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B nacmosaweit pabome oyenena 603M0HCHOCHIb UCNOIb306AHUA PEAKUUU A30COYEINANHU
07171 HOTIYYEeHUA OKPAULEHHO20 KOMOHURA bHa. /A npoyecca KOmoHu3ayuu RPUMeHAIUC, uienoye-
ycmoituugvle hepmenmmusie npenapamol Pulpzyme HC u Craypzum gupmut ""Novozymes A/S" (/a-
Hus). B kauecmee azococmaenawwieil ucnoavzosanu ouaszons anviit K. Yemanoeneno, umo gpepmen-
MamueHas MOOUDUKYUA TUZHO-Y2/1€600HO20 KOMAIEKCA CROCOOCMEYem 0eIKPARUPOBARUIO (eHOTb-
HBIX 2UOpOoKcunos. B pezynvmame peakyuonnasa cnocoonocms 1bHAROZ0 6010KHA RO OMHOWEHUIO K
ouazonio anomy K nogviuaemcsa. Ilonyuenst u unmepnpemupogansvt CReKmpsl OKpauieHHbIX IKCIpa-
2UPOGAHHBIX NOUGen0106 TbHa eudumoi oonacmu (400-700 um). Ilokazano, umo Ha cnekmpax IKc-
mpaKmuensle apomamuyecKue 6euiecmea )ernoabHol nPUPoObl 014 HAMUGHOZ0 07I0KHA 0AION NPU
peaxyuu azocouemanus 06a maxkcumyma npu 420-440 um u 500-520 um. Ilepeviit maxcumym coom-
6éemcmeyem coeOUHEeHUAM, 00PA306AHHBIM 6 Pe3YibIame PeaKyuu a3zoco4emanus ¢ apomamuue-
CKUMU 8CU4ECIEaAMU, UMEIOWUMU CAAOBIE XPOMOGOp. /INUHHOBOIHOGHIE MAKCUMYM CEA3AH C A30-
JUZHUHAMU, 20€ 6 KAYecmee Ouazococmagiatouiell 6bICIYynalom accoyuupPoGanHsle U Heaccouuupo-
6aHHbIE KOMNIEKCHl ApOMamuieckux noaughenonog aucnuna. Ilpeononazaemcsa, umo ghepmenma-
MUGHDLIL 2UOPOIU3 HEYENTIONO0ZHBIX NOAUCAXAPUOOE JIbHA 0decneuugaem cmepeoooCHynHocmy pe-
AKYUOHHBIX ZPYNN TUZHUHA 6 CIPYKMYpe JTUSHO-Y21€600H020 KOMNIEKCa IbHO60I0KHA. Boiagnenv
sasucumocmu Pynkyuu K/S — (K/S)o 01 okpamennpix 1bHAHBIX 60J10KOH PA3IUYHBIX CHOCO006 MO-
ougpurkayuu. Iloomeepircoaemcea rghpgpexm deaxpanuposanusn aUZHUHA 6 npoyecce gepmenmamug-
Hoti komonuzayuu. Hadnrwoaemcea cywecmeennoe ygenuuenuem 3nauenuii ynkyuu K/S oxkpacku
Ha KOMOHUHE RO CPAGHEHUIO C HAMUGHBIM KOPOMKUM JIbHAHBIM 60710KHOM. Memodom cnekmpodgho-
momempuu 00KaA3aH0, YMO MAKCUMATILHBLIL IPheKm yeemno20 OKpawiueanus odecneuugaemcs 6
cayuae pepmenmamuenoii moougpuxayuu Pulpzyme HC c uckniouenuem cmaouu npomviéKu.

KnioueBble ciioBa: JbHSIHOE BOJIOKHO, KOTOHHH, PEAKIMs a30COUYETaHuUs, JMa30ib anblid K, moguduka-
s, GepPMEHTHI, KCUIIaHA3bl, CIIEKTPO(POTOMETPHSL, JINTHUH, ToTudenHosl, pyHkms K/S
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The possibility of using azoreaction for obtaining colored like-cotton flax (cottonin) are
evaluated in this article. For the process of disfiling (disfibering, disenchantment) enzymes
Pulpzyme HC and Scourzyme L (**"Novozymes A/S"* (Denmark)) were applied. Diazol scarlet K was
used as a diazo component. It is established that the enzymatic modification of ligno-carbohydrate
complex promotes opening phenolic hydroxyls. As a result, the reactivity of flax fiber with respect
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to diazol alum K increases. The spectra of dyed extracted polyphenols of flax were obtained and
interpreted for region of 400-700 nm. It was shown that in the spectra of extractive aromatic sub-
stances of phenolic nature for the native fiber two maxima at 420-440 nm and 500-520 were ap-
peared nm during the azo coupling reaction. The first maximum corresponds to the compounds
formed as a result of the reaction of azo combination with aromatic substances having unexpressed
color (chromophore). The long-wave maximum is associated with azo lignins, where the associated
and non-associated complexes of aromatic polyphenols of lignin act as the diazocomponent. It is
assumed that enzymatic hydrolysis of non-cellulose polysaccharides creates stereo accessibility to
the reaction groups of lignin, which is part of the structure of the ligno-carbohydrate complex of
flax fiber. The dependence of the function K/S — (K/S), for colored flax fibers at different modifi-
cation methods were obtained and interpreted. The effect of lignin unblocking in after enzymatic
cottonization is confirmed. There is a significant increase in the K/S function of colored cottonin
in comparison with the results for native short flax fiber. The method of spectrophotometry proved
that the maximum effect of color dyeing is provided in the case of the enzymatic modification of
Pulpzyme NS if excluded of the washing stage.

