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CYXOMN CNOCOB AUCMNEPITMPOBAHUA BOJIOKOH
ANA NOCNEAYIOLWENO NMPOU3BOACTBA KAPTOHA

© H.II. Mudykos, JI.C. Eypemos’, B.C. Kypos, A.C. Cuonun

CaHkm-lTemepbypackull 2ocydapCcmeeHHbIl yHUBEPCUMEM MPOMbIUIEHHbBIX
mexHonoeaul u dusalHa, yn. MieaHa YepHeix, 0. 4, CaHkm-lTemepbypez, 198095
(Poccus), e-mail: naturforscher@outlook.com

Crathsi COMEPXKUT MaTEPUAIIbl, KaCAIOLIMECs MOArOTOBKM MaKyJIaTYpHBIX BOJOKOH CyXuM crocobom. Llens aanxoro
MeTO/1a 00pabOTKH BOJOKOH 3aK/IIOYACTCS B CHUXKCHHU BOIHBIX M SHEPreTUYECKHMX 3aTPar IpH TOJyYeHHH KapToHa ¢ (PU3UKO-
MEXaHUYECKUMH XapaKTEPUCTUKAMH, HE YCTYMAIOIMMH MOJIyYCHHBIM TPAJIMIIMOHHBEIM criocoboM. B kadectBe 06opymoBaHust
IUIsL CYXOrO M3MENBbYEHHUs BOJIOKOH MCHOJIB30BAIMCH JIMCIEPraTophl, Y3JIbl KOTOPBIX OBUIM H3rOTOBJEHBI C TOMOIIBI0 3D-
npuntepa. IToce aucneprupoBaHust BOJIOKOH CyXMM CHOCOOOM MPOM3BOAMTCS MX OYMCTKA. [I0JIydeHHBIA MENKOAMCIIEPCHBIA
OYMIICHHBIA MaTepuall UCTONB3YETCsS NPU NPOM3BOACTBE TPEXCIOMHOrO TecT-alHepa. B COOTBETCTBMM CO CTaHAAPTHBIMU
METO/IMKaMH OBLIM ONpe/IeNeHbl TaKhe MEXaHUIECKHUe apaMeTpbl MHOTOCIOWHOIO KapToHa, KAk pa3phblBHAs JUIMHA M COIPO-
THMBIICHHE NpoaBiuBanmio. IToqydyeHHble pe3ynbTaTbl MOTYT OBITH MCTIONB30BAHBI NPH TPOM3BOJICTBE MHOTOCIOWHOIO TECT-
JlaiHepa ¢ LENbI0 CHUXKEHUS] SHEPIeTUYECKUX 3aTPaT U PacXoJ0B BOJbI. B pesysbraTe npoiesaHHoi UCCIe0BaTebCKON pado-
TBI OKA3aJI0Ch, YTO NPU MCIOIB30BAHUM METO/Ia MPEJIBAPUTEIBHOIO CYyXOro AUCIICPrUPOBAHUS BOJOKOH MOSBISETCS BO3MOXK-
HOCTb CHU3UTh METAJVIOEMKOCTh, PAcX0Jl 9HEPTUU U BOJBL PaHee uCHbITaHus CYXOro JMCIEPrupOBaHHMs BOJIOKOH C JajibHEM-
MM Pa3MOJIOM B BOJIHOH Cpejie He MPOBOJMIMCH U JIAHHBIE, NIPEACTABICHHBIC B CTAThe, MO3BOJSIIOT OLCHUTH LICHHOCTH BHE-
JPEHHs JIAHHOIO METO/A B NMPOMBILIIEHHOCTh. CyX0i crnoco6 aucrnepriupoBaHusi, KOTOPBIA ObLI POBEICH 1 U3yYeH B Jlabopa-
TOPHBIX YCIIOBMSAX, HA CETOAHALIHMM JIeHb HE MPUMEHSETCS B MHIYCTPUM MPOM3BOJCTBA Oymaru u kaptona Poccuu, HecMOTpst
Ha CBOM NPECHMYIIECTBA. B OyaylieM iaHUpyeTcst MPOBECTH MOBTOPHbBIE HCCIEIOBAHMS C LEIBIO BO3MOXKHOIO BHEAPEHHUS
JIaHHOTO METO/1a B MPOMBILIICHHOCTb.

Kniouesvie cnosa: cyxoe NUCIEPrupoBaHue, MaKy/1aTypa, KapToH, TecT-JIaiHep.

