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B HacToslLLee Bpems B Poccum pacnywleHHyto uenntonosy (fluff-uennionosy), ncnonbsyemyto B KauecTse Cbipbs 419 NOAY-
YeHWs CaHUTapHO-TUrneHnyeckmx nsgenuii (Crn), sakynatot 3a pyb6exxom, B ocHoBHoM B CLUA. B LLiTatax ee nony4atoT M3 non-
HOCTbIO 0T6eNeHHOM CynbhaTHOM LLeNN0103bl U3 APEBECKHbI FOXKHOW COCHbI. B CBA3M C N3M0XEHHBLIM Lie/bio JAHHOTO UCCef0Ba-
HUS ABNAETCA MOWUCK TEXHOMOMMYECKOr0 PELLEHNS NONYYeHNS pacnyLLeHHOM Lenntoo3bl Co CBONCTBaMU, 6/IM3KUMU K UMMNOPTHLIM
aHanoram. B paboTe aKcrnepumMeHTanbHO paspaboTaH crnocob nonyyenus fluff-uenntonossl TpaguUMoHHbIM (MOKPbLIM) CMOCO60M
thopmoBaHms. MpK 1MCNOMb30BaHUM MPOU3BOLCTBEHHOMN LENNt0N03bl TPEBYIOT pelleHns npobaeMbl BOCCTAHOBEHWUS U Pa3BUTMA
KanunnspHO-nopucTol CTPYKTYpPbl APEBECHON LLENTH0NM03bl, yTPAUYEHHO €10 NPU CYLLKe TOBAPHO LeNN0N03bl, aKTUBAL UM NOBEPX-
HOCTM W COXPaHeHWA ANVHbI LLeNN0N03HOT0 BOIOKHA. BCe 3T0 COCTaBnAeT OCHOBY MOyYeHWUs PacmyLLeHHOro Lento03HOro Ma-
Tepmana ¢ TpebyeMoit WAPO(UALHOCTLIO. 3yyYeHne 3akOHOMEPHOCTE npoLecca NOArOTOBKMW LLeNt0N03bl, ero peryamposaHue,
co3faHune PU3NKo-XMMNYECKNX OCHOB MOAM(MKaL MM 06YCNOBNMBAET aKTyanbHOCTb JaHHOI paboTsl: nonyyeHue fluff-uenntonoss.
Llenb paboTbl: (U3NKO-XMMUYECKUMW METOAaMI NPOBECTU M 0O60CHOBATb MOAUMUKALMIO APEBECHON LLeNN0N03bl NONYYeHNs pac-
NyLIEHHOr0 MaTepuana ¢ ynydweHHbiM BnaronoraoweHunem (fluff-uenntonossr).

Kntouesble cnosa: fluff-uenntonosa, caHuTapHO-rurmeHnYecKne n3genus, ruapoTepMmmyeckne Bo3aecTamna, HU3KOTeM-
nepaTtypHas 06paboTka, KUCNOTHbI, PepMeHTaTUBHbINA TMAPONN3, MOKpPbI cNnocob hopMoBaHMS.

Ons umtupoBaHusa: OcoBckasa W.N., AHToHoBa B.C. Moandukauus Uennonossl agna nonyvyeHns pacnyLeHHoro ma-
Tepuana TpaguyMoHHbiM cnocobom topmosaHus (fluff-uenntonossl) // Xumunsa pactutenbHoro coipbsd. 2026. Ne2. C. 84-112.

https://doi.org/10.14258/jcprm.20260217443.

BeegeHue

Llenntonosa aBnsietcs n 6yAeT ABAATLCS OLHUM W3 BaXKHEMLUMX UCXOAHbIX MaTepPManoB B LieNHMI03HO-6y-
MaXXHOM 1 TEKCTU/IbHON NPOMbILLEHHOCTH, B NPOMU3BOACTBE TEKCTU/LHBIX MaTEPMANoB A1 OAEX/bl U cheluab-
HbIX 3/1EMEHTOB BOEHHOI0 060py0BaHUA.

B nuTepaType NpakTUYeCcKy OTCYTCTBYHOT UCCNIEA0BaHNS, MOCBALLEHHbIE BOCCTAHOB/IEHNIO KaMUANSPHO-MO-
PUCTOI CTPYKTYpbI Lenntonosbl. Hamm paspabotaH cnocob Takoro Bo3feicTBus - 06paboTka Lentoo3sbl Hackl-
LLLEHHbIM NMapoM BbICOKMX NapaMeTpoOB COCTOSHUSA. BbisiBeHNe 0COGEHHOCTEN CTPYKTYpPbl U CBOMCTB LieNNt0/03bI
npu TepMo-, BN1aroo6paboTKe LieNIH0103HOr0 MaTeprana OTKPbIBaeT NePCNeKTUBY NCMO/b30BaHNUS MPOU3BOACTBEH-
HOVA LLent0103bl B TEXHOIOTUYECKNX MpoLeccax noflyyeHns NPpoAyKTOB ee nepepaboTKu.

B ocHOBe NMOHUMaHMS NPOUCXOAALLUX ABAEHWIA NPU TMAPOTEPMUYECKOM BO3ENCTBUN NEXAT IKCNEepPUMEH-
Ta/lbHble AaHHble, NO/yYeHHbIE METOAAMU Ka/lopUMEeTpUM 1 copbuumn, cTeneHn NoAnMepu3auumn, NpoYHocTy by-
Mary U MOHOBOJ/IOKHa. BnaronornowieHne BoAbl B pasHOM (ha30BOM COCTOSIHUM OMpefensieTcss 0CO6eHHOCTAMU
CTPYKTYPbI LLeN/10103bl, COCTOSSHWEM MOBEPXHOCTU BOJIOKHA, PenakcalnoHHbIMU cBoicTBamMu [1—4]. Henb3s Hepo-
OLEeHMBaTb N CTPYKTYpy camoli Bogpl [5].

K 13genusaM caHUTapHO-TMrMeHMYecKOro Ha3HaueHus B 3aBUCUMOCTY OT BblpabaTbiBaEMOr0 M3 Hee accop-
TUMEHTa U3genuii u 061acTn NX NPUMEHEHUS NpeabABAseTCs paj TpeboBaHWiA: JoCTaTOUYHAsA NPOYHOCTL MpY pac-
TSDKEHUM B CyXOM W B@XHOM COCTOSIHMSIX, BbICOKas BMMTbIBalOLlas CMOCOGHOCTb, MyX/J0CTb, MSIFKOCTb W

* ABTOP, C KOTOPbIM CNeflyeT BECTU Nepenucky.
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OTCYTCTBUE pa3fpaxatolLlero AeNCTBMUA Ha KOXY, CMOCOBHOCTb BGLICTPO pacnyckaTbCst B BoAe, 6enusHa (ans He-
OKpALLEHHbIX M3AeNNiA), HU3Kas MbIIMMOCTb, 3KONOTMYHOCTb, MPUB/EKATeNbHbIA BHELLHWIA BUJ 1 3anax, 3HaueHue
pHBOAHOI BbITSXKKW, LOCTAaTOUMHO HM3Kas macca 1 m26ymarn [6].

OfHVM 13 BaXKHeWLIMX MoKasaTenei, XxapakTepusyoLMX OCHOBHble CBONCTBA U3AeNNA caHUTapHO-rurune-
HWYECKOro Ha3HayeHwWs, ABNAETCA BNUTbIBaKOLLAas CNOCOOHOCTbL MO OTHOLLEHWUIO K BOAE, BOAHLIM pacTBOpaMm, Xua-
K/M NULLEBLIM MPOAYKTaM (MONOKY, Macny, yKcycy, 6e3- n aKorosbHbIM HanmMTKam), a TakXe XWUAKUM Bblaene-
H#M opraHm3ma pebeHka [7-11]. And nonyyYeHWs BbICOKOW BMUTLIBAKOLLEA CMOCOGHOCTM LeNnnno3a JoMKHa
VVETH CN12a60CBA3AHHYIO CTPYKTYPY M BbICOKYH MOPUCTOCTb. BAMTHIBAKOLLYIO CNOCOBHOCTL pacnyLUeHHOoR Lennto-
JI03bl OLLEHMBAIOT MO KanwaispHOi, 06beMHOM 1 NOBEPXHOCTHOW BNUTbIBaeMOCTU. Kaxablli U3 3TUX NokKasaTenein
XapaKTepusyeT 04HY U3 CTOPOH COPOLMOHHOW CNOCOGHOCTM Lenntonosbl. KanunnsapHasa BNWTbIBAEMOCTb 3aBUCUT
oT 3(hheKTUBHOrO paguyca nop u ruapoduasHOCTU BOMOKOH, 06beMHas - OT NMyX10CTW, MOBEPXHOCTHasA - OT CTe-
MeHn rnapogo6bHoe™ 1 rNagKocTy NOBEPXHOCTM LIeNI0N03HOI0 NOOTHA.

MSrkocTb U3LeNniA CaHUTApPHO-TUTMEHNYECKOTO Ha3HAYeHNs ABSETCA OAHWUM U3 OCHOBHbIX NOTpebUTENb-
CKVX CBOICTB. B 06LLeM cnyyae NMOHATUE MATKOCTY 06beAMHAET KOMMJ/IEKC YNPYro-MaacTUYHbIX U OpraHonenTu-
YeCKUX CBOMCTB. Ha MArKoCTb ()KECTKOCTb) U3AeNIMi CaHUTapHO-TMIMEHNYECKOr0 HasHauYeHWs CyLLLeCTBEHHOE B/N-
fHVe OKa3blBaeT MaKpOCTPYKTYpa LeN/to/1I03HOro NonoTHa, T.e. Macca 1 M2 To/WWHa, NyX0CTb, COCTOAHME MO-
BEpXHOCTWU. O4HMUM 13 METOA0B, XapaKTepusyoLwnX B ONpeaeeHHoN cTeneHn ynpyronnacTuyHble CBOWCTBA U3fe-
JWA CAHUTAPHO-TUTMEHNYECKOTO Ha3HAYeHWs, ABNSAETCA MeTOf OnpedeneHus >KeCcTKOCTW Npu usrmbe nog fei-
CTBMEM COOCTBEHHOM CWbl TSXKECTM 6e3 NpUHyauTensHoOW gedopmanmm obpasua. C yBennyeHMeM MeXBONOKOH-
HbX CW/T CBA3W B LIE/INH0/103€ XXECTKOCTb NPW M3rnbe noBbiaeTcs, U HA060poT, ocnabneHre MeXBONOKOHHbIX CUN
CBBA NPUBOANT K YMEHbLLIEHUIO XECTKOCTU.

MpoyHOCTb U3AeNniAi CAHUTaPHO-TMIMEHNYECKOr0 Ha3HaYeHNs B CYXOM COCTOSIHWUM 3aBUCUT OT BUAA BOOK-
H/CTLIX M0NY(HhabprKaToB, PEXXMMOB UX MOAFOTOBKM, OT/IMBA U CYLUKM 6YMaXHOro IMCTa, a TakXKe OT UCMofb3ye-
MbX AN YNYULIEHUS APYTUX 3KCMAyaTalMOHHbIX CBOWCTB (MSATKOCTW, BNUTHIBAEMOCTU, BNAronpoYyHOCTM U T.0.)
XUMMYECKMX BCMIOMOraTe/ibHbIX BellecTB. Tpebyemas Ana U3LeNnid cCaHUTapHO-TUIMEHNYECKOro Ha3HavYeHus Me-
XaHN4eCKas MPOYHOCTb B CYXOM COCTOSIHUM MOXET ObITb JOCTUIHYTa NPW UCNONb30BaHUW B Pa3fIMYHbIX COOTHO-
LLEHUAX NPaKTUYeCKN BCEX BUAOB APEBECHbIX BOIOKOH. B KayecTBe KOMMO3ULMOHHON f06aBKy B Gymare caHu-
TapHO-IMrMeHNYeCcKoro Ha3HauYeHNsa NPUMeHSETCS BTOPUYHOE BOSIOKHO, COZepXKaHue KOTOporo B psje cnyyaes Ao-
cvraet 100%. MexaHW4YecKyto NpoYHOCTb U3Lennii CaHUTapHO-TMIMEHNYECKOr0 Ha3HauYeHNs B CYXOM COCTOSHUU
OLIEHMBAKT BE/TMUMHOW pa3pyLUatoLLero ycunmusa B cpefHeM Mo ABYM HamnpasfieHWsM. [N HeKOTOpbIX BUAOB M3je-
JWA CAaHUTAPHO-TUTMEHNYECKOrO Ha3HayeHUs (OCHOBA 15 X03AWCTBEHHbIX MOOTEHEL, CrneLnanbHbIX CangeTok U
T.N.) BKHbIM AB/ISETCA HAIMUME MPOYHOCTY BO BIAXKHOM COCTOAHMU. [Ns NpuaaHnus NPOYHOCTY BO BNAXHOM CO-
CTOSHW/ BBOJAT CreLnaibHble XUMUYECKME BCIOMOraTe/lbHble BELLECTBa, KOTOPbIE HapsAAY C NpuAaHueM U3genunio
MPOYHOCTM BO BTAXKHOM COCTOSIHUM HE JO/MKHbI BbI3bIBaTb TOKCUYECKUX W alNIePrnyecKnX peakumii, a Takxe nage-
H/F BMUTBIBAIOLLEA CNOCOBHOCTM. 3TO B OCHOBHOM MOANAMULAMUHINMUXNOPIUAPUHHBIE CMOJIbI. IPOYHOCTbL M3ae-
JWi CAaHUTaPHO-TUTMEHNYECKOTO Ha3HAYeHUs! BO BN@XHOM COCTOSIHUM OLEHMBAKT BEIMUUHOW paspyLUatoLLero
YCWIs IPU pacTsXKeHUM BNaXKHOro obpasua 6ymarm.

EcTecTBeHHO, UTO pacnyLleHHas Lenntonosa Ans 04HopasoBbIX U3AeNNiA npegnonaraeT HeMOCPeACTBEHHbIN
KOHTaKT C KOXHbIM MOKPOBOM, C/lefj0BaTeflbHO, A0/KHA ObiThb OUMLLEHA OT TOKCUYHbIX MpUMeceid. BbinonHeHne
310r0 TPeboBaHUsA CTaBUT HEKOTOPbIE OFPaHUYEHNS Ha BbIGOP BOIOKHUCTOrO ChbipbS U XMMUYECKUX BCMIOMOTaTe/b-
HbX BELLECTB (BN1aronpoyHble 06aBKM, MOBEPXHOCTHO-aKTUBHbIE BELLECTBa, XMMUKATbI 415 MOBbILLEHNS BMNUTbI-
BAIOLLEVi CMOCOBHOCTU U MATKOCTM, YMEHbLUEHWS MbIIMMOCTY U T.M.), UCNOMb3YeMbIX A4/ NPUAaHNS CnelmanbHbIX
CBOVICTB CAHUTAPHO-TMTMEHUYECKOMY U3LENNI0 U YCTPAHEHUS TEXHOOMMYECKUX 3aTPYAHEHUI Ha pa3fiMyHbIX CTa-
VX TEXHONOMMYECKOr0 NpoLecca NofyyYeHs BONOKHUCTLIX NoNyhabpukaTos, ymaru u n3genuii.

[ns KoMNo3numm pacnyLeHHOR NoANPecoBaHHOM LieNH0N03bl U NMOAYYeHUs PY/IOHOB M/I0THOCTb He orpa-
HWUMBAETCA, a TAK)KEe yCTaHaBMBaeTcsi pH BOAHOW BbITSXKKM OT 6.8 g0 7.5. Afcop6LUMOHHbIE CBOCTBA pacnyLUeH-
HO/i LIe/ITHO103bl BKKOYAKOT MOTI0LLEHME BOALI MOPUCTON CTPYKTYPOW FMTMEHNYECKNX NPOKNALOK, YCTaHOB/IEHHOE
moFOCT. MnoTHOCTb pacnyLeHHoW uenntonosbl - ot 1.15 go 1.8 r/cm3.

B kauecTBe KOMMNOHEHTa Cbipbs 415 nonyyeHns CIA xopoLuero kayecTsa UCMO/b3yeTca pacnyLleHHas Len-
K033, KOTOPYHO, Kak NpuHATO B Mupe, HasbiBatoT fluff-uenntonosa. Fluff-uenntonosa oteevaet Bcem TpeboBa-
HAAM, NpeabsaBAseMbIM K Lenntonose ana CrU: goctaTtouHas NpoOYHOCTb NPU PacTsHXKEHUU B CYXOM U BNIaXKHOM
COCTOSHVAX, BbICOKast BMMTbIBAKOLLAA CNOCOBHOCTb, MYX/I0CThb, MATKOCTb, 6€M3HA (415 HEOKpPALLEHHbIX U3aenunii),
H/BKasA NbIIMMOCTb, 3KOMI0TMYHOCTb, BHELLIHWIA BUf, OTCYTCTBME 3amnaxa, HeiTpanbHbll pH BOAHON BbITSXKMW, HU3-
keamacca 1 M2 6ymaru.
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CoBpeMeHHas NCTOPUS CAHUTaPHO-TUTMEHNYECKUX U3AENNIA U3 Liensitono3bl HaumHaeTea B XIX B., Koraa 6bina
n3o06peTeHa TexHONOrusa NnpomssoacTea 6ymarn. B 1890 r. 6bina co3gaHa nepeas TyaneTHas 6ymara. C Tex nop tex-
HOMOrMsl MPOU3BOACTBA LLENNH0I03HBIX CAHUTAPHO-TUTMEHUYECKUX U3AENNIA NOCTOSAHHO pa3BMBaEeTCA, yyuULlas Ux Ka-
YeCTBO U (hyHKLMOHaNbHOCTb. OfHAKO CTOMT OTMETUTb, YTO MEPBOE AOCTOBEPHOE YNOMUHaHWe 06 U306peTeHun Tya-
neTHoi 6ymaru B Kutae oTHocuTes K 105 r. H.3. 3Ta TyaneTHas 6ymara npefjHasHayanacb CneLuansHo 4nis MMnepa-
TOPCKOro [Bopa 1 NpeAcTaBnsna coboi NA0THbIE NNCTbI apOMaTU3MPOBaHHOM 6ymMaru pasmepom 70x90 cm.

