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OO6cy>k1eHbI TTPOOIIEMEI TTOYIeHHS U MPUMEHEHHST HAHOIIEJLTIONO3bI 1 KOMIIO3UIIHOHHBIX MaTePHaJIoB Ha €€ OCHO-
Be. [IpuBe/ieHa OIleHKa BO3MOJKHOCTEH MOTy4eHHUs HAHOLIEIUTFOIO3bI U3 JINTHOLEIITIONO3HOH OroMaccel, 00cyxe-
HBI THITMYHBIE METOJIbI KCTPAKIIMH U TIPEACTABICHbI ONTUMAJIbHBIC YCIOBUSI, TO3BOJISIOIINE ITOTy4aTh HAHOYACTH-
1B LIEIUTFONIO3BI IPEBECHOTO MPOHCXOXkKAeHH s . [ToKka3aHo, 4TO PU3MKO-XUMHUUECKUE XapaKTEPHUCTHKH MaTepHAIIOB,
cofepKallie HaHOYACTHIIBI, OMOOCTYITHOCTD BEIECTB, HANPSAMYIO CBA3aHBI HE TOJIBKO C MCIIEPCHOCTBIO BKIIIO-
YEHUH, HO M C XapaKTepoM IOJIy4aeMbIX ()parMEeHTOB HEJUT0I03bl. OOCYKICHbI OTIMYHS B XUMHYECKUX CBOM-
CTBAX LIEIJUIFONIO3HBIX KOMITIOHEHTOB, UCIIOJIb3YEMBIX B BHJIE MAaKpO MM HAHOYACTHIL, M TIOKa3aHa UX 3aBUCHMOCTb
OT MOJIEKYJIAPHOTO CTpOeHUs pparMeHToB. O000IIEHB OCHOBHBIE HANPaBICHUS BO3MOXXHOTO TPUMEHEHHs HAaHO-
LEJUTIOI03bI ¥ [TOKA3aHa IIEPCIeKTHBHOCTD Pa3pabOTKU TEXHOJIOTHYECKHUX MPOLIECCOB MOTYUCHUSI U IPHMEHEHHS
HOBOTO KJIaCCa HOBEHIINX OMOTEXHUYECKUX KOMIIO3HIIHOHHBIX MaTEPHAIIOB C BKIIFOYCHHBIMHI MPHPOIHBIMH HAHO-
KOMIIOHEHTAMH.
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Cowarme HOBEHIINX HAHOKOMIIO3UIIUOHHBIX Ma-
TEPHAJIOB CETOMHS SIBISETCS MaruCTpalbHBIM
HaIpaBJICHUEM Pa3BUTHsI HAYKHU U TeXHUKU. M3BecT-
HO, YTO NpHU Mepexosie 0T 00bEKTOB TPAJUIMOH-
HBIX JIMHEHHBIX pa3MepOB K HAHOPa3MEPHBIM (u-
3MKO-XMMHYECKHE CBOHCTBA BEIIECCTB U3MEHSIOTCS
KapauHaiIbHO. Hampumep, Temmnepatypa riaBieHUs
3os0Ta coctasinseT 1337 K, B To BpeMsi Kak 4aCTHIIbI
nquameTpom 50...100 HM MIaBsSTCS MPHU TEMIEepaType
o4ty B 3 paza MeHblue. [IposiBeHrne TOKCHYHOCTH
HAHOYACTHUI] MOXET OBITh HAa HECKOJBKO MOPSIKOB
BBIIIE, YEM JIJIsl aHAIIOTUYHBIX OOBEKTOB MUKPO- U
Ooree BBICOKOTO YpoBHsl. IMnpernupoBaHue (apMu-
pOBaHKE) MOJIMMEPOB HAITOJTHUTEIIEM, B KaUueCTBE KO-
TOPOTO IPUMEHSIOTCS HAHOYACTHUIIBL, HAIPUMED, BBe-
nenue 10 % HaHOYTIEpOTHBIX TPYOOK B IMOJIUATHIICH,
MPHUBOJIUT K YNPOUYHEHHUIO MaTepHraa, N3MEHEHUIO
€ro JKECTKOCTH, TEMIIePATyp TUIaBICHHS 1 TIepexoa
W3 KPUCTAJUIMUECKOH CTPYKTYpHI B aMOpHYIO, a
Tak)Ke K M3MEHEHHIO TEMIIepaTypHOrO MHTEpBaIa
repexo/ia B BEICOKOAIACTUIHOE cocTosHue [ 1—4].

BHomoCcTyTHOCT MHOTHX XUMHYECKUX COCIH-
HEHHH B COCTaBe JICKApPCTBEHHBIX OMOKOMITO3UTOB
3HAYHUTENBHO MOBBIIIACTCS COBMECTHO C OJHOBpE-
MEHHBIM YCHJICHHEM TeparneBTHYeCcKoro 3¢ dek-
Ta, HApUMEpP B CIy4yae MPUMEHEHUS XUMUYECKU
MOAH(QUIUPOBAHHBIX HAHOYACTHI] OJaropoJHBIX
METaJJIOB, MOKPBITHIX OMOIIOTUYECKN aKTUBHBIMU
BelecTBaMu [ 5, 6].

Ha HaHopasMepHOM ypoBHe HaOiromaeTcs 3¢-
(hbekT — caMoCcOOpKa XMMHUECKUX MOJICKYJI B «aH-
caMOJIn» OmpesieICHHOTO MOBEPXHOCTHOTO CTPO-
eHus. DTO XOPOILIO MPOCIIeKUBACTCS Ha MPUMEpe

KPYITHBIX OHMOJIOTMYECKHX MOJICKYJ THIa OEIKOB,
JHK u nonucaxapuaoB, UMEIOMIMX LEITIOI03HYIO
CTPYKTYpY, YTO, O-BUANMOMY, SIBJSIETCSI OCHOBOM
BCEX OMOXMMHMYECKHX PEaKIUi, TPOTEKAIIUX B
JKUBBIX cucTemax. J[aHHBIM MeXaHU3M, MOKHO HC-
10JIB30BATh ISl TOJyYEHUsT OMOKOMITO3UIIMOHHBIX
MaTepuanoB. B Oyaymiem sTa OBICTPO pa3BHUBaIO-
miasicst 00JIacTh OMOHUKH, Peau3yIoasi CriocoObl
MPUMEHEHHUS B TEXHUYECKHUX YCTPOMCTBAX IPUHIIU-
OB OpTaHMU3aIliH, CBOUCTB, PYHKIIHIA U CTPYKTYP
KUBOH MTPUPOABI, BEPOSITHO, MOXKET CITY)KUTh 0a3oi
JUISL CO3JIaHusl OMOKOMITIO3UTOB C YHHUKAJIbHBIMU
cBoiictBamu [7]. B Hacrosmiee BpeMsi OTMEUaeTCst
YeTKoe OHUMaHue GopM U QYHKIHMH LETI0I03-
HBIX MOJICKYJISIPHBIX aPXUTEKTYP B OMOJIOTHYESCKUX
CHCTEMaxX, YTO CIIOCOOCTBYET DBOJIIOLIUU TEXHOJO-
THYECKUX MOAXO/J0B K CO3/JaHUI0 COBPEMEHHBIX
MaTepHaoB.

Bce BbImensinokeHHOE JOKHO B TIOJHOM Mepe
OTHOCHUTBCS KO BCEM TIPUPOJTHBIM OHOTIONTUMEPaM, 1
B TIEpBYI0 o4Yepeab K BaKHEHIIeMy U3 HUX — IIell-
sono3se. Lemnrono3a — caMblil pacIpOCTPaHEHHBbII
MOJIUMEDP B MPUPOJIE, IO KOJINYECTBY HAMHOTIO TIpe-
BOCXOSIIUN MTPOMBIIIICHHBIA BBIITYCK CUHTETHU-
yeckux monumepoB [8—10]. Ecnu mis momydenus
CUHTETHUYECKHX TOJIMMEPOB TPEOYIOTCS CIIOKHBIC
TEXHOJIOTHH IOJINMEPU3aLlii MOHOMEPOB, SIBIISIO-
LIUXCS OCHOBOW COBPEMEHHOTO MPOMBIIIIEHHOTO
MIPOM3BOJICTBA JIACTMACC, TO NCTOYHUKOM IOJTyye-
HUS LEJUTIONO03bI BEICTYTAIOT PACTEHUS, BHYTPEHHSIS
CTPYKTypa KOTOPBIX B 3HAUMUTEIHHON CTETEeHH I10-
CTpOEHA M3 LEIUTION03bI U chopMHUpOBaHa B pe3yiib-
TaTe €CTECTBEHHOTO pocTa pactenwii [4, 10].
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3ajada naHHOTO 0030pa — JaTh OIEHKY BO3-
MOYKHOCTSIM TTOJTy9€HHUS] HAHOIICIUTIOI03bI U3 JINTHO-
LIEJUTIOJIO3HONW OMOMAcChl, pACCMOTPETh TUITUYHBIE
METOJIbI SKCTPAKIIH 1 0000IIUTH OCHOBHBIEC HAIIPAB-
JIEHUSI BOBMOXKHOT'O IPUMEHEHUSI HAHOLEJTIONIO3BI