Pesynomamer Hayunoti pabomul npedcmagieHHvle 8 CMAmMbe bINOJIHEHbL 8 PAMKAX 20CYOAPCMEEHHO20 3d-
oanusa Nel0.6052.2017/b54

Beeoenue

Cyxoit croco® nomaydeHus BOJOKOH 00JafaeT PAAOM MPEUMYILECTB MO CPABHEHMIO C TPAJMIMOHHEIM,
a MMEHHO CHIW)KEHHWE PacXo/a BOJbI, SHEPIUU, HEOOXOAMMON Ha TPaHCIIOPTUPOBKY, OYUCTKY BOJIOKHHCTOM MacCBhI,
a TaKKe CHWKEHHE MEeTaJlJIoeMKOCTH 060opynoBaHus. CTOMMOCTE annapatoB OyAeT CHWKEHA, TaK KaK HEKOTOpbIe
METaJTIMIECKUE y3JIbI 000PYA0BAHHA MOTYT ObITh 3aMEHEHBI IUIACTHKOBLIMHU, W3TOTOBJIEHHBIMH C MOMOIIEIO 3D-
neyaT. OCHOBHBIM HEJOCTAaTKOM CYXOTrO CIIoco0a IMCIeprupoBaHust IBILIETCA CHIDKEHHE (PU3MKO-MeXaHUYECKHX
CBOWCTB BOJIOKHMCTOrO MaTepuaia [1, 2]. Cyxoii crioco0 monydeHus BOJIOKOH He obecreynBaeT TpeGyeMbIX MOKa-
3aTesieil IPOYHOCTH, YTO OFPAHMYMBAET UCTIOIb30BaHKE JAHHOTO METO/IA TIPHU MPOM3BO/CTBE KapTOHA.
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ABTOp, C KOTOPBIM CIIEIYeT BECTH MEPEITHCKY.



280 H.IT. Muaykos, JI.C. EoPEMOB, B.C. KyPoB, A.C. CMOJIMH

Ha, PMHAHCHPYIOTCS eBPONMeHCKUMH GOHIAMHU, [IOTOMY 4TO COOTBETCTBYIOT aKTyaJbHOMY HAIpPaBIICHHIO dHepro-
cOeperarolmx TEXHONOTHH, MO3BOJIIOUINX CHU3KTE ypoBeHb CO, B aTMocdepe [3, 4]. Ha pucynxke 1 npencrase-
HO CpaBHEHHUE 3aTpaT 3HEPrHU ¥ BOJBI IPU TPAAMLUHOHHOM MOKPOM CHOCO0€ U IIPU CyXOM IMCIIEPTUPOBAHUU BO-
JIOKHUCTOI'O CHIpBSI.

Eciu nipu mpowmssozicTe 1 T TecT-naiiHepa MeTOOM MOKPOro (hOpMOBAHHS 3aTPAThI SHEPTHH COCTABISIOT
600-800 kBt 4, a 3aTparsl Boxsl cocTaBiLaroT 15-20 M, To NPU MCIOJIb30BAHUMN a3POIUHAMUYECKOTO METO/Ia 3T’
napameTphl 3HaYUTeNIbHO YMEHBIIATCA [5, 6].

IIpy paccMOTpeHnH TpaaMUHOHHOTO ()OPMOBAHHS IPOM3BOMUTENBHOCTEIO 14 T/4 M IIPOM3BOACTBA KAPTOHA
a3POIMHAMMYECKUM CHOCOOOM C TOH K€ NPOM3BOMUTENIBHOCTBIO ObLIM MMONYYEHBI IaHHBIE, TIPEICTABICHHbIE Ha
pucyHke 1. Pacxon sHepruu u Bomsl NpH (HOPMOBAHMHU TPAAMIMOHHOM M a3POJMHAMUYECKOM 3HAUYHTEIbHO OTIIH-
yatotes. Ha rpaduke BuaHO, 4TO pacxon BOABI M SHEPrHM IPH a3pOAMHAMMYECKOM (POPMOBAHMM COKPALIAETCS
NpUOIM3UTENBHO B 1.5 pasa, clie1oBaTeNbHO, CHIKAIOTCS 3aTPaThl PH JAHHOM METOJIe TIPOM3BOICTBA KapTOHa.

Ho HacTosilero BpeMeHH Cnocol aspoauHAMHYECKOro (pOPMOBaHMS C CyXHM AMCIEPTHPOBAHMEM HE Ha-
L€l NPUMEHEHNA B TEXHOJIOTHHU MPOU3BO/CTBA KAPTOHA BBICOKOr0 KadecTBa. C POCTOM 1I€H Ha SHEPTHIO, BOLY 1
COPTHPOBAHNE CTAHOBHUTCA SKOHOMHU4ECKH L€1€CO000Pa3HO UCIONB30BATh JAHHYIO TeXHOIOTHI0. OIHAKO P 3TOM
TpebyeTcs pelnTh 3a/1a4y [OBBIIEHHS IPOYHOCTH KAPTOHA.

OcHoBHOIi NpoGIeMOi MPU MCTIONB30BAHUK CyXMX BOJIOKOH IS POU3BOJCTBA MHOTOCIONHOTO TeCT-Tail-
HEpa ABJIAETCA HEJJ0CTaTOYHAs IIPOYHOCTL KapToHa. Crioco0bl pelIeHNs JaHHOM MpoOIeMbI CIIEAYIOLITE.

