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B pabote ucronp30BaH HETPAIUIIMOHHBINA CITOCO0 M3TrOTOBIECHHU OyMaru — a3poHaMUIecKoe OpMOBaHHE.
IIponecc popMoBaHUs NOJNIOTHA OYMaru OCyLIECTBIAETCA OCAXKICHUEM Ha CeTKE LIEJIIOI03HbIX BOJIOKOH U3 OTOKA
BJIQYKHOTO BO3/yXa IPH COXPaHEHUH BIAXKHOCTH cpopMoBaHHOTO ciost Ha ypoBHE 30 %. OTo obecneunBaeT
00pa3oBaHKe MEXKBOJIOKOHHBIX CBs3el 0e3 BBEJCHUS yIPOUHSIOMUX 100aBoK. [Ipu BeipaboTKe OyMaru MeToaoMm
a’pOJMHAMUYECKOTO (POPMOBAHHMS HAPSIY C MaJIbIM MOTPEOICHHUEM BOJBI OJKUIACTCS CHIDKCHHE SHEPro3arpaT Ha
pocnyck noiydabpukara u cymky 6ymaru. [IOTHOCT YKJIa K1 BOJIOKOH NpU (JOPMOBaHMH HE MpeBbILIaeT 25
KI/M°, 9TO M03BOJIsIET Hanoosee 3G PeKTHBHO MPOU3BOAUTE OyMaru CAaHUTAPHO-THTMEHMYECKOTO Ha3HAYCHHS, IS
KOTOPBIX XapaKTEePHbI MyXJIOCTh, MATKOCTh U BBICOKAsi BIUTHIBAIOIIASA CIIOCOOHOCTE. B cTpyKType BOJIOKHHCTOTO
CJIOSI TIPH ITPECCOBAHNY Ha CeTKe (POPMHUPYIOTCS yUaCTKH, 00eCTIeunBaONIIe MEXaHUIECKYIO IIPOYHOCTD U
BJIarOeMKOCTh OyMaru. Paznnune TeXHOIOTui a3pOANHAMUYECKOTO M TPAIUIIMOHHOTO (hOpMOBaHus Oymaru
BBI3BAJI0 HEOOXOAMMOCTh N3MEHEHHS TAPAMETPOB CETOK, MCIIOIb3YEMBIX B HACTOSAIIEE BPEMS B LIEJITIOJIO3HO-
OyMa’kHOM IIpOMBINIIEHHOCTH. [IpeacTaBiieH pacyeT napameTpoB NPoGUINPYIOIESH CETKH IS CO3AaHus pebeda
U3 YY9aCTKOB Pa3JINUHOH IUIOTHOCTH YKJIaJKH BOJIOKOH B IIOJIOTHE OyMaru NpH IPEeCCOBAHUN BOJIOKHHCTOTO CIIOS.
PhIXNIbIE y4acTKH OTBEYAIOT 32 BEICOKYIO BIIUTHIBAIOIIYIO CIIOCOOHOCTh OymMaru u 00pa3yroTcs B sueiikax Mexmy
HUTIMH npodummpyroniet cetku. [oTHbIE yuyacTky 00ycIaBIMBalOT MEXaHUIECKYIO IPOYHOCTE Oymaru. Pasmepsr
TUIOTHBIX YYaCTKOB M PACCTOSIHUSI MEXK/y HUMH UCKIIIOYAIOT BO3MOXKHOCTD MPOXOXK/ICHUS JINHUH pa3pbiBa Oymaru
TOJIBKO IO PBIXJIBIM y4acTKaM. /[ 06pa3oBaHMs IPOYHBIX MEXKBOJIOKOHHBIX CBSI3€i MPOBOJUTCS TOTIOIHUTEIHLHOE
yBIIa)KHEHUE BOJIOKOH. [IpyBeieHb! yCIOBUS KaITMIUIIPHOTO BIUTHIBAHHS BOABI TOJIBKO IJIOTHBIMH YYacTKAMH
HOJIOTHA OyMaru, UCKIIo4as yBJIa)KHEHHE BCETO BOJIOKHHCTOTO CJI0S. MeTOIOM apoMHaMHYeCKOro (hOpMOBaHUS
Ha J1ab0paTOpHON YCTaHOBKE IEPUOIMIECKOTO ACHCTBHUS OTPadOTaHbl PeXXUMBI (POPMOBaHUS 00pa3oB OyMaru u3
6enenoii cyIb(aTHOM Hemmono3sl Maccoii 30...50 /M2, M3GHPATEIHHOTO YBIAKHEHHS BOJTOKHICTOTO CIIOS H
CIIOCOOBI BBE/ICHHSI BCIIOMOTATEIbHBIX KOMIIOHEHTOB JJIsl 0O€cTieueH s BIarornpoyHocTH 00pasuos. [IpeccoBanne
MPOBEIEHO N0 Pa3paboTaHHON TEXHOJIOTHH C HCIOJIB30BAHNEM TIPeII0KEeHHON ceTk. OmBITHBIE 00pa3ubl OyMaru
110 OCHOBHBIM IOKa3aTessiM otBevaroT TpeboBanusam ['OCT P 52354-2005 k nznenusm u3 6ymaru ObITOBOTO 1
CaHWTapHO-TUTHEHUYECKOTO Ha3HAYCHNS.