Key words: flax fiber, cottonin reaction associate, Diazole scarlet K, modification, enzymes, xylanase,
spectrophotometry, lignin, polyphenols, K/S function
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BBEJIEHUE B.M. HukutuH yCcTaHOBWIJ, Y4TO MpHU couera-

HUM JIUTHUHA C COJBIO TUA30HUS B IEIOYHOU cpesie

[IpuMeHeHne TMIHUHA U JIMTHOIIEIIIIOIIO3bI, B MPOUCXOAUT 3aMEIICHHUE B MOJOXKEHUE 5 apoMaThye-
Ka4eCTBE KOMIIOHEHTA IOJMMEPHBIX KOMIIO3MUMOH-  cKoro siapa BasUUINIPONAHOBOIN CTPYKTYDHOH ©MH-
HBIX MATCPUAJIOB, SIBJISCTCS MHTEPECHBIM M 3HAYUMBIM  HyI(pl DU YCIOBHH, 4TO (DEHOIBHBI THIPOKCHI HE
B 00JIACTH PACIIMPEHNs Chephl IPUMEHEHHS OTXO/I0B srepuduuupoBan [4]. [Ipu 3ToM npomaHoBble GOKO-
JIHONPOM3BO/CTBA M MOJIYYCHUs HOBBIX MAaTCPUANOB  ppie [(e[I0YKHM JMTHHHA MOTYT [O/BEPTaThCs APHINPO-
[1-3]. TIpu mepepabOTKe KOPOTKOTO JIBHSHOTO BO-  paupuio B cllydae, €CIIU B JINTHUHE UMEIOTCS CTPYKTYp-
JIOKHA B TEKCTHJIBHBIC BOJIOKHA 110 TEXHOJIOTHSIM KOTO-  ype euHuIbl THIA (GEPYIIOBOIl MM napa-KyMapoBoii
HU3ALMK JIATHAHA, B CBS3M C €0 0COOOH IIOKAIM33-  kycioT n KOHN(EPHIOBOTO AlbAETHIa, 4 TAKKE OCH-
Leii B BOJIOKHE M arperaTHbIM COCTOSHHEM, COXPAHS-  3oyipHble KOMBLA CTPYKTYPHBIX €IMHHL C 0-Kap6o-
ercst o1 5 710 27%. lomiyHKIMOHANBHOCTb INTHAHA, gy HEIME rpyInaMy U XMHOUJHbIE pparMeHTsl. [Ipo-
HAIMYUE B HEM 3JICKTPOHOAOHOPHBIX W 3JICKTPOHOAK-  pece azocodeTaHusi MOKET MPOTEKATh HE TOJBKO I10
LUENTOPHBIX [IEHTPOB, NPUIAIOT eMY aMPONUTHBIH Xa-  gurypUpOBAHHOMY HOHH3HPOBAHHBIM  (DEHOIBHBIM
pakTep, TO €CTh CIIOCOOHOCTh BBICTYIIATh B KUCIION IHPOKCHIIOM aPOMaTHUECKOMY KOJIBLLY, HO H 110 KETO-

CpeAC B pOJIM OCHOBAHMA, & B OCHOBHOM CPE/IC B POJN  eyoyipHOM rpyIIIMPOBKE WIIH TI0 JBOMHOM CBA3H OOKO-
kucnothl. TIpucyTcTBue JMrHMHA B BONOKHE MHTS-  poji nenouk (cxema 2):

PECHO C TOYKHU 3pEHUSI BOBMOXKHOCTH €T0 UCIIOJIb30Ba- R R
HUSI KaK MoJiMepa (peHOJIbHON MPUPOIBI, CTOCOOHOTO / e "
B ¢J1a00 IIEIOYHOM Cpe/ic y4acTBOBATh B PEaKIUH a30- | + ern=nn —— ’
COYCTaHMS. I e oHic N=N—ar
BriepBrle peakuun o0pa3oBaHUs a30KpacuTe- on o )

Jiel ¢ UCIOIb30BaHUEM JIMTHUHA MPEACTaBICHBI B pa- 5 "
6otax B.Kycrepa u P./laypa, a nmocnenoBarenu pacum- o SN
pwin 00aacTh uccnenopanuii [4-8]. Odmas cxema pe- © oSN ——= “ T
akuuu (1) mpencraBieHa ypaBHEHHEM: omic OHsC NN

oM OH
N==N"* / \ |— 1,2 pl_lh;;:;j Lignin—N==N / \ SOzH (1)
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I'. 3akuc n B. KapauBan ucronp3oBaimm peak-
U0 COYCTAHMS COJICH JMA30HUS C JINTHUHOM JIJIS JIO-
Ka3aTenbCTBa (DEHOJIBHOW MPUPOJILI JIMTHUHA, a HHTE-
pecyromasi Hac peakius a3ocoueTaHusl Hamboee
moJTHO n3y4yeHa B pabortax A.®. ['ororosa [5, 6]. Ilo-
Ka3aHO, YTO HEKOTOPbIC MOJCILHBIC COCIUHEHUS Be-
IIECTB JIMTHUHA (BaHWJIMHOBBIN CHUPT, BAHWJIMHOBAS
KHCJI0Ta, TBAsIKOJI, TBASLIMINIPOIIAHOH, SBI'€HOJ, H309B-
TeHOJ U (hepysIoBast KUCIIOTA) C Pa3HBIMH COJISIMH JIH-
A30HUS IIPH a30COYETAHNH 00pa3yIoT KpacuTenu. A3o-
Tpylnma 3aMem@aeT BOJOpOi OEH30JBHOTO KOJBIAa B
OPTO-TIONIOKEHUH K ()EHOTBPHOMY THIPOKCHITY.

B xadecTBe KOMITOHEHTA, BCTYIAIOIIETO B pe-
aKII0 apWINPOBAHUS B JTHHIHOM BOJIOKE, MOTYT BBI-
CTYIIaTh pa3iuyHbIe Kpacamiie ((IaBOHOHUIBI) H IY-
OWIbHBIC BeIIECTBA (TaHWUH, 3JUIArOreHIYOUIIbHAS
KHCJI0Ta, KUHOIyOWJIbHAS KUCIIOTA, KATeXy 1y OUIIbHBIC
KHCJIOTBI, MAaKITylIUH, AyOOAyOWIIbHBIE KHCIIOTHI), a
TakKe (parMeHThI JIMTHUHA, HAITPUMEp, N-KyMapoBasi,
(hepysoBas o-kymMapoBasi, KOpHUHAs KUCIOTHI WU PsiJl
CcrupTOB (KOHU(EPHUIIOBHII, CHHATIOBEIH) [9].