MaTtepuanbl U MeTOAbI

CBoiicTBa mes1104103b1. L{emniono3a, kak oc-
HOBHOM KOMIOHEHT KJIETOYHOW CTEHKH BBICHIUX
OMOIOrNUEeCKUX 0OBEKTOB COCTABIISIET TPUMEPHO T10-
JIOBHHY MacChl MHOTOJIETHUX M TPETHIO YaCTh MacChl
OJIHOJIETHUX PaCTEHHUH, IPUCYTCTBYET B KAUECTBE OC-
HOBHOTI'0 MaTepuasa KJIETOUHON CTEHKH BO BCEX OBO-
max u ppyKrax, IoTpeOIsieMbIX YEITOBEKOM, a TAKKE
COJZIEpKUTCA B IPEBECUHE JIMCTBEHHBIX U XBOIHBIX
opoJ IepeBbeB [4, 5]. DTO — BBICOKOMOJIEKYIISIP-
HBIH, JTUHENHHBIN, HEPACTBOPUMBIH FOMOIIOIUMEDP
¢ B-d-moKonupaHO3UIBHBIMHU 3BEHBSIMH, COC/IH-
HeHHbIMU (1—4) MKo3uAHBIME CBsi3siMHu (puc. 1).
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Puc. 1. Xumunyeckasi CTpyKTypa HEJUTIOI03bl
Fig. 1. The chemical structure of cellulose

CTpyKTypa LIeJUTION03bI 00pa3yeTcst U3 TOBTOPSIIO-
HIMXcs Hesu1o0no3HbIX ennHul. Kaxknas cnemyromast
eIMHHIIa MHBEPTUPOBAHA 110 CPABHEHUIO C MPEIIbI-
AyIUMU €AMHHUIaMU, TIpyuJaBasd MOJICKYJIC IIJIOCKYIO
JICHTOOOpa3Hyto KoH(opmanuto. Benencreue nuHei-
HOCTU U CTEPEOPETYIIPHOCTH B IIPUPOIE MOJICKYIIbI
LCJUIIOJIO3bI CBA3BIBAIOTCA B IPOTAXKCHHBIC IIPOCTPAH-
CTBEHHBIE MAKPOKOMILIIEKCBI, 00pa3yst OMKPUCTAIIIN-
YECKUE BOJIOKHUCTBIE ITyYKH, B KOTOPBIX MOJIEKYILIP-
HbIE LIETTH KPUCTAIUTMYECKUX 00JIacTel yIepyKUBArOTCS
BMCCTC MHOT'OYHMCIICHHBIMU BOAOPOAHBIMH CBA3SIMU.
Cetka BOIOPOIHBIX CBsI3eH 00pasyeT B MUKpO(QHOpHII-
Jiax aMmop(hHbIC ¥ KpucTasuueckue odmactu [10—12].

Lennronosa HepacTBopuMa. M3BECTHBI TOJIBKO
HECKOJIBKO CIIEIMaIbHBIX PaCTBOPHUTENEH, KOTOPhIC
MOTYT Pa3pyLIUTh €€ MEKMOJICKYJSIPHBIE BOJOPO/I-
HBIC CBA3H, YTO BAXKHO IJII BO3MOKHOTO MOJTYUYCHUA
HaHOCTPYKTYpHUPOBAaHHOM 11euTIoN0361. Tak, B 17%-Mm
THIPOKCHIE HATPHSL, TPUPOJIHAS [IEIUTI0N03a Ha0yXa-
eT. PacTBOPUMOCTB 1IEIUTIONO03BI B LIETI0YaX 3aBUCUT
OT CTEMNECHHU €€ MOJIUMEPU3alUN — C YMEHBIICHHEM
CTCIICHU NOJIMMEPU3ALIUN PACTBOPHUMOCTD IMOBBINIA-
eTcsi. MakcuMasbHasi paCTBOPUMOCTH XJIOMKOBOU
LEJITIONIO3bI ITPH OOBIYHOM TemIiepaTtype Halona-
ercs B menouax 12%-i KOHIEHTpaIuy, IPEBECHON
nesmtono3sl — ~10%-ii [4, 11].

B 3aBUCHMOCTH OT MOJIEKYJISIpPHOH MaccChl 1e-
JIF0JI03a, PACTBOPSIETCS B BOIHBIX CMECSAX KOM-
IJICKCHBIX COEIMHEHUN THAPOKCHUIOB MEPEXOTHBIX
metamioB (Cu, Cd, Ni) c aMMHUakoM U aMHHAMH, Ha-
IpUMep B MeIHO-aMMHua4HOM peaktuse [1IBeiiiepa —
[Cu (NH3)4](OH),. 9o ncnoneiyercs 6oee 100 et
IPY IPOU3BOJICTBE OTHOT'O U3 BUJIOB HCKYCCTBEHHOTO
MeIHO-aMMHAYHOTO BOJIOKHA. Llesrono3a MeasieHHO
pacTBOpsIETCS B HEKOTOPHIX KOMIIEKCHBIX OCHO-
BaHUSX, HAIPUMEP B PacTBOpE THAPOKCHIA Menu
B TWJICHIUAMUHE (en) — KyIpOdTUJICHANAMHUHE
[Cu(NH,CH,CH,NH,),](OH),, o603Hagaemom co-
kpamenHo Cuen, wiu [Cu(en),|(OH),, a Takxe B
LUHKOKCEHE (TMAPOKCHIE LUUHKITHIICHINAMHUHA)
[Zn(en);](OH),, kamokcene [Cd(en);](OH),, HHOK-
cene [Ni(en);](OH),, auokcame [Ni(NH;)](OH),,
kookceHe [Co(en);](OH), u menounoM pactBope
xKele3oBUHHOHATpueBoro komrmuiekca (JKBHK)
[(C4H;04);Fe]Nag. Llemnrono3za MOXKeT MOCTEICH-
HO HalyXaTh U PACTBOPATHCSA B TOPSIUUX KOHIICH-
TpupoBaHHbIX pactBopax: AlCL;, SnCly,, KI, Bal,,
Ca(CNS), u ZnCl,, B HACBIIIICHHOM IIPU KOMHATHOM
temmeparype pactBope Ca(CNS), npu 120-130 °C
[7-9]. B xucnorax Ha Xonoze, HapuMep B KOHIICH-
TPUPOBAHHOM CEPHON KUCIIOTE, EIUTI0N03a 00pa3yeT
BSI3KUI pacTBOP. AHAJIOTUYHASI PEAKIHS TPOUCXOIUT
MIPY TIOMEIIEHNH [IEJUTI0N03bI B KOHLIEHTPUPOBAHHBIN
pactBop oprodochopHOil KHCIOTH IPH TeMIepa-
type Boitie 60 °C. [Ipu qnureabHOM BO3JIEHCTBUU
CHJIbHBIC MUHEPAJIbHBIC KUCIIOTHI THAPOIU3YIOT 1eI-
JII0JI03Y IO MOHOMEPHOM ITtoKo3HI [4, 13, 14].

HexoTopsle nmpou3BOAHBIE LEITION03bI C Ma-
JIOW MOJIEKYJISApHOW Maccoil 06nasaloT crocoOHo-
CTBIO CHIIHO HaOyXaTh CO CTENEHbI0 HAOyXaHHsI 710
1000 % u Oonee 1 B UTOTE MOJIHOW paCTBOPUMOCTBIO
B BOJIHBIX PACTBOPAX, YTO OCOOCHHO Ba)KHO B ClTydae
MOJIyYCHHSI MUILIEBBIX T'UAPOKOIUIONIOB, a TaKXKe
PEOJOTHUECKUX 3aryCTUTENEH U KIESIIUX CUCTEM
[15-19].

B 2010-2019 rr. HabmrogaeTcs 3HAYUTEIbHBIN
HWHTEPEC K MPOU3BOACTBY OMOKOMITO3UIIMOHHBIX Ma-
TepHajoB ¢ HAHOpa3MepHBIMU HanonHuTe MU [20].

[IpuMeHeHHEe LENTI0I03HbIX KPUCTAIIUTOB B
KauecTBE HAHOPa3MEPHBIX 100aBOK MTO3BOJISIET 3HA-
YUTEIHHO YCHIINTh MEXaHUYECKHE CBONCTBA MOJIH-
MEPHOTO KOMITO3UTa U, KpOME TOT0, TIPU1aBaTh EMY
CBOMCTBA yCTOMYHMBOCTH K OMOPA3IOKEHHUIO. JTO
00yCIIOBITUBACT BHICOKAsI MEXaHUUECKas IPOYHOCTh
HaHOpa3MEepHBIX yacTuil. CUNTaeTCs, YTO IPOYHOCTh
Ha pa3pblB B OTOM clly4yae MOXET COCTaB-
nats ~10 I'la, monyns ynpyroctu ~150 I'Tla —
3HA4YEHUS], CONIOCTABUMBIE C TIPOYHOCTBIO YITIEPO/I-
HBIX HAHOTPYOOK, YTO J]aeT BO3ZMOYKHOCTb TIOJTy4aTh
CBEPXIIPOYHBIC U CBEepXJIeTKHe MaTepuaisl. [1pu-
YeM ChIPbEBbIC PECYPCHI ISl IOJTYUYCHUsI HAHOKPH-
cramnuueckoil nemntono3sl (HKIL) npaktuuecku
HeorpaHu4eHs [21].
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TpaanuIIMOHHO HEIUTION03Y UCTIONB3YIOT IS TIPH-
TOTOBJICHHSI TUICHOK, TTOJYYEHHS KOMITO3HIIMOHHBIX
IUTACTUYECKUX MAacC M MCKYyCCTBEHHOTO BOJIOKHA,
0e31bIMHOTO 1T0pOXa M MaTepUalioB TEKCTHIBHOU U
OyMa)kKHOW POMBILUICHHOCTH [22-24].

