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ITHTKH 

KHO n pOCJIe)J,l1T b BJIl1 51­

80pTl1MeHTa a =R/L aa 

ITWleCKa$l Mon.enh cavo­
lpH pOTal.l,l10HHOH cy unce 

rra ycra HOBOK n.JI51 rrpo ­
r H .l\p.] II Hays . ooospe­

MO.l\eJlI1 06e3BO){(I1BaHI151 
( H np.] II fleC H. ){(yp H. 

flll nponeccos npOrrl1TKI1 
Ie, 1975. 372 c. 

Ilocr ynurra 19 .12 .12 

. Kirov 

I species was co nducted . 
t time (ra te) at di fferent 
ratio between the assor t ­
ent was deter mined . 

'N XI1MWlECKA5I TIEPEPABOTKA ,lJ:PEBECI1HbI 

YAK 676 .2 

A.C. CMOJlUH 

C.-TIeTep6yprCKI1H rocynapcraena sm TeXHOnOrHy eCKI1H YHI1BepCI1TeT 
pacrnrens nu x rronnue poa 

C Mon HH Anex ca u np CeMeHOBH'l, pc nnncn B 1939 r ., OKOH'l Hn B 1962 r . Jlciuoupancxyio n c co­

Te XHI1'lC cK ylQ axanexnuo, ilO l<TOP TeXHH'lCCK HX JlaYK , nporpeccop, aauenyrouiuri xarpenpoii TCX­

HOJIOnll1 6 YMa rJI 11 xaproua Ci-Ilerepfiyprcxoro rocynapcra eunoro Te XIIOn Or l1'leCKOr O y HI1­

s ep c HTCT3 pacru r ern.uux nonnsrepos. YlMc eT 6 0n ee 130 ua)"lHblx r pyzioa B 06na cTI1 11 3)"1 e1lH5l 

np oueccos 6YMalKHO-KapTouuoro nponason crn a, XI1MHII 6YMa r H, lfcn on b30B a UIl 5l s ropa -ruoro 
Bon OKHa . 

E -mail: smoli n @gturp .spb .ru 

o PA3BIfTMIf TEXHOJIOrMIf J)YMArlf If KAPTOHA 

Ilpoaa ana aap osanu aanpasnea aa pa3BHTI151 TeXHonon m 6YMarH H xaproaa. Il oxaaaa a 
rrepCrreKTI1BHOCTh I1CrrOnb30BaHI1 51 BTOpl1YHOrO s onoxaa, 3cjJepeKTHBHbIX XI1MHyeCKI1X pea­
r eHTOB, rrO BepXHOCTHOH o6 pa6oTKH 6yMarH 11 xaproaa. 

Kntoueeue cnoea: BTOpHYHhle BonOKHa, Me){(BOJIOKOHHble CB513H, MaTepl1aflbl n.JI5I rorppo­
KapTOHa, XI1Ml1yeCKHe pearenrsr , rroBepxHOCTHa5I oopafiorxa. 

TIP0113BO)J,CTB O 6 y Manl 11 xaproua - )J,I1HaM I14 HO p 33BHBalOllJ, l1J;i c51 cexro p 
XI1MH4eCK oH rrepepafiorxa zipeaecnau 11 zipyro ro p a CTl1TeJIhHOrO csrpt,s. o yMa){(HO­

xapronasre MaTepl1aJIbI 6JI aro )J,ap5I H113KOH CTOl1MOCTl1 , 3KOJIOnl4eCKOH 6 e30nacHo­

CTl1, B0306HOBJI5IeMoMY csrpsio 11 3cPcPeKTI1BHOH TeXH OJIOfl1l1 5lBJI51lOTC5I socr peoo­
BaH HbI M l1 11 KOHKypeHTocnoc06HhIMl1 B p a3JII14HbIX OTpaCJI5IX npOJ-:I3B O,lICTBa, TOBa­

poo iiopot«, tpencnopte, C01.WaJIbHO-6bIToBoro 11 xynsrypaorc TIoTpe6JIe HI151 . 

C p aBHHTen b HO H113Ka5I CTOI1MOCTb 6 YMan 1 Yl xaproaa CB5I3aH a C )J,OCTynHO­

CTb lO 11 Ae W e BI13HOl i pacurrensnu x MaTepUaJIOR, B030 oHoBnReMoCl'h Cb\PM\ onpcn.e­
J1 51eTC 51 IlOCT051HHhIM npl1pOCTOM necnsix 11 npyrax pacrirrerrsm,ix pecypcos, axono­
rJl'JeCKaJI 6C30lJRCHOCTb oticcnomeeerc« B03I\fCTJfo..1fOCThfO H rrOJI b3 0 BaHI15l BTOP114HO ­

ro BOJIOKH a 11 JIer Kl1M 6 110pa3JIO)l(eH l1eM OTX O)J,OB np0l13Bo)J,c TB a 11 n OTP e6JIemUi . 

YHHKaJIbHa5I cnoc06HOCTb paCTI1T eJIbHbIX BOJIOKOH K Me){(BOJI OKOHH OM Y CB5I­

3e06pa30BaHl1lO, o n p e)J,eJI51eMa5I B3aI1Mo)J,eHCTBl1 eM ueJIJIlOJI03bI C BO)J,OH 11 He TP e ­

6YlOr.ua5I KaKl1 X-JI1160 )J,o n OJIHHTeJIb HbIX CB513ylOllJ,l1X, naer TeXHOJIOfl1l1 np0113BO)J,­

CTBa 6 yMafl1 11 Kap TOHa aa OCHOB e p aCTI1T eJIhHhIX BOJIOKOH neocnopusrue npe­

l1Myr.ueCTB a n epen JIlO6blMl1 BOJIOKHaMI1 l1HOfO np0I1CXO){()J,eHl151. 

