Becmuux MUTXT, 2013, m. 8, Ne 3

K 150-AETUIO CO AHA POXXAEHUS B.U. BEPHAACKOIO

VIIK 532.5.522:677.494.6

BIIMAHUE PABHOMEPHOCTU BOJIOKHUCTbLIX MATEPUAIIOB,
NMONYYAEMbIX METOAOM JJIEKTPO®OPMOBAHUA,
HA X CBOUCTBA

II.M. llypoB, acniupant, *1O.H. ®uj1aT0B, pyKoBoauTe/ b HAYYHO-TEXHHYECKOTO

uenrtpa, *U.FO. ®ni1aToB, miuagmmii HAyYHbIH COTPYIHUK
kagheopa Xumuu u mexnonozuu nepepabomru s1acmomepos MUTXT um. M.B. Jlomonocosa,
Mockesa, 119571 Poccus
*I'HI] PO HUDXU um. JI. A. Kapnosa, Mockea, 105064 Poccus

e-mail: mr.paulo@rambler.ru

rosty4aemblx mMemodom 3neKmpod)opMoeaHug. lNokazaHo, ymo mun Mamepuana o00XKU OKa3blgaem

MSy'—IeHO e/lusdHUe cmpykmypbl U mura MoOMIOXKKU Ha pasHoOMepHOCmMb B0J/IOKHUCMbIX Mamepualsios,

3HaYyumesibHoe 8riusiHUe Ha ceolicmaea 80JI0KHUCMbIX Mamepuaros.
Knroyeeslie cnoea: nonuamud, aneKmpodoopMOBaHue, HaHOBOJIOKHA, MOOIOXKKa.

Beenenne

B nocnepame 20 mer B Mupe HabOmomaeTcs
BCIUIECK HMHTEpeca K METOAY 3JIeKTPOo(OpPMOBaHUS
(electro-spinning) BOJIOKHHCTBIX MAaTEPHATIOB U3
pactBopoB [1]. Pa3BuBaeTcs W TNPOMBILUIEHHOE
MIPOU3BOJICTBO TAKUX MaTepHaoB [2].

W3BecTHBIE KOMIIAaHMK B OOJACTH IIONyYCHHUS
HETKaHBIX MaTepHalioB, Takue Kak: Donaldson, 3M,
Hollingsworth & Vose, Froydenberg, Faintech,
Colon u J1p. aKTUBHO PAa3BHUBAIOT COOCTBEHHOE
MIPOU3BOJICTBO HAHOBOJIOKHUCTHIX MaTepuaios [3].

3HaunTeNIbHAS JOJIS BOJIOKHUCTBIX MaTepPHaJIoB,
MOJTYYEHHBIX 3THM METOJOM, IpPUMEHSEeTCS B 00-
JacTH (IIBTPANNN BO3IYIIHBIX U Ta30BBIX CPEIl OT
B3BelleHHbIX dacTull [4]. CoBpeMeHHBIH YpOBEHb
pa3BUTHUS TEXHHUKHU TPEABSBISET Bce OoJiee JKeCT-
KHe TpeOOBaHUS K YHCTOTE HCIONB3YEeMOTO BO3-
nyxa u razoB. [loaTromy HaOmonaeTcst yCTONUMBBIA
POCT MOTpPeOHOCTH B (PUIBTPYIOIIMX MaTepHanax
Kak Juis Tpy0oil ounTkH (aBTOMOOWIBHBIC (DUIIBT-
PBI, CUCTEMbI IPUTOYHOW BEHTWISALIMHU), TaK U I
HEPA- n ULPA-¢dunsTpamuu B YUCTHIX ITOMeIIIe-
HUSX B OJJICKTPOHHOW, METUIIMHCKOM M JApyroi
MIPOMBITIIEHHOCTH [5].

HaHoBoNOKHUCTBIE MaTepuanbl 00JaJaoT Io-
BBIIICHHON 3()(EKTHBHOCTHIO YIABIUBAHNS YaCTHIL
[0 CPaBHCHHIO C HETKAHBIMH MaTepHallaMH, TOY-
YaeMbIMH TPAIUIHMOHHBIMU MeTodamu. llpu sTom
OHM HMMEIOT 3HAYUTEJIHbHO MEHBIIYI0 Maccy Cios
BOJIOKOH U, CJEJOBAaTCIbHO, HE UMEIOT KOHCTPYK-
IIMOHHBIX CBOWCTB. JTO O0OYCIOBIMBAaEeT HEOOXO-
JUMOCTh HCIIOJIb30BAHMS PA3IMYHBIX TOJUIOXKEK,
BBICTYMAIOIIMX B KAueCTBE KOHCTPYKIIHOHHOM
OCHOBBI TPU MPOU3BOJACTBE AHATUTHUYECKUX U
(MIBTPYIOUIUX MaTepHaoB [4].

OmBIT TPOW3BOACTBA HAHOBOJIOKHUCTBIX Ma-
TEPUAIOB CBUIETENHCTBYET [6] O TOM, YTO THUM
UCTOJIb3yeMOM KOHCTPYKLMOHHON OCHOBBI (IOA-
JI0KKH) OKa3bIBACT BIMSHUE HA AKCILTyaTal[HOHHEIC
CBOWCTBa ITUX MarTepualioB. B wacTHOCTH, HEBO-
OpY>XEHHBIM TJIa30M BHUJHO AyOJUPOBAaHHE HAHO-
BOJIOKHUCTBIM ~MaTEpUAIOM CTPYKTYphl KOHCT-
PYKUIHOHHOH OCHOBHI (TIOAJIOKKH) H €€ NE(PEKTOB.

JlurepaTypHBIC DaHHBIC MOKA3BIBAIOT [7], YTO 3TO
MOXKET HETaTUBHO CKa3bIBaThCsS HAa CBOWCTBAX Ha-
HOBOJIOKHUCTBIX QHATUTHUCCKUX U (PIIBTPYIOMINX
MaTepHaJIOB.

