DOI: 10.15587/1729-4061.2021.225324

AN ANALYSIS OF PERFORMANCE OF AN ANAEROBIC
FIXED FILM BIOFILTER (AnF2B) REACTOR IN
TREATMENT OF CASSAVA WASTEWATER (p. 6-13)

Prayitno Prayitno
State Polytechnic of Malang, Malang, Indonesia
ORCID: http://orcid.org/0000-0002-8607-8719

Sri Rulianah
State Polytechnic of Malang, Malang, Indonesia
ORCID: http://orcid.org/0000-0002-8402-520X

Windi Zamrudy
State Polytechnic of Malang, Malang, Indonesia
ORCID: http://orcid.org/0000-0003-2413-9448

Sugeng Hadi Susilo
State Polytechnic of Malang, Malang, Indonesia
ORCID: http://orcid.org/0000-0003-3077-2039

The cassava starch wastewater contains organic materials (as
BOD, COD) in high concentrations so it has the potential to cause
pollution in the aquatic environment. Several methods of cassava
starch wastewater treatment have been used to reduce the concen-
tration of organic matter (pollutants) in cassava starch wastewater,
including Activated Sludge, Stabilization Pond, Anaerobic-Aerobic
filter process. However, various studies continue to be carried out to
get higher processing efficiency on the factors that influence it. Several
factors influence the efficiency of wastewater treatment processes, in-
cluding the type and origin of decomposing microorganisms, hydraulic
residence time (HRT), organic load rate (OLR), process design, pH,
and temperature. The research aimed to evaluate the performance of
the AnF2B reactor in treating cassava starch wastewater, in which the
reactor performance is shown by changes in organic matter removal
(COD removal) and biogas production. The research is conducted us-
ing 3 types of AnF2B reactors wherein each AnF2B reactor contains
a bee nest-shaped bio-filter as a growth medium for the consortium of
indigenous bacteria. The AnF2B reactor operates in anaerobic condi-
tions with a set temperature of 29—30 °C and a pH of 4.5-7. In each
AnF2B reactor, cassava starch wastewater is fed with different OLR so
that each reactor has an HRT of 5, 6, and 7 days. The concentration of
COD at the influent and effluent of the reactor was measured and the
biogas was produced using the APHA standard method. The results
showed that the AnF2B reactor had a satisfactory performance in
COD removal and biogas production, which at HRT: 6 days and OLR
of 1.72 g/L-day found that the maximum COD removal was 98 % and
the volume of biogas of 4.8 L/L-day was produced on the 12t day.

Keywords: biogas, bee nest, cassava starch, HRT, indigenous
bacterial consortium, OLR.
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Based on the modern ideas about environmental protection, this
paper reports a study into the utilization of water-treated waste from
heavy metals (using copper(IT) compounds as an example) for the
manufacture of ceramic building materials. The examined clay minerals
from local deposits and the optimal conditions for their heat treatment
(at 1,100 °C) have been proposed for the sorption removal of pollutants
of inorganic origin from wastewater. The use of wastewater after its

treatment makes it possible to address several tasks at the same time: to
protect the environment from pollution by technological wastewater,
as well as to reuse wastewater in order to resolve the issue of water
scarcity. Ceramic building materials were manufactured based on water
purification waste (in the amount of 5 %) and clay raw materials. Their
structural-mechanical and physicochemical characteristics have been
comprehensively studied. Sintering processes begin at lower tempera-
tures, which is why, with an increase in the annealing temperature to
1,000 °C and higher, their strength rapidly decreases. In the temperature
range of 600-1,100 °C, there are possibilities to apply ceramic technol-
ogy to immobilize heavy metals in ceramic matrices. The prospect of
utilizing water purification waste in the technological process of manu-
facturing inorganic ceramic materials has been shown. The safety of the
building materials, manufactured by leaching pollutants from the ce-
ramic samples using various aggressive environments (leaching to 6.4 %,
0.083 mg-cm?/day) has been investigated. The high strength and degree
of the copper ion fixation in the structure of polymineral clay have been
confirmed while secondary environmental pollution is almost absent.

Keywords: water purification waste, copper compounds, heavy
metals, sorption, natural minerals, heat treatment, immobilization,
building materials.
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The graphical dependence of the washing capacity of ethanol-
containing soapstock on the concentration in an aqueous solution
and the temperature of interaction with the polluted material has
been determined. It is proposed to use a 40 % aqueous solution of
ethanol-containing soapstock in the hand cleaning paste technology.
This soapstock solution has a washing capacity of 92-98 % at the
temperature of interaction with the polluted material of 25-40 °C.

