36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
Marepianis”

HauionanbHuil TEXHIYHUI YHIBEPpCHUTET YKpaiHH
«KHIBCbKMH MOTITeXHIYHUM IHCTUTYT

L . . . L x|
i ﬁ:k% imeni Iropsi CikopcbKkoro»
Ve, . .
b o | e
Ill . . v ey il
W L,‘_ s InkeHepHoO-XiMiuHMI aKyJIbTET M

AT

30ipnuk Te3 nonosigen XXVII BceykpaiHcbKOI
HAYKOBO-NPAKTUYHOI KOH(epeHLil CTyeHTIB,
ACHIPAHTIB i MOJOAUX BYEHHUX

ObJAJHAHHA XIMIYHUX
BUPOGHUILTB
I HNIAITPHUEMCTB BYAIBEJBHUX
MATEPIAJIIB”

25-26 nmucronana
Kuis 2020



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
Marepianis”

VJIK 66

bbK 35.11-5543

O 16

30ipHuk te3 gomosined XXVII BceykpaiHChkoi HayKOBO-TIPaKTUYHOT KOH(pepeHIii
CTYJICHTIB, acCIMipaHTIB 1 MoJoAuX BueHMX ~OO0NamHaHHS XIMIYHUX BUPOOHMIITBI
NANpUEMCTB OyAiBeabHUX MaTepianiB” 25-26 nucronaga 2020 p. m. KuiB) / Yknagau
S.M. Kopnienko. — K.: «KIII im. Irops Cikopcbkoroy, 2020. — 120 ¢

30ipauk Te3 nonosigein XXVII BceykpaiHcbK0i HAYKOBO-
NPAKTHYHOI KOHQepeHUIl CTYAEeHTIiB, ACIIPAHTIB i MOJOAUX BYCHUX

?OBJIAJIHAHHSA XIMIYHUX BUPOBHUIITB
I INIAIMPUEMCTB BYAIBEJIBHUX MATEPIAJIIB”

['onoBa oprkomiTeTy:  1.T.H., ipodecop, 3aB. kapeapu MAXHB
Kopnienko SpocnaB MukutoBuu
UJieHn OprKOMITETY:
HTVYY «KIII»
K.T.H., ipodecop MapueBcrkuii BikTop MukonaitoBuu
K.T.H., 1011. AHapeeB Irop AHaToMioBUY
K.T.H., nou. [1Iseg Mukoua [lerpoBuu
K.T.H., 71011. 3yopiit Oner ['puroposuu
K.T.H., 1o11. Crenaniok AHapii PomanoBuu

ITT® HAH VYkpainu
akajemik, 11.T.H., mpodecop Cuexkin FOpiit dexopoBuy
K.T.H., C.H.C., ip.H.c. Kopiauyk J[. M.
K.T.H., C.H.C., Ip.H.Cc. KoHuk A.B.

Incturyt I'asy HAH VYkpainu
K.T.H., go1. lneenko bopuc Ky3pmuu
K.T.H., C.H.C., ip.H.c. Cobuenko BikTop BacunbroBuu

Penakrop k.T.H., no11. Ctenaniok Annpiit PomanoBud
Kowmm’totepHa BepcTka: Yiaiteko P.M.

PexomeH0BaHO 10 APYKY

Kadenporo mamuu Ta anmapatiB XiMidHUX
1 HadTOTIEpepOOHNX BUPOOHHIITB
[Tpotokon Ne 7

Bix 18 mmcromama 2020 p.

Te3u ony0JIiIKOBaAHO 32 aBTOPCHKOI0 PeIaAKILi€l0.



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
Marepianis”

CEKLS 1

«ITPOLHECH TA AITAPATHU XIMIYHHUX 1
HA®TOIIEPEPOBHUX BUPOBHUIITB»



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX

Marepianis”
V]IK 544.723
MODERN DIRECTIONS FOR IMPROVING THE ADSORPTION
PROCESS

Student Trachuk Yehor associate professor, Ph.D., Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Presented the main modern directions of improvement of equipment
for adsorption process. Special attention is paid to the most common coal-based
adsorber, to the heating characteristics of the coal sorbent in regeneration mode and
to its cooling in working mode. Specified ways to improve adsorption, regeneration
and life extension of adsorbers.

Key words: adsorption, adsorber, sorbent, regeneration.

CYYACHI HAIIPAAMKHU YAOCKOHAJIEHHA ITPOLECY
AJICOPBLII
ctynent Tpauyk €rop, K.T.H., 101. AHapees Irop
HauionajibHMil TeXHIYHUI YHiBepcUTeT Y KpaiHu

“KuiBcbknii mosairtexuivynuii incruryt imeni Irops Cikopcbkoro”

Anomauin. Haseodeni ocnosHi cyuacHi HanpsamMKu YOOCKOHANEHHS 00JA0HAHHS
0111 npogedenHs npoyecy aocopoyii. Ocobaugy yeacy npudileno Haudinbl
NOWUPEHUM — B8V2IIbHUM — a0copOepam, O0COOIUBOCMAM  HAZPIBAHHS  8V2LlIbHO20
copbenmy 6 pedcumi pezenepayii i 1020 OXOJNOONCEHHIO 8 POOOUOMY DeAHCUMI.
Busnaueni winsaxu noxpawenus npoyecy aocopodyii, pescumy pecewepayii i
30L1bUWEHHI0 MePMIHY eKcnayamayii adcopbepis.

Knrouoei cnoea: aocopbdyis, aocopbep, copbenm, pecenepayis.

In chemical process industry, adsorption is used for separation pernicious

contraries from liquid and gasiform technologic products or for detachment high-
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priced materials from gas emissions and flows. It is also used for cleaning gases and
effluents from toxic substances, hazardous and stinking materials.

Adsorption is carried out using adsorbers with a static or moving grainy
adsorbent, with a boiling (fluidized) adsorbent layer.

The distinguishing feature of the adsorption process is the need for their
periodic regeneration and complete reload of the adsorbent. As the machine works,
micropores are inevitably clogged with contaminants, which gradually reduces the
efficiency of capturing undesirable or harmful components of the gaseous phase.

The most commonly used sorbents are absorbent carbon. In regeneration mode
(desorption) into the adsorber takes place heating of the activated carbon to restore its
adsorption capacity. Unfortunately, activated carbon, just like other sorbents, which
Is applied in practice, has little thermal conductivity.

In this connection, the rapid heating of the large volume of coal sorbent in the
apparatus can be carried out by flushing it with a hot water vapour at a temperature of
160 °C (pat. RU2159706, B60N 3/00). But water vapor is suitable for desorption of
only a limited number of adsorbed compounds. It is also proposed to purge the
sorbent with nitrogen at a temperature of 110-215 °C (pat. RU2052815, GOIN
33/14), hydrocarbon gas at a temperature of 210-230 °C (pat. RU2047589, C07C
7/12) or high temperature treatment in inert atmosphere in an ultra-high frequency
field at 915-5800 Mhz (pat. RU2109828, C22B 11/00, C22B 3/42). The patent
authors RU2402372, BO1D 53/04, propose that all coal should be current-fed, which
ensures that it is smoothly warmed to the required temperature.

In order to increase the service life of the coal-fired adsorber, it is proposed to
cool the sorbing layer by installing heat-exchange tubes (pat. Ne 47241, BO1D 53/02),
a mixing system for the sorbing layer, thereby avoiding sintering and excessive
compaction of the sorbent, thereby restoring its filtering properties during use (pat.
Ukrainians 52909, BO1D 53/02).

The authors of the patent of Ukraine 56582, BO1D 53/02 propose to use
regenerated activated carbon and the new structural execution of the loading node in

order to save resources. For this purpose, the mounting of a horizontal grid at the top
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of the apparatus makes it much easier to replace the sorbent, repair and using of the
adsorber, increases the volume of the sorbent and improves the geometry of the
adsorption front.

The improvement of the adsorber can be done by redesigning the case and
covers to allow the control of the volume of the adsorbent that takes part in the
separation process, or by adjusting the volume of the adsorbent that is regenerated,
and to adjust the time of interaction of the treated phase with the adsorbent (pat.
Ukrainians 49086, BO1D 53/04). The same objective is proposed due to the new
combination of the main lines and the inlet and outlet pipes (pat. Ukrainians 56601,
BO1D 53/04).

Another way to improve the adsorption process is to comply with a certain
temperature regime for cleaning certain substances and to use as a mordenite sorbent
(pat. Ukrainians 76224, CO1C 31/08, pat. Ukrainians 78102, CO7C 7/13).
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YJIK 66.048.3.069.82(048.83)
MAIN DIRECTIONS FOR IMPROVING CONTACT DEVICES
OF MASS EXCHANGE COLUMNS
Student Sameliuk Oleksandr, associate professor, Ph.D. Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The main modern directions of improvement of the contact plates of
mass-exchange column units are given, which make it possible to increase the
efficiency of the process, the efficiency factor of the contact plate and to ensure high-
quality spray capture.

Keywords: mass exchange machine, contact plate, barbotage.

OCHOBHI HAITPSIMKH YIOCKOHAJIEHHSA KOHTAKTHHUX TAPIJIOK
MACOOBMIHHUX KOJIOH
cryaeHnt Camentok Onekcasp, K.T.H., 101 AHIpeeB Irop
HaunionaqbHuii TeXHIYHUI YHiBepCcUTET YKpPaiHU

“KuiBcbkuid moJiitTexHiyHuii iHcTuTyT iMeHi Irops Cikopcbkoro”

Anomauis. Haeseoeni  ocumosni  cyuacni Hanpsamxu — YOOCKOHANEHHS.
KOHMAKMHUX MAPIIOK MACOOOMIHHUX KOJNOHHUX anapamis, sKi 00380J510Mb
30imbuwumu - eghekmusHicmos  npoyecy, Koe@iyicnm KopucHoi Oii  KOHMAKMHUX
mapinok, 3a6e3neuumu sKicHe OpU3K0YI061H0EAHHS.

Knrouosi cnoea: macooominnuii anapam, KOHMaKmua mapiixa, bapbomagic.

Plate-type columns are one of the most common types of heat-mass-exchange
equipment for chemical, petroleum, food and many other manufactures. Furthermore,
among the various structures of the plate columns, both with discharge (overflow)
devices and without them, columns with cap-bearing plates are identified, which

ensure a high efficiency of work in a wide range of loads over the heavy and light
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phases. In many factors, the plate columns are not inferior to, but even superior to,
the simpler mounted columns.

Despite the high efficiency and reliability of existing barbed contact plates of
mass-exchange columns, they have proved to be effective in handling a wide variety
of medias. The search for improvements in their design has continued to be intense in
recent decades. First of all, this can be explained by the desire of researchers and
designers to develop designs of non-specific, rather than versatile, contact plates will
allow to efficiently process many medias with different properties.

Increasing the specific surface of the phases on the plate, and thus the
efficiency of the plate and the column as a whole, can be achieved by arranging an
additional perforated horizontal sheet. Furthermore, the caps are arranged in the
openings of this sheet, which is mounted above the openings and / or the slits of the
caps (pat. Ukraine 129958, BO1D 3/18). Another way of increasing the surface of the
phase contact is that the outer surface of the cap may be equipped with spirals which
are arranged from the beginning to the end of the cap (pat. Ukraine 114294, BO1D
3/18).

The efficiency of the mass transfer process on the plate and in the apparatus as
a whole can be increased by increasing the contact time of the processed phases
among each other by equipping the upper part of each aperture and / or each slit with
a folded outer petal, which is curved along the length (pat. Ukraine 134837, BO1D 3/
20) or by equipping the horizontal edges of the apertures of the apertures of the
blades which are arranged on the outside of the cap radially and horizontally (pat.
RU2500452, BO1D 3/16).

A number of authors propose to intensify the mass exchange process by
establishing caps of different configurations depending on their location on the mass
exchange plate, which ensures uniform distribution of the liquid by the volume of the
mass-exchange plate and prevention of wall layer effect by the liquid (pat. Ukraine
95134, B01D 3/00, BO1D 3/32; pat. Ukraine 103771, BO1D 3/00; pat. Ukraine
107675, BO1D 3/22) or the installation of caps, which have different dimensions of
the holes (pat. Ukraine 115606, BO1D 3/00, BO1D 3/20).
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The increase in the efficiency of the plate is achieved by the installation of
movable and immovable swirling pipes and makes it possible to regulate the required
liquid level on the plates (pat. Ukraine 99583, BO1B 7/00) or special contact devices
with slots arranged at an angle to the vertical plane (pat. Ukraine 104068, BO1D 3/00,
BO1D 3/20).

Providing spray separation makes impossible to partially transfer the heavy
phase to the upper plate and improves the conditions of mass transfer in the
apparatus. It can be achieved by installing a perforated horizontal fabric above the
cap, which retards the heavy phase droplets (pat. Ukraine 130245, BO1D 3/20). The
same effect with the additional self-regulation of the through section in the light
phase is achieved when the cap is movable (pat. Ukraine 134565, BO1D 3/20; pat.
Ukraine 134566, BO1D 3/20).

The development of new designs of contact plates of mass exchange machines
Is facilitated not only by the great possibilities offered to researchers and designers by
numerical modeling tools, but also by the achievement of material science and
technology, which can respond rapidly to the needs of elements of chemical
equipment for handling a wide variety of substances and their mixtures.

The use in practice of improved contact plates of mass-exchange apparatuses
makes it possible to increase the efficiency of carrying out such technological
processes as rectification, absorption, desorption and extraction, as well as to increase

the reliability of technological equipment.
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YK 636.085.55:636.52.58
JlocaiazKeHHs B3a€EMOBILUIMBY BOJIOTH I TEMIIEPATYPH B eKCTPYAepi HA AKICHI
NOKAa3HUKHU eKCTPYAAaTy
I.T.H., ¢.H.c. IBanunpkuii I'.K., k.1.H., c.H.Cc. Llenens B.4.,
K.T.H., ¢.H.C. Paquenko H.JI.

IncTuryT Texniynoi temnopizuku HAH Ykpainu

AHOTaHiﬂ: HaBGI[eHO PE3YIbTAaT CKCIICPUMCHTAJIBHUX I[OCJIiII)KeHB O6p06KI/I
POCJIIMHHOT CUPOBUHU B €KCTPYJIEpPl, 30KpeMa, TOCTIKEHHSI B3a€MOBILIUBY BOJIOTH 1
TEMIIEPaTypu B €KCTpyJepl Ha (PpakUidHUN CKIaJ OTPUMYBAHOTO TpaHyJIbOBAHOTO
EKCTpyaary.

Abstract: The publication present results of experimental studies of grain
processing in an extruder. In particular, the study of the interaction of moisture and
temperature in the extruder on the fractional composition of the extrudate

KurouoBi ciioBa: exctpyaep, eKCTpyar.

Keywords: extruder, granules.

OCHOBHUM 3aBJ@aHHSM IIPH BHUPOOHHUIITBI BUCOKOSKICHUX €KCTPYIOBaHUX
IPOJYKTIB € iX OJMHOPITHUMA TPaHYJIOMETPUYHHMKA CKJan. JlaHuii mapameTp 3ajJeXuTh
BiJl KUJIBKOCTI BOJIOTM B CHPOBHHI Ta TemIepaTypu mporecy. Jpyruii mapametp
HAmpsIMy 3aJeKUTh BiA Tepmoro. ToMy OCHOBHOIO METOIO CTajll0 BHU3HAYCHHS
ONTUMAJIBHOT KUIBKOCTI BOJIOTKU B CHPOBHHI, sika 3a0e3Me4uTh OTPUMaHHS
OJTHOPITHOTO TPaHYJIOMETPUYHOTO CKJIANy €KCTpyAaTy Ta HeoOXigHOI TeMmepaTrypu
IPOLIECY.

ExcniepumenTr mokasanwm, 10 30UIBIICHHS BOJIOTOBMICTY Tepea 0OpoOKOI0 Ha
1% s3HmKye Temmneparypy mpouecy npubmusno Ha 10°C. Tomy BuOip Aiamazony
BOJIOTOBMICTY TPOBOJUIN BUXOJSYH 3 PEKOMEHJIOBAHOI TeMIEpaTypu OO0poOKH
POCIMHHOT CUPOBHHHM B €KCTPYJEPaxX Ta HA OCHOBI OTPUMAaHUX HAMU JJAHUX.

Hocnimkennast Benuch Ha exctpyaepi E-250. KoncTpykmis skoro He Mae 30H

nerasailii, a OTXK€ KUIbKICTh BOJIOTH TiJ Yac OOpPOOKM 3aJIMIIAETHCA IMOCTINHOIO.
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JlocnimpKeHHs] MPOBOAMIINCH IS Jlaa30Hy MOYaTKOBOIO BMICTY BOJIOTHM B CHPOBHUHI
Bil 9 10 15%. MakcuManbHa TeMmiiepaTypa B MaTpU4HIA 30H1 €KCTpyAepa B X0l
sumiproBans cknana 178°C mpu 9% ta 120°C npu 15%.

Pe3ynbTaTi mokazanu, 10 MpU MOYATKOBOMY BMICTI Bojord Big 9 go 11%
MepeBakHa OUTBIIICTh OTPUMYBaHUX I'paHy, a e 70% mae po3mipu 1o 1mm. Pemra
rpa”ya maioTh po3Mipu Bim 1 1o 3mm (27%) 1 6unemie 3mm (3%). Tlonmanbiie
MIJBUIICHHS TOYAaTKOBOTO BMICTY Bosiorn g0 12...13% mnoxkazano mnepepo3noait
dpakiiii B CTOPOHY 3pOCTaHHS PO3MIpYy rpaHyl, 30KpeMa, 3MeHmuiaach 10 40%
¢dpaxuisg rpanyia 3 po3mipoM 10 1mMM. 1 3pocio 10 50% dKciio rpaHyi 3 po3MIpoM Bij
1 no 3mm. Ilpu npomy, dpakiis rpanyn Big 3 g0 Smm 36utbimmiIack 3 3% 10 10%.
Takuii mepepo3noIiyi MOKHA TOSICHUTH 3MCHIICHHSIM CHJI TEPTS 4Yepe3 HaUTUIIOK
BOJIOTHM Ta CKOPOYCHHSM 4Yacy iX mepeOyBaHHS B eKcTpyAepi. HacTyrHe migBuIeHHs
KUTbKOCT1 Bojioru 110 14...15% mnoxazano monaneiie 3HMWkKEHHA 10 30% dpakiii
rpany’s po3Mipom 10 1Mm Ta 3meHmeHHs 10 38% ¢pakuii Big 1 1o 3mm. [Ipu nipomy,
CYTTEBO 3pocia KUIBKICTh T'paHyJ po3MipoMm Big 3 1o SmMM. Ta ckiana Bxke 32%.
XapakTepHOI0 TaKOX cTajia IMOsSiBa HEBEJTWKOI KUIBKOCTI arjoMeparTiB, SIKY MOXHa
MOSICHUTH HAJJTUIIIKOM BOJIOTH TI1] Yac 0OpOOKH Ta MosiBa 3aJIMIIKIB HE TTOAPIOHEHOT
CUPOBHUHHM, III0 MOXKHA IIOSICHUTU CYTT€BHUM CKOPOYEHHSIM dYacy OOpoOKu Ta
3MEHIIICHHSM CHJI TEPTS.

BucHoBku. B xoni mpoBeneHHX EKCIEPUMEHTIB OyJi0 BHU3HAYEHO, IO YUM
MEHIIIa TOYaTKOBa KUIBKICTH BOJIOTHM B POCIHHHIA CHPOBHHI, THM OiJIbIIe
nepeBaxaroTh Qpaxuii rpanyn g0 3MM. 30UTBIICHHS KUIBKOCTI BOJIOTH BEAE 0
3pocTaHHs Gpakxilii YaCTUHOK €KCTPyAATy 3...5MM. Ta MOSBU arJioMepaTiB 1 3aJIUIIKIB
HETOoAPiIOHEHNX YACTUHOK CHPOBHHH, SIKi HE MPOUIIUIN JOCTAaTHIO TEPMIUHY 00POOKY.
ToMy 115t OTpUMaHHST OJTHOPITHOT CTPYKTYPH €KCTPyJaTy A0 1MM. peKOMEHI0BaHO
MMOYaTKOBHI1 BMICT Bojioru B 3epHi Bif 10...11%, a qyis orpumanus dpakmii 10 3mm —

12...13%.

11
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VIIK 661.721.4
MODERNIZATION OF VAPORIZER FOR METHANOL
PRODUCTION PLANT
Student Solomonova V.E., assistant professor, Ph.D. Huliienko S.V.,
associate professor, Ph. D, Stepaniuk A. R.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract: The destination of the methanol and technological scheme of its
production are represented. The ways of modernization of steam generator are
justified.

Key words: Methanol, technological scheme, steam generator

MOJEPHI3AIISI BUTIAPHUKA YCTAHOBKU BUPOBHUIITBA
METAHOJIY
crtynedT Conomonosa B.E., noi., k.1.H. I'ymienko C.B.,
no1l., K.T.H. Crenantok A.P.
HauionajibHMil TeXHIYHUI YHiBepcUTeT Y KpaiHu

«KuiBcbkuil nojiiTtexHiyHuii iHcTuTyT iMeHi Iropsa Cikopcbkoro»

AHOTAIISA: HaBeneHno npu3HaueHHS METHUIOBOTO CIIMPTOM Ta TEXHOJIOTIUHY
cxeMy Horo BupoOHuIITBa. OGIpYHTOBAHO HANPSIMU MOJIEpHi3allii maporenepaTopa.

KJIOYOBI CJIOBA: METWJIOBUM CITMPT, TEXHOJIOTTYHA CXEMA,
ITAPOI'EHEPATOP

The methanol (CH3OH), which is also called methyl alcohol or carbinol, is one
of the most important chemical raw material. About 70% of methanol, which
produced around the word, is used in chemical synthesis processes including
formaldehyde, methyl- butyl ether (MTBE), acetic acid, dimethyl ether (DME),

propene, methyl methacrylate and dimethyl terephthalate. It also used as energy

12
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source and fuel, selective solvent for gasoline purification from mercaptan and
azeotropic reagent during separation of toluene by rectification [1].

Due to adding of methanol to gasolines an antiknock properties are improving,
a performance factor is increasing, and a content of hazardous substances in an
exhaust gases [2].

The raw material is an azeotropic mixture, therefore, it has to be additionally
purified by the multistage rectification. Therefore, the modernization of the methanol
production plant is an actual question which should be solved. The crude alcohol is f
clear solution, which consists of 2% of organic addition agents, therefore, it has an
unpleasant smell. The content of addition agents is relatively low, but taking into
account the exitance of azeotropic mixture the multistage rectification with using of
extraction is needed [1].

The scheme of purification process is shown on the figure 1 [3].
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1, 8, 5, 13 —rectification columns: 11 — extraction columns: 2, 4 6, 7, 9, 10, 14,
14 — heat exchangers; 3 — separators

Figure 1 — Scheme of methanol purification
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In the column 1 the dimethyl ether is separated from crude alcohol, the vapor
phase of its goes to the condenser 2, then the dimethyl ether separated from
uncondensed gases in separator 3 and pumped to the tank 4. From it the part of ether
pumped as wet reflux on the column 1 refluxing. The mixture from column 1 is
pumped to the column 8, from which the three fractions are bled from different by
high plates.

From central plate the concentrated methanol with low amount of low-boiling
additions, which are separated in column 5. The distillation residue from column 5 is
cooled on cooler 7 and then pumped on the warehouse and the easily boiling
component is pumped in the advanced treatment in column 8 as wet reflux.

From the top of the column 8 the vapor of low-boiling components with high
amount of the methanol is bled, which goes to the condenser 9. After the separation
of the gases, the condensate is pumped to the tank 10. Part of this condensate is used
as wet reflux for the refluxing of column 8 and part goes into the column of the
extractive distillation 11.

The column 11 is heated by direct steam, the pacificated water is used for
refluxing. During the solving the azeotropic compositions are disintegrated, therefore,
the removing of additions from alcohol is facilitated.

The vapor phase of addition is condensed in condenser 12, part of condensate is
returned on refluxing of column 11, and part is removing from plant. The uncondesed
components are separated in separator 3 and casted off.

From bottom part of column 11 the diluted methanol is pumped in column 13.

The vapor phase of concentrated methanol from top of the column 13 from
condensed 14 partially pumped as wet reflux of column 13, and partially as wet
reflux of column 8

The distillation residue from column 13 goes to the stem generator and used as
heat feed of column 13, and balanced part is removed from system.

The aim of this work is desien and modernization of steam generator in

methenil production.
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ABSTRACT. The design of drum dryer for drying bulk materials are
considered, the methods of optimization of the drying process are determined and the
ways of modernization of the design of the drum dryer are established.

KEYWORDS: drying process, drum dryer, bulk material, modernization.

AHOTAMNISA. Po3rasHyTo KOHCTpYKIIit0 0apa®aHHOI CyHIapKy JUIsl CYUITHHS
CUTIKMX MaTepiajliB, BHU3HAYEHO METOAM ONTHUMI3aIlli TIPoIeCy CYIIIHHSI Ta
BCTAaHOBJICHO LUISIXU MOJIEpHI3allii KOHCTPYKIlIi 6apabaHHOI CylIapKH.

KJIIOYOBI CJIOBA: mpouec cymriHHs, Oapa®aHHa cylliapka, CHUIKUN

Marepiaj, MOJICpHi3allis.

The increase in production in the food and processing industries against the
background of rising energy prices necessitates the development of promising energy
and resource-saving technologies and equipment. The largest energy consumption in
these industries is accounted for by heat and mass transfer processes, in particular the
drying process. Therefore, it is important to further develop and improve the design
solutions of the components of the drying units, the choice and justification of
rational modes of their operation, which will increase the efficiency of operation and
obtain quality raw materials.

The purpose of the work is to increase the efficiency of drying of bulk
materials in the drum dryer, by substantiating the design parameters of the dryer, the
supply and preparation of the drying agent, the choice of rational modes of heat and
mass transfer processes when drying raw materials. For drying wet crushed material,
the most common designs are direct-flow drum dryers that work in direct contact of

the material with gases [1]. Figure 1 shows the installation diagram of the drying
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drum.The crushed material is fed into the hopper 1, from where the plate feeder 2
through the tube 3 is fed into the loading chamber 4 of the drying drum 5. Hot gases
from the furnace 6 are transported by a smoke pump through the drum. The drum is
set at an angle of 1-4 °. At the end of the drum is the unloading chamber 7. The dried
material with a temperature of 80 - 100 °C is unloaded on a belt conveyor 8, which
feeds the material to the grinding department. Dusting gases are sucked out of the

unloading chamber through dust cleaning equipment (cyclones, bag filters).

1 — bunker; 2 — plate feeder; 3 — pipeline; 4 — loading chamber;
5 — drying drum; 6 — combustion chamber; 7 — unloading chamber;

8 — the conveyor; 9 — outer bandage

Figure 1 - Scheme of the drum dryer
The main unit of the drying unit is a drum with two outer bandages 9, rolling
on support rollers 10. Drying drums have internal nozzle devices for uniform mixing
of the material and its intensive contact with the drying agents. The most rational and
effective when drying bulk material is a structure consisting of chains and peripheral
blades. Chains promote destruction of aggregated pieces and prevent sticking of
small classes on walls of a drum and a shovel by means of which intensive mixing

and drying of material is carried out. Rectangular or cylindrical chamber furnaces are
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used to burn gas or fuel oil. The disadvantages of the drum dryer are: the complexity
of the design, high consumption of electricity and gas, large size and low voltage of
the drum volume on evaporated moisture, significant metal content of 4 - 5 tons per 1
ton of evaporated moisture in 1 hour, uneven gas distribution in the drum, a large
amount of material that is constantly in the drum during its operation; adhesion of
wet material to the internal devices of the drying drum, which significantly reduces
the efficiency of the dryer [2]. In order to increase the specific vapor pressure drying
volume, reduce heat consumption and metal consumption of drum dryers, ways to
modernize the design of dryers and determine the optimal parameters of the drying
process, which are: 1. Determining the optimal speed of the drying drum, which
affects the mechanics of movement of wet material; 2. Determining the optimal
residence time of wet material in the volume of the drying drum, which affects the
final residual moisture content of the material; 3. Creating an effective mixing mode
of the wet material, which affects the rate of release of the wet surface of the material
in direct contact with the drying agent; 4. Determining the optimal thermophysical
parameters of the drying agent, which directly affects the efficiency and rate of mass
transfer during dehydration of wet material.