CylecTBeHHOC BHUMAaHUE PAaBHOMEPHOCTH Ma-
TEpPHUAJIOB YJIENACTCS W B TPAAMIMOHHON TEXHO-
JIOTMH TEKCTHJIBHBIX MarepuayioB. Tak HepaBHO-
MEpPHOCTh TEKCTIJIBHBIX MaTEepPHAaIOB IO MOBEPX-
HOCTHOM TIJIOTHOCTH SIBIIIETCS OJHUM W3 Hambouee
CYIIECTBEHHBIX  (DaKTOPOB, ONPENENSIONNX HX
MOTPEOUTENECKOE KaYyeCTBO M IKOHOMHUYECKHUE TI0-
Ka3aTeJH MPoIeCcCOB MPOU3BOICTRA [8].

OpHako aHauM3 JHUTEPaTypel B 00JacTH
anekrpodopmoBanus [4, 7, 9] BBHIABISCT HEAOCTA-
TOYHOC BHHMMAaHHE K MIaHHOHW TWpoOlieMe U OT-
CyTCTBHE II€JICHANpPABICHHBIX HccaenoBaHuit. [lo-
3TOMY TPEICTABISICTCS aKTyalbHBIM IIPOBEACHUC
WCCIICIOBAHUS BJIMSHHUS PABHOMEPHOCTH BOJIOK-
HUCTBIX MaTEpHAIIOB, MOJYYaeMbIX  METOJOM
AIIEKTPO(POPMOBaHUSI, HA UX CBOICTBA.

MarepuaJibl H METOABI HCCJIEIOBAHUS

B kauecTBe O0OBEKTOB HCCIENOBaHUA OBLI
BEIOpaH HETKAaHBIH KOMIIO3HMIIMOHHBIM MaTepual
(HKM), umMeronuii npuMeHEeHHEe B 00J1aCTH (HUITBT-
paluy BO3AYIIHBIX U Ta30BBIX CPEM OT B3BELICHHBIX
gacTull. B JaHHOM HETKaHOM KOMITO3UIIHOHHOM
MaTepuaie ObUIH UCIIOJIF30BAHEI JBa IICMEHTA:

1) KOHCTPYKLMOHHAs OCHOBA (IIOJIOXKKA);

2) TOKPOBHBI CIIOW W3 HETKAHOTO MAaTCpH-
ana, MOJYYaeMBIH METOAOM HIEKTPO(OopMOBaHHUS
U3 PacTBOpa, UMCIOUIMH NpPUMCHEHHE B O00JaCTH
GunbTpanMyd BO3AYIIHBIX M Ta30BBIX Cped  OT
B3BEUICHHBIX YACTHII.

JAns wccremoBaHnsl BIWSHUS PaBHOMEPHOCTU
BOJIOKHUCTBIX MaTe€pHalioB, MOJYyYaeMbIX METOIOM
anekTpopopMoBaHMsI, HAa WX CBOHCTBa OBUIH
BBIOpaHBl HanOoJIee PacIPOCTPAHEHHBIE U MIHPOKO
UCTOJIb3yeMble BHUAbl KOHCTPYKLMOHHOH OCHOBBI
(TTOATIOKKM), TAKUE KaK:

- monunponuicHoBeld crnanbona (TY 8390-
002-71242729-2005) — HeTKaHBIA MaTepuall,
MOJTyYEHHBIH M3 TOJIMITPONUIICHOBBIX BOJIOKOH C
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nuamerpoM 20-50 MKM IO TEXHOJIOTHU CIIaHOOH[T
(ocHoBa Nel);

- TOJNWIPONHJICHOBBI CcrnaHOOHI C aHTH-
CTaTUKOM — HETKAaHBIH MaTepHai, IMONyYCHHBIH W3
MOJUNPONUIICHOBBIX BOJIOKOH ¢ auamerpom 20-40
MKM II0 TEXHOJIOTMH CIIaHOOHI M 00paboTaHHBIH
aHTHCTAaTHKOM (0cHOBa Ne2);

- (unbTpoKapTOH — MaTepuan, COCTOSLIMIA
MPEUMYIIECTBEHHO W3 PACTUTEIBHBIX BOJIOKOH C
nuamerpoM 5-30 mMkMm. B kadectBe ChIphS st
IPOM3BOACTBA  (HIBTPOKAPTOHA  HCHOJIB3YIOTCS
LEJITIOIO3HBIE BOJIOKHA (0cHOBa Ne3);

- TEpPMOCKPETUICHHBI  MOJUIPONUICHOBBIN
MebT-0mayH (melt blown) — HeTkaHBI MaTepHa,
MOJYYEHHBI M3 TOJIUIPONUICHOBBIX MHKPOBO-
JoKOH TommuHOM 10-50 MKM, Xapakrepusyercs
3HAYUTEIBHBIM 3G (GEKTOM (QHIBTPALUU, aacopo-
1uu ¥ u3oisinuu (ocHoBa Ned);

- matepuan @Il (punbrper IlerpsiHOBa) THIA
POM (pynoHHbI Matepuan (QUABTPYROMUI) U3
XJIOPUPOBAHHOTO MOJMBUHIIXJIOPUAA — HETKAHBIN
MaTepuall U3 yIbTPAaTOHKUX BOJIOKOH XJIOPHPOBAH-
HOTO MOJMBUHWIXJIOpUAA ¢ nuamerpoM 1-10 Mxwm,
MOJTyYaeMbIii METOIOM  3JIEKTPOLCHTPOOSIKHOTO
(hopMoBaHHA M3 pacTBOpa MOIUMEpPa, HAHECEHHBIN
Ha MapJICBYIO MOITOKKY (ocHOBa Ne5) [10];

- TPOKJICCHHBIN MaTepuanm W3 BUCKO3HBIX U
nonud(QUPHBIX BOJIOKOH (KJI€eBOM cocTaB Ha
ocHoBe I[IBA) — HeTkanbplii Marepuan, MOTydYeH-
HBI W3 BHCKO3HBIX W TOJIHA(PHPHBIX BOJOKOH C
guamerpoM 10-30 MkM cnocoOoM MpPOKIEHKH
cocraBoM Ha ocHoBe [IBA (ocHoBa Neb).

