ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)

20214

KA3AKCTAH PECITIYBJIMKACHI
YJITTBIK FbLJIBIM AKAJJEMUSACBIHBIH

BASAHIAMAJIAPDBI

TOKJIAJIbI

HAIIMOHAJIBHOM AKAJTEMHH HAYK
PECIIYBJIUKU KA3AXCTAH

REPORTS

OF THE NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

PUBLISHED SINCE JANUARY 1944

ALMATY, NAS RK



KA3AKCTAH PECITYBJIMKACEI
YJITTBIK FBUTBIM AKAJEMUSCBIHBIH

BASAHIAMAJIAPBI 20214

Bac penakrop:
7KYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FEUTBIMAAPBIHBIH JOKTOPHL, ipodeccop, KP ¥YFA akanemuri, Kazakcran
PecmyOnukace! ¥ ITTHIK FEUTBIM akaaeMusichiHBIH npesnnenTi, AK «JI.B. Cokonbckuii aTeIHAAFBI OTHIH, KaTaJN3 )KOHE
AIIEKTPOXUMISI MHCTUTYTHIHBIHY 0ac mupekTopsl (Aimarsl, Kasakcran) H =4

Pepaknua aaxkacel:

BEHBEPUH Banepuii BacunbeBuu (6ac pemaxTopIslH OpblHOAcaphl), MEAWIMHA FRUIBIMAAPBIHBIH JTOKTODEI,
mpogeccop, KP ¥FA axanemuri, Kasakcran PecrryOnukacs [Ipesunenti Ic backapmacst MennuIinHaIBIK OPTaIBIFBIHBIH
nupexTopsl (AnMarsl, Kasakcran) H =11

PAMAHKYJIOB Epaan MupxaiinapyJisi (0ac pegakropasiH opsiOacapsl), mpodeccop, KP ¥FA xoppecnoneHt-
mymieci, Ph.D Gmoxumus sxoHe MOJIEKYINaIbIK TeHETHKA Calackl OOMBIHIIA ¥IITTHIK OMOTEXHOIOTHS OPTAJIBIFBIHBIH 0ac
nupextopsl (Hyp-Cynran, Kazakcran) H = 23

I9JIEKEHOB Cepra3bl MbIH:Kacapyibl, XUMHAS FRUIBIMIAPBIHBIH TOKTOPHI, mpodeccop, KP ¥FA akagemuri,
«DUTOXUMIS XaTBIKapaIbIK FEUTBIMUA-OHAIPICTIK XonauHTIHIH qupekTopsl (Kaparanmer, Kazakcran) H = 11

CAHTI'-CY KBak, Ph.D (6uoxumus, arpoxumus), mpodeccop, Kopelt OHOFBUTBIM jkoHE OMOTEXHOJIOTHS FHUTBIMHE-
3eprrey mHCTUTYTH (KRIBB), eciMmikTepmiH MHKEHEPIIK KyHenepi FEUIBIMUA-3EPTTEY OPTAIBIFBIHBIH 0ac FRIIBIMHU
kp13metkepi (Ar4on, Kopes) H = 34

BEPCIMBAEB Paxmerkaxbl EckeHaipy/ibl, OHONOTHS FHUIBIMIAPBIHBIH IOKTOPHI, mpodeccop, KP ¥FA
akagemuri, Eypasus ynrTeik yausepcurteti. JIL.H. l'ymues (Hyp-Cynran, Kazakcran) H = 12

OBUEB Py¢at, TexHuka FBUIBIMAAPBIHBIH JOKTOPHI (Omoxumust), mpodeccop, Cankr-IlerepOypr MeMIIeKeTTiK
TEXHOJIOTHSUTBIK MHCTUTYTBI «XUMUSAJIBIK JKOHE OMOTEXHOIOTHSUIIBIK amllapaTypaHbl OHTAMIaHIBIPY» KadeapachiHbIH
meHrepymici (Carkr-IlerepOypr, Peceit) H = 14

JIOKIINH Bsiueciap HoTraHoBHMY, MEIUIIMHA FRUIBIMAAPBIHBIH NOKTOPHL, mpodeccop, KP ¥FA axamemwri,
«PERSONA) xanpIKapablK KIMHAKAIBIK, PETPOAYKTOIOTHS OPTaIBIFBIHBIH TUpeKTOpsl (AnMartsl, Kasakcran) H =8

CEMEHOB Buaagumup I'puropbeBud4, Omomorus FHUIBIMAAPBIHBIH JTOKTOpHL, Tpodeccop, UYysam
PecmyOnmukachIHBIH €HOCK CiHIpTeH FRUIBIM KaiipaTkepi, «HyBam MEeMIICKEeTTIK arpapiblK YHHBEpCHTET» Denepanibi
MEMIICKETTIK OIOKETTIK JKOFapel OiliM Oepy Mekemeci AKyHIEpTiK JXKoHE Tepamus KageIpachblHBIH MEHTepyIIici
(Heboxcapsr, Peceit) H =23

DAPYK Acana Jap, Xammap ane-Mamkuga Xamaap YHUBEPCUTETIHIH IIBIFBIC MEAUIIHHA (aKynbTeTi, LIbFpic
MeINITUHACKH KoJUTeKiHIH mpodeccops! (Kapaum, [Toxicran) H =21

HIENETKHWH Urops AnexkcaHaApoBUY, MEIUIIHA FRUIBIMAAPBHIHBIH JOKTOPHI, MOHTaHA MITATHl YHUBEPCUTETiHIH
npogeccopsl (MonTana, AKII) H = 27

KAJIAH/IPA IIsetpo, Ph.D (¢pu3uka), HaHOKYpBITBIMABI MaTepHangapAbl 3epTTEy HHCTUTYTHIHBIH PO(eccophl
(Pum, Utamus) H = 26

POCC Camup, Ph.D, Muccucunu yauBepcurteTiHig Papmarms MekTedi oCiMIiK ©HIMACPIH FBUIBIMH 3€pTTEY
opTasbIFBIHEIH Tpodeccopsl (Oxcdopn, AKII) H = 26

MAJIBM AmnHa, dapMarieBTHKa FBUIBIMIAPBIHBIH JTOKTOPHI, Tpodeccop, JIFoOnnH MenuImHa YHHUBEPCHTETIHIH
(dapmaneTuka paxynsreTiHiH Aekansl (JItoomun, [Tonsma) H =22

OJIUBBEPO Poccu Ce3ape, Ph.D (xumus), Kanabpus yausepcuretinia npodeccops (Kamadpus, Utamus) H=27

«Ka3zakeran Pecny0iukacsl ¥JITTBIK FBUIBIM aKa1eMHSACBIHBIH 0asiHIaMaIapbDy

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

Menmrikreymri: «Kazakcran PecnyOnukachiHBIH ¥JITTBHIK FBUIBIM aKaJeMHUSACHDy PecryOnuKanbiK KOFaMIBIK OipiecTiri
(Ammarsr k.). Kasakcran PecyOnukachiHBIH AKMapaT jKoHE KOFaMIBIK JaMy MHHHUCTPIITIHIH AKIapaT KOMHTETIH/E
29.07.2020 x. 6epinren Ne KZ93VPY 00025418 mep3imaik 0acbUTBIM TipKeyiHe KOWBLTY TYpabl KyolliK.
TaxBIPBIITHIK OAFBITHL: OCIMOIK WUAPYAUBLIBIEbL, IKOTOSUS HCIHE MEOUYUHA CANACBIHOARbI OUOMEXHONO02UA, PUUKATILIK
JICIHE XUMUSLIBIK EbLILIMOAp.

