséts € d fydzgs

1 Iy JHdes, hts Ctsdzyj delstceOYy' W Odgsdz &
W'odz ste© tsB j tcdzj dzts fteslf stey "’ 2 dzO Cdzyd «
fsHO  Is! iMw "L OJ tcObsiOO0UWBO dp MtsH W jW Isdfiol
W CMize OdzOM! e fted o-d7 figé / Hdfsady ddzj
Ctodzyj delsteOy' v Odsds’ #H s DisH'l  Lolglzd >sHip O dzO i

1 Q9 jiHjd&ZO d2O0 tdfm. 4. 3 CGteOW ' ydzO© L

Cdeyj delstcOy' ° Cdmaztzd f 30 OC Bdzq | dzk 15 O gOY
ZO odhAatsH' W' d0lsED ‘HGeHdasd ddz0 O Ff Oy’ = 7
vsBIsts syd 9 dH dzets, h ts fesyd M dz' Isted-

L BOG Oy  dzdz otsHd € dMmdzaj ds. b j totsB dz BOGC
L dzOR tsH Walsj' tdifvdz' 2 Yy Ofmis d @O0 a3l J wOlssictztcs & Is+  (
& steOlsd, w¢' fjtjrnsHwis! bk dadydzs oy
Hjdg IstedW ™ COy' w.
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stsdzgyj delstceOy" v
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stdzyj deste Oy’ v Cdpfnldas O 2Ok f

tdf. 4.3. 10&jyd Ms! od Mk d2 stedls
Cqfmdzs, hts fBHO 5! W d&O W' d

) tedmHd 4dz20p jHJdzB L Odzj 3 dz' Mis! o g Mmls
tetsL yddzj desets & otsH' Cdfmdzs, o dHdets,-53 s
B /°H Bk’ dz' stOls' 9 dzO dffdsHE o Oaiw ¥ ' ddd
fjtejodhjdedz Ctsdzyj dzsteOy' € of fgglzin Is f telalzBHe
LictsisOo .

102d3j dzh © €' dz € fls! dz' steOls' o d3gdz/Hds o
M sMisj to' ¢ OdzOMe ts L fute[cflzy HasT5Ez6 Cufdgdzasd L B ' dz
fsHOY séts toff BegPdrlslzo C OL Odese s L dzOyj dzda”
L o&j dzh j dzdzw ¢ s deygjClEls toQy " L ks o dzj dets Isd o,
Ctodzyj dzsteOy' v Cdmder ftededs yke' fesyjf +
Ndlsls' v' wdz dz' Mls! Hjdz IstedW' Sk ydms BOGCL
Cdfdes " dzge' Bk fYtesyjf de sted¥  COy' ', O
NO;* ftesyjfg Hjdz sted¥  COy' > ftesotsHdls:
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dz' stcOls' § dzO
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stsdzyj dzlstc Oy
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0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9
stsdayj dalstc Oy v ¥ d dzdds to Gz

tdm. 4.4. 1Odzijydz Mis! od3y Miskz dz' OIS
Cdmdzs, s fsHO' Is! Mw dzO W' dz

dzv o dL dzOyj dedzg?" MC zOHEZ o CStesyy detsL Iz,
sO Hjdg btedWjMR2ydAd dg@d "L L Os OdzlsOy j dz
o " Hfitseo "  HdZ Ydoddz dZ MmMjtejHBadh O.

10 tWjLEzd IsOIsOd3d @QEz@dsduiZ ¢ O ste8 @S¢ Isg
B OC Is j toc 'Nitrosdetsnas Nitrobacter dzOw o dz' s+ wCdnrn Mo
B' Sdztsc ' ydats’ i BEEY SCOUwAY BhGsdz & o dz
tc 5 H Nitoosomonas® Nitrobacter s zdzd 9 ¢ OL Odz' o dtctsB dzd ¢
Oc j 'z stokzs ysdiz L OoFdzls Oy j dzdz' Bi of i |t

stc' o3 96 0OL Odzd n BOCIsjtc' 2, B Iz dzts Is (
Hydg IstedW ' Sk ydr B OSdY dOYOdzdfigzy b tsdzi o j
ZsC Odz' Lzo Odzdfm! f jtojoOydets E dzedydzg' 2 YO