- moymdGUpHBIA criaHOOHN (HepenbeHBIH) —
HETKAHBI MaTepuall, TMONYYCHHBIA W3 MOJH-
3(UpHBIX BOJIOKOH ¢ amameTpoM 20-30 MKM 1O
TEXHOJIOTUH CITaHOOH/I (ocHOBa Ne7).

JaHHBle THIBI TOUIOKEK Hawboiee dacTo
UCTIOJIB3YIOTCSA B MPOMBINUICHHOM IOJIyY€HUH BO-
JOKHUCTBIX MaTEpHaJIOB METOIOM 3IeKTpodop-
MoBaHus [6].

Ha KOHCTpYKIMOHHYIO OCHOBY (TIOAJIOKKY)
pa3nuyHOrO0 BHAA OBUIM HAHECEHBI METOIOM
ANEeKTPO(POPMOBAHUS TIOKPOBHEIE CIIOM U3 TpPEX
BUJIOB HETKAHOTO BOJIOKHHCTOro MaTepuana (HM):

- BOJIOKHHCTBIH MaTepuall Ha OCHOBE IIOJIH-
amuna (I[TA-6) ¢ muamerpoM BoJokoH 50—150 HM,
nonyuyeHHbli u3 20% pacTBopa (IMHAMHUYECKas
Bs3kocTh 2 Ila*c) B cMecum pacTBOpUTENEH:
MypaBbHHAsI KHCJIOTA/yKCyCHAsl KHCJIOTa B COOT-
vomenuu 70/30 % mac. (HM-1);

- BOJIOKHHCTBIH Matepual M3 CMECH XJIOPH-
poBanHoro moymBHHWIXNIOpUAa (XIIBX) u Oyra-
nueH-HuTpuibHoro kayuyka (CKH-26) B cooTHo-
menun 70/30 % mac. ¢ quameTpom BOJOKOH 150—
300 BM, momy4ueHHBIH u3 12% pacTBopa (IUHAMH-
gyeckas Bszkocth 0.16 Ila*c) B cMecu pacTBOpH-
Tenel:  OyTWwiaueTat/IUMeTUIPOpM-aMua/dTHIIO-
BBl crupT B cootHomenun 70/25/5 % wmac. ¢
nobaBkoit 2 r/n anekrponura LiC1 (HM-2);

- BOJIOKHUCTBI Marepuald U3 cMmecu (ropo-

miact (P-42) u propkayuyka (CKD-26) B cooTHO-
menun 80/20 % wmac. ¢ quamerpom BosiokoH 100-200
HM, TIOJTyYEHHBIH U3 6% pacTBOpa (JIMHAMIYECKas BsI3-
kocth 0.3 Ila*c) B cMecH pacTBOpHTENICH: THIaneTaT/
numetuipopmamu B cooTHomenuu 50/50 % wmac.
¢ nob6akoi 1 /1 anextponuta TBAI (HM-3).

BonokHuCTHIC MaTepHabl OBUTH ITOTyYeHBI Me-
TOJIOM 2JIEKTPOPOPMOBAHUS KaK IO TPAJAUIIHOHHOMN
KanwuisipHoM TexHonoruu [1, 4, 5, 11, 12], Tak u
o TexHoyioruy nanospider [13].

Nanospider — 3T0 3amaTeHTOBAaHHAS TEXHOJOTHSA
OE3KaIIIIIPHOTO BBICOKOBOJIBTHOTO 3MEKTPO(HOpMOBa-
Husl BOJIOKOH (D®B) co cB0oOOmHOI TOBEPXHOCTH
JKUIKOCTH. Peanu3arys JaHHOU TEXHOJIOTHH CTaja
BO3MOXKHOW Oyaromapsi OTKPBITHIO BO3MOXKHOCTH
¢dopmoBaTh KOHYChl Teiyiopa ¢ TOCIEAYIOIUM
MOTOKOM MaTepHalla HE TOJNBKO Ha KOHYHKE
Kamuusapa, HO U Ha TMOBEPXHOCTH TOHKOHN TUICHKH
MOJIMMEPHOTO PacTBOpA.

Texnomorust Nanospider npexycmarpuBaer:

¢  BRICOKYIO MPOU3BOIUTEIBHOCTh M MACIIITa-
OupyeMOoCTb;

e Bricokyro
BOJIOKOH U TIOJIOTHA;

¢ DKOHOMHYHYIO JKCIUTyaTaIlio M IPOCTOE
TEXHUYECKOE 00CITy)KHBaHUE;

e Pa3HOOOpa3sue HCNOIB3yEeMBIX MOJIMMEPOB
U TIO/IIOKEK.

HccnenoBanue CTPyKTYPBI BOJIOKHUCTBIX MaTe-
pHAIOB TPOBOJHMIIOCH METOJIAMHU OITHYECKOH W
JIIEKTPOHHOW MHKPOCKOIIMH, C HCIIOJIB30BAHUEM
CKaHUPYIOIIETO 3IEKTPOHHOr0 MUKpockorma Hitachi
TM1000. Ornpenenenue 3KCIITyaTallMOHHBIX
CBOWCTB BOJIOKHHCTBHIX MaTEpPHAaJOB IPOBOAMIOCH
MyTEM OLCHKH THAPOAMHAMHUYIECKOTO COIPOTHBIIC-
HUS U d(dexTuBHOCTH (GUIBTPAUUU Ha CTEHAE
¢upmbr TSI Automated filter tester 3160. B
Ka4eCTBE adpP030IIsl UCIIOJIF30BAIICH YACTUIIBI COJIH
NaCl muamerpom 0.02-0.4 MKM, JHHEWHas
CKOPOCTH BO3AYIIHOTO 1MoToKa 50 cm/c.