The regularity of the effect of the structurant content on the
consistency of hand cleaning paste was investigated using an ap-
proximating polynomial. This made it possible to substantiate the
effective concentration of carboxymethyl cellulose (0.4...0.6 %) and
cetysltearyl alcohol (1.8..2.0 %) in the formulation. The obtained
regression equation is useful for adjusting the content of structurants
in the formulation, depending on the consumer’s requirements for
the viscosity of the developed detergent.

A comparison of the quality indicators of the developed hand
cleaning paste based on ethanol-containing soapstock with a sample of
similar “Primaterra Automotive” commercial hand cleaning paste was



carried out. The quality indicators of the developed paste are as follows:
effective viscosity at 20...22 °C — 32.0 Pa-s; foaming capacity — 23 mm,
foam stability — 62.0 %; washing ability — 92.0 %. It was determined
that these quality indicators do not differ significantly in the developed
detergent and commercial analogue. The data obtained indicate the
prospects of processing ethanol-containing soapstock into the hand
cleaning paste based on natural surfactants. The developed detergent
due to the content of ethanol, glycerin and hydrogen peroxide has an-
tiseptic properties, which is a competitive advantage among analogues.
Such utilization of ethanol-containing soapstock makes the process of
oil neutralization environmentally safe and economically viable.

Keywords: waste of oil and fat industry, alkaline neutralization of
oils, water — glycerin — ethanol system, soapstock, hand cleaning paste,
washing ability.
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The creation of environmentally friendly protective materials for
building structures made of wood could make it possible to influence the
processes of stability and the physical-chemical properties at the thermal
modification of hornbeam wood over a certain time. That necessitates
studying the conditions for investigating phase transformations when
the timber is exposed to high temperature, as well as establishing the
mechanism of hornbeam wood thermal modification. Given this, a math-
ematical model of the phase transformation process during the transfer
of heat flux to a sample was built. Based on the derived dependences, it
was established that when hornbeam wood is exposed to temperature
treatment, it undergoes endothermic phase transformations character-
ized by the heat absorption and change in the color of hornbeam wood.
In particular, at a temperature of 200 °C, the temperature in the wood
decreases by 5 % due to the chemical changes in the structure of cell wall
components (lignin, cellulose, and hemicellulose). It was found that the
process of thermal modification is accompanied by the decomposition of
hemicellulose and the amorphous part of cellulose, a decrease in mois-
ture absorption, as well as a decrease in the volume of substances that
are a medium for the development of fungi. In addition, lignin and the
resulting pseudo lignin undergo a process of polymerization and redistri-
bution throughout the cell volume. At the same time, they give the cell
walls higher density, hardness, increase hydrophobicity (water repel-
lency), thereby reducing the ability to absorb moisture and swell. It was
established that the most effective parameter of phase transformations is
the temperature and aging duration. The results of moisture absorption
have been given; it has been found that over 6 hours of modified timber
exposure, its moisture absorption decreases by more than 10 times,
which allows its application at facilities with high humidity.

Keywords: thermally modified timber, modification efficiency,
moisture absorption, diffusion, timber moisture resistance.
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This paper has theoretically substantiated and experimentally
established the intensity of thermal radiation at burning and sublayer
extinguishing of alcohols with environmentally acceptable aerosols.

An installation has been improved that determines the effec-
tiveness of sublayer extinguishing with fire-extinguishing aerosols;
a procedure that has been devised for determining the intensity of



thermal radiation implies equipping it with an additional heat flow
meter HFM—-01 at a distance of 30 and 60 mm.

The task to establish the intensity of thermal radiation when
burning alcohols and its impact on the process of sublayer extin-
guishing of alcohols with aerosols has been solved. The dependence
of sublayer extinguishing efficiency on thermal radiation implies that
the fire extinguishing aerosol completely shields the surface of the
combustible liquid against its action.

The result of this study has established that the intensity of ther-
mal radiation at a distance of 60 and 30 mm from the surface of an
alcohol flame with an area of 234 cm? ranges from 0.8 to 4.7 kW /m?
the intensity of burning and, accordingly, radiation, maximizes on sec-
onds 3040 of burning.

It has been found that the intensity of thermal radiation for
ethanol decreases with the addition of an aerosol with an inten-
sity of up to 0.2 g/s, and decreases even more at the intensity of supply
from 1.2 g/s. With a further increase in the intensity of aerosol supply,
the radiation intensity begins to decrease, probably due to a decrease
in the rate of combustion. In this case, the flame first decreases in size
up to 2 times, and then, after 2-3 seconds, it goes out. The use of fire-
extinguishing aerosol for the sublayer extinguishing of alcohols ensures
the effect of several factors that synergize and reduce the intensity of
evaporation, burning, and, accordingly, thermal radiation.