1. BBegeHne BOJIOKOH, MOJTY4EHHBIX CyXMM CIIOCOOOM, MEXIy ABYMs CIOSMH, chOPMUPOBAHHBIMH TPaIH-
LMOHHBIM CI0c060M. JlaHHOE pelleHre OnpaBIaHo TeM, YTO 3a MPOYHOCTh KAPTOHA B GOJbIIEH CTEEeHH OTBEYAoT
KpaitHue ciod. OnHako, HeoOXOAUMO pellleHHe NPOGIIeMbl CHIKEHHsS MEXCI0eBol mpounoctH. MccrmeqoBanms,
TIpOBE/ICHHbIE paHee [7], MO3BOMIN ONPENETUTh IKOHOMHIECKYIO LETECO00pa3sHOCTh BBEICHNS BOJIOKOH GoJiee
HU3KOrO Ka4yecTBa B CPeHMI CIIOH MHOrocnoiHoro kaprona. Ha pucyHke 2 npeacTaBiieHsl uarpaMMBl, OCHOBAH-
HbIE Ha IAHHBIX, [OJIyYeHHBIX B 1abopaTtopuu TexHosorun 6ymaru u kaprosa BHHAU 1[BIT (Bcecoro3nblit HayuHo-
UCCIICNOBATE/IbCKU I MHCTUTYT LIEJUTIONIO3HO-0YMa)kKHON MPOMBILLTIEHHOCTH).
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Puc. 2. Bnusiuue pacnonoxkeHnst pa3indHbIX CJI0EB Ha CBOMCTBA KapTOHA
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M3 rpadukoB ciemyer, 9TO NPH PaBHON Macce KBaIpaTHOro Merpa GyMard oNTHMalibHOE PacIoJIoxkKeHHe KO-
POTKUX BOJIOKOH B LIEHTPE 06PA3LOB 3HAYUTETBHO MIOBBIIAET PA3PHIBHYIO JUTMHY 1 CONPOTHBIICHHUE IPOIABTUBAHMIO.

2. Tlogaya cyxux BOJIOKOH He Ha (YOPMYIOUIYIO YacTh KapTOHO/ENaTeJIbHOM MaIlHbI, @ B 30HYy MacCOIO-
FOTOBKM TPaJULMOHHOIO crocoba MojyueHus KapToHa. B maHHOM ciydae kayecTBO KapToHa OyIeT 3HAUUTEIbHO
yJIy4lIeHo, HO 3(dexT IKOHOMUM 3HEPTUM OT BHEAPEHUs a’poaMHaMH4Yeckoro crocoba ¢opmoBanusa Oyner He-
CKOJIBKO HIDKE.

3. Pa3moi1 BOJIOKOH, HOJyYE€HHBIX CyXHM CIOCOOOM B BOJHOH Cpele NMpU MMHMMAaJIbHBIX Harpy3kax Ha
MesbHUIE. DTOT CIocod NPaKTUUECKH 3aMEeHsAeT HECKOJIBKO CTaJuil TPaIULMOHHOW MacCONOATOTOBKH, @ MIMEHHO
pOCIyCK, JOPOCIYCK M YAaCTHIHO Pa3MOJl.

CHikeHne npoyHocTy Oymaru, copepskallell BOJIOKHA, AUCIIEPTHPOBAaHHBIE B CyXOM COCTOSTHUHU, CBA3aHO
c amop¢u3amyeil HeJUT0NI036l, OABEPTHYTON cyXxoMy pa3moiy. Llerumonosa B cyxoM BHIE HAXOAUTCS CTEKII000-
pasHoM coctostHuM [8]. Cyxoil pa3Moll LeIoN0356l NPUBOANT K CHMXKEHHMIO KPUCTAJUTMYHOCTU Hesuttonossl. [1o-
CKOJIBKY TMPOYHOCTh LIEJUTIOJIO3HBIX BOJIOKOH B BBICOKOI CTEMEHW 3aBHCHT OT MX KPUCTAJUIMYECKOW CTPYKTYpBI.
AMopQu3anys NEToN035l 3HAYUTENIBHO CHIDKAET MPOYHOCTH BOJIOKOH OyMard Ha UX OCHOBE.

ITpu o6paboTke amMophU3UPOBaHHOM LEJLTIONO3BI BOAOI OHA MEPEXOOHUT B BBICOKOAACTHUECKOE COCTOsA-
HUe, OBICTPO PEKPUCTAILUIM3YETCS M MO CTENeHH YMOPAAOYSHHOCTU NMpHOMKaeTcs K MCXOQHOH uemtonose [9].
JanpHeH1umi pa3mMoll BOJIOKOH B BOJHOM cpejie MPUBOIAMT K MOBBIIICHUIO POYHOCTH MaTepuara.