1 6 ' H4ERI0, 289 B OCIsj tg' B zdzts ' HhjohGligsy © ¢
denitrificans 1 OwW o dz Mmls! sO¢dn BOCIjtc' 2, 0]
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Ctsdzgyj dzlstc Oy’ ° dg' IstcOls' o ' Hf juc@figlsj Wizlsdz' Idf tds
By dzde ' Mis! §ijttjB' ¢k fosyjmez Hjd kted¥"
Il dL dzOyj dedzg? L OcOdz' desets 3 StetsB dzgsG s
dzd y dz' 2 yOMmisd dz W' dz stelz. [ dzWw yY! BEB

9" Hftseo "' Hdedr YOMisddz EMisOdetse € (.

10 GjiLEzddis@BQiBdkdz L OcOd dscéts o5 S to
yomilsddz W' oz stc® (tedm. 4.5) o L Odzjy da
¢ dmdes , dZO2B ' d h O ¢ dz ¢ fis6'8 0 BO ¢ teShus(td @
M smlsjtc' cOOM! Gtod B3OS fd &30 d='8 dzteglz Hic' o
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0 OI,5 1 1I,5 2 2I,5 3 3I,5 4 4I,5 5 5I,5 6 6I,5 7 7I,5 8 8I,5 9
stdzyj delste Oy W "¢ giffy ol dgie@E:

tdfm. 4.5. 10c0dz dzgj &' StetsBdzgj ydmdz

L Odzj Y detsls® " H ' 9da" 0OJjOY

1 tdf. 4.5 bOStYy eodhHdzs, hts ¥ L
“dzls j demd o det Mlst o dHOMzj dzdev Odstsdz ¥ dzj Lo
hts Blko Hfpde 2P el wdRizj desets ¢  fiydee .

] Otelsts L OL dzOy g l®g tcOfyts " L ® ' ¥ ¢ 4 dz'HSste THidd?
B CtootecOdz Ld3' @ Blzo HEZY] MdzOBSdd, Nt
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oBH' dO odatH' ‘L W' od lsttk. uvsWEOH BW
L dz&idtds ! Mw o d3j Y Or HnodBCd, bdklz MlsOlsd

1 tedfm. 4.6, HJ dOo jHjdes tjL kzdz IsOIsd
. dedydz' 2 yOMmisd dz Wodzhauge o B oozEs &l eydzw
fsCOLddSORd ' Mdez' B jtodzj dets ftotsf stoy’ 2 ¢
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0 056 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9
s sdzy | dzls tc O "ovh sH fiy gt dgmsml

tdm. 4.6. 10c60dz dzgJ &3 CtetsBdzj ydmdzts ¢
9 L Odzj ydzesmlis 9" H t" oadzv 0OJ tcC

102" ' dz "0 C'dz §' Ml B St Od L &
M sMisj e’ e OdzOM* Htod ¢ 5dzyj- dzbdgdd/YH d3¢ digjts L tfy
y'! tsdiiz, Lo OO ydt. &0 s0@0dedmtcd 4.. 4, i tofs-

HjdzZ sted¥ ' COy" ' fjtejB 6Odzd HEY] (o' d
1" LB ' dhjdgdz" &3 Mlskz jdzv OjteOyY' °~ 9 j

L d3j dgh zo OdzOMm* ftosls | ' dals j dzid @ dz' fls -

Ctodzyj dzlstcOy5 ;) 5 CWfdn/qa®s H Q@dsdzy j dzelstc Oy~ sOC

B3 dz' BOdzr dzd?2 o3 Mmis dz O 9 (tdfi. 4.
su[ /Pl o fSHOd sz " Heodh jdzdz ©OJ .60
LHOIsdz fmis! HB HJjdz btcdW®  COy' > to' L CB L dac
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10 tjLEzd sOIO®R] o ¢ Isip@ry ji o dzts ] B i gBdz! ¢
Cdfdzs, LO wWCdR HBMWEO' Is! Mw dO2jWjCl
dz2 stedls' @ O dz stcOls' 9. 1 02 d3gj dzh0Q 1S1ts B/ c
W' Ckzeo OkzOM! ftod o B fls?7  dpds/L udfddyj dztizb s to
fsCOdddSHYf s Hdets Hste®ls @zs dBdY/ErdzHONZV2 76z disct
2,4 WEOHA, 5° oRe N isdg' H dats . [ 5C dzOH dzts  to ]
o ¢ dzO 32325 Iz