Keywords: fire-extinguishing aerosol, ethyl alcohol, ethanol, n-
butanol, alcohol, isobutanol, sublayer fire extinguishing.
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To develop appropriate measures and means of fire protection at
facilities, it is relevant to form an idea of the phenomenology of the pro-
cesses of the occurrence, evolution, and termination of combustion. This
paper proposes procedures for building mathematical models of the en-
ergy component of those physicochemical processes that occur in wood
under the influence of fire, which make it possible to determine the time
from the beginning of such an impact to the onset of the phase of flame
combustion. The adequacy of mathematical modeling was tested experi-
mentally at a standardized installation for studying flame propagation
over the surface of wood. The samples used for the reported theoretical
and experimental studies were the specimens of unprotected wood made
from 20-mm-thick pine sapwood with a density of 400-550 kg/m?®.
The samples of fireproof wood (of the same variety, thickness, and
density) were impregnated with a fire retardant based on diammonium
phosphate and ammonium sulfate (at consumption of 168.2 g/m? of dry
fire-retardant components). The modeling employed the results from
the experimental determining of the ignition temperature of unpro-
tected and fire-proof wood, specifically: 235 °C — for unprotected wood,
410 °C — for fire-proof wood, respectively.

The results of mathematical modeling and experimental studies
confirm the possibility of significant lengthening of time from the
onset of fire exposure to the ignition of fire load from wood when ni-
trogen-phosphorus impregnating agents are used for fire protection.

Procedures of mathematical modeling have been proposed to
build models for determining the cooling effect from the use of im-
pregnating fire retardants to protect the wood on the prolongation
of the stage of a fire start.

Mathematical modeling data could be applied when making
impregnating fire retardants.

Keywords: fireproof wood, fire retardant, impregnating sub-
stance, ignition temperature, fire impact.
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AHAJI3 ITIPOAYKTHUBHOCTI PEAKTOPA 3 AHAEPOBHIM BIO®IJIbTPOM 3 HEPYXOMOIO INIIBKOIO
(AsBHII) ITPW OYUINEHHI CTIYHHX BO/I ObPOBKU MAHIOKM (c. 6-13)

Prayitno Prayitno, Sri Rulianah, Windi Zamrudy, Sugeng Hadi Susilo

Criuni Bou BUPOOHUIITBA MAaHIOKOBOTO KPOXMAJIIO MICTATH BUCOKI KoHIleHTpaili opraniunnx pedosun (BIIK, XIIK), mo noremmiiino
MOJKe TIPU3BECTH 10 3a0pPYIHEHHS] BOIHOTO cepeoBuIa. [lyist 3HIDKEHHsT KOHIIEHTPAIlil OpPraHiYHuX PeYoBUH (3a0pyAHIOIOUNX PEYOBUH) B
CTIYHNX BOAAX BUPOOHMITBA MAHIOKOBOTO KPOXMaJt0 (yJ0 BUKOPUCTAHO KiJbKa METO/IB OUYMINEHHS, BKIIOUAIOYN MIPOIECH OUMIIEHHS aK-
TUBHUM MYJIOM, CTaliTi3aliiiniM cTaBKoM, anaepoOHO-aepoOHUM (iabTpoM. TUM He MeHIIe, TPOAOBKYIOTH IIPOBOAUTUCS PI3HI AOCIIHKEHHS,
CIIPSIMOBaHI Ha TiABUIEHHS eheKTUBHOCTI 00pOOKH 3a Bifnosigaumu akropamu. Ha ehexkTHBHICTD TIPOIECiB OUUIIEHHST CTIYHUX BOJ| BILIU-
BAIOTh JICKi/IbKA (DAKTOPIB, B TOMY YHCJIi THII i HOXO/UKEHHS PYHHYIOUMX MIKpOOpraHiamis, yac repeGysannst Bojau (UI1B), HaBaHTa)KEHHS 110
opraniurum pedosunam (HOP), rextosnoriuna cxema, pH i temmieparypa. Jlocuipkents 6yJio cipsMoBane Ha OIiHKY eheKTHBHOCTI peakTopa
AuBHII nipu ounieHni cTivHUX BOJ BUPOOHUIITBA MaHIOKOBOTO KPOXMAJIIO, P SAKIH MPOAYKTHBHICTh PeakTopa MoKazaHa 3MiHaMU y BU-
nasienHi opraniuaux pedout (Buganerus XITK) i Bupo6uunTsi Giorasy. JI0CHiKeHHST TPOBOAUTHCS 3 BUKOPUCTAHHSAM 3 TUIIIB PEAKTOPIB
AuBHII, xoxen peakrop AuBHII mictuth 6i0diasrp y dhopmi 61K0MMHONO THI3AA B SKOCTI JKUBUJIBHOTO CEPEIOBHINA /I KOHCOPIIYMY
abopurennux Mikpoopranizmis. Peakrop AHBHII nparioe B anaepoGHIx ymoBax 1ipu 3azaniii Temneparypi 29-30 °C i pH 4,5-7. ¥ koxken
peakrop AHBHII nogaioThest CTiuHi BoAM BUPOOHMIITBA MaHIOKOBOrO Kpoxmamio 3 pisium HOP, takum unnom YIIB KoKHOTO peakTopa
cTaHoBUTH 5, 6 1 7 auis. Bumipiosaau konuentpaiiio XITK wa Bxoi i Buxozi peaktopa i orpumyBaju 6ioras 3 BAKOPUCTAHHIM CTaHAAPTHOTO
Metoxy AAO3. Pesysbratu okaszasiy 3a10BiibHi okasuukn peakropa AHBHII 3 Bumanenns XITK i supoGruirrsa Giorasy, siki npu YI1B:
6 nuis i HOP 1,72 r/n1-106y nokasanu MmakcumanbHe BuganeHns XI1K 98 %, a o6esr Giorasy 4,8 1/1-100y 6ys orpumanuii Ha 12-i1 1eHb.

