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HNCCJIEJOBAHUE BJIHUAHUSA THAPOPOBU3ALIMN ITOBEPXHOCTHU KAPTOHA
HA TTPOLECC BIIMTBIBAHUS IPHU IMOJTHOM IIOI'PYKEHHUUN

Kniouesvie cnosa: xapmon, 2udpogobuzamop, Kanuanaprnoe enumoleanue.

Hccnedosana 603mM0xiCHOCID UCIONB30BAHUSA KOMNOZUYULL KDEMHULIOPAHUYECKUX COCOUHEHUN (MEeMmUICUIUKOHAMA
Kaaus U NOTUMEMUIcUOPOCUNIOKCARa) u aamexca 0asi 2udpo@obuzayuu nogepxnocmu kapmouna. M3yyena xKunemuxa
BNUMbBIBAHUSI 600bL NPU NOTHOM nozpydcenuu. Onpedenenvl Kod(pGuyuenmor 6odocmotikocmu. [lonyuenst Kpugvle
pacnpeoenenus yacmuy OUCNepCUull 1amexca no pasmepam 8 UCCi1e008aHHblX OUHAPHBIX COCMABAX.

Keywords: cardboard, waterproofing agent, capillary penetration.

The possibility of using the compositions, containing organosilicic compounds (potassium methylsiliconate ore
polymethylhydrogen siloxane) and latex for cardboard surface waterproofing has been studied. Water capillary
penetration kinetics at case of full submerging has been explored. Waterproofing factors are determined. The particle-

size distribution of latex was examined.

BBepeHue
Kapron - MHOro)yHKIHMOHAIBHBIA TBEPIbIH
JINCTOBOM W MOJIOTHOOOpa3HBIN marepual,
COCTOHL[II/Iﬁ MPEUMYIIECTBEHHO u3 PaCTUTCIIbHBIX

BOJIOKOH. OT Oymarum KapTOH OTJIMYaeT IJIaBHBIM
o0pazoM TonmyHa (KapToHBl UMEIOT TonuHy ot 0,3 10
5 MM) ® Macca KBaJpaTHOTO METpa, a TaKXKe TO, 4TO
JUIsl IPOU3BOJICTBA KAPTOHA OOBIYHO HCIIOJIB3YIOT ChIPhE
c Oomee TrpyOBIMH © KECTKHMH  BOJIOKHAMHU.
COBOKYITHOCTh (PM3MYECKUX XapaKTEPHUCTHK KapTOHA,
TaKuXx, Kak raso-, napo-, BOJIO- u
KHUPOHEIIPOHUIIAEMOCTh,  HAa3bIBAIOT  OapbEPHBIMU
cBoiictBamMu. OmgHO U3 Hambonee BOCTPEOOBAHHBIX
0apbepHBIX CBOWCTB KapTOHAa — BJIATOCTOMKOCTD.
KapToH rurpockonuyeH: 1euItoIo3HbIe BOJIOKHA JIETKO
MOTJIOIIAIOT Biary. B mpouecce akcrulyaraluum OH
MOXeT OOMEHHMBATBCS BJIAroil C  OKPYXXaloIIUM
BO3/IyXOM, MOXKET KOHTAaKTUpOBaTh C BOAOH, 4ro. B
CBOI0 oOuepenb, BIMSET Ha IPOYHOCTh, (OPMY H
pa3mepbl KapTOHHBIX W3EIHH. [ToBeimenus
BJIArOCTOMKOCTH KapTOHa MOXKHO IOOWTBCA ITyTeM
BBE/ICHUS CIICIMAIBHBIX JOOABOK B OyMaXKHYIO MaccCy B
MIPOLIECCE €Tr0 M3TOTOBIICHHMS, a TAKKEe PasHOOOpa3HOM
00paboTKOH MOBEPXHOCTH TOTOBOTO KapToHa. JIMIeBoi
CJIOM WM BHYTPCHHIOIO CTOPOHY KapTOHHOTO IIHMCTa
4acTO IMOKPLIBAIOT 3MyJ'leHeﬁ TMOJIMBUHUIIUACHXJIOpU A
I €ro COIOJJMMEPOB, MPOIUTHIBAIOT CIICHHUAIbHBIMU
pacTBopaMu (pacraBsl napaduHa, BOCKH,
MOJMMEPU3YIOIINECS Maclla, COMM TPH(TOPYKCYCHOM
KHCJIOTBI) TIPHUMEHSIOTCSI TaKKe KOMOWHHPOBAHHBIE C
AITIOMHUHUEBON thonbroi MaTepUallbl,
METAJUIM3UPOBAaHHBIE W ApPYyrue THIBI TUIeHOK [1-3].
OmHako B ciydae, KOrJa HEOOXOOMMO TIPHIATh
JIOTIOJTHUTETIBHYIO BJIarOCTOMKOCTh TOTOBBIM
KapTOHHBIM M3JEIHAM, IEPEUNCIICHHBIE CIIOCOOBI HE
moaxoaaT. bbeuto BbICKazaHO [4] mpeanoiokeHue o
BO3MOXKHOCTH HCIIOJIb30BAaHHs COCTaBOB, COJEPIKAIINX
KpeMHHIOpraHudeckue ruapodoOu3aTopsl U aKTUBHbIE
MOTUPUIMPYIOTIHE J00aBKU VTS 00paboTKH
IIOBEPXHOCTH KapTOHHBIX u3Jenui. HaHeceHHble Ha
MOPHCTYIO MIOBEPXHOCTh KpeMHHUIHOpTraHMYeCcKne
ruapodoOu3aTopsl  NPOHUKAIOT B KaIlMUIAPHI
Marepuana u oopasyroT ruapodoOHsie ciaou. Ipu sTom

