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Abstract. The urgency of the problem of local biological treatment of domestic wastewater
from housing in non-canalized areas with improving the quality of treated wastewater to the level of
requirements for discharge into fishery bodies of water is considered.

The analysis of the state of local wastewater treatment is given. Existing technological
schemes and methods of local sewage, which are used for sewage treatment, are considered.

The results of theoretical and experimental studies of a complex of a local anaerobic-aerobic
biological treatment of domestic wastewater from housing in non-canalized areas at the low-
productivity plants are presented.

The results of theoretical and experimental researches of complex of local anaerobic-aerobic
biological purification of domestic wastewater of habitation in non-canalized areas at the low-
productivity plants are given.

On the basis of the analysis of work and embodiment of low-productivity plants, used in
home and foreign practice of local treatment of domestic wastewater the expediency of application
flowing multistage anaerobic-aerobic biological purification of domestic wastewater with use of
communities of attached and free-swimming microorganisms is shown.

The proposed low-productivity plant, which includes a three-stage aerobic biological
treatment of anaerobically treated wastewater is described. The use of ruff fillers for the retention of
hydrobionts gives the opportunity to clear salvo discharge, rapid restoration of the activity of the
ruff fillers (for example, in power outages).

The ruff fillers make it possible to organize an appropriate trophic chain of hydrobionts, which
dramatically reduces the amount of excess biomass and the removal of suspensions in treated
wastewater.

Using the experiments in laboratory conditions and at real industrial treatment plant of a new
design there were received parameters of work of stages of anaerobic and aerobic biological
purification, the law of nitrification and denitrification processes, the law of specific speed of
oxidation of organic pollution in specific conditions of anaerobic-aerobic technology; the
opportunity of reception of quality of treated wastewater at the level of the requirements of the
specifications for dump of drains in fishing reservoirs is proved.

Keywords: biological treatment, attached microorganisms, nitrification, denitrification, ruff
fillers, bioreactor.

Introduction. In difficult environmental conditions there is a tightening of the requirements for
the degree of domestic wastewater treatment in a non-canalized territory and there is a need for
wastewater treatment in accordance with the regulatory requirements for discharge into fishery ponds.
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In recent years the intensity of housing construction with a high level of improvement,
detached buildings such as infectious hospitals, camp sites, small enterprises for processing
agricultural products in non-canalized areas has increased. The problem of wastewater treatment
from these projects is highlighted. This problem is solved by creating scientifically-based, reliable,
compact, low-energy-intensive technological schemes and designs of low-productivity plants.

Analysis of recent publications. Recently, plants for wastewater treatment in non-canalized
territories have been used successfully, for example, «BIOTAL». There are involved multistage
anaerobic-aerobic biotechnology using free-floating activated sludge, automation equipment, highly
efficient imported blowers in «BIOTAL». Unfortunately these low-productivity plants (LPP) have
some drawbacks — such important issues are not resolved:

— avolley discharge of highly concentrated wastewater;

— an accumulation of wet deposits and preparing them for disposal;

— internal pumping of sludge mixtures does not guarantee controllability of wastewater
treatment processes, creation of anoxic or anaerobic zones without siltation.

The plant of intensive biological treatment of small amounts of wastewater «TOPAS-M» [1]
implements effective technological solutions to automatically maintain the concentration of activated
sludge in the activation phase and periodic wastewater aeration. As a result of the analysis of the plant,
the disadvantages of « TOPAS-M» were revealed:

— the issue of salvo inflow of highly concentrated wastewater has not been resolved;

— the problem of accumulation and disposal of sewage sludge is not solved:;

—for deep wastewater treatment underground filtration fields and sand and gravel filters are
recommended, they require filtering soils and areas;

—operation of the «BIOTAL» and «TOPAS-M» installations requires a high level of automation
and control of the wastewater treatment process, and the presence of highly qualified personnel.

An innovative direction in biological wastewater treatment is «Bioconveyor» [2]. It provides a
direct flow of wastewater through the treatment plant. In each individual plant site, an immobilized
hydrobiocenosis freely develops and forms in accordance with the conditions: Eh, pH, temperature,
composition and amount of wastewater, mass transfer. At the same time, microorganisms are kept
in the right place, are not washed out, and the wastewater is purified and moves along them.

