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IMPUMEHEHUE MATEMATHUYECKOI'O TAKETA K PEIIEHUIO UHTET'PAJIBHBIX
YPABHEHUM

THE USE OF MATHEMATICAL SOFTWARE PACKAGE FOR SOLVING INTEGRAL
EQUATIONS
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Annomayusi. PaccMOTpeH METOJ MEXaHMUYECKUX KBaJpaTyp PEIICHUS WHTErpajbHbIX
ypaBHEHHI C YHCIIEHHOW peanu3anueii B Marematuueckom mnakere MathCad. IloctpoeHsr
WHTEPIOJSIIIMOHHBIE  MHOTOWICHBI, AaNMpOKCUMUPYIOLUINE HCKOMYIO (yHKIUIO. ABTOpamu
npeajaracTcsa nmporpamma, KorTopasa nmo3BOJIAACT aBTOMATUYCCKY HAXOAUTh HpI/I6J'H/I)K€HHI>IG pemicHusd
MHTETPAJIbHBIX YPAaBHEHUM M NPU JAPYIMX MCXOIHBIX JaHHBIX. PacyeTel. BBINOJIHEHHBIE B
mnmporpamMmme aAar0T BO3MOXHOCTbL MHUHHUMHU3UPOBATH IMOIPCIIHOCTL IIYTEM CHCHHUAJIBHOIO BI)I60pa
Y3JI0B CETKH.

Abstract. The method of mechanical quadratures for solving integral equations with numerical
realization of mathematical package MathCad. Constructed interpolation polynomial approximating
the desired function. The authors propose a program that allows you to automatically find
approximate solutions of integral equations and other basic data. Calculations, made in the program
make it possible to minimize the error by a special selection of mesh nodes.

Kniouesvie cnosa: WHTerpalpHOE ypaBHEHHE, KBajapaTypHas QopMmyna, MaTeMaTHYecKui
MaKerT.

Keywords: integral equation, quadrature formula, mathematical package.
Teopust uHTerpanbHbIX ypaBHeHuit ®pearomsma Il poxga xopomro paspadorana [1]. Kak

M3BECTHO, TOYHOE AHAIUTHYECKOE pEIICHHE IS TaKUX KJIACCOB 3a1ad MOYKHO HAaWTH JIMIIb B
yacTHBIX ciaydasx. B pabore JI. E. lllyBanoBoit u JI. A. AmaitueBoii (2013) paccMoTpeH MeTon
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MEXaHHYECKUX KBAJpaTyp JUIsl PEIICHHS] HETUHEHHBIX CHHTYIISIPHBIX UHTETPAIbHBIX YPaBHEHUH, HO
KQXIbI pa3 MPUXOIUTCS CTAKUBAThCS C TPYIHOW peaiu3aluedl BBIYMCIMTEIBHOTO IpoIecca.
HOSTOMY B ﬂaHHOﬁ CTaTbC CACJIaHa IIOIBbITKA BBIIMOJHUTHL PACYCTbl B MATCMATUUCCKOM IIAKCTC
MathCad, koropslii o3BosIsIET 3P PEKTUBHO PEIIATh TEXHHYCCKHIE 3a/1a4H.

B obmem ciiydae unterpasibHoe ypaBHenue @penronsMma |l poga npeacrapnsercs B Buze

y() = p [ K(x,5) * y(s) ds = f(x), (1)

rae K(x,s), f(x) — u3BecTHbIC HEMPEPbIBHBIC (DYHKIIMU B CBOUX OOJIACTSAX OMPEICTICHUSI, P
— mapameTp ypaBHeHHs, a Y (X) — UCKOMast (PYHKIIHSL.

[Tpubnmxennoe pemnienue ypaBHeHus (1) HMIeTcs METOOM MEXaHHMUYECKUX KBaaparyp. s
3TOTO Ha OTpe3Ke [a, b] BeIOMparoTCs y3nmbla < xq < X < -+ < x, = b.

Vpasuenue (1) 3anMchIBA€TCs B y3J1aX CETKH:
b S
y(x;) — Afa K(x;,s)*y(s)ds=f(x;), i=1n. (2)

WuTerpansl B paBeHCTBE (2) BBIYHCISAIOTCS MPUOIMKEHHO IO KBaJpaTypHBIM (hopmynam
Tpaneuuid 1 CUMIICOHA!

[ @) dx = Ty A+ o (x)) @3)

[Torygaem cucremy JIMHEWHBIX anreOpandeckux ypaBaenuit (CJIAY):

Vi—AY AixKijxy;=fi,i=1n. ()

Pemenne CJIAY (4) naer 3HaueHus y;, i = 1,7m,10 KOTOPbIM MyTE€M HHTEPIOJIALIH
HAXO/UTCS MPHOIMKEHHOE PelIeHIe HHTETPaIbHOTO ypaBHeHus (1).
C momonipo MaTeMaTudeckoro nakera Mathcad pemraercst cieayronuii TeCTOBbIH TPHMEp

1,1 x—xe—2
y(x) _Efo(x+25) xy(s)ds = e* +——.
BLI6I/IpaIOTC$I y3HBI CCTKHU U BBIYUCIIAKOTCA B HUX 3HAUYCHUA HpaBOI‘/'I qacTu

f(x)=ex+%HHHHpaK(x,S)=x+25.

[IpuBenem yacTh IPOrpaMMBI:
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=a+h-{1—1) f.=e + E .=x4+2x
i 2 i, i
X = f.=
i i
0 0 o 1 2
0.5 0.219 E=103 13 23
0.859 1 2 3

Kosdduunents! kBagpatypoit popmyssl (3) A; BIUUCISIOTCA J100 10 opMysIaM Tpareuuu,
160 1o popmynam Cumrcona. meem

h
A=A <o 023
2 A= 05
A B 023
n 2
for i=s23.(n-1)
Ai':— h
A
A=A h < HaxoxneHwe koadpuyuerHTos
A l':_ E A 4
A E
1 3
A fn=3
n
for me 3.,5..(nn— 1} otherwise
PP 0.167
m 3
A= 0333
!—'Lﬂ f n=2 0.167

for me2.4 (n— 1) otherwise

2-h
A <« I =
3

fia]

A

Hanee dopmupyrorcess marpunsl C u D, cocrosmme uz xoddpdumuentoB CIIAY (4) u
3HAYCHHU NPaBOil 9acTh B BIOpaHHBIX y3max f(x;):
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P = ‘?1\ < MAPAMETP

C=forjel.n D= |foriesl.n 0
for i=1l.n u «— f. 0100
1 i D=
L..«— A -K.. 0375
1.] 7 L] u

E..«1+P-L . if i=j 0.833
1] 1]

EI. .-:—P-I.f . otherwise

E

1 —0074 —0296 —0.111 1
0019 088 -—037 -013 | ¥=C -D
0037 —0.148 0556 —D.148

0056 —0.185 03519 0.833
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[MTosydeHHble NPHOIMKEHHBIC PEIICHHS OTpasMM Ha TrpaduKe, CPaBHUB HX C TOYHBIM
pemearieM (PucyHOK).
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Pucynok. Ilonydennsle npuOInKeHHbIE U TOYHBIE PEIICHUS

JlaHHasT TporpaMMa TO3BOJSIET AaBTOMATHYECKH HAXOAWUTh NPUOIMKEHHBIE pPEUICHUS
MHTETPAJIbHBIX YPAaBHEHHH M NpH APYrMX HCXOAHBIX JaHHBIX. Kpome TOro, gaer BO3MOKHOCTh
MUHHMH3HPOBATH TIOTPEITHOCTD MyTEM CIEHAIBLHOTO BHIOOPA Y3JI0B CETKH.
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nporpamMMmel. Kues: Haykosa [lymka, 1986. 543 c.
2. llysanosa JI. E., AnaitueBa JI. A. IlpubnmkeHHOe pelIeHne OJHOr0 Kjacca HeTMHEMHbIX

CHHTYJSIPHBIX ~ MHTETpPAbHBIX  ypaBHeHMid // BectHuk KazaHCKOro  TEXHOJIOTHYECKOTO
yauBepcureta. 2013. T. 16. Nel2. C. 289-292.
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2. Shuvalova, L. E., & Apaicheva L. A. (2013). The approximate solution of a class of
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Abstract. Enzymes of cellulase, hemicellulase, chitinase systems of local strains of mycelial
and phytopathogenic, saprotrophic fungi isolated from various natural sources of the Republic of
Uzbekistan were studied in a comparative aspect. According to the degree of hydrolysis of chitin
and microcrystalline cellulose, added to the medium content as the only carbon source, and growth
rate, 45 cultures were selected from the studied 151 representatives of microscopic fungi. Then 29
highly active cultures belonging to the genera Fusarium, Aspergillus, Penicillium, and also
saprophytes Ulocladium, Alternaria were selected with deepening studies. Further among them,
with the study of their action spectrum, 8 highly active cultures were collected. The activity of
enzymes hydrolyzing natural polysaccharides (cellulose, chitin, xylan) was determined, as well as
protein accumulation was observed in media containing chitin and microcrystalline cellulose as the
sole source of carbon. It was shown that the activity of hydrolases (cellulases on the hydrolysis of
cellulose—containing substrates — chitinase, xylanase) and the formation of protein depended on
species affiliation of fungi, carbon sources in the culture medium and growth duration. The
inhibitory effect of hydrolytically active culture fluids of fungi Penicillium sp. 18, Penicillium sp.
140 and Aspergillus terreus 461, Aspergillus terreus 499 on the phytopathogens Rhizoctonia solani,
Verticillium dahliae, Fusarium oxysporum and Fusarium solani was defined. Selected fungi with
high hydrolytic activity are the basis for the creation of highly effective ecologically safe
biopreparations of microbial origin for protecting plants from phytopathogens and new
biotechnologies in the field of crop cultivation, bioconversion of plant and industrial waste,
environmental protection.

Annomayus. B CpaBHHTEIBHOM acCleKTe M3Y4eHbl (EPMEHTHI IEJLTFOJIOIUTHYCCKOH,
TeMHLIEIUTIONA3HOM, XUTHHA3HOW CHCTEM MECTHBIX LITAMMOB MHIEIHATIBHBIX U (PUTONATOICHHBIX,
carpoTpo(HBIX TPUOOB, BBIICICHHBIX W3 PA3IMYHBIX HMPUPOIHBIX UCTOUYHHMKOB PecryOmuku. Ilo
creneHn ruaponu3a xutuHa U MKII, BHECEHHBIX B COCTaB Cpelbl B Ka4eCTBE €JAMHCTBEHHOI'O
HCTOYHMKA yIIepoJa, M CKOPOCTH pocTa M3 ucciaeaoBaHHelx 151  mpencraButens
MHKPOCKOIIMYECKUX TpUOOB ObLTH 0TOOpaHbl 48 KyIbTyp, Jajee ¢ yriyOlIeHHEeM HCCIeIOBaHHUI
ObuTH BBIOpaHBbl 29 BBICOKOAKTHBHBIX KYNBTYp, OTHOCSIIMXCs K pomam Fusarium, Aspergillus,
Penicillium, a taxxe canpoduram Ulocladium, Alternaria, Acremonium. B pesynbrate nsydeHus
UX CIeKTpa AecTBUsl OblIM O0TOOpaHbl 8§ BBICOKOAKTUBHBIX KYIbTyp. OmnpeneneHa akTUBHOCTb
(epMeHTOB, THAPONU3YIOMINX MPUPOHBIC TONUCAXapu/abl (LEIUTI0I03a, XUTHH, KCUIIAH), a TaKKe
MOKa3aHO HAKOIUICHHE Oelka Ha Cpelax, COJACPKAIMX XUTHH W MHUKPOKPUCTAJUTUYECKYIO
EIUTI0JIO3Y B Ka4eCTBE CAMHCTBEHHOTO MCTOYHHUKA yriepona. [loka3zaHa 3aBHCUMOCTh aKTHBHOCTH
ruapona3  (HeJUTIoNa3bl MO THAPONU3Y IEJUTI0NIO30COIePXKAIINX CyOCTpaTOB — XHTHHA3HI,
KCHJIaHa3bl) ¥ 00pa30BaHusl Oellka OT BUIOBOM MPHUHAUICKHOCTH IPHOOB, HCTOYHUKOB YIIIEpO/a B
cpene KyJIbTUBUPOBAHUS M MPOJOJDKUTEIBHOCTH pocTa. [lokazaHo WHrHOWpyromiee aedcTBhe
TUAPONMTUYECKH aKTHBHBIX KYJIbTYpalbHBIX XuAKocTed rpubos Penicillium sp. 18, Penicillium sp.
140 u Aspergillus terreus 461, Aspergillus terreus 499 na ¢uromarorensr — Rhizoctonia solani,
Verticillium dahliae, Fusarium oxysporum u Fusarium solani. Oto6panHbie TpHuObI, 00Magaronme
BBICOKOH THIPOJIMTHYECKON aKTHBHOCTBIO, SIBIISTFOTCS OCHOBOM JIJISI CO3/IaHUsI BBICOKOA((PEKTUBHBIX
IKOJIOTHYECKU Oe30MacHbIX OHOIMpPEnapaToB MHUKPOOHOTO MPOMCXOXKACHHS sl 3alIUThl PAaCTCHUI
OT (UTOMATOrCHOB M HOBBIX OHMOTEXHOJOTHI B 00JACTH BO3/CIBIBAHUS CEIbCKOXO3SHCTBEHHBIX
KyJIbTYp, OMOKOHBEPCHUH PACTUTEIBHBIX W MPOMBIIUICHHBIX OTXOJOB, 3alIUTHl OKPYKArOIIEH
Cpenpl.

Keywords: microscopic fungi, polysaccharides, hydrolases, cultivation, proteins,
phytopathogens.
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Kniouesvie cnosa: ~ MUKpOCKONIMYECKHE  TpHOBI,  MOJMCAXapHIbl, KyJIbTUBHPOBAHUE,
TUJIpOJIa3bl, OENIKH, (GUTONATOTEHBI.

Introduction

The study of hydrolytic enzymes of microorganisms, their components’ composition and
mechanism of action on various structural natural polysaccharides of cell walls of plants is
increasingly becoming more relevant. The study of this problem is also necessary for the fact that
many plant diseases caused by phytopathogens and other pests lead to a disruption of clearly,
genetically coordinated metabolic processes and growth factors that adversely affect both the
accumulation of phytomass and the quantity and quality of the crop [1]. Infection with
phytopathogens leads to undesirable processes of damage to plants and contamination, and
ultimately up to the death of the plant. The enzymes lysing the polysaccharides of the plant cell,
which are not only structural elements, but also play the main role for the protection and
maintenance of vital activity, as well as the productivity of plants, are actively participating in all
these processes [2].

The composition of the cell membrane of fungi, including that of phytopathogens, is very
diverse. For example, the cellulose—chitin complex predominates in the cell membranes of many
species of zygomycetes, cellulose—glucan in oomycetes, chitosan—chitin in some species of
oomycetes, chitino—glucan in chitridial, marsupials, basidial species of fungi and deuteromycetes.
Polymers containing glucuronic acids (up to 20%), heteropolymers containing mannose, galactose,
glucose, glucuronic acid have also been found in the shell of fungi [3]. The main components of the
cell wall of the fungi are chitin, glucans, protein and lipids, which form a compound complex, the
molecules of chitin are covered with a layer of glucanose molecules, connected by bridges. In such
cases, chitinase without the involvement of cellulases does not hydrolyze the chitin contained in the
cell membrane of the fungi [4-5].

Microfibrils of chitin and cellulose in most fungi form a structure in which many other
components of the cell membrane are connected. It is believed that protein and polysaccharides
bind microfibrils of chitin and cellulose [6-7].

Cellular membranes of Pythium and Phytophthora contain cellulose. When lytic enzymes
exposed to the shells of Fusarium hyphae in lysates, glucose (14%), N-acetylhexosamine (47%),
insoluble residue formed after hydrolysis of galactose, mannose, uronic acid [6, 7, 8].

The cell wall of fungi as a result of lysis can be destroyed in two ways: by the action of
enzymes released by other cells or organisms and enzymes formed in the cell of the fungus itself.
The most important enzymes catalyzing the decomposition of individual components of the cell
membrane of fungi are o— and P-glucanases, proteases and peptidases, cellulases, lipases,
chitinases, hexosaminidases, glucuronidases, glucosaminidases, cellobiasis. Thus, the destruction of
the cell membrane of fungi is catalyzed by various enzymes’ complex. This complex depends on
components’ composition of the cell membrane of different fungi species [9—11].

Specific cellulases and hemicellulases produced by plants themselves-participate in anabolic
processes and build bricks of molecules—biopolymers, connect the molecules of the photosynthetic—
glucose product to macromolecules of cellulose and other polysaccharides by their synthetase
ability [12-17].

Still remains the question of the physiological role of xylanases in organisms synthesizing
them, although it is known that they participate in the degradation of xylan to xylose, which is
further used as a source of carbon and energy, moreover, they are part of the cell wall. Fusarium
fungi (for example, F. oxysporum, which causes a tobacco wilt) absorb well xylose known to be
specific for the cell wall of plants and some algae [18]. The physiological function of xylanolytic
enzymes, as well as cellulases in microorganisms—phytopathogens, apparently, is the destruction of
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the wall of a plant cell for penetration into the cytoplasm [19-20]. Chitin is a part of the cell wall of
many fungi, the composition of the external skeleton of invertebrate animals and is constantly
present in the soil, reaching a tenth of a percent. For a number of physicochemical properties, chitin
is similar to cellulose, but the presence of acetamide groups in the molecule gives it particularly
valuable properties in practice [21]. Known bacterial chitinase has been used as a means of
protecting plants from pathogens [22]. However, the problem of the decomposition of chitin in the
soil remains insufficiently disclosed up to the present time.

The fungus Trichoderma harzianum lysing plant pathogenic fungi, secretes a complex of lytic
enzymes containing endo— and exo— p-1,3-glucanases, protease and chitinase [22—23]. The different
components of Trichoderma harzianum lytic system probably include mutually complementary
enzymes, with the full system required for maximum hydrolysis efficiency [23]. Since the cell walls
of the fungi contain b—glucan microfibrils and chitin immersed in the protein matrix, it is likely that
mainly p—glucanase, chitinase and protease participate in the lysis of their cells [24]. The formation
of these enzymes is also observed in the parasitic interaction of certain microorganisms [25-26].
Glucanases can have a direct lytic effect (such enzymes are often found in the group of extracellular
b-1,3-glucanases) or play an important role in lysis of the cell wall of the microorganism with lytic
enzymes’ complex. They also have vital functions in the microbial cell’s own metabolism [19].

The processes of plant infection with phytopathogens begin with the penetration of pathogens
into both healthy and weakened plants that have fallen into unfavorable conditions, especially when
there is a lack of macro and microelements. Saprophytic and parasitic (obligate—parasitic,
conditional) microorganisms exert a different influence both on the host and the plant [18].

Higher, there was conducted the detailed comparative study of the enzymes of the cellulolytic,
hemicellulase, chitinase systems of mycelial and phytopathogenic fungi, with high hydrolytic
activity, providing full biological growth, directed regulation of growth and development of
agricultural plants, increasing their yield and preservation. Creation of effective ecologically safe
biologics and biotechnologies for their cultivation on their basis is one of the important and
promising directions of modern science and production.

Proceeding from the foregoing, this work is devoted to the search and selection of fungi—
active producers of hydrolytic enzymes, decomposing natural polysaccharides, the ultimate goal of
which is the creation of enzymatically active biopreparations of microbial origin for bioconversion
of waste, as well as the protection of plants from phytopathogens.

Materials and methods

Screening and methods of growing fungi on nutrient media. For screening more than 151
strains of museum cultures of microscopic fungi, mainly belonging to the genera Fusarium (42
strains), Aspergillus (37), Penicillium (51) and some Saprophytic fungi (21) isolated from diseased
leaves, plant stems were used. The museum cultures had been stored on wort agar and Czapek agar
in the laboratory of the microorganisms’ collection of institute of microbiology of Academy of
Sciences.

