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MIXING DEVICE DESIGN IN A BIOGAS PLANT: PROBLEMS AND PERSPECTIVES

Abstract: The paper presents a review of stirring device designs used in biogas plants. The efficiency
of a biogas plant depends on many factors, one of which is the agitation of the substrate to increase the
efficiency of the biogas plant and provides: release of the biogas produced; agitation of fresh biomass and
bacteria in the metatank; preventing the formation or destruction of crusts on the surface and minimizing
sludge; providing uniform temperature throughout the bioreactor; and providing uniform distribution of the
bacterial population. A well-mixed feedstock can yield up to 50% more biogas. Agitators operate in difficult
conditions of aggressive and fire-hazardous environment, contributing to high corrosion of its elements. The
design of agitators should not promote sparks or elevated temperatures to avoid explosive situations.

Advantages and disadvantages of different types of agitators are discussed, as well as the problems
encountered in their operation. Special attention is paid to the promising directions of development of agitators
for biogas plants.

The design of agitator with float device, which allows mixing biomass throughout the entire volume of
the bioreactor module, is proposed. The advantage of this design is the absence of an electric motor and
electric cables (which of course increases fire safety), and the mechanical agitator is driven directly by a
pneumatic motor operating from compressed air, while the compressor is located outside the bioreactor, and
only compressed air supply hoses lead to the reactor.

Key words: biogas plant, mixing device, substrate, biogas, alternative energy.

Introduction

The emerging trends in the global energy sector show that the advanced mankind is doing
everything to make the energy of future generations become «green» energy, which allows not to
pollute air, water and soil, and thus restore, preserve and save the biological balance in the
environment, flora and fauna. In addition, it will prevent global climatic changes on our planet, which
can lead to catastrophic consequences for all life on Earth.

One of the types of RES is biogas (in purified form biomethane) produced by anaerobic
methane fermentation of biomass, i.e. organic waste from agriculture and food processing plants,
sewage and household waste, as well as energy crops and algae. The advantage of using biomass
energy by methane fermentation (unlike solar and wind energy) is independence from weather
conditions, i.e. continuity and stability in energy use.

Materials and methods

Biogas plants are systems that convert organic matter into methane-rich biogas. The
efficiency of a biogas plant is directly dependent on many factors, one of which is the agitation of the
substrate. The agitator ensures: homogenisation of the substrate (This leads to an even distribution
of nutrients, microorganisms and waste products, which optimises the biogas production process),
increase of the contact surface (Crushing of substrate particles increases the surface area available
to microorganisms, which accelerates decomposition and increases biogas vyield), prevention of
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crusting (Agitating prevents the formation of crusts on the surface of the substrate, which can hinder
biogas production.

The main types of stirring devices.

The following mixing systems are used in biogas plants [1-2]: hydraulic, mechanical,
bubbling, combined.

Advantages and disadvantages of stirrers

The hydraulic mixing method consists in recirculation of the fermentation mass from one part
of the bioreactor to another (Fig. 1). The advantage of this system is the absence of moving parts
inside the reactor, which simplifies the operating conditions. However, hydraulic systems are only
effective in plants operating on very liquid substrates that are not prone to crusting and sludge
accumulation.
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Figure 1 — Hydraulic mixing system

Mechanical mixing is performed by using agitators, whose working bodies are augers and
blades driven by a motor or manually. The following systems are used for biomass mixing: multi-
blade; propeller immersion and paddle systems (Fig. 2).
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a — stirrer with many blades; b — propeller immersion; ¢ — paddle stirrer

Figure 2 — Mechanical stirring systems

The agitator with many blades (Fig. 2, a) is used most often for mixing in horizontal reactors
[3]. Structurally, they are a horizontal shaft with blades or bent tubes located along the entire length
of the reactor. The rotation of the shaft agitates the feedstock, preventing the formation of crusts,
while promoting the biomass to the outlet in the form of a plug (perfect displacement), which is
effective in hygienising the process. The use of tubes with hot water flowing through them as working
elements also makes it possible to heat the fermentation mass. Submersible propeller stirring system
(Fig. 2, b) is mainly used in vertical cylindrical reactors [4]. It represents a propeller with a motor
located in a waterproof shell and mounted on a tripod. During operation, vertical movement of
biomass is carried out, and changing the height of the agitator arrangement avoids the formation of
crust. The disadvantage of this system is the small mixing volume, which requires the installation of
two or more agitators, and the application of submersible motors is limited to a temperature range of
up to 40 OC. 445 The paddle stirring system (Fig. 2, ¢) consists of a motor placed outside the reactor
and an elongated shaft with paddles. This system can be vertical, mounted on the top base of the

ISSN 2788-7995 (Print) Becruux yunsepcurera llakapuma. Texuudeckue Hayku Ne 2(14) 2024 61
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024



reactor, but more commonly a diagonally arranged agitator is used, entering through the top of the
reactor side wall. The agitator shaft can change the angle of inclination, which allows mixing a larger
volume of biomass compared to a submerged system.