PacnyLeHHas Lenntoosa 6bl1a BnepBble paspaboTaHa 415 UCNOb30BaHWUS B 04HOPA30BbIX FMIMeHUYecKux
candetkax. Mepsas peknama NpoayKUUu U3 LpeBecHOi Lenntonossl komnaHum Kotex nossunace B 1921 r. Mpous-
BOAMTENN OAHOPA30BbIX NOATY3HUKOB TaKXe paHO NepeLunn Ha UCMOoMb30BaHWe pacnyLIeHHON Lenntonosbl n3-3a
€€ HM3KOI CTOMMOCTY 1 BbICOKOW BNUTbIBaIOLLEN CNOCOBHOCTW. VIcnob3oBaHWe pacnyLIeHHOR Lentono3sl B Nog-
ry3HuKax cocTaBfiffo okoso 55%. B 1980-x rogax Ha4anocb KOMMEPYECKOe UCMO0/ib30BaHve GyMaru ¢ BO3AYLLIHON
NPOCNOINKO, KoTOopas No CPaBHEHMIO C 06bIYHOM NanNMPOCHON Gymaroin obnagana NyywUMU NoKasaTensaimm o6b-
eMHOIi Macchl, MOPUCTOCTM, MPOYHOCTU, MATKOCTY WU BOONOT/IOLEHNS.

M3penna caHUTapHO-ObITOBOIO Ha3HAYeHMs Mony4valT n3 bymaru, BolpabaTbiBaeMOin MOKPbIM UAN CYXUM
cnocobamy opMoBaHMS Ha creunansHoM obopygoBaHun. OCHOBHYHKO A0/ Bymaru nonyyatoT Ha 6ymarogena-
TeNbHOM 000py0BaHMM MOKPbLIM CrMOCo60M (opmoBaHusA. Cyxol crnocob (aspogMHaMuueckuii) opmoBaHus
Hayan pa3BMBaTHLCA LU B nocneaHme rogbl [3,12,13]. PaHee Hamu pa3paboTaH cnocob NonyyeHuUs pacnyLleHHO
LLeN0N03bl a3pojMHaMMYecKMM MeToA0M (hopMOoBaHMS (pa3mos B BO3AYLIHOM noToke) [14-19]. MonyyeHue 6y-
Maru 3TUM Croco60oM M3 ApeBeCHbIX LeNN0M03HbIX BOMIOKOH ABASETCA NepCneKTUBHbLIM C TOYKMW 3PEHUS COBEPLUEH-
CTBOBaHWA BNUTbIBAOLWMX U Aed)OPMALMOHHbIX XapakTepucTuk. CerogHs aToT MeTOA He MepPCneKTUBEH C TOUKU
3peHust UCMO0b30BaHNA Ha NpakTUKe. Hy)XHa rocyfapcTBeHHas nporpamma (pMHaHCUPOBaHWS 3TOr0 3KOHOMUYECKM
BbIFOAHOr0 U 3KONIOrMyecku 6esonacHoro crnocoba nonyyenus fluff-uennonoss..

B HacTosLlee BpeMs PbIHOK CaHUTapHO-TUTMEHUYECKUX U3LeNnii U3 LieNNto03bl ABASETCA OAHUM U3 Kpyn-
HeMwWwmnx 1 Haubonee BLICTPOPACTYLLMX PLIHKOB B Mupe. Lienntonosa asnsetcs Haubonee pacnpoCcTpaHeHHbIM Ma-
Tepuanom Ans Npou3BOACTBA TaKUX U3AeNnii Kak TyaneTHas 6ymara, 6yMaxHble Nos0TeHLa, HOCOBbIE NAaTKK, can-
(heTKM 1 cpefCcTBa IMYHOM TMIMeHbl Pa30BOr0 MOJb30BaHNA. ATOT PbIHOK NPOALO/MKAET pacTy 6narogaps ysenumue-
HUI0 YMCNIEHHOCTW HaceNeHus, YNyULWeHNO YPOBHS XXU3HU N M3MEHEHWIO NOTPebuTensckux npegnoyteHuit. Co-
rnacHo uccnegosaHuto Grand View Research, pbIHOK CaHUTapHO-TUTMEHNYECKUX N3ennii n3 Lennonossl B 2018 r.
coctasun 19.7 Mnpa 40OMNAPOB U 0XMAANOCh, YTO JOCTUTHET 25.1 mapg fonnapos kK 2023 r. npu cpefHerofosom
Temne pocta 4.9%.

MupoBoit 06bemM NPOM3BOACTBA pacnyLUEHHON LLeNn0103bl OLeHUBaeTcsA B 4.7 MH T. PbIHOK pacnyLUeHHo
LIeNT0N03bl XapaKTepn3yeTcs orpaHMUYeHHbIM KOIMYeCTBOM NMpeanpusaTuili —He 6onee 25 3aBofos B Mupe (Tabn. 1).
Csblilwe 80% Npon3BOACTBEHHbIX MOLLHOCTeW CKOHUeHTpMpoBaHo B CLUA, rae pacnonoxeHsl 15 Uensiton03HbIX
(habpuK BOCbMU KPYMHEWLWNX Npon3BOANTENEl B MUpe. HECKONbKO NPOu3BOAUTENel pacnioXeHbl B 3anagHoi
EBpone, ofjHaKo MX COBOKYyMNHas Aons B 06LieM o6bemMe MPOM3BOACTBA He MpeBblwaeT 7.5%. Tpu KpynHenLwmx
NPOU3BOANTENS PacnyLIeHHOR Lenntonossl, cpean kotopbix «Weyerhauser», «GP Cellulose» u «International
Paper», o6ecneynBatoT 62% cnpoca no BCeEMy MUpy.

Tabnmya 1. PbIHOK pacnyLeHHON Lennnosbl

HasBaHue npoussogutens  KonmuyecTBO 3aBOAOB CrpaHa O6beM Npon3BOACTBA, MAH T PblHOYHas gons, %
Weyerhauser 4 CWA 1.18 25.0
GP Cellulose 2 CWA 0.95 20.0
International Paper Co. 4 CWA 0.80 17.0
Bowater | CWA 0.28 6.0
Rayonier Jesup 1 CWA 0.28 6.0
Smirfit-Stone 1 CWA 0.28 6.0
Buckeye 1 CWA 0.24 5.0
Stora Enso 1 LLiBeuns 0.24 5.0
Domtar 1 CWA 0.12 25
Alto Parana 1 ApreHTuHa 0.07 15
UPM 1 PUHNAHANA 0.07 15
YunlJing Forest Products 1 KuTai 0.07 15
Cambara S.A. 1 Bpasunua 0.05 1.0
K-C Tantanoola 1 ABCTpanus 0.05 1.0
SCA Ostrand 1 LLiBeums 0.02 0.5
Ternbec Tartas 1 PpaHumsa 0.02 0.5

MToro

N
w

- 4.73 100
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B HacTosLee Bpems B Poccun GbICTpbIMY TEMMNAaMU pacTeT NPOM3BOACTBO U3AeNUA CAHUTApPHO-TUTUEHNYe-
CKOro Ha3HauYeHus, UCNoNb3yeMbIX B ObITY, B MEANLUHCKUX LeNnsax U ANS TUrneHbl geTeld u B3pocnbiX. OfHaKo o
CMX MOP CUJIbHbIE MO3ULMM Ha PbIHKE 3aHMMatoT KomnaHum Procter&Gamble (CLUA; 6peHabl TaTpax, Always),
Celltex (CnoBakust; 6peHg Olal), SCA HygieneProduct (LLBeuus; 6peHa Libresse), Bella-TZMO (Monblua; 6peHa
Bella) n ap. komnaHuu [20]. B Poccuiickoin ®epepaummn 4ns 370N Lenu UCNOo/Mb3YHT TOBapHYH CYNbMaTHYO Len-
nonosy 6ennsHoi 86.4%. OpgHako 3Ta Lenntnosa He o6nagaet Heo6xoanmon 6enn3Hoi. B cBA3M ¢ 3TUM OTeue-
CTBEHHbIE NOATY3HUKM Ceporo LBeTa. BoMbLUMHCTBO NOKynaTenei BblHYXAeHbl NpuobpeTaTh AOPOrne amepuKaH-
CKve NoarysHukm mpmel Procter&Gamble.

CerofHs OT/IMUMTE/bHO 0COBEHHOCTLIO pbiHKA Poccun siBAseTCA pOoCT NPeANoYTeHM NoKynaTeneii B cTo-
POHy 60/1e€ BbICOKOKAYeCTBEHHbIX U, COOTBETCTBEHHO, LOPOrUX AETCKUX CaHUTapHO-TUTMEHNYECKUX U3LENTIA 13
pacnyLleHHoW uenntonosbl. B CLUA pacnylleHHY0 Lenntoao3y 06bI4HO MOAy4YaloT U3 MOMHOCTbIO OT6eNeHHOW
Cynb(haTHOW LLeNINIH0N03bl U3 APEBECUHbI FOXKHOI COoCHbI [21,22]. Ha toro-3anage CLLUIA npouspacTaeT 3TOT 0CO6bIi
BIZ, COCHbI C JJIMHHBIMMW BO/IOKHaMU, KOTOpas MAET Ha NPOM3BOACTBO pacnyLIeHHOM Lennonossl. B cBA3M ¢ 3TUM
MOAABNSIOLMIA 06bEM pacnyLLEeHHOW Liens1H0N103bl MOCTaBNsSeTCS U3-3a pybexa. Mpobnema - OTCYTCTBUE CbIPbEBOWA
6asbl B Poccun. Ha cumnosnyme TEXTTPOMA-2018 komnaHua Georgia-Pacific, oguH 13 BegyLmx MupoBbIX Npo-
13BOAMUTENENA LLeNN0N03bI, MPeaN0Xnaa pocCUACKOMY PbIHKY LLenn103y AN NPOM3BOACTBA TMIMEHNYECKNX U3ae-
/wii. PaHee npegnonaranocb, 4To 6yAyT CHUXKEHbI MOLWIUHbLI HA PacnyLUEHHYHO Le03y, YTo NO3BOUIIO Obl
OTeYeCTBEHHbIM MPeLnpPUATUAM CHU3UTL Ce6ecTOMMOCTb NPOAYKLUMW. STOr0 He NPOMU30LLIO, NO3TOMY A/18 0TKasa
OT UMMOPTHOIO ChIPbsi pa3paboTka TeXHOMO0rMU NPOM3BOACTBA pacnyLUeHHON Lennonossl B Poccun aensetcs Ha
CEroAHsLHMIA eHb aKTyanbHOM 3adaqeil.

MOXHO 0TMETUTb Masioe YNCN0 Ny6AMKaLKiA, KacatoLmnxcs NoyYeHUs BbICOKOKAUECTBEHHOI0 pacnyLUeH-
HOro MaTepuana 19 CaHUTapHO-TUTMEHNYECKNX U3LeNNiA pa30BOro Mo/b30BaHKsA. B 0CHOBHOM MMeroTCs 3apy6ex-
Hble NaTeHTbl [21,22]. N3BecTHa poccuiickas nybnnkauus [23] nonyyveHns Lennono3bl U3 XBOMHbIX NOPOA ApeBe-
CVHbI, B YaCTHOCTU, U3 IMCTBEHHWLbI C Pa3HOW CTENeHbK NoMona.

MpofyKuusi, Bbinyckaemasi Ha pOCCUIACKOM NPeanpusTUX, LO/MKHA He YCTYnaTh M0 YPOBHIO KauyecTBa CaHu-
TapHO-TUTVIEHNYECKUX U3AeNNi 3apy6eXxHOro NpoM3BOACTBa.

[na poccuiickux npou3BoguTeneil NOAry3HUKOB XapakTepHo 60/1ee HU3Koe KauyecTBO YAepXaHus Bnaru,
€C/IM He UCNOJb3YHOTCSA AMOHCKME KOMM/EKTYIOLLNE, B YACTHOCTM, Y POCCUIACKNX TOBAPHbIX 3HAKOB «YMKa» N «To-
KuB3iibu», UTO, BO3MOXHO, CBA3aHO C HEAOCTAaTKOM COOTBETCTBYHLLMX UCMbITAHUIA BO BMIAXXHOM COCTOSIHAM Ans
MOAry3HUKoB [24]. [aHHbI BbIBOA NOATBEPXAAETCA €Lle U TeM, YTO POCCUNCKME MPOKNALKM NO XapaKTepucTMKam
He OT/IMYAOTCS OT 3apyBEXHbIX 1 YCMNELIHO KOHKYpUpYHT B KuTae (B 4acTHOCTH, «Bukonax») BO MHOTOM 6arogaps
BbICOKUM CTaHAapTaMm KayecTBa MpW UCMbITAHUAX, HECMOTPS Ha BbICOKME U3AEPXKKN.

[ns npom3BoAcCTBa CAHUTAPHO-TUTMEHUYECKUX U3LENNIA U3 LeNn03bl 06bIMHO UCMOMb3YeTCa X10NKOBas
WM ApeBecHasl Lien/oo3a. X10nkoBas Lenono3a 06nafaet 60nee BbICOKON BMUTLIBAKOLLEA CMOCOBHOCTLIO U
MPOYHOCTBIO, YeM ApeBeCcHass, HO OHa TakxXe 1 6onee goporas. Mo3ToMy BbIGOP TUNA LEN0103bl 328BUCUT OT KOH-
KpeTHbIX TPe60BaHMW K MPOAYKTY M LIeHOBOI KaTeropmu. B KauecTBe ApeBecHO LeNnt103bl 06bIYHO UCNOMb3YIOT
CynbhaTHYHO GeneHy0 XBOWHYIO Liennitonosy [25].

[ns n3roToBneHns AeTCKUX TUTMEHNYECKUX OfHOPa30BbIX 6YMaXKHbIX M3aenuii TpebyeTcs Lennonosa ao-
CTaTOYHO BbICOKOI CTeneHn 0T6enku (C MaccoBOW foNeil NMrHMHa MeHee 7%) [26]. Ans npou3BoAcTBa AaHHbIX
M30eNNiA NCNOMb3YHOT TEXHONOMUKN 0TOenKn 6e3 anemeHTapHoro xnopa (ECF) n nonHocTbio 6e3 xnopa (TCF), no-
Ka3aTe/m KauyecTBa KOTOPbIX JO/MKHbI COOTBETCTBOBAaTL HOPMaM, yKa3aHHbIM B Tabnuue 2 [27].

Tabnmua 2. MokasaTenu KauecTsa JeTCKUX TMIMeHNYECKMX OfHOPA30BbIX BYMaXHbIX U3aennii

Mapka Lenntonossl

HavmMeHoBaHWe Nokasatenei MeToz ncnblTaHui

dL-0 dL-H

benusHa, % 80-88 Mo FOCT 30437
Copep>xaHue cyxoro BeLecTsa, % 90-94 Mo MOCT 16932
Macca 1 M2, 1 650-750 Mo FOCT 16932
MnoTHOCTL, F/cmM3 0.50-0.65 Mo FOCT 11720
ConpoTtueneHve npofasnunsaxuio, Kla 450 750 Mo FOCT 13525.8
MaccoBas 015 CMON 1 XXNpoB, %, He 6onee 0.3 Mo FOCT 6841

MaccoBas f0n15 301bl, %, He 60/1ee 04 Mo TOCT 18461
COopHOCTb, UK1CN0 COpMHOK nnowagasto ot 0.1 go 1.0 MM, He 6onee 25 Mo FOCT 14363.3

pH BOAHOW BbITSXKKM 5.5--7.5 Mo FOCT 12523
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B npon3BOACTBE CAHUTAPHO-TUTMEHUYECKNX U3LeNUNIA B OCHOBHOM MCMO/b3YHTCA TOMIbKO TPK COpTa pacny-
LUEHHOV LieNnto03bl: K NepBOMY OTHOCATCSA He06paboTaHHbIe COPTa; KO BTOPOMY —PbIX/IEHbIE; K TPETLEMY - OCO-
6ble copTa.

Bce oHM 06pabaThiBalOTCA Pas/IMUMBLLM CNOCOGaMU U MMEIOT pasHble CTeNeHN NylleHust. HeobpaboTaHHbIe
COpTa Ha iaHHbI MOMEHT He NOJIb3YHTCA 0C060i MOMYNAPHOCTLIO Y MPOU3BOAUTENEN TUTUEHNYECKUX U3LeUNIA. Pbix-
NeHble copTa LeNno3sbl NpeAcTaBasoT coboii 06blYHOE pacnyLleHHOe BOOKHO, HO 61arojapst ero XMMMYecKoi
06paboTKe OHO NMPeBpaLLaeTCs B TaK Ha3biBaEMYH BOOKHUCTYIO MacCy W JaeT MArKYH, MOAHOCTHIO BO/IOKHUCTYHO
nayTuHy. K 0co6biM copTam NPUHSATO OTHOCUTb Te BUAbI LieNH0/103bl, KOTOPbIE B X0Of€ CBOE XMMUYECKOW 06paboTKu
MPOX0AAT 4e300pMpPOBaHMe AN YCTPaHEHNUS MU HeATpanu3auum 3anaxoB. Takxke B 3Ty KaTeropuio COPTOB BXOAAT
1 Te BUAbl LLeN0/103bl, KOTOPbIE MO3BOAIOT MCMO/b30BaTh 60/ee TOHKUIA CMOI pacnyLLIeHHOM Lenntono3bl. OH Taioke
L,06aBnseTcA B TMTMEHNYECKYH MPOAYKLMIO, HO He BNUSET NMPU 3TOM Ha ero paboune XapakTepuCTUKU.

B HacTosLWen cTaTbe 06Cy>KAaeTCs BAUAHME Npefo6paboTKu Lennono3bl Ha PU3NKo-XnuMmyeckne (copoums,
3HTaNbMUA, CPeAHASA CTENEHb NOUMEPU3aLLMN) 1 (IU3NKO-MeXaHn4ecKre (paspbiBHas 4/IMHA, (hpaKLMOHUPOBaHMWE BO-
JIOKOH) CBOICTBa pacnyLleHHOro matepuana [28—35]. IHTEHCUBHbIE MOUCKM HOBBLIX MPUHLMMOB pa3Mosa MpuBoasT
K 6bICTPOMY BHEAPEHUIO 60/ee COBEPLLUEHHbIX pa3MalibiBaloLLMX MaLlWH, 061afatoLLMX MOBbILEHHON yaenbHO Mpo-
M3BOAMUTEbHOCTHIO0, MOLLHOCTLI), CMOCOGHOCTLIO paboTaTh B HEMPEPbIBHOM PEXXUME Lie/H0N03H0-0YMaXHOro mpo-
n3BoAcTea. [pouecc nepesoja Knacca pasMasblBarOLLMX MalUH Ha AUCKOBbIE MeNbHULbI, ABAAIOLLMECH Hanbomee
YHUBEPCaNbHOM U COBEPLUEHHOM KOHCTPYKLMER, HaX04MTCA B 3aBepLuatoLlen ctagum [3,12,13,36].