Lenmronosy, kak Ouomnonumep, MoayvarT B OC-
HOBHOM M3 PACTEHHH, XOTS €€ MOXKHO BBIJICIHTD,
HampuMep, U3 HEKOTOPBIX BUIOB OakTepHil U mJe-
cenu [4, 25, 26].

OpHuM U3 HauboJee PacnpoCTPAHEHHBIX Me-
TOJOB TIOJYUYEHHUS U UCIOJb30BAHUS LIEJITION03bI
SIBIISIETCS] TEXHOIOTUYECKHUHN MTPOLIECC M3TOTOBICHHS
Oymaru, B KOTOPOM [0 OCHOBHOMY ITPOMBILITIEHHOMY
croco0y, IpeBecHHa MPAKTUYECKH JTIOOBIX MOPOJ
(cocHa, enb, Oepesa, TONONb, KallITaH, IBKAIANT U
Ip.) IOJBEpraeTcs BapKe B IIEIOYHOM pacTBOpE, CO-
neprkatem 10 50 r/1 cMecu ruApoKcHIa U cyabduaa
Hatpus npu temneparype 150-170 °C B teueHue
1...6 4, 94TO IO3BOJISIET MOTYUYUTH U3 | KT ApeBEeCHON
Maccal 10 50 suctoB (0,25 kr) Oymaru gpopmara A4.
BbIxo/ 11em1r0510361 U3 APEBECHHBI PA3THYHBIX IIOPOJL
cocrapisieT 35-50 % [4, 27].

W3BecTHO, 4TO MPOLIECCHI MOTYUEHHUS HEIUTIONO3bI
13 IPUPOIHOTO CHIPBS CBOISITCS K Pa3pyIICHHIO ecTe-
CTBEHHBIX CTPYKTYP PAaCTUTEIHLHOTO ITPOUCXOKACHHS
MOZ BO3JCHCTBUEM MPEUMYIIECTBEHHO KUCIOT WIIN
mienoveid. [Ipu 3ToM MporCXOmuT TOTaIbHOE U HEpaB-
HOMEpHOE pa3pylIeHUe 3THUX CTPYKTYp ¢ 0Opa3oBa-
HUEM LEJUTIONO3bI Pa3InIHON MOJICKYIISIPHOI Macchl.
ToHKoe perynupoBaHue STHX MPOLECCOB MO3BOJISIET
MOJTy4aTh ee JUCrepcHbIe POPMBI, B TOM YHUCIIE C 00-
pasoBaHHEM HaHOpa3MepHBIX (hparMeHTOB [28, 29].

HaHo- 1 MuUKpoue/1I10103a. Boiensaor tpu
OCHOBHBIX BHJIa HAHOLICJLTIOJIO3bI: HAHOKPHCTAIIIH-
Yyeckast; HaHO(UOPHIUIMPOBaHHAs; OaKTepraabHast.
Bce 5Tu TUIIBI MIGHTUYHBI IO XMMUYECKOMY COCTa-
BY, O/IHAKO OTJIMYAIOTCS [0 MOP(OIOTHH, pa3mMepy
YacTHUIl ¥ KPUCTAIUIMYHOCTH. OTeNIbHbIE CBOWCTBA
MOTYT pa3in4aThCsl U3-3a Pa3HUIIBI B UCTOUYHHUKAX U
meToaax u3snedenus [30, 31].

Hanoxpucrannnyeckas 1eJuIroa03a, TakKe H3-
BECTHAsl KaK HAHOKPHUCTAJJbl LEJTI0I03bI, HIN
LEJIJTIONIO3HbIE HAHOBUCKEPHI, MIPEACTABISET co00M
HAHOLEIUTIONO3Y € BBICOKOW MPOYHOCTHIO, KOTOpast
OOBIYHO M3BJICKACTCS M3 IEJUIIOJIO3HBIX (PUOPUILT
KHCIOTHBIM THAponn3oM. OHa umeeT Gpopmy Ko-
POTKOTO CTEepXHS MU GopMy BUCKepa (HUTEBU/I-
HOTO KpHUCTajuia) quaMeTpom 2...20 HM U JUTHHOU
100...500 aM. D10 — 100%-#1 XUMHUECKHI COCTaB
LEIUTIONIO3bI, XapaKTEPHbBIH B OCHOBHOM JIJIsl KDHCTAJI-
JIMYECKUX 00JIacTel ¢ BBICOKOH KPUCTAJUIMIHOCTBIO,
cocrapisitomei 54...88 % [30].

JlaBHO M3BECTEH METO]I BbIJICICHUSI HAHOKPH-
CTaJIIOB LIEJUTION03bI N3 MUKPO(PHUOPHILT C TOMOIIBIO
00pabOTKH IEILIFOJIO3HOTO MaTepraia KUCI0ToH [4,
29]. O6paboTKa KHUCIOTOMN BBI3bIBAET CEJICKTHBHBIN
THAPOIN3 aMOP(HBIX 001aCTEH 1IEIUTFOI03bI C BBICBO-

OOKIeHIEeM HAHOKPHUCTAJUINYECKUX CTepPIKHE00pas-
HbIx yactul [30, 31]. B 3aBucuMocTy 0T yClOBHM
KHCJIOTHOM 00paOOTKH U CHIPhEBOTO HCTOYHHUKA T1EJI-
JIFOJIO3bI, pa3Mep YacTHIL MOy4aeMOU [EJUII0I03bI
coctanisieT ot 50 o 1160 uM B jymuny u 3...50 HM B
muametpe [32]. [Tpu ucrons30BaHNN CEPHOM KHUCIIO-
TBI B PE3yJIbTaTe TUIPOJIN3a TOBEPXHOCTHBIC THIIPOK-
CWJIBHBIE TPYIIIBI IPEBPAIIAIOTCS B CYIb(OTPYIIITBI
C OTPHIIATENILHBIMHU 3aPSAaMH IO TIOBEPXHOCTH Ma-
KPOMOJICKYJIBI [IEJUTIONO3bI, YTO CTAOMIU3UPYET BO-
JTHBIE TUCTICPCUU TAKUX YaCTHUII IIEIJUTFOI036I 32 CUET
ANEKTPOCTATUUECKOTO OTTANKUBaHUs [33].

Paccmotpum cxemy dhopmMupoBaHUS HAaHOIEI-
JIFOJIO3BI T10/T BO3/ielicTBHEM KucioT (puc. 2). Uc-
T0JIb30BaHUE TOCTATOYHO KOHLIEHTPUPOBAHHOM cep-
HOW KHUCIIOTHI IPUBOAMT K Pa3pyIlICHUIO0 aMOP(GHBIX
00JIaCTEeH IEJUTIONI03bI C BELICBOOOKICHNEM KPUCTAII-
JINTOB HAHOLIEIUTIONIO3bI.

BakrepuaiibHasi HAHOIICIUTIONIO3a OTIIMYACTCS OT
HaHOKPHUCTAJUTUYECKON ¥ HAHO(DUOPUILTUPOBAHHOMN
LIEIUTIONO3b], U3BJICKAEMbIX U3 JIUTHOLICIIIIONO3HOM
OroMacchl, HO OaKTepUATbHYHO HAHOIEILTIOIO3Y I10-
JIy4aroT U3 BhIpaOaThIBAEMbIX OaKTePHSIMU HU3KOMO-
JIEKYJSIPHBIX MOJIMCAXaPUIOB B IIpoLiecce JOCTaTOU-
HO JINTUTEIBHON — JI0 JIBYX Helleab — (hepMEHTAluU
B ocHoBHOM Gluconacetobacter xylinus. Hanoren-
JIF0JI032 M3BJICKACTCS BIIOCIICJACTBUU M3 OMOMACChI
IIyTeM 3KCTPArupOBaHUsl OPraHMYECKUMHU PaCcTBO-
putensmu (puc. 3).

B nenom unTepec k HAaHOpa3MEPHOU LEIUTIONO03E
CYIIECTBEHHO BO3POC B PE3yJbTaTe yCTAHOBICHUS
BO3MOKHOCTH JOCTHKCHHUSI €10 KOMILIEKCA YHUKATb-
HBIX CBOWCTB, YTO TOBJIEKJIO 32 CO00 pa3paboTKy
OOJIBIIIOTO KOJIMYECTBA METOJIOB U CIIOCOOOB TOITY-
YEHUST HAHOIICILTION03bl U JPYTMX HAHOMATEPHAIOB
[22, 31, 34].