These methods of optimizing the drying process and ways to modernize drum
dryers are the basis of this work. It is established that the most efficient and
economically feasible method of drying bulk materials is drying in a vibrating
fluidized bed, because it intensifies the drying process with different methods of heat
supply and creates conditions in which a large particle surface is continuously blown
by coolant and intensive moisture removal. As a heat source, it is advisable to choose
a pyrolysis boiler, and for the utilization of flue gas heat - a contact heat exchanger
with an active nozzle.
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Abstract: The technology of isopropanol production was represented. The
reasonable wau of modernization of rectification column for this plant were defined.

Key words: rectification, column, filling, isopropanol

The isopropyl alcohol CH3CH(OH)CHGs is a liquid, which can interfuse with
water in all proportion and form with water the aseotropic mixture with boiling point
80,3°C. The isopropanol is combustible, its vapor forms with air the explosive
mixture at content of 2.0-12.0%.

Isopropanol find an application as solvent, in many cases it can replace ethanol
and for machine oils, fats and resins isopropyl alcohol is netter than ethanol. In oil
refining industry isopropanol is used for dewaxing of diesel fuel.

In actual time the hydration propylene process is one profitable way of
industrial production of propanol (figure 1) [1].

During the interaction between propylene and sulphuric acid the isopropyle-
sulphuric acid and diisopropyl sulphate. During hydrolyses of these compounds the
iIsopropanol is formed. Under the effect of sulphuric acid, especially at high
temperature, propylene is reacted almost fully.

For isopropanol production the commercial sulphuric acid is used, which has
bigger concentration than necessary for process. Therefore the acid is mixed with

outgoing acid and the solution with predetermined concentration is obtained.
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1 — compressor; 2,14 — separators; 3 - absorbtion column of trays; 4,12,15- collers; 5
— hydrolyzer; 6 - water-jet air pump; 7 — rectification column; 8,9,11 — scrubbers; 10 -
liquid trap; 13 - stripping column of neutralization;

Figure 1. — Scheme of isopropanol production by acidic hydration of propylene

The temperature of process of isopropyl sulphate obtaining is depended from
concentration of applied sulphuric acid. For the using of the 80% sulphuric acid the
optimal temperature is about 50°C, when concentration of acid is 85% it is reasonable
to lead the process at 35-40°C. The partial pressure of propylene during interaction
with acid is 0.5-0.6 MPa.

For acidic hydration it is not necessary using of concentrated propylene; the
process goes satisfactorily even when concertation of propylene in natural gas is
30%. However, the it is required the fill absence of others unsaturated hydrocarbons
especially from homologues pf propylene.

On the plat with high productivity the isopropyl alcohol is obtained by
continuous method in reactors of column type according to the scheme, analogous to
the scheme of production f ethylene from ethyl sulphate.

As in ethanol production, the acidic solution, which contain the isopropyl-

sulphuric acid and diisopropyl sulphate are hydrolyzed by water under heating. The
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hydrolysate is treated by steam for stripping of raw alcohol, which is concentrated by
rectification. The polymers of propylene, and diisopropyl ether are obtained as minor
products. The demand of propylene during obtaining of alcohol by the method of
acidic hydronation is in a rage of 0.8-0.9 tones on the 1 tone of alcohol [1].

The packed column is a reasonable option for the technological line under
consideration taking into account the operation principles. The rectification packed
column with irregular filling usually has a bigger specific area of surface. However,
this configuration suffers from phenomenon called “dry cone” and worse wettability.
This leads to decreasing of overall mass transfer coefficient [2]. Therefore, the
designing of rectification packed column for the rectification of mixture isopropanol
and water is reasonable way of its modernization. This design should be addressed to

decreasing of influence of “dry cone” phenomenon.
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AHoTauist
[IpoananizoBaHO PO3BUTOK KOHCTPYKIiM OapabaHHMX cymiapok. BuzHaueHi

HACTYIHI HaNpsiMA MOJEpHI3allli KOHCTPYKLIM — MigBUIIEHHS €(EeKTHUBHOCTI, Ta
30UTbIIEHHS] 30HM KOHTaKTy Marepiany 3 rapsuuM nositpsM. [loctaBieHi 3anmaui
BI/IpiH_IeHi IIAXOM BCTAHOBJIICHHSA HiﬂﬁOMHO-HOHaCHOI cucteMu. TakuM YHMHOM
3ampoOIIOHOBAaHA KOHCTPYKIIiSl (pOPMYIOYOT YACTUHU, JIa€ 3MOTY HE TUIBKU MIABUIIUTH
e(eKTUBHICTH a 1 3a1o0irT 3aropsHHI0 KOMKIB KOJTUeJaHy Ha CTiHKax OapabaHy.

KJIOUYOBI CJIOBA: 3AJII3HUI KOJIMEJIAH, IIIPUT, BAPABAHHA
CVYIIIAPKA, HIﬂﬁOMHO—HOHACHA CUCTEMA

Summary

The development of drum dryer designs is analyzed. The following directions of
modernization of constructions are defined - increase of efficiency, and increase of a
zone of contact of material with hot air. The tasks are solved by installing a hoisting-
blade system. Thus, the proposed design of the forming part allows not only to
increase efficiency but also to prevent the ignition of pyrite lumps on the walls of the
drum.

KEY WORDS: IRON KOLCHEDAN, PYRITE, DRUM DRYER, LIFTING
AND BLADE SYSTEM

Iron pyrite (pyrite) is an iron mineral of coordination structure, chemical
composition FeS,. The mineral has the didodecahedral form of a cubic syngony with
a cubic face-centered Brave lattice, forming cubic, pentagondodecahedral and, less
frequently, octahedral crystals. But it is most often distributed in the form of solid

granular masses. Forms continuous granular clusters (pyrite deposits), spherical,
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kidney-shaped and radiant-concentric aggregates, as well as inclusions in different
rocks.

Pyrite is the main raw material for obtaining sulfuric acid; cinders are used as
iron ore. In addition, impurities are extracted from it: gold, copper, silver, cobalt,
nickel and other elements. Pyrite is also used to clean gaseous waste from chemical
plants from chlorine. Pyrite has the ability to precipitate gold from solutions. This is
the basis for its use for extraction of gold from the sea water.

Physical properties. Pyrite has a metallic luster, and is solid. Its color is light
brass. The line is black, and there is no cleavage. Has solid granulars and dense
masses. Mutually perpendicular hatching is often observed on the faces of the crystal.
Fragile.

Chemical properties. When boiled in a 3% solution of AgNO3; becomes just
slightly brown.

Pyrite is also released at the bottom of swamps, lakes and some seas (for
example, the Black Sea), where organic matter decomposes under conditions of
insufficient oxygen access. The formed hydrogen sulfide reacts with iron salts
dissolved in the water, which leads to the precipitation of pyrite. Pyrite is also found
in metamorphic rocks (gneisses, chlorate shales).

Iron pyrite is not very hygroscopic, but with long-term transportation of dry
iron pyrite by rail, possibly due to weathering, there is an increase in moisture to 5-
7%. Therefore, in factories equipped with dust kilns, there is a need to install drying
equipment. This is also due to the fact that sometimes the drying of iron pyrite at the
place of its excavation is rather insufficient.

In it, a raw pyrite comes into contact with hot flue gases. This causes
evaporation of moisture from the material to be dried. The higher the temperature of
the gases entering the drum, the more efficient the drying process will be. But dry
pyrite at a temperature of 400 degrees can catch fire. Therefore, pyrite dryers work in
a direct current: hot gases and raw pyrite go through the drum in the same direction.
This will allow, without fear of an outbreak of pyrite, to feed into the dryer gases

with a temperature of 600-700 degrees. But if you stop feeding the material to the

24



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosionnx BueHnx "O0aagHaHHs XIMiYHUX BUPOOHMITB i MiANPUEMCTB OyaiBeIbHUX
Marepianis”

drum, there may be combustion of clumps of pyrite stuck to the walls of the drum.
Thus, raw pyrite should be fed to the pyrite dryer constantly and regularly.
The drum dryer is a metal slightly inclined drum that rotates (Fig/1).

Cripou
hanyedar

Borz nonkoU
2as

oo o

Fig.1. Drum dryer for flotation pyrite:
1 - firebox; 2 — drum to wrap; 3 — bump camera; 4 — cyclones;
5 — exhauster.
The main advantages of drum dryers are: 1. Automation of all processes.
2. No installation difficulties, commissioning. 3. Disadvantages: 4. Large

dimensions. 5. Large capital costs. 6. Careless operation may result in fire.

To prevent the burning of lumps of pyrite on the walls of the drum, you can use
a lifting-vane system. Its feature is the capture of the blade from the blockage when
rotating the drum and returning it back. Due to this action, the area of contact with
gas flows increases. This system promotes the stratification of gases, which increases
with increasing diameter of the drum and reducing its speed.

Conclusion: The hoisting-blade mechanism is the best which designed for
intensification of drying. This mechanism will increase the area of contact of the
material with a hot air.

References:

1. V.A. Rezchikova "Drum Dryer" 1983, pp. 61-62.

2. Patent of Titov Valery Valentinovich F26B17 / 20 with a horizontal or

slightly inclined axis of rotation.

25



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
Marepianis”

OBJIATHAHHS JJI1 BUPOBHUIITBA BHUCOKOKAJIOPIHHOT' O
BIOITAJIMBA
K.T.H., 1ip.H.c. Kopinuyk JI.M., n.1.H., ip.H.c. CopokoBa H. M.,
K.T.H., C.H.C. /[laxnenko B.JL.
HauionajibHa akajeMist HAyK Y KpaiHu

«IHCTUTYT TexHiYHOI Temiogizuku», M. Kuis

[lepepoOka ¥ yTwmizaiisi pOCIMHHUX 1 JEPEBHHUX BIAXOJMIB 3 OJEpKaHHSIM
OiomanuBa s YKpaiHM € aKTyaJbHUMH B YMOBaX €HEPIeTHYHOTO i €KOHOMIYHOI
Kpu3nu. B SKOCTI CHpOBHHHM MOXHa BHKOPHCTOBYBAaTH BIiIXOIU 3 JIEpEBOOOPOOHOT
IIPOMUCIIOBOCT1 (CTPYXKKH, THpca, TPiCKa, Kopa 1 Ta iH.) ab0 CUIBCHKOIOCTIONAPChKi
BiIX0au (cosioma, WpoT, JymnuHHS). [lanuBo MokHa oTpumaTu Oe3mocepeaHim
npecyBaHHIM OioMacu ab0 MPECYBaHHSM 13 BUKOPHUCTAHHSAM B’SDKYYOTO, IO MOXKE
3MEHIIUTA €(EeKT TeTePOreHHOCTI (HEOAHOPIAHOCT) (I3UYHUX BIACTHUBOCTEH
O6loMacu Ha mpoilec mnpecyBaHHA. [0 TemepimHbOrO Yacy pO3BUHEHA TEXHOJIOTIs
OpUKeTyBaHHs, IO NIABUILYE O0'€MHY TEIUIOTY 3TOpSIHHS IajiuBa, POOUTH HOTO
OJTHOPIIHUM MO TPAHYJIOMETPUYHOMY CKIIAIy, TPAHCHIOPTAOEIbHUM 1 3JaTHUM MO
TpuBajoro 30epiranss [1]. OgHak, Takuil BUa najauBa, 6€3 104aTKOBOi 00poOKH, Mae
MEHIIy KaJIOPIHHICTh, y TOPIBHAHHI 13 TpPaguLIMHUMU BUIAMH W MIIABUIICHOIO
30JIbHICTIO, IO BHUKIWKAJIO AKTUBHUW PO3BUTOK HOBHUX METOJIB (PI3MKO-XIMIYHOT
00pOoOKH CHPOBHHH POCIMHHOTO IMOXOJ/KCHHS, 3aCHOBaHI Ha Iporecax Moaudikaiii
il cTpykrypu. HaiOutpmmii iHTEpeC BUKIMKAE TMPOIEC TEPMIYHOI OOpOOKH B
iHepTHOMY cepenoBuili npu temmeparypax 180...300°C, sxa mpuBOIUTH A0 3MIHU
(G13MYHUX BIACTHUBOCTEH 1 XIMIYHOTO CKJIaJly CUPOBUHH POCIMHHOTO IMOXOJKEHHS,
JUTS TIABUIIEHHS TETUIOTBOPHOI 3IaTHOCT1 MaTepiajiiB i e)eKTUBHOCTI BHKOPUCTAHHS
SK TMaJIuBO [2].

TemoBuii BIIWMB HA POCIMHHY CHPOBHHY JUIsl OiomaimBa, IO CKJIANae 3
TeMIIENTIONIO3H, JITHIHY W [ETI0I03U IPUBOANTH 10 Nu(epeHIiiioBaHOTO BIUIMBY Ha
CTaH CKJIQJOBHX 4YaCTWUH, HANpPHUKIAJ, TEMIIET003a  PO3KIANAAEThCS B

temneparypaoMy inTepBami 200...320°C, a mairHiH TYOUTh CBO1 BIJIACTHBOCTI SIK
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Marepiali, 1m0 3a0e3nevyye IMUIbHICTh 1 MIHICTh OlomanuBa. OcTaHHs 0OCTaBHHA
HETaTUBHO BIUIMBA€ HA HOPMAaTHUBHI BHUMOTH, TPOMOHOBAaHI N0 3a0e3MeUeHHs
TpaHCMIOPTYBaHHs, 30epiraHHs il mojiayi naavBa A ciairoBaHH [3].

ToMmy akTyalbHHM € MPOIEC TEPMIYHOI MIATOTOBKHU 3pIOHEHOI CUPOBUHU (3
ypaxyBaHHSIM (PakKIiHHOTO CKJIAay), SKOMY MOKHa YMOBHO PO3JIUIMUTH Ha BEIUKY
a00 ocHOBHY (TemioBy) ¢pakiio U apioHoaucnepcHy. [lo cBOiX BIACTHUBOCTSX
npiOHoAMCcHEepCcHa (pakilisi BUKOHYE pOJIb MPUPOJHOrO CHOMYYHI sl GOpMyBaHHS
KIHIIEBOT'O MPOJYKTY - TpaHyl] OlomanuBa (mener, OpuUKeTiB). Y cuily ux oOCTaBUH
ICHye TI€BHE NPOTUPIYYA: TapaMeTpd, HEOOXIJHI TepMIYyHOI OOpoOKH s
NiABUIIEHHS TETUIOTBOPHOI 3/aTHOCTI OlomajivBa (3a paxyHOK OCHOBHOI, BEJIMKO1
¢paxiii) TPUBOAATH O MOTIPIICHHS CHOJYYHUX BJIACTMBOCTEW JIPIOHOIUCIIEPCHOT
dpaxuii 1 HaBnaku - 3a0e3MeYeHHs BIACTUBOCTEN MO MIIIHOCTI KIHIIEBOTO MPOIYKTY
HE JI03BOJISTFOTh ITIBUIITUTH HOTO TETJIOTBOPHI XapaKTEPUCTUKH.

3anponoHOBaHO BHUKOPHUCTATH TPOIEC CENEKTUBHUI TEPMIYHOI 0O0pOOKU
010CHPOBHHU B TEXHOJIOT1i BUPOOHUIITBA OiomnanuBa. J[Jig 1IbOT0 CYIIiHHS i TEPMIUHY
00poOKy MaTepiany 3alpoNOHOBAHO MPOBOJUTH B OapabaHHIM cymapili y JIBi cTaaii
3a KOMOIHOBAaHOIO CXEMOIO PYXy CYIIMJIBHOTO areHTy 13 Kiacudikaiieo martepiany.
JIns MOKJIMBOCT1 peaniizailii TeXHOJOTil BapTO JOCHIKYBAaTH BIUIMB OCHOBHHX
TEXHOJIOT1YHUX MapaMeTPiB MPOIIECYy.

Ha TpuBanicte CymiiHHS AHCIEPCHUX MaTepialiB ICTOTHUN BIUIUB POOUTH
pO3Mip TMOPUCTHUX YacTOYOK. IIpudoMy peanbHi IHUCTIEPCHI CUCTEMH, JI0 SKUX
CTaBUTKCSA 3ApiOHeHa Oiomaca, € mominucnepcHuMu. 11106 opranizyBaTu edheKTHBHE
BUCYIIYBaHHS BCIX AHWCHEpCHUX (pakiiii OiomMacu 70 KIHIIEBOTO BOJIOTOBMICTY,
o0'eTHATH 3HEBOJHIOBAHHS 3 IIOYATKOBOIO CTAaJi€l0 TEPMIYHOTO PO3KIIAJaHHS
KpynHoaucepcHoi dpakiii i 3amobirTu MoBHY TEPMOAECTPYKINiO ApiOHOT (pakirii
MPOTIOHYEThCS  IBYXCTAJIHE CYIIIHHS TPH PI3HUX TIOYATKOBHX IapamMerpax
TEIJIOHOCIA, SKI 3aJaBajiCs BIAMOBIZHO 1O TEXHOJOTIYHUX MOXKJIUBOCTEH
YCTaHOBKH.

[Ipomtec BUPOOHUIITBA BHCOKOKAJIOPIHHOTO OlomanuBa 3 BHKOPUCTAHHIM

JIBOXCTAIIMTHOTO CYIIIHHSA MpeACTaBICHUH Ha puc. 1.
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Pucynok 1. Texnonoriuna cxema peaizanii ABOXCTaIMHOTO CYIIIHHS pU

BUPOOHUIITBI BUCOKOKAJIOPIHHOTO OlomaivBa.
1 - 6yHKkep 3aBaHTa)XXeHHS 3ApIOHEHOT cyMili; 2 - 6apabaHHa cymiapka nepioi cTaaii
cymiHHg; 3 - kiacudikarop; 4 - JiHIA U KPYNHOAUCTIEPCHOI (pakuii; 5 - JiHisA
npioHomucnepcHoi (pakiii; 6 - OapabaHHa cymiapka Apyroi crajaii CYIIIHHS
KpynmHOAMCTIEPCHOT (pakiii; 7 - cemapaTop BIAAUICHHS KPYHMHOAUCTEPCHOT (pakiiii
BiJl CYIIMJIBHOTO areHTy; 8 - peakTop TepMiuHoi 00poOku; 9 - mpec-rpanynarop; 10 -
TEIUIOTE€HEPATOP CYIIMIBHOT'O areHTy.

TexHoOTiS BUPOOHUIITBA BHUCOKOKAJIOPIHHOTO OiomajanBa 3 BUKOPHUCTAHHSIM
JBOXCTQIIMHOTO CYIIIHHSA B OapabaHHUX CyIIapkax Iepeadadyae 3aBaHTaKCHHS
3npiOHEHoi cyMmini yepe3 OyHkep 1, y 6apabaHHy CymIapKy nepuioi ctagii CymiHHs 2
Opv 1IbOMY MOKHAa BHKOPHUCTATH PI3HI BUIU POCIMHHOI cupoBuHU. CylIiHHS Ha
MepIi cTaaii MpoXoasaTh 0 CTajAil MpOCYIIyBaHHS ApiOHOAUcCIepcHOT (dpakiii 6e3
TEIUIOBOTO PO3KJIQJaHHS TPUPOJHUX PEUYOBHH, SKI HalIadl BUKOPHCTAIOTHCSA SK
enHanmbHe (JMIrHiH), HEoOXimHi mns (GopMyBaHHS TpaHYJIbOBAHUX NPOAYKTIB. Y
knacudikatopi 3 apibHOIUCTIEpCHA (PpaKIis BITOKPEMIIIOETHCS, a KPYITHOIUCIIEPCHA
(ocHOBHA) (pakilis Mo JHII 4 HAMPaBISIETbCA CTAIIF0 BTOPUHHOIO CYIIHHS W
TepMOOOpOOKKM B OapabaHHy cymapky 6, y SIKii IPOBOJIUTHCS AOCYIIYBaHHS W
Topedikailisg, 3a pPaxXyHOK YOro IMMJBHIIYEThCS 1i TEMJIOTBOPHA 3MaTHICTH. Y
cenapaTopi 7 BIIOKPEMIIIOEThCA KPYMHOAUCHEPHA (pakilisl BiJ CYyIIHJIBHOTO areHry,

3MIMIYETHCS 3 APIOHOAUCTIEPCHOIO (paKIlI€r0, 110 HAAXOAUTH IO JIHIT 5 y 3MilTyBadi
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8, 1 MPUTOTOBJIEHA, TAKUM YHMHOM, CYMIII MOJAETHCS B TPAHYIATOP 9 A ofep KaHHs

KIHIIEBOT'O MPOYKTY.

TexHonoris nepeadavae BUPOOHHUITBO BUCOKOKAJIOPIHHOIrO OlomanuBa y ABI
cTaaii cymiHHS #W Topedikamii MaTepially 3a KOMOIHOBAaHOIO CXEMOIO pyXy
CYIIMJIBHOTO areHTy, M0 A€ MOJIHMBICTh 3MEHIINTH BUTPAaTH Ha BHPOOHHUIITBO

KIHIIEBOT MPOAYKIITII.

IlepeJaik morcuianb;

Technology Roadmap - Biofuels for Transport. International Energy Agency.
Retrieved  from  [smektponHblii  pecypc] —  Pexum  gocryma.  —
https://webstore.iea.org/technology-roadmap-biofuels-for-transport

. Cardona C. A. Sanchez O. J. // Bioresource Technology.— 2007.— Ne98.— P. 2415.

. Cuexkin FO. @., Kopinuyk J[. M., Muxaiinuk B. A. Komno3uiiiiini najuBa Ha OCHOBI

Topdy 1 pocauHHoi 6iomacu: MoHorpadisa. K.: Bua. JIubins. 2012. 211 c.
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YK 344.723
MODERN DIRECTIONS FOR IMPROVING FLAME EXTINGUISHERS
Student Kolyadenko Vladislav, associate professor, PhD, Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The main modern directions of perfecting the equipment for
preventing the propagation of flames by gas transportation are given. Ways of
improving fire localization capability in flame arrester and increasing the shelf life of
fire retardant material have been identified.

Key words: flame arrester, fire retardant material, flame localization.

CYYACHI HAITPSAMKHU YIOCKOHAJIEHHSA BJIOBJIFOBAYIB ITOJYM’S1
crynent Konsgenko Bnaaucnas, k.T.H., 1ou1. AHapee Irop
HaunionajqbHuii TeXHIYHUI YHiBepcUTET YKpaiHU

“KuiBcbKkuil mosiitexHiyHuii iHcTuTyT iMeHi Irops Cikopcbkoro”

Anomauyia. Haeedeni ocHosHi cyuacHi HanpamKu YOOCKOHALEHHS 001AOHAHHS
0111 3ano0ieanHs pPO3NOBCIOONCEHHA NOAYM 'S NO 2azoxodax. Busmauewi winsaxu
NOKpAWeHHs. 30AMHOCMI JIOKANI3ayii NOIYM sl Y 80CHE3aAMPUMYBaAYaAx i NiOGUUEHHS
MepMIHY NPUOAmMHOCHI 802HE3AMPUMYIOU020 MAMePIa).

Knrwouoei cnoea: e6noenioeau noaym’s, 602He3AMPUMYIOUUL Mamepial,

JIOKANI3ayist NOYM 1.

Among the means to prevent the propagation of flames, flame arrester
(apparatus or pipeline sections) with a layer of bulk material - nozzles are widely
used, preventing the spread of the flame. flame arrester is used in the chemical, oil

and gas, metallurgical and other industries where it is necessary to guarantee the safe

30


https://teacode.com/online/udc/54/544.723.2.html

36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
MarepianisB”

operation of the equipment when explosive mixes are produced, In particular, they
are designed to prevent the propagation of flames by gas-carrying vehicles.

Corrugated metal tape, wire and netted filters, filters from baked metallic and
metal-ceramic balls, etc. can be used to capture the flame. D. Each of these types of
filters has some advantages and disadvantages. For example, corrugated metal tape
filters have low mechanical strength relative to the external impact loads. Crushing
the tape reduces the function of flame arresters. Mesh multi-layered filters do not
allow precise monitoring of the gap between the layers of the mesh, which results in
different filter characteristics in different batches. In addition, the grid has low
mechanical strength relative to the blast wave. The baked metal and metal-ceramic
filters have a high resistance to the air flow and do not allow the use of protected
devices in the forced supply of the gaseous air mixture, since the small pore size
provides only a diffuse exchange with the external environment.

In order to increase the ability to localize the flame, a heat-dissipating nozzle
made of a material having high thermal conductivity and heat capacity is added to the
arrester (pat. RU2296603, A62C 4/00)and for additional protection against impact
loads there is also a certain protection of the nozzle (pat . RU2714544, A62C 4/00,
G12B 17/08). The same objective can be achieved by carrying out a pack of nozzles
consisting of flat and corrugated plates which are covered by the clip. The clip is
made of a high-heat conductive material and has thermal contact with the body (
RU2142304, A62C 4/02).

In order to reduce the resistance to the flow of the gas mixture, reduce the
dimensions of the apparatus and increase the efficiency of the nozzle elements under
flame action, it is proposed that the nozzle elements have a biporous structure
containing a group of open "large" pores
and additionally a group of open "small" pores or capillaries for
liquid filling (pat. RU2314846, A62C 4/00). In order to improve the operation and
repair of such a device, the flame retardant element is in the form of a layer of a solid
catalyst (Pat. of Ukraine 71717, A62C 4/00).
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~ The authors of the RU2142303 patent, A62C 4/02, consider that the optimal
fire resistance has flame arresters, the cassette of which is made of flat and corrugated
tapes with certain structural features.

The authors of the RU2229318 patent, A62C 4/00, propose flame arrester,
which contains a stream channel in which many aligned rods are located so that the
medium that flows in the channel must pass between the rods. Furthermore, the rows
of rods are perfectly adjacent to each other and form a natural surface above which
the air can flow with minimal resistance. The rod has a large surface area, which is
important when intercepted by the propagation of the blast, as this surface is an
efficient heat exchanger that absorbs a large amount of thermal energy from the blast.
The rods can be made of a solid material, such as a rod or a hollow pipe. If pipes are
used, they may contain a cooling liquid that makes flame arrester even more effective
In continuous combustion.

In order to ensure easy modification of the used material and to improve the
conditions of repair and operation of the fire retardant material apparatus, it is made
in the form of a basket, which is a metal frame to which the nets are fastened (Pat.
of Ukraine 55035, A62C 4/00) In order to increase the shelf-life of fire retardant
material after the gas mixture input fitting, an annular collector (Pat. of Ukraine
89461, A62C 4/00) or a gas mixture distributor (Pat. of Ukraine 91037, A62C 4/00)

is installed in front of fire retardant material.
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YK 664.8.047
OHLIHKA AKOCTI YUIICIB I3 AbJIYK OAEP’ KAHUX KOHBEKTUBHUM
CIIOCOBOM CYHUIIHHA

HayK. cHiBp., K.T.H. ['ycapoBa O.B., npoB. Hayk. cHiBp., C.H.C., K.T.H. [Ilanap P.O.