Mep3imainiri: ®KbutbiHa 6 peT.

Tupaxsr: 300 nana.

Penakiusubig MmekeHn-xaibl: 050010, Anmars! K., IlleBuenko keoir., 28; 219 Geur.; Ten.: 272-13-19
http://reports-science.kz/index.php/en/archive

© Kazakcran PecryOnukachlHbIH ¥ATTHIK FRUIBIM akagemusichl, 2021

TunorpadusHbig MekeH-Kaibl: «ApyHa» KK, Anmarsr k., Mypar6aesa ker., 75.

2




TOKJAJIBI 20214

HAILIMOHAJIbHOM AKAJJEMUN HAYK
PECITYBJIMKH KA3BAXCTAH

I'1aBHBIN pegakTop:
KYPUHOB Mypar KypunoBud4, OKTOp XHMHYECKHX Hayk, mpodeccop, akamzemuk HAH PK, mpesunent
HannonaneHoit akagemun Hayk Pecrryonuku Kasaxcran, reaepaibubiii tupexrop AO «MHCTUTYT TOIUINBA, KaTalu3a U
anekrpoxumun uM. [1. B. Cokonmbsckoro» (Anmarsl, Kasaxcran) H =4

PenakuuonHas KoJJIerus:

BEHBEPHUH Banepuii BacuibeBHY (3aMeCTHTEIb [JIABHOTO PEIAKTOPA), TOKTOP MEAMIIMHCKUX HAYK, Tpodeccop,
akagemuk HAH PK, nupexrop Meauunckoro nenrpa Ympasienust nenamu Ilpesunenra Pecryonmukm Kazaxcran
(Anmarer, Kazaxcran) H =11

PAMAHKYJIOB Epsian MupxaiiiapBu4 (3aMeCTUTeIb INIABHOTO PelaKTopa), Mpodeccop, WIEH-KOPPECIIOHICHT
HAH PK, Ph.D B o6mactin OHOXMMHN U MOJIEKYJSIPHOW TeHETHKH, | eHepanbpHbIN nupekrop HammoHanpHOTO IIeHTpa
o6unorexnonorun (Hyp-Cynran, Kasaxcran) H =23

AJIEKEHOB Cepra3ssl MbIHKacapoBu4, JIOKTOp XUMHYECKHUX HayK, npodeccop, akanemuk HAH PK, nupexrop
Mex1yHapOHOTO Hay4HO-TIPOU3BOACTBEHHOTO XoiuHra «Puroxumus» (Kaparanna, Kazaxcran) H =11

CAHTI-CY Kgaxk, noktop ¢punocopun (Ph.D, Gnoxumusi, arpoxumust), npodeccop, NIaBHbIH HayYHBIH COTPY/IHHK,
HayuHo-uccrnenoBarenbckuil UEHTP UHKEHEPHBIX cUCTEM pacTeHuil, Kopelickuil HaydHO-UCClie0BaTeIbCKUI HHCTUTYT
o6uonayxu n onorexunonornn (KRIBB), ([I>1on, Kopes) H = 34

BEPCHUMBAEB Paxmerkanxu MckeHIupoBHY, TOKTOp OMOIOTHYECKHUX Hayk, mpodeccop, akagemuk HAH PK,
EBpaswuiickuii HanmoHanbHbIN yHUBepceuTeT uM. JI.H. I'ymunesa (Hyp-Cynran, Kazaxcran) H = 12

ABUEB Pydar, nokrop TexHnueckux Hayk (OMoxumusi), mpodeccop, 3aBeyromuil kageapoid «OnTuMu3amms
XMMHUYECKOM ¥ OnorexHosorndeckoi anmaparypbl», Cankr-IlerepOyprcknii rocynapcTBEHHBIH TEXHOJIOTMYECKHIH
nHctutyt (Cankr-IlerepOypr, Poccust) H = 14

JIOKIINH Bsiuecnias HoranoBuu, akanemuk HAH PK, nokrop menmmmHCKMX Hayk, mpodeccop, TUPEKTOp
MexayHapogHOTo KIMHIYecKoro neHTpa penpoxykroiaoran «PERSONAY (Anmarer, Kazaxcran) H = 8§

CEMEHOB Buaagumup I'puropbeBuY, JOKTOp OHOJOTHUECKUX HAyK, MPOQPEcCcop, 3aciyKCHHBIH IesTellb
nayku Yysamckoit PecryOnuku, 3aBemyromuii kadeapoil Mopdonoruu, akymepcrBa M Tepanuu, dDenepaibHoe
TOCYIapCTBEHHOE OIO/PKETHOE 00pa3oBaTebHOE yUpeXkICHNE BBICIIET0 00pa3oBaHus «UyBalIcKuii rocyaapcTBEeHHBIN
arpapHbIid yHUBepcuTe» (Yebokcaper, YyBamickas Pecmyomuka, Pocenst) H =23

DAPYK Acana [lap, npodeccop Kommemxa BocTouHONW MemumuHBI Xamaapaa anb-Mamknuga, (akyiasTeT
BOCTOYHOW MeIMIMHBI YHUBepcuTeTa Xamaapaa (Kapauu, [Takuctan) H =21

HIEINETKHWH Urops AJieKCaHIAPOBHY, JOKTOP MEIUIIMHCKUX HAyK, Ipodeccop YHuBepcuTeTa mrara MoHTaHa
(CIIA) H=27

KAJAHJPA Iwsetrpo, nokrtop ¢urocopun (Ph.D, ¢wusuka), mpodeccop HWHcTHTYyTa 1O U3YUYCHHIO
HAHOCTPYKTYPHPOBaHHBIX MarepuaioB (Pum, Urammst) H = 26

POCC Camup, noxrop Ph.D, mpodeccop IlIkomsr papmarmn HammonaapHOTO IEHTpa HAyYHBIX HCCIECIOBAHUMA
pacTHTeNbHBIX MPOoayKTOB YHUBepcuTeTa Muccucumnu (Oxcdopa, CHIA) H =26