B nocnennee BpeMst 0coOEHHO akTUBHO pa3pada-
TBIBAIOTCSI METOMBI TIOTYUYEHUS HAHOIEIUTIONO3HBIX
MAaTepUaIOB C UCIOJIH30BAHNEM MEXaHUYECKOIO
BO3JCHCTBHS pa3nuyHbIX cpel. K HUM oTHOCSTCA
KaBUTAI[MOHHO-TUPOMHAMUYECKHI, BUOPAIIMOH-
HBIE CIIOCOOBI, CIIOCO0 YIapHOH BOJIHBI, U3MEJIBICHUES
yABTPa3BYKOM, I€TOHALIMOHHBIN cuHTE3 (puc. 4).
Bo3MmokHO monydeHue CycreH3uii HaHOTIOPOIIIKOB
B PA3IMYHBIX TUCIICPCHBIX Cpeax METOIOM KaBUTa-
LHHUOHHO-THAPOIMHAMUYECKOTO Bo3neicTBUsA. KaBu-
TaIMOHHBIC 3 (EKThI, BRI3BAHHBIC 00pa30BAHUEM U
pa3pylIeHHUEM ra30BbIX MUKPOITY3bIPHKOB B TCUCHUE
3...10 ¢ mpwu netictuu nasienus B 100...1000 MIla
MPUBOMST K Pa3orpeBy AUCIEPTUPYEMOTO MaTEpPH-
aja W ero Jerpajaluy B Xoje mpoliecca. YiapHoe
BO3JICHCTBUE, MUKPOBAKYYMHUPOBAHHUE U JIOKATHHO
TIOBBIIICHHAS] TEMITEPATyPa BHI3BIBAIOT U3MEIFICHIC
TBEPIOTO Marepuana. Paspyiaroriee neiiCTBIE KaBH-
TAIMOHHBIX BOJTH UCTIONB3YETCS TAKKE B AaHATIOTMIHO
HCTIOJIb3YEMOM CITOCO0E U3MENTBYaHusI MaTepHajoB
yasTpa3BykoM [34-36].

118

NecHoli BecTHUK / Forest Bulletin, 2019, Tom 23, Ne 5



Llenntonosa v HaHoLen0N03a...

AepeBoo6paboTka M xMumMHUueckas nepepaboTka ApeBecuHbl

Kpucrannuueckas AmopdHas

00J1acTh 00Js1acTh
Kucnprit
BonokHa Moutexynbl Hanokpucrammmyeckas
LIEeJITIONIO03bI LIEJUTIONIO3bI LIEJUTIONI03a

Puc. 2. O6pa3oBanne HAHOKPUCTATMIECKOH I[EIUTI0I03bI B IPHCYTCTBUH CEPHON KHCIIOTHI
Fig. 2. The formation of nanocrystalline cellulose in the presence of sulfuric acid
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Fig. 3. Scheme for the production of nanocellulose from biomass
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Puc. 4. Biusinue Mexanudeckoi 00paboTKu Ha MPOIEecC MOTyYeHHsT HaHO(QHOPHINPOBAHHOM LIEIUTIONO0-

3Bl U3 APEBECHOTO BOJIOKHA

Fig. 4. The effect of machining on the process of obtaining nanofibrillated cellulose from wood fiber

Oco0blil HHTEpEC MOTYT MPEACTABIATh KUAKHE
CUCTEMBI C HEYPETYIMPOBaHHBIMU CTPYKTYpaMH Ha-
Houemtono3sl. B 1959 . Marchessault et al. ory0nu-
KoBasu cooOrieHue o ToM, uto aucnepenn HKL, mo-
JTy4eHHbIE CEPHOKUCIOTHBIM THAPOIN30M, 00pa3yIoT
JIMOTPOIIHBIC JKUAKOKpUCTaInYeckue (asbl. beina
YCTaHOBJIEHA XapaKTepHas JJs CaMOOPTraHU3aIl[uU
BonHbIX aucnepcuit HKL xupanbHas Hemarndeckas
(xonecrepuueckas) dazosas crpykrypa [37].

Cunraercs, uTo (a3oBoe pasziesicHHe CTEep:KHE-
00pa3HBIX MOJIUAICKTPOIUTOB, KAKOBBIMH SIBIISTIOTCS
BonHble cycniensun HKL], perynupyrorcs ueTsippms
OCHOBHBIMH MapaMeTpamu: 1) pasMepoM 4YacTHIL;
2) UX MOJUINCIIEPCHOCTHIO; 3) MOBEPXHOCTHBIM 3a-
psaaom; 4) nonnoit cuioit cucremsl [20, 34]. [lepsoie
TpH MapaMeTpa 3aBUCST OT CBOIMCTB YacTHI] U, CJIe/I0-
BaTeNbHO, OT YCIIOBHI UX monydenus. Eciu dazosoe
paszenieHre MPOBOAUTCSA B YUCTOW BOJAE, HOHHAS
cuiia OyleT OmpeieNsThCs TaKKe KOHIEHTpannuen
Y MTOBEPXHOCTHBIM 3apsJIOM CTEPKHEOOpa3HbIX ya-
crun. s Bocnpon3BoanMoro (azoBoro pazzieneHus
HEOOXOMM TIIATEIbHBIA KOHTPOJIb HAJl YCIOBHSIMU
MOJTYYEHUS YacTUI], 0COOCHHO B YUCTBIX TOJIUDIICK-
TPOJIUTHBIX CHCTeMaX 0e3 100aBOK AIIEKTPOIHUTOB.

HanokpucTammmTsl mpUpoaIHOH LEeIUTI0N03b Jpe-
BECHOT'O MPOHMCXOXKICHHS UMEIOT OoJiee WM MEHee
(UKCUPOBaHHBIN pazMep i JAHHOTO CHIPHEBOTO
HCTOYHHKA [EJITI0NI03bl. Pa3inyHoe ChIphe JaeT Ha-
HOKPHUCTAJUIUTHI Pa3IMYHOTO pa3Mepa Jaxe B COIo-
CTaBHMBIX DKCIIEPUMEHTAJIbHBIX YCIOBUAX. TeM He
MeHee Ha CBOMCTBA HAHOKPUCTAJUIMTOB I1€JUTION03bI,
MOJIy4YEeHHBIX U3 JPEBECUHBI U JPYTUX PACTCHHIH,
Oy/yT BIUSATH TAK)KE CTEIIEHb KUCIOTHOTO TUIPOIIH-
3a, TUI MPUMEHSIEMOW KUCIOTHl U APYTHE YCIOBHUS
cuHTe3a. [TockonbKy momryueHne 3THX HaHOKpUCTal-
JUTOB TpeOyeT TOCTAaTOUHO MSTKUX YCIOBHIA THIIPO-
nu3a, pazMep o0pas3yIoNUXCsl YaCTHIl OKa3bIBaeTCs
JIOCTaTO4YHO HEOTHOPOIHBIM [38, 39].

XupanbHas HeMaTH4ecKasi CTPYKTypa MOXKET
coxpaHnsTbes B muieHkax HKIL] mpu ncnapenun
pacTBOpUTEINsS B Mpolecce, u3BeCTHOM Kak EISA
(Evaporation Induced self-Assembly), T. e. camoc-
0opka, BbI3BaHHAs UciapeHueM [24, 26, 34]. [Tnenku
HKI] o0naaaroT XupaabHOCTBIO Ha Pa3JIMUHbIX YPOB-
HAX: MOJIEKYJSIPHOM — BCJIEJICTBHE aCUMMETpPUY-
HHOCTH aTOMOB yriiepona D-riitoko3ugHbIx ¢par-
MEHTOB; HAHOYPOBHE — BCIIEJCTBUE CKPYUEHHOMN
MOP(OJIIOTUH OTJENBHBIX KPUCTAIUIOB U JIEBO3AKPY-
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YEHHOCTH XHPaJbHOTO HEMaTUYECKOTO JIalIbHEeTO
TOPS/IKA JTHOTPOITHOM JKUIKOKPUCTAILTIYECKOH (a3bl
[12]. HKII npeacraBnser 3HAYUTENbHbBIIA HHTEPEC B
Ka4eCTBE CTPOUTEIbHBIX OJIOKOB JIJIsl CO3aHUS Cy-
MIPaMOJIEKYJISIPHBIX HEPAPXUUECKUX CTPYKTYP B CBSA3ZU
C YHUKAJIbHBIM COYETaHHEM CBOWCTB, Y IIPEXKIE BCETO
OOJBILION TUIOLIA 1 TIOBEPXHOCTH, BEICOKOTO MOJLYJIS
YIPYTOCTH M aHU30TPOITHOU opmbl dacTwir [13].

Henasuo 6w packpeiT notenunan HKI xak
CYIpaMOJIEKYJISIPHOTO TEMILIATa B MMPOLIECCAX CaMOC-
OOpKH B MPHUCYTCTBUM MNOAXOASIIUX MPEKYPCOPOB
[14]. YHuKanbHOE cOUeTaHUE XUPAJIbHONU HEMaTH-
YECKOM CTPYKTYpPBI, ME30TIOPUCTOCTH M ONTHYECKHUX
CBOMCTB Mpeaonpeaenuio pazpaboTKy HIMPOKOro
crekTpa ()yHKUMOHAIBHBIX MaTepPHajIoB, MOTyYeH-
HBIX TEMIUIaTHBIM cHHTe30M Ha ocHoBe HKII, uto
00yCIIOBUJIO WX MPUMEHEHHE B CO3JaHUU HOBBIX
ME30TOPUCTHIX COPOECHTOB, (POTOHHBIX KPUCTAILIOB,
CYNEpPKOH/IEHCATOPOB, TPAH3UCTOPOB, CEHCOPOB U
JETEKTOPOB, MUKPOJJIEKTPOHHBIX U 3JIEKTPOOITH-
YeCKuX ycTpoiicTs [29-31].

