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MHOT'OCJOMHOCTb KAPTOHA KAK ®AKTOP PET'YJIMUPOBAHUSA
EIr'0 ®U3NKO-MEXAHUYECKHX CBOWCTB

B.B. I'opa3noBa, E.B. /IlepHoBa
Cesepnulil (Apkmuueckuii) pedepanvuwiii ynusepcumem, 2. Apxaneenvck, Poccus

IIpeocmasnensvt pe3ynbmamsl KOMNJIEKCHbIX 1AOOPAMOPHLIX UCCAE008AHUU MHO2O-
CIIOUHBIX 00pPA3Y08 KAPMOHA, HANPABIIEHHbIX HA NOGbIULEHUE U PecyIUposaHue xapakmepu-
CMUK NPOYHOCIU U 0eDOPMAMUBHOCIIU YELTION0ZHO-OYMAINCHBIX MAMEPUAILOS.

MULTILAYER CARDBOARD AS A FACTOR OF REGULATION
OF ITS PHYSICO-MECHANICAL PROPERTIES

V.V. Gorazdova, E.V. Dernova
Northen (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia

The results of integrated laboratory studies of multi-layer cardboard samples aimed at
increasing and regulating the strength and deformation characteristics of pulp and paper ma-
terials are presented.

M3BecTHO, YTO MPOYHOCTh LEJUIIOJI03HO-OYMa)XKHbIX MaTepuasioB, U B
YACTHOCTH KAapTOHA, BO3PACTAET KaK NPH YBEJIMYEHUH €ro Macchl 1 M%, Tak u
npu (OPMOBAHHM B HECKOJBKO CJIOEB IO CPABHEHHUIO C OJAHOCIONHBIM (POpMO-
BaHHeM. MHorocioiiHoe (opMOBaHHUE YIy4yllaeT MHOTME IMPOYHOCTHBIE CBOM-
CTBa KapToHa 6e3 MOBbIeHHs 1 M? 3a cueT coueTanus GOJIEe MyXJI0r0 BHYTPEH-
HEro CJI0s JIUCTA ¢ YIJIOTHEHHBIMH, IPOYHBIMU HAPYKHBIMH CIOAMU. ITO 00B-
SICHSIETCSI TEM, YTO B OJJHOCIIOMHOM JIMCTE UMEIOTCS JIOKAJIbHbIE YYACTKHU MOJOT-
Ha ¢ MEHbIIEH Maccoi 1 M?, 0 KOTOPHIM U IIPOUCXOMUT €r0 PaspylleHue IpH
IPUWIOKEHUU COOTBETCTBYIOIIMX Harpy3ok. C yBeIMYEHHUEM YHuCia 3JIEMEHTap-
HBIX CJIOEB BEPOSITHOCTh HAJIOKEHHUS JIPyr Ha Jpyra 3TUX ClIa0bIX Y4YacTKOB
yOBbIBaeT U MPOUCXOIUT BbIpaBHUBAHME IOJOTHA 110 Macce. KapToH craHoBUTCS
0oJiee paBHOMEPHBIM IO IJIOTHOCTH, C BBICOKUMH MPOYHOCTHBIMHU XapaKTepH-
cTukamu. TakuMm 00pa3zoM, BAPbUPOBAHUEM KOJIMYECTBA M KaueCTBA CIIOEB MOXK-
HO BIUSTh HAa XapaKTEPUCTUKU MPOYHOCTU U J1€()OPMAaTUBHOCTH LIEIJUIIOJIO3HO-
OyMaKHbIX MaTepuajoB [1-3, 6].

B ycnoBusix KOHKypeHLIMH Ha pPBIHKE TOBAapOB HApOIHOIO MOTPEOJICHUS
yIaKOBKa BBINOJIHAET HE TOJBKO YTHJIMTAPHYIO (PYHKIHIO OO€ecreyeHus: co-
XPaHHOCTU TOBApa, HO U CTAHOBUTCS MapKETUHIOBBIM MHCTPYMEHTOM B OOpbOe
3a BHUMaHUE MOTPeOnTENS.

Cpenu yrnakoBOUYHBIX KapTOHOB BBIIEIISIOT JIBE€ OCHOBHBIE IPYIIIIHI.
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K mepBoii rpyrie OTHOCAT MaTepualbl sl TPOU3BOACTBA TOGPUPOBAH-
HOTO KapTOHA — KapTOH /I IUIOCKHUX CJIOEB (KapToH-JaiiHep) u Oymara s
ro¢gpupoBanus (HhIOTHHT).

