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«IlEHHbIM» cnocos <l>OPMOBAHM.H 
6YMAfOnO)l,OEHbIX KOMn03MTOB 

I~O K a3 aHO, 'ITO npn <W e HHOM» c n o c o 6 e <popMOBaHI-U1 , 6naron.ap5! yny-unenmo crpyxrypu 11 rtossrure
HUIO yjJ,ep)JCH BaeMOCTI1 cassyro nrero, B03paCTalOT np0l.J.HOCTHble 11 <Pl1nbTpYlOll(l1e XapaKTep l1CTI1KH 

\laTepl1an.a. 

f('II0ljeBble cnoea: MI1HepMbHble BOnOKHa, CTeKnOBOJlOKHO, rIAB, « n eHHbIH» cnoco6, nenoofipaacsa
HUe, jJ,l1c rrep CHOCTh, <pHnbTpOBMbHble MaTepmVlbl, nonarnnpoxcoxoannescsr amOMI1Hl1l1 , HaHOKOM 

n0311TbI. 

By Mar o rron06 Hbl e KOMrr 0 3HTbI a a AnbTepHaTHBOH 5IBJ1 51 CTC5I «n en 

OCHOBe Ml-fH ep aJIb HbIX BOn OKOH ofinana HbIH» cnoco f ¢ op MOBaHU5I, KOTOpbIH no

lOT p51,UOM YIIHKaJII>HbIX, OC06 eHHO ,UJUI 3BOn 5ICT nonysars paanouepnu e H npox

~lm brpYlOIUHX MaTep HaJIOB, CBOHCTB. nu e MaTep HaJIbl H3 nnHHHbIX BOJIOKOII a a 
3TO BbI COKHe Tep MO- , XeMO- H 6110CTOH 06bIQHbIX rrn OCKOCCTOQHbIX E,D,M 6 C3 H3
KOCTb, YCTOHlIHBOCTb J( paann-moro p orta 6bITOtIHOrO pacx on a nonsr [3]. 
113JlYIl eHlUIM, HH3KOe a3p On HI-IaMHQeCKOe H a xadien p e TeXHOJ10nm 6~IarH H 
conporuanenne B co-reraaua C BbICOKHM xaprona C TI 6 f T Y P TI 6 billH nponenenu 
y.'1aBJ1HBaIOIUI1M 3¢ ¢ eKToM [2]. I1p H no HccnenOBaHH5I, nanpaanea nu e na non
.TJyqeHHH TaKlIX KOMrr03 11TOB B nep s yio 

TBep)l<,UeHHe asnueynoassyr srx npenay
osepem, rrp HXOnHTC5I p emar s sanauy 

IUeCTB n enaoro cnocofia epop MOBaHl-Ul. 
W1crrep r u p OBaHH5I n ep en OTnHBOM nnn u 

Ilepen H a~m CT05lJIH cnezrytoume u,eJIH: ..,
HLIX MHHepaJIbHbIX BonOKOH (10. . .40 MM) 

3KcrrepHMCHTMbHO Hai1TIt ¢ aKTOpbI, 
B ueJI5IX rronys enas p aBHOMepJIOH CTpyK

KOTOpbIC OKa3bIBalOT cy m CCTBel lHOC BJIH5I
r ypu. 3Ta sana-ra OTl l aCTH p euiaer cx 

HHe sa x ap axr epncrnxa nonyuaexroii BbI
311aqHTen bH bI M pasriasneua ea r.mCCbl no 

coxonacn ep cnori nensr, a r aioxe n o,U06 0,01 5.. .0,020 % C ucnom.soaaaae» na
pars orrTHMM bHbIH rrcHo06p a30BaTCJIb; KJI OHIIOH ceTKH, tITO npanoznr r K ysen a 

pasparioran, MCfOnbI anamna OCQeHI1l010 pacxon a BO,UbI H YCJIO)l(HeHHlD
 

KOHCrpyKU,HH E,D,M [4]. HOBHhIX xapaKTepHCTHK nenu H onp enernm,
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Ta6 JII1L(a 