Semi-submersible biofilters (disk, drum or rotor, with fillers, tubular, etc.) are widely used
[3]. Rotary plants are usually multi-stage. Advantages of bio-disks: compact, have low energy
consumption, are simple and reliable in operation, withstand volley inflows of wastewater, during
breaks, the possibility of drying the biofilm is excluded. The disadvantages of bio-disks include the
negative impact of mechanical overloads on the rotor.

The basis of the «CONTUS» complete factory readiness modular plant [4] is a two-stage
biological wastewater treatment scheme with attached microflora on a synthetic foam carrier
(polystyrene foam) in combination with anaerobic-aerobic sludge treatment to remove phosphorus.
Deep wastewater treatment takes place in a «dry» filter. The quality of treated wastewater meets the
requirements of fishery ponds. The disadvantages of the installation «CONTUS» include the
following: recirculated sludge from the secondary sump returns to the anaerobic zone, it negatively
affects the process of anaerobic wastewater treatment; the issue of regeneration of the foamed
carrier of the attached microflora of aeration tanks has not been resolved, the plant parameters for
the wastewater treatment steps have not been set.

In LPP «Viyaplasty [5] direct-flow passage of wastewater through anaerobic-aerobic
bioreactors with fiber loading of the «Viya» type and contact clarification filter (CCF) with foam
filter loading is provided. The process of deep wastewater treatment in (CCF) has been studied in
detail, but the technological parameters of the anaerobic-aerobic bioreactors have not been
determined, and the issue of fiber loading regeneration has not been resolved either.

Thus, the well-known designs of LPP ensure the standard quality of treated wastewater, but
either are not reliable in operation or require the presence of highly qualified personnel.
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For many LPP examined in detail, operation parameters and boundary conditions at different
stages of wastewater treatment are not clearly indicated. The issues of receiving wastewater at the
LPP with high unevenness in productivities, concentrations, and temperature have not been
resolved, which negatively affects the efficiency of wastewater treatment processes in small
construction projects.

Therefore, it is urgent to improve existing and develop more effective LPP for biological
wastewater treatment.

The efficiency of removing organic contaminants in aeration tanks by biological methods can
be significantly increased if, in parallel with suspended biocenosis (activated sludge), a device is
provided in the volume of the additional loading structure (nets, fibrous fillers, etc.), on the surface
of which a biofilm with a high concentration of microorganisms is formed [6-9].

The proposed LPP has a number of advantages compared to the reviewed treatment plants:

— as a result of preliminary anaerobic wastewater treatment in the septic tank dilution,
accumulation and averaging of runoff occurs, the concentration of Synthetic surfactants decreases.
Ammonification, the formation of easily oxidizable compounds occurs in the septic tank;

— the use of multi-stage aerobic technology for the treatment of anaerobically treated
wastewater using hydrodynamic systems makes it possible to clean volley discharges and quickly
restore fillers activity (for example, during power outages);

— the amount of excess biomass and the removal of suspended substances in treated
wastewater is reduced;

— LPP does not require constant maintenance.

A three-stage flow-through anaerobic-aerobic biological treatment of domestic wastewater by
the community attached to the ruff fillers and free-floating microorganisms, with preliminary
anaerobic treatment of sewage in a septic tank is used in the proposed LPP.

The experimental researches were carried out at the Water Supply and Drainage Department
of Odessa State Academy of Civil Engineering and Architecture [10-12].

In Fig. 1 is a flow chart of wastewater treatment and sediment removal in an experimental
production plant.

The technological scheme of wastewater treatment and sediment removal in an experimental
industrial plant is shown in the Fig. 1.
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Fig. 1. The technological scheme of wastewater treatment and sediment removal in an experimental
industrial plant:
| — denitrifier; Il — nitrifier; 111 — deep treatment bioreactor; IV — secondary sedimentation tank;
V — disinfection filter; A — air; 1 — wastewater of the septic tank; 2 — return sludge pipe; 3 — airlift of
return activated sludge; 4 — airlift of circulation in the deep treatment stage; 5 — pump;
6 — pressure pipe of treated wastewater; 7 — bubbler; 8 — excess AS; 9 — regeneration water and
excess AS to the septic tank
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In accordance with the technological scheme, the wastewater is introduced into the stage 1 of
the bioreactor (denitrifier), mixed with the air supplied by the bubbler 1, and with the return
activated sludge coming through the pipe 2 from the secondary sedimentation tank.