Opnnako, mpobiema 3¢pPpeKTHBHOTO UCTIOTH30-
BaHUSl apOMATUYCCKUX COCAMHEHUH JbHA IS ILIeJCH
OKpaIINBaHMs 3aKIIOYAaeTCs B TOM, 4TO (PEHOIbHBIC
TUAPOKCIITBI SKPAaHUPOBAHBI HETIEIUTIOJIO3HBIMU TIOJH-
caxapugamu [9-15]. Hanuune KOBaJICHTHBIX CBSI3EH C
TEMUIICIUTIONIO3aMH MIPETISITCTBYET MPOTCKAHUIO peaK-
nuu. B 9Toi CBsI3W OCOOBIN WHTEpeC MpPEeACTaBISET
OIICHKAa BO3MOXKHOCTH HCIIOJIb30BaHUS MOTUBUKAITUN
JbHa (PepMEHTaMM T'€MHUIICIUIIONA3HOW aKTUBHOCTH
(kcmmaHazaMy ¥ MaHHAH3aMH) B KOMIUIEKCE C TIEKTH-
Hazami [11-17], neHCTBYIOIIMMHU Ha HELEIUTIOJIO3HbIE
noJjiucaxapuipl JibHa. OHU HE SBJISIFOTCS (hepMEeHTaMHU
CIIOCOOHBIMM BBI3BIBATh pPa3pyLICHUE JUTHUHA, YTO
SIBIISIETCS TIEHHBIM IS PEeIIeHus 33129 MOIU(DUKAIIAN
JILHSTHOT'O BOJIOKHA C ITOBBIIICHHEM JOCTYITHOCTU T10-
nudeHonoB. B HacTosiiel paboTe MoCTaBjieHa IEIb
OIICHUTh BIIMSHUE (DEPMEHTATUBHOW KOTOHU3AI[UU
KOMIUIEKCHOTO JIbHOBOJIOKHA Ha 3((PEKTUBHOCTH Jie-
JKpaHUPOBAHMS APOMATUYCCKHX COCIUHCHMM JIUT-
HUHA OT HEIEJUTIOJIO3HBIX MMOJIMCAaXapuI0B H Ha OKpa-
IIMBAEMOCTh MX ITyTEM PEeaKIy a30COYETaHUs C Ira-
30J1eM anbM K.

METOAUKA SKCITEPUMEHTA

Jns  KOTOHHM3alMK TPEHNaHoro KOPOTKOTO
JBHSHOTO BOJIOKHA HaMH WCIOJIB30BaHbl 3H10-1,4-B-
D-kcunanaza (EC 3.2.1,8) u auy10-1,4-f-D-mannanaza
(EC 3.2.1,78), Ha3pIBaeMble, COOTBETCTBEHHO, KCHJIa-
Ha3aMH U MaHHaHa3amu (npenapat Pulpzyme HC) u
menoyHas mnekrtuHaza Ckayp3um ¢upmer  AO
"Novozymes A/S" (Jlanus) [9-12]. depMeHTHI BBICO-
KOaKTHBHBI 1 cTabmibHbI ipu pH 7-11. Konnentpanus
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KaXXIoro (epMeHra B pacTBOpE AJISI OPOLICHUS BO-
JIOKHA 4yepe3 CHpBICKH A0 BiaxHocTH 50% cocTrasisiia
5 /0. @epMeHTaTHBHAS KOTOHU3ALUS U OKPAIIUBAHNE
ZMa30JIeM TIPOBOAMIINCE B ciaborenoynoi cpene (pH
HaganpHas 10,5, pH xoneunas — 8,5) B Teuenue 6 4
npu Temneparype 20+2 °C. [Tocne dpepmeHTaNu B 01-
HOM M3 BapHaHTOB cjenyeT NpoMbIBKa Bojoi (20 °C)
Ha TIpoTOK B Teuenue 10 ¢, Ipyroit BapuaHT HE TIpey-
cMmarpuBaji npoMbiBkH. [locne ¢epMeHTaTHBHOI MO-
IU(QHUKALUU U TPOMBIBKY MPOU3BOJIMIIACEH CYIIKa MPU
60 °C o ocratouHo#t BiaxknoctH 8-13% u yecanue Ha
mammHe tuna YM/JI 15. B KOHTpOJIBHOM OmBITE OCY-
LIECTBIISUIN TOJIBKO MEXaHUUECKUE ONEpaIi YeCaHHsI.

B kadecTBe a30COCTaBISIOMIEN HCIIOIB30BANIN
nrazonb aneid K, sBisrommiicss MBOMHON ITMHKOBOM
COJIBIO IMA30COEUHEHN. DKCTPAKIIMIO JIUTHIUHA TTPO-
M3BOJWJIN IyT€M TOHKOTo pasmenbueHus 10 mr Bo-
JIOKHA JIbHA, BBIIEPKHUBAIH B 5 MJI JUOKCAHA C 3aKpPbI-
TOM KpbIKo# B TeueHue 12 4. [Tocie nentpudyrupo-
BaHUS K 2,5 MJI TOJYYEeHHOTO IHUOKCAHOBOTO JKC-
TpakTa JO0aBISITA 5 MI pacTBopa amazois aisoro K
(0,1 T xpacuTens, paCTBOPEHHOTO B 25 MJI AUCTHILITH-
pOBaHHOM BOABI M 5 MJT 8 %-T0 pacTBOpa KaabIIUHUPO-
BaHHOW coael, pH 10,5). Usmepenune ontudeckoit
IUIOTHOCTH OCYIIECTBISUIM Ha CHEKTPO(OTOMETpe
C®-10, xroBeTa cpaBHEHHUs cojepxana Boxy. OOpa-
OOTKY CIieKTpanbHBIX KpuBbX (400-700 HM) U MHTEP-
MOJIMPOBAHUE NAHHBIX C UHTEPBAJIOM 5 HM BBIIIOJIHWIN
P TIOMOIIHM NpOrpaMMHBIX cpencTB Origin 5, a BbI-
YHCIICHUS TIPY IOMOIIH TiporpaMmbl Microsoft Excell.
KOHTpONBHEIA OMBIT TIPEICTABIISI COOOW pacTBOp JU-
asoms anoro K u auokcana [18, 19].

[Mpu u3mepeHnu KOIPPHUIMEHTOB OTPAKEHHS
U CIIEKTPaJIbHBIX 3aBUCHMOCTEH JUISl OKPalIeHHBIX BO-
JIOKOH JIbHA, TIOCJIE€ MPOBEICHUS PEaKLUU a30coveTa-
HUS, YYTEHBI CHEKTpaJIbHbIE 3aBUCHMOCTH 0O0pasla
yepHoii mepctsaHou Tkauu (R = 0%) u nmoporka cynb-
¢ata Gapus (R = 100%). CriekTpanbHble KpUBbIE ObUTH
peoOpa3oBaHbl C HCHOIb30BAHUEM ITPOrPaAMHBIX MPO-
nykros Origin 5 u Microsoft Excell B 3aBucumoctn
¢bynkmu K/S — (K/S)o, koTopast mpeacraBiser codoit
pasHocTh QyHkuuid KyOenku - MyHka 1yis Heokpa-
menHoro obpastna K/S M okpamieHHOro BOJOKHA

(K/S)o [20].
PE3VJIBTATHI U X OBCYXIEHUE

B HacTosimeii paboTe mocraBieHa Lelb Mak-
CUMAaJIbHOTO COXPAHEHMs JIMTHMHA B JIbHAHOM BO-
JIOKHE TIpY 00ECIIEYEeHUH €ro JEeIKPAaHHPOBAHUS TEK-
TUHAMU ¥ TeMHLEIUTIoN03amMu. B kauecTBe 00bekTa uc-
CJIEIOBAHMS UCIIOJIb30BAIH TPEIIAHOE KOPOTKOE JIBHO-
BOJIOKHO, KOTOHHH, TIOTY4€HHBIH 110 pepMeHTaTuBHON
TE€XHOJIOTMH KOTOHU3ALNH, U JUOKCAHOBBIE KCTPAKThI
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JUTHIUHA KOPOTKOTO BOJIOKHA JIbHA PA3JIMYHBIX CIIOCO-
608 noarororkw [11-13].

