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Abstract. The article considers the possibility of improving the efficiency of wastewater sludge
treatment by integrating coagulation-aerobic technology into existing aerobic mineralizers at sewage
treatment plants. The relevance of the study is determined by the need to modernize outdated wastewater
treatment plants designed in the 1970s-1990s, which exhibit low sludge thickening efficiency. The work
aims to justify the design and technological solutions for the reconstruction of aerobic stabilizers by
introducing a coagulant dosing unit and a reaction-mixing zone, thereby intensifying the processes of
gravitational compaction and aerobic stabilization of sludge. The kinetics of gravitational compaction
using aluminum-containing coagulants of the "OPTIPAC" type at a dose of 1% of the suspension volume
were studied, and aerobic stabilization was carried out for 6 days. Based on the experimental
dependencies obtained, engineering calculations of the aerobic stabilizer parameters for a wastewater
treatment plant with a capacity of 10,000 m*/day were performed. The required stabilization volume,
aeration parameters, reagent consumption, and dosing unit design characteristics were determined. It was
shown that the actual volume of existing mineralizers significantly exceeds the calculated requirement,
allowing the organization of additional technological zones without the construction of new facilities.
The proposed technological scheme provides for the sequential implementation of coagulation,
gravitational compaction, and aerobic stabilization of sludge within a single tank. The results of the study
show that reagent treatment increases particle settling rate, reduces sludge moisture content, and reduces
sludge volume. The results obtained can be used to reconstruct existing wastewater treatment plants in
small and medium-sized settlements. They will help improve the energy efficiency and environmental
safety of wastewater systems.

Keywords: wastewater disposal, stabilization, wastewater, treatment plants, sludge,
technology, water quality.

Introduction. The problem with effective treatment sewage sludge is among the most urgent
in modern wastewater systems, especially given outdated infrastructure in Ukraine and other post-
Soviet countries. Traditional schemes for compaction, stabilization, and dewatering of sludge in
treatment plants designed according to the standards of the 1970s-1990s are characterized by high
energy consumption, low dewatering efficiency, and the formation of significant volumes of
secondary waste (sludge and sludge water), which complicates their transportation, storage, and
disposal. As shown in numerous studies, the accumulation of excess sludge leads to system
overloading, deterioration of sanitary conditions, increased operating costs, and secondary
environmental pollution due to sludge instability and the release of odors from putrefactive processes.
In a global context, according to the World Health Organization and the United Nations, more than
80% of wastewater is not properly treated, increasing environmental risks such as eutrophication of
water bodies and the spread of pathogens, especially in urbanized regions with limited resources for
modernization.

Historically, sludge treatment technologies have evolved from simple methods of natural drying
in sludge drying beds to integrated biotechnological systems. Scientific works emphasize the
importance of aerobic stabilization as a key step in the mineralization of waste activated sludge [1-6].
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However, the effectiveness of this technology is limited — stabilization processes slow down at
activated sludge concentrations above 4-5 g/dm?* due to the low rate of its sedimentation. A critical
drawback of such schemes is the need to return significant volumes of return water (30%-70% of the
total wastewater volume) from stabilizers to the "head" of treatment plants. This creates excessive
hydraulic and organic load on primary sedimentation tanks and aeration tanks. As a result, due to
oxygen deficiency and the emergence of local anaerobic zones in treatment facilities, the vital activity
of aerobic aquatic organisms is suppressed. This leads to a decrease in the oxidizing power of aeration
tanks, deterioration in the kinetics of pollutant decomposition, and the need to introduce additional
sludge-regeneration stages to restore its sorption activity.

Modern approaches aim to minimize sediment formation and intensify pre-treatment. Such a
method may involve coagulation for particle aggregation, and subsequent aerobic stabilization for
biological intensification. The proposed integration of coagulation with aluminum-containing
reagents (type "OPTIPAC", Ukraine) and aerobic stabilization in existing mineralizers optimizes
sediment residence time, improves gravitational compaction, and reduces mechanical dewatering
energy costs without large-scale reconstruction. This approach relies on using existing tanks, where
coagulation, sedimentation, and biological stabilization occur sequentially, forming denser
aggregates and reducing the sludge moisture content. Laboratory data confirm the multi-stage nature
of compaction, with a transition from active sedimentation to a compression phase, and an increase
in the sedimentation rate by 20-30% when coagulants are used [7].