Mpu MCMoNb30BaHUN LEHMI03HbIX BOJIOKOH A1t NOYYEHNUs CAHUTAPHO-TUTMEHNYECKUX N3e/NiA pa3oBoro
nonb3oBaHuMs (MOATY3HMKOB, MPOKAA0K, BMUTLIBAKOLLMX NEIEHOK) BaXXHYH POJib UFPaeT COCTOSHME MOBEPXHOCTU
BOJIOKHA 1 ero CNOCOBHOCTb K aAre3noHHO-KOre3MoHHOMY B3aMOAeRCcTBII0 [37-42]. OCHOBHBIMU NoKasaTensmu,
XapaKTepu3yLNMN NMOBEPXHOCTb BOSIOKHA, ABSIOTCS Pa3BMTOCTb U LLUEPOXOBATOCTb, XMMUYECKas HEOLHOPOA-
HOCTb, 3aBUCALLAA OT COAEPXKaHUS Pas3IMUHbIX PYHKLMOHAMBHBIX FPYMN, a TakXKe CTPYKTYpHas HeOAHOPOAHOCTb
MOBEPXHOCTHBIX CI0EB, NPUBOAALLasA K 06pa3oBaHuo 60/1ee NPOYHON CBA3M MeXAy BoNokHamu [1,43-45].

LlenntonosHble MaTepuasbl y4acTBYHOT B peakLmsX, B pe3ybTate KOTOPbIX U3MEHSAETCA COOTHOLLEHNE Kv-
CT/IIMYECKUX M aMOP(HbIX 061acTelt, CTeneHb MOAMMEPU3aLMM, BAWSIOLME HA PEaKLMOHHYI0 CMOCOBHOCTb 1
COpOLMOHHbIE CBOWCTBA LieNNto103bl. K Uncny Takmx peakLmili MOXHO OTHeCTU npoLecchbl AeCTPYKLUUW, NprBoas-
LMe K HeOBpaTUMbIM U3MEHEHMSM (DU3NKO-XMMUYECKNX XapaKTEPUCTUK LIeNN0I03HOro MaTepuana. [ectpykums
LLeN1k0103bl MOXKET MPOTEKATb MO Pa3NUYHbIM MexaHusmam. Croga MOXHO OTHECTU FMAPOANTUYECKME peakumm,
KaTanmsmpyemble KACA0TaMy U OCHOBaHUAMUW. [MAPOMTUYECKas AeCTPYKLMA Lenntno3bl nog AeicTBUEM BOAbI U
BOLHbIX PaCTBOPOB KUC/OT, WefoYveil U Coneid, CONpOBOXAAETCA NPUCOeSUHEHUEM MOJIEKYN BOAbI MO MeCTy pas-
pbiBa cBA3K. MoneKyna Lennno3bl BCeACTBUE HAIMUNS B HEM TTMKO3UAHBIX CBS3EA MeXAY 3/1eMeHTapHbIMU 38e-
HbIMU 06/1aaeT HU3KOW YCTOWYMBOCTBIO K IeACTBUIO TMAPONUSYIOLLMNX peareHToB, HanpMMep, BOAHbIX pacTBOpOB
K1cnoT. BeneacTBue pas3pbiBa MIMKO3UAHbLIX CBA3EA NOHMXAETCS CTeNeHb NOMMepU3saLmm Lennonossl. Karanmsa-
TOpaMu peakLuu rnaponmn3sa ABnsTCa BOLOPOLHbIE UM TMAPOKCUbHBIE UOHBI. ['MAPOIN3 B NPUCYTCTBUN KUCIOT-
HbIX KaTa/IM3aToOpOB NPOTEKAET MO CeAyoLLLEMY MeXaHU3MY: 6bICTPOe NPOTOHMPOBaHWE FTMKO3UAHOMO KMCIopoaa
c 06pa3oBaHMeM OKCOHMEBOr0 MOHaA, MeANeHHas AMcCoLMaLMsa OKCOHNEBOTO MOHa C 06pa3oBaHMEM FINKO3W-Ka-
TMOHa, KOTOPbII 3aTeM pearupyet ¢ Bogol (puc. 1).

Mpouecc rmaponnTUYecKoi AeCTPYKLMM LEM/0M03bl U €ro CBA3b CO CTPYKTYPOIA LeN/IH0/103bl MOXHO Xapak-
Tepu3oBaTh CredyroWwuM 06pa3oM. lMepBOHaYa/IbHO TUAPONMU3YIOLLEMY [eACTBUIO MOABEPratoTCs [/IHOKO3UAHbIE
CBSAI3M YYACTKOB MaKpOMOJIEKY /1, HAXOAALLMXCS B aMOP(HbIX 061acTaX. CBA3M MeXAY 3BEeHbIMU MaKpOMOJEKY /I, pac-
MOJIOXEHHBIX Ha MOBEPXHOCTU KPUCTA/IUTOB, XOTA U JOCTYMHbI AeNCTBUIO BOAHbIX PACTBOPOB KUC/OT, NPaKTUYECKN
0YeHb YCTOWUMBLI. Ha 3TOi cTagum npouecca rMaponmnsa AeCTPYKLUMIO Lento103bl MOXXHO OMpPeAennTb Mo YMeHbLLe-
HWI0 MOJIEKYISIPHOTO BECa MM MO KOMMYEeCTBY 06pa30BaBLUMXCA PacTBOPUMbIX ONMrocaxapugos. MocneaHuii vetog
- KOCBEHHbIN, TaK KaK ornpejeneHne npoBoAMTCS yXKe Nocne NpoLuesLleid peKpUCTanIn3anmm Lenaonosbl.

Mpn MATKUX YCNOBUAX TMAPOAN3A, HanpuMep, Npu rmaposmn3se Lennnnosbl pa3ébasneHHbIMU KUCNOTaMK, pe-
aKLus ee AeCTPYKLMM B TeTEPOreHHOM cpefie COBEPLLEHHO YETKO pa3fenseTcs Ha ABe KUHETUYECKME CTaaun - BbicT-
PYI0 U MeAneHHyt. BbicTpas cTagns peakuuu COOTBETCTBYET pacnafy aMopdHbIX 061acTeli Lenntonossl, a tonee
Mef/leHHas - AeCTPYKLMM ee YNOPAA0YHeHHON YacTu [46].
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Puc. 1 Katanusupyemblii KNCNOTOM FMAPONN3 FNMKO3UAHON CBS3U

MpofyKTbl rMAponMn3a Lentoiosbl Nocne 3aBeplUeHns HavyalbHOW CTaguu 3TOro mnpouecca npuobpeTtaroT
(hopMy CTepXXKHeo6pasHbIX YacTuL, A/IMHA KOTOPbLIX 3aBUCUT OT MPUPOAbI UCXOAHOM Lenntonosbl. CnegyeT oTMme-
TUTb, UTO TaKMe 31eMeHTbl CTPYKTYpbl, 06pa3oBaBLUMeCs B NpoLecce rmaponnsa, 06ycnoB/eHbl pasMepoM KpucTan-
JMYECKVX YYACTKOB B NMpenapaTtax HefecTPyKTUPOBAHHON Lennossl. JanHa 3TUX YacTul, onpeaeneHHas ¢ no-
MOLLBIO 3/1eKTPOHHOT0 MUKPOCKONA, KOPPenupyeT ¢ npefesibHbIM 3HAUYeHUeM CTerneHu noavMepusalmmn, paccyu-
TaHHbIM M0 BA3KOCTU, YTO CBMAETE/ILCTBYET 06 OpMEHTALMM MaKPOMOJIEKY N LeNNH0/103bl BAOb AIMHHOW OCK KpU-
CTa/yMTOB. 13BECTHO, YTO NOA06HAA OpMeHTaLMS Lieneid XxapakTepHa 41 MUKPOQUOPUIN NPUPOLHON LieNonossl,
BKOTOPbIX KPUCTa/I/Ibl YEPEAYHTCA C aMOPHbLIMU YYacTKaMuy No AvHe MUKPOhUBPM.

DH3MMaTUYECKNE METO/bl MPUMEHSIOTCA B XUMUM YIIEBOAOB A1 U3YUYEHUS CTPOEHUS MPUPOLHBIX N MOAU-
(hMLMPOBaHHBIX MoANcaxapuaoB [47], HaNMpaBNeHHOrO CUHTE3a NosiMcaxapuaHbixX parMeHToB [48]. BoMbLIMHCTBO
paboT B 3TOI 06/1aCTW HanpaBMeHO Ha FyBOKWUIA TMAPON3 LEeNno03bl 40 FNHOKO3bl U Lennobuossl [49]. depmeH-
TaTUBHbIA raponms (®) He TpebyeT [OPOrocTosLLero 060pyA0BaHWS, NOMyYaeMblil TMAPOAN3AT LEeN03bl B
ropasfo MeHbLUel CTeMmeHW 3arpsisHeH Mo6OYHbIMK BeLecTBaMy U ero MOXHO MCMOMb30BaTh 6e3 AabHeldLlei
OUMCTKM 151 psifa GMOTEXHOOrMYecKNX npoueccos. Mcnonb3oBaHue B npouecce PepMeHTaTUBHOIO rMAponmsa
Ma/I00TXOfHbIX TEXHOIOTNIA NO3BONSAET YTUIM3MPOBATL OTX0AbI, MO/yYaeMble B npouecce hepMeHTaTUBHOIO rnj-
pOM3a, ¥ CHU3WUTL OMACHOCTb 3arpsA3HEHNs OKpYXKatoLLleli cpeabl.

B nuTepatype onucaHbl MHOFQUUC/IEHHbIE METO/bI (PEPMEHTATUBHOIO MMAPOM3a LEeM/HM03bl U LEeNN030-
COfepKaLLIEro cbipbsi [28,29]. BoNMbLUMHCTBO paboT B 3TOM 061aCTX NOCBALLEHO MMAPOAN3Y LieNTH0N03bl 40 HU3KOMO-
JEKYNSIPHbIX NPOAYKTOB (I/1I0KO03bl, Lienn061ossbl). Ha thepMeHTaTUBHbIA TMAPOAN3 BAUSIOT KaK CTPYKTYpPHbIE 0CO-
GEHHOCTV LIeNITH0N03bl, TaK 1 CNOC06 AelicTBUS (epMeHTa. W13-3a CNOXHOCTM LIeN/0N03HOMo cybcTpaTa v Lenntonas-
HOA CCTEMbI MEXaHM3M TUAPOAN3a LieNTHI03bl 40 CUX NOP He MOIHOCTLIO0 MOHAT, XOTA AeTabHOe 3HaHWe HeKOoTo-
pbX aCMeKTOB CTPYKTYPbl (hEPMEHTOB, MOMIEKYNAPHbLIX CBOWCTB (DEPMEHTOB U YNbTPACTPYKTYPbI LEeNNt0103bl Obln
MO/MyHeHbl B pe3ybTaTe 06LLMPHbLIX UCCNeL0BaHMNIA B TeUEHNE NOCeAHUX HECKOMbKMX AecaTunetuii [50].

depMeHThI, TMAPONU3YIOLLME LIeN0N03Y, 06bIYHO Ha3bIBAKOT Len/nasamMn. B HacTosLee BpemMs TepMUH
«LeNnonasbh UK, 60/1ee TOUHO, «LIEN/H0NA3HbIE CUCTEMBI» NMPUMEHSETCS K pa3HO06pa3HbIM BHEKNETOUYHbLIM (ep-
MEHTaM MM K LieNbIM (DePMEHTHBIM K/acTepaM, CMOCOOHbIM COBMECTHO pasfaraThb L0103y nyTeM ruaposmsa
ee p-1,4-rnoko3ngHbix cessel [30].

depMeHTaTUBHbIV TMAPOAN3 Lie/I0103bl MPOUCXOANT B pe3ynbTaTe Nocnef0BaTelbHO-NapanienbHoro fei-
CTBVS HECKO/bKMX (hePMEHTOB, BXOAALMUX B COCTaB LieNt0/1a3HOro komnnekca [51]. MukpoopraHusmsl, cnoco6-
HbE pasnaratb Lenntono3y, NpoayLnpyoT Habop epMeHTOB C pPasnnyHbIMK CReLMpUUYHOCTAMU, paboTalowWwmx B
cvHeprmsme [31]. M3BeCTHbI pasfnyHble WHAMBMUAYa/bHblEe (DEPMEHTbI LeoNa3HOro KOMMaeKca, KOTopble



90 N.N. Ocoeckas, B.C. AnToHoBa

0T/INYAKTCA MeXaHU3MaMK1 FMAPOM3a LieNIIH03bl: OAVH BUA Lienntonas (Lennobrornaponasa) oTwennset umep
(uennobuosy) ¢ KOHLOB MOMEKYN LeNnn03bl; Apyroi Bua (SHAOrNIOKOHA3a) pacluennseT MakpoMOeKy bl Les-
NI0I03bl B CEPEAMHHbIX y4acTKax; TpeTuii Bug (4ennobuosa) ruaponnsyet KOPOTKME Lienn AeCTPYKTUPOBAaHHOM
Lennono3sl (0nMroMepbl) U Lennobuosy 4o rnokKosbl. Kak nokasaHo Ha pUCYHKe 2, 3HAOTII0KOHa3a eincTByeT B
aMopgHbIX 061aCTAX U pacllennseT Leantno3y BHyTpY Lenu. PasfnyHble Lennobnoruaponasbl aTakyoT KpucTan-
nuyeckue obnactu gubpunn, npu atom uennobuorngponasa | geincteyet ¢ peayumpytowero (PK), a uennobuorng-
ponasa Il - ¢ Hepegyuupytowero (HPK) KoHuUa Makpomonekyn uenntnosbl [52].

Mo coBpeMeHHbIM NpefcTaBneHnsm [52], rmgponus Lensitono3sl 0CyLecTBASETCS N0 CXeMe, NPeACTaB/eH-
HOW Ha pucyHke 3. CTeneHb rMAPO/N3a LieNH0103bl ONpefeNnseTcsi, FaBHbIM 06pa3oM, TaKMMU ee HEOTbEM/IEMbIMU
XapaKTepucTMKamy Kak CTeneHb MOAUMEPM3aLn 1 CTENEHb KPUCTa/IIMYHOCTY.

Haunbonee 3hheKTUBHbIMM NPOAYLIEHTaMM LieN/t0Na3 ABASHOTCA MUKPOCKOMMYECKMe rpubbl, LUMPOKO UC-
Mofib3yeMble B MPOMBILLIEHHOCTY 415 NOMy4YeHWs MpenapaTtoB BHEK/ETOYHbIX Liennonas. B HacTosiee Bpems
MPaKTWYeCcKn BCe UMEHLLMECS HA MUPOBOM PbIHKE MpenapaTbl Le/iona3 NponM3BoAATCA Ha OCHOBE XOPOLLO W3-
YeHHbIX BbICOKONPOAYKTMBHbIX MYTaHTHbIX LWTaMMOB Trpu6oB poaa Trichoderma (T. reesei, T. Viride,
I Longibrachiatum), a Takxe Humicola, Penicillium, Fusarium, Phanerochaete, Schizophillum [32, 33]. pu6ebi
poga Trichoderma 06nagatoT BbICOKO CEKPETOPHOM CMOCOBHOCTLIO, LUMPOKMM pasHoobpasnem npoayumpyemblx
(hepMEHTOB C pasNIMYHON CyBCTPaTHOMN cneuntmMYHOCTLI0. PepMeHTHbIe NpenapaTthbl Ha OCHOBE AaHHOro rpuba Bbl-
MycKalTCA pa3NUYHbIMM NPON3BOAMTENSAMMU BO MHOTUX CTpaHax mMupa. T. reesei 061afaeT BbICOKAM CPOACTBOM K
KPUCTaNNNYECKO LieNnto103e U COAEPXKMUT AABa reHa, KOAMPYIOLWMMMN 3K30T Il0KaHa3y, BOCEMb - A1 3HAOT/l0KaHa3
M cemb - ANd rawkosngas [53].

OfHOW 13 nepBbIX CTaTeid, B KOTOPOW 06Cy»Kaanca MexaHu3M (epMeHTaTUBHOMO rMaponn3a Lenntonosbl,
6bina pabota M. Mandels ¢ coaBTopamu [54]. B ganbHeliweM BO MHOTMX UCCNEeA0BaHMAX TEOPETUYECKOTO 1 Npu-
KnagHoro xapakTtepa pacCMaTpuBannUCh pa3inyHble acneKTbl AeNCTBUA epMEHTOB Lie/iIt01Ia3HOr0 KOMMNIEKCa, 3T
BOMPOCHI OCTAOTCA B LEHTPE BHUMaHUA YUYeHbIX [0 HAcTosLlero spemMeHn [55, 56]. Becomblil BKNafg B U3yyeHue
CMOXHOM0 U MHOFOrpaHHOro npouecca PepMeHTaTMBHONO rMAPON3a LeNN03bl BHECAWU UCCNeA0BaHUS POCCUit-
CKWNX YYEHbIX Hay4YHOW LWKO/bl akageMuka V.B. bepesnHa (MY M. M.B. JToMmOHOCOBA), 3TO HaLLNO CBOE OTpaxe-
HMe B MHOTOUYMC/IEHHBbIX NY6/MKALMAX B OTEUECTBEHHOW 1 3apy6exKHoN nuTepatype. OCHOBHbIE pe3ynbTaTbl MHO-
roNeTHMUX nccnefoBaHnin 0606LLeHbl B psige MoHorpadguia u ctatein M.J1. PabuHosnya, A.A. Knecosa, A.lN. CuHu-
LblHa ¢ coasTopamm [30, 57, 58].

ar LEn LUBIM  HPK PK 13

Puc. 2. CxemaTtuueckoe n3obpaxeHue AeCTPYKLMM LeNN0103bl 3HAOTMHOKOHa3aMm (31)
n uennobuorugponasamu (L) [52]

9HAOITK0KaHa3a 1 3K30I/1ioKo3naasa

SHAOINI0Ka Hasa uennobuorngponasa uennobunasa
' HepacTBOpPUMbIE
Lennonosa- P pumete . > uennobuosa - > [/1I0KO3a
NPOAYKTHI
rmaponusa $

3HAOr0KaHa3a n uennobroruaponasa

Puc. 3. Cxema geincteus hepmMeHTOB LieNtona3Horo Kommnnaekca [50]
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MpennoXeHbl pasfiyHble TeopuMu, OOBACHSIOLLME MEXaHU3M LeACTBUS LEeNntoN0anTUYeCKUX (epMeH-
ToB [30]. PaHee mpegnonaranocb, YTO CHavana cnabocopbupyloLmecs Ha LeNN0/I03e 3HAOTMTHKOHa3bl (CUHME
KPY>OUK/ C OfJHUM CETMEHTOM - aKTUBHbIM LLlEHTPOM) aTakyloT BHELUHE HEYMOPSAAOUEHHbIE YYaCTKMW LeNTH0103HOW
tmbpunnbl (puc. 4). B o6pasoBaBLunecs gedekTbl MPOHMKAIOT MPOYHO CBA3bIBAKOLLMECS IHAOMTHOKOHA3bl (PO30BbIe
KpY)HV C IBYMS CErMEHTaMU - aKTUBHbLIM 1 COPBLMOHHBIM LieHTpaMu) 1 Lenobrnornaponasbl (3e/1eHble KPyXKK
C[ByMsl CErMeHTaMu), KOTOPbIe PaCK/IMHMBAKT UX U 06HaXKaKOT BHYTPEHHWE HEYNOopsA0UeHHble 061acTy.