B mponiecce dpepmenTaTuBHOM MOauduKanmuu
(KoTOHM3AINN) B pe3yJIbTaTe NCHCTBUS MMEKTHHA3 U Te-
MMUIIEJUTIONA3 TeCHAsl ACCOLUAIINS C TOJTHCAXaPHTHBIMH
YaCTSAMH KJICTOYHOM CTeHKH Hapymaercs (puc. 1). Jlur-
HOIICJUTIOJIO3HBIC MJIH JINTHOYTJICBOIHBIC KOMILIEKCHI C
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KCHJIaHAMH 1 MaHHaHaMH, B (POPMUPOBAHMH KOTOPBIX
[JIABHYIO POJIb UTPAIOT KOBAJICHTHBIC CBSI3H, pacraia-
o1cs [11-17]. TloaTBepkaeHUEM MPOLIECCOB EIKpa-
HUPOBaHUS JINTHUHA SBISIETCS HaOII0aeMoe HaMu
TIOBBINICHAE PEAKITMOHHON M COPOITMOHHON CTIOCOOHO-
CTH KOTOHHMHA TI0 OTHOIIICHUIO K JHA30JI5IM.
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Puc.1. HanpaBnenus aeiicTBUS KCHIaHAa3bl IPU pa3pyLIeHUH JUTHOYTJIEBOJHOTO KOMILIEKca (a) U (0) MexaHU3M JICHCTBUS KCHIIaHA3BI
Ha afcOpOMPOBAHHBINA KCHJIAH C JEIKPAHUPOBAHUEM MaKPOMOJICKYJI JUTHHHA

Fig.1. The direction of action of xylanase during destruction in the lignin- carbohydrate complex (a) and (6) is the mechanism of action
of xylanase on adsorbed xylan with the de-shielding of lignin macromolecules

W3 npezncraBieHHBIX CHEKTPAIBHBIX 3aBHUCH-
MocTel (puc. 2) BUIHO, YTO SKCTPAKTUBHBIE BEIIECTBA
HATHBHOTO BOJIOKHA HMEIOT SPKO BBIPRKEHHBINH MaK-
cumyM nipu 400 HM. Makcumym B o6siactu 400-450 Hm
COOTBETCTBYET COCIMHEHHSM, 0Opa3oBaHHBIM B pe-
3yJIbTaTe PEaKkIHUU a30COUETaHUSI C apOMATHYECKHUMU
BEIIeCTBAMHU, UMEIOIIUMU CITa0bIid xpomModop (puc. 2,
Kp. 2). DTO MOTYT OBITh JyOWUJIbHBIC W KpacsIlue Be-
IIeCTBa B 3HAYUTEILHOM KOJIMYECTBE, COJEPKALIHeCcs
B HaTUBHOM JIbHAHOM BOJIOKHE. bonee mHTEHCHBHas
OKpacka He HaOJoJaeTcs, T.e. BBICOKOMOJEKYILISP-
HBIE TTOJIM(PEHOIBI HE DKCTPATUPYIOTCA.