Analysis of recent research and publications. Scientific developments in wastewater
treatment emphasize the role of coagulation/flocculation as an effective method for sludge
dewatering, reducing moisture, and improving sedimentation [8-12]. Studies of combined methods,
such as electrocoagulation with the addition of nitrous acid, show improvements in dehydration of
10-20% [13]. Natural and mechanical dehydration methods, including thermal treatment and
filtration, are considered as alternatives, but require integration for energy efficiency [14-15].

Aerobic granular sludge is emerging as a promising technology for decentralized treatment,
with a focus on stabilization and volume reduction [16]. Anaerobic sludge stabilization with EMC
processes shows potential for landscape use [17]. General trends indicate a shift towards integrated
systems to reduce costs and environmental impact.

Analysis of wastewater treatment technologies in Ukraine and worldwide confirms the need to
modernize existing facilities without significant capital costs, in particular by intensifying the
system's internal processes [18]. New environmental requirements emphasize strengthening
discharge quality standards, thereby indirectly requiring greater efficiency in sludge stabilization and
compaction. The experience of improving closed water supply systems at agro-industrial enterprises
also confirms the importance of optimizing the processes for purifying and reusing water and sludge
[18, 19]. Modern research aims to intensify compaction and dewatering processes, integrate
physicochemical and biological treatment methods, and recover resources from sludge components
[20-21]. At the same time, the issue of combining coagulation and aerobic stabilization within
existing mineralizers from a kinetic modeling perspective remains insufficiently addressed,
underscoring the relevance of this study.

Purpose and objectives. The purpose of the study is to improve the design of the aerobic
mineralizer by installing a reagent dosing unit and to determine the rational design and technological
parameters of the proposed technology. The study objectives are to interpret the experimental
dependences of gravitational compaction of coagulated sludge and scale them to the operating
structure of a typical aerobic mineralizer, contributing to achieving European standards for
environmental safety and energy efficiency.

Materials and methods. The study employed methodological approaches used in domestic and
international practice for the design of wastewater treatment plants. To solve the problem, physical
and mathematical modeling, along with numerical and analytical methods, were used to determine
and analyze the operational parameters of wastewater treatment plants. Physical modeling was based
on the results of laboratory experiments with a model suspension of sewage sludge prepared at actual
humidity at a 1:7 ratio (primary sludge: uncompacted activated sludge) [7]. The concentration of
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suspended solids in the initial suspension was 5870 mg/dm? (5.87 kg/m?). Sedimentation was studied
in 500 ml graduated cylinders, with the layer height (volume) measured every 3 min for the first 30
min and again at 60 min. For intensification, aluminum-containing coagulants at 1:100 by volume
were used. In parallel, aerobic stabilization was carried out for 6 days with constant aeration (air
pressure 0.02 MPa), maintaining dissolved oxygen at 3-5 mgO2/dm?® (Fig. 1). The results were
interpreted according to standard international methods outlined in fundamental sources [1, 22-23].

a) b)
Fig. 1. Cylinders with model suspensions without (a) and with (b) stabilization

Results and discussion. In the proposed integrated scheme, biochemical processes occur in
aerobic mineralizers after sediment preliminary coagulation, which promotes particle aggregation and
improved sedimentation. Aerobic stabilization of the sediment is based on the biochemical oxidation
of organic substances by aerobic microorganisms in the presence of oxygen supplied by pneumatic
aeration. The process includes several stages: first, hydrolysis of organic polymers (proteins, lipids,
polysaccharides) is carried out using exoenzymes (proteases, lipases, cellulases), which split them
into monomers (amino acids, fatty acids, sugars). Next, the monomers are oxidized through the
tricarboxylic acid cycle (TCA) and oxidative phosphorylation, converting into CO2, H20, and energy
in the form of adenosine triphosphate (ATP). Nitrification and denitrification processes occur
simultaneously: ammonia and amine compounds are oxidized to nitrates, which, in anoxic zones
within sludge flakes, are reduced to gas products, and organic material is reduced through endogenous
respiration, in which microorganisms consume their own biomass in the absence of external
substrates.