OIHOPOAHOCTDH ANaMCTpOB

Pe3yabTaTsl U UX 00Cy:KIEHHE

AHanmM3 SKCIICPUMEHTATBHBIX O00pa3IoB, NpH-
MEHSEMBIX B 00NacTH (MIBTpAIlMU BO3IYIIHBIX H
ra3oBbIX CpPEI OT B3BCHICHHBIX YACTHII, MO3BOJIMI
BBISIBUTH, YTO B 3aBUCUMOCTH OT MOP(HOIOTUISCKUX
XapaKTePUCTUK ITOBEPXHOCTH HETKAaHBIX MaTepu-
aJOB, BBICTYNAIOMMX B Ka4eCTBE KOHCTPYK-
[IMOHHOW OCHOBBI (TIOJTOKKK) HETKaHBIX KOMIIO-
3UnMOHHBIX MarepuaioB (HKM), wmoxer d¢op-
MHUPOBATHCSI TTOKPOBHEBIN CIIOW C PaBHOMEPHBIM U
HEPAaBHOMEPHBIM paclpeie]IeHueM HeMPEePhIBHBIX
BOJIOKOH.

PaBHOMEpHBIIT MaTepuadl MOXHO IIONYYHTH
TOJIBKO Ha UACATHHO TTaIKUX TOBEPXHOCTSIX, TAKUX
KaK ITOJMPOBAaHHBI METaU, CTEKJO, IUICHKA.
Hanbonee mpeAmoYTHTENFHON TOBEPXHOCTBIO UIS
JNAHHBIX IeJel sBIseTCs cTekio. [lomupoBaHHas
METaJUTMYEeCKasi TIOBEPXHOCTh MOXKET COAEpKaTh
nedeKTl B BUJAE IApanuH, MOBEPXHOCTH IUICHKH
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MOXET HUMETh 3alIOMBL. Bce 3T ¢axTopel OymyT
OKa3blBaTh HETaTHBHOE BIHAHUE HA pPaBHOMEP-
HOCTh TMIOJIy9a€MOTO Ha JaHHBIX IOBEPXHOCTIX
Matepuana. CTeKIsHHas MOBEPXHOCTh MMEET J10C-
TATOYHO TJAJKYI0 IIOBEPXHOCTh U MO CPAaBHEHUIO C
BBIIICONMCAHHBIMU TIOBEPXHOCTSAMHU  (TIOJIMPOBAH-
HBII MeTal, IUICHKA) IPaKTUIEeCKH HE MMECT
JIe(EeKTOB Ha CBOCH MTOBEPXHOCTH.

[Ipu monyyeHHHM paBHOMEPHOTO MaTepuana Ha
IJIAIKOM TTOBEPXHOCTH BO3HHKACT pPsii IpoOieM.
'maBHass mpobimema 3aKIOYaeTCS B TOM, HTO
TJ1aJKasi MOBEPXHOCTh SIBISIETCS HEMIPOHHUIIAEMOM, U
HCCTIEIOBATh TONYYEHHBIN MOKPOBHBIA CIIOM COB-
MECTHO C TIJaJKOil TOBEPXHOCTbIO HE Tpel-
CTaBJIACTCS BO3MOXHBIM. [ Toro utoObl Hccie-
JIOBaTh TOJy4YaeMbIil MaTepuai, ero HeoOXOoJIuMOo
MEPENIOKUTh C HEMPOHULIAEMOMN TIaAKOW IOBEpX-
HOCTH Ha MPOHULIAEMYIO [TOBEPXHOCTh — 3TO BTOPas
npobnema. [lepenoxuTts moto0HEIM 00pa3oM Marte-
puaJ, He MOBPEIUB €T0, IPAKTUUECKH HEBO3MOXKHO.
OTO CBA3aHO C HUBKMMH NPOYHOCTHBIMU CBOICT-
BaMHU TOHKOT'O MTOKPOBHOTO CJIOSI.

YCTpaHuTh NOPENATCTBUSI B HCCIEAOBaHUM
«MJeallbHOTrO» MaTepuaja IMO3BOJSET aHTHAIre-
3MOHHBIN cioil (puc. 1). B xauecTBe aHTHAATe3HOH-
HOTO CIIOSI WCIOJIb3YETCS TOHKHM CIION XPYIKHX
MOJIMCTUPOJIbHBIX BOJIOKOH (nuamerp — 300 HM,
macca eauHuIb wioniaau — 0.1 F/Mz).

Jnsa  wmccinemoBaHWS METOIOM — ONTHYCCKOM
MUKPOCKOIIUM BOJIOKHHCTBIA MaTepuan OTAeNsIcs
OT TIOJUIOKKM M TEPEHOCHJICS Ha MpeIMeTHOe
CTEKJIO.

Puc. 1. Hetkanplit MaTepua, IOTyIeHHBIN
Ha MHOTOKAITHJISIPHOW ycTaHOBKE OapabaHHOTO
Ttuna Ha ocHoBe XIIBX u CKH-26;
KOHCTPYKIIMOHHASI OCHOBA (TIOJIOKKA) — METAJII.

AHanu3 3KCIIepUMEHTAIBHBIX JAaHHBIX BBIABUI,
YTO TMpU HAaHECEHHHM HETKAaHOro MaTepuaa
METOJIOM 3JIEKTPO(OPMOBaHHS, YKIIAIKa BOJIOKOH
IIOKPOBHOTO CJIOSI Ha KOHCTPYKIMOHHYIO OCHOBY

(ocHoBa Ne 1-6) MOXET OCYLIECTBISTBHCS ABYMS
cnocobamu, Qopmupys JBa BHIA HEpaBHO-
MEPHOCTH.