Kinouosi cioBa: Gioras, 6/koJHe THI30, MaHIOKOBUI Kpoxmaiib, YITB, korcopiiym abopurennux mikpoopratizmis, HOP.
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PO3POBKA TEXHOJIOTTI BUKOPUCTAHHSA BIJIXO/IIB BOJIOOYMINEHHS ¥ BUPOBHUIITBI
KEPAMIYHUX BYAIBEJIBHUX MATEPIAJIIB (c. 14-22)

JI. M. CnacpoHoga, I. C. Cy66ota, A. €. Illosom

Ha ocHoBI cydyacHUX ysIBJIEHb IIPO OXOPOHY JIOBKIJLJIS IIPOBE/ICHO JIOCJII/IKEHHST BUKOPUCTAHHS Bi/IXO/IiB BOJIOOUNIIIEHHS Bi/ BA)KKUX MeTa-
aiB (wa npuksraai cnosyk migi(I11)) s Burotossients Kepamiunux OyaiBesbHUX Marepiasis. [ljist copOuiiinoro Bumajents 3a06py/HIoBaviB
HEOPTaHIYHOTO TTOXO/KEHHS 31 CTIYHMX BOJ IIPOIIOHYIOTHCS AOCHI/PKEH] TJIMHUCTI MiHepaIn MICIeBUX POJIOBMII Ta ONTHMAJIbHI YMOBH IiX
TepMoo6pobku (ripu 1100 °C). BukopucranHs cTIYHUX BOJ MC/A iX OUMIIEHHS Ia€ 3MOTY BUPIIINTH OJHOYACHO JeKiJIbKa 3a/1a4 — 3AIHCHUTH
3aXHCT HABKOJIMIITHBOTO CEPENOBHINA Bi/l 3a0pyIHEHHST TEXHOIOTIIHIMIT CTOKaMH, & TAKOK TIOBTOPHO BUKOPICTOBYBATH BiINIPAIIbOBAHY BOZLY,
3 METOK0 BperyJioBaHHs npobuemn aedinuty BogHux pecypcis Ha ocHOBI BiAXoiB BogoounieHHst (BMiCTOM 5 %) Ta IIIMHUCTOI CUPOBUHM
BUTOTOBJIEHO Kepamiuni OyaiBesbHi Marepianu. Beebiuno pocaimpkeni ix crpykTypHo-MexaHiuni Ta (hisuko-ximiuni xapakrepuctuku. IIpo-
1IeCH CIIIKAHHS MOYMHAIOTHCS PH OiJIbII HU3BKUX TeMIIepaTypax, ToMy HpH IiABuIeHHi Temeparypu Bunaiy g0 1000 °C i Buie MinnicTs ix
CTpiMKO 3MeHIyeThes. B intepsani Temneparyp 600—1100 °C icHy0Th MOKIMBOCTI 3aCTOCYBAHHS KEPaMiuHOI TEXHOJIOTIT 171t iMMOoOiTizartii
BKKMX MeTaJliB B KepaMi4HUX MaTpuIX. [lokaszana nepcrnekTHBHICTh BUKOPUCTAHHS BiZIXO/iB BOJIOOYUIIEHHS B TEXHOJIOTTYHOMY IIpOIieci
BUTOTOBJIEHHS HEOPraHIYHUX KepaMiuHux MaTepianis. Jlocaikena GeaednicTb OTpuMaiuX Oy/iiBeJIbHUX MaTepiajliB Ha OCHOBI BUJIYTOBYBaH-
HsI 3 KePaMiuHWX 3Pa3KiB 3a6pyHIOBAYiB PI3HIMI arpecBHIMH cepeIoBHIaMy (BUITYToBYBanHs 710 6,4 %, 0,083 mr-cm?/1i6). ITinTeepkero
BUCOKY MiIlHICTB Ta cTymiHb (ikcallii ioHiB Mii B CTPYKTYpi MOJIMIiHEpaTbHOT IIMHHU, BTOPUHHE 3a0pyAHEHHs HABKOJUITHBOTO CePeloBHIIa
MIPAKTUYHO BiJICyTHE.