Coagulation with aluminum-containing reagents enhances these processes, forming denser but
porous aggregates that provide oxygen access to microorganisms and, despite the partial preservative
effect of aluminum hydroxide, allow maintenance of a high biomass concentration, thereby reducing
stabilization time. Factors such as temperature (optimally 20-35°C), pH (6-8), dissolved oxygen
concentration (2-5 mg/dmq), and organic loading affect efficiency by inhibiting the growth of
filamentous bacteria (indicators of activated sludge swelling) and stimulating the secretion of
extracellular polymers for pellet stability. As a result, the sludge volume is reduced by 15-20%,
pathogen levels are reduced, and sanitary and hygienic properties are improved. This approach is
consistent with the thermodynamic principles of biochemical reactions, where the rate of degradation
increases with increasing temperature, but requires control to avoid anaerobic zones.

The existing scheme involves the movement of sludge through the structures: — aerobic
stabilizer (mineralizer) — centrifuge — sludge drying beds. The proposed modernization involves
dividing the mineralizer into two functional zones:

— Zone | (reaction) with coagulation processes and initial structure formation;
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— Zone Il (compaction + stabilization) with gravitational compaction, concentration increase,
and aerobic mineralization processes.

At the sediment inlet to the mineralizer, a partition (to form a reaction chamber), a reagent
dosing unit, and a static mixer should be installed to ensure contact time.

The estimated volume of the aerobic stabilizer (Vam, m®) is determined by the formula [23]:

Vom = Vi * ts = 39+ 6 = 234, (1)

where Vss — the flow rate of sediment and uncompact activated sludge at the station, m*/day, ts
— the duration of sediment stabilization at a temperature that is assumed to be equal to the minimum
average monthly temperature of wastewater, days. It is assumed that for a mixture sludge of primary
sedimentation tanks and uncompacted activated sludge, 6-7 days; for a mixture sludge of primary
sedimentation tanks and compacted activated sludge, 8-12 days. We accept the first option:
ts= 6 days.

When 40% of the ash-free matter of the sludge (X) decomposes during aerobic stabilization, the
mass of dry matter of the aerobically stabilized sludge (M«®, t/day) can be determined by the formula:

M3 =5, — S L0 =313 218040 _ 1 87 )

where Sq — the content of dry matter in the sediment, t/day, Sa — the content of ash-free matter
in the sediment, t/day.
It is advisable to compact the aerobically stabilized sludge in a specially designated area in the

aerobic stabilizer. The volume of the sludge compaction zone (Vc, m®) will be:
V. = Vss'te _ 393
= e =

— =49, 3)
24 24
where tc — the duration of compaction of the aerobically stabilized sludge, which is taken to be
1.5-5 hours.
Aerobic stabilization is carried out in special structures — mineralizers [1]. The number of

sections of the aerobic stabilizer (at least two) will be (Nam, pcs):
Vam+Ve _ 234+49
Ngm = =5, — = —— =035, (4)
where V1 — the working volume of one section of the aerobic stabilizer, m*.

Then the actual total volume of the aerobic stabilizer (Vamf, m?) will be:

V)= (Vi-NL,) =V, = (675-2) — 4.9 = 1345, (5)
where Nam' — the existing number of sections of the aerobic stabilizer, pcs.

The existing number of corridors, Nam = 2 pcs, with a corridor length of 15 m, a corridor width
of 15 m, and a working height of 3.0 m (typical project TP 902-3-20), is significantly larger than the
required volume and can be considered for the implementation of the proposed technology.

The air flow rate supplied to the aerobic stabilizer (Qa2", m%h) should be:

am =yt . qum = 1345+ 2 = 2690, (6)

where gam — the specific air flow rate, m3h per 1 m® of the volume of the aerobic stabilizer. It

is taken to be 1-2 m3/h-m3, depending on the humidity of the sediment-mixture and the waste activated
sludge, respectively, at 99.5-97.5%.

The aeration intensity (I, m3/m?-h) is:

1=ﬂ=@=12, (7)
F 225

where F — the area of the aerobic stabilizer, F=225 m?.

The aeration intensity in the aerobic stabilizer should not be less than 6 m*/m?-h. The condition
IS met.

