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O B3AUMOCBS3H YJEJbHON NOBEPXHOCTHU BOJIOKOH

JJMCTBEHHOM U XBOMHOM LEJNJIIOJI03bI C UX JE®POPMAIIMOHHO-
NMPOYHOCTHBIMU CBOMCTBAMMU

N.B. Jleb6enes, 51.B. Ka3zakos, JI.I'. Uyxunn, K.A. Pomanenko
Cesepuwiil (Apkmuuecxuti) ¢hedepanvrulii ynusepcumem, Apxaneenvck, Poccus.

Tonyuenvt pe3ynbmamoi KauecmeeHHOU U KOIUYECMBEHHOU OYEeHKU 8EeTUYUHbL YOeTbHOU
NOBEPXHOCMU B0JIOKOH XGOUHOU U JUCMBEHHOU UYeNN0N03bl C DAIUUHBIM COOEPAHCAHUEM
JIUCHUHA U C PA3TUYHOL CcmeneHvlo nomond. /[na eécex obpaszyos Owiiu NOLyUeHvl Kpugvle
«HanpsceHue-0ehopmayus», NOOMEEPHCOArUjUe MEeCHYI0 83AUMOCEIA3b OYMa2000pa3yIouUxX
U 0ehopMayUOHHO-NPOYHOCIHBIX CBOUCME C YOEIbHOU NOBEPXHOCbIO B0JIOKOH.,

ABOUT RELATIONSHIP OF THE FIBERS SPECIFIC SURFACE
OF HARDWOOD AND SOFTWOOD PULP WITH THEIR
DEFORMATION AND STRENGTH PROPERTIES

I.V. Lebedev, Y.V. Kazakov, D.G. Chukhchin, K.A. Romanenko
Northern (Arctic) Federal University, Arkhangelsk, Russian Federation.

The results obtained qualitative and quantitative estimates of the value of the fibers
specific surface for softwood and hardwood pulps with different lignin content and different
degree of refining. For all samples were obtained the "stress-strain” curves, confirming the
close relationship of the paper-forming and the deformation-strength properties with a fibers
specific surface.

Panee Ob110 MokazaHo [1], 4To B mporecce MEXaHUYECKOT0 BO3JCHCTBHS
Ha oOpaslpsl pPa3HOrO0 IOPOJHOTO W XUMHUYECKOTO COCTaBa TPOUCXOJUT
U3MeHeHne uX (DyHIaMEHTAIbHBIX CBOWCTB U CTPYKTYPHO-MOP(]OJIOTHYIECKUX
xapakTtepucTtuk. [Ipu 3ToM HaOMIOAAIOTCS Takue SBJICHUS, KaK: yBEIUYCHUE
KOT'€3MOHHOM CIOCOOHOCTH (MEXBOJOKOHHBIX CHJI CBSI3W), YBCIMYCHHE
CITOCOOHOCTH K YIUIOTHEHHUIO (TDIOTHOCTH JINCTA), YBEITUYCHUE IITMPUHBI BOJIOKOH
1 JIOJIM MeJIoYH. Takum 00pa3oM, MPOUCXOIUT 3aKOHOMEPHBIN POCT MPAKTHUCCKU
TOJIOBMHBI CBOMCTB U XapaKTEPUCTHK, OMTUCHIBAIOIINX MUKPOCTPYKTYpPY Oymaru.
OCHOBHOM MPUYMHOMN 3TOT0 POCTa SABJISAETCS MPOBEICHUE Mpoliecca pa3Moa, a
OCHOBHBIM CJIEJICTBUEM — IIOBPEKICHUE KICTOYHOM CTEHKH UEIUTFOJI03HBIX
BOJIOKOH, KOTOPO€ W MPHUBOAUT K POCTY MEPEUYUCICHHBIX XapakTepuCTHK. [lo
CYTH HNPOUCXOJUT MOBPEKICHUE MOBEPXHOCTH BOJIOKOH, HO T.K. OHO BJICYET 3a
c000i1 pa3BUTHE OMNPEICTICHHBIX CBONCTB, B MPAKTUKE TEXHOJOTUH LIEJITIOJI03HO-
OYMa)XHOTO IMPOM3BOJICTBA 3TO SIBJICHHEM HA3bIBAIOT PAa3BUTHEM ITOBEPXHOCTH.
[ToBepXHOCTH BOJIOKOH OMNPEAECISIET CHJIYy WX B3aUMOJCUCTBUA C JAPYTUMH
KOMIIOHEHTAaMH IEJUTIOJI03bl M HWMEET pelIaloniee BIWSHAE Ha MOPOIECC



i IV MesxnynapogHasi HAy4YHO-TeXHHUYecKast KoHgepeHIust )
«[MPOBJIEMbBI MEXAHUKHU HEJUIFOJIO3HO-BYMAKHBIX MATEPHUAJIOB» & 2
1 r. Apxanreiibck, 14-16 cenrsiops 2017 r. 2