Pa3zmon MakynaTypHOI Macchl IPOBOIUTCA C HENbI0 YIYYLISHUS MEXaHUIEeCKUX MapamMeTpoB. DTO MPOUC-
X0AuT OJarofaps MOBBILIEHUIO IUIOLIAAM KOHTAaKTOB MEXIY BOJIOKHAMHU IyTeM JedopMaluy MOJbIX JIOMEHOB
BOJIOKOH C YaCTHYHBIM MpeobpazoBaHueM ux B pudpuuisl. UMenHo 6naromaps ¢ubpuiam oOpa3yroTcs npovHbIe
MeKBOJIOKOHHBIE cBs3H [10, 11], mosTomy nenecooOpa3HO MOAMANIBIBATE MaKyJlaTypy, IPEXKIe YeM BBOIMTH €€
B cpenHuil cnoil. Ha pucyHke 3 nokasaHa pa3HuLa CTpOSHUA BOJIOKOH [0 M ocje pa3mona [12].

M3 puCyHKOB clienyeT, 4yTo npu AedpopMaly BOJOKHA BHICBOOOXIAIOTCA (DMOPUIUIBI, CIIOCOOCTBYIOLINE
CBA3€00pa30BaHUIO MEXKIY BOJOKHAMHU, KOTOPBIE B CBOIO OYEpe/b YBENMYHMBAIOT MEXaHUUYECKYIO Y MEXKCI0EBYIO
NPOYHOCTH KAPTOHA.

IoBbllIEHHOE MEXaHMYECKOE BO3IACHCTBUE NMPUBOAUT K OOpBIBY U pa3pyLIeHHIO BOJOKOH. IToBpexnenne
BOJIOKOH B Macce 3HaYUTEIFHO YMEHBIIAeT TPOYHOCTh, CHIDKas KauecTBO KapToHa. [loaTomy mpu pasmose Maky-
JIATYpHOW Macchl HEOOXOAMMO HAWTU ONTUMaNbHBIH MUHUMYM MEXaHMYECKOTO BO3/ICHCTBUS HAa BOJIOKHO, KOTO-
pbIi ompenensieTcs yAeNbHOW Harpy3Koil Ha KpOMKHM HO)KeH pa3sMouibHO# rapHutypsl [13] mubo ucrone3yrores
CreLMaIbHbIE My/1bCallMOHHBIE MEBHULBI C MAIAIIUM pPeKUMOM pa3Mona [14].

Llenblo SKCIepUMEeHTAIBHBIX UCCIISIOBAHUI CTAJIO OMpeAeieHne MEXaHMYeCKUX apaMeTpoB TECTOBBIX OT-
JIMBOK MHOFOCJIOMHOrO KapTOHa TecT-jlaliHepa ¢ pa3siidHbIM COAEPIKAHUEM BOJIOKOH, MOArOTOBJIEHHBIX CYXHM
criocobom. [IpoBoamiock omnpeneneHue GpU3NKO-MEXaHMIECKUX XapaKTePUCTUK NPH BBEIEHHU BOJIOKOH, IOArO-
TOBJIEHHBIX CYXHUM CIIOCOOOM, MEXAY CIOsMM, MOJY4YE€HHBIMH TpaJMIMOHHBIM criocoboM. Mccrenosanmuck Tpu
pa3IMYHBIX BUJA BOJOKOH, BBOAUMBIX B KAUECTBE CPEHEro Clos: CyX0e AUCIeprupoBaHue; CyXoe qUCIeprupoBa-
HUE C [IOCIIeAYIOUM pa30aBIeHueM; CyX0e TUCIIeprupOBaHUe ¢ MOCISAYIOIMM pa30aBIeHueM U pa3sMOIoM.

CTpoeﬁﬂe nepBoOHa4YaJIbHOr'o BOJIOKHA CTpOGHI/Ie BOJIOKHA ITOCJIE pazMoJia

Puc. 3. CpaBHeHue cTpoeHHs BOJOKHA
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Memoowt uccnedosanuii .

B Xoze skcriepuMeHTaNbHBIX MCCIIEN0BaHMI GbUT MOMydeH TPEeXCIIOMHbII TéCT-naﬁHep, BKJIFOYAIOUIUH B ce-
051 TpaAMLMOHHBIN U CYXOii CII0COG AMCIEPrUpOBAaHUA BOJIOKOH. OCHOBHBIE Pa3JIMUMs CBOMCTE OTIIMBOK 3aBHCENH
OT COJEPKAHUSI CPETHETO CII0A ¥ Cr10co0a, KOTOPHIM OH OBIJI TI0JTyYeH.