For the initial selection and evaluation of the hydrolysing ability of the fungi, a surface
method was conducted for cultivating fungi using polysaccharides — microcrystalline cellulose and
chitin (crab) at concentrations of 2.0% added to Czapek synthetic medium as the sole source of
carbon. The zones of hydrolysis of polysaccharides by test fungi were taken into account during 3-5
days of growth, estimating the periodic growth and development, the appearance of the fungal
colonies and the formation of the substrate hydrolysis zone.

Screening of fungi in liquid nutrient media. To quantify the content of enzymes and proteins,
the method of submerged cultivation of fungi on media of the following composition was used:
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1. The nutrient medium no. 1 (g/l): colloidal chitin — 20.0; KH2PO4 —1,0; MgSO4x7H20 —
0,5; KCI — 0,5; FeSO4x7H20 — 0,01; NaNO3— 3,0. The initial pH of 5.5.

2. The nutrient medium No. 2 (g / I): microcrystalline cellulose - 20.0; KH2PO4 - 1,0;
MgSOsx7H20 - 0,5; KCI - 0,5; FeSO4x7H20 - 0,01; NaNO3 - 3.0. The initial pH of 5.5.

Cultivation was carried out in Erlenmeyer flasks with a volume of 1 liter containing 200—-300
ml of nutrient medium no. 1 and no. 2 at temperature of 28-32 °C and pH of 5.6-6.0 for 3—7 days
depending on the nature of the fungi.

Samples were collected, filtered and analyzed every 12 hours for the determination of
enzymatic activity, protein content, etc.

Methods for the determination of enzyme activity in culture fluid. Cellulase activity in culture
fluid was determined by the method of Somogyi—Nelson in the modification of Feniksova R.V.
Determination of the resulting reducing sugars during the hydrolysis of a 1.0% solution of
microcrystalline cellulose of “Sigma” (USA). Specific cellulase activity was expressed per unit
weight (mg) of total protein contained in culture fluid and cleaving from the substrate 1 ug of
glucose, which is measured at 490 nm of FEC wave. The amount of glucose that formed under the
action of cellulase is subtracted from the calibration schedule constructed using a standard glucose
solution [27].

Xylanase activity was determined by the FEC-method of Somogyi—Nelson in the
modification of Feniksova R. V, using 1.0% colloidal xylan oats solution Spelt from Sigma (USA).
The xylanase activity is 1 pmol xylose, also the product of the reaction cleaved from the substrate
under optimal conditions [28].

The activity of enzymes (cellobiohydrolase, endoglucanase, avicelase and xylanase), was
determined by colorimetric method based on measuring the amount of reducing sugars cleaved
from substrates under the action of enzymes under optimal conditions of fermentolysis [29].

To determine the endoglucanase activity, 1% solution of Na—microcrystalline cellulose in 0.1
M acetate buffer with pH 5.0 was used as the substrate [30]. The amount of enzyme which catalyzes
the hydrolysis of Na-microcrystalline cellulose to form 1 pmol of glucose under standard
conditions (pH 5.0, incubation temperature of 50 °C, hydrolysis duration of 30 min) was taken as
the unit of activity.

To determine the avicelase activity, microcrystalline cellulose was used as a substrate. The
reaction mixture was incubated at 50 °C for 24 hours. The resulting hydrolysates were filtered and
the content of reducing sugars was determined using 3,5-dinitrosalicylic acid [31]. The amount of
enzyme that catalyzes the hydrolysis of microcrystalline cellulose with the formation of 1 umol of
reducing sugars under standard conditions was taken as the unit of avicelase (exoglucanase)
activity.

The activity of extracellular chitinase was determined by the amount of reducing sugars
formed during the hydrolysis of colloidal chitin [31]. The reaction mixture contained 1.0 ml of 1,0%
colloidal chitin in 0.1 M acetate buffer. The amount of enzyme resulting hydrolysis of colloidal
chitin to reducing substances equivalent to 1 mg of N-acetyl-D—glucosamine at 40 °C and pH —
5,0 in 60 min was taken as the unit of activity. The amount of N-—acetyl-D—glucosamine was
determined from a standard curve composed of a calibration solution containing from 0.04 to 1.0
mg of the substance.

Protein content in the samples was determined by Lowry’s method [32], bovine serum
albumin (BSA) was used as the standard.
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Results and discussion

At the first stage of the research primary selection of mycelial fungi isolated from various
natural sources of the Republic of Uzbekistan related to different genera and species was carried out
by means of a comparative evaluation of their hydrolyzing activity against natural hardly
hydrolysing polysaccharides. Thus, for example, the degree of hydrolysis of chitin and
microcrystalline cellulose added to Czapek synthetic medium as the sole carbon source at
concentrations of 2.0%. It was found that 45 cultures (29,8%) of out 151 tested cultures of local soil
fungi were relatively more active in terms of the cellulose and chitin hydrolysis zone while solid—
state cultivation.
Fusarium Aspergillus
42 strains 37 strains

m Fusarium ®active m Aspergillus mactive

Saprophit and parasit fungi
21 strains

Penicillium
51 strains

| Alternaria, Acremonium u Ulocladium
® Penicillium mactive M active

Figure 1. Distribution of activity of hydrolytic enzymes between genera of test fungi

Cellulolytic and chitinolytic enzymes were synthesized by 8 cultures of fungi (19%) out of 42
representatives of the genus Fusarium, 12 cultures of the genus Aspergillus (32,4%) were active out
of the tested 37 ones, only 8 cultures (15,7%) out of 51 studied representatives of the genus
Penicillium were highly active, whereas 17 cultures of isolated fungi (81%) out of 21
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representatives of saprophytic and parasitic fungi isolated from diseased leaves, plant stems related
to the genera Alternaria, Acremonium and Ulocladium were active.

While submerged cultivation in Czapek synthetic medium containing chitin and
microcrystalline cellulose at concentrations of 2,0% introduced as the only carbon source, 29 fungi
cultures out of 45 ones were selected from the genera Fusarium, Aspergillus, Penicillium and
saprophytes, forming highly active hydrolytic enzymes of cellulolytic, xylanolytic, chitinolytic and

proteolytic complexes (Table 1).

Table 1.

THE RESULTS OF SELECTION OF HYDROLYTICALLY ACTIVE FILAMENTOUS FUNGI

Representatives of the genus
Fusarium and their strains

Representatives of the
genus Penicillium

Representatives of the
genus Aspergillus

Representatives of
saprophytic fungi

Fusarium lateritium 187

Penicillium sp. 140

Aspergillus sp. 466

Alternaria sp.76

Fusarium oxysporum 173

Penicillium sp.18

Alternaria tenuis 66

Acremonium sp.3

Fusarium moniliforme 191

Penicillium
purpurogenium 159

Aspergillus sp. 499

Acremonium terricola 2

Fusarium sp. 552

Penicillium sp. 678

Aspergillus flavus 139

Alternaria sp.136

Fusarium moniliforme 183

Penicillium sp. 374

Aspergillus sp. 91

Alternaria sp. 67

Fusarium sp. 554

Penicillium sp. 766

Aspergillus sp. 7

Alternaria sp. 62

Fusarium solani 169

Penicillium sp.86

Alternaria malvae 55

Fusarium sambusinum 109

Penicillium sp. 140

Ulocladium sp.134

The results of the conducted tertiary screening showed that 9 cultures out of the total tested 29
fungi—producers of chitinolytic and cellulolytic enzymes were active.

Further, the cellulolytic ability of the selected fungi was analyzed by the method of
submerged cultivation in medium containing 2% microcrystalline cellulose in which the protein
amounts and enzymatic activity were determined in the dynamics of their growth for 144 hours,
taking samples for analysis every 12 hours.

It was found that the fungi Penicillium sp. 18, Penicillium purpurogenum 159, Aspergillus
terreus 461, Fusarium moniliforme 183 showed a high activity by 72 hours of growth, while fungi
Aspergillus sp. 461, Aspergillus sp. 499, Fusarium moniliforme 183 were active by 120 hours. The
fungi Aspergillus sp. 461, Aspergillus sp. 499, Penicillium purpurogenum 159 and Fusarium
moniliforme were active by 144 hours, whereas Aspergillus sp. 461, Aspergillus sp. 499,
Penicillium sp. 18, Penicillium purpurogenum 159 by 168 hours. Aspergillus sp. 461, Aspergillus
sp. 499, Penicillium sp. 18 were more active within 192 hours of growth, whereas Aspergillus sp.
461, Aspergillus sp. 499, Alternaria sp. 9 within 240 hours.

Despite the fact that the activity of cellulase on the hydrolysis of cotton cellulose in all fungi
began with 72 hours of growth, the activity of the xylotrophs, such as Aspergillus sp. 499,
Aspergillus sp. 461 remained high up to 240 hours of growth. It should be noted that along with
these fungi, strains of phytopathogens Fusarium moniliforme 183 and Fusarium solani 169,
saprophytes Ulocladium sp. 134, as well as fungi Penicillium sp. 18, Penicillium purpurogenum
159 also exhibited an ability to actively hydrolyze crystalline and rigidly regulated cotton cellulose.

The obtained data showed that indeed cellulases play an important role in the penetration of
phytopathogens through the cell walls of plants, which leads to their defeat, further to the disease.

When studying the chitinolytic activity of fungi on a cellulose—containing medium, it was
found that their activity was different depending on the duration of cultivation and the species of
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fungi. The fungi Aspergillus sp. 461, Aspergillus sp. 499, Penicillium sp. 18 were the most active,
while the fungi Alternaria sp. 9 Streptomyces sp. 4 and Ulocladium sp. 134 were less active in the
hydrolysis of chitin.

Aspergillus sp. 499, Aspergillus sp. 461, Penicillium sp. 18, Fusarium solani 169 and
Ulocladium sp. 134 had high xylanolytic activity. The formation of protein in the culture medium
during the growth of fungi on cellulose—containing and chitin—containing media showed that
proteins begin to accumulate from 24 hours of growth, reaching a high level on the 7-10" day of
growth.

The amount of formed proteins varies depending on the composition of the nutrient medium
and the species of fungi. The most amount of protein was accumulated by Alternaria sp. 9,
Penicillium sp. 18, Fusarium moniliforme 183 on cellulose containing medium and by Aspergillus
sp. 461 and Aspergillus sp. 499 on both cellulose—containing and chitin—containing medium.

Further, the cellulolytic activity of culture fluid of highly active fungi selected during the
active stage of fermentation on various cellulose substrates, such as Na—carboxymethylcellulose,
wood pulp, microcrystalline cellulose was determined with the preparation of a reaction mixture
with a specified concentration of these substrates.

The ability of fungi to hydrolyze Na—carboxymetylcellulose was different: Aspergillus sp.
499, Aspergillus sp. 461, Penicillium sp. 18 was active during the entire period of growth,
Penicillium purpurogenum 159 in the initial stage of growth, whereas Alternaria sp. 9 on the 7" day
of cultivation.

The rate of hydrolysis of wood pulp, taken as a substrate of the reaction mixture, showed that
although this substrate is highly crystalline and difficult to hydrolyse, selected fungi formed such
forms of the cellulolytic complex enzymes that lead to fermentolysis of the substrate, but in varying
degrees. High fungal activity was demonstrated by fungi Aspergillus sp. 499, Aspergillus sp. 461,
Ulocladium sp. 134, Penicillium sp. 18, followed by Fusarium moniliforme 183.

The similar pattern was also observed in the study of the activity of filtrates culture fluid
while the hydrolysis of cotton cellulose, where the fungi Penicillium sp. 18, Aspergillus sp. 461,
Aspergillus sp. 499, Penicillium purpurogenum 159 and Fusarium moniliforme 183 were active.

The study of the protein content formed during the growth and development of fungi showed
that the maximum amount of protein in the culture fluid was found in the fungi Penicillium
purpurogenium 159, Acremonium sp. 3, Alternaria sp. 62, Alternaria sp. 76, Fusarium solani 169,
Fusarium moniliforme 183, Penicillium sp. 18, Aspergillus sp. 461, Aspergillus sp. 499, Ulocladium
sp. 134. During the cultivation of fungi the pH of the nutrient medium was relatively increased.

Thus, fungi Fusarium solani 169, Fusarium moniliforme 183, Penicillium purpurogenium
159, Penicillium sp. 18, Aspergillus sp. 461, Aspergillus sp. 499, Ulocladium sp. 134, Alternaria sp.
9 showed high cellulase activity in medium with 2.0% microcrystalline cellulose.

It was found that 8 fungi cultures out of the selected 29 ones had the highest activity of
hydrolase in comparison with other cultures.

After careful selection of 8 highly active cultures, the most active fungi Penicillium sp. 140,
Penicillium sp. 18, Aspergillus sp. 461 and Aspergillus sp. 499 were taken as promising producers
of chitinases and cellulases in deepening experiments.

The formation of proteins and enzymatic activities of xylanase, endoglucanase,
cellobiohydrolase, avicelase, chitinase and protease during submerged cultivation with optimal
concentrations of polysaccharides (chitin, cellulose) as the only carbon source in the nutrient
medium were studied. The results of further secondary screening of 29 strains of filamentous fungi,
producers of chitinolytic and cellulolytic enzymes, showed that the strains Penicillium sp. 140,
Penicillium sp. 18, Aspergillus sp. 461 and Aspergillus sp. 499 had high activity and growth and
they were further tested as promising producers of chitinases and cellulases (Figure 2).
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Figure 2. The activity of hydrolytic enzymes and the formation of protein by fungi while submerged
cultivation in medium containing chitin

The data in Figure 2 showed that the fungi Aspergillus sp. 461 and Aspergillus sp. 499 had
higher chitnase activity on chitin medium then Penicillium sp. 18 and Penicillium sp. 140.
Cellobiohydrolase activity of fungi Aspergillus sp. 461 and Aspergillus sp. 499 was almost
identical. The lowest value for this enzyme showed the fungus Penicillium sp. 18. The
endogluconase activity was relatively high in all fungi, whereas avicelase activity was moderately
high compared to other enzymes of the cellulase complex. Almost all the fungi had protease
activity, which was accompanied by enzymes, as well as xylanase during the cultivation in chitin
containing medium.

Enzyme activity and protein accumulation of tested strains Aspergillus terreus 461 and
Aspergillus terreus 499 in the nutrient medium containing cellulose was higher than in the medium
with chitin (Figure 3). The choice of an appropriate substrate is important for the effective synthesis
of cellulases. This is due to the fact that the substrates serve not only as a source of carbon in the
nutrient medium, but also as indispensable inducing compounds for microorganisms.

The formation of protein in the culture medium during the growth of fungi in cellulose and
chitin containing media showed that proteins begin to accumulate in the medium within 24 hours of
growth, reaching a high level on the 7-10" day of growth (Table 2).

The amount of formed proteins varies depending on the composition of the nutrient medium,
the species of fungi and the growth duration. The fungi Penicillium sp. 140, Aspergillus terreus 499
formed large quantity of protein on cellulose medium, whereas fungi Aspergillus terreus 461 and
Penicillium sp. 18 both on chitin and cellulose containing madia.

As a result of the conducted experiments, it was found out that the studied strains of fungi
exhibit hydrolytic activity to a sufficient extent on media containing hardly hydrolysable
polysaccharides such as chitin crab and microcrystalline cellulose. Cellulase activities were detected
in the hydrolysis of carboxymethyl cellulose, wood and cotton cellulose.
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Figure 3. The activity of hydrolytic enzymes and the formation of protein by fungi while submerged
cultivation in medium containing microcrystalline cellulose

Table 2.
FORMATION OF PROTEIN IN THE CULTURE LIQUID OF FUNGI, mg/ml
Fungi strains/medium Cultivation duration, days
3 5 6 7 8 10
Penicillium sp. 18 (chitin) 0,28 0,57 1,14 | 2,15 2,23 3,19
Penicillium sp. 18 (cellulose) 0,32 0,49 1,27 | 2,18 2,16 3,13
Penicillium sp. 140 (chitin) 0,42 0,73 1,09 | 2,11 2,07 2,47
Penicillium sp. 140 (cellulose) 0,91 0,76 0,42 2,39 2,35 3,33
Aspergillus terreus 461 (chitin) 0,74 0,85 0,90 | 2,18 2,19 2,38
Aspergillus terreus 461 (cellulose) 0,63 0,94 121 | 247 2,44 2,74
Aspergillus terreus 499 (chitin) 0,13 0,67 0,72 2,11 2,11 3,01
Aspergillus terreus 499 (cellulose) 0,67 1,93 223 | 2,21 2,25 3,45

Further, in order to evaluate the effect of hydrolytic enzymes of fungi, the enzymes of culture
fluids, as well as hydrolase preparations isolated from culture fluid were tested via laboratory

experiments for the growth and development of some phytopathogens (Table 3).

INHIBITING EFFECT OF CULTURE FLUID OF SELECTED FUNGI ON SOME

PHYTOPATHOGENS

Table 3.

Phytopathogens, zone of suppression, mm

Culture fluids of fungi

Rhizoctonia Vert. Fusarium Fusarium solani
solani dahliae oxysporum
Penicillium sp. 18 20-22 24-22 18-24 16-18
Aspergillus terreus 461 18-20 20-19 17-16 15-16
Aspergillus terreus 499 18-16 20-18 15-13 14-15
Penicillium sp. 140 17-18 15-17 14-16 13-15

28


http://www.bulletennauki.com/

Enzymatically active culture fluids of fungi also had the ability to suppress the growth and
development of phytopathogens widely spread in the Republic of Uzbekistan, such as Rhizoctonia
solani and Fusarium oxysporum, Fusarium solani, Verticillium dahliae, forming phytopathogen’s
growth inhibition zones in sizes from 20 to 24 mm in diameter.

A B
Figure 4. Phytopathogens of fungi of the genus Fusarium (A) after 3 days growth and the effect
of culture fluids’ mixture of Penicillium sp. 18 and Aspergillus terreus (B)
on the growth of Fusarium oxysporium after 12 hours

Further, to evaluate the cooperative fungicidal activity of the hydrolytically active culture
fluid of Penicillium sp. 18 and Aspergillus terreus 461, their influence on the growth and
development of the most common phytopathogen Fusarium oxysporum in the Republic of
Uzbekistan was determined (Figure 4). Thus, a mixture of culture fluid of both fungi was applied
pointwise to the surface of lawn of Fusarium oxysporium grown on Czapek medium for 3 days.
After 12 hours of incubation at 30°C, the growth and development of the phytopathogen was
suppressed.

The obtained results on the influence of fungi and their culture fluids on phytopathogens
showed that the selected fungi have a suppressive effect.

Thus, the enzymes of the cellulase, hemicellulase, chitinase systems of local strains of
mycelial and phytopathogenic, saprotrophic fungi were studied in a comparative aspect. 45 cultures
were selected from the studied 151 representatives of microscopic fungi according to the degree of
hydrolysis of chitin and microcrystalline cellulose, added to the medium as the only carbon source
and growth rate. Then, 8 highly active cultures were selected from 29 cultures belonging to the
genera Fusarium, Aspergillus, Penicillium, also saprophytes Ulocladium, Alternaria, Acremonium
with deepening studies of the spectrum of their action.
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The selected fungi possessed a high activity of hydrolytic enzymes, the formation of which
depended on the polysaccharides used in the nutrient medium, the time of cultivation and the genera
and species of fungi.

The obtained data show that selected fungi with high hydrolytic activity are the basis for the
creation of highly effective ecologically safe biopreparations of microbial origin for protecting
plants from phytopathogens and biotechnologies for cultivating agricultural plants, for
bioconversion of plant and industrial waste.

Conclusion

The study of the formation of hydrolytic enzymes and proteins in the culture medium of some
filamentous fungi showed that the substrates used for their cultivation (chitin and microcrystalline
cellulose) added to Czapek synthetic medium as the sole carbon source contributed to the active
growth of fungi, accumulation of protein and the activities of cellulolytic and hemicellulase
enzymes’ complexes (Xylanase), chitinase in the medium. The highest enzymatic activity was
possessed by Aspergillus terreus 461 and Aspergillus terreus 499, Penicillium sp. 140, Penicillium
sp. 18 which synthesized enzymes in both chitin and cellulose containing medium. Enzymatically
active culture fluids also had the ability to suppress the growth and development of phytopathogens
widely spread in the Republic, agents of root rot, fusariosis and cotton leaf witches. The obtained
data show that local strains of filamentous fungi belonging to the genera Penicillium and
Aspergillus have the greatest ability to form enzymes that hydrolyse difficult-metabolizable and
water—insoluble natural polysaccharides such as chitin and cellulose.