(bopMHpOBaHUSL CTPYKTYphl OYMa)KHOTO TIOJIOTHA B OymarojenareabHOU
MalIuHe, €ro MEXaHUYECKHUE CBOMCTBA U 1Ie(pOPMALIMOHHOE MOBEIEHNE 00pa3lioB
TEXHUYECKOU LIEIIIIOJIO3BL.

JIns  KOJIMYECTBEHHOM  XapaKTEpPUCTUKH  ITOBEPXHOCTH  BOJOKOH
HCTIOJIB3YETCS KPUTEPUM, HA3BIBAEMBIA BEJIWYMHOU YACIBHOM MOBEPXHOCTH.
OmpenienieHue JTaHHOTO KpPUTEpUS B paMKax A3TOM pabOThl MPOBOJIUIOCH B
HECKOJIBKO 3TaroB. Ha nepBoM 3Tane u3 Heuiroa03bl pa3InYHON CTENEHU IOMOJIA
(16, 20, 30 u 60 °ILIP) Ha nucTtooTnuBHOM annapate BBS-2 (Estanit) Tuna Rapid-
Ketten! m3roraBmuBaroTcsi cTaHmapTHHIE J1a00OPaTOPHBIE OTIMBKH, Maccoil 75
r/M?. B XoJe JKCIepMMEHTa MCIIOIb30BANUCh 00pa3lpbl: HeGeIeHOM XBOHHOM
CyJb(aTHOM EJUTIOI03bI CO CTeNeHbI0 Aenurnudukamnuu 25,4 u 51,9 ex. Kanna;
HeOeJIeHON TMCTBEHHOM LEJUTIONIO3bI CO CTeneHblo aenuraupukanun 14,1 u 118
en. Kanmna; OeneHoil IMCTBEHHOM U XBOMHOM 1esUTi0f103bl. Ha BTopoM aTane nis
(duKcalu JUCTa B COCTOSHUM (DOPMOBAHUSL OT MOJYYEHHBIX OTJIMBOK €IIe BO
BJIQKHOM COCTOSIHUM OTpE3aJIUCh NPOOBI, MOKPBIBAIUCHL C JIBYX CTOPOH
(GUIBTPOBATLHBIM KAPTOHOM, U TTIOMEIIATIUCH JIJISl 3aMOPO3KHU B TEPMOC C KUIKUM
azoroM. Ha cnenyromiem srarne 3aMOpOKEHHBIE OTIMBKU BBICYIIMBAIN METOAOM
arnoduIbHOM cymiku Ha yctaHoBke Labconco (FreeZone 2,5 L) [2, 3].

Jlanee mpoBOAMIIM BU3YaldbHbIE MCCIIEIOBAHUS MOBEPXHOCTH 00pa3loB C
IPUMEHEHHUEM CKaHUPYIOIIETro 3JIEKTPOHHOro Mukpockoma (puc. 1, a) ZEISS
«SIGMA VP»? (nerextop InLens, yckopsiomee HanpsskeHue 10 xB). Jlus
yIy4YIlIEeHUs KayecTBa CHUMKOB O0Opa3lbl TOKPHIBAJIM 30J0TOMNAJIAIUEBHIM

CJIOEM TOHIHHHOﬁ 5 M C IIOMOMIIBIO HaITBUTATEILHOU YCTaHOBKH
Q150T ES (Quorum)?.

a o
Puc. 1. ITpoBeaeHmne 3KCIepUMEHTAIBHON YaCTU: d — CKAHUPYIOLIUN 311€KTPOHHBIN
mukpockon ZEISS «SIGMA VPy; 6 — aBTomatuueckuii aHanu3aTop BETUIUHbI
yaensHOM moBepxHocTy u opuctoctu ASAP 2020mp
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a

Ha 3aBepmaromeM »3Tane MNpPOBOAWIM  KOJMYECTBEHHYIO  OLIEHKY
MOBEPXHOCTH BOJIOKOH C MCIOJIb30BAHUEM aBTOMATUYECKOIO aHaIM3aTOopa
BEJIMYHMHBI YACTbHON MOBepXHOCTH 1 ntopuctoct ASAP 2020mp (puc. 1, 6).