Mo coBpemeHHoI Teopun [58,59], Nnpegnonaraetcs, YTO Pas/ioXeHNe MYyYKOB LLe/THM03HbIX (HMBPUN Haun-
HAETCA C yAaNneHns CBA3YIOLWMX HEYNOPSAAOUEHHbIX MONEKY cnabocopbupyoLmMMncs aHA0rAOKoHasaMm (uone-
TOBbE KPYXKKM), NINLLIEHHbIMW COPOLUMOHHBLIX AOMeHOB (puc. 5). [anee oTgenbHble (MOPMAAbLI paspyLlakoTcs
MPO4HO COPOUPYIOLLMMUCS «XBOCTATbIMU» 3HAOTIOKOHAa3aMU (3efieHble KPYXKKK), KOTOpble 06pasytoT Ha noBepx-
HOCTU KPUCTa//IUTOB Pa3pbiBbl Lie/JTHOMI03HbIX MOMEKYN. ITU pa3pbiBbl PacLUMPSOTCA B pa3Hble CTOPOHbI Lienso-
6voruaponasamy (KpacHbIE M XKEeNTble 3/IUMChI), UMEHLW UMK B CBOEM COCTaBe Lie/JTH0/1030CBA3bIBAIOLLNI AOMEH.
BpesynbTate ruaponMTUYECKOR LeCTPYKL MU 06pa3ytoTCsl MONEKY bl Lennobunossl, rHKo3bl U LeNnoTProsbl.

BhILLEN3N0XeHHbIE MeXaHW3M MpoLiecca AeACTBMS KOMMEKCa Len/nas npesycmaTpusaeT riaybokyo ge-
CTPYKUMIO LIeNI0/I03bl C CWU/IbHBbIM Pa3pyLUEHUEM €ee KPUCTa/IIMYECKON YacTu, MOMHOW noTepeil BONOKHUCTON
CTPYKTYpbl, NOMyYeHWeM BOLOPACTBOPUMbIX HU3KOMOMEKYSIPHbIX YrneBoAoB. OaHako Ans 3P(eKTUBHOIo mc-
M0/b30BaHNS PEPMEHTHbIX TEXHOMOT NI B LieN0/103HO-6YMaXKHOW npoMblwwneHHocTn (LUBIM) 6onee npegnoytnTe-
JIEH BapyaHT OrpaHyYeHHON NOBEPXHOCTHOW MOAM(UKAL MY BOSIOKOH TEXHNYECKOW LLeN1t0/103bl C MCMONb30BaHWEM
creuvianbHo NoAo6paHHbIX CENeKTUBHO AelicTBYOWMX Lenntonas [60]. MonbITK1 Mcnonb3oBaTh epMeHTbl B LIBIT
NpeanpUHYMaINCh LOCTATOYHO faBHO. Tak, cyulecTByeT naTeHT CLUA [61], rae 4ns noBbIleHWS rMapaTaLmum Bo-
JIOKOH Npy pa3morse 66110 NPesioXeHO0 UCMo/b30BaTh ()epMeHTbI FpYMMnbl reMuuennonas. OgHako Habupatb TeMn
BPa3BUTUM 3TO HanpasieHne Havano nuws 20-25 neT Hasag.

Puc. 4. MexaHun3m
(hepMeHTATUBHOIO rMApon3a
KPUCTa/IIMYECKON Lientono3bl [58]

Puc. 5. MexaHu3m
(hepMeHTaTMBHOrO rMaponnsa
KpUCTaNNNyeckoi Lenntonossl [58]
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MpupoaHOe NPOUCXOXEHME, BbICOKAs CNeLMpUYHOCTb, 3KON0ornyeckas 6e30nacHOCTb (PEPMEHTOB AeNaroT
MX NPUBMEKATENbHLIMU peareHTamu 418 Lennnno3Ho-6yMaxXHOro nponssoacTea [34]. ®epmMeHTbl UCNONL3YIOTCS
B KayecTBe peareHTOB Mpu 0T6eNKe CyNnb(aTHOW LeNo03bl, pa3mone Lefnton03HbIX BONOKOH, nepepaboTke Ma-
KynaTtypsbl, yaaneHun Kpacku, A1 KOHTPONA CMONAHbIX 3arpA3HEHNIA U B pYTUX HanpaBneHUsX.

[ns noBepXHOCTHOI MOAM(UKALUY XapaKTePHbI MATKMe YC10BUS BO3AENCTBUSA, OYeHb ManeHbKue pacxogbl
(hepMeHTHbIX NpenapaToB, OTCYTCTBME 06pa3oBaHus NO6OYHBIX NPOAYKTOB, pH 1 TemnepaTypHbI ONTUMYMbI el
CTBUS W, HAKOHeL, UX CTabUALHOCTb NPU KOHKPETHbIX YCN0BUAX NPpUMeHeHUs. py BblgeneHun, naeHTugpmukauum
N U3yYeHUM LeNNIN0NUTNYECKUX DEPMEHTOB UCCNef0BaTeNN YAENANN OnpeaeneHHOe BHUMAaHUE UX YyBCTBUTESb-
HOCTM K TemnepaType [62]. BoNbLMHCTBO rPUBHLIX LieNt0a3 akTUBHbI Npu Temnepatype oT 40 go 70 °C, no cBoei
npupoae ABNSSACL aunaopunbHbiMu, pH-onTumym coctaenset 2.5-7.0 [53, 63].

BrnaronpusTHble N3MEHEHUS B CBOMCTBAX BOSIOKOH MOTYT 6bITb AOCTUTHYThI KOPOTKOW 06paboTKoli npu oT-
HOCWUTE/IbHO HU3KOW KOHLEHTpauuu epmMeHToB. MoandurkaLms uenntonasaMm npecnegyeT Lelb NOArOTOBUTL BO-
NOKHA K MexXaHN4yeckoMy BO3AeNCTBUI0 TaKMM 06pa3oM, UTOObI YMEHbLUUTL 3aTpaThl 3HEPTUU Ha pas3mosn npu co-
XpaHeHUW NPOYHOCTU UHAMBUAYANbHBIX BONOKOH M MUHUMabHbLIX NOTepsX YrieBOAHON YacTu. SPPeKT Bo3ael-
CTBMSI OMNpefensieTcs Mpexze BCEro BUAOM LIeNH0Nasbl U ee pacxofoM. VI3MeHeHMe CBOWMCTB LieNIH0/03bl Nocie
(hepMeHTaTMBHOI 06paboTKM LieNna3amMmmn CBA3aHO € 3p03Meil NOBEPXHOCTU LefIN0M03HbIX BO/IOKOH, & Takxke C
YaCTUYHbIM YAa/IEHNEM MOBEPXHOCTHBIX C/OEB KIETOUYHOW CTeHKU. MpenMyLLecTBEHHOe yaaeHne Menoum n3 Bo-
NOKHWCTOW Macchl B npoLiecce hepMeHTaTMBHON 06paboTky [64] 06bACHSETCA ee 60/bLUE NOBEPXHOCTLIO W 6O/b-
el JOCTYMHOCTLIO ANs AeicTBUA (epMeHTa. Mpy CeneKTUBHON (hepMeHTaTUBHOW 06paboTKe A/IMHHOBOMOKHU-
CTON (hpakumm XBOMHON Cynb(aTHONM LeNN03bl NOTEPU BbIXOAa B BUAE NepeLleiinX B pacTBOp NPOLYKTOB [Je-
cTpyKuwmn coctasnsnu 0.2-0.3% oT BoMOKHa [65].

Llenntonasbl BbI3bIBAOT 3PYEKT «NUANHFA», CBA3AHHbLIA C yaaneHnem (Guopunn ¢ NOBEPXHOCTU BOMO-
KOH [66]. MNMpenmyLLecTBOM CeNeKTUBHO AeCTBYIOLWMX LeNNt01a3 ABAAETCA HU3Kaa rMaponnsytoLas cnocobHoCTb,
YTO CYLLECTBEHHO CHWXaeT MoTepu Bbixoda BOMOKHa. O6pa3oBaHWe BOLOPACTBOPUMbIX MPOLYKTOB AECTPYKLMU
He3HauuTeNIbHO ¥ NPU ONTUMaNbHOM pacxofe pepMeHTOB He npesbiwaeT 0.1% [66].

B page nccnepgosaHuii [67, 68] npuBeaeHbl AaHHble O CTeNeHN MOAUMUKALUM HEPA3MOIOTOM Lenntonosbl
Bble/IEHHbIMU NpenapaTaMm 3HAOMII0KOHa3b! 1 Lennobuornaponassl. B pabote [68] 6bina nocTaBfeHa 3agaya usy-
YNTb UHAMBUAYA/IbHbIE OCOBEHHOCTU AENCTBUA [NaBHbIX Lenntonas T. reesei Ha HebeneHy0 COCHOBYIO Cy/b(at-
HYI0 Lennono3y. Ycnosms hepMeHTaTUBHOM 06paboTKM 6binn BbiGpaHbl TakuM 06pa3oM, YToObl NOTEPU UCXOAHOM
LleNNt0103bl He NpeBbiwany 2%. Y CTaHOBNEHO, YTO HA HaYa/lbHOI CTaann hepMeHTaTVBHOMO MMAPOJIN3a BA3KOCTb
CyNb(haTHOW XBONHOM LLeNNt0103bl HANPSAMYHO He CBA3aHa C KOIMYeCTBOM pacTBOPEHHOr0 Matepuana, a 3aBucuT or
BMAa LeNonasbl U NPUCYTCTBUA NOCTOPOHHUX aKTUBHOCTEN. CumnTaeTcs [68], 4TO SHLOrNHOKOHA3bl IOKaNbHO ara-
KYIOT HEKOTOPbIE OTKPbITbIE YHAaCTKN MaKpOMONeKyn Lentoo3bl, Haxoasawmecs Mexay hpuopunnamu, paspyLuas
MX OTAeNbHble CTPYKTYpPbl, HanNpumep, n3rubsl U ytonweHus. MNMpu He6oMbLLIOM pacxofe PepMeHTa U KOpPOTKOM
NPOAOMKNTENBHOCTN 06paboTKM He Bbi3blBAET pPaspbiBa BOMOKOH. MOATBEPXKAEHO, YTO AECTBME 3HAOMIHOKOHA3
MOXET Bbl3blBaTb CYLL,ECTBEHHOE CHUXEHWEe UCTUHHOW MPOYHOCTU CyNb(aT-LenntoN03HbIX BONOKOH U COOTBET-
CTBYIOLLEe YMEHbLLUEHWE MPOUYHOCTY OT/IMBOK ByMaru.

BblN0 yCTAHOBNEHO NPeUMyLLEeCTBEHHOE yaaneHne Menoun ((pakumm o4eHb MeNKUX BOIOKOH) U3 LENIo-
Nno3bl B npouecce hepMeHTaTUBHON 06paboTKmM [64], UTO 06BACHANOCHL ee 60MbLLE NOBEPXHOCTLIO U 6ONbLLEN A0
CTYMHOCTbIO A4Ns AelCTBUS (hepMeHTa. BeposTHO, Mo 3TOW e npuynHe 6bICTpee MAET paspyLLUeHMe KOPOTKOBOJOK-
HUCTBIX (hpakuuii CcynbaT-Lennrn03HbiX BONOKOH Npu AeidcTBMmM uenntonas [69]. Takum o06pa3om, MOSBMIOCH
MPeAnosioXKeHUe, YTO YyYLIeHUs CBOMCTB MacChl MOXHO OCTUYb CENIEKTUBHOMN (hepMeHTaTUBHOM 06paboTKol OT-
[enbHbIX (hpakumii Lenntonossl [67].

Mop peicTBMeM Lennonas N3MeHATCS CBOWCTBA Lie/II0N03HbIX MaTepuanos. YBenynBaeTcs HabyxaHue
LleN/IH0103bl B pacTBOpax Lienoveil. 370 06bACHAETCS, NO-BUAUMOMY, TMAPON30M MEPBUYHON CTEHKW; NOTepsB-
LLas MPOYHOCTb CTEHKA He NPenAaTCTBYeT HabyXaHWIO B LLLeN0YN BTOPUYHOWN CTEHKU. CHMXAeTCs CTeneHb noamve-
pv3aummn Lennonossl, B pesynbTaTte Yero nNoBblLLAETCA ee pacTBOPUMOCTb B 10%-Hom pactBope NaOH [70]. Mpu
CUNbHOM LECTPYKLMMN B CTEHKAX LLe/N/H0N03HbIX BOSIOKOH MOABASKOTCA TPELUHbI, YTO BeeT K NOTepe NPOYHOCTU.

Mpwn TpagmumoHHoMm (MOKpoM) cnocobe hopmMoBaHUS PUOPUNIMPOBAHME BOIOKHA NPOMCXOAUT Ha CTaaum
pasmona [23, 71-74].
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3KcnepmmeHTaanaﬂ 4acTb

O6bekTamy MCCNefoBaHWs BblOpaHbl MpeacTaBUTENbHbIE 06pasLbl MMCTBEHHON LeN0103bl ApXaHresb-
ckoro LIBK nocne ECF-0T6enkn 1 o6eccMonnBaHns ¢ nokasatensamu, npeactasneHHbIMU B Tabnuue 3. Cofepxa-
HVe a-LieNIN1t0103bl, IMTHWUHA, MacCOBOM LO/IN CMOJ Y XXMPOB, 30/IbHOCTb, 6en13Ha BbiNoaHeHbl o TOCT [6].

M3mepeHus TennoTbl cMaunBaHus (AH) nposoannu Ha kanopumeTtpe Tuna «Kanbee Setaram C80» ¢ npume-
HeHVieM amnybHOM fyeikn [75-86].

Lns onpepeneHus gecopbuun napos BoAbl Lennt0n0300 6blna cobpaHa crneyunansHas ycTaHoBKa. B Tepmo-
CTaTVpyeMyto EMKOCTb MOMeLLany repMeTUYecKm 3aKpblThble 3KCUKATOPbl C PAaCTBOPaMU HacCbIWEHHbIX coneit. OT-
HOCUTENbHasA BIAXKHOCTb Napa Haj, HacblWeHHbIMW pacTBopaMu coneit coctaensna: CaCb - 0.32, NaBr- 0.65, KC1
-0.84, K2S04- 0.975 [2, 4, 87, 88]. B akcuKkaTopax pasmeLLanu ceTyaTble MeLIOYKN C HAaBECKAMMN UCCNEAYEMbIX
06pasLoB Lenntono3sl 50%-Hoi BNaxHoCTW. 14 npefoTBpalleHns nonagaHns KOHAeHcaTa Ha 06pasLibl Lento-
N03bl B IKCMKATOPbl BMOHTUPOBaHbI NponesinepHble Mewlanku. O6pasLbl HAXOAWINCH B 3KCUMKATOpax B TeyeHue 14-
20 fHell 40 LOCTUXKEHUA NOCTOSHCTBA UX MAacchl, YTO CBMAETENLCTBOBANO 00 YCTAHOB/EHUN PAaBHOBECHOMO Bfaro-
cofiepxanud. Mocne yctaHOBNEHNS paBHOBECUSA LIe/IIF0103Y U3BMEKANN U3 3KCUKATOPa, B3BeLIMBaIu U CYLWUAN 4O
abCconITHO-CYX0ro COCToAHUA. Onpefensnn Maccy HaBecKu abCoNtTHO-CYXOW LieNnto103bl U BbIYUCAANN Lecopo-
L0 LIeN1H0103bl MO Pa3HOCTU MAcChl BAXKHON 1 abCOTIOTHO-CYXOi Liennto103bl, 0THECEHHO K Macce abCo/oTHO-
CYXOW LLeNIt0N03bI.

OnpepgeneHne cpefHeli CTeMeHN NoAnMepu3alymMn Lenanossl nposoanam cornacHo MOCT 9105-74. OAns
pacTBOPEHVA LieNNt0103bl UCM0Mb30BaN XXene30BUHHOHATpUeBbI Komnneke (PKBHK) [89]. XapakTepucTuyeckyto
BA3KOCTb PACTBOPA LLe/IN110103bl HAX04MY METOA0M, OCHOBaHHbLIM Ha ONpejeneHn BpEMEHN UCTEYEHNSA U3 Kanwui-
JIAPHOrO BUCKO3MMeTpa pacTeopa LiesiIio103bl U pacTBOPUTENS.

CnekTpbl 06pa3LoB CHUManu Ha ®ypbe cnekTpomeTpe «Vertex-70» GUpPMbl «Bruker» ¢ npuMeHeHWeM Npu-
CTaBKV O[HOKPATHOro OTpaxeHus. [py 3TOM BBOAMAACH MOMNPaBKa, y4YWUTbIBaKOLWAsA 3aBUCUMOCTb Fy6UHbI Npo-
HWKHOBEHWA flyya OT ANUHbI BO/MHbI. Pa3pelueHne cocTasnsano 4 cm'l, uncno ckaHos 40.

