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*BarikanbCkuii MHCTUTYT npupogonone3oBannst CO PAH, r. YnaH-Yns, Poccuiickaa ®egepaumnsi
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Pe3rome: MuepayuoHHas cornonumepusayus buc-umudo8 HeHachbiUeHHbIX OukapbOHOBbIX KUCIOM C Hy-
Kneochunamu, makumu Kak OuamuHbl, buc-¢beHosbl, buc-mepkarnmasbl, Mo38onsem 00CMamoYHO J1I€2KO
rosyyams MpexMepHbIe 2emepoyuknudyeckue nonumepsbl. Takue azomcodepxawue mepmocmoukue ro-
nuMepsbi npedcmassisitom npakmuyeckull UHMepec, MoCKOJIbKY UMEHMm 8bICOKUE 3KCIlyamayUoHHbIe roKa-
3amenu, a makxe egudy docmyrnHocmu UCX0OH020 Cbipbs. sl nony4YeHuUsi mepMoCmMOUKUX MOIUMEpPHbIX
Mamepuarnos rpedioxeH cuHme3 onuezobeH3ompua3sonunumudos ezaumoodelicmauem buc-maneumudos ¢
b6eH3ompuaszonamu. OOHocmaduliHbil cuHmes 8 pacrnjiage b6e3 ebidesieHuUs1 MO6oYHbIX MPOdyKMos 8 om-
cymecmeuu op2aHUYecKUx pacmeopumernel sisrisemcsi Haubosiee npuemieMbiM ¢ MEXHO02U4YeCcKoU U 9KO-
Jloeuyeckoll moyek 3peHus. [Jns noucka onmumaribHbIX yCcrio8uli cuHme3a rnosiumepos 6bin Ucronb308aH
Memo0O KOMMO3UUUOHHO20 OpMO_2oHaIbHO20 MiiaHuposaHusi, ede napamempom onmumu3auyuu 6bina ebi-
bpaHa npuselGeHHasi 853KOCMb, NEPEMEHHbIMU ¢hakmopaMu, SUSIWUMU Ha napamMemp onmumu3ayuu,
Obiniu ucxodHasi KOHUeHmMpayusi MOHOMepPO8, NMPodoImKUMebHOCMb U memnepamypa cuHmesa. Vccnedo-
8aHO cmpoeHue, ceolicmea U MexaHu4yecKue xapakmepucmuku rnonumepos. CmpoeHue onu2omMepos U ro-
numepos nodmeepxdeHo daHHbimMu K- u SAMP-cnekmpockonuu. [posedeHb! aKcrnepuMeHmal o Ucnob30-
8aHUK 3KCMPY3UOHHO-MPOKaMHOU mexHoo02uu fiumes 07151 [Oy4YeHUs KOMIO3UMHbIX Mamepuarnos Ha Oc-
Hose osnueobeH3ompualzonunumudos. [aHHasi mexHos102usi MosyYeHUs: KOMMO3UUUOHHbIX Mamepuasnos
yeenuqueaem 8peMsi Haxox0eHUs1 UCXOOHbIX selwecms 8 mekyd4em cocmosiHuu. MeHbwasi ckopocms om-
s8epx0eHUsi oflueoMepos8 criocobecmeyem moMmy, Ymo mernioma, ebidesisemasi npu cmpykmypuposaHuu,
ycriegaem pacceusamsCsi, He 8bI3bl8asi JIOKasIbHbIX epespesos Mamepuana U 803HUKarWuUx eciedcmeaue
3MO020 MEexXaHUYECKUX HamnpsbkeHul. 3mo yrydwaem mexHomoaudeckue U (hu3UKo-MexaHUYecKue Xxapak-
mepucmuKU KOMIo3umos Ha 0CHose OaHHbIX 0/1U20Mepo8. BbisierieHbl onmumaribHbIe yC08us MoyYeHus
MONIUMEPHBIX KOMMIO3uyul, usy4eHbl (hU3UKO-MexaHu4yeckue ceolicmea, pa3pabomaHa mexHonoausi nosny-
YeHus1 Mamepuarsos, ycmouduebix K 0elicmeuro agpeccusHbix cped u rnepenadam memrnepamypsi.

Knro4deenbie crnoea: 1H-6eHsompua3sosn, onuzomepsi, ronumepsi, N-gpeHunmaneumud, memureH-buc-
(6eH3ompua3zonuncykyuHUUMUG), HykneoguibHoe rnpucoeduHeHuUe
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Abstract: Three-dimensional heterocyclic polymers can be obtained by the migration copolymerization of
bis-imides of unsaturated dicarboxylic acids and such nucleophiles as diamines, bisphenols and bismercap-
tans. As-obtained nitrogen-containing heat-resistant polymers are of practical interest due to their high per-
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formance and the availability of the feedstock. In this work, we propose to obtain heat-resistant polymeric
materials through the synthesis of oligobenzotriazolylimides by interaction of bis-maleimides with benzotri-
azoles. One-stage melt synthesis producing no by-products and requiring no organic solvents seems to be
the most suitable method from the technological and environmental standpoint. Optimal conditions for the
synthesis of polymers were determined using the method of compositional orthogonal planning. Reduced
viscosity was chosen as the optimization parameter; the initial concentration of monomers, as well the dura-
tion and temperature of synthesis, were the variable factors affecting the optimization parameter. The struc-
ture, properties and mechanical characteristics of the obtained polymers were studied. The structure of oli-
gomers and polymers was confirmed by IR and NMR spectroscopy data. A series of experiments was car-
ried out to investigate the potential of extrusion-rolling casting technology for obtaining composite materials
based on oligobenzotriazolylimides. This technology maintains initial substances in a fluid state for an ex-
tended period of time. The slower curing rate of oligomers facilitates the dissipation of the heat released du-
ring structuring, thus causing no local overheating of the material and resulting mechanical stresses. This
improves the technological and physical-mechanical characteristics of the composites based on these oli-
gomers. Optimal conditions for the production of polymer composites were identified, and their physical and
mechanical properties were studied. A technology was proposed for obtaining materials resistant to aggres-
sive media and temperature drops.

Keywords: 1H-benzotriazole, oligomers, polymers, N-phenylmaleimide, methylene bis- (benzotriazolylsuc-
cinium imide), nucleophilic addition
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BBEOEHUE

MwurpaumoHHasa cononumepusauus 6uc-umugoB
HEHacCbILWEHHbIX OMKApOOHOBLIX KUCMOT C HyKNeo-
dunamu, TakMMmM Kak guMaMuHbl, Guc-ceHonsl, uc-
MepKanTaHbl, MO3BONSET AOCTAaTOYHO Nerko nony-
YyaTb TPEXMEpPHLIE reTEPOLMKINYECKME MONMMEPDI.
Takue asoTcogepalime TEPMOCTOMKME MONNMEPpbI
NpeacTaBnsAlT MNPaKTUYEeCKUn UHTEepecC, MOCKOSbKY
MUMEIOT BbICOKME 3KCMMyaTauMoHHbIE NoKasaTenu, a
Takke BBMOY OOCTYMHOCTU UCXOOHOrO Chipbs. [1-8].
OpHoCcTaguHbIN CMHTE3 B pacnnase 0e3 Bblgene-
HUSA NOBOYHBLIX MPOAYKTOB B OTCYTCTBUU OpraHu4e-
CKMUX pacTBoputenen sensieTca Hambonee npuem-
NIEMbIM C TEXHOJNOIMYECKON U 3KOJTOTMYECKON TOYEK
3peHus. Tem He MeHee CUHTE3 ONnMroManenMmnaos,
cofepxalmx HECUMMETPUYHbIE TPUA3OSIbHbIE LMK-
nbl, B nuTepaType MoyTU He BCTpevaeTcsd, 3a Uc-
KrnoYeHMem cnocoboB nonyyeHus nonvbeHsoTpua-
sonumngos (MBTU) meTogoM OKUCIIUTENbHOW LIMK-
nononukoHgeHcaumm [9, 10]. OCHOBHbIMW MpUYKNHA-
MU ManoyucrieHHbIx nybnukauum sensTca Tpya-
HOCTMW, CBSA3aHHbIE C CUHTE30M UCXOAHbIX NOonn-ouc-
0-aMUHOa300€eH3010B, 3arpsi3HEHNE KOHEYHbIX Mpo-
OYKTOB COEAUHEHUSIMU, UCMONb3YEMbIMU ON151 OKUC-
NINTENBHON UUKNU3aLUMNU Ha KOHEYHOW CTauWn, He-
MonHoTa LUMKNn3aumm, NpuBoAsALLAasa K pa3HO3BEHHO-
CTM Makpomornekynbl [11-16].

Bo unsbexaHne nepeyncrneHHbIX HegoCTaTKoB B
HacTosIweM coobLleHnn npegnaraeTcs MUCMNonb3o-
BaTb MOHOMEpPbI C 3apaHee CHOPMUPOBAHHLIMU,

YCTOMYMBBIMU K OKUCINEHUIO TPUA30SIbHbIMU LMKNa-
mu. 1H-BeHsoTpuason (BT) nerko BcTynaeT B peak-
LMN HYKNEeOUNbHOro NPUCOEAMHEHUS MO 3NEKTPO-
HogedUUNTHON oneduHOBON CBA3KN, YTO OaeT BO3-
MOXHOCTb BBOAUTb GEH30TpPUa3onbHble hparMeHThbI
MUrpaUvoHHOW cononumepusaumen B ofiMroMepHyro
Lenb ManenmMmaoB. YumtbiBasa ctorkocTb BT k Tep-
MUYECKUM U XUMUYECKUM BO3OENCTBUAM, BO3MOXHO
nonyyeHne TepMOCTOMKUX PeaKTonnacTtoB C KOM-
NNeKCoOM BaXHbIX 3KCMNyaTauWOHHbIX CBOUCTB.

Llenb HacToswwen paboTel — CUHTE3 TepMopeak-
TUBHbIX ONMro6eH30TPMasoNMIMMNOOB C KOHLEBbI-
MW ManeMMmaHbiMW rpynnaMmm nytem B3auMogew-
CTBUSI MOMbHbIX M36bITKOB Buc-manemmugos (BMN)
¢ GeHsoTpmasonamu no peakumm Muxasans B pac-
nnaee, a Takke UCCNefoBaHME CTPOEHMWS, CBOWCTB
N MexaHUYeCKUX XapakKTepucTuk matepuanos, Mno-
Ny4YeHHbIX Ha UX OCHOBeE.

OKCMNEPUMEHTAIIbHASA YACTb

UcxolHbie peazeHmbl u pacmeopumesnu. Bce
pacTBOPUTENN N peareHTbl, UCNonb3yemble B pabo-
Te, oYMLlanyM B COOTBETCTBMU C U3BECTHBIMU METO-
avkamu [17].

N-dennnvanemmung  (N-®MU) —  apko-kenTbin
KPUCTanNmMYeCcKMin NOpoLUOK, CUHTE3MpOBanu 13 Ma-
MEeVHOBOrO aHrMapuaa M aHunvMHa C nocriegytoLlen
LUMKNu3aumen noryYeHHoW amuaoKUCIOThl YKCYCHBIM
aHrMapuaoM B NPUCYTCTBUMM YKCYCHOKUCIIOTO HaTpus.
Ouunwanv nepekpucTannmsaumen ns n3onponunoBoro
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cnupTa. T, = 89-90 °C (nu. T, = 85-87 °CY).

BT nepekpuctannusosbiBann u3 ©OeH3ona.
T.,=88-89 °C (nut. T,,=90-99 °C).

4,4'-pndeHnnmeTaH-ouc-manemmmng U rekcame-
TuneH-buc-manenmug npoussoactea KHIMO «Kap-
6onuT» ncnonb3oBanv 6e3 4ONONHUTENBHOW OYNUCT-
KW.

3,3',4,4'-TetpaamuHognderunokeng (TAOO) u
3,3',4,4' -teTpaammHoandeHNNCYNbOoH (TAOC)
npou3BoAcTBa OMbITHOro uexa Hoocubupckoro
WHCTUTYTa OpraHM4Yeckom XUMuM nepekpucTaninmnso-
BblBanu 13 BOOHO-CMMPTOBOW cMecu. TemnepaTypa
nnaenenms TAQO — 149,5-150,5 °C.

3,3',4,4'-TetpaamuHogncbeHmnvetad  (TAOM)
nonyyanu n o4uLany no n3BecTHom metoauke [4].

CreknonnacTtuk nonyyeH nNponuTKON CTeKroTKa-
H1 TC-8/3-250 20—-30%-m pacTBOpOM onuMromepa B
OMAA. lMocne NponuTKn CTEKMNOTKaHW ee CyLuunm
npu 100 °C. CogepxaHne CBA3YOLLEro B KOMMNO3UTE
— 25-30%. MNony4eHHble npenpern cobupanu B nNa-
KeT 1 npeccoBanu npu temnepatype 220 °C v gae-
nexHwn 0,4 MMMa.

CuHme3  ucxodHbix coeduHeHul 5,5-6uc-
beH3ompuasonmemaHa u 5,5 -buc-beH3ompua3sor-
okcuda. B Tpexropnyiwo konby obbvemom 500 mn,
CHabXEeHHYK MeLlankon u TEPMOMETPOM, 3arpyxa-
m 22r TAOM (TALO), nepsaHyito CH3;COOH
(110 mn), Bogy (55 mn). MNepemewmnsanu npu 40 °C
00 MOSTHOro PacTBOPEHUs, a 3aTeM oxnaxganu Ao
13-14 °C. lNocne 3TOro B peakumoHHy konby ao-
0aBnANM Npu MHTEHCMBHOM MepemMelunBaHun pac-
TBOp HWUTpuTa HaTpua (18 r) B 40 mn guctunnmpo-
BaHHOW BoAbl. TemnepaTypa noBblWwanacb 0o 65—
75 °C, npun 3TOM BbIAENSANUCE a30THble ra3bl. Peak-
LIMOHHYIO Maccy nepemeLuMBanu B TedeHune 1 4, ob-
pasoBaBLUYyOCA cycneH3uo Bbinueanu B 500 mn
XOMNOLHOW  ANCTUNNMPOBaAHHOW BOAbl, OTAENSNM
0cafok UNbTPOBaHWEM, NPOMbIBaNM U CyLIUNN 80
NMoCTOsiHHOW Macchl. locne nepekpucTannmsauum
n3 cmecn CH;COOH un H,O B npucyTcTBUN aKkTUBK-
POBaHHOIO Yrisi U MOYEBUHbI BbIXOL, KOHEYHbIX NPO-
ayktoB coctasun 90-97%. TemnepaTypa nnasne-
Husa 5,5'-6uc-b6eHsoTpuasonmeTtaHa — 230-231 °C,
5,5'-6uc-6eH3oTpumasonokecmaa — 252—-254 °C.

AnemMeHTHbIM aHanu3 gna Ci3HioNg, BbluUCHe-
HO, %: C — 62,39; H — 4,03; N — 33,06; HangeHo, %:
C-62,15; H-3,90; N — 33,01.

OnemMeHTHbIN aHanu3 ana CioHgoNeO, BbluMc-
neHo, %: C — 57,14; H — 3,20; N — 33,22; HangeHo,
%: C —57,03; H-3,58; N — 33,16.

CuHme3 5,5-6uc-6eH3ompuasorncynbgoHa. B
Tpexropnyto konby obvemom 1,5 n, cCHabXeHHyt
Mewankon u TepMomeTpoMm, nomewanu 10r
(4,5 mmonb) TAOC, nepsHyto CH3;COOH (82 mn),
HarpeBanu npu 500 °C go NOMHOro pacTBOpEHMS
TAOC, pobGaBnsanu pacTBOp HUTpWUTa Hatpusa 4T
(10,15 mmonb) B 40 Mn AUCTUNNMPOBAHHOW BOAbI.

CuvHTe3 npoBogunu Npu NOCTOSHHOM NepeMeLlvBa-
HUK B TeveHune 1,5 4, Npu aTOM TemnepaTtypa CMecu
noBsbiwanack ao 90-110 °C Peakuusa conpoBoxaa-
nacb BbieneHnem asoTHbIX ra3oB. Beinaswwun oca-
Aok dhmnoneToBoro uBeta pasbasnanu 1 n amctun-
NMPOBaHHOW BOAbI, OTPUNBTPOBLIBANN U CYLUUN
00 MNOCTOsiHHOW Macchl. [locne nepekpucrtannmaa-
LUMKn KoHueHTpupoBaHHo CH3;COOH (c mo4veBuHoOM
N aKTMBUPOBAHHLIM YrrieM) BbIXO KOHEYHOro npo-
aykta coctasun 90-97%. Temnepatypa nnasneHus
—292-294 °C.

OnemMeHTHbIM aHanu3 ana Ci,H;NgO,S, BbluMc-
neHo, %: C — 48,00; H — 2,68; N — 27,98; HangeHo,
%: C —47,50; H — 3,05; N — 27,60.

CuHme3 modernbHo20 coeduHeHusi (N-¢peHur-3-
(1-6eH3ompua3sonus) nupponuduH-2,5-0ucH). B Tpex-
ropnyto konoy obbemoM 50 MmN, CHabXeHHYH Mexa-
HUYECKOW MeLlarnkon, BBOAOM U BbIBOAOM MHEPTHOMO
rasa, sarpyxanm 1,1913r (1 mmonb) BT n 1,7937r
(0,01 mmonb) N-dMU B 10 mn N-MI1. 3atem B peak-
UMOHHYI0O Maccy npubasnanm pacteop 0,3956 r
(0,3243 mmonb) CgHsCOOH, 0,07 mn (0,054 mmonb)
TpuatunamuHa B 10 mn N-Mr1. Mocne nonHoro pac-
TBOPEHWUS KOMMOHEHTOB cucTeMy B TeveHue 10 MuH
npogysanv aproHoM Npu MHTEHCUBHOM MepeMeLLVBa-
HuK. Mocne 3aBepLUeHNst CMHTE3a PeaKLUMOHHY0 Mac-
cy ocaxganu B 500 mn oxnaxaeHHon go 5-10 °C gu-
CTUNNNPOBaAHHOW BoAe W BblaepxmBanu 24 4. 3atem
0CafloK OTAensnM unbLTPOBaHWEM, CyLIMnM J0 no-
CTOSIHHOM MacChl U NepeKpuCcTaniM3oBbIBany U3 Boa-
Horo pactBopa CH;COOH. TemnepaTtypa nnasneHus
—258-260 °C.

OnemeHTHbIN aHanuad ans CiH1oNgO,, BbluMC-
neHo, %: C — 65,75; H — 4,14; N — 19,17; HangeHo,
%: C — 65,05; H — 3,85; N — 18,90. NMMP (AMCO-d,)
ppm: 7,00-7,60 (apomatudyeckue), 4,12-4,22 (me-
TUneH), 3,94 (MeTuH).

CuHmes nonumepos. Peakunsa 5,5-6uc-6eH3o-
TprasonveTaHa 7] 4,4'-apndpeHnnmeTaH-o6uc-ma-
neumuga SBASETCA TUMUYHBIM MPUMEPOM CUHTE3a
uccnegyembix nonumepos. B Tpexropnyto konby o6b-
emoM 50 mn, cHabXeHHY0 MEXaHNYECKON MeLLarkon,
BBOAOM M BbIBOAOM WHEPTHOrO rasa, 3arpyxanu
0,6256 r (0,25 mmonb) 5,5'-6uc-6eH3o-TprasonveTa-
Ha, 0,8959r (0,25 mmonb) 4,4'-pgnde-HunmeTaH-ouc-
maneumuaa u 10 mn N-MI1. 3atem B peakuMOHHYO
maccy npubasnsinu pacteop 0,3956 r (0,3243 mmonb)
C¢HsCOOH 1 0,3956 r (0,054 mmonb) TpuaTUnammHa
B 10 mn N-MTIT. lNocne nonHoro pacTtBOpeHUst KOMMOo-
HeHTOB cuctemy B TedeHue 10 MuH npoaysanu apro-
Hom. [Mocne atoro komnby nmomelwjanu B npeaBapu-
TenbHO TepMocTatupoBaHHyto o 120°C 6aHto u BbI-
aepxusanu B TedeHne 24 u. Nocne aToro ocagok oT-
OEnsAnu, SKCTparnposanu 13onpornaHosioM B annapa-
Te CokcneTa 1 CyLumnm 4o NOCTOSIHHOW Macchbl.

MHpakpacHbIn cnekTp, cm™; 1375-1630 (6eH-
30TpuasonbeHbln uukn), 1725, 1730 (C=0).

'Catalog Handbook of Fine Chemicals, Aldrich, 1992—-1993.
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CuHTE3 nonuvepoB Ha ocHoBe 5,5-6uc-
OeH3oTpmasonokcmga w 4,4'-gudeHnnmeTtaH-buc-
ManemMmaa OCyLLUeCTBASNN aHanoru4Ho. MNpn cuu-
Tese nonuMMmepa Ha ocHoBe 5,5'-6uc-6eH3oTpua-
3oncynbgoHa u 4,4'-andeHunmeTtaH-buc-manenmm-
Ja B KayecTBe KaTanusatopa WCMonb3oBanu
CeHsCOOH. WHpakpacHbIn CheKkTp, om™:
1500-1620 (apomaTu4deckasi cuctema), 1700, 1755
(C=0), 1400 (-CH,-CO-), 1370, 1310, 1160
(-S0,), 1180 (—C—N—C CYKUMHUMMAHOIO LUuKna).

Mpn cuHTEe3e nonumepa Ha ocHoBe 5,5-6uc-
GeH3oTpmasoncynboHa UM rekcameTuneH-buc-
mManevMuaa B KayecTBe Kartanmusatopa WCMonb30-
Bann CsHsCOOH un 6eHsoaT nutns. NHdpakpacHbIn
CnekTp, cm™: 15001620 (koHOeHcMpoBaHHasa apo-
MaTuyeckaa cuctema), 1700, 1755 (C=0), 1435
(-CH2-CO-), 1400 (—CH,-), 1160 (1,2,4 6eH30nb-
HOEe KONbLO), Cepuss MNOSIOC MOrMoWEeHNs npu
1200-1350 (—(CHy)s).

MemoOdb! uccrnedogaHusi. DNEMEHTHbIV aHanu3
BbinonHAnNn Ha CHNS-aHanusaTope EA-3028 (Eu-
rovector).

VK-cnekTpbl pernctpupoBanu Ha cneKkTpomeTpe
ALPHA (Bruker) B pguana3oHe BOJIHOBbIX u4uUcen
4000-400 cm™. O6pasubl nony4yanu npeccoBaHNEM
¢ KBr.

Cnektpbl AMP ¥c perncTpuposanu Ha Crek-
TpomeTpe DRX-500 npun yvactote 400 My B pac-
T8ope AMCO-d6. BHyTpeHHun ctaHgapt — TMC.

TepmorpaBMMeTpuMYECKNE UCCREeLOBaHUs MNpo-
BOAWMN HA CUHXPOHHOM TEPMUYECKOM aHanm3aTope
STA 449C «NETZSCH» npu ckopocTn HarpeBaHus
5 rpag/MuH Ha Bo3gyxe.

TemnepaTtypy nnaeneHust onpeaensinv Ha npu-
6ope 1A 9100 nnm no gaHHbIM OCK.

MexaHu4yeckue nokasatenu martepuanoB onpe-
Jensann Ha aneKkTpoMexaHW4ecKon paspbiBHOW Ma-
wuHe Instron-3367 npu CKOPOCTW ABWXEHUS Tpa-
BepcoB 10 mm/MuH B cootBeTcTBUM ¢ TOCT 14236-
81.

PE3YIIbTATbI U UX OBCYXOEHUE

PaHee Gbina paccmoTpeHa peakuust BT ¢ mane-
nMmaamm no peakumn Mmnxaans B pacnnase, KOTOpPYHO
MOXHO paccMaTpuBaTb Kak MOAESbHYI0 AN HYKMeo-
dunbHoro npucoeanHeHus 1,2,3-6eH3oTpmasona no
anekTpoHoaeUUUTHON KpaTHoW cBA3n N-OMU [16].
Bbina nokasaHa BEPOSITHOCTb MPEnMYLLECTBEHHOIO
npoTekaHus HykneodunsHon ataku BT Ha kpaTHyio
CBsI3b MarneMMumgoB Npu UX B3aMMOLEWCTBUM B pac-
nrnase Npuv NOBbILIEHHON TeMnepaType no Hanpaere-
H/IO 1 B CpaBHEHMW C HanpasreHneM 2 atakon Ha
aTtombl asoTa 1,2,3-6eH3oTprasona Ha KapOOHUIbHbIV
yrnepoa N-OMU (2) (puc. 1).

Bbixog N-geHun-3-(1-6eH3oTprasonun)nnppo-
nnavH-2,5-gnonHa (1) B NpucyTCTBUM TakMX KaTanu-
3aTopoB, kak TpuatunamuH (EtsN) unu kapboHoBas
kucnota, coctasun Toneko 50%, a B npucyTcTBUK
kaTtanutuyeckon cuctemsl EtzN-C¢HsCOOH (Mornb-
Hoe cooTHoweHne 1:6) oH goctur 90%. Bbicokun

BbIXOZ B MOCMeAHEM Clydae MOXHO OOBbACHUTb MNo-
NOXUTENbHLIM B3aMMHbLIM BIIUSIHUEM KUCIOTHOMO W
OCHOBHOIO KOMMOHEHTOB KaTanuTUYecKon CUCTEMBI.
Bbino oTMe4veHo, YTo Npu gobaBnNeHNn B peakumnoH-
Hyto maccy EtsN uBeT pacTtBopa M3MeHsNcst OT 3e-
NEHOBATO-XXESTOro 40 BULLHEBO-KPACHOro. 3TO CBS-
3aHO ¢ obpas3oBaHMeEM KOMMEKCa C NepeHOCoM 3a-
psga mexay 6eHsotpuasonaT-aHmoHom N-OMA. B
npucytcTeumn ogHoro EtsN BbICOKMI BbiIxOA He Obin
OOCTUTHYT, MO-BUOMMOMY, W3-32 KOHKYPUPYHOLLEWN
romononumepwmsaunn N-®MW no aHMOHHOMY mexa-
HU3MY.

Puc. 1. Cxema BO3MOXHbIX HanpaBneHui B3anMOLEenCcTBUS
1H-6eH3oTpmasona ¢ N-ceHnnmanenmmnaom

Fig. 1. Possible directions of 1H-benzotriazole
and N-phenylmaleimide interaction

WHbopmauuio, NomnyyeHHy npu CuHTe3e Mo-
AenbHOro coeduHeHusl, Ucrnonb3oBany npu mnsy4ve-
HAM  npouecca nonmumepoobpasoBaHus  Buc-
6eH30Tpna3onoB ¢ apoMaTnyeckummn Guc-manemmu-
Aamu Ha npumMepe peakumun 1 monb 5,5’-6uc-6eH3o-
TpuasonveTtaHa M 4 Mofb rekcameTuneH-buc-ma-
nemvmuga (puc. 2).

o o
N CH, N
4 %N +
nN V 4n N— (CH,)s—N | —
\N N
H H o 5

o CH. N
o N 2 W 9 o
N @ ,
2
#N(CHQ@*N# N N—(CH)—N
[¢] o] o (0]

Puc. 2. CuHTe3 MofenbHOro coeMHeHns
N-dbeHunn-3-(1-6eH30Tprasonun)nMpponuanH-2,5-amoHa

Fig. 2. Synthesis of a model compound
N-phenyl-3-(1-benzotriazolyl)pyrrolidine-2,5-dione

[na noucka onTuMMarnbHbIX YCMOBUWA CUHTE3a
nonumepoB Obil MCMOMb30BaH METOA KOMMO3ULU-
OHHOTO OPTOrOHasNbHOrO MnaHMpoBaHus (MeToA
Bokca — YuncoHa) [19]. MNapameTpom onTumusaumm
BblOpaHa npuBegeHHas BA3KOCTb, @ NepPEMEHHbLIMMU
dakTopamn, BNUAIOWUMK Ha napamMeTp OnTUMu3a-
umm, Oblnn: ncxogHas KOHUEHTpauMss MOHOMEpPOB,
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NPOOOIPKUTENBHOCTL M TeMnepaTypa cuHTesa [5].

CwvHTE3 BbINOMHANCA COrMacHo MaTtpuue nnaHu-
poBaHud, copepXxawen 15 akcnepuMeHTanbHbIX
To4dek. [ncnepcuio BOCMPOU3BOAUMOCTM BbIYMCASANN
no 5 oyénnpoBaHHbIM 3Ha4YeHusM. BepxHue npege-
Nbl NepemMeHHbIX akTOpOB OrpaHMYUBAIOTCA pac-
TBOPUMOCTBIO MOHOMEPOB, NETY4eCTbio pacTBOpU-
Tens n BpeMeHHbIMU 3aTtpatamu. B pesynbtaTte 06-
paboTkM 3KCNepUMEHTarnbHbIX AAHHbLIX MO anropuT-
My MeToda Obina nonyyeHa martemaTmyeckas Mo-
Jenb npouecca obpa3oBaHus onuromepa, Bblpa-
XXEeHHas NONMMHOMOM BTOPOW CTENEeHU B KOOUPOBaH-
HbIX MePeMEHHbIX.

CornacHo pac4eTam KOMMO3MLUWOHHOMO MiaHu-
poBaHus, HaMbonbllee BNUSHME Ha NapameTp on-
TMMM3aLMM  OKasblBaeT MCXoOHAsa KOHLUeHTpauus
MOHOMepoB. Wcxoaa M3 YacTHbIX 3aBUCUMOCTEN
onpeferneHsl cneayowme onTMMarbHble 3HAYeHUs
npouecca CuHTe3a onuromepa: Temnepatypa CWH-
Tesa — 110-115 °C, npooomKUTEeNbHOCTb CUHTE3a —
1,0-1,5 4, ncxogHas KOHUEHTpauus Kaxgoro MOHO-
mepa — 0,25-0,27 monb/n, Npu napameTpe oNTUMn-
3auum  7,,= 0,50-0,55 an/r. llpeBbieHne onTw-
MasbHbIX 3HAYEHUA NepeMeHHbIX DaKTopoB yBenu-
YMBaET BEPOATHOCTb renieobpasoBaHus.

B npucytctBUM  KaTanUTUYECKOW  CUCTEMBI
CeHsCOOH un Etz:N npuBeneHHast BA3KOCTb MOnNy-
YEeHHOro  nonmvMMepa  Oblna  O4YeHb  HU3KOW
(77p=0,05 an/r), 4TO0 MOXHO OOBBACHUTL +|-3h-
heKkTOM METUIEHOBLIX TPynn rekcameTuneH-buc-
manemmumaa. Mocne 3ameHbl EtzN Ha CgHsCOOLi*
(MonbHoe cooTHoleHne CgHsCOOH/CgHsCOO L™,
paBHoe 1:2) O6bina [JocTUrHyTa 7, nNopsaka
1,00 on/r. Bbicokasi akTMBHOCTb 3TOW KaTanuTude-
CKOWM cucTeMbl ckopee Bcero obycnoeneHa obpaso-
BaHWEM KOOPAMHALVNOHHOW CBA3WN MeXOY KaTUOHOM
Li* n kapbOHUMBHLIM KUCNIOPOAOM MarneuMuaHoOro
uuKna, 4to obneryaet HykneodurbHYK aTtaky Ha
oneduHoBble aToMbl yriepoga. Nomumo aToro 6eH-
30aT-aHVOHbI, 06ragas CpaBHUMOW C TPETUYHBLIMU

aMMHaMM OCHOBHOCTbIO B arnpoTOHHbIX cpefax,
cnocobeTByoT  MOHM3auum  5,5'-6uc-6eH3oTpu-
asonos. [NpucyTtctBme B cucTeme AoHOpa NPOTOHOB
M HM3Kas HykneodunbHocTb CsHsCOO™ n3-3a gerno-
Kanu3auun 3apsifa B kapbokcunart-aHuoHe Gnaro-
NpUATCTBYET MNOAABIIEHNIO KOHKYPUPYHOLLUMX peak-
UuA  roMononvMMepusaumMnm  rekcametuneH-buc-
ManemmMmuaa no aHMOHHOMY MmexaHuamy. K Tomy xe
OeH3oaTt NUTMA B OTNNYME OT TPETUYHbBIX aMUHOB —
HeneTydee coeuHEHWe N He yoansieTcs M3 peak-
LIMOHHOW 30HbI.

CTtpoeHune onuromepa nNoATBEPKAEHO AaHHbIMU
UK- n AMP-cnektpockonun. B UK-cnektpe (puc. 3)
WHTEHCUBHAas nonoca nornouieHme kapboHuna C=0
npu 1717 cm™ cmelleHa B CTOPOHY MEHbLUMX ANWH
BOMMTH MO CpaBHEHWO C nornoweHnem C=0
mncxogHoro N-®MW Ha 17,5 cv? nsz-aa yBENU4eHuns
nopsgka cBA3W  kapboHuna npu  pacKpbITUK
oneduHoBOM cBA3W. BTopas nonoca nornoweHns ¢
nnedom npu 1717 oM’ npuHaanexuT BTOpPOMy
kap6oHuny. [MornoweHne npu 1187,5cm™ cau-
aetenbcTByeT O [AedOpMaUUNOHHBIX KonebaHmsix
C-N-C, a manouHTeHcuBHble nonockl npy 2930 u
2979 cooTBETCTBYIOT BarneHTHbIM C—H cykunHuMmna-
HOro LMKna.

B cnektpe MNMMP (CHCIs-d) npoToHsbl rpynn CH,
m CH onuromepa — XOpOWO paspeLleHHbIe
kBapTeTbl npu 3,59-3,65 n 3,82-3,87 m.4. (puc. 4).

B cnektpe AMPSC (AMCO-dg) HabnwopatoTes
curHanel anudaTnyeckMx aToMOB Yyrnepoga npu
35,43 1 56,34 m.a. n gBa curHana kapbOHMIbHbIX
yrnepogos npu 172,33 n 173,19. CurHanbl Bcex
lecTtn yrnepogoB ©OeH3oTpuasonunbHoro dpar-
meHTa npu 110,71; 119,72; 124,78; 128,38; 133,09
n 14543 m.g. noateepxpalT obpaszoBaHMEe Cyk-
uUMHMMMga C  HEeCUMMETPUYHbLIM 1-6eH3oTpun
asonunbHbiM 3amectutenem. lNukn npun 127,17 n
129,29 Mm.4. COOTBETCTBYHOT atoMam yrnepoga B
opTo- N MeTa-nonoxeHusix N-deHunbHoro dpar-
MeHTa (puc. 5).
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Puc. 3. NK-cnekTp obnactu «otneyaTkoB nasnbueB» onuroMmepa
Fig. 3. IR spectrum of area of oligomer "fingerprints"
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Puc. 4. Cnektp NMP. AnudaTtnyeckme metuneHosble NpoToHbl onvromepa (CHCIs-d)

Fig. 4. NMR-"H spectrum. Aliphatic methylene protons of oligomer (CHCls-d)
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Puc. 5. Criektp AMP **C onuromepa

Fig. 5. NMR *3C spectrum of an oligomer

Ha ocHoBaHMK NOny4YeHHbIX pe3ynbTaTtoB Obinn
CVMHTE3MPOBaHbl  ONUroOeH30TpMa3onMMuabl, Bbl-
Xo[, npuBefeHHas BA3KOCTb W TemnepaTtypa pas-
NOXEHUS KOTOPbIX NpeacTaBneHbl B Tabnumue.

Mony4eHHbIE onuromepsl Nocne 3aTeepaeBaHus
npeacTaBnstoT cOOON HENPO3PaYHy0 XPYNKy Mac-
CY, XOPOLLO pacTBOPMMYIO B MOJISIPHBIX anpoOTOHHbIX
pacTtBopuTenax u B cmecn CHCI; + aueToH. B pac-
TBOpax LeroYvyer OHU OKpaLlMBaTCHA B ManMHOBLIN
LBET, YTO ABMSETCA OOHON U3 XapaKTepHbIX peak-
UM Ha ManeMMnaHbIn reTepoLmKn.

OnHamunyeckmn TepmorpaBMMETpUYECKUA aHa-
Nn3 NOSyYeHHbIX ONMroMepoB CBUAETENbCTBYET,
yTo npu 350-360 °C HauyMHaeTcsa NpoLecC UHTEH-
CVBHOW TEPMOOKMCIMUTENBHON AecTpykumn. Haunbo-
nee TEPMOCTONKUMU SBASAOTCA ONUIroMepbl C rpyn-
non SO, mexay 6eH3onbHbIMK gapamu. NogobHoe
XapakTepHO M Ang Opyrux nonvretepoapuneHoB C
rpynnamu SO,.

CornacHo paHHbIM auddepeHumnanbHO-CKaHK-

XUMMNYECKHME HAYKWU / CHEMICAL SCIENCES

pyloLen KanopumeTpum sHAOTEPMUYECKUN 3dEKT
(sHpooTepma) dasoBoro nepexoga nepBoro popa
(nnaBneHune) Habntogaetca npu 130-135 °C. Jk30-
TepMmnyeckuin adpdekT cooTBETCTBYET roMononume-
pusauum onmvroMepoB Mo KpaTHbIM CBA3AM, OYeHb
CUMNBbHO YLUMPEH U MpOSIBNSAETCH Npu Temnepartype
Bbiwe 180 °C. C TOYKM 3peHnsa TEXHOMOMMN nosyye-
HUSI KOMMO3ULMOHHBIX MaTtepuarnoB AaHHOe sBre-
HMEe MOXHO cuuMTaTb BGnaronpusiTHbIM, Tak Kak yBe-
NMYNBaETCs BPEMS HaXOXAEHWUS ONMromMepoB B Te-
Ky4yem COCTOSIHMM (>KM3HeCcnocobHOCTb pacnnasa).
MeHblasi CKOPOCTb OTBEPXAEHUA ONMUroMepOoB
OOIKHa cnocobcTBOBaTbL TOMY, YTO TENMOTa, Bblae-
ngemasi npu CTPyKTypupoBaHuK, ycneBaeT pacceu-
BaTbCSl, He BbI3blBas foKarnbHbIX NeperpeBoB mMaTe-
puana v BO3HMKaKOLUX BCNeaCTBUE ITOr0 MexaHu-
Yecknx HanpshkeHui. Bce 31O OOMKHO ynyywunTb
TEXHOMNOrMyeckme N OU3NKo-MeXaHNYeckne xapak-
TEPUCTUKN KOMMO3NTOB Ha OCHOBE [aHHbIX Ofuro-
mepos [20].
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CaoicTBa onurobeHsoTpuasonunummaos oben dhopmynbl

Properties of oligobenzotriazolylimides of the general formula ° N\\j@/ )
R R’ Bbixoa, % 8 N-MM, gn/r Tpasn, °C
’ ino ’ Ha Bo3gyxe*
@CH2 CH; 85 0,55 350
2
—(CHa)e— S0, 91 0,60%* 350
@CHZ SO, 95 0,66%* 355
2
@CHZ (@] 88 0,40%** 370
2
—(CH2)e— o) 92 1,00 350
—(CHz)6— CH, 86 0,90 350

* — TemnepaTypa nepeceveHust kacaTtenbHbiX B 06nactu nepermba KpuBom;

** _ BA3KOCTb onpeneneHa B JMOA;
*** _ BagkocTb onpegeneHa B N-MIT + 2% LiCl.

C wvcnonb3oBaHMEM MOMyYEeHHOro onuromepa
ObINMM M3roTOBIEHbI CTEKMNOMMacTukM (cMm. Tabn.).
OpToroHaneHoe pacnosioXeHWe BOSIOKOH B UCXO4-
HbIX npenperax obecnevnno aHM3oTPoNun PU3MKo-
mexaHuyeckmx conctB (TOCT 11262-80). MNpenen
MPOYHOCTM NpU pacTskeHun coctaensaeT 174,40 Mla,
OTHOCUTENbLHOM YANUHEHUU npu paspbiBe — 15,6%.
Mogynb ynpyroctn (TMA, TpexTodeuHbin nsrvd, 1 'y)
npu 250 °C coctaensieT 18,6 Mla.

lMpoBedeHbl aKkcnepuMeHTanbHble paboTbl Mo
NOMNy4YeHU0 TEPMOCTOMKUX MNOMUMEPHBLIX MOKPbLITUN
Ha OCHOBE CUMHTE3UPOBaHHbLIX onuromepos. Komno-
3MLMOHHbIE MaTepuanbl NOMy4YeHbl C NMOMOLLbIO aB-
TOMaTM3UPOBAHHOW YCTAHOBKU 3KCTPY3UOHHOro nu-
Tba [21]. TemnepaTtypa aKcTpydepa COOTBETCTBO-
Bana 250-300 °C, 4To No3BONMIO NOSIHOCTLIO pac-
NNaBUTb UCXOAHbIV ONUrOMEepP U NOMNYYUTb MIEHOY-
Hble MOKPbITUA Ha NOAMOXKaX Pas3NMyHOW MOBEpX-
HoCcTW. [NpeumyllecTBOM OaHHOW YCTaHOBKM SABNS-
eTCA paBHOMEpHOe MporpeBaHne UCXOAHOTO Belle-
ctBa. [poYHOCTb KNeeBbIX COeAUHEHNA Ha OCHOBE
AaHHoro onuromepa, cornacHo FOCT 14759-69,
coctaBnseT op= 2,7 MlNa (MeTannuyeckue nnacTu-
Hbol CT-3 BHaxnecT, casurawowas Harpyska napan-
nenbHa NIIOCKOCTM KNEEBOro coeAMHEHUS).

VccnegoBaHa BO3MOXHOCTb MOMYyYEHUsi KOMMO-
31LMOHHOrO Matepuana. B kayectBe HanonHutens
ncnonb3oBanu AepeBsAHHblIe  ONWMKW, YroNbHbINA
Wwnak, necok. KoMnosnunoHHele mMartepuarnbl HaHo-
CUIMN Ha KPOBEMbHYI0 MeTannu4eckylo yepenuuy B
BMAE NINEHOYHbIX MOKPbITUNA. OKCMEePUMEHTbI MoKa-
3anu, 4To aAre3anoHHasi MPOYHOCTb MONMMepa K Je-
penuue Ha OCHOBE antOMVHUS W OLMHKOBAHHOIO
Xenesa Npy KOMHATHOW TemnepaTtype AO0CTaTO4YHO
BENMKa U Npu MoBbILEHMN TemnepaTypbl HEe u3sme-
HseTcs. Mpu Temnepatype Boiwe 500 °C nneHku Ha
NMOBEPXHOCTU BbICTPO KOKCYOTCS, obecneynBas no-
HVXXEHHYIO rOptOYeCTb U OFHECTOMKOCTb, YTO MO3BO-
nsieT OTHECTU MX K camosaTyxalowmm U TpygHoro-
PHOYNM.
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McnbiTaHna nokasanu, YTO MOKPbITUS MMEKT
3allnTHLIE cBOWCTBa, obecnedyuBarolime uX Onu-
TENbHYI COXPaHHOCTb B PasfMYHbIX YCIOBUSX JKC-
nnyataumn. OHM He NOABEPXEHbl rnMaponuay,
YCTONYMBBI K AENCTBUIO arpecCuBHbIX cpel B LUMPO-
KOM auanasoHe Temnepatyp. [Mpoaykums cooTBeT-
CTBYET BCEM IKCMIyaTaLMOHHBbIM M 3KOJNTOTMYECKUM
TpeboBaHusaM.

lMpoBeneHHble 3KCMEepUMMEHTanbHbIE UCCreno-
BaHMs Nokasanu, YTO TEeXHONOrmsi SKCTPY3MOHHO-
NPOKaTHO-(POPMOBOYHOIO NUTbS  ABNSIETCA  nep-
CneKkTMBHOW. [loka3aHa BO3MOXHOCTb MPUMEHEHUS
OAHHOW TexXHOoMnornv Ans nonyyYyeHms HOBbIX KOMMO-
3UTHbIX MaTepuanoB B KadecTBe TEPMO- U OrHe-
CTOMKMX NOKpbITUA. ONTUMM3NPOBAHLI COCTaBbl U
YCroBusi  NOMNy4YeHUss MNONUMEPHbIX  KOMMO3ULINIA,
n3ydeHbl (PU3MKO-MEXAHUYECKME CBOWCTBA, paspa-
GoTaHa TexHOMnornst MnonyvyeHus maTepuarnos,
YCTOMYMBBLIX K AEWCTBUIO arpeccuBHbIX cpeq u ne-
penagam Temnepartypebi.

BbiBOAbI

Bsanmopenctenem 1H-6eHsoTpmasona ¢ 4eTbl-
pexkpaTHbIM U30bITkOM OUC-ManeMMmmga B pacnna-
BE CUHTE3MpOoBaHbl TePMOpPEaKTMBHbIE ONMro6eH30-
Tprasonunumugbl. CornacHo gaHHbIM TepMorpaBu-
METPMYECKOro aHanmsa, TEPMOOKUCIUTENbHasA ae-
CTPYKUMS Y MOMNYYEHHbIX OMUrOMEPOB HaynHaeTcH
npm 350-360 °C, yTo cBMAETENBLCTBYET 06 UX BbICO-
KOW TEepMOCTOMKOCTU. OK30TEepPMbl, COOTBETCTBYIO-
LLMEe roMONonMMepu3aLMm rno KpaTHbIM CBSA3SM Ofu-
roMepoB, CYLLECTBEHHO YLIMPEHbI, YTO yBeNn4MBa-
€T BpeMsi UX HaxOXOEHWUs1 B TEKy4eM COCTOSIHUU
(kn3HecnocobHOCTL pacnnaBa), MNO3BOMSA  YIyd-
LWNTb TEXHOMOrM4Yeckne n U3NKo-mexaHn4eckme
CBOMCTBa MaTepuanoB, MOMy4YeHHbIX Ha OCHOBe
CUHTE3NPOBaHHbLIX onuromepoB. [lokaszaHa nep-
CMNEKTMBHOCTb UCMOMb30BaHUSA OfIMTOMEPOB B Kaye-
CTBE CBA3YIOLUMX AN CIIOUCTbIX NIacTUKOB U Knee-
BbIX KOMMO3ULINNA.
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CuHTe3 u ngeHtncpukauma 1,1,3,3-tetpa-[1,2-gurngpo-
1,5-aumeTnn-2-cheHunn-3-okconupasonjnponaHa
© [.B. babapeeB*, E.A. CTtporaHoBa**

*KasaHckun pepepaneHbii yHUBepcuTeT, r. KasaHb, Poccuiickaa ®epepauus
**OpeHbyprcknii rocyaapcTBeHHbIn yHuBepeuteT, r. OpeHbypr, Poccuinckas depepaums

Pe3stome: [lupa3osnbHbie npou3eodHbie rnpedcmasnsom MPakmu4yecKyo UeHHOCMb Kak aHaiumu4yeckue
peazeHmbl, Kpacsuwue U JieKkapCmeeHHble eseujecmea. MseecmHo, 4ymo 1,2-Oueaudpo-1,5-dumemun-2-
eHunnupason-3H-oH (aHmunupuH) u e2o budeHmamHbie MPOU3BOOHbIE SB/ISTHMCS XOPOWUMU aHaumu-
YeckUMU peazeHmamu Ha uoHbl d-memannos (Cd*, Fe**, sc, Ti**, zn*, Co® u dp.). MposieneHue xena-
mupyroweli crnocobHoOCmMuU OmMKpbI8aem 803MOXHOCMb UCMOMb308aHuUsi 6u-, mpu- u mempadeHmamHbiX
pou38oOHbIX aHMuUMNUpUHa 8 Kayecmee opeaHu4Yyeckux fu2aHdo8 npu CUHMe3e Memarssioop2aHu4ecKux
KOOPOUHaUUOHHBIX 10/IUMepos8, Ymo 0bycrioenueaem akmyalslbHOCMb CUHmMe3sa psida HO8bix mempadeH-
mamHbIx npou3eodHbix 1,2-0uaudpo-1,5-0umemurn-2-peHunnupason-3H-oHa. Llenbio Hacmosiweld pabomsi
senanuUcb, cuHme3 u udeHmucgbukayusi Hoeozo esewiecmsa — 1,1,3,3-mempa-[1,2-0uaudpo-1,5-dumemun-2-
geHurn-3-okconupasosjnponaHa (mempaaHmunupusnnponaHa). B xo0e pabombi nposedeH 0630p cywecm-
8yrOWUX MemoOuK CuHme3a [POU3BOOHbIX aHMuMupuHa, [MOJy4YEeHHbIX ymeM  KoHOeHcauyuu
1,2-0ueudpo-1,5-0umemun-2-cbeHun-3H-nupason-3-oHa ¢ anbdeaudamu anughamuyecKkoeo U apomMamuye-
cKkoeo psida. OmpabomaHa MemodOukKa rosly4eHUsT U O4UCMKU HOB020, He OfucaHHO20 8 fiumepamype co-
eduHeHuss — 1,1,3,3-mempa-[1,2-0ueudpo-1,5-0umemur-2-gheHurn-3-okconupasonjnponaHa, Mo peakyuu
31eKMpPogUIIbHO20 3aMeu,eHuUs 8 apoOMamu4eCcKOM KOJIbUe OKCOMUpa3obHO20 2emepouyukria npomoHuUpo-
g8aHHOU ¢hopmbl nponaHOuans (ManoHo8o2o duansdeauda) ¢ ebixodom 17,1%. CoeduHeHue npedcmasnisem
cobol Kpucmarnnudyeckoe sewecmeo 6es1020 ygema, Xopowo pacmeopuMoe 8 0p2aHUYeCKUX MOMSIPHbIX U
HernossApHbIX pacmeopumerisix, HO He pacmeopumoe 8 gode. Yucmomy nepekpucmannu3o8aHHO20 Mpo-
Oykma cuHme3sa rnoomeep:>x0asnu rnymem udMepeHuUsi memrepamypbl raasrieHusi u rnpoeedeHusi Ka4ecmeeH-
HOU peakyuu C HUMPUMOM Hampusi Ha OOHapyXeHue He3aMeWw,eHHO20 OKCOMupa3osibHO20 Uuknia cyb-
cmpama peakuyuu. Cmpykmypy 1,1,3,3-mempa-[1,2-Ouaudpo-1,5-dumemun-2-¢beHur-3-okconupa3son]npo-
rnaHa ycmaHasnusanu Mmemodamu Macc-CrekmpoMempuu U CreKmpoCcKonuu KoMbUHayUOHHO20 pacCcesiHUs.

Knroyeebie cnoea:. aHmunupuH,l,1,3,3-mempa-[1,2-0uaudpo-1,5-0umemunrn-2-gpeHur-3-oKkconupasonjnpo-
rnaH, mempaaHmunupunanKkaHbl, Macc-criekmp, criekmp KoMOUHayUOHHO20 paccesiHus

UHpopmayusi o cmamsbe: [Jama nocmyrnneHus 22 mas 2020 e.; dama npuHsmusi K neyamu 31 agaycma
2020 e.; dama oHnauH-pasmeweHuss 30 ceHmsbps 2020 e.

Ansa uyumupoeaHus: babagees [.B., CtporaHoBa E.A. CuHTe3s u uageHtudwukaumsa 1,1,3,3-tetpa-[1,2-
avrngpo-1,5-gumeTnn-2-deHnn-3-okconmpason]nponaHa. M3secmus 8ysos. lNpuknadHas xumusi u buomex-
Homoausi. 2020. T. 10. N 3. C. 386—392. https://doi.org/10.21285/2227-2925-2020-10-3-386-392

Synthesis and identification of 1,1,3,3-tetra-[1,2-dihydro-
1,5-dimethyl-2-phenyl-3-oxopyrazole]propane
Dmitrii V. Babadeev*, Elena A. Stroganova**

*Kazan Federal University, Kazan, Russian Federation
*Qrenburg State University, Orenburg, Russian Federation

Abstract: Pyrazole derivatives are of practical value as analytical reagents, dyes and medicinal substances.
It is known that 1,2-dihydro-1,5-dimethyl-2-phenylpyrazol-3H-one (antizpyrinez) and its bidentate derivatives
are good analytical reagents for d-metal ions (Cd**, Fe*", Sc**, Ti**, Zn*", Co™", etc.). The chelating ability of
bi-, tri- and tetradentate antipyrine derivatives make them promising organic ligands for the synthesis of or-
ganometallic coordination polymers. Therefore, synthesis of new tetradentate derivatives of 1,2-dihydro-1,5-
dimethyl-2-phenyl-3Hpyrazole-one seems to be a highly relevant research task. The aim of this work was to
synthesize and study a new substance — 1,1,3,3-tetra-[1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxopyrazole]pro-
pane (tetraantipyryl-propane). A review of existing methods for the synthesis of antipyrine derivatives
through condensation of 1,2-dihydro-1,5-dimethyl-2-phenyl-3H-pyrazol-3-one with aliphatic and aromatic al-
dehydes was carried out. A method was developed for the preparation and purification of 1,1,3,3-tetra-[1,2-
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dihydro-1,5-dimethyl-2-phenyl-3-oxopyrazole]propane by the reaction of electrophilic substitution of the pro-
tonated form of propandial (malonic dialdehyde) in the aromatic ring of the oxopyrazole heterocycle with a
yield of 17.1%. The resulting compound is a white crystalline substance, readily soluble in organic polar and
non-polar solvents, but insoluble in water. The purity of the recrystallized synthesis product was confirmed by
measuring its melting point and conducting a qualitative reaction with sodium nitrite to detect an unsubstitu-
ted oxopyrazole cycle in the reaction substrate. The structure of 1,1,3,3-tetra-[1,2-dihydro-1,5-dimethyl-2-
phenyl-3-oxopyrazole]propane was established by mass spectrometry and Raman spectroscopy.

Keywords: antipyrine, 1,1,4,4-tetra-[1,2-dihydro-1,5-dimethyl-2-phenyl-3-oxopyrazole]propane, tetraantipy-
rylalkanes, mass spectrum, Raman spectrum

Information about the article: Received May 22, 2020; accepted for publication August 31, 2020; available
online September 30, 2020.
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BBEOEHUE

Vicnonb3oBaHne NMpa3osfioHOBbLIX MPOU3BOOHbIX
B pOnu aHanmuTUYeCKUX peareHToB BrnepBble Obio
paccMOTPEHO B COPOKOBbIX rogax NpoLuoro crone-
Tma C.W. lN'yceBbim, .M. Kopenmarom, [1.1. Pabuu-
koBbiM, a no3gHee A.K. babko, A.U. Bycesbim, E.
Cyno v gpyrumu. Mocne 1950 r. Hayanocb M3y4de-
HVMe peakuuin KomnnekcoobpasoBaHus, Obinn npea-
noxeHbl cnocobbl n3bMpaTenbHOro BblAENeHUs
WMOHOB METaroB M KOHLEHTPUPOBAHUS MUKPO3re-
MeHTOB. PaboTbl Mo aKkcTpakumm MOHOB MeTansnoB
OEMOHCTPUPYIOT 3dEKTUBHOCTE NMPUMEHEHNS OK-
COMMPa30sIOHOBLIX MPOM3BOAHBIX B KauyeCTBE 3KC-
TPareHTOB MOHOB MEpPEXOHbIX MEeTansoB, a Takke
peakux K paccesiHHbIX anemeHToB [1-12]. Kpome
TOro, NPOM3BOAHbIE MUPA30fIOHA HETOKCUMYHBI, YTO
obycrnoBnuBaeT akTyanbHOCTb WX MPUMEHEHUS B
KayecTBe peareHTOB M UMMPErHUPOBaHUA C Lie-
Nbl0 MOMNyYeHMs M3bupartenbHbIX COpOeHTOB, Mpu-
MEHSIEMbIX B 3KOMOTMYHbIX TEXHOMOMMYECKUX CXe-
Max KOHLIEHTPMPOBaHUS WMOHOB METasnsoB M3 MNpo-
MbILLUSIEHHBIX CTOKOB MIW pacTBOPOB ruapomeTarn-
nypruyeckon nepepaboTkn pya U LUNAKOB LIBETHON
meTannypruu [13, 14].

MupasonbHbie NPON3BOAHLIE MMEKT LIEHHOCTb U
Kak nekapCTBeHHble BeLlecTBa, YTO noaTBepxaaeT-
ca BMOXMMUYECKMMU NCCnegoBaHUsMMU, NPOOoIIKa-
owmmMmcs n cerogHs [15-20].

HecmoTpss Ha Gonblwon ob6bem HaKoMfEHHOro
TEOPETUYECKOrO U MPaKTUYeCcKoro Matepuana B 06-
nactu NpOM3BOLHbIX MUPA30SIOHa, XMMUSA TeTpaaH-
TUNMpUnankaHoB octaeTcs cnabo maydeHHown. [Mo-
3TOMY nepeq aBTopaMu HacTosILLEeN cTaTbM cTosNa
3agada oTpaboTkM MeToaMK MOoSyvyeHust psiga Ho-
BblX, HE OMUCaHHbIX B NUTepaType NPOU3BOAHbIX
aHTMNUPMHA C Uenbilo NocreaylLlero nccnegosa-
HUS UX 3KCTPAKLMOHHbIX CMOCOOHOCTEN.

OKCNEPUMEHTAJIbHAA YACTb

CwvHTe3 TeTpageHTaTHbIX NPOM3BOAHLIX anuda-
Tnyeckoro psga  1,2-gurngpo-1,5-gumetun-2-ce-
HUN-3-NMpas3orioHa (ganee aHTUMMPUHA) OCYLLLECTB-
nseTca nyTem KOHAEHCauuMnm aHTUMNVMpuHa C anbge-
rMAOM MO MEXaHU3My 3neKTpounbHOro 3amelle-

HUSA B apoOMaTU4eCKOM KorbLe retepounkna. B cun-
Te3e NPOM3BOAHOIO WUCMOMb30Banu peakTuBbl KBa-
nudukauum X.4. Npou3BOACTBa KomnaHum Merck
(CepmaHus).

O6pasoBaHMe akTVBHbIX LEHTPOB Ha yrrepoaax
anbaorpynnel NPOUCXOAMT NPU BBEOEHUN B peakum-
OHHYI0 cpefly MnHepanbHon kncnoTol. KoHaeHcauus
npoeBoaunack Npu HarpeesaHun B TedeHue 2-3 4. B
KayecTBe UCXOAHbLIX peareHTOB MCMonb3oBanu Mme-
TUNOBbLIN AnaueTanb nponaHanans (MeTUnoBbIN
anaueTtanb MaroHOBOro anbernga), aHTUMNUPUH,
CONSHYI0 KUCIOTY U pacTBOp aMmmuaka. KonmyecTtso
1,1,3,3-teTpa-[1,2-anrngpo-1,5-gumeTnn-2-dpeHnn-
3-okconupasonnponaHa (ganee — TeTpaaHTUNU-
punnponaH) paccuMTbiBanM u3 nNpeanonoxeHnst
NMOSMIHOW KOHAEHCALUUW aHTUMMPUHA C guanbaeru-
AoM. MonbHOe COOTHOLWEHWEe nponaHauans n aHTu-
nupuHa — 1:4.

MarnoHoBbI anbgerng fobaenanu K MNogkuc-
NeHHOMY pacTBOpYy aHTUNMpuHa (5 r aHTUNMpUHa Ha
50 mn  congHon kucrnotbl 0,5 wmonb/n). Cmecb
HarpeBanu Ha BogsiHon 6aHe npu 80-90 °C B Teve-
Hue 2-3 4. Cxema npoTekarLero npowuecca npvee-
AeHa Ha puc. 1.

lMocne HarpeBa cmecb pas3baBnanu QUCTUNNU-
poBaHHOW BoAow un gobaensnu 25%-n pactBop am-
MUaka A0 HeuTparnbHOW peakumn cpefbl Ang oca-
XOEHMS  NPOAYKTOB  KOHAeHcauuu. Bbinaswun
amMmopdHbI ocagok 6enoro useTa oTUNbTPOBLIBA-
nn Ha BOpOHKe BroxHepa u cywmnu. Nocne cyiuku
NPoBOAMMY NepekpucTannusaumo 13 ataHona. Npu
unbTpaumm BelecTBo obpasyeT Ha punbTpe TOH-
Kyl0 nepenuBaroLLyoca MNMeHKy, nocrne BbiCyllMBa-
HUs1 NnpuobpeTaeT opmMy Oenbix UronbyaTbiX Kpu-
ctannoB. Bbixog nepekpuctannn3oBaHHOro Npogyk-
Ta coctaBun 17,1%. MNMpoayKT CuHTE3a pacTBOpPMM B
crnupTe, He pacTBOpUM B Bode W aueToHe. UHTep-
Ban TemnepaTyp NNaBfeHusi, onpegefieHHbIX Ha
npubope XKykosa, coctaBun ot 244 0o 246 °C.

Ctpyktypy 1,1,3,3-TeTpa-[1,2-gurngpo-1,5-au-
MeTun-2-ceHnn-3-okco-nupasonjnponaHa ycraHas-
nveBann MeTodaMuM MacC-CMeKTPOMETPUM U Cnek-
TpocKonun KoMBUHaUMOHHOro paccesaHus (KP).
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Fig. 1. Interaction of malonic aldehyde and antipyrine in an acidic environment

Macc-cnekTpbl 3anucaHbl Ha KBagpynofbHOM
BPEMSNPONIETHOM MaccC-CMeKTPOMeTpe CBEpPXBbICO-
Koro paspeweHuna Maxisimpact HD (Bruker Dalton-
ics). Obpasey, 6bin pactBopeH B JMCO n pasbas-
neH auetoHuTpurom B cooTHoweHun 1 k 80. o
pe3ynbTataM Macc-CrneKTpOMeTpMM HamgeHo, m/z:
789,3865 [M+H]", 811,3668 [M+Na]". C,7Hs3NgO,.
Macc-cnekTp Bbl4uMcneHo, m/z, — 788,3799.

Cnektp KP BelyecTBa 3anncaH Ha CNeKTpoOMeTpe
RamMicsM532 (umdpposont Mukpockon OlympusCX-
41 ¢ KP-ananusatopom EnSpectrR532 ScientificEdi-
tion). Mo pesynbTatam aHanu3a KP-crnekTpa ycTaHoB-
NEeHO NpUCYTCTBME CreayrolmX MOroc paccesHus,
V,CM
3068 (m)V(C'H)-N-subStituted Pyrazolones
2990 (W) V(C-H)crz-,

2922 (M) Vasym(C-H).chz-,
2900 (M) Veym(C-H)-che-,
1655(W) V(C=O)Pyrazoloney
1621 (m) V(C=C)Pyrazoloney
1600 (s) v(-C=C-)ar,

1495 (W) o 3-subst. Ring vibs
1452 (W) O 4-subst. Ring vibs
1403 (W) o N-alkyl subst. Ring vibs
1334 (m) v(Ca—N),

1308 (m) v(Ca—N),

double 1174,

1175 (W) V(CR_Ntret)PyrazoIoney
1097 (W) 6rocking(_cH.’s‘)N(PyrazoIone)y
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1021 (W) 6rocking(C_C)a
999 (s) v(C-C),

835 (W) 6outofplane(C_H)An
64l(m) 6inplane(C_H)Ar-

OBCYXOEHUE PE3YJIIbTATOB
MpoussogHble 1,2-gurnapo-1,5-gaumetnn-2-ce-
HWUN-3-NupasonioHa obpasylTca No peakuun anek-
TPOMPUNBHOrO 3amMeLleHnss B NMMPa3OnioHOBbIA LIMKN
KaTMOHOB auumnusi.
YcTaHOBNEHNE CTPYKTYPbl OYMLLEHHOTO MPOAYK-
Ta CWHTEe3a MnpoBOAWUNOCH MpU MOMOLWM Macc-
cnekTpomeTpun u cnektpockonum KP. Habniopae-
MblE€ B Macc-CreKkTpe MuKM MPOTOHUPOBAHHOIO MO-
nekynspHoro noHa [M+H]" (m/z = 789,3865) n ag-
AyKTa ¢ kKaToHoM HaTpus [M+Na]" (m/z = 811,3668)
COBMaJalT C pacHETHbIMU AaHHBbIMU, MOJTYYEHHBIMU
npu I'IOMOLIJ,VI naketa mnporpaMm ChemOffice
m/Z[M + H+ = 789,3877; m/Z[M + Naj+ — 811,3696
(puc. 2). VHTeHcMBHOCTb NnKoBs [M+1+H]", [M+2+H]+
M T.A. obycroBneHa Bknagom wmsoTtoroB °C, N,
Y0 n orBeuaert pacyeTHbIM AaHHbIM: m/z: 789,3877

(100,0%); 790,3910 (50,8%); 790,3847 (3,0%);
791,3944  (12,6%). Cepua  unsoTonoB  Ans
[M+Na]'(m/z): 811,3696 (100,0%); 812,3730

(50,8%); 813,3763 (12,6%); 814,3667 (3,0%). 310
noAaTBepxAaeT MOoNyyYyeHve UeneBoro npogykra -
1,1,3,3-tetpa-[1,2-aurugpo-1,5-gumeTnn-2-deHunn-
3-okconupason]nponaHa.
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Fig. 2. Mass spectrum of molecular ions complexes [M+H]", [M+Na]*

YuuTbiBas, 4TO MepekpucTannMsauui Belle-
CTBa OCYLLECTBNANM U3 pacTBOpa 3TMUITOBOrO Chuvp-
Ta, a TaKkke NMPUHMMas BO BHUMaHWE BO3MOXHOCTb
obpa3zoBaHusa eHonbHbIX hopm (puc. 3), Heobxoau-
MO ObINO yCTaHOBUTbL (hOpMY HaxoXAeHus Belle-
CTBa B npopykTe kpuctannusauuun. Metogom cnek-
Tpockonun KP 6bino onpeaeneHo, 4to Habop nonoc
COOTBETCTBYET pPaMaHOBCKMM COBWIaM XapakTepwu-
cTudeckux rpynn (6eH3onbHOro Kombua, NMpasono-
HOBOroO KOMbLA, anudartuyeckon Lenu), npu 3Tom
BELLECTBO HAXOAUTCH WCKIIOYUTENbHO B  KETO-
dopme. OtcytcTBMe Ha pamaH-cnektpe 1,1,3,3-
TeTpa-[1,2-gurnapo-1,5-gumeTunn-2-peHnn-3-okco-
nupason]npornaHa nonoc He3NacTUYHOrO PacCesHNSA
(POTOHOB, XapakTepHbIX ANA KaTMOHOB UMUHMA() B
obnactu 2700-2330 cM™, a Takke EHOMSTHbIX

rpynn (II) B obnactn 1635-1615 cm™, cBugeTenb-
CTBYET O HaxOXOEHUWN BeLlecTBa UCKITHOYUTENBHO B
keTo-dopme (puc. 4).

Puc. 3. Cxema KeTO-eHOIMbHOWM TayToMepu MMpa3onoHOBOro
umkna

Fig. 3. Keto-enol tautomerism of the Pyrazolone Cycle
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Puc. 4. Paman-cnekTp 1,1,3,3-teTpa-[1,2-gurngpo-1,5-gumetmn-2-gpeHnn-3-okconmpasonnponaHa

Fig. 4. Raman spectrum of 1,1,3,3-tetra-[1,2-dihydro-1,5-dimetil-2-phenyl-3-oxopyrazole]propane

3AKIIOYEHUE

Takum obpasom, B Xxoe MccnenoBaHus ycneLw-
HO NpoBedeHbl CUHTE3 HOBOr0 TeTpageHTaTHOro
npousBogHoro aHtunupuHa —1,1,3,3-teTpa-[1,2-au-
rmapo-1,5-aumeTnn-2-geHnn-3-okconmpason]oyra-
Ha, ero OYucTKa M BbldeNeHne B YCTONYMBOW Kpu-

ctannuyeckon dopme ¢ Bbixogom 17,1%. MeTona-
MW Macc-CMeKTPOMETPUM U CMEKTPOCKOMNUN KOMOU-
HaLMOHHOrO paccesiHna nposegeHa waeHTUdUKa-
UM CTPYKTYpbl M BbiBreHa ¢opmMa HaxoxaeHus
npoaykTa CuHTesa.
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lNMpuknagHble acnekTbl KNUCNOTHO-OCHOBHbIX
B3auMOOEeUCTBUU U MoaerniupoBaHue paBHOBECHbIX
KOHLeHTpauun B ABYXKOMMOHEHTHbIX CMeCSIX KUCIOT
© B.b. TaHraHos

BocTtouHo-Cnbupckuii rocyaapCTBEHHbIN YHUBEPCUTET TEXHOMOMMIA U yrpaBneHns,
r. YnaH-Yns, Poccuiickas Pepepaums

Pesrome: MccnedosaHusi 8 obnacmu meopuu U npakmuku 800HbIX U HEBOOHbIX Pacmeopos CuslbHbIX U
crabbix 371€KMpPOSIUMOo8 Mo-NPEXHeMY O0CmMaromcsl akmyarnbHbIMU. B 3apybexHol u omedecmeeHHOU fiu-
mepamype ecmb Hemarsioe ducnio nybnukayuli no obecyxdaemol meme. [lpu 3mMom fpakmMu4yecku 80 8cex
pabomax KuCIOmMHO-OCHOBHbIE 83aumoldelicmeusi paccMampuearomcs 8 3agucuMocmu Om U3MeHEHUsI
JNUWb KOHUeHmpayuu UoHo8 8000po0da, 8 MO 8pPEMST KaK Ha UOHHYK CUSTy pacmeopa 0Ka3bieatom eusiHue
8ce rpucymcmeyrujue 8 cucmemMe UOHbI, KOHUEeHmpayusi KomopbiX rnepemMeHHa 8 rpouecce g3aumooel-
cmeusi, 8 YacmHocmu, rpu noMmMeHyUoOMempu4eckoM mumpo8aHUU CUMbHbIX U c1abblx 351€KmMpoumos He
mosibKO 8 80OHbIX, HO U 8 boriee CrI0XHbIX HEBOOHbIX pacmeopax, 3Ha4umesilbHO OMIIUYarULUXCS C8OUMU
b6asucHbiMu ceolicmeamu (Ouaniekmpu4deckas MPOHUYUaeMOCmb, UOHHOE rpouseedeHue, OunosbHbIlU MO-
meHm, ssiskocmb U 0p.). Npu uccnedosaHuu pasHoseculi b6ornee npuemnema u donycmuma pa3pabomka
pasnuy4HbIx MoOesbHbIX MpedcmasneHull, 3Ha4umesibHO YpowWaowux U YyCKOPSIIOWUX 8bIHUCIEHUE U OUEH-
Ky mex unu uHbIX ceolicme paccMampusaeMbix cucmem. B Hacmosiuweli pabome rnpoyecch! KUC/I0OMHO-
OCHOBHO20 83aumodelicmeusi npedcmasrieHbl 8 sude 6a3uCHbIX ypasHeHUl, OCHOBaHHbLIX Ha 3aKoHax Oedl-
CmMeyruUX Macc, a makxe ypasHeHul, eblpaxatoWux PasHOBECHbLIE MPOUECCHI, UOHHOE MpoussedeHue
pacmeopumerisi, anekmpoHelmpanbHOCmMb U MamepuasibHbil 6anaHc 6 31ekmponumHbIx cucmemax. lpu-
8e0eHHbIe ypasHeHUs! M0380IOM y4Yecmb 8/IUSHUE KOHUeHmMpayul 8Cex 3apsikeHHbIX Yyacmuy 8 cucmeme
(He mornbKko UoHo8 e00opoda — pH) Ha UOHHYK cury pacmeopa, KO3huUUEHMbI aKmueHOCMU U, Kak
crnedcmeue, Ha MepMOOUHaMUYECKY KOHCmaHmy duccoyuayuu, a makxe 8blpasumb 3as8ucuMocmu pas-
HOBECHbIX KOHUEHMpayul 8CEX 3apsKEeHHbIX Yacmuy, om KUC/IOmHocmu pacmeopa, orpeodesisieMol ro-
meHyuomMempu4yeckuMm mMemodom, 8 yOObHbIX U 0OBEKMUBHbLIX 5I02apuMuYecKUX KoopOuHamax, darujux
B803MOXXHOCMb OUEHUMb KOHUEHmMpayuu 8cex yacmuy 8 1060l MOMEHM mumpoeaHusl.

Knroyeeblie crnoea: KUC/I0MHO-OCHOBHbIE 83aumodelicmeus, KOHUeHmpauus uoHos eodopoda, MOOesibHbIe
npedcmasneHusi, mo2apugmuyeckas duazpamma, HUsenupyowul pacmeopumersib

Uugpopmayuss o cmamee: [Jama nocmynneHusi 24 okmsabps 2019 a.; dama npuHamus k neyamu 31 asay-
cma 2020 a.; 0ama oHnalH-pa3smeuweHus 30 ceHmabps 2020 a.

Ans yumupoeaHusi: TaHraHoB B.6. MNpuknagHble acnekTbl KUCIOTHO-OCHOBHbLIX B3aMMOLENCTBUA N MOAe-
NMPOBaHNE PaABHOBECHbIX KOHLEHTpaUni B ABYXKOMMOHEHTHbIX CMECaX KUCNoT. M3gecmusi 8y308. lNpuknad-
Hasi xumus u buomexHonozaus. 2020. T. 10. N 3. C. 393—400. https://doi.org/10.21285/2227-2925-2020-10-3-
393-400

Applied aspects of acid-base interactions and modelling
equilibrium concentrations in two-component acid mixtures

B.B. Tanganov

East Siberian State University of Technology and Management,
Ulan-Ude, Russian Federation

Abstract: Fundamental and applied research into aqueous and non-agueous solutions of strong and weak
electrolytes remains to be highly relevant, which fact is confirmed by a large number of Russian and foreign
publications. In almost all such publications, acid-base interactions are considered exclusively with regard to
changes in hydrogen ion concentrations. However, the ionic strength of solutions is determined by all ions
present in the system, the concentration of which varies during interactions. This is particularly true for poten-
tiometric titration of strong and weak electrolytes not only in aqueous, but also in more complex non-aqueous
solutions, which differ significantly in their basic properties (dielectric constant, ionic product, dipole moment,
viscosity, etc.). In the study of equilibria, it is more feasible to develop model representations that would
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greatly simplify and facilitate the computation and evaluation of certain properties of the system under con-
sideration. In this work, acid-base interactions are presented in the form of equations based on mass action
laws and those describing equilibrium processes, solvent ionic product, electroneutrality and material ba-
lance in electrolyte systems. The proposed equations consider the effect of the concentrations of all charged
particles in the system (not only of hydrogen ions — pH) on the ionic strength of the solution, activity coeffi-
cients and, as a consequence, the thermodynamic dissociation constant. In addition, these equations allow
the dependence between the equilibrium concentrations of all charged particles and the solution acidity de-
termined by the potentiometric method to be expressed in convenient and objective logarithmic coordinates,
thus facilitating estimation of the concentration of all particles at any moment of titration.

Keywords: acid-base interactions, hydrogen ion concentration, model representations, logarithmic diagram,
levelling solvent

Information about the article: Received October 24, 2019; accepted for publication August 31, 2020; avai-
lable online September 30, 2020.

For citation: Tanganov BB. Applied aspects of acid-base interactions and modelling equilibrium concentra-
tions in two-component acid mixtures. lzvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Proceedings
of Universities. Applied Chemistry and Biotechnology. 2020;10(3):393-400. (In Russian) https://doi.org/10.21
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BBEOEHUE

Bonpocam  KMCMOTHO-OCHOBHbLIX  B3aMMOAewn-
CTBUIA MOCBSLLEHO MHOXECTBO CTaTeM U MOHOrpa-
dun, 3acnywaHo 6onbLIOe KONMYECTBO COOBLLEHNI
Ha ¢popymax pasHoro ypoBHsl. B GonbluvMHCTBE M3
Hux (Hanpumep, [1-4]) obcyxganucb KUCMOTHO-
OCHOBHble paBHOBECUSI HA OCHOBE MOTEHLMOMETPU-
YECKUX M3MEPEHMUI KUCMOTHOCTU WUNN LLENTOYHOCTHU
pacTBOPOB, AalolMX NpeAcTaBreHMe O BennymHax
KOHLUEHTpauuy nvb MOHOB BOZOpOAda C Mocnepy-
IOLLMM pacyeToM KOHCTaHT guccouunaumm [5-9].

Mexgy Tem gnsi onpegeneHns TepMoavHamu-
YECKMX KOHCTaHT guccoumaumm SMneKkTpormMToB Tpe-
OyeTcsl y4eT He TOMbKO KOHLEHTpaLmMM MOHOB BOAO-
poaa, HO 1 BCEX 3apsKEHHbIX YacTuL,, CyLLECTBEHHO
BMMSIIOLLMX HA WMOHHYIO CUMy BCEW CUCTEMBI M, Kak
CNefCcTBUE, Ha KONMYECTBEHHYIO XapaKTEPUCTUKY B
Buge KoadpuumeHTa akTUBHOCTU Kouee: [10-13].
MHorga Habnioganach CyllecTBEHHast pasHuua
Mexay KOHLEeHTpauuoHHOM (kaxyllencsa) n bonee
TOYHOWM TEepMOAMHAMNYECKON KOHCTaHTOW, Gonee
npuemMnemMon [Ons TeopeTUdeckux wuccnenoBaHumn
KMCNOTHO-OCHOBHOWM CUIbl PacTBOPOB 3MEKTPONn-
TOB.

B pmaHHOM paboTe u3yyanocb NoOBeAEHWE KOM-
MOHEHTOB B HMBENUPYHOLLEM pacTBopuTene, npea-
TNOXEHO MPUMEHEHME NorapuPMUYECcKNX amarpamm
«pH pacTtBopa — BenMYUHbI PaBHOBECHLIX KOHLIEH-
Tpauui KOMMOHEHTOB CMECW», MO3BOMSAIOLWMX OCY-
LLLECTBUTb 3KCMPECC-OLEHKY KOHLIEHTpauui Bcex
YacTul, B KMCNOTHO-OCHOBHOM cucteme. Llenbto uc-
cnefoBaHus Takke SIBMSANOCh onpeaernieHne TepMo-
ONHAMUYECKMX KOHCTaHT AMCcouMauumn XmnopoBoao-
pPOAHOM (He CONSIHOW) M XJTOPYKCYCHOW KWCAOT C
YY4ETOM BIUSAHMS KOHLIEHTpauunM BCEX YacTul,
YYacCTBYHOLIUX B TUTPYEMOWN CUCTEME.

SKCMNEPUMEHTAJIIbHAA YACTb
Memoob! uccnedosaHusi. Metogom noOTeEHLMO-

METPMYECKOrO TUTPOBAHUSA MOCTPOEHa MHTerpanb-
Hasi KpMBasi CMecu XropoBOAOPOAHON U XIOPYKCYC-
HOW  KMCMOT, COOTBETCTBYyKOLAA COBMECTHON
HenTpanusaumm obenx KNCNOT C KOHCTaHTaMu AUC-
coumauum, OTNMYaLLNMNCA HeOOMNbLUOW pasHULEen
B Mokasatensix TepMoANHaMMUYECKUX KOHCTaHT AWC-
coumaumm pK (ApK < 3). MNocTtpoeHa norapudmunye-
ckag guarpaMmma [Onisl OLUEHKW paBHOBECHBLIX KOH-
LeHTpauui YyacTuL, B noboK TOYKE TUTPOBAHUS.

NamepeHuns anekTpoaBuXKyLLlen cunel uenu 6e3
nepeHoca (B0C) n noTeHunomeTpuyeckoe TUTPO-
BaHve ocyuwectenanu npu 25,0+0,2 °C Ha pH-
mMeTpe-munnusonsTMeTpe Metrohm-632 (LUsenua-
pusi). [poBepka BOAOPOAHOW OLLIMOKM CTEKMSAHHOrO
anekTpoAa B pa3baBneHHbIX U KOHLEHTPUPOBaHHbIX
pacTBopax CUfbHbIX U cnabbiX KUCNOT U OCHOBaHUN
6bina nposegeHa paHee.

pagpudeckoe u MamemMamu4ecKoe 8blpakKeHUusl
nozapugmuyeckux Ouazpamm. PaccmoTpym npu-
Mep peakuun B3aMMOLEeNCTBMSA cnabon 0gHOOCHOB-
Howm kucnoTbl HA ¢ Bogown:

HA + HOH & H;0" + A (1)
HOH+ HOH < H;O" + OH~ 2)
HA+ 3HOH <> 2H;0" + A + OH" (3)

B panbHenwem Ans NpocTOTbl pacCyXAeHun u
nocneaylowmx pacyeToB MOH rmapokcoHus HiO*
0603HaunM npocTo kak H'.