The flow rate of compacted aerobically stabilized sludge (Vss¢, m*/day) is:

€ = Mgs-wco _ 1871100 _ 74.8, ®)
100-wW5,,  100-97.5
where Wam® = 97.5 % — the experimentally determined humidity of the compacted aerobically
stabilized sludge.
Sludge water is sent to aeration tanks with a flow rate (Vas, m*/day):
Vs = Vo — V&5 = 234 — 74.8 = 159.2. 9)

ISSN 2786-6696 Modern construction and architecture, 2026, no. 16, page 93-101



UTILITY NETWORKS AND FACILITIES

The engineering calculation of the parameters of the aerobic stabilizer showed that the existing
facilities of the treatment plant have a significant volume reserve compared to the calculated need for
sludge stabilization (Fig. 2). According to the results obtained, the required calculated volume of
aerobic stabilization at a sludge flow rate of 39 m?/day and a process duration of 6 days is 234 m?. At
the same time, the actual working volume of the existing aerobic mineralizer tanks, consisting of two
sections of 675 m?® each, is 1345 m? (taking into account the volume of the compaction zone). Thus,
the actual volume of the structure exceeds the calculated need by almost six times.

IO RN FRETROET

Fig. 2. prating tank of aerobic sludge stabilizer of wastewater treatment plant

The presence of such a volume reserve creates the prerequisites for improving the facility's
technological scheme without the need to build new tanks. In particular, it is advisable to re-profile
part of the internal volume of the aerobic mineralizer to organize additional functional zones. One
key design solution is to place a reagent-mixing chamber at the facility's inlet. This zone provides for
the dosing of the reagent and its intensive mixing with the incoming sediment, ensuring uniform
distribution of the reagent throughout the mixture and increasing the efficiency of subsequent
stabilization and compaction processes.

The second important element of the improved technological scheme is the organization of a
specially designated zone for compaction of the stabilized sediment. The estimated volume of such a
zone is about Ve = 4.9 m?, which can be provided within the existing facility by installing internal
partitions and local regulation of aeration intensity. In this part of the tank, sludge water is separated
from the compacted sediment, reducing the volume of sludge to be further treated.

In addition, the results of experimental studies of the sedimentation of a model suspension [7]
allow the implementation of a kinetically justified operating mode for the structure. The use of
established dependencies of sediment compaction rate on time allows optimizing the hydraulic mode
and the duration of sediment residence in different zones of the aerobic mineralizer. Thus, combining
design changes with experimentally established kinetic patterns creates the prerequisites for increasing
the efficiency of existing aerobic stabilizers without a significant increase in energy or operating costs.

Experimental studies have shown that an aluminum-containing reagent can intensify sediment
coagulation and compaction. In a laboratory experiment, the reagent was added at a ratio of 5 ml
reagent per 500 ml suspension [7].

The relative dose of the reagent is (Dr, m?):

D, = Ve _ 5

= 7 =505 = 001, (10)

where Vr — the volume of the reagent, ml, Vs — the volume of the suspension, ml.

Therefore, the reagent dose is 1% of the suspension volume.

In technological calculations for wastewater treatment plants, the required daily reagent flow
rate can be calculated as:

ISSN 2786-6696 Modern construction and architecture, 2026, no. 16, page 93-101

97



98

UTILITY NETWORKS AND FACILITIES

D, = 0.01-V,, = 0.01-39 = 0.39. (11)
Thus, the daily reagent demand is approximately 0.39 m?. Since the reagent is supplied in its
pure form without dilution, the flow rate of the working solution is equal to the reagent flow rate. The

formula determines the hourly reagent flow rate (Qr, m/h):
V. 0,39

Qr =t ="=-=100163, (12)

or Qr=16.3 I/h.

Therefore, to ensure stable operation of the dosing system, it is necessary to provide a dosing pump
with a capacity of 15-20 I/h. To supply the reagent to the reaction chamber, it is advisable to use a
membrane or plunger dosing pump, which ensures dosing accuracy and resistance to corrosive media.

To ensure the continuous operation of the treatment facilities, it is advisable to provide a reagent
supply for 5-7 days. The formula determines the volume of the reagent tank (Vb, m?):

Vy =V t, =039-7 =273, (13)

where t; — the duration of the reagent supply, t: =7 days.

Thus, for the dosing unit, it is advisable to install a 3 m? tank.

To ensure effective coagulation, it is necessary to create conditions for intensive mixing of the

reagent with the sediment. The formula determines the volume of the mixing chamber (Vm, m®):
3

Vi = Qs * tm = =+ 0.05 = 0.08 ~ 0.1, (14)

where Qss — the sediment flow rate, m3/h, tm — the mixing time, which for coagulation processes
is 2-5 min [23].