IlepBbIii BHI HEpPaBHOMEPHOCTH CBSI3aH C

KOHIIEHTpalMeld BOJOKOH HETKAaHOI'0 MaTepuala,
HaHOCUMOTO Ha TOIOXKKY MetomomM OB®, mo
BOJIOKHaM KOHCTPYKITMOHHOM OCHOBBI.
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Ha puc. 2 cxematudHo M300pa’keHO pacrpe-
JIeJIEHHE BOJIOKOH MOKPOBHOTO CJIOSI HA MOJUIOKKE
npu  HepaBHOMepHoOcTH rmepBoro Tuma (HP-1),
OTHENECHBl 30HBI, TOE IOTOK BO3AyXa HPOXOIUT
HE3HAYUTENBHO.

EOJIOKHA IMOIT0HEKIL

Puc. 2. Cxema nepekpbITHs HETKAHOTO BOJIOKHUCTOTO
MaTtepHaia MOBEPXHOCTHU MOJJIOXKKH IIPU HEPaBHO-
MEpHOMH YKIIa/IKe BOJIOKOH IIOKPOBHOTO CJIOSI
(mepBBIi B HEPAaBHOMEPHOCTH).

Ha momnoxke (ocHoBa Ne6) OTUETIMBO BUAHO,
yto BoNokHa (HM-2) MOKpOBHOTO cJ0s OpHUeH-
THPOBAHO YJIOKEHBI BJOJb BOJOKOH TIOJJIOKKH

(puc. 3).

Puc. 3. ®opmuposanne HKM ¢ HepaBHOMEpHBIM
pacripeziesieHueM BOJIOKOH IIOKPOBHOTO CIIOSI
TIepBOro BuJa (TI0AI0KKa — 0ocHOBa Ne 6,
MTOKPOBHBIH cioit — HM-2).

Bropoit cmoco0 cBA3aH ¢ KOHIEHTpaluen
BOJIOKOH TOKPOBHOTO CJIOSI MEXKIY BOJIOKHAMH
KOHCTPYKIIHOHHOH OCHOBBHI (ITOJIIOXKKH).

Ha puc. 4 cxematn4Ho M300paxkeHO pacmpene-
JICHWE BOJIOKOH Ha TMOJUIOKKE TIpHU HEpaBHO-
MepHocTH BToporo tumna (HP-2), oTmeneHbl 30HBI,
TZie TOTOK BO3yXa 3aTPYAHCH.

BOJIOKHA ITOOT0EEI

Puc. 4. Cxema nepekpsITus MI0MAIN
BOJIOKHHCTOT'O MaTepuaja IpH YKIAIKe
BOJIOKOH BTOPBIM CIIOCOOOM.
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VYknangka  BOJOKOH  BTOPBIM  CIOCOOOM
OTYETIIMBO MPOCICIKUBACTCS HA MOJUTOKKE (OCHOBA
Nel) (puc. 5).

%

Puc. 5. ®opmuposanue HKM c HepaBHOMEpHBIM
pacnopeacjiCcHMEM BOJIOKOH IMOKPOBHOI'O CJIOSI BTOPOTO
THNA (ToU10kKKa — ocHOBa Nel, mokpoBHBIII cioit — HM-2).

Koncrpykimonnass ocHoBa NeS (mOIOXkKa),
W3TOTOBJICHHAS! U3 XJIOPUPOBAHHOIO IOJWBHHHMII-

XJIOpHJIa, IMEET BOPCHUCTYIO TIOBEPXHOCTH M BEBICO-
KHM 3JEKTPOCTATHYECKUI 3apsl, BCIEICTBHE YETO
HETKaHBIH MaTepual HEe HMMEeT YETKOH 3aKOHO-
MEPHOCTH YKIJIQJKHA BOJIOKOH U €TO CII0’KHO OTHECTH
K OIpEAETICHHOMY THITy HEPaBHOMEPHOCTH.

B xagectBe mpumepa B TaOmuIe NPUBEACHBI
OKCTIEPUMEHTAIBHBIC JIaHHBIC MO HCCICIOBAHHIO
YKJIaJIKd BOJIOKOH HETKaHOTO MaTepHaja Ha OCHOBE
XIIBX u CKH-26 Ha KOHCTPYKIIMOHHOH OCHOBE
(ocHoBa Ne 1-6).

Bce ycTaHOBNICHHBIE BHIBI YKIAIKH BOJOKOH
HeTkaHoro marepuana Ha ocHoe XIIBX n CKH-26
Ha KOHCTPYKIIMOHHOW ocHoBe (ocHOBa No 1-6)
TaKke HaOIIOANCH U PACCMOTPEHHBIX B padoTe
HETKaHBIX MaTepUaioB, HAHOCHUMBIX METOJOM
anexktpodopmosanus (HM-1 u HM-3).

Ans  nanpHEHIIMX HCCIEHOBaHUN —(QUIBTPY-
IOLIMX CBOWCTB IMOKPOBHOTO CJIOSI U3 HETKAHOTO
MaTepuana ObUTH OTOOpaHBl KOHCTPYKIIMOHHBIC
OCHOBBI  (ITOJJTOKKH), OKaspIBAIOIIME Hauboee
3HAYUTEJIHHOE BIMSHUE HA YKIAJKY BOJOKOH.

Tun pacnpeaecyi€Hus BOJIOKOH HETKAHOTO MaT€pHrajia 1o MOBEPXHOCTHU IMOIIOKKH

HeTkanblii Buipl mo1ioskeK — OCHOB, MPEJHA3HAYCHHBIX JIJIS H3TOTOBJICHHSI (DHUIIBTPYIONIIX
MaTepHra MaTepHaIOB

OcnoBa Noel ~ OcnoBa Ne2 ~ OcnoBa Ne3  OcnoBa Ne4  OcnoBa Ne5  OcnHoBa Ne6
HM-2 HP-2 HP-1 HP-1 HP-2 - HP-1