PeHTreHorpamMmMbl 06pasLoB Le103bl 66111 Nony4veHsbl Ha gudpaktometpe APOH-2 B reomeTpumn Ha OT-
paXKeHVe C MPUMEHeHMEM MPONYLLEHHOro Yepe3 HUKeneBblid unbTp CruKa-n3nyyeHus B fuana3oHe yrnos 2© =
25-60° co CKOpOCTbIO BpaLleHus cueTumka 1rpag/muH. Mccnegyemble npobbl NpeccoBann B TabneTku B KIOBETaX
AviameTpoM 15 MM M TONLWMHOWK 2-3 MM nof AasneHnem 100 kr/cm?2 [38].

B paboTe a4ns onpegeneHuns nAoTHOCTW LENHON03bl UCMONb30BA/IN METOA FPafUeHTHON KOMOHKK. B Kaye-
CTBe FPaAAVEHTHON KOJIOHKN UCNONb30BaNN CTEKNAHHBIA rpafyvpoBaHHbIA MO NAOTHOCTY LUAMHAP, KOTOPLIA 3a-
MO/HAMM PacTBOPaMM U3 ABYX XWUAKOCTeW - OPTOKCUN0NA N YETBIPEXXIOPUCTOrO Yriepoja. B umnvHap nomewsanu
CTEK/ISHHbIE LIAaPUKKN C M3BECTHOM NAIOTHOCTBIO M CO3f4aBanu rpagueHT naotHocTu ot 0.45 go 0.52 r/cm3. O6pasubl
Lenntonossbl NOrpy>xanu B pacTBOp C ABYMS UMMEPCUOHHbLIMU XXUAKOCTAMU PasHON NAOTHOCTU. MNOTHOCTb Len-
NON03bl XapakTepu3oBanu NA0THOCTbIO, KOTOPO COOTBETCTBOBAN MUCCeAyeMblil obpasel,.

Y AensHyo naowaab NOBEPXHOCTU U NOPUCTOCTL LieNI0103bl UCCNeA0Bann Ha aHanm3aTope copbLmy rasos
«Quantachrome NOVA 4200e» ¢ nporpaMmmHbiM o6ecneveHnem NOVA Win 2.1. MNpefgBapuTenbHO NPOBOAMAN
[ferasaumio obpasua npu Temnepatype 150 °C 4na yganeHus BoAbl U3 LieNH003bl.

OnpegeneHne BNWTbIBaKOLLE CNOCOBHOCTU LeNifIloN03bl NPXU NOAHOM NOFPYXXEHUU NPOBOAUAM COMNacHo
FOCT 23646-79. MeTop onpeaeneHns BNUTbIBaKOLLEN CMOCOBHOCTM OCHOBAH Ha OMpefeneHn Maccbl AUCTUNN-
poBaHHOl BOAbI, BAUTbLIBAEMO pacnyLleHHbIM CO0EM LeNSH0103bl NPW MOSIHOM NMOFPYXXEHUW ero B BOAY B TeUeHue
OnpesesieHHOro BPEMEHN.

OnpepgeneHne KanuanspHOM BAUTLIBAEMOCTY LeN/0N03bl NPoBoAMAN cornacHo MTOCT 12602-93 meTogom,
3aK/IH0YaOLLMMCS B UCMbITAHWW MOMOCKN MaTepuana, OfMH KOHeL, KOTOPOR 3aKkpensieH B BEPTUKanbHOM Mosoxe-
HWW, & APYTOi NOrpyXeH B BOLY.

Tabnmua 3. XapakTepucTukKa 06bEKTOB UCC/e0BaHus

[Mokasatenu ToBapHasa uennonosa
CogepxaHvie a-Lenntonosbl, % (Macc.) 90.2
CogepxxaHue nurHuHa, % (macc.) Cnepgbl
MaccoBas fons cMon 1 Xnpos, % (macc.) 0.2
30nbHOCTb, % 0.4

benusHa, % ISO 89
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ConpoTuBneHne 6ymaru paspbiBy OMNpefensiv Ha BepTUKanbHON paspbiBHOM MallmHe «Hounsfield», cocTo-
fLLe M3 CMNon3MepmUTeNnbHOro fatumka 250 H (~25 Kr), TpaBepchl, 3aXMMOB, faT4MKa, (PUKCUPYIOLLErO nepeme-
LeHne (3KCTEH30MeTP), Ancnnes u nynbTa ynpaeneHus. MNpubop cooTeeTcTByeT TpeboBaHuam FOCT NCO 1924-
1-96 ans onpefeneHns MPOYHOCTM U YAMHEHUA NPU PACTSKEHUM C NOCTOAHHOW CKOPOCTbIO HAarpyxeHus. LLnpuHa
MCNbITyeMbIX 06pa3LoB cocTaBnsna 15 MM, pacCTOAHME MeXAY 3aXMMamMu pa3pbiBHOM MalluHbl - 100 MM.

O6paboTKy BO3L4YLIHO-CYXOii Lienntoosbl (B.C.L.) BOASAHLIM NapoM NPOBOAWUAN B aBTOK/1aBe B YC/IOBUSAX MO-
CTOAAHHOI OTHOCUTENbHOM BRaxKHocTM 100% npu Temnepatypax 25, 85,125,165 °C 1 BpeMeHun BO34eACTBNSA 4 MUH
- 6 CcyTOK ¥ cywinnu fo 45-50%-HOi BNaXXHOCTM 418 NOCNeAYOLLEero nccnefoBaHna MU3nNKo-XMMmMyecKnx CBOMCTB
M NX CPaBHEHUS CO CBOMCTBAMM LIeNH0N03bl U3 MOKPOro NOTOKa.

Hu3koTemnepaTypHyt0 006paboTKy LeNt103bl NPOBOAUAN B cocyje [btoapa, 3anonHEeHHOM OX/aXaaro-
MM areHTOM (CMeCb CyXOro fibAa 1 aleToHa Uan XUAKOro asoTta) B TedyeHue 8-120 c¢. B cocya [btoapa nomeLany
3anasiHHbI B FepMETUYHYH0 eMKOCTb 06paseL, LiefiIo103bl C U3BECTHLIM PABHOBECHLM Bfliarocofepxarmem (32.5—
60%). Mo ncTeyeHUn 3aLaHHOr0 BPEMEHW LieN0N03Y U3BMEKANN U NOCMe OTTanBaHWUs uccnegoBanu ee GU3nKo-
XMMUYEecKne n U3NKo-MexaHUueckne cBoicTea. Mocne xpaHeHUs 06paboTaHHOW LLeNon03bl B TeUEHUE CYTOK
N3MEHEHUA 13yyaeMbiX CBOWCTB He Habnoganu.

MogudrkaLmnio noBepxHOCTU BONOKHA NMPOBOAWAN NOCPEACTBOM YAaCTUYHOTO KMCNOTHOMO rugponusa 2H,
pactBopoM H2SO4mapku «u» npu 363 K B TeueHne 40-300 ¢ ¢ nocneayowmnm n3MepeHnem CBOMCTB B 3aBUCUMOCTH
OT NPOLO/IKUTENBHOCTU BO3AENCTBUS.

[Lnsa coxpaHeHMs A/IMHbI BONOKHA NPy pa3mone TpaguLMOHHbIM coco6oM (hopMOBaHMS UCMONb30Banu gep-
MeHTaTMBHYO 06paboTKy uenntonosbl. B kayectBe hepmeHTa ucnonb3oBann Banzyme L90 (OY Banmark AB,
®duHnaHans). O6paboTKy nposoauAn npu TemnepaType 50 °C, B Te4eHWe BO3aeicTBMSA 5-15 MUH € pacxofom tep-
meHTa 0.05-0.2 r/kr abCconoTHO-CYXOM Lennono3sbl. Mocne 06paboTky Lennono3y noacyLunsanm 4o cogepxaHns
Bnaru 45%.

Pocnyck BO3AYLLIHO-CYXOW LieNt0103bl OCYLLECTBAANMN TPaSULNOHHBIM (MOKPLIM) CNOCO60M B poniax B Te-
yeHue 8-20 MUH. NPM MNOCTOSAHHOM NepemeLlnBaHWK, C NOCAeAYIOWMM Pa3MOoIOM B Ny/bCalMOHHOW MefbHULLE B
TeyeHue 45-75 ¢, CywKol nog gaBneHnem 1.5 atMm. B TeyeHme 1-3 MuH npu Temnepatype 105 °C 40 BAaXHOCTK
6.0 macc.%.

OG6Cy>KeHNe pe3yIbTaTOB

BnnsiHne BpemMeHU 1 TemnepaTypbl 06paboTKM NapoM BbICOKMX MapameTpoB COCTOSHMA Ha Aecopbuuto Ma-
pOB BOAbI NMPU Pa3NINYHbIX OTHOCUTENbHBIX AaB/IEHUAX HACBILLEHHOMO BOAAHOIO nNapa Lentofo30i npeacrasieHo
Ha pucyHKax 6- 8.

MoBbiWweHWe copbLmMmM BOAbI MPY BbICOKMX 3HAYEHMUAX NapameTPoB COCTOSHMS HACbILEHHOrO napa crnocob-
CTBYET pa3pblBYy BOAOPOAHbIX CBA3eM, HAOYXaHWIO LeNoN03HOM0 BOMOKHA W, KaK CneacTeue, AONONHUTENLHOMY
«PAaCKPbITUIO» COMKHYBLUMXCS NPW CYLLKe NOop 1 Kanunnapos. O6 yBenuueHnn copbupytoLleil NOBepXHOCTH, 00y-
C/I0B/IEHHOM BOCCTAHOBMIEHNEM KaNUANAPHO-NOPUCTOW CTPYKTYPbI LieNto103bl, CBUAETENbCTBYET POCT COAepXa-
HMA KanuAnapHOW BoAbl Npu gecopbumm (puc. 6, kpueas 3, puc. 7, kpmneaa 3). O6paboTKa Cyx0oro Lenson03Horo
MaTepuana HacblLeHHbIM NapoM NpY BbICOKOW TemnepaType U MasioM BPEMEHWN BO3AeACTBUA MPUBOAUT K Packpbl-
TUIO MOP U KanunnspoB, COMKHYBLUMXCS NPU CYLLKe TOBapHON LLeNSTH003bl, K YBENYEHUIO COPOUPYIOLLLEi noBepx-
HOCTM Lenntono3bl. NMonHoe BOCCTAHOBMEHUE KanUANSPHO-NOPUCTON CTPYKTYpPbl MPOWCXOAWUT NPU BO3LENACTBUM
HacblWeHHbIM Mapom, Temnepatypa 165°C, NpoAo/mKUTENbHOCTb BO3AENCTBUA 4 MUH (puc. 8, Kpueas 1), 0 yem
CBUAETENLCTBYET PaBHOE COAepXKaHNe KanuaaspHoi Bnary npu gecopbuum obpasua, 06paboTaHHOro B yKazaHHOM
pexwume, U NPOVU3BOACTBEHHOW LieNNt0N103bl, He NpoLleaLweit ctagno cywkun (puc. 8, kpusble 1 1 6).

FMApotNbLHOCTb LLENN0N03bl OLEeHWBaNN MO U3MEPEHUIO TEeMNOoT cMayvuBaHus. Cofep)KaHue akTUBHbIX
LIeHTPOB, AOCTYMHbIX K B3aUMOAENCTBUIO C BOAOM, ONpefensnn 13 3aBMCMOCTU TeN0T CMa4yMBaHWs OT BAaroco-
[epXxaHus Lennonosbl (puc. 9).

MpefensHOe HacblWeHWe TMAPOKCUIbHBLIX FPYNN MOMEKYNaMu BOAbI, NPU KOTOPOM Ten0BoW atheKT npu-
6AmKaeTCs K HYN0, onpejenseT KOMYeCTBO AOCTYMHbIX K B3aMOLENCTBUIO C BOAOW PYHKLMOHANBHBLIX FPyMn B
amopHOI YacTu Uennono3bl. Ans Lennnossl, NOABEPrHYTOR TepMo-, BnaroobpaboTke npu 165 °C B TeueHue 4
n 15 MUH cogepxkaHue JocTynHblX OH-rpynn makcumanbHO npu BRaxHocTn 16 macc.% u 10 macc.% cooTBeT-
CTBEHHO (puc. 9).
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VccnenoBaHust nmokasanu, YTO MOBbLILLIEHHOE KOMMYECTBO COPOLMOHHBIX LIEHTPOB ONpeaensieTcs He TO/bKO
3HaumMTeNbHbIM 0CNabneHremM BOLOPOAHBIX CBA3El U yBEMUEHNEM PO TEPMUYECKOTO ABVXKEHUS MONEKY N U 3BE-
HbEB C BO3paCcTaHMEM TeMMepaTypbl HAaCbILLEHHOro napa, Ho 1 ¢ 06pa3oBaHMeEM B MpoLecce 06paboTKM KOPOTKUX
Lieriell MaKpoMOoeKyn Lenntonosbl (puc. 10).

FnnoTesa 0 BAMSIHUU KOPOTKUX Lieneil Ha NOBEPXHOCTHbIE aKTUBHbIE BOLOPOAHbIE CBA3U BbICKA3biBAETCS B
MoHorpagum 3.3. ®aitH6epra [1], KoTopas BNepBble 3KCNEPUMEHTaNLHO NOATBePXKAeHa B paboTe [4]. Mpuuem, Kak
CrieqlyeT 13 pucyHkoB 6-9 (puc. 6, kpuBas 3, puc. 7-9, kpuBble 4), UHTEHCKBHasA AeCTPYKLNA LEenan03sl npy anu-
TeMbHOM BO3/1€ACTBUM HACILLEHHbIM NMapoM CHUXKAeT COPOLMOHHYI0 CNOCOBHOCTL, YTO, MO-BUAUMOMY, YKa3biBaeT
HAMpOTeKaHWe npoLecca BTOPUYHOM KPUCTanIm3awumm, KoTopoe TUMUYHO A1 MOIMMEPOB B BbICOKO3/1aCTUYECKOM
cocTosH/M [23]. BTOpUYHas KpucTanamnsaums MoXeT NPoOsSBASTLCS B BO3PACTaHUM KONMYECTBA 3aKPUCTa/TIM30BaH-
HOrO BeLLLeCTBA BC/IEACTBME KPUCTaNIM3aLMOHHbIX NPOLECCOB, MPOMCXOAALLMX B aMOpP(HOIA thase, n1Mb60 B coBep-
LUEHCTBOBaHWM YK€ UMEIOLLMXCA KPUCTANNUTOB. DTO CBA3AHO C YMOPSA0YEHNEM KOHLLOB MOJIEKYNAPHBIX Lenei,
KOTOpble Pa3pbIBalOTCA B aMOP(HbIX 061aCTAX U MOTryT CBOGOAHO KPUCTaNIM30BaThCs, NPUBOASA K YBEIMUEHUIO
pa3mMepoB KpUCTaNIMTOB. MOXHO MpesnonoXuTb, YTO NPOLECChl AeCTPYKUMM Y KpUCTanansaumm B3aumMHO YCKO-
PAOT Apyr Apyra. Kpuctannmnsaumsa co3faet HanpshkeHue B LENSX, CHUXas 3HEPrUI0 akTMBaLuKM pas3pbiBa, Beea-
CTBVE 3TOr0 06/1eryaeTcs AeCTPYKLMA MNKO3UAHbIX CBA3e MaKpOMONeKyn Lennnossl. C apyroil CTOPOHbI, pas-
pbB Lieneii 06/1eryaeT NpoLecc KpuctanansaLnm, yCKopss ero npoTekaHne. VIHAeKC KpUCTanIMYHOCTH N0 AaHHbIM
peHTreHorpatmm Ans Lennono3bl, 06paboTaHHOW HacbILEeHHbIM NapoM npu 165 °C B TeueHue 15 MUH cocTaBnsieT
0681 0.54 gns HeobpaboTaHHOro o6pasua (puc. 11). CnegoBaTenbHO, MaKCUMabHOE YBEMYEHNE TNAPOGNIbHO-
CTMYKa3bIBaeT Ha NPOTEKaHMe 4BYX NPOTUBOMOMOXKHO HanpaBaeHHbIX NPOLLECCOB, KaX bl N3 KOTOPbLIX BANSET Ha
rMAPO(ULHBIE CBOMCTBA Lienst0n103bl. C NOBbILEHWEM TEMMNEPATYPbl U NPOAO/HKUTENILHOCTM 06paboTKK B ONTHU-
MafbHbIX YCOBUSX BO3pacTaeT MOABMXKHOCTb MaKpOMOJIEKY/, CYLLeCTBEHHO pPeopraHu3yeTcs cuctemMa BOAOPOSA-
HbIX CBSAI3€/ B CTOPOHY YMEHbLUEHMS UX S3HEPTUN, YTO M NPUBOAUT K MOBBILLEHNIO TMAPODUIBHOCTY LIeNTHO03bI 1
COOTBETCTBEHHO K YBE/IMYEHNIO U3MEPSIEMbIX BEMIMUMH.