64

MOJISIpHBIE TUAPOGUIbHBIE TIPyInbl ruapodobdusaropa
OKa3bIBAIOTCS HalpaBJICHHBIMH K  TBEpHOM
MTOBEPXHOCTH, a THIPO(HOOHBIE — B OKPYIKAIOIIYIO CPEay

[5, 6]. C yuerom TpeOoBaHMII OE30MACHOCTH,
HECTOKCUYHOCTH, JOCTYITHOCTU U HEBBICOKOH CTOMMOCTD
JUTS HCCIICTIOBAHUS ObLTH BEIOPAHBI JiBa
runpodobuzaTopa — METHWICHIUKOHAT Kalusd U

TTOJTMMETHIITHIPOCHUIIOKCAH.

CymecTByeT MHOXECTBO METOJOB  OLIEHKH
YCTOMYMBOCTH KapToHa K Biaare. KamwuisipHas
BITUTBIBAEMOCTbH HEKJIECHBIX OyMar MOKET OILIEHUBATHCS
o meroxy Kiremma (I'OCT 12602-93); Bnaroctoifkocts
OoJsiee IUIOTHBIX KapTOHOB HM3MEPSET 1O BPEMEHH, 32

KOTOpOe BOJa TIOM  OINpEACICHHBIM  JaBJCHHEM
npoHKMKAaeT CkBO3b Touny obpasua (ITOCT 9841-94).
HOBerHOCTHaH BIIUTBIBAEMOCTbH MOXKET 6I)ITb

ompeneneHa kaneiabHbiM criocobom (I'OCT 12603-67) -
M0 BPEMEHU TIOTJIONICHUS KaIUIA BOJIbI, HAHECCHHOH Ha
MOBEPXHOCTh. YacTo HCHONB3yeTcsl XapaKTepHUCTHKa
ITOBEPXHOCTHOM BIIUTHIBAEMOCTH BOJIBI npu
omHOocTOpOoHHeM cmaumBanuu (Merox Ko66a) (I'OCT
12605-97), thoe KadecTBO KapTOHA XapaKTEepPH3YeTCs
KOJIMYECTBOM BOJBI, KOTOPOE MOMKET BHHTAThCS 1 M
MOBEPXHOCTH B TEUEHHE OIPE/IEICHHOT0 BPEMEHH.
OneHuBarOT TaKke BiaronpodHocTh kaprona (I'OCT

13525.7-68), cCymHOCT, METOJOB 3aKIIOYaeTCsl B
OIpE/IeJICHUH MEeXaHM4YeCKOW MpOYHOCTH 00Opasia
I10CJIC BbIACPKUBAHUA €ro B BOIC B TCUYCHUC

OIIpEeJIeTICHHOT0 BpeMeHu. B Hacrosimied pabote s
XapaKTEepPUCTUKU JIeHCTBUS TUApOoPOoOHU3aTOpOB OBLI
BBIOpaH METO/A OLIEHKH BITUTHIBAEMOCTH BOJIBI IIPH
MTOJTHOM TIOTPY>KEHUHM 00pasna, KOTOphIi He TpedyeT
CIICIIMANILHBIX PUOOPOB U IIPH STOM XapaKTepH3yeT He
TOJNIEKO TOBEPXHOCTHBIE, HO W OOBEMHBIC CBOWCTBa
Marepuaia.