K040Bi ci0Ba: BiZX0[M BOAOOUMIIEHHS, CIIOJIYKH Mii, BasKKi MeTanu, copOilis, IpupoiHi MiHepasu, TepMooOpodKa, iMmobitisanis,
OyiBesIbHI MaTepiain.
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MEPEPOBKA ETAHOJIBMICHOTO BIZIXO/1Y HEVTPAJII3AIIIL OJITi1 B TEXHOJIOTTi IACTH JIJIs
OYMIINEHHS PYK (c. 23-29)

I. II. Ilerixk, A. II. Bexinceka, K. B. Kynuus, C. B. Boukapes, T. O. OBcsinnikoBa, B. C. Kammna, A. A. Yepnyxa, K. M. Ocramnos,
H. B. I'puropenko, O. A. IleryxoBa

Busnaueno rpadiviy 3a71eXHiCTh MUIOYO] 3aTHOCTI €TAHOJIBMICHOTO COANCTOKY Bi/l KOHIIEHTPAIIl Y BOAHOMY PO3UYUHI i TeMIepaTypu
B3aEMO/IiT 3 3a0py/THEHNM MaTepiaToM. 3apOIOHOBAHO BUKOPUCTOBYBaTH 40 %-1il BOAHUI PO3UYNH €TAHOJIBMICHOTO COAIICTOKY B TEXHOJIOTIT
[ACTH JIUIS OYUIIEHHsT PyK. TaKuil pO3UMH COANCTOKY Ma€ MUIOUY 31aTHIiCTh 92—98 % 3a yMOBH TeMIepaTypu B3ae€MOIil 3 3a0py/IHEHUM Ma-
tepiasom 25-40 °C.



JloctiukeHo 3aKOHOMIPHICTD BIIMBY HA KOHCUCTEHIIIIO TACTH J1JIs1 0OPOOKH PYK BMICTY CTPYKTYPOYTBOPIOBAYiB 3 BUKOPUCTAHHSM ATPOK-
cumariiiitnoro nosinomy. Ile 103BosMI0 06rpyHTYBaTH e(hEeKTHBHY KOHIIEHTPAIIiI0 B perentypi kapbokcumeruienonozu (0,4...0,6 %) i mermi-
teapuioBoro crupry (1,8...2,0 %). OTpumane piBHSIHHS perpecii € KOPUCHUM [ KOPETYBAHHSI BMICTY CTPYKTYPOYTBOPIOBAYiB B PeIeNTYpi B
3aJI€KHOCTI BiJl BUMOT CIIOKMBAYa JI0 B'SI3KOCTI IAHOTO MUIHOTO 3aC0O0Y.

[TopiBHSIHO MOKA3HUKIB SIKOCTI PO3POGIIEHOI MACTU [IJIst OUUIIEHHS] PYK HA OCHOBI €TAHOJIBMICHOTO COATICTOKY 31 3Da3KOM aHAJIOTTYHOI KOMep-
[HHAHOI MacTy st ouunIeHHst pyk «Primaterra ABToMoGibHay. [ToKasHUKN SIKOCTI PO3POOJIEHOT MACTH € HACTYITHUMI: eheKTHBHA BS3KICTh 3a
20...22 °C — 32,0 ITa-c; miHOYTBOPIOIOYA 3AaTHICTB — 23 MM, cTabiabHICTb MiHn — 62,0 %; Miioda spatHicTh — 92,0 %. BusHaveHo, mo y po3pobaeHoro
MUITHOTO 3ac00Y Ta KOMEPIIIIHOTO aHAJIOTY BUSHAYEH] IIOKA3HUKU SIKOCTI CYTTEBO He BIAPI3HsOThCst. OTpUMaHi [1aHi CBiYaTh PO MEPCIIEKTUBHICTH
TIepepoOKI ETAHOIBMICHOTO COATNCTOKY B TIACTY JI7TsT OYMIIEHHsT PYK HA OCHOBI IPUPOIHIX TIOBEPXHEBO aKTHBHUX PEYOBIH. PO3pO6IeH i MIIHHTIA
3aci6 3a PaxyHOK BMICTY €TaHOJLY, IJIIEPHHY 1 TIEPOKCHILY BOAHIO MAE aHTHCENITHYHI BJIACTUBOCTI, 1[0 € KOHKYPEHTHOIO TIEPEBATOI0 CEPEl aHAJIOTIB.
Taka yTuizaliis eTaHOJIBMICHUX COAIICTOKIB PoOUTH TIpoIiec HelTpastialtii 01l eKOJIOruHO Oe3NeYHIM Ta EKOHOMIYHO JOILIHHUM.