In assessing the cooperative fungicidal activity of hydrolytically active culture fluids of fungi
Penicillium sp. 18 and Aspergillus terreus the suppression of the growth and development of the
phytopathogen Fusarium oxysporium has been established, which can be used in the preparation of
biologics against plant pathogens in the field of plant protection.
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USE OF SOME MICROBIAL ENZYMES AND THEIR COMPOSITIONS AGAINST
PHYTOPATHOGENES IN AGRICULTURAL AREAS
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Abstract. Enzymatic hydrolysis the lignocellulose substrates (wood sawdust, wheat bran,
bard), brought in a nutrient medium are given as a carbon source for cultivation of fungus and
actinomycetes, producers of making components of a bio stimulator which is used in agriculture for
cultivation of cotton plant. It was established that among examinees of substrat spirit grain the bard
in experimentally picked up concentration (10-50%) it appeared a full-fledged substratum for the
active growth developments and antibiotic enzymatic making with use to which can be prepared
rather cheap and effective preparation is providing for increase in productivity and decrease in
incidence of crops in agriculture.

At the current time using biological methods of cultivation and protection of environment is
the most important link in cultivation of ecologically safe agricultural production. The biological
methods of protection of plants is recognized as the most resource—saving reception, allowing to
protect plants from diseases, wreckers and to increase their efficiency without expenses of
irreplaceable natural resources and without harmful emissions in environment [1-2]. The
microorganisms used for production of valuable biological products, promote supply of plants not
only elements of mineral food, but also physiologically active agents (enzymes, phytohormons,
vitamins, etc.) [3].

Studying of enzymatic activity and efficiency of culture of fungus of Pleurotus ostreatus
UZBI-I 105, Aspergillus terreus 9, and actinomycete Streptomyces sp. 166 on cheap the
lignocellulose substrat for development of effective biotechnology of a biological product for
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increase in productivity and protection of crops against wreckers of phytopathogenes was the
purpose of the real work.

Annomayus. B pabore paccMarpuBaeTcs polecc AecTBUS MUKPOOUOTHI Ha (DUTOMATOT€HBI.
@DepMEHTaTUBHBIA TUAPOJIN3 JIMTHOLEIUIIOJIO3HBIX CyOCTpaToOB (ApPEBECHBIE ONMWIIKH, MIIEHUYHbIE
oTpyOu, O6apibl), BBOAUMbBIC B MUTATEIbHYIO CPEAy, IPUBEACHBI B KaueCTBE MCTOYHHKA YIiiepoaa
IUIs BBIpAIIMBAaHUS TPHOOB M aKTHMHOMMLETOB, MPOM3BOIUTENCH KOMIIOHEHTOB OMOXMMHUYECKOTO
CpEICTBa, KOTOpPbIE HCIOJIB3YIOTCS B CEIHCKOM XO3SHCTBE JJIsl BBIPAIMBAHMS XJIONKA PacTEHUE.
BbuTO yCTaHOBIEHO, YTO CpEad HCHBITYEMBIX CYOCTpPAaTOB B HKCHEPUMEHTAIBHO MOI00paHHON
koHueHTpauuu (10-50%) okaszasics MOTHOLIEHHBIM CyOCTpPaTOM JJIsl aKTUBHBIX MPOILIECCOB POCTa U
CO3JIaHMsI AaHTUOMOTHYECKUX (PEPMEHTOB C MCIOIB30BAHUEM KOTOPBIX MOXHO IOJIYYUTh JOBOJIBHO
nemeBo U 3(PGEKTUBHO MMOATOTOBKA MPEAYCMATPUBAET YBEJIMUYEHUE MPOU3BOAUTEIBLHOCTH U
CHIDKEHHE 3200JIEBAEMOCTH CEIbCKOXO035HCTBEHHBIX KYJIBTYp B CEJIbCKOM XO3SICTBE.

buonoruueckue MeTonabl 3alIUThl PACTEHUN MpHU3HAHBI Hambojee pecypcocOeperarum
IIPUEMOM, [O3BOJISIIOIIMM 3alIUTUTh pPACTEHUs OT OOJe3HEW, BpeAuTeNedl U IOBBICUTH HX
s deKkTUBHOCTh 0€3 3aTpaT HE3aMEHUMBIX HPHUPOJHBIX PECYpcOB U 0€3 BPETHBIX BHIOPOCOB B
OKpY)XalIlyro cpeny. MHUKpoopraHu3Mbl, HUCHOJb3yeMble JJIsl  MPOU3BOACTBA  LEHHBIX
OMOJOTMYECKUX MPOAYKTOB, CHOCOOCTBYIOT OOECIEUEHHI0 PACTEHUH HE TOJBKO BJIEMEHTaMU
MUHEPAJILHOTO NUTaHMUsS, HO U (U3MOJOTMYECKH aKTUBHBIMU cpelacTBaMu ((dhepMeHTamH,
¢buToropMoHamMu, BATAMUHAMH H T. 11.).

W3yyenne depMeHTaTHBHON aKkTHBHOCTH M 3(dexkTuBHOCTH KynbTypbl rpuda Pleurotus
ostreatus UZBI-1 105, Aspergillus terreus 9 u Streptomyces sp. 166 ITUTHOLEUTIOIO3HBIX
CyOCTpaToOB MO3BOJISET MPEIJIOKUTD JYUIINE TEXHOJIOIMU 3allUThl KYJIbTYpP B CEJILCKOM XO03HCTBE.

Keywords: waste materials, fungus, actinomycete, optimization, fungi cultivation, cellulolytic
enzymes, phytopathogens, hydrolysis, activity, preparation, Microzym-1, Microzym-2, treatmevent
wheat and cotton seeds.

Knrouesvie cnosa: oTxoppl, TpuObl, aKTHHOMHUIIETHI, ONTUMH3ALM, KyJIbTUBUPOBAHNE I'PUOOB,
LEJITIOJIONINTHYECKUE (PepMEHTHI, (PUTOMAaTOreHbl, THAPOIN3, AKTUBHOCTD, MpenapaT, MUKPO3UM-1,
MHUKpPO3UM-2, CEMEHA MIIEHMIIbI U XJIOMYaTHHKA.

Materials and methods

Producers: Pleurotus ostreatus UZBI-1 105, Aspergillus terreus 9 and actinomycete
Streptomyces sp. 166 which re provided from Institute of Microbiology of Science Academy of
Uzbekistan.

Cultivation conditions: room temperature (20 °C), shake—flask propagator, under sterility.

Medium: For bottom cultivation of Pleurotus ostreatus UZBI-1 105, Aspergillus terreus 9 and
actinomycete Streptomyces sp.166 were taken rigid on character and structure substrates, such as
wood sawdust, further a xylan a containing substrate — wheat bran and bard, with inclusion of the
specified substrata in structure of the modified circle of Capek’s—Doks where the main
carbohydrate source (sucrose) was replaced with wood sawdust and junctures (1-3%) and bard (10—
50% which data are provided in the table.

Methods
Determination of cellulase activity defined at hydrolysis 1,0 solutions of the item CMS,
Sigma firms (USA). Xylanase activity — determine modified by Somogyi—Nelson method in
Feniksova R. This is based on hydrolysis of xylose by xylanase and determination of enzymatic
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products with use of reactants 1 and 2 as it is described above where as a substrate solution of a
xylan of oats of Sigma firm (USA) served 1,0%. For enzyme quantification applied the Lowry
method [4].

Results and discussion

Taking into account the greatest distribution in agriculture gains enzymatic organic fertilizing
biostimulator developed by using the way, containing enzymes, antibiotic substances and the
phytohormones, being formed cultures of fungus of Aspergillus terreus, Pleurotus ostreatus, and
also antibiotically active liquids soil actinomycete Streptomyces sp. 166 [5].

In order to make Microzym-1 and Microzym-2, bellowed microbial producers cultivated in
three types of mediums like waste materials. For example, wood granules, wheaten bran and 40% of
the bard. Every medium’s details are given individually.

Apparently given to the table xylotrophic Pleurotus ostreatus UZBI-1 105 possesses bigger
cellulase and xylanase activity, than, soil saprotrophic Aspergillus terreus 9 and actinomycete
Streptomyces sp. 166. Similar data were obtained for these cultures with bran where polysaccharide
wheat the xylan (hemicelluloses) prevailed before other polysaccharides (Figure 1-2).

30 - 28
25 -
20 m Aspergilus terreus 9
15 M Pleurotus ostreatus
1n 11
10 i 8 u Streptomyces sp. 166
6 63
5 .
0 T T T
ctllulase, unity/ml  xylanase, unity/ml Protein unity/ml
Figure 1. Formation of enzymes on the medium with wood granules (3,0%)
19
20
18
16
14 -
12 I m Aspergilus terreus 9
10 - 75 m Pleurotus ostreatus
| 6,5 « 6

8 u Streptomyces sp. 166

6 - 4.1 3 4

4 -

2 4

0 T T T

ctllulase, unity/ml  xylanase, unity/ml  Protein unity/ml

Figure 2. Formation of enzymes on the medium with wheten bran
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It is obvious that, maximum quantity of cellulase and xylanase is formed with 40% of bard’s
medium. Moreover, synthesis of protein is showed the highest quantity with this medium than
others, respectively (Figure 3).

120 +
102

O

(o]
©
\‘

100 -
83 30

oU

80 -
m Aspergilus terreus 9

60 - 49  Pleurotus ostreatus

38 i Streptomyces sp. 166
40 - 27

20 -

0 T x 1
ctllulase, unity/ml xylanase, unity/ml Protein unity/ml

Figure 3. Formation of enzymes on the medium with bardy 40%

Thus, uses the lignocellulose of production wastes with the greatest content of cellulase and
xylanase separately and in a combination in various combinations for the active growth,
development and a enzymatic making showed that for examinees of three cultures it was favorable
a nutrient medium with introduction of 40% grain bards. The maximum quantity of cellulase and
xylanase is formed for the 10th days of growth of fungus.

Antibiotic activity of cultures (Figure 4-5) defined against widespread phytopathogenic
fungus of Fusarium oxysporum and Verticillium dahliae.

1 2 ' 3
Figure 4. Antibiotic action of culture of Streptomyces. sp.166 (1), Aspergillus terreus 9 (2) and Pleurotus
ostreatus UZBI-1 105 (3) on growth and Fusarium oxysporum development
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Apparently from Figure 1 actinomycete and Aspergillus terreus 9 possessed bigger pernicious
force, than Pleurotus ostreatus UZBI-1 105 to what testifies zones of inhibition of growth of fungus.

i

1
Figure 5. Antibiotic action of culture of Streptomyces sp. 166 (1), Aspergillus terreus 9 (2) and Pleurotus
ostreatus UZBI-1 105 (3) on growth and Verticillium dahlia development

3

Sort Fusarium fungus as causative agents of diseases of a set of the highest plants, cotton and
the leguminous cultures, striking plants most often in field conditions and at the time of their
fructification.

After application of enzyme preparations “Microzym-1" in various sowing areas of
Namangan region the harvest increase equal to 10-12 centners/hectare in cultivation of such wheat
varieties as “Polovchanka”, “Chillaki”, “Kroshka” and analogous “Microzym-2” increase equal to
4.2-5.7 centners/hectare in cultivation of such cotton varieties as Omad, Namangan-34,
Namangan-77, Buchara-108 have been achieved. The enzyme preparations promote to increase of
germination energy and seed germination at relatively lower temperatures, active growth and
development of sprouts, stalks, also reduction of time of vegetative growth of cultivated plants and
maturation of their harvest.

The norm of enzyme compositions expenditure for pre-seeding treatment of seeds of various
wheat varieties comes to 30 litres/ton, for the bared cotton seeds — 30 litres/ton, for the pussy—
coated cotton seeds — 35 litres/ton. The noted volumes and componental structure of enzymes can
be increased, reduced and excluded depending on kinds, varieties and densities of seeds, enzyme
activities and ways of processing.

Application of these enzyme technology allows to receive the additional income at a rate of
400-500 sums at the expense of each spent 100 sums. Cost of enzyme preparations and their
compositions depends on their structure, activity, varieties of seeds intended for processing, and
comprises in average 7.5-8.0 thousand sums/litre.

There are collection of active cultures, growing ways, optimum a condition and parameters
enzyme formation, methods of isolation, clearing of enzymes both their active forms and
corresponding industrial rules for wide introduction of preparations in an agriculture and various
branches of manufacture.

Conclusions
Various intensity of biosynthesis of cellulase, xylanase and antibiotic substances with bran,
wood sawdust or the grain bard can, will be explained by the general nonspecific influence of
carbohydrates on growth and developments of microorganisms.
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As a result of this experiment showed that, biotechnological companies are using from waste
materials (like bard, wheaten bran and wood granules) as essential ready materials of agriculture. It
enables to protect our environment and create new non-waste technologies of industry.

With use of the above optimized structure of a nutrient medium and conditions the laboratory
regulations of preparation enzymatic and antibiotically active cultural liquids from examinees of
cultures for creation of enzymatic composition of Microzym-1 and Microzym-2 were developed.
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Annomayus. B Hactosiiee BpeMs U B Onmkaifiiem OyayiieM B KayecTBE OCHOBHOIO CBHIPbS
JUIE MUKpOOHOTO OHOCHHTE3a MPEAINoaraeTcsl HCIO0JIb30BaTh PACTUTENbHBIE MaTepHallbl. JTO
00yCJIOBJIEHO TE€M, 4TO, BO-TIEPBBIX, 3allachl paCTUTEIbHOI OHOMAacchl BO30OHOBIISAIOTCS B IpOLECCe
dotocunTesa. Esxeromnas mnpoxaykmusi Ouomaccel cocrasiser 184-1010 1. Bo-BTOphiX, Ha
CETOJHSIIHUMN J€Hb MHOTHE YacTH PacTUTENIbHOW OMOMAacChl, SIBJIAIOLIMECS OTXOJaMH HEKOTOPBIX
MIPOU3BOJICTB,  MCMNONb3ylOTcs  Majo. (Cka3aHHOE€  TIJIaBHBIM  O0Opa3oM  OTHOCUTCS K
JUTHOLEIUTIONIO030COAEPKAIUM ~ MarepuajaM.  YBEIMYEHHE  NPOAYKTUBHOCTH  IIPOLECCOB
MUKpPOOHOTO CHHTE€3a IIyTE€M IMOBBIMIEHUS KOX(pUIUEHTa KOHBEPCHM CyOCTpaTa B >KeIaeMblil
IIPOLYKT — B JIUTEPATypE HENOCTATOYHO PACKPHIT.

Lenp Hacrosimed pabOTbl — pacCMOTPETh BO3MOXKHOCTH IMOBBILIEHUS KOHBEPCUU
YIJIEBOJHOTO cyOcTpaTa B MPOLEccax MUKPOOHOTO CHHTE3A.

Abstract. At present, and in the near future, plant materials are supposed to be used as the

main raw material for microbial biosynthesis. This is due to the fact that, firstly, the stocks of plant
biomass are renewed in the process of photosynthesis. The annual production of biomass is 184—
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1010 tons. Secondly, today many parts of plant biomass, which are the waste products of some
industries, are used little. This applies mainly to lignocellulose—containing materials. The increase
in the productivity of microbial synthesis processes by increasing the conversion factor of the
substrate into the desired product is not sufficiently disclosed in the literature.

The purpose of this work is to explore the possibilities of increasing the conversion of the
carbohydrate substrate in the processes of microbial synthesis.

Knrouegwvie cnosa: 6Guostanoi, Topd, MUKpOOPTaHU3MBI, OHMOTpaHChOpMAIIHsI, TITOKO3a.
Keywords: bioethanol, peat, microorganisms, biotransformation, glucose.

Beeoenue

Bo wmHormx mnaGopaTopusix BeOyTCsl MCCIEAOBaHUS, HalpaBlIeHHbIE Ha pPa3pabOTKy
HSKOHOMHYECKH BBIFOJHOIO cHoco0a OMOKOHBEPCHM pACTUTENIBHBIX MAaTepuajoB B LIEHHBIE
OPOAYKTHL. B 3THX ucclienoBaHMsIX BBIPHCOBBIBAIOTCSA [Ba HampaBlieHUs. B mepBom BapuaHTte
paspabarbiBaeTcs CIOCOO MNPsAMOM OHWOKOHBEPCHU PACTUTENIBHBIX MOJMMEPOB  (LIEJUIIOIO3bI,
TeMUIIEIITIONIO3bI, JINTHUHA) B TAKUE MPOIYKTHI, KaK, HAIpUMep, MUKpOOHBIN O€JI0K, 3TaHo, Ouoras
u 1p. O4eBUIHBIM IPEUMYIIIECTBOM 3TOT0 criocoda sBisercs ero npocrora. Hepocrarok B ToM, 4TO
CYIIECTBYIOIIME CHUCTEMBbl MHKPOOHOH KOHBEPCHHM JIMTHOICIUIIOJIO3HBIX ~MAaTepHajoB IIOKa
o0J1aflaloT MaJIOM MPOAYKTUBHOCTBIO. Y /1€JbHbIE AaKTUBHOCTH MPUPOJHBIX MPOAYLIEHTOB IIOKA HE
o0ecreYnBaOT peHTa0eIbHOCTH 3THX MpoueccoB. [IpsiMas KOHBEpCHs pPAaCTHTENBHBIX MOJIMMEPOB
OCJIOXKHSIETCSl TaKXKe TeM, 4TO CyOCTpaT TPyAHO HMOJAAETCS CTaHAAPTU3ALUHU M0 CBOMM (U3UKO—
XUMHAYECKHM CBOicTBaM. [109TOMY 3TH IpoIiecchl MEJIEHHBI, XapaKTePU3YIOTCS HU3KOH CTETIEHBIO
UCIOJIb30BaHUsA cyOCcTpaTa, TPYIHO YIpaBisieMbl. B MeHblIel Mepe 3TH 3aTpyAHEHUS] OTHOCATCS K
mporeccaM METaHOBOTO M CIUPTOBOIO OpOXKEHHA. IJTH TPOLECCHl YK€ HUCIHOIB3YIOTCA B
IIPOMBIIIJICHHOM MacIuTabe.

Jlpyroii BapHaHT MpeInojaraeT MpOBEICHHE KOHBEPCHM PACTUTENBHBIX MOJUMEPOB B JBE
craqui. Ha nepBoil craauum npoBOAUTCS THAPONU3 MosiuMepoB. [lomyueHHble MOHOMEpHI (B
OCHOBHOM YTJIEBOJIbI) MTyT€M MHUKPOOHOH OMOKOHBEPCHM IMPEBPAINAIOT B HYXKHBIC MPOIYKTHI Ha
nocienywomeil craauu. IlpemmymiectBo 3Toro cmoco0a COCTOMT B TOM, YTO YyX€ M3BECTHBI U
HIIUPOKO MpUMEHS0TCA 3((HEeKTUBHBIE CIOCOObI (PEPMEHTATUBHOM, XMMHUECKON, TEPMUUYECKONH U
APYTUX JECTPYKUMH JIMTHOLEUTIONO3HBIX MaTepHalioB, MPHUBOIAIIME K OBICTpOoMYy U Oonee
MOJTHOMY WX Tuaponu3y. Jlamee W3 pacTBOPHMBIX YIJIEBOAOB B KOHTPOJIUPYEMBIX YCIOBHSIX
(dbepMeHTallul MOXXHO HOJYYUTh IIUPOKUH aCCOPTUMEHT MPOAYKTOB MHKPOOHOTO CHHTE3A.
OCHOBHOM HEJOCTATOK BTOPOT0O BapHaHTa B TOM, YTO MpeAo0padoTKa yBeIUYUBAET IHEPro3aTpaThl
U TpeOyeT JONOIHUTEIbHBIX PACXOI0B.