1.IYIlCTn UTCJ1h JIOCTb flA B I~ qlaKTopaM neuoofipasonaunn II lI X orrmxiam. m.r e 3 113 "IClIJ UI 

l.fYBCTBI1TeJIbHOCTbDAB Ormeaarn.aste 
<DaKTop neHoo6pmOBaHH5I KaTHOH-HeHOHO- UBHTep 3Ha4eHI151 epaKTopa 

reunux 110HHbIX HblX 

**** ** 1,0 . .. 1,5 Mr/n KOHueHTpaUH5I I1AB 
**Dp0.Ll,Om KHTeJIbHOCTb n epeMeWI1BaHH5I 8.. .12MI1H** ** 

*** *** 1500 .. .2 000 06/MHH-Iacrcra np aJ.UeH!151 MewanKH *** 
* ****pH cpen sr 7 

I * -)f{ecTKocTb BO,Ubl *** * 
-*THo MewanKH ( 51 KopHa5l , rtponerrnepnax) * II * F 

* He3Ha411TeJIbHa5l. ** YMepemla5l. ** * 3HalJHTeJIhH a5llJYBcTBI1TeJIbHOcTb. I

orrraaansnsre 3Ha 4 eHH5I 3THX xapaxre
pHCnIK; 

neHHblM cnOC060 M (13 narioparop
HblX ycnOBH5IX) H3 MHHepaflbHblX BonOKOH 

nOnY4HTb 06Pa3LJ.hl MaTepHaflOB, ofina
narotunx BhlCOKHMH np04HOCTllbI MH 11 

qmnbTpaUHOHHblMl1 XapaKTepHCTHKaMH; 

ncnsrran, HeOpraHH4eCKOe CB5I

syiornee na OCHOBe nOnHfHllpOKCOKOM

nnexos aJ1IDMHHH5I H OueHHTb BnH5IHHe 

I1X KOHUCI-ITpaQHH na caoiicrsa nonysae
Moro xiarepnana. 

Ilena npezrcraanaer C060H llHC

nepcnyio CI1CTeM Y, cocroauiyio H3 5I4eeK 

- n Y3hlpbKOB fa3a, pa311Cn eHHbL ' nneH

KaMH )I<HllKOCTH. M ex aHH3M 0 6 pa30Ba

HH5I nyaupsxa neuu 3aKnro4aCTC5I 13 

epO p ~ lll pOBaI-ll I H an.cop 6QI10HHOr o cn05I 

aa Me)l( ep a3HOH Ilon epXHOCTH ra3006pa3

noro BKn ro 4 c IlH5I 13 )l( l! KOH cpene, co

,lI.ep )I<aIUCH nOBepXHOCTHo-aKTlIBHble Be

m CC sa (DAB) [5]. 
O CHo BHble xapaIITepHCTlIKlI nensr [5]: 
ncuoofipaayrouiaa cnocoriaocn, 

p acTBop a (acneaaaaev ocn.) - :)1' 0 1\0 1111

4 eCTBO n CHLI , astpaacae u oe ee 0 6 bCMOM, 

KOTOpbIH 0 6 p a3y c TC5I H3 nOCTOJIHHoro 

0 6 b eMa pacr nopa; 
KpaTHocTb neHbI - n p e,lI.CTan J15IeT 

C060H OTlIOW eIlI1e 06beMa nenu K 06be~IY 

paCT130pa, nourezunero na ee oripaaonam re; 

cratian s uocrs (YCTOH4HBOCTb) ne

Hhl - ee cnocotiaocrs COXpaH5ITb 06m HH 

06beM H nncnepcuuri COCTaB H npensr

CTBOBaTb lICTeLleHl1lD )KHllKOCTH; 

F 
T 

,lI.HCnepCHOCTb n ensr, KOTOpa5I MO

xcer 6blTb sanana CpC ,LlH HM paaxiepox ny
U 

asrpsxa H pacnpe C.TJ eHJICM nyau psxos 
no pasvepaa ( . HCn ep CH5I) ; 