KiiouoBi cioBa: BiziXo/1 0J1i€KUPOBOI Tasrysi, JiysKHa HelTpasisalist oJiii, cucrteMa Bojia — TIHIIEPUH — €TaHOoJI, COATICTOK, TacTa s 00-
POOKH PYK, MUIOYA 3aTHICT.
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BCTAHOBJIEHHSA 3AKOHOMIPHOCTEM IPOCYBAHHS ®POHTY ®A30BUX ITEPETBOPEHbD ITPU
TEPMIYHOMY MOJIN®IKYBAHHI TEPEBIHIU (c. 30-36)

I0. B. ITanko, O. 0. Top6auosa, O. 0. ITanko, C. M. Ma3gypuyk, /1. JI. 3as’suos, H. B. Byiicbkux

CTBOpEHHSI €KOJIOTIIHO Ge3IeYHIX 3aXUCHUX MaTepiastiB ist OyAiBeSbHIX KOHCTPYKILiT 3 lepeBrHI rpaba 103BOMUTD BILIMBATH Ha [IPO-
1ecu CTIKOCT i Pi3uKo-XiMivHI BAACTUBOCTI TePMiYHO MOAUGDIKOBAHOI epeBUHU rpaba MPOTSArOM MEBHOTO Yacy 0 YCYHEHHSI OCTaHHbOIL.
Tomy nocrae HeOOXiAHICTD AOCTIZKEH S YMOB IS AOCiKEH s (ha3oBHX IIEPETBOPEHD IPU BUCOKOTEMIIEPATypHiil Al Ha JlepeBrHY Ta BCTa-
HOBJICHHsI MEXaHi3My TepMiuyHoro MoaudikyBanHs AepeButu rpaba. Y 3B's3Ky 3 IIUM Po3podJeHa MaTeMaTHuHa MOJENb Tpotiecy (hazoBux
[ePeTBOPEHb IPU II€Pe/laBaHHi TEIIOBOIO OTOKY /10 JIePeBUHU. 32 OTPUMAHUMHU 3aJIeKHOCTSIMU BCTAHOBJIEHO, 110 IIi/[ Yac TeMIIePaTypPHOTO
BIUIUBY B JIepeBUHI rpaba MPOXO/ISTh eHI0TepMidHi (ha3oBi MepeTBOPEHH s, M0 XapaKTEPU3YIOTHCsT MOTJIMHAHHSM TEIIa Ta 3MIHOIO0 KOJIbOPY
JepeBuHN. 30KpeMa, Ipu Temreparypromy BBy y 200 °C, temmepartypa B epeBrHi rpaba 3a paxyHOK XiMiYHUX 3MiH B CTPYKTYPi KOMIIO-
HEHTIB KJTHHHOI CTIHKY (JITHIH, 1[eJI10J103a Ta TeMillesi0103a) 3HUKYETHCS 10 3 %. BeranosiieHo, 1o y mporieci repmMivHoro MoudikyBanHs
BiftGYBAETHCST PO3MIAL FeMITIesTt0103 | aMOPhHOT YACTHHU TETION03H, 3HUKEHHST BOJIOTOMOTIITHAHHST, & TAKOJK 3MEHIITYETHCS KIJIBKICTh PEYOBHH,
SIKi € CepeIOBHUIIEM TSI PO3BUTKY IpubKiB. KpiMm TOTO, JrHIH i yTBOPEHNMIT TICEBAOMITHIH IPOXO/SITH MPOIIEC TTOTIMEPH3AILi 1 Tepepo3moiIy
1o 00’emy kitiTuHu. Pa3zoM 3 THM, HAAIOTL CTIHKAM KJITUH GiIBIIOT HIIIBHOCTI, TBEPAOCTI, iIBUIIYIOTH rigpodobHicTh (BiIITOBXYBAHHS
BOJIN), THIM CAMUM 3MEHIIYIOTD 3IaTHICTh BOUPATH BOJIOTY i Habpsikatit. BCcTaHOBIIEHO, 110 HAOIIBIN PE3yIbTaATUBHUM TapaMeTPOM (HasoBUX
MepeTBOPEHb € TeMIepaTypa Ta 4ac BUTpUMKH. HaBesieHo pe3yJibTaTi BOJOTOTIOTJIMHAHHS Ta BCTAHOBJIEHO, 1110 PoTsiroM 6 rons Mozundi-
KyBaHHsI JIEPEBIHI BOJIOTOIIONJIMHAHHS 3HIKY€EThCst oHas 10 pasis, 1110 103B0JIsIE BUKOPUCTOBYBATH a 00’ €KTaX 3 Mi/[BUIEHOK BOJIOTOIO.