B HaCT0 51llJ,ee BpeM51 6 0JI ee nOJIOBl1HbI scex paCTl1TeJIbHbIX BOJIOKOH , I1CnOJIh­

3yeM blx B np0l13Bo)J,cTBe 6yM a fl1 11 xapro na, COCTa BJI51 lOT BT Opl14Hbie BonOKHa 

(Ta6JI. 1) [4]. 

© CMOJIHH A .C, 20 13 
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Ta6MI ua 
PYlC. I. 3aBI1CJ1MOCTq

M3MCHCJlltC c'rpyxrypsr MltpOBOrO npOIt3BO~CTBa BOJIOKJlltCTblX nOJIY<f!a6pltKaTOB 
(J 113 uenmonoau , pa3, 

(% OT ofiurero 06beMa) B 1980 - 2010 rr. 
OT CYXOCTJ1 (C): 1-I 

ITOJlycjJa6pHKaT 1980 1990 2000 2010 2020* 

Maxyriarypa 
He.L\peBeCHa51 uenmonosa 
Ilonyuenmonosa I13 .L\peBe­

CI1Hhl 
MexaHWleCKa51 .L\peBeCHa51 

Macca 
XHMI1l.\eCKa51 .L\peBeCHa51 

uenrnonosa 

28 
3 

2 

17 

50 

32 
4 

I 

16 

47 

44 
4 

1 

II 

40 

48 
4 

I 

9 

38 

51 
4 

I 

8 

36 

* Ilpornos. 

OOJIbllIa51 '-WCTb MaKyJIaTypHoro csrpss (B POCCYIH 60JIee 80 %) I1CnOJIb3yeT­

C5I jJ,JI5I np0I13BOjJ,CTBa KapTOHa Pa3JIWIHbIX MapOK. WI1pOKO npI1MeH5IeTC51 BTOpH4­

Hoe BOJIOKHO B KOMn0311UllI1 canarapao-raraeamecxax BI1jJ,OB 6yMarl1 11 ra3eTHOH 

6yMarl1. fJlaBHblM yCJIOBHeM paCIlII1peHH51 accopruaeura np0jJ,YKUI1I1 aa OCHOBe 

BTOpH4Horo BOJIOKHa 51BJI51eTC5I 06J1aropa)101BaHHe 11 oT6eJIKa MaKyJIaTypbl C HC­

nOJIb30BaHI1eM COBpeMeHHbIX CI1CTeM cPJIOTaUHYI 11 3cPq>eKTllBHbIX oT6eJII1BaJOllI,I1X 

peareuros [5]. 
CJIejJ,yeT OTMeTI1Tb, 4TO npaKTI1y.eCKI1 HH OjJ,I1H BI1jJ, 6yMarl1 11 KapTOHa He 

BbmYCKaeTC5I B OTCyTCTBl111 jJ,JII1HHOBOJIOKHI1CTbIX nOJIyQ>a6pHKaTOB. Cospeveunsre 
B033peHH5I Hd crpoenne 6yMmKHoro JII1CTa npennonaraior 06pa30BaHHe CeTyaTOH 

crpyxrypu H3 ,n,JII1HHbIX BOJIOKOH , xoropsre npe,n,CTaBJI5IlOT apvnpyroutyro KOH­

CTpyKUHlO, 06eCneYI1BalOw.ylO OCHOBHOH BKJIa,n, B npOYHOCTHble xapaKTepl1CTI1KI1 

6yManl I1 KapTOHa. KOpOTKOBOJIOKHHCTble nOJIy<pa6pHKaTbI , sxonaume B KOMno­

311UHIO 6yMa)KHO-KapTOHHbIX MaTepHaJIOB, 3an OJIH5IIOT 51y.eHKH apMHpylOllI,eH ceTKH 

11 nrpaior POJIb aKTHBHOrO HanOJIHI1TeJI5I, T . e. MaTepHaJIa, Y4aCTBYIOw.erO B CB5I3e­

06pa30BaHI1H I1 pa3BHTHH npOy.HOCTI1. Ilpn 3TOM MHHepaJIbHble nHrMeHTbl, B 0651­

3aTeJIbHOM nopanxe npacyrcrnyrounre B KOMn03I1UI1I1 6yMarl1 ,n,JI5I nexaru , CJIy)KaT 

I1HepTHblM HanOJIHI1TeJIeM, npenarcrnyioiunv CB5I3eo6pa30BaHI1IO. ECJII1 C 3Tl1X 

n03I1UHH paccvorpert, o6pa30BaHI1e Jll1CTa aa OCHOBe BTOpl1y.HorO BOJIOKHa, TO Me­

XaHI13M 6y,n,eT e,n,I1Hoo6pa3HbIM, TaK KaK MaKyJIaTypa JII06oro np0I1CXO)K,n,eHI151 see­

rna conepxorr ,n,JII1HHOBOJIOKHI1CTYIO <ppaKUI1IO, nrpaiouryio apvapyiouiyio pOJIb. 