Cpennss Macca TpexciIoiHO# oTnuBkH coctaBnsana 150 r/m”. Hisxauit croit cocTosn u3 Makynatypsl MC-
5b, moAroToBIEHHON TPaXMIMOHHBIM MOKPBIM crioco6oM. CpemHuii ClIoif cOCTOST U3 Makynatypsl MC-5B, koro-
pasi OblIa MoJyYeHa TpeMs Pa3HBIMH CIOCOOAMH: CYXHM CIIOCOGOM IUCTIEPTHPOBAHKS; CYXHM CIIOCOGOM aucrep-
THPOBaHHUs C MOCNENYIOUM pa3baBIeHHeM BOJIOH; CyXHM CIOCOGOM AMCIIEPrUPOBAHKSA C NOCIEAYIOUM pa36aB-
JICHUEM U Pa3MOJIOM B BOIHOM cpezie. Macca KBaIpaTHOro MeTpa CpeIHero CJI0s B XOAE MPOBEAEHNUA dKCIIEPHMEH-
ta cocrasisia (0, 30, 50%) ot obwieit Maccbl oTMBKY. BepxHuii Gerblil ci10ii cocTosT u3 006J1arop 0xKeHHOI MaKy-
natypel MC-7A. Macca BepXHero u HWXKHETO CIIOEB MEHSIACh B COOTBETCTBUU C M3MEHEHHEM MAacchl CPEIHEro
cios (50, 35, 25%).

Cyxoe qucrepruposanye MpoBOMIOCH B B CTAMH ¢ JaiibHeInell 04ucTKOl B aspouukione. Cyxue Bo-
JIOKHA OBLTM MOJy4€HBbl B JMCIIEPraTopax rpyboro U TOHKOTO JMCTIEPTHPOBAHKA, 3aTEM CMELIMBAJIMCH C BOIOM
B JIe3uHTerparope. Pasmoin nposoawncst B abopaTopHoM posute. PocIyck B fie3MHTerpatope M pasMol B POILIE
TNIPOBOJMIIMCE 110 CTaHAAPTHON MeTo/wKe [15]. PasMon BOJNIOKOH, MOTy4eHHBIX CyXHM CIIOCOGOM, TIPOBOIMIICA MPH
MMHUMaJIbHOM BpeMeHH 00paboTku B posute (He Gonee 3 MuH).

Ornpenenerye paspblBHON JUTMHBI OCYIIECTBIUIOCH COITIACHO METOMMKE, TPEICTaBIeH oM B [16], cormpo-
TUBJICHUE NPOJIABJIMBAHUIO — COIIACHO METOIMKE, TPEICTABIEHHON B McTOYHUKe [17], GenusHa OTIMBOK ompefe-
JIAach 110 METOMY, ONMCAHHOMY B UCTOYHMKE [18], TomumHa OT/IMBOK, Macca KBaAPaTHOTO METpa U MOKpoe (op-
MOBaHHE OTJIMBOK MPOBOAMIIOCH COIJIACHO MEX1yHAPOJAHOMY CTaHAApTy, NPEACTAaBIEHHOMY B MCTOYHHKe [19].
TpexcnoiiHblil TecT-naiiHep B 1aGOpPaTOPUH NPOM3BOAMICA HA JICTOOTIMBHOM amIapaTe COMVIACHO METOJIHKE
npencrasaeHHol B pabore [20].

Pesynvmamet u ux o6cyscoenue

JlanHbIe 1O rOKasaTeNsM MPOYHOCTH, MOMyYEHHBIE T0C/E TECTUPOBAHUA OTIMBOK TPEXCIONHOTO KapTOHa
TeCT-JIafiHepa C CONAEPHkKaHHEeM BOJIOKOH, COPMUPOBAHHBIX PA3IMYHBIMM CIIOCOOAMHM, He BBICOKH. DTO CBA3aHO
CTeM, 4YTO B MNPOLECCE MOATOTOBKH MACChl HE JOOABILINCH YNPOYHSIOIME XUMHKATHI, HCIIONIb3YIOLIHECs
I IPOMBILIIEHHOM MPOU3BOACTBE. lIprMeHenre XMMUKATOB 3HAYUTENBHO MOBBINIAET MOKA3aTENM HPOYHOCTH
M XKECTKOCTH TECT-JIaiiHepa, B TOM YHCIIE U CONPOTHBIICHUE MPOJaBIMBanmio Ha 15-20% [21, 22]. Ha pucynkax 4
M 5 MpeJCTaB/eHbl rpauku M3MeHeHHs (QU3MKO-MEXaHHIECKHX NapaMeTpoB (CONMPOTHBIEHHE MPOIABIMBAHHIO
¥ Pa3speIBHAs [UIMHA) B 3aBUCUMOCTH OT COJCPIKAHMSA adPOIMHAMHMUYECKOTO CPETHEro CIIOs.
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Puc. 4. 3aBuCHMOCTE COMPOTUBIIEHNA IPONABIMBAHMIS OT MACCOBOTO COMIEPKAHUS CPEIHEr0 CIIOS