Ha oCHOBaHMM 3KCMEPMMEHTA/IbHBIX AaHHbIX paccyMTaHbl TEPMOAMHAMUYECKME (PYHKLMUM cOp6LMM BOAbI
LIe/IH0N10301, B3ATOW M3 NMOTOKA BO BI&XKHOM COCTOSIHUM, W LLE//I01030M, NOYYEHHOW B ONTUMAaTbHOM PeXKMe

TepMo-, Bnaroo6paboTkm (165 °C, 4 MuH). 3HaueHue O77 (puc. 12) Haxogunw nytem rpadmyeckoro gnddepeHym-
pOBaHWs KPUBbIX 3aBUCUMMOCTW TEMIOBOrO 3(dpekTa 0T BnarocogepaHus. C NOBbILLEHWEM COfEPXaHUs BOAbl B
06pasLiax 3HaueHus andhepeHLnanbHOR TeNa0Thl COPOLMM AN UCCNeLyEMbIX LEeNN0103 HeMPepbIBHO YMeHbLUa-
toTcs, U Npu BRaxHocTu 12.5-16 macc.% TennoTa copoumu NpubAMKaeTCs K Hy/0. [anbHelllee NornoweHne
BOOb! MPOVCXOANT YXKe TOJ/IbKO 3a CUET KanWANSAPHONA KoHAeHcauuu. V3mMeHeHve AuddepeHLManbHOro Xmmmnye-
ckoro noteHumana Aft (puc. 13) onpegensnu no usotepmam cop6uun NapoB BOAbI B LULMPOKOM MHTepBase p/p0no

YPaBHEHWIO

L/r =-RTInP/PO

LunddepeHunansHyto aHTponuio (puc. 14) HaxoAUAN U3 ypaBHeHUs

All=1 0 -70S

W3 pucyHKka 14 cnefyeT, 4To M3MeHeHMe AuddepeHLnanbHON MObHOM 3HTPONWUK ANs Lenno3bl, obpa-
60TaHHOI HACbILLEHHbIM NapoM Npu ONTUMa/IbHBIX YCIOBUAX, CMeLLaeTca B 061acTb 60/ee BbICOKOr0 COAepXKaHus
BOAb! B 06pasLiax, a MaKCMMyM Ha KpUBOI AuddepeHLnanbHOM SHTponum Ans 06paboTaHHOMN LieNnion03bl NeXuT
B06MacTv 60/1ee BbICOKUX BNAXHOCTEN. ITO YKa3blBaeT Ha yBe/IMYeHMe KONMYecTBa JOCTYNMHbIX PYHKLUNOHANbHbIX
rpynn B pe3y/ibTaTe PacKpbITUS MOP U Kanuaasapos Npy oNTUManbHOM peXxxMMe TepMo-, Bfaroobpabotku. C ysenu-
YeHviemM BpeMeHN 06pabOoTKM MPOUCXOAUT CHUXEHME BCEX U3MePSieMbIX MapaMeTpoB, 06yCNOBAEHHOe BTOPUYHONA
KpucTannusaumei, TUNUYHON AN NONMMEPOB B BbICOKO3/1aCTUYECKOM COCTOAHMU [23].

Ha B3aMmoCBSA3b MeXAy YCN0BUAMM TEPMO-, BNaroo6paboTKy 1 KanuinspHO-NopyUcToi CTPYKTYPOiA Lienso-
NI03bl YKa3bIBAIOT TAKXKe 3KCMEePUMEHTaNbHbIE JaHHble, NO/TyYeHHbIe METOL0M COpPOL MM NPSMOro 3e/IeHOr0 TPMaso-
Kpacutens (M3T). YBenuyeHve Konuyectsa copbupyemoro M3T noATBepXAaeT BOCCTaHOB/IEHWNE KanuNsapHO-Mno-
pyCTOli CTPYKTYPbI Liefit0/103bl Npy 06paboTKe HacCbILeHHbIM MapoM B ONTUMa/bHbIX TeMMepaTypHO-BPEMEHHbIX
ycnosusix. Cop6uuma (M3T) nosbiwaeTca ¢ 3.2 Mr-r1an1s TOBapHOW Lennonossbl go 6.2 mr-r'1ans uenntonossl, 06-
pabOTaHHOM HaCbILLEHHbIM NapoM B ONTUManbHOM pexxume (165 °C, 4 MuH).
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C nporpeccupytoLLeit fecTpyKLUMeR CBA3aHO TakXKe CHKEHUE NMPOYHOCTU BO/IOKOH MpY A/TIUTE/IbHOM BO3-
[eACTBMMN HaCbILWEHHbIM MapoM. ITO ABASETCA MPUUNHON CHKEHUS NPOYHOCTK Bymaru (Tabn. 4), B TO Bpems Kak
4acTMUHas MOBEPXHOCTHAs AEeCTPYKUMSA LEeNN0/103bl NPU KPaTKOBPEMEHHOM BO3AE/CTBUM NMapoOM He NMPUBOAMUT K
CHWXEHWIO MPOYHOCTM BOIOKHA U CNOCOBCTBYET BOCCTAHOBMEHWIO KaMWAPHO-NOPUCTOW CTPYKTYPbI LLeNN0N03bl
1 06pa3oBaHMIO CBA3EI Npu NonyyeHun ymarm (tabn. 4).

CnepoBaTe/ibHO, B YC/I0BMSX MOCTOSIHHOW TeMMepaTypbl U BAAXHOCTU MOXET MPOUCXOAMTb KaK yBe/MUeH e
rMapoUNbLHBLIX CBOWCTB Lie/IH0103bl, TaK U rnapotobunsanus nonuMepa B 3aBUCMMOCTY OT BPEMEHU TMAPOTEPMM-
YeCKUX BO3LENCTBUIA.

Puc. 6. M30TepMbl gecopbumnmn cynbgaTHO
LIeNNoN03bl NPY 06paboTKe HACbILWEeHHbIM MapoMm B
TeueHune 6 cyTok, T=25 °C (1); 20 muH, T=85 °C (2);
40 mMuH, T=85 °C (3); a TaKXXe LeN0/103bl, B3ATOM
13 NOTOKa BO BIAXXHOM COCTOSHUW (4)

Puc. 8. i3oTepmbl gecopbumm cynbhaTHom
LLeNNK0/103bl Npy 06paboTKe HACbILIEHHbIM MapoM B
TedeHune 4 MuH (1); 8 MuH (2); 12 muH (3); 15 MuH
(4) n 20 muH (5), a TaKXXe LLeNNa03bl, B3ATOW 13
MOTOKa BO BNaXHOM cocTosHUM (6). T=165 °C

Puc. 7. 30Tepmbl fecopbunmn cynbgaTHO
Llennon03bl Npu 06paboTKe HACbILEHHbIM NapoM B
TeyeHue 6 cyTok, T=25 °C (1); 5 muH, T=125 °C (2);
25 MuH, T=125 °C (3); 40 muH, T=125 °C (4); a
TaKXKe LeNt0/03bl, B3ATOW M3 MOTOKA BO BNaXXKHOM
cocTosiHmm (5)

Puvc. 9. 3aBMCUMOCTb TeN0Thbl CMaynBaHUs oT
BNArocofep>kaHuns Lensonossl, 06paboTaHHOM
HaCblILLeHHbIM NapoM B TeueHue 4 MuH (1); 8 MuH
(2); 12 myH (3) 1 15 MuH (4), a TakXe Lennrnossbl,
B3ATOM M3 MOTOKA BO BAaXXHOM cOCTOSHMM (5).
T=165°C
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Bpems 06paboTKM HacbILEHHbIM NapoM, MUH

Puc. 10. BnusiHne BpemMeHn 06paboTku
HacblILLeHHbIM napoM (T=165 °C) Ha cpefHoH0
cTeneHb NOIMMEPU3aL UK LLento03bl

Puc. 12. 3aBncumocTb AnddepeHunanbHON TennoThl
copbuymn NapoB BOAbl OT COAepPXaHWs BOAbI B
o6pasuax Lennonossl. 1- uennonosa,
obpaboTaHHas HacblleHHbIM napom (165 °C,

4 MVH); 2 - LeNn03a, B3STas U3 NOTOKa BO
BI@KHOM COCTOSIHUM

Puc. 14. NameHeHne gndgepeHUnanbHoi MOIbHOM
3HTPONMK B NpoLecce copbLUm Napos BOAbI.

1- uenntonosa, 06paboTaHHas HaCbILEHHbLIM
napom (165 °C, 4 MuH); 2 - LLeNntn03a, B3dTas u3
MOTOKA BO BNaXXHOM COCTOSIHUM

Puc. 11. PeHTreHorpamma uenniwnosbl. 1-
Lie/IN1t0/103a, B3ATas U3 NOTOKa BO B/IAXKHOM
COCTOSHUY; 2 - Lennno3a, obpaboraHHas
HacbILWEeHHbIM napom (165 °C, 15 MuH)

Puc. 13. 3aBUCUMOCTb AN PEPEHLNANLHOr0
XVMUYECKOro noTeHumana oT cofiepXXaHus Bofbl B
06pasuax MMCTBEHHOW Lientonosbl. 1- Lennonosa,
06paboTaHHasa HacblLeHHbIM napom (165 °C,

4 MUH); 2 —LleNnt0n03a, B3Tas U3 NOTOKa BO
BMIQXXHOM COCTOSIHUU
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Tabnuua 4. TokasaTenu paspbIBHOW AVHbI U HYNEBOM pa3pbiBHOM A/INMHbI B 3aBUCMMOCTU OT BPEMEHU
06paboTkn napom (T=165 °C)

MpofoMKNTENLHOCTL 06PabOTKN

napom (T=165 °C), MiH PaspblBHas AnMHa, M Hynesas paspbiBHas AnvHa, M
0 1500 4250
4 2350 3930
15 2200 3090
20 1700 2583

BbifiBNeHbl ONTUMa/IbHbIE YCI0BUA TEPMO-, B1aroo6paboTKu LiefiIto103HOM0 BOIOKHA M3 IMCTBEHHbIX MOPOS,
L peBecUHbI 4/ BOCCTAHOBNEHMS U Pa3BUTUA KaNnUANAPHO-MOPUCTON CTPYKTYPbI LeNSH0103bl, YTPAYEHHbIX €10 Mpu
CYLLUKe NPOW3BOACTBEHHOM LLeNNt0103bI.

Lpyrum cnoco6om pa3BuTUS KanuaisapHO-NopUCTOl CTPYKTYPbI ABNSETCA HU3KOTeMMepaTypHas o6paboTka
(HTO) BnaxHoi Lennono3sbl. XapakTep U3MEHEHU (HM3NMUeCKOn CTPYKTYPbI LIeNt0/103bl, NOABEPTHYTON HU3KO-
TemnepaTypHow 06paboTKe, n3yyancs B psige paboT [90-92]. MeTogamu HU3KOTemMMnepaTypHOi KanopmumeTpun [90]
n AMP [91] noka3aHo, YTo ruapaTauus Lennossl, cogepxallein 6onee 100% BoAbl, TP MHOFOKPAaTHOM 3aMopa-
XXMBaHWW NOBbILIAETCSA, B TO BPEMS KaK ruapodunbHble 1 6ymMaroobpasytollme CBONCTBA LeNN0103HOM Macchl €
Bnarocofep>xaHnem meHee 100% npw ofHOKPaTHO HM3KOTeMMNepaTypHOI 06paboTKe pe3ko CHuxkaroTca [90-92].
HeypauHble NOMNbITKMA UccneoBaTeneid ynyUlnTs rnapohunbHOCTb Lenoo3bl NocpeiCTBOM HU3KOTEMMEPaTyp-
HON 06pPabOTKM BNAXHbLIX LLEM/IH0I03HbIX BOMOKOH CBSi3aHbl C OTCYTCTBMEM pO/M (DaKTOpa BPEMEHU HA [aHHbINA
npouecc. Wccnegosanua [90-92] npoBoAMAUCHE NMPU NOCTOSHHOM BpeMeHW (KOTOpPOEe He YKa3blBasiiochb), No3aTomy
BECb KOMM/EKC CTPYKTYPHbIX, PU3NKO-XUMUYECKUX N PU3UKO-MEXAHUYECKNX CBOMCTB, U3MEHSIOLUXCS BO Bpe-
MeHW, 0CTaBasICs HeM3yUYeHHbIM, MOCKO/bKY BCe CTafuM /ib000pa3oBaHus: 3apOXAEHNE LLEeHTPOB KpUCTannnsaLumm,
06pa3oBaHMe 1 POCT KPUCTAOB MPOTEKAIOT BO BPEMEHU: OT HECKObKUX CEKYHS A0 25-30 CyTOK B 3aBUCUMOCTM
OT TemnepaTypbl 3amopaxusaHusi. BrepBble BAWSHWE MPOLOMKUTENBHOCTM HU3KOTeMMepaTypHOi 06paboTku
Ha rmapogunbLHOCTL U 6yMaroobpasytoLue CBOMCTBA LieN0103bl 6bII0 PACCMOTPEHO 1 0MY6IMKOBaHO B paboTax
[78, 79]. N'3mepeHUs Tenn0T CMa4YMBaHNA U CHATME M30TepM fLecopbuuy NapoB BOAbI BbISBUAW NPSMYIO 3aBUCK-
MOCTb U3MepPSIEMbIX BE/IMYMH OT YC/I0BUIA HU3KOTEMMEpaTypHOii 06paboTku: BpemeHu (T), Temnepatypsbl (T), BNax-
HocTu (W) (puc. 15,16). PacCMOTpPUM BAIMSIHUE K&XXAOT0 U3 3TUX NapameTpoB Ha CBOMCTBA Lenntono3bl. Coaepxa-
HVe BOAbl B CUCTEME Lie/IN10/103a-B0a OKa3blBAET CYLLECTBEHHOE BNUAHME Ha CTPYKTYPY Lefnt103bl npy 3amopa-
XXUBaHWW, NOCKONbKY OT COAEP>XKaHWs BOAbI 3aBUCUT KONMYECTBO 3aMep3atoLLield BoAbl, pasmepbl U hopMbl KpUcTas-
/OB, COCTOSAHWE NOrPaHNYHOrO0 CNOS Ha rpaHuLLe pasgena v hopmbl MoMMep-nes, COCTOSAHVE MOBEPXHOCTY pasgena
BOJa-NonuMep.

Kak cnegyeT 13 pucyHka 15, Hanbosnbllee yBeindeHe TeNOTbl ruapatalumn xapakTepHo 415 BbICOKOCKO-
poCTHOro 3amopaxunsaHus (T=-196 °C, BpeMs 3aMopaXmBaHus - 8 ¢), Np1 KOTOPoM 06pa3oBaHMe MHOXeCTBa MUK-
POKPMCTaNN0B NPU 3aMep3aHUN KNacTepoB CMOCOGCTBYET «Pa3pbIX/eHUI0» aMOpHOI YacTh Liensito03HOro Bo-
NOKHa, AOCTYMNHON ANA NPOHUKHOBEHWS BOAbI, pearmpytoLLeil ¢ Lenno30i ¢ BblaeneHneM Tenna. YBenmyeHme
copbuun KanunnapHow Bnaru (puc. 16) cBMAETENbCTBYET O NOBbILLIEHUMN YAeNbHON BHYTPEHHER NOBEPXHOCTY Len-
NHONI03HOM0 BONOKHA [1], 3TO cornacyeTcs € 4aHHbIMU 31eKTPOHHON MUKpocKonuu (Tabn. 5, puc. 17). Kak cnegyet
13 Tabnuubl 5, Nnowaas NOBePXHOCTH Lentoo3bl yeenuuunach Ha 10%, o6beM nop ysennuunca Ha 12.5%, pa-
aunyc nop nsmeHunca ¢ 1.59 o 1.60 HM. CHMXeHMe TennoBbIX 3MEKTOB MPU BPeMEHN 3aMOpaxXmnBaHns 60/bLue
ONTUMaNbHOr0 CBS3aHO C NPoTeKatoLwell 0LHOBPEMEHHO MUTpaLMeil MONeKyn BOAbl K LeHTpam fib4o06pa3oBaHms,
CnocobCTBYyHOLWE 06pa30BaHMI0 KPYMHOMOPUCTOM CTPYKTYpbl BOJIOKHA. Mo MHeHuto 3.J1. Akuma [80], penakca-
LIMOHHOE COCTOSIHWE LieNINt0/103bl BO MHOTOM 3aBUCUT OT COAEePXaHWsA Bnarm n TeMnepaTypHbIX YCN0BUA.

EcTecTBEHHO MPeAnoNoXunThb, YTO KpUCTaNM3auusa Bofbl, pa3nyatoLLascs No Xxapakrepy B3auMOZAelcTBuS
C LUeNnntno3oi, No-pasHoMy 6yaeT BAUATb Ha CTPYKTYPHbIE Y XMMUYECKME NpPeBpaLLeHns noammepa B npoLecce
3aMopaXKusaHus. V3BeCTHO, 4TO cBA3aHHas Boda (Bpems penakcauum 10 c) 3amep3aeT npu TemnepaType MHOro
Huxe 0 °C, a cBA3aHHas BOJa He MOXEeT KpUCTanim3oBaTbCs npu nt06oi TemnepaTtype [91]. Tepmoxumuyeckue
nccnefoBaHUA NoKasanm, Yto B 061aCTn BNaHOCTN 20-22 Macc.% Bce cBO60AHbIE PYHKLMOHaNbHbIE FPYNMbl 6/10-
KUpOBaHbl MONEKY1aMU1 BOAbI, T.e. BCA BOJA ABAETCA 3HEPreTUUeCKN CBA3aHHOM (puc. 18).
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OnKOCHTE/bHAS BNAXHOCTb, Macc. %

Puc. 15. 3aBUCUMOCTb TENNOTbI CMAYNBAHUA Puc. 16. N30Tepmbl gecopbumn napos Bogpl
CyNb(haTHON Lennono3bl U3 IMCTBEHHbLIX NMOPOS, CYNb(haTHOW LLeNNH0N03bl U3 TINCTBEHHbIX MOPOA
[peBeCUHbI OT BPEMEHU 3aMOPaXXMBaHWNSA Npy [PeBECUHbI 40 3amMmopaxXunsaHus (1) u Npu BpeMeHM
3HaueHMsAX BNaxXHocTu: 32.5% (1); 45.5% (2) 3aMopaxuBaHua 8 ¢ (2) u 16 ¢ (3). BnaxHocTb

1 60.0% (3). T=-196 °C uenntonosbl - 45.2%, T=-196 °C

Tabnmua 5. XapakTepucTVKa Lien/to03HOro BOJIOKHA Mo pasMepam nop

Lienntonosa nocne HU3KoTeMnepaTypHoii

Mokasatesnb VMcxogHas uenntonosa 06pa6oTkm (T= -196 °C, 8 c)
Mnowaab noBepxHocTU, M2T 5.989 6.565
O6bem nop, cm3 0.008 0.009
Paguyc nop, Hm 1.59 1.60
a 6

Puc. 17. VicxogHas uenntono3sa (@), Lennonosa nocne HU3KoTemnepatypHoi 06paboTtku (6). T=-196 °C, T=8c
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Puc. 18. BiusHue BaXXHOCTU LeNIH0M03bI
Ha TennoTbl rnapartauum

Mpun onTUManbHbIX YCNOBUAX TeMMepaTypbl U BpeMeHU 06paboTku (-196 °C, 8 ¢) ycTaHOBMIEHO MUHMUMANb-
HOe cofiep>kaHue Boapl A0 3amopaxusaHus (40.0-46.0%), Heo6xoAMMoe, 4TO6bI MOABMKHOCTb MONMEPHbIX LENei
6bl11a BbICOKA, & NPOMEXYTKN MeXAy LensMun - AoCTaTOYHbIMU 418 06pa3oBaHusa KNacTepoB U 3apOXAeHUS bl
V3BECTHO, YTO NpY 3TOM KOHLEHTpaLum BoAbl amopdHas (asa nonauMepa HaxoguTcs B BbICOKO3/1ACTUYECKOM CO-
cTosiHuK [80]. Mpwm BnaxHocTn Huxke 40.0%, BCNeACTBUE CHVKEHWUS BHYTPUMONEKYNSPHON NOABMXHOCTM 3BEHLEB
LLeN0103bl U YMEHbLLEHUA NPOCTPaHCTBA AN 06pa3oBaHus TeTpasapuyecKoli CTPYKTYpbI NbAa, yBeAnYeHUs obb-
eMa nop He npoucxogmno (puc. 16). I

BnepBble Ha OCHOBaHWUMW 3KCNEePUMEHTa/IbHbIX AaHHbIX PacCUYMTaHbl TEPMOAUHAMUYECKME (YHKLMMN ruapa-
Tauuu Lennonossl BOAOM, NOABEPrHYTON LLOKOBOM 3aMOPO3Ke B LUMPOKOM [Mana3oHe BAaXHOCTU 1 BPEMEHU 06
paboTku (Tabn. 6). Mpu pacyeTe TepMOAMHAMUYECKMX (YHKLMIA NCNONb30Banoch ypaBHeHne AG=AH-TAS. 3Ha-
YyeHne AH Haxogunm nyTem rpaduueckoro anddepeHUMpPOBaHUA 3aBUCUMOCTY TeNI0BOro athekTa OT Baroco-
fepxaHusi. N3meHeHne guddepeHunansHoli cBobogHoM sHeprum AG onpefensnum no usoTepmMam copo6uumn Boas-
HOro napa no ypasHeHuto AG = -RTInP/Po, rge R - yHMBepcanbHas rasoBas nocTosHHas; P - paBHOBECHOe [aBre-
Hue; PO- [aBfieHWe HaCbILWEHHOro napa npy AaHHOW TeMnepaType.