3KcnepumeHTaanaﬂ YyacTb

B pabote HCTIOIH30BAJICS KapToOH
neperutetHbIil mo I'OCT 7950-77 nepBoro copta, MapKu
«A», HE TIPOKJICCHHBIN, U3 HEOCJICHOH 1eJUTI0N03bI, 03
neyaTty, ToNmuHON 2+0,12 MM; METHJIICHIIMKOHAT KaJHs
(CH-Si-OK)n, rme n =12 mno TY 2229-512-
05763441-2007, MOJIMMETUITUAPOCUIIOKCaH
(CH3(H)SIO)n - nuneiiHpIid moauMep ¢ MOJEKYIISAPHOM



maccoii okoimo 1000 mo T'OCT 10834; marekc
cuHTeTnaeckuii Oyraguen-ctupoibabii CKC-65 I'TIb -
NPOJXYKT COBMECTHOW IOJMMEpU3aluy OyTaaueHa |
CTHpOJIa B COOTHOLIEHUH 35/65.

O]_IeHKy BIUTBIBACMOCTU  MPOBOAWIM  TIPpU
nogHoM mnorpyxenun cormacHo I'OCT 13648.5-78.
B3BemnieHHbI KapTOHHBIN 00pasel] KOHTAaKTHPOBAJI C
BOJIOW B Te4eHHE 3aJlaHHOro BpeMeHH. [1o okoH4YaHUM
WCTIBITAHNSl M3JHIIEK BOJBI C TOBEPXHOCTH YAAISICA
¢ubTpoBaNbHONW Oymaroi, oOpas3er] B3BEUINBAJICS.
[ToBepxHOCTH KapTOHa 00pabaTHIBaaCh HCCIETYEMBIM
COCTaBOM C JIByX CTOPOH U BBICYIIMBAJaCh B TEUCHUE
CYTOK IIpY KOMHATHOM TeMmeparype.

KpaeBoii yronm cmauumBaHus TOBEPXHOCTH
orpeessuIcs Ha puoope AJsl N3MEPEHUs] KOHTAKTHOTO
yraa D SA20E EasyDrop (KRUSS, I'epmanust).

W3mepenne  pasmepoB  YacTHMIl  JIaTeKca
npoBoamid Ha npubope Malvern Zetasizer Nano,
NPUHLOUI JEHCTBUS KOTOPOTO OCHOBAaH Ha PacCEsHUH
CBETa, YTO JAeT BO3MOXKHOCTH OMNPENENATh PasMep H
JI3€Ta-TIOTEHIIAJ YaCTHI, TOMEIIEHHBIX B JKUAKYIO
cpeny. Pabounii nuana3oH miis ONpeneNeHus pa3MepoB
gactum ot 0,6 HM 1m0 6 MKM, ONpeesercs
pacipesneneHre pa3MEpoB UYacTUI B IMPOLEHTHOM
COOTHOUICHHH.