Such a volume can be easily implemented as a small chamber in front of the main stabilizer
volume.

The reaction chamber is formed by installing a partition at the sediment inlet to the mineralizer.
The volume of the reaction zone (V:¢, m3) is typically set to 3-5% of the structure's total volume [23].
Assuming 5% of the total volume of one tank, Vi¢ = 33.75 m3. Thus, the volume of the reaction zone
is approximately 30-35 m?.

The length of the existing tank is 15 m, and to create a reaction zone, the partition is installed

at a distance (Lr, m):
C
L= = 313;—735 = 0.75. (15)

According to calculations, it is advisable to place the partition approximately 0.7-0.8 m from
the sludge inlet.

An important aspect of the structure's operation is determining the hydraulic parameters
governing sludge movement. The flow velocity (v, m/h) is determined by the ratio of the sludge flow
rate to the cross-sectional area of the structure:
2= 22 -10.036. (16)

The velocity is very low, which provides favorable conditions for gravitational compaction of
the sludge.

The calculations performed allow us to determine the main operational parameters of the

structure (Table 1).

v =

)

Table 1 — Technological parameters of the operation of the modernized stabilizer

Technological parameter Value
Daily sludge flow rate 39 m®/day
Reagent dose 1 % of the sludge volume
Daily reagent flow rate 0.39 m*
Dosing pump capacity 20 I/h
Reagent tank volume 3m?
Reaction chamber volume 30-35 m?
Partition installation distance 0.7-0.8 m
Reagent contact time 2-3 min
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The technological scheme of the modernized mineralizer operation includes the following
stages:

1) The sediment from the secondary settling tanks enters the reaction chamber of the
mineralizer.

2) The reagent is fed into the chamber through a dosing pump.

3) Mixing occurs in the formed static mixer.

4) The coagulated sediment enters the main stabilization zone.

5) Biological mineralization of organic substances occurs in the aeration zone.

6) A compacted stabilized sediment is formed in the lower part of the structure.

7) The separated sludge water is returned to the aeration tanks.

The expected technological effect of using the reagent is to increase sediment particle
sedimentation rates, improve compaction, reduce sediment moisture content, and reduce sludge water
volume. According to laboratory results, the sediment's moisture content has been reduced to 97.5%.
This allows you to reduce sediment volume by approximately 20-25%. Additionally, the sanitary and
hygienic properties of the stabilized sludge are improved.

Conclusions. The proposed reconstruction of treatment facilities by integrating coagulation and
aerobic stabilization into existing mineralizers demonstrates significant potential to increase the
efficiency of wastewater sludge treatment without substantial capital investment. Laboratory data and
engineering calculations confirm that the use of aluminum-containing reagents ("OPTIPAC",
Ukraine) in combination with aerobic processes leads to an intensification of gravitational
compaction, with an increase in the sedimentation rate and a decrease in the moisture content of the
sludge, which is consistent with the multi-stage nature of the process - from active sedimentation to
compression. Biochemical processes in mineralizers, including hydrolysis of organic polymers,
oxidation through the TCA cycle, and endogenous respiration, provide sediment stabilization, a 15—
20% volume reduction, and reduced pathogens, making the technology suitable for small and
medium-sized treatment plants with limited funding.

Technological recommendations, including reagent dosing at 1:100 and maintaining aeration
intensity at 5-10 mgO2/dm?, provide adaptability to seasonal changes: increased aeration in summer
to intensify mineralization and increased coagulant dosage in winter to compensate for decreased
biochemical activity.