[na pacdeTta paBHOBECHbLIX KOHLEHTpaLui
Heobxo4MMO COCTaBUTb CUCTEMY M3 YETbIPEX YpaB-
HEHWN C YEeTbIPbMsI HEU3BECTHBLIMM:

1. YpaBHeHue, oCHOBaHHOE Ha NpUMEeHeHun 3a-
KOHa OEeNCTBYKLWMX Macc K auccounauumn criabon
kucnotbl (peakuus (1)):

(Ch")(Ca )/Chia = Ka, (4)

roe K, — KOHCTaHTa KMCMOTHOCTM crnabon KMCNoThl
HA;

'Albert A., Sergeant E.P. The determination of lonization constants: a laboratory manual. 3rd Ed. London-

New York: Chapman and Hall, 1984. 101 p.
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2. BblpaxeHue Ansi MIOHHOTO NPOU3BEAEHUS BO-
Obl B COOTBETCTBMM C peakunen (2):

(Cu")(Con) = Kw, )

roe Kw — KOHCTaHTa aBTonpoTonus3a (MoHu3auum),
U MOHHOE NPOoM3BeaEHNe Boabl;

3. YpaBHeHue, Nony4eHHOe UCXOAs U3 TOro, YTo
B BOAHbLIX pacTBoOpax MPOTOHbl HE MOrYT HaxO4UTb-
ca B CBODOAHOM COCTOSIHUM W YMCNO rMApaTUpo-
BaHHbIX MPOTOHOB, OTAAHHOE OAHOOCHOBHBLIMWU KUC-
noTamu, paBHO KOMMYECTBY MMapaTUpPOBaHHbLIX NPO-
TOHOB, NMPUHATBIX OAHOKUCIOTHLIMW OCHOBaHUSIMU.
OpyrMMu cnoBamu, CyMMapHble KOHLEHTpaLumn BCex
006pa3oBaBLUMXCA OOHOOCHOBHbIX KUCIIOT M OAHO-
KMCMOTHBIX OCHOBAaHMUIM 3TOW CUCTEMbI PaBHbI MEXAy
coboin. OTo OTpakeHo B NpaBon YacTu peakumm (3),
OTKyada cnegyet

CH+ = COH7 + CAi; (6)
4, ypaBHEHMe, OCHOBaAHHO€E Ha NpUMeHeHun 3a-

KOHa coxpaHeHus Macc (MaTepuanbHoro banaHca) K
KncnoTte ninm oCHOBaHMKO COOTBETCTBEHHO:

Co = CHA + CA71 (7)

roe Co — obwas KoHUEeHTpaunst KUCNOThbl (MM OCHO-
BaHus1). Obwas KOHUEHTpauus nocTosiHHa npu no-
CTOSIHHOM 0OBbeme pacTBopa, 3TO YCrnosue 0ObIYHO
XOpOLLO COOTBETCTBYET MpakTuke (Hanpumep, npuv
TUTPOBaHMUMN).

OOblYHbIE MHTErparnbHble KpYBbIE TUTPOBaHUS,
KOTopble MOryT ObITb MOCTPOEHLI Npu pacyeTax pH
B KaXblA MOMEHT TUTPOBAHWSA, NN apyrme mMeToabl
He JalT NpeAcTaBfieHMs O PaBHOBECHbLIX KOHLIEH-
Tpaumsax BCEX YaCTUL, HaAXOOALIMXCA B TUTPYEMOM
pactBope [14-20]. Ho pAna OUEHKM KUCMOTHO-
OCHOBHOIO paBHOBECUS (B CMECSX 3reKTPONUTOB)
HeobXxoOMMO 3HaTb MMEHHO 3TW BENUYMHbLI. Takyro
BO3MOXHOCTb AT norapnmMmyeckne guarpammbi
[21, 22]. Ona nx nocTpoeHus Ha ocu abcuucc oT-
KnagblBaloT 3Ha4YeHus pH, a Ha ocu opguHaT — 3Ha-
YEeHUs [OECATUYHBIX JorapMdMOB KOHLEHTpauui
Bcex Yactuy, [23].

Ha puc. 1 B kayecTBe npumepa nsobpaxeHa no-
rapugmmyeckas guarpamma, noctpoeHHas ans oa-
HOOCHOBHOI ©OeH3omHon kucnotel CgHsCOOH ¢
KOHCTaHTOI Anccoumaumn K, = 6,46-10° (pK = 4,19)
n oblien koHueHTpaumen C = 107 Monb/p,M3 (8 no-
cnegywouwem ans ygobctBa koHueHTpauuio Gygem
BblpaxaTb B 60nee npmBbIYHbIX 1 YOOOHbLIX €OUHK-
uax — mMornb/n).

Ha npumepe pguarpammbl, M306pakeHHON Ha
puc. 1, MOXHO OLEeHUTb 0bLLY0 KoHUeHTpauno Cy B
TO4YKe, B KOTOpOW BeTBb kpuBon HA (Hauano psiga
2), napannensHas ocu pH, nepecekaet ocb opau-
HaT Tak, 4To B 31O Touke IgC = IgC,.

Cvny KucnoTbl, XapaKTepuayoLLycs KOHCTaH-
Ton guccoumaummn K,, onpenensitot no ypaBHEHWUIO
pH = pK,, G6epsi 3HayeHMe pH no napannenbHom
BeTBM HA, HaumHasi ¢ kOToporo (MpyM OOHOM M TOM
e macwTtabe no ocsim abcumcc u opauHaT) nMHUSA

KMCMNOTbI OTKMOHSeTCs nof yrnom 45° BHWM3 Hanpa-
BO, @ JIMHNSI OCHOBaHUS Mo TakUM e YrfioM — BHU3
Haneeo (Toyka nepecedeHust pssgoB 2 n 3). B aton
TO4YKe CHA: CA_; IgCHA: |gCA_ = |gC0— 0,301 =
= -2,301. MNony4yaemble Npyn 3TOM KpuBbLIE aCUMMTO-
Tndeckn npubnmkatroTcs k runepbonam. B obnacrtsx
pH < pK, n pH > pK, KpuBble NpakTnyecku coBna-
JalT ¢ rmnepbonamn, ecnv OHW nepecekalTcs B
TOYKe c abcumccon  pK, " opAnHaTon
IgCo— 0,301.Mpwn aTtom pH ~ pK,.

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

I I Papl

s PAD2

Pap3

Papd

Puc 1. lorapndpmuyeckas pH-gnarpamma 6eH3olHom
kucnotbl: K = 6,46-10° monb/n; pK=4,19; C=0,01 monb/n;
pH oTHocKTCA K pacTBOpPY 3KBMMOSSIPHOW CMecu BGEeH30MHOW
KMCNoThbl ¢ 6eH30aToM HaTpusa (ocb abecumce — BenuymHbl pH;
OCb OpAMHAaT — norapudMbl KOHLLEHTPaLWI Bcex
pPaBHOBECHbIX YacTuL).

Pan 1 -1g[H'];

psig 2 — koHueHTpauum IgChua;

psa 3 — koHueHTpauum IgCa’;

psa 4 — koHueHTpaumm IgCon

Fig. 1. Logarithmic pH diagram of benzoic

acid: K = 6,46-10"° mol/l; pK =4.19; C = 0.01 mol/l;

pH refers to the solution of equimolar mixture of benzoic acid
and sodium benzoate (the abscissa axis is the pH value;

the ordinate axis is the logarithms of the concentrations

of all equilibrium particles).

Row 1 — Ig[H+];

row 2 — IgCHA concentrations;

row 3 — IgCA- concentrations;

row 4 — IgCOH- concentrations

PaBeHcTBO pH = pK,; MOXHO nokasaTb Takke u3
ypaBHEHUS 07151 KOHCTaHTbl paBHOBECMS npouecca
anccoumanmm CUnNbHOM 1 criabor KUCNoTbl C y4eTOM
KO3(hPMLUMEHTOB aKTMBHOCTM Mo [3aBucy:

HA & H™ + A
Ka = [Chs F1] [Ca™ F2 J/[Chal- (7a)

Korga [Cpa] = [Ca ], T-€. OTTUTPOBaHa NOMOBMHA
KMCMOTbI, pacyeTbl Mo [3BUCY MPUBOAAT K paBeH-
CTBY KO3(OPULNMEHTOB aKTUBHOCTH.

BepwwuHbl yrnos Auarpammbl CBA3aHbl OBYMS
avaroHanamu (MuHuamyn 1 un 4), onucbiBaembIMU

+ _
ypaBHeHuamun 1IgCy" =-pH unu IgCoy = pH — pK,.
OHu Bcerga nepecekarTcsl B TOYKE HENTParbHOCTH
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pH =7 (He3aBucumo ot BenuunHbl Cy n K, ons knc-
not nnn Cy 1 K, 4Nst OCHOBaHWI).

JNlorapudmuyeckas gnarpamma gaet 3HayeHus
PaBHOBECHbBIX KOHLIEHTPAaUMN BCEX KOMMOHEHTOB
KMCMNOTHO-OCHOBHOW CUCTEMBI B 3aBUCUMOCTMK OT pH
M 3TUM BbIFOAHO OTNMYAETCs OT MNpPeACTaBeHus
WHTEerpanbHOW KPWBOW MpU  KUCIOTHO-OCHOBHOM
TUTPOBaHMUM.

KpuBbie (psiabl), NpuBeAeHHble Ha AnarpaMmme
IgC —pH (cm. puc. 1), NOCTpOEHbl Ha OCHOBaHUU
ypaBHEHUN, B KOTOPbIX KOHUeHTpaumm Cuys n Ca-
aBnsTca yHkumen pH. 3T 3aBUCUMOCTM BbIBE-
OeHbl KOMOVHMpoBaHMeM ypaBHeHun (4)—(7). MNpwu
peleHnn ux oTHocuTenbHo Cpya M 3aTeM OTHOCU-
TenbHo Ca- Nnonyvyaem criefyolne ypaBHEHNS:

Cha= CoCh'/(C"+K,) = Col(1+K4/Cy') =

= Co/[1+10P"P"Y); (8)
Ca- = CoKo/(Cl™+Ky) = Col(1+Cy'IKy) =
= Co/[1+10PK@PH]. (9)

NorapudmunpoBaHve ypaBHeHus (8) npuBoanT K
paBeHCTBY:

IgCua = 1gCy - Ig[1+10P" PKa, (10)
a ypaBHeHMS (9) — K BbIP@XEHWIO:
IgCa- = IgCy - Ig[1+10P P, (11)

Mpn rpadmyeckom mnsobpaxkeHun 3TUX 3aBUCHK-
Mocten Ha Aaumarpamme IgCo—pH nonyvatoTcs
CUIMbHO PacTAHYTble W3OTHYTble NMHUW, NpeacTaB-
neHHble Ha puc. 1. VIX MOXHO HaWTu annpokcuma-
umen OByx obnacten kaxgow kpusoW. Ons KpuBon
HA (nYHMKN KMCNOTbI) UCNOMB3YIOT:

a) obnactb pH < pK.. I'Igm 3TOM YyCroBUM B
ypaBHeHuUn (10) BennumnHa 10¥7"P* Gynet namHoro
MeHbLUe 1, OTKyAa AN Nesov BeTBU KPUBOK

IgCHA = |gC0 (12)

OTO 03HauvaeT, YTO NUHUA KUCMOTbl B obnactu
pH < pK, napannensHa ocn pH 1 OTCTOMT OT Hee Ha
pacctosiHum IgC, (neBas yacTb psiga 2);

6) obnacte pH>pK. B 3tom cnyyae
10P""*0 5> 1. u noaTomy U3 ypaBHeHus (10) cne-
Ayet

19Cha = pKa - pH + IgCo. (13)

OTa dyHKUMS NpeAcTaBneHa Ha guarpamme B
BUAe HUCxoasLen nof yrinom 45° kpusow (npu oaum-
HakoBOoM MacwTabe Mo ocam opauHaTt 1 abcuucc)
(NnpaBas 4acTb psifa 2), nepecekatollert BEPXHIO
kpuByto (ypaBHeHue (10)) npu pH = pK;

B) Touky pH = pK,. U3 ypaBHeHun (8) n (9) no-
ny4yarTcsa 3Havalwme opguHatbl (To4Yka nepecede-
HWs psgoB 2 u 3):

IgCHA = IgCA— = IgCO — |g2 = |9C0 - 0,301 (14)

AHanNoOrMYHoO Anst NMMHWM OCHOBAHUS WUCMONb3Y-
toT:

a) npu pH < pK,
COOTBETCTBYET

n3 ypasHeHusa (11) IgCx
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IgCa = pH - pK, +1gCo (15)

YpaBHeHne (15) onucbiBaeT NneBy NPSAMONM-
HEVHY0 BETBb JIMHUM OCHOBaHMWS, BOCXOASLLYIO Nog
yrnom 45°;

6) obnactb pH > pK,. MNMpu aTom n3 ypasHeHunsa (11)
nony4aoT

|gCA— = |gCo (16)

YpaBHeHue (16) onucbiBaeT BETBb NMNHUMN OCHO-
BaHuWs, napannensHon ocu pH (neesas 4actb psaga
3);

B) Touky pH = pK,. INpwn 3TOM, Kak BbINI0 Nokasa-
HO BblLLE,

|gCA— = |gC0 - 0,301. (17)

Cesasb mexay guarpammamu IgC-pH u kpusbiMun
TUTPOBAHWSA 3HAYUTENBHO YNPOLLAET MOCTPOEHUE U
aHanua KpMBOW TUTPOBaHMS.

Ha puc. 2 nokasaHa uHTerpanbHas KpuBasi TUT-
poBaHusa BogHoro pactBopa cmecn 0,05 M xnopo-
BogopoaHon (HA;) n xnopykcycHon (HA,) kucnot
BoaHbIM pactBopom KOH. Kak BugHo, cmecb TUTpy-
€TCs1 C OOHMM CKayKOM, COOTBETCTBYHOLLUUM OLHO-
BPEMEHHOW HenTpanusaumm obeux kucroT. B gax-
HOM MnpuMepe BoAa — HUBENUPYIOLLMIA pacTBOpU-
Tenb NO OTHOLLUEHUIO K paccMaTpMBaemMon cMecu.

Puc. 2. IHTerpanbHasi kpuBasi TUTPOBaHWA B BOAE CMecu
HA;1 n HA; kucnot BogHbIM pacTBOpOM rmapokcuaa kanusi
(ock abeumce — V mn KOH; ock opauHat — pH pacteopa)

Fig. 2. Integral curve of titration in water of a mixture

of HA; and HA; acids with an aqueous solution of potassium
hydroxide (abscissa axis — KOH volume, ml; ordinate axis —
pH of the solution)

Ha pwuc.3 npeacraBneHa norapudpmuyeckas
anarpaMM Ha OCHOBaHMM pacyHeTHbIX YpaBHEHWUN
(10)—(17) pna pasHbIX Y4YacTKOB HeWTpanusauumu
HA; u HA,. Tak, psg 1 xapakrtepusyeT xof U3aMeHe-
HWS PaBHOBECHOW KOHLUEHTpauuyu NepBoro KOMMo-
HeHTa HA; no ypaBHeHusam (12)-(14), psg 2 cooT-
BETCTBYET U3MEHEHUI0 PaBHOBECHOW KOHLIEHTpaLmm
COMPSKEHHOrO KUCNoTe OCHOBaHWA A; cormnacHo
paBeHcTBaM (15)—(17). AHanornyHo, psgy 3 cooT-
BETCTBYET U3MEHEHWEe paBHOBECHOW KOHLeHTpaLuum
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Puc. 3. llorapudmmnyeckasn pH-gnarpamma cmecu

0,05 M HA; 11 0,05 M HA,. K(HA;) = 10 mons/n;
K(HA,) = 10° Monb/n (ocb abeumce — BenuunHbI pH;
OCb OpAMHAT — rnorapudMmbl KOHLEEHTPaLUWIA BCeX

paBHOBECHbIX YacTuL).

Pap 1 - Ig[HA]; psa 2 — 1gC(AL);
psa 3 — g C(HA,); pag 4 —1gC(A2)

Fig. 3. Logarithmic pH diagram of a mixture
of 0,05 M HA; and 0,05 M HA,. K(HA;) = 107" moll;
K(HA2) = 1072 mol/l (the abscissa axis is the pH value;
the ordinate axis is the logarithms of the concentrations
of all equilibrium particles).

Row 1 — Ig[HA]; row 2 — IgC(As1-);
row 3 —Ig C(HA2); row 4 — Ig C( Az-)

BTOPOro KOMMoHeHTa HA,, a pag 4 — U3MeHeHuIo
PaBHOBECHOW KOHLUEHTpaumm A, (COMpsiKeHHOro
XJTOPYKCYCHOWM KucnoTte ocHoBaHusa CICH,COO).

Mpn cpaBHEHMU pUC. 2 U 3 MOXHO KOHCTaTMpO-
BaTb, YTO B OTNMYME OT MHTErpanbHOM KpMBOW nora-
pucdmMmuyeckas gunarpaMmma HaMmHoOro nHgopmaTtmeHee,
TakK Kak MMeeTcsi BO3MOXXHOCTb OLEHUTb PaBHOBECHbIE
KOHLIEHTpaLUMM BCEX 4YacTuul, HaxoOsLlMxcs B pac-
cmatpuBaemon cucteme. [uaroHanum gns pacdeta
PaBHOBECHBIX KOHLIEHTpaLmin noHos H* n OH™ Ha rpa-
duke OTCYTCTBYHOT (OHN MMeEOTCS Ha puc. 1).

B tabnuvue npuBegeHbl AaHHbIE NMOTEHLMOMETPU-
yeckoro TutpoaHusa cmecu HCl n CICH,COOH c¢ koH-
ueHTpaumsamm no 0,05 M BogHeim pactBopom KOH (B
obnacTtn HenTpanusaummn kucnot ot 25 go 75%), pas-
HOBECHbIE KOHLEHTPpaLUUM BCEX YaCcTuL, CUCTEMBbI, NOH-
Hasi cuna 1 Ko3PMUMEHTBI aKTUBHOCTU KUCNOT ANis
OLEHOK TEPMOOUHAMMYECKMX KOHCTaHT Auccoumanmm
KOMMOHEHTOB CMECU C MPUMEHEHMEM PaCYETHbIX
ypaBHeHun (10)—(17) ana pasHbiX y4acTKOB HenTpa-
rmsaumm HA; n HA,.

Cratnctuyeckas obpaboTka BenuUuH nokasarte-
nen TEPMOLMHAMMYECKMX KOHCTaHT Amccoumnaumm
(cton6upl 10 1 11) gna 28 Toyek NPUBOAUT K creny-
towmm pesynbtatam: pKyar = 1,443 n pKyao = 3,344.

HekoTopble AaHHblE MOTEHUMOMETPUYECKOro TuTpoBaHns cMmecu HA; n HA; BogHbIM pacTBOpOM rmapokcuaa Kanus
(cton6upl 1, 2), napameTpbl 4N8 NOCTPOEHUsI NorapndmMudeckon anarpaMmbl U pacyHeToB pKi, pK> (ctonbubl 3—11)

Data of potentiometric titration of HA; n HA; mixture with an aqueous solution of potassium hydroxide (columns 1 and 2),
parameters for logarithmic chart and calculations of pKi, pK> (columns 3-11)

Rl/égﬂ pH [H'] Ig[HA] I9[A1] Ig[HAz] Ig[A2] I Ig f PKuar | PKua2
1 2 3 4 5 6 7 8 9 10 11
0,01 0,55 0,2818 -1,301 -1,871 -1,301 -3,771 0,08254 | -0,1198 1,377 3,276
0,02 0,61 0,2454 -1,301 -1,811 -1,301 -3,711 0,08845 | -0,1234 1,377 3,276
0,03 0,67 0,2137 -1,301 -1,751 -1,301 -3,651 0,09477 | -0,1271 1,377 3,276
0,05 0,69 0,2041 -1,301 -1,731 -1,301 -3,631 0,09698 | -0,1284 1,377 3,276
0,1 0,71 0,1949 -1,301 -1,711 -1,301 -3,611 0,09924 | -0,1297 1,379 3,279
0,2 0,74 0,1819 -1,301 -1,681 -1,301 -3,581 0,10273 | -0,1316 | 1,383 | 3,283
0,4 0,79 0,1621 -1,301 -1,631 -1,301 -3,531 0,10881 | -0,1349 1,389 3,289
0,6 0,81 0,1548 -1,301 -1,611 -1,301 -3,511 0,11135 | -0,1362 1,392 3,292
0,8 0,92 0,1202 -1,301 -1,501 -1,301 -3,401 0,12638 | -0,1437 1,406 3,307
1 1,05 0,08912 -1,301 -1,371 -1,301 -3,271 0,14679 | -0,1531 1,426 3,326
1,2 1,18 0,06606 -1,361 -1,301 -1,301 -3,141 0,15925 | -0,1585 1,437 3,337
1,4 1,32 0,04786 -1,501 -1,301 -1,301 -3,001 0,15968 | -0,1587 1,441 3,337
1,6 1,51 0,03090 -1,691 -1,301 -1,301 -2,811 0,16054 | -0,1590 1,438 3,338
1,8 1,74 0,01819 -1,921 -1,301 -1,301 -2,581 0,16221 | -0,1597 1,439 3,339
2 1,95 0,01122 -2,131 -1,301 -1,301 -2,371 0,16471 | -0,1608 1,441 3,342
2,2 2,14 0,00724 -2,321 -1,301 -1,301 -2,181 0,16821 | -0,1622 1,444 3,344
2,4 2,35 0,00446 -2,531 -1,301 -1,301 -1,971 0,17420 | -0,1646 1,449 3,349
2,6 2,45 0,00354 -2,631 -1,301 -1,301 -1,871 0,17813 | -0,1662 1,452 3,352
2,8 2,69 0,00204 -2,871 -1,301 -1,301 -1,631 0,19156 | -0,1713 1,462 3,362
3 2,79 0,00162 -2,971 -1,301 -1,301 -1,531 0,19930 | -0,1742 1,468 3,368
3,2 2,95 0,00110 -3,131 -1,301 -1,301 -1,371 0,21513 | -0,1799 1,479 3,379
3,4 3,09 0,00081 -3,271 -1,301 -1,371 -1,301 0,22361 | -0,1828 1,485 3,386
3,6 3,24 0,00057 -3,421 -1,301 -1,521 -1,301 0,22361 | -0,1828 1,485 3,386
3,8 3,36 0,00043 -3,541 -1,301 -1,641 -1,301 0,22361 | -0,1828 1,485 3,386
4 3,78 0,00016 -3,961 -1,301 -2,061 -1,301 0,22361 | -0,1828 1,485 3,386
4,2 4,52 3,02E-05 -4,701 -1,301 -2,801 -1,301 0,22361 | -0,1828 1,485 3,386
4,4 7,1 7,943E-08 -7,281 -1,301 -5,381 -1,301 0,22361 | -0,1828 1,485 3,386
4,6 9,5 3,162E-10 -9,681 -1,301 -7,781 -1,301 0,22361 | -0,1828 1,485 3,386
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Kak BMgHO M3 Tabnuubl, paBHOBECHbLIE KOHLEH-
Tpaummn (cTonbupl 4—7) 3HAYNMbI 1 MOSTOMY BIUSIOT
Ha BeNUYUHbLI MOHHOWM cunbl | (cTtonbGey 8), koadhdu-
UMeHTbl akTuBHOCTH f MoHOB (cTonBel 9) u, kak cnea-
CTBME, Ha NokasaTenv TEPMOANHAMUYECKMX KOHCTaHT
anccoumnaumm kmuernot HA; nHA, (ctonbusl 10 n 11).

OBCYXOEHUE PE3YIIbTATOB

Kak BugHO 13 puc. 2, kpuBasi noTeHUMoOMeTpuYe-
CKOrO TUTPOBAHWSI CMECU KUCMNOT pa3HOW Cunbl Xa-
pakTepusyeTca HanuuMem ogHoro ckadka pH. Bto-
PO CKa4OK OTCYTCTBYET, TaK KaK KUCMOTbl Xapakre-
pY3ylOTCS OOBOSIbBHO ONM3KMMKM KOHCTaHTaMu Kuc-
notHoctu (pKuat=1,00 n pKyao = 3,00 [13]). U3BecT-
HO [5,10], 4yTOo AudpepeHLMaLa SNEKTPONUTOB
BO3MOXHaA MpU OTHOLUEHUWU MoKa3aTeniel KOHCTaHT
pvccoumaumn Kuas / Kiaz = 10°. MoaTomy Boaa B AaH-
HOM criyyae sIBNAETCA HUBENMMUPYIOLLMM pacTBOpuUTE-
nem. bonee obbekTMBHbIE pacyeTbl C Yy4ETOM BCEX
PaBHOBECHbIX 4acCTuL, B aHanusMpyemon cucreme
HECKOIbKO OTNMYAOTCA OT U3BECTHbIX B nuTeparype
(Cp. pKHCI =1,00 n 1,443; pKCICHZCOOH =3,00m 3,344)
BoT nouemy npegnoyTUTENBHO YYUTbLIBATb PaBHO-
BECHblE€ KOHLEHTPaLMN BCEX YacTul B aHanuaupye-
MbIX pacTBopax ANns MnonydeHust TepMogvHamuye-
CKMX KOHCTaHT Auccoumanmn KOMMNOHEHTOB aHanuau-
pPyeEMOW CUCTEMBI.

BbIBOAbI

1. PaccmoTpeHbl B3anMoaencTeBnst CMecu arek-
TPONUTOB B HUBENMpYyoLeM pacTsoputene (Boaa)
Ha OCHOBE 3aKOHOB: [AEUCTBYIOLIUX MaccC, MOHHOro
npoussegeHnss pacTBOpUTENS, ONeKTPOHeWTpanb-
HOCTW, COXpaHeHuss macc (MaTepuanbHoro Gana-
ca). BoiBegeHbl mogenbHble ypaBHEHNS ANt OLEHKM
BCEX PaBHOBECHbLIX YacTul, B paccmaTpuBaeMoWn

cucteme.

2. NpumeHeHne BbIBEAEHHBIX MOAESNbHbLIX YpaB-
HEHWI COCTOSIHUS MOHOB M MOJIEKYN B pacTBopax
9MNEeKTPONMTOB MPUBOAMT K MNpPeACTaBneHuIio auva-
rPaMMHOM 3aBUCUMOCTU KOHLIEHTpauui BCEX paB-
HOBECHbIX 4YacTuy oT pH TuTpyemoro pacTteopa B
obnactn ot 25 po 75% HenTpanusaumm cmecu Kuc-
NOT CUIbHbLIM OCHOBaHWeM (B BydepHbIx obnacTtax).

3. B oTnuume oT umHTEerpanbHOW KpWMBOM, COOT-
BETCTBYIOLLIE COBMECTHOW HeuTpanusauum obeux
KUCMOT, NpeacTaBneHve npouecca B norapugpmm-
YeCcKMX KoopAauHaTax MpMBOAWT K oOueHke Oonee
npuemMrnemMbix 1 OBbEeKTMBHBIX BENUYMH pPaBHOBEC-
HbIX KOHLEHTpauui BCexX 4acTuy B TUTPYEMOW Cu-
cTemMe, 3HauuTenbHO obneryawLwmux pacyeTbl WMOH-
HbIX cun, KO3UUNEHTOB aKTUBHOCTU, U, KakK pe-
3ynbTaT, K nony4yeHuto 6onee To4HbIX, 6onee oboc-
HOBaHHbLIX TEPMOANHAMUYECKNX KOHCTaHT ANCCOLN-
auum XropoBOOOPOAHON (HE COMSHOW) U XMOPYK-
CYCHOW KMCMOT B HMBENUPYIOLLEM pacTBopuTene —
BOAa.

4. Hentpanusaunsi CMecu KOMMOHEHTOB, COMpo-
BOXOAMOLWAACA HanuyMem OAHOr0 COBMECTHOrO
ckayka Ha WHTerpanbHOW KpuBOW (CM. puc. 2), a
Takke auarpaMma «OoTpuuaTtenbHble norapudmbl
KOHLeHTpauun Bcex yactuy, — pH nsydyaemoro pac-
TBOpa» (CM. puc. 3) CBUAETENbCTBYIOT, YTO pasHMLa
B MoKasatensix TepMoANHAMMUYECKUX KOHCTAHT AWC-
coumaumm 0b6oux KOMMOHEHTOB XIIOPOBOAOPOAHOM
(Ha nepeceveHun psgoB 1 u 2) U XNOPYKCYCHON
(nepeceyeHne pago 3 u 4) kKUCNOT He gocTuraeT 3
(npumep: ApK = pKcichzcoon — PKucr = 3,344 —
— 1,443 =2,901). BT0 eCcTb MpPU3HaKM HUBENWPYIO-
Lero OencTBmsa pacTBopuUTEns B OTHOLUEHUWU XMO-
POBOAOPOAHOM U XINOPYKCYCHOW KUCIOT.
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UcnbiTaHMe BNUAHNUA HOBbIX SuonecTuunaoB
Ha BO30yauTeneun 6onesHeun oBoLuen
¢ npumeHeHnem [JHK-mapkepoB

© H.E. NaBnoBckas, U.H. NarapuHa, A.lO. NaBpunosa, [1.6. bopoauH

OpnoBckui rocyqapcTBeHHbIV arpapHbii yHuBepcuteT nMm. H.B. MNapaxuHa,
r. Open, Poccuiickas ®egepauus

Pe3rome: B ycriosusix 3aujuuieHHO20 epyHma osowiu nodeepzaaromcsi 8o3delicmauro pasiudHbix epedume-
nel u 803bydumernel supycHbIX, bakmepuarnbHbiX unu 2pubkosbix bonesHel. BoipawusaHue osouwel 8 3a-
Kpbimom 2pyHme mpebyem UCKITIOYEHUST 8CeX XUMUYecKux cpedcme obpabomku u KOHmMposs Had eo3by-
Oumensamu bonesHel u epedumensamu. B cesasu ¢ amum ripumeHeHue 6ornee yyecmeumersbHbiX Memodos 8
OuasHOCMuKe NamozeHo8 518/1Iemcs akmyarnbHbIM U eocmpebosaHHbIM. HeoueHuMyro pornb npu amom ue-
parom MorneKysipHble Mapkepbl. B Hacmoswel pabome 0na udeHmucbukayuu Haubosee pacrnpocmpaHeH-
HbIXx 3abonesaHull momama (Xanthomonas euvesicatoria), ozypuya (Ascochyta cucumis) u kapmodgberns
(Clavibacter michiganensis subsp. sepedonicus) ucronb3o8aHa rnonumMepasHas yernHasa peakyus. YcmaHos-
JIeHO, YmMo paHHssA OuasHocmuka 3abosiegaHull 08OWHbIX Kybmyp MemodaMu, OCHOBaHHbIMU Ha rosiuMe-
pasHol yernHou peakyuu, ro3gosnsem obHapyxueampb C/1e008ble KOou4Yecmea namo2eHHbIX MUKpoopza-
HU3MO8 8 MakCUMallbHO CxXamble CpoKu u ombupams Ons 60pbbbi ¢ HUMU 3¢hcheKkmueHble rpernapamel,
obnadaruwue pyHauyudHbIM deticmauem. Cos3daHue buonoaudecKkux cpedcme 3auumbsl 080WHBIX Kyibmyp
0COBEHHO akmyarsibHO 8 C853U C UX 3Ha4YUMOCMbIO 8 NUMAaHUU KakK UCMOYHUKO8 8UumamMuHO8 U MUHeparsib-
HbIX geuwjecms. Hamu 6binu ucrbimaHbl HO8ble buosioaudeckue cpedcmea 3awjumbl 080WHbIX Ky/ibmyp 8
yCr108UsIX 3aKpbimoeao epyHma. B xode uccnedosaHuli ¢hyHauyudHoe Oelicmeue Ha 803byoumenss bonesHel
momamos — JyepHyro bakmepuanbHyro namHucmocms (Xanthomonas euvesicatoria), u 6036ydumernsi acko-
Xxumo3sa oaypua (Ascochyta cucumis) nposieun 3anameHmMoeaHHbIl Hamu npenapam Ons npedrnocesHoul
0bpabomku ceMsiH 080WHbIX Kyribmyp 8 yCrosusix 3aWjueHHo20 epyHma. Takxe ¢hyHauyudHoe delicmeue
Ha passumue Phytophthor Ha kapmodberie riposisurn rpenapam, 3arnameHmogaHHbIl Kak cpedcmeo rpedro-
cesHoli obpabomku cemsiH eopoxa. OmmedeHo, Ymo delicmeue amux npenapamos 3¢hghekKmugHo npu 3a-
Ma;/ueaHuu ceMsiH U 0soliHol obpabomke pacmeHul 8 nepuod ysemeHusi pacmeopamu ¢ KOHUeHmpauueu
107%.

Knro4deenie cnioea: buonecmuyudsi, kKapmoghesb, momam, o2ypeu, bakmepuasnbHbie 601e3HU

UHpopmayusi o cmamee: [Jama nocmynneHusi 29 sHeaps 2019 e.; dama npuHamus Kk neyamu 31 asay-
cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps1 2020 e.

Ans yumupoeaHus: MNMaesnosckada H.E., Marapuna W.H., MNaspunosa A.lO., Bopoaun O.6. AcnbiTaHne Bnus-
HMs1 HOBbIX BMoNecTMUMOOB Ha Bo30yanTenen 6onesHen oeollern ¢ npumeHeHe OHK-mapkepoB. M3secmus
8y308. lNpuknadHas xumus u buomexHornoeus. 2020. T. 10. N 3. C. 401-411. https://doi.org/10.21285/2227-
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Testing the effect of new biopesticides
on soilborne pathogens of vegetable diseases
using DNA markers
Ninel E. Pavlovskaya, Irina N. Gagarina,
Anna Yu. Gavrilova, Dmitry B. Borodin

Orel State Agrarian University named after N.V. Parakhin, Orel, Russian Federation

Abstract: In protected ground, vegetables are exposed to various pests and pathogens of viral, bacterial or
fungal diseases. Growing vegetables indoors requires the elimination of all chemical treatments and control
over pathogens and pests. In this regard, the application of sensitive methods based on molecular markers
in the diagnostics of pathogens is highly relevant. In this work, polymerase chain reaction was used to identi-
fy the most common diseases of tomato (Xanthomonas euvesicatoria), cucumber (Ascochyta cucumis) and
potato (Clavibacter michiganensis subsp. Sepedonicus) plants. It was established that early diagnosis of
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vegetable diseases using polymerase chain reaction allows rapid detection of trace amounts of pathogenic
microorganisms thus facilitating selection of effective fungicidal preparations. The creation of biological pro-
tection for vegetable crops is relevant considering their nutritional importance. New biological methods for
protecting vegetables in greenhouses were tested. Thus, the fungicidal effect of the authors’ patented prepa-
ration developed for pre-sowing treatment of vegetable seeds in protected ground on the pathogens of toma-
to Dblack bacterial spot (Xanthomonas euvesicatoria) and cucumber stem hypertrophy
(Ascochyta cucumis) was confirmed. Another preparation patented as a means of pre-sowing treatment of
pea seeds demonstrated fungicidal action against the development of Phytophthora infectants on potato
plants. It was observed that these preparations are effective at concentrations of 10™% for soaking seeds
and double treatment of plants during the flowering period.
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BBEOEHUE

OBoLUM 3aHUMAIOT BaXHeNLLEee MECTO B paLMoHe
NUTaHMs 4YenoBeka, TaK Kak SBMSATCA WMCTOYHUKOM
BUTAMWHOB, YrfeBOOOB, OPraHNYeCKNX KUCIOT, MUK-
pPO3NeMEHTOB, HeobxoaumbIX Ans  MNONHOLEHHOM
XN3HEeOeaATenbHOCTU 4enoBeka. Tak, Ans yaooBne-
TBOPEHUS CMpoca B OBOLLAX XUTENEN Hallen CTpaHbl
Heobxoammo npousBoanTb 20477,8 Tbic. T B rOA.
OpgHako B paumoHe xutenen Poccum gons osoLlen
HWXe, YeM BonbLUMHCTBA pas3BuTbIX CTpaH. B cpepn-
HeM 0O0eCnevYeHHOCTb HaceneHusl Hawen CTpaHbl
oBowammn coctaBnseTr 41,5%, yto B 4 pasa Huxe
HopMbl. Hanpumep, obbema npov3BOAMMOro B
cTpaHe kapTtodens (28—-32 mMnH T B rog) SBHO Heao-
cTaToyHo. MMnopTHble OBOLM, BbIpaLLEHHbIE B 3a-
KPbITOM TPYHTE, B CTPYKTYpE MOTPEBNEeHNs XuTenen
cTpaHbl 3aHumatoT 70%), exerogHo HegoOCTaTOK KOM-
neHcupyeTcs MMNOPTOM M3 TakUX CTpaH, kak Typuus,
W3paunb, Hnagepnangpl n Kutanm [1].

ObbsBneHHble Poccun caHKLMK cTanu TONYKOM
Ons pa3BuUTUS COBCTBEHHOIO CENbCKOro X03sNCTBa
[2]. MNoBblwatloTcs obbembl Mpon3BOACTBA, COKpa-
LaeTcss MMMOPT NpPOAOBONLCTBUSA, OTKPbIBAKOTCSA
HOBblE MPeAnpuUATUS, pacTeT NpPUBMEKATENbHOCTb
MHOIMX OTpacrnewn, B TOM YMCre pacTEHNEBOACTBO B
3awuiieHHoM rpyHTe. Mo aaHHbiM Coto3a nponsBo-
auTenen oBoLLEN, NPUPOCT TEMNMUYHBLIX NIOWaaen B
2018 r. coctaBun 154 ra.

BmecTe ¢ TeM B yCNOBUSAX 3aLUULLLEHHOIO rPyHTA
OBOLUM NoABeprarTcsl BO3OEUCTBUIO  Pa3NUYHbIX
Bpeautenen u Bo30dyauTenen BUPYCHbIX, BakTepu-
anbHbIX N rpUbKoBLIX OonesHen. bonesHen Tennny-
HbIX KYNnbTyp CYLLECTBYET MHOXECTBO: 3TO KOpPHe-
Bble M CTEBNEeBble THUMU, PXaB4YMHbI, MYYHUCTbIE
pOCbI NTOXHbIE U HacTosILMe, Pas3fMYHOro poda naT-
HUCTOCTW, YBSiA@HUS, TOKCMKO3bl, BMPO3bl, UTO-
nnasmosbl. Kaxgyo 13 GonesHer nepeyncrieHHbIX
rpynn MOryT BbI3blBaTb FEHETUYECKM PasfiMyHble
¢dopMbl NaTOreHoB, N ANs BO3AENCTBUSA MpaKTU4e-
CKM Ha KaXayl U3 HUX HYXeH OTAenbHbI addek-
TMBHbLIN MNpenapaT CTPOro onpeneneHHoOn Xumuye-

CKOM npupodpl, CNocobHbI MOAaBnATb pa3BUTUE
BO3OyamTenen 3abonesaHui, okasbiBaTb neyebHoe
BNUSAHME Ha pacTeHus [3].

Mo gaHHbIM OOH n apyrux MexayHapoaHbIX op-
raHusauui, exerogHole MNOTEpU ypoxas OBOLLEN
BCEX CEJIbCKOXO3SINCTBEHHbIX KyNnbTyp OT OonesHen
W BpeauTenen cocTtaenaloT okono 35% BanoBbix
cbopoB ypoxas. MHd ek cenbCkoxo3sanCTBEHHbIX
KynbTyp Takke BAUSIOT HA OOXOOHOCTb NPOAYKLMU
3a CYeT CHWXeHus kavecTBa [4, 5].

CyuwiecTtByeT psg METOLOB MO BbISIBNIEHNIO BO3-
6yauTenen 6onesHen. B nonesbix ycnosusax npeg-
BapUTENbHbIN AMarHo3 OonesHen, Bbi3biIBAEMbIX
duTonatoreHHbiMn rpubamm, CTaBAaT No NposiBne-
HUIO CMMMNTOMOB 3a00MneBaHus, a TOYHY NOEHTU-
dukauuo Bo3OyaMTeNnsa npoBoasaT B nabopaTtopum
rnaBHbIM obpa3om no mopdhonornM cnop U Apyrum
MOPdONOro-KyrnbTypanbHbIM NpU3Hakam naToreHa c
npUMeHeHneMm MeToOO0B MUKPOCKOMUU U KyNbTUBK-
poBaHusA Ha nuTaTenbHbIX cpefgax. OgHako Mopdo-
fniorM4yeckne XxapakTepuctuku crnop y ©Onmskopog-
CTBEHHbIX BUOOB MWKPOMMULIETOB MOryT COBMagaThb,
a BHYTPM OOHOroO BMAa 3HAYUTENBHO BapbupOBaTb.
Kpome TOro, cumntoMbl 60n€3HN MOryT NposiBASAThL-
CS HETUMNYHO UNKn 3aboneBaHne MOXET NPOXOaUTb
B CKpbITON chopme [6, 7].

B cBsA3M Cc 3TMM nNpumeHeHue Oornee 4yBCTBU-
TenbHbIX METOAOB SABMSETCS akTyanbHbIM WU BOC-
TpeboBaHHLIM B guarHocTuke cutonaToreHoB. He-
OLlEHUMYIO pOflb NPU 3TOM UrpalT MOMEKynspHble
mapkepbl. C MX NOMOLLBK COCTaBneHbl NOAPOOHLIE
MOIeKyrnspHble KapTbl reHOMa YenoBeka 1 JecATKOB
BMOOB PACTEHUM N XUBOTHLIX, HA KOTOPble HaHece-
Hbl BaXKHeWLIMe reHbl, Onpeaensiowme pocT 1 pas-
BUTNE OPraHM3MoB, MOPQOIIOTMYECKME MNPU3HAKM,
YyCTONYMBOCTb K 3aboneBaHusaM 1 gpyrne CBOMCTBA.
Mcnonb3oBaHue MOMEKynspHbIX MapKepoB MO3BO-
NSAeT 3HaYMTENbHO YCKOPATb Npouecc cenekumn [7].
B HacTosillee BpemMs HacCUMTLIBAETCS HECKONbKO
OEeCATKOB TUMOB MOSEKYNApPHbIX MapkepoB. Hanbo-
nee wupoko ucnonedyemble OHK-mapkepbl MOHO-
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nokycHole: CAPS, SCAR, SNP; MynbTUNOKyCHbIE:
SSAP, IRAP, DArT. Nx pasgensioT Ha Tpw rpynnbl
COrNacHO OCHOBHOMY MeTOAy aHanuM3a: MapKepbl,
uccriegyemble € nomMoulblo  6noT-rmbpuansaumm,
MUP v OHK-4ymnnos [8]. C NnoMOLLbIO MOMEKYNSIPHbIX
MapKepoB MOXHO: YCKOPSATb MPOLECC Cerekumu;
cokpawaTtb nnowann, 3aHATble CEeNnekUNOHHbIM Ma-
Tepuanom; pocTuratb 0Gornee BbICOKOM TOYHOCTU
oTbopa; fobuBaTbCss 9KOHOMUM TPYAOBLIX U MaTe-
pyarnbHbIX PECYPCOB.

CncTteMbl  MONEKYNSAPHOrO MapKUPOBaHWUS  XO-
3AWCTBEHHO LEHHbIX MPU3HaKoOB pa3pabaTbiBatoTcs
¢ 90-x T. MPOLUIOro Beka 1 NPUMEHSIOTCH B OBOLLEe-
BOACTBE Ha Tomarax, nepue, GaknaxaHax, fnyke u
OPYruX KynbTypax.

PaHHsAs1 guarHocTuka 3aboneBaHuin, Hanpuvep,
MeTo4aMu, OCHOBaHHbIMW Ha MONIMMEPA3HOW Len-
Hon peakuun (MLUP), nossonseT ob6HapyxuBaTb
crnefoBble KONMYecTBa MaTOrEHHbIX MUKPOOPraHu3-
MOB B MakcumanbHO cxaTble cpoku [9], BbibpaTb K
CBOEBPEMEHHO MNPUMEHUTb Mepbl 3aluTbl, Y4TO
CHWKaeT 9KOHOMUYECKME PUCKN CENbCKOro XO31-
CTBa, CBA3aHHble C 3aboneBaHWsSMW pPacTeHUN.
[aHHble MeToAbl NPEBOCXOAAT TPaAMLUMOHHBIE MO
cneumuUYHOCT,  YYBCTBMTENBHOCTW,  ObICTpOTE
NpoBeAEHUs aHann3a, NPoM3BOAMTENBHOCTU U Cry-
aT UX CyLleCTBEHHbIM JononHeHneM. Kpome Toro,
X NpUMeHeHne He TpebyeT rnybokux 3HaHui Buo-
norunm M mopdonormm nccrnegyembix MUKPOMULLE-
ToB. OgHaKo, HECMOTPS Ha LUMPOKOE NPUMEHEHNE B
KayecTBe WHCTPYMEHTa MCCneaoBaHus, UCMOMb30-
BaHWe TexHonorni Ha ocHose [LP B cenbckom xo-
3A1CTBE Ha NpPaKTUKE MO-NPEXHEMY OrpaHU4eHo
[10].

B Hawen cTtpaHe Hanbonee BocTpebGoOBaHHLIMM
oBoWamMKn ABMAsieTcA KapTodenb, a OCHOBHbIMU
KynbTypamu 3allULLEHHOro rpyHTa — orypeu u To-
mMaT, noaToMy TpebyeTca TwaTenbHOEe W3ydYeHue
NPUYMH BO3HUKHOBEHUSA Hambonee pacnpocTpaHeH-
HbIX 3aboneBaHun n paspaboTkn meTogoB 60pbOLI C
HUMMW.

Cpeon 3aboneBaHumn orypua oTMeuYeHbl DakTe-
pvanbHas npukopHeBasi rHUNb (6aktepun Erwinia
carotovora, Pseudomonas syringae), acKOxXuTo3
(rpub Ascochyta cucumeris), My4HucTas poca (I'pmb
Erysiphe cichoracearum), BupycHble 3aboneBaHus
(BOM, B3KMO).

Tomatbl Hanbonee YyacTo nopaxatoTcs dysapu-
o3amu (BuMAbl rpuboB Fusarium), cepon THUIbO
(rpub Botrytis cinerea), My4HUCTOM pocon uU du-
To(pTOpO30M. MO3anka ToMaTOB BbI3bIBAETCA BUPY-
coM TabayHon mo3awmku — Nicotiana virus (Virothrix
ivanovskii, Tobacco virus 1). CTpuk Bbl3blBaeTcs
OfHUM BMPYCOM NGO KOMMMEKCOM ABYX, a MHOraa
Tpex BMpPYycoB: TabayHOW MO3auKu, pexe — orypeyd-
HOW MO3auKM UNn Yaule B codeTaHun ¢ X-BUPYCOM
kapTodpens [11].

Cpean 6GonesHen kapTtodenss ocobeHHO pac-
NPOCTPaHeHHbIMK sBMAOTCA: duTodTopo3 (Phyto-
phthora infestans), pnsoktoHnos (Rhizoctonia sola-

ni), YepHasa Hoxka (Gaktepum Pectobacterium), nap-
Wwa obbikHOBeHHaa (Streptomyces scabies): makpo-
cnopuno3 (Macrosporium solani Ell. Et Mart.), konb-
uesas rHunb (Clavibacter michiganensis subsp.
sepedonicus), a Takke BUPYCHble BONe3Hu, Bbl3bl-
Baemble Bupycamm «M un L Bupycbl kaptodena —
PB», «S n A Bupycol kaptodens — PB», «kX n Y Bu-
pychbl kapTodens — PB» [12].

B cBA3M ¢ orpaHU4eHMEM NPUMEHEHNS XUMU4e-
CKMX npenapaToB Ha OBOLLHbIX KynbTypax B nepuop
BereTaLumm OCHOBHOe BHMMaHue B 6opbbe ¢ Bpeau-
TenAMU yOensT KayeCTBEHHOMY W CBOEBPEMEH-
HOMY MpoBeAeHN0 NPOUNAKTUYECKNX Meponpus-
TMIA, a Takke MeTodam Owmonormdeckon GopbObl K
BHEOPEHMIO YCTOMYMBLIX cOpTOoB [13].

CerogHss B CENbCKOM XO3SIMCTBE Pa3BMUTbIX
CTpaH HabniogaeTca TeHOEHUMS K nepexogy Ha op-
raHM4yeckme TeXHONMOrMM 3eMnefenus n pacteHune-
BOACTBa, MOApasymeBalolime BblpallMBaHME Cerlb-
CKOXO35INCTBEHHbIX KyrnbTyp 6€3 npumeHeHus arpo-
xumukatoB. OgHako no npuMeHeHuto Guonornye-
CKUX CpeacTB 3aWmTbl pacTeHun n GuoygobpeHuin
Poccusa otctaeT ot passutbix cTpaH mupa B 30 pas.
OTa cutyaums CyleCTBEHHO OrpaHWYMBaET KOHKY-
PEHTOCNOCOOHOCTb POCCUMIACKOrO arpocekTopa MU
CHWXaeT 3KCMOPTHBIN NOTEHUMan poCCUNCKON cenb-
X03MpOoAYKLMM.

Co3gaHne OMONOrMYeckMx CpeacTB  3aluThbl
OBOLUHBbIX KynbTyp OCOBEHHO aKkTyarlbHO BBUAOY WX
3HAYMMOCTU B NMUTAHUN KaK UCTOYHMKOB BUTAMUHOB
N MUHeparnbHbIX BellecTB. BbipawmBaHme oBoLuen
B 3aKpbITOM rpyHTE TPeOyeT UCKIIOYEHUS BCEX XU-
MUYecKnx cpencts ob6paboTkv n KOHTPONS Hag BO3-
6yautensamu 6GonesHen u BpeguTenamu. OpHako
noka MpoTMB rNaBHbIXx OOnesHen orypua u Tomara
pa3spelleHHbIX 3(MdEKTUBHBIX CPEACTB  3aluThl
npakTu4eckn Het [14].

PeiHOK GuonectMumngos B Poccum oueHnBaeTcs B
5 pas Huxe, yem B EBponenckom Cotoze (okono 60
mrH gonn.) u B 10 pa3s — yem B CLUA (okono 120 mnH
gonn.). Ha cerogHsAWHMI aeHb 06beM NpuMeHeHus
Buonornyecknx CpeacTs 3almTbl pacteHun B Poccum
coctaBsnseT Bcero 1-2% [11].

M3 Hanbonee pacnpocTpaHeHHbIX 3aboneBaHun
KapTodensa OAHUM K3 CaMbIX OMACHbIX CYMTAETCS
KonblLeBasi THWUNb, Bbi3blBaemast Gaktepuen Clavi-
bacter michiganensis subsp. sepedonicus. bonesHb
pacnpocTpaHeHa B cTpaHax CesepHon EBponbl u
KaHagbl. MOXHO oxuaatb, YTO B CBA3KU C rrnobanb-
HbIM MOTENSIEHMEM apeasn pacnpoCcTpaHeHus 3Toro
KapaHTMHHOro obbekTa OymeT pacwwupsTbes [15].
3aboneBaHuno CNOCOOCTBYIOT MOBLILIEHHAs Temne-
patypa BO3dyxa W BbICOKas BMaXHOCTb MOYBbI.
KonbueBas rHunb kpawnHe BpeAoHocHa. CunbHO
nopaxkeHHble KnyOHU OBbIYHO CrHMBAKOT, HE OaBas
BCXO40B, Criabo nopaxeHHble pacTeHUs B pesyrib-
TaTe ux obLlero yrHeTeHus obpasyoT 3HAYUTENbHO
MeHblue knybHen. lMoTepn ypoxas OT KOfbLEBOW
rHUNW B OTAenbHble roabl MoryT aocturatb 45%.
BonesHb nposBnsieTcs B cTebnesov n KNybHeBoOW
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cdopmax. Mepbl 60pbbbl BKIIOYAT ONTUMAIbHYHO
arpoTexHuky, cobrniogeHne ceBoobopoTta, nogdop
OTHOCWUTENBHO YCTOWYMBBIX COPTOB, TLlATeNbHOE
YHUUTOXEHWE pacTUTENbHbIX OCTaTkoB, 0OpaboTKy
CeMSH necTvumMgamu nepen noceBHoW, obpaboTky
pacTeHun nectTmungamm B Te4eHne BereTalMoHHOro
nepuoga.

Ackoxutos (Ascochyta cucumis) pasBuBaeTcs y
pacTeHU orypua, BbIpaliMBaEeMOro B TEMINYHbIX
ycnosusix. [lopaxarwTca nuctbd, cTebnu, pexe
nnoapl. Ha nuctesix — KpynHble xentoBaTo-bypble
MsiTHAa, KOTOPblE CUMBHO pa3pacTaloTcs, CBETIEHT,
noackixatoT. NopaxeHHast TKaHb MMEET paspbiBbl U
MOXET MOKPbIBATLCA YEPHBIMU TOYEYHBIMU MUKHU-
Aamn. CynbHO NOpaXeHHble NNCTbSA 3acbixatoT. Ac-
KOXMTO3 CUSbHEE NPOSABMSIETCA B NepuMo MaccoBO-
ro NnoAoHOLWeEHWs. brnaronpusTcTByOT pa3BUTUIO
BGonesHn BbICOKas BMaXHOCTb M ocrnabneHHoe co-
CTOSiHME pacTeHun (HedoCTaToK MUTaHWs, peskue
konebaHua TemnepaTypbl, Nroxas arpoTexHuka u
obunbHoe nnogoHowweHune) [16].

Mpun nopaxeHun YepHon BakTepmanbHON NATHU-
ctocTblo (Xanthomonas euvesicatoria) pacteHusi
ToMaTa XyXe pasBuBalOTCA M NpuvobpeTaloT yrHe-
TeHHbIN Bua. 3aboneBaHne MOXET NPOSBAATLCA Ha
pacTeHUN B TEYEHME BCEW €ro XWU3HW B BMAE MEf-
KMX BOASIHUCTBIX TOYEYHbIX MATEH Ha CEMSOOorsX,
NNCTbSAX, Yepelukax, ctebnsax u nrnogax. Co Bpeme-
HEM MNSATHA YEpPHEIoT, NIUCTbA XKENTET, CesHLbl MO-
ryT NOrMBHYTb.

Llenbto gaHHoM paboTbl SBNAMOCH UCMNbITaHWE
BMUSHUSI BHOBb CO3[j@aHHbIX Bronormyeckmx cpeacrs
3alUUTbl OBOLUHBIX KYNbTYp OT HEKOTOPbIX BO30OyAu-
Tenen 3aboneBaHuMn  Tomata  (Xanthomonas
euvesicatoria), orypua (Ascochyta cucumis) n kap-
Topensa  (Clavibacter  michiganensis  subsp.
sepedonicus).

SKCNEPUMEHTAIIbHAA YACTb

Ona nccnepgosaHusa ObinNy B3ATHI Orypew, copta
epmaH F1, TomaT copTta CaHbka, kapTodens copTa
FonybusHa. Ha Tomatax u orypue uWCnbITbiBancs
HOBbI Buonornyeckui npenapart, 3alULLEHHbIN
nateHtoMm P® Ne 2626174 [17], uhgyumpyowmin 60-
Ne3HeyCTOMYNBOCTb PacTEHWU OBOLLHbIX KyrnbTyp 3a
CYeT KOMMOHEHTOB CUTHaNbHOM CUCTEMbI YCTONYU-
BOCTW Ha ocHoBe meTabonuToB rpuba Trichoderma
(nanee — npenapat 1), a Ha kapTodene — npena-
paT, 3aluieHHbIn nateHToMm P® Ne 2463759 [18],
yCUnvBawLwWwmun NUMMYHUTET PaCTEHUA Ha OCHOBE
6rohnaBoOHOMAOB rpeyunxu (ganee — npenapat 2).
VoeHTndpukaumio Bo3byauTenen GonesHen (Korb-
uesou rHunu kaptodgens (Clavibacter michiganensis
subsp. sepedonicus), YepHol GakTepuanbHOW NAT-
HMUCTOCTM TomaToB (Xanthomonas euvesicatoria),
ackoxuTto3bl orypua (Ascochyta cucumis; Phoma
cucurbitacearum; Didymella bryoniae)) nposogunu
MeToaoM nonuMmepasHon LenHown peakuuu (MNUP) B
nponucu «brnokomy.

lMepen noceBoM Ha 2 4 3amaymBanu: cemeHa

TOMaToOB M OrypuoB — B pacTBope npenapaTa 1,
KapTodpenb, nNpeAHa3HayYeHHbI NS Nocagku, — B
pacTtBope npenapata 2. PacteBopbl npenapatos 1 u
2 UMENMN KOHLEHTpaL o 10%%. B nepuog uBeTeHud
pacTeHuin MpOBOAMIIM UX OBYKpaTHOE OMpbICKMBa-
HMe 3TUMU XXe pacTBopamu. Takke ABaXAdbl OMpbIC-
KMBanu pacTteHusi, nocesdHHble 6e3 npeaBapuTenb-
HOro 3amMaudMBaHUs CEMSAH B pacTBOpax npumeHse-
MbIX npenapatoB. KoHTponem Cnyxunm Hudem He
obpaboTaHHble pacTeHust U pacTteHunsa, obpaboTan-
Hble MpOMbIWNEHHbIM npenapatom dutocnopuH M
(MpenapaT MUKpPOBMONOrMYECKOro MPOUCXOXAEHWS,
CO3[daHHbIN Ha OcHoBe WBbIXx OakTepun Bacilus
Subtilis (kneTkn ceHHon nanoykn, wTamm 26D),
MMEIOLLNIA LUMPOKNIA CNEKTP OENCTBUS).

Ona BbiaeneHnss OHK 13 o0bekToB MCNoOnb3o-
Banu KoMnnekT peareHToB «[po6a-F'C» (OO0 «Ar-
polwnarHoctuka» (MockBa, Poccwus), npegHasHa-
YeHHbI Ansa paboTbl ¢ KynbTypamu 6aktepun, CMbil-
BaMW C TBEpAbIX NUTATenbHbIX cpend, uucTtamu, a
TaKke matepuarnioMm, B KOTOPOM MPUCYTCTBYeT 3Ha-
YUTESBbHOE KONMYECTBO MHIMBUPYIOLLMX NpUMECEN.

MeToa npumeHeHus komnnekta «[lpoba-IC»
OCHOBaH Ha MCMoNb30BaHUN NN3Mca KNETOK CUMNBbHO-
ro XaoTPOMHOro areHTa — ryaHuguHa TuouMoHaTa
(GuSCN), n nocnegytowen copbuum OHK Ha Hocu-
Tene (CTeknsiHHble Oycbl, uaToMoBas 3eMMsi, CTEK-
NSIHHOE «MOJIOKO» U T.4.).

lMpomokon npoeedeHusi aHanu3a. lNpu Bbigene-
Hum OHK n3 muuenuns rpuba nnm pactutensHow Tka-
HM pgoctatovyHo B 50 mkn nusumpytowero Gydepa
Habopa «[poba-N'C» romoreHnsuposatb 25-50 mr
TKaHW nccregyemMoro pacteHus. [ns BbisBNEHUS U
AvarHocTukn BaktepuanbHbIX M rpMBKoBbIX 3abone-
BaHWI OBOLLIHBIX KyNbTyp ObIniv UCNOMb30BaHbI:

1) komnnekT peareHToB npoussoactea OO0
«ArpounarHoctuka» ana MNMuUP-amnnndukauumn OHK
Clavibacter michiganensis subsp. sedonicus — konb-
LeBOWN rHUNM kaptodpens. [ns nposegeHus amnnu-
dukaumm OHK Bo3GyamTens ncnons3oBany npavime-
pbl C HYKNEOTMAHOW nocnefoBaTenbHOCTbi0 PSA-F
(5'-ctc ctt gtg ggg tgg gaa aa-3') 1 PSA-R (5-tac tga
gat gtt tca ctt ccc c-3');

2) komnnekt peareHToB npoussoactea OOO
«ArpodunarHoctuka» ana MNMuUP-amnnndpukauumn OHK
Xanthomonas euvesicatoria — YepHon GakTepuanb-
HOW NATHUCTOCTW Tomata. [Ona uaeHTndukaumm Bos-
Oyoutens ucnonb3oBanu npanmepbl SSU-642-F (5°-
gtcrtceydccttecte-37) n SSU-1445-R (5 haathygtgcca-
gcagc-3Y);

3) komnnekT peareHTOB npoussoactea OOO
«ArpodunarHoctuka» ana MNMuUP-amnnndpukauumn OHK
rpmboB Ascochita, Didymella, Phoma. Ons nposege-
Hus amnnudukauun OHK Bo3byauTens ackoxurtosa
orypua wmcnosnb3oBanu npamMMepbl C HYKNeOTULHON
nocneposatensHocTblo didy70 — (5' ctttgcctgeca-
tetettacce — 3') n didy300 — (5' gcgttcaaagattcgat-
gattca- 3).

PesynbTatel aHanusvpoBanu MeToAOM ropu-
30HTanNbLHOrO renb-anekTpodopesa.
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[na aHanu3a ¢ pacTeHun 6panu npobbl B pas-
NnYHble hasbl: UBETEHMUS, NNOOOHOLEHUA N TEXHU-
YecKoW CnenocTu.

VaoeHTndukaums Bo3dbyantenen 6onesHen npo-
BOAMMNACb Ha pasHbIX CTaguaX PasBUTUSI PacTEHUIA:
Ha NUCTbSAX B a3y LBETEHUS U NITOAOHOLLEHMS, Ha
KnybHAX kapTodens, nnogax TomaToB U orypua — B
a3y TexHMYECKOM CNenocTu.

OBCYXOEHUE PE3YIIbTATOB

B xope nsyyeHusa BnusiHMa HOBbIX Buonectuum-
0OB Ha BO30yauTenen 6one3Hern OBOLLHbIX KyNnbTyp
Ha KnybHsAX KapTodpens B KOHTPOMbHOM BapuaHTe
ObinM  BbISIBNEHbI MNpPU3HaKkM 3aboneBaHusa  u-
TopTOopo3oM. KnybHn, obpaboTtaHHble dPuTocnopu-
HoM M wu npenapatom 2, 6binun cBoboAHbI OT
Phytophthora (puc. 1).

HanmeHbliass pacnpocTpaHeHHOCTb GonesHn u
ee pasBuTMe OTMeYanucb Ha BapuaHTe C npuMeHe-
Hnem OGuornoruveckoro nectuumga Hurop. Mpu 06-
pabotke dutocnopmHom M pacnpoCTpaHeHHOCTb U
passuTue GOne3Hn Obinu Bbile, YTO COCTaBMANo
7,6—4,3% No CpaBHEHUIO C KOHTPOMEM.

Mo pesynbratam lNUP Ha Hanuune Bo3OyauTe-
NA KOMbLEBOW THUNM KapTodens B pasHble ¢asbl
pa3BUTMA pacTeHuUst C AeTeKumen B popmaTe anek-
Tpodbopesa NokasaHo, YTO MoSTyYeHHble PParMeHThl
OHK pasmepom 502 n.0. B KOHTpONnbHOM obpasue
npuHagnexat Gakrtepun Clavibacter michiganensis
subsp. sepedonicus, koTopas sBnsieTcs aHamop-
don Bo3byauTensa konbueBow rHUNW. B uccnegye-
MbIX ObBpasuax Hanuudve Bo3byauTenem He geTek-
Tupyetcs (puc. 2).

Ha nucTbax orypuoB BO BpeMs LIBETEHUSA BU3Y-
anbHO pa3BUTUE acKOXMTO3a He OTMedvanocb, nep-
Bble MNpu3Haku 3aboneBaHus ObiNM BbISIBNEHbI B
dase Hauyana nnogoHoLeHus (puc. 3).

B a3y nnogoHoOLWEHMA Ha NUCTbAX KOHTPOIb-
HblX BapMaHTOB OTMeYasiocb NOBCEMECTHOE pa3Bu-
Tne ackoxutosa (puc. 3, 1), B BapuaHTax ¢ npume-
HeHnem dutocnopuHa M (puc. 3, 2) n npenaparta 1
SIBHbIX MPM3HAKOB 3aboneBaHns He OTMEYEHO.

Ha puc. 4 npencrasneHbl pesynbtatel [LUP Ha
acKOXWTO3 Orypua B pasnuyHbix dasax passButus c
jetekuunen B popmaTe anekTpodopesa. [NokasaHo,
YTo nonyveHHble dparmeHTel [HK pasmepom
300 n.0. B KOHTpONbHOM obpasue npuHagnexar
rpmbam Didymella bryoniae n1 Phoma sp., kotopbie
ABNSOTCA aHamopdon Bo30yanTens ackoxutosa. B
uccriegyembix obpasuax LeTeKTUpyeTcs Hanuyue
BO3OyaouTenen ackoxuto3a B asax LBETEHWUs U
NMogoHOLWEHUs B BapnaHTax 6e3 o6paboTku.

MeTtogom [OHK-TexHonormm ycTtaHOBMIEHO, YTO 3a-
OGoneBaHve NPOSBUMOCH HA FMCTbSIX KOHTPOSIBHOIO
BapuaHTa yxe B cTagum upeteHus (puc. 4.1), a Takke
B pase nnogoHoLenns (puc. 4, 5), HO B nrogax Tex-
HMYECKOW CNenocTu Mapkep He BbisiBreH (puc. 4, 9). B
BapuaHTax ¢ obpaboTtkon dutocnopuHom M n 6ruono-
rMYeCcKkUM npenaparoM NPU3HaKN MOPaKEHUST aCKOXU-
TO30M He obHapyxeHbl (puc. 4, 2—4; 6-12).

PesynbTaTbl uccrnegoBaHus nokasanu, 4to o6-
pabotka ©OuonorMyeckMM nNEecTUUMOoOM CHWXaeT
pa3BuTue Gypol rHunu Ha Tomate CaHbka (puc. 5).
B a3y useteHus 3abonesaHne He ObINIO OTMEYEHO
HW Ha ogHOM BapwuaHTe. 3aboneBaHue Hayano pas-
BMBaTbCA B NMEpuod MNIOAOHOLEHUS U ObiNo oTme-
YEHO B KOHTPONBLHOM BapuaHTe U B BapuaHTe Cc 06-
paboTkon Bruonormyecknm nNecTuumaom npu onpbic-
KnBaHun. Bo BpeMsi TEXHMYECKOW cnenoctu Toma-
TOB MakcumanbHoe passBuTue 3abonesaHus 6bino
OTMEYEHO B KOHTPONibHOM BapuaHTe — 10,2%, mu-
HMUManbHoe pa3BuTue 3aboneBaHns — B BapuaHTe C
npumeHeHnem Guonoruveckoro nectuumaga — 2,1%.
O6paboTka Guonpenapatom dutocnopmH M Takke
nokasana xopollee OencTeue, passuTtne 3abonesa-
Husi cocTaBuno 2,9%.

Mo pesynbTatam nposeaeHusa MNLP Ha BbisiBne-
HMe 4epHon GakTepuanbHOM MATHUCTOCTU B pas-
NMYHbIX pasax pas3BuUTUS TOMarta C AeTeKkuunen B
dopmate anekTpodopesa B KOHTPONbHOM 06pasue
BblsiBreHbl ¢parmeHTol OHK pasmepom 614 n.o.,
npuHagnexaiume rpubam Xanthomonas euvesicato-
ria, KoTopble ABNSATCA BO30yaAMTENEM Ha3BaHHOIO
3aboneBaHusa. B uccnegyembix obpasuax OeTekTu-
pyeTcsa Hanudve Bo3OyauTenen B chasax LBeTEHUs
1 NNogoHoLLeHus B obpasuax 6e3 obpaboTku.

MonekynsipHbIi MeTo4, [OWarHOCTUKM  BbISIBUIT
CKPBITYIO MH(PEKUMIO yXXe Ha CTaguu LBETEHUS B
KOHTpOnbHOM BapwuaHTe (puc. 6: 1, 5). Hn B BapuaH-
Te ¢ dutocnopuHom M (puc. 6: 2, 6, 10), H1 B Bapu-
aHTe ¢ obpaboTkon OGuonornyeckum npenapaTom
(puc. 6: 4,7, 8, 11, 12) mapkep Bo3bygutens OGak-
TepuanbHOW NATHUCTOCTU He obHapyxeH. CneagyeT
OTMETUTb, YTO B KOHTPONbHOM BapuaHTe B CTaguu
TEXHUYECKOW CMenocTu nnoga Bo3byautenb Takke
He BbISIBIEH.

B pesynbTrate NpoBeAeHHbIX UCCNEAOBaHWI Ta-
KMX OBOLLHbIX KyNnbTyp, Kak TomMaTbl, OrypLbl U Kap-
Todenb B pasHble hasbl pasBUTUS pacTeHuin Oak-
TepuanbHble MM rpubkoBble 3aboneBaHus Obinu
BbIsIBNIEHbl TOSNIbKO B KOHTPOSbHbIX oObpasuax, He
noaseprasLumxcs obpaboTke npenaparamu.

Takum 00pa3omM, MOXHO caernaTb 3akIoveHue,
4yTO ouTONaTOreHHass MHAPEKLUMS Ha OBOLLHBIX KyIlb-
Typax, B YaCTHOCTU, Ha KapToderne, NposiBNAETCs B
OCHOBHOM B CTaguu LBETEHWsl, YTO CBS3aHO, Ouye-
BWAHO, C MUKOM MaKCUMasbHOrO 3apaXeHusi BUPYC-
HOM MHMEKUMEN, NCTOYHUKOM KOTOPON SBMSOTCA
MHOrMe arpoHoMu4yeckne pakTopbl (COPHSIKU, MUK-
popaHeHus u ap.).

duTonaToreHHas MHQEKUMSA pa3MHOXAEeTCa B
obpasuyax, He o0bOpaboTaHHbIX OGuonorMvyeckuMm
npenapatamu, B COCTaBe KOTOPbIX COAepXarcsi
OMONOrM4YecKkN aKkTMBHbIE COEAMHEHUSI MUKPOOHOro
N pacTUTENBHOIO NPOUCXOXAEHMS.

B panbHenwunx wnccnegoBaHUAX NPOBOAMNN
noabop pacTUTENbHOrO U MUKPOBHOIO KOMMOHEHTa
ONa [0BU3yanbHOW AMarHOCTUKW Hamnuums BUPYC-
Hon, GakTepuanbHOW uUnuM rpubkoBON WMHMEKUUN B
OBOLLAX, a TaKkke KOMMOHEHTa, CHuXatLlero uTo-
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Puc. 1. BnuaHue 6uonormyeckmx npenapaTtoB Ha pa3sutue utodtoposa y knybHen kaptodens copta MonybusHa:
1 — koHTpOnb; 2 — ®dutocnopuH M; 3 — npenapart 2 (06paboTka ceMsiH + onpbickuBaHue); 4 — npenapat 2 (onpbiCKUBaHME)

Fig. 1. Influence of a biological drug on the development of Phytophthora in potato tuber:
1 — control; 2 — Fitosporin M; 3 — Preparation 2 (seed treatment + spraying); 4 — Preparation 2 (spraying)

M. 1 2 Bede By 0k B ARG

Puc. 2. OnekTpodoperpamma NpoaykToB amnindukauum Ha Hanuume Bo3dyautens 6onesHn
B pacTeHusx kapTogens copta MonybusHa Ha pasnuyHbIX CTaausaX pa3BUTUS:
1 — dpasa uBeTeHuUs1, KOHTPONb 6e3 06paboTKu;
2 — hbasa LBeTeHus1, KOHTporb obpaboTaH buonpenapatom PuTocnopuH M;
3 — hbasa uBeTeHusi, obpaboTaH Guonoruvecknum nectuumnaom (obpaboTka ceMsiH 1 ABYKpaTHOE ONPbLICKMBAHKE);
4 — pa3a uBeTeHUs, 0bpaboTaH BMonorMyeckum NECTULMAOM (OBYKPaTHOE OMNpbICKUBaHUE);
5 — chasa nnoaoHoLLEeHUs1, KOHTpornb 6e3 06paboTky;
6 — dpaza NNOJOHOLLEHMS, KOHTPONb 06paboTaH bruonpenapatom duTocnopuH M;
7 — dbasa nnogoHoLeHns, obpaboTaH Gruonornyecknm necTumaom (06paboTka cemMsiH U ABYKPaTHOE ONpbICKMBaHMWE);
8 — hasa nnopoHoLLeHus, obpaboTaH Gronornyeckum NeCTMUMAOM (ABYKPaTHOE OMNpbICKUBaHUE);
9 — NnoAbl, TeXHUYeCcKas CrenocTb, KOHTpornb 6e3 06paboTky;
10 — nnoAakl, TexHM4eckasi CnesnocTb, KOHTPoNb 0bpaboTaH Guonpenapatom PutocnopuH M;
11 — noppl, TEXHUYECKasn cnenoctb, obpaboTaH Gronormyeckum nectmunaom (06paboTtka ceMsiH U ABYKpPaTHOE ONpbICKUBAHUE);
12 — nnopbl, TEXHUYECKas cnenocTb, 06paboTaH GUonorMyeckMm NecTnLMaoM (ABYKpaTHOE ONpbICKUBAHUE);

K+ — KoHTponb ¢ npucyTcTBUEM Bo3byauTens

Fig. 2. Electrophoregram of amplification products for the presence of the pathogen ring rot in plants of the variety “Blue”
at different stages of development:
1 - Leaves. Flowering phase, control without treatment;
2 — Flowering phase, control treated with the biological product “Fitosporin M”;
3 — Flowering phase, treated with a biological pesticide (seed treatment and 2-fold spraying);
4 — Flowering phase, treated with a biological pesticide (2-fold spraying);
5 — Fruiting phase, control without treatment;
6 — Fruiting phase, control treated with the biological product "Fitosporin M";
7 — Fruiting phase, treated with biological pesticide (seed treatment and 2-fold spraying);
8 — Leaves. Fruiting phase, treated with a biological pesticide (2-fold spraying);
9 — Root crop., technical ripeness, control without processing;
10 —technical ripeness, control treated with the biological product “Fitosporin M”;
11 - technical ripeness, treated with a biological pesticide (seed treatment and 2-fold spraying);
12 —technical ripeness, treated with a biological pesticide (2-fold spraying);
K+ — control with the presence of the pathogen
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Puc. 3. BnuaHune Guonoruyeckoro npenapaTa Ha pa3BuTne ackoxuTtosa y orypua copta epmaH F1:
1 — koHTpOnb; 2 — dutocnopuH M; 3 — npenapart 1 (o6paboTka cemsiH + onpbickuBaHue); 4 — npenapat 1 (onpbiCKMBaHMeE)

Fig. 3. Influence of a biological drug on the development of Ascochyte Ascochyta cucumis cucumber German F1:
1 — control; 2 — Fitosporin M; 3 — Preparation 1 (seed treatment + spraying); 4 — Preparation 1 (spraying)

Puc. 4. SnekTpodoperpamMmma npoaykToB amnnmdukaumm Ha Hannyune so3byamtens 6onesHm
B orypuax copta 'epmaH F 1 Ha pa3nuyHbIX CTagusx pasBUTUSI pacTeHUs:
1 — da3a uBeTeHus, KOHTponb 6e3 06paboTku;
2 — basa LBeTeHUs!, KOHTporb obpaboTaH 6uonpenapatom PutocnopuH M;
3 — hbasa uBeTeHusi, obpaboTaH Guonoruvecknum nectuumnaom (obpaboTka ceMsiH 1 ABYKpaTHOE ONPbLICKMBAHKE);
4 — ¢hasa uBeTeHusl, 06paboTtaH BGMonornyeckum NecTMUNaoM (AByKpaTHOE OMpbICKMBaHUE);
5 — ¢pa3a nnogoHoLLEHUS, KOHTPOIb 6e3 06paboTky;
6 — dba3a NnoJoHOLEHWS, KOHTPONb 06paboTaH GronpenapaTtom PutocnopuH M;
7 — dbaza nnogoHoLeHns, obpaboTaH Gruonornyecknm necTnumaom (06paboTka cemMsiH 1 ABYKPaTHOE ONpbICKMBaHMWE);
8 — hasa nnogoHowweHns, obpaboTaH Buonoruvecknm necTMuMaom (OBYKpaTHOE OMNpbICKUBAHMWE);
9 — nnofpl, TeXHUYecKas CnenocTb, KOHTponb 6e3 06paboTky;
10 — nnoabl, TEXHUYECKas CNenocTb, KOHTPOSb 06paboTaH buonpenapatom duTocnopuH M;
11 — nnoabl, TEXHUYECKas CNENOCTb, KOHTPonb 06paboTaH 6uonornyecknm nectnuuaom (o6paboTka ceMsiH 1 ABYKpaTHOE
OnpbICKUBaHWME);
12 — nnopbl, TEXHUYECKas cnenocTb, 06paboTaH GUonorMyeckMm NecTnLMaoM (OBYKpaTHOE ONpbICKUBaAHUE);
K+ — KoHTponb ¢ npucyTcTBUEM Bo3byauTens

Fig. 4. Electrophoregram of amplification products for the presence of the pathogen in plants of the cucumber
variety “German F 1” at different stages of development:
1 - Leaves. Flowering phase, control without treatment;
2 — Flowering phase, control treated with the biological product “Fitosporin M”;
3 — Flowering phase, treated with a biological pesticide (seed treatment and 2-fold spraying);
4 — Flowering phase, treated with a biological pesticide (2-fold spraying);
5 — Fruiting phase, control without treatment;
6 — Fruiting phase, control treated with the biological product “Fitosporin M”;
7 — Fruiting phase, treated with biological pesticide (seed treatment and 2-fold spraying);
8 — Leaves. Fruiting phase, treated with a biological pesticide (2-fold spraying);
9 — Root crop., technical ripeness, control without treatment;
10 — technical ripeness, control treated with the biological product “Fitosporin M”;
11 —technical ripeness, treated with a biological pesticide (seed treatment and 2-fold spraying);
12 —technical ripeness, treated with a biological pesticide (2-fold spraying);
K+ — control with the presence of the pathogen
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Puc. 5. BnusiHne 6ruonoruyeckoro npenaparta Ha pa3Butue bakrepuanbHOW NSTHACTOCTU Ha ToMmaTe copTa CaHbka:
1 — koHTpOnb; 2 — dutocnopvH M; 3 — npenapat 1 (obpaboTka + onpbicknBaHue); 4 — npenapat 1 (onpbICKMBaHKE)

Fig. 5. Influence of a biological drug on the development of bacterial blotch on tomato variety “Sanka”:
1 —control; 2 — Fitosporin M; 3 — Preparation 1 (treatment + spraying); 4 — Preparation 1 (spraying)

Puc. 6. SnekTpodoperpamma npoaykToB amnnandukaummn Ha Hanmdme Bo3dyauTens YepHon bakTepuanbHOM NSTHUCTOCTM
B TOMaTax copta CaHbka Ha pasnuyHbIX CTagusix pasBUTUS pacTeHus:
1 — daza uBeTeHus, KOHTponb 6e3 06paboTku;
2 — hbasa LBeTeHus1, KOHTpornb obpaboTaH buonpenapatom PuTocnopuH M;
3 — hasa uBeTeHus, obpaboTaH Gruonornyecknm necTuLMaom (06paboTka CeMsH 1 ABYKPATHOE ONpbICKMBaHME);
4 — pa3a uBeTeHUs, 0bpaboTaH BMonornyeckum NecTULMAOM (OBYKPaTHOE OMNpbICKUBaHUE);
5 — ¢hasa NnogoHoLeHns, KOHTpornb 6e3 06paboTky;
6 — dbaza NNOJOHOLLEHMS, KOHTPONb 06paboTaH bruonpenapatom duTocnopuH M;
7 — pa3a nnopoHoLLeHusi, obpaboTaH bronornyeckum nectmumaom (obpaboTka ceMsiH U OBYKPaATHOE OMpbICKUBAHUE);
8 — hasa nnopoHoLLeHus, obpaboTaH Gronormyeckum NECTUUMAOM (OBYKPATHOE OMNpbICKUBaHUE);
9 — nnoAbl, TeXHUYeCKas CrenocTb, KOHTpornb 6e3 06paboTky;
10 — nnoabl, TexHM4eckasi cnenocTb, KOHTPoNb obpaboTaH Guonpenapatom PutocnopuH M;
11 — nnoAabl, TEXHUYECKas cnenocTb, KOHTPornb obpaboTaH Guonoruyeckum necTmunaom (obpaboTka ceMsiH U ABYKpaTHOE
OnpbICKUBaHWMeE);
12 — nnopbl, TexHUYeckas cnenoctb, 06paboTaH GronorMyeckuM NecTMLMaoM (ABYKpaTHOE OMpbICKMBAHUE);
K+ — KOHTpOnb ¢ npucyTcTBUEM BO3byaMTENS

Fig. 6. Electrophoregram of amplification products for the presence of the pathogen
tomato variety “Sanka” at different stages of development:
1 - Leaves. Flowering phase, control without treatment;
2 — Flowering phase, control treated with the biological product “Fitosporin M”;
3 — Flowering phase, treated with a biological pesticide (seed treatment and 2-fold spraying);
4 — Flowering phase, treated with a biological pesticide (2-fold spraying);
5 — Fruiting phase, control without treatment;
6 — Fruiting phase, control treated with the biological product “Fitosporin M”;
7 — Fruiting phase, treated with biological pesticide (seed treatment and 2-fold spraying);
8 — Leaves. Fruiting phase, treated with a biological pesticide (2-fold spraying);
9 — Root crop., technical ripeness, control without processing;
10 —technical ripeness, control treated with the biological product “Fitosporin M”;
11 —technical ripeness, treated with a biological pesticide (seed treatment and 2-fold spraying);
12 — technical ripeness, treated with a biological pesticide (2-fold spraying);
K+ — control with the presence of the pathogen

3AKIIOYEHUE Knx BGonesHenm TomMaTtoB M OrypLOB, Kak YepHas 6ak-
B pesynbTaTe nNpoBeAEHHbIX UCCMEeAOBaHUMN Obl-  TepuanbHasi MNATHUCTOCTb M aCcKOXUTO3 COOTBET-
N0 YCTaHOBIEHO, YTO npenapaTt 1 nposiBUn OYHrM-  CTBEHHO.
unaHoe AencTBMe B OTHOLLEHMM BO3OyauTenen Ta- Metogom T[LP-aHann3a npusHakym KonbLEeBON
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rHUNM Ha kapTodene He BbisiBNEHbI, a npenapat 2
okaszan dyHruumMgHoe OenctsMe Ha passutue u-
TOgTOPbI.

