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PECYPCOCBEPEIAIOLLEE MONYYEHVE MUKPOKPUCTATMYECKOI
LIEE/ITKONO3bl U3 HEAPEBECHOIO TIMMHOUEJIJTKOZTO3HOIO CbIPbA
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CaHKT-MeTepbyprcknii rocyaapCTBEHHbI YHUBEPCUTET NPOMbILL/IEHHbIX
TEexXHONornn n an3ariHa, Bbiclias Lwkona TEexXHOMorMn 1 aHepreTuky, yi. VesaHa
UepHbix, 4, CaHKT-MeTepbypr, 198095, Poccus, demyantseva@mail.ru

O6ocHoBaHa NepcnekKTUBHOCTb UCMOb30BAHWUA IMTHOLENMIONO3HbIX OTXOL0B CebCKOX03AACTBEHHOr0 NPOU3BOACTBA-
cTebnein nogconHeuHuka (Helianthus annuus), TonuHambypa (Helianthus tuberosus) n conombl nwenunubl (Triticum aestivum)-
B Ka4yeCTBe a/lbTEPHATUBHOIO CbipbA A8 NOAYYEHUA MUKPOKpUcTanauyeckoi uenntonossl (MKL). Moka3aHo, 4To HegpeBecHoe
Cblpbe, XapaKTepuaytoweecs 60/ee TOHKOW KNETOYHOW CTEHKOR M NOHWKEHHbIM COLEPXaHMeM NIUTHUHA N0 CPaBHEHUIO C fpe-
BECMHOIA, 06ecneynBaeT 60nee Nerkyo AeMMrHNUKaLuo 1 BbICOKYHO JOCTYMHOCTb LeN0103bl AN XUMUYECKO NnepepaboTKu.
MpesaBapuTeNbHAA LEeN0YHas IKCTPaKLMA C U3BMIEYEHNEM TAHUHOB Y BOAOPACTBOPUMbIX KOMMOHEHTOB MO3BOSET CHU3UTL pac-
X0[, HafyKCYCHOM KACNOTbl Ha MOBOYHbIE PeakLum 1 NOBLICUTbL CENEKTUBHOCTb AeMrHudurKkanumn. CoxpaHeHne BbICOKON Baxk-
HOCTW LeNoN03HOro mateprana (okono 83%) Ha cTaguv NOAroTOBKM NpeaoTBpallaeT OporoBeHne BOIOKOH W 3aKpbITye Mop,
4TO CNOCO6CTBYET YNYULLEHNIO MOP(ONOTrMM NOPOLLIKOBOr0 NpoAykTa. KomOuHMpoBaHHas 06paboTka - LenoyHas aKCTpakLms,
pa3Mon B OHOLIHEKOBOM 3KCTPYAepe N KUCMOTHbIA rMapoan3 - No3BONSET LefeHanpaBneHHo perynnpoBaTh CTeneHb novme-
pusauum MKL, B gnanasoHe 200-500 efuHWL, 1 CHYXKATb XUAKOCTHbIA Mogynb npoueccac 1:50 o 1: 25 6e3 cyLlecTBEHHOrO
YXYALIEHUA KayecTBa KOHEYHOT0 NpoayKTa. MpefnoxeHHas cxema rny6oKoi nepepaboTKy arponpOMbILLINEHHbIX OTXOA0B, 06b-
eAVHAIOLLAA BblAeNeHNe TaHWHOB W NONYYeHUe MUKPOKPUCTaNNNYecKOon Lenntono3bl, CnocobeTBYeT NOKanM3aummy npomssos-
cTBa 61MoNoAMMeEpa 1 NOBbILLAET PECYPCO- U 3HEProah(heKTUBHOCTb TEXHOIOMMYECKOTO LMKNA 38 CYET paLMOHaIbHOr0 UCTob-
30BaHNsA BCEX KOMMOHEHTOB PacTUTENbHOM 6G1uomacchl.

KntoueBble cnosa: MWKPOKPUCTANMYecKas LENnn03a, arponpoMbllUieHHble OTXO04bl, CTEMeHb MOMMMepU3aLmm,
HafyKCyCHas KUCNOTa, LWefoYvHas sKCTpakLus, TaHUHbI, OPOrOBEHWNE BOTIOKOH, XWUAKOCTHbIA MOAY/b.

Ons yntupoBaHusa: Pomawesa M.M., OembsiHueBa E.FO., Cmut P.A., CensHknH M.A., ly6oBbiii B.K. Pecypcocbepe-
rarowiee nonyyeHne MUKPOKPUCTaNIMYECKON LeNNt0N03bl N3 HeAPEBECHOTO NMMTHOLENKN03HOTO Chipba // XMuUa pacTutesb-
HOro cbipbs. 2026. Ne2. C. 416-424. https://doi.org/10.14258/jcprm.20260219238.

