ISSN 2227-2925 (print)
ISSN 2500-1558 (online)

12+
Tom 10 N 2
2020

U3BECTUA BY3OB

[MpuknagHaa xmmus
n buoTtexHorsnorus




MWHUCTEPCTBO HAYKWU W BbICLLErO OEPA30BAHUA PO

UPKYTCKUN HALI,VIOHAﬂbI-jbII?I UCCINEOOBATEIbCKUW
TEXHUYECKUA YHUBEPCUTET

W3BECTUSA BY30B
[MpuknagHaa xmmus

n OnoTexHonorus

Tom 10 N 2 2020

A4

U3OATENBCTBO
UpKyTCKoro HauMoHanbLHoOro uccrneaoBaTenbCKoOro
TeXHU4YecKoro yHuBepcuteTa



naeHbIl pedakmop:
EBctadbeB C.H.

M3BECTNA BY30B
MpuknagHaa xummna n 6uotexHonorus
Tom 10 N 2 2020

PEOAKLUMOHHAA KOJIIEInA

O.X.H., npodeccop, 3aBeaywmnn kadeopon XMMUM U NULLEBON TexHomormm WpKyTCKoro
HaLMOoHanNbHOro nccneaoBaTenbCKOro TeXHMYECKoro yHmBepcuteTa (r. VipkyTck, Poccust)

3amecmumens 2nasHoz20 pedakmopa:

Moxupaes HO.B.

O.X.H., npodpeccop kadegpbl XMMUM M NULLIEBON TexHonornm WpKyTCKOro HauuMoHanbHOro
nccnenoBaTenbCKoro TexHu4eckoro yHnepcuteta (r. VipkyTck, Poccus)

YneHb! pedakuyuoHHOL Kosseauu:

Boposckui I'.B.
Bpartckas C.10.
Bapdonomees C.A.

BepnoopTt ®paHcuc

BopoHoB B.K.

o OH-310Hb

OapaweB M.H.

WNoenosuy M.A.
MeTtHep ®PpaHk-HOpreH
HenomHswux A.U.
MypeBcypeH B.
PoroxwuH B.B.
Canosaposa B.IN.
Canxu6 Kymap MaHpa
YnbsaHoB B.A.
XyTopsiHckui B.B.

LibipeHoB B.2XK.

YxeHkenu B.A.

LeH AHMUHT

A.6.H., npodpeccop, 3amecTutens avpektopa Cubupckoro MHcTUTyTa huanonormm mu 6uvo-
xumunm pacteHnin CO PAH (r. MpkyTtck, Poccus)

O.X.H., npodeccop, uneH-koppecrnoHaeHT PAH, 3aBepytowas nabopartopuein COpOLMOHHBLIX
npouecco NHctutyTa Xxumumn [BO PAH (r. BnagmBocTok, Poccus)

O.X.H., npodyeccop, u4neH-koppecnoHaeHT PAH, aupektop WHcTUTyTa 6GUOXMMUYECKON
duankm um. H.M. 3maHyansa PAH (r. Mockea, Poccusi)

JOKTOp Hayk, npodeccop Kadpeapbl 3KOMOTMYECKUX TEXHOMOMMIN, MULLEBLIX TEXHOMOTUMA
MornekynsipHo GuoTtexHonormn, MeHTckun YhueepcuteT noban Kamnyc (dpunvan B Kopee),
(r. MHuxoH, Kopes)

O.X.H., npodbeccop, 3acnyxeHHbln geatens Hayku P®, npodeccop kadenpbl MHopmaTuku
MpkyTcKOro HauMOHanbHOro WCCNeaoBaTenbCkoro TeXHWYecKoro yHueepcuteta (r. MpKyTck,
Poccus)

npodeccop, 3aBeaywowmin nabopatopuen KOOPAMHALMOHHOW xumun LleHbsHckoro
WHCTUTYTa XnMmyeckon TexHonoruu (r.llexbsn, Kutan)

AO.T.H., npodeccop, rMaBHbIN Hay4HbIM COTPYAHUK kadedpbl hU3NYeckon K KONmoumgHon
XvMun POCCUMICKOro rocyaapCTBEHHOro yHuBepcuTeta HedTn u rasa um. W.M. TyBkuHa
(r. Mocksa, Poccus)

O.X.H., npodeccop, PYKOBOAUTEMb XUMMWYECKOTO oTherna OMOTEeXHONOrMYeCKon KoMnaHum
"Celdesigner” (r. PexosoT, MN3paiinb)

OOKTOp Hayk, npocdheccop, 3aBepywwunn kadeapomn
TeXHU4eckoro yHusepcuTeTa (r. bepnuH, Nepmanus)
A.d-M.H., npodeccop, 3acnyxeHHbli pfdesTenb Haykm P®, 3amectutens Aupektopa
UHcTuTyTa reoxumum um. A.lN. BuHorpagosa CO PAH (r. MpkyTtck, Poccus)

OOKTOp Hayk, akagemunk AH MoHronuw, 3aseaytowmin nabopartopuen xumun yrmsa UHctuTyTa
XUMUK 1 Xummnyeckon TexHonornm AH Moxronum (r.Ynan-batop, MoHronusi)

A.6.H., npodeccop, 3aBeaywWMiA nabdopaTopuei UccnenoBaHus OUONOrMYEecKU akTUBHBLIX
BELLECTB AKyTCKOW rocy1apCTBEHHOM CENbCKOXO3ANCTBEHHOM akagemmu (r. AkyTck, Poccust)
0.6.H., npodeccop, 3aBeaytowan kadenpon duanko-xummuyeckon 6uonorumn WMpkyTtckoro
rocyaapcTBeHHOro yHuepcuteta (r. MipkyTtck, Poccus)

OOKTOp Hayk, npodpeccop, npodeccop Kadenpbl Hayk O XWU3HU UM OBUOMHOPMATUKM
YHuBepcuteTa Accam, (r. Cunuap, NHgus)

A.T.H., npodeccop kacdeapbl XMMUYECKOW TEXHOMNOMMM TONMNMBa AHrapCKOro rocyaapCTBEHHOIO
TexXHU4Yeckoro yHnsepcuteta (r. AHrapck, Poccus)

K.X.H., npodeccop ¢apmaueBTUHEeCKON LWKonbl YHuBepcuteta PeguHra (r.
BenukobputaHus)

4.6.H., npodeccop, 3acnyxeHHbln eAaTenb Haykn U TexHUkn P®, 3aBeaytowmii kadenpon
6uoTtexHonormn BocTouHO-CnBUPCKOro rocynapCTBEHHONO  YHMBEPCUTETA TEXHOMOrMU U
ynpasrnieHus (r. YnaH-Yaa, Poccus)

0.6.H., npodbeccop, 3aBeaywollas kadenpon aHaTtomuu, U3nonorMm n  MUKpobuonorum
VIpKyTCKOro rocyAapCTBEHHOrO arpapHoro yHnsepcuteta (r. pkyTtck, Poccust)

npodpeccop, 3amecTuTenb AeKkaHa akynbTeTa XMMUYECKON MHXKeHepun, LUeHbSHCKU NHCTU-
TYT XUMMYecKon TexHonoruu, (r. LexbsaH, Kutan)

nusoBapeHus bepnuHckoro

JloHaoH,

OmeemcmeeHHbIl cekpemapb:

YecHokoBa A.H.

K.X.H., IPKYyTCKUIA HauMOHamnbHbIA UCCNenoBaTeNlbCKUn TEXHUYECKUA yHMBepceuteT (r. VIpKyTCK,
Poccus)
>KypHan ocHoBaH B 2011 1.
MepunoguyHocTb M3gaHusa — 4 pasa B rog.
XKypHan 3apeructpupoBaH PegepanbHor cnyxboi no Hagsopy

B cdhepe CBA3M, MHOPMALMOHHBIX TEXHOMOTMI U MacCoBbIX KOMMYHWKauMi (PockoMHaasop).

Ceupgetenbctso M NedC77-62814 ot 18 aBrycta 2015 .

Yupeauntensb VpKyTCKUIN HaLMOHanbHbIN UCCNeaoBaTenbCKUA TEXHUYECKUA YHUBEPCUTET
MognucHon nnaekc B Katanore poccuiickon npeccol «Noyta Poccum» — 24682

Apnpec yuypeauTtens u uspgartens:
664074, Poccus, r. VpkyTck, yn. JllepmoHTOoBa, 83
Appec pepakuum:
664074, Poccus, r. NpkyTck, yn. JlepmoHToBa, 83, aya. [-215
E-mail: biochem@istu.edu
© b0y BO «MPHUTY», 2020



Editor in Chief :
Sergei N. Evstaf'ev

Deputy Editor:
Yuriy N. Pozhidaev

Editorial council:
Gennadiy B. Borovskii

Svetlana Yu. Bratskaya
Sergey D. Varfolomeyev
Francis Verpoort

Vladimir K. Voronov

Enjun Gao

Mirali N. Dadashev
Mikhail Ya. loelovich
Frank-Juergen Methner

Alexander I.
Nepomnyashchikh

Purevsuren Barnasan

Vasily V. Rogozhin
Valentina P. Salovarova
Sanjib Kumar Panda
Boris A. Ulyanov

Vitaliy V. Khutoryanskiy

Vladimir Zh. Tsyrenov

Vera A. Chkhenkeli

Yanming Shen

Executive Secretary:

Alexandra N. Chesnokova

PROCEEDINGS OF UNIVERSITIES
Applied chemistry and biotechnology
Volume 10 N2 2020

EDITORIAL BOARD

Dr. Sci. (Chemistry), Professor, Irkutsk National Research Technical University, Head
of Chemistry and Food Technology Department (Irkutsk, Russia)

Dr. Sci.(Chemistry), Professor, Irkutsk National Research Technical University, Professor
of Chemistry and Food Technology Department (Irkutsk, Russia)

Dr. Sci.(Biology), Professor, Deputy Head of the Siberian Institute of Plant Physiology and
Biochemistry SB RAS, (Irkutsk, Russia)

Dr. Sci. (Chemistry), Professor, Correspondent member of RAS, Institute of Chemistry
FEB RAS, Head of the Laboratory of Sorption Processes, (Vladivostok, Russia)

Dr. Sci. (Chemistry), Professor, Correspondent member of RAS, Director of N.M.
Emmanuel Institute of Biochemical Physics (Moscow, Russia)

Dr., Professor, Department of Environmental Technology, Food Technology and
Molecular Biotechnology, Ghent University Global Campus, (Incheon, Korea)

Dr. Sci. (Chemistry), Professor, Honored Worker of Science of the Russian
Federation, Irkutsk National Research Technical University, Professor of Mathematics
Department (Irkutsk, Russia)

Professor, Head of the Laboratory of Coordination Chemistry, Shenyang Institute of
Chemical Technology (Shenyang, China)

Dr. Sci. (Engineering), Professor, Gubkin Russian State University of Oil and Gas, Senior
research associate of Physical and Colloid Chemistry Department (Moscow, Russia)

Dr. Sci. (Chemistry), Professor, Head of Chemical Department, Biotechnology
Company "Celdesigner" (Rehovot, Israel)

Dr., Professor, Berlin Institute of Technology, Head of Brewing Science Department
(Berlin, Germany)

Dr. Sci. (Phys.-Math.), Professor, Honored Worker of Science of the Russian Federation,
Deputy Director of Vinogradov Institute of Geochemistry SB RAS (Irkutsk, Russia)

Dr. Sci. (Chemistry), Academician of Mongolian AS, Institute of Chemistry and Chemical
Technology of Mongolian AS, Head of the Laboratory of Coal Chemistry (Ulan Bator,
Mongolia)

Dr. Sci.(Biology), Professor, Yakutsk State Agricultural Academy, Head of the Laboratory
for bioactive substance studies (Yakutsk, Russia)

Dr. Sci.(Biology), Professor, Irkutsk State University, Head of Physical and Chemical
Biology Department (Irkutsk, Russia)

Dr., Professor, Assam University, Department of Life Science & Bioinformatics (Silchar,
India)

Dr. Sci. (Engineering), Professor, Angarsk State Technical University, Head of Chemical
Technology of Fuels Department (Angarsk, Russia)

Ph.D. (Chemistry), Professor of Pharmaceutical School of University of Reading (London,
Great Britain)

Dr. Sci.(Biology), Professor, Honored Worker of Science and Engineering of the Russian
Federation, East Siberia State University of Technology and Management, Head of
Biotechnology Department (Ulan-Ude, Russia)

Dr. Sci.(Biology), Professor, Irkutsk State Agricultural University, Head of Anatomy,
Physiology and Microbiology Department (Irkutsk, Russia)

Professor, Vice-Dean of Department of Chemical Engineering, Shenyang Institute of
Chemical Technology (Shenyang, China)

Cand. Sci. (Chemistry), Irkutsk National Research Technical University (Irkutsk, Russia)

The journal was founded in 2011. The journal is issued 4 times a year.
The journal is registered with the Federal Agency for Supervision of Communications,

Information Technologies and Mass Media.

Certificate of registration FS 77-62814 of 18 August, 2015

The journal is included in Ulrich's Periodicals Directory Founder and Publisher:
the Federal State Budget Educational Institution of Higher Education

Irkutsk National Research Technical University

The subscription index in the Catalogue of the Russian Press "Pochta Rossii" is — 24682.

Address of the founder and publisher:

83, Lermontov St., Irkutsk, 664074, Russian Federation

Editorial address:

D-215, 83, Lermontov St., Irkutsk, 664074, Russian Federation,

E-mail: biochem@istu.edu
© of FGBOU VO "INRTU", 2020


http://journals.istu.edu/_sys/mod/attach.php?svidet.jpg

U3BECTUA BY30B. INTPUKITAQHAST XUMUA U BUOTEXHOJIOMUS 2020 Tom 10 N 2

PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2020 Vol. 10 No. 2

COOEPXAHUE
XUMHNYECKUNE HAYKUN
KynaBuHa E.A., MNewkoB C.A., UckaHpapoB A.lO. CuHTe3 n ctpoeHue l-ankokcu-1,4-
[ONOKCO-2-anKkeHonsaToB HaTpusa " 6uc-(4-ankun(apwvn)-1-okco-1-ankokcmarnkaH-2,4-

ONOHATO)METAITNIOB(I]) HA MX OCHOBE. ... e et tiitee et ete ettt et et ettt et et et e e et e e et e e e e e aenenan
YepenaHoB WU.C., KprokoBa [.C. Ob6pasoBaHue rymnHOnogobHbIX BELLECTB B peakuuu
D-rntoKo3bl € r7-TONYUOMHOM B GE3BOLHOM ATAHOTIE ... uueieeeeeeeeee et e et e e e e ee e e e e eeenes
MapgaHoBa B.WU., Taxupnu LWW.A., FagxueBa C.P., YbiparoB ®.M. MN3y4yeHne KOMMNEKCO-
obpasoBaHusa Hukena(ll) ¢ 1,3-gudeHnn—2-(2—rnapokcn-4-HUTPoeHNNrMapo30) NPoONogNOHOM-
1,3 B MPUCYTCTBUN TPETBUX KOMIMOHEHTOB ...t eteieieeteteeee e aea et ee e e e e e e e e e e e e e e e r e e e e aeneeaaennen
MonbiHckun U.B., MupoHeHko B.B., NMonbiHckaa M.M., AHumncepoB E.A. Viccneposa-
HUEe NPOTUBOKOPPO3MOHHBIX CBONCTB 3MOKCUMAHBLIX KOMMO3ULUA METOAOM WUMMNEeLaHCHON Chnek-
L0101 (o )11
ComuH B.A., Komapora J1.®., KytanoBa A.B. ViccnenoBaHnsi no MCMNonb30BaHUIO Ny3ru
TPEUNXM AN YMSTHEHUS BODDBI ..t e uenetet ettt teeteaeteaet et ee e et e e et e e et e e e e e e eae e et e e aeneenenenenens

PUIUKO-XUMNYECKASA BUOJIOTMUs1

MartBeeB 10.U., ABepbsiHoBa E.B. O6 arperauvn B GuHapHbIX GUOMONMMEPHBIX CUCTe-

Mycta Ornbl H.M., lWaposa H.l0. dutatrngponuanpyowas akTMBHOCTb WTaMma Asper-
Lo LU TS o = L S
Narpukac 0.B., Flop6bineBa E.J1., PegsieBa A.B., 3axaposa C.C., llinatoB A.B., NMo-
noB C.A., BopoBckun I'.B. Nonck GMONOrMYECcKM akTUBHLIX BELLECTB NPUPOOHOrO MPOUCXOX-
OEeHNs HA OCHOBE MasONONSAPHBLIX AKCTPAKTOB XBOMHDBIX . .. eueneetentneneaeneneeeneneneeneneanananenss
AreeBa H.M., TuxoHoBa A.H., BuprokoB A.[l. BnuaHue d¢epMeHTHbIX npenapaTos
Ha apomaTobpa3sytoLme KOMMNOHEHTbBI KPACHBIX CTOMOBBIX BUH .. ...ucuiee et aeeeenenenenenenanennannnenens
Yawwuna E.P., Ecdbpemenko 3.A., Canosaposa B.M., NaBpukos [.E., NMpuctaBka A.A.
M'aponus uenntonosbl epMeHTHbIM koMnnekcoM Trichoderma viride B npucytcteum dhtopmaa
HaTpus: BNUSIHWE CTPYKTYpbl cybcTpaTa 1 COpOLNOHHON aKTUBHOCTU LIESTITHONA3.....ve e eeenenenn.
Abunosa I.A. BnivaHve canvuunata HaTpus Ha r3Monoro-buoxnMmnyeckne nokasarenm
NPOPOCTKOB MLUEHULIbI MPU OENCTBUMN TSHKEMBIX METATITIOB . ... et eeteneeeteneneeaeeaeneaeaeeeenenenenens
Pa6uHoBuvy IM.10., CmupHoBa 10.[1., ®ommnyeBa H.B. lNonyyeHne HOBbIX KpEMHUIOPraHu-
Yecknx ygobpeHun n nx anpobaumsi npu MOAENMPOBAHUN BOAHBIX CTPECCOB....uvuueuineneennanannnss
MweHko A.A., ®unuHoBa H.B., CugopoB A.B. BrnusiHne knyOeHbKOBbLIX U MAaTOrEHHbIX
BakTepuin Ha N3MeHeHne YpoBHSA OKcuAaa asoTa U LMKNMYeCcKoro ageHo3nHmoHodocdaTa B KOp-
HSAX ropoxa Ha HayanbHbIX 3TAMNAX B3ANUMOLENCTBUS .. ... ueneeeetene e eeeneeneeaeteeeeaeaenaneeaaeeennn
MNasnoB W.H. BnwusHue asTormagponutmnyeckom obpabotkm Miscanthus sacchariflorus
Andersson Ha BbIXO[ peayLMpYHOLLMX BELLECTB MPU NOCMNeayLEM (DEPMEHTONU3E..................
MeseHoBa H.H0., ArachoHoBa C.B., Me3seHoBa 0.4., BanganuHoBa J1.C., BonkoB B.B.
dPepmeHTaTUBHAs MoAndUKaLusa NOBOYHOIrO MSICOKOCTHOIO KomrareHcoaepKallero cbipbsi Npwu
Yo RNy =Y o =T o= Lo o)

XUMHNYECKAS TEXHOJIOI A

CanamatoB B.U. NccneposaHve unbTpyloLWMX CBONCTB TKAHEN U3 XTMOMKOBbIX U CUHTE-
RS (Y01 14D =10 [0 (o = N
MamepoB W.I'., IxxaBapoBa O.H., AsumoBa H.B. [NpurotoBneHne gusenbHbIX CMecen
N UCCIIEA0BAHNE NX GOUBMUECKMX CBOMCTB. ...t titene ettt eteat et et et e e et e e et et et e e e te e eteeraananens
KpanuBHuukas T.0, BynaHoBa C.A., CopokuH A.A., fleHnceHko A.H., Bopoxuos A.J1.,
CemeHblyeBa J1.J1. AHanus npogykToB HM3koTemnepatypHoro CBY-nmponusa Topda...............
BoxeHkoB I'.B., MeaBeaeB [.B., PyasakoBa E.B., N'y6aHoB, H.[l. Katanutnyeckas gena-
PAUHNIALMSA CPELAHNX OUCTUIIIATOB. ...ttt et ettt et ettt ettt e et e e et e e e es e e e e e e ene e eneaneneenenes

KPATKUE COOBLEHNA
YecHokoBa A.H., XKamcapaHnxanoBa T.[., 3akapuyeBckun C.A., Kynwpecta B., Ckop-
HukoBa C.A., MakapoB C.C., NoxuagaeB l0.H. BnusHue cogepxaHuns ueonuta Ha NPOTOHHYIO

MPOBOANMOCTb M TEXHUYECKMNE XapaKTEPUCTUKN MEMBPaH Ha OCHOBE CLUMTOrO MOSIMBMHUIIOBOTO
(ol 1 7o) - TP

178 COLEPXXAHUE / CONTENTS

180

188

196

205

213

223

232

240

251

261

274

284

294

303

314

325

332

339

349

360




U3BECTUA BY30B. INTPUKITAQHAST XUMUA U BUOTEXHOJIOMUS 2020 Tom 10 N 2

PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2020 Vol. 10 No. 2

CONTENTS
CHEMICAL SCIENCES

Kunavina E.A., Peshkov S.A., Iskandarov A.Yu. Synthesis and structure of sodium
1-alkoxy-1,4-dioxo-2-alkenolates and bis-(4-alkyl(aryl)-1-oxo-1-alkoxyalkane-2,4-dionato) me-
tals (1) based 0N them. ... e

Cherepanov I.S., Kryukova P.S. Formation of humic substances in the reaction of
D-glucose with p-toluidine in anhydrous ethanol.............c.oiiii e

Mardanova V.I., Taxirli S.A., Hajiyeva S.R., Ciragov F.M. Component complexation study
of Ni(ll) with 1,3-diphenyl-2-(2-hydroxy-4-nitrophenylhydrozo)propodion-1,3.............c.ccceuennen.

Polyansky I.V., Mironenko V.V., Polynskaya M.M., Antsiferov E.A. Impedance spectros-
copy study of anticorrosive properties of epoXy COMPOSIIONS.......ccoviviriiiiiii i veeeaeeaas

Somin V.A., Komarova L.F., Kutalova A.V. Study of buckwheat husk application for water
Lo =T 0 a1 =T = 11 ES7= 1 o] o PN

PHYSICAL-CHEMICAL BIOLOGY

Matveev Yu.l., Averyanova E.V. On aggregation in binary biopolymer systems.................
Musta Ogly N.M., Sharova N.Yu. Phytate hydrolysing activity of the Aspergillus niger L-4
MICTOMYCELE STIAUN. ...ttt et et ettt e et et et ettt et e e e e renenenes
Pyatrikas D.V., Gorbyleva E.L., Fedyaeva A.V., Zakharova S.S., Shpatov A.V., Po-
pov S.A., Borovskii G.B. Search for biologically active substances of natural origin based on
[V oTo] F= T oo a1 =T g =) a1 =T N
Ageeva N.M., Tichonova A.N., Biryukov A.P. Effect of enzyme preparations on the aro-
ma-forming components of red table WINesS........ ...
Chashina E.R., Efremenko Z.A., Salovarova V.P., Gavrikov D.E., Pristavka A.A. Cellu-
lose hydrolysis by Trichoderma viride enzyme complex in the presence of sodium fluoride: effect
of substrate structure and cellulase sorption actiVity............ccoeiiiiiiiiii e
Abilova G.A. Effect of sodium salicylate treatment on physiological and biochemical pa-
rameters of wheat seedlings under the influence of heavy metals...............ccooiiiin,
Rabinovich G.Yu., Smirnova Yu.D., Fomicheva N.V. Obtaining of new organosilicon ferti-
lisers and their testing via water stress modelling...........ooooiiiiiii
Ishchenko A.A., Filinova N.V., Sidorov A.V. Effect of nodule and pathogenic bacteria
on levels of nitric oxide and cyclic adenosine monophosphate in pea roots at initial stages of in-
L0 =T £ ) o P
Pavlov I.N. Effect of the autohydrolytic treatment of Miscanthus sacchariflorus Andersson
on the yield of the reducing substances during the subsequent fermentolysis...........................
Mezenova N.Yu., Agafonova S.V., Mezenova O.Ya., Baydalinova L.S., Volkov V.V.
The use of enzymatic modification in recycling of meat and bone collagen-containing
0 0 0o L8 £

CHEMICAL TECHNOLOGY

Salamatov V.l. Study of the filtering properties of fabrics derived from cotton and synthetic
L0 (=2
Mamedov I.G., Javadova O.N., Asimova N.V. Preparation of diesel fuel blends and study
of their phySiCal PrOPEIIES .. ... e
Krapivnitskaya T.O., Bulanova S.A., Sorokin A.A., Denisenko A.N., Vorozhtsov D.L.,
Semenicheva L.L. Analysis of the prodycts of low-temperature microwave pyrolysis of peat.......
Bozhenkov G.V., Medvedev D.V., Rudyakova E.V., Gubanov N.D. Catalytic deparaffini-
zation of MIddIe dISHIlIALES. ... . ... e

BRIEF COMMUNICATION
Chesnokova A.N., Zhamsaranzhapova T.D., Zakarchevskiy S.A., Kulshrestha V.,

Skornikova S.A., Makarov S.S., Pozhidaev Yu.N. Effect of zeolite content on proton conductiv-
ity and technical characteristics of the membranes based on crosslinked polyvinyl alcohol..........

COLOEPXXAHUE / CONTENTS

180

188

196

205

213

223

232

240

251

261

274

284

294

303

314

325

332

339

349

360

179



PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2020 Vol. 10 No. 2
U3BECTUA BY30B. NTPUKITAQHAA XUMWUA U BUOTEXHOJIONA 2020 Tom 10 N 2

Original article / OpurnHanbHas ctaTbs
YOK 541.49; 542.06
DOI: https://doi.org/10.21285/2227-2925-2020-10-2-180-187

Synthesis and structure of sodium
1-alkoxy-1,4-dioxo-2-alkenolates and bis-(4-alkyl(aryl)-
1-oxo0-1-alkoxyalkane-2,4-dionato) metals (Il)

based on them

© Elena A. Kunavina*, Sergey A. Peshkov*, Aybek Yu. Iskandarov**

*Orenburg State University, Orenburg, Russian Federation
**Tashkent State Pedagogical University, Tashkent, Uzbekistan

Abstract: A priority task in contemporary organic chemistry consists in the synthesis of practically useful
metal complexes having carbonyl-containing ligands. The present article details the isolation of several new
bis-(4-alkyl(aryl)-1-oxo-1-alkoxyalkane-2,4-dionato) metals (ll) via complex formation of metal salts of (zinc
(1), copper (II) and nickel (1)) with sodium 1-alkoxy-1,4-dioxo-2-alkenolates obtained by condensation of al-
kyl (aryl) methyl ketones with dialkyl oxalates in the presence of sodium or sodium hydride as a condensing
reagent. The structure of the synthesised sodium oxoenolates and metal complexes was confirmed by spec-
tral analysis methods (IR, NMR *H-, NMR 13C—spectroscopy and mass spectrometry). In the IR spectra of the
solid samples of the isolated compounds, stretching vibrations bands of ester carbonyl groups were identi-
fied, as well as high-intensity ether bands due to the vibrations of C-O-C bonds. For compounds containing
aromatic fragments, bands corresponding to vibrations of monosubstituted benzene rings were found in the
IR spectra. The NMR spectra of 'H of sodium oxoenolates and metal complexes recorded in DMSO-dg
demonstrated characteristic signals of ethoxy and n-butoxy fragments, methine protons, as well as protons
of aromatic rings. Chemical shifts of carbon atoms in the NMR spectra 3¢ of sodium oxoenolates cor-
respond well to the reference values. In the mass spectra of synthesised compounds recorded in elec-
trospray mode, signals of protonated and cationised molecules were observed [M+H]", [M+NH,]", [M+Na]",
[M+K]". Using quantum chemical methods, the models of the obtained compounds were constructed along
with a calculation of the formation energies and dissociation constants. Optimisation of the geometric pa-
rameters of the equilibrium states of sodium oxoenolate and metal complexes was carried out using the fol-
lowing two methods: density functional theory (DFT) and self-consistent field (SCF). The relative formation
energies indicate high stability of the synthesised substances, while, according to the data obtained, copper
complexes are characterised by greater stability in the gas phase as compared to zinc and nickel.
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Pestome: CuHme3 rpakmuyecku 3Ha4YUMbIX MemaioKOMIIEKCO8 ¢ KapboHurcodepxxawumu nueaHoamu
sernsemcsi npuopumemHol 3adavel COBPeMEHHOU opaaHu4eckoli xumuu. KomnnekcoobpasosaHuem
1-ankokcu-1,4-0uoKco-2-arKkeHoIamo8 Hampusi, Nosy4YeHHbIX KoHOeHcayuel ankusa(apusia)MemusikemoHos ¢
Quarnkusiokcanamamu 8 fpucymcmeuu 8 Kadecmee KOHOEHCUpPYyruwe20 peazeHma Hampusi unu eudpuda
Hampusi, ¢ conamu memarnos (uunka(ll), medu(ll) u Hukens(ll)) ebideneHbl Hoebie 6uc-(4-ankun(apusm)-1-
oKco-1-ankokcuarnkaH-2,4-0uoHamo)memarnbi(ll). CmpoeHue CUHMe3UpPoB8aHHbIX OKCOEHOMSAMO8 Hampusi
U MemasisioKoMIiekcog8 nodmeepxO0eHo criekmparsbHbiMU Memodamu aHanusa (MK-, SAMP 'H-,
SAMP 13C-crleKmpocmnuu u macc-criekmpomempuu). B UK-cnekmpax meepdbix 06pa3yos ebidesieHHbIX
coeduHeHul obHapy>XeHbl MOI0Ckl 8aneHMHbIX KornebaHul CHOXHOIUPHbIX KapOOHUIbHbIX Py, a makx-
XK€ 3GhUpHbIE MO0CHI 8bICOKOU UHMEHcUusHocmMu, 0bycrioeneHHble kKonebaHusmu cessel C-O-C. [ns co-
elOuHeHul, codepxawux apomamuyeckue paemeHmsl 8 MIK-cnekmpax, HalideHbl Mosiockl, omeeyarujue
KonebaHusM MOHO3aMeuw,eHHbIX beH30MbHbIX Koney. B cnekmpax SMP 'H okcoeHonsimos Hampusi u me-
marnno-koMmnmnekcos, 3anucaHHbix 6 [JMCO-dg, npucymcmeyrom Krnaccudeckue cueHasbl 3MmoKcu- U
H-6ymokKcugpasMeHmMo8, MemuHO8bIX MPOMOHO8, @ MakKXxe MPOMOHO8 apoMamuyecKux Koneu. Xumuye-
cKue cosuau yanepodHbix amomos 8 criekmpax SIMP 3¢ okoeHonsimos Hampusi XOpowo cornocmasuMbl CO
CrpasoYHbIMU 3Ha4YeHUsIMU. B macc-crnekmpax cuHme3uposaHHbIX COeOUHEHUU, 3apeaucmpupoBaHHbIX 8
pexume anekmpopacrbineHusi, Habrodaromces cuaHarslbl MPOMOHUPOBAHHbBIX U KamuOHUPOBaHHbIX MOEKY
[M+H]", [M+NH,]", [M+Na]", [M+K]". C ucnonb3oeaHuem K8aHMOBO-XUMUYECKUX MEmMOoA08 MOCMpOeHs! MO-
denu rnosyyYeHHbIX CoOeOUHeHUl U paccyumaHbl 3Hepauu obpasosaHusi U KOoHcmaHmbl duccoyuayuu. Onmu-
Mu3sayusi 2eoMempu4YecKux fnapamempo8 pasHOBECHbIX COCMOSHUU OKCOEHOJMIAMOo8 Hampusi U Memario-
Komriniekcoe npoussedeHa 8 pamkax 0syx memodos: meopuu ¢yHkyuoHana niomHocmu (DFT) u camoco-
enacoeaHHo20 nosns (SCF). OmHocumernbHble 8enuYUHbI d3Hepauli 0bpa3ogaHusi ceudemesibCmeayom o 8bl-
CcoKoli cmabunbHOCMU CUHME3UPOB8aHHbIX 8EULECMS, MNPU 3MOM, CO2/1aCHO M01y4YeHHbIM OaHHbIM, bonbwel
ycmou4queocmbio 8 2a3080U ¢hase xapakmepu3yromcsi MeOHbIE KOMITIEKCHI.

Knro4deenie crioea: 0KCOEHOMSIMbI Hampus, MemarsiJlIOKOMI1/1eKCbl, CUHMe3, cneKmpaanbIEI aHarsnus

Uupopmauyuss o cmamee: [Jama nocmynneHus 23 sHeaps 2020 e.; 0ama npuHamus K nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuieHus 30 utoHs1 2020 a.

Ana yumupoeaHusi: KyHaBsuHa E.A., MNMewkoB C.A., ckaHgapoB A.KO. CuHTe3 n ctpoeHue 1-ankokcu-1,4-
OMOKCO-2-ankeHonaToB HaTtpua u  6uc-(4-ankun(apwn)-1-okco-1-ankokcnankaH-2,4-anoHato)metannos(ll)
Ha nx ocHoBe. M3gecmusi 8y3o8. lNpuknadHas xumus u 6uomexHonoaus. 2020. T. 10. N 2. C. 180-187.
https://doi.org/10.21285/2227-2925-2020-10-2-180-187

INTRODUCTION 50-100 ml of benzene or toluene. The reagent

The chemistry of metal complexes is an ex-
tensive and rapidly developing field due to the
multifunctionality and practical significance of
these materials. Among the interesting properties
of metal-complex compounds are included biolog-
ical, pharmacological, photochemical and photo-
physical attributes [1-15]. Additional some metal
complexes have been successfully used in the
development of novel nanoscale structures [16].
Among metal complexes having organic ligands,
the least studied are those based on polycarbonyl
systems with conjugated a- and B-dioxo links. In
order to expand the number of available metal
complexes having carbonyl-containing ligands,
the present study set out to synthesise new repre-
sentative compounds and evaluate their stability
using quantum chemical methods.

EXPERIMENTAL

Synthesis of 4-alkyl(aryl)-1-alkoxy-1,4-dioxo-
2-sodium alkenolates (1). General procedure.
0.58 g (25 mmol) of sodium was gradually added
with stirring to a mixture of 25 mmol of the corre-
sponding methyl ketones (3-methylbutanone-2 or
acetophenone), 25 mmol of dialkyl oxalates
(di-n-butyloxalate  or diethyl oxalate) and

mixture was boiled for 1.5-2 h (TLC control) in a
round bottom flask with reflux condenser. Follow-
ing evaporation of solvent, the obtained oxoeno-
lates were washed with ether.

1-Butoxy-5-methyl-1,4-dioxo-2-hexene-2-so-
dium-olate (7a). Yield 84 %, melting point (tmer) —
118-122 °C. IR spectrum, v, cm™: 2959 vy (CHy),
2931 v, (CH,), 1698 (C'=0), 1625 (C*=0, C=C),
1379 & (CHs3), 1267 v (C-O-C) 951, 770 & (CH).
NMR spectrum *H, §, ppm (DMSO-dg): 0,91 t (3H,
O(CH2)sCHs, Juy 7,7 Hz), 0,98 d (6H, (CH3).CH),
1,35 m (2H, OCH,CH,CH,CH3), 1,60 m (2H,
OCH,CH,CH,CH,), 2,40 m (1H, (CHs),CH), 4,05 t
(4H, 20CH,CH,CH,CH3, Juy 7,2 Hz), 5,65 s (1H,
CH). NMR spectrum B¢, &, ppm (DMSO-dg): 13,5
(OCH,CH,CH,CHj3), 18,6 (OCH,CH,CH,CH;), 19,8
(CH3),CH), 20,0 (OCH,CH,CH,CH,3), 30,1 (CH;),CH),
63,7 (OCH,CH,CH,CHj3), 93,6 (CH), 167,0 (CONa),
168,7 (COOC4Hy), 199,4 ((CH3),CHCO). Mass spec-
trum (ESI-TOF), m/z (I 1,%): 237.1099 (62) [M+H]",
259.0914 (47) [M+Na]+. Calculated: for C;;H;50,Na —
237.1097; for C;1H;,04Na,_259.0917.

Sodium 1,4-dioxo-4-phenyl-1-ethoxy-2-buten-
2-olate (1b). Yield — 85 %, tner — 156—160 °C. IR
spectrum, v, cm™ 3060 v (C-H, Ar), 2979 vy
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(CHa3), 2929 v,s (CHy), 2871 vs (CH,), 1687 v
(C'=0), 1623 v (C*=0), 1575 v (C=C), 1505 v
(C=C, Ar), 1390, 1364 5 (CHz), 1231 v (C-O-C),
1097 6 (CH, Ar), 950-753 (CH). NMR spectrum H,
8, ppm (DMSO-dg): 1.26 t (3H, COOCH,CH 3, J wy
7.4 Hz), 4.17 q (2H, COOCH ,CH3, J gy 7.4 Hz),
6.42 s (1H, CH), 7.29-7.51 m (3H, C* H, C* H,
C°H in CgHs), 7.82 d (2H, C* H, C®H in CgHs).
NMR spectrum °C, 8, ppm (DMSO-dg): 14,0
(OQHZCH32, 60,3 (OCH,CHs;), 92,0 (CH), 126,4
(C* and C” in CeHs), 128,1 (C* and C° in CgHs),
129,8 (C* in CgHs), 142,2 (C' in CgHs), 167,2
(CONa), 170,6 (COOC,Hs), 185,4 (CgHsCO).
Mass spectrum (ESI-TOF), m/z (1 o, %): 243.0624
(38) [M+H]", 265.0443 (82) [M+Na]". Calculated:
for Ci,H1,04Na — 243.0628; for CioHi104Na, —
265.0447.

Synthesis of bis-(4-alkyl(aryl)-1-oxo-1-alko-
xyalkane-2,4-dionato)-metals (ll) (2a—2e). General
procedure. A solution of 1.0 mmol (0.18 g) zinc
acetate, 1.0 mmol (0.18 g) of copper acetate or
1.0 mmol (0.24 g) of nickel chloride hexahydrate
in 30-50 ml of water was added with stirring to a
solution of 2.0 mmol of sodium 4-alkyl(aryl)-1-
alkoxy-1,4-dioxo-2-alkenolates (1a or 1b) in
30-50 ml of water for preparation of compounds
2a and 2d, 2b and 2e, 2c and 2f, correspondingly.
After 30 minutes, the as-formed precipitate was
filtered off and recrystallised from ethanol. The
yields were not optimised.

Bis-(1-butoxy-5-methyl-1-oxohexane-2,4-dio-
nato) zinc (II) (2a). Yield — 47 %, tnexr —
102-104 °C. IR spectrum, v, cM™: 2959 v, (CH3),
2933 v,s (CH,), 1725 v (COOC,Hs), 1599 v (C=C),
1455 8,5 (CH3), 1267 v (C-O-C), 822, 781 5 (CH).
NMR spectrum H, s, ppm (DMSO-dg): 0,91 t (6H,
2COOCH,CHj3, Jyy 7,6 Hz), 0,98 d (12H, 2(CH5),CH,
Jun 7.7 HZ), 1,35 m (4H, 2OCH2CH2CH20H3), 1,59 m
(4H, 20CH,CH,CH,CHs), 2,40 m (1H, (CH3),CH),
4,06 t (2H, OCH,CH,CH,CHa3, Juy 7,2 Hz), 5,64 s
(2H, 2CH). Mass spectrum (ESI-TOF), m/z (I o, %):
491.1616 (34) [M+H]', 508.1887 (38) [M+NH,]",
513.1436 (64) [M+Na]". Calculated: for CpHss0sZn" —
491.1618; for C,Hz0sNZn® — 508.1883; for
CyH3,0gNazn"— 513.1437.

Bis-(1-butoxy-5-methyl-1-oxohexane-2,4-dio-
nato) copper (II) (2b). Yield — 38 %, tyer —
190-192 °C. IR spectrum, v, cm™: 2961 v, (CH3),
2934 v, (CHy), 1722 v (COOC,Hs), 1582 v (C=C),
1456 8,5 (CH3), 1317 v (C-O-C), 823, 796 & (CH).
Mass spectrum (ESI-TOF), m/z (I ¢, %): 512.1443
(46) [M+Na]", 528.1182 (34) [M+K]". Calculated:
for C22H3408NaCu+ - 5121442, for C22H3408KCU+
—528.1181.

Bis-(1-butoxy-5-methyl-1-oxohexane-2,4-dio-
nato) nickel (1) (2c). Yield — 34 %, tper — 98—100
°C. IR spectrum, v, cm™: 2958 Vas (CH3), 2933 v,
(CH,), 1724 v (COOC;Hs), 1598 v (C=C), 1454 &
(CH3), 1269 v (C-0O-C), 843, 777 & (CH). Mass
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spectrum (ESI-TOF), m/z (I o, %): 485.1682 (65)
[M+H]", 507.1498 (32) [M+Na]’. Calculated: for
CaH3sOgNi* — 485.1680; for CyHzOgNaNi™ —
507.1499.

Bis-(1-oxo0-4-phenyl-1-ethoxybutane-2,4-dio-
nato) zinc (I) (2d). Yield 43%, tmer — 130—131 °C.
IR spectrum, v, cm™ 2971 vus (CHj), 1726 v
(COOS;Hs), 1597, 1575 v (C=C), 1519, 1464 v
(C=C, Ar), 1429 8,5 (CH3), 1274 v (C-O-C), 1170
Bplanar (CH,lAr), 770, 752 Bnon-pianar (CH, Ar). NMR
spectrum “H, 5, ppm (DMSO-d¢): 1,27 t (6H,
2COOCH2CH3, ‘JHH 7,4 HZ), 4,18 q (4H,
2COOCH,CHgz, Jyy 7,4 Hz), 6,42 s (2H, 2CH),
7,24-7,52 m (6H, C°H, C*H, C°H in 2C¢Hs), 7,82
d (4H, C*H, C°H in 2Cg¢Hs). Mass spectrum (ESI-
TOF), m/z (I ,%): 503.0678 (80) [M+H]",
520.0945 (53) [M+NH,]*, 525.0497 (100) [M+Na]",
541.0235 (22) [M+K]". Calculated: for
C24H2308Zn" — 503.0679; for CoyyHs0sNZn™ —
520.0944; for CyHx»0gNazn® — 525.0498; for
Cu4H,,06KZN" — 541.0238.

Bis-(1-oxo0-4-phenyl-1-ethoxybutane-2,4-dio-
nato) copper (l) (2e). Yield — 42 %, tmex —
125-127 °C. IR spectrum, v, cm™: 2976 vas (CH3),
1728 v (COOC,Hs), 1592 v (C=C), 1564, 1514,
1456 v (C=C, Ar), 1434 8,5 (CH3), 1272 v (C-O-C),
1142 §pjanar (CH, Ar), 769, 743 Snon pianar (CH, Ar).
Mass spectrum (ESI-TOF), m/z (I ,¢,%): 502.0685
(22) [M+H]", 519.0948 (98) [M+NH,]", 524.0503
(100) [M+Na]*, 540.0243 (48) [M+K]". Calculated:
for CpqH»305Cu’ — 502.0683; for CysHs0sNCU' —
519.0949; for CyH»0gNaCu® — 524.0503; for
C24H22C)8KCUJr —540.0242.

Bis-(1-oxo0-4-phenyl-1-ethoxybutane-2,4-dio-
nato) nickel (Il) (2f).Yield — 38 %, tnex —
140-143 °C. IR spectrum, v, cm™: 2954 Vas (CH3),
1729 v (COOC,Hs), 1595, 1572 v (C=C), 1519,
1456 v (C=C, Ar), 1422 .5 (CH3), 1269 v (C-O-C),
1146 Bpjanar (CH, Ar), 771, 745 Snon-pianar (CH, Ar).
Mass spectrum (ESI-TOF), m/z (I ,,%): 497.0745
(56) [M+H]", 519.0561 (42) [M+Na]". Calculated:
for CyoyH30Ni™ — 497.0741; for CyyH,,0gNaNi™ —
519.0560.

IR spectra of compounds 1a, 1b were rec-
orded on a Bruker Alpha FTIR spectrometer;
ATR mode, ZnSe crystal IR spectra of compounds
2a-2e were recorded on a Vertex 70 IR Fou-
rier spectrometer (Bruker, Germany): range -
400-4000 cm™, resolution — 2 cm™, number of
scans of the background and sample — 32, ATR
mode, diamond crystal. NMR spectra'H of the
compounds 1a, 1b, 2a and 2d and NMR 13C of
the compounds 1a and 1b in DMSO-dg were ob-
tained using NMR Fourier spectrometer Bruker
AVANCE Il (400 MHz), internal standard -
TMS. Mass spectra of the compounds 1, 2 were
recorded on a quadrupole-time-of-flight ultra-high-
resolution mass spectrometer Orbitrap Elite, Mi-
croTof Bruker Daltonics. Positive ions were de-
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tected in the electrospray ionisation (ESI) mode.
Samples dissolved in DMSO diluted with acetoni-
trile or methanol were injected with a syringe
pump at a flow rate of 240 pl/h.

The individuality of the obtained substances
was confirmed by TLC on Silufol UV-254 plates in
the benzene—ether—acetone (10:9:1) system or
acetone—hexane (2:3) system; the chroma-
tograms were stained using iodine vapour. The
initial reagents were purified by distillation before
use.

The optimisation of the geometric parameters
of the equilibrium states of sodium oxoenolate and
metal complexes was carried out using the follo-
wing two methods: density functional theory (DFT)
and self-consistent field (SCF). When calculating
using the SCF method, the aug-cc-pVDZ basis
was used, while the DFT method used the
PBE/DZP approximation. Accounting for solvents
was carried out according to the PCM model, in
the case of compounds la, 1b — benzene and
water, for compounds 2a—-2f — water. The relative
formation energies of the structures 2a-2f were
calculated using the following equations

AG°(E) = G°(E)(MeX) — G°(E)(Me?*") + G°(E)(2X):;

Na (NaH)

AGO(E) = GO(E)Zpr — GO(E)reaq [17].

The calculations were performed in the Fire-
Fly 8.1 software package.

RESULTS AND DISCUSSION

The condensation of alkyl(aryl)methyl-keto-
nes(3-methylbutanone-2 and acetophenone) with
dialkyl oxalates (diethyl oxalate and di-n-butyl-
oxalate) in the presence of sodium or sodium hy-
dride in benzene or toluene at a ratio of the star-
ting reagents 1:1:1 yielded sodium 1-alkoxy-1,4-
dioxo-2-alkenolates (1) (Fig. 1).

New bis-(4-alkyl(aryl)-1-oxo-1-alkoxyalkane -
2,4-dionato)-metals (llI) (2) were synthesised by
complex formation of sodium oxoenolates (1) with
salts of zinc (Il), copper (II) and nickel (I) in an
aqueous medium with the initial ratio of reagents
of 2:1 (Fig. 2).

The structure of the obtained sodium oxoeno-
lates (1) and metal (II) complexes (2) based on
them was confirmed by means of IR, NMR'H-,
NMR'®H-spectroscopy, as well as mass spec-
trometry*?.

0 o

R Me  AlkO ~

\ﬂ/ + OAK ——————> a OAIK
1:1:1 H H

o o}

- EtOH o o©

R =i-Pr (1a), Ph (1b); Alk = n-Bu (1a), Et (1b)

Fig. 1. Scheme of the synthesis of 1-alkoxy-1,4-dioxo-2-sodium alkenolates (1)

Puc. 1. Cxema cuHme3sa 1-ankokcu-1,4-0uokco-2-ankeHosnssmoe Hampusi (1)

o)
R
OAlk
o ]
O o
R + Met2+ N 7/
OAlk  ————= Met
o O - Na* o o
Na AlKO
1 R
o)

R =i-Pr (2a, 2b, 2c), Ph (2d, 2e, 2f); Alk = n-Bu (2a, 2b, 2¢), Et (2d, 2e, 2f)
Met = Zn (Il) (2a, d), Cu () (2b, €), Ni () (2c, f)

Fig. 2. Scheme of synthesis of bis-[4-alkyl(aryl)-1-0x0-1-alkoxyalkane-2,4-dionato] metals (Il) (2)

Puc. 2. Cxema cuhme3sa 6uc-(4-ankusn(apusi)-1-okco-1-ankokcuasnkaH-2,4-ouoHamo)memasnos(ll) (2)

'Pretsch E, Biihimann P, Affolter C. Structure Determination of Organic Compounds. Tables of spectral da-
ta (translated from English by B.N. Tarasevich). Moscow: Mir; BINOM. Laboratorya Znanii, 2006. 438 p.
“Silverstein R, Webster F, Kiemle D. Spectrometric identification of organic compounds (translated from
English by N.M. Sergeev, B.N. Tarasevich). Moscow: BINOM. Laboratorya Znanii, 2012. 557 p.
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IR spectra of solid samples of sodium
1-alkoxy-1,4-dioxo-2-alkenolates (1) and bis-(4-
alkyl(aryl)-1-oxo-1-alkoxyalkane-2,4-dionato) me-
tals (Il) (2) are characterised by the presence of a
bright stretching band of the ester carbonyl group in
the region of 1698-1687 cm™ (for compounds 1a
and 1b) and 172—1722 cm™ (for compounds
2a-2f). The bands in the region of 1597-1456 cm™®
are due to vibrations of monosubstituted aromatic
rings (for compounds 1b and 2d-2f). The high-
frequency ether band arising due to vibrations
of the C-O-C fragment appears in the region of
1267-1231 cm™ (for compounds 1a and 1b) and
1317-1267 cm™ (for compounds 2a—2f).

In the NMR spectra of *H sodium oxoenolates
(1a and 1b) and zinc complexes (2a and 2d) re-
corded in DMSO-dg, the characteristic ethoxy frag-
ments signals are observed for 1b and 2d) and
n-butoxy fragments signals (for compounds 1la and
2a). Methine protons are identified by singlet sig-
nals in the region of 5.65-6.42 ppm. Proton signals
of the monosubstituted aromatic rings for com-
pounds 1b and 2d with phenyl fragments were re-
corded in the range 7.24-7.82 ppm.

The NMR spectra of *C sodium oxoenolates
(1a and 1b) recorded in DMSO-dg, contain signals
of alkyl carbon atoms in the range 13.5-30.1 ppm.
The signals of aromatic carbon atoms (for com-
pound 1b) were recorded in the region of
126.4-142.2 ppm. Carbon atoms of carbonyl

groups of ester fragments were detected at 168.7
(for n -butoxycarbonyl group of compound 1a) and
170.6 (for ethoxycarbonyl group of compound 1b).

In the mass spectra of synthesised com-
pounds recorded in the electrospray mode, signals
of protonated and cationised molecules are ob-
served [M+H]", [M+NH,]", [M+Na]" [M+K]".

In order to study the stability of the synthe-
sised compounds, quantum-chemical calculations
of their formation energies were carried out (Tab-
le 1). The calculations demon-strate the best con-
vergence under the HF / aug-cc-pVDZ approxima-
tion. The solvation effects were considered only in
the PBE / DZP approximation; in view of the com-
plexity of the calculation, the solvation correction
for the aug-cc-pVDZ basis was not considered in
the SCF method. According to the obtained data,
copper complexes have the greatest stability in the
gas phase out of all the complexes tested. In ge-
neral, according to the relative values of the for-
mation energies, all compounds are stable, and
metal complexes (2) are characterised by greater
stability compared to sodium oxoenolates (1).

The values of the theoretically calculated dis-
sociation constants of the obtained compounds are
provided in Table 2. The obtained values indicate
that zinc complexes (2a, 2d) possess the highest
electrolytic dissociation capacity of all obtained
metal complexes, while the compounds 1a, 1b are
relatively similar in terms of electrolyte strength.

Table 1

Absolute (E°, GO) and relative (AE, AG) formation energies of compounds 1a, 1b, 2a-2f

Tabnuya 1

A6comomHbie (E°, G°) u omHocumenbHbie (AE, AG) aHepauu o6pa3oeaHusi

coeduHeHul 1a, 1b, 2a-2f

Compound . HF / aug-cc-pVDZ . PBE / DZP . PBE / DZP + PCM
E", Hartree AE, kJ/mol G, Hartree AE, kJ/mol G", Hartree AE, kJ/mol
1a -887,923168 -143,3 -891,566532 -161,5 -891,584457 -137,6
1b -922,301360 -145,2 -926,104389 -157,3 -926,125552 -139,0
2a -3229,962850 -1315,8 -3237,721356 -1435,8 -3237,765320 -79,6
2b -3091,107386 -1354,0 -3098,915975 -1556,8 -3098,947774 -922,5
2c -2959,021762 -1270,8 -2966,768176 -1509,1 -2966,787241 -384,2
2d -3298,717676 -1311,7 -3306,801958 -1448,6 -3306,847853 -80,5
2e -3159,861688 -1348,6 -3167,994962 -1565,4 -3168,030201 -923,1
2f -3027,776747 -1267,1 -3035,849309 -1523,3 -3035,872814 -393,1
Table 2
Dissociation constants of compounds
1a, 1b, 2a, 2c, 2d, 2f
Tabnuya 2
KoHcmaHmbi duccoyuayuu coeduHeHul
1a, 1b, 2a, 2c, 2d, 2f
Compound PBE / DZP + PCM
Stage | Stage Il
1a 9,510 -
1b 4,510 -
2a 1,710 1,410
2c 7,310 6,0-10%
2d 8,0.10* 7,910%
2f 1,410 1,410%
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CONCLUSIONS

During the study, potentially valuable sodium
1-alkoxy-1,4-dioxo-2-alkenolates and complexes
of zinc (Il), copper (Il) and nickel (Il) with carbonyl-
containing ligands were successfully synthesised.

Their structure was established using IR, NMR
'H-, NMR *C-spectroscopy and high-resolution
mass spectrometry methods. Quantum-chemical
calculations of the formation energies and disso-
ciation constants were carried out.
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Formation of humic substances in the reaction
of D-glucose with p-toluidine in anhydrous ethanol
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Udmurt State University, 1zhevsk, Russian Federation

Abstract: The aim of the study was to investigate the processes of formation and structural group composi-
tion of the products formed during the reaction of D-glucose with p-toluidine in anhydrous ethanol using elec-
tronic and vibrational spectroscopy methods. The evolution of the profiles of the electronic spectra of working
solutions shows the formation of a chromophore system: clear peaks at 380 and 440 nm are already present
at a reaction time of 60 min. The appearance of an additional maximum at 520 nm (90, 120 min) likely corre-
sponds to the formation of chromophores in condensed structures, as confirmed by a decrease in the values
of the E/E¢ indices over time. The dynamics of the transformation of structural elements is also clearly seen
in the analysis of IR spectra: as the reactions proceed, the CH aliphatic component of the structure decreas-
es, while the aromatisation and functionalisation of products by chromophore groups increases. For products
obtained between 90 and 120 min, a clear band at 1656 cm’’, attributed to stretching vibrations of multiple
bonds in conjugated C=C—C=0 systems and azomethine fragments, indicates the of condensation reactions.
In the spectra of insoluble solid products fractionated by water, the intensity of the bands at 1656 and
1190 cm™ is significantly reduced; this is possibly due to the transfer of some of the coloured low molecular
weight products to the aqueous phase. A comparison of the IR Fourier transform spectra of the final solid
products with the spectra of natural and synthetic humic-like substances indicates their similar structural
group composition. The intensity of the bands at 1620, 1508 and 815 cm’ indicates a significant contribution
of the aromatic component to the structure of the products of water-insoluble fractions; the water-soluble
fractions mainly include aliphatic oxygen-containing structures resulting from the oxidative destruction of the
initial carbohydrate. The synthesised products seem promising as convenient plant growth regulators with
controlled release of the active substance.
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Ob6pa3oBaHne ryMMHONOAOOHbLIX BELWECTB B peaKkLumnm
D-rnoKo3bl ¢ n-TonynauHom B 6e3B0AHOM 3TaHOse

WU.C. YepenaHos, IN.C. KprokoBa
YAMYPTCKUIA rocyaapCTBeHHbIW YHUBepCUuTET, I. UxeBck, Poccuinickaa depepaums

Pesrome: Llernbio uccredosaHusi A6Ms/10Cb U3yHeHue npouyeccos obpasosaHusi U CMpPyKMmypHO-2pynnogo2o
cocmasa npodykmoes e3aumodeticmeusi D-aoko3bl ¢ n-monyuduHom 8 cpede 6e3800H020 amaHona Memo-
Oamu ar1ekmpoHHoU u KoriebameribHOU criekmpocKonuu. Jeonrouus npoguneli 3neKmpoHHbIX CrEKmMpos
paboyux pacmeopos roKasbieaem hopmuposaHue XpPoMOgOpHOU cucmembl: Yyemkue nuku npu 380 u
440 Hm peaucmpupytomcs yxe rpu npodomkumensHocmu peakuyuu 60 muH. NosieneHue 0ononHUMensHo2o0
makcumyma rnipu 520 Hm (90, 120 MuUH), 8eposimHO, omeedyaem 0bpa3oeaHu XpoOMOgOopo8 KOHOEHCUPOB8aH-
HbIX cmpykmyp, 4ymo nodmeepxdaemcsi yMeHbWweHuUeM 3HadyeHul uHoekcos E/Es co spemeHem. [JuHamuka
mpaHcgopmMayuu  CMpPyKmMypHbIX 3/1eMeHMO8 makxXe om4yemrueo [rpocrexueaemcs [pu aHanuse
UK-cnekmpos: no mepe npomekaHusi peakyuli CH-anugamudeckass cocmaernsiiowasi CmpyKkmypbl YMeHb-
waemcs, rpu 3MmMoM yeesnu4ueaemcsi apoMamusayusi U yHKUUOHanu3ayusi rnpooyKmos XpoMOghOPHbIMU
epynnamu. [ns npodykmos, nony4YyeHHbix 8 medeHue 90 u 120 MUuH mepmocmamupo8aHusi, 8 CrieKkmpax
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gukcupyemcs yemkasi riosioca rpu 1656 cm”’, omHocumas Kk eaneHmHbIM KonebaHusiM KpamHbiX ces3ell 8
conpsikeHHbIx cucmemax C=C—C=0 u azoMemuHo8bix chpasMeHmax, Ymo yKasbleaem Ha rpomekKaHue pe-
akyul koHOeHcayuu. B cnekmpax gppakyUuoHuposaHHbIX 8000l HepacmeopumMbix meepdbix npodyKmoe UH-
meHcusHocmb nonoc npu 1656 u 1190 cm™ CYyW,eCmeeHHO CHUXaemcs, 803MOXHO, 3a c4em rnepexoda 4Ya-
CMU OKpalWEeHHbIX HU3KOMOSEKYNspHbIX npodykmoe 6 600Hyr ¢a3y. CoriocmaeneHue xapakmepa
UK-®ypbe-criekmpoe KOHeYHbIX meepdbix MpodyKkmoe co criekmpamu rpupodHbIX U CUHMEMUYECKUX ayMu-
HOMOOObHbIX 8eujecms rokasbigaem Ux CX0OHbIU CMPyKMypHO-2pynnoeol cocmas. MHmeHcueHoCmb Mosoc
npu 1620, 1508 u 815 cm”’ ceudemerbcmeyem O CywecmeeHHOM 8Kriade apomMamu4yeckol cocmasernsrouwel
8 cmpykmypy npodyKmos 8000HepacmeopuMbIx ¢hpakyuli, rnpu 3mom 8 cocmas 8000pacmeopuMbix ¢hpak-
yul 8xo0sim 8 OCHOBHOM asnughamuydeckue Kucropodcodepxxawue cmpykmypbl, obpa3yowuecss 8 pe3syrib-
mame oKucrumesbHoOU OecmpyKUuuu UCXo0Ho20 yenesoda. CuHmesuposaHHble npodykmbl npedcmaerisi-
romcsi nepcrnekmueHbIMU 8 Kadecmee OO0CMYrHbIX Peayrisimopo8 pocma pacmeHull ¢ KOHMPOUpyembim
8biferieHUeM akmusHoO20 seljecmeaa.

Knroyeenlte cnoea: D-z2mroko3a, n-monyuduH, 2yMuHo80rnodobHble sewjecmesa, 3maHobHbie Cpeldbl, CreK-
mpockonus

Ungpopmayus o cmamee: [Jama nocmynneHusi 22 Hosibps 2019 a.; dama npuHsamusi K nedamu 29 mas
2020 e.; dama oHnauH-pasmeweHus 30 urwHs. 2020 e.

Ans yumuposarus: YepenaHos U.C., Kpiokosa I1.C. ObpasoBaHne rymnHONO4OOHbIX BELECTB B peakuunu
D-rnioko3bl ¢ n-tonyuavHoMm B 6e3BogHOM aTaHone. M3gecmus ay3os. lNpuknadHas xumusi u 6UOMeEXHOsO-

aus. 2020. T. 10. N 2. C. 188-195. https://doi.org/10.21285/2227-2925-2020-10-2-188-195

INTRODUCTION

Synthetic analogues of natural compounds
are important products of modern chemistry and
chemical technology. One of the most accessible
and widely studied are humic acids and humic
substances, whose synthetic structural reproduc-
tion became possible in the middle of the 20th
century [1, 2]. The interest in synthetic analogues
of humic substances is driven by the need to ob-
tain preparations that have valuable properties
[3, 4]. Thanks to the established and proven prac-
tically-significant properties of humic substances,
various methods for their preparation, as well as
the relationship between their structure and pro-
perties are currently being intensively studied. To
date, both chemical [3, 4] and biochemical [5]
methods for producing synthetic analogues of
humins have been developed. Humic substances
are known to display a wide range of known prop-
erties (antioxidant, antiviral, surface-active), and
can be used as plant growth regulators [3, 5].
These factors, as well as new works in the field of
developed surface materials and nanostructures
[6, 7] suggest the potential for further develop-
ments in the search for new reaction systems for
synthesis. Particular attention in this case is given
to systems based on simple carbohydrates [3, 6,
7], presenting themselves as reactive and availa-
ble substrates. Notably, synthetic humins based
on monosaccharides were obtained under condi-
tions of acid catalysis, the structure of which is
represented by furan or furanic-aliphatic polymers
[3, 4], distinguishing them from natural humic sub-
stances. The introduction of an active component
of aromatic nature into the reaction system opens
up additional possibilities for the synthesis of the
target products [7], in which the solvent effect
plays an important role. The solubility of carbohy-

drates in ethanol-water solutions decreases signi-
ficantly with an increase in the proportion of alco-
hol, which can shift the amino-carbonyl interac-
tions in such systems into the partially heteroge-
neous category. In this case, process dynamics,
which are determined by the desorption rate of
products from the surface of the carbohydrate, for
the most part do not depend on the nucleophilicity
of the amine [8], expanding the possibilities of the
classical Maillard reaction with the participation of
aromatic amines [9]. In connection with the stated
purpose of the present study, processes of for-
mation and structural group composition of the
products of the interaction of D-glucose with
p-toluidine in anhydrous ethanol were examined.

EXPERIMENTAL

The synthesis of the target products was car-
ried out in anhydrous (99.9 %) ethanol ("Merck")
in the system D-glucose — p-toluidine of equimolar
composition (0.002 mol) and heated in a three-
necked flask with water heating and reflux at a
thermostat temperature of 70 °C for a predeter-
mined time. The absorption spectra of diluted
samples selected during the processes (0.1 ml in
5 ml of solvent) were recorded in quartz cuvettes
(/ = 1 cm) on an SF-2000 spectrophotometer
(OKB SPECTR, St. Petersburg, Russia) at a
wavelength range of 300-700 nm with a step of
5 nm. At the end of the measurement processes,
the solvent was removed and the products, pre-
senting themselves as black-brown substances,
were washed with anhydrous ether and dried.
Some of the products were fractionated with wa-
ter. IR Fourier spectra of solid products were re-
corded in the transmission format in KBr pellets
(1:250) on an FSM 2201 IR Fourier transform
spectrometer (Infraspek LLC, St. Petersburg,
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Russia) in the wavelength range of 500-4000 cm’”
having a spectral resolution of 4 cm™ with
40 scans. The initial spectra were processed in
the FSpec and PeakFit software programs. The
second derivative spectra were obtained as a re-
sult of numerical differentiation using smoothing
by a fourth-order polynomial in windows up to
15 points. No fewer than three experiments were
carried out.

RESULTS AND DISCUSSION

The direct determination of the structure of
humic substances is greatly complicated by the
compositional heterofunctionality and large num-
ber of combinations of structural units [10, 11]. In
this case, IR spectroscopy, being a non-
destructive method, provides fairly complete in-
formation about the set of basic atomic groups, as
well as their mutual structural combination [12].
The dynamics of the transformation of structural
elements can be clearly seen in the frequency
analysis (Fig. 1):

— as the target processes proceed, a clear
peak appears at 1190 cm” (Vc.oc * Ve.on [13]),
whose intensity increases with time;

— for products obtained at 90 and 120 min in-
cubation, a fixed band at 1656 cm™ is attributable
to the stretching vibrations of multiple bonds in
conjugated system C=C-C=0, indicating the con-
densation reaction [2].

Fractionation of final solid products with wa-
ter allows the water-insoluble fractions to be iso-
lated in the form of brown powders, in the spectra
of which the main bands remain unchanged in

time (Fig. 2, spectra 1, 2), while the band intensi-
ties at 1656 and 1190 cm™' decline. The latter may
indicate the transition of some of the soluble co-
loured products to the aqueous phase, which, ac-
cording to the authors of the publication [13], cor-
relates with an increase in the band in the region
of 1660 cm™ and a decrease in the colour intensity
of water-soluble fractions.

The nature of the vibrational spectra is a fair-
ly reliable criterion for assigning the structure of
products to a certain group of natural substances
[2, 3, 5]. The assignment of the main bands in the
IR Fourier transform spectra of solid products iso-
lated from reaction systems shows the following
structural group composition (see Fig. 2):
1720 cm™" (Ve-o, shoulder), 1190, 1215, 1270 cm’'
(Vcar-oHs Ve-on, Ve.oc), 3400-3200 cm E (Vo-H, N-H),
aromatic system: 1508, 1580, 1622 cM™' (Vcc),
815 cM” (Y=cn), 3030 cm™ (v—c.n), as well as the
limiting aliphatic constituent: 1000—-1100 cm’” (Vco
+ Bco + Voo + Vi), 2855, 2922, 2950 cm’™ (vVo.p).
The presence of intense bands at 1508 and
815 cm™, as well as signals at 3030 cm indicates
the contribution of the uncondensed aromatic
component characteristic of natural humic sub-
stances in the structure of products [10], which
distinguishes them from previously synthesised
carbonisation products [9]. Similar bands of corre-
sponding intensity were observed by other au-
thors in the IR spectra of natural and synthetic
humic-like substances [1-8, 11, 14], indicating
their structural similarity with the products we iso-
lated.

Transmittance, %

T
3500 3000 2500

Wavenumbers, cm

T T
2000 1500 1000 500

-1

Fig. 1. IR-Fourier transform spectra of solid products isolated from reaction systems
with different temperature control durations, min: 1- 60; 2— 90; 3— 120

Puc. 1. UK-®ypbe cnekmpbi meepdbix NpodyKkmoe, ebidesieHHbIX U3 peakyUOHHbIX cucmem
npu pa3nuy4Holi NPoAo/mKUMesIbHOCMU MepMOCmMamupo8aHuUsl, MUH:
1-60; 2—90; 3— 120
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Transmittance, %

T
3500 3000 2500

Wavenumbers, cm”

T T T T

2000 1500 1000 500
1

Fig. 2. IR-Fourier transform spectra of solid water-insoluble products isolated from reaction
systems at different durations of temperature control, min:
1-60; 2- 120; 3 — product of water-soluble fraction (120 min)

Puc. 2. UK-®ypbe cnekmpbi meepdbix 6000HEPacmeopuMbIX MPodyKmos, 8bi0esIeHHbIX
U3 peaKUUOHHbIX cUCMeM fpu pas3fu4yHol npodosnKumesIbHOCMu mepmMocmamupo8aHusi, MUH:
1-60; 2—- 120; 3 — npodykm eodopacmeopumoli ppakyuu (120 MuH)

The electronic absorption spectra of the
working solutions under the accepted experi-
mental conditions are shown in Fig. 3. When ana-
lysing the nature of the profiles of their spectra,
absorption in the entire wavelength range and
increased optical density values are noted; this
was not previously observed when using dried
alcohol (98 %) as a solvent in the reaction of
D-glucose with p-toluidine [9]. In addition, visual
observations show the presence of an insoluble

25

=]

part of the carbohydrate that passes into the solu-
tion only at the end of the measurements.

The evolution of the profiles of the electronic
spectra of working solutions shows the formation
of a chromophore system: clear peaks at 380 and
440 nm are already present at a reaction time
of 60 min. The appearance of an additional maxi-
mum at 520 nm (90, 120 min) probably cor-
responds to the formation of chromophores of
condensed structures. Similar spectra are charac-

«erene B0 MiN (4,7)

A, nm
— 20 MiN (9,2)

=== GO Min {3,0)

- — 420 min {4,2)

Fig. 3. Absorption spectra of process solutions and condensed products
(values of E4/Eg indices are in brackets)

Puc. 3. Cnekmpbl nozsouweHuUst paboyux pacmeopoe rnpu pasnuyHol npodosmKumesisHOCMU MepMocmamupo8aHust
(e ckobkax yka3aHbl 3Ha4YeHuUs1 uHoekcoe E4/Eg)
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Fig. 4. IR-Fourier transform spectra second derivative of solid water-soluble product

Puc. 4. Bmopas npou3eodHasi UK-®Pypbe cnekmpa meepdozo npodykma eodopacmeopumoll hpakyuu

teristic of melectron systems of aromatic phenolic
and quinoid structures [4], which is consistent with
the vibrational spectroscopy data analysed above.
A comparison of the indices E,/E; calculated from
the absorption values at A = 465 and 650 nm
[5, 10] confirms this conclusion: the particularly
sharp decrease in the index values from 60 to
90 min of temperature control indicates the for-
mation of condensed conjugate and aromatic
structures or intermolecular donor-acceptor com-
plexes with charge transfer [10].

The decrease in the optical density of the so-
lutions with a thermostating time of 120 min is
probably caused by the precipitation of some
products due to an increase in molecular weight
and a decrease in solubility in the reaction medi-
um. Thus, the chromophore system of the final
products, which includes three absorption maxima
(380, 440 and 520 nm), begins to form by 60 min:
this is represented by a combination of the aro-
matic component of the structure with oxygen-
and nitrogen-containing functional groups.

Removing the solvent from the water-soluble
fraction allows a yellow solid residue to be isola-
ted whose IR-Fourier transform spectrum differs
from the spectra of the products of water-insoluble
fractions (see Fig. 2, spectrum 3). In particular, the
intensity of the “aromatic” bands of 815 and
1508 cm™ is significantly reduced; the clear peak
appearing at 1404 cm™ probably corresponds to
the vibrations of C(O)OH, OH, and CH [2, 3, 10].
Signals at 1656 and 1190 cm™ are not clearly rec-
orded due to merging with wide bands with maxi-
ma at 1625 and 1137 cm’". Twice-repeated differ-
entiation of the IR-Fourier transform spectrum
band in the interval 1800-1550 cm™ allows the
peak to be divided at 1625 cm™ into several bands
(Fig. 4), the most intense of which are at 1620 and
1705 cm ' (Veec + Vo-o). Less intense bands
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(1584, 1645, 1670, 1720 cm™) can also be at-
tributed to functionalised oxygen fragments [15].

It can be assumed that the composition of
water-soluble fractions consists mainly of aliphatic
oxygen-containing structures formed as a result of
oxidative degradation of the initial carbohydrate
[14, 16, 17]; some of the bonds can be hydrolyti-
cally cleaved during fractionation [13].

The synthesised products have a number of
important properties that are practically significant
for their use as plant growth stimulants; in particu-
lar, the aromatic component. The authors of [12]
showed that the growth-regulating activity of hu-
mic substances corresponds to an increase in
their aromaticity. Other publications report the ef-
fectiveness of Schiff's aromatic bases on the yield
of a number of agricultural crops [18, 19]. There
has been growing interest in systems that are sta-
ble under natural conditions with controlled re-
lease of active substances [20]. For this reason,
we are currently conducting studies to investigate
the dynamics of fractionation of synthesised pro-
ducts, as well as vegetative experiments on test
cultures in the Udmurt Republic.

Further studies are planned in the direction of
studying the nature of the action of synthesised
products on individual phases of plant develop-
ment, as well as studies of their ecotoxicity and
biodegradability. In the future, we also plan to de-
velop a technological scheme that allows the pro-
cess of synthesising growth regulators to be
scaled up for industrial production.

CONCLUSIONS

Electronic and vibrational spectroscopy
methods were used to study the formational and
structural dynamics of products in the reaction of
D-glucose with p-toluidine in anhydrous ethanol.
The implementation of amino-carbonyl reactions
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of carbohydrates in non-aqueous alcoholic solu-
tions can result in their significant intensification,
allowing the procural of fractionated products
structurally similar to substances of the humic
class. The combination of the aromatic compo-
nent of the structure with hydrolytically labile oxy-

gen- and nitrogen-containing functional groups
determines the biological activity during the grow-
ing season, which determines the prospect of us-
ing the synthesised products as available plant
growth regulators with controlled release of the
active substance.
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U3yuyeHne komnnekcoobpasoBaHua Hukens(ll)

c 1,3-ancdeHnn-2-(2—rngpoKcu-4-HnTpoceHnnrnapo3o)
nponoguoHOM-1,3 B NPUCYTCTBUM

TPEeTbUX KOMMOHEHTOB

© B.U. MappaHoBa*, L. A. Taxupnu**, C.P. NapxuneBa*, .M. YbiparoB*

* BakMHCKWU rocynapCTBEHHbIA YHUBepcuTeT, I. baky, AsepbanmxaH
** JleHKOpPaHCKMN rocygapCTBEHHLIN YHUBEPCUTET, I. JleHkopaHb, AsepbangxaH

Pe3srome: V3ydeHo enusHUe mpembux KOMIOHeHmMos — a,a’-0unupuduna (a,a-0un), gpeHaHmporsnuHa (PeH)
u bamogpeHaHmponuHa (b-¢peH), Ha kommnnekcoobpasosaHue Hukens(ll) ¢ 1,3-0ugpeHun—2-(2—audpokcu—4-
HumpogeHunaudposo)npornoduoHom-1,3 (R). OOHopodHo- (NI-R) u cmewaHonuzaHOHble (Ni(ll)-R-a,a-dun,
Ni(I)-R-®en u Ni(ll)-R-b-¢beH) KommnekcHbie coeduHeHuUs1 obpasytomcsi npu pH = 6, 5,5 u 5 coomeem-
cmeeHHo. MakcumarbHbil 8bixod cocmasurn: kommnekca Ni(l)-R — npu koHUeHmpauyuu R 8-10° M; kom-
nnekca Ni(ll)-R-a,a~0un — npu koHUeHmpauyuu R 8-10° M u a,a-0un 5,2-10° M; Ni(Il)-R-®eH — ripu KOH-
ueHmpauyuu R 8-10° M u 4,8:10° M ®eH; Kommnekca Ni(Il)-R-b-¢peH — nipu KoHUeHmMpauyuu R 8:10° M u
B-gber 410 M. Bce Komrnexcsl 06pa3ylomcs cpasy roc/ie CMelusaHuUsi pacmeopos KOMMOHEHMO8 U pas-
siuyaromces yemoutqueocmsio. YCmaHOo8/1eHO COOMHOWEeHUE peagupyrouux KOMIOHEHMO8 8 cocmage OOHO-
podHO- (1:2) u cmewaHonueaHOHbIx (1:2:1) coeduHeHul. OnpedeneH uHmepsarsn nod4YuHeHUs1 3akoHy bepa.
OnpedeneHbl KoaghbuyueHmsl ypasHeHUss 2padyupoB8OYHO20 epadhuka rno Memody HauMeHbWUX Keadpa-
moe. pu kommnnekcoobpasosaHuu Hukens(ll) 3asucumocmeb A = f(C) ebipaxkaemcsi nUHelUHbIMU ypagHeHUs -
mu. BblyucneHsl koHcmaHmbl ycmotidyugeocmu 00HopoOdHOo- (Ni(Il)-R) u cmewaronueaHOHbIx (Ni(ll)-R-a,a-
oun, Ni(Il)-R-®ex m Ni(ll)-R-5-gbeH) komrnekcos. Npu onmumarbHbIX YyCroeusiX KOMriiekcoobpa3ogaHusi
Ni(Il)-R mumpoeanu pacmeopomM mpembux komrnoHeHmos (a,a'-0un, ®eH u b-¢gpeH) KOHOykmomempuye-
CKUM MemodoM. M3yyeHO erusiHue rocmopoOHHUX UOHO8 Ha KomrinekcoobpasosaHue Hukess(ll) ¢ R 8 om-
cymcmeuu u 8 fpucymcmeuu mpembux KOMIOHEeHMOo8. YCmaHOo8/IeHO, Ymo 8 pucymcmeuu mpembux
KOMIMOHeHmMoe u3bupamesibHOCMb peakuyul KOMIeKkcoobpa3oeaHus 3Ha4umesibHo yesenu4usaemcs. [aH-
Hble peazeHmMbl usdbupamernbHee Ons criekmpogomomempuyeckoz2o ornpedeneHusi Hukesnd(ll) no cpasHe-
HUIO ¢ peazeHmamu, U38eCmHbIMU U3 lumepamypsbl. PazpabomaHHass memooduka npumeHeHa 051 onpede-
nerusi Hukens(ll) @ mpex copmax s6110K.

Knrodeenie cnoea: Hukens(ll), asocoeduHeHsi, pa3HonueaHOHbIU KoMmrieke, a,a-ounupudursn, ¢gheHaHmpo-
nuH, bamogeHaHmponuH

Ungpopmayus o cmamsbe: [Jama nocmynneHus 19 urwnsa 2019 e.; Gama npuHsmusi K nedamu 29 mas
2020 e.; dama oHnatiH-pasmeweHust 30 uroHs 2020 e.

Ans yumupoearus: MapgaHosa B.W., Taxupnu W.A., lapkuesa C.P., Ysiparos ®.M. U3yyeHne komnnek-
coobpasoBaHus Hukena(ll) ¢ 1,3-andeHnn—2-(2—rnapokcu-4-HMTpodeHMNrimagpo30)nponoamMoHom-1,3 B npu-
CYTCTBUM TPETbUX KOMMOHEHTOB. M3eecmusi 8y308. NpuknadHas xumus u buomexHonoaus. 2020. T. 10. N 2.
C. 196-204. https://doi.org/10.21285/2227-2925-2020-10-2-196-204

Component complexation study of Ni(ll)
with 1,3-diphenyl-2-(2-hydroxy-4-nitrophenylhydrozo)
propodion-1,3

Vusala |. Mardanova, Shalala A. Taxirli, Sevinjh R. Hajiyeva, Famil M. Chyragov

* Baku State University, Baku, Azerbaijan
** | ankaran State University, Lankaran, Azerbaijan

Abstract: The effect of various components, including a,a’-dipyridyl (a,a’-dip), phenanthroline (Phen) and
bathophenanthroline (B-phen), on the complexation of Ni(ll) with 1,3-diphenyl-2-(2-hydroxy-4-
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nitrophenylhydrozo)propodion-1,3 (R) was studied. Homogeneous (Ni(ll)-R) and mixed-ligand (Ni(ll)-R-a,a*
dip, Ni(ll)-R-Phen and Ni(ll)-R-B-phen) complex compounds are determined to form at pH = 6, 5.5 and 5,
respectively. The yield of the Ni(ll)-R complex is established to be maximal at R concentration of 8:10° M;
Ni(ll)-R-a,a-dip — at concentration R and a,a"-dip of 8-10° and 5.2-10° M, respectively; Ni(ll)-R-Phen — at
concentration R and Phen of 8-10° and 4.8-10° M, respectively; Ni(ll)-R-B-phen — at concentration of R and
B-phen 8:10° and 4-10° M, respectively. All complexes, which differ in stability, were determined to form
immediately after mixing the solutions of the components. The ratio of reacting components in the composi-
tion of homogeneous (1:2) and mixed (1:2:1) ligand compounds is established in terms of conformity to
Beer's law. The equation coefficients for the calibration curve were obtained by the method of least squares.
In the complexation of nickel(ll), the A = f(c) dependence was shown to be expressed by linear equations.
The stability constants of homogeneous (Ni(ll)-R) and mixed-ligand (Ni(ll)-R-a,a"-dip, Ni(ll)-R-Phen and
Ni(ll)-R-B-phen) complexes were calculated. Under optimal complexation conditions, Ni(ll)-R was titrated
with a solution of the components, including a,a-dip, Phen and B-phen, using the conductometric method.
The effect of foreign ions on the complexation of nickel(ll) with R both in the absence and presence of other
components was studied. In the presence of other components, the selectivity of complexation reactions was
established to increase significantly. These reagents were proved to be more selective for spectrophotomet-
ric determination of nickel(ll) in comparison with reagents known from the literature. The developed tech-
nique was applied for nickel(ll) determination in three varieties of apples.

Keywords: nickel(ll), azo-compounds, mixed-ligand complex, a,a~dipyridyl, phenanthroline, bathophenan-
throline
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BBEOEHUE
Mo cpaBHeHWIO C ApYrMMK NepexoaHbIMN Me-

SKCMNEPUMEHTAINBbHAA YACTb
PeareHT cuMHTE3upoBaH No MeToauke, npea-

Tannamm HUKeNb SBNAETCSH YMEPEHHO TOKCUYHbBIM
3NeMEeHTOM, OAHAaKO, Aaxe Mpu HWU3KOW KOHLEH-
Tpaumu okasbiBaeT obliee TOKCMYeckoe BO3Oew-
CTBME Ha OpraHuM3M YerioBeka, MOBbILIEHWE ero
cofepXaHus Bbi3biBaeT 3aboneBaHusa AbixaTenb-
HbIX MyTENW U Nerkux, 3rokavyecTBeHHble OMnyxonu
n pepmatudeckne peakuuun. [lMpegnonaranocs,
YTO B HEKOTOPbIX KOMMYECTBAX HUKENb HEOOXo-
OVM pacTeHunsM M XuBOTHbIM [1-4]. BpegHo no-
nagaHve HUKens B MO4YBY U CTOYHbIE BOAbI, OTKY-
4a OH MO NULLEBOMN Lienovke MOXeT okasaTbCs B
nULEBbIX MPOAYKTaX, ynoTpebnsembix 4enose-
KOM. OTOT haKT OOBACHAET BaXHOCTb MOHUTO-
PUHra KOHLUEHTPaLMM HUKENST B MULLEBBLIX NPOOYK-
Tax. AToMmHas abcopbumoHHasi crnekTpoMeTpus
niaMmeHHoOM 1 rpacuToBOM nednm n cnekTpodoTo-
MeTpudeckme mMeTodbl 06ecneynmBaroT TOYHOE U
ObICTpOe onpefeneHne HUKENs B pPacTEHUsIX U
nueBbIx npoaykTax [5—14]. OgHako oYeHb YacTo
npsiMoe onpefeneHne He MOXET ObiTb NpUMeHe-
HO M3-32 HW3KOW KOHLIEHTpauMM aHanmanpyembix
BELLECTB UMM MAaTPUYHbIX MOMEX.

ABTOpamun Hactoswen paboTbl choToMeTpu-
YeCKMM MeTOAOM MCCrneaoBaHO Kommnekcoobpa-
3oBaHue Hukend(ll) c 1,3-audeHun-2-(2-rugpok-
cu-4-HuTpodeHnnrngposo)nponognon-1,3 (R) B
npucyTcTBUM a,a'-annupuguna (a,a'-aun), doeHax-
TponuHa (®eH) n 6atoceHaHTponnHa (b-ceH).

cTaBrneHHon B pabotax [15, 16], ero cocTtaB u
CTpPOEHMEe YCTaHOBMEHbl METOAaMM 3MEMEHTHOro
aHanu3sa n NK-cnekrpockonuu:

C‘:GHS HO

C=0
CHNN@NOZ
¢=o

CeHs

B pa6ote ucnonbsosanu 1:10° M aTaHomb-
Hbll pacTBOp peareHTa W BOAHO-3TAHOJbHbIE
pactBopbl (3:7) TPeTbMX KOMMOHEHTOB, KOTOpblE
rOTOBWMM pPacTBOPEHMEM WX TOYHbIX HAaBECOK.
PactBop wona  Hukens(ll) rotoBunu  u3
NiSO4 7H,O pacTBOpeHMEM TOYHOW HaBECKM B
Boge. [ns cosgaHus HeoGXOOMMON KMCIIOTHOCTU
ncrnonb3oBany auetatHo-aMMmmnadHble GydepHble
pacTBopbl. Bce ucnonb3oBaHHble peareHTbl nMe-
0T KBanuMduKaLmio He HuxXe Y.4.a.

OnTnyeckylo NNOTHOCTb PacTBOPOB U3Meps-
nn Ha cnektpogoTtomeTpe Lamda 40 (Perkin
Elmer) n cdotokonopumeTtpe KPK-2 B kioBeTe C
TonwumHon cnod 1 cMm. KncnotHocTe GydepHbIX
pacTBOPOB M3MepsanuM Ha uoHomepe PHS-25,
HacTpPOEHHOM CTaHZapTHbIMK OydepHbiMU pac-
TBOpaMu. YAEerbHY SMeKTponpoBOAHOCTb pac-
TBOPOB M3MepAnM Ha koHaykTtomeTpe KOJ-1M2.
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OBCYXOEHWUA PE3YIIbTATOB

B xome akcnepvmeHTa ycTaHOBMeEHO, 4To R
B aTMrnoBom cnupTte npu pH = 6 nmeeTt nonocy
MOrnoLWeHNs ¢ MakcuMyMmom A = 425 HM. B aTux
yCcroBusix oH obpasyeT kommnnekc ¢ Hukenem(ll),
Makcumym nornoweHus npu 452 Hm. Wccne-
JoBaHMe Nony4eHHOro Komnnekca B NpUCyTCTBUU
a,a'-gunupuavna, guaHTunupunmetTaHa u 6aro-
deHaHTponMHa B LUMPOKOM uHTepBane pH noka-
3ano, 4TO NOA BNUSAHMEM TPETbEro KOMMO-
HeHTa obpasyeTcsl pasHONUraHAHbIE KOMMMEKCHI:
Ni(ll)-R-a,a'-aMn ¢ mMakcMMymom cCBeTonornoLye-
Ha A = 468 HM, Ni(ll)-R-DeH — ¢ A = 472 HM, 1n
Ni(ll)-R-B-cbeH — ¢ A = 478 Hm. Okpacka peareHTa
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N KOMMMEKCOB 3aBUCUT OT pH cpenpbl, Noatomy
CMEeKTPbl MOrMOLEHNsT MpK KoMmnnekcoobpasoBa-
HUA M3ydyannm Ha (QOHEe KOHTPOIIbHOrO oOnbiTa
R-a,a-gun, R-®eH n R-b-theH. lMog BnusHuem
TPeTbMX KOMMOHEHTOB Yy BCex obpasyoLmxca
CMeLLaHONUraHaHbIX  KOMMIIEKCOB Habniogancs
BaToxpoMHbIn agpdekT (puc. 1).

M3yueHne 3aBUCMMOCTM ONTUYECKON MMOTHO-
ctn ot pH pacTtBopa nokasano, 4To nNpu B3aMMo-
OencTBMM ¢ a,a'-gunupuannom, AnaHTunnpunme-
TaHOM W ©OaTodeHaHTPONMHOM ONTUMasbHbIE
YCIOBUSI KOMMIEKCOOOpa3oBaHNsl CABUratoTCcsa B
kncnyto cpeay (pH = 5) ans Bcex KOMMMEKCOB
(puc. 2).

) 600
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wn
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Puc. 1. Cnekmpbi noanow,eHusi pacmeopoe Komrisiekcoe ¢ Hukenem(ll):
1-Ni-R; 2 — Ni-R-a,a“0un; 3 - Ni-R-®eH; 4 — Ni-R-B-¢peH. C; =4-10°M ; C, =1.10*M

Fig. 1. Absorbance spectrum of nickel(ll) complexes
1-Ni-R; 2 = Ni-Ra,a'-dip; 3 = Ni-R-Phen; 4 — Ni-R-B-phen. C, =4-10°M ; C, =1-10*M
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Puc. 2. 3asucumocmb onmu4eckol naomHocmu pacmeopa Komrsexkcoe Hukensi(ll) om pH
8 npucymcmeuu u 8 omcymcmeue mpembux KOMIIOHEHMO8 NPU Aonm, HA POHE KOHMPOSILHO20 Onbima:
1-Ni-R; 2 = Ni-R-a,a“dur; 3 — Ni-R-®eH; 4 — Ni-R-B-¢peH C,; =4-10°M ; C, =1-10*M

Fig. 2. Optical density of nickel(ll) complexes solution versus pH in the presence
and absence of third component at Aop:. ON the background experiment:

1-Ni-R; 2 - Ni-Ra,a"dip; 3 — Ni-R-Pen; 4 — Ni-R-B-phen C, =4-10°M ; C, =1-10*M
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B uenax Bbibopa onTMManbHbIX YCIOBWN
N3y4eHO BIUSIHWE KOHLEHTpauMM pearnpyroLmx
BELLEeCTB, TemnepaTtypbl U BpemeHu Ha obpaso-
BaHMe OMHApPHOTO U Pa3HONMUraHZHOrO KOMMIeK-
coB. MakcnmanbHbI BbIXOA4 KOMMMEKCOB MOMy-
yeH: Ni(ll)-R — npu KOHLEeHTpauun KoMmnoHeHTa R
8:10"° M; komnrekca Ni(ll)-R-a,a'-amn — npu KOH-
LeHTpaumMm KOMMOHEHTOB 8:10° u 5,2:10° cooT-
BeTcTBEHHO; komnnekca Ni(ll)-R-PeH — npu KoH-
LeHTpaumMm KOMMOHEHTOB 8:10° u 4,8:10° coot-
BeTcTBeHHO; komnriekca Ni(ll)-R-B-cbeH — npum
KOHLIEHTpaLuMM KOMMOHEHTOB 8:10° u 4-10° M
COOTBETCTBEHHO. Bce komnnekcbl obpasytoTcs
cpasy nocne CMeLlIMBaHUSA pacTBOPOB KOMMOHEH-
TOB M pasnMyalTCcs YCTONYMBOCTLIO.

KOHCTaHTbl YCTOMYMBOCTM U COOTHOLLEHWS
KOMMNOHEHTOB B coCTaBe 0OpasyloWwmnxcs Kom-
MMNEeKCoB YCTaHOBMEHbl METoA4aMu N3OMOMSPHbIX
cepuii, oTHocutenbHoro Bbixoga Ctapuka — bap-
GaHens v caBUra paBHoBeCHS .

Metog Crtapuka — bapbaHens nossonser
TOYHO OLEHUTb CTexnoMmeTpuyeckne Koadhduum-
€HTbl U MOXET OblTb MPUMEHEH K NoboN CTeXmo-
METPUYECKON peakuun HEe3aBUCUMO OT YCTOMYM-
BOCTM KOHLIEHTpauMM B3aMMOAENCTBYKOLLUX Be-
wects [17, 18].

WccnepoBaHve nokasano, Y4TO COOTHOLLEHME
komnoHeHToB B komnniekce Ni(ll)-R cocTtaBnset
1:2, B pasHonuraHgHbIX kKomnnekcax — 1:2:1.