OdzOdz' L s yd HOdE , ®&Oo jHjd £k I[OB .
o' odzgj dz OJjtcOyY' °  tHieky S s1B N daidzoz® ) dfistetisy j " o
Hjdz stedW ' COYy' - 55 dz@ke /9@ Y IOGHd »  E di3ts o

& kOls' 9 bk W' d steOls' BEEO dzO2 dzgdy Yt ,
b &3 0° dstkOlsdoddr oddkse HE wWCsfls'

stsdzyd dzlstc Oy ' 2028 ‘Isdzdhls* dzj B j L § jJ ydzed H
Htsfpdz' HY z9o Odzd ~ My sdzlz € , BkdzO d&zO2 dzd y yts
CdMmezk, 5 We/OHfy L O y! séts ' oade" OjteOY' ’
9 BteOds L BB dsEHddzd OBts dzOo C sz h dg' 8 Bz
€O dz ktedlsd, §  Hoadhks yd od fils sl Odadz
Blzdzts ff o Gw B Ly dzj detsé s 2 o tsH' ¢ dfdav .

U Hisfd HY j dzdzv D [166) W € 5% o @ o lsOHdo f tetsy,
fdlsdzs’ otHd ¢&jlsjtotslsts sMWidethogdterYd Isikic@ ¥ Y €
Wodz kteOR L O ddL! CdR Isj &y jtOskt, BLEdd
od3' Mis tesL ydda] dzs & s NC @ 1) @2 9d365/9dz Ny O] REPA u
2Au; jWjiCldoedz fMls: o dH-Odzipdzddv 00 GBS dzlstO 1ol
NHS-N ftsd 8 O 2Au 9 Hitse " Hdas.

[Is) ] GLE{H0d0M dzOh & wbsdyds Glsidf dzb s H
Cdmdzs 20 (bt sedy' = St ds & Is!
HsMdz Hdzd € 9.

s O0Cdd3 yddesds " H YyoOfp LH" 2Mdzj dzdzv dzOo
skted BOdsts dzOMkf dz tojL zd sOIs].
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Il dwoe dzj dats, h ts ) Zdsseo On W odz' Is@Az o C
dz' stcdW®  COy' w o HBERZOO ' Is! Mw {f jtoj o Oy dzts
1/ 52000 @§u /@ dz¥lrte N UOQ" W o § 400U d dz
sul /P

l dLdzOyjdes off dzde to' Ldzdms SCtsdeyj dzlstcOY"
ftesyjm' o dg sted¥W " 'COyYyboO, jWjsfedt MOy t
M sz Odtsdz & , dz 16 & dlis'o @ dals Of tedf' Istftc GHso' ¢ph.
Cdmdzs7 HAsE Y eplsj dzfd o dz' MiIs' o dH Odzj dzdz? OB
15y k& dedydz 2 yOfmlsddz W' dzt Bt Ldedylz’ Is' f

l Mis Odzts o dag s &3O ds dzts¥ HiSL 88 CdMmdzr Lk
W' dz stclzo Odadzv , H dzw SHdtsyOfmdats’ tej Odz'
Hjdz IstedW ' COyY' * -55dgisHuaB® 99 O Olsd

4. 4. (BLEGSBCO MsOIdMmMisdydess™ dGOIsj dZOIs

[ dzw Bsy dzd o sMls’ f OS¢ Isd wdztisdsty n dastfidist
“dals j dzfpd W " C Oy tesBtslsd W' dzt Istc’ o Hj Od
LO9 Odzls Oy j Rz dzWW sHztic Istels" C totststcd Odz' L d3' &  dzg
LOHOYkE L oMmlsOdetso dzj dzdzv s Isd d3Odz! ded~ ¢ O
Cdzr €' MmisH ‘dats € Iz dpvdss s to ddi IStizdf y d - Bz ¢ to
Ctsdayj dzlstcOy*' 8 totsL yddzj desets € d fmdzs .