Pacuer BenWYMHBI YyIEIBHOM MOBEPXHOCTU OBbUT MPOU3BENECH TpPEMs
METO/aMH, M3 KOTOPBIX HauOOJee AOCTOBEPHbIE PE3YJbTAaThl Aall METOLY
Bbpynayspa—Ommera—Tennepa (bIT) [4].

B ornnune oT 00pa3loB, BBICYIIEHHBIX CTaHIAPTHBIM CIIOCOOOM, MpH
JTUO(QWIBHOM BBICYIIMBAHUU C TIPEABAPUTEIBHOM KpHODUKCcanuen, BOJIOKHA
COXPAHSIOT 00BEMHYIO CTPYKTYPY U 3a(MKCUPOBAHBI B COCTOSIHUU, XapaKTEPHOM
JUIsL 3Tama M3roTOBJIeHUs Oymaru — QopMoBaHUs OyMa)XHOTO NOJIOTHA U3
Pa3MOJIOTON LEIUI0I03bl. Takoe COCTOSHHE BOJOKOH IO3BOJIIET MPOU3BECTH
OLICHKY M3MEHEHHUs KaK MOBEPXHOCTH MOJyYaeMbIX JIMO(PUIbHO-BBICYIIEHHBIX
o0pa3loB B 1LIEIOM, TaK M M3MEHEHHE IMOBEPXHOCTH E€AMHUYHBIX BOJOKOH B
mpouecce pasmona. B kadecTBe mpuMepa Ha pUC. 2 IPEICTaBIICHBI
MUKpodoTorpaduu Hepa3MoJIOTbIX BOJIOKOH U IpH creneHu nomouia 30 °IHP.

V.

9 mbar  EHT = 10.00 KV

Puc. 2. 3smeHeHre MOBEPXHOCTH €AMHUYHBIX BOJIOKOH B ITpoIiecce pa3Mora:
a — xBowHag, 25,4 en. kanmna, 16 °I1IP; 6 — xBoitnas, 25,4 ex. xanma, 30 °11IP; ¢ —
JIUCcTBeHHas OeneHas, 14 °IIIP; 2 — nucrBenHas O6enenas, 30 °1IP
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[IpuBeneHHBIE CHUMKHU MOKAa3bIBAIOT, HA CKOJBKO CHJIBHO MEHSETCS
MMOBEPXHOCTh €IMHUYHBIX BOJIOKOH, KaAK XBOMHOM, TaK U JTUCTBEHHOM 1EJUTHOTI03bI
B IIpoluecce pasMona. He moasepruyroe pa3smoily XBOMHOE BOJIOKHO HE MMEET
U3JIOMOB M CKpy4YMBaHUM, 0OJagaeT HEMOBPEkKICHHON IOBEPXHOCTHIO, Ha
KOTOPOM YETKO MPOCIEKUBAIOTCSI OKaMMIICHHble 1Opbl. lloBepXHOCTH
Pa3MOJI0TOr0 XBOWHOIO BOJIOKHA CWJIBHO IIOBPEKIACTCSA, U HA HEM CTAaHOBUTCS
3aTPyIHUTEIBHBIM OTCJIEAUTh HAIMYHUE MPEKHUX TIOP, 4 B OCHOBHOM, BO3MOKHO
YBUJETh HACKOJIBKO CHJIBHO PACKPBITA U pa3BUTa €ro puOpuiispHas CTpyKTypa.

Hepa3sMonoTbie BOJIOKHA JMCTBEHHOM LEJUIIOJIO3bl TaKXKE OTIMYAKOTCS
POBHBIM HEMOBPEXKAECHHBIM CTPOECHHUEM, HO HE UMEIOT MOp, KaKk XBoiHbIE. [Ipu
creneHu nomoJia pasHoi 30 °IIIP ux ¢pubpumisipHas cTpyKTypa TakKe pa3BUTa,
HO HE HACTOJIBKO CUJIBHO KaK y XBOIHOM, 4TO OOBSCHAETCA pa3HULIEH B pa3mepax
BOJIOKOH XBOMHOW U JIUCTBEHHOM LIEJUTIOJIO3BI.