Eonee rJIy60KHH aHaJIH3 n03BOJI5IeT npejJ,nOJIO)l(I1Tb, YTO crpyxrypa JII1CTa ecrs pe­

3YJIbTaT B3aI1MOnpOHI1KHOBeHI151 apsmpyrouieii ,UJII1HHOBOJIOKHI1CTOH CeTKI1 II aK­

TI1BHO HanOJIH5IIOllI,eH KOpOTKOBOJIOKHI1CTOi1 CeTKI1. B UeJIOM 3TO B3aI1MOnpOHI1K­

HOBeHl1e peaJIH3yerC51 B ,n,OCTaTOYHO paanovepnyio 11 npoxayio MaKpocTpyKTypy 

6YMarl1 11 KapTOHa 113 3ay aCTYlO pasaopoznn.tx paCTI1TeJlbHbIX BOJIOKOH , OCHOBOH 

KOTOpOH uapany C CaMI1MI1 BOJIOKHaMI1 51BJI5IIOTC5I Me)l(BOJIOKOHHble CB5I311 Me)l():(y 

O,n,HOP0jJ,HbIMI1 11 pasaoponasier» BOJIOKHaMI1. TIPI1 3TOM , aepoarnee scero, 60JIee 

3Ha411MbI CB5I311 Me)l(,n,y O,n,HOPO,n,HbIMI1 BOJIOKHaMI1 . 
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Ha51 XBOHHa51; 2 - c 
XBOrIHall; 3 - cynhlpl 
Ha51; 4 - cyJIh<paTHa 

Ha51; 5 - noraplI<p~ 

TIP04HOCTb i 
I 

BonOKoH, BXO.L\51ml1 

npouecce pamona, 

nnaCTl14HOCTl1 BOJl ~ 

Me)KBOJlOKOHHOro ( 

OTpl1uaTeJlbHbIH 3d 
113MeHeHl1e npo4H~ 

B3aI1MO.L\diCTBI151 31 

peaynsrar, 
<t>OpMl1pOBaI-l 

npOI1CXO.L\I1T ua 6y~ 

uecce 06e3BO)f(Ima 

npl1Be.L\eHa aa pHC. 

MyJlHpOBaTb psn m 

JIOKHaMH H npnpon 

Pe3KH H nom 

lJ,HI1 (~ 0,1 %) n o 

mI1MC5I sa cerxe B; 
CTH 9.. .10 % (T . /­

HOCTb 3TOH CHCTe 

cPJIOKyJI5IUHOHHoro 

H1111» y,ll,aJI51eTc5I .L\ 

Cy XOCTH 9...10 0;; 

CJI05l, Ha4I1HaeTC5I 

Ma)f(HOe nOJIOTHO 

B KOTOpOH n OJIy 4, 

MeHTa Me)KBOJIOKC 

BJII151Hl1e KOTOpblX 

TIo Mepe ~ 

lOT C6JII1)f(eHl1e BI 

CYXOCTH 55.. .60 
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Ta6 JII1ua 

CTbIX nOJlyljJa6plfKaToB 
rr. 

48 
4 

2010 

51 
4 

2020* 

9 

38 

8 

36 

nee 80 %) I1CnOJJb3YeT­

) npI1MeH5IeTC5I BTOPI1Y ­

lI OB 6yMaru 11 ra3eTH0l1 

npO,lJ,yKUI1I1 Ha OCHOBe 

JIKa MaKy11aTypbI C I1C­

HBHbI X oT6eJ1I1BalOIl.\I1X 

6yMarI1 11 KapTOHa He 

lHKaTOB. COBpeMeHHble 

06pa30B aHI1e cer-raroi; 
IT ap MI1pylO Il.\YlO KOH­

.r nsre xapaKTepI1CTI1KI1 

[, BXO,lJ,51w.I1e B KOMno­

Cl1 ap MI1p y lO w. e i1 CeTKI1 

LJaCTBylOw.ero B CB5I3e­

,bI e nI1rMeHTbI , B 0651­

'11 ,D,JUI rte-rarn, CJJy)l{aT 

BaHI1IO. EC11I1 C 3TI1X 

utero B0110KHa, TO Me­

, np0I1CXO)l{,lJ,eHI151 s ee ­

ap MI1p y lO W.YIO pons. 

IKTyp a 11I1CTa ecrs p e­

KHI1CTOl1 CeTKI1 11 ax ­

I sr o B3aI1MOnpOHI1K­

I~ MaKpocTpyKTypy
 

IX BonOKOH, OCHOBOl1
 

:OHHble CB5I311 Me)l{,lJ,y
 

J051THee scero, 6011ee
 

Ig O" 0" '10 ' . Puc . 1. 3anl1CI1MOCTb npOlJHOCTI1 6 YMaru J III,, : 
(J 113 ueJIJIIOJI0 3bI, pa3MOJIOTOH ,0:0 30oWP ,	 7 

5C16 A 
411 

OT CYXOCTI1 (C): 1 - cynsdiarnas He 6eJIe ­

Hall xBOHH all ; 2 - CYJIb¢aTHa ll 6eJIeHall	 s 
4XBoilH311 ; 3 - CYJIb¢ I1THa ll 6eJI eH all x n o ii ­

.10 
1
 

Hall ; 5 - nor apadmnuecsas KpI1B311 2
 
HaH ; 4 - CYJIb¢ 3T Hall 6 eJIeH311 nncraen-	 .1 

3 2U 
4 

10 
1 

0 

-1II lU 2U .111 411 511 (10 711 XO 90 C. % 

DpOt.IHOCTb 6yMa)l(HOrO n0110THa Onpe,lJ,e115leTC5I npOt.IHOCTblO KaK CaMI1X 

B0110KOH, BXO,lJ,51Il.\I1X B KOMn0311[(111O MaTepl1alla, TaK 11 Me)l{B0110KOHHbIX CB5I3el1. B 
npouecce pa3M011a, 611arO,lJ,ap51 pa3BI1TI11O nOBepXHOCUl 11 nOBbIWeHl11O rl16KOCTI1 11 

n11aCTWIHOCTI1 B0110KOH, YBe11WII1BaeTC5I nnouiaus KOHTaKTOB, YTO s ener K pOCTy 

M e)l{B0110KOHHoro CB5I3e06pa30BaHI151 . O ,lJ,HOBpeMeHHO B03HI1KaeT 11 pa3BI1BaeTC5I 

OTpI1[(aTe11bHbIl1 3cPcPeKT necrpyxua« B0110KOH , YTO CHI1)1{aeT I1X npOYHOCTb . 