MonspHble KO3 UUMEHTbI CBETOMOrMOLLEe-
HUS, WHTEpBan JIMHENHOCTU rpagynpOBaAHHOIO
rpadomka ansa onpegenenus Hukens(ll), a Takke
Apyrve aHanuTuyeckne XapakTepuCTUKW peareH-
TOB NpvBeAeHbl B Tabn. 1.

OnpegeneHbl  KOIDULNEHTBI  ypaBHEHUS
rpagyvpoBOYHOrO rpadmka no mMeToay HanmmeHb-
wux kBagpatoB [19]. MNpn komnnekcoobpasoBa-
Hun Hukens(ll) 3aBucnmocTb A = f(C) BbipaxaeTcs
cnegyownuMmn NMMHENHbIMU YpaBHEHUSMM:

— A=(0,19+0,02)c+(4,8+0,12)10°—ans Ni(ll)-R;

- A=(O,24i0,01)c+(3,210,10)10’2—,u,n9| Ni(ll)-R-a,a'-gun;
- A=(O,27i0,02)c+(6,910,09)10’2—,u,n9| Ni(ll)-R-PeH;

— A=(0,37+0,01)c+(7,2+0,08)10°—ans Ni(ll)-R-B-cbeH.

Kak BMAHO, C Bo3pacTaHuMeM yrna HakroHa
(@) NMWHerHbIX ypaBHEHWW YBENWYUBAIOTCA MO-
nApHble KO3SMMUUNEHTbI MOrMNOWEHNS KOMMIEeK-
COB.

Mpn onTMMankeHbIX YCIOBUSIX KOMMIEKCOO6-
pasoBaHus Ni(ll)-R TuTpoBanu pactBopom TpeTb-
X KOMMOHeHToB (a,a'-gun, PeH, n b-deH) KoH-
AyKTomeTpuyeckum Metogom [20] (Tabn. 2).

Ta6bnuuya 1
Cnekmpogomomempudeckue xapakmepucmuku komrsiekcoe Hukesns(ll)
Table 1
Main characteristics of nickel(ll) complexes
Amax, 4 . . MogunHeHue 3akoHy
Komnnekc pH iy AN, HM ¢107, n/monb-cm Me:R Bepa, MKr/M IgB

Ni(l)-R 6 452 27 0,875+0,04 1:2 0,46-2,32 8,24+0,04

Ni(l)-R-a,a'-ann 5 468 43 1,550+0,03 1:2:1 0,13-2,32 10,09+0,06

Ni(ll)-R-®eH 5 472 47 1,900+0,02 1:2:1 0,11-2,32 10,84+0,06

Ni(ll)-R-B-dpeH 5 478 53 2,200+0,03 1:2:1 0,11-2,78 11,22+0,04
Tabnuya 2

Pe3ynbmambil kOHOykmomempu4yecko2o mumpoeaHusi pacmeopa Ni-R pacmeopamu
mpembux KoMnoHeHmos (a,a-dun, ®eH, u b-¢gper (m-10* Om'cm™)

Table 2

Result of the conductometric titration of the Ni-R solution with solution of third component
(a,adip, Phen, and B-phen (m-10* Ohm™em™)

Vi, M
Komnnekc
0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4.5 5,0
R 1,80 1,77 1,75 1,73 1,72 1,70 1,69 1,68 1,68 1,68
R-a,a'-gun 1,76 1,73 1,70 1,69 1,68 1,65 1,63 1,62 1,62 1,62
R-®deH 1,70 1,64 1,58 1,50 1,45 1,40 1,38 1,38 1,38 1,38
R-B-tbeH 1,62 1,58 1,50 1,45 1,40 1,35 1,33 1,32 1,32 1,32

lEyJ'IaTOB M.N., KanuHkuH W.T1. TMpakTnyeckoe pykoBoaCTBO N0 POTOMETPUYECKUM U CNEKTPOOTOMETP K-
Yecknum MeTofoM aHanusa. 5-e u3g., ctep. M.: «KHura no TpebosaHuio», 2013. 432 c.

XUMMNYECKHME HAYKWU / CHEMICAL SCIENCES

199



MapdaHoea B.Y., Taxupnu LW.A., T adxueea C.P., UYoipazcoe ®.M. NU3y4eHue komniekcoobpa3oeaHusi ...
Mardanova VI, Taxirli SA, Hajiyeva SR, Ciragov FM. Component complexation ...

mA0F Onrtear!
19

)

[
~
—
N
o
. F9
w
u \

N

v.ml

Puc. 3. 3asucumocmsb ydesnibHOU 351eKmponposodHocmu om ob6bemMa mumpaHma:.
1 - Ni(I)-R; 2 = Ni(I)-R-a,a*-dun; 3 — Ni(ll)-R-®eH; 4 — Ni(ll)-R-b-¢gheH

Fig. 3. Conductivity versus titrant volume:
1-Ni(I)-R, 2 = Ni(ll)-R-a,a*dip, 3 — Ni(ll)-R-Phen, 4 — Ni(ll)-R-B-phen

PesynbTaTbl NOkasbIBalOT, YTO YEM MEHbLUE
yaenbHasi 3neKTponpoBOAHOCTb, Tem Oornblue
YyCTOMYMBOCTb KOMMMeKcoB. Bbin noctpoeH rpa-
VK 3aBMCMMOCTU YOENbHOW 3rEeKTPONpOBOAHO-
ctn oT obbema TutpaHta ansa Ni(ll)-R, Ni(ll)-R-
a,a'-gun, Ni(ll)-R-®eH un Ni(ll)-R-b-deH (puc. 3).

N3y4yeHO BNnsiHME MOCTOPOHHWX WMOHOB Ha
komnnekcoobpasoBaHue Hukensa(ll) ¢ R B otcyT-

CTBUM U B MPUCYTCTBUM TPETbUX KOMMOHEHTOB.
YCTaHOBMNEHO, YTO B MPUCYTCTBUMN TPETbUX KOM-
NMOHEHTOB M30OUPaTENbHOCTb peaKkLMn KOMMIEKCOo-
obpa3oBaHMsA  3HAYUTENbHO  yBENU4YMBaeTcs
(Tabn. 3): AaHHble peareHTbl n3dbupartenbHee Ans
CNeKTPoOTOMETPUYECKOTO ONpeaeneHns Huke-
na(ll) no cpaBHeHMIO C peareHTamu, U3BECTHLIMM
n3 nutepatypsl [14].

Tabnuya 3
Honycmumbie coomHouweHUs1 TOCMOPOHHUX UOHO8 K Hukesto(ll) npu e2o onpedeneHuu
8 sude 00HOPOOHO- U cMewaHHOJIU2aHOHbIX KOMIJIeKcoe8 (mo2pewHocmsb 5 %)
Table 3
Foreign ions and nickel(ll) valid ratios at determination of nickel(ll) in the form
of mono- and mixed-ligand complexes (error 5 %)

. 2-[(2-mepkanTodeHun-
MOCTOPOHHME MOHBI R R-a,a'-amnn R-®eH R-B-deH UMMHO)MeTUbeHon [1]
Na(l) * * * * 300
K(1) * * * * 300
Mg(ll) 124 414 248 414 250
Ca(ll) 207 414 670 670 250
Ba(ll) 472 472 236 472 -
Zn(Il) 11 224 12 224 300
cd(n 215 215 215 366 50
Co(ll) 61 464 215 464 20
Cu(ll) *% 22 110 110 20
Mn(11) 28 940 190 940 200
AI(IIT 5 9 47 47 250
Fe(lll) 10 93 193 193 20
Cr(lln 179 258 258 258 20
Pb(ll) 71 71 71 142 -
V(V) 88 88 176 572 -
W(VI) 197 952 634 952 -
Mo(VI) 331 828 372 828 -
F 319 6379 1276 6379 -
C,0,” 22 43 217 217 -
HPO,” 617 1234 617 1234 300
JInMoHHas kucnoTa 116 231 462 462 -
BuHHasga knucnota 517 2506 2506 2506 -
TrnomoyeBmHa 13 66 262 262 —

lMpumeyaHue. * — He mMewaem; *+— Mewaem.
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PaspabotaHHas meToguka MpumeHeHa Ans
onpegenenus Hukena(ll) B Tpex copTax S60K.

Memoduka aHanusza. Hasecky obpa3sua
dpykToB maccon 200 r nocne BbiCyLUMBAHUSA MO-
Mewanu B rpadoMToOBYI0 YallKy, CXuranm B My-
denbHon neudn npu 550-750 °C go nonHoro pas-
NOXEHUs1 OpraHuMyecknx BellecTB. [lonyyeHHyro
3ony pactBopsnim B cmecn 15 mn HCI n 5 mn
HNO; B yallke u3 cteknoyrnepoga v Tpuxabl 06-
pabateiBanu 4-5 mn HCI npn 60-70 °C po non-
HOW OTFOHKM oKcuaoB asoTta. [lanee cmecb pac-
TBOPSNU B AUCTUNNMPOBAHHOM BoAe, (PUNbLTPO-
Banu B Konbe emkocTbio 100 mn n pasbasnanu go
MeTKWN. ANMKBOTHYIO YacTb pacTBopa nepeHocunm
B MEpHyl Konby emkocTbio 25 mn, gobasnsanu
2 mn 1.10° M pactBopa peareHTa, 1 mn 10° M
pacTtBopa 6aTtodeHaHTponuHa, JoBoaunn obbem
00 METKM amMuayvHo-aueTaTHbIM BydepHbIM pac-

TBOpoM pH = 5. OnTnyeckyo NNOTHOCTb pacTeopa
namepsanun Ha npubope KOK-2 npu A = 400 Hm Ha
(POHE KOHTPOSILHOIO OMbiTa B KIOBETE C TOMLLMHOWN
nornowatowiero ceet cnosda | = 1 cm. CogepxaHne
HUKENsl B aHanu3mpyeMbix copTax abnok Haxoau-
nM no npeaBapuTenbHO MOCTPOEHHOMY rpagyu-
poBoYHOMY rpacdpuky. llonyyeHHble pesynbTaThbl
npeacTtasneHbl B Tabn. 4 n conoctaBneHbl C AaH-
HbIMM aHanmM3a aTOMHO-abcopOUMOHHOrO MeToaa
(AAC).

Kak BWMOHO w3 [JdaHHbIX, NpeacTaBneHHbIX
B Tabn. 4, pesynbTaTbl NpegnaraeMon MeToOuKM
n AAC xopollo corfnacytoTcss mexgy cobon. Ta-
kMM obpasom, npeanaraemasi MeToavKa onpege-
nenus HukenaA(ll) ¢ 1,3-gudeHnn—2-(2—rngpokcm—
4-HUTPOEeHNNTMAPO30) NPONoanoH-1,3 B NpucyT-
cTBuKM H6aToheHaHTpoNNHA NpocTa, SKCNpeccHa n
0aeT HafeXHble pe3ynbTaThl.

Tabnuya 4

Pesynbmamsbi onpedeneHus Hukess(ll) eo gppykmax (n=5, P=0,95)

Table 4

Results of nickel(ll) definition in fruits (n =5, P = 0.95)

CopT si6noK HanpgeHo Ni, % mac.
R + 6aTtodeHaHTponmH AAC
Manmert (8,30+0,04)-10° (8,420,06) 10°
CUMUPEHKO (8,15+0,06) 10°° (8,03+0,07) 10°°
DymKM (8,00+0,06) 10° (7,89+0,05) 10°
3AKNKOYEHUE uun yeBenuuumealrTcs. MeTogoM HauMeHbLUUX

Ons onpegeneHus Hukensa cnekrpodoTo-
MeTpUYECKUM METOAOM MCMONb30BaHO a3onpous-
BOAHOE [3-AUKETOHOB B MNPUCYTCTBUU TPETbUX
kKoMnoHeHToB. CTpyKTypa peareHTa MsyyeHa Mme-
Topom AMP- n WK-cnektpockonuu, a 4ucTtoTa
npoBepeHa bymaxHon xpomaTtorpaduen.

KomnnekcHble coeanHeHuUst HUKensa C pea-
FTeHTOM B MPUCYTCTBMM TPETbUX KOMMOHEHTOB UC-
cnefoBaHbl CNeKTPOOTOMETPUYECKMM METOAOM,
onpeereHbl ofnTUMarnbHble YCroBUS KOMIMNEKCOo-
obpa3oBaHMA W XapakKTepUCTUMKM  KOMMIEKCOB
(PHorry Aonr, MOMSAPHBIE KO3PULIMEHTBI MOrmnoLle-
HWS, COCTaB KOMMIEKCOB, UHTepBarn NoAYMHEHUS
3akoHy bepa, kOHCTaHTbl ycTonumBocTu). Onpe-
OeneHo, 4YTo B NPUCYTCTBUN TPETLErO KOMMOHEH-
Ta HeKoTopble aHanuTU4yeckue napameTpbl peak-

KBagpaToB onpegeneHbl KO3duULUMeHTbl B ypaB-
HEHWNAX rpagyupOBOYHbIX FPadUKOB.

Mpy onTMManbHbIX YCNOBUAX KOMMNEKCOOO-
pasoBaHus Ni(ll)-R TuTpoBanu pacTBopom TpeTb-
nxX KomnoHeHToB (a,a'-aun, deH, n b-deH) kon-
OyKTOMEeTpuyYeckuM MeTogom. PesynbTatbl noka-
3anu, 4YTo YeM MeHblle yAaenbHas 3MeKTponpo-
BOAHOCTb, TEM BbILLE YCTONYMBOCTb KOMMIIEKCOB.

N3y4yeHO BRuSHME MNOCTOPOHHWX WOHOB U
MacCKUpYHLLUMX BELLECTB Ha peakumMnm KOMMIEeKCo-
obpa3oBaHus. YCTaHOBMEHO, YTO peakuum ¢ Mo-
AMULMPOBaHHBIMU hOopMaMy peareHTOB Xapak-
TepuaytloTca 6onee BbICOKON M3OMpaTenbHOCTbLHO.
Pa3paboTaHbl BbICOKOTOYHbIE BOCMPOM3BOANMbIE
MEeTOOMKN onpeferieHnss HUKens B Tpex copTax
AGMOK.
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UccnepgoBaHue NPOTUBOKOPPO3MOHHbIX CBOUCTB
3MNOKCUAHbLIX KOMMO3ULIMWK MeTOAO0M
MMNeaaHCHOM CMeKTpocKonum
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Pe3srome: Memariribl u ux crifiasbl A8SI0MCS 8aXHbIMU KOHCMPYKUUOHHBIMU Mamepuanamu. Bosdelicmeue
OKpyxaroujeli cpedbl Ha MemaJsudeckue u3denus U KOHCMpPYKUUU npueooum K camorpou3gosibHOMY pas-
PYWeHUIo, Komopoe rnpoucxodum 8 pe3yribmame UX 3/1eKMPOXUMUYEeCKO20 UMU XUMUYECKo20o 83aumodel-
cmeusi ¢ oKpyxarowel cpedol. [ns 3awumel Memannuyeckux uzoesiul om Koppo3uu UCMOMb3YMm 310K-
CUGHbIE CMOJIbI U KOMIMO3UUUOHHbIe Mamepuarbl. [oanoweHue 800kl u dughgpy3usi 8 3OKCUOHbIX MOKPbI-
musix MOXem 8bl38amb 3MIEKMPOXUMUYECKUE peakyuu Ha epaHuye pasdena rnosumep—memarisi, Komopbie
S8/15I0MCS OCHOBHOU MPUYUHOU paspyweHuUsi Memarsisiog C rnosiuMepHbIM MOKPbIMUEM 8 yCrio8UsIX 3KCriya-
mauuu. Llerns Hacmosiwel pabomsbi — uccriedog8ame aHMUKOPPO3UOHHOE M08edeHUEe 3rTOKCUOHbIX KOMMO3U-
yul nocrne cepHokucrnomHozo eosdeticmeusi. Memodom umnedaHCHOU CrieKmpOoCKonuu uccriedosaHbl 3roK-
CUOHbIE MOKPbIMUSI Ha cmaribHOlU O0cHoge. B cocmae arnokcudHo20 ceasyrouje2o 8xodusiu CMOosbl Ha OCHO8e
bucepeHona A, omeepxOeHHbIe PasfiudHbIMU aMUHHbIMU omgepdumensamu. s ebiaeneHusi CmpyKmypHbIX
U3MEHeHUl Mamepuasiog U U3SMEHEeHUsI UX 3awjumHbIx ceolicme rnposodusiock ModesnuposaHue 8030el-
cmeusi agpeccusHol cpedbl: 30-OHesHasi 8bl0epxKa 8 KOHUeHmpuposaHHoU cepHol kuciiome. [lornydeHsbi
e2o0ozpaghbl umnedaHca uccriedos8aHHbIX cucmeM, npedrioXeHbl IK8UBATEHMHbIE CXeMbl O arnnpoKcuma-
uuu akcriepumeHmarbHbIX OaHHbIX. Bbicokas rnopucmocme arnokcudHol cucmembl Ha ocHose NPEK-114L
npueodum K ygermiu4eHuUt0 CKopocmu Koppo3uu. PacmeopeHue npodykmos Koppo3uu rpu 6onee dnumerb-
HOM 8peMeHU ucrbimaHul u, Kak credcmeue, bosiee ebicokass Ouy3usi KOPPO3UUHbIX UOHO8 8 MOKPbIMuU
8bI3bI8AIOM CHUXXEHUE KOPPO3UOHHOU cmolkocmu. QnoKCcudOHble KOMIO3uyuu Ha ocHoee cmoribl NPEL-128
(onuzomepHbili IPOJyKM Ha 0CHoge Ouanuyudunogo2o aghupa dugheHuUTonnponaHa) nokasanu yny4ueHHbIe
aHMUKOPPOI3UOHHbIE Xapakmepucmuku. YcmaHoerneHo, Yymo 0obaeka arnkum-enuyudunosoeo aghupa Ons
ymeHbweHusi esaskocmu cmonbl NPEK-114L yxydwaem 3awjumdbie ceolicmea Komno3uma npu eo3del-
cmeuu Kucomsl.

Knro4deenie cnoea: 3roKcuOHbie KoMmo3uyuu, bucgheHon A, umnedaHCHasi CrieKmMpOCKOMNUs, CmMoUKOCMb
npu eosdelicmsuu Kuciom

Uugpopmayuss o cmamee: [Jama nocmyrnneHus 10 okmsbps 2019 a.; ama npuHsmus K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.
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HVe NPOTUBOKOPPO3UOHHBLIX CBOWMCTB 3MOKCUAHBIX KOMMO3ULMIA METOAOM MMMNEOAHCHOW CreKTpocKonun. M3-
secmus 8y308. puknadHas xumusi u 6uomexHonoausi. 2020. T. 10. N 2. C. 205-212. https://doi.org/10.21
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Abstract: Although metals and their alloys are important structural materials, electrochemical or chemical
interactions between metal structures and the environment leads to their spontaneous destruction. In order
to protect metal products from corrosion, epoxy resins and polymer composite materials can be applied.
However, polymer-coated metals may degrade under operating conditions due to electrochemical reactions
at the polymer-metal interface caused by water absorption and diffusion in epoxy coatings. The present
study is aimed at an investigation of the anticorrosive behaviour characteristic of epoxy compositions follow-
ing exposure to sulphuric acid. The method of impedance spectroscopy was applied to evaluate epoxy coat-
ings on a steel base. The composition of the epoxy binder included bisphenol A resins cured with various
amine curing agents. In order to identify structural changes in materials, as well as the changes in their pro-
tective properties, the effects of an aggressive environment were simulated by means of exposure to con-
centrated sulphuric acid over a 30-day period. Impedance hodographs of the studied systems were obtained
and equivalent schemes for the approximation of experimental data proposed. The high porosity of the
NPEK-114L based epoxy system was established to result in an increase in the corrosion rate. Dissolution of
corrosion products over a longer test period — and consequent higher diffusion of corrosive ions in the coat-
ing — was determined to cause a decrease in corrosion resistance. Epoxy compositions based on NPEL-128
resin (oligomeric product based on diphenylolpropane diglycidyl ether) demonstrated improved anticorrosion
characteristics. The addition of alkyl glycidyl ether for NPEK-114L resin viscosity reduction was shown to
affect the protective properties of the composite under acid exposure.
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BBEOEHUE

Pa3BuTne HOBLIX MNPOM3BOACTB B XUMUYe-
CKOW, HEPTEXMMUYECKOWN, INEKTPOHHON M MaLluu-
HOCTPOUTENBHON OTpacnsx MNPOMBbILLMEHHOCTH, a
Takke B aTOMHOW 3HepreTuke NpuBENO K HEODOXO-
OVMOCTU co3aHus MOKpbITUA, obnagawwmx Bbl-
COKOM XMMCTOWMKOCTbIO, MPOYHOCTbIO, TEXHOMOMMY-
HOCTbIO MPU HaHECEHMM Ha MeTanIM4yecky noa-
TNOXKY U JONMOBEYHOCTBIO B SKCMyaTauumm.

[ns oueHkn cBOWCTB paspabaTbiBaembIX MO-
KPbITUM C YCMEXOM WCMOMb3YKTCS SKCNEePUMEH-
TanbHble METOoAbl MMMNEAAHCHOW CMEeKTpoCcKonuu,
Nno3BonsolWnNe oOueHMBaTb aHTUKOPPO3UOHHYHO
3 heKTUBHOCTL MOKPLITUIA Kak B nabopaTtopusix,
Tak 1 B NPOU3BOACTBEHHbIX ycnoBusax [1-5].

Llenbto gaHHOM paboThbl SABNSANOCH Mccneno-
BaHMe NPOTUBOKOPPO3NOHHON 3P EEKTUBHOCTH
psga KOMMO3UTHBLIX 3MOKCUAHBLIX MOKPLITUN MNpu
NMOMOLLM METOAOB MMMEAaHCHOW CMEKTPOCKOMMUMU.
[na BbISIBNEHUSA CTPYKTYPHbIX U3MEHEHWIA MaTe-
pranoB U U3MEHEHUST UX 3aLLMTHBIX CBONCTB NpPO-
BOAMITOCb MOLENUpOBaHME BO3AEWCTBUS arpec-
cuBHOW cpefbl: 30-OHEeBHas BblOEPXKKa B KOHLEH-
TPMPOBAHHOW CEepHOM KUcnoTe (HayanbHble 24 4 —
npu 80 °C, panbHenwas BblgepXXka — Npu KOM-
HaTHOW Temnepartype).

SKCNEPUMEHTAINBbHAA YACTb

MamepeHuss  npoBogunu  Ha  npubope
PGSTAT 302N (Metrohm Autolab) B gnanasoHe
5-0,01 My B 3-9NeKTpOOHON 3NEKTPOXMMUYECKOM
sAyerike. Pabounn anekTpon npeactaensn cobown
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MeTannnMyeckylo NIacTUHy NnoLagblo 2 cM°, fo-
KPbITYIO SNOKCUOHBIMU COCTaBaMW, BblAepXaHHY0
B cepHon kucnoTte. BcnomoraTenbHbIM 3MekTpo-
OOM cnyxuna nnatumHoBas NracTuHa, a B Kauye-
CTBE 3MeKTpofda CpaBHEHUs UCMONb3oBanu Xro-
puacepebpsaHbIn anekTpod. Bce namepenus npo-
BOAWNNCH MPU MOCTOSAHHOM MOAEPXaHUN Temne-
patypbl B sverike 25 °C B 0,1 HopManbHOM pac-
TBOPE CEPHOW KUCMOThI.

O6bekTamn nccrnefoBaHnst BbICTyNanm 3rok-
CYAHbIE KOMMO3ULUUKN, TOE COCTaB HamnoNHUTENS
ObINn NOCTOSAHHBIM (KBapLeBas Myka CO CpegHuM
pasamepom vactuy 30 mkm — 30 %, anokeung Tuta-
Ha mapkn R-996 0,23 mkm — 5 %, konep — 1 %), a
COCTaB CMOfbl U TWUM OTBEPAMTENS MEHANUCH
(Tabn. 1). B kayecTBe 3aMOKCUAOHLIX CMOM UCMOSb-
30BanuCb CTaHAapTHbIE KOMMepYecKkue npoayKThbl
npounssoacTtea komnaHmm Nan Ya Plastics, Tan-
BaHb. Vicnonb3oBaHHbIE ANsi NPUrOTOBIEHUsST 06-
pasLoB 3MOKCMAHBIE CMOSbI NPeACTaBnsaoT cobomn
CTaHOapTHbIA TUM CMOMbI Ha OCHoBe BucdeHona
A Onsa agre3vBoOB, MOKPbITUA U TEPMETUKOB (aHa-
nor 3[-20/22). [ina 3Tnx cmMon macca 3MnoKCUAHO-
ro 9KBMBANEHTa HaxoguTCcsi B AvanasoHe
180200 r/akB, a OCHOBHOEe pa3nuyme 00ycnoB-
NEeHO BA3KOCTbIO, KOTOpasi KOHTponupyeTca pas-
GasuTensamu.

[MpurotoBneHne cocTtaBoB KOMMO3WUTOB MpPO-
N3BOAMMOCH C YYETOM CTEXMOMETPUYECKUX COOT-
HowweHun cmona/oTBepauTens. CocTaBbl CMON
npurotaenmeanucse u3 cmon  NPEK-114L wu
NPEL-128 B cooTHoweHun 50:50 %. B kauvecTtBe
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Tabnuya 1
Cocmae 3anokcudHo20 ces3yrue2o uccredoeaHHbIx 06pa3yoe
Table 1
Epoxy binder composition of the studied samples
OBpase Cmona BsaskocTb*, Macca anokcugHoro OTBEDONTEND
pasen (MMa-c npu 25°C) | aKkBuBaneHTa*, r/aks PA
1 NPEK-114L 600-1200 195-204 XT
2 NPEL-128 12000-15000 181-185 M-4
3 NPEK-114L + NPEL-128 6300-8100 188-195 XT
4 NPEL-127 7000-10000 176-185 Mokcunon
5 NPEL-128 12000-15000 181-185 Mokcunon
6 NPEK-114L + NPEL-128 6300-8100 188-195 M-4

* — QaHHble crieyughuxkauuu npoussodumens.

OTBEpPAMTENS MCNOSb30BanMCb COCTaBbl HA OCHO-
BE MOAMMDULMPOBAHHbBIX anudaTnyeckmx amMmHoB
(XT-489, M-4) n oTBepauTenb Ha OCHOBE TpuUMe-
TvunamunHa («lokcunony»). lNMonumepnsauma npu-
FOTOBMEHHbIX  COCTaBOB  MpoBogunacb  npu
HavanbHOW Bblaepxke npu Temnepatype 70 °C
OAVH Yac C nocrneayLlen CyLWKon npu temnepa-
Type 25 °C cyTKku.

TonwwuHa Bcex obpasuos bbina M3HavyanbHO
oguvHakoBonM UM coctaenana 450 wmkm. [llepen
Ha4anom n3mepeHus Bce obpasLbl 3amaynBanmchb
B 0,1 HOpManbHOM pacTBOpe CEepPHOM KUCMOTbI Ha

CYTKW.

OBCYXOEHUE PE3YIIbTATOB

Hanbonee wnpoko Mcnonb3yembiM B HacTo-
duiee BpeMsi MEeToAOM uccnegoBaHusi Kopposu-
OHHOW CTOWMKOCTU OKpaLleHHbIX MeTannoB SABMs-
€TCSl EMKOCTHO-OMUYECKUIA NN UMNefaHCHbIN, Ha
OCHOBE KOTOpOro MuccriefoBanucb CUCTEMbI C
pa3nuyHbiMK NokpbITuaAMK [6-9]. CyTb MeToaa
3aKnoyaeTca B U3MEPEHUUN AEKTPUHECKNX eMKO-
CTU U COMPOTUBIIEHUS OKpaLleHHOro MeTanna,
MOrPY>XEHHOrO B 3IEKTPONUT, MPU HANOXeHUN Ha
cucTemMy nepemMeHHoro Toka. MeTon ocHoBaH Ha
npeacTaBneHnn, YTo MeTann C MNoKpbITUEM MNpu
KOHTaKTe C 3MNEKTPONUTOM OMUCLIBaeTCs 3KBUBA-
NEHTHON SMNEeKTPUYECKOW CXeMOW, B KOTOPOW eM-
KOCTb N COMpOTUBMNEHWE COeAMHEeHbl napanners-
Ho. Taknum 06pa3omM, B MOMEHT COMPUKOCHOBEHUS
C O9NEeKTPonuMTOM CUCTeMa MOXeT paccmaTpu-
BaTbCS Kak KOHOeHcaTop C MoTepsMu, B KOTOPOM
MeTann 1 ANeKTponuT ABnsalTcA obknagkamu, a
OV3NEKTPUYECKON NPOKaAKoW BbICTYnaeT nako-
Kpaco4Hoe MokKpbITUe. lpu3HakoMm Hanmuuusa wnu
nosiBNeHus gedekra B NOKPbITUN ABMSETCS N3Me-
HEeHWe COMNPOTUBMEHUS WU €MKOCTM UCCnedyemon
cucTembl [2, 10]. Mo mepe HapyLleHWsi CNNOLLHO-
CTW MOKPbITUS U MOSABIIEHNS Y4aCTKOB C MPSMOWN
NMPOBOAMMOCTbIO 3MIEKTPONUT [OCTUraeT MnoBepx-

HOCTM MeTanna, u maMmepsiemasi emKocTb byaet
onpeaenaTbCsl CyMMOMW 3MNEKTPUYECKON W nek-
TPOXMMUYECKON COCTaBMSKLWUX. InekTpuyeckas
€MKOCTb Marna no BenMYMHE N HE 3aBUCUT OT Ya-
CTOTbl, @ 3NEKTPOXMMUYECcKas €MKOCTb CUITbHO
3aBMCUT OT 4acTOTbl U BO3pacTaeT Mo Mepe pas-
pyLeHus nokpbiTus. ConpoTuBneHne 3aBuUCUT OT
4YacToTbl NEPEMEHHOro Toka B TOM criyyae, Koraa
nokpbiTMe obnagaeT BbICOKMMWU WU30NUPYHOLLUMU
CBOWCTBAMM, YTO XapaKTepHO ANnA Ha4vanbHOro
MOMEHTa BO3[ENCTBUSA SMNEKTPOnMTa Ha Nnakokpa-
COYHOE MOKPbITUE U ANS MOKPbITUA C BbICOKUMMU
3alWUTHBIMW cBOMCTBaMU. [NA NOKPbITUW C HU3-
KAMW 3aLLUMTHBIMW CBOWCTBAMW XapaKTepHO OT-
cyTcTBMe unu cnabas 3aBUCMMOCTb CONpPOTUBIE-
HWA OT YacToThl.

B paHHOM cnydae cuctemy «metann — no-
KpblITUE — 3MEKTPONuT» crneayeT paccMmaTtpuBaTbh
KaK 9NEeKTPOXMMUYECKU aKTUBHYIO, WMEIOLLYIO
crneumduyeckme CBONCTBA, CBA3aHHbIE C Hannyu-
€M Ha MOBEepXHOCTU MeTanmna nneHkKM anoKCUaHo-
ro NOKPbITUA, U3MEHSAIOLLIEro Xapaktep anddysnm
pearvpyoLwmx BeLllecTB U KUHETUKY SMEeKTPOXu-
MUYeckmx peakuun [11, 12].

TpagvuMOHHO ANA NOKPLITUA, coaepXaLlmx
HanoNHWUTENb, MWCMONb3YT TaKyl IKBMBAreHT-
Hyl0 CXemy [AOfisi ONMUCaHWUsS 3NEeKTPOXMMMUYECKOTO
noBefeHus, raoe nepBoe 3BEHO OTBEYaeT 3a arek-
TPUYECKOE MOBEAEHUE HAMOMHUTENS U rpaHuLy
pasgena OByX OWSMEKTPUKOB, a BTOpPOE 3BEHO
ONUCLIBAET CBOMCTBA MONIMMEPHOrO CBA3YHOLLEro
(puc. 1, a) [13]. OkBMBaneHTHas cxema Obina no-
nobpaHa aKcnepuMeHTarnbHbIM NMYTEM C MOMOLLbIO
nporpammHoro obecnedeHusa Nova 1.8 (puc. 1, b).

OnemMeHT nocTosiHHoW asbl  (Constant
phase element — CPE) aBnsaeTtcs 0600LWeHHbIM 1
yHMBepCanbHbIM CPEACTBOM ANS MOAENMPOBaHNSA
uMmnegaHca OOLIMPHOMO Krnacca 3rieKTpoXumunye-
ckux cuctem [14, 15]. STOT anemMeHT MOXeT OT-
paxaTb Kak 3KCrnoHeHLUuanbHoe pacnpegeneHune

'NamackuH B.5., MeTpuit O.A., LinpnuHa [.A. Onektpoxumusi: y4e6Huk. M.: Xumus, 2006. 672 c.
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Hanonuurens

Cseszyowee
CPE1 CPE2

a

Puc. 1. 9xeueaneHmHasi cxema 0151 onucaHusi 200o02pagpoe umnedaHca NOKPbLIMUL:
a— obpasubl 2, 4, 5; b — o6pasey 6; CPE — anemeHm nocmosiHHoli ¢ha3bl

Fig. 1. Equivalent scheme for describing the impedance hodographs of coatings:
a-—samples 2, 4, 5; b — sample 6; CPE — constant phase element

napameTpoB AaHHOW 3NEKTPOXUMUYECKOW peak-
Lnn, CBA3AHHOW C NPEeoaoNeHNeM IHEPreTUYeCcKo-
ro 6apbepa npu nepeHoce 3apsiaa U Macchl, Tak U
UMnegaHCHoe noBedeHune, Bbl3BaHHOe dpak-
TanbHOW CTPYKTYPOW NOBEPXHOCTU MCCNEeayeMoro
anekTpoga. B camom obuiem cmbicrie noBegeHue
anemeHTa CPE MOXHO paccmartpuBaTb Kak Npo-
AIBMEHNE CBOWCTB (ppakTanbHOCTM B MNpPOCTpaH-
CTBe 4acToT.

MmnepaHc asnemeHta CPE MoxeT ObiTb
npeactasneH opMynon:

Zcpe = 1Y (] w)n,

roe j — MHMMasa eavHuua; @ — yrnoeas 4acrtoTa
(0 = 24f); Yo — chakTOp NpONOPUMOHANBHOCTY;
N — 9KCMOHEeHUManbHbIN nokasaTens, obo3Hava-
owmn pasosoe oTkNoHeHue [15].

MMonyyeHHble HaMW 3KCMepUMeHTanbHbIE ro-
porpadbl MMnegaHca gns obpasuos 1-6 cyuie-
CTBEHHO oTnuyaroTca Apyr ot gpyra. na obpas-
uoB 1 1 3 OHN He NMEIT BblpaXXeHHOW POopMbI U
nexat B npegenax 30-1700 Om. [Ona obpasuoB
2, 4 n 5 rogorpadbl NpeacTaBnaoT cobon npa-
BUIbHbIE MOMYOKPYXXHOCTU C LIEHTPOM, pacrnosno-
XXEHHBIM HWXEe OCU KoopAauHaTt (puc. 2, a), 4YTo xa-

Z" (2)
g*10% | . 2

6410° - 3
4*10%_

2*10% ] o ° . ° N

o

»

¥

T P —rr—

0 54108 1107 1.5%10° 210° Z'(Q)

a

pakTepHO ANA CUCTEM, OnNuUcCbiBaeMbIX npeanona-
raemMon 3KBMBarNeHTHOW cxemon (cM. puc. 1, a).
IOna obpasua 6 Bua rogorpacda oTnmMyaeTcss OT
OCTanbHbIX, XOTA W XapaKkTepu3yeTCs BbICOKUM
3HayeHneM Moayns umnegaxca (pvc. 2, b).

MpoBedeHne pacdeta napameTpoB IKBUBA-
NIEHTHbIX CXEM MpU MNOMOLLM NPOorpaMmMHoro obec-
nedyeHms Nova 1.8 nossonuriio MNOSydYnTb ONTU-
MarnbHOe corfacue ¢ xogom rogorpador ans o6-
pasuoB 2, 4, 5, 6 U 4YnCNEHHble 3HayeHus Ang
31EMEHTOB 3KBUBANEHTHbIX cxem (Tabn. 2). Pac-
YyeTHble rogorpadbl XOpPOLO anfnpPOKCUMUPYIOT
3KCnepuMeHTarbHble CMNeKTpbI nMmnegaHca,
4YTO CBMAETENbCTBYET O Hanuuum B obpasuax
KnactepoB, CTaTUCTUYECKU pasnmyarwmnxca no
3MEKTPOCOMNPOTUBMEHNIO N B3aUMHOW €MKOCTU
[16, 17].

YuutbiBasg TOT @akT, 4TO coAep)aHue
HaMNoMHUTENS BO BCEX UCCNeaoBaHHbIX obpasuax
OOWHaKOBO, MOfy4YeHHble AaHHble Ansi 06pasLoB
2, 4, 5 MOXHO MHTeprnpeTMpoBaTb CreaylLmm
obpasom. Npu BBEAEHMM B NMONIMMEPHOE MOKPbI-
TVe KBapueBOW MYKU MPOHUKHOBEHMWE 3MeKTPOonu-
Ta MPOMCXOAWUT [OOMNOSIHUTENBbHO MO rpaHuuam
YacTuL, HanorHUTENs C MOfIMMEpPHON MaTpuuen.
COOTBETCTBEHHO, B TaKOM MOKPbITUM MNpupoaa

Z"(Q) 4

v, 1 g ] Ll ' L 3 T \
1] 2*10% 3*1o" 4*10% 5*10° Z )

b

Puc. 2. F'odozpaghbl umnedaHcoe 05151 06pa3yoe nokpbimut 2, 4, 5 (a) u dns o6pasya 6 (b);
mo4Ku coomeemcmeyrom 3KCriepuMeHmy, CrisIoWHasi JIUHUSI — pac4emHbIM OaHHbIM

Fig. 2. Impedance hodographs for coating samples 2, 4, 5 (a) and for sample 6 (b);
the points correspond to the experiment, solid line — calculated data
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Tabnuya 2
3HaveHus1 napamempoe 351eMeHIN0oe 3KeU8aIeHMHbLIX CXeM
ons1 2odo2paghoe umnedaHca uccredo8aHHbIx obpasyoe 2, 4—6
Table 2
Parameter values for equivalent circuit elements
for impedance hodographs of the studied samples 2, 4-6
Y1 Rl Y2 RZ
O6paseL OmLom2.c™ ny Om-cM? Oom™tem2.c™ N2 Om-cm?
2 1,510 0,94 5,24-10° 3,9-10™ 0,99 1,52-10°
4 1,43.10™° 0,93 1,05.10" 5,110 0,99 7,44.10'
5 1,46-10™° 0,93 5,73-10° 3,37-10™ 0,98 1,33-10°
-10
6 5,56-10° 0,16 2,89-10° 1,3310 - -
(Cy)

KaHanoB-MPOBOAHUKOB U WX Knactepu3auus u3-
MEHSIIOTCH U CTAHOBATCS 3aBUCUMbIMU OT KOHLIEH-
TpauuMM HaMoNMHUTENS W €ero pacnpegeneHus B
obbeme [18, 19]. B cnyyae nocTOSIHHOW KOHLIEH-
Tpauuu HanoHWUTENS BKag NepBoro 3BeHa JKBU-
BaneHTHON cxembl OygeT OAMHAKOBbIM, YTO W
Habnogaetca ana napameTtpoB Y, N, Ri. OAns
BTOPOro 3BEHA CXeMbl, OTHOcsILerocs K cob-
CTBEHHO 3MOKCMAHOW MaTpuue, napameTp n, 6nu-
30K Kk 1, npu koTtopom anemeHT CPE paet umne-
AaHC YMCTOro Unu pacnpeneneHHoro eMKOCTHOro
anemeHTa. BbiCOkue 3HayeHus akTMBHOrO COMNpo-
TUBMEHUSA CBUAETEeNnbCTBYIOT 06 OTCyTCTBUM de-
dekToB cBA3ytoLLero Ans obpasuos 2 u 5.

Ons onucaHus rogorpacpa umnegaHca o6-
pasua 6 Obima wcnonb3oBaHa Adpyras 3KBUBa-
neHTHas cxema (npegcTtaBneHa Ha puc. 1, b).
B aTtom cnyyae nokasaTtenb cTeneHu n;, onpepe-
NALWNA XapakTep 4acTOTHOW 3aBWCUMOCTU WM-
negaHca, nmeet 3HadveHue 0,16. dna n =0 + ¢
(obnactb R) anemeHTt CPE1 onucbiBaeT umne-
AaHC YUCTOro UInn pacnpeneneHHoro (MCKaeHHo-
ro) pesncTMBHOro anemeHTa. 3gecb cnegyet noa-
YEPKHYTb, YTO Jaxe Npu OYeHb MarnbiX OTKIOHe-
Huax n ot Hyna CPE oTpaxaeT yacToTHyl0 3aBu-
CMMOCTb, XOTsi U Hebonbuwyto. Npnyem nepsoe
3BEHO CXEMbl OTBEYaeT 3a YacTOTHble CBOWCTBA
HanonHWTEnNs, a BTOPOe — 3a CBOWCTBA 3MoOKCUa-
HOro MOKPbITUSI.

MonyyeHHble OaHHble MO3BOMSAIOT OLEHUTb
KayeCTBO 3MOKCUAHOIO MOKPbITUS U KOPPO3WOH-
Hyl0 CTOMKOCTb 0OpasuoB Nnocrne MoaenMpoBaHust
arpeccuBHoro Bosgencrteus. Ona obpasuos 1 n 3

obHapyxeHa BblCOKasi MPOHNLLAEMOCTb MOKPLITUR,
cBsA3aHHas ¢ obpa3oBaHMeM B KOMMNO3WTax KaHa-
nos-nposogHukoB. OcTanbHble 06pasubl B KUCMON
cpefe NposBNSAT Nyylume YKpbiBHble CBOWCTBA,
KOTOpble HanpsAMyl 3aBUCAT OT XUMUYECKUX
CBOWCTB KOMMO3WUTOB 1 YCTOWYMBOCTU MOMYyYEHHO-
roO Ha MX OCHOBE 3MOKCUAHOIO MOKPbITKS.

3AKNKOYEHUE

AHann3 Nony4YeHHbIX AaHHbIX U KOMMOHEHTOB
06pa3yoB MOKPbLITUA 1—6 MO3BONUN YCTAHOBUTD,
yto cmonia NPEK, ncnonb3yemas B kadyectse OC-
HOBbI, Aaxe B cmecu ¢ 6onee BA3KOM yBeNn4yMBa-
€T BraronorfoLweHne KomMmnosuta npu BO3OeN-
CTBMM KUCIOTbl. OTO NPMBOAMUT K MPOHMLLAEMOCTH
3aLlMTHOrO Crosi 3MEKTPOSINTOM, YTO OTpaxaeTtcs
Ha noBegeHun rogorpacoB. B coctaB cmonbl
NPEK, oTHocsLencs kK TpaguunoHHO pasbaBneH-
HbIM CMOflaM Ha OcHoBe OucdeHona A, ans
yMeHbLUeHNs BsA3KocTM gobasnsetca Ci,—Cyy an-
KMNrMumannoBbin 3dup, KOTOPbIA, NO BCEW BU-
OMMOCTH, SBNAETCA KOMMOHEHTOM, OTBETCTBEH-
HbIM 32 NpOsiBrieHne Habnogaemblx SKCNepUMeH-
TanbHbIX XapakTepuUCTUK KOMMNO3UTOB.

Opyrum nokasatenem, OTBETCTBEHHbIM 3a
YCTOMYUBOCTb MOKPbLITUS B arpeccuBHOM cpene,
SABNSeTCA TMN Ucnonb3yemoro orsepautens. o-
ny4yeHHble AaHHble CBUAETENbCTBYIOT O HapyLlle-
HUW NOKPLITUA N ero NPOHMLLAEMOCTU INEKTPONU-
TOM. Haunydywive nokasaTenu XxapakTepHbl Ans
CMOnbl C MOAUMULMPOBAHHLIM aMUHHbLIM OTBEp-
autenem M-4, nony4yaemMblM Ha OCHOBE MOMUATU-
nexnonuamuHa (M3MA).
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UccnepoBaHMA nNo cnosib30BaHUIO NY3rn rpevnxum
Ansa ymarieHmsa oAbl
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Pe3srome: lNpedcmasrnieH Kpamkul 0630p Hay4YHOU fiumepamypbl 0 OCHOBHbIM HarpaesieHusiM uccredoea-
Huli 8 obnacmu copbyUOHHO20 yMmsiz4eHus1 800bl. PaccmompeHbl Hauboree Yyacmo npuMeHsieMble Ot amux
uenel mMamepuarsbl Kak MUHepanbH020, MaK U Op2aHU4ecKo20 npoucxoxoeHus. Ommey4eHo, Ymo rnepcriex-
mueHbIM CbipbeM 07151 rpou3godcmea copbeHmos A8/ mMcs pasnuyHble NpupPoOHbIe Mamepuaribl, @ makxe
omxo0bl depesoobpabomku u pacmeHuegodcmea. [1ocKonbKy 8 HamugHOM 8Ude OHU UMEHM HEeBbICOKYH
COpbOUUOHHYI0 criocobHocmb, mpebyemcs ux akmueauusi, KOmopPyr B03MOXHO Mpo8odumb pasnuyHbIMU
memodamu. Aemopamu rnposedeHbl uccredosaHusi rno ulyHeHuro copbyuu coned Xecmkocmu (Kanbyusi u
MaeHUs) u3 800HbIX pacimeopos8 8 CmMamu4yecKuX ycri08UsIX Ha HamueHoU U XUMUYeCKU ModughuyuposaHHoU
Nly32€e 2peyuxu e duanasoHe KoHUueHmpauuii om 2 9o 40 me-3ke/dm°. B kayecmee MOOUGUKamMopOs LCMOb-
308aHa corisiHasi U opmoghochopHasi KUCIoOMbI, a makxe audpokcud Hampus. VI3ydyeHue KuHemuKku copbyuu
riokasarsio, 4mo pasHogecue 8 cucmeme docmueaemcsi docmamoyHo bbiICmpo — 8 mevyeHue 5 MuH om Hada-
na copbyuu. Takxe usydeHa 803MOXHOCMb MakKCUMasbHO20 U38/IeHEHUSI KECMKOCMU U3 800HbIX pacmeo-
pos8. YcmaHo8nieHo, 4mo Jsy4dwue copbyuoHbie ceolicmea OmHOCUMEesIbHO Cconel XecmKocmu nposiensem
ny3ea epeyuxu, ModughuyuposaHHas 2udpoKcudoM Hampusi, MaKkcumasabHoe 3HayeHue COpOUUOHHOU eMKO-
cmu Onsi Komopoli cocmaensiem 2,4 Me-3ke/OM°. BMecme ¢ meM OmMeveHo, Ymo Xumuyeckas MoAughu-
Kayusi He3HavyumesibHO ygenu4yugaem COPOUUOHHYH0 eMKOCcmb Jly32u: Onsi HamueHOU OHa cocmasurna
2,0 M2-9Kke/OM®. [INsi 8cex muroe MosyyeHHbIX Mamepuanos MocmpoeHbl U30mepMbl COpGUUU XecmKocmu
8 duanasoHe uccriedyemMbiX KOHUeHmpayul U omMe4yeHo, 4mo OaHHbIe U30mepMbl OMHOCSMCS K muny S4
no knaccugpukayuu lunbca. lNposedeHa mamemamuyeckass obpabomka no modesnsam copbyuu JleHamriopa,
@petiHOnuxa, 63T u [ybuHuHa — Padywkesuya. BbisierieHo, 4mo npouyecc copbyuu KamuoHo8 KanbUus u
MazHus ¢ Haubornbuwel 8eposIMHOCMbIO oruckieaemcs ypasHeHuem OpelHonuxa.
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Study of buckwheat husk application for water
demineralisation

Vladimir A. Somin, Larisa F. Komarova, Anastasiya V. Kutalova
Polzunov Altai State Technical University, Barnaul, Russian Federation

Abstract: In the present paper, a brief review of the scientific literature on the main research directions in the
field of sorption filters used for water demineralisation is presented. Materials used for these purposes, both of
mineral and organic origin, are considered. Various natural materials, including waste products from wood
processing and agriculture, are promising raw materials for the production of sorbents. Since these materials
are typically characterised by low sorption ability in their raw form, additional activation processes are re-
quired. In this connection, research was conducted by the authors on the sorption of hardness salts (calcium
and magnesium) from aqueous solutions in static conditions using raw and chemically modified buckwheat
husk in a concentration range from 2 to 40 mEg/dm?®. Hydrochloric and phosphoric acids, as well as sodium
hydroxide, were used as modifiers. A study of the sorption kinetics demonstrated that the system achieves
equilibrium within 5 min from the start of sorption. Additionally, the possibility of maximum demineralisation of
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aqueous solutions was studied. The best sorption properties with respect to hardness salts were demonstrat-
ed by buckwheat husks modified by sodium hydroxide, which had a maximum sorption capacity of
2.4 mEq/dm3 as compared to 2.0 mEq/dm3 for raw husks. For all types of obtained materials, mineral sorption
isotherms were constructed in the range of studied concentrations. These isotherms were established to be of
S4 type according to the Giles classification. Mathematical processing was carried out according to the sorp-
tion models of Langmuir, Freundlich, BET and Dubinin-Radushkevich. The sorption process for calcium and
magnesium cations was revealed to be most accurately described by the Freundlich equation.

Keywords: water demineralisation, sorption, sorption capacity, buckwheat husk
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BBEOEHUE

MoBbIWEHHAsA XeCTKOCTb BoAbl, 0OYCNoOBMeH-
Hasg NPUCYTCTBMEM B HEW 3HAYUTENbHOro Konuye-
CTBa PaCTBOPEHHbLIX COMeW KanbUus W MarHus,
ABMNSIETCA OOHOW M3 akTyasbHbIX Mpobnem BoAo-
nonb3oBaHns. YKeCTKOCTb yXyAllaeT opraHornen-
TMYeCKMe CBONCTBA BOAbI, NpuaaBas en ropbkoBa-
TbIl BKYC, U NMPUBOAUT K BO3HWKHOBEHMIO Xemnye-
KaMeHHbIX M Mo4eKkameHHbix 6onesHen. Hop-
Ma  (U3NONMOTMYECKOW MOMHOLEHHOCTU  Conew
XeCTKoCcTM no pekomeHaauum BOS3 coctaBnsieT
1-4 mr-ake/am®, a npeaenbHoe coaepkaHue B Ni-
TbeBol Boae, cornacHo CanllvH 2.1.4.1074-01, —
7 MI'-SKB/}J,MS.

Mcnonb3oBaHne BoAbl C MOBbLILLEHHOW XecCT-
KOCTbIO B MPOMBILLIIEHHOCTU MPUBOAWT K 06paso-
BaHMIKO HAKWUMU Ha CTEHKaX HarpeBaTeNbHbIX Npu-
6opoB (koTnos, 6aTtaper u gp.), YTO CyLLLECTBEHHO
yXyAwaeT ux TeNNOTEXHUYECKUE XapaKTepPUCTUKM.
Kpome TOro, AnUTENbHbLIA KOHTaKT BHYTPEHHMUX
noBepxHocTen obopygoBaHusa n TpybonpoBoaos ¢
XECTKOMN BOAOW YMEHbLUaeT UX BHYTPEHHee cede-
HWMe N3-3a OTNOXEHUS COMemn XeCTKOCTU.

[na yoaneHus XecTKoCTU U3 BOAbl NMPUMEHS-
0T pasnuyHble MeTOAbl, KOTOpble WCMOMb3YTCS
CaMOCTOATENbHO (KMNsiYeHne, peareHTHas obpa-
60TKa) UM B coveTaHun C ApYrMMU: TEPMUYECKM-
MKW, MeMOpaHHbIMK, WMOHOODMEHHBIMW, a TaKke
pasnuyHble nx KomouHauun. Kaxgbiin u3 aTux me-
TOOOB NO3BOMSET B TOW UMW MHOW CTENEHU NOAro-
TOBUTb BOAY ANSA WCMNONb30BaHUSI B TEXHUYECKMX
uensx unuM kak nutbeByl. Belbop metoga oby-
CNOBMEH MapamMeTpamMu WMCXOAHOW BOAbl, Tpebo-
BaHMSIMM K OYMLLIEHHON, a Takke 3a4aHHON Mpous-
BOANTENbHOCTBLIO.

B HacToslLlee BpemMsa TpaguLMOHHBIM CNOCO-
OoOM yganeHuss XecTKoCTU K3 BOAbl sBMNsETCs
yMsSIrTMEHWE C  MCMONb30BaHMEM WMOHOOOMEHHbIX
cmon. OgHako Hapagy ¢ adEKTUBHOCTBIO METO-
Ja eMy CBOWCTBEHHbl M HEKOTOPblIE HEeOOCTaTKu:
BbICOKME TpeboBaHMs K KayecTBy nogaBaemMon Ha
WOHHLIN 06MeH Boapbl, 6ONbLUON pacxod peareHToB
npu pereHepauuu, CROXHOCTb yTUnusauun anoa-
TOB, @ TakkKe BbICOKas CTOMMOCTb MOHOOOMEHHbIX
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cmorn. Bce aTo npuBOAUT K 3HAYUTENbHBIM 3aTpa-
Tam Ha ob6cnyXnBaHMe MOHOOOMEHHbIX YCTaHOBOK.

B aTol CcBSI3W MepcnekTMBHbIM NpeacTaBnsi-
eTcs UCMNomnb3oBaHWe MaTepuarnoB pasfnMYHOro
NPVUPOOHOro MPOUCXOXAEHUS, CMNOCODOHBLIX 3ame-
HUTb AOPOrocTosilme cMosbl. K HUM MOXHO OTHe-
CTW pasfnuyHble MUHepansbl, MMelLlne B CBOEN
CTPYyKType obmeHHble KaTuoHbl. B 4actHocTh, aB-
Topamu pabort [1, 2] gna yganeHus n3 BoAbl 3a-
rPSI3HEHMN B MOHHOW bopmMe NpeanoxeHo Ucnorsb-
30BaTb rMaykoHuT. MNepcnekTnBHbIMK Takke sBNs-
toTCsl GEHTOHMTOBbBIE TMWHbI [3-5], LeonuThbI [6].

K ogHvM u3 nocrnegHux nokoneHuin copbeH-
TOB MOXHO OTHECTM Martepuarnbl U3 YrnepoaHbIX
HaHOTPYOOK, CUMHTE3UPOBAHHLIX C MPUMEHEHUEM
pas3nunyHbIX KaTanns3aTopos [7, 8].

B kayecTBe Cbipbs ANs CO3gaHWs martepua-
N0B, CNOCOOHbLIX U3BMEKaTb CONN METannos, B TOM
yucrne XecTKoCTW, MOryT ObiTb WCMONb30BaHbI
pasnuyHble opraHMyeckme oTxodbl, obpasyoLme-
Cs B CeNnbCKOM XO3ANCTBe, necornepepabaTtbiBato-
LeM komnnekce n gp. Takoe Cbipbe BeCbMa 3KO-
NOTMYHO U MMEEeT He3Ha4uTerbHYl CTOUMOCTb,
npyM 3TOM OOHOBPEMEHHO pellaeTcss npobnema
ero ytunusauun. Tak, AelleBoe Cbipbe NpeacTaB-
NAT oTxo4bl obMonoTa npoca, XronkocoaepXxa-
LLee BONOKHO [9] 1 xuTo3aH [10], koTopble nokasa-
nn BbICOKYD addpekTMBHOCTL (00 99,9 %) npwu
yAaneHun MoHoB meTannoB. B kavectBe copbuu-
OHHOro mMatepuana MoxeT OblTb UCMOMNb30BaH Nu-
CTOBOM oOnaj pasnuyHblX nopon AepeBbeB [11].
WHTepec Takke nNpeacTaBnslT NUCTbA TomaTa
[12], GaknaxaHa [13], umelowme LWNPOKYHD [O-
CTYMHOCTb.

MpooykT nepepaboTkn OPEBECUHBLI — MUTHWH,
Haxo4uT MpUMEHeHMEe NPU M3BMEYEHUU U3 BOAbl
pTYTW, UnHKa 1 kagmusa [14, 15]. Anga aTux xe ue-
ner MOryT MCMOoNb30BaTbCHA WrOSKM XBOWHbBIX MO-
poa oepeBbeB [16, 17], BOMOKHO CeMsiH TOMOMs
[18].

N3 oTxomoB pacteHmeBoaCTBa MNEPCMEKTUB-
HbIMW SIBIIAIIOTCA Wenyxa puca [19], rpeunxn [20]
M nweHuubl [21], ckopnyna rpeukoro opexa [22],
ctebnn 6aHaHa [23], 6ambyka [24], kykypy3bl [25],



https://doi.org/10.21285/2227-2925-2020-10-2-213-222
https://doi.org/10.21285/2227-2925-2020-10-2-213-222

ComuH B.A., Komapoea J1.®., Kymanoea A.B. ccnedoeaHusi o ucrnosib308aHUI0 Jly32u 2peyuxu ...
Somin V.A., Komarova L.F., Kutalova A.V. Study of buckwheat husk application ...

BMHOrpagHon nosbl [26], a Takke koxypa bGaHaHa
[27] v rpanHaTa [28].

Mcnonb3oBaHne COMOMbI PasfnnyHbIX 3€pHO-
BbIX KynbTyp AN Lenei o4ncTku BOAbl Uccneao-
Banocb asBTtopamu pabot [29-32]. Takke npu no-
ny4yeHnnM copOLUMOHHBIX MaTepuanoB bGbina noka-
3aHa BO3MOXHOCTb WCMOMb30BaHMA My3rn MoA-
conHeyHuka [33, 34]. Hemanbin uHTepec npeg-
CTaBnseT W ny3ra rpeuuxu, B GomnbLIOM Konuye-
cTBe oOOpasywowasica Ha nepepabaTbiBaloLLNX
npeanpuaTnsax ANTancKkoro Kpas M He Haxogsias
LLIMPOKOTO NPUMEHEHNS.

Llenbto npeactaBneHHon paboThl SBNSANOCH
N3y4yeHne BO3MOXHOCTM UCMOMb30BaHWUA Ny3ru
rpeynxu ons yoaneHusi CoOeaAMHEHUI XeCTKOCTU 13
BOAbI.

QKCNEPUMEHTAINBbHAA YACTb

[ns uenen wuccnegoBaHUs UCMONb30BaNUCh
MoAenbHble PacTBOpPbl C coAepxaHuem obLien
XecTkocTu (cynbgata MarHuMs 1 xnopuaa Karb-
uust) ot 2 go 40 mr-aks/r. Copbuuo nNposoawnnu
npu Temnepatype 22 °C n oUKCMpoBaHHON mMacce
copbeHTa (1 r) C NPUMEHEHNEM MEXAHUYECKOTO
nepemelwinmBarHmsi. 3HayeHne oOLLENA XKeCTKOCTU
onpenenanock nNo metoaunke, nanoxeHHon B FOCT
31954-2012 («Bopa nutbeBas. Metogbl onpepe-
neHms obLen XecTkocTu»), — KOMMIEKCOHOMET-
pUYECKUM TUTPOBAHWEM NPOObLI PaAcTBOPOM Tpu-
noHa b B npucyTcTBUM nHaMKaTopa (B HaLeM cry-
Yae WCMNonb30BasiCa IPMOXPOM YEPHbIN B BUAe
MopoLlKa B CMECU C XIOpUAOM HaTpUsA B COOTHO-
weHun 1:100). BblCoKkMe KOHLEeHTpauum pacTBopoB
nepea aHanuM3oM npenBaputensHo pasbaBnsanuch
OUCTUNNIMPOBAHHOW BOAON.

C uenbio yBenuyeHnss cCopOLMOHHON Cnocob-
HOCTM Nny3rn rpevmxu Gbina npoesefeHa ee npeg-
BapuTenbHas Moaudumkauus pactBopamuM OpTo-

a1

docdopHor n consiHon kucnot (0,5 H), rMapoKcu-
pa HaTpus (500 mr/am’).

OBCYXOEHUE PE3YIIbTATOB

C ncnonb3oBaHMeM MOAENbHbBIX pacTBOPOB C
pasHOW HayanbHOW KOHLIeHTpaLMen CoeauHeHWin
XKECTKOCTU B nabopaTopHbIX YCNoBUSX ObiNn MC-
CnefoBaHbl KUHETUYECKUe U CTaTUYeckme Xapak-
TEPUCTMKN MNONYyYeHHbIX copbeHToB. [lepBoHa-
YanbHO Oblna M3yyYeHa KMHeTuka copbuun uccne-
OyeMbIX KaTUOHOB MNPV MX HayanbHOW KOHLEHTpa-
unm — 10 mr-ake/am°. MiccrnenoBaHns NpoBOAMIM
Ha HaTuBHOW ny3re. B pesynbTtate 6bio onpege-
NIEHHO Bpems OOCTWXKEHUS paBHOBECUS B reTepo-
¢as3HoM cucTeMe «MOH MeTanna — pacTBop» B
npouecce copbuun. N3 rpacumka, npeacraBneHHo-
ro Ha puc. 1, BUOHO, YTO paBHOBECUE B CUCTEME
JocTuraeTca [OCTaToOMHO ObICTPO — B TedeHue
5 MuH OT Hayana copbumu.

Ha BTOpoM 3Tane u3yyanacb BO3MOXHOCTb
MaKCMMarnbHOro M3BMEYEHUs XECTKOCTU U3 BOA-
HbIX PacTBOPOB. ViccrnegoBaHUs NPOBOAUIIUCE Kak
Ha HaTMBHOW fNy3re rpeymxu, Tak U Ha nyare, Mo-
OnduumpoBaHHOM pacTtBopamMmu opTodocdopHOM 1
COMSAHOM KUCMOT U rnapokcuga Hatpusa. Copbuu-
OHHasi eMKOCTb paccymTbiBanach no opmyne:

A:(cs—cp)-v,
m

roe A — copbumoHHas emkocTb, Mr-ake/r; Cs,
C, — HavanbHasi M paBHOBECHAs KOHLEHTpauums
YKECTKOCTUN COOTBETCTBEHHO B UCXOOQHOM pacTBope
N rnocre 3aBeplleHns npoLecca, Mr-ake/am>;
V — obbem pactBopa, AM”; M — Macca HaBeCKu
agcopbeHTa, T.
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Puc. 1. Kunemuyeckas kpueasi copbyuu coeduHeHull XXeCmKocmu Ha HamueHoU J1y32e 2pequxu

Fig. 1. Kinetic of sorption of stiffness compounds
on native buckwheat husk
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Puc. 2. 3asucumocmb copbyuoHHol emMkocmu (A) siy32u 2peyuxu om pagHoeecHol KoHyeHmpauyuu (Cp)
)Xxecmkocmu 6 pacmeope

Fig. 2. Relationship between the sorption capacity (A) of buckwheat husk and the equilibrium concentration (Cp)
of stiffness in solution

lMony4yeHHble B pesynbTarte M3oTepmbl CoOpob-
LK1 NpeacTaBfieHbl Ha puc. 2.

Kak BmaHO, BCe M30TEPMbI, NpeacTaBneHHble
Ha puc. 2, UMeKT NPaKTUYEeCKN OLMHAKOBbLIN Xa-
pakTep: BbIrHYTbIA HavarnbHbIA Y4acTOK U TOYKY
nepernba B Ananas3oHe PaBHOBECHLIX KOHLEHTpa-
umn ot 5 go 15 MI'-SKB/}J,MS. Bce 3aBucumocTtn
MOXHO OTHeCTM K Tuny S4 no knaccudukaumm
MNnbca. OTMEYEeHO, 4YTO XMMMyeckas Moamdurka-
UM He3HauyMTeNnbHO YBENUUMBAET COPOLIMOHHYIO
eMKOCTb Ny3ru: Ans HaTMBHOWM OHa cocTaBuna
2,0 Mr—3KB/p,M3, a MakcumanbHas oTMeyeHa y nys-
r, obpaboTaHHOMW TMOPOKCMAOM  HaTpusa —
2,4 wmr-ake/om® (Ha 15 % Oonble). OddekTuBs-
HOCTb yOarneHus KaTUOHOB Kanbuus U MarHus co-
ctaBuna ot 31 % Ana pacTBOPOB C BbICOKOW KOH-
LUeHTpaumen, 0o 62 % — gns cnabo KOHUEHTpUpO-
BaHHbIX.

C uenbl KONMUYECTBEHHOrO OMUCaHUSA Mpo-
uecca copbuum nornyyeHHble OaHHble MOLBEPrHy-
Tbl NUWHeapu3aumm no mogensm JleHrmiopa,
®penHgnuxa, BAT n lybnHuHa — PagyLikesunya.

Mogenb JleHrmiwopa nosBonseT  y4yecTb
Hanbonee cunbHbIE OTKMOHEHUS OT 3akoHa ["eHpw,
CBsI3aHHblE C OrpPaHUYEHHOCTbLIO MOBEPXHOCTU ag-
copbeHTa, 4TO NpPMBOAMT K aAcopOLMOHHOMY
HaCbILLEHUIO ero NoBepXHOCTU MO Mepe yBenuye-
HUSA KOHUEHTpauMmM pacnpeaensemMoro BeLLecTBa.
OTO nonoxeHwe yToOuHsSIeTCA crnefylowuMm: ag-
copbumsi nokanusoBaHa Ha OTAENbHbIX LEHTpax,
KaXabll U3 KOTOPbIX B3aMMOOENCTBYET TOMbKO C
OAHOM Monekynon apgcopbata ¢ obpasoBaHWeEM
MOHOCIOS1; afACOPOLMOHHbIE LIEHTPbI 3HEepreTnye-
CKN 3KBUBANEHTHbI, @ aacopbupoBaHHbIE MOJIEKY-
Nbl HE B3aUMOAENCTBYIOT APYr C OpPYroMm.

[aHHble, nonydeHHble npu nMHeapusauuu
AKCNePUMEHTanbHbIX  AaHHbIX no Moaenm
JleHrmiopa, nokasanu, 4To MOAENb HE NPMMEHUMa
K onucaHunio copbuMOHHOro npouecca coeguHeHNN
XECTKOCTU Ny3ron rpeynmxuv us-3a maroro 3Hade-
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HUS KO3 uMLUMeHTa annpokcumauum (R2 < 0,5) u
roBOpUT O TOM, 4YTO copbumMsa NpPOTEKAeT He B OO-
HOM cnoe.

Mogenb copbuun PperHanmMxa ucnonb3yeTtcs
Ons onucaHus npoueccoB copbuum BellecTB Ha
reTeporeHHoM crnoe copbeHTa ¢ HeonpeaeneHHbIM
KONMMYECTBOM aKTMBHbLIX LEHTPOB CBSA3bIBAHUS.
Mpn mncnonb3oBaHWM 3TOM MOAENU Hemnb3sd pac-
cumTaTh KONMMYECTBO aKTMBHbIX LIEHTPOB Ha efu-
HULUBI CBA3bIBAKOLLEro areHta. YpaBHEHMEe U30-
TepMbl Mogenu dpenHanuxa BbIBEAEHO U3 npeg-
NOMNoXeHusi, YTo aacopbLUMOHHbIE LIEHTPbl obna-
[alT pasnMyHbIMU BENUYMHAMWN 3HEPIUX, creno-
BaTenbHO, B NEPBYO o4yepedb NPOUCXOANUT 3anorn-
HEHWEe aKTMBHbIX LIEHTPOB C MaKCMMaribHON 3Hep-
rmen, TO €CTb C CUNbHOW CBs3bIBaOLLEN CNOCO6-
HOCTbIO, @ MPOYHOCTb CUENNEeHNs yMeHbLIaeTcs ¢
yBenMYeHneMm CcTeneHu 3anofiHeHus. YpaBHeHue
®penHgnmuxa B norapudmmnyeckon dopme mmeet
BUA;:

InNA=InK+1/n InC,

roe K — KoadhurUMEHT, oTpaXKatoLmii KONNMYeCcTBO
N MPOYHOCTb 0OpasylLIMXCa CBA3EW Mexay Ccop-
6aTom 1 copbeHTOM; N — KOAPPULMEHT, XapakTe-
PU3YIOLLNIA MHTEHCMBHOCTb TEYEHWUS] COPOLIMOHHBIX
NpoLIeCCOB 1 pacnpeaeneHne akTUBHbIX LIEHTPOB.

Mogenb ®penHgnnxa nO3BOMSET OLEHUTb
NMPOYHOCTb U CKOPOCTb 0Opa3oBaHUS XUMUYECKMX
cBaA3zen mexagy copbatom n copbeHTom. OpHako
OHa He JaeT NpeaenbHOro 3HaveHus copbunm npm
HacbILEeHUM.

PesynbraTtbl, MOMy4YeHHble MpU nMHeapu3a-
LMW  SKCMEPUMEHTArnbHbIX [OaHHbIX MO  MOZEenu
®dpenHgnMxa gns nys3ru rpeynxu, npeacraBrieHbl
B Tabnuue. OTMEYEHO, YTO OHM [A0CTAaTOYHO
XOpOLUO nunHeapusylTcs B obnactu kak 6onb-
Wnx, Tak U ManblX KOHUEHTpauumn (R2 = 0,842-
—0,968).
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JluHeapu3sayusi usomepm copbuyuu no modesniu PpeliHonuxa

Linearization of sorption isotherms according to the Freindlich model

MaTtepuan JInHenHasa popma ypaBHEHNSA R’
'peynxa HaTUBHas InA = 0,560-InC; — 0,535 0,842
Mpeunxa, mogmduumpoBaHHas:
NaOH InA =0,830-InC,- 0,840 0,933
HCI InA =1,075'InC3—- 1,174 0,968
H:PO, InA =0,796:InC,— 0,827 0,854

MpencraBneHus o MHoOrocnonHon agcopbuum
oTpaxeHbl B Teopumn bpyHayapa, OmmeTta u Ten-
nepa (b3T), koTopas paccmatpuBaeT MNOBEPX-
HOCTb Kak COBOKYMHOCTb OOMHAKOBbIX aacopbuu-
OHHbIX MECT, KOTOpbl€ CNny)XaT OCHOBaHWEM O[S
BEPTUKANbHbIX IPynn agcopOrpoBaHHbIX MOMEKyr,
ABMSIOLWNXCA LLeHTpaMu ganbHenwen agcopoumm

Kaxgas rpynna paccmaTpvBaeTcsi Kak oOT-
OenbHasi cuctema, To ecTb npouecchkl agcopouum-
gecopbuum B CocedHUX rpynnax npoucxoasaT
He3aBMCMMO, YTO O3Ha4yaeT OTCYTCTBUE OBOKOBbIX
B3aumogencTeuin. [Npegnonaraetcd, 4to noboe
MECTO B i-M Croe MOXeT ObiTb 3aHATO TONbKO B
TOM Cryyae, eCnv BCe HuXenexaiime mecTta 3a-
HATbI.

MpumeHuTenbHO K agcopbumm 3 pacTBOpPOB
ypaBHeHne BOT 3anucbiBaetcs cnepywowmm 06-
pasoMm:

K Co

[E e

roe a, — npegenbHas agcopbumoHHas cnocob-
HOCTb (EMKOCTb MOHOCIoS); K — KOHCTaHTa ypaBs-
HeHns nonumonekynspHon apgcopbumu; C, n Cs —
paBHOBECHAd W HayarnbHasg KOHUEeHTpauum pac-
TBOPOB COOTBETCTBEHHO.

PesynbTaTtbl, MonyyeHHble npu nuHeapusa-
LUK KCrnepuMeHTanbHbIX AaHHbIX N0 Teopun BT,
nokasanu, 4to B 06riacTu nuay4yaemblx KOHLEHTpa-
UMM KOIh(UUUEHT  annpokCUmauuMu  HU3KWUIA
(R2 < 0,2), 4YTO roBOPUT O HEMPUMEHUMOCTU LaH-
HOW mMoAenu npu copbumn COeaMHEHWIN XKECTKOCTU
13 Boapl.

Teopus 06bEMHOrO 3anosiIHEHUST MUKPOMOP,
koTopyto npeanoxun M.M. OybuHuH, npegnonara-
€T, 4YTo Becb 00bem Mop paguycom MeHee 1 HM
3anofHeH agcopOuUMOHHLIM nonem. MNoaTomy nopel
3anorHATCS He MOCMOWHO, a 06beMHo. Aacop-
Gupyemoe BeLLEeCTBO Npu 3TOM AMUCNEPIMPOBaHO B

A=anm

CeTu MyCTOT, UMEIOLLNX pas3Mepbl, COM3MEPUMbIE C
pasmepamu camux agcopbupyembix BeLLECTB, KO-
NNYECTBO KOTOPbIX ABMASETCS NMUHENHON (PYHKLMEN
ob6bema nop. Mo3aToMy HM B OOHOM TOYKE TBEPOOW
MaTpULbl MUKPOMOPUCTOro copbeHTa Henb3s npe-
Hebpeyb BMNMAHWEM CUN €ro B3aMMOAEWCTBUA C
copbatoM. OgHako AaHHas Mogeflb MOXET NULlb
dopmManbHO NPUMEHATBCA K OMUCaHWMIO copouun
MOHOB METaNoB wuccrnegyeMbiMu copbeHTamu,
MOCKONbKY 3anofiHeHne obbema MUKPOMop WMOHa-
MU MeTannoB HEBO3MOXHO M3-3a CUIT 3NeKTpocTa-
TMYECKOro OTTarkMBaHUsl MeXay OLHOMMEHHO 3a-
PSYKEHHBIMW KaTUOHaMW.

[Mpu 06paboTke NOMyYEHHbIX OAHHbIX B fMHE-
apu3oBaHHOM BMAE MO 3TOW TEOPUN OTMEYEHO,
4yTO ONd M3y4yaemMoro Auanas3oHa KOHLUEeHTpauun
copbumsi He MoxeT BbITb onucaHa AaHHOW Mope-
nbto (R2 Haxogutca B [Aumana3oHe ot 0,091
no 0,207).

AHanu3 gaHHbIX MaTemMaTu4eckon obpaboTkm
rnokasar, 4YTo Xapaktep MnorfoLweHns coeauHeHumn
XKECTKOCTW NY3ron rpeynxu ¢ 6onbLuen BeposiTHO-
CTbI0  ONMUCbIBaeTCsi  COpPOUMOHHOM  MOAErbio
®penHgnuxa.

3AKINKOYEHUE

Takum obpasom, B pesynbTaTe uccnegosa-
HUA COPOLMOHHBIX CBOMCTB HAaTUBHOW U XMMUYe-
CKM MOAMDULMPOBAHHON pa3fnYHbIMKU pacTBopa-
MM Fy3ru rpevmxm rno OTHOLLEHUIO K COeANHEHUAM
XECTKOCTU YCTaHOBMNEHO, 4TO 3(PEKTUBHOCTb
ymardyeHua Bodbl coctaBndet oT 31 % gnsa pac-
TBOPOB C BbICOKOW KOHLEHTpauuen, n go 62 % —
ans cnabo KoOHUEeHTpMpoBaHHbIX. OTMeYEHOo, YTO
N30TepMbl COpPOLUKN OTHOCATCSA K NepBoMy Tuny S4
no knaccudpukauumn M'unoca. NonyyeHHsle nsoTep-
Mbl agcopbumm obpaboTaHbl B pamkax mogeneu
Jlenrmiopa, dperiHgnuxa, BT n [ybuHuHa — Pa-
OyLWKeBUYa; ny4lle BCero copbums onucbiBaeTcs
ypaBHeHnem PpenHgnmxa.
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Abstract: The main structural protein of the human eye, which accounts for about 50 % of the mass of all
water-soluble proteins comprising the lens, is a-crystallin. Alpha-crystallin functions as a molecular chape-
rone, preventing other lens crystallins from interfering in the vital activity. Alpha-crystallins partially or fully
stabilise unfolded proteins, preventing the formation of deposits, helping to preserve the lens transparency
and reducing the risk of a number of diseases, including cataracts. This biological phenomenon can be con-
sidered in the framework of materials science when considering the problem of slowing down the aging pro-
cesses of polymers. In the present study, methods for slowing down the process of aggregation of
a-lactalbumin in solution are considered, using the binary system a-lactalbumin—aA-crystallin as an example.
To this end, experimental data on the rate of change of the aggregation process were formalised, i.e.
expressed in terms of transition temperatures and plasticisation functions of the components. The proposed
expressions make it possible to clarify the concentration dependence of the initial aggregation rate, its order,
and also to quantify the effect of the dose of UV irradiation on the aging process of the system. The experi-
mentally obtained result means that an increase in the content of a-crystallin leads to an additional blocking
of hydrogen bonds in the surface layers of a-lactalbumin and, accordingly, to an increase in the plasticising
effect. In addition, the obtained expression of the activation energy of polymer chain rearrangement helps to
account for the influence of infrared radiation on the development of so-called thermal cataracts (usually
occurring in glassblowers, steelmakers, blacksmiths, welders, etc.), when the etiological factor consist in
infrared rays having wavelengths from 0.74 to 2.50 microns, which freely pass through the cornea and iris
without damaging them, and are largely adsorbed by the lens, causing its overheating.
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Pe3rome: OCHOBHbIM cmpyKmypHbIM 6erikoM, Ha Qo1 Komopozo rnpuxodumcsi okono 50 % macchkl ecex 8000-
pacmeopumbix 6esikog xpycmaruka 4eslo8eqecKoeo enasa, sensgemcs a-kpucmasiiuH. OOHa U3 OCHOBHbIX
yHKUUL a-KpucmarsiuHa — warepoHHasi, obycrnaenuearowiasi HeobHoeIeMocms 6e/IKo8 8 MPOoUEecce KU3He-
desimenbHocmu. a-KpucmarnnuHbl Yacmu4HO Uru MosIHOCMb0 cmabunu3upyrom pa3eepHymsie b6eriku, npensm-
cmeysi obpa3osaHusi ocadka, Ymo criocobcmaeyem CoXpaHeHUIo MPo3paYyHoOCMU Xpycmaruka U CHUXEHUI pucka
B03HUKHOBEHUS psida 3abonesgaHull, 8 mom yucne kamapakmbl. C Opy2ol CmopOHbI, 3MoO si8rIeHUe MOXHO pac-
cMampugamb 8 paMKax MamepuanogedeHUs Mpu peweHuU 8onpoca 3amedrieHUs Mpouecco8 cmapeHust rnosnu-
mepos. B daHHOM uccriedoeaHuu Ha npumepe bGUHapHOU cucmembl a-riakmaribbymMuH—aA-KpucmarsiuH pac-
CMOMpeHbI criocobbl 3amMedrieHus1 npouecca azpe2ayuu a-akmanbbymuHa e pacmeope. C amou Yerbio Kcre-
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pumMeHmarsbHbie 0aHHbIe Mo CKOPOCMU U3MeHeHUSs rpouecca azpeaayuu bbinu ghopmarnusosaHbl, mo ecms 8bi-
paXkeHbl Yepe3 memrepamypbl nepexoda u hyHKYUU racmugukayuu KOMnoHeHmos. [1pedrioxeHHbIe 8bipa-
JKEHUST [10380J151H0M YMOYHUMb KOHUEHMPAaUUOHHYO 3a8UCUMOCMb HavyasibHOU CKOpOCMU agpesayuu, ee ropsi-
00K, @ makxKe KO/Iu4eCcmeeHHO oueHUmb erusHue 0o3bl Y®P-0bnyyeHus Ha npouecc cmapeHusi cucmemsl. Ou-
3U4ecKU Mosy4YeHHbIU pesyrnbmam 03HavYaem, 4mo rosbieHue codepxaHusi a-KpucmarnauHa npueodum K 0o-
rnonHUmMernbHoMy 6r0KUpo8aHU0 8000POOHbIX cesi3eli 8 MOBePXHOCMHbIX Cr0sIX a-nakmanbbymuHa u, coom-
8eImMCMEEeHHO, K y8erludeHuUro nrnacmuguyupyrouez2o agpgpekma. Kpome moeo, rnosyHeHHoe 8blpaxkeHue 3Hep-
auu aKkmueauyuu rnepecmpoeHUsi Ueru rosiumepa ro3eosnsem y4ecmsb enusHue VIK-usnyyeHus Ha passumue mak
HasblgaeMoU mernsioeol Kamapakmbl (06bIHHO uMeem Mecmo y cmekinodyeos, cmasneeapos, Ky3Heuos, ceap-
wukos u nodeli Opyaux rnpoghecculi), koeda amuosiocudeckuM ghakmopom sensromesi UK-riyqu ¢ OnuHou 8osiHbI
om 0,74 0o 2,50 mKkm, Komopble c80600HO MPOxX0dsIM Yepes po2osyto U padykHyro 0O0SI0HKU, He rospexoast UX,
U 8 3Ha4yumesibHoU cmerneHu adcopbupyromcs XpycmarnukoM, 4mo fnpueodum K e2o rnepezpesy.

Knro4deebie cnoea: a-nakmanbbyMuH, KpucmasiuH, buHapHass cucmema, rnopsidok aspesayuu, yHKUUU
nnacmucgukayuu, memrepamypsl nepexoda

Ungpopmayus o cmamsbe: [Jama nocmyrnineHus 16 asaycma 2019 a.; ama npuHamus K nedyamu 29 masi
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs 2020 a.

Ana yumupoeaHus: MateeeB HO.U., AsepbsiHoBa E.B. O6 arperauun B GuHapHbix 6G1MononMmepHbIX cucTe-
Max. M3gecmusi 8y308. [puknadHas xumusi u buomexHosnoaus. 2020. T. 10. N 2. C. 223-231. https://doi.org/

10.21285/2227-2925-2020-10-2-223-231

INTRODUCTION

Binary biopolymer systems, such as protein-
protein and protein-polysaccharide formations, are
widespread in nature. Moreover, processes occur-
ring in such systems under the influence of va-
rious external factors are of practical interest not
only for the biological systems themselves as an
example of self-regulation, but also for binary sys-
tems based on synthetic polymers.

An analytical description of such processes is
of significant interest both in the case of medicine
(for example, in the development of drugs to slow
the development of cataracts), and in the case of
polymer materials science when attempting to
slow down processes leading to degradation of
materials.

Typically, the development of aging proces-
ses is influenced by many factors (heat, light,
penetrating radiation, oxygen, moisture, aggres-
sive chemicals, mechanical stresses) that cause
two types of irreversible chemical reactions in po-
lymers: destruction, when bonds in the main chain
of macromolecules break, and structuring when
chain stitching occurs. A change in the molecular
structure leads to changes in the properties of the
polymeric material: elasticity is lost, rigidity in-
creases, dielectric parameters deteriorate, etc. [1].

Here we will focus on the action of only one
factor, namely light (photochemical destruction),
when the destruction of macromolecules occurs
under the influence of ultraviolet (UV) rays having
a wavelength A <400 nm. Polymers containing
atomic groups or individual polar groups capable
of absorbing light are particularly intensively de-
grade. In the case of proteins, these are amino
acids tryptophan (W) and tyrosine (Y) [2]. The
choice of the protein-protein system of the eye
lens as an example was motivated by the signifi-
cant accumulation of experimental material ob-

tained during studies of the aging of this system
(development of cataracts) [3, 4], which can be
formalised in the framework of polymer physics.

One of the natural mechanisms of inhibition
of cataract development in the human eye is as-
sociated with the presence of the a-crystallin pro-
tein in the lens, which performs a molecular cha-
perone role — in this case, preventing the aggre-
gation of B-crystallin and thereby preventing the
development of cataracts [4]. In this case, the
a-crystallin molecules permeate into a S-crystallin
structure that has denatured under the influence
of UV radiation, permeating it and reducing the
B-crystallin thermal aggregation rate.

The influence of infrared radiation can be
seen in the development of so-called thermal ca-
taracts typically occurring in glassblowers,
steelmakers, blacksmiths, welders, etc. Here, the
etiological factor consists in infrared rays having
wavelengths from 0.74 to 2.50 microns, which
freely pass through the cornea and iris without
causing damage to them, but are then largely ad-
sorbed by the lens, leading to overheating. An
increase in the temperature of the lens in turn
leads to an increase in the rate of thermal aggre-
gation of B-crystallin.

EXPERIMENTAL PART

An analytical description of the effect of
aA-crystallin on aggregation of B -crystallin and
the effect of UV irradiation on initial adsorption
ability of a-crystallin were examined in detail on
the example of the a-lactalbumin—aA-crystallin
model system. The results of experimental studies
given in [5, 6] were used as the initial data togeth-
er with information on the amino acid composition
of the proteins of the system under consideration.
a-Lactalbumin has a molecular weight of about
14 000 g/mol; its molecule is comprised of a sin-
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gle polypeptide chain consisting of 123 amino acid
residues and containing four disulphide bonds.
The predominant amino acids of a-lactalbumin
are, mg / g: aspartic acid — 18.7; glutamic acid —
12.9; leucine —11.5; lysine — 11.5; tryptophan —
7.0; isoleucine — 6.8; cystine — 6.4 etc. The eye
lens protein aA-crystallin, consisting of 173 amino
acid residues (AAR), belongs to the family of
small heat shock proteins (sHSPs), having a mo-
lecular weight of about 20 000 g/mol.

RESULTS AND DISCUSSION

Refinement of the concentration dependence
of the initial aggregation rate and the physical
meaning of the parameters included therein

An empirical expression for determining the
initial aggregation rate of v as a function of x
(phase concentration ratios of a-crystallin and
a-lactalbumin) was proposed in [5]:

(lj ~1-AC,X,, )
\Y)

o)

where v, — is the initial aggregation rate when
x = 0; n — the aggregation order, which according
to [7] is equal to 5.3+0,3; AC, — initial chaperone
adsorption capacity; x = [a-crystallin])/[a-lactal-
bumin], [a-crystallin] and [a-lactalbumin] — molar
concentrations of aA-crystallin and a-lactalbumin
in a solution. In the study of anti-aggregation ac-
tivity of aA-crystallin the authors of [6] obtained
the value AC, = 1.18 with [o-lactalbumin]
= 0.5 mg/ml.

In order to establish the dependence of the
coefficient AC, on the characteristic temperatures
of the polypeptides of the system aA-crystallin and
a-lactalbumin, we use the theory of absolute reac-
tion rates [8] in calculating v:

v—k—Tex (As*jex (—AH *J
= P " P T ) (2

The values of AS" and AH’ represent chang-
es in the system’s entropy and enthalpy during the
transition of the rotational polymer isomers
(a-lactalbumin and aA-crystallin) into an activated
state.

Let us determine the relative concentration of
a-crystallin C,.et in the original system as

c [er —cryst] X
o T —cryst]+[a—lact] 1+x’ 3)
and Cg i — like
1
Ca—lact = 1_
+ X (4)

Then the activation enthalpy of the complex
a-crystallin and a-lactalbumin AH *,, can be re-
presented as

1 X

AH*cpl = 1+x AH*cx-lact"' 1+x AH*G-CYVSI' (5)

Assuming that the changes in the activation
entropy of a-crystallin and a-lactalbumin are the
same and using expression (2), equation (1) in
general form can be written as follows:

H,,—AH

cpl

exp(_ A a-lact J
KT '
(Vive) " = " ©)

or

X
) exp(yl—(l— y)j,
(Vivp)" = X @)
AH:;fcryst .

wherey = nkT y= AH*o(-lact/AH*cl-crvst-

Given that 1-y<<1, the dependence of
(vIvo)M" from x will be non-linear:

1Un
[1} 1ac, X
v 1+x

° (8)
where
AC, =V (1-Y). ()]

From expression (9) it follows that for
Xmax ~5.5 AC, = 1.18, (Viv,)''" ~0, i.e. the aggre-
gation process is completely stopped. According-
ly, the dependence (v/vo)”"=f(x) will differ from
the linear (1) already for x =0.35 and 0.5 (see.
Fig. 6 in [5]). Dependence (1) can be obtained
from expression (9) when x << 1.

Unfortunately, in [5], measurements for
x=0.5 and x = 0.6 were not performed; however,
measurements for x = 0.7 show that in this case
(v/vo)l’n =0, i.e. the aggregation process ends ear-
lier Approximating the function (vivy)""=f(x) at
three points (for x=0.14, x=0.35 and x =0.7),
estimate its values at the points x=0.5 and
x = 0.6. The obtained values are given in Table 1.
The experimental values are shown in bold type
and the corrected corresponding values are indi-
cated in brackets (for x = 0.6) when approximating
the PI(W, x) quadratic parabola.

To identify the causes of the discrepancy
of function (9) with constant AC, from the experi-
mental dependence, we will dwell in more detalil
on expression (8). It was shown in the work [9]
that the activation energy of the rearrangement
of the polymer chain can be expressed in terms
of its glass transition temperature. In this case,
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Table 1
Values of the plasticisation function PI(W) for 0.35 <x £0.7
Ta6bnuuya 1
3HaveHus pyHkyuu nnacmugpukayuu PI(W) npu 0,35 <x £0,7
X 0.140 0.349 0.500 0.600 0.701
(VIve)'" 0.840 0.661 0.520 0.400 (0.467) 0.002
PI(W, x) 1.000 1.000 0.989 0.982 (0.971) 0.947

const - (T,), s
Y= n—.l_gma and y= (Tg )u—lact /(Tg )cx—crist

and the expression (8) takes the following form:

const - (T, ] )a_cryst

AC, = T (1- (Tg)a-lact /(Tg)a-crist) (10)

It follows from expression (10) that, in the
case of the model system under consideration,
y —const. However, y may change when swit-
ching from a model system to a real one. If in the
model system a decrease (Tgn)aiact IS achieved
due to the plasticising effect of dithiothreitol (DTT)
[6], then with UV irradiation of B, -crystallin, plasti-
cising effect is driven by the destruction of tyro-
sine and tryptophan due to photoionisation and
subsequent formation of radicals and solvated
electron. Therefore, in the case of a model system

y= (Tgo)a—lact PI(W) /(Tg)a»crist ’

where PI(W) — is the plasticisation function, which
depends on the content of DTT in the solution —
W; PI(W) = (Tg)aact/(Tgo)artact: (Tgo)a-lact— glass tran-
sition temperature of a-lactalbumin when DTT is
absent; (Tg)o.act — 9lass transition temperature of
a-lactalbumin at a concentration of DTT — W. In
the case of a real system, the plasticisation func-
tion will depend on W and radiation doses D, i.e.
PI(W, D).

From the work [10] it follows that in the case
of egg and milk proteins, which include the protein
system studied in [5], the ratio Ty/ T4y Can be
considered as a constant value, slightly depend-
ent on protein type. Therefore, in expres-
sion (10), the ratio (Tg)guact / (Tg)a-crist AN be written
as (TQ)G-Iact/ (Tq)a—crist = (Tdn)cx-lact/ (Tdn)u-crist-

Below, we perform a series of numerical es-
timates for the model system a-lactalbumin—aA-
crystallin in order to determine constants in ex-
pression (10). In Table 2 and 3 amino acid com-
positions of aA-crystallin and a-lactalbumin and
the expressions used to evaluate their denatura-
tion temperatures are presented. Since the con-
sidered proteins have a below-critical degree of
polymerisation, this fact was considered using the
expressions proposed in [11]. The performed es-
timates give (Tan)exo=63°C, T,=46°C for
aA-crystallin, (Tgn)ea =47 °C — for a-lactalbumin,

and const = 121.5 for n = ~5 (it will be shown be-
low that for the systems under consideration
n =5.5). However, for calculating (v/v O)1 ' the
main thing to know is the ratio const / n in expres-
sion (10).