MAJIBM AnHa, 1okTOp (hapManieBTHUECKUX HayK, Ipodeccop, JeKaH (papMaleBTHIECKOro (GakyapTeTa
JrobmuHCcKoTO MeauIMHCKOTO YHUBepcHuTeTa (JIroomuH, [lompmra) H = 22

OJINBBEPO Poccu Yezape, noxrop ¢punocodun (Ph.D, xumus), mpodeccop Yaupepcurera Kamadpun
(Kamabpus, Utamus) H =27

Joxaaasl HauuonansHoi akagemuu Hayk Pecnyonnku Kazaxcran»

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

CoOctBennuk: PecnyOnnkanckoe ooOmecTBeHHOe oObennHenue «HanmonaneHas akagemus Hayk PecryOnuku
Kazaxcran» (. Anmarbl). CBUIETEIBCTBO O ITOCTAHOBKE HA y4YeT NMEPUOANYECKOro rnedarHoro uganus B Kommrere
nHpopMami MUHHCTEPCTBAa MHPOPMAITUH 1 001IIeCTBeHHOTO pa3BuTha Pecryonukn Kazaxctan Ne KZ93VPY 00025418,
BergagHoe 29.07.2020 .

TemaTnueckasi HaIPaBICHHOCTb: OUOMEXHON02UA 8 0OIACMU PACTNEHUEB0OCHISA, IKONOUU U MEOUYUHDBI, Pu3UYecKue u
Xumuyeckue HayKu.

[epuonmunocTs: 6 pas B Tof.

Tupax: 300 sx3eMIuIsIpoB

Anpec pemakuuu: 050010, . Ammarsl, yi. Lllesuenko, 28; koM. 219; ten. 272-13-19
http://reports-science.kz/index.php/en/archive

© HanmonansHast akagemus Hayk Pecny6nmuku Kasaxcran, 2021

Anpec tunorpaduun: UIT «ApyHay, T. Anmarsr, yi. Myparbaesa, 75.

3




REPORTS 20214
OF NATIONAL ACADEMY OF SCIENCES OF THE
REPUBLIC OF KAZAKHSTAN

Editor in chief:
ZHURINOV Murat Zhurinovich, Doctor of Chemistry, Professor, Academician of NAS RK, President of the
National Academy of Sciences of the Republic of Kazakhstan, General Director of JSC “Institute of Fuel, Catalysis and
Electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Editorial board:

BENBERIN Valery Vasilievich, Doctor of Medicine, Professor, Academician of NAS RK, Director of the Medical
Center of the Presidential Property Management Department of the Republic of Kazakhstan (Almaty, Kazakhstan)
H=11

RAMANKULOYV Erlan Mirkhaidarovich, Professor, Corresponding Member of NAS RK, Ph.D in the field
of biochemistry and molecular genetics, General Director of the National Center for Biotechnology (Nur-Sultan,
Kazakhstan) H =23

ADEKENOYV Sergazy Mynzhasarovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK,
Director of the International Scientific and Production Holding «Phytochemistry» (Karaganda, Kazakhstan) H =11

SANG-SOO0 Kwak, Ph.D in Biochemistry, Agrochemistry, Professor, Chief Researcher, Plant Engineering Systems
Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB) (Daecheon, Korea) H = 34

BERSIMBAEV Rakhmetkazhi Iskendirovich, Doctor of Biological Sciences, Professor,Academician of NAS
RK, L.N. Gumilyov Eurasian National University (Nur-Sultan, Kazakhstan) H = 12

ABIYEYV Rufat, Doctor of Technical Sciences (Biochemistry), Professor, Head of the Department of Optimization
of Chemical and Biotechnological Equipment, St. Petersburg State Technological Institute (St. Petersburg, Russia)
H=14
LOKSHIN Vyacheslav Notanovich, Professor, Academician of NAS RK, Director of the PERSONA International
Clinical Center for Reproductology (Almaty, Kazakhstan) H = §

SEMENOYV Vladimir Grigorievich, Doctor of Biological Sciences, Professor, Honored Scientist of the Chuvash
Republic, Head of the Department of Morphology, Obstetrics and Therapy, Chuvash State Agrarian University
(Cheboksary, Chuvash Republic, Russia) H =23

PHARUK Asana Dar, professor at Hamdard al-Majid College of Oriental Medicine. Faculty of Oriental Medicine,
Hamdard University (Karachi, Pakistan) H =21

TSHEPETKIN Igor Aleksandrovich, Doctor of Medical Sciences, Professor at the University of Montana
(Montana, USA) H =27

CALANDRA Pietro, Ph.D in Physics, Professor at the Institute of Nanostructured Materials (Monterotondo Station
Rome, Italy) H=26

ROSS Samir, Ph.D, Professor, School of Pharmacy, National Center for Scientific Research of Herbal Products,
University of Mississippi (Oxford, USA) H =26

MALM Anna, Doctor of Pharmacy, Professor, Dean of the Faculty of Pharmacy, Lublin Medical University
(Lublin, Poland) H =22

OLIVIERRO ROSSI Cesare, Ph.D in Chemistry, Professor at the University of Calabria (Calabria, Italy) H=27

Reports of the National Academy of Sciences of the Republic of Kazakhstan.

ISSN 2518-1483 (Online),

ISSN 2224-5227 (Print)

Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty). The certificate of registration
of a periodical printed publication in the Committee of information of the Ministry of Information and Social
Development of the Republic of Kazakhstan No. KZ93VPY 00025418, issued 29.07.2020.

Thematic scope: biotechnology in the field of crop research, ecology and medicine; physical and chemical sciences.
Periodicity: 6 times a year.

Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://reports-science.kz/index.php/en/archive

© National Academy of Sciences of the Republic of Kazakhstan, 2021

Address of printing house: ST «Arunay, 75, Muratbayev str., Almaty.




ISSN 2224-5227

4.2021

BIOTECHNOLOGY

REPORTS OF THE NATIONAL ACADEMY OF SCIENCES

OF THE REPUBLIC OF KAZAKHSTAN
ISSN 2224-5227
Volume 4, Number 338 (2021), 5 - 12

UDC 664.723:631.243.3
IRSTI 68 85 35

https://doi.org/10.32014/2021.2518-1483.52

Askarova A.Y", Alpeissov Y.!, Barzhaksina B.!, Askarov A.?