M 3MeHeHI1e npOt.IHOCTI1 6yMarI1 11 KapTOHa B npouecce pa3M011a eCTb pe3Y11bTaT 

B3aI1MO,lJ,el1CTBI151 3TI1X npO[(eCCOB, pa3HOHanpaB11eHHO B11I151lOIl.\I1X aa KOHeYHbIl1 

pesyrn.r ar . 
et>OpMl1pOBaHI1e crpyxrypsi JJI1CTa 11 pa3BI1TI1e ero nOKa3aTe11el1 npOYHOCTI1 

npOI1CXO,lJ,I1T aa 6yMaro- 11 Ka p TOHO,lJ,e11aTe11bHbIX MaWI1HaX ( B ,lI,M 11 K,UM) B npo­

u e c c e 06e3BO)l{I1BaHI151. 3aBI1CI1MOCTb npOYHOCTI1 11I1CTa OT CYXOCTI1 MaTepI1aJJa 

npnaeneaa aa p u c . 1. AHallI13 110rapI1cPMI1yeCK0l1 3aBI1CI1MOCTI1 5 n03BOJJ5IeT crpop­
MyJJI1pOBaTb pan n0110)l{eHI1l1, xapaKTepI13ylOIl.\I1X 06pa30BaHI1e CB5I3el1 Me)l{)J,y BO ­

110KHaMI1 11 npnpony 3TI1X CB5I3el1 [6]. 
Pe3KI1l1 norn.ea npOYHOCTI1 na Y'13CTKe KpI1BOl1 OT Hat.IaJJbHOl1 KOHueHTpa­

1.\1111 (~ 0,1 %) ,lJ,0 CYXOCTI1 9 .. .10 % CB5I3aH C cPa30BbIM nepexcnov, np05lB115l1O­

Il.\I1MC5I na cerxe 13,lI,M B BI1,lJ,e « c yxo ii 11I1HI1I1» . ,lI,0 nepernfia aa KpI1BOl1 n pn cyxo­

CTI1 9 . . . 10 % (T. A) B0110KHI1CTa51 CI1CTeMa I1Me11a ,lJ,By x cPa3HbI l1 x apaxrep . Ilpo-i ­
HOCT b 3T0 l1 CI1CTeMbI onpenensnaci, HeYCTOl1YI1BbIMI1 TI1KcOTponHbIMI1 CB5I351MI1 

cP110KYJJ5I1.\I10HHOrO nma. Ha y-racrxe OT HaY3JlbHOl1 KOHueHTpaUI1I1 ,lJ,0 «cyxoii 1111­

HI1I1 » y,lJ,3Jl 5leTC5I ,lJ,0 95 % BCel1 aonsi , npI1CYTCTBYlOIl.\el1 B 6 yMa)l{H0l1 Macce . Ilpa 
CYXOCTI1 9, . .10 % 3a Be p W aeTC5I cPOpMI1pOBaHI1e B0110KHI1CTOrO cPI111bTpYIOIl.\ero 

CJJ05l, HaYI1HaeTC5I oCB060)l{,lJ,eHI1e Me)l{B0110KOHHbIX npocrpancrs OT aonsi, B 6y­

Ma)l{HOe n0110THO HaYI1HaeT npOHI1KaTb B03,lJ,yx . 06pa3yeTc5I rpexrpasaas CI1CTeMa, 

B KOTOpOl1 nonyxaer pa3BI1TI1e rpannua pasnena cPa3 B03,lJ,yx -BO,lJ,a . C ar o r o MO­

MeHTa Me)l{B0110KOHHble CB5I3I1 3aBI1C5IT OT CI1JJ nOBepXHOCTHoro HaT5I)I{eml51 BO,lJ,bI, 

BJJI151HI1e KOTOpbIX YBe11I1t.II1BaeTC5I C pa3BI1TI1eM Me)l{cPa3HOH rpaHI1UbI. 

Do Mepe y,lJ,3JleHI151 BO,lJ,bI CI111bI nOBepXHOCTHoro HaT5I)I{eHI151 06eCneYI1Ba­

lO T C611I1)1{eHI1e BOJJOKOH 11 yne11I1yeHI1e npOYHOCTI1 CI1CTeMbJ. DpI1 ,lJ,OCTI1)1{eHI1I1 

CYX OCTI1 55... 60 % Me)l{BOJJOKOHHble npOCJJOl1KI1 BO,lJ,bI npaKTI1yeCKI1 I1CQe3alOT, 
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sona COXp3H5IeTC5I B BH,ll,e MOHoMofleKYfl5lpHbIX HflJ1 6flH3KHX K HHM no 'ronuume 

cnoes, 3 T3K)l(e BHyTpH BonOKOH. C ar o r o MOMeHTa H3tU1HaeTC5I J1HTeHCJ1BHOe 06­

pa30B3HHe Me)l(BOnOKOHHbIX BO,ll,0P0,ll,HbIX CB5I3eH (T. B), 4TO B KOHue CyllIJ1flbHOH 

4aCTH npHBO,ll,HT K nonyxeamo npoxnoro 6yMa)l(HOrO flHCT3 . 00 Mepe y,ll,aJIeHH5I 

BHyTpHBOflOKOHHOH snaru YBeflH4HBaeTC5l 11 npoxaocrr, C3MI1X BOflOKOH, nocxcns­

xy OTHOCI1TeflbHO cyxoe BOflOKHO npo-mee nrnparaposaaaoro, TaK KaK 06p33ylO­

uine BOflOKHO cPI16Pl1flflbI npencraansror MeHee nO,ll,BI1)l(HYlO cB5I3aHHYlO BHyTpH­

BOflOKOHHYlO crpyxrypy. 