Thus, in the case of the considered model
system, expression (9) will take the following form:

Un
[XJ —1-24.85(1—0.9525PI(W, X)) ——.
v (11)
Using expression (11) and the values
(Vv o)*'™ and x given in the table 1, we obtain the
values of the plasticisation function PI (W) with the
corresponding values of x (see Table 1). The
function PI(W, x) will be approximated by a quad-
ratic parabola: PI(W, x) = 1 — ax — bx®. The coeffi-
cients a and b can be found from the values of
Pl (W, x) for x= 0.5 and x= 0.7. As a result, the
dependence Pl (W, x) will take the following form:

PI(W,x) =1 + 0.113x — 0.27x°.

Correction PI(W,x) for x=0.6 gives
PI(W, x) = 0.971.

The empirically-obtained result means that
an increase in the content of a-crystallin leads to
an additional blocking of hydrogen bonds in the
surface layers of a-lactalbumin and, accordingly,
to an increase in the plasticising effect. In this
case, plasticisation occurs in the area of action of
the Zhurkov mechanism [12], i.e. due to blocking
of hydrogen bonds.

Similarly, if the dependence (viv,)''"= f (x) it
is possible to perform estimates for the system
a- and B, -crystallins irradiated with UV. It should
be noted that x = 0.7 is the limit value Xy, which
does not depend on the model substance, since
all measurements are carried out at physiological
temperature, the molecular chaperone properties
of a-crystallin are studied.

On the reason of the temperature decrease
of B-crystallin denaturation and the initial adsorp-
tion ability of the chaperone AC, under UV irradia-
tion Under UV irradiation of B-crystallin, two amino
acids (tryptophan and tyrosine) are exposed,
which B-crystallin contains significantly more than
a-crystallin. The resulting amino acid radical in-
teracts with neighbouring peptide chains of the
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Table 2
Parameters of aA-crystallin
Ta6bnuuya 2
lMapamempb! aA-KpucmarssnuHa
AAR n Av;, A nAv, A° @ Temis K @i/ Tani
M 2 117.1 234.2 0.0132 527 2.500-10°
S 19 72.1 1369.9 0.0772 667 11.570-10°
Q 5 111.9 559.5 0.0315 408 7.720-10°
A 6 64.7 388.2 0.0219 1141 1.920-10°
K 8 127.4 1019.2 0.0574 282 20.350-10°
T 9 89.1 801.9 0.0452 447 10.110-10°
v 10 98.8 988.0 0.0557 410 13.584-10°
P 10 87.2 872.0 0.0492 452 10.880-10°
G 9 47.6 428.4 0.0242 898 2.690-10°
D 15 90.7 1360.5 0.0767 814 9.420-10°
L 14 115.9 1622.6 0.0915 347 26.370-10°
| 9 115.9 1043.1 0.0588 347 16.940-10°
E 10 107.8 1078.0 0.0608 529 11.490-10°
F 14 140.4 1965.6 0.1108 519 21.350-10°
w 1 170.1 170.1 0.0096 432 2.220-10°
N 2 94.8 189.6 0.0107 521 2.050-10°
H 7 119.5 836.5 0.0472 670 7.045.10°
R 12 146.6 1759.2 0.0992 277 35.810-10°
Y 6 147.0 882.0 0.0497 457 10.870-10°
c 2 82.2 164.4 0.0093 1147 0.811.10°

Note. 5 niAV;= 17532,9A% AVi— van der Waals volume of the i-th amino acid residue; n; — the number of amino acid resi-
dues of the i-th type; ¢i= NAVYE NAV;, Tan = £ @iTani 5 Tan = T = 443 K = 170 °C; N = 5 nj= 174 — degree of polymerisa-
tion; critical degree of polymerisation Nc=346. (Tan)exp= 63 °C. If using the expression Tg= Tm, » — K * No/ Nnye, Where
k =20.8, we define Nn. globules aA- crystallin, Nnye = 67, and accordingly the degree of polymerisation of the edge
Neon = 107.

lpumeyaHue. > niAV,= 17532,9A3; AVi— eaH-0ep-8aarnbcoebili 06beM i-20 aMUHOKUCIIOMHO20 ocmameka; N — Yucsio amu-
HOKUCITIOMHbIX Ocmamkos i-20 muna; @i= niAVil2 nAV;; Tont=2 (pdeni'l; Tan = Tme~ =443 K =170°C; N= 3 nj= 174 — cme-
MeHb rosuMepu3ayuu; Kpumuyeckasi cmeners nonumepusayuu Ne= 346. (Tdn)exp= 63 °C. EC/IU C MOMOWBIO 8bIPAKEHUS
Tan= Tm,« - K'Ne/Nnue, 20e k = 20,8, onpedenum Nnyc 2r1obyrnbl aA-crystallin, Nnwe = 67, u coomeemcmeeHHO cmeneHb rosnu-
Mepusayuu onywku Neon = 107.

Table 3
Parameters of a-lactalbumin
Tabnuua 3
lMapamempsbI a-nakmanb6ymuHa
AAR n; AV, A° nAv, A® @ Tani, K @i/ Tani
M 3 117.1 234.2 0.0132 527 2.500-10°
S 9 72.1 1369.9 0.0772 667 11.570-10°
Q 7 111.9 559.5 0.0315 408 7.720-10°
A 5 64.7 388.2 0.0219 1141 1.920-10°
K 12 127.4 1019.2 0.0574 282 20.350-10°
T 8 89.1 801.9 0.0452 447 10.110-10°
\Y 8 98.8 988.0 0.0557 410 13.584-10°
P 2 87.2 872.0 0.0492 452 10.880-10°
G 7 47.6 428.4 0.0242 898 2.690-10°
D 13 90.7 1360.5 0.0767 814 9.420-10°
L 17 115.9 1622.6 0.0915 347 26.370-10°
I 9 115.9 1043.1 0.0588 347 16.940-10°
E 7 107.8 1078.0 0.0608 529 11.490-10°
F 6 140.4 1965.6 0.1108 519 21.350-10°
w 4 170.1 170.1 0.0096 432 2.220-10°
N 8 94.8 189.6 0.0107 521 2.050-10°
H 4 1195 836.5 0.0472 670 7.045.10°
R 1 146,6 1759.2 0.0992 277 35.810-10°
Y 4 147.0 882.0 0.0497 457 10.870-10°
C 8 82.2 164.4 0.0093 1147 0.811.10°

Note. 5 nAV;= 17732,7A% Tan= Tmew =457 K=184°C; N =3 n;= 142 — degree of polymerisation; N¢= 360; Nnuc = (Nnuc)aa-
crys (N) a-lact /(N)aA-cryS: 54, Ncon: 88. |f USIng the EXDYESSIOH Tdn: -I-mY oo_k B Nc/ Nnuc, Whel’e k: 20.8, we deflne (Tdn)cal glO'
bules a-lactalbumin, (Tan)ca = 47°C.

lpumeyaHue. 5 nAVi= 17732,7A3; Tan=Tme=457 K=184°C; N=5 nj=142 — cmeneHb nonumepusayuu; N¢= 360;
Nnue = (Nnuc)aa-crys . (N) alact/(N)aa-crys = 54; Neon = 88. Ecniu ¢ nomowibto 8bipaxeHust Tan= Tm=- K-Ne/Nnue, 20e k = 20,8, onpe-
derum (Tdn)cal 27106yrIbI a-nakmanbbymuna, (Tan)ca = 47 °C.
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protein molecule’. As a result, it is possible to
form ring structures along the macromolecule
chain, which will be a mixture of ring and linear
sections with a significantly lower degree of
polymerisation (the number of amino acid resi-
dues) than the initial chain. The latter will lead to
the temperature of denaturation of such a chain
decreasing. Therefore, by selecting a dose of ra-
diation, it is possible to achieve the transition of
B-crystallin to a disordered state at physiological
temperature. This is the difference between the
conversion of a-lactalbumin to a disordered state
(this occurs due to plasticisation of DTT) from
B-crystallin.

Moreover, since a-crystallin also contains
tryptophan and tyrosine, although in smaller quan-
tities than B-crystallin, UV radiation can affect
(Tq Jacrist through its decline on the basis of the
mechanism mentioned above. The latter is con-
firmed by the data given in [5]. The dependence
found in [5] is well-described using equation (10) if
instead of (T )g-crist Write (T )a-crist P! (D) (hereinaf-
ter the meaning of Pl (D) will be clarified).

The value of AC,/AC,,inact= 0 corresponds to
the condition (Tg)gact/(Tg)a-crist = 1. From this the
glass transition temperature of irradiated
a-crystallin can be determined, which helps to
calculate the change in its effective degree of
polymerisation upon the formation of ring struc-
tures [11].

Since, upon irradiation, there is a decrease in
(Te)acristy then introducing the plasticisation func-
tion Pl(D) = (Tq )a—crist /Tq )a—crist,inacta where D is the
dose of UV irradiation; PI(D) <1, and using ex-
pression (10), AC, /AC, inact CaN be written as fol-
lows:

ACYACaas = PID) LB MAIRO) | 112

From expression (1la), the dependence
PI(D) can be determined from the experimental
values of AC,/AC, inact given in [4]. In Table 4 the
calculated values of Pl (D) are %iven. For PI
(D*) = 0.9525, where D* = 32.5 J/cm*, PI(W, x)= 1,
the value AC,/AC, »act = 0, @ change in the effec-
tive degree of polymerisation of the chain of
a-crystallin AN under UV irradiation will be ~ 4
units (per 4 amino acid residues). When evaluat-
ing AN, the Fox — Flory equation was used, which
is usually used to calculate T4 polymers with a
degree of polymerisation below critical. Most of
the proteins are polymers of this kind, including
a- and B-crystallin.

Approximation of the data presented in Ta-
ble 4 gives the following dependency:

P(D)=1-0.244D +0.169D%.

It should be noted that while an increase in
the content of a-crystallin leads to a decrease in
the rate of aggregation, then UV irradiation leads
to inhibition of this process (an increase in the
aggregation rate). Thus, considering the effect of
irradiation, equation (11) can be written as follows:

{lj —1-24.85PI(D)(1—-09525 "W X)_X_ (11p)
PI(D) 1+x

VO
Determination of the aggregation order by
calculation
Equation (1) includes the aggregation order
parameter n, which, according to [7], is equal to
n = 5.3+0.3. Show that the found value n can be
estimated using the data of A.N. Kolmogorov cited
in [13], where was first proposed the equation that
describes the kinetics of crystallisation of metals,
which later became widely used in the description

Table 4
The values of the plasticisation function PI(D) for a-crystallin depending
on the dose of UV-irradiation at 0 <x £0,15
Tabnuuya 4
3HayveHus1 pyHKyuu nnacmudgpukayuu PI( D ) dnsa a-kpucmannuHa e 3agucumMocmu
om do3bl D Y®-06nyqerus npu 0 < x £ 0,15
Parameter Value
D 0.038 0.077 0.154 0.231 0.308 0.407
AC,IAC, inact 0.83 0.70 0.35 0.40 0.20 0.06
PI(D) 0.987 0.977 0.951 0.955 0.940 0.929

Note In the considered range of x, the function PI(W, x) = 1, D = D/D*.
MpumeyaHue. B paccmampusaemom duana3oHe usmeHeHus X gyHkuus PI(W, x) =1, D = D/D*.

'Bnagumupos FO.A., MoTaneHko A.A. ®U3MNKO-XMMUYECKUe OCHOBbI (POTO-BMOMOrMYEcKUX NPOLIECCOB: y4eb.
nocobue ansa men. u 6uon. cneu. By3oB. M.: Beicw. wik., 1989. 199 c.
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of nucleation processes of various structures in
food, biological and pharmaceutical materials [14].

Usually in the modern notation [14] the equa-
tion of A.N. Kolmogorov, which abroad is called
the Avrami equation, has the following form:

1-a =exp(-K.t"), (12)

where a is the degree of structural order (crystal-
linity) of the solution; K. is speed constant; n is a
parameter characterising nucleation (in our case,
the aggregation parameter).

A.N. Kolmogorov wrote the right side of

equation (12) as exp(—%[cb), , while

Q= ja(t')(jk(r)drfdt',
0 t (]_3)

where K(t) is the rate of increase of the crystallised
mass; a(t) is the probability of formation per unit
volume unit time interval of one crystallisation
centre [13].

A.N. Kolmogorov showed that, given the va-
rious functions a (t) and k (t), one can obtain
Q = const-t" . Two cases were considered:

— when a(t) and k(t) do not depend on time,
i.e. a(t)=a= const, and k()= 1, and then t" ~t*;

— when all crystallisation centres are formed
at the beginning, and then t" ~t°.

In our case, the decrease in the rate of ag-
gregation of a-lactalbumin occurs due to the cap-
ture of molecules of a-lactalbumin by molecules
of a-crystallin when they converge and mutually
penetrate each other. In this case, k(t) will be

proportional to the size of the diffusion zone of
their mixing, i.e. t'? [15].

For a(t)=a=const, and k(t)~t™" from equation
(13) we obtain t" ~t>° ie.in equation (1) n=5.5,
which, within the limits of measurement accuracy,
corresponds to the data of [7].

1/2

CONCLUSIONS

Thus, as a result of the transformations of the
equation for calculating the initial aggregation rate
of a-crystallin, the physical meaning of the coeffi-
cients included in it was revealed, which allows us
to determine ways to slow down the aggregation
process in the binary system a-lactalbumin-aA-
crystallin.

Due to the fact that a-crystallin has a high
degree of polydispersity, both aggregates of va-
rious sizes and individual molecules of a-crystallin
will be present in its solution. It was shown that
the enhancement of the chaperone-like action of
a-crystallin is achieved either by increasing the
concentration of individual molecules with an in-
crease in its total content in the system, or by ex-
ternal action on aggregates of a-crystallin, causing
them to decompose into individual molecules.
This property can be used in the development of
drugs that slow cataract development, either by
selecting substances that contribute to the de-
composition of a-crystallin aggregates, or by cau-
sing plasticisation of B-crystallin and increasing
initial adsorption capacity of chaperone.

The calculation equation of the initial molecu-
lar chaperone adsorption capacity (10) also allows
us to consider the influence of infrared radiation
on the development of the so-called thermal cata-
ract typically occurring in glassblowers, steelma-
kers, blacksmiths, welders, etc.
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Abstract: The aim of the study was to study the phytase synthesis capability of Aspergillus niger L-4 strain.
The method for determining phytase activity is based on establishing the content of inorganic phosphates as
a result of the action of phytase on the substrate under certain standard conditions by binding them with a
vanadium-molybdenum reagent to form a coloured complex. The use of phytases for the hydrolysis of
phytates in animal feed is important from the point of view of preserving the environment: when phytate
complexes are destroyed, phosphorus is released, which performs an important structural and regulatory
function, ensuring the normal development of bone and dental tissues and supporting their safety and integ-
rity. Phosphoric acid is involved in the synthesis of kinases responsible for the normal course of chemical
reactions in cells, in fat metabolism, as well as in the synthesis and breakdown of starch and glycogen. This
reduces the release of undigested phosphorus into the environment. The object of the study consisted of
native solutions obtained by culturing an industrial strain of acid-forming A. niger L-4 on various carbohy-
drate-containing media. The A. niger L-4 strain, previously selected at the All-Russian Scientific Research
Institute of Food Additives for fermentation of molasses, has the ability to synthesise extracellular phytase.
This paper presents the results of studies of phytase activity during the cultivation of A. niger L-4 on carbo-
hydrate-containing media. It was found that in order components of the sucrose-mineral medium provide an
elevated level of low-molecular-weight sugars necessary for increasing the productivity of phytase biosyn-
thesis. Phytase activity in the native solution was shown to increase over 72 hours of fermentation to reach a
value of 25.8+0.1 units/cm®. The phytase activity was 1.5 times higher than the fermentation process of a
corn starch hydrolysate with a dextrose equivalent DE = 21+1 %, ensuring the productive biosynthesis of
citric acid.
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Pe3rome: Llenbro uccrieGogaHus 581151/10Ckb U3ydeHue crnocobHocmu wmamma Aspergillus niger J1-4 cuHme-
3uposamb ¢humasy. Memod onpedeneHusi huma3sHoli aKmu8HOCMU OCHOB8aH Ha ornpedesieHuUU codepKaHusi
HeopeaaHu4eckux ¢hocghamos 8 pesynbmame e03delicmeusi ¢huma3sbl Ha cybecmpam npu ornpedesieHHbIX
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cmaHdapmHbIX yCrIo8USIX MymMeM C8s3bleaHusi ux saHadul-monubdeHO8bIM peaceHmMoMm ¢ obpa3osaHuem
OKpaweHHo20 Komrisiekca. Mcrnonb3osaHue chuma3s Ons eudponuida pumamos 8 Kopmax Orisl KUBOMHbLIX
BaAXHO C MOYKU 3PEHUST COXpaHeHUs OKpyxaroweli cpedbl: npu paspyweHuU humamHbIX KOMI/1eKCO8 8bl-
ceobox0aemcsi 8axHbIU 3rieMeHm — ocghop, KOmMoOpbIl 8bIMOHAEM CMPYKMYPHYIO U peayrnsimopHYyIo
yHKUuUro, obecrieyugaem HoOpMasrbHOE pa3gumue KOCMHbIX U 3yOHbIX mkaHeU, noddepxxusaem ux rpoy-
Hocmb U yenocmHocmb. @ocghopHasi Kucrioma yyacmeyem 8 CUHme3se KUHa3, omeemCcmeeHHbIX 3a HOp-
MasibHOe meYeHUe XUMUYECKUX peakyull 8 Kremkax, Memabonusm Xupos, a makxe cCuHme3 u pacueriie-
HUe Kpaxmara u 2luKozeHa. Omo yMmeHbwaem 8bI6poCc Heyc80eHH020 ¢hochopa 8 OKpyxarwyo cpedy.
Ob6bekmom uccrnedogaHusi S6MANUCH HaMmUBHbIE Pacmeophbl, MOyYEeHHbIe MPU Ky/bmueupoe8aHUU Mpo-
MbIWIIEHHO20 WmammMa-Kucriomoobpasosamerns A. niger JI-4 Ha pa3nuyHbix yerneesodcodepxaujux cpedax.
Wmamm A. niger JI-4, paHee cenekyuOHUPOBaHHbIU 80 Bcepocculickom Hay4yHO-ucc1e0o8amesibCKOM UH-
cmumyme nuujesbix dobasok Onsi chepmeHmayuu menaccel, obyradaem crnocobHOCMbIO CUHMEe3UpPo8amsb
8HeKnemo4Hyr ¢umasy. B daHHol pabome npedcmasneHbi pe3ynbmamsl uccnedosaHull huma3sHol ak-
mueHocmu rpu KynbmueuposaHuu wmamma A. niger J1-4 Ha yanesodcodepxauwjux cpedax. YcmaHo81eHo,
umo Ons noebiweHusi nPodykmusHocmu buocuHmesa gumasbl Heobxodumo boriee 8bicoKoe codepxaHue
HU3KOMOJIEKYISPHbLIX caxapos. YcmaHo8neHo, 4mo KOMIOHEeHMb! caxapo3oMuHeparbHol cpedbi obecrie-
qyuearom MnoebIUEHHbIU ypo8eHb humasHoOU akmueHOCMU (hepMEeHMOo8 CUHME3UPyeMbIX MUKPOMUUEMOM
A. niger JI-4. BbigeneHo, 4mo ¢humasHasi akmueHOCMb 8 HamuUeHOM Pacmeope yeenuyueaemcs 8 me4yeHue
72 4 pepmeHmayuu u docmuzaem 3HadyeHus1 25,80, 1 ed/em®. Mo CpasHeHUIo ¢ npouyeccom ghepmeHmayuu
eudpornuzama KyKypy3Ho20 Kpaxmara ¢ 0eKcmpo3HbiM 3keusaneHmom DE = 20,9+0,5 %, komopsbili obec-
riequsarsn npodyKmueHbIll 6UOCUHMEe3 OCHOBHO20 Memaboriuma — JIUMOHHOU KUCombl, ¢huma3sHasi akmue-
Hocmb bbinia 8 1,5 pa3sa abiuwe.

Knro4deenie cnoea: humasa, Aspergillus niger Ji-4, cudponusam KyKypy3HO20 Kpaxmara, caxaposa
UHgpopmayusi o cmambe: [Jama nocmynneHus 14 Hos6psa 2019 e.; dama npuHamus K nedamu 29 masi
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs 2020 a.

Ana yumupoeaHusi: Mycta Omnbl H.M., laposa H.FO. dutatrugponuaupyrolias akTMBHOCTb LUTamMMa
Aspergillus niger 1-4. Usgecmus sy308. lNpuknadHas xumusi u buomexHonoaus. 2020. T. 10. N 2. C. 232—-

239. https://doi.org/10.21285/2227-2925-2020-10-2-232-239

INTRODUCTION

Micromycete A. niger synthesises enzymes
(amylases, phytases, invertases, cellulases, etc.)
and organic acids (citric, gluconic, itaconic, and
kojic acids). By isolating acids and enzymes in the
environment, aspergillus breaks down polymers
into simple molecules that are absorbed back into
micromycete cells [1-3].

A significant quantity (more than 80 %) of
phytic acid salts (phytates), which bind divalent
metal cations, were found in the soil, along with
peptides and low molecular weight metabolites
associated with the formation of inaccessible and
difficult to assimilate compounds [4-5].

Phytates are mainly localised in the seeds
and bran of crops. When phytate complexes are
broken down, phosphorus is released. This ele-
ment performs a vital structural and regulatory
function, ensuring the normal development of
bone and dental tissues, as well as helping main-
tain their safety and integrity throughout life [6—8].
Phosphoric acid is involved in the synthesis of
kinases responsible for the normal course of
chemical reactions in cells, fat metabolism, as well
as the synthesis and breakdown of starch and
glycogen [9-11]. In the absence of phosphoric
acid, fermentation and respiration — both of which
are vital for all living things — are inhibited [12, 13].

For the effective hydrolysis of phytates,
phytases are used to catalyse the cleavage of

phytate complexes to residues of myo-inositol and
phosphoric acid, the latter representing a conve-
nient source of phosphorus. The use of phytases
is important for increasing the availability of phos-
phorus from phytates in compound feeds for farm
animals [14, 15]. This is also important from the
point of view of preserving the environment, since
it allows the release of undigested phosphorus
into the environment to be reduced.

The importance of phosphorus and other
elements associated with phytates poses a chal-
lenge for biotechnologists to find new sources of
phytate-hydrolysing enzymes to increase the bio-
logical value of plant materials.

The aim of the study was to investigate the
ability of Aspergillus niger L-4 to hydrolyse extra-
cellular phytase, as well as to inform the selection
of optimal cultivation conditions for Aspergillus
niger micromycete for highly productive phytase
biosynthesis.

EXPERIMENTAL PART

The object of the study are native solutions
obtained by culturing A. niger L-4 micromycetic
acid-forming agent on various carbohydrate-
containing media. The strain of micromycete, a
producer of citric acid, was previously selected at
the All-Russian Scientific Research Institute of
Food Additives for the fermentation of molasses.
For the study, crystalline sugar (STATE STAND-
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ARD 33222-2015) and a corn starch hydrolysate
with DE = 21 + 1% (STATE STANDARD 32159-
2013) were used as a carbohydrate source. The
source of nitrogen was ammonium nitrate (STATE
STANDARD 22867-77), the source of phosphorus
was potassium phosphate monosubstituted
(STATE STANDARD 4198-75).

The composition of the fermentation medium,
g/dm?®: carbohydrate substrate (conversion to glu-
cose) — 150; ammonium nitrate (NH4NO3) — 2.5;
magnesium sulphate seven-water (MgSO,-7H,0)
— 0.25; potassium phosphate monosubstituted
(KH,PO,4) — 0.16; pH 6.5 [16].

The process was carried out at a temperature
of:

— at the stage of inoculum mycelium produc-
tion — (36x1) °C for sugar-mineral medium,
(32+1) °C — for hydrolysis of starch;

— at the fermentation stage — from (29+1) °C
to (34t1) °C for the sugar-mineral medium and
starch hydrolysate.

The duration of the process was 120 hours.

The ages of inoculum mycelium were 24,
36, and 48 hours. The amount of inoculum myce-
lium to the volume of the initial nutrient medium
was 15 %.

Phytase activity (PhA) was evaluated by the

i

Duration of process, days

25

=N
g o

=
o

o o

Extracellular phytase
activity, units / cm3

Extracellular phytase

colorimetric method according to GOST (RF state
standard) 31487-2012. The acid content was de-
termined by titration. The protein content was de-
termined according to the Lowry method. The bi-
omass content with a residual moisture content of
10 % was determined by drying at a temperature
of 1055 °C for 24 hours.

The experimental data were processed using
mathematical statistics methods and Excel XP
programs.

RESULTS

Productive biosynthesis of target metabolites
is affected by conditions such as age and amount
of seed mycelium, fermentation temperature.

Previous studies have shown that the pro-
ductive biosynthesis of amylolytic enzymes by
A. niger micromycetic acid-forming strains is
achieved using seed mycelium in an amount of
15 % of the volume of the nutrient medium having
ages of 24-36 h at a fermentation temperature of
32+1 °C regardless of the carbohydrate source
[17, 18].

Figure 1 show the dynamics of changes in
extracellular PhA for inoculum mycelium at ages
of 24 hours, 36 hours and 48 hours.
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™ 1
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= 34°C
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Duration of process, days
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Extracellular phytase activity,
units / cm3

Duration of process, days

Fig. 1. Dependence of extracellular phytase activity during the cultivation of the strain
A. niger L-4 on sucrose-mineral medium.
Seed mycelium: a—48 hours; b — 36 hours; ¢ — 48 hours

Puc. 1. 3asucumocmsb 3KcmpauyesunossspHol ghuma3sHol aKmueHOCMU oM 8peMeHU Ky/ibmueuposaHusi wmamMma
A. niger JI-4 Ha caxapo3omMuHepanbHol cpede.
Bo3pacm nocesHoz20 muyenus, 4: a—24; b — 36; c — 48
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Increased extracellular phytase activity de-
tected at temperatures 32 °C and 34 °C. Regard-
less of the age of the seed mycelium at a tempe-
rature of 29 °C, the extracellular phytase activity
was low. The level of PhA for seed mycelium at
the age of 24 and 36 hours at a given temperature
differed from the level of PhA at temperatures of
32 °C and 34 °C by more than 1.5 times. Phytase
activity was observed to increase within 3 days,
followed by a slowdown in activity growth. This

phenomenon was noticeable for both 24-hour and
36- and 48-hour seed mycelium at all studied fer-
mentation temperatures of the sugar-mineral me-
dium. It is possible that phytase biosynthesis is
inhibited due to an increase in the accumulation of
acid in the culture fluid by the end of the process.

Table 1 shows the experimental data ob-
tained at the final stage of the fermentation pro-
cess (120 h).

Table 1

Results of fermentation of the sucrose-mineral medium
(native solution, end of the process 120 h)

Tabnuya 1

Pe3ynbmambi no ghepmeHmayuu caxapo3omMuHepasibHol cpedbl
(HamueHbIlU pacmeop, KoHey, npoyecca,120 4)

Cultivation conditions Main characteristics
The age of seed | Temperature, Protein The amount Phytase activity
mycelium, h °C content, mg/cm3 of synthesised acid, g u/cm?® u/mg protein

29 3.840.1 5.840.1 8.1+0.1 2.1+0.1

24 32 3.51£0.1 6.110.1 17.310.1 4,910.1

34 3.3£0.2 5.3+0.1 18.8+0.1 5.7+0.2

29 2.1+0.1 5.9+0.1 10.1+0.1 4.810.1

36 32 2.2+0.1 6.3+0.1 20.8+0.1 9.5+0.1

34 2.1+0.1 5.4+0.1 21.5+0.1 10.2+0.2

29 2.0£0.1 6.1+0.1 13.3+0.1 6.7+0.2

48 32 1.8+0.2 6.5+0.1 24.9+0.1 13.8+0.2

34 1.1£0.1 5.610.1 25.840.1 23.410.1

° 15
< - o ; o
:_E:'% m29°C ?‘?ﬂ
23 m32°C g5
oE o o>
§§ 34°C g s
S
1 2 3 4 5
1 2 3 4 5 Duration of process, days
Duration of process, days
a b

_m29°C
m32°C
34°C

Extracellular phytase
activity, units / cm3

1 2 3 4 5
Duration of process, days

c

Fig. 2. Dynamics of changes in extracellular phytase activity during
cultivation of the A. niger L-4 strain on a starch hydrolysate with DE=21#%1 %.
The age of the seed mycelium: a— 24 hours; b — 36 24 hours; ¢ — 48 hours

Puc. 2. fJuHamuka usmeHeHus1 6 HeKJIemoYyHoUl ¢huma3Hol akmueHocmu
npu KynbmueupoeaHuu npodyyeHma JJUMOHHOU Kuciomsl — wmamma A. niger JI-4 Ha 2udposiuzame Kpaxmana
c [E = 21*1 %. Bo3spacm noceeHo20 muuesnus, 4: a—24; b — 36; ¢ — 48
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Table 2
Fermentation results of corn starch hydrolysate with DE = 21+1%
(native solution, end of process, 120 h)
Tabnuya 2
Pe3ynbmambi no ¢hepmeHmayuu 2udposiuszama KyKypy3Ho20 Kpaxmana ¢ JE = 21*1 %
(HamueHbIl pacmeop, KoHey npoyecca,120 4)

Name of substrate Enzymatic E3lCtIVIty, oH Amount of'synthe5|sed Protein contsent,
u/cm acid, g mg/cm
Starch Hydrolysate 17.3+0.2 1.6 6.8+0.1 0.8+0.1
Crystalline sugar
(sucrose mineral medium) 25.840.1 1.9 5.6+0.1 1.11£0.1

The research results showed that the maxi-
mum level of extracellular PhA is achieved using a
48-hour seed mycelium at a process temperature
of 34 °C. The specific PhA (23.4+0.1 u/mg protein)
exceeded that for the process proceeding at a
temperature of 32 °C by 1.5-1.7 times.

Figure 2 show the dynamics of changes in
PhA during cultivation of A. niger L-4 micromycete
on a corn starch hydrolysate with DE=20.910.5 %.

The results of the studies showed that the
phytase activity taking place during the fermenta-
tion of starch hydrolysate with DE=20.91£0.5 %, as
well as during fermentation of the sugar-mineral
medium, increased throughout the process, be-
coming most prominent at a process temperature
of 34 °C with the use of seed mycelium having an
age of 48 hours

The protein concentration at the end of the
fermentation process of both the sucrose mineral
medium and the starch hydrolysate decreased,
which may be due to the synthesis of proteinases,
as was revealed in other works [19]. The protein
content during the fermentation of starch hydroly-
sate and of the sucrose-mineral medium was at
the same level (Table 2).

A comparative analysis of the data showed
that, in order to increase the productivity of
phytase biosynthesis, a higher content of low mo-
lecular weight sugars is necessary. The studied
starch hydrolysate contains glucose in an amount
of 311 %, maltose 20+1 % and dextrins 77+1 % in

the total amount of carbohydrates. When cultiva-
ting an Aspergillus strain, maltose and dextrins
are hydrolysed by their own amylolytic enzymes
into glucose, which is involved in the process of
acid formation. Sucrose-mineral medium contains
only sucrose, which in the process of fermenta-
tion, under the influence of its own enzymes, hy-
drolyses to glucose and fructose. It is of interest to
study the process of phytase biosynthesis during
the fermentation of a corn starch hydrolysate with
a deeper degree of hydrolysis.

Taking a comparative approach, the authors
of [20] established the following parameters for
productive phytase biosynthesis by means of A.
niger micromycete-acid former: carbon source —
sucrose (1.0 %); nitrogen source — ammonium
nitrate (0.5 %); temperature — 30 °C; pH =5.5.

CONCLUSION

The Aspergillus niger L-4 micromycete strain
shows a high extracellular phytate hydrolysis ac-
tivity. The above results allow us to conclude that
the sucrose-mineral medium is an advantageous
medium for productive phytase biosynthesis using
A. niger L-4. To increase phytase activity, it is
necessary to conduct studies to optimise cultiva-
tion parameters: concentration of carbohydrate
and nitrogen-containing sources, macro- and
microelements, pH and temperature, oxygen con-
centration, etc.
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NMonck bMonornyeckn akTUBHbIX BellecTB
NPUPOAHOro NPOUCXOXAEHNA Ha OCHOBe
ManonosiIAPHbIX 3KCTPAKTOB XBOUHbLIX

© O.B. Narpukac*, E.J1. Nlop6bineBa*, A.B. ®egseBa*, C.C. 3axapoBa*****,
A.B. lLinaTtoB** C.A. lNonos**, I'.6. BopoBCckun*

*CUBUPCKNA MHCTUTYT dM3nonornm n omnoxmmmum pacteHnn Cubupckoro otaeneHuss Poccuiickon akagemum
Hayk, r. ipkyTck, Poccuiickaa ®epepauns

**HoBOCUBUPCKUA MHCTUTYT opraHnyeckon xummm um. H.H. Bopoxuosa Cubupckoro otgeneHusi Poccuickon
akagemuu Hayk, r. HoBocnbupck, Poccuiickas ®egepauus

***HoBOCMOUPCKMI HaUMOHaNbHbIA MCCNEeaoBaTeNbCKMN rocygapCTBEHHbIN yHMBepcuTeT, . HoBocnbupck,
Poccuickaa ®egepauns

Pe3srome: [pumeHeHue buonnoau4yecku akmusHbIX sewecms — 0OUH U3 nymel MoebIeHUs ypoxalHocmu u
ycmou4yueocmu ceslbCKOX0351UCMBEHHbIX pacmeHul, Komopbili akmueHO pa3gusaemcs 8 rocsie0Hue 200bI.
lpeumyujecmeamu rnpupoOHbIX eewecms SBISKMCS UX 3Koroeudeckass 6e3onacHocmb, MHO20GhyHKUUO-
HanbHOCMb delicmeusi, 8 MOM 4ucsie CrnocobHOCMb CHUXamb pa3HoobpasHbie cmpeccosbie 8o30elicmeusi
oKpyxaroueli cpedbl Ha pacmeHus, Ymo onpedesissiem nepcrnekKmueHOCMb UX UCMO/Ib308aHUST 8 COBPEMEH-
HbIx agpomexHomnoausix. OOHUM U3 UCMOYHUKOS 0sy4YeHUs1 bUO/I02U4ECKU aKmUBHbIX 8eUlecms s8/IsIomcs
x80UHbIe depesbsi, YMO orpasdaHO Kak C IKOHOMUYECKOU, makK U C 3KO/102u4eckol moyKu 3peHusi. BaxxHou
3adayvell s168/15€mMCs MOUCK HOBbIX COEOUHEHUU U3 X80UHbIX, obnadarowiux pocmpeaynupyruweld u cmpecc-
3awjuwaroweli akmueHOCmMbO 8 OMHOWeHUU pacmeHul. [ns peweHuss daHHoU 3adadyu Ha Modesnu, Ucrosib-
3yrowel 8 kayecmee rokasamernsi pocm KopHel u rucmosoli po3demku apabudoricuca, 6bina npomecmupo-
g8aHa pocmmoldyrnupyroujas U aHmucmpeccosas buorioaudyeckasl akimueHOCmMb 80CbMU 3KCMpakmos, cooep-
JXawux marnornonspHble coeduHeHUsT U3 xeou U gemeell mpex sudo8 cocHb! (pod Pinus). lNonyyeHHble daH-
Hble Modmeepdunu 803MOXHOCMb PUMEHeHUs1 ucrofb3yemol pacmumernsHol modernu Onsi 8bisierieHus!
buonoeu4eckoli akmugHOCIMU 3KCMPaKmos8 MariononspHbix Mmemabonumos. Noka3aHo nodasneHue pocma
2/1a8H020 KOPHS, BOKO8bIX KOpHeU U JIUCMOo8bIX po3emoK apabudoricuca akcmpakmamu U ¢opakyusmu maro-
ronsipHbIX geuwjecms x8olHbix poda Pinus. Haubonbwyro nodaesnsouwyro pocm a/1agH020 KOPHS akmugHOCMb
npodemMoHcmpupoesarsn 2ekcaHosbil akcmpakm xgou P. koraiensis (HWUOX-28/1), HedmparbHblie seujecmea
e2eKkcaHog020 akcmpakma xeou P. sibirica (HNOX-32/1) nodaensiniu pocm He mosbKO 2/1a8HO20 KOPHS, HO U
npudamoyHbix KopHel. Noka3zaHHoe arnnenonamu4veckoe rnodasneHue pocma KopHel u 5lucmosbiXx PpO3emok
apabudoricuca akcmpakmamu U pakyusMu MasornonspHbix eewecme poda Pinus cmasum 3adady dasib-
Hellweao u3yyeHusi Hauboriee akmMuBHbIX 3KCMPakmoe Os1s1 803MOXHO20 UCIMO/b308aHUsI UX 8 Kadecmee
eepbuyudos. YcmaHoereHo omcymcmeue [0f10XUMebHO20 6/IUSHUS UCC/1e008aHHbIX 3KCMPaKmos Ha
ycmou4yusocmb pocma KOpHS apabudoricuca K mersiogomy WOKY.

Knrodeebie crioea: xeoliHble poda Pinus, 6uonoaudyeckass akmugHOCMb, CMpecc-ycmolyusocms,
eepbuuudsbl npupodHo20 npoucxoxoeHus, apabudoncuc

BnazodapHocmu: Paboma ebinonHeHa npu ¢uHaHcosol noddepxke npoekma « TpaHCIssUUOHHas!
XUMUYeCKasi 2eHOMUKa pacmeHul: PeKOHCMPYKUUsi 2€HHbIX cemel U 8bixo0 3a eudosble 2paHuybl
npodykmusHocmu U cmpeccoycmouyusocmu»  (npoekm  54.2 e  KomnnekcHol  npozpamme
yHOameHmarnbHbIX  uccnedosaHul  Cubupckoeo  omdeneHusi  Pocculickol — akalemuu  Hayk
«MexducyuniuHapHble UHmezpayuoHHbie uccredosaHusi» Ha 2018—-2020 ee.).

Aemopbl 8bipaxkarom rnpusHamenbHocme K.6.H. JI.M. [MweHHukosol (bomaHu4yeckuli cad-uHcmumym
ABO PAH, 2. Bnadusocmok), Kk.6.H. E.A. Koponwok (LHeHmpanbHbili cubupckuli 6omaHudeckul cad
Cubupckoeo omoleneHusi PAH, 2. Hosocubupck) 3a cbop u sudosyro uGeHmucgbukauuro obpasyose COCeH.

Uugpopmayus o cmamee: [Jama nocmyrineHus 21 Hosbps 2019 e.; Gama npuHsmusi K nedamu 29 masi
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ana yumupoearusi: MNMartpukac [.B., Nopoeineea E.J1., deasieBa A.B., 3axaposa C.C., lLUnaTtoB A.B., lNo-
nos C.A., boposckuin I".B. lNMonck 6Guonormyeckn akTMBHLIX BELLECTB NPUPOLAHOrO MPOMUCXOXOEHUS HA OCHOBE
MaronosisipHbIX SKCTPaAKTOB XBOWHbIX. M3gecmusi 8y308. [NpuknadHas xumusi u 6uomexHonoeus. 2020. T. 10.
N 2. C. 240-250. https://doi.org/10.21285/2227-2925-2020-10-2-240-250
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Search for biologically active
substances of natural origin based
on low-polar conifer extracts

Darya V. Pyatrikas*, Elena L. Gorbyleva*, Anna V. Fedyaeva*, Sofia S. Zakharova*****,
Alexander V. Shpatov**, Sergey A. Popov**, Gennadii B. Borovskii*

* Siberian Institute of Plant Physiology and Biochemistry SB RAS, Irkutsk, Russian Federation
**N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry of SB RAS, Novosibirsk, Russian Federation
***Novosibirsk National Research State University, Novosibirsk, Russian Federation

Abstract: In recent years, research interest in the application of biologically active substances as a means of
increasing the yield and stability of agricultural plants has been increasing. The main advantages of natural
substances, which determines the prospects of their application in contemporary agricultural technologies, are
seen in terms of their environmental safety and multifunctionality of action, including the ability to reduce vari-
ous environmental stresses on plants. For both economic and ecological reasons, one of the main sources of
biologically active substances consists of coniferous trees. Thus, an important task is presented in the search
for new compounds from coniferous trees having growth-regulating and stress-protective properties as applied
to various plants of commercial interest. In order to solve this problem, the growth-modulating and anti-stress
biological activity of eight extracts containing compounds from needles and branches of three low-polar pine
species (Pinus gen.) was tested using a model based on the Arabidopsis (thale cress) root and leaf rosette
growth indicator. The obtained data confirmed the possibility of using the studied plant model for identifying
the biological activity of low-polar metabolite extracts. Growth inhibition of the Arabidopsis main root, lateral
roots and leaf rosettes by extracts and fractions of low-polar substances of the Pinus coniferous trees was
demonstrated. The most significant growth inhibition of the main root was characteristic of the P. koraiensis
(NIOC-28/1) needle hexane extract, while the neutral substances of the P. sibirica (NIOC-32/1) needle hexane
extract suppressed the growth of both the main and accessory roots. The demonstrated allelopathic growth
inhibition for Arabidopsis roots and leaf rosettes caused by extracts and fractions of low-polar substances of
the Pinus coniferous trees shows the relevance of further study into the most active extracts for their possible
application as herbicides. The absence of a positive effect for the studied extracts on the growth stability of the
Arabidopsis root to heat shock was established.

Keywords: Pinus coniferous trees, biological activity, stress resistance, herbicides of natural origin,
Arabidopsis
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BBEOEHUE

CoBpeMeHHble copTa CeNbCKOXO3SINCTBEHHbIX
pacTeHui No pagy KroyesBbIX NnapamMmeTpoB JOCTUr-
NN rpaHuy, NPUPOLHOM TEeHEeTUYEeCKOW WU3MEeH4Yn-
BOCTW, M JanbHenlee 3HayuTenbHoe yBennieHme
MX NPOAYKTUBHOCTU U CTPECCOYCTONYMBOCTU C MO-
MOLLIbIO TPAANLMOHHBIX NOAXOA0B KpanHe CrOXHO.
Tak, npMMeHeHue necTUUuaoB B CENbCKOM XO-
3A1CTBE HEU3BEXKHO NPUBOANT K UX HAKOMNEHMIO B

noyee, NOCPeACTBOM MOA3EMHbIX BOA NPOUCXOANT
MX pacnpocTpaHeHne Ha OBLIMpHbIE TeppuTopuw,
nonagaHve B peku, 03epa, YTO YrpoxaeT He
TONbKO BCeW BogHOW 6KoTe, HO U 340POBbLIO
yenoseka [1]. Vicnonb3oBaHMe OMOCTUMYNATOPOB
pasnMyHOM MpPUPOAbLI  paccmaTpuBaeTcs  Kak
NepcneKkTUBHLIA  NyTb  YCTOMYMBOIO  pasBUTUS,
Nno3BONSIOWMN yBENuUMBaTbL ypoxau 6e3 Bpen-
HOro BMUAHWS Ha OKpyxatwwyl cpegy [2-6].
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MpeumywectBamy  NPUPOAHBIX  CTUMYNATOPOB
pocTa pacTeHWin HABNAIOTCA WX 3SKororumveckas
6e3onacHOCTb, MHOTrOYHKLNOHANBHOCTbL AENCT-
BWSl, B TOM YuCne CnocobHOCTb CHMXaTb pasHoo6-
pasHble CTPEecCOBble BO3LENCTBUSA OKpYXaroLlen
cpedbl Ha pacTeHus, YTO onpegensieT nepcnek-
TUBHOCTb WX WCMNOMb30BaHNS B COBPEMEHHbIX
arpotexHonoruax. B opraHuyeckom 3emnegenvu
OHW YCMELWHO 3aMEHSI0T CUHTEeTUYEeCcKMe necTu-
uuabl M arpoxMmukaTbl, a AOCTUraeMoe npu ux
NPUMEHEHUN YBENMYeHne ypoXxaHOCTU pacTeHun
B 3Ha4YUTENbHOW CTeneHu KOMMEeHcupyeT noTepu
OT KOMMnekca BpedHblix opraHuamoB [7]. Mony-
YeHne pasnuyHblIX OMONOrMYEecKn akTUBHbIX Be-
wectB (BAB) 13 XBOVHbIX SIBNSAETCS 9KOHOMUYECKM
NepCneKkTUBHLIM, MOCKONbKY XBOWHblE [epeBbs
MUMEIOT O4YEHb BbICOKYID PacnpOCTPaHEHHOCTb U
LUMPOKO MCMOMb3yTCS B 1eco3aroToBKE U Neco-
nepepaboTtke. BaxHbIM aprymeHTom B MONb3y
nonydyeHms BAB mn3 XBOWHbIX Takke SABMASETCS
3KOMOrMYHOCTb TaKoro peLleHns, NOCKONbKY B Npo-
Luecce Ieco3aroToBkM 00Opa3yeTcd MHOro Hewc-
nonb3yemMbiX OTXOA0B (XBOS, KOpa, BETKM, OMUIIKY,
wena). PaHee 6onee nogpobHo o Buonpenapartax
N3 XBOVHbIX Nopof 6bino HanMcaHo B 063ope [8]. B
KayecTBe npumepa ycnewHoro npumeHeHus BAB
M3 XBOMHbIX MOXHO MPUBECTU PS4 MNpenapaTos,
pa3paboTaHHbIX Ha OCHOBE CYMMbl TpuUTEp-
MEHOBbLIX KUCIOT, BblAENAEMbIX U3 NMUXTbl CUBUp-
ckon (Abies sibirica Ledeb.), — «Cunk», «buocuny,
«HoBocun», KOTOpble MPOSIBNSAOT  poOCTpery-
nVpyloLWwylo akTuBHocTb [9]. Ncnonb3oBaHne aTmx
npenapaToB MoBbILLAET YCTONYUBOCTb PaCTEHUN K
pasnu4yHbIM 3aboneBaHusaAM, Npu 3TOM MOBbILLAET-
CSl aKTMBHOCTb FE€HOB CTPECCOYCTOMUYMBOCTU. Tak,
rnokasaHo, 4To npenapat «HoBocuny» B HeGoMNbLUMX
posax (0,3 mn/n) noBbILWAET CTPECCOYCTONYNBOCTb
pacTeHuin kapTodens (Ha npumepe U3MeHeHUs ak-
TMBHOCTU Nepokcuaasbl) U B BbICOKOW KOHLEHT-
pauun nogaensieT pocT BO3byauTens KorbLeBOW
rHANM Kaptodens. Xo3ANCTBEHHO LEHHbIM pe-
3ynbTaToM OEeWcTBuS npenapara B 3TUX 3Kcne-
pYMeHTax CTano yBerm4yeHne ypoxxanHoCcTh KapTo-
dens [10]. B gpyrux akcrnepuMmeHTax BblsiBEHa
BbICOKas POCTOCTUMYMNUPYIOLLAs aKTUBHOCTb rek-
CaHOBbIX 3KCTPaKTOB KOpPbl COCHbl OBbIKHOBEHHOW
(Pinus sylvestris) npu yKOpeHeHUn YepeHKOoB
daconu. MNpubaBku obLlen Guomacchbl KOpHen K
KOHTpoOnto coctasnanu ot 143 go 186 % [11].
BaxxHonm 3agayen 4BNSETCA MNOUCK HOBbIX
COeAVMHEHUN 13 XBOWHbIX, obnagarowmx pocT-
perynvpylowen n CcTpecc-3alyaowen akTuBe-
HOCTbIO B OTHOLUEHUWU pacTeHuin. B pamkax pelle-
HMS OaHHOW 3afayy Ha >KXMBOW MOAENW, UCNOSb-
3ylOLLle B KadecTBe MnokasaTtens Guonornyeckon
aKTMBHOCTM POCT KOpPHEW M po3eTok apabupon-
cuca, NPoTecTMpoBanu POCTMOAYNUPYIOLLYIO N aH-
TUCTPECCOBYIO BMOMOrMYECKyl0 akTUBHOCTb BOCb-
MW SKCTPAKTOB, COAEPXaLLMX MaNononspHble coe-
OVHEeHWs1 U3 XBOM M BeTBeW Tpex BMAoB poga Pi-

Nnus, NPV KOHUEHTpauuu 5.10 %. Bonee BbICOKYHO
KOHLEHTpaLumio BeLlecTB (5~10'3 %) npoTecTu-
poBanu B npeaBapuTenbHbIX 3KCNepumeHTax, rae
ObINO0 0OHapyXeHO, 4YTO [OEeWCTBME IKCTPaKTOB
npekpawiano poct kopHen. [lpun aToM ucnonb-
30BaHHbLI B KadecTBe aMynbratopa Tween 80
Takke BbI3blBan TOPMOXEHWE pOCTa [MNaBHOMO
KopHa Ha 70-80 % (maHHble He MpeacTaBriEHbl).
Mockonbky — AnMHa  KOPHA B MPOBEOEHHbIX
3KCNEepUMEHTax siBNsnacb OOHWM U3 OCHOBHbIX MO-
Kasatener BenuuMHbl GUONOMMYECKOW aKTUBHOCTU
9KCTPAKTOB, WCMONb30BaTb TaKyl KOHLEHTpaLuMIo
ana paboTbl ObINO HeBO3MOXHO. [loatomy Aans
OMUCaHHBIX HWXKE 3SKCMEPUMEHTOB BbIOpanM KOH-
LleHTpauuio 510" % kak HauGonee BbICOKYIO U3
npuemnemMbix AN NpoBeAeHUs nccneqoBaHni.

Bo BceM mMupe TennoBon cTpecc sBnsieTcs
OOHOW W3 T[naBHbIX Mpobrem Ana CenbCcKoro
xo3g1ncTBa. Kak ce3oHHble, Tak U CyTOYHble Kore-
DOaHuAa TemnepaTypbl MOTYT MPUBECTU K CHUXKEHWIO
YPOXaNHOCTM KyNbTypHbIX pacteHun [12, 13]. C
OPpYron CTOPOHBbI, BbICOKasd Temnepartypa sBnseTcs
yOoOHbIM, MPOCTbIM U YHUBEpPCAlbHbIM CTPec-
COpPOM, KOTOPbI MHAYLUPYET MHOXECTBO CUCTEM
3aWuThl pacTeHMn W MHOYUMpYeT Kpocc-Tone-
PaHTHOCTb K ApyrMmMm abuotudeckum ctpeccam [14],
a TepMOTONepaHTHOCTb MOXET UCMNOMb30BaTbCA B
KayecTBe mHAukatopa obLlen yCTOMYMBOCTM pac-
TeHun. Mo3aToMy B KayecTBe CTPECCOBOro areHTa
B [daHHOM wuccrnefoBaHWy BbiOpanu TeNoByto
obpaboTky npopocTkoB apabwugoncuca. Takum
obpasom, uenb HacTosiwen paboTbl cocTosna B
nccnegoBaHMm BGMOMNOrMYECcKon akTUBHOCTU BOCh-
MM 3KCTPaAKTOB U3 XBOU N BETBEWN TpEX BUAOB poaa
Pinus, cogepxalumx ManononspHble coeauHeHus,
W MX BNUSHMA Ha MpPOPOCTKM apabugoncuca B
OObIYHbIX YCMOBUSX M MpWU MOBPEXOaloLWem Ter-
NOBOM BO3ENCTBUN.

SKCNEPUMEHTAIIbHAA YACTb

B pabote ucnonb3osanu cemeHa Arabidopsis
thaliana (Columbia). CemeHa cTepunusoBanu u
noMeLlann B KaXgyl CEKUMIO YeTblpex-CeKLMOH-
HoM 4Yawku lMeTpu no 4 wWT. Ha TBeEpAyw nNuTa-
TenbHyto cpeay Y2 Mypacure — Ckyra, co-
aepxawyto 0,7 % dwmTorens n 2 % caxaposbl.
B cekuMio C KOHTpONEeM Hu4vero He pobaBnsnu.
B ocTtanbHble cekumn gobaensanv B pasBedeHun
1:10000 Tween 80 u pasnuyHblie BAB (Tabnuua).

Yawkn ¢ cemeHamu nogeepranu crpatudu-
Kauuu B TeyeHue 3 OHeN B TEMHOTE NMpu Temnepa-
Type 4 °C. 3aTem cemeHa npopalimBanmcb B Kru-
MaTudeckon kamepe Binder KBWF 720 B ycno-
Busax 50-70 % OTHOCUTENBHOW BNAXHOCTU MpU
TemnepaTtype 22 °C n 16-4acoBOM CBETOBOM HE B
TeyeHne 2—3-x CyTOK.

4-pHeBHble npopocTkm A. thaliana noasep-
ranu TennoBomy WokKy npu 45 °C B knMMaTtuyec-
kKon kamepe Binder KBW 720 B TeyeHue ua-
ca. [pouenypa TennoBoro BO3AenCTBMA nogodmvpa-
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HaseaHue u xapakmepucmuka 3KCmpakmoe MaJsionoJisipHbIX eeujecme
u3 Yyacmel uccnedyembix xeoliHbix poda Pinus
Name and characteristics of extracts of low-polar substances from parts
of the studied conifers of the genus Pinus

OKcTpakT OnucaHune

HUOX16/1 OkcTpakT xBou P. pumila meTun-TpeT-6yTnnoBbiM ahMpoM (3MPHBIA IKCTPAKT)
nocrne 3KCTpaKLUm reKcaHoM.

HNOX22/1 "ekcaHOBbIV aKCTPaKT 06eCcxXBOeHHbIX BeTBeW P. pumila

HNOX28/1 "ekcaHOBbIV aKkCTpakT xBou P. koraiensis

HNOX29/1 "ekcaHOBbLIN 3KCTPaKT 06ecxBoeHHbIX BeTBen P. koraiensis

HNOX31/1 KuncnoTbl rekcaHoBOro akcTpakTa xsom P. sibirica

HNOX32/1 HentpanbHble BelecTBa rekcaHoBOro akcTpakTa xsowu P. sibirica

HNOX35/1 "ekcaHOBbIV aKCTpaKT 06eCcxBOeHHbIX BeTBeW P. sibirica

HUOX42/1 "ekcaHOBbLIN 3KCTPAKT O4HONETHUX BereTatMBHbIX noberos P. sibirica B hbase nossneHusa
XBOW 13 YEXITMKOB

nacb TakMm obpasom, 4TobObl pacTeHus Nony4mnm
CYLLECTBEHHYI0 3aAepXKy pocTa, HO He mornbnu
coBceM. [InuHa KopHeK oLeHmMBanachb Ha 5-e CyTku
nocrne TenmnoBOro BO3AENCTBUS C MOMOLLbLIO Mpo-
rpammbl ImageJ co CKaHMPOBAaHHbLIX N300paXKEHWI.

[ns nonyyYeHns 3KCTPAKTOB U UX (PpaKuui B
paboTe ncnonbL30Bany cneaywmnin pacTuTenbHbIN
matepuan. OXBoeHHble BETBM Kefpa KOpPEMNCKOro
(Pinus Kkoraiensis Siebold & Zucc.) cobGpaHbl
14.04.2017 r. B OKpecCTHOCTAX r. BnagmBocCTOK
(Mpumopckun kpan, Poccus), nugeHTndmumpoBaHsbl
K.0.H. JI1.M. MNweHHnKoBON (BoTaHu4eckun cag-vH-
ctutyT [danbHeBocTouHOro otaeneHvs PAH,
r. Bnagusoctok). OxBoeHHble BETBM kegpa cmbup-
ckoro (P. sibirica Du Tour) cobpaHbl 08.06.2016 r.
B okpecTtHocTAx c. Worau (Pecnybnuka AnTtain,
Poccus), ngentudpmuymposatsl k.6.H. E.A. Kopontok
(UeHTpanbHbin cnbunpckun 6otaHmnyeckmn cag Cu-
O6upckoro otgeneHus PAH, r. Hoeocubupck —
LCBEC CO PAH). OxBoeHHble BETBU KeapoOBOro
ctnaHvka (P. pumila (Pall.) Regel cobpaHbl
10.04.2017 r. B okpecTHocTax c. OpoTyk (Mara-
daHckas o6bn., Poccus), waeHTUMUMpoBaHbI
kK.6.H. E.A. Kopontok (UCBEC CO PAH).

OxBoeHHble nobern 6binv  BbICYLWEHbl MpK
KOMHaTHOM TemnepaType B TeyeHwe 5-7 aHen
00 TMOCTOSHHOIO Beca W pasfdeneHbl Ha XBOH
n obecxBoeHHble nobern. BbICylWIEHHbIN pacTu-
TenbHbIV MaTepuan u3Mernbyanm Ha 4actu pasme-
pom 10-15 MM 1 nocrnegoBaTenbHO JKCTparnpo-
Banu rekcaHom u metun-mpem-0yTunoBbiM 3du-
pom (MTB3) B annapate Cokcneta B TedeHue
24 4. OKCTpakTbl KOHLIEHTpMpOBanuM B BakyyMme,
rekcaHoBble 3KCTpakTbl pasbasnann MTBES. O6-
pabaTbiBas nony4eHHble pacTBopbl 1 %-M BOOHLIM
pactBopoMm NaOH, pasgensnu ux Ha dpakymm
cBoboaHbIx kncnot (K) u HenTpanbHbIX BeLLecTB
(H) [15].

OKCTpakTbl XBOM UM 06eCcxBOeHHbIX nobe-
roB MpeAcTaBnsAlT COOOW CrOXHbIe MO COCTaBy
CMecCKn BeLLEeCTB pasfiMyHON XMMMUYECKON Npupoabl,
KOTOpble HEBO3MOXHO HanpsiMylo aHanusvpoBaTb
MEeTOAOM ra3oBOW XpPOMaTO-Macc-CrekTpoMeTpumn

(MX-MC). NoaTtomy cpakuum H ombinanu kunsye-
Hnem B 5 %-M BogHO-3TaHOMBHOM pacTeBope KOH
N pasgensanu Ha cpakuyum Kncnot, obpasoBas-
LUMXCS1 MOCne OMblneHust cesidaHHbIX kucroT (CK)
N HeoMbINsieMblX HenTpanbHbix Beuwects (HB)
[16]. ®pakumun kncnot (K, CK) npeBpawanu B me-
Tunosble 3adupbl 06paboTkor pacTBOpoM Auaso-
MeTaHa B guatunoBoM adwupe [17]. MNMoapobHoe
onncaHne WCMonb3oBaHHbIX And aHanusa X-MC
obopynoBaHNs U METOAMK MpuUBEOEHbl B CTaTbe
[18]. CocTaBbl hpakuyun K, CK, H, HB rekcaHoBbIx
3KCTpakToB ObiNM NogobHbI ONMCaHHBIM paHee B
paboTtax [18] (gns P. koraiensis u P. sibirica) n [19]
(ana P. pumila cMm. gaHHble AnNa caxanuvHCKOW no-
nynsaumm). MNpenapaTuBHble OPMbl KCTPaKTOB U
ux dpakumi rotoBunu cnegyowmnm obpasom. K
0,5 maccoBbIM 4acTsiM 3JKCTpakTa unu dgpakumm
akcTpakta pobaensnm 0,5 maccoBbix 4vacTewn
amynbratopa Tween 80. Cmecb nepemeluvBanu
0o obpa3oBaHMsA OAHOPOAHOM Macchl MpU Harpe-
BaHuu oo 40-70 °C. 3aTem gobasnsanu no Kkannam
npu nepemeLLvBaHnn 99 mMaccoBbIX YacTen aBTo-
KnasupoBaHHON Boabl npu 40-50 °C c oxnaxpge-
HMEeM OO KOMHaTHon Temnepatypbl. CMmech nepe-
MewmBanu 0o obpas3oBaHWS FOMOreHHON 3SMYyIb-
cun. AHanormyHo nonydeHsl 0,5 % amynscun
9KCTPAKTOB MK Ux pakumi (cm. Tabnuuy).

Bce Ouonorndeckne 3KCNEPUMEHTbI MOBTO-
pANM MMHMMYM 4eTblpe pasa. [lony4yeHHble faH-
Hble NpoaHanM3npoBaHbl CTaTUCTUYECKN, T.€.
onpefeneHsl cpefHve apudmeTnyeckue N CTaH-
OapTHble OWKnOKKM. Ona cpaBHEHWUst KOHTPOSbHOrO
obpasua C KaxablM M3 MONYyYEHHbIX 3KCTPaKTOB
ucnonb3osarncs kputepun CTblogeHTa.

PE3YJIbTATbI U OBCYXXOEHUE

O6paboTka npopocTkoB apabuponcuca Bce-
MU nccregyembiMu 3KCTpakTaMu nNpyv HopmarbHOM
TemnepaType WHKybauun npvBoauna K nopaene-
HMIO pOCTa FMaBHOIrO KOPHA MO OTHOLLEHUIO K KOH-
Tponto (puc. 1, a).

Mpwn TennoBol obpaboTke pasnuuni B AJSIMHE
KOPHS1 ¥ KOHTPOJIbHbIX MPOPOCTKOB U MPOPOCTKOB,
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BblpallleHHbIX ¢ AgobasneHnem Tween 80 u Bcex
uccriegyembix  9KCTPakToOB, He Habmoganoch
(puc. 1, b). MNo HaweMy MHEeHWo, 3TO CBHA3aHO C
nogaBneHMeM pocTa FMaBHOMO KOpPHSA nocne Ten-
NOBOrO LUOKa, YTO HMBENMPYET TOPMO3sllee pocT
OEeNCTBME IKCTPaAKTOB. Y MNPOPOCTKOB, BblpaLLEH-
HbIX ¢ gobaBneHuem Tonbko Tween 80, uameHe-
HWe ONMHbI FNaBHOrO KOPHA He Habnioganochb Kak
npy HopMmarnbHOM TemnepaType MHKybauuu, Tak u
nocrne TensoBon obpaboTku.

MogaBneHve pocTa OOKOBbIX KOPHEW Npu HOp-
MarnbHOW TemnepaType WHKybauuv Habnoganock y
MPOPOCTKOB, BbIpaLLEHHbIX C 4OOaBNEHMEM IKCTpaK-
Ta xBom (HMOX-16/1) n o0becxBOeHHbIX BETBEN
(HNWOX-22/1) P. pumila, a Takke HenTpanbHbIX Be-
wectB xBowm P. sibirica (HNOX-32/1) (puc. 2, a).
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Kucnotbl rekcaHoBoro akctpakta (HMOX-31/1)
BbI3bIBanM XOTS U HEOOMbLLOE, HO 3HAYMMOe YBENw-
YeHVe CyMMapHOM AnvHbl BGOKOBbLIX  KOPHEMN.
OcTanbHble nccnegyemMble 3KCTPaKTbl HE NPUBOANIIM
K Kakomy-nnmbo 3Haunmomy adpdexty. B To e Bpems
npu TennoBoM LLOke Habnoganack apyras kapTuHa:
9KCTpaKT obBecxBoeHHbIXx BetBen (HMOX-22/1)
P. pumila wn akcTpakt xBou P. Koraiensis (
HNOX-28/1) He BnusAnNu Ha pocT GOKOBLIX KOPHEWN.
OpHako obpaboTka NpopoCcTKoB apabugoncuca aKc-
Tpaktamm HWNOX-16/1, HWNOX-29/1, HUNOX-31/1,
HNOX-32/1, HNOX-35/1 nnn HUNOX-42/1 conpo-
BOXZarnacb nogaBrneHnem pocTa OOKOBbIX KOPHEN
(puc. 2, b). Takum obpasom, TENNOBOW LLOK yCUnu-
Basl POCTUHIMOUPYOLWNIA 3cpdekT BOMbLLUMHCTBA 3KC-
TpaktoB nMBO He okasblBan 3Ha4YMMOro BO3AEn-
CTBUS.
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Puc. 1. BnusiHue uccnedyeMbix 3KCmpaKkmoe Ha pocim 2/1a8H020 KOpHs1 y npopocmkoe A. Thaliana
npu o6bI14HOU memnepamype (a) u npu mensosom woke 45 °C 1 y (b):
16 — HUOX-16/1; 22 — HUOX-22/1; 28 — HUOX-28/1; 29 — HUOX-29/1; 31 — HUNOX-31/1; 32 — HNOX-32/1; 35 — HUOX-35/1;
42 — HUOX-42/1. MpedcmaeneHbl cpedHUe Yembipex He3agucUMbIX 3KkcnepumMeHmos *SE. *p < 0,05
(napHbIl t-kpumepuli CmbrodeHma)

Fig. 1. The effect of the studied extracts on the growth of the main root in A. thaliana
seedlings at the normal temperature (a) and heat shock 45 °C 1 h (b):
16 — NIOC-16/1; 22 — NIOC-22/1; 28 — NIOC-28/1; 29 — NIOC-29/1; 31 — NIOC-31/1; 32 — NIOC-32/1; 35 — NIOC-35/1;
42 — NIOC-42/1. The data are the means of four independent experiments *SE. *p<0,05
(Student's two-tailed t-test)
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Puc. 2. BnusiHue uccnedyembix BAB Ha pocm 60koebix kopHell y npopocmkoe A. Thaliana
npu o6bI14HOU memnepamype (a) u npu mennosom woke 45 °C 1 4 (b) (o6o3HavyeHust BAB me xe, Ymo u Ha puc. 1.
lMpedcmaesieHbl cpedHUe Yembipex He3asucuMbIx IKkcriepumeHmoe *SE. *p < 0,05 (napHbii t-kpumeputli CmbrodeHma))

Fig. 2. The effect of the studied extracts on the growth of the lateral roots in A. thaliana Seedlings at the normal
temperature (a) and heat shock 45 °C 1 h (b) (Designations of biologically active substances are the same as in fig. 1.
The data are the means of four independent experiments *SE. *p<0,05 (Student's two-tailed t-test))
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BbipawmBaHme npopocTkoB apabugoncuca
B MPUCYTCTBUM MUCCIieQyeMbIX 3KCTPAKTOB COMpPO-
BOXOANocb  MOAABMEHMEM  poCcTa  fIMCTOBOW
po3eTku Mpu HOpManbHOW TemnepaType WHKyba-
uun (puc. 3, a). lMNMpu Tennoso obpaboTke nogae-
nALWMn 3P@EKT NPOABNANCA TOMbKO B MPUCYT-
cteun HMOX-16/1, HNOX-29/1, nubo HNOX-32/1
(puc. 3, b). OcTanbHble 3KCTPaKTbl HE BNWUSNM Ha
OaHHbIN NapameTp, XOTS CTOMT OTMEeTUTb BO3pac-
TaHWe pasmaxa OTKIIOHEHMM OT CpeAdHero 3Hade-
HWSI NPY TEMMOBOM LLOKE.

Bce wupe npumeHsembiM NOAXO4OM ANs MO-
BbILLUEHNSI YPOXAWHOCTU CENbCKOXO3ANCTBEHHbIX
pacTeHUn SBNSETCA UCMNONb30BaHWe npenapaTos,
nonyyeHHbIX Ouonornyeckum nytem. OgHuM wu3
HanpaBfeHUn U3y4eHUsa 3TOro BOMpoca SBNAETCH
nccrnenoBaHue BNUAHUS BTOPUYHBIX MeTabonuTos
OfHMWX pacTEHUI Ha Apyrne pacTeHusl, Tak Hasbl-
BaeMoro annenonarmdeckoro adypekra [20, 21].
OKCTPaKTbl, NOMyYeHHble U3 PaCTEHUN, MOryT Kak
aKTMBMPOBATb POCT KYNbTYPHbIX pacTeHWI, TaK U
NnofaBnsiTb POCT COPHAKOB. Hanpumep, aBTopamu
paboTbl [22] noka3zaHO, YTO BOAHbLIA 3KCTPAKT, No-
nyyeHHbIn 13 P. roxburghii, npusogun K uHrMGmpo-
BaHWIO pocCTa KOPHA copHsikoB Ha 30-50 %. B
HaWmMx SKCNepMMeEHTax MCMoNb30BaHWE 3IKCTpak-
TOB XBOW N ODECXBOEHHbIX BETBEW MpefcTaBuTe-
nen poga Pinus npuBoguno K WMHrMGUpoBaHMIO
npumepHo Ha 25-55 % pocTta rnaBHOro KOpHs
pacteHun apabugoncuca. MNpu aTom Ana psga
akctpakToB (HNOX-16/1, HNOX-22/1, HNOX-32/1)
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Takke Habnoganocb nogasneHne pocta BOKOBbIX
KOpHeW. POCT NUCTOBBIX PO3ETOK MOAABMSNM BCe
3KCcTpakTbl (cMm. puc. 3). OnybnukoBaH psag pabor,
MOCBSILLEHHbIX  U3YYEeHU0  annenonatuyeckoro
appbekTa IKCTPAKTOB COCEH Ha Apyrne pacrteHus
[18, 23, 24]. QuTepneHoBble U Apyrve KUCHOTHI,
cofepxawimecss B pacTeHuax cemenctesa Pina-
ceae, SBNSATCA W3BECTHbIMWM annenonartmdye-
CkuMu areHTamu. Tak, 6eH30MHada kucnota u gpy-
re TMAPOKCUKUCIOThI, HaxOOsLWMecs B XBOE CO-
CeH pasHbiX BMAOB, Hanpumep, P. pumila wu
P. koraiensis, u nsBnekaemble HenonsApHbIMU U
MarnononspHbIMU 3KCTpareHTamu (yrneeBogopona-
MW, MpocTbiMM 3dupamu), BMecTe C nunodwusb-
HbIM1 MeTabonutamm [15, 18] ahHEKTUBHO MHIU-
BupoBanu npopacTtaHue cemsH M pocT noberos
MHOMMX APYrMX pacTEHUN B HMKHEM SIPYCE COCHO-
BbIx necoB [25]. MNMpucytcTteytowas B xsoe P. den-
sifora  9a,13B-anuagnokcnabuneT-8(14)-eH-18-oBas
KucnoTa nogaeBnsana pocT KOopHen u nobGeros
Kpecc-canaTa u npopocTkoB Echinochloa crus-galli
B KOHUeHTpauusix 6onee 0,1 mM [26]. CnegyeT oT-
METWUTb, YTO ansfenonaTtuyeckun noTeHuman ape-
BECHbIX pacTeHui Bce ewe cnabo usyyeH, XxoTs
emMy ygensietca B nocrnegHee Bpems Bce bonbluee
BHMMaHue [27-29]. B cBa3u ¢ atum nobas gonon-
HUTenbHas nHpopmaums ob akTMBHOCTU WK OT-
CYTCTBMM OENCTBUSA 3KCTPAKTOB U3 APEBECHbIX MO-
pOA Ha pacTeHWs OYeHb BaxkHa AN uccriegosa-
HWA B 3TOM HarnpasneHun.
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Puc. 3. BnusiHue uccnedyemMbix geujecme Ha pocm po3emok y npopocmkoe A. thaliana npu o6b14Hol memnepamype (a)
u npu mennoeom woke 45 °C 1 4 (b). O603HavyeHus1 BAB me e, Ymo Ha puc.1. [[pedcmaesieHbl cpedHUe YembIpex
He3aeucuMblix 3kcriepumeHmoe *SE. *p<0,05 (napHbil t-kpumepuli CmbrodeHma)

Fig. 3. The effect of the studied extracts on the growth of rossettes in A. thaliana seedlings at the normal temperature (a)
and heat shock 45 °C 1 h (b). Designations of biologically active substances are the same as in fig. 1.
The data are the means of four independent experiments £SE. *p<0,05 (Student's two-tailed t-test)

3AKINIOYEHUE

Takum obpasom, B pesyrbTaTe NpoBeAeHHbIX
nccnefoBaHWA  YCTAHOBMEHO, YTO HaubOMbLUyiO
NoAaBNSOLLYI0 POCT FMABHOMO KOPHSI aKTUBHOCTb
NPOLAEMOHCTPMPOBAr FeKCaHOBLIN 3KCTPAKT XBOW
P. koraiensis (HNOX-28/1), HelTpanbHble Belle-
CTBa TreKcaHOBOro 9KCTpakTa xBou P. sibirica
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(HNOX-32/1) nogaBnanu pocT He TOSNbKO rnae-
HOrO KOPHS, HO U NpUAATOYHbLIX KOpHeW. [NokasaH-
HOe annenonaTuyeckoe nodaBrieHue pocTa Kop-
Hel 1 NUCTOBBIX PO3eTOoK apabuagoncuca aKCTpak-
TamMnm U pakumMamMmn  ManononspHbIX BELLECTB
poda Pinus ctaBuT 3agavy AanbHenero nayde-
HUA Haubonee akTuBHbIX akcTpakTtoB HNOX-16/1,
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HMNOX-22/1, HNOX-28/1 n HANOX-32/1 ana Bo3-
MOXHOI0 MCMOMb30BaHMsA UX B KayecTBe repobuuu-
OoB. [encTBMe SKCTPaKTOB He npenoTBpallano

MHrMBMpyoWnMn  adppekT CTpPeccoBoro Temmnepa-
TYPHOTO BO3OENCTBWSA, a, HampoTWB, YCUIMBAaro
€ro MoYTn y BCEX UCCIe0BaHHbIX 3KCTPAKTOB.
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BnusaHune cpepmMeHTHbIX NpenapaToB
Ha apomMaTobOpa3yrLwme KOMMNOHEHTbI
KPaCHbIX CTONOBbLIX BUH

© H.M. AreeBa, A.H. TuxoHoBa, A.ll. BuptokoB

CeBepo-KaBkasckuin heaepanbHbIi Hay4YHbI LLEHTP CagoBOACTBA, BUHOrpadapcTBa, BUHOAENNS,
r. KpacHogap, Poccuiickaa ®epepaund

Pe3srome: Llenbio Hacmoswel pabomel Senisinacs ouyeHKa 8usHUS (hepMeHMHbIX rpenapamos, npumMeHsie-
MbIX 8 8UHOOE/IUU, Ha KOHUeHmpayuto apomamobpasyrowux KOMIOHEHMO8. YCmaHo81eHo, Ymo fpuMeHe-
HUe makux hepMeHmMHbIX Mpernapamos, Kak MPEeHOJIUH PyX, MpeHonuH pom, naghgasa 60, nagpgasum
aKcmpakm u 3KcmpasuM meppyap, 8bi3bleaem U3MeHeHUe KOHUeHmpauyul anb0eaudos, aghupos, 8bICUIUX
Crupmos, KemoHO08, KUC/Iom, mepreHo8biXx COeOUHEeHUU 8 CpasHeHUU C KOHMPOJIbHbIM 8apuaHmoM 8UHa,
rpou3sedeHHbIM 10 Kraccudeckol mexHosnoauu. Haubonbwee konudecmeo auemarsnsdezuda U KemoHO8
8bIsIB/IEHO 8 8apuaHmMax Cmosio8biX 8UH, MOIYYEHHbIX C MPUMeHeHUeM (hbepMeHMHbIX rpernapamos agha-
3um akcmpakm, naghghasa 60 u sakcmpasum meppyap. BHeceHue 8 suHo2padHy0 me3ay hepMeHMHbIX npe-
rnapamoe criocobcmeosarsio pacuwernsieHUr KoMriaeKkca Hopu3onpeHoudos ¢ yearnegodamu C 8bIc8060KAEHU-
eM UOHOHa U MpOosI8IeHU0 8 apoMame U 8Kyce 8uHa moHos8 ¢huarnku u daxe posbl (naghghasa 60, skcmpa-
3um meppyap, nagasum 3Akcmpakm). B uccnedyembix obpasuyax KabepHe-COBUHbOH 8bIS8/IE€HO Hanu4yue
pPasfuYHbIX MepreHo8bix coeduHeHul, obycrosnusaruux hopMuposaHUE 8 BUHE Pa3/luYHbIX U8EMOYHbIX
(cupeHu, nunbl, akayuu, xacMuHa) U yumpycosbix ommeHKos. [lpuMeHeHUe hepMeHMHbIX rpernapamos,
npexde e8cezo nagghasbl, IKCmMpasuma meppyap, Npueesio K y8esiudeHU0 Maccosol KOHUeHmpauuu mep-
reHosbIX CoeQUHEHUU 8 cpasHeHUU ¢ mpaduyUoHHOU mexHosioauel, ocobeHHO JIUHOMoO0Ma, 2epaHuorna,
Heporna, IUMOHeHa, G-mepruHosieHa u 3-okcu-B-0amackoHa. Maccoeasi KOHUeHmpauus 8bICWUX CrIUpmMos
He rnpemepriesana CyuecmeeHHbIX U3MEHeHUU, a MemaHorna — CHuxanacb. OmMe4YeHo 3aMemHoe yseriu-
YyeHue KoHuyeHmpauuu B-¢pbeHusiamaHona, ¢heHo10KkuCc10m (0CobeHHO 2annoeol U 8aHUUHOBOU), a maKxe
amunosbix 3¢hupos8 KarpoHO8oU, Karnpusoeol, MUpucmuHo8oU, UHoOeeol, cmeapuHo8oU, rnesapaoHo8oul
kucriom. ®epmeHmMHbIe npenapamsl, 0CO6EHHO naghazum skcmpakm, naghgpasa 60 u sakcmpasum meppyap,
pekomeHA0B8aHb! 8 MEXHO02UU IPOU380OCMEa KpPacHbIX CMOJI08bIX 8UH C UEIbIO YIyHYWeHUs ux apoMama.

Knioyeenle crnoea: kpacHoe cmoriogoe 8UHO, (hepMeHMHbIe rnpenapamsl, apomamobpasyrowue KoMo-
HeHm»bl

Uugpopmayus o cmamee: [Jama nocmynneHusi 18 sHeaps 2020 e.; Oama npuHAmMus K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHsa 2020 e.

Ana yumupoeaHnus: Areesa H.M., TuxorHosa A.H., Bupiokos A.ll. BnusiHne depmeHTHbIX npenapaToB Ha
apomMaTobpasylolime KOMMOHEHTbl KPacHbIX CTOMOBbIX BWH. M3gecmusi 8y308. [puknadHas xumus u 6uo-
mexHornoeus. 2020. T. 10. N 2. C. 251-260. https://doi.org/10.21285/2227-2925-2020-10-2-251-260

Effect of enzyme preparations
on the aroma-forming components
of red table wines

Natalia M. Ageeva, Anastasia N. Tichonova, Aleksandr P. Biryukov

North Caucasian Federal Scientific Center of Horticulture, Viticulture, Wine-making,
Krasnodar, Russian Federation

Abstract: The present study was focused at the effect of enzyme preparations applied in winemaking on the
concentration of aroma-forming components. In this study, the application of enzyme preparations — includ-
ing trenolin rouge, trenolin rote, laffasa 60, lafazyme extract and extrazyme terroir — was shown to cause a
change in the concentration of aldehydes, esters, higher alcohols, ketones, acids and terpene compounds in
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comparison with a control sample of wine produced by classic technology. The greatest amount of acetalde-
hyde and ketones was detected in table wines produced using enzyme preparations of lafazyme extract, laf-
fasa 60 and extrazyme terroir. The introduction of enzyme preparations into the grape pulp contributed to the
decomposition of the norizoprenoid and carbohydrate complex with the release of ionone and the appear-
ance of violet and rose tones in the aroma and taste of wine (laffasa 60, extrazyme terroir, lafazyme extract).
In the studied Cabernet-Sauvignon samples, the presence of various terpene compounds causing the for-
mation of various flower (lilac, linden, acacia, jasmine) and citrus shades in wine was demonstrated. The
application of enzyme preparations — in particular, laffasa and extrazyme terroir — resulted in an increase in
the mass concentration of terpene compounds in comparison with the traditional technology, especially for
linalool, geraniol, nerol, limonene, a-terpinolene and 3-hydroxy-B-damascone. No significant changes were
observed in the mass concentration of higher alcohols against the background of decreased methanol con-
centration. A marked increase in the concentration of B-phenylethanol, phenolic acids (especially gallic and
vanillic), as well as ethyl esters of caproic, caprylic, myristic, linoleic, stearic and pelargonic acids, was noted.
Therefore, enzyme preparations — especially lafazyme extract, laffasa 60 and extrazyme terroir — are rec-
ommended in the production technology of red table wines in order to improve their aroma.

Keywords: red table wine, enzyme preparations, aroma-forming components
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BBEOEHUE

[Mpon3BoACTBO BMHOrPagHOro BMHa — CIIOX-
Hbll  OMOXMMUYECKMA U  OUMOTEXHONOMMYECKUn
npouecc, 3akniovaloLwmnca B npeobpasoBaHnn
caxapoB OO 3TWUMOBOro cnupta C NOMOLbIO pas-
NNYHBIX DEPMEHTHBIX CUCTEM BUHHbBIX OPOXOKEN.
Mpn 3TOM B KayecTBe BTOPUYHbLIX NPOAYKTOB 06-
pasyeTca 6onMbliOe KOMMYECTBO OpraHnYecKmx
coeguHeHun, obycnosnmeawWwux GOpMUpoBaHme
KayecTBa BMHa, B TOM 4ucne ero apomar. Ha npo-
TSDKEHUW BCEro TEXHOMOMM4YecKoro npolecca npo-
M3BOACTBA BUHA C PasfUYHOW LEerbi UCNOMb3y-
I0TCA (PepMeHTHble npenapaTbl, MNOo3BoNsALME
WHTeHCUMLMpOoBaTb MpoLlecc OTAeneHus cycna
OT BWHOrpagHOW Arofpl, YNyylWWUTb KayecTBO
OCBETMIEHUS Cycrna, YCKOpUTb cOpaxuBaHue ca-
XapoB, rMaponun3oBaTb CrOXHblE BbICOKOMOSEKY-
NSApHble COEAMHEHUSsl, Hapyllawwume ToBapHbIN
BMA BMHA Mpu ero xpaHeHuu [1, 2]. Ons aTtoro
NMPUMEHSIIOTCS MPOMbILUNIEHHbIE MAPTUN NEKTNPO-
TeonuTuyecknx EepMeHTHbIX MpenapaTtoB mnpe-
UMYLLECTBEHHO MMMOPTHOrO npoussoacTea. Usy-
YEHN0 WX TMOPONUTUYECKOW CYHKUMN OTHOCK-
TEeNbHO OENKoB, MX KOMMIEKCHbIX COEOUHEHUA C
nonucgeHonamn 1M nonucaxapvgamum MOCBSLLEHO
Gonblloe KOMMYEeCTBO NyOGnuMKauum OTeYecTBEH-
HbIX N 3apybexHbIX y4eHbix [3; 4; 5, c. 495-523;
6]. OgHaKko nccneaoBaHUIO BNNAHUS (DEPMEHTHBIX
npenapaToB Ha COCTaB apoMaTobpasyroLMX KOM-
MOHEHTOB BMHA He YAEensnocb [AOCTaTO4HOro
BHMMaHus. Mexay TeM MHOrMe npOMBbILUSIEHHbIE
depmeHTHble npenapaTbl  MMET NOBOYHYIO
(epMeHTaTUBHYKD  aKTUBHOCTb —  [AeWcTBue
B-rnoko3naasbl. ATOT PepMeHT paspbiBaeT CBsA3b
Mexay apoMaTU4eckMMu Monekynamu u caxapa-
MM, KOTOpble CBA3bIBAIOT UX B KOMMMEKCHI, He 06-

napgawowme apomaTtom. Moatomy MHorve cneuua-
MUCTbI OTPaCnN CHUTAIOT, YTO MpuMeHeHne dep-
MEHTHbIX MpenapaTtoB MPUBOAUT K HapyLUEHUIO
opraHonenTU4Yecknx [OCTOMHCTB obpabaTbiBae-
MbIX HanuTkoB. B cBA3M € 3TUM uMccnegoBaHue
BMUSAHUS PEPMEHTHBbIX MpenapaToB Ha W3MeHe-
HMe apomaTobpasyloLmnx KOMMOHEHTOB BUHA
MMeeT Hay4yHOE U NPaKTUYECKOE 3HaYEHNE.

Llenblo paboTbl sBNSANOCL uMccnegoBaHWe
BMUSIHWS MPOMBbILLNEHHBIX (hepMEeHTHbIX npenapa-
TOB Ha HakonneHue apoMaTobpasyloLmx KoMmno-
HEHTOB B KPAcCHbIX CTOJOBbIX BUHAX.

SKCNEPUMEHTAIIbHAA YACTb

[nsi nony4YeHnsa KpacHOro CTONOBOro BWHA B
me3ry (cycno c TBepAbIMW 3IeMEHTaMM BWHO-
rpagHoOM Srodbl — KOCTOYKW, MSKOTb) KpPacCHOro
BuHorpaga copta KabepHe-CoBUHBOH BHOCWUMY
nekronutuyeckne depmeHTHble npenapaTtbl (Mo-
ny4deHbl u3 Aspergillus niger) BbICOKON cTeneHu
oumcTkn (2 /100 kr Me3rn): TPEHONMUH PyX U Tpe-
HonuH poT (o6a npousBoacTBa EpbGene ansew-
xanm, epmaHus), nadasum akctpakt (Laffort ce-
nogie, ®paHuuns), akctpasum Teppyap (NHCTUTYT
aHonorun WamnaHu, ®paHums) un nadpdgasa 60
(JTaddbopTt, ®paHumsa). B coctaB npenapaToB
KpoOMe MeKTMHa3 BXOAMNM Takke npoTenHasbl,
NeKTUH-TPaHC3aNMMMHa3a, nonuranakTypoHasa,
nekTuHacTepasa, remuuennonasa. dPepmMeHTupo-
BaHMe Me3ry npoBoaunu B TeyeHve 4 4 npu Tem-
nepatype 14-16 °C, nocne 4ero B Me3ary BHOCUMK
Opoxokn popja Saccharomyces cerevisiae, paca
NOC Teppyap (MHCTUTYT 3Honormm LlamnaHw,
®paHuua) B konnyectse 2 /100 kr me3ru. bpoxe-
HWe nposoaunu npu Temnepatype 24-26 °C no
MOMHOro BblBpaxuBaHWs caxapoB, MOCRe Yero
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BMHOMaTepuan oTgaensanu oT Mesrn npeccoBaHu-
eM M aHanu3npoBanu CcOoCTaB W KOHUEeHTpauuu
apomaTtobpasyloLwmnx KOMMNOHEHTOB METOAOM ra-
30XXKMAOKOCTHOM Xpomatorpacmm  (xpomartorpad
Agilent Technologies 6890 Network ¢ nnameHHo-
WMOHM3aALMOHHBIM W MacCeneKkTUBHbIM [OeTEeKTO-
pom). [Ina pasgeneHns ncnonb3oBanun XpomaTo-
rpacomyeckylo KBapLieBYO KONMOHKY Zorbax SB-18
anuHon 50 M, BHYTpeHHMM anameTpom 0,32 Mwm,
HenoaBwkHasa ¢asa FFAP; TemnepaTypa Tepmo-
cTaTa KonoHok — 50 °C, nsotepma — 7 MvH. 3aTtem
nporpaMMmnpoBaHue TemnepaTypbl CO CKOPOCTbIO
5 °C/mMyH o 140°C v BblgepkKka OO KOHUA aHanu-
3a; NOTOK rasa-HocuTens (asoT) Yepe3 KOMOHKY —
1,21 cM*/MuH; 06bem npobbl — 1 MM>; pacxon Bo-
popoga — 25 CMS/MVIH; pacxog Bo3gyxa —
250 CM*/MUH; Bpems aHanuaa — 60 MuH. [nga Ko-

NIMYECTBEHHbIX PAcYeTOB COAEPXKaHNST KOMMOHEH-
TOB B Npobe npumeHsnn meTtoq abcontoTHONM Ka-
NMBpPOBKN.

MogrotoBKy nNpo6 npoBoaunM NyTeM 3KC-
Tpakuum obpasuoB [7]. BbiBOA pe3ynbTatoB U UX
obpaboTka MpoBefeHbl C MOMOLLBI KOMMbHTEP-
HbIX NPOrpamMm.

B kauecTBe KOHTPOMS UCMONb30Bany BUHO 3
TOrO Xe copTa BMHOrpaga, norfy4yeHHoe B TeX e
yCcrnoBusix, Ho 6e3 npumeHeHuss (PepMEHTHbIX
npenapaTos.

OBCYXOEHUE PE3YJIbTATOB

AHanu3 Mony4YeHHbIX AaHHbIX Mokasas, 4To
npuMeHeHe epMeHTHbIX MpenapaToB okasasio
CYLLIECTBEHHOE BNMSIHME HA COCTaB apomMaTobpa-

3yloLlero Komnrekca BuHa (tTabnuua).