06b eMH o e CO,lI.ep)KaHHe I30311yxa, rrOK 
xoropoe xapaxrepnayer cs O TJIO WCHI1C~1 aJIKl 

06beMa )I<lIllKOH epa3bl I< 06meMy 0 6b eM)'. ztaei 
Arm nOJI)'4:eHl15I nenu n lICCJlenOBa· 11 K 

Hl15IX lIcnOnb3013aJ1H npOCTOH, HO 3ep¢ eK M alI 

THBHblH nenoreneparop, COCT05IUJ.YIH H3 )J,yX: 

MeuraflKH IKRW-14 C peryrmpycnuu lIHC rrpo 
JIOM 060pOTOB H rpa,lI.y lIpOBaI-IHOH e~I KOCTH. 6 H O 

B nepnoa cepnn Ol1bITOB B Ka4e· HeM 
CTBe nenoofipasonareneit npH~e H5IJHI 

flAB paann-msrx KnaCCOB ( BeI10 II Or CH

nsre, uanr ep-aounu e, xar nonuue) repro
BOH MapK!1 « Rh o d i a» ( <l>p aHwuI) . Xapas
TepHCTl1KH nenu ouea naan u 4 Cp C3 0,5 II 

10 MHH nocno OTKJIro4 e HI1}1 l\I CW aJII H. 

B p C3y .TIbTaTe 6 hIJIll onpenenens 
OCHOBIIbI C epaKTop bI neri00 6 p a30nUII WI II 

ax orrr nu ansn u e auanemor. KaK ll IlllHO o~· 

113 rafin. 1, pasnu e Kn aCCI,I n AB mieIOT 3 ' 

3 Tl 
p a3HYIO QY I3CT 13 HTCn bIIo c Tb K ncpesnc

B' 
nennsu i H!1)l(C ¢ uKTopaM, JIO Ha KOJIH4C

CTBO neubI n o scex cn y LIa51X HaIl60 JIbIJIee PeL 
BnH5IHlIe OKa3bIB ai IO H'3l\l e l'1!i Ilfe lIHCJI3 

060pOTOB Me uram m (puc. 1). E 

Pesyru.r ar u , nonyuennu e JVI 51 HC

HOHo r eH Hbl X nAB, cp aBHHM bI C PC3Ym,
AJ TaTaMH JJ.Jl5I fiort ee ,lI.Op OrHX QBII Tep

HOH HhIX lAB [6], n03To MY 13 llarIhHCfl

iunx HCCJl ellOBaHlI5IX HCI10 Jlb30 Baml 
M 

rcnsxo HeHOHor CHHble DAB. T) 
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500 750 1000 1250 1500 1750 2000 
'lacrora apamesaa MeWaJlKH, 06 ./MHH 

Puc. I. Bnnsuue -nrcna060pOTOB MeWaJll<.H 
na scneaasacvocrt, Pa3Ill1'IHbIX flAB: 1 
Rhodasurf ill 060, 2 - Viritaine CBSE, 3 
TO )Ke D40, 4 - TO nee CAB.A, 5 - Miranol 
ultra C-32, 6 - Antarox AG5, 7- TO )l(e 

B79R, 8 - Geropon AS-200 

HmIJIyqUIl1 e p e3YJIbTaTbI (Ta6JI. 2) 
rrOKa3aJI T riton BG- l 0 Sur f actant (70 %-M 
a.:1KI1JIIIOJI11r n n x osH,L(). 3TOT n AB o6JIa

naer caMOM BbI COKOM BCrreHI1BaeMOCTblO 

H KpaTHOCTbIO neasr, a TaIOKe orrrn

~laJ[bHhI M 06b eMHbI M cO,L(ep)KaHHeM B03

nvxa [3]. Kpove roro, B cneuarpaxamm 
rrpOH3BO,lI,I1TeJIb orvexaer er o xoponryro 

OHOpa3JIaraeMocTb . n03TOMY s ee ,L(aJIb

HeHWI1e 3KCrr ep11MeHTbI C onpeneneaaev 

,L(HCrrepCHOCTH H H3rOTOBJl em:l.eM o fipas

UOB MaTepHaJIa rrpOB O,L(HJIH TOJIbKO C IIHM. 