OCHOBHbIM aanpanneunev pa3BJ1TI151 TeXHOflOrJ111 6YM3rl1 11 xaproaa 51Bfl5leT­

C5I YBeflJ14eHJ1e HcnOflb30B3HI151 BTOpJ14HOrO BOflOKH3. OpH 3TOM 3Ha 4 l1Tefl bHa51 

4aCTb MaKyflaTypbI pacxonyercs na np0I13BO,ll,CTBO MaTepl1aJIOB ,ll,fl51 rodrpoxaprona. 

COCT3BHble 4aCTI1 rapaoro xaproua (naiiaep 11 cPJUOTI1Hr) np0I13BO,ll,51TC5I KaK 

113 csescero BOflOKH3 (xpadrr-naiinep 11 nonyuerrmorroaasni cPfllOTI1Hr) , TaK 11 J13 

BTOpl14HOrO BOflOKHa (recr-naiinep 11 MaKyflaTypHbIH cPfllOTI1Hr) . 113BecTHo, 4TO 

BTOpJ14Hble BOflOKHa I1MelOT CHI1)l(eHHble 6yMaro06p33ylOml1e CBOHCTBa, npl14eM 

3TO CHI1)l(eHl1e nporpeccnpyer B peaynsrare Ul1Kfll14HOCTI1 I1cnOflb30BaHI151 MaKy­

narypu. OCHOBHbIMI1 npl1411H3MI1 CHJ1)KeHI151 noxaaareneii np04HOCTI1 51Bfl5llOTC5I 

oporoaenne nOBepXHOCTHbIX cnoes BOflOKH3 B npouecce KOHT3KTHOH CYIlIKI1 H 

TepMOB03,ll,eHCTBI1H rorppoarperara, TepMO,ll,eCTpyKUI151 normcaxapanos, necrpyx­

UI151 BOflOKOH B npouecce pocnycxa 11 paavona, npncyrcrsae nerpanaposaanux 

XI1MI14eCKI1X peareuros, rrrasasra 06pa30M, KpaXMaJIa. YCTaHOBfleHO, '-ITO CHI1)l(e­

Hl1e np04HOCTl1 MaTepl1aJIa B rrpouecce Ul1Kfll14eCKOro I1cnonb30BaHI151 BTOpl14HOrO 

BonOKHa, rrraansua 06pa30M, CB5I3aHO C YMeHbweHHeM cnn Me)l(BOflOKOHHoro B3a­

I1MO,ll,eHCTBI151 11 , B MeHbweH CTeneHI1, CO CHI1)l(eHl1eM np04HOCTI1 CaMI1X BonOKOH 

(rafin, 2) [2] . 
OCHOBHOH san a -reii np0113BO,ll,I1TeneH MaTepl1aJIOB ,ll,fl51 rcrppoxaprona 51Bn5l­

eTC5I npufirnrxcemte Ka4eCTBa recr-rrafiaepa K noxaaarenav xpadrr-naiinepa. 3Ta 

Tatin a na 2 

BJIHSlHHC "-HKJIH"lHOrO HCnOJIb30B3HHSI CYJIb!f>3THbIX XBOHHblX "-CJIJIIOJI03HblX 

nOJIy!f>36pHK3TOB H3 C06CTBcIIHYlO np0"lIlOCTb BOJIOKH3 

H MeJKBOJIOKOHHblC CHJIbI CBSl3H B JIHCTC 

HOMep UHKJ1a u;M FCB , Mila SV, Mil a 

0 
1 
2 
3 
4 
5 

10440/8030 
1017017880 
885017680 
875017540 
867017330 
8460/6320 

1,31/1,20 
0,94/0,82 
0,89/0,68 
0,78/0,62 
0,75/0,61 
0,69/0,59 

1,75/1 ,73 
1,38/1 ,32 
1,31/1,13 
1,16/1,05 
1,13/1 ,03 
1,09/1,00 

DpHMelfaHH5I. 1. Lo - uynesas pa3pblBHa51 ,nnHHa; FeB - cnnsi CB5I3H no C.H. 11Ba­

HOBy; SV - Kore3110HHa51 cnocfiaocrs no Knapxy . 2. B lfl1CJJI1Tene npnsenenu ,naHHble ,nn51 
He6eJleHOM uenmonossr, B 3HaMeHaTene - ,nn51 fieneaoii . 
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PHC. 2. 113MeHeHHe npd 

fiorx ax : I - MC-55 + a 

KOMflJIeKCHa51 npo6JIei 

HI151 3cP cPeKTHBHbIX Tel' 

3Heproc6eperalOIUHe 

cPJIOTaUHlO BTOPH4Hb~ 

nossnueuae TeXHH4e~ 
I 

CTBa, B TOM LJHCJIe T ' 

cnoiinoro K3pTOH3, K
1 

3aXBaTa, flJIeHOLJHble 1 
Ka4eCTB3 M3TepHaJIO~ 
saaaoe I1CnOJIb30Bam 

KaTOB 11 cOBpeMeHHbD 

ro xapaxrepa. 
3cPcPeKTI1BHbJe 

THe B nepnon nepexo 

60meJIOLJHOH npouec 

UHI1 MenOLJYl, H3nOJIH 

30BaHHeM KaTHOHHbD 

HOH nOTpe6HOCTI1, y' 
r eHTOB (puc. 3) [7]. 

