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Ilpaaeaenu peaym.raru I1CCJJellOBaHI1J1 napaaerpoa BOllOPOllHOH CBJl311 MeTOllaMI1 l1K-cneKTpOCKOIlI1I1 B xonneuca
TOpHOH 6yMare, nOJl)"IeHHOH 113 BbICOKOPa3MOJlOTOH cyJlbll>aTHoH He6eJleHOH ue.'1J1IOJlO3h1 11 B lJepTeJI(HO-np03pa'IHOH 6yMare 
(xansxe) aa OCHOBe XJlonKOBOH ueJl.'1IOJl03bI. Bufop 06pa3UOB JlJlJl I1CCJJellOBaHI1JI npOlll1KTOBaH YCJlOBI1JIMI1 np0I13BOllCTBa, 
06eCnelJI1BalOlUI1MI1 <l>opMl1pOBaHl1e BbiCOKopa3BHTOH CI1CTeMbI BO){OPOllHblX CBJl3eH. Ilpeanoxeaa 1I0BM MeTO.lll1Ka HCCJlellO
BallHJI soaoponnux CB1l3ei:i B MaTepHanax na OCHOBe pacnrrensm,rx BOJlOKOH 6e3 HX pa3pyrneHI111. B peaynsrare I1CCJle){OBaHI1J1 
onpeneneau IlJIOTIlOCTb, JlJll1lla 11 snepraa H-CB1l3eH B I1CXO){HbIX ofipasuax 11 B ofipasuax nocne TepMo06pa60TKI1. YCTaIlOBJle
HO, 'ITO llaH60Jlee CHJlbHble H-CB1l311 B o6011X otipasuax 6yMam cosnanaior no aneprna, 110 Pa3Jll1lJaIOTCJI no OTHOCI1TeJlbHOH 
IlJIOTIlOCTH. OpH TepMl1lJeCKOH otipafiorxe YMeHblUaeTCJI nJlOTlIOCTb CBJl311 scex 3l1epmH . 

Kntoueeue ClIOOG: soaopozmaa CBJl3b, l1K-cneKTpOCKOnl1J1, rl1){pOKCI1J1bHaJI rpynna , IlJlOTHOCTb CBJl3eH, 3Hepr l1Jl CBJl311. 

Beeoeuue 

KOHtPopMaUIDI uenmonoansrx ueneii, TaK )Ke, KaK H HX ynaxosxa B CTpYKType 6YMam, 3aBHCHT cyuiecr

BeHHbIM 06pa30M OT BO~OPO~HblX cBH3e». HH O~"I.H M3 cymeCTB)'lOIUHX MeTO~OB KOHTpO./Ul BO~OPO~HbIX CBH3e» 

He naer, O~HaKO , crorrs npJlMOH HHtPopMaUHH, KaK l1K-cneKTpOCKOnHJI, KOTopaH, HeCOMHeHHO, Dpe~CTaB./UleT 

C060H HaH60nee MHtPopMaTHBHblH MeTO~ Hccne~OBaHHJI [1,2]. 

Hccnenoaauue CHCTeMbt BO~OPO~HbIX CBJl3e» (H-CBJl3e») B 6YMare orspusaer nononaarensasre B03MO)K

HOCTH nns ouemor HX KalJeCTBa H tPYHKUHOHaJlbHbIX B03MO)J(HOcre» MeTO~aMH HHtPpaKpacHo» (11K) cnexrpocxo

nHH. IloKa)KeM 3TO sa npavepe cpaBHeHHJI l1K-cneKTpOB nOrJlOmeHHJI BbICOKOKalJeCTBeHHo» xoazrencaropaoti 

6YMarOH (faCT KOH 1908-88) M 6YMaro» na OCHOBe XJJonKOBO» nenmonona. Bocnonsayexics TeM ofcroxrens