A significant disadvantage of mechanical mixing systems is the limited mixing zone, which
requires the installation of two or more stirrers. Barbotage mixing is performed by feeding the biogas
produced into the bioreactor using a draft inducer and a system of pipelines located in the lower part
of the bioreactor (Fig. 3). Barbotage agitation separates small gas bubbles from methanogenic
microorganisms, which facilitates their contact with the nutrient substrate [4]. In addition, according
to [1], bubbling in the bioreactor increases the concentration of dissolved carbon dioxide, which,
being a hydrogen acceptor, reduces its partial pressure and thereby improves the conditions for the
life activity of acetate-degrading methanogens, resulting in an increase in methane yield.

Combined stirring systems contain two or more stirring methods that operate simultaneously,
which leads to higher energy costs. However, the use of combined agitation systems allows for a
more uniform distribution of biomass particles and temperature throughout the bioreactor volume
and significantly increases the efficiency of specific biogas yield.

Barbotage mixing is carried out by feeding the biogas produced into the bioreactor by means
of a draught inducer and a system of pipelines located at the bottom of the bioreactor (Fig. 3).
Barbotage agitation separates small gas bubbles from methanogenic microorganisms, which
facilitates their contact with the nutrient substrate [4]. In addition, according to [1], bubbling in the
bioreactor increases the concentration of dissolved carbon dioxide, which, being a hydrogen
acceptor, reduces its partial pressure and thereby improves the conditions for the life activity of
acetate-degrading methanogens, resulting in an increase in methane yield.
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Figure 3 — Barbotage mixing system

Results and discussion

Prospects for the development of agitators. The development of agitators for biogas plants is
aimed at increasing their efficiency, reliability and energy efficiency.

In order to equalise the temperature in the digestion chamber, all kinds of stirring devices are
often installed. There are practically no recommendations on the choice of stirring methods, and the
influence of stirring on the methane digestion of manure has not yet been sufficiently studied. There
is every reason to believe that stirring to some extent should help to increase the contact area
between microorganisms and substrate, i.e. multilevel stirring and forced degassing accelerates the
digestion process. Stirring can achieve a uniform distribution of the feed manure and microorganisms
in the reactor, and forced degassing can prevent the accumulation of intermediate and final
metabolic products. Currently, the following methods of mixing manure in the digester are known:
continuous mixing; mixing only at a certain time, immediately after loading the initial manure; periodic
mixing, for example, 10 minutes in each hour, i.e. there is no unambiguous opinion in the application
of mixing methods in methane digestion of manure. For example, a study on biogas production from
liquid swine manure was conducted in France, where continuous anaerobic digestion with constant
agitation of the substrate or "free cell" fermentation was applied. The experiments showed that this
method is not reliable as fermentation does not always occur or takes a long time.
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Further, an improvement of the continuous mixing system is the "contact method", which
consists of capturing the active biomass in a sump at the reactor outlet to reintroduce it together with
the feed manure (installation by the Belgian company Bioprocessing) [5-10].

Stirring can be constant or periodic depending on the reactor operation mode. Optimal stirring
significantly reduces the digestion time of the feedstock and prevents the formation of crusts.
Although partial stirring occurs due to the release of biogas from the feedstock, due to temperature
movement and movement due to fresh feedstock, such stirring is not sufficient.

Stirring should be carried out regularly. Mixing the feedstock too infrequently will lead to
stratification of the feedstock and crust formation, thus reducing the gas generation efficiency. A
well-mixed feedstock can produce up to 50 per cent more biogas. Stirring too often can damage the
fermentation processes inside the reactor, as the bacteria do not have time to "eat". In addition, it
can lead to the discharge of incompletely processed feedstock. The ideal is to stir gently but
vigorously every 4 to 6 hours.