BeegeHne

MukpokpucTananyeckas uennonosa (MKLL) npeactaBnset coboii NOPOLUKOBbIA MPOAYKT HEMOHOMO KC-
NOTHOrO FMAPOAM3a MPMPOAHOIA LLeNN0N03bl, XapaKTepusyowmiica cTeneHsblo nonnmepusaunn (Cr) 200-350 n
KPUCTANNIMYHOCTbIO >55% [1]. 3TK CTPYKTYpHbIe NapaMeTpbl 06YCOBAMBAIOT ee peoornuyeckmne, COpoLLMOHHbLIEN
TabneTKkoo6pasyoLLe CBONCTBa, YTO ONpeaenseT LWMPOKoe NPpUMeHeHMe B (hapMaLleBTUKe, MULLEBOI U KOCMETU-
YeCKOI NMPOMbILLIEHHOCTH, a TaKXXe B NPOM3BOACTBE 6uopasfaraeMbiX KOMMO3MLNOHHbIX MaTepranos [2, 3]. Mu-
posoii pbiHOK MKL, ageMoHCTpupyeT ycToinumsblii pocT (-10% rog). PocT 06ycnoBeH TeHAEHUUAMU K UCTONb30-
BaHMIO HaTypa/ibHbIX, 3KOMOTMYHBIX U 6UoferpagupyemMbiX MaTepuanos, a Takxe YyCUIeHneM HopMaTUBHOWM noa-
[ep>XKun 6e30MacHbIX MHrpeaneHToB [4]. B nepmnog 2022-2023 rooB eMKOCTb POCCMIACKOT0 PblHKA MUKPOKPUCTaT-
nnyeckoin uenntonosbl (MKL) coctaBuna npumepHo 3700-4000 TOHH B HaTypasbHOM BblpaxeHuwu [5, 6], Habno-
[aeTcs yCcTouYMBasA MONOXUTENbHAs AMHAMUKA CNPOCa HA MUKPOKPUCTANIMYECKYIO LieNH0N03y, 06yCnoBneHHas
€e YHUBEPCa/IbHOCTbIO U LUMPOKUM CNEKTPOM NPUMEHEHUS B Pas/IMUYHbIX 0TPACAAX MPOMbILLAEHHOCTH, OAHAKO poCc-
cuiickas MPOMBbILLINEHHOCTb OCTAaeTCs 3aBUCKMMOM OT MMIOPTa, YTO aKTyan3npyeT 3ajadvy pa3paboTKu 0TeUYeCTBeH-
HbIX TEXHOMOTUIA Ha OCTYNMHOM MECTHOM cbipbe [7].

OcCHOBHbIM cnocobom nonyyenns MKLL sBnseTca rmaponn3 HeopraHMYecko KUCNoToM GeneHol Leio-
N03bl U3 X/M0NKa WM APeBECUHbI XBOWHbLIX Nopod. HeapeBeCHOe Cbipbe MO CPaBHEHWIO C APEBECHbIM CbIpbeM™

* ABTOp, C KOTOPLIM CleflyeT BeCTU Mepenucky.
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06nafaeT HEKOTOPbIMU OCOBEHHOCTAMM: ManOTOHHAKHOCTbIO, CUbHO BbIPXKEHHON CE30HHOCTLIO, pa3Hoobpas-
HbIM KOMMOHEHTHbIM COCTaBOM, NO3TOMY BO3POC MHTEPEC K SI0KaIbHOMY NPOW3BOACTBY MUKPOKPUCTaNIMYECKON
LLe/INK0N03bl M3 MHOFOTOHHAXKHbIX OTXOA0B CeNbCKOro xossaicTea [3, 4]. CornacHo ouumanbHbIM AaHHbIM Poc-
cTaTa, B 2024 roay B Poccuiickoii ®egepauuy cobpaHo 82.6 MAH TOHH MeHMUbl U 16.5-17.25 M/TH TOHH NOACO/-
HeyHuKa [8]. Mpwu 3TOM B NpoLiecce BbipalMBaHNa Ha 1 TOHHY 3epHa nileHuLbl reHepupyeTcs 1.25-5 TOHH COMOMbI,
a Ha 1 TOHHY CeMfiH MOACOMHEYHMKA - 31 TOHHbI CTe6el, YTO MOAYEPKMBAET 3HAUYUTENbHLIA 06beM arponpo-
MbILLUIEHHbIX OTXOA0B KaK NOTEeHLMAbHOrO Chipbs 415 MHHOBALMOHHbIX NepepabaTtbiBatoLmx TexHonorui [9, 10].
KomnnekcHas nepepaboTka Takux OTXOA0B He TOMbKO yCunuBaeT peHTabenbHOCTb NMPOM3BOACTBA, HO U CMOCOO-
CTBYET AMBepcUMKaLMM Manoro U cpeaHero 6usHeca 3a CYeT BTOPUUHBLIX MPOAYKTOB. lNMpeanaraemblil NOAXOS,
obecneymBaeT He TONbKO peLleHe 3aaum N0Kanu3aLum NpoM3BOACTBEHHbLIX MOLHOCTEN, HO 1 3D(EKTUBHYIO YTU-
NN3aUUI0 OTXOAHBLIX MaTepuanos NOCPeACcTBOM UX KOHBEPCUM B BbICOKOTEXHOMOMMYHbIE MPOAYKTbI C CYLLECTBEH-
HOIi 406aBNEHHON CTOMMOCTLIHO.

ArpapHbIl cekTop 06/1aaeT YHUKaTbHBIMU BO3MOXHOCTAMYW ANS peann3almn 3aMKHYThbIX LMKI0B nepepa-
60TKM 6narofaps LOCTYMHOCTU PacTUTE/IbHbIX OTXOAO0B C BbICOKOW CKOPOCTHbH) €XKEerofHoro BO306HOB/EHUSA, UH-
TEHCUBHOW YPOXaiHOCTHIO M HU3KMMMW 3aTpaTaMu Ha Mpou3BOACTBO. ArpOMpOMbILLIEHHbIE OTX0AbI (CONOMa 3na-
KOBbIX, CTEBM MAaCNUYHbIX KYNbTYp) 061a4aloT pagoM NPeMMyLLECTB: eXerogHbIM BO306HOBNEHNEM, CHUKEHHbIM
coaep>XaHnmem nurHunHa (10-20% npotmB 25-35% Yy ApeBECUHbI), BbICOKOW JOCTYMHOCTbIO Lenntonosbl [11]. Oa-
Hako X nepepaboTKa OCNOXHEHA MPUCYTCTBUEM IKCTPAKTUBHbIX BELLECTB, KPEMHUACOLEPXKALLUX KOMIOHEHTOB 1
CTPYKTYPHOIA HEOLHOPOAHOCTbIO KNEeTOUYHbIX CTeHOK. MpeapaputenbHas 06paboTka, HanpasfneHHas Ha yAaleHue
HW3KOMOEKYNAIPHLIX MPUMECeR U LieneHanpaBneHHY0 AeCTPYKLUI0 aMOPgHbIX 06M1acTeid, ABNSETCA KIOUYEBbIM
3TanoM, onpeAensiowmMM CeNleKTUBHOCTb AeNMUTHU(MUKALUN N KOHEYHYIO CTeNeHb NoanMepusaumm npogykra [12].