AIOlOI 

= l lan 

- IlPOIJICIII 

li 
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KI1X K H11M no 'rormnme 

i3eTClI 11HTeHC11BHoe 06­

ITO B KOHue c y w 11n b Ho H 

CTa. 110 M epe ynaneuns 
IMHX Bo n OKOH , nocxons­
nero, TaK KaK 06pa3yIO­

yio cBlI3aHHYlO BHyTpH­

M3m 11 Kap T OHa 51Bn5leT­

pa 3TOM 3HaYHTenb H a 51 

uros ,nn 51 rorppoxaprona . 
runr) n p 0 113BO,UlI TC5I KaK 

,IH cPnlOTHHr) , Ta K H 113 

JOTHHr ). 113BecTHO, YTO 

unre CBOMCTBa, np11 LleM 

1 Hcnonb30BaH1151 MaKy­

1 npOYHOCT11 51Bn5llOTC5I 

KOHTaKTHoH CYWK11 l1 

nncaxapnnon , ,UeCTpy K ­

rsne nerpannposana u x 
T3HoBneHO, YTO CHmKe­

)JIb30 BaHH5I BTOpHYHOro 

I Me)l{BOnOKOHHoro B3a­

'[ HOCTl1 CaMl1X BonOKOH 

111 rothpoxaprona 51BJJ5I­

M xparpr-naiiuepa . 3 Ta 

T a6rrHua 2 

BOHHblX ueJIJIJOJI03HbiX 

B0J10KHa 

e 

SV, MOa 

1,75/1 ,73 
1,38/1,32 
1,31/1 ,13 
1,16/1 ,05 
1,13/1 ,03 
1,09/1,00 

I1JIbJCBll3H no C.H. 11Ba­
npaseneau namn.re )lJIll 

~lmoo 
r­~7001 ) ~ .J OO ..... 12011 

r­ ....r­..... =~ J51 I~ 60lH) 
~ ~ IlllllI r­:: ;, J OI I) ....~ SOOI ~ - r­.... §1 :i ROO~ § 250 :=: -tIlOI) .... :" = r­

:: ~ 200 § ;; MII~ )JllOI ;. ;, 151I e. ~ .JOII~ 20t)(1 = ;...§ ~ 1110
§: lUOI) c... § 51I - s.. 2111I

Co •c: 0 = 0 U2 3 4 2 J 2 J .J 
(jII 6 

PHC. 2. 113MeHeHHe UpOYHOCTH noxasareneii MaKyJIaTypHoH MaCCbI UpH P33JIHLIHblX o6pa­
6oTKax: 1 - MC -5E + aMHJIa3a + KpaXMaJI; 2 - MC-5E + KpaXMaJI ; 3 - MC-55 + aMHJIa3a; 

4 - MC-5E 

KOMnneKCHa51 npofineva B onpezreneaaoii crenean peWaeTC5I nyrev ncnonsaoaa­
HH5I 3 cPcPe KT I1BH biX TexHonomM no,UrOTOBKl1 MaKynarypHoM Maccbl , BKnlOyalOLUl1X 

anepr ocfieperatounre CHCTe M bI paanona l1 COpTl1pOBaHH5I , cPpaKUl10HHpOBaHl1e l1 

cPnOTaUHlO BTOPl1YHbIX sonoxon, npnvenenne cPepMeHTOB (pHC . 2) [3], a T a IQK e 

nonsnueane TeXHHyeCKOrO y p OBH5I OCHOBHoro 060py,UoBaHl151 nOTOKOB np0l13Bo,U­

CTBa, B TOM YHCne ron-rpopvepu B CeTOYHblX yaCT5IX npn np0l13BO,UCTBe MHoro­

cnoiinoro KapTOHa, KOMnaKTHble npeccoaue yaCTH C npeccasm C Wl1pOKOH 30 HOH 

3aXBaTa, nneao-iaue KneHnbHble npeccsi . B YH Cn e 3cPcPeKTHBHbiX Mep nOBbIWeHl151 

xauecraa MaTepHanOB aa OCHOBe BTOpHYHblX BonOKOH cnenyer OTMeTl1Tb ,U03l1P O­

BaH Hoe l1CnOnb30BaHHe B KOMn0311UHH CBe)K l1X ,UnHHHOBOnOKHl1CTbIX nonyrpaopn­
KaTOB H cospeneaaux Cl1CTeM ynpOYH5IlOLUHX Xl1Ml1yeCKl1X pearenron nonnvepuo­
ro xapaxrepa. 

3cPcPeKTl1BHbIe CHCTeMbl XHMHyeCKHX pearearos non y-rnrrn WHpOKoe pa3BH­

THe B nepnon nepexorra npOH3BO,UCTBa 6YMam 11 KapTOHa na HeiiTpaJIbHblH H cna­
60menOYHOM npoueccu npOKneHKH MaTepHaJIOB. 113MeHeHHe npHHUHnOB cPHKca­

UHH MenOYH, nanonmrreneii , xneenux yaCTHU conpOBQ)K,UaJIOCb WHpOKHM HCnOJJb­

30BaHHeM KaTHOHRblX nonnvepos. B TO )Ke BpeM5I npoxannacs npofineva KaTHOH­

HOM norpe6ROCTH, YCJJO)KHHBWeM HCnOJJb30BaHHe 3cPcPeKTHBHbiX KaTHOHHbIX pea­

reHTOB (pHC. 3) [7]. 
AIIIlOllllhlC MaTepnam,z Karnomnsc Marepilanbl 

CepUOKJICIlLlii +++ 
fJIIUI03 

- IlO!lOIOIO 

/ K IOtUl + 
= I I nomurrenu nonllnlCJlIlJllUlIUJ. 