BnusiHue ¢ghepmeHmMHbIX npenapamoe Ha KOHYeHmpauuro apomamobpa3yroujux KOMMNOHEHMOo8 8UHa
u3 copma euHozpada KabepHe-CoeUHbOH

Effect of enzyme preparations on the concentration of aroma-forming components
of wine from Cabernet Sauvignon

MaccoBasi KOHUEeHTpaumsi apoMaTUYECKNX
KOMMOHEHTOB, MF/,D,M3.
HanmeHoBaHune
TPEHOMWH | TPEHOMWH nadasum 3KcTpasum | nadpdasa
KOHTPOIb
pyXx poT AKCTpaKT Teppyap 60
Anbagernabl

aueTtanbgerng 45,23 41,81 43,56 47,32 48,04 51,76
KanpuHOBbI 3,85 3,67 7,34 7,88 9,27 12,42
dypdypon 12,3 0,17 HeT HeT HeT HeT

OeH3anbaerva 0,034 HeT 0,012 0,082 0,108 0,102

KeToHbI
aLeTouH 3,45 2,12 3,25 2,95 2,83 2,75
WOHOH 0,045 0,073 0,165 0,258 0,306 0,312
anauyeTun 2,32 1,12 1,86 3,46 4,05 2,53
Auemarnu:
aTunaueTtanb 1,39 0,56 1,38 1,48 1,50 1,47
rekcaHarnb 0,024 0,065 0,23 0,18 0,26 0,22
HOHaHaIb 0,021 0,034 0,042 0,031 0,038 0,053
CnoxHble 3¢hupbl
aTundgopmmat 0,35 0,28 0,51 0,44 0,55 0,44
aTunaugertar 41,5 36,8 40,1 34,2 39,5 34,2
aTuneanepuar 0,05 HeT 0,09 0,06 0,09 0,07
n3oamunauertaTt 1,65 1,65 1,97 1,87 1,98 1,67
MeTunkanpunar 0,30 0,15 0,24 0,15 0,14 0,25
aTunnakraTt 1,25 1,12 1,32 1,28 1,44 1,23
aTuUnKanpuHar 1,12 0,64 2,34 1,87 2,56 1,77
aTunkanpunaTt 0,67 0,58 2,31 3,68 3,34 2,88
aTunnaypar 0,073 0,085 0,135 0,138 0,135 0,137
aTunMmpuctaTt 0,012 HeT 0,022 0,047 0,044 0,043
aTunnMHanoart HeT HeT 0,012 0,016 0,015 0,017
aTuncreapart HeT HeT 0,007 0,012 0,023 0,015
aTunnenaproHat 0,008 HeT 0,010 0,018 0,022 0,023
aTundeHunaueTaT 0,051 0,068 0,084 0,046 0,040 0,037
aTuneaHunar 1,02 3,08 4,43 4,34 4,67 4,15
aTunrekcaHoar HeT 0,004 0,008 0,006 0,006 0,008
anatunmanar 1,25 2,34 3,00 1,67 1,85 1,74
TpuaTunuuTpart 0,102 0,112 0,120 0,065 0,056 0,087
OMaTuncykuuHat 6,82 4,52 6,63 7,22 9,46 7,34
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denunaueTar 0,24 ‘ 0,18 ‘ 0,28 ‘ 0,21 ‘ 0,32 ‘ 0,31
deHmnaTunkanpoHar 0,075 0,054 0,102 0,058 0,082 0,078
MeTaHon
MeTaHon | 4453 | 3572 | 4317 | 3885 | 3554 | 3832
Bbiclune cnupTbl

1-nponaHon 35,23 26,35 24,92 20,54 21,27 22,61
1-6ytaHon 0,74 0,57 0,63 0,52 0,45 0,56
1-amunon 0,42 0,36 0,39 0,37 0,35 0,35
1-rekcaHon 4,35 3,65 5,02 4,93 5,30 5,41
n3obyTtaHon 60,55 48,58 55,5 52,62 56,66 54,14
N30aMUNOBBIN 232,5 225,8 198,5 182,8 175,7 178,4
2-METUIIOKGH-cheHon 3,64 2,18 3,04 3,45 3,34 3,22
(rBasikon)

B-cbeHunataHon 43,2 38,6 52,5 46,4 55,7 53,8
OeH3unnoBbIN 0,52 0,36 0,42 0,51 0,52 0,53
TMPO30n 6,26 6,35 7,58 11,43 8,67 8,38

Kucnotbl
nponuoHoBas 0,23 0,14 0,12 0,11 0,08 0,08
n3omacnsHas 1,52 1,34 1,41 1,39 1,38 1,29
MacrnaHas 0,45 0,36 0,41 0,37 0,38 0,35
nsosarnepuaHoBas 1,42 1,26 1,45 1,35 1,35 1,27
BarepuaHoBasi 1,36 1,27 1,28 1,26 1,23 1,24
rannosasi 15,54 27,31 36,44 30,81 37,27 34,45
cvpeHeBas 23,61 42,43 46,85 38,43 45,96 38,20
BaHWUNMHOBAs 4,82 12,6 18,42 24,21 19,65 18,74
OKCUKOpu4Hasd 0,38 0,62 2,24 1,56 1,48 1,32
TepneHoBble coegUHEeHUs

NMHONoO0N 2,12 2,64 3,86 2,86 3,61 3,15
nHanunauetaTt 0,010 0,008 0,012 0,007 0,010 0,008
repaHumon 0,11 0,34 0,41 0,33 0,47 0,44
Hepon 0, 042 0, 088 0, 088 0, 076 0,082 0,075
apHeson 0,104 0,128 0,123 0,106 0,110 0,106
B-unTpoHenon 0,006 0,013 0,016 0,003 0,006 0,008
TepneHuon 0,16 0,34 0,42 0,23 0,28 0,25
NMMOHEH 0,003 0,015 0,018 0,021 0,016 0,021
d-TepnuHoneH HeT 0,006 0,008 0,011 0,017 0,015
3-0KCcK-B-aamackoH 0,012 0,031 0,056 0,018 0,018 0,021

Anbgernabl BUHa — 3TO BTOPUYHbIE MPOOYKThI
cnuptoBoro 6poxeHusa. Cpegn uvaeHTMdOULNPO-
BaHHbIX anbAeryaoB npesanuposan auetanbie-
rpa, y4acTBYIOLNA B OKUCNUTENbHLIX npouecca
npu dopmupoBaHum u co3peBaHun BuHa. Co-
rmacHo [AaHHbIM, NpeAcTaBrneHHbiM B paboTax
[1; 8, c. 339; 9], ¢ yBennyeHNeM KOHLEHTpaLmum
aueTanbgervia yckopsieTcs oKUCreHne aHTouma-
HOB KpacCHbIX BWH, YTO MPOSIBMSETCH B CHWKEHUU
WHTEHCUBHOCTWN MX OKpacku. AHanu3 skcnepuMeH-
TanbHbIX AaHHbIX MOKa3ar, YTo Gonbluee Konuye-
CTBO aueTtanbaernga BbIsIBEeHO B BapuaHTax
CTOMOBbLIX BWH, MOJTYYEHHbLIX C NPUMEHEHNEM
depMeHTHbIX npenapaToB nadasuM 3KCTPaKT,
nadgpcasa 60 n skctpasum Teppyap. BoamoxHo,
3TO CBS3aHO C MPUCYTCTBMEM HEDOMbLUMX KOMu-
YecTB oKcuaopeaykras B NPOMbILLIIEHHBIX NapTu-
AX epMeHTHbIX npenapatoB. OgHako HesHauu-
TenbHOe yBenuyeHne Konu4yecTsa auertanbaeru-
Aa B NPUCYTCTBUM (PEPMEHTHLIX NpenapaToB He
oKasano oTpuuatenbHOro BIUAHWSA Ha opraHo-
nenTuyecKne XxapakTepnucTukn BUH.

CyLLecTBEHHO pasHUTCS KOHLIEHTpauus Ka-
NPUMHOBOrO anbAernga, ydacTayroLwiero B hopmu-
poBaHMU pasHOOOpa3sHbIX TOHOB B 3aBUCUMOCTU
OT €ro KOHUEHTpauum B BUHE — OT LIUTPYCOBbIX
TOHOB [0 TOHOB KarneHoro opelwka. [NpumeHeHue
hepMeHTaTMBHOIO Kartanusa, OCODOeHHO mnpena-
paTtoB naddasa 60 u akcTpasum Teppyap, npu-
BOAUT K YBENUYEHMIO KOHLEHTpauumn KanpMuHOBOro
anbaernaa B 2—3 pasa B CpaBHEHUU C KOHTPOSEM.
AHaNoOrM4yHoO U3MEHSIETCA N KONMYECTBO OeH3arb-
Jernaa, NnpMBHOCSALLErO B BUHO OTTEHKM FOPbKOro
MUHOAns.

MpucytctBne dypdypona (anbgervaga dy-
paHOBOro psiaa) B BUHOTPagHbIX CTONOBbLIX BMHAX
HexxenaTtenbHO, OH NpUAAeT HanUTKy NpUropesnble
ToHa. OCHOBHOW UCTOYHUK bypdypona B BUHE —
NeHTo3bl U rekcosbl. Mexay Tem mexaHusm ero
obpa3oBaHus ellle HeJOCTaTOYHO M3yyeH. Cuuta-
etca [10, 11], 4To KOHTaKT OpOoXoKen ¢ TBepabiMu
anemMeHTamMu BUMHOrpagHoOW Aroabl Npu BpoxxeHUn
Me3rn CrnocobCTBYeT HAKOMMEeHUI B BUHE [0
20-30 wmr/gm® dypdypona (KOHTPONbHbLIN Bapu-
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aHT). [MpumMeHeHMe depMeHTHbIX MNpenapaToB
obecneynno npakTMyeckn MOfHOoe OTCYTCTBUE
dypdypona B 3KCnepuMeHTanbHbIX Obpasuax
BVH.

CnegyeT OTMETUTb CYLLECTBEHHOE yBenuye-
HMe KOHUEHTpauuM MOHOHa B BapuaHTax ¢ dep-
MEeHTHbIMW npenapatamu. N3secTtHo [10, 12], yTO
npeaLwecTBEHHNKaMM MOHOHA SABMASOTCH HOPU30-
npeHouabl, KOTopble OObIMHO HAXOOATCA B CBSA-
3aHHOW rnNuKo3uMaHom dopme ¢ ogHow unm Gonee
MOrieKynaMmu yrneBoaoB, B TOM YMCIE BbICOKOMO-
nekynsaApHblX. ®EpMEHTHbIX CUCTEM  BUHHbIX
OpOXOKen AOCTaTOMHO MWL ANs YaCTUYHOrO rMa-
ponusa 3TUX CBA3EW, MNO3TOMY KOHLUEHTpauus
MOHOHa B KOHTPONbHOM BapuaHTe HeBenuka, a
mankoBbI TOH MpK Aerycrtauum He oOBHapyXu-
BaeTcs. [lpumeHeHne cepMeHTHbIX npenapaToB
pacwennsieT yka3aHHble KOMMMEKCbl C BbICBO-
OoXaeHMeM MOHOHA M NPOsIBIIEHUEM B apoMarte u
BKYCE BWHa TOHOB domarnku u gaxe posbl (nacdpda-
3a 60, akcTpasum Teppyap, nagasmm 3KCTPaKT).

O6pasoBaHve 1 Hanuuve B BMHE Auauetuna
— noBOYHOro NpoaykTa CMHTE3a BanvHa 1 aueTo-
WHa, CBA3bIBAIOT C XU3HEOEeATENbHOCTbIO BUHHbIX
apoxoken [10, 13-15]. MNoa penctBnem mx dep-
MEHTHbIX CUCTEM MNPOMCXOAMT AekapboKkcunmpo-
BaHWe aLeTOMOJIOYHOW KUCMNOTbl ¢ 0Opa3oBaHNEM
avaueTtvna. MexaHu3aMm o6pa3oBaHMs aueTouHa
no-npexHemy ocTaeTca HeusydeHHbiM. [lpoBe-
OEHHble UccneaoBaHus Mnokasanu, YTO NpumeHe-
HMEe BCEX UCCMNeAoBaHHbIX DEPMEHTHbLIX Mpena-
paTtoB MNPUBOAWIIO K CHWXKEHUIO KOHLEHTpaumu
aueTouHa. KoHueHTpauusa auaueTtuna yMeHblua-
nacb Npu BHECEHUM B ME3ry npenapatoB Cepuu
TpeHonNuH. B ocTanbHbIX BapyaHTax npuMeHeHue
hepMeHTHbIX NpenapaToB NpUBENO K yBenuye-
HWIO KONMu4yecTBa AuaueTuna, yyacTBylollero B
06pa3oBaHMKN CNMBOYHBIX TOHOB B apmaTte BMHA U
MSFKOCTU ero BKyca.

B kncnow cpene BuHa aueTtanu obpasyoTcs
npy B3anmMoOLEeNCTBUM 3TUIOBOrO crnvpTa C COOT-
BeTCTBYyOLWMMM anbaerngamm. OCHOBHbIM Mpesa-
CTaBUTENEM Trpynnbl aueTanen sBnseTcs 3Tun-
aueTanb, KOHLEHTpaLMs KOTOPOro npu BHECEHUU
depMeHTOB rpynmnbl TPEHONMUH CHWxanack. [pu-
MEHEHMe ocCTanbHbIX (EPMEHTHbIX NpenapaToB
NpUBOAMIIO K YBENUYEHUIO KOHLIEHTpauun atuna-
uetand. KoHueHTpauusa rekcaHana M HOHaHans
BO3pacTana He3aBUMCUMO OT HauMMeHOBaHWs
hbepmeHTHOro npenapata

MpeawecTBeHHMKaMU NPSAHbBIX TOHOB, B TOM
yucre nanpuvku, AywucToro nepua, crneuun, sB-
NATCA METOKCUMUPA3UHbI — OOCTATOYHO YCTOWM-
YmBble C XMMUYECKOM TOYKM 3peHns BellecTsa. Mx
paspyLlieHne ¢ obpasoBaHNEM yKa3aHHbIX apoMa-
TOB nMpoTekaeT nog AenctsnmemMm (epmMeHToB
OpOXoKen, HO Hanboree akTMBHO — B criyvyae npwu-
MEHeHNs (PepMeHTHbIX MpenapaToB, YTO MPUBO-
ONT K YBEINMYEHUIO KOHLUEHTpauMM KOMMNOHEHTOB,
0CcoBGEeHHO 3hMpoB M TEPNEHOBLIX COEANHEHUN,

OTBETCTBEHHbIX 3a (POPMMPOBAHUE TOHOB Cre-
LW, NanpuyKkn, CBEXECTU, CyXOPYKTOB, MaCNAHO-
LiBETOYHbIX OTTEHKOB.

B nccneayembix obpasuax KabepHe-CoBUHBOH
BbISIBMEHO Hanuyne pasnuyHbiX TEepreHoBbIX CO-
eavHeHur, obycrnoBnuBalLwyx HOpMUPOBaHME B
BMHE LBETOYHbIX TOHOB (CMPEHW, NUWMbl, akauuu,
XacMuHa) MU LMTPYCOBbIX OTTEHKOB. [MpoBeaeHHbIe
nccnegoBaHusa nokasanu, YTo Npu TpaauLMOHHOM
cnocobe npon3sBoacTBa KPACHOro CTONOBOrO BMHA
(KOHTPOMbHLIN BapuaHT) NMOAEHTUPULUPOBAHLI Te
e TeprneHoBble COeAMHEHNS, YTO U NpU UCMOSb-
30BaHUM hepMeHTaTMBHOro Katanuaa. NpumeHe-
HMe depMeHTHbIX MnpenapaToB crnocobcTBOBano
YBEJNIMYEHNIO KOHLIEHTpauMm GonblunHCTBa 3du-
poB, TepneHoBbIX cnNUpToB. Bo3amoxHO, 3TO cBS-
3aHO C aKTMBHOCTbIO FEMULIENIIIONO3 U NEKTUHA3,
noa OEencTBMEM KOTOPbIX MPOTEKAKT rMaponuTu-
yeckue npoLecchl, NpuBoasLne K BbicBObOXAe-
HAIO W nocrneaylwemy rMaponusy CBA3aHHbIX
MOHOTEPMEHOB W T[MMKO3NAOB C 0bpasoBaHMEM
nepeyncneHHblx B Tabnuue TepneHoBbIX coeau-
HeHun [1, 10, 13]. YcTaHOBNEHO, YTO NPUMEHEHNE
hepMeHTHbIX npenapaToB, Npexae Bcero nad-
dasbl, aKCTpa3uma Teppyap, B LerioM MpUBENO K
YBEJTMYEHNIO KOHLEHTpaLUM TepneHoBbIX coeau-
HEHUIN B CPaBHEHUWU C TPaAWLMOHHOW TEXHOMOr-
en, ocobeHHO nuWHoMoona, repaHuona, Hepona,
NMMOHEHa, G-Tep-MMHoNeHa U 3-0KCcu-B-gamacko-
Ha. KoHLUeHTpauusa ocTanbHbIX TEPNeHOBbIX CO-
€0VHEeHNN He npeTeprneBana CyLeCTBEHHbIX W3-
MeHeHun. OgHOBpeMEeHHO Habnaanocb HEKOTO-
pO€E CHMKXEHNE MaCCOBOW KOHLEHTpaLUnM BbICLLNX
CNUpTOB, YTO CBA3aHO C Bonee BbICOKOW cTene-
HbIO TMApPONN3a KOMMOHEHTOB BMHA, OTBETCTBEH-
HbIX 3@ 0Opa3oBaHMe BbICLLUUX CMINPTOB.

CnenyeT OTMETUTb CYLLECTBEHHOE BapbUpO-
BaHWe KOHUeHTpauuu [B-deHunataHona, co3ga-
lOLLLero HEMOBTOPMMYIO FaMMy apoMaTa KpacHbIX
CTONOBbIX BWH (HEXHble LBETOYHbIE TOHA, B TOM
yucne posbl, LWMNOBHMKA, LBETyLWen A6noHNn, nu-
nbl 1 TOHa BUHOrpaga). OH cuHTEe3MpyeTca ApOoXx-
Xamu n3 B-ceHunanaHvHa npu 6poxeHun BUHO-
rpagHoro cycna, XoTss MoxeT obpa3oBbiBaTbCH U
OPYrUMM MyTsIMU, B YaCTHOCTU, B pe3ynbrarte rma-
ponu3a psga [fMKO3MOOB M KapOTUHOMAOB
[15, 16]. Bo3mMoxHO, yBenuueHue KOHLeHTpauum
B-deHnnaTaHona, a BMecTe C HUM 1 ero achmpoB B
3KCMEPUMEHTamNbHbIX BapuMaHTax CBsi3aHO C ruapo-
TNINTUYECKON aKTUBHOCTBIO (PEPMEHTHLIX Mpenapa-
TOB, ObecneuyvMBaloLLMX MOPONN3 BbICOKOMOJIEKY-
NAPHbLIX BENKOB 40 aMUHOKUCIOTLI heHnnanaHuH —
npedLwecTBeHHMKa B-deHnnaTa-Hona.

MpucyTcTBME BLICLUMX CMNUPTOB B KpPaCHbIX
CTOMOBbIX BWHAxX NpuaaeT WX BKYyCYy M apomary
MHoroobpasne OTTEHKOB — OT CBEXECTU U TpaBs-
HUCTOCTM A0 PE3KOCTU M CUBYLLHbIX TOHOB. Kpome
TOro, BbICLUME CMAMPTbI BCTYMalwT B peakuum C
kncnotamu, obpasysa 6omnbLIOe KONUYECTBO 3du-
poB. Tak, B IpMCYTCTBUM ankoronb-aueTun-TpaHc-
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cdepasbl M3 BbICLUMX CIMPTOB hOpMUpPYHOTCSH
acumpsbl, UmetoLme sipkMe ppykToBble, NNOAOBLIE,
a Takke LBeToYHble apomatbl. O6pasoBaHue ca-
MUX BbICLLUMX CMMPTOB B BUHE CBSI3bIBAIOT C MNepe-
aMUHVMPOBaHWEM WM CUMHTE30M aMWHOKUCIOT
[10, 17-19]. Tak, npenwecTBEHHUKaMN n3obyTa-
HOMa M U30aMUNOBOrO CNupTa ABNSAIOTCS BarnuH U
NenuunH, nponaHon M3 TpeoHuHa. Yyactve nupo-
BMHOIrpagHOM KUCMOTbl B OMOCMHTE3E BbICLLUX
CMMPTOB M aMUHOKMUCNOT CBUAETENbCTBYET O He-
pa3pbIBHOW CBSI3M YrNeBOLHOMO U a3oTUCTOro ob-
MEHOB nNpu OpPOXEHUN BUMHOIPaZHOro cycna.
WmeloTca nuTepaTypHble OaHHble, CBUAETelb-
CTBylOLLME O TOM, YTO MOBbILEHME KONMYecTBa
BbiCclMX cnupToB go 300-400 MI'/D,M3 Hexena-
TENbHO AMsi KpacHbIX CTOMOBbIX CYXUX BUH: UMEH-
HO NMPW 3TUX KOHLEHTPAUMSIX CUBYLLHbIA TOH Mnpe-
obnagaet Hag gpyrvumun apomatamu [1, 7, 10].
lMpoBeneHHbIE MCCnegoBaHMA nokasanu, YTo
hepMeHTaTMBHbIN KaTanua He MpuBen K Cylle-
CTBEHHOMY CHWXEHUIO KOHLIEHTpauUun BbICLLMX
cnvpTtoB. OOHAKO B CPaBHEHUN C KOHTPOIIbHbLIM
BapMaHTOM OTMEYEHO YBENUYEHME KOHLEHTpaLmmn
rekcaHona, peHunaTaHona u Tuposona, a TaKkke
HebomnbLIOEe YMEHbLUEHNE KOHLEHTpauun Wu3o-

amurnona, nponaHona, 6ytaHona v amunona.
MeTaHon cnoHTaHHO obpasyeTcs B npouecce
3H3MMATUYECKNX MNpeobpas3oBaHUN  MEKTUHOBbIX
BellecTB. B cBs3n ¢ aTum MOXHO ObIno npeano-
NOXUTb yBEINUYEHWE KOHLIeHTpauMM MeTaHona B
aKcnepuMeHTanbHbIX BapuaHTax. OgHako, Hanpo-
TUB, BbISIBMEHO HEBONbLIOE CHWXEHWE ero co-
JepxaHusi. JTO MNo3BonsieT npeanonioXuTb, YTO
npuMeHeHHble bepMeHTHbIe npenapaTbl Cnocob-
CTBYIOT rnybokoMy ruaponusy nonmcaxapugos,
BKMOYasA MEKTUHbI, OO ONUro- M MOHOCaxapos,
npeBpaLleHns KOTOPbIX B BUHE HE MPUBOOAT K
o6pasoBaHM0 METUIOBOrO cnupTa [3, 9].
ApomaTnyeckne eHonokncnoTel (rannosas,
BaHUNMHOBAsi, CUPEHEBasl, OKCUKOPWUYHas u ap.)
npencTaensoT ocobyto rpynny npoctenwmx de-
HOMbHBIX COEOVHEHUI, COYeTalLMX CBOWCTBA
KACMOT M apoMaTu4eckmx coegmHeHun [20-22].
ApomaTtnyeckne EHONOKUCIOThI, U3BMNEKaeMble
n3 TBepabIX YacTer BUHOrpagHOM rpo3an, B TOM
yucne KocTouvek, npu BGpoxeHun mesrn npuaaroT
KpacHbIM BMHaM CBOeOBpa3sHbI OTTEHOK apomarta
— TOHa nacrieHa, 3eneHblX TOMaToB, Arof exXeBu-
KW, KpacHOMW M 4YepHOW cmopoauHbl. PepmeHTa-
TMBHbIV KaTanv3 B CPaBHEHUN C KIacCUYEeCKOn

SI6m0KH, cyx0dpYyKTHI,

CBCXXECTh

10

Tacnen, cadppaa 8

CIMBOYHEIH, CBEXHE
CIIMBKHA

CHUBYIIHBIH, pe3Kuit

IIpsneni, 3amax
cHenui, B T.4 MaIPUKH

Pixanas xopouxka,
MHHIAIb

MurpycoBbii,
LIIMTPOHHBIN

DpyKTOBbIA, STOTHBIN

Po3a, pmanxa

MacisHO-IIBETOYHEIH,

TIHICPUHUCTHIH
KOHTpOJIL oo TPCHOJIHUH Py’  -—=====- TPEHOJMH POT
— — — jgada3uM SKCTpakKT -~ - - nadaza 60 — ** — BKCTPa3uM Teppyap

ApomMozpaMma KpacHO20 CInosio8o20 suHomMamepuana Ka6epHe-Co8UHBLOH,
npu20moesIeHHO20 ¢ NPUMeHeHUEeM Pa3siudHbIX hepMeHMHbIX npenapamoe

Aroma of red table wine material Cabernet Sauvignon
cooked using various enzyme preparations
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TexHonormen cnocobcTBOBan akTuBauum rnapo-
NUTUYECKUX NPOLIECCOB TBEPAbIX 3MEMEHTOB U
YBEJIMYEHUNIO KOHLIEHTpaumMm EHONOKNCIOT, B
pesynbTate 4Yero OpraHorienTuyeckoe oLlyLieHne
apoMaTtoB MpU  UCMNOMb30BaHUM  (PEPMEHTHbIX
npenapaToB yBenuynBaeTcs (CM. PUCYHOK).
Heobxoanmo OTMETUTbL CyLLECTBEHHOE pas-
nuyme B KOHLEeHTpauun acpmpos, 0COB6EHHO BbICO-
KOMONEKYNSAPHBIX  XUPHbBIX  KUCIOT, MMELLUX
NPUATHBIN (PPYKTOBBIA 3anax C OTTEHKaMu pas-
nn4YHbIX GpykToB 1 garog. ObblMHO obpasoBaHue
TakMx 3(PMpOB CBA3LIBAOT C KU3HEOEATEIbHO-
CTblO ApOXOKen B nepuof OpoxeHus u npoTekae-
MbIX peakuuin atepudmkaumn. MNMpn aTOM BaXKHYyH
pofb UrpawT MEXaHW3Mbl CUHTE3a MX KUCOTHbIX
npeawecTBEHHNKOB, COrMacHO KOTOpbIM Mporpec-
CVBHOE YAJIMHEHME auWnbHbIX NPOU3BOAHbIX (T.€.
aobaBneHve K Monekyne atoMoB yrnepoga) npo-
NCXOOMUT 3a CYeT KOHAEeHCauuu MOMnekyn ¢ aue-
TunkodepmeHtom A. CormacHO MOMyYeHHbIM
OaHHbIM, NpUMMeHeHne depMeHTaTUBHOIO Karta-
nusa cnocobCTByeT 3aMeTHOMY YBENUYEHUIO B
BMHOMAaTepuane 3TUNOBbIX 3(PMPOB KanpoOHOBOW,
KanpunoBoW, MUPUCTUHOBOW, FNMHONEBOW, CTea-
PUHOBOW, NenaproHoBon kucnot. O BaXXHOW ponu
3(PMPOB 3TUX KUCIOT B CIIOXEHUW OpraHomnenTu-
YECKOW XapaKTepUCTUKU BUHA CBUAETENbCTBYET
BEMMYMHA KO3(PULNEHTOB KOppensuun ¢ gery-

CTaUMOHHON oueHKon, Bapbupytowas ot 0,72 o
0,84.

CoBOKYMNHbIM MoKa3aTesieM OLEHKU BIUSHUS
bepMeHTHBIX NpenapaToB Ha apomaTobpasyto-
LUMe KOMMOHEHTbl BMHA SIBMSIETCS OpraHonenTu-
yeckasi xapakTepucTtuka, npeacTaBneHHas B BUae
apomMorpamMmbl (CM. PUCYHOK).

AHanu3 apomorpammbl HarnsgHo cBuae-
TeNbCTBYeT O TOM, YTO MpUMEHeHue depmeHTa-
TMBHOrO Katanusa (3a Uckni4veHuem npenapaTa
TPEHONUH PYXX) NPMBOAMUT K YCUMEHUIO NposBne-
HUS apomaToB, Hanboree xapaKTepHbIX AN BUHA
n3 copta BuHorpaga KabepHe-CoBMHbOH: nacrne-
HOBOro, OpPYKTOBOro, MPSIHOrO, TOHOB MOJIOYHbIX
CNMBOK W cadpbsiHa, OBOYCMOBMEHHbIX HE TOMbKO
COBOKYMHbIM BfIMSIHUEM BCEX WCCeLOoBaHHbIX
apomaTobpa3syloLNX KOMMNOHEHTOB, HO U OTAENb-
HbIMW BeLlecTBaMW.

3AKNKOYEHUE

Ha oOCHOBaHUM MNOMyYEHHbIX 3SKCMEPUMEH-
TanbHbIX AaHHbIX MOXHO cAenaTtb BbiBOA O Lene-
Cco0bpa3HOCTU NpuUMeHeHUs hepMEHTHBIX npena-
paTtoB, 0COGEHHO nadasMm 3KCTpakT, naddasa
60 1 akcTpasum Teppyap, B Npou3BOACTBE Kpac-
HbIX CTOSOBbLIX BMH C Lenblo obecnedyeHnss nx tu-
MMYHOTO apomaTta 3a CYET YBENUYEHMS! KOHLIEH-
Tpauuy apomaTobpasyoLmnx KOMMOHEHTOB.
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M'maponus uennonosbl pepMEeHTHbIM KOMMJIIEKCOM
Trichoderma viride B npucytctBumn otopuaa HaTpus:
BITUSIHUE CTPYKTYpbl cydcTpaTta n COpOLIMOHHOMU
aKTUBHOCTM Lenmnonas

© E.P. YawwuHa, 3.A. EdbpemeHko, B.I1. CanoBapoBa,
O.E. NaBpukoB, A.A. lpuctaBka

MpkyTCknin rocygapCTBeHHbIN yHUBepcuTeT, I. VpkyTck, Poccuiickaa ®egepauuns

Pe3rome: HccnedosaHa 3asucumocmes akmueHocmu yesnnonal Trichoderma viride om mpex ¢hakmopos —
suda cybcmpama, copbyUOHHbIX ceolicme ghepMeHmMo8 U KOHUeHmpauuu ¢pmopuda Hampusi (NaF). U3yye-
HO erusiHue Yemabipex 8000HepacmeopuMbix cybcmpamos: 08a HamueHbIx (OpesecuHa bepesbl U nueHuUY-
Hasi conioma) u dea MOOESbHbIX (MUKPOKpUCMasnu4yeckas yenmnrno3a u gunbmposansHas bymaza). [o-
rnonHuUmMenbHo uccrnedosaH eodopacmeopumbili cybecmpam — Na-kapbokcumemun-uesnnonosa, crneyugpuy-
HbIl K 3HOO2moKaHa3Hol akmueHocmu. LlenntonasHbit komrneke T. viride u3 npenapama «LlennosupuduH
I'3x» 6bin pasdeneH memodom aghghuHHOU xpomamoezpadghuu Ha ¢hpakyuu, pasnudarowuecss copbUUOHHbIMU
ceolicmeamu. MamepeHa uersnnrona3Has akmueHOCMb UCXOOHO20 KOMIIJIeKca U MOSyYeHHbIX gopakuyul o
OMHOWEHUI0 KO eceM cybcmpamam rpu pa3Hol koHueHmpauuu NaF — om 0 do 1000 mea/n. KayecmeeHHble
pasnuyus 8 benkosom cocmase npernapama U pakyul uccnedosaHbl Memodom SDS-Ouck-
anekmpogopesa. lNpu eHeceHuu NaF (100-500 me/n1) akmugHOCMb UCXOOHO20 UerTrnasHo20 KoMIeKkca
gospacmarna o OMHOWEHU KO 8ceM cybcmpamam, O0COBEeHHO rosbicuniacb CKOpocmb 2udponusa Mo-
OernbHbix 06pa3yos (0o 100 %). CpasHeHUe akmu8HOCMU XpoMamozpaghudecKux ¢hpakyuli OmHOCUMEIbHO
modenbHbIX cybcmpamos rokasano, Yymo NaF okasbigaem npomugornonioxHoe Gelicmeue Ha Kamanumu-
yeckue u copbyuoHHble ceolicmea uesnsnas: akmueHOCMb 8bICOKOahhUHHbIX ¢hpakyuli, codepxaljux
uenobuozudponasbl U HU3KOMOJIEKYIISPHbIE 3HOO2/H0KaHa3kl, 8 rnpucymcemeuu ¢omopuda CHUXXanack Mo
OMHOWeEHUI Ko eceMm cybecmpamam Ha 35-90 %. Cnabocopbupyroujuecs ghpakyuu (3HOoenokaHassl |, 11 +
uennobuasa) 8 amux Xxe ycrnosusix uHaubuposanucek Ha 15-20 % o OMHOWEeHUI0 K Uerlto/io3€e C 8bICOKOU
cmeneHbto KpucmannudyHocmu (MKL), Ho akmueuposarnuck 8 1,3—-3 paza omHocumernbHO 8odopacmeopu-
mozo cybempama (Na-KML|) u cybcmpama ¢ meHbwel KpucmaninudHocmsto (¢hunbmposarnbHas bymaea).
Takum obpasom, cymmapHoe Oelicmeue ¢hmopudoe Ha chepMeHmamueHbIl 2udponu3 pacmumesibHO20
cybcmpama onpederniaemcs cmerneHbo KpUcmarniu4yHoCmu Uesiiosiosbl, @ makxe COOMmMHOWEHUEM CUSTbHO-
u criabocopbupyrouuxcsi KOMIOHEHMO8 8 UEeJIo/Ia3HOM KOMII/IeKce. PaccmompeHbl 803MOXHbIE MOJIEKY-
JISIPHBIE MexaHU3Mbl 3mux 3¢hgheKmos.

Knroydeenie cnoea: Trichoderma viride, uesronasHbeil KoMneke, aHAO2moKkaHasbl, yennobuoaudponassi,
mopudsl, usemHasi Memarnnypausi

Uugpopmayus o cmamse: [Jama nocmynneHus 20 dekabpsi 2019 e.; 0ama npuHsmus Kk nedyamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ana yumupoeanus: YawwvHa E.P., Edpemenko 3.A., Canosaposa B.l1., MaBpukos [.E., MNMpuctaeka A.A.
Mpaponus uennionossl pepMeHTHbIM KoMnnekcoMm Trichoderma viride B npucyTcTBuM bTopmaa HaTpus:
BMUSIHNE CTPYKTYpbl cybcTpaTa U COpOLMOHHON akTUBHOCTM uenntonas /| M3secmus 8y3o8. lNpuknadHas xu-
musi u 6uomexHornoeus. 2020. T. 10. N 2. C. 261-273. https://doi.org/10.21285/2227-2925-2020-10-2-261-
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Ekaterina R. Chashina, Zinaida A. Efremenko, Valentina P. Salovarova,
Dmitrii E. Gavrikov, Aleksey A. Pristavka

Irkutsk State University, Irkutsk, Russian Federation

Abstract: The dependence of cellulase activity of the Trichoderma viride fungus on three factors — substrate
type, enzyme sorption properties and sodium fluoride (NaF) concentration — was studied. The four studied
water-insoluble substrates were based on two native (birch wood and wheat straw) and two model (micro-
crystalline cellulose and filter paper) materials. In addition, a water-soluble Na-carboxymethyl-cellulose sub-
strate specific for endoglucanase activity was studied. The T. viride cellulase complex from the “Celloviridin
G3x” preparation was separated into fractions differing in sorption properties using the affinity chromatog-
raphy method. The cellulase activity of the initial complex and obtained fractions was measured with respect
to all substrates at different concentrations of NaF ranging from 0 to 1000 mg/L. Qualitative differences in the
protein composition of the preparation and fractions were studied by SDS electrophoresis. With the introduc-
tion of NaF (100-500 mg/L), the initial cellulase complex activity increased with respect to all substrates. The
hydrolysis rate of model samples was observed to increase by up to 100 %. Comparison of chromatographic
fraction activity relative to model substrates demonstrated the NaF to have the opposite effect on the catalyt-
ic and sorption properties of cellulases. The activity of high affinity fractions containing cellobiohydrolases
and low molecular weight endoglucanases in the presence of fluoride decreased by 35-90 % in relation to all
substrates. Although weakly adsorbing fractions (endoglucanases |, Il + cellobiasis) under the same condi-
tions were inhibited by 15-20 % with respect to cellulose with a high degree of crystallinity (MCC), these
were activated 1.3-3 times slower with respect to a water-soluble substrate (Na-CMC) and a substrate with
less crystallinity (filter paper). Thus, the total effect of fluorides on the enzymatic hydrolysis of the plant sub-
strate is determined by the crystallinity degree of the cellulose substrate, as well as by the ratio of strongly-
and weakly-sorbed components in the cellulase complex. Possible molecular mechanisms of these effects
are additionally proposed.

Keywords: Trichoderma viride, cellulase complex, endoglucanases, cellobiohydrolases, fluorides, non-
ferrous metallurgy
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BBEOEHUE

3arpsisHeHne 3KocMcTeM alpoBblbpocamu
NMPOMBILLSIEHHBLIX  MPeanpuaTUA  npeacrasnseT
coboli Ccepbe3Hyl0 9KOMOorMyeckyto npobnemy.
OoHUM 13  MOLUHEWWNX WUCTOYHWKOB 3MUCCUN
NONMTaHTOB B psAde permoHoB Poccuu, Bknoyas
Mpubavikanbe, ABMAOTCA NPEANPUSATUS antoMuU-
HMEBOW MPOMBILINEHHOCTH, BbLIGPOCHI KOTOPbIX
cogepxaTt pasHoobpasHble TOKCUYHbIe BellecTBa
(Tsrkenble MeTannbl, NONULMKINYECKME apoMaTy-
Yyeckne yrnesoaopoabl, dpropuabl U Ap.), okasbl-
BalolLMe HeraTMBHOE BO3LAEWUCTBME Ha pasHble
KOMMNOHEHTLI 6uoreoLeHo30B [1, 2].

BaxxHelwWwmnm 3BeHOM BMOTMYECKOro KpyroBo-
poTa yrnepopa SBNATCA MOYBEHHblIE MUKPOOP-
raHW3mbl, pasnarariowme pacTuTenbHble nonMMme-
pbl, B TOM u4ucrie uennwonosy. B pesynbTtate
HaKOMMEHUs MOJSITIOTAHTOB B MOYBE HapyllaeTcs
CTPYKTypa MOYBEHHbIX MUKPOLIEHO30B, CHWXaeTcH
BMAoBoe 60raTCTBO MUKPOOPraHU3mMoB, MEHSETCH
Ux dpepmeHTaTUBHasA akTMBHOCTb, YrHeTaeTtcs
XnsHedesaTenbHOCTb Aaxe Haubonee TonepaHT-
HblX BUAOB [3—6]. Bcrneacteune aToro HapyllaeTtcs
npouecc peaykumMm pacTUTENbHbIX OCTaTKOB, YTO

CONPOBOXAAEeTCA HeraTUBHLIMW 3KONOrMYECKUMHU
nocneacTBUsAMU Kak MMHUMYM Ha YpOBHE pervo-
HarnbHbIX 3KOCUCTEM.

Cpean nNonmnoTaHTOB, XapakTepHbIX  ANns
anioMUHVEBOW  MPOMBILLSIEHHOCTH,  CEPbE3HYI0
OMNacHOCTb MpeacTaBnseT Topug, ConM KOTopo-
ro MCNOMb3yHTCHA B TEXHONOIMYECKOM LMKe Mpo-
nssogcTea metanna [7-9]. OddekTbl 1 MexaHn3-
Mbl TOKCUYECKOrO AenCTBUS (DTOPUOOB Ha XMBble
opraHv3mbl HEOAHOKpaTHO 0b6CcyXaanucb B Hayy-
HOW nuTepaType, OOHAKO, AaHHble O Henocpea-
CTBEHHOM BNUSHUW (PTOPUOOB Ha aKTUBHOCTb
LennonasHbIX KOMMIEeKCoB, NpoayLMpyemblX KOH-
KpeTHbIMM BMAAMW MWKPOMULLETOB, Obinn Bnep-
Bble nony4yeHbl aBTopamun pabotsl [10], rae Gbinu
onucaHbl N obcyxaeHbl adeKTbl, KoTopble PTO-
pua okasblBaeT Ha kaTanuTuyeckne u copbumnoH-
Hble CBOMCTBa Lennonas, npoayumpyembix rpu-
6amu pp. Trichoderma u Aspergillus, 1 BbickazaHo
npeanonoXeHue, YTo CymMMapHoe BnusHue ¢To-
pvga Ha uennionasHbIi KOMMeKe onpegenseTrcs,
C OOHOW CTOPOHbI, COOTHOLUEHWEM TMPOYHO- W
cnabocopbupytownxca pepMeHToB B Liennionas-
HOM KOMMekce, a C ApYroi — COOTHOLIeHUEeM
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aMOpPHbIX U KPUCTaNMYECKMX Y4aCcTKOB Lienno-
nosbl B cybctpate. OgHako aTn addpekTbl Obinm
MoKasaHbl, BO-MEPBbIX, MPW WCMOMb30BaHUN MO-
OenbHbIX CyDbCTPaToB, COCTOSALUMX W3 YMCTOM Ler-
Noro3bl, B TO BPEMS Kak B MPUPOOHbIX YCIOBUSX
cybcTpaTtoM Ans MUKPOOHbIX Liennonas sBnsiTcs
TNNrHOLIENIIONO3HbIE  KOMMMEKChI; BO-BTOPbIX, AnNs
00beAMHEHHbIX LIeNonasHbIX KOMMIEKCOB, KOTO-
pble Ha camMOM [ene cocToAT M3 kapborvapas ue-
Tbipex TMNoB — aHJornokaHas (EG), uennobuorna-
pona3 (CBH), uennobuas (B-rmioko3naas) n aKk3o-
[MOKO3MAAa3, PasnMualomMXcs  MOMEKYNSPHbIMU
XapaKkTepuCcTMKamMK, KaTanuMTUYECKON aKTUBHOCTHIO,
KOHCTaHTOM aacopOummn u cybeTpaTHon crneumdny-
HoCTbio [11-13].

Llenbto HacToswen paboTbl SABMASNOCHL U3Y-
YyeHue BnUSHMA dTopuaa HaTpus Ha aKTMBHOCTb
OTAENbHbIX KOMMOHEHTOB LIEMMoNasHoro Kom-
nnekca, npoayuupyemoro rpubom Trichoderma
viride, MO OTHOLUEHMIO K LENNI030coaepXKaLlmm
cybcTpaTam C pasnmMyHON YCTOMYMBOCTLIO K dhep-
MEHTaTUBHOMY rMApPONn3y.

OKCMNMEPUMEHTAIbHAA YACTb

B kauectBe MOAENBHOrO LIENNONA3HOMO
KOMMeKca MCMnonb30Banca KOMMEpYecKun dgep-
MeHTHbIN npenapaT «LlennosnpuanH '3x» Ha oc-
HOBe Uenmnnas, npoayumpyembix Trichoderma
viride (npoussogcteo OAO «BOCTOK», Mocksa)
C ocTaTo4HOW obLel LenmnonasHon akTMBHOCTbIO
14,5 ME/r a.c.B.

Ha nepBom aTane Obina ndyvyeHa epmMmeHTa-
TMBHas aKkTMBHOCTb Mpenapata No OTHOLUEHUIO K
HeCKonbkUM LennonosocogepXxawum cybceTpa-
TaM npu pasfnuMyHoOW KOHLUEeHTpauun dTopuaa
HaTpus, KOTOpPYH BapbMpoBanu B guanasoHe OT
10 go 1000 mr/n B 3aBUCUMOCTM OT 3agay uccrie-
JoBaHus.

Bcero 6bino nccnegoBaHoO 4YeThipe He pac-
TBOPMMbIX B Boge cybcTpaTta: ABa HaTUBHbIX, W3-
MeJbYEHHbIX 40 MENKOANCNEPCHOIO COCTOAHMS U
cogepXalmx, NOMUMO YrneBOAHbIX KOMMOHEHTOB,
FMIUTHWH B pasHbiX COOTHOLUEHMSX; OBa MOAEIb-
HbIX cybcTpaTa, COCTOSILLMX TOMbKO M3 nonvcaxa-
pugoB. Kaxpgas napa cybcrtpatoB pasnuyanach
COOTHOLLEHVMEM KPUCTannM4eckon Uu amopdHon
uenmniono3bl. Tawkke Oblna M3MepeHa 3HAOOIMo-
KaHa3Hasi aKTMBHOCTb MO BOOOPACTBOPMMOMY Cyb-
ctpaty Na-kapbokcumetunuennionose (Na-KMLI)
(Tabnuua).

CopgepxaHve nUrHuHa B HaTUBHBIX CybOCTpa-
Tax onpegensnu BecoBblIM METOOOM Mocrfe Kuc-
NOTHOrO rMApPonM3a W OTAENEHUsl YrneBOAHOro
KOMMOHEHTa".

Hanee, B cooTBeTCcTBUM C paboyer runore-
301 O CBA3WN COPOLUMOHHBIX CBOWCTB Lennonas ¢
atpchbekTamu, koTopble PTOPUA OKa3bIBAET Ha MX
aKTMBHOCTb, ObINO NpoBeAeHO Xxpomartorpaduye-
ckoe pasfgeneHne (EepMeHTOB LEnmnasHHOro
komnnekca no nx apduHHbIM ceoncTeam. Komno-
HeHTbl, pasnuyarwmnecs no creneHu agcopbumm
Ha uenntonose, ObINM MccnegoBaHbl Ha obLLyO
LeNonasHyo 1 SHOOMMIOKAHa3HYH akTUBHOCTU B
TEX e YCIOBUSAX, YTO N UCXOAHbIV Npenapar.

KauecTBeHHble pas3nuuusa B cocTaBe MOMy-
YeHHbIX adhPUHHBIX KOMMeKcoB Obinu nccreno-
BaHbl METOOOM 3reKTpodopesa.

OO0wasa uennonasHass akTUBHOCTb onpeje-
nsnacb C UCMNONb30BaHNEM AVHUTPOCANULMIOBO-
ro peareHta Mo CKopocTu obpas3oBaHuWs BOCCTa-
HaBNUBAaIOLLMX CaxapoB U3 HABECKU LLenmono3o-
copgepxawero cybctpara (50 mr) [18]. CooTHO-
WweHne cybcTpaTta u xugkon dasbl B peakumoH-
How cpepde coctasuno 1:20 (W/V), a konvyecTBo
depmeHTHOro npenaparta — 3 ME/r cybctpaTta (no
dunbTpoBansHom dymare).

Tabnuya 1

Xapakmepucmm(a uenmonosocodep;«amux cy6cmpamoe, UcroJib308aHHbIX 8 pa6ome

Table 1

Characterization of cellulose-containing substrates applied in research

CteneHb KpuctannuyHocTu, %

dunbTpoBanbHaga dymara (Pb)
MukpokpucTtannuyeckas uennonosa (MKL)
Mapku Avicel (Sigma)
Na-kapbokcumeTunuennonosa (Na-KML,),
mapka 250000M.W (HesaPeakmus).

Honsa
CybcTpat nrHRHa, % (no gaHHbIM pe::';zHMospév)ld)paKuMOHHoro
MweHnyHasn conoma 12+0,9 50-52"
IpeBecnHa 6epesbl 25+1,4 60—62"

- 63-68 [14, 15]
- 75-80 [16, 17]

! Kargarzadeh H., Ahmad I., Thomas S., Dufresne A. (eds.) Characterization of Various Kinds of Nanocellu-
lose. Handbook of Nanocellulose and Cellulose Nanocomposites. John Wiley & Sons. 2017. Vol. 1. loelo-

vich M. Chapter 2. P. 51-100.

>TAPPI Test Method T222 om-02. Acid-Insoluble Lignin in Wood and Pulp. 2002.
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AKTMBHOCTb 9HAO[MIOKOHA3 u3Mepsanacb Mo
HayanbHOW CKOPOCTU YMEHbLUEHUS BA3KOCTU
1,5 %-ro pactBopa Na-kapboKCUMETUILENoNo-
3bl [19]. dAnga aTOro McNonb30Bancst BUCKO3MMETP
OcTtBanbga ¢ ob0beMOM BepxHero pesepByapa
1 mn v gnametpom kanunnsapa 0,6 mm. Bce name-
peHnst akTMBHOCTM npoBogunuce B 0,05 M
HaTpui-aueTatHoM Oydepe, npu Temnepartype
45 °C, pH =4,6.

PasgeneHne KOMMOHEHTOB LIENNONA3HOro
KOMMMeKkca OCyLeCTBANOCh B CTEKNAHHOW XPO-
maTorpacmyeckori konoHke (30x1,5 cm) Ha ad-
¢uHHOM copbeHTe (MKL, Avicel), koTopbi npea-
BaputenbHO Obin ypaBHOBelweH Na-auetaTHbIM
oydepom (0,05 M, pH = 4,6). CkopocTb noToka
noaBwxHoOM ¢asbl coctasnsana 1,5 mn/muH. lo-
cne BbIXxoda HecopOUpYOLWMXCS KOMMOHEHTOB
depMeHTbl, CBA3aHHbIE C HOCUTEerNeM, 3niupoBa-
nucb AWUCTUINIMPOBAHHOM BOAOW. Jroupyemble
Oenkn [eTeKkTMpoBanuCb Ha cnekTpodoTomeTpe
IMPLEN P330; antoat pacnpegensncs no gpak-
umMsam oobemom 1 mn.

CoctaB ¢hpakumn c pasnmyHon adpuHHO-
CTbl0 K Lenmnonose 6bln mccrnegoBaH nocpen-
ctBoM SDS-auck-anektpodopesa B nonunakpui-
aMnaHOM rerne npu KOHUEeHTpauum pasgensioLe-
rorensa 12,5 %.

Bce akcnepumeHTbl Mo uccriegosaHuio To-
pva3aBUCUMOM  aKTMBHOCTW Lennonas npoBoau-
NMCb MMHUMYM B TpeX MOBTOPHOCTAX, AN Mony-
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YeHHbIX BbIDOPOK paccuMTbIBaNIOCL MaTtemartuye-
CKOe OXugaHme W CTaHgapTHas owwubka cpeg-
Hero. CpaBHeHue BbLIOOPOK  OCYLLECTBAANOCH
U-kputepuem. KannbpoBouHbie rpacpukm Obinm no-
Ny4YeHbl NIMHENMHOWN annpoKCMMaLuMen aKCrepuMeH-
TanbHbIX AaHHBLIX C OLEHKOW JOCTOBEPHOCTU KOAh-
duumeHToB perpeccun npn p < 0,05. JocTosep-
HOCTb BnMSHWSA Buaa cybcTpata M COpPOLMOHHBIX
CBOWCTB (PEPMEHTOB Ha OTHOCUTENMbBHYIO aKTuB-
HOCTb Lennionas (OTHOLEHNE aKTUBHOCTU B KOH-
Tpore K akTmBHOCTM B npucyTcTBum NaF) oueHuBa-
nacb C NOMOLLBIO ABYX(PaKTOPHOrO HenapameTpu-
yeckoro metoga PERMANOVA npu p < 0,05. Bce
pacyeTbl NpoBOoaUIIUCHE B nporpamme Past v. 4.01.

OBCYXXOEHUE PE3YIIbTATOB

B pabote [10] nokasaHo, 4TO dTOPMA
HaTpusi B HU3KUX KOHLEHTpauusax (B npegenax
10-100 mr/n) vHrMbupyeT akTMBHOCTb MO (PuUnb-
TpoBansHon Gymare (FPA) uennionasHoro Kom-
nnekca m3 T. viride npumepHo B 2 pasa, O4HaKo
AanbHelilee MNoBbIWEHWE KOHLUEeHTpauum gtopu-
Aa NpMBOAWMO K peakTmBaumm oepMeHTHOro npe-
napara.

Pesynbtatbl M3MepeHun akTUBHOCTU dhep-
MEHTHOrO KOMMIieKca MO OTHOLUEHUIO K pasnuy-
HbIM CybGCTpaToM B MPUCYTCTBUWM BBLICOKUX KOH-
ueHTpaumn NaF npencrtasneHbl Ha puc. 1. B KoH-
Tpore 3MdEKTUBHOCTL HayanbHOro rugponusa
ANs pasHbIX cybcTpaToB pasnuyaeTcs: Hambonee

1.5

OTHOCUTENBHAA AKTUBHOCTL

TR e e

o000

PR
b

®b MKU CONOMa ApesecnHa

B koHTpONb &8 100 mr/n 8500 mr/n £11000 mr/n

Puc. 1. BnusiHue ebICOKUX KOHUeHmpayuli ¢pmopuda Hampusi Ha 3¢hghekmueHOCMb Ha4yasibHO20 2udposiu3a
uesnronosocodepxaujux cyb6ecmpamoe yenniosasHbIM KOMIIIEKCOM:
a — akmueHoCcmb, eblpaxeHHasl 6 abconomHbIX eQUHUYax;
b — akmueHocmb € omHocumesnbHbIX NoKazamessix
(omHoweHue akmueHocmu e npucymcmeuu NaF Kk akmueHocmu € KOHmMpoJsie)

Fig. 1. Effect of high concentrations of sodium fluoride on the effectiveness of the initial hydrolysis
of cellulose-containing substrates by the cellulase complex.
a — activity in absolute units;
b — activity in relative terms: the ratio of activity in the presence of NaF to activity in the control stud
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rnybokas (U NpMMEPHO OOMHAKoBasl) CTeneHb
rmaponuaa xapaktepHa gnsa ®b n conowmel, TO
eCTb CybCTpaToOB C MOHWXKEHHBbIM COAEpXaHUeMm
KpucTannuyeckon Lenmonosel. BeicokokpucTan-
nnyeckas MKL] Oonee yctonumBa K OEWCTBUIO
LenmnonasHoro KoMmnmekca, a gpeBecuHa rmapo-
nmn3yeTcs ¢ HanMmeHblUuen 3PEKTUBHOCTLIO, Tak
Kak B HeW BbICOKOE CoAep)KaHWe NUrHMHa, KOTo-
pbii co3paeT bapbep And (bepMeHToB.

[Mpu BHeceHun B peakumoHHyto cpeay NaF B
KOHUeHTpauum 100 mr/n ckopocCTb ruaponuaa
BCeX CybCTpaToOB MOBbIWANACh, HO KOJIMYECTBEH-
HO 3TOT adppeKT nNposensancsa no-pasHomy. Cunb-
Hee BCero OH Obln BblpaxeH AN MoAenbHbIX
ob6bektoB @b 1 MKL (yBennyeHne akTMBHOCTM B
1,5 1 2 pasa cooTBETCTBEHHO). [NybuHa rugponu-
3a HaTMBHbIX CYOCTPaTOB MeHANnachb CXOOHbIM
obpa3oM, x0Ta 1 B MeHbLUMX MacwTabax: 15 % —
anst conomel, 19 % — Oona OpeBecuHbl, TO eCTb
3(PPeKT akTMBauMM MPOMOPLUMOHANEH CTeneHun
KPUCTannMM4yHOCTM Lennonosel B 06enx rpynnax
cybctpaTtoB. Ho ons psiga «conoma—gpeBecuHa»
3Ta CBsI3b MEHee 3aMeTHa, TaK Kak B HaTMBHbIX
cybcTpaTax [onsa Lennono3bl B LENOM Hke, a
TaKkKe B HUX MPUCYTCTBYIOT HEYrNEeBOAHbIE KOM-
MOHEHTbI.

Mpu noBbiweHnn KoHUeHTpauun NaF elle Ha
nopsigoK CKOpOCTb rmaponuaa 6onblwmrHcTBa cyo-
CTPaTOB CHMKAmacb: MO OTHOLUEHUIO K MOAENb-
HbIM 00BbEeKTaM hepMEHT OCTaBarncs B 30HE aKTu-
BaUMK, a ANsi MHOTOKOMMOHEHTHbIX cybcTpaToB
Habnoganoce MHrMbMpoBaHne, 0COHGEHHO 3ameT-
HOe ONnd ApeBecuHbl, bonee Yem Ha TpeTb.

OHOornKaHasHas akTMBHOCTb npenapara,
namepeHHas ¢ nomolubto Na-KML|, Takke 3aBucut
OT KOHUeHTpauun dptopuga (puc. 2). MNpn HU3KMX
KOHLeHTpauusax conu (8o 50 Mr/n) akTUBHOCTb
CHWXanacb MoYTn B 2 pasa, a npu MOBbILEHUN
ypoBHA NaF po 250 mr/n npoucxoguna peaktu-
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BaUMs SHOOrMOKaHa3. OTa 3aBUCMMOCTb UMeEET
CXOOHbIA XapakTep C aHanornyHbIMu pesyrbTa-
Tamu, MNofyyYyeHHbIMU Ans obwen uennionasHon
aktusHoctu [10], M annpokcumupyeTcs npeano-
XXEHHbIM B TOM Xe paboTe heHOMEHONOrM4ECKUM
ypaBHEeHneMm.

Ona  addeKkTMBHOro rmaponusa CroXHbIX
uennonosocoaepxalmx cybcrtpatoB Heobxoau-
NN «NOSTHOLUEHHbIA» LEenmnonasHbii KOMNMIeKke, B
KOTOpbIN  BXOAAT Kak Npo4YyHocobupyloLmecs
dhepMeHTbl, OTBevalolme 3a paspylleHue Kpu-
CcTannuyeckon uennonosbl, Tak n cnabocopbu-
pytoLLMECSH KOMMOHEHTbI, OCHOBHOM CybcTpaT Ko-
TopbIX — amopdHbIN nonucaxapug [20]. Bo3amox-
HO, adekTopHble cBoNcTBa TOPMAOB MO-
pasHoMy MNpoABNATCA ANnd PepMeHTOB C BbICO-
KO M Hu3Kon adpduHHOCTLIO K cybeTpaTy, u
UMEHHO 3TUM OOBACHAKTCA pa3nuums B Cyb6-
CTpPaT3aBNCMMON aKTMBHOCTU (PEPMEHTHOrO KOM-
nnekca. C Apyron CTOPOHbI, LENnonasHbli KOm-
nnekc T. viride BkNoYaeT, Kak MUHUMYM, NATb 3H-
OOrnoKaHas, KoTopble pasnuyatTcs No MOMeKy-
NApHOW Macce, CTPYKType u cnocobHocTn aacop-
OupoBaTtbcsa Ha cybcTpaTte [21]. HenvHelHbIM Xa-
pakTep 3aBMCUMOCTU 3HAOMMIOKAHA3HOW aKTUBHO-
CTU OT KOHUeHTpaumn NaF Takxe moxeT onpefe-
NATBCA COOTHOLLUEHMEM MPOYHO- M criabocopbu-
pytowmxcsa gepmeHToB ¢ Na-KMLl-asHoln akTus-
HOCTbIO.

Arnnpokcumupyowaa gyHKUMs 3anuceisaeT-
Cs1 BblpaXXeHneM

Akteg =b(1-eCC),
roe a u b — amnnpnyeckne KoadpdUUNEHTHI;
C — koHueHTpaumsa NaF; C, — KoHUeHTpauus

dpTOopMaa, Npu KOTOPOW MHIIMBupoBaHue hepmeH-
Ta MakcumansHo; a = 0,06; b = 1; Cy= 50 mr/n.

150 200 250

KoHueHnTpauusa NaF, mr/n

——3aNNPOKCUMMUPYIOW AR KPUBAA € 3SMNUPUYECKUE 3HAYEHUA

Puc. 2. 3asucumocmsb 3HAo2/10KaHa3Hol akmueHocmu npenapama «lennosupudun M3x»
om KoHueHmpauuu NaF e peakyuoHHoU cpede

Fig. 2. Relationship between the «Celloviridin G3x» endoglucanase activity
and NaF concentration in the reaction medium

DPUINKO-XUMUYECKAA BUOJIOITUA / PHYSICOCHEMICAL BIOLOGY =—————— 265



YawuHa E.P., E¢ppemeHko 3.A., Canoeaposa B.I1. u dp. Mudponus yennonossoi ...
Chashina E.R., Efremenko Z.A., Salovarova V.P. et al. Cellulose hydrolysis ...

[nsi NnpoBepkn 3TOro NPeAnoSyIOKEHUS KOM-
MOHEHTbl (PbepMEHTHOro KoMmmnekca Obinu pasge-
NeHbl No nx adpuHHBIM CBOMCTBaAM Ha TpU OC-
HOBHble chpakuum (puc. 3):

— F1 — 6enku, He copbupyrowmecs Ha HOCK-
Tene u BbIXOAsALME B NMOTOKE MCXOOHON NOABMX-
HoW cha3sbl B AnanasoHe 4—6 mn;

— F2 — cnabocopbupytoLimecs KOMMOHEHTHI,
nokuaawLwme HenoaBMKHYIO daldy cpasdy nocne
CMeHbl antoeHTa (Makcumym npu 30 mn);

— F3 — npoyHocopbupyowmnecsa KOMMOHEHTHI,
BbIXOOALLME U3 KOFIOHKM NOCIe NPOAOSPKUTENBHON

7

F1

Komuenrpaumn 6enka, mr/mn

0 20

F2

a0

OTMbIBKM copbeHTa (70—-72 mn).

YpenbHasa uennonasHas akTMBHOCTb 3TUX
dpakumi bbina HKe, YeM Y UCXOLQHOro npenapa-
Ta B 10-15 pas, Yto 0O6BACHSAETCS HapyLIEHUEM
CMHEprmyeckux B3anMMOCBA3E MeXOy KOMMOHEH-
Tamu LEenminiasHoro KoMmmnekca B pesynbrarte
pasgenennsa. B npucytctBum NaF kaxpas w3
dpakumin xapakrepusoBanacb COOGCTBEHHOW, OT-
MINYHON OT UCXOAHOro (bepMeHTa, 3aBUCUMOCTbIO
OTHOCUTENBLHOW aKTUMBHOCTM OT BuAaa cybcTparta
(puc. 4).

60

O6vem NOABMIKHOR daskl, M

Puc. 3. Xpomamozpamma pa3desieHusi uensnronasHo20 komnnekca T. Viride Ha agpgpuHHoM Hocumene (MKL]).
Cmpenkoli ykazaH MOMeHM cMeHbl MoO8WXHOLU ¢ha3bl

Fig. 3. Affinity chromatography of the T. viride cellulase complex on microcrystalline cellulose (MCC).
The arrow indicates the moment of change of the mobile phase

OTHOCUTENIbHAA aKTUBHOCTb
N

E

®b £ MKL,

F1

[ Conoma

i M

B IpeBecnHa

Puc. 4. BnusiHue ¢pmopuda Ha akmueHocmb aghhUHHbIX ¢hpakyuli Mo OMHOWEHUIO
K pa3HbIM yesronosocodepxawjum cybcmpamam.
Mo ocu opduHam — omHouweHue yennronasHol akmueHocmu
e npucymcmeuu NaF (100 m2/n) kK akmueHocmu 8 koHmpoJie (6e3 gpmopuda)

Fig. 4. Effect of fluoride on activity of affinity fractions in relation to different
cellulose-containing substrates.
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[ByxdaktopHbin PERMANOVA cBugetenb-
CTBYeT, 4YTO BMA cybcTpata n adpurHHbIE CBOR-
cTBa hpakunii 3HAYMMO BIUKAKOT HA OTHOCUTEIb-
HYIO aKTUBHOCTb. B npucytctBum NaF akTMBHOCTb
HecopbupytoLlerocsa komnnekca (F1) goctoBepHo
BblLLE KOHTPONSA MO OTHOLUEHUIO K MOAENbHOMY
(®B) 1 HaTuBHOMY (conoma) cybcTpaTtam C HU3-
KOW CTeneHblo KpuctannuyHoctu. Ons AByx Apy-
rmx cybctpaToB Habniopgaetcs WHrMbuposaHue
depmeHTa Ha 15-20 %. Mo mepe yBenuueHus
adpPUHHOCTY hpakUMiA K Lenmnonose UHrmbupy-
lolee genctene (pTopuaoB ycunveaeTcs, U ak-
TMBHOCTb (ppakuumn F3 cHMXaeTcs no OTHOLLEHMIO
KO BceM cybcTpaTam Ha 35—65 % OT KOHTpons.

[Mony4yeHHble pesynbTaTbl MOXHO WHTEpnpe-
TMPOBaTb C TOYKM 3PEHMSA MNPOTUBOMNOSIOXKHOMO
UNKW, Kak MUHUMYM, pasfnMyHoro Aencteusa ¢To-
puga Ha katanutudeckne n copbuMOHHbIE CBOR-
cTtBa uenntonas. Ecnu npeanonoxutb, 4yto NaF
WMHrMBUpyeT  LEennioNo30CBA3bIBAOWMIA  JOMEH
(UCho) depmeHTa 1 akTMBUPYET KaTanNUTUYECKUN
(KO), 1O bTOPMA-UHAYLUMPOBAHHOE YBENUYEHnE
aKTMBHOCTM bpakumnm F1 no OTHOWEHWMo K cyb-
cTpaTam C MOHWKEHHOW KPUCTanIMYHOCTbIO Len-
nono3bl 06bACHAETCA YCUMEHMEM CMOCOBHOCTM
cnabocopbupylomxca  epMeHTOB aTakoBaTb
amopdHyto uennono3dy 6e3 npoyHon agcopbuum
Ha Heh. [Ons depMeHTOB, paspyLlarowmx Kpu-
CTannuyeckylo uennonosy, obasarensHoe ycrno-
Bue addpekTnBHOM paboTbl — agcopbumsa Ha cyb-
ctpate. Ecnu LUC[H wHrmbupyetca dprtopugom, To
OygeT HabnogaTbCa CHUMXeHue 3hdHEKTUBHOCTH
rmaponuaa: a) BbICOKOYNOPSAOYEHHbIX CcybcTpa-
TOB BO BCex (ppakumsax (Tak kak gons amopgHoOn
uennonosbl HM3Ka, a agcopbumsa Ha cybcTpaTte
nogaeneHa ¢ropuaom); 6) Bcex cybcTtpaToB B
npo4Hocopbupyowenca dpakuun (F3). B crniyyae
HaTMBHbIX CcybCTpaToB Ha 3TW B3aUMOAENCTBUS
HaknagblBaeTCa BAUSHUE NIUTHUHA, KOTOPbLIA CHU-
XaeT OOCTYMHOCTb Lennionosbl Ans epmMeHTOoB.
BeposaTtHo, noatomy rugponus B napax «®Pb-
conoma» u «MKL-gpeBecuHa» B OAMHaKOBbIX
YyCNoBUSAX MAET CcxodHblM obpa3om, XOTd Kpu-
CTanNUYHOCTb LIENMono3bl B HAaTUBHbIX cybcTpa-
Tax Hwke (cM. Tabnuuy). B utore pesynbTupyto-
wun adppekt NaF Ha akTUMBHOCTbL LEensnisasHoro
KOMMnekca onpegenseTcs, C OOHOW CTOPOHbI,
CTENeHbIO KpucTannuyHocTu cybcTparta, ¢ gpyron
— COOTHOLUEHMEM CUIbHO- U cnabocopbupyto-
LLIMXCS KOMMNOHEHTOB B LIENIHONIA3HOM KOMIMEKCE.
B nonb3y aToro ceBuMaeTenbCcTBYyeT Xapakrtep ¢To-
pra3aBUCUMbIX aKTUBHOCTEN oTAeNbHbIX adduH-
HbIX (PPAKLUIA MO OTHOLLUEHUIO K MOAENbHbIM CY6-
cTpaTam (puc. 5).

O6buwasa uenntonasHass WU 3HAOMMOKaHa3-
Has aKTMBHOCTM MOAAaBNSATCA PTOPMOOM HaTpUS
NMPOMNOPLMOHANbHO  YCUMNEHMIO  COPOLIMOHHBIX
cBoNCTB hepMeHTOB. Ecnn Makcumym MHrmbupo-
BaHWS1 9HOOrMIOKAHA3HOW aKTUBHOCTW WCXOAHO-
ro npenapata He npesbilwaeT 45 % (cMm. puc. 2),

TOo Aansa cnabocopbupytowenca dpakumm (F2)
OH cocTaBndet 65 %, a aona npoyHocopbupyto-
wmxcs aHgorntokaHas (F3) — 6onee 90 % (pwc.
5, ¢). Obwasa uennionasHas akTUBHOCTb bpak-
uum F3 Takke CHWXaeTcs B MpUCyTCTBMM hTOpU-
Oa bornee yem B ABa pasa, U 9TOT 3apdEKT Cunb-
Hee nposiBnsetcs ans MKL, (puc. 5 a, b). Hecop-
Bupytowmeca uennonassl (F1) B MeHblien cTe-
neHn uHrmbupytotca otHocutensHo MKL, a no
OTHOLLIEHUIO K OCTanbHbIM cybcTpatam Habnwoga-
eTca aktusmpyowwmii agpdekt NaF: FPA ysenu-
ynBaeTcs bornee 4Yem B TpM pasa Mo CPaBHEHMIO C
KOHTponem (Cm. puc. 5, a), a aHAormnokaHasHas
aKTMBHOCTb Bo3pacTaeT Ha 25-30 % c nocneny-
IOLLMM CHWXEHMEM [0 UCXOAHOro YPOBHS Mpu no-
BblLUEHUMN KOHLEHTpauum dptopmaa go 250 mr/n
(puc. 5, c).

lMocne nonapHoro obbveanHeHns pakumn B
KOMMO3MLMIO, B KOTOPOM OAMH U3 KOMMOHEHTOB —
Hecopbupyownnca pepmeHT, a gpyron — cnabo-
unn  npovHocopbupylowascs  3HAOrMIoKaHasa,
3aBUCMMOCTb aKTMBHOCTM OT KOHUEHTpauum ¢ro-
puga npubnukaetcs (C y4eToM CTaTUCTUYECKOM
MOrpPEeLUHOCTH) K aHamnornyHon 3aBMCMMOCTU WC-
XoAHoro npenapata (puc. 5, d). OgHako npu aToMm
He HabniogaeTca peakTvBaumm depMeHTa, 4To,
BEPOSITHO, CBA3AHO C HEMOJSHbIM BOCCTAaHOBMEHU-
€M SHOOrMKaHasHoro komnnekca T. viride npwm
006beMHEHMN BCETO NULLL ABYX (OPaKLUN.

KauecTBeHHble pasnuuma B 6enkoBoM CO-
cTtaBe appMHHBIX KOMMNNEKCoB Obinu uccnenosa-
Hbol metogoM DSN-anektpodopesa B nonmakpu-
namugHom rene (puc. 6). B HecopbBupytoLencs
(F1) n cnabocopbupytowen (F2) cdpakumsx B 3a-
METHbIX KonmMyecTBax npeobnagaet, cyas no mo-
nekynspHonm wmacce, [B-rmwoko3ngasa (75 kda).
JaHHbIN hepMeHT ruaponnsyeT KopoTKMe Lernno-
onurocaxapugpl M, He UMes LEenmnno30CBA3bI-
BaloLLlero AomeHa, obnagaeT HU3KUM CPOACTBOM
K BbICOKOMOMEKynspHon uenntonose. Kpome uen-
nobuasel 3TU hpakumm cogepxat IHAOMNOKaHa3bI
| n 1l (40-55 k[a), koTOpblE, HECMOTPS Ha Hanu-
yne LICL, poctatodHO nerko gecopbupyroTcs ¢
HepacTBopuMoro cybcTparta. ®pakuua F3 otnu-
YaeTca 3aMeTHbIM COAepXaHvem uennonobuo-
rmgponas | n Il (60-68 k[a) n HM3KOMoNeKynsp-
Hbix 6enkoB (20-25 k[a), BO3MOXHO, 3HAOrO-
kaHa3 |V u/unu V. MNMpeobnagaHne uennobuorna-
pona3 (ocobeHHo CBH |) B cocTtaBe mpo4HOCOp-
OMpyOLLMXCS KOMMIIEKCOB COrnacyeTcsl ¢ npeabi-
OyWMMX fJaHHbiIMM O Bonee cunbHom copbumu
3TNX (PEePMEHTOB Ha HEPACTBOPUMBIX CyOCcTpaTax
Mo CpaBHEHUIO C ApyrnMu Lenntonasamm [22].

Ecnu npegnonoxeHne o NpOTUBOMOMIOXHOM
BnMaHUM NaF Ha katanuTudeckne n copbumoH-
Hble CBOWCTBa Lennonas BepHo, To npeobnaga-
Hue uennobuornagponas (U, BO3MOXHO, HU3KOMO-
NekynspHbIX 9HJornwokaHas) B F3 obbsAcHsaeT
hTOPUA-0NOCPEAOBAHHOE CHWKEHWE AKTUBHOCTU
3TON PPaKLUM NO OTHOLLEHWNIO KO BCEM LIENMono-
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3ocogepXawum cybctpatam, a SOMUHWPOBaHMWeE raHgamu BOMM3W aKTUBHOMO LEHTpa, aHWOH, Be-
uennobuas u cnabocopOupyOLWMXCS 3HAOIIO- POSTHO, MEHSsieT CTeneHb NonsipusaumMm amuHo-
KaHa3 obycnaBnvBaeT NoBbieHne 3phEKTUBHO- KMcnoTHbIX octaTkoB (D, E) n monekyn Bogpl. B
CTW rmaponm3a amopdHor Yactu cybecTpaTa KoM- 3aBMCMMOCTM OT OCOBGEHHOCTEN MPOCTPaHCTBEH-
nnekcom F1. HOW OpraHvM3aumn akTMBHOTO LIEHTPa 3TO MOXeT
BnusHne dTopuaa Ha KaTanuTUyeckum Oo- COMNpoBOXAAaTbCA U3MEHEHMEM aKTUBHOCTU dep-
MEH Lennionas MOXHO OOBbSCHWUTbL ero BMmella- MEHTa, KaKk 9TO NPOWCXOAMWT, Hanpumep, npu ak-
TenbCTBOM B MPOLIECC KUCITOTHO-OCHOBHOIO KaTta- TMBaLUM HEKOTOPbIX a-amunas xnopugom [23].

nu3a: B3anmogencTBysd CO cneumudeckumm nm-
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Puc. 5. ®mopud3aeucumbie akmueHocmu ¢hpakyull, pasnudaroujuxcs adcopbyuoHHbIMU ceolicmeamu
Mo omMHOWeHUIo K HepacmeopuMbIM U 8030pacmeopumMbiM cy6cmpamam
(3a 100 % npuHsima aKkmueHOCMb 8 KOHMPOJIE):
a — yesunona3Hasi akmueHocmb o ¢ghunbmpoeanbHol 6ymaze (FPA); b — yenmmonasHas akmueHocms no MKL;
C — 3HOAo2/1I0KaHa3Hasi akmueHOCmMb omaAesibHbIX hpaKyull;
d — aHdoantoKkaHa3Hasi aKmueHoOCMb 06 bedUHEeHHbIX ¢hpakyuli 8 cpasHeHUU ¢ UCXOOHbIM hepMeHMoM

Fig. 5. Fluoride-dependent enzymatic activity of fractions differing in adsorption property,
in relation to insoluble and water-soluble substrates
(activity in the control study was accepted for 100%):
a — cellulase activity by filter paper (FPA); b — cellulase activity by MCC;
¢ —endoglucanase activity of individual fractions;
d — endoglucanase activity of the combined fractions in comparison with the starting enzyme
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Puc. 6. 9nekmpodghope3s yennronasHbix ppakyuli 8 cpasHeHUU ¢ UCXOOHbIM UeJslTo/1a3HbIM KOMIT/1IEKCOM:
M - mapkepHbie 6enku: 1 — 6b14uli cbiIeOPOMOYHbIU anbbymuH (68 ka); 2 — xonuHacmepasa(Homo sapiens; 58 kja);

3 — TpuncuH (24 kfja); 4 — Jluzoyum (14 kfja).
E — ¢pepmenmHbIlU npenapam:.
BG - B-anroko3uda3sa (yennobuasa); CBH — yennobuozudponassbli:
EG - aHOozntokaHa3sbl | u ll; EGLuw— HUSKOMOEKYIsipHble MUHOPHbIe 3HO02 /10KaHa3bl

Fig. 6. Electrophoresis of cellulase fractions in comparison with the initial cellulase complex.

M — marker proteins: 1 — Bovine serum albumin (68 kDa); 2 — Cholinesterase (Homo sapiens; 58 kDa);

3 —Trypsin (24 kDa); 4 — Lysozyme (14 kDa).
E — an enzyme preparation;
BG — B-glucosidase (cellobiase); CBH — cellobiohydrolases:
EG - main endoglucanases; EG.uw — low molecular weight minor endoglucanases

MexaHnam BnuaHua ¢TOpuaoB Ha copbuu-
OHHbIV LEHTP MeHee o4veBuaeH. M3BecTHO, 4To
apcopbuums uennobuorngponasbl | n3 T. viride Ha
cybcTpaTe ocylecTBNsAeTCHa 3a cYeT B3anMoaewn-
CTBUN MeXAy TpeMs ocTaTkamu TuposuHa LCO n
ocTaTKaMu MKO3bl HA MOBEPXHOCTY LENnosbl
[24]. BoamoxHO, B mpucytcteum Topuaa Hapy-
LIAKTCHA «CTIKMHIM»-B3aMMOAENCTBMA Mexay apo-
MaTUYECKMMM  KOMbLAMW  aMUHOKUCAOT WU Mu-
PaHO3HbIMU KOMNbLAMMN TFIMKO3UIIbHBLIX OCTaTKOB B
cucteme «epmeHT—cybecTpaT», YTO MPUBOAMT K
CHWXXEHWIO KOHCTaHTbl aacopbumm Lennonos.

3AKINKOYEHUE

depMEHTHLIN COCTaB XpomaTtorpaduyeckmx
dpakumin, pasnuyarowmxcsa adodPUHHOCTBIO K Ler-
NoNo3HoMy cybcTpaTy, 3aBUCUMOCTb UX aKTUBHO-
CTEN OT CTEMNEHN KPUCTASNITMYHOCTU LIeNsonosbl 1
cogepxaHua NaF cBuageTenbCTBYOT O TOM, 4YTO
dTOpPNO MOXET OKasbiBaTb pa3HOHaMNpaBiEHHOE
OEeNCcTBMEe Ha aKTMBHOCTb Lenmnas, KoTtopoe
onpegenseTcs COOTHOLIEHMEM B LENonasHoM
Komnnekce HepMEHTOB C BbICOKMM W HU3KUM KO-
acbdpuumneHTom agcopbumm Ha cybcTpate. Yem
cunbHee 3(PPEKTUBHOCTL Pa3NOXeHUa pacTu-
TenbHOro cybcTpata 3aBUCUT OT CMNOCOBHOCTM
depmeHTa agcopbmpoBaTbCs Ha Liennonose, Tem
apye nposaBnseTca WHrMbupylollee [encTeue

dpTopnaa, U HaobopoT — rMapoNM3 amMopdHOW
Lennonosbl, He TpebywLlmniA NPOYHOro B3aMMO-
nevicteust LICL ¢ cybctpaTom, npotekaeT Gonee
appekTnBHO B npucytcteum NaF. B wutore cywm-
MapHbIA pe3ynbTaT OyaeT onpenensiTbCsl cocta-
BOM LEMNmonasHoro KoMMnekca, CTeneHbio Kpu-
CTanNUYHOCTUN LENMno3bl U cogepXaHuem nur-
HWHa B cybcTpare.

B nuTepatype yxe oTMevanocb, YTO UHTEH-
CMBHOCTb pa3fioXeHusi pacTUTEeNbHbIX OCTaTKOB
He 3aBUCUT OT 3arpsi3HeHUs cpedbl COeAVMHEeHUs-
MU ¢pTOpa, HO Ha 3TOT MPOLECC BMAUSET COCTaB
cybctpaTta [25]. C opyron CTOpPOHbI, CTEMNEHb KpU-
CTanfnMYHOCTU HAaTUBHOW LIENNIONO3bl 3aBUCUT OT
TMNa pacTUTEmNbHOW Buomacchl, yBennunBasicb B
paay: TpaBsHUCTbIE pacTeHusa < ApeBecuHa < ny-
OsiHble BOJIOKHA < XronkoBble BorokHa [17]. Mo-
3TOMY HE WCKMYEHO, YTO ANS HAaTUBHbLIX Lienso-
NasHbiX KOMMMEKCOB, NpoAyuupyeMblX MOYBEH-
HbIMW MUKpoMULieTaMu, addheKkTopHasa porb oTo-
pvOoOB B LENOM MOXET OKa3aTbCHA MOMoXuTenb-
HOW, M 3TO KOMMEHCUPYET CHWXKEHME CKOPOCTU
peaykuMn pacTutenbHoro cybcrtpara, Bbi3BaHHOE
HapylleHneM BUOOBOW CTPYKTYPbl MOYBEHHbIX
MUWKOLLEHO30B, ANUTENbHOE BPeEMsi ObUTalLWMX B
YCIOBUSX MOCTOSIHHOIO BO34ENCTBUS a3pornpom-
BbIBPOCOB antoMMHMEBBIX NPOU3BOACTB.
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BnusiHne canuuunara HaTpus

Ha p1M3nonoro-oMoxumMmnyeckme nokasarenm
NPOPOCTKOB NLWEeHULb] NPU AeNCTBUM
TSXKenbIX MeTannoB

© .A. AbunoBa

[arectaHcknin rocygapcTBeHHbIN yHUBEpcUTET, r. Maxadkana, Poccuickas ®eaepaums

Pe3rome: Llenbo Hacmoswel pabomel S6115710Ch U3yYeHuUe 8IusiHUSI cynnbama Kadmus u cyrnbghama YuH-
Ka Ha pocm u pasgumue pacmeHuli nweHuubl msekod (Triticum aestivum L.) copma Mockeuy. [ns onpede-
JNIeHUs1 (hu3u01020-bUOXUMUYECKUX MOKa3amesiel rpopoCmMKO8 U 803MOXHOCMU peaynuposaHus Ux ycmou-
4yueocmbio K Qelicmeuro cmpeccogoeo ¢hakmopa nposodunack rnpedrnocesHass obpabomka cemsiH casnu-
yunamom Hampusi (CNa). CemeHa nweHuysl npopawusasnu e pacmeope 0,1 mM CNa 8 meueHue 3 cymok
npu memnepamype 21-23 °C, 16-yacosom ceemoeom OHe (oceeweHHocb — 3000 sik). Ha 4-e cymku nipo-
POCMKU MepeHoCcUsTU 8 N1acmuKosble KOHmMeUHepbl, 20e OHU Npodosmkanu pacmu 8 KumMamu4yeckol Kame-
pe ¢ nepuodudeckum rnosugom pacmeopamu coneti CdSO, u ZnSO, KoHueHmpauueu 10°-10° M. Ha 7-e
CYmMKU 3KCriepuMeHma y npopoCmKo8 usmMepsisiu O/UHy U CbIpylo Maccy KOpHeeol cucmembi U rnobezos,
aKkmueHoCmb repeKkucHoao okucneHus nunudos (M10J]) u cepmeHma cynepokcudducmymassl (COL) s
Krnemkax Jlucmbes, a makxe codepxaHue rposuHa 8 IUCMbsIX U KOPHSIX MPOPOCMKO8 nueHuUUbl. YcmaHos-
JIeHO, Ymo Ons 8bisi8/IeHUs pasnu4vul 8 delicmeuu UOHO8 KaOMus U YUHKa Ha pacmeHusi NueHuUbl UCMOIb-
308aHUSsI MOMbKO BUOMemMpUYECKUX nokazamesiel HedocmamoyHo. B Hawux uccriedogaHusix rnokasamesnem
paseumusi OKUCIIUMEIbHO20 cmpecca 8 Kriemkax rnpopocmkos nuweHuypsl nod deticmeuem CdSO,4 u ZnSO,
cnyxurno onpedeneHue akmusHocmu [10OJ1 u codepxxaHue nponuHa. lpu 00HUX U MeX e KOHUeHmpauyusix
coneli monbko CdSO, criocobecmeosan ycuneHuro akmusHocmu NOJ1 u obpasogaHuto rnponuHa, 4mo Moaso
6bimb cuaHanom 0ns 3arlycka 3aWumHbix peakyul knemku. Huskas akmueHocms CO/L 6 amux ycrnosusix —
3mo, 803MOXHO, pe3yfibmam moeo, YmMo UMEHHO MPOJIUH yMeHbwaem obpa3oeaHue aKmueHbIX (hopM Kuc-
nopoda nubo nymem obpsiga Kkackada c80600HO-padukarbHbiX peakyud, nubo uHeubuposaHuem hepmeH-
ma CdS0O,. Conb ZNnSO, — MeHee MOKCUYHa, makK Kak 8 duara3oHe mex Xe KOHUeHmpauuli He 8bi3bigaem
yesenudeHusi codepxaHusi npodykmoe 1OJ1 u nponuHa. Jelicmeue CNa Ha amu riokazamernu 3asucesio om
npupodbl MsXxeno2o0 Memarsnia u UHmMeHcuUsHocmu ez2o delicmeusi U npou3eodusio Kak rpo-, mak u aHmuoK-
cudaHmHoe delicmeue, NPo8oUUPYsT OKUCITUMESIbHbIU CMpPecc unu 3awuwasi om Heao.

Knro4deenbie crioga: canuyunam Hampus, NepekucHoe oKuceHue nunudoe, nposuH, cynepokcudoucmyma-
3a, mshxenble Memarniibl

Ungpopmayus o cmamee: [Jama nocmynneHusi 24 Hosibpsi 2019 a.; Oama npuHamus K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ans yumupoeanus: Abunosa I.A. BnnaHue canvumnata HaTpms Ha umaunonoro-bnoxmmmyeckue nokasa-
TEeNn NPOPOCTKOB MLIEHULI NPYU AENUCTBUM TAXKEnbIX MeTannoB. M3secmus sy3oe. [lpuknadHas xumusi
u buomexHornoeus. 2020. T. 10. N 2. C. 274-283. https://doi.org/10.21285/2227-2925-2020-10-2-274-283
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Abstract: The objective of this work was to study the effect of cadmium sulfate and zinc sulfate on the
growth and development of common wheat plants (Triticum aestivum L.) of the Moskvich variety. In order to
determine the physiological and biochemical parameters of seedlings and the possibility of regulating their
resistance to the stress factor, preplanting treatment of seeds with sodium salicylate (CNa) was carried out.
Wheat seeds had been germinating in a solution of 0.1 mM CNa for 3 days at a temperature of 21-23 °C and
under a 16-hour daily illumination of 3000 lux illuminance. On the 4th day, the seedlings were transferred to
plastic containers, where they continued to grow in a climatic chamber under periodic irrigation with solutions
of CdSO, and ZnSO, salts with a concentration of 10°-10° M. On the 7th day of the experiment, the length
and fresh weight of the root system and shoots of the seedlings were measured, alongside with the lipid pe-
roxidation (LPO) activity and the enzyme activity superoxide dismutase (SOD) in the cells of the leaves, as
well as the content of proline in the leaves and roots of wheat seedlings. It has been found that for establish-
ing the differences in the effect of cadmium and zinc ions on wheat plants using only biometric indicators is
not sufficient. In our studies, the determination of LPO activity and proline content served as an indicator of
the development of oxidative stress in the cells of wheat seedlings under the influence of CdSO, and ZnSO, .
At the same salt concentrations, only CdSO, contributed to increased LPO activity and the formation of pro-
line, which could be a signal for triggering the protective reactions of the cell. The low SOD activity under
these conditions is probably resulting from the fact that it is proline that reduces the formation of reactive ox-
ygen species either by terminating the cascade of free radical reactions or by inhibiting the CdSO, enzyme.
ZnS0O, salt is less toxic, since in the same range of concentrations it does not cause an increase in the con-
tent of LPO and proline products. The influence of CNa on these parameters depended on the nature of the
heavy metal and the strength of its action, and produced both pro- and antioxidant effects, both provoking
oxidative stress or protecting against it.

Keywords: sodium salicylate, lipid peroxidation, proline, superoxide dismutase, heavy metals
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BBEOEHUE TM, yyacTtByeT canuuunosas Kucnota — peHonb-
LIMHK 1 KagMU OTHOCAT K OAHOW rpynne xu- HOe coeAMHeHWe co cBoncTBamMm OUTOrOpMOHa
MUYECKUX OSMNEMEHTOB — TAXenblM MeTannam [6-8].

(TM). OBWMM s 3TUX ABYX SIEMEHTOB ABMSET-
cA TO, 4TO GonbliMe [03bl LUMHKA U KagMusa okKa-
3bIBAlOT TOKCUYECKOe AeCTBME Ha pacTeHus, Bbl-
3biBasd obpa3oBaHMe W3OLITOYHOrO KOonMyecTBa
aKkTMBHbIX hopM kucnopoga (APK). Ho ecnn umHk
SBNAETCA MUKPOSNEMEHTOM N B KQ4YeCTBE KOMIMO-
HeHTa paga PEepMEHTHbIX CUCTEM Yy4yacTByeT B
KNEeTOYHOM [ApblXaHun, POTOCUHTE3E, perynupyet
Takume MnpoLecchl, Kak apo-, 3acyxo- U cone-
YCTOMYMBOCTb, YCUIIMBAET POCT KOPHEBOW CUCTe-
Mbl [1], TO KagMUIM HeraTMBHO BMNWUSIET Ha pacTe-
HUA Jaxe B OTHOCUTENbHO HEBBLICOKUX KOHLEH-
Tpauusax [2, 3]. lNokasaHo, YTO MNOBbLILIEHME CO-
JepXaHnst KaaMus BbI3bIBAeT CHWXEHWE TpaHC-
nupauun, HapywaeT paboTy CBETOBOW U TEMHO-
BOM (a3 hpoTOCMHTE3a, YMEeHbLUaeT coaepXaHune
BOAbl B nUCTbsX [4, 5]. B opraHusme pacTteHui
A®K BbIMOMHAKT ABOSAKYIO (PYHKLUMIO: C OLHON
CTOPOHbI, OHM WHULMUPYIOT B KMETKax OKWUCIU-
TenbHbIA CTPEecC, a C Apyron — AeNCTBYIOT B Kave-
CTBE CUrHasbHbIX MOIIEKYM, 3amnyCKalolMX akTu-
BaUMIO afanTBHbIX MEXaHU3MOB, MOBbILLAKOLLNX
YCTOMYMBOCTb pacTeHUin K CTpeccoBOMY hakTopy.
B ponu uHaykTOpa 3alUMTHbLIX peakuun Ha nen-
cTBUe abuoTudecknx akTopoB, B TOM 4ucre u

B cBS3n ¢ 3TUM uUenbio HacToswen paboThbl
ObINO CpaBHUTENbHOE M3YYeHWEe BIIUSHUSA CYrib-
data kagMua u cynbdaTta UMHKA B LUMPOKOM
Avana3oHe KOHLUEeHTpauun (HauvHasi OT MWHK-
ManbHbIX W 3aKaH4YMBas KPUTUYECKUMW NS pocTa
N pasBUTUS pacTeHWi MweHuubl) Ha duranonoro-
Broxummnyeckne nokasarenu NPOpoOCTKOB (MHTEH-
CMBHOCTb MEPEKUCHOr0  OKUCIEHWS  NUNMAOB
(MOJT), copepxaHue NpoOnvMHa, aKTUBHOCTb CY-
nepokcngancmytassl (CO[), pocT KOpHEBOW Cu-
cTembl 1 nobera) n BO3IMOXHOCTU perynnpoBaHus
UX YCTONYMBOCTLIO K JENCTBUIO CTPECCOBOro dak-
Topa nyTeM npeanoceBHon o6paboTkM cemsH
pacTBOpMMON (hOPMON CanMUMIOBON KUCIOTbl —
canvumnatom Hatpusa (CNa).

OKCMNEPUMEHTAJIIbHAA YACTb

OnbITbl NPOBOAUNN C 7-CYTOYHBIMW NMPOPOCT-
Kamn nweHuubl markor (Triticum aestivum L)
copTta Mockeuy. CemeHa npopalumBany Ha unb-
TpoBanbHoM Gymare B Yalkax eTpu B pacTtBope
0,1 mM CNa B TeueHuMe 3 CyTOK Npu Temneparype
21-23 °C, 16-4acoBOM CBETOBOM [AHe (OCBELLEH-
HocTb — 3000 nk). KoHTponem cnyxunu cemeHa,
npopaiimMBaemMble MNpu MONUBE AUCTUNNMPOBAH-
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HOW BOOOW. Ha 4-e CyTKM NPOPOCTKM NepeHoCcunm
B NISIAaCTUKOBbIE KOHTEWHEepbl, r4e OHM NPOAOoITKa-
N pacTu B KNUMAaTUYECKON Kamepe ¢ nepuognye-
CKUM MONVMBOM AUCTUMANMPOBaHHOW BOJOW (KOH-
Tponb) M pactBopamu conen CdSO, n ZnSO,
KOHUEeHTpaumen 10°-10° M. Ha 7-e CYTKWN aKcne-
pumeHTa gencrteme CdSO,4 1 ZnSO, Ha NPOPOCTKM
MWEeHULbl OLleHMBanNu No AfiMHe U CbIPOW Macce
KOpHEBOW cuctemMbl U NoberoB, MO aKTUBHOCTU
MOJ1 n pepmenta CO[Ll B NUCTbAX, coaepXaHuIo
NpOnunHa B NIUCTbAX U KOPHSX.

06 wuHTeHcuBHocTM MOJT cygunu no copep-
XaHuio BTOopu4yHoro npogykta MOJ1 — manoHoBoro
ananbgernga (MOA), KOTOpbIA B KACINOW cpene u
npu BbLICOKOW TemnepaType obpa3syeT OKpalleH-
HblA KOMMJIEKC C TnoOapOUTYpPOBOM KUCIOTOM C
MaKkCMMyMOM nornoLieHnst npu 532 Hm [9]. Okc-
Tpakuuo M onpegeneHne cBobOOHOrO NPonvHa
OCYLLECTBMAANM HUHMMAPWUHOBBIM MeTogom [10].
Onpepenenne aktmHoctn CO[ npoBoaunu no
MeTo4y, OCHOBaHHOMY Ha CNOCOBGHOCTU (hePMEH-
Ta MHrMbmpoBatb (POTOXMMUYECKOE BOCCTAHOB-
NeHne HUTpPOoCcuHero TeTpasonusa [11]. Ons nuayde-
HUsA BnMaHMa CdSO,4 n ZnSO,4 Ha pocToBble NPO-
LecCbl B KaXAoW U3 rpynn M3mepsinv QnnHy u cbi-
pyto Maccy nobera u KopHeBOW cuctembl. B Tab-
nvuax n pucyHkax npuBefeHbl cpegHue apudme-

TUYECKME 3HAYEHWs U WX CTaHZApPTHbIe OLNOKM
no TpeMm He3aBUCUMbIM onbliTaM. [JOCTOBEPHOCTb
pasnuunii oueHuMBanu no kputepuio CTblogeHTa
npu 5%-mM ypoBHE 3HA4YMMOCTW.