OcobbIil MHTepec NpeacTaBNseT BAUSAHWE BOAOCOAEePXaHMS Le0103HOro nonytabpmkara Ha cTagum nog-
roToBKM K rugponumsy. Cyuika o abCcontoTHO CYX0ro COCTOSHUA NPUBOAUT K HEO6paTMOMY OPOrOBEHMIO BOJIO-
KOH - CXaTuio nop, 06pa3oBaHunI0 LOMONHUTENbHbIX BOLOPOAHbIX CBA3EA N CHUKEHMIO AOCTYMHOCTY LieNN03bl
Aans peareHToB [13]. CoxpaHeHWe BbICOKOI BAXHOCTU MOXET NPENATCTBOBATbL 3TOMY MPOLLECCY, O4HAKO KONnYe-
CTBEHHbIe 32aKOHOMEPHOCTU BIMSHNA OCTATOYHOM Bfarv Ha KMHEeTUKY rMaponv3a HagyKCYyCHOW KMUCNOTOR U Mop-
tonoruno MKL, n3 HelpeBeCHOTO CbIpbsi U3YYeHbl HEAOCTaTOUHO.

Llenb paboTbl - pa3paboTka TEXHONOTMYECKN peann3yeMoil KOMOMHUPOBAaHHOI CXeMbl NepepaboTKn cTeb-
Nnei NoACoNHeYHMKa, TonuHambypa 1 conombl NweHnLbl B MKLL ¢ 3agaHHOR cTeneHbo NoAMMepusaumm, a Takxe
YCTaHOB/IEHUE BANAHUSA LLENOYHOW 3KCTPaKLMK, MeXaHNYeCKOro pa3mona n UCXO4HOM BNaXXHOCTU nonytabpukara
Ha Ka4yecTBO MPOAYKTa U pacxof peareHToB.

3Kcnep|/| MEHT a/lbHasA 4aCTb

O6beKkTOM wuccnegoBaHua sBnanaucb cTebnam nogconHeyHnka (Helianthus annum) n TonuHamb6ypa
(Helianthus tuberosus), BblpallleHHble B JIEHUHIpaackoi 061acTu 1 cobpaHHble B CeHTAOpe. B KauecTse pedepeHc-
HOro martepuana ucrnonb3oBany conomy niieHuubl (Triticum aestivum), cobpaHHyto B CeBepo-3anafHOM pernoHe
Poccumn B 2024 1., KaK TUNNYHBIA MHOTOTOHHAaXXHbIN CENbCKOXO03ANCTBEHHLIN 0TX04. CTebnm Helianthus spp., oT-
HocALMeca K ABYAO0NbHbIM pacTEHNAM, XapaKTepusyTcs NPAMbIM LUANHAPUYECKUM CTPOEHUEM BbICOTOM 2-3 M
C LeHTpa/ibHbIM MapeHXMMaTo3HbIM LUAMHAPOM (puc. 1). MexaHn4Yeckue TKaHW NpeacTaB/ieHbl KONEHXUMOM, CKie-
paHXMMOWA 1 MOLLHOW napeHXMMON. MapeHxnMa cepALeBmHbl (2) cogepxuT go 90% a-Lenntonosbl B KOMMIeKCe ¢
MOHOcaxapuamu (rnoKosa, (pyKTo3a, MaHHO3a, rafnakTosa), a kKambuii 1 nepernyHas Kopa (1) oboralleHbl TMTHK-
HOM U uennono3oi [14]. MopucTtas cTpyKTypa napeHxunmbl (puc. 16) cnocobCTBYeT COPOLUM TSXKENbIX META/OB,
HO YCNOXHSAET nepepaboTKy M3-3a HU3KOIN MIOTHOCTU.

B otnanume ot Heliantus, conoma nweHuLbl Kak 04HOLONbHOrO pPacTeHUs MMeeT TOHKUIA nosnblii cTebesb
BbICOTOM A0 1M 6e3 KaMbus 1 BbIpaXXeHHOM CepALEBUNHbI; MeXaHUYeCKe TKaHW NpeacTas/ieHbl CKNepeHXMMON 1
Ny6SHbLIMW BOMIOKHAMMW, MPOBOASLLNE 3NEMEHTbI - OTKPbITbIMU KOMNaTepanbHbIMU NyYKamu.

KOMMOHEHTHbI COCTaB Cbipbs ONPeAEeNsann no cTaH4apTHbIM MeToAvKaMm: BnaxxHocTb FTOCT 16932; maccoBas
[l0NA BeLLecTB, paCTBOPMMbIX B ropsYeli Bofe; MaccoBas LONS IMrHMHA No MeTody KomapoBsa, MaccoBas f0Ns Len-
nono3bl No MeTogy KropliHepa onpegeneHbl COracHO CTaHAAPTHLIM MeTogukam [15]. MUKpPOCKOoNMUecKuii aHanms
nonepeyHoro cpesa 6b1/1 NpoBeAeH CBETOBLIM (ONTUYECKUM) MUKpockonoMm MAK-2 npu npubamkeHun x 150.
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a 6
Puc. 1. BHewHwnid Bug ctebns Helianthus: a- nonepeyHblii cpe3 cte6ns Heliantus 6e3 npnbamxenus; 6 -
cepALeBuHa TonvHambypa npu npnbamxeHun *150 Nog MUKPOCKOMOM