OTtmeudeHo adhhekTMBHOE OENCTBME Ha3BaHHbLIX
npenapaTtoB B criy4yae NpearnoceBHOro 3amaynBaHust
CeEMSH M OanbHenwen ABykpaTHoW obOpaboTku pac-
TEHWA B Mepuoa LBETEeHUs, Npu 3TOM peKkoMeHaye-
Masi KOHLieHTpaLusa pacTBOpOB — 10%%.

PaHHsi9  agmarHocTvka 3aboneBaHui  OBOLLHbIX
KynbTyp MeTOAaMu, OCHOBaHHbIMW Ha MNonMMepas-
HOM LEMHOW peakuun, Mo3BoNsieT OOHapyXuBaTb
crnefoBble KONMMYECTBA MaTOreHHbIX MWKPOOPraHm3-
MOB B MaKCHMMaIlbHO CXaTble CPOKWU U OCYLLECTBNATb
BblGOp Hambonee apPeKTUBHBLIX PYHIMUMAHBIX MNpe-
napaTos.
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Abstract: The effect of metal (ll)-containing composites based on extracellular metabolites of basidiomy-
cetes Pleurotus ostreatus, Ganoderma lucidum, Grifola umbellata and Laetiporus sulphureus on the viability
and response of potato plants in vitro has been investigated. The Lukyanovsky variety of potato, which is
susceptible to ring rot, caused by the bacterium Clavibacter sepedonicus, was studied. The parameters in-
vestigated included biofilm formation by Clavibacter sepedonicus, various morphometric parameters of
plants and the phytotoxicity of substances of fungal origin. The greatest anti-biofilm-forming effect was ob-
served in metal-containing biocomposites based on G. lucidum; Fe- and Co-containing biopreparations inhi-
bited the formation of Clavibacter sepedonicus biofilms by 40-50%. The plant height was adversely affected
by composites, in the absence of metal (ll), derived from L. sulphureus and P. ostreatus, as well as by a
Co-containing composite derived from P. ostreatus. The decrease in plant growth, in comparison with the
control, can be associated with the pronounced antibiotic properties of these basidiomycetes and cobalt. The
remaining biocomposites studied did not have an adverse effect on the growth of potatoes in vitro. A number
of morphometric parameters (length of internodes, number of leaves) remained virtually unchanged when
exposed to biocomposites of fungal origin. In contrast to the vegetative part of plants, the biomass and
length of the roots increased by 10-20% under the influence of biocomposites. Copper-containing compo-
sites derived from G. lucidum had no phytotoxic effect on plants and enhanced potato resistance to Clavi-
bacter sepedonicus. The beneficial properties of biocomosites may be judged by the degree of stimulation of
the physiological processes underlying the formation of the underground part of the plants, which is a pre-
requisite for increasing yields. The biocomposites are environmentally friendly because of their natural origin
and being effective at very low doses. The results obtained using metal-containing biocomposites derived
from G. lucidum and Gr. umbellata demonstrate the safety and possible improvement in health of potato
plants by using biocomposites derived from cultures of higher fungi.
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Pe3rome: UN3yuyeHo snusHue codepxawux memansnbi(ll) komno3umos, rnony4yeHHbIX Ha OCHOBE 8HEKITeMOY-
HbiIX Mmemabonumoe basuduomuyemos Pleurotus ostreatus, Ganoderma lucidum, Grifola umbellata u Laeti-
porus sulphureus, Ha xu3HecnocobHOCMb U OM8emHbIe peakuyuu pacmeHuli kapmogbesns in vitro. Uccrnedo-
8aHus npoeodusnu Ha rpPobupoYHbIX pacmeHusix kKapmodgberns in vitro copma JlykbsiHO8CKUU, 80CMPUUMYUBO-
20 Kk 8036ydumeno Konbyesol eHunu — bakmepuu Clavibacter sepedonicus. Usydanu buonneHkoobpa3sosa-
Hue Clavibacter sepedonicus, mopgomempuyeckue rokaszamenu pacmeHul, ¢bumomoKcu4HOCMb Cyb6-
cmaHuul epubHoz0o npoucxoxdeHusi. Haubonbwul aHmubuonneHkoobpasyrouwul aghcbekm Habnodarncs y
memarnicodepxaujux buokomno3umos Ha ocHose G. lucidum; Fe- u Co-codepxxawue 6uonpenapamsl ro-
Oaensnu obpasosaHue buornneHok Clavibacter sepedonicus Ha 40-50%. Ha ebicomy pacmeHull He2amueHO
s8o3delicmeosasniu mornbKo He codepxawue Memannbi(ll) komnosumsl Ha ocHoge L. sulphureus u
P. ostreatus, a makxe Co-codepxawuli npenapam u3 P. ostreatus. CHuxeHue npupocma pacmeHul o
CpasHEeHUo C KOHMPOJIeEM MOXHO C8513amb C 8blPa)XeHHbIMU aHmubuomu4Yeckumu ceolicmeamu amux 6a3u-
ouomuuyemos u kobanbma. OcmarnbkHbie uccredyembie 6UOKOMIO3UMbI He OKa3blearnu He2amueHO20 8Musi-
Hus1 Ha pocm kapmodgbers in vitro. Pad mopgomempuyeckux nokazamesieli pacmeHul (0nuHa mexooy3nud,
Konu4ecmeo ucmees) ocmaearsicsl rnpakmu4yecku HeusMeHHbIM rpu eosdelicmeuu 6uokomno3umos epub-
HO20 rnpoucxoxdeHusi. B omnudue om eezemamueHoOU Yacmu pacmeHuli buomacca KopHel u ux OnuHa
yesenuyuganacb Ha 10—-20% nod enusHuem 6uokomrosumos. Medscodepxkawue npenapamsl u3 G. lucidum
He nposenanu ¢pumomokcuyeckoz2o delicmeusi 8 OMHOWEHUU pacmeHul u obnadanu 3¢hghbeKmom ycuneHus
ycmouqusocmu kapmodgberns k Clavibacter sepedonicus. Cmumynsyusi ¢ou3uorio2udeckux rnpoueccos gop-
MuposaHusi od3eMHOU Yacmu pacmeHul Kak rpedrnochkiiika MOBbIWEHUS] ypoxalHocmu o3eosisiem cy-
Oumb O rosie3HbIx ceolicmeax MpeonoXeHHbIX BUOKOMIIO3Umo8, 3Koo2u4ecKu Yucmabix brazodapsi npu-
POGHOMY [POUCXOXOEHUIO U 3¢hgheKmMUBHbIX 8 O4YeHb Maribix 003ax. [lonyuyeHHbie pe3ynbmamsl ceude-
mernbcmeytom o be3ornacHocmu buokommnodumoe Ha ocHoge G. lucidum u Gr. umbellata dns pacmeHul
Kapmoesiss U 803MOXHbIX riepcriekmugax 0300poessieHUs Kapmodgbernsi ¢ MpuMeHeHUeM memarsiicooepxa-
wux 6UOKOMITO3UMO8, MOJ1yYeHHbIX C UCMOb308aHUEM Kyrbmyp 8bicuiux epubos.

Knrodeenbie cnoega: Solanum tuberosum L., ebicwue epubbi, pumonamozeHHble bakmepuu, Clavibacter
sepedonicus, memarnnbi(ll), BuokomMnosumai

BnazodapHocmb: Paboma ebinonHeHa rpu noddepxke epaHma lpe3udeHma Poccutickol ®edepayuu (Ne
MK-1220.2019.11 dnsa A.U. [llepcpunbesoli [senusHue 6uornpenapamos Ha pacmeHuss u Clavibacter
sepedonicus]). U3ydeHue wmemabonumos epuboe ebinonHeHo 6 pamkax membl Ne. AAAA-A17-
117102740098-8.

Uugpopmayuss o cmamsbe: [Jama nocmynnerus 20 ceHmsbps 2019 a.; dama npuHsmus K neyamu 31 ae-
eycma 2020 e.; dama oHnalH-pasmeweHuss 30 ceHmsbpsi 2020 e.

Ana umtuposanusa: Lmsnnesa O.M., MNepdunsesa A.U., MNMaenosa A.l'. BnusHue metanncoaepxatumx éuo-
KOMMO3MTOB rPUBHOrO NPOUCXOXAEHUS Ha pacTeHust kaptodens in vitro. M3eecmus 8y3o8. lNpuknadHas xu-
musi u buomexHonoeus. 2020. T. 10. N 2. C. 412-423. https://doi.org/10.21285/2227-2925-2020-10-3-412-
423

INTRODUCTION

Bacteria of the genus Clavibacter infect a wide
range of cultivated and weed plants [1], including
plants of the Solanaceae family, which are the most
important agricultural crops [2]. The causative agent
of ring rot in potatoes [3] belonging to the genus
Clavibacter is Clavibacter michiganensis ssp.
sepedonicus (Cms) (Spiekermann and Kotthoff,
1914; Davis et al., 1984), designated Clavibacter
sepedonicus in the new classification [4]. To date,
there are no effective means to regulate the popula-
tion of this pathogen [5, 6]. Moreover, there are no
drugs of chemical or biological origin capable of Ii-
miting the spread of bacterial potato diseases, and
the use of biocontrol agents is highly problematic
[1]. Hence, there is an opportunity to develop sub-
stances that are effective in combating bacteria,
safe to use with the plants and possibly beneficial
for the health of the potato when affected by the
phytopathogenic gram-positive bacterium Cms. Bio-

composites of fungal origin avoid both the environ-
mental risks associated with modern chemical pesti-
cides and the increasing resistance of phytopatho-
gens to chemical pesticides [7]; phytopathogens
decrease both the yield and quality of these strate-
gically important crops [8]. Therefore, the most sa-
tisfactory solution would be to identify preparations
based on natural compounds.

The use of biometals in conjugates of biopoly-
mers and edible fungi represents a more environ-
mentally friendly option for plant protection com-
pared to the use of inorganic chemical forms of
metals, such as oxides and salts. For instance, one
of the most phytotoxic types of nanomaterials is zinc
oxide particles, which are capable of inhibiting the
growth of roots of radish, rape, ryegrass, lettuce,
corn, cucumber [9]. Inorganic nanostructures were
shown to inhibit seed germination, based on indica-
tors such as the length of the seedlings and the rate
of plant growth, when analysing the degree of bio-
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availability and toxicity of both copper nanoparticles
with Phaseolus radiatus and Triticum aestivum [10]
and magnetite nanoparticles Fe;O, and ZnO with
Arabidopsis thaliana [11]. The use of other metals
that do not belong to microelements and are known
for their antimicrobial properties, primarily noble
metals, is not economically feasible for combating
bacterial phytopathogens. In addition, Ag readily
leaks into wastewater during rinsing thereby ad-
versely affecting the beneficial bacteria used in
wastewater treatment. Similarly, the ingress of silver
into water bodies is dangerous for aquatic orga-
nisms [12].

A wide range of biologically active metabolites of
higher fungi are represented by high molecular
weight protein, carbohydrate and lipid substances,
by low molecular weight compounds such as amino
acids, monosaccharides and fatty acid substances,
and finally by groups of compounds dominant in the
chemical composition of a mushroom culture. Basi-
diomycetes, which produce a unique complex of
biologically active substances, are being investiga-
ted as a source of substances with antibacterial
properties, for example we previously studied [13]
the generation of potentially antimicrobial inorganic
components in extracellular metabolites of basidio-
mycetes in hybrid biocomposites.

The purpose of this study is to evaluate a treat-
ment for improving the health of agricultural plants.
The treatment is created from composites contai-
ning metal (Il) compounds in macromycete metabo-
lites and is evaluated by determining the viability
and the response of potato plants in vitro.

EXPERIMENTAL

Research subjects and cultivation conditions.
The strain Clavibacter sepedonicus Ac-1405 was
obtained from the All-Russian collection of microor-
ganisms (Pushchino-Na-Oke, Moscow Oblast). This
species is not listed in the classification of microor-
ganisms by pathogenic groups in the Sanitary and
Epidemiological Regulations SP 1.3.2322-08. Bacte-
ria Cms were grown on a medium with the composi-
tion, g/l: glucose — 5.0; peptone — 10.0; yeast extract
— 5.0; CaCO; — 5.0. The fungal cultures were
Ganoderma lucidum (Curtis) P. Karst., strain 1315
(reishi mushroom); Grifola umbellata (Pers.) Pilat,
strain 1622 (umbrella polypore) from the collection
of the Department of Mycology and Algology, Mos-
cow State University (Moscow); Laetiporus sulphu-
reus (Bull.) Murrill, strain 120707 (sulphur polypore)
from the collection of the Department of Botany of
Irkutsk State University (Irkutsk); Pleurotus os-
treatus (Jacq.) Kumm., strain NK352 (oyster mush-
room) from the collection of Institute of Biochemistry
and Physiology of Plants and Microorganisms, Rus-
sian Academy of Sciences (Saratov). Mushroom
cultures were maintained on agarized beer wort
(4 degrees Balling).

Cultivation of plants in vitro. The studies were

carried out invitro on potato plants Solanum tu-
berosum L. of variety Lukyanovsky (A.G. Lorkh All-
Russian Research Institute of Potato Farming),
which is susceptible to ring rot [14, 15]. Microclonal
propagation of test tube plants was carried out using
cuttings. The cuttings were planted at the internode
depth in an agar nutrient Murashige and Skoog me-
dium (MS) containing vitamins and hormones, at
pH = 5.8-6.0; they were cultivated for 2 weeks and
maintained at a constant temperature in the range of
24-25 °C, illumination of 5-6 kIx, and photoperiod
duration of 16 h; and then transferred into MS liquid
medium of the same composition, but without agar.

Evaluation of bactericidal activity. Metal-
containing biosamples of fungal origin were ob-
tained as described in [16]. Determination of the
sensitivity of the phytopathogen to fungal bioagents
was carried out by diffusion in agar.

Methods for studying biofilm formation in bacte-
ria. To study the effect of metal-containing prepara-
tions on biofilm formation by Cms, the bacterial cul-
ture was grown for 1 day in a liquid nutrient medium,
then the test agent was added to the suspension,
and cultured under aerated conditions for another
day. Next, the optical density of the bacterial sus-
pension was measured at a wavelength of 595 nm
(Asgs) and the suspension was titrated to 96-well
polystyrene plates. After 48 h of incubation, the
plates were stained with 1% (w/v) gentian violet so-
lution at room temperature for 45 min. Subsequent-
ly, the wells were washed three times with distilled
water to remove unabsorbed cells, the dye from
bacterial cells was extracted with ethanol, and the
Asgs value was measured on a BIO-RAD model 680
(USA) microplate reader [17].

Determination of biometric parameters of plants.
Metal-containing biocomposites were added to the
liquid potato growth medium. Then the plants were
incubated for 25 days monitoring the following bio-
metric indicators: growth, number of leaves, length
of internodes. The fresh biomass of the plant mate-
rial was assessed gravimetrically.

Determination of the phytotoxicity of a biological
product. Potato plants, after removing the roots,
were placed in containers with mediums of the fol-
lowing compositions (Table 1).

Table 1. Composition of media for determining
the phytotoxicity of a biological product
Tabnuua 1. CoctaB cpef Ans onpeaeneHus
durToTOKCHYHOCTM BronpenapaTa

. Volume of medium components, mi
Experiment Cms Biological
number MS -
suspension product
1 25 25 0,5
2 50 - 0,5
3 25 25 -
4 50 - -
Note. "-”— denotes the absence of the component.

Each experiment was independently replicated
3 times; in each biological variant of the experiment,
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3-5 plants were analysed. The results were recor-
ded every hour for a total of 6 hours.

Statistical processing of experimental data was
performed using the Excel software package. The
arithmetic mean and standard deviation were as-
sessed. The reliability of the data was checked
using the Mann-Whitney U-test.

RESULTS AND DISCUSSION

A combination of environmentally friendly
biopesticides and beneficial microorganisms consti-
tutes an alternative to chemically manufactured pes-
ticides [18]. We studied biopesticides containing bio-
metal (Il), in a form generated by fungal action in a
nutrient medium, by measuring both bacteriostatic
and bactericidal activity of fungal substances
against the phytopathogen Cms. The total pool of
extracellular metabolites was isolated from sub-
merged cultures of Pleurotus ostreatus, Ganoderma
lucidum, Grifola umbellate and Laetiporus sulphure-
us, and found to contain products derived from the
introduced metal (ll) salts which were produced by
fungal biotransformation (Table 2).

The substances derived by fungal action were
used in comparative studies of biological activity.
Earlier, we showed the species-specific features of
the antibacterial effect against Cms of metal-
containing biocomposites obtained from cultures of
different genera and species of fungi [16]. In the
present work studying metal-containing preparations
of fungal origin applied to plant specimens, we se-
lected biocomposites from those studied previously,
which were characterized by a noticeable antibacte-
rial effect against Cms. The control treatment con-
sisted of biopolymer substances obtained from the
same fungus but which did not contain any metal
(see Table 2). In studies of the effects of metal(ll)
cations, inorganic metal salts were added to the
growth medium.

Trace-metal elements are essential for well-
known biological processes and are therefore vital
to living systems, but become toxic when their con-
centration exceeds certain limits. It is argued that
the biocomposites studied are safe because they
are composed of trace elements at concentrations

Table 2. Biocomposites of fungal origin used in the work

of the order of 10 mol/l. The concentration is further
reduced when the treatment dose is diluted in the
nutrient media. The content of microelements in
plants is 1 10°-1 10°% [19], and on average, the
molar mass of the microelements studied is
60 g/mol. In nature by comparison, plants can con-
tain up to 0.17 mmol/kg mass, which is the equiva-
lent of more than 0.1 mmol/l in the prepared bio-
composites before dosing.

One of the antimicrobial effects of drugs deve-
loped to combat bacterial plant pathogens is their
ability to counteract the formation of biofilms by phy-
topathogens [20]. The formation of biofilms by Cms
in the vascular system of the plant is the main cause
of the wilting of potato leaves [21]. Therefore, it was
necessary to study the effect of metal-containing
biocomposites on Cms biofilm formation. The great-
est anti-biofilm-forming effect was observed in pre-
parations based on G. lucidum (Fig. 1).

3,00 -
2,50 -
2,00 -
1,50 -

1,00 -

Biofilm density, A=595 Hm

0,50 -

0,00 T

Processing options

Fig. 1. Anti-biofilm-forming efficiency of biocomposites based
on Ganoderma lucidum (4),

containing Fe (2), Co (3), Cu (5), Zn (6),

compared to Cms (1)

Puc. 1. AHTn6buonneHkoobpasytoLasi 3 PEKTUBHOCTb
©vokomMno3nToB Ha ocHoBe Ganoderma lucidum (4),
copepxawumx Fe (2), Co (3), Cu (5), Zn (6),

B OTHoweHun Cms (1)

Tabnuua 2. BUOKOMNO3UTbI FpMGHOFO NponUCxoXxgeHmsa, nCnonb3oBaHHbIE B pa60Te

Addition
of the compound Concentration
Laboratory Sample characteristic to the liquid of metal (Il)s
sample code medium in the sample, mol/L
upon obtaining '
the sample
1K Composite based on Pleurotus ostreatus HK352 none 0
1Co Composite based on Pleurotus ostreatus HK352 CoCl; *6H,0 1-10™
2K Composite based on Ganoderma lucidum 1315 none 0
2Cu Composite based on Ganoderma lucidum 1315 CuSO0, *5H,0 210
4K Composite based on Grifola umbellata 1622 none 0
4Zn Composite based on Grifola umbellata 1622 ZnS04°7H,0 2:10™
5K Composite based on Laetiporus sulphureus 120707 none 0
5Fe Composite based on Laetiporus sulphureus 120707 FeSO, *7H,0 210"
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Iron-containing and especially cobalt-containing
biocomposites inhibited the formation of Cms bio-
films by 40-50% (see Fig. 1). The fungal prepara-
tions incorporating metal(ll) cause a significant re-
duction in biofilm-forming ability, whereas the fungal
preparation in the absence of metal(ll) (Fig. 1, op-
tion 4) enhance biofilm-forming ability (by 15%). The
biochemical action of fungus G. lucidum made a
significant contribution to the anti-biofilm-forming
efficiency of the biocomposites. The growing interest
in the creation of nutraceuticals and functional pro-
ducts was the impetus to study the species
Ganoderma from various geographical origins to
facilitate the identification of natural compounds with
pronounced antibacterial, antioxidant, medical and
other useful properties [22]. A distinctive feature of
the pool of metabolites from fungi of this genus are
triterpines, including ganoderic acids [23], which
have antimicrobial properties and are important in
biotechnology. Due to their ability to form complexes
of Co (Il), which adversely affect Cms biofilm for-
mation, these low molecular weight compounds
formed by G. lucidum are considered to be promi-
sing substances.

Various growth parameters of potato plants pro-
vided quantitative measures of the strength of action
of these substances of fungal origin (Fig. 2).

15 4
14 4
13 4
12 4
11 4

10 1

Height of plants, sm

0 2 4 6 8 12 18 25
Exposure, days

Fig. 2. Dependence of the height of potato plants

In vitro (k) on the presence of biocomposites derived
from Pleurotus ostreatus (1K), Ganoderma lucidum (2K),
Grifola umbellata (4K), Laetiporus sulphureus (5K)
containing Co (1Co), Cu (2Cu), Zn (4Zn), Fe (5Fe)

Puc. 2. 3aBncnMOCTb BbICOThI pacTeHuin kaptodens

In vitro (k) oT npucyTCTBUSA BMOKOMMNO3UTOB HA OCHOBE
Pleurotus ostreatus (1K), Ganoderma lucidum (2K),
Grifola umbellata (4K), Laetiporus sulphureus (5K), cogep-
xawmx Co (1Co), Cu (2Cu), Zn (4Zn), Fe (5Fe)

Plant growth was reduced by 36 and 50% by
metabolites produced by P. ostreatus (Fig. 2, 1K,
1Co) and L. sulphureus (Fig. 2, 5K), respectively,
compared to the control substances. It is known that
oyster mushroom and sulphur polypore are basidi-
omycetes with pronounced antimicrobial properties
[24, 25]. Therefore, it is likely that the effect of me-

tabolites from these fungi had an antibiotic effect on
potato plants with subsequent growth inhibition.
There was no observed adverse effect on the
growth of potatoes in vitro during the entire observa-
tion period (25 days) in the presence of the remain-
ning biocomposites investigated from cultures of
L. sulphureus (Fig. 2, 5Fe), Gr.umbellata (Fig. 2,
4K, 4Zn) and G. lucidum (Fig. 2, 2K, 2Cu).

When considering a choice of suitable biome-
tal (Il)s to study in conjunction with the funghi, it
should be noted that only cobalt has an adverse
effect on the height of potato plants (Fig. 2, 1Co). In
fungi, cobalt is also relatively toxic [26]. This sensi-
tivity to Co-containing substances is not unexpected
because only at relatively low concentrations is this
trace element necessary for growth, development
and the activity of various enzymes in both potato
plants and basidiomycetes [27]. The funghal cul-
tures used to form biocomposities respond to the
presence of Co (ll) by activating various biochemical
reactions producing metabolites, which in turn, con-
tribute to the inhibition of plant growth.

A number of morphometric parameters of plants
(length of internodes, number of leaves) remained
practically unchanged when exposed to biocompo-
sites of fungal origin. The length of internodes in
plants was not affected by any of the investigated
agents; therefore "stretching" of the plants was not
observed. Treatment of potatoes with preparations
based on P. ostreatus or L. sulphureus contributed
to the shortening of internodes in plants. None of the
observed effects was considered to be adverse.

None of the composites in the study had a sig-
nificant effect on the number of new leaves in the
potato plants during the study (Table 3).

Preparations of fungal origin were shown to af-
fect the colour of the leaves of potato plants. In the
presence of Cu-containing composite based on
G. lucidum, the colour of the leaves became more
saturated (Fig. 3, 2Cu). This is probably due to the
inclusion of copper ions, in the form of a coenzyme,
in the photosynthetic processes of the plant [19].

Pale green leaves and a thinner collet of potato
stems were observed with composites, both contai-
ning iron and in the absence of iron, based on
L. sulphureus (Fig. 3, 5K, 5Fe). This is probably the
result of both an excess of iron in the plant growth
medium and the contribution of the biological pro-
perties of L. sulphureus, in particular, the high anti-
oxidant activity of the sulphur polypore [28].

It is well known that the coordinated action of
reactive oxygen species (ROS) and phytohormones
regulates plant growth, development and stress to-
lerance [29]. ROS are multifunctional plant signalling
molecules contributing to the adaptive capacity of
any plant species [30]. It was also shown that anti-
oxidant compounds exhibiting a pronounced antiox-
idant effect might impede the development of oxida-
tive stress in potato plants [31]. Agents with antioxi-
dant properties, for example biocomposites
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Table 3. Effect of biocomposites on the number of leaves in potato plants in vitro
Tabnuua 3. BnusHve 6MOKOMNO3NTOB Ha KONMYECTBO NUCTBEB Yy pacTeHun kapTodens in vitro

Laboratory Duration of cultivation, days
sample code 0 2 6 12 18 25

K 12,3+1,2 12,7¢1,5 14,3421 16,0+1,0 17,0+0,4 19,0+1,0
1K 12,042,7 12,0£2,7 11,7¢1,5 14,7+2,3 18,0+3,6 21,0+4,6
1Co 12,742,5 12,742,5 13,0+3,0 15,7+1,5 17,321 20,7+2,5
2K 11,0+2,7 11,342,3 12,742,9 15,0+1,0 16,7+2,5 21,344,0
2Cu 13,3+3,1 13,331 15,3+2,5 14,3+1,5 15,7+2,3 17,3+2,9
4K 11,3+0,6 11,7+0,6 13,3+0,6 14,0+0,4 16,0+1,0 19,0+1,0
4Zn 12,0+1,7 12,3+1,2 13,0£1,0 15,0+2,7 15,7+2,3 18,0+2,7
5K 13,7¢1,5 13,7+1,5 13,0%1,7 14,0+1,7 14,3+4,9 16,7+1,5
5Fe 15,345,1 15,345,1 16,7+4,0 17,7+3,8 20,0+2,7 20,0+1,7

Note. K — control potato plants (without treatment with biocomposites).

Fig. 3. Change in colour of leaves of potato plants

in vitro (K) under the influence of biocomposites based
on Ganoderma lucidum (2Cu),

Laetiporus sulphureus (5K, 5Fe)

Puc. 3. 'ameHeHne okpacku NUCTbEB pacTeHuin kapTodens
in vitro (K) nog BnusiHMem 6GMOKOMMNO3NTOB HA OCHOBE
Ganoderma lucidum (2Cu),

Laetiporus sulphureus (5K, 5Fe)

derived from L. sulphureus, counteract the action of
ROS thereby having an effect on the biochemical
processes of potato plants (see Fig. 3). This could
serve as one of the reasons for the decrease in
growth rates (see Fig. 2) by obviating the need for
the plant’s stress-dependent activation of certain
antioxidant enzymes. The elevated level of exoge-
nous antioxidant substances from another basidio-
mycete, oyster mushroom (Fig.2, 1K), had the
same effect on the reduction of the growth of potato
plants, but this was less pronounced than that
caused by the sulphur polypore (Fig. 2, 5K).

The biochemical properties of the funghi from
which the biocomposites were derived, including the
antioxidant activity of fungi, were not considered to
be the predominant source of action on potato
plants, despite the ability for enhanced bioproduc-
tion of antioxidant compounds [28] commonly found
in P. ostreatus and L. sulphureus. In particular, in an
experiment to determine the mass of roots of potato
plants using the biocomposite based on P. ostreatus
(Fig. 4, 1K), no significant increase in mass was
observed compared to the control of untreated
plants, although it was noted that a positive effect
due to a compound derived from L. sulphureus was
one of the most pronounced (Fig. 4, 5K).

By contrast, the cobalt-containing agent pro-
duced a noticeable increase in the biomass of the
roots of potato plants (Fig. 4, 1Co). This increase,
when taken into account with the suppression of the
formation of Cms biofilms discussed above (see
Fig. 1), forms the rationale for the recommendation
to use Co-containing precursors for biocomposites
of fungal origin.

140 -
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60 = m (VP)

m (R)
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20 J

0
Kk 1K 1Co 2K 2Cu 4K 4Zn 5K 5Fe
Treatment type

Mass, % to control

Fig. 4. Mass of vegetative part (VP) and roots (R)

of potato plants in vitro (K) under the influence

of biocomposites based on Pleurotus ostreatus (1K),
Ganoderma lucidum (2K), Grifola umbellata (4K),
Laetiporus sulphureus (5K), containing Co (1Co),
Cu (2Cu), Zn (4Zn), Fe (5Fe)

Puc. 4. Macca BeretatusHoi 4actu (VP) n kopHen (R) pac-
TeHun kaptodens in vitro (K) nog BnusHnem
©OvokoMno3nToB Ha ocHoBe Pleurotus ostreatus (1K),
Ganoderma lucidum (2K), Grifola umbellata (4K),
Laetiporus sulphureus (5K), cogepxawmx Co (1Co),

Cu (2Cu), Zn (4Zn), Fe (5Fe)

As a general observation of the results of the
experiments, the biomass and length of roots either
did not change compared to those of the control
plants or increased in the range 10-20%. This result
is important because the tubers are the most valua-
ble part of the potato which is an important agricul-
tural crop, although it was noted that the mass of the
vegetative part of the plants decreased (see Fig. 4).
A prerequisite for increasing the yield and quality of
cultivated product is the stimulation of the physiolog-
ical processes of the underground part of the plant
which is formed of complex features that consist of
many structural elements; the yield is not solely de-
pendent on the morphometric parameters of the
aboveground part of plants. Additionally it is of great
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importance to increase the resistance of plants to
unfavourable actors and boost their immunity.

Although the 2Cu biocomposite experiment
showed no effect on the increase in mass of plant
roots (see Table 2), this preparation based on G.
lucidum had a moderate bactericidal and bacterio-
static effect on the causative agent of potato ring rot
and demonstrated anti-biofilm-forming efficacy
against Cms (see Fig. 1), without a negative effect
on the biometric characteristics of the plants (Fig. 2,
2Cu; 3, 2Cu; Table 3). A study of the phytotoxicity of
this biocomposite in the potato plant was carried out
prior to recommending its use in biotechnology
(Fig. 5).

In the absence of bacteria (Fig. 5, 2) or in the
presence of both Cms and the biological product
under investigation (Fig. 5, 1), the plants looked
healthy after the first hour. The first symptoms of the
disease (withering of leaves, wilt) in MS medium
were noted after the first hour of incubation in the
presence of Cms in specimum number 3 (Fig. 5). A
slight wilting of plants was noted in all specimens
4 h from the start of the experiment. After 6 hours of

4 hours

observation, almost all leaves of plants in the expe-
riment "Cms without biocomposite" had wilted
(Fig. 5, 3), whereas in the specimen "Cms with bio-
composite” (Fig. 5, 1) no more than 40% of the
leaves had wilted. This effect continued to be ob-
served after 21 h. The results demonstrate that the
biological product being studied had a clear positive
effect on the plant's ability to fight infection. It is
known that plant growth effectors can induce re-
sistance to various phytopathogens [32, 33]. Re-
sistance to infectious diseases is “turned on” in
plants in response not only to their local infection,
but also to treatment with substances from a large
group of structurally diverse organic and inorganic
compounds, which do not induce pathogen re-
sistance. This immunity is a result of changes in
plant metabolism, which have an adverse effect on
the nutrition, growth, development and reproduction
of phytopathogenic organisms. Substances derived
from the biocomposites proposed in this work poten-
tially effect similar changes in plant metabolism but
may be considered environmentally friendly due to
their natural origin and effectiveness at low doses.

Fig. 5. Study of phytotoxicity of Cu-containing biocomposite derived from Ganoderma lucidum in relation
to potato plants, grown on MS medium (1, 2, 3) with Cms suspension (1, 3)
and biocomposite (1, 2)

Puc. 5. NccnepoBaHne dmutoTokcmyHocTn Cu-cofepkallero buokomnosuta Ha ocHoBe Ganoderma lucidum
MO OTHOLLUEHMIO K pacTeHusIM kapTodens, BolpalleHHbIM Ha cpeae MS (1, 2, 3) ¢ cycneHnanen Cms (1, 3)
n 6uokomnosutom (1, 2)

CONCLUSIONS

The following conclusions can be deduced from
the results of this study of the viability and response
of potato plants in vitro to the presence of metal (Il)
containing composites synthesized as extracellular
metabolites of basidiomycetes Pleurotus ostreatus,
Ganoderma lucidum, Grifola umbellata and Laetipo-
rus sulphureus.

1. Metal-containing biocomposites based on
G. lucidum have the highest anti-biofilm-forming
efficacy against the Cms bacteria, the pathogen
of potato ring rot. Fe- and Co-containing bioprepara-
tions inhibit the formation of Cms biofims by
40-50%.

2. When exposed to biocomposites of fungal
origin, virtually no change was observed in a num-

418 === PHYSICOCHEMICAL BIOLOGY / ®U3UNKO-XUMUYECKAA BNONOIrmns



Tsivileva O.M., Perfileva A.l., Pavlova A.G. The effect of metal-containing biocomposites ...
Lueunesa O.M., leppunseea A.W., Maenoea A.I". BnusiHue memansicodep)xauwjux 6UOKOMMIO3UMOS ...

ber of morphometric parameters in the Lukyanovsky
variety potato plants, which are susceptible to Cms.
The composites studied do not have a significant
effect on the number of leaves, do not lead to ex-
cessive lengthening of the plant stem, and in most
cases, do not have a negative effect on the growth
of potatoes in vitro. The biomass and length of roots
either do not change or increase by 10-20% under
the influence of these biocomposites.

3. Plant height is adversely affected not only by
composites derived from L. sulphureus and
P. ostreatus in the absence of metal (Il), but also by
one Co-containing preparation derived from
P. ostreatus. This effect may be associated with the
increased antimicrobial and antioxidant activity of
exometabolites from these basidiomycetes, as well
as with the antibiotic properties of cobalt.

4. It is recommended to use cobalt compounds
to obtain biocomposites based on basidiomycetes
because the Co-containing agent is associated with

a noticeable increase in the biomass of the roots of
potato plants combined with the suppression of the
formation of biofilms Cms.

5. A copper-containing preparation derived from
G. lucidum is associated with a moderate bacteri-
cidal and bacteriostatic effect on the causative agent
of potato ring rot, demonstrates anti-biofilm-forming
efficacy against Cms, does not have an adverse
effect on any of the plant biometric parameters stu-
died, does not exhibit phytotoxic action against
plants and enhances potato resistance to Cms.

6. It is recommended to study the effect of
treatment with biocomposites from metabolites of
higher fungi on the whole plant and tubers of pota-
toes in the field. This study is a prerequisite to their
introduction as an environmentally safe treatment
against bacterial infection in potatoes. This would be
a valuable new treatment given increasing re-
sistance of phytopathogens to pesticides of chemi-
cal origin.

REFERENCES

1. Eljounaidi K, Lee SK, Bae H. Bacterial endo-
phytes as potential biocontrol agents of vascular wilt
diseases — Review and future prospects. Biological
Control. 2016;103:62—68. https://doi.org/10.1016/
j-biocontrol.2016.07.013

2. Boyarkina SV, Omelichkina YuV, Shafiko-
va TN. Generation of hydrogen peroxide in potato
plants and potato cell cultures under their infection-
with Pectobacterium carotovorum ssp. Caroto-
vorum. lzvestiya Vuzov. Prikladnaya Khimiya i Bio-
tekhnologiya = Proceedings of Universities. Applied
Chemistry and Biotechnology. 2018;9(1):67-74. (In
Russian). https://doi.org/10.21285/2227-2925-2019-
9-1-67-74

3. Van der Wolf JM, Van Beckhoven JRCM,
Hukkanen A, Karjalainen R, Muller P. Fate of Clavi-
bacter michiganensis ssp. sepedonicus, the causal
organism of bacterial ring rot in potato, in weeds and
field crops. Journal of Phytopathology. 2005;153(6):
358-365. https://doi.org/10.1111/j.1439-0434.2005.
00985.x

4. Li X, Tambong J, Yuan KX, Chen W, Xu H,
Lévesque CA, et al. Re-classification of Clavibacter
michiganensis subspecies on the basis of whole-
genome and multi-locus sequence analyses. Inter-
national Journal of Systematic and Evolutionary Mi-
crobiology. 2018;68(1):234—240. https://doi.org/
10.1099/ijsem.0.002492

5. Van der Wolf JM, Elphinstone JG, Stead DE,
Metzler M, Muller P, Hukkanen A, et al. Epidemiolo-
gy of Clavibacter michiganensis subsp. sepedonicus
in relation to control of bacterial ring rot. Plant Re-
search International, Wageningen, The Netherlands.
2005. 38 p.

6. Zaczek A, Strus K, Sokotowska A, Parniewski
P, Wojtasik A, Dziadek J. Differentiation of Clavibacter
michiganensis subsp. sepedonicus using PCR melting
profile and variable number of tandem repeat meth-

ods. Letters in Applied Microbiology. 2019;68(1):24—
30. https://doi.org/10.1111/lam.13081

7. Boyarkina SV, Omelichkina YuV, Volkova
OD, Enikeev AG, Verkhoturov VV, Shafikova TN.
Response of nicotiana tabacum on the impact of
biotroph Clavibacter michiganensis and necrotroph
Pectobacterium carotovorum. lzvestiya Vuzov. Pri-
kladnaya Khimiya i Biotekhnologiya = Proceedings
of Universities. Applied Chemistry and Biotechnolo-
gy. 2016;6(3):42-49. (In Russian) https:
//doi.org/10.21285/2227-2925-2016-6-3-42—-49

8. Kirgizova IV, Gajimuradova AM, Omarov RT.
Accumulation of antioxidant enzymes in potato
plants under the conditions of biotic and abiotic
stress. lzvestiya Vuzov. Prikladnaya Khimiya i Bio-
tekhnologiya = Proceedings of Universities. Applied
Chemistry and Biotechnology. 2018;8(4):42-54. (In
Russian). https://doi.org/10.21285/2227-2925-2018-
8-4-42-54

9. Lin D, Xing B. Phytotoxicity of nanoparticles:
inhibition of seed germination and root growth. Envi-
ronmental Pollution. 2007;150(2):243-250. https://
doi.org/10.1016/j.envpol.2007.01.016

10. Lee W-M, An Y-J, Yoon H, Kweon H-S. To-
xicity and bioavailability of copper nanopatrticles to
the terrestrial plants mung bean (Phaseolus radia-
tus) and wheat (Triticum aestivum): plant agar test
for water-insoluble nanoparticles. Environmental
Toxicology and Chemistry: An International Journal.
2008;27(9):1915-1921. https://doi.org/10.1897/07-
481.1

11. Lee CW, Mahendra S, Zodrow K, Li D,
Tsai Y-C, Braam J, et al. Developmental phytotoxici-
ty of metal oxide nanoparticles to Arabidopsis thali-
ana. Environmental Toxicology and Chemistry: An
International Journal. 2010;29(3):669-675. https:
//doi.org/10.1002/etc.58

12. Benn TM, Westerhoff P. Nanoparticle silver

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BUONOMNA =————= 419


https://doi.org/10.1016/
https://doi.org/10.212
https://doi.org/10.1111/j.1439-0434.2005
https://doi.org/10.1111/lam.13

Tsivileva O.M., Perfileva A.l., Pavlova A.G. The effect of metal-containing biocomposites ...
Lueunesa O.M., lepgpunseea A.W., Maenoea A.I". BnusiHue memansicodep)xaujux 6UOKOMMIO3UMOS ...

released into water from commercially available
sock fabrics. Environmental Science & Technology.
2008;42(11):4133-4139. https://doi.org/10.1021/
es7032718

13. Tsivileva OM, Perfileva Al. Selenium com-
pounds biotransformed by mushrooms: not only die-
tary sources, but also toxicity mediators. Current
Nutrition & Food Science. 2017;13(2):82-96. https:
//doi.org/10.2174/1573401313666170117144547

14. Romanenko AS, Riffel AA, Graskova IA,
Rachenko MA. The role of extracellular pH-
homeostasis in potato resistance to ring rot patho-
gen. Journal of Phytopathology. 1999;147(11-
12):679-686. https://doi.org/10.1046/j.1439-0434.
1999.00450.x

15. Omelichkina YuV, Boyarkina SV, Shafiko-
va TN. Effector-activated immune responses in pota-
to and tobacco cell cultures caused by phytopatho-
gen Clavibacter michiganensis ssp. sepedonicus. Fizi-
ologiya rastenii. 2017;64(3):204-212. (In Russian).
https://doi.org/10.7868/S0015330317020099

16. Tsivileva OM, Perfileva Al, Ivanova AA,
Pavlova AG. Biopolymeric composites of fungal
origin against the bacterial phytopathogen. Biomics.
2018;10(2):210-213. (In Russian). https://doi.org/
10.31301/2221-6197.bmcs.2018-30

17. Avetisyan LR, Shaginyan IA, Chernukha
MYu. The basic mechanisms of the formation of
epidemically significant nosocomial bacterial clones.
Uspekhi Sovremennoi Biologii. 2016;136(1):41-52.
(In Russian)

18. Akintokun AK, Ojesola CO, Akintokun PO,
Oloyede AR. Antagonistic effect of Bacillus
thuringiensis for the control of bacterial wilt of
tomato (Lycopersicon esculentum Mill). Nigerian
Journal of Biotechnology. 2019;36(1):94-102. https:
/ldoi.org/10.4314/njb.v36i1.13

19. Eliseeva OV, Eliseev AF. Some microele-
ments content in overground parts of radish
(Raphanus sativus L.). lzvestiya Timiryazevskoi
sel'skohozyajstvennoi akademii = lzvestiya of
Timiryazev Agricultural Academy. 2011;2:56-68. (In
Russian).

20. Sabo VA, Knezevic P. Antimicrobial activity
of Eucalyptus camaldulensis Dehn. plant extracts
and essential oils: A review. Industrial Crops and
Products. 2019;132:413-429. https://doi.org/10.10
16/j.indcrop.2019.02.051

21. Eichenlaub R, Gartemann KH. The Clavi-
bacter michiganensis subspecies: molecular investi-
gation of gram-positive bacterial plant pathogens.
Annual Review of Phytopathology. 2011;49:445—
464. https://doi.org/10.1146/annurev-phyto-072910-
095258

22. Tsivleva OM, Nguyen TP, Vu LN,
Chernyshova MP, Yurasov NA, Petrov AN, et al.
Lipidic components of pigmented and submerged
mycelium of Ganoderma from different climatic
zones. lzvestiya Vuzov. Prikladnaya Khimiya i Bio-
tekhnologiya = Proceedings of Universities. Applied

Chemistry and Biotechnology. 2015;3:37-47. (In
Russian).

23. Liang C, Tian D, Liu Y, Li H, Zhu J, Li M, et
al. Review of the molecular mechanisms of
Ganoderma lucidum triterpenoids: Ganoderic acids
A, C2, D, F, DM, X and Y. European Journal of
Medicinal Chemistry. 2019;174:130-141. https://doi.
0rg/10.1016/j.ejmech.2019.04.039

24. lkon GM, Udobre EA, Etang UE,
Ekanemesang UM, Ebana RU, Edet UO.
Phytochemical screening, proximate composition
and antibacterial activity of oyster mushroom,
Pleurotus ostreatus collected from Etim Ekpo in
Akwa Ibom state, Nigeria. Asian Food Science
Journal. 2019;6(2):1-10. https://doi.org/10.9734/AF
SJ/2019/45956

25. Younis AM, Yosri M, Stewart JK. In vitro
evaluation of pleiotropic properties of wild mushroom
Laetiporus sulphureus. Annals of Agricultural Scienc-
es. 2019;64(1):79-87. https://doi.org/10.1016/j.a0as.
2019.05.001

26. Matute RG, Serra A, Figlas D, Curvetto N.
Copper and zinc bioaccumulation and bioavailability
of Ganoderma lucidum. Journal of Medicinal Food.
2011;14(1):1273-1279. https://doi.org/10.1089/jmf.
2010.0206

27. Glukhova LB, Frank YA, Danilova EV, Avaky-
an MR, Banks D, Tuovinen OH, et al. Isolation, char-
acterization, and metal response of novel, acid-tolerant
Penicillium spp. from extremely metal-rich waters at a
mining site in Transbaikal (Siberia, Russia). Microbial
Ecology. 2018;76(4):911-924. https://doi.org/10.1007/
s00248-018-1186-0

28. Cilerdzi¢ J, Gali¢ M, Vukojevi¢ J, Stajic M.
Pleurotus ostreatus and Laetiporus sulphureus
(Agaricomycetes): possible agents against Alz-
heimer and Parkinson diseases. International Jour-
nal of Medicinal Mushrooms. 2019;21(3):275-289.
https://doi.org/10.1615/IntIMedMushrooms.20
19030136

29. Xia X-J, Zhou Y-H, Shi K, Zhou J, Foyer CH,
Yu J-Q. Interplay between reactive oxygen species
and hormones in the control of plant development
and stress tolerance. Journal of Experimental Botany.
2015;66(10):2839—-2856. https://doi.org/10.1093/jxb/
erv089

30. Milanovi¢ J, Oklestkova J, Novak O,
Mihaljevi¢ S. Effects of potato spindle tuber viroid
infection on phytohormone and antioxidant respon-
ses in symptomless Solanum laxum plants. Journal
of Plant Growth Regulation. 2019;38(1):325-332.
https://doi.org/10.1007/s00344-018-9842-7

31. Efimova MV, Kolomeichuk LV, Boyko EV,
Malofii MK, Vidershpan AN, Plyusnin IN, et al. Phy-
siological mechanisms of Solanum tuberosum L.
plants’ tolerance to chloride salinity. Russian Journal
of Plant Physiology. 2018;65(3):394—-403. https://doi.
0rg/10.1134/S1021443718030020

32. Poliksenova VD. Induced plant resistance
to pathogens and abiotic stress factors on the

420 == PHYSICOCHEMICAL BIOLOGY / ®U3UNKO-XUMUYECKAA BNONOIrmns


https://doi.org/10.1021/
https://doi.org/10.1046/j.1439-0434
https://doi.org/
https://doi.org/10.10
https://doi/
https://doi.org/10.9734/AF
https://doi.org/10.1089/jmf
https://doi.org/10.1615/IntJMedMushrooms.20
https://doi/

Tsivileva O.M., Perfileva A.l., Pavlova A.G. The effect of metal-containing biocomposites ...
Lueunesa O.M., leppunseea A.W., Maenoea A.I". BnusiHue memansicodep)xauwjux 6UOKOMMIO3UMOS ...

example of the tomato. Vestnik Belorusskogo gosu-

darstvennogo universiteta. Seriya 2. Khimiya.

Biologiya. Geografiya. 2009;1:48-60. (In Russian)
33. Karasov TL, Chae E, Herman JJ, Bergel-

son J. Mechanisms to mitigate the trade-off between
growth and defense. The Plant Cell. 2017;29
(4):666—-680. https://doi.org/10.1105/tpc.16.00931

BUBJIMOrPA®UYECKUA CMTUCOK

1. Eljounaidi K., Lee S.K., Bae H. Bacterial en-
dophytes as potential biocontrol agents of vascular
wilt diseases — Review and future prospects //
Biological Control. 2016. Vol. 103. P. 62-68.
https://doi.org/10.1016/j.biocontrol.2016.07.013

2. bosapknHa C.B., OmenunyknHa HO.B., Wadwmko-
Ba T.H. NeHepauus nepokcuaa Bogopoda B pacrte-
HMAX W KynbTypax KMeTok KapTodens npu nHdbuum-
poBaHun Pectobacterium carotovorum ssp. caroto-
vorum // W3Bectns By30B. [NpuknagHas Xumus wu
o6uotexHonorusa. 2019. T. 9. N 1. C. 67-74. https:
/ldoi.org/10.21285/2227-2925-2019-9-1-67-74

3. Van der Wolf J.M., Van Beckhoven J.R.C.M.,
Hukkanen A., Karjalainen R., Muller P. Fate of
Clavibacter michiganensis ssp. sepedonicus, the
causal organism of bacterial ring rot in potato, in
weeds and field crops // Journal of Phytopathology.
2005. Vol. 153. Issue 6. P. 358-365. https://doi.org/
10.1111/j.1439-0434.2005.00985.x

4. Li X., Tambong J., Yuan K.X., Chen W., Xu
H., Lévesque C.A., et al. Re-classification of Clavi-
bacter michiganensis subspecies on the basis of
whole-genome and multi-locus sequence analyses //
International Journal of Systematic and Evolutionary
Microbiology. 2018. Vol. 68. Issue 1. P. 234-240.
https://doi.org/10.1099/ijsem.0.002492

5. Van der Wolf J.M., Elphinstone J.G.,
Stead D.E., Metzler M., Mdiller P., Hukkanen A.,
Karjalainen R. Epidemiology of Clavibacter michi-
ganensis subsp. sepedonicus in relation to control of
bacterial ring rot. Plant Research International, Wa-
geningen, The Netherlands. 2005. 38 p.

6. Zaczek A., Strus K., Sokotowska A., Parniew-
ski P., Wojtasik A., Dziadek J. Differen-tiation of
Clavibacter michiganensis subsp. Sepedonicus
using PCR melting profile and variable number of
tandem repeat methods // Letters in Applied Micro-
biology. 2019. Vol. 68. Issue 1. P. 24-30.
https://doi.org/10.1111/lam.13081

7. bosipknHa C.B., OmenuukmHa HO.B., Bonko-
Ba O.[., EHukeeB A.l'., Bepxotypos B.B., Wadwuko-
Ba T.H. OTBeTHble peakuun pacteHuin Tabaka Ha
Bo3genicTBme 6uoTtpodpa Clavibacter michiganensis
n HekpoTpodpa Pectobacterium carotovorum // U3-
BecTus By30B. [puknagHast xumus n GuotexHomno-
rms. 2016. T. 6. N 3. C. 42—-49. https://doi.org/
10.21285/2227-2925-2016-6-3-42—-49

8. Knprusosa W.B., Nagpxumypanosa A.M., Oma-
poB P.T. OCOGEHHOCTU HaKOMMEHUss aHTUOKCU-
OaHTHLIX ()epMEeHTOB Yy pacTeHun kapTodens B
YCIOBUSIX BMOTUYECKOTO 1 abNOTUYECKOro CTPECCOB
/I N3Bectns By3oB. [NpuknagHas xumusa n 6rnotex-
Honorus. 2018. T. 8. N 4. C. 42-54. https://doi.org/
10.21285/2227-2925-2018-8-4-42-54

9. Lin D., Xing B. Phytotoxicity of nanoparticles:
inhibition of seed germination and root growth // En-
vironmental Pollution. 2007. Vol. 150. Issue 2.
P. 243-250. https://doi.org/10.1016/j.envpol.2007.
01.016

10. Lee W.-M., An Y.-J., Yoon H., Kweon H.-S.
Toxicity and bioavailability of copper nanoparticles
to the terrestrial plants mung bean (Phaseolus ra-
diatus) and wheat (Triticum aestivum): plant agar
test for water-insoluble nanoparticles // Environ-
mental Toxicology and Chemistry: An International
Journal. 2008. Vol. 27. N 9. P. 1915-1921. https:
//doi.org/10.1897/07-481.1

11. Lee C.W., Mahendra S., Zodrow K., Li D.,
Tsai Y.-C., Braam J., et al. Developmental phyto-
toxicity of metal oxide nanoparticles to Arabidopsis
thaliana // Environmental Toxicology and Chemistry:
An International Journal. 2010. Vol. 29. Issue 3. P.
669—675. https://doi.org/10.1002/etc.58

12. Benn T.M., Westerhoff P. Nanoparticle silver
released into water from commercially available
sock fabrics // Environmental Science & Technolo-
gy. 2008. Vol. 42. Issue 11. P. 4133-4139.
https://doi.org/10.1021/es7032718

13. Tsivileva O.M., Perfileva A.l. Selenium com-
pounds biotransformed by mushrooms: not only die-
tary sources, but also toxicity mediators // Current
Nutrition & Food Science. 2017. Vol. 13. Issue 2.
P. 82—-96. https://doi.org/10.2174/157340131366617
0117144547

14. Romanenko A.S., Riffel A.A., Graskova |.A.,
Rachenko M.A. The role of extracellular
pH-homeostasis in potato resistance to ring rot
pathogen // Journal of Phytopathology. 1999. Vol.
147. Issue 11-12. P. 679-686. https://doi.org/10.10
46/j.1439-0434.1999.00450.x

15. OmennukuHa HO.B., BosipkmHa C.B., LWa-
dukosa T.H. Peakumm addekTrop-akTMBUpyemoro
UMMYHUTETA B KynbTypax KneTok kapTodens u Ta-
Gaka npu pgenctBum dutonatoreHa Clavibacter
michiganensis ssp. sepedonicus // ®uanonorus
pacteHuin. 2017. T. 64. N 3. C. 204-212. https://doi.
0rg/10.7868/S0015330317020099

16. Umeunesa O.M., MNMepduneesa A.N., iBaHo-
Ba A.A., MNaenoea A.l'. BuononnmepHbIe KOMMNO3NUTbI
rPMOHOro NMPOVCXOXAEHUS NPOTUB GaKTepuanbHOro
dwutonartoreHa // Buomuka. 2018. T. 10. N 2. C.
210-213. https://doi.org/10.31301/2221-6197.bmcs.
2018-30

17. AsetucaH J1.P., WarnHaH WN.A., YepHyxa
M.FO. OcHOBHble MexaHU3Mbl POPMUPOBAHUSA 3MU-
OEMUYECKM 3HAYMMBbIX FOCMUTANbHbLIX KIOHOB Oak-
Tepun // Ycnexu coBpemeHHon 6Guonornn. 2016. T.
136. N 1. C. 41-52.

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BUONOTNA =————= 421


https://doi.org/10.1105/tpc.16
https://doi.org/10.1016/j.biocontrol.2016.07
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/j.envpol.2007
https://doi.org/10.1002/
https://doi.org/10.10
https://doi/
https://doi.org/10.31301/2221-6197.bmcs

Tsivileva O.M., Perfileva A.l., Pavlova A.G. The effect of metal-containing biocomposites ...
Lueunesa O.M., lepgpunseea A.W., Maenoea A.I". BnusiHue memansicodep)xaujux 6UOKOMMIO3UMOS ...

18. Akintokun A.K., Ojesola C.O., Akintokun
P.O., Oloyede A.R. Antagonistic effect of Bacillus
thuringiensis for the control of bacterial wilt of toma-
to (Lycopersicon esculentum Mill) / Nigerian Journal
of Biotechnology. 2019. Vol. 36. Issue 1. P. 94-102.
https://dx.doi.org/10.4314/njb.v36i1.13

19. Enuceera O.B., Enuceer A.®. CoagepxaHue
HEKOTOPbIX MWUKPOINEMEHTOB B BereTaTMBHbLIX Op-
raHax pegbkn (Raphanus sativus L.) // UN3Bectus
TUMNPA3EBCKON CENbCKOXO3SINCTBEHHOW akageMun.
TCXA. 2011. N 2. C. 59-68.

20. Sabo V.A., Knezevic P. Antimicrobial activity
of Eucalyptus camaldulensis Dehn. plant extracts
and essential oils: A review // Industrial Crops and
Products. 2019. Vol. 132. P. 413-429. https://doi.
0rg/10.1016/j.indcrop.2019.02.051

21. Eichenlaub R., Gartemann K.H. The Clavi-
bacter michiganensis subspecies: molecular investi-
gation of gram-positive bacterial plant pathogens //
Annual Review of Phytopathology. 2011. Vol. 49. P.
445-464. https://doi.org/10.1146/annurev-phyto-07
2910-095258

22. Umeuneea O.M., Hryen T.®., By J1.H,
YepHbiwoea M.I1., FOpacos H.A., TeTtpoB A.H. [n
ap.]. JiunugHble KOMMOHEHTbLI MMIMEHTUPOBAHHOTO U
rnybuHHOro MuLenus Ganoderma  pasHbix
KnuMaTuyecknx 3oH // N3Bectusa By3oB. [Npuknag-
Has xumusa n 6uotexHonorus. 2015. N 3. C. 37-47.

23. Liang C., Tian D., Liu Y., Li H., Zhu J., Li M.,
et al. Review of the molecular mechanisms of
Ganoderma lucidum triterpenoids: Ganoderic acids
A, C2, D, F, DM, X and Y // European Journal of
Medicinal Chemistry. 2019. Vol. 174. P. 130-141.
https://doi.org/10.1016/j.ejmech.2019.04.039

24. lkon G.M., Udobre E.A., Etang U.E., Eka-
nemesang U.M., Ebana R.U., Edet U.O. Phyto-
chemical screening, proximate composition and
antibacterial activity of oyster mushroom, Pleurotus
ostreatus collected from Etim Ekpo in Akwa lbom
state, Nigeria // Asian Food Science Journal. 2019.
Vol. 6. Issue 2. P. 1-10. https://doi.org/10.9734/AF
SJ/2019/45956

25. Younis A.M., Yosri M., Stewart J.K. In vitro
evaluation of pleiotropic properties of wild mush-
room Laetiporus sulphureus // Annals of Agricultural
Sciences. 2019. Vol. 64. Issue 1. P. 79-87.
https://doi.org/10.1016/j.a0as.2019.05.001

26. Matute R.G., Serra A., Figlas D., Curvetto N.
Copper and zinc bioaccumulation and bioavailability

Contribution

Olga M. Tsivileva, Alla I. Perfileva, Antonina G. Pav-
lova carried out the experimental work, on the basis of
the results summarized the material and wrote the
manuscript. Autors have equal author’s rights and
bear equal responsibility for plagiarism.

of Ganoderma lucidum // Journal of Medicinal Food.
2011. Vol. 14. Issue 10. P. 1273-1279. https://doi.
0rg/10.1089/jmf.2010.0206

27. Glukhova L.B., Frank Y.A., Danilova E.V.,
Avakyan M.R., Banks D., Tuovinen O.H., et al. Iso-
lation, characterization, and metal response of no-
vel, acid-tolerant Penicillium spp. from extremely
metal-rich waters at a mining site in Transbaikal (Si-
beria, Russia) // Microbial Ecology. 2018. Vol. 76.
Issue 4. P. 911-924. https://doi.org/10.1007/s0024
8-018-1186-0

28. Cilerdzi¢ J., Gali¢ M., Vukojevié J., Stajic M.
Pleurotus ostreatus and Laetiporus sulphureus
(Agaricomycetes): possible agents against Alz-
heimer and Parkinson diseases // International
Journal of Medicinal Mushrooms. 2019. Vol. 21. Is-
sue 3. P. 275-289. https://doi.org/10.1615/IntJIMed
Mushrooms.2019030136

29. Xia X.-J., Zhou Y.-H., Shi K., Zhou J., Foyer
C.H., Yu J.-Q. Interplay between reactive oxygen
species and hormones in the control of plant deve-
lopment and stress tolerance // Journal of Experi-
mental Botany. 2015. Vol. 66. Issue 10. P. 2839—
2856. https://doi.org/10.1093/jxb/erv089

30. Milanovi¢ J., Oklestkova J., Novak O.,
Mihaljevi¢ S. Effects of potato spindle tuber viroid
infection on phytohormone and antioxidant respon-
ses in symptomless Solanum laxum plants // Journal
of Plant Growth Regulation. 2019. Vol. 38. Issue 1.
P. 325-332. https://doi.org/10.1007/s00344-018-98
42-7

31. Efimova M.V., Kolomeichuk L.V., Boyko
E.V., Malofii M.K., Vidershpan A.N., Plyusnin I.N., et
al. Physiological mechanisms of Solanum tu-
berosum L. plants’ tolerance to chloride salinity //
Russian Journal of Plant Physiology. 2018. Vol. 65.
Issue 3. P. 394-403. https://doi.org/10.1134/S10214
43718030020

32. lMNonukceHosa B.[l. MHayuupoBaHHas ycTon-
YMBOCTb pacTeHUM K MatoreHam M abuoTuyeckum
cTpeccoBbiM (pakTopam (Ha npumepe Tomata) //
BecTHrk Benopycckoro rocygapcTBeHHOro yHUBep-
cuteta. Cepusa 2. Xumuda. buonorusa. eorpacms.
2009. N 1. C. 48-60.

33. Karasov T.L., Chae E., Herman J.J., Bergel-
son J. Mechanisms to mitigate the trade-off between
growth and defense // The Plant Cell. 2017. Vol. 29.
Issue 4. P. 666—680. https://doi.org/
10.1105/tpc.16.00931

Kpumepuu aemopcmea

Linsunesa O.M., lNepdunsesa A.W., MNasno-
Ba A.[. BbINOAHUNKN 3KCMEPUMEHTASb-HYIO
paboTy, Ha OCHOBaHWMU MOJTYYEHHbIX Pe3yrb-
TaToB nMpoBenu obobLieHe n Hanucanu py-
Konuckb. ABTOpPbI MMEIOT Ha CTaTblo paBHble
aBTOPCKME npaBa W HECYT PaBHYl0 OTBET-
CTBEHHOCTb 3a nnaruar.

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BNONOIrmnad


https://doi/
https://doi.org/10.1146/annurev-phyto-07
https://doi.org/10.9734/AF
https://doi/
https://doi.org/10.1007/s0024
https://doi.org/10.1615/IntJMed
https://doi.org/10.1007/s00344-018-98
https://doi.org/10.1134/S10214
https://doi.org/

Tsivileva O.M., Perfileva A.l., Pavlova A.G. The effect of metal-containing biocomposites ...
Lueunesa O.M., leppunseea A.W., Maenoea A.I". BnusiHue memansicodep)xauwjux 6UOKOMMIO3UMOS ...

Conflict of interests

The authors declare no conflict of interests regarding

the publication of this article.

The final manuscript has been read and approved by

all the co-authors.

INFORMATION ABOUT THE AUTHORS

Olga M. Tsivileva,
Dr. Sci. (Biology), Leading Researcher,

Institute of Biochemistry and Physiology

of Plants and Microorganisms, RAS,
13, Entuziastov Ave., Saratov, 410049,
Russian Federation,

X e-mail: tsivileva@ibppm.ru

Alla 1. Perfileva,

Cand. Sci. (Biology), Senior Scientist,
Siberian Institute of Plant Physiology
and Biochemistry, Russian Academy
of Sciences, Siberian Branch,

132, Lermontov St., Irkutsk, 664033,

Russian Federation,

e-mail: alla.light@mail.ru

Antonina G. Pavlova,

Student,

Irkutsk State University,

1, K. Marks St., Irkutsk, 664003,
Russian Federation,

e-mail: pavlovaantonina2013@yandex.ru

KoHepbniukm uHnmepecoe

ABTOpbI 3a8BMSAOT 06 OTCYTCTBUM KOH(IIMKTA
WHTEepPECOB.

Bce asmopsbi npodumarnu u 000bpunu OKOH-
YameribHbIl 8apuaHm pyKornucu.

CBEOEHWNA OB ABTOPAX

LUnBunesa Onbra MuxannoBHa,

A0.6.H., BeQyLmii HayYHbIA COTPYOHWK,
MHCTUTYT Broxmmmnm n omsmonornmn pacteHuni
1 MukpoopraHnsmos PAH,

410049, r. CapaToB, np-T QHTy3nacTos, 13,
Poccuiickas degepaums,

X e-mail: tsivileva@ibppm.ru

MepduneBa Anna UHHOKeHTbLEBHa,
K.0.H., CTapLwuni Hay4HbIV COTPYOHWUK,
CnbMpCKNA MHCTUTYT HU3NONOTN 1
oroxmmun pactenmin CO PAH,

664033, r. UpkyTck, yn. llepmoHToBa, 132
Poccuinickas denepaums,

e-mail: alla.light@mail.ru

MaBnoBa AHTOHUHA MaBpuNoOBHa,
CTYOEHT,

MpKyTCKUIM rocyAapCTBEHHbIN YHUBEPCUTET,
664003, r. NpkyTck, yn. Kapna Mapkca, 1,
Poccuiickaa depepauus,

e-mail: pavlovaantonina2013@yandex.ru

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BUONOTNA =————= 423


mailto:tsivileva@ibppm.ru
mailto:alla.light@mail.ru

PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2020 Vol. 10 No. 3
UN3BECTUA BY30B. NTPUKITTAQHAS XUMUA U BUOTEXHOJIOMNA 2020 Tom 10 N 3

Review article / O63opHas cTaTbs
DOI: https://doi.org/10.21285/2227-2925-2020-10-3-424-438
Evolution of views on plant immunity:

from Flor’s “gene-for-gene” theory
to the “zig-zag model” developed by Jones and Dangl

© Tatyana N. Shafikova, Yuliya V. Omelichkina

Siberian Institute of Plant Physiology and Biochemistry SB RAS,
Irkutsk, Russian Federation

Abstract: The study of plant defence mechanisms in response to pathogens in the mid-20th century resulted
in Harold Flor's gene-for-gene interaction hypothesis, which became recognised as central to the study of
phytoimmunity. According to this theory, the outcome of interactions in plant — pathogen phytopathosystems
— i.e. compatibility or incompatibility — is controlled genetically in interacting organisms and determined by the
presence of specific genes in both pathogen and plant: resistance genes in the plant and avirulence genes in
pathogen. The latest achievements in phytoimmunology, obtained with the help of modern molecular biology
and bioinformatics methods, have made a significant contribution to the classical understanding of plant
immunity and provided grounds for a modern concept of phytoimmunity consisting in the “zig-zag model”
developed by Jonathan Jones and Jefferey Dangl. Plant immunity is currently understood as being
determined by an innate multi-layer immune system involving various structures and mechanisms of specific
and non-specific immunity. Recognition by plant membrane receptors of conservative molecular patterns
associated with microorganisms, as well as molecules produced during cell wall disruption by pathogen
hydrolytic enzymes forms a basic non-specific immune response in the plant. Detection of pathogen effector
molecules by plant intra-cellular receptors triggers a specific effector-triggered immunity, resulting in the
development of the hypersensitive response, systemic resistance and immune memory of the plant.
Virulence factors and pathogen attack strategies on the one hand, and mechanisms of plant immune
protection on the other, are the result of one form of constant co-evolution, often termed an “evolutionary
arms race”. This paper discusses the main principles of Flor's classical “gene-for-gene interaction” theory as
well as the molecular-genetic processes of plant innate immunity, their mechanisms and participants in light
of contemporary achievements in phytoimmunology.

Keywords: plant innate immunity; molecular patterns; effectors; receptors; pattern-triggered immunity;
effector-triggered immunity

Information about the article: Received October 21, 2019; accepted for publication August 31, 2020; avail-
able online September 30. 2020.

For citation: Shafikova TN, Omelichkina YuV. Evolution of views on plant immunity: from Flor's “gene-for-
gene” theory to the “zig-zag model” developed by Jones and Dangl. Izvestiya Vuzov. Prikladnaya Khimiya i
Biotekhnologiya = Proceedings of Universities. Applied Chemistry and Biotechnology. 2020;10(3):424—438.
(In English) https://doi.org/10.21285/2227-2925-2020-10-3-424-438

YOK 581.1

JBoNUMA B3rNaA0B HA UMMYHUTET PacCTeHUN:
oT 3akoHa H.H. Flor «reH-Ha-reH»
Ao «3ursar mogenu» J. Jones mn J. Dangl

T.H. Wadwmkosa, KO.B. OmennykuHa

Cunbupcknii MHCTUTYT cdomamonorum n Gnoxmmmm pactequn CO PAH,
r. pkytck, Poccuiickas ®epepauus

Pe3stome: M3yyeHue 3auUmHbIXx MexaHU3MO8 pacmeHusi 8 omeem Ha 8o3delicmeue rnamoaeHa npueerso K
co30aHuKo 8 cepeduHe nPoOWITI020 8eKka KOHUenuuu «2eH-Ha-eeH e3aumodeticmsus» (H.H. Flor), komopas Ha
ce200HAWHUU OeHb MpuU3HaHa Krnaccudeckol meopuel umoummyHumema. CoanacHo daHHOU meopuu,
UCcxo0 83aUMOOMHOWeEHUU 8 ¢humonamocucmeme «pacmeHUe — rnamo2eH» — COBMECMUMOCMb USU HECo8-
mMecmumMocmb, Haxodumcs o0 eeHemu4ecKuUM KOHmposieM g3aumodelicmayowux opaaHuamos u onpede-
nigemcsi Hanu4uem crieyuchudeckux 2eHo8 namoaeHa U pacmeHus-xo3siuHa. [JJocmuxkeHusi nocriedHuUx nem
8 obrlacmu ¢humoumMmMyHorsio2uu, rnosy4YeHHble briazodapsi Hoseluwum memodam MoseKynspHol buonoeuu u
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buouHgopmamuku, cywecmeeHHo AonoaHUNU u yanybunu Knaccudeckue 832r140bl Ha UMMyHUMem pacme-
Huli u 06oCHOBaANU COBPEMEHHYIO KOHUeNuuto humoumMmyHumema «3uz3ae modesnb» (J. Jones u J. Dangl).
CoznacHO cospeMeHHbIM 8033PEHUSIM, 3awjuma pacmumesibHo20 opeaHu3Ma om go3delicmeull namozeHa
onpedensemcsi (yHKUUOHUPOBAHUEM MHO20YypPO8HE80U BpOXOEHHOU UMMYHHOU cucmembl C ydacmuem
PasUYHbIX CMPYKMyp U MexaHu3mMo8 crieyuguyecKozo U Hecreyuguyeckoao 8pox0eHH020 UMMyHUMema.
PacnosHasaHue MeMbpaHHbIMU pacmumesibHbIMU Peyernmopamu KOHCep8amueHbIX MOSIEKYISPHbLIX nam-
MepHO8, accoyuUpPoOBaHHbIX C MUKDPOOp2aHU3MaMu, a makxe MOJIEKYIl, 803HUKaroUjux ecrnedcmeue amaku
audponumuyeckumMu chepMeHmamu rnamozaeHa K/emoYHbIX CMeHOK X03s1UHa, onpedesnsiem 6a308bil Hecre-
yugbudeckuli ummyHumem pacmerus. JJemekuyusi 3ghgbeKmopHbIX MOIEKYT Tamo2eHa 8HymMpPUKIeMOYHbIMU
peuenmopamu pacmeHusi 3arnyckaem creyugudeckull s¢hgbekmop-uHOyyupyembili UMMyHUMEM, BKIIoYa-
rowuli passumue peakyuu CeepxyyscmeumesibHoCmu, cucmeMHol ycmol4yueocmu U UMMYHHOU namsimu
pacmerus. ®akmopbl eupyneHmHocmu u cmpameauu HarnadeHusi namoeeHos, ¢ OOHOU CMOPOHbI, U
y4acmHuKuU, U MexaHu3Mbl UMMYHHOU cucmemMbl pacmeHul, ¢ Opyaol, Aesomcs pesynbmamom MoCmosiH-
HO20 COBMECMHO020 380JTIOUUOHUPOBAHUS, YMO HaroMUHaem «20HKY 800PYXEeHUS U OBOPOHbLI» MEXOY
npomusobopcmeyrowumu cmopoHamu. B cmambee obcyx0aromces MOMeKynsapHO-2eHemu4Yeckue npoyeccol
8POXOEHHO20 UMMyHUMema pacmeHud, UX MexaHU3M U y4aCmHUKU 8 C8eme CO8PeMEeHHbIX O0CMUXeHUl
umoummyHorsio2uu.

Knroueenie crnosa: 8pox0eHHbIlU UMMYyHUMem pacmeHuli, MOJIeKYsPHbIE NammepHbl, 3¢hghekmopbl, pe-
uernmopel, NammepH-akmueupyeMbil UMMyHUMem, 3ghgheKkmop-uHoOyyupyemebll UMMyHUMem

Uugpopmauyus o cmamee: [Jama nocmyrnnerusi 21 okmsbpsi 2019 e.; dama npuHamusi K nedamu 31 aszy-
cma 2020 a.; dama oHnatiH-pa3meuieHusi 30 ceHmsibpsi 2020 e.

Ans yumupoearusi: Wadukoea T.H., OmenunuknHa KO.B. 3Bontouns B3rnNsgoB Ha UMMYHUTET pacTeHUR: OT
3akoHa H.H. Flor «reH-Ha-reH» go «3uraar mogenu» J. Jones u J. Dangl. M3gsecmus s8y3oe. [NpuknadHas xumusi

u buomexHornozus. 2020. T. 10. N 3. C. 424-438. https://doi.org/10.21285/2227-2925-2020-10-3-424-438

INTRODUCTION

In natural habitats, plants have to co-exist with a
large variety of microorganisms, many of which are
pathogenic. In order to survive, a plant must quickly
recognise a pathogen and activate relevant defence
mechanisms. Together, these myriad defences
activated following microbiological attack constitute
an integrated plant immune system — phytoimmunity.

In the middle of the 20th century Harold Flor
advanced the “gene-for-gene interaction” hypothe-
sis, which postulated that the outcome of host-
pathogen interactions in a phytopathosystem — i.e.
in terms of compatibility or incompatibility — falls
under the genetic control of interacting organisms
and determined by the presence of specific genes in
both parasite and plant [1]. A more thorough
understanding of the molecular-genetic mechanisms
of plant immunity has only recently become possible
due to the introduction of innovative methods of
molecular  biology and bioinformatics  into
phytoimmunology. The modern science of plant
resistance represents many of the classical
concepts of Flor's theory, while at the same time
introducing new concepts and broadening the scope
of phytoimmunology following the successes of
more recent studies. The key immunological
achievements of the late 20th — early 21st century
include Charles Janeway's Pattern Recognition
Principle, describing innate recognition by
multicellular organisms of conservative structures
(patterns) associated with microorganisms [2].
Innate recognition is based on detection by
membrane receptors of “alien” molecular structures,
which are inherent to microorganisms, but are

absent from the host plant. These receptors, known
as Pattern-Recognising Receptors (PRRs), have
been found in all multicellular organisms from
invertebrates (sponges, insects) and plants through
to mammals (mice, humans) [3]. Thus,
C. Janeway’s principle of pattern recognition is
universal and characteristic of innate immunity in all
multicellular organisms. The molecules recognised
by PRR are invariant and conservative for each
class of microorganisms and are denoted in respect
to their origin either as Pathogen-Associated
Molecular Patterns (PAMP) or Damage-Associated
Molecular Patterns (DAMP). Their detection results
in the activation of a series of basic, non-specific
plant defence responses (Pattern-Triggered
Immunity — PTI): generation of reactive oxygen
species (ROS) and nitric oxide (NO), synthesis of
phytoalexins, lignification of cell walls and callose
deposition, as well as a number of other
mechanisms [4].

The evolution of pathogens in response to basic
immune defences resulted in the emergence of
protein effectors (products of avirulence genes —
Avr-genes), as well as systems for facilitating their
transport directly into the cell; via Type Il secretion
systems acting through the “molecular syringe”
principle, the effectors are delivered to the
cytoplasm, bypassing the cell wall and membrane in
order to block PTI development. The evolution of
plants, in its turn, gave way to the emergence of
intracellular or cytoplasmic Nucleotide Binding
Domain Leucine-Rich Repeat Domain-containing
Receptors (NLRs) [5] (products of resistance genes
— R-genes), which detect specific protein effectors,
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directly or indirectly, allowing for the induction of
Effector-Triggered Immunity (ETI). In ETI “gene-for-
gene” interaction is implemented; a specific protein
effector correlates with an R-gene product — a
complementary NLR. Modern concepts of plant
immunity are summarised in the “zig-zag” model
proposed in 2006 by Jonathan Jones and Jeffery
Dangl [6]. This model, as an addition to Harold
Flor's classical “gene-for-gene” theory, puts together
multi-level plant immunity responses of differing
specificity and amplitude and highlights continuous
evolutionary adaptation of partners in the course of
plant-microbial interactions.

CLASSICAL THEORY OF PHYTOIMMUNITY

The study of plant defence mechanisms in
response to pathogens in the middle of the 20th
century resulted in the formation of phytoimmunity
theory, which has been recognised as central to the
study of plant immunity. According to this theory, the
outcome of interactions in phytopathosystems is
under genetic control [7]. This means that during co-
evolution, the host plant and its parasite develop
complementary gene pairs: resistance (R) gene in
the plant and avirulence (Avr) gene in the parasite.
The study of these genes in flax rust prompted
American phytopathologist Harold Flor to develop the
aforementioned “gene-for-gene” concept. He found
that the linen plant’s (Linum usitatissimum L.)
resistance to pathogen Melampsora lini is a
consequence of the interaction of specific host and
pathogen genes and arises only in the presence of a
dominant R-gene allele in the plant and a dominant
Avr-gene allele in the pathogen. All other
combinations of these genes, for instance loss or
alteration of the respective gene by one of the
partners, do not prevent the development of the
disease [8]. This type of resistance is
monogenetically controlled, with the pathogen and its
host typically possessing the same geographical
centers of origin and evolving in parallel. The “gene-
for-gene” theory informed the prominent Russian
botanist Nikolai Vavilov's studies into the conjugated
evolution of plant and parasite in their joint habitat [9].
The most frequently cited biochemical explanation of
“‘gene-for-gene” theory is advanced by Peter
Albersheim, who proposed that dominant alleles of
resistance genes control synthesis of receptor
proteins on the cell wall or membrane of host plants,
whereas dominant alleles of avirulence genes code
for the synthesis of glycosyltransferase enzymes,
which produce hydrocarbon chains or elicitors on the
surface of the pathogen cell wall [10]. Four types of
factors were described in the “gene-for-gene” theory:
1) avirulence genes and their products (elicitors) 2)
resistance genes and their products (receptors) 3)
signal transductors carrying the information to the
genome; 4) immune response genes and their
products (PR-proteins, phytoalexins, lignin, etc.). The
former two groups are specific; the latter ones are

non-specific [1]. Thus, in compliance with the
classical view of plant immunity, the interaction of
products of R- and Avr-genes, receptors and elicitors,
results in the development of the hypersensitive
response (HR) and determines plant resistance to the
pathogen. Flor's classical theory of “gene-for-gene
interaction” illustrates the Pseudomonas syringae —
tomato (Solanum lycopersicum L.) phytopatho-
system. The Avr-gene of pathogen P. syringae is the
AvrPtoB gene; the R-gene of the tomato plant is the
Pto gene. Plant species with a dominant R-gene are
resistant to pathogen strains with a dominant Avr-
gene; when the Avr/R pair interacts, the
hypersensitive response develops, and the host and
pathogen are incompatible. Should any component of
the Avr/R pair be absent or altered, they become
compatible and the disease develops [11].

MODERN CONCEPT OF PLANT
IMMUNITY

The application of innovative methods of
molecular biology and genetics, which in many
respects predicted success in recent studies of
phytoimmunology, made a significant contribution to
our understanding of defence mechanisms, thus
supporting the modern concept of plant immunity.
According to this concept, plant immunity is the
result of a multi-layer innate immune system having
various structures and mechanisms of both specific
and non-specific immunity.

When plant and microorganism interact, the
latter needs to first overcome the plant’s constitutive
defences, such as a powerful wax layer and rigid
cell wall, as well as defence compounds including
cuticular lipids, antimicrobial enzymes and
secondary metabolites [12]. The next barrier in the
way of a pathogen is the plant's innate immunity
system; to overcome it, the pathogen has to either
avoid recognition by the plant or suppress the
defence response of the host. In order to recognise
pathogens and their metabolites, plants use a
conservative method, which is found in animal
organisms as well — membrane receptors.
Receptors detect specific molecular ligands, which
are conservative and characteristic of pathogens,
but are alien to plants. These molecules, as
mentioned above, were identified for the first time by
Charles Janeway and termed Pathogen-Associated
Molecular Patterns (PAMPS) [13]. In reality, PAMPs
are inherent to all microorganisms, regardless of
their pathogenicity, thus the term MAMP (Microbial-
Associated Molecular Pattern) is often used
interchangeably [14]. Plants are also capable of
detecting fragments formed through damage by
microbial lysis of such plant structures as the cuticle
or cell wall. Such products fall within the Damage
Associated Molecular Pattern (DAMP) classification
[15]. Detection of molecular patterns — PAMP and
DAMP - is performed by Pattern Recognition
Receptors (PRRs), which trigger immune signaling.