CTBOM, 'ITO l1K-cneKTpOCKOnHJI n03BOJlHeT oueaasars OTHOCHTenbH)'lO KOHUeHTpaUH/O pa3nHlJHbIX H-CBH3eH, 

tPopMHpyeMblx B npouecce H3rOTOBneHIDI 6YMam H nOCJ1e~)'lOmeH ee 06pa6OTKH. Taxas axcneprusa cnocofiaa, 

aa Haw ssrnan, BHeCTH nononaarensuyio HHtPopMaUH/O JUIH npaBHJJbHOrO BbI60pa B03MO)KHOCTe» TeXHHlJeCKOrO 

npHMeHeHWI pa3J1HlJHbIX COpTOB 6YMam. C uensro ~eMoHcTpaUHH sroro YTBep~eHHJI nccneztosanacs cnexrpu 

nOmOmeHHJI ofipaauos 6YMarM B 06nacTH lJaCTOT nOrnOmeHHJI nlllpOKCHJJbHbIMM rpyrmauu, xoropsie MaKCH

MaJlbHO 'I)'BCTBHTenbHbI K COCTOHHHIO H~cBJl3e» [3]. BbI60p xoanencaropaoa 6YMarH B KalJeCTBe 06'beKTa cpas

HeHHH onpe.ueJJHnC$I TeM, 'ITO comaCHO yKa3aHHoMy fOCTy OHa HaH60nee 6JIH3KO COOTBeTCTByeT no csoeay CO

lf6GH06G EneHG 116QH06HG - KaH){lIJIaT <l>113IiKO

MaTeMaTlilJeCKI1X lIaYK, nouear 

C M OJlUH A JleKCQHiJp CeMeH06U'I- 3aBell)'lOlUI1H Ka<l>e){pOH 
TeXHOnOfHl1 6YMarl1 11 xaprona, ){OKTOp TCXlIl1lJeCKJ.IX HaYK, 
npodieccop, e-mail: smoJin@gturp.spb.ru 

360HQpe6G TGmbRHG KOHCmQHmUH06HG -llayqHblH COTPYll-

IIIiK, e-mail: Tatjana@mail.ioffe.ru 
116GHo6-0McKuu BJlGOlLWUp lf6GHOOU'I - .nOKTOp <l>113I1KO
MareMamlJeCKI1X lIaYK, nporpeccop 

• ABTop , CKOTOPblM CJJe~eT BeCTI1 nepenacxy, 

crasy uenmonose, 06eCnelJHBalOmeH OCHOBHble CBO»-

CTBa 6YMam. Ee MoneKynJlpHaJi crpyxrypa nOJIHOCTblO 

onpenenserca CHCTeMOH H-CBH3eH. C npyroii CTOpOHbI, 

xnonxosaa xansxa npencraanaer c06o» rtpiosep BbICO-

KOKaqeCTBeHHo» 6YMam umpoxoro npOtPlIDJI ncnons

30BaHHJI, 3HalJHTenbHO ornaxaiomenca no CBOMM Me-

XaHHlJeCKHM cBoHCTBaM OT xonneacaropnoit. 
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3KcnepUMeHmQJlbHaR '1acmb 

06pl13Uhl 6YMafH HMeJIH romnaay nopsnxa 2()....{)0 MKM. 113MepeHIDI HK-nOrnOmeHIDI BbInOJIIDIJIHCb Cno

MOIUbIO <1>ypbe-CneKTpOMelpa Shimadzu FTIR-8400S Cpll3pC;:IP.~HHeM 4 CM-1 npn, KaK npaBHJIO, 20 cxaaax, Ylfll

rsiaaa, xro <pOpMHpoBaHHe CTPYKTYPbl 6YMam H ee nposuocrasre xapaKTepHCTHKH onpenenasorca B OCHOBHOM 

H-CB'l3RMH, ocotienno TmaTeJIbHO H3YlJ.aJIaCh 06JIaCTb lfaCTOT nornouieana rHJlPoKCHJIbHhlMH rpynnaaa, cnexrp 