[TpoayKTUBHOCTH JIFOOOTO MpoIiecca MUKPOOHOTO CHHTE3a OMPEAETSeTCsS B OCHOBHOM TPEMs
COCTABIISIOLIMMHU: YAECITbHOW aKTUBHOCTBIO MPOJYLIEHTA, KOJMYECTBOM aKTUBHBIX KIJIETOK B 00beMe
Oonopeaktopa W KOI(PPUIMEHTOM KOHBEPCHU MCXOJHOTO CyOCTpara B IIEJIEBOM MPOJYKT.
VBenn4yeHnuss MPOAYKTUBHOCTH MOXHO JOOMTbcA  pa3HbIMH  nyTsaMH. CyllecTBEeHHbIMU
MPEUMYIIECTBAMU TI0 CPAaBHEHHIO C JIPYTMMH OO0JIaflaeT METOJ YBEIWYEHHUS MPOIYKTHBHOCTH
MHUKPOOHOI0 CMHTE€3a IIyTeM MOBBIIIEHUs KO3 PUIeHTa KOHBepcHU. B 3ToM ciiyuae ymeHbaercs
ce0ecTOMMOCTh MPOAYKTa 3a CYeT Oojiee pallMOHAIBHOIO MCIOJIb30BaHUA cyoOcTparta. [Ipu sTom
OuopeakTop He TpeOyeT TEXHHYECKOTO YCOBEPLICHCTBOBAHMS CHCTEM IEpeMEIIUBaHUs, adpalluy,
TeruiooTBo1a. Kak mpaBuito, B 3TOM cilydae yIyqIIaroTcsi CBOMCTBa KOHEUHOTO MPOIYKTA, TaK KaK B
HEM COJICP)KUTCS MeHbIIe Oanacra [1]

Henmrono3a npeacrasiser co0o0il TMHENHHBINH mouMep II0K03bl. CTPYKTypa MOJIEKYJIbI 3TOT0
MPUPOJHOTO MoJMcaxapuaa 00ecrednBaeT BEICOKYIO YCTOMYMBOCTh K BHEITHUM BO3/eHCTBUAM. Ee
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JNECTPYKIUIO KATAIM3UPYIOT (EPMEHTHI IEJUTI0NIA3HOTO KOMILUIEKCa, KOTOphle OTHOCATCS K O—
rmko3ua—Tuapoazam (K@ 3.2.1). [emrronasbl MIMPOKO UCIOIB3YIOTCS B IMUIIEBOM, TEKCTUIILHOM,
nepeBooOpabdaTeIBaroOIIe, (apMaleBTUYECKOW OTPACHIIX IMPOMBIIUICHHOCTH, B IPOHU3BOJICTBE
O103TaHoJIa, MOIOIIMX CPEACTB, B TEXHOIOTHSX MepepabOTKH pa3IMYHbIX OTXO010B [2].

EctecTBeHHBIN CMOCO0 YTHIHM3AIMK IEJUTIOJIO30COACPKAIMUX OTXOJ0B, OCHOBAaHHBIM Ha
pa3pyluIeHHH OpraHH4eckoro cyOcTpara MUKpOOpPraHM3MaMM, Has3blBaeTcsi Ouoperpananus. OnHa
MO3BOJISIET PELIUTh JIB€ OCHOBHBIC 3aJayM: CO3/IaHME€ HKOHOMHYECKH BBIFOJHOIO IIpoliecca
IIPOU3BOJICTBA LIEJIEBOTO MIPOAYKTA U YTUIN3AIUIO TOTEHIMATBHBIX SKOJIOTHYECKUX 3arpsA3HUTEIICH.

C momoIIpi0 OMOOTUYECKUX KaTaau3aTopoB (PepMEHTOB) MUKPOOPTAHU3MBI PACIICIUISIOT
LEJUTI0N03Y ¢ 00pa3oBaHUEM LIEIO0ro KOMILJIEKCA EHHBIX TEXHUYECKUX MPOAYKTOB. B 3aBucuMocTu
OT MOCTABJICHHOHN IEJIM TaKUMH TPOJYKTAMHU MOTYT OBITh TEXHUYECKUE (DEPMEHTHI (IIEIUTFOJIA3b),
TJII0KO03a WJIM OMOATAHO.

[Tpon3BoCcTBO OMOATaHOMA SBISETCS OJHUM M3 IyTEH COKpaIleHUs moTpedneHust HedTu u
coOoieHust TpeOOBaHUMN IO 3alIUTe OKpYKarollel cpelbl. buo3TaHol MOXKET HUCIOJIb30BAThCS B
KauecTBE TOIUIMBA C TAKUMHU XapPAKTEPUCTUKAMH, TAKUM KaK BBICOKOE€ OKTAHOBOE UHKCIIO, HHU3KOE
LIETAHOBOE YUCIIO M BBICOKAsl TemIeparypa ucnapeHus. Ero riaBHbIMM HEIOCTAaTKAMM SIBIISIIOTCA
KOPPO3MOHHAsI aKTUBHOCTb, HU3Kas IUIAMEHHAs CBETUMOCTh, TMOHIKEHHOE JaBJCHUE Tapa,
CMEIIIMBAEMOCTh C BOJOW W TOKCHYHOCTh JUIsi dKocucTeM. OOHOM W3 BaKHEHIIHMX MpoOlieM,
CBA3AaHHBIX C OHMOITAHOJIOM SBIAECTCA Hamu4ue Chiphbsi. llomaya CwIpesS UIsi NPOU3BOJCTBA
OMOdTaHOJa MOXKET BapbUPOBATHCA OT CE30HA K CE30Hy W 3aBUCUT OT reorpaduueckux
MECTONOJIOKEHUN.  JIurHomemono3Has Ouomacca, Takas Kak JIPEBECHbIE  MaTepualbl,
CEJIbCKOXO3SICTBEHHbIE W KOMMYHaJbHbIE OTXOJbI, a Takxke Topd, SBISETCS 3aMETHBIM
HMCTOYHUKOM OMOATaHOJIA M3-3a €r0 BBICOKOW JOCTYMHOCTH WM HMU3KOM ctrouMocTH. Kpome Toro, c
WCIIOJIB30BAHUE MHUKPOOPIaHM3MOB B IIPOM3BOJACTBE JENAKOT JaHHBIM @poLecc BechbMa
cBOocoOpa3HbIM. MHOTHME KOHBEPCHOHHBIC TEXHOJIOTHU M TEXHOJOTUU JJII MPOU3BOJACTBA ITAHOJIA
Ha OCHOBE OMOMACCHI HAXOIATCS B CTAAUU pa3padboTku [3].

Mamepuan u memoouka

B pabore wucnonb3oBancs TOpd BEpPXOBOro THIA, MPUBE3EHHBIM u3 CTapuIKOro u
Henunosckoro paitonos TBepckoii o6nactu nerom 2017 rona.

XUMUYECKUI COCTaB UCMOJIb30BaHHOTO Topda ONpeessuics TPaBUMETPUUYECKUM CIIOCOOOM,
OCHOBAaHHBIM Ha TIOCIEIOBATEeIbHOM YAAJCHUM U3 OHOMAcChl HKCTPAKTUBHBIX BEIIECTB,
TeMUIICIUTIONO03 | JIMTHUHA [4].

OOBeKTOM HCCIeOBaHMUs TakXke OBLIM KYJIbTypbl MHUKPOOPTaHHW3MOB, BBIIEJICHHBIE U3
o0pa31oB Topda B 1a00pPaTOPHBIX YCIOBHSIX.

AdpoOHBIE LIEUTIOI030pa3aralouiie MHUKPOOPraHU3Mbl HauOojiee MOJHO BBIABISIOTCS
METOJIOM MOYBEHHBIX IIacTUHOK. [louBy oOoramaroT coequHeHUsIMU Kaiaus U azota (2 mia 1,5%-
Horo pactBopa KNO3 Ha 50—60 r mousbl). OO0rameHHyo HaBecKy pa3MelIMBAlOT, YBIAXKHAIOT U
MOMENIAIoT B yalKy [lerpu, Ha THO KOTOpPOI MpeIBapUTENbHO KIAAYT CTEPUIIbHbIE 00€330JIEHHBIE
¢unbTpel MM puabTpoBaNbHYIO Oymary. Ha mMOBEpXHOCTh IOUBEHHOW IUIACTUHKH TaKkKe
HAaKJIaJbIBAIOT KPYKOK (GUIBTPOBAIBHON OymMarn M IUIOTHO NPUKUMAIOT €ro K IOBEPXHOCTH
IUTACTUHKY. YalmKu ¢ IUIaCTUHKaMM MHKYOHMPYIOT BO BiIaxHOH Kamepe. Cpok HHKyOanuu
BapbUpPYET B 3aBHCUMOCTH OT CBOMCTB MOYBBHI. J[Js JA€pHOBO—IOA30JMCTON MOYBHI 3TOT CPOK
MOXKHO OTPaHMYUTh HECKOJBKHMMU HEIENSMH, B UYEpPHO3eME CpPOK HWHKYOAIlMH JOJDKEH OBbITh
YBEJINYEH.

Pe3ynpTaThl OmbiTa OLEHUBAIOT MO CTENEHU paszioxkeHus Oymaru. B nepHoBomoazonucTon
MOYBE LEJUTI0I030pa3iararwlue MUKpOOpraHU3Mbl MIPeICTaBIeHbl OOBIUHO rpudaMu, B YEPHO3EME
— MuKkcoOakTepusMu. [ BbLAETCHHS MHUKCOOAKTEpUH W3 IMOYBBI MCIIONB3YETCS CIETYIOLIHI
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metos. Yamka [leTpy HanmomHSETCS MOYBOM, KOTOpasl yBIAXHSETCS 10 TMOJTHOW BIAaroeMKOCTH. B
MOYBY BHOCSIT aBTOKJIABHPOBAHHBIN Kponwuuii omer. MukyoupyroT npu 30°. Uepes 10 nHeii Ha
KOMOYKaX MOMETa M0 MUKPOCKOTIOM BHJIHBIC KOJIOHUHU M KJIETKH MUKPOOPraHu3MoB [5—6].

Jlanee ompenensnu  LEUIIOJIONIUTUYECKYI0O  aKTUBHOCTh ~ MHUKPOMHIIETOB,  HCHOJb3Ys
KaueCTBEHHBI METOJI, BKIIOYAIOIINN BU3yalbHYIO OIICHKY M3MEHEHUs cyOcTpara mpu pocre rpuda
Ha 1euTtos03e (hunpTpoBaibHON Oymare). OueHky Benu 1o 6auibHoU mkane bunait: 1-2 6amna —
cnabplii poct Munenuss Tpuba, OTCYTCTBHE CIOPOOOpa30OBaHUS, OTCYTCTBHE pa3pyLICHHBIX
YYaCTKOB HEJLTI0I03bI, 3—4 0ayuta — OOMJIBHBIM U XOPOIIIO Pa3BUTHIN MHIICINUNA, 00BOIAKWBAFOIITHI
LEJUTFOJIO3HBIN CyOCTpart, aerpaaanus cyocrpara [7-8].

Jlia uccrnenoBaHuss BO3MOXKHOCTH (PEpMEHTATHUBHOI'O THAPOIU3a IIEJUIIOJIO3bI, CO3IaHUS U
KOHTPOJISI ONTHUMAJILHBIX YCIOBUH TpoIiecca ObUT UCIONIb30BaH OHodepMeHTep, MpeIHaA3HAYCHHBIN
JUIsl TIIyOMHHOTO KYJIbTHUBUPOBAHUS MHKPOOPraHM3MOB, B TOM YHCJIE MHIIEIUAIbHBIX TI'pUOOB,
YYacTBYIONIMX B OHMOKOHBEPCHU IEJUTIOIO30COepKaImUX cyocTparoB. B Ouodepmentepe ObuLT
pealin30BaH MyTh KOHTPOJS M MOAJEp)KaHUs TeMmiieparypbl, pH, o00poToB Memianku, a’paiui,
MEHOTAICHUSI W TMOANUTKH CcyOcTpaTtoM. [loYBEeHHBIE MHKPOOpPraHU3MBI (EPMEHTHPOBAIU Ha
TopstHOM cyOcTpare 24 yaca npu temneparype 50°C u pH=5.

KonuyecTBeHHBIN aHATN3 PEaKIMOHHOW MAacChl TIPOBOIUIICS METOAOM BBICOKOI(()EKTUBHON
JKUAKOCTHOM Xpomarorpaduu. B xone ananuza Oblia UCHOIb30BaHA XpoMaTorpaduieckas cucreMa
«Xpomarak—Kpucramn», cHaOXeHHAas BaKyyMHBIM JEra3aTopoM, H30KPAaTHUYECKUM HacOCOM,
TEPMOCTAaTOM KOJIOHOK U pPe(PpakTOMETpUUYECKUM AETeKOTOpoM. B kadecTBe MOABIKHOHM (a3bl
WCIIOJIb30BAINCH BOJIA, MMOJAKUCIICHHAS CEpHOU KucioToi. CkopocTh mojaun dmroeHTa 0.5 Mir/MuH.
OmnpeneneHre KOHIEHTPAIMM CcaxapoB IMPOBOAMIOCH IO CTaHJAPTHBIM  BEIIECTBAM U
COOTBETCTBYIOIIUM KaTHOPOBOYHBIM 3aBHCHMOCTSIM.

Pesynomamoit u ux oocyscoenue

B xonme paborel OblIM  MccaenoBaHbl 00pasubl  Topda, coaepxkaliue IOYBEHHbIE
MHUKPOOPIaHU3MBbI, a WMMEHHO MHUKpoMuleTsl pona Penicillium wu Trichderma, a Taxxke
aKTHHOMHMIIETHI pojia Actinomyces u 6akTepuu poaa Bacillus.

[Ipu uccnenoBaHNM aKTUBHOCTH TOYBEHHBIX MHKPOOPTaHM3MOB OBLIO BBISBICHO, YTO OHHU
o0J1afjatoT pa3HON CTENeHbI0 aKTUBHOCTH. VccnenoBanust rpolecca (hepMeHTAIMU ¢ COKpaIleHHBIM
WHKYOAIIMOHHBIM ~ TIEPUOJIOM JIAJIM  BO3MOXKHOCTH ~ OTPENENIHTh Hauboyiee OIarompusTHYIO
TeMIepaTypy pocTa MUKPOOPTaHU3MOB U YCTAaHOBUTH KOJIMYECTBEHHOE COOTHOILIEHUE IMOYBEHHBIX
OpraHu3MoOB B 00pasIiax, MpeIcTaBIeHHOEe Ha Auarpamme Ha Pucynke 1.

4 p

® Penicillium
M Trichderma
i Actinomyces
i Bacillus

Pucynok 1. luarpamma KOJTMYECTBEHHOT'O COOTHOIIEHUSI TOYBEHHBIX OPraHU3MOB B 00pa3iax
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CymMapHas LelUIoa3Has aKTUBHOCTh MPOSIBIIsUIach yxke Ha 5-¢ cytku. Ilo mepe pocra
rpruOOB YPOBEHb AKTHBHOCTH IEJUTFOJIA3bI MTOBBIIIAJICS.

B nepBrbie yachl (hepMeHTAIMH TTOYBEHHBIX MUKPOMUIIETOB UAET MHTEHCUBHBIN POCT TPHOOB,
a aKTMBHOE pa3pyIICHUE OPraHMYECKOTO BEIIECTBAa CyOCTpara HacTymaer mosanee (Pucynok 2).
3T0 03HAYAET, YTO HAKOIUIEHHE OMoMacchl TprOOB B Havaje KyJIbTUBUPOBAHUS HJIET B OCHOBHOM 32
CUET MUTATEIBHBIX BENIECTB TOP(aA, a MIMEHHO TeMHIICIUTFOJIO3HOTO KOMITOHEHTA.
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PI/IcyHOK 2. 3aBUCHMOCTD KOHICHTpAUU I''TFOKO3BI B THAPOJIN3aTE OT BPpEMCHU Q)epMeHTaIII/II/I

DKcrepuMeHTaIbHOE BappupoBanus pH pemanocs myreM BHeCeHHs B TOp( ameTaTHBIX
OydpepoB. B Hamumx npeaBapUTENIbHBIX OINBITAX 33jJaya pellajgachk IMyTeM BHECEHUs B Topd
pactBopoB HCIl u NaOH, niu npumenenust arierataoro 6ydepa (pH 4—6), uaun CaCO3 B Bue Mena.
Bydep nmpuBonun k emie OonpliemMy noakucieHuto Topda no 3Hadenuit pH 3,3.-3,7 BcrneacTBue
OOMEHHBIX peakuuii ¢ mporoHamu. [IprMeHeHHE IIeno4eld M KHCIOT TaKKe IPEICTaBISIIOCH
HEeXXeJaTelbHbIM M3-3a N000UYHbIX 3¢ dexToB. bonee ynauneiM okaszanock ucnons3zoBanue CaCO3 B
BUJIC MeJla, KOTOPBIA ITO3BOJIMJI BapbUPOBaTh PEAKIHUIO Cpeabl 0€3 M3MEHEHWS WOHHOW CHIIBI
TopsiHOTO pacTBOpa. ENMHCTBEHHBIM HEIOCTATKOM ATOTO MOAX0Ja, C KOTOPBIM IPHUXOIUTCS
MUPHUTBCS, OCTAeTCs TpsMoe BIUsHHE WOHOB Ca Ha MHKPOOHYIO aKTHBHOCTH, HECBS3aHHOE C
BiusiHuEM pH.
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Pucynok 3. 3aBucumMocTh 00pa3oBaHus TIFOKO3bLI/I, OT 3HaYeHus: PH npu pepmeHTaTHBHOM
ruzposnse Topha
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Pesynbrarhl skcriepuMeHTa IpencTaBieHbl Ha Pucynke 3. 3aBUCHMOCTbH (hepMEHTaTUBHOMN
akTUBHOCTH Topda oT pH HOcuia xapakTep KynoiaooOpa3HoW KpuBoi ¢ MmakcumymoM nipu pH 5,0—
5,5, 94T0 OIU3KO K ITOKA3aTear0 KUCIOTHOCTH OOJOTHOW BOABI IN Situ. JlocTroBepHOE moTpedicHme
LEJUTIOJIO3HOTO  CHIPbSl MPOCICKHUBAIOCH MpPH MOJKHCICHUH cpeabl BIoth g0 pH 3.5. B
HEUTpPaJbHON cpeie aKTUBHOCTh Pe3KO CHUkasach. CKOpPOCTh (pepMEHTAIlMM HATUBHBIX O0OPAa3IOB
topdpa ¢ pH 5.2 mpepimana TakoByr npu pH 7 B 3 pasza. [locnemnuit Qakt ogHO3HAYHO
CBUCTEIBCTBYET O TOM, UYTO AKTHHOMHUIETHI M MHUKPOMHIIETHI TOP(SHBIX OOJOT SBISAIOTCA
YMEPEHHBIMH alluI0(pUIaMH, T.€. CJIa00 KUCIasi CpeJja COOTBETCTBYET HOPME MX (U3UOIOTHUECKOM
peaxuu.
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5,00 \‘\

4,00

T

3,00

2,00 "

1,00
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Pucynok 4. 3aBHCHMOCTH 00pa30BaHus TJIFOKO36I, I/11, OT Temreparypsl, °C, npu (epMEHTaATHBHOM
ruaposu3se Topda

Temmeparypa, Tak ke Kak 1 pH, BecbMa 3HauMMO BiHsIa Ha (DEPMEHTATUBHYIO aKTHUBHOCTD
aKTUBHOCTH oOpasiua Topda (PucyHnok 4). OnTuManabHBIM OKa3aics Auana3zoH temmnepatyp ot 30 10
55 °C. Ilpu noBbIieHAH TeMIiepaTypsl 10 65 °C CKOPOCTh Pa3IoKEHHS IIETUTFOJIO3bI CHIDKAIACh B 2
pasa. B 1o xe Bpems naxe npu 25°C peructpupoanach, XOTs U MEHEe BbICOKasi, HO 3HaUMTEIbHAs
CKOpPOCTh pasnoxkeHuss Topda. Takum o00pa3oM, NEUTIOIO30JIUTHIECKHE MHKPOOPTaHU3MBI
carHoBbIX OOJOT OKa3aIMCh ME30(PHILHBIMU OPraHU3MaMHU.