The flow of the mixture of return activated sludge and wastewater from the septic tank, rising
up the stage 1, contacts with ruff fillers at the height of the stage. The stages 1, 2 and 3 of the
bioreactor are equipped with a ruff fillers.

From stage 1, the sludge mixture flows to stage 2 (nitrifier), and then enters the sludge
separation into a vertical secondary sedimentation tank. The clarified wastewater enters stage 3
(deep treatment bioreactor). Stage 3 is equipped with airlift 4 of circulation of the deep treated
wastewater. At the bottom of stage 3, a bubbler 1 is placed for the regeneration of ruffs. Remove of
regenerated water and excess activated sludge (AS) are drained into the septic tank.

From stage 3, the treated wastewater flows into stage 4 — a disinfection filter filled with a
granular catalyst filler, which is continuously blown with air and therefore not silted. Disinfected
water enters the technical well, from where it is pumped into a water object.

The actual task of improving the efficiency of the proposed LPP is the theoretical justification
and the establishment in the course of experimental researches of the optimal parameters of the
phased process of a three-stage aerobic biological treatment of anaerobically treated domestic
wastewater with a combined biocenosis.

The purpose of the work: scientific substantiation and development of a treatment method
and design of a LPP, ensuring the quality of treated domestic wastewater from housing in a non-
canalized territory at the level of requirements for discharge into a fishery reservoir.

To achieve this purpose, the following basic tasks were solved:

— determination of the role and the required volume of capacitive structures;

— the establishment of kinetic patterns of growth and vital activity of three biocenoses of
various stages of the wastewater treatment process: denitrification, nitrification and deep treatment,
bioreactor operation parameters;

— identification of the features of the bioconveyor of a complex of attached and free-floating
aerobic microorganisms that treat wastewater anaerobically treated in septic tanks.

Research methodology. The researches were carried out in laboratory and industrial
conditions at the pilot and experimental industrial plants (Fig. 1, 2), operating on domestic
wastewater at the biological wastewater treatment plant in Odessa.

In the treatment plant at different stages of treatment, anaerobic, anoxic and aerobic
conditions were created by a system of aeration bubblers, aeration airlifts and sludge mixture
recirculation. In aerobic bioreactors of three treatment stages, ruff fillers were used to hold
biocenoses of attached microorganisms. In this case, laboratory researches were performed using
optical, physicochemical and biological methods.

Fig. 2. The experimental industrial plant:
1 — the stage 1 of the bioreactor (denitrifier);
2 — the stage 2 of the bioreactor (nitrifier);
3 — secondary sedimentation tank;
4 — the stage 3 of the bioreactor (deep treatment bioreactor);
5 — the stage of disinfection

Active biomass was evaluated by enzymatic activity. Control over
the growth of biocenoses was carried out using samples, segments of a
ruff filler 150 mm long, placed at different points of the bioreactors.

Biocenoses of all treatment stages were evaluated by various types
of enzymatic activity. Under the microscope, the mobility of the forms
and their diversity were examined. Physicochemical and chemical
analysis methods, modern instrumentation technology were used to
control the composition of the wastewater. Suspended substances, dry and calcined residue,
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moisture and ash content of the sediment were determined by the gravimetric method. The redox
potential, pH were measured by the polarographic method, as well as using an electrochemical
sensor and a portable recording device. Total nitrogen was analyzed by the Kjendahl method,
ammonium nitrogen by distillation and subsequent titration, nitrite nitrogen by Griss, nitrogen
nitrates by Nessler, BOD by dilution, COD by the bichromate method, gases by chromatographic,
organic substances by polarographic, chromatographic and spectrophotometric methods.

The composition of biocenoses working in an experimental plant at different treatment stages
was studied using microscopy on a LUMAM instrument.

The research results. The productivity of the experimental industrial plant was set at
2.4 m*/day. Wastewater anaerobically treated in a septic tank with a flow rate of 100 dm*/h was
uniformly fed into aerobic steps [10]. All steps of aerobic bioreactors had a volume of 112 dm?®, a
working height of 1.82 m and a diameter of 280 mm. Taking into account the initial concentration
of ammonia nitrogen, the circulating flow rate of return activated sludge during commissioning was
set at 300 dm?*/h.