OBCYXOEHUE PE3YIIbTATOB

PesynbTatbl ONbITOB No BnAusHMIO conen TM
Ha pOCT M HakonfneHne ©Buomaccbl MPOPOCTKOB
nweHuysl markor copta Mocksuy npeactaBneHbl
B Tabn.1 n 2. bbino ycrtaHoBneHo, 4to CdSO, He
BNUSAMN Ha POCT pacTEHUM, 3a UCKITOYEHNEM KOp-
HEeBOW CUCTEMbI, rde NUHeNHbIe pasMepbl rMNaBHo-
ro KOPHS NPW KOHUEHTpauum conu 10°-10° M
ObINM OOCTOBEPHO BbILIE KOHTPOIBbHBIX 3HAYEHUN
(cm. Tabn. 1). KoHueHTpaumsi CdSO, 10°M u B
Gonbluen ctenedn 10° M okasanu ToKcUueckoe
OencTBne Ha pacTeHus MeHulbl, YTO MposBNA-
nocb B nogaBfeHuuM pocTa M HakonneHuu ouo-
macchl [12, 13].

lMpn pobasneHnn B cpeay BblpallMBaHUS
ZnSO,; OMHaMMKa M3MEHEHMI u3ydaembix napa-
MeTpoB pocTa nobera n KopHs oTnuyanace. Ecnn
npu BCex KOoHueHTpaumsx ZnSO, He BnvAn Ha
ONvHY 1 maccy nobera, TO MO Mepe YBENUYEHUs
KOHLIEHTpaLmm conum ¢ 10°M ao 10 M nuHeliHble
pasmepbl 1 Macca KOPHEBOW CUCTEMbI MOHOTOHHO
yMeHbLlanuck Ha 17 n 50 % cooTBETCTBEHHO.

Tabnuya 1
BnusiHue CdSO, Ha pocmoesbie nokaszamesu 7-OHe8HbIX MPOPOCMKO8 MeHUYbI,
ebIpoCcWUX U3 ceMsiH, o6pabomaHHbix pacmeopamu CNa (0,1 mM)
Table 1
Effect of CdSO, on the growth rates of 7-day-old wheat seedlings
grown from seeds treated with CNa solutions (0.1 mM)
Macca, mr OnuvHa, mm
KoHueHTpaLns GeaCNa | 0,lMMCNa | 6eaCNa | 0,1 mMCNa
CdsoO,,M
lMobea
OuctnnnuposaHHas Boga 79+3,1 80+1,9 152+2,5 159+1,9
10° 88+3,0 96+2,3** 159+3,0 17342,3%**
10° 8113,3 86+4,1 158+3,3 167+4,1*
10" 66+3,3* 63+2,4** 137+3,3* 14142 ,4*
10° 58+2,4* 67+1,2%** 12542 4* 12141,2*
KopeHb

AuctunnuposaHHasa Boaa 48+3,7 57+3,8 137+2,7 148+3,0**
10° 5043,2 60+3,7 15244 ,5* 151+4,4
10° 56+2,5 60£2,5 152£2,7* 161£3,7*
10 51+2,2 51+1,7 102+5,0* 120£3,9%**
10° 24+2 8* 29+0,8* 71+2,0* 59+1,9%**

lpumeyaHue k mabn. 1-4 u k puc.1-4. lNpedcmaesneHbl 0aHHbIe — cpedHee apuMemu4yecKoe OrnbIimo8 C UX cmaH-
GapmHbIMU OwubKamu;

* — cmamucmuyecku docmosepHbie pasnuyus npu P < 0,05 no cpagHeHuUto ¢ UCXOOHbIM YPOBHEM;

** — cmamucmuyvecku docmosepHbie pasnuyus npu P < 0,05 no cpasHeHuto ¢ moll xe cepuel ornbimos, Ho nocre obpa-
6omku 0,1 MM CNa.

Comments to tables 1-4 and to figures 1-4:

The data presented are the arithmetic mean of experiments with their standard errors;

*- statistically significant differences at P < 0.05 compared with the initial level;

** _ statistically significant differences at P < 0.05 compared with the same series of experiments, but after treatment with
0.1 mM CNa.
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Tabnuya 2

BnusiHue ZnSO, Ha pocmoesbie rnoka3damersu 7-OHe6HbIX MPOPOCMKOE NeHUUbI,

eblpocuwux u3 ceMsiH, obpabomaHHbix pacmeopamu CNa (0,1 mM)

Table 2
Effect of ZnSO, on the growth rates of 7-day-old wheat seedlings
grown from seeds treated with CNa solutions (0.1 mM)
K Macca, mr OnunHa, mm
OHUeHTPaLma 6esCNa | 0,1 mMCNa 6es CNa | 0,1 mM CNa
ZnS0O, (M)
lNobee
OuctnnnuposaHHas Boga 79+3,1 80+1,9 152+2,5 159+2,9
10° 81+1,8 80+1,6 156+2,2 158+1,6
10° 81+2,0 79+1,8 155+2,4 158+1,5
10 77+1,5 76+1,7 152+2,0 155+2,2
10 78+1,6 77+1,6 150+1,9 145+1,4*
KopeHb
OunctnnnupoBaHHas Boga 48+3,7 57+3,8 137+2,7 148+3,0**
10° 40+1,4 44412 139+2,9 15042,4**
10° 42411 41+1.4 130+2,1 135+2,7*
10 43+1,2 48+1,5 92+1,6* 10142,8%**
10° 24+0,8* 26+1,1* 4441 6* 47+1,8*

Takum obpasom, pesynbTaTbl, NOSYYEHHbIE
OTHOCUTESNBbHO PasfiM4yHOM OTBETHOW peakuuun no-
OeroB M KOpHeW Ha OEeNCTBME WMOHOB KaaMus 1
LUMHKa, NoATBEpXOdalT WUMEeloWMeca nutepaTyp-
Hble JaHHble O BGorblUe TOKCUYHOCTM KagMus rno
CpaBHEHMIO C LUMHKOM. Takke nokasaHo, 4YTO 3a-
BUCMMOCTb [03a-acpdekt ana CdSO,, HO He ans
ZnSO,4, HOCUT HEMOHOTOHHLIW XapakTep, Koraa
HU3KME KOHLIEHTPAaLMM CONU CTUMYNUPYIOT, a Bbl-
COKMe — MOAaBnsAT POCT U HakonneHne buomac-
Cbl NPOPOCTKOB.

PacteHus nweHunubl, obpabotaHHble CNa 1
Janee noaseprHyTble gencTteuio conen TM, cna-
60, HO pearmpoBann Ha CdSO,; u ZnSO,
(cm. Tabn. 1, 2). B npucytctBumn CdSO, CNa oka-
3blBasi NPOTEKTOPHOE AENCTBME B KOHLIEHTpaLUK
10° M Ha Maccy noberoB U npu KOHUEHTpauuu
10*M - Ha ONNHY KOpHeN, cnocobCcTBys pocTy U
HakonmeHu Guomaccbl NMPOPOCTKOB B GOnbLUen
cTeneHn, 4Yem npu Agencrteum Tonbko CdSO, B
cnyyae 2ZnSO, CNa okasbiBan MNpOTEKTOPHOE
OencTBme TOMbKO Npu KOHLEeHTpaumum 10“ M, ctu-
MYIMPYsa POCT KOPHEBOW CUCTEMbI MPOPOCTKOB.

M3BecTHO, YTO B OCHOBE CTPECCOPHBIX peak-
UM pacTeHun npu gencteum TM nexuTt BO3HUK-
HOBEHWE OKMUCNUTENbHOro crtpecca. B kayectBe
WHOMKATOPHOrO nokasaTens ero pasBuTus B KneT-
Kax pacTeHUn UCMOoMb3ylT onpeaeneHue akTuB-
HocTum MOJ1.

Mpn pencteum Ha pacteHmss CdSO, B KOH-
ueHtpauun 10°-10° M yposeHb MIA B nUCTbsIX
pacteHun yBenuumsancsa B 1,1-1,2 pasa, goctu-
rasi MakCUMarbHOro 1 JOCTOBEPHOrO 3HAaYE€HUS Mo
CPaBHEHWMIO C KOHTPOSIEM MPU KOHLIEHTPaLMK Conm
10° M (puc. 1). B cnyyae ZnSO, BCe [03bl Me-
Tanna He BnusNM Ha uHTeHcmBHocTb [1OJ1, co-
aepxarnne MOA konebanocb BOKPYr KOHTPOMbHbIX
3HaveHun (puc. 2). OBHapyXeHHble pasnuMyusa B

aktneHocTun MNOJI npu gencTBMM conen Kagmus u
UMHKa B BO3pacTaloLlLMX KOHLeHTpauusax Takke
noaTBEPXKAAT MHOrMOYUCINEHHbIE nuUTepaTypHble
OaHHble O OonblUel TOKCMYHOCTM Kagamus Mo
CpaBHEHWUIO C LIMHKOM [14].

O6pabotka CNa He noBnusina Ha YypOBEHb
MOJT B NUCTbAX KOHTPOSbHbIX PacTeHUN, HO W3-
MeHuna ero nocne obpaboTtkm conammu TM. B
cnyvyae LEenCTBUSA HU3KMX KOHUeHTpauun CdSO,
Habnganock AOCTOBEPHOE CHUXKEHME coaepXka-
Hna MOA no cpaBHeHW0 C TOW Xe cepuein Oonbl-
ToB, HO 6e3 obpabotkm CNa. B npwucytctBumn
10° M CdSO, CNa cnoco6cteoBan ewe 60rb-
wemy ycunenuto MNOJN.

CoBmectHoe peunctBue CNa m ZnSO, He
BNuaAno Ha npoueccol OJI, 3a uckniodeHnem
KOHUeHTpaunn ZnSO, 103 M, korga npucytcTBue
CNa cnocobctBoBano 3Ha4yMTeNbHOMY W OOCTO-
BEPHOMY CHWXEHMI0 Ha 25 % copepxaHua MOA B
NNCTbAX MWEHNLbI MO CPABHEHUID CO 3HAYEHUS-
MM, MOMNYYEHHBLIMU TOMBKO NPU AeUCTBUM ZnSOy,
1 Ha 22 % NO CpaBHEHMWIO C TEMU, FAe NPOPOCTKM
nogsepranucb Aencteuto Tonbko CNa.

AktmBauna MOJ1 MOXeT CnyXuTb CUTrHaNOM
ONns 3anycka 3aluTHbIX peakumin knetkn. OgHown
N3 Hecneunduyeckux peakuun B OTBET Ha Aen-
CTBME HeBNaronpuaTHLIX )aKkTOpPOB, B TOM YuUcne
n TM, sBNAeTca NOBbILLEHWE COAEPXaHUSA CBO-
6ooHoro nponuHa — BewecTBa, 06nagaroLLero
NONUMYHKLMOHANbHbIM AeNCTBMEM: MNPOSIUH OT-
BeYaeT 3a aHTMOKCUOAHTHbIE, OCMOMPOTEKTOP-
Hble, LWAanepoHHbIE, CUTHANbHO-PEryNATOPHbLIE U
apyrue yHkumm [15, 16].

PesynbTaTthbl nccnegoBaHnst BIIMSIHUSA KagMus
M UMHKa Ha copep)kaHue cBOOOAHOro nponvHa B
NNCTBAX NPOPOCTKOB MLUEHULbI NPeACTaBneHbl B
Tabn. 3 un 4. CTpecc-3aBUCUMYIO aKKyMYNSLMIO
nponuvHa oueHuBanu nocne 4 cyToKk BblpaliuBa-
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HUS pacteHun B npucyTtctBum CdSO, 1 ZnSO,. wmBaHusa. MakcnmanbHoe cogepkaHue nponvHa
HauunHas ¢ koHueHTpaumm CdSO, 10° M npowuc- Habnoganock NpU KOHUEHTpaLMM Conm 10° M: B
XOOMNoO YBENUYEHWE 3HOOrEHHOro MNpOJinMHa, KO- NINCTBbAX U KOPHSIX OHO ObINO BbILE KOHTPOSbHbIX
Topoe ObINo Tem Gonee 3HaAYUTENbHBIM, YEM Bbi- 3Ha4YeHMIn COOTBETCTBEHHO B 2,6 1 3,9 pasa.

we 6Gbina KOHUEHTpauua KagmMua B cpene Bbipa-

HMONb/T Cbipoii
maccbl
300
280
260 *
240
220
200
180
160
140
120
100
80
60
40
20
0

0 6e3 CNa
E0,1 mM CNa

H,O 107 M 107 M 107* M 1073 M

Puc. 1. BnusiHue CdSO, Ha akmueHocmb [10J1 8 nucmbsix 7-OHe8HbIX MPOPOCMKO8 NMuWeHUUb!
nocne 3-0HeeHoOU 3Kcno3uyuu cemsiH 8 pacmeope CNa (0,7 mM)

Fig. 1. Effect of CdSO,4 on activity of lipid peroxidation in leaves of 7-day-old wheat seedlings
after 3 days exposure of seeds in CNa solution (0.1 mM)

HMOAb/T cbipoi
maccbl

240 -
220 -
200
180 -
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0

O 6e3 CNa
B0,1 mM CNa

107 M 10> M 107*M 103 M

Puc. 2. BnusiHue ZnSO, Ha akmueHocmb 10J1 8 nucmbsix 7-OHe8HbIX MPOPOCMKOE MUWeHUYb!
noce 3-GHegHoU 3kcno3uyuu cemsiH @ pacmeope CNa (0,1 mM)

Fig. 2. Effect of ZnSO, on activity of lipid peroxidation in leaves of 7-day-old wheat seedlings
after 3 days exposure of seeds in CNa solution (0.1 mM)

278 =———= OUIUNKO-XMMUYECKAA BNOJNTIOI'NA / PHYSICOCHEMICAL BIOLOGY



Abunoea I''A. BnusiHue canuyunama Hampusi Ha ¢hu3uos1020-6UoOXUMUYECKUE NoKa3amenu ...
Abilova G.A. Effect of sodium salicylate treatment on physiological and biochemical parameters ...

Tabnuya 3

BnusiHue CdSO, Ha codepikaHue nponuHa (MkM/2 cbipoli Macchbl) 8 MUCMbSIX U KOPHSAX 7-OHE8HbIX
npopocmkoe nuieHuybl nocrie 3-0HeeHoOU 3Kcrno3uyuu cemsiH 8 pacmeope CNa (0,1 mM)

Table 3

Effect of CdSO, on the proline content (uM / g wet weight) in the leaves and roots of 7-day-old wheat
seedlings after 3-day exposure of seeds in CNa solution (0.1 mM)

JlInctba KopHu
KoHueHTpauma CdSO, (M)
6e3 CNa 0,1 MM CNa 0e3 CNa 0,1 MM CNa
OuctnnnuposaHHas Boga 1,46+0,05 1,43+0,05 1,39+0,08 1,49+0,06
10°® 1,50+0,10 1,30+0,07 1,61+0,04* 1,43+0,06
10° 1,69+0,04* 1,59+0,06 1,98+0,06* 1,30+0,16
10" 2,73+£0,06* 6,22+1,65%** 2,52+0,02* 5,00£0,34***
107 3,78+0,21* 7,04+0,14*** 5,36+0,46* 7,44+0,25%**

Tabnuuya 4

BnusiHue ZnSO, Ha codepxaHue nponuHa (MkM/2 cbipoli Macchbl) 8 JIUCMbSIX U KOPHSIX 7-OHe8HbIX
npopocmkoe nuweHuybl nocne 3-dHeeHoOU 3Kcro3uyuu cemsiH 8 pacmeope CNa (0,7 mM)

Table 4

Effect of ZnSO, on the proline content (UM / g wet weight) in the leaves and roots of 7-day-old wheat
seedlings after 3-day exposure of seeds in CNa solution (0.1 mM)

JInctbsa KopHu
KoruenTpauuns ZnS0, (M) 6ea CNa 0,1 MM CNa 6ea CNa 0,1 MM CNa
OuctnnnuposaHHas Boga 1,46+0,05 1,43+0,05 1,39+0,08 1,49+0,06
10°® 1,46+0,03 1,24+0,05%** 1,34+0,10 1,24+0,01**
10® 1,30+0,03* 1,25+0,04 1,51+0,16 1,250,116
10'f1 1,35+0,03 1,34+0,04 1,52+0,07 1,19+0,03***
10°° 1,34+0,04 1,24+0,04*** 2,40%0,20* 1,57+0,15*

M3meHeHne cogepXaHus nponvHa B NUCTbAX
NPoOpoCTKOB Npu gencteumn ZnSO, kKoppenuposa-
Nno ¢ u3MeHeHuamu cogepxanna MOA, korga
C yBenuyeHMeM KOHLIEHTpauuun conu cogepxaHve
aMWHOKUCNOTbI CHWXarnocb, HO He JocTturano

OOCTOBEPHOr0  YPOBHA  pasnuunini. HanpoTus,
B KNeTKax KOpHeBOI7I CuctemMmbl C yBenuye-
HMEM  KOHUEHTpauum CconuM  yBenuMyMsanochb

U codepXaHue NponuHa, KOTopoe MNpPU KOHLEH-
Tpaunmn ZnSO, 10 M 6biro B 1,7 pasa BbllUE KOH-
TPOSIbHOrO 3Ha4YeHus.

OGHapyXeHHble pasnuunst B COAEPXaHUM
nponuHa B npucytcteunm CNa 3aBucenu oT npu-
podbl MeTanna M ero KoHueHTpauuu. Tak, npu
KOHLLeHTpaumsix CdSO, 10° M u Hmwke CNa cro-
CcOOCTBOBaAN  YMEHbLUEHUNK  aKKyMYIMPOBaHUS
NMposivHa, a Npu KoHLEeHTpaumax 10" M v Bbile —
BbI3blBas MPOOKCMAAHTHbIN 3 deKT, cnocobecTBys
ewe GonbleMmy o6pa3oBaHUIO aMUHOKUCIIOTBI MO
CpaBHEHUIO ¢ aencTeneM Tonbko CdSO,.

CNa B pacTeHusix, NoaBEPrHyTbIX OENCTBUIO
ZnSQOy,, HanNpoTMB, OKasbiBarn BIIMUSHUE KaK aHTU-
OKCMAAHT NpU BCeX KOHLIEHTpaLUUaX COMnn, CHUXas
o6pa3zoBaHve NposiMHa B JIUCTbAX M KOPHSAX MLle-
HULBI.

BaxxHyto ponb B 3alUMTe KNETOK pacTeHUn OT
A®K wurpaet depmeHt CO[l. CornacHo nutepa-
TYpPHbIM AaHHbIM, canuuunoBas Kucrnota obecne-
ymBaeT dopMMpoBaHMEe adanTUBHbBIX peakuun

pacTeEHUA NyTEM W3MEHEHUS aKTUBHOCTU psiga
depmeHTOB, B ToM yncne CO[l, npeBpallatoLLero
CYNEepPOKCUAHbIA aHWOH-pagukan B CTabunbHyO
A®K-cbopmy — nepokcua Bogopoda, KOTOpbIN, B
CBOKO OYepenb, OCYLIeCTBNSAET nepegayy crTpec-
COBOro CMrHana B reHom kneTku [17-19].

lMony4eHHble OaHHbIE MoKa3biBalOT, YTO pas-
NNYUIN B UHTEHCUBHOCTM paboTbl hepMeHTa Mex-
Oy OMbITHBIMU N KOHTPOSIbHLIMU BapuaHTamu npu
aevictBun CdSO, obHapyxeHo He Obino (puc. 3).
B npucytctBum xe ZnSO, Habnioganacb uHas
KapTuHa (puc. 4), korga ¢ yBenMyYeHMeM KOHLIEH-
Tpauumu conu aktuHocte CO[l yBennyuBanace, a
Npu  KOHLeHTpaumm ZnSO, 10°M oHa 6bina
Hanbonbwen (B 1,6 pasa Bblle KOHTPOJSIbHbIX
3Ha4YeHun).

Mo-Bugumomy, B cnydae pewncteus CdSO,
NPUYUHON CHWXKEHUs akTmBHoctn CO[L moxeT
ObITb HemTpanu3aums MPOSIMHOM K30bITOYHOIO
KonvMyecTBa CynepoKCUOHOro pagukana, sBrsto-
Lerocs MHOYKTOpOM chbepmeHTa, wunu BblcOKas
YYBCTBUTENMbHOCTb  LUTO30NbHON  M30POpMBbI
Cu,Zn-CO[] k oencTBUIO KagMns, HO He LMHKA.

CNa B onbitax ¢ CdSO, nosbillan akTuB-
HocTb COl Tem Gonblle, YeM Bbillie Oblna KOH-
LEeHTpaumsi Conu, U, HanpoTuBe, B cry4vae ¢ ZnSO,
aktmBHocTb COJl cHwxkamnacb OO YPOBHSI KOH-
Tpons.
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Puc. 3. BnusiHue CdSO, Ha akmueHocmb CO/] (ycn. ed/me cbipoli Macchl) 8 1UCMbSIX MWeHUUb,
eblpocuwux u3 ceMsiH, o6pabomaHHbIx pacmeopom CNa (0,1 mM)

Fig. 3. Effect of CdSO,4 on SOD activity (conventional units / mg wet weight) in wheat leaves grown
from seeds treated with CNa solution (0.1 mM)
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Puc. 4. BnusiHue ZnSO, Ha akmueHocmb CO/ (ycn.ed/m2 cbipoli Macchbl) 8 TUCMbSIX NMWeHUUbI, 8bIPOCWUX U3 CEeMSIH,
obpabomaHHbIx pacmeopom CNa (0,17mMM)

Fig. 4. Effect of ZnSO, on SOD activity (conventional units / mg wet weight) in wheat leaves grown
from seeds treated with a CNa solution (0.1 mM)

3AKNKOYEHUE

MpoBeneHHble MccnegoBaHWst  NO3BONUN
YCTaHOBUTb, YTO pacTeHWs MWeHuLbl copTa
MockBMY MOMNOXWUTENBHO pearnpoBanu Ha npu-
CyTCTBME B Cpefe BblpawmBaHus conn CdSO, B
KoHLeHTpaumsix 10°710™ M. Bonee Bbicokue KOH-
ueHTpaumm CdSO, n ZnSO, MHrMbupoBanun pocT
noberoB n ocobeHHO KopHew. [MoaTomy Ans Bbl-
SIBMEHVS pa3nuuuii B Aeiictaum noros Cd** n zn®*
MCnonb3oBaTh TOMbKO OGMOMETpUYecKkMe nokasa-
Tenu NPOPOCTKOB MLLIEHULbI HEAOCTATO4HO.

Ncxoast M3 gaHHbIX, MOMyYeHHbIX MO U3yye-

Huto aktmaHocTk OJ1, COL0 n copgepxaHns npo-
NMHa, MOXHO cAenaTb BbIBO4 O TOM, YTO KagMuK
aBnsieTca 6onee TOKCUMYHbIM METarnnom, NpucyT-
CTBWE KOTOPOro B Cpefe BblpalliMBaHUs CTUMYMU-
pyeT npoueccol [OJ1. Beicokoe conep)xaHue npo-
nMHa n Hu3kas akTuBHocTb CO[L npu gencreum
CdSO, cBuOeTenbCTBYOT O TOM, YTO WUMEHHO
nponuH nytem ob6pbiBa Kackaga CBOGOOHO-
pagvikanbHbIX peakuun, 3anyckaemblX Cynepok-
cua-pagukanom, nepokcua-pagvkanoMm Unu rua-
poKCUN-paaukanoM, YMeHbllaeT cofepXaHue
A®K [20]. Huskmn ypoBeHb aktuBHocTM CO[l B
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3TUX YCIOBUSAX MOXET OblTb 00YCNOBNEH NHIMOW-
poBaHueM pepmeHTa CdSO,.

ZnSO, — conb MeHee TOKCUYHOro metarnna, B
JnanasoHe KoHUeHTpauumn 10°-10° M He BbI3bl-
BaeT CTpecca Yy pacTeHuUn, 0 YeM CBUAETENbCTBY-
eT HM3Koe coaepxaHue npoayktos NOJT n nponu-
Ha B NUCTbAX MNLIEHULbI. YBENUYEHNE aKTUBHOCTMU
CO[ moxeT 6bITb 06YCNOBMEHO aKTUBMPOBAHNEM
depMeHTa MoOHaMM LIMHKA LIUTO30MbHOM n3odop-
mMbl COl — Cuzn-COL.

MpeanoceBHaa o6paboTka MWeHUUbl pac-
TBOpoM CNa n nocneaywuee gencrsne TM npu-
BOAWNO K M3MEHEHMWIO CYLUECTBYIOLLEro B ONTU-
MarbHbIX YCINOBUSAX BHYTPUKIIETOYHOro GanaHca
MEXOy CKOPOCTbl0 00pa3oBaHusi U paspyLleHust
A®K. CNa B 3aBucumocTn oT npupogbl TM 1 nH-
TEHCUBHOCTM €ro AencTeus NpomM3BoAnI Npo- Unu
aHTUOKCMAAHTHOE [OencTsume, NPOBOLMPYS OKUC-
NUTENbHbLIN CTPEecC unM 3awuwas oT Hero.
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Nony4yeHue HOBbLIX KPEMHUUOPraHNYeCKUX yaoopeHuun
U UX anpoodauus npm moaenMpoBaHuUn

BOOHbIX CTPeccoB

© I'.K0. PabuHosuy, H0.[1. CMupHoBa, H.B. ®omunyea

®dUL «MouseHHbIN MHCTUTYT M. B.B. JokyyaeBa», Mocksa, Poccuiickas ®epepauus

Pe3srome: 3ayacmyto pacmeHus nodeepzaromcsi 8030elicmeuro pe3Kkoz2o USMEHEeHUsT KITUMamu4ecKux ycrio-
sul, komopsbie rnazcybHo ompaxaromcs Ha ypoxae. [lepcriekmugHbiM HarpasneHueMm Ofsi CHUXEHUSI Heaa-
mugHo20 8030elicmausi abuomuyeckux ¢hakmopos Ha pacmeHus S8rsemcsi NMpuUMeHeHUe rpenapamos
KpemHus. Llenbto daHHoU pabombi S675710Ck MOyHeHUe KpeMHulopaaHudeckux ydobpeHul u ux anpoba-
yus npu modenuposaHuu abuomu4veckux cmpeccos 0rd pacmeHuli aposoll MNWeHUYbl. 3a 0CHO8Y Mnosy4e-
HUST HOBbIX KpeMHuliop2aHu4eckux yGobpeHul ¢ 3awumHbiMu ceolicmeamu bbiniu 835iMbl Op2aHu4YecKue
y0obpeHusi, paspabomaHHble 80 Bcepocculickom Hay4yHO-uccriedo8amerisCKOM UHCMumyme Mesuopupo-
BaHHbIX 3eMesib. KOMIocm MHozoueneeo2o HasHaveHuss (KMH) u npodykm cbepmenmauuu (IM1®). Hossie
KpeMHuliopeaHu4eckue y0obpeHus ronydanu nymem 0obasneHusi Memacunukama Hampusi 8 KMH u ® Ha
cmaduu ux dospesaHus 8 konudecmee 3 u 5 % macc. rno SiO,. PacmeopeHue memacusnukama Cornpo8oX-
daniocb akmueHbIMU fpoueccamu Wesl04YHo20 2udponusa, aMMOHUGbuKayuu U HUmpugukauyuu, 8 pesysb-
mame KomopbIX 108bIWANIoCh co0epXXaHUue HUmMparmos, 2yMUHO8bIX KUC/I0M U COeO0UHEeHUU KPeMHUS 8 20-
moebIX KpeMHuliop2aHu4Yeckux y0obpeHusix. Anpobayusi HO8bIX KpeMHulop2aHudeckux y0obpeHuli rnposgo-
ounacb 8 s1abopamopHOM 3KCriepuMeHme nymem mModesnuposaHusi 800HbIX cmpeccos (ocmpbili Hedocma-
mok enaeu u u3bbimoyHas yenaxHeHHOCMb noysbl) 0 pacmeHul Aposol nweHuUUbl copma UpauHa. B
uesiom Haubonbwas rnonoXxumersbHas peakyusi pacmeHull ommMedeHa rpu ucrnonb3oeaHuu yoobpeHul, co-
Oepxkawjux 3 % SiO,. B sapuaHmax ¢ eHeceHUeM Ho8bix yO0bpeHuUl umumuposaHue ocmpoao Hedocmamka
eniazu npusesio K pazsumuro 6osiee MOWHbIX pacmeHul, Xapakmepu3yrUujuxcs He3Ha4YumesibHbIM U3MeHe-
HueM OnuHbI MPOPOCMKO8 Ha (hOHe JOCMOBEPHO20 y8eslu4eHUs1 Ux Macchi (8 cpedHeMm Ha 7—10 % omHocu-
mernbHO Ucxo0HbIx MN® u KMH, He obozauwieHHbIx KpemHuem). ModenuposgaHue ycrnogul u3bbimoyHou
8/1aXKHOCMU 1046bl 8 3MUX 8apuaHmax crocobcmeosarno yeesu4yeHuUl0 ecex buoMempuYecKUX rokalame-
nel 8 cpedHem Ha 6-11 % omHocumersibHO UcX00HbIX 1D u KMH. lNonyyeHHble KpeMHulopaaHudeckue
y00bpeHus npu3ssaHbl yMeHbWamb HezamusHbie abuomu4yeckue 8030elicmeusi Ha pacmeHusl.

Knro4deebie cnoega: kpeMHuliop2aHudeckue y0obpeHus, 2yMUHO8bIE KUCIOMbI, HUMpamai, 800HbIlU cmpecc,
rpopocmku sipo8oll NWeHUUbI, Chipasi U cyxasi Macca

Ungpopmayus o cmamse: [Jama nocmynneHus 27 dekabpsi 2019 e.; 0ama npuHamus kK nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuweHus 30 uroHs 2020 a.

Ans yumupoearus: PabuHosuy IM.10., CmupHoea 0.[., ®omnyesa H.B. MNonyveHne HOBbIX KpemMHunopra-
HMYecKnx ygobpeHun n nx anpobaumsa npu MogenvpoBaHUn BOAHbIX CTpeccoB. M3gecmus 8y3o8. [Npuknad-
Hasi xumusi u buomexHosnoaus. 2020. T. 10. N 2. C. 284—293. https://doi.org/10.21285/2227-2925-2020-10-2-
284-293

Obtaining of new organosilicon fertilisers
and their testing via water stress modelling

Galina Yu. Rabinovich, Yulia D. Smirnova, Natalia V. Fomicheva

Federal Research Center V.V. Dokuchaev Soil Science Institute,
Moscow, Russian Federation

Abstract: Under adverse climatic conditions, plants are often exposed to abrupt changes that negatively
impact on crop vields. In this connection, a promising direction for reducing the negative impact of abiotic
factors on plants consists in the use of silicon preparations. The present study is aimed at the synthesis of
organosilicon fertilisers for spring wheat plants and their testing by means of abiotic stress modelling. As the
basis for the synthesis of new organosilicon fertilisers with protective properties, the multipurpose compost
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(KMN) and fermentation product (PF) developed at the All-Russia Research Institute of Reclaimed Lands
were selected. New organosilicon fertilisers were obtained by adding sodium metasilicate in KMN and PF at
the aging stage in amounts of 3 and 5 % mass. SiO, respectively. The dissolution of metasilicate was ac-
companied by active processes of alkaline hydrolysis, ammonification and nitrification, resulting in the in-
creased content of nitrates, humic acids and silicon compounds in the finished organosilicon fertilisers. The
testing of the obtained fertilisers was carried out in a laboratory experiment by modelling water stresses
(acute lack of moisture and excessive soil moisture) for spring wheat plants of the Irgina breed. In general,
the most significant positive reaction of plants was observed for fertilisers containing 3 % mass. of SiO.,. In
the cases of treatment with new fertilisers, imitation of an acute lack of moisture led to the development of
more powerful plants characterised by a slight change in the length of the seedlings against the background
of a significant increase in their mass (on average, by 7-10 % relative to the initial PF and KMN not enriched
in silicon). Modelling of excess soil moisture in these cases contributed to an increase in all biometric indica-
tors by an average of 6-11 % relative to the initial PF and KMN. Consequently, the obtained organosilicon
fertilisers were experimentally shown to reduce negative abiotic effects on plants.

Keywords: organosilicon fertilisers, humic acids, nitrates, water stress, spring wheat seedlings, wet and dry
mass
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BBEOEHUE

HecTtabunbHble norogHble YCroBUsi, CBA3aH-
Hble C pe3knum NoXoriogaHueMm, 3acyxomn, NPonuB-
HbIMW AOXOAMW, MarnoCHEXHbIMU 3MMaMun SBNSA-
I0TCA CTpeccoBbIMU (hakTopamu A5 pacTeHUMN,
KOTOpble OTpULATENbHO BMAWSAIOT Ha UX POCT, pas-
BMWTUE U B KOHEYHOM UTOre narybHo ckasbiBaloTCs
Ha ypoxae. B cBA3n ¢ 9TuM akTyanbHoe 3HavyeHune
npuobpeTaeT yCWUMNEHUE KOMMEHCATOPHOW CMo-
COBHOCTM CEeNbCKOXO3ANCTBEHHBIX KyNbTyp C Le-
Nbl0 NOBLILWEHMS ajanTauuMm pacTeHWA K BHeLU-
HUM ycnosuaM. OOHMM U3 NepPCneKTUBHBIX peLue-
HUA B JAHHOM HarpaBneHun aBnseTcs npumeHe-
HWe aHTUOEenpeccaHToB W UMMYHOMOOYNUPYIO-
LMX MpenapaToB, K KOTOPbIM OTHOCATCA pasnuny-
Hble CMHTETMYEeCKMe M MpUpoAHbLIE npenapartsbl, B
TOM u4ucne cofepxaiwime KpemMHuin. [loTeHuman
KPEMHUSI NPUBMNEKAET BHUMAHWE Y4YEHbIX BCEro
mupa [1-3].

B kayecTBe KpeMHMEBLIX YyOoOpeHun uc-
Nonb3yT HEKOTOPblEe ropHbIe NopoAbl (AnaToMu-
Tbl U LLEONUTLI), KPEMHUEBYIO KUCINOTY U €e COofb
(MeTacunukaTt HaTpusl), a Takke amMopdHbIA Ou-
okcua KpemHus [4-8]. TpupoaHble WUCTOYHUKM
KPEMHUSI BHOCAT Mpu npeanoceBHon obpaboTke
MOYBbI KaK OTAENbHO, Tak U B CMECU C OpraHuye-
CKMM HocuTenem (Topd, HaBO3, MOMET, canpo-
nenb). Taknme oOpraHoMUHeparnbHble yaobpeHus
obecneynBaloT pacTeHUs NOMHOLEHHbIM Habopom
MaKpo- U MWKPO3NEMEHTOB, CNocobCTBYS MOBbI-
WEeHNO aganTauun pacTeHUn K M3MEHSIOLLMMCS
YCIOBWSIM Cpefbl, YTO BblpaXkaeTcs B CyLLECTBEH-
HOM npubaBke ypoxas CernbCKOXO3ANCTBEHHbIX
KynbTyp [9-11].

CHWHTETMYECKMIA KPEMHUIN UCNONb3YIOT valle
BCcero Ans obpaboTku cemsiH nepen noceBoM U

HeKkopHeBoW 06paboTKM pacTeHWi, YTO OKa3sbiBaeT
CYLLEeCTBEHHOE BNUSIHWE Ha cofepXaHue asoTa U
(HOTOCMHTETUYECKUX MUIMEHTOB B pPacTeHusX WU
cnocobCcTByeT MNOAAEPKAHWUIO NPOAYKTUBHOCTU
pacTeHUn B CTPECCOBbLIX YCMOBUSAX Ha BbICOKOM
ypoBHe [12-14]. CywecTByeT psa KOMMEPYECKnx
XUOKNX npenapaTos, coAaepXalimMx B CBOEM CO-
cTaBe KpeMHuin, — CununnanTt, Muean-Arpo, 9kSi
W Op., NONOXUTENbHLIN 3PEKT OT NPUMEHEHUS
KOTOpPbIX AOBOJSIbHO BbICOK [15—17].

M3yyeHo, 4TO, yyacTBys B chuanonormm pac-
TEHWN, KPeMHUI CnocobCTBYeT YKPEMMEeHWIo cTe-
HOK anuaepMarnbHbIX KNeToK, obecrneymBas XecT-
KOCTb pasfNyHbIX OpraHoB pacTeHus W npenoT-
Bpallas Tem cambiM noneraHue KynbTypbl [1, 14,
15]. OnTMMM3auns KpeMHWEBOro MUTaHWs pacTe-
HWUIA NPUBOAMT K pa3Butuio 6onee MOLLHON KOpHe-
BON CUCTEMbI, YBEMWYEHUIO NIowWagn IUCTbEB,
YCUNEHNIO (POTOCUHTETUYECKNX U (hepmeHTaTuB-
HbIX NpoLeccoB B NUCTbsAX [3, 12, 14, 18].

Takum o6pas3om, oueHMBasi WMeloLmecs
HayyHble HapaboTku, crieayeT NMoaYepKHYTb, YTO
NPUMEHEHNE KPEeMHWUS B TEXHOMOrmsax BO3Aenbl-
BaHUS CENbCKOXO3ANCTBEHHBLIX PacTEeHUN MO3BO-
nseT NoBLICUTb UX YCTOWYMBOCTb K CTPECCOBbLIM
YCINOBUAM, pe3ynbTaToOM Yero SiBNSATCA BbICOKME
ypoXxau KynbTyp.

Llenbto gaHHOM paboTbl ABMANOCH Monyye-
HME HOBbIX KPEMHUMOPraHW4Yeckux ygobpeHun u
ux anpobaums npu MoAenuposaHunM abuoTude-
CKMX CTPeCCOoB ANdA pacTeHU SpOBOK MEHULbI.

QKCNEPUMEHTAINBbHAA YACTb

3a OCHOBY MOJTyYEHUs] HOBbLIX KpeMHUopra-
HUYEeCKMX yaobpeHuii ¢ 3aluTHBIMU CBOMCTBaMM
ObIN B3ATbI ABA OpraHN4eckux yaobpeHusi, pas-
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pabotaHHble BOo  Bcepoccuiickom  Hay4yHO-
nccrnegoBaTenbCkOM WHCTUTYTE MEenMopupOBaH-
HbIx 3emernb (BHUMMS3): komnocT MHOrouenesoro
HasHauyeHnss (KMH) wn npoaykt depmeHTaumm
(M®). KMH nony4atoT aspobHon TBepaodasHom
dhepMeHTaumMen opraHM4ecKkoro cbipbs (MTUYBLETO
nometa, Haso3a KPC u Topda, nateHT PO
2598041), MN® — a3pobHo-aHaspobHOM TBEPOO-
dasHon depmeHTaumenn Haso3a KPC u Topdha
(nateHt P® 2365568). Ob6a ynobpeHus umetoT
paccbinyaTylo CTPYKTypYy, B CBOEM COCTaBe Co-
aepxaT pasnnyHylo MMUKpOriopy, 3NeMeHTbl nu-
TaHus, OU3MONOTMYECKM aKTMBHbIE BeLlecTBa M
XapaKTepusylTca CaHUTapHO-anuaemMmnonornyec-
KOW YNCTOTOWN.

McxogHasa xapakTepucTuka yaobpexHmin KMH
n NP, npuMeHsieMbIX B AaHHOM UCCNe0BaHNN:

KMH:

— BNaXxHocTb — 60 %;

— Nogw, — 1,97+0,07 % a.c.B,;

- P,05 - 2,264£0,11 % a.c.B.;

- K,O —-1,93+0,08 % a.c.B.;

- C—21,541,3 %;

- pHKCI - 6,08i0,03,

—obwee MukpobHoe umcrno (OMY) —
5-6-10° KOE/T;

Mo:

— BMNaxHocTb — 63 %;

— Nogy, — 1,13+0,04 % a.c.B,;

- P205 —1,70+0,09 % a.c.B.;

- K,O-1,4+0,08 % a.c.B.;

— C —29,041,6 %;

— pHkc — 6,77+0,05;

— OMY — 7-8-10° KOETr.

B kayecTBe WCTOYHUKA KPEMHUS MCMOMb30-
Bann BOAOPACTBOPUMYK COMb KPEMHUSA — MeTa-
cunukat HaTtpusa (Na,SiO;x5H,0), ¢ coaepxaHu-
eM okcuaa kpemHus (SiO,) 28 %.

MonyyeHne HOBbIX KPEMHUAOPraHUYECKNX
yaobpeHui ocylecTBnsanM nytem gobaeneHus
meTacunukaTta Hatpua B KMH un IMN® Ha ctagmn mx
003peBaHust: B ygobpeHust BHOCUM MeTacunmkar
HaTpus, TWaTeNbHO NepemMeLLmBan 1 OCTaBnsm
00 TMOJIHOTO PacTBOPEHUsT MOCMNenHero, 3aTem
CHOBa TLaTenbHO nepemelwimBanu. [1o3bl BHOCU-
MOro MeTacunvkata HaTpus onpeaensnu, onvpa-
SICb Ha NnMTepaTypHbIe JaHHbIE, C Y4ETOM BbIHOCA
kpemHus (B Buge SiO,) pacTEHMAMU U3 NOYBEHHO-
ro pacrtBopa. WccneposBanu no pgBa obpasua
KpEMHUMOpraHMyecknx yoobpeHuMn Ha  OCHoO-
Be KMH u lN® — ¢ copepxaHnem 3 n 5 % macc.
SiO,;, 4TO COOTBETCTBOBAfI0O  COOTHOLLEHWUIO
KMH unu MN® k metacunukaty Hatpusa 1:0,11 un
1:0,18 (macc.). Obpasupbl HOBbIX KpEMHUIAOPraHW-
yecknx ypobpeHun nonyyanu asaxabl. Kaxpas
nonyyYyeHHas napTus aHanusmpoBanacb Ha psg
arpoXMMUYecKMX M BMOXMMUYECKUX MoKasaTernen
B TPEXKpaTHOW aHanuMTU4YecKoW MOBTOPHOCTU:
pHkc (TOCT 27979-88); copepxaHue obLiero

asota (TOCT 26715-85), HutpatoB ([OCT
27753.7-88) n rymuHoBbix kucnot (FTOCT 9517-
94); BenuWYMHYy [JermgporeHasHon aKTUBHOCTU
(MeTogbl MOYBEHHOM MUKpobUuonormn n Guoxu-
muun, nog pea. O.I'. 3earnHueBa, 1991). CrtaTu-
CTMYeckyto 06paboTKy MOMyYEeHHbIX AaHHbIX Npo-
BOAWMNN, WUCMONb3yA 3feMeHTbl BapuauUoHHOM
CTaTUCTUKN: cpeaHeapudmMeTUieckme 3HadYeHns n
CTaHOapTHble OTKITOHEHUS KOHKPETHbIX nokasaTe-
newn (o6bem BbIOOPKN N = 6).

Kaxgyto 13 gByx napTUn HOBbIX KPEMHUIAOP-
raHn4eckux ygobpeHun anpobupoBanu B nabopa-
TOPHOM 3KCMEPMMEHTE MO BbIPALUBaHUIO pacTe-
HUN APOBON MeHULbl copTa VpriHa B yCrnoBusix
MOOEeNMpPOBaHMs CTPECCOBbLIX hakTopoB. [ns aTo-
ro MOAroTOBIIEHHYID OEPHOBO-MOA30SIUCTYIO MOY-
BY, UMEIOLLYID arpoOXMMUYECKYID XapaKTepUCTUKY
— pHke - 4,36%0,03; P,Os5 — 222413 wmr/kr;
K,O — 14549 wmr/kr; Nnr. — 583 wmr/kr; rymyc —
3,0+0,2 %, packnagbiBanu B MracTUKOBbIE KOH-
TenHepbl No 150 r 1 yBRaKHANM 4O ONTMMAaribHON
BnaxHoctn — 70 % ot HB. B noysy BHOCWMAM HO-
Bble KPEeMHUIOpraHmyeckne yaobpeHus, a Ttakke
ncxogHele KMH un MN® un3 pacyera 12 T/ra (co-
rMacHo ykasaHmam no npumeHeHnio KMH gns
OaHHoM KynbTypbl no TY 9841-003-00668732-
2011). B kaxapln KOHTenHep cesnu no 21 wrT. ce-
MSIH SpOBOM MweHuubl (3 pagka no 7 CemsH),
0e3MHPMLMPOBaHHbIX 1%-M pacTBOPOM MapraH-
ueBokucrnoro kanusa. B kavectBe npenapaTa
CpaBHEHWsI NCMONb30BanNn MeTacunukaT HaTpus B
KonuM4ecTBe, paBHOM €ro BHECEHWI0 C COOTBET-
CTBYHOLUMM HOBbIMU yaobpeHuamu. KoHTponem
cnyxun BapuaHT 6e3 yaobpeHus. BoipawimsaHue
pacTEHU SPOBOM MLUEHWLIbI NPOBOAUNN B Teue-
HWe 2 Hegenb. [N kaxgon napTuM HOBbIX Kpem-
HUAOpraHM4ecknux yaobpeHun akcnepuMeHT 3a-
KnagblBanu B TpEXKpaTHOM NOBTOPHOCTU.

MogenupoBanu criegylolne  CTpeccoBble
dakTopbl:

— OCTpbI/i HEQOCTaTOK Bnaru (3acyxa), KoTo-
pbli MMUTUPOBaNM MNyTeM MpeKpalleHus nonvea
pacTeHun Ha 5-e CyTKM Mocre nocesa; CTpecc
npogorpkanu [O Havana YyBSiAaHUS pacTeHuw,
3aTem no4sy yBnaxHsnu o 70 % ot HB;

— n36bITOYHOE yBRaxkHeHVe B (pa3y BCXOAOB
(Ha 5-e cyTkM nocne nocea) nNyTem AOMOSHU-
TEnbHOro MNosnMBea; cTpecc MMMTUpoBanu oo obpa-
30BaHUSA HEMCYE3AKLLEro Crnosi BOAbl HA MOBEPX-
HOCTM MOYBbI.

Bbin npeaycMoTpeH 6ok BapuaHTOB Bbipa-
LUMBaHMSA SpOBOM MNweHuLbl 6e3 BogHOro cTpecca,
B KOTOPOM MOOAEPXMBANU 3afaHHbIi YPOBEHb
BNaXXHOCTW MOYBbI.

OueHKy adh(peKTMBHOCTM HOBbIX KPEMHUOP-
raHnyeckux yaobpeHuii nposBoaunu nytem onpe-
JeneHns OnvH NPopOCTKOB, CbIPON U CyXOW Mac-
Cbl pacTEeHUN.

Cratuctnyeckas obpaboTka NONy4YEHHbIX pe-
3ynbTaToB (06bEM BbIGOPKM N = 126) BkMoyana
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onpegeneHne cpegHeapudMeTUYECKNX 3HAYEHWN
nokasaTenew, NpoBegeHne ogHoakTopHOro auc-
NMEepPCMOHHOro aHanm3a ¢ BbliuucrieHnem HCP npu
5 %-M ypOBHE 3HA4YMMOCTU 1 OLWMOKK onbiTa P.

Cratuctmnyeckyto 00paboTKy 3KCNepuUMeH-
TanbHbIX OAHHbIX NPOBOAMMAM C MOMOLLLIO MakeTa
nporpamm Microsoft Excel 2003 un STATGRA-
PHICS Centurion XVL.II.

OBCYXOEHUE PE3YIIbTATOB

OCHOBY MONy4YeHUss HOBbIX KPEeMHWUAOPraHu-
Yeckmx ygobpeHun cocTaBnsano B3aumMogencTane
opraHuyeckux yaobpexHuin KMH u IMNM® Ha ctagum
O03peBaHNsl C MeTacuMKaToM HaTpwsi, 4YTO CO-
NPOBOXAanocb pacTBOPEHMEM MOcnefHero ¢ 06-
pa3oBaHWEM OKCuAA KPEMHUS U LLENOYMK:

Na23i03 + H,O — NaOH + S|Og + H,0.

B pesynbtaTe npoucxogmno oulenadvsaHue
nonyyaemblX KpeMHUAOPraHn4eckux yaobpeHui:
yXe yepes CyTkv Habnioganocb nosbiEHWE BO-
AOpoAHOro nokasatens Ao 12, a cnycta mecsy
npousoLuna crabunusauma NpPoayKTa, U 3HaYeHne

pH ycTaHoBuMnock Ha ypoBHe 10 (Tabn. 1).

Peskoe nameHeHne ypoBHs pH npmBoauno k
LLEeNOYHOMY Maponu3y, B pesynbTaTe KOTOPOro
NMpOU30LWLNIO 3HAYUTENbHOE YBENMYEHUE Copep-
XaHUs1 TYMWHOBBIX KUCIIOT B KpeMHWAOpraHu4e-
ckux ygobpeHusx. Ha puc. 1 npegctaBneHo co-
JepXaHne ryMUHOBBIX KUCMNOT B yAobGpeHusix B
BUae cpeaHeapudMETUYECKNX 3HAYEHUA CO
CTaHOapTHbIM OTKIMOHEHMEM, N = 6.

M3BecTHO, YTO ryMUHOBbIE KUCMNOThI CNOCO6-
Hbl CHUXaTb BNUSHME Ha pacTeHuss abuoTnyeckux
CTPEeccoB, B 4aCTHOCTHU, 3acyxu, 3aMopo3koB [19,
20]. B paHHOM cny4ae OHU BbICTYNatT Kak TpaHc-
MOPTHBIN HAacoc, CBA3bIBasCb C HeobxoaumbiMU
anieMeHTamMun nuTaHusa 1 obrerdyas Mx MPOHMKHO-
BEHWE B pacTeHuUs.

C yBenuyeHmem [03bl BBEAEHHOIO MeTacu-
nvkaTa HaTpusi KONMMYECTBO FYMUMHOBBIX KWCNOT
BO3pacTano, UenomM ux cogepxaHue 6bino 6onb-
e B HOBbIX yoobpeHusix Ha ocHose [P, makcu-
ManbHOe coaepXaHue oTMedanu npu BHECEHUM
5 % SiO; — 13,38 %.

Tabnuuya 1

Azpoxumuyeckasl xapakmepucmuka yoo6peHull

Table 1

Agrochemical characteristics of fertilizers

BapuanT oH Nogu % NO3, Mr/:; BCnBepecque
yROGpeHus 1 cyT. 1 mec. 1 cyr. 1 mec. 1 cyr. 1 mec.
KMH 6,08+0,03 6,13+0,02 1,97+0,07 2,25+0,11 18424124 20831129
KMH + 3 % SiO, | 12,12+0,03 | 10,08+0,02 1,64+0,06 1,73+0,04 2218+146 2612+96
KMH +5 % SiO, | 12,69+0,05 | 10,16+0,03 1,49+0,06 1,95+0,07 2512+106 2712+118
ne 6,77+0,05 6,53+0,03 1,13+0,04 1,23+0,07 545+41 62950
MNe + 3 % SiO, 12,07+0,04 9,93+0,05 1,04+0,04 1,07+0,03 116379 12734112
MNe + 5 % SiO, 12,76+0,03 | 10,24+0,04 0,88+0,02 1,11+0,03 1395475 14854107

lpumeyaHue. lNpedcmaesneHbl cpedHeapughMmemuyecKue 3Ha4YeHusl rnokazamesiell co cmaHOapMHbIM OMKIIOHEHUEM,

n==6.
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Fig. 1. Humic acid content in fertilizers
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MoMymo 3TOro B3aMMOAEWNCTBME WMCXOAHbIX
KMH u Mo (3gecb 1 ganee nog uexogHbimmn KMH
n N nogpasymeBatloTcs opraHudeckue ygobpe-
Hna KMH u T®, HeoboralleHHble KpeMHUEM) C
MeTacunMkaTtom HaTpus COMpOBOXOANocb pes-
KMM3anaxoM aMMmuaka, 4To CBMAETENbCTBOBAaro
06 aKkTMBHO MayLmMx npoLeccax aMmmoHuurkauuu.
[MpoBedeHHbIN Ha crneaylwnini AeHb nocre cme-
LUMBaHNSA arpOXMMUYECKUI aHanu3 nokasar, 4YTto B
HOBbIX YOOOpPEHUAX CHU3UNOCL coaepxaHue o6-
Lero asoTta no cpaBHEHMO C ucxogHbiMm KMH un
[M®, HO NpM 3TOM BO3POCIIO KONMMYECTBO HUTPATOB
(cm. Tabn. 1). 3To CBMAETENBLCTBOBAIO O TOM, YTO
YacTb aMMOHWWHOIO asoTa, obpasoBaBLlascs B
npowuecce amMmMmoHudukauumn, yyactsoBana B npo-
uecce HUTpUdUKaLmm, a YacTb — yneTyymBanacs.

M3BecTHO, YTO B OCHOBE HUTpUdUKaLUK ne-
XUT OerngpupoBaHne ammuaka, ocyliecTBnse-
Moe (hepMEHTOM [eruaporeHason’. AKTMBHOCTb
yka3aHHoOro pepmeHTta B uccnegyembix ygobpe-
HMAX pesko yBenuuueanacb. B HoOBbIX yaobpeHu-
51X Ha ocHoBe KMH gernaporeHasHas akTMBHOCTb
Bo3pacTtana ¢ 3,5+0,2 go 33,2+1,4 mr TOD/r/24 4
n 38,1+1,6 mr TO®/r/24 4 (gnsa 3 n 5 macc. % co-
OTBETCTBEHHO), @ B yaobpeHusix Ha ocHoee MNP —
¢ 5,610,3 go 33,6%+1,3 mr TO®d/r/24 4 npn godas-
nexdun 3 % macc. SiO, 1 go 44,2+1,5 mr ToOd/r/24
4 npu gobaeneHmmn 5 % macc.SiO,.

B pesynbrate npoucxogsawmx B yoobpeHumax
npoLeccoB TpaHcopMaumm CHUXEHNE coaepKa-
HMa obwero asota obpaTHO NPOMOPLMOHANBHO
3aBUCENO OT konmyecTBa 00OaBNEHHOro okcuaa
KpeMHust — oT 5 % macc. cHuxeHue 6bino 6orb-
we, Yyem oT 3 %, M HA0BOPOT, KONMMYECTBO HUTPa-
TOB yBeNnnuMBanocb C Bo3pacTaHuem [03bl MeTa-
cunukaTa (cm. Tabn. 1).

Mockonbky TexHonorun npomssogcTsa KMH
1 N HeckonbKO OTNMYAKTCA, U U3HaYanbHO Npu
nonydyeHum KMH ucnonb3oBancs KypuHblIA NOMET,
cofepxaHue obLlero asota v, B 4YaCTHOCTU, HUT-
patoB, B KMH 6bIno cyLiecTBeHHO Bbille, YeM B
M®. Mpu aToM B KPEeMHUNOPraHN4Yeckux yaobpe-
HUSAX Ha ocHoBe P oTmeuanu 6onee 3HaUMTEb-
Hoe yBenuyeHue (~ B 2,0-2,5 pasa) cogepxaHusi
HUTpaToB Nno cpaBHeHuo ¢ 30 %-M UX NPUPOCTOM
npyu MNONYYEHUN HOBBLIX YAOOPEHMI Ha OCHOBE
KMH. lMNoBbilweHne coaepXaHns HATpPATOB yCUNu-
BaeT 3aluTHble CBOWCTBA MoryyYaemMblx yaobpe-
HWA, MOCKOMbKY HUTpaTbl ABMSAITCA BaXHEWLLUM
KOMMOHEHTOM MWUTaHUA KynbTyp W NO3BONSAOT
pacTeHWsiM nerye nepeHecTn HeraTMBHOE BO3-
OencTBme CTpeccoBbiX DakTOpPOB.

KoppensumoHHbln  aHanu3  noAaTBepaun,
4YTO NpU  NONMYYEHUN  KPEMHUMNOPraHNYECKUX
yoobpeHuii kak Ha ocHoBe KMH, Tak 1 Ha ocHoBe
M® cogepxaHne HUTPATOB HAaXOAWIOChH B JIMHER-
HOW 3aBUCMMOCTM OT AerngporeHasHon akTUBHO-
CTW, KO3(PULMEHT KOppenauun cocTaBnsan

r=0,99 (npu p < 0,05).

Takum obpasom, BBeJeHWE B UCXOAHbIE Op-
raHnyeckue yaobperHms KMH un MNd metacunukarta
HaTpus ycunueano npoueccbl aMMoHUduKauum n
HUTpudmKaumm, cnocobCcTBOBANO OLLENAYNBaAHNIO
yaobpenuii. B pesynbTtate 6binv NonyyYeHbl KpeMm-
HUMopraHmyeckne yaoobpeHust C MOBbILLEHHbIM
coaepXXaHMeM HUTPaToB, TYMMUHOBBIX KUCMOT W
coeanHeHun kpemHusa. MNpu cTpecce y pacTeHui
3anyckaeTca psag  Guoxumudecknx — peakuun,
HanpaBfieHHbIX Ha CHWXEHWEe HeraTMBHbIX BO3-
OeVcTBUA, Tpebylowmnx AOMOMHUTENbHbLIX 3aTpar
Ha MUTaHWe W 3HEepruo, KoTopble U MpPU3BaHbI
KOMMNEeHCUpOoBaTb MNOSy4YeHHbIE YyA0OpeHus.

O dhekTMBHOCTL BO3AENCTBUSA Ha pacTeHust
HOBbIX KpEeMHWUopraHMyeckmx ypobpeHun uene-
coobpas3Ho oLeHuBaTb, CpaBHMBAsS BapuaHTbl KX
NPUMEHEHNS1 C COOTBETCTBYIOLLMMU BapuvaHTaMu
BHeceHus ncxogHbix KMH v MN®. MNpeasapssa ge-
TanbHbIA  a@Hanu3 MNoNnydYeHHbIX pe3ynbTaTos,
HeobxooMMO OTMETUTb, YTO npumeHeHne KMH un
HOBbIX yOobpeHun Ha ero ocHoBe CrnocobCcTBOBa-
no Goree BbLICOKMM 3HA4YeHWsIM BCeX uccnepye-
MbIX BMOMETPUYECKNX MOKa3aTenemn ApoBoOw Mniie-
HWUUBI, YTO, BEPOSATHEE BCEero, CBA3aHO C MOBbI-
LWWEeHHbIM CcoAepXaHWeM HUTPaTOB B YKa3aHHbIX
yaobpeHunsix.

be3 mMopgenupoBaHuA CTpeccoBbiXx BO3gen-
CTBUIA BHECEHWE KpPEMHUAOpraHM4eckux ynobpe-
HUA NPUBENO K YNy4YLLIEHUI0 BMOMETPUYECKNX No-
KasaTenem nueHunubl, OCOBEHHO CbIpOM Macchl
npopocTkoB. HoBble ygobpeHus Ha ocHose [
nokasanu Hambornee CylWeCTBEHHOE YyBenuyeHune
AaHHoro nokasatens — 9—10 %, No OTHOLWEHWIO K
ucxogHomy d. B cooTBeTCTBYWOLWNX BapuaHTax
Habnganocb yBenMYeHWe U CyxOW Macchbl npo-
POCTKOB, HO [OOCTOBEPHOW pasHULbl MexXay Ho-
BbIMU YyOOOPEHMAMU U UCXOOHBIMW HE OTMevanw.
3HauuTenbHbIEe MPUPOCTLI CbIPOM Macchl NO Cpas-
HEHMIO C CYXOM MOXHO OOBACHUTL TEM, 4YTO B
pacTUTENbHOW KNeTKe KpPeMHUA obpasyeT rmgpo-
PUNbHbIE  CUNMKATHO-FaNaKkTO3HblE  KOMIMIIEKCHI,
CBA3bIBaOLWME CBOOOAHYD BOOY U TEM CaMbIM
noBbiWaWmne BOAOYAEPXKMBAIOWYIO  CMOCO6-
HOCTb KIETKU U pacteHus B uenom [1, 3]. Uccne-
JOBaHHble OGuomeTpuyeckme nokasaTenu npo-
POCTKOB MLUIEHULbI NpeacTaBneHbl B Tabn. 2, roe
NPUHATBLI  COKpALLEeHUs: ONTUM. BRaxH. (onTu-
MarnbHas BNaXHOCTb) — BblpalluBaHue pacTeHui
npy ONTUMAanbHOW BF&XHOCTM MOYBbI; HEOOCT.
BNaxH. (He4ocTaTo4yHasi BMaXHOCTb) — Bblpallu-
BaHMWE pacTeHWA MNpu OCTPOM HepocTaTke Mou-
BEHHOM Bnaru; u3dbIT. BNaxH. (M3ObITOYHAA
BNaXXHOCTb) — BblpallMBaHNE PaCTEHUN MNpU U3-
ObITOYHOWN NOYBEHHOW BITAXXHOCTMU.

MmutnpoBaHne oCTporo Hegocratka Bna-
M BU3yanbHO 3aMETHO OTpasunocb Ha pacTe-
HUSX MLUEHULIbI U BO BCEX BapuaHTax NpuBeno K

' Arpoxumus / B.A. AroguH, M.M. CmupHos, A.B. MeTtepbyprckmn, X.K. Acapos, B.A. lemuH, B.H. Pe-
LLEeTHUKOBA: Y4ebHMK Ansi CTyQeHTOB BY30B; 2-€ u3fg., nepepab. n gon. M.: Arponpomuagat, 1989. 639 c.
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BuomempuyecKkue rnokazamersiu npopocmMKoe sApPoeoll NeHUYbl

Biometric indicators of spring wheat seedlings

Tabnuua 2

Table 2

CpenHsasa onuHa CpepnHsia cbipast macca CpepnHsia cyxasa macca
B 1-ro npopocTka, cM 1-ro npopocTka, X101 1-ro npopocTka, x107°r
apuaHT
P ONTMM. | HeOoCT. | M30bLIT. | onTUM. | HegocT. | M3bbIT. | ONTUM. | HedoCT. | W36bIT.
BNaXH. | BNaxH. | BNaXH. | BRaXH. | BMAaXH. | BNaXH. | BMaXH. | BMaXH. | BRaxH.
bes _ 21,7 19,7 22,0 106,7 97,6 118,1 12,1 10,3 13,5
yaoopeHun
KMH
o 23,7 22,1 23,6 139,0 124,8 160,0 14,2 12,7 16,1
NCXOAOHbIN
0,
g'ileH *3% 23,6 21,8 25,4 1429 137,6 176,7 14,5 13,6 16,8
2
0,
g'ileH +5% 23,0 21,0 24,8 141.,4 1241 164,8 14,3 12,6 16,5
2
ne o 22,1 20,3 22,1 120,5 106,7 131,1 13,7 11,8 14,5
NCXOAOHbIN
Mo + 3 % SiO, 22,3 20,5 23,8 131,4 114,3 144.,6 13,9 12,5 16,1
MNne +5 % SiO, 22,5 20,6 23,3 132,9 115,7 140,8 14,1 12,7 15,4
MeTtacunukat
HaTpusa 21,9 20,7 22,0 116,2 112,9 133,3 13,1 12,0 14,7
3kB. 3 % SiO,*
MeTtacunukat
HaTpusa 22,0 20,6 22,7 117,1 111,4 131,4 13,5 12,0 14,0
3kB. 5 % SiO,**
P, % 2,37 2,14 2,33 2,84 2,56 2,82 3,02 2,87 3,25
HCPys5 1,23 1,11 1,30 8,76 7,24 9,57 0,68 0,57 0,75

MpumeydaHue. MpedcmaeneHsl cpedHeapugpmemudeckue 3Ha4eHUs nokasamesed, n = 126;

* — 0o3a Memacunukama Hampusi, 3KeUsasieHmMHasi 20 8HECEHUIO C HO8bIMU yO0bpeHusMU, codepxawumu 3 % SiOy;
** — do3a Memacusiukama Hampusi, 3KeugasieHmMHasi €20 8HECEHUI C HO8bIMU ydobpeHusimu, codepxawumu 5 % SiO;.

CHMXEHU ee 6VIOMeTpl/|‘-IeCKI/IX nokasartenen B

CTPECCOYCTONYMBLIX pacTeHun,

cchopmmpoBaH-

CpaBHEHNM C COOTBETCTBYWOLLMMU BapuaHTamu
BblpalMBaHUA  KynbTypbl MNpY  ONTMMAarnbHOM
BNaXHOCTW MoyBbl. B ycrnoBusix 3acyxu gencreve
HOBbIX KPEeMHUNOpraHn4eckux ygobpeHun 6bino
bonee BbIpaXXeHHbIM, Pa3HULY B 3HAYEHMAX OT-
MeYyanu Kak no CbIpoOW, Tak M MO CyxOoW Macce
NpopocTkoB (CM. Tabn. 2). MpupocT cbipo Macchl
B BapuaHTe ¢ cogepxaHnem 3 % SiO, B KMH co-
ctasun 10,3 % no cpaBHeHuto ¢ BapnaHtoMm KMH,
npumeHeHve ynobperusa ¢ 3 % SiO, Ha ocHoBe
M®d cnocobectBoBano yesenuyeHuto Ha 7,1 %, c
5 % SiO, — Ha 8,4 % No CpaBHEHMWIO C BApNAHTOM
M®. MNpupocT cyxom macchbl NPOPOCTKOB COCTaBUI
cooTBeTCcTBeHHO: 7,1, 6,0 n 7,6 %. YBenuieHue
CYXOW MacCbl MPOPOCTKOB CBUAETENbCTBOBANO O
HaKOMITEHUN OpPraHMYECKNX COEOUHEHUA N MUHE-
panbHbIX 3IEMEHTOB PAcTEHMSIMU, B TOM YMCIE U
KPEMHUS, a Takke HapallMBaHUM BOMNOKHUCTOMN
yactu (octoBa) pacTeHuin. HesHaunTenbHble U3-
MEHEHUSA AMNWHbI NPOPOCTKOB Ha (YOHE AOCTOBEp-
HOrO YBENUYEHMSI MX MacCbl CBUOETENbCTBYIOT
0 pas3sutum 6ornee MOLLHbIX, COOTBETCTBEHHO,

HbIX N0 BIUSHUEM KPEMHUNOPraHMYecKnx yaob-
peHui.

B npoBegeHHOM nabopaToOpHOM 3Kchnepwu-
MEHTe cOo34aHue YCroBui U3BbITOMHOM BRAXHO-
CTM He COMpPOBOXAANOCb MOHWKEHMEM TeMmnepa-
Typbl, BCneacTBme Yyero GuomeTpuyeckmne nokasa-
TEenu SpoBOW MLIEHWLbI B JaHHbIX BapyaHTax He-
CKOIbKO MpeBbillanu onpefensiemMble 3HaYyeHUs
NMPOPOCTKOB, BblpalleHHbIXx 6e3 MoaenupoBaHus
BOAHbIX CTpeccoB. BHeceHne kpeMHunopraHuye-
CKUX ynoOpeHui cnocobCTBOBaNo YBENUYEHUIO
OJIMHBbI MPOPOCTKOB MLUEHULbl OTHOCUTENBHO CO-
OTBETCTBYHLLMX BApUaHTOB MPUMEHEHUS] UCXOA-
HbiX yaobpeHui. MNMpu aTom Hambornbliee yBenu-
YyeHne [JaHHOro OMOMEeTPMYECKOro mnokasaTens
Habnoganu B BapMaHTax C BHeCeHuem ynobpe-
HUN, cogepxawmx 3 % SiO,: Ha ocHoBe KMH —
7,6 %, Ha ocHoBe NP — 6,7 % (cm. Tabn. 2).

Ecnv npuHATL Maccy npopocTKOB, Bblpa-
LEHHbIX C npumMeHeHnem ucxoaHbix KMH un M,
3a 100 %, To guarpamma Ha puc. 2, a HarngagHo
OEeMOHCTpUpyeT, 4YTo nNpu oLumbke onbiTa 2,82 %
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Puc. 2. BnusiHue kpeMHuliop2aHu4ecKux y0obpeHulli Ha Maccy npPopoCcmMKoe nueHuybl
npu ModenupoeaHuU U36bbIMOYHO20 yeaXHEeHUs NoYebl:
a — cbipasi Macca npopocmkos; b — cyxas Mmacca npopocmkoe
(* — docmoeepHoe yeesluyeHUe Macchl MIPOPOCMKO8 OMHOCcUMebHO ucxoOHbix KMH u I1®)

Fig. 2. Effect of organosilicon fertilizers on the mass of wheat seedlings
when modeling excess soil moisture: a —wet weight of seedlings; b —dry weight of seedlings
(* — significant increase in the mass of seedlings relative to the initial KMN and PF)

Hanbonbllee yBenuMyeHne CbIpO MaccCbl MNpo-
pocTkoB Habnwganocb MNpuM  UCMOMb30BaHWUMU
KPEMHUMOPraHNYeCcKkMX yaobpeHuin C MeHbLUEeN
Jo3on  MeTacunukata Hatpus. [octoBepHoe
yBenuyeHune cyxon maccol (P = 3,25 %) otmevanu
B BapuaHTax C MpUMEHEHMEM KpeMHuiropra-
HUYEeCKMX YyOoOOpeHu TOMbKO Ha ocHoBe [P
(puc. 2, b).

BromeTtpuyeckve nokasarenu SpoBON MNLLEH-
Ubl B BapuaHTax C BHECEHWEM HOBbIX Y4OOpeHui
NMPeBOCXOAAT COOTBETCTBYIOLUME MOKa3aTenn KOH-
TponbHOro BapuaHTa ©6e3 ygobpeHun, npuyem
Hauborbluas pasHuUa OTMeYeHa Mo macce mnpo-
POCTKOB, CBUAETENbLCTBYA O Bonee Kpenkux pacte-
HusX. Tak, Npu Mcnonb3oBaHWM yaobpeHusa Ha oc-
HoBe KMH c copepxaHnem 3 % SiO, npu ontu-
MarnbHOW U CTPECCOBOWN BMaXXHOCTU NMOYBbI CPEAHAS
Cblpasi Macca npOpPOCTKOB yBenuyMBanacb Ha
33-49 %, cyxaa macca — Ha 19-32 %; npw BHece-
HWM HOBOro yaobpeHus Ha ocHose M® — Ha 17-23
n 14-21 % cooTBETCTBEHHO (CM. Tabn. 2).

AHanm3 buomeTpuyecknx nokasarenen spoBon
MweHnLbl B BapyaHTax C NPMMEHEHUEM npenapaTa
CpaBHEHMS MeTacunukaTa HaTpus nokasarsn, YTo Kak
B Crydasix MOOENMPOBaHWS OCTPOro HegocTaTka
Brarm u n3bbITOYHOrO YBIaXKHEHUSI NMOYBbI, Tak U B
BapmaHTax C BblpallMBaHMEM pacTEHWA Npu ONTu-
MaribHOW BMNaXKHOCTW 3HAYeHWs1 nccriegyemblx 6uo-
MeTpUYeCKMX nokasaTenen neHulbl ycTynanu Ba-
pvaHTaMm C UCMOMb30BaHMEM HOBbIX KpeMHuopra-

HUYeckmx yaobpenun (cm. Tabn. 2). lNpn atom no
CpaBHEHMWIO C BapuaHToM 6e3 yaobpeHuns cpegHun
MPVPOCT CbIPOW Maccbl MPOPOCTKA NLUEHWLbI COCTa-
Bun 9—15 %, cyxoi maccbl — 6-16 %.

3AKNKOYEHUE

MonyyeHbl 06pa3ubl KpeMHUAOPraHUYeCcKUX
yAoOpeHnii Ha OCHOBE KOMMOCTa MHOMOLENeBoro
HasHayeHust n npogykTa pepmeHTauum ¢ gobas-
neHvem meTacunukata HaTpus. [pouecc nony-
YeHWs1 HOBbIX yaobpeHui conpoBoXaancs yBernu-
YEHMEM COOEepXXaHUSA KPEMHMS, HUTPATOB U FyMu-
HOBbIX KMCIMOT, MPU3BaHHbIX YnyyllaTte NUTaHuWe
pacTeHu Kak B YCrOBUSX ONTUMarbHOW BRAXHO-
CTW MOYBbI, TaK U MpPU BOAHbLIX CTpeccax. YcTa-
HOBMNEHO, 4YTO MNPUMEHEHUE KPEMHUNOPraHuye-
CKUX yaoOpeHui Npu BbipallMBaHUM SIPOBOK MLuUe-
HUUbl copTa MprMHa B Tpex BOAHbIX pexmmax
noysbl (onTMManbHas BNaXHOCTb, OCTPbIA HeJo-
CTaTOK BrarM M Wu3BbITOYHAA YBIAXHEHHOCTb)
CrMocoOCTBOBANO YBENMUYEHNIO BOUOMETPUYECKMX
nokasaTtenen KynbTypbl. Havbonbwasi nonoxwu-
TenbHasa peakuus pacTeHui, BblpaXeHHas B Mpu-
pOCTe CbIpOM M Cyxom macchl npopocTkoB (~10 %
OTHOCUTENBHO UcxoaHbIX KMH n MN®), otmeveHa B
crnyy4ae npumeHeHus yaobpeHun, coaepalumx
3 % SiO,. Kak BugmMm, HOBble KpeMHUIOpraHmnye-
Ckue ynobpeHns cnocobCTBYOT (DOPMUPOBAHMIO
bonee Kpenkux pacTeHUM, CnocobHbIX nerde ne-
pPeHOCUTb BO3AencTBME abMoTMYECKNX hakTopoB.
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BnusiHne KnybeHbKOBbLIX U MaTOreHHbIX 6akTepumn
Ha NU3AMeHeHue YPOBHS1 OKCMaa a3oTa

U UUKNu4Yeckoro ageHo3nHmoHodocdara

B KOPHAX ropoxa Ha HavalibHbIX 3Tanax
B3anmMmoaeucTBus

© A.A. NweHko*, H.B. ®dunuHoBa*, A.B. CugopoB***

*CunbUPCKNn MHCTUTYT cbmamornorn n Guoxmmmum pactennn CO PAH,
r. pkyTck, Poccuiickaa ®enepaumns

**U pKyTCKUA rocyaapCTBEHHbIA MEANLIMHCKUIA YHUBEPCUTET,

r. pkyTck, Poccuiickaa ®enepauns

Pe3tome: BpoxxOeHHbIU UMMYHUMeMm pacmeHuUsi u2paem CyWeCmeeHHY0 POJfib Ha HadvalbHbIX amarnax
gopmuposaHusi 606080-puszobuanbHO20 cumbuo3sa. B cesasu ¢ amum asmopamu Hacmoswel pabomsi bbina
usydeHa OuHaMuKka KOHUeHmpauul 08yx cuaHarsbHbIX MosieKyn — okcuda azoma (NO) u yuknudeckoao ade-
HO3uHMOHOghochama (UAM®), 8 KOPHSIX amuonupos8aHHbIX MPOpocmkos eopoxa Pisum sativum L. ripu e3a-
umodeticmeuu ¢ namozeHHbiMU (Pseudomonas syringae pv. pisi) u knybeHbkossimu (Rhizobium
leguminosarum bv. viceae) 6akmepusiMu. B KpamkocpoyHbix oribimax 0bHapyXeH 3HOO2eHHbIU pumm u3-
MeHeHUs1 codepkaHusi okcuda azoma 8 mKaHsIX KOPHS IPOPOCMKO8 20poxa, Xapakmepusyruulcsi 60 epe-
MeHHOU OUHaMUKe y8ermlu4eHUEM U CHUXEHUEM ypOoBHsI okcuda a3oma u 3asucsauull Om 3K302€HHbIX (hak-
mopoe 6uomudeckol (cumbuomuyeckue U rnamozeHHble bakmepuu) rpupodsl. ModobHbIe hrykmyayuu
makxe 6binu 0bHapyXeHbl rnpu udy4YeHUU OUHaMUKU YpO8HS UUKudecko2o adeHO3UHMOHoghocghama nod
enusiHueM mex Xe buomuyeckux chakmopos. Habrrodaembie aghghbekmbi c8si3aHbl, B0O3MOXHO, C 8/1USHUEM
Ha pacmeHue ornpedeneHHbix 3xk3omemabonumos Rhizobium leguminosarum bv. viceae (Nod-ghakmopsi) u
Pseudomonas syringae pv. pisi (3k3ononucaxapudbi KIEMOYHbIX CMEHOK), KOmMOopbie akmugupyrom 8pPoX-
O€eHHbIU umMmyHUmem 60606020 pacmeHusi. [lpu amom pasnuyHas OuHaMuka U3MEHEHUsT U3y4aeMbiX KOM-
MMOHEHMO8 CcueHarbHbIX CUCMeM pacmeHUs-X035iuHa Ha HadasbHbIX amarnax e3aumodelicmeusi ¢ cumbuo-
muyYeckuMU U ramo2eHHbIMU MUKPpoOp2aHusMaMu umMeem pasfuyHyro byHKuyur: npu cumbuose peeyris-
mOpHyto, a npu rnamoeeHede — 3awumHyro. lNpednonazaemcs, 4Ymo u3dmeHeHue OUHaMUKU KOMIMOHEeHMO8
NO-cuHmasHoul u adeHunamuyuknasHoul cueHanbHbix cucmem (NO u UAM®) moxem 6bimb UCMOMbL308aHO
pacmeHueM-x035lUHOM 8 Kadecmeae «koOax» Ons nepedayu cueHarna o rnpupolde Oelicmeyrouweao hakmopa u
UHOYKUUU cOOmMBemMcmeayouUx peakyuli Ha MOJEKY1spHOM YpPOBHe.

Knroydeenie cnoea: Pisum sativum L., okcud azoma, yuknudeckuli adeHo3UHMOHOgocgham, buomudeckuli
cmpecc, cugHasbHble CUCmeMb!

BnazodapHocmu: Paboma ebinonHeHa ripu noddepxke Pocculickoeo ¢hoHOa ¢hyHOameHmMarbHbIX Uccrie-
0osaHuli (MoriodexHblil epaHm Ne18-34-00221 mon_a).

Uugpopmayuss o cmamee: [Jama nocmyrnneHusi 24 Hosi6ps 2019 a.; Oama npuHamus K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHsa 2020 e.

Ans yumupoeaHusi: Nwexko A.A., dunuHosa H.B., CugopoB A.B. BnivsiHne knyOeHbKOBbLIX U NaTOreHHbIX
GakTepuii Ha U3MEHEHWE YPOBHSI OKCMAa a30Ta M LMKIMYECKOro ageHo3nHMoHodocdaTa B KOPHAX ropoxa
Ha HadarnbHbIX 3Tanax B3auMOLEWCTBUS. M3gecmusi 8y308. lNpuknadHas xumusi u buomexHonoaus. 2020.
T. 10. N 2. C. 294-302. https://doi.org/10.21285/2227-2925-2020-10-2-294-302
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Effect of nodule and pathogenic bacteria
on levels of nitric oxide

and cyclic adenosine monophosphate

In pearoots at initial

stages of interaction

Aleksei A. Ishchenko*, Nadezhda V. Filinova*, Aleksandr V. Sidorov***

*Siberian Institute of Plant Physiology and Biochemistry SB RAS, Irkutsk, Russian Federation
**|rkutsk State Medical University, Irkutsk, Russian Federation

Abstract: A significant role in the initial stages of rhizobial symbiosis formation in pea plants is performed by
innate immunity. In this connection, the present study is focused on the concentration dynamics of two sig-
nalling molecules — nitric oxide (NO) and cyclic adenosine monophosphate (CAMP) — in the roots of etiolated
seedlings of the Pisum sativum L. pea interacting with pathogenic (Pseudomonas syringae pv. Pisi) and
nodule (Rhizobium leguminosarum bv. Viceae) bacteria. In time dynamics experiments, an endogenous
rhythm of nitric oxide content changes in the root tissues of pea seedlings was characterised by an increase
followed by a decrease in the level of nitric oxide and depending on exogenous biotic factors (symbiotic and
pathogenic bacteria). Similar fluctuations were also observed when studying the dynamics of cyclic adeno-
sine monophosphate concentration under the influence of the same biotic factors. The observed effects are
assumed to be associated with certain exometabolites of Rhizobium leguminosarum bv. viceae (Nod-factors)
and Pseudomonas syringae pv. pisi (cell wall exopolysaccharides) influencing the legume plant and active-
ting its innate immunity. Moreover, it is feasible that the different dynamics of changes in the studied compo-
nents of the host plant signalling systems at the initial stages of interaction with symbiotic and pathogenic
microorganisms have a variegated function: regulatory or protective in cases of symbiosis and pathogenesis,
respectively. The observed change in the dynamics of the NO-synthase and adenylate cyclase signalling
systems (NO and cAMP) components is assumed to be applied by the host plant as a “code” for transmitting
a signal concerning the nature of the operating factor and the generation of corresponding reactions at the
molecular level.

Keywords: Pisum sativum L., nitric oxide, cyclic adenosine monophosphate, biotic stress, signalling systems
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BBEJEHUE

Kny6eHbkoBble HakTepumn 1 6060Bble pacTe-
HAS MNPOLWLNM ONIUTENbHYIO 3BOSIOLNIO, Npexae
YyemM MX B3aMMOLENCTBME CTano MPUHOCUTbL MOJSlb-
3y pPacTEHUIO-X035UHY B BMAE BOCCTAHOBIIEHHOTO
pn3obusmu in planta atMocdgepHoro asota. Bos-
HVWKaeT BOMPOC: noyemy pm3obum BbiGpanu Ans
cBoell pestenbHocTu 06o6oBble pacTteHua? [lo-
3HaHWe 3TOW YHMKanbHOW 6uonornyeckom oco-
©eHHOCTN B nepcnekTuee npubnuanT 4YenoBeka K
co3gaHuio asoTdukeupyoLlero annapara y Hebo-
00BbIX pacTeHun U NO3BOMUT pelnTb npobnemy

NUTaHNA PacTEHUA IKOSOrMYECKN YUCTBIM a30TOM
[1, 2]. NMony4yeHHble B HacToswee Bpems dyHOa-
MeHTarnbHble 3HaHWUS CO3A4alT OCHOBY ANs pelle-
HUs 91O npobnembl. OgHako cywecTByeT elle
MHOFO HEBbISICHEHHbLIX BOMPOCOB, K KOTOPbIM
MOXHO OTHECTM YCTOM4YMBOCTb ©060OBOro pacte-
HUSE K MNPOHMKHOBEHWIO PU30OMI UK yyacTue
€ero BpPOXAEHHbIX UMMYHHbIX CUCTEM B MpoLec-
cax WHuuMpoBaHWs U  PYHKLMOHUPOBAHUSA
N.-cbukcupytolero annapata B kinybeHbkax, a
Takke ponb pusobuanbHbix Nod-¢akTopoB B Mo-
OaBreHnn 3alUTHBLIX CUCTEM pPaCTEHUSA-XO3anHa
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[3]. OueBMAOHO, UTO CYLLECTBYIOT OOLIME MOSEKY-
NSpHbIE MEeXaHu3Mmbl, onpedensowmne B3anmo-
OelcTBNe pacTuTenbHo-bakTepuanbHbIX NapTHe-
poB. Tak, Npy B3aUMOAENCTBUN PACTEHUA C CUM-
OMOTMYECKMMM M NATOreHHbIMU  MUKPOOpPraHua-
MaMKU MCMONb3YTCA CXOOHbIE XUMWYECKUE CuT-
Hanbl, PerynsaTopHble CUCTEMbI U FEHbl BUPYNEHT-
HocTU. [1O3TOMY MOXHO NPEeAnonoXuTb, YTO Ha
HayanbHbIX CTagusX B3auMOOEeNCTBuA nobble
BaKkTepum pacno3HalTCA Kak «4yXXuey, 4YTo npu-
BOAWUT K MHMUMALMKM Hecneunduyeckoro oTeeTa
WMMYHHOW CUCTEMbI KIeTok pacTeHus [4]. OgHako
B criyyae cumbuo3a 3alWuTHblE peakuun pacTe-
HUA-X039MHA HE VHULMWPYIOTCS, Y4TO CBUOETENb-
CTBYET O CHWXKEHMM YCTOMYMBOCTWU pacTeHus Mo
OTHOLWIEHMIO K 3TMM OakTepusam, KoTopble, MO-
BUANMOMY, ONOKMPYIOT MK «00X0OAT» 3aLUUTHbIE
CUCTEMbI pacTeHns-xo3auHa [5, 6].

Takum 006pa3om, Ha HavamnbHbIX CTaguax
hopmupoBaHua 6060B0-pusobuanbHbIn cMMOMo3
MMeeT CXoACTBO C PUTOMATOreHHOW CUCTEMOW, B
CT@HOBMNEHUN UM pasBUTUM KOTOPOW Hapsady C
Kanbuvem, UTOroOpMOHaMU W APYrMMK KOMMO-
HEeHTaMM BaXKHYK POSib UIPaKT akTUBHbIE (POPMBI
asota (ADA) [7], K KOTOpbIM OTHOCSIT NpeXxae Bce-
ro okcng asota (NO) — MHOroyHKUMOHAmNbHYO
CUTHamnbHYl0 MOJNEKymy, YNpPaBnsALWY BHYTPU-
KNETOYHBIMW U MEXKINETOYHbIMW MnpoLeccaMn B
XMBOTHbIX, BakTepuanbHbIX U PacTUTENbHBLIX Op-
raHuamax [8—11]. OgHako nmetowencs nHgpopma-
uun 06 mHuuymaumm ADGA-cUrHanmHra, CEHCOPHbIX
N OTBETHbIX MexaHu3mMax K perynsaumm GanaHca
mexay npogykumen A®A n nx obesspexnBaHnem
HegocTaToyHo. Takke TpebyeT npucTanbHOro
BHUMAHNS W3y4eHWe MeXaHW3MOB B3aMMOAen-
ctBust NO ¢ ApyruMun KOMMOHEHTAMW CUTHANbHbIX
CUCTEM, M3 KOTOPbIX crieqyeT BblAenuTb LMKnye-
Ckun ageHosnHMmoHodocdhaT (LAM®), koTopbIv
NnocpeacTBOM YBEINMUYEHUS] YPOBHSA KamnbLus MO-
XKeT oKasblBaTb BIMSIHWE HA WHTEHCUMBHOCTb 0OO-
pa3oBaHusA okcuga asota [12].

lMockonbKy BCe BTOPUYHbIE MECCEHOKepbl
pacTeHNA B3aMMOCBSA3aHbl U 0OpPa3ylT eauHYH
CUrHanbHyto ceTb [13], Uenb HacTosWero uc-
CNnefoBaHus SIBMSNIOCh U3YYEeHUE OUHAMWUKUA KOH-
LeHTpaumm ABYX curHanbHbiXx Momnekyn — NO u
ULAM® — B KOpPHSIX NPOPOCTKOB ropoxa npu B3au-
MOEWCTBUN C NATOreHHbIMU U KNyOEHbLKOBLIMM
BakTepusmMu.

SKCNEPUMEHTAIIbHAA YACTb

OOBbeKkToM uMccnegoBaHust  CAYKUNMK - MPO-
pocTkn ropoxa (Pisum sativum L.) copta PoHAo,
BblpallleHHble B KIOBETax Ha BflaXXHOW (punbTpo-
BanbHon Oymare npu TemnepaTtype 22 °C, B KOTO-
pbIX B TeyeHne 4aca c uHTepsaroM B 10 MuH
onpegenanu cogepxaHume LAM® n NO. B kade-
CTBE KOHTPONSA MCMOMb30Banu HyneBOW OTPe3oK
BpeMeHu. [ns SKCNepuMeHTOB UCNONb30Banu
pacTeHus, BblpalleHHble Ha Boae 6e3 WHOKyns-

UuM, a Takke pacTeHUs, MHOKYIIMPOBAHHbIE KIy-
B6eHbKkoBbIMKM  BakTepusamu  Rhizobium  legumi-
nosarum bv. viceae 3(pEKTNBHONO NPOM3BOA-
ctBeHHoro wrtamma CIAM 1022, oTnuyarowmmmcsa
YMEPEHHOW CMOCOOHOCTBIO KONMOHU3MPOBaTb KOp-
HEBYIO CUCTEMY pacTeHUsI-x03sMHa, obpa3ys npu
3TOM XOpOLLO pa3BuUTble KNyOeHbKM, IPDEKTUBHO
dukcupyowme asoT; Hed(PdEKTMBHOIO Npouns-
BoacTBeHHoro wrtamma CIAM 1064, oTnuyatoLm-
MUCS TeM, YTo Bornee arpecCnBHO KONMOHU3NPYIOT
KOPHEBYIO CUCTEMY paCTEHUSA-XO3\MHa, YTO B
CBOIO o4epeb NpyMBOAUT K 06pa3oBaHWIO Ha Kop-
HSIX pacTeHu ropoxa OonbLIOro KonuyecTsa
MEINKMX Heaopas3BUTbIX KIyOeHbKoB, He cnocob-
HbIX K a30T(uKcaumm; natoreHHbIMn GakTepmnsmm
Pseudomonas syringae pv. pisi, Bbi3biBalOWMMM
BakTepuanbHbI 0XKOr ropoxa.

[ns onpepeneHns ypoBHA okcuaa a3ota uc-
nonb3oBanu OTPe3kn KopHen (3 WT.), B3ATbIE VY
NCXOOHbIX 2-X CYTOYHbIX MPOPOCTKOB Ha paccTos-
HUM 5-15 MM OT KOH4YMKa KOpHS. lNepen okpaluu-
BaHMEM NCXOLHbIE NMPOPOCTKN NpeanHKybnposanu
Ha COOTBETCTBYIOLLUMX BapuaHTy OnbiTa cpedax B
TeYeHne onpedeneHHoro nepuvoga BpPEMEHMU.
3aTem oTpe3kM nomeLanu B cpegy Ans oKpaluu-
BaHus (10 mM Tris HCI 6ydep, pH = 7,4), conep-
xawyto 10 mMkM  DAF-2DA  (4,5-guamuHo-
dnyopecuenH avauetar). OTpesku okpalimBanu
B TedeHne 20 MUH (MHKyOauus Ha Kadanke npu
TemnepaType 26 °C). M3 okpalleHHbIX OTPE3KOB
KOpHeW nony4anu nonepeyHbie cpesbl (He MeHee
10) TonwwmHon 100—150 MKM 1 aHanM3upoBanu nx
Ha donyopecueHTHOM Mukpockone Axio Observer
Z1 (FepmaHus) ¢ UMPOBON MOHOXPOMHOMN Kame-
pon Axio CamMRm3 1 nakeToM nporpamMmmMHOro
obecneyeHus anst 3axeaTa v aHanu3a musobpaxe-
HUN «Axio Vision Rel.4.6» ¢ wncnonb3oBaHUeM
6roka cpunbTpoB Ne 10 ¢ ANUHONM BONHbI BO30OYX-
agenus 450-490 Hm, amuccmnen 515-565 HMm. UH-
TEHCUBHOCTb (pryOpecLEeHTHOro CBEYEHUs Bbipa-
Xann B OTHOCUTENbHbIX eavHuuax. Pesynbtathbl
nccnenoBaHUn npeacrasneHsl B BUAe rpadoukos,
oTobpakaloLwmx NHTEHCUBHOCTb (hryopecLeHTHO-
ro CBEYEHUs B KIeTKax.