MpeaBapuTenbHas 06paboTKa IMIHOLENTON03HOr0 MaTepmana 6blia NpoBejeHa LeloYHOW 3KCTpaKLmei
pacteopamu NaOH (0; 5; 10 % mae.) npu 100 °C B TeueHne 60 muH npu rugpomogyne 1 :20. Mocne 06paboTku
maccy (punbTpoBann, NPOMbIBaAN AUCTUAIMPOBAHHOW BOLOW 40 HelTpanbHOW peakuuun. B dunbTpatax onpese-
NANN cofepXaHne KOHLEHCUPOBAaHHbIX N HEKOHAEHCUPOBaHHbIX TaHWHOB TUTPUMETPUYECKUM U FpaBUMETpUYE-
CKUM METOAaMM COOTBETCTBEHHO [15]. AHaM3 NOMYYEHHON LeNnto03bl MPOBOAWAN NO CMEAYHOLLMM METOANKAM:
onpegeneHue cteneHn genurHungmkaumm cornacHo FOCT 10070-74, onpegenenue Boixoga - FOCT P 56847-2015
[16]. PacTBOpbI Nocne npefBapuTesibHON 06paboTKM 6blAM NpoaHaNU3NPOBaHbl Ha COAepPXKaHWe HeKOHAEeHcupye-
MbIX TaHVHOB TUTPUMETPUYECKUM METOAO0M, KOHAEHCMPYEMbIX TAaHUHOB rPaBUMETPUEN - KaK BO3MOXHbIX LiE/e-
BbIX KOMMOHEHTOB M3 0TPaboTaHHbIX pacTBOPOB [15]. BnaxHsbIi LLefN0103HbIA MaTepman (BNaXXHOCTb -83%) nog-
Bepraav pasmony B 1abopaTOPHOM OJHOLUHEKOBOM 3KCTpyAepe (AnameTp WHeka- 20 MM, YyacToTa BpalleHus - 60
06./MUH, TemnepaTypa 30Hbl - 80-90 °C) ans obecrneyeHNs pasBONOKHEHUS Y TOMOTeHMU3aLUN CTPYKTYpbl.

maponn3oBaHHble NPOLYKTbI U3 BONOKHUCTbIX IMTHOLENION03HbIX MaTepuanos Obiav NonyyeHbl 06paboT-
KOV HafyKcycHoi kucnoToi npu Temnepatype 100 °C B TeyeHune 60 muH [17]. Miccnegosanu gga rmgpomogyns: 1:50
(KoHTposb) 1 1:25 (oNTMMU3MPOBaHHbIA). ocne rnapomsa cycrneH3nto HelTpannsosann 5% pactesopom NaHCCh,
npomblBann Bogow Ao pH 6.5-7.0, cywnnm npun 40 °C [0 NOCTOSHHOM Macchbl U NpocenBanu Yepes cuTto 0.2 M.

CTeneHb nonvmepusauum ONpefensinnm BUCKO3MMETPUYECKU B KafgokceHe npu 25 °C no FOCT ISO
5351 [18]. Yucno Kanna-no FOCT 10070. KpucTannM4HOCTb OLeHUBaNM MeToaoM MK-cnekTpocKkonum MeToLom
NK-®ypbe CNeKTPOCKONUMN MO BENNYNHE OTHOLLEHUS MHTEHCMBHOCTM MONOCHI nornoweHns npu 710 cm™1(aedop-
MauMOHHble KonebaHna CH-rpynn) K MHTEHCUBHOCTWU MornouweHns npu 2965 cm'l (BaneHTHble KonebaHus CH
rpynn). Monocy nornowexHns npu 2965 cm'lucnonib3oBany B Ka4ecTBe BHYTPEHHEro CTaHAapTa, TakK Kak OHa He
3aBMCUT OT KPUCTAIMYHOCTM Lennton03bl [19]. Mopdonoruio yacTul, n3yyanm Ha onTM4ecKoM Mukpockone MOK-
2 (yBennyeHune ><150). Bce akCnepuUMeHTbI MOBTOPAAW TPVWXKAbI; pe3ybTaTbl MPUBELEHbI KaK CpefHee 3HayeHue +
CTaHAapTHOe OTK/IOHeHMe. CTaTUCTUYECKYH 3HAYMMOCTb pa3nMynii OLeHMBANM METOAO0M OAHO(AKTOPHOrO AyC-
nepcumoHHoro aHanusa (ANOVA, p<0.05).

Pe3ynbTaThl U 06CY>KAEHNME

KOMMOHEeHTHbI coCTaB Uccef0BaHHbIX 06Pa3L0B pacTUTE/IbHOTO Cbipbst NPEeACTaBeH HAa PUCYHKAX 2 1 3,
CogiepxxaHue Lennionossl B CONOME, onpeaeneHHoe no Metofy KiopluHepa, COCTaBASeT BENIMUMHY, COMOCTa-
BUMYIO C MoKasaTensMu Ans IUCTBEHHbIX NOpog ApeBecuHbl [20]. 3TO yKa3biBaeT Ha BbICOKYIO MOTEHLMA/bHYHO
LLleHHOCTb COJ/TIOMbI KaK MCTOUHMKA LieNi0M03bl 415 MocneayroLLeit XMMUIYecKoii Unm 61MoXnmMnyeckoii nepepaGoTKu.
[lons BoAopacTBOPUMBbIX BELLECTB He NpeBbiluaeT 10%, UTO CBUAETENLCTBYET O HU3KOM COflepXKaHUu Nerkousene-
KaeMblX KOMMOHEHTOB, TaKUX KaK caxapa, OpraHu4yeckue KUCAO0Tbl U HEKOTOpPbIe 3KCTPAKTUBHbIE BellecTsa. B To
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Y€ BpeMsl OTMEYEHO CYLL,eCTBEHHOE HAKOM/IeHNe KPEMHUA, YTO XapaKTepHO AN 31aK0BbIX KyNbTyp U 06yCNOBNEHO
OMOreHHbIM OCaXKAEHWEM CU/IMKATOB B K/METOYHbLIX CTEHKAaX. BbICOKOe cofepXaHue KpeMHUs co3faeT AOMOSHU-
TeNlbHble TPYAHOCTW NP AeIMTHUPUKALUN N MEXaHUYECKO 06paboTke, No3TOMy TpebyeT npefBapuTenbHOR 06-
paboTKN Cbipbs (HANMPUMeEP, KUCMOTHOM UAW LLEN0YHON MPOMbIBKM) C LieNbl0 ero yfaneHus v npegoTBpalleHns
06pa30BaHUs CUIMKATHBIX OT/IOXEHUI B UMKAe Npom3BoacTBa. CogepxkaHue a-Lefniono3bl B CONOME MLIeHMULb
cocTtaBuno 41.2+0.8%, B cTe6n1ax TonnHambypa - 38.7+1.1%, nofconHeyHnka - 40.3+0.9%. [ons AUrHMHa Bapb-
npoBana oT 24 Ao 29%, 4TO COOTBETCTBYET AaHHbIM A8 pacTeHuii poga Heliantus n 06ycnosneHo mopgonoruye-
CKUMM 0COBGEHHOCTAMU CTPOEHWSA pacTeHNsa U KAMMATOM MecTa npouspacTtaHus [21].