'Kazakh Agrotechnical University named after S. Seifullin, Nur-Sultan, Kazakhstan;
Almaty Technological University, Kazakhstan.
E-mail: e_alpeisov@mail.ru

SUBSTANTIATION OF THE POSSIBILITY OF INCREASING THE EFFICIENCY
OF DRYING OF GRAIN BY METHOD OF ACTIVE VENTILATION

Abstract: this article analyzes existing installations for active ventilation of grain (further in the
article: AVG) in containers (bunkers, silos), identifies their main disadvantages. Experimental study has been
carried out to assess the technological efficiency of existing installations for AVGduring stationary storage in
a container. As a result of the analysis of the obtained results of the experimental study, the cause of the
inhomogeneous temperature field inside the grain mound was revealed due to the uneven distribution of the
air flow (working agent) in the interg rain space. When designing the air distribution channel of the installation,
the need to comply with the law of conservation of mass for a continuous medium, for example, an air flow,
was not taken into account. A ventilated bunker with a rational design of an installation for active ventilation
of grain has been proposed. The principal difference between the bunker and the existing ones lies in the
method of uniform distribution of the air flow inside the grain mound. The installation for the implementation
of this method includes two channels designed for injecting air into the mound and removing the exhaust air
together with the evaporated moisture when drying the grain using the active ventilation method. The law of
conservation of mass is observed due to the cone-shaped design of the air distribution channels, as a result of

which a uniform temperature field and humidity are created in the interg rain space of the mound.
Key words: installation, bunker, grain, storage, active ventilation, drying, humidity, temperature,
intergrain space, mound of grain, air, distribution channels.

Introduction. The issue of grain storage
after harvesting with an improvement of quality
indicators requires the implementation of various
measures depending on the type and initial
condition of the grain. The most important of these
measures is the AVG in the open area and in the
granariestanks. The essence of AVG is to prevent
overheating of the grain by cooling the self-heating
mass. Wet grain mass can be dried by active
ventilation with atmospheric air. AVG with warm
dry air after harvesting increases the germination
energy of immature grains, improves the quality of
subsequent products.

The issue of improving the processes of
drying and cooling is always actual topic in
companies in relation to grain receiving, initial
processing and storage. The interest of specialists in
the AVG technology is associated with the
versatility of the application of the corresponding
installation along with the simplicity of their design.

Increasing the intensity of ventilation of grain in the
hoppers such as "Petkus™ (Germany), BV (Russia)
is directly related to the rationality of relate
dequipment‘s working elementsdesign.

The purpose of the study: identification of the
disadvantages of existing installations for the AVG,
the choice of an effective method for AVG and
rational design of the installation air distribution
channels.

Research objectives: analysis of the essence
of AVG and factors affecting the processefficiency;
comparative analysis of known equipment for grain
ventilation and drying; choose an effective way of
grain  ventilation and rational equipment
design;analysis of the influence of the chosen
design on the efficiency of the process.

Expected results: raises of the technological
efficiency of grain storage with a decrease in cost of
the processes; requirements for preventive
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processing of grain, are met improved the sanitary
and hygienic working conditions.

Main part. Active ventilation of wet grain
using atmospheric or heated air during warm dry
weather limits the growth of microorganisms. As a
result, the duration of stable storage of grain
increases and its quality indicators improve.

The main parameters of the process of active
ventilation of grain, according to which the
technological mode of operation of the equipment is
established, are the flow rate, the temperature of the
fuel assembly and the humidity of the air flow; the
height of the grain moundand the duration of
ventilation.

Factors affecting the efficiency of active
ventilation of grain: type of grain, initial moisture
Wingr (%) and temperature Ting’C of grain,
frequency of ventilation, air velocity var (M/S),
height of the grain mound Hmound, Moisture Wair (%)
and temperature t,°C air, climatic conditions and
season.Indicators of efficiency of stationary
ventilation of grain in elevator silos and buildings of
granaries: ripening of unripe grain; ensuring the
quality of grain for the intended purpose;
preparation of seeds for sowing; gas treatment of
grain to prevent the viability of pests; prevention -
cooling; preliminary drying of grain.

Methods of active ventilation of grain and
equipment. Depending on the purpose of
ventilation and the type of grain storage, appropriate
types of installations are used. Known installations
for warehouses with inclined and horizontal
bottoms, as well as bunkers. Depending on the
design features, they separate installations for
stationary ventilation and floor-standing ones for
grain storage rooms. Floor-standing installations are
divided into stationary, mobile and telescopic.

The main disadvantage of the known
methods of active ventilation of grain and related
equipment is the uneven distribution of air in the
intergranular space. Analyzing the features of
installations for AVG, it is possible to determine the
reasons for this deficiency.The methods of AVGin
the mound, depending on the direction of air
movement, are divided into horizontal and vertical.
Floor ventilation systems for grain in warehouses
and some bunker installations ventilate grain in a
vertical direction. The technological efficiency of
such ventilation units depends on the height of the
grain moundand its initial moisture content.

The ventilated bunkers, developed by the firm
"Pectus” (Germany) and type VB (Russia), are
intended for storage of seed grain [1,2,3,8]. Inside
the hopper there is an installation for universal use:
for ventilating a self-heating mass of grain or drying
wet grain. The main working elements of the
installation are two cylinders with a perforated

surface, between which there is a ventilated mass of
grain. During ventilation, the air flow is forced into
the inner cylinder. Through the openings of the side
wall of the cylinder, the air flow enters the
intergranular space and through the openings of the
side walls of the outer cylinder, air with moisture is
directed into the atmosphere. In the inner air
distribution cylinder there is a piston, the position of
which is adjusted by means of a winch through
block. The location of the piston determines the
height of the grain mound. If the hopper is not fully
loaded with grain, the piston must be below the
upper level of the grain. The ventilated «Pectus»
hopper can be used to dry wet grain to equilibrium
moisture content.For this, a heater is provided in the
ventilation system to heat the air to a certain
temperature. The advantages of such bunkers are
simplicity of design, ease of maintenance, small
footprint due to the height of the body, full
mechanization and automation, adjustable height of
the mound, the use of electricity due to the
integrated equipment of the system for drying grain,
etc.

The main drawback of ventilated bunkers is
revealed as an uneven distribution of air flow in the
intergranular space. The air speed decreases as it
moves along the cylindrical distribution channel
due to the increase in aerodynamic drag. A constant
cross-section of the channel in height negatively
affects the distribution of air along the height of the
ventilated grain mass. This means that when
choosing the design of the air distribution channel,
the developers did not take into account the law of
conservation of mass. The method of regulating the
height of the ventilated grain layer does not
completely solve the problem associated with
uneven air distribution, and also increases operating
costs.

According to the method of horizontal
ventilation of grain in bunkers, two systems are
adopted: for air injection and for suction of exhaust
air with moisture released in the form of steam.
Accordingly, depending on the purpose of the
system, two fans are adopted, operating
simultaneously.