Kak cnefyet u3 Tabnuubl 6, MakcMMasbHble 3HaYeHUs TEN0T CMavmBaHus 1 aHeprumn Mb6ca HabnogatoTcs
npy Manbix BefiMUMHaX nornoweHuns snaru. C yBenmyeHneM cofiepXaHus Boabl B 06pasuax 3HauyeHus guddepeH-
LnanbHOM TennoTel COPOLMK ANS CCNefYyeMbIX LeN003 HEMPepbIBHO YMEHbLUIAKTCA, Y MPU BNAXHOCTU, PaBHON
17 n 18.3 macc.% Lennonossl, TenoTa copoLuMmn NpubAnKaeTcs K Hy0. [ansHelwee NornoweHre Boabl Npouc-
XOANT Y>Ke TONbKO 3a CYET KanunnspHoi KoHgeHcaummn. O pe3KoM pasnnymm cpofcTsa BoAbl K LENH0103e 1, CooT-
BETCTBEHHO, 06 0CO6EHHOCTMN MEXaHU3MOB COPOLMUN Ha OTAeNbHbLIX y4acTKax M30TepMbl MOXHO CYAUTb MO M3Me-
HeHUo AnddepeHLnansHOM 3HTPONMM B 3aBUCUMOCTY OT KOAIMYEeCTBa NOr/IoLWeHHOW Bnaru. Mpu Bnarocogepxa-
HWUU 0KOMO 2 Macc.% Lent0/103bl HAYMHAETCS PE3KOEe U3MeHeHMe AuddepeHLManbHON SHTPOMMK, YTO CBUAETENb-
CTBYET O CMeHe OfHOro MexaHusma copbuun apyrum. Ha nepeoi cTtagmm, Korga uaeT 3HepruyHoe cBA3biBaHWE
nepBbIX NOPLUIA BOALI TMAPOKCUABHLIMW FPYNMNaMu Lefto/io3bl, yrnopsagoveHne Monekyn BoAbl BHOCUT CBOV BKMa4
B MOHWXeHWNE MOJIbHOI 3HTPONMUW CUCTEMbI. HO OAHOBPEMEHHO, OCOBEHHO MOC/e HACBILEHUA 3TUX TUAPOKCUSIb-
HbIX Fpynn MoneKynamu BOAbl, HAYMHAET NPOTeKaTb MpoLecc 06bIYHOro PacTBOPEHNA BOAbl B NOAMMEPE, CBA3aH-
HblIli C BO3paCTaHNEM 3HTPOMUU.

Mpun yBenuueHUn BNaxHOCTH cBbille 46.0% Bo3pacTaroLlas MUrpaLms Bogbl K LeHTpam Nb4oo6pa3oBaHms
CNoco6CTBYET POCTY KNacTepoB U KPMUCTaNIoB. [pu BbICOKMX KOHLEHTpaLuax nonMmMepa obpasyeTcs pacTBop Hu3-
KOMOJIEKY/IAPHOTO BelLecTBa B nonmmepe. Ecnum octaBuTb HabyxaTb NOAMMeEP B Kanunnspe, OrpaHUYeHHOM XeCT-
KUMW CTEHKaMW, TO MOSABNSETCA [aBfeHne HabyxaHWs, KOTOPOE MOXET NPUBECTU K PaspyLLUEHUIO NPOXOAHbIX Le-
Meid, YTO OTPaXKAeTCA Ha cpefHell CTeneHW MOAUMEPM3aLMK Lennnosbl (puc. 19) v pa3pbiBHOW AMVHE OMbITHBIX
oTAnBoK (puc. 20). 3aBUCUMOCTb Pa3pbiBHOW ANNHbI OMNbITHOW OTIIMBKU OT BPEMEHU 3aMOPaXMnBaHUS UMEET Spko
BbIPAXXEHHbIA 3KCTPEMasIbHbIA XapakTep, OTpaxartoLwWwuii Haimume NPOTMBOMOJIOXKHO MPOTEKAKOLMX NPOLECCoB, a
MMEHHO, YNy4lleHmne CBA3e06pasytoLeil cnoco6HOCTM BONOKHA (YBeNMYEHUE pa3pbiBHON AnnHbLI Ha 21%), oby-
CNIOB/IEHHOE YBeNMYeHNeM 06beMa CyOMUKPOCKOMMUYECKMX KanuaasapoB, paHee He AOCTYMHbIX 4715 BOAbI, U CHUXe-
HVe cBA3e06pasyioLLeil COCOOHOCTY LeN103bl C YBENINYEHNEM BPEMEHMN 3aMOPAXMBaHUA, KOra 3a CHeT pasHoi
CKOPOCTM penakcaumm HanpskeHnii B MOBEPXHOCTHBLIX M BHYTPEHHMX C/0SIX BOJIOKHA 06pa3ytoTCs TPeLuHbI, Mo-
HUXatoLLme ero NpoYHOCTb.
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Tabmmua 6. 3aBMCUMOCTb AnddhepeHUnanbHbIX TEPMOAMHAMMYECKMX PYHKLMWIA OT coaepXXaHust Bogbl B 0b6pasuax
0bpaboTaHHoO Lennonosbl (T=-196 °C, 1=8 ¢)

Bnarocopep- '_A';‘ KIpK/MONb -AG, Kk[x/Monb -AS |, kx/monb K
KaHme VicxogHas Llenntonosa VicxopaHas Llenntonosa VicxopHas Llenntonosa
UE/VONO3Ll, | 1enmionosa nocne Lennonosa nocne Lennonosa nocne
Macc.% 3aMOpaXMBaHMS 3aMOpaXuBaHus 3aMOpaXMBaHNS
16 16.0 10.9 9.14 2.36 0.053 0.281
18 18.8 17.6 7.97 2.06 0.046 0.252
20 18.6 18.4 6.97 1.80 0.039 0.216
2.6 13.6 15.9 6.26 1.62 0.045 0.256
36 12.2 12.6 5.70 1.47 0.049 0.284
4.6 8.8 9.2 5.29 1.37 0.042 0.262
5.7 12.0 75 4.92 127 0.034 0.181
8.0 8.4 5.9 4.60 1.19 0.023 0.162
9.6 8.8 5.9 4.30 111 0.015 0.142
11.3 24 4.2 4.01 1.04 0.013 0.121
133 0.6 2.5 3.75 0.97 0.011 0.110
17 0.2 13 2.67 0.69 0.008 0.097
183 - 13 1.07 0.28 0.003 0.064

Pe3ynbTaTbl M3MEPEHUIA NAOTHOCTU (P) METOAOM FPaMEHTHOW KOMOHKWU (YeTbIPeXX/OPUCTbIA yriepog -
6eH30/M) MOKaszasin, YTO MPU ONTUMA/bHbLIX YCTOBMAX 3aMOpaXmnsaHua p noHmkaetca ¢ 1.55 go 1.45 r em'3 n copb6-
LA NPSIMOr0 3e/IEHOT0 TpUasoKpacuTens nosbiwaetcs ¢ 3.7 Ao 5.8 mMr r'l 3Tu pesynbTaThbl COrNacytoTcs € 3aKo-
HOMEPHOCTSIMW, BbISIBNEHHBIMW NPU U3MEPEHUW TENNOT CMAYMBaHNA U LecopbLmmn Lennonosbl.

MonyyeHHble 3aKOHOMEPHOCTUW Pa3BUTUS KaNUANSAPHO-NOPUCTOW CTPYKTYPbI LieNo103bl NPy HU3KOTeMMe-
patypHoli 06paboTKe BbISIBUAM ONTUMa/bHbIE YCIOBUA 3aMOPaXKMBAHUA BNXKHbIX LLeNN0103HbIX BONOKOH. Brep-
BbE M0Ka3aHo B/MsHUE (hakTopa BPeMeHW Ha ruapodubHble CBOMCTBA LLeNNH0103bl MPY 3aMOPaXXMBaHUN.

YBenuyeHue cofepXxaHna KOpoTKUX Leneli MakpoMOeKyn Liennton03bl Ha MOBEPXHOCTU BOIOKHA CNoco6-
CTBYET Pa3BUTUIO MOBEPXHOCTU, amopdu3aLun, YBEIMUEHUIO YMUCNa aKTUBHBIX LEHTPOB, KapbOHUbHBIX U Kap-
6oKcunbHbIX rpynn [4, 73].

PaLmoHanbHbIM CNOCO60M aKkTMBaL MM NOBEPXHOCTU BOSIOKHA NPU aspoAnHaMUYeckom cnocobe hopmoBa-
HA Bymary B OTCYTCTBME PUOBPUNNMPOBAaHMA ABSETCA 06pa3oBaHNe Ha MOBEPXHOCTY BOOKHA HU3KOMONEKYNsp-
HbX (DpaKLWiA BCNEACTBUE XMMUYECKUX UK (PU3NYECKUX BO3AEWCTBUA. M3 XMMUYECKMX METOA0B BO3ZENCTBUA
Havboriee NPOCTbIM ABNAETCA MAPONIMTUYECKAA LeCTPYKUMSA BOLHbIMW pacTBopamu H2SO4 CteneHb ruaponusa
3aBUCUT OT NPUPOAbLI KUCNOThI, €6 KOHLEHTPaLumW, TemnepaTypbl U NPOACIKUTENLHOCTM BO3AEACTBUA. 3MeHss
KOHLIEHTpaLMIo, TeEMNepaTypy akTUBUPYIOLLLEro areHTa U NpoAo/HKUTENbHOCTb peakLmmn, MOXHO J06UTLCA pasnny-
HO CTeMneHy rMaponn3a LienitoI03HOro BO/IOKHA.

MocKonbKy rMaponn3 NPoOBOAWUAN B reTEPOreHHON cucTemMe, MakKpOKUHETMKA TMAPON3a LieNtion030coaep-
MHaLLIX MaTepunanoB OnpegenseTcs He TO/IbKO XMMUYECKON KMHETUKON npoLecca pas3pbiBa MOKO3UAHbIX CBA3EH,
HOW (PM3NYECKON KMHETUKOW AUQHY3MOHHOr0 NPOHUKHOBEHUS KUCI0TLI B MaTepuan. TONOXUMUYECKUA XapakTep
MPOTeKaHWs peakuuy rmaponuTUYecKoin aecTpyKLMM NO3BOASET CO34aTh YCNOBUA TMAPONM3a, NPU KOTOPbIX M-
pO/M3 MPOUCXOAMT Ha MOBEPXHOCTYU LeN0N03HOr0 BosIokHa. O6pa3oBaHme Npu 3TOM HU3KOMOEKYNAPHBIX (hpak-
LA (HM@®) KOHTPO/IMPOBaN NO U3MEHEHWNIO PACTBOPMMOCTM B BOAHBIX pacTBOpax rugpokcuga Hatpus (puc. 21),
M3MepeHneM CpeaHeit cTeneHn nonumepusauun (puc. 22 n 23) n metogom NK-®Pypbe-cneKTpocKonmu.

MonyueHHble pe3ynbTaTbl (pUC. 21) NOKa3bIBAlOT YBEIMYEHWe PacTBOPMMOCTU TMAPOSIM30BAHHOM Lennto-
No3bl BCNeACTBME 06pa3oBaHns Ha MOBEPXHOCTU BONOKHA KOPOTKMX Leneli MakpoMOeKy bl Lienon03bl, pacTeo-
pVMbIX B BOLAHbIX pacTBOpax efkoro Hatpa. B 10%-Hom pacTBope NaOH pacTBopsieTcs LeCTPYKTMPOBaHHAA (hpak-
s LLeNNtoN03bl Co cTeneHbio nonumepusaumm (CMN™HK) He 6onee 100-150 [73].

Kak cneayeT 13 faHHbIX pUCYHKa 21, B pe3ynbTaTe KUCNOTHOrO rMaponaunsa Koamyectso o6pa3oBaBLUIMXCS
HM® cocTasnseT 12, 16 n 28% ansa uenntonosbl, obpabotaHHoi 2H pactBopoMm H2SO4 B TeyeHune 40 ¢, 60 ¢ 1
5MVH COOTBETCTBEHHO.
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Puc. 19. 3aBUCMMOCTb CTEMeHU NoIMMepu3aLmm Puc. 20. 3aBMCMMOCTb pa3pbiBHOM A/MHbI

OT BPEMEHU 3aMOpPaXKMBaHUSA LeNso/03bl Npu OMbITHLIX OT/IMBOK OT BPEMEHW 3aMOpaXKMBaHUA

BNaxXHocTn 42.0% (1) n 49.0% (2).T=-196 °C Lenntonossbl npu BnaxHoctn 42.0% (1) n 49.0%
(2). T=-196 °C

AHanuanpys 3KCnepuMeHTaNbHYI0 3aBMCMMOCTb TEM0Tbl CMayMBaHWsi OT BAroCOAepXKaHus LeNionosbl
(puc. 24), MOXXHO OTMETUTL CeAyHoLLee: BNarocofepxaHue, COOTBETCTBYIOLLee NpeAeNbHOMY HaCbILLEHNIO (yHK-
LMOHANbHBIX TPyNn MOMeKy1aMun BOAbl, NOKa3biBaeT YBE/IMUEHNE COEPXaHUS aKTUBHBIX LEEHTPOB, AOCTYMHbIX K
B3aMMOJeiCTBUIO C BOLOW C BblAeneHWeM Tensa npu BpemMeHun Bo3gelicTaua 40 c. Mpu 3TOM TennoTa cMavnBaHuUs
LleN110/103bl YMEHbLIAETCA HE3HAYUTENbHO; NpK rugponuse B TedeHne 300 ¢ TeN0BOM 3(h(HEKT PE3KO CHUKAETCS.
O6pa3oBaHWe Ha MOBEPXHOCTW BONOKHA NMOABWMXHbLIX KOPOTKMX Lieneli MakpoMOeKyn Lennnossl ¢ pegyumpyro-
LMY KapO6OHW/IbHBIMU FPYyMNaMu yydluaeT ruapouibHble CBOWCTBA Lenntonossbl [1]. OgHaKo NOBbILEHWE Kpi-
CTaI/INYHOCTY NpU ANNTENbHOM Bo3feicTaum (300 c) BcreAcTBME paCTBOPUMOCTM aMOPGHON (hasbl Npu rugponmnse
CHMXXaeT Ten10Ty cMaumBaHus. KOHKYpeHLUs ABYX Ha3BaHHbIX MPOLLECCOB OTPAXaeTcs Ha TeMA0Te CMavMBaHms.

Pe3ynbTaTbl, MOMy4YeHHble METOAOM KanOpUMETPUU, COFNacyroTca C AaHHbIMKW PaBHOBECHOW COpOLMM
(puc. 25). Cop6ums napos Bogbl npu P/Po =0.975 yBennuneaetcs ¢ 0.33 go 0.38 r HrO/r abcontoTHO-Cyxoli Len-
ntono3bl (a.c.u.) Npy NPOACMKNTENLHOCTY rngponusa 40 c, npu 6onee gnntensHoM rmgponmse (300 ¢) nornowieHne
MapoB BOAb! KanuASAPHOM CUCTEMOIA LieNTH0N103HOT0 BO/TIOKHA PE3KO CHIKaeTca 1 cocTasnseT 0.26 r HrO/r (a.c.u.).