(Y IPUMEHEHUH PAa3JIMYHBIX CIOCOGOB MOArOTOBKU MaKyl1aTypbl MC-5B (a — TpaMuHOHHbI crioco6
AVCHEPrUPOBAHMUS CPEIHETO CII0A; O — CyX0e AMCIeprupoBaHie, CMEIEHHE C BOJIOM; @ — CyXoe
JMCIIEPTUPOBaHUE, CMELICHHE C BOION U PazMo)
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Puc. 5. 3aBUCUMOCTb pa3pbIBHOM AJTMHBI OT MAaCCOBOIO COAEPIKAHMUS CPEIHEro CII0s IPU TIPUMEHEHHH
Pa3IMYHBIX CIIOCOOOB MOArOTOBKU Makynatypsl MC-5B (¢ — TpaaMumMoHHBIM cioco6 AUCTIeprup OBaHUs
CPEIHEro c10d; 6 — Cyxoe IUCIeprupOBaHue, CMEIIEHHE C BOMOI; 8 — Cyx0e IUCIeprupoBaHue, CMEIleHHe
C BOIOH U pa3Moi)

JlnarpamMmbl Ha pUCYHKe 4a COOTBETCTBYIOT 3HAUCHHUSIM, KOTOpPBIe OBUIH MOJYYeHbI IPU BHEIPEHUU B Kade-
CTBE CPEIHErO CII0S MaKYJIATyphl, MOArOTOBIEHHON TPaJMIIMOHHBIM criocoOoM. /{narpaMmbl Ha pUcyHKe 46 cooT-
BETCTBYIOT 3HAYEHUAM, KOTOpble OBbUIM IMOJYYEHbl NPU BHEAPEHUH B KaYeCTBE CPEIHEro CJI0s MaKylaTyphl, W3-
MENbYEHHON B McnepraTope 10 MeJKoi (pakuuu U rnociie 100aBIeHHOH B BOAHYIO cpeay, a JuarpaMMbl Ha pu-
CYHKe 4B COOTBETCTBYIOT 3HAYCHUsIM, KOTOpPbIEe OBLIH MOTYy4eHbI NIPY BHEJAPEHHUH B KAUECTBE CPEHErO CII0si MaKy-
JaTyphbl, NOATOTOBJIEHHOH TPaAMUMOHHBIM CHOCOOOM, MpOLIeIIeH CTaJuio JUCIEeprupoBaHUs (MyHKT «O»),
a TaroKe 100aBJIEHHON Ha CTaMU AMCIEPrUpOBaHUA NPU TPAAUMLUOHHOM criocode. [lepBblid cTONOMK AuarpaMMbl
COOTBETCTBYET 3HAYEHHIO COMPOTUBIICHUS MTPO/IABIMBAHUIO BYXCIIOMHON OTIIMBKH, COCTOSIIMI U3 BOJIOKOH, IO-
Jyd4eHHBIX U3 MakyaaTypsl MC-5b u obnaropojkeHHOH nucyeid neyaTHoi Makynatypsl. [Ipu paBHOM Macce kBaj-
pPaTHOro0 MeTpa TPEXCIIOWHBIA KapTOH oOnajzaer OOJIBIIMM COINPOTHBIEHUEM IPOMABIMBAHUIO MO CPaBHEHUIO
C ABYXCIOMHBIM (puc. 4a). 3aKOHOMEPHOCTH TOBBILCHUS] MEXaHUYECKHX MOKa3aTesell KapToHa NpH TpaIuLMOH-
HOM (hOPMOBAHHH 32 CYET MOBBILICHHS KOJMYECTBA CIIOEB ObUIM MOAPOOHO M3ydeHBI B uccienoBanusx [22]. Oc-
HOBHBIM (DaKTOPOM MOBBIICHUS MEXaHUYECKHUX IapaMeTpoB MPH MOBBILICHUH KOJIMYECTBA CJIOEB SIBJIICTCS BHICO-
Kas CTEeNeHb OJHOPOJHOCTU paclpesiesieH’s BOJIOKOH B Macce. XapaKTepHOH 0COOCHHOCTBIO sABJISIETCS MOBBILIE-
HME conpoTMBIIeHHA npoAasnueanuio Ha 50 klla npu nossneHun tpersero cios (puc. 4a). M3 pucynka 4a takxke
clielyer, 4To B auanazoHe uameHenust 30-50% comepskaHus cpeaHero cios u3z Makynatypbl MC-5b HaOmomaercs
HE3HAYMTEIbHOE M3MEHEHHE COMNPOTUBIICHUs IPOJABIMBAHUIO. BOJIBIINI MONOXUTENbHBIA P(EKT OKa3bIBaeT
NOBBILIEHHAE KOJMYECTBA CII0EB YEM COZIEpP’KaHUE BOJIOKOH B CJIOE.