MoACONHEYHMK U TONMHaMBYp OTHOCATCA K OAHOMY BUAY, YTO 06BACHSET UX 6/M30CTb MO XMMUYECKOMY
COCTaBY U MAEHTUYHOCTb MOP(ONOTMYECKOrO CTPoeHUs (puc. 1, 3). Oba Buaa XapaKTepusytTCs CXOXUM COOTHO-
LLUEHWEM OCHOBHbIX KOMMOHEHTOB: LLeNt0103bl, FeMULENNI0N03 U IMTHUHA, YTO JeflaeT uX CONnocTaBUMbIMU B Ka-
YecTBe Cbipbsi Ana 6uopedaiiHMHra. HecMoTps Ha XMMUYECKYHO 1 MOP(OMOTMYECKYIO CXOXeCTb, CTe6An noacon-
HEYHVKa XapaKTepum3yroTca 60/bLUei AnaMeTpanbHOM BEMYMHON MO CPABHEHMIO C TOMMHAMOBYPOM, YTO, BEPOATHO,
006YC/0B/IEHO CENMEKLMOHHbIMW NpUemMamMu, HanpasieHHbIMU Ha (OpMUpOBaHMe 60/1ee MOLLHOMo cTebns v NoBbl-
LLEHVE YPOXXalHOCTU. YBenueHve guaMeTpa cTeb/1s MOXET OKasbiBaTb BAUSAHME HA 3P(EKTUBHOCTb N3ME/bUYeHUS
M NPOHUKHOBEHWE PEareHToB Npu AeNUrHU(UKaLn, 4To TpedyeT KOPPEKTUPOBKM TEXHONOTMYECKNX PEXUMOB NPU
nepepaboTke. CTte61n Helianthus spp. 06n1agatoT BblpaXeHHO NapeHXMMHON cepaLeBuHol (4o 90% nonmcaxapu-
[I0B B KOMI/IEKCE C MOHOCaxapuaaMun) v NAOTHOM CKIEPEHXVMHOM KOPKOW, YTO 06yCcnoBanBaeT Heo6XoaMMOCTb
MEeXaHN4eCKOoW aKTMBaL MM NOC/e LLe0YHON 06paboTKu.

CofiepXaHue Nerko- u TpyAHOrMApOAn3yeMbIX BELLLECTB COOTBETCTBYET OCEHHEMY Mepuoay Beretauum, Ko-
rga npeobnagarollas vyacTb MeTabo/MTOB HanpaefneHa Ha NOArOTOBKY pacTeHMs K 3UMHeMy nepuogy, BK/uYas
HaKOoM/IeHWe 3anacHbIX U CTPYKTYPHbIX Nonncaxapuaos. B aToT nepuog HabnogaeTcs MakcMansHOe HakonieHve
MOMMMEPHBIX YTNEBOAOB B CTE6NISX, UTO fenaeT OCEHHUIA ypoxaid Hanboee NePCNeKTUBHbIM AN LeNTH0N03HO-Ca-
XapHOro Hanpa.ieHus nepepaboTku. MonyyeHHble faHHbIe NO3BOMIAKOT paccMaTpuBaTb cTe6/1M NOLCONHEYHUKA W
TOMMHaMOypa Kak aflbTepHaTMBHOE Cbipbe A1 NPOM3BOACTBA NPOAYKTOB 6ruopedaiHMHra, Npu 3TOM BbIGOP MeXay
HUMMW [OMXKEH YUNTbIBATb HE TOMIbKO XMMUYECKUIA COCTaB, HO U MOP(ONOrMYeCKMe 0COBEHHOCTU, a TaKXKe 3HEepro-
3aTpathbl Ha NpeaBapuTenbHY0 06paboTky. [N yaaneHus caxapos, BOAOPaCTBOPUMBIX BELLECTB, a TaKXKe pasmar-
YeHVs pacTUTE/IbHOTO MaTepuana Obina NpoBefeHa npeABapuTe/ibHas 3KCTpakumA. [aHHbIl aTan Mo3BoNseT us-
B/leYb BOAOPACTBOPUMbIE KOMMOHEHTLI, BK/lOYas MOHO- U fucaxapuibl (B NepByto oyepelb rOK03Y), opraHuye-
CKVe KUCNOTbI, a TakXKe eHObHbIE COeANHEHUS, K KOTOPbIM OTHOCSATCS TAHWHbI.

00 46,3%
Puc. 2. KOMNOHEHTHbIH COCTaB CO/IOMb! Puc. 3. KOMNOHEHTHbI coCcTaB TONMHamobypa 1
nweHnubl: 1- JInrHUH no metony Komaposa; NOACONHEYHMKaA: 1- 3thnpopacTBOPMMbIe BELLECTBA;
2 - uenmonosa no KropwHepy; 2 - NIerKornaponnsyemble BeLLECTBa;
3- Nnerkormaposnusyemble BeLLeCTBa; 3 - TpYyAHOTMAPONU3yeMble BELWECTBA; 4 - JIMTHUH MO
4 - TpyLHOrMAponnM3yemble BeLLEeCTBa; mMetoZy Komaposa; 5- Lennknosa no Mmetoay

5- KpeMHui KropwHepa
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TaHWHbI NPeACTaBNAT UHTEPEC Kak LieneBble KOMMNOHEHTbI - 6MONOMMYECKN aKTUBHbIE BELLEeCTBa, MOTeH-
UManbHO MPUrofHbIe 418 UCNONb30BaHNA B (hapMaLeBTUYECKON, KOCMETUYECKOW, MULLEBOI NPOMbILLNEHHOCTA 1
NoMy4YeHns Ha UX OCHOBe 6ectheHONbHOro Kies. X usBneyeHne Ha cTagun NpesBapuTeibHOW 3KCTPaKL MM No3so-
NSAET He TO/IbKO MOBbICUTb YACTOTY MOC/AeAYIOWMX NPOAYKTOB nepepaboTkn (HanpruMmep, MUKPOKPUCTaNIMYECKOA
LeNs10103bl), HO U 06ecneynTb KOMMAEKCHOe UCNONb30BaHNe PaCTUTENbHOIO Chipbs. Pe3ynbTaTbl NpeAcTaseHsb
Ha pUcyHke 4.