The stage 1 of the bioreactor. The flow of the sludge mixture was in the stage 1 for no more
than 17 minutes. The biomass of microorganisms attached to the ruff fillers was about 220 g. The
dose of free-floating activated sludge did not exceed 1 g/dm?®. In the first stage, by adjusting the air
supply, the concentration of dissolved oxygen was maintained no more than 1 mg O,/dm?.

The biocenosis of microorganisms of the stage 1 was used to obtain kinetic regularities of the
specific rate of oxidation of organic substances according to BODy, and denitrification of nitrate
nitrogen [11].

In Fig. 3 the kinetic dependence of the specific oxidation rate of BOD, by the biocenosis of
the stage 1 of the bioreactor on the concentration of contaminants by BODy in the bioreactor is
shown. For comparison, the kinetic dependences given by other researchers [1] both for free-
floating activated sludge and for the community of attached and free-floating microorganisms
working on urban wastewater are shown on the graph.

In Fig. 4 the kinetic dependence of the specific denitrification speed on the concentration of
nitrate nitrogen in the bioreactor is shown. For comparison, in fig. 4 the kinetic dependences of
denitrification given in the literature [1] for free-floating activated sludge and for the community of
attached and free-floating microorganisms operating on urban wastewater are shown too.
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Fig. 3. The kinetic dependence of the specific oxidation rate of BOD,, on the concentration of
contaminants by BODy:
1 — urban wastewater (community of attached and free-floating microorganisms); 2 — LPP;
3 — urban wastewater (free-floating microorganisms)
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The kinetic dependences of both the specific rate of oxidation of BOD,, and the specific rate
of denitrification of a mixture of anaerobically treated wastewater from a septic tank and
recirculated sludge mixture are slightly different from the kinetic dependences obtained for a
biocenosis treating urban wastewater. This is obviously caused by the presence in the wastewater
from the septic tank of an increased amount of reduced compounds that contribute to the
acceleration of the denitrification process, but inhibit the oxidation of organic substances,
characterized by the BOD, index.

The stage 1 of aerobic bioreactor provides denitrification of wastewater with a reduction rate
of BOD,, of wastewater of about 40 mg BODy/(g-h) and a specific denitrification rate of about

6 mg [N-NO, J/(g'h).
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Fig. 4. The kinetic dependence of the specific denitrification rate on the concentration of nitrate
nitrogen:
1 — LPP; 2 — urban wastewater (community of attached and free-floating microorganisms);
3 — urban wastewater (free-floating activated sludge)

The stage 2 of the bioreactor. In the stage 2 of the aerobic bioreactor-nitrificator, the attached
biomass of nitrifying biocenosis was about 600 g with a biomass of free-floating activated sludge in
the sludge mixture in the nitrifier not more than 100 g, the concentration of dissolved oxygen

3.5 — 4.0 mg O,/dm®. The residual content of ammonium nitrogen amounted to 0.9 mg [NHZ]/dm3
in the sludge mixture leaving the nitrifier.

In Fig. 5 the kinetic dependence of the specific nitrification rate on the concentration of
ammonium nitrogen is shown. The specific nitrification rate of ammonium nitrogen did not exceed

2 mg [NH, J/(g'h), which was almost twice the value of the specific nitrification rate obtained by other

authors [1] for free-flowing activated sludge of urban wastewater.

In the experimental-industrial treatment plant a vertical secondary sedimentation tank was used.
Since the sludge index of free-floating activated sludge varied in the range of 58-93 cm®/g, then at an
average ascending flow rate of clarified wastewater of 0.5 mm/s, no problems with the removal of
activated sludge were observed.

The stage 3 of the bioreactor. The deep treatment of wastewater was carried out in the stage 3
of the bioreactor by the biocenosis of filtrators-sedimentators held by ruff fillers [12]. The stability
of the system was ensured by daily partial regeneration of the ruff fillers with the removal of no
more than 20% of the regeneration mixture into the septic tank. The composition of the deep treated
wastewater complies with regulatory requirements for their discharge into a fishery reservoirs.
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Fig. 5. The kinetic dependence of the specific nitrification rate on the concentration of ammonium
nitrogen:
1 — attached microorganisms (LPP); 2 — free-floating activated sludge (LPP);
3 — free-floating activated sludge (urban wastewater)

The empirical dependences of specific rates of organic substances oxidation, denitrification,
nitrification [10-11] and biological processes during wastewater treatment [12] were obtained by
statistical processing of experimental data. This allows to determine the required amount of biomass of
microorganisms and ruff fillers in the stages of wastewater treatment and the volume of the capacitive
structures [1].