PesynbTaTtbl u o6cyxaeHue

Ha mnepBom osrane [4] ObuLia ompejesicHa
3aBUCHMOCTb KpaeBoro yria CMayMBaHUsI
MOJIU(UIIMPOBAaHHON ITOBEPXHOCTH OT KOHLEHTPALUH
METWICHIIMKOHATa KajJHs IOJUMETHITHAPOCHIOKCAHA.
MeTHICHIMKOHAT Kalist oKa3ajcs Ooiiee 3 PpeKTHBHBIM
ruapodoOrU3aTopoM  MOBEPXHOCTH  KapTOHA o
CPaBHEHUIO c MOJUMETHIITHPOCHUIOKCAHOM.
HccnenoBaach Takke KHHETHKA BIHUTBIBAHHS BOJIBI
NpU TIOJIHOM TOTPYKEHHH 00pas3lia Npu pa3IndHbIX
pexxnmax o6paboTku. s Bcex nccneayemMsIx 00pas3moB
6])1.]'[0 IMMOKa3aHO, YTO KWHCTUYCCKHUEC KPUBLIC BBIXOJAT HA
m1arto 3a Bpemst okoio 20-30 munyT. 11O pesyinbsraTam
uCCIeOBaHUH BbIOpaH E€AMHBIN pPEXHUM 00paboOTKH
oOpastoB. B pmanpHelmeM — 3KCIIEpUMEHTAJIBHO
ONpEeNesIN  OTHOCHUTEIBHOE  yBEIMYEHHE  MAacChl
ob6pasia 3a Bpemst 1 yac Gg:

Geo = (Mo — Mgo)/My*100%,
rae Mo — Macca MCXOAHOro obpasma, Mgy — Macca
oOpasuia rmocje u3BJIE€YEHUss M3 BOjAbl. B KadecTBe
XapaKTepPUCTHKN TUAPO(GOOHOTO NEHCTBHS MOKPHITHS
HCIOJB30Bau Kod(duitnent Bogoctoiikoctu K:

K = (G%o - Geo)/ G’0*100%,
rie G — oTHOCHTENBHOE YBEJIMYCHHUE MAaCChI
HeoOpaboranHoro obpasua, Ggg — OTHOCHTEIBHOE
YBEJIMYEHHE 3a TO K€ BpeMs Macchl oOpasma, obe
MOBEPXHOCTH KOTOpOTO obpaboTraHbl
rugpodobusupytomum cocraBom. Ecim K < 0, 1o
BITUTBHIBAHKE BJIArd 00pa3lioM yCHUIIMIIOCh; 3HadeHnue K >
0 cBupmerenscTBYET 00 YITydIIEHUH OapHEPHBIX CBOHCTB
o0pa3iia B pe3ysibTaTe 00paboTKH.

Ha »TomM oJrane  oOHapyXwioch, 4YTO
KOHIEHTpaluu, B]:l6paHHble 10 JaHHBbIM (0]
CMauyHMBa€MOCTH  [OBEPXHOCTH, HE MOrYT OBITh
UCIIOJNB30BaHBl  HAa  MOpaKTUKe.  [1OBEPXHOCTHBII

rupodoON3NPOBAHHBIN CIIOH KapTOHA TepseT THOKOCTh
U AMacTHYHOCTh. OOpabOTaHHBIA KAapTOH CTAHOBHIICS
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Oonee JIOMKHM, pacciaWBajlCsi TPH CruOaHUU U
pa3pe3aHuy, a TaKKe NPHU NOTPY)KEHHH B BOAY, B
pe3yibTare 4Yero B pslie CIy4aeB BIMTHIBAJ JlaXe
OoJIblIe KUJIKOCTH, YeM 0e3 oOpabotku (puc. 1, kp. 2).
C uenplo mojdydeHHs THIPOPOOHOrO MOKPBITHS, HE
MEHSIOLIET0 CTOJIb CHJIBHO MEXaHWYeCKHE CBOMCTBa
MOBEPXHOCTHOTO ~ CJIOSI  KapToHa, OBLIO HPUHSTO
peueHne CHM3UTH paboune KOHLICHTPALNN
runpodobu3aTopa u BBECTH J00aBKy — naTekc [7].
Jlatekchl camMu 1O ce0e HCIOJB3YIOTCS B KauyecTBE
runpohoOM3NPYIOMKX H00ABOK; OHH CMEIIUBAIOTCS C
CHJIMKATCOAEPKAINMHU ruapododu3aTopamMu B
LIMPOKOM JAuana3zoHe KoHueHTpauuid. [Ipeanonaranocs,
4yro  J00aBKM  JlaTeKca  IIOMMMO  TOBBILICHUS
BOJIOCTOMKOCTH NPUAAAYT THUIAPOPOOHOMY TOKPBITHIO
3JIACTUYHOCTb.