Kak cnefyeT u3 pucyHka 4, ¢ yBenMyeHneM LLLEeN0YHOCTM 06pabaThiBaloLLero pacTBopa BO3pacTaeT BbiXo]
KOHJEHCUPOBaHHbIX TAHUHOB, YTO 00YC/IOBMIEHO YAaCTUYHON AECTPYKUME NMUTHUHA U ero NepexofoM B pacTBOpY-
Myto hopmy. COOTBETCTBEHHO, 3TO MPUBOAUT K CHUXXEHMIO OCTATOYHOIO COAEPXKaHWUA NUTHUHA B LieN/H0M03HOM
maTtepuane, YTo NOATBEPXKAAETCH NPAMbIMUA aHAIUTUYECKUMU AaHHbIMU. T1py 3TOM COAepXKaHne HEKOHAEHCUPO-
BaHHbIX TAHWHOB B 3KCTPAKTE OCTAeTCA MPAKTUYECKU HEM3MEHHbIM, YTO YyKa3blBaeT Ha UX 60/ee YCTOWUMBYHO
CTPYKTYPY B faHHbIX YCNOBUAX 06paboTKu.

Teeppas Kopka cte6ns Helianthus npenatcTByeT aMeKTMBHOMY pasMArvyeHuto 1 pa3BoOKHEHNIO MaTepuaia
nocne LenoYyHol o6paboTku, YTO, B CBOKO O4vepefb, 3aTPYAHSET NPOHUKHOBEHUE TMAPOM3YIOLLEro areHTa Briybb
KETOYHbIX CTeHOK. [ns obecrnevyeHns O4HOPOAHOCTM LieNMHoN03HOro mMatepuana 6blna NnpuMeHeHa MexaHuyeckas
o6bpaboTka - pa3mon ropsyeii maccbl B 1abopaTOpHOM OAHOLUHEKOBOM 3KCTpyAepe. locne pasmona mposefeHa
OLeHKa OCTAaTOYHOr0 CoAepXXaHua NMMrHUHA B MaTepuane. Y CTaHOBNEHO, YTO C POCTOM KOHLEHTPALMK LWenoun B 06
pabaTbiBalOLLEM PACTBOPE OCTATOUHbLINA UTHUH CHUKaeTCs € 25 1o 17% (Ha abCcoMOTHO CYX0e CbIpbE), YTO CBUAE-
TeNbCTBYET O BbICOKOMN 3(h(heKTUBHOCTM LLeIOYHON Npeso6bpaboTKM B COMETAHUM C MEXaHUYECKUM Pa3MOsIOM.

OgfHako npu 06paboTKe COMOMBbI MWEHUYHbIX KYNbTyp HabNt0A4aeTCca BbIpaXXeHHas AecTPYKLMA 1 pasMmsrye-
HVe maTepmana faxe npu UCMOMb30BaHUWN TOMbKO BOAbl, YTO YKa3blBAET Ha OTHOCUTENIbHO BbICOKYHO AOCTYMHOCTb
MOMIMMEPHBIX KOMMOHEHTOB KMETOUYHbIX CTEHOK M UX CKNOHHOCTb K TMAPOAN3Y B MArKUX YCN0BUAX. B aTnX ycno-
BUAX B BOAHYIO (ha3y NepexoasT 3HaYNTEeNbHbIE KOIMYECTBa BOLOPACTBOPUMbIX (heHO/bHbIX COeAVMHEHWIA, BKIHOYas
TaHWHbI, YTO NOATBEPXAAETCA AaHHbIMU MO BbIXOA4Y BellecTB (puc. 5).

Kak cneflyeT U3 pucyHka 5, ¢ yBeniM4eHneM KOHLEeHTpauum wenouu B akctpareHte (o1 0 go 10%) npouvcxo-
[T pe3Koe Bo3pacTaHue BbIX04a KOHAEHCUPOBAHHbIX TAHUHOB - € 3.4 0 43%. 3T0 CBA3aHO C LLe/I0OYHbLIM pacLuen-
NEeHUEM CNOXHOIMUPHBIX M AIPUPHBIX CBA3EN, YAEPXMNBAIOLMX PEeHObHbIE NONMMEPBI B IMTHOLLEN/THON03HOM MaT-
puue [7]. Mpu 3TOM BbIXOJ HEKOHAEHCUPOBAHHbLIX TAHWHOB TaKXXe BO3pacTaeT, HO B MeHbLUel cTeneHn - ¢ 10
5.9%, 4TO CBMAETENLCTBYET O Pa3IMYHON YCTOMYMBOCTU 3TUX KNACCOB COEAMHEHMI K Le04HON 06paboTke. Ma-
panfienbHO Habno4aeTCca CHUXEHWE COAEPXaHUA NNTHUHA, YTO MOATBEPXKAaeT aPPEeKTUBHYIO CENeKTUBHYIO [
NUTHUGUKaLMIO. VI3BNeYeHne TaHWHOB Ha paHHEN CTafuM CHMXAeT pacxof HafyKCYCHOW KUCNOTbl Ha OKUCNEHME
3KCTPaKTMBHbLIX BellecTB Ha 18-24%, noBblllas 3KOHOMUYHOCTL Mpouecca. MonyyeHHble 3aKOHOMEPHOCTU Mog-
TBEPXKAAtOT NepCneKTUBHOCTD LLEe/IOYHOM IKCTPaKLMK A5 HAaNpaB/eHHOT0 U3B/eYeHUs TAHHUHOB 13 COMOMbI MLLe-
HWYHbIX KaK Lle/1IeBOro KOMMOHEHTa, NPUroAHOro Ana fanbHEeALero ncnoib3oBaHus.