The conducted analysis of designs of agitators of biogas plants allowed us to summarise the
data and propose the design of the agitator (within the framework of the research conducted under
the grant funded by the Committee of Science of the Ministry of Education and Science of the
Republic of Kazakhstan, grant No. AP09259846) (Fig. 5).

1 2. s 5 154 6 3

1 - loading sector; 2 — working sector (module); 3 — unloading sector; 4 — heat exchange jacket; 5 — cart;
6 — cart drive; 7 — float; 8 — horizontal rods; 9 — bushings; 10 — vertical rod; 11 — stops; 12 — lever;
13 - lever axis; 14 — agitator; 15 — agitator drive; 16 — hydro (pneumatic) cylinder; 17 — level sensor

Figure 4 — Diagram of bioreactor with float stirring device

This design can operate in horizontal tanks, can be underground (which is preferable for
regions with sharply continental climate) and is powered by compressed air, which additionally
increases fire safety.

The bioreactor is made tubular, located horizontally and divided into three sections: loading,
working and unloading, the working section consists of one or more modules, in each module of the
working section mounted agitators with a drive and heat exchanger. The technical result of the
claimed technical solution is to increase the efficiency of mixing throughout the volume with low
energy consumption. This is achieved due to the fact that an additional element in the design of the
bioreactor is introduced in the form of a float device, in which the agitator with a drive is mounted,
with the ability to move along the bioreactor and rotate relative to the horizontal axis in the vertical
plane.

Conclusion

The agitator is an important component of a biogas plant. The correct selection of the agitator
and its proper operation ensure efficient operation of the biogas plant and maximise biogas
production.

The advantage of the proposed design is the absence of an electric motor and electric cables
(which of course increases fire safety), and the mechanical agitator is driven directly by a pneumatic
motor powered by compressed air. The compressor is located outside the bioreactor, and only
compressed air hoses lead into the reactor
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BUOIA3 KOHAbIPFbICbIHOAFbI APAJTACTbIPFbILW K¥PbINFblIHbIH KOHCTPYKLUINACHI:
NMPOBJNIEMAJIAP MEH NEPCMNEKTUBAJIAP

Makanada 6uoea3 KoHObipsbinapbiHOa (BIK) kondaHbinambiH apanacmbipfbill KypblifbliapobiH
KOHCmpykyusinapbiHa wony 6epinzeH. bI'K muimdiniei kenmezeH hakmopnapra batinaHbicmel, onapdbiH bipi
BIr'K muimdiniain apmmeipy makcamsiHOa cybcmpammel apanacmsipy 605bin mabbinadbl xoHe MbiHanapobl
Kammamacbi3 emedi: nauda 6onfaH 6uoza3dbiH b6eniHyi;, MemameHKkmeeai xaHa 6uomacca MeH
b6akmepusinapOsi apanacmeipy; xep 6emiHde KbipmbicmbiH rnatida 6onybiH Hemece 6y3binybiH 60510bipmay
XoHe myHbaHbl asalmy; 6uopeakmop 6olbiHwa 6ipkenki memnepamypaHbl Kammamachbl3 emy;
bakmepusinap nonynsayusicbiHbIH 6ipKesnki maparybiH Kammamachi3 emy. Kakcbl apanacmbipbifiraH WuKizam
50% kebipek buoza3 bepe analdbl. Apanacmsbipfbilumap OHbIH 31eMeHMMEepPIHiH Xofapbl KOppO3UsiChbIHa
blKNan ememiH azgpeccusmi xeHe epm Kayinmi opmaHblH KubiH XaflalbiHOa xymbic icmeldi. BIK
apanacmbipfrbiumapbiHbIH Ou3alHbl Xapblirbiw xarflalnapdbl 6050bipMay yWiH yuwKbiHOapdblH nadda
bonybiHa Hemece XofFapbl memrnepamypara biKrnasa emrneyi Kepex.

ApanacmbipreiumapdbiH 8pmypiii myprepiHiH apmbIKWhbIIbIKMapbl MeH KeMuWirikmepi, coHOal-akK
onapObl naudanaHy Ke3iHOe ke3decemiH macenenep markblinaHadbl. buoza3 KOHObIpFbinapbiHa apHasifaH
Apanacmeipsbitumapdbi dambimyOblH nepcriekmuearnbsik barbimmapbiHa epekwe Hasap aydapbinaobi.