As the results of exploratory research have
shown, the duration of horizontal ventilation of the
grain mound is 3...5 times less than the vertical.
However, the air consumption per unit mass (1 ton)
of grain is 3,0...3,5 times more, while the air heated
by 2°C. Therefore, the method of horizontal
ventilation of grain is more expensive than the of
vertical. The height of the grain embankment is
limited depending on its initial moisture content.
According to the results of the study, with a grain
mound height above 1,5 m, unit costs increase
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sharply, and the technological efficiency of the
process decreases [8].

The formulation of the ventilation problem
does not exclude the possibility of undesirable
processes (self-heating, caking, etc.) in the grain
mass, which lead to a deterioration in the quality
characteristics of the grain. As practice shows, the
optimal moisture content of grain in the grain
mound should not exceed 13...14%, which is the
main factor of grain stability for storage. In this
case, the amount of heat and carbon dioxide
released in the grain mass itself and in all
components of the grain mass that are harmful to the
grain (with the exception of rodents and birds) is
significantly reduced.

Investigation of the efficiency of the air
distribution system for drying grain by means of
active ventilation. On the above-ground granaries
of peasant farms, floor installations are used, as
stationary type SUV, telescopic type TUV. To
determine the technological efficiency of floor-
standing installations, a technique has been
developed for conducting an experimental study.
Experiments were carried out to study the process
of drying grain using a floor-standing experimental
installation in the form of a section based on TUV.

Experimental research technique. Figure 1
shows a diagram of the experimental setup. The
tank 1 of the installation has a rectangular shape and
is made of perforated steel sheet with a hole
diameter of 2 mm. Dimensions of the tank: 3*3*2
m. At the bottom of the tank 1 along its axial line
there are air distribution channels 3 having a conical
shape with a base diameter of 200 mm, facing the
opposite walls of the container. Large bases of the
channels through diffuser 4 and pipelines were
connected with a centrifugal fan VTS 4-70-2,5 with
parameters: power 0,55 kW, air flow rate 1500 m*/h
and pressure loss 1000 Pa [6].

2

2000

Figure 1 — Schematic of the experimental setup: 1 -
perforated container; 2 - grain embankment; 3 - air
distribution channels; 4 - diffuser

Product, initial parameters. A grain heap of
wheat of the "Atbasar” variety was accepted with a
moisture content of 25% and a temperature of 22°C,
the height of the grain mound in the tank is 1,5 m.

The study was carried out according to the
well-known method of Institute "Grain" (Moscow)
in accordance with the standards for determining the
moisture content of grain SS 13586.5-2015 /RF/ [6]
and the method of grain sampling SS 13586.3-2015
IRF/ [7].

According to the well-known research
technique, to determine the technological
parameters of the grain mound from 6 points of the
grain mound along the height and, accordingly, the
length of the container, a sample was taken of 6*2
= 12 times, each weighing 50 g.

The air flow velocity at the outlet of the
diffuser 4 (Fig.1) was assumed to be no more than
the standard value for grain ventilation - 0,02 m/s.

The procedure for conducting experiments.
To measure the temperature and moisture content of
the grain in the grain mound, 6 points were marked
along the height and length of the embankment
along the tank centerline. For this purpose,
appropriate sampling holes are drilled in the tank
wall. Taking into account the distance between the
sampling points and the designated points of the
embankment, the position of the holder of the PI1O-
1,6*50 sampler was adjusted in accordance with the
specified depth of its penetration into the grain
mound. Points in the mound for measuring grain
temperature and sampling: 1,2,3,4,5 and 6 (Fig. 1).

Control and measuring devices: vertical
electrocontact mercury thermometer TIIK-IT;
sampler PITO-1.6*50, laboratory drying cabinet
CIII-4. Parameter measurement technique: the
initial and final moisture content of grain at six
points along the height of the grain moundand along
the length of the air distribution channel were
determined according to a well-known method
[6,7]: the moisture content of samples, each
weighing 50 g, was determined using an CII-4
drying cabinet. The initial and final temperatures of
the grain at the corresponding points were measured
using a TPK-P  electrocontact  mercury
thermometer.

The procedure for measuring the temperature
of the grain at the characteristic points 1, 2, 3, and 6
in the mound (Fig.1). In the experimental setup, the
moundwas ventilated with an air stream heated to
60°C degrees using a heater for 2 hours. The grain
temperatures were measured at characteristic points
with an electric contact thermometer in accordance
with the measurement procedure. For this, a
thermometer, connected to an alternating current
source with a frequency of 50 Hz, was directed to
the corresponding characteristic point in the mound
through the corresponding holes on the tank.

The measurement results were entered in
Table 1.
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Analysis and discussion of research
results. Table 1 below shows the results of grain
ventilation with an initial moisture content of 25%,
a temperature of 22°C in a perforated tank for 120
minutes at an air temperature of 60°C. Figure 3
shows a graph of changes in moisture w, (%) and
grain temperature t,°C at the accepted characteristic
points mass of grain: 1,2,3,4,5 and 6, that is,
depending on the height and width of the moundof
ventilated mass of grain.The moisture content and
temperature of the grain in the embankment vary
depending on the direction of the air flow. The air
flow gives off heat to the grains and, having cooled
down, together with the evaporated moisture, is
directed from the intergranular space to the outlet.
When the grain is dried with heated air at 60°C, the

surface moisture of the grain evaporates and the
grain moisture gradually decreases.

The moisture and temperature of the grain
varies greatly in the vertical direction in accordance
with the direction of the air flow. For example,
when the embankment is ventilated from bottom to
top at characteristic points along the vertical Nel and
Ne6 (Fig. 2), the humidity is 16% and 25%, the
temperature is 33 and 28°C (curves 1 and 2 are
characteristic points along the vertical).The
moisture and temperature of the grain horizontally
change slightly. Since at the characteristic points on
the horizontal lines Nel and Ne6 the humidity is 17%
and 18%, the temperature is 33°C and 28°C (in Fig.
2, curves 3,4 refer to the characteristic points along
the horizontal).

Table 1 - The results of drying wheat grain at an initial moisture content of 25%, a temperature of 22°C by
the method of active ventilation (drying time 120 min, air temperature 60°C)

Results Characteristic points 1 ... 6 in the grain mound
1 2 3 4 5 6
Grain By the height of the grain mound 16 17,4 | 18 22 23 25
moisture, %
Along the length of the grain mound | 18 18 18 18 19 20

Grain By the height of the grain mound Characteristic points 1 ... 6 in the grain mound
temperature, 33 32 30 26 24 28
tC By the width of the grain mound 30 30 30 29 28 28

The air flow injected into the grain mound
from the floor air distribution channel of the tank in
the vertical direction is unevenly distributed in the
intergranular space. Moving upwards, the grain
drying efficiency gradually decreases. The conical
design of the horizontal duct allows uniform
distribution of the air flow in the horizontal
direction. Since along the horizontal axis of the
container (width of the mound), the moisture
content and temperature of the grain change
insignificantly.In the vertical direction, the grain
temperature decreases with distance from the floor
air distribution channel (4th curve, Fig. 2), and in
the horizontal direction, the change in grain
temperature does not exceed 2% (2nd curve).