Ko BTOpOii rpyIine oTHOCAT MaTepualibl, TPeIHA3HAYCHHBIC JIJIT N3TOTOB-
JICHUS TOTPEOUTENHCKOM Taphl — KOPOOOK, TAYeK U APYTHX BUIIOB YITAKOBKH.

Y1akoBOYHBIE KAPTOHBI JOHKHBI OTBEYATh TAKUM OCHOBHBIM TPeOOBaHM-
SIM, KaK BBICOKAsl dKECTKOCTh, KAPKACHOCTh, OapbepHbIE CBOWCTBA, TPOYHOCTH.

TunuunHas CTpyKTypa UMEET HECKOJIBKO CIIOCB:

— MEJIOBaHHBIN — OJIMH WJIM HECKOJIBKO (Yalle JBa) CJI0€B MEJIOBaHMUS;

— BEpXHUU — OJIMH WJIM HECKOJBKO CJIOEB U3 KAU€CTBEHHOI'O MEPBUYHOTO
CBIPbS;

— CpeIHUN — JOCTATOYHO TOJICTBIM CJIOM U3 JIEIIEBOrO ChIphbs (MaKyjaTy-
pa, MexaHudeckass Macca, HeOesleHas IEeJUII0JI03a, Pa3IMYHbIe OTXOJbI MPOU3-
BOJICTBA), YTO JA€T BO3MOKHOCTh CHU3UTh CTOMMOCTb KapTOHA 0e3 yXYIIICHUS
ero 0apbepHBIX CBOMCTB;

— HUOKHUHM — OJIMH WJIM HECKOJBKO CJIOEB KaU€CTBEHHOTO CHIPbs (OeseHas
LEJUII0JI03a, HeOeneHas 1eJITI0I103a, APEeBecHast Macca, MaKyJaTypa).

OO0miee MpaBWIO: KAYECTBO ChIPhS YMEHBIIAETCA CBEPXY [0 CPEIHEro
CJIOSI M YBEJIMYMBAETCS OT HETO BHU3.

Kapronsl, conepxaiiye MakyiaaTypy, HECKOJBKO JEILIEBIEC, OJHAKO OHU,
KaK IpaBujo, MeHee >kecTkue. Llemmono3a MmoBbIIEHHOW MPOYHOCTH (Kpadr)
UCIIOJIB3YETCsI ISl TIOBBIIICHUS YPOBHS JKECTKOCTU KapTOHA, €ro MPOYHOCTH U
BJIATOCTOMKOCTH.

B nactosimieit pabote ucciaegoBaiu BIMSHUE MHOTOCIOMHOTO (pOpMOBa-
HUS HAa XapaKTEPUCTUKH MPOYHOCTU U J1€POPMATUBHOCTU MOJIEIBHBIX 00pa3IoB
KapTOHa.

C aT0i1 11e51b10 B 1a00PATOPHBIX YCIOBUSIX M3TOTABIMBAIN MHOTOCIOWHBIE
00pa3ipl KapTOHA MPU KMCIHOJIB30BAHUM CIEAYIOUIUX KOMIO3UIIMN OTIAEIbHBIX
CJIOEB I10 BOJIOKHY:

— nonnyabpukarel Beicokoro Beixoaa (IIBB): cmecs xBoiinoi IIBB u
JIMCTBEHHOM MOJIYLEJII0JI03bI TIpU cTereHu nomosa 18 u 24 °IIP u cooTHomIe-
Huu 30:70 COOTBETCTBEHHO;

— Oenennie BubI 1esU1i0103b1 (BL]): cMech MUCTBEHHON U XBOWHOM CyJib-
datHbIX OelieHbIX 1eJUTt0103 npu crenenu nomoia 30 °IIP u cooTtHOlIeHUM
50:50;

— makynatypa mapku MC-5b (M): npu crenenn nomosna 30 °LLP.

Pa3Moi Macchl NPOBOAMIM Ha JabopaTopHoil MeibHuIE Mokpo. s

OLICHKM BJIMSHUS MHOTOCIOMHOTO (OpMOBAaHHMS Ha YpPOBEHb (DU3UKO-
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MEXaHUUYECKUX XapPaKTEPUCTUK KapTOHA M3rOTaBIMBAIA MOJEIbHbBIE OJIHO-,
JIByX-, TPEX- U YEThIpeXcioiHble 00pasipl. O01Ias macca o0pa3ioB, BHE 3aBU-
CUMOCTH OT KOJIMYECTBAa DJEMEHTApPHBIX CJOEB CTPYKTYphl, COCTaBIsjIa
200 r/m?. CnenoBaTensbHo, IPU MOAEIUPOBAHMY ABYXCIOMHBIX 00pa3oB Macca
KaXJ0TO AJeMeHTapHOoro cios cocrasisna 100 r, TpexcionHsix — 66,7 T, 4eThbI-
pexcnonnbix — S0 r.