IncturyT Texniynoi temnopizuku HAH Ykpainu

Byno mpoBeneHO MOCHIKEHHS MO BU3HAYEHHIO XIMIYHOT'O CKJIQAy YHMIICIB 13
a0JyK, IeTyCcTaliifHy OL[IHKY Ta BIIHOBIIIOBAHICTh YUIICIB PI3HUX BUPOOHMKIB.

KurouoBi ciioBa: yuricu i3 s61yK, CIIOKUBY1 BIACTUBOCTI, JIETyCTalllifiHa OIlIHKA,
OpraHOJICNITUYHI TOKa3HUKH, BITHOBIIOBAHICTb.

The article conducts research to determine the chemical composition of apple
chips and tasting evaluation of their organoleptic characteristics. The paper also
identifies the renewability of chips from different manufacturers.

Key words: apple chips, consumer properties, tasting evaluation, organoleptic

parameters, renewability.

OCHOBHMMH KPHUTEPISIMU OIIHKH SIKOCTI CYIIEHHUX MPOAYKTIB € iX XIMIYHUU
CKJIaJl, OPTaHOJIEITUYHI TMOKAa3HUKHU Ta BIJIACTUBICTH 10 BiAHOBIOBaHHS. CyleHi
IPOJYKTH MalOTh MaKCHUMaJIbHO 30epiraTd KOPUCHI PEYOBHMHHU BHUXIJTHOI CHPOBHHH,
MaTH TOBAPHUM BUTJISA, 110 3a0€3MEUy€EThCS TEXHOJIOTIE0 BUPOOHMIITBA.

3 MeToI0 OI[IHKH SKOCT1 YHIICIB 13 S0IYK, Oiep»KaHuX 3a po3pobieHowo B [TTD
HAH Vkpainm eHeproeekTHBHOIO  TEIUIOTEXHOJOTIEI0, OylIo  MPOBEACHO
MOPIBHSIHHS OPTaHOJENTUYHUX XapaKTePUCTUK aHAJOTIYHOI MPOAYKIII PI3HHUX
BUPOOHUKIB.

Pe3yabTaTH Ta iX 00roBopeHHsi. [lopiBHSIBHMI aHami3 XIMIYHOTO CKJIamy
sa0nyk copty Pener CuMUpEHKO Ta 4YWIICIB TMOKa3aB, MO y KIHIIEBOMY MPOIYKTI
30epekeHl BCi CKJIAIOBI CHPOBWHU, IO CBIAYATH MPO BIPHO BU3HAUCHI PEKUMU
MIATOTOBKHA CHPOBHHM JIO CYIIIHHS Ta 0€310CePETHBO MPOIeCy 3HEBOAHEHHS [1].

O1iHKa OpraHOJCNTHYHUX TOKA3HUKIB YHUIICIB MPOBOAWIACS 3 JIOTPUMAHHIM

OCHOB aHai3y NponaykTiB [2]. s merycraiiiiHoi orfiHkd OyJjio BimiOpaHO YHIICIB
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YKpPAiHCBKUX Ta 3aKOPJOHHUX BUPOOHUKIB. Pe3ynbTaTh AerycTamiiHol OIL[IHKH
300paxeHo Ha mpodurorpami (puc. 1). Sk G6aunmo, Bci mokaszHuku yuncie [TTO
HAHY otpumanu Bucoki 0anu 4jaeHIB KOMICIi, 110 JOBOAUTH iXHI BUCOKI CIIOXHBY1
BJacTUBOCTI [1].

JlocnipkeHHsT 1O BU3HAYEHHIO BIIHOBIIOBAHOCTI YHIICIB  PO3TJISHYTHX
BUPOOHUKIB ToKa3aiu [1], mo HaiOinbine 3HaueHHsS — 85% ojepaHO I YHUIICIB
TM ,,Fisar” (cyOusiMariiiine CyIIiHHS) Ta
84, 7% — nmna uuncie ITT® HAHY
(KOHBEKTHBHE OaratocrajiitHe
cymigus). Ywncu TM |, Nobilis”
(xomOiHoBaHe cymiHHA) Mand  61%.
Haiinmxue 3nauenns (50,5%) otpumano

st gunciB T ,Yinen s6myuni” (IK

CYILIHHS). Le OB’ 13aHO 3

Puc. 1. TlopiBHsnbHa mpodinorpama HECIPHUATIMBIMUA YMOBAaMH CYIIiHHS Ta
nerycramiiaoi ouinku yuncis: 1 — [TT® HAHY, _

2~ TM ,Nobilis”, 3 — ITIT , Yincw s6nyasi”, ~ BUCOKOIO 3AIHMIIKOBOIO BOJOTiCTIO 15%

4-TM, Fisar XapakTepHOI IS CyXO(PYKTIB.

CyOnimarniiftHu#t crmocid 3HEBOJHEHHSI HAWJOPOXKUMN Ta 3aCTOCOBYETHCS MEPEBAKHO
JUIS. 3HEBOJIHCHHS OCOOJMBO IIIHHOI CHPOBHHU 1 BHKOPHUCTOBYBATH WOTO JUIS
0JIep)KaHHS XapYOBUX MPOIYKTIB HEJOILIBHO.

BucnoBkn. KowmriiekcHa oOpraHojenTHYHa OIIHKA Ta BIJHOBIIOBAHHICTH
YUIICIB, OJIEPKAHUX 32 TEIUIOTEXHOJOTi€0 [HCTUTYTY, TOBOASTH MEepeBary ix sIKOCTI
MOPIBHSIHO 3 YUIICAMHU IHIIMX BUPOOHHMKIB, MPH IIHOMY, 32 HAIIMMU PO3PaXyHKAMHU
ixus coOiBapricth Ha 30...45% Hmwkda co0IBapTOCTI aHANOTIYHOT MPOAYKINT Y
TOPTiBEIbHINA Mepexi YKpaiHu.

Ilepeaik morcuianb;

1. T'ycapoBa O.B. InTeHcudikailis TemIoMacomnepeHocy Mia Yac OJep KaHHS
YUIICIB 3 S0JIyK: quc...KaHa. TexH. HayK: 05.14.06 / ITT® HAH VYxkpainu, Kuis, 2020.
241 c.
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2. OueHka KadecTBa MPOJIYKTOB MepepadOTKU IJIOJOB M OBOIICH, OLEHKa
KAa4ecTBa OBOIIHBIX WU IUIOJOBO-ATOAHBIX KOHCEPBOB, OCHOBBI AHAJIM3a IPOIYKTOB

[Enextponnuii pecype]. Pexxum moctymy: http://www.matrixplus.ru/tooa56.htm.
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V]IK 628.161

PEAJIII CbOTI'OJIEHHS TA IEPCIEKTUBU MAUBYTHBOI'O
KOMIIJIEKCHOI HIEPEPOBKH POCJIMHHOI CUPOBUHU B
BIOETAHOJI TA IHIII TPOJAYKTH

I-p TEXH. HayK, c.H.c. ObogoBuu O.M., kanx. TexH. Hayk Cunopenko B.B.
IncTuryT TexHiynol Temnopizuku HAH Ykpainu

AHoTtanisi: Po3risiHyTO OCHOBHI €Tany KOMIUJIEKCHOI MepepoOKr OpraHigyHOl
CUPOBHHM B 010€TaHOJI Ta IHIII NPOAYKTU. BU3HAueHO HaWOLIbII €HEPrOBUTPATHY
CTa/Iif0 B TEXHOJIOT1i OTpUMaHHs 010€TaHOIy ApYyroro nokoiiHHsi. HamiueHo nuisxu
JUTSL 3HMDKEHHST COO1BApTOCTI BUPOOHUIITBA O10€TAHOIY.

Abstract: The main stages of complex processing of organic raw materials
into bioethanol and other products are considered. The most energy - consuming
stage in the technology of obtaining second - generation bioethanol has been
determined. Ways to reduce the cost of bioethanol production are outlined.

Kuarwu4oBi cjoBa: Oioeranon, Oiomaca, TomepenHs MiATOTOBKA, TiIPOJIi3,
POTOPHO-TYJIbCAIIHHUN amapar

Keywords: bioethanol, biomass, pretreatment, hydrolysis, rotary-pulsating apparatus

['onoBHUMHU pe3ysIbTaTaMH KOMIUIEKCHOI IMEepepoOKH OpraHidyHOi CHUPOBHUHU
Jefali 3aJUIIAI0ThCS €HEPTrOBMICHI MPOIYKTH - 010€TaHOJ Ta TiIPOJII3HUHM JITHIH,
KU MAIOTh EHEPTeTUYHI XapaKTePUCTUKH, CYMIPHI 3 BUKOITHUMH TATHBAMHU.

OtpumanHs  OloeTaHOlMy 3  KpPOXMaJIeBMICHOi,  IIYKpOBMICHOi  a0o
JITHOLEIOI030BMICHOT CHPOBMHHM BHMAra€ 3acTOCYBaHHS PI3HUX TEXHOJOTTYHHX
CTaaii Ta BIAMOBIAHO COOIBApPTICTH 0i0ETAHONY IS KOKHOTO BHAY CHPOBUHU €
pi3HOIO. Y TOpIBHAHHI 3 010€TAaHOIOM 3 ITyKPOBMICHOI Ta KpPOXMaJeBMIiCHOI

CUPOBHUHH, 010€TaHOJI 3 JIITHOIIEITFOJIO30BMICHOT CHPOBHHHU € JIOPOKIHM.
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HalieneproButpaTHilioro B TEXHOJOrli  OTpUMaHHsA  OloeTaHoily 3
JITHOLEJIOI030BMICHOI CUPOBUHM € CTajisl MONEpPeAHbOI MIATOTOBKM CHUPOBUHU 0

rigpomizy (puc. 1) [1].

IHwe; 4%

KomyHanbHi nocnyru; 6%

KoTen+naporexHeparop;

29%
BunaposysaHHA; 8%

Cenapauist; 2%

Obpobka biomacu; 5%
OepmeHTauif; 4%

'eHepauia apixmxis; 1%
OuykptoBaHHs ; 5%

Puc. 1 Po3nonin 3aTpaT Ha 00J1aTHAHHS JIITHOIIEITIOJI03HOTO MiAIPHEMCTBA

[TinBuiieHHs: peHTA0eIBLHOCTI BUPOOHHUIITBA 010€TAHOIY 3 JIITHOIETIOI03HOT
CUPOBUHHM MOXJIMBO JIBOMa TOJOBHUMH MUIsixamu. JloCBin HU3KHM BHUPOOHUIITB,
30KpeMa TiAPOJII3HOTO, O3BOJSE BUPIMIUTA TPOOIEeMy pPEeHTa0eTbHOCTI 00pOoOKU
CKJIQJIOBHX, BAPTICTh SKUX MEPEBUIILYE BAPTICTh BUXITHOT OPraHIYHOI CHPOBUHU, SK
manuBa. [HImMKA crocid — BIOCKOHAJEHHS TEXHOJIOTII Ta oOJIagHAHHS, IO JO03BOJISIE
30UTBIIUTH CTYIIHb KOHBEPCii BUXITHOT CHPOBHHH B OCHOBHI Ta MOO1YHI MPOTYKTH.

Metoro poOOTH € CTBOpPeHHs OOJaTHAHHS Ta TEXHOJOTil, MO0 J03BOJATH
BJIOCKOHAIUTH  TIPOIEC  KOMIUIEKCHOT  TEpepoOKH  POCIMHHUX  BIAXOIB
CUTHCHKOTOCIIOTAPCHKOTO  BUPOOHMIITBA Ta JIICOTEXHIYHOI TMPOMHUCIOBOCTI B
OlomaymBo 1 MOOIYHI BUIW TTPOTYKIIii.

[Tpukiamom oGnagHaHHS, IO ICTOTHO 1HTEHCH(QIKYE TEIUIO Ta MacoOOMIH B
PIAKKUX 0araTOKOMITIOHEHTHUX CEPEOBUIAX € POTOPHO-MYIbCAIliiHI anmapartu, Mo €

e(EeKTHBHUMHU TIPUCTPOSMH B TEXHOJOTIAX, TIOB’SI3aHUX 3 MEPEMINTyBaHHSM,
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rOMOT€HI3alli€10, TUCTIEPTryBaHHIM TolO [2]. BkiItOYeHHS pOTOPHO-MYIhCALITHOTO
armapata B CTaJil0 MOMEPEJHbOI MIATOTOBKM JIITHOIEIIOJO3HOI CHPOBUHU O
riIpoJi3y [103BOJISI€ MPOBOJAUTH JENIrHIPIKaLil0 Ta BUIJAJICHHS TEMILENI0N03 3a
TEMIIEpaTypH, HUXKYOI 3a aHAJOrU Ta MiJ aTMOC(EpHUM THUCKOM. 3a pe3yjbTaTaMu
poOOTH MOJAHO JIBI 3asIBKM HA BUHAXI/I.

Crnoci0 oneprkaHHsS MIKPOKPUCTATIYHOT LIEJII0JIO3H: 3asBKa Ha MATEHT YKpaiHu
Ha BuHaxig 2202003752 Bin 22.06.20

Croci6 oTpuMaHHS 1IJIIOJIO3U Ta JIICHIHY: 3asBKa Ha NaTeHT YKpaiHW Ha
BuHaxix a202006032 Bix 22.09.20

BucHoBOK: 3anponoHOBaHO crocio NONEPEAHBOT MIrOTOBKHU
JITHOLEJIONO03HOT CHUPOBMHU JI0 TiApOJI3y, IIO JI03BOJISIE BJIOCKOHAJIUTH

KOMIUIEKCHOT epepOoOKH POCIMHHOT CHPOBUHHU B TEXHOJIOT1] OTpUMaHHs 010€TaHOMY.

Ilepesiik nocuIanb:
1. Valdivia M, Galan JL, Laffarga J, Ramos JL. Biofuels 2020:
Biorefineries based on lignocellulosic materials. Microb Biotechnol.
2016 Sep;9(5):585-94. doi: 10.1111/1751-7915.12387. Epub 2016 Jul
29. PMID: 27470921; PMCID: PMC4993176.
2. Mukpo- W HaHOYpPOBHEBBIE TMpolecchl B TexHonorusx JIMBO:
Temarnueckuii cOopHuk crateit/ moa obmei pena. A.A. Jlomuuckoro. K.:

Axkanemnepuoauka, 2015. 464 c.
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V]IK 628.161

CIIOCIb OYMIIEHHSA IIJTACTOBHUX BO/JI BII CIPKOBO/IHIO
OKUCJIIEHHSM KUCHEM IIOBITPS B POTOPHO-HYJII;CAIIIPIHOMY
AITAPATI
I-p TE€XH. HayK, c.H.c. ObogoBuu O.M., kaua. TexH. Hayk Jlumap A.IO.
IncTuryT TexHiynoi Temnogpizuku HAH Ykpainu

AHoTanis: Po3risinyTo npo6iieMy HasBHOCTI B IJIACTOBUX BOAAX CIPKOBOJHIO
Ta croco0iB BUAJICHHS CIPKOBOJIHIO 3 BOJU. BIIOCKOHANIEHO CIOCIO OKUCITIOBAIBHO-
KaTaJIITHYHOT'O OUHNIICHHA I1JIaCTOBUX 1 CTIYHUX BOJ IIJIAXOM IIPOBCIACHH:A HpOL[GCiB
HACUYEHHSI BOJM MOBITPSIM 1 PO3UMHEHHS B Hill KUCHIO B POTOPHO-IYJIbCAIIITHOMY
amapaTi, 1[I0 WIABUIIATH IIBUJKICTh PO3YMHEHHS KHUCHIO, IHTCHCU(IKYIOUU
OKHCITIOBAIbHO-KAaTAITUUHI peaKIlii, SKi € OCHOBOIO OUHIIICHHS BOJIH.

Abstract: The problem of hydrogen sulfide in underground waters and
methods of hydrogen sulfide removal from water is considered. The method of
oxidation-catalytic purification of underground and wastewater by carrying out the
processes of water saturation with air and dissolving oxygen in the rotor-pulsation
apparatus has been improved, which will increase the rate of oxygen dissolution by
intensifying the oxidation-catalytic reactions that are the basis of water purification.

Karw4oBi cioBa: Boja, CipKOBOACHB, OYHIINCHHS, POTOPHO-IYIbCAIlIMHUI
amapar.

Keywords: water, hydrogen sulfide, purification, rotor-pulsation apparatus.

[Ipupogni mnnmacToBi BOJAW, IO MICTATH CIPKOBOJICHB, MPEACTABICHO
COJILOBUMHU PO3COJIaMHU XJIOPHUIHO-HATPIEBOI THUITY, MiHEpai3allisi SKUX JOCATa€ IO
100 1/ 1 GibIIe 3 KOHIIEHTpAaIli€ro CipkoBoaHIO 85-130 mr / 1 ipu pH= 7,1 -7,4.

IIpu upomy 3HauenHi PH cipkoBogenp Ha 50-52 % 3HAXOAWTHCA B BUIIIAAL

MOJIEKYJISIPHOTO, a pelITa - y BUTJIAI THAPOCYIbdua.
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Ha nanwuit yac miaHATI HA TOBEPXHIO MJIACTOBI BOJH, IO MICTATH CIPKOBO/ICHb,
CKJIAyIOThCS B HEMPOTIUYHI HaKOoMU4yBayli 0Oe€3 MOMEepPeIHbOr0 OYHUIICHHS, IO
MPU3BOAUTH 10 3a0pyIHEHHS aTMOC(HEPHOr0 MOBITPSI Ta TPYHTY CIPKOBOIHEM.

[Ipu BHOOpPI ONTHUMAIBHOIO BapiaHTy METOAY OYMILEHHS IJJACTOBUX BOJ
HEOOX1THO OyJI0 BpaxOBYBaTH iX BHUCOKY KOpO31HY aKTHUBHICTb, a TaKOXK 3HAYHUU
o0car, SKUM 3axanae JUisi OYMIICHHS BEJIMKOI BHUTPATU €JIEKTPOCHEprii 1
METaJI0EMHOT'O TEXHOJIOTTYHOTO 00JIaAHAHHS.

Byno po3risHyTO NeKiibka MOMUIMBHX CIOCOOIB OYHWIICHHS IJIACTOBUX BOJ
(ocamkeHHS, AeCOpOIisl, OKUCICHHS B MPUCYTHOCTI TE€TEPOTCHHUX O TOMOTEHHUX
KatanaizatopiB). TEeXHIKO-€KOHOMIYHE MOPIBHSAHHSA CHOCOOIB HAAAJlIo0 MiJICTABY
BUOpAaTH METOJ PIAMHHO-(DA3HOTO OYMIIEHHS CIPKOBOJHIO TUIACTOBHUX BOJ KHCHEM
MOBITPsI B MPUCYTHOCTI KaTaiizaTopa.

MeToro po6oTH OyJI0 BIOCKOHAJICHHS CIIOCO0Y OKHCIIOBAIbHO-KATAITUIHOTO
OYHIICHHS TJIACTOBHX 1 CTIYHUX BOJI IUISIXOM IPOBEJICHHS TPOIIECIB HACHUYEHHS BOJIU
MOBITPSIM 1 PO3YMHEHHS B HIM KHUCHIO B POTOPHO-MYJbCAIIHHOMY amaparti, M0
HiABUIIUTH IIBUJKICTH PO3YMHEHHS KHCHIO, IHTEHCHU(DIKYIOUM OKHCIIOBAIBHO-
KaTaJliTMYH1 peakilii, SKi € OCHOBOI OuYHuIleHHs Boju. I[locTaBiena 3amada
BUPIIIYETHCA 3a pPaxyHOK TOro, IO B CHOCOOl OKHCIIOBaJIbHO-KATaTITUYHOTO
OYMIIICHHS IJIACTOBHX 1 CTIYHUX BOJ, SKUH Tepeadadae HarpiBaHHs 10 TeMIEpaTypu
40 °C, nacuueHHs noBiTpaM 3 Butpatoro 10 mM3/M° 3a romuny mia tuckom 0,4 mIla
Ipyd MAacOBOMY CIIIBBITHOIIEHHI Kartanizatop:Boga 1:10, 3rimHo 3 BHHAXOJIOM,
HACHYCHHS BOJM TOBITPSAM 1 PO3UYMHEHHS B HIM KUCHIO MPOBOJUTHCA B POTOPHO
MyJbCAllIMHOMY amapari 3 aMIUIITy 100 Tyibcariil Tucky 320-340 kIla i mBuAKiCTIO
3cyBy notoky 70-10%-90-10% ¢ .

Hacuyennss Bomu, IO OYHUIIAETHCS, MOBITPSIM B POTOPHO-TYJIbCAIMHOMY
amapari 3 aMIUIiTyor0 myinbcamiid Tucky 320-340 klla i mBUAKICTIO 3CyBY TOTOKY
70-103 -90-103 ¢ -1 103BOAUTH 30UTBIIUTH TUIONTY TIOBEPXHI KOHTAKTY (ha3 (MOBITps
- BoJIa), KOoe(DIIieHT MacOMEepeHOCy 1, K HACTIIOK, MBHUJKICTh PO3YHMHEHHS KHCHIO.
301UTBIIICHHS] MBUIKOCTI PO3YMHEHHS KHUCHIO JO3BOJISIE MPUCKOPHUTH OKUCITIOBAIBHO

KaTaJIITUYH1 PeaKIlii, K1 MOKJIa/IeH1 B OCHOBY OUYMIIEHHS MJIACTOBUX 1 CTIYHUX BO/I.
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Croci0 OKHCIIOBAIbHO-KATAJIITUYHOTO OYMINEHHS IUIACTOBUX 1 CTIYHHUX BOJ
BiJl CIDKOBOAHIO Ta HOT0 CHOJIYK 3A1MCHIOETBCS HAacTymHUM YMHOM. Bony micns
BIJICTOIOBaHHS 1 (PUIBTPYBaHHs HarpiBaroTh A0 Temneparypu 40 °C 1 HanpaBiIsSIIOTh
U1t 0OpOOKH B POTOPHO-MYJbCAIIHUN amapar, sIKuid OJTHOYaCHO € BIIIEHTPOBUM
HacocoM. [lomaua mOBITPST B POTOPHO-IYJIbCALIMHUN amapaT 311MCHIOEThCS 0e3
3aCTOCYBaHHS KOMIIPECOPHOTO YCTaTKyBaHHS, a 3a pPaxyHOK pO3PSIKEHHS,
CTBOPIOBAHOTO B MpuiiMalibHOMY mnatpyOky. Ilpoxoassun uepe3 poOoui opraHu
POTOpPHO-TYJIbCAIIHHOTO amapaTta (pOTOp-CTaTOP-pOTOP) Y BOAOIMOBITPSHIA CyMIIIi
Ha KOPAOHI po3Auly (a3 BUHUKAIOTH yJapHI XBUJIl, YTBOPIOETHCS PO3BHHEHA
MbKpa3Ha  TypOYJEHTHICTh,  MIKpOKaBITallls,  NPOHUKAIOYl  KyMYJSATHBHI
MIKpOCTpYMEHI 1 BHUXOpPH, IO TPU3BOJUTH 10 IHTCHCHBHOI'O JHCIICPTYBaHHS,
30UTBIIEHHS CyMapHOi TMOBEpXHI KOHTakTy (a3, TMOJINIICHHIO IMPOIECIB
MaCOIIePEHOCY KHUCHIO 3 Ta30BOT0 cepeAoBHIIA B pifake. OUHIIEHHS BOIU B POTOPHO-
nyJIbCAI[IHHOMY arapari MpOBOJSATh 3 aMILTITYI0l0 myJbcariid Tucky 320-340 xIla 1
IBUKICTIO 3¢yBYy 10TOKy 70-10%-90-10° ¢, Taki mapameTpu 00poOKH 103BONAIOTH
MaKCUMaJIbHO 30UIBIIUTH IIBUAKICTh PO3YMHEHHS KHUCHIO y BOJI 1, SIK HACIHIJIOK,
MOJIIIITUTH OKUCHO-KATAIITHYHE OUYMILEHHS B1Jl CIPKOBOJHIO Ta HOTO CHOJYK.

MakcuMallbHO HacH4YeHa PO3YMHEHUM KHCHEM BOJla MPSIMyE B PpEaKIliiHy
KOJIOHY, JIe¢ MPOXOJUTh Yepe3 Iap KaTami3aTopa IpPH MacoBOMY CITIBBITHOIICHHI
1:10, a moTiM ¥e Ha Jera3aliio.

Sk katamizaTop BHKOPUCTOBYIOTH (TajomiaH KoOaIbTy, BIUIABICHUN B
MOJIIETHJIEH  BUCOKOrOo  THCKY. IIpOXO/)KeHHS  OKHCIIOBaJIbHO-KaTaJIITUYHOTO
OYMIIICHHS TUTACTOBUX 1 CTIYHUX BOJ OI[IHIOETHCS CTYIICHEM OKHCJICHHS CIPKOBOJIHIO 1
nopieaIoe 100%.

BuchoBok: 3acTocyBaHHS ~ POTOpPHO-IIYJbCALIHHOTO — amapara JI03BOJISE
iHTeHCU(iKyBaTH a0COpOIif0 KHUCHIO y BOJI BIJMOBIIHO TMPUCKOPUTH TIPOIEC
OKHCJTIOBAJILHO-KATAITHYHOTO OYHINEHHS Iu1actoBux Box A0 100% crynens

OKHCJICHH:.
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Ilepesik nocuianb:
1. Cnoci6 OKHCITIOBAIbHO-KATATITUYHOTO OYHUIIEHHS TUIACTOBUX 1 CTIYHUX
Boa: mat. 114382 Vkpaina MIIK (2017.01) CO2F 1/74 (2006.01)BO1F
3/04 (2006.01) B0O1J 10/00 (2006.01) BO1J 19/18 (2006.01) CO1B 17/05
(2006.01). a2016 06076; 3asBna. 06.06.2016, ony6:1.25.05.2017, Orom. Ne
10. 4c.
2. HakopueBckuit A.W., bacox b.I., PspokkoBa T.C. T['mppoaunammuka

POTOPHO-IYJILCAITUOHHBIX anmnaparTos. Huorcenepro-guszuueckuil

acypruan. 2002, T.75, Ne 2. C 58-68.
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YK 66.069.84, 66.083.8
KABITAIIMHA JETA3AIISA PITUHU CIIOCOBOM JUCKPETHO-
IMITYJIbCHOTI'O BBEJIEHHSA EHEPI'TI
p.H.C., K.T.H. llenens b.4., c.H.c., K.T.H. Paguenxo H.JI.,
np.H.C., 1.T.H. IBannnpkuii I'.K.

IncTuryT Texniynoi temnopizuku HAH Ykpainu

AHortanisi: HaBegeHo akTyanbHICTh mpoOJieMH jerasaiii  piuH B
npomuciioBocTi. [IpoBeseHO qOCTIIPKEHHS BIUIMBY CIIOCO0Y NUCKPETHO-IMITYJIBCHOTO
BBEJICHHSI €HEPTil HAa 3MIHY KOHIICHTpAIlli JIOKCUY BYTJIEII0 B KOHJEHCATI JUMOBHX
ra3iB. BcTaHoBneHo, 1m0 micas 2 XBUJIMH OOpPOOKHM JOCATAETHCS MPAKTUYHO MOBHE
BUITYUYCHHA BYTJICKHMCJIOTH 3 KOHACHCATY.

Abstract: The urgency of the problem of degassing of liquids in industry is
given. The influence of the method of discrete-pulsed energy input on the change of
carbon dioxide concentration in the flue gas condensate has been investigated. It was
found that after 2 minutes of treatment almost complete removal of carbon dioxide
from the condensate was achieved.

Kuarwo4oBi ciioBa: koHAEHCAT AUMOBHUX TasiB, JIOKCHI BYTJICIIO, KaBiTaIlliiHA
Jeras3ailisi, JUCKPETHO-IMITYJIbCHE BBEJICHHSI €HEPT11, BOJIHEBUH MTOKA3HUK.