INNATE
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This process results in the activation of a number of
defence responses leading to the prevention of
disease progression. This immunity mechanism,
known as Pattern-Triggered Immunity (PTI) [6, 16]
presents the first level of plant innate immunity. virulent
pathogen strains can suppress defence responses
elicited by PRRs via the triggering of effectors, which
act as virulence factors for susceptible hosts [17].
Subsequently, detection of these effectors forms the
second level of innate phytoimmunity — Effector-
Triggered Immunity (ETI) [6].

Basic, non-specific resistance is conferred through
PTI (the first level of resistance), while the second
level, ETI, induces immunity characterised by the
development of the hypersensitive reaction and
resulting in systemic resistance. The development of
systemic resistance provides long-term protection
against a wide variety of pathogens [18]. Plants may
also utilise trans-generational immune memory; that is,
stress caused by disease acting on one generation
could bring about effective adaptation of the next
generation to the same stress [19].

Pattern-Triggered Immunity — PTI

Microbial patterns or PAMPs are conservative
molecular structures, which are characteristic of
practically all classes of microorganism, regardless
of their pathogenicity. In addition to pathogens,
symbionts and endophytes also display PAMPs,
resulting in an initial recognition as “alien” by the
plant, which subsequently triggers an innate
immune response [4, 6]. Findings suggest that the
presence of both human and plant enterobacteria
pathogens can activate the non-specific immune
response in plants. Based on these data the authors
presume that such atypical plant microorganisms
have PAMPs that can be recognised by plants [20,
21]. Distinct groups of microorganisms exhibit
different PAMPs: flagellin and elongation factor are
found in bacteria, chitin in fungi and virulence factor
NSP (Nuclear Shuttle Protein) in viruses [22-24].

PRR receptors, which specifically recognise
PAMPs, include Receptor-Like Kinases (RLKs) and
Receptor-Like Proteins (RLPs). RLKs are trans-
membrane receptors containing an Extracellular Do-
main (ECD), transmembrane domain and intracellular
serine/threonine kinase domain. The ex-tracellular
domains are highly variable, providing the means to
recognise a wide range of PAMPs including
lipopolysaccharides, peptides and polysaccharides.
The transmembrane sector is characterised by an
a-spiral fragment, which permeates the membrane
only once. The cytoplasmatic domain formed by the
C-terminal sector contains a kinase fragment, where
the residues of serine and threonine are auto-
phosphorylated with the formation of a dimer complex
following receptor activation by a ligand. Plants have
a large number of RLKs. For example, in
Arabidopsis, there are more than 410, and more than
640 in rice [25] Plant RLKs are structurally simillar to

animal Receptor-Tyrosine Kinases (RTKs) [26].

RLP receptors contain only extracellular and
transmembrane domains. Since they lack an
intracellular activation domain, they need to interact
with adaptor molecules to transfer the signal. RLPs
are close in structure to Toll-Like Receptors (TLR),
which recognise MAMPs in animal cells [27]. Animal
TLRs, with the help of adaptor proteins, activate
IRAK (Interleukin-1 Receptor Associated Kinase) or
RIP (Receptor-Interacting Protein), which trigger the
expression of antimicrobial defence molecules [28].
These kinases, which belong to the same class of
non-RD kinases as plant kinases, are linked to innate
immune reactions in representatives of both
kingdoms [29]. The number of RLPs in plants is much
lower than RLKs — in Arabidopsis there are about
170, while in rice the equivalent figure is 90 [25].

RLPs and RLKs can be classified into different
subfamilies according to domains or motifs in their
ECDs. The N-terminal domain of Leucine-Rich
Repeats (LRRs) is mainly involved in the recognition
of proteins and peptides found in bacteria and
viruses.

Currently, a large number of pathogenic
molecular patterns and corresponding receptors are
known, but three ligand-receptor pairs are
characterised in detail. The investigation into pattern-
recognising receptors began with the discovery of the
Xa21 protein, which was found in rice (Oryza sativa
L.) and the respective molecular pattern of bacterial
phytopathogen Xanthomonas oryzae pv. oryzae
(X00). This receptor specifically binds to Ax21, a
sulphated 17-amino-acid peptide of the N-sector of
proteins secreted by a given pathogen [30]. A well-
known pair is receptor FLS2 (Flagellin-Sensitive 2)
which is found in Arabidopsis thaliana (L.) Heynh.,
tomato (S. licopersicum) and tobacco (Nicotiana
tabacum L.) and interacts with the 22-amino-acid
peptide of the N-terminal segment of flagellin — flg22
[23]. Another well studied pair of PRR-MAMPs is
EFR (EF-Tu Receptor) and prokaryotic elongation
factor EF-Tu. The epitope of this molecular pattern is
formed by the first 18 amino-acids of the N-terminal
(elf18) [31].

The lysine domain (LysM) is present in
receptors that recognise bacterial peptidoglycan and
fungal chitin [16]. An example of a kinase that
participates in the recognition of fungal ligands is
Arabidopsis CERK1 (Chitin Elicitor Receptor Kinase
1) with three extracellular LysM domains [32], LYP4
and rice LYP6 [33].

The Lectin RLK family includes receptors with a
lectin domain, the presence of which allows
recognition of bacterial lipopolysaccharides [34].
Another family of PRRs is represented by receptors
containing the Epidermal Growth Factor (EGF) -like
domain, whose presence determines the detection
of oligogalacturonides [35].

Besides PAMPs, DAMPs — damage associated
molecular patterns — may also signal the attack of a
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pathogen. They include oligogalacturonides formed
as a result of the influence of pectolytic enzymes of
phytopathogens on pectin in the plant cell wall.
Destruction of plant cell walls by microbial enzymes
results in the formation of oligomers with a specific
and constant structure [36]. DAMPs are detected by
membrane receptor kinases and interact with the
plant cell wall — WAK (Wall Associated Kinases)
[37]. Kinases in this family were shown to determine
the integrity of oligogalacturonides produced from
plant cell walls and in the case of their integrity
distortion are able to activate signal cascades and
the transcription of resistance genes [35].

Association of receptor and ligand is known to
cause changes in the conformation of receptor
molecules, which fosters enhancement of affinity
between receptor molecules. As receptor kinases
laterally diffuse along the membrane, they quickly
and readily form dimer complexes, and in some
cases, form complexes with co-receptors. At the
expense of the approximation of two receptors,
kinase centers are activated, and receptor
molecules begin to phosphorylate each other using
serine and threonine residues in the area of the
kinase center. Phosphorylation results in the
formation of the active site — a platform serving to
interact with further components of the signal chain.
Thus, in the course of interaction, the flg22:FLS2
kinase domain of the FLS2 receptor is quickly
phosphorylated when stimulated by the flg22
peptide and phosphorylated FLS2 is immediately
dimerised with BAK1 kinase (Brassinosteroid
Intensive 1 (BRI1)-Associated Kinase — BAK1) [38].
The crystal structure of the FLS2 ectodomain was
determined in combination with flg22 and BAK1: the
FLS2 ectodomain was found to have 28 LRR;
binding to flg22 occurs in LRR3-16, and with BAK1
in the region of LRR23-26 [39]. It should be noted
that BAK1 kinase participates in the perception of
signals and the regulation of many other PRRs, as
well as playing an important role in the regulation of
the plant immune response. The phosphorylation of
kinase BAK1 has been shown to occur in different
amino acid residues [40]. The importance of BAK1
is reinforced by the fact that often this kinase acts as
a target for some pathogen effectors, for example,
AvrPto and AvrPtoB [41]. Following BAK1 inhibition
via these effectors, pattern-triggered immunity is
suppressed.

To further transduce the signal, another
important component of the PRR complex is
activated — Receptor-Like Cytoplasmic Kinase
(RLCK) BIK1 (Botrytis-Induced Kinase 1). Mutual
trans-phosphorylation of kinase domains BIK1 and
FLS2/BAK1, which takes place within 30-60s of
signal perception, results in conformational
changes; in the long run, phosphorylated BIK1 is
released to activate further signal components [42].
Moreover, BIK1 has been shown to trigger a
cascade of reactions from several receptor

complexes. Along with FLS2 / BAK1, BIK1 receives
the signal from EFR and CERK1 [43].

In Arabidopsis, BIK1 induces two synchronous
cascades of activation in mitogen activated protein-
kinases, which contain MKK4/MKK5-MPK3/ MPK6
and MEKK1/MKK1/MKK2-MPK4 [44, 45]. These
cascades induce the activation of transcription
factors in the WRKY family [46]. WRKY family
proteins have a DNA-associating domain of about
60 amino-acids and a conservative region
WRKYGQK with a unique zinc-finger domain, with
residues of cysteine and histidine. The presence of
a DNA-associating domain allows these WRKY
trans-factors to interact with cis-elements of the
W-box (TTGACC/T motif), which is present in the
promoter of defence reaction genes [47]. WRKY
transcription factors are involved in the activation of
the expression of RBOH-NADPH oxidase providing
an oxidative burst in Nicotiana benthamiana [48].
Transcription factors, which are under control of
WRKY family genes, are found in many plants. They
participate in the formation of reactions providing
resistance to biotic [49] and abiotic stressors, low
temperatures and dehydration in particular [50, 51].

Signal transduction following pathogen stress
activates the following defence mechanisms:
change in calcium ion concentration, ROS and NO
production, expression of defence enzyme genes
and production of antimicrobial molecules, such as
phytoalexins. At the same time, as part of PTI
development, the biosynthesis of Salicylic Acid (SA)
or Jasmonic Acid (JAC) and ethylene can be
triggered, depending on the type of nutrition and the
attack strategies of the pathogen [52].

It should be noted that the mechanism of the
first non-specific level of innate immunity accounts
for the development in plants of a response to the
presence of symbionts and endophytes, as these
microorganisms also possess PAMPs/MAMPs.

Recent studies in the field of plant immunity
highlight the important role of Post-Translational
Modifications of proteins (PTMs) in the processes of
rapid cell reprogramming and the regulation of
defence responses to the perception of PAMPs [53].
The activity of kinases BAK1 and BIK1 decreases
following the action of phosphatases PP2A and
PP2C38, which leads to a decrease in the intensity
of ROS production [54, 55]. In addition, the activity
of kinase complexes in the perception of PAMPs
and signal transmission can be regulated with E3
ubiquitin ligases. It is assumed that ubiquitination of
receptor kinases is necessary with a prolonged
PAMP stimulus to “restart” the cell signaling [56, 57].

Effector-Triggered Immunity — ETI

The second level of plant protection is specific
effector-triggered immunity (ETD, which
corresponds to the classical theory of “gene-for-
gene interaction”. This immunity is conferred
through the activity of plant R-proteins, which
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recognise a number of pathogen effectors (Avr-
proteins) and activate the hypersensitive response,
which is fundamentally different from defence
reactions in PTI [6, 58].

During evolution, plant pathogens, in their
attempts to suppress the immunity of host plant,
developed the ability to secrete specific protein
molecules — effectors — which are transported
directly to the cell through a universal Type 3
Secretion System (TTSS). Effectors of one
pathogen are numerous and, presumably,
functionally interchangeable. The effectors’ target is
most often plant kinases, which participate in the
perception of molecular patterns and/or signal
transfer. Thus, in Pseudomonas syringae, effectors
AvrPto and AvrPtoB were detected, each targeting
the FLS2-BAK1l complex, whose function is
described above [59]. Another studied effector,
P. syringae pv. tomato DC3000 — tyrosine phospha-
tase HopAOl, acts in plant cells on the kinase
domains of FLS2 and EFR, suppressing the
development of PTI [60]. It was experimentally
established that the activity of effectors may be
directed at receptor-like kinases containing a lysine
motif (LysM-RK), thus, two tomato kinases — Bti-9
and SILykl — are targets for the AvrPtoB effector
[61]. Effectors may also target other defence
mechanisms in the plant — the effector Pepl was
shown to exert an effect on apoplastic peroxidase in
maize plants, reducing the generation of ROS [62].

Effectors (Avr-gene products) are recognised by
receptors (products of R-genes), which are
intracellular nucleotide binding domain leucine-rich
repeat domain-containing receptors (NLRs) [5].
Their structure is similar to that of Nod-like receptors
in mammals [63] recognising microbial molecular
patterns. Both receptors, plant and animal, are
intracellular proteins containing central nucleotide-
associating domains involved in activation and
multimerisation, as well as LRR domains [16]. The
group of scientists headed by Y. Kadota demon-
strated that R-proteins of mammalian Nod-like re-
ceptors and plant NLRs, along with structural
similarity, perform analogous functions. It was also
established that the stability of these receptors, both
in plants and in animals, is regulated by a
chaperone complex containing HSP90 (Heat Shock
Protein 90) and SGT1 (Suppressor of G-Two Allele
of Skpl) [64]. Both NLRs in plants and in animals
are classified in accordance with the architecture of
the N-terminal domain. Two major classes of
cytoplasmatic NLRs are described: CC-type NLRs
(CNLs) contain coiled coil motifs and TIR-type NLRs
(TNLs) possess N-terminal homology with the
intracellular TIR-domain. Homology between the
TIR in plant protein receptors and Toll proteins in
Drosophila and IL-1R (receptor of interleukin-1) in
mammals allows the presumption of a universal
execution of mechanisms and immune signal
transmission pathways for all  multicellular

organisms. This is one more in a number of pieces
of evidence proving the existence of homologous
structures and mechanisms in animals and plants,
thereby confirming the conservative nature and
significance of these processes in the immunity of
all organisms.

In plants, effectors may be “recognised” via
immediate association with NLRs or indirectly, via
adaptor proteins. Such indirect recognition is
accounted for by the guard hypothesis, which holds
that NLRs are associated with adaptor-proteins
acting as targets for microbial effectors. Interaction
of effector with adaptor-protein modifies the latter,
and as a result is recognised by an R-protein, which
in its turn induces the activation of ETI defence
reactions [65]. In Arabidopsis, the ETI activation
system was explored, which confirmed the guard
hypothesis. Effectors AvrRpt2, AvrRpm1 and AvrB,
products of relevant Avr-genes of bacteria
P.syringae pv. tomato and P.syringae pv.
maculicola, modify target protein RIN4 (RPM1-
Interacting Protein4) in Arabidopsis. AvrRpm1 and
AvrB modify RIN4 via phosphorylation, and AvrRpt2
via proteolysis. Conformation of the RIN4 protein is
checked by receptor proteins RPS2 (Resistance to
Pseudomonas Syringae 2) and RPM1 (Resistance
to Pseudomonas Syringae pv. Maculicola 1) -
products of respective R-genes. Therefore, phos-
phorylation and proteolysis of adaptor proteins,
respectively, defines their recognition by receptors
and activates RPM1- and RPS2-dependent
immunity in ETI [66].

Within the framework of the “guard” hypothesis
another scenario is probable — the so-called “decoy”
model — whereby a mediator protein acts not as a
target for a pathogen effector, but only as its
structural analogue, which competes for association
with the effector [67]. This situation is illustrated with
the Prf protein, intracellular receptor of tomato
plants of NLRs type, which forms a complex with
mediator protein kinase Pto. Pto kinase has a
structural analogy with kinase domains FLS2 and
CERK1, which act as targets for AvrPto and
AvrPtoB [68].

In addition to this, there is one more model of
interaction between effectors and specific receptors
activating ETI — the “bait-and-switch” model. NLRs
may associate effectors only after they have formed
a complex with a mediator protein. This may be
accompanied by dramatic enhancement of the
affinity of the “plant mediator protein /effector to
R-protein” complex [69].

The mechanisms of further signal transfer
conveyed by NLRs have not been completely
studied, but the following signal transduction model
is proposed: activated NLRs move to the nucleus
and immediately interact with transcription factors to
trigger the expression of defence genes — NLRs
such as tobacco N-protein, barley MLA10 protein
(Hordeum vulgare L.) and protein RPS4 Arabidopsis
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are synthesised in the cell cytoplasm, but in order to
function and activate plant defence genes, they
need to accumulate in the nucleus [70, 71].

Following NLR activation, effector-activated
immunity reactions partially correspond with the
reactions of non-specific immunity, including the
activation of subsequent MAPK cascades and
WRKY transcription factors. This stage of signal
transduction can also be a target for effectors; for
example, the bacterial effector PopP2 is capable of
acetylating certain transcription factors of WRKY,
which disrupts their ability to bind to promoters of
defence genes [72]. During normal activation of
WRKY factors, further molecular events occur, such
as a change in ion streams, ROS and NO
accumulation in addition to the activation of a
transcription of the group of genes that produce PR
proteins, for biosynthesis of salicylic and jasmonic
acids, as well as ethylene, resulting in the activation
of the hypersensitive response and development of
systemic resistance [73]. It is important to note that
the intensity of analogous molecular events in PTI
and ETI differs considerably [74]. Effector-triggered
immunity is characterised by a significantly higher
amplitude in the development of immune response
defence reactions, which, according to some
researchers, proves that quantitative differences are
more significant for hypersensitive response
induction than qualitative differences [6].

“Zig-zag model” of innate immunity system
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The “Zig-zag model” proposed by Jones and
Dangl in 2006 reflects a continuous process of
improvement in pathogen “attack” strategies and the
mechanisms of the plant immune response as a
result of evolutionary adaptation during plant-
microbe interactions. The model was put forward as
an illustration of evolution in the relations within the
“P. syringae — tomato plant” phytopathosystem
(Picture). Perception of bacterial molecular patterns
(in this case — flg22) is carried out by a pattern-
recognising receptor (FLS2), which is accompanied
by its interaction with BAK1 kinase and brings about
the development of non-specific pattern-triggered
immunity (PTI). In the course of joint evolution, the
phytopathogen acquires the ability to secrete
effectors into plant cells(in the case of P. syringae —
AvrPtoB). An important role in this process is played
by the type-3 secretion system, which ensures
effectors are delivered directly into the cytoplasm,
bypassing the cell wall and membrane. It may be
assumed that the emergence in pathogens of such
a system is conditioned by the necessity to transport
effectors directly into the cell to suppress pattern-
triggered immunity.

As mentioned above, the AvrPtoB effector
is targeted at FLS2-BAK1 complex, which leads
to the suppression of pattern-triggered immunity and
fosters disease development. In the course
of further co-evolution the necessity to survive
resulted in emergence in plants of effector detection
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systems. Emergence in plants of R-genes, whose
products are able to recognise the effector and
activate defence reactions results in a second
specific level of immunity. Resistant tomato plants
possessing the product of R-genes (Prf kinase)
recognise bacterial effectors with the help of an
intermediate (Fen kinase) to induce enhanced
protection (ETI). To counteract this, P. syringae
acquires new functions in AvrPtoB, at the expense
of developing the E3 ligase domain, which marks
Fen for degrading, again resulting in the
development of disease. In turn, tomato plants
generate a new intermediate protein — Pto kinase —
which is resistant to degradation and triggers ETI
inducing the hypersensitive response.

It should be noted that long-term joint evolution
of plant and pathogen resulted in the development
of diverse alternative interaction strategies in both
parties. As mentioned above, bacteria are
characterised by large effector sets, while plants
have “side tracks” both on the level of detection
(Fen kinase and Pto kinase), and on the level of
signal transduction. The WRKY domain in the NLR
RRS1 (Resistance to Ralstonia Solanacearum 1)
was shown to be acetylated by the bacterial effector
Pop2P, along with the WRKY transcription factors.
The authors of the study suggested that during
evolution, the WRKY domain was inserted into the
protein RRS1 as “bait” for recognising effector
activity and subsequently inducing ETI [75].

CONCLUSION
The analysis of contemporary scientific
publications in this area, which presents and

discusses diverse molecular-genetic aspects of
plant immunity taking into account evolution
processes, allowed the authors to infer the following.
Successful colonisation of plants requires the
pathogen, after overcoming the constitutive barriers,
to combat the two-layer innate immunity of the plant.
The first level is non-specific innate immunity (PTI),
based on recognition of PAMPs/DAMPs using PRR.
Patterns of plant immune response formed as a
result of plant cell wall attack by hydrolytic enzymes
of the pathogen. PAMPs are invariant and
conservative for a given class of microbes and their
changes in the course of evolution seem unlikely as
the vast majority are structural elements of the
organisms (cell walls, flagella). Therefore, PAMP
modifications in the course of evolution may
negatively affect pathogen survivability. However, a

small number of changes which do not disturb cell
structure do exist, giving the pathogen a chance to
avoid recognition by the plant via PAMPs.

An important evolutionary acquisition in
pathogen strategy is the development of effectors.
In order to suppress PRR-mediated defence
reactions and PTIl some pathogens developed the
ability to synthesise effectors and deliver them
directly to the plant cell cytoplasm via Type |l
secretion. Significant modifications of effectors or
elimination of one or even several of them will pose
no threat to the vital functions of the microbe, as it
synthesises a large number of effectors, which are
functionally interchangeable and often derived from
older effectors

Plants, through the course of their own
evolution, developed the ability to detect pathogen
effector proteins (or effector-induced changes in the
structure/function of their own proteins) via
cytoplasmatic receptors, triggering effector-activated
specific resistance — ETI — which is the second level
of innate immunity characterised by faster and more
intense defence reactions to pathogens, as well as
development of the hypersensitive response,
systemic resistance and immune memory.

The above discussion prompts the conclusion
that pathogen virulence factors and plant resistance
mechanisms have confronted each other throughout
their evolution and are being constantly improved as
a result: enhancement of plant resistance to
pathogens is a result of pathogens successfully
modifying their virulence factors or acquiring the
ability to avoid immune detection. In its turn,
enhancement of plant resistance to pathogens is a
result of successful plant evolution in respect to their
ability to recognise the “opponent”, involving various
additional molecules and alternative mechanisms
(adaptor proteins, co-receptors, ubiquitination
mechanisms, etc.). Thus, the plant provides an
effective defence response in a timely and adequate
manner. Evolutionary processes of plant and
pathogen take place together and react to one
another. Following testing for feasibility of structures
and mechanisms they become permanent during
the evolution and are used by various organs even
under stresses of a different nature. A detailed study
of all the links and elements of the relationship,
which determines the establishment of innate
immunity, is far from complete. This is particularly
true for in plants especially. Studies addressing
these issues will be conducted in the near future.
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BnusHune HU3KkotemnepaTtypHom oo6paboTKm Ha aKTUBHOCTb
NPOTEONUMTUYECKNX (hepMEHTOB pPa3fINYHbIX BUAOB MYKHU

© C.B. KutaeBckas, O.A. PewweTHUK

KasaHckuiA HaumMoHanbHbIN UCCNeaoBaTeNbCKUA TEXHONOMMYECKUA YHUBEPCUTET,
r. KasaHb, Poccunckas degepaums

Pesrome: Llenbio pabombl 675/10Ch U3yYeHUe 6/IUsIHUSI HU3KomemnepamypHoUu obpabomku Ha akmue-
HOCMb MPOMEOoAUMUYECcKUX ¢hepMeHmo8 pasfnuyHbix eudo8 U copmos Myku. Hacmosuiee uccnedogaHue
ro3eonuso 6ornee enyboko rnpedcmasumb KOMIIIEKC MEXaHU3MO8, 8bi3bI8alouiUx U3MeHeHUe bUomexHoo-
2u4yecKux rpoyeccos 8 mecmosbix nosnygabpukamax rnpu HU3KomemnepamypHOM XpaHeHuu. Pe3ynsmameol
uccriedogaHusi Mo 6/uUsiHUK OnumesibHO20 HU3KomeMepamypHo20 8030elicmeusi Ha aKmueHOCMb po-
meonumu4YyecKkux hepMeHmMo8 pasnu4vHbix euG08 MyKU rokasasu, Ymo uccredyembil napamemp 3asucum
om pH cpedel, a makxe sudoeol npuHadnexHocmu Mmyku. pu HUSKoOmMemnepamypHOM XpaHeHuu Habiio-
Oaemcs meHOeHUUs K MOHUXEeHUK akmu8HOCMU KUCIIbIX Mpomeas Kkak mpaluUyUOHHbIX, mak u Hempaduyu-
OHHbIX Ons xneboneyeHuss 8udo8 MyKu 8 cpedHem Ha 10%. AKmueHOCMb CriaboKUCIbIX U Criabouw,eoYHbIX
npomeas rnod delicmeuemM ompuyamesibHbIX memnepamyp rnpu xpaHeHuu 3asucum om guda uccredyemou
myku. o mMepe ysernuveHUs1 nPOOOKUMEIbHOCMU HU3KomeMnepamypHo20 8o30elicmaeusi npomeosnaumu-
yeckasl akmueHOCcmb onbsiHoU, nueHUYHoU u epevyHesol Myku ripu pH=5,5 cHuxaemcs 6 cpedHem Ha 20,
12,5 u 18% coomeemcmeeHHO, moada KaKk pxaHol U 08csiHol, Hanpomus, yeenuqusaemcsi Ha 12 u 28%
coomeemcmeeHHo. 100 enusHUeM 3aMopaxkugaHusi U 8 X00e HU3KOMmeMIepamypHO20 XpaHeHUs Mpoucxo-
oum npupocm akmueHocmu criabowenioYHbIX rpomeas 8cex uccredyeMbix eudo8 U Copmoe MyKU Ha
15,9%, 3a ucki4YeHUeM 2peyHesoli, Mpomeoumuyeckasl akmueHOCmMb KOmopoU Mo Mepe XpaHeHUs1 CHU-
xaemcs 6 1,5-2 pasa. YcmaHogreHo, 4mo Haubosbwyr cmolKkocmb K OnumesibHOMY XpaHeHUK 8 3aMo-
POXEHHOM 8ude MPOoSIBISIOM POMeoNIUMuUYecKue hepMeHmMbl KyKypy3HOU MyKU. 3HaHUe o cmerneHu enusi-
HUS1 HU3KOMeMnepamypHol obpabomku Ha akmueHOCMb IPOMeoSIUMUYecKUx hepMeHmoea no3801um rnpo-
2HO3UpO8amb peosioauyecKue ceolicmea mecmosbix osychabpukamos, CmMpyKmMypHO-MexaHu4yeckue u
opaaHosIenMmuYecKue xapakmepucmuku 20moeoli npodykyuu, a makxe bonee epamMomHo nodolimu K pas-
pabomke peuenmyp U MEXHOSI02UYECKUX MapamMempo8 mecmornpuaomossieHusi Ho8020 accopmumMeHma
Xr1ebobyrnoyHbix usdenuli Ha OCHOB8e 3aMOPOXEHHbIX Morychabpukamos Kak u3 mpadulyUOHHbIX, MakK u He-
mpaduyuoHHbIx 05151 xnebornevyeHus 8UG08 MyKU.

Knroyeebie crnoea: MyKa, 3aMOPOXXeHHbIe nonyd)a6pu1<amb/, HU3KomemMriepamypHoe XxpaHeHue, rnpomeo-
Jiumu4ecKas akmueHOoCmb, xneﬁo6ynqub/e usdenus
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cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps 2020 e.
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6uomexHosoaus. 2020. T. 10. N 3. C. 439-449. https://doi.org/10.21285/2227-2925-2020-10-3-439-449

Effects of low-temperature treatment on the activity
of proteolytic enzymes in various flour types
Svetlana V. Kitaevskaya, Olga A. Reshetnik
Kazan National Research Technological University, Kazan, Russian Federation

Abstract: This work was aimed at investigating effects of low-temperature processing on the activity of pro-
teolytic enzymes in various flour types. This study allowed an improved understanding of the mechanisms
that change biotechnological processes in semi-finished dough products during low-temperature storage.
The study of the effect of long-term low-temperature exposure on the activity of proteolytic enzymes in vari-
ous flour types showed that this parameter depends on the medium pH, as well as on the flour type. During
low-temperature storage, the activity of acid proteases tend to decrease by, on average, 10% in both tradi-
tional and non-traditional types of flour used for baking. The activity of weakly acidic and weakly alkaline pro-
teases under the influence of low temperatures during storage depends on the flour type. At pH = 5.5, an
increase in the duration of low-temperature exposure leads to a decrease in the proteolytic activity of spelt,
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wheat and buckwheat flour by, on average, 20, 12.5, and 18%, respectively. Conversely, this parameter in-
creases in rye and oat flour by 12 and 28%, respectively. Under the influence of freezing and during low-
temperature storage, the activity of weakly alkaline proteases in all studied flour types increases by 15.9%,
except for buckwheat, the proteolytic activity of which decreases by 1.5-2 times during storage. It was estab-
lished that proteolytic enzymes of corn flour exhibit the greatest resistance to long-term storage in a frozen
form. Knowledge of the effect of low-temperature processing on the activity of proteolytic enzymes is im-
portant for predicting the rheological properties of semi-finished dough products and structural-mechanical
and organoleptic characteristics of finished products. In addition, this knowledge facilitates the development
of recipes and technological parameters for producing new bakery products based on frozen semi-finished
products from traditional and non-traditional flour types.

Keywords: flour, frozen semi-finished products, low-temperature storage, proteolytic activity, bakery pro-
ducts
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BBEOEHUE

bonblloe BHMMaHWE cerogHs ygenseTca npo-
MbILLFIEHHOMY MWCMOMb30BaHUIO OOCTUXKEHUA KpWo-
TEXHONorMm B MNPOWU3BOACTBE NPOOYKTOB MUTaHUA,
npy 3TOM 3Ha4uTEmNbHasa O0NSA pblHKA 3aMOPOXEH-
HbIX MNPOAYKTOB MPUXOAUTCA Ha TEeCTOBble Mosy-
dabpukatbl. Bo BceM Mupe BbiNyckaeTcs LLUMPOKNIA
aCCOPTUMEHT 3aMOPOXKEHHbIX MnonydabpukaToB M3
NWeHNYHOM MYKK, B HaLLen CTpaHe BedyTcsa uccne-
AoBaHMA no pa3paboTke M COBEPLUEHCTBOBAHMIO
KPUOTEXHOMOIMMMN PXaHbIX U PXAHO-MLUEHUYHbIX U3-
aenun [1-3].

Kak oTmedaroT cneuunanucTbl, NpU MCMNonbL3oBa-
HAN KPUOTEXHOMOrMM B XnebonevyeHmn BO3HUKaET
psin nNpobrem, KOTopble CBSi3aHbl C HapyLleHUEeM
xofda OGMOTEXHONOIMYECKMX MPOLLECCOB, MpOTeKato-
LIMX Ha cTagusix 3ameca u OpoxeHus Tecta. Onu-
TenbHOEe BO34eNCTBUE MPOLIECCOB 3aMOpaxuBaHUA
N XpaHeHUs1 TecToBbIX NonycgabpukaTtoB B 3aMOpo-
XXEHHOM BUAe NPUBOOUT K CHUXKEHUIO KavecTBa ae-
pPOCTMPOBaHHbIX NONydabpuKaToB U rOTOBbIX W3-
aenvi m3 Hux [4-11]. MHOrme oTeyecTBeHHble U
3apybexHble uccnegoBaTenu B AaHHOM obnactu
CBSA3bIBAOT 3TO C rMGEnbio ApOXOKEN U MOMOYHO-
KNCNbIX BaKTepuin — OCHOBHbBIX YYaCTHUKOB MpOLieCc-
ca bpoxeHus [4-6, 12—15], B CBA3M C YeM npeana-
raloTcs pasnuyHble BUOTEXHONOTNYECKME peLLEHMS
HasBaHHOW npobnembl [1, 2, 14, 16—-21]. OgHako B
OCHOBE MpoLeccoB OpoxeHus Tecta n hopMmpoBa-
HUSl Ka4yeCTBEHHbIX MNokasaTtenen xnebobynoyHbIX
n3genun nexart Takke Katanutuyeckue npespalle-
HUS KOMMOHEHTOB MYKM nopg Bosgenctenem dep-
MEHTOB MNPOTEOSINTUYECKOIO U aMUIONTUTUYECKOTO
pencteuga. [poTeonutnyeckne GeEpPMEHTbl  MYKU
UrpaltoT BaXkHYIO pPofib B NMpoOLecCax Co3peBaHns Te-
CTOBbIX NonycabprkaToB, B YAaCTHOCTU, OKa3biBalOT
BMMSIHWE Ha MpoTekaHue BMoxXMMuyeckmx npouec-
COB Mpu BPOXEHUN TecTa, onpeaensoT ero peono-
rmyeckue CBOWCTBA, CTPYKTYpPHO-MEXaHu4eckue u
opraHonenTuyeckne xapaktepuctuku xnebobynou-
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HbIX U3OENUNA.

lMpoTenHasbl NWEHNYHOW WU pXaHOW MYKW pac-
LennsaoT 6enku No NenTUaHbIM CBA3SIM, UX OTHOCAT
K NpOTEONnMTUYECKUM PepMeHTaM Tuna nanauHas,
ANS KOTOPbIX XapakTepHa CnocobHOCTb aKTUBUPO-
BaTbCH COEAMHEHUsIMU BOCCTaHaBnMBaloLWero Aen-
CTBWUS, HanpuMep, COEAMHEHUAMU, COoAepXKaLMMm
cynbruapunbryto rpynny — SH (uucteuH, rnioTa-
TWOH), N MHAKTUBMPOBATLCS OKUCITUTENSMU, TaKUMU
Kak BpomaTt Kanus, nepekucb BOAopoAda, Kucrnopog
Bo3gyxa u gp. [20].

HavanbHon cbopmon genctena npoTenHasbl sB-
nseTca gesarperaumst 6enka, HapyleHve ero 4et-
BEPTUYHOW U TPETUYHOW CTPYKTYyp. [encTeme npo-
TEeUHa3bl Ha KNEeWKoBUHY W TECTO NPUBOAUT K CUIb-
HOMY WX Pa3XMKEHUIO, MOHWKEHUIO YNPYroctn u
yBENMUYeHno TekyyecTu. [IpuHATO cuuTaTb, 4TO
npoTenHasa 3epeH MweHnLbl UMeeT 30HY onTuMyma
KMCNOTHOCTM B npegenax pH =4-55 n temnepa-
TYpHbIN onTUMyM okorno 45 °C. OgHako CylecTBeH-
HYIO pPOfib MOTYT UrpaTb U HENTparbHble NPOTEenHa-
3bl ¢ onTumyMmoM pH =6,75. OnTumanbHble 3Have-
HUA pH ana OencTBua npoTenHasbl pXaHoW MyKU
nexat B npegenax 4,0-5,0 [20].

B HacTosiLlee BpeMs OOCTaTOYHO XOPOLLO U3Y-
YeH OenKkoBO-MPOTENHA3HbIA KOMMMEKC MNLUIEHUYHOW
W pXXaHON MYKW, NPOBOAATCS UCCNeAOBaHUSA NO U3Y-
YeHuo hpakUMOHHOro cocTaBa OernkoB u onpefe-
MNEeHNI0 aKTUBHOCTWM NpoTea3 OBCAHOW, NOMNBSHON,
KYKYPY3HOW, SYMEHHOW, TpUTUKanNeBon W [Opyrux
BUAOOB MYKWU. VIHTEpeC y4YeHbIX K AaHHbIM HeTpaau-
LUMOHHBbIM Ans xneboneyeHns Buaam MYKW Bbl3BaH
MX BbICOKOWM MULLLEBON LieHHOCTbo. Ocoboe BHMMa-
HWe wuccnegoBaTenen npyBEKaT LeNbHO3EepHO-
Bble BUObl MYKW, KOTOpblE OTMMYAOTCH BbICOKUM
cogepXaHveM MULEBbIX BOJTIOKOH, BUTAMWHOB, MU-
HeparibHbIX BELLECTB U aMUHOKUCIIOT.

Hu3koTemMnepaTypHoe BO3OeNCTBIE Ha TECTOBLIE
nonyabpukaTbl BbI3blBAET YKPENneHue UX Knenko-
BMHHOIO Kapkaca, npu 3TOM TeCcTO TepseT anacTuu-
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HOCTb M CTAHOBUTCSA ManopacTsbkumbiM. OgHako npuy
ONUTENBHOM XpaHEeHUM TEeCTOBbIX MonydabpukaTos
B 3aMOPOXEHHOM BMAE MOXET MPOM3OWTU U nepe-
KpucTtannusauus nbga, NpuMBOAsias K MexaHude-
CKOMY pa3pyLUEHMWIO U ocriabrneHunto CTPyKTypbl Knen-
KOBWHLI. Takum obpas3om, kpnoobpaboTka TECTOBbIX
nonycabpukaToB OTpULATENBHO BNUSET Ha pPeoso-
FMYECKNE XapaKTEPUCTUKM TeCTa, YTO B CBOK O4e-
peab NPUBOOUT K CHUXKEHWUIO KAYeCTBEHHbIX Mokasa-
Tenen rotoBbiX U3O4ENUIN, B YaCTHOCTU, yXyalwarTcs
CTPYKTYPHO-MEXaHWYEeCKMEe CBOWCTBA MSsIKULIA, CHU-
)KaeTcs NOPUCTOCTb U yaenbHbI 06bem xneba [4-9].

B HayyHO-TexHuMYeckonm nutepatype npakTuye-
CKW OTCYTCTBYET MH(popMauus O BAMSHUM OTpuLa-
TEnbHbIX TEMMNepaTyp Ha akTUBHOCTb (DEPMEHTOB
MYKWU U TeCTOBbIX nonydabpukaTtoB, BoipabaTbiBae-
MbIX Ha OCHOBE KPMOTEXHOMOIUW, 3a UCKIOYEHNEM
paboT OTEeYEeCTBEHHbLIX YYEHbIX, IAe NnpeacTaBreHbl
OaHHble 06 M3MEHEHUN aKTMBHOCTWU MPOTEoNUTUYe-
CKMX PepMEHTOB B 3aMOPOXeHHbIX nonydabpuka-
Tax Ans OynoyHbIX M3genuii u3 MWEHUYHOW MYKW.
HacTosilee uccnegoBaHue BOCMOMHSET 3TOT NPO-
6en 1 nossonsiet 6onee rmyboko NpeacTaBUTb KOM-
MeKkC MEeXaHW3MOB, MPUBOAALLUNX K W3MEHEHUIO
BGMOTEXHONOMMYECKMX NPOLLECCOB B TECTOBOW cpeae
nocne kpnoobpabotku. Llenbio HacTosiwen paboThbl
ABWMOCb MWCCNeAoBaHWE BIUSHUS HU3KOTemnepa-
TypHOW 0OpaboTKM Ha aKTMBHOCTb MpOTeonUTU4e-
CKUX (bepMEHTOB Pas3fnNYHbIX BUOOB U COPTOB MYKW.

QKCNEPUMEHTAINIbHAA YACTb

Ob6bekTamn nccrnefoBaHUsa CRYXUNKM Tpaguum-
OHHblE N HETPaOMLMOHHbIE ANA MacCOBOro Mpomus-
BoacTBa xnebobynoyHbix n3genun Buabl U copTa
MYKW, XapaKTepucTuka KOTOpblIX nNpvBedeHa B
Taon. 1.

Myky nepemeluBany ¢ BOAOW KOMHaTHOW TeMmrie-
paTypbl M 3amMeLuMBanu MOLENbHOE TECTO BMAXHO-
ctbto 40%, nocne 3ameca TecTo cpasy e pasgenbl-
Banu Ha kycku maccon 100 r n nogsepranu HU3KOTeM-
nepaTtypHor ob6paboTke B LWKady LUOKOBOW 3aMOpO3-
kn mapkn Apach SHO03 npu Temnepatype MuHYC
25-30 °C. O6pasupbl TecTa B 3aMOPOXEHHOM Buae
XpaHunu B TedeHune 4-x Hegenb. Oedpoctaumio npo-

Tabnuua 1. Xapaktepuctuka 06 beKTOB MCCrie[oBaHNs
Table 1. Characteristics of research objects

BOOMIM MPU KOMHATHOW TeMnepaType 40 AOCTWKEHUS]
TemnepaTyphbl B LieHTpe 06pasuos 18 °C.

[ns BblgeneHunst npoteas 13 onbITHbIX 06pa3LoB
ucnomnb3oBann U3NOSIOTMYECKUIA PacTBOP C KOH-
ueHTpaumen NaCl 1%, ons vero 10 r Tecta nome-
Lianm B KepaMMYeCKyto CTYMNKy 1 TWaTernbHO pactu-
panu ¢ gobaBneHnem ConeBoro pactsopa, a nocrne
nepemeLlanu B konby ob6vemom 100 mn. BeeaeHne
pactBopa npoBOAWNN MOPLMOHHO, YYUTbIBAA Mpu
3TOM MOTEPH BMNary 3arotoBkamu BO BpeMsi 3aMoO-
paxuBaHua 1 gedpocTauuun, a Takke cogepxaHue
Bnarn B 3arotoBkax. CycneHsuio TwaTenbHO nepe-
MeLMBanu 1 BblaepXxusanu npu Temnepatype 4 °C
B TEYEHMe OOHOro 4Yaca Ofif 3KCTpaKumm epmeH-
ToB. OcafoKk OTAensanu UeHTpudyrupoBaHvem B
TeyeHne 10 muH npu 7000 06./MuH. TlonyyeHHyto
HaJ0CaA0YHYIO XXNOKOCTb UCMONb30Banu A onpe-
AeneHns CyMMapHOW MpOTEeOoNnMTUYECKOW aKTUBHO-
CTn 06bEKTOB UccnenoBaHms. AKTUBHOCTb npoTeas
oLeHuBann MeToaom AHCOHa, O NMPOTEONUTUYECKOM
aKTUBHOCTM Cyaunum no Konu4yecTsy BbicBOGOAUBLLE-
rocs TUMPO3WHa, Hakonuellerocs 3a 14 nog oen-
CTBMEM MpoTeas Myku B pacyete Ha 1 mr 6enka. B
KayecTBe cybcTpaTta Anst KUCMbIX MpoTeas MCMosib-
3oBann 2%-n pactBop anbbymuHa Ha 0,2 M aue-
TaTtHom GOydepe, pH = 3,0 n pH =5,5; ans wenou-
HbIX — 2%-1 pacTBOp KasenHa Ha 0,2 M doccaTHOM
6ydepe, pH = 8,0.

OBCYXOEHUE PE3YJIbTATOB

AKTMBHOCTb NPOTEONUTUYECKUX (PEPMEHTOB MY-
K/ BO MHOTOM 3aBWCUT OT BMAa 3epHa, U3 KOTOporo
OHa nony4deHa, cnocoba nony4yeHus, copta MyKW,
3HaveHun pH cpefbl, HaNWMYMs B TeCTe aKTMBaToOPOB
n nHrmbutopoB u ap. [20, 21]. PesynbTathl nccne-
AOBaHUSA aKTMBHOCTM MpoTeas3 aHanuanpyemMbiX BU-
[AOB 1 COPTOB MYKM B 3aBMCUMOCTU OT 3HaveHun pH
cpedbl NpuBeeHsbl B Tabn. 2.

MonbsHasa myka BblpabaTbiBaeTcs M3 3epHa
nonbbl — NOMYAMKOM KynbTypbl MuweHuubl. Becnep-
CTBME JaHHOrO POACTBA MPOBOAUTCH MHOMO W3blC-
KaHuR, Hanpa.reHHbIX Ha U3y4YeHWe XMMUYECKOro
coctaBa 3epeH nomnbbl, a Takke NOndsHOW Myku B

Copepxanue | CogepxaHue
Bua v copT mMyku MpousBoguTens BnaxHocTb, % 6ernka, 6enka,
/100 r /100 r CB

MweHunyHas Bbicwero copta  |OAO «KasaHb3epHonpoayKT» 13,6 9,94 11,50
MuwueHnyHas 1 copta OAO «KazaHb3epHONpPoayKT» 14,2 10,12 11,79
MweHnyHas obonHas MAO «MeTepbyprcknini MenbHUYHBIA KOMOUHAT» 14,0 10,20 11,86
MweHunyHas yenbHo3epHoBas |MAO «lMeTepOyprckuii MenbHUYHBLIA KOMOUHAT» 12,8 11,45 13,13
P>xaHas obonHas OAO «KazaHb3epHONpoayKT» 13,4 10,29 11,88
PxaHas obampHas OAO «KazaHb3epHONpoayKT» 14,0 9,17 10,66
P>xaHas uenbHoO3epHoBas OO0 «l"apHeu» 13,2 11,06 12,74
MonbsHas uenbHo3epHoBas |O0O0 «lMapHeu» 11,6 14,32 16,20
OBcsiHasA 00O «lMapHeu» 14,2 12,91 15,05
Kykypy3Has OO0 «l"apHeu» 12,0 9,15 10,40
pevHeBas OO0 «l"apHeu» 12,6 13,43 15,37
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CpaBHEHWM C MWEHNYHON MyKoW. ABTOopamu paboThbl
[22] nokasaHo, 4TO cymma OenkoBbIX CnupTopac-
TBOPUMBIX U LLENnovYepacTBOpPUMbIX pakumin B Nos-
6sHOM Myke noyt Ha 20% MeHblue aHanorMyHom
CYMMbI B MWEHNYHON MYKe, YTO MOXET oKasaTb Cy-
LLeCTBEHHOE BMWsIHME Ha aKTMBHOCTb NpoTeas B
TecTe. YCTaHOBMNEHO, YTO aKTMBHOCTb MPOTEONUTU-
YecKMX (pepMeHTOB NONBSHOW MYKWN yBenMunsaeTcs
Ha 18,5% npu noBblWeEHUN 3Ha4YeHun pH cpegbl OT
3,0 no 8,0.

MpoTeonutuyeckne ¢EepPMEHTbI PXaHOW MYKU
NPoSIBMAOT GONbLUYI0 aKTMBHOCTb MO CPaBHEHUIO
C npoTeasamu MWeHUYHON MYKU BbICLLErO U NepBo-
ro coptoB. CregyeT OTMETUTb, YTO aKTMBHOCTb
npoTeas B PXXaHOW MyKe M3 LerbHOro 3epHa Bbllle
Ha 14,5% no cpaBHeHuUo ¢ oBOMHOW M 0BOUPHON.
Mpn 3TOM aKTUBHOCTb MPOTEONUTUYECKUX PepMeH-
TOB PXKaHOM MYyKu 3aBucuT oT pH cpenpl, Hanbonee
BbICOKYIO aKTMBHOCTb NpoTeasbl NPOSBASIOT B KUC-
nown cpege. B Tecte n3 pxaHonW Myku BCrneacTeBue
cnocobHoCcTn ee GenkoB HeorpaHU4yeHHo HabyxaTb
N NepexoauTb B KONMOWAHbIA PacTBOpP, a Takke Bbl-
COKOro coaepxaHus anbbymuHOB M rnobynuvHOB,
aTakyeMocTb OenkoB npoTeonuTuiyeckumun dep-
MeHTaMu 3Ha4unTenbLHO Bo3pactaeT [20].

Cpeon HeTpagnLUMOHHBIX anga xneboneyeHus Bu-
O0B MYKWN 3HAYUTENbHO BbICOKYHO aKTUBHOCTb MPOSiB-
NS0T npoTeonuTnyeckne epmMeHTbl rPeYHEBON MYy-
KM, aKTMBHOCTb MpoTea3 Korebnetca B AnanasoHe
2,624—2,738 MKMONb TUPO3MHa/4 U CYLLECTBEHHO He
3aBucuT oT pH cpeapl. B Kykypy3HON MyKe BbISIBIEH
OTHOCUTENBHO HEBLICOKUI YPOBEHb aKTUBHOCTU NpO-
TeonuTnyeckux depmeHtoB (0,762 MKMOnb TUPO3W-
Ha/d) MO CpaBHEHMIO C APYrMMU UccrnegyembiMu 06-
pasuamu, Npu STOM 3aBUCUMOCTU 3HAYEHUI NPOTEO-
NUTUYECKON aKTUBHOCTU KyKYypy3HOW Mykum oT pH
cpedbl He obHapyXeHo. AKTMBHOCTb MpoTeas OBCS-
HOM MYKW nexuT B AguanasoHe 1,049-1,174 mkmonb
TUPO3MHa/Y, MpU 3TOM aKTUBHOCTb MPOTEONUTUYE-
cknx cpepmeHTOB B cnabollenovHon cpege Ha 12%
fonbLue, YeM B KACION.

Takum obpasom, pesynbTaTbl MCCNeAoBaHWSA
nokasanu, 4YTo Kucrible npoTeasbl Haubornee akTuB-
Hbl Y pP>XaHOW M OBCSIHOW MYKW, LLENOYHble — Y Mile-

HWUYHOWM, NONOSHON, KYKYpPY3HOM W TPEYHEBOMN.
Hanbonee u4yBCTBUTENBbHBIMM K W3MeHeHWo pH
cpedbl ABMNAIOTCA Crneayolme BUabl MyKU: MLIEHNY-
Has obonHas, MeHWYHasa LenbHo3epHoBas W Mon-
6saHas. Mpu pa3paboTke peuenTyp M3 OaHHbIX COp-
TOB MYK/M BO3MOXHA KOPPEKTMPOBKa aKTUBHOCTY
NPOTEONUTUYECKUX (PEPMEHTOB, YTO MO3BOMUT pe-
rynupoBaTb KayeCTBEHHble MoKa3aTenu roTOBON
NPOAYKUUN W BbINEKaTb U3AENUS C HY>KHbIMU PEOIO-
rMYeCcKMMU XapaKTepucTUKamm.

C uenblo n3yyeHns BRVSIHUS HU3KOTemnepatyp-
HOM 06paboTkn Ha aKTUBHOCTb MPOTEONUTUYECKNX
hepMEeHTOB MyKM TECTOBble 3aroTOBKM 3aMOpPaxu-
Banu U XpaHunv B 3aMOPOXEHHOM BuAE B TeYeHue
1 mec. PesynbTaTbl UccrnegoBaHUs HU3KOTeMnepa-
TypHOro BosgencTaus (ot -25 a0 -30 °C) Ha aKTue-
HOCTb NMpOTeas MLEHWYHON WU pPXXaHOW MYKU B 3aBU-
cumocTu oT pH cpeabl npeacrtasneHbl Ha puc. 1.

YcTaHOBMNEHO, YTO NOCME HM3KOTEeMMNepaTypHOro
XpaHeHus TecTa U3 MWEeHWYHOW MYKM B TedeHue
1 Hegenn OTMeEYaeTCs CHWXEeHWe npoTeonuTu4e-
CKOW aKTMBHOCTM Yy BCex uccriegyembix obpasuos
BHE 3aBMCMMOCTU OT COPTOBOW NPWHAANEXHOCTU.
Hanbonbluee NOHWXeHWe akTMBHOCTM NPOTEONUTU-
Yyecknx depmeHToB HabnwgaeTca y MnWeHUYHON
obonHoM Mykun B cnaboluenoyHor cpefe (BbIsIBNEHO
noHmxeHne aktmBHocTM Ha 30%). [HanbHewwee
yBenm4eHve npOoAOIIKUTENBHOCTU 3aMOpaXvMBaHUs
He NPMBOOMT K CYLLECTBEHHbIM U3MEHEHNAM aKTUB-
HOCTW MNPOTEONUTUYECKNX (PEePMEHTOB MLLIEHNYHON
MYKM B Kucnow cpefge npu 3HadeHuax pH =3,0 un
5,5. OgHako no mepe yBenUYEHUss XpaHeHus Norny-
(abprkaTtoB B 3aMOPOXEHHOM Buae OTMevaeTcs
NPUMPOCT aKTMBHOCTM CraboLLenoYHbIX npoTeas
NWeHNYHON 06OMHON MYyKMN.

Mpyn M3y4yeHWn BMAMSAHUA OTpULATENbHBIX TeM-
nepaTtyp Ha NpPOTEONUTUYECKYIO aKTUBHOCTb COPTOB
p>XaHoW MYKW YCTaHOBIIEHO, YTO aKTUBHOCTb KUCHbIX
npoTteas B 060MHON 1 06OUPHON MyKE CHUXaeTCs B
cpeaHem Ha 5-10%, Toraa kak B cnabokucron u
cnabolenoyHon peakuusx cpedbl OTMevaeTcs
yBenuyeHne aktmBHoctu Ha 12,5 n 8,5% cootseT-
CTBeHHo. [Npu ganbHenwem yBenuyeHuu onvrerb-
HOCTW XpaHeHusl TecTa B 3aMOPOXEHHOM BMAE B

Tabnuua 2. [poTteonntnyeckasn akTMBHOCTb MYKWU, MKMOJIlb TUPO3NHA 3a 1 4B pacyeTe Ha 1 mr Genka

Table 2. Proteolytic activity of flour, umol of tyrosine for 1 hour per 1 mg of protein

AKTMBHOCTb npoTeas npu pH
O6BbEKT nccnenoBaHms
3,0 55 8,0
MweHnyHas BbICcLLEro copTa 0,382+0,018 0,378+0,014 0,386+0,020
MweHnyHasa 1 copTta 0,571+0,022 0,615+0,017 0,698+0,013
MNuweHn4yHasa obonHas 1,447+0,024 1,510+0,019 1,616+0,021
MweHnyHas uenbHo3epHoBas 1,511+0,017 1,566+0,020 1,694+0,016
PxaHas oboinHasn 1,575+0,019 1,559+0,022 1,469+0,022
PxaHas obgmpHas 1,556+0,021 1,513+0,015 1,475+0,019
PxaHas uensHosepHoBas 1,792+0,023 1,759+0,018 1,733+0,019
Mon6siHas LenbHo3epHoBas 1,215+0,016 1,424+0,013 1,442+0,016
OBcsHas 1,049+0,029 1,087+0,021 1,174+0,027
KykypyaHas 0,748+0,017 0,763+0,022 0,777+0,025
[pevHeBas 2,624+0,066 2,720+0,034 2,738+0,054
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MpPoACIKNUTENLHOCTL 3aMOPAXKUBAHNA: 01 Hea.
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prkaHaa obampHas

04 Hep,

Puc. 1. BnusHue npoueccoB 3amMopaxmBaHUsi U XpaHEHUS! Ha aKTUBHOCTb NPOTeas NeHUYHON
1 pXXaHow Myku pasnuyHbix coptoB npu pH: 3,0 (a), 5,5 (b), 8,0 (c)

Fig. 1. Effect of freezing and frozen storage on the proteases activity of various varieties of wheat
and rye flour at pH: 3,0 (a), 5,5 (b), 8,0 (c)
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obpasuax M3 pXaHoW MyKM MPOUCXOAMT MOCTENeH-
HOE CHWXEeHMEe aKTMBHOCTU NpoTeas B KACMOMW cpeae
Ha 26-28%, B cnabokucrnon n cnadoLeno4Hon
cpepax HabnwogaeTca nNpupocT epMeHTaTMBHON
aKTMBHOCTU (yBemnuyeHue copepXaHusa B npobax
npoAaykToB ruaponusa 6enkoB npu pH =55 n 8,0
cocTaBnseT: ons pxaHon oborHonm Myknm — 19,3 un
14,3% cooTBeTCTBEHHO, Ans obampHonm — 12,6 1
16,5%).

Takvm 06pa3oM, Ha aKTMBHOCTb NpoTeonuTUYe-
CKUX (pepMEHTOB MLLEHUYHONW N pXXaHOW MYKU nocne
HM3KoTemnepaTypHo 06paboTknm  3HaunTEnbHOE
BMNMSIHWE OKa3biBaeT pH cpeabl.

CnegyeT OTMETUTb, YTO HM3KOTEMMEpaTypHasi
obpaboTka 00pas3uyoB M3 LENbHO3EePHOBLIX BWUOOB
MWEHNYHON U PXaHOW MYKM MPUBOOUT K Hecylle-
CTBEHHOMY CHWXEHMIO aKTUMBHOCTWU MPOTEONUTUYE-
CKUX (PEePMEHTOB MpU HU3KMX 3Ha4YeHusx pH cpedbl
(puc. 2). MNpwn xpaHeHnn obpasuLoB B 3aMOPOXEHHOM
BMAE HabnNgaeTCcsa CHMMKEHNE aKTUBHOCTM B cnabo-
kucnon cpege (npu pH =5,5) y NwWeHnYHON MyKKM Ha
15,9%, Toraa kak y obpasuoB U3 LienbHO3EPHOBON
pXXaHOW MYyKM OTMeYyaeTCs MpUMPOCT aKTUBHOCTU
cnaboKuchbiX NpoTeas B Mpoluecce XpaHeHus o6-
pasLoB B 3aMOPOXEeHHOM Buae Ha 13,2%.

M3BeCTHO, YTO ONTUMYM aKTMBHOCTW MPOTEONU-
TUYECKUX hepMEHTOB 3epHa MLIEHWLbI Y PXU NEXNT
B crnabokucnon cpege B avanasoHe pH =4,0-5,5 un
CYLLECTBEHHO 3aBUCUT OT Hanu4unsi B cpefe akTuBa-
TOPOB UMW UHIMBMTOPOB peakuunn npoteonu3sa. lo-
BMAMMOMY, B MpoLiecce HM3KoTeMnepaTypHoOro xpa-
HEHUs1 pPXXaHOW LIeNbHO3epPHOBOW MYKU MPOUCXOAUT
BbICBODOOXOEHME BELLECTB — aKTMBATOPOB MPOTEO-
nm3a, YeM n oBBACHAETCS NPUMPOCT MpoTeonuTuYe-
CKOW aKTMBHOCTW AaHHbIX 06pa3uoB B CraboKMCOoN
cpege.

B npucyTcTBUM coeguHEHMI BOCCTaHaBNMBAlO-
Lero [OewncTBus, B  4YaCTHOCTW, coAepXalumx
cynbrugpunsHyto rpynny (SH), Hanpumep, Takux
KaK LMCTEWH, IMITaTUOH, aKTUBHOCTb NPOTEONUTHU-
yecknx hepmMeHTOB MyKM Bo3pacTtaeT. Cnefgyet oT-
METUTb, YTO JaHHbIE COeQMHEHUSA coaepXaTtcs npe-
MMYLLECTBEHHO B nepudepunyeckon yactu 3epHa u
3apofplllie, KOTOpble He yaansawTcs npu nomone
3epHa npu Mony4YeHUn LenbHO3EePHOBOW MYKU B OT-
nn4yme oT Opyrmx paccmaTpuBaeMbIX COPTOB.

B xofde vccnenoBaHui He noaTBepauncs npeg-
nonaraemblii MPUPOCT AKTMBHOCTM MNPU U3YYEHUM
BMUAHUA HU3KOTEMMepaTypHbIX BO3LENCTBMIA Ha
aKTUBHOCTb MPOTEMHA3 MLIEHUYHON MYKM U3 Lienb-
HOro 3epHa Mpu onTUMasnbHbIX 3Ha4YeHusx pH cpe-
apl. MNo-BMgmMmomy, npouecchl gesarperaumm u ge-
rmaopaTupoBaHUsA MOMeKyrnbl epMeHTa, a Takke
MEeXaHMU4YeCKoe paspylleHue €ero CTPYKTYpbl Kpyn-
HbIMW KpUcTannamum nbga, obpasylwmmnca npu
ONMTENBHOM XpaHeHMM 00pas3uoB M3 MLIEHUYHOW
LEenbHO3epHOBOW MYKM B 3aMOPOXEHHOM BMAe,
npeobnagaT Haa npoueccamu BbICBOBOXAEHMS
COeIMHEHUN — aKTUBATOPOB NPOTEONM3a, B pe3yrib-
TaTe 4ero HabnwOaeTcs CHWXEHWE aKTUBHOCTU

npoTeas Ha MPOTSPKEHWW BCEro nepvoga mccneno-
BaHui [5, 6].

PesynbTaTbl MccnegoBaHMs nokasanwu, 4To Lie-
NoYyHble MpoTeasbl MWEHWYHON U PXaHOW LeNbHO-
3€pHOBOM MYKM OEMOHCTPUPYIOT CTabunbHOCTb K
HU3KOTEMMNEepaTypHOMY BO3AENCTBUIO. YCTaHOBNe-
HO, YTO MokKa3aTeNb aKTUBHOCTU NPOTEONUTUYECKUX
depMeHTOB AaHHbIX BUAOB Myku npu pH = 8,0 cy-
LLEeCTBEHHO He 3aBUCWUT OT MPOAOIKUTENBHOCTU
XpaHeHus obpa3sLoB B 3aMOPOXEHHOM BUAE.

Cpean uenbHO3epHOBbIX BUAOB MYKN Hanbonb-
lee W3MEHEHWEe akTMBHOCTU MPOTEONUTUYECKNX
depMeHTOB BO BpEMS XpaHEHUs1 oTMevaeTcs Y
rPEeYHEBOW MyKW: BHe 3aBMCMMOCTM OT pH cpegbl
aKTMBHOCTb MpOTea3 B FPeYHEBOW Myke Mmocne of-
HOHeOEeNbHOro XpaHeHus1 obpasuoB pes3ko nagaeT
(B KMCIOW cpefe aKTUBHOCTb CHkaeTcs Ha 23,4%,
B cnabokucnon — Ha 6%, a B cnabowenoyHon —
Ha 20,4%). Cnegyet OTMETUTb, YTO MpU yBenuye-
HUW HU3KOTemMepaTypHON 06paboTknM ONbITHbIX 06-
pasuoB U3 rPEeYHEBOW MyKM OO YeTblpex Hepenb
npoTeonnTUYECKass akTUBHOCTb MYKU CHUXaeTcsl B
1,5-2 pasa oT nepBoHavarbHbIX 3HAYEHWN.

BbisiBNeHo, 4YTO Npu 3amopaxvsBaHuM obpasLoB
13 NonbsiHOM MyKN MPOUCXOOUT CHUXKEHWNE aKTUBHO-
CTM NpoTEeas Kak B KMCIOW, TaK U B cnaboLLenoyHon
cpene B cpegHeM Ha 15-20%. o mepe xpaHeHus
3KCnepvMeHTanbHbiXx 00pa3LoB OTMevaeTcs npu-
pocT (bepMeHTATUBHOW aKTMBHOCTWU MPWU BCEX WUC-
cnegyemMblx 3HaveHusax pH, npu aTom npoteonutu-
yeckasi aKTMUBHOCTb MYKM MOCIe NMPOLOIMKUTENBHOMO
XpaHeHus obpasLioB B 3aMOPOXEHHOM BUAE OOCTM-
raeT NPakTMYEeCKN UCXOAHBIX 3HAYEHUN.

B pesynbTaTe npoBedeHHbIX UCCeaoBaHWUin
ObINO YCTAHOBMEHO, YTO aKTMBHOCTb NPOTEa3 OBCS-
HOW LenbHo3epHoBon Myku npu pH = 3,0 nog Bo3-
OEeACTBMEM OTpuuUaTeEnbHbIX TemnepaTtyp cylie-
CTBEHHO HE U3MEHSETCHA B TEYEHMEe BCEro IKCnepu-
mMeHTa. OgHako B cnabokucron u cnabollenovHomn
cpefax oTMevaeTcsl yBenuieHne epmMeHTaTUBHOM
aKTMBHOCTM B 0bBpasuax 13 OBCAHON LEeNbHO3EpHO-
Bov Myku Ha 31,9 n 43,7% COOTBETCTBEHHO.

YCTaHOBMNEHO, YTO HamMbOoNbLUYD YCTOMYMBOCTb
K OMTENbHOMY HU3KOTEMMNEPATypPHOMY XpaHEHUHo
NPOSIBIIAIOT NpoTeasbl KyKypy3HON MYKU: NPOTEONU-
TMYeckass aKTMBHOCTb [AHHOrO BuAa MyKU Koneob-
netcsa B guanasoHe 0,724-0,824 MKMOMb TUPO3U-
Ha/d N He 3aBUCUT HM OT pH cpeabl, HM OT Npoaon-
XWUTENbHOCTU HU3KOTEMMNEpPaTypHO 06paboTku.

lMoHWXeHMe aKTMBHOCTM MpoTeas3 NpWU HU3KO-
TemnepaTtypHo obpaboTke MOXeT ObiTb BbI3BAHO
HECKONbKUMMW NPUYMHaAMK, OOHOWN N3 KOTOPLIX SBMNS-
eTcsl AeHaTypauns 6enkoBbiX MOMEKYN MyKU, a Tak-
Xe OEeKCTPUHU3aumMs 1 OecTpyKkuus kpaxmana npwu
HU3KOTEMMEPATYPHOM XPaHEHUW, BCIEACTBME 4Yero
NMPOVNCXOAWUT HaKOMMEHWE HU3KOMOSEKYNSAPHbLIX Ca-
XapuCTbIX BELLECTB N AEKCTPUHOB, KOTOPbIE yBEmnu-
ynBalT APPEKT NHIMOMPOBAHUS AKTUBHOCTU MNPO-
TeonUTMYECKNX hepmeHTOoB [16].
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Puc. 2. 3aBUCUMOCTb aKTUBHOCTU NPOTEONUTUYECKUX (PEPMEHTOB LIeNIbHO3EPHOBLIX BUAOB MYKU OT NPOLAOMKUTENBHOCTU

NX HU3KoTemnepaTypHoi obpaboTku npu pH: 3,0 (a); 5,5 (b), 8,0 (c)

Fig. 2. Changes in the proteases activity during frozen storage
of various varieties of whole grain flour at pH: 3,0 (a), 5,5 (b), 8,0 (c)
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XapakTep 1 cTeneHb M3MEHEHNST akTUBHOCTU MpPo-
Tea3 B MyKe Mpu Hu3KoTemnepaTypHon obpaboTke
MOryT ObITb ODYCMNOBMEHbI TakKe MAPONUTUYECKAM
pacLienneHvem OenkoB M paspylleHneM OTAeNbHbIX
amMuHok1cnoT. N3BeCcTHO, UTO BO BpPeEMS 3aMOopaxuBa-
HUS 1 gedppocTaumm TecToBbix nonycgabpukaTtoB npo-
ncxogut AeHatypaums Genka, HabniopgaeTca gekap-
BokcunMpoBaHWe W Oe3aMUHMPOBaHWE CBOBOAHbLIX
amMuHoKucNoT [4-6]. [JaHHOe OBCTOATENBLCTBO MOXET
NPUBECTU K MOBbLILUEHWNIO KACNOTHOCTU B TECTE, YTO U
0BycnoBnMBaeT  3NEKTPOCTATUYECKYID  HEeYCTONYu-
BOoCTb GenkoB. Kpome TOro, 3amopaxuBaHue TecTo-
BbIX 3aroTOBOK MPUBOAMWT K Ae3arperaumm n germgpa-
TUPOBaHWIO BENKOBbIX KOMMOHEHTOB MYyKW, B TOM YHC-
ne n goepmeHToB [5, 6].

B TeyeHne OnNuTENbHOro XpaHeHUsA KpucTansbl
nbga co BpeMEHEM MOryT npeTeprneBaTb pPekpu-
cTannmsaumio (ocTBanb4OBCKOe co3peBaHue) [4, 6],
BCNeacTBue yero obpasyorca 6onee KpynHble Kpu-
cTannbl, KOTOpble CMOCOOHbI MEeXaHW4YeCKu Hapy-
WwaTb LEenoCTHOCTb BEenkoB, YTO MOXET MPMBECTU K
N3MEHEHMIO KOHMopMaumMn Monekynol epMeHTa,
BCNEACTBUE YEro ero akTMBHOCTb PE3KO CHIDKAETCS.

lMoBbIlEHNE AKTMBHOCTU  MPOTEOSNIUTUYECKMX
hepMeHTOB MyKM nog BO3OENCTBUEM OTpuLaTENb-
HbIX TeMnepaTyp MOXHO 0OBbACHUTE 0OPaTUMOCTLIO
AeHaTypauum npoteas B cnabokucron u crnabote-
noyvHon cpegax [10, 11], a Takke HakonmeHWem B
TecTe Npuv ANUTENbHOM XpPaHEHUM B 3aMOPOXXEHHOM
BMAE BeELLEeCTB BOCCTAHOBMUTENbHOrO AEWNCTBUS —
aKTMBaTopoB NPOTEONU3a.

3AKNIOYEHUE

lMpoTeonutuyeckne MeEpPMeEHTbI MYKU aKTUBHO
BO3JENCTBYIOT Ha KIENKOBUHY, TEM CaMbiM YMEHb-
LLIaKT BA3KOCTb TecTa, yBEenuuMBaloT ero nractuy-
HOCTb W 311aCTUYHOCTb, B CBSI3U C YEM COKpaLllaeTcs
NPOAOIPKUTENBHOCTL 3aMeca TecToBbIX nonydgab-
pyvkaToB AN OPMUPOBaAHUSA ONTUMarbHbLIX PEoso-

rmyecknx cBomcTB. CHWXXEHME aKTMBHOCTM MpoTeas
NPMBOOUT K YKPEMMEHUIO KIEWKOBMHHOIO Kapkaca,
TECTO CTaHOBWUTCS MIIOTHbIM, MSIOXO pa3pbixnseTcs,
YTO MPUBOAMT B KOHEYHOM MWTOre K CHWDKEHUIO
yaenbHOro ob6bema v NOPUCTOCTU FOTOBLIX U3Aenui
13 MWEHNYHON MYKU U CMECU ee C ApyrMMy Bugamu
MYKW.

HecmoTps Ha OTCYTCTBME B rPEYHEBON U KYKY-
PY3HON MYyKe KNeNKOBWHbI, B JAHHOM CbIpbe OTMe-
YaeTcsa BbICOKOE coAepxaHue 6ernka 1, kak nokasa-
nv NpoBeAeHHble HaMK MccrefoBaHns, 4oCTaTod-
HbIi YPOBEHb aKTUMBHOCTU COOCTBEHHBIX NMPOTEONU-
Tndeckux depmeHToB. CrnegyeTr OTMETUTb, 4TO
AaHHble BMObl MYKU HaxoOAT LUMPOKOE MpUMEHEHUe
npu npou3BoAacTBe ©Oe3rnoTeHoBbIX Xnebobynou-
HbIX M3OENUIA, a Takke Npu BbiNeyvke Npoaykumm 13
CMECU UX C MNLEHUYHOW W pXKaHOM Mykon. WU no-
CKONbKY MPOTEONnU3 MOXeT OKasbiBaTb CYLLEeCTBEH-
HOoe BNusHME Ha HabyxaemocTb GenkoB npu gop-
MUPOBaHMM TecTa, HeOOBX0AMMO Y4YUTbiBaTb aKTUB-
HOCTb MPOTEONUTUYECKUX (DEPMEHTOB NpPU Bbipa-
B60Tke 3aMOPOXEHHbIX MnonydabpukaTtoB N3 cMecu
pasHbiX BUOOB MYKMU.

YunTbiBasg BaXHOCTb BIMSHMA MpoTeas Ha Xof
OUOXMMMNYECKMX MPOLIECCOB, MPOMCXOAALLNX MpU
CO3peBaHMM TecTa M ODOYCnoBMMBAIOLUX CTPYKTYp-
HO-MEXaHW4YecKMe M opraHonenTuyeckMe CBOWCTBA
roToBbIX U34enuin, Heobxoanmel rnybokme 3HaHWS O
CTENeHn HU3KOTEMMNEPATYPHOrO BO3AEWCTBUS Ha
aKTUBHOCTb MPOTEONUTUYECKUX (DEPMEHTOB MYKU.

PesynbTatbl MccnegoBaHust BRMSIHUA KpUOOO-
paboTkn Ha akTMBHOCTb MNPOTEONUTUYECKUX dep-
MEHTOB PasfnnyHbIX BUAOB MyKM MoOKasanu, 4To uc-
cnegyemMbln napameTtp 3aBucut oT pH cpeabl n or
BWAOBOW NPWHAAMEXHOCTU MYKW, YTO HEOOXOAMMO
yunTbiBaTb NpuM pas3paboTKe HOBbLIX PeLenTyp u
BHEAPEHNM TexHonormm xneboOynoyHbiXx n3genvn
Ha OCHOBE 3aMOPOXXEHHbIX NonycgabpukaTos.
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Abstract: This study examines the effect of a range of exogenous concentrations of hydrogen peroxide on
the activity of transmembrane and soluble adenylate cyclases (EC 4.6.1.1) contained in root cells of pea
seedlings infected with one of the following: Rhizobium leguminosarum bv. Viciae, Pseudomonas syringae
pv. Pisi, and Clavibacter michiganensis ssp. sepedonicus. The results showed that the pool of intracellular
H,0, increased when pea roots were infected with bacteria regardless of type. The study analysed the con-
centration of intracellular cyclic adenosine monophosphate, a product of the adenosine triphosphate cycliza-
tion reaction catalyzed by transmembrane and soluble adenylate cyclases. The concentration of intracellular
cyclic adenosine monophosphate increased when infected with either Rhizobium leguminosarum bv. viciae
or Clavibacter michiganensis ssp. Sepedonicus; however, the concentration decreased by 20% when infect-
ed with Pseudomonas syringae pv. Pisi. The in vitro activity of soluble and transmembrane adenylate
cyclases from pea root cells inoculated with Rhizobium leguminosarum bv. viciae was H,O, dose-dependent:
100 nM of H,0, reduced the activity of soluble and transmembrane adenylate cyclases slightly, while 26 uM
inhibited their activity by 50-60%. When infected with Pseudomonas syringae pv. pisi, the reduction in the
activity of soluble and transmembrane adenylate cyclases was independent of the concentrations of H,O, in
the range investigated. When infected with Clavibacter michiganensis ssp. sepedonicus, 100 nM of H,O,
inhibited the activity of transmembrane adenylate cyclases, although enhancing the activity of soluble ade-
nylate cyclases. On the contrary, concentrations of H,O, of 2.6 and 26 uM increased the activity of trans-
membrane adenylate cyclases and inhibited the activity of soluble adenylate cyclases. It can be concluded
that the specific concentration of second messengers in plant cells depends on the specificity of the biotic
stressor and forms, inter alia, by their mutual influence on the components of other plant signaling systems.
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YOK 581.1

Perynsauusa akTMUBHOCTM ageHUNaTUMKIa3 KNeTOK KOPHA ropoxa
nepokcumaom Bogopoaa npu uHUUMpoBaHUM NaToreHamMmm
U MyTyanucTom

0.B. Ky3akoBa, J1.A. JlomoBaTckas, A.C. PomaHeHko, A.M. FloH4YapoBa

Cunbupcknii MHCTUTYT dmsmonormm n 6uoxmmmm pactequn CO PAH,
r. UpkyTtck, Poccuiickas ®egepauus,

Pesrome: Llenbio OaHHOU pabombi S8M1S/I0Ch U3YyHeHUE BMUSIHUST Pas/ludHbIX 9K302eHHbIX KOHUeHmpauud
rnepokcuda eodopoda Ha akKmueHOCMb mpaHcmembpaHHOU u pacmeopumol adeHunamuyuknas (K@ 4.6.1.1)
8 K/lemKax KOPHSl [POPOCMKO8 eopoxa, UHQuuuposaHHo20 Rhizobium leguminosarum  bv.
viciae, Pseudomonas syringae pv. Pisi unu Clavibacter michiganensis ssp. sepedonicus. MccnedosaHus
rokasarsnu, Ymo fnys eHympuknemoy4Ho2o H,O, nosbiwarncs npu UHGUUUpoB8aHUU KOPHEeU 2opoxa 8ceMu yKa-
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3aHHbIMU bakmepusmu. KoHuyeHmpauyus 6HympuUKIemo4YyHO20 UUKIuYeckoeo aldeHO3UuHMOHoghocghama,
npoldykma peakyuu yuknusayuu adeHo3uHmpugocghama, Kkamanusupyemol mpaHcmembpaHHOU U pac-
meopumol adeHunamuyuknasamu, 8 mex xe obpasuax npu uHguyuposaHuu Rhizobium leguminosarum bv.
Vicea unu Clavibacter michiganensis ssp. sepedonicus makxe eo3pacmana;, a nod eo3delicmeuem
Pseudomonas syringae pv. pisi cHuxanace Ha 20%. AkmusHocmb mpaHcMmemMbpaHHOU u pacmeopumoull
aleHunamuyuknas in vitro u3 uHokynuposaHHbix Rhizobium leguminosarum bv. vicea krremok KopHsi 2opoxa
npu dobaesneHuuU pasnudHbix KoHueHmpauut H,O, usmeHsinacb dozoszasucumo: 100 HM H,O, HesHa4qu-
mesibHO CHUXarnu ux akmueHOCmb, 8 Mo epeMs Kak 26 MkM uHeubuposanu akmusHocmb Ha 50-60%. Ha
¢oHe uHpuyuposaHus Pseudomonas syringae pv. pisi dobasneHue nobol u3 eblbpaHHbIX KOHUeHmpauyul
H>O, 8 pasHOU cmeneHuU CHUXano akmueHOCMb MmpaHcmMembpaHHOU u pacmeopumoli adeHunamuyuknaas.
lpu uHguyuposaHuu Clavibacter michiganensis ssp. sepedonicus 100 HM H,O, uHazubuposanu akmus-
Hocmb mpaHcmembpaHHOU adeHurnamumkiiasbl, HO OKa3sblg8anu akmusupyrouwul aghgbekm Ha pacmeopu-
myro adeHunamuyuknasy. Hanpomus, koHueHmpayuu H,O, 2,6 u 26 mkM noebiwanu akmueHOCMb MpaHCc-
membpaHHoU aldeHunamymeknasbl U UHeubuposanu akmueHOCmMb pacmeopumoli adeHunamuyuknassi. Cde-
J1aH 8618600 O MOM, YmMO 0rpedesieHHbIU KOHUEHMPaUUOHHbIU cmamyc 8MmMOpUYHbIX MECCEHOXEPO8 8 Kriem-
Kax pacmeHul 3asucum om crieyucbudHocmu buomuyecko2o cmpeccopa U hopMupyemcsi, 8 mom 4ucrie,
rnymem ux 83aUuMHO20 8/1USIHUSI Ha KOMITOHEHMbI Opyaux cugHasbHbIX CUCMEeM pacmeHud.

Knroydeebie cnoea: rnepokcud eodopoda, pacmeopumasi adeHunamuyukriasa, mpaHcMembpaHHass ade-
HUnamuyukasa, Mymyasnucm, namoaeHsb!

Ungpopmayus o cmamee: [Jama nocmynneHuss 26 ¢pespans 2020 a.; Oama npuHamus k nedyamu 31 asay-
cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps 2020 e.

Ans yumupoeaHrusi: Kysakoa O.B., Jlomoatckas J1.A., PomaHeHko A.C., loHuyapoBa A.M. Perynsaums ak-
TMBHOCTU afleH1NaTLMKNa3 KNeToK KOpHA ropoxa nepokcuaom Bodopoda npu MHAULMPOBaHUN NaTtoreHaMm
n Mytyanuctom. Msgecmus 8y3oe. [NpuknadHas xumusi u 6uomexHonoaus. 2020. T. 10. N 3. C. 450-458.
https://doi.org/10.21285/2227-2925-2020-10-3-450-458

INTRODUCTION

Second messengers of signaling systems parti-
cipate in the regulation of plant metabolism at all
stages of development and are subject to the influ-
ence of external agents, for example in biotic stress.
The adenylate cyclase signaling system is actively
involved in plant stress and defense responses
[1, 2]. Earlier, we showed that the degree of activity
of cyclic adenosine monophosphate (CAMP) and
adenylate cyclase in root cells changed significantly
5 minutes after infection of the root of pea seedling
with various agents [1, 3], viz. different strains of
Rhizobium leguminosarum bv. viciae (RIv) and phy-
topathogenic bacteria which differ by specialization,
Pseudomonas syringae bv. pisi (Psp), the pathogen
of peas, and Clavibacter michiganensis sps.
sepedonicus (Cms), a specific pathogen for potato.
Moreover, the strength of activity of transmembrane
adenylate cyclases (TACs) and soluble adenylate
cyclases (SACs) was dependent on the infectious
agent, despite the non-specific interaction; infection
with RIv led to the most pronounced activation of
TACs and SACs in pea root cells compared with the
activation following infection with Psp and short-term
contact with Cms [1, 3]. Possible mechanisms for
modulating the activity of both forms of adenylate
cyclases (ACs) under biotic stress may include both
ligand-receptor interactions [4] and the influence of
calcium ions [5]. The latter can act as an intracellu-
lar second messenger, and its concentration can
change rapidly following infection. It should be noted
that, in the early stages of biotic stress, the concen-
tration of H,O,, another signal molecule, has already

rapidly and sharply increased in the apoplast and
intracellular space of plant cells [6—8], which is likely
to cause analagous changes in the activity of both
forms of ACs. However, knowledge of the effect of
H,O, molecules on the activity of transmembrane
and soluble forms of AC in plant cells is isolated to
specific examples and therefore incomplete: for
example, it was shown that 0.2—-0.6 yM of H,O, had
only a minor effect on TACs and SACs from the
vacuoles of beetroot parenchyma cells during vari-
ous periods of root crop dormancy under long-term
biotic stress [9]. Interpretation of these results was
complicated by the physiological peculiarities of the
beetroot crop (a biennial plant with associated
dormant periods), hence it was considered more
efficacious to continue the study on the root of pea
seedlings. Therefore, the purpose of this study was
to investigate the effect of the second messenger in
the superoxide synthase signaling system (H,O,) on
the activity of transmembrane and soluble forms of
AC from pea root cells following inoculation with Rlv,
Psp, and Cms.