[Ipu MopenupoBaHWUU MHOTOCIONWHBIX O00pPa3llOB KapTOHA COOJFOJATN
yKa3aHHOE BBIIIE MPABUJIO: BHYTPEHHUE CJIOM OOpa3llOB HM3TOTABIMBAIHN U3
HauOoJiee AEMIEBOr0 U HU3KOKAUYE€CTBEHHOTO ChIPhs — MAaKyJIaTyphl, a HAPYKHbIC
CJIOM — U3 BBICOKOKAUYE€CTBEHHBIX EPBUYHBIX 1M0JTy(HaOpUKaTOB.

Pe3ynbpTarhl HCIIBITAHUM TIPECTABIEHBI HA puc. 1-3.

M, kMNa M, kMa M, kMNa

1192

1126 157

1067

986
901 904 901

865

745 756

nes BU:NBB BU:NBB:NBB BL:NBB:NBB:NBB ™M BU:M BL:M:M BU:M:M:M M nes:m nes:M:NBB  NBB:M:M:NBB
CCT, kH/m CCT, kH/m CCT, kH/m
482 484 493
4,63 4,60
4,02
377 3,90
3,60
nss BU:NBB BU:NBB:NBB 6U:NBB:NBB:NBB M BU:M BU:M:M BL:M:M:M M nes:m NBB:M:NBB  NBB:M:M:NBB
RCT, H RCT, H RCT,H
365 378 361 350
353 357 341 327
nes sU:NBB B6U:NBB:NBB BU:NBB:NBB:NBB M BU:M BU:M:M BLUM:M:M M neg:m NBB:M:NBB  NBB:M:M:NBB
a 9] 8

Puc. 1. BnusHue koiMyecTBa CJIOEB Ha CTaHAapTHHIE (PU3UKO-MEXaHUUYECKHE TTOKa3a-
tenu kaptoHa: a — [IBB+bBIl, 6 — M+bl1], ¢ — M+I1BB

B 1nienoM yctaHoOBI€HO, UTO YBEIMYEHHE KOJIUYECTBA FIEMEHTAPHBIX CJO-
eB B oOpaslax KapTOHA, M3rOTOBJIEHHBIX TOJIbKO K3 MEPBUYHBIX BOJIOKOH
(ITBB+bLI), 6maronpusTHO BIHMSET Ha XapaKTEPUCTHKHA ITPOYHOCTU U Jiepopma-
TUBHOCTH (pHcC. 1, @). PaspbiBHas jumHa (L) u aegopmanus paspylieHus (€p)
pacTyT BO BCEM JIMAMA30HE YBEJIUUYCHHUS JIEMEHTAPHBIX CI0E€B OT OJHO- K YEThI-
pexcioiiabiM. ConpotuBienue npogasnubanuto (I1), cxxaturo (CCT, RCT) u us-
aomy (N) mocturaetT MakCUMaJIbHBIX 3HAYEHUU JUIIL HA TPEXCIOUHBIX Jabopa-
TOpHBIX oOpa3nax. Kak M3BeCTHO, C YBEJIMUYEHHUEM JI0 OTPEIEICHHOTO Mpeesna
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KOJIMYECTBA CIIOEB B MaTepuane o0ecrneynBaeTcs MOBBIIICHHE PABHOMEPHOCTH
IPOCBETA 32 CUET HAJIOKEHUSI IPYT Ha JApyra caadblX y4acTKOB U BhIPABHUBAHUS
noJjioTHa no macce. CieoBaTenbHO, KAPTOH CTAHOBUTCS 00J€€ paBHOMEPHBIM
0 MJIOTHOCTH, C BBICOKUMHU IPOYHOCTHBIMU XapaKTEPUCTHUKAMHU.

IToka3aTens SHEPIUM BHYTPEHHMX CBs3eit 1o CkorT-Bonay (Scott, [I/m?)
IpU yBEJIWYCHUH KOJUYECTBA AJIEMEHTAPHBIX CJIOEB B KOMIIO3UIMU KapTOHA
TaKKe HECKOJIBKO MOBBILIAETCS, YTO, MO-BHIUMOMY, OOYCIIOBJICHO YIy4IlIEHUEM
CIICTIJICHUS CJIOEB B Z-HAINIPABICHUH NIPU CHIKEHUH UX TOJIINMHBL

Taxum 06pa3zom, ONITUMATBHBIMU, C TOUYKH 3PEHUS KOMILIEKCA YKa3aHHBIX
XapaKTEePUCTHK, SIBISIOTCS TPEXCIOWHBIE 00pas3IIbl.