Kniouesvie crnosa: IIOTHOCTH YKIAJKH BOJIOKOH, MEXaHIMYECKasi POYHOCTh OyMarw, BIaroeMKOCTb,
npodumupyronas ceTka.

B C.-IletepOyprckoM rocy1apcTBEHHOM TEXHOJIOTMYECKOM YHHUBEPCUTETE PACTUTEIBHBIX TOJTUMEPOB
pa3paboTaHbl TEXHOJIOTHYECKUH MPOIIECC ¥ KOMIUIEKC 000PYAOBaHUS IJIsl MPOMBIIIJIEHHOTO
MPOM3BOICTBA OYMaru U KapToHa a’dpoAMHAMHUYECKUM cItocoOoM [1]. 3ameHa BOTHOM TEXHOJIOTHYECKON
CpeZpl Ha BO3ILYLIHYIO 00eCleunBaeT MOJTHYIO SKOJIOTHUECKYIO 0€30M1acHOCTh MPOM3BOJICTBA U3-3a
OTCYTCTBHSI IPOU3BOJICTBEHHBIX CTOKOB U BPEJHBIX BHIOPOCOB B aTMOC(EPY U MMO3BOJSIET YMEHBIITUTh
rabapuTsl 000pynoBaHus, HeoOXxoauMoro it hopmoBanus mojaotHa Oymaru. B CLLA, Kanane u
cTpanax 3amagHoi EBpombl akcIuTyaTupyroTcs OymaroaenaTebHbIe MAIIMHBI, H3TOTaBIMBAIOIINE
CaHUTAPHO-TUTUCHUYECKHE BH/IbI Oymaru (tiSSUE) MeTOJOM HaNBUICHUS Ha JBIDKYILYIOCS CETKY CyXHX
BOJIOKOH IIEJUTIONO3bI, B3BEIICHHBIX B IIOTOKE CYXOro Bo3ayxa. MexaHnuecKas NPOYHOCTh JaHHBIX BHIOB
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OyMaru, OTJIMYAOIINXCS TTOBBIIICHHOH MyXJIOCTBIO, 00ECTIeYnBACTCS BBEICHUEM B €€ COCTaB
CIICIMATIBHBIX CBA3YIOIINX KOMIOHEHTOB. CollepiKaHue CBA3YIOINX KOMIIOHEHTOB B BOJIOKHHCTOM
nonygabpukare coctapiser 10...30 %, 4To CyIIecTBEHHO yBETHMYUBACT €€ CEOECTOMMOCTb.