KOTOpbIX, KaK OTMelfaJIOCh BMIDe, nonsepacea HaH60JIbllieMY BJIIDlHmO H-cBR3eH [3]. Ilporrycxaaae ofipaauon BHe 

nOJIOC nornouteaas npHHHMaJIOCb aa orpaseeane H paccesuue B Tonme o6pa3uoB H yqHTbIBaJIOCb npa pacsere 

nornoutarem.aos cnoc06HoCTH accnenoaaaaux BH)lOB 6YMarH. HeCMOlpR na TO, xro paCCeHBaJIOCb H orpaxa

noes nopon HeCKonbKO fionee 80% nanaiouiero H3nyqeHIDI, cnexrpsr nporrycxaaaa 6blJIH nOCTaTOlfHO XOpOIIIO, 

KaK noxaasrsaer pHCyHOK 1, CTPYKTypHpoBaHhI, lfro6h1 npoaecrn accnenoaaane CHCTeMbl BOnOpOnHhIX cBR3eH. 

Ha pHcYHKe 1 npnaeneau THllHlfHble cnexrpsr nornouieuaa B H36paHHOM HHTepBaJIe lfaCTOT KOHJleHCaTOp

HOH 6YMarn, KalIbKH H KaJIbKH, nO)lBeprHYTOH TepMo06pa60TKe npa 100 °C C uensio KOHlpOAA ee TepMHlfecKol! 

CTa6HJIhHOCTH. 06paIIl,llIOTaa ce6R BHHMaHHe rpa oco6eHHoCTH accnenoaanusrx cnexrpoa: MaKCHMYM B6JI1I3H 1640 

CM-I, coananarouunl C sacroroii ne<popMaUHoHHbIX KoneGaHHH rHnpOKCHJIhHOH rpyrmu cBo6onHoH BOnh\. BHllHO, 

lfTO ara ocooeaaocn, aaxoaoaepao acsesaer npa repaooopafiorxe H3-Ja eCTecTBeHHoH y6blJIH acnaparomeacs BO

nb\. MaKCHMYM npa 2800 CM-1, RBAAIOIUHHCR H3BeCTHhIM penepou B cnexrpe uenmonossr, COOTBeTCTBYIOIUHH no

rnOmeHHIO aJIKHJIhHhIMH rpynnaMH, xoropue HenpHHHMaIOT YlJ.aCTIDI B BOnOponHhIX CBR3RX [4]. 

C npyroa CTOpOHhI, npORBAAeTCR CBR3aHHbrn Cnornouieaaea rH)lpoKCHJIbHbIMH rpynnasm, B TOM lfHcne OX

BalfeHHhIMH BOnOpO)UlhIMH CBR3RMH, IDHpOKHH MaKCHM)'M B anrepaane 3100-3600 CM-1, CTPYKTYPa xoroporo no 

:noH rrpaxaae npencraanser nna Hac OCHOBHOH HHTepec. C uenuo 60nee neTaJIbHOrO aHaJIH3a oc06eHHOCTeR cnex

rpa nornouieaaa 6YMarii H Bbl)leneHIDI nonoc nornomeaax rn.upOKCHJIhHbIMH rpyrmasia sunenana <pparMeHT cnex

rpa 3600-3100 CM-) (nns npioaepa npasenea cnexrp nornouieaaa KOHJleHcaTopHoR 6YMarn, H306pa)l{eHbI na pacyn

xe 2), npOIl3BOJlHJIH pl13JIO)l{eHHe cnesrpansaoro npooana aa rayccossr KOHTYPbl. Pl13JIO)l{eHHe npoaaseneao B npo

rpaMMe Multple peak fit nporpaMMbI Origin 6. tIHcno H <popMa 3neMeHTapHbIX nonoc pl13nO)l(eHIDI onpenenanucs 113 

co06pa)l{eHHH nOCTH)l{eHIDI MaKCHMaJIhHOro 3HalfeHIDI K03<P<PHUHeHTa perpeccna. BH)lHO, -rro axcnepaaearansaae 