Kmouogi cioBa: tepmiuno MojmdikoBana gepeBrna, eeKTUBHICTh MOdiKaIlii, BOJIOTOMOrINHAHHS, A1QY3is BOJOTH, BOJOTOCTIHKICTh
JEPEBUHML.
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SMEHIIEHHA IHTEHCHUBHOCTI TEIIJIOBOI'O BUIIPOMIHIOBAHH ITPU IIIJTIITAPOBOMY I'ACIHHI
CIHPTIB EKOJIOTTYHO ITPUMHATHUMU AEPO30JISAMU (c. 37-44)

B. M. Bananiok, A. B. KpaBuenxo, O. I. Tapacum’iok

TeopeTnyrHo OOTPYHTOBAHO T EKCIEPUMEHTATBHO BUSHAYEHO IHTEHCHBHICTD TETJIOBOTO BUIIPOMIHIOBAHHSI TIPH TOPIHHI Ta TANTAPOBOMY
raciHHi CIUPTIB €KOJIOTIYHO IPUIHATHIMY a€PO30JISIMU.

YIoCKOHAJIEHO YCTAHOBKY [IJIsl BU3HAYEHHS e(DeKTUBHOCTI Mi/NIAPOBOr0 raciHHs BOTHETACHUME a€PO30JISIMU Ta PO3POOJIEHO METOMUKY
3 BU3HAYEHHS iHTEHCUBHOCTI TETIJIOBOTO BUIIPOMIHIOBAHHSI, SIKa MOJISATAE y 11 006 aiHaHHi BUMipioBayeM TerioBoro motoky BTIT — 01 wa
Bigcrani 30 Ta 60 Mm.

Bupimeno 3aBiaHHsa BCTAHOBJIEHHS IHTEHCUBHOCTI TEIJIOBOTO BUIIPOMIHIOBAHHS TOPiHHS CIIUPTIB Ta FOTO BILIMB HA MTPOIIEC ITi/IIapOBOrO
TaCiHHS CIUPTIB A€PO30JISIMU. 3aJeKHICTh e(heKTUBHOCTI Mi/AIIIAPOBOTO TaCiHHS Bifl TETIIIOBOTO BUIIPOMIHIOBAHHS ITOJISITAE B TOMY IIIO BOTHe-
racHUI aepo30JIb MOBHICTIO €KPAHy€E IIOBEPXHIO TOPIOYOI PIMHY Bifl f1oro Aii.

B pesyabraTi 1ocipkenb BCTAaHOBJIEHO, IO iIHTEHCUBHICTD TETJIOBOTO BUNIPOMiHIOBAaHH: Ha Bifgctani 60 Ta 30 MM Bij TOBEpXHi CiupTO-
BOTO TIOJIyM 5T TIomIeio 234 cm? cranosuts Bin 0,8 10 4,7 KBT/M2, a IHTCHCUBHICTD TOPIHHS Ta BiAMOBITHO i BUTIPOMIHIOBAaHHS MaKCHMAJIBHO
361biyeThes Ha 30—40 cexyHIax ropiHHs.

BcTaHoBIIEHO, 1110 {HTEHCHBHICTD TETIIOBOTO BUIIPOMIHIOBAHHS /7S €TAHOTY 3MEHIIYETHCST PH TO0OABJISHHI a€PO30JTi0 3 iIHTEHCHBHICTIO
110 0,2 1/c, Ta 1e 6iIblie 3MEHIITYETLCSI TIPH IHTEHCUBHOCTSIX ToaBanust Bif 1,2 r/c. TIpu nopasibiiomy 36ibIIeHH] iIHTEHCUBHOCTI TI0/IaBaHHST
aepo30J110, IHTEHCUBHICTL BUIIPOMIHIOBAHHS IIOUMHAE 3MEHIIYBATUCh HMOBIPHO 3a PaXyHOK 3MEHIIEHHs IIBUAKOCTI ropinus. IIpu mpomy
TIOJTyM'sT CTTOYATKY 3MEHIIYETHCS B PO3MIpax 70 2-X pasiB, a MOTIM Yepe3 2—3 CeKyHIn racHe. BIKopucTanis BOTHETaCHOTO aepo30JIio /st
MIIIAPOBOTO TaciHHs CIUPTIB 3a0e3nedye peasisaliiio JeKiJIbKOX YNHHKKIB, SIKi CHHEPriYHO B3a€MOIIOTH Ta 3a6e311eYyI0Th 3MCHIIICHHST 1H-
TEHCUBHOCTI BUIIAPOBYBAHHS, TOPIHHS Ta BiAIOBIIHO TEIIJIOBOIO BUIIPOMIHIOBAHHSI.