EXPERIMENTAL PROCEDURE

The subjects were 3-day-old pea seedlings (Pi-
sum sativum, Rondo cultivar) and planktonic cul-
tures of the following microorganisms: the symbiotic
nitrogen fixer Rlv (effective strain RCAM 1022), the
pathogen causing bacterial blight in peas Psp (strain
1845), and the pathogen causing potato ring rot
Cms (strain 6889).

Bacterial cultures were grown for 3 days in a
germinating chamber (in the range 23-25 °C) in
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100-ml flasks filled with 50 ml of a liquid medium
containing 10 g/l of yeast extract dialysate and 15 g/l
of glucose, pH =7.0. Microorganisms were grown
without additional shaking. The density of the plank-
ton culture of bacteria was determined using a tablet
spectrophotometer Immunochem-2100 (High Tech-
nology Inc., USA) at a wavelength of 655 nm.

Pea seeds were sterilized and washed sequen-
tially: 5 min in 94% ethanol, 5 min in 3% H,0,, and
5 min in a 5% solution of potassium permanganate.
Following washing with sterile water, they were
poured into a glass of hot water (60 °C) for 4 hours
to allow the seeds to swell. Then, the seeds were
germinated in sterile Petri dishes on moistened filter
paper for 3 days in the dark at 23-25 °C. Seedlings
with a root length of at least 35-40 mm were select-
ed and washed with a sterile 0.01% solution of No-
nidet (a nonionic detergent) to prevent the infusion
of exogenous microflora, washed three times with
sterile distilled water and inoculated with a culture of
one of the bacteria in the stationary growth phase.
The titer of the plankton culture of bacteria was
10" c/ml. The specimens were inoculated with bacte-
ria for 5 minutes, after which the roots of the seed-
lings were separated from the pea, washed in a
sterile 0.01% solution of Nonidet (a detergent) to
remove loosely bound bacteria, then washed three
times in sterile water.

Determination of SAC and TAC activity, and
cAMP concentration. To determine the activity of
SACs and TACs, segments of seedling roots of
length 22 mm were fixed in liquid nitrogen before
enzymes were isolated following the previously de-
veloped method [9]. The roots were ground up in an
isolation (germination) medium of the following
composition: 0.02 M of phosphate buffer, pH = 7.2;
0.1 mM of theophylline (3'5-cAMP of phos-
phodiesterase inhibitor); 1 mM of dithiothreitol
(SH-group protector); 50 pyg/ml of phenylmethyl-
sulfonyl fluoride; 50 ug/ml of hydroxymercury ben-
zoate; 1 ug/ml of leupeptin (protease inhibitor). The
homogenate was centrifuged at 16,000 g for 20 min
(Allegra 64 R) to remove fragments of cell walls and
some organelles. The resulting supernatant was
centrifuged at 105,000 g for 90 min (90 Sorvall Dis-
covery SE).

The following parameters were analysed:
the TAC activity of the sediment, which contains
70-75% of the plasmalemma [10], and both the
SAC activity and the cAMP concentration in the
membrane-free supernatant. Samples for cAMP
determination were heated to 100 °C for 3 min to
inactivate the enzymes.

The activity of both forms of AC was not meas-
ured directly but was considered to be directly pro-
portional the cAMP concentration in the sample cal-
culated per mg of protein/min. The cAMP concentra-
tion was determined by the enzyme-linked immuno-
sorbent assay [11]. The cAMP concentration in cells
was calculated per mg of protein; the protein in the

sample was determined by Bradford's technique.

Determination of H,O, concentration. The con-
centration of H,O, was determined in the homoge-
nate of segments of the root of pea seedling by the
FOX method, based on the change in the colour of
Xylenol orange [12]. This required a reagent consist-
ing of two solutions: the first contained 25 mM of
FeSO,, 25 mM of (NH,),SO,4, and 2.5 M of H,SO,,
the second contained 125 yM of Xylenol orange and
100 mM of sorbitol. The solutions were mixed im-
mediately prior to analysis in a ratio of 1:100, re-
spectively. Then, the resulting mixture was added to
the plant sample in the proportion of 1:10, respec-
tively, and incubated for 30 minutes in the dark, after
which the concentration of H,O, was determined by
absorbance at a wavelength of 595 nm using a tab-
let spectrophotometer M680 (Bio-Rad, Germany).
The concentration of H,O, was expressed in nmol
per mg of protein. The analytical sample was a 1 g
portion of the root of pea seedlings.

The effect of H,O, on the activity of TACs and
SACs in pea root cells. Plant samples of
SACs/TACs containing 100-150 ug of protein/g of
raw mass in 500 ul of the germination medium de-
scribed above were made up to the following con-
centrations of H,O,: 100 nM, 260 nM, 2.6 uM and
26 yM. The reaction was allowed to progress for
30 minutes at 27 °C before being stopped by boiling
in a water bath for 3 minutes.

Three biological replicates were performed in all
experiments and the concentrations of cAMP and
H,O, were calculated from eight replicate analytical
determinations. The experimental results were pro-
cessed statistically in the SigmaPlot 12.3 program.
The Student criterion (t) and the significance of dif-
ferences between the experience variants (P) were
estimated. The figures give the means and standard
errors.

The work was performed with equipment located
in the Common Use Center "Bioanalytica" using bio-
logical collections at the Common Use Center "Bio-
resource Center" of the Siberian Institute of Plant
Physiology and Biochemistry within the Siberian
Branch of the Russian Academy of Sciences (Ir-
kutsk).

RESULTS AND DISCUSSION

The endogenous concentration of H,O, and
cAMP in the root of a pea seedling infected with a
mutualist and pathogens. The concentration of H,0O,
in the homogenate from uninfected pea root cells
was found to be in the range of 200—270 nmol/mg of
protein. The most pronounced increase in the con-
centration of H,O, content was observed in pea
seedlings infected with Rlv, while the smallest effect
was associated with infection with Cms. In these
samples, infection with RIv increased the content of
cAMP, while infection with Psp decreased the con-
tent of CAMP to 86%. It is interesting to note that
infection with the non-specific pathogen Cms gave
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rise to a CAMP concentration 5 times greater than in
the control (Fig. 1). The means and standard errors
(n =3; P <0.001) are given.

The effect of the exogenous concentration of
H,O, on the activity of TACs and SACs in vitro from
the roots of pea seedlings infected with a mutualist
and pathogens. In the control, ie. in the absence of
biotic stress, the activity of SACs was dependent on
the concentration of H,O,: SACs were slightly acti-
vated at 100 nM of H,0, (110% of the control), there
was virtually no observed effect at 260 nM, and
there was a pronounced reduction of activity, down
to 70% of the control, at micromolar concentrations
(2.6 and 26 pM). The H,O, had a similar effect on
TAC activity: slightly reduced enzyme activity at
100 nM, and a maximum inhibitory effect at mi-
cromolar concentrations of H,O, (Fig.2). The
means and standard errors (n=3; P<0.001) are
given.

The effect of the exogenous concentration of
H,0, on the activity of TACs and SACs in vitro from
the roots of pea seedlings infected with a mutualist
and pathogens. In the control, i.e. in the absence of
biotic stress, the activity of SACs was dependent on
the concentration of H,O,: SACs were slightly acti-
vated at 100 nM of H,0, (110% of the control), there
was virtually no observed effect at 260 nM, and
there was a pronounced reduction of activity, down
to 70% of the control, at micromolar concentrations
(2.6 and 26 pM). The H,O, had a similar effect on
TAC activity: slightly reduced enzyme activity at
100 nM, and a maximum inhibitory effect at mi-
cromolar concentrations of H,O, (see Fig. 2). The
means and standard errors (n=3; P <0.001) are
given.

600

300

200
]
Rlv Psp Cms

B - H,0, content;

% to the control

o

B - cAMP content

Fig. 1. Effect of infection with Rhizobium leguminosarum

bv. vicea (RIv), Pseudomonas syringae pv. pisi (Psp)

and Clavibacter michiganensis ssp. sepedonicus (Cms)

on the content of H,O, (% of control) and cAMP (% of control)
in the root of pea seedlings. The control was seedlings
germinated in water

Puc. 1. BnusaHue nHdunumposanus Rhyzobium
leguminosarum bv. vicea (RIv)/Pseudomonas syringae pv.
pisi (Ps)/Clavibacter michiganensis ssp. sepedonicus (Cms)
Ha cogepxanue H;O; (% k KoHTponto) n LAM®

(% K KOHTPOIIO) B KOPHE MPOPOCTKOB ropoxa.

KoHTponem cnyxunm npopocTku, MHKYGMpoBaHHbIE Ha Bode

CcAMP concentration, % to the control

il b hir it

TALL | pAL TAL | pAL TAL | pAL, TALL | pAL
H20" R psp** Cms **

Fig. 2. Effect of various exogenous concentrations

of H,0O, on TAC and SAC activity in the roots

of pea seedlings infected with Rhizobium leguminosarum bv.
vicea (RIv), Pseudomonas syringae pv. pisi (Psp)

and Clavibacter michiganensis ssp. sepedonicus (Cms):
1-H;0; 2 - 100 HM H20,; 3 — 260 HM H,0;; 4 — 2,6 mkM
HzOz; 5—26 mkM Hzoz.

*sample 1 served as a control for samples 2-5;

**in vitro adenylate cyclase samples isolated

from uninfected pea seedlings served as a control

for samples 1-5

Puc. 2. BnnaHme pasnuyHbiX 9K30reHHbIX KOHLEHTpaLmm
H,0O; Ha akTnBHOCTb TALL 1 pALL B KOPHSX NPOPOCTKOB
ropoxa npu uHduumposaHun Rhyzobium leguminosarum bv.
vicea (RIv) / Pseudomonas syringae pv. pisi (Ps)/Clavibacter
michiganensis ssp. sepedonicus (Cms):

1-H,0; 2 -100 HM H,0;; 3 — 260 HM H,0,; 4 — 2,6 MkM
HzOz; 5 —-26 mkM HzOz.

*KoHTponem ansa obpasuos 2-5 cnyxun obpasey, 1;
**koHTponem ansi obpasuyoB 1-5 cnyxunu obpasubl
afeHunaTumknas in vitro, BblaeneHHble

13 HEMHPULIMPOBaHHBIX NPOPOCTKOB ropoxa

Following a short-term, 5-min exposure to Rlv,
the activity of SAC and TAC only slightly exceeded
the activity in control specimens, 113 and 122%,
respectively. The effect of infection with Psp had
a similar effect on rhizobial infection. Following infec-
tion with Cms, the activity of SAC and TAC exce-
eded the activity in the control by 3 and 4 times, re-
spectively (see Fig. 2).

The H,0O, concentration had a similar effect on
the activity of SACs and TACs invitro, in Rlv-
inoculated cells of pea roots when compared with the
control; however, a dose-dependent effect was ob-
served under the following conditions: at 100 nM of
H,0, there was slightly reduced activity of both forms
of the enzyme (90% of the control), and at 26 yM
their activity was inhibited by 50-60% (see Fig. 2).
Following infection with Psp, there was an equivalent
effect reducing the activity of SACs and TACs
(68—70% of the control) at all concentrations of H,O,
in the study. A different effect was observed in the
case of infection of pea seedlings with a non-specific
pathogen, Cms. The lowest concentration of H,0O,
studied (100 nM) inhibited TAC activity the most, but
had an activating effect on SAC activity. On the con-
trary, micromolar concentrations of H,O, (2.6 and
26 uM) increased TAC activity and inhibited the activ-
ity of the soluble enzyme form (see Fig. 2).
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It should be noted that the initial stages of pa-
thogenic infection and legume-rhizobial symbiosis
have many common features. One of the first non-
specific protective reactions of plant cells to infection
is an increase in the concentration of intracellular
H,0, [13, 14]. Similarly, it has been reported that the
nodulation of the lateral roots of the tropical semi-
aquatic plant Sesbania rostrata by the microsymbiont
Azorhizobium caulinodans is accompanied by the
generation of reactive oxygen species (ROS) initia-
ted by the nod factor of the latter [15]. An increase in
the concentration of H,O, was detected when spring
barley (Hordeum vulgare L.) was infected by a pa-
thogenic strain of Fusarium culmorum [6]. We ob-
served a similar effect in experiments after short-
term inoculation of pea seedlings with Rlv, Psp, and
Cms (see Fig. 1).

It is known that H,O, in high concentrations can
affect the lipid environment of membrane proteins,
thereby affecting their functional activity [16, 17].
Millimolar concentrations of this compound can
cause significant destruction of the structure of chlo-
roplast membranes due to the very intensive peroxi-
dation of membrane lipids [16]. In this experiment,
lower, nanomolar and micromolar exogenous con-
centrations of H,O, were studied; therefore, it is
assumed that the observed effects on the activity of
both forms of ACs are associated with conforma-
tional changes in the active centre of the enzyme
localized outside the membrane (i.e. in the cyto-
plasm). This conclusion is supported by H,O, con-
centration dependent changes in the activity of
TACs and SACs, i.e. the observed dose-dependent
effect (see Fig. 2). In addition, it is reported that
H,O, can oxidize some of the constituent amino
acids (Arg, Pro, Lys, Met, Cys, Tyr, His) of enzymes
leading to a change in the activity of the enzyme
[18]. Although full amino acid sequencing of plant
ACs has not yet been reported, the characterisation
of the primary structure of protein fragments with AC
activity has been reported [17, 18]. The proportion of
amino acids which can be oxidized by H,O, in the AC
catalytic center (AtKUP71-100) in the multi-protein
complex of K'-dependent permease 7 (AtKUP7) [19]
and the AC (AtLRRAC1) in a complex with the re-
ceptor (NBS-LRR) [20] was determined to be 27 and
28% of constituent amino acids, respectively [18].
The susceptible amino acids include the amino acid
pair Lys-Arg, which is responsible for the conversion
of ATP to cAMP in the AC catalytic center [21].
Thus, it is highly likely that H,O, affects the catalytic
functions of this enzyme. Further work to provide
additional supporting data has been planned to
study the kinetic parameters of ACs in the presence
of H,0,.

It has already been shown that short-term infec-
tion of the roots of pea seedlings with Rlv and Psp
led to a modulation of TAC and SAC activity and,
consequently, to a change in the concentration of
intracellular cAMP [3]. Thus, the enzyme activity had

already been modified when the enzymes were iso-
lated from the infected roots of pea seedlings. In our
experiments, ACs isolated from the infected tissues
had already been exposed to H,0,, as witnessed by
an increased level of H,0O, in the cells of the root of
pea seedlings (see Fig. 1). The observed slight de-
crease in the activity of ACs is probably due to the
additive effect of endogenous and exogenous H,0,.
It is interesting to note the different effect on TACs
and SACs in the experiments treated with RIv+H,0,
and Psp+H,0,, viz. similar activity levels of TACs
were observed, whereas activity levels of SACs dif-
fered slightly. It can be assumed that in a very short
time (5 min) the activity of TACs could be modified
by nonspecific virulence factors of Rlv and Psp such
as some polysaccharides and surface proteins of
bacteria that are similar in nature to those of gram-
negative bacteria [22]. At the same time, SAC activi-
ty can be modulated only indirectly, probably with
the involvement of other second messengers. For
example, the activation of SACs from beet cell va-
cuoles by calcium ions has been reported [9]. It can
be assumed that a local increase in the concentra-
tion of H,O, not only leads to a modulation of the
activity of this enzyme form (see Fig. 2), but also
causes a change in the concentration of other sig-
naling molecules, and in particular, calcium ions.
This is supported in the literature by reports of pe-
roxide-dependent calcium ion channels found in
many plant species, including pea [23]. It is obvious
that the dynamics of the intracellular calcium pool is
specific to the type of microorganism causing the
infection. This dynamics is dependent on the nature
of various types of ion channels, including activated
cAMP. The lack of sensitivity of SACs to H,0, after
Psp infection may be related to this.

The completely different effect of infection with
Cms followed by the addition of exogenous H,0, on
the activity of TACs and SACs is very interesting.
Cms has a wide range of exopolysaccharides, which
is a principal reason for its virulence. These exo-
metabolites have a fairly acidic nature [24], which
can lead to temporary, non-specific acidification of
the extracellular space in plants [25]. A sharp de-
crease in the pH of the pericellular environment can
lead to a change in the electrochemical potential of
the cell membrane [26] further inducing change in
the pool of various second messengers, including
H,0,. It can be assumed that this is the principal
cause of the "preliminary" modification of the activity
of AC in vivo, which subsequently affected the sen-
sitivity of the AC to additional concentrations of H,O,
in vitro (see Fig. 2).

CONCLUSION

The activity of transmembrane and soluble ade-
nylate cyclases from the root cells of pea seedlings
can be dose-dependently modulated by H,O,. The
biotic stress phenomenon may be additionally af-
fected by dosing with hydrogen peroxide.
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Abstract: Xylanase is an enzyme that hydrolyses -1,4 bonds in plant xylan. This enzyme is applied in the
bioconversion of agro-industrial waste for xylooligosaccharide hydrolysate production to improve digestibility
and nutrition value of animal feed, food processing, the utilisation and faster decomposition of crop debris in
soil, as well as in cellulose bleaching and other industries. The current trend focuses on using renewable
resources, such as agricultural waste, as substitutes for expensive purified xylan in producer screening and
xylanase synthesis. This work aimed to determine the impact of Paenibacillus mucilaginosus cultivation con-
ditions on the xylanase production yield. Rice bran ferment lysate along with birch and beech timber xylans
were used as a carbon source. Temperature, medium pH, pH correction factors, inoculant incubation time,
carbon and nitrogen sources and concentrations were the studied criteria of xylanase biosynthesis and
growth in bacteria P. ucilaginosus strain 560. We show that the xylanase biosynthesis and cultivation in
P. mucilaginosus strain 560 are more practical and cost-effective with the use of a rice bran ferment lysate-
based nutrient medium. Inductors contained in the rice bran ferment lysate improve the xylanase biosynthe-
sis. Calcium ions also facilitate biosynthesis in the studied strain. Cultivation recommendations are: carbon
source concentration in medium 0.5% of total reducing substances content; 0.2% carbamide as optimal ni-
trogen source; calcium hydroxide as an agent for medium pH correction to 6.0+0.2; cultivation temperature
30+1 °C. Under the specified conditions, cultivation of P. mucilaginosus does not require inoculate pre-
processing, and a maximal xylanase activity in stationary culture reaches 20 U/mL.
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YAOK 57.013:57.014

BnusiHue ycnoBuu KynbTUBMPOBaHUSA Ha npoayuMpoBaHue
KcunaHa3sbl U pocTt 6aktepun Paenibacillus mucilaginosus

T.3. Xa*, A.B. Kanapckun*, 3.A. KaHapckas*, A.B. LLlep6akoB**,
E.H. lllep6akoBa**, A.B. NpaHoBuUYy***

*KasaHCKuI HauMoHanbHbIA UCCIeA0oBaTENbCKUI TeEXHoornyeckmin yumepcutet (KHUTY),
r. KasaHb, Poccuiickas Pegepaums
** BHUW cenbckoxo3ancTeseHHon mukpobuonorum (BHUNCXM),
r. CaHkr-lNeTepbypr, Poccuiickas degepaums,
*** Abo Akagemus, PuHNaHama

Pe3rome: KcunaHasa — ¢hbepmeHm, audponusyrowul 3-1,4-ces3u 8 KcunaHax. dmom ¢hepmMeHm UcCronb3y-
emcsi O5s1 MoslyYeHuUs1 U3 omxodo8 azpornpPoOMbILIIIEHHO20 KOMIZIeKca eudporiu3ama Kcusioonuaocaxapudos
C Ueribio yryyWweHUs 3Hepeemu4yecKol UeHHOCMU U r08bILUEHUS yC8OSieMoCcmu KOPMO8 Osisi XXKUBOMHbIX,
obpabomku nuwesbix MPodyKmos, ymususayuu U YyCKOPeHUsI PasfioxXeHUs MNoXUBHbIX OCMamkos 8 ro4yee, a
makxe 8 mexHosnoauu ombesiku yenmonossl U Opyaux obnacmsx. B Hacmosiwee spemsi npedcmaesrnsem
UHMepEeC UCMosb308aHUe 80306HOBISIEMbIX PECYPCOB8, 8 YaCMHOCMU, 0mMx0008 CefibCKOX035(CM8EeHH020
rnpoussodcmea, 8 kadecmae cybcmpama emecmo 00po2020 OYUWEHHO20 KcusiaHa Ol CKpUHUHaa rpoody-
ueHmos u ebifeneHusi KcunaHas. Llenbo Hacmosiwel pabomsl fensnock onpedeneHue enusiHus ycrnosul
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KynbmueupoegaHusi bakmeput Paenibacillus mucilaginosus Ha npodyyuposaHue KcunaHa3. B kadecmee uc-
MmOYHUKa yarepoda ucronb308anu hepmMeHmornu3am pucoeol Weryxu, KcunaH, ebifeneHHbil u3 bepessi u
byka. N3yueHo enusiHue memnepamypsbl, pH cpedbi, chakmopos koppekmuposku pH cpeldbi, npodormxu-
mernibHoCMU UHKybayuu UHOKYIma, ucmoyY-HUKo8 yariepoda U azoma, U makxe ux KoHueHmpauyul Ha buo-
cuHme3s KcunaHa3 u pocm wmamma 560 P. mucilaginosus. YcmaHoeneHo, ymo 01 buocuHme3sa KucraHa3sbl
KynbmueuposgaHue wmamma 560 P. mucilaginosus rnepcrnekmugHo U 3KOHOMUYECKU Les1ecoobpa3Ho npogo-
Oumb Ha numamesibHOU cpede, nPU20mMosrieHHoU Ha OcHoge hepmeHmornudama pucosol wenyxu. lpu-
cymcmesyroujue 8 cocmase ghepMeHmo nusama pucosol wenyxu UHOYKmMopbl yiydwarom 6UocuHmes Kcu-
naHa3. [okasaHo MosIoXXumesibHoe 8MuUsiHUe UOHO8 Karbyusi Ha bUOCUHMe3 KcusaHas y paccMampueaemo-
20 wmamma. PekomeHOyeMble yCrosusi Kyibmueupo8aHUs: KOHUeHmpayusi UCmOoYHUKa yarnepoda 8 numa-
mernbHoU cpede o obwemy konudecmsy PB — 0,5%; 8 kadecmee ucmoyHuka a3oma uenecoobpasHo uc-
nonb3oeamsb 0,2% kapbamud; npu koppekmuposke pH cpedbi o 6,0+0,2 Heobxodum 2udpokcud Kanbyusi;
memnepamypa KynbmusupogaHusi bakmepuli — 30x1 °C. B yka3aHHbIX YCI08USX KyfbmueuposaHusi
P. mucilaginosus He mpebyemcsi npedeapumesibHO20 MPU20MOBIIEHUsI MOCE8HO20 Mamepuasa, a Makcu-
MasibHas akmugHOCMb CUHMe3uUpyeMol KcunaHasbl 8 cmayuoHapHol ¢haze pocma 6akmeputli docmuzaem
3Ha4eHus 20 ed./mrn.

Knrodeesnie criosa: pucoeas wersyxa, bepesa, byk, kcunaH, Paenibacillus mucilaginosus, kynsmusupoega-
Hue, KcunaHasa

Uugopmauuss o cmamee: [Jama nocmynneHusi 20 ¢pespans 2020 2.; dama npuHamusi K neyamu 31 agey-
cma 2020 a.; 0ama oHnatiH-pa3meueHusi 30 ceHmsibpsi 2020 e.

Ans yumuposarus: Xa T.3., Kanapckun A.B., Kanapckas 3.A., Lepbakos A.B., Lepbakosa E.H., NMpaHo-
Bud A.B. BninsiHne ycnosui KynbTMBMPOBaHUA Ha NpodyuupoBaHme KecunaHasbl n poct bakrepun Paenibacil-
lus mucilaginosus. Y3secmus 8y308. NpuknadHas xumus u 6uomexHonoaus. 2020. T. 10. N 3. C. 459-469.
https://doi.org/10.21285/2227-2925-2020-10-3-459-469

INTRODUCTION

The second most abundant renewable natural
polysaccharide after cellulose, xylan is a major hemi-
cellulose of grain and wood [1]. This complex poly-
saccharide consists of B-1,4-xylopyranosyl residues
chained through pB-1,4-glycosidic bonds [2]. Side
chains are linked to the backbone with B-(1—3)-
glycosidic bonds. Some hydroxyl groups in xylose
residues can be acetylated and attached with 4-O-
methyl-D-glucuronic acid and L-arabinofuranose [2, 3].
The xylan structure varies depending on the plant tax-
on and extraction method [4].

Xylan is abundant in hardwood (15-30%) and
conifer timber (7—10%). A high xylan content (about
30%) is found in straw, stems and other parts of an-
nual plants and grasses (cereals, including sorghum,
sugar cane cake, stems, cobs and husk of corn) [5].
Hardwood xylan is O-acetyl-4-O-methylglucuro-
noxylan. Conifer timber contains arabino-4-O-methyl-
glucuronoxylan, which is distinguished from hard-
wood xylan by the absence of acetyl groups and
presence of arabinofuranose branches. Grasses and
annual plants usually possess arabinoxylans [6, 7].
Linear unsubstituted xylan was also found in esparto
grass [8], tobacco [9] and some sea algae [10] and
contains xylopyranosyl residues linked by 1,3-3- and
1,4-B-bonds [10, 11].

Xylans are the main antinutrient components
of plant material that hamper nutrient absorption in
the gastrointestinal tract of monogastric animals. Xy-
lan is hydrolysed by xylanases (1,4-B-D-xylanases,
EC 3.2.1.8) used for xylooligosaccharide (XOS) hy-
drolysate production from agricultural waste to im-
prove digestibility and nutritive value of animal feed,

in food processing, in the utilisation and effective de-
composition of crop debris in soil, as well as in cellu-
lose bleaching and other industries [12]. Xylanases
are the main endoenzymes hydrolysing B-1,4-bonds
in xylan, the major hemicellulose polymer [13]. The
current trend focuses on the use of renewable re-
sources, such as agricultural waste, as substitutes for
expensive purified xylan in producer screening and
xylanase synthesis [14]. Fungi are known promising
producers of xylanases. However, today’s biotech-
nology opts for bacteria as primary xylanase produc-
ers, which are distinguished from mycelial fungi by a
higher growth rate and effective production and ab-
sorption of carbon from various types of plant matter.
Bacteria can also produce xylanase in large volumes
and at moderate enzyme purification costs[15].
Paenibacillus bacteria are able to hydrolyse va-
rious carbohydrates and produce numerous extracel-
lular enzymes, including xylanase. This xylan-
degrading genus includes the species of
P. favisporus, P. phyllosphaerae, P. barcinonensis
and P. panacisoli [16—-19]. Besides the benefits of
their enzymatic action, the biomass and other prod-
ucts of Paenibacillus metabolism can supplement
feed additives to replenish the diet of farm animals
and birds with biologically active substances [20].
Sustainable growth in animal and poultry farming
demands for the development of high-quality com-
pound feeds containing enzyme additives. The Rus-
sian market is dominated by import fodder enzyme
preparations, whereas their domestic production is
very limited. The search for new efficient xylanase
producer strains in the animal feed industry and the
development of scalable fermentation technologies
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for the substitution of imported fermented fodder
preparations is a pressing issue.

The present work aimed to determine the impact
of Paenibacillus mucilaginosus cultivation conditions
on the xylanase production yield.

EXPERIMENTAL

Xylanase producer. Strain 560 of bacterium
P. mucilaginosus was provided by the Russian Col-
lection of Agricultural Microorganisms (RCAM, All-
Russian Research Institute for Agricultural Microbio-
logy, St. Petersburg).

Nutrient growth media. Submerged cultivation of
P. mucilaginosus was carried out on the Alexandrov's
nutrient medium modified as follows, %: NaCl — 0.02,
K;HPO,4 — 0.2, MgS0O,.7H,0 — 0.05, CaCO; — 0.01,
(NH4).S0O,4 — 0.1, yeast extract — 0.1 [21].

Rice bran fibre ferment hydrolysate containing
0.5% of the total reducing substances (RS) content
was used as a carbon source. The bran was pre-
treated with 2.5% sodium hydroxide, with a solid-
surface to sodium hydroxide saline ratio of 1:8, treat-
ment temperature was 120+1 °C and treatment time
20 min. The fibre was then rinsed with tap water and
exposed for 24 h to the Accellerase 1500 enzyme
complex containing exoglucanase, endoglucanase,
hemicellulase and beta-glucosidase at 55+1 °C, pH
5.510.3. This ferment lysate contained RS available for
bacterial growth. Silicon-containing lye segregated
from fibre was used as a medium pH correction factor.

Table 1. Experimental design
Ta6nuua 1. NnaHMpoBaHWe aKkcnepuMeHTa

Birchwood xylan was also used as a carbon
source [22]. Xylan was extracted from birchwood
chips (Betula pendula) through oxygen-free steaming
at 150-155 °C and 0.60-0.65 MPa excess pressure.
Xylan was precipitated from the resulting water ex-
tract by intensive vortexing in an ethanol/water solu-
tion (85:15) with overnight exposure for complete co-
agulation. After decantation, xylan precipitate was
vacuum sieved with a filter paper (Black ribbon).
Eluted xylan was vacuum dried at 40 °C for 48 h.

Beechwood xylan (Cath Roth) was used as a
carbon source in comparison assays.

Nutrient medium was autoclaved at 120 °C and
1 atm. Sterile medium was corrected to neutral pH
with calcium hydroxide. Cultivation was carried out
with 250 mL Erlenmeyer flasks in 100 mL medium
stirred continuously at 200 rpm on an ES-20 incuba-
tor shaker for 3 days at 30 °C. The flasks were inocu-
lated at 5% relative to medium volume.

Experiments were designed as OFAT (One-
Factor-At-a-Time). The OFAT approach was used to
study the influence of cultivation conditions (substrate
concentration, medium pH, temperature, inoculant
incubation time, nitrogen source, nitrogen source
concentration, carbon source) on the growth and
metabolic yield in P. mucilaginosus bacteria. The
method varies one tested factor per trial, while le-
aving the others constant [23]. The OFAT experi-
mental design is detailed in Table 1.

Expe- Substrate Temperature H Inoculate Nitrogen source
riment concentration, po o ' cor‘r)ector pH Carbon source Incubation and
number % time, h concentration
0,
0.25; 0.5; Calcium Rice bran 0.1% (ONH“)ZSO“
1 0.75; 1 30 hydroxide 7 ferment lysate 24 +0.1% yeast
T extract
. . 0.1% (NH,4),SO,4 +
Opt. value Calcium Rice bran
2 . . 25, 30, 35 ] 7 24 0.1% yeast
as in Trial 1 hydroxide ferment lysate extract
Calcium
hydroxide,
sodium . 0.1% (N HA)ZSOA +
3 Opt. va_lue Opt. va_Iue hydroxide, 7 Rice bran 24 0.1% yeast
as in Trial 1 as in Trial 2 . ferment lysate
Si- extract
containing
lye
0
Opt. value Opt. value Opt. value 6,7, Rice bran 0.1% (NH4):SO, +
4 . . . . . . 24 0.1% yeast
as in Trial 1 as in Trial 2 asin Trial 3 8,9 ferment lysate
extract
Rice bran o
Opt. value Opt. value Opt. value Opt. ferment lysate, 0.1% (NH4):SO, +
5 . . . . . . value as . 24 0.1% yeast
as in Trial 1 as in Trial 2 asin Trial 3 . : birch xylan, beech
in Trial 4 extract
xylan
0,
6 Opt. value Opt. value Opt. value IOpt. Opt. value 0, 12, 24, OSL/%(NH4)2504 ’
as in Trial 1 as in Trial 2 as in Trial 3 value as as in Trial 5 36, 48 1% yeast ex-
in Trial 4 ’ tract
7 Opt. value Opt. value Opt. value gsti.nv'?rlilﬁ Opt. value Opt. value concL?]tt? (I':ltion
as in Trial 1 as in Trial 2 as in Trial 3 4 as in Trial 5 as in Trial 6 0.20
Ont. value 0; 0.02; 0.1; 0.2;
8 Opt. value Opt. value Opt. value asih Trial Opt. value Opt. value 0.3; 0.4%
as in Trial 1 as in Trial 2 as in Trial 3 4 as in Trial 5 as in Trial 6 of opt. nitrogen
source in Trial 7
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Trial 1 assessed the xylanase activity and
growth parameters of P. mucilaginosus strain
560 under rice bran ferment lysate concentrations
varying from 0.25 to 1% total RS. Temperature, pH,
inoculate incubation time, nitrogen sources and
consumption rate were set constant. The RS con-
centration in ferment lysate corresponding to the
maximal xylanase activity and optimal growth pa-
rameters in Trial 1 was fixed downstream in Trial 2,
which tested the effect of temperature on bacterial
growth and xylanase yield under other fixed pa-
rameters (pH, incubation time, nitrogen source and
consumption rate). Trials 3-8 are designed likewise
by varying one cultivation parameter at a time.

Assessment of growth parameters. Specific
growth rate, bacterial biomass generation time and
total yield were estimated as recommended in [24].
Biomass was pelleted by centrifugation with a 5418
R Eppendorf microcentrifuge at 12,000 rpm for
10 min. Biomass yield was determined thermogra-
vimetrically with an MX-50 moisture analyser.

Assessment of xylanase activity. The xylanase
activity and residual RS content of undegraded carbo-
hydrates in supernatant after a 12, 24, 48 and 72-h
submerged cultivation of P. mucilaginosus were
measured by adding concentrated sulfuric acid in the
ratio 1:1. Enzymatic activity was measured as in
[25], with certain modifications. Xylanase activity was
assessed with a 1% beechwood xylan substrate (1 g
of xylan per 100 mL of acetate buffer, pH 6). Enzyma-
tic activity was measured relative to the RS value [26].
The measurement procedure was as follows:
0.12 mL of supernatant with 1.2 mL of substrate
were incubated for 1 h at 50 °C followed by the ad-
dition of 0.6 mL of 3,5-dinitrosalicylic acid (DNS rea-
gent). In the control, 1.2 mL of substrate was mixed
with 0.6 mL of DNS reagent and 0.12 mL of super-
natant. Tubes with the substrate, culture medium
and DNS reagent were boiled in a water bath for
10 min, cooled down and 6 mL of distilled water was
added before optical density measurement at
540 nm. One xylanase activity unit was defined as
the amount of enzyme needed to hydrolyse 1 g of
substrate (30% of reaction total) to monosugars in
1 h under assumed pH and temperature.

Trials were in the form of biological and analyti-
cal assays performed in triplicate, and statistical
analyses were performed using the MS Excel 2010
and Prism 7 software.

DISCUSSION

Effect of substrate concentration on growth and
xylanase biosynthesis. Cost-efficient and therefore
practical sources of carbon are substrates derived
from recycled plant matter, such as crop debris and
timber stands. Grain husk, straw, bran and wood
shavings are typically rich in xylans.

Our trials demonstrate an impact of the sub-
strate concentration, such as rice bran ferment ly-
sate, on the growth and secreted xylanase activity in
P. mucilaginosus strain 560. Higher substrate con-

centrations corresponded to a higher enzyme activi-
ty (Fig. 1, a), lower generation time and increased
specific growth rate in bacteria (Table 2). Maximal
xylanase activity reached 7.66 U/mL after 24 h of
cultivation, with the total rice bran ferment lysate RS
value of 0.5%, effective growth conditions and
maximal biomass yield of 40%.

Effect of cultivation temperature. In 0.5% fer-
ment lysate medium trials, a cultivation temperature
of 30+1 °C facilitated both effective xylanase pro-
duction and optimal bacterial growth (Fig. 1, b). A
higher temperature of 35 °C was associated with a
higher specific growth rate and 2-fold reduced gen-
eration time compared to culturing at 25 °C, and
1.5-fold reduction compared with 30 °C. However,
the biomass vyield at 25 or 35 °C diminished com-
pared with culturing at 30 °C (see Table 2).

The effect of medium pH. Xylanase activity and
growth in P. mucilaginosus was significantly influ-
enced by the nutrient medium pH (Fig. 2) and pH
correction factors. Table 2 shows that noncrystalline
silicon-containing lye as a pH corrector facilitates
bacterial growth and increases the specific growth
rate. However, the use of silicon-containing lye or
sodium hydroxide correctors was associated with a
lower xylanase activity and reduced biomass yield
(Fig. 2, a; see Table 2).

A maximal yield was observed with calcium hy-
droxide (see Table 2), which is likely explained by
the regulatory role calcium ions play in many cellular
processes. Calcium is a known stabilising factor in
the outer lipopolysaccharide membrane and cellular
wall in Gram-negative bacteria [27] and a stimulator
of bacterial protein biosynthesis resulting in higher
biomass yield and enzyme activity [28]. A maximal
xylanase activity of 11 U/mL was observed after a
48 h cultivation of P. mucilaginosus on a calcium
hydroxide-corrected medium (see Fig. 2, a), which
may be related to the calcium-mediated stabilisation
and regulation of the enzyme activity [29-31].

The calcium hydroxide adjustment of the medi-
um’s pH from 6 to 9 resulted in the arrest of bacteri-
al growth at pH 9. Adding calcium hydroxide for pH
adjustment of 6 to 8 accelerated the specific growth
rate and had a 2-fold reduction on generation time
(6hatpH 6 vs.3hatpH 8, see Table 2).

This result conforms with another study [32],
where the growth of rhizobacteria is shown to be co-
affected by pH and calcium ion concentrations. In
our trials, a maximal biomass yield of 38% is ob-
served at a neutral medium pH of 7.0 (see Table 2).
The maximal xylanase activity reaches 15 U/mL un-
der pH 6.0 following a 48h cultivation on a rice bran
ferment lysate medium (Fig. 2, b).

Effect of carbon source. Cultivation trials with
various carbon sources demonstrated a peak bio-
mass accumulation (about 60%) with beechwood
xylan (see Table 2).

Rice bran ferment lysate was identified as the
most effective source of carbon for xylanase produc-
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Table 2. Effect of cultivation conditions on growth kinetics

in P. mucilaginosus strain 560

Tabnuua 2. BnnsHve ycnosuii KynbTUBMPOBAHUS Ha KMHETUYECKNE napameTpbl pocTa WraMmma
560 6akTepuit P. mucilaginosus

Parameter Range Specific %(?mh rate, Generation time, h Biomass yield, %
0.25 0.17+0.05 4.10+0.59 37.68+2.62
Substrate 0.5 0.22+0.03 3.0940.41 40.11+2.83
concentration, % 0.75 0.26+0.05 2.71+0.25 32.09+2.65
1 0.2340.05 2.96+0.30 33.13+2.63
25 0.11£0.04 6.45+0.66 18.26+£1.52
Temperature, °C 30 0.15+0.03 4.54+0.48 38.48+2.72
35 0.24+0.03 2.8610.14 26.55+3.02
Calcium hydroxide 0.211+0.02 3.2940.27 29.23+2.69
pH correction factor Sodium hydroxide 0.31+0.04 2.25+0.27 18.92+1.45
Si-containing lye 0.45+0.04 1.54+0.12 17.20+£1.65
6 0.11+0.01 6.8910.57 19.24+2.02
pH 7 0.15+0.03 4.54+0.18 38.48+2.67
8 0.2040.05 3.52+0.10 19.91+1.82
Birchwood xylan 0.16+0.02 4.24+0.55 44.57+2.85
Beechwood xylan 0.20+0.03 3.48+0.25 59.43+3.02
Carbon source Rice bran ferment 0.2120.02 3.290.27 39.23+2.12
lysate
0 0.16+0.03 4.36+0.12 43.30+2.63
. . 12 0.15+0.03 4.57+0.15 34.43+2.70
'”°C”""g§,‘fe”°#ba“°” 24 0.09+0.01 7.47+0.81 21.3842.22
' 36 0.10£0.01 6.77+0.70 33.75+2.68
48 0.131£0.02 5.55+0.71 56.16+3.08
No nitrogen 0.12+0.01 5.84+0.61 16.68+1.82
NH4NO3 0.1940.02 3.7240.22 22.40+2.12
(NH4)2S0, 0.1940.02 3.63+0.20 25.57+2.07
Yeast extract 0.11+0.01 6.68+0.25 33.16+£2.82
Ni (NH,4).SO, + yeast 0.15+0.01 4.67+0.53 37.10+2.68
itrogen source extract
Corn extract 0.06+0.01 12.17+0.74 49.31+2.64
Pepton 0.15+0.01 4.68+0.46 29.87+2.12
Carbamide 0.17+0.03 4.08+0.46 15.29+1.92
Betafin 0.2340.05 3.00+0.47 11.39+1.22
0.02 0.21+0.04 3.25+0.36 29.18+2.27
Carbamide content. % 0.1 0.16+0.01 4.33+0.45 18.88+1.62
’ 0.2 0.15+0.01 4.51+0.35 15.21+1.65
0.3 0.08+0.01 8.84+0.70 10.44+1.60
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Fig. 1. Effect of rice bran ferment lysate carbohydrate concentration (a)
and cultivation temperature (b) on xylanase activity (U/mL) in P. mucilaginosus strain 560

Puc. 1. BnuaHue KoHUEHTpaumu yrnesogos B depMeHToNM3are pucoBom Lenyxm (a)
1 TeMnepatypbl KynbTuBupoBaHus (b) Ha KcunaHasHyo akTMBHOCTL (ed./mn) wramma 560 P. mucilaginosus
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Fig. 2. Effect of pH correction factors (a) and acidity (b) on xylanase activity (U/mL)
in P. mucilaginosus strain 560

Puc. 2. BnusaHne daktopoB koppekTupoBku pH cpeabl (a) v kucnotHocTu cpeapl (b)
Ha KCUMaHa3Hyl akTUBHOCTL (ea./mn) wramma 560 G6aktepun P. mucilaginosus
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Fig. 3. Effect of xylan source (a) and incubation time (b) on xylanase activity (U/mL)
in P. mucilaginosus strain 560

Puc. 3. BnusiHne uctovHunka KkcunaHa (a) u NpoaorikMTenbHOCTM MHKyBauum nHokynsta (b)
Ha KCUMaHa3sHyl akTMBHOCTL (ea./mn) wramma 560 6aktepuin P. mucilaginosus
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(Fig. 3, @). This observation may relate to the pre-
sence of specific inductors produced in the partial hy-
drolysis of ferment lysate, which boost the xylanase
biosynthesis as reported by [33] in experiments exam-
ining fungal xylanase production in Aspergillus and
Trichoderma. As shown in [34], specific inductor sub-
stances play a key role in xylanase biosynthesis regu-
lation. Among those are xylose, xylobiose, xylooligo-
saccharides, xylose heterodisaccharides and their po-
sitional isomers formed during the enzymatic hydroly-
sis of rice bran fibre. Inoculate incubation time under
the trial conditions was found to have an insignificant
effect on bacterial growth and xylanase production
(Fig. 3, b; see Table 2). Accordingly, the inoculum pre-
treatment is not required for experimental assays.

464

Effect of nitrogen source and concentration. Tri-
als with various nitrogen sources demonstrated a
maximal xylanase activity after a 48 h cultivation
with carbamide supplemented medium (Fig. 4, a). A
carbamide content of 0.2% increased the xylanase
activity by 2—-4 times compared to the control (no
nitrogen) (Fig. 4, b). Under optimal cultivation condi-
tions, the maximum xylanase activity in the statio-
nary phase reached 20 U/mL, giving a 2-fold in-
crease compared to P.campinasensis BL11 cul-
tured under optimal conditions on a lye-treated rice
bran-straw lysate medium (xylanase 10.5 U/mL)
[35].

A combined application of ammonium sulphate
and yeast extract in the medium increased the
P. mucilaginosus biomass yield (see Table 2).
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Fig. 4. Effect of nitrogen source (a) and concentration (b) in medium on xylanase activity (U/mL)
in P. mucilaginosus strain 560

Puc. 4. BnusiHne UCToYHMKa a30Ta Ha KCunaHasHyo akTMBHOCTb (ed./mn) wramma 560 6aktepun P. mucilaginosus:
a — UCTOYHWK a30Ta; b — KOHLLEHTpaLMsi ICTOYHUKA a30Ta B NUTATENbHOW cpeae

CONCLUSIONS

We identify the rice bran ferment lysate-based
nutrient medium as optimal for the xylanase produc-
tion in P. mucilaginosus strain 560. Calcium sup-
plementation positively affects bacterial growth and
xylanase biosynthesis. Recommended cultivation
conditions are: carbon source concentration in the

medium of 0.5% of total RS content; 0.2% car-
bamide as the optimal nitrogen source; calcium hy-
droxide as medium pH corrector to 6.0+0.2; cultiva-
tion temperature 30+1 °C. These conditions do not
require inoculate pre-treatment of P. mucilaginosus
strain 560, and a maximal xylanase activity reaches
20 U/mL in stationary culture.
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Abstract: The analytical task of determining the phenolic compound content of water-ethanol extracts of
Populus tremula L. (common aspen) leaves is complicated by the heterogeneity of compound groups having
different polarities and appearing in varying concentrations. The purpose of the present work is to study the
conditions of solid-phase extraction and high-performance liquid chromatography used to analyse the con-
tent of different groups of phenolic compounds in water-ethanol extracts of leaves from the P. tremula plant.
In order to facilitate the derivation of phenolic compounds, an exhaustive extraction process was carried out
using ethanol. Solid-phase extraction was carried out using a Diapak C16 cartridge, after which the eluates
were passed through a membrane filter having a pore diameter of 0.45 um. The high-performance liquid
chromatography method was used to determine the content of phenolic acids and flavonoid glycosides, as
well as salicin and individual flavonoid glycoside components: hyperoside, rutin, astragalin and two unidenti-
fied flavonoid glycosides in agueous (analyte 1) and aqueous-alcoholic fractions (analyte 2) in two systems
along the gradient elution. The requirement of analysing the primary aqueous eluate together or in parallel
with the main aqueous-alcoholic fraction in the preparation of P. tremula leaf extracts for high-performance
liquid chromatography using solid-phase extraction cartridges was substantiated. For separating the extract
to determine the hydroxycinnamic and hydroxybenzoic acid content, it is preferable to use system 2; for de-
termining the phenologlycoside (salicin) content, system 1 is more effective. Flavonoid glycosides (hyper-
oside, rutin, astragalin and two unidentified flavonoids) make the most significant contribution to the differ-
ence between the aqueous and aqueous-alcoholic fractions.
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OnpepeneHne peHONbHbLIX COeAUHEHUN B BOAHO-3TAHONbHbLIX
3KcTpaKkTax nuctbeB Populus tremula L. c nomouwbio
BbICOKO3(hphpeKTUBHOM XXUAKOCTHON XpomaTorpaduum

0.B. Kouynuun*, KO.B. 3arypckas**, B.U. Ydumuyes**

*LleHTpanbHbIN cMbupckuin 6oTaHnyeckun cag CO PAH,
r. Hoeocubupck, Poccuiickas ®epepauus
**®enepanbHblil ccriegoBaTeNbCKU LeHTp yrnsa u yrnexumnn CO PAH (MHCTUTYT akonorum Yyenoseka),
r. KemepoBo, Poccuiickasa depepaums

Pe3srome: BodHo-smaHonbHbIU 3kcmpakm nucmees Populus tremula L. (ocuHa obbikHO8eHHas1) ekitodyaem
pasnuyHble epynrbi PeHOsbHbIX coeduHeHUl ¢ pasHOoU MofsPHOCMbIO U pasfiuyHoU KOHUeHmpayuel ge-
wecms, 4mo OCIIOXHAem aHanumuydeckyto 3adady npu ornpedeneHuu ux codepxaHus. Llenbs pabombi —
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usyqums ycriogusi meepdoghasHol 3KCmMpakyuu U 8bICOKOIGhheKMUBHOU XUOAKOCMHOU Xpomamoepachuu
npu uccrnedogaHuu codepxaHusi pasHbIX epyrn PeHOsbHbIX COeOUHEHUU 8 80OHO-3MaHOMbHbIX 3KCMpPaK-
max nucmees P.tremula. [ns useneyeHuss heHOMbHbIX COeOUHEHUU rnposodusnu UCHeprbi8aroUy 3KC-
mpakyuro amaHoriomM. TeepOohasHyro IKCMpaKyu ocywecmensanu ¢ nomMowbto nampoHa [uanak C16,
riocrne 4e2o anoamabl Nponyckanu Yyeped membpaHHbil unbmp ¢ duamempom rfop 0,45 mkm. Memodom
8bICOKOIhheKkmuBHoLU XudkocmHol xpomamozpaguu onpedensinu codepxxaHue heHOIo0KUCIom U 2/IuKo-
3udoe ¢hnnagoHoudos, a makxe canuuyuHa U UuHOusudyaribHbIX KOMIOHEHMO8 2/1uko3udo8 ¢hriagoHoOUd08:
eunepo3uda, pymuHa, acmpaeanauHa u 08yx HeuHOeHmMuUUUUPOBaHHbIX 2J1UK03Ud08 hsiagoHOUA08 8 800-
Holi (aHanum 1) u 8odHo-criupmoeol ¢hpakuusix (aHanum 2) 8 08yx cucmemax, pasnudarowuxcs no epadu-
eHmy anwuposaHusi. [JokazaHa Heobxo0uMocmb aHanu3a repeuyHo2o 800HO20 3rrvama CO8MECMHO UruU
rnaparsnnenbHO ¢ OCHOBHOU 800HO-CrUPMo8ol ghpakyueli npu nod2omoske akcmpakmos riucmees P. tremula
0risl 8bICOKO3hheKkmueHoU KudKocmHoU xpomamozpaghuu ¢ MoMowbio Kapmpuodxel meepdoghasHol 3KC-
mpakyuu. [ns pa3deneHus akcmpakma ¢ uenbto onpedeneHusi codepxaHusi KOMIMIOHEHMO8 2UGPOKCUKO-
PUYHBbIX U 2uOPOKCUBEH30UHbIX Kuc/iom rpednoymumerbHee Uucnob3oeame cucmemy 2, 0ns orpedeneHust
codepxxaHusi ¢heHooanuko3udos (canuyuHa) — cucmemy 1. [nuko3ulbi ¢hriagoHoudo8 (2unepo3ud, pymuH,
acmpaearsnuH u dea HeudeHmMuguyuposaHHbIX ¢hriagoHouda) sHOcsIm Hauboree 8ecoMbili 8knad 8 pasnuyue
08yx ppakyuli — 800HOU U 80OHO-CUPMOBOU.

Knroydeenlie cnoesa: geHosnbHbie coeduHeHus:, Populus tremula, meepdoghasHas skcmpakyusi, 8bICOKO3h-
ekmusHas xudKkocmHas xpomamoepadhusi, npobornodzomoska

BnazodapHocmb: Paboma ebinosiHeHa 8 paMmkax npoekmos LleHmpasnbHoeo cubupckoeo bomaHu4ecKo20
cada CO PAH Ne AAAA-A17-117012610051-5 u ®edeparnbHO20 uccriedo8ameribCKO20 UeHmpa yais u ye-
nexumuu CO PAH Ne AAAA-A17-117041410053-1.

Ungpopmayus o cmamee: [Jama nocmynneHus 13 mapma 2020 2.; dama npuHsmus Kk neyamu 31 asay-
cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps 2020 e.

Ans yumupoearusi: Kouynuin O.B., 3arypckas H0.B., Ydumuer B.N. OnpegeneHne gpeHOMNbHbIX coeanHe-
HVUA B BOAHO-3Ta@HOSbHbIX 9KCTpakTax nuctbeB Populus fremula L. ¢ NOMOLLbIO BbICOKOI(MMEKTUBHON XNA-
KOCTHOW xpomaTtorpadumn. Msgecmusi ey3os. [lpuknadHas xumusi u 6uomexHonoaus. 2020. T.10. N 3.

C. 470-478. https://doi.org/10.21285/2227-2925-2020-10-3-470-478

INTRODUCTION

The study of phenolic compounds (PCs) in plant
material is of current interest in order to identify new
economically-significant sources of biologically-
active substances, primarily for medicinal use. PCs
are also widely used as chemotaxonomic markers,
as well as, more recently, within the framework of
ecological research in the selection of bioindication
objects and methods for determining environmental
wellbeing. Moreover, for taxonomic and bioindica-
tion purposes, it is necessary to obtain the most
complete information on the content of individual
phenolic substances, which presupposes exhaustive
extraction and careful sample preparation. However,
the complex matrix composition inherent in crude
plant extracts complicates the analytical problem,
negatively impacting on analysis results [1]. In terms
of significantly simplifying the analysis procedure
and improving its metrological characteristics, the
most efficient and versatile method for isolation, pu-
rification and concentration of phenolic substances
from plant samples having a complex composition is
solid-phase extraction (SPE) [2, 3].

An analysis of publications indexed in the Web
of Science citation database (© Clarivate) for 2013—
2018 showed that, when performing tasks requiring
maximum preservation of the extract for the subse-
guent study of PS, membrane filters are most typi-
cally used during preliminary sample preparation,

often in conjunction with centrifugation. Mention of
the use of solid-phase extraction (SPE), including
the use of cartridges such as Phenomenex Strata-X
and C.;g (Torrance, CA, USA), Agilent SampliQ
(Agilent Technologies, CA, USA) separately or to-
gether with other methods of purification and / or
fractionation, was found in about a third of the re-
viewed publications [4-13]. In the Russian Federa-
tion, domestically-produced Diapak cartridges are
successfully used (CJSC BioKhimMak ST, Moscow)
for SPE purposes. For polyphenolic compounds, a
sorbent with a grafted C18 phase is optimally used
for sample preparation within the framework of
HPLC analysis [1].

According to the literature data, various groups of
phenolic compounds are present in the leaves of
Populus tremula L. (common aspen): flavonoids (hy-
peroside, rutin, quercitrin, isoquercitrin, astragalin),
nine phenolic glycosides, including salicin and tremu-
lacin, as well as chlorogenic acid and esters of p-
coumaric, ferulic and cinnamic acids [14-17]. Phenol
glycosides constitute a significant proportion of PCs
in aspen leaves, significantly exceeding the flavonoid
and phenol carboxylic acid content [15]. The separa-
tion completeness of compounds and quantitative
determination accuracy can be influenced by the
chemical nature of individual components in the intact
sample, as well as their number and content [5, 18].
A matrix with the joint presence of a sufficiently large
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number of substan-ces of different polarities having
different concentrations presents difficulties in per-
forming tasks to determine component content and
composition.

In our study examining the content of different
groups of phenolic compounds in water-ethanol ex-
tracts of leaves of P. tremula, we set the goal of
studying the conditions of SPE and HPLC analysis.

MATERIALS AND METHODS

We examined mature undamaged leaf blades
from aspen trees of between 10 and 15 years old,
collected from the 1st to the 5th August, 2015, on
the territory of the Kedrovsky coal mine in south-
western Siberia. According to the results of differen-
tial spectrophotometry with AICl5, the different total
flavonoid glycoside content in terms of rutin follo-
wing a single cold extraction with 95% ethanol was
as follows: sample 1 (O1) — 0.4£0.1; sample 2 (02)
—0.6+0.1; sample 3 (O3) — 1.0£0.1.

In order to extract phenolic compounds, an
exact weighed portion (0.120-0.200g) of the
crushed air-dry material was first obtained by cold
extraction with 70% ethanol in darkness for 48 h.
Next, an exhaustive extraction was carried out three
times with 50% ethanol while heating in a water
bath: 1) 30 ml of the extractant — for 30 minutes; 2)
20 ml of extractant — for 20 minutes; 3) 10 ml of ex-
tractant — for 10 minutes. The combined extract was
evaporated to dryness and brought to a volume of
3 ml with 50% ethanol.

For SPE, 1 ml of the extract was diluted with
bidistilled water to 5 ml and passed through a Dia-
pak C16 concentrating cartridge (CJSC BioKhim-
Mak ST). The substances were washed off the car-
tridge with a small amount (5 ml) of solvent with an
increasing concentration of ethanol (40, 70 and
96%).

During the preparation of P. tremula samples, it
was observed that the aqueous residue had a yel-
lowish colour when the sample was washed through
a TFE cartridge, indicating a significant content of
coloured compounds, possibly of a phenolic nature.
For this reason, the water residue was not discarded
following sorption on the cartridge, but analysed as
the first fraction (analyte 1 — Al) separately from the
water-alcohol fraction (analyte 2 — A2). Following
SPE, the eluates were passed through a membrane
filter having a pore diameter of 0.45 pm.

The components were analysed on an Agilent
1200 liquid chromatograph fitted with a diode array
detector and a ChemStation system for collecting
and processing chromatographic data. The sub-
stances were separated on a Zorbax SB-C18 co-
lumn having dimensions 4.6x150 mm and a particle
diameter of 5 um using a gradient elution mode.
Two systems were used for the chromatographic
procedure. System 1 (S1, developed for the separa-
tion of phenolic substances, primarily flavonoid gly-
cosides): in the mobile phase, the methanol content

in an aqueous solution of orthophosphoric acid
(0.1%) varied: from 32 to 33% in 27 minutes; then
up to 46% — by 38 minutes; then up to 56% — by
50 minutes; and up to 100% — by 54 minutes. Sys-
tem 2 (S2, developed for the separation of phenolic
substances, primarily phenolic acids): in the mobile
phase, the methanol content in an aqueous solution
of orthophosphoric acid (0.1%) varied: from 19 to
70% — in 30 minutes; then to 100% — by 32 min. The
flow rate of the eluent is 1 ml/min. Column tempera-
ture — 26 °C. Volume of injected sample — 10 pl.
Detection was carried out at analytical wavelengths
A = 255, 270, 290, 340, 350, 360, 370 nm. To pre-
pare the mobile phases, we used methyl alcohol
(extra pure grade), orthophosphoric acid (extra pure
grade) and bidistilled water. Standard solutions were
prepared at a concentration of 10 yg/ml in ethyl al-
cohol. Standard samples of salicin (MP Biomedicals
LLC), rutin, hyperoside and astragalin (FLUKA Ana-
Iytical) were used as taps. Each variant was ana-
lysed in 4 replications.

The content of individual components (Cy, %) in
terms of absolutely dry matter (ADM) was calculated
by the formula:

_ C,,x5,xV,xV,x100
S, xMx10X100 B)

where Cg —the concentration of a standard solution
of a phenolic compound (PC), ug/ml; S; — the area
of the PC peak in the analysed sample, a.u.; S, —
peak area of the standard PC, a.u.; V; — volume of
the eluate after washing out the PC from the con-
centrating cartridge, ml; V, — total extract volume,
ml; M — sample weight, mg; B — raw material mois-
ture (%).

The salicin content was calculated in terms of
salicin; phenolic acids — in terms of gallic and
chlorogenic acids. The flavonoid glycoside content
was calculated for quercetin using the coefficient
known from the literature for converting the concen-
tration — 2.504 [19, 20].

Statistical data processing — calculation of the
average value of the feature (M), its error (my), vari-
ance (ANOVA, Duncan's test) and the method of
principal components were carried out using the
Statistica 10 application package.

RESULTS AND DISCUSSION

Hyperoside, rutin, astragalin, as well as gallic-,
chlorogenic-, and cinnamic acids, were previously
found in the leaves of P. tremula from ecotopes ha-
ving varying degrees of technogenic load [21].

In this work, the composition and content of
phenolic acids (PA) and flavonoids glycosides (FG)
in both aqueous (Al) and aqueous-alcoholic frac-
tions (A2) were determined in two systems differing
in the elution gradient. Data on the content of differ-
rent groups of PC are presented in Table 1.
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Table 1. Phenolic content and number of components in aqueous and aqueous-alcoholic fractions of Populus tremula
leaf extracts in systems with different elution gradients (% on ADM)
Ta6bnuua 1. CogepxaHve (peHONbHbIX COeANHEHVMA N YNCIO KOMMOHEHTOB B BOAHBLIX W BOOHO-CMMPTOBbLIX (Dpakumsx
9KCTPaKTOB NUCTbEB Populus tremula B cuctemax ¢ pasHbiM rpagmeHTom antomposaHus (% Ha ACB)

System 1 System 2
Sample PC Al A2 Al A2 extract R, %
PA,% 0.74+0.01 0.50+0.01 0.91+£0.01 0.39+£0.01 2.00£0.18 65
1 FG,% 1.27+0.10 1.95+0.17 1.69+0.15 1.73+0.15 4.96+0.40 69
N, pcs 33 44 57 46 56
PA,% 0.79+0.01 0.29+0.01 0.62+0.04 0.8410.06 2.09+0.18 67
2 FG,% 0.8110.01 1.01+0.01 0.81+0.01 0.99+0.01 2.80+0.21 64
N, pcs 45 44 65 34 51
PA,% 1.9410.15 0.49+0.01 2.5840.20 0.57+0.01 3.514£0.25 91
3 FG,% 1.96+0.17 1.37+0.10 2.20+0.17 1.48+0.10 3.50+0.30 105
N, pcs 27 33 43 37 55

Note. N is the number of phenolic components; R is the degree of analyte recovery.

Earlier, possible losses of gallic and caffeic
acids in the process of sample preparation of plant
extracts using SPE were reported [1, 22]. In all in-
vestigated P. tremula samples, the aqueous eluate
(A1) contains a significant amount of PA — in most
cases, exceeding that of the aqueous-alcoholic ana-
lytes (see Table 1). In addition, the presence of sig-
nificant amounts of phenolic — including flavonoid —
components was observed in the aqueous fractions
of all samples (Fig. 1). Thus, in the first two sam-
ples, the FG content in the aqueous analyte is com-
parable to — or only 1.3-1.5times less than — the
FG content in the target aqueous-alcoholic analyte.
In O3, however, the FG content in the aqueous ana-
lyte exceeds that observed in the aqueous-alcoholic
analyte by 1.4-1.5times. The lowest number of
compounds for all studied variants of determination
was noted for O3, in which the highest content of
both PC groups is observed.

It is known that substances having different po-
larities are concentrated and desorbed from the
sorbent of the cartridge to varying degrees of extrac-
tion. The recovery factor was analysed in the sys-

4

tem having the highest total PC content and number
of components, i.e. S2 (see Table 1). In an earlier
work, it was indicated that the degree of extraction
of rutin from an aqueous decoction of St. John's
wort was 49% [1]. In our samples, the degree of
extraction from the combined fractions (aqueous
and aqueous-alcoholic) was for different samples:
for FG — 64-105%; for PA — 65-91%. The different
recovery rates are possibly related to intermolecular
effects in the complex natural matrix of the aspen
leaf extract, as well as to the different number and
content of the determined components in the sam-
ples.

To elucidate the relationship between the PC
composition and content of the aspen leaf extract
with the sample preparation and HPLC analysis
conditions, we determined the content of some indi-
vidual substances (salicin, hyperoside, rutin and
astragalin), as well as two unidentified substances
(FG1 and FG2), classified as glycosides of flavo-
noids, according to spectral data (Anax = 255,
355 nm) (Table 2).

20 s1 60 4 s2

16 ] 50 |
=18 ]
% 40 1 2 5

5 1 3

.§107 " 30 1
g 20 6
2 5 i
> M

0 10 20 30

10 1
0 0 10

Retention time, min

Fig. 1. HPLC chromatograms of water-ethanol extracts of Populus tremula leaves: S1 — 360 nm; S2 — 325 nm;
blue line — A1, green line — A2; main components: 1 — salicin; 2 and 3 — flavonoid glycosides FG1 and FG2;
4 — hyperoside; 5 — rutin, 6 — astragalin

Puc. 1. B>KX-xpomaTorpaMmmMbl BOAHO-3TAHOMbHbIX 3KCTPaKToB NncTtbeB Populus tremula: C1 — 360 Hm, C2 — 325 Hwm;
cuHAA NMHKUS — A1, 3eneHas NMHUA — A2; OCHOBHbIE KOMMOHEHTBI: 1 — canuumH, 2 1 3 — rnuko3ungpl nasoHongos O1 n Md2,
4 — runeposuga, 5 — pyTuH, 6 — acTparanvH
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The highest salicin content (best recovery and
separation) was noted in aqueous eluates, especial-
ly during chromatography in S1. Two glycosides
FG1 and FG2, which were close in retention times,
were not separated in the aqueous-alcoholic eluate
of either system. For O3, a different ratio of the main
flavonoid components — rutin (prevailing) and hy-
peroside — was established than in other studied
samples, in which the content of hyperoside ex-
ceeded the amount of rutin by 2 or more times
(see Table 1).

To identify the most significant influencing fac-
tors from the existing number of explanatory vari-
ables (the content of analysed individual substances
and their sums), the principal component analysis
(PCA) method was applied.

We took 9 signs: content salicin, hyperoside, ru-
tin, astragalin, flavonoid glycosides FG1 and FG2,
the sum of five glycosides, the sum of FG and the
sum of FC. The data visualisation is graphically pre-
sented in the scatterplot (Fig. 2).

For the PC of aspen leaves, sufficiently clear
scattering regions can be observed on a three-
dimensional diagram constructed using the first
three factors (F1-F2-F3). The compact area of dis-
persion of indicators of the PC content in the 02
aspen leaves is separated from others by the first
factor. The most significant correlation coefficients
noted for the first factor are the sum of FG, the sum
of five glycosides and the sum of PC, as well as
the salicin and rutin content. Different samples have

Table 2. Content of individual components of phenolic compounds in aqueous and aqueous-alcoholic fractions

of Populus tremula leaf extracts in systems with different elution gradients (% on ADM)

Tabnuua 2. CogepxaHue wnHAMBUAYanbHbIX KOMMOHEHTOB (DEHONbHLIX COEAMHEHWIA B BOAHbLIX M BOLHO-CMMPTOBBIX
bpakumax aKCTpaKToB NNCTbeB Populus tremula B cuctemax ¢ pa3HbiM rpagueHTom anonposaHus (% Ha ACB)

Sample / Total
analyte / Salicin FG1 FG2 Hyperoside Rutin Astragalin amount
system of FG
O1/A1/C1 | 0.78+0.06 *° | 0.075+0.006 ° | 0.075+0.006 ' | 0.925+0.0302 n/d 0.18+0.01°¢ |[1.25+0.10¢
O1/A2/C1 | 0.21+0.02 ¢ n/d 0.575+0.030 2 | 0.825+0.030° | 0.430.03° 0.25+0.02% |1.65%0.15°
O1/A1/C2 | 0.67£0.05° | 0.100£0.009% | 0.075+0.006 " | 0.85+0.06° | 0.17520.015" | 0.15£0.01¢ |1.35+0.10 %
O1/A2/C2 n/d n/d 0.275+0.023 ¢ | 0.325+0.025 ¢ | 0.30+0.02 ¢ 0.23+0.02° [1.13+0.10 2
02/A1/C1 | 0.84+0.07° | 0.050+0.003° | 0.075+0.006 " | 0.275+0.020 | 0.075+0.006 " | 0.100+£0.009 © | 0.58+0.04 f
02/A2/C1 | 0.15+0.01 ¢ n/d 0.175+£0.013° | 0.20£0.01° | 0.175+0.015" | 0.13+0.019 |0.68+0.05°
02/A1/C2 | 0.24+0.02¢ | 0.050+0.003° | 0.075+0.006 " | 0.30+0.02 | 0.075+0.006" | 0.13+0.019 |0.63+0.05°
02/A2/C2 n/d n/d? 0.225+0.017° | 0.37520.030° | 0.050+0.003 9" | 0.075+0.006 " | 0.73+0.06
03/A1/C1 | 1.73£0.15% | 0.055+0.003 0.33+0.02° | 0.303+0.020™ | 0.89+0.062 0.11£0.09 % |1.70%£0.15°
03/A2/C1 | 0.16+0.01 ¢ n/d 0.107+0.009 " | 0.055£0.003 ¢ | 0.72+0.05° | 0.090+0.008 ¢ | 0.95+0.15 ©
O3/A1/C2 | 0.69+0.05 °© 0.07+0.006 ° 0.25+0.02 % | 0.25+0.02 % 0.7740.05 ¢ 0.06£0.004 * | 1.40+0.10¢
03/A2/C2 n/d n/d 0.110+0.009 | 0.045+0.003° | 0.65+0.05° 0.16+0.01 ¢ |0.95+0.09 ®

Note. n/d — not detected; column averages followed by like letters do not differ significantly from each other

according to Duncan's test at P = 0.05.

F3
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Fig. 2. Application of the PCA method in the distribution of water- and aqueous-alcoholic fractions of Populus tremula leaf
extracts: green — O1, orange — 02, violet — O3; circle — S1, square —S2;
thin black border line — A1; bold grey — A2

Puc. 2. NpumeHeHne MeToaa rmaBHbIX KOMMOHEHT NpY pacnpeaeneHny BOAHbIX M BOAHO-CMMPTOBBIX (hpakLnii SKCTPaKTOB
nuctbeB Populus tremula: 3eneHbin — O1, opanxebii — O2, dononetosbin — O3; kpyr — C1, kBagpaT — C2;
NVHKWSA TpaHnLbl TOHKasa YepHasa — A1, xunpHasi cepasi — A2
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their own scattering regions according to F2-F3
(separated by black lines in the figure). In addition,
according to F2-F3, there are two scattering regions,
represented by (1) aqueous and (2) aqueous-
alcoholic fractions, although some points are located
nearby. The second factor correlates most strongly
with the astragalin and FG2 content, while the third
correlates most strongly with the hyperoside, FG1
and rutin content. According to F1-F3, the region
with aqueous-alcoholic eluates is also localised,
except for O1 in the aqueous-alcoholic fraction S1.
Thus, the differences between the aqueous and
aqueous-alcoholic fractions, as well as the diffe-
rences of the samples from each other, is mainly
due to the content of individual flavonoid compo-
nents: hyperoside, astragalin, rutin, FG1 and FG2.
Differences in the PC content of aspen leaves large-
ly depend on the analysed fraction (agueous or
aqueous-alcoholic) (see Fig. 2). The salicin and PC
content correlates with the sample preparation con-
ditions and elution gradient in HPLC analysis. Sali-
cin is best detected in the S1 aqueous eluate (see
Table 2). S2 is preferable for use at a sufficiently

high content of PA in the test material, in particular,
for the analysis of the aqueous fraction of P. tremula
leaf extracts (see Table 1).

CONCLUSIONS

1. In order to study the PC composition and con-
tent by means of HPLC when preparing Populus
tremula extracts using SPE cartridges, it is neces-
sary to analyse the aqueous eluate together or in
parallel with the main aqueous-alcoholic fraction.

2. In order to separate the extract for determi-
ning the hydroxycinnamic and hydroxybenzoic acid
content, it is preferable to use system 2; for deter-
mining the phenologlycoside (salicin) content, sys-
tem 1 is more effective.

3. Preferred conditions for sample preparation
and HPLC analysis for optimal separation of the
component composition of flavonoid glycosides
have not been identified. The content of individual
flavonoids (hyperoside, astragalin, rutin, and two
unidentified flavonoids) makes the most significant
contribution to the differences between aqueous and
agueous-alcoholic fractions.

REFERENCES

1. Temerdashev ZA, Milevskaya VV, Kiseleva
NV, Vernikovskaya NA, Korobkov VA. Sorption-
chromatographic determination of gallic, caffeic
acids, rutin and (-)-epicatechin in herbs. Analitika i
control = Analytics and Control. 2013;2:211-218. (In
Russian)

2. Saprykin LV, Saprykina LV. Methodology of
analytical application of solid-phase extraction.
Sorbtsionnye i khromatograficheskie protsessy.
2007;7(3):397-409. (In Russian)

3. Kudrinskaya VA, Dmitrienko SG, Zolotov
YUA. Synthesis and study of sorption properties of
molecularly imprinted polymers for quercetin. Mos-
cow University Chemistry Bulletin. 2009;64(3):124—
129. https://doi.org/10.3103/S0027131409030031

4. Zanutto FV, Boldrin PK, Varanda EA, Fer-
nandes de Souza S, Sano PT, Vilegas W, et al.
Characterization of flavonoids and naphthopyra-
nones in methanol extracts of Paepalanthus
chiquitensis Herzog HPLC-ESI-IT-MSn and their
mutagenic activity. Molecules. 2012;18(1):244-262.
https://doi.org/10.3390/molecules18010244

5. Simirgiotis MJ, Schmeda-Hirschmann G,
Borquez J, Kennelly EJ. The Passiflora tripartita
(Banana Passion) fruit: a source of bioactive flavo-
noid C-glycosides isolated by HSCCC and charac-
terized by HPLC-DAD-ESI/MS/MS. Molecules.
2013;18(2):1672-1692. https://doi.org/10.3390/mo-
lecules18021672

6. Asghari A, Barfi B, Barfi A, Saeidi I, Ghollasi
Moud F, Peyrovi M, et al. Comparison between con-
ventional solid phase extraction and its simplified
method for HPLC determination of five flavonoids in
orange, tangerine, and lime juice samples. Acta
Chromatographica. 2014;26(1):157-175. https://doi.
0rg/10.1556/AChrom.26.2014.1.12

7. Costa DLMG, Rinaldo D, Varanda EA, de
Sousa JF, Nasser ALM, Silva ACZ, et al. Flavonoid
detection in hydroethanolic extract of Pouteria torta
(Sapotaceae) Leaves by HPLC-DAD and the deter-
mination of Its mutagenic activity. Journal of Medici-
nal Food. 2014;17(10):1103-1112. https://doi.org/
10.1089/jmf.2013.0116

8. Mehta JP, Fultariya CR, Parmar PH, Vadia
SH, Golakiya BA. Determination of phenolic acids
and a flavonoid in Eleusine coracana (L.) by semi-
preparative HPLC photo diode array detector. Jour-
nal of Analytical Chemistry. 2015;70(3):369-373.
https://doi.org/10.1134/S1061934815030090

9. Hsu BY, Lin SW, Stephen Inbaraj B, Chen
BH. Simultaneous determination of phenolic acids
and flavonoids in Chenopodium formosanum Koidz.
(djulis) by HPLC-DAD-ESI-MS/MS. Journal of
Pharmaceutical and Biomedical Analysis. 2017;
132:109-116. https://doi.org/10.1016/j.jpba.2016.09.
027

10. Gomes SVF, Portugal LA, dos Anjos JP, de
Jesus ON, de Oliveira EJ, David JP, Davida JM.
Accelerated solvent extraction of phenolic com-
pounds exploiting a Box-Behnken design and quan-
tification of five flavonoids by HPLC-DAD in Passi-
flora species. Microchemical Journal. 2017;132:28—
35. https://doi.org/10.1016/j.microc.2016.12.021

11. Tewari R, Gupta M, Ahmad F, Rout PK, Mis-
ra L, Patwardhan A, et al. Extraction, quantification
and antioxidant activities of flavonoids, polyphenols
and pinitol from wild and cultivated Saraca asoca
bark using RP-HPLC-PDA-RI method. Industrial
Crops and Products. 2017;103:73-80. https://doi.
0rg/10.1016/j.indcrop.2017.03.036

12. Ciric A, Jelikic-Stankov M, Cvijovic M,
Djurdjevic P. Statistical optimization of an RP-HPLC

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BUOJNIOTUA =———= 475


http://dx.doi.org/10.3103/S0027131409030031
https://sciprofiles.com/profile/124159

Kotsupiy O.V., Zagurskaya Yu.V., Ufimtsev V.I. Determination of phenolic compounds ...
Kouynut O.B., 3azypckast FO.B., Yhumuyee B.A. OnpedeneHue ¢heHosIbHbIX COeOUHEHUU ...

method for the determination of selected flavonoids
in berry juices and evaluation of their antioxidant
activities. Biomedical Chromatography. 2018;32(4).
Art. no. e4150. https://doi.org/10.1002/bmc.4150

13. Kuppusamy P, Lee KD, Song CE, llavenil S,
Srigopalram S, Arasu MV, et al. Quantification of
major phenolic and flavonoid markers in forage crop
Lolium multiflorum using HPLC-DAD. Revista Brasi-
leira de Farmacognosia. 2018;28(3):282-288.
https://doi.org/10.1016/j.bjp.2018.03.006

14. Haiki6 E, Makkonen M, Julkunen-Tiitto R,
Sitte J, Freiwald V, Silfver T, et al. Performance and
secondary chemistry of two hybrid Aspen (Populus
tremula L. x Populus tremuloides Michx.) clones in
long-term elevated ozone ex-posure. Journal of
Chemical Ecology. 2009;35(6):664—678. https://doi.
0rg/10.1007/s10886-009-9644-2

15. Lobanova IYu. Phenolic compounds of
leaves of Populus tremula L. as the basis for crea-
tion of preparation of anti-inflammatory action. Vest-
nik ural'skoi meditsinskoi akademicheskoi nauki.
2011;3/1:67—68. (In Russian)

16. Lobanova IYu, Turetskova VF. Isolation and
study of the composition of flavonoids of aspen
leaves. Khimija rastitel’'nogo syrja = Chemistry of
plant raw material. 2011;2:117-122. (In Russian)

17. Banayev YeV, Shishkin SV, Voronkova MS,
Belanova AP, Tomoshevich MA. Morphological and
biochemical features of Populus x canescens in

natural populations of the Altai region. Vestnik Al-
taiskogo gosudarstvennogo agrarnogo universiteta
= Bulletin of Altai State Agricultural University. 2017;
8:90-97. (In Russian)

18. Sychev KS, Davankov VA. Materials and
methods for sample preparation in chromatography:
solid-phase concentration and adsorption purifica-
tion. Sorbtsionnye i khromatograficheskie protsessy.
2004;4(1):5-28. (In Russian)

19. Van Beek TA. Chemical analysis of Ginkgo
biloba leaves and extracts. Journal of Chromatogra-
hpy. A. 2002;967(1):21-55. https://doi.org/10.1016/
S0021-9673(02)00172-3

20. Yur'ev DV., Ehller Kl, Arzamascev AP. Ana-
lysis flavonolglycosides in preparations and dietary
supplements based on Ginkgo biloba extract. Far-
matsiya = Pharmacy. 2003;2:7-9. (In Russian)

21. Zagurskaya YuV, Siromlya TI, Kotsupiy OV,
Babaeva EYu, Ufimtsev VI._Physiological and bio-
chemical characteristics of Populus tremula leaves
in anthropogenic disturbed habitats. BIO Web of
Conferences. 2018;11. Art. no. 00050. 4p.
https://doi.org/10.1051/bioconf/20181100050

22. Shkarina EIl, Maksimova TV, Nikulina IN,
Lozovskaya EL, Chumakova ZV, Pakhomov VP, et
al. Effect of biologically active substances on the
antioxidant activity of phytopreparations. Pharma-
ceutical Chemistry Journal. 2001;35(6):333—-340.
https://doi.org/10.1023/A:1012349806071

BUBJIMONPA®UYECKUNA CMUCOK

1. Temeppawes 3.A., Munesckas B.B., Kucene-
Ba H.B., BepHukosckas H.A., Kopobkos B.A. Copb-
LMOHHO-XpoMaTorpadmyeckoe onpegeneHve ran-
NoBOK, KOPENHON KUCNOT, PYTUHA U 3NuKaTexvHa B
neKkapcTBeHHbIX pacTeHuax // AHanuTuka U KOH-
Tponb. 2013. T. 17. N 2. C. 211-218.

2. CanpblkuH J1.B., CanpebikuHa J1.B. Metogono-
s aHanuTUYecKoro npuvMeHeHust TBepAodasHon
akcTpakuumn // CopbuMoHHbIE N XpomaTtorpaduye-
ckue npoueccol. 2007. T. 7. Bein. 3. C. 397-409.

3. Kudrinskaya V.A., Dmitrienko S.G., Zolotov
Yu.A. Synthesis and study of sorption properties of
molecularly imprinted polymers for quercetin // Mos-
cow University Chemistry Bulletin. 2009. Vol. 64.
Issue 3. P. 124-129. https://doi.org/10.3103/S0027
131409030031

4, Zanutto F.V., Boldrin P.K., Varanda E.A.,
Fernandes de Souza S., Sano P.T., Vilegas W., et
al. Characterization of flavonoids and naphthopyra-
nones in methanol extracts of Paepalanthus
chiquitensis Herzog HPLC-ESI-IT-MSn and their
mutagenic activity // Molecules. 2012. Vol. 18. Issue
1. P. 244-262. https://doi.org/10.3390/molecules180
10244

5. Simirgiotis M.J., Schmeda-Hirschmann G.,
Bérquez J., Kennelly E.J. The Passiflora tripartita
(Banana Passion) fruit: a source of bioactive flavo-
noid C-glycosides isolated by HSCCC and charac-
terized by HPLC-DAD-ESI/MS/MS /I Molecules.