3HaunTENbHA POJIb LEIIIIONO03bl B COCTABE KOM-
MO3ULIMHI MHUIIEBOTO HA3HAYEHUsI — MPOIYKTOB ITH-
TaHHS YEJIOBEKa U KOPMOB CEJIbCKOXO35HCTBEHHBIX
1 HETNPONYyKTUBHBIX )KMBOTHBIX. Llemnronosa u ee
MoaudupoBaHHble GOPMBI B MUIIEBBIX CUCTEMaX
CITy’KaT B Ka4eCTBE MHIICBOTO BOJIOKHA, TOCKOJIBbKY
B KEIYJIOYHO-KHILIEYHOM TPAaKTe HUKAKHE (HOPMBI
LIEJITEONIO3bI HE TIEPEBAPUBAIOTCS U, TAKMM 00pa3oMm,
HU 0oJHa U3 ee (POpM He MOXKET CIYKUTh 3HAUNTEIb-
HBIM UCTOYHUKOM SHEPrHH WIN YIJepoa Kak s
YeNoBeKa, Tak M JJIs MIIeKonmuTaromuX. [lumessre
BOJIOKHA, OJTHAKO, BHITIOHSIOT BaYKHbIE (PM3HOJIOTH-
yeckue ¢pyHkun [15, 16, 36].

Dopmbl HEII0JI03bI B OHOTOTHYeCKH AKTHB-
HBIX M MULIEBBIX cHcTeMaX. VICTOUHHKOM LIEIITION0-
3Bl [TUILEBBIX CUCTEM, KAK MUKPOOOBEKTA, SIBISIETCS
JIpeBEeCHasi Macca WM KOPOTKHUE, 10 15 MM IIUHOM,
BOJIOKHA XJIOITKOBOTO JIMHTA. B XJTOMKOBBIX BOJIOKHAX
conepkutcs He MeHee 93 % menmmono3sl. Xiomya-
TOOYyMaKHBIM MOAIKJIaJIKaM TpeOyeTcs TOJbKO 00pa-
0OTKa TOPSTYUM PacTBOPOM THAPOKCHIA HATPUS ISt
yAaJeHus: HeOONBIINX KOINYeCTB Oellka, IeKTHHOB
1 BOCKOB B II€JIIX MOJIyYeHHUS! BHICOKOKaueCTBEH-
HOH 1eJI0n03bl. M3MenpueHHas ApeBecHas 1erna,
coaepxkaras okoio 50 % unemnronossl, 30 % re-
MHU-11esuTIoN036l ¥ 20 % JUrHUHA, MoABEpraeTcs
MpoIeccy AeTUTHU(PUKALNK JJISl PACTBOPEHHUS U
yIaleHus JBYX MOCIeAHUX KOMIIOHEHTOB. B aToM
cllydae /sl TTOJTyueHUs! LEJUTION03bl U €€ ToCTeny-
olel BO3MOXKHOM JedparMeHTanuu 10 MUKPO- U
HaHOYACTHUIl [PEBECHOE ChIPhE BBIBAPUBAIOT, KaK
yKa3aHo BBHIIIIE, B HIEJIOYHBIM PacTBOpE Ccyabpuaa
HaTpus (Tak Ha3bIBaeMbli Kpadt, nim cynbharHbIi
MIPOLIECC) WK OUCYIb(PUTE KaJIbIHS B IPUCYTCTBUU
nuokcuaa cepbl (OucynbGuTHBINA Tpolecc) Tudo
TOJIKO B TUAPOKCUIIE HATPHUs (COMOBBINA MPOIIECC).

[Mocnennwmii mporecc SBISETCA OCHOBHBIM HMCTOY-
HUKOM ITOJTyYEHUS TSJITFONIO3bI, UCTIOIB3YyEeMOU JITIs
ITPOU3BO/ICTBA BOJIOPACTBOPUMBIX TIPOU3BOAHBIX ITH-
IIEBO MPOMBITITIEHHOCTH. [IpOotyKT TONIOTHUTEIBHO
OYHINAIOT ITyTeM 00Pa0OTKH IIIEI0YHBIM PACTBOPOM
TUTIOXJIOPHUTA HATPHS IS YIAJIECHUS OCTAaTOYHBIX
KOJIMYECTB T€MU-IICIUTIONIO3bI U IIITMEHTOB, a TAKIKE
cienoB nurHuHa [4, 27].

OunIIeHHBII TAKUM 00Pa30M MTOPOIIIOK IEILTHOIO-
3bl IPUMEHSIOT B Ka4ECTBE MUIIEBOTO WHTPEINCH-
Ta. OCHOBHBIM IMOKAa3aTelIeM KaueCTBa IIEJUTIOI03bI
OOBIYHO BBICTYIIACT COJIEPIKAHUE ATb(ha-1IEILTFONIO3HI,
HepacTBOprUMOi B 20%-M BOTHOM pacTBOpE I'MIPOK-
cujia HaTpusl. BeICOKOOUHIIIeHHAs TIeJUTroN03a ¢ 00-
nee ueM 99%-M conepikaHueM aibQa-IeILTION03bl
SIBIISICTCSl XUMHUYECKH YUCTHIM (1—4) B-mmrokaHoM.
DTOT mokazaTrejb BaXKeH IJIsl MPOU3BOACTBA BBICO-
KOKa4eCTBEHHBIX TIOPOXOB, OJHAKO XMMHUYECKAs UH-
CTOTa HE CTOJIb CYIICCTBEHHA JJIs MUILEBBIX CUCTEM,
TaK Kak BO BceX (DPyKTax, OBOIIAX, MYKE H JIPYTHX
PACTUTEIBHBIX MPOIYKTaX KICTOYHBIE CTCHKHU CO-
CTOSIT U3 €CTECTBEHHOIO IIEJUTIOJI03HOTO MaTepu-
ana. [lemtrono3a numeBoro Ha3HaYCHUS JIOJDKHA
COOTBETCTBOBaTh TpeOoBanusiM Kojekca MUIIeBbIX
XUMHUYeCKuX BemecTs [17, 19].

Hcxoanbie BOTOKHA LIEIUTION03bI MOTYT U3MEHSITh-
cs o juyiuae — ot 500 1o 4000 MKM U IUpUHE — OT
5 no 350 mxM. MonekynspHas Macca IpeBEeCHOU
LIEJUTIONO3bI, B 3aBUCMOCTU OT UCTOYHUKA, XapakK-
TEPU3YETCS] CPSAHUM MHJICKCOM MOJUMEPHU3ALUU 1
Ha yposHe 500...1500 [4, 27]. Pazmep uacTuiy Mox-
HO YMCHBIIIUTh, HAIIPUMEP, MTyTeM MEXaHUYEeCKOTO
u3menpueHus. [locne mexanudeckoi Ae3uHTErpa-
UMM U YMEHBIICHUS pa3Mepa YaCTHUIl LEITION03BI,
[OJIyYarOT MPOLYKTBI CO CPEIHEN JIMHOM BOJIOKHA
B nuamnaszone 20...120 mxMm. Cuuraercs, 4To A
MUIIEBBIX MPOIYKTOB JUCIEPCHOCTH KOMIIOHEHTOB
Mmenee 200 MKM He (PMKCHpYETCs] OPraHOJICNTHIECKH,
OJTHaKO OoJiee TIyOOKas JUCIepralis eJUTFI03bI
MO3BOJISICT MOJyYaTh PEOJIOTUYSCKU CTAOUIIbHBIC
MUIIEBBIE CHCTEMBI JNINTEIbHOTO Xpanenus [40].

KpymHble 4acTHIIbI LeIUTION03bI 00J1a1a0T 00IThb-
IeH BOMO- U )KUPOCBSI3BIBAOIICH CIIOCOOHOCTHIO U
00eCIeunBatoT OOIBIIYIO MACCy KOHEYHOTO MTPOIYK-
Ta, 4YTO TPEIOIpeesieT IKOHOMUICCKII UHTEpeC
npou3BouTeNek. B 3aBUCUMOCTH OT JJIMHBI BOJIOKHA
TTOPOIIOK LEJITION03bI MOYKET CBSA3BIBATH BO/LY CO CTe-
TIEHBIO THIPATAINH, B HECKOJIBKO Pa3 MPEBBIIAIOIICH
HCXOHYIO Maccy. MEeHbIIHE pa3Mephl YaCTHUI] Tat0T
MPOJYKThI C 00JIee «KTOHKOW» TEKCTYpOM IO CpaB-
HEHUIO C TPOYKTOM, U3TOTOBJICHHBIM C KPYITHBIMHU
pasmepamu vactull [41, 42].