Jns nccnenoBaHus BIUSHUA KOHCTPYKIITMOHHOM
OCHOBBI (TIOJUTOKKH) Ha COIMPOTHBIIEHUE TOTOKY
BO3/lyXa paBHOMEPHBIH HeTKaHbIH MaTepuan (HM-
3) 6pu1 mepeHeceH Ha ocHOBY Nel. IlomydeHHBIH
MaTepuan ObUl TPOTECTUPOBAH HA THAPOIH-
HaMUYECKOE CONPOTUBJIEHHE B 3aBUCHUMOCTHU OT
MAacChl eIMHHIIBI TUIOMaay oopa3mnoB. [loxydeHHbIe
JIaHHBIE TTOKAa3aJH, YTO CYMMapHOE COIPOTHUBIICHUE
CJI0Sl BOJOKOH C KOHCTPYKLIMOHHOH OCHOBOM He

PaBHO CyMME COINpPOTHBIECHUN KOHCTPYKIMOHHOMN
OCHOBBI W CIIOSI BOJIOKOH, HW3MEPEHHBIX II0
ornensHOoCcTH. OcHOBa Nel wmmeer yuacTku, B
KOTOPBIX IOTOK BO3[AyXa HE MPOXOAUT M, Kak
CIIEICTBHE, HE MPOXOJUT Yepe3 COOTBETCTBYIOIINE
ygactku B HM-3. Tem cambiM yBennyuBaeTcs
o0IIee COMPOTUBIICHHE MaTepHala IIOTOKY BO3IyXa

(puc. 6).
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Macca e JHHHIBT IVIONEA N MATEPHAA, I/M”

Puc. 6. BrusiHue TOJIUHBI TOKPOBHOTO CJIOSI K KOHCTPYKIUH (DUIBTPYIOLIEro MaTepraia
Ha CONPOTHUBJICHUE MaTCpUaia IIOTOKY BO3yXa.
(1 — merkanslif Matepuan u3 cmecu ®-42 u CKO-26, noxydeHHBIH Ha METAJUTYECKON ITOTIOKKE;
2 — HKM, rie KOHCTpYKIIMOHHAs! OCHOBA — MOJUIIPOIMICHOBBIH CIIaHOOH],
MOKPOBHBIH CIIOH — HeTKaHbIi MaTepuan u3 cmecu ®-42 u CKD-26).
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Ha puc. 7 mokazaHo, 9To B 0O0JaCTH MaibIX
Macc BojokHa (HM-2) mpenMyIiecTBEHHO YKJa-
JIBIBAIOTCA 110 BOJIOKHAM OCHOBBI Ne6, 4TO COOT-
BETCTBYET HEPABHOMEPHOCTH IIEPBOTO BU/IA.

ConpoTuBieHHEe HETKAHOIO MaTepuaia B
JAHHOM Cllydae MEHbIIE 10 CPaBHEHHUIO C COMpO-
THUBJIICHHEM pPAaBHOMEPHOTO MaTepHaia, MOiy-

-
=
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YEHHOr0 Ha MeETaJUIMYecKod moBepxHocT. Ilo
Mepe YBEIMYCHUST MACChl CIIOST BOJIOKOH MaTepHa
CTaHOBUTCS OoJyiee PaBHOMEPHBIM, 3TO O00YyCIIOB-
JIEHO TeM, YTO CJOH BOJIOKOH HauyMHAeT Ooiee
pPaBHOMEPHO  YKJIAJbIBATBCA HA  MOBEPXHOCTH
TIO/ITIOKKH.

o TTTORK A-MeT ﬂ.T[.lJ\

\' ."é'z

MO TOKKA-6

CompoTiie.Terie MaTepraia, [Ta

[

Macca e JHHHIBI TLTOIA I MATepPHAa, T/M>

Puc. 7. Biusinue TOIIUHBI TOKPOBHOT'O CJIOSI U KOHCTPYKIMU (HIBTPYIOIIETro MaTepuaia
Ha CONMPOTHBJICHHE MaTeprala MOTOKY BO3/IyXa.
(1 — metkanbrii MmaTepuan Ha ocHoBe XIIBX 11 CKH-26, moirydeHHbIH Ha METaITHYECKON OIOXKKE,
2 — HKM, rze KOHCTPYKIHOHHAs! OCHOBA — NPOKJICCHHbI MaTeprall U3 BUCKO3HBIX U MOIMI(UPHBIX
BOJIOKOH, TIOKPOBHBIH CJIOW — HETKaHbIi MaTtepuan Ha ocHoBe XIIBX u CKH-26).

UccnenoBanne BIUSHUS PaBHOMEPHOCTH He-
TKaHOTO MaTepuayia Ha ero (QHIbTPYIOIINE Xapak-
TEPUCTUKH, TIOKA3all0, YTO CJOH BOJIOKOH, HaHe-
CEeHHBIX Ha OCHOBY Nel, mMeeT MeHbIee COmpo-
THUBJICHHE TIOTOKY BO3JyXa OTHOCHUTEILHO paB-
HOMepHOro Matepuana. [laHHbd 3¢dekT mpouc-
XOMUT W3-3a TOro, uro BoilokHa (HM-2)
MPEUMYIIECTBEHHO YKJIAJBIBAIOTCA MEXIy dJie-
MEHTaMU CTPYKTYPbl MOJUIOXKKH, YTO COOTBET-
CTBYEeT HEpaBHOMEpPHOCTU BTOporo tuna. Ilpu
OTHEIICHUH CII0S BOJIOKOH OT OCHOBEI Nel, B
MECTax, TJe HaXOAWJINCh HEMPOHUIIAEMbIC JIJIst
BO3/lyXa DJIEMEHTHI CTPYKTYPbl KOHCTPYKIIMOHHOMH
OCHOBBI (TIOJUTOKKH), TOSBISIFOTCS IyCTOTHI, KO-
TOpPBIC YMEHBIIAIOT COMPOTUBIICHUE CIIOSI BOJIOKOH.
Croit BOJOKOH COBMECTHO ¢ OCHOBOM Nel mmeer
0oJIpIliee COMPOTUBIICHHWE IOTOKY BO3AyXa OTHO-
CUTEIILHO PaBHOMEPHOI0 MaTepuana. JTO CBS3aHO
C TE€M, YTO HEMPOHUIAEMBIC JIEMEHTBI CTPYKTYPhI

s Kosdd. dunpTpyroweroe gqeicremsa

ocHOBBI Nel yBenWuuBarOT 00Iee COMPOTHUBIICHHE
MaTepuana, a CIOH BOJOKOH IIPEHMYIICCTBCHHO
pacrosnaraercsi B 30He POXOXKJICHHUS BO3yXa.