The air flow injected into the grain mound
from the floor air distribution channel of the tank in
the vertical direction is unevenly distributed in the
intergranular space. Moving upwards, the grain
drying efficiency gradually decreases. The conical
design of the horizontal duct allows uniform
distribution of the air flow in the horizontal
direction. Since along the horizontal axis of the
container (width of the mound), the moisture
content and temperature of the grain change
insignificantly.In the vertical direction, the grain

temperature decreases with distance from the floor
air distribution channel (4th curve, Fig. 2), and in
the horizontal direction, the change in grain
temperature does not exceed 2% (2nd curve).
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Figure 2 — Dependence of humidity ®grain
(%) and temperature t°C of wheat grain on the
height (1,2) and width of the mound (3,4) of the
grain mound during drying by active ventilation: 1,2
- vertically, 3,4 — horizontally

The results of the study confirm the main
disadvantage of floor-standing units for ventilation
of grain such as SUV, MUV, TUV, as an uneven
distribution of air flow in the intergrainer space.
Since according to the table of research results
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(table 1), graphical dependences of humidity w3 (%)
and temperature t°C of wheat grain on the height
(1,2) and width of the mound (3,4) of the grain
mound were plotted when drying active ventilation:
1,2 - vertically, and, 3, 4 - horizontally.

The obtained dependences of humidity w, (%)
and temperature t°C of wheat on the height and
width of the grain embankment (m) during drying
with the help of active ventilation made it possible
to make sure of the low manufacturability of
existing floor-standing installations (telescopic
TUV, mobile MUV and stationary SUV),
associated with uneven distribution of air flows in
the intergrainer space of a grain mound.Only due to
the cone-shaped design of the air distribution
channels in telescopic units of the TUV type, the
requirement for air distribution is almost met.
However, in this variant, the requirements for the
distribution of air flow in the intergranular space are
met along the width of the grain mound (along the
transverse axis), along which the air distribution
channels of the installation are located.

Active ventilation or drying of grain in the
hopper at stationary mode. Uneven distribution of
air flow in the intergrainerly space significantly
reduces the technological efficiency of installations
for active ventilation of grain. Analyzing the results
of the study, we came to the conclusion that when
choosing the design of the air distribution channels,
the designers did not take the physical laws of
motion of a continuous medium as a basis for
creating the installation.

The mass conservation law when the air flow
moves through the channel of a particular system is
expressed in the following form:V.i.= F1vi= Fovo=
...= Fovn, ifa Fy, Fo ... Fn - the 1,2 ... n-th of the
channel cross-sections along its length; v1, va... vq -
air velocities in the 1,2 ... n-th of the channel cross-
sections corresponding sections of 1,2 .. nth
channel sections (F1, F2 ... Fn).

Fig. 3 shows a diagram of a ventilated bunker,
which differs in the design features of the air
distribution channels. The main purpose of the
hopper is to dry freshly harvested grain and
periodically active ventilation of the seed during
storage.The hopper for AVG consists of two
containers designed as a "pipe in a pipe": a body 1
with a solid construction, inside which there is a
mesh container 4. For ventilation or drying of the
mound in the bunker, there are two air distribution
channels 2,3 of a tapered shape and a telescopic
structure.

The hopper for active ventilation of grain
consists of two containers designed as a "pipe in a
pipe™: a body with a solid construction, inside which
there is a mesh container. For ventilation or drying
of the mound in the bunker, there are two air

distribution channels of a tapered shape and a
telescopic structure. In connection with the
expedient application of the law of conservation of
mass when choosing a design, the air distribution
ducts are made with a variable cross-section in the
direction of air movement in accordance with the
purpose of the ducts. Since, in the direction of the
air flow, the channel 3 (Fig. 3) for air distribution in
the intergrain space is made with a decreasing cross-
section, and the channel 2 for sucking air with
moisture - with an increasing cross-section.
Therefore, the air distribution channels have a
conical shape with a varying cross-section in
direction of movement of continuous media and are
located opposite each other in the form of two
spirals in space (Fig.3).

Figure 3. Ventilated bunker: a) bunker
layout:1 - case; 2 - suction channel; 3 - air
distribution channel; 4 - perforated container; 5 -
exhaust fan; 6 - capacitor; 7 - suction-, 8 - discharge
branch pipes; 9 - electric heater; 10 - blower fan. b)
the direction of the spiral lay of the air distribution
channels

Purpose of the channels (Fig. 3): injection -
for air flow distribution in the intergrain space of the
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mound; suction channel - to remove to remove on
moisture with the air stream from the intergrain
space of the mound. The telescopic design of the air
distribution channels allows you to adjust their
position depending on the grain level in the hopper
by changing the length using a special longitudinal
rod. Depending on the purpose, the pressure
(discharge) and suction channels are connected to
the ventilation system with the help of branch pipe
at one end, at the other end of the channels is blunt
(closed). The distance between the channels is set
depending on the moisture content of the grain, if
necessary, it can be adjusted.

The use of the installation (Fig. 3) increases the
technological efficiency of the processes of active
ventilation of grain during storage, drying of grain
during reception, reduces operating costs, due to
which the cost of storing grain will be significantly
reduced. The chosen design of the air distribution
channels of the unit for the ventilated bunker
increases the technological efficiency of ventilation
due to the uniform distribution of the air flow in the
intergrain space. Drying of the newly harvested wet
grain when it is received by the method of active
ventilation, elimination of self-heating of the grain
embankment during storage, aeration and
fumigation increase the nutritional properties of the
grain and disinfect it, allows unripe seeds to ripen.
In this regard, it is advisable to use a new design of
a ventilated hopper for processing and storing seeds,
drying newly harvested grain.