Lm Lm Lm

9050

9050

6450

5700 5950

7750 5200

7050 7150

nes 5LLMBB  BL:NBB:NBB 5L:NBB:NBB:NBE M LM BUM:IM  BLUM:MM ™ nBs:M  MBB:M:NBB  MBB:M:M:NBB

N, u.a.n. N, 4.a.n. N, u.a.n.
540 528

333
291

237 216 227

147

=

nes BU:NBB BU:NBB:NBB BL:NBB:NBB:NBB ™M BU:M BU:M:M BU:M:M:M M nes:m nes:M:NB8  NBB:M:M:NBB

a 0 8
Puc. 2. BiusiHue KonrdecTBa CI0€B Ha MOKa3aTelId MPOYHOCTH KapTOHA:
a — [IBB+bll, 6 — M+Bll, 6 — M+IIBB

B 10 3xe Bpemsi 00Hapy»KEHO, UTO YBEJIMYEHUE KOJIUYECTBA 3JIEMEHTAPHBIX
CJIOEB JI0 YEThIPEX MPUBOJIUT K MMOCTENEHHOMY CHMKEHHIO TPEIIMHOCTOMKOCTH
(Ha 20 %) npu oTHOBpEMEHHOM yBenu4YeHUH nedopmaiuu paspyuienus. Jlan-
HBIM (akT, MO-BUAMMOMY, OOYCIIOBIIEH JIByMs NpuYnHamMu. Bo-miepBhIX, B JaH-
HOM CJIy4ae MpU YBEITUYCHUH MHOTOCIOWHOCTH KapTOHA HAYMHAET MPpeo0IaaaTh
BIIMSIHUE CHUXKEHUS MEKCIIOEBBIX KOHTAKTOB. BO-BTOPHIX, HEOOXOAUMO YUUTHI-
BaTh, YTO B YCJIOBUAX JIAOOPATOPHOTO U3rOTOBJIEHUS 00pa3LoB (MO0 CPaBHEHUIO
C MPOMBINUICHHBIMU YycIoBUAMH (opmoBanuss Ha KJIM) coeamHeHue cioes
IPOUCXOUT TpU OOJIee BHICOKOM CYXOCTH, a TIPECCOBAHHME MPOU3BOAUTCS IPH
HU3KOM HEpEryJupyeMOM JaBJIEHUH, BCIEJICTBUE ITOr0 00pa3yroTcs 1e(eKThI
B MECTax COEJIMHEHHUS PJIEMEHTAPHBIX CIIOEB.

[Ipu 3ameHe B KOMIIO3UIIMK KapTOHA HEOENEeHbIX MoTy(hadprKaToB BhICO-
KOT'O BBIXOJIa HA MaKyJaTypy (puc. 1, 6) MOKHO OTMETHUTH CJIEIyIOIIEE.
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JlunaMyKa U3MEHEHUs XapaKTEPUCTUK MPOUYHOCTH, KECTKOCTH U Jedop-
MATUBHOCTH IPHU MEPEX0Jie OT OJHO- K MHOTOCJIOWHBIM 00pa3iiaM aHajJoTru4yHa
IpeabIAyIeMy BapuaHTy, HO OoJiee BhIpa)KeHa C TOYKH 3PEHUs MPUPOCTa 3HA-
YeHU MoKa3aresiel. ITO CBSI3aHO C TEM, YTO B KAYECTBE OJHOCIOMHOrO 00pa3-
1a, B JaHHOM ciiy4yae, paccmarpuBaercs kapTod u3 100 % makynarypsl. Ilepe-
X0J1 K MHOTOCIONHBIM oOpa3uam (M+bIl) u, cnegoBaTenbHo, BKIIOYEHUE B CO-
CTaB KapTOHA 3JIEMEHTApPHOTO cJosi (MOKPOBHOT0) M3 OENEHOr0 BOJOKHA, MPH-

BOJUT K 3aKOHOMEPHOMY MOBBILIEHUIO 3HaUYE€HMI noka3zaTeneil Ha 7...20 %.
FT, Dx/m FT, Dx/m FT, Ax/m

1,39

1,32 1,31

112 1,15 110 ‘o7 1,15 1,14 1,13 1,00

1,01

nes BL:NBB BU:NBB:NBB BL:NBB:NBB:NBB M BU:M BU:M:M BU:M:M:M M nee:m nBe:M:NBB NBB:M:M:NBB

€. % €. % &, %

4,62

4,06
3ge 92 383

3,20 3,19 334

3,18 3,20 322 3,36

nes BuU:nee BU:NBB:NBB BLI:NBB:NBB:NBB M BU:M BU:M:M BU:M:M:M M nes:m nBs:M:NBB NBB:M:M:NBB

Scott, fw/m? Scott, x/m? Scott, [x/m?