nonocu XOpOIDO OIIHCbIBalOTCR CYMMapHOH IqlHBOR rayccossrx KOMnOHeHT, IIpH 3TOM K03<P<PHUHeHT perpeccaa 
OKl13blBaeTCR paBHhIM 0,999. Fayccoaa <popMa nonce nOrJIOmeHIDI CBH)leTeJIhCTBYeT 0 neonaoponaosr ymHpeHlIlI 

cnexrpansasrx nHHHR, xapaxrepnoro )lAA aMOP<pHOH CTPYKTYPbI uenmonoasr [5]. CnnOllIHhIMH TOHKHMH nHHIlRMII 

npencraaneasr KOHTypbl, COOTBeTCTBYIOmHe nornoniemeo rnnpOKCHJIhHbIMH rpynnaan UennlOJI03bI, a rryaxrapaae 

KpHBbie OTHOCRTCR Knornouieamo alIKHJIbHhIMH rpynnasra, HenpenCTaBJIRI01.LUfMH JlAA Hacaarepeca. AHaJIOrHlfHaJI 

npouenypa 6bUIa nposenena H JlAAnpyrax BH)lOB 6YMam npaaepuo CTaKHM )l{e pe3yJIbTaTOM, a COBOKynHble napa

MetPbl KOHTypOB neKOHBOJIlOUHH npencrasneasr B Ta6JIHUe. TIpHBOnHMbie B Ta6JIHue nnomazm KOHlYPOB neKOHBO

JIIOUHH OTp~aIOT IIHTerpalIbHYJO CIL'Iy OCUHJInRTOpOB, accouaapoaaanux C onpenenemrstx THnOM H-CBR311, KOTo

psre nponopuaoaansau HX nnoTHoCTH, T.e. KOJIHlfeCTBY naHHbIX H-cBR3eH B enHHHUe o6heMa MaTePHaJIa. B Ta6J111

ue rrpasozurrcs OTHOCHTeJIbHa)\ llJIOTHOCTb K~oro THna H-cBR3eH B npouearax. COOTBeTCTBYIOllilie Ka)l{)lOMy TII

rry H-cBR3eH lfaCTOThI MaKCHMYMoB KOHTYPOB, npenCTaBJIeHHbIX B Ta6JIllue, n03BOJIRlOT oueuurs HX C)lBHr OTHOCII

rensao co6CTBeHHoH xacroru rHJlpOKCHJIbHOR rpynrru, He OXBalfeHHOR H-CBR3blO. B nareparype He cyurecrsyer 
enaaoro MHeHHR 0 BeJIHlfliHe 3TOH penepaoa lfaCTOThI, HO MI.! BOCnOJIh3yeMcR )lAA onpenenenaocr a BenHlfllHoH 

3650 CM-1 [6, 7]. BeJIWIHHa crrsara npHBOnllTCR B rafinaue MR scex HCCJIenOBaHHbIX BH)lOB 6YMarn, H n03BOJl)\eT B 

npaauane oueaars )lnHHbI H 3HeprHH sonoponasrx CB'l3eH C nOMoIUbIO HMelOIUHXCR B nareparype MHOrOlfllCJleH

HbIX KoppeAAUHoHHbIX COOTHOIDeHHH. Ho JlJIR cnyxaa H-cBR3eR B ueJIJIlOJI03e npenno-mrrensao acnonsaosars KOp

penauaa, npHBOnlfMhle B pafore [6], nOCKonbKY OHM ynoBneTBOpRIOT 3KCnepHMeHTaJIbHhIM naHHbIM JlAA rJIlOK03bl

crpoarem.aoro MaTepHaJIa ueJIJIlOn03HbIX uenea, Bsmacneanste TaKHM 06pa30M )lnHHbl H-cBR3eH H HX snepraa 

raiose npencraaneau B rafinaue. 