BuomaccaHbl 6uopeakmop ModyniHiH 6ykin KenemiHe apanacmbipyfa MyMKiHOIK 6epemiH
KarnkbiMarbl KypbliFbicbl 6ap apanacmbipfbilumbiH Ou3aliHbl YCbiHbiiFaH. byn dusalHHbIH apmbIKWbIIbIFbI
anekmp KosfanmkbiWbl MeH 3nekmp kabenbdepiHiH 6onmaybiHOa (6yn, epuHe, epm KayircisoieiH
apmmebipadbl), an MexaHukarbiK apanacmbipfbilu mikenel CbifbliFaH ayamMeH XyMbIC icmelmiH
rHeeMamuKarbIK Ko3ranmkblwneH 6ackapbinadbl, an Komrpeccop buopeakmopOaH mbic, afl peakmopra mek
CobirblriraH aya bepy wnaHamapsl FaHa xibepinedi.
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TyliH ce3dep: 6uoza3 KOHObIPFbICKI, apanacmbipfbill Kypbiifbl, cybcmpam, b6uozas, 6anamaribi
3Hepeausi.
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KOHCTPYKLUMA NEPEMELUMBAIOLLEFO YCTPONCTBA B BMOITA30BON YCTAHOBKE:
NPOBJIEMbI U MEPCNEKTUBDI

B cmambe npedcmasrieH 0630p KOHCMPYKUUU repeMewusarouux ycmpoulcmes, Ucrosib3yeMbiX 8
buozasosbix ycmaHoekax (BI'Y). O¢gpcpekmusHocmb BIY 3agucum om MHoxXecmea hakmopos, 0OHUM U3
KOmopbix sernigemcs repemMewusaHue cybcmpama, C Uyesnblo rosebiweHus aggekmusHocmu BIY u
obecriequsaem: 8biceoboxdeHue obpasosasuie2ocss buoeasa; nepemewusaHue ceexel buomacchbl U
bakmepul 8 MemameHke; rnpedomepawieHue hopMuposaHuUsi Unu paspyuleHue KOpKU Ha rnogsepxHocmu u
MUHUMU3ayus ocadka; obecrieyeHue pasHOMepHoU memnepamypbl o ecemy buopeakmopy; obecriedeHue
pasHoMepHo20 pacrnpedeneHus nonynsayuu bakmepul. Xopowo nepemewiugaemoe Chipbe Moxem damb Ha
50% bornbwe 6buozaza. Mewarku pabomarom 8 C/I0XHbIX YC/108USIX a2peCcCU8HOU U rnoxapoornacHol cpeobi,
criocobecmeyroweli  8bICOKOU  Koppo3uu ee anemeHmos. KoHcmpykuyusi mewanok bIY He JdomxHa
criocobcmeosamp 10S6MIEHUIO UCKD UU M08bILIEHHOU memrepamypbl 80 u3bexaHue 83pbl800NacHbIX
cumyauud.

Ob6cyxdaromces npeumyuwecmsa U Hedocmamku pasfuYyHbIX MUrnog Mewariok, a makxe rnpobriemesl,
C KomopbIMU cmarnkugaromcsi npu ux akcrinyamauyuu. Ocoboe eHuMaHue ydesisemcs MepcrieKmueHbIM
HarpassieHUsIM pa3gumusi Mewarsok 05151 6uo2a308biX yCmMaHOBOK.

[MpednoxeHa KOHCMPyKyuUss ~Mewarnku C  [0ofIaskoebiM  ycmpolicmeoM,  Mo380risrou,as
nepemewugams buomaccy rno ecemy obnemy modyrns buopeakmopa. lNpeumyuiecmeo daHHOU KOHCMPYKUUU
8 omcymcmeuu anekmpodguzamerniss U 3/1EKMPUYECKUX Kabesel (4moO KOHEeYHO roebiaem
rnoxapobesonacHoCMb), a MexaHu4deckass Mewasika npusodumcsi 8 O8UXeHUe HernocpedcmeeHHo
pabomarowium om cxamoeo e030yxa rHeemolO8u2amersnieM, Mpu 3MOM KOMIPeccop Haxodumcs 3a
npedenamu buopeakmopa, a 8 peakmop 8edym ulub WJsaHau noda4vu cxamozo 8o30yxa.

Knroyeenie crioea: buozasosasi ycmaHoO8Ka, repemelwiugaroujee ycmpoticmeo, cybcmpam, buozas,
anbmepHamueHasi 3Hepa2emuka.

Information about the authors

Yerzhan ShayakhmetoVv' — PhD, Professor of the Department of Technological Equipment and
Mechanical Engineering; Shakarim University of Semey, Republic of Kazakhstan;, e-mail:
shaiakhmeterzh@mail.ru. ORCID: https://orcid.org/0000-0002-7986-0083.