MoXHO BHIETb, 4TO (EepMEHTATHBHAs IIpe-
n00paboTKa KOPOTKOTO JIFHSIHOTO BOJIOKHA KOMITO3H-
el TeKTHHA3 ¥ TeMHUIICIUTIONa3 o0ecrednuBaeT -
(exTUBHOE BBICBOOOKAECHHE BBICOKOPEAKIIHOHHOTO
JUTHUHA B pacTBOp (puc. 2, xp. 1). Habmogaemsriit
JUTMHHOBOJTHOBBIN MakcuMyM Mipu 500 HM cBsi3aH ¢ 00-
pa3oBaHUEM a30JIMTHUHOB, T€ B KAYECTBE a30COCTaB-
JSIFOILEH BBICTYNAIOT aCCOLUUMPOBAaHHBIE U HEACCOIH-
UPOBAHHBIE KOMIUIEKCHI apOMaTHYECKHX MNOJIH(eHo-
70B JHTHUHA. [IpryueM, B OTIUYME OT CIIEKTPOB a30-
JUTHUHOB HATUBHOIO KOPOTKOIO JIbHOBOJIOKHA,
HaOJIFO/IaeTCsl 3HAYUTENLHOE MOBBIIICHHE XapaKTepH-
CTHYECKOT0 MaKCHMyMa OKpAIllEeHHBIX KOMILIEKCOB
JIMTHUH-IMA30]b U CMEILIEHHE €r0 B JTMHHOBOJIHOBYIO
yacTtb criekTpa ¢ 400 1o 500 am (puc. 2, kp. 1, 2) u 525-
530 um (puc. 2, xp. 3).
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Puc. 2. luddepeHipaibHbie CIIEKTPhI MOTIONICHUS PaCTBOPOB,
COJIEPKAIIMX IKCTPAKTHI ApPOMATHUECKHX (PEHOJIOB JIMTHUHA JIbHA
U MPOAYKTOB UX PCAaKINU C TUA30JIEM aJIbIM K:1- MaJIOMOyJib-
Hast koToHu3auus Pulpzyme HC u Ckayp3um, 2 - HaTHBHOE KO-
POTKOE JTBHSIHOE BOIOKHO Ne 2, 3- KOTOHMH (hepMEHTaTHBHO-Me-
XaHUYICCKOI'0 pa3BOJIOKHEHHS 110 MaJ'IOMO,I[yJ'IBHOﬁ TCXHOJIOTHH C
Ckayp3uM, 4 - KOTOHHH, OJIy4eHHBIH (epMEeHTaTHBHO-MEXaHH-
YECKHM JKHKOCTHBIM CIIOCOOOM C IPOMBIBKOM, 5 - bHsIHAs1 0TOe-
JICHHasd BaTa
Fig. 2. Differential absorption spectra of solutions containing ex-
tracts of aromatic phenols of flax lignin and their reaction prod-
ucts with diazole red K: 1 - low modulus cottonization of
Pulpzyme NS and Scourzyme, 2 - native short flax fiber N. 2, 3 - cot-
tonin of enzymatic and mechanical refluxing according to low
modulus technology with Scourzyme, 4 - cottonin, obtained by
the enzymatic-mechanical liquid method with washing, 5 - flax
bleached cotton wool
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Xapaktep SpKO BBIPAKEHHOTO U IIUPOKOTO
MakCHMyMa [UIsl OKpAallleHHBIX 3KCTPAaKTUBHBIX Be-
IECTB KOTOHMHA MaJIOMOY/IbHOM TEXHOJIOTMH TT03BO-
JISI€T NpEeANnosaraTh, 4To IpopearupoBaBIINi JIUTHUH,
SIBJISIETCSI CIIOKHBIM apOMATHYECKUM COEIUHEHHEM C
pasBuroit xpomodopHoii cucrtemoii. B otiauuune ot Ha-
THUBHOT'O JIbHOBOJIOKHA, OCTAaTOYHBIN JIMTHUH MPaKTH-
YECKH OCBOOOXKIEH OT aCCOLMUPOBAHHBIX apOMaTH4e-
CKUX ()EHOJIOB U TyOMJIBHBIX BEIICCTB, AAIOLINX OKpa-
IIMBaHHE B KOPOTKOBOJHOBOM yacTtu cnektpa. dep-
MEHTaTUBHAs KOTOHU3ALMS 1O KUJKOCTHOM TEXHOJIO-
THH C IPOMBIBKOH (pHC. 2, Kp. 4) MO3BOISAET MOIYINUTH
MEHee pPEeaKLMOHHBIN JIMTHUH, AAIOIUN C JAUa30JeM
OKpaIIeHHbIE KOMIDIEKCHI CO CJIab0 BBIPAKEHHBIM
MakcUMyMOM npu 475 HM. CHI>KEHHE HHTEHCUBHOCTH
MaKCHMyMa, BUJMMO, CBA3aHO CO CHH)KEHHEM COfep-
JKaHWs JIMTHUHA U IPYTUX apoMaTH4ecKuXx (peHoJoB B
BOJIOKHE B pe3y/bTaTe UX YAAJICHUS C IPOMBIBHBIMU
Bogamu. Ha cmektpanpHOU KpuBOM 5 (pucC. 2), COOT-
BETCTBYIOIIECH SKCTpaKTaM JIbHSHON O0TOeIeHHOH Bate,
HaOnroaeTcst Tobko MakcumyM Tipu 460-470 HM, 110-
CKOJIbKY KOHUEHTpPALMs 3KCTPAKTUBHBIX apoMaTHye-
CKHX BEIECTB MUHHUMAJbHA.
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Puc. 3. BnusiHue IMTENRHOCTH (PEPMEHTATHBHON KOTOHU3AIUH Ha
3(pheKTUBHOCTD peakiuu a30codeTaHus ara3ons anoro K ¢ mpomayk-
TaMU TMOKCAHOBBIX SKCTPAKTOB JIbHOBOJIOKHA (BpeMﬂ BbIICPKUBAHUSA
JBHSHOTO BOJIOKHA B pepMeHTHOM pactBope: 1-12 4., 2-6 u., 3-2 4.,
4-14.)

Fig. 3. The influence of the processing time of enzymatic cottonization
on the reaction efficiency of azo-combination of diazol red K with prod-
ucts of dioxane extracts of flax fiber. (The processing time of flax fiber
in the enzyme solution: 1-12 h, 2-6 h, 3-2 h, 4-1 h)

JnutensHOCTh (epMEHTAaTHBHOM 00paboTKM
TIOJIO’KUTENIFHO CKa3bIBAaeTCsl Ha 00Opa30BaHMU BBICO-
KOPEaKIIMOHHBIX apOMaTHUECKUX BeIecTB (puc. 3, Kp.
1-4). B mpouecce (epMEHTATUBHOH MOIU(PHKAIIN
JBHSHOTO BOJIOKHA MPOUCXOJUT Pa3pylICHUE HE JINT-
HOYTJIEBOJIHBIX CBSI3€i MEXy KCUJIAHOM U JIUTHUHOM,

68

YTO TPOSIBISIETCS POCTOM ONTHYECKOH TNIOTHOCTH, CO-
OTBETCTBYIOIIEH OKpallleHHBIM a30JUrHUHAM. [ uapo-
JIU3 HEIEJUTIONO3HBIX MOJMCaXapHuI0B, KOTOHU3AIHS
KOMIUIEKCHOTO JIbHOBOJIOKHA, M, KaK CIIEJCTBHE, Jie-
SKpaHW3alys JIMTHAHA CIIOCOOCTBYET ITOCTYITHOCTH
Kpacures K monudenonam (puc. 1). Beicokas peakiu-
OHHAs CIIOCOOHOCTE OCTATOYHOIO JIMTHHUHA, Hocie 12-
TH 9acOBOW (hepMEHTATHBHONW MOIU(MUKAIINH, TI0 OT-
HOIICHUIO K TUA30JI0 MOATBEPIKIACTCS MOTHBIM OT-
CYTCTBHEM TMOIJIOMIECHUS B KOPOTKOBOJIHOBOW YacTh
CIEKTpA.
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Puc. 4. CnexrpansHble 3aBucuMoctd GyHkimn K/S okparreHHbIX
BOJIOKOH: 1 - KOTOHHH, HOJ'[y'-IeHHLIﬁ o MaJTOMOI[yHLHOﬁ TCXHO-
JIOTUH (bepMeHTaTI/IBHO-MeXaHPI'-IeCKOFO Pa3BOJIOKHEHUA 0e3 po-
MBIBKH (KOMI‘[OSI/IL{I/Iﬂ TICKTHHAa3 U reMHuenn}ona3), 2- KOTOHHH,
MOJTYYEHHBIH IO MaJIOMOYJTbHON TEXHOJIOTHH ()ePMEHTAaTHBHO-
MEXAHUYECKOTO Pa3BOJIOKHCHUA 0e3 TIPOMBIBKA (menquaﬂ TICK-
THHa3a), 3 - KOTOHWH, TIOJYYSHHBIN 110 KUIKOCTHON TEXHOJIOTHH
(hepMEeHTAaTHBHO-MEXaHUIECKOTO PAa3BOJIOKHEHHS, 4 - MEXaHHYe-
CKasg KOTOHHU3alus, 5 - NpHsIHAsS OTOEJICHHAs BaTa N 6 - HATUBHOE
KOPOTKO€ JIbHOBOJIOHO
Fig. 4. Spectral dependences of the K/S function of colored fibers:
1 - cottonin, obtained by low-modulus technology of enzyme-me-
chanical process without washing (composition of pectinases and
hemicellulase), 2 - cottonin, obtained by low-modulus technology
of enzym (alkaline pectinase ) atic-mechanical process without
washing, 3 - cottonin, obtained by liquid enzymatic- mechanical
technology , 4 - mechanical cotonization, 5 - flax bleached cotton
wool, 6 - native short flax fiber