- l lp OK1lCI1D IOllUIIC' _ 

,. 
!!!I M CIlO' IL/ 

PHC. 3. H eHTpaJIH3auH5I KaTHOHHOH nOTpe6HOcTH 
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I1cnOJlb30BaHl1e cosperaeansrx CI1CTeM y,Uep)KI1BaeMOCTH, Hap5I.UY C rrpaveae­
HHeM nucoxozracnepcnsrx xapooaaraux HanOJlHHTeJleH, n03BOJUleT npOH3Bo,UHTb BbI­

COK030JlbHble ne-rarnue BH,Ubl 6YMam. B COy.eTaHHI1 C MeJlOBaHHeM 6yMara,UJUI nexa­
TH MO)KeT paccMaTPI1BaTbC5J KaK BOJIOKHHCTO -MI1HepaJJbHblH KOMn03I1T. Ilepcnexrna­
HbIM HanpaBJIeHHeM Pa3BHTJ15I KapTOHa-JIaHHepa, B TOM -mcne, ua MaKyJlaTypHoH OC­

HOBe 5JBJUleTC5J C03,UaHHe np0I13BO,UCTB KapTOHa C BepXHI1M 6eJlblM CJJOeM - aanfonee 
BocTPe60BaHHOrO MaTepl1aJJa ,UJUI nOJIyLIeHJ15I BbICOKOKay.eCTBeHHOH rorpporapu. .D:Jl5J 

peaJJH3aLUHi 3TOrO HanpaBJIeHJ15I, nOMJ1MO COBpeMeHHOrO KapToHo,UeJIaTeJIbHOrO 060 ­

py,UoBaHJ15I, He06xo,UJ1M KOMnJleKC XI1MHy.eCKI1X pearenros, 06eCney.HBalOll(I1X Tp e6 y­

eMylO 6eJII13Hy 11 rJIa,UKO CTb 6eJIoro noxposaoro CJI05J. 

CJlO)KHOCTb B nO,U60pe TeXHOJIOrHJ1 npHMeHeHH5J XHMWleCKI1X acnovora­
TeJIbHblX seurecra (XBB) B MOKpOH lJaCTH B.D:M H K.D:M nponcrexaer 11 3- 3a HX 

BJIH5JHH5J ozrnospeaeano ua HeCKOJIbKO B3al1MOCB5J3aHHbiX npoueccos, npoucxons­
unrx B CeTOy.HoH y.aCTI1 MaI.llHH, a HMeHHO : epOpMHpOBaHl1e MaKpoCTpyKTypbI , 06e3­

BO)J(I1BaHHe H ynepacaeaevocrs KOMnOHeHTOB 6yMa)KHOH MaCCbI. Kpojae Toro, P5J,U 

pearesros 113 LJHCJIa Tex , '{TO I1CnOJIb3YlOTC5J ,UJI5J I1HTeHCHepHI(aUl1l1 paricru CeTOLJ­

HOH LJ aCTI1 MaI.llHHbl, BJll15JlOT H Ha CBOllcTBa r OTOBbI X MaTepl1aJJOB, sucrynas B PO­

JII1 CB5J3ylOll(HX 11 npOKJIeHBalOll(HX XHMHKaTOB [J] . 
OpraHI13aUl15J Me)KBOJIOKOHHbIX CB5J3eH B BO,UHO-BOJJOKHI1CTblX CI1CTeMaX H B 

CTPyKType 6yMarl1 11 KapTOHa BO MHorOM 3a Bl1Cl1T OT 3JleKTpOnOBepXHOCTHbfX xa­

paKTepl1CTI1K BOJJOKOH. D03TOMY ,UOCTaTO'IHO 3epepeKTl1BHblM 5JBJIReTC5J I1CnOJlb30­

sanae KaTI10HHblX nOJlI13JleKTpOJII1TOB . .D:aJJbHeHllll1M pa3Bl1Tl1eM npl1MeHeHI15J ax­

TI1BHblX nOJII1MepHblX pearerrros 5JBJI5JeTC5J MeTO,U C0 3,UaH115J nOJlI1CJIOeB na BOJIOK­

sax 113 KaTI10HHblX nOJll13JleKTpOJIl1TOB C nOCJle,UylOll(J1M CB5J3bIBaHl1eM aHl10HHblMI1 

nOJlI13JIeKTpOJII1TaMl1. Ilpa 3TOM 06pa3ylOTC5J nOJll13JIeKTpOJIl1THble KOMnJleKCbf , 

pafioraiouuie B xa-iecrse CB5J3ylOll(I1X 11 y,Uep)J(I1BalOlUI1X pearenron. DpaKTI1y.ecKOe 

npuaeneane nauinu nOJIl13JIeKTpOJIl1THble KOMnJIeKCbl na OCHOBe MO'ul1epI1Ul1pO­

saanoro KaTl10HHOrO KpaXMaJJa H Kap60KCI1MeTI1JlueJIJIlOJI03b1 (puc. 4) [8]. 
KonpOH3Bo,rJ,I1Tem 

pl1aJJOB n OKpb1Tl1 

nepeL\aLJI1 rroxpsr 

......JiIr­ - 1 

.......- - 2 
_ - 3 

611 80 10114020 
:: '1,....----'----'-----'----'----' 

"§. 140 

=: 1301- - --I­ - -!-­ -1- -+- - ,.."'-----I 
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= 
~ 110 

KO:JII" CCIIlO " puxml.'l ll. m Ir 

Pnc . 4. BJIl1JfHHe l10JIn:meKTpOJlYlTH bIX KOMl1JIeK­


COB na np0<fHOCTb 6YMarH: I - LUP 35, KaTHOH­


HblH KpaXMaJI C3 = 0,05/KMU; 2 - LUP 35,
 
KanWHHblH xpaxjaan 0,05; 3 - LUP 35, KaTYI -


OHHblH xpaxsran 0,015
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~H, HapMY C npl1MeHe­