Bvisoowt

B  namHOW  paboTe  TPOBOAMIOCH  WCCIEAOBAHWE  IICIUTIONA3HOW  aKTUBHOCTH
MHUKpPOOpPTraHu3MoB Topda. beimo wnccienoBaHO BIUSHUE KUCIOTHOCTH Cpelbl Ha paslioKeHHe
MUKPOOpPTraHU3MaMH IEJUTIOJIO3bI, @ TAKXKE BIUSHUE TEMIIEpaTyphI.

beuto  yctanoBneHo, uyTo Haubosnee OIArONPUATHBIMH YCIOBHSIMH JJI TPOBEACHUS
dbepmenTonmmza sustoTest PH, pasusnii 5,0-5,5 u remneparypa 45-50 °C.

UccnenoBanus mporecca (pepMEHTAIIMU C COKPAIIEHHBIM WHKYOAllMOHHBIM TepuoioM 24
yaca TMOKa3aJHd, YTO Takas MPOJODKUTEIBHOCTh HE MPHBOJUT K TIIYOOKOMY TMPEeoOpa3oBaHUIO
OpPraHMYECKUX BEIIECTB U AKTUBHOMY OMOCHUHTE3y METa0OIUTOB.

Paboma evinonnena npu noodepoicke epanma PODHU Nel6-08-00158.
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Annomayus. B pganHOW paboTe NPUBOAATCA MAaHHBIE MO THUIPOTCHOIM3Y KOMIIOHEHTOB
paCTHTCHBHOﬁ OnomMaccel C MOJIYYCHHUEM HCHHBIX XWMHWYCCKHUX BCHICCTB. I/ICCJ'ICI[OBaHI/ISI
HaIpaBlIeHbl HAa MOUCK YPPEKTUBHON KaTATUTUIECKONH CUCTEMBI, TIO3BOJISIONIEH MOTy4YaTh BHICOKHE
CTENIEHU KOHBEPCUHU CyOcTpaTa ¢ BBICOKOM CEIEKTHBHOCTBIO MPHU MEepepadoTKe BCEX KOMIIOHEHTOB
O6uomaccel. Ha OCHOBaHMM OKCINEPUMEHTAJIbHBIX JaHHBIX MOXKHO CHeJaTh BBIBOJ O TOM,
karanmutudeckas cucrema 3%RU/MN270 sBiseTcss aKTHBHOW B IpoIleccaX THAPOTeHONN3a
JUTHHUHA, [EJUIIOJIO3bI M TEeMHIIEIUTIOJIO3b], @ COOTBETCTBEHHO MOXET OBITh HCIONb30BaHA B
KOMIUIEKCHOM TiepepaboTke Onomaccel. Katanmutudeckas cuctemMa Takxe SBISETCS CTaOMIBHOM —
MATUKPATHOE UCTIONB30BAHUE B PEAKIIUU THIPOTEHOIN3a HE MPUBEIO K U3BMEHEHUIO0 aKTUBHOCTH.

Abstract. In this work, experimental studies aimed at the study of the hydrogenolysis of
components of plant biomass with the production of a valuable chemical substances have been
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conducted. Research aimed at finding of effective catalytic system allows to obtain a high degree of
conversion of the substrate with high selectivity in the processing of all components of the biomass.
On the basis of experimental data it can be concluded that 3% Ru/MN270 catalyst is active in the
hydrogenolysis of lignin, cellulose and hemicellulose, and it can be used in a complex processing of
biomass. The catalytic system is also stable — the five-time use in the reaction of hydrogenolysis
did not lead to the change of activity.

Kniouesvie cnosa: NWrHUH, LEUIION03a, TEMULEIUII0I03a, CBEPXCIIMTHIM MOIMCTUPOIL,
TUJIPOTEHOJIN3.

Keywords: lignin, cellulose, hemicellulose, hypercrosslinked polystyrene, hydrogenolysis.

B macrosimee Bpemsi 0oJbIIO€ BHUMaHHE yJensercss pa3padoTke 3(PQPEeKTHBHBIX METOIOB
KOHBEPCHH PACTUTEIbHONH OMOMAcChl B ChIphE ISl XMMHUYECKONH U TOIUIMBHOW MPOMBIILIEHHOCTU
[1]. JlurHomemnronio3Hass OMoOMacca COCTOMT W3 TPEX OCHOBHBIX KOMIIOHEHTOB: IIEJUTIOJIO3a,
TeMHUIICIUTION03a, TUTHUH. Llemmtono3a sBIseTcs TMHEWHBIM OJUMEPOM TIIFOKO3bI, COCTOSIICH U3
yacTeld ¢ KPUCTAJUIMUECKOM CTPYKTypoll M yacTeil ¢ aMop(HON CTpPYKTYypoH, 3TO JIMHEWHBIH,
TeTEepOLICTIHOM, CTepeoperyisipHblii moaumep (MoiMcaxapui), Lelb KOTOPOro IOCTpOeHa U3
3BEHbEB aHTHIPO—D—D—rirokonupano3sl, COSNMHEHHBIX ALETATbHBIMU (TJIMKO3HUHBIMU) CBSI3SIMH:
1—4 [nonu (1—4)-b—-D-rmokonupano3ua—D-riatrokonupanosa] (Pucynok 1) [2], B To BpeMs kak
TeMUIEIUTION03a SIBISETCS aMOpP(GHBIM, TE€TEPOT€HHO PA3BETBICHHBIM IOJIMMEPOM TIEHTO3Bl WU
TeKCO3bl, B OCHOBHOM, KCHJIO3bI, apaOMHO3bI, MaHHO3bI, TaJIAKTO3bl W TJIIOKO3BI — 3TO
HELEJUTFOJI03HBIN NOJINCAXAPU, ABISIOIHANCS CTPYKTYPHBIM KOMIIOHEHTOMH KJIETOYHOM CTEHKH. B
COCTaB pAa3jMYHbIX PACTEHHH OOBIYHO BXOJIUT HECKOJBKO pPAa3IHYalOUIUXCS [0 CTPOCHHUIO
remunetonos. Ha Pucynke 2 npeacraBneH kcuiad. JIMTHUH sBaseTcst aMOpP(HBIM M CHUIIBHO
pa3BETBICHHBIM MOJIMMEPOM U3 (PEHHUIITTPONIAHOBBIX 3BEHBEB, KOTOPHIE MOTYT COCTaBIAThH 10 40%
oT cyxoro Beca Omomacchl [3]. OCHOBHBIM IMPOJYKTOM THJIPOTCHOJN3a IIEIUTFOJIO3BI SBISETCS
copOuT [4—6], reMHUIIEIUTIOI03b] — DTHIICHTIMKOIb, TUTHHHA — (DEHOJBI U UX IPOM3BOIHBIE [7].

CH,OH CH,OH CH,OH

| |
H ¢—0O H ¢c—O —0
é/SH OIN <'3/SH N Z/ﬁ NN,
OH H
Raiih e Gt
H OH H OH H OH

Pucynok 1. CtpoeHne 1emirono3sl
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Pucynok 2. CtpoeHue KcuiiaHa

ocH3

OH

OCH,4
OCH, O
H,CO
HsCO )_@ OCH;
OCH,

H3CO O
H,CO
* O OCHj

H;CO OH
Pucynok 3. CxeMaTHuHOE CTPOCHHE JIUTHUHA

OpHMM U3 aKTyalbHBIX HAMpaBICHUH B JAHHON OONACTH SABISETCS MOUCK KAaTaTHUTHUYECKUX
CHCTEM JIJIS TaHHBIX TTpoIieccoB [8].

Oxcnepumenmanvhas 4acmo

IIpouecc ruaporeHonn3a NpoOBOANUIN B CTAILHOM peakTope Bbicokoro nasiaeHuss PARR 4843
(Parr Instrument, CIIIA) o6bsemoM 50 cm®. B komby peakTopa B ONpENETeHHOM COOTHOIICHHH
sarpyxanu cyocrpar (0,1-0,3 r), Heobxoaumoe komuuecTBo Karanusatopa (0,05-0,09 r) u 30 M
pactBopuTensd. i ynaneHus Bo3ayXa peakTop TPUKAbl IPOAYBAIM a30TOM IOJI AaBJIEHUEM, TTOCTe
4ero BKIJIIOYATIN HarpeB W MO JOCTHXKEHUU peaknunoHHOoU TemmepaTypsl (220280 °C) B peaktop
nmoAaBaM BOAOpoa moj pabounMm nasieHueM (ot 40 go 80 Gap). DTOT MOMEHT CIYKUT HAYaJIOM
oTcYeTa BPEMEHHM JKCIEpUMEHTa. Peakiuio MpoBOIWIM TPHU IMOCTOSHHOM IE€pEeMEIIMBAHUU (10
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1500 06./mMuH) Ans MpeJOTBpALleHHs OOpa30BaHMs JIOKAJIBHBIX 30H TEpPErpeBa M HACHIIICHHS
IMOBEPXHOCTH KaTaln3aTtopa BOAOPOIAOM. Peakiiuio mpoBoauiu ¢ ucroias3oBanuem 3% Ru/ MN 270
[9]. AHanmu3 mnonyd4eHHOro KarajaM3ara TMPOBOIWIM Ha BBICOKOI(P(PEKTUBHOM KHUIKOCTHOM
xpomarorpade UltiMate 3000 (Dionex, CIIIA). KauecTBeHHOE ompeiesieHue BEECTB MOTy4aeMbIX
B PEaKLMU KOHBEPCHM LEIUTIOJIO3BI MTPOBOIMIN Ha Xxpomaromacc—crnekrpomerpe GCMS-QP2010S
(SHIMADZU, SInonus).

IIpucomosnenue xkamanuzamopa

Karanuzarop 3%Ru/MN270 cuntesupoBanmu metogom mnporutkun CIIC mapku MN270
(Purolite Inc., BenukobpuTanus) 10 BIaroeMKOCTH BOAHBIM pactBopoM mpekypcopa (Ru(OH)CIs)
Ipu KOMHATHOW TemIeparype B CMECH paCTBOPHUTENCH: TeTparuapodypaH—MeTaHOI—BOAa B
cootHomeHuu 4:1:1. 3arem katanu3atop BeICymuBaiu mnpu temmeparype 70 °C u obpabaThiBaH
cmechto NaOH u nepokcuna Bogopoaa mpu temmepatype 80 °C. Jlanee karanu3zaTtop MpOMBIBAIH
BOJIOHM JI0 NCYE3HOBEHHS PEaKIIMU Ha XJIOPUI—aHHOHBI B IPOMBIBHBIX BOJAaX U BBICYLIUBAJIM HpU 85
°C. 3aTeM KaTaJu3aTOp BOCCTAHABIMBAJIM B TOKE BOJOpOJA IpPH aTMOCHEPHOM JaBICHUH U
temnepatype okoio 300 °C B TeyeHue 2 4acos.

T'uopozenonus yennono3svl

[Ipouecc ruaporeHosn3a LEIUIOI03bl COCTOUT M3 JBYX OCHOBHBIX CTaJMH: THUIPOJIU3a
LEJIUTFOJIO3b] 10 TJIFOKO3bl U €€ TMAPOreHOoJIM3a 10 MosinojioB. [IpenBapurenbHble MCCIeIOBAHUSA
MOKAa3aJiv, YTO JIMMUTHPYIOIIEH CTaJuid BCETO MPOIECcca SBISIETCS CTA M THAPOTCHONN3a TIIIOKO3bI.
PaccmarpuBas Bompochl MEXaHU3Ma I'MJIPOr€HOJIN3a TIF0KO3bI U ITOJIMOJIOB HEOOXOAMMO YUUTHIBATh
obneruenne paspeiBa cBszeil C—C u3-3a HaMW4Ms OOJIBIIOTO YMCIA THAPOKCHWIBHBIX rpymil. [lpu
temreparypax 190-220 °C naumHaer MHTEHCUBHO MATH TuiaporeHonn3 C—C cBs3eil TIIIOKO3HI C
00pa3oBaHMEM 3aMETHBIX KOJHMUYECTB IIIHIEposia U Tiukojieid. OmHako B ycrnoBusax mporecca (205
°C, 6 MlIla Hz2) ocHoBHast yacTh 00pa3yroIIeics III0KO3bl THAPUPYETCS A0 COpOUTOIA.

CopOuT B JaHHBIX YCIOBUSAX 0oJjiee YCTOWYMB K T'MPOr€HONIN3Y 0 CPAaBHEHUIO C TJIFOKO30H,
YTO MOXKET OOBSACHATHCS, B TOM YHCIIE, €r0 XUMHUYECKONH CTPYKTYpOH (OTCYTCTBHE OCHa0ISIOIIEro
cB3u C—C o, m—conpspKeHus, BO3HUKAIOLIETO B PE3yJIbTaTe €HOMHM3aluu ToKo3bl). [losTomy B
yKa3aHHbIX YCIOBUSAX COPOUT SBISIETCS OCHOBHBIM IPOIYKTOM ITpOIECCa.

B kauecTBe pacTBOpUTEINS UCIOJIb30BATIACh TUCTHUIIIIMPOBAHHAS BOJIA, PEAKIIMs IPOBOAMIIACH
B CYOKPUTHYECKUX YCIOBHSAX. Peakiuio MpoBOMIH MPH CIEAyIOIHX yenosusx: 205 °C, 60 munyT,
6 MIla H», 600 o6/muH, cootHomeHuss Ru/ mnemmonoza 0.042/1. beuta pocturayra 38.8%
CEJIEKTUBHOCTb 110 COpOUTY NpH 64% KOHBEPCUH LIEIITIOI03bI.

Tuopocenonuz eemuyennionossi

l'emunemmonoza  (KCwiaH) — ABJISETCS  MEPCHEKTUBHBIM ~ MCTOYHUKOM  TOJTYyYEHHS
stunenrnukois (O1) u nponunenrnukons (I1IT). TN u DI aBisroTCS BaXKHBIM CBIPEM U HIHPOKO
UCIOJIb3YIOTCS B MPOU3BOJICTBE JIEKAPCTBEHHBIX MPENapaToB, >KUJKOIO TOIUIMBA, SMYJbraTopoB,
[TAB, anTHdpU30B, CMa30YHBIX MaTEPHAIIOB U PACTBOPHUTEINICH, a TaKKe JJI1 CHHTE3a OTUI(PUPHBIX
BOJIOKOH M CMOJI, Hampumep, noiau(dtuwieHtepedranara) u nonu(dTuieHHadTanata). Peaknuro
TUAPOTEHOIN3a KCUilaHa MPOBOAWIN NpHU cieayomux ycnoBusax: 240 °C; napuuaibHOE /1aBIIEHHUE
Bosopoaa: 50 Oap; BpeMs peakmuu: 60 MUHYT; UHTEHCHBHOCTH TepemernuBanus: 600 o60poToB
MPOMEIJIEPHON MEIIAIKK B MUHYTY; Macca HaBecku kcuiana: 0,3 r; macca karanusatopa: 0,07 r. B
npucyrctBun 3%RU/MN270 npu nmansbix ycnoBusix coctaBmwia 100%. IlpoaykTamu peakiiuu
THIPOTEHONN3a TEeMHUIICTUTIONIO3bl  SIBISIOTCSI  COPOUT, MAHHUT, KCWIHT, TIUIEPUH, DJPUTPHUT,
TJII0K03a, 11eJU100103a, 3TUJICHIIMKOIb, TPONMICHIVINKOIL. Ha ocHOBaHMM aHan3a peakunOHHON
cMecH OBUIO YCTaHOBJIEHO, YTO OCHOBHBIMHU MPOIYKTAMH SIBJISIIOTCS COPOUT, MPOMIICHTIUKOIb U
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TIieHr KO, [Ipu 100% KOHBEPCHUM TeMUIICIUTIOIO3bI OBLTU IOJYYEHBI CEIEKTHBHOCTU TIO
ocHOBHBIM mpoayktam 40%, 35% wu 25% cooTBeTCTBEHHO (COpOWT, MPOMMICHIINKONb,
ATWJICHTJIUKOJb). DPPEKTUBHOCTH KATAIU3ATOPOB OIICHUBAIN 10 YMCITY aKTUBHOCTH KaTaJln3aTopa,
ompenensieMoil kak T mpoaykta (ATwieHraukons (OI) wmm npormunenrnukons (IITN) wa T
KaTanu3aropa B yac. Uncna aktuBHocTH coctaBun: o OI' 1,354 uwmo II" 0,41 42,

l'uopoeenonus nuenuna

bnarogaps XuMu4yeckoMy COCTaBy U CTPYKTYype, JIMTHUH MOJKHO paccMaTpUBaTh Kak
MEPCHEKTUBHOE, BO30OHOBIISIEMOE CBHIPhE IS IIPOU3BOJICTBA ATKMIAPOMATHUECKUX M HACBHIIICHHBIX
YTIIE€BOIOPOAOB, KOTOPHIE MOTYT OBITh UCIIOJIb30BAHBI B KAUECTBE KOMIIOHEHTOB MOTOPHBIX TOILIUB.
[Ipouecc npoBoauaM mpu cienyomux ycnosuax: temneparypa 300 °C, mapuuaibHOE JaBICHHE
Bogopona 4 Mlla, cooTtHomenue cyoOcrtpar/karanuzarop 20/1. B kadecTBe pacTBOpHTEIS
MCTOJIB30BAJM HM30IMPOIAHO. B KauecTBe OCHOBHBIX NMPOJYKTOB ATOM 00pa3yloTcs B OONBIIOM
KOJMYECTBE TMPOMU3BOJAHBIE (DEeHOJa, KOTOpble MOTYT OBITh HCHIOJB30BAaHBl B KadecTBe
aJIbTEPHATUBHOTO TOILIMBA.

CmabunbHocmy Kamanumuyeckou cucmembl
Hccnenosanue crabmipHocTH Kommo3uTa 3%RU/MN270 mokasaso, 4To mociie ISTHKPaTHOTO
MCIIOJIB30BaHUS B IPOIIECCaX THAPOTCHONIN3A LEIUTIOIO3bI, TeMULICIITION03bl U JUTHUHA aKTUBHOCTh
U CCIICKTUBHOCTh TPAKTUYECKU HE HW3MEHSIOTCS. METOJ0M pPEeHTreH(IyOpECIICHTHOrO aHalln3a
ObUIO YCTAHOBJIGHO, YTO TIOCJIE MATHKPATHOro wucnoiab3oBanus 3%RU/MN270 komudecTBO
COJIepKalIerocss B HEM pYTCHUS HE W3MCHWJIOCh, TO €CTh BBIMBIBAHHMS aKTUBHOW (a3sl
KaTaJn3aTropa He MPOUCXOTUT.

3axnrouenue

Ha ocHOBaHMHM 5KCHEpHMEHTAIBHBIX JaHHBIX MOXKHO CIENaTh BBIBOJ O TOM, KaTaIMTHYECKas
cuctema 3%RU/MN270 siBisieTcsi akTUBHOW B MpoIeccax TUAPOTCHOJM3a JIUTHUHA, [SJUTIOI03bI U
TeMUIIEIUTIONO03bI, & COOTBETCTBEHHO MOXET OBITh HCIOJIB30BaHA B KOMIUIEKCHOH mepepaboTke
Oouomaccel. KartamuThueckas cucTeMa TakkKe —SABISETCS  CTaOWIIBHOM —  MSATHKPATHOE
UCMOJIb30BaHUE B PEAKIIMU THIPOT€HOJIM3a HE MPUBEIO K M3MEHEHUI0 akTuBHOCTH. [lepepaboTka
pacTUTENbHOW OWOMACCHI C WCIIOJNB30BAHUEM KaTAIMTHYECKUX CHCTEM C IOMOIIBIO Ipolecca
THJIPOT€HOJIN3a SIBJISETCSI CaMbIM NEPCHEKTHBHBIM IYTEM U3 BCEX CYIIECTBYIOIMX B HACTOSINEE
BpEMSI.