06cy3ICoeHue pesynsmamoe 
I 

OnHCaHHaR BbI.I.IIe MeTOnHKa n03BOAAeT aa npasrepe KaJIbKH H KOHJleHcaTopHoH 6YMarH B3rAAHYTb xa 1IX 

paanasae C TOlfKH 3peHIDI napaaerpoa, <pOPMHPYIOIUHX HX H~.CBR3H. Ha pHcYHKe 3 npencraaneaa naarpauxa, an
JIIOCTPHpYlOIII,llR 4 rpynnsr H-cBR3eH B KaJIbKe II B KOHJleHCaTOpHoR 6YMare, pa3nHlfalOIUHXCR no 3HeprHH, MOTHo

CTII H nnaae. BH)lHO, xro Hall60nee cansasre H-CBR3H B 060HX BH)laX 6YMarH cosnaaaror no aaepraa, HO pasnaxa

IOTCR no OTHOClITenbHOM nnOTHOCTH. B xansxe npeofinanaer Hall60nee CHJIbHaJi CBR3b, a B KOHJleHcaTopHoH 6)'Mare 

HaHBblcI.I.IYIO nnOTHOCTb HMeeT cpenaas no 3HeprHH H-CBR3b (16 ii,L\)I(/MOJIh) CMIlHOM 0,278 HM. qHcno ClIJIbHbIX 

H-cB'l3eH B enanaue 06beMa KaJIbKH no-rm B 2 pasa asnue, lfeM B xoaneacaropaoa 6YMare. BOOMO)l(HO, 60Jlee HH
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I BenH'lHHOH 

r ep ecaaa HHlf>opMau~ MO)l(eT 6bITh H3Bne'IeHa H3 u ccn en o aan aa .u.HHaMHKH H3MeHeH~ CHCTeMbI H-CBjl3eli: npa 

TepMHtteCKoli: 06pa60TKe KanhKH. H a pncyaxe 4 npencrasnena zmarpavva, anmocrpapyromas H3M eHeHHe napaaer

p OB H-CBH3eH npa narpese KanhKH npa 100 °C B Te'IeHHe 4 'I. BH.ll.HO, 'ITO Tep Mo 06p a6 0TKa 3aKOHOMep HO )'MeHblIIa

er IDIOTHOCTb cBH3eli: scex 3HeprHH. Ilp a 3TOM pac npeneneane IDIOTHOCTH CB1I3eH n o 3HeprHH o n HCbIBae TCjI raycco

BOH If>YJiKUHeli:, 'ITO oaaasaer COBepweHHO cnysaaaoe pacnpeneneane H -CB1I3eH no o60eMY. )].0 a arpesa pacnpene

nenae paamrsaercx, H 3TO 3Ha'IHT, 'ITO TepMo06pa60TKa yaenasasaer O.llHOPO.u.HOCTh MaTepHana. 
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Ilapaaerpu cnexrpos .lleKOHBOffiOUHH 6yMar 

P HC. 1. Cnexrpu 1l0rnOW eHH lI 6yMar: 

llYJi KTHp - Hcx o.u.Hall KanbKa; 

cnnOWHall nHH~ - KanhKa nocn e 

Tep M o 0 6 p a6 0 TK H; TO'IKH 

xoaneacaropuas 6)'Mara (OCb cnpasa) 

PHC . 2. <I>pafMeHT cnexrpa 

nornotuenna KOH)l.eHCaTOpHoH 6yMam 

H ero .lleKOHBOnIOU~aa rayccoasi 
KOHTyphl. Ilonue KBa.npaTHKH -

JKCnepHMeHTaJIhHhle TO'IKH ; cnnoumaa 

)l(HpHall nHHHlI - orafiaiouiaa KOmypOB 

.u.eKOHBomoUUH: TOHKHe cnnoumue 

nHHHH - raYCCOBhl KOHTYpbl, 

COOTBeTCTBYJOwHe rY..u.pOKCHnhHhIM 

rpynnau; nyHKTHpHbIe nHHHH 

COOTBeTCTBYJOT anKHnhHblM rpynnav 

nossonser B N2 MaKClIMYM Ilnouiam, Cnaar '1aCTOTbI nJlOTHOCTb J],JJlIHa 3 Hc p m jl 

HOrO'lHCneH- KOHTypa, CM,I KOHTypa, OTH. ca. KOHTypa, CM,I H-CBSI3CIi., % II-CBSl3cli., HM H-CIlJl3H, K.lllK!MOJlb 