OO0Opa3upl W3 CTaHAAPTHBIX  OTJIMBOK  BCE€X  PACCMOTPEHHBIX
noyty(abpukaToB OBLUIM UCIBITAaHBI HAa pPACTSKEHWE, C TOJy4YCHHUEM TISATU
MHIUKATOPHBIX JHUarpaMM «Harpy3ka — ymiaHeHue» «F-Al» wu, mocne
00pabOTKH, KPUBBIX «HAINpsDKEHUE — jAedopMalusy «G—e» U 1eJI0oro Habopa
nedOpPMAIIMOHHBIX M TPOYHOCTHBIX XapaKTEPUCTUK A KaXIOoro ooOpasia
LEJUTIOJIO3BI C PA3JIMYHBIM COAEPKAHUEM JIMTHUHA B IIPOLIECCE pa3Modia. AHAIU3
MOJIyYa€MBbIX KPUBBIX, PUC. 3, IPU PA3JIMYHON BEJIUYUHE y/IEIbHON TOBEPXHOCTH
IIO3BOJISIET OLEHHUTh W3MEHEHUs, IPOUCXOAALIME B CTPYKType Marepuana B
IIPOLIECCE €T0 MEXAHUYECKOTO IMOBPEXKICHUS.

JIJisi OLIEHKH B3aUMOCBSI3M TOBEPXHOCTH BOJIOKOH M J1€(QOpMalMOHHO-
IIPOYHOCTHBIX CBOMCTB OBLI MPOBE/ICH MAPHBINA KOPPEISIITUOHHBIN aHATN3 MEXTY
BEJIMYUHONW yNEIbHOW MOBEPXHOCTU S,y U PIIOM  (PU3NKO-MEXAHUUYECKUX
XapaKTepUCTHUK (Pa3pbIBHOM ATMHOM 00pa3oB L, pazpymiammuM Hanps>KeHueM
op, A€popManueil pazpyuieHus €,). PesynbTaTsl npeacTaBieHsl B a0, 1.

Tabnuna 1. Koaddunments! mapHoil Koppensiuy BeIUYUHBI YASTbHON MOBEPXHOCTH
Syx ¥ 1ehOpMAIIMOHHO-TIPOYHOCTHBIX CBOMCTB

Bri6opka qaHHBIX L op €
Xb — xBoiiHas OeneHas 1eJIII0I03a 0,87 0,92 0,59
XM — xBoitHas ¢ unciaom Kamma 25,4 0,92 0,90 0,95
XOK — xBowHas ¢ uuciiom Kamma 51,9 0,94 0,98 0,82
JIb — nuctBeHHas OeneHast 0,58 0,63 0,35
JIH — nmucTBeHHast HeOeleHast 0,49 0,64 0,20
JITIL] — nucTBEeHHAs MOTYIEIUII0I03a 0,93 0,98 0,04
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Puc.3. BiysHue BeIMUMHBI y/EIbHON IIOBEPXHOCTH (M2/T) XBOIHOM (a — 6) U
JIUCTBEHHOM (2 — €) LEeJT0I03bI Ha KPUBbBIC «HAITPSDKCHUE—Ie(POPMALIUS»