IOfl 5!eT np0I13BO,lLI1Tb BbI­

3.HHeM 6YMara ,lLJl5I ne-ra­

KOMn 0 3HT. I1epcneKTI1B­

e, aa MaKynaTypHoH OC­

~JIb IM cnoeM - Hal160JIee 

leHHoH rorpporapu. )J,JUI 
~OHO,lLenaTeJIbHOrO 060­

6eCne'-ll1BalOW.l1X rpefiy­

U1MH'-IeCKI1X scnovora­
nponcrexaer 113-3a I1X 

JpOueCCoB, npOHCXO,lL51­

l1aKpocTpyKTypbI, 06e3­

aCChI. Kpove 'roro, p51,lL 

ll1KaUHI1 pa60TbI CeTOlJ:­

»ranos, asrcryrtas B po­

)KHHCTbIX CI1CTeMax 11 B 

rponoaepxaocrm,rx xa­

1M 51Bfl5leTC5l ucnonsso­
Ul1eM npl1MeHeHI15l aK­

" rrOJIHCnOeB aa BonOK­

I3hlBaHl1eM aHHOHHbIMI1 

POflHTHbIe KOMnneKCbI, 

lreHTOB. T1paKTI1lJ:eCKOe 

OCHOBe MO,lLI1<pI1UI1PO­

hI (PI1C. 4) [8]. 

IOU 

~ K ­

IH­

15, 
·H­

a {j 

PI1C. 5. Ilpniunm ynepzcanaa (cPHKCI1­


pOBaHI151) 06bI1.JHbIMH XBB (0 ) H
 

C noraouu.io BOJIOKOH-HOCHTeneH (6)
 

DOJIee OT,lLaneHHa51 nepcneKTHBa pa3Bl1TI151 cYLUecTByeT B I1CnOnb30BaHI1l1 

HaHOueJIJIlOn03HbIX BonOKOH KaK HOCI1TeneH paana-msrx XHMI1lJ:eCKI1X scnovora­
TeJIbHbIX BeLUeCTB, KpaXMaJIbHbIX 11 npOKnel1BaIOLUHx MaTepl1aJIOB 11 HanOnHI1Te­

rreii. I1PI1 3TOM 3HalJ:I1TenbHO sospacraer ynepacaaaevocrs 11 , COOTBeTCTBeHHO, 3<p­

cjleKTI1BHOCTb ncnom.ayesrux XHMHlJ:eCKI1X peareirros (puc. 5) [9]. 
B caMOCT051TenbHbIH 11 BeCbMa 3Ha'-ll1MbIH pasnen TeXHonODtl1 supacraer 

nOBepXHOCTHa51 06pa60TKa 6yMarl1 11 KapTOHa. Haneceane aa 6yMary 11 KapTOH C 

O,lLHOH I1nl1 ofienx CTOpOH npOKnel1BalOUJ.I1X MaTepl1aJIOB, nOnl1MepHbIX, nI1rMeHT­

HbIX, crreunansaux KOMn03l1Ul1H peuiaer uenbIH pan 3KOHOMl1'-1eCKl1X 11 TeXHono­

rl1lJ:eCKI1X npofinexi , B TOM -nrcne p acump e a n e accopruveirra npO,lLyKUI1I1 , ynyx­

menue 6apbepHbIX 11 ne-raruux xapaKTepl1CTI1K npn CHlDKeHI1H ce6eCT0l1MOCTl1 

npO,lLyKUI1I1, nOBbIWeHl1e 3KOnOrl1lJ:eCKOH 6e30naCHOCTl1 np0I13BO,lLCTBa. I1peI1MY­

LUeCTBa nOBepXHOCTHOH 06pa60TKl1 3HalJ:I1TenbHO B03pOCnl1 C n051BneHl1eM BbICO­

KOnp0I13BO,lLI1TeJIbHbIX xnearn.asrx npeCCOB nneHOlJ:HOrO 'rnna C HaHeCeHl1eM MaTe­

paanon nOKpbITI1H na BaJIbI npecca -repes cneuuansnue rOnOBKI1 11 nOCne,lLYlOLUeH 

nepena-m nOKpbITI151 aa nOBepXHOCTb 6yrvtarl1 11 KapTOHa (puc. 6). Hcnonssoaanue 

PI1C. 6. nJIeHOl{HbIH Knel1JIbHbIH npecc 
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nnenoxaux Kflel1flbHblX npeccos noascnano nosucnrs KOHJ..:(eHTpaJ..:(l1l1 HaHOCl1MblX 

noxpsrruli 11 aua-nrrem.no CH113l1Tb narpysxy na nocyuiaaaiouiyro -iacrt, MaWHH. 

D05lBHflaCb B03MO)i(HOCTb HaHeCeHH5I xpaxnansuux KOMn03HJ..:(HH C KOHJ..:(eHTpaJ..:(l1eH 

21.0	 18 %, MeflOBaJJbHblX rracr - 21.0 60 %. 
TaKl1M 06pa30M, OCHOBHblMH HanpaBfleHH5IMH pa3BHTl151 rexrronornn 6yMaru 

H xaprona B aacrosuiee BpeM5I 51Bfl5l1OTC5I: 

yaerm-renue 06beMoB l1CnOJIb30BaHH5I BTOpH'-lHOrO BOJIOKHa 11 nonsuuenne 

xanecrsa MaTepl1aJloB na OCHOBe MaKyflaTypbI; 

noasnuenne 3epepeKTl1BHOCTH Xl1Ml1'-leCKHX pearearos, ncnonsayesn,ix B 'rex­

HOflOrl1H 6yl'vIarH 11 xaproua; 
nOBepxHOCTHa51 06pa60TKa 6yMarH H xaprona C HCnOJlb30BaHHeM cospesrea­

noro uauocauiero 060pY21.0BaHH5I. 
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The Development of Paper and Cardboard Technology 

The article analyzes development trends of pape r and cardboard technolo gy; it shows 
prospects of using recycled fiber, effective chemic als and surface treatment of paper and 
cardboard. 

Key words: recycled fiber, interfibe r bonding, materials for corrugated cardboard, 
chemicals, surface treatment. 
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