Paboma evinonnena npu gunancosou noooepaicke Poccuiickoeo @onoa @ynoamenmanbHvix
Hccneoosanuii 6 pamrax npoekma 15-08-00245 A.
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MATEMATHYECKOE MOJAEJIUPOBAHUE OKUCJIMTEJIBHOI'O PACTBOPEHMUSA
MUWJUIEPUTA B IEPOKCHUAE BOAOPOJA

MATHEMATICAL MODELING OF OXIDATIVE DISSOLUTION OF MILLERITE
IN HYDROGEN PEROXIDE

OIMuyyeuna A. U.
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Aunnomayus. B paboTe mnpencTaBieHbl pe3ydbTaThl MaTEeMAaTHUYECKOTO MOJEIUPOBAHUS
OKHUCJIUTEIBHOIO pAcTBOPEHUS MWUIEPUTa B pacTBOpax IEpoKcuaa Bojaopoaa. Meroaom
BpAIllAlOIIErocss JMCKAa TOJy4YeHbl 3HAueHUs YACNbHBIX CKOpOCTed U TpeoOpa3oBaHbl B
[IOJINHOMHAJIbHBIE MOJENIU CKOPOCTEM B3aUMOJEHCTBUS CHUHTE3UPOBAHHOIO MILIEpUTA B
pacTBopax MeEpOKCHIa BOJOpPOJa pa3HbIX KoHIeHTpanuil. [lo momydyeHHOW U3 mOIMHOMA
MaTeMaTUYeCKOW MOJIEJU PACCUMTAHbl OCHOBHBIE KMHETHYECKHUE XaPAKTEPUCTUKH, YCTAHOBJICHBI
MpeJoyiaraeMble MEXaHU3Mbl, BBIABICHBI JUMHUTHPYIOIIUE CTaJAUU MPOIEcca OKHUCIUTEILHOTO
pacTBOpeHUsl.

Abstract. The paper presents the results of mathematical modeling of oxidative dissolution of
millerite in solutions of hydrogen peroxide. The method of rotating disk obtained values for the
specific speed and transformed in polynomial velocity model of the interaction of the synthesized
millerite in hydrogen peroxide solutions of different concentrations. According to information
received from polynomial mathematical model calculated the main Kkinetic characteristics,
establishes possible mechanisms, identified the limiting stage of the process of oxidative
dissolution.

Knrouesnvie cnosa. MUWJIJICPUT, C}’J'H:v(l)I/II[ HHUKEJIISA, OKUCIIUTECIIBHOC PacTBOPCHUC, ancop6u1/m,
OHEPTIHUA aKTUBAllUH, TOJIMHOMUAJIbHASA MOJCJIb, MTOPAJOK PCAKIIUU.

Keywords: millerite, Nickel sulphide, oxidative dissolution, adsorption, activation energy,
polynomial model, reaction order.

[TonydyeHne MareMaTHYECKUX MOJENEN HCCIeAYEMBIX MPOIECCOB, MO3BOJISIIOIINX PACCUUTATh
BEJIMYMHY CKOPOCTHM PACTBOPEHHMS NPH PA3IUYHBIX COUYETAHUAX KOHIIEHTPALlMU pEareHToB,
TeMIIepaTypbl, WHTEHCUBHOCTH TMEPEMENIUBAHUS ¥ TPOJOJDKUTEIHPHOCTH  B3aUMOJICHCTBUS
HEOOXOIUMBI JIJIsI CO3/IaHUsI SKOHOMHUYECKH BBITOJAHBIX COBPEMEHHBIX TEXHOJOTUH BhINIETaunBaHUS
METaJUIOB U3 CYIb()HUIHBIX PYI.

B kadecTBe 00BEKTa WHCCIEIOBaHUs B3AT CUHTE3WpoBaHHBIM cynbpua uukens (II) [1],
KOTOpBIM MO pe3yjibTaTaM PEHTTeHO(a30BOro aHajln3a IMOJHOCTHIO COOTBETCTBYET MPUPOIHOMY
MUHEpaly MWIIEpUTY [2]. B kauecTBe peareHTa B3sT MEPOKCU] BOAOPOIA, YACTO MPUMEHSIOIIUNCS
B METAJUTYPTUH TPABJICHUS U MOJTUPOBAHMS; B TOPHOAOOBIBAIOIIEH TTPOMBITIUICHHOCTH TIPH JOObIYE
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KoOaslbTa ¥ 30J10Ta; B He(hTeJ0O0BIBAIOIICH TPOMBIIUICHHOCTH ISl TTOBBIIICHUS U3BJICUCHUS HeTH
n3 ckBaxuHbl [3]. Kpome TOro, mepokcwa BOJOPOJA MPEACTABISAET COOOW MPOMEKYTOUHBIN
MPOYKT OKUCIUTEIbHBIX MPOLIECCOB, MPOTEKAIOIIUX C YYACTUEM PACTBOPEHHOT'O KUCIOPO/A.

[IpoBeneHbl OMBITHI [0 U3YYEHHUIO 3aBUCUMOCTH CKOPOCTH Tepexojia HUKEIs ¢ OBEPXHOCTH
NiS B pactBop mepokcuaa BOAOpOAA OT TPOJOJDKUTEIBHOCTH pacTBopeHus, pH paTBopa,
MHTEHCUBHOCTHU NIEpEMEIITNBAHUSI.

Jns  uccnegoBaHUs  BAMSHUSL — KOHIEHTpAIlMM IEPOKCHUJA BOAOPOJa Ha CKOPOCTh
THIPOXUMHUYECKOTO OKHCIEHHUS Cyinbduaa Hukelas BblOpaHa oO0JacTb 3HAYEHHH BOJOPOJHOTO
MOKa3aresi, KOTOpPbIe HaOII0IAl0TCS IPpU pa30aBICHUH TIEPOKCHIA BOJAOPOAa 0€3 JOMOITHUTETHbHON
Koppekiun kuciaoTHocTH (2 < pH < 3), T. k. npu pH=6,5 nepokcu TepsieT CBOIO yCTOMYUBOCTH [4].

[Io paHee W3YYCHHOH 3aBUCHMOCTH CKOPOCTH pAaCTBOPEHHUS CyJIb(QHUAa HHUKEIS OT
KOHIEHTPALMU EpOKCHa Bo10poaa [5] BeIOpaHbl 00JaCTH MOCTPOSHUSI MAaTEMAaTUYECKUX MOJIesen
HCCIIETyEMOT0 IIpoLecca.

VYcnoBus U pe3yibTaThl ONBITOB B 00JACTH KOHIEHTpauui nepokcuaa Bogopona mpu C =
0,25-2,5 Monb-3KB /AM°, B uanasoHe TemmepaTypsl 293-323K, npu yacToTe BpameHus aucka 1,6
1 10 ¢! monyueHHbI 3HaUEHN CKOPOCTH OKUCIUTENLHOrO pacTBopenus Musieputa (Tabmuma 1) u
WCIIOJIB30BaHbl [IJISl pacyeTa IMOJMHOMHAIBHOW MOJIETM B COOTBETCTBUU C IUIAHOM TIOJHOTO
daxTopHoro skcnepumenta (I1dD) 23 (Tabmuma 2).

Tabmuna 1.
VCJIOBUA U PE3VIJIBTATHI OITBITOB,
BBITTOJIHEHHBIX J1JISI TIOCTPOEHUS MOJIEJIM npu C (H,02) > 0.25 Monb 2kB /1m®

C, _ w-10°,

u MOTbIKE/OM® LK o c” MOnb- oM 2¢ 7t ~lgW)

1 0,25 323 10 7,49 8,125

2 0,25 323 1,6 5,41 8,267

3 0,25 293 10 3,24 8,489

4 0,25 293 1,6 2,50 8,602

5 2,5 323 10 11,4 7,943

6 2,5 323 1,6 10,1 7,995

7 2,5 293 10 4,09 8,388

8 2,5 293 1,6 4,00 8,398

Tabmnuua 2.
MATPUIIA INTAHUPOBAHUS I1®D 23, A TAKXKE PE3YJIbTATBI SKCHEPI/EMEHTA
N PACYHETHBIE 3HAUEHHM S ®YHKIIMM OTKJIMKA 110 [TIOJJMHOMUNWAJIBHOM MOJEJIN

u | Xo X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 Yu (nparm) V' (00)
1 +1 -1 -1 +1 +1 -1 -1 +1 —8,125 -8,178
2 +1 -1 -1 -1 +1 +1 +1 -1 —8,267 -8,177
3 +1 -1 +1 +1 -1 -1 +1 -1 —8,489 —8,564
4 +1 -1 +1 -1 -1 +1 -1 +1 —8,602 —8,564
5 +1 +1 -1 +1 -1 +1 -1 -1 —7,943 —7,987
6 +1 +1 -1 -1 -1 -1 +1 +1 —7,995 —7,987
7 +1 +1 +1 +1 +1 +1 +1 +1 —8,388 —-8,374
8 +1 +1 +1 -1 +1 -1 -1 -1 —8,398 —8,374
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IIo 4 ompITaM B LiEHTpe IUIAHA PACCUMTAHA JAUCIEPCHS BOCIIPOM3BOIUMOCTH SZsocnp=0,00067
el COOTBETCTBYET JOBEPUTEIBHBIM HHTEpBAI I KOI()(UIMEHTOB IOIMHOMUAIBHONH MOJIEIN
paBHBI >0.05" 3nayenus KodpPUIMEHTOB perpeccur npuBeAeHsl B Tabmuie 3.

b. ...
i(ij)
5 Tabmuma 3.
PACYUETHBIE 3BHAUYEHUM A KOOOOUIMEHTOB ITOJIMHOMUWHAJIBHOM MO/JIEJIN
bO bl b2 b3 b12 b13 b23 b123
-8,2760 0,0949 -0,1934 0,0396 —0,0187 —0,0239 —0,0090 -0,0017

BuiHo, 4TO MOBEpPHUTENLHBIA HWHTEPBAJ MPEBBIIIAIOT TOJIBKO KOA(PQHIUeHTs bo, D1 1 ba.
OcranbHble PU3HAHBI HE3HAYUMBIMH.
C yueToMm 3HaUYUMBIX KO3 (GUIIMEHTOB MMOJIMHOMHANIbHAS MOJIEIb UMEET BUJI:

y =-8.55+0.08-x, —0.19-x, (1)
rae x, = Lg(C)+0.L; x, = (T -3.25-107%)/3.17-10* .

Jnst monmuHOMuanbHOM Moxenu (1) amcmepcust agekBatHocTH coctaBiser S2an = 0,0034.
Pacuetrnoe 3nauenue kpurepusi dumepa Fpacw = 4,16 < Fraen = 9,01, mosToMy, Moaens npusHaHa
aJICKBATHOM.

[TommHOMUaNBEHAS MOJIEIb IPEOOpa30BaHa B yPaBHEHUE CKOPOCTH:

W =8.31.107 -¢% .e ™', (2)

B u3ydyeHHBIX yCIOBUAX CKOpPOCTH pPACTBOPEHUsS HE 3aBUCUT OT HMHTEHCHUBHOCTH
MepeMENINBAaHUSA U TPOJAODKUTEIBHOCTA B3auMojieicTBUs. HabmrogaeTcss KUHETUUECKU PEXUM
MpOTEKaHus npoiiecca pacrBopenus. [lopsaok mo nepokcuay Bojgopoa 6;1mu30k k Hymnto. Hanbonee
BEPOSITHOM  JIUMUTUPYIOIIEH  CTaJMe  SBIsAETCA  TUIpaTalus IOBEPXHOCTH  Cyiabduia,
MPEAIECTBYIOIAs €ro B3aUMOJAEHCTBUIO C IEPOKCUIOM BOJIOPOIA.

3nauenune >hdexTuBHON HEeprun akTuBanuu E. n3ydaeMoro mporiecca COCTaBIseT 11,7i
0,2 KI[)K-Monb_l. Koncranra ckopoctu K paBna 7,46- 10° Mos0.9- im 7 ¢71 mipu 298 K.

I[To momenu (2) MOCTPOEH TPEXMEPHBIH TpaduK OTPaKAIOIIMKA COBMECTHOE BIUSHUE
KOHIIEHTPAIMK TIEPOKCHIA BOJOPOJIa M TEeMIIepaTyphl Ha CKOPOCTh PACTBOPEHUS MHUJUICPHTA B
nepokcue Boaopoaa (Pucynox).

YBenudeHue KOHICHTPAIIUN | TEMIIEPAaTyphl MPUBOAUT K MOHOTOHHOMY POCTY CKOpOCTH. B
pe3ynbraTte uero i OOJacTH BBICOKMX KOHIEHTpalui HauOonblias BEIWYHHA CKOPOCTHU
(13,6-10_9 MOJ'II:'I[M_Z'C_l) JOCTUTAETCS TMPU MAKCUMAJIbHBIX 3HAYCHHUSIX KOHIICHTPALMH U
temneparypsl (mpu C = 2,5wmome-ake/mM® u T=323 K). Crenenb BiusHHSA (AKTOPOB B
PacCMOTPEHHBIX 00JACTSIX BBICOKOH M MaJION KOHIIEHTPAIMU TIEPOKCUAA BOJOPOAA HA BEIUIHHY
ckopocTi W pacTBOpeHus Cynb(huaa HUKeNs yObIBaeT OT KOHIIEHTPAIIUHU K TeMIepaType.
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-2

W 10°, moOfb - M

Pucynok. 3aBucumocTtsb okucieHus cynbhuaa HuKkeas NiS oT KOHIEHTpaluy NepoKCcHaa BOAOpoaa
npu C = 0,25-2,5 monb-5kB/am° u Temnepatypbl T

MexaHu3M B3aUMOACWUCTBUS Cynb(UAa HHUKENS B CHIBHOKUCION Cpele C Y4eTOM CTaIuH
IIPOTOHU3ALMH [TOBEPXHOCTH, IOKA3aHHOW B ypaBHEHUsX (3) U (4) BBIMVIAAUT CIEAYIOLIMM 00pa3oM:

2NiSH" -H,0,,,, + H;0, - =2NiSH" -H;0, ¢ + 2H,0, ©)

2NiSH™ - H302+(m) =2 Ni2+(p-p) + lHS. _O+H2L-p) +HOSH*~p-p); (@)
CymMmapHsIii porecc:

2NiS,,) +1,5H,0,  + 3H - =2 NiZ* o) + HSOH, ,, + HOSH,OH, | (5)

VYpaBHeHUe Mpolecca OKUCICHHS Cyabpuaa HUKeNIs B cuiabHOKUCION cpene (pH < 3) umeer
BU/I:

NiS + 6 H,0, + H'=[Ni(H,0), " + HSO, (6)

[IpennoxeHHBII MEXaHU3M B3aUMOJICUCTBUS CYJIb(UIa HHUKEIS C TEPOKCHUIOM BOJOPOJA
COOTBETCTBYIOT HAOJIIOJaeMbIM KHHETHUYECKUM 3aKOHOMEPHOCTSAM C IUMUTHPYIOIICH cTagueit
a7ICOPOITUY THAPOKCUIITUIPOKCOHUS HA TIOBEPXHOCTH CYIb(HUIA.

YcTaHOBJICHHEIE PECIKUMBI B3aMMOJCHCTBUSA M ACTalM MeXaHH3Ma nponecca paCTBOPCHUA
COOTBCTCTBYIOT Ha6J'IIOI[aeMI>IM KHMHETHUYCCKUM 3aKOHOMEPHOCTAM.

[TonyuyeHHble MaTeMaTHYECKHE MOJENIHM MCCIEIYyEMBIX IMPOILIECCOB, MO3BOJIAIOT PACCUUTATH
BEJIMYMHY YAENbHOM CKOPOCTHM pAacTBOPEHHUS TPU PAJIUYHBIX COYETAHUSX KOHIIEHTPAIUH
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peareHToB,  TEeMIEpaTypbl, = WHTEHCUBHOCTH  IEPEMEIIMBAHUS U  IPOJOJIKUTEIBHOCTH
B3aMMOJICHCTBUS, KOTOpble HEOOXOIUMBI JUIsl CO3JaHHsI SKOHOMHUYECKHU BBITOIHBIX COBPEMEHHBIX
TEXHOJIOTUH BBIIIEIIAYMBAHUS METAIIOB U3 CYJIb(UIHBIX PY/.
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Annomayus. B paboTe uccienoBaH MpoIecc MUpoJin3a OTXOA0B PACTUTEILHON OMOMACCHI C
IIOMOUIBI0 TEPMOIPAaBUMETPUUECKOIO aHAIIN3a, a TAK)KE MOCPEICTBOM IIPOBEAEHUS IKCIIEPUMEHTOB
C HCIIOJIb30BAaHMEM JIaDOpaTOPHOM YCTAHOBKM MNHpOJM3a. B KadecTBe ChIpbs ISl MUPOIM3a
HCIOJIb30BaJaCh U3MEIbUEHHAS Jy3ra CEMsIH MOJICOTHEYHHKA C BIAXKHOCTBIO — 5,6%; 30IbHOCTBIO
— 3,2% w HHU3IIeH yaenbHOW TeroTol cropanus — 17,6 x/x/r. MccrnenoBanne TepMUYIECKOM
YCTOMYMBOCTH JIy3TH TNPOBOAMIIOCH B TeMieparypHoM uHTepBasie a0 600 °C u 1mo3Bosmio
OTIpeIeNTUTh OCHOBHBIE MUKU MOTEPU Macchl 00pa3iia, KOJIHMYECTBO JIETYUYHUX MPOIYKTOB U TBEPIOTO
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octaTka OOpa3yIOUIMXCS B pe3ysibTaTe NHpoiu3a. BbUIO NPOBEICHO HCCIICAOBAHUE BIMSIHUS
pasmepa (hpakiMM UCXOJHOIO ChIpbsl Ha XapaKTEepPUCTHKHU Iporecca. MHTeHcupukanus nporecca
MUPOJIN3a OCYILECTBIISIACH IOCPEACTBOM MPSMOTO BHECEHHS TNPHPOIHBIX aATFOMOCHIMKATHBIX
MaTepHaJioB B COCTaB MUPOJIM3YEMOTO ChIPbs C MacCOBBIM cofepxanueM 10% oT Macchl HCXOIHON
HABECKHU. BIHsHME UCTIONB3yEeMBIX aTFOMOCHIIMKATHBIX MAaTEpUAJIOB HAa XapaKTEPUCTUKH Ipoliecca
OLIEHUBAJIOCHh 110 M3MEHEHUIO KOHBEpCUH (B ra3o00pa3Hble, KHUJKHE, TBEpPAbIE MPOIYKTHI), IO
M3MEHEHMIO TEIUIOTHI CTOPaHUsl M COCTaBa MUPOJIM3HBIX ra3oB. B paboTe mpoBeneHO cpaBHEHHE
aKTUBHOCTH B IpOLIECCe MUPOJIM3Aa UCCIEAYEMbIX HNPUPOAHBIX ATIOMOCHIMKATHBIX MAaTEPUAlIOB C
MPOMBIIIJICHHO BBIITYCKa€MBbIM CHHTETHYECKMM IeoiauToM ZSM-5. OO0paboTka MOTyYeHHBIX
HKCHEPUMEHTAIbHBIX JAHHBIX I03BOJIMJIA BbIOpaTh HauOoJiee AKTUBHBIX KaTalu3aTop Cpenu
UCCIIEIyeMbIX TJIMH U MPOHM3BECTH WX CPaBHEHHE MEXIY cO0O0W M CHHTETHYECKHM LeonuToM. Ilo
IIOJyYEHHbIM JaHHBIM HauOojee AOCTYMHBIM U INPHUBOJAIIMM K YBEIUYEHHUIO TEIUIOLEHHOCTH
MUPOJIM3HBIX Ta30B SBISAETCS MOHTMOPHJUIOHMTOBas TKHA. [Ipy HCHOJIB30BAHWMU JIaHHOTO
QJIFOMOCUJIMKATA B KQUeCTBE KaTaJau3aTopa MPsSMOro BHECEHUS B MPOLECCE MUPOJIN3a JIy3TH CeMSH
MOACOJHEYHUKA MaccoBasi JIOJisl Ta3000pa3HbIX MPOAYKTOB yBenuuuigocb Ha 4,3% c
OJHOBPEMEHHBIM BO3PACTAHMEM TEIUIOTHI CropaHMs roprouero rasa Ha 8.8 MJLx/mM3, 3a cuer
yBEJIMUEHUS CyMMapHoro Beixona yrieBogopogoB Ci1—Cs Ha 12,7% 1o cpaBHEHUIO C
HEKaTaJTIUTHYECKUM IPOLIECCOM.