Ha ocHOBaHUM NPOBEIEHHBIX IKCIIEPUMEHTAIBHBIX UCCIIEI0BaHUI Oblila YCTAHOBIIEHa ONTUMANIbHAs 103U~
POBKa BOJIOKOH, IOJIyYEHHBIX CYXHUM criocoOoM. He3HauuTeNnpHBIH pa3sMoil Macchl, COIAepIKalleil BOJIOKHA, TMOJY-
YEHHBIE CYXUM JUCIEPrUpOBaHUEM, TIO3BOJIFII MOIYYUTh KapTOH JIAWHEDP C MPUEeMJIeMBIMU MoKa3aTessiMu rpu 30—
50% conepxaHus CyXOro BOJIOKHA. DKOHOMUsI SHEPTUH M BOJBI JOCTHIAETCS 33 CUET 3aMEHbl HEKOTOPBIX CTaIuil
MacCONoAroTOBKHM, TAKUX KaK POCIYCK B rMapopa3buBaTese, O4MCTKa B TUAPOLUKIIOHAX, JOPOCIyCcK B Typbocena-
partope pucyHke 6. Bece nepeduciieHHbIE CTa UM 3aMEHAIOTCA annapaTaMu, paboTaOUMMK C CYXOH BOJIOKHHCTOM
a3POCUCTEMOM.
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Puc. 6. PexomenryeMast TeXHONOTHSA MOArOTOBKM MaKyJIATyPHOH MACChl C y4ETOM TEXHOIOTHH CYXOTo
AUCTICPTUPOBAHIA: | — BeHTUNATOp, 2 — MUCIepraTop, 3 — adpoUMKIOH, 4 — ruapopa3GHBaTes,
5 — TMAPOUMKIIOHBL, 6 — Hacoc, 7 — TypGocenapaTop, 8 — Gacceii, 9 — MeTbHULBI

Boisoowt

1. Cyxoe nucneprupoBanye pacTUTENBHBIX BOJIOKOH, B YACTHOCTH BTOPHYHBIX BONOKOH, NPUBOANT K CHU-
KEHHIO (PM3MKO-MEeXaHHYECKUX MOKa3aTeNell KapToHa, KOTOPOe MOXKET OBITh YaCTHUHO KOMIIEHCHPOBAHO HOCIIe-
JYIOILUM YBJIQ)XHEHUEM U Pa3MOJIOM BOJIOKOH.

2. Ilpe/uioxeHsl cnocoObl ONTUMU3ALMI KOMIIO3UIMH TeCT-NTailHepa ¢ BBEICHHEM BOJIOKOH, IOJTyYEHHBIX
METOJIOM CYXOro MUCIEPrUupOBaHUs, B CPSAHUM CIIOH TPEXCIOHHOTO TeCT-NIaliHepa.

3.Metoz CyxOro UCHEPTUPOBAHUS U UCIONB30BAHME CYXOTO BONOKHA B POU3BOICTBE TecT-naliHepa 3¢-
(ekTuBeH GIaronaps CHIKEHHIO METALIOEMKOCTH, PACXOIOB SHEPIHH H BOJIEL.

Cnucox numepamypol

1. JlpoGociok B.M. TexHOIOrHsl H3roTOBJEHUs GYMAru a3poJHHAMUYCCKIM CIIOCOOOM: y4ebnoe nocobue. CII6., 2011.
56 c.

2. Schrinner T., Gailat T., Grossmann H., Malinovskaya G. Dry and semi-dry paper and cardboard production // Profes-
sional Papermaking. 2016. N2. Pp. 36-42.

3. Schrinner T., Gailat T., Grossmann H. Dry defibration — A waterless preparation process for diffi-cult-to-recycle pa-
per and board products // TAPPI PaperCon. 2015.

4. Schrinner T., Gailat T., Heinemann S., Lundberg M. Selected pulp properties after dry defibration of several paper
products // PTS Pulp Symposium Proceedings. Miinchen, 2015.

5. Munykos H.IT., Edpemxuna I1.A., Mamunosckas I'.K., Kypos B.C., Cmomun A.C. [lony4yenune TpexcnoiHoro BaiT-
TAHEPa U3 BTOPHYHBIX BOIOKOH METOOM a3POJMHAMUYECKOro (hopMoBaHus // Xumudeckue sonokHa. 2017, Nel.
C. 22-26.

6. Muayxos [LIT., Eppemkuna [1.A., Manunosckas I.K., Kypos B.C., Cmonuu A.C. [onyuenune Tpexcnoitoro Bair-

JafiHepa METOIOM a3POAMHAMUYECKOro (hopMoBanus / CoBpeMEHHBIE 3aa4l NPOMBILLICHHBIX TEXHOJIOTUI B Tem-

JIOOHEPreTUHECKOM M JIECOTIPOMBILIICHHOM KOMIUIEKCAX: MaTepHaibl HayqHO-IPAKTUYECKOH KOH(EPEHIIUH CTY/IeH-

TOB 1 acnmpanTtos. CI16., 2016. C. 4-6.

Cmomun A.C., Ackenbpos I'.3. @opmosanne Gymaru u kapTona. M., 1984, 120 c.

Axnm 9.1 OcHOBBI XUMUU 1 TEXHOJIOrUH 06pabOTKM 1 MepepaboTKK GyMaru u kaptona. M., 1979. 229 c.

Porosun 3.A. Xumust uesumonossl. M., 1972, 520 c.

0. Ocosekas U.U., Boiixosa B.C. Bausinue pasmona Ha TepMoIMHAMHYECKHE CBOMCTBA LeTION036 // Xumus pactu-

TEJNBLHOro chipbs. 2015. Nel. C. 175-180.