Oco0bIif MHTEPEC TPEICTABIISIET PEAKIIHUS a30-
COUYCTAaHUA JIMTHUHA U OWa30JI1 HETIOCPCIACTBEHHO Ha
BoJIOKHE. B mporiecce pepmMeHTHO# 00paboTKu U ya-
JICHUS YaCTH aJcOpOMPOBaHHOTO KCHIIaHA U TICKTHHOB
PaCKpBIBAETCSI MUKPOKAMMIUISIPHAS CTPYKTYpa LEJITIO-
JI03BI, CHOCOOCTBYSI COPOIUM JMa30COCTABIISIONICH.
Hamu Obutn mosrydeHBI CHIEKTpajbHBIE 3aBUCUMOCTH
JUTSI BOJIOKOH JIBHA PAa3]TMYHOMN CTETIEHH IOATOTOBKH JIO
U 1ocje oKpamunBanus auasoneM aneiM K. Ha ocHose
MOJYYEHHBIX CIHEKTPOB KOPPENALMOHHAs 3aBUCH-
MOCTb IOBBIIICHHUSI UHTEHCUBHOCTH OKPAIIUBAHUS OT
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CoJlepKaHus JINTHUHA B BOJIOKHE He BhIsiBNIeHa. [loka-
3aHO, 4To BenmunHa ¢QyHkuun KyOenkun-MyHka He
NPOMOPLUUOHAIFHA KOHIIEHTPAIIMKA OKPAILIEHHOTO CO-
SIMHEHUS B BOJIOKHHUCTOM MaTepuaie (puc. 4).

Panee moka3aHo, 9YTO HECMOTPS Ha BBICOKYIO
COpPOLMOHHYIO U MOTIOTUTENBHYIO CIIOCOOHOCTH LIe-
JII0JI03bI JibHA Toce oTOenuBanus (19-20 r/r), ee pe-
aKIMOHHAA CIIOCOOHOCTH TIO0 OTHOIICHUIO K JHA30JI0
Hu3Kka [22, 23]. B 10 xe Bpems 17151 00pa31ioB KOTOHMHA
JbHA C TIOTJIOTHTENILHOM CrocoOHOCTRIO 16-17 ©/r
HaOJIIogaeTCsl MaKCUMAJIBHOE TIPOSIBIICHUE XpOoMOQo-
poB a30mMrHUHOB. [lomydeHHBIE pE3ymbTaTHl SIBIS-
I0TCSI TOATBEP>KJCHUEM BBIBO/IA O TOM, YTO MHTEHCHB-
HOCTH OKPAITUBAHUS TI0 PEAKINH a30COYETaHNs 3aBU-
CUT HE CTOJBKO 3a CUeT OOIBIIEr0 COACPIKaHUS JIUT-
HHUHA B BOJIOKHE, CKOJIBKO 32 CUET ero OO0IIbIIeH cTepeo
JOCTYMHOCTH B CTPYKTYpPE€ JIUTHO-YTJIEBOJHOTO KOM-
TUIEKCa JTHHOBOJIOKHA W HEKOHIEHCHPOBAHHOCTH apo-
MaTHYECKOTO siipa (PeHMIPONIAHOBOW €TUHMIIBI JIUT-
HUHA. Y CTaHOBJICHO TaKXKe, YTO KpallleHHE JbHSIHOTO
BOJIOKHA MTO3BOJISIET TOBBICUTH COPOIIMOHHYIO EMKOCTh
o ornomenuio k Cu*?. IIpeanonaraem, 4ro 310 00Y-
CJIOBJICHO MOIW(UKAIMEH JUTHOIEIUTIOI03bI COISIMHU
MUa30HUS C 00pa3oBaHHWEM CyIb()OIMPON3BOIHBIX
(cxema 2). PaBHOBECHYIO KOHIIEHTPAIIUIO HOHOB Me-
TaJJIOB, OTJCNICHHBIX OT COpOEHTa (UILTPOBAHUEM,
OTIPEJICIISUTH METOJIOM aTOMHO-a0COPOIIMOHHOMN CIIeK-
TpockoIuy Ha npudope «CaTypH» ¢ MOTPEIIHOCTHIO 3
[21]. BsisiBneHO, YTO KOJNUYECTBO COPOMPOBAaHHBIX
roHoB Cu*? Ha OKpalIeHHOM KOTOHHHE JIbHA YBETMYH-
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B.A. Jlorunosa, A.B. Uemkosa, T.C. ®ponosa

BAeTCS MO0 CPABHEHMIO C HEOKPAIICHHBIM, COOTBET-
ctBeHHO ¢ 0,63£0,01 moab/T 1o 0,74+0,01 MONB/KT.

Takum 00pa3oM, B paMKax paccMaTpuBaeMon
33724y OLECHKH BO3MOXKHOCTH KpaIlleHHWs Ha CTaJuH
(epMEeHTaTHBHOW KOTOHHM3ALMH JIbHOBOJIOKHA, PeaK-
UK a3ocodyeTanust OyayT npoxoaut 3 deKTUBHEE MPU
YCIIOBUU COXPAaHEHUH JIMTHUHHOTO KOMIIOHEHTA, CHU-
KEHUH CTETICHN €T0 CBA3BIBAHMS C IOJIMCAXapHIAMHU
BOJIOKHA ¥ OJHOBPEMEHHOM IOBBIIICHUH €0 CTepe-
OJIOCTYITHOCTH.

BBIBO/IbI

JlokazaHo, 9TO MakCUMAabHBIN 3P PEKT IBET-
HOTO OKpaIllMBaHUs 00ECIeUMBaeTCsA B ciaydae Qep-
MEHTAaTUBHOH MOJU(HUKALINN KOPOTKOTO JIEHSHOTO BO-
nmokHa Pulpzyme HC c uckmodyenneM cragum mpo-
MBIBKH.