Abstract. The process of pyrolysis of plant biomass wastes using thermogravimetric analysis,
as well as by conducting experiments using a laboratory pyrolysis plant, was studied. As a raw
material for pyrolysis, chopped husk of sunflower seeds with a moisture content of 5,6%; ash
content is 3.2% and the lowest specific heat of combustion is 17,6 kJ / g was used. The study of the
thermal stability of husk was carried out in the temperature range up to 600 °C and allowed to
determine the main peaks of mass loss of the sample, the amount of volatile products and the solid
residue formed as a result of pyrolysis. The influence of the size of the feedstock fraction on the
process characteristics was studied. Intensification of the pyrolysis process was carried out by direct
application of natural aluminosilicate materials into pyrolyzable raw materials with a mass content
of 10% of the weight of the initial sample. The effect of the aluminosilicate materials used on the
process characteristics was evaluated by changing the conversion (into gaseous, liquid, solid
products), by changing the heat of combustion and the composition of the pyrolysis gases. A
comparison of activity in the pyrolysis process of the investigated natural aluminosilicate materials
with the commercially available synthetic zeolite ZSM-5 was performed. The processing of the
obtained experimental data made it possible to select the most active catalyst among the clays and
compare them with each other and with a synthetic zeolite. According to the data obtained,
montmorillonite clay is the most accessible and leading to an increase in the heat value of pyrolysis
gases. When using this aluminosilicate as a catalyst for direct application in the process of pyrolysis
of husks of sunflower seeds, the mass fraction of gaseous products increased by 4,3%, while the
combustion gas of combustion gas increased by 8.8 MJ/m?, by increasing the total yield of C1—Cs4
hydrocarbons by 12,7% in comparison with the non-catalytic process.

Knrouesvie cnosa: muponus, OTXOABI pacTUTENbHOW Omomacchl, riuHbl, ZSM-5, roproune
rasbl.

Keywords: pyrolysis, plant biomass waste, clays, ZSM-5, combustible gases.

Pa3paboTka MeTo/10B HampaBieHHBIX Ha () (PEKTUBHYIO MepepabOTKy OTX0/10B PACTUTEIHHOIO
IIPOUCXOXKACHUS SBIISETCS OJHOW M3 aKTyaJbHBIX 3a7ad coBpemMeHHocTH [1, C. 2]. B Hacrosmee
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BpeMms B P® Benmka J0Js HE MOJBEPraroiMXCs YTHIIM3ALUU OTXOJIOB OMOMAcChl PaCTHTEIHHOTO
MPOHUCXOXKICHUS, TOCKOJIBKY Ha JIOJI0 HEYTHIIM3UPYEMBIX C/X OTXOJI0B HPUXOIUTCS 0K0I0 150 mitH
toun/rof (1, . 5).

MacnoxxupoBas MpOMBIIIIEHHOCTh Poccnu HacuuThiBaeT 0koi0 70 KPYIMHBIX IPEANpUSTHN U
6omnee 1000 mManbIX MPOM3BOACTB, YTO MPHUBOJAUT K 0Opa3oBaHuio okojo 400 ThICSY TOHH Jy3TH B
rox (2, C. 2). Tepmudyeckue METOABI MEPEPaOOTKU TAKUX BHIOB OTXOJOB B TOIl WM HHOW Mepe
MO3BOJISIOT HUCIOJB30BATh 3TU OTXOABI JUIS MPOU3BOJCTBA TEIUIOBOW M 3JIEKTPHUUECKOW SHEPIuH,
NPOJYKTOB HAaXOJIIMX INPUMEHEHHWE B pa3IMYHBIX OTPACIAX HPOU3BOJACTBA M XHMHYECKON
TEXHOJIOTUH.

Beicokoit 3((peKTHBHOCTBIO € DKOJIOTMYECKOW TOYKH 3peHHs 00NazaeT MeToJ| MHUPOJIn3a
OTXOJIOB OMOMAacChl PaCTHTEIBHOTO TPOUCXOXKICHHS, YUUTHIBAasS 3aMKHYTBI IMKI Tpolecca U
OTCYTCTBHE BPEAHBIX BRIOPOCOB B OKpYXaromlyto cpexy. OOpasyroniie B X0/1e Ipolecca mupon3a
ra3oo0OpasHble, XHUJAKHE U TBEpAble MPOAYKTHl 00JaNal0T HAWOOJBIIUMH 3HAYCHUSMH TEILIOTHI
CrOpaHusi IO CpaBHEHHIO C TasuHKalWed, 4YTo ompenenser Ooyee BHICOKHE ILEHOBBIC
XapaKTEPUCTHKH TOTy4aeMbIX MPOAYKTOB [2, €. 607].

Henocrarkamu TpagMIMOHHOTO METO/A IHPOJIU3a SBISIOTCS BBICOKHME OSHEPTETHYECKHE
3aTpaThl Ha TPOBEACHHE TMPOLECCa, HU3Kas KOHBEPCHS B JIETydHe NPOAYKTHI U BBICOKOE
COIep’KaHWE CMOJ B COCTaBe Ta3000pa3HbIX M JKUAKHX MpoaykroB. Kak mpaswuio,
MHTCHCU(UKAIIMIO TEPMHUYECKUX MPOIECCOB M paUHUPOBAHUE TTOIYIAEMBIX IIEJIEBBIX MPOIYKTOB
OCYILECTBIISIOT OCPEICTBOM HCIIOIb30BaHUSI KATAIN3aTOPOB Pa3InuHOil npupos [2, €. 608].

Hnst yBenmueHus: 3(pQEeKTHUBHOCTH Tpolecca MUPOJU3a JIY3TH CEMSH IIOACOJIHEYHUKA B
HacTosmel paboTe MCIIOIb30BAINCH JICIIEBBIE ATIOMOCWIMKATHBIE MarepHanbl (KemOpuiickas,
KaOJIMHOBAasE M MOHTMOPHWJUIOHMTOBAS TJIMHBI) C Pa3jIMYHON KOHILEHTpAIMEW W ONpEeIeNieHO HX
BIMSIHUE OCHOBHBIC XapaKTEPUCTHKH IIPOIlecca IMUPOJU3a. AKTHBHOCTH TJHH B IPOIECcax
MUPOJIN3a MOXKET OBITh CBSI3aHA C HAJMYUEM KHUCIOTHBIX IEHTPOB M MEPEXOJHBIX METAIOB B MX

cocrase [3, c. 355].

Mamepuan u memoouka

Jlis  mpoBeJeHHS OAKCIIEPUMEHTOB 110 HW3YYCHHIO IIpollecca IMHPOJIM3a HCIOIb30BaHa
nabopaTopHas YCTaHOBKA U aHAJTUTHUYECKUN KOMILIEKC JUTsl aHAIIM3a 00pa3yIoIuXcsi Ta3000pa3HbIX
npoayktoB [3, €. 356]. UccrnemoBanue muposm3a JIy3rd CEMSH TMOJCOJTHEYHHKA MPOBOIMINCE C
ucnons3oBanueM tepmoananuzaropa F209 NETZSCH (mo 600 °C) u Ha mabopaTOpHOH ycTaHOBKE
B uHTepBaie temmneparyp 450-600 °C.

B kadecTBe ChIpbs ISl MUPOJIM3a UCIIOIB30BANIaCh U3MEIbUEHHAs Ha DJIEKTPOMETBHUIIE JTy3ra
CEMSIH TIOJICOJTHEUHHUKA CO CIEAYIOIIMMH XapaKTePUCTUKAMH: BIAXHOCTh — 5,6%); 30JbHOCTh —
3,2%; Qu — 17,6 xJDx/r. Macca HaBeCKHM Iy3rM CEMSH IMOJCOJHEYHUKA COCTaBisia 3 T.
DKCIepUMEHT THpoym3a mpoBoawicss B TedeHue 30 muHyT. [[IsI OLEHKHM BIMSHUS pa3Mepa
(bpakuu MCXOJHOTO CBHIPhS HA XapaKTEPUCTUKH MpOIlecca HCIMONb30BATUCh Tpu (pakuuu c
pasmepom gactuil: d < 0,25 mm; 0,25 mm <d < 0,45 mm u d > 0,45 mm.

Copepxanne TIMH (KeMOpuUiCKas, KaoJlWHOBAas, MOHTMOPWJUIOHUTOBAs) U CHHTETHUECKUX
neonutoB (ZSM-5) cocraBmsuio 10% wmacc. J{nst cpaBHEHHMsS] aKTUBHOCTH BBIOPAHHBIX TJIMH C
MPOMBIIIJICHHBIMU KaTallM3aTOpaMU B TPOIECCe MUPOIM3a JTy3TH CEMsIH MOACONHEYHHKA ObLI
WCTIOJNB30BaH TPOMBINUICHHBI 1eonuT Mapku ZSM-5. CoctaB T1a3000pa3HBIX TPOAYKTOB
OTIpEIETISITICS. XpoMaTorpaUyecKd ¢ WCIONb30BAHHEM AaHAIMTUYECKOTO0 KOMIUIEKCa Ha OCHOBE
xpomarorpadon: Kpucrammoke 4000M u Tazoxpom 2000. VccnemoBanwe BIHMSHUS YCIOBHMA
mpolecca MUPoJiM3a Ha KOHBEPCUIO UCXOTHOTO CHIPhS OMPEIENISIIOCh TPABUMETPHUIECKH.
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Pezynomamet u ux obcyscoenue
Ha mepBom 3tame pabothl 0110 BhITOIHEHO TI MiccieoBaHUe Jy3TH CEMSIH TOJICOJTHCYHHKA
B unrepsaiie ot 30 no 600 °C (Pucynok 1).
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Pucynok 1. TepmorpaBuMeTpuyeckast KpuBasi Iy3TH CEMsIH MOJICONHeYHMKa B quanazone 50-600 °C

CormnacHo JaHHBIM NpeacTaBieHHbIM Ha Pucynke 1, B untepBaiie ot 80 go 180 °C umeercs
MUK MTOTEPHU MACCHI, KOTOPBIN XapaKkTEepPU3yeT MPOIeCcChl MOTepH Biaru. [110xo paspenieHHbIe TUKU
CO 3HauyuTeNbHOM morepell Macchl B uHTepBaje oT 210 go 450 °C cBsA3aHbl, ¢ TEPMUUYECKOU
JNECTPYKIIMEN COCTaBIIAIONINX JTy3TH — T€MHIIEIUTIONIO3b], IIEJUTI0JIO3b] U JIMTHUHA COOTBETCTBEHHO
[4, c. 75].

[IpoBeneHHbpie Ha J1aOOPATOPHOM YCTAHOBKE HSKCIIEPUMEHTHI 10 MHUPOIU3Y Jy3rd 0e3
WCIOJIb30BAaHUs KaTanau3aropa MOoKaszajid, 4To B TeMmeparypHoM unrtepBaie ot 450 go 500 °C
MIPOUCXOAUT PE3KOE YBEJIMUYECHHE BBIXOJA Ta3000pa3HBIX MPOJYKTOB B OOJBIIEH Mepe 3a CYeT
CHIDKEHHUS BBIXOJA KUAKOW (ppakiuu mupoamsa.

[Ipu panpHelmIeM yBETWYEHUH TEMIIEpaTyphl TMpollecca 3HAYUTEIBHOTO YBEITUYCHUS
MaccoBOW JIONM Ta3000pa3HBIX MPOIYKTOB He HaOmromaerca. Bo BceM nuama3oHe HCCIeIyeMBbIX
TeMIIepaTyp Tpoliecca MPHUBEIACHHBIM K H.y. 00beM NHUPOJU3HBIX Ta30B BO3pacTaid 3a CYET
YBEIMYEHHUS 107U HU3KOMOJIEKYISIPHBIX POIYKTOB.

[TockoabKy MpOIECChl MUPOTU3A YACTO UCTIONB3YIOT JIJIs T€HEPAIUU YJIEKTPUUECKON SHEPTHHI
3a CUEeT UCIOJIb30BaHMSI BBIPAOATHIBAEMBIX TOPIOYMX Ta30B JajbHElIIee MOBBIIIEHHE TEMIIEPATYPhI
mporecca He IeIeco00pa3HO C IKOHOMHYECKOM TOUYKH 3pEHUs, IMO3TOMY JalIbHEHIINe
9KCIIEPUMEHTHI POBOAMINCH ITpHU Temnepatype 500 °C.

[Ipu uccnegoBanuu BIUSHUS pa3zMepa Ppakiyy JIy3rd CEMSH MOJICOTHEYHNKA Ha KOHBEPCHUIO
M COCTaB ra3000pa3HBIX MPOJYKTOB HAWIY4IIHE PE3yNbTaThl MoKa3ana (pakius c pasMepoM
gactuil oT 0,25 1o 0,45 mm. [Ipu ucnonb3zoBanuu 31O (Ppakiu HaOTIOJATUCH OOJBIITHE 3HAYCHUS
TEIUIOTHl CrOpaHUs MHUPOJIM3HBIX Ta30B W HambOomblee coaepkaHue yrieBojgoponoB Ci—Cs mo
cpaBHEHHIO ¢ Oosee Menkor u Oosiee KpymHOU (pakuusimu. [TosTomy 3Ta dpakmnus Obuta BEIOpaHa
JUTS U3YYECHUS BIUSHUS BBIOPAHHBIX KaTaJW3aTOPOB Ha X0 MpoTekanus nuponmu3a. Ha Pucynke 2
MPEACTaBICHA 3aBUCUMOCTh MAaCCOBOM JOJU MPOJAYKTOB IMUPOJIN3a JTy3TH CEMSH IMOJICOJTHEUHUKA OT
TUIIA UCTIONB3YEMOTO KaTaau3aropa.
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Pucynok 2. MaccoBast 1051 IpOIyKTOB MUPOJIN3A JIy3TH CEMSH MOICOTHEYHHUKA
B 3aBUCHMOCTH OT TUIIA KaTaJlu3aTopa

Kak BupHO u3 PucyHka 2, Hamitydled akTMBHOCTBbIO 0OnajzaroT Karanuzartopsl ZSM-5 u
MOHTMOPHWIJIOHUTOBAS TJIMHA, IPUBOAIIME K YBEIMUEHUIO MAaCCOBOM J0JIM roprodero rasa Ha 14.7
u 4,3% cooTBeTcTBEHHO. Vcnoabp30BaHNe KEMOPUIICKON TTIMHBI IPUBOIMIIO K CHHYKEHHIO MacCOBOM
nonu rasoB Ha 4,4%. Bce wuccienyemble KaTalu3aTopbl YBEIMUYMBAIU BBIXOJ TBEPIOTO
YIIEPOACOAEPKAILEr0 OCTaTKa, a HAaWBBICUIMK pe3yJbTaT MOJIY4YeH IpU  HCIOJIb30BaHUH
MOHTMOPWIJIOHUTOBAs IMIMHBL. B ee mpucyTcTBUM MaccoBasi 10Jisl TBEPAOro OCTaTKa BO3pocia C
31,7% no 40,7%, 3a cyeT CHUXEHHsS KOJIUYECTBA JKUAKOM (pakuuu, MO CpPaBHEHUIO C
HEKaTaIUTUYECKUM IIPOLECCOM TUPOIN3a.

Bce uccnenyemple KaTanu3aTOpbl TAaK)K€ OKas3blBadW BIMSHUE HAa XUMMUYECKHX COCTAaB M
TEIUIOTY CTOpaHHsi Ta3000pa3HBIX TMPOIYKTOB MHPOJU3a JIy3TH CEMSIH IIO/CONHEYHUKA (CM.
Pucynok 3). Kak mnokazaHo Ha Pucynke 3, HauBbICIIEH TEIUIOTOM cropaHusi objajmaer ras,
MOJIYYEHHBIH MPHU MCHOJIb30BaHUU MOHTMOPWJUIOHUTOBOM TNIMHBI. TemIONeHHOCTh ra3a B ciaydyae
HMCTIOTb30BaHHs MOHTMOPHJIIOHMTOBO TUHE AocturaeT 33,8 MILx/M°. MakcuManbHas TErmioTa
CrOpaHUsl ra3a, MOJyYeHHOTO TP MUPOJIH3E y3TH ¢ Katanuzaropom ZSM-5, Habmogaercs Ha 14
MHHYTE SKCHepUMeHTa M cocTaBiseT 30,8 MJIx/m>. Mcmonp30BaHre KAOMMHOBOH TIMHBI TaKikKe
TIPHBOJIMIIO K YBETNYEHHIO TEIIOTH CTOPAHHs Ta3a MAKCHMAIbHO Ha 5,5 MJIx/M3, o cpaBHeHMIO C
HEKaTaJIMTUUECKUM rpoleccoM. Ilpu ucnonbp3oBaHMM KEeMOpPHUICKOW TIJIMHBI H3MEHEHHE
KaJIOpUHHOCTH MOJTyYEHHOM ra30Boi cMecu He HaOJII0Aa10Ch.

VYBenuueHue TEIUIOThl CrOPaHus MUPOJIM3HOIO ra3a NpPU HMCIOJIb30BAaHUM MCCIENYEMBIX B
paboTe Karajam3aTopoB MOITBEPXKIAETCS JaHHBIMH OOIIET0 COCTaBa Tra3000pa3HBIX MPOJYKTOB
nuposnza (Pucynok 4), a Taxke conepxkanueM yrieBojiopojoB Ci1—Cs4 B cocTaBe ra3000pa3HbIX
MpoayKTOB nupoiu3a (PucyHok 5) Ha 14 MuHyTe OT Hayana SKCIIEpUMEHTA.

CornacHo naHHBIM PucyHKOB 4 M 5, HCIIOJIB30BAHHME BCEX MCCIEAYEMBIX KaTaau3aTOpOB
NPHUBOAMIIO K YBEIMYCHHUIO COAEp)KaHWS OSTWIEHA B Tpolecce muponmsa ny3rd. Hambombiiee
KOJINYECTBO METaHa M ATUJIEHA B COCTaBE ra3000pa3HbIX MPOIYKTOB MUPOJIM3a OBLIM MOJYYEHBI B
MIPUCYTCTBUH KaTaym3aropa ZSM-5.
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Pucynok 3. TeruoTa cropanyst TUPOJIM3HBIX T'a30B, MOMYYEHHBIX U3 JTy3TH
B IIPUCYTCTBUH PA3INYHBIX KaTaJIN3aTOPOB

B npucyrcTBMM MOHTMOPHJUIOHUTOBOW TJIMHBI OBUIM TAK)K€ IOJIyY€Hbl BBICOKHE BBIXOJIbI
METaHa, STWIEHA W OyTaHOB IO CPAaBHEHUIO C HEKATAINTHYECKUM mporueccoM. Hambombias
TEIUIOTa CropaHusl Tra3000pasHbIX MPOAYKTOB MHUPOJIM3a, KOTopass Obula 3auKCHpOBaHa B
MPUCYTCTBUM MOHTMOPHJUIOHHUTOBOW TJIMHBI, BO3MOYKHO, OOYCIIOBJIEHA OTHOCHUTEIIEHO HEOOIBIION
aKTUBHOCTBIO JAaHHOTO KaTajlu3aropa B Ipolieccax MUPOoiM3a M OOJbIIEH CEeNeKTUBHOCTBIO K
00pa3oBaHUIO OYTaHOB 110 CPABHEHHUIO CO BCEMH MCIIOIb3yEMBIMU KaTaTU3aTOPAMHU.
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Pucynok 4. CocraB ra3000pa3HbIX IPOIYKTOB IMAPOJINA3a B 3aBHCUMOCTH
OT THUIIA UCIIOJIb3YeMOro Karanuzaropa (Ha 14 muH)
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Pucynoxk 5. Conepxanue yriaesogoponos C1—Cs B ra3000pa3HbIX NPOIYKTaX NUPOJIHM3a B 3aBUCHMOCTHU OT
THUIIA UCTIOJIb3YeMOT0 KaTanu3aTopa (Ha 14 MuH)

B nipucyTcTBUYM TaHHOM TJIMHBI COJIEpKaHKE MTPONaHa U OyTaHOB B COCTaBE MUPOJIU3HOTO T'a3a
Bo3pactaio ¢ 3,8 10 5,4% u 1,3 10 3,9% cooTB. 110 CPAaBHEHHIO C MMUPOIU3OM JTy3TH 03 J00aBOK.