OCHOBHOM ¢H3HlIecKHM Mex aHH3M 

¢opMoBaHIDI MaTepHaJIOB rreHHbI l\I c n o 

C060M 3aKnlOQaeTCSI B TOM, QTO nyssrps
KH MenKO,L(HCrrepCHOM nensr ,L(O p aspy ure

HHSI He rr03BonSIlOT BOJIOKHaM C6JIH)KaTb

CSI H 06p330BbIBaTb CBSI3H (p n C. ' 2). 
T aKHM 06p330M, BonOKHa pamrov epa o 
pacrrpe,L(eJISIlOTCSI B Me)Krry3blPbKOBOM 

npocrpan crse rro ncesry o6beMy nenu , He 

06p33ySI ¢noKKy n, a nocne ee p asp y uie

HID! paBHOMepHO ¢OPMYIO TCSI B nOJIOTHO. 

Iloarovy 60nbllloe 3HaQeHHe HMeeT JJ:I1C

nepCHOCTb nysstpsxoa nenu, a TaIOK e 

B03MQ)ICHOCTb p eryn a p o aar s ee, 113MeHSI SI 

¢aKTopbI rreHoo6pa30BaHIDI B 3aBI1CI1MO

CTH OT rpeoyeasrx CBOMCTB 6 YJJ:yrner o 

MaTepl1aJIa. I13BecTHO, QTO Ha116 0JIee xa

QeCTBeHHOe 6yMa)KHOe rrOJIOTHO MO)l(eT 

6hITb nonyseno npa o6beMHoM conep zca

HI1H B03,L(yxa B nene oxono 55...75 %. 
3 TOMy zmanasony cOOTBeTCTBy eT ,L(Ha

Merp rrY3bIpbKOB B03,L(yxa B n penenax 

20 ... 100 MKM rrpa Cpe,L(HeM 3HaQeHHH 

50 MKM [3]. 
T'a fin a ua 2 

Hcnsrrauua ueuonoremrsrx llAB* (cjJparMcuT) 

* <I> aKTopbl rreuootipasoaaaas : xounetrrpauna flAB - 1,0 Mr/n; rrpononzcarensuocrs nepe
~l elimBaHlliI- 10 MHH; qaCTOTa apauteans MewanKH  1500 o6/MHH; sona (o6'beM - 250 MIl, TeMnepa
rypa - +20 °C, pH 7). **3.uecb 11 nanee, B rafin. 3, Cpa3Y nocne OTKJlIOt.IeHH5l MewanKH. 

flAB 
Pe3YJlbTaTbI3KCnepHMeHTa 

nocne OTKJlIOt.IeHH5l MeWanKI1, MHH 

06'beM nenu, MJl 
06'beMHOe conepacamie 

XHMI1t.IeCKOe KOMMepqeCKOe sosnyxa, % Kpar -
HOCTb

Ha3BaHHe Ha3BaHHe 
0** 5 10 0** 5 10 rrenu 

OKn1Jl Q> eHOJl
670 600 600 78 65 65 2,4 

3TOKCl1JlaT Triton X-I00 
3TOKC HJmpOBaHHbre 

750 700 670 93 67 66 2,8 
BTopWlHbre cmrprsr Tergitol 15-S-7 

Tergitol 15-S-5 310 300 280 26 23 18 1,2 
Pa3BeTBJIeHH ble 

3TOKCHJIHpOBaHHble Tergitol TMN-6 720 460 350 89 50 29 1,8 
sropa-nrste crrnprsr (90 %) 

Tergitol TMN-l 0 650 600 590 85 58 58 2,4
(90 %) 

An KJU1I10J1l1fJ1HK0311,lJ. Triton BG-l 0 
780 760 750 100 72 71 3,0 

Surfactant 
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CTBJI5IJIOCb B TC4CHIIC n ep uu x 5 MHH no