Aspoamramudeckoe hopmoBanne Oymaru (AJlP) ocymiecTBiIseTCs OCAKISHIEM Ha CETKE [IEJUTIOI03HBIX
BOJIOKOH M3 ITOTOKA BJIQXKHOTO BO3/[yXa IMPU COXPAHCHHUH BIXKHOCTH C(HOPMOBAHHOTO CJI0s HA ypoBHE 30
%. OTo obecrieunBaeT BO3MOXXHOCTH 00pa30BaHMs MEKBOJIOKOHHBIX CBS3EH O3 BBEACHUS
JIOTIOJTHUTENBHBIX YIIPOYHSIONIMX J100aBOK. [IIOTHOCTh YKJIaIK¥i BOJIOKOH B OyMa)XHOM TIOJIOTHE Ha
dopMmyromeii ceTke He mpeBbimaeT 25 kr/m°. Huskas HadanbHast IIOTHOCTh Gymark, copMOBaHHOI
metogoMm AJID, Hanbomnee 3h(PpeKkTHBHO MPOU3BOANTE OyMaru CAHUTAPHO-TUTHEHUIECKOTO Ha3HAUCHUS,
JUTSL KOTOPBIX XapaKTePHBI MyXJIOCTh, MATKOCTh U BHICOKAs! BIUTHIBAIOIIASI CIIOCOOHOCTD.

Jnst noctmkeHns HeoOX0AUMON MEXaHHYECKOW MTPOYHOCTH U BRICOKOU BITUTHIBAIOIIEH CIIOCOOHOCTH B
BOJIOKHHCTOM CJIO€ CO3/aeTCsl PEryJISIpHbIN pesbed U3 y4acTKOB € Pa3INuHOM INIOTHOCTBIO YKIAIKH
BOJIOKOH [2] 3a CYET MpeccoBaHMs Ha CIEIHATbHON MPOPHIHPYIONICH CeTKe (CM. PHCYHOK).

PLIXJIBIHA Y4ACTOK C IUTOTHOCTBIO YKIaAKu BOToKOH 80...100 kr/m’ 06pasyercs B sueiike 2
PO HINPYIOIEH CETKH, IUIOTHBIHA YIACTOK C MIOTHOCTBIO YKiIaakH BomokoH 700...750 kr/m® — Ha
IUIOCKOM y4acTke 3. Y4acTOK, PacloIokKEHHbIH Moz
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HUTSAMH 1 CETKH MEX/1y IJIOTHBIMU y4aCTKaMH, CO3/aeT peibed) ¢ M3MEHSIOMICHCS 110 JUIMHE yJacTKa
IUIOTHOCTBIO. B cpefHeM mioTHOCTh coctapmsier 350...400 kr/m’.

IIpoBeneH pacyeT napameTpoB NPOGUIHPYIOIIEH CETKH I (POPMOBAHHS PHIXJIBIX YIACTKOB U YIaCTKOB,
00€eCIeunBaIOIINX MEXaHUUYECKYIO MPOYHOCTh Oymaru. O01mast mpouHocTs npu pactspkernu (F, H/m)
nucTa penbeHoi GyMaru onpeenseTcs yaacTkamu ¢ mioTHocTsio 700...750 kr/m’:

rae K, — ko3 duimeHT nponopuuoHaIbHOCTH;
F.— IpOYHOCTH OT/IETHHOTO IIOTHOTO ydacTka, H/m;
S, — MJI0MIa/b IIOTHBIX YYaCTKOB, M2

Sp — obmras mIomanap IMcTa penabedHoi Oymary, M.

VY4acTku ¢ HU3KOU TJIOTHOCTBIO YKIAJKU BOJIOKOH MPAKTUUECKH HE UMEIOT MPOYHOCTH. DTH PHIXJIbIC
y4acTK{ 00eCIIeurBalOT BHICOKYIO BIUTHIBAIOMIYIO CIOCOOHOCTD M3rOTaBIMBAEMOil OymMaru u
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00pa3yroTcs B siUeiKax MEKAY HUTSAMH NPOQHUINPYIOLIEH CeTKU. Pa3Mepsl OTAENbHBIX MIIOTHBIX
Y4acCTKOB M pacCTOSHUE MEXAY HUMHU JOJDKHBI HCKIII0YaTh BO3MOKHOCTD TPOXOXKIEHUS IMHUY pa3pbiBa
OyMmaru TOJIBKO I10 PBIXJIBIM yyacTKaM. PaccTosiHue L Mexay MIOTHBIMH y4acTKaMH, PACHOI0KEHHBIMU
BOKPYT PBIXJIOTO y4acTKa, OTBEYAET yCIOBUIO

rze A, — CpeIHee pacCTOsHNE MKy KOHIIAMU OTIEITBHOTO BOJIOKHA B IFIOCKOCTH
mcra Oymard, M.