Conclusion. An analytical review was carried
out of the known floor-standing units for ventilation
of grain in the vertical direction such as SUV, PUV
and TUV for horizontal ventilation of grain in the
premises of grain warehouses and bunker
installations for vertical ventilation of grain in
bunkers such as "Pectus" and VB. As a result of
exploratory research, the main and essential reason
for their low technological efficiency was revealed.
In scientific and practical terms, an experimental
study was carried out, as a result of which the reason
for the uneven distribution of the air flow in the
intergrainer space of the mound during ventilation
was confirmed.The use of floor-standing units for
active vertical ventilation of the grain embankment
is accompanied by high operating costs and low
technological efficiency. The air flow injected into
the grain mound from the floor air distribution

channel of the tank in the vertical direction is
unevenly distributed in the intergranular space.
Moving upwards, the grain drying efficiency
gradually decreases. The conical design of the
horizontal duct allows uniform distribution of the
air flow only in the horizontal direction. Since along
the horizontal axis of the container (width of the
mound), the moisture content and temperature of the
grain change insignificantly. In the vertical
direction, the grain temperature decreases with
distance from the floor air distribution channel (4th
curve, Fig.3), and in the horizontal direction, the
change in grain temperature does not exceed 2%
(2nd curve).

As a result of experimental studies, the reason
for the main disadvantage of telescopic floor
installations of the TUV type was revealed - the low
technological efficiency of grain ventilation. The air
flow along the height of the grain mound is
unevenly distributed in the intergrain space.
Consequently, when designing ventilated bunkers
and floor storage facilities, the regularity of
movement and preservation of a continuous
medium was not taken into account. The energy
intensity of the ventilated bunker depends on the
pressure losses, which must be experimentally
established as the dependence of the aerodynamic
resistance of the intergrain space of the grain on the
height (thickness) of the grain mound.

In the proposed ventilated bunker, it is
possible to carry out grain drying by means of active
ventilation of the grain bulk. As a result of an
analytical review and search research, the factors
influencing the technological efficiency of grain
drying by ventilation were identified. A rational
design of a bunker installation for grain ventilation
has been chosen. The unit is located inside the mesh
tank of the bunker and consists of two mesh spiral
channels of a conical shape, one of which is
designed for uniform distribution of the air flow in
the intergrain space, and the other for removing air
from the intergrain space along with the evaporated
moisture. The introduction into production of the
adopted technical solutions for the choice of an
effective method of ventilation of the grain mound
and the rational design of the installation for its
implementation  increases the technological
efficiency and reduces the unit costs of storing the
grain mound in floor rooms and in bunkers.

— 10 —/———
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JOHAI KEJAETY TUIMALIITTH APTTBIPY MYMKIHAIKTEPIH HEI'I3AEY

AHHOTAIMS: MaKatana KypbUIBIMBI OCT1Tl )KEIIIETUICTIH MaHaKTap MEH aCTHIKTHI SACHIIK OelceHIl
JKEJJCTY KOHIBIPFBUIAPBIHBIH ~KEMIIUIIKTEPIH HEri3fAey JKOHE KOHIBIPFBUIAPIABIH aya TapaTKBIII
KaHaJIaphIHBIH THIMJII KYPBUIBIMBIH IpIKTE€Y apKbUIbl YHMeEIeri acTBIKTHI OEJCEHIII JKENNETy MPOIECiHiH
TEXHOJIOTHUSIIBIK THIMIUTITIH KOTepy Macelleci KapacThIpbuTFaH. CHBIMIBIIBIKTAPAAFE! (ITaHAKTApP, CHIIOCTAp)
ACTBIKTBI O€JICeHNI JKEIJIETy TOCUINepiHe Taujay >KYPri3iumim, IIOH MaccachlH €IeH YVCTiHAEC JKOHE
CUBIMIIBUIBIKTAp/Ia OEJCeHI JKeNJeTyre apHaJfaH KOHJIBIPFBUIAP/BIH KYPBUIBIMIAPbIHA OalIaHbICTHI
MIPUHIUMTIK KEMIIUTIT1 aHBIKTaIABL. JIoHaI TYpaKThl caKkTayFa apHalFaH OeJNTIi )KeJIeTIIEeTIH aHaKTap MeH
ACTBIKTBI €ICHIIK OCJICeHII JKeNmeTy KOHIBIPFBIIAPBIHBIH TEXHOJOTHSUIBIK THIMAUIITIH Oarajiay YIIiH
9KCIEPUMEHTTIK 3epTTeY KYPri3iiai. DKCIIepUMEHTTIK 3epTTey HOTHKENEPiH Tanay HeTi3iHe IoH YHMeCiHIH
iIHIe OpKeNKi TeMIeparypaiblk epic maiga Ooiysl ce0ebi xapusiaHibl. YHMeENeri IoHII JKeIaeTy
THIMIUTITIHIH TOMEHIITI aya aFBIHBIHBIH (’KYMBICIITBI aT'eHT) TOHAPATBIK KEHICTIKKE O1pKaIBITITH TapaaMaybiHa
OaiinanpicThl. JKENAETINETIH MIaHAKTapIblH COMKEC KOJJAAHBIMABI KOHIBIPFBUIAPBIHBIH aya Tapary
KaHAIJApBIHBIH MilIiHI TWIMHAPIIK OOJMYBI, aya aFbIHBIHBIH YHMeJAEri JAoHApalblK KEHICTIKTE OipKalbIIThI
TapaJIMaybIHBIH 0acThI ce0eOi 00IBIT TadsuIaasl. JKenmeTy KOHIBIPFRICHIHBIH aya TapaTy KaHaJbIHBIH THIMI
KYPBUIBIMBIH 1pIKTEY OapbhIChIH/IA TYTac OpTa, MBICAJIbI, aya aFbIHbI YIIIH 3T MAaCCAChIHBIH CAKTay 3aHbLIBIFbI
OacmibUTbIKKa anbiHOaraH. JloHAi OeniceHIl JKenaeTy KOHIBIPFBICHIHBIH KYPBUIBIMBI THIMIl ipiKTENTreH
JKENJIETy MaHaFbl YCHIHBUIIBL. Byl skeneTy maHarbiHbIH OeNrin KypbUIbIMAapiaH MPUHIMITIK ePeKIIeNir
JIOH YHMECIHIe aya aFblHBIH OipKaNBIITHl TapaTy TocimiHe HerizmenreH. Illamak immiame moHmi OenmceHmi
KENIETY KOHABIPFBICHI aya aFblHBIF YiMe IlIiHe aljayra >XoHE JKeNJETy TOCUTIMEH IOHII KenTipy
KapacThIPBUIFaH XaF/aiia OyJiaHFaH bUIFAIBI ayaMeH Oipre COpbII OKETyre apHaIFaH €Ki KaHaJIaH TYPaJibl.
Aya TapaTy KaHaJIJapbIHBIH KYPBUIBIMBIH Y3BIHIBIFBl OOWBIHINA KEHICTIKTET1 CIUpajibh TYPIHAE OpBIHAAY
HOTWXKECiHAe OylIaHFaH bUIFAIBIH JOHHIH MIETKI Ka0aTTaphIHIa CaTKBIHIA KOHICHCAUSIAHYBIHBIH aJIIbIH
anajpl. 3aT MacCaCchIHBIH CAKTaly 3aHIbUIBIFBI aya Tapary KaHaJIJapbIHBIH KOHYCTBIK MillliHI eceOiHeH
OPBIH/IAJIBII, HOTHXKECIH/E AOHAPANBIK KEHICTIKTe OipKeJIKi TeMIepaTypaliblK epic nakaa 00bl, O1pKalbIIThI
BUIFAIIIBUIBIK CaKTaIabl.