[TockombKy 3apsim Ha BOJOKHAX OKasbIBAeT
OTpeneNnsIioniee  BIMSHHE Ha  (QUIBTPYIONIHE
CBOIicTBa Marepuaia, IJii CPaBHEHHsS HETKAHOTO
MaTepHaia ¢ pa3IMIHbIM THIIOM HEPaBHOMEPHOCTH
HEOOXOIMMO YOemuTcss B OTCYTCTBHH 3apsia Ha
BosiokHax. Ilepen mpoBeneHHMEM HCCIIEIOBAHUSA
(GUIBTPYIOIIMX CBOWCTB BCE MaTepHalbl IIOA-
BEPrajiiiCh BBUIC)KWBAHHUIO B TCUCHHE CEMH JHEH.
s onieHkH 3apsAna Ha BOJOKHAX ObUTH M3MEPEHBI
¢unsTpytomue cBoiictBa HM-2 Ha ocHoBe Nel.
3areM HETKaHBI MaTepuasl OBUI TIOMEIICH B
STIJIOBBIH CHHPT | TmpocyieH. [locne 3toro Opura
IPOBEJICHA CEpUs H3MEPEHHH  (HUIBTPYIOMINX
CBOKMCTB [TaHHOTO MaTepuaja B TOW K€ TOYKE C
WHTEPBAJIOM JBE MUHYTHI (pHC. 8).

—’-COI‘IDOTI-‘IBJ'IEHVIE martepuana

1

Ko pruabTpyromero seiicTeis,
MM. BoJ. 1.}

70
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ConpoTHBJIeHHe MaTepHaa, ITa

[=]

Tlex.

r S ’11
' I ' I ' '
0 2 4 &

Bpems, MUH
Puc. 8. 3aBucHMOCTD GUIBTPYIOIINX CBOMCTB pa3psHKEHHOTO HETKaHbI Marepuall Ha ocHoBe XI1BX
u CKH-26 oT BpeMeHH, KOHCTPYKIIHOHHASI OCHOBA — MOJIUIPOITHIICHOBBIN CIIaHOOH T
(cxopocth unbTpamu 20 cM/c, pazmep vactui] — 0.4 MKkM).
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U3 puc. 8 BuUIHO, YTO NpH MNEPBBIX IBYX
U3MepeHusx nociue paspsaaku HM-2 na ocnose Nel
COTIPOTHBJICHHE BO3pPACTaET H3-32 MPUCYTCTBUS
OCTaTKOB chupra. B mocneayrommx H3MepeHHsX
COTIPOTHBJICHHE TNPUHUMAET HCXOAHOE 3HAYCHUE,
npu 3ToM (GUIBTPYIONINE CBOHCTBA TAaKKe BOCCTA-

2

HaBIIMBAIOTCS [0 HAYAIHHOTO YPOBHSI, YTO CBHIE-
TEJIbCTBYET 00 OTCYTCTBUU 3apsAa Ha BOJOKHAX.

CpaBaenne HM-2 Ha ocHoBe Ne6 m HM-1 Ha
ocHoBe N7 TMOKa3bIBaeT, 4YTO (QHILTPYIOIINE
cBorictea HM-1 nyudmne, BcleacTBHE paBHOMEp-
HOCTH JIaHHOTO MaTepuaia (puc. 9).

—

A MaTepHaJ-1

vl

MATep na.ﬂ—z/

<

Koy . punmbrpyroniero geficTeus,

0 1

2 3

Conp oTHBJIeHHe MaTep HaJIa, ITa

Puc. 9. BrusiHue conpoTHBIeHHE MaTepraia MOTOKY Bo3ayxa Ha (puibTpytromiue cBoiictea HKM
(1 — HKM, rae KOHCTpYKIIMOHHAsI OCHOBA — MPOKJICCHHBIM MaTepHall U3 BUCKO3HBIX W MOIMA(QUPHBIX
BOJIOKOH, IIOKPOBHBIN CJION — HETKaHbI MaTepuan Ha ocHoBe XIIBX u CKH-26;
2 — HKM, rie KOHCTPYKLHOHHAsI OCHOBA — MOJIMI(HUPHBINA CIaHOOH]I, TOKPOBHBIH CIION — HETKAHbIN
MaTepuain Ha ocHoBe ITA-6, ckopocts GubTpanuu — 50 cm/c, quametp yactuil — 0.4 MKM).

3akiniouenue

Ha ocHoBaHuu aHanusa nuTepaTypsl U MpoBe-
JICHHBIX HCCJIETOBAaHUI MOXHO CIENaTh BBIBOJA O
TOM, YTO KOHCTPYKIHMOHHAs OCHOBa (ITOIIIOXKKA)
Kak (DaKkTop, OIPENeNSIOMUN CIIocod YKIIAJKH
BOJIOKOH TIOKPOBHOIO CJIOS WM BHUJ €ro Hepas-
HOMEPHOCTH, OKa3bIBAET 3HAUUTEIBLHOE BIMSHUE Ha
¢unprpyromue xapakrepuctukn HKM wu m3nenuii
Ha €ro OCHOBE.