[Mpenanonaraercs, uro 3¢ PexkruBHas hepmen-
TaTUBHAs CEJICKTUBHAS LIeJICHATIPaBICHHAS ICTIOMe-
pH3aIysl HELEIUTIOIO3HbIX MOJIHCcCaxapuIoB 0e3 MOIH-
(vKaMy JIMTHUHA TI03BOJISIET 00ECIICUUTh BBICOKYIO
€r0 COXPaHHOCTh U PEaKIIMOHHYIO CITOCOOHOCTH TI0 OT-
HOLICHUIO K Aua3oito anomy K.

BrisiBieHa BO3MOKHOCTBH MCIIOJIb30BAHUS pe-
aKIUH a30COYETaHUs ONU(EHOIOB JIMTHUHA C T1a30-
neM aneiM K 1715t mosydeHnst OKpameHHOro KOTOHHHA
JIbHA C TIOBBIIIEHHOW COPOIIMOHHON €MKOCTBIO IO OT-
Homenuio k Cu*?,

Paboma sevinonnena npu nodoepoicke epanma
PODOU Ne180300221.

REFERENCES

1. Tuntsev D.V,, Khairullina M.R., Garayeva |.F., Saveliev A.S.
Technological scheme for obtaining bioplastics based on lignin.
Aktual. Napravl. Nauch. lisl. XXI veka: Teor. Prakt. 2014. V. 2.
N 5-4 (10-4). P. 192-194 (in Russian). DOI: 10.12737/7136.

2. Loginova V.A., Tereshkina Yu.V., Babchenko K.Yu., Chesh-
kova A.V. New technologies for producing lignocellulosic fibers
and materials based on them. Sh. Trudov. Vestn. SPhGUTID.
2013. P. 54-59 (in Russian).

3. Loginova AV., Cheshkova A.V., Vladimirtseva E.L., Bab-
chenko K.Yu., Tereshkina Yu.V. Composite materials based on
acrylic polymers and cotonin flax. Abstract of Int. Conf. Progress
2013. lvanovo: IGTA. 2013. P. 205-206 (in Russian).

4. Nikitin V.M. Interaction of aromatic diazo compounds with lig-
nin. DAN USSR. 1965. V. 160. N 2. P. 359-363 (in Russian).

5. Gogotov AF., Luzhanskaya .M. Azo derivatives of lignin.
Spectrophotometric method for the analysis of non-condensation
of lignin by reaction with a diazonium salt. Khim. Interes. Ust.
Razv. 1997. N 3. P. 279 — 285 (in Russian).

6. Gogotov AF., Luzhanskaya I.M. Application of the reaction
with diazonium salts for the study of lignin. chemistry, Luzhan-
skaya, I.M. Azo derivatives of lignin, plant raw materials. Barnaul:
Altai State University. 2005. V. 4. P. 5-24 (in Russian).

7. Khabarov Yu.G. Methods for the determination of lignins. lzv.
Vuzov. Lesnoy Zhurn. 2004. N 3. P. 86-102 (in Russian).

8. Antoine Duval, Heiko Lange, Martin Lawoko, Claudia
Crestini. Modification of Kraft Lignin to Expose Diazobenzene

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2020. V. 63. N 2 69



V.A. Loginova, A.V. Cheshkova, T.S. Frolova

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

70

Antoine Duval, Heiko Lange, Martin Lawoko, Claudia
Crestini. Modification of Kraft Lignin to Expose Diazobenzene
Groups: Howard pH- and Light-Responsive Biobased Polymers.
Biomacromolecules. 2015. 16 (9). P. 2979-2989. DOI:
10.1021/ACS.biomac.5b00882.

Kouesa J1.C., BpoBaposa O.B., Cexymmn H.A., Kapmanos
AL, Ky3bmun JI.B. CtpyKkTypHO-XMMHUECKas XapaKTepUCTUKA
HEPEBECHBIX MIEIUTEON03. Jlechoui acyp. 2005. Ne 5. C.86-93.
Kumar A., Gautam A., Dutt D. Biotechnological Transfor-
mation of Lignocellulosic Biomass in to Industrial Products: An
Overview. Adv. Biosci. Biotechnol. 2016. V. 7. N 3. P. 149-168.
DOI: 10.4236/abb.2016.73014.

YemkoBa A.B., JlorunoBa B.A., Bypo A.A., KozioB B.A.
DKOJIOTMYHAsT TEXHOJIOTHS KOTOHM3AU! I NOJTYUYCHUSA HETKaA-
HBIX MaTepuajioB U copOeHTOB. FIHHOBAaLIIOHHBIE MaTepHAIB U
TexHonorny B misaiiHe. Tes. Jloki. Beepoc. v-T k. CI16.: CIT6I'U-
KuT.2015.93 c.

BypoB A.A., JlorunoBa B.A., Yemkosa A.B. Dxosorudeckue u
OKOHOMHUYECKHE NMPEUMYIICCTBA Q)epMeHTaTI/IBHLIX TEXHOJIOTHIA
KOTOHH3ALIMHU OTXOI0B JIbHOTpom3BozcTBa. XIX Beep. kond. Mo-
NOBIX yueHbIX-xumukoB. Hixauit Hosropon. 2016. C. 207-208.
Cheshkova A., Smirnova E., Zavadskij A. Enzymatic modifica-
tion and flax deligniflcation. Proceed. of the V Chine-Russia-Ko-
rea Symposium of Chemical Engineering and New Materials Sci-
ence. September 17-21. 2007. lvanovo. P. 21-24.

Perez J., Munoz-Dorado J., de la Rubia T., Martinez J. Bio-
degradation and Biological Treatments of Cellulose. Hemicellu-
lose and Lignin: An Overview. Internat. Microbiol. 2002. N 5.
P. 53-63. DOI: 10.1007/s10123-002-0062-3.

Beckham G.T., Johnson C.W., Karp E.M., Salvachiia D., Var-
don D.R. Opportunities and challenges in biological lignin valor-
ization. Curr. Opin. Biotechnol. 2016. N 42. P. 40-53. DOI:
10.1016/j.copbio.2016.02.030.

Ryan S.E., Nolan K., Thompson R., Gubitz G.M., Savage
A.V,, Tuohy M.G. Purification and characterization of a new low
molecular weight endoxylanase from Penicillium capsulate. En-
zyme Microb. Technol. 2003. N 33. P. 775-785.