IIpu cobmoaeHwn 3TOro YCIOBHS BOJIOKHA COSAMHSIOT MEX/Iy COOOH IITOTHBIE YIaCTKU U MIEPENat0T OT
ydacTKa K y4acTKy MEXaHHYeCKHe HaIPsDKEeHNs, BOSHUKAIOIINE TIPY PaCcTsHKEHUH OyMary.

Db PeKTUBHOCTD Mepeaun MeXaHMYSCKUX HANpPsDKEHUH XapakTepusyercs kodddurmentom K, mu
JI0JIeH BOJIOKOH, PAacIOJIOKEHHBIX B OHOM 3JIeMEHTE NPOo(QIMpyoeil CeTKH, KOTOphIe BOBJICUYCHEI B
PBIXIIBIA Y4aCTOK sSTUCHKH 2 ¥ B ABa ONMMKANIINX YIDIOTHEHHBIX yyacTka 3:

rae P, — 9acTb mepuMeTpa 3J1eMeHTa CeTKH, MMPOXOSIIETO 110 TNIOCKUM y4acTKaM;
P — cymmapHBIii iepuMeTp drreMeHTa MPOQUINPYIOIIEH CETKH.

OTHOIIICHHE TUTOIIA/IU IUIOTHBIX YYaCTKOB K OOIICH IIIoIIaau JIMCTa pesibeHO OyMaru, onpeesstoiiee
Pa3phIBHYIO MPOYHOCTH OyMaru, BeIpakaeTcs yepe3 mapaMmeTpsl IpopIINPYIONed CeTKA (CM. PHCYHOK):

i mtab

S, (1+d)*

Biiaroemkocts (Us, KT BOABI/KT BOJIOKHA) pelibe(hHO OymMaru, COCTOSIICH U3 y4acTKOB Pa3InvHOI
IUIOTHOCTH YKJIaJIKU BOJIOKOH, OIIPEAEIISIETCs 3aBUCUMOCTbIO

P TS\ P

rane  U,— Biiarocozep:xanue BOJIOKOH IIEJUTIOJIO3bI, KI' BOJIBI/KT BOJIOKHA,
Pw— MIOTHOCTb BOIBI, KI/M;

Pf — IUTOTHOCTB BOJIOKOH LIGILTIONO3BI, KI/M’;

| — KOJIMYECTBO yYaCTKOB C OJJMHAKOBOW TIOTHOCTHIO YKIIAJKH BOJIOKOH;
S — IUIOMAb YYaCTKA, HMEIOIIEr0 OIPEICICHHYIO IIIOTHOCTD, M’

Pi — TUIOTHOCTB YKJIAJKH BOJIOKOH I-TO y4acTKa, KI/M".

[IpuBeneHHbIC BEIIIE YPAaBHEHHS MTO3BOJISIOT OIIEHUTH IMTapaMeTphl MPOGUIHPYIONIEH CeTKH,
HEO0XOJUMBIE JIJIsl 00€CIICYCHUS IPOYHOCTH U BIIArOEMKOCTH pelibeHOM Oymaru.

CosznaHue MPOYHBIX MEKBOJIOKOHHBIX CBS3€H TPEOYET JOMOIHUTEIEHOTO YBIAKHEHHS BOJIOKHHCTOTO
CJIOS B TUIOTHBIX y4acTkax. [t 3Toro c)opMOBaHHOE MOJOTHO TIOMEIACTCS MKy JBYX CETOK:
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npoQUIUPYIONIEH U YBIaXHAOLIeH. Vcronp30BaHue yBIaXKHAIOMIEH CETKU 1aeT BO3MOKHOCTD
MHUHHMMHU3UPOBATH KOJUYECTBO BBOAUMOM B OyMayKHOE ITOJIOTHO BOJIBL.