KoaddunmeHT BoJOCTORKOCTH OBLT OTIpeIeicH
JUIL LIEJNOT0 psila KOHLIEHTPAUUMH W COOTHOLIEHUH
narekca u rugpodoodusaropa. Ha puc. 1 npencrasieHst
3aBUCHMOCTH K oT KOHLICHTPALIH
KpeMHUopraHndeckux ruapodobusaropos (kp.1 u 2) u
narekca (kp.3). 3HaueHwe K s MeTHICHIMKOHATA
Kamusi M TOJUMETHITHAPHICUIOKCAHA MaKCUMAIIBHO
s obmacti koHmeHtpauuit 0,5+1,5 %; npu Ooiee
BBICOKMX KOHIIGHTpAIUsIX Tuapododu3aropa K
TTOHM)KAETCS] BCJICICTBHE HEPAaBHOMEPHOTO HM3MEHEHUS
00bEMOB BHEIIHMX M BHYTPEHHHX CJIOEB KapTOHAa |
BO3HHUKAIOIIUX TPH 3TOM JAedopmanuii. 3Hauenue K st

JaTexca 3aKOHOMEpPHO HIKE, qeM JUIst
CHIIMKATCOACPIKAIIX THAPOPOOH3aTOPOB; TPH ITOM
camkennss K ¢ poctoM  KOHLEHTpauuu HE
HaOJIIOaeTcsl, IMOCKOJBKY  JIATEKCHOE  ITOKPBITHE

AIACTUYHO, W BO3HHKAIOIINE NPH HAOyXaHWUU 00pasma
BHYTPECHHHE HANPSOHKEHHS CYLIECTBEHHO MEHBILIIE.
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Puc. 1 - 3aBucHMOCTH k03¢ Ppuinuenta
BO/IOCTOHKOCTM  KapTOHAa  OT  KOHLEHTPaluuu

ruapododuzaropa: 1 - METHICHINKOHAT KaJus; 2 —
MOJIMMETHITHAPUACHIOKCAH; 3 — JIaTeKc

YacTp MOITYYEHHBIX AAHHBIX JUIS OWHApPHBIX
KOMIO3WIUN TpuBeneHa Ha puc. 2 U 3. Pesymprath
HCCIIEIOBAaHNS ITOATBEPKAAIOT, YTO IPH COBMECTHOM
HCIIOJB30BaHUH THAPO(HOOU3aTOPOB U JTaTeKca yHaeTcs
CHU3UTH pabouue KOHILEHTpamuu TuapododuzaTopa u
IIOBBICHUTDH 3JIACTUYHOCTb TIOKPBITUA. IIJ'IH paaa
COOTHOIICHHUH narexc/runpodobuzaTop  MokazaH
CHHEPIU3M JeHCTBUS KOMIIOHEHTOB (Kp.2 pHc 2, kp.2
puc.3), OfHaKO Ja)ke B 3THX CIydasX BOJOCTOWKOCTH
KapTOHA HEJNb3s IIPU3HATH yIOBJIECTBOPUTEIILHOM.
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Puc. 2 - 3aBuCHMOCTD k03¢ dpunuenta
BOJOCTOHKOCTH KapTOHa OT COCTaBa B OWMHAPHOIi
cMecH JIaTeKC - MOJIMMEeTHJITHIPOCHIIOKCAH.
CooTHouleHHe Jatekc/ruapogoduszarop, %: 5,5/0,8
(1); 2,75/0,32 (2); 1,38/0,16 (3)
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METHACHNHKOHAT Kanua NaTeKc

Puc. 3 - 3aBucuUMOCTH Kod(ppunueHTa
BO/IOCTOHKOCTH KapTOHA OT COCTaBa B OWHAPHON
cMecH  JlaTeKC —  METHJICH/IMKOHAT  KaJusl.

CootHouienune gaarexkc/ruapododéusarop, %: 5,5/0,3
(1); 2,75/0,012 (2); 1,38/0,006 (3)