Keywords: flue gas condensate, carbon dioxide, cavitation degassing, discrete-

pulse energy input, hydrogen index.

Jlerazartisi piifH IIMPOKO 3aCTOCOBYETHCS B €HEPTETHIll, METATYpPTii, CUCTeMax
MIATOTOBKM BOJAM, XapyoBiil 1 XIMIYHIM Tady3sX MPOMHUCIOBOCTI IS BUITYUYEHHS
TaKMX Ta3iB K KUCEHb, CIPKOBOJICHB, JIOKCHJ BYTJEIO, IO MICTATHCS B PIAMHI Y
BUTLHOMY CTaHi 1 Kl € XiMI9HO OUTBII arpeCMBHUMH, HI’K KOJM BOHHM PO3UYHMHEHI B
pigudi [1]. [Insg ButydeHHS 3 piIMHMA BUTBHHUX Ta3iB 4YacTO BUKOPUCTOBYIOTH METOIU
KaBITaIIiHOT jera3airii, sfKi € JOCHTh €()EKTUBHHMH [IJIs Jieras3allii ImepecHuIcHHX
pPiIIMH, KOJM KUIBKICTh BUIBHOTO Ta3y Yy BUIIIAAI MIKpOOyIhOAmmoKk iCTOTHO

TIePEeBUIIlyE MOr0 PIBHOBA)XHY KOHIEHTparlito. Ili MeToau Bipi3HSIOTHCS JOCHUTH
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BUCOKOIO TMPOAYKTUBHICTIO 1 HU3bKMMU €HEProBUTpaTaMu Yy TMOPIBHSAHHI 3
ICHYIOUMMH METOJIaMU Jiera3allii.

Jlns iHTeHcudikamii mpoiecy Jerasaiii HaMH 3alpolOHOBAaHO 3aCTOCYBaTU
METOJ TUCKPETHO-IMITyIbcHOTO BBeaeHHs eHeprii ([IBE), skuit 3HalimoB ycmimHe
npomMucioBe 3actocyBaHHs [2]. JlocnmigHOO pEYOBHMHOIO BHOpaiyd KOHJIEHCAT
JUMOBHX Ta3iB, 1110 YTBOPUBCS YTHIII3aTOP1 TEIUIOTH MICIS CHATIOBAHHS MPUPOIHOTO
razy. 3a (i3uKko-XiMIYHUMHU BJIACTUBOCTSIMU 1€ KOHJICHCAT € MEPECUUYCHUM BOJHUM
PO3YMHOM JI0KCUTY BYTJICITIO Y BOJI (KOHIIEHTpAIlisl IKOTO fgocsirae 70 Mr/a mpu oro
po3urHHOCTI Juiie 0,47 mr/n npu 20°C). JJocmikeHHs: TPOBOJKUIN HA AOCIITHOMY
EKCIIEPUMEHTATLHOMY CTCH/i, OCHOBHUMHU CKJIQJIOBUMH SIKOTO € Kamepa HU3BKOTO
TUCKY 1 POTOPHO-MYJbCALlIMHMUI amapar chemianbHoi KOHCTpYKIii. EdexkTuBHICTH
nporiecy Jerasailii piIMiHA OIIHIOBAJIM 3a 3MIHOIO BEJIMYMHH BOJIHEBOTO MOKa3HHUKA
(pH). ITicnsa nmerasarii 3HadueHHs pH U1l KOHJAEHCATy JMMOBHX Ta3iB TEOPETHYHO
MOBHUHHO JIOCATHYTH NMPUOJN3HO 6,5, 110 BIAMOBINA€E BEPXHiN Mexi 3HaueHHs pH s
JTUCTUIILOBAHOT BOJM.

Pinuny minmaBanmm oOpoOIli HacTymHUM 4YnHOM. KOHJeHcaT IMMOBHX Ta3iB
06’emoM 33 71 06p006TIOBANIA B 3aMKHYTOMY KOHTYPI JIOCIHOTO 3pa3ka yCTAHOBKH B
pexuMi penupkyssii npotaroMm 16 xBunuH. [Ipobu KoHAeHcATy BimOupanu yepes
KOXHI 2 XBHJIMHHM TPOTATOM OOpPOOKH 3 METOI0 BH3HAYEHHS OINTHUMAIBHOTO Yacy
fioro oOpoOKKM Ha OCHOBI OTpUMAaHHUX pe3yibrariB BeauwuuHu pH. Bixiopani npobu
30epirad TPOTITOM JBOX 10 0e3 J0CTymy MpsSMOr0 COHSYHOTO CBITJIA.
BuwmiproBanns BenmuunHu pH mpoBogunm  6araTodyHKIIOHATHHUM  TPUIATIOM
COnDO EZODO PCT-407 nns anamizy mapaMmeTpiB BOAW OJpa3y IICIsS BiIOOpy
po6wu, yepe3 3 roaunu, 1 100y 12 100U micias oOpoOKH.

Ha ocHOBI oTpuMaHuX JaHUX MpoaHaTi30BaHO 3MiHY pH KOHIIeHCaTy TMMOBHUX
ra3iB BiJl TPUBAJIOCTI HOTO OOpOOKHM 1 BCTAHOBJICHO, 110 OCHOBHA 3MiHA BenmmunHA pH
BiI0OyBaETHCS MPUOIUZHO MPOTATOM MEPIUX 2 XBUIMH 00poOku. [loganpira 06podka
KOHJICHCATy TAaKOXX MPU3BOAWMIA N0 MiABUINCHHA BenwunHu pH, mpoTe mBUAKICTH
Horo 3poctaHHs Oylia 3HAYHO HUXK4Ya, XO4ya M cTalOUIbHA MPOTATOM BCHOTO 4Yacy

00poOku. lle Bkazye Ha Te, 1O BUJIYYEHHS OCHOBHOI KUIBKOCTI BYTJIEKHCIIOTH,
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PO3YMHEHOI B KOHAEHCATl, BIAOYBAETHCS MPOTATOM MEPUIMX JBOX XBUJIMH OOPOOKH.
Tako BCTaHOBJIEHO, 110 OOPOOIEHUI KOHJEH AT nepedyBae B HECTAOLILHOMY CTaH1
PO 110 CBIIYUTH MOAaibIIe 3poCcTaHHs Woro BenuunHU pH mpu 36epiranHi mpoo.
[licnss BUTpUMKH OOpOOJIEHOTO KOHJIEHCATy OTpHMMaHe 3HayeHHs BenuuuHu pH
cTabUTI3yBaJIOCh 1 epeBuIyBaio 6,0.

Jlerazamisi KOHAEHCATy 3alPONOHOBAHMM CIOCOOOM JOCSTAETHCA 32 PaxXyHOK
BUJIYYEHHS ICHYIOUHMX NpPH HOPMAJIbHUX YMOBax CTaOUIbHUX OylbOalmioK AIOKCUAY
BYIJICIFO BHACHIAOK 30UIBIICHHS X PO3MIPIB 3 MOXJIMBICTIO peaiizallii siBUIIa
IHBEpCli CTPYKTYpHM TMOTOKY (MEpEeTBOPEHHS TMOTOKY 3 OyJIbOamko-piAMHHOL
CTPYKTYpH B  KpameiabHO-Ta3oBy). TakuM YHHOM piguHa, [0 HAacHU4YeHa
MIKPOCKOMIIYHUMHU OyJpOamkaMu JIOKCHAY BYTJICIIO TiJ Yac OOpPOOKH YTBOPIOE
CYMIIII BOJSIHOT Mapy 3 JAIOKCHUJIOM BYTJICIIO, B SIKIM 3HAXOJIUTHCS BEJIMKA KUIBKICTh
MOJIIIUCTIEPCHUX KparuiuH piauHu. ['a3oBa (a3a npu 11boMy BiIBOJIUTHCS 3 arapara.
OmHOYacHO TpH [BOMY BiAOYBAEThCS PO3MAJ] BYTUIbHOI KHUCIOTH BHACIHiIOK
MOPYIIEHHS BYTJIEKUCIOTHOI PIBHOBAry 1 BUIYYEHHS IHIINX ra3iB 3 KOHAEHCATY.

3anporoHoBaHMK croci0 0OpoOKM piuHKU 0a3yeThCS Ha BUKOPUCTAHHI HU3KHU
¢i3uuaux sBuny JAIBE 1 mpu BianoBigHOMY BHOOPI PEKUMHHX MapaMeTpiB 00poOKH
MO’K€ 3HAWTH 3aCTOCYBAHHS HE JIMINE IS Jeras3aii piauH, ane u s iXx oOpoOku 3
METOI0 3MIHH (IBUKO-XIMIYHUX TapaMeTpiB (BEIMYMHHU OKHCHO-BITHOBHOTI'O
MOTEHITIaTy, SJICKTPONPOBIIHOCTI, BMICTY PO3UMHEHUX T'a3iB TOIIO) Y PI3HUX Tally3sX

ITPOMMCIIOBOCTI.

Ilepesik nocuaanb:

1. Franc J.-P. Physics and Control of Cavitation. In Design and Analysis of
High Speed Pumps (pp. 2-1-2-36). Educational Notes RTO-EN-AVT-143, Paper 2,
2006. — pp.1-36.

2. lypukosa 0. A. Annabataoe Bckumnanue. [Ipaktuueckoe nucmnonbp3oBaHue /

1O. A. llypukoBa. — KuiB: HaykoBa gymka, 1999. — 228 c.
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IncturyT Texniynoi temnopizuku HAH Ykpainu

AHoTanisi: Po3risiHyTo cnoco6u miHOTaciHHSA B MPOMHUCIOBUX TEXHOJOTTYHUX
npouecax. BusHaueHo cyMapHU KOE(IIEHT CHIHIOBAaHHSA 1 JOMYCTUMHUM pIBEHb
NiHOYTBOPEHHSI.

Abstract: Methods of defoaming in industrial technological processes are
considered. The total foaming coefficient and the allowable level of foaming are
determined.

Kuro4oBi cjioBa: miHOYTBOPEHHSI, CIOCOOM MIHOTACIHHS.

Keywords: foaming, methods of defoaming.

BuHuKHEHHS MIHU B Mpollecax TOMOTeHi3allli MOJIOYHUX MPOIYKTIB, BUTTAPHUX
CTaJisIX MOJIOYHOI 1 ITyKPOBOI MPOMMCIIOBOCTI Ta TMporecax TJIUOWHHOI aepoOHOi
depmeHTallii MoB’sA3aHE 3 TEMIEpPATypPHUMH pEXUMaMH, TiIpOJUHAMIYHUMU
YMOBaMH 1 CIIPUYMHEHO HASBHICTIO B CEPENIOBHINI IMOXWBHUX PEUOBHH, MPOAYKTIB
MeTaboi3My MIKpOOpraHi3aMiB 1 TOBEepXHEBO akTUBHHMX pedoBuH (IIAP), mo
CTaOULTI3yI0Th IUIIBKY OyipOamok IMmiHW. 3 OJHi€l CTOPOHW HASBHICTh TIHU
MPU3BOAUTH JO TPUCKOPEHHS PO3YMHEHHS KHUCHIO TIOBITPS B CEPENOBUII —
YTBOPIOETHCSI BENIMKA MOBEPXHS MacooOMiHy mpu (epmenranii. 3 iHIIOT CTOPOHU
IHTEHCUBHE THOYTBOPEHHS MEPEIIKOKAE MaKCUMaJIbHOMY BUKOPUCTaHHIO 00’ €My
depmentepa. Ha BumapHux cranisx BiAOyBae€TbCS OCAKCHHS IIHW Ha BHYTPIIIHIN
MOBEPXHI amapariB, IO MOPYIIYIOE TETUIOBHIA OallaHC 1 acCenTHYHI BUMOTH JI0
TEXHOJIOT1YHOTO TIPOIIECY.

Jlnst pyiiHyBaHHs Oynbp0OaIiok MiHU, 3aMO0ITaHHS YTBOPEHHIO TIHU 1 11 BUXOTY
3aCTOCOBYIOTh HACTYIHI CITIOCOOM — MeXaHi4yH1, XiMi4Hi, (i3udHi 1 kKomOiHOBaHI. [0

IIUX COCOO0IB BIIHOCATHCS
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1) BB Ha MiHYy (13UKO-XIMIYHUM CIIOCOOOM: BUKOPUCTAHHS CEPEOBUIIL, 110
3a0€3MeuyloTh 3HW)KEHHS I[IHOYTBOPEHHS, BWJIYYEHHS CIIHIOIOYMX PEYOBHH 3
pIAMHM, [OAaBaHHS PEYOBHUH, WLIO 3B’S3YIOTh IIHOYTBOPIOIOYI KOMIIOHEHTH B
MMOBEPXHEBO-HEAKTUBHI KOMIUIEKCH, nojaBaHHs [IAP, 1o 3MeHIIyIOTh MIIHICTh
IUTIBOK IT1HH;

2) pyiiHYBaHHS NIHM MEXaHIYHUM 1 TIAPOJUHAMIYHUM CHOCOOaMU: yAapHUM
BIUTMB TBEPAUX MOBEPXOHb, BIUIUB CTPYMHHH PIAMHHM YW Ta3y, CeMapyBaHHS IiHU
IHEPIIITHUMU, BIILIEHTPOBUMU Ta IHIIMMHU METOJAMHU, pi3Ka 3MiHA THCKY rasy B IiHI,
3aXOIUICHHS 1 pyiHYBaHHS MHU OTOKAMH NEPEMIILYBaHOI PIIMHH;

3) axkycTUyHE MIHOTacCiHHA: BIUIMB Ha IMIHY KOJUBAaHHAMHM 3BYKOBOI 1
yIBTPa3ByKOBOI YaCTOTH;

4) eNeKTpUYHMIA Croci0: BUKOPHCTAHHS KOPOTKOTO pO3psay, ICKPOBOTO
pO3psAIy UM IMITYJIBCHOT BHCOKOI HANpyrd BHACTIZIOK YOTO EJIEKTPUYHE II0JIe
nocy1abIoe 1 pyrHHye MmiHy;

5) TepMmiuHEe mMiHOTACIHHS: BIUIMB HA IIHY TOCTPOIO Mapor abo HarpiToro
PIANHOIO;

6) crabumizallis piBHA MiHU IUIIXOM TUMYAacOBOTO 3MEHIIIEHHS T0/1a4i MOBITpA,
TUMYACOBOT'O MPUIMHEHHSI MEXaHIYHOrO MepeMIlTyBaHHs, BIIBECHHS HAJIUIIKOBOI
IiHU 3 amapara;

7) koMOiHOBaHI1 CITIOCOOMU.

INapogunaMivHi, aKyCTHMYHI Ta 1HINI CIIOCOOW ITIHOTACiHHS HaidacTiie
BUKOPUCTOBYIOTh B JJAOOPATOPHUX AOCTIIKEHHSIX, MPU MPOBEACHH]I €KCIIEPUMEHTIB.
B Mikpo6ionoriuniif, MOJIOYHIN 1 YKPOBI MPOMUCIOBOCTI MIUPOKO 3aCTOCOBYIOTH
XimMiuHi, (pi3udHI, MEXaHI4YH1 1 KOMOIHOBaH1 CITOCOOM MIHOTACIHHS.

HaityacTime cy4acHi TEXHOJIOTIYHI amapaTd BUTOTOBJISIOTH 3 TMPUCTPOSIMH
MHOTACIHHS KOMOIHOBAaHOTO CIOCOO0Y [ii Ta OCHAIIYIOTh CHCTEMOI0 aBTOMAaTUYHOTO

KepyBaHHs miHoracinHs BMoHToBaHYy B ACKTIIL.
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YK 66.069.85
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roj. texnosor lenkin B.1., c.1.c. I'aptBir A.IL., ron. mexanik llynsk B.B.

IncturyT Texniynoi temnopizuku HAH Ykpainu

AHOTAaNifA: MMpoaHaTi30BaHO BIUIUB MHU Ha MDK(a3Hy MOBEPXHIO ra3-piavHa
Ta PO3UYMHEHHS KUCHIO TMOBITPS B (PEPMEHTALIMHOMY CEpeAOBHILI, 3alpONOHOBAHO
ONTHUMAJIbHI BaplaHTU BUKOPHUCTAHHS 3AaTHOCTI (pEpMEHTALIHHUX CEPEeJOBHIL 10
CHIHIOBaHHS B IpoLiecax MIKpOO10JOTriYHOTO CUHTE3Y.

Abstract: the influence of foam on the surface of the gas-liquid phase contact
and the intensification of oxygen dissolution in the fermentation medium are
analyzed; optimal variants of using the ability of fermentation media to foam in the
processes of microbiological synthesis are proposed.

Kuaro4oBi ciioBa: nmiHoyTBOpeHHS, (pepMeHTEP, MIKPOO10JIOTIYHUN CUHTE3.

Keywords: foaming, fermenter, microbiological synthesis.

HopmatuBHuit koedimieHT 3amoBHeHHsS ¢epMmeHTiB cTtaHoBUTH 0,5+0,6.
BinbHuii 06’eM amapaTiB BUKOPUCTOBYETHCS JIJIsl KOMIEHcali He Ouibie, Hi 10%
00’eMy 3pOCTaHHsI PIBHS CEPEJOBHINA 3a PAaXyHOK Ta30BMICTY IIICIS BKIFOYCHHS
aepariii Ta JJI peryiroBaHHS piBHA MiHH. [IpakTHYHO Ha 3aBojaX piBEHb IIHU B
amaparax MOCTIMHO 3MIHIOETHCS BiJl HYJS JO MaKCUMAaJIbHO JOMYCTUMOTO 3HAYEHHSI.
[To nocsTHEHHIO MaKCUMAIBHOTO PIBHS IS 3aM00IraHHs TIEPEIMBAHHIO CEPEIOBHINA
BMHKAETHCS TOJa4a PIAKOTO TMIHOTACHUKA YW 3aIllyCKA€ThCSA 1HIIA CHUCTEMa
ninoraciaas. [Ipy BUKOpHCTaHHI PIAKOTO MHOTACIHHS PIBEHB MIHU 3HIKYETHCS J10
HYJIS 1 IPOIIEC TIOBTOPIOETHCS 3HOBY.

[Tina 3abe3nedye MoBepXHEBUI (Pa30BUiI KOHTAKT Ta3-piliHA Ta IHTEHCU]IKYE
PO3YMHEHHSI KHCHIO TOBITPS B (epMeHTaliiHoMy cepenoBuili. Hampuknax, npu
poOOTI Cynb(ITHUM METOJOM, B 3AJEKHOCTI Bill KOHCTPYKIII amapara 1 BHCOTH

MIHHOIO 1Iapy, Koe(dillleHT Macornepeaayl ra3-piitHa NiABUILYEThCA B KUIbKa pa3iB.
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JlocnimpKeHHs MoKa3ajiy, 1110 B MiHI CTBOPIOIOTHCA J0Op1 YMOBH JJIsl KyJIbTHBYBaHHS
OPULKIDKIB. B MOCHIIKEHHAX MO BUPOILYBAHHIO JIPLKIXKIB BU3HAUEHHS KOE(ILI€HTA
Macorepenayl ra3-pijuHa 1 peajbHOro koedilieHTa MacooOMiHy, MOKa3aylo, M0
BHUCOKHUM MaJOpyXOMUH LIAp IMIHU 3HUXKYE MUTOMY IIBUAKICTH POCTY, BUX11 OioMacu
Ta 1HII TOKAa3HUKHU Tpolecy. TakoXX 3HWKYEThCA KoedillieHT macorepeaadl ras-
piauHAa Micsl JoaBaHHs IO PEaKIIHHOro cepeoBUIIa XIMIYHOTO MiHOTacHUKa. [Ipu
3aCTOCYBaHHI XIMIYHOTO MIHOTaCHHWKAa 0aXaHO BUKOPUCTOBYBaTH CHUHTETUYHI
cHelianbHO MiAI0OpaHi s JaHOTO MPOIECY KOMITO3UIIIT Ta eMYJIbCii.

3 Teopii Maconepenayi BiIOMO, 110 JJIsl 3a0e3MeYeHHs] IHTEHCUBHOTO nepeodiry
nporiecy 6axkaHo Oe3repepBHO MOHOBIIOBATH MOBEPXHIO (Pa30BOTO KOHTAKTY, TOOTO
HEOOXiTHE TPUMYCOBE PYWHYBAaHHS ITIHM MEXaHIYHUMHU TPHUCTPOSIMU UM IIITXOM
TypOyJi3ailii HOTOKIB IHIIMMH CIIOCOOAMHU.

Ha ocHOBi BHKIIaJIeHOTO 3allpOITIOHOBAHO ONTHUMAJIbHI BapiaHTH BUKOPHUCTAHHS
3MaTHOCTI  ()epMEHTAIIMHUX  CEepeoOBUI JI0  CIIHIOBaHHSI B  IIpoliecax
MIKpOOI0JIOTIYHOTO CHHTE3Y. IneanpbHUM (pepMeHTaTOpOM € amapar, B IKOMY PiBEHb
miHU, 11 TUCTIEPCHICTh 1 CTYIIHb TYpOyJi3allii He 3MIHIOIOTECSA MPOTATOM TEepediry
BCHOTO MKy KYJIbTUBYBAaHHSA MOMYJAIIi (32 BUKIIOUEHHSIM THUX IapaMeTpiB, IO
KOHTPOJIFOIOTHCS), SIKI BHOCSATH MO Mipi HEOOXITHOCTI TEXHOJOTIi i KepyBaHHS
aepaiii 1 mepeMmillyBaHHS CHCTEeMH. AmapaT TMOBHHEH OYTH MaKCHMAaJIbHO
3alIOBHEHUM, TUCTICPCHICTD 1 TYpOYyIIi3allisi CHCTEMH MaKCHUMAJIBHO ONTHMI30BaHa IS
JAHOTO TIPOIlecy, BMICT amapaTa TOMOTC€HHHMM $SK 3a Ta30HACHMYEHICTIO, TaK 1 3a
KOMITOHEHTaMH JKUBJICHHS, METa0OIITaMH 1 KOHIICHTpAIII€I0 MiKpoopraHi3mis. Jlis
CTBOPEHHS TaKMX BHUMOT HEOOXIIHWUN EHEPreTUYHO PpEHTAOCNbHUIA BY30J
MHOTACIHHS, KUK 3a0e3nedyBaTUME HaAiliHE BUIUICHHS BiINPalbOBAaHOTO raszy 3
cuctemMu 6e3 BTpaT PepMEHTAIIITHOTO CepeIOBUIIA 1 rapaHTyBaTH HOTO CTEPUIIHHICTh
Mpy MIHIMAIBHUX EHEPreTUYHUX 3arpaTtax. s exkoHomil elneKTpoeHeprii ciin
MaKCUMaJIbHO BHWKOPHCTOBYBAaTH TACHBHI 3aco0M MiHOTaciHHA (B IUKIIOHAX,
nabipUHTaxX TOIO) 1 3aCTOCOBYBATH ABTOMATHYHI 3aCO0M KEpyBaHHS CHUCTEMaMU

MIHOTACIHHSL.
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3 YCKIJIaIHEHHSIM KUTTEAISTIBHOCTI JIIOJICTBA BCe OUIbIlIE BUHUKAE moTpeda B
0e3MeYHOMYy TMPOTHO3YBaHHI HE TUIBKM MEXaHIYHUX MPOIECIB Ta IUKIIB, aje 1y
B3a€MOJIi  1HJIYCTPIaJIbHOTO BUPOOHUIITBA 3 €KOCHCTeMaMM JOBKULISA. Bixke 3
CepeMHU MHHYJIOTO CTOPIYYs B CaMHUX PI3HUX OOJACTAX JIOJICHKOI JISTIBHOCTI
IIMPOKO 3aCTOCOBYIOTHCS MaTeMaTHYHI METOAM MOJICIIOBAHHS, 3aBJSKHA SKUM
BUHHMKJIM HOB1 [JUCIMIUIIHM, $SKI BHBYAIOTh MaTeMaTHYHI MOJEN1 BIAMOBIIHHUX
00'eKTIB 1 SIBHIN, a TaKOX METOAM MIOCIIDKECHHS IUX Mojenei. MareMaThudHe
MOJICTIIOBAHHS SIBJSIE COOOI0 CHCTEMY MaTEeMaTHYHMX BHpPa3iB, IO OMHUCYIOTh
BJIACTUBOCTI, B3a€MO3B'I3KHM, CTPYKTYpHI Ta (YHKI[IOHAJIbHI IMapaMeTpu 00'ekTa
MOJIEITIOBAHHS, B POJI1 SIKOTO MOKE PO3JSAATHCS PIBEHb €KOJIOTTYHOCTI BUPOOHUYUX
IpoleciB, iX BIUIMB Ha JKUTTENLUIBHICTH ab0 3J0pOB’S JIOJMHHM, 1 TaKOX
nepcreKkThBa iX 3MIHM  BHACHIOK TEXHOTeHHOI IisibHOCTI. Bcei cykymHicTi
HiAPO3AUISIIOTh HA KOHTPOJIBOBAHI O3HAKH, IO BIUIMBAIOTh HA CHUCTEMY, 1 O3HAKHU-
BIJITYKH, 1110 XapaKTePU3YIOTh CTaH CUCTEMH, IO BUBYAETHCS.

OCHOBHI eTanu MaTEMaTUYHOT'O MOJICTIOBAHHS BKIIOUAIOTh:

* moOy0Ba MOJIEI, sIKa Tmepeadavyac HasiBHICTh KOMIUIEKCY 3HaHb MPO 00'€KT-
OpHTIHAII.

* pO3po0Ka ANTrOPUTMIB 1 YUCETBHUX METOJIIB PIIICHHS 3a7advi 3a JIOIOMOT'OI0
O0YMCITIOBATBLHOT TEXHIKHU TPU 3a/1aHIN TOYHICTI

* wmomudikamiro moxmeni abo  mporec YCKIAaTHEHHS MOAeni, s il
aJIeKBaTHOCTI  JiMCHOCTi, ab0 Ti CHpOIIEHHS 3apaau JAOCSITHEHHS NPUHHATHOTO

pIIIEHHS
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* IHTEpIpETALII0 OTPUMAHMUX CIIACTB 3 MAaTEMaTUYHOI MOJeNl (epeHeceHHs
3HaHb 3 MOJIEJIl HA OPUTIHAI).

3HaHHS NOpPO MOJENl NOBHHHI OyTHM CKOPEKTOBAaHI 3 YypaxyBaHHSIM THX
BJIACTUBOCTEHN 00'€eKTa-opuriHaiy, Kl He 3HANILIM BigoOpakeHHs a0o Oynu 3MIHEH1
pu o0y I0B1 MOJIEI;

Cnig 3a3Ha4uMTH, 1O MPOLIEC MOJEIIOBAHHS € LUKIIYHUM, 1€ O3Hayae, 110 3a
NepIIUM M'ITHETANHUN [IUKIOM MOKe BiIOyTHCS Apyruid, Tpetii 1 T. a. [Ipu npomy
3HAHHS NPO JAOCTIKYBAaHUNA 00'€KT pO3IIUPIOIOTHCS.

TakuM 4MHOM, B  €KOJIOT1i METOJ MOJENIOBaHHS € 3acOo00M, IO JO3BOJISIE
BCTAHOBJIIOBATH OUIbII TJIMOOKI 1 CKJIAJHI B3a€EMO3B'A3KM MDK TEOPETUUYHUMU
BIJOMOCTAMH Ta 1HOpMAIli€0, OTPUMAHOIO B XOJI eKcrepuMeHTiB. Lle mo3Bossie
NPAaKTUYHI  aCMeKTH  3aCTOCYBaHHS  METOMIB  MMOBIPHOCHO-CTATUCTHYHOIO
MOJIEJTIOBAHHS TPU NPOTHO3YyBaHHI TEXHOTEHHOI KUTTEAISUIBHOCTI, MPUNUHATTS SIK
TEXHOJOTIYHUX, MEIWYHUX TaK 1 COLIAJIbHHUX pIlIEHb IO CTpaTerii 1 TaKTHIli,
BUBYCHHI MDKCHCTEMHHUX B3a€EMOJI B OpraHi3amMi JIOJWHU TpuU J1i (HaKTOpiB

JTOBKLJLJISAL.