VBnaxHeHue MMPOUCXOIUT IIpU YCIIOBUH

AP, > AP,

net?

rae APy, — maBiieHHe KanuUIIPHOIO BIIMTHIBAHUSA BOJIBI CJI0EM BOJOKOH IIEIIIFOJIO-
3p1, H/M?,

_ 4 p 5,C086
d; py 1_& ’
P

AP,

sh

APpet — NaBIEHUE KAMWUIIPHOTO BIIUTHIBAHKS BOJIBI TYCHKAMU YBIAKHSIOICH
CETKH, H/MZ,

_4c,,c0s0,, .

AP

net
dth € net

Gy — MMOBEPXHOCTHOE HATSDKEHUE BOJBI Ha TPAHUIIE ¢ BO3MyXoM, H/m;
0 — yron cMayrBaHUs TOBEPXHOCTH BOJIOKOH BOJIOM, Tpa;
Opet — YTOJI CMauMBaHUS BOJIOM MTOBEPXHOCTH HUTEH YBIAKHSIOMIEH CETKU;
di — TrameTp HUTEH YBIAXHSIONIEH CETKH, M;
€net — IOPUCTOCTD YBIIAXKHSIOUIEN CETKHU.

o 2
VY nenbHOE KOIMYECTBO CBOOOAHOM BOBI (Qy, KI/M®), KOTOPOE MEPEHOCUT YBIAXKHSIOIIAS CETKA, 3aBUCUT
OT MapaMeTPOB CETKH (CM. pUCYHOK):

diwp
QW= thFw )
(1 1)
d,

I[J'IH 3(1)(1)CKTI/IBHOFO YBIA)KHCHUS CJIOS BOJIOKOH YACIBHOC KOJIMYCCTBO BOJBI B YBJ'Ia)KH}IIOI]_Ieﬁ CCTKEC
OMpeacIaCTCd YCIOBUCM

S
QW >, _Hp_W(p_f _1\\ ,
Sp pf p
rJie (|, — YACNbHEIA Bec GyMaru, Kr/m’;

p — IUTOTHOCTH YKJIAJKA BOJIOKOH, p = 100 kr/m’>.

KanmunnsipHoe BIUTHIBaHNE BOJBI yYACTKAMH CIIOSI BOJIOKOH, PACTIONI0KEHHBIMH TTO]T TUTOCKUMH
y4acTKaMy Npo(UIMpYyIOIIeH CeTKH, ONPENENIAETCs yCI0-BHEM

380 < AP < 880.
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BrinonHeHue 3Toro yciaoBust o0ecreunBaeT n30uparTenbHoe YBIaKHEHHE BOJIOKOH TOIBKO B
YIJIOTHSIEMBIX y4acTKaX. B pesyiprate cymika OyMakXHOrO MOJIOTHA MOCIIE IPOLECcCca MPECCOBAHUS
TpeOyeT 3HaYUTEIbHO MEHBIINX BPEMEHHBIX U SHEPTeTUYECKUX 3aTparT.

IIpu nmpeccoBaHny H CymIKe MOJ0THA OyMaru Ha Mpo(QUINPYIOIIEH CETKe 110 MEpPE HCIIAPEHUS BOJBI U3
VIUIOTHEHHBIX YYaCTKOB 00pa3yrTCs MEXKBOJIOKOHHBIC CBSA3H, 00SCIICUNBAIOIIIEC MEXaHUUYECKYHO
MPOYHOCTH MOJOTHA OyMaru CAaHUTAPHOTUTHEHUIECKOTO Ha3HAUCHUSI.

Ha nabopatopnoii ycranoBke A/I® nepuoanyeckoro aeiictBus OblIM 0TpabOTaHBI PEKUMBI (POPMOBAHUS
o0pa3ioB Oymaru u3 OeneHoi cynbhaTHoM 1emTono36l Maccoit 30...50 /M, H36UpaTeIBHOTO
YBIIQYKHEHUSI BOJIOKHHCTOTO CJIOS CTIELIMAIEHON CETKOW U cIT0cOOBI BBEACHUS BCTIOMOTATENBbHBIX
KOMIIOHEHTOB TSI 00€CIIeUeHHs BIaropoyHOCTH 00pa3ioB (cM. Tabnwmiry). [lomyyuennasie oOpasmbt
cootBetcTtBoBaiy TpedboBanmsM [[OCT P 52354-2005, npeapsBisieMbIM K U3IETHIM U3 OyMaru
OBITOBOTO M CAHUTAPHO-TUTHEHUYECKOT0 Ha3HAUSHHS: 00pa3lbl TPYNIBI A 0TBEYAIM CBOWCTBaM Oymaru
TyaJIeTHOH, rpynmbl B — OyMaru Iiist MoJIOTeHel 1 KOCMETHIECKHX cal(eToK.