Konuyecteo uAM® onpegensnn MMMYyHO-
depmeHTHbIM aHanusom (ELISA) [14]. Benok B
npo6e onpenensinu metogom bpaadopaa.

CpenHue 3HayeHWss U WX CTaHOapTHble
OLIMOKN BbIYMCIIEHbI U3 TPEX HEe3aBUCUMBbIX 3IKC-
NEepUMEHTOB, KaXabli U3 KOTOPbIX COCTOSAN U3 He
MeHee Tpex Ouonornyeckux MNoOBTOPHOCTEN. Tak
KaKk CpaBHEHWE MOJTyYEHHbIX Pe3ynbTaToB OCY-
LLEeCTBNANOCE MO CpegHWM 3HayYeHusIM, OOCTO-
BEPHOCTb pPasnMyni OUEHUBanIM MO KpUTEPUIO
CTblofeHTa.

PE3YINbTATbI U OGCYXOEHUE

Kak BMOHO M3 faHHbIX, NPeACTaBeHHbIX Ha
puc. 1, y pacteHuin 6e3 uHoKynauum Habnwoga-
nnce konebaHua B YpOBHE OKcuAa a3oTa, KoTo-
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Puc. 1. UumeHcueHocmb ¢hnyopecuyeHyuu NO 8 KOPHSIX MPOPOCMKO8 20poxa:
1 - ebIpaweHHbIX Ha 800e; 2 — UHOKynupoeaHHbIx Rhizobium leguminosarum bv. Viceae (CIAM 1022);
3 — uHokynupoeaHHbix Rhizobium leguminosarum bv. viceae (CIAM 1064);
4 — 3apaxeHHbIx Pseudomonas syringae pv. Pisi

Fig. 1. Fluorescence intensity of NO in the roots of pea seedlings:
1 -grown on water; 2 —inoculated by Rhizobium leguminosarum bv. viceae (CIAM 1022);
3 —inoculated by Rhizobium leguminosarum bv. viceae (CIAM 1064);
4 —infected by Pseudomonas syringae pv. pisi

pble NPOSBNANUCL B BUAE YBENUYEHUA MHTEHCUB-
HocTn pnyopecueHuun NO uepes 10, 30 wu
50 MuH Ha 20, 25 n 26 % COOTBETCTBEHHO U CHU-
XeHus ee OO0 ypoOBHsSI KOHTponsa 4epes 20, 40 u
60 MUH.

KnybeHbkoBble  Baktepun  adpeKkTMBHOro
NPOM3BOACTBEHHOrO LUTaMMa Takke Bbi3biBanu
konebaHus B auvHamuke NO, koTOpble MPosABMS-
NNCb B YBENIMYEHMUN €ro KOHUEeHTpauum yepes 10
1 40 MVUH N CHUXXEHUN 0 YPOBHS KOHTPONA Yepes
20 n 60 MuH. MMpn aTOM HEOOXOAMMO OTMETUTD,
4YTO B J@aHHOM BapuaHTe B Te4YeHue yaca Habnto-
Janucb ABa pasnuyarowmecs no npoaormkuTenb-
HoCTU 1 cune nuka ysenudeHus yposHa NO. lNep-
Bbl1 (0T 0 Ao 20 MWH) C MakCUMyMoOM, Npuxoas-
wwmmcsa Ha 10 muH, korga ceeyeHne NO yBenuun-
nocb Ha 13 % No cpaBHEHUIO C KOHTponem. Bto-
por nuk 6bin (0T 20 go 60 MUH) C MakCUMyMOM,
npuxogawmmcsa Ha 40-50 MuH, xapakTtepusoBan-
cs1 6onbluen NpoaOIPKUTENBHOCTLIO MO CpaBHe-
HUIO C MepBbIM, a Takke 6onee nnaBHbIM yBENU-
yeHnem NO. Npu 3TOM UHTEHCUBHOCTL (hryopec-
LeHUUn okcnaa asoTa Ha nuke yBenuuuMnacb Ha
31-34 % no cpaBHEHUIO C KOHTPOMEM.

HeadhdeKkTMBHLIN NPOM3BOACTBEHHLIN LUTAMM
pn3obuii B TedeHne nepebix 20 MMH C Ha4ana aKc-
nepuMeHTa CyLLECTBEHHOTO BIUSIHUS HA YPOBEHb
oKCMaa asoTa B KOPHSAX MPOPOCTKOB rOpoxa He oKa-
3an. HaunHaa ¢ 20 MyvH Habnwoganucb puTMUY-
Hble konebaHua B cogepxanum NO, koTopbie
NposIBNANUCH B CHKeHnn ceedeHnst NO yepes 30
1 50 MnH Ha 24 1 32 % COOTBETCTBEHHO 1 yBENW-
YeHUN NPaKTUYECKN OO YPOBHSI KOHTPONS 4yepes

40 1 60 MUH.

lMaToreHHble OakTepun Pseudomonas
syringae pv. pisi B oTnvMymMe OT npegbiaylmx Ba-
puvaHToB Bbi3blBanu peskoe (Ha 33 % no cpasHe-
HUIO C KOHTPONEM) yBenu4eHWe MHTEHCMBHOCTM
dnyopecueHuun NO B nepsble 20 MMH B3anMmo-
devicteus. B npomexytke ot 20 go 50 MuH ypo-
BeHb NO nocteneHHO cHuxanca — co 133 go
109 %, a K KOHUY 3KCnepuMeHTa CHOBa yBenu4u-
Banca Ha 31 % MO CpaBHEHUIO C KOHTPOSeM.
CnepyeT OTMETUTb, YTO MO CPABHEHWIO C CMMBWO-
TUYecCKMMKn GakTepusMu Mpu B3auUMOOENCTBUM C
natoreHom cogepxaHne NO nocTtosHHO Haxogu-
nocb Ha bonee BbICOKOM YPOBHE.

Takum obpasom, COMNOCTaBMB MOMYyYeHHbIe
pe3ynbTaTtbl O BAMSAHUA CUMBUOTMYECKUX U NaTo-
reHHbIXx GakTepui, MOXHO KOHCTaTMpoBaTb pas-
nnyHoe ux Bo3gencTene Ha guHamuky yposHss NO
B KOPHSIX MPOPOCTKOB ropoxa.

Habnogaemble addekTbl CBA3aHbI, 04EBUA-
HO, C BMMSIHUEM Ha pacTeHue onpenenieHHbIX JK-
3ometabonuTtoB Rhizobium n Pseudomonas, ko-
Topble akTusnpytoT PAMP-ummyHuTeT (pathogen-
associated molecular patterns) kneTok npopocT-
koB ropoxa. B HekoTopbix nybnvkauusix oTMeva-
eTCsl, YTO BPOXAEHHbIA UMMYHUTET pPacTeHus ur-
paeT CyLeCTBEHHYI pOSib HA paHHUX dTanax 6o-
6oB0o-pn3obrnanbHoro BzammogencTems [15-17]. Y
pun3obun un BO0BOBbIX pPacTEHUA OCHOBHbBIMM
y4YacTHMKaMu npouecca «y3HaBaHWsi NapTHEepPOB»
ABMAOTCA pu3obunanbHble MNMNOXMTOONUrocaxa-
pugbl (Nod-cdhaktopsbl), cMHTe3npytowwmecss Gakre-
pusMu B pesynbTaTe aKcnpeccuu nod-reHos, u
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peuentop-nogobHele kuHasbl (RLKsS) 6060BbIx
pacteHuin. baktepuanbHbii NF-curHanuHr TecHo
B3aMMOJENCTBYET C pacTUTENbHBLIMW CUrHarbHbI-
MU cuctemamn, B yacTHoctu ¢ NO-cuHTasHowm
[18], BTOPUYHBIM MeCeHaXepoM KOTOpPOW ABndaeT-
cs oKcwa as3oTa — Mornekyna, obnagatowas wnpo-
KM cnektpom Buonorudeckoro gencteus [8]. Ok-
cva asoTa yxe B nepBble 4acbl nocrie B3avMo-
aencteua pmnsobunn n 6o6oBoro pacteHuss obHa-
PY>KMBaETCHA B MHPEKLMOHHBIX HUTSAX, TKAHAX KMy-
OEHbKOBOW MeEpUCTEMbI, B a30T(UKCUPYHOLLNX
knybeHbkax [8, 9]. EcTb gaHHble, uTo NO MoxeT
y4acTBOBaTb B perynsuum obpasoBaHns KnybGeHb-
KOB Ha KOpHsX 600600Bbix [10], HO ero BbICOKME
KOHLleHTpauun npensaTcTBYIOT MHPULMPOBAHMUIO
pacTeHun pusobusmn n mukopuson [11]. Takke
NO B3aMmogencTByeT ¢ gpyrMMmu Guonormdecku-
MUK BeLlecTBamu, Hanpumep, UTOropMOHaMu U
A®K [19]. Tak, npn dutonatoreHese NO coB-
MecTHO ¢ ADK BbINOMHSET 3alWMUTHYO (QYHKUMIO,
opMMpYys CUCTEMHYIO YCTOMYMBOCTb, Mpuobpe-
TEHHYI0 Ha OCHOBE CBEPXYYBCTBUTENBHON peak-
unn knetok [20].

C y4yeToM BbILLIEN3NOXKEHHOTO MOXHO npea-
NOMNOXWUTb, YTO pasfuMyHasg AMHAMMKA WMHTEHCUB-
HOCTW (pnyopecueHUUn okcuaa asoTa B KOPHAX
NPOPOCTKOB ropoxa Ha HavarbHbIX 3Tanax B3au-
MOEWNCTBUS C CUMBNOTUYECKUMW N MATOrEHHLIMM
GaKTepmnsiMM HOCUT HecneundPUIEeCcKNii xapakrep u
nmeeT pas’nuyHylo dQyHkumio. Tak, B criyyae cC
3PEKTUBHLIM  MPOU3BOACTBEHHBLIM  LLITAMMOM
pr300uiA, OTNMYaLWMMCA YMEPEHHOW CMOCOBHO-
CTbIO KOJIOHM3MPOBaTb pacTeHue-x03snHa, YyBe-
nnyeHne koHueHTpauun NO CBS3aHO C 3anyCckom
MexaHu3mMa, OTBevalolero 3a perynsuuio 4uc-
NEHHOCTN MNPOHUKALWMX OakTepuid, 4TO Ha 3a-
KMOYUTENBHOM 3Tane NpUMBOAMT K 0Opa3oBaHMio
ONTMManbHOro KonuMyecTBa KnybeHbKOB, KOTopble
cnocobHbl adpeKkTMBHO YycBauBaTb aTmocdep-
Hbl a3oT. N HaobopoT, B cnyyae ¢ bonee arpec-
CVBHbIM LUTAMMOM pU300UIA CHWXKEHWE YPOBHS
NO npuBOANT K HEKOHTPOIMPYEMOW KONOHM3aL MK
KOPHEBOW CUCTEMBI, BCIEACTBME YEro Ha KOPHSAX
obpasyeTcst 60nbLIOE YMCIO MENKUX KIyOEHbKOB,
He cnocobHbIX K a3oTdukcauuun. B cnyyae ¢ nato-
FeHOM yBEeNnu4yeHWe MHTEHCMBHOCTU chryopecLeH-
LUK okcuaa asota CBUAETENbCTBYET, O4EBUAHO, O
3anycke 3allUTHbIX peakuuii pacTeHus.

Takke obpallaeT Ha cebs BHMMaHWe nepuos
akcnepumeHTa oT 0 go 20 MuH, Korga nNpu UHOKY-
NAUMN pasnUYHBIMU NO CTEMEHU BUPYNEHTHOCTU
LWTaMMamMKn KIyOeHbKOBbIX OakTepuin LOCTOBEp-
HbIX M3meHeHun ypoBHss NO He Habnioganocb B
OTNn4YMe OT 3apaXeHus MaTtoreHoMm, Korga ypo-
BEHb OKCMAa a3oTa yBEenu4MBarcsi C NepBbiX Mu-
HyT. BO3MOXHO, B 3TOT nepuog BpeMeHU Mpouc-
XOAUT «y3HaBaHME» MUKPOOPraHuama U 3anyck
COOTBETCTBYIOLLEN NPOrpaMMbl.

Ha ocHoBe aHanusa nuTepaTypHbIX AaHHbIX

MOXHO caenatb BbIBO4 O TOM, YTO Guoxumunye-
ckas reHepauua NO perynupyeTtca mexaHusMa-
MU, B KOTOPbIX 3agelcTBoBaH Kanbuun [21, 22].
OpfHaKo [0 KOHLa HemoHsTHO, kak Ca’* moaynu-
pyeT notok NO B knetkax [23]. UmeeTca pag go-
KasaTernbCTB TOro, YTO OOHUM W3 TPUITEPOB CUT-
HanbHbIX COOLITUI B KNEeTKax pacTeHUn npu atake
NnaToreHoB $BMSIETCA afdeHunaTuMknasHas cur-
HanbHas cucTema, Korga B NepBylo odepedb Nnoj
BO30ENCTBMEM 3NNCUTOPOB aKTUBUPYETCH TpPaHC-
mMembpaHHas ageHunaTumknasa, YTo NpUMBOAMUT K
pe3koMy UM KpaTKOBPEMEHHOMY BO3pacTaHuIo
ypoBHA LAM®. 3TOT BTOPWUYHBIA MECCEHOXep,
CBA3bIBaAACbL CO CneumuyecknMn cantamm Hyk-
neoTuaperynupyemblX WMOHHbIX KaHanos, MNpUBO-
ONT K NOBLILWEHWIO KOHUEHTpaUun BHYTPUKIETOY-
Horo Ca’*, Bbi3blBasi Tak Ha3blBaeMylo KarnbLie-
Byt BOMHy [12]. B cBOl ouepenb BXO4 WOHOB
Ca“" B uMTONNa3sMy oKkasblBaeT BMSHWE Ha reHe-
paumio ADA, koTopble PYHKUMOHWUPYIOT Kak MHO-
roueneBon perynaTop pasfuyHbIX MexaHW3MOB
cumbuoTtnyeckoro npouecca [19]. B cBa3m atum
HeMarnoBaXHO ObINO YyCTaHOBUTb, Kakoe BrWsHWE
OKa3blBalOT CMMOMOTUYECKNE U MaToreHHble Gak-
TEPUN Ha U3MEHEHWEe YPOBHSA LMKNNYECKOro age-
HO3MHMOHOdoCcdaTa B KOPHAX MPOPOCTKOB ropo-
xa. lNMony4yeHHble pe3ynbTaTbl NpeacTaBeHbl Ha
puc. 2.

Mpy BblpalwMBaHUK NPOPOCTKOB ropoxa Ha
BoAe Habnwoganocb CHWxeHne yposHA LAM® Ha
NPOTSXXEHUN BCEro 3KCMepuMeHTa B CpedHeM Ha
35-40 %. MNpwn pobasneHnn B cpeay wHKyGaumu
knybeHbkoBbIX GakTepun 3pHEKTUBHOTO MNpPOM3-
BoAcTBeHHoro wramma CIAM 1022 spko Bbipa-
)KEHHbIX M3MEHEHUN B KOHUeHTpauum UAMS He
Habnoganock. B cBoto ovyepedb Ha (poHE MHOKY-
naumMm  HeapdeKkTUBHLIM  NPOU3BOACTBEHHbLIM
wrtammom Rhizobium leguminosarum bv. viceae
(CIAM 1064) B nepuog 30-50 MnH Npomncxoamno
3HauuTenbHoe  yBenuyeHne ypoBHA  UAMO
(Ha 70 %). lMpu 3apaxeHnun Pseudomonas syrin-
gae pv. pisi LAM® ocTtaBancs Ha ypoBHe KOH-
Tpona 3a ucknodeHneMm nepuoga 20 MuH, Korga
Habntoganock ero ysennyeHue Ha 30 %.

Takum obpasom, NnokasaHo, 4YTO Npu B3aMMo-
OeVCTBUM Kak C CMMOMOTUYECKMMM, TaK U C NaTo-
reHHbIMn GakTepusamu ypoBeHb LAM® yBenuyu-
Barcsi N0 CpaBHEHUIO C MPOPOCTKamMn 6e3 MHOKY-
nsauMmK, NpuyemM 3T U3MEHEHUs1 NPUXOAUNNCH Ha
pasnuyHble nepuoabl B3aMMoaencTBus. Tak, cy-
LEeCTBEHHble pasnuuuna B anHamuke UAMD npu
KOHTakTe C 3(PPEKTUBHBLIM LUTAMMOM KIyOeHbKO-
BblX GakTepuii Habnoganmcb Ha 30-1 MUH 3Kcne-
pYMEHTa; cambli BbICOKUA ypoBeHb LAM® npu
B3aMMOENCTBUM C HEe3(m®EKTUBHBLIM LUTAMMOM
pusobun otmeveH B npomexyTtke ot 30 go
50 MWH, a 3apaxeHue naToreHoM MNpUBOAMUMO K
nosbiweHnto UAM®, koTopoe gocTurano CBOEro
Makcumyma K 20 MuH.
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Puc. 2. flunamuka ypoeHsi YAM®P e KOpHsIX IPOPOCMKO8 2opoxa:
1 — ebipaujeHHbIX Ha 800e; 2 — UHOKynupoeaHHbIx Rhizobium leguminosarum bv. viceae (CIAM 1022);
3 — uHokynupoeaHHbix Rhizobium leguminosarum bv. viceae (CIAM 1064);
4 — 3apaxeHHbIx Pseudomonas syringae pv. Pisi

Fig. 2. Dynamics of cAMP level in the roots of pea seedlings:
1 -grown on water; 2 —inoculated by Rhizobium leguminosarum bv. viceae (CIAM 1022);
3 —inoculated by Rhizobium leguminosarum bv. viceae (CIAM 1064);
4 —infected by Pseudomonas syringae pv. Pisi

Tak xe, Kak 1 B NpeablayLmnx akcnepumeHTax
Mo N3y4YEeHUI0 YPOBHS OKCMAa a30Ta, obpallaeT Ha
cebsi BHMMaHne ToT dakT, 4yTo B nepuog ot 0 go
20 MUWH cyLeCTBEHHbIX N3MeHeHMI ypoBHA LAM®
npu B3anmogencTeum ¢ pusobusmn He Habnoga-
1NoCb, B TO BPEMS KaK MaToOreH Bbi3blBas MoBblILLE-
HWe KoHueHTpauun UAM® ¢ nepBbIX MUHYT. Oc-
HOBHble OTNU4YMA npoucxogunu nocrie 20 MUH
3KCMNepuMeHTa.

Mo nuTepaTypHbIM AaHHbIM, MOBbILEHNE
KOHUEHTpauun BHYTpUKNeToyHoro UAM® npwm
OMOTUYECKMX CTpeccax HOCUT 3alUUTHbIA Xapak-
TEep M NO3BOSISIET PacTEHUSIM aKTUBMPOBATbL COOT-
BETCTBYIOLLME MONEKYNspHble MexaHu3Mmbl [13]. B
CBs3M C 9TMM MOBbIWEHNE KOHUeHTpauunm UAMO
nog BnuAHMeM HedddEKTUBHOMO LWTaMma pU3o-
OuiA BNOMHE NOMMYHO U SBMASIETCA MEeXaHW3MOM,
npegoTBpaLLatoMM U3BbITOYHYIO KOMNOHM3aUMo
KOPHEBOW CUCTEMbI pacTeHusa-xo3sauHa. [loHu-
XEeHHbI ypoBeHb ULAM® npu uHokynsiumm addek-
TMBHBIM LUTAMMOM KiyOeHbKOBbIX GakTepuin Tak-
e BbINOMHAET PErynatopHyo YHKUUIO, Mo-
CKOITbKY CHWXEeHMe KoHueHTpaumm LAM® He npu-

BOAMT K BKIMIOYEHMIO 3aLUMTHBIX Peakunin n no3so-
naeTt GakTepussM NPOHMKATb B KMNETKM KOPHS. YTo
Xe KacaeTcs B3aumopgencTteus ¢ Pseudomonas
syringae pv., TO MOHWXEHHbIW ypoBeHb LAMO®
CBMOETeNbCTBYET O CTEMeHW BUPYNEHTHOCTU na-
TOreHa.

3AKNKOYEHUE

Takum obpasom, nNo pesynbTatam uccrnego-
BaHUS MOXHO OTMETWUTb CreAyloline 3aKkoHoMep-
HOCTW:

1) nog BosgencteBnem Rhizobium legumi-
nosarum bv. viceae (cumbuoHT) n Pseudomonas
syringae pv. pisi (naToreH) oBHapyXeH 3HOOreH-
HbIN PUTM n3MeHeHns cogepxaHusa LAM® n NO B
TKaHAX KOPHSA MPOPOCTKOB ropoxa;

2) npegnonaraeTcs, 4TO M3MEHeHMe CoOoT-
BETCTBYIOLLUX KOMMOHEHTOB CUrHambHbIX CUCTEM
(NO, UAM®) moxeT ObITb MCNONB30BaHO pacTe-
HMEM-XO35IMHOM B Ka4ecTBe «Koda» Onis nepena-
4Yn cUrHana o npupoae AencTByoLWero gakropa 1
WHAOYKLMN COOTBETCTBYIOLLMX peakuui Ha more-
KyNSApPHOM YPOBHE.
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BnusHue aBToOrMaponnTu4YecKkon oopadboTkum
Miscanthus sacchariflorus Andersson

Ha BbIXOA4 peAyuMpyrOLMX BelecTB

npuv nocnepyrowem depMmeHTONnN3e

© U.H. NaBnoB

MHCTUTYT NpoBneM XMMUKO-3HEPTETUYECKMNX TEXHOSOIMI
Cwubupckoro otgenenus Poccuiickorn akagemun Hayk, . buiick, Poccuitckas deaepaums

Pe3rome: OnpeneneHo BnusaHue asTorngponutmnyeckon obpabotkm Miscanthus sacchariflorus Andersson Ha
BbIXOA peayuuMpyloLmnx BewecTB Npu nocneayowem depmeHTonmae. YCTaHOBMEHO, YTO MpU U3MEHEeHWUM
ycnosun asTorvaponutnyeckon obpabotkm Miscanthus sacchariflorus Andersson obpasytoTca TBepable
dpakumn, cogepxalime Lennonosy, JIMrHWH, reMUUenionody U MUHepanbHble BewecTBa, COOTHOLUEHUE
KOTOPbIX 3aBUCUT OT hpakTopa XECTKOCTU — TemnepaTypbl 1 NPOLAOIMKUTENBHOCTU 06paboTku. [NokasaHo, YTo
npu akTope XecTkocTu 5,67 nponcxogut MPaKTUHECKU MOMHbIA TMAPONN3 FreMULENNoNosbl, OAHaKo
HabnpgaeTcsa yBenuueHne coaepXkaHus NurHmHa B TBepaon dpakuumn o 46,0 % oTHocUTenbHO cogepxa-
HUS NWUrHuHa B ucxogHom cbipbe (20,8 %), 4TOo 0ByCrnoBneHo KoHAeHcauuew nurHvHa ¢ obpasoBaHuem
ncesgonurHvHa. Hambonbllee cogepxaHve Uennonosbl B TBEpAor dase HabnogaeTcs npy rmgponutuye-
ckomn 0BpaboTke Chipbs ¢ hakTOPOM XecTkocTn oT 4,17 fo 4,39, Temnepatype ot 160 °C 1 npogomKuTens-
HocTn obpaboTkm 25 MuH. Ha doHe noBbILLeHWsA TeMnepaTypbl YyBeNMYeHne KMCNOTHOCTU cpedbl kaTanusu-
pyeT rmaponus Lennonosbl 1 CHUXaeT ee cogepxaHve B TBepaon dpakumm go 60 % npu dakrope ecTKo-
ctn 5,67. MNpn astorngponutudeckon obpabotke Miscanthus sacchariflorus Andersson HabniogaeTcsa no-
BblLLEHWE 30MbHOCTM B TBepdow dpakumn. lMonyyeHHble nocrne obpabotku Miscanthus sacchariflorus
Andersson TBepAable hpakumm ncnonb3oBanuch B kadyectse cybcTpaTta u 6binmn noaseprHyTol hepmeHTaTUB-
HOMY rmgponusy depMeHTHbiMU npenapatamu «Llennontokc-A» n «bptoszanm BGX» npu HavyanbHOW KOH-
ueHTpaumm cybetparta 33 r/n. MNoBbiweHe BbIXxoda peayumnpylowmux BewecTB MMeeT YCTOMYMBBIN POCT No
Mepe yaaneHus reMmuensionos n gocTuraeT MakcumanbHoro 3HadeHus (45,1 %) npu ysenuyeHunn cakropa
XecTkocTn obpaboTkm Ao 4,48. [JOCTYNHOCTb NOBEPXHOCTM LENsonosbl Ans AenCcTBUs epMeHTOoB npu no-
BbILLEHUW pakTopa XeCTKOCTU cBbiwe 4,48 CHMXKaeTca BCNeACcTBME HAKOMMEeHUs NUrHMHa B TBepaon dase,
0 YeM CBUOETENbCTBYET CHMXKEHUE BblX0o4a peayumpyownx BewecTs B hepmenTanmsate go 31,8 %.

Knro4deenie cnoea: Miscanthus sacchariflorus Andersson, asmozudponus, meepdbie ¢hpakyuu, Uesnsorno-
3a, hepmeHmamueHbIl 2udposnus

BnazodapHocmb: ViccriedosaHue 8bIMOIHEHO MO Npoekmy 8 pamkax I"ocydapcmeeHHOU npoepammbl C pe-
aucmpayuoHHbIM Homepom membl AAAA-A17-117011910006-5.

Uugpopmayuss o cmamee: [Jama nocmyrnneHuss 11 okmsabps 2019 a.; ama npuHsmus K nedyamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ans yumupoeaHusi: Maenos V.H. BnusHne aBTormaponutmuyeckon obpabotkm Miscanthus sacchariflorus
Andersson Ha BbIXoA pegyuupyoLmx BeLecTB Npy nocrnegyowem depmeHTonunse. Msgecmus sy3os. lNpu-
KknadHas xumusi u buomexHonoaus. 2020. T. 10. N 2. C. 303-313. https://doi.org/10.21285/2227-2925-2020-
10-2-303-313
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Abstract: The effect of the autohydrolytic treatment of Miscanthus sacchariflorus Andersson on the yield of
the reducing substances during the subsequent fermentolysis has been determined. It was established that a
change in the conditions of the auto-hydrolytic treatment of Miscanthus sacchariflorus Andersson induces a
formation of solid fractions containing cellulose, lignin, hemicellulose and mineral substances, the ratio of
which depends on the severity factor, i.e. temperature and processing time. It was shown that at the severity
factor of 5.67, almost complete hydrolysis of hemicellulose occurs, however, there is an increase in the lignin
content in the solid fraction (up to 46.0 %) relative to the lignin content in the feedstock (20.8 %), which is
due to lignin condensation with a consequent formation of pseudo lignin. The highest content of cellulose in
the solid phase is observed as a result of hydrolytic processing of raw materials with a severity factor of 4.17
to 4.39, a temperature of 160 °C and a processing time of 25 min. At an increased temperature, an increase
in the acidity of the medium catalyzes the hydrolysis of cellulose and reduces its content in the solid fraction
to 60 % at a severity factor of 5.67. During the auto-hydrolytic treatment of Miscanthus sacchariflorus An-
dersson, an increase in the ash content in the solid fraction is observed. The solid fractions obtained after
treatment with Miscanthus sacchariflorus Andersson were used as a substrate and were subjected to enzy-
matic hydrolysis with the enzyme preparations “Cellolux-A” and “BrewZime BGX” at an initial substrate con-
centration of 33 g/l. The increase in the yield of reducing substances has shown a steady increase with the
removal of hemicelluloses and reached its maximum value (45.1 %) with an increase in the treatment severi-
ty factor to 4.48. The availability of the cellulose surface for the action of enzymes has decreased with an
increase in the stiffness factor beyond a value of 4.48 due to the accumulation of lignin in the solid phase, as
evidenced by a decrease in the yield of reducing substances in the enzyme to 31.8 %.

Keywords: Miscanthus sacchariflorus Andersson, autohydrolysis, solid fractions, cellulose, enzymatic
hydrolysis
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BBEOEHUE

PactutenbHas 6uomacca SIBMSeTCsl CbipbeM
ONsl MOnyYeHus Lenmnonosbl, U3 KOTOPOW nocrne
COOTBETCTBYIOLLEN PUINKO-XUMNYECKON MOAUDU-
KaLuu nomnyyaroT LieHHble NpogyKThl. B yacTHocTw,
LWMpoko BocTpeboBaH GuoKaTanUTUYECKMn Mpo-
uecc, npu KOTopoM 06paboTka Uenmono3HbIX
cybcTpaToB hepMeEHTHbIMM NpenapaTamu No3Bo-
ndeT nony4vaTtb 4OOpOKavyecTBEHHbIE rMAaponn3a-
Tbl, B CBOIO OuYepefb WUCMONb3yeMble B KayecTBe
nuTaTenbHbIX cpeg B TexHonorun 6uocuHTesa
GakTepuanbHon Lenntonossl [1, 2] nu ansa ganbs-
Hellero copaxvBaHUs B TEXHONOMMMW NOSyYEHNS
6uoaTtaHona [3]. OgHako M3-3a CMOXHOro CTpoe-
HUS KNEeToK TKaHeW pacTeHun, obycrnoBrneHHOro
cofepXaHuem NUrHuMHa, reMuLensonossl U CMo-
NSAHBIX BELLECTB, LIENsono3a pacTUTENbHOIO Cbl-
pbs He3a(PEKTUBHO rMaponmMsyeTcsa npu dhepmeH-
TaTUBHOM rugponuade. OPPEKTUBHOCTb ITOMO
npouecca MoXeT ObITb yBenuyeHa nytem npeg-
BaputenbHon 00paboTkn Cbipbd, CNOCOOCTBYHO-
e M3MEHEHWNIO CTPYKTYpPbl KIETOK TKaHen pac-
TeHun n obecneymBarollen [OCTYNHOCTbL dep-
MEHTOB K aKTUBHbIM LIEHTpaM Lennonosbl B KneT-
Kax TkaHen pacTteHun [4, 5]. lUnpokoe npumeHe-

HWEe HaxoOsT MeToAbl MMApPOTEPMUYECKON npea-
BaputenbHon 06paboTkmn (aBTorMaponua), Korga
pacTUTenbHOE Cbipbe MoABeEpraeTcs BO3gew-
CTBUIO BbICOKMX TemnepaTyp W AaBMeHus, nHoraa
B COYETAHWM C MexaHuyeckon obpaboTkon, 4TO
genaet uenntonody Gonee goctynHon ans cep-
MeHTaTuBHOro rmgponusa [6-8]. Mpu aBTOrMApoO-
nn3e MCMnomnb3yKTCS TEXHOMOMMKU, B KOTOPbIX 06-
paboTka pacTUTENbHOIO Chipbsi BEAETCH BOLOM.
Mpun npegBaputensHon obpaboTke M3 pacTUTenb-
HOro Cbipbsi YOamnsieTCsi OCHOBHasi 4acTb remu-
Lennonos, MNpoOVUCXOAUT W3MEHEHWE CTPYKTYpbI
uennonosbl, gerpagauusa NUrHuHa, 4to genaet
uenntono3y 6onee BoCNpMUM4YMBOW K bepMeHTa-
TMBHOMY rugponu3dy. Metoa wucnonb3oBaH [Anis
npenBapuTenbHoM 06paboTkM MHOTMX BMAOB pac-
TUTENBHOIO  Cbipbsl, BKIIOYAas  CENIbCKOXO35I-
CTBEHHbIE OTXOAbl W TPaBSAHUCTbIE pacCTeHUs
[9, 10].

HacTtosiwasa paborta Obina nocesilieHa onpe-
OEeNneHnto BNuUsiHUS aBTOrMApPONUTMYEcKon obpa-
botkn Miscanthus sacchariflorus Andersson Ha
BbIXOA peayuupylowmux BellecTB npu nocreayto-
Lwem pepmeHTONm3e.

304 =——— OUSUNKO-XMMUYECKAA BNOJNTIOI'NA / PHYSICOCHEMICAL BIOLOGY


https://doi.org/10.21285/2227-2925-2020-10-2-303-313

lMaenoe U.H. BnusiHue aemoaudponumu4eckoli obpabomku Miscanthus sacchariflorus ...
Pavlov I.N. Effect of the autohydrolytic treatment of Miscanthus sacchariflorus ...

SKCMNEPUMEHTAIIbHAA YACTb

B uccnepoBaHusax ncnonb3osanock ObICTpo-
pacTyliee TpaBsHUCTOe pacTteHue Miscanthus
sacchariflorus Andersson, Hag3emHas 4YacTb KO-
TOPOro MMEET XEeCTKUI cTebenb ¢ MeXxaoy3nusamm
N UCTbsAAMU. OTO pacTeHue pekomeHayeTcs uc-
nonb3oBaTtb B BWUAE Cbipbs ANs NPOU3BOACTBA
uenntonosbl [11]. Nepen aBTOrMAPONN3OM Chipbe
BbICyLLMBaNW, n3Menb4yanu Ao 4actul, pasmepom
10-15 mm.

O6paboTka Chblpba aBTOrMAPOSIM30OM MPOBO-
annacb B peaktope obbemom 2,3 n. Peaktop
OCHalLleH BHELWHNM 3MEeKTPUYECKMM Harpesa-
TENbHbIM 3MIEMEHTOM M MO3BOMSET MNPOBOAUTb
NpoLEecc Npu MakcuMansHoi Temneparype 300 °C
N n3dbIToyHOM paboyvem gasrneHumn 10 MMa [12].
Ons npoBegeHnss o6paboTkM mcnonb3oBanach
oyveHHas Boga, npolwejllas ctagum obpaTHoro
ocMoCa U MOHHOro obmeHa C uenblo yganeHus
npumecen. Ons nonyvyeHUs OYULLIEHHOW BOAbl MO
®C 42-2619-97 ucnonb3oBanacb ycraHoBka «Ak-
Banab» YBOWU-«M®»-1812. B peaktop 3arpyxa-
NnocCb Cbipbe M 3anvBanacb Boda U3 pacyeta rma-
pomoaynst 1:10. Cbipbe noaeepranocb obpaboTke
BOAON B TemnepaTypHoM auanasoHe 160-220 °C
C BapbMpoBaHWEM NPOAOIKUTENBHOCTN 06paboT-
kn oT 25 go 120 muH. [Ana o6paboTku cbipbs Npun
Temnepatype Bbilwe 100 °C B peaktope cosaasa-
noce u3bbIToyHoe pasneHue (3,0 MMa) nytem
nogaum B peaktop CO,.n3 GannoHa co cxaTbiM
rasom.

lMepemelwmBaHme Cbipbsi OCYLLECTBMASNOCH
konebaHneM peaktopa c amnnutygon 150°. Mo
3aBeplUueHnn obpaboTkn CbipbA peakTop oxna-
xganca oo Temnepatypbl MeHee 100 °C, BCKpbI-
Bancs, obpa3oBaBLUAsfCs CyCMNeH3Us BbIrpyxa-
nace W pasgensnacb Ha TBEPOYH W XUOKYHO
dpakumm Ha py4HOM KOP3MHOYHOM npecce. Teep-
Oas dpakunsa npoMbiBanacb BOAOW Npu TeMmnepa-
Type 60-70°C u BbiCylUMNach Ha BO3Ayxe [10
BnaxHoctn 10+0,1 %.

OCHOBHble XapaKTEPUCTUKM CbipbS U TBEP-
Oon dpakumMm (cogepkaHue Uennonosbl, reMmu-
Lenmnomnos, K1crnoToHepacTBOPMMOro  JIUTHUHA)
onpegenanu CcraHgapTHeIMM  MeTofamu, npeg-
cTaBrneHHoiMn B pabote A.B. O6oneHckon,
3.M. EnbHuukoii, A.A. JleoHoBuua™.

MeToq onpegeneHus MaccoBOW [ONMU Len-
nono3bl No KioplwHepy ocHoBaH Ha obpaboTke
LLenntonosbl CNUpTOBbLIM PACTBOPOM a30THOW KMC-
NoTbl U KONMWYECTBEHHOM OMPEAEeneHnn Hepac-
TBOpMBLUErocst octaTka. CopepaHue KUcnoTto-
HepacTBOPUMOTO NMrHMHA B TBepOow dase onpe-
penann no metogy Komaposa. [Ans HaxoxgeHus
MaccoBOM [ONU TFEeMULUENIIIoN03 MCMNOoNb30BaH
XKEene3oopCMHOBLIN MeToa — oOpaboTka TBepaon
¢asbl 13 %-M pacTBOPOM COSIAHOW KUCHOThbI Npw

HarpeBaHUM W ornpegeneHunm OTOrHaHHoro dyp-
dypona cnekTpopoTOMETPUHECKUM  METOAOM.
CopgepxxaHvne 3o0nbl OUEHMBaNM MyTeM MOMHOMo
cxkuraHusa Teepaon ¢asbl npu 600 °C B TeyeHue
3 4. Bbixog TBEpOoON hpakumm nocne Bapku pac-
CUYUTBLIBANM OTHOCUTENBHO MaccChbl MCXOOHOIO Chbl-
pbs no cdopmyne:

(100 — W)

m. W)
nzw.loo%,

M

roe m,, — Macca TBepaon pakumn, T;
m, — Macca MCXOOHOro obpasua MucKaHTyca, T;
W — BnaxHocTb TBepaon dppakuuu, %.

[ns onpeneneHus BnvsiHWUA ycroBuin obpa-
OOTKM Cbipbs Ha COCTaB W BbIXxoA TBepaow casbl
ncnonb3oBasncs akTop XeCTKOCTU aBTOrMaposv-
3a, KOTopbln dBNAeTcs (PyHKUMEN NpOAOIIKM-
TENbHOCTU N TemnepaTypbl 06paboTkn (3TOT Kpu-
Tepui oueHKM aPeKTMBHOCTM 06paboTkn pacTu-
TENbHOMO CbIPpbS WMCMOMb30BaH MHOMMMWU MCChe-
gosatensamMu,  Hanpumep — aBTtopamu  paboT

[13, 14]):
T - TR
R =log <t . exp< 145 ));

rae t — MpOJOSKUTENBHOCTL 00paboTkU, MUH;
T — Temnepatypa 06paboTtku, °C; T, — aTanoHHas
TemnepaTypa peakuumn (pasHa 100 °C). 3HaueHune
14,75 aBnseTcsa SMNMPUYECKUM MNapaMeTpoMm,
CBSI3aHHbIM C 3HEpruen akTueBauum u Temneparty-
poW.

Teeppgas pakuma ncrnonb3oBanacb B Kade-
cTBe cybcTtpata gna epmeHTonM3a, KOTOpbIn
nposoaunu depmMeHTHeIMKU npenapatamn «Llen-
nontokc-A» (OO0 MO «Cnbbuodapm», Poccus) n
«bprosainm BGX» (Polfa Tarchomin
Pharmaceutical Works S.A., lMNMonbwa). ®epmen-
TaTMBHasi akTMBHOCTb npenapaTa «Llennontokc-
A»: uenntonasHas — 200010 % ea. UnC/r; keu-
naHasHasa — 8000110 % ea. KC/r; B-rntokaHasHas
— po 1500110 % en. B-TkC/r. ®epmeHTaTNBHAs
aKTUBHOCTb  npenapata  «bptosanm BGX»:
uenntonasHas — 210015 % en. LUnC/r; kcunaHas-
Haa — 420015 % epn. KC/r; p-rnokaHasHas —
53045 % en. B-TkC/r.

O6pasey, cybctpata maccon 5+0,01r B ne-
pecyeTe Ha abconoTHO cyxoe BeulectBo (ACB)
nometllarncsa B koHu4yecky konby 0,5 n u 3anu-
Banca  auetatHbiM  OydepHbiIM  pacTBOpPOM
(pH = 4,6£0,1) ¢ pacTBOpeHHbIMM B HeM dep-
MEHTHbIMW MpenapartamMmu U3 pacyeta Mnony4yeHns
150 mn cybcTpaTta koHueHTpauuen 33 r/n. dep-
MeHTHble npenapaTbl BHocunuck no 0,04 r/r cy6-
cTpata. ®epmeHTaTMpoBaHne cybctpata NpoBoO-

'O6oneHckas A.B., Enbhuukas 3.1., JleoHoBuy A.A. JlaBopaTopHble paboTbl MO XUMUW ApeBEeCUHbI U Lien-
nonosbl: y4eb. nocobue ans sysos. M.: Skonorusa. 1991. 320 c.
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OV B TeyeHue 72 4 npu MOCTOSIHHOM nepeme-
WwrBaHuM Ha nnatdopme «[13-6410 M» (Poccus)
C yacToToii konebanus 150 MuH ™. Ycnosust dep-
MEHTaTMBHOrO  rmgponusa: Temnepatypa -—
4512 C, pH = 4,6+0,1 [15].

B npoBedeHHbIX MCCNeOoBaHMSAX OLEHKa
rmgponusa cybcrtpata nposogunacb onpegene-
HMEM KOHLIEHTpauun peayumpylowmx BeLlecTB
(PB), rntoko3bl 1 NeHTo3 B rugponusare. [nsa ato-
ro otbupanucb npobbl o6bemom 5 mMn ¢ Mx no-
cnegywowum  unbTpoBaHmem. B cunbTpaTte
onpegenanack koHueHTpauusa PB Ha cnekTpodo-
TomeTpe Unico UV-2804 (United products and
instruments, CLUA) ¢ ncnonb3oBaHMeM peakTuBa
Ha ocHoBe 3,5-OAMHMTPOCAanuULMIIOBON KUCMOTHI
(Panreac, Wcnanwusi). CopgepxaHue TrHOKO3bl
onpeaensanu  cnekTpooToMeTpuyYeckuM MeTo-
OOM C UCNONb30BaHMEM peakTMBa Ha OCHOBE
3,5-ANHNTPOCaNMUNIOBON KUCMOTbI Ha CMEKTPo-
doTtomeTpe Unico UV-2804 [16]. KoHueHTpaums
NMeHTO3 onpefensanacb C UCNONb30BaHMEM pac-
TBOpa opcuHa. MeTtoa ocHoBaH Ha obpasoBaHun
dypdypona ns neHtosaHoB npu obpaboTke uen-
NtoNo3bl pacCTBOPOM C MacCOBOW A0OfEN CONSHOW
kmcnotbl 13 % nNpu HarpeBaHMU U onpefeneHum
oTOrHaHHoro dypdypona cnekrpodoToMeTpuye-
CKUM METOOM.

Mo pesynbTaTam aHanM3a paccyuTbiBarcs
KOHeuHbln BbiIxog PB oT maccbl cybctpata no

dopmyne:
CpB 4

Ny = -0,9-100,

PB

(4
rae m,, — BbIXOA4 PedyUMPYIOLWMX BELLECTB OT
maccel cybetpata, %; C,, — KOHeYHas KOHUEeHTpa-
uus pegyuupylomx BeLlecTB B rugponusare,
r/n; V. — obbem rugponusaTa, n; 0,9 — koadpuuu-
€HT, OOYCMOBMEHHbI NPUCOEOVHEHNEM MOJIEKY-
Nbl BOAbl K @HTMAOPOrMOKO3HbIM OCTaTkaM COOT-
BETCTBYHOLLMX MOHOMEpPHLIX 3BEHBEB B pe3yrnbTa-
Te (epMeHTaTUBHOIO rMaponu3a Lenonosbl;
m. — Macca cybcTpara, T.

Mo pesynbTaTam aHanmMsa yCTaHOBMEHO, YTO
coAepXaHue IMoKo3bl U MEHTO3 B O0LEN KOHLEH-
Tpauum PB coctaensaet 79-83 un 1-2 % cooTBeT-
CTBEHHO, 4YTO CBMAETENbLCTBYET O MNpenmyLle-
CTBEHHO [TIIOKO3HOM COCTaBe MOJly4YeHHbIX r’Mapo-
nun3aTtoB. [pyrne caxapa B coctaBe PB He onpe-
Oensinncb, Tak Kak MX coAdep)KaHue COoCTaBnseT
meHee 20 %. [Mockonbky copepaHue NeHTO3 B
coctaBe PB Hu3koe, BNvMsHWE peakuum B3avMo-
OencTeus anbaerngHon rpynnbl ¢ 3,5-OMHUTPO-
CcanvumMnoBOn KUCIOTON HE y4UTbIBaNu.

VMccnegoBaHns NpoBOAUNNCL MPU UCMOMb30-
BaHMM obOopyaoBaHUS BuWIACKOro pervoHanbHOro
LEeHTpa KONnneKkTMBHoro nonb3oBaHms CO PAH
(MHCTUTYT NpoGrIeM XUMUKO-3HEPTETUYECKNX TEX-
Honorun (UMX3T) CO PAH, r. Buiick).

OBCYXOEHUE PE3YINIbTATOB

OnpepgeneH XMMMYeCKUn CocTaB Cbipbs (Cy-
Xoro muckaHnTtyca), % k ACB:

— uenntonosa no KiopwHepy — 52,1;

— remuuenntonossl — 20,6;

— nurHmH — 20,8;

—3ona —5,3.

lMocne aBTOrMaponusa cbipba (CyXoro Muc-
KaHTyca) onpefensncsi CoctaB TBEpPOON hpakuw.
B Ttabnvue npegcrtaBneH BbiIxod TBepAbiX dopak-
U, BbIOEMNEHHbIX U3 Cbipbsi NpeaBapUTENbHON
o6paboTKOM, B 3aBUCUMOCTU OT TemnepaTypbl U
NPOAOIKUTENBHOCTM 00paboTkn, NpuU  KOTOPbIX
aKkTop KECTKOCTW aBTOrMaponmMsa Haxogurcs
B npegenax 3,20-5,67, a Takke maccoBas [o-
ns 3onbl U pH B aBTonuaare.

M3 npegcrtaBneHHbIX pe3ynbTatoB BUAHO,
YTO BbIXO4 TBEpAOW dpakumm u pH aBTONM3aTa
CHWXXalOTCS, @ MaccoBasl JoNA 30/1bl NOBbILLAETCH
C yBenuyeHvem cpaktopa XecTkocTn obpaboTku
Miscanthus sacchariflorus Andersson.

Ha pwuc.1 rpadudeckn npeacraBneHo
M3MeHeHNe cocTaBa TBepOon pakumm noc-
ne aBTOorMaponMTMyeckon obpaboTkm Miscanthus
sacchariflorus Andersson .

Cocmae meepdbix hpakyuli nocsie aemoaudposaumuyeckoll o6pabomku
Miscanthus sacchariflorus Andersson

Composition of solid fractions after pretreatment
Miscanthus sacchariflorus Andersson

Temnepatypa aBTonmsa, °C
MapameTp 160 180 200 220
[MpogonmknTenbHOCTbL 06pPaboTKM, MUH

25 60 120 25 60 120 25 60 120 25 60 120
®aKTop XECTKOCTM | 55 | 358 | 388 | 379 | 417 | 448 | 439 | 477 | 507 | 499 | 537 | 567
asTorngponmsa, R
Bobixoa, % 92,0 | 89,0 84,1 63,2 61,9 61,2 62,6 57,0 50,8 52,0 45,5 | 40,1
Maccoean aons 249 | 253 | 264 | 286 | 309 | 319 | 354 | 367 | 385 | 399 | 413 | 4,20
pH aBsTonusarta 4,84 | 4,70 4,64 4,22 4,01 3,84 3,79 3,78 3,75 3,65 3,42 | 3,25

lpumeyaHue. * — e nepecyeme Ha ACB.
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Puc. 1. U3smeHeHue cocmasa meepdbix ghpakyuli nocsie asmoa2udponumuyeckoli o6pabomku
Miscanthus sacchariflorus Andersson

Fig. 1. Variation in the composition of solid fractions after autohydrolysis treatment
of Miscanthus sacchariflorus Andersson

AHanus nonyyeHHbIX pesynbTaToB Mokasan,
YTO yAaneHne KOMMOHEHTOB U3 Cbipbs CBSI3AHO C
n3MeHeHnemMm Temnepatypbl. KOMNOHEHTBI CbIpb4,
B NMEPBYIO 04epenb reMULEeNnonosbl, MMeT pas-
NNYHYI0 BOCNPUMMYMBOCTD K OENCTBUIO TeMnepa-
Typbl, NPUBOOALLEN K WHTEHCUBHOMY TMOpPONN3Y
aTtoro yrnesoga. [oBblleHWe TemnepaTypbl Tak-
Xe NpyMBOAUT K rmaponuay LEenninosbl, 4To B Co-
BOKYMHOCTU BblI3bIBaET CyLLECTBEHHOE U3MEHEHNE
BbIxO4a TBepAon dpakumn. Tak, ¢ M3MEHEeHueMm
TemnepaTypbl Npy CpeaHen NPoAOIHKUTENBHOCTH
obpaboTtkn 60 MMH BbIXO4 TBEpAou dpakumu
cHuxaetcs ¢ 89,0 % npu 160 °C no 45,5 % npwu
Temnepatype 220 °C, 4TO CBA3aHO C ydaneHuem
OGonbluei YacTu remuuennionos u3 cbipbs [17].
OT10T 3achdekT obycrnoBneH yBenM4yeHnem cogep-
KaHus UOHOB BOAblI B pEeaKLMOHHOM pacTBOpE,
4YTO CnocobCTBYEeT NPOSIBNEHWIO OEWCTBUS BOAbI
kak crnaboro nonsipHoro pacteoputens. C yBenu-
YyeHMeM TemnepaTypbl MNOBLILAETCS YPOBEHb
MOHM3aLMM BOAbl M OOpa3oBaHME YKCYCHOW KUC-
NoTbl U3 aueTunbHbIX rpynn remuuennonos. O6-
pasyloLmecss MOHbl MTMOPOKCOHUS SABNSAIOTCA KaTa-
nusaTopaMu rMaponm3a KOMMOHEHTOB Cbipbs. C
pOCTOM TeMmrnepaTtypbl B rMaponn3 KOMMOHEHTOB
cbipbsi 6OMbLUUIA BKNa4 BHOCUT YKCYCHas KMCMoTa.

YcTaHoOBNEHa B3aUMOCBA3b COCTaBa TBep-
[on pakunm ¢ akTopoMm XKecTKOCTM aBTormapo-
nmn3a. Ha puc. 2 npMBedeHO U3MeEHEHWe comep-
XaHua reMmuennionos B TBepaon dpakuum B 3a-
BMCMMOCTU OT haKkTopa XeCTKOCTU aBTOrMaponu-
Tudeckon obpabotkm Miscanthus sacchariflorus
Andersson

ABTOrMAPONN3 Cbipbsi MPUBEN K 3HaYUTElb-
HOMY rmgponudy remuuennonos. M3 pesyneta-
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TOB, NMPEACTaBMEHHbIX HA pUC. 2, BUOHO, YTO Npwu
paBHOW NPOAOIHKUTENBHOCTN 00paboTKN Cbipbs
OCHOBHOE BIMWSIHWE Ha ygarneHwe reMuuensionos
OKa3blBaeT W3MeHeHue TemnepaTypbl. [pu no-
BbllUEHNN akTopa >EeCTKOCTU aBTOrMaponunsa
coipbst ¢ 3,20 go 4,39 npoucxoauT OCHOBHOE
CHWKEHVEe COAepXaHus remuuennonos B TBep-
aovi pase ¢ 19,4 go 1,2 %. MNMocneayowee NoBbI-
weHue cpakTopa xecTkocTu npu obpaboTke Cbl-
pbs oT 4,39 po 5,67 ocTatoyHoe cogepxaHue
remMyLennonos B TBepaon gase cHuxaetcd ¢ 1,2
0o 0,1 %. Takum obpasom, npy ob6paboTke Cbipbs
C haKTOpOM KeCTKOCTU cBbiwe 4,39 npoucxoaut
NpakTUYecKkn OCHOBHOE yaaneHve reMuuensiionos
n3 TBepaon dasbl. NonyyeHHble pe3ynbTaTthbl Co-
rnacylTcsl ¢ pesynbTatamu MHOrMX paboT nocne
NnpoBeAeHUs  rmapotepmmuyeckorn  obpaboTkm
(Hanpumep, [18]). Caxapa, nonyyeHHble U3 reMmu-
Lennono3 B pesynbtaTe yBenu4eHUs Temnepa-
Typbl U BpemeHn obpaboTkv, NMpoOoImKaloT pas-
pywaTbcs, B pe3ynbTarte 4yero obpasytTcs opra-
HUYECKME KUCIOTbI, Takue Kak MypaBbuHas,
YKCYCHasi, MomnoyHas, rnukonesad. CootBeT-
CTBEHHO, MPOUCXOAUT MOBbILLEHNE KOHLUEHTpaLum
KUCMOT, O YeM CBUAETENbCTBYET CHWXEHME 3Ha-
yeHus pH aBTonuauta (cm. Tabnuuy) [19]. Tepmu-
yeckoe BO3JENCTBME MPU COYETAHUW, Hanpumep,
C MexaHu4veckon oOpaboTkon MOXeT npuBECTU
K MO3UTMBHOMY W3MEHEHMWIO CTPYKTYpbl JUTHO-
LeNonosHoro kommnnekca B obpabaTbiBaemMom
colpbe [20]. Ha pwuc.3 nokasaHoO wu3MeHeHue
cogepxaHus NUrHnHa B TBepaon dase B 3aBUCKU-
MOCTW OT (paKkTopa >KEeCTKOCTU aBTOrMaponmTnye-
ckon obpabotkm Miscanthus  sacchariflorus
Andersson.
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Fig. 2. Variation in the content of hemicelluloses in the solid phase, depending on the harshness
of autohydrolysis treatment of Miscanthus sacchariflorus Andersson
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Fig. 3. Variation in the content of lignin in the solid phase, depending on the harshness
of autohydrolysis treatment of Miscanthus sacchariflorus Andersson

CogepxaHne nurHMHa B TBEpOOM OCTaTke
He3Ha4YUTEeNbHO CHUXAETCH, Koraa XecTKocTb 00-
paboTku coctaendet ot 3,20 go 3,79 (cm. puc. 1).
B 3TMX ycnoBusix CHWXeHWUE cogepXaHnst IMrHNHA
B TBepaon dpakuum coctaensetr go 20,1 %.
[anbHenwee noBbiWeHNE aKkTopa XeCTKOCTU
06paboTkn, CBA3aHHOE C POCTOM TemrnepaTypbl B
nHtepBane ot 3,79 go 5,67, npuBoauT Kk obpat-
HOMY SIBNEHUIO — coaepXXaHne NUrHuHa B TBEPLOMN
dpakumn yBenuumnsaeTcs. WM3BeCTHO, 4TO npwu
YBENMUYEHNN KECTKOCTM 00paboTkM BO3MOXHO

npoTeKaHWe peakuMnm KOHAeHcauuu MUrHWHA.
B pesynbTate obpaboTka npu BbICOKOM hakTope
XECTKOCTM MPUBOAMT K TOMY, YTO peakuus KOH-
AeHcauun nurHmHa npeobnagaeTr Hag rmaponu-
30M, 4YTO NpMBOAMT K O0BpasoBaHMIO NCEeBOONMUI-
HVMHa, KOTOPbIN OcaxdaeTcd MOBTOPHO Ha Mo-
BEPXHOCTb TBEpAon hpakunm [21].

B oTnuuve oT remuuennionos M fvrHuMHa
uennoonosa B MeHbLUEN CTeNeHW noaBepxeHa
aBTOrMAponu3y B Boge (puc. 4).
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Fig. 4. Variation in the content of cellulose in the solid phase, depending on the harshness
of autohydrolysis treatment of Miscanthus sacchariflorus Andersson

Kak oTMedaeTcs, ruaponma Lennonossl npu
rmgpoTtepMmnyeckonn o6paboTke 0ObIYHO SBNSETCS
HU3KMM W 3aBUCUT OT MPOUCXOXOEHUS pacTu-
TENbHOTO Cbipbsi. YCTaHOBNEHO, 4YTO npwu obpa-
00TKe OpeBeCHbIX BUOOB Cbipbs MApPONnU3 Len-
nono3bl He3HauuTeneH, a B cnyvae obpaboTkm
TPaABSHUCTOrO CbIpbS U CENbCKOXO3SNCTBEHHbIX
0TXOO0B BO3MOXHO CYLUECTBEHHOE paspylueHune
uennonosbl npu rmgponuse [22]. Tak, npn gak-
TOpe XecTkocTu Ao 4,17, 4TO COOTBETCTBYET TEM-
nepaTtypHoMy auanasoHy 160-180 °C, HesaBucK-
MO OT MPOAOIPKUTENBHOCTM 00paboTkn rMaponua
Lennonosbl He3HaYMTENbHbIA, @ ee CoaepXaHue
B TBepAon dase yBENMYMBAETCHA MO CPaABHEHUIO
CO CHWXeHueM remuuennonossl (cMm. puc. 2). Uk-
TEHCUBHOE CHWXEHWe COoAepXaHus remMuuensio-
03 NPOUCXOAMNT NPW yBENUYEHUU dakTopa XecT-
koctn ot 3,20 go 4,17, 4To NPUBOANT K 3aMETHO-
MYy MOBbLILWEHUIO B cOCTaBe TBepaon pasbl co-
AepxaHus uennonossl — 8o 75,7 % (cm. puc. 4).
Haunbonbllee copepxaHue LEnmnionossl B TBEP-
oon dpakumm (75,7 n 76,9 %) obpasyetca npu
dakTope XecTkocTu 06paboTkm cbipbs 4,17 un
4,39, 4TO COOTBETCTBYET TEMMNepaType 00paboTku
cbipbst 180 1 200 °C 1 NPOOOIMKUTENBHOCTU 06-
paboTku cbipbs 60 1 25 muH. CHkeHne cogep-
XaHua uenninossl B TBepaon dpakuyum ot 76,9
go 60,0 % npoucxoauT Mpu MOBbLIWEHWM Temne-
paTypbl 06paboTkn ot 200 go 220 °C, Mpu aTom B
3aBUCUMOCTM OT MPOAOIHKUTENBHOCTU 00paboTkm
cbipbsl dhakTop XecTKoCcTn MmeHsetcs oT 4,39 ao
5,67. 3TO0 NokasbiBaeT, YTO B paccMaTpuBaembix
YCMOBUSIX MPOMCXOAUT TFMAPONM3 LEenmnonosbl B
TBepaon dpakumm. C noBbILLEHNEM TeMnepaTypbl
06paboTkn Cbipbs NMPOUCXOAMT POCT KOHLEHTpa-
UMM YKCYCHOW KWUCMOTblI B PeakuMoOHHOW Macce,

DPUINKO-XUMUYECKAA BUOJTIOINA /| PHYSICOCHEMICAL BIOLOGY

KoTopasi KatanusuvpyeT rmaponns rnnKo3UaHbIX
CBsA3ei B Lennonose, npexae Bcero Ha amopg-
HbIX yyacTkax [23]. lMpy NOBbIWEHUN XKECTKOCTU
obpaboTku ot 4,77 po 5,67 rmgponns Lennonosbl
npoucxoamnT 6onee BbipaXXeHHO, YTO N NPUBOAUT K
CHWKEHMWIO codepXXaHusa Lenmnonossl B TBEpOow
dpakumm go 60 %.

O6paboTka Cbippbd B paccMaTpvBaeMbiX
YCIOBUSIX aBTOrMApONmn3a CyLEeCTBEHHO BrusieT
Ha  depMeHTaTUBHbLIA  rMApoOnM3  TBepAblX
dpakumi. Ha puc. 5 nokasaHo BnusHue gakropa
XKECTKOCTU  aBTOMMAPONMTUYECKOW  0BpaboTkm
Miscanthus sacchariflorus Andersson Ha dep-
MEHTaTMBHbIN MTMAPONN3 TBEPAbIX paKLM.

N3 npegcTtaBneHHbIX pe3ynbTaTtoB BUAHO,
YTO MOBbLILEHNE XECTKOCTM 06paboTkm npuBoguT
K yNyyLleHuIo yCrioBuin Ana AencTena hepmMeHToB
B MHTepBarne hakTopa >XeCTKOCTW aBTormaponunsa
3,20-4,17. MNoBbiWweHNe ypOBHA HaKOMMeHUs pe-
OyUMpYIOLLMX BELLECTB MOKa3biBaeT YCTONYUBLIN
pOCT Mo Mepe yaaneHns reMuuennonos n 4ocTu-
raeT MakcMmarnbHoro 3HayeHus — 45,1 %, 4To co-
OTHOCUTCS CO CHUXEHUEM CcoAepXKaHusa remuiien-
nono3 o yposHa 5,3 % (cMm. puc. 2) n goctmxe-
HMEM MUWHUMArbHOrO COAepXaHus InUrHuHa -—
26,5 % (cm. puc. 3). BTOT BbIXOA peayLMpYHOLLIMX
BellecTs B 2,9 pasa npesblaeT BbIXO peayuu-
pyloLLMX BeLlecTB u3 HeobpaboTaHHOro aBTorna-
ponM3oM MWCXOAHOro Cchipbs. [locne rugponusa
HeobpaboTaHHOro CbipbsA MOSTyYeHa KOHLUEHTpa-
umns pegyumpytowmx Bewects 15,5 % nocne 72 4
obpaboTkn hepmeHTamu. C y)xecToveHnem ycrno-
BUA 06paboTKM Chipbs (hakTop XecTkocTn bonee
4,48) ypoBeHb HaKoMMneHus peayuupyroLimnx Be-
wects cokpatunca o 31,78 %. WMsBecTtHo, 4yTO
CMNULLKOM XecCTkne ycnosusi obpaboTkum pacTu-
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TENbHOMO Chlpbs MOryT CnocobCcTBOBaTb KOHAEH-
cauum n ocaxdeHuIo pacTBOPUMBIX COEONHEHWUW
JIMTHWHA Ha nNOBEPXHOCTWU uennonosbl [24]. B
OaHHOM crny4ae MOBbILEHUE XECTKOCTM YCITOBUN
06paboTKM Cbipbs NPMBENO K HAKOMIEHWIO NINTHU-
Ha B TBepaon dpakuumn (cM. puc. 3) U CHUXKEHUIO
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uenntonosbl. Takum obpasom, obpaboTka cChipbs
npu akrtope xectkoctn 3,20-4,48 cosgaet
Hambonee OnaronpusATHble ycnoeBua ans dep-
MEHTaTUBHOIO rMaponusa yrneeogoB u obpaso-
BaHWUS pegyuupyoLLmMx BeLecTB.
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Puc. 5. BnusiHue ¢ghakmopa xecmkocmu asmozudponumuyeckoli o6pabomku Miscanthus sacchariflorus Andersson
Ha ebix00 PB npu ghepmenmamueHol o6pabomke meepObix ¢hpakyul

Fig. 5. Harshness effect of autohydrolysis treatment of Miscanthus sacchariflorus Andersson
on the reducing sugars yield during enzymatic hydrolysis of solid fractions

BbiBO[bl

YCTaHOBNEHO, YTO MPU U3MEHEHUUN YCIIOBUMA
aBTOrMaponuTMyeckon obpaboTtkm  Miscanthus
sacchariflorus Andersson obpasyioTca TBepAable
dpakumn, cogepalime LEennonosy, NUrHuH, re-
MULENMono3y U MUHeparnbHble BellecTsa, CooT-
HOLLEHWEe KOTOPbIX 3aBUCUT OT dhakTopa XeCTKo-
CTW.

lMokasaHo, 4To Npu hakTope XecTkocTn 5,67
NpouCXOaUT MNPaKTUYECKU MOMHbLIN rMaponus re-
MULEnMono3sel, 0gHako Habnwgaetca yBenuye-
HWe copepXaHus NUrHUHa B TBepOou dpakuuu,
4YTO OOYCNOBMEHO KOHAEHCAUMEN NUrHMHa C 00-
pasoBaHMeM MceBOONMrHMHa. Haubonbliee co-

JepxaHve uenntonossl B TBEpAon dase Habnto-
AaeTtca npu rmgponutudeckon obpaboTke Cbipbs
Cc daktopom xecTtkoctn 4,39 npu Temnepa-
Type 200 °C 1 NpoaomKUTEeNnbLHOCTU 06paboTku
25 MUH.

OnpegeneHo, 4To rugponutudeckas obpa-
b6oTka Miscanthus sacchariflorus Andersson npwu
dakTopax xecTtkoctn oT 3,20 go 4,48 npmBoguT K
obpasoBaHuio cybcTpata, o6paboTka KOTOpOro
depMeHTHbIMK Npenapatamu «Llennontokc-A» u
«bptozavm BGX» nossonset nonyvyaTb pepmMeH-
TanusaTtbl C cogepXaHuem peayuupyloLmx Be-
wectB 0o 45 %.
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PepmeHTaTMBHaA Mmoaudmukauma nod6o4YHoOro
MSICOKOCTHOIO KonJiareHcoaepaliero Cbipbs
npuv ero nepepaboTke

© H.10. Me3eHoBa, C.B. ArachoHoBa, O.4. Me3eHoBa, J1.C. BanganuHoBa,
B.B. BonkoB

KanuHuHrpagckum rocyaapCTBEHHbIV TEXHUYECKUA YHUBEPCUTET,
r. KanunnHrpag, Poccunckaa depepaums

Pe3rome: Llenbio uccriedogaHus 5168/18/10Cb U3y4YeHUE rpoyecca IKCmpakuyuu UEeHHbIX MpomeuHo8bix 8000-
pacmeopuMbIx 8ew,ecme U3 8bICOKOMUHEPAanu308aHHO20 MSCOKOCMHOZ0 Chipbsi rpu 2udponuse rnpomeo-
niumu4YeckuMu ¢ghepmeHmamu. IkcrnepumMeHmal NPo8odusu Ha 208sXKbUx mpybyamabix u pebepHbIX KOCMsiX C
npumeHeHuem ¢pepmeHmos Alcalase 2,5 L, Protamex, lTpomocybmunux 3x. S¢pgpekmusHocmb a2udponusa
besnikos oyeHusarnu no HaKorIeHUr 8 80OHOM MPOMEeUHOBOM 3KCmpakme Hebeslkogo2o aMUHHO20 a3oma,
KOriu4yecmeo KOmopoz0 ycmaHasnueanu rnymem ¢hopMosibHo20 mumposgaHus. OueHKYy XUMUYECKo20 CO-
cmaea cbipbsi U NpodyKkmoes 2udposiuda nposodusiu cmaHOapmHbIMU (hU3UKO-XUMUYECKUMU Memodamu.
BbicywusaHue 2udporu3o8aHHbIX MPOMeUHO8bIX ¢hpakyul ocywecmernsanu Ha fuouibHOU ycmaHoeKe
npu memnepamype KoHOeHcamopa -55 °C. Cywky ocadoyHol b6esikogo-MuHepaibHoU ¢hpakuuu rnpogooursnu
KOHBEKUUOHHBIM criocobom npu 60 °C. YcmaHoerneH obujuli XUMUYECKUL COCMae Chipbs U MPOMeUuHO8bIX
eudponu3samos. [TokasaHo, 4mo ¢hepmeHmMornu3 8 800HOU cpede c rpedsapumeribHbIM omoesieHUeEM Xupa
u nocnedyrowum pasdenieHueM hpakyuli no3gosssem rosiydame HU3KOMOJIEKYNSPHblIE 800opacmeopuMble
nenmudkl u 6esIK080-MUHepasbHbIe HEPACMEOPUMbIE KOMIMO3UYUU, @ MakKxXe Xuposblie rnpoldyKmbl 8 KOsu-
yecmee 13,3-14,4 % om macchl cbipbsi. Bbixod npomeuHog o codepxxaHuro cyxux eeuwecme e godopac-
meopumMbix cybnumuposaHHbIx npodykmax cocmasun 6,1-7,9 % e 3asucumocmu om euda ¢hepmeHma u
ycnosul audponusa. OcHo8Hasi Macca MpPOMmMeUHo8 Cbipbsi ocaxxdaemces eMecme ¢ MUHeparsbHbIMU 8elle-
cmeamu ripu pepmeHmornuse. ColepxkaHue cyxux eewecms 8 rniomHbix ocadkax cocmaeusno 66,5—73,8 %.
PexkomeHO08aHO rnpumeHsmb ¢bepMeHmMOosnu3 MsSCOKOCMHO20 Cbipbs O rnpedeapumernibHol obpabomku
npu nocredyouieM ebicCOKomeMmnepamypHoM eudponuse. [NpomeuHosbie npPoOyKMbl, MOyYEeHHbIe Mpu
pepmeHmamugHoU Moougbukayuu MSCOKOCMHO20 Cbipbs, PEKOMeHO008aHb! K UCMOMb308aHUI 8 COCMase
KopmMoebix 0obaegok, Mukpobuoroaudeckux cped u yOobpeHul, kopMmoe Onsi akeaKynbmypbl. s amoz2o
Heobxo0uMo u3y4yumb UX aMUHOKUCIIOMHbIU cocmaes U rposecmu buoroaudyeckue ucribimaHusi. BoideneH-
HbIl XUP MOXem 58/15iMbCs ChipbeM 05151 psida XKUpos8bix MPodyKmoes (MapaapuH, crnped, Mbiso).

Knro4deeble croea: mMsicokocmHoe noboyHoe Chbipbe, KorazeH, chepMeHmamusHbil 2udponus, cyxue ee-
wecmea, godopacmeopumMbie nenmuodbl, aMUHHbIU a3om

BnazodapHocmb: ViccriedosaHue 6bINoHeHO npu ¢uHaHcoeol noddepxke ®oHOa codelicmeusi UHHO8a-
uusim o npoepamme «CTAPT-1», HUOKP no meme: «Paspabomka mexHosioeuu rno nepepabomke emo-
PUYHO20 MSICOKOCIMHOZ0 Chipbsi U MOMIy4YeHUE 3KCriepuMeHmarbHbiXx 06pa3yos8 ¢hyHKUUOHaIbHbIX KOMIO-
HeHmMoe8 rnpomeuHo8020, UNUOHO20 U berTkogo-MuHepaibHo20 cocmagosy (doecoeop Ne3209IC1/48676 om
03.09.2019, epaHm Ne AAAA-A19-119101790069-4).

Uugpopmayus o cmamee: [Jama nocmynneHusi 27 ¢espans 2019 e.; dama npuHamus K nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs1 2020 a.

Ans yumupoeaHusi: MeseHoa H.1O., AracdoHoBa C.B., MeseHoBa O.4., banganuHosa J1.C., Bonkos B.B.
depmeHTaTUBHaA MoaudukaLms NoGOYHOro MSICOKOCTHOMO KonareHcoaep»Kallero cbipbsi Npy ero nepepa-
0oTKe. M3gecmus 8y308. lNpuknadHas xumusi u buomexHonoausi. 2020. T.10. N 2. C. 314-324. https://doi.
0rg/10.21285/2227-2925-2020-10-2-314-324
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The use of enzymatic modification
in recycling of meat and bone collagen-containing
byproducts

Natalia Yu. Mezenova, Svetlana V. Agafonova, Olga Ya. Mezenova,
Larisa S. Baydalinova, Vladimir V. Volkov

Kaliningrad State Technical University, Kaliningrad, Russian Federation

Abstract: The objective of this research was to study the process of extraction of valuable protein water-
soluble substances from highly mineralized meat and bone raw materials during hydrolysis by proteolytic
enzymes. The experiments were carried out on beef tubular and costal bones using enzymes Alcalase 2.5 L,
Protamex, Protosubtilin G3x. The efficiency of protein hydrolysis was evaluated by the accumulation of non-
protein amino nitrogen in the aqueous protein extract, the amount of which was determined by formol titra-
tion. The chemical composition of raw materials and hydrolysis products was evaluated by standard physico-
chemical methods. The drying of hydrolyzed protein fractions was carried out on a lyophilic freeze dryer at a
condenser temperature of -55 ° C. Drying of the sedimentary protein-mineral fraction was carried out by con-
vection method at 60 ***"'C. The general chemical composition of raw materials and protein hydrolysates is
established. It was shown that fermentolysis in an aqueous medium with preliminary separation of fat and
subsequent separation of fractions makes it possible to obtain low molecular weight water-soluble peptides
and protein-mineral insoluble compositions, as well as fat products in the amount of 13.3-14.4 % of raw ma-
terials by weight. The yield of proteins by the content of solid products in water-soluble freeze-dried products
was 6.1-7.9 %, depending on the type of enzyme and hydrolysis conditions. The bulk of the raw material's
protein mass is precipitated together with mineral substances during fermentolysis. The solids content in
dense sediments was 66.5-73.8 %. It is recommended to use the fermentolysis of meat and bone raw mate-
rials for pre-treatment in subsequent high-temperature hydrolysis. Protein products obtained by enzymatic
modification of meat and bone raw materials are recommended for use as part of feed supplements, micro-
biological media and fertilizers, as well as feed for aquaculture. To accomplish that, it is necessary to study
their amino acid composition and conduct biological tests. The extracted fat may also serve as a raw material
for a number of fat products (margarine, spreads, soap).

Keywords: meat and bone byproduct, collagen, enzymatic hydrolysis, solids, water-soluble peptides, amine
nitrogen
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BBEOEHUE

MepepaboTka XMBOTHOBOOYECKOrO Cblpbs
Hen3bexHO cBsid3aHa ¢ obpa3oBaHMeM MoBGOYHOro
cbipbsi (KOCTW, KOCTHbIA LWIPOT, MOCHbI, 0bpesb,
ronoBbl, COEAUHUTENbHbIE TKaHW, nanbl U Mepo
nTuubl u ap.) [1, 2]. BBnay HU3koro nuLLeBoro Ka-
YecTBa, TPYAOEMKOCTU nepepaboTkn u HegocTa-
TOYHOM BoOCTpeboBaHHOCTU ocobyo npobnemy
npeacTaBnseT MUCMonb3oBaHWE BbICOKOMUHEpPA-
NN30BAHHOIO MSICOKOCTHOMO CbIpbsi KPYMHOMO po-
ratoro ckota (KPC), kK KOTOpOMy OTHOCSTCS pe-
OepHble M Tpyb4yaTble KOCTU C KyrnakaMu U KOCT-

HbIM MO3roMm [3, 4]. OgHako MSICOKOCTHOE Cbipbe
UMeeT BbICOKMIA GuonoTeHumar, obyCrnoBneHHbIN
HanMuMeMm B ero cocTaBe Takoro LeHHoro 6erka,
Kak KonnareH un ero cneunduiecknx aMMHOKUCIOT
(rmvuuHa, NpornuHa, oKCUMpPONNHA, rNyTaMUHOBOM
KMCNOTbl U Ap.), a Takke kanbuud, dgocdopa u
XWUPHBIX KUCIIOT.

BbicOKOMMHEpanNM30oBaHHbIA  KOMmareH, Co-
CTaBMSAIOLWMIN OCHOBY COEAVHUTENbHOW TKaHW Op-
raHm3ma MrekonuTawLwmx (OTCyTCTBYeT y pacTe-
HUN, GakTepun, BUPYCOB, NPOCTENLUNX U TPUOOB),
obecneunBaeT ee MPOYHOCTb M 3MNACTUYHOCTb
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Grnarogaps CTPYKTYpHbIM eAuHuuam — TPOMOKOSI-
nareHam. Macca konnareHa MOXeT JocTuraTb
50 % Beca kOCTHOW TKaHu [5, 6]. NepeBoa ero B
pacTBOpMMOE COCTOSIHWE (hbepMEeHTaTUBHBIM My-
TeM No3BONUT MonyyaTb LEHHblE HU3KOMOIEKY-
NSpHble NenTuabl U aMUHOKUCIOTbl 3adaHHOro
cocTaBa, 6UONOrNMYeckn akTMBHbIE NENTUAbI, BOC-
TpeboBaHHblE BO MHOIMMX OTpacnsx, B TOM 4ucne
npu NPOU3BOACTBE MULLEBbLIX, KOPMOBbIX U MWK-
pobuonornyeckux npoayktos [7, 8]. MNpu nepepa-
60TKe OaHHOro Cblpbsl NPeAcTaBnsAeTCcs nepcnek-
TMBHbIM MPUMEHEHMe npouecca rMaponMTNYecKo-
ro pacnaga KOCTHbIX TKaHeln nog 4encTeBMeM npo-
TeonuTudeckux hepMeHTOB KomfareHasHowm cne-
UMUYHOCTK, KOTOPbLIA MO3BOMMUT HE TOSbKO MNO-
ny4yaTb MNOMe3Hble MPOTEVMHOBbLIE MPOAYKTHI, HO U
OyneTt cnocobcTBOBaTbL KOMMITEKCHOW NepepaboT-
Ke CbIpbsi C BblAENEHNEM MUHEparbHbIX U XUPO-
BbIX dppakunn [9-12].

Llenbto HacTosiwen paboTbl ABMSNOCH WUC-
crnepoBaHue npouecca BuoTexHonornyeckon o6-
paboTKn MSCOKOCTHOro MOBGOYHOro Chipbs pas-
NIMYHBIMK  NPOTEONUTUYECKUMU  DEPMEHTAMU C
YCTaHOBMEHNEM CTEMEHU 3IKCTpaKUMM BoJopac-
TBOPUMbIX  HW3KOMOJEKYMSAPHBIX  MPOTEMHOBbIX
dpakumii 1 NEPCNEKTUBHOCTU MONYYEHMS LIEHHbIX
NPOTENHOBBIX, MUHEPAIbHbLIX U XUPOBbLIX NPOAYK-
TOB.

Ons gocTwkeHnss 3Tol LenuM Heobxogumo
ObINo pelwunTb crnegyloLlmve 3agayn: nccnegoBaTtb
XMMUWYECKUI COCTaB Cbipbsl, 060CcHOBaTbL BbIGOP
Hanbornee apPeKkTUBHLIX (hbepmMeHTOB Ans nepe-
BOOA KOMnareHoBbIX GenkoB B pacTBOPMMOE CO-
CTOsIHWE, YCTAHOBUTb CTEMEHb 3KCTPaKUMn B BOOY
NPOAYKTOB rMaponusa, onpeaenutb NepcrnekTmB-
HOCTb (pbepmeHTONM3a Mpu nepepaboTke MsACo-
KOCTHOIO CbIpbsl C Lienbio 3pdEeKTUBHOIO UCNOMb-
30BaHUSA NOJTyYEHHbIX MPOAYKTOB rMApPONNn3a.

OKCMNEPUMEHTAIIbHASA YACTb

WccneposaHua nposogunu B LleHTpe nepe-
JOBbIX TEXHONOrnnm ucnonb3oBaHna b6enkoB Ka-
NMHWHIPaACKOro rocy4apCTBEHHOIO TEXHNYECKOTO
yHuMBepcuTeTa. B kayecTBe OCHOBHOIO Cbipbsi UC-
nonb3oBanu KocTu TpybyaTtbie ¢ Kyrnakamu u peb-
pa KPC (lonybeBckun msicokombuHat «JISAP»,
KanuHuHrpagckas obnactb) M kocTu pebepHble
roBsbxbn (OO0 «MK “Banecbe’»).

CopepxaHue Brarn, Genkos, xupa M 307bl
onpefensanuM no rocygapCcTBEeHHbIM CTaHAapTam
9793-2016, 25011-2017, 23042-2015, 31727-
2012 cooTBeTCTBEHHO. MaccoBy Jonto konna-
reHa B cbipbe onpegenanu no FOCT 33692-2015.
CopgepxaHue kanbums n docdopa oueHnBanu no
FOCT 55573-2013 n 9794-2015. CteneHb rmagpo-
nn3a MpOTEVHOB CbIpbs OLEHMBany no Hakonne-
HWIO BOAOPACTBOPUMOrO aMWHHOro asota Mo
FOCT 7636-85, KUICNOTHOCTM TKaHEN U coaepXa-
HUo cyxux Belects (CB) B BOogopacTBopuMOK
dpakuun, a Takke No mMacce B rMAPONIN3HON CU-

cTeme HepacTBOPUMOrO MNIIOTHOrO ocTaTka M Co-
OEPXKaHMI0 B HEM CyXUX BELLECTB.

[ns chepmeHTaTMBHOIO pacnaga KornareHo-
BblX TKaHEN WCMONb30BanM MpOTEOoNMTUYECKNE
depMeHTbl  KonnareHasHou  cneumnuyHoOCTu:
«Alcalase 2,5 L» n «Protamex» (aktTuBHoCTb 2,5 1
1,5 AU/r cooTBeTCTBEHHO; aHAOMNENTNAAa3bl; Npo-
nssoantens Novozymes, [OaHugd), «lMpotocyb6Tu-
nvH 3x» (aktuBHOCTb 70 ea/r, ak3onenTngasa,
00O IO «Cwubbunodapm», Poccus), koTopble
3dEKTUBHO  rMOPONM30Bann  KomnareHoBble
pblOHble TkaHu [12, 13]. PepmeHTaumMio NpoBoaU-
N Npy BapbMpPOBaHUKN JO3MPOBKN (PEPMEHTOB OT
1 8o 3 % K mMacce cbipbsi U MPOSOIMKUTENBHOCTU
npouecca ot 180 go 360 MvH Npu TemnepaType
50 °C n pH=7. Ha BTOpOM 3Tane uccnegoBanu
rnybuHy rmgponuaa TKaHen npy KOMOMHUPOBaHMM
depmMeHTOB (9HAO- M 3k3onentuaas) npu LO3u-
poskax 0,5, 1 n 2 % k macce cbipbs B TeveHne 90
n 120 muH. MapannensHoO NPoOBOAWUNW KOHTPOMb-
Hble 3KcnepuMeHTbl ¢ npobamn 6e3 gobasneHus
epmeHToB. 10 OKOHYaHuU hepmeHToNM3a npo-
6bl BbiaepxxmBanu npu Temnepatype 90 °C B Te-
yeHne 15 MWH ONa WHaKTUBMPOBAHUA epmeH-
ToB. [lanee npoObl LeHTpudyrpoBanu B Te4eHme
15mMuH npu Temnepatype 40°C wu yactoTte
4000 06./MUH Ons pasgeneHnss cMecu Ha nnoT-
Hyto (6enkoBO-MUHEpanbHYIO) U XUAKyo (npoTeu-
HOBYI0) dopakLmK.

Ona nposepeHuns skcnepumeHToB 100 r un3-
MESTbYEHHOrO Chipbsi MOMELLAanM B repMeTUYHbIe
CTeKnsHHble GaHKM, cMmewwMBann C nogorpeTown
BOJOW B COOTHOWEHMM 1:1 Takum obpasom, yTo-
Obl Temnepatypa cmecu gocturana 50 °C, po-
6aBnanm depMeHT nnmn KomMnosmuuio hepmMeHToB
1 npoBoaAunu hepMeHTONM3 B LWyTTemNb-annapaTte
npyM aBTOMAaTMYECKOM BCTPSAXMBAHUW CMECU W
nogaepXXaHuv 3afaHHow Temnepartypbl. [Nockonb-
Ky B TpyO4aTbiX KOCTAX COAEPXUTCHA MOBbILLIEHHOE
KONMMYeCTBO KOCTHOrO MO3ra v Xupa, ero npegisa-
pUTENBLHO yAansanu n3 CUCTEMBbI, Nornyyas gonon-
HUTENbHO MOMe3Hbln NpoaykT. Ans obesxmpusa-
HWS N3MEerbYEHHOE ChiPbe CMELUUBAanmu ¢ ropsyen
Boaon (80-85 °C), ebinepxusany 30 MUH U OTAe-
NSAN KNP C MOMOLLbIO LLIEHTpUAYrMpoBaHus.

Mocne depmeHTONM3a XUAKMe BOLOpPacTBO-
pyMble pakuMn NMO(UNLHO BbICYLUMBANN B Te-
yeHne 304 npu TemnepaType B KOHOEHcaTope
-55 °C B cy6nMMaLUNOHHON CYLLUINBHOW YCTaHOBKe
Martin Christ Alpha 1-2 LDplus go cogepxaHus
Bnarm B npogykrte okono 6 %, nonyyasi npoteu-
HoBO-nenTuaHble gobaskun. HenpormgponvsoBaH-
HblI OCafoK, cogepXalun HepacTBoOpuMble Gen-
KA M MUHeparnbHble BELLECTBa, BbICyLUMBaANX B
CYLUUNBHOM WKady KOHBEKUWMOHHbIM Cnocobom
npv Temnepatype 60 °C 0o cogepxaHust Bnaru He
bonee 8 %, 3aTeM TOHKO n3menbyanu [14].

MaTtemaTtnyeckylo 06paboTky MNOMyYeHHbIX
OaHHbIX OCYLLECTBAANM C NPUMEHEHNEM METOLOB
MaTeMaTU4eCKON CTaTUCTUKN NpY AOBEPUTENBHON
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BEpPOSATHOCTM BbIBoga 95 % C MOMOLWWb Mpo-
rpamm Microsoft Office.

PE3YIbTATbI U UX OBCYXOEHUE

XapaktepuctvMka OOLLero XMMMYecKoro co-
CTaBa WCCNefoBaHHOrO MSICOKOCTHOIO  CbIpbs
npueegeHa B Tabn. 1.

M3 pgaHHbIX, NnpuBeaeHHbIX B Tabn. 1, BugHo,
4YTO NMpOTEMHA coaepXnTca bonblue B TpybyaTbix
kocTax (29,7 %), 4em B pebepHbix (22,8 %). MNpu
3TOM MaccoBas Aons konnareHa B obovx Buaax
Cblpbsi OCTATOMHO BbICOKA W COCTaBMsieT COOT-
BeTcTBeHHO 80,8 n 93 % macchl benka. Cnegyet
OTMETUTb MOBbILLIEHHYH XUPHOCTbL Chipbs (16,1 n
18,8 %), 4TO MellaeT M3BMEYEHMIO NPOTENHOBOW
dpakuuun. Tloatomy nepeng depMeEHTONN3OM
HeobOXxo4MMO MpenBapuTernbHOE yaareHue xupa.
OTO NO3BONMUT COXPaHWUTb BCE €ero nonesHble
cBonCcTBa, M3bexaB HeratMBHOrO BO3OENCTBUS
depmeHTOB. [lyTem 0b6paboTkm ropsyen Booon u
oTaoeneHus BbIOENUBLUErocs >Xupa uUeHTpudyru-
poBaHveM nony4anu, B 3aBUCUMOCTM OT BUAa
CbIpbS, XMPOBble (MYPaKUUN B KONMMYECTBE COOT-
BeTcTBEHHO 13,3 1 14,4 % OT macchl Cbipbs. Bbi-
COKOEe cofepXaHne MuvHeparsnbHbIX BELLECTB B UC-
cnefgoBaHHOM cbipbe — 33,9-36,2 % (cm. Tabn. 1)
CBUOETENbCTBYET Kak O €ro BbICOKOM MPOYHOCTMH,
Tak M 3HA4YUTENbHOM MUHEepanbHOM MoTeHuuarne,
B TOM 4ucrie Mo codepxaHuto Kkanbuusa u gocdo-
pa (tabn. 2).

N3 pgaHHbIX Tabn. 2 crnegyeT, YTO rOBSXKbM
Tpyb4aTble koCcTU M pebpa ABNATCA XOPOLIUM
NcTouHMKkom Kanbums (15,1-16,6 %) n docdopa
(7,5-6,9 %), npy 9TOM MaCCOBOE COOTHOLLEHME
JanHbix metannos — 1:0,5 u 1:0,4 cooTBeTCTBEH-
HO, NpubnmkeHo K pekomeHgyemomy (1:0,8) ans
nutaHna (MP 2.3.1.2432-08) 310 obycnosnueaet

pauMOHanbHOCTb M3BMEYEHUS U3 TOBSXKbEIO MS-
COKOCTHOMO CbIpbSl OaHHbIX MWKPO3MEMEHTOB W
MCMNOMb30BaHNsA NX B KA4eCTBE MMHEepanbHbIX A0-
0aBok [15-17].

B Tabn. 3 npuBegeHbl xapakTepucTvka npo-
uecca u nokasartenu rnyobuHbel rugponusa pebep-
HOro MSICOKOCTHOTO CbIpbSi B BOAHOW cpeae, npo-
BEAEHHOro C MPUMEHEHWEM pPasfU4HbIX NPOTEo-
nnTUYecknx (pepmMeHToB M ux koMbuHauwui, npwm
3TOM BO BCEX 3KCnepuMeHTax macca gobasnse-
mon Bogbl coctasuna 100 r Ha 100 r macchl Cbl-
pbsi, TO €CTb COOTHOLLEHUE BOAbI U Cbipbd 1:1.

M3 paHHbIX, nNpedcTaBneHHbIX B Tabn. 3,
MOXHO chernaTb BbIBOA4 O CIIOXXKHOM XapakTepe
hepMeHTaTMBHOIrO BO3AENCTBUSA HA TKaHu pebep
roBsHKbUX B 3aBUCUMOCTM OT MNPUMEHSEMOrO
depmeHTa (N KOMNO3nuMn (PEPMEHTOB) U €ro
Konu4ecTBa, a Takke NPOAOIHKUTENBHOCTU MPO-
uecca, BNMUSIOWINX Ha XapakTep pacLliensneHus
npotemHoB. O rmybuHe rmugponunsa Genkos
HaMnyywmm ob6pasoM CBMAETENbCTBYIOT 3HaYe-
HUSA codepXaHua amuHHoro asorta (AA) B BOAO-
pacTBOPMMOM MNPOTEMHOBOM rmgponusaTe, KOTo-
pble MPSAMO KOPPENVPYT C MaccoBOW [onew
B HEM CYXMX BELLECTB, €ro KUCIOTHOCTbIO U UMe-
0T 0obpaTHO NpPOMNOpPLMOHANbHY0 3aBUCUMOCTb
OT Maccbl Oocagka W cogepXaHus B HEM CYXMX
BewectB. CrnegyeT OTMETUTb, YTO [JaHHble
nokasaTenu pacTyT C yBeNUYEHWEM [O03UPOBKU
depmeHTa o1 1 4o 3 %, HO NX NPUPOCT HE3Ha4K-
TeneH B pAuanasoHe 2-3 %. Hawunyywwe pe-
3ynbTatbl No rnybuHe rmgponusa C y4eToMm KO-
NMYECTBEHHbLIX 3HA4YeHWM Bcex nokasaTtenen
OTMEYEHbl MNpU MPUMEHEHUN WUHAUBUAYANBbHbLIX
depmeHToB Alcalase 2,5 L (2 %, 360 MwuH,
AA = 414,4 mr/100 r) u MpoTtocybTumuHa (3 %,
360 mMuH, AA = 422,2 mr/100 r).