B cocraBe nuimeBbIX MpOAyKTOB LEJIII0I03a HC-
MOJIB3YyeTCs KaKk B MUKPOKPUCTAINIMUECKOM BUIE,
TaK ¥ B BUJIC XUMHUYECKUX IPOU3BOIHBIX — METHII-,
OKCHATHII-, TUIPOKCUIIPOTIUI- ¥ KAPOOKCUMETHIIIIEI-
mrono3bl (KMIT). [TopomikoBas 1esaoia03a pacTu-
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TEJIEHOTO MPOUCXOXK/ICHHS B COCTaBE MUIIEBHIX ITPO-
JIYKTOB TPAKTUYECKH HE UMEET HU BKyCa, HU I[BETA, a
TaKKe HE TI0JIBEPraeTcss HHTEHCUBHOMY MHUKPOOHOMY
pasnoxenuto. Ee 1o0aBisoT B XJ1e JUIsi CHUKESHUS
KaJIOpUHHOCTH. XJ1e000yIIOUHbIE U3/IENHsI C TIOHU-
KEHHOU KaJIOPUHHOCTBIO, COIepIKAIINE I[SILITIONO-
3y, XapaKTepU3yIOTCs MOBBIIICHHBIM COIEPIKAHUEM
MHIIEBBIX BOJOKOH M JIOJBIIE COXPAHIIOT BIIAry.
[TopomrkoBas 1eIITr0I032 YMEHBINAET CIICKAHUE TeP-
TBHIX U H3MEIBYCHHBIX CHIPOB, CIIOCOOCTBYET Xapak-
TEPHOU TEKCTYPE COYCOB M YBEITMUUBACT JIUTIKOCTh U
BSI3KOCTh. VICTI01h30BaHME MTOPOIIKOOOPA3HOM T1eI-
JTFOJIO3BI C YaCTUIIAMHU MEHBIIIETO Pa3Mepa B TIIa3ypsix
Y HaYMHKaX JUIS BBITICYKA KOHJIUTEPCKHUX W3ICIUN
CHIDKAET WX KaJIOPHIHOCTh, MUHIUMAIbHO H3MCHSS
TEKCTYPY U KOHCUCTEHIHIO. [loporikoBas 1emirono3a
¢ pazMepoM yacTtuil He MeHee 100 MKM yBeanunuBaeT
BSI3KOCTh PACTBOPOB, MPUMEHSIEMBIX IS 3aTyIIICHUS
IUIIEBBIX CUCTEM HA OCHOBE KapparnHaHOB, I'yapo-
BoH kamenu, HatpueBoil conu KMLI, anerunaroB u
KCaHTaHa, IIOCKOJbKY MPHU B3aHUMOJCHCTBUH ITUX
IIPUPOHBIX THIPOKOJLIOUIOB C TISIUTHOI030H IPOUC-
XOIuT 00pa3oBaHue rUAPOPIILHON pa3BETBICHHON
MaKpOMOJIeKyIsipHO ceTku [18, 40, 43].

B cocraBe muIieBbIX NPOIYKTOB, TaK XKe, KaK U
B PsiJie KOCMETHYECKUX CHCTEM, MUKPOKPHCTAIIIU-
YecKas [EJUTHII03a MOXKET CTaOMITM3UPOBATh TICHY U
AMYJIbCUH, 3aMEHSTh )KHUPBI ¥ Maciia, (POPMUPOBATH
TUKCOTPOITHBIC TEJH, YIyYIIaTh aJIre3U0 KOMIIOHCH-
TOB U UX NPWIKINIAHKUE, 00CCIICUNBACT CTA0MILHOCTh
MpH 3aMOpPaXKUBAHUH/OTTAUBAHUH. 3aryIICHUIO
cuctembl criocodctByeT KMII, a Takxke 3amenmser
POCT KPUCTAJUIOB JibJia, 00pa3yeT IUICHKH, CBS3bIBA-
€T U YIEePKUBACT BOJY, CTAOMIIU3UPYET KOJUIOUJIBI,
JICHCTBYET KaK BCIIOMOTATEIbHOE CPEICTBO WU YB-
JIAXKHUTEb, 3aMEJIICT KPUCTAILIU3AIMI0 caxapa,
MPEAOTBpaIaeT CHHEPE3HC, CTAOMIN3UPYET OCIIKH.
MeTHIeIUI0a03bl U THAPOKCUTIPOTTHIIMETHIILICI-
JIFOJIO3BI TTPOSIBIISIIOT TEPMUUECKOE Tesieo0pa3oBaHue,
YMEHBIIIAIOT KOJIMYECTBO TPeOyeMOro kupa, oopasy-
0T TJICHKH, 00pa3yloT U CTaOMIN3UPYIOT SMYIbCHH,
TICHBI, CBSI3BIBAIOT U YJICPKUBAIOT BOIY, 0OECIIeUrBa-
FOT CTaOWIILHOCTh TIPU 3aMOPaYKUBAHUH/OTTaUBAHNY,
aJIre3HI0 U CBS3bIBAHME, IICEBIOTLIACTUIECKYIO PEOJIO-
THIO ¥ CMa3bIBAIOIILYIO CIIOCOOHOCTB, SBISIOTCS] HEHO-
HOT'CHHBIMU BEIIECTBAMH, COBMECTHMBIMH C CaXapoM.

MukpopuOpHITHPOBAHHBIE U MUKPOPETUKYJIIH-
POBaHHBIC IEJITIOJIO3bI B COCTABE MHIIEBBIX H KOC-
METHYECKUX KOMITO3UIIMH, KaK MPaBUIIO, OAKTEpPH-
AJILHOTO MPOUCXOKICHHUS. VX TIOTydaroT, HarpuMep,
u3 Acetobacter xylinum [46]. Llemtono30Bbie refu
BXOJISIT B COCTAB PACIPOCTPAHCHHBIX B PsIJIC FOMKHBIX
CTpaH JIeCepTOB U HAUTKOB [46, 47].

[To3unmonupoBaHre HaAHO- U MUKPOLIEIUTIONO-
3Bl KaK CHIPHEBOTO MPOAYKTA JJIS MOCIeayIoNIe-
ro MOJIyYSHUS U3JCIUN Pa3IuYHOr0 Ha3HAUYCHHS,
MO-BHJMMOMY, MPEIONPEALIISET OCYIISCTBICHUE

HECKOJIBKUX OCHOBHBIX TEXHOJIOTMUECKHX OIEPALIIH:
W3BJICUCHHUE LEJUTION03bI U3 MPUPOIHOTO CHIPHS, €€
nedparMeHTalusl ¢ YMEHbIICHUEM MOJICKYISIPHON
Macchl ¥ MOJTYYEHHEM MUHHUMAaJIbHO BO3MOMKHBIX
o pasMmepy vactull [48]. CBoiicTBa O4EHb MaJbIX
YacTHI TAKOBBI, YTO MPU UX MOITYYEHUU B TBEPAOM
BHJE MPOUCXOTUT 3(P(DEKT arperauuu BCIEACTBHE
JelicTBUA dIeKTpocTatnueckux cui. Hampumep,
pacblIMTENbHAsS CYILIKa PACTBOPA, COAEPIKAIIIETO Ha-
HOOOPa30BaHMs LIEIUTIOI03bI pasMepoM 50 HM MOKeT
MPUBOIUTH K 00pPa30BaHMIO MOPUCTBIX M T'yOUaThIX
CKOIIJIEHM MUKPOKPHUCTAJUIOB CO CPEAHHUM pa3Me-
POM 4YacTHIl B KOHEYHOM MPOAYKTE, MOTYyYEHHOM
13 pa3HbIX BHJIOB CBIPbS, C Bapualuell IpUMEpPHO
ot 20 10 90 MKM, 4TO BecbMa 3aTpy/IHSET MOITy4YEeHHUE
HMCTUHHOTO TOBApPHOTO HAHOMPOAYKTA.

BbiBOAbI

Kparkuii 0030p 0CHOBHBIX HampaBJICHUH MO-
JTy4eHUs] ¥ TPUMEHEHHS! HaHO- U APYTUX (opm
LIEJUTIONIO3bI MTOKA3bIBAET, YTO B HACTOAIIEE BPEMS
MPaKTUYECKH HE M3BECTHA ONTUMAJIbHAS TEXHOJO-
TUs MOJYy4YEeHUs HAHOLEJUIIOJIO3bI, MTO3BOJIAIOIIAL
MIPOU3BOJUTH €€ 3HAYUTENbHbIe KonndyecTBa. [lep-
CIEeKTUBHAs pa3paboTka crnoco0OB U peanbHBIX
TEXHOJOTUYECKHUX MPOILIECCOB MO3BOJIUT BBECTH B
MPaKTHKY MPaKTHYECKOrO MPUMEHEHUsI HOBBIH Kilace
MaTepHuasoB, B IEPBYIO OUYepelb, IS TOTyUESHUS
HOBEHIINX OMOTEXHUYECKUX KOMITO3UIIOHHBIX JKH/I-
KHMX M TBEPJIbIX COCTABOB.
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CELLULOSE AND NANO CELLULOSE. REVIEW
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OOcyKaeHbI TPOOIEMBI OITYYEHUS ¥ TPUMEHEHUS HAHOLIEIUTIONO03b! X KOMIIO3UIIMOHHBIX MaTepUajIoB Ha €€ OCHO-
Be. [IpuBeieHa OlICHKA BO3MOJKHOCTEH MOTy4eHHUs HAHOLIGIUIFOIO3bI U3 JIMTHOLEIIIIONO3HOM O1oMaccsel, 00cyxie-
HBI TUTTUYHBIC METOIbI SKCTPAKIMH H ITPEICTABICHBI ONTUMAIIbHBIC YCIIOBHSI, MO3BOJISIOIIHE [TOIy4aTh HAHOYACTH-
1Bl LIEIUTEONIO3BI IPEBECHOT0 NPOHCXOXkAeHHs. [ToKa3aHo, 4TO PU3MKO-XUMHUYECKUE XapAKTEPUCTHKH MAaTEePHAIIOB,
coieprKalliie HAaHOYACTHUIIbI, OMOOCTYITHOCTh BELIECTB, HAIIPSIMYIO CBSI3aHBI HE TOJBKO C JIUCIIEPCHOCTHIO BKIIFO-
YEeHUH, HO ¥ C XapaKTepoOM MOJyJaeMbIX ()parMEeHTOB IEIUTI0N03bl. OOCYKICHBI OTIHIHS B XUMHIECKUX CBOM-
CTBAX LIEJUIFONIO3HBIX KOMIIOHEHTOB, UCIIOJIL3YEMBIX B BHJIE MAKpO MJIM HAHOYACTHIL, M TIOKa3aHa UX 3aBUCUMOCTb
OT MOJICKYJISIPHOTO CTpoeHus1 pparMeHToB. OOG00IICHEI OCHOBHBIC HAIIPABJICHUS] BO3MOXKHOTO ITPUMEHEHUSI HAaHO-
LEIUTFONO3bI ¥ [TOKa3aHa MePCIIeKTHBHOCTh Pa3pabOTKU TEXHONOTHYECKUX MPOLIECCOB MONYYCHUS U PUMCHCHUS
HOBOTO KJIaCCa HOBEHIIMX OMOTEXHUYECKUX KOMIIO3HIIMOHHBIX MAaTePHAJIOB C BKJIFOYCHHBIMI HPHPOAHBIMU HAHO-
KOMITOHEHTaMH.