CJIC rrpIIrOTOBJICHII5I neasr. I1JIJIIOCTpUUI151 

3KCrrCpl1MCHTOB rrpCLI:CTaBJICHa na p HC. 3.
' 

KaK BIILI:HO II3 rpadmx o s , rrpnse

LI:CHHbIX na PI1C. 3, HaII60JIbllICC llJIH5IHl1e 

na CpCLI:HIIM: LI:IIaMCTp n y supsxo n OKa3bI 

BaCT 4IICJIO 060pOTOB MClllaJIKII . K p OMe 

roro, cpaBHIITCJIbHO XOp OIlICC p acnp en e

JICHIIC rryssipssoa rro paaxrepasi )lOCTI-I r a

JIOCb rrpn 60JICC LI:JI HTCJIhHOM nCp CMCIlII1

BaHI1II 11 60JICC BhICOKOM: KOHUCHTp aW1l1 

D A B . I10 3TOr-.-IY l\.IQ )l(H O CLI:CJIaTh BhI BO.n, 
~ 

l.ITO HaHJIy lIIlIH c n OKa3 aTCJIH KaK )IlK
P u c . 2. MI1KpO¢OTorpa¢l151 nensr C nncnep


rrcpCHOCTH, Ta K 11 orn.exrnoro COLI:cp)I(a
rHpOBaHHbl M 6a3aJIbTOBbiM BOJIOKHOM (50X)
 
HI15I B03LI:y x a ( Kp aTHOCTb nCHbI ) nOCTH


IJ,eJl bIO CJICLI:YIOruCM: c ep n a axcne
raIOTC5I npn 2000 0 6 h n m , xcnuenrpauna 

p HMCHTOB 6bIJIO n aXO)KLI:CHHC 3aBHCHMO
D A B 1, 0 . . . 2 ,0 rvI r lJI H rrp 0 LI:OJI)KI1TCJl bHO

CTH mrcn epcn o c r a 01' ¢aKTOpoB nenooti 
CH I rr cp CMCIlIHBa m UI OKOJIO 10 MUH, lITO 

pa30BaHI15I. )::(HCrr Cp CHOcTb oUCHHBaJII1 C 
B UCJIOM rrOLI:TBCp )KLI:aCT TCOp CTU4 CCKHe 

rronouisro MHKPO¢OTOrpaqmH. )::(JI5I aroro 
LI:aHHhIC, a TmOKC BhIB OLI:hI , CLI:eJI 3HHhle B

IICrrOJIh30 BaJIH UI1¢POBOM: MHKp o c Ko rr 
nepnux 3KCrrCpI1MCHTa x . JIot-.w 3KCn Cp T C n cpc M c HHhIM yBCJII14C

KJII04CBOM: q aCT bIO pao or u 6bIJIOHI1CM (0 ... 1OOX). <PoTorpa¢1111 6bIJIII 
I1CCJICLI:OBaHI1C 11 rrO ~ Y4 CH H C rrCHHWM Cn CJIaH hI rrpa YBCJIl14CHl1II SOX, 4CpC3 0, 
crrocofiosi 6Y~I aro rron06 1 l bIX KOMn03115 11 10 M IIH rrOCJIC OTKJII04 CHII5I MClllaJIKI1. 
UIIOHHbIX MaTCp HaJIOB n a OCHOBC Mlm eH a OCIlOBC PC3YJIbTaTOB 3KCrrCpl1
PaJIbHhIX BOJIOKOH 11 ueopranu-recxoro MeH TOB rr o orrpCLI:eJICHHIO LI:IICrrCpCHOCTI1 
CB~I3YIOrucro. 0 6pa3UhI sra r ep n ana CTO I1T OTM CTHTb I1HTCHCI1BHOC y BeJII14 C
(OTJII1BKH) 113rOTaBJIHBaJIII n a nafiopaHI1C cpeznrer o p aavep a 11 LI:I1CrrCp CHI1 B 
TOpHOM JIHCTOOTJIlIBHO ! armapar e TClICHl1l1 nep n six 10 MIIH rrOCJIC OTKJIIO
J10A- 2 . Ilpn 3TO M 6 bIJIH UCnOJIb30 BaHbI 4 CH m i MClllaJIKII. 31'0 rOBop11T 0 HCKOTO
CJICLI:YIOW.I1C BlILI:bI MlUlCPaJIbHblX Bon oPOM: HCCTa6H bHOCTI1 n enu n o LI:HCrrCp C
KGH : M lIKPO- ( LI:HUMCTp d = 0 ,25 11HOMy COCTa BY, XOD I ce 06ru11i i 0 6 b CM n p n 
0 ,40 MKM) H y JIbTp aT OHKHe (0,65 1I1KlII)3T OM 113MCH51 CTC51. HC3Ha41ITeJIbHO. I10
CTeKJUIHHbl e BOJIO KHa; 6a3aJIhTOBble BOJTO MY nc0 6XOJUI MO CTPCMI1TbC51 K TO~IY , 
JIOKHa ( 3 , 5 0 MK~I) .4 T0 6 bl epo pMoB aHl1c MaTc p lIa n a o cy ine 