1.Castiglione F., Piccoli B. Cancer immunotherapy, mathematical modeling
and optimal control // J. Theor. Biol. 2007. VVol. 247, N 4. P. 723-732.
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specific chemotherapy including the GO-phase and immunoresponse // Math. Biosci
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Y]IK 661.842.455.916.1
MODERNIZATION OF THE SUPERPHOSPHATE PRODUCTION PLANT
Student Yasenchuk V.V., assistante professor, Ph.D. Huliienko S.V,
National Technical University of Ukraine

“lgor Sikorsky Kyiv Polytechnic Institute”

AHoTaunisa: B jganHili po6oTi po3ka3zaHO TMPO BHUKOPUCTAHHA TMPOCTOrO
rpa”yjboBaHOro cynepdocdary 1 3araJibHUHA METOJ BUTOTOBJICHHS PEUYOBHUHH.
OnucaHo Ta HaBEJIEHO TEXHOJIOTTYHY cxeMy. Po3ibpaHo posnb 6apabaHHOI CylIapKu B
JTaHIA cXEMI 1 HOSICHEHO AONUIBHICTE 1i BJOCKOHAJIEHHS.

Kuarwuoai ciaoBa: Cynepdocdar, 6apabanHa cyiiapka, rpaHyJIH, TEXHOJIOT1YHA
cxema, 100pHBO.

Abstarct: This work describes the use of simple granular superphosphate and
the general method of manufacturing the substance. The technological scheme is
described and represented. The role of the drum dryer in this scheme is analyzed and
the expediency of its improvement is explained.

Key words: Superphosphate, drum dryer, granules, technological scheme,

fertilizer.

The simple Superphosphate are the mixture of the calcium salt of the
orthophosphoric acid and gypsum (Ca(H,PO,),-H,0+CaS0O,-2H,0) and consist
about 15...20% of P,O; in digestible form [1]. The overall reaction is following:

2Ca.F(PO,), +7H,SO, +17H,0 — 3[Ca(H,PO, ), H,0]+ 7(CaSO,[2H,0) + 2HF

This product can be in two kinds namely powder and pellets. The main
disadvantage is that fact that it includes a relatively low amount of phosphor since the
main part of the mixture is gypsum. Therefore, the simple superphosphate in not a
concentrated fertilizer and it is unprofitable to transport it on long distances,

The main application of the simple superphosphate is fertilizer in agriculture. It
practically do not acidify the ground and can be used for all cultures especially for

crop plant, which require gypsum available in superphosphate beside phosphor (for
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example for legumes). The granulated superphosphate is usually added during the
sowing. In the simple superphosphate the active substance exists in a water-soluble
form [2].

The superphosphate production process (figure 1) is as follows. The sulphuric
acid is heated up to 55-65 °C, then from gravitation tank 4 the acid is pumped into the
acidic mixer 2 where it is diluted by water for creating the solution with

concentration of 68-68.5% of H,SO,. The acid is continuously supplied through the

slot flowmeter 3 to the mixer 25, where during several minutes is been mixing with
apatite concentrate which is supplied from the tank 1 through the batch blending
weigher 26. The dense cream-like pulp is created under temperature 110-115°C and
this substance is continuously supplied into the superphosphate chamber 24. There
the reaction of the phosphate decomposition reaction is continuing. When the
superphosphate become solid the mixture is cut by the knives of the milling bit 22.
The cut superphosphate through the central (unloading) tube 23 is withdrawn from
the chamber and supplied on the warehouse by the band conveyer 21, From the band
conveyer 21, the superphosphate is got to the spreader 20, which is knocking the
stacks of the superphosphate. Hereat, the part of humidity is evaporated and
superphosphate is cooled.

The superphosphate is held during 5-20 days on the warehouses, where it is
kept in the heaps with height of 6-10 meters. During this time the superphosphate is
shoveled 2-3 times by the grab crane 19 for cooling.

The ripe superphosphate is mixed with dry limestone for neutralization, and the
big particles are sifted on the cribble 9 and are disintegrated on the crushing rolls 9.
Then the powder-like superphosphate is mixed with retute, is wetted and formed into
the round granules in the rotary drum granulatorl?.

The humid granules are dried in the rotary dryer 16 by the furnace gases. The
dried product is classificated in the vibrating cribble 12. Then it is cooled in the
apparatus with fluidized bed 14. Finally, the product is supplied on the package. The
low fraction is recycled on the granulation process and big fraction is disintegrated in

the grinder 15 and recycled on the cribble.
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Figure 1. Technological scheme of the simple granulated superphosphate

production [3]

Since the rotary dryer is on of the main apparatus in the technological scheme
of the simple granulated superphosphate production it is reasonable to modernize it. It
could allow the intensification of process, decrease of the costs and increase the
effectivity of this technology.
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UDC 661.33

MODERNIZATION OF THE EVAPORATOR FOR THE PLANT OD BRINE
PURIFICATION
student Matvienko A.A., assistant professor, Ph.D. Huliienko S.V.,
senior lecture, Ph.D. Sachok R.V.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Anomauin: Onucano 3HaveHnHsi Kapboowamy Hampio (KaibyuHOB8AHOI coou),
1020 6UKOPUCMAHHA Y I”lpOMMC]ZO@OCWli ma memoou OMPUMAHHAL. Onucano 3navyenns
PO3CONy Y BUPOOHUYMBI KaApOOHamy HaAmpilo ma cnocoou U1Uo2o ni020MmoeKuU.
HpOCZHCZ]liSOGCZHO GUNAPHY YCMAHOBKY CXeMU OYUWEHHA pO3COJYy mdad 6CNIAHOGIIEHA
HeoOXIOHICMb MOOepHI3ayil UNAPHO20 anapany.

Kniowuoei cnosa: xapbonam nampiio, po3cin, YyCmaHo8Ka, UNAPOBYBAHHS, Cilb,
ouucmka.

Abstract: The importance of the sodium carbonate, its application for
industrial purposes, and the methods of its productions are described. The
importance of the brine in sodium carbonate production and the method of its
preparation are described. The evaporation plant of the brine purification scheme is
analyzed and the practicability of its modernization are defined.

Key words: sodium carbinate, brine, plant, evaporation, salt, purification.

The production of sodium carbonate (also known as washing soda, soda ash
and soda crystals) is a multistage process and the plant includes several blocks. The
block of brine purification is important part of whole plant. The sodium carbonate is
widely used in aluminum production, in oil refining and drilling industry, in
productions synthetic fibers and detergents, cellulose etc. Soda ash is also applied in

glass, soap, pulp and paper and textile industry and in household.
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There are two techniques for production of sodium carbonate. One of them is
the Solvay process or the ammonia-soda process. This process is one of the most
widely used. The feature of this method is using of the sodium chloride brine as a raw
material. For this purpose, the brine is obtained by underground leaching of the salt
by water since this way is much cheaper than the mining of solid salt. The brine is
obtained as a result of underground water flow thorough the salt beds, which almost
totally consist of sodium chloride [1].

The second way of the obtaining of sodium carbonate is Leblanc process with
using of calcium carbonate and carbone. In this method sodium chloride and
sulphuric acid are alloyed with limestone and coal in rotating furnaces with formation
of soda fusion cake. This technique is multicomponent but obtained sodium
carbonate is characterized by low quality.

The main schemes and processes for brine purification are based on using such
processes as sludging, filtration and evaporation. The filtration is used for
clarification, which means the interception of suspended particles that are present in
the brine. Due to evaporation the solvent are removed from solution and all non-
volatile solutes are remained in solution but in more concentrated conditions. The
evaporation plant, which are shown on the figure 1 include the pumps, the tank of
raw brine, tank of the mother brine, the mixing tank, the depositing tanks of the first
and second stage of purification, the slurry tank, the tank of pure brine, the filters, the
tank of filtrated brine, the dehydrator, the evaporators, the heaters, the salt pulp
catcher, the intermediate brine catcher, the centrifuge, the barometric water catcher,
the barometric condensing apparatus, and the vacuum-injection set-up [2].

The modernization of evaporation plant is necessary for increasing of final
concentration and improving of the quality of obtained sodium carbonate and also for
decreasing of the cost of this industrial process and increasing of environmentally
appropriate of the technology. The main directions of improvement of the technology
include the combination with production of the nitrogen media and creating of

wasteless technologies [3]
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Figure 1 The scheme of the furification and evaporation of te brine with solide

salt obtaining

The brine purification in one of the most important part of the process. Without
this stage, the process of soda production would not be source and energy effective. It

is reasonable to modernize the evaporator since this apparatus require large amount
of energy.
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Y]IK 663.5
MODERNIZATION OF MASH-RECTIFICATION INSTALLATION FOR
SEPARATION OF ALCOHOL-WATER MIXTURE
student Kurylenko O., lecturer assistant Liubeka A.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»
Abstract. The basic principles of ethanol application are given. Modernization of
brago-distillation unit for separation of alcohol mixture is offered.

Key words:. Ethanol, distillate, rectification column.

MOJIEPHI3ZALIA MOHTAXHOI'O YCTAHOBKU JIA PO3IJIEHHA
CITIIPHO-BOJJHOI CYMIIII
crynent Kypunenko O., Buknanay Jlrobeka A.
Anomayia. Haeedeno ocHo6HI npunyunu 3acmocysanusi emaHonry. 3anponoHo8aHo
MOOepHI3ayito bpazo-oucCmMuiAYiiHoi YCMaHO8KU 05l PO30INEeHH CRUPMOBOL CYyMILUL.

Knruoegi cnosa :. Emanon, oucmunsam, pekmugixayitina KoJioHa.

Ethanol is used in medical wipes and most commonly in antibacterial hand
sanitizer gels as an antiseptic for its bactericidal and anti-fungal effects. Ethanol kills

microorganisms by dissolving their membrane lipid bilayer and denaturing their

proteins, and is effective against most bacteria, fungi and viruses what is very

important during the Covid-19 pandemic. However, it is ineffective against bacterial

spores, but that can be alleviated by using hydrogen peroxide. A solution of 70%

ethanol is more effective than pure ethanol because ethanol relies on water molecules
for optimal antimicrobial activity. Absolute ethanol may inactivate microbes without
destroying them because the alcohol is unable to fully permeate the microbe's
membrane. Ethanol can also be used as a disinfectant and antiseptic because it causes
cell dehydration by disrupting the osmotic balance across cell membrane, so water

leaves the cell leading to cell death.
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Therefore, the development of equipment for the production of this organic

substance, which meets modern requirements, is an urgent and important issue.

The technological scheme of production of ethyl alcohol is shown in
figure 1. The mature mash is fed to the heater 1, where it is heated to a temperature
of 80° C, and from there - sent to a separator for removing CO,. Gases from the
separator are discharged into a condenser-trap for capturing alcohol, and water-
alcohol condensate from condensers 7 and 8 - on the upper plate of the composite

column 19.

A
l l 20
Alcohol mash l | 14
]
. | I
v Condensate l

Bard -
21 Ratified alcohol

1 - 6 — heat exchangers, 7 - 17 — condensers, 18 — mash column,
19 — composite column, 20 — rectification column,
21 — tank for condensate collection

Figure 1 - Technological scheme of mash-rectification process

Separated mash from the separator 7 is sent to the mash column 18, and after
separation of alcohol and volatile impurities remove the bard through the bard
regulator for further implementation. The distillate from the heaters and condensers is
collected in the collector 3 and fed to the feed plate of the composite column 19.

The mash distillate and freed from the main impurities is removed from the

boiling chamber of the column to the feed plate of the rectification column 20.
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The main impurities of the concentration part column 19, in it’s reflux
condenser 4 and the condenser 10. The reflux from the condenser 4 is returned to the
upper plate of the composite column 19. From the condenser 10 select the main
fraction of ethyl alcohol.

From the composite column 19 the composite enters the rectification column
20. This column is designed to extract from the composite pure concentrated solution
of ethyl alcohol in water (rectified), concentrated solution of fusel oil, Luther water.
At the same time, alcohol is released from major impurities.

Pasteurization is carried out on the upper plates of the distillation column 20.
The rectified alcohol is taken from the pasteurized reflux and cooled in the
refrigerator 14, and then through the control alcohol measuring device the alcohol is
sent to the alcohol receiving tank.

The fusel oil in the form of steam is taken from the distillation column and sent
to the condenser 15, and the pure fusel oil is sent to its collection 21.

From the drain compartment alcohol products are pumped into the alcohol
storage.

The purpose of this work is to modernize the mash-rectification plant to obtain
ethyl alcohol. Improving the design of the plate distillation column and reducing the
cost of maintenance of the column, by automating the process.
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YK 661.741.1
MOJEPHI3AILISI YCTAHOBKHM BUPOBHUIITBA OIITOBOI KUCJIOTHU
crynent Kaparonin A.C., non., k.T.H. ['ymienko C.B.,
HauionaabHMi TeXHIYHUI yHIBEpCUTET YKpaiHH

«KuiBcbkni mosirexHivHuil iHcTUTYT iMeHi Irops Cikopcbkoro»

Anomauia: Po3zenanymi memoou NpoOMUCIOB020 BUSOMOBIEHH OYMOBOT
Kuciomu. Busnaueni ocHo6Hi HanpamKku MoOepHi3ayii yCmMAaHO8KU ma KIHYOBUX
anapamis.

Knrwouoei cnoea: oymosa kucnoma, cunmes, pekmughixayis, oegecmamop

Anomauia: The industrial methods of acetic acid were considered. The main
way of modernization of key apparatuses of plant were defined.

Knrouoei cnoea: acetic acid, synthesis, rectification, dephlegmator

OnroBa (eraHoBa) KucjaoTa — Oe3z0apBHa piguHa 31 CreUU(PIYHUM PIZKUM
3amaxoM. 3MINIYEThCSl Y BCIX MPOMOPIISIX 3 BOAOK Ta edipoM, a Takok ao0pe
po3uuHAE CipKy., ¢ocdop, raJoreHONnoXigHl CIOoNyku. be3BogHa ornroBa KuciaoTa
(Tak 3BaHa JIbOJASHA OITOBA KUCJIOTA) € TOOPUM PO3UMHHUKOM OaraThOX OpPTraHIuHUX
pedoBuH. BoHa € 10CTaTHRO CTaOUIBHOK CTIONYKOIO: 11 Mapu HE PO3KIAAAIOTHCS MPH
temnepatypi g0 400°C [1].

OnroBa KHCIOTa IIMTUPOKO BHUKOPHUCTOBYETHCS B XIMIYHIN, TEKCTHIIBHIN 1
XapyoBi MPOMUCIOBOCTI, y BHUPOOHHUIITBI ameraty Ta IHMHUX edipiB IEUI03H,
miacTMac OIo. 3HA4YHE 3aCTOCYBaHHS MAalOTh COJII OLTOBOI KHCJIOTH — aleTaTH
CBUHIO Ta MiJi, sIKI BAOKPHCTOBYIOTHCS JIJIsl BAKOPUCTAHHS MITMEHTIB, alleTaT 3aii3a,
arerat HaTpito Tomro [1].

o cepeanan XX CTOJNITTA TOJOBHUM JIKEPEIOM OLITOBOI KUCIOTH Oyia
JCOXIMIYHA TPOMHCIIOBICTH (OITOBY KHCIOTY OTPUMYBAJIM MPHU CyXid IMEPEroHIli
nepeBuHN) Takok, HEBEIWKAa KUIBKICTh KHCIOTH YTBOPIOIOETHCS TpU OpOdiHHI

po30aBiIeHHX pPO34uHIB eraHoiy. OpHak HaWOLTb EKOHOMIYHO BHTIJIHHM €
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CUHTETETUYHE OTPUMAHHS OITOBOI KHUCJIOTH [l], a TakoX OIOTEXHOJIOTTYHUMU
MeToaamu [2].

Cepen MeToAIB CHUHTE3Y OLTOBOI KHUCIOTH IPOMHUCIOBE 3HAYECHHS MAalOTh
KaTaJITUYHE OKUCIEHHS alleTaTajbJeriia 1 peryjibOBaHe OKHUCIECHHs mMapadiHOBHUX
ByIJIeBOAHIB. KpiM 1IbOTO, OLITOBY KHUCJIOTY CHUHTE3YIOTh 13 METAHOIY Ta OKCHAY
ByIJIELIO [2].

Haii6inbi1 mupoKo BUKOPHUCTOBYETHCS MPOLIEC OTPUMAaHHS OLITOBOI KUCIOTH
KAaTaJITUYHUM OKHUCJICHHS aleTaT-ajbJerily, TOMY HOro AOUUIBHO  pO3MISIHYTH

netanbpHie TexHoJIorYHa cXxema MoKa3aHa Ha pucyHky 1 [1].

CH,COOH |.

Mn(CH,CO00),

Pucynok 1. TexHonoriyna cxema BUPOOHHUIITBA OIITOBOI KHCIIOTH

Po3unH karangizaTopa BUTOTOBIICHHH B amapati | MUISXOM pO3YMHEHHS alleTaTy
Maprasiis B OLTOBIM KHCIIOTI, pa30M 3 OXOJIOJDKEHHUM areTaTalbACTiIOM MOJA0Th B
HIDKHIO YaCTHHY OKHCIIIOBAJIBHOI KOJOHW 4. KuceHb BBOJATH B 3-4 HIDKHI LIApru
KoioHu. [l po30aBieHOi Mapo-Ta3oBOI CyMillli B BEPXHIO YAaCTHHY KOJIOHU
HETIEpEepPBHO TOJIAI0Th a30T. B mporeci OKHWCICHHS B HIDKHIM YacTHHI KOJIOHHM
miATpUMYI0Th Temmnepatypy 60°C 1 HapumkoBuid Tuck B Mexax 0,38-0,4 MIla, a B

ByxHiM BiamoBigHo — 75°C 10,28-0,3 MIla [1].
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[Tapo-razoBa cyMill i3 OKHCIIIOBAJIbHOI KOJIOHHU MOCTYNA€ B KOHAEHcATop 5, 1e
npu 20-30°C KOHJEHCYIOThCSA Mapu OLUTOBOI KUCIOTU 1 Boau. KoHleHcaT, B IKOMY
po3uMHEHa OuIbllla YacTWHA aleTaTalbJerily, SKUM He mpopearyBaB, MicCis
BIJIIUICHHS BiJ ra3iB B cemnapaTtopl 6 MOBEpTAaeThCA B HUKHIO YaCTUHY KoJIOHU. ["a3u
MiCisl BIAMUBAaHHA B CKpyOepi 7 Bil 3aJIMILKIB albJEriAy 1 KUCIOTH BHUBOJIATH B
atmocdepy [1].

OuroBa kuclioTa (CUpElb), sIKa HENEPEepPBHO BIAOUPAETHCS 3 PO3LIUPEHOL
YaCTHUHM OKUCIIIOBAJIbHOI KOJIOHU 4, IOCTYIAa€e B peKTU(IKAIIIIHY KOJIOHY 8, B SIKId 13
CUpILS BiTaHAIOTHCS HU3BKOKHUIUIAYI crmonykd. OuullneHa Bifl HU3BKOKHILITYHX
JOMIIIOK KHUCJIOTa HEMEpPEepPBHO IOCTYIMA€ B KUII ATWIBHUK 13 pextudikaniiHoi
koiouu 14, ae mpu 125°C onToBa KHUCJIOTa BUMAPOBYETHCS, BIIIUISIOUUCH BiJl
Kartajizaropa, mapajgbJerizia, KpoTOHOBOi KHCIOTH 1 MpPOAYKTIB omuieHHs. [lapu
OILITOBOi KHCJIOTM KOHJEHCYIOThbCA B aediermartopi 15, 3BIIKM 4YacTUHA KHUCIOTHU
MIOBEPTAETHCS Ha 3POIICHHS KOJIOHH 14, neska KiTbKiCTh HampaBJsEeTChs B amapar 1,
JUISE TIPUTOTYBAaHHS PO3YMHY, a OUIbIIa YacTHUHA IIOCTYMAa€ JJsl OYMIIEHHS BiJ
nomimok B armapat 16. TyT olITOBY KHCIIOTY 00pOOIIIOIOTh IEPMAHTaHATOM KaJlito IS
OKHCJICHHS HasBHUX B Hill qomimok [1].

3 ommucy TEXHOJOTIYHOI CXEeMH BHUAHO, IO SKICTh TOTOBOTO MPOIYKTY
3JICKATH B eekTuBHOT poboTH pekTudikarmiiinoi kosoHu 14 Ta T JOMOMIDKHOTO
obJyaHaHHs, B TOMY 4ucii neduermartopa 15, Bi SKOro 3alIeKUTh cTabipHa podoTa
KoJoHH. BpaxoByroum, mo B naediermMaTopi KOHJICHCYETbCS OpraHidHa CIIOJNYyKa,
MO)XHAa OYIKYBAaTH BITHOCHO HEBHUCOKHUX KOE(]IIIEHTIB TEIJIOBiAAadi, TOMY BHOIp
MOBEPXHI /i 1HTEHCUIKaIli TEemT000MiHy Ma€ TPYHTYBaTUCS Ha pPETEIbHUX

pO3paxyHKax.
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UDC 676.026.4
MODERNIZATION OF CASININE DRYING UNIT
MOJEPHIBAIIA AT'PET'ATA JIJISA CYIIIHHSA KA3EIHY
student Shashkov V. O., professor, Ph. D. Marchevskyi V. M.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

Annotation: The parameters of the best domestic unit for drying technical
casein for the production of glue required for sizing high-quality paper in its
production are given.

Key words: CASEIN, AGGREGATE, DRYING.

MOJIEPHI3ALIA AT'PETATA JIJISI CYIIIHHS KA3EIHY
crynent amkos B.O., n.1.1., npod. Mapuescbkuii B. M.
Anomauyia: Haseoeno napamempu HAuKpawjo2o 8iMyusHAHO20 azpezamy OJisl
CYWIHHA  MEeXHIYH020 Ka3eiHy O0ns UupoOHuymea Kiew, HeobXioHo20 Ha

NPOK1ern6aHHA BUCOKOSIKICHO20 nanepy 3a 11020 6up06Hm;mea.

Kniouoei cnosa: KA3EIH, ATPETCAT, CVIIIIHHA.

BucokosikicHui mamip, TPOKJICEHUN Ka3eiHOBHM KJICEM KOPHUCTYETHCS
BEJIMKAM TIOMMMTOM Ha BalIOTHUX pUHKaX. ToMy MoOJepHi3alis arperatry mis
BUPOOHUIITBA Ka3eiHy aKkTyaslbHa.

B sxocti anamory s MmoxepHizarmii  BuOpaHo arperatr BC-150KITII,
Bim3HadeHuii 30i10tor0 mexauto BJIHIT CPCP.

OCHOBHI TOKa3HHUKY arperaTy HaBeICHI HIDKYE.

Arperatr BC-150-KIIl nans Oe3nepepBHOTO CyIIiHHS Ka3eiHy Ta IHIIUX
TEPMOJAOUTBPHUX TPOIYKTIB B BHUXPOBOMY TICEBIO3PIIKEHOMY IIapi po3poOieHui
KuiBChbkMM  MONITEXHIYHUM  IHCTUTYTOM 32 3aBJaHHAM 1 3a  y4acTio
Munmsicomonnpoma Ykpaincbkoi PCP.

Jlo ckmagy arperaTy BXOJSTH: amapaTr BHXPOBOTO IIapy 3 >KUBHILHHKOM -

IPAHYJISTOPOM, TMPUTOYHUNA BEHTHIATOP, OJOK 3 YOTHUPHOX Kayopudepis,
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NPSIMOTOYHUM IUKJIOH, BUTSDKHMM BEHTHIISITOP, 3aBAHTAXKYBAJIbHUN MHPUCTPIA IS
J030BaHOi IMOAayl BOJOrOro MaTepiajly B amapar, [MHEBMOTPAHCIOPTHA JIHISA s
BUCYIIEHOI'0 MPOAYKTY 1 OyHKEp-HAKOMUYyBay 3 MPUCTPOEM IJi pO3(pacoOBKHU CyXOro
MPOJIYKTY B MIILIKH.

BuxpoBuii pyx 4aCTUHOK BUCYIIYBAHOTO MPOJAYKTY B MICEBIO3PIIKEHOMY IIapi
CTBOPIOETHCS B amapaTi HIAITPITUM MOBITPSIM 3a JOMOMOIOI0 MPUHIMIIOBO HOBOTO
0€3MPOBAILHOTO IIUIMHHOTO Ta30pO3MOAUIBHOTO MPUCTPOI0. 3aBISKH BHUXPOBIH
TIPOAMHAMIYHIN CTPYKTYpl TMCEBIO3PIIKEHOr0 Mapy 3abe3neuyerbcs Oulblia
IIBUAKICTh CYHIIHHS 1 OAHOPIAHICTH BHUCYLIEHOTO MPOJAYKTY 3a BOJIOTICTIO MpHU

Oe3nepepBHOMY pexkUMi poOOTH amapara.

1

Pucynox — Cxema poboTu arperaty
1 — amapaT BUXpOBOTO IIapy; 2 — IPAMOTOYHHM ITUKIIOH; 3 - OyHKEep-HAKOIINYyBay;
4 - putspxkHuid BeHTHIATOp LII17-40 Ne6; 5 — mHEeBMOTpaHCTIOpTHA JTiHis; 6 - OJIOK 3
gotuprox Kanmopudepis KMb-II; 7 - nputounuii BeHTUIATOD; § - 3aBaHTAKyBaJIbHUMN

NPUCTPIN; 9 - )KUBUIBHUK-TPAHYJIATOP

CkpeOKOBHI 3aBaHTAXYBIBHHIA TMPUCTPIN arperaty 4acTKOBO MOAPIOHIOE i
J03y€ BOJIOTHH TPOAYKT B IKUBWIBHUKY-TPAHYJIATOPI IPOTHPAIOYOTO THITY.
[TonpiOHeHUIT HA YACTHMHKHA JiaMeTpoM 3-6 MM BOJOTHM MPOAYKT HAJIXOJIHWTh B

amapar, Je 3MIHCHIOEThCS HOT0 CyIIKa B BUXPOBOMY TICEBAO3PIMKEHOMY IIapi.

65



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX
Marepianis”

Bucymenuit npoaykT 0e3nepepBHO BUAAISAETHCA 3 arapaTy 4epe3 NepesiuBHUN nopir
1 THEBMOTPAHCIIOPTOM MOJAETHCS B OYHKEp-HAKOIMYYBay.

Arperat BC-150-KIII nmpocTuii y BUTOTOBJIEHHI Ta €KCIUTyaTallii, 3a0e3mneuye
aBTOMAaTUYHE PEryJIIOBAHHS MPOLECY, BUCOKY HAAIMHICTh 1 TEXHIKO-€KOHOMIYHY
€()EeKTUBHICTb.

Ha BigMiHy BiJ iICHYIOUHX, arperar BOJOJi€ OUIbIII BUCOKUMU €KOHOMIUYHUMH 1
eKCIUTyaTalllfHUMU TOKa3HUKAaMU 32 PaxyHOK IPOBEACHHS MpPOLECY CYIIIHHS B
BUXPOBOMY ICEBA03PIKEHOMY IIaPi.