UccnenoBanue CONpPOTHUBIEHUS BOJIOKHUCTBIX
MaTepUaJIOB, IIOJYYEHHBIX HEIOCPEACTBEHHO Ha
KOHCTPYKIIMOHHYIO OCHOBY (TIOJIOKKY), IIOKa3aJo,
YTO CIOCOO YKIAJAKH BOJOKHHUCTOIO MaTepuaa
MOJKET BBI3bIBATH KaK YMEHBIIECHHE CYMMapHOIO
CONPOTHUBJICHUS, B Cllydae YKIAIKd BOJIOKOH
MPEUMYIIECTBEHHO IO BOJOKHAM MOJUIOKKH, TaK U
YBEJIMYEHUE CYMMAapHOTO  CONPOTHUBJICHUS, B
cllydae YKJIaJK{ BOJIOKOH IPEUMYIIECTBEHHO MEX-
Iy  BOJIOKHAMHU  IOAJIOKKM, YTO HETaTUBHO

CKa3bIBaeTCd Ha (IIBTPYIOMNX XapaKTEePUCTHUKAX
JTAaHHBIX MaTEpUAJIOB.

HccnenoBanue (GUIbTPYIOUIMX CBOWCTB pas-
nuyaslx HKM BBISIBHIIO, 4TO paBHOMEpHBIE Mate-
puanmel  obnamaroT Oonbmied  3()(HEKTHBHOCTEHIO
¢bunpTpanuy, 4eM HepaBHOMEpPHBIC, OCOOCHHO B
001aCTH HU3KUX MACC HAHECEHHSI BOJIOKOH.

Pemenus 3amauum mo oOecleYeHHIO BBICOKHX
¢unpTpyrommx xapakrepuctuk HKM moxHO 10-
OUTBCA TMOCPENCTBOM IMOJNyYEHHUS] PAaBHOMEPHOTO
MaTepualia Ha TJIAJKOW TMOBEPXHOCTH (TaKOH Kak
MeTajul) € TMOCIEAYIOUIMM HAaHECEHHEeM €ero Ha
KOHCTPYKIIMOHHYIO OCHOBY, YTO 3HAaYUTEIHHO
YCIIOKHSIET TEXHOJIOTMYECKUH Ipolecc U AenaeT
€ro HEpeHTaOCNbHBIM, WM BBIOOPOM COOTBET-
CTBYIOIIEH KOHCTPYKLIMOHHOM OCHOBBI, oOecredn-
Baromeit momydeHne HKM c¢ 3amaHHbIME QUIBTPY-
IOLIMMH XapaKTEPUCTUKAMH U CBOUCTBaMH.
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STUDY ON THE INFLUENCE OF THE UNIFORMITY OF FIBROUS
MATERIALS OBTAINED BY ELECTROSPINNING
ON THEIR PROPERTIES

P.M. Shchurov ©, *Yu.N. Filatov, *I.Yu. Filatov

Lomonosov Moscow State University of Fine Chemical Technologies, Moscow, 119571 Russia
* «NIFHI» named after L.Ya. Karpov, Moscow, 105064 Russia

@Corresponding author e-mail: mr.paulo@rambler.ru

The influence of the structure and substrate type on the uniformity of fibrous materials obtained by electrospinning is
studied. It is shown that the type of the substrate material makes considerable impact on the properties of fibrous
materials.

Key words: polyamide, electrospinning, nanofibers, substrate.
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XypHan BBIXOAWUT OAWH pa3 B JABa Mecsna M IMyOiukyeT 0030pbl M CTaTbU IO AKTYalbHBIM
npoOieMaM XMMHYECKOH TEXHOJIOTMM M CMEXHBIX Hayk. JKypHan ocHoBad B 2006 rogy. Yupeautenem
JKypHaya sBigeTcss MOCKOBCKas TOCYAApCTBEHHAs akKaJeMHsd TOHKOM XUMHYECKOH TEXHOJIOTHU
umenn M.B. JlomonocoBa (MUTXT), HeiHe MOCKOBCKHH TOCYJIAapCTBEHHBIH YHHMBEPCHUTET TOHKHX
XUMUYECKUX TexHosoru uMmeHu M.B. JIomoHOCOBA.

XKypnan Bxogut B IlepedeHs BeAynMx peleH3UPYEMBIX HAYYHBIX JKypHAJIOB, B KOTOPBIX TOJKHBI
OBITH OIMyONHMKOBaHBI OCHOBHBIC HAay4HBIE pPEe3yNbTaThl AWCCEPTAIMM HA COMCKAHUE YUYCHOH CTemeHH
JOKTOpa (KaHAWAaTa) HayK.

e K myOnukanuu NpUHUMAIOTCS MaTepHalbl Ha PYCCKOM M AHTJIMHCKOM S3BbIKE, COJEpIKallue
pe3yabTaThl OPUTHHATBHBIX HCCICNOBAaHUM, B BUAE MOJHBIX CTAaTeH, KPaTKUX COOOLICHHMH, a TaKxke
aBTOPCKHE 0030pBI M MPOTHO3HO-aHAIUTUIECKHE CTAThU 110 aKTyaIbHBIM BOIIPOCAM XHMUYECKOW HAYKH,
B TOM YHCJIE IO CIEAYIOUINM pa3zeiiam:

- TeopeTrueckre OCHOBBI XUMUYECKON TEXHOJIOTHH

- XAMUS ¥ TEXHOJIOTHS OPTaHUYECKUX BEIIECTB

- XUMHSA ¥ TEXHOJIOTHS JIEKaPCTBEHHBIX MPENapaToB U OMOJIOTHUECKH aKTUBHBIX COCIMHEHHH

- CunaTes 1 epepaboTKa MOJIMMEPOB U KOMITO3UTOB Ha X OCHOBE

- XUMHS ¥ TEXHOJIOTHSI HEOPTaHHYECKUX MaTepHalioB

- Maremarnyeckue MeToIbl U HH(POPMAIIHOHHBIE TEXHOJIOTHH B XUMHUH U XUMAYECKON
TEXHOJOTHH

- DKOJIOT0-3KOHOMHUYECKHE TTPOOIIEMBI XUMHUYECKHX TEXHOJIOTHA.

e [IpaBmia s aBTOPOB pa3MeleHbl Ha caiTax: www.mitht.ru/vestnik; www.finechemtech.com, a
Takke B BITycke Ne 1 322013 r.
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