Aslan Sovetkanov — Master's student of the Department of Technological Equipment and Mechanical
Engineering; Shakarim University of Semey, Republic of Kazakhstan; e-mail: sovetkanov706@gmail.com.
ORCID: https://orcid.org/0009-0009-1702-5590.

Rail Sovetbayev — Master, teacher of the Department of Technological Equipment and Mechanical
Engineering; Shakarim University of Semey, Republic of Kazakhstan; e-mail: rsovetbayev@mail.ru. ORCID:
https://orcid.org/0009-0007-3605-515X.

Oleg Morozov — Candidate of Technical Sciences, Acting Head of the Department Materials Science
and Metal Forming, Ulyanovsk State Technical University, Russian Federation, Ulyanovsk; e-mail: olmorozov-
rabota@yandex.ru.

ABTopnap Typanbl ManimerTep
EpxaH fpHapoBuuy LWasxmeTtos — PhD, «TexHONoruanblK xababiKTap >KeHe MaluuHa Kacay»
kadenpacblHblH npodeccopbl; Cemen kanacbiHblH Llekepim aTbiHAafbl yHuMBepcuTeTi, KasakcTaH
Pecnybnukacsl; e-mail: shaiakhmeterzh@mail.ru. ORCID: https://orcid.org/0000-0002-7986-0083.
AcnaH bBekkaHoBMY CoOBeTKaHOB — «TexHOMNorvsanblk >kabablkTap >eHe MalluvMHa xacay»
kKadenpacblHblH MaructpaHTtbl; Cemen KanacbiHbiH Lskepim aTbiHAaFbl yHuBepcuTeTi, KasakcTaH
Pecnybnukacsl; e-mail: sovetkanov706@gmail.com. ORCID: https://orcid.org/0009-0009-1702-5590.

ISSN 2788-7995 (Print) Becruux yunsepcurera llakapuma. Texuudeckue Hayku Ne 2(14) 2024 65
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 2(14) 2024


https://orcid.org/0000-0002-7986-0083
mailto:sovetkanov706@gmail.com.%20ORCID
mailto:sovetkanov706@gmail.com.%20ORCID
https://orcid.org/0009-0009-1702-5590
mailto:rsovetbayev@mail.ru
https://orcid.org/0009-0007-3605-515X
mailto:olmorozov-rabota@yandex.ru
mailto:olmorozov-rabota@yandex.ru
mailto:shaiakhmeterzh@mail.ru
mailto:sovetkanov706@gmail.com
https://orcid.org/0009-0009-1702-5590

Paun AsHoBuY CoBeTbaeB — « TexHONMorusanblK xxabablkTap XXeHe MaluvHa Xacay» kadeapacbiHblH,
MarucTpi, okbITywwbickl; CeMen kanacbiHbIH, LLakapim aTbiHaafbl yHUBepcuTeTi, KasakctaH Pecnybnukacesl; e-
mail: rsovetbayev@mail.ru. ORCID: https://orcid.org/0009-0007-3605-515X.

Oner UropeBu4 MoposoB — T.F.k., «MaTepnantaHy xkeHe MeTangapabl KbiCbIMMEH eHaey» kadeapa
MEHrepyLiciHiH M.a., YNbSHOB MEMIMNEKETTIK TEXHUKanNbIK yHuBepcuTeTi, Pecen ®enepaumsicel, YNbAHOBCK K.;
e-mail: olmorozov-rabota@yandex.ru.

CBepneHus 06 aBTOpax

EpxaH ApHaposuy LWasxmeTos — PhD, npoceccop kacdeapbl « TexHonornyeckoe obopyaosaHue
MalLMHOCTpoeHney»; YHuBepcuteT uMeHun Llakapuma ropoga Cemelt, Pecnybnuka KasaxctaH; e-mail:
shaiakhmeterzh@mail.ru. ORCID: https://orcid.org/0000-0002-7986-0083.

AcnaH BexkaHoBn4 CoBeTkaHOB — MarncTpaHT kadeapbl «TexHonormdyeckoe obopygoBaHue u
MalUMHOCTpoeHuey»; YHusepcuteT umeHu Llakapuma ropoga Cemeld, Pecnybnuka Kasaxcrtan; e-mail:
sovetkanov706@gmail.com. ORCID: https://orcid.org/0009-0009-1702-5590.