TexHiuHa XapaKTepucTUKa

[IpoayKTUBHICTB arperary, Kr/To:

IO CYXOMY TPOIYKTY « « v v et et et e et e et e et e e e e e aea 150

1 (0J0:3700F:0100:3%:7: 3807 05:T00) (3 E 150-200
BonoricTs kazeiny, %:

10 (015 1 240 ) - 55-70

1016 010 (<) 10-12
Temneparypa nogitps, °C:

Ha BXOJI1 B CYIIMJIBHUHN AIIAPAT . . . v v v vee e eeeeeeeeaee e 120-130

HA BUXO/1 3 CYIIMJIBHOTO AITAPATA .« « « v v ov v v e eeeeee e e 35-45
[Tutomi BuTpatu Ha 1 Kr Ka3einy, BUCYIIEHOTO BiJ Bosorocti 56% mo 12%, abo

Ha | Kr BUITapOBYBAHOI BOJIOTH:

18 0): 31 3 03 P00 59 /4 ¥ P 37,8
12102 000 24 /3 2,0
eIeKTPOCHEPTil, KBT-TO/KT . . ... ... .. . 0,11
I"aGapuTtHi po3mipu anapaTa sl CyIIKH, MM . . . .. ... ... 2385x1950x2850
Maca anmapata IS CYIIKH, KT . . oo v v ot e e et ee e ee i e nieee e 1335
[TpoAyKTHBHA IJIOIA, AKY 3aMA€ arPeraT, M2 . . .. ... oueeeernnn... 6x6
YcTaHoBYAa MOTYKHICTh €EKTPONPUBOIIB arperary, KBT. . .......... 22
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UDK 66.048.3
MODERNIZATION OF THE DESIGN OF THE CAP
MASS EXCHANGE COLUMN
student Ivanov M., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Proposed is modernize the design of the mass transfer element, namely
the cap of the distillation plate, which provides bubbling of steam through the layer
of condensate on the plate. The new design simplifies the manufacture and
installation of the element, greatly simplifies its repair and allows the use of standard
caps.

Key words cap, rectification, mass transfer equipment.

Anomauin: 3anpononosana MOOepHi3ayii KOHCMPYKYIL  MAcOOOMIHHO20
eleMeHmy, a came KOBNAyKa MacooOMIHHOI mapinku, akuil 3abe3neuye bapboomasic
2azy (napu) uepes wap piounu (kondencamy) na mapinyi. Hoea koncmpykyis
00380.15€ cnpocmumu 6UCONMOBIIEHHA MAd MOHMAJNC elleMenma, 3HaA4H0 cnpouyye 11020
pemMoum i 00380JI51€ BUKOPUCTNOBYBAMU CIMAHOAPMHI KOBNAYKU.

Knrouoei cnoea: kosnauox, pexmugixkayis, MmacoooMinHe 001A0HAHHAL.

Mass transfer contact elements are used in mass transfer processes to organize
the contact of liquid and gas (steam) phases, the most common caps, which operate
stably in a wide range of gas (steam) speeds and are used to organize the processes of
absorption and rectification.

Known cap plates [1], which are widely used in the oil refining and chemical
industries, the contact elements are made in the form of flared holes of the plate to
which the caps are attached by a welded mounting bracket with a screw through the
central hole of the cap. The disadvantage of this design of the contact element is the
complexity of manufacture and installation, namely: flanging holes on the plate and
welding of the mounting bracket.

Analysis of the literature showed a wide range of possible designs of fastening
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the cap, of which the simplest, which does not require flanging holes on the plate is a
design using threaded connections [2], namely - the caps are fixed on the steam pipes
through the rings with a threaded connections, and the steam branch pipes are fixed
on a plate by means of a carving. This design of the plate simplifies the installation of
contact elements, but the disadvantage compared to the known design is the
complexity of making threaded connections.

The modernization is based on the task of improving the design of the contact
element of the cap plate of the mass transfer apparatus to simplify the manufacture
and installation.

The problem is solved by the fact that in the design of the contact element of the
cap plate of the mass transfer apparatus containing the steam pipe, cap, split ring and
clamp, the cap is fixed on the plate by a bayonet connection between the steam pipe
and the clamp, and the steam pipe is fixed. ring. According to the proposed
modernization, the novelty is that the steam pipe has a lower and upper outer and
inner sides, a groove 2/3 of the outer diameter of the lower clamp side and a depth of
2... 3 mm less than the distance between the upper edge of the slot in cap and its
bottom. The clamp is made in the form of a cylinder with flanks at the edges, and the
lower flange is cut on two sides to the diameter of the cylindrical part.

The use of the contact element of the cap plate of the mass transfer device with
these distinctive features provides simplification of manufacture and installation.

The essence of the modernization is explained in Figure 1 [3], which shows the
order of installation of the contact element of the cap plate of the mass transfer
apparatus, longitudinal sections and defining dimensions of the structure containing
the steam pipe 2, split ring 3, cap 4, clamp 5 and conditionally plate to which the
element 1 is attached.

The contact element of the cap plate of the mass transfer device works as
follows. The liquid closes the slots in the cap, steam or gas passes through the steam
pipe 2 and enters the inner cavity of the cap 4, fills it, passes out through the slots and
bubbles through the liquid. Installation of a design is the following: on a plate 1 in
openings from below the branch pipe 2 (a) is established, the cutting ring 3 (a) which
at winding is elastically deformed and tightly clamped on a steam branch pipe 2 (b) is
got, thus fixing position of a branch pipe 2 concerning a plate 1. Put a cap 4 (c) and a
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clamp 5 (d) on a branch pipe. The clamp 5 rotates 90 degrees (d, e), while its

cylindrical part and the sides are elastically deformed, creating the force required for
involuntary rotation during operation.

1 — plate of the mass transfer apparatus; 2 — a branch pipe; 3 — split ring;
4 —cap; 5 — clamp
a) installation of a branch pipe; b) winding on the side of the split ring; ¢ - wearing a cap;
d), e) - dressing and turning on the 90° clamp
Fig. 1 — ITopsiiok MOHTa)Ky KOHTAKTHOTO €JIEMEHTY

KOBITAYKOBO1 TAPUIKK MAaCOOOMIHHOTO anapary

Conclusion: the proposed modernization can be used as a structural element

for the distillation column.
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UDK 66.048.3
MODERNIZATION OF THE COUPLING DISTRIBUTOR
MASS EXCHANGE DEVICE
student Petkov A., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The modernization of the design of the distillation column is proposed,
namely the steam distributor, which provides the supply (steam) to the lower part of
the distillation column. The new design allows to reduce its height, to simplify
production and installation.

Key words rectification, mass transfer equipment, steam distributor.

Anomauin: 3anpononosana MoOepHizayis KOHCMPYKYii pexmu@ikayitinoi
KOJIOHU, 4 came PO3NOOLIbHUKA Napu, sKull 3abesneuye nooady (napu) 6 HUNCHIO
yacmuHny pexmugbikayitinoi kononu. Hoea koncmpykyis 0036011€ 3meHwumu iy
eucomy, cnpocmunu 6UcONMOBGIEHHA ma MOHMAJIC.

Kniowuoei cnoea: pexmugbixayis, macoobminne 001a0HAHHS, PO3NOOLIbHUK NADU.

Mass transfer devices differ in design and principle of operation. The
modernization is aimed at improving the design of the mass transfer apparatus,
namely, the steam distributor for gas (vapor) - liquid systems and can be used in
chemical, petrochemical and other related industries.

Known steam distributor of the mass transfer apparatus [1], the design of which
Is widely used in the oil refining and chemical industries, the distributor is a pipe
through which steam is fed to the mass transfer device with an upward rotation, a
cover is installed on top to prevent liquid from entering the steam supply pipe.

The disadvantage of the known design of the steam distributor is its considerable
height, which increases the cost of manufacturing the device, and the current heat
consumption due to thermal insulation to the environment.

The closest in technical essence to the proposed modernization is a device for

uniform distribution of steam [2], which includes an arcuate wall located around the
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longitudinal axis of the column, a blade inside this wall to move steam in the radial
direction and a steam inlet fitted to the arcuate wall.

This design of the device for uniform steam distribution is much smaller in
height than the known steam distributor, but the disadvantage compared to this
analogue is the difficulty of making a tangential input of steam into the device and
mounting the device inside the device.

The modernization is based on the task of improving the design of the steam

distributor of the mass transfer apparatus to reduce its height and simplify the design,

v 1
HO o © o O O O ‘
1

=

manufacture and installation, Figure 1.

1 - housing of the mass transfer apparatus; 2 - steam distributor;
3 - steam supply fitting

Fig. 1 — Design of an upgraded distributor pairs of mass transfer apparatus

The problem is solved by the fact that the steam distributor is made in the form
of a pipe, which is located in a horizontal plane, and the pipe has a plug at the end,
and in the lower part there are holes for the passage of steam.

The steam distributor is located above the free surface of the liquid of the VAT
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residue of the mass transfer apparatus, and the pipe from which the steam distributor
IS made can have turns to increase the working length and the number of holes for
steam output.

The horizontal location of the steam distributor reduces its height and simplifies
the design, manufacture and installation, and perforation on the underside of the pipe
avoids the ingress of large amounts of liquid into the distributor without the use of a
cover.

The essence of the modernization is explained in Figure 1, which shows the
housing of the mass transfer apparatus 1, the steam distributor 2, the steam supply
fitting 3 to which the steam distributor 2 is attached through a flange connection.

The determining dimensions of the steam distributor design include the diameter
and number of perforations of the lower part of the pipe, the recommended total area
of these holes should be not less than the free cross-sectional area of the steam supply
fitting, to prevent a significant increase in hydraulic resistance of the steam
distributor.

The steam distributor is attached to the steam fitting by a flange connection.
Conclusion: The proposed design of the steam distributor of the mass transfer
device is simple in manufacture and installation, simplifies the manufacture and

installation.
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UDK 66.081.2
MOAEPHI3AIIA PIIMHHOTI' O PO3IIOJAIVIBHUKA JIECOPBEPA
MODERNIZATION OF THE LIQUID DISTORBER DISTRIBUTOR
student Yanytskyi V., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Proposed to modernize the design of the liquid desorbed distributor,
namely the distribution plate between the layers of the nozzle of the mass transfer
column, which reduces its height and simplifies the design and manufacture. The new
design can be used in absorption, desorption and rectification devices.

Key words absorption, rectification, liquid distributor.

Anomauisn: 3anpononosana  mooepHizayis KOHCMPYKYii  piOUHHO20
PO3N00JiIbHUKA Oecopbepa, a came MapiiKu po3nooiibyoi Midc wapamu HACAOKU
MACOOOMIHHOI KONOHU, AKUU 3a0e3neuye 3MEeHUWEHHS U020 BUcCOmu i CHpOUeHHs.
KOHCmMpYKyii ma euecomosnenus. Hosa xoncmpyxyis moogce Oymu GUKOPUCMAHA 8
anapamax abcopoyii, decopoyii ma pexkmugikayii.

Kniouoei cnosa: abcopoyis, pexkmugpikayis, piouHHutl po3nooilbHUK.

Nozzle mass exchangers are widely used in chemical, petrochemical and other
related industries. Devices used to distribute the liquid evenly on the surface of the
nozzle are known as liquid distributors. Known liquid distributor of the nozzle mass
transfer apparatus [1], the design of which is a plate with overflow pipes installed on
it, the upper level of which is made toothed. Gas or steam moves up the tubes, and
the liquid flows down the walls of the pipes to the nozzle. Due to the location on the
horizon of the upper edge of the overflow pipes is uniform in cross section irrigation
of the nozzle, which prevents the formation of dry areas of the nozzle, ie areas where
the process of mass transfer does not occur.

The disadvantage of the known design of the liquid distributor is its considerable
height, which increases the cost of manufacturing the device, and the current heat
consumption due to thermal insulation to the environment.

The closest in technical essence to the known design is a regular mesh nozzle
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[2], which contains a mesh folded with a corrugation and a package, and in the
column such methods of assembly alternate.

This design of the device for uniform distribution of liquid is much smaller in
height than the known liquid distributor and allows in the batch part of the nozzle to
provide radial distribution of liquid, which should improve the uniformity of
irrigation of the nozzle folded in corrugation, but the disadvantage nozzles and
restrictions on the critical gas velocity.

The modernization is based on the task of improving the design of the liquid
distributor of the desorber to reduce its height and simplify the design and
manufacture.

The problem is solved by the fact that the liquid distributor of the desorber is
made in the form of a plate with flared up holes, Figure 1, and the walls of the

flanged holes have slots.

1 - desorber housing; 2 - nozzle; 3 - gas distribution grille;
4 - liquid distributor
Fig. 1 — Design of an upgraded liquid distributor

The liquid distributor is located directly on the lower layer of the nozzle, and on

it lies the lattice that holds the upper layer of the nozzle.
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This design of the liquid distributor of the desorber provides a reduction in its
height, simplification of design and manufacture, and its location directly on the
nozzle avoids the movement of the liquid in the radial direction on the lower surface
of the liquid distributor.

The essence of the modernization is explained in Figure 2, which shows the
body of the desorber 1, the nozzle 2, the grid holding the top layer of the nozzle 3, the
liquid distributor 4 and the flows of liquid and gas.

Determining the dimensions of the steam distributor design include the inner
diameter of the upper part of the flanged holes of the distributor d, which is
recommended 25 mm, the width of the slots on these holes S, which is recommended
0.3d and the depth of slots, which is recommended 5 mm less than the height of

flanged holes.

Fig. 2 — Scheme of liquid and gas flows in the channels upgraded liquid distributor

Conclusion: the proposed modernization can be used as a structural element for

packed mass exchangers.

References:

1. Osnovny'e proczessy 1 apparaty khimicheskoj tekhnologii: Posobie po
proektirovaniyu / G.S. Borisov, V.P. Bry kov, Yu.l. Dy tnerskij i dr. Pod red. Yu.l.
Dy tnerskogo, 2—¢ izd., pererab. i dopoln. M.: Khimiya, 1991. — 496 s.

2. Patent RF #2431522 (RU) MPK BO01J 19/32. Regulyarnaya setchataya
nasadka. Zayav. 2010111894/05 vi'd 30.03.2010, opubl. 20.10.2011, byul. #29.

75



36ipnuk Te3 nonogineid XXVII| BceykpaiHcbKol HAYKOBO-TPAKTHYHOI KOH(pepeH Uil CTy1eHTiB,
acmipaHTiB i Mosioanx BueHnx O0gaqHaHHA XiMIYHUX BHPOOHMITB i MiANPHEMCTB OyaiBeIbHUX

Marepianis”
UDK 66.048.3.069.835
MODERNIZATION OF THE PLATE OF THE MASS
TRANSFER APPARATUS

student Denysenko D., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Proposed to modernize the design of the plate of mass exchangers for
gas (steam) - liquid systems designed for absorption, rectification, namely - mounting
the mass plate in the body of the apparatus, which simplifies manufacture and
installation and allows the use of standard mass transfer plates.

Key words. Rectification, mass transfer equipment, distillation plate.

Anomauin. 3anpononosana MooepHizayis KOHCMPYKYIi Mapiiku MacooOMiHHUX
anapamis 01 cucmem 2az (nap) - piouna, NpuzHavdeHux 0as npoyecieé abcopouyii,
pexmuikayii, a came, — KpinieHHs MacoOOMIHHOI MAPIIKU 8 KOPNYCi anapamy, sike
00360JI51€ CHPOCMUMU BUSOMOBIEHH | MOHMANC MA 00380JI5IE€ GUKOPUCTOB)BAMU
CMAHOAPMHI MACOOOMIHHI MAPIIKU.

Kniwowuoei cnosa. pexmugpixayis, macoobminHe 001AOHAHHA, MAPLIKA

pexmuikayitina.

Plates of mass exchangers have a wide range of designs and principles of
operation, and contain mass exchange elements that provide contact of liquid and gas
(steam) phases.

Known cap plates [1], which are widely used in the oil refining and chemical
industries, the plates are fastened with an elastic cord AC 10, which is compressed
between the plate body and the bracket by bolts, while the cord is distributed and
fixes the plate in the cylindrical body.

The disadvantage of the known design of the plate is the complexity of
manufacture and installation, namely: flanging of the plate body with sufficient

accuracy to seal the gap between the plate body and the cylindrical body of the
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apparatus.

The closest in technical essence to the proposed utility model is the fastening
unit of the mesh plate [2], which contains the wall of the housing, where a triangular
gasket with plates between the split rings, and the plate is fastened with a threaded
connection.

This design of the plate simplifies the installation and manufacture of the plate,
but the disadvantage compared to this analogue is the small radial gap that can
choose the gasket, and, accordingly, the complexity of manufacturing the cylindrical
body of the device of the required accuracy.

The modernization is based on the task of improving the design of the plate of
the mass exchanger to simplify the design, manufacture and installation.

The problem is solved by the fact that in the design of the plate of the mass
transfer apparatus, containing the plate body, ring, flange, elastic element and bolts
with washers and nuts, the elastic element is made in the form of a ring and a semi-
ring in cross section.

The use of an elastic plate element of the mass transfer apparatus in the form of
a ring and a semi-ring in cross section provides a larger radial gap between the plate
body and the apparatus body, which simplifies the installation and manufacture of the
mass exchange plate and plate.

The essence of the modernization is illustrated by the drawing, which shows the
plate body 1, ring 2, flange 3, an elastic element in the form of a ring and semi-ring in
cross section 4, bolts with washers and nuts 5, 6, 7 and the body of the mass
exchanger in which plates 8 are attached. determining the dimensions of the plate
design of the mass transfer apparatus include the height of the elastic element H
before its compression and after, and the radial gap between the plate body and the

body of the mass transfer apparatus 8. The recommended clearance of this design is

6=0.2H.
The design of the plate of the mass transfer apparatus is as follows: a ring 2 and
bolts 5 are welded to the plate body 1, an elastic element in the form of a ring and a

half-ring in cross section is put on the outer surface of the ring, a flange 3 is put on
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top. The plate is inserted into the body of the mass exchanger and the nuts are
tightened, while the elastic element is elastically deformed, changing shape in cross
section from the semicircle to the oval and clamped between the ring of the plate and

the body of the mass exchanger, forming a tight connection.

‘ o

1 - plate body of the mass transfer apparatus; 2 - ring;
3 - flange; 4 - elastic element in the form of a ring and a semi-ring in cross section;
5 - nut; 6 - screw; 7 - washer

Fig. 1 — The design of the modernized plate of the mass transfer apparatus

Conclusion: the proposed modernization can be used as a structural element

for the distillation column.

References:

1. OST 26-01-66-86 Tarelki kolpachkovy e stal ' ny kh kolonny kh apparatov.

2. Patent Ukrainy Nel113944 (UA) MPK BO1D 3/22, 53/00. Vuzol kriplennia
sitchastoi tarilky. Zaiav. u201607660 vid 12.07.2016, opubl. 27.02.2017, biul. Ne4.
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UDK 66.045.122
MODERNIZATION OF THE COAT HEAT EXCHANGER-DEGASSER
student Hushcha M., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The modernization of the design of the shell-and-tube heat exchanger-
degasser is proposed, namely, heat transfer is intensified due to the organization of
mixed current and improvement of the hydrodynamic mode of movement of the liquid,
which is heated and degassed. Modernization allows to reduce the dimensions of the
device when using standard elements of the shell-and-tube heat exchanger.

Key words heat exchange, decontamination, shell and tube heat exchanger.

Anomauin: 3anpononogana MoOepHi3ayis KOHCMPYKYIl KOAHCYXOMPYOHO2O
Meni00OMIiHHUKA-0e2azamopa, a came, IHMEHCUPDIKOBAHO NepeHoC menia 3d
PAXYHOK OpeaHizayii 3miulano2o cmpymy i NOKpaweHHs 2l0PpOOUHAMIYHO20 DEAHCUMY
PYXY piouHu, sKa Hazpisacmovcsa ma oe2azyemvcs. MooepHizayis 0036015€ 3MEHUUMU
2abapumu anapamy npu SUKOPUCMAHHI CIMAHOAPMHUX eJleMEHMIB8 KONCYXOmPYOHO2O0
MeniooOMIHHUKA.

Knrouoei cnoea: meniooomin, oecazayis, Koscyxompyoruii meniooOMiHHUK.

Shell and tube heat exchangers are widely used in the chemical and oil refining
industries, their elements are standardized and unified.

Liquid degassing devices, such as a deaerator, debutanizer or deethanizer, use
the properties of liquids to reduce the solubility of gases with decreasing pressure or
increase temperature and are liquid heaters with subsequent separation of gases that
pass from solution into the gas phase.

A known and common method of degassing is to heat the liquid with dissolved
gas in a shell-and-tube heat exchanger with U-shaped pipes and the removal of gases
in the upper part of the apparatus. This heat exchanger has the same design as the
steam generator, but the intensity of heating the liquid is much lower due to the low

heat transfer coefficient with free convection in the pipe space.
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The analysis of literature sources allowed to determine the directions of
intensification of the process of heating degassed liquids, for example, heat and mass
transfer apparatus, including horizontally located above each other degassing tank
and shell-and-tube heat exchanger, connected by a nozzle. forming a single structure,
the degassing tank is equipped with a U-shaped tubular liquid heater, overflow
partition, gas-liquid mixture inlet pipe and liquid drain pipe, U-shaped liquid liquid
heater is located below the upper edge of the overflow partition, shell-and-tube heat
exchanger gas outlet pipe, the overflow pipe is insulated, its lower end is located

below the upper edge of the overflow partition [1].
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1 — housing shell-and-tube heat exchanger-degasser;
2, 3 —bundles of U-shaped pipes on both sides of the partition;
4, 5 — fitting for supply and drainage of liquid; 6, 7 — fitting supply and drainage
coolant to bundles of U - shaped pipes; 8 — vertical partition
Fig. 1 — The design of the modernized shell and pipe

heat exchanger-degasser
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This design allows you to intensify the heat transfer process, but complex.

The modernization is based on the task of improving the design of the shell-and-
tube degasser-degasser to ensure intensive movement of the degassed liquid relative
to the heat-exchange surfaces using standard elements of the shell-and-tube heat
exchanger.

The problem is solved by the fact that in the design of the casing

a degassing heat exchanger-degasser is installed, and the supply of degassing
liquid and the degassed liquid are removed on different sides of the partition, Figure
1. The liquid in free movement and the available free surface passes along U-like heat
exchange pipes 2 and 3 while the degassed liquid is not mixed with the liquid
containing the dissolved gas, which improves the conditions of the mass transfer
process, and the movement of the liquid along the heat exchange surfaces allows to

significantly increase the heat transfer and heat transfer coefficients.
Conclusion: the proposed modernization can be used in the design of
degassing devices.

References:
1. Patent RF Ne 26300, (RU) MPK B01D 19. Teplomassoobmenny'j apparat.
Zaiav. RU 2011178236/05 ot 11.04.2011, opubl. 10.10.2012, biul. Ne33.
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V]IK 66.074

ABSORPTION IN MODERN PRODUCTIONS

student Krombet M., PhD, senior lecturer Haidai S.

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”
Abstract. A review of the literature on the use of mass transfer equipment in modern
industry was conducted and the main features of the absorption columns were
identified.
Keywords: ABSORPTION, ABSORBER, INDUSTRY, ABSORBENT.

ABCOPBIISA HA CYUAHUX BUPOBHUIITBAX
ctynent Kpomber M., k.T.H., cT. BuKki1. ["aitnaii C.
Anomauin. Ilposedeno oena0 Oocepen aimepamypu, w000 3ACMOCYEAHHSL
MACOOOMIHHO20 O0ONAOHAHHA ) CYHACHIU NPOMUCIOB0CMI MA BUSHAYEHO OCHOBHI

ocobausocmi abcopoOYIUHUX KOJIOH.

Kniwuogi cnosa: ACOPBLIA, ABCOPEEP, IIPOMUCJIOBICTb, AGCOPBEHT.

A powerful technological surge that lit up the era of the industrial Renaissance
of the 18-19th century, naturally pushed researchers and scientists to develop a whole
pantheon of new gas cleaning devices, a special place among which was occupied by
an absorber - a universal apparatus for effectively capturing unwanted and dangerous
gas and micromechanical inclusions.

To understand the topic, let's analyze the concept of absorption. Absorption is
the process of selective absorption by a liquid of gases or vapors from gas mixtures.
Distinguish between physical absorption and chemisorption. When chemisorption, in
addition to the physical dissolution of the gas, its chemical interaction with liquid.
The gas component absorbed by the liquid at absorption is called absorbate or
absorbent. The liquid in which the absorbate dissolves, it is called an absorbent or

absorber. Devices for carrying out absorption are called absorbers. Gas mixture
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entering into the absorber for separation, called the initial gas mixture at the outlet
rom the absorber — purified.

Scope and purpose of gas absorbers

Industry application Type of neutralized pollutants
Oil and gas industries Hydrogen sulfide, amines, naphthenic.
Energy complex Sulfur oxides, nitrogen oxides, hydrochloric acid,

phenols, benzenes, xylene, carbon monoxide,

cadmium, mercury

Food sector Volatiles, oils, syrups, aerosols, starches, sticky
dusts, deodorization and removal of smelly

compounds

Chemistry and petrochemistry | Acids, alcohols, esters, acetone, halides

Process and mining industries | Corrosive reactive dust and associated gases

Agriculture Nitrogen,  potash,  phosphorus, chlorine-

containing compounds

Metallurgy Cleaning and cooling of blast furnace gases,
neutralization of carbon, silicon, magnesium
compounds, desulfurization of gas streams,

galvanic workshops

Chlorine Purification from hydrogen fluoride, hydrogen

chloride, chlorine, fluorine and their compounds

The liquid phase supplied to the absorber is called fresh absorbent, and the liquid
phase at the outlet of the absorber — spent absorbent. Solvent (liquid scavenger),
containing no dissolved. Substances will hereinafter be referred to as pure absorbent.
When conducting absorption, one or more components are absorbed. Gases not
absorbed liquid (practically not absorbed) from the mixture during absorption, called
inert or carrier gas.

Absorption is a reversible process. The reverse absorption process is called

desorption. During desorption, an absorbate can be obtained in pure form or
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regenerate the absorbent, thus preparing it for repeated use. In terms of
thermodynamics, absorption is an exothermic process. After dissolving in the
absorbent, the absorbate turns into a liquid state, resulting in the release of heat of
condensation. The condition for the flow absorption is the excess of the partial
pressure of the absorbate in a gas mixture over the value of its partial pressure above
the surface liquids. Otherwise, the desorption process will take place.
All devices have approximately the same completeness, which may differ
slightly (depending on the specific version).
The gas atomizing absorber consists of the following functional units:
e Tower, column or horizontal frame with mass transfer section;
e Water or chemical tank, inlet and outlet pipes, absorbent pump, piping
and valves;
e A set of packing bodies (Raschig ring, Pall ring, Intallox saddles or
others);
e Nozzle section and mist eliminator;
e pH meter, control panel, power cables and electrical accessories;
e Sludge collector (optionally it can be equipped with an automatic

scraper-conveyor sludge remover).
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YIK: 66.045; 621.039.534
OCHOBHI BJACTHUBOCTI HOBUX TEILJIOHOCIIB
K.T.H., Ip.H.c Konuk A.B., marictpanTtka Xomenko M. B.

IncturyT Texniynoi temnopizuku HAH Ykpainu

Haii0inpimr momupeHuM TEIUJIOHOCIEM € Boja, 1[0 TOB’s3aHO 3 11
TEXHOJOTTYHUMU BJIACTUBOCTSIMH, Ter10(pI3UNYHUMU napaMeTpamH,
PO3MOBCIOJIKEHICTIO Ta E€KOHOMIYHOIO OOIPYHTOBAHICTIO. Alle, Ha JaHOMY eTalli
BIIOYBa€ThCcsl TNepeopMaTyBaHHA €HEPreTHUKU, 1, OAHIED 3 TpodsieM, 1110
PO3B’SI3y€THCS € TOMIYK HOBUX TEIUIOHOCIIB, 3 METOI 3MCHIIEHHS E€HEePreTUYHHX
BTpat Ta minsuiieHHs KK/] o6maqHaHHs B TEIIIOTEXHOJOTIsX.