Conclusions:

1. The first stage of the aerobic bioreactor provides denitrification of wastewater with a reduction
rate of BOD,y of wastewater about 40 mg BODyo/(g-h) and a specific denitrification rate of about
6 mg [N-NO, J/(g-h).

2. The second stage of the aerobic bioreactor nitrifies ammonium nitrogen to the level of
3-4mg[NH, ]/dm?® with a specific nitrification rate of at least 2 mg [NH . J(gh).

3. The decisive role in the wastewater treatment processes in the first two stages of the treatment
plant is played not by the biocenosis of free-floating activated sludge, but by the biomass of
microorganisms attached to ruff fillers.

4. The deep treatment bioreactor ensures the stability of the quality of treated wastewater
according to the following indicators: BODy, suspended substances, ammonium nitrogen and nitrite
nitrogen during daily regeneration of the ruff fillers and removal of accumulated suspensions in the
septic tank.

5. The objective of further research is to study the effect of temperature on technological
process of wastewater treatment in the proposed LPP.
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JlaH aHami3 cTaHy MUTAHHS JJOKAIBHOI OYMCTKU MOOYTOBUX CTIYHUX BOJI. PO3rsiHyTO icCHYIOU1
TEXHOJIOTIYHI CXEMH Ta METOIU JIOKaJhbHOI KaHami3amii, M0 3aCTOCOBYIOTHCS IUIS OYHUCTKH
noOyTOBHUX CTIYHHUX BOJI.

HaBeneHo pe3ynbTaTH TEOPETHUHUX 1 EKCHEPUMEHTAIBHUX JOCHIPKEHb KOMILIEKCY
JIOKaJbHOT aHaepoOHO-aepoOHOT O10JIOTTYHOI OYMCTKM TOOYTOBHMX CTIYHMX BOJI BiJ JKHTIA B
HEKaHAI30BaHUX pailioHaX Ha YCTaHOBKaxX Majioi mpoaykTuBHOCTI (YMII).

Ha mingcraBi anainizy poOOTH 1 KOHCTPYKTHBHOTO odopmieHHs YMII, sKi 3acTOCOBYIOThCS Y
BITUM3HSHIA 1 3apyOiXKHIM MPAKTHIl JIOKAIbHOI OYUCTKA IMOOYTOBUX CTIYHHUX BOJ, TMOKa3aHa
JOLUTBHICT 3aCTOCYBaHHS IPOTOYHOI OararocTyreHeBOl aHaepoOHO-aepoOHOI OiosorigyHoOl
OYHMCTKH MOOYTOBUX CTIYHHMX BOJ 3 BUKOPHCTAaHHSM CIUIBHOT MPHUKPIMJICHUX 1 BUTBHOIUIABAIOUMX
MIiKpPOOPIaHi3MiB.

Omnwucana 3anpononoBana Y MII, 1m0 BKIrO4ae TpboXcTaAiiHy aepoOHY 010JI0T1UHY OYHCTKY
aHaepoOHO OOpOOJIEHMX CTIYHMX BOJ. BUKOpuCTaHHS HOpXKIB Ui yTpUMaHHS TiApOOiOHTIB Ja€
MOJKJIMBICTh OYHMCTKHU 3JITIOBUX CKHUJIB, IIIBUKOTO BiJTHOBJICHHS aKTUBHOCTI HACAJKH (HAIIPHKIIA],
nmpu nepebosx eyekTpornocTadyanns). Hacanku maroTh MOXKIMBICTH OpraHi3yBaTH BiAMOBIIHHMA
TpodiYHUHN JIAHIIOT TiAPOOIOHTIB, MO PI3KO 3HIKYE KUIBKICTh HAJIMIIKOBOI OioMacu 1 BHHOC
CyCIeH31i B OUMILIEHI} CTIuHIN BOJI.