[IpuBenenHsle Ha puUC.3 KPUBBIE IMOATBEPKIAIOT TECHYIO B3aUMOCBS3b
OyMarooOpazyromux u J1eGopMalmOHHO-TIPOYHOCTHBIX CBOWCTB C YAEIbHON
NOBEPXHOCTHIO BOJIOKOH, HW3MEHAIONIEHCA B mpouecce pasmoia. Kpusbie
o0pa31oB ¢ OoJbllell BETUYMHONW TOBEPXHOCTH WAYT OoJiee KPyTo, U
pacroiaratoTcs BbIIIE€, YTO CBHUAETEIbCTBYET O TIOBBIINIEHHON XECTKOCTHU
CTPYKTYpPBL. DTOT 3(pPeKT HEe 3aBUCHUT OT BUA BOJIOKHA U COJACPKAHUS JTUTHUHA
B HeM. Kak panee ObUIO BBISABICHO [3], pOCT yIEIbHOW MOBEPXHOCTH BOJIOKOH
MPUBOAUT K POCTY MEKBOJOKOHHBIX CHJI CBSI3H, KOTOPBIM 3aMeJIsI€TCsl MOCIie
npoxoxaeHuss Touku 30 °IIIP. B cBowo oudepenb Bo3pacTaHHWE MEXBOJIOKOHHBIX
CWJI CBS3M HA HayaJlbHOM JTame BeAeT K YIy4dlIeHUIo aedopmarmoHHO-
MIPOYHOCTHBIX CBOMCTB. PacTsskuMocTh 00pa3uoB Bo3pacTaeT 10 Touku 30°1IP u
Jajee HOCHUT YOBIBAIONIMI XapakKTep. DTO BbI3BAHO BIUSHHEM YKOpPAUMBAHUS
BOJIOKOH B Tporiecce pazmosna. Haumydmumu nedopmManmoHHO-TTPOYHOCTHBIMU
cBOMCcTBaMH 00J1a1af0T o0pasmsl MMEHHO cO cTeneHpro momoina 30 °IIIP
(o6pa3siel o HOMepoM 3), nanbHEHIas ke pa3paboTKa BOJIOKHA HE IPUBOIUT K
VIIYYIICHHUIO 1e(pOPMAIMOHHO-TIPOYHOCTHBIX CBOUCTB.

Ananu3 3HadeHUN KOAI(PPUIIMEHTOB TMAPHON KOppemsmuu 00pasioB
XBOMHOM WEJUIIOJIO3bI TOBOPUT O HAJWYWM TECHOW B3aWMMOCBSI3U MEXKIY
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BEJIMUMHOW YJEIbHOM MOBEPXHOCTH Sy; U Je(pOpMaMOHHO-TPOYHOCTHBIMU
CBOMCTBaMHU U O BO3MOKHOCTU MPOTHO3UPOBAHUSI U3MEHEHUSI JJAHHBIX CBOWCTB
yepe3 HM3MEHEHHME BEJIMYMHBI YIACIbHOU MOBEPXHOCTH BOJIOKOH. B ciyuae
00pa3LoB JIMCTBEHHOW WEJUIIOI03bl TECHOTA CBS3U NPOSABIAETCS MEHbIIE (I10
CpPaBHEHMIO ¢ XBOWHBIMHM OOpasliaMu) Uiu BooOIle OoTcyTcTByeT. Habombiiue
3HaueHUsT Kod(punreHToB (Bce K0IPDUIIMEHTH — 3HAYUMBIC) MOJYUYECHBI IS
pa3pylIAOIIEro HAMPSKEHUS Gp, HAUXYLIUE — JUIsl [ehopMaluu pa3pylIeHUs €,
(HeT 3HAYUMBIX).

Takum o00pa3oM, TPOBEACHHBIN aHAJIN3 B3aUMOCBSI3U TMOBEPXHOCTHU
BOJIOKOH U J1e(OpMAITMOHHO-TIPOYHOCTHBIX CBOWCTB TOKa3aja, YTO H3MECHEHUE
NOBEPXHOCTH  BOJIOKOH,  pa3BHUBAIOUIEHCs B  Ipolecce pasMoiia U
nenurHuuKanuyM, BO MHOTOM OMpeAeNseT H3MEeHeHue JaedopMalroHHO-
MPOYHOCTHBIX CBOWCTB IICJUTFOJIO3HBIX MaTepuajoB, YTO JIOKa3bIBaeTCs
U3MEHEHHEM KpUBBIX «HampspkeHue-nedopmanusy. [lpudem BbISBICHHBIC
B3aMMOCBSI3M TIOJITBEPKJIAIOTCS KOJMYECTBEHHO [JIsi BceX AedOopMalliOHHO-
MIPOYHOCTHBIX CBOMCTB B CJy4a€ XBOMHOM LIEJUTIOJIO3b], a B CIIy4ae JINCTBEHHOU —
JUTSl YaCTH U3 HUX.

YPaboma evinonnena 6 Hunoeayuonno-mexnonozuveckom yenmpe «Cospemennvie mexHono2uu
nepepabomku ouopecypcos Cesepay (Ceseprolii (Apkmuueckuit) pedepanvhviii ynueepcumem umeHu
M.B. Jlomonocosa) npu purarcosoti noooepoicke Munobpuayxu Poccuuy

2Paboma evinonnena c ucnonvsosanuem obopyoosanus ILKIT HO «Apkmuxay (CADY) npu
¢unarncosoti noodepaicke Munodbpnayxu PO
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