2013. Vol. 18. Issue 2. P. 1672-1692.
https://doi.org/10.3390/molecules18021672

6. Asghari A., Barfi B., Barfi A., Saeidi I,
Ghollasi Moud F., Peyrovi M., et al. Comparison
between conventional solid phase extraction and its
simplified method for HPLC determination of five
flavonoids in orange, tangerine, and lime juice sam-
ples /I Acta Chromatographica. 2014. Vol. 26. Issue
1. P. 157-175. https://doi.org/10.1556/AChrom.26.2
014.1.12

7. Costa D.L.M.G., Rinaldo D., Varanda E.A., de
Sousa J.F., Nasser A.L.M., Silva A.C.Z., et al. Fla-
vonoid detection in hydroethanolic extract of Pout-
eria torta (Sapotaceae) Leaves by HPLC-DAD and
the determination of Its mutagenic activity // Journal
of Medicinal Food. 2014. Vol. 17. Issue 10. P. 1103—
1112. https://doi.org/10.1089/jmf.2013.0116

8. Mehta J.P., Fultariya C.R., Parmar P.H., Va-
dia S.H., Golakiya B.A. Determination of phenolic
acids and a flavonoid in Eleusine coracana (L.) by
semi-preparative HPLC photo diode array detector //
Journal of Analytical Chemistry. 2015. Vol. 70, Issue
3. P. 369-373. https://doi.org/10.1134/S1061934815
030090

9. Hsu B.Y., Lin S.W., Stephen Inbaraj B., Chen
B.H. Simultaneous determination of phenolic acids
and flavonoids in Chenopodium formosanum Koidz.
(djulis) by HPLC-DAD-ESI-MS/MS // Journal of
Pharmaceutical and Biomedical Analysis. 2017. Vol.

476 === PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BNONOIrmna


https://doi.org/10.1023/A%3A1012349806071
https://sciprofiles.com/profile/124159

Kotsupiy O.V., Zagurskaya Yu.V., Ufimtsev V.I. Determination of phenolic compounds ...
Kouynut O.B., 3azypckast FO.B., Yhumuyee B.A. OnpedeneHue ¢heHosIbHbIX COeOUHEHUU ...

132. P. 109-116. https://doi.org/10.1016/j.jpba.201
6.09.027

10. Gomes S.V.F., Portugal L.A., dos Anjos J.P.,
de Jesus O.N., de Oliveira E.J., David J.P., Davida
J.M. Accelerated solvent extraction of phenolic
compounds exploiting a Box-Behnken design and
guantification of five flavonoids by HPLC-DAD in
Passiflora species // Microchemical Journal. 2017.
Vol. 132. P. 28-35. https://doi.org/10.1016/j.microc.
2016.12.021

11. Tewari R., Gupta M., Ahmad F., Rout P.K.,
Misra L., Patwardhan A., et al. Extraction, quantifi-
cation and antioxidant activities of flavonoids, poly-
phenols and pinitol from wild and cultivated Saraca
asoca bark using RP-HPLC-PDA-RI method // In-
dustrial Crops and Products. 2017. Vol. 103. P. 73—
80. https://doi.org/10.1016/j.indcrop.2017.03.036

12. Ciric A., Jelikic-Stankov M., Cvijovic M.,
Djurdjevic P. Statistical optimization of an RP-HPLC
method for the determination of selected flavonoids
in berry juices and evaluation of their antioxidant
activities // Biomedical Chromatography. 2018. Vol.
32. Issue 4. Art. no. e4150. https://doi.org/10.1002/
bmc.4150

13. Kuppusamy P., Lee K.D., Song C.E., llavenil
S., Srigopalram S., Arasu M.V., et al. Quantification
of major phenolic and flavonoid markers in forage
crop Lolium multiflorum using HPLC-DAD // Revista
Brasileira de Farmacognosia. 2018. Vol. 28. Issue 3.
P. 282-288. https://doi.org/10.1016/j.bjp.2018.03.
006

14. Haiki6 E., Makkonen M., Julkunen-Tiitto R.,
Sitte J., Freiwald V., Silfver T., et al. Performance
and secondary chemistry of two hybrid Aspen (Po-
pulus tremula L. x Populus tremuloides Michx.)
clones in long-term elevated ozone ex-posure //
Journal of Chemical Ecology. 2009. Vol. 35. Issue 6.
P. 664-678. https://doi.org/10.1007/s10886-009-96
44-2

15. Jlo6aHoBa W.KO. deHonbHble coeanHeHMUs

Contribution

Olga V. Kotsupiy, Yulia V. Zagurskaya, Vladimir I.
Ufimtsev carried out the experimental work. The
authors on the basis of the results summarized
the material and wrote the manuscript. All authors
have equal author’s rights and bear equal re-
sponsibility for plagiarism.

Conflict interests

The authors declare no conflict of interests re-
garding the publication of this article.

The final manuscript has been read and approved
by all the co-authors.

NUCTLEB OCUHBbI OOBIKHOBEHHOW Kak OCHOBa co3aa-
HUS npenapaTta NpPOTMBOBOCNANWUTENBHOIO AeWn-
cTBuS // BECTHUK ypanbCKOW MeOMLMHCKON akage-
mMu4yeckon Hayku. 2011. N 3/1. C. 67—-68.

16. JlobaHoBa W.10O., Typeukosa B.®. Boigene-
HME N n3yyeHue cocTaBa (praBOHOMOOB NUCTLEB
OCVHbI 0BbIKHOBEHHON // XMNA pacTUTENbHOrO Chbli-
pbsi. 2011. N 2. C. 117-122.

17. banaeB E.B., WuwknH C.B., BopoHkoBa
M.C., benaHoBa A.ll., TomoweBudy M.A. Mopdono-
rmyeckme n brnoxmmmyeckme ocobeHHocTn Populus x
canescens B NpUpOAHbIX nonynauuax AnTamckoro
Kpas // BeCcTHUK AnNTanckoro rocygapCTBEHHOro ar-
papHoro yHuepcuteTta. 2017. N 8 (154). C. 90-97.

18. Cbives K.C., aBaHkoB B.A. MaTepuansl u
meTtoabl MpobonogrotoBkM B Xpomarorpaduu:
TBepAodasHoe KOHLEHTpUpoOBaHMe 1 agcopbumoH-
Hast ouncTka // CopbumoHHbIe N XxpomaTorpaduye-
ckue npouecchl. 2004. T. 4. Bein.1. C. 5-28.

19. Van Beek T.A. Chemical analysis of Ginkgo
biloba leaves and extracts // Journal of Chroma-
tograhpy. A. 2002. Vol. 967. Issue 1. P. 21-55.
https://doi.org/10.1016/S0021-9673(02)00172-3

20. FOpbeB [.B., Onnep K.U., Apsamacues A.ll.
AHanua cnaBoHONIMMKO3MAOB B npenapartax n bA[
Ha ocHoBe akcTpakTta Ginkgo biloba // ®apmauus.
2003. N 2. C. 7-9.

21. Zagurskaya Yu.V., Siromlya T.l., Kotsupiy
O.V., Babaeva E.Yu., Ufimtsev V.I. Physiological
and biochemical characteristics of Populus tremula
leaves in anthropogenic disturbed habitats // BIO
Web of Conferences. 2018. Vol. 11. Art. no. 00050.
4 p. https://doi.org/10.1051/bioconf/20181100050

22. Shkarina E.l., Maksimova T.V., Nikulina I.N.,
Lozovskaya E.L., Chumakova Z.V., Pakhomov V.P.,
et al. Effect of biologically active substances on the
antioxidant activity of phytopreparations // Pharma-
ceutical Chemistry Journal. 2001. Vol. 35. Issue 6.
P. 333-340. https://doi.org/10.1023/A:1012349806
071

Kpumepuu aemopcmea

Kouynuin O.B., 3arypckasa O.B., Ydummues B.W.
BbIMOMHMITN 3KCMEePUMeEHTanbHylo paboTty. ABTO-
pbl COBMECTHO 0006LWMNN pe3ynbTaThl, HAaNUcanm
PYKOMWCb, UMEIOT Ha CTaTbl0 paBHble aBTOPCKME
npaBa M HeCyT paBHYl0 OTBETCTBEHHOCTb 3a nna-
rmart.

KoHgpbnukm unmepecoes

ABTOpbI 3asBnsAT 06 OTCYTCTBUM KOHPrMKTa
WHTEpPECOB.

Bce asmopbi npodumanu u o0dobpusnu OKOH4Ya-
meribHbIU 8apuaHm PyKornucuy.

PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BUONIOTUA =———= 477



Kotsupiy O.V., Zagurskaya Yu.V., Ufimtsev V.I. Determination of phenolic compounds ...
Kouynut O.B., 3azypckast FO.B., Yhumuyee B.A. OnpedeneHue ¢heHosIbHbIX COeOUHEHUU ...

INFORMATION ABOUT THE AUTHORS

Olga V. Kotsupiy,
Cand. Sci. (Biology), Researcher,

Central Siberian Botanical Garden SB RAS,

101, Zolotodolinskaya St.,
Novosibirsk, 630090,

Russian Federation,

>4 e-mail: olnevaster@gmail.com

Yulia V. Zagurskaya,

Cand. Sci. (Biology), Researcher,
Federal Research Center of Coal

and Coal Chemistry SB RAS

(Institute of Human Ecology),

18, Sovetskii Ave., Kemerovo, 650000,
Russian Federation,

e-mail: syjil@mail.ru

Vladimir I. Ufimtsev,

Cand. Sci. (Biology), Leading Researcher,
The Federal Research Center of Coal
and Coal-Chemistry SB RAS

(Institute of Human Ecology),

18, Sovetskii Ave., Kemerovo, 650000,
Russian Federation,

e-mail: uwy2079@gmail.com

CBE[LEHUS O6 ABTOPAX

Kouynuin Onbra BuktopoBHa,
K.6.H., HAy4YHbI/ COTPYOHUK,

LleHTpanbHbIn Cnbupckun 6otaHndecknii cag

CO PAH,

630090, r. HoBocmbunpck,

yn. 3onotogonuHckas, 101,
Poccunckas degepaums,

D< e-mail: olnevaster@gmail.com

3arypckas lOnus BacunbeBHa,

K.0.H., Hay4YHbIN COTPYAHUK,
defepanbHbI UCCreaoBaTenbCKUn LEHTP
yrns un yrnexumumn CO PAH

(MHCTUTYT 3Konorum Yenoseka),

650000, r. Kemeposo, np-t CoBeTckuit, 18,
Poccuiickas ®epepauus,

e-mail: syjil@mail.ru

Ydumue Bnagummnp UBaHoBMY,

K.6.H., BEQyLMI HayYHbIA COTPYAHNK,
denepanbHbI UCCriefoBaTENBCKUN LEHTP
yrns un yrnexumumn CO PAH

(MHCTUTYT 3Konorum Yenoseka),

650000, r. Kemeposo, np-t CoBeTckuit, 18,
Poccuinckas degepaums,

e-mail: uwy2079@gmail.com

478 =——= PHYSICOCHEMICAL BIOLOGY / ®U3UKO-XUMUYECKAA BNONOIrmna



UN3BECTUA BY30B. INTPUKITAQHAST XUMUA U BUOTEXHOJIOTUS 2020 Tom 10 N 3
PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2020 Vol. 10 No. 3

OpuruHanbHas ctatba / Original article

DOI: https://doi.org/10.21285/2227-2925-2020-10-3-479-486
UccnepnoBaHue apomaTo6pasyrowMx KOMNOHEHTOB XMens
C NPUMeHeHneM XUMUYEeCKNX CeHCOpPOB
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Pe3rome: NposedeH nodbop maccusa CEHCOPOB8 C y4emoMm crneyughuku KOMIOHEHMHO20 cocmaea 3¢hUpHO-
20 macna xmens. MiccrnedogaHa UHMEHCUBHOCMb apoMama HECKOIbKUX COpmo8 XMessi Mymem MpuMeHe-
HUSI 8bICOKOYACMOMHbIX Mbe303/IEKMPUYECKUX PE30HAaImMopo8 C 8bICOKOU HYy8CMBUMEIbHOCMbI, HU3KUMU
rpedenamu OBHapyXeHUs fie2Koemy4ux KOMIOHeHMOo8. AHanumu4yeckue cuzgHallbl Maccuga CeHCcopos 8
rapax pasHogecHoli 2a3080U ¢ha3bl Mpob bbiu CKOMIOHOBaHbI 8 MHO20MEPHbIU Habop OaHHbIX, Mpedcmas-
JleHHbIX 8 8ude «8u3yaslbHo20 omredamka» (OuaspaMMbl OCMPOEHb! M0 MakcuMarbHbIM OMK/IUKaM CEH-
copos 8 pasHosecHOU 2a3080l ¢hase 0bpa3yos 8 meyeHue spemMeHHo20 uHmepsana 60 c). [aHHbie Ond
06pa3yos c npuemeMbIMU Op2aHOoMeNnmMUYeCcKUMU XapakmepucmuKkaMmu, coomeemcmeayowumMu HopMa-
mueHbIM OOKyMeHmam, rnpuHuMasu 3a cmaH0apm. [ns uccnedyembix 06pa3yo8 OmKAUKU XUMUYECKUX CEH-
Ccopos 8 pasHOBECHOU 2a3080li ¢hase bbinu npedcmasnieHbl 8 suUde CyMMapHO20 cuzgHasa U cornocmaesneHsbl
C «8uU3yasibHbIM omredyamKkoM» MakcumMymos O0nsi cmaHOapma 8 npoepamMMHOM obecriedeHuu, paccyumanbl
nnowadu guzyp omnedamkos Sy, [, .. B kayecmee 00rnonHUMernsHbIX Xxapakmepucmuk 6biiu MpUMeHeHb!
5 napamempos udeHmucbukayuu Aj, paccyumaHHbie o cuaHasnam omaoersibHbIX CeHCopos 8 2a308ol ¢hase
aHanusupyembix 0bpa3yos u 8bibpaHHbIx cmaHdapmos. [lpu omHocumenbHOM pasnu4yuu napamempos u-
eyp «8u3yasibHo20 omredyamka» mMeHee 4yem Ha 20% Obina ycmaHosneHa udeHmu4YHOCmb cocmasa aHaru-
3upyemodl npobkl u coomeemcmeaytoujeeo cmaHOapma. [Npu omHocumernsHoMm pasnu4duu 6onee 20% napa-
mMempos cpueyp cueHanog npoby cyumanu He uleHmu4yHol ebibpaHHoMy cmaHOapmy. Pe3ynbmamsi
uccriedosaHuli Ucrosib308aHbl 0718 ycmaHo8/1eHUs1 UOeHMUYHOCMU Ulu aymeHmuYyHocmu rpob epaHynupo-
B8aHHO20 XMeJisi U3 pa3HbiX napmud.

Knroyeenlie crioea: xmesib, apomam, 3¢hupHble Macsa, XUuMu4ecKue CeHCophl, fieeKkonemyyue KOMMNOHeHMmb!

UHpopmayusi o cmamee: [Jama nocmynneHuss 27 mapma 2020 e.; 0ama npuHsmusi K nedamu 31 asay-
cma 2020 a.; dama oHnatiH-pasmeuweHusi 30 ceHmsbps1 2020 e.

Ans yumupoeaHus: Kopoctenes A.B., PykasuupblH IN.B., HoBukosa U.B., Kyumenko T.A., YmapxaHos P.Y.,
MypaBbeB A.C. ViccnegoBaHne apomaToOpasyoLmx KOMMNOHEHTOB XMENS C NPUMEHEHUEM XMMUYECKMUX CEH-
copoB. Nzsecmus 8y308. NpuknadHas xumusi u 6uomexHonoaus. 2020. T. 10. N 3. C. 479-486. https://doi.
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Study of hop aroma components
using chemical sensors

Alexey V. Korostelev, Pavel V. Rukavitsyn, Inna V. Novikova,
Tatyana A. Kuchmenko, Ruslan U. Umarkhanov, Aleksandr S. Muravev

Voronezh state university of engineering technologies,
Voronezh, Russian Federation

Abstract: An array of sensors was selected taking into account the specific component composition of the
essential oil contained in the hop plant. The aroma intensity of several hop varieties was investigated using
high-frequency piezoelectric resonators with a high sensitivity and low detection limits for volatile compo-
nents. Analytical signals of the sensor array in the vapour of the equilibrium gas phase of the samples were
assembled into a multidimensional data set, presented in the form of a “visual imprint” (diagrams were plot-
ted according to the maximum responses of the sensors in the equilibrium gas phase of the samples during
a time interval of 60 s). Data for the samples with acceptable organoleptic characteristics complying with
regulatory documents were taken as the standard. For the samples under study, the responses of chemical
sensors in the equilibrium gas phase were presented in the form of a total signal and compared with the “vi-
sual imprint” of the maxima for the standard; the areas of indentation figures were calculated — Sy, G.s. As
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additional characteristics, 5 identification parameters A; were used, calculated from the signals of individual
sensors in the gas phase of the analyzed samples and selected standards. The identity between the compo-
sition of the sample under analysis and the corresponding standard was established, when the relative dif-
ference in the parameters of the "visual imprint" figures did not exceed 20%. Conversely, a sample was con-
sidered not identical to the selected standard, when the relative difference was higher than 20%. The
experimental results were used to establish the identity or authenticity of hop pellet samples from different
batches.

Keywords: hops, aroma, essential oils, chemical sensors, volatile components
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BBEOEHUE

Xmenesoe advpHOE Macno npugaeT XMerio
npucyLwmn emy cneumnduydeckmin apomat. Xmenesoe
Macno — CMeCb MneTy4ymx MacnoobpasHbIX BeLecTs C
NPUATHBIM apOMaToOM, COAEPXKALLUMXCA B OCHOBHOM B
nynynuHe. OdupHoe macno cogepxut okono 300
COeaVHEHMWIN, KOMMOHEHTbI 3PMPHOro Macna cocToaT
u3 OByx dpakuun: yrnesogopogHon (40-80 %) u
Kucrnopogocoaepxawen. bonbLuyto yactb (60—-80 %)
yrneBogopoaHon pakumM COCTaBMAKT  MUPLEH,
KapuownneH, rymyneH, repaHvosn, JMHanoon u
cdapHeseH. MuvpueH npugaeT apomarty OCTPOTy U
MOXeT ObITb NPUYMHON pe3koro apomara (B xmene ¢
«TOHKMM» apomMaTom ero He 6onee 50 %). Cogepxa-
HVWe rymyreHa nonoXMTEmNbHO CKa3biBaeTCd Ha apo-
mMaTte, MO3TOMY B COpTaX C «TOHKMM» apomMaToM ero
copepxaHue Bbiwe. [Npu xpaHeHUn xmMensa nog Bru-
AHVEeM KuMCropoda Bo3gyxa, a Takke B pesynbrare
aKTUBHOCTN (DEPMEHTOB M XN3HEAEATENbHOCTU MUK-
POOPraHN3MOB MPOUCXOAAT OKUCIUTENbHbIE U GU1O-
XMIMWYECKME MPOLIECChI, OKa3blBaOLNE BIUSIHUE Ha
Ka4yecTBO xmens v nuea [1, 2].

KayectBo ¥ 6e3onacHOCTb rpaHynMpoBaHHOIO
XMEns KaK Cbipbs ANsi MMBOBAPEHHOIO NPOM3BOACTBA
KOHTPONMMPYKT MO Habopy U3MKO-XUMUYECKUX U
opraHosienTn4eckmx nokasartenen. Npun nocTosHCTBe
N COOTBETCTBUM HOPMaM (PU3NKO-XMMUYECKMX MOKa-
3atenen nNpob rpaHynMpoBaHHOIO XMenNs Ha Mpous-
BOACTBE BO3HMKaeT npobnema B OLEHKe pasnuyvn
apomara, onpeensiLwero B Nnpouecce garnbHenLe-
ro Npou3BOACTBa OpraHofenTUyYeckne CBOWCTBA Nu-
Ba. OpraHonenTtuyeckass 0ObeKTMBHAsA OLEeHKa apo-
mMata npegnonaraeT Hanudine He MeHee 5
KBanMuLMPOBaHHbLIX OEerycrtatopoB, YTO HEBbLINOI-
HAMO 0N MarnoTOHHaXHbIX MnpoussoacTe. OpraHo-
nenTuyecknii aHanua npob xmens 4OCTaToO4YHO Anuv-
TeneH, pesynbTaTbl aHanmMsa 3aBUCAT OT MHOMMX
haKTopoB, 1 B Cry4yae M3y4YeHUs OaHHbIX OOBEKTOB
BOCMPOU3BOAMMOCTb pe3yNnbTatoB M WX MaTemaTtu-
Yyeckas 0bpaboTka SABMSHOTCA COXHbIMU 3agavamu.
He meHee BaxHbIM SIBMSIETCA pelueHve 3agay KoH-
Tpons BOCNPOM3BOAMMOCTIN apomaTa pasHbIX NapTui
XMens ofHoro npov3soauTens (UNM HECKONbKUX
npounsBoAMTENEN) C LEeNblo COXPaHEHUS MPOCIEXU-

BaeMOCTM CXOXUX OpraHornenTU4eckmx CBOWCTB Mu-
Ba. AkTyanbHa anpobauns copToB XMens AN npuro-
TOBMEHNS Pa3HOOBPa3HbIX COPTOB MUBA, B TOM YMC-
e ¢ NpUMEHEHeM Cyxoro oxmenenus [7-12].

Llens paboTbl — aKkcnpecc-oLeHka apomaTa cop-
TOB XMensi C NOMOLLbID CUCTEMbI MCKYCCTBEHHOMO
uwHTennekra. 3agaven uccrnegoBaHUS SABNSAMMUCH:
noabop mMaccuBa CEHCOPOB C Y4eTOM Crneundukun
KOMMOHEHTHOro cocTasBa 3(MpHOro macna xmens;
uccriefoBaHMe WHTEHCUMBHOCTW apomMaTta  CopTOB
XMens Ans  YyCTAHOBNEHUS UAEHTUYHOCTU  UNn
ayTEeHTUYHOCTW Npo6 rpaHynMpOBaHHOMO XMens w3
pasHbIX NapTUin.

9KCMNEPUMEHTAINbHAA YACTb

MpumeHanu obpasupbl xmensa copta lNepne ypo-
xaeB 2014, 2015 rr. Xmenb ypoxasa 2015r. (ctaH-
gapt 1 — C1) — tun 45, a =7,0%; xmenb ypoxas
2014 r. (craHgapt 2 — C2) — tvn 45, a =10,0%.
MpoBenu cpaBHeHMe 06OMX CTaHAapTOB C aHanu-
3upyembiM 06pasLomM U3 napTum, s KOTOPOR HYX-
HO [JoKasaTb COOTBETCTBME WM NPUHALNEXHOCTb
NPOAYKUUM OOHOMY W3 Npou3BOAWUTENEen craHpap-
ToB 1 unn 2. WccnegoBaHns maeHTUYHOCTM Npob
rpaHynMpoBaHHOro XMensi No 3anaxy ¢ NPUMEHeHU-
€M XMMUYECKMX CEHCOPOB MPOBOAUNN B CTaTuye-
CKOM [EeTeKTMpYIoLeM YCTPONCTBE «Mbe303rek-
TPOHHbIN HOC» (B OO0 «CeHcopuka — HOBbIE TEXHO-
norumny). Matpuua npubopa cdopmmpoBaHa U3
Nbe30pe30HaTOPOB C Pas3fNUYHBbIMU MIIEHKAMU COp-
GeHTOB Ha 0benx CTopoHax KpucTtanna, obecneyu-
BalOLLLEro BbICOKYH YYyBCTBUTENBHOCTb, HU3KUIA Npe-
aen obHapyxeHusi, NpocToTy paboTkbl, 3Kcnpec-
CHOCTb aHanm3a 6e3 CrnoxHon npobOonoAroTOBKM.
YcTponcTBO no3BonsieT obecneyntb OOHOBPEMEH-
HOCTb [ETEKTMPOBAHUS HECKOJSIbKMX KOMMOHEHTOB
nerkoneTyyen dpakuum 3anaxa, ygqobHywo Busyanu-
3aUMI0  MHOMBUOYANbHOTO MPOUNIS XMMUYECKOTO
cocTaBa 3anaxa npob, COXpaHeHne 1 CpaBHEHUE KX
B noboe Bpems, B TOM 4uCfe yOaneHHO B MNpo-
rpaMmHoM obecneyeHunn. B pesynbTaTe nomnyyaroT
KauyeCTBEHHbIE U KONMYECTBEHHbIE KpUTEpUW, Nos-
BondwLmMe OOBLEKTUBHO MNPUHUMATbL peLleHne o
CTeneHn WAEHTUYHOCTU npob rpaHynMpoBaHHOroO

480 =———= OU3UKO-XUMUYECKAA BUONOInsA / PHYSICOCHEMICAL BIOLOGY


https://doi.org/10.21285/2227-2925-2020-10-3-479-486

Kopocmenee A.B., PykasuuniH I1.B., Hoeukoea U.B. u dp. UccrnedoeaHue apomamobpa3yrouwjux ...
Korostelev A.V., Rukavitsyn P.V., Novikova I.V., et al. Study of hop aroma ...

XMensi Kak Ons OUeHKU BOCMpOM3BOAMMOCTU apo-
mMaTa, TaKk M OLEHKM U3MEHEHUA B MnpoLecce ero
xpaHeHusi [3—6]. MaeHTMYHOCTb Mpob rpaHynupo-
BaHHOro XMens no 3anaxy ycTaHaBnvMBanu C npu-
MEHEHNEM XMMWYECKMX CEHCOPOB, YTO BKIHOYamo
MOAroToBKy Mpobbl, OT6OP paBHOBECHOW ra3oBON
¢asbl U OeTEeKTUPOBaHUE NErkONeTyYnx KOMMOHEH-
TOB.

OcyuwecTtBnsanu nogbop cuctembl CEHCOPOB Anst
npoBefeHus nccneaoBaHnin obpasLioB XMensi.

Ona mogudmkaumm 3anekTpogoB CcemMu  Mbe-
30KBapLEBbIX pe3oHaTopoB AT-cpe3a ¢ 0asoBon
yacTtoTom konebaHun 10,0 My, npumeHsaNKn pacTeo-
pbl nonuBuHUNNupponuaoHa, (MBI1), nonnaTu-
neHrnukone gpTanata (MAre®), nonMaTUNeHrnNnkonb
cykumHaTta (M3ArCk), nonuatunenrnukonsa (M3r-
2000), aunuuknorekcaHa-18-kpayH-6 (18K6), nuenu-
Horo knesi (npononuc) (MK), NonNuaTUNEeHrnuKonb
cebaumHaTa (M3IrCO6). ToHkne nneHkn copbeHToB
dopMMpoBann HaHECEHUEM MUKPOLUMPULIEM KX
pacTBOPOB Ha TEH304YBCTBUTENbHYIO 0BnacTb nbe-
30KBapLeBbIX pe3oHaTopoB (anekTpogos). [Npu Bbl-
BGope NOKPLITUIN ANEKTPOAOB y4mTbiBann Heobxoau-
MOCTb MAEHTUMMKALMN BeLLEeCTB, Onpeaensaowmx
apomart rpaHyfMpoBaHHOIO XMEns, ero UHAMBUAY-
anbHOCTb AN pa3HblX HAaVMEHOBaHWA M MPOU3BO-
avtenen. M3bbITok pacTtBopuTensa ygananu B Cy-
WwnnbHoMm Wwkady B TedeHne 15-20 MuH npu
Temnepatype 40 °C. YyBCTBUTENLHOCTL MO Macce
agcopbupyembix MOMekyn AaHHbIM HabopoMm ceH-
copoB cocTtaBnset He meHee 8 u/10 Hr copbara,
npegen  obHapyXeHus  neTyunx  COeAMHEHMWN
Hambornee 4YyBCTBUTENbHOro ceHcopa 1 cocrtaBnsaet
150 HF/,D,MS.

Mpoby rpaHynMpoBaHHOrO XMensi B HaTUBHOM
cocTosHMM Maccon 5-10T. nomewianu B CTEKMSAH-
Hbln GlokC Ha Y2 OT obbema. FepMeTUYHO 3aKkpbiBa-
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NN MHEPTHOW MSIKOW MeMOpaHon, BblAepXuBanu B
TedyeHne 20 MVH, OTOMpPanM CTEPUNBHBIM LLNPULLEM
3cem’ paBHOBECHOWN rasoBor ¢asbl Hag npobown,
BKanbiBanu npoby B 3aKpbITy0 SYENKYy AETEKTMPO-
BaHUS.

Mpn guddysnm nerkoneTyymx BELLECTB B OKO-
NOCEHCOPHOE MPOCTPAHCTBO AYENKN AEeTEeKTUpOBa-
HUA 1 UX agcopbuumn Ha NNeHKax XMMUYECKUX CeH-
COPOB U3MEHSANNCb 4acToTbl KonebaHui KBapLeBon
NNacTUHbl XMMUYECKUX CEHCOPOB, KOTOpblEe peru-
CTpupoBanu B nNporpaMmHoM obecrneyeHun B Teye-
Hue 60 c c warom 1 c.

lMocne namepeHuto pereHepauus ceHcopa (non-
HOe BOCCTaHOBIIEHWE HavanbHOW 4YacToThbl koneba-
HWIA) NPOM3BOAMIM C NOMOLLbI0 06paboTkM ceHcopa
OCyLlEHHbIM nabopaTopHbIM BO34yXOM, Mofato-
LMMCS B SIYENKY C MOMOLLbIO KOMMNpeccopa B Teye-
HWe 4-6c. AHanNUTUYECKMM CUrHamnom Maccuea
CEHCOpPOB B Mapax paBHOBECHOM rasoBon ¢asbl
npo6, NpMHMMaembIX 3a CTaHOapT U COOTBETCTBY-
HOLLMX MO NoKasaTensMm HOPMaTUBHBIM JOKYMEHTaM,
C NpuemneMbiM1 OpraHoNenTUYECKUMUN XapaKTepu-
CTUKaMMK SIBMIAANIC MHOTOMEPHbIA Habop AaHHbIX,
npeacTaBnseMbIx B BUAE «BU3yaribHOro oTrnevaTtka»
MakcumymoB (puc. 1). ConocTtaBnanu «BusyarnbHble
oTnevyaTku» aHanuanpyembix obpasuoB 1 cTaHgap-
TOB, paccyuTbIBaNu Mrowaam u apyrue napametpbl
duryp ¢ MNOMOLLBbK CrneuManbHOro NporpaMMHOro
obecneyeHuns [13—-15]. MNpu OTHOCUMTENBHOM pa3nu-
Yy napameTpoB uryp meHee 4yem Ha 20 % gena-
nn BbIBOA4 006 MOEHTUYHOCTM COCTaBa aHanuaupye-
MO nNpobbl M COOTBETCTBYHOLLEro cTaHgapTta. lMpu
OTHOCUTENbHOM pa3nuuuun bonee 20% pasnuuusa B
COCTaBe CMECK IEerkoneTy4ymx COeaAnHEHUN cunTanm
3Ha4YUMbIMK, @ NPoby — HEe MAEHTUYHOW BblOpaHHO-
My CTaHOapTy.
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Puc. 1. «BusyanbHble oTneyaTkm» MakcMumMyMoB Anst o06pa3uoB Npob xMens pasHbix npou3soguTenen: ctaHaapT 1 (a)
n ctangapt 2 (b). Mo ocam — HoMepa CeHCOPOB C Pas3NNYHbLIMU NOKPLITUAMMU,
No BepTUKanNu — MakcumaribHble OTKIMKM CEHCOPOB 3a BPeMS n3MepeHns (AFmax, )

Fig. 1. "Visual imprints” of maximums for hop samples from different manufacturers. Standard 1 (a)
and Standard 2 (b). The axes show the sensor numbers with different coatings.
Vertically, the maximum sensor responses during the measurement (AFnax, HZz) are given
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Mpu coBnageHun U3NKO-XUMUYECKNX MOKa3a-
Tenewm, W3MEpeHHbIX OpYyrMMyM MeTogamu (Hanpu-
mep, B3XX-aHanus), BbisiBNeHMEe 3HaAYMMbIX pas-
NMYUA CBUAETENBCTBOBAO 06 M3MEHeHUN apomara
napTum Xmens, 4To MOXeT MPUBOAMUTE K UBMEHEHUIO
opraHonenTuyeckux nokasatenen nusa. CHMxXeHue
CTEeNeHN UAEHTUYHOCTU «BU3yaribHbIX OTNEYaTKOB»
MaKCUMYMOB MOXHO OOBSICHUTb HapylleHWeM Tex-
HOMorMM MpPoOM3BOACTBA PAaHYNMPOBAHHOIO XMens,
M3MEHEHVEM COpTa WM KayecTBa Cbipbd, nopyen
Cblpbsi, HeCObnoaeHNeM YCNoBuI XpaHeHUs XMens
n ap. [16-20].

MpoJomMKNTENBLHOCTL aHanu3a ¢ y4etomM npobo-
MOAroTOBKM cocTaBnsAna 25 MWH Npy ABYXKPaTHOM
NMOBTOPEHUN W3MEPEHUsl, BpEeMS M3MEepeHus —
1 MuH; yncno usmepennii 6e3 06HOBNEHNST Maccuea
ceHcopoB — 150. MNpoaomKMTENbHOCTE NOBTOPHOO
HaHeCEeHWs1 NMIEHOK Ha 3NeKTpoAbl Nbe3ope3oHaTo-
poB — He 6onee 45 MUH.

OBCYXOEHUE PE3YJIIbTATOB

MpoBenu aHanua obpasua rpaHynMpoBaHHOIO
xmens (aHanusmpyembii obpaseu) U3 naptuu, Ans
KOTOPOW HYXHO ObIflo foKa3aTb COOTBETCTBUE WU
NPUHaANEXHOCTb NPOAYKLUUN OOHOMY M3 NPOW3BO-
avtenen (ctaHgapty 1 nnm 2) (puc. 2). Mo dwmsuko-
XMMUYECKMM MOKasaTensM aHanusvpyembii obpa-
3eL, COOTBETCTBYET BCEM TpebOyeMblM HOpMam Ansi
npoayKuun Bcex Npou3BoauTenen u cCoOOTBETCTBYET
cTaHgapTam — obpasuam AByX NMOEpOoB pbiHKa rpa-
HynupoBaHHoro xmens 1 u 2. MNpn 3TOM Bbi3biBan
COMHeHVe apomaT obpasua, No KOTOpoMYy TPYAHO
AokasaTb COOTBETCTBUE paHee peann3oBaHHOW
napTvM rpaHynMpoBaHHOIO XMensi NPOW3BOAMTENS
1. NS uamMepeHnst KA4eCTBEHHOIO U KONMYECTBEH-
HOro cocTaBa ferkoneTyden pakumm 3anaxa Bcex
Npob 1 Ux cpaBHEHWsI NPUMEHEH HAaboP XMMUYECKUX
CEHCOPOB B Npubope «Mbe303NEKTPOHHBIN HOCY.

AHanNUTMYECKMM CUrHarNoM MaccuBa CEHCOPOB B
napax paBHOBECHOW ra3oBow ¢asbl Npob, NpUHUMa-
eMbIX 3a CTaHOapT M COOTBETCTBYHLLMX MO NOKasa-
TensmM HOPMATUBHBIM JOKYMEHTaM, C NpuemsiemMbiMm
OpraHonenTUYeCcKMMM  XapakTepucTukamu  3anaxa
SBNANCA MHOTOMEPHLIN Habop AaHHbIX, NpeacTas-
NEHHbIX B BWAE «BM3yanbHOIO OTMevYaTkay» Makcu-
MyMOB. [lnarpammbl MOCTPOEHbLI MO MaKCMMaIbHbIM
OTKIIMKaM CEHCOPOB B PaBHOBECHOM rasoBoi ¢hase
obpasuoB 3a 60 c. «BuayanbHble oTneyaTkM» Mak-

MapameTpbl naeHTUMKauumn
Identification Parameters

CMMYMOB ANs aHanuaupyemoro obpasua (cMm. puc. 2)
n ctaHgaptoB (cm. puc. 1) comocTtaBnsinum B Mpo-
rpaMMHOM OBGecneyvyeHunn, paccyvTbiBanM ux Mno-
waab Sy, ['U.c n gpyrne xapakTepucTmku.
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Puc. 2. «BuayanbHblii 0TREYaTok» MakCMMyMOB At aHanm-
3upyemoro obpasua rpaHynmMpoBaHHOro XMens, Ans KoTopo-
ro Heo6xoaMMOo YCTaHOBUTb MOEHTUYHOCTb Npobam cTaHaap-
TOB 1 1nm 2

Fig. 2. “Visual imprint” of the maximum for the analyzed
granular hop to ascertain the identity to Standard 1 or 2

Mnowaab «Bu3yarnbHbIX OTNEYaTKOB» CUrHarnoB
CeHCopoB B OOMbLUEN CTEMEHW XapaKTepusyeT WH-
TEHCUBHOCTb 3anaxa obpasuoB. KayecTBeHHbIN Xu-
MUYECKUI COCTaB CMecU OeTeKTUpYeMbIX CeHcopa-
MU COeaWHEHUN, (OPMUPYIOLWLMX FEerkoneTy4yto
dpakumo 3anaxa, oTpaxaeT Habop pacyeTHbIX na-
paMeTpoB uaeHTUdUKaumMmn Ay, paccyUTaHHbIX MO
curHanam oTaeribHbIX CEHCOPOB B Mapax aHanuau-
pyemoro obpasua u BblbpaHHbIX CTaHOAPTOB Kak
YacTHOE OTKMMKOB [BYX CEHcopoB (Tabnuua). 310
OTHOCUTENbHAs XapakTepUCTUKA CPaBHEHUsI 4YyB-
CTBUTENBHOCTU [BYX CEHCOPOB MO OTHOLUEHUIO K
OfHOMY ¥ TOMYy e Habopy coeguHeHun (6e3pas-
MepHas BenuuuHa). [na maccuBa M3 CEMU CEHCO-
pOB TakMxX MapameTpoB MOXeT ObiTb 24. Ho ans
KaXgoro BmAa CMecu CcoefuHeHun BbliOuparoTcs
Hanbonee npeAcTaBuTENbHbIE MOKaszaTenn (MUHK-
MaKCHble 3HayeHus Habopa). Takux nokasaTtenen
Onsa aHanmavpyemsbix Npob 4 n paccynTaHbl OHU MO
CurHanaMm CeHCOpOB, MNPOSABASIOWMX CPOACTBO M
CENEKTMBHOCTb K cCnupTam, KUCroTam, amumHam,
anbgerngam, cneumuyeckuMm apomaTuyeckum Co-
€VHEeHNsAM.

OTHocuTensHoe. Bua napametpa Aj
Bua npobei S5, Tu.c uaMeHeHue Ss, % 1 2 3 4

Cranpapt 1 123* 0,27 1,33 0,67 2,0
CraHgapT 2 98 0,20* 1,29 15 3,0
AHanuaunpyembin obpasel (A) 112 0,18 1,57 15 3,0
CraHpapt 1-A 9

CraHpgapt 2 -A 14

CoBnageHve nokasaTeneim Cranpapr 1-A X o - o o

CraHgapt 2-A X X — X X

*OTMeueHbl napameTpsl, 6nuskue apyr Apyry; X — coBnafeHve nokasatenen.
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Mo dopMe «BM3yanbHOro oTrnevaTka» MakCcumy-
MOB M OTHOCWUTENbBbHOW pasHuue nnowaaen ans aHa-
nunaupyemoro obpasua n ctaHgapToB 1 n 2 He ycTa-
HOBIMEHO CYLLIECTBEHHbIX OTNMYM. [1o cpaBHEHMIO Co
cTaHgaptamu 1 M 2 OTHOCUTENBHOE W3MEHEHWe
NMoWaan «BU3yanbHOrO OTMnevyaTka» MakCUMymoB
anga aHanuaupyemon npobsl meHee 20%. Ho ¢ yye-
TOM [AOMOSHUTESbHLIX NapaMeTpoB Aj aHanusupye-
MbIn 0Bpasel oTnunyanca oT crtaHgapta 1 Ha 80%
(4 n3 5 BbIBpaHHbIX NapamMeTpoOB pasnuyarTcs), a ot
cTangapta 2 — Ha 20% (otnuyancsa 1 u3 5 BblbpaH-
HbIX Mokasartenew). Pasnuuna B apomarte aHanvau-
pyeMon npobbl rpaHynMpoBaHHOrO XMers OT CTaH-
Aapta 1 3Hauumebl, OT cTaHgapTa 2 — He 3Hauumbl. C
y4yeToM 3ajayn (JokasaTb COOTBETCTBME KaKOMY-
nnbo u3 cTaHZapToB) NPUHUMAnNKW, YTO aHanuaupye-
MbIi OoOpasel Mo cocTaBy nerkonetydyen cpakumm
3anaxa MOEHTUYEH CTaHOapTy 2, a 3HauuT, He COoOoT-
BETCTBYET NPOAYKLUMM Npon3BoanTens 6onee paHHMX
napTun Xmens co ctaHaapTom 1.

MpogomknTensHOCTb aHanm3a ¢ y4eTom npobo-
noAaroToBKM cocTaBuna 25 MUH C y4eToM AByKpaT-
HOro MOBTOPEHUSI U3MEPEHMS, BPEMS U3MEPEHUA —
1 MuH.

BbIiBOAObI

WccneposaHue apomata obpasLoB xmensi ¢ no-
MOLLBIO XMMUYECKUX CEHCOPOB MOXET obecnevmtb
3KCNPECCHOCTb aHanu3a xmensi 6e3 crnoxHom npobo-
MOArOTOBKW, C BbICOKOW YyBCTBUTENBHOCTbLIO, HU3KM-
MW npegenaMmu obHapyXeHUs1 NEerkoneTyy4nx KOMMo-

HEeHTOB apomarta. YyBCTBUTENLHOCTb XMMUYECKUX
CEHCOopOB, MOAMMULIMPOBAHHbLIX pasnnMyHbIMU dasa-
MU COpBEHTOB Marnon Maccbl, MO3BOMSIET NPOBECTU
O[HOBPEMEHHO AeTEKTUPOBAHNE HECKOITbKMX KOMIMO-
HEHTOB nerkoneTyyen cpakuum apomarta (npv npu-
MEHEHUN OAHOBPEMEHHO CeMU pasHOXapaKTepHbIX
XMUMUYECKNX CeHcopoB). BosamoxHa BM3yanusaums
WHOMBMAOYANbHOrO NpPouns XMMUYECKOro COoCTaBa
3anaxa obpasLoB, COXpaHeHVe U CpaBHEHVWE UX B
nporpammMHoM obecneveHun B noboe BpeMmsi, B TOM
yncne yganeHHo.

MeToa nccnegoBaHusi obecnevmBaeT nonyyeHne
KayeCTBEHHbIX (napameTpbl A) M KONMYECTBEHHbIX
(nnowage «BU3yanbHOTO OTMEYaTka») KpUTEpUEB,
No3BONSAOLWNX  OOBEKTMBHO  MAEHTMMUMPOBATL
npobbl COPTOBOrO XMENs pasHbiX NeT ypoxas u
onpeaenvTb U3MEHeHUs UX OpraHomnenTUYecKMx Xxa-
paKkTepUCTMK B npouecce xpaHeHusa. OTKIMKA XUMU-
YeCKMX CEHCOPOB B Napax paBHOBECHOM ra3oBow ¢a-
3bl ukcHpytoTca B TeveHune 60 ¢ n dopmupyotes B
BMAE CYMMapHOro curHana B «Bu3yarbHbld OTrneva-
TOK» MaKCMMYMOB, KOTOPbIV COMOCTaBMseTCca B Npo-
rpaMmmHom obecrnedeHun npubopa C «BU3yarbHbIM
oTrne4yaTkoM» MakCMMyMOB Ansi ctaHgapTa. lMpu oT-
HOCUTENbHOM pa3nuyMM napameTpoB uryp mMeHee
yem Ha 20 % penaetcd BbiBOg 00 MOEHTUYHOCTU
cocTaBa aHanuampyemon npobbl 1 COOTBETCTBYHOLLIE-
ro ctaHgapTa, NpyY OTHOCUTENBbHOM pasnuuumn Gonee
20% — pa3nuuua B COCTaBe CMECU IerkoneTyymx
COEQMHEHUI CYUTAIOTCA 3HAYUMbIMKU, @ Npoba — He
WOEHTMYHON BbIGpAHHOMY CTaHOAPTY.
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NMpoTaTpaHbl — GUOMOAYNATOPbLI POCTa APOXKKEN
Candida ethanolica

© A.C. Kuproxuna*, T.C. JlosoBas*, E.A. llpuBanoBa*,
B.l'. ®epoceeBa** E.H. O6opuHa**, C.H. AnamoBuy**,
N.B. Po3eHuBeur*****

*NpKyTCKUI HaLMOHanNbHbIA UCCNeaoBaTEeNbCKUN TEXHUYECKUIN YHUBEPCUTET,
r. pkyTck, Poccuinckas ®eaepaumns
**APKYTCKUIN MHCTUTYT xumum um. A.E. dasopckoro CO PAH,
r. pkyTck, Poccuinckaa ®eagepauuns
***ApKYTCKUI rocyaapCTBEHHbIW YyHuBepcuTeT, r. MpkyTck, Poccuinckas ®egepauus

Pe3srome: Lernibio pabomel siensnock uccredosaHue coeduHeHuUl u3 pssda npomampaHos 8 kadyecmeae 6uo-
cmumynsamopos pocma dpoxxeli Candida ethanolica, ymo obycrosneHo Heobxodumocmbro orpedesieHus!
ycriosut, crrocobcmeyruUux yYCKOPEHUIO pocma MUKPOOp2aHU3MOo8 8 MpUCymcmeuu 8bICOKO3EKMUBHbIX,
u3uOoI02UYECKU aKmMUBHbIX, HEMOKCUYHbIX COeOUHeHUU — npomampaHos. B kadecmee obbekma uccriedo-
eaHuli ucrnosb3osanu opoxxxu Candida ethanolica. Apoxoku Kynbmuguposgasu Ha CuHmemu4yeckol numa-
mernbHOU cpede, codepxaweli 8 kayecmee ucmoyHuka yanepoda 1,56%-0 pacmeop amaHona. lNpomampa-
HbI UCMOb308aU 8 KOHUEHmMpayusx 110°-1-10"%% macc. Konuyecmeo knemok Opoxokel KOHmMpouposa-
nu nymem onpedesnieHus1 onmuYeckol nnomHocmu OpPOX>KeabiX CyCrneH3ul Ha homoaniekmpokKkoopumempe
K®K-3 mapku Zomax nipu dnuHe 80siHbI 540 HM, npu dnuHe onmu4eckozo nymu 10 mm. OnpedeneHue 6uo-
macchl Opoxokel ocyuwecmsnsanu epasumempudeckum memodom. Ha nepeom amane pabomsi 661510 u3y4ye-
HO HakoreHue KIemok u buomacchl npu pasuyHoU UCXOOHOU KOHUeHmpauyuu Kiemok Opoxokedl.
BbisienieHo, 4mo npu He3HayumeslbHOM y8eslUMeHUU UCXOOHOU KOHUeHmpauuu KriemokK Opoxokel
npoucxodum 3amemHsblili cOsue eneeo eceli S-kpugol. Ha emopom smarne 6b110 U3y4YeHO erusiHue
rnpomampaHo8 Ha HaKor/ieHUe Kemok u buomacchl npu pasnuyHoU UCXOOHOU KOHUeHmpauuu Kiemok
Opoxokel. CpasHeHue MorydYeHHbIX 0aHHbIX Mexdy cobol noka3sasio, 4mo uccriedo8aHHble rnpomampaHhbl
Cyuw,ecmeeHHo ygeriudugasnu yOesibHyl0 CKOpOCMb pocma U CokKpawasiu epeMsl 2eHepayuu 8 nepuod foa-
asbi 8 mom cryqae, ecnu Ha OaHHyr ¢hasy npuxodusacb 3HayumersnbHas Yacmb fpouecca
KynbmusupogaHusi. O0HaKo Hanu4ue npomampaHo8 3Ha4umersibHO 3amedsisisio yOesbHY CKOpoCcmb pocma
U yesernu4yugaso nepuod seHepauyuu 8 rio2-¢ha3ze 8 MoOM Criydae, ecriu Kyrbmypa 3HaqumesibHyt 4acmeb
8peMeHU  KynbmueuposaHusi Haxodunacb 8 cmayuoHapHol ¢pa3ze. Bo3MOXHO, 35mO  8bi38aHO
rof0XUMebHbIM 8/1USIHUEM pomampaHo8 Ha cuHme3s berska, Komopsbil Hauboree UHMEeHCUBEH 80 8peMsi
noe-gpasbi. [pumeHeHue rpomampaHo8 o3eosnsem MoOynupog8amb KOMAUYECMEO KIeMmOK, KOIu4ecmaeo
6uomaccel, ydernbHyO cKOpocmb pocma u spemsi 2eHepayuu dpoxoxkel Candida ethanolica e 3asucumocmu
0m Ucxo0HOU KOHUeHmpayuu KIemokK U, COomeemcmeeHHO, 0m ¢ha3bl pocma Kyibmyphbil.

Knro4veebie croea. npomampaHbl, 6UOMOOynssmopbl, OpoXXu, 00HOKIemoyHbili 6enok, Candida
ethanolica, 6uomacca

BnazodapHocmu: CuHme3 rnipomampaHos nposedeH Ha obopydosaHuu balikanbCKo2o aHanumu4yecko2o
ueHmpa KorsnekmueHo20 rnonb3osaHuss CO PAH. Paboma ebironiHeHa 8 pamkax VIHmezpauuoHHOU rpo-
epammbl ipkymckoeao Hay4Hozo yeHmpa CO PAH «®yHOameHmaribHble uccredogaHusi U rMpopbl8HbIE MeEX-
HOMo2UU KaK OCHOBa oriepexaroujeeo padsumusi balikanbCKO20 peauoHa U e20 MexXpeauoHalslbHbIX Ces-
3eli», Npu ¢uHaHcosol noddepxke POOU u lNpasumenbcmea Upkymckol obnacmu 6 pamkax Hay4HbIX
npoexkmos 20-43-380001 u 20-016-00114.

UHpopmayusi o cmamee: [Jama nocmynneHusi 15 sHeaps 2020 e.; dama npuHamus K neyamu 31 aeay-
cma 2020 e.; 0ama oHnalH-pa3meuwieHus 30 ceHmsabps 2020 a.

Ana yumupoeaHus: KuptoxuHa A.C., Jlosoeasa T.C., lNMpueanoea E.A., ®enoceesa B.I'., ObopnHa E.H.,
Apamoswny C.H., PoseHuBeiir U.B. TpoTtaTtpaHbl — bnomoaynstopsl pocta gpoxokern Candida ethanolica. U3-
secmusi 8y308. lNpuknadHas xumusi u buomexHosioaus. 2020. T. 10. N 3. C. 487—-495. https://doi.org/10.21
285/2227-2925-2020-10-3-487-495
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Protatrans as biomodulators
of Candida ethanolica growth

Aleksandra S. Kiryukhina*, Tat’yana S. Lozovaya*, Elena A. Privalova®,
Victoria G. Fedoseeva**, Elizaveta N. Oborina**, Sergei N. Adamovich**,
Igor B. Rozentsveig*****

*Irkutsk National Research Technical University, Irkutsk, Russian Federation
**A E. Favorsky Irkutsk Institute of Chemistry SB RAS, Irkutsk, Russian Federation
***|rkutsk State University, Irkutsk, Russian Federation

Abstract: This study was aimed at investigating compounds from a series of protatranes as biostimulants for
the growth of the Candida ethanolica yeast. The relevance of the study is associated with the need to deter-
mine conditions accelerating the growth of microorganisms in the presence of such highly effective, physio-
logically active and non-toxic compounds as protatranes. The research object was the Candida ethanolica
yeast cultivated on a synthetic nutrient medium containing 1.5% ethanol solution as a carbon source. Prota-
trans were used at concentrations of 1-10°~1-10° wt%. The number of yeast cells was controlled by deter-
mining the optical density of yeast suspensions using a KFK-3 Zomax photoelectrocolorimeter at a wave-
length of 540 nm and optical path length of 10 mm. The determination of yeast biomass was carried out
gravimetrically. The first stage of the work set out to study the accumulation of cells and biomass at various
initial yeast cell concentrations. It was revealed that a slight increase in the initial concentration of yeast cells
leads to a noticeable shift of the entire S-curve to the left. A comparison of the obtained data sets showed
that the investigated protatranes significantly increase the specific growth rate and reduce the generation
time during the log phase, provided that this phase accounts for a significant part of the cultivation process.
However, the presence of protatranes significantly reduce the specific growth rate and increase the genera-
tion period in the log phase, provided that the culture remains in the stationary phase for a significant part of
the cultivation time. This is likely to be associated with the positive effect of protatranes on protein synthesis,
which is most intense during the log phase. The use of protatranes facilitates the control over the number of
cells, amount of biomass, specific growth rate and generation time of the Candida ethanolica yeast depen-
ding on the initial cell concentration and, accordingly, the growth phase of the culture.

Keywords: protatranes, biomodulators, yeast, unicellular protein, Candida ethanolica, biomass
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BBEOEHUE

OpgHum 13 cnocoboB pelleHns npobnembl Gen-
KOBOro Aeduuuta sBRASETCA  KyNbTUBUPOBAHMWE
MWKPOOPraHn3MOB — MPOAYLEHTOB OAHOKIETOYHOro
Genka [1, 2]. MNMpu ero Npou3BoACTBE aKTyarbHbIM
AIBNSIETCA YCKOPEHWe cuHTe3a GuomMacchl MUKPOOp-
raHvMamoB. [1ns yckopeHusi pocta 6Gruomacchbl LUIMPOKO
NPUMEHSIOTCS pas3nuyHble BUOCTUMYNATOPLI: MUHE-
panbHble Conu, aMUHOKUCIIOThI, BUTaMWUHbI, OpraHu-
YecKMe KUCIOTbl, SKCTPaKTbl PaCTUTENbHOrO Wnu
MUKPOBMOMNOrMYEeCcKOro MPOUCXOXAEHWsl, NpUpPOa-
Hble M cheunanbHO CUHTE3NPOBaHHbIE OpraHuye-
ckve coeauHeHns. OgHako MHOTME U3 HUX UMEIT
HecTabWmnbHBI COCTaB, a TakKe OTHOCUTENbHO
GOMbLUION pacxof W BbICOKYKD CTOMMOCTb, YTO CHW-

XaeT ux notTpebutenbckme kavectea [3, 4].

B OaHHOM KOHTEKCTe NepCneKTUBHbI CUHTE3U-
pOBaHHble HaMu [OOCTYMHble U3MOMNOrMYECKN ak-
TUBHbIE COEAUHEHUA — npoTaTpaHbl [5-12]. B kadve-
CTBE OCHOBbI AN AM3alriHa NpoTaTpaHOB BbiOpaHbI
OBa BuAa [JOCTYMHbIX pPeakTVBOB (KOMMOHEHTOB):
OUoreHHble aTaHONaMuHbI (B YaCTHOCTU, TPUITAHO-
naMvH) n GUonorMyeckn akTMBHbIE apwunxanbKore-
HUMNYKCYCHbIE KUCMOTbl. ATaHONaMMHbI y4acTBYIOT B
npoueccax BHYTPUKIETOYHOro metabonuama u siB-
NATCA COCTaBHOW 4acTbio hocdonmnmaos, Xonu-
Ha, aueTunxonuHa v Ap. ApuUIxanbKOreHUIyKCcyc-
Hble KMCNOTbl 0bnagarT LUMPOKUM CreKTpom 6umo-
NIOrM4ecKoro AeVCTBUS U HALLMN NPUMEHEHNE B Me-
OVUMHE 1 cenbckoM xossincTtee [7, 11].
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lMpoBeneHHble paHee MCcCrefoBaHWUsl NMO3BOMU-
N BbISABUTbL pasHOHanpaBieHHOe OeNcTBMeE npoTa-
TPaHOB Ha pasnunyHble Ouonornyeckne oOBEKTLI
[13], B cBA3KM C YeM Npu KyNbTUBUPOBAHUN MUKPOOP-
raHM3MOB BaXXHO MOHMMaTb, Kakue akTopbl CMo-
COOCTBYIOT MOBbILEHUIO 3PEHEKTUBHOCTM OAHHOIO
npouecca. [Ana nccnegoBaHus 3Ton Npobrnembl Xo-
poLio noaxoasTt apoxkn Candida ethanolica. B ka-
4YyecTBe WCTOYHUKa Yyrnepoga OHU npeano4vntaroT
MCNnoNb30BaTb 3TaHOJ1, YTO AaeT BO3MOXHOCTb U3Yy-
YyaTb MPOLIECC pOCTa MUKPOOPraHM3MoB B MOAEMb-
HbIX YCIOBUSIX, TaK Kak 3TWUMOBbLIA CNUPT SBMSIETCS
bonee gelleBbIM UCTOYHMKOM Yrrepoaa B CpaBHe-
HUW, HanpuUMep, C XMMUYECKM YUCTOWM TNHOKO30M, a
TaKkke OH He COOEepPXUT NMPUMECEN M XOpOoLWo pac-
TBOpsieTcA B BoAe [2, 14-16].

B cBSi3M C BbILLEN3NOXEHHbLIM LieNb HaCTOsLLEN
paboTbl cocTosina B UCCrefoBaHUM COEAUHEHUIA 13
psga npoTaTpaHoB B KayecTBe OGMOCTMMYNSTOPOB
pocTta gpoxcken Candida ethanolica.

OKCNEPUMEHTAJIbHAA YACTb

B kauyectBe 06beKkTa uccnegoBaHWM UCMONb30-
Banu gpoxckm Candida ethanolica Rybarova, Stros
et Kockova-Kratochvilova 1980 BKM Y-2300 T.
Opoxokn KynbTUBUPOBaNM Ha CUHTETUYECKOW NUTa-
TENbHOW cpede  cregywuwero cocraea, [/
NH4H,PO, — 10,0; K,HPO, — 10,0; MgSO,4-7H,0 —
0,7; FeSO,4 7H,0 — 0,0125; MnSO,-7H,0 — 0,0125;
ZnS0O,4 7H,O — 0,0125; NaCl — 0,0063. KynbTtueu-
poBaHvWe npoBOAWNM B a3pobHbLIX YCMOBUSX MpU
37°C. Aspaumio OCYLIECTBMANM Ha Lueiikepe
SERTOMAT BS-1 npu UHTEHCMBHOCTU 200 MUH .
VcTouyHMKoM yrnepoga B cpefe ABMAfCA 3TUMNOBbIN
cnupT, BHOCKMMbIN B Konndectee 1,5% 06.

B KayecTBe CTUMYNATOPOB poCTa [OPOXKEN
Candida ethanolica 6binM nNpoTecTUpoBaHbl XUMU-
yeckme coegunHeHuns 1 n 2 psga npotaTpaHoB, CUH-
TE3NPOBaHHbIE HA OCHOBE OWOreHHbIX 3TaHONaMMU-
HOB M1 apuUNXanbKOreHUITYKCYCHbIX KACMOT:

o ®
CIQSCHZCOZ * HN(CH,CH,OH); (1)
© ®
CIOSOZCHZCOZ- HN(CH,CH,0H);  (2)

I'IGpOTanaHu MCNonb30BanM B KOHLEHTpauusax
1107°-1-10"° % macc., KoTopble BbINM ycTaHOBIE-
Hbl B X04le npeabiayLmnx uccnegosanumm [10, 12].

KonunyecTBo KNETOK OpOXKEA KOHTPONMpoBarmnm
nyTeMm onpeaeneHnst onTUYECKOW MIIOTHOCTU OpPOX-
XKEBbIX CYCNEH3MM Ha OTOINEKTPOKOIOPUMETPE
KOK-3 mapku Zomax npu gnvHe BosHbl 540 HM, npu
anuHe ontudeckoro nytu 10 mMm. OnpepeneHuve
OvomMacchbl OpOoXOKen OCYLLECTBIANM rpaBUMETpU-
Yeckum meTogdom [17, 18].

OnpepgeneHne ygenbHOW CKOPOCTU pocTa u ne-
pvoda reHepauumu Benv No MeTogukam, npeacras-
neHHbIM B paboTe [19], no hopmynam:

_ Inn,-Inn, (1):
-t
In2 _ 0,693
g= ——=— v
H H
rae U — ydenbHas CKOpocTb pocTta, 4™ ny m

N, — KOHLUEHTPpaLMs KNEeTOK B MOMEHT BPEMEHU t; U
t, COOTBETCTBEHHO, KN/MM; g — Nepuop reHepauuu
(BpemMsa yaBOEHUS yncna KrneTok), 4.

OBCYXOEHWE PE3YJIbTATOB

C ToukM 3peHusa addekTnBHOCTM Ans buoTex-
HOMOMMYeckoro NPouM3BOACTBA BaXeH nepuon
HanbomnbLUEro HaKOMMEHUs LEeNneBoro npoaykra.
Moatomy nepBbIM 3TanoM paboTbl GbINO NocTpoe-
HMe S-KpMBOW pocTa [OPOXKEN W onpefeneHve
BPEMEHHbIX MEPUOAOB, B KOTOPbIX HakannuBaeTcst
HanbonbLuee KoNM4ecTBo Guomacchl U KNETOK.

KynbTuBmpoBaHne nNpoBOAMMM B YCMOBUSAX pas-
NNYHON UCXOAHOW KOHLEHTPaLMM KIETOK, MOCKOMbKY
OHa okasbiBaeT 6GonbLlioe BAMSAHUE Ha NPOAOIIKM-
TenbHOCTb a3 pocta nonynsuuu [20]. B npouecce
KyNbTUBMPOBAHUSA aHanuaupoBanu M3MEHeHue Ko-
nn4yecTBa KneTok n oben 6nomaccel. OT60p Npod
OoCyLecTBNsanNu yepes 2, 4, 6, 8, 10, 24 n 48 4 kynb-
TMBUPOBaHUSA. PesynbTaTtbl MpeacTaBneHbl  Ha
puc. 1, 2.

Mpn ncxogHOM KOHLIEHTPaALMK KNETOK 3-10° kn/mn
cpenbl hasa agantaumm gnunack 6 4, nor-cpasa 3a-
KOHuUMnacek mexay 10 1 24 4 KynbTUBMPOBaHUs, Nocne
Yyero KyrnbTypa BoLUna B CTauuoHapHyo ¢a3sy. Mak-
crManbHOE KONMMYECTBO KMNEeTOK ObIfo Bbile UCXoa-
Horo Ha 11,0% (cm. puc. 1). UameHeHne konnyecTsa
Buomacchl cooTBETCTBOBaNO hasam pocta: Habnto-
4anocb He3HauuTenbHoe yBenuyeHne Guomacchl B
KOHUe nar-dasbl, OCHOBHOW 3KCMOHEHUManbHbIN
pocT — mexay 8 n 24 4, nocteneHHoe 3amMeaneHve
— B CTaumoHapHon dase. MToroBoe KOMNYECTBO
BGuomacchl yBenuuunoch B 2,6 pasa B CpaBHEHUU C
ucxogHeiM (cm. puc. 2). Takum obpasom, npu wuc-
XOOHOW KOHUeHTpaumn knetok 3-106 kn/mn makcu-
MarnbHOe KonmnyectBo Gmomacchl 06pa30BbIBANOCh
yepes 48 Y KynbTMBMPOBaHMUSA, NpuyemM Gonbluas ee
YyacTb — BO BpeMs nor-gasbl.

Mpyn MCXOOHOWM KOHLUEHTpaunUn KIeToK OpOoXoKen
9-10° kn/mn cpeobl hasa agantaumm m nor-cbasa
ObiNM 04eHb KOPOTKMMU (2 M 6 4 COOTBETCTBEHHO).
Bonbllylo YacTb KynbTUBUPOBAHUS APOXKU Haxo-
Aunucb B cTaumoHapHon ¢ase pocta. KonuyecTtso
KNeTOoK K KOHLY KynbTUBMPOBAHUSA YBEMNUYUIIOCh Ha
10,8% oTHOCUTENBHO MCXOQHOro (CM. puc. 2). Us-
MEHeHue konmyecTBa GMomacchl COOTBETCTBOBASIO
¢aszam pocTa: MHTEHCMBHOE HaKoMeHne Guomaccol
Habntoganock B pase aganTtauum m nor-cpase; 3a-
TEM MeAJIEHHbIA NPUPOCT C yBEMNNYEHUEM KOnuye-
cTBa Guomacchl Yepes cyTku B 2,2 pasa. llocne ye-
ro 6uomacca KneTok ctana nocTeneHHo CHMXaTbCS.
370 CBA3aHO C TeM, YTO KynbTypa LAPOXKEN Haxo-
Annacb Yyxe BO BTOPOW MOMOBMHE CTaLMOHapHOW
dasbl, Koraa KMeTKM MCMbITbIBAKOT 3HAYUTENbHbIN
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HeJOCTaTOK NUTaTeNbHbIX BELLECTB U AMs BbbKUBA-
HUSA UCMOMb3YIOT BHYTPUKINETOYHbIE pecypchl [21].
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MpoAOAKUTENBHOCTb KYNIbTUBUPOBAHUS, Y

Puc. 1. BnusiHne NCXogHOM KOHLEHTPaL MM KNEeTOK
apoxokeit Ha S-kpueyto (A — 3108 kn/mn; B — 9-10° kn/mn)

Fig. 1. Relationship between the initial concentration of yeast
cells and the S-curve(A — 3:10° cells/ml; B — 9-10° cells/ml)
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MpoAoNKNTENBHOCTD KYIbLTUBUPOBAHUA, Y

Puc. 2. BnusaHne ncxogHoW KOHLEHTPaUUKN KIETOK APOXOKEN
Ha HakonneHue 6uomaccsl (A — 3108 kn/mn; B — 9-10° kn/mn)

Fig. 2. Relationship between the initial concentration of yeast
cells and biomass accumulation (A — 3-10° cells/ml; B — 9:10°
cells/ml)

BTopbiM aTanom 6bINo U3yyeHue BRUSIHUS Npo-
TaTpaHoB 1 1 2 Ha HakonfeHue KNeTok n buomaccol
npu pasnnyHoOM WCXOOHOW KOHLEHTpauum KneTok
apoxoken. Kontponem (K) criykunu gpoxoky, Beipa-
LLeHHble 6e3 npoTaTpaHoB 1 1 2.

PesynbTaTbl KynbTUBMPOBaHUS OPOXOKEN B Npu-
CYTCTBUWN COEAMHEHUA 1 U 2 NpU UCXOOHON KOHLEH-
Tpaumu kneTok 3-10° kn/mMn cpeabl NpeacTaBneHb! Ha
puc. 3, 4 n B Tabnuue. Hanvdne B nutatensHom cpe-
Je coegvHeHun 1 n 2 cHayana He3HauYuTenbHO 3a-
Aepxuvsano Hayano nor-gpasbl M HakonneHne 6uo-
Maccbel, HO B nepuog nor-dasbl Bbi3blBano peskoe
yBenuyeHne buomacchl. B pesynbtate KonuyecTso

490

KNETOK K 24 4 KynbTMBMPOBAaHWS YBEMNWYWIOCH Ha
8,6—10,2% OTHOCUTENBHO KOHTPOMS M OCTaBanoCb
Ha OOCTMIHYTOM YpPOBHE A0 KOHUA KyNbTUBUPOBaHUS
(cm. puc. 3). Buomacca yeenuuunaco Ha 59,6—70,9%
B CPaBHEHWM C KOHTPONEM M TOXe ocTaBarnacb Ha
OOCTUTHYTOM YPOBHE MPaKTUYECKM A0 KOHUA KynbTu-
BMpoBaHus (cM. puc. 4). Hannuuwe npotatpaHoB 1 n 2
NOBLICUNO YAENbHYD CKOPOCTb POCTa OPOXOKEN Ha
23,8 n 4,8% cOOTBETCTBEHHO, a TakkKe CHU3WMO ne-
puopg reHepauun Ha 19,1 n 4,5% COOTBETCTBEHHO B
nepuop, aKCroHeHumansHom dasbl.
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MpoAoMKUTENbHOCTb KYIbTUBUPOBAHUA, Y

Puc. 3. BnusaHue npotatpaHoB 1 1 2 Ha S-KpuBble OpOXOKen
NPV NCXOOHOW KOHLIEHTPaLUUn KIeTok 3-10% kn/mn

Fig. 3. Effect of protatrans 1 and 2 on the yeast S-curves
at an initial cell concentration of 3-10° cells/ml
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I'Ipo,qon»(wrenbuocrb KynbTUBUPOBAHMUA, Y
Puc. 4. BniusHne npotatpaHoB 1 n 2 Ha 6uomaccy apoxokew
NPV UCXOOHOW KOHLEHTPaLUUn KIeTok 3-10% kn/mn

Fig. 4. Effect of protatrans 1 and 2 on the yeast biomass
at the initial cell concentration of 3:-10° cells/ml
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BnusHue npotaTtpaHoB 1 1 2 Ha noka3aTenu pocta APoXoKen

Effect of protatranes 1 and 2 on east growth indexes

O6bekT | YgenbHasi CKOpOCTb pocTa, M, Y Mepwog reHepauuu, g, d
VcxodHasi KoHueHmpauus knemok dpoxoxeti 3-10° kn/mn (puc. 3)

6. 6 3 0,693

KoHTporb In6,1x10°-In4,0x10 _ 15,62-15,2 =021 =3.30
10-8 0,21
8_ 6 - 0,693

CoeguHeHme 1 In1,1x10°-In3,0x10 :18,52 14'9=O,26 =2.67
24-10 14 0,26
= X - 0,693

CoeguHeHme 2 In8,2x10"-In3,6%10 :18,22 15,1:0’22 =315
24-10 14 0,22

McxodHas KoHueHmpayusi knemok dpoxoxelt 9-10° kn/mn (puc. 5)

7 7 - 0,693

KoHTpOrTb In3,7x10"-In1,3x10 :17,43 16,38 0,53 =131
6-4 0,53
7 7 - 0,693

CoeguHetme 1 In3,1x10"-In1,4x10 :17,25 16,45 0,40 =173
8-6 04
I 7 - 0,693

CoeguHeHme 2 In3,5><108 I6nl,1><10 :17,37 16'21=0,58 ﬁ=1,19

lMpn MCXOQHOWM KOHUEHTpauuu KNeToK B cpede
9-106 kn/mMn kynbTMBMpOBaHue apoxoken Candida
ethanolica B npucytctBun coeguHenmn 1 un 2 npu-
BEMO K CHWKEHWIO KONMM4YecTBa KINeToK B Mnepuog
nor-cpasbl Ha 1,7-7,0% OTHOCMTENBHO KOHTPONS; B
CTauuoHapHon dhase KONMYECTBO KIETOK Haxogu-
nock NOYTU Ha ypoBHe KoHTponsa (puc. 5). B npu-
CYTCTBUW coeanHeHuni 1 n 2 cHMxXanochb Takke Ko-
nun4yectBo 6muomacckl (Ha 7,0-50,5% oTHocuTEnbHO
KOHTPONS COOTBETCTBEHHO) (puc. 6). Hanuune co-
eavHeHus 1 Ha 24,5% CHU3UNO yaernbHY0 CKOPOCTb
pocta B nepuog nor-¢asbl, YTO MPUBENO K yBENu-
YeHMI0O nepuoda reHepauum Ha 32,1%. Hanuuue
coeguHeHusa 2 Ha 9,4% nOBbICMIIO YOENbHYK CKO-
poCTb pocTa B nepuog Jor-gasbl, YTO MPUBENO K
CHWXEHUIO nepuoda reHepaumm Ha 9,2% (cM. Tab-

nmuy).
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MpoaoNKUTENbHOCTb KyNbTUBMPOBaHUA, Y

Puc. 5. BnusaHne npotatpaHoB 1 1 2 Ha S-KpuBble ApOXoKen
NPV MCXOOQHOW KOHLIEHTPaLUUN KINeTok 9-10° kn/mn

Fig. 5. Effect of protatrans 1 and 2 on the yeast S-curves
at the initial cell concentration of 9-10° cells/ml
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I'Ipop,on»(uTeanocrb KyZbTUBUPOBAHUA, Y

Puc. 6. BnuaHve npotatpaHoB 1 1 2 Ha Buomaccy Opoxoken
NPy NICXOLHOWN KOHLIEHTPALUK KINETOK 9-10° kn/mn

Fig. 6. Effect of protatrans 1 and 2 on the yeast biomass
at the initial cell concentration of 9-10° cells/ml

3AKNIOYEHUE

Mpn MCXOQHOWM KOHUEHTpaUUN KIETOK OPOXOKeWn
Candida ethanolica 3-10° kn/mMn Ha nor-chasy npu-
xoautea 29% BpemeHu KynbTuBmpoBaHus (14 4), a
Ha cTaunoHapHyt — 50% (24 4). MNMpu HebonbLioM
(B 3 pasa) yBenuyeHUM MUCXOOHOW KOHLIeHTpaLuu
knetok apoxken (oo 9-106 kn/mn) 83% BpemeHu
KynbTuBmpoBaHus (40 4) KnNeTkM HaxogdaTcsa B CTa-
LMoHapHou dase, T.e. NPONCXOAUT 3aMeTHbLIN CABUT
BNeBo Bcen S-kpuBoW. bonee Bbicokas mMcxoaHas
KOHLIEHTpaLMs KIETOK OPOXOKEN nNpuBOAWT k bonee
BbICOKOM CKOpPOCTM 00pa3oBaHMs MaKCUMarbHOro
KONMMYecTBa KIeTOK 1 Buomaccsl.

CpaBHeHWe MOMyYeHHbIX OaHHbIX Mexay cobon
nokasano, 4Tto npoTaTtpaHbl 1 U 2 CyWecTBEHHO
yBEMMUMBAIOT KOMWYECTBO KMeTok M Buomacchl B
TOM crnyyae, ecnu Ha nor-cpasy NPUXOAMTCS 3Ha4u-
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TenbHas YacTb BPEMEHU KyINbTUBMPOBAHMS.

OpHako Hanuyume npoTtatpaHoB 1 v 2 3ameans-
€T WUNKN yrHeTaeT HakoMnsieHNe KonmyecTBa KIeToK 1
6vomacchl (T.e. X OENCTBME CTAaHOBUTCH OTpuua-
TenbHbIM) B TOM Crlyvae, ecnvm B NpoLecce KynbTu-
BMPOBaHNS HabnogaeTcss CMmelleHue S-KpuMBOM B
CTOPOHY CTauMoHapHoW asbl. 3TO BbI3BAHO, BO3-
MOXHO, MOMNOXWUTENbHLIM BIUSHMEM MpOTaTPaHOB
Ha cuHTe3 bernka, KOTopbll Hambonee WMHTEHCUMBEH
BO BpeMmsi fiorapmMmn4ecKoro pocra.

AHanua BNusHWUS SaHHbIX COEQUHEHWI Ha yaenb-
HY0 CKOpPOCTb POCTa W BPEMsI reHepauun BO BPeEMSI
nor-casbl Mokasan criegytollee: korga Ha OaHHYH
dasy npuxoguTcsl 3HaYMTErNbHas 4acTb BPEMEHU
KynNbTUBUPOBaHUS, NpoTaTpaHbl 1 U 2 yBenuyvMearoT
YAENbHYK CKOPOCTb pocTa M CoKpallatT nepuog re-
Hepaumn. Ho koroa B npouecce KynbTUBUPOBaHUS
HabnogaeTca cmeLleHne S-KpMBOW B CTOPOHY CTaum-

OHapHou asbl, Hanuume npoTtatpaHa 1 cHwkaet
yOenbHyl CKOpOCTb pocTa M yBENUYMBAET Bpems re-
Hepauun (T.e. ero BO3OenCTBME CTAHOBUTCA OTpula-
TenbHbIM). OAHaKo BO3AENCTBME nNpoTaTpaHa 2 ocTa-
€TCsl TaKUM Xe MOMOXUTENbHBIM U NPUBOAUT K MOBbI-
LUEHWIO yOENbHON CKOPOCTU POCTa U CHWDKEHUIO Bpe-
MEHMW reHepauum B nepwmog nor-gassbl. [1pyn aTOM BO3-
Aencteve npotaTtpaHa 1 sensietcs 6onee 3HaunTenNb-
HbIM MO CPaBHEHWIO C COEAVMHEHNEM 2 BHE 3aBMICUMO-
CTW OT BEKTOpa 3TOro BO34ENCTBUS.

Takum obpas3om, npuMeHeHWe npoTaTpaHoOB
no3BofsieT MoAynupoBaTb, TO €CTb YBENuYMBaTb
WKW CHWXaTb, KONMWYECTBO KIETOK, KOJNIMYECTBO
Buomacchl, yaenbHyl0 CKOPOCTb pOCTa U BpeMms re-
Hepauun gpoxoker Candida ethanolica B 3aBucumo-
CTM OT UCXOOHOW KOHLEHTpaLWn KINeToK 1, COOTBET-
CTBEHHO, OT ha3sbl pocTa KynbTypbl.
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8bIX MPOAYKMo8 u Kopmos. Lernbio uccredo8aHus A6M5/10Ch U3yHeHUe 0m3bi84U80CMU Sp08oU MUIEeHUUb! Ha
pasnuyHble YpoBHU MUHepasibHo20 numaHusi. B cmambe npedcmaesrneHbl pe3ysibmambl 8HECEHUSI MUHe-
parnbHbIx y0obpeHruli nod siposyio nuweHuuy copma Hosocubupckas 31 e TromeHckol obnacmu. Onpederne-
HbI: ypoXxalHOoCmb 3epHa Spoeoll MWeHUUbl, OCHOBHbIE MOKa3ameslu KaJyecmea 3epHa Ha nuuwesbie yenu
(codeprxaHue berika, Cbipol KelKOBUHbI, Ka4ecmeo KielKO8UHbI, CMeK108UOHOCMb, Hamypa), aMUHOKUC-
nomubild u anemeHmHbll (N, P, K, S, Na, Mg, Ca, Cl) cocmassi. [loka3aHo, 4mo 8 3asucumocmu om ro4-
BEHHbIX U 10200HbIX yCri08Ul, a makxe om 003bl BHECEHUSI MUHepasibHble yOOOpeHUs UMem HeOOUHaKo-
8yt aghgpekmusHocmb. B 2018 e. npumeHeHuUe MuUHeparibHbIX yO00bpeHul Mo380/1uso noslyYums rnpubasxky
ypoxatHocmu U yryduwume Kadecmgo 3epHa. OmHocumernbHO eapuaHma 6e3 8HeCeHUs1 MUHeparsibHbIX
y0obpeHuli ypoxalHocmb rweHuUybl noebicunack Ha 1,6 m/za, codepxxaHue 6ernka 6 3epHe — Ha 3,67%, cbl-
pou knelikoguHbl — Ha 9,9%. C nomowbro ydobpeHul ydanocs nomy4ums nuweHuyy 3-20 Kiacca, 8 mo epe-
MS1 KaK Ha KOHmposie nosy4YyeHa rnweHuya 4-2o0 knacca ¢ MeHbuwel ypoxalHocmbto. BbiseneHo, ymo 6 200kl
¢ bria2onpusimHbIMU 10200HbIMU YC/I08USIMU Ha YEPHO3EMEe 8bILESTOYEHHOM POJfib MUHEpasbHbIX ydobpe-
Hull 8 hopmuposaHuUU ypoxxaliHoCmu MueHUYbl U ee kadecmea cHuxaemcs. B 2019 2. Ha ecex eapuaHmax
bbina nonyvyeHa nuweHuya 3-20 Kjacca C HecywecmeeHHO pasfudaroujelicss ypoxaliHocmsio. [Joka3aHo,
4Ymo fpu nosbluieHUU 003 MuHeparbHbIX y0obpeHul 8 3epHe nosbilaemcs codepxaHue arrymamuHogol U
acrapacuHo80U KUC/Iom, HO CHU)Xaemcsi co0epxaHue apeUHUHa. OreMeHmHbIU cocmae 3epHa, Kpome
asoma, He 3agucum om 003bl 8HeCeHUs1 yOobpeHuU.

Knioyeenle cnoea: spoeas nuweHuya, MuHeparbHble yOOBpeHUs, ypoxaliHOCMb, XUMUYECKUU cocmas
3epHa

BnazodapHocmb: Paboma ebironiHeHa rpu ¢ouHaHcoeol noddepxke PODU e pamkax Hay4HO20 rpoekma
Ne 19-316-90001.
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Chemical composition
of spring wheat at different levels
of mineral nutrition
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Abstract: Spring wheat is widely used as a raw material for the production of human food and animal feed.
This study was aimed at investigating the response of spring wheat to different levels of mineral nutrition.
The article presents the results of applying mineral fertilisers when growing spring wheat of the Novosibirsk
31 variety in the Tyumen region. The following parameters were determined: wheat grain yield, grain nutri-
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tional quality (protein content, raw gluten, gluten quality, grain hardness, grain-unit value), and amino acid
and elemental (N, P, K, S, Na, Mg, Ca, Cl) composition. The efficiency of mineral fertilisers was shown to
depend on their dosage, as well as on soil and weather conditions. In 2018, the use of mineral fertilisers led
to an increased wheat yield and an improved grain quality. Thus, in comparison with the control (no fertili-
sers), the wheat yield increased by 1.6 t/ha, while the protein and wet gluten content grew by 3.67% and
9.9%, respectively. The application of fertilisers allowed 3rd class wheat to be obtained, while experiments
involving no fertilisers produced only 4th class wheat. It was revealed that the role of mineral fertilisers in
wheat yields and their quality decreases when growing wheat on leached chernozem under favourable
weather conditions. Thus, in 2019, 3rd class wheat varying in yield insignificantly was obtained in all experi-
ments (with and without fertilisers). It was confirmed that an increase in the dose of mineral fertilisers leads
to an increase in the content of glutamic and aspartic acids in the grain, at the same time as decreasing the
content of arginine. The elemental composition of grain, except for nitrogen, does not depend on the dose of
fertilisers.