[Tpu npousBoacTBe Oymaru meronom AJID Hapsay ¢ ManbIM MOTpeOIEHHEM BOJIBI M YMEHBIIICHHEM
rabapuToB 000pyTOBaHHSI MOKHO OXKHJIATh CHIKEHHS YHEPro3arpar Ha pocCIrycK noiyhadpukara u
cymky Oymaru. M3rotosiaeHne OyMaru Jyist U3JIe i OBITOBOTO ¥ CAHUTAPHO-THTUEHUUECKOTO
Ha3HAYEHHs BOZMOXHO KaK M3 MEPBUYHOTO, TAaK ¥ U3 BTOPHYHOTO BOJIOKHHCTOTO CHIPBSI.

CaoiicTBa 00pa3oB OyMaru CAHUTAPHO-THTHEHUYECKOIr0 HA3HAYECHMS

[Toxasarens kauecTBa I'pynmna A, I'pynna B

Oymaru OJTHOCJIONHEIE OJTHOCJIOMHBIE JIBYXCJIOHHbBIE

PaspeiBHOE ycuiue, H:
B CYXOM COCTOSTHHH 3,4 53 5,0
BO BJIQYKHOM COCTOSIHUU — 1,2 0,8

BHI/ITBIBaCMOCTB, MM:

KaIlUIIpHAast 12 40 -

MOBEPXHOCTHAS - - 5

Macca 1 M%, T 50 30 45
CIIMCOK JIUTEPATYPEI
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Aerodynamic Forming of Tissue

.M. Drobosyuk|, Candidate of Chemistry, Senior Research Officer
G.K. Malinovskaya, Candidate of Chemistry
L.V. Litvinova, Candidate of Chemistry, Senior Research Officer

Saint Petersburg State Technological University of Plant Polymers, Ivan Chernyh str., 4, Saint Petersburg, 198095,
Russia; e-mail: vdrobosyuk@yandex.ru

The method of aerodynamic paper forming, an alternative papermaking method is used in the research. Paper web is
formed through depositing pulp fibers from a wet air flow on a wire while maintaining moisture content of the layer
formed at the rate of 30%, ensuring interfiber bonding without any strengthening additives. The use of the
aerodynamic forming method in papermaking is expected to decrease power inputs for repulping and paper drying
processes in addition to small water consumption. The density of fiber packing in the web is no more than 25 kg/m?®,
allowing the most efficient sanitary tissue making with the aerodynamic forming method. These paper grades are
notable for their bulk, softness and high absorbability. In pressing on a wire the segments in the fibrous layer are
formed, which contribute strength properties and moisture capacity of paper. Due to the distinctions between the
aerodynamic paper forming technology and the traditional method some parameters of the wires used presently in
the pulp and paper industry were changed. Calculation of shaping wire parameters is given for formation of the
relief consisting of the segments with various density of fiber packing in paper web while pressing fibrous layer.
Bulky segments are responsible for high paper absorbability; they are formed in the cells between sharing wire
filaments. Dense segments are responsible for paper strength properties. Sizes of dense segments and distances
between them eliminate the possibility for paper to be broken in bulky segments only. The fibers are additionally
moistened for forming strong interfiber links. The conditions are given for capillary water to be absorbed by dense
segments of paper web solely excluding moistening of the whole fibrous layer. Paper samples are formed with the
aerodynamic method at the batch device. Conditions for paper sample forming with the use of bleached kraft pulp of
apparent weight 30 — 50 g/m?, selective moistening of their fibrous layers as the well as methods of introducing aids
ensuring wet strength of the samples were determined. Pressing was made with the developed technology using the
offered wire. Main indices of the test paper samples meet the GOST R 5235-2005 requirements for tissue items.

Keywords: fiber packing density, paper strength, water-absorbing capacity, profiling wire.
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