Pann AsHoBu4y CoBetbGaeB — mMmaructp, npenogaBatenb Kadedpbl «TexHonornyeckoe
obopynoBaHue ¥ MalMHOCTpoeHue»; YHuBepcuTeT umeHu Llakapuma ropoga Cemen, Pecny6bnuvku
KasaxctaH; e-mail: rsovetbayev@mail.ru. ORCID: https://orcid.org/0009-0007-3605-515X.

Oner UropeBuy Mopo3oB — K.T.H., n.0.3aB. kadeapbl «MaTepnanosegeHue n obpaboTtka meTannos
JaBrneHnemMy, YnNbsSHOBCKAA TOCYOApCTBEHHbIN TexHuW4Yeckun yHuBepcuteT, Poccunckas Pegepaums,
r.YnbsaHoBck; e-mail: olmorozov-rabota@yandex.ru.

Received 28.05.2024
Revised 14.06.2024
Accepted 17.06.2024

DOI: 10.53360/2788-7995-2024-2(14)-9

)BY 40 |
MPHTW: 65.13.19 ]

E.M. Arsam®™ A K. Kakumos’, A.E. Epenranues?, H.K. U6parumoB’ B.A. Jlo6aceHko?
YYHueepcuteT nmenn LLlakapuma ropoga Cement
071412, Pecnybnuka KasaxctaH, r. Cemen, yn. munkn, 20 A
2KemMepeBCKuMi rocy1apCTBEHHbIN YHUBEPCUTET
650000, Poccuitckas Pepepauuns, r. Kemepono, yn. KpacHas, 6
*e-mail: ektu2009@gmail.com

BbIBOP ONTUMAJIbHOIO OBOPYAIOBAHUA MNMPU CYLLKE KYPTA

AHHOmMauyusi: Cywka uzspaem pewarwyr pofb 6 poussoocmee Kypma, mpaduyuoHHO20
Kuc/ioMosioyHo20 npodykma. OHa npodrnesaem CPOK 200HOoCmU, yrydwaem Ccmpykmypy U 8KyC.
Cywiecmsytom pas/u4Hble Memodbl CYWwKU, KaxObili U3 KOmMOPbIX UMeem ceou npeuMywiecmsa Uu
Hedocmamku.

CorniHeyHasi U meHeeas Cywika Siefst0MCcs 3KOHOMUYHbLIMU, HO 3a8UcsSm om 0o200HbIX ycnosul u
medneHHble. WHepakpacHasi cywka, b6bicmpass u aghgpekmusHas, HO mpebyem 0Aoposocmosu,e2o
obopydosaHusi. BakyymHasi cyuwika obecriequeaem Hauslydulee Kadecmeo, HO makxe siersemcsi camol
Oopozol. KoHeekmuegHasi cywka bbicmpasi u aghghekmueHasi, HO MOXem rpugecmu K rnomepe numamesibHbIX
seujecms.

Bbibop nodxodsue2o memoda cywku 3asucum om mMacwmaba npouzeodcmea, docmynHocmu
pecypcos, mpebyemozao kadecmea npodyKuyuu U cmoumocmu. [nsi manbix u cpedHux npoussoocms
KOHBEKMUBHas Unu UHgbpakpacHas cywka moaym bbimb onmumMarsbHbIMU 8apuaHmamu.

Heszasucumo om ebibpaHHO20 Memooda, 8aXHO y4umbieamb 3HepP203¢hheKmusHOCMb, MPOCmMomy
aKcrinyamauyuu U HalexHocmbs  cywurnbHo2o obopydoeaHusi. [lpasusnbHbil  6bI60p  CywUuribHO20
0bopydoeaHuUs1 eapaHMUupPyem 8bICOKOE Ka4yecmeo U 05umeribHbIl CPOK XpaHeHUs Kypma.

LHaHHass cmambss  nod4yepkugsaem  Heobxodumocmb  paspabomku  crieyuanu3uposaHHO20
obopydoeaHuss Ofi1 CYWKU Kypmos, y4yumbi8asi UX YHUKajlbHble XapakmepucmuKku U creyuguky
npouszgodcmea. B koHmexkcme omcymcmeuss nodxodswe2o0 o06opy0oeaHUsi Ha PbiHKE, Y4YeHble
alanmuposarsiu umerouwuecs peweHus 0n1s amou uenu. OdHako, npedcmasrieHHoe 8 pabome KOH8EKMUBHOE
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