Keywords: spring wheat, mineral fertilisers, yield, grain chemical composition

Acknowledgements: The work was supported by the Russian Foundation for Basic Research, Project No.
19-316-90001.

Information about the article: Received March 22, 2020; accepted for publication August 31, 2020; availa-
ble online September 30, 2020.

For citation: Chikishev DV, Abramov NV, Larina NS, Sherstobitov SV. Chemical composition of spring
wheat at different levels of mineral nutrition. lzvestiya Vuzov. Prikladnaya Khimiya i Biotekhnologiya = Pro-
ceedings of Universities. Applied Chemistry and Biotechnology. 2020;10(3):496-505. (In Russian) https://doi.

0rg/10.21285/2227-2925-2020-10-3-496-505

BBEOEHUE

B 3aBncuMoOCTU OT Lienen ncnonb3oBaHWs 3epHa
SIPOBOV MLUEHULbI K HEMY NPeabABNSATCS pasnny-
Hble TpeboBaHus. [na xnebonekapHoON MyKn BaXHbI
Takve nokasartenu, kak cogepxaHve 6enka n cblipon
KMEeMNKOBUHbI, CTEKIOBMAHOCTb, HaTypa, 4Mcro na-
JeHns. [ns 3epHa, UCNOMb3yeMOoro Ha KOpMOBble
uenwu, bygeTt BaxHO cofepxaHve B Hem Oerka, pas-
NNYHBIX 3N1EMEHTOB U aMUHOKMUCIOT.

MpoayKTUBHOCTb SPOBOM MLIEHULbI U XUMUYe-
CKUM COCTaB 3epHa MOryT 3HauyuTenbHO BapbUpO-
BaTbCs. COpT MWeHWLbl, NPUMEHsIEMble YO0OpeHWs
N arpoTexHuka, a Takke ypoBeHb Nnogopoamns nod-
Bbl, MOrOAHbIE YCMOBUS — BCE 9TO BNUSIET Ha ypo-
XanHoCTb 1 KayecTBO 3epHa [1—4]. Ina Poccuiickon
depepaummn knYEBbIMU PaKTOPaMK, BAUSOLLMMUK
Ha YpOXanHOCTb APOBOW MNLIEHWULbI, SBISIOTCA KO-
NNYECTBO 0CAAKOB U CTEMeHb a30THOro NuUTaHu4 [5].

MwupoBas npakTuka MCMoNb30BaHUA MUHepanb-
HbIX yoobpeHun nokasana, 4To 3pEKTUBHOCTb UX
NpUMEHEHNs 3aBUCUT OT COCTaBa, CPOKOB U CMOCO-
GOB UX BHECEHWS, @ TaKkKe YPOBHS MNO4OPOAUS
nous [6-10].

BnusiHne myHepanbHbIX ygobpeHun Ha XxuMmmnye-
CKUA COCTaB 3epHa MWeHMUbl B MEpByl oyepedb
OTpaxaeTcs Ha Konu4yecTBe as3oTcoaepKalimx co-
eauHeHunn B HeM. CunTaeTcs, Yto Yem bonblie 6en-
Ka N CbIpON KNEWKOBWHbI B 3epHe MNWeEeHUUbl, TeEM
OHO nyywe. OgHako yBenuyeHue Konu4ectsa BHO-
CMMbIX MUWHepanbHbIX yoobpeHun He Bcerga cno-
cobcTByeT yBenuyeHuio Genka B 3epHe. 3aBucu-
MOCTb MOXeT ObITb Kak npsiMasi, koraa ¢ yBenu4ye-
H/MeM [o03 YyAoGpeHMn MOoBbIWAETCH KOMMYECTBO
Genka B 3epHe [11-14], Tak u obpaTHasq, koraa c
yBenuyeHneMm o3 yaobpeHuin nosbiaeTcs ypo-

XaNHOCTb MLUIEeHMUbl, a MaccoBas gons 6enka B
3epHEe CHWXaeTCsl, YTO CBA3AHO C TreHEeTMYECKOoMn
0COBEeHHOCTLI0O HEKOTOpbIX copToB [15, 16]. B gpy-
rMX OMbITax 3aBUCUMOCTb MeXAy 403aMU BHOCUMbIX
yoobpeHni u cogepxaHnem 6enka B 3epHe He
HabnopgaeTca [17].

PaccmoTpeHune pesynbTaToB paHee npoBefeH-
HbIX MCCnegoBaHWM CBUAETENbCTBYET O TOM, 4TO
MUHEpPanbHbIA COCTaB 3€pHa MLEHULbl He3Ha4u-
TENbHO MEHSAETCS OT 003 MUHeparbHbIX yaobpeHui
N arpoTeEXHONOMMYECKUX MEPONPUATUA U B BObLLEN
CTeneHn 3aBUCUT OT copTa, MecTa npomspactaHug,
NorofHbIX YCrOBUWN U NMPUMEHSEMON OpraHN4eCcKon
cuctembl 3emnegenusa [18—22]. Mpu udyvyeHun Bnu-
SHUS BbICOKMX 003 BHOCUMbIX MWHEpanbHbIX ya006-
peHun (950 n 1450 kr/ra B (pnanyeckon macce) Bbl-
SABUNACb TEHAEHUMS K MOBLILEHUIO COAEPXaHUS B
3epHe nweHuubl Mn, Fe, B Ha 33-34%, Mg — Ha
20%, Zn — Ha 15%, P — Ha 11%. CogepxaHune B
3epHe K 1 Cu He um3MeHunocb. Ho B aTom cny4yae
TakKe NoBbICUIOCL coagepkaHue kagmusa ot 0,08 go
0,15 mr/kr [23].

AHanunsmpysi B3aMMOCBSA3b MeXAy COAepXaHMu-
em benka U aMUHOKUCIOTHBIM COCTaBOM MLUEHULbI,
yYEHble MPUXOAAT K 3aKIIHOYEHMIO, YTO C yBenuye-
HMem maccoBon gonu Oenka yBenuuMBaeTcs Co-
AepXXaHue rrnytaMuHa M nponvHa, a cogepXxaHue
apryHvHa 4acTto cHwxaetca [24—-27]. nyTamuHoBas
KMCnoTa W rnyTaMmunH SBASIOTCS MEepBbIMA aMUHO-
KMcrnoTamu, KOTOpble CUHTE3NPYIOTCA B MeHule. B
JanbHenLwemMm rnyTaMmvH UCMNOoMb3yeTcsl Kak MCTOYHUK
aMUHOrpynnbl NPU CUHTE3e APYrux aMUHOKUCIIOT B
pacteHun [28]. YBenuyeHne cogepxaHus nponvHa
HanpsiMylo CBsI3aHO C 0COBeHHOCTsIMKN BenkoB niue-
Huubl. lMponuH BxoaMT B coctaB GenkoB-npona-
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MWHOB, KOTOpbIE B CBOK O4Yepedb SABMSTCA OCHOB-
HbIM KOMMOHEHTOM rntoTeHa [29]. CHwkeHne co-
OepXaHWsi aprMHMHa CBSI3aHO C ero katabonuamom,
MOBUNM3YIOLMM 3aNaceHHbI a3oT U perynupyro-
Wwmm cuHTe3 okcuaa asota (NO), nonuamuHOB M
noTeHuunaneHo nponuHa [30].

Takum obpasom, yuuTbiBasi, 4TO B Mpouecce
CTaHOBNEHUSI NPOOYKTUBHOCTM arpoLeHO30B C XO-
POLLUMM KayeCTBOM BaXHbIM YCMOBUEM sIBrisieTcs
YPOBEHb UX 06eCnevYeHHOCTU aneMeHTaMn NUTaHns,
noctaBneHa Uenb WCCNeAOBaHUA: npocneanTb
dopMnpoBaHNE YpPOXaNHOCTU SPOBOW MLUEHMULbI Y
XMMWYECKOTO COCTaBa 3epHa B 3aBWCUMOCTM OT
YPOBHSI MUHEPASIbHOMO MUTaHKS.

SKCNEPUMEHTAJIIbHAA YACTb

lMoneeoli akcrnepumeHm. FpoBasi NeHuua cop-
Ta HoBocmbupckass 31 BosgenbiBanace B 2018 un
2019 rr. Ha NPOU3BOACTBEHHbIX MOMNAX yyxo3a [ocy-
AapCTBEHHOro arpapHoro yHusepcuteta CeBepHOro
3aypanbs. Tvn noYBbl — YEPHO3EM BbILLENOYEHHBbIN.
OnbITHbIE Y4acCTKM XxapakTepusoBanucb 6nuskon k
HeWTpanbHOW peakumen cpegpl: pH coneBow Bbl-
TskkM — 5,5 n 5,7 (8 2018 n 2019 rr. cooTBETCTBEH-
HO), 3HaYUTENbHOW TUOPONUTUYECKON KWUCIOTHO-
ctbio — 4,52 n 3,07 mm/100 1, N OYeEHb BbLICOKOM
o6ecneyeHHOCTbl0O OOMEHHLIMW  OCHOBaHUAMWU —
41,1 n 39,4 mm/100r. CogepxaHne HUTPATHOrO
as3oTa nepepn nocesom coctaensano 4,7 n 10,2 mr/kr,
nogswxkHoro docdopa (no Yupukosy) — 167 wu
129 mr/kr, noaBwxHOro kanusa (no Yupukosy) — 99 u
100 mr/kr, rymyca —7,5 n 4,9% (no rogam cooTBeT-

CTBEHHO).
B kavectBe MuMHepanbHbIX ygobpeHun npume-
HANMCb ammmnadHaa cermTtpa (N) ©  a3oTHO-

doccopHo-kanuinHoe yaobpenne (NPK — asodoc-
Ka) ¢ cogepxaHnem genctsylolnx sewects 34,4 u
15:15:15% cooTtBeTcTBEHHO. Oba ynobpeHus BHO-
CUNKN HenocpeacTBeHHO nepen noceBom. Pacuer
003 yaobpeHui npoeogunca GanaHcoBbIM MeTO-
OOM™ Ha MNaHUpyeMmylo ypoXamHOCTb SIpOBOW MLue-
Huubl: 3, 4, n 5 T/ra. B npouecce pacyeTta y4untbiBa-
NOCb: CoAepXaHWe SMEMEHTOB MUTaHUS B MOYBeE
nepes nNOCEBOM (HUTpPATHOrO as3oTa, MOABWXKHBIX
dopmMm hocopa 1 Kanusi), BbIHOC 3NIEMEHTOB NMUTa-
HUA edvHUUEen npoaykuuu, KO3IhUUMEHTbl UC-
Nonb30BaHUSA 3NEMEHTOB MUTaHUA U3 MOYBbI U U3
yaoOpeHuiA, KoNM4ecTBO AENCTBYIOLLErO BellecTBa
B yoobpeHun. Pe3ynbTaThl pacyeToB nokasanu, 4To
Ha Kaxabli BapuMaHT Heob6xoanmo ObiNo BHECTU B
cpegHem: 220, 375, 520 kr/ra MMHepanbHbIX y0o00-
peHun. B ka4yecTBe KOHTPOSbHOIO SABASASCSA BapuaHT
6e3 BHECEHWSI MUHeparbHbIX yO0OpeHuiA.

3a nepuopg Beretaunm CyMma akTUBHbIX Temne-
patyp (10 °C un Bbiwe) B 2018 n 2019 rr. coctaBuna
2029 n 2180 °C cooTtBeTcTBEHHO. Konun4yecTtBo
0CafKoB, BbIMaBLUMX 3a MEPUOA C TemnepaTypom
Bo3gyxa 10 °C u Bblwe, coctaBumno 259 n 324 mm

no rogam COOTBETCTBEHHO. [MapoTepMnyeckun Ko-
acpmument (F'TK) BeretaumoHHOro nepuoga
2018 r. coctasun 1,28, 2019 r. — 1,47. B knto4yeBble
dasbl Beretaumu, Korga Luna 3aknagka penpoayk-
TMBHbIX OPraHoB MLWeHUUbl (dasbl KyLleHus U Ko-
nowenwuns), 'K cocrtaBun: B 2018r. — 1,06, B
2019 r. - 1,54.

Omb6op u aHanu3 obpa3syos. YpoxamHoCTb Apo-
BOW MLUEHULbl yYnTbiBanacb npambiM KOMGanHMpo-
BaHueM (S =10 mM?). B pganbHeiem npoby 3epHa
nepemelumsanu, namepsanu Hatypy (FTOCT P 54895)
1 pasMarnbIiBanu B MyKy.

B nogrotoBneHHonm npobe 3epHa onpegensnu
cnegywowue nokasatenu: anemeHtHein (FTOCT P
56374, 56375) 1 aMUHOKUCIOTHLIN cocTaBbl (M-04-
38-2009), copnepxaHue benka (FTOCT 10846) u cbi-
powi knerkoBuHbl (FTOCT P 54478), cTeknoBUOHOCTb
(FTOCT 10987). 3neMeHTHbIN (N0 MoHaM) U aMUHO-
KncnotHeii (no ®TK-nponssogHbIM aMUHOKUCIIOT)
cocTaBbl 3epHa onpeaensanyM MeTo4oM KanunnsipHo-
ro amnektpodopesa C NPUMMEHEHWEM CUCTEMbI Ka-
nunnspHoro anektpodopesa Kanenb-105 (JTlomakc,
Poccusa). Mpu onpegeneHnn HUTpATOB U XNOPUAOB
MCMNomnb30Banu BOOHYIO BbITSDKKY. CONAHOKUCIYHO
BbITSXKKY MCNONb30Banu Ans onpegeneHvs Opyrux
WOHOB, a Takke 19 yCTOMYMBBIX K KMCIIOTHOMY rna-
ponu3y ammHOKUCNOT (Kpome TpuntodaHa). [MMpw
3TOM AONS onpefeneHvs coaepXaHus rnyTamuHa,
acnaparvHa v UuCTUHa WX NpeaBapuUTENbHO nepe-
BOOUNW B rMyTaMMHOBYIO, acrnaparMHOBYO U LMCTe-
WHOBYK KUCINOTbl COOTBETCTBEHHO OKWUCIEHUEM
HaBeCku nepmMypasbWHOM Kucroton. [ns mnssnedye-
HUs TpunTodaHa WCMoNb30Banu BbITSKKY Hachbl-
LLleHHbIM PacTBOPOM ruapokucaa 6apus.

Bce BapuaHTbl M3ydYanucb B TpexKpaTHOW Mo-
BTOPHOCTU. [locre npoBefeHus aHanmM3oB KaXkaou
NMOBTOPHOCTU KaXZOro BapuaHTa onpenensanocb
cpefHee 3HavyeHWe nokasaTenen M paccyYUTbIBarcs
OOBEPUTENbHbI MHTEPBan Mpu ypoBHE AOCTOBEp-
HocTn 95% (P = 0,95).

OBCYXOEHUE PE3YJIbTATOB

YpoxanHocTb spoBOM nweHuubl B 2018 n
2019 rr. coctaBuna 3,78-5,40 T/ra. [Ans No4BEHHO-
KnumaTudeckmx ycrosun 3anagHonm Cubupu 3TO
Xopowas MNpOAYKTMBHOCTb 3epHOBbIX. [lpu 3TOM
dakTnyeckas ypoxxanHOCTb MpeBbicuna nnaHupye-
MYIO, MOCKONbKY pacyeTHble MeTOAMKU SBMSTCA
BeCbMa YCIOBHbIMW W HE Y4YUTbIBAOT MOroaHbIe
YCIoBWsl, COPT, NPUMEHSAEMbIE arpOTEXHONOMMH.

OT3bIBYUNBOCTb APOBOW MLUEHMLbBI Ha BHECEHUE
MUHEpanbHbIX yAOOpeHU umena OoTnu4yMsa B 3aBu-
cUMOCTM OT roga uccnegosanud. B 2018 r. npocne-
XMBAETCA BbICOKas KOPPENAUMOHHAs 3aBUCUMOCTb
dopMmnpoBaHNA YPOXKaANHOCTU SPOBOKM MLUEHULUbl OT
KonmMyecTBa BHECEHHbIX yaobpeHun (r =0,841;
n=12; P =0,95), yTo cBNOEeTenLCcTBYEeT O 3aBUCU-
MOCTU YPOXaMHOCTU OT KOSiIM4ecTBa BHECEHHOro

'EpmoxuH FO.U. OcHOBbI NpuKnaaHoii arpoxumum: yue6. nocobre. Omck: BapuaHT-Cubunpb, 2004. 120 c.
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yoobpeHnsi. MakcumanbHass npubaBka Habntoga-
nacb B BapuaHTe C BHeceHuem 375 kr/ra MuHe-
panbHbIX yOoOpeHun, roe ypoxKanHoCcTb cocTaBuna
5,40 T/ra, yto 6onee 4yem Ha 40% BbiLE KOHTPOIIb-
Horo BapuaHTa (unum 1,62 1/ra). AHanornyHole
pesynbTaTbl NOny4eHbl PAAOM yueHbix B 2018 r.: 6bin
OTMEYEH pPOCT YPOXKAMHOCTM SAPOBON  MLUEHWULbI
npu yBENUYEHUN HOPMbl MUHEpPAasnbHbIX YOoOBpeHui
[31-34]. Mo npeacTaBneHHbIM B 3TUX paboTax AaH-
HbIM, npubaBka YpOXaWHOCTU SPOBOW MLUEHWLbI
coctasuna ot 0,4 go 1,3 1/ra unn 21-47%. Kpome
MOBbILIEHUS YPOXaNHOCTN BHECEHME MUHEparibHbIX
yaoOpeHnii MO3BONMITO NOBLICUTL coaepxaHue 6en-
Ka B 3epHe SpoBOM NweHuubl. bnarogapsa atomy
3EepHO SIPOBOW MNLUEHMLbI B BApMaHTax ¢ BHECEHNEM
MUHeparnbHbIX YOOOPEeHW MOXHO Knaccuduumpo-
BaTb kak 3epHo 3-ro knacca (FOCT 9353), a B Ba-
puaHtax Cc [o3amu BHeceHusi yaobpeHun 375 wu
520 kr/ra no copepxaHuio 6enka n Cblipon Krnemnko-
BWHbI — gaxe 2-ro knacca. Ho us-3a Toro, 4To Kaye-
CTBO KIEWKOBMHbI HE COOTBETCTBOBASO TpeboBaHU-
AIM, 3TO 3€epHO HEeMNb3si OTHECTU KO 2-My knaccy. B
2019r., kKaKk U B Npeablayliem, Obin NonydeH Xopo-
WA ypoXKanh SIPOBOM MLIEHULUbl KaK Ha KOHTPOSib-
HOM, TaK M Ha OMbITHOM Yy4acTKe C BHECEHMEM pas-
NWYHBIX [A03 MUHepanbHbix yaobpeHun. OpHako
MUHepanbHble yaobpeHus He NO3BONWUNN NONYYNUTb
npnbaeky ypoxas U He NOBMUSNM Ha Ka4eCcTBO 3ep-
Ha. OTO cBMOETENBLCTBYET O TOM, YTO B roabl ¢ 6na-
ronpuATHBIMW MOrOAHLIMU YCIOBMSIMUA Ha YepHO3e-
M€ BbILLENOYEHHOM WUCMONb30BaHNE MUHEPArnbHbIX
yaobpeHuii okasbiBaeT craboe BO3JeVCTBME Ha
NPOOYKTUBHOCTb SIPOBON MLUEHULIbI Y Ka4eCTBO Npo-
aykummn. CogepxxaHue 6ernka B 3epHe Mo BapyMaHTam
onbiTa Haxoaunock B npegenax 12,77-13,35%, cbl-
poW KnenkoBuHbl — 24,5-28,6%. KayecTBo nieHu-
ubl — 76,7-82,5 eq. WK, 4Tto cooTBeTCTBOBANO Ka-

YyecTBY 3epHa 3-ro knacca (tTabn. 1).

CopT nweHunubl HoBocnbupckasa 31 nokasan xo-
POLLYI0 3aBUCUMOCTb MEXAY YPOXaWHOCTbIO U CO-
aepxkaHnem Oenka B 3epHe (r=0,803; n=24;
P =0,95). C noBblleHNEM ypOXXanHOCTU MaccoBas
ponsa Genka B 3epHe TOXe noBblwanacb. Heco-
MHEHHO, 3TO sBNsAeTCA AOCTOMHCTBOM copTta. Kak
ObINO OTMEYEHO paHee, HEKOTOPbIE CopTa MLleHULbI
UMetoT obpaTHY0 3aBUCUMOCTb MEXOY YpPOXKanHO-
CTblO M cogepxaHuem benka B 3epHe. Cnegyet oT-
METUTb, YTO COOTHOLUEHME MeXAy coaepXaHuewm
CbIpON KNemnkoBuHbl N 6enkom B 3epHe B 2018 .
6bino Bbiwe, YeM B 2019, 4TO roBOpUT O Jy4lleMm
KayecTBe MoJTy4eHHoro 3epHa. NameHeHus gaHHoro
nokasatens B 2018 r. coctaBunu B 3aBMCMMOCTA OT
003bl BHECEHHOrO yaobpeHus 2,18-2,52, aB 2019 .
—1,88-2,24.

Ha copgepxxaHue apruHunHa, rnytammHOBON U ac-
naparMHOBOW KUCIMOT B 3epHe SAPOBOW MLUEHWULb
oKasblBanu BAWsIHUE HOPMbl BHOCMMbIX MWUHEparb-
HbIX YAOOpEeHWn U ypoBEHb €CTECTBEHHOrO MMogo-
poausi MOYB Ha OMbITHOM Yy4yacTke. [loBbileHHOEe
NOCTYMMEeHNe HEOPraHNYeCcKoro asoTa B MleHuLy B
nepByl0 oyepedb BMMSET Ha MOBbILLEHWE copepXa-
HUS rnyTammHa (amuga rnyTamMmHOBOW KWUCMOThI).
B 2019 r. ee copgepxaHne no BapuaHtam Obino B
uernom Bbiwe 4em B 2018 r. n He onyckanocb HUxXe
4,8%. Kpome Toro, B 2019r. otmeyeHo 6Gonee
BbICOKOE COAep)XaHWe acnaparMHOBOM KUCMOThI.
AcnaparvH BO MHOIMX PacTeHUsIX SBMSIETCS OCHOB-
HbIM PELMNUEHTOM FMyTaMUHOBOro asota u obec-
neynBaeT MOOUIbHLIN pe3epByap AN TPAHCMOPTU-
POBKM K y4yacTkaM pocTa. JTo noaTBepXaaeTcs
W HU3KUM coAepxaHueM apruHuHa (meHee 2,0%),
KOTOpbIN MOBUNMN3YeT 3anaceHHbIn a3oT. Copepxa-
HWe OpYrnx amMUHOKUCIIOT W3MEHSANOChb Hecylle-
CTBEHHO W cocTaBnano, %: nponuvHa — 1,3-1,7;

Ta6bnuua 1. YpoXaHOCTb U NoKasaTenu kadecTsa 3epHa Ha NULLEBLIE Lienun

Table 1. Yield and grain quality for food purposes

BapuaHT MokasaTenu kayecTBa 3epHa Ansi NUWeBbIX Lenen (n = 3)
(konuyecTBo Ypoxam-
lon BHOCUMOIO HOCTb, T/ra Benok, Cjb'paﬂ KavquTBo Hatypa, o
MUHEpanbHOro (n=23) % Knemzosta, KNEeNKOBUHBI, K/ CreknoBugHocTb, %
yoo6peHus, Kkr/ra) % en. NAK
| Koutpons 3,78+1,17 | 11,95¢0,77 | 26,0¢25 | 86,7t9,5 | 8056 79+12
220 4,99+0,49 12,85+0,26 32,447 1 95,246,2 78218 84+13
2018 375 5,4040,35 14,81+1,68 32,3+11,5 85,8+21,8 789423 85+4
520 5,34+1,09 15,62+2,59 35,9+3,2 90,8+7,2 77114 84113
HCPO5* 0,37 0,78 2,3 2,7 8 3
KoHTponb 4,97+0,65 13,05+1,20 26,5+8,8 76,7+21,8 766146 8619
220 4,45+0,78 13,35+2,78 26,7+13,4 76,7+9,5 744120 88+15
2019 375 4,43+0,27 12,77+1,33 28,6+14,5 82,5+18,6 756159 8217
520 «kr/ra 4,65+0,31 12,99+2,03 24,5+10,3 79,2+37,9 739433 85+24
HCPO5* 0,18 0,41 2,2 4,8 9 3
TpeboBaHusa Ans nLeHuLbl 2-ro Kkrnacca He meHee 13,5 He meHee 28,0 43-77 He meHee 750 He meHee 60
TpeboBaHusa aAns nweHnLbl 3-ro knacca He meHee 12,0 He meHee 23,0 18-102 He meHee 730 He MmeHee 40
TpeboBaHus 4nsa nweHuubl 4-ro knacca He meHee 10,0 He meHee 18,0 18-102 He meHee 710 |He orpaHu4mBaeTcs

MpumMeyaHue k Tabn. 1-3. * — HaMMeHbLUas CyLLeCTBEHHAs pa3HOCTb Npu 5%-M ypoBHe 3HAYMMOCTU.
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nenuymMHa n mnsonenuymHa — 1,2-1,5; cepuHa — 0,8—
1,0; ravumnnHa — 0,6-0,9; dpenunanavmHa — 0,6-0,8;
TpeoHunHa — 0,5-0,7; anaHmnHa — 0,5-0,7; TMpo3nHa
- 0,4-0,7; nuauHa— 0,3-0,5; TpunTodhana — 0,2-0,3;
BanuHa — He 6onee 0,7; ructuanHa — He 6onee 0,5;
MeTuoHMHa — He bonee 0,4; unctmHa — meHee 0,1
(tabn. 2).

B onbiTax npocnexmnBaeTcs, YTO MUHEepPanbHbIN
COCTaB 3epHa sIpOBONM MLIEHMUbl W3MEHSIeTCsa Mo
rogam uccregoBaHusl, HO Mano OTNMYaeTcs Mo Ba-
pnaHTam B TedeHue roga (tabn. 3). Tak, cogepxa-
Hue Mg, Ca, u NO3 He3HauMTeNIbHO OTNnYyanochb no

Tabnuua 2. AMMHOKUCIOTHbIVA COCTaB 3epHa
Table 2. Amino acid composition of grain

rogam, cogepxaHune Na, P, n Cl 6bino 6onblie B
2018 r., a Ku S 6b1no 6onbue B 2019. VckntoyueHne
COCTaBnsieT MOH aMMOHUS, COAEpPXaHWe KOTOpOoro
3aBMCUT OT [03 MUHepanbHbiX yaobpeHuin. C umx
yBENNYEHNEM TaKKe MOBbILANAacb €ro KOHUEeHTpa-
uusa B 3epHe: B 2018 r. oHa yBenuuunace ¢ 0,51%
Ha KOHTponbHOM BapuaHTe o 0,60% npu Hopme
MUHepanbHbIX yaobpeHun 220 kr/ra, n go 0,76%
npu Hopme 520 kr/ra. A B 2019 r. — ¢ 0,56% Ha koH-
TponbHoM BapuaHTe 0o 0,65% npu Hopme 375 kr/ra.
OTO CBSI3aHO C YBENUYEHWEM MOCTYNNEHUS SOCTYn-
HOro a3oTa, KOTOpbIN OblfT BHECEH C yaobpeHnsamu.

CopepxaHne aMMHOKUCIOT B 3epHe, % (n = 3)
o BapuaHT (konmyecTBO BHECEHHOIO
a MUHepanbHoro yao6peHus, Kr/ra) myTamunHoBas kucnoTa AcnaparviHoBas KucrnoTa ApruHMH
+ rMyTamuH + acnaparuH
KoHTponb 3,6£1,8 <0,5 51+1,6
220 4,5+1,4 <05 4,245,0
2018 375 5,4+2,1 0,7+0,7 1,542,1
520 5,3+2,5 0,7+0,7 1,0£0,7
HCPO5* 0,6 0,1 1,1
KoHTponb 5,0+0,7 0,8+0,1 1,9+0,9
220 4,8+3,5 1,0£0,4 1,6+0,8
2019 375 5,6+0,3 1,210, 1 1,240,4
520 5,3+2,1 0,9+0,5 1,3£0,4
HCPO5* 0,5 0,1 0,2
Tabnuua 3. MuHepanbHbI cocTaB 3epHa
Table 3. Mineral composition of grain
CopepxaHue noHa ammoHus B 3epHe NHa, % (n = 3)
BapunaHT (konn4ectBo BHECEHHOIO MUHeparnbHoro yaobpenus, kr/ra)
lon HCPO5*
KoHTponb 220 375 520
2018 0,51+0,11 0,60+0,09 0,63+0,23 0,76+0,33 0,06
2019 0,56+0,12 0,57+0,04 0,6540,22 0,61+0,04 0,04
CopepxxaHne anemMeHToB U HUTpaT-MoHa B 3epHe, % (n = 12)
lon K Na Mg Ca
2018 0,49+0,03 0,14+0,02 0,20+0,01 0,25+0,02
2019 0,56+0,03 0,08+0,02 0,20+0,01 0,25+0,04
Cl S NO3 P
2018 0,110+0,006 0,033+0,007 0,076+0,006 0,367+0,022
2019 0,065+0,004 0,075+0,024 0,077+0,004 0,336+0,016
BbiBO[ObI yaobpeHnii Noa SpOBYH MLIEHULY 3aBUCUMT OT MOY-

B pesynbTate nNpoOBeOEeHHbIX WUCCNeaoBaHUN
YCTaAHOBIEHO, YTO B KNMUMATUYECKMX YCIoBUSIX 3a-
nagHon Cubrpu BO3MOXHO MONYyYUTb ypoXKawm Spo-
BOW MweHuubl 4o 5,4 T/ra 3epHa 3-ro knacca, KoTo-
poe MOXeT MCNoNb30BaTbCA Ha MULLEBLIE U KOPMO-
Bbl€ Lienu.

OdDEKTUBHOCTL MNPUMEHEHUST  MUHEparibHbIX

500

BEHHbLIX M MOroAHbIX ycrnoBui. MMpu onTuManbHbIX
YCITOBUSIX OHA MOXET OTCYTCTBOBaTb. B MeHee Gna-
FOMNPUSITHBIX YCMOBUSAX MPUMEHEHME MUHEPasbHbIX
yoobpeHuin nossonseT yBenuuuTb cbop 3epHa Ha
1,6 1/ra, cogepxaHue 6enka B Hem — Ha 3,67%, Cbl-
pOW KNenKoBUHbI — Ha 9,9%.

YBenuyeHve HOpMbl MUHepanbHbIX yaobpeHui
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NMPMBOAWUT K POCTY COAEPXaHUs rNyTamMUHOBOW U
acrnaparnHoBol kucnot go 5,6 u 1,2% cootBeT-
ctBeHHOo. CopaepaHue apruHuHa CcHmxaeTcsa Ao
1,0%. OnemeHTHbIN CcOCTaB 3epHa SPOBOM MLUIEHU-
ubl (K, Na, Mg, Ca, Cl, S, P) He 3aBMCUT OT HOpPMBI
MUHepanbHbIX yooOpeHun, HO MeHSeTCa B 3aBUCU-
MOCTM OT MOroAHbIX YCNOBUW. YBENMYEHUE HOPM
MUHepanbHbIX yOOOpEeHWn noBbIlWAeT KOHLUEHTpa-

LU0 MOHa aMMOHMS B 3€pHe SPOBOM MLIEHMUbI 0
0,76%.

YcTraHoBneHa TecHas B3aMMOCBA3b MeXOy Tex-
HONMOMMYECKMMU CBOMCTBaAMM 3epHa SIPOBOW MLUEHU-
Ubl 1 ypoBHEM 0BECNEYEHHOCTN pacTeHUs AfieMeH-
TaMmy NUTaHWs, YTO SABMSIETCS OCHOBOW ONsi pasBu-
TUS Hay4yHO OOOCHOBAHHOIO MNPUMEHEHUS MUHE-
panbHbIX yaobpeHuia.
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Pa3paboTka pac4eTHOU 3aBUCUMOCTU ANA OLUEHKU
BeJIMYMHbI NOTEpPU Macchl npu nuodunnsaumm
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Pe3rome: Llenb uccnedosaHusi — pa3pabomka pacdyemHbix 3agucumocmel Ons OUeHKU 8e/IUYUHbI nomepu
maccbl npu nuoghunulayuu  O0uazHOCMUYECKUX [pernapamos 6 3agucuMocmu Om memrepamypHo-
8peMEeHHbIX pexumos docywusaHus. B kadecmee modesibHO20 pacmeopa npu fuoguniuzayuu Uucrosib30-
easnu 6ynboH XommuHaepa co cmabunuzamopamu: xenamuH (1,5%) u nenmox (10%). [ns docmuxeHus
uenu 6blin1 crnaHuposaH U peasnu308aH MoJiHbIl ¢haKmopHbIU SKCepuMeHm 2°, 8 KOmMopoM ucciedyemMbimu
hakmopamu e/1sIuCsL memnepamypa u epeMsi OOCyWwU8aHUsl, @ makxe Kosu4yecmeo rnpernapama 8 rnep-
8UYHOU yrnakoske. B pe3ynbmame rpoeedeHusi NoIHO20 ¢haKmMopHO20 3KCrepuMeHma npu Uucrnosib308aHuu
amnyrn 8 Kkayecmee repsuyHol yrnakoeku Oblio Mosy4YeHo ypasHeHue pezpeccuu. [lposedeHHass cmamu-
cmudeckass obpabomka nosy4eHHO20 ypaeHeHUs1 rnokasana adekeamHOCmb MamemMamu4yeckol Mooesu.
lMpu ee uHmepnpemayuu 6biI0 ycmaHOB/IEHO, YMO C ygefiudeHUeM memrepamypb! U epeMmeHuU docywusa-
HUSI 8efluYUHa rnomepu Macchl fpu 8bICyWUBaHUU YMEHbLIAeMmCs, a rnpu rnosbieHUU Koiudyecmea rnpena-
pama 80 8mopuy4HOU yrnakoske — ygenuyusaemcs. B pesynbmame npogedeHuUs1 3KCEPUMEHIMO8 8bIsI8/IEHO
coomeemcmeue OfbIMHbIX U pacyemHbIX 3HayeHul nomepu Macchl fpu ebiCywusaHuu. M3yyeHo enusHue
8bICOMbI 8bICYWILBAEMO20 Mamepuarna Ha romepr Macchl rpu 8bicywiugaHuu 01 nuoghunudayuu 3Keuea-
JIeHMHo20 Konudecmea seujecmea 80 ¢hbnakoHax. Ob60CHO8aHHas paHee Mamemamu4yeckass mMooesib Ons
CYWwKuU 8 amnynax ModepHuU3uposaHa 0s1s1 onucaHus npouecca nuogunusayuu 8o grakoHax. Pe3aynbmamai
noomeepk0aruux 3KCrNepuUMeHImos rnokasanau 803MOXHOCMb 8bI4YUC/IEHUS T0OMepU Macchl rpu 8bicyuiusa-
Huu 0519 nosny4YeHHoU modesu. Pa3pabomaHHble pacyemHsbie 3agucUMOCMU M0360JIS0M OUeHU8amb MeKy-
wee 3HadeHue 8eslUYUHbI omepu Macchl npu nuogunusayuu npernapamos, 4mo rnpuobpemaem ocobyto
3Ha4yumocmb 01151 YMeHbWeHUs1 3ampam rnpu 060CHO8aHUU memMepamypHO-8peMEHHbIX napamempos 00-
cywusaHusi Hogbix buornpenapamos, HOpMamueHbIX MPOU380OCMEBEHHbIX PEXUMOS MPU UBMEHEHUU KOuYe-
cmea npodykma, suda rnepsuyHOU yrnakosku, ycrosuti decopbyuu.

Knrodeenie crnoea: nuoghunusayus, nomepsi Macchl npu 8biCywusaHuu, MosfHbIU hakmopHbIl 3Kcrnepu-
MeHm, amnysbl, GhrlakoHbI, pacyemHasi 3a8UcUMOCMb
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Abstract: In this study, we aimed to calculate dependencies for assessing the value of weight loss during
lyophilization of diagnostic preparations depending on the drying temperature and time. A model solution for
lyophilization was Hottinger broth with gelatin (1.5%) and peptone (10%) used as stabilizers. To achieve the
aim, a full factorial experiment 2° was planned and implemented, the investigated factors in which were the
temperature and time of final drying, as well as the amount of substance in the primary packaging. Using
ampoules as containers for primary packaging, a regression equation was obtained. The conducted statisti-
cal processing of the obtained equation showed the feasibility of the developed mathematical model. Accord-
ing to the model, an increase in the drying temperature and time leads to a decrease in the amount of weight
loss; however, weight loss increases under an increase in the amount of substance in the secondary pack-
aging. As a result of the experiments, a correspondence between the experimental and calculated values of
weight loss during drying was revealed. The effect of the height of the material under drying on the weight
loss was studied when drying an equivalent amount of substance in vials. The developed mathematical
model for drying in ampoules was modified to describe the process of lyophilization in vials. The experi-
mental results confirmed the possibility of calculating weight loss during drying using the proposed model.
The developed dependencies can be used for estimating the value of weight loss during lyophilization of var-
ious substances, which is of particular importance in terms of reducing costs when establishing the tempera-
ture and time parameters of drying new biological products and modifying production regimes when chang-
ing the amount of product, type of primary packaging or desorption conditions.

Keywords: lyophilization, weight loss on drying, full factorial experiment, ampoules, vials, calculated de-
pendence
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BBEOEHUE

Mpouecc nuodunusaummn anddepeHuupyeTcs
no Tpem dasam: 3amMopo3ka, cybnmmaumsa u gecopb-
uma. 3amopo3ka onpedensieT CTPYKTypy BeLLecTBa,
OT KOTOPOW 3aBMCUT NpOTEKaHUE MOCMEeaYIWMX CTa-
OV Mpolecca W, Kak NpaBurio, XapakTepucTukn ro-
ToBOro npoaykta [1-5]. Mpu cybnumaummn yaansietcs
OCHOBHOM 06bEM 3aMOPOXXEHHOW HECBSI3aHHOW Bna-
m (oo 90%), nocne 4ero oHa 3aBepliaetca [6, 7]. C
Lenblo gecopbumm CBA3aHHOM XUAKOCTU UCMOMNb3YOT
MoBbILLIEHME TEMMEPATYPbl BELLECTBA A0 YCTaHOBIe-
HUs1 HeoOXOOUMOW BENMYMHBbI NMOTEPU B Macce npu
BbicywimBaHum (MMB) [8, 9].

CkopocTtb gecopbumm obycrnaBnmBaeTcst MHTEH-
CVYBHOCTbIO Auddy3um Bnarn. YCTaHOBMEHO, 4TO
3HaveHue MMB onpepensieTca TemnepaTypon npo-
Lecca gecopbuun n nnowanplo BeLEeCTBa U He 3a-
BMCUT OT 3Ha4yeHus Bakyyma B nvodunumsatope u
BbICOTbl BbicylimBaemoro npoaykra [10, 11]. Ypo-
BeHb [IMB cyxoro npoaykra onpefenserca npexae
BCEro TemnepaTypHO-BPEMEHHBIMU MapameTpamu
JocylnBaHus: Yem bornblue TemnepaTypa npoaykra
N BpemMs [OOCYLIMBAHWS, TEM MeEHbLUE 3Ha4YeHue
MMVB.

Mpn KoHCTpyMpoBaHun nuodunmsaToB buonpe-
napaTtoB, a Takke NPWU BbICYLUMBAHUU CYLLECTBYO-
LWMX NPOAYKTOB criefyeT UMmeTb NpeacTaBneHue o
Jocturaemom B npouecce aAecopbuun 3HayveHun

MMB BelyecTBa Npv BapbMpoBaHUM TemnepaTypHoO-
BPEMEHHbIX XapakKTepPUCTUK npoLecca.

M3BecTHO, YTO LeneBble CBONCTBA nNnodunmaa-
ToB OwuonpenapatoB nydlle COXpPaHATCA npwu
onpeaeneHHoM 3HaveHum NMMB, npyn 3TOM KOHKpeT-
HOe 3Ha4eHue JaHHOro napameTpa siBAsSeTCca MHAK-
BuayanbHbIM ANg Kaxgoro npoaykra [12-15]. Ta-
KM obpasom, 3agada 000CHOBaHUSA TeMNepaTypHo-
BPEMEHHBLIX pEeXumMoB gecopbuun npuobpeTtaet
OornbLloe 3Ha4YeHue.

9KCMNEPUMEHTAIIbHAA YACTb

B kauecTBe MOAENbHOrO pacTBopa UCMONb30Ba-
nn 6ynboH XOTTMHrepa co cTtabunmsaTopamu: xena-
TMH (TOCT 11293-89) u nentoH (TOCT 13805-76),
pacyeTHas koHueHTpaums 1,5 n 10% cooTBeTCTBEH-
Ho. CoepguHeHne OynboHa XOTTUHrepa co cpenou
BbICYLLUMBaHUSI OCYLLECTBIANM B COOTHOWeHun 1:1.
BynboH XOTTMHrepa NpuYMEHsieTCcst NMpu BblpallyBa-
HUM paroB, a BbllLE€HA3BaHHblIE CTabUNM3aTopbl —
npy nuounusauMu npenapartoB B MPON3BOACTBE
yymHoro J1-413C, lNMokposckoro (M) n ncesgotybep-
KyNe3HOoro AnarHocTnyecknx dakrepuodaros.

JInodunmsayms obpasLoB ocyLLecTBnANachk Ha
CybnMMaLMOHHON CylIUIbHOW  ycTaHoBKe Martin
Christ Epsilon 2-6 (F'epmaHus). O6pasubl pasnvea-
nv B amnynel Tuna LWIM-6 o6bemom 6 cm® unu dona-
KoHbl ®O-10 BmecTumMocTbio 10 Mn, 3amopaxusanu
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Ao -50 °C Ha nonkax npoayKToOBOro oTceka Malu-
Hbl, CyGNMMUMpOBanu B 30HE 3BTEKTMKM B COOTBET-
CTBMM C METOOUYECKMMW Mpuemamu, ODBOCHOBaH-
HbIMW paHee [16], 1 gocywMBanu Npu pasnuyHbIX
TemnepaTypHO-BpEMEHHbIX pexumax. NoTtepto mac-
Cbl NPV BbICYLUMBaHWM yCTaHaBNMBanu c npuMeHe-
HMEeM aHanusaTopa BnaxHocTu Sartorius MA 150
(FepmaHusa). O6vem cepun coctasnan 400 amnyn.
OKCNepMMeHTbl MPOBOAMIMMUCE B TPEX MOBTOPHOCTSIX.

[ns HaxoxaeHnss 6a3oBon MOAENM U pac4eTHOM
3aBucumoctu NMMB oT TexHOonorMyecknx napamert-
poB NMounn3aLmmn Ncnonb3oBaH MaTeMaTU4eCcKUn
METOA MNMaHUPOBaHWSA 3KCMEPUMEHTOB, B YacCTHO-
CTW, MOMHbIA DaKTOPHbLIN akcnepumeHT (M) 2"
basoBas mMogenb cogepxana NVMHEWHbIE YfeHbl U
NX B3aUMOENCTBUSI pasfnnyHOro nopsigka:

Y (b,X)=b, +ibixi + an:bikXiXk +
i=1 1=
k=i+1

n (1)
+3 0 X X, X, ey
i=1

k=i+1
I=k+1

roe Y(b,X) — ueneBasa dpyHkums; Xk — aktop He-
3aBUCMMOM MEPEMEHHOM B KOOMPOBAHHOM BWAE;
N — uncno uccneayembix aktopos; b; — koadbdu-
LMEHTbI NpU NNHENHbIX drakTopax; by — koadpdpuum-
€HTbl MpU nNapHbIX B3auUMOAEMNCTBUAX (DAKTOPOB;
bix — koaduuneHTbl NpyM B3aMMOAENCTBUM Tpex
dakTopOoB.

MnaHupoBaHue, peanusauuio n obpaboTKy gaH-
HbIX MONHOrO (PaKTOPHOro 3KCNEepUMEHTa OCy-
LLECTBMSANM NO CNeAyloLemMy anropuTmy:

— KOOMPOBKa MccnenyemMbix bakTopos;

— MOCTPOEHME MaTpuLbl NIIAHUPOBAHUSA 3JKCne-
pUMEHTa B KOOUPOBAHHbIX NEPEMEHHbIX;

— BblYMCNeHne KoaddULNEHTOB ypaBHEHUS pe-
rpeccuu;

— npoBepka HaWOeHHbIX KO3(PPULNEHTOB Ha
3Ha4YNMOCTb;

— npoBepka afeKBaTHOCTM MOMy4YEHHOro ypas-
HEeHUs1 perpeccuu;

— MHTepnpeTauuns NonyyYyeHHon Moaenu;

— npeobpasoBaHne YypaBHEHWUS perpeccun OT
KOAMPOBAHHbIX K HAaTyparibHbIM MEPEMEHHbIM.

KogupoBka uccrnegyemMbix hakTOpoB OCYLLECTB-
nanace rno gpopmyne:

X, =55 2)

roe Z — paktop He3aBUCUMOM NEPEMEHHON B HaTy-
panbHOM Buge; Z? — OCHOBHOW (HyneBoKn) ypoBeHb
hakTopoB; A; — MHTepBan BapbUpoBaHUA PaKTOPOB.
Z? n A Haxogunu no creayLymM COOTHOLLEHU-

AM:
70 _ Z'+Z; .

D= ©

7 -7;
k= - (4)

KoadhpmumeHTbl ypaBHEHUA perpeccum Haxo-
AWM C MOMOLLBbI0 MeToAa HauMeHbLUMX KBagpaToB,
NPUMEHSISI CNeayoLne BblpaXKeHNs:

1&s
N
n
1 no__ L —
bi :—ZY]XI i |:1,k. (5)
n=' "

1 n __ - R
br,p :EJZ:;YJ'XJ'JXLD’ r<p r=1k, p:l,k.

lMpoBepka HaAeHHbIX KO3APPULMEHTOB Ha 3Ha-
YMMOCTb OcyLlecTBAanace no kputepunio CTblogeH-
Ta: NPU |b| > tpSosgy B CHUMTANU 3HAYMMBIM. B npo-
TMBHOM cry4ae KoadduuneHT npu3HaeBann HesHa-
YUMbBIM U MPUHUManNM ero paBHbIM Hym. Kputude-
CKyl0 TOYKY t, Haxoourm w3 Tabnuy pacnpegene-
Husa CTblogeHTa [5] mo uncny cteneHen cBoboAbl
n(m-1) n 3agaHHon BEpOATHOCTU P. Sy,sg BbIMUCHSA-

nun no copmyne:
2
S it 6
K03 nm' ( )

Aucnepcuio BOCMPOM3BOAMMOCTA pacCyuTbiBa-
nn, ucnonb3ays hopmyny:

2 __ 1
Y am-1)

Z?:l Z:r;l(yl] - y])z: (7)
roe N — YUCNo 3KCMEPUMMEHTOB (CTPOK B MaTpuue
M®3); M — YUCNO OMbLITOB B K&XAOM 3KCMEPUMEHTE;
Yjj— pe3ynbTaT OTAenbHOro i-oro HabnoaeHns B j-m
HabnaeHu; 7] — cpegHee BbIOOpPOYHOE 3HaYeHue
ONs j-ro aKcnepuMeHTa.

lMpoBepka agekBaTHOCTU MOMYYEHHOro ypaBHEe-
HUSA perpeccun nposoaunacb no kputepuo duie-
pa, Npy 3TOM YypaBHEHME CuYMTann afeKBaTHbIM,
ecnu cobnoganocb HepaBeHCTBO: Fpacy<Fmasn

Fpacy BIMUCTIANN MO hopmyne:

P = S 8
pacy T g2 ( )
y
roe S2., — ocrtaTouHas aucnepcus, onpeaensemas B
COOTBETCTBUN C BblpaXXeHNeM:

2 __m % V2
SOCT _E ?zl(y; - Y]) ' (9)
roe r — Yucno 3HavyMMblX KO3MPULNEHTOB B ypaBs-
HeHNn perpeccuu; Y] — 3HayeHVe un3y4aemoro na-
pameTpa, onpefeneHHoe no ypaBHEHUIO perpeccum

CO 3Ha4MMbIMK KO3hpuuMeHTamMmn Ons j-ro aKcne-
pUMeHTa.
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Fmasn Haxoounu m3 T1abnuy KpUTUYECKUX TOYEK
pacnpegenenua duwepa [17] no 3agaHHOW Bepo-
ATHOCTM U COOTBETCTBYIOLLMM CTEMEHAM cBobOoabl
ki=n-r, ky=n(m-1).

WHTepnpeTaums MOMy4yeHHOW MoOZENW  OCY-
LLleCTBNSANach NoO ypaBHEHWIO perpeccun B KOOUPO-
BaHHbIX MepeMeHHbIX. [lpy 3TOM 3HaK «MAC» y
Ko3ahpumLMeHTa roBOpUT O TOM, YTO C yBENUYEHNEM
JaHHoro dakTtopa yBenuuuBaeTCsl UCCrneayemblin
napameTp, a npu 3HaKe <«MWHYC», HaoboporT,
YMeHbLLUAeTCs.

Cratnctnyeckyto o6paboTKy pesynbTaToB 3KC-
NEpPUMEHTOB OCYLLECTBMANM NO CTaHAapTHOW MeTo-
Ovike onpegernenns rpyobix owmbok. PacyeTsl ocy-
wectenanm ¢ nomoublo Microsoft Office Excel 2010
n Mathcad (Bepcus 15.0).

OBCYXOEHUE PE3YJIIbTATOB

C uenblo nonyyeHust pacyeTHOW 3aBUCUMOCTU
ansa oueHku BenuyunHel NMMB gnarHoctnyecknx npe-
napaToB WCMOMb30BaHbl MaTteMaTudeckne MeToAbl
NNaHNpOBaHUA 3KCMEPUMEHTOB. bbin cnnaHupoBaH
N peannsoBaH MOMHbIN (DAKTOPHLIA 3KCNEPUMEHT
2°. WccnepyembiMu hakTopamu, BIVSIIOLMMUA Ha
3HadeHue NMMB, Obinu: TeMnepaTypa AOCYLUNBaHUS,
BpeMs JOCYLIMBaHMSA WM KONUYECTBO Npernaparta B
amnyne. 3HayeHMs HasBaHHbLIX MapameTpoB Opa-
nncb B MHTEepBanax, NpMMEHsIEMbIX NPY NPOU3BOA-
CTBEHHOW NModununsaumm guarHoCTU4EeCKUx npena-

YpoBH/M BapbupoBaHUSA (PakToOpoB U 3aBUCK-
MOCTb KOAMPOBAHHOW nepemMeHHon X; OT HaTypanb-
HOW Z;, a Takke maTpuua nnaHMpoBaHUSA MOMHOro
haKTOpHOro 3KCNepuMmeHTa C ero pesynbtatamu
npeacTaeneHsl B Tabn. 1, 2.

B Hawwux uccneposaHuax 6asosas mogens (1)
npuHsna cnegyowmnn Bua:

Y(b,X) = bo + b1X1 + b2X2 + b3X3 + b4X1X2 +
+b5X1X3 + b6X2X3 + b7X1X2X3, (10)

MpuMeHss MeTon HauMeHbLUMX KBagpaToB Mo
MeTOOUKe CTaTUCTUYecKon obpaboTku pesynbTaToB
3KCNEPMMEHTOB, NpeACTaBNEeHHON B pasaene «JKc-
nepuMeHTarnbHasi 4YacTb», OblM onpeAdeneHbl Ko-
acpdurumenHTl b; BbIBpaHHO Moaenu nNpyu nepemMex-
HbiX Xi, X5, X3 N UX B3aUMOOENCTBUAX, a TaKKe
TOYHOCTHbIE XapaKTEPUCTUKKN, onpedendiowme 3Ha-
YMMOCTb K03(PpMUNEHTOB b; N agekBaTHOCTb Moae-
nm.

[aHHble cTaTucTudeckon obpaboTkmM pesynbTa-
TOB NPOBEAEHHOrO 3KCNepuMeHTa NpeacTaBreHbl B
Tabn. 3.

B pesynbtate 06paboTkM AaHHbLIX NPOBEAEHHO-
ro 3KcnepuMeHTa ObINO MOMyYeHO creaytollee
ypaBHEHWE perpeccum:

Y =115-0,45X; — 0,3X, + 0,175X; —

paTtos. —0,025X,3 — 0,025X; X3 — 0,025X; , 5. (12)
Tabnuua 1 . YpoBHM BapbupoBaHMs hakTOPOB N 3aBUCUMOCTb KOAMPOBAHHOW NepeMeHHON X;
OT HaTypanbHOW Z;
Table 1. Rate of factor variation and dependence of coded variable X;
on natural one Z;
o . o 3aBucumocTb
OcHosHoW " BepxHun HwxH1A _
HTepBan KOONPOBaHHON
dakTop ypoBeHb ypoBeHb ypOBEHb o
= BapbMpoBaHUsi nepemMeHHoM
(HyneBown) (+) ) .
OT HaTyparbHoMn
Z;— TemnepaTypa gocylmsaHus, °C 25,0 5,0 30,0 20,0 X, = Z ; 25
Z, — 10
Z,— BpeMs JOCYLUMBaHNS, Y 10 15 5 X, = 5
_ Z3— 1,25
Z3— KONM4YecTBO npenapara 1,25 075 20 05 =2
B amnyne, mn 0,75
Tabnuua 2. lNMnaH MHOrogakToOpHOro 3KCNepPUMEHTa U ero pesyrnbTaThl
Table 2. Scheme of multifactorial experiment and its results
Homep daKTophl MoTeps maccel npu BeicylwumBaHuu (Y), %
BapuaHTa X X X
p 1 2 3 Y. Y, Ya Yo
1 + + + 0,5 04 0,6 0,5
2 - + + 15 15 1,5 1,5
3 + - + 1,0 1,2 0,8 1,2
4 - - + 2,0 2,1 2,2 2,1
5 + + - 0,3 0,2 0,4 0,3
6 - + - 1,1 1,1 11 11
7 + - - 0,8 1,0 0,6 0,8
8 - - - 1,6 1,7 1,8 1,7
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Tabnuua 3. [laHHble cTaTucTMyeckon obpaboTkm pesynbTaToB SKCNepuMeHTa

Table 3. Statistical processing of experimental results

bo by b, bs b1 b1s [ b12s oS oo
1,15 0,45 -0,3 0,175 0 -0,025 -0,025 -0,025 0,19
Frma67=3,01; Fpaccq:2,25
Mocredytowas cratuctuueckass ob6paboTka Bblpa-  NCeBAOTyGepKynesHoro.

XeHnst (11) ¢ npuHATOnM BeposATHOCTbIO P = 95%
3HaYMMOCTU KO3MULUMEHTOB b npu t,=2,12 u©
agekBaTHOCTU mMoaenu Fpacc,= 2,25 BbiBUNA, 4TO
Ko dPuLUmMeHTbl perpeccun ans aktopos Xi 3; Xz 3;
X123 HE ABMAIOTCH 3HAYUMbIMU, UX MOXHO HE y4u-
TbiBaTb. CnepgosaTtenbHO, ypaBHeHue (11) Bbirms-
ONT criegyowmmM obpasom:

Y = 1,15 — 0,45X, — 0,3X, + 0,175X,. (12)

Wnu B HaTypanbHbIX BEMUYMHAX (DaKTOPOB:

r=115-0ss(A 72 _0a(2 7).
+0175(3%§§5) (13)

MpeacraBnano onpefeneHHbIn UHTepec BbISB-
neHne COOTBETCTBUSA pPaCYeTHbIX M MOMYYEHHbIX
MMB npu Tex 3HayeHusx TemnepaTypbl U BPEMEHM
OOCYLLIMBaHUA, a Takke KOonu4ecTBa npenaparta B
amMnyrne, Npu KOTOPbIX MCCNeaoBaHWs He NMpoBOAM-
nuce. [ns npoBedeHMst 3KCNEPUMMEHTOB ObiNn Bbl-
OpaHbl crnegylwne 3HayYeHUs  BbllLEeHa3BaHHbIX
TexHonornyeckmx caktopos: 35 °C, 124 u 1,0 mn.
PaccuutanHasa senuunHa NMMB coctaengana 0,07%,
a onpegeneHHad aKcnepuMeHTanbHO 0,05%.
[aHHble 3HaveHus ABNAKTCA  OOMNOMHUTENbHBIM
noaTBepXXaeHueM afekBaTHOCTU ypaBHeHus (13).

Muoxutenun npu X; (TemnepaTtypa gocylLivBa-
HMg) n X, (Bpemsi OOCYLIMBAHWSA) OTpuUaTenbHbI.
OTO cBMAETenbCTBYET O TOM, YTO MPU yBENUYEHUU
OaHHbIX TEXHOMNOrM4YeckMx napameTpoB YMeEHbLUa-
etca BenuunHa NMMB. MHoxuTenb npu Xz NONOXK-
TenbHbIA. OTO rOBOPUT O TOM, YTO NPU YBENUYEHUN
KonnyecTtBa npenaparta B amnyne BenuyuHa NMMB,
HaobopoT, yBENMYNBaeTCs.

Cnenyet OTMETUTb, YTO NOMYy4YEHHOE YpaBHEHME
perpeccun (13) ycnewHo Mcnonb3yeTcs nNpu npo-
MbILLIIEHHOM MPOW3BOACTBE AUArHOCTUYECKUX Oak-
Tepuodaros: 4YymHoro J1-413C, NMokposckoro (1) n

MpeacraBnano onpefeneHHbl Hay4YHO-NPaKTU-
YECKUA MHTEPEC U3YyYeHUe BIIUSIHUSA BbICOTbl BbICY-
lwuBaemoro Martepuana Ha MMB. C stonm uenbto
OblNn cnNaHMpoBaHbl U NPoOBeAEHbl AKCNEPUMEHTbI
no nuvounu3auun 3SKBUBANEHTHOrMO KonuyecTsa
npoaykta (Mmerowero OOWHAKOBYK BbICOTY) BO
dnakoHax ®0O-10 BmectumocTbio 10 M 1 amnynax
Tuna LWM-6 o6bemom 6 cm®. dacoska B amnynbl
coctaensna 2,0 mn (BeicoTa matepuana 15 mm),
COOTBETCTBEHHO 3KBUBANEHTHOE KOMMYEeCTBO MpoO-
AykTa Bo driakoHe — 4 mMn (Ko3dpULMEHT COOTHO-
LWEeHNss MeXay KONMMYecTBOM BbICYLUMBAEMOro Ma-
Tepnana coctasun 0,5). TexHomornyeckne napa-
MeTpbl JocylimBaHus Gbinu cnegyowmne: Temnepa-
Typa — 30 °C, npogonmkutensHocTs — 15 4. NMMB kak
B amnynax, Tak u Bo cdnakoHax coctasuna 0,5%.
Heobxogumo 3ameTuTb, 4TO 3Ha4veHusa NMB maTte-
puana, BbICYLLEHHOr0 B amnynax, WOeHTU4YHbl pac-
CYMTaHHbLIM MO 3aBucuUMocTh (13).

lMpeobpas3oBaHHas dopmyna Ans BblYUCIEHUS
NMVB npu nuocdumnmsaumm BO drakoHax Oyaer
UMeTb BUA:

Y = 1,15 — 0,45
—Q3(

(Z1 -25

Z,-10
5

) + 0’175 (0,524,,13—1,25),

(14)
0,75

roe 0,5 Zyn3 — KONMYecTBo npenapaTa Bo (pnakoHe,
MIT.

PesynbTaTbl noATBEpXAAOLINX IKCNEPUMEHTOB
npu KonuvyecTBe npenapata BO nakoHe 2 mn
npegcTaeneHsl B Tabn. 4.

AHanu3 paHHbIX, NpedcTaBrneHHble B Tabn. 4,
cBuaeTenbCTByeT 00 yO4OBNETBOPUTENbHOW CXOAM-
MOCTW pacyeTHbIX U 3KCNepuMEHTalbHbIX 3Have-
HUA. JTO NO3BONSAET FOBOPUTL O BO3MOXHOCTU NpU-
MeHeHus BbipaxeHus (14) AN BbIYUCNEHUS TEXHO-
NOrMYECKNX XapakTePUCTUK.

Tabnuua 4. Pe3ynbTaTthl NOATBEPXKAAIOLLMX 9KCNEPUMEHTOB NPY KONMYecTBe npenapaTta Bo (riakoHe 2 mMn
Table 4. Results of confirmation experiments, with 2 ml of preparation per flask

MVB, %
Pexumbl gocylumsanuns
paccunTaHHas onpeaenenHas
Temnepartypa, °C Bpewmsi, 4 IKCnepumMeHTanbHo
25 5 1,27 1,3
25 15 0,67 0,7
20 5 1,72 1,75
20 15 0,8 0,8
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3AKNKOYEHUE

Takvm obpa3om, pa3paboTaHHble HaMu MaTema-
Tu4yeckme BblpakeHus (13) u (14) garoT BO3MOXHOCTb:

— npeAckasbiBaTb, a Takke onpegensTb B Npo-
uecce nmopmnusaumMn TeKylume BenvYMHbI MpoMe-
XyTka BenununH MNMB cyxoro 6vonpenaparta npu pas-
TNINYHBIX TEXHOMOMMYECKUX NapameTpax aecopobumu;

— MPOrHo3npoBaTh BpeMs npoueaypbl gecopbunm
Onsi ycTaHoBneHuss Tpebyemoro 3HadeHunst NMMB npwu
YCTaHOBIIEHHbLIX  TeMMepaTypHO-BPEMEHHbIX —Napa-
MeTpax;

— onpegenutb Temnepatypy Guonpenaparta npu
YCTaHOBIIEHHOWN ANUTENBHOCTY Aecopbumn.
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OcobeHHOCTN NnoBeaeHUA cpepMeHTa NaHKpeaTU4YeCKOWM
nunasbl NpyU peuuKnm3sauumm B npoueccax cCMHTe3a
oyTunbyTtuparta B HeBOAHbLIX cpeaax

© B.C. NamatopoBa, I'.A. [laBneTwuHa

KasaHckuii HaumMoHanbHbIN UCCNeaoBaTeNbCKUA TEXHONOMMYECKUA YHUBEPCUTET,
r. KasaHb, Poccunckas degepaums

Pe3rome: [Jywiucmesie sewjecmsea Haxo0sm ce200HS WUPOKOe MpUMeHeHuUe rnpu co30aHuu pasnuyHbiX om-
Oywek Onsi KocMemu4ecKkux U MorwWux cpedcms, MeQUUUHCKUX Mpernapamos HapyXXHOo20 MPUMEHEHUs, a
mak>Ke 8 nuujesol npomMbiwnieHHocmu. @epMeHmMebl, Moy4YeHHbIE C MOMOWb MEMOO08 «3e1eHOU XUMUUY,
0C0b6eHHO UeHHbI 88udy cgoeli akosoaudHocmu. loamomy hepmMeHmamueHbIl CUHME3 CIIOXHbIX 3¢hupo8
anughamuyeckux KUCIiom u Crupmos, MHo2ue U3 KomopbIx Aernsiomcs OywucmbsiMu 8eujecmeamu, rpeo-
cmaensgem 60nbwol npakmuyeckuli uHmepec. [aHHbili Memod umeem CyuleCmeeHHbIe npeuMyujecmesa 8
CpasHeHUU ¢ XUMUYeCKUM: rpouecc eedemcsi npu HU3KoU memrepamype, npu nposedeHuUuU chepmeHma-
MUueHbIX mpaHcgopmayul npakmuyecku omcymcmeyrom noboyHbie npoldyKmbl, ecriedcmeue 4ezo He
mpebyemcs npuMeHeHuUs1 crieyuarnbHbix Memodos o4ucmku. OOHaKo cmoumMocmb (hepMeHMHbIX fpernapa-
moe 0oCcmamoyYHO 8bICOKa, HO UMMOBUIU308aHHbIE (hEPMEHMbI B03MOXHO UCI0/1b308amMb MHO20KPaMHO.
B Hacmosuwel pabome bbina uccredogaHa B803MOXHOCMb UCMO/b308aHUS HEeUMMObUIU308aHHOU MUO-
¢unbHo ebicyweHHoU nuna3skl (Lipase from porcine pancreas, Type 11) 0519 MHO20KpamHoU amepudbuka-
yuu 6ymurnogozo criupma macrnsHou kucromol. lpoyecc cuHmesa rpogodusicsi 8 cpede 2ekcaHa. [NonHo-
ma npomekaHusi rpoyecca KOHMposuposasnack MymeM mumposaHusi 00HO-CIUPMOB0oU Weso4Ybio ocma-
moyHoOU Kucriombi 8 peakyuoHHol cpede. locne 3asepweHusi npoyecca cuHmesa achupa pepMeHmHbIU
npernapam omaoesiancsa om peakyuoHHOU CMEeCU U o8mopHO UCMOb308asiCs 8 peakyuu ¢ Hoeol rnopuyuel
cybcmpama. lNokasaHo, Ymo ¢hepmeHm mMoxem ucrionib3o8ambcsi 8 bonee 10 yuknax. O6HapyXeHO, 4mo
Ha4uHasi Co 8mMOpPO20 UUKa akmusHOCMb hepMeHma eo3pacmaem 8 3a8UCcUMOCMU Om €20 KOHUeHmpa-
yuu 8 cpede. lNpu amom KoHeepcuss MacrsHoU Kucromel yeenudugsaemcsi Ha 6—180% u mornbko rocne
10-20 uukna cpasHusaemcsi ¢ UcX0OHOU. HeobbI4YHbIU aghghekm nosbiueHUs hepMeHmamueHoU akmugHo-
cmu nunasbi 8 peyukiax MoXHO 0ObsICHUMb SI8lIeHUEeM asmokamarsnu3a, a UMEeHHO, akmusayuel ¢hepMeH-
ma eodol, ebidenuswelics 8 pesynbmame amepucbukayuu, U OCOBEHHOCMSMU CMPOEHUST aKmueHO20
ueHmpa naHkpeamuyeckol nunassi.

Knioyeenie cnoea: 6ymunbymupam, naHkpeamudeckasi fiurasa, KOHeepCusi, peyuknusayusi, aemokama-
nus

UHpopmayusi o cmamsbe: [Jama nocmynneHus 19 mas 2020 e.; dama nipuHsmus K nedamu 31 aszycma
2020 e.; dama oHnaliH-pa3meuieHus 30 ceHmabps 2020 e.

Ans yumupoeaHus: Tamatoposa B.C., [aBneTwuHa .A. OcobeHHOCTU noBegeHns hepMeHTa naHkpeaTu-
YeCcKOW nvnasbl NPy peuuKknu3auumn B npoueccax cuHteda 6ytunbytnpaTta B HEBOOHbIX cpedax. MN3Bectus
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2925-2020-10-3-515-521

Behaviour of pancreatic lipase enzyme
during recyclization when synthesizing butyl butyrate
in non-agueous media

Valentina S. Gamaurova, Guzel A. Davletshina
Kazan National Research Technological University, Kazan, Russian Federation

Abstract: Aromatic substances are widely applied in the creation of fragrances for cosmetic, detergent and
food products, as well as medical preparations for external use. Environmentally friendly enzymes obtained
using green chemistry methods are of particular value. Therefore, the enzymatic synthesis of esters of aro-
matic aliphatic acids and aromatic alcohols is of great practical interest. This approach has significant ad-
vantages over chemical methods, since it is carried out at low temperatures without the formation of by-
products, thus requiring no special purification techniques. Although the cost of enzyme preparations is ra-
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ther high, immobilized enzymes can be used repeatedly and continuously. In the present work, we investi-
gate the possibility of using non-immobilized freeze-dried lipase (Lipase from porcine pancreas, Type 11) for
repeated esterification of butyl alcohol with butyric acid. The synthesis was carried out in hexane. The com-
pleteness of the process was controlled by titration of the residual acid with aqueous alcoholic alkali in the
reaction medium. The resulting enzyme preparation was separated from the reaction mixture and reused
with a new portion of the substrate. It is shown that the obtained enzyme can be used for more than 10 cy-
cles. It was found that, starting from the second cycle, the enzyme activity increases depending on its con-
centration in the medium. In addition, the butyric acid conversion increases by 6—180% reaching the initial
level only after the 10th cycle. The unusual effect of increasing the enzymatic activity of lipase in recycles
can be explained by both the phenomenon of autocatalysis, i.e. activation of the enzyme by water released
as a result of esterification, and structural features of the active site of pancreatic lipase.
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BBEOEHUE

CnoxHble adupbl anudaTnyeckux KUCHoT W
CNUPTOB HaxoAAT LLUMPOKOE NPUMEHEHWE B KadyecTBe
apoMaTn3aTopoB B MULLEBOW MPOMBILLIIEHHOCTU, MPK
NPOW3BOACTBE CUHTETMYECKUX MOIOLIMX CPpeacTs, a
TaKKe B PasNNYHbIX KOMMNO3NLMSAX OHW UCMONb3YHoT-
cs B napdomepumn 1 apomaTepanmml [1, 2]. Kpome
TOr0, OHW WCNOMb3YITCA B PasfUYHbIX OTpacnsx
NMPOMBILLMIEHHOCTN B KayecTBe pacTBopuTenen, nna-
CTUUKATOPOB, CMa304HbIX Macer, rmgpaBnM4ecknx
xugkocten. B nocrnegHve rogbl CnoXHble 3dupbl
BbICLUMX CMMPTOB CTanM paccMaTpuBaTbCs Kak nep-
cnekTvBHble [00OaBkM W nNpucagkM K AM3enbHOMY
Tonnuey [3, 4]. OcHoBy camoro 6nogunsensHoro Ton-
nvBa COCTaBNAOT CMOXHble 3MUPbLI HU3LWKX Cnnp-
ToB. B cBA3W € 3TMM pe3ko BO3POC MHTEPEC K Mnory-
YEHUIO CINOXHbIX 3PMPOB U3 PasNNYHBIX MCTOYHUKOB,
B TOM Y/CIE N C UCMNOMb3oBaHWeM (hepMeHTaTUBHO-
ro katanuaa c npumeHeHnem nunas [5-10].

B cnyyae npumeHeHuss epmMeHTaTUBHOIO Ka-
Tanusa BaXHbIM MOMEHTOM SBISIETCH BbISBMEHNE
BO3MOXHOCTMW NMOBTOPHOIO MUIK gaxe MHOrOKpaTHOro
ncnonb3oBaHMs bepMeHTHOro nNpenapaTa Aans pea-
nu3auum cuHTesa, 4to, 6e3ycrnoBHO, no3BoMseT
CHU3WTb €ro pacxod u Bknag B cebecTtoMMocTb ro-
TOBOM npoAykumu. MHorokpaTtHoe ucnonb3oBaHue
depMeHTOB XxapakTepHO ANs1 MMMOOWIM30BaHHbIX
npenapaToB, KOTOpble UMeIT Bonee BbICOKYIO Tep-
MUYECKYI0O U MeXaHU4ecKyto ycTonumBocTb [11-13].
Tak, npn depmMeHTaTMBHOM KaTanuse AyLUCTbIX
BELLECTB anudaTtnyeckoro psga ¢ UCrnonb3oBaHNeEM
MMMOBWNN30BaHHBIX KOMMEPYECKMX NpenapaTos
ObINo nokasaHo, 4To GBuokatanmsatop Novozyme

435 coxpaHan go 80% dhepMeHTaTMBHOW aKTUBHO-
CTW Mpu Mcnonb3oBaHum B 9 uuknax, a buokartanu-
3atop Lipozyme RM-IM - go 5 umknos [14]. mmo-
bunnsosaHHas nunasa Candida antarctica (CALB)
coxpaHsana go 65% depMeHTaTVBHOW aKTMBHOCTU
nocrie 10 UMKNOB cuHTe3a 3cUPOB aueTovHa u
XUpHbIX KncnoT [15]. PekoMOuHaHTHasa nuvnasa
rPicha/lip, nmmobunnnsoBaHHasi Ha OBYOKUCU KPEM-
HUS, COXPaHAET BbICOKYHD aKTUBHOCTb U CTabuUIb-
HOCTb A0 40 UMKNOB NPKU 3TepMdUKaLUKN HACbILLEH-
HbIX XWpHbIX kucnot (C4-18) co cnuptamm (C5-16)
[16]. OpHako HenMMMOOMnM30BaHHblE (epMEeHThI
UMEIT MEHbLUYH YCTOMYMBOCTb, U BO3MOXHOCTb UX
MCMONb30BaHUA B peuuknax MeHee BeposiTHa.

SKCNEPUMEHTAIIbHAA YACTb

B kavectBe hepMeHTa MCMonb30Barcs KoMMmep-
Yeckuin npenapart Lipase from porcine pancreas (ga-
nee — naHkpeaTnyeckasa nunasa), Type 11, nnodunb-
HO BbICYLLUEHHbIA. AKTMBHOCTb — 25,0 en./mr 6enka npu
MCMOMNMb30BaHNM ONIMBKOBOIO Macna B KavecTse cyo-
ctpata. OnpegeneHne akTMBHOCTM NMnasbl NPOBOAY-
nocb CTaHp,ag)THbIM MOONPMUMPOBAHHEIM METOLOM
Orta u Amaga®®.

depMeHTaTUBHLIN KaTanua npoBoauncs B 6es-
BOOHOW cpefe, B KayecTBe pacTBOpuUTens npume-
HAMNCS rekcaH, macnsiHas kicnota, bytaHon u rek-
CaH — X.M.

KoHTponb Haa npoueccoM OCYyLeCTBASANcA Me-
TOAOM TUTPOBAHUA MO YMEHbLUEHUO KOonmnyecTBa
Kncnotbl B cucteme. TutposaHue nposogunun 0,1 N
cnmpTtoBbiM pactBopoM NaOH (B 80%-m 3TnnoBom
cnmpTe) npu Temnepatype 20 °C, B kayecTBe UHOM-

‘BpaTyc W.H. XumMusi AyLUMCThIX BELLECTB: y4eBHINK ANS YHaLLMXCA TEXHUKYMOB; 2-€ 13f., nepepab. 1 aon.

M.: Arponpomun3gat.1992. 240 c.

eraqesa N.M. TexHonoruns depmeHTaTnBHLIX NpenapaTos. M.: Arponpomusaar, 1987. 335 c.
3Famaroponzsa B.C., 3uHoBbeBa M.E. ®epmeHThI. JlabopaTopHbin npaktukyM. Cl16.: MNpocnekT Hayku, 2017.
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KaTopa ucnonb3oBancs 1%-/ cnupToBOW pacTBOp
deHondTanenHa, KoHTpomnbHbI obpasel He co-
aepxan oepMeHTHOro npenapara.

KoHBepcuio kucnotel, B, %, paccuntbiBanu no

cdopmyne:
B=(K-O)/K - 100,

roe K — konuyectso cnmptoBoro pactsopa NaOH,
3aTpayeHHOe Ha TuTpoBaHMe KoHTpons, mm; O —
KonnyectBo cnuptoBoro pacteopa NaOH, 3aTpa-
YeHHOoe Ha TUTpoBaHue Npobbl, M.

Mpouecc ocyulecTBrAnCca cregyrowmMm obpa-
3oMm: B konby nomellanu cybcTpar, npeactaBnsio-
WM cobon cMecb MacnsiHOW KUCMOThbl U ByTaHona B
MOJSIBHOM COOTHOoWweHnn 1:1 (MacnsHasi KucnoTa
ucnonb3oBanace B Buage 0,1 N pacTtBopa B rek-
caHe), 1 bepMeHTHbIN npenapaTt naHKkpeaTn4eckon
nunasel. CuHTes admpos nposoauncsa npu 35 °C u
BapbUPOBaAHUKN CKOPOCTU NepeMeLlInBaHus.

Bce akcnepvmMeHTbl npoBOAMU B 12-T NOBTOP-
HocTsAx. PesynbTatel obpabaTtbiBanM C MOMOLLbIO
naketa cratucTuyeckmx nporpamm Statistica 6.0.
[oCTOBEPHOCTb OTNMYUIA KOHTPOSbHBLIX W 3KCNepu-
MEHTanbHbIX Pe3ynbTaToB OLEHMBaNM Npyu NOMOLLM
t-kputepusa CrblogeHTa. lorpewHocTs nsMepeHni
He npesbiwana 7%.

OBCYXOEHUE PE3YJIbTATOB

JNlvnasbl npegcTaBnsaoT OOMbLWIOW MHTEpec B
NpaKkTU4eCcKon peanus3aLmm OpraHM4yeckoro CuHTesa
CNOXHbIX 3c¢hmpoB. OHU MNO3BONAT Mony4vyaTb A0-
CTaTOYHO YMCTble UeneBble NpOoAyKTbl, HE 3arpsas-
HeHHble NOGOYHBbIMU BeLLECTBaMM, BBMAY BbICOKON
cneunuyHocTn  epmeHToB. PepmeHTaTUBHBbIN
CVHTE3, KaK npaBuno, NpoBoaUTCS NpU HU3KNX TEM-
nepatypax, 4To npuBriekaTtenbHO, MOCKOMbKY Mpo-
Lecc MariodHeproemok. JKOoHOMU4YecKkas addek-
TMBHOCTb TakuX MPOLECCOB Takke CBA3aHa C BO3-
MOXXHOCTbIO MHOFOKPaTHOrO UCMOMb30BaHUS UMMO-
GununsoBaHHbIX epMeHTHbIX npenapaTtoB. B aton
paboTte Gbina NpoBepeHa BO3MOXHOCTb peLmKn3a-
uun  (MHOrOKpaTHOrO WCMNONb30BaHWUS) HeuMmobu-
nu308aHHO20 HEPMEHTHOro npenaparta — naHkpea-
TMYECKOWM nunasbl, B CUHTE3e OyTunbyTuparta npwu
npoBefeHUn npoLecca B cpefe rekcaHa. B akcne-
pUMeHTe peakuuoHHas cpefa uvepes 24 4 oTaens-
nacb OT (bepMeHTHOro npenapara, K KOTopoMmy 3a-
TeM NpunnBanu HOBYK nopumio cyoctpaTa. Pe3ynb-
TaTbl NOBTOPHbIX LIMKIIOB CUHTE3a C TEM Xe Konunye-
CTBOM (EepPMEeHTHOro npenapata npu BHECEHUU
cBexen nopuum cybcTpata B Hayane Kaxgoro Luk-
na npusefeHbl Ha puc. 1.

Kak BMOHO 13 Auarpammbl, NpuBeLEHHOW Ha
puc. 1, npu NOBTOPHOM MCMONb30BaHMM NaHKpeaTu-
YeCcKoM nmnasbl KOHBEPCUS MaCISiHOM KUCNOThbl yBe-
nuymunacbk ¢ 72 0o 87% w Tonbko Ha 10- uMKn oHa
CpaBHANacb ¢ nepBoHadanbHon. [pu noBTOpeHUn
3KCMepuMMeHTa C TeM >Xe KonmuyectBoM cybcTpaTta
npyv MeHbLUeM Konuyectse oepMeHTHOro npenapa-

Ta B cmecu (2,6 mr/mn) nomnyyeHbl pes3ynbTaThl,
npeacTaBneHHble Ha puc. 2. B atom cnyvae koH-
BEpCusi MacnaHOW KUCMOTbI YXKe Ha 2-0M LMKN yBe-
nuymnacke B 1,8 pasa n go 8-ro unkna gepxxanacob B
1,5 pasa BbiLle NO CpaBHEHUIO C NEPBOHaYanbHON.

100 -+

KoHeepcua macnaHoi
Kucnotbl, %
(9]
o
.

1 2 3 4 5 6 7 8 9 10

KonnyectBo cyTOYHbIX LLUKNOB

Puc. 1. ®epmeHTaTUBHbIN CUHTE3 ByTUNOYyTMpaTa
naHKpeaTU4eCKoN NMnason:

KOHLeHTpaums npenapara — 5 mr/mn;
TemnepaTypa npouecca — 35 °C;

CckopocCTb nepemelunBanmsa — 70 06./MUH

Fig. 1. Enzymatic synthesis of butyl butyrate
by pancreatic lipase:

drug concentration — 5 mg/ml;

process temperature — 35 °C;

stirring speed — 70 rpm

KoHBepcua macnaHoli Kucnotbl, %
wv
o
.