Akin D.E. Linen Most Useful. Blending of cottonized flax, that is,
short, refined flax fibers, with cotton and other fibers offers a po-
tential for nontraditional, flax fibers to impart distinctive properties
in textiles. ISRN Biotechnol. 2013. P. 1-23. DOI:
10.5402/2013/186534.

Eropos H.B., Jledenea B.U., CmupnoBa O.K. Otaenka xion-
yaroOymaxHbIX TKaHel. [lox. pen. b.H. MensHukosa. I1BaHOBO:
M.: Tanka. 2003. 484 c.

T'apuesa JI.A. JlaGopaTopHBIi PaKTHKyM MO XUMITIECKOH TEXHO-
JIOTHH TEKCTIUTBHBIX MaTepranoB. Misarnoso: UT'TA. 2011. 136 c.
MenbnuxoB b.H., Koznosa O.B., Epmunos E.I'. TexctibHoe
KonopupoBanue. VBanoBo: MBaH roc.xum.-texHoin. yH-T. 2008.
212¢.

Huxudoposa T.E., barpockas H.A., Kozios B.A., Hara-
peeB C.B. CopOIrioHHBIC CBOICTBA JIBHSHOTO BOJIOKHA, MOIH-
(umpoBaHHOTO Ma3MOi. JKypH. npuriad. xumuu. 2008. T. 81.
Ne 7. C. 1096-1100.

YemkoBa A.B. Onerka cOpOIMOHHO CITOCOOHOCTH JIMTHOO00-
ralIeHHOro KoToHnHa JibHa. YentkoBa A.B., Jloruaosa B.A, Ko3-
1o B.A. C6. TpynoB. «Cmaprekc-2012», iBanoso: UIT'TA. 2012.
C. 95-100.

Yemxosa A.B., lornnosa A.B., Kysmmnosa C.A., Bypos
A.B. CopOuuoHHBIE CBOMCTBAa BOJOKHHCTO-TIOJIMMEPHBIX
MaTE€prajloB HAa OCHOBE KOTOHHWHA JIbHA. H3s. 68Y3086. Texnon.
neexoti npom-mu. 2016. T. 32. Ne 2. C. 55-59.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

Groups: Howard pH- and Light-Responsive Biobased Polymers.
Biomacromolecules. 2015. 16 (9). P. 2979-2989. DOI:
10.1021/ACS.biomac.5b00882.

Kocheva L.S., Brovarova O.V., Sekushin N.A., Karmanov
A.P., Kuzmin D.V. Structural and chemical characteristics of
non-wood pulp. Lesnoy Zhurn. 2005. N 5. P. 86-93 (in Russian).
Kumar A., Gautam A., Dutt D. Biotechnological Transfor-
mation of Lignocellulosic Biomass in to Industrial Products: An
Overview. Adv. Biosci. Biotechnol. 2016. V. 7. N 3. P. 149-168.
DOI: 10.4236/abb.2016.73014.

Cheshkova AV., Loginova V.A., Burov AA.,, Kozlov V.A.
Eco-friendly technology for cottonization for producing
nonwovens and sorbents. Innovative materials and technologies in
design: Proc. Report All Russia Conf. SPh.: SPhGIKIT. 2015.
93 p. (in Russian).

Burov A.A., Loginova V.A., Cheshkova A.V. Ecological and
economic benefits of enzymatic technologies for the cottonization
of flax production. XIX All-Russian Conference of Young Chem-
ical Scientists. Nizhny Novgorod. 2016. P. 207-208 (in Russian).
Cheshkova A., Smirnova E., Zavadskij A. Enzymatic modifica-
tion and flax deligniflcation. Proceed. of the V Chine-Russia-Ko-
rea Symposium of Chemical Engineering and New Materials Sci-
ence. September 17-21, 2007. lvanovo. P. 21-24.

Perez J., Munoz-Dorado J., de la Rubia T., Martinez J. Bio-
degradation and Biological Treatments of Cellulose. Hemicellu-
lose and Lignin: An Overview. Internat. Microbiol. 2002. N 5.
P. 53-63. DOI: 10.1007/510123-002-0062-3.

Beckham G.T., Johnson C.W., Karp E.M., Salvachuia D., Var-
don D.R. Opportunities and challenges in biological lignin valor-
ization. Curr. Opin. Biotechnol. 2016. N 42, P. 40-53. DOI:
10.1016/j.copbio.2016.02.030.

Ryan S.E., Nolan K., Thompson R., Gubitz G.M., Savage
A.V., Tuohy M.G. Purification and characterization of a new low
molecular weight endoxylanase from Penicillium capsulate. En-
zyme Microb. Technol. 2003. N 33. P. 775-785.

Akin D.E. Linen Most Useful. Blending of cottonized flax, that is,
short, refined flax fibers, with cotton and other fibers offers a po-
tential for nontraditional, flax fibers to impart distinctive properties
in textiles. ISRN Biotechnol. 2013. P. 1-23. DOI:
10.5402/2013/186534.

Egorov N.V., Lebedeva V.1., Smirnova O.K. Finishing of cotton
fabrics. Ed. by B.N. Melnikov. lvanovo: publishing house
"Talka". 2003. 484 p. (in Russian).

Gartseva L.A. Laboratory Workshop on Chemical Technology
of Textile Materials. L.A. Gartsev. Ivanovo: IGTA. 2011. 136 p.
(in Russian).

Melnikov B.N., Kozlova O.V., Ermilov V.G. Textile coloring.
Ivanovo: Ivan Gos.Khim.-Tekhnol. Un-t. 2008. 212 p. (in Rus-
sian).

Nikiforova T.E., Bagrovskaya N.A., Kozlov V.A., Natareyev
S.V. Sorption properties of modified flax fiber. Zhurn. Priklad.
Khim. 2008. V. 81. N 7. P. 1096-1100 (in Russian).

Cheshkova A.V., Loginova V.A., Kozlov V.A. Evaluation of the
sorption capacity of ligno-enriched cottonin flax. Cool. works.
Smartex 2012. lvanovo: IGTA. 2012. P. 95-100 (in Russian).
Cheshkova A.V., Loginova A.V., Kuvshinova S.A., Burov
A.V. Sorption properties of fiber-polymer materials based on cot-

ton-linen flax. Izv.Vuzov. Tekhnol. Legkoiy Prom. 2016. V. 32.
N 2. P. 55-59 (in Russian).

Iocmynuna 6 peoaxyuro 25.12.2018
Ipunsima k onyébnurosanuro 02.12.2019

Received 25.12.2018
Accepted 02.12.2019

U3B. By30B. Xumus u xum. textosorus. 2020. T. 63. Bein. 2