Tabnuya 1
O6wutl xumu4yeckuli cocmae uccse0o8aHHO20 MsICOKOCMHO20 CbIpbsi, %
Table 1
General chemical composition of the studied meat and bone raw materials, %
Hata Chblpbe c
yxue MuHepanbHble
nposeaeHnsi 1 XapakTtep ero BewlecTBa Bnara XKup MpoTeunH KonnareH BeLlecTBa
nceneagoBaHua n3mMenby4yeHna
Pebpa rosspkbMm,
22.10.2019. TOHKOE 75,110,115 24,89+0,14 | 16,10+0,08 | 22,82+0,17 21,1840,12 36,20+0,14
namenb4yeHne
KocTun
Tpybuatbie
18.09.2019 1. roBshkbI 82,43+0,16 | 17,57+0,11 | 18,83%0,09 | 29,67+0,18 | 24,07+0,10 | 33,83+0,13
C Kynakamu,
KpynHoe
n3menbyeHne
Tabnuya 2
CodepxaHue kanbuus u ¢gpocghopa 8 MsICOKOCMHOM CbIpbe
Table 2
Content of calcium and phosphorus in meat and bone raw materials
o,
Chipbe CopepxaHnue, % maccol cbipbs
Kanbuus docdopa
KocTtu TpybuaTtble roBsixbu ¢ Kynakamm 16,61+0,03 7,5210,06
Pebpa rossixbu 15,12+0,04 6,9+0,05
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Tabnuua 3

Ycnoeusi u peaynbmamsbi ghepMeHmMamueHo20 2udpoJsiu3a pebep 2065KbUX NPOMEOSIUMUYECKUMU

d)epmeHmaMU U ux KoMrisieKcamu

Table 3

Conditions and results of enzymatic hydrolysis of beef ribs with proteolytic enzymes
and their complexes

© ® / XapakTepucTuka BogopacTBOPUMOro BenkoBo-mMyHepanbHbIv
a 5 EpPMEHT KonuyecTtso NPOTENHOBOIO rMaposinsara OCTaToK
Q= npoAoIkM- depmeHTa Kvcnot-
23 TeNbHOCTb o ’ Cyxue Cyxune
% %] rmaponunsa o MACChI CbIpb, Macca, r BelllecTsa AA, mr/100 r HoCTb, % Macca, r BellecTsa
5 'D'F;MH '’ |(ed. akTMBHOCTW) ’ "'"'0/ ’ ’ YKCYCHOWM ’ Ll-lo/ ’
(% 0 KMNCNOTbI 0
DepmeHmamueHbil 2udponu3 UHOU8UAyanbHbIMU hepMeHmamu
000) 50,512021 | 1,79t0,01 | 42,32%0,11 | 0,30:0,01 | 143,52t0,21 | 4524018
Alcalase /180 | 1 (2,5 AU/r) 91,50:0,16 | 6,68:0,04 | 32624112 | 4,20:0,02 | 105,53+0,24 | 38,07+0,13
) 2 (5 AUIr) 87,55:0,22 | 6,90:0,03 | 344.4+123 | 522+0,02 | 107,54+0,19 | 38,230,114
0(0) 61,53:0,18 | 1,09£0,02 | 47.6£1,08 | 0,24%0,01 | 130,07£0,22 | 47,320,16
Alcalase /360 | 1(2,5 AU/T) 90,05:0,19 | 6,96:0,03 | 393.4+134 | 3,06:0,02 | 104,01£0,21 | 30,21£0,12
2 (5 AUIr) 92124017 | 7,32t002 | 41444203 | 3,84:0,02 | 104,03:0,22 | 29,14+0,13
0(0) 51,0420,09 | 1,53£002 | 43.4%0,09 | 0,24%0,01 | 151,64£0,23 | 49,65:0,18
MpoTocy6- 1(70 en/r) 74,52+¢021 | 7,67t003 | 331,841,334 | 3,32:t0,03 | 124,62+032 | 61,36+0,21
TanuH / 180 2 (140 en/r) 83,14:017 | 8,62t003 | 347,2¢1,16 | 3,68:0,04 | 115,94+0.23 | 62,13+0,30
, 3 (210 er) 87,72¢018 | 8,89+0,03 | 337.4+126 | 3,72+0,03 | 113,16:0,18 | 65,10+0,24
000 58142016 | 1.88£0,02 | 51,821,17 | 0,27%0,01 | 140,43:0.19 | 52,500, 14
MpoTocy6- 1(70 en/r) 82.63:021 | 627:003 | 343,0¢1,05 | 2,34:0.03 | 11545016 | 6391015
TanuH / 360 2 (140 eg/r) 90,11:021 | 7,01:002 | 370,6+1,01 | 3,63:0,02 | 110,73:0,17 | 65,63+0,09
3 (210 en/r) 91,15:0,17 | 841:001 | 42224111 | 3,93:0,02 | 110,72+0,14 | 66,16+0,19
00) 55,03:0,12 | 1,85£0,02 | 42,0£1,15 | 0,24%0,02 | 142,01£0,16 | 52,87£0,12
oroamex/ 180 | 1(1:5AUM 88,01:0,18 | 8,00£0,03 | 24924119 | 3,00:0,03 | 109,04+0,11 | 65,42+0,13
2 (3,0 AUIT) 91,05:0,18 | 9,96+002 | 278,6+2,02 | 3,80:0,02 | 107,06+0,14 | 65,55+0,11
. 3 (4,5 AUIT) 93,52:0,13 | 9,39+0,03 | 246.4+1,16 | 4,32+t0,03 | 105,52+0.18 | 67,4+0,13
00) 57,06:0,00 | 1,73£0,01 | 130,4%2,01 | 0,24%0,01 | 140,0420,22 | 52,6£0,12
oroamex/ 360 | 1 (1:5AUM 86,57+0,22 | 8,10:0,03 | 330,4+124 | 2,40:0,02 | 112,52t0.13 | 65,7+0,09
2 (3,0 AUIT) 90,03:0,11 | 8,03t0,02 | 292.6+1,19 | 3,18:0,03 | 110,02t0,19 | 66,5:0,21
3 (4,5 AUIT) 94,52+0,14 | 10,27+0,03 | 351,4+2,05 | 3,90:0,03 | 105,51+0.14 | 66,8016
PepMeHmMamueHbIli 2UOPOIIU3 KOMIIEeKCaMU IPOMEeOIUMUYECKUX hepMEHmMos
0/0 (0/0) 5433:019 | 1,82t001 | 39,210,09 | 0,06:0,01 | 141,01:0.19 | 52,23t0.14
0,5/0,5
(1,25 AU/r / 91224022 | 7,54t002 | 249.23+1,20 | 1,98:0,02 | 107,53+0,23 | 67,51+0,18
Alcalase / 90 35 eqr)
*Mpotocy6- | /4°5 5 AU/
TAnun / 90 20 a8 8545:017 | 7,66:0,03 | 281,04%1,19 | 2,22+0,03 | 114,14£022 | 64,7£0.20
ffo(:’;}‘rt)’/ r/ 89,02¢0,13 | 8,87£0,02 | 294,051,224 | 3.180,02+ | 112,63£0,23 | 61,940,17
4 0/0 (0/0) 59.05:012 | 2152002 | 49,020,901 | 0,06:0,01 | 138422019 | 51,6£013
0,5/0,5
Ankana- (1,25 AU/r / 8543:023 | 7,83:003 | 267.46%122 | 2,10:0,03 | 118,11:0.14 | 63,8016
3a/120 + 35 enlr)
MoTocyd- M@SAURT | 90660021 | 8276003 | 289,31%1,92 | 3.06£0,03 | 108,93£0,12 | 65,540,11
TunuH / 120 70 epn/r)
ffo(g’;}rl)” r/ 84912018 | 8,50£0,03 | 306,62¢1,26 | 2,8240,03 | 117,060,090 | 62,740,16
0/0 (0/0) 68,93:015 | 1,73£002 | 54.670,91¢ | 0,24:0,02 | 129,46:0.11 | 56,1£0.12
0,5/0,5
(0,75 AU/r / 92,72:021 | 643:003 | 183.48+1,19 | 2,60£0,03 | 104,45:0,08 | 68,6:017
Protamex / 90 35 eq/r)
*Tpotocy6- | 4" 4 5 AU/
TAnun / 90 20 e 96,06:0,19 | 7,08:0,03 | 205.83+2,07 | 2,78+0,03 | 100,02£0,09 | 67,3£0,18
ffo(gn'}‘;” e/ 91,17:0,23 | 8,55:003 | 224.0642,13 | 3,26:0,03 | 110,43:0.11 | 63,7£0.18
5 0/0 (0/0) 72.63:018 | 1.85t002 | 60.28%0,86 | 0,18:0,02 | 126,82t0.18 | 55,8013
0,5/0,5
MpoTocy6- (0,75 AUIr / 99,42:025 | 647t003 | 212,82+1,19 | 2,71:0,03 | 99,44011+ | 67,6:0.17
TunuH / 120 35 epn/r)
+ MoTocy6- 11 (1,5 AUIr/
Mt 20 oain 102,0140,26 | 7,55:0,03 | 243,652,03+ | 4,130,03 | 96,72+0,09 | 68,3014
212 (3 AUfr 96,52:0,18 | 822:003 | 24503211+ | 4,29:0,03 | 103,62:0.16 | 67,8£0,09
140 ep/r)
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B T0 xe Bpems npu obpaboTke hepmeHTaMm
B TeueHue 360 mMnH B obpasuax NosBNANUChL Mno-
CTOPOHHME 3anaxu (aMMUaYHbIA, XOKEHBIA U Ap.),
YTO CBUAOETENLCTBYET O YPE3MEPHOW NPOAOITKU-
TENbHOCTU Mpouecca M paunoHanbHOCTM  €ero
npoeeneHus B TevyeHme 180 mmH B obonx cnyda-
S1X, MOCKOMbKY KONMUYECTBEHHble 3HayeHns AA
otnunyatotcs Ha 4,3 1 18,6 % COOTBETCTBEHHO NpU
nosnposke 2 % (344,4 n 337,4 mr/100 r cooTBeT-
CTBEHHO). He nokasano cBOuX MpPeuMMyLLEecTB
no rnybuHe rmgponusa codyetaHve EePMEHTOB
MpW pasnuyHbIX MX JO3MPOBKaX M NPOAOIPKUTENb-
HOCTM npouecca. B paHHbIX 3KCNepuMeHTax,
Kak criegyeT u3 Tabn. 3, nokasatenu AA 6binu Ha
ypoBHe 249,2-306,6 mr/100 r, Hauny4yLen kKomno-
3uumen MoxHo cumutatb Alcalase + lNpoTocy6Tu-
NMH  Npyv  nocrnegoBaTenbHOM  BO34ENCTBUM
90 + 90 MuH. A nNpu BO3OENCTBMM B TeyeHue 06-
Wwen npogomxkuTensHocTn npouecca 180 MuH
3HadeHua AA okasanucb HWXe, YeM Npu UCMOfb-
30BaHUM MHAMBUAYAmNbHbIX PEPMEHTOB B TEYEHNE
180 muH npu gosuposke 1 %.

PesynbTaTthl CpaBHUTENBHBIX SKCMEPUMEHTOB
no BbIbopy Hanbonee apdHeKkTUBHbIX EPMEHTOB
ONsl TMAponm3a KoCTeln TpydyaThbiX roBsHKbUX Npu-
BeJeHbl B Tabn. 4.

M3 gaHHbIX Tabn. 4 crnegyeT, 4To Npu obpa-
6oTke hepMeHTamMmn KOCTEN TpybyaThIX FrOBSDKbUX
rmaponua 6enkoB MAET 3HAYNTENBHO crnabee, Yem
pebep (cm. Tabn. 3), 4TO 0OBACHAETCSA MOBbLILIEH-

HOW MMHEepanu3oBaHHOCTbIO AaHHOro cbipbs. Ha
nepson crtagum (90 MMH) HambBOMbLUMIA MPUPOCT
AA Habnwogancs npy ucnonb3oBaHun hepmeHTa
Alcalase (196,0-324,8 mr/100T). YBenuieHue
no3sumpoBkn epmeHToB 0o 2,0 % K Macce cbipbs
cnocobCcTBOBaNo yBENMYEHUO MPOOYKTOB rMapo-
nn3a Ha 63-81 %. JanbHelwee yBenuyeHme ao-
3upoBkn epmeHToB A0 3 % HeuenecoobpasHo
BBMAY TEXHONMOMMYEeCKOM W 3KOHOMMWYECKOW He-
3PEKTUBHOCTN, OCOOEHHO MPU UCMNOSIb30BAHUN
depmeHTa Protamex (Hanbonee poporo u
HanmeHee addpekTuBHLIN). Mpy Mcnonb3oBaHUM
KOMNo3uumin hepmMeHTOB Ha NepBoOn CTagumm npo-
uecca (90 muH) Takke Gonee 3PPEKTUBHBIM SIB-
nsetcs gepmeHT Alcalase, ocobeHHO npu A03u-
poBke 0,5 %. Npn obpaboTke B TeyeHne 120 MuH,
Korga B peakumoHHyl cmech gobasnsietcs [Mpo-
Tocy6TuUnuH M3x, HebonbLwown npupoct AA dukcu-
pyeTca npu obuwien O03MpoBke (HEPMEHTOB A0
2,0 %, HO nony4yeHHbIn adpekT rugponusa oT
CYMMapHOro BO34enCTBUS (PepMEHTOB He AOCTU-
raet ypoOBHS WHAMBWMAYyanbHOro AewncTeusa dep-
meHTa Alcalase.

O cTeneHn 3KCTpaKLuMU pacTBOPEHHbIX MpoO-
TEWHOB B BOAHYIO Cpedy Cyounu Mo cogepXaHuto
CYXWX BeLLeCcTB B CYONMMMMpPOBaHHbLIX MPOTEUNHO-
BbIX Magponu3aTax W BbICYLUEHHbIX MMAOTHbIX
HenporMaponn3oBaHHbIX ocTaTtkax (ocafgkax), oT-
HECEHHbIX K COAEPXaHWUI CyXUX BELLECTB B Cbl-
pbe (Tabn. 5).

Tabnuya 4

CodepxxaHue aMUHHO20 azoma npu eo3delicmeuu uHOueudyasibHbIX U KOMIMJIeKCHbLIX NMpomeosaumu-
4Yeckux ghepMeHmMoe8 Ha kocmu mpy64yamable 208s1KbU 8 800HOLU cpede
npu 2udpomodyne 1: 1 u memnepamype 50 °C

Table 4

Amine nitrogen in tubular beef bones treated by individual and complex proteolytic enzymes
in a water module of 1 : 1 and a temperature of 50 °C

Mpono -
Homep TEJ'IEH:)-IC):"(I'I: [o3sa depmeHTa, % K Macce Chipbst
aKcne- - depmeHT
BO3AENCTBMS,
puMeHTa N 0 (KOHTpOrb) 1,0 2,0 3,0
®epmeHmamueHbIl e2udponu3 uHOusuUdyanbHbIMU hepMeHmamu
1 Alcalase 21,31+0,02 147,02+1,12 156,81+1,12 218,41+1,13
2 180 Protamex 14,03+0,03 232,43+1,09 312,24+1,20 282,8+1,16
3 MpoTocyGTUNUH 15,42+0,03 224,02+1,11 182,81+1,22 175,03+1,12
4 Alcalase 18,21+0,02 198,81+1,15 289,82+1,19 175,02+1,19
5 360 Protamex 15,44+0,01 211,44+1,08 310,82+1,20 274,42+1,17
6 MpoTocy6TUNuH 15,51+0,01 141,42+1,06 148,44+1,17 238,01+1,19
®epmeHMamueHbIl 2udpPosIU3 KOMIANIEKCHbIMU ¢hepMeHmamu
7 Alcalase + 11,91%0,01 196,01+2,02 161,04+1,18 | 324,81+2,07
MpoTocyGTUNUH
90 + 90 b .
8 rotamex 9,82+0,02 133,02+2,01 189,04+1,21 | 194,64%1,21
MpoTocyGTUNUH
9 Alcalase + 5,63+0,01 201,62+1,19 173,61+1,17 | 217,03%1,18
MpoTocyGTUNUH
120 + 120 Prot N
10 iualiegs 5,62+0,1 134,4241,14 156,821,15 | 215,62+1,16
poTOCYGTUMNWH
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Tabnuya 5

CmeneHb u3enevyeHus CyXxux eeujecme 8 eodopacmeopUMble rnpomeuHo8kbIe eudponusambl

U ux ocmamoyHoe codepxxaHue 8 6e/1K080-MUHepabHbIX ocadkax (cyxue ¢popmbi)

npu ¢ghepMeHmoJsiuze passiudHbIMU hepMeHmamu pebep 208sKbUX

Table 5

Solids extraction into water-soluble protein hydrolysates and their residual content

in protein-mineral sediments (dry forms) during fermentolysis by various enzymes of beef ribs

Mpogon- LieneBble CTeneHb M3BNEYEHNs CyXmX BELLECTB, % K Macce
Homep KUTENb- APOAYKTbI CbIpbsi, B NPOAYKTbI MAPONM3a Npu [JO3MPOBKax
3'::25{8 depMeHTH HOCTb rMoponuaa dbepmeHTa, % Macchl Chipb
?Ta6n 3) rmaponu- (BbICYLLIEHHbIE 0 10 20 3.0
) 3a, MWH dopmMbl) ’ ' ’
®epmMeHmamusHbIl 2udpPoru3 pebep 2085XbUX MPOMEeOIUMUYECKUMU hepMeHmamu
180 MmpponusaTt 0,91+0,01 6,11+0,06 6,45+0,07 -
[MnoTHbIM ocTaToK | 79,62+0,12 | 70,43 +0,24 | 68,91+0,19 -
1 Alcalase
360 MmpponusaTt 1,22+0,01 6,3+0,07 6,7+0,05 -
[MnoTHbIM ocTaToK | 78,52+0,08 | 72,61+0,07 | 71,03+0,05 -
180 Mmpponusat 1,09+0,04 5,74+0,06 7,22+0,03 7,82+0,05
MpoTocy6- [noTHbIM ocTatok | 78,21+0,16 73,32+0,17 72,01£0,15 68,61+0,12
2
TUNUH 360 MmpponusaTt 0,78%0,01 5,22+0,03 7,03+0,04 7,73+0,08
[noTHbIN ocTaToK | 77,74+0,11 73,81+0,13 | 70,62+0,15 | 69,21+0,12
180 Mmpponusat 1,02+0,01 7,04+0,05 9,03+0,08 9,12+0,07
[noTHbIM ocTaToK | 78,92+0,12 70,33+0,13 | 68,12+0,09 | 67,14+0,14
3 Protamex
360 Mmpponusart 0,99+0,01 7,14+0,04 7,25+0,03 9,82+0,04
[MnoTHbIM ocTaToK | 78,61+0,12 | 69,924+0,13 | 68,24+0,09 | 66,51+0,11
DepmMeHmamusHbIll 2udpou3 pebep 2085XKbUX KOMIIEKCaMU rnpomeoumuyecKux (oepMeHmos
MmpponusaTt 0,99+0,01 6,6+0,04 6,9+0,04 7,9+0,05
Alcalase 90 MnoTHbIN ocagok | 78,02+0,11 | 70,63+0,09 | 69,81+0,15 | 68,73+0,13
4 MNpoTocy6- Fupponusat 1,25¢0,02 | 6,73t0,06 | 7,54t0,05 | 7,22%0,05
TMAMH 120 MnoTHbIN ocamok | 77,4012 | 75,3#0,13 | 71,3%0,09 | 73,20,10
MmpponusaTt 1,19+0,01 5,96+0,04 6,8+0,04 7,8+0,05
Protamex 90 MnoTHbIN ocagok | 78,6£0,13 | 71,440,15 | 67,3x0,09 | 70,3+0,11
5 MpoTocy6- MpponusaTt 1,34+0,02 6,4+0,04 7,7+0,05 7,9+0,06
TMAMH 120 MnoTHbIN ocagok | 78,30,13 | 70,20,14 | 68,0+0,11 | 67,1+0,12

M3 paHHbIX Tabn. 5 BUAHO, YTO CTEMNEeHb 3KC-
Tpakuum cyxux BewecTB (B OCHOBHOM MPOTEUNHO-
BOro xapaktepa) B CyGrMMMpPOBAHHBLIN BOOHbLIV
rmgponusat npu oepMeHTonm3e pebep roBsxbux,
onpegeneHHas OTHOCUTENbHO WX COAEpXaHus B
cbipbe, coctaBnsieT 6,1-7,9 % B 3aBUCMMOCTU OT
BYaa depmMeHTa (MM Ux KoMnosuuuu), ero 4o3u-
POBKW N MPOAOIKUTENBHOCTU BO3aencTBus. MMpu
3TOM yBENMYeHNe [03MPOBKN (PEPMEHTOB U Npo-
OOJDKUTENBHOCTM CYLLECTBEHHO He BMUSIET Ha
3TOT nokasatenb. [lpakTnyeckn BeCb NPOTEUHO-
Bbli MaTepuarn (BMecTe ¢ MMHepasnbHbIMU Belle-
CTBaMM) OCaXOAeTCHa B MIIOTHbIA OCTATOK, O YeM
CBUOETENbCTBYIOT BbICOKME 3HAYEHUS] B HEM MO-
Kasatens cyxux BewlecTB (66,5—73,8 %). OaHHbIV
hakT cBMOETENLCTBYET O MPOYHOCTM KONareHo-
BblX GEnKOB UCCNeAoBaHHOrO Cbipbs, MX OTHOCK-
TeNbHOW YCTOMYMBOCTU K (DEPMEHTATUBHOMY MMA-
ponusy, Tak Kak 6onbluasi YacTb X He nepeLuna B
pacTBOPEHHOE COCTOSIHME MpPU BCEX MCCReaoBaH-

HbIX ycnosusix obpaboTtku [1-4, 12].
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MopoOHble pes3ynbTaTbl MO BbIXOQY CYXUX
BELLECTB Obinu Nony4veHbl Npyu oepmMmeHTaTonmnse
TpybyaTbIX TrOBSXXbUX KOCTEW: CTEeneHb 3KCTpak-
LMKN CyXMX BELLECTB B CYONMMMWMPOBAHHBIA rMapo-
nun3aTt coctasuna ot 54 po 7,1 %, npu 3TOM B
NNOTHOM OCTaTKe UX cofepXaHne COoCcTaBumo OT
68,4 0o 75,8 % ux nepBOHaYanbHOrO YPOBHSI.

PesynbTatbl npoBeAeHHbIX WCCReaoBaHWUi
nokasblBalT, 4TO nNpu depmeHTaTUBHOW obpa-
0OTKE BbICOKOMMHEPANTM30BAHHOIO KOJITareHco-
JepKallero MsiCOKOCTHOrO Cblpbsi Hanbonee ad-
dhekTnBHO nNpumMmeHeHne depmeHTa Alcalase 2,5 L
KaKk CamMOCTOATENbHO, Tak U B koMOMHaumm ¢ lNpo-
Tocy6TunuHom [3x npu posupoBke He 6Gonee
0,5-1 % k macce cbipbsi. Mpy 3TOM BO3MOXHO
nonyyeHve ABYX MPOTEUHOBLIX NPOAYKTOB: nep-
BOr0O — B BWAEe BOOOPACTBOPMMOro cyonnmmpo-
BaHHOro MpOTEMHOBOro Marepuarna, BTOpOro — B
BMAEe HepacTBOpMMOro 6enkoBo-MuHepanbHOro
TOHKO u3MmernbyeHHoro nopowka. ObBa npoaykTa
MOryT HanWTU NPUMEHEHWE B MNPOMBbILLEHHOCTMU
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KaKk MCTOYHUKMA LEHHbIX MEenTUAOB M MPOTEMHO-
MUHepanbHbIX koMmnnekcoB [18, 19]. [ononHu-
TenbHbIM BOCTPEOOBaHHBIM MPOOYKTOM SIBNSAETCS
KOCTHBIV XMP, Macca KOTOPOro npu OMUCaHHOM
cnocobe nepepaboTkn NOBOYHOrO MSICOKOCTHOMO
cbipba coctasuna 13,3-14,4 %.

PesynbTtatbl 9KCNepuMEHTOB MNOKa3blBaloT,
4YTO (hepMeHTaTMBHas rMApPONM3Has TeXHONorus
Kak caMoCTosTeNbHbIV cnocob nepepaboTkn ms-
COKOCTHOIO Cblpbfl HeAOoCTaTO4HO 3ddEKTMBHA
ONS NOMNHOro U3BreYeHns NPOTENHOBBLIX BELLECTB.
PepmMeHTONN3 MOXHO PEKOMEHA0BATbL B KAa4ecTBe
MOAroTOBUTENBHOrO npouecca B KOMOUHMPOBAH-
Hol 6e30TX04HON TEXHOMOorMM nepepaboTkn Kon-
nareHcogepauiero colpbsl [9, 12]. na atoro ue-
necoobpasHo nocre gepmMeHTonM3a NpoBOAMTb
rMAponu3 ¢ NpPUMEHEHUEM BBLICOKMX Temneparyp
npv NOBLILLIEHHOM AaBrieHun, 4To obecneuunT rny-
OoKylo gerpagauuio  BbICOKOMUHEPANM30OBAHHbIX
KOnnareHoBbIX TKaHen 1 Haubonee MOMHbIN 3KC-
TPaKLMOHHbIN BbIXOA4 NMPOTENHOBBIX BellecTs [12].
[Ona yBenuyeHus CTeneHn rmgponms3a BO3MOXEH
TaKke BapuaHT NpUMeEHeHUst hepmeHTonu3a no-
cne Tepmuyeckon obpaboTKM MSICOKOCTHOIO Chbl-
pbsi. Takas npegobpaboTtka obnerynT [ocTyn
npoTteas3 Kk cybcTpaTy v Mo3BONMUT MOBLICUTE 3d-
hekTMBHOCTb rMaponumaa.

dPepmeHTaTMBHAsE MogudmKaums MSCOKOCT-
HOro Cblpbsi MO3BONSET NOMNy4yaTb MPOTEMHOBbLIE
NPOAYKThI, KOTOPbIE MOFYT OblTb MCMOMbL30BaHbI B
cocTaBe KOpPMOBbIX [00aBOK, MuKpobuonormnye-
Ckux cpepn, 6uoypobpeHuii, KOPMOB ANs akBa-
KynbTyp. OgHako aTo Tpebyet Gonee geTanbHOro
N3y4yeHUs1 aMUHOKMUCIIOTHOrO COCTaBa MpOAYKTOB
N NpoBefeHnst cneumanbHbiX BMoNorMyeckux uc-
NbiTaHWA. BblOeneHHbIN XUp MOXEeT HanTu npu-
MEHEHME B TEXHOMOMMM XMPOBbLIX U XUpocoaep-

Xalwwyx npoaykToB (MaprapuH, chped, Mbiio ©
ap.) [3, 9, 10, 19, 20].

BbIBOAbI

1. YcTaHoBMneH o6OWuin XUMUYECKUI cocTaB
MSACOKOCTHOro MOBOYHOro Chipbs, CBUAETENb-
CTBYIOLMN O ero BbICOKOM 6uonoteHumane no
copepxaHuio npoTenHoB (22,8-29,7 %), konnare-
Ha (80,8-93,0% Maccbl NPOTEMHOB), >XUPOB
(16,1-18,8%) M  MuHepanbHbIX  BeLlecTB
(33,9-36,2 %), KoTopble uenecoobpa3Ho u3ene-
KaTb C NpumeHeHnem BuoTexHonornyeckux dep-
MEHTaTMBHbIX NPUEMOB.

2. ObocHoBaH BbIOOp Haubonee addekTns-
HbIX NpoTeonuTM4ecknx depmeHToB, obecneyu-
BaloLWMX NepeBos KornareHoBblX 6enkoB Cbipbs B
pacTBOPMMOE COCTOSIHME U MofnyyYeHne cybnumu-
poBaHHbLIX NenTUaoB B konuyecTBe 7 % Maccol
cblpbs U Bbiwe (dpepmeHT Alcalase 2,5 L npu nH-
avBugyansHOM U KOMBMHUPOBAHHOM MPUMEHEHUM
¢ MNpoTtocybTunuHom M3x npy paunoHanbHbIX 4O-
3uposkax 0,5-1 % k macce cblpbs).

3. depMeHTONM3 MSACOKOCTHOMO Chlpbs MpPO-
TeonuTnyeckumn cepmeHTamm MoxeT ObiTb pe-
KOMEHAOBaH AN NpYMeHeHUss B KOMOUHMPOBAH-
HON TeXHONOorMm rMApoONM3HON nepepaboTkn Ms-
COKOCTHOMO Cblpbsi BbICOKOTEMMEpPaTypHbIM CMo-
cobom B KayecTBe MOArOTOBMTENMbLHOW onepauuun
Unu nocne ero Tepmmnyeckor obpaboTku.

4. MpoaykTbl epmeHTaTMBHOW 06paboTku
MSICOKOCTHOIO CbIpbsi MOTyT ObITb MCMNONb30BaHbI
B COCTaBe KOPMOBbIX W MUKPOBMONOrNYECKMX
NnpoaykToB, GuoynobGpeHun, KOpMOB AN akBa-
KynbTypbl MPX YCNOBUU U3YYEHUS UX aMWUHOKMUC-
NOTHOrO coCTaBa W MpoBedeHust cneumanbHbiX
BUoNornyYecknx NCnblTaHUNA.
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UccnepoBaHne ¢ounbTpyroWMX CBOUCTB TKaHen
N3 XJTIONKOBbLIX U CUHTETUYECKUX BOJIOKOH

© B.. CanamaTtoB

MpKyTCKMIN HAUWOHaNbHLIN NCCNeaoBaTENbCKUA TEXHUYECKUA YHUBEPCUTET,
r. pkytck, Poccuiickas Penepanms

Pe3srome: [ina obessoxusaHusi pa3Hoobpa3HbiX M0 cocmagy pacmeopos8 U CycrieH3ull 8 Xumu4eckol rpo-
MbILWIEHHOCMU MPUMEHSIIOMCsT (buibmpbl pasHo20 muna: OUCKO8bie, MampOoHHbLIe, MeWOoYHble, ¢hurnbmp-
npecc u dpyaue, OCHOBHbIM 3/1EMEHMOM KOMOpPbIX sienisemcs hunbmpyowas nepe2opodka. B kavecmee
rnepeaopodKu UCMOoMb3yrmcs (ouibmMpPo8asbHbie MKaHU U3 XJI0MKOBbIX U CUHMemu4YecKux 0/10koH. OcHO8-
HbiM mpebogaHueMm, npedbssnsaemMbiM K nepe2opodKe, s8ISemcs UX 6biCoKasi 3adepxuearoujasi Criocob-
HOCMb M0 OMHOWEHUK K ducrepcHol ¢hasze pacmeopos u cycrieH3ul. B kauecmee nepe2opodku yenecoob-
pasHo ucrnosib308ame huibMPOMKaHU, Xxapakmepu3yrwuecs HU3KoU 3acopsiemocmbio. B Hacmoswel pa-
bome daHa oueHka unbmpyrowux ceolicme mkaHel U3 CUHMEemMUYeCKUX U XJ1I0MKO8bIX 80JIOKOH Ha OCHOB8e
aKcrniepuMeHmarsibHbix OaHHbIX. OnpedenieHbl 3Ha4YeHUs KO3aghghuyueHmos npousgodumeribHocmu, 3amym-
HEeHHOCMuU, 3acopsieMocmu, cpoka cryxbbl ¢puribmpomkaHel. MiccrnedosaHa KuHemuka ripouecca 06e380xu-
e8aHUsl cycrnieH3ull 8 WuUpoKoM duarnasoHe KoHueHmpauull ducrniepcHol ghasbl (3—500 3/6M3). Pesynbmamsi
uccriedosaHuli o380UMU yCmMaHo8UMb, YMO 8Ce UCMblmaHHble 06pa3ybl CUHMEeMmMUYeCcKUx mkaHel umerom
MEHbUWYH 3acopsieMoCmb, YeM WUPOKO MPUMEHSIEMbIE XI10MKo8ble (chbunbmpoduazoHasns U 653b). YcmaHos-
JNleHa eenuYuHa cusnbl adze3uu OuCrnepcHbIX Yacmul, K 80JIOKHaM rnepeaopodku, Ymo no3eosnsem coename
8blbop onpedeneHHo20 8uda hunbmMpomkaHu Orfs KOHKPemHo20 muna uibmpa, mo ecmb y4yecmb
HanpaseHus delicmeusi suxywel cusbi npouecca ¢unbmpayuu u cusibl mskecmu. BbisierieHbl OCHO8HbIE
nepuodbl hopmuposaHusi ocadka Ha nosepxHocmu repeaopodku. NokazaHo, Ymo HavasbHbIU uibMpyro-
wut cnod ¢ghopmupyemcesi 3a nepabili nepuod. Cmpykmypa 3mo20o ¢/105 onpedensiemcsi NIomHOCMbHo CyC-
rneH3uu. YiccriedosaHbl pexxumbl chunbmpayuu U ycmaHo81eHo, 4mo rnepexod om pexuma winamoeol hurb-
mpayuu K pexxumy ¢ 3aKyriopkol nop Habnrodaemcsi 8 uHmepsane 50-100 2/0m®, ymo omeeyaem nepexoo-
HOMY pexumy.

Knroyeenle croea: obessoxusaHue CycrieH3uuU, d)unbmpomKaHu U3 cuHmemu4ecKux U XJ10rKo8bIX 80JIOKOH,
cmerieHb 3acopsemMocmu, pexxuMbl d)unbmpauuu

Uugpopmayus o cmamee: [Jama nocmynneHus 20 Oekabps 2019 e.; dama npuHamusi K nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuweHus 30 uroHs 2020 a.

Ana yumupoeaHusi: CanamatoB B.U. ViccnegoBaHue punbTpylowmnx CBOMCTB TKAHEW M3 XITOMNKOBLIX U CUH-
TETUYECKMX BONOKOH. M3eecmus 8y308. NpuknadHas xumusi u 6uomexHonoeaus. 2020. T. 10. N 2. C. 325-331.
https://doi.org/10.21285/2227-2925-2020-10-2-325-331

Study of the filtering properties of fabrics derived
from cotton and synthetic fibres

Victor I. Salamatov
Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: For the dehydration of various solutions and suspensions in the chemical industry, different types of
filters are applied, including disk, cartridge, bag, press filters and others, with the main element consisting of a
filtering membrane made of cotton or synthetic fibres. In this case, the main requirement for the membrane
involves high retention ability with respect to the dispersed phase of solutions and suspensions. For applica-
tion in forming a membrane, filter fabrics characterised by low clogging are advisable. In the present paper,
the filtering properties of fabrics made of synthetic and cotton fibres are evaluated on the basis of experi-
mental data along with a determination of indices of efficiency, turbidity, clogging and service life. The kinetics
of the suspension dehydration was studied in a wide range of dispersed phase concentrations (3—500 g/dm3).
The results of the studies revealed all tested samples of synthetic fabrics to exibit less clogging than the wide-
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ly-used cotton ones (filter-diagonal and calico). The adhesion value of dispersed particles to the fibres of the
membrane is established to allow the selection of appropriate fabrics for a particular filter type taking the act-
ing direction of the driving force and gravity during the filtration process into account. The main phases of sed-
iment formation on the membrane surface were established. The initial filter layer is shown to form during the
first period, with the structure of this layer being determined by the density of the suspension. Filtration modes
were investigated with the transition from sludge filtration to clogging observed in the range of 50-100 g/dm?,
which corresponds to the transition mode.

Keywords: suspension dehydration, filter fabrics from synthetic and cotton fibres, clogging index, filtration
modes

Information about the article: Received December 20, 2019; accepted for publication May 29, 2020; availa-
ble online June 30, 2020.
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BBEOEHUE

Mpoueccbl 06e3BOXMBAHUA M MPOMbLIBKA Ha
dunbTpax LWUPOKO pacnpocTpaHeHbl B XMMUYe-
CKOW MPOMBILLNEHHOCTU MpX NPOM3BOACTBE Opra-
HMYeckMx (MonuaTuneHa, nonucTupona, aueTun-
Lennonosbl) n HeopraHnyeckmx (pocdopHon kuc-
notbl, cynbdmaa HaTpus, cynbdaTta meaun, kapbo-
HaTa HUKensl) COeAMHEHWI, NONMMMEPHBIX U CUHTE-
TUYECKUX MaTepuanoB, a Takke MUHepanbHbIX
yaobpeHuia, cogbl 1 «benon caxu». ObesBoxunBa-
HVE 1 NPOoMbIBKa pas3HOObpasHbIX MO COCTaBy CyC-
MEeH3N B XMMWYECKOM NPOU3BOACTBE XapakTepu-
3yeTcd, Kak npasuno, 6ornee CnoxHbIM xapakte-
pOM, YTO CBSI3@aHO CO creundurkorn NpoMsBoacTBa
[1-4].

BaxHbiM anemeHTOM dunbTpa sBnseTcs
dunbTpyowasa neperopogka, cnyxawlas ero no-
pUCTOM OCHOBOW. Ycnex chunbTpoBaHUA onpege-
nseTca npexae BCero npaBUibHbIM BbIOOPOM
duneTpyowero matepuana. NMocnegHuin gomxeH
YAOBMNETBOPSATb OBYM OCHOBHbIM TpeboBaHMAM:
ObITb XMMWUYECKN UHEPTHBLIM MO OTHOLUEHMIO K KOM-
MOHEHTaM CycrneH3un u obecneyvBaTb MOMHOE U
ObICTpoe oTAeneHwe TBepAblX YacTul OT XKWUAKOW
dasbl. Cpegn ncnonb3yemblx OUNbTPYOLWMX Ma-
TepuanoB LUIMPOKOE MPUMEHEeHMe HaxodsaT unb-
TPOTKaHW M3 XIOMKOBbIX N CUHTETUYECKMX BOJTOKOH
[5], wvMelowmMe [OCTATOMHYK —3a4epXXuBaloLLYO
CnocobHOCTb MO OTHOLLEHUWIO K AucnepcHon case,
HebonbLUOEe TMApaBNMYECKOE COMPOTUBIIEHUE U
HM3KYI0 3acopsieMoCTb, 4YTO obecneymBaeT uX
ONUTENbHBIN CPOK Cryx0bl [6-9].

Takke B NpPOM3BOACTBO BOBJIEKAKTCA HOBblE
™Mbl unbTpoTKaHen [10—12], ocHOBY KOTOPbIX CO-
CTaBNsAlOT BOJMIOKHA C HOBbIMM  (PU3MKO-XMMUYEC-
Kumn ceonctBamn [13—17], 4TO NO3BOMSAET CHU3UTL
3aCOopPSIEMOCTb MEPEropoaky 3a CYET YMEHbLUEHUS
cun agaresuy ocagka K ee NnoBepxHOCTU, NMPOBOAUTb
pereHepaumio npoHuuaemoctn. CoBepLUEHCTBOBa-
HWe TEeXHONOM M NPOM3BOACTBA NO3BOSIAET NOMyYaThb
duUnbTpyoLLMEe NEeperopofkn, CBOWCTBA KOTOPbIX
obecneymBaloT 6onee ANUTENbHbLIN NEPUOA UX 3KC-
nnyatauum [18-20].

B cBSI3u ¢ BaXHOCTbIO pelleHns 3agad B 06-
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nactn Teopun U NPaKTUKM UCMonb3oBaHWsA uUnb-
TPOTKaHEN B Ka4eCTBE Neperopoaok Ha unbTpax
Obina u3dyyeHa knHeTuka npouecca o0b6e3BOXmBa-
HWUS NONNAMNCNEPCHBIX CYCMEH3W PasHON NNOTHO-
CT Yepe3 PUNbTPOTKAHM UX XJIOMKOBbLIX U CUHTe-
TUYECKNX BOSNOKOH.

OKCNEPUMEHTAIIbHAA YACTb

dunbTpaumlo CycrneH3un MNpoBOAMIM Ha na-
GopaTopHoM uNbTPOBaNbHOW YCTAaHOBKE, COCTO-
ALLlen U3 HEeCKOMbKUX Y3M0B: y3na, obecnevmsarto-
Lero cosgaHne W perynvpoBKy Bakyyma; ysna,
BKIOHAIOLLIErO CUCTEMY MEepHbIX DIOPEeTOK N eMKo-
cTew Ansa cbopa cuneTpata, ¥ ysna TepmoctaTu-
poBaHua (puc. 1). B kadecTtBe unbTpytoLero
aneMeHTa MpPUMEHSNM (UNbTPOBArbHYIO paMKy,
obwunTylo hunbTpoTKaHblo. B npouecce dpunbTpa-
uum otbmpanuce Npobbl chunbTpaTa Ans KOHTPONS
Haj codepxaHuem B HEM TBepAoOn B3BECU M 3ame-
psancs 06bem cunbTpaTa 3a onpeaerneHHble npo-
MEXYTK/N BPEMEHMU.

MyTHOCTb dhunbTpata onpeaensnu ¢ nomo-
Wb 3MeKkTpodoTOoKONopMMeTpa nyTemM CpaBHe-
HMS ONTWMYECKOW MIIOTHOCTU pacTBopa anusapwiH-
poTa C 3aMyTHEHHbIM PUNLTPATOM U Haxo4wnm no
rpagynpoBoYHOMY rpacpuky. [laHHble, Nosy4YeHHble
C NMOMOLLbIO 3NEKTPOOTOKONIOpUMETpa, NpoBepsi-
NMCb BECOBbIM METOAOM.

B oakcnepumeHTe wncnonb3oBany CycneH3uu
crnegywwero cocrasa (cogepXaHue OCHOBHbIX
BELLECTB):

— cycneH3us 1: cynbcuabl (80 %), kapboHaThbl
(3,5 %), kBapuy, (8,9 %);

— cycneH3us 2: antomocunukatbl (45 %), xe-
nesuctole MuHepansl (30 %), MycKoBUT 1 Nonesown
wnat (13,5 %);

— cycneHsusa 3: kBapL, (27 %), TeMHOLBETHbIE
(56 %) v rmuHucTo-critogmcTble MuHepans! (19 %).

[ns onpegenexHns cunbl NpuAMNaHvsa ocagka
K MOBEPXHOCTN Meperopogok MCMnonbL30Banv aare-
3/0METP, KOTOPbLIN MOACOEOVHSNN K BaKyyMHOW
mMaructpanu (cm. puc. 1).

lMpoBeaeHbl MccnegoBaHWUSA KMHETUKM Npo-
uecca (unbTpauum CyCneHsuin ¢ pasfiuyHbIM CO-
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nepxaHumem TBepgoro — ot 3 go 500 r/p,M3, yepes
neperopoakn, COCTaBMEHHblE W3  XITOMKOBbIX
(unbTpogunaroHans apt. 2074) N CUHTETUYECKMX
(kanpoHoBble, apT.: 56159, 56027, 56007, 56020,

—F

23254; naBcaHoBble, apT.. 56271, 56208, 56278;

nonunponurieHoBasl (HeTKkaHoe MOMOTHO) apT.

931509) BONOKOH.

2

BA b kil ey

15746

Puc. 1. Cxema ycmaHoeku Osnisi onpedesieHusi ad2e3uu Keka ¢ mKaHbHo:
1, 3 — euHmosble 3axxumsli; 2, 4, 5, 10 — dsyxxodoesnie KpaHbl; 6 — nampoH Ans1 ompbiea Keka; 7 — c/1ol Keka;
8 — eodsiHOU MaHoMemp; 9 — 6ygbepHbIl cocyd Onsi c6poca eo3dyxa U3 nampoHa 8 MOMeHm npodaesiusaHusi Keka;
11 — kanunnsp; 12 — pacxoOHasi duaghpaama; 13 — punbmpomkaHb; 14 — nodnoxka;
15 — OpeHaxHasi ocHoea; 16 — nonocmes paMku

Fig. 1. Installation diagram for determining cake adhesion with tissue:

1, 3-screw clamps; 2, 4, 5, 10 — two-way cranes; 6 — cartridge for cake tearing off; 7 — layer of cake;
8 —water manometer; 9 - buffer vessel for venting from the cartridge at the time of pressing the cake;
11 - capillary; 12 — flow diaphragm; 13 —filter cloth; 14 — substrate;

15 — drainage base; 16 — frame cavity

OBCYXOEHUE PE3YJIbTATOB

B 1abn. 1 npencraBneHbl pesynbTaTtbl MC-
cnefoBaHus UNBbTPYIOLLMX CBOWCTB TKaHen U3
CUHTETUYECKNX W XJTONKOBbIX BOJSIOKOH ANS npeg-
CTaBlEeHHbIX CYCNeH3nn — Ko3PMULNEHTLI NPOU3-
BOAUTENBHOCTU U 3aMYTHEHHOCTU. 3HayeHue Ko-

acpmumMeHTOB onpegensieTcas MnpuM  CpaBHEHUU
CKOPOCTU OUNbTpaUnUN, COAEPKaHUS ANCMEPCHbIX
yacTuy B domnbTpare.

B Tabn. 2 npuBeaeHbl 3HAYEHUS CUIbI NPU-
nMnaHusa ocagka K BOMOKHaAM TKaHW (agresus) u
KoadhpumumeHTa cpoka criykbbl TkaHw.

Tabnuuya 1

Qdunbmpyroujue ceolicmea mkaHeu

Filtering properties of fabrics

Table 1

KoadhdpmumeHT nponssogutensHoctTn, Kw KoadhpumumeHT 3amyTHEeHHOCTH, Kq
PunbTPOTKaHD CycneHaus CycneHaus
1 2 3 1 2 3

ggggg”oa"'e’ apr.: 0,509 1,07 0,952 1,136 0,780 0,376
56007 0,987 0,999 0,914 1,42 0,984 0,623
56020 0,967 0,93 0,966 1,09 0,716 0,665
23954 1,02 0,93 1,07 3,72 1,266 1,95
222‘3%”03“6’ apt.. 1,11 1,13 0,986 2,65 1,064 3,88
56208 1,12 - 0,988 220,2 - 48,74
56278 1,14 1,33 0,955 2,34 0,67 2,12
MonunponuneHosas
apT. 931509 1,03 1,266 1,05 6,42 0,664 8,82
dunbTpoamaroHans
apT. 2074 1,0 1,0 1,0 1,0 1,0 1,0
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Ta6bnuuya 2

Adze3us u KoaghgpuyueHm cpoka cnyx6bi hunbmpomekareli

Adhesion and filter life coefficient

Table 2

UNLTPOTKAH Agresus, kr/cm” / KoadbdnumeHT cpoka cnyx6bl, Ken
CycneHsua 1 CycneHsuga 2 CycneHsua 3

KanpoHoBeble, apT.:
56027 3,46 /2,17 2,74 /2,35 1,45/ 7,46
56007 1,609/ 4,66 2,66 /2,42 3,93/2,75
56020 3,94/1,90 2,02/3,18 1,37/7,89
23254 1,067 /7,02 1,11 /5,79 1,83/5,91
JlaBcaHoBbI€, apT.:
56271 0,585/12,82 1,06 /5,45 1,83/5,91
56208 1,52/4,93 0,91/7,06 -
56278 2,08 /3,60 0,925/6,95 1,38/7,84
MonunponuneHosas
apt. 931509 3,48 /2,15 1,18/5,45 3,79/2,85
dunbTpogmnaroHans
apr. 2074 7,50 6,43 10,82

ViccnegoBaHnsa nokasanu, 4TO BCe MCMbl-
TaHHble CUHTETUYECKME TKaHW MMeloT 6nnskyto
NPOHNLIAEMOCTb Kak MO OTHOLLUEHUIO Opyr K Apyry,
TakK 1 N0 OTHOLLEHMIO K ounbTpoanaroHanm.

3HaunTenbHbIN pas3bpoc No coaepaHuio
AVCMEPCHbIX YacTuy B dounbTpaTte, nofy4yeHHOM B
npouecce Habopa ocagka Ha cdunbTpe, Habnwoga-
eTca Ans TKaHe W3 CUHTEeTMYECKUX BOJIOKOH.
Hanbonee myTHble unbTpaTtbl MOMyyYeHbl ANS
naBcaHOBOW TkaHu apT. 56208, nyylwee KkayecTBo
unbTpaTtoB obecneunBaloT KanpoHOBble TKaHW
(kpoMe TkaHu apT. 23254).

3amepbl cuMbl NPUAMNAHUS OUCMEPCHbIX Ya-
CTUL, K BOFIOKHAM CUHTETMYECKUX TKaHEeN No3BoNnu-
N yCTaHOBUTb, YTO 3acCOPSEMOCTb BCEW rpynmbl

TKaHEWN 3HAYUTENbHO HWKE, YEM XITOMKOBOW TKaHu
apT. 2074. 3HaveHune koadhpmumeHTa 3acopsemo-
CTM [AOBOSMbHO TOYHO OTpaXkaeT CPOK dKcnnyaTta-
UM bunbTpyloLLen neperopoikm B NPOMbILLFIEH-
HbIX YCIOBUSIX.

[Mpouecc 06e3BOXMBaHWS XapaKTepusyeTcs
OBymsi nepuogamu. B TeueHne nepBoro npomcxo-
anT  obpasoBaHMe HayanbHOro (UNbTPYHOLLErO
cnosi, GOpMUPYIOLLErOCS 3@ CYET OTIIOXKEHUA AunC-
MepcHbIX YacTuL, B nopax unbTpyoLen nepero-
poaoku. Ha puc. 2 npencraBneHbl rpadukn 3aBu-
CMMOCTU CcoAepXaHusi TBepablX Yactuy B unb-
TpaTte OT MPOJOIMKUTENBHOCTU bunbTpauun npu
pasHbIX HauvamnbHbIX 3HAYEHUSIX KOHLUEHTpauun
aucnepcHown ¢asbl cycneHsmm 1.

q,rn
r 100

- 90

|2 cnof TKaHK apT. 56159 |

70

60

+ 50

40

30

20

o— 10

9 10 11 12 13 14 15 16

Puc. 2. 3asucumocms codepikaHusi meepdozo e ¢punbmpame g u o6Lema punbmpama \V
om npodomkumensHocmu unbmMpayuu cycneHsuu 1, 2/om:
1, 2 -200; 3, 4 -400; 5, 6 — 500

Fig. 2. Relationship between the solids content in the filtrate (g), the filtrate volume (V) and the duration
of the filtration of suspension 1, g / dm*:
1, 2-200; 3, 4 - 400; 5, 6 — 500
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MakcumanbHoe coaepXaHue [UCNEPCHbIX
YacTuL OTBeYaeT KPUTUYECKOMY 3HaveHuo R,
paBHOMY CooTHoLLeHuo XK:T (50-100 r/gm°), uto
COOTBETCTBYET Hauyany ob6pa3oBaHMs CBOOUKOB
YacTuy Hag nopaMmu Neperopoakn v MOSIBAEHUIO
ocajka Ha ee nosepxHocTu (puc. 3).

C yeBenuyeHnem otHoweHus XX:T B cycneHsum
pexum cdunbTpaunm ¢ obpasoBaHnem ocagka us-
MEHSieTCq, M B 3aBUCMMOCTU OT COOTHOLLEHUS
pa3MepoB YacTuL, Nynbhbl U OTKPbITLIX MOP TKaHW
yCcTaHaBnMBaeTca Iunbo pexum dunbTpaumm ¢

20 P\

ccapxa b duasTpaTe 33 1 nepuog, r

Macca

2 =0 100

Ny

3aKynopkon (rnybuHHas cunbTtpauus), nmbo npo-
NCcXoauT NpouexuBaHue nynbnbl Yepes punbTpo-
TKaHb (puc. 4). B cBA3n ¢ aTUM KkpuBbIE, ONMCHLIBA-
IOlWMe U3MEHEHMSI COAepPXaHMs OMCMEepPCHbIX Ya-
cTuL B hunbTpaTe OT pa3baBneHus nynbnbl, Npo-
XOOAT Yyepe3 MakCMMyM, YTO yKasbiBaeT Ha usme-
HeHne pexuma cdunbTpaunn. Bocxogsawmne BeTBu
rpacmMkoB COOTBETCTBYIOT pexumy unbTpaumm c
3aKynopkon nop neperopofku, a Hucxopsawme —
pexuMy dunbTpaunm ¢ obpasoBaHMem ocagka.

150 200 250

Copepmanse TREPROTO B CYCNenanu, 1/

Puc. 3. BnusiHue pa36aesneHusi cycrieH3uu Ha ¢hopmuposaHue chunbmpyrouje2o cros
(kanpoHoeble mkaHu apm. 56027, 56159)

Fig. 3. Effect of suspension dilution on the formation of a filter layer
(nylon fabrics art. 56027, 56159)

\
8
J

Cogepwanne Taepgoro o ¢uastpare, r/a
»

2
v
05 r————3—— \——g—__q
/ B . < S —
em——
“—* < — ¢ > o °
Q
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Copepmanue Teepaoro s cycnensm, r/am’

Puc. 4. BnusiHue pa36aesneHus cycrieH3uu
Ha 3adep)xuearoulyto cnocobHocms mkaHu apm. 56050:
1 - 00uH cnoli; 2 - dea cnosi; 3— mpu crosi

Fig. 4. Effect of suspension dilution on tissue retention
of fabric art. 56050:
1-one layer; 2 —two layers; 3 —three layers

3AKNKOYEHUE

MccnepoBaHa KuHeTuKa npouecca unb-
TpauuuM CYCMEeH3Wh C pasfnuyHbiM codepXaHuem
TBEpPAOWN hasbl Yepe3d PUMbTPOTKAHU N3 CUHTETU-
YECKMX W XITOMKOBBIX BOFOKOH.

M3ydeHbl QunbTpylowmne CBOWCTBa psga
CYHTETUYECKMX N XIOMKOBbIX TKaHEeW, AaHa oLeHKa
MX 3acopsieMOCTU. YCTaHOBMEHO, 4YTO MO 3TOMY
nokasaTento TKaHW W3 CUHTETUYECKMX BOSOKOH

3HaYMTENBbHO NPEBOCXOAAT XJIOMKOBbLIE.

C poCTOM KOHUEHTpaumm gucnepcHon gasbl
B CYCMEH3MM YCTAHOBIEHLY, HECKOIIbKO PEeXNMOB
unbTpaummn: B obnactn 50-100 r/am® Habnoaa-
€TCA NEepexofHbI PexXum, Mpu MeHbLUEM COAep-
XaHUM OMCMEepCHbIX YacTul oTMevyaeTcsi npevmy-
LLIECTBEHHO PEXMM TNYOMHHON unbTpaumm, npu
B6onbLlmx 3HaveHunsax R = XK:T npouecc npoxoauT B
pexume WnamoBon punbTpaumm.
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Abstract: The aim of the present work was to synthesize biodiesel fuels from sunflower oil through a trans-
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the biodiesel blends altered within the range specified by ASTM. The flash temperature of the B20 and B50
biodiesel blends was shown to be higher than that of diesel fuel. This led to some deterioration in their flam-
mability, at the same time as making the transportation and storage of these fuels safer. The sulphur content
in the biodiesel blends under study decreased significantly with an increase in the biodiesel content: from 50
m.c. in diesel fuel up to 27 m.c. in the B50 blend. The use of such biodiesel blends reduces the content of
sulphur oxides in exhaust gases, which has a beneficial effect on the environment and human health. The
use of the proposed catalytic system reduces the amount of foam produced by biodiesel washing, thus sim-
plifying its synthesis. Due to the absence of the neutralization stage, the described catalytic system can be
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MpurotoBneHue ausenbHbIX cCMecen
n nccnegoBaHue nx nM3anyeckMx CBOUCTB

U.lr. Mamepos, O.H. IxxaBagoBa, .H.B. AsumoBa
BakuHCKMI rocynapCTBEHHLIN yHUBEPCUTET, I. Baky, AzepbanaxaH

Pesrome: Llenbo pabomsbi s6nsicsi cuHmes buodu3enibHo20 monnuea u3 nodCo/IHeYHO20 Macna o peak-
uuu nepeamepuguKkayuu 8 rpucymcmaeuu Hoeol Kamanumu4eckol cucmemsi. [1pu MOISPHOM COOMHoWe-
Huu macna kK memadosny 1:3 u memnepamype 55 °C 8bixo0 npodykma cocmasus 83 %. B coomeemcmeuu
co cmaHdapmamu ASTM bbinu uccnedosaHbl 8axHble ¢husuveckue ceolicmea buodusesibHo20 U OU3€esIbHO-
20 monnus, a makxe ux cmecel, codepxawux 20 u 50 % (06.) 6uodusenbHoz2o mornnuea (B20 u B50).
lMnomHocme cmeced B20 u B50 pacmem c¢ yesenudeHuem Qonu 6uodusernibHo20 monuesa.
KuHemamuyeckas esi3kocmb cMmecel ¢ pocmom codepxaHusi 6uodu3esibHO20 mMornuea He3HayumesibHO
ysenu4yueaemcsi, ocmaeasicb 8 rnpedenax 2-5 mm*/c npu 40 °C, ymo coomeemcmeyem mpebogaHusiM
ASTM. Kak nokasanu pe3ynbmamsbi uccriedogaHus, co0epxaHue HEeHacbIWeHHbIX CoeOuHeHUl 8
buodu3sesnbHbIX CMECsX Haxoouroch 8 rpedenax, Hopmupyembix ASTM. Temnepamypa ecribiwku 05151 6uo-
dusenbHo20 mornuea, cmecel B20 u B50 ebiwe, yem y dusenbHO20 monauea. Omo npueodum K HeKomo-
pomy yxyOuwieHUK Ux 80criaMeHsseMocmu, HO, ¢ Opyaoli CMOpPOHbI, Oeslaem mpaHCIopmMuUPOBKY U XpaHeHUe
amux eudos mornuea bonee besonacHou. CodepxxaHue cepbl 8 BUOOU3ESIbHBIX CMECSX 3Ha4yumesibHO
yMeHbuiaemcsi c pocmom codep>kaHusi buodu3senibHo20 mornnuea: om
50 m.0. 8 dusenbHom morinuge 0o 27 m.0. 8 cmecu B50. Mcrionb3osaHue makux 6uodusesibHbix cMmecel
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CHUXaem codepaHue OKCUO08 Ccepbl 8 8bIXJIOMNHbIX 2a3ax, Ymo 61a2onpusimHo cKka3bl8aemcsi Ha CoOCmosi-
Huu oKpyxatouwel cpedbl u 30oposbe 4Yesiogeka. Mcronb3oeaHue HOBOU Kamasumu4Yeckol cucmembl no3-
gosisiem CHU3UMb 06bEeM rneHbl, obpa3syrowelics npu npomsieke buoduserss, Ymo yrpowaem mexHonoauye-
cKull npoyecc e2o cuHme3sa. bnazodapsi omcymemeuro cmaduu Helimpanusayuu rnpuMeHsieMasi Kamaru-
mudeckasi cucmema Moxem 6bimb UCMOMIb308aHa N08MOPHO rocsie yoaneHus npomMbIeHOU 800bI MEMOOOM
oucmunnayuu.

Knroueenie crnoea: 6uodusensHoe mornaueo, peakyusi nepeamepugukayuu, Hopmel ASTM, Hoeasi kama-
Jlumuyeckasi cucmema, UemaHogoe YuCsio

Uugpopmayus o cmamese: [Jama nocmynneHuss 27 mapma 2020 2.; dama npuHamusi K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.

Ans yumupoearusi: Mamepnos W.I'., xaBagosa O.H., AsaumoBa H.B. NMpurotoBneHne gmsernbHbIX cMecen
N nccnegoBaHne Ux (puanmdecknx CBOUCTB. M3gecmusi 8y308. [NpuknadHas xumusi u buomexHonoaus. 2020.

T.10. N 2. C. 332-338. https://doi.org/10.21285/2227-2925-2020-10-2-332-338

INTRODUCTION

Emissions from vehicles (carbon dioxide,
sulphur oxide and other toxic gases resulting from
fuel burning) are the main contributing factors to
such environmental problems as the growing
ozone hole, acid rains, accumulation of toxic
compounds in the atmosphere and the green-
house effect. Another serious problem is the de-
pletion of existing fossil fuel resources [1-4].

Issues associated with reducing oil reserves
and environmental pollution underpin the search
for renewable and environmentally friendly alter-
native energy sources. Among promising fuels for
diesel engines are biodiesel blends derived from
vegetable oils and animal fats through the reac-
tion of transesterification. Transesterification is the
interaction of oil triglycerides with alcohols having
a small molecular mass in the presence of various
catalysts followed by the formation of a mixture of
fatty acid alkyl esters and glycerine as a by-
product.

Potential advantages of pure and blended bi-
odiesel fuels include their biodegradability, higher
cetane numbers, low emissions, as well as im-
proved lubricating capacity leading to an in-
creased service life of engines. Since biodiesel
fuels contain no aromatic, nitrogen and sulphur
compounds, their burning produces no toxic ox-
ides responsible for serious environmental prob-
lems [5-17].

Biofuel production is steadily increasing.
While the share of biofuels in the global produc-
tion of fuel for road transport was 1 % in 2004, the
International Energy Agency (IEA) has predicted
its increase up to 7 % by 2030 [18].

This work presents a novel catalytic system
for the transesterification reaction. Using the pro-
posed catalytic system and sunflower oil, a bio-
diesel fuel was synthesized. The as-obtained
product was subsequently mixed with oil diesel in
the mass ratio of 20:80 (B20) and 50:50 (B50).
The main physical characteristics and cetane
number of the biodiesel fuel and biodiesel blends
were determined.

EXPERIMENTAL

Samples of summer diesel fuel and sunflower
oil were purchased at a gas station and markets in
Baku, Azerbaijan. The B20 and B50 blends were
prepared by mixing diesel and biodiesel. Biodiesel
synthesized from sunflower oil and its blends were
characterized in accordance with the American
Standard of Testing and Materials (ASTM) meth-
ods.

Sunflower biodiesel (B100) was obtained by
dissolving 0.25 g of potassium hydroxide (KOH)
and 0.25 g of 4-bromophenacyl! pyridinium hydrox-
ide (BPPH) in 75 ml of methanol (CH3;OH) without
heating (at room temperature). After complete
dissolution, 100 grams of oil was added to this
mixture. The reaction was carried out in a conical
flask equipped with a reverse refrigerator and
magnetic stirrer for 3 hours at 55 °C (rotation
speed was maintained at 1000 rpm). After stirring,
the reaction mass was aged for at least 12 hours
in a dividing funnel. The reaction mass was divid-
ed into 2 layers using a dividing funnel: the upper
layer contained biodiesel, the lower layer — glycer-
ine. Untreated biodiesel was repeatedly washed
with hot distilled water in order to remove cata-
lysts. The conversion rate was 83% when using
the molar ratio of oil to methanol 1:3.

4-bromophenacyl pyridinium hydroxide
(BPPH) was obtained by boiling 10 mmol
of phenacyl bromide and 10 mmol of pyridine in
50 ml of toluene in a flask with a reverse fridge.
After the formation of a quaternary pyridinium
bromide salt, 10 mmol of KOH was added for the
synthesis of BPPH (Fig. 1).

NMR spectra of diesel and biodiesel fuel
samples were recorded using a spectrometer
AVANCE 300 (Bruker Corporation, Germanay:
300,130 MHz for 'H, 75,468 MHz for *°C
equipped with a temperature regulator — BVT
3200 sensor. The spectra were recorded in spe-
cial vials 5 mm in diameter using the standard
Bruker TopSpin 3.1.0 software. Chemical shifts 'H
and *C were recorded relative to tetrame-
thylsilane (TMS). The spectra for diesel and bio-
diesel fuels were recorded in CDClI; solutions.
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Cetane numbers for the summer diesel, sun-
flower biodiesel and biodiesel blends under study
were calculated according to the methods pre-
sented in' [19, 20].

Br — OH

Fig. 1. Formula of 4-bromophenacyl pyridinium
hydroxide (BPPH)

Puc. 1. ®opmyna 4-6pomebeHayunnupuduHuUym
2udpokcud (bl

RESULTS AND DISCUSSION

The properties of biodiesel fuel depend
on the structure of fatty acids contained in the tri-
glycerides of vegetable oil, from which the fuel is
synthesized. The fatty acid composition deter-
mines the physical and operational parameters
of biodiesel, such as cetane number, viscosity,
cloud temperature, etc. The physical and chemi-
cal properties of sunflower oil are presented
in Table 1.

Table 2 describes physical properties of the
summer diesel fuel, biodiesel fuel from sunflower
oil (B100) and their blends (B20, B50) under
study.

According to Table 2, the B20 and B50
blends demonstrated a higher level of density,
since the density of biodiesel is higher than that of
diesel. This can also be explained by the differ-
ence in the composition of these fuels: a mixture
of hydrocarbons in diesel vs. a mixture of complex
esters in biodiesel.

The kinematic viscosity of biodiesel is also
higher than that of diesel. Therefore, the kinematic

viscosity of biodiesel blends increases with an
increase in the proportion of biodiesel, although
remaining within 2-5 mm?/s at 40 °C and meeting
ASTM requirements. A significant increase in vis-
cosity is undesirable for fuels intended for diesel
engines due to such possible negative effects as
impeded fuel pumping, appearance of drops, in-
sufficiently thin spraying of fuel in the combustion
chamber and incomplete combustion. However,
the viscosity of the B20 and B50 blends almost
equals that of diesel, which indicates their suitabil-
ity for diesel engines.

Fuels with higher flash temperatures are
slightly less flammable. This parameter has little
effect on the engine performance; rather, it serves
as an indicator of fire hazard during the storage
and transportation of fuels. Higher flash tempera-
tures make transportation and storage of fuels
safer.

Temperatures of clouding and hardening of
the biodiesel blends under study increased slightly
with an increase in the proportion of biodiesel.
The obtained results do not exceed the values
specified for biodiesel fuels and do not affect the
engine performance during warm weather
months.

No unsaturated compounds were detected in
the summer diesel fuel under study, which was
confirmed by both the experimental determination
of the iodine number and *H NMR (no signals re-
lated to olefin hydrocarbons were observed in the
spectrum in the range of 4-6 m.c.). Biodiesel was
synthesized from sunflower oil, in which the con-
tent of acids with unsaturated radicals can exceed
70 % (see Table 1). Such fuels always contain
a significant amount of methyl esters of highly
unsaturated acids. However, the degree of unsat-
uration in the biodiesel blends under study ranged
within the limits indicated by ASTM, which
was confirmed both by the iodine number (see
Table 2) and NMR (Fig. 2a).

Table 1

Physical and chemical properties of refined sunflower oil

Tabnuya 1

du3uko-xumu4veckue ceolicmea pad)UHUpOSaHHOZO nodcosiHeYHO20 Macna

Fatty acid (number of C atoms: number of double bonds)

Parameter 160 180 181 182
Composition of fatty acids, wt% 3.5-7.6 1.3-6.5 14-43 44-74
Acid number, mg KOH/g 0.28+0.5
Saponification number, mg KOH/g 193.3+0.5
lodine number, g 1,/100 g 121.4+0.5
Viscosity, sP 34.1£0.5
Flash temperature, °C 265
Freezing temperature, °C +12
Density, g/cm® 0.9186

' Yanowitz J., Ratcliff M.A., McCormick R.L., Taylor J.D., Murphy M.J. Compendium of experimental
cetane numbers. Technical report. 2017. https://doi.org/10.2172/1345058
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Table 2

Physical properties of diesel fuel, biodiesel synthesized from sunflower oil and their blends

Q@u3suyeckue ceolicmea Ou3esibHO20 mornsuea, 6uodu3eslIbHO20 MmorJiuea,
CUHMe3upoeaHHO20 U3 NOACO/IHe4YHO20 Macsia, u e2o cmecel

Tabnuya 2

ASTM requirements Experimental data
Parameter ASTM Diesel
methods Diesel fuel Bio-diesel fuel B20 B50 B100

Relative density , D1298 0.8-0.84 0.86-0.9 0.837 | 0.859 | 0.864 | 0.886
Viscosity at 40 °C, mm®/s; | 445 25 35-50 | 344 | 349 | 387 | 415
min-max
Flash temperature, “C, D93 65 >120 70 75 87 137
no less than
Cloud temperature, °C D2500 -12 <20 7 9 10 11
Freezing temperature, °C D2500 -15 <15 0 2 5 1
lodine number, - 60-135 <120 158 | 47.69 | 88.97 | 113.86
g (1,)/100 g
Sulfur, mass content, D975-14 15 15 50 | 38 | 27 0
no more than
Water and sediment,
vol. % D975-14 0.05 0.05 0 0 0 0
No more than
Copper corrosion, i
3 hours at 50 °C, max D975-14 No. 3 No. 3 No. 2 No. 1 No. 1 No. 1
Cetane number, min D975-14 40 47 53 51.8 50.1 47.2

|

" |

I} 4

LU Ly
a b

Fig. 2. *H NMR spectra for samples of biodiesel (a) and diesel fuel (b)

Puc. 2. *H SIMP-cnekmpbi 0ns1 o6pasyoe 6uodusenbHoz20 (a) u dusensHo20 monnuea (b)

The sulphur content in the biodiesel blends
decreased significantly with an increase in the
biodiesel content: from 50 m.c. in the diesel fuel
up to 27 m.c. in the B50 blend. The use of such
biodiesel blends reduces the content of sulphur
oxides in exhaust gases, which has a beneficial
effect on the environment and human health.

The experimental results (see Table 2)
revealed no water and mechanical impurities
in the samples of the synthesized biodiesel, B20
and B50 blends. The determination of the corro-
sive aggressiveness of the samples showed only
a slight or moderate tarnish of a copper strip
(class 1 and 2). This confirms the high quality of
the synthesized fuel and its blends.

The obtained 'H NMR spectra clearly
demonstrate the absence of water in the studied

samples: no signals in the spectrum related to
water protons in the area of 4.7 m.c. (see Fig. 2a).

The cetane numbers for the B20 and B50
blends, although decreasing slightly, exceeded
the level of 50, thus meeting ASTM requirements.
This fact did not have a significant effect on the
operational properties of the studied samples.

Alkaline or acid catalysts are frequently used
in biodiesel production. The use of such catalysts
should be restricted because of the complexity of
their separation and recovery, as well as environ-
mental pollution and equipment corrosion. In addi-
tion, the process of neutralizing and rinsing alka-
line catalysts involves the formation of foam at a
level of 2 % from the initial mass of oil used for
synthesis. This makes it difficult to rinse and fur-
ther separate layers of the reaction mass.
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A significant advantage of the proposed cata-
lytic system 0.25 % of BPPH — 0.25 % of KOH is
the absence of foam formation. In addition, the
proposed method omits the stage of catalyst neu-
tralization; therefore, the catalytic system can be
reused upon water removal. The biodiesel yield
comprises 61 % and 38 % upon the second and
third use of BPPH, respectively. Water removal is
achieved by distillation.

Transesterification of sunflower oil with
methanol followed by the formation of a biodiesel
fuel is a typical reaction of nucleophilic substitu-
tion. It is known that OH" ions contained in BPPH
and alkali act as an active cite for biodiesel syn-
thesis. In the first stage, methanol is activated by

OH’ ions. Upon activation, CH;O" ions attack the
carbonyl group of triglycerides with the formation
of fatty acid methyl ester. In the second and third
stages, other carbonyl groups in triglycerides in-
teract with CH3O™ to form a mixture of fatty acid
methyl esters (biodiesel).

CONCLUSIONS

The properties of summer diesel, biodiesel
fuel derived from sunflower oil B100, as well as
B20 and B50 blends, were investigated against
ASTM standards. The proposed novel catalytic
system for sunflower oil transesterification has a
positive effect on the processes of separating bio-
diesel from glycerine.
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AHanun3 npoayKToOB HU3KOTEMMNepaTypHOro
CBY-nuponusa topca

© T.0 KpanuBHuukasa***, C.A. bynaHoBa**, A.A. Copokun**, A.H. [leHUcCeHKO**,
0.J1. Bopoxuos*, J1.J1. CemeHblyeBa*

*HuKeropoacknin rocygapcTBeHHbIN yHuBepcuteT M. H.W. Jlobauyesckoro,
r. HmxkHun Hosropopg, Poccuiickaa ®egepauns
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Pe3srome: [na yeenudeHus achgpbekmusHOCMU U UHMeHcUsHocmu 0bpabomku op2aHu4ecKoeo npupodHO20
Kkaycmobuonuma — mopdghba, bbi1 paspabomaH makem nabopamopHozo CBY-peakmopa c ysenu4eHHbIM
obbemom 3azpy3ku obpabambigaemozo Mamepuasa. ModepHu3uposaHHas 3KcriepuMeHmarbHasl ycmaHos-
Kka npedcmaesnsem coboli CBY-peakmop rpu noHUXeHHOM OasfieHUU C MOCMOSIHHbIM 2a308bIM 0mMeo0oM
MUPOIIU3HbIX 2a308 4Yepe3 J/I08YWIKY C XUOKUM a3omoM 8 2a308bili rnpoboombopHUK. YeenudeHue obbema
MUKPOBOJSTHOB020 peakmopa 6bino docmuzHymo 6na2o0apsi npuMeHeHuUro OOMOSIHUMEsbHbIX CUCmeM
mpaHCcrnopmupo8KU MUKPOBOITHOBO20 U3JTyHEeHUSs U crieyuasnbHoU cucmernoanoweHust ompaxeHHoU MOWHO-
cmu u3 obbema peakmopa. Peakmop nodkodancs K UCMOYHUKY MUKPOBOIHO8020 U3Ny4YeHUs (MpOoMbi-
JNIeHHbIU MagHempoH) yacmomol 2,45 [Ty, nonHot mowHocmero 1 kBm. [numenbsHocmbs MUKPOBO/IHOB020
o0bnyyeHusi mopgha 8 peakmope cocmasssna 16 muH. B pesynbmame cepuu skcriepumeHmos 6binu nosy-
YeHbl U rpoaHanu3uposaHbl obpa3ubl mpex ¢hpakyuli — meepdol, xudkol u ea3zoobpasHol. [posedeH
cpasHUMesibHbIU aHanu3 rnpodyKmos HU3KOomeMiepamypHO20 NuUporu3a eepxosoeo cghazHo8020 mopdgha,
rOy4YEeHHbIX MNPU Hazpese, OCHOBaHHOM Ha merisionepedadye om CMEHOK peakmopa (06bIYHbIU mepmuye-
cKul Hazpes), u Hazpese CBY-usnyueHuem. [asHoe omnudue Mex0y HaspesoM u3rydeHUem u meriorne-
pedayeli cocmoum 8 momM, 4Ymo 8 repeoM clly4ae npoucxooum rnosbkileHUe memnepamypsbl no ecemy obb-
eMy, a He MoJbKO 8 30He epaHuubl pa3dena ¢has, Ymo rnosbiliaem UHMeHcuguUKayuo U 3¢pgheKmusHOCmb
npoyecca. Amo 8 ocobeHHocmu rnposensgemcs npu Hazpese meepObix 0OBLEKMO8, 8 KOMOPbLIX OmMCym-
cmeyem riepefayva merina KoHeekyuel. CpagHeHue rnpodyKmo8 mpex rnosyvYeHHbIX ¢hpakyuli rnpoeodusnock
C ucronb3oeaHueM OaHHbIX aHanu3a 2a3080l xpomamozpaguu C Macc-CrieKmpomMempuyecKuM emeKkmu-
posaHueM, a makxe rno pe3yfnbmamam 3/1eMEeHMHO20 aHanu3a. ViccriedosaHue nokasarso, 4mo rpu MUKpo-
80JIHOBOM Hazpese rpoucxodum bonee a2rybokoe paspyweHue ucxo0Ho20 cybecmpama — 00 yarnepoducmo-
20 ocmamka U HU3KOMOIIEKYNSIPHbIX MPpoOyKmo8 HeopaaHU4YecKol U ope2aHudeckol rnpupodsbl. Kpome mozo,
rnosepxHocmb meepdol ¢hpakyuu bbina uccriedogaHa C MOMOUWbIO CKaHUPYHOUWE20 3/1EKMPOHHO20 MUKPO-
cKona; 0bHapyXeHOo Hanu4ue rnopucmsix CmMpyKmyp ¢ pa3mepamu rnop om 5 0o 7 Mkm.

Knro4deenie crosa: mopgh, MukpogosrHosbil rnuposus, CBY-peakmop, yanepoducmsili ocmamok, HU3KOMO-
neKynspHbie NpoOyKmbl Heop2aHU4eCcKol U opeaHu4yeckoU npupodbl, 8bICOKOMEeXHOI02uYHas nepepabomka
mopdgha

BnazodapHocmu: Paboma ebinonHeHa ¢ ucronb3osaHuem obopydoeaHusi LIKI «Hoebie mamepuarnsi u
pecypcocbepezaroujue mexHonoauu» u meme eocsadaHusi UMN® PAH Ne 0035-2019-0001.

Uugpopmayus o cmamee: [Jama nocmyrnneHusi 30 anpens 2020 a.; dama npuHamusi Kk nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuweHus 30 utoHs 2020 a.

Ana yumupoeaHus: KpanusHuukasa T.0, bynaHosa C.A., CopokuH A.A., NeHuceHko A.H., Bopoxuos [.11.,
CemeHblueBa J1.J1. AHanua npoayktoB HuskoTemnepatypHoro CBY-nuponusa Topdpa. Mseecmusi 8y3os.
lpuknadHas xumus u buomexHonoausi. 2020. T. 10. N 2. C. 339-348. https://doi.org/10.21285/2227-2925-
2020-10-2-339-348
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Abstract: To increase the efficiency and intensity of processing of organic natural caustobiolite or peat, a
prototype laboratory microwave reactor with an increased loading volume of the processed material has
been developed. The modernized experimental setup is a microwave reactor under reduced pressure with a
constant removal of pyrolysis gases through a trap with liquid nitrogen into a gas sampler. The increase in
the volume of the microwave reactor was achieved through the use of additional systems for transporting
microwave radiation and a special system of absorption of reflected power from the reactor volume. The re-
actor was connected to a microwave source (industrial magnetron) with a frequency of 2.45 GHz, with a total
power of 1 kW. The duration of microwave irradiation of peat in the reactor was 16 minutes. As a result of a
series of experiments, samples of three fractions — solid, liquid, and gaseous — were obtained and analyzed.
A comparative analysis of the products of low-temperature pyrolysis of bog sphagnum peat obtained by
heating based on heat transfer from the walls of the reactor (conventional thermal heating) and heating by
microwave radiation. The main difference between heating by radiation and heat transfer is that in the first
case there is an increase in temperature throughout the volume, and not just in the zone of the phase
boundary, which increases the intensification and the efficiency of the process. This is especially evident
when heating solid objects in which there is no heat transfer by convection. Comparison of the products of
the three fractions obtained was carried out using gas chromatography analysis data with mass-
spectrometric detection, as well as using the results of elemental analysis. The study has shown that micro-
wave heating causes a deeper destruction of the initial substrate — to the carbon residue and low molecular
weight products of inorganic and organic nature. In addition, the surface of the solid fraction was examined
using a scanning electron microscope; the presence of porous structures with pore sizes from 5to 7 um has
been detected.

Keywords: peat, microwave pyrolysis, microwave reactor, carbon residue, low molecular weight products of
inorganic and organic nature, high-tech peat processing
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BBEOEHUE

Muposble 3anacel Topda, No pasHbIM OLEH-
kam, coctaBnsatT ot 250 go 500 mnpg 1. Pocewns
3aHMMaeT BTOpPOE MECTO B Mupe Mo 3anacam
Topdha, Npy 3TOM BO30GHOBNEHME TOopda OLEHU-
BaeTtcsa B 260—280 mnH T/r. 3anackl Topda B Poc-
C/M paBHOMEPHO pacnpefeneHbl No Bcen Teppu-
Topuu cTpaHbl. Poccusa umeet gonto B 5 % o1 Mu-
poBoro obbema [obOblun Topdha U 3aHUMaeT 4-e
MEeCTO B MUpe Mo 3TOMY MokKasaTento, HaXoAsCh B
ogHoM psay co UWeeuuwen, Kanagon u Jlateuen.
CrtpaTterven pa3sutus TOpSHON NPOMbILLIIEHHO-
ctn Poccum go 2030 r. HaMe4eHO BbIMOSTHEHWE
cnenyroLWmnx pekoMeHZaumi: paclmpuTb UCMorb-
30BaHMe Topdha M MPOAYKTOB ero nepepaboTku;
OCYLLECTBUTb MOAEPHM3ALMIO U TEXHONOIMYECKOe
0OHOBNEHNe Npon3BOACTBEHHOW Ga3bl TopdsiHON
npomMbilnieHHocTu. NoBceMecTHO Topd UCMOosb-
3YI0T KaK TOMMMBO, B CEMbCKOM XO35MCTBE — B Ka-
YecTBe yoobpeHun, B XMBOTHOBOACTBE — Kak Hak-
TEPUUMOHYO NOACTUNKY, B MeQUUUHe — Kak npo-
TMBOMUKPOBOHOE CpeacTBO, B XUMMYECKOW Mpo-
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MbILUNIEHHOCTU — Kak WCXOOHOe BEeLWecTBO Ans
Mony4YeHns LEeHHbIX NPOAYKTOB, TaKMX Kak MeTu-
NOBLIN N 3TUNOBBLIA CNNPTHLI, PeHorn, BOCK, napa-
hVH, MOMOYHas, YKCyCHasi M LiaBenesas KMCMo-
Tbl, ammuak n gp. [1-7]. Kpome TOro, nocrne tep-
MUYeckon 0bpaboTkM TOpd MOXKHO MCMOMb30BaThb
B KauyeCTBe WCXOAHOro BellecTBa AN NonyyYyeHus
HM3KOMOIEKYNSAPHbIX COeAMHEHUI. B To e Bpems
CyLlecTByeT OnacHOCTb CamMOBO3ropaHus Topda
HenocpeAcTBEHHO B MecTe ero obpasoBaHus B
NeTHW nepuoa BpeMeHu, MO3TOMY MNosBMseTCs
HeobxooMMOCTb ero nepepaboTkn BO usbexaHune
YypesBblYanHbIX CUTYyaL M NPUPOOHOro Xxapakrepa.
B HacTosiLee Bpemsa akTMBHO BegyTcsa pabo-
Tbl B 06ractu U3nNKO-XMMUYECKON nepepaboTkm
OuoopraHnyeckux matepuanos. 1o ctenenn pas-
noxeHus (rymudpukaumm) TopdsaHble 3anexu pas-
OEensTCA Ha 3anexun HW3KOW CTeneHu pasnoxe-
Hus (oo 20 % copepxaHus B oblien macce bec-
CTPYKTYPHOW Macchbl — rymyca), cpegHen u BblCO-
ko (6bonee 35 %). Mo ycnosusm obpasoBaHus
Topc noAapasnensitoT Ha HU3NHHBIN, NEPEXOAHbIN
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OcHoeHble KOMITOHeHMbI c¢hazHO8020 8epPx08020 mopgha

Main components of sphaghum top peat

KOMMOHEHTHbLI COCTaB OpraHM4Yeckon macchl Topda

Llenntonosa

'yMUHOBbIE KMCMOTbI

JInrHmH

JNerkormaponusyemble COeanMHEHMS
BogopacTtBopuMble BellecTBa

Tabnuya 1
Table 1
MaccoBas nons B coctase, %

4-10
15-50
5-20
20-40
1-5

n Bepxoson [8]. Topd MMeeT CMOXHbLIN XUMUYe-
Ckun cocTtae (Tabnuua 1), KoTopbii onpeaensieTcst
YCINOBUAMW reHesunca, pasHoobpasnem pacTeHuin-
TopchoobpaszoBaTenenn U CTeneHb pasnoXeHus

[9].

CyuwecTBytoT meToabl nepepabotkm Topda,
OCHOBaHHbIE Ha Harpeee mMaTtepuana Tennonepe-
Aayen OT CTEHOK peaktopa (OBblYHbIN TepMuye-
CKUIM HarpeB) ¢ gobaBneHMeM antoMOoCUITMKaTHBIX
kaTtanmsaTopoB u 6e3 Hux [2—4]. HoBble BO3MOX-
HOCTW OTKpbIBaeT NPUMEHEHUEe B XUMUU MOLLHOIO
3ANEeKTPOMarHUTHOrO U3My4yeHUs pasfnyHbIX Ya-
CTOTHbIX Auana3oHoB, 4TO obycrnasnvMBaeT Bce
OonbLUNA MHTEPEC Kak C TOYKM 3peHus dyHaa-
MEeHTanbHbIX WCCRedOoBaHUA HOBbLIX MPOLECcCOoB
peakuui, Tak N CO34aHMs HOBbIX BbICOKOTEXHOMO-
TMYHBIX NPUOXeHWN. JlabopaTopHblie YCTaHOBKM,
OCHOBaHHbIe Ha ucnonb3oBaHum CBY-nsnyyeHus,
NoO3BONUIM Pa3HOObpa3nNTb OpraHMYECKNA CUHTES,
B YaCTHOCTWU, Ha NOPSAOOK YBENUYUTbL CKOPOCTMU
ornpefeneHHbIX peakuun nog ero BO3gencTBueM,
C/YHTe3upoBaTb MaTepuansl ¢ HOBbIMW CBOWCTBa-
Mu n T.4. [10, 11].

HecmoTps Ha Gonbloe konuyectBo pabor,
nocesillleHHbIX co3gaHuto CBY-komnnekcoB ans
nepepaboTKn opraHnyeckux maTepuanos [12-14],
OOCTYMHblE cUCTeMbl, paboTakowme C pasHbiMU
B/OAMU OPraHU4YecKoro TOMMMBa W CNOCOGHbIe
obecneuntb BHEOPEHUNE KaK B pa3nnyHble Menkne
NpoM3BOACTBA, TaK U B KPYMHbIE BbICOKOTEXHOSO-
MMYHbIE NPOMBILLSIEHHbIE KOMIMIIEKCHI, aBTOPaM He
n3BecTtHbl. Co3gaHne Takux yCTaHOBOK Tpebyet
O[IHOBPEMEHHOIO pelleHns psaa  XMMUYEeCKMX
(TepmMuyecknx, MaccoobMeHHbIX 1 ap.) n uande-
CKUX (3NEKTPOHHbIX, 3MEeKTPOANHAMUYECKUX, Tep-
MoAMHaMMYecKkMX 1 ap.) Npobnem, a Takke onTu-
Mu3auun U3NKO-XMMUYECKNX YCITOBUA MNpoTeka-
HUSA peakuun, cneunduyHbIX AN Kaxaoro u3 op-
raHN4YeCcKux COeaMHEeHUn (HEeOAHOPOLHOro wu/unu
MOPUCTOr0 Xapakrtepa cpefbl, NPUHLMNuanbHOro
NU3MEHEHNs1 XapaKTepUCTMK cpedbl B mnpoLecce
NpOTEKaHUs1 peakuuun, B ONpenerieHHOM CMbICIe
BEPOSATHOCTHOIO COCTaBa KOMMOHEHTOB 1 NMPOAYK-
TOB peakuun u gp.). B cnyyae TpaguumoHHOWM
CXeMbl TernnoBOro nuponusa TennonpoBOAHOCTb
MaTepuanoB OrpaHMyYMBaeT CKOpPOCTb MoABoAa
Tenna B obnacTb peakuuun, a BaxHellee npe-
umyuiectso CBY-meTtoaa 3aknovaetca B o6bem-

HOM HarpeBe maTepuana, YTo oOycnoBreHo npo-
HUKHOBEHWEM 3NEKTPOMAarHMTHbIX BOSTH Ha 3Ha4u-
TenbHyto rmybuHy. B pesynbTaTe ocyuiecTenser-
cs npsimoe npeobpasoBaHne CBY-aHeprum B Ten-
MNOBYKO B Matepmanax C HU3KOW TennonpoBOLHO-
CTbl0. OTO MO3BONSAET ONepaTUBHO pPerynupoBaTth
CKOPOCTb MUPONUTUYECKUX peakuuin un cocTas
NPOAYKTOB Ha BbIXxode, 4YTO sBnsgetcsa 6e3ycrnos-
HbIM goctouHcTBoM CBY-nuponusa.

CornacHo pesynbTatam, NpeAcTaBeHHbIM B
pabote [15], TepMUYECKMM Ppa3fnoXeHnem opra-
HUYecKoro cbipbsi NoAa Bo3gencTBuem CBY-
n3nyveHnss npu Temnepatypax 200-300 °C mox-
HO [OOUTBLCA OOBOMIBHO BbLICOKOTO BbIXOA4A BOOO-
poga. [aHHbli dhakT cBUOETENbCTBYET O Ae-
cTpykumm C-H cBA3n 1, COOTBETCTBEHHO, YyKa3bl-
BaeT Ha HanmMyue B MPOAYKTax HenpenerbHbIX U
apoMaTU4eCKUX COEAMHEHUN, KOTopble B CBOM
odyepedb MOryT UCMONb30BaTbCS B OPraHN4eCcKoM
cvHTe3e. Npu TennoBoM Harpeee nNpu Temnepa-
Type 400 °C nNpoucXOoauUT KPEKMHI KU nonyyeHue
nerkux npegenbHbIX YrNeBO4OPOAOB, KOTOpble
MOryT MUCMOMb30BaTbCA B TOMMMBHOW 3HEpreTuke.
Llenblo gaHHOro uccnegoBaHus sBRsieTcs anpo-
bauuss nabopaTopHOro  BbICOKOI(EEKTMBHOIO
CBY-peaktopa gnst nepepaboTkn Topda U aHa-
nn3 NpoayKTOB HU3KOTEeMMepaTypHOro nuponusa
Topdha noa sosgenctenem CBY-nsnyveHus.

9KCMNEPUMEHTAIbHAA YACTb

B kauectBe obpabaTbiBAaEMOro opraHM4ecko-
ro matepuana 6bin UCnonb3oBaH BepXoBow cdar-
HOBbIN TOPM HU3KOW CTeneHu pasnoxeHus [pexo-
YWaKoBCKOro MectopoxgeHus. BrnaxHocTb — He
bonee 65 %, cogepkaHue opraHMYeckoro Belle-
ctBa — He MmeHee 90 %, 30nMbHOCTL — He Oonee
10 %, KUCNOTHOCTb — He MeHee 2,5 %. Topd co-
oTBeTcTBYeT TY-0391-001-51558809-2014.

B WHcTutyTe npuknagHon dcusmkn Poccui-
CKOW akageMmnm Hayk COBMECTHO ¢ Hipkeropoackum
rocyaapcTBeHHbIM yHuBepcuTeTom um. H.U. Noba-
YeBCKOro Obin pa3paboTaH 3KCnepUMEHTANbHbIN
CTeHA Anst MUKPOBOJTHOBOM 00paboTkum MaTepua-
nos [16, 17]. MogepHu3npoBaHHas 3KCNepuMeH-
TanbHas yCTaHOBKa, MCMOMb30BaHHas B [AaHHON
paboTe, B CpaBHEHUWN CO CTEHOOM, OMUCAHHLIM B
pabote [17], npeacrtaenset cobon CBY-peakTtop
NpU NOHWKEHHOM AaBfeHUN C MOCTOSAHHbLIM ra3o-
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BbIM OTBOZAOM MMPOSM3HbIX ra30B Yepes3 MOBYLLKY C
XVUOKMM a30TOM C yBENMYEHHbIM OOBEMOM 3arpys-
kn nopsigka 1 kr. YBennyeHve obbema MUKPOBOJSI-
HOBOro peaktopa 6bino AocTurHyto Gnarogaps
NPUMEHEHUIO OOMOMNHUTENbBHBLIX CUCTEM TpaHC-
NMOPTMPOBKM MMUKPOBOMHOBOIO M3My4YeHUsa u cne-
UuanbHOW CUCTEMbl MOrMAOLWEHUA OTpaXeHHOM
MOLLHOCTN M3 obbema peakTopa, 4TO Cnocob-
ctBoBano 6onee paBHOMEpPHOMY nporpeBy 06-
pasua M yBEMNWYEHMIO MPOLEHTHOrO BbIXoda Mo-
nesHbIX NPOAYKTOB peakuumu. [daBneHue KOHTPO-
NMPOBanocb MaHOMETPOM U NOAAEPKMBANOCh Ha
YpOBHE 10™ Na. TemnepaTypa B peaktope M3me-
psanacb B NOCTOAHHOM pexunme TXA Tepmonapon
n coctaBnsana 250-350 °C. O6bem BbloenuBlLe-
rocs B pesynbTarte peakuunm rasa oTCrnexmBancs
rasoBblM cuyeTunkoM. dopBakyym obecneumsancs
poTOpHbIM Hacocom. Hasecka ¢ Topcdom (300 r)
nomewanace B CBY-peakTop, cnpeccosbiBanace.
PeakTop nogkntovancs k uctodHuky CBY yacto-
Ton 2,45 Ty, nonHow mowHocTelo 1 KBT (MarHe-
TpoH). AnutenbHocTb CBY-BO3gelicTBus cocras-
nsana 16 muH. Bnok-cxema akcnepumeHTa npeg-
cTaBneHa Ha pwuc. 1.