41
376 373

272 272

233
189 L 198

bL:NBB BL:NBB:NBE  BLINBB:NBB:MBB BU:M BU:M:M BU:M:M:M nes:m nBB:M:NBB nBB:M:M:NBB

a o 8
Puc. 3. Bausinue kolnuecTBa CJI0EB Ha MOKa3aTelu TPEIIMHOCTOMKOCTH U JiepopMma-
TUBHOCTH KapToHa: a — [IBB+BL, 6 — M+bll, 6 — M+IIBB

C npyroii CTOpOHBI, XapaKTEPUCTUKU CONPOTUBJIEHUS NMPOAABIMBAHUIO U
cxatuto (II, CCT) npu 3ameHe MEepBUYHBIX AJIEMEHTApHBIX CIOEB HA MaKyJa-
TypHbIE 3aKOHOMEPHO CHIKatoTcd Ha 16...25 %.

Pe3ynbpTaThl ucneiTaHuii 00pa3loB TPETHErO0 BapuaHTa — U3 MOJaydadpu-
KaTOB BBICOKOIO BbIX0JAa M MakyinaTypsl (M+IIBB), B cBOO ouepenb, 3aHUMAIOT
IPOMEKYTOUHOE TOJIOKEHUE MEXKIAY pacCMOTpeHHbIMH Bbime (puc. 1, ). On-
TUMAJIbHBIMU C TOYKH 3pPEHHUS KOMIUIEKCa (DPU3UKO-MEXaHHMYECKUX XapaKTepu-
CTHUK, B JAaHHOM Clly4ae, sIBJIAIOTCS ABYXCJOWHbIE 0Opa3ubl. B ciyyae paccMmoT-
pEHUS TPEXCIOMHBIX 00pa3loB, 1aXKe MPU CHIXKEHUHU OOIIEH 107U Makylaryp-
HOT'O BOJIOKHA B KOMIIO3MIIMM, HAOJIOAE€TCA CHU)KEHHUE IOKa3aTelled ux Kaye-
CTBa. DTO O0YCIOBJICHO BO3pacCTaHUEM BIIUSHHS MEpEHANPSHKEHHM, BO3HUKAO-
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MX Ha TpaHUIle pasaena ¢a3 MexAy dJIEMEHTAPHBIMHU CIIOSMHU, 00J1aIaf0IIIMH
OTJIMYHBIMH JIPYT OT Jpyra CBOMCTBaAMHU (MakyJlIaTypHOE U MEPBUYHOE BOJOKHO
BBICOKOTO BBIXO/1a).

B menom, mpoYHOCTHBIE CBOMCTBA MHOTOCIIOWHBIX 00Opa3IioB KapTOHA 3a-
BUCST OT MIPOYHOCTH OTJAEIBHBIX JJIEMEHTAPHBIX CJIOEB, HO BKJIAJ KaXJI0T0 pa3-
mndeH. CBOHCTBA HAPYKHBIX CJIOCB OKA3bIBAIOT OOJIbIIIEE BIUSHUC HA TeopMma-
TUBHOCTb, YEM Ha €ro MPOYHOCTh. B TO ke BpeMs Mpu CONPOTUBIICHUU Pa3Iny-
HBIM BUJaM Harpy30K BeyIlasi pojib MPUHAJJIC)KUT BHYTPEHHUM CIIOSIM.

Takum 00pazoM, TPOAEMOHCTPUPOBAHA BO3MOXKHOCTH MOJICITUPOBAHUS
(BapbHPOBaHMUSI) KOJIMUECTBA M KAUECTBA DJIEMEHTAPHBIX CIIOEB KapTOHA JIJIS J10-
CTHIKEHHUS TpeOyeMbIX OyMarooOpa3yromux CBOUCTB.

Paboma svinonnena ¢ unnosayuonno-mexnonoeuveckom yenmpe « Cogpemenvie mexmoiouu
nepepabomku ouopecypcog Cesepay (CesepHulii (Apkmuueckuil) gpedepanvbhblii yHugepcumem umeHu
M.B. Jlomonocosa) npu gpurarcosoti nodoepaicke Munobpuayxu Poccuuy
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