2 30 0o



CYXO¥ CTIOCOB JIMCITEPTUPOBAHHM S BOJIOKOH ... 285

11. boiikosa B.C., Ocockas U.W. Cop6imonHble cBOMCTBa HEPa3MOJIOTHIX LEJUIIOI03HBIX BOJOKOH // M3BecTrs By30B.
Xumus u xumudeckas Texaonorus. 2015, Ne6. C. 74-78. u

12. Hubbe M.A., Venditti R.A., Rojas O.J. What happens to cellulosic fibers during papermaking and recycling? // Bio-
Resources. 2007. Vol. 2, N4. Pp. 739-788.

13. T'ayse A.A., T'onuapos B.H., Kyrymes W1.JI. OGopynoBatue s 10AroTOBKY OymakHol Maceel. M., 1992, 352 c.

14. Muayxos H.IT.,, Kypos B.C., Huxudopor A.O. ITosbiienne 30 eKTUBHOCTH MpoLEcCa AMCTIEPIUPOBAHHUS BOJIOKHHU-
CTOIi CYCIICH3UH B POTOPHO-My IbCAMOHHOM annapate // Y3ectns By3os. JlecHoit xypHai. 2008. Ned. C. 116-119.

15. ISO 5263-1. "Pulps — Laboratory wet disintegration — Part 1" International Organization of Standardization, Geneva,
Switzerland. 2004.

16. ISO 1924-2. "Paper and board — Determination of tensile properties — Part 2: Constant rate of elongation method". In-
ternational Organization of Standardization, Geneva, Switzerland. 1994.

17. ISO 2758. "Determination of bursting strength”. International Organization of Standardization, Geneva, Switzerland.
2001.

18. ISO 22 754. "Specifies a method for the determination of the effective residual ink concentration (ERIC number) by
infrared reflectance measurement". International Organization of Standardization, Geneva, Switzerland. 2008.

19. ISO 5269-2. "Pulps — Preparation of laboratory sheets for physical testing — Part 2: Rapid-Kéthen method". Interna-
tional Organization of Standardization, Geneva, Switzerland. 2004

20. Midukov N.P., Smolin A.S., Kurov V.S., Schrinner T., Grossmann H. Development and testing of new structure of
three-layers test liner cardboard // Materialien zum wissenschaftlichen Seminar der Stipendiaten der Programme
"Michail Lomonosov" und "Immanuel Kant III" 2012/2013. Moscow, 2013, Pp. 53-56.

21. Midukov N.P., Schrinner T., Grossmann H., Smolin A.S., Kurov V.S. Effect of virgin fiber content on strength and
stiffness characteristics of a three-layer testliner // BioResources. 2015. Vol. 10, N1. Pp. 1747-1756.

22. Munykos H.IL., Kypos B.C., Cmonun A.C. TIpon3BoicTtBo MHOTOCIOHHOTO TecT-nakinepa ¢ densim cioem. CIIO.,
2018.208 c.

ITocmynuno 6 pedaxyuio 1 aneaps 2018 2.

Iocne nepepadomiu 6 anpens 2018 2.

Ans uaruposanusi: Munykos H.IT., Edpemos JI.C., Kypos B.C., Cmosun A.C. Cyxoli crioco6 qucrneprupoBaHus Bo-
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Midukov N.P., Efremov D.S.", Kurov V.S., Smolin A.S. THE PREPARATION OF FIBERS FOR CARDBOARD PRO-
DUCTION

St. Petersburg State University of Industrial Technologies and Design, Ivana Chernykh st., 4, St. Petersburg, 198095
(Russia), e-mail: naturforscher@outlook.com

The article presents the data about the preparation of recovered paper using dry method. The objective of this method of
fiber preparation is to reduce water and energy consumption as well as obtaining higher physical and mechanical characteristics
of the cardboard. There is used a dispergator parts of which are constructed with 3D printer. After dry defibration, the purifica-
tion is carried out. Acquired finely dispersed, refined material is used to produce the three-layer cardboard — test-liner. Accord-
ing to standard methodologies, there were determined such mechanical parameters of multi-layer test-liner as breaking length,
bursting strength. Obtained results can be used to produce multi-layer testliner to reduce energy costs, as well as water con-
sumption. As a result of this research, it turned out that using the method of preliminary dry dispersion of fibers, it becomes
possible to reduce metal volume of the equipment as well as energy and water consumption. Previously, the mechanical grind-
ing of recycled fibers was not carried out. Therefore the data presented in this article allow assess the cost of applying this
method into the industry. The method of dry dispersion, which was carried out and studied in laboratory conditions, is not cur-
rently applied in the paper and cardboard industry of Russia, despite its advantages. In the future, it is planned to conduct re-
peated studies, with a view to the possible introduction of this method into the industry.

Keywords: dry defibration, recovered paper, test-liner cardboard.

: Corresponding author.
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