Keywords: wood pulp, nanocellulose, natural biopolymers, preparation, properties, application

Suggested citation: Zarubina A.N., Ivankin A.N. Kuleznev A.S., Kochetkov V.A. Tsellyuloza i nanotsellyuloza.
Obzor [Cellulose and nano cellulose. Review] / Lesnoy vestnik / Forestry Bulletin, 2019, vol. 23, no. 5, pp. 116-125.
DOI: 10.18698/2542-1468-2019-5-116-125

References

[1] Sergeev G.B. Nanokhimiya [Nanochemistry]. Moscow: KDU, 2007, 336 p.

[2] Ivankin A.N., Yushina Yu.K., Khvylya S.I., Gorbunova N.A., Evdokimov Yu.M., Vecheslavova 1.V. Mikronanoinkapsulirovanie
kak metod vklyucheniya biologicheski aktivnykh veshchestv v ingredienty pishchevogo naznacheniya [Micronanoencapsulation
as a method of incorporating biologically active substances into food ingredients]. Sb. nauchnykh trudov VNIIMP im V.M.
Gorbatova [Scientific Proceedings. The V.M. Gorbatov VNIIMP Russian Academy of Agricultural Sciences], 2008, pp. 61-68.

[3] Ivanova A.A., Novikov M.A., Titov E.A., Pozdnyakov A.S., Yemelyanov A.l., Ermakova T.G., Sosedova L.M., Prozorova
G.F. Issledovanie toksichnosti azotsoderzhashchego polimera i nanokompozita s nanochastitsami serebra [Toxicity of a ni-
trogen-containing polymer and a nanocomposite with silver nanoparticles]. Izvestiya vuzov. Prikladnaya khimiya i biotekh-
nologiya [Izvestiya Vuzov. Applied chemistry and biotechnology], 2016, v. 6, no. 4, pp. 28-33.

JlecHow BecTHUK / Forestry Bulletin, 2019, Tom 23, Ne 5 123



,U,QPEBOOGpaSOTKa U XumMu4yeckas HEPGPEGOTKa ApeBeCUHbl Llenntonosa v HaHoLenn0N03a...

[4] Rogovin Z.A. Khimiya tsellyulozy [Cellulose Chemistry] Moscow: Khimiya [Chemistry], 1972, 520 p.

[5] Olenin A.Yu., Lisichkin G.V. Poluchenie i primenenie khimicheski modifitsirovannykh nanochastits blagorodnykh metallov.
Obzor [Production and use of chemically modified nanoparticles of noble metals. Review]. Zhurnal prikladnoy khimii [Jour-
nal of Applied Chemistry], 2018, v. 91, no. 9, pp. 1219-1240.

[6] Olenin A.Yu. Khimicheski modifitsirovannye nanochastitsy zolota i serebra v spektrometricheskom analize [ Chemically Mod-
ified Gold and Silver Nanoparticles in Spectrometric Analysis] Zhurnal analiticheskoy khimii [Journal of Analytical Chemis-
try], 2019, v. 74, no. 4, pp. 254-278.

[7] Archakov A.l. Evolyutsiya kontseptsii belkovoy korony nanochastits [Evolution of the concept of the protein corona of
nanoparticles] Biomeditsinskaya khimiya [Biomedical chemistry], 2019, v. 65, no. 1, pp. 5-8.

[8] Bemiller J.N. Cellulose and cellulose-based hydrocolloids. Carbohydrate Chemistry for Food Scientists (Third Edition). Am-
sterdam: AACCI. Published by Elsevier Inc., 2019, pp. 223-240.

[91 Rybin B.M., Zavrazhnova L.A., Rybin D.B. Opredelenie fizicheskikh pokazateley polimerov dlya derevoobrabotki po addi-
tivnym funktsiyam gruppovykh vkladov khimicheskikh strukturnykh zven ev [ Determination of physical indicators of polymers
for woodworking by the additive functions of group contributions of chemical structural units]. Lesnoy Vestnik / Forestry
Bulletin, 2018, v. 22, no. 2, pp. 68-75.

[10] Kononov G.N. Dendrokhimiya. Khimiya, nanokhimiya i biogeokhimiya komponentov kletok, tkaney i organov drevesnykh
rasteniy. V 2 t. [Dendrochemistry. Chemistry, nanochemistry and biogeochemistry of cell components, tissues and organs of
woody plants. In two volumes]. Moscow: MGUL, 2015, v. I, 480 p.

[11] Henschen J., Li D., Ek M. Preparation of cellulose nanomaterials via cellulose oxalates. Carbohydrate Polymers, 2019, v. 213,
no. 6, pp. 208-216.

[12] Amarala H.R., Ciprianoa D.F., Santosa M.S., Schettino M.A., Ferretib J.V.T., Meirellesb C.S., Pereirac V.S., Cunhaa A.G.,
Emmericha F.G., Freitasa J.C.C. Production of high-purity cellulose, cellulose acetate and cellulose-silica composite from
babassu coconut shells. Carbohydrate Polymers, 2019, v. 210, no. 4, pp. 127-134.

[13] Grinshpan D.D., Gonchar A.N., Savitskaya T.A., Tsygankova N.G., Makarevich S.E. Rheological properties of cellulose-chi-
tosan-phosphoric acid systems in different phase states. Polymer Science A, 2014, v. 56, no. 2, pp. 137-145.

[14] Gryshpan D.D., Razumeev K.E., Beloglazov A.P., Kudryavtseva T.N. Proizvodstvo tekstil 'nykh izdeliy s ispol’zovaniem
samozatukhayushchikh tsellyulozno-khitozanovykh volokon [Manufacture of textiles using self-extinguishing cellulose-chi-
tosan fibers] Shveynaya promyshlennost’ [Clothing industry], 2016, no. 1-2, pp. 14-16.

[15] Ivankin A.N., Kulikovskii A.V., Vostrikova N.L., Chernuha .M. Cis and trans conformational changes of bacterial fatty acids in
comparison with analogs of animal and vegetable origin. Applied Biochemistry and Microbiology, 2014, v. 50, no. 6, pp. 668—674.

[16] Khvylya S.I., Ivankin A.N., Evdokimov Yu.M., Proshina O.P. Nananomikroemul sii kak ob ekty inkapsulirovaniya prirodnykh
biologicheski aktivnykh veshchestv [Nananomicroemluses as objects of encapsulation of natural biologically active substances].
Praktik, 2009, no. 3, pp. 16-22.

[17] Tvankin A.N., Yushina Yu.K., Gorbunova N.A., Evdokimov Yu.M., Oliferenko G.L. Nanomikrotekhnologii vklyucheniya ak-
tivnykh ingredientov v pishchevye kompozitsii [Nanomicrotechnology for the inclusion of active ingredients in food composi-
tions] Myasnaya industriya [Meat Industry], 2010, no. 1, pp. 23-25.

[18] Kuznetsova T.G., Selivanova E.B., Bogdanova A.V., Ivankin A.N. Nanoidentifikatsiya nanoob 'ektov v sostave syr’ya i pro-
duktov pishchevogo naznacheniya [Nano-identification of nano-objects in the composition of raw materials and food prod-
ucts] Ekologicheskie sistemy i pribory [Ecological Systems and Devices], 2012, no. 2, pp. 18-22.

[19] Ivankin A.N., Gorbunova N.A. Nanomikrotekhnologii vklyucheniya biologicheski aktivnykh ingredientov v pishchevye kom-
porzitsii na osnove myasnogo syr ya [Nano micro technology of incorporation of biologically active ingredients into food com-
positions based on raw meat] Sb. Nauchno-prakticheskoy konferentsii «Sovershenstvovanie tekhnologiy proizvodstva produk-
tov pitaniya v svete gosudarstvennoy programmy razvitiya s/kh na 2008-2012 gg.». Ch. 2. [Proc. Scientific-practical conference
«Improvement of food production technologies in the light of the state program of agricultural development for 2008-2012».
Part 2] Volgograd, 18—19 June 2008. Moscow: RASKhN [Russian Academy of Agricultural Sciences], 2008, pp. 60—64.

[20] Ivankin A.N., Kulikovskii A.V., Vostrikova N.L., Chernucha I.M., Belaykov V.A., Lihanova L.M. Nano, micro transforma-
tions of termo degraded products of wood and their influence on the safety of food. J. Scientific Israel — Technological Advan-
tages, 2013, v. 15, no. 2, pp. 56-62.