1 2 3 4 5 6 7 8

Konnuecrso cyToUHbIX LMKNOB

Puc. 2. ®epmeHTaTUBHbIN CUHTE3 ByTUNOyTMpaTa
naHKpeaTU4YeCcKon NMNason:

KOHLieHTpaumsa npenapara — 2,6 mr/mn;
TemnepaTtypa npouecca — 35 °C;

ckopocTb nepemelunBanmsa — 70 06./MUH

Fig. 2. Enzymatic synthesis of butyl butyrate
by pancreatic lipase:

drug concentration — 2.6 mg/mil;

process temperature — 35 °C;

stirring speed — 70 rpm

B opyron cepun onbiToB CUHTE3 OyTUNOyTMpaTa
NpoBeAEH MpU YBENNYEHUN codepkaHns doepmeHTa
B peakunoHHon cmecu ao 20 Mr/mn M MOSNibHOM CO-
OTHOWeHuM kncnota:.cnupt 1:2, 6e3 nepemelumBa-
HuA, Npu Temnepartype npouecca 35 °C (puc. 3).
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Puc. 3. PepmeHTaTVBHBIN CUHTE3 ByTMNOYTUpaTa
naHKpeaTU4YeCcKon NMNasom:

KOHLeHTpauus npenapata 20 mr/mn;
TemnepaTtypa npouecca — 35 °C;

6e3 nepemMeLUMBaHuUs

Fig. 3. Enzymatic synthesis of butyl butyrate

by pancreatic lipase:

drug concentration 20 mg/ml;

process temperature — 35 °C;

without stirring

Cnenyet OTMETWUTb, YTO yXe MOCne nepBoro
UMKna npouecca YpOBEHb KOHBEPCUMU MACIISIHOM
kucnoTbl npesbiwan 80%, a nocregylollee 4veTbl-
pexkpaTHoe MOMELLEHNEe OTAENEHHOro M3 peakuu-
OHHOWM Maccbl (bepMeHTa B CBEXYH MOpLuMi0 Cyo-
cTpata Mo3BOMNWMO MOBLICUTL YPOBEHb KOHBEPCUU
00 96%.

lMpoBedeHHble 3KCNepMMEHTbl MoKasamnu, 4To
NaHKpeaTU4YeCcKyto Nimnasy MOXHO MHOFOKPaTHO MC-
nonb3oBaTb AnNs cuHTe3a adwupa. [lapagokcarns-
HOCTb CUTyauMu 3aKm4vaeTcs B TOM, YTO Mpu Mno-
BTOPHbIX UCMOMb30BaHNAX (PEepMeHTHOro npenapa-
Ta KOHBEPCMUS KUCMOThI yBENUYMBanach no cpaBHe-
HUIO C ucxogHow. Bo Bcex vccnegoBaHHbIX cutya-
UMAX YXe Ha BTOpble CYTKU (BTOPOW peLMK) KOH-
BepCcUst KUCNOThbl yBenuuuBanacb Ha 6-15%, a npu
Marnomn KoHueHTpauuwu npenaparta (2,6 mr/mn) - B
1,8 pasa. Tonbko nocne OecATUKpaTHOro peuukna

HaunHana npubnumxaTbCs K NEepBOUMKIMYHOW. Ta-
KuMm obpasom, o6o3HauYeHbl NPEANnOChISIKA YHUKarb-
HOro mpouecca — MHOFOKPaTHOrO WCMOMb30BaHWs
HEMMMOOMNM30BaHHOIO hepmeHTa Ana CuHTe3a
CMNOXHbIX 3¢hMpoB.

OOGHapyXeHHbIn hakT HapacTaHus depMeHTa-
TMBHOW aKTUBHOCTW B peLMKNax CBUAETeNbCTBYeT
06 akTmBauuMM epmeHTa yxe nocrne nepBbiX LMK-
noB aTepudmkauun. IOTOT (PakT MOXET CNYXMWTb
nokasaTenemMm Hanuuuss B CUCTeMe aBTokaTanmsa.
370 aBneHne MOXET ObiTb 00BACHEHO CrieayoLwmm
obpasoM. B npouecce atepudukauun BblgenseTcs
BOAa, KOTopasi MOXEeT aKTMBUPOBAaTb BbICYLLEHHYHO
cybnumauven naHkpeatudeckyio nwunasy. dop-
MarnbHO 3TO MOXET ObITb Ha3BaHO aBTOKAaTaNM3oM.
OT0 noaTBepXaaeT, YTO, HECMOTPSI Ha NpOTeKaHue
cvHTe3a B 6e3BogHON cpede, COOCTBEHHO KaTanua
nMnason peanunsyetca B akTMBHOM LEHTPE Ha rpa-
Huue pasgena ¢as nunug (cybetpart)/Boga, cneno-
BaTenbHO, MPUCYTCTBME HEKOTOPOro KOnMyecTBa
BOAbl HEO6X0OMMO ANis peanu3almm npouecca CuH-
Te3a. Takoe Heobbl4HOE MOBeAeHWe MnaHkpeaTude-
CKOM Nunasbl TakKe MOXHO OOBACHUTH TEM, YTO B
TPEXMEPHON CTPYKTYpe HEKOTOpbIX Nuna3 MpucyT-
CTByeT nonunentugHasa uenb NunogunbHOro anb-
ha—cnmpaneHOro JOMeHa, MPUKPbLIBAIOLLEro akTuB-
HbI LIEHTP bepMeHTa, Tak HasblBaeMasl «KpbILLKa»,
perynvpyrowasi 4oCTyn MOSEKyS K akTUBHOMY LeH-
Tpy [11, 17]. OTKpbITUE aKTUBHOrO LieHTpa epMeH-
Ta MOXeT NPoOu3oNTK No4 Bo3dencTemnem cybectparta
unn apyrux dakropos cpefbl. KocBeHHbIM nofa-
TBEPXKOEHNEM 3TOr0 MOXET CNYXXWTb TOT YaKT, YTO
npu cpaBHEHUU 3Tepudmumpyroern cnocobHOCTH
HEeKOTOpbIX Nnunas (nNaHkpeaTudeckas nunasa,
Lipozyme CALB wu Lipozyme TL IM) npu cuHTe3e
OyTunbyTupaTta B paBHbIX YCMOBUAX ANS hepMeH-
ToB (kOHUeHTpaums kucnotbl 0,1 N, MonbHoOe CcooT-
HolleHue kucnota:cnupt = 1:2) HamMn oBHapyXeHo,
YTO NaHKpeaTMdeckas nunasa, B OTAMYNE OT APYrmxX
depMeHTOB, MoOKa3blBaeT WHAOYKLUMOHHLIA Nepuog
OKOJ10 OAHOrO Yaca, korga npouecc NpakTU4eckn He
nger (pwc. 4) [18].

(bepMeHTHOrO npenapaTta KOHBEPCUS  KUCIOTbI
100 -
=
£ 80 -
S
E 60 -
e ¢
£ 40 - /
2 9 v’
= ’
z 20 {f4 Y
g /I
2 0 ; ; . .
I
3 025 05 3

MpoaonkUTenbHOCTL Npouecca, 4

@ Lipozyme TL IM B Lipozyme CALB B NaHKpeaTnyeckas avnasa

Puc. 4. PepmeHTaTMBHBIN CUHTE3 BYyTUNOYTMPaTa pasnuyHbIMU NMnasamm
Fig. 4. Enzymatic synthesis of butyl butyrate by various lipases
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Kak BMOHO M3 npeAcTaBrieHHbIX Ha puc. 4 gaH-
HbIX, Yepe3 24 4 CMHTEe3a KOHBEpPCUst KUCMOTbI C Mo-
MOLLIbIO MaHKpeaTunyeckon nunasbl gocturaet 90%
HapaBHe C ApPYrMMU fvnasamu, KoTopble JOCTUratoT
TaKkowm KOHBepCUWM KucnoTbl 3a 4-5 4. Mmmobunumso-
BaHHble nvnasbl, MMelLme cTabunbHylo n bonee
XKECTKYI0 CTPYKTYpY, He OBHapyXmBaloT Takoro ad-
dekta. Kpome TOro, Hy>KHO y4ecCTb, YTO CpaBHMBae-
Mble Hamu nunasel, CUHTE3NpyeMble MUKpPOOpra-
HM3MaMK, Tak Xe, Kak M NaHkpeaTudeckas nunasa,
MOrYyT WMETb MHOXECTBEHHbIE  MONEKYNsApHbIE
chopMbl 1 MO CBOMCTBAM MOTYT ObITb HEUOEHTUYHbI.

3AKITIOYEHUE
Takum obpasom, cybnuMMpoBaHHasi HEWMMO-
GunusoBaHHaa naHkpeaTUyeckas nunasa npu KaTa-

nu3e peakumin atTepuduKkaLn B HEBOAHbLIX cCpedax
Ha HavanbHbIX 3Tanax peuuKnu3auMn nokasbiBaeT
yBenuueHne epmMeHTaTUBHOW aKTUBHOCTU. J3TO
yKkasblBaeT Ha TO, YTO Npu cuHTe3e B 6e3BoAHON
cpefge Oond peanusauum akta katanmsa Heo6xoaMMo
NPUCYTCTBUE B aKTUBHOM LIEHTPE Nnnasbl HEKOTOPO-
ro KONM4eCcTBO BOAbI, KOTOPOE NpU HeJocTaTke BOC-
NonHAeTCs BblAeNeHneM BOAbl B npouecce atepu-
dukaumn. PopmManbHO 3TO MOXHO Ha3BaTb SIBMEHU-
eM aBTokaTtanusa. Kpome TOro, HyXHO y4ecTb OCO-
GEHHOCTb YNakOBKW aKTMBHOIO LIEHTpa nunasbl, Ko-
TOopasi Takke MOXET MOBbICUTb akTUBALUIO Nvnasbl
3a cyeT NocTeneHHoro Goriee MOSIHOrO PacKpbITUS
«KPbILWKM» W TEM CambiM MOBLICUTb OOCTYMHOCTb
aKTMBHOIO LieHTpa nunasbl.
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UccnepoBaHue coctaBa n CBOUCTB HehTHU
N4yéanHcKkoro mectopoxaeHus

© O.B. benosepoBa, B.B. KoBaneHko, 3.B. LLlaknpoBa

MPKYTCKMIA HaLMOHanbHbIA nccnegoBaTenbCKUA TEXHUYECKNIN YHUBEPCUTET,
r. ipkyTck, Poccuiickaa ®enepauns

Pe3rome: [pedcmasneHbl pesynbmamsl uccriedogaHusi 0cobeHHocmel XUMUu4ecKko2o cocmaesea U mosap-
HbIX ceolicme Heghmu M4éDuHcko20 MecmopoxxdeHusi. [locmpoeH epaghuk ammocghepHoOU nepea2oHKU, Mo
KpugoU UCMUHHbIX memrepamyp KurneHusi onpedesieHo nomeHyuanbHoe codepXaHue mosapHbIX ¢hpakyudl.
LaHHble Hegpbmu bbiniu uccriedosaHbl Mo UHOUBUAyanbHOMY yarie8o000pO0HOMY cocmasy WUPOKoU 6eH3UHO-
8ol ¢hpakyuu, Ymo M0380IUSI0 paccyumams ee epyrnnoeol cocmas, Komopbil rnpedcmasseH credyruumu
y2reeo00opOOHbIMU COEOUHEHUSMU: ankaHoeble — 53,12% omH., yuknoasnkaHoeble — 27,21% omH., apoma-
muyeckue — 18,45% ommn. Mo codepixaHuro cepbl Hehmb NYEOUHCKO20 MECmOpPOXOeHUSI OMHOCUMCS K
rnepeomy knaccy — manocepHucmas. O0Hou u3 ocobeHHocmel Heghbmu OaHHO20 MECMOPOXOEHUSs S8rsem-
csl ee HecrnocobHocmb obpa3oebieamps ycmouyusblie 3MyfbCulU, makK KaKk 8 cocmase UuMeemcsi HU3Koe co-
OepxxaHue meepObix napauHos. Takxe npedcmasrieHbl UCKYCCMBEHHbIE aMyrnbcuu ¢ 0obasneHuem rna-
cmosol 800b! K Hegbmu ¢ nosnydeHuem 30% obeodHeHHocmu. fomoeasi amynbcusi uccnedosanacbs 08ymsi
criocobamu: aHanu3 rnposoousiCsl 8 rpouecce gpasumayuoHHO20 omcmaugaHusi 8 medeHue 120 MuH ripu
memnepamype 50 °C, a makxe ¢ nomowbto rnpubopa LUMiFuge. Takum obpasom, 8 xode uccriedogaHuli
ycmaHoesieHo, 4mo Hegmb N4YEOUHCKO20 MEcmopoX0eHUs1 MariocepHucmasi, fie2kas, C 8bICOKUM codep-
JXKaHuUeM ceemiibix OUCMUuIsAmMos. M38ecmHo, 4mo HU3Koe codepxxaHue cepbl Mpusodum K MeHbuwel Kop-
po3uu rpombIc108020 obopydosaHus U, Kak criedcmeue, K MeHbWUM 3ampamam Ha rnocmasky Heghmu ro-
mpebumento. Takue Heghmu 58/ISIFOMCS 8bICOKOKa4YeCMBEHHbIM U MEPCEKMUBHbBIM ChipbeM OJ151 pou3e00-
cmea HegbHernpodyKkmos.

Knroyesnlie crioga: NuéduHckoe HeghmsiHoe MecmopoxoeHue, yerie8o00po0bl, arnkaHbl, HaghmeHbl, apeHbl,
beH3uHosas chpakyus, smynbcuu

UHpopmayusi o cmamsbe: [Jama nocmynneHusi 13 uroHa 2019 e.; dama npuHamus Kk nedamu 31 aszycma
2020 a.; dama oHnauH-pasmeweHuss 30 ceHmsbps 2020 e.

Ans yumupoearusi: benoseposa O.B., KoesaneHko B.B., Waknposa 3.B. WccnepoBaHue cocTtaBa U
CBONCTB HedpTU N4éamHckoro mectopoxaeHus. Mseecmusi 8y3os. lNpuknadHas xumusi u 6UOMEXHOMo2us.
2020. T. 10. N 3. C. 522-528. https://doi.org/10.21285/2227-2925-2020-10-3-522-528

Study of the composition and properties of crude oil mined
at the Ichyodinskoye field

Olga V. Belozerova, Valentin V. Kovalenko, Elvira V. Shakirova
Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: This study was aimed at investigating the chemical composition and commercial properties of
crude oil mined at the Ichyodinskoye field. A graph of atmospheric distillation was constructed. The content
of commercial fractions was determined from the curve of true boiling temperatures. The obtained data were
analysed according to the hydrocarbon composition of the gasoline fraction, which was found to comprise
alkane, cycloalkane and aromatic compounds in the amount of 53.12%, 27.21% and 18.45%, respectively. In
terms of sulphur, the oil mined at the Ichyodinskoye field is considered to be low-sulphur, thus belonging to
thelst class. A distinctive feature of this oil consists in its inability to form stable emulsions due to a low con-
tent of solid paraffins in its composition. In the study, artificial emulsions of the oil and deposit water with a
watercut value of 30% were obtained. The developed emulsions were investigated by analysing the process
of gravitational settling for 120 min at a temperature of 50 °C, as well as using a LUMiFuge device. It was
found that the oil mined at the Ichyodinskoye field is low-sulphur and light, containing a high content of light
distillates. It is known that low-sulphur oils are safer for field equipment in terms of corrosion, thereby de-
creasing costs of supplying oil to consumers. Such oils are a high-quality and promising raw material for the
production of oil products.

Keywords: Ichyodinskoye oil field, hydrocarbons, alkanes, naphthenes, arenes, gasoline fraction, emulsions
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BBEOEHUE

MoprotoBka HedTM Ha NpoMbICrax 3aHUMaeT
NPOMEXYTOYHOE MOSOXKEHWE CPEeAM OCHOBHbLIX MPO-
LLleccoB, CBA3aHHbIX C Aobbluen, cbopom u TpaHc-
nopTupoBaHMeM TOBapHOW HedTM noTpedbutento.
OT TOrO, Kak HedpTb MOAroTOBMEHA, 3aBUCAT 3d-
heKTMBHOCTE M HaZEeXHOCTb paboTbl MarncTparnb-
Horo TpybonpoBoga. Nepekayka BMecTe ¢ HedThbIO
1-2% Gannacta B BMAE 3MYMbIMPOBaHHbLIX rNobyn
BOAbl WM 4YacTWL, MEXaHWU4ecKUxX NpUMecen cro-
cobctByeT 6oMnee WMHTEHCMBHOMY KOPPO3MOHHOMY
M3HOCY HAacOCHOro obopyaoBaHWs, CHWXaeT npo-
MYCKHYK CMOCOBHOCTL HedhTenpoBoAOB M MOBbILA-
€T onacHoOCTb UX nopbIBoB [1].

HedTb — 9TO cnoxHas reTeporeHHas cuctema,
fonblias 4acTb KOTOPOW NpeAacTaBneHa KnHeTuye-
CKN YCTOMYMBBLIMU KOMMOMAHBIMK YacTuuamu pas-
NMYHOro pasmepa, AP0 KOTOPbIX COCTOUT M3 Kepo-
FeHHbIX BKNHOYEHUIN, acanbTeEHOB M napaduHOBLIX
COEOUHEHUN, OKPYXEHHbIX OBOMNOYKOM BbLICOKOMO-
NSPHbIX, BbICOKOAPOMATUYECKNX, BbICOKOMOMEKY-
NAPHbIX CMONUCTLIX BellecTs [2, 3]. HedTb cocTtouT
M3 OpraHM4YeckMx W MUHeparnbHbIX COeAMHEHUN
[4-7], ckonneHus KOTOpbIX OBHapyXeHbl BO BCeEX
TMNax nopoAg W MOryT ObiTb OTKPbITbl B CaMbiX
HeoXungaHHbIX MecTax. Temnbl U 06bembl A400bIYK
HepTM M rasa 3aBUCAT OT MHOMMX (PaKTOPOB Kak
NPUMPOAOHOro, Tak U TEXHOreHHOro xapakrtepa. [lpo-
rHO3 pa3BuUTKS PIOUOHBIX CUCTEM pa3sHbIX TUMOB U
X pexunma UMEeeT BaXXHOe 3HayeHue AN OLEHKM
pecypcoB BOZ, YCIOBWI UX 3KCNyaTauuu, a Takke
ONsl NPOEKTUPOBaHWst U pa3paboTkM MecTopoxae-
HWUIA yrneBoaopoaHbIX coeanHeHun (YB) [8].

BocTtouHasa Cnbupb cerogHs — O4MH U3 CaMbIX
WHBECTULMOHHO MNpPUBIEKaTenbHbIX PErMoHOB Ha-
wen ctpanbl [9]. Ha Tepputopun UpkyTckon obna-
CTU HaxoAuTCs HaubonbLlee YWUCNO  KPYMHbIX
HedTerasoHocHbIXx HaccenHoB Poccun, pacnono-
XeHHbIx Ha Cwubupckon nnatdopme [10, 11].
N4yéamHckoe MecTopOXOaeHWe pacnosioXeHO Ha ce-
Bepe MpkyTckon obnacTtu, 3aHMMaeT TEPPUTOPUIO B
OECATKA ThbICAY KBagpaTHbIX KAIMOMETPOB U OTHO-
cuTcsa K JleHo-TyHryckomy HedTerasoHocHomy 6ac-
cenHy. MecTtopoxaeHue 6bino oTkpbiTo B 2012 1.,
npobHas skcnnyataums Begetca ¢ 2015 .

Llens HacToswWMX uccnenoBaHui — U3yveHue
ocobeHHOCTeN cocTaBa M CBOWCTB HedpTn Nuéaunn-
CKOro MECTOPOXAEHMS.

SKCMNEPUMEHTAINbHAA YACTb

WccnepoBaHbl npobbl HedhTn NuéamHckoro me-
cTopoxaeHusi. KnHeTuky BOOOHETAHbIX aMYNbCUR
Oonpeaensann Ha aHanuTnyeckon ueHtTpudyre LUMI-
Fuge. QkcnnyaTauMoHHbIE XapaKTEPUCTUKU NPSIMO-
rOHHOW GeH3MHOBOW hpaKkLMK, B TOM YUCIIE OKTaHO-
Bble Yyucna (OY), onpegensanu ¢ nomousto npnbopa
«OkraHomeTp» SHATOX SX-300. YrnesoaopogHbIn
COCTaB u3dyyanu Ha rasoBom xpomaTtorpace Agilent
7820A dupmbl Agilent Technologies ¢ cenektue-
HbIM Macc- CnekTpomeTpoMm u getekropom HP 5975.
OHeprus noHmsaumm — 70 3B. KBapuesas KomnoHka
anvHHon 30 m n gnametpom 0,25 mm co ctauymo-
HapHon daszon (95% anmeTtun - 5% andennnnonu-
cunokcaH). MaeHTudmkaumio  coeauHeHW  ocy-
LLIeCTBNANM C MCnonb3oBaHneM 6mbnvoTekn macc-
cnektpoB «NIST11».

OBCYXOEHWE PE3YJNIbTATOB

Mo cBoUM PUIMKO-XMMUYECKMM CBOMCTBaM
HepTb NYEANHCKOrO MECTOpOXAEHUSI OTHOCUTCH K
mapke Brent n obnagaeT yHuKanbHbIMU OCOBEHHO-
CTSIMW, KOTOpblE€ MMEKT OOMnblIOe 3HAYeHMe npwu
BbIOOpe MOCTaBLLMKOB UM noTpebutenen, Hanpumep
ee TemnepaTypa 3acTbiBaHuS paBHa MUHYyC 45 °C
(tabn. 1).

PpaKkuMoOHHbBIN cocTaB HedTM onpeneneH no
FOCT 2177-99 ¢ uenbio NOCTPOEHNSA KPUBOW UCTUH-
HbIX TemnepaTyp kuneHus (UTK) n onpegenenuns
KONMMYeCTBEHHOro cocTaBa pakumi.

OpfHOM U3 KNYEBbIX XapakTepucTnk HedTn no
FOCT P 51858-2002 npegycmoTpeH hpakUMOHHBIN
cocTtaB. [lo pesynbTatam HalwuWx MCCNedoBaHUN, B
HedpTn MYEOuHCKOro MecTopOoXaeHuMs AoNnsa CBeT-
NbIX OUCTUIIIATOB C TEMMNEPATYPON BbIKMNAHUS [0
200 °C cocrtaBuna go 30% 06., dpakuuu, BbikMna-
towme po 300 °C, — 47,5% 06. (oTHOCATCA K TUNy
nerknx Hedten). OctaTok nocre oTbopa CBETNbIX
anctunnaTtoB coctaBun 40,5% o06. Mpaduk aTtmo-
ccpepHon neperoHkn HedpTn fo 350 °C nokasaH Ha
puc. 1.

Tabnuua 1. Pusnko-xmummnyeckme ceoctea HedbTn MYEANHCKOro MecTopoXaeHus
Table 1. Physical and chemical properties of oil from the Ichyodinskoye pool

[NokasaTenb 3HavyeHne Crangapt
MnoTHocTb npm 20 °C, kr/m® 808,0 OCT 3900-85
Temnepatypa 3acTbiBaHus, °C -45,0 OCT 20287-91
CogepxaHue, % macc.:
TBepAbIX NapacduHoB 1,15 FOCT 11851-85
cepbl 0,1114 FOCT P 51947-2002

XUMUYECKAA TEXHONOInsA / CHEMICAL TECHNOLOGY 523




Benosepoea O.B., KoeaneHko B.B., LLlakupoea 3.B. UccnnedosaHue cocmaea u ceolicms ...
Belozerova OV, Kovalenko VV, Shakirova EV. Study of the composition and properties of crude ...

500
[S)
S 400
©
o
£ 300
©
g
[ =4
E 200
[J]
F 100
0
-10 10 30 50 70

% (06) V

Puc. 1. ®pakumoHHbIn cocTaB HedpTn NuéamHckoro
MECTOPOXAEHUS

Fug. 1. Fractional composition of Ichyadinskoy oil

AHanu3 nonyyeHHbIX AaHHbIX MOKa3as, 4YTo uc-
cnegyeMas HedTb XapaKTepusyeTcsi [OCTaTOYHO
BbICOKMM COOEPXaHWEM Nerkux pakuun, 4to npu-
BENno Hac Kk bornee getanbHomy aHanm3dy OeH3uHO-
BOW dpakuun. [lloTeHumanbHOe cogepXaHue To-
BapHbIX dopakumin onpegeneHHo no kpmeon UTK n
npeacTasneHo B Tabn. 2.

Tabnuua 2. Pesynbtathl pa3roHkM HedTM MYéamHckoro
MeCTOpOXOeHMs
Table 2. The results of the distillation of Ichedinskoye oil

Mpenenel Boiknnanmsa dpakuun, °C Bbixog, % 06.

beH3uHosble:

H.k.—120 14,0
60-160 16,0
H.k.—00 30,0
JlusenbHsbie:

140-350 38,5
180-350 31,5

MpumevaHue. H.k.— TemnepaTtypa Ha4ana KineHus.

Ons 6eHsnHoBon dpakumm 38—200 °C 6binu
onpegerneHbl 3KCMNfyaTauuoHHbIE XapakTepUCTUKN:
OKTaHOBble 4ucra, NNOTHOCTb M coaepxaHue o06-
wen cepsbl (Tabn. 3).

Tabnuua 3. OkcnnyaTaunoHHbIe XapaKTepPUCTUKA
GeH3HOBOW (hpaKLmK

Table 3. Performance characteristics of the gasoline
fraction

MapameTp 3HaveHune
OKTaHOBOE YMCI0, MOTOPHbIN METOA, 16.5
(OYMM) '
OkTaHoBOE 4n1cho, 539
nccnegosartensckuit metod (O4YNM) ’
MnoTHocTb npm 20 °C, kr/m? 745,0
CogepxxaHue obLien cepbl, % macc. 0,0101

®pakumsa 38-200 °C He ygoeneTBopsieT Tpebo-
BaHmam [OCT P 51105-97 no peTtoHauUMOH-
HOW CTOMKOCTU aBTOMOOWIbHbIX GEH3VMHOB, TEM He
MeHee 6asoBas (ppakuusa (60-160°C), ucnonbsye-
Mas Ons nonyvyeHnss aBTOOEH3MHOB, COCTaBnseT
16% 06., a HM3KOe cogepXaHue cepbl MO3BOMSET C
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MEHbLUMMMK 3aTpaTamu MPUMEHATb MAPOOUUCTKY
[12, 13]. MNpu KomMnayHamMpoBaHUM OpakLmUM OKCcUre-
HaTaMW, KOHLUEHTPaTOM apomaTUyecKuxX Yrresono-
poooB M Ap. MOXET BbiTb MOnyyYyeH TOBapHbIN BeH-
3uH mapok AN-92 n AN-95 [14-16].

lMpu wnccnegoBaHWM yrineBOAOPOOHONO CcocTa-
Ba OeH3nHOBOW bpakuum unOeHTUOULMPOBaHDI
85 wHamBuayanbHbiXx yrnesogopogoe (YB) ot
2-metunnponaHa (1,49%) oo TetpagekaHa (1,71%).
MeTtaHoBbIXx YB cogepxutca 6onee 50%, konuude-
CTBO HOpPMarbHbIX arnkaHoB B HUX 3aMETHO MeHbLUe
— B 2-3 pasa (=2,77 pasa), YeM pa3BETBIEHHbIX.
KonuyectBeHHOE COOTHOLLEHME MOHO-, An- U Tpu-
3aMeLLeHHbIX CTPYKTyp cocTtasnsieT 2:4:1 cooT-
BETCTBEHHO. B rpynne HadTeHOBbLIX COeANHEHMUN
6eH3nMHoBON (ppakumMm npeobnagarT LMKIorekca-
HOBblE CTPYKTYpbl, MPUYEM COOTHOLUEHME MOHO- :
OV- . TpU3aMeLleHHbIX LMKITOrEeKCaHOB COCTaBnseT
2:1,4:1 cooTtBeTcTBeHHO. Cpean apomaTuyeckux
yrnesogoponoB Gonblias JoNsA NPUXoAMTCA Ha Mo-
HOLIMKITMYECKNE COEQUHEHUS.

OTHocuTENbHOE CcodepKaHWe uaeHTUdULMpPO-
BaHHbIX COEAMHEHUN BbIYUCIIANU NO Nrowaaam nu-
KOB 06€e3 KOoppeKkTUpylLWmnx Ko3(pPULMEHTOB 4yB-
CTBUTENBHOCTMW.

lMony4eHHble AaHHbIE NO UHAUBMAYANIBHOMY Yr-
NeBoAOPOAHOMY COCTaBy LUMPOKOW BeH3nHOBOW
dpakumMm No3BONUNMN paccynTaTb €e rpynnoBon Co-
CcTaB, KOTOpbIN npeacTaBneH cregywowmmm YB,
% OTH.: ankaHoBble — 53,12; HadpTeHOBLIE — 27,21,
apomartmdeckue — 18,45 (tabn. 4).

BeHauHbl, B KOTOpbIX NpeobnagatT napadguHo-
Bble YrMeBOAOPOAbl, XapaKTePU3YKTCA HU3KMMM
OKTaHOBbIMUW 4Yucramu. Tem He MeHee, Hanpumep,
NPSIMOrOHHbIN 6eH3nH nerkon HedTn BosHeceHcko-
ro mMectopoxgeHus, 6oratbin napaduHamu, OTNu-
YaeTCH BbICOKMM OKTaHOBbLIM YMCIIOM.

OpHon u3 ocobeHHocTen HedhTn NuéauHckoro
MECTOPOXAEHNA SIBNAETCA ee HecrnocobHoCTb 06-
pa3oBbiBaTb YCTOMYMBBIE 3MYMbCUKU, YTO CBSI3AHO,
BO3MOXHO, C HU3KMM COAep)XaHne napadmHoB.

YCTOMYMBOCTb — OfHA U3 BaXKHEWLUMX XapakTe-
PUCTUK HedTAHbIX OUCNEPCHBLIX CUCTEM, KOTopas
onpegenset 3apdEKTUBHOCTb NPOBEAEHUS MHOIMX
HedPTEXUMUYECKNX MPOLECCOB, a TakkKe MonyvyeHus
pasnu4YHbIX HeTEMPOAYKTOB, CKITOHHBLIX K paccrno-
€eHuto, 0e3 3HaUUTENBbHOIO0 M3MEHEHUs] KayecTBa B
npouecce xpaHeHus n npumeHeHus [17, 18].

Hamu npoBefeHbl OMNbITbl C  WUCKYCCTBEHHOW
amynbcuenn ¢ pgobaBrneHMeM MnacToBoW BOAbl K
HedpTn ¢ nonyveHnem 30% obGBogHeHHOCTUM. Mo-
Aenb MnacToBbIX BOA NpeacTaBnsieT cobor nonyT-
Hble BoAbl, 0ToOpaHHble ¢ OCUHCKOrO NPOAYKTUBHO-
ro ropmsoHta MNyéanHckoro HedpTSHOr0 MEeCTOpPOX-
geHunsa. O6was  MuHepanusauus  cocTaBnsieTt
455300 Mr/,EI,Ma, BOAbl OTHOCATCS K XJIOPUAHO-
kanbumesomy Tuny (no B.A. CynuHy), UMEIOT BbICO-
Kyl0 MUHepanusauuto n nnotHoctb. Obpasey, BoAo-
HeTsaHONM cmecn obwum obbemom 100 mn Twa-
TenbHO MepemMeLlunBancsa nonacTHOM MeLlankom co
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Ta6nuua 4. pynnoBon yrneBogopOaHbIN COCTaB LLUMPOKOW GEH3NHOBON pakumuy OT Temnepartypbl

Havyana kunenus go 200 °C

Table 4. Group hydrocarbon composition of a wide gasoline fraction on temperature

the beginning of boiling up to 200 °C

UNCIIO ATOMOB CopepxaHue Ha dpakumio H.k.-200 °C, % OTH.
AnkaHbl
yrnepoga Bcero HadpteHbl ApeHbl HewnssecTHble
N30CTPOEHMUS H-CTPO€EHUS

Cs 1,49 1,49 - - - -
Cs 5,23 2,31 2,92 - - -
Cs 6,82 2,31 4,51 - - -
C 15,49 0,39 15,1 - -
Cs 24,13 8,19 7,59 7,54 0,81
Co 11,68 3,87 - 4,40 3,41 -
Cio 20,22 14,93 4,95 0,12 - 0,22
Cu1 2,85 2,85 - - -
Cu2 2,38 0,37 - 1,82 0,19
Cis 0,62 0,62 - - - -
Cu 9,09 1,70 1,71 - 5,68 -

Bcero 100 39,03 14,09 27,21 18,45 1,22

ckopocTbto 6onee 600 06./MUH B TedeHne 10 MuH,
Tem cambiM obecneuvBasi pas3nNUyHylo Aucnepc-
HOCTb MPUrOTOBNSIEMON aMyrnbcun. [oToBast aMynb-
cus aHanuaupoBanacb AByMs criocobamu. Omyrib-
cus uccnegosanacb B npouecce rpaBUTaLUMOHHOMO
OoTCTamBaHusa B TedeHue 120 MuH npu TemnepaType
50 °C. Yxe yepes 60 mnH obGpasew nokasan YyeTkoe
paccnoeHme. O6bem HwWkHero cros (Boga) cocra-
Bun 30% o06. Bropown cnocob npeactasnsan cobown
nccrnegoBaHne 3MynbCUMU C MOMOLLBK aHanuTuye-
ckon ueHtpudyrn LUMiFuge, MrHoBeHHO u3ameps-
olWen 3aTyxaHwe CBeTa, NPOXOAsLEero no BCEN
OnvHe obpasua, UCNosb3ys MHHOBALMOHHYK Tex-
Honormwo STEP. TexHonorua STEP nossonget
HenpepbIBHO U3MePATb UHTEHCUBHOCTbL CBeTa, Npo-
XOAsLLero Yepes BCH BbICOTY KOBETbl C 0OpasLoM.
Mpubop nossonseT GbICTPO N OOGBLEKTUBHO OLIEHUTH
KMHeTMKY npoueccoB. [lpouecc npoBoavMnn npu
TemnepaTtype 50 °C, ckopocTu nepemelunBaHus
2000 06./myH B TedeHue 16 muH, light factor — 0,25.
Mo pesynbTaTam NpoBedEeHHbIX MccrnegoBaHUW No-
ny4YyeHa 3aBUCUMOCTb NOMOXEHUS rpaHuubl pasgena
a3 amynbcum B onpefernieHHbI MOMEHT BPEMEHM,
YTO MO3BOSMUSIO B pPEXUME pearbHOro BpeMeHU
HabnogaTe 3a npoueccamy, MPOUCXOQALMMU B
aucnepcHon cucteme. Ha puc. 2 rpadmyecku npea-
CTaBfneHa KMHeTVKa (ceguMeHTaums) BoaoHeTSHOM
aMynbCuUN. OMyNbCUS pasgenunacb Ha gBa crnos —
HedbTb 1 Boay. [aHHasa gucnepcHas cuctema abco-
NIOTHO npoceeynBaemMas, Ha yyactke 115-130 mm
KIOBETbl OTYETNIMBO BWAHA OTAENMBLUAsCA BoAa.
CreneHb MoBedeHWs pasnuyHbiX OOpasLOoB 3Myrlb-
CWI 3aBWCUT Kak OT ee COCTaBa, TaKk 1 OT Temnepary-
pbl Cpefpbl.

OnpepneneHne «MCTUHHONY» YCTOMYMBOCTU Hed-
TSHbIX OUCNEPCHbIX CUCTEM NErkon HedTU BO3MOX-
HO B TEX pedKuMx crnydasx, korga ceauMeHTaunoH-
HOe pasferneHue B CUCTEME OOCTUraeTcsa noa Aewi-
CTBUEM LEHTPOBEXHbBIX CUIT B OTCYTCTBUMU pacTBO-
putens. OgHa M3 rnmaBHbIX nNpobnem M3BneveHus
nnactosBoro drwouga M ero TPaHCNOPTUPOBKM —
KOPPO3MOHHBIN  U3HOC MeTannuM4yeckux Tpydo wu

HaseMHoro obopyaoBaHusi. B pabotax [19, 20] no-
KasaHo, YTO OCHOBHbIMU M3 BELLECTB, BbI3bIBAOLLNX
KOppO3uto, SIBNAOTCA COEAMHEHWUs cepbl U BoAa.
Wcnonb3oBaHne HedTn NYEQMHCKOrO MecTopoXxae-
HUSl, He 0OpasyloLen YCTONYMBBIX 3MYMbCUA U CO-
JepXalwen B CBOEM COCTaBe Maroe KOnM4yecTBO
obwen cepbl (cM. Tabn. 1), CHU3UT KOPPO3NO NPO-
MbICIOBOro 060pyaoBaHMs, 4YTO B CBOK o4vepedb
npuBedeT K MeHbLUMM 3aTtpataMm Ha ee gobbivy,
noAroToBKY U NocTaBKy noTpebutento.

Transmission in %

105 110 115 120 15 130

Puc. 2. PaccnoeHne McKkycCTBEHHON BOOOHETSHOW
aMynbcum NY€QnHCKOro MecTopoXaeHus
BO BPEMEHHOM MHTepBane

Fig. 2. Stratification of the artificial water-oil emulsion
of the Ichedinskoe oil pool
in time interval

3AKITKOYEHUE

B pesynbrate uccrnefoBaHUs YCTaHOBIIEHO, YTO
HedpTb MNYEONHCKOrO MECTOPOXOEHUA OTHOCUTCHA K
nerkum manonapaUHUCTLIM HedTSIM U He obpasy-
€T C BOOOWN YCTOMYNBOMN SMYIbCUMN.

B panbHenwem HeobxoauMo uccnepoBaTb 00-
pasyloLmecss BOAOHEDTHAHbIE 3MYNbCUMM B pPasnvy-
HbIX TEMMNEPAaTYPHbIX YCIOBUSIX C LieNblo AeTanbHO-
ro npeacTaBneHnst MexaHuama crabunmsaumm u
paspyleHnn HeMTSHbIX OUCMEPCHbIX CUCTEM, YTO
NOMOXET B ONTUMM3aLUN TEXHONOIMU NOAroTOBKN 1
nepepaboTkun HedTK.

MHTepeceH n TOT akT, 4TO B XMMUYECKOM CO-
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cTaBe GeH3MHOBOWM bpakumu nNpeobnagaoT ankaHbl
N30CTPOEHMS, a 3KCMMyaTauuoOHHbIA MoKa3aTernb
OKT@HOBOrO Y4ucna HU3KWMiA, 4To TpebyeT Bonee ge-
TanbHOro uayyeHus. NMockonbky gaHHas HedTb Ma-
nocepHucTasi, nerkasi, C BbICOKUM COAEPXaHUEM
CBETMbIX ANCTUMNNATOB, €e OTHOCAT K Mapke Brent.
Ha Hed T Takmx Mapok npuxoauTcst 6onbLuas Yactb
MMPOBOrO Cnpoca, 4To MO3BOMNAET HanpaBnATb UX
Ha nepepaboTKy NO TONSIMBHOMY BapUaHTy.
PassegaHHble B npegenax Cubupckoro depe-

panbHOro okpyra 3anacbl YrieBO4OPOLHOIO Cbipbs
no3BonAT paccmatpuBatb BocTouHyto Cubupb B
KayecTBe pernoHa, NepcrnekTMBHOrO Afsl Co3AaHus
COBPEMEHHbIX LIEHTPOB A00blMM M nepepaboTku
HedTK, rasa M rasokoHgeHcarta. MyéamHckoe me-
CTOPOXAEHME SIBMSIETCS 3HAYUMbIM HEe TONbKO Ans
MpkyTckon HeTAHOM KOMMaHuW, HO W Ans BCero
TOMNMBHO-3HEPreTUYECKOro  KOMMIieKca  Hawen
CTpaHbI.
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UK-cnekTpockonua u peHTreHorpacgpumna npoMbILLNIeHHOro
CYCMEeH3MOHHOro NoJsIMBUHUNXNopuaa

© B.B. basHguH, H.C. WWlarnaeBa, T.A. NMoarop6yHckas, H.[l. JlykbaHoB, H.B. MuHaes,
C.C. Makapos

MPKYTCKMIA HaLMOHanNbHbIA NccnegoBaTeNbCKUA TEXHUYECKNIN YHUBEPCUTET,
r. ipkyTck, Poccuiickaa ®epepaunsa

Pe3rome: Ob6bembl MUpOB8O20 rpou3eodcmea rnonusuHuUIxnopuda yecmynarwm mosbKo nonuonegpuHam. lo-
NUBUHUNX/I0pUd Moxem rniepepabambieambcsi MoYMu 8cemMu usgecmubimu memodamu. OH obriadaem 8bi-
COKOU MPOYHOCMbI, XOPOWUMU U3O/ISUUOHHBIMU CceolcmeaMu, ycmou4ue K KUuc/omam, OKUCIIUmensam u
pacmeopumernsam. B mo xe epemsi OH umMeem O4YeHb BbICOKYH 8513KOCMb pacrsasa u Hedocmarmo4YyHo
ycmoud4us npu memnepamypax nepepabomku 8 u30esiusi; 8bIOeIAWULCs MpU e20 HazpesaHuu XJ/iopu-
cmbil 8000p0d Kamanusupyem OarnbHelwul npouecc passnoxeHus rnonumepa. [ockonbKy memnepamypa
pasmsig4eHuUsi MosueUHUXopuda OKa3bleaemcs 8bile memrepamypbl €20 PasfioXeHUsl, OH HEe MOoXem
nepepabambigambcsi 8 Yucmom sude. Bce mamepuaribl Ha €20 OCHO8e S18/II0MCs KOMMIO3UUUOHHbIMU. Ba-
pbUPYS cOCMas KOMMOo3uyul, MOXHO MoJ/ly4amb M1acmu4eckue MaccChl Kak O4eHb Msi2kue (rmnacmukamai),
mak u xecmkue (euHurnacmei). Ceolicmea rnosiuMepHbIX u3denul Ha OCHoge MOoIUBUHUXAopuda 80 MHO-
eom b6ydym onpedensmbca cmpykmypol u mopgbosnioaueli nonumepa. Aemopamu Hacmosuwel pabomel
sriepebie ModpobHo uccredo8aHbl ceolicmea MPOMbIWIEHHO20 CYCrNEeH3UOHHO20 nonusuHunxmaopuda (AO
«CasHckxumnnacm», UVpkymckas obnacme). MonekynspHasi macca rnonumepa, oripedesieHHass 8UCKO3U-
mempuyeckum memodom, cocmaensem 1,0-10% Hawano nomepu macchi nonueuHunxmnopuda rpu nposede-
HUU mepmMoepasuMempu4eckoz2o aHanu3sa Habmrodanockb rnpu memnepamype 160 °C. OcywiecmeneHa noi-
Hasi pacwugposka UK-cnekmpa nonumepa u ycmaHo8/eHo, Ymo uccriedyemMbil rnonuguHUIXI0pud He co-
Oepxxum MOCMOPOHHUX 8ew,ecmes 8 rnonumepe (npumecu cmabusnuzamopos, aMyibeamopos U rnpucadok).
HugbpakyuoHHas Kpueas nonumepa Ka4eCmeeHHO aHasioeuyHa OUPaKUUOHHbLIM KPUBbIM Yacmu4YyHO Kpu-
cmarnnuyeckux rnonumepos u codepxum 0ea aMopgbHbIX eano npu yanax paccesHus 24°30' u 39°30" u
epynny Kpucmasiu4yeckux rnukos Had Humu. Takxe orpedesieHa cmerneHb Kpucmasau4Hocmu fnofaueuHUsT-
Xxropuda u rpednoxeHbl MexaHU3Mbl 0b6pa3o8aHUst €20 peaysiipHO20 U HepeayrisipHO20 CMPOEHUS.

Knroueenie crnioea: cycreH3uoHHbIl MPOMbIWIEHHbIU MOUBUHUNIXTOPUO, MOeKynspHas macca, UHgpa-
KpacHasi criekmpockKorusi, AughpakyuoHHas Kpueasi

BnazodapHocmb. Paboma ebirnonHeHa npu gouHaHcosoul noddepxke PO®U (npoekm Ne 19-08-00342).

UHpopmayusi o cmamsbe: [Jama nocmynneHusi 27 Hosbps 2019 e.; 0ama npuHsamus K nedyamu 31 aszy-
cma 2020 a.; dama oHnaliH-pasmeuweHusi 30 ceHmsbps1 2020 e.

Ana yumupoeaHus: basnguH B.B., Warnaesa H.C., MNogropbyHckas T.A., JlykeaHnos H.[l., MuHaes H.B.,
MakapoB C.C. UK-cnekTpockonus n peHTreHorpadusi NPOMBbILLFIEHHOTO CYCMEH3NOHHOIO NMONMBUHWIXIIOPU-
na. Mseecmus sy3oe. lNpuknadHas xumusi u 6uomexHonoaus. 2020. T. 10. N 3. C. 529-535. https://doi.org/
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IR spectroscopy and X-ray diffraction analysis
of industrial polyvinyl chloride suspension

Victor V. Bayandin, Nina S. Shaglaeva, Tatiana A. Podgorbunskaya,
Nikita D. Lukyanov, Nikolai V. Minaev, Svyatoslav S. Makarov

Irkutsk National Research Technical University, Irkutsk, Russian Federation

Abstract: In terms of the contemporary plastic industry, world production of polyvinyl chloride is second only
to polyolefins. Recyclable by almost all known methods, polyvinyl chloride offers high strength, good insulat-
ing properties, as well as resistance to acids, oxidising agents and solvents. At the same time, the ability to
process polyvinyl chloride into products is limited by its lack of stability at high melt viscosity temperatures,
since hydrogen chloride released during its heating catalyses further process of polymer decomposition.
Thus, due to the softening temperature of polyvinyl chloride being higher than its decomposition tempera-
ture, it cannot be processed in its pure form. Consequently, functional polyvinyl chloride-based materials
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tend to be composites. By varying the composition of mixtures, plastic masses characterised by either very
soft (plastic compounds) or hard (vinyl plastics) structures can be obtained. The properties of polyvinyl chlo-
ride-based polymer products are largely determined by the structure and morphology of the polymer. In the
present work, the properties of industrial suspension polyvinyl chloride (Sayanskkhimplast JSC, Irkutsk Ob-
last) were studied in detail for the first time. The molecular weight of the polymer determined by the visco-
metric method was 1.0-106. Thermogravimetric analysis showed that polyvinyl chloride mass loss started to
occur at 160 <. Following the complete IR band assignment of the polymer, the polyvinyl chloride under
study was established to contain no foreign substances (impurities of stabilisers, emulsifiers and additives).
The diffraction curve of the polymer was established to be qualitatively similar to equivalent partially crystal-
line polymers. Two amorphous halos were detected at 26 of 24° 30" and 39° 30' below a group of crystalline
peaks. The crystallinity degree of polyvinyl chloride was determined and mechanisms for the formation of its
regular and irregular structure were proposed.

Keywords: suspension industrial polyvinyl chloride, molecular weight, infrared spectroscopy, diffraction
curve
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BBEOEHUE

MwupoBoli pbiHOK nonvBuHUNxopuaa (MBX) siens-
eTcs 0gHMM 13 Hamboree AMHaMUYHO Pa3BUBAIOLLIMXCS
pblHKOB  nonumepoB. 1o JaHHbIM  KOMMaHUM
«Harriman», MypoBble MOLLHOCTM MO MPOU3BOACTBY
MBX ¢ 2000 no 2006 rr. Bbipocnu ¢ 30 go 40 mnH T/rog
cooTBeTcTBEHHO, B 2007 . OHM cocTaBunn Oonee
45 mnH T, a kK 2010 r. ux pocT nporHosuposarncs (8o
kpuanca 2008 r.) go 60 mnH T. NBX B Poccun siBnsietcs
aepuumtHeiM npogyktom. Tak, B 2013 r. ero npowus-
BOACTBO COCTaBWro muwb 604 Tbic. T, Torga kak no-
TpebneHune — 967 ThiC. T [1, 2].

Monumep BbinyckaeTcs B ABYX OCHOBHbIX Buaax
B 3aBMCMMOCTU OT OCOGEHHOCTEN Mpou3BOACTBA M
PbIHKOB MNOTPebneHus: cycneHsmoHHbin (MBX-c) u
3MYNbCUOHHBIN ([1BX-3).

OcHoBHbIMK cchepamn npuMeHeHua MNBX aBns-
€TCH M3roToBMEeHMEe OKOHHbIX Npodunein, noroHax-
HbIX U34enui, NNeHoK, TPy, UTUHIOB, PasnUYHbIX
MOKPbITUWA, MEONLUMHCKMX WHCTPYMEHTOB W OPYruX
nsgenun [2-5). OCHOBHOW 1 Cepbe3HbI HeJOCTaToK
nonvMepa — HEBO3MOXHOCTb nepepabotku MNBX B
YMCTOM BMAeE, Tak Kak TemnepaTtypa nepepaboTku
HaxoAuTCa Bbile TeMnepaTypbl €ro pasroXeHus
[6-8]. OT0 BbIHYXOaeT BBoaUTb B MNBX crabunusa-
Topbl (TepMocTabunusaTopsbl), NnacTUgUKaTopsl,
MOAMUKATOPbI, NPOMOYTEPbLI MMaBfeHus, cMasku,
HanonHuTenu [9-12]. XapaKTepucTUKM WCXOAHOro
MBX (MonekynapHas Macca, CTpoeH/e NorMMepHon
uenun, TemnepaTypa pasnoXeHusi, CTeneHb Kpu-
CTannUYHOCTN MonuMMepa W Op.) B 3HAYUTENbHON
Mepe onpegensitoT noBedeHMe MnonvMmepa npu ero
nepepaboTKe U BRMSOT HA CBOWCTBA FOTOBOIO W3-
aenus.

Llenbto gaHHoW paboThbl sSBNSANOCL UccnenoBa-
HMEe CBOWCTB MPOMBILIIIEHHOrO CYCNEH3NOHHOro
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MBX npoussoactea AO «CasHckxumnnact» (Mp-
KyTCkasi obnactb).

OKCMNEPUMEHTAIIbHASA YACTb

MBX — NpPOMBbILWEHHbIA CYCNEH3UOHHbLIN MOo-
nuvep. Xapaktepuctuyeckyro BaskocTb [n] MBX
pacTBopa U3MepSANn B LIMKNOreKCaHOHe C UCMOIb-
30BaHMEM BUcko3umeTpa YO6ennoge npu 25 °C.
3HadeHne xapaKTepucTuyeckom BA3KOCTWU [n] Ang
nccneayemoro MBX coctasuno 1,1 an-r'. Moneky-
napHyo maccy NBX (1,0‘106) BbIYUCIIANK, NoacTas-
nasa nomnyyeHHble 3HadveHus [n], K u o B ypaBHeHne
Mapka — KyHa — XayBuHka:

[ =K M,

roe K M a — KOHCTaHTbl ANs JaHHOW CUCTEMbI NONu-
Mep — pacTtBopuTenb npu Temnepartype 25 °C, ux
3Ha4eHus (2,4-10'5 n 0,77 cOOTBETCTBEHHO) B3AThI
13 pabothbl [13].

OneMeHTHbIN aHanmM3 NPoayKToB peakumn NpoBo-
Onnn - Ha  rasocaHanusaTope upmbl  «Thermo
Finnigan». HangeHo, %: C — 38,2; H — 4,8; Cl — 57,0.
BbluucneHo, %: C — 38,4; H—4,8; Cl — 56,8.

KpuBble TepmorpaBumeTpuyeckoro aHanmsa o6-
pasuoB cHMManu Ha gepveatorpacge Q-1500 (MOM,
BeHrpusl), makcumanbHass TemnepaTtypa — 850 °C,
CKOPOCTb HarpeBa Ha Bo3gyxe — 10 °C MUH .

MK-cnekTpbl cononMMepoB MoslydeHbl Ha Crnek-
TpomeTpax Specord IR-75 u Bruker IFS-25 B T1ab-
netkax KBr un B BazenMHoBOM Macre.

OndpakynoHHble KpUBbIE CHSATbI Ha YCTaHOBKe
XRD-7000 dpmpmbl Shimadzu (AnoHus) B obnactu
yrnoB paccesHusa 26 = 0—70 °C. dokycmnpoBka npo-
Boaunack no bparry — bpeHTtaHo [14].
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OBCYXOEHUE PE3YJIbTATOB

CyCneH3noHHbI NpoMbIlfieHHbIn TIBX npouns-
BoactBa AO «CasHckxumnnacT» npeacTaBnisieT
cobon TBepAbli NpoAyKT Genoro uBeTa, XOPOLLO
pacTBOpMMbIN B TpuxnopbeHsone, OuxnopaTaHe,
anmetundopMmamuge,  OuMeTuncynbdokcuge wm
LIMKIOreKkcaHoHe.

HavanbHas Temnepatypa pasnoxeHus NBX -
160 °C, npn 250 °C noTtepst maccbl nonmmMmepa co-
ctaenseT 50%, a npu Temnepatype 300 °C ykasaH-
Has Benu4ynHa yBenuumsaeTtcs Ao ~85% (puc. 1).

MoTtepa maccel, %

0 200 400 600 . 800
Puc. 1. KpvBas noTepu Maccbl CyCrneH31OHHOTo
NoNMBUHUNXNOPUAA

Fig. 1. Mass loss curve of suspension polyvinyl chloride

MonHasa pacwudposka WK-cnektpa nonumepa
(puc. 2) npoBegeHa Ha OCHOBaHMM aHanusa nute-
paTypHbIX AaHHbiX [15-17]. XapakTrepuctunyeckue
nonocsl NBX npuBeaeHsl B Tabnuue.

.

3600 3200 2800 2400 2000 1600 1200 800
-1
CM

Mponyckaxune, %

Puc. 2. NK-cnekTp cycneH3MoHHOro NnonmBrHUnIXnopuaa

Fig. 2. IR spectrum of suspension polyvinyl chloride

Cnegyet oTMeTUTb NpuUCyTCTBME Tpunnera B
obrnacti ¢ yactotamm 2973, 2939 u 2906 cm™, Kko-
TOPbIA OTHOCUTCHA K OCTaTOYHbIM anudaTU4ecKkum
CHy- n CH-rpynnam MNBX v nonoc nornowieHns Ba-
neHTHbIX konebaHmn ceasm C-Cl, pernctpupyemblie
npn611 n 678 cm™.

Ha ocHoBaHun aHanusa WK-cnektpa MOXHO
caenaTb 3aknioyveHue, 4to uccnegyemoln NBX He
COAEPXWUT MNOCTOPOHHMX BELEeCTB B nonuMepe

(Npumecn cTabunmsaaTopoB, aMynbraTopoB U Npu-
cafok).

Monockl nornoweHuns B VIK-cnekTpe cycneH3anoHHOro
nonuBMHUNXNopuaa

Absorption bands in the IR spectrum of suspension
polyvinyl chloride

BonHoBoe uucno KonebaHwne
(u3mepeHHoe), cM™ W TMN CUMMETPUN

2973 Vv(CH), A1, B1
2939 Va(CHy), By
2907 Vs (CHz), Al
2838 Vs (CH2), A1
2821 vs (CHy), As
1430 O(CH,), A1
1332 Vi(CHz) + 8(CH), A
1248 5(CH)
1093 yw(CH)
960 vr(CH>), B1
836 v(CH>), B2
691 v(CCl)
611 v(CCl)
559 v(CCI)

OndpakumornHasa kpmsasa [1BX, 14(0) (pwuc. 3,
KpuBasi 1) nocTpoeHa MyTeM CnfankHOBOW MHTEPMO-
nauMM nNo  aKcnepuvMeHTarnbHbIM [aHHbIM B MpO-
rpamme MathCad. OudppakumoHHaa kpusasa [1BX
UMeeT 4YeTblipe aMopdHbIX rano npu yrnax pacces-
Hua 19°10', 24°, 35°40' n 40° 26 v rpynny Kpucrtan-
NNYECKMX MUKOB HaZ HUMW. TOYKM KPMBOM NpU yrrax
12, 20,4, 30-34, 36,7, 49° 20 npuHUMalOTCA 3a TOY-
Kn amopdHoro rano. o gaHHbIM ToYKkam aHarnoruy-
HO, METOAOM CrIanHOBOW UHTEPMONALMKN, CTPOUTCS
KpuBas 1,(8) (puc. 3, kpuBas 2). ToOYKM NONyYeHHOM
andbpaktorpammbel npn 12 n 49° 26 coeaunHaTCS
NPSAMON NUHWEN, CriyXallel OCHOBaHNEM aMOpPdHO-
ro rano (puc. 3, kpusas 3). YpaBHeHue 3TOW NUHUK
MO>XHO Bblpa3uTb CneayoLnuM paBeHCTBOM:

13(6) = 117,811 — 0,568-6.

o
o

I, umn/muH 55

100

80

Puc. 3. ndpaktorpamma cycneH3MoHHOro
nonuBuHUNXNopuaa
Fig. 3. Diffraction pattern of suspension polyvinyl chloride

[na onpepeneHus cTeneHW KPUCTamNNMYHOCTU
nonumepa Heobxoaumo onpeaennuTb NMoLiaan Kpu-
cTannunyeckux pednekcoB (Skpl-Skp4), 3aknoyeH-
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HbIX MexXgy NuHuen audpakrorpammbl (CM. puc. 3,
KpuBasi 1) U BepxHeln rpaHuuen rano (cm. puc. 3,
KpvBas 2), a Takke nnowanb aMopdHON cocTaBns-
olWen Sam, 3aKYeHHOW MEeXAY BEpPXHEW rpaHu-
uen rano n ocHoaHmem (cMm. puc. 3, kpmeas 3). lNo-
CKOMbKY KpuBble 1 M 2 umelT MaTemaTuyeckoe
onucaHue B BUAE WHTEPMOMALWMOHHOW (PyHKUMM, a
KpuBasa 3 — B BUAE NMHENHON (PYHKLMK, TO UX MOX-
HO WHTEerpMpoBaTb Ha NOObLIX 3a4aHHbIX MHTEpBa-
nax B paMKax MCCnegoBaHHOro guanasoHa, uc-
nonb3ys nporpammy MathCad.

Takum o06pasom, nnowaan KpucTaniamyeckmx
pedrieKCOB paBHbI:

20,4 20,4
Skpl = f 1,(6) —f L(6) =
12 12
=1623,5—1403,9 = 219,6;

34 34
Skp2 = f 1(6) - f L(6) =
20,4 20,4
= 2768,8 — 2498,5 = 270,3;

36,7 36,7
Skp3 = f L(6) - f L(6) =
34 34
= 333,3 —300,6 = 32,7;

49 49
Skpd = f Lo - [ Lo =
36,7 36,7

= 1413,2-1301,8 = 1114,

Skp = Skpl + Skp2 + Skp3 + Skp4 =
=219,6 +270,3 + 32,7+ 111,4 =
= 634,0.

[anee onpegenunu nnowagb amopdHOW co-
CTaBnALLEN:

Sam = nglz(H) — nglg,(e) =

= 5504,8 — 3718,5 = 1786,3.

OnpegeneHne cteneHun kpuctannmyHoctn MNBX
NpoBOAMIMM Ha OCHOBE 3aKOHa COXPaHEeHUs! UHTe-
rpanbHON MHTEHCUBHOCTW paccesHus U pasnuyHOro
poAda AoNnyweHusax npu pasgeneHun Ha «kpuctan-
nuyeckme» (Skp) n «amopdHble» (Sam) cocTaBng-
towpne [18]. lMoaToMy cTeneHb KPUCTanSIMYHOCTU
paccunTbiBaeTcs no opmyne:

X = Skpl(Skp + Sam) = 634 / (634 + 1786,3) =
= 0,2619 unm 26,19%.

O6GHapyXeHHble pednekcbl Ha pPeHTreHorpam-
Max MOXHO OBGBSICHUTb HanMyMem CUHOMOTAKTUYE-
CKMX Yy4aCTKOB B MOSIMMepHON uenu. M3BecTHo, 4To

Kpuctannudeckni BX obnagaeT NOBbILEHHOM
CTeneHbld CUHONOTAKTUYHOCTU, O YeM cBuaeTenb-
CTBYET HanuiMe WHTEHCMBHOWM Monockbl B o6ractu
611 cm™ n crnaboii nonocl npu 691 cm™ [19], npwu-
Yem KpUCTannM3oBaTbCs MOTYT T€ MaKpOMOIEKYbI
MBX, B KOTOpPbIX WMEKTCA CUHOMOTAKTMYECKME
yy4acTku, copgepxawue He MeHee 12 MOHOMEpPHbIX
3BeHbes [18, 20].

Mpu pagukanbHOW CYCNEH3MOHHON MOnMMepu-
3aumn MNBX B NPOMbLILWNEHHOCTU BO3MOXHbI OBa
mMapwpyta obpasoBaHua nocnegoBaTenbHOCTEN
MOHOMEPHbIX 3BEHbEB BUHUNXIIOpMAA: «roroea kK
ronoee» (1) n «ronoea k xsocty» (I1):

)Ul Cl Cl ¢l Cl
]
* Z ))\/U J

|
/)i/\/\m

MepBbIt NyTb cnocobcTByeT nonydveHunto MNBX ¢
OOCTaTOYHO AMNWHHLIMW OTpe3kamu Lenen, Mmero-
LUMX perynsipHoe CTPOEeHME, a BTOPOW — MOMYy4EHUIO
HeperynspHoro nonumepa, KOTOpbIA B npouecce
nepepaboTkn MOXeT noABepraTbCcs Oernapoxnopu-
poBaHuio. NMockonbky B UCCregyemMom NpOMbILLIIeH-
Hom TBX Habniopgaetca ycToMuMBOE CyLLECTBOBa-
HMe amopdHOM K KpucTannudeckon ¢as, To npo-
uecc obpas3oBaHuUsi NMofnMMepa OCYLLECTBNASIETCA MO
ABym mapupytam. CyuiectBoBaHMe amopgHOn U
Kpuctannuyeckon @as B uccriefyemMom MnpoMbiLu-
neHHoMm [NBX MOXHO OOBSACHUTBL TEM, YTO MpoLecc
obpasoBaHusa nonvMMepa OCyLLEeCcTBNSAETCA No ABYM
MapLupyTam.
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HoBble ¢pyHKUMOHaNbHbIE cononnmepbl
1-BuHUnN-1,2,4-Tpmnasona c annunamMmmHoOM

© I.®. lNpo3oposa, A.U. EmenbsaHoB, C.A. KopxoBa
UpkyTckun nHCTUTYT Xnumum um. A.E. ®asopckoro CO PAH, r. NpkyTck, Poccuiickas ®epepauus

Pe3rome: Hoebie sodopacmeopumbie OyHKUUOHaNIbHbIE COMOAUMEPHLI Ha OCHoge 1-8uHU-1,2,4-mpua3ona
U annunamuHa CUHmMe3upos8aHsbl 8 ycrio8uUsix c80600HO-padukanbHO20 UHUYUUposaHuUs nod delicmeuem Ou-
Humpusna a3zobucu3somacrissHoU Kucrnomsl. BapbupogaHuem ycroguli peakyuu rosy4eHbl cOnouMepbl pas-
HO20 cocmasa ¢ MorneKynsapHou maccol 1287-30204 [a. Cmpykmypy, MOMAeKynsipHyt0 Maccy U ¢bU3uKo-
XUMU4YecKue ceolicmea corouMepos onpedensanu ¢ noMowbio Memodo8 3fieMeHmMHo20 aHanu3a, VK- u
SMP “H-cnekmpockonuu, 2enb-npoHUKaroweli xpoMamozpaghuu, MomeHyUOMempU4Yecko2o u mypbudu-
MempuyecKko2o mumpoeaHus, OUHaMUYECKO20 C8emopaccesiHusl, mepmMoepasuMempuyecKkoeso aHasu3a.
YcmaHoseneHo, 4mo cornonumepb! Nposiensitom ceolicmea 8bICOKOOMHbIX Op2aHUYECKUX M0s1ypOB8OOHUKOS,
xapakmepu3aytomcsi ydenbHoli 3nekmpuydeckoli nposodumocmbio rnopsidka 10°-10"* Cm/cm, o6radarom
8bICOKOU cmolkocmbto K mepmu4deckol decmpykyuu (0o 260—280 °C). lNonyyeHHbIe cononumepbl 68710m-
Cs1 1epcrieKmusHbIMU 8 Kadecmee cmabunu3upyrouux MoauMePHbLIX Mampuy, rnpu ghopmuposaHuu e8000-
pacmeopumMblx 2UbPUOHbLIX OpeaHO-HeopeaHUYECKUX HaHOKOMNo3umos, obnadaroujux buonoaudeckol ak-
MmueHOCMbI0.

Knro4deessnie cnoea: 1-suHun-1,2,4-mpua3sosn, annunamuH, padukarnbHas cornosumepusayus

BnazodapHocmu: ViccriedosaHusi 8bINoIHEHbI npu ¢huHaHcosol noddepxke Pocculickoeo ¢hoHda ¢hyHOa-
meHmarbHbIx uccredosaHul (npoekm Ne 18-03-00168). OcHOBHbIe pe3ynbTaTbl NOMYy4YEHbl C UCMNOMb30Ba-
HneM o6opyaoBaHust bankanbCkoro aHanUTMYECKOro LIEHTPa KONMeKTUBHOro none3oBanns CO PAH.

Ungpopmayus o cmamsbe: [Jama nocmynneHus 2 ¢peepansa 2020 e.; dama npuHamus K nedamu 31 agay-
cma 2020 a.; 0ama oHnalH-pa3smeuweHus 30 ceHmsabps 2020 a.

Ana yumupoeaHrusi: Tpo3oposa I.®., EmenbsHoB A.U., Kopxxoa C.A. HoBble dyHKLMOHAMNbHbIE CONOMU-
mepbl 1-BuHUN-1,2,4-Tprasona ¢ annunammHoM. M3secmus 8y3o8. lNpuknadHas xumus u buomexHoo2usl.
2020. T. 10. N 3. C. 536-540. https://doi.org/10.21285/2227-2925-2020-10-3-536-540

New functional copolymers
of 1-vinyl-1,2,4-triazole with allylamine
Galina F. Prozorova, Artem I. Emel’yanov, Svetlana A. Korzhova

A.E. Favorsky Irkutsk Institute of Chemistry SB RAS, Irkutsk, Russian Federation

Abstract: New water-soluble functional copolymers based on 1-vinyl-1,2,4-triazole and allylamine were syn-
thesized under the action of free-radical initiation conditions and azobisisobutyric acid dinitrile. Copolymers
of various compositions with a molecular weight of 1287-30204 Da were obtained by varying reaction condi-
tions. The structure, molecular weight and physicochemical properties of the copolymers were determined
using elemental analysis, IR and NMR lH-spectroscopy, gel permeation chromatography, potentiometric and
turbidimetric titration, as well as dynamic light scattering and thermogravimetric analysis. It was established
that the obtained copolymers, exhibiting the properties of high-resistance organic semiconductors, are cha-
racterized by a specific electrical conductivity of 10"°~10™* S/cm and high resistance to thermal destruction
(up to 260-280 <C). These copolymers are promising as stabilizing polymer matrices in the formation of bio-
logically active water-soluble hybrid organic-inorganic nanocomposites.

Keywords: 1-vinyl-1,2,4-triazole, allylamine, radical copolymerization
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BBEOEHUE

AKTyanbHbIM HamnpaBneHneM B MNONUMEPHOWN
Xnmun saenseTca paspaboTtka HOBbIX (PyHKUMOHamNb-
HbIX NONIMMEPOB C LLUMPOKUM KOMMMEKCOM NpaKkTuye-
CKM 3Ha4YMMbIX CBOWCTB. B 3aBucMmocTn OT npupo-
Obl MONMMMEPOB MOXHO co3daBaTb 3PPEKTUBHLIE
nonumepHble maTepuansl Ana peweHns psaa npo-
6rnem pasBMBaOLMXCS TEXHOMOIUIN: MNPOYHOCTY,
nepepabaTbiBaeMOCTH, MNACTUYHOCTU, CTOMKOCTU K
arpeccuBHbIM cpegam u T.n. [1-4]. Hanbonee ad-
hekTMBHBIM CMOCO6OM ycuneHuss PyHKUMOHaNbHO-
CTU MOMNMMEPOB SABMSETCA HanpasneHHas cononu-
Mepusaumsa pasnuyHbIX MOHOMEPOB, MO3BONAOLLASN
CVYHTE3UpOBaTb OPUrMHAarbHbIE COMONMMEPLI C CU-
HEprMyeckum coveTaHMeM YHUKambHbIX CBOWCTB
comoHomepoB. Ocoboe BHUMaHWE yaensieTcs BO-
J0pacTBOpPMMbIM MONMMepam, NePCrnekTUBHbIM AN
pa3paboTkn COBPEMEHHbIX MeaMKOo-Buonorniecknx
matepuanoB. PaHee Hamu Obina nokasaHa BO3MOX-
HOCTb CUHTE3a HOBbLIX MONIMMEPOB U COMOMMMEPOB,
B TOM u4ucne BOAOPaACTBOPUMbLIX, Ha OCHOBE
1-euHUN-1,2,4-Tpyasonia, a Takke MNofyyeHus, B
3aBMCUMOCTU OT YCMOBUW peakumnm 1 npupofbl Co-
MOHOMepa, (Co)nonMmMepoB U HaHOKOMMO3WUTOB,
UMEILLNX BbICOKME TEPMOCTOMKOCTb [5, 6], Guono-
MMYECKy0 akTUBHOCTb [7—9], COPOLMOHHYIO Cnocob-
HocTb [10].

B HacTosLen paboTe npeactasneHbl pesynbTa-
Tbl CMHTE3a M UCCNeaoBaHMsA (PU3UKO-XMMUYECKMX
CBOWCTB HOBbIX cononumepoB 1-BuHuN-1,2,4-Tpua-
3ona (BT) ¢ annunamunHom (AA). OcHoBHas uenb
3aknoyanack B pa3paboTke HOBbIX MEPCNEKTUBHbIX
NoNMMeEpHbIX MaTepuanoB C MNPaKTUYECKU 3Hauu-
MbIMW CBOWCTBaMW, a UMEHHO, B yCUNeHun Guono-
rMYeckon akTUBHOCTU HaHOMaTepuarioB Ha OCHOBe
BT nytem BBegeHWs B MakpOCTPYKTypy annuna-
MUHHOTO (bparMeHTa, obnagaiwowero dyHructTaTu-
YECKUM N PYHIMUNOHBIM AENCTBUEM.

SKCNEPUMEHTAJIbHAA YACTb

OneMeHTHbIN aHanu3 BbINOMHANW Ha aHanusa-
Tope Thermo Finnigan Flash EA 1112 (Thermo
Fisher Scientific, Benukobputanus). WK-cnekTpbl
pernctpupoBanu Ha cnektpometpe FT-IR Bruker
Vertex 70 (Bruker Corporation, NepmaHus). Mone-
KynsipHble  MacCbl  M3Mepsanu MeToAOM  refb-
npoHMKawLen xpomartorpacdum Ha npubope Shi-
madzu LC-20 (Shimadzu Corporation, AnoHus).
MMopoouHaMuyeckun  AnaMeTp  MakpoMOmeKyn
onpeaenanu ¢ NomoLblo POTOHHOro aHanusaTopa
Zetasizer Nano-ZS (Malvern Instruments Ltd, Benu-
koOpuTaHus). ONeKTPUYEeCKyld MNPOBOAUMOCTb W3-
Mepsanu Ha TepaommeTpe EB6-13A. YcTtomuuBocTb
COMOMNMMEPOB K TEPMOOKUCIUTENBHON OECTPYKLMM
n3yyann metogamm TepMorpaBMMETPUYECKOro aHa-
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nu3a u gunddepeHunanbHON CKaHMpyloWwen Kano-
pumeTpun ¢ ucnonb3oBaHmem gepusartorpada STA
449 Jupiter (Netzsch, Nepmanus). UamepeHusa npo-
BOOAUNN B MHTepBane Temnepatyp 25-700 °C npu
ckopocTtn HarpeBa 10 °C/MMH B BO3QyLUHOM aTMoO-
cepe. Macca obpasuos coctaBnana 5 mr. BT cuH-
TesmpoBanu no mMeToauke, NpeacTaBrneHHOM B pa-
6oTte [11], annuMnamMuH U AUHUTPUN aszobucmsomac-
naHon kucnotbl (QAK) (Aldrich) ncnonb3osann 6e3
OOMOSTHUTENBHON OYUCTKM.

CuHmes  cononumepos. Cononumepusauuio
BT c AA npoBoaunu B 3anasiHHbIX aMmnynax B aTMo-
cthepe aproHa B BOoge B npucytctBum [JAK
(1% macc. ot maccel moHomepoB) npu 60 °C B Te-
YeHne 72 4 Npu pasHOM COOTHOLUEHMU MOHOMEPOB.
Cononumepsb! BblAENANN ABYKPATHBIM OCaXOEeHWEM
13 pacteopa JM®A B AnaTnnoBbIi adump, CyLLWN B
Bakyyme npu 40 °C Hag P,Os 0o NOCTOSAHHOW Mac-
Chl.

OBCYXOEHUE PE3YIIbTATOB

Cononumepusaumto 1-euHuN-1,2,4-tpmasona
(BT) c annunamuHom (AA) npoBoaunu B YCrOBUSIX
cB0BOAHO-paAMKanbHOr0  MHULUMUPOBAHMA C  UC-
nonb3oBaHWEM AuMHUTPUNa as3obucm3omacnsHon
kucnotbl (JAK) B kauvecTBe uHuumaTopa. Peakumm
ocywecTtenanu B Boge npu 60 °C B TedeHue 72 4
npy pasHOM COOTHOLLEHUM MoHOMepoB. Cononvme-
pusaumns npoTekaeT No BUHUITbHLIM rpynnam MOHO-
MepOoB, B pe3ynbTate 00pasytoTcsi COOTBETCTBYIO-
e cononMmepsl:

JIAK, T°C

NH >
K + /\/ 2 N
N

) )

BapbupoBaHnem COOTHOLLUEHUSS MOHOMEPOB B
MCXOLHOW peakUMOHHON CMECU CUHTE3MPOBaHbl CO-
noniMmMepbl pasHOro CoctaBa C MOJSEKYNSIPHON Mac-
con 1287-30204 [a, koTopble nNpeacTaBnsAlT CO-
6o nopoLukn 6enoro uBeTa, XopoLwo pacTBOPMMbIE
B BOAE M OUMNOMSIPHBbIX OpPraHN4yeckux pacTBOpuTe-
nax (QM®A, OMCO, AMAA) (tabnuvua).

M3 nonyyeHHbIX pe3ynbTaToB crnegyet, 4yTo
C yBenuyeHuem copepxaHus AA B UCXOOHOW peak-
LLMOHHOM CMECK NPOMCXOAUT MOHWXKEHME BbIxoda
WU YMeHbLUEHNEe MONEeKynspHOM Macchl cononvme-
poB. 3TO 0OYCMNOBNEHO XapaKTEPHLIM MOBEAEHUEM
annunbHbIX COEAWHEHUM B peakuusax nonmmepu-
3aumn, a UMEHHO, AerpagaumMoHHON nepegaden Le-
M HA MOHOMEp, YTO CBA3aHO C OOMbLUIOW NOABUX-
HOCTbIO annuIbHOro BOAOPOAA W cTabunmsaumen
0obpasytoLLerocst annunbHOro paavkana BcrneacTeue

NH,
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YcnoBusa CMHTE3a M XapaKkTepucTuku cononumepos 1-enHun-1,2,4-tprasona ¢ annMnammHom
Synthesis conditions and characteristics of the copolymers of 1-vinyl-1,2,4-triazole with Allylamine

CocTaB ncxogHoi Cocrtae cononumepa,

cmecu, mon. % Bbixog, % mon. % Mw, Oa* Mw/Mn** d, HM*** T,°C
BT AA BT AA

70 30 61 73 27 30204 2,40 19,67 280
50 50 43 67 33 6222 2,73 18,96 270
30 70 14 59 41 1287 1,44 17,45 260

*Mw — MonekynsipHas macca;
**Mw/Mn — MONEKYNApHO-MaccoBoe pacrnpenerneHue;
***d — cpegHUn anameTp MaKpOMOEKYIbI.

AenokanusMuun  HecrnapeHHoOro  SfekTpoHa Ha
m-opbutanun. M3-3a manon akTMBHOCTM annumbHbIA
pagukan He MOXET MHULMMPOBATb peakumio pocta u
y4yacTByeT Nvlb B peakumsax OmmonekynspHoro ob-
pbiBa. Mo3aTomMy M3-3a nNepedayn LenM Ha MOHOMEp
nonMMepu3aLmst annmoBbiXx MOHOMEPOB NMPOTEKAET C
MarnoW CKOpPOCTbIO M MPUBOAUT K 0OpasoBaHU HK3-
KOMOIEKynspHbIX nNpoaykToB. LLnpuHa monekynspHo-
mMaccoBoro pacnpegenexuss (Mw/Mn) ymeHbLLaeTcs
o1 2,40 po 1,44, yto cBMAETENLCTBYET O Honee y3kon
AVCNEPCHOCTM  MOJEKYNAPHO-MaccoBoro pacnpege-
neHvs B cononumepe ¢ GonblumMm cogepXaHvem arn-
NUMaMUHHbIX 3BeHbeB (41 Mon.%).

B WK-cnektpax cononvMmepoB OTCYTCTBYET MoO-
noca MornoLweHnst BaneHTHbIX konebaHun cessen
C=C BuHunbHoM rpynnsbl (1654 CM'l) N COXpaHsaTCs
XapaKTepHble MOfocChl MOrMoLWeHMss MOHOMEPOB,
cm™: BaneHTHble U AeopMaLMOHHbIe KoneGaHus
TpuasonsHoro uukna 1503-1505 (C=N), 1430-1433
(C—N), 1273-1275 (N-N), 1001-1004 (C-H), 660-
665 (C-N); annunamuHa 909 (N-H), 1135-1250
(C—N), 1658 (N-H) n nonumepHon uenn 3110 (CH),
2922-2925 (CH,). WWnpokasa nonoca ¢ LeHTpOM npu
3430 cm™ oTHocuTCs K KoneGaHusM rpynnbl —OH
MOIEeKynsipHON BOAbl, B3aUMOLEMNCTBYIOLEN C COo-
NonMMEepPOM.

06 obpasoBaHWM UCTMHHBIX COMONIMMEPOB CBU-
OeTenbCTBYIOT pe3ynbTaTtbl TypOMAMMETPUYECKOTO
TUTPOBaHWSA. XapakTep KpuBbIX (OTCYTCTBME MIIO-
Wagok u nepernbos, NnaBHbIA X0 3aBMCMMOCTU
ONTUYECKON MAOTHOCTWM OT AONWM ocaguTensi) CooT-
BETCTBYIOT OOHOKOMMOHEHTHOWN CUCTEME.

MeToOoom AMHaMU4YecKkoro ceeTopaccesiHust Obl-

nn M3MepeHbl cpefHne AvameTpbl MaKpOMOeKyn
CononnuMepoB B BOAHO-COMEBbIX pacTtBopax. Cono-
nMuMmepbl XapakTepusylTcsa MOHOMOAanbHbIM pac-
npegeneHneM yactuy no pasMmepam C¢ MakCcumyma-
MW, COOTBETCTBYHOLUMMU cpegHum guametpam (d)
17,45-19,67 Hm. Makpomonekynbl cononuvmepa c
MeHbLLENn MoneKkynspHown maccon (1287 [da) xapak-
TEpPU3yITCA MEHbLUM TMApoAUHaMUYeckum aua-
meTpoMm (17,45 Hm).

CvHTe3MpoBaHHbIe  COMONUMEPBLl  MPOSABMSAIOT
CBOWCTBA BbICOKOOMHbIX OPraHU4YecKkux nonynpo-
BOAHMWKOB: XapaKTepu3ylTCa YAENbHON 3nekTpuye-
CKOW NMpOBOAMMOCTbIO nopsika 107°-10™* Cm/cm.
Mo pQaHHBIM TepmorpaBMMETPUYECKOro aHanusa
cononumepbl 06ragaloT  BbICOKOW TEPMOCTOWKO-
CTbiO, KOoTOpas ymeHbluaetca ¢ 280 go 260 °C npwu
YMEHbLUEHNEM [0NU TPUasonbHbIX parMeHToB B
MaKpoMOneKynax cornorMmMmepos.

3AKNKOYEHUE

Takum obpasom, MeTogoM paguKanbHOW Comno-
nuvepmsaunn CUHTE3NPOBaHbLI HOBblE BOAOPACTBO-
pumble cononumepsl 1-suHun-1,2,4-tpuasona c an-
nMnamuHOM pasHoOro cocrtasa M pasfvyHON Morie-
KynspHon Mmaccbl. CononvMmepbl NposiBASIOT CBOW-
CTBa BbICOKOOMHbIX OpraHU4eckux MonyrnpoBOAHM-
KOB 1 06MnagatoT BbICOKON CTabWbHOCTBIO K TEpMO-
OKUCNUTENbHON AeCTpyKuun. Hanuvune B makpomo-
nekynax cornosiMmMepoB TPUa3onbHLIX LIMKIOB U ar-
nun-aMuHHbIX hparmeHToB obycnasnueaeT ux nep-
CMNEKTUBHOCTb AN pas3paboTkvM HOBbIX BOAOPACTBO-
pUMbIX TMOPUOHBIX HAHOKOMMO3UTOB C BbICOKOM
B1onorM4eckon akTMBHOCTBIO.
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