Tyiiin ce3mep: KOHABIPFBI, IIAHAK, aCTHIK, CaKTay, OCJICEHMI KEJAETY, KENTipy, BUIFaJIIbLIBIK,
TeMIepaTypa, JoHapaJIbIK KEHICTIK, IoH YHMeECI, aya, TapaTy KaHaaaphl.
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OBOCHOBAHME BO3MOKHOCTH IHOBBIINEHUA D@PPEKTUBHOCTH
BEHTUJIMPOBAHNS 3EPHA B HACBIIIN

AHHOTAaIMA: PACCMOTPEH BONPOC TMOBBIMIEHUS TEXHOJIOIMYecKOoil 3¢ ¢EeKTUBHOCTH Ipolecca
AaKTUBHOTO BETHJIMPOBAaHWS 3E€pHA B HACBHIIM MyTeM O0OOCHOBAaHMS HEAOCTATKOB CYIIECTBYIOIINX
BEHTWJIMPYEMBIX OYHKEPOB U HANOJIBHBIX YCTAHOBOK ISl BEHTUIIMPOBAHUS 3€pHA W BBHIOOpA pannoHaNbHON
KOHCTPYKLHMM BO3AyXOpaclpeleluTeIbHbIX KaHaioB. CpenaH aHanu3 MO CcHoco0aM  akTHBHOTO
BEHTWJINPOBAHUS 3EPHUCTBIX TPOMYKTOB B eMKOCTSIX (OyHKepax, CHJIOCax) M BBISIBICH CYyIIECTBEHHBIN
HEJO0CTaTOK B KOHCTPYKIMH YCTAHOBOK I BEHTUIIMPOBAHU 3epHa IIPU HAIIOIBHOM U OYHKEPHOM XpaHEHHH.
[IpoBeneHO SKCHEpUMEHTANbHOE MCCIEAOBAaHUS sl OLEHKH TEXHOJOTHMYECKOH 3(PQEeKTUBHOCTH
CYILIECTBYIOLINX YCTaHOBOK AJIS1 aKTMBHOTO BEHTHIMPOBAHMSI 36pHa B HACBIIU MPU CTALIMOHAPHOM XPAHEHUU.
B pesynbpTare aHanmmza MONYYEHHBIX PE3yJbTAaTOB AKCHEPUMEHTAIBLHOIO HCCIEIOBAaHUS Oblja BBISBICHA
IpUYMHA HEOAHOPOJHOTO TEMIIEPATypHOrO TIOJIA BHYTPHM 3€pHOBOM Haceimu. IlpuuMHa HU3KOH
3¢ GEeKTUBHOCTH MpoLiecca BEHTUIMPOBAHMS 3€pHA B HACHIIM CBS3aHA C HEPABHOMEPHBIM pacHpeaciIeHUueM
BO3AYIIHOIO TOTOKa (pabodero areHra) B MEK3€PHOBOM IIPOCTPAHCTBE. B HM3BECTHBIX BEHTHIUPYEMBIX
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OyHKepax C YCTaHOBKOHW COOTBETCTBYIOILETO Ha3HAYCHMS BO3AYXOPACHpPEAEIUTENbHBIC KaHAIbl HMEIOT
LWINHAPUYECKYI0 (OpPMy, UYTO SBIISETCA CYIIECTBEHHOW NPUUYMHON HEPaBHOMEPHOI'O paclpellesIeHHs
BO3JIYIITHOTO TIOTOKAa B MEX3EPHOBOM MPOCTPAaHCTBE HachMH. [Ipu BBIOOpE palMOHANBbHOW KOHCTPYKIUH
BO3AyXOpaclpeleMTeIbHOTO KaHala YCTAaHOBKM HE YYHTHIBaJach HEOOXOAMMOCTH COOJIOACHUS 3aKOHA
COXpaHEHHUsI MaccChl Ul CIUIOIIHON Cpefpbl, HallpUMeEp, BO3AYIIHOrO NMoToka. IIpeanoxeH BEeHTHIUPYEMBIH
OyHKep C palMOHAJIBHONW KOHCTPYKIMEW YCTaHOBKM JUIsI AaKTHBHOTO BEHTWIMPOBAHHA 3€pHA
[IpuHnunuaneHOEe OTJIMYKE 3TOro OyHKepa OT CYLIECTBYIOUIMX 3aKJIIOYaeTcsl B CHOCO0E PaBHOMEPHOTO
pacnpeeneHus BO3AyIIHOIO IOTOKAa BHYTPY 3€PHOBOM HACHIIM. Y CTAHOBKA /711 aKTUBHOT'O BEHTUJIMPOBAHUS
3epHa B OyHKepe BKIIIOYAET /Ba KaHaia, IPeJHa3HAYCHHbIE Ul HAalHETaHUS BO3AyXa B HACBIIb U yAAIECHUs
0TpabOTaHHOTO BO3IyXa BMECTE€ C HCIAPHUBIIEHCS BIArol NpH CYHIKE 3€pHAa CIOCOOOM aKTHBHOTO
BEHTWJIMPOBaHUs. BBINONIHEHNE KOHCTPYKIIMH BO3AYIIHBIX KAHAJIOB 10 UX AJIMHE B BUJE MPOCTPAHCTBEHHON
CIMpalyl yCTPaHSAEeT KOHIECHCAIMIO HCIApseMOW BJIaTrW B HAapY’KHBIX CJIOAX 3E€PHOBOM HACBHIIM. 3aKOH
COXpaHEHHUs] MacChl COOIOZAaeTcs 3a CYeT KOHYCOOOpa3HOW KOHCTPYKLMH BO3AyXOpaclpeAeTuTeIbHBIX
KaHaJIOB, B pe3yJIbTaTe Yero B MEX3EpPHOBOM NPOCTPAHCTBE HACHIIU CO3/Ia€TCsI OJJHOPOJHOE TEMIIepaTypHOe
I10JIE ¥ BIIAXKHOCTb.

KiroueBble cjioBa: ycTaHOBKA, OyHKEp, 36PHO, XpaHEHUE, AaKTUBHAs BEHTHJIALIUS, CYILKa, BIAXKHOCTb,
TeMIepaTypa, MeX3epHOBOE IPOCTPAHCTBO, HACKINH 3€pHA, BO3YX, KaHAJIBI PacIipeleleHus
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