Busznavarounmu napamerpamu Juis TerioHocis € [1]:

1. Jiana3zoH poOOUYMX TeMIeparyp;

2. Tero(i3uYH1 Ta PEOJOTiyHI MapaMeTpH, OCKUIbKH Ba)XXJIMBUM € Yac, 3a

SIKUH 3/11HCHIOETHCS TEIII000MIH;

3. XIMIYHUN CKJIaJI, 110 BIUTMBAE Ha KOPO31I0 CTIHOK Ta BUHUKHEHHS OCaly,

SIKAWA CTBOPIOE TIPUCTIHHUH MIap 1 B MOJAIBIIOMY YCKJIAIHIOE TEIJIOOOMIH

poboTy obJiaTHaHHS;

4, O€3IMeYHICTh BUKOPUCTAHHS, JOCTYITHICTh, €KOJIOTTYHICTh Ta €KOHOMIYHA

JOIUTBHICTD NTYKAHOTO TETUIOHOCIS.

Bona nalikpamuii BimoMuii po3umHHUK. CamMe TOMY, BOHa BHKOPHCTOBYETHCS
SK OCHOBA TPU CTBOPEHHI TEIUIOHOCIIB Ta TEIUIOAKYMYJIOI0YNX MaTepianiB. Boga sk
TEIJIOHOCIH Mae HU3KY mnepesar [2]:

- JIOCTYITHICTh Ta €KOHOMIYHA JOIUIBHICTB: OUIBIIICTh MiAMPHEMCTB MAaIOTh
TEXHOJIOTIYHY MOXJIMBICTh JOCTYIy JO WIATOTOBICHOI BOAM, OIUIaTa 3a SKY
3MIACHIOETHCS B MEXKaX BU3HAYCHUX JIEPKABOIO;

- BUCOKA MMUTOMA TEIUIOEMHICTD, IO TOB’ 13aHa 3 THEPTHICTIO 11 MOJICKY;

- €KOJIOTTYHICTh Ta BUOYXOTOXKEK00E3meKa.

Jlo HegoMiKiB BOAH, SIK TEIIJIOHOCIS BIZHOCSTHCS
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- OOMEXEHICTh Jiama3oHy poOouMx TemiepaTyp: npu Ttemneparypi Hikue 0°C
BiIOyBa€ThCS 3aMep3aHHS, 10 CYMNPOBOKYETHCS PO3IMIUPEHHSIM Ha 9 %, ske
BUKJIMKA€E pyiHHYBaHHsA eneMeHTiB cuctemu. [Ipu Harpisi Big 40...80°C BiaOyBaeTbcs
IHTEHCUBHUW  TpoIeC oOcaJy Ha CTiHKaX TpyOompoBoAy, IO 3MEHIIYE
TeIionepeaayy;

- JOMIIIKK, IO MICTUTh BOJAa SK PO3YMHHHK, BUKIUKAIOTh KOPO3il0 1 oOca.
MoXJIMBUM pO3BUTOK MIKPOO10JIOTii.

Bony BHKOPUCTOBYIOTB, SIK OCHOBY IPH CTBOPEHHI KOMITO3UIIIH TEIIOHOCIIB.
Halinommpenimuii 3 SKUX - aHTUPpPHU3, OCKUIBKM BIH Mae OUIbII IIHPOKUN
TEeMIIepaTypHUi niama3oH 3actocyBaHHs B mexax Bin -40 °C go +180 °C. 3aBusku
30aJaHCOBAaHOMY CKJIaJly HE BHUKJIMKA€E KOPO31I0 1 PO3BUTKY MiIKpodiopu, ane Mae
JOCUTb BUCOKY BapTICTh [3].

BigomMi iHII KOMIIO3MI[I TEIUIOHOCIIB, IO A03BOJISIOTh, migBummuTH KK]I
oOnaHaHHSA 1 3HU3UTU EHEPreTUYHI BUTPATH 32 PaXyHOK 3MIHM PEOJOTIUHUX
BJIACTHUBOCTEH. 3MiHA TYCTUHH, B’A3KOCTI, MHUTOMOI TEIUIOEMHOCTI TEIIOHOCIS
JI03BOJISIE 3HU3UTH E€HEProClOoXUBaHHA 00sagHaHHSA. OCHOBHUM HEIIOJIKOM TaKHX
TEIJIOHOC1IB € BUCOKA BapTICTh 1 HEOOXITHICTh PETYISIPHOT 3aMiHH.

[IIupoke 3acToCyBaHHS 3aCTapiioro 1 HOBOI'O TEIUIOOOMIHHOTO OOJIaJlHAHHS B
EHEPreTHIll, III0 aKTUBHO PO3BUBAETHLCS, CIIPHUSAE TOIIYKY HOBHX KOMIIO3HIIIH, SKi
BIOBOJIBHSIIOTh BUHHKaO4Ul moTpeOu. JlocmimpkeHHs 1 HAyKOB1 IIOIIYKH JarOTh

MO>KJIMBICTh 3MIHIOBATH BXJIMBI TEIIO(M13WYHI 1 XIMIUHI IMTApaMeTPH TETUIOHOCIIB.

[lepenik mocunank:
1. Enexrponnmii  pecypc:  https://diy.obi.ru/articles/teplonositel-dlya-sistemi-
otopleniya-voda-ili-antifriz-20109/
2. Enexrponnwmii pecypc: https://www.teplonositel.com/print.php?id=64
3. Enexrponnuit pecypc: https://termogorod.ru/stati/teplonositel-dlya-sistemy-

otopleniya-voda-ili-antifriz
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O®OPMYBAHHA JIIIEPCBKOTI'O ITIOTEHHIAJTY MOJIOAI
YEPE3 YYHACTD Y MIZKHAPOJHUX N'PAHTOBUX ITPOI'PAMAX
nou., K.T.H. lyna b.1.
HauionaabHMi TeXHIYHUI YHIBEPpCHTET Y KpaiHH

“KuiBcbkui nmosirexniynuii incturyt Irops Cikopecbkoro”

2. Education of a new generation of students

on the principles of global European thinking

Anomayia. Poszenanymo npobremu 6UX08AHHA JNi0EpCbKUX AKOCmeu )
cmyoenmie KIII im. leops Cikopcvkozo. OchogHy yeacy NpuoileHo NUMAHHAM, SKI
came sIKOCMI Cli0 8UX08Y8AMU 8 MAUOYMHIX 1i0epis, AKi IHCMPYMeHmu Maoms Oymu
3a0iani 6 npoyeci (OpMY8aHHA MAKUX SAKOCMeEl, 5AKY pOolb NPU UYbOMY MOdHce
gidiepasamu  3AIY4eHHs CMYOeHmie 00 yuacmi 6 Npospamax MINCHAPOOHOT
aAKaoeMiuHoi MOOINbHOCMI MA 8 MINCHAPOOHUX 2PAHMOBUX NPOSPaAMax (hOpMyEaHHs.
JOEPCLKUX AKOCMeEU V CYOeHMCbKOI MONO0OL.

Kniouoei cnoea: misxcnapooni npoepamu, epanmu, MidCHAPOOHA aKAOeMIiYHA

MOOLIbHICMY, 1I0ePCbKULL NOMEHYIA.

Ha mouartky ciij mosiCHUTH, AJIsl 4OTO 1 I KOoro B YKpaiHi e notpioHo. s
VYkpainu, 1, 30kpema, misi HailoHanmkHOTO TEXHIYHOTO YHIBEPCHUTETY YKpaiHH
«KuiBchkuit momiTexHIYHUN 1HCTUTYT iMeH1 Irops CiKOpchbKOTO» € BKpall BayKJIMBUM
dbopMyBaHHS HOBOTO IIOKOJIHHS CTYJSHTIB, MOJIOAMX BUCHHMX 1 BHKIIAJIAYiB,
BUXOBAaHUX HA MPUHIIMIAX TI00aTBHOTO €BPOMEHCHKOTO MUCTEHHS. JJig bOTO Ciif
BCUIKO CHOPUATA PO3UIUPEHHIO YyYacTi MOJIOAI B MDKHApOJHHUX Mporpamax
BuxoBaHHs JinepiB. lle wmatore OyTu migepu 3 HOBOIO MJis HAIMIOI KpaiHU
€BPOIECHCHKOI0 MEHTAIBHICTIO, 3 HOBUMH aMOIIisIMU, 030pO€HUX HE JIUIIE 3HAHHIMHU
B CIIEIIATbHUX TEXHIYHUX cdepax, aje i BaXKIMBUMU I MaOyTHROT yIIPaBIiHCHKOT
emith YKpaiHM HaBUYKAMH JIEMOKPATUYHUX 1 EKOHOMIYHHUX TMEPETBOPCHb,

JEP>KaBHOTO YIIPaBIIIHHSL.
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Brnacue, 11e 1 € BIAMOBIA/AI0 HA 3aMUTaHHS, JJIS YOTO 1 JJIsl KOTO IIe HOTpi6HO.-
AJie 32 HUM TIOCTA€E 1HIIE: K1 caMe SIKOCTI MOTPiOH1 Jiaepy?

[x Gararo, ane HalinepmUMK y iXHbOMY MEPEIIKY, € HAIIEBHO TaKi:

— BUCOKHM  1HTEJIEKT, IIUPOKUM  KPYyrosip, aHaJITHYHUN  PO3YyM,
npodeciiiHa KOMIIETEHTHICTb;

— 3JIaTHICTh MIBUJKO BUYUTHUCS HOBOMY, CBPUCTHYHICTh MHUCJICHHS, BMiHHS
TCHEPYBaTH iJIei Ta OPraHi30BYBaTH iXHE BIPOBAKEHHS Y )KHUTTS,

— BMIHHS IIpaIlOBaTH B KOMaH/Ii, OpraHi30ByBaTHu ii poOOTY 1 BpaXOByBaTH
CWJIbHI Ta c1a0K1 CTOPOHU KOXKHOTO 11 UJieHa;

— 3JaTHICTh (OPMYIIOBATH YITKI LU 1 CIPOMOXKHICTh HaJUXaTU HUMU
OYOJTFOBaH1 KOJIEKTHBHU.

JlizepchKi SKOCTI MOXKYTh (hOPMYBATHCS 32 JIOMOMOTOI0 PI3HUX MEXaHI3MIB 1 B
pi3HUX c]epax OCBITHHOI, HAYKOBO-TEXHIYHOI Ta COIIAJBHOI MISJIBHOCTI MOJOIUX
JIIOAEH.

BuxoByBaTtu Taki sikocti y ctyaeHTiB KIII MoxnuBo ¥ muisxoMm 3aimydeHHs ix
710 Y4acTi y BIMIOBIIHUX MIKHAPOIHUX IPAHTOBUX MTPOTpaMax.

dopmyBaHHS JiEPCHKUX SKOCTEH B crieriaibHuX TexHiuHux cdepax y KIII ve
B OCTaHHIO YEpPry € pe3ylbTaTOM 30€peKEHHS TPAJIUIN YHIBEPCUTETY — THX
TpaaUIlid, K1 3aKIaJaIucs 3 HaUTIepIIuX POKiB HOTO icTOPIi.

Byxe Toni cepen HOro CTyACHTIB 1 BUITYCKHUKIB OyJn He Juie KBaiaidikoBaHi
1H)KEHEepH-1HHOBATOPHY Ta HAYKOBIII, ajie¢ i OYLILHUKH BEIMKUX HaYKOBUX KOJEKTHBIB
Ta OpraHi3aTopu BHUPOOHMIITBA, JIIEPH IUIMX Taly3el. 3a MPUKIATaMU JAJIEKO
XOJIUTU HE MOTPIOHO: BUAATHI aBiakOHCTPYKTOpH Irop CikopchKuii (Yu€ iM’si HOCUTh
Tenep yHiBepcuteT) Ta Jmutpo I'puropoBwu; BHIATHHI BYCHHII-METAIypr,
opraHizaTop Ta KE€piBHHK 0ararbOX METaTypriiHHUX 3aBOJIB Ta [HCTUTYTy MeTamyprii
AH CPCP IBan bapnin; dyrmarop mpaktuunoi kocmMoHaBTuku Cepriit Koponbos;
KOHCTPYKTOp aBilaliiHUX NIBUTYyHIB Apxin Jltonpka; BUIaTHWII BUYEHWUW y Tamy3i
TiIpaBIiKKM Ta TiIpoMmexaHiku 1 O6araTopiyHuii nekad mMexanigHoro ¢akynprety KIII
I'eopriii Cyxomen; BumaTHUW QaxiBellb y Taly3l AWHAMIKH CTIMKOCTI CKIIQTHUX

KOJIMBAJIbHUX CHUCTEM, TEHEpPaJbHUUA KOHCTPYKTOP PAKETHO-KOCMIYHOI TEXHIKU
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-BOJIOI[I/IMI/Ip Yenomelt; Tpoxu mi3Hime — OaratopiuHuil [Ipe3uaeHt Axanemii HaYK-
VkpaiHu, BHJATHUW OpraHi3aTop HayKH, IHXKEHEp 1 BUYEHHA y Talysi
enexktpo3BaproBanHs bopuc Ilaton Ta Garato-Oararo inmux. Ile Oymu ocobuctocTi,
YUsl ASUTBHICTh XapaKTEPU3YETHCS CIOBAMU <JIIOJIU, K1 3MIHUIIU CBITY.

[xui Tpaguuii chOromHi po3BUBac cydacHe IIOKOJIHHS iHHOBAaTOPiB-
MIIIPUEMITIB. Y CIIITHUMUA TMPEICTABHUKAMUA MOJIOJIOT0 TOKOJIIHHS 1HHOBATOPIB €,
ckaxximo, Annpiii Konoaiok, €rop Anuimkid 1 6araro iHmmx Bunmyckuukis KIII. He
noTpedye JO0JaTKOBUX KOMEHTapiB iHQopmaIllis, 3 SKOK MOAUIMBCA 31 CTYJACHTAMHU
nijg yac cBoro Bi3uty no KIII renepaibHuil JUPEKTOP BCECBITHBOBIOMOI KOpHopanii
«Microsoft» CtiB baimMep: BiH pO3MOBIB, 110 CHOTOJIHI B KOMITaHii npaiftoe moxaa 500
BUIMYCKHUKIB KHIBCHKOT MOMITEXHIKH.

BaxmuBuM iHCTPYMEHTOM MIATPUMKH IHX YyTOBUX TpaiuIliii Ta popMyBaHHS
JIEPCHKUX SKOCTEM MOJOJIUX JIIOJIeH, K1 BUPILIWIM MPUCBITUTH cebe poOoTi y
chepi Hayku Ta Texuoiyorid, € B KIII InnHoBamiiina exocucrema «Sikorsky
Challenge». Ti cknagnukamu €:

— Crapran-mkosa Sikorsky Challenge;

— dectuBans crapran-npoektie Sikorsky Challenge;

— Oi3Hec-1HKyOaTOp.

[opiuno Crapran-mikona Sikorsky Challenge BuBoauTs Ha pUHKH OJIH3BKO
150 crapran-mpo€ekTiB, SKi MDKHAPOJHE XKypl PEKOMEHJyE 1HBECTOpaM I BUXOIY
Ha HaIllOHAJIbHI Ta MIXKHAPOJIHI PUHKHU.

Ane KIII im. Iropss CKOphCKOTO MOXE MHUIIATHCS JOCATHEHHSMH CBOiX
BUXOBAHIIB 1 y (yHIAMEHTAJIBHUX HayKaX, aJyKe Cepel CTYACHTIB YHIBEPCUTETY
HEMaJjo YEeMITIOHIB 1 MpHU3epiB CBITOBHX OJIMITIa] 3 MaTEMaTHUKH, TIPOTPaMyBaHHSI,
IT-rexnomnoriit. CTaTu YeMITIOHOM CBITY cepejl CTYJEHTIB — 11€ CUJILHUN MOTHBATOP
dbopMyBaHHS JIIJIEPCHKUX STKOCTCH.

BuxoBanns minepcbkux sikoctei B KIII 3miiicHIOETBCS TaKOXK depe3 OCBITHIN
NpoLEC, HANpPUKIAA, Yepe3 JEeKLiiHI Kypcu, fKi BUKIAJAIOThCS BCIM CTyACHTaM
VHIBEPCUTETY:

* «Fundamentals of sustainable developmenty,
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» «Startup project managementy,

* «Hiroshima-Nagasaki: Peace Study Course» («Xipocuma-Haracaki: ypoku
MUpY», sikuii 0yB iMmiemenToBanuil B KIII 3aBnsxu croiBopani 3 KynbrypHum
donnom Xipocimu).
3HauyHy poOJb Yy LbOMY IUIaHI BIAIrpae TakoX TIpaHToBa mnporpama €C

«ERASMUS+ KAl», ska mae MOXIHMBICTh, BUKOPHUCTOBYIOUM MeEXaHI3MaMHU
aKaJeMI4HO1 MOOUTBHOCTI, JOJIYYUTHUCS JI0 JKEPEIl €BPOINEUChKOI MEHTAIBLHOCTI CaMe
yepe3 OCBITHIM mpomec. [lpu 1bOMYy BaKIMBOIO CKIAJOBOIO SIK €BPOMEHCHKOT
MEHTaJIbHOCT1, TaK 1 cBiTOBOI ieomorii «Social Cohesion» € KOHCEHCYCHUM MIIXI].

[Ile omHi€IO TPYIIO0 IHCTPYMEHTIB, BUKOPUCTAHHS SKUX JIO3BOJIIE BUXOBYBATH
y crynentiB KIII migepcbki SKOCTI, € 3amydeHHA iX 10 poOOTH B TPOMaJICHKUX
OpraHi3aIisx, pyxax, opraHax CTyJIeHTChKOT'O CAMOBPSTyBaHHSI TOIIO.

Ckaximo, came 3aBJIsiKki MoJouM eHTy3iactam Bxke noHaj 20 pokis y KIII aie
VYkpaiHCbKUIl TIEHTp TeHJepHOi ocBiTH. Ympoaosxk noBroro mnepioay KIII € Ttum
IPOMAJICEKUM CEpPEIOBUIIEM B YKpaiHi, sike MIATPUMYE MPOCYBaHHS 11eH TeHIepHOT
piBHOCcTi B Ykpaini. Ile, 1o peui, npuBeno no npuiHATTS 3akoHy Ykpainum «IIpo
3a0€3IeUeHHsI PIBHUX IIPaB Ta MOXJIMBOCTEH JKIHOK 1 YOJIOBIKiBY.

Po3MipkoByroun mpo HUISIXH PO3BUTKY JIAEPCHKUX SIKOCTEH CTYACHTIB,
acIipaHTIB 1 MOJIOAUX HAYKOBI[IB YHIBEPCHUTETY, BapTO 3a3HAYMTH, IO CHOTOJIHI
VYkpaini B3araii, il yHIBEpCUTETY 30KpeMa HeOOXigHa JO0MOMOra y 3armo4yaTKyBaHHI
CIIBpOOITHUIITBA caM€ 3 MDKHApOAHUMH TPAHTOBUMH IporpamamMu (HopMyBaHHS
TACPCHKUX SKOCTEH MOJIONI, a TAaKOX 3 BIANMOBIIHUMH NpOrpaMaMH IPOBITHUX
yHiBepcuteTiB €Bponu  Ta CIHIA. Ile, mnepemycim, mporpaMu [Js KpaiH
Yopaomopcrkoro periony «llormsg y maitdytHe»; CraxxkyBanns B Pani €Bpomm
«/lepxxaBHe ympaBniHHs»; nporpamu I[lonaschko-Amepukancbkoro ¢ouay «Ocpita
TUTSL IEMOKpaTiiy; mporpama PeitHcko-BecThanbCchbkoro TeXHUYECKOTO YHUBEPCUTETY
Axena (RWTH) «Women in Engineering» («IlinTpuMka >XIHOK B IH)XXEHEpIi»);
[MIporpama HATO «Hayka 3apagum mupy i Oesmekn»; «US Department of State
Leadership Programy»; Ctuniennis Peirana-®acens (CILIA) «Po3BuTOK geMOKpaTiin;

bpuranceki ypsnosi ctunenaii Chevening Scholarships 3 mepskaBHOTO yrpaBIliHHS;
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_HporpaMa aMepuKaHChkoi HeypsimoBoi opranizamii  Altas  Corps «Hapuanns
JEMOKPAaTUYHUX T4 EKOHOMIYHUX pePopm» TOIIO.

OxkpiMm 1bOro, 6arato yHiBEpCUTETIB MalOTh BJIACHI MOA10HI mporpamu. Jleski
iXHI TpPaHTU MporpaM Haull CTyJaeHTu BurpatoTh. Hanpuxmnan, y 2018 ta 2019 pokax
nei neneranii KIII uucenbricTio 60 Ta 100 cTyaeHTOK, acmipaHTOK 1 MOJOAUX JKIHOK-
BUCHUX Y3SUIM y4acTh Yy TpaauuiiHii MikHaponHii koHdepeHiii €Bpocoro3y
«Perspektywy Women in Tech Summit», sika Mae TeHOEpPHY CHPSIMOBaHICTb 1
HAO0JIMKA€e HAC 0 €BPONEUCHKUX IIIHHOCTEH.

Huni Han3BUUYaliHO aKTyaJdbHUM € 3aBJIaHHS 3a0€3MEYUTH ICTOTHE 30UIbIIICHHS
y4dacHUKiB noAioHux nporpam. Tomy KIII mpoBoauTs niecnpsiMoBany po6oTy 1010
3a]ly4eHHSI CTYIEHTIB [0 YYacTl y MDKHApOJHMX CTYACHTCbKUX OOMIiHax yepes
OporpaMu akajaeMidHOi MOOUIBHOCTI, y BUOOpIOBaHHI IpaHTiB y mporpamax €C,
IHIIUX MDKHApPOJHUX MpoekTax. | ofHi€0 3 1iIell Takoro 3alydeHHs € BUXOBaHHS

HOBOT'O IMOKOJIIHHS MOJIOJ[I Ta CTYJIEHTIB 1 OpMyBaHHS Y HUX J1AEPCHKUX SIKOCTEH.
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621.565.954
THE PROCESS OF COOLING ETHANOL DURING ITS PRODUCTION
Student Pechernyi D.V., senior lecture, Ph.D. Novokhat O.A.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Anomauin. Haseoeno cghepu  3acmocyeanmns — emuiogoeco  CRUpPMY.
llpeocmasneno pizHo8UOU emaHONy Ma WLIAXU U020 OMPUMAHHI. 3aNpoONnoHOBAHA
KOHcmpyKLﬂ}Z NAACMUHYAMO20 MENI00OMIHHUKA Ol OXOJIOOINCEHHS emdaHony.
Haseoeno nepesacu, Heodoniku ma OCHOBHI 0COOIUBOCMI  NIACMUHYANOSO
Menio0OMIiHHUKA.

KJIFOYOBI CJIOBA: ETHJIOBHH CIIUPT, ETAHOJI, ITNIACTUHYATHH
TEIIJIOOEMIHHHUK, TEII/IOOBMIH.

Summary. The areas of application of ethyl alcohol are given. Varieties of
ethanol and ways of its production are presented. The design of a plate heat
exchanger for cooling ethanol is proposed. The advantages, disadvantages and main
features of the plate heat exchanger are given.

KEYWORDS: ETHYL ALCOHOL, ETHANOL, PLATE HEAT EXCHANGER,
HEAT TRANSFER.

Ethyl alcohol (ethanol) is used in many areas of human activity. In addition to
the food industry and the production of vodka, it is actively used in medicine,
cosmetology and other fields.

Ethanol is a monoatomic substance having the formula C,HsOH. Under normal
conditions, it is a flammable clear liquid with a specific odor. When stored in an open
container, it partially evaporates.

There are two types of ethyl alcohol: food and technical.

Food ethanol is made from potatoes, grains, roots, sugar molasses or molasses,
grapes and other foods rich in carbohydrates. Wheat is most often used as a raw

material, quite often - barley, less often - corn, although it is valued for its high
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content of starch and fat. It is used for the production of alcohol, fuel for cars, the

needs of radio electronics.
Wastes from the oil and wood refining industries are used to produce technical

alcohol. It is a part of detergents, paints and other products. Due to the high content

of harmful impurities, it is not used in the food industry.
The production of synthetic ethyl alcohol by direct hydration of ethylene

belongs to the medium-temperature heat technologies of the petrochemical industry

[1]. The temperature of the main technological process here does not exceed 300 °C.

The raw material for the production of ethyl alcohol is ethylene (Fig. 1).
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Fig. 1.— Schematic diagram of production of synthetic ethyl alcohol of direct

hydration of ethylene: a - contact department; b - rectification department;

1 - circulating compressor; 2 - heat exchanger; 3 - heater; 4 - separator; 5 - tee;

6, 7 - recovery boilers; 8 - reactor; 9 - reflux condenser; 10, 11 - stripping columns;
12 - prefabricated tank; 13 - distillation column.

Heat exchangers 2 are installed to regenerate the heat of the cooled

technological products (alcohol).
There are different types of heat exchangers [2]. For example, on the principle

of operation there are recuperative, regenerative and mixing heat exchangers.

Plate heat exchangers are well suited for cooling alcohol. This type of heat

exchanger has a number of advantages [3].
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First of all, it should be noted such an important advantage as ease of
maintenance. In cases where this unit becomes clogged, the device must be
disassembled and rinsed thoroughly. After that, it should be dried and collected. This
procedure does not require any large physical or time costs.

The second advantage is that when using this type of heat exchanger, a low
level of contamination of the heat exchange surface can be observed. This is achieved
due to the high turbulence of the fluid flow, which is formed by corrugation. In
addition, this factor is also influenced by the fact that the heat exchange plates have a
quality polishing.

The third important advantage is economy. This unit is capable to serve more
than 20 years. In this case, if in the process you need to replace the plates, it is easy to
do, while saving a lot of money. So, for example, at repair of the casing and pipe unit
it is necessary to say goodbye to the big sum of money.

In addition, plate heat exchangers are relatively compact in size and high
process intensity.

The main disadvantage of a plate heat exchanger will be that if you use poor
quality coolant, the device will soon become dirty.

The disadvantages also include the possible deformation of the plates at a large
temperature gradient or pressure difference between the coolants.

The presented shortcomings require improvement of plate heat exchangers. In
addition, increasing the heat transfer intensity will also increase the efficiency of the
heat exchanger.

References:

1. Internet resource: https://megaobuchalka.ru/2/20371.html
2. Internet resource: https://studfile.net/preview/2665907/page:2/
3. Internet resource: http://www.gazportal.ru/info/partart/preimushhestva-

teploobmennikov/
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UDC 637.333

OPTION OF USING A PLATE HEAT EXCHANGER FOR MILK
PASTERIZATION
S. Daniuk, student;
O. Seminskyi, PhD, Associate Professor, academic supervisor.
National Technical University of Ukraine

“Igor Sykorsky Kyiv Polytechnic Institute”

Pasteurization is a process based on heating of an organic liquid (milk, beer,
wine, juices, etc.) to a temperature at which vegetative forms of microorganisms
(primarily pathogens) die, but there are no profound changes in the biological and
physicochemical properties of the liquid, proteins, vitamins in its composition, as
well as smell, color and taste [1].

Ensuring long-term storage of food in airtight containers is achieved by
pasteurization or sterilization, resulting microorganisms to cease their activity.
Pasteurization is carried out at temperatures of 63...100 °C at atmospheric pressure.
On the other hand, sterilization is carried out at temperatures above 100 °C.
Pasteurization is performed when the active acidity of the product - pH is below 4,2
(milk, beer, wine, juices, etc.) to suppress mold and yeast, which grow well in an
acidic environment. In foods with a pH above 4,2 (canned vegetables, fish, meat),
putrefactive, anaerobic and other microorganisms has fine development there, the
spores of which are very heat-resistant (for example, pathogens of botulism).
Therefore, sterilization is used for such products. [2]

In order to prevent the germination of bacterial spores, pasteurized products
are recommended to be stored at low temperatures (4...6 °C) [1].