Excniepumentamu B 1aOOpaTOpHUX yMOBaX i Ha pealbHid BUPOOHHUYIN OYMCHIN yCTaHOBII
HOBOi KOHCTPYKIIi OTpHMaHi MapaMmeTpu poOOTH CTYIEHIB aHaepoOHOI i aepoOHOI OioJOridHOI
OYHMCTKH, 3aKOHOMIPHOCTI TporeciB HiTpudikamii, neHiTpudikamii Ta NUTOMOI IIBHUAKOCTI
OKHCJICHHS OpraHiyHuX 3a0pyJHEHb B CHenHM(iyHMX YMOBaxX aHaepoOHO-aepOOHOI TEXHOJOTIi,
JIOBEZICHAa MOKJIMBICTD OTPUMAHHS SIKOCTI OYMIIEHOI CTIYHOI BOJY Ha PiBHI BUMOT HOPMAaTHBIB IS
CKHUJIaHHS CTOKIB JI0 BOJIOWM pUOOTOCIIOAAPCHKOTO MPU3HAYCHHS.

KirouoBi cjoBa: OiojoriyHa OYHMCTKA, MPUKPIIUICHI 1 BUIBHOIUIABAKOYl MIKpOOpPraHi3MH,
HiTpudikalis, aeHiTpudikaris, Hop)koBa Hacaaka, OiopeakTop.
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ldecux JI.LA., X.T.H., TIOIICHT,

fesik.50@ukr.net, ORCID: 0000-0001-8551-5158

1Copomma H.B., K.T.H., JIOIICHT,

nvmail@ukr.net, ORCID: 0000-0002-5109-4700

1l“epacmma 9.A., K.T.H., JOIICHT,

poselok@te.net.ua, ORCID: 0000-0002-3308-3776

Y00eccras 20Cy0apcmeenHas aKkademusi CmpoumenbCmed U apxXumeKmypol
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zXapbkoecmn? HAYUOHATILHBLL YHUBEpCUmMem 20poockoco xossalicmea umenu A.H. bexemosa
yi1. Mapmana baxanosa, 17, r. Xapekos, 61002, Ykpanuna

AHHOTaI[I/Iﬂ. PaCCMOTpeHa AKTYaJIbHOCTDb JIOKAJIbHOM OMOJOTHYECKOH OYHUCTKU OBITOBBIX
CTOYHBIX BOJ OT JXHJIbd B HCKAHAJIM30BAaHHBIX paﬁOHaX C AOBCACHHECM Kade€CTBa OYHMIICHHBIX
CTOYHBIX BOJ 10 YPOBHA Tpe60BaHI/Iﬁ K c6pocy B BOJOCMBEI pLI6OXO3$IfICTBCHHOl“O Ha3Ha4YCHUA.

HaH aHaJIn3 COCTOAHHA BOIIpOCa JIOKAJILHOM OYMCTKH OBITOBBIX CTOYHBIX BOI. PaCCMOTpeHLI
CYIIECTBYIOIUEC TEXHOJOTMNYCCKHUE CXEMbI U METObI JIOKaJIbHOM KaHaJIn3aluu, MMpuMCEHACMBIC JIs
OYHCTKH OBITOBBIX CTOYHEIX BOJI.
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UTILITY NETWORKS AND FACILITIES

[IpuBeneHbl pe3ynbTaTbl TEOPETUUECKUX M IKCHEPUMEHTAIBHBIX HCCIIEIOBAHUNM KOMILIEKCA
JIOKAJIbHON aHa’pOoOHO-a3pOOHON OMOTOTHYECKONW OYHCTKH OBITOBBIX CTOYHBIX BOJ| OT JKUJIbSI B
HEKaHAJIM30BaHHBIX palloHaX Ha yCTaHOBKAaxX Mayiol mpousBoauTesbHocTy (YMIT).

OTMe4YeHO WHHOBAIIMOHHOE HAINpaBlieHHE B OHOJOTMYECKOW OYUCTKE CTOYHBIX BOJA —
«OMOKOHBEHep», IpeayCcMaTpUBAIOIIee IPIMOTOYHOE MPOXOXKACHUE CTOUYHBIX BOJ Yepe3 OUMCTHHIC
coopykeHusi ¢ 00pa3oBaHUEM UMMOOMIN30BAHHOTO THIPOOHOLIEHO3A.