Puc. 21. PacTBOPMMOCTb Le/1t0/103bl B BOAHbLIX Puc. 22. 3aBMCMMOCTb CTeMeHN nonnMmepusaLum
pacTBopax eA4Koro HaTpa pas/MYHbIX KOHLEHTpaLmWiA: OT KOHLLEHTpaLWW CepHOW KNCNOTbI Mpn
1- uncxopHas uennonosa; 2, 3, 4 - uenntnosa MPOLOMKMTENbHOCTH 06paboTkM 40 ¢ (7), 60 ¢ (2)

noc/ie KNCMOTHOrO rnaponusa B TeveHue 40 ¢, 1 MuH 1 300 c (3)
15 MUH COOTBETCTBEHHO
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Bpemsa B0O3aeiicTBMA KWUCNOTOW, MUH BnarocogepxaHue uenntonossl, macc. %
Puc. 23. 3aBUCUMOCTb CTEMEHW NoSMMepu3aLmnm Puc. 24. 3aBMCUMOCTb TEMNOTbI CMaYMBaHUA
OT MPOAOMKNTENIHOCTW BO3AEACTBUA (T) CEPHOIA 0T BNarocofepXaHus Lenntonosbl: 1- ucxogHasa
KWUCNOTbI KOHLeHTpau e 10% Lennonosa; 2 u 3- Lennnnosa nocne KUCI0THOro

rugponusa B TedeHune 40 ¢ 1 300 ¢ COOTBETCTBEHHO

Puc. 25. N3oTepmbl gecopbunn: 1- mncxogHas uennto-
nosa; 2, 3un 4 - uennno3a Nocne KACIOTHOMO rMApPo-
nn3a B TeyeHune 40 ¢, 1 MUH U 5 MUH COOTBETCTBEHHO

Puc. 26. IK-cnekTpbl OTpaXKeHWst MCXOAHON Lienntonossl (/) 1 Lenntono3bl Nocne KUCA0THOT0 rmaponmsa
B TeueHue 40 ¢ (2) n 300 c (3)

Pe3ynbTaTbl TEPMOAVMHAMMUYECKOTO aHanm3a u cpefgHeit CI cornacytoTes ¢ gaHHbIMU VK-®ypbe-CcnekTpo-
ckonmu (puc. 26). PacyeT MHTErpanbHbiX MHTEHCMBHOCTEN MO CMEKTpaM OTPaXKeHWUsi MOKasan yBenuyeHue cogep-
»aHUst Kap6OHUNbBHBLIX TPYNM B LENAno3e (41MHa BoMHbI 1642) Npyu NPOAO/HKUTENLHOCTM TMAponmu3a 40 c; aTo
cornacyetcsi C pesynbTaTamMmy pacTBOPeHUs B wenoun (puc. 21).
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Tabnuua 7. BAusiHWE MPOAOMIKUTENLHOCTY B Tabnumue 7 npefcraBneHbl pe3yibTaTbl M3MEPEHNIA
BO3e/CTBIS CEepHOIi KNCIOTOM Pa3pbIBHOM A/IMHbI OMbITHLIX OT/IMBOK. Kak MOXHO BWAETH,

Ha pa3pbIBHYIO ANNHY OMbITHBIX YaCTUYHbI/ KUCMOTHbIM ruaponns (T = 40 c) cnocobeTByeT

OTANBOK YBE/IMYEHNIO Pa3pbIBHOM AAMHbI Ha 40% Npu XONOAHOM
MPOAOMKNTENLHOCTS (25 °C) npeccoBaHnu. B npouecce BbICYLLUMBAHUA OT/IMBKY
Bo3aeicTeus H2S04, ¢ PaspbiBHan A/vka, M Ha CyWubHbIX unnuHgpax (105 °C) renb, 06pa3oBaBLUMiACS

0 1500 “3 pacTBOpUMbIX HM®D, ocCyLlecTBsSET CErMeHTaTbHYH

40 2500 COBMECTMMOCTb OTE/NbHbIX 3/IEMEHTOB HaAMOMEKYNSPHON

28 ggg CTPYKTYpbl MaTepuana. 3TO CMOCOOGCTBYET MOBbILIEHWIO

MPOYHOCTU OMbITHbIX OT/INBOK.

B cBA3M ¢ 3TUM B paboTe nepes poCcrycKOM LeM/t0I03HOr0 BOSIOKHA A1 COXPaHEHUA AWHbI BOMIOKHA 0
pasfeneHns Ha OTAe/bHble BONOKHA NPOBOANAN BUOXMMUYECKYIO Npefo6paboTKy. PepmeHTaTUBHbINA TMAPON3 B
3aBMCMMOCTUN OT KOHLEHTpauuu 1 NpoAoMKUTENLHOCTY BO3ENCTBUSA Ha LieNiIl0NI03HOe BO/IOKHO CHavana oronset
(hmbpunnbl, Npy fanbHeliwen 06paboTke HaYMHAETCA AeCTPYKLMA MaKPOMOJEKY LeNntn03bl, 3T0 yBeNn4mMBaeT
NnoTepu BOSIOKHA.

BnvsHue (epmeHTaTUBHON NpesobpaboTKM HA ANUHY LENN0N03HOMO BOJIOKHA KOHTPOAUPOBAAW Mo usMe-
HEHWIO (PPaKLMOHHOr0 cocTaBa BOOKOH Y U3MEPEHUIO CTeMNeHU NonnMepusaLny Lennonossl. Ha pucyHke 27 no-
Ka3aHo BMSHWE pacxoja (hepMeHTa Ha CTeneHb NonMMepM3aLn Lenntno3bl U3 MCTBEHHbIX MNOPOS APEBECUHBI.
Kak cnegyet n3 pucyHka 27, npu pacxoge epmeHTta meHee 0.15 r/kr a.c.L. M3MeHeHWe CTeneHn noavmepusaumnm
He3HaunTeNbHO. He3HaumTenbHOe CHMXeHne CIgnpy NPoAo/MKUTENLHOCTY 06paboTKN 10 MUH MOXHO OBBACHUTD
6bICTPbIM PepMEHTATUBHBLIM FMAPON30M NPUCYTCTBYIOLWMX B 06pasyax 6onee 4ocTynHbIXx HM®, gons Kotopbix
HeBe/NMKa. YBennyeHue nNpofo/IXUTENIbHOCTU M pacxoje (epmeHTa 6onblue 0.15 r/Kr a.c.l. NPUBOANT K AECTPYK-
LMW Lennno3sbl U 3HaUMTeNbHOMY CHKeHUIo Clcp. V13 pucyHka 27 cnefyeT, UTo )epMeHTaTMBHBIA rMaponuns B
TedeHne 10 MuH npu pacxoge epmeHTa 0.15 r/Kr a.c.U. ABASETCH ONTUMANbHBLIM A1 POCNYCKa LeNoI03HOro
BOJ/IOKHA MOKpPbLIM €CNoco6om hopmoBaHus. MoTepu BOMOKHA Npu hepMeHTaTUBHOW nNpefobpaboTke B ONTUMAsb-
HbIX ycnoBuax coctasunn 1.0%.

Pocnyck Ha BOJIOKHa Lief/t0/103bl, 06paboTaHHO (epMEHTOM MPU ONTUMabHbIX YCI0BUAX, MPOUCXOAMT 33
8 MuH (puc. 28). CokpalleHne NPOAO/HKUMTENLHOCTU pa3Mona rmapoan3oBaHHON LeNno3bl NoYt B 2 pasa B
CPaBHEHUU C UCXOAHOW LieN1030i 06ecneunBaeT COXpaHEHNE AVHBI.

Puc. 27. 3aBucmumocTb cpegHein CIM nMcTBEHHON Puc. 28. 3aBUCMMOCTb NPOAO/HKUTENIBHOCTU pa3Mona
LieNnn0103bl OT pacxoja epmeHTa: 1 - LieNIN1l0103bl OT pacxofa (epMeHTa

HeobpaboTaHHas Lennnosa; 2,3,4 - uennonosa

[0 fucneprupoBaHuns, NPOAOIKUTENBHOCTb

06paboTkn 5, 10 1 15 MUH COOTBETCTBEHHO; 5 -

Lle/1/110/103a NOC/e AUCMeprupoBaHus,

NPOLO/MKUTENBHOCTL 06paboTKN 10 MUH
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BnvsHWe GepMeHTaTMBHOIO rMAPOM3a Ha PPaKLUOHHBIA COCTaB No ANMHE BOSIOKOH MOKa3aHO Ha PUCYHKe
29. CopepxXaHue LNNHHbBIX BOIOKOH, 6onee 1.5 mm, cocTaBnset 35%. Mocne pasmona cofepxxaHuie AIMHHbIX BOMO-
KoH 60n1ee 1.5 MM cocTaBnsieT 32%.

[N xapakTepucTukn rugpouibHbIX CBOWCTB LIENH0103bl MPUMEHWUIN METOA PaBHOBECHO copbumu. 30-
TepMbl copbLUUK NpeacTaseHbl Ha pucyHke 30. Copbumsa napoB BOAbl NPWM OTHOCUMTE/IbHOM AaBfIEHUMN HACbILLEH-
Horo napa P/Po = 0.975 yeenuumsaetca ¢ 0.31 go 0.38 r TbO/r a.c.u., npu 6onee 4ANTENLHOM TUMAPONN3e MOro-
LLEHVe MapOB BO/Ab! KanWISPHOW CUCTEMOW LIeNH0I03HOM0 BOJTOKHA CHUXKAETCS.

Ha ocHoBaHUW nccnefoBaHWin CBOMCTB LENI0103bl O U Nocie PepMeHTaTUBHOIO rMAPOAN3a BbiSBNEHbI
3aKOHOMEPHOCTU BANAHUSA )epMEHTaTUBHOIO BO3JeCTBMA HAa MONyYeHUe U CBOMCTBA pacnyLleHHOR Lenntonosbl
(fluff-uenntonosbl), M3yyeHbl yCNOBUS (HEPMEHTATMBHOMO rMAPON3aA LEN/H0M03bI.

Kak nokasanu (h3nkKo-xmmMmyeckne muccnegoBaHuns, pacnyweHHas uenntonosa (fluff-uenntonosa), 6es 3a-
naxa ¥ NOCTOPOHHUX MpUMecei, UMeeT Heo6X0AUMYHO BMUTLIBAIOLLYHO CMOCOOHOCTb, KanuanspHy BNWUTbIBae-
MOCTb, MPOYHOCTb, HeTpaibHOe 3Ha4YeHUe pH BOAHO BbITAXKM, YTO 06ecrneynBaeT BO3SMOXHOCTb ee UCMO0/b30Ba-
HVA B Ka4eCTBE KOMMOHEHTA Cbipbs 418 NONYYEHWUSA CaHUTAPHO-TUTMeHUYeCKUX U3Lennii pa3oBoro nosb3oBaHus
(noAarysH1KoB, NpoKNagoK, MeANLIMHCKMX MacoK, MONOTEHeL, NPOCTbIHeR) (Tabn. 8).

0,5-1 mm 1-1,5mm Bonee 1,5 Mm
JnunHa BONOKOH, MM

w/lo aucneprmuposanus  wllocne gucnepruposaHus

Puc. 29. inarpamma pacnpefieneHnsi BOJIOKOH Puc. 30. N3oTepmbl copbuun: 1- mncxogHas
Lennono3bl no pasmepam: 1- go uenntonosa; 2,3, 4 —uennionosa nocne
[AMCNeprmpoBaHuns; 2 - nocne gucneprupoBaHns (hepMeHTaTMBHOIO r1aponnsa g 10 M1H, 5 MUH

n 15 MUH COOTBETCTBEHHO

Tabnmua 8. CBoOICTBa pacnyLUEHHOR Lennt103bl nocne nocnefoBaTesibHOM 06paboTKM KUCAOTHbLIM
1 pepMeHTaTNBHbIM FMAPOIN3OM

PacnylweHHas uen-
PacnyleHHas Lenniosa, PacnyweHHas uen-
VcxogHas N110N103a, NosyyYeH-
MokasaTenu nony4vyeHHas MeToLoM nonosa (CLUA)

Lennnosa Has TPagULMOHHbIM
21
aspotopmoBaHus [19] meTonom [93] [21]
BnuTbliBatoLas cnocobHoCTb, T 41 4.5 4.4 4.6
KanunnsapHas BNUTbIBaEMOCTb

o 24.6 29.0 28.0 28.0
OnbITHOM OTNNBKKW, MM
PaspbiBHasA 4MHa ONbITHOR OT-
PEIBHAA A 980 1590 1470 1300
NIMBKMW, M
pH BOAHOI BbITSXKN 7.0 6.0 7.0 6.0
benusHa, % 1SO 88.5 88.5 88.5 88.5
BbiBoAp!
1 BnepBbie B Mupe nNpy oNTUMasbHbIX YCOBUAX MOATOTOBKM LeN1k0103bl NONYyYeHa pacnyLeHHas Lennto-

11033 U3 NINCTBEHHbIX MOPOA APEBECUHBI C YNyylleHHbIM BnaronornoweHuem (fluff-uenntonosa) TpagnuMoHHbIM
(MokpbIM) cnoco6om. 3asaBka Ha n3obpeTeHne Ne2025109400 npowwna popmanbHYH 3KCNepTuay.
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2. TepMOLMHAMUYECKMM METOOM 060CHOBAHO BOCCTAHOB/IEHUE U Pa3BUTUE KaNnUANAPHO-MOPUCTON CTPYK-
TYpbl APEBECHOI LeNon03bl NPy BO3AEACTBUM HACILLEHHbIM NapoM C BbICOKMMU MapamMeTpaMy COCTOsHWA. Ha
OCHOBAHMMW NOJyYeHHbIX Pe3yNbTaTOB BbISBNEHbI ONTUMabHbIE YCIOBUSA TepMO-, BNaroobpaboTku (T = 165 °C, T
= 4 MWH) LeNH0N03HOMO BO/IOKHA A/ BOCCTAHOB/IEHWS W Pa3BUTUSA KanUINApHO-NOPUCTON CTPYKTYPbl APEBECHON
LLeNnoNo3bl.

3. TepMOAMHAMUYECKMM METOAOM O0G0CHOBAHO pa3BUTME KamuaaspHO-MOPUCTON CTPYKTYPbl APEBECHOI
LleNJ110103bl NOCPEACTBOM HU3KOTEMMepaTypHO 06paboTkn. O60CHOBaHbI onTUMasbHble yenosus (T = -196 °C,T
= 8 C) 4N pasBUTUS KanuaspHO-MOPUCTON CTPYKTYpPbl. YBenYeHue copbunn KanuansipHoii Bnarm cBUAeTe b-
CTBYeT O NOBbILEHWUN YAEeNbHOW BHYTPEHHEN NOBEPXHOCTU LieNIIF0/I03HOr0 BOIOKHA (MA0Lajb NOBEPXHOCTM yBe-
nmyunacb Ha 10%, o6bem nop - Ha 12.5%).

4. BUCKO3MMETPMYECKUM METOLOM M MeToaoM MK-cnekTpockonuu 060CHOBaHbI YC10BUS BO3AENCTBUA Ya-
CTUYHOTO KUCNOTHOFO TUAPONM3a Ha Le/stono3y. JKCNepUMeHTa/IbHbIe AaHHbIE BbISBUAWM OMTUMa/IbHbIE BpEMSs
(40 c) n KoHueHTpauuto pacteopa H2SO4 (2H) ans akTMBaLMM MOBEPXHOCTU LieNSH0NI03HOT0 BONOKHA.

5. O60CHOBaHbI YCNOBUS 06paboTKU LeN03bl PEPMEHTATUBHBIM TMAPONN30M [/ COXPAHEHWUS CTEreHu
NoMMEPU3ALLUU C LieNbo NOAYYeHWs pacnyLLeHHOro LientI03HOro MaTepuana ¢ yny4ylleHHbIM BAaronoroLweHneMm.

6. KUCnoTHbI rmgponms ¢ nocnegyouein hepMeHTaTUBHON 06paboTKOM CNOCOGCTBYIOT COXPAHEHWNIO [/IHbI
BOJIOKOH U COKpaLL,eHWI0 BPpeMeHY pa3jeneHuns Ha BOIOKHA MMAP0M30BaHHOM Leno103bl NOYTU B 2 pasa B CpaBHEHNN
C UCXOAHOW HeobpaboTaHHO LieNH01030/ NPy pocnycke TPaguLMOoHHbIM (MOKPbIM) CNOCO60M (OpMOBaHUS.

7. PacnyweHHas uenntonosa (fluff-uennonosa) He umena 3anaxa U NOCTOPOHHWX NpUMecel, ©Mena Heob-
XOAMMble BMWTHIBAOLLYH CMOCOBHOCTb, KanUAMSPHYK BMWTLIBAEMOCTb, Pa3pbiBHYI ASIUHY, HeWlTpanbHbln pH
BOAHOW BbITSHXKKM, 6eM3HY, UTO 06ecrnevmnBaeT BOIMOXHOCTb €6 UCMO0/b30BaHNSA B KaYeCTBE KOMMOHEHTA ChbIpb,
He YCTynatoLLero MMMOPTHLIM aHanoram, Ans NojyyvyeHns CaHMTAPHO-TUTMEHNYECKUX U3LENNIA pa3oBOro Mosb3o-
BaHWs (MOATY3HWMKOB, NPOKNALOK, BMUTbIBAKOLLMNX NENEHOK).
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Bnarogapum 3aBeaytollero Kadeapoi guanmueckoin n konnonaHoi xumun CMNBCYNTA iunvHa B.A. 3a KOHCynbTauuu,
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Osovskaya l.1\ Antonova V.S. MODIFICATION OF CELLULOSE TO OBTAIN FLUFF MATERIAL BY THE TRA-
DITIONAL METHOD OF MOLDING (FLUFF-CELLULOSE)

Saint Petersburg State University oflIndustrial Technologies and Design, st. lvana Chernykh, 4, Saint Petersburg,

198095, Russia, iraosov@mail.ru

Currently, fluff cellulose (fluff-cellulose) is used as a raw material for the production of sanitary and hygienic products
(SHP). In Russia, SHP is purchased abroad, mainly in the USA. In the United States, it is obtained from completely bleached
sulfate cellulose from southern pine wood. In connection with the above, the purpose of this study is to find a technological
solution for the production of fluff cellulose with properties similar to imported analogues. A method for obtaining fluff pulp by
the traditional (wet) molding method has been experimentally developed. Fluff cellulose material was obtained using the tradi-
tional fiber milling method. When using industrial pulp, it is necessary to solve the problem of restoring and developing the
capillary-porous structure of wood pulp, which it lost during drying of commercial pulp, activating the surface and preserving
the length of the cellulose fiber. All this forms the basis for obtaining fluff cellulose material with the required hydrophilicity.
The study of the regularities of the pulp preparation process, its regulation, and the creation of physico-chemical modification
bases determine the relevance ofthis work: obtaining fluff-cellulose. The purpose of the work: to carry out and justify the mod-
ification ofwood pulp by physico-chemical methods to obtain fluff material with improved moisture absorption (fluff-cellulose).

Keywords: fluff-cellulose, sanitary products, hydrothermal effects, low-temperature treatment, acidic, enzymatic hydrol-
ysis, wet molding method.
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