20,0
50% :
1 2 (0] 5% 10%
WO% T oH  WS%MaOH Wil bKOH uMTs
Puc. 4. CopepxaHue TaHMHOB B PacTBOpPE Mpu Puc. 5. Bbixog TaH/UHOB B 3aBUCUMOCTU OT
obpaboTke Helianthus spp.: 1- COZEPXKaHWS LLLesioumn B 3KCTpareHTe: 1- TaHWHbI
KOHEHCUPOBAHHbBIX; 2 - HEKOHAEHCUPOBAHHbIX HEeKOHJEHCUPOBaHHbIE, % a.Cc.C.; 2 - TaHWHbI

KOHZEeHCUpoBaHHbIE, % a.C.C.
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LlenntonosHelii maTepuan u3 Helianthus, npegHasHaueHHbIN 418 rMAPOAU3a C NOCNEAYIOWUM MOTyYEHUEM
MUKPOKpUCTanInyeckoi uenntonossl (MKLL), coxpaHaBLUNIA BNaXHOCTb -83% Ha cTaguu NoAroToBKMW, He NojaBep-
rasica HeobpaTMMOMY OpOroBeHuMto. Boga BbiCTynana B ponu nnacTuukaTopa, NOAAepXMBas pPbIX10CTb Hagmorne-
KYNAPHOW CTPYKTYpPbI M NpefoTBpaLLas Koaianc nop npy MexaHN4eckom Bo3aeicTaum [22]. Mpu rugponmse Takoro
maTepuana 6e3 npefBapuTensHol 06paboTkn CI coctasuna 500+12. Mocne BOAHON IKCTPaKLMM 1 pa3Mona B 3KC-
Tpyaepe CIT cHM3nnack 4o 46019 3a cueT yBennyeHUs yaenbHON NOBEPXHOCTU M YaCTUYHOTO PackpbITUA aMopd-
HbIX 06nacTeil.

Haunbonee 3HauMTeIbHOE CHMXEHME 40 360+8 JOCTUIHYTO MPW UCMO/b30BaHUM LLIENOYHONR SKCTpaKumm (5-
10% NaOH). CHueHue XngKocTHoro moayns ¢ 1:50 go 1:25 ans BnaxHoro obpasua Lenatn03Horo Matepu-
ana, npesBapuTenbHo obpaboTaHHoro 10% pactsopom NaOH ¢ nocnegytowmm pa3MosioM B 3KCTpyzepe, No3Bo-
mno nonyunTts MKL, ¢ CIM 220£10, 4To NONHOCTLK COOTBETCTBYET PapMakoneinHsiM TpeboBaHuam (TP PP XV,
O®dPC 1.4.1.0028.18) [23]. MNMpun 3TOM BbIXO4 NOPOLLUKOBOr0 NPOAYKTa CHU3UACA HE3HaUMTeNbHO (Ha 4.2%), a Mop-
thonorys yacTuL, octanacb 0AHOPOAHOM (pasmep 20-150 MKm). Ans obpasua, o6paboTaHHOro 5% NaOH, cHuXeHune
mogyna fo 1 :25 npueeno K HenonHon genurdndgukauum (Cr 350411, >xenToBaThblii OTTEHOK, OCTATOYHbIV TIMTHUH
0.8%), 4TO yKa3blBaeT Ha HEO6XOAMMOCTb 6anaHca Mexay rny6uHon LwenovHol 06paboTKN U MHTEHCUBHOCTbIO
ruaponmsa.

KauecTBO Lennt0n03HOro nonydabpmkara n3 coNoMbl 31aKOBbIX KY/bTYp 3aKOHOMEPHO YyuLlanoch ¢ po-
CTOM KOHLIEHTpaLuu wWwenoyu B o6pabatbiBatoLleM pacTBope. MonyyeHHble 06pasybl MKLL no cteneHn nonumepu-
3aumm 61U3KK K NpoLyKTaM 13 6romacchl TonuHambypa 1 noAconHeyHuka. Mpu aToM UCNOMb30BaHWe BNaXHOMO
LIeNION03HOr0 MaTepuana no3BosiMa0 CHU3NUTb XUAKOCTHbIA Mogynb npu rugponmse ¢ 1:50 o 1:25 6e3 cyuye-
CTBEHHbIX 3MEHEHWIA B CTeneHn nonnmMepusaumn MKLL, 4To ykasbiBaeT Ha MoBbilleHne 3d(heKTUBHOCTY MpoLecca.

Ha pucyHke 6 npefcTaBfieHa 3aBUCUMOCTb BbIXOAa NOPOLLKOBOrO MPOAYKTa OT KOHLEHTpaLuunM BOAHO-LLe-
NOYHOro pacTBopa Npu npeaBapuTeNibHOM IKCTPaKLUUK Chipbs. AHaNN3 faHHbIX NOKa3blBaeT, YTO MOBbILLIEHUE KOH-
LIeHTpaumu LWenoyn ynyJliaeT Ka4yecTBEHHbIe MOKasaTenn BONOKHUCTOro nonyabpmkara (CTeneHb O4YUCTKK, Of-
HOPOAHOCTb CTPYKTYpbI), OAHAKO COMPOBOXAeTCA 32aKOHOMEPHbIM CHUXEHMEM BbIX0O4a r'MApPOAN30BaHHbIX Mpo-
[YKTOB BCNeACTBME YaCTUYHOIO paspyLUeHns Lenntoio3bl U NOTepb Npy LLEeN0UYHON 06paboTke.