1 yYy' ' Bjlstsr BRzddzs tetsL tosBdzj dats fls Olsd
O hmdsesdz §OtOR] stcOdRzRd fted2dewlilsts YO
o' H 2tets CdmMstckzCIsdo dzd rn & fitEE ddodzte Plsizid
on ' Hdz' 2 ofGH' Oists dz' SO dz' steOIls’ 9. 1 to
ftso' WL Odzd?2 L ' dzhfd=iedo, W LED da 9 @3 ydzhfipiie S8
dz' IstedW ' COy" " © HBERZOO' Is: Mw  jtojlso tstcj dac

1 kZttOR ko Odadz" o5 ddh ¢ Guc@rditsastts dtisHejp HC 2 O3
dzOMmiszy dzd d3 yd dzts d3:

-
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Ya= @0+ @Xy + AuXys + 3pXo + BpXp” + 8gXg + BgaXs” + BpaXoXs

Yo = by + bixa + Braxa® + DpXa + byoXo” + baXa + Daaxa” + DoaXoXs
Hiaiellsdds0dz! dzgd?2 o3 fMls tisL yddsj dzs @ s § d Mo
VoI B s 30 dz! dzj L dzOyd dzdzg? W OC Slds@lz tetsL ff SH
Hjdzg stedW' SOy " (M 99  Hdatsh j dedzg? o dMmtsl
;- YO fjtjBlzo Odede" otsHd bk W' dz s’ , =7e
X103 Ml Odtsdz ¥ dzO@ §atsuH' k W' dz ste, 36
xsio B fMls dz steOls' 9 iz oAatsH' Ek W' d& Iste,
apjimsOlsdmisdyde CsjiW' y' * dalsd.

[MlsOdzdzy MC EZOHBO O Sy dzseEts to' o dzv dzdgw
o3 Misk Owsdz ¥ SO d stcOIs" 9 k& odn‘ Hdz 2

[ dzw L ez ydzsmls’ teSL cOm Z2d2C " o i3J IstsH R
stc@iso Odzets s 1 L O Wistoedilz dzts®

X 0 -%min) ( Kmax - Xmin),
H] TEBtcd3tse Odzj L dzOyJ dzdzv o j dzd yd dzd
nl Ozf detstedstse Odzy L dzOy4d dedev o § dzd yd dz
Amine Xmax - Gt Odad Yy Hisfistse ' todats @ ts H' Of OL t5¢
LH" 2fdzs ' s MW BSHj dz8 9 Odzdz (sOBdz. 4. 3)

sOBdzdyw 4. 3. tshsse tcdzd?2 H' Of OL tsdz

l jazdyddz0 |1 5L dzOy [ d2 | [ OS Mmdd
yOf f jtcj Blko Odads X1 4 12
] & Ml OBtz &, X5 0 3
I &i3' Mls OBl ® X3 0 40

sStsd W' Yy dzls s g dz Bkdzs o dL dzOyJ dzts
Stelstse sdzOdz! dats G t5 d S jted d3j dzls iz L od¢ s
fcdetslssodzj desegts dzO " HL J dgdz’ 2 o tSH' ( BJ
C'dzt SsMls’™ dzjtsBm' HAzd- WWJ OGJjdzls' 8. (IsOBC
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v OB dzdyw 4. 4. " flalsdfOyigisdz' ] d& 5 W ° y
1 20y dzdzv g bj
0 0,0145 0,6837
1 0,3231 -0,2675
11 0,1135 -0,1821
2 0,1487 0,4536
22 0,1785 0,3895
3 -0,3240 -0,1185
33 -0,3875 -0,1011
23 -0,1121 0,2205

4.5. 1tosetcORzdz0 t©j Odz' L OYy' W dsHjdz' Is

[ dzw Btsy dzd @ sMls od¢ stcd Mis O dzdgw totsL
LH" 2fdz 9 Olsd detstcd3glzo Odzdzy o j dzdyddz. ste' o3
fitejBlzo Odgdzy, kOCHKY hteddkzsls! MY L tel
CstedMmiskzo OdzdgY B H j dzdzé °~ ° B kz dtste distsi’ O dff ta 6
Bso s Apple Swift 4.0.