Ilapaverpu cnexrpa a CKOIIBOJlIOIlHH xonncncaropnoii 6YMam30BaTh KOp

armosossr > 

HX 3HeprHH 

1 3558 3,34 92 13 0,289 4,1 
2 3461 8,1, 189 33 0,280 13,6 
3 3353 7,69 297 31 0,274 24 
4 3259 5,77 391 23 0,270 32,9 

Ilapaverpu cnexrpa aCKOHBOrIIOllHH KaJJbKlI 

H)'Tb na AX 

o paannsa

1 3603 71 47 6 0,298 3,1 
2 3543 186 107 16 0,288 6,7 
3 3436 419 214 37 0,278 12,8 
4 3266 469 384 41 0,271 19,8 

Ilapaaerpu ,llCKOHBOJIIOIlHH cnexrpa KaJJbKH OTOlIOKt:HHOIi. 

oli: 6yMare 

o CHnbHhIX 

fionee HH

1 3570 217 80 15 0,291 2,5 
2 3493 355 157 24 0,282 8,7 
3 3389 414 261 28 0,276 15,6 
4 3271 470 379 32 0,271 21,4 

aMMa, an
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PHC. 3. ,QI'larpaMMa H-cBR3eH xansxa H PHC. 4. ,QHarpaMMa H-CBR3eH xanex no (nonsre KOJIOH

xonneacaropaoa 6YMaru; urrpaxosaaasre KOJIOHKH  KH) H nOCJ1e TepMo06pa60TKH (nrrpaxosaunsre); nynx

KOH,neHcaTopHaR 6YMara; nOJIble KOJIOHKH - KanbKa; Hip - nnnua H-CBR3eH B xansxe; urrpax-nyaxrnp 

rryHKTHp - )J.JJHHa H-cBR3eH B KanbKe oraeaioutaa ruIOTHOCTeH CBR3H nocne OTIKHra 

B"'600'" 

1. Pa3pa60TaHa H arrpofiaposaaa MeTo,nHKa H3MepeHHR HK-nornOIlleHHR aa HCXO,nHblX aepaapyureaasrx 

otipasuax 6YMaru TOJIIllHHOn 20-60 MKM CHCnOJIb30BaHHeM <Dypbe-cneKTPoMeTpa. 

2. B HCCJIe,llOBaHHblX ofipasuax 6yMaru MO)l(HO BbmenHTb xersrpe rpynnu H-cBR3eH, paJnHlJalOlUHXCR 

no 3HeprHH, ruIOTHOCTH H )J.JJHHe. HaH60JIee cansasre H-CBR3H B 060HX snaax 6YMarH COBna,llaIOT no 3HeprHH, 

HO pa3JIHlJaJOTCR no OTHOCHTeJIbHOH ruIOTHOCTH. 

3. TepMo06pa60TKa YMeHbllIaeT nnOTHOCTb CBR3H acex 3HeprHH, npa 3TOM yaenaxaaaer O,llHOP0,llHOCTb 

MarepHana B nnaae pacnpenenenas H-cBR3eH no 06'beMy. 
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~.. The paper presents the results of the study on parameters of the hydrogen bond by IR spectroscopy in the capacitor pa
0285 ~ per that comes from high-refined sulfate unbleached pulp and the high transparent drawing paper (transparent tracing paper) 

m,. based on cotton cellulose . Selection of samples for research dictated the conditions of production, ensuring the formation of a 
0.280 ~ highly developed system of hydrogen bonds . A new technique to study the hydrogen bonds in the materials based on plant fix 

E bers without destroying them is proposed. The study determined the density, length and the energy of hydrogen bonds in the 
0.275 

initial samples and the samples after heat treatment. It is found that the strongest H-bond in both paper samples equal in energy, 
but differ in the relative density. During heat treatment, the bond density of all energies is decreased . 

0.270 
Keywords: hydrogen bonding, infrared spectroscopy, hydroxyl group, the density of bonding, the binding energy. 
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