Buvi600v1

B pesynbraTe BBINOJIHEHHOIO MCCIEIOBAHUS OBUIM ONpEAENCHbl ONTUMANbHBIE YCIOBUSA
nporiecca IMUpoJIH3a;

—rtemneparypa 500 °C;

—pasmep ¢pakiuu coipbst — 0,25 mm < d < 0,45 mwm.

HaunOonee akTMBHBIM M JOCTYITHBIM KaTaJIM3aTOPOM SIBJISIETCS. MOHTMOPHJUIOHUTOBAS TJIMHA.
[Ipy WCHONB30BAaHWMM JTAHHOTO KaTalu3aTopa MaccoBas JOJsS Tra3000pa3sHbBIX MPOIYKTOB
yBenuuuiaock Ha 4,3% ¢ 0lHOBpEMEHHBIM BO3pAaCTaHUEM TEIUIOTHl CTOPAaHUsS TOproyero rasa Ha 8,8
MJIx/M3 1o cpaBHEHHIO ¢ HEKaTATHTHUECKUM TporeccoM. JlaHHBIH 3(deKT HocTHrancs 3a cuer
YBEJIMYEHUsI COJEp’KaHMsl MeTaHa, JTWUJIeHa, NpomaHa M OyTraHoB Ha 12,7% mo cpaBHEHHUIO
HEKaTATUTHYECKUM TTPOIIECCOM.

Paboma 6vina évinonnena npu ghunancosotl noooepicke PODOU (npoexm Nel5-08-01752 a).

Hemounuku:
(1). buosnepreruka Poccun B XXI Beke. ®I'BY POA MUHOHEPT'O P®, M., 2012, C. 37.
Pexxum moctyma: https://goo.gl/de59tV (nata obpamenus 12.09.2017).
(2). OcHOBHBIC XapaKTEPUCTUKH MPOM3BOJICTBA MACIUYHBIX KyibTyp B crpaHax TC u EDII.
Pexxum moctyma: https://goo.gl/ekFjpN (mata oopamenus 12.09.2017).
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Annomayus. BRI HWCCIENOBAaHBl  MAJUIAAMKUCONEPKAIINE KATalU3aTOpPhl Ha OCHOBE
CBEPXCIIMTOrO IMOJMCTHPOJIA B TMpolieccax ruapornepepaboTku Mmaciaudnoi Omomaccsr: (1)
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JEOKCUT€HUPOBaHUE B TpaguluMOoHHOM pactBopurene, (lI) neokcurenumpoBanue B cpene
cBepxkputuieckoro rexcana, (lll) rumpupoBanme B cpene Tomyosa. Ilokazano, yro Hambonee
BBICOKAs CEJIEKTUBHOCTH 10 IIEJIEBOMY MPOJIYKTY, a TaK)Ke HanboJiee BHICOKAss CKOPOCTh KOHBEPCUHU
CTEapuHOBOW KHCIOTHI BO BCEX HCCIIEAyEeMbIX IpolieccaXx Ha0roAanach MpU HUCIHOIb30BAaHUU
karanuzaropa 1%-Pd/CIIC.

Abstract. Palladium-based catalysts supported on hypercrosslinked polystyrene were studied
in the hydroconversion processes of oilseed biomass: (I) deoxygenation in a conventional solvent;
(1) deoxygenation in supercritical hexane; (I11) hydrogenation in toluene. It was shown that the
highest selectivity towards the formation of target product, as well as the highest rate of stearic acid
conversion in all the investigated processes, was observed using a 1% -Pd/HPS catalyst.

Knroueguvle cnosa: neokcureHnpoBaHue, rTuipupoBaHue, MaciinuHas OuomMacca, nauiaui.
Keywords: deoxygenation, hydrogenation, oil-crop biomass, palladium.

Tpurnuuepuabl — OJUH U3 KOMIIOHEHTOB OMOMAacChl, KOTOPBI Ojaroaapsi CBOeMy COCTaBy,
MOJKET HCIIOJIb30BaThCSl B KaueCTBE MCTOYHUKA KHCIOPOJCOAEPIKALIMX COCTUHEHUH, TaKuX Kak
KUPHBIE KUCIIOTHI, )KUPHBIE CIUPTHI, )KUPHBIE anbaeruapl. Kiaccuueckum crioco0oM nepepadoTKu
TPUIIIULEPUIOB SIBJISIETCS CHUHTE3 OMOAM3EIbHOIO TOIUIMBA B (hOpME METHIIOBBIX 3(UPOB >KUPHBIX
KHCIOT. B TO ’xe BpeMs NpOU3BOJACTBO OHOAM3ENS CBSI3aHO C PAJAOM TEXHOJIOTUYECKUX U
HKOJIOTUYECKUX MPOOJIeM, OCHOBHBIMU M3 KOTOPBIX SIBISAIOTCS: 1) MCHONBb30BaHHME METAHOJIA B
Ka4yecTBE AIKUWIMPYIOLIET0 areHTa, 4To IOAPa3syMEBaeT PHUCK OTpaBJICHUS IIEPCOHANA, a TaKKe
HE00XO0AUMOCTh TIATEIbHOW OUUCTKH MPOJYKTOB M OTXOJI0B; 2) 3aBUCUMOCTb TOILJIMBHBIX CBOMCTB
OT THWIIA HCIOJB3YEMOTO ChIpbs, YTO MPUBOAUT K TEXHOJOIMYECKUM TPYAHOCTSAM IpU
HCIOJIb30BAHUU MAce C BBICOKMM COJIep’KaHHEM CBOOOHBIX XKUPHBIX KHCIIOT; 3) cinaboe pa3BUTHE
TEXHOJIOTUI 1epepaOOTKM HEMNMILEBBIX MAaced, YTO BbI3bIBAET HEOOXOJUMOCTh 3aCEUBATH
MAacJIMYHbIMU KYJIbTYpaMu OOJIbIINE MJIOLIAIN Ul OOecleueHus MoTpeOHOCTeN KaKk MUILEBOH, TakK
¥ OMOTOIIMBHOM MPOMBIIIEHHOCTH; 3TO, B CBOIO OYepe/ib, BHI3BIBAET MPOOIEMY IPO3UH MOYB [1—
4].

Otu npobaemMbl MOTYT OBITh PEIICHBI 3a CYET Pa3pabOTKU HOBBIX TEXHOJIOTUN MOJYYEHUS U3
TPUTIULEPUIOB Pa3JIMYHBIX XHMHUYECKHX BEIIECTB, KOTOPHIE MOTYT HCIIOJIB30BAThCA Kak B
KauecTBE BBICOKOA()(PEKTUBHOIO TOIJINBA, TaK U B KAYECTBE MPOMBIIUIEHHOTO ChIpbs. OAHUM M3
CIOcO0OB MepepadOTKU Mace SIBJIAETCS UX KaTaJUuTHYecKas KOHBEPCHUs B IPUCYTCTBUU BOJOPOJIA.

Cpenu nosryyaeMbIX MPOAYKTOB, B OCHOBHOM, (PUTYpUPYIOT HACHIIIEHHbIE U HEHACHIIICHHbIE
YIJIE€BOJIOPO/BI, TIOJy4aeMble B IIPOLECCE TaK Ha3bIBAEMOT0 I'MApOJEeOKCUreHupoBanus. IIpoaykr,
MOJIYUEHHBI B MpPOLECCe TUAPOJIECOKCUTCHUPOBAHUS PACTUTENBHBIX Macel M JKUPOB, HOCUT
Ha3zBaHMe ['pMH—M3€nb M HCIOJIB3YETCS B KadyecTBE aJbTepHAaTHMBHOro Torumsa [5—6]. Cocras
CHUHTE3UPYEMOM YII€BOJOPOJHON CMECH 3aBHCUT OT COCTaBa HCXOAHOTO CBIPbSl U COAEPIKUT
JMHEWHBIE YTJIEBOJAOPOABI € 4YHCIOM yriaepoaHslx atomMoB C13-C22. Ilo cBoum ¢u3znko—
XUMHUYECKUM M TEIUIOBBIM MOKa3aTensiM [ puH—1u3enb CX0AeH ¢ HEPTAHBIM JIU3EJIbHBIM TOILTUBOM,
OJTHAKO TaKXke 00JaJaeT BCeMH MPEHMMYILECTBAMM KIJIACCHYECKOro OMOaM3ensi, Kak, Hampumep,
BBICOKOE II€TAHOBOE YHCIIO, YIIEPOAHEUTPAIBHOCTh, XOPOIINE CMAa30YHbIe XapakTepucTuku [7]. B
OTIMYUEe OT OHOAM3ens, IMpolecc Npou3BojacTBa ['puH—au3enss He TpeOyeT NpeaBapUTENbHON
OYHUCTKHU M MOJTOTOBKU MCXOJHOTO ChIPbsl, HEUYBCTBUTENIEH K MPUCYTCTBUIO BOJBI B PEAKIIMOHHOMN
CMECH, a TaKXe MPOBOJIUTCS O€3 HCII0JIb30BAaHMsI TOKCUYHBIX BELIECTB, TAKMX KaK METAHOII.

OguuM W3 TNpPEeuMyUIeCTB  MPOBEJIEHUS  Ipolecca  TUAPOJECOKCUTCHHUPOBAHUS
MacJioco/ieprkaliel GuomMacchl sIBJISIETCSI BO3MOKHOCTD Iepepab0oTKH HEJTMKBUIHBIX, OTPAOOTaHHBIX
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pacTUTENLHBIX Maces, PPUTIOPHBIX )KUPOB U Macell, He UCIOIb3YEMbIX B IHUILEBBIX IesiX. Bee 3To
MO3BOJISIET PEUINTh J[BE OCHOBHBIC MPOOJIEMBbI MPOU3BOACTBA TOIUIMB M3 OMOMAacChl — HHU3KYIO
PEHTA0ETbHOCTh NPOM3BOJACTBA M BEPOATHOCTH IKOJIOTMYECKOTO pHUCKA, CBS3aHHYIO C
BBIPOXKJIEHUEM TOYB.

Oco0yto HUIY cpenu HpPOAYKTOB THIPONEpepadOTKH Macel 3aHMMAIOT TaK e KHUPHBIC
cnupthl ¢ uucioM yraepoansix aromoB Cl0-CI18 [8-15]. JKupHble cnupThl SBISIOTCA
MOJIYIIPOJIYKTaMH CHHTe3a MHoOrux BemectB. B 3amagnoit EBpome Tonmbko 5% U3 HuX
HCIIOJIB3YIOTCS HEMOCPEACTBEHHO, U NMPUMEPHO 95% UCHONB3YIOTCA B BHUJAE MPOU3BOJIHBIX [6].
AMOuOGUIBHBI XapakTep >KUPHBIX CHUPTOB, KOTOPBIM JTOCTUTAETCS HAJIMYUEM HEHOJSPHOU
JTUNO(GUIBLHON YIJIEBOJOPOJHON MENMH M TMOJIAPHOW THAPOGUIBHON THAPOKCHUIBLHON TPYIIIHI,
o0ecrieyrBaeT TOBEPXHOCTHYIO AaKTUBHOCTh ATHX coeauHeHuid. 70—75% >KUPHBIX CHHPTOB
UCIOb3yeTcs B mpousBoactse [TAB [2-3].

[lo 0003HauEHHBIM MPUYMHAM >KMPHBIE CHUPTHI OPUEHTUPYIOTCS Ha NMOBEPXHOCTU paszzeia
(a3, 4TO MO3BOJSIET UCIOIB30BAaTh MX B BHUJAE IMYJIbCHI U MUKPO—IMYJIbCU. B KocMeTHueckux
OMYIbCUSAX (KPEMBI, JIOChOHBI) OCHOBHOM (DYHKIMEH >KUPHBIX CHUPTOB SIBIISETCS 0OECIEUeHUE MX
KOHCHUCTEHIIMH, B TEXHUYECKHX SMYIbCUAX UX HCIONB3YIOT AJIsl YBEIMUYEHUSI pacTBOpuMocTH [9].
[TonsapHBI XapakTep >KUPHBIX CIUPTOB IMO3BOJSET UCIOJIB30BATh MX B KAayecTBE JyOpPUKAHTOB.
D¢dupsl KUPHBIX COUPTOB C KUPHBIMH KUCIOTaMH, HAa3bIBAEMble BOCKAMH HAXOJAT NIPUMEHEHUE B
KauyecTBe JIyOpUKaHTOB. B kocMeTHuecKoil MPOMBILIIEHHOCTH TakK K€ HIMPOKO MCHOJIb3YIOT 3(PUPbI
HEHACBIIICHHBIX CIUPTOB U KUCIOT [12]. XKupHble COUPTHI MIMPOKO MPUMEHSIOTCS B MappIOMEpHH.
Anbperusapl, 3pUpbl UM AJKUIbHBIE IPYNIbl HA OCHOBE >KUPHBIX CHUPTOB MHOI/A BHEIAPSIOT B
KOMIUIEKCHBIE MOJIEKYJbl apoMaTHUecKux BemecTB. OcoOyro BaXXKHOCTh UIPAeT BBICOKAs YUCTOTA
coenunenus [11].

Ocoboe npuMEHEHHWE HAXOIAT >KHpPHbIE CHHpThl ¢ jumHOW 1ernu C18 wum Beime. OHHU
UCTIOJNB3YIOTCS B (POPME IMYIIbCUI WIIM IPOU3BOJHBIX. BO MHOTHX CTpaHax Bojia O4€Hb Joporasi u
TpyaHooObIBacMasi. Bo BpeMsi ce30Ha 3aCyxXu XpaHUIIUINA BOJIbI HYXKHO 3alUINATh OT UCIIAPEHHUS.
OMyJbCcUU KUPHBIX cUpTOB ¢ [TAB MOXHO MCHOIB30BaTh ISl cOXpaHeHUs Bobl. CJI0M, JIErKo u
ObICTPO (HOPMUPYIOLIUICS HA MOBEPXHOCTH, MPEAOTBPAILAET UCIIAPEHUE U TEM CaMbIM COXpaHSET
Boay [3]. KupHble cnupThl Tak K€ HCIOJIb3YIOT B KauecTBE IEHOracUTeNel Mpu MPOU3BOJCTBE
Oymaru. [lonmydyeHHBIN IEHOracuTellb HA OCHOBE CUJIMKOHA BBICOKO 3(h(peKTUBEH, OMoaerpatupyem,
MMeEeT XOpOIllMe BJaro— M BO3JYXOOTHHMAIOIIME CBOMCTBA, a Tak ke gemeB [2—4]. Kpome Toro
YKUPHBIE CIIUPTHI MOTYT UCIIOJIb30BATHCS B KAUECTBE aJIbTEPHATUBHOTIO UCTOYHUKA SHEPTUU HAPSIAY
C YIJIEBOAOPOJAaMH M METUIIOBBIMU 3(PHUpaM KHUPHBIX KUCIIOT.

B mponecce paGoTel ObIIM MCCIIENOBAaHBI CIEAYIONINE MPOLECCHl MepepaboTKU MacIMYHON
OMOMacchl: JEOKCUT€HHPOBAHWE B TPAJAMIMOHHOM pPacTBOPHUTENE, JEOKCUTCHHUPOBAHUE B Cpele
CBEPXKPUTHUYECKOIO TEKCaHa, THUIPUPOBAaHME B Cpele Toilyojda. B KkauecTBe MOZAEIBHOTO
COEIMHEHMS HCII0JIb30BaJIaCh CT€apUHOBasi KucioTa. [Iponeccsl MpoBOAUINCH B HIECTUSYECUHOM
peakTope Bbricokoro naienus Parr Series 5000 Multiple Reactor System (Parr Instrumrnt, CIIIA).
B cTamgapTHOM SKCIiepHMeHTe B peaktop BHocmicsa 0.1 r karammsatopa u 30 cm® pactBopa
CTEapUHOBOH KHCIOTHI B BBIOPAHHOM pacTBOpHTeNe ¢ KoHIeHTpamueil 0.2 momb/mm°. Peaktop
repMETU3UPOBAJICS U TPUXKABI IPOAYBAJICS a30TOM. 3aTEM yCTaHABIMBAJIOCH HEOOXOAMMOE padouee
JABJICHHE BOAOPOJA U PEAKTOP HAarpeBaJics 10 3a/laHHOM TemIepaTypsl. B kauecTBe karanu3aTopoB
MCIOJIb30BAINCH NMaafuiicofeprKaiie KaTaluTHYeCKUe CUCTEMbl, HAHECEHHbIE Ha CBEPXCIIUTHIN
nosuctupon [16-18].

Pe3ynbTaTthl SKCIEPUMEHTOB MO KOHBEPCHM CTEApPUHOBOM KHCIOTHI C HCIOJIb30BAaHUEM
MOJIMMEPHBIX KaTalIu3aToOpOB IMpe/icTaBieHbl B Tabuuie.
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Tabnuna.
AJUIAJJUHMCOJIEPKAIIIME KATAJIM3ATOPEI B KOHBEPCHM CTEAPMHOBOM KUCJIOThI
Ronsepcus L]enesoti Buixoo yenesoco
Kamanuzamop CMeapuHosoll 4 0 TOF, ¢t
0 nPOOYKM npooykma, %
xucinomol, %

Jleokcurenuposanue B gozaekane (P = 0,6 MIla, T = 300 °C, Bpems nipoBeeHus nporecca — 180 mMuH)

1%-Pd/CIIC 100 H-TEINTaneKaH 99,8 0,64
3%-Pd/CIIC 100 H-TENTaneKaH 98,7 0,32
5%-Pd/CIIC 100 H-TenTaneKal 95,1 0,22

JeokcurennpoBanue B cBepxkputndeckoM rekcane (Pyz = 3,0 Mlla, T =250 °C,
BpeMsI TIPOBEACHMS mporiecca — 15 MuH)

1%-Pd/CIIC 100 H-TENTaneKaH 80,6 15,3
3%-Pd/CIIC 100 H-TENTaneKaH 73,4 11,9
5%-Pd/CIIC 100 H-TeNTaJeKaH 52,8 9,8
I'uppuposanue B Tonyone (Pa = 3,0 MIla, T = 150 °C, Bpemst mpoBeneHust mpouecca — 120 MuH)
1%-Pd/CIIC 100 CTEAPIIOBLIM CIHPT 99,1 1,26
3%-Pd/CIIC 100 CTEapMIOBEIN CIIUPT 50,2 1,15
5%-Pd/CTIC 100 CTEapUJIOBBIA CITUPT 37,5 0,93

Kak BuznHo u3 Tabmuupel, katanuzartop ¢ cojepxkaHueM namwtagus 1 macc. % mnokaszan Gosee
BBICOKYIO CEJIEKTHBHOCTb I10 LI€JIEBOMY IPOAYKTY, a TakkKe 00Jiee BBICOKYIO CKOPOCTh KOHBEPCUU
CTEapMHOBOM KHCJOTBl BO BCEX HCCIEAYyeMbIX Ipoleccax. TakuM oOpa3oM, KaTaauTHYecKas
cucrema 1%-Pd/CIIC siBnsieTcsi mepCHeKTUBHON Uil KOHBEPCUHM MAacIMYHON OMOMAacchl B TOILUIMBA
U IPOJIYKThI XUMHUYECKOTO CUHTE3A.

Paboma evinonnena npu gunarncosou nodoepoicke Poccuiickoeo @onoa @ynoamenmanbHvix
Hccneoosanuii (epanm — 16-08-00041A).
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