[21] Petrov V.A., Gibadullin M.R., Averyanova N.V., Mezikov V.K. Poluchenie nanotsellyulozy i fiziko-mekhanicheskie kharakter-
istiki plenok na ee osnove [Preparation of nano cellulose and physicomechanical characteristics of films based on it] Vestnik
Kazanskogo tekhnologicheskogo universiteta [Bulletin of Kazan Technological University], 2011, no. 14, pp. 181-185.

[22] Proshina, OP, Oliferenko, G.L., Evdokimov, Yu.M., Ivankin, AN. Nanotsellyuloza i poluchenie bumagi na ee osnove [Nano-
cellulose and the preparation of paper based on it] Tez. dokl. Mezhdunar. konf. «Nanotekhnologii i nanomaterialy v lesnom
komplekse» [Proc. report International conf. «Nanotechnologies and nanomaterials in the forest complex»]. Moscow 15-17
November 2011. Moscow: MGUL, 2011, pp. 24-28.

[23] Savitskaya T.A. S’edobnye polimernye plenki i pokrytiya: istoriya voprosa i sovremennoe sostoyanie [Edible polymer films
and coatings: background and current state]. Polimernye materialy i tekhnologii [Polymeric materials and technologies], 2016,
v. 2, no. 2, pp. 6-36.

[24] Yu Z., Rao G., Yan X., Huo P., Wang Ch., Savitskaya T., Hrynshpan. D. Preparation and properties of pea starch — poly lysine
composite films. Science and Technology of Food Industry Journal, 2018, v. 39, no 13, pp. 89-94.

[25] Brown R.M., Saxena [.M. Cellulose biosynthesis: A model for understanding the assembly of biopolymers. Plant Physiol.
Biochem., 2000, v. 38, no. 1-2, pp. 57-67.

[26] Voronova M.I., Surov OV, Rubleva N.V., Kochkina N.E., Prusova S.M., Gismatulina Yu.A., Budaeva V.V., Zakharov A.G.
Svoystva nanokristallicheskoy tsellyulozy, poluchennoy iz tsellyuloz odnoletnikh rasteniy [Properties of nanocrystalline cel-
lulose obtained from cellulose of annual plants] Zhidkie kristally i ikh prakticheskoe ispol’zovanie [Liquid Crystals and their
Application], 2017, v. 17, no. 4, pp. 97-105.

124 NecHoli BecTHUK / Forest Bulletin, 2019, Tom 23, Ne 5



Llenntonosa v HaHoLen0N03a... AepesooGpaGO'rKa U Xumunyeckas nepepa60TKa ApeBeCUHbI

[27] Flate D.M. Tekhnologiya bumagi [Paper technology]. Moscow: Lesn. prom-t’ [Forest Industry], 1988, 440 p.

[28] Ranby B.G. Fibrous macromolecular systems. Cellulose and muscle. The colloidal properties of cellulose micelles. Discuss.
Faraday Soc., 1951, v. 11, pp. 158-164.

[29] Bondeson D., Mathew A., Oksman K. Optimization of the isolation of nanocrystals from microcrystalline cellulose by acid
hydrolysis. Cellulose, 2006, v. 13, no. 4, pp. 171-180.

[30] Moon R.J., Martini A., Nairn J., Simonsen J., Youngblood J. Cellulose nanomaterials review: structure, properties and nano-
composites. Chemical Society Reviews, 2011, v. 40, pp. 3941-3994.

[31] Lavoine N., Desloges I., Dufresne A., Bras J. Microfibrillated cellulose — its barrier properties and applications in cellulosic
materials: a review. Carbohydrate Polymers. 2012, v. 90, no. 3, pp. 735-764.

[32] Espinosa S.C., Kuhnt T., Foster E.J., Weder C. Isolation of thermally stable cellulose nanocrystals by phosphoric acid hydro-
lysis. Biomacromolecules, 2013, v. 14, no 4, pp. 1223-1230.

[33] Revol J.F., Bradford H., Giasson J., Marchessault R.H., Gray D.G. Helicoidal self-ordering of cellulose microfibrils in aque-
ous suspension. International Journal of Biological Macromolecules, 1992, v. 14, no. 3, pp. 170-172.

[34] Ryzhonkov D.I., Levina V.V., Dzidziguri E.L. Nanomaterialy [Nanomaterials]. Moscow: BINOM. Laboratory of Knowledge,
2008, 365 p.

[35] Oblivin A.N., Lopatnikov M.V., Bryntsev V.A., Golubev 1.G., Korovin V.V., Pogiba S.P., Ugolev B.N., Evdokimov Y. M.,
Azarov V.V., Kononov G.N., Ivankin A.N., Bykov V.V., Golubev M.I., Kharchenko V.N., Poluektov N.P., Tsargorodtsev Y. P.,
Usatov LI. Nanotekhnologii i nanomaterialy v lesnom komplekse [Nanotechnologies and nanomaterials in the forest complex]
Moscow: MSFU, 2011, 220 p.

[36] Nekliudov A.D., Ivankin A.N. Biochemical processing of fats and oils into new lipid products with improved biological and
physico-chemical properties. Applied Biochemistry and Microbiology, 2002, v. 38, no. 5, pp. 469-481.

[37] Marchessault R.H., Morehead F.F., Walter N.M. Liquid crystal systems from fibrillar polysaccharides. Nature, 1959, v.184,
pp. 632-633.

[38] Ivankin A.N., Proshina O.P. Poverkhnostnye yavleniya i dispersnye sistemy [Surface phenomena and disperse systems]. Moscow:
MSFU, 2007, 36 p.

[39] Ivankin A.N., Sanaev V.G., Gorbacheva G.A., Ageev A K., Kiryukhin D.P., Kichigina G.A., Kushch P.P. Modifikatsiya svoystv
prirodnykh tsellyulozosoderzhashchikh kompozitsionnykh materialov ftorsopolimerami i telomerami tetrafioretilena [Modifi-
cation of the properties of natural cellulose-containing composite materials by fluorocopolymers and telomeres of tetrafluoro-
ethylene] Izvestiya vysshikh uchebnykh zavedeniy. Lesnoy zhurnal [News of higher educational institutions. Forest Journal],
2018, no. 2 (362), pp. 122-132.

[40] Neklyudov A.D., Ivankin A.N. Biologicheski aktivnye soedineniya iz prirodnykh ob ektov. Cvoystva i strukturno-funktsion-
al’noe vzaimosvyazi [Biologically active compounds from natural objects. Properties and structural-functional relationships].
Moscow: MSFU, 2003, 480 c.

[41] Noorbakhsh-Soltani S.M., Zerafat M.M., Sabbaghi S. A comparative study of gelatin and starch-based nano-composite films
modified by nano-cellulose and chitosa for food packaging applications. Carbohydrate Polymers, 2018, v. 189, no. 6, pp. 48-55.

[42] Zavareze E.R., Kringel D.H., Dias A.R.G. Nano-scale polysaccharide materials in food and agricultural applications. Advanc-
es in Food and Nutrition Research, 2019, v. 51, no. 3, pp. 5-10.

[43] Cherian J., Paulose J., Vysakh P. Harnessing nature’s hidden material: Nano-Cellulose. Materials Today; Proceedings, 2018,
v. 5,no. 5, part 2, pp. 12609-12614.

[44] Liu L., Kerr W.L., Kong F., Dee D.R., Lin M. Influence of nano-fibrillated cellulose (NFC) on starch digestion and glucose
absorption. Carbohydrate Polymers, 2018, v. 196, no. 9, pp. 146—153.

[45] Pae N., Liew W.C., Muhamad LI. Production of cellulose nano-crystals from bacterial fermentation. Materials Today: Pro-
ceedings, 2019, v. 7, part 2, pp. 754-762.

[46] Phanthong P., Reubroycharoen P., Hao X., Xu G., Abudula A., Guan G. Nanocellulose: Extraction and application. Carbon
Resources Conversion, 2018, v. 1, no. 1. pp. 32-43.

[47] Kovalenko V.1. Kristallicheskaya tsellyuloza: struktura i vodorodnye svyazi [Crystal cellulose: structure and hydrogen bonds]
Uspekhi khimii [Successes of Chemistry], 2010, v. 79, no. 3, pp. 261-272.

[48] Araki J., Wada M., Kuga S., Okano T. Flow properties of microcrystalline cellulose suspension prepared by acid treatment of
native cellulose. Colloids and Surf. A, 1998, v. 142, no. 1, pp. 75-82.

Authors’ information

Zarubina Angella Nikolaevna — Cand. Sci. (Tech.), Head of the Department of Chemistry BMSTU
(Mytishchi Branch) zarubina@mgul.ac.ru

Ivankin Andrey Nikolayevich — Dr. Sci. (Chem.), Professor of the BMSTU (Mytishchi Branch),
aivankin@mgul.ac.ru

Kuleznev Aleksey Sergeevich — student of the BMSTU (Mytishchi Branch), kuleznev0O@mail.ru

Kochetkov Vyacheslav Andreevich— student of the BMSTU (Mytishchi Branch), slava-kochetkov28@mail.ru

Received 19.04.2019.
Accepted for publication 19.06.2019.

JlecHow BecTHUK / Forestry Bulletin, 2019, Tom 23, Ne 5 125