C LIEJBIO YTOYHEHUS MeXaHu3Ma
B3auMoOjielicTBUsl  Jatekca u  ruapodobuzaropa
MOJy4YeHbI KPUBBIC PACHpPEACICHUS YaCTHIl AUCIEPCUH
JaTeKca Mo pa3MepaM B HCCICIOBAHHBIX OMHAPHBIX
cocraBax. Jlms ucxomuoro obOpasma yatekca CKC-65
I'TIb pacnpeaeneHue 4acTul 10 pa3MepaM JOCTaTOYHO
y3Koe, ¢ HanboJiee BEpOsITHBIM nuamerpom 71,5 am. Ha
puc. 4 mnpuBeNeHAa 3aBUCUMOCTh CPEIHEro pasmepa
YacTHIl JIaTeKca OT cocTaBa. B 1emoM Xxapakrtep
pacripeneneHusl 4acTull M0 pa3MepaM IoJ IeHCTBHEM
ruapodobuzaTopa  CymECTBEHHO HE  HM3MEHWIICS.
OTMeueHO HEe3HAUWTEeNFHOE YMEHBIICHHE pa3Mepa
YaCcTHIl JIaTeKca B TMPHUCYTCTBHU TuApO(hOOH3aTOPOB,

9TO  MOXET  OBITh  OOBACHEHO  CHIDKEHHEM
TMMOBEPXHOCTHOT'O HaTAXCHUA npu [lO6aBJ'leHl/Il/I
rugpododbusaTopa, T.e. TuapodoOU3aTop AEHCTBYET

KaK JIOMOJTHUTENbHBIN SMYJIbraTop.
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Puc. 4 — 3aBUCHMMOCTbL CpeJHEro pasMepa 4acTHL
JaTeKkca 0T cOCTaBa B OMHAPHOMH cMecH JiaTekc 2,75
% - Mermicuwinkonat kaausa 0,012 % (1) u natekc
2,75 % - nomumernaruapocuiokcan 0,32 % (2)

BbiBOoAbI

HccrienoBana BO3MOXHOCTh THAPOGOOU3AIHMU
MMOBEpXHOCTH KapToHa OWHApHBIMH COCTaBaMH Ha
OCHOBE KpeMHHiicomepkamiero runpododusaTopa u
nmarekca. Jlimst Oonpimoro psma KOHLIEHTpAWid U
COOTHOIICHHH JIaTekca U ruapododusaTopa onpeneneH
k03¢ pHUIMEeHT BOTOCTOWKOCTH.

[Toka3aHo, YTO COBMECTHOE WCIIOJIF30BaHHE
KpeMHHUIHCOepKaMX ruapodhoOU3aTOpoB M JIaTeKca

HO3BOJISICT CHH3UTH pabourie KOHIIEHTPAI[HH
runpodobuszaTopa M MHOBBICHTH  3JIACTHYHOCTH
MTOKPBITHSI.

OHpeHeHeHH COOTHOLICHUS PEAarcHToB, IIpU
KOTOPBIX Ha6J'IIOHaeTC$I CUHCPIU3M UX ,Hef[CTBHSI.

NurepaTtypa

1 2JI. Axkum, JLI. Maxotuna, Texuonozus obpabomku
b6ymacu u xapmona. llonmutexnuka, Cankt-IlerepOypr,
2005, C. 303-351.

2 Cretpan CredanoB, bymaca u Kapmon.
Mockasa, 2003, 52c.

3 JL.P. JIxan6ekoBa Becmuux Kazanckoeo mexuonoeuueckozo
yuusepcumema, 11, 559-561, (2010).

4 P.A. T'apudynnuna, I'.B. Bynunoposa Becmuux Kaszanckozo
MeXHON02UYeCcK020 yHueepcumema, 5, 91-93, (2013).

5 B.B. CemenoB Xumusa pacmumensnoco coipva, 4, 177-181,

Pemnpouenrp,

(2009).
6 A.A. AneutseB, W.M.Kneruenko, A.A. Ilamenko
Kpemnuiiopeanuyecxue 2uopoghobuzamopswi,

I'ocynapcTBeHHOE M3aTENILCTBO TEXHUIECKOH JINTEPATYPHI,
Kues, 1962, 112 c.

7 ILU. Lepaxkos, C.B. Kpynun, @.II. ®PaiisyrauHos
Becmnux Kazanckozo mexmnonocuueckozo ynueepcumema,
10, 317-322, (2010).

© I'. B. ByimjiopoBa — kKaHz. XUM. HayK, JIOIL. Kad. ¢pmudeckoit u komtonaaoi xumun KHUTY, gal b@list.ru; P. A. l'apudyaauna -

maructpant KHUTY, rammk@yandex.ru.

66