Ha ocnoBanum ananmuza paboThl U KOHCTPYKTHUBHOrO odopmieHuss YMII, npumenseMbix B
OTEYECTBEHHON U 3apyOeKHOM MpaKTHUKE JIOKATbHONW OYUCTKU OBITOBBIX CTOYHBIX BOJ| MOKa3aHa
1enecoo0pa3HoCTh  NPUMEHEHUs  MPOTOYHOM  MHOTIOCTYNEHYaTOW  aHa’poOHO-a3poOHOM
OHMOJIOTrMYECKON OUYMCTKU OBITOBBIX CTOYHBIX BOJ| C UCIIOJIb30BAHUEM COOOIIECTB MPUKPEIUICHHBIX U
CBOOO/IHOIUIABAIOIIUX MHUKPOOPIaHMW3MOB. B kauecTBe HoOcHUTENEHl NPUKpPENICHHOW Onmomacchbl
MHUKPOOPIaHU3MOB HCIOJIB30BaHBl Pa3HOOOpA3HBIE 3arpy3kKd TOJYHOTPYKHBIX OHO(MUIBTPOB,
CUHTETUYECKUNA  BCIEHEHHBI  HOCHUTENb  (BCIICHEHHBIM  MOJUCTUPOJ),  MEHOIIACTOBAs
¢buIbTpOBaNbHAS 3arpy3Ka, BOJIOKHUCTAs 3arpy3ka Tumna «Bus».

Onucana npennaraemas Y MII, BkiIrodaroniasi TpeXCcTaauiiHy0 a3poOHYI0 OMOJIOTHYECKYIO
OUYUCTKY aHa’poOHO 00pabOTaHHBIX CTOYHBIX BOJ. Vcmonbp3oBaHWE epiie Ui yAepKaHUsS
TUAPOOMOHTOB JaeT BO3MOXKHOCTH OYMCTKH 3aJIMOBBIX COPOCOB, OBICTPOTO BOCCTAHOBJICHHUS
aKTUBHOCTH Hacagku (Hampumep, MpH Nepebosx SJIeKTPOCHAOXKEHUs), T.K. MNPUKPEIICHHbIE
MUKPOOPraHU3Mbl HEBO3MOXXHO IOJHOCTbIO BBIMBITH HMOTOKOM >KHMJIKOCTH, @ MHOI'OCIONHOCTb
MMMOOMITN30BAaHHBIX KJICTOK 3aIUIIACT UX OT YHHUTOKEHUS NIPH aBAPUIHBIX CUTYAIIHSX.

Hacanku pmaioT BO3MOXHOCTH OpPraHW30BaTh COOTBETCTBYIOIIYIO TPO(PHUYECKYIO LENb
THJIPOOMOHTOB, YTO PE3KO CHM)KAET KOJMYECTBO HM30BITOYHON OHMOMAacChl M BBIHOC B3BECE B
OYMILICHHON CTOYHOM BOJIE.

DKcrieprMeHTaMu B J1a0OpaTOPHBIX YCIOBUSX W HA PEANbHON MPOW3BOACTBEHHOM OYMCTHOMU
YCTaHOBKE HOBOM KOHCTPYKIIMH TOJY4€HBI MapameTpbl padoThl CTyMeHeH aHa’poOHON U adpoOHOM
OMOJIOTUYECKOM OYMCTKH, 3aKOHOMEPHOCTHM TMPOIECCOB HUTpUUKAIMH, ACHUTPpUPUKAIMU U
yIEJIbHOM CKOPOCTH OKHCJICHHUS! OPTaHMUYECKUX 3arpsi3HEHUN B CHEUM(UYHBIX YCIOBHUSIX aHadPOOHO-
a’pOOHOI TEXHOJIOTUH, TOKAa3aHa BO3MOKHOCTh TOTYUEHUS KAUeCTBA OUMIICHHONW CTOYHOM KUIKOCTU
Ha ypoBHE TPeOOBaHUI HOPMATHUBOB ISl COPOCA CTOKOB B PHIOOXO3SICTBEHHBIE BOJJOEMBI.

KuroueBble ciioBa: Ouosiornueckas OYMCTKA, NPUKPEIJIEHHbIE M CBOOOJHOIIABAIOLINE
MUKPOOPTaHU3MBI, HUTPU(DUKAIUSA, TEHUTPpUPUKALINS, €pIIIoBas HacaaKa, OMOpeaKkTop.
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