In a broader context, the implementation of such a scheme contributes to achieving sustainable
development goals by reducing environmental burdens and opening up opportunities for sediment
resource recovery (for example, as fertilizers after stabilization). Limitations such as potential
aluminum accumulation and pH impact require monitoring, but the benefits outweigh the drawbacks,
especially for decentralized systems in Ukraine. Further research should include pilot testing in real
facilities to verify models and assess long-term stability, while accounting for the impact of toxicants
on the microbiota. Overall, this technology is a promising step towards wastewater modernization,
combining cost-effectiveness with environmental safety.
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AHOTaliAg. Y CcTaTTi pO3rsSHYTO MOXJIHMBICTH MiABHIIEHHS e()eKTHBHOCTI 0OpOOKH OcajiB
CTIYHUX BOJ IIIXOM IHTErparlii KoaryJsiiitHo-aepoOHOI TEXHOJIOTIT B ICHYIOUl CIIOPYIH aepOOHUX
MiHEpali3aToOpiB KaHAMI3aliHHUX OYMCHUX CTAHIIH. AKTYaJbHICTh JOCHIPKEHHS 3yMOBJICHA
HEOOX1IHICTIO MOJICPHi3allii 3acTapiIMX OYMCHUX CITOPYJ KaHaum3allii, cnpoexktoBanux y 1970-1990-
X POKax, sKI XapaKTepHU3YIOThCS HHU3bKOIO €(EKTUBHICTIO YIIIJIBHEHHS ocaay. MeToro poboTH €
OoOTpyHTYBaHHSI KOHCTPYKTHBHO-TEXHOJIOTIYHUX PIIICHh PEKOHCTPYKINI aepoOHUX CTabisi3aTopiB
IUIIXOM BIOPOBA/DKCHHS By3Ja JIO3yBaHHSA KOAryJlsHTY Ta (OpMyBaHHS pPEaKIiiHOI 30HU
3MilIyBaHHs, 110 3a0e3nevye IHTeHCH(IKAIIIIO MPOIECiB IPaBITAIIHHOTO YIIUIBHEHHS Ta aepoOHOT
crabumsamii ocaay. BuBYEHO KiHETMKY TpaBiTAlifHOTO YUIUIBHEHHS 3 BUKOPUCTAHHSAM
amomoBMicHuX KoarynsiHTiB Tuimy «OPTIPACY» y noszi 1 % Big 06’emy cycneHsii Ta mpoBeACHO
aepoOHy ctabimizamniro mpotsrom 6 ai6. Ha ocHOBI OTpuMaHUX €KCIIEPUMEHTAILHUX 3aJICKHOCTEH
BUKOHAHO 1H)KCHEPHI PO3paxyHKH IMapaMeTpiB aepoOHOro cradimizaTopa IJis CTaHINI OYMIIECHHS
CTIYHHUX BOJ TpoaykTuBHicTIO 10 Tuc. m*/mo0y. BusHaueno HeoOximHuMii 00’eMm cTabimizarii,
nmapaMeTpu aepailii, BUTPaTH pEareHTy Ta KOHCTPYKTHUBHI XapaKTEPUCTHKH BYy3Ja JI03yBaHHS.
[TokazaHo, mo (akTUYHUN 00’€M ICHYIOUMX MiHEpali3aToOpiB 3HAYHO IEPEBUIIYE PO3PAXYHKOBY
noTpedy, 110 A03BOJISIE OPraHi3yBaTH JOJATKOBI TEXHOJIOTT4YHI 30HU 0€3 Oy1IBHUIITBA HOBHUX CIIOPY.
3amponoHOBaHa TEXHOJIOTIYHA cXeMa Iepeadaydae MOCHiJOBHE 3AIMCHEHHS MpOILECiB KoaryJsii,
TpaBITAIlIHOTO YIIUTBHEHHS Ta aepoOHOoi cralimizamii ocaay B MeXax OIHOTO pe3epByapa.
PesynbraT TOCTIIPKEHHS CBIT4aTh, 110 3aCTOCYBAaHHS PEAareHTHOI 0OPOOKHM J03BOJISE MiJABHIUTH
HIBUAKICTh OCIJaHHS YaCTUHOK, 3MEHIIUTH BOJOTICTh OCaay Ta CKOPOTUTH Horo o6’em. OTpuMani
pe3yJabTaTh MOXYTh OyTH BHKOPHMCTaHI MPU PEKOHCTPYKLII ICHYIOUMX KaHaTi3alllfHUX OYHMCHUX
CHOPY/l MAJIUX 1 CEpeAHIX HACEJIEHUX MyHKTIB Ta CIPUATUMYTb IiIBULICHHIO €Heproe(eKTUBHOCTI 1
€KOJIOT1YHOT O€3MeKN CHCTEM BOJIOBIIBEICHHS.

KiouoBi cJjioBa: BONOBIZBENEHHS, CTaOLTI3allisl, CTIYHI BOJHM, OYMCHI CIIOPYIH, OCaf,
TEXHOJIOT1s, IKICTh BOJIH.
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