Takum o6pasom, cTebnu NOACONHEYHUKA 1 TONMHaMbypa nokasanu 6113kme pesynbtatel No CI1 1 BbIXo4y
MKL} (34.5-36.2% 0T a.c.c.), 4TO 06yC/NOBNEHO CXOAHbIM XUMWYECKUM COCTaBOM M Mopdosiorueii. Conoma niue-
HUUBI 06ecneynna 6onee HU3KKI BbiXog (29.8+1.3%) 13-3a NOTePb NPU YAaNEHUN KPEMHUS U 3KCTPaKTUBHbIX Be-
LLiecTB, 0AHaKo KavecTBo MKLL okasanock conoctaBumbiM. CnefosaTesnibHO, NPy BbIGOpe Cbipbsi HEOOXOAUMO YUK~
ThIBaTb HE TOJIbKO XMMUYECKUIA COCTaB, HO M NOTUCTUYECKYHO JOCTYMNHOCTb, CE30HHOCTb U 3HEpro3arpathl Ha npea-
BapUTeNbHYHO NMOArOTOBKY.

Puc. 6. BbIxo NopoLIKOBOro MaTepuana B
3aBUCKUMOCTY OT KOHLLEHTPALMW LLeoYmn Npu

0% 5% 10»

u Bbbop % acc npefBapuTenbHOA 06paboTKe NCXOLHOTO ChIPbs

3ak/toyeHne

MpepgBapuTenbHan wenovHasa skctpakyms (5-10% NaOH, 100 °C, 60 MUH) 3pdheKTUBHO yaansieT KOHAEH-
CYPOBaHHbIe TaHWHbI U BOAOPACTBOPMMbIE KOMMOHEHTbI, CHUXKAs Pacxof HafyKCYCHOM KUCMOTbl Ha NO6OYHbIe pe-
aKumu Ha 18-24% v noBblLWas CeNeKTUBHOCTb AeNUTHUMUKALUN HEAPEBECHOTO PACTUTENILHOIO ChIPbS.

CoxpaHeHMe BbICOKOM BAXHOCTU LieNiIl0N03HOro nonygabpukara (~83%) npesoTepalliaeT 0poroseHune Bo-
NIOKOH, COXPaHseT PbIX/Y0 HagMONEKYNAPHYIO CTPYKTYPY W MOBbILWIAET OCTYNHOCTb aMOP(HbIX 06nacTei ans
rmaponusa.
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Kom6unHmpoBaHHas 06paboTka (LenovHas aKcTpakuus, pasmon B OLHOLIHEKOBOM 3KCTpyfhepe, rMaponus
HafyKCYCHOI KMCNOTOR) Npu XXMAKOCTHOM Moy e 1 : 25 no3BonseT LeneHanpaBneHHo peryaimpoBaTh CTeneHb no-
numepusauun MKL, B gnanasoHe 220-340 eanHUL, 4TO COOTBETCTBYeT TpeboBaHuaMm P PO.

CHmxeHue rugpomogyns ¢ 1:50 go 1:25 npu NCNONb30BAHMUN BIAXKHOIO MaTepuana CoKpallaeT pacxop,
BO[bl U peareHToB Ha 30-35%, yny4llas pecypco- v 3HeproadeKTUBHOCTb npoLecca 6e3 yxyaLweHuns mopgono-
rMYeCKNX XapaKTepuCcTUK NPoayKTa.

KomnnekcHas nepepaboTka arponpoMmbllUieHHbIX OTXOA0B C Bblge/leHWeM TaHUMHOB ¥ nonyyeHnem MKL,
npescTaBnseT co60i nepcneKTUBHOE HanpaBneHWe ANs 10Kanu3auMm NnponsBoLCTBa 6UOMaTepUanoB 1 pasBUTUs
3aMKHYTbIX LVK/I0B B arpapHOM CeKTOope.

®rHaHCMpOoBaHue
[JaHHas paboTa (huHaHcMpoBanach 3a cueT cpefcTB GlogykeTa CaHKT-MeTepbyprckoro rocyapcTBEHHOTO YHUBED-

cnTeTa nPoOMbILLNEHHbIX TEXHONorui n ,qm3a17|Ha. HuKakux oNoAHNTeNbHbIX FPAaHT 0B Ha NPOBEAEHNE UM PYKOBOACTBO
OaHHbIM KOHKPETHbIM UCCnefoBaHNEM MONYyYEHO He 6bIno.

KOH(IMKT NHTepecoB
ABTOpPbI aHHOM pa6oTbl 3a8BNAI0T, YTOY HUX HET KOH(NKTA MHTEPECoB.
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Romasheva M.M., Demyantseva E.Yu.", Smith R.A., Selyankin M.A., Dubovoy V.K. RESOURCE-SAVING
PRODUCTION OF MICROCRYSTALLINE CELLULOSE FROM NON-WOOD LIGNOCELLULOSIC RAW MATERIALS

Saint Petersburg State University oflndustrial Technologies and Design, Higher School ofTechnology and Energy,
st. Ivana Chernykh, 4, Saint Petersburg, 198095, Russia, demyantseva@mail.ru

This study substantiates the feasibility of utilizing lignocellulosic agricultural waste - sunflower stalks (Helianthus an-
nuus), Jerusalem artichoke stalks (Helianthus tuberosus), and wheat straw (Triticum aestivum) - as an alternative feedstock for
microcrystalline cellulose (MCC) production. It is demonstrated that non-wood biomass, characterized by thinner cell walls and
lower lignin content compared to wood, enables more efficient delignification and higher cellulose accessibility for chemical
processing. Preliminary alkaline extraction with the recovery of tannins and water-soluble compounds reduces peracetic acid
consumption in side reactions and enhances delignification selectivity. Maintaining a high moisture content (-83%) in the cellu-
lose material during the preparation stage prevents fiber hornification and pore collapse, thereby improving the morphology of
the final powder. The combined treatment - alkaline extraction, single-screw extruder refining, and acid hydrolysis - allows
targeted control of the MCC degree of polymerization within the range of 200-500 units and reduces the liquid-to-solid ratio
from 1:50 to 1:25 without significantly compromising product quality. The proposed integrated processing scheme for agro-
industrial waste, which combines tannin recovery and MCC production, promotes the localization of biopolymer manufacturing
and enhances the resource and energy efficiency of the technological cycle through the comprehensive utilization of all plant
biomass components.

Keywords: microcrystalline cellulose, agricultural waste, degree of polymerization, peracetic acid, alkaline extraction,
tannins, fiber hornification, solid-to-liquid ratio.
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