Kpome Toro, 6bin npoBeAeH CpaBHUTENBHbIN
9KCMEPUMEHT C TEMMOBLIM HAarpeBOM MpU UCMOSb-
30BaHUM  AnekTpuyeckoro  KonboHarpeBaTens
mapkn ESB-4120. Hasecka c Topcom (100 r)
nometllanace B konby o6bemom 500 r 1 norpyxa-
nacb B 4awy konboHarpeBaTens, ganee noakmnto-
yanacb K perynsitopy HarnpsbkeHus  Mapku
ES-2100. TemnepaTtypa B TeyeHue 5 MUH BbIBO-
aunack Ha yposeHb 250-300 °C 1 noaaepxusa-
nacb Ha NPOTsHKEHMM 15 MUH.

B npouecce cepun aKCNEPUMMEHTOB C 3rek-
TpoHarpeBaTtesibHbIM  ariemeHToM ©n ¢ CBY-

MasoBBi cHcTINE

HarpeBoM oOpasubl ra3oBOW, XWUOKOW (MacnsHu-
cTasl) M TBepaoon dpakumin 6binm oToOpaHbl B
Npo600TOOPHUKN.

[a3006pa3Hasa u macnaHucTas pakumm Obi-
nM  npoaHanuM3MpoBaHbl Ha  XpomMaTo-macc-
cnektpometpe GCMS QP2010 Ultra (Shimadzu,
CLIA). MasoobpasHyto npoby nuponusata Topda
ob6bemom 2,0 Mn 3arpyxanu ra3oBbIM LLNPULIOM B
WHXEKTOP XpomaTto-macc-cnektpometpa. Ob6pa-
3el cMeluMBarncsd c NoTOKOM rasa-Hocutens (re-
NIA BbICOKOW YncToThl 6.0) Npu Temnepartype uc-
naputenss 300 °C. [lanee KOMMOHEHTbl Npob6bI
pasgensanuck Ha KanummnspHOW Xxpomartorpadguye-
ckon konoHke Ultra ALLOY-5, npu atom npume-
HAMWM TemnepaTypHoe nporpaMmupoBaHve (Bbl-
aepxuBanm 40 °C B KOMOHKE B TEYEHME 2 MUH,
3aTeM MoBbIWANM TemnepaTypy CO CKOPOCTbIO
10°C/mnH go 250°C wn panee noggepxuBanu
OaHHyto TemnepaTypy). O6paboTky pesynbTatoB
XpOMaTo-Macc-CNnekTPOMETPUYECKOrO  aHanusa
NpPOBOAWMM C UCMONb30BaHNEM (OUPMEHHOIO Mpo-
rpamMmHoro obecneyeHuss Shimadzu (GC-MS
Solutionver. 4.11), upeHTUdMKaUUss npuUMecemn
npovcxoguna ¢ nomollbto 6a3sbl gaHHbIX NIST 11.
AHanua TBepaodasHbiXx Npob ocywecTBAsnca c
MCMonb30BaHWEM  3IEMEHTHOIO  aHanusaTtopa
vario EL cube gna ogHoBpemeHHOro onpeperne-
Hns CHNS(O) go n nocne nposegeHus akcnepu-
MeHTa. Hapsgy ¢ atum TBepgasa dpakums (yrne-
poAnCTLIN OcTaTok) Bblna nccregoBaHa ¢ NOMO-
Wb CKaAHWUPYIOLLIEro 3MEKTPOHHOr0 MMKPOCKOMa
JEOL 6390 LA (AnoHus). Ob6pasubl Ans anek-
TPOHHO-MWKPOCKOMUYECKNX  HabnogeHun Obinu
nonyyeHel nytem duKcaumMm MnOpPOLLIKOOOPa3HbIX
NpoayKTOB NMuponusa Topda Ha MegHON MoasIoX-
Ke npv NOMOLLM CNeLmanbHOro fnaka.

ManomeTp
BricokBONETHEIA
IBM CRY meakt - Marderpon e : s
! peakTop HETOMHHE DIHTAHHA
Tepmonapa
| Trepawil yImepoIHCTRI OCTATOK
:
A30THaA JOBYILEA lepruynoe (PakIHORAPORAHHE
[Mazosan npoda [ Taenan cmona
< | >
PopBAKYYMHEIH HAcOC Bropuunoe (pakuonipoBanie
Jlerxas cMona
|

Copoc raa |
-

>

Puc. 1. TexHonozau4eckasi 65710k — cxeMa npoyecca nuposusa mopga
nod eo3delicmeuem CBY-uznyyeHus

Fig. 1. Technological flow diagram of the peat pyrolysis process
under the influence of microwave radiation
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OBCYXOEHWE PE3YJIbTATOB

B cBs3n ¢ noctaBneHHowm uenbtko Gbin npo-
aHanM3npoBaH COCTaB MPOAYKTOB ra3oobpasHomn
nNpoObbl, NONy4EHHON MpU OBBLIYMHOM TEPMUYECKOM
n CBY-HarpeBe, pesynbTaTbl npeAcTaBneHbl B
B/AE COBMELLEHHOW XpoMaTorpamMmbl Ha puc. 2
(TepMuyeCKUA HarpeB — INMHUSA KpacHOro LBeTa,
CBY-HarpeB — cuHero). icxoga 13 pesynbTaTos,
NpeacTaBfneHHbIX Ha XpomaTorpaMmme, MOXHO
ckasaTb, YTO B rasoBol npobe npeobragatoT He-

CMEKTPOMETPUYECKOTO aHanm3a MOXHO OTMETUTD,
yto npu CBY-nuponuse B rasoeon ¢ase Oonee
XapaKTepHbl KUCNOPOACOAepXallme npon3Boa-
Hble, BKMYasd reTepouuknel (dypaH, ypdy-
panb), U 3HAaYUTENbHO MEHbLUE HenpeaenbHbIX
coeanHeHun (ctonbey, 2), 4em B anbTepHAaTUBHOM
cnyyae (ctonbey 3), cogepxaHue npeaenbHbIX
yrnesogopoaoB CONOCTaBUMO.

Kpome Toro, 6binm npoaHanuampoBaHbl 06-
pasubl Xugkon (MacnaHucton) dpakumm. Cpas-

opraHum4eckue rasbl, Takme kak CO;, No. HUTEMNbHBLIN  @aHanu3 COEAVMHEHWIA  pasnUYHbIX
B 1abn. 2 npeacrtaBneHbl AaHHbIE O codep- KnaccoB npob Xuakmx dpakumn npeacraBfeH B

XaHUM B rasoBoM pa3e OpraHn4eckmx coeauHe- Tabn. 3.

HWIA pa3Hbix Knaccos. 1o gaHHbIM XpoMaTto-macc-

ﬂ HeOprasHvecEHe rasu
I

} POIIEH
|
“II

L

Curaan ory. e

OyTen

Gemon

|
( \1,¢ 5 78 MeTnndypan

20 2.5 30 35 4.0 45
Bpema yaepKuBaHuA, MHH

Puc. 2. ®pacmeHmbI xpoMamozpaMm 2a308020 NMuposiuzama mopgha rnpu o661YHOM MepPMUYECKOM NUposiu3e
(S1luHust kpacHoz20 yeema) u npu CBY-o6nyyeHuu (nuHUsi cuHe20 yeema):
1 — usoneHmeH; 2 — usoneHmaH; 3 — u3oneHmeH; 4 — yuksoneHmMaoueH; 5 —4UK/1oMneHmeH;
6 — uzozekcaH; 7 — 2eKceH; 8 — eexkcaH; 9 — 6eH301

Fig. 2. Fragments of chromatograms of peat gas pyrolyzate during conventional thermal pyrolysis
(red line) and microwave irradiation (blue line):
1-isopentene; 2 —isopentane; 3 —isopentene; 4 — cyclopentadiene; 5 — cyclopentene;
6 —isohexane; 7 — hexene; 8 — hexane; 9 — benzene

Tabnuya 2
Knaccbi coeduHeHull, uGeHmudpuyuposaHHbie 8 obpa3uye 2a308020 nuposusama mopga
npu o6bIYHOM mepMuUYecKoM Hazpese u CBY-o6ny4yeHuu
Table 2
Classes of compounds identified in a sample of peat gas pyrolyzate
under normal thermal heating and microwave irradiation

Copepxanwue, %
Knacc coeanHeHumn npy CBY-Harpese npw Harpese
C noMoLbio konboHarpeeartensi
HenpegenbHble coeanHeHns 9,1 25,5
MpenenkbHble yrnesogopoabl 4,4 4,7
Kapb6oHunbHble coeauHeHust 7,3 0,3
ApomaTtunyeckue yrnesoaopoabl 1,2 0,6
eTepouuKnmMyeckme coeguHeHus 11,2 4.4
PacTBopeHHble HeopraHuyeckme rasbl 67,0 64,3
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Tabnuua 3

Knaccbl coeduHeHull, udeHmuchuyuposaHHbie e o6pa3ye XudKoz20 nuposiuzama mopga
npu Hazpese ¢ NomMouwbio kosiboHazpeeamens u npu CBY-o6nyyeHuu

Table 3

Classes of compounds identified in a sample of liquid peat pyrolyzate
when heated with a flask heater and under microwave irradiation

Copepxanwue, %

Knacc coeanHeHnumn npu CBY-Harpese npw Harpese
C MOMOLLbIO KonboHarpeBaTens
PacTtBOpeHHble HeopraHnyeckue rasbl He oGHapyxeHo 0,4
KapboHunbHble coeguHeHust 0,2 5,0
KapbokcunbHble coegnHeHns 0,2 11,1
CnnpTbl 0,3 19
"eTepoumKnmMyeckme coeguHeHus 0,5 6,3
®deHornbHble COeaMHEHUS He o6HapyxeHo 2,8
Bona 98,9 71,5
M3 paHHbIX, npencTaBrieHHbIX B Tabn. 3, aerva, MeTaHon u T.n.).

BMAHO, YTO M B TOM, U OPYrOM Cry4yae OCHOBHOM
KOMNOHEHT — BoAa. B »xugkon dpakunn npmn CBY-
HarpeBe OTCYTCTBYIOT HEOpraHuyeckme rasbl, B 70
Xe Bpems HabnogalTcs CrnegoBble KOnMYecTsa
KncnopoacoaepKalmnx coegmHeHnn, a npu obbly-
HOM TEepMWYECKOM HarpeBe UMeT MEeCTO criedpl
HeopraHW4ecKknx rasoB, KONMYECTBEHHOe cogep-
XaHve KMCNopoacoAepXallnx COeAVMHEHWUW, cpe-
AN KOTOPbIX AOCTATOMHO MHOFO KapBGOKCMIbHbIX
coeguHeHun (tabn. 3, ctonbeuy 3). OTo cornacy-
eTcs C AaHHbIMW, NpvBeAeHHbIMK B paboTe [18],
rae gonyckaeTcs, Y4To Npu Harpese Topda B Npu-
CYTCTBUM AOCTaATOMHOro Koruyectsa Boabl obpa-
3yloTCA KapbOKCUIbHbIE MPON3BOAHbLIE:

Ht

RCOOR' + H20 5 > RCOOH + R'OH
R ,CO + HZO " RCOOH + RH
RCHO + H,0 > RCOOH + RCH,H

Cnepayet 06paTuUTb BHUMaHWE Ha TO, YTO Npu
nHTteHcusHom CBY-HarpeBe B xuakon dase
(cm.Tabn.3) B oTnMume OT rasoBon ¢oasbl
(cm. Tabn. 2) He ObINO OGHApPYXEHO 3aMeTHOro
NPUCYTCTBUSA KNCMOPOACOAEPKALLUMX COEANHEHWN.
BeposiTHO, B 3aTOM cnydae obpasylTca TOMNbKO
HM3KOMOSEKYNSIpHblE MPOAYKTbl TaKoW MNpPUPOAbI,
KOTopble BbIAENAITCA B ra3oBov dase (aueTtanb-

B Ttabn. 4 npuBeaeHbl pesynbTaTbl ANEMEHT-
HOro aHanusa TBepaon dpakumm (yrnepoamcToro
octatka) wucxogHoro Topda nocne ero CBY-
06paboTkn B CpaBHEHUN C OObIMHBIM TepMude-
CKUM HarpeBoM. YrnepoaucTbii OCTaToK, Nony-
YEeHHbIN B peakTope MeHbluero obbema (pesynb-
TaTbl NpeacTaBnieHbl B paboTe [17]), N0 NPOLEHT-
HOMY 3IIEMEHTHOMY COCTaBY O4YE€Hb CXOX C 006-
pasLoM, MOJIyYEHHbIM B peakTope OGornbliero
obbemMa, 4YTO OoKa3biBaeT BO3MOXHOCTb BbIMNOS-
HeHus NogobHbIX paboT B MPOMBbILLIIEHHOM Mac-
wrabe.

C NoMOLbIO CKaHWPYIOLLErO 3MNEKTPOHHOTO
MUKpocKkona Obina wuccnegoBaHa MOBEPXHOCTb
yrnepoamncToro octaTtka nocne CBY-o6paboTtkm ¢
BbICOKMM paspeLueHnem u rnybuHon peskocTun Ha
NMoBepxHOCTM obpasua. VM3obpaxeHns nonyyeHsbl
B PEXUME BTOPUYHBLIX SMEKTPOHOB MPU YCKOPSHO-
wem HanpskeHun 10 kB n ysBenuyeHum B 330,
950 n 2500 pa3s (puc. 3). Paamep nop konebneTtcs
B npegenax oT 5 oo 7 MkM. YacTtuubl npoaykta
NMponu3a UMET BbICOKYO MOPUCTOCTb U pasBu-
TYl0 NMOBEPXHOCTb, HAbMNAATCA CTPYKTYpbl Kak
0bpa3oBaHHbIE armOMepUPOBaHHBLIMW rpaHynamu,
Tak u crioucTele. TakMe matepuansl LWMPOKO Npu-
MEHSII0TCA B kayecTBe agcopbeHToB, HocuTenemn
KaTanusaTopoB, 3NEeKTPOAHbIX MaTepuanoB Xu-
MUYECKNX MCTOYHMKOB ToKa [19—-22].

Tabnuuya 4
AnemeHMHbIU cocmae ya2sepoducmo20 ocmamka Ucxo0Ho20 mopgha
Table 4
Elemental composition of the carbon residue of the source peat
MaccoBas gons, %

O6pasey, ucxogHoro Topca a30T yrnepon Bonopon cepa
Mepen CBY-Harpesom 2-3 60-62 7-8 >0,3
Mocne CBY-HarpeBa 2-3 83-85 4-5 >0,3
lMocne TennoBoro Harpeea 1-2 64-65 4-6 > 0,3
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a b c

Puc. 3. ®omoepaghuu yenepoducmozao ocmamka nocsne CBY-o6pabomku
(yeenuyeHue: a— e 330 pas, b — e 950 pas, c — e 2500 pas3)

Fig. 3. Photos of carbon residue after microwave processing
(magnification: a — 330 times, b — 950 times, ¢ — 2500 times)

3AKNKOYEHUE

lMpoBeaeHa cepusa nabopaTopHbIX UCCNeao-
BaHMA no 0OpaboTke B peakTope MNOBbILIEHHOMN
3arpy3km BEpXOBOro ccparHoBoro topda Bo3geu-
cteBnem CBY-usnyyenmss ¢ 4vactoton 2,45[Tu,
MOLLHOCTbIO 1 KBT 1M npy NOHWXEHHOM AaBnEHMWM.
Takke oOcCyllecTBreHa cepusi CpaBHUTENbHbIX
9KCMEPVMEHTOB MO «TPagMLUUOHHOMY» TepMU4e-

CKOMY HarpeBy Topda. bbinu npoaHanuanpoBaHsbl
obpasubl Xugkon (MacnsaHUCTon), rasoBon pak-
Luun 1 TBEpAoro octatka. lNokasaHo, YTO Nog BO3-
aenctenem CBY-usnyyeHmss npoucxogut Gonee
rnybokoe paspyLlleHve mcxogHoro cybctpaTta go
yrnepoamcToro octatka WM HU3KOMOIEKYNSAPHbIX
NPOAYKTOB HEOPraHWYEeCKOW U OpraHMYecKomn npu-
poabl.
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KaTanntnyeckasa genapadgpmHusauyms
cpeAHNX ANCTUNNATOB
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Poccuiickaa ®enepauus
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Pestome: CpedHue OucmunnismHble ¢hpakyuu, rosyYaembie Ha ycmaHoeKkax repsuqyHol nepepabomku
Heghmu, codepxam 3Ha4yumesibHOe KOUYecmeo H-rnapaguHos, UMewux MosioxumesbHble memnepamy-
pbl 3acmbi8aHus, YMoO yxydwaem Hu3KomemrnepamypHbIe XxapakmepucmuKku morug, rnpou3goOuMbIX U3
amux pakyul. [nsa yrnyduweHuss HUsKomemrepamypHbIx ceolcme cpelOHUX OucmunnisimHbix chpakyuli
rpUMeHsItom passnu4dHbie dernpeccopHbie npucadku unu npoeodssm denapaghuHuU3ayuro pasauyHbIMU Crloco-
b6amu. Haubonee aghchekmueHbiM npoyeccom denapachuHuszayuu ssenssemcss kKamanumudeckas. Knaccuye-
CKue rpouecchbl 8mopu4YHoU nepepabomku y2rneeo00opodHbIX hpakyuli S6/srmcs 8bICOKO3ampamHbIMuU U
yacmo HepeHmabersnbHbiMu Onsi Hebonbwux Hegpmenepepabambigarowjux 3aeodos (HI3). Paspabomka
8MOPUYHbIX fpouyeccos rnepepabomku yarneeo0opo0HO20 Cbipbs, NpUMeHUMbIX Ha HI13 cpedHel u manol
MouwjHocmu, Ha ce2o0HAWHUL OeHb — akmyarnbHas 3adayqa. [loamomy Hawel yernbio sensnack paspabomka
MEeXHO/I02UuU COBMEWEHHbIX MPOYECCO8 Mep8uUYHOU nepe2oHKU Heghmu, nocmynarouwel no mpy6onposoo-
Holi cucmeme «BocmouHas Cubupb — Tuxull okeaH», U Kamanumu4deckol OenapaghuHu3auuu rosay4aembix
cpedHux ducmunnsamos. [ns onpedeneHusi ycrosuli npogedeHuUsi rpouecca kamanumudeckoli 6e38000-
poOHoU OenapachuHuldayuu paspabomaHa 3SKcrepuMeHmarsnbHas ycmaHo8Ka HernpepbisHo20 Oelicmeusi
rpous3godumesibHoCMbHo Mo Cbipbio 10 /4, eKovarowass mpybdyamyro neyub, peakmop €O CmayuoHapHbIM
croem Kamarsnuszamopa, menio0bMeHHUK, KOHMPOJIIbHO-U3MepUmesibHble npubopbl. OKCrnepumMeHmbl, 8bl-
MOfTHEHHbIE Ha OMnbIMHOU ycmaHo8Ke, r0380ausnu onpedesums ONMuMarbHblie MmexHoroaudeckue napa-
Mempbl ocywecmerieHusi kamanumudeckol OenapacbuHusayuu cpedHux oucmurnnsamos. [NokasaHo, Ymo
Kamanumudyeckas denapaguHusayusi cpedHUX OUCMUISIMO8 8 YCII08USIX, OrPeOesiIeHHbIX OMbIMHbLIM 1y-
mem, npomekaem 0CMamoYHO aghghekmueHO Ha Kamarnusamopax KpekuHaa: CMK-1, CIK-5, KH-30-6UMT,
ebiryckaembix 8 Poccuu. [lpednoxeHa onmumarbHas MexHo/02u4YecKkass cxema coeMeweHus npouecca
rnepesuYHO20 pasdenieHUs Heghmu u Kamanumu4deckol OenapaghuHuszayuu cpedHuUx oucmunnamos. Pacyem
u onmumu3sayusi npedroxeHHOU MexHOMo2u4ecKol cxeMbl 8bIMOMHEHbI 8 KOMIbomepHoU mModenupyrouel
cucmeme ChemCad.

Knroyeeblie cnoea: Heghmb, cpedHue Oucmunnsamsl, H-rnapaguHbl, kKamanumudyeckas denapaghuHu3lauus,
Kamasnusamopbl, du3esibHoe monaueo

Ungpopmayus o cmamee: [Jama nocmynneHusi 15 ageycma 2019 a.; dama npuHamus K nedamu 29 mas
2020 e.; dama oHnatiH-pasmeuwieHus 30 uroHs 2020 a.
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Catalytic deparaffinization
of middle distillates

Georgii V. Bozhenkov*, Dmitrii V. Medvedev**, Elena V. Rudyakova*,
Nikolai D. Gubanov*

* Irkutsk National Research Technical University, Irkutsk, Russian Federation
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Abstract: The middle distillate fractions obtained in primary oil refining plants contain a significant amount of
n-paraffins, which have positive pour points, resulting in degradation of the low-temperature characteristics
of fuels produced from these fractions. To improve the low-temperature properties of middle distillate frac-
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tions, various depressor additives are used or dewaxing is carried out in various ways. The most efficient
dewaxing process is the catalytic one. Classical methods for the secondary processing of hydrocarbon frac-
tions are costly and often uneconomical for small oil refineries. The development of secondary hydrocarbon
processing methods applicable at medium and low capacity refineries is an urgent task today. Therefore, our
goal was to develop a technology for combined processes of primary distillation of oil coming through the
Eastern Siberia — Pacific Ocean oil pipeline system and catalytic dewaxing of the resulting middle distillates.
To determine the conditions for carrying out the process of catalytic hydrogen-free dewaxing, an experi-
mental plant of continuous operation was developed with a feed rate of 10 I/h, including a tube furnace, a
reactor with a fixed catalyst bed, a heat exchanger, and control and measuring devices. Experiments per-
formed on a pilot plant made it possible to determine the optimal technological parameters for the catalytic
dewaxing of middle distillates. It was shown that the catalytic dewaxing of middle distillates under experimen-
tally determined conditions proceeds quite effectively on cracking catalysts SGK-1, SGK-5, KN-30-BIMT,
manufactured in Russia. An optimal technological scheme for combining the process of primary oil separa-
tion and catalytic dewaxing of middle distillates is proposed. Calculation and optimization of the proposed
technological scheme was performed in a computer simulation system ChemCad.

Keywords: oil, middle distillates, n-paraffins, catalytic dewaxing, catalysts, diesel fuel
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BBEOEHUE

CpegHue gnctunndatHble dopakuum, nonyya-
emble npu nepBuYHOW nepepaboTke HedTH, co-
aepxaT  3HauMTenbHOE  KOMUYECTBO  BbICLLIMX
H-napaduvHoB. bonblioe coaepxaHue H-napadu-
HOB yXyAllaeT Hu3KoTeMnepaTypHble CBOWCTBA
yrneBOAOPOAHbLIX dpakuuii, 8 UMEHHO, YBENUYU-
BalOTCA TemnepaTypbl MOMYTHEHUs, unbTpye-
MOCTW W 3acTbiBaHWs, B pesynbTate 4yero npume-
HeHVe [aHHbIX (paKuuii Kak KOMMNOHEHTOB AW-
3eMbHbIX TOMMMB MPU  HU3KUX OTpULLATENbHbIX
TemnepaTypax OKpyxarwLen cpefbl orpaHuyeHo.
[nsa ynyyweHusa Hu3KoTemnepaTypHbIX CBOWCTB
CpPeaHUX OUCTUINATHbIX pakumMm K HUM gobas-
NAT  OenpeccopHble,  OenpecCcopHo-Aucnep-
rMpylowme npucagku unum  yaansioT U3 HUX
H-napadvHbl  pasnuyHeiMKM  cnocobamun [1-16].
OaHum 13 adhPeKTUBHbBIX Cpean Taknx NnpoLeccos
ABMSeTCA KaTanutuyeckas AenapadguHu3aums,
npoTekawLiass Kak B MPUCYTCTBUM BOAOPOACO-
Jepkailero rasa, Tak u 6e3 Hero. Hanbonee ak-
TUBHLIMW  KaTanusatopamu AenapaduHusaumm
yrrneBoAopoaHbIX dPakUnn ABNSAIOTCA CUHTETUYE-
CKve BbICOKOMOMEKYNsAPHbIE LeonuTbl, 0COBEHHO
MOAMMUUNPOBAHHbLIE  peAKO3eMerlbHbIMN  arie-
MeHTaMu, MO3BONAKLINE napannenbHO MNpoBO-
OnTb npouecc rugpoouncTkn [6—-19]. B npouecce
KaTtanutuyeckon pAenapaduHusauun  HedTAHbIX
dpakunin NPONCXOAUT KPEKUHT H-napaduHOB, B
pe3ynbrate obpasylTcs bonee nerkue napadgwu-
Hbl, B OCHOBHOM W30-CTPOEHUS, HadpTeHbI, apoMa-
TUYeCcKne yrneBOAOpPOAdbl M He3HayMTenbHOe Ko-
NNYECTBO YrNEeBOAOPOAHbIX ra3os.

B HacTosilee BpemMs 3HAYMTENbHOW Npo-
6rnemon Ans Mano- U CpefHEeTOHHAaXHbIX HedTe-
nepepabaTtbiBatoux 3asogos (HM3) B Poccum
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ABNAETCA BHeOpeHWe KIacCU4eCKMX BTOPUYHBLIX
npoueccoB HedTenepepabotkn. B nepsyto ove-
pedb 3TO CBHA3aHO C GonbwmMy (UHAHCOBBLIMY
3aTpaTamu, He MOo3BONAKLMMKU NonyvyaTb AocTa-
TOYHYIO 9KOHOMUYECKY0 3P(PEeKTUBHOCTL Npwu ne-
pepaboTke yrneBogopOOHOrO Chipbsl, @ B HEKOTO-
PbIX Cry4asix OHU ABMATCA HEPEHTabENbHbIMMN.
Takmm obpasom, paspaboTka u BHeapeHue
BTOPMYHBIX MpPOLIECCOB nepepaboTkn yrrneeoao-
pooB, anbTepHATMBHbLIX KNaCCUYECKMM, B TEXHO-
NornyecKknin NPoLiecc mMarno- U CpeaHeTOHHAaXKHbIX
HIM3 — akTtyanbHasa 3agaya. Llenb gaHHon pabotbl
— WccnefoBaHve KatanuTuyeckon 6es3Bopoposa-
HOW fAenapaduHusauuun cpegHnx AUCTUNNATOB,
nonyyaembix U3 HedTW, TpaHCNOPTUPYEMOW MO
TpybonpoBoaHon cucteme «BoctouHas Cubupb —
Tuxuin okeaH» (pnanee — Tpybonposog BCTO), Ha
LEeOonNUTHbIX KaTanu3aTopax CTPYKTypbl ZSM-5,
pa3paboTka n MogenupoBaHue NpPUHLMNUanbHOM
TEXHOSTIOrMYECKOM CXeMbl, BKIOYalLWen nepsuy-
HOe pasfgeneHne HedTn 1 KaTanMTUYeCKyto gena-
pacrH13auuio cpefHuX ANCTUNNATOB.

QKCNEPUMEHTAINbHAA YACTb

MccnemoBaHne npouecca  KaTanuTUYecKown
O6e3BogopoaHon genapaduHM3auumn cpegHux au-
CTUNNATOB OCYLLECTBMANOCbL Ha nabopaTopHomn
YCTaHOBKE HEMPEpbIBHOIO LENCTBUSA MPON3BOLM-
TenbHocTblo 10 n/y (puc. 1). OaHHas ycTaHoBKa
No3BOiSieT NPOBOAMUTbL KaTanuMTu4ecKkMe npoLecchl
(n3omepmrsaumm, KpekuHra, pudopmmHra u ap.) B
LUMPOKOM MHTEpBarne TemnepaTyp U AaBrneHun Ha
CTauMOHapHOM cnoe katanusartopa. WMcxogHoe
Cblpbe [O03UpOBOYHLIM Hacocom H1 (HO 1,0
P-10/100 K14) nopaetcs B noporpesatens [11,
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Puc. 1. TexHono2u4yeckasi cxema silabopamopHoU ycmaHo8KU:
H1 - cbipbesol Hacoc;
IM11 — neyb; P1 - peakmop denapachuHusayuu;
T1 - mennoobmeHHuk; E1— emkocmb;
TE, PT, FE — damy4uku memnepamypsbl, OaesieHusi, pacxoda rnomokKoe coomeemcmeeHHO

Fig. 1. Scheme of the laboratory installation:
H1 - feed pump,
I11 — heater, P1 — dewaxing reactor,
T1 -heat exchanger, E1 - tank,
TE, PT, FE — sensors of temperature, pressure, flow rate, respectively

npeacTaBnsowmi cobon TpybuaTtylo neyb c pa-
ONaHTHOW ceKuunen, B KOTOPOW YCTaHOBMNEH 3Mee-
BMK M3 Hepxasetowen ctann 12X18H10T (gua-
mMeTp BuTKa 3meeBuka — 100 mm, yncno BI/ITKOB -
50, NoBEpPXHOCTb Tennonepegadn — 0,37 M%, Tpy-
6a 3meeBuka D8x1 u gnmHon 15 m). B neun ycra-
HoBreHa rasoBag ropenka 'B-100 makcumanbHoOn
MoLiHocTbto 40 kBT. U3 nogorpesatens M1 coipbe
¢ Temnepartypon 330-350 °C noctynaet B Tpy6-
yaTbll peaktop P1 — BepTuKanbHbIA LMNUHAPU-
YecKkuin annapaTt C BEPXHUM akCcuarnbHbIM BBOAOM
cbipbs. [lnameTp Kopnyca peaktopa — 108x5 Mm,
BbicoTa — 500 MM, MakcMMarnbHbI 00bem KaTa-
nu3aTtopa B peaktope — 2,5 n. [ns KoHTpons
TemnepaTypbl npouecca B Croe kaTtanusaTtopa
ycTaHoBneHa Tepmonapa. [poaykT, BbIXOAALLWIA
n3 peaktopa P1, noctynaetr B TennooOMeEHHMK
Tuna «Tpyba B Tpybe» T1 Ha oxnaxaeHne BOOOWN.
KonunyecTtso yrneBodoOpOAHOrO rasa, BblAensio-
Lerocs B npouecce genapaduHusaumm, nameps-
noco peometpom PAC-4 (TOCT 9932-75).

O6bekTbl UccrieaoBaHUM:

— UCXoOHasa CMecChb — LUMpoKas yrneBofoposa-
Has ppakuus, nonydeHHas us HedTU, TpaHCNop-
TMpyemow no Tpybonposogy BCTO, Bbikunatowas
B MHTepBane Temnepatyp 220-400 °C (¢pusuko-
XUMUYECKME XapaKTepUCTUKN [aHHOW bpakuum
npvBedeHsbl B Tabn. 1);

— CMecCb rasonns HuskosactbiBatowero (M)
N BbICOKOBSA3KOro npogykra (Bl1) B cooTHoweHnn
4:1 (cmecb CpegHuWX AUCTUNNATOB, NOMNy4aeMmblX
Ha ogHom wu3 poccumnckux HM3; usmko-xmmm-
YecKkne XxapaKTepuUCTUMKU OaHHOW CMecu npueene-
Hbl B Tabn. 6).

B kavecTtBe kaTanusaTtopoB AenapadvHu3a-
UMM MCMOMb30BannCb BbICOKOKPEMHE3EMUCTbIE
KatanusaTopbl KpekuHra cTpykTypbl ZSM-5 mapok
Crk-1 n CIrK-5 (AHrapckuin 3aBof kartanusarto-

poB) n KH-30-BMMT (HoBocnGupckuin 3aBoa XUM-
KOHLEHTpPaTOB).

DUBMKO-XMMUYECKME XapPaKTEPUCTUKN CbIpbs
N NPOAYKTOB onpefensinicb B COOTBETCTBUWN C
OEencTBytoLLEe HOPMAaTMBHO-TEXHUYECKOW [OOKY-
MeEHTaLMeN.

OBCYXOEHUE PE3YJIbTATOB

KaTtanutnyeckaa penapaduHmsaumsa umcxopn-
HbIX CMEecen npoBoaunacb B MHTepBane Temne-
patyp 300-350 °C, u30bITOYHOM [aBneHun
0,02-0,03 MMa 1 06beMHOI CKOPOCTH 3—4 Y™

B Havane npouecca genapadvHmsaumn BBu-
Oy BbICOKOW aKTMBHOCTMW KaTanusaTopa Temnepa-
Typa nogaBaemMoro B peakTop Cbipbs NoAAEpXu-
Banacb B obnactn 300 °C n onpegensinacb 13
YCIOBUS MUHUMAarbHOrO BblAENeHUs YrneBoao-
poAHbIX rasoB. 10 Mepe CHWXEHWs aKkTUBHOCTU
KaTanusaTopa, KoTopas onpegensnacb Mo pocTy
TemnepaTypbl 3aCTbiBaHWS MOMy4aeMoro npoayk-
Ta, TemnepaTypa npouecca nosbiwanack. po-
uecc pgenapadvHuMsaumm 3akaHuMBanuv, Korga
TemnepaTypa Ha Bxoge B peaktop P1 npubnuxa-
nacb k 350 °C (onpegeneHne 3Ton TemnepaTypbl
KaK MakCMMarnbHO BO3MOXHOW GyneT oOGBbACHEHO
Huxe). MNocne JocTKeHUa AaHHOW Temnepartypbl
npouecc AenapaduHusaumm npekpaiianu, peak-
TOp C KaTtanusaTopoM oXnaxaanu u CTaBunu Ha
pereHepauuio. PereHepauust kaTtanusatopa 3a-
Kntovanacb B BbDKUIe KOKCa, OTNOXUBLLErocs Ha
NoBEpPXHOCTU KaTanusartopa.

DU3MKO-XMMUYECKME MOKa3aTeNn MpOoAYyKTa
onpeaensnucbL ¢ MHTepBanomM B oguH vac. Mate-
puanbHbil GanaHc W ycpegHeHHble (hr3nko-
XUMUYECKME napameTpbl Npob MCXOAHOW CMecu
W npoaykta pgenapaduHusauum  npuBedeHbl
BTabn.1un 2.
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Tabnuya 1
du3uKo-xuMuYecKue napaMmempbi UCXOOHOU cMecu u npodykma denapaghuHusayuu
Table 1
Physicochemical parameters of the initial mixture and dewaxing product
Mapaver 3HayeHune
P P McxoaHasa cmech MpoaykT genapaduHmsauum
MnoTtHocTb npu 20 °C, kr/m® 873 861
KuHemaTuyeckas BsizkocTb npu 20 °C, MMm%/c 13,97 8,40
TemnepaTtypa BCMbILLIKM B OTKPbITOM TUrne, °C 125 105
Temnepatypa 3acTbiBaHug, °C 10 -28
Maccosas gons cepbl, % 0,53 0,44
PpakunoHHLIN cocTae, °C:
H.K. 222 92
10% 283 240
50% 331 306
90% 392 371
Obwee maccoBoe cogepxaHne apomaTuyeckmx
9 26,8 28
coeguHeHun, %
Tabnuya 2
MamepuanbHbil 6anaHc nabopamopHol ycmaHO8KU
Table 2
Material balance of the laboratory installation
Cblipbe % macc. Kr/u Mpoaykr % macc. Kr/y
MpoaykT genapadguHmusaumm 99,2 5,09
McxogHasa cmech 100 5,13 poAyKT A pacp 4
MNoTepu 0,8 0,04
UTtoro 100 5,13 NToro 100 5,13

AHanus3 aaHHbIX, NPeACcTaBneHHbIX B Tabn. 1,
nokasbiBaeT, 4YTO MNPOAYKT AenapaduHusaumm
nMeeT bGonee nNerkMi coctae, YeEM UCXOQHOE Cbl-
pbe, TaK Kak NIOTHOCTb, BA3KOCTb, TeMnepaTypa
BCMbILIKA U COOTBETCTBYHOLLNE XapaKTEPUCTUKU
bpaKLUMOHHOIO COoCTaBa YMEHbLUMAUCL. 3Hauyu-
TenbHO yMeHblUMNacb TemnepaTypa 3acTblBaHUA
NpoAyKTa No CpaBHEHWIO C UCXOOHOW pakumen,
YTO CBSI3aHO C MpeBpaleHMEM BbICLUMX HOP-
MarnbHbIX napadguHOB B Ooree nerkne, B OCHOB-
HOM M30-CTpoeHus. Hebonblioe noBbillEHME CO-
AepXXaHnsi apoMaTUYECKUX COeAUHEHUA CBSI3aHO
C NoTepen yrneeodopoaoB B Buae obpasoaBLue-
rocss B He3Ha4YUTENIbHOM KOIMYECTBE YrNEeBOAO-
podHoOro rasa. Takke B npouecce Katanutuye-
ckon genapadvHu3auumn NpomcxoauT Hernybokasi
rMMOpPoOOYNCTKA CPeaHNX OUCTUNNIATOB.

B pesynbTate aHanusa nuTepaTypHbIX OaH-
HbIX [1-19] 1 npoBeAeHHbIX 3KCNepUMEHTanbHbIX
nuccneaoBaHUM YCTaHOBIIEHO, YTO MNpouecc KaTa-
nutndeckon GessogopoaHon AenapaduHMsauum
npoTekaeT OOCTaTOMHO 3(P(PEKTMBHO HA BbICOKO-
KPEMHE3EMUCTBIX LEeonuTax Mpu HU3KUX Temne-
paTtypax u gaBneHuu. 970 NO3BONAET NPUMEHUTb

OaHHYI0 TEXHOMOrMi B MNpouecce MNepBUYHOro
pasgeneHns HedTM B paMkax TEXHUYECKOro ne-
PEBOOPYXEHMUS, HE MPOBOASA TNYyOOKON MOLEPHU-
3auMM NPou3BOACTBA UMM CTPOUTENBCTBA HOBOW
YCTaHOBKM G€3BOAOPOAHON KaTanuTU4eckon pe-
napaduHu3aumm.

B kauecTBe 6a30BOI CXEMbI A1 TEXHUYECKO-
ro nepepBOOPYXEHWUsI BblOpaHa [ABYXKOJIOHHAA
cXema nMepBUYHOro pasgeneHns HedTu Kak
Hambornee rmMbkas n nverowas Hambonbllee pac-
I'IpOCTpaHeHVIel'Z. Mo Takon cxeme paboTaeT oauH
n3 poccunckux HIM3 mowHocTeto 600 Thic. T/rog
(puc. 2, BblgeneHo YepHbiM UBeToM). [Nocne aHa-
nn3a pasnnyHbIX BapuMaHTOB BHEAPEHMS Mpouec-
ca KaTanutudeckom penapadpuHusaumm B Mpo-
LecC NepBMYHOrO pasgernieHnst HedpTu C y4eToM
YCNOBUSA MUWHWMAIbHOrO TEXHOMOrMYecKoro wus-
MEHeHUs B [OeNCTBYlLEeM NPOU3BOACTBE orpe-
JeneHa Hanbonee onTumanbHas, Ha Hall B3rnsiA,
TexHomnoruyeckas cxema (CM. puc. 2).

MpuHUMNUanbHas TexHomnormyeckas cxema,
npuBefeHHasa Ha puUc. 2, COCTOUT U3 OBYX YacTen,
BblAEMNEHHbIX pasHbiM LIBETOM. YepHbiM LIBETOM
BblgeneHo obopynoBaHue n TpybonpoBogHas

! Meitepc P.A. OCHOBHble NpoLiecchl HedhTenepepaboTku: CNPABOYHUK / Nep. C aHrm. 3-ro U3A.; NoA pea.
O.0. Maroneson, O.I1. Nlbikosa. CIM6.: WO «lMpodgeccus», 2011. 944 c.

2 ANbGOM TEXHONOMMYECKMX CXEM npoueccoB nepepaboTkn HedTn 1 rasa / nog pen. 6.. boHoapeHko.
M.: N3g-Bo PI'Y HedbTh 1 raza nm. .M. I'ybkuHa, 2003. 201 c.
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Puc. 2. MpuHyunuanbHasi mexHoJI02uYyeckasi cxemMa yCmaHO8KuU:
K1-K3 — pekmughukayuoHHbI€ KOJIOHHbI;
N2 - neyb; H1-H10 — Hacocbl;
T1-T9 — mennoobmeHHuku; E1-E3 — emkocmu;
ABO1-ABO3 — annapambi 8030YWHO20 OXJ1a)KOEHUsI;
P1, P2 — peakmopa denapaguHu3sayuu;
Z1, Z2 — 3a08WXKuU

Fig. 2. Schematic diagram of the installation:
K1-K3 — distillation columns,
11 — heater, H1-H10 — pumps,
T1-T8 — heatexchangers, E1, E2 — tanks,
ABO1-ABO3 - air coolers
P1, P2 — dewaxing reactor,
Z1, Z2 — valves

006BsI3Ka AEeVCTBYHOLLIErO NPOM3BOACTBA, a uone-
TOBbIM — TpybonpoBoaHasi 06Bs3ka, oTHOCALLasACS
K BCTpanBaemMoMy ONOKy kaTanuTu4eckon aenap-
aduHU3aLNM CPeaHNX OUCTUITNISTOB.

McxogHaa HepTb Hacocom H1 nopaetcs B
6rnok TennoobmeHHuukoB T3—-T6 Ana npeasapu-
TenbHOro Harpeea go temnepatypbl 220 °C 3a
CYeT Tenna oTBOAMMBIX NpoaykToB. [lanee Harpe-
Tas HeTb NOCTynaeT B PeKTUMUKALMOHHYIO KO-
noHHy K1 pgna otgeneHust cpakumm GeHsuHa
(BI'C; dpakums, BblkMnawLwas B UHTepsane oOT
TemnepaTypbl Hayana kunexHus (H.k.) go 140°C).
Mapbl BI'C, oTBOANMbIE M3 BEPXHEN YACTN KOMOH-
Hbl, MOCTyNaT B annapaTt BO3AYLIHOrO oxraxae-
Hna ABO1 Ha koHOeHcauumioo W oxnaxaeHue.
OkoHuaTenbHoe oxnaxaeHue gpakumm BIC po
TemnepaTypbl 30 °C ocylecTBnseTcs B KOXyXo-
TpybuyaTom TennoobmeHHnke T1 oOOpOTHOM BO-
Jon. YacTb KoHAEeHcaTa BO3BpaLlaeTCs B KOFIOHHY

Ha opoLleHue, ocTaBLladca 4acTb OTBOAWUTCHA B
TOBapHbLIM Napk.

OT6eH3nMHeHHas HedTb U3 KyOOBOW 4YacTu
konoHHbl K1 Hacocom H2 nopaetca B Tpybua-
Tyto neyb 11 Ha nogorpeB [0 TemnepaTypbl
360-380 °C. Yactb Harpeton OTOEH3MHEHHOW
HedpTu 13 neyvn N1 Bo3BpaLaeTca B KONOHHY K1 B
KayecTBe ropsiden cTpyu, a 6banaHcoBoe konude-
CTBO MNOCTynaeT B aTMOCKEPHYIO KONOHHY K2.

C Bepxa KomnoHHbl K2 otBOgATCA napsbl
dpakumm BI'C (dpakums, BbikunawLaa B UHTEp-
Bane Temnepartyp 140-180 °C), koTopble KOHOEH-
CUPYIOTCA U OXNnaxaalTcsa B annaparte BO3gylu-
Horo oxnaxgeHuss ABO2 n BoasHOM KOXYXOTpy6-
yaTtom TennoobmeHHuke T2. YacTb koHOeHcaTa
BO3BpaLlLlaeTcsl B KONOHHY Ha opolleHue, a apyrasi
— no obwemy Tpybonposoay c¢ dpakuuen BIC
KoNoHHbI K1 1 K3 oTBOAUTCA B TOBapHbLIN Napk.

BepxHum GOKOBBIM MOTOKOM M3 KOMOHHbI K2
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oTOMpaeTca ppakuMs KepocuHa TEeXHUYECKOoro,
cpegHum — ppakuma M, HWKHUM — dpakuunsa BIT.
YacTb pakumii KepoCuHa TEeXHUYECKOro u3 Ten-
noobmenHnkosB T3, NH n3 TennoobmeHHnkoB T4 1
BIN n3 tennoobmeHHukoB T5 Bo3BpaLwjaloTcs B
KOMOHHY B Ka4eCTBE LIMPKYIALMOHHBIX OPOLLEHNN,
a 6banaHcoBoe KONMYecTBO bpakuuin 0TBOAUTCH B
TOBapHbIN napk. M3 kyboBon 4acT konoHHbl K2 B
TOBapHbIA Napk Hacocom H8 BbIBOAMTCSA Ma3yT ye-
pe3 TennoobMeHHVKM Grioka T6. MatepuanbHbIn
GanaHc OencTBYHOLLEro Mnpou3BOACTBA UM (PU3MKO-
XMMUYECKne napamMeTpbl nonydaembiX dpakummn
npuBeaeHbl B Tabn. 3 n 4 COOTBETCTBEHHO.

Mpu BKIIOYEHUN B TEXHOMNOMMYECKUIA NPOLLEeCC
6noka genapaduHmMsaumm 3aaBmxkn Z1 n Z2 3a-
KpbiBatotca. Ppakumm MH n BT Hacocamn HE6 un

H7 cooTBeTCTBEHHO MoJaltTCsl B TENNIO0OMEHHUK
T7 Ha noporpeB. [lanee Harpetas cMeCb MOCTY-
naeT B peakTop katanutuieckon aenapaduHuaa-
ummn P1 vnn P2.

Katanutnyeckue peaktopbl P1 n P2 pabo-
TalT MOMNepeMeHHo: OOUH 3adencTBOBaH B Mpo-
uecce genapadpuHusauumn, opyron — B npolecce
pereHepauumun. PereHepauusa katanusatopa OCy-
LLEeCTBMNSETCA ra30BO34YLUHbIM BbDKAIOM KOKCa.
Bpems nepekntoyeHns peaktopa Ha pereHepawmio
onpegenseTca nNo U3MEHEeHUI0 HU3KoTemnepartyp-
HbIX NapamMeTpoB AenapaduHN3MPOBaHHOIO Mpo-
OyKTa, a MMEHHOo, Korga Temnepartypa MoMyTHe-
HWst U TemnepaTtypa 3acTbiBaHWUS CTAHOBSTCS Bbl-
e JoNyCTUMBIX.

Tabnuya 3
MamepuanbHbIil 6anaHc delicmeyrouieli ycmaHo8KuU
Table 3
Material balance of the current installation
Cblpbe %, mMacc. T/ron, Kr/y MpoaykThbl %, Macc. T/ron Kr/4
YrnesoaopoaHbIi ras 2,00 12000 1500
Brc 12,00 72000 9000
KepocuH 14,00 84000 10500
HedTb 100 600000 75000 | dpakums MH 26,50 159000 19875
Ppakuyms Bl 7,00 42000 5250
MasyT 38,00 228000 28500
MoTepu 0,50 3000 375
Utoro 100 600000 75000 | Utoro 100,00 600000 75000
Tabnuya 4
QPu3uKko-xumMuYeckue napamempbi MOMIUBHbIX (hpakyul
Table 4
Physicochemical parameters of the fuel fractions
MapameTpbl BIrc KepocwuH M Brl
MnotHocTb npw 20 °C, Kr/m° 735 809 863 889
KuHemaTuyeckasi BA3KOCTb, MM-/C, Npu:
20 °C - 1,54 6,6 -
100 °C - - - 3,6
Temnepatypa BchnbiLwkK, °C:
B OTKPbITOM TUrNe - 46 123 —
B 3aKpbITOM TUrNe - - - 105
Temnepatypa noMmyTHeHus, °C - -60 1,0 22
Temnepatypa 3actbiBaHus, °C - <-60 -5 20
MaccoBas gons cepsbl, % 0,003 0,07 0,43 0,68
®pakumoHHbIN cocTas, °C:
H.K. 45 146 223 223
10% 56 164 273 308
50% 90 195 305 376
90% 140 235 354 410
95% 154 242 366 420
O6uwee maccoBoe coaepxaHue 4 18 o8 215
apoMaTtunyecknx coeguHeHunin, % macc.
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[enapathnHN3NPOBaHHbIN  NPOAYKT nocne
peaktopa P1 (P2) noctynaet Ha AOMOfHUTEIb-
Hblh nogorpeB o 360 °C B TennoodbmeHHuk T8.
HarpeB genapaduHU3MpOBaHHOrO NpoayKTa ocy-
LiecTBngeTca 3a cyeT Tenna OTOEeH3MHEHHON
HedbTH, nogaBaemon u3 neum N1 B pekTnduka-
LUMOHHYIO KONMOHHY K1 B KayecTBe ropsyen cTpyw.
Mocne TennoobmeHHnka T8 penapaduHM3Mpo-
BaHHbIA NPOAYKT MOCTynaeT B pPeKTUdUKALMOH-
Hyt0 KonoHHy K3 Ha ctabunusaumtio.

C Bepxa pekTUdUKALUMOHHON KOMOHHbI K3
BbIBOOATCA napbl pakumu, BblKMNAKOLWEN B WH-
TepBane oT TemnepaTypbl H.K. o 180°C. lMapsbl
KOHAOEHCUPYIOTCA W OXnaxpalwTca B annaparte
BO3ayLHoro oxnaxaenns ABO3 n BogsiHoOM Ten-
noobmeHHuke T9 n ¢ nomoubio Hacoca H11 BblI-
BOOATCSA B NapKk. YacTb dpakumm, BbIKMNAoLWeENn B
uHTepBane oT Temnepatypbl H.K. Ao 180 °C,
Hacocom H11 BosBpawiaeTca B KOMOHHY K3 Ha
opoLleHMe.

BokoBbIM NOTOKOM M3 KONOHHBLI K3 oTBOANTCA
AenapaduHN3MPOBaHHbIN ra3onnb (dpakums, Bbl-
kvnarowas B uHtepsane 180-360 °C). Hacocom
H9 penapaduHU3npoBaHHbIN NPOAYKT ABYMS na-
pannenbHbIMY NOTOKamMu B COOTHoLWeHun 4:1 no-
paetca B TennoodbmeHHukn T4 u T5 cooTBeT-
CTBEHHO Ha OXNaxgeHwe (4aHHOE COOTHOLLUEeHMne
NPUMEPHO paBHO cooTHoweHnto TH n Bl B unc-
XOOHOM CMecu, nogaBaemon Ha genapaduHusa-
uuio). Takoe COOTHOLLEHWE NO3BOMSET COXPaHUTb
TennoBon 6GanaHc Onoka TEnnOOOMEHHMKOB W
COOTBETCTBEHHO BbIBOAWUT NMPOAYKTbI B MapK C OO-
nycCTUMbIMKM TeMnepaTypamu, 3anoXeHHbiMU B
npoekTe pAdewncteylowero 6noka. Yactb genapa-
hMHM3NPOBAHHOIO NMpoAyKTa nocne TennoobmeH-
HukoB T4 n TS5 BosBpallaeTca B KOMOHHY K2 B
KayecTBe LMPKYNALUMOHHOro opolueHus. banan-
COBOE  KONMUYeCcTBO  AenapaddUHU3NPOBAHHOIO
NpoAyKTa BbIBOAUTCS B Napk.

N3 kyboBon Yactu konoHHbl K3 Hacocom H10
OTBOAUTCHA «TEMHbIV» MPOAYKT B NMapk BMECTe C
Ma3yToM Yepe3 TennoobmeHHuK T6.

Mcxoaa M3 Takon KOMMOHOBKM TeXHOMornde-
CKOM CXeMmbl cMmecb, coctoswyo m3 'H n BIl, no-
AaBaeMblx Hacocamu H6 u H7 B TennooOMeHHuK

T7, HEBO3MOXXHO HarpeTb 40 TeMnepaTypbl Bbille
360 C, Tak kak TemnepaTypa OTBOAMMOro MasyTta
HaxoguTcsa B uHTepBane 360-370 °C. 3Tum o06b-
ACHSAIeTCA puKkcaums MakcMMarnbHOW Temneparty-
pbl (350 °C) npouecca KaTanuTuyeckon aenapa-
dvHM3auMM cmecu, noJaBaemMon B peakTop
P1(P2).

MogenupoBaHvne pexumoB paboTbl U onTu-
Mu3auusa npegnaraeMon KOMOUHNMPOBAHHOW yCTa-
HOBKM ocyLiecTBnsanucb ¢ nomouwpto 10 Chem-
Cad. PacueTHbli mMaTepuanbHbil H6anaHc onTu-
ManbHOro pexvuMma npuveegeH B 1abn. 5. duauko-
Xummyeckme nokasatenu cmecu MM n BI, npogyk-
Ta ee genapadpumHusaumm (nocne P1(P2)) u npo-
OyKTa ctabunusaumm, BbIBOOUMOrO B nNapk (nmocne
K3 rasoinnb genapaduHM3NpOBaHHbLIN), NpuBeae-
Hbl B Tabn. 6.

Mcxogs v3 pesynbTaToB  MOAENMPOBaHWS
COBMELLIEHHOro npouecca katanuTnyeckon gena-
paduHM3aLMmM U NEPBUYHOIO pasgeneHns HedTn
(cm. Tabn. 5, 6) BMOHO, YTO MeHee MapXUHalb-
Hbln NpoayKT BI, kOTOpbIA 9BNAETCA TONBKO KOM-
MOHEHTOM CydOBbIX TONMMB, B Npouecce Katanu-
TM4eckon penapaduHusaumm npeobpasyeTcd B
npoaykTbl ¢ 6onee BbICOKOW LEHOWN: KEPOCWH TeX-
Hudeckun n MH penapadumHMamMpoBaHHbIN. [pun
ucnonb3oBaHum MH ¢ Gnoka nepsu4HOro pasge-
neHus (cMm. Tabn. 4) B Ka4eCcTBE KOMMOHEHTa 3UM-
Hero OAmM3enbHOro TonnveBa BO3HMKAET Heobxoau-
MOCTb WCMOMb30BaHMSA AOPOrocTosWwmx agenpec-
COpHbIX npucagok. MNpu mncnons3oBaHun Bl (cm.
Tabn. 4) B kayecTBe CyaoBbIX Tonnue TpebyeTcs
obsA3aTenpHO MCNoNb30BaTh AEMNPECCOPHbIE Npu-
CcafKkv B AOCTaTOYHO BonbLUMX Konu4yecTBax. Tak-
Xe cornacHo TpeboBaHUAM  MeXxAyHapoaHON
mMopckon opraHusauum (MMO) c 1 anBaps 2020 r.
NpMMEHeHVEe CYLOBbIX TOMMMB C COAEPXaHWEM
cepbl 6onee 0,5 % macc. orpaHuyeHo. Mpu uc-
nonb3oBaHun [H pgenapaduHU3MPOBAHHOMO B
KayecTBe KOMMOHEHTOB [AU3ENbHbIX W CYOOBbIX
TONNMB HeOobXOAMMOCTb MPUMEHEeHUs aenpec-
COpHbIX Mpucagok oTnagaet, u TpeboBaHusa Mo
COOEepXaHWIo Cepbl B CygOBOM TOMMMBE MeHee
0,5 % macc. BbInonHAKTCS.

Tabnuya 5
MamepuanbHbIl 6as1aHC KOMGUHUPOBAHHOU yCMaHOBKU
Table 5
Material balance of combined installation
Cblpbe | %, macc. T/roq, Kr/y Mpoaykt %, Macc. T/roq, Kr/y
YrneBogopoaHhIi ras 2,34 14010 1751,25
BIrc 16,68 100140 12 517,50
KepocuH 14,00 84000 10 500,00
HedTb 100 600000 | 75000 |TH p,enapvachHmM- 26.80 160800 20 100,00
pOBaHHbIN
MaszyT 39,68 238050 29 756,25
MoTtepu 0,50 3000 375,00
NToro 100 600000 75000 | WNtoro 100,00 600000 75000
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Tabnuya 6

dusuko-xumuyeckue napamempsni cmecu I'H u BI1, npodykma denapaghuHusayuu
u npodykma cmabunu3ayuu (2a3olisib denapaghuHuU3UPOBaHHbIL)

Table 6

Physicochemical parameters of waxy gas oil and high viscose product mixture, dewaxing product
and stabilization product (dewaxed gas oil)

3HayeHne
MapameTp Cwmecb Mpoaykt 'H nenapadnHM3npoBaHHbIn
" v BI nenapaduHmsaunm (npoaykT ctabunusaumm )
MnotHocTb npu 20 °C, kr/m® 869,8 845 872
KnHemaTnyeckas BsA3KOCTb
npu 20 °C, Mm?/c ! 3.68 [
TemnepaTtypa BCHbI:.UKVI 82 _ 95
B OTKpbITOM TuUrne, °C
TemnepaTtypa nomyTHeHus, °C 6 -2 -9
TemnepaTtypa 3acTbiBaHus, °C -10 -25 -19
Maccosasi gonsi cepbl, % 0,42 0,43 0,49
dpakuynoHHbIN cocTas, °C:
H.K. 171 37 185
10% 249 109 221
20% 265 194 245
30% 270 242 266
40% 287 271 282
50% 300 296 300
60% 310 317 316
70% 320 338 335
80% 340 363 353
90% 380 402 371
Obwee maccoBoe cogepxaHune 26 31
~ 0 -
apomMaTtndeckmx coegnHeHumn, %

Mo npenBapuTenibHON 3KOHOMUYECKOW OLIEH-
Ke, KanutasbHble 3aTpaTbl Npy BHeapeHnn Grnoka
KaTanuTuyeckon genapaduHusauum cpegHux au-
CTUNNATOB B ONOK MNEpBUYHOrO pasdeneHus
HedpTU MolHoCTbo 600 Thic. T/rog COCTaBAT Ha
cerogHsWwHMN aeHb 550 mnH py6. KanutanbHble
3aTpaTbl HAa OTAENbHYI0 TUMOBYID YCTAHOBKY Ka-
TanuTuyeckon AenapaduHusauun  cocTaBnAloT
36 mMnH pgonn. [18], 4TO 9KBMBANEHTHO MNOYTU
2,5 mnpg py6. (Mo Kypcy gonnapa Ha CerogHs-
HWUA OeHb).

3AKNKOYEHUE

B pesynbTaTte npoBeAeHHOro UccrefoBaHus:

— noaTeepXAeHa BO3MOXHOCTb MpoBeAeHUsI
KaTtanutuyeckon AenapaduHusaumm - cpenHux
ONCTUNMATOB Ha BbICOKOKPEMHE3EMUCTBIX LEOo-
NUTHBIX KaTanusaTopax CTPYKTypbl ZSM-5 B WH-
Tepsane temnepatyp 300-350 °C n gaBneHusix,
6nu3knMx K atMocepHOMy, C MONyYyeHMem npo-
OYKTOB, N0 (PU3MKO-XMMUYECKUM MoKasaTensim

COOTBETCTBYIOLLMX MNPOAYKTaM, MOMYYEHHbIM Ha
TMNOBbLIX YCTAHOBKax KaTanuTudeckon pJenapa-
durHM3aLmm;

— paspaboTaHa npuHUMNUanbHasi TEXHONOo-
rmyeckass cxema, oObeguHsowWas nepBUYHOE
pasgeneHne HedTU U KaTaNUTUYECKYK Aenapa-
PUHM3aLUMIO NOMy4YaeMbiX CpegHMX OUCTUNNATOB
ncxogs u3 ycrioBui MUHMMarbHON MogepHu3aumm
Npon3BOACTBa;

— MpoOBEeAEeHO MaTemaTuyeckoe MOAeNupo-
BaHMe pa3paboTaHHOW MNPUHLMMMANBLHON TEeXHO-
NorMyeckom cxembl B MPOrpaMMHOM NpoaykTe
ChemCad u nogTeepxgeHa BO3MOXHOCTb pearnu-
3auUnn Takon TEXHOMOTUN.

— 3aTpaTbl Ha peanu3auuto npegraraemMomn
KOMOMHMPOBAHHOW CxeMbl nepepaboTkn HedTU
npUMepHO B 5 pa3 MeHbLUEe, YEM CTPOUTENBLCTBO
OTAEeNbHOW TUMNOBOW YCTAHOBKU KaTanuTUyecKowm
nenapaguHusaumm cpegHnx QUCTUNNsToB.
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BrninsiHue cogepxxaHua LeonuTta

Ha NPOTOHHYIO NPOBOAUMOCTb

N TeXHUYeCKUe XxapakTepucTukKn memopaH

Ha OCHOBE CLUMTOro NOJIMBMHUITOBOro cnupTa

© A.H. YecHokoBa*, T.[l. XKamcapaHxanoBa*, C.A. 3akapuyeBckun®, B. Kynwpecrta**,
C.A. CkopHukoBa*, C.C. Makapos*, KO.H. NoxupnaeB*

*MPKYTCKMI HaLMOHanbHbIA NCCneoBaTeNbCKM TEXHUYECKUIA YHUBEPCUTET,
r. MpkyTck, Poccuinckas ®egepauns
**HayyHo-nccnegoBaTenbCkMi MHCTUTYT COMM U MOPCKMX XMMUYECKUX coeauHenun, r. bxasHarap, MHams

Pe3tome: MoHoObMeHHbIE MemMbpaHbl Ha OCHOB8e ronusuHuioe8oeo crnupma (MBC) npedcmasnsom cobol
riepcriekKmugHyto 2pynny mamepuasnog 051 MpUMEHEeHUs1 8 meedorofIUMEPHbIX MOMUSHbIX 3r1eMeHmax
(TT1T3) 6nasodapsi ebicokol audpoghunbHOCMU, CrnOCOBHOCMU K M/1eHKOObpal3oeaHuro, HU3KOU CMOUMO-
CmMu, XOpOoWUM MexaHU4YeCKuUM ceolicmeam U 803MOXHOcmu cwueaHus BC pa3nuyHbIMU XUMUYECKUMU
peaceHmamu. B kauecmee cwusarouwux a2eHmos, npugodsauwux K obpa3oeaHuro 2efisi, UCrosb3yrmcs Co-
eOQuHeHuUs ¢ KapboKcunbHOU unu KapboHUbHOU hyHKyuUel, makue Kak MHO200CHOBHbIE KUCIOMbI U UX aH-
a2udpudbl. Cwusarowue peaceHmbl Mo2ym codepxamb 8 C8OEM COCMase UOHOZEHHbIE 2pyrinbl, Harnpumep,
cynboKuciomHbie, UHOyyupyrouue npomoHHyto nposodumocmsb NBC e cocmase membpaH. B kayecmee
donaHmos, yrydwaruwux MexHU4ecKue xapakmepucmuku makux MmembpaH, Ucronb3yomcs KkepamudecKue
Mamepuaribl Ha OCHO8e OKCUOO08 allloMUHUS, KDEMHUS, mumaHa, 0s108a, UUPKOHUS U Op., CrlI0CObHbIe ro8bi-
CUMb UOHHYHK PO80OUMOCTMb, XUMUYECKYIO U MEPMUYECKY CcmabusibHoOCmb, @ MmakxXe MeXaHUYeCKYHo
npo4yHocme MembpaH. B Hacmoswel pabome coobuwaemcsi 0 nosny4eHuUU Hoebix buopasnazaembix rMPoOMo-
HOOBMEeHHbIX MmembpaH dns TI1TO, nony4YeHHbIX Ha OCHOBE CLIUMO20 Cy/ibghOsTHMAapHOU Kuciomou rnonusu-
HUI08020 crupma, donuposaHHO20 Yacmuyamu yeonuma muna bema. CodepxaHue yeonuma e cocmase
membpaH eapbupoeasnu 8 uHmepgare om 1 0o 25 %. UccrnedosaHo enusHuUe codepxxaHusi yeonuma
Ha MPOMOHHYK MPO8OOUMOCMb, UOHOOBMEHHYI eMKOCmb, 8raz2ocodepxaHue, KoaghguyueHm Habyxa-
HUSI, IPOHUYaeMocmsb 1o mornnaugy (MemaHosy) U MexaHu4yeckue ceolicmea membpaH. lNosbiweHue codep-
XaHus yeoriuma om 1 do 25 % npusodum K yeeru4yeHuUro UOHOObMeHHoU emkocmu membpaH om 1,5 do
2,9 Mmmorb/e, MOHUXeHUto ernazocodepxaHusi ¢ 38 do 28 % u npoHuyaemMocmu o MemaHosny — om
2,2710° 90 6,91107 cm® ¢ ™. U3yyeHa memnepamypHasi 3a8UucuMOCMb MPOMOHHOU MPo8odUMOCMU KOMIIO-
3umHbix membpaH 8 AuarnasoHe om 30 do 80 °C npu omHocumernsHoul enaxHocmu 100 %. Haubonbwee
3HadeHue yderibHOU 3r1ekmpornpogsoOHocmu npodeMoHcmpuposana membpaHa, codepxaujas 25 % yeonu-
ma BEA, npomoHHas nposodumocmb Komopoli cocmasusa 23,2 MCM-cm™.

Knroyeebie crnoea: npomoHoobMeHHasi MembpaHa, MousUHUO8kLIU crnupm, ueonum, cynbgosHmapHasi
Kucrioma, UOHOObMeHHasi EMKOCmb, 8lazocodepxaHue, MexaHu4eckue ceolicmea

BnazodapHocmu: ViccrniedoeaHusi 8binosiHeHb! rnpu guHaHcosol noddepxke PO®OU (npoekm Ne 18-08-
00718).

Uugpopmayus o cmamee: [Jama nocmynneHus 29 sHeapsi 2020 e.; Oama npuHAmus K nedamu 29 mas
2020 e.; dama oHnaliH-pasmeweHust 30 uroHs 2020 e.
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HukoBa C.A., Makapos C.C., Noxngaes HO.H. BrnivsHue cogepxaHus Leonuta Ha NPOTOHHYH NPOBOANMOCTb
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Effect of zeolite content

on proton conductivity

and technical characteristics of the membranes
based on crosslinked polyvinyl alcohol

Alexandra N. Chesnokova*, Tatyana D. Zhamsaranzhapova*,
Sergey A. Zakarchevskiy*, Vaibhav Kulshrestha**, Svetlana A. Skornikova*,
Sviatoslav S. Makarov*, Yuriy N. Pozhidaev*

* Irkutsk National Research Technical University, Irkutsk, Russian Federation
** CSIR-Centre Salt & Marine Chemicals Research Institute, Bhavnagar, India

Abstract: Polyvinyl alcohol (PVA)-based ion-exchange membranes are a promising group of materials for
use in solid polymer fuel cells (SPFC) due to their high hydrophilicity, film forming ability, low cost, good me-
chanical properties and the possibility of crosslinking PVA with various chemicals. The compounds with a
carboxyl or carbonyl functional group, such as polybasic acids and their anhydrides, were used as cross-
linking agents resulting in the formation of a gel. Cross-linking reagents may contain ionic groups, for exam-
ple, sulfonic, inducing the proton conductivity of PVA in membranes. Ceramic materials based on the oxides
of aluminum, silicon, titanium, tin, zirconium, etc. serve as dopants in order to improve the technical charac-
teristics of such membranes, such as to increase ionic conductivity, chemical and thermal stability, as well as
the mechanical strength of the membranes. In this work, we report on the preparation of new biodegradable
proton exchange membranes for SPFCs based on of polyvinyl alcohol crosslinked with sulfosuccinic acid
and doped with beta zeolite particles. The content of zeolite in the composition of the membranes was varied
from 1 to 25 %. The effect of the zeolite content on proton conductivity, ion-exchange capacity, moisture con-
tent, swelling coefficient, fuel (methanol) permeability and mechanical properties of membranes was studied.
An increase in zeolite content from 1 to 25 % leads to an increase in the ion-exchange capacity of mem-
branes from 1.5 to 2.9 mmol/g, a decrease in moisture content from 38 to 28 % and a methanol permeability
from 2.27-10° to 6.91-10° cm® s™. The temperature dependence of the proton conductivity of composite
membranes in the range from 30 to 80 °C at the relative humidity of 100 % was studied. The highest value of
electrical conductivity was demonstrated by a membrane containing 25 % of BEA zeolite, whose proton con-
ductivity was 23.2 mS-cm™.

Keywords: proton exchange membrane, polyvinyl alcohol, zeolite, sulfosuccinic acid, ion-exchange capaci-
ty, moisture content, mechanical properties
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tekhnologiya = Proceedings of Universities. Applied Chemistry and Biotechnology. 2020;10(2):360-367.
(In Russian) https://doi.org/10.21285/2227-2925-2020-10-2-360-367

BBEOEHUE

MepcnekTnBbl MCNOMB30BaHMA TBEPOOMNONU-
MEpPHbIX TOMMMBHbIX anemeHToB (TMT3) cBA3aHbI
C BbICOKOW 3(PEKTUBHOCTBIO MNpeobpasoBaHus
3HEpPrMM u OTCYTCTBMEM BpEAHbIX BbIOPOCOB
[1, 2], yto B Gonblien cTeneHn onpegenseTcs
TUNOM 3MNEKTPONUTHOM MembpaHbl. Mcnonbaye-
Mble B Ka4eCTBe 3NeKTponuta nofiuMepHbie Mem-
OpaHbl AOMmkHbl 06nagaTbh BbICOKOW MPOTOHHOW
NpOBOAMMOCTbIO, MIOHOOBMEHHON EMKOCTbIO, HU3-

KM KO3hPMUMEHTOM HabyxaHWs U NPOHULLAEMO-
CTblO ANSA TOMMUBA, XOPOLWen XMMUYECKON U Me-
XaHM4Yeckom  cTtabunbHOCTbO.  KoMmepueckue
nepdTopupoBaHHble MembpaHbl Nafion Bo MHO-
rom OTBE4YalT 3TMM TpeboBaHMAM, HO ABNAOTCA
OOPOroCTOAWMMU N UMEIOT HU3KYIO SNEKTPONPO-
BOAHOCTb NPU NMOHUXEHHOWN BNAXXHOCTU U BbICOKUX
TemrnepaTypax, a TakKe BbICOKYIO MPOHULAEMOCTb
npu MCNosib30BaHUN MeTaHoMa B KayecTBe Ton-
nuea [2].
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B nocnegHwe rogbl npeanoXeHbl anbTepHa-
TMBHbIE HE(TOPMPOBaHHbLIE NPOTOHOMNPOBOASALLNE
MembpaHbl, B TOM YMCIEe Ha OCHOBE MOSNMBUHUITO-
Boro cnupta ([BC) [1, 3]. TIBC npeacTtaBnset
cobo  BOOOPacCTBOPUMbIN,  NOMyKpUcTanuye-
CKWUW, MOMHOCTbI Buopasnaraembli U HETOKCUY-
Hbl1 MOMMMEP C OTMMYHLIMU MAEHKOOBpasyoLwm-
mMu ceonctBammn [3]. OgHako HuU3Kas CTOMKOCTb
MBC k pactBopuTensam, HegocTaToyHas Mpou-
HOCTb M TEPMOCTOMKOCTb [3, 4] He no3BonsoT
NCnonb3oBaTb €ro B ka4ecTBe mMaTpuLbl MOHOO6-
MEHHbIX MeMOpaH. YKasaHHble npendaTCcTBUs
Nnerko yCcTpaHuUMbl B pesynbTaTe XUMMUYECKOro
cwmBaHua [BC pgukapboHOBBIMKM  KMCHIOTamu
(wasenesas, s6no4Has, dymapoBas, TMMOHHas
v ap.) [1].

PasnuyHble cynbdupylolne areHTbl, Takue
Kak KOHLIEHTpUpOBaHHasa cepHasi, cynbcodTane-
Basl, Cynb(OyKCyCHas, XNopcynb(OoHOBas, Cymb-
dostHTapHasa 1 gp. KMCNOTbl, MOFYT ObITb UCMOSb-
30BaHbl NS WHAYUMPOBaHUSA MPOTOHOMNPOBOAS-
wmx csoncts MNBC [4-13]. Xumunyeckaa mogudu-
kaums MBC cwwuBawwmmMm areHtamu, cogepxa-
WMMKU cynbdorpynnel, NO3BONseT nepeBecTn no-
NVBUHWMOBBINA CNUPT B HEPACTBOPUMbIV refb, 06-
nagaroLLmii NPOTOHOOOMEHHON aKTUBHOCTLIO. Tak,
MeMOpaHbl Ha ocHoBe [NBC, cwuTble cynbdosiH-
TapHOM Kucnoton [5], mokasanu 3HayeHus npo-
TOHHOW NPOBOAMMOCTM B guanasoHe oT 10 ao
10 Cmem™ 1 NPOAEMOHCTPUPOBAn OTMNYHbIE
anekTpoxuMmuyeckme xapakrepuctukn. OpgHako
membpaHbl NMBC/CAK moryt addpekTueHo pabo-
TaTb TONbKO MPW HU3KON TemnepaType, MOCKOMNbKY
npouecc Aervapatauuu, MPOUCXOOAWMUA  Npu
TemnepaType Bbiwe 80 °C, MOXeT Bbl3BaTb NpoO-
6rembl C NePEHOCOM NPOTOHA.

B kayecTBe npoToHONpoBOAALMX MeMOpaH B
aermapaTmpylowmx cpegax, To €CTb MpU BbICOKMX
Temnepatypax W MOHWKEHHON OTHOCUTENbLHON
BMNaXHOCTW, pAg NPeuMyLLecTB MMEeKT KOMMO3UT-
Hble opraHo-HeopraHuyeckune membpanbl [5]. [o-
GaBneHne HeopraHM4Yeckoro maTtepuana B Monu-
MEpPHY0 MeMOpaHy 4acTo MOBLILLAET XMMUYECKYHO U
MEXaHWUYECKy0 CTabunbHOCTb, yrydllaeT normoLle-
Hve Bogapbl Npu Bornee BbICOKMX Temnepartypax, no-
BbiLLas pabo4yto Temnepatypy membpaH [14].

X. benparn n coaBTopbl paspaboTanu opra-
HO-HeopraHuyeckme KOMMO3WUTHble MeMOpaHbl Ha
ocHose [BC, cwuutoro rnytapoBbiM anbaeruaom
W [OMMPOBAHHOIO CyNbUPOBAHHBLIM KpemMHe3e-
MoM. MoguduunpoBaHHble CynbgokpeMHe3eMoM
KOMNO3WTHble MeMbpaHbl EMOHCTPUPYIOT Gonee
BbICOKOE MOrNOLLEHNE BOAbl U MPOTOHHYIO NMPOBO-
anmocTb [15].

M.A. Hasappa wun coaBTOpbl uKccnegosanu
BMMSHNE (PYHKUMOHANN3MPOBAHHOIO KpPeMHe3eM-
HOrO HarnomnHUTErNs, UMEIOLLIEro KOHLEBYIO rpynny
-SOzH, Ha cwuTtble membpanbl MBC. Pesynbta-
TOM BBEOEHUS KPEMHE3EeMHOro HarnonHUTens
ABUMOCb MOBbIWEHME CcTabunbHoCcT MembpaH,
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YMEHbLUEHNEe KpucTannudeckon dcasbl nonumep-
HOMW MaTpuubl, MNOBbILEHME BriarocogepXXaHus.
3HayeHns1 aneKTponpoBOAHOCTU MeMbpaH cocTa-
BuMM oT 107 o 10" Cm:em™. Ucnbitanus Ton-
NINBHBbIX 3MIEMEHTOB C UCMONb30oBaHNEM pa3pabo-
TaHHbIX KOMMO3UTHLIX MeEMOpaH B Ka4ecTBe 3ek-
TPONWTOB MNOKasanuM YpPOBHW TOKA W MOLLHOCTH,
KOTOpble€ CPaBHUMbI C YPOBHAMM, NONYyYEHHbIMU B
TeX Xe cambIx paboumx ycrnoBusX Npu UCNOMb30-
BaHMM KOMMep4decknx membpaH Nafion 117 [16].

B Hactodwen paboTe npeacTaBneHbl pe-
3ynbTaTbl MccnegoBaHnss MeMObpaH U3 CLUMTOrO
cynbdosiHTapHol kucnoton MNBC, gonnpoBaHHbIX
ueonutom BEA, Takke nsyyeHo BnvsHWE cogep-
KaHUA LeonuTta Ha (PU3NKO-XMMUYECKME U MeXa-
HUYecKme CBONCTBA KOMMO3UTHbLIX MeMOpaH.

9KCMNEPUMEHTAIbHAA YACTb

10 %-n pactBop [BC rotoBunu pacTtsope-
HMeM npenapaTta B AUCTUNNMPOBAHHON BoAe Mnpu
90 °C B TeyeHne 6 4 Npu NOCTOSTHHOM Nepeme-
wuBaHun. Lleonut Geta (BEA) nepen npumeHe-
Hnem aktusmpoBanu 0,5 M pacTBopom cepHOM
kncnotbl npu Temnepartype 70 °C B TeueHue 4 u.
B paboTte ncnonb3osanu obpaseu ueonuta BEA ¢
MOJIbHbIM cooTHoweHnem SiO,/Al,O5 = 25, nno-
wanbio yaenbHon noBepxHoctn — 562 MZ/r, CyMm-
MapHbIM o6bemom nop — 0,374 eI, pasmepom
yactuy — 0,5-1,2 MkM. KOMMNo3nTHble MeMbpaHbl
MBC/CAK/BEA nonyyanu nepemewnBaHneEM
10 %-ro pacteopa NBC ¢ cynbossHTapHOW KuC-
noton (CAK) (macc. otHoweHne TMBC:CAK =
= 10:1) B TedeHue 1 4 npu 40 °C. K nonyyeHHoOn
cvecu gobaenanu ueonut Geta (BEA) (1, 3, 5,
25 % macc.) 1 romoreHmsmpoBanu o obpasoBa-
HUSA ogHopoaHon macchl. KoHTponbHLIN obpasel
MeMbpaHbl MBC/CAK He cogepxan ueonura.
MemOpaHbl copMuMpoBanM METOAOM fUTbs U3
pacTBopa Ha nonuatuneHTepedTanatHylo MnneH-
Ky. MNMocne BbinapvBaHua pacTBOpUTENs Membpa-
Hbl BblAEPXMBANM B CYLWWbHOM LwWKady npu
100 °C B TeueHme 1 u.

MpucyTcTBME B COCTaBE KOMMO3UTHBIX MEM-
6paH NBC/CAK/BEA kaxgoro n3 Tpex KOMMOHeH-
TOB noaTBepxaeHo gaHHbiMn MK-cnektpockonuu,

Mo gaHHBIM TEepPMOrpaBMMETPUYECKOTO aHa-
nn3a komnosutHole memMbpaHbl MBC/CAK/BEA
TepMumyeckn ctabunbHbl go 200 °C.

BnarocogepxaHue, cteneHb HabyxaHus u
MOHOOOMEHHYKO eMKOCTb MeMmbGpaH onpenensanv
cTaHgapTHbIMW MeTodamum No aHanoruu ¢ [17].

[MPOTOHHYIO NPOBOAMMOCTb MeMOpaH uccre-
[oBann MeTOAOM MMMEeAaHCHOW CMeKTPOCKONun B
uHtepBane Temnepatyp 30-80 °C npwu OTHOCU-
TenbHOM BnaxHoctn 100 Ha npubope Z-3000
(EnuHc, Poccus) B CMMMETPUYHBIX Ayenkax. Us-
MepeHns npoBoAWNM B  JuanasoHe 4acToT
500-5 «kIu.

MexaHn4yeckue cBoncTBa MemOpaH usydyanu
Ha yHMBepcanbHOW WCMbITAaTENbHOW MalluuHe
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Shimadzu AGS-X. O6pasubl Ans UCNbITaHWUIA To-
TOBUNMM B OpMeE MNPSIMOYrofibHMKa pasMepom
25x60 mm. ObpasLbl NpegBapuUTeNbHO BblOEPXKM-
Bann npu 23 °C M OTHOCUTENBHOW BRAXHOCTU
50 % B TeyeHune 24 4. HenpepbiBHOE U3MepeHue
HarpyskM v yanvHeHuss obpasLoB MpoBOAMIN B
aBTOMaTU4YecKoM pexume. Mogynb ynpyroctu
onpegenanu c MOMOLLbI0 CchneuunaneHoro npo-
rpaMMHOro obecneyveHusl.

PE3YJNIbTATbI U UX OBCYXXOEHUE

Mogaundukauyua MNBC cynbdosHTapHOW Kuc-
NOTOW MOCPEACTBOM peakuun Mexay rmapok-
cvunbHbiMu  rpynnamu MBC 1 kapbokcunbHbIMK
rpynnamu CAK npvBena k nony4yeHuto HepacTBo-
pVYMOi B BOAE U MeTaHOore NofiMMepHON MaTpuupbl
MBC/CAK (pucyHok). Npu mMaccoBOM COOTHOLLE-
HUM B peakunoHHon cmecn [MBC:CAK =10:1
yaenbHoe cogepxaHue cynbdorpynn B nonepey-
HO CLUMTOM MOnMMepe cocTaBmmno 1,7 MMONbIT.

[obasky ueonuta BEA, MoanduumMpoBaHHO-
ro pacTBOPOM CEPHOW KUCIOTbI, BBOAUNN B NOMK-
mepHyto MaTpudy MBC-CAK B Buge nopoluka.
Lleonnt BEA npeactaBnseT cobon KpynHomnopwu-
CTbIi antoMocunuKaT, CoAepXalluni B KavecTse
CTPyKTypoobpasywulero areHta Gpomug TeTpa-
aTnnammonus [18]. CTpykTypa LeonnTa xapakre-
pU3yeTcs HanuuMem KaHarnoB HaHOMETPOBbIX
pa3mepoB (avameTp kaHanos coctasnseT oT 0,56
no 0,77 HM), 4TOo obecneumBaeT XOpOLUYW [0-
CTYMHOCTb AaKTMBHbIX LIEHTPOB [AJ19 peareHToB.
Bbicokoe copepxaHue KpemHe3emMa B COCTaBe
ueonuta BEA onpegensieT ero XxMMuyeckyro cra-
OMNbHOCTb.

HonuposaHne nonIMMEepPHoON MaTpuubl
MBC/CAK akTMBMpOBaHHbLIM CEPHOM KUCIIOTOW
ueonutom BEA npuBeno Kk 3HauuTenbHoMy
MOBBLILUEHNIO WMOHOOOMEHHOW aKTMBHOCTU MeM-

OpaH. VoHooOMeHHass eMKOCTb  MemOpaHbl
NMBC/CAK 6e3 ueonutHoW [obaBkm cocTaBuna
0,95 mmonb/r, 4TO coBnagaeT C NUTepaTypHbIMU
OaHHbIMWU Ons nogoOHbIX MemOpaH [12]. 3Haue-
Hna VMOE ana membpaH ¢ cogepxannem BEA 1,
3, 51 25 % coctaBunu 1,5; 2,4; 2,8 n 2,9 mmone/r
COOTBETCTBEHHO.

BnarocogepxxaHne membpaH urpaeT BaXKHYHO
ponb B mpoLecce Murpaluu npoTOHOB, a Takke
BNUSET Ha UX MEXaHU4YeCcKne CBOWCTBA. YBenu4e-
HWe coaepxaHus Leonuta B cocTaBe MeMbpaHbl
oT 1 0o 25 % NpuBENO K YMEHbLUEHWNO MornoLle-
Hus Boabl ¢ 38 0o 28 %. MNornoweHne Boabl CO-
NMPOBOXAanoCb YBEMMYEHMEM JIMHENHbIX pa3me-
poB mMembpaH Ha 2-5 %, a TonwmHa yBennynea-
nacb Ha 13-29 % B 3aBUCUMOCTM OT COAEPXKaHUS
ueonuta. lpn 3TOM 3HayeHusa koadhpuumeHTa
HabyxaHus NOHWXanUCb C yBENUYEHWEM cOAep-
XaHus LLeonnTa, 4YTO XOpOLUO KoppenupyeTcs C
KONMMYeCTBOM MOTMOLLIEHHON BOAbI.

OfHOWM M3 OCHOBHbIX XapakTePUCTMK MeM-
OpaH sBNAeTCs NPOTOHHAA NpPOBOAMMOCTL. BBe-
OeHve ueonuta BEA B coctaB membpaH npuBo-
OUT K YBENWYEHMIO MNPOTOHHOW MNPOBOAMMOCTM
(tabnuua). Haunyywwun pesynbtaTt nNpoAeMOH-
cTpupoBana membpaHa, cogepxawas 25 % ueo-
nuta BEA, npoToHHass NpoBOAUMOCTb KOTOPOW
coctaBuna 23,2 MCm-cm™. TMoBbILLEHUE NPOTOH-
HOW MPOBOAMMOCTU MOMIMMEPHBIX MEMOPaH nyTem
OOMMPOBaHNSA  KEPaMUYECKUMUN  HaNONHUTENAMMU
ObIIO OTMEYEHO B psige WCCReLOBaHWA, Hanpwu-
mep [1, 19]. M3BecTHO, YTO MOHOOOMEHHbIE MEM-
OpaHbl, cocTosMEe U3 OUCMEPCHOM Kepamuye-
ckon dhasbl 1 HenpepbiBHOW a3kl NBC, xapakTte-
pu3yoTca obpasoBaHMEM [OMNOMHUTENbHbBIX Mpo-
TOHHbIX TPAHCMOPTHBLIX KaHaroB BAOMb FpaHuLb
pasgena nonumep—kepamuka [1].

OH OH OH
n
OH OH O  OH
—_—
O0=C" "sosH o—c’ ~SOsH
OH n
OH O OH
OH OH OH
n

n

Amepudpukayus nonueuHuUI08020 criupma cysbghosiHmapHol Kuciiomou

Polyvinyl alcohol esterification with sulfosuccinic acid
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YodenbHasn 3.neKmponpoeodHocmb, JHepeuss akmusayuu nPoOMmMoOHHO20 nmepeHoca
U MexaHu4YecKue xapakmepucmuKu MeM6paH

Proton conductivity, proton transfer activation energy
and mechanical characteristics of membranes

MemGpara c (80 °C_)l, Ea, s Mpo4yHoCTb OT;:;S;ES;ZOG
MCM-Cm kx-monb™ K Ha paspsbiB, Mlla Npw paspbise, %
MBC/CAK 10,9 23 3 290
MBC/CAK/BEA(1 %) 18,7 27 4 91
MBC/CAK/BEA(3 %) 11,9 26 5 87
MBC/CAK/BEA(S %) 8,6 16 10 54
MBC/CAK/BEA(25 %) 23,2 26 12 52

CornacHo TemnepaTypHOW 3aBMCUMOCTW Mpo-
TOHHOW NMPOBOAMMOCTM SHEPIUS aKTUBaLMM NPOTOH-
Horo nepeHoca, E,, paccumMTaHa ¢ Ucnonb30BaHNEM
ypaBHeHus AppeHunyca. [No cpasHeHuto ¢ Nafion (E,
=228 K,El,)K-MOﬂb'l) 3HEeprus akTMeaumMmM NPOTOHHOMO
nepeHoca ans KOMMO3UTHbIX mMembpaH
MBC/CAK/BEA HEMHOro Bbille M MMeET 3Ha4YeHus
26-27 kbk-Monb ™ (cMm. Tabnuuy). Wckmiouenne co-
ctaBnset membpaHa [BC/CAK/BEA (5 %), ans
koTopon E, = 16 KpK-MOMb ™Y, YTO 3HAYUTESNBHO HY-
xe, yem ansa Nafion. CnegoBatensHo, cogepxaHue
LeonnTa okasblBaeT CyLLeCTBEHHOE BIMAHUE Kak Ha
MPOTOHHYIO MPOBOAUMOCTb, Tak Y Ha SHEPIuIo aKkTu-
BaLMM NPOTOHHOTO MepeHoca.

MexaHu4yeckune ceorictBa membpaH 6binu nc-
cnepoBaHbl npu Temnepatype 23 °C 1 OTHOCU-
TenbHon BnaxHoctn 50 %. MNpoyHocTb MeMOpaH
NMBC/CAK/BEA yBennuuBaeTcd C MOBbILEHUEM
copgepxaHus ueonuta BEA. o cpaBHeHWo C KOH-
TponbHon membpaHon MNBC/CAK npu pobaene-
HuM 25 % BEA npo4HOCTb Ha pa3pblB yBenuynsa-
eTcsa B 4 pasa, a OTHOCUTENbHOE YANIMHEHWE Mpu
pa3pbiBe yMeHbLuaeTcsa 6onee yem B 5 pas.

B gonornHeHue K BbICOKOW NPOTOHHOW NPOBO-
OVMOCTM OCHOBHbIM TpeboBaHMeM Ans NpUMeHe-
HUsi MPOTOHOOOMEHHON MembpaHbl B TBEpAOMNo-
NMMeEpPHOM TOMMMBHOM 3fIEMEHTE, paboTatoLem
Ha MeTaHomne, SBMSIETCA BbICOKasi CTOWMKOCTb
K NpoHWKHOBeHuto Tonnuea [20]. O6GHapyxe-
HO, YTO NPOHULAEMOCTb N0 MeTaHony Memb6paH

MBC/CAK/BEA ymeHbllaeTcsl Mpu  NOBbILLEHUN
copgepxaHusa BEA. Lleonut gencTtByeT kak 6apbep
ONa OBMXEHUS MeTaHona, KOTOpbIi MOXeT ObiTb
Bbi3BaH 0Opa3oBaHMEM CUCTEMbl KaHaroB B
CTPYKTYp€E KOMMO3UTHbIX MeMOBpaH. YCTaHOBMEHO,
4YTO MPOHMLAEMOCTb MO METaHoNny memMOpaHsbl
MBC/CSK cocrtaensieT 2,27-10° cm®c?, a ans
o6pasua MNBC/CAK/BEA(25 %) aTOT nokasaTenb
CHUXaeTcsa o 6,91.10" cm?*-c.

3AKNKOYEHUE

Mony4yeHbl GuopasnaraeMble NPOTOHOOOMEH-
Hble KOMMO3UTHbIE MEMOpPaHbI U3 NMOMMBUHWUIIOBOIO
cnupTa, Cynb(OSHTapHOW KUCMOTbI U LeonuTa
BEA onsa npsamMoro TBep4onofiMMepHOro TonSiMBHO-
ro anemeHta. NonNUBMHUIMOBLIA CAMPT ClUMBaNu C
CYNbOSHTAPHON KUCNOTOW ANs YNy4yleHus ero
PU3NKO-XMMNYECKMX CBOWCTB U BBEAEHUS WMOHO-
reHHbIx rpynn -SOsH B CTpyKTYpy mMembpaH. YBe-
nMyeHVe coaepaHus ueonuta B MembpaHe npu-
BOAMT K MOBbILUEHN WOHOOOMEHHOW €EMKOCTU
MeMOpaH, CHWXEHMIO UX BOLOMOrMOLEHUS U MPo-
HUUaemMocTu nNo MeTtaHony. N3yyeHa TemnepaTyp-
Hasi 3aBUCUMOCTb NPOTOHHOW MPOBOAMMOCTU KOM-
No3uTHbIX MembpaH B gmManasoHe ot 30 go 80 °C
npu oTHocuTenbHOW BriaxkHocTn 100 %. Haunyu-
WKW pe3ynbTaT NpoOAEMOHCTpMpoBarna MembpaHa,
cogepxalaa 25 % ueonuta BEA, npoToHHasi Npo-
BOOAMMOCTb KOTOPOW cocTasuna 23,2 MCM-cm™.
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