Pasteurization is the simplest and cheapest way to disinfect milk. Thorough
cleaning of milk is required before pasteurization. This is explained by the fact that
during the stall keeping, bacteria accessing the milk and keeps building up in it

(mainly from manure particles).
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When choosing the mode of pasteurization, keep in mind that the higher the
processing temperature, the shorter its duration should be. In practice, three modes of
pasteurization are used [2]:

1) long pasteurization - milk is heated to 63...65°C and kept at this
temperature for 30 minutes;

2) short-term pasteurization - is carried out at a temperature of 72...75 °C
with milk for 15...20 s and is carried out in a stream;

3) instant pasteurization - heating milk to a temperature of 85...90 °C without
aging.

The optimal mode of pasteurization is chosen depending on the desired shelf
life of milk.

The thermal effect on milk leads to some changes in the substances that make
up its composition. The salt composition of milk is disturbed. Soluble phosphate salts
become insoluble. The gases dissolved in it evaporate from the milk. From the partial
folding of proteins and the formation of insoluble salts on the surface of heating
devices, a sediment is deposited - milk stone. Heating to high temperatures
(80...85 °C) adds a special taste and aroma to milk, which increase as the temperature
rises [3].

The most effective equipment for the pasteurization of milk, in terms of
energy consumption and processing time, are plate pasteurization and cooling units
(Fig. 1) [2]. In the assembled installation, the plates are grouped into heat exchange
sections. The milk enters the receiving tank, in which a constant level is maintained
by means of a float regulator. The centrifugal pump takes milk from the tank and
delivers it to the recuperation section | of the heat exchanger, where the milk is
heated to 40...45 °C. Further, the milk passes through the internal channel to the
pasteurization section Il, where it is heated with water (80 °C) to 71...73 °C. Milk is
kept at pasteurization temperature in section Ill, and is sent for cooling first to
recuperation section I, and then to water cooling section V. Milk cooled to 4...6 °C

passes through a rotary valve, which directs the milk flow into storage tanks.
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1 - receiving tank; 2 - the pump for milk; 3 - recovery section; 4 - section of
pasteurization; 5 - holder; 6 - cooling section; 7 - hot water tank; 8 - water pump.
Figure 1. - Schematic diagram of a pasteurization and cooling plant for

drinking milk.
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UDC 66.045.1
MODERNIZATION OF THE HEAT EXCHANGER IN THE SCHEME
OF PRODUCTION OF SUSPENSION POLYSTYRENE
Student Virych S., Ph.D., Associate Professor Shved M.P.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The basic modern directions of improvement of the equipment for
production of suspension polystyrene are resulted. Particular attention is paid to the
most common shell-and-tube heat exchanger. The algorithm of features of
preparation, cooling and granulation of polystyrene in the operating mode is
considered. Identified ways to improve the process.

Key words: heat exchanger, polystyrene, suspension.

MOJAEPHI3AIIA TEIINIOOBMIHHUKA B CXEMI BUPOBHHULITBA
CYCHEH3IHHOI'O MOJICTUPOJTY
crynent Bipuu C., k.T.H., nou. [lIBeq Mukona [TerpoBuu
HauionajibHuil TeXHIYHUI yHiBepcUTeT YKpaiHu

“KuiBcbknii nosairtexuivynuii incruryt imeni Irops Cikopcbkoro”

Anomauyia. Haeedeni ocHo6HI cyuacHi HanpamKu YOOCKOHAIEHHS 00A0OHAHHS
071 8UPOOHUYMBA cycnensitinoeo noaicmupony. Ocobaugy yeazy npuoiieHo Haubiibu
NOWUPEHOMY  KONCYXOMPYOHOMY — MeNni00OMIiHHUKY.  Posenanymuii  aneopumm
ocobnusocmetl Ni020MOBKU, OXONOONCEHHS Ma PAHYIAYIl NOLICMUPOTLY 8 POOOUOMY
pedrcumi. Busnaueni winaxu nokpawenHsa npoyecy.

Knrouosi cnoea: mennoooMinHUK, noiicmupo, CycneHsis.
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Polystyrene - a polymerization product of styrene (vinylbenzene) belongs to
the class of polymers of thermoplastics. Widespread use of polystyrene and plastics
based on it is based on its low cost, ease of processing and a huge range of different
brands. It is used to make plastics, which are widely used in the electrical industry,
for the manufacture of household items, utensils, lenses, etc.

Consumption and production of polystyrene is increasing every day, so there is
a need to improve the equipment for its production. Modernization of heat transfer
processes, which are an essential part of polystyrene production, will intensify the
process of polystyrene production in general.

Styrene and polystyrene do not dissolve in water, therefore styrene
polymerization can be carried out in an aqueous medium. To prevent adhesion of
polystyrene particles with underpolymerized particles, substances called suspension
stabilizers or suspending agents are used. Magnesium hydroxide Mg(OH),, barium
sulfate BaSO4 and polyvinyl alcohol containing 10-14% acetate groups are used as
such substances. Suspension agents do not dissolve in the monomer, but only
increase the viscosity of the water. Each drop of monomer is a small block in which
polymerization takes place. The drop is surrounded by an inert environment that
prevents sticking.

The technological process of obtaining suspension polystyrene (Fig. 1) consists
of the following stages: preparation of raw materials; polymerization of styrene;
washing, drying, mixing, dyeing and granulating polystyrene.

Preparation of raw materials consists in purifying styrene from an inhibitor,
obtaining demineralized water and preparing a solution of suspending substances. If
styrene has additives that prevent it from polymerization, it must be purified by
distillation. Styrene does not require special cleaning, which comes into production
without an inhibitor or immediately after production.

Polymerization of styrene is carried out in reactors 4 with a capacity of 10-20
m®, made of stainless steel. After carrying out one or several operations, the

accumulated polymer layer must be removed mechanically or by dissolving in
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organic solvents. After the end of the polymerization, cooling is carried out to 50° C
by supplying cold water to the reactor jacket.

After cooling, the suspension is fed through a sieve 7 to a receiver 8, from
where it is pumped by a pump 2 into a washer 9, into which demineralized water is
supplied.

From the washer, the mass is fed into a continuous centrifuge 10, where the
beads are separated from the water. The test solution from the centrifuge
continuously enters the collection 11, from which it goes to the wastewater treatment
plant. Polystyrene from the centrifuge with a moisture content of up to 2%
continuously enters the rotating drum dryer 12. The air heated to 110-120° C is
supplied to the drum. Polystyrene is dried to a moisture content of 0.2% and is fed to
the hopper through the discharge chute.

From the hopper, polystyrene enters a rotating mixer, where the required
amount of zinc stearate, dye and other additives is loaded. After mixing, the mixture
is fed into the funnel of the extruder 13. The temperature in the extruder is
maintained at 185-230° C.

Having passed the heating zones, the molten mass is squeezed out by a screw
through a matrix with a large number of holes in the form of rods into a cooled water
bath 14. The resulting rods are pulled by rolls and enter the granulator 15, where they
are cut into granules 3-4 mm long. The granules are sieved on a 16 vibrating sieve in
order to separate non-standard granules, which are re-extruded.

Standard pellets are fed into silos. Granular polystyrene is loaded into paper
flies with an inner polyethylene coating. The bags are sewn up on sack sewing

machines and delivered to the warehouse.
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1-container for styrene, 2-centrifugal pump, 3-styrene measure, 4-reactor-
polymerizer, 5-refrigerator, 6-emergency capacity, 7-sieve, 8- suspension receiver, 9-
washer, 10- centrifuge, 11-solution collector, 12-drum dryer, 13-extruder, 14-water

bath, 15-granulator, 16- vibrating sieve
Figure 1.— Slurry polystyrene production process diagram.
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RESEARCH OF MODERN MANUFACTURING TRENDS
AND PAPER CONSUMPTION
student Skripnik R., Anaschenko A., senior lecturer, Ph.D. Ploskonos V.G.
National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauin. B x00i nposedenus 00Cnioncents YCmMaHo81eHo, Wo HA CYUACHOMY
emani po3eUMKy CYCNiIbCMEA CKIAMUCL 00'€Kkmueni haxmopu, AKi nompebyromo
VOOCKOHAIeHHsI AKOCMI nanepy 0711 OPYKY, a Makoxc npoyecie 1o2o eupoOHUymea
[1,2]. Awnaniz nasenoi ingpopmauii noxazye [3], wo cyuacne eupobnuymeo nanepy
051 OpYKY OpIEHMOBAHE HA BUNYCK PIZHOMAHIMHO20 ACOPMUMEHMY U020 6UOI8 |
MapokK, Wo GUPIZHAIOMbCA KOMNO3uyiclo, macoio niowi 1 Mm% i moswunoio, iHwumu
BACMUBOCIAMU 8 3ATIeHCHOCMI IO NPUSHAYEHHS, A MAKONC OCHOBHUX 6UOI8 OPYKY
(enuboxoeo, 6ucoxkoeo, oghcemnoco) i yCmamKy8amHs, WO 3ACMOCOBYEMBC OJIA
sucomosieHts noaiepagiunoi npooykyii. Came  maxum modxce dymu nanip 0.
ohcemnozo OpyKy 3nudicenoi macu niaowyi Im? 3 6uCOKUM pieHeM CMpPYKMYpHO-
MEXAHIYHUX | OPYKAPCLKUX 61ACMUBOCMEN. 3ACMOCY8AHH MAKO20 Nanepy 0ae 3mMo2y
S3HUBUMU NUMOMI 8UMPAMU 11020 HA OOUHUYIO OPYKOBAHOI NpOoOyKYii 3 0OHOUACHUM
SBHUNCEHHAM I Macu (Hanpukiao, niOpYYyHUKie) [ eumpam, NOG'SA3aHUX I3
MPAHCNOPMYBAHHAM [ 30epieanHim, a ii BUPOOHUYMBO Mae Oymu eKOHOMIYHO
OOYLIbHUM 8 YMOBAX NANEPOBOi 2any3i KpaiHu.

Knrouosi cnoea: nanip ona opyky, Qizuko-mexaniuni NOKA3HUKU, 8UOU OPYKY,
nanip sHucenoi macu niowi 1.

Summary. In the course of the research it was found that at the present stage
of society development there are objective factors that need to improve the quality of
printing paper and its production processes [1,2]. Analysis of the available

information shows [3] that modern production of printing paper is focused on the
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production of a wide range of its types and brands, differing in composition,
weighing 1 m? and thickness, other properties depending on the purpose, as well as
the main types of printing (gravure, high, offset) and equipment used for the
manufacture of printing products. Such can be the paper for offset printing of
reduced mass of area 1m2 with high level of structural-mechanical and printing
properties. The use of such paper makes it possible to reduce the specific cost of it
per unit of printed matter while reducing its weight (such as textbooks) and the costs
associated with transportation and storage, and its production should be
economically feasible in the country's paper industry.

Key words: printing paper, physico-mechanical parameters, types of printing,

paper of reduced mass area 1m?2,

At the present stage, there are objective factors that need to improve the
quality of printing paper, as well as its production processes [1,2].

Analysis of the available information shows [3] that modern production of
printing paper is focused on the production of a wide range of its types and brands,
differing in composition, weighing 1 m? and thickness, other properties depending
on the purpose, as well as the main types of printing (gravure, high, offset) and
equipment used for the manufacture of printing products.

Offset printing paper, which is one of the most widely used for multi-
circulation printing of magazines, children's books, school books, literatures, art
reproductions, posters, other products, must have the necessary mechanical strength
of the surface, structural, optical, printing properties, be characterized by uniformity
of these along and across the paper web, with stable linear dimensions during
wetting and subsequent drying.

At the same time, the development of electronic media and the fierce
competition with them, new ways of printing make the necessary requirements for
paper for printing. Among the main requirements are the following: new approaches
to print paper as a modern medium; strict environmental control, which is a factor in

creating new technologies and expanding its range; providing the necessary complex
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of consumer, printing and sanitary-hygienic properties; increasing competitiveness
by reducing the payback period of investments and the size of operating costs.

Requirements for the consumer and performance properties of printing paper
are constantly increasing. They relate to the quality of the paper and its assortment,
and are dictated by the intensive development of printing techniques, reproduction
equipment and office equipment. Increasing the speed of printing, reproduction of
documentation in combination with the perfect quality of print and color rendering,
the development of artistic printing requires the provision of a whole set of
indicators that determine the suitability of paper for printing in new operating
conditions.

This set of indicators, first of all, is related to the structural and physical
properties of printing paper - porosity, smoothness, surface roughness and strength,
the ability to absorb water and oil, the stability of the linear size of the sheet. The
paper must also have an adequate level of whiteness, flakiness, opacity, linear
deformation, absorbency, uniformity of microstructure and stability of these
properties in the longitudinal and transverse directions of the paper web, their
invariability over time.

Meeting these requirements requires new solutions in the technology of
production and selection of appropriate fibrous raw materials, fillers, chemical sizing
and binders, paper and process equipment, degree of automation, process control and
quality of finished products.

These trends of rapid development of printing technology indicate the need for
a comprehensive approach to solving cross-industry problems and to consider
printing technique as a single system "paper-ink-machine", starting with the
development and production of paper bases and ending with the problems of training
and skills development.

More than 85% of Ukraine's need for printing paper is covered by imports.
The main reasons limiting the growth of its production are:

- lack of proper fiber semi-finished products of the required quality in the

country;
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- investment deficit in the development of the industry;

- lack of modern paper and technological equipment for production and
processing of paper, which should withstand competition with similar products of
countries with highly developed pulp and paper industry.

Therefore, in our opinion, one of the strategic and priority directions of
development of the paper industry of the country should be the production of special
small-tonnage and high-quality types of paper for the production of printing
products.

Such can be the paper for offset printing of reduced mass of area 1m? with
high level of structural-mechanical and printing properties.

The use of such paper makes it possible to reduce the specific cost of it per
unit of printed matter while reducing its weight (such as textbooks) and the costs
associated with transportation and storage, and its production should be
economically feasible in the country's paper industry.

Thus, the study generalized the requirements for the manufacture of paper for
printing a reduced mass of 1 m? closed structure with uniform and stable quality
indicators that meet the requirements of manufacturing various printing products:
encyclopedic, bibliographical publications, dictionaries, books and magazines,

textbooks.

References
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VIK 531/534
EULER’S KINEMATIC EQUATIONS
Student Muzyka S.M., senior lecturer, Ph.D. Shtefan N.I.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"
Annotation. The work considers the obtaining and analyzes the kinematic equations
of Euler, which are projections of angular velocities on the axis of a moving and
stationary coordinate system. These equation are obtained talking into account
guiding consumes, for Euler angles. In this case, a large mathematical apparatus was
used.
BENUKUL MaAMeMamUuyHuL anapan.
Key words: angular velocity, Euler angles, Euler-Krylov angles, direction cosine
matrix.
KIHEMATUWYHI PIBHSIHHS EMJIEPA
crynedaTka Mysuka C.M., k.1.H., goueHT llredan H.I.
HaunionaqbHuii TeXHIYHUI YHiBepCcUTET YKpPaiHU

«KuiBcbkuii noJtitexniyauid incTutyT iMmeHi Irops Cikopcbkoro»

AHoTaniss. B poOoTi pO3IISHYTO OTpHMaHHSA 1 MpoaHaII30BaHO KiHEMAaTHYHI
piBHsHHS Elnepa, sKi mpencTaBisitioTh CO00I0 MPOEKITli KYTOBUX IIBUAKOCTEH Ha OC1
PYXOMoOi 1 HEPYXOMOi cUcTeMHu KoopaAwHAT. L{i piBHSIHHSA OTpUMaHi 3 ypaxyBaHHSIM
HaAMpsIMHUX KOCHHYCIB, Hampukian, i KyTiB Eiinepa. Ilpu 1pomy 3acTocoBaHO
BEJIMKUM MaTeMaTUYHUM arapar.

KurouoBi cioBa: kyToBa mBHIKICTh, KyTH Elinepa, kytu Eiinepa-Kpunosa, maTpuiis

HaINpsIMHUX KOCUHYCIB.
Consider obtaining the kinematic equations of Euler, realizing that they are the

initial stage in the compilation of different equations of motion of rigid objects,

which is common in engineering problems.
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Let's start a mathematical study to find the projections of the angular velocities of
a rigid object, for example, on an axis Ox, Oy, Oz. In this case, one can use the

relations known for mathematics, from which we have:

. dj dj a7 dj
Lok (L) vk, (L) 4k
@ ¢ (dt) o (dt)r}’ ‘? (dt .

e @) @) @), o
Wy =t s T e & 3 by dt/ e \ae z (1.1)

L di . [di . [di . [di
W:=J =T \g) T \g) Te\ g
3 m ¢

: dii : . .
If we take into account that (g)g = % and etc., then, using the direction cosine

matrix (coordinate transformation matrix), expression (1.1) can be written in the
form:
Wy = @y3Q5 + G305, + Q33033
Wy = Q33033+ Ay Gp3 + A3 033, (1.2)
Wy = Q35033 + Ay305; + Q3503
Substituting the direction cosines into formula (1.2), for example, for the Euler-
Krylov angles, after elementary but cumbersome mathematical transformations, we
obtain:
w, = ¥sinb + ¢,
w, = ¥ cos Bcosp + Bsing, (1.3)
w, = —¥cos Bsing + Bcosg.
Obviously, similar relations can also be obtained for the projections we., w,., w;. of
the vector @ onto the fixed axes O&’, On’, OF’.
Each angle of rotation v, 6, ¢ (Pic. 1, a) is assigned a vector of angular velocity
7'W, k.0, 7L, if Euler angles are specified, and J'%,k,01i7,¢ - in the case of
specifying the Euler-Krylov angles (Pic. 1, b). Here }”.F:'}’l, J3, 5 - unit vectors of the
corresponding axes along which the angular velocities ¥,6,¢ are directed in the
given cases of specifying the angles of rotation of the object. Since sliding vectors

intersect at one point, they are added according to the parallelogram rule, and the
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angular velocity vector, as a sliding vector, with spherical motion can be considered

similarly and represented in the form
0+ Jr. (1.4)

=¥+

€l

Pic. 1
For any method of defining the motion of a rigid body, there is always a relation of
the form: @ = T, + jw, + kKw, = Uwer + J'w, + F}}’mq—:. (1.5)
Projecting the vector equations (1.4) on the axis of the xyz coordinate systems and
using the basic formula of spherical trigonometry, for the Euler angles we obtain the
following relations: w, = YsinBcosp — Bsing,
w, = @+ ¥ cos 6, (1.6)
w, = YsinBsing + Bcosq.
For the Krylov angles, we immediately find expressions (1.3) from pic. 1.1, b.
If we are interested in the projections of angular velocities on fixed axes, then, for
example, to set the Krylov angles (Pic. 1 , b) they will have the form:
wz = @cos Gcosy — 6 siny,
W, = ¥+ @sin 6, (1.7)
wyr = —@cos Gsimp + 6 cosi.
Note that obtaining the kinematic equations of Euler is the initial stage in the

compilation of differential equations of motion of solid objects.
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DEFINITION THE CENTOROID ARE OF CIRCLE, CIRCULAR SECTOR
student Vakulina A. D., Doctor of philosophy,

Associate Professor Shtefan N.I.

National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation. There are some ways in order to reach center of gravity some of the
figures, an enormous arc of both circle and circular sector. Centroid can be used
particularly during the practical engineering design. Pappa-Guldin theorems are
connected with a definition center-position of gravity some of the figures and lines.
There are some another ways will be represent in this article.

Key words: centroid, Pappa-Guldin theorems, geometrical center-position of gravity,

arc of circle, circular sector.

BU3HAYEHHSA NEHTPA BAT'U AYT'U KOJIA, KOJIOBOI'O CEKTOPA

crynenTtka Bakynina A./l., k.1.H., norient Iltedan H.I

HauionaabHuii TeXHIiYHUI YHiBepcUTET YKpaiHU

«KuiBcbkuil nojiiTtexHiyauii iHcTuTyT imMeHi Iropsa Cikopcbkoro»

Anomauin. B pobomi pozensanymo ompumanus yeumpis eazu oesikux ¢hieyp, a came
oyeu Koaa i konoeo2o cekmopa. Llenmp éaeu icypu (mina) docums uacmo OoOYilibHO
BUKOPUCOBYBAMU 68 NPAKMUYHUX —IHIICEHEPHUX PO3PAXyHKax. 3 NnumaHHamu
BUBHAYEHHS NONOJNCEHHS. YEeHMPI8 eazu OesaKkux ieyp i niHil nos’s3ani meopemu
llanna-I'ynvoina. Ane icuyroms Ui iHwi cnocoou, AKi Mu NPOOEMOHCIMPYEMO.

Knwuosi cnoea: yenmp eacu, meopemu Ilanna-1ynvoina, eeomempuune noioiCceHHs

yenmpie eazu, dy2a Koad, KOJOBUL CEKMOop.
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In the work will be analyzed questions in order to reach center of gravity
some of the figures, an enormous arc of both circle and circular sector. Sometimes
the results are important to use during the solving some engineering tasks,
particularly static and dynamic for solid-state object and the system of solid objects.

Definition the centroid arc of circle. In order to define the centroid arc of
circle was analyzed arc of circle AB with a radius R and the center angle 2a. As arc

of circle is symmetric about the x-axis, centroid arc of circle is on the x-axis.

x!

This means v, = 0, therefore importantance to find x. (fig.1).

We use formula for centroid line accepting x = Rcos ¢; I = ZRa; dl = Rd:

E
S xdl ffaRcasqaqua __Rsina _ R2Rsina

Xe l 2Ra o a 2Ra ' (l)
where @& — half of central angle in radians.
Actually, for centroid arc half of circle @ = g IS
2R
X, =—. )

T

Suppose the distance between centroid arc half of circle and diameter is x..
If arc half of circle twist around diameter, where it fixed, can be received sphere.
Accordingto S = 2mx.lis
AmR? = 2mx, - mR. (3)

Hence
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2R
X, =—

(4)
Centroid of the circular sector. Suppose there is circular sector with a central angle
2a and radius R (fig.2).

Mark an elementary sector (shaded area in fig.2), which can be determined as

T

isoscales triangle, where high and median line are the same. So, centroid of each
elementary triangle is equally distant SR from the origin of coordinates. Respectively

geometrical center-position of gravity for all over elementary

Fig.2

triangles is arc of circle.
This means centroid of the square for circle sector can be found as centroid of mass
line, where constantly and evenly distributed centroid sector.

As result we have

Y =ERsinaf’ (5)

where @& — half of central angle in radians.

- - T .
Actually, for sector in half-circular form a = $ receive

__ 4R

X, =—. (6)

3T
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YK 531/534
THE VALUE OF THE COSINES OF THE CUTS BETWEEN THE
COORDINATE AXES
Student Lozovenko O.S. Doctor of philosophy, Associate Professor Shtefan N.I.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation.The problem of the motion of a rigid body in space is extremely
important in practice. If the matrix of coordinate transformation in the transition
from a moving to a fixed coordinate system is known, this problem can be solved. But
a matrix of guide cosines must be constructed beforehand. In this paper, we consider
the matrix method of determining the table of guide cosines.

Keywords: free solid, coordinate transition matrix, guide cosine matrix, moving
coordinate system, fixed coordinate system.

BU3HAYEHHSA KOCHUHYCIB KYTIB MI’K OCAMHU KOOPJIUHAT
Crynentka JlozoBenko O.C. JlokTop ¢inocodii, nouent lredan H.I.
HaunionaqbHuii TeXHIYHUI YHiBepCcUTET YKpPaiHU

"KuiBcbknii noJsirtexuivyHui inctutyTt Irops Cikopebkoro"

Anomauin. 3aoaua npo pyx meepooco mina y npocmopi Mae HaA038UYAUHO B8AICTIUBE
npakmuune 3HaueHHA. Axwo eidoma mampuys nepemeopeHHs KOOpOUHam npu
nepexodi 8i0 pyxomoi 00 HepyxXomoi cucmemu KOOpOUHAm , mo Ys 3a0ava Modice
bymu po3s’sazanor. Ane nonepedHvo mae Oymu nob6y0o8aHa mMampuys HanpsimHux
KOCUHYCi8. B Oanitl pobomi po3enaHymo mMampuynuil Memoo GUHAYEeHHs mabdauyi
HaNpsMHUX KOCUHYCIB.

Knrwouoei cnoea: sinbne meepoe mino, mampuys nepexooy KOOPOUHaAm , Mampuys
HaNpsAMHUX KOCUHYCI@ , DpPYXOMA cucmema KOOpOUHAm , Hepyxoma cucmema

KOOpOuHam.
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Let us investigate the matrix method of determining the table of directing

cosines, which is often necessary to apply when solving a number of engineering
problems. This method is based on the fact that a matrix is built sequentially for each

turn By (k =1,2,3) transformation of coordinates, and then by multiplying them we

a:-j{)!g§\\\‘\‘. \‘\\{\
7\

find the resulting transformation matrix.

We perform these operations, for example, for the Euler - Krylov angles (Pic. 1, b).
To compile simple matrices By (k =1,2,3) it is expedient to represent graphically

separately position of axes corresponding to each turn (Pic.2).

T
)
E;
@
€, % Ea
Ly
E: ¥
& a ] z 6
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&0, ' = B§n, %
[&1,m3, 807 = B, [&2,m3, 817 (1)
[‘52!:??5: C;]T = EE [-x'-.lj"ri Z]T-

Here in rectangular brackets are taken matrices-columns of coordinates, and through
B, B, Bs marked conversion matrices corresponding to the first, second and third

turns (pic. 2).

Subtracting in (1) the intermediate coordinates are &;1;; i £3175{5, obtained

(&0, {'T" = By [&1mi]" = B, B, [&158:]7 = B1B,B;[x,y, 217, (2)
(&', = ||a ||lx, v, 21" = Blx, v, 217, 1,j = 1,2,3. (3)
Comparing (2) and (3), we see that:

[En¢]" = Blx,v,2]", (4)

where B = B;B,Bs,

Therefore, each of the turns corresponds to a certain table of guide cosines (table 1-
3)

Tabruys 1 Tabauys 3 Tabauys2
be | 05 | On | 0G | [Be | 0 [ 0 [ 0= | [ | 05 | 0% | oG
3 cosy 0 siny 05, 1 0 0 0% cos® | -sin® 0
Oy 0 1 0 On 0 cosg | -sing Oni | sin® | cos® 0
o' -siny 0 cosy 06, 0 sing cosQ o 0 0 )

1-i NOBOPOT Ha KYT \/ 3-#i noBopor Ha kyT ¢ 2-# noBOPOT Ha KyT O

So the matrix, the matrix B calculate by multiplyingB;, By, B

Ay | Oy | Qy3

B= @21 |G22 |G23 | =By B, By,

Gz, |Qzz |Qz3

Using the rules of vector-matrix algebra, we can calculate the elements of the

matrix B=B; B, Bs (table 4). Similarly, we obtain a table of guide cosines for Euler

angles (table 5)
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Bics] Ox Oy O:
OF' | cosOcosy sinlp‘sintp—: sin yeosp+
—cosycossin0 | +cosysingsin0
On' sin 0 cosOcos g —cosOsin @
el : cos ysin @+ COS Y COS P —
O |-cosOsiny | y cos ¢sin 0 | —sin y sin @sin 0

Table 5
ICh Ox Ov O:
| —sinysme+ | . Sin Y cos @ +
o5 +cos\y cos pcos0 cusysin 6 +cos ysingcos0
On' sinOcos¢ cos 0 sinOsin ¢
,| —cosysing - . . COS\Y COS P —
o5 —sin y cos pcos0 sin y'sin 0 - sin y sin ¢cos 0
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