[, shdatso dzed dsd L Oo H Odzda” d3d f tots5 G to (
Wistcdzszo Odzdzy ftcddzydti sotsée s OdzetstodIlsdiz B Iz

-Blsted i3Odzdz? HOdzedr ' H CBtedmlskzea OYO .

-fjtejo" GO HOdzd-R htsHts o ' HYf tso ',H dzats
odojHjdedzy o  Hitse' Hdzt' ' daW stedzOy"'

-detstedBlzo Odzdz? o R Hdzdrm f OtcORj Istc' o ;

-LO9Odgls Oy jdadzgw Ctsj W' y' ‘dals' @9 BsSH A&z L
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Import Foundation
class Parametr: Codable{
var name: String
var varName: String
var minValue: Double
var maxValue: Double
var value: Double
var isValid: Bool{
return value <= maxValue && value >= minValue
}
var normalValue: Double{
get{
return (value - minValue) / (maxValue - minValue)
}set{
value = newValue * (maxValue - minValue) + minValue
}
}
Init (name: String, varName: String, minValue: Double, maxValue:
Double, value: Double = 0){
self.name = name
self.varName = varName
self.minValue = minValue
self.maxValue = maxValue
self.value = value

Parametr.register(self)
}
static var allParametrs = [String: Parametr]()
static func register(_ parametr: Parametr){
allParametrs[parametr.varName] = parametr
}
}
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Import Foundation

struct Formula: Codable {
var rezParametr: Parametr
var elements: [Element]

func countRezParametr(){
var sum: Double =0
for elem in elements{
var rez: Double =1
for varName in elem.varNames{
rez = rez * (Parametr.allParametrs[varName]?.normalValue ?? 0)

}

sum +=rez

}
rezParametr.normalValue = sum
}
}
struct Element: Codable {

var coeff: Double
var varNames: [String]

}

t . 4.8. [ Misdde mMstkSlbki
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3 [ mOteytso ' 9 HnAt 16,58 27,02 25,52
JfOdzg dzdmlsw |
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fsdz ctsdg © sBSRE & Mis Ysoddajdz Bllsd At
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Pseudomonas, Bacillus, Micrococcus, Sarcinds O dzts © 9 2402 %, ftod
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w dzh 9°2 7°2
Pseudomonas 58°2 62°2
v € Odzd dzd Bacillus 17°1 16°2
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wWteOC y'w —
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1 J n E EEGEo O Escherichia 4°1
9 HmatH(
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wdzh ° 8°2 4°2
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Motclstso Odzs’™ WcOC y' ¢, Bicilus | suvCsidgislzd: Ees@] IBZis
dzj Mstoclstso Odetsets LOLSEZ o' HEBBH' 8 d. md3d
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arcina Sarcina
1 35 27 20 12 18 64
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4 36 28 21 11 17 65
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C A Ctolzf Od3q , w g odL dzOyoOs Is+ mw L dzO
fsdz' gtsdz o .

zt Mbsmiz’ Is! Mv M dZOHE MjtejHtsodh O,
odatsHYyYyd L Bl sdase ' ysddastcusd ,MShdOHE" da'l ¢
vl dz4 ‘ MisOdzH Otclsd L so Odzts ‘ Bts Y 4
Hitsfmdz" HY j dzdav , Htsy' dz2 des f jtejHBOYdIlsd dsts
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v OCdd3 yd dzts d3, we tsmdztse dz HY J t6j dzO
WstcdBlze Is' MW Ho O HBtso ' Hded S d: Htods Hodzed S frisC
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4 f OLOdj sted BOLjte' Oz S5B ©¢d |9 ¢
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