KiiouoBi cioBa: BorteracHuii aeposoJib, eTUIOBUI CIIUPT, eTaHoJI, H-OyTaHoJI, CIMPT, i300yTaHOJI, TAIIAPOBe TOKEKOTACIHHSI.
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METO/IUKA MIOBYJIOBU MATEMATHYHOI MO/IEJII JIJII PO3PAXYHKY YACY ITIOYATKOBOI CTATIT
PO3BUTKY IOKEXKI (c. 45-52)

C. B. JKaproBcbkuii, O. M. Tirenko, O. B. Kupuuenko, €. O. Tumenko, P. b. Morpuuyk, B. II. Meabuuk

Jlist po3pobJieH st BiIMOBIIHMX 3aX0/1iB i 3ac00iB BOTHE3aXnCTy Ha 06’€KTaX aKTyaabHUM € (DOPMYBAHHS YSIBJICHHS PO (hEHOMEHOJI0-
rifo IpoleciB BUHNKHEHHS, PO3BUTKY Ta PUIIMHEHHS FOPiHHA. 3allPONIOHOBAaHI METOMKN CTBOPEHHS MaTeMaTHUYHIX MOJieJieil eHepreTuy-
HOI CKJIa10BOT (hiBUKO-XIMIUHKX MTPOIECB, SIKi BiAOYBAIOTHCS B ICPEBUHI B YMOBAaX BOIHSIHOTO BIUIMBY, IO J03BOJISIIOTH BUSHAYMTH 4ac Bijl
MOYaTKy TAKOTO BILINBY JI0 HACTAHHS (hasu MOJYyM STHOrO TOPiHHS. AJIEKBATHICTh MaTEMAaTHYHOTO MOJIEJIOBAHHS IIepPEeBipsIach eKCIepH-
MEHTAJTHHO HA CTAHAAPTU30BAHIN YCTAHOBII OCiIPKEHHS TIONIMPEHHST TIOJIYM 1 TI0 TOBEPXHi IepeBUHU. B SIKOCTI 3pa3KiB 7151 TEOPETHUHUX
Ta eKCIePUMEHTATBHIX OCIIKEHb BUKOPHCTOBYBAJIN 3Pa3Ki He3aXHIIEHO] IePEBHHI, BUTOTOBJIEH] i3 3a60I0HI COCHI TOBINHOIO 20 MM,
mimbHicTo 400-550 kr/M°. 3pasky BOTHE3aXUIIeHOT iepeBHHN (Ti€l 5k MOPON, TOBIIMHY Ta MiMBHOCTI ) 6y MPOCOYEHOT BOTHE3aXCHIM
3aco6oM Ha 0cHOBI Aiamowniiiocdary i cynndary amoniio (3a Burparu 168,2 T/M2 cyxux KOMIIOHeHTiB anTumipenis). Ilpu MozemoBanni
BUKOPHCTAHO Pe3yJIbTaTH eKCIIePUMEHTAJbHOTO BU3HAYEHHS TeMIepaTypn 3aiiMaHHs He3axXWINeHOi Ta BOTHE3aXWIIeHOi /lepeBUHH, SIKi
cranosuian: 235 °C — g Hesaxuienoli, 410 °C — 11 BOraesaxuiieHol, Bi{IoBiaHo.

PesyzisraTt MaTeMaTHYHOTO MOJIEJIIOBAHHS Ta EKCIIEPUMEHTAIbHUX JOCJI/UKEHb MiATBEP/UKYIOTh MOKJIMBICTD CYTTEBOTO ITO/IOBKECHHS
qacy BiJ] HOYATKy BOTHSHOTO BIIMBY /0 3aliMaHHs TTOKeKHOTO HaBaHTAKEHHS i3 [epeBUHN PN BUKOPUCTAHHI /TSI BOTHE3aXUCTY a30To-(oc-
(opHUX TIPOCOUYBATBLHUX 3aCO0IB.

3aIportoHOBAHO METOMKN MaTeMaTHYHOTO MOJICTIOBAHHS /ISt CTBOPEHHSI MOJleJieil 3 BU3HAUCHHS BIUIMBY OXOJIO/UKYBAJILHOTO e(DeKTy
Bi/l BUKOPHCTAHHS IPOCOYYBAIBHIX BOTHE3AXIICHUX 3aCO0IB /TSI 3aXNCTY AEPEBIHI Ha MOIOBKEHHS Jacy CTa/il ITOYATKY TTOKEXKI.

JlaHi MaTeMaTUYHOTO MOJIEJIOBAHHST IPU/ATHI IJIs1 BAKOPUCTAHHS TIPU CTBOPEHHI TIPOCOYYBAIbHUX BOTHE3AXUCHUX 3aC00iB.

Ki040Bi c10Ba: BOrHe3axuiieHa JepeBIHa, BOTHE3aXCHUIT 3a¢i0, IPOCOYYBaIbHA PEUYOBIHA, TEMIIEPATypa 3aiiMaHHs, BOTHEBHIl BILIUB.