t! ~ 
120 

100 
::!. 80t~120~:>: ::E 100 .. 
!il 60~ or 80 

i~ 40'" ~ 60:;: 0.. . 
~:a 40 • - 2
 8.~ 20 
,," 2 .·3 u 

~ / " ../ <, / -, 

0' ... --..., 

8" ~ ~OO 1000 1500 2000 

r-, J,......
p.<: 

t--
"--- t--.

6 8 10 12 14 16 o 0,5 1,0 1,5 2,0 2,5 
4aCTOTa BpameHHJI Ilponorrsorrem.xocrs KOHueHrpaUI1R nAB, Mr/II 
MeWaJIKI1, 06/MI1H nepeaeiuaaaaas, MI1H 

a 6 8 

P I1C. 3, B m f 5lHI1e '1l1CJIa 060pOTOB MelllaJI K.I1 (a), npo,UomKI1TeJIbHOCT H nepen c unraanns (6) 11
 

KOHueHTpaUl111 ITAB (8) na cpe,UHI1H ,LJ.HaMeTp f1Y3b1pbKOB neau: J - cnycrs 10 MI1H nocne
 

OTKJIIO'IeHI151 MelllaJIKI1; 2 - 5 MI1H; 3 - Cpa3Y nOCJIe OTKJIIO'IeHI151
 



o ~ ... 0 tr ~ P5 ~ ~ rD :: ~ ~ 1 "'-"' _ . _ ro I PO , I _ 0 rx ~ a 9 ~ 7 · - ~ \;". ~-:= -I" 
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Ta6Jl II ua 3 

Onpenen eune nn cnepcuocru nem.r (DAB - Triton BG-IO Surfactant) 

<PaKTOPhl neHoo6pa30BaHJUI Pesvnsrar sr axcnepa a eura nocne OTKJllOqem UI MelllaJIKH, MliH 

06b CM neusr, Mll 
06beMHoe conep-

,ll.ucnepcHocTb 
Hacr or a i l<3 IUie sosnyxa, % 

Koauerrrpauns 
IIPO.n:OIDKHTCllbHOCTb 

apautcmrs Kpar uocrs Cpe.n:HI1H rnra-

nA B, Mr/JI 
nepeMelll H B a If H~ , 

MelllaJIKH, neasr ,ll.Hcnepcw l MCTp nyssrps-
MHH 0** 5 10 0** 5 10. 06 .1MIIH KOB, MKM 

0** 5 10 0** 5 10 

0,2 650 550 550 92 58 58 2,2 2] 9,6 1407,2 3253,3 44 64 103 

0,5 750 570 530 100 60 55 2,3 530,9 2659,3 4352,4 46 81 110 

1,0 10 1500 
770 750 730 100 71 70 3,0 347,1 2209,1 6938,6 54 91 117 

],5 810 780 780 100 68 68 3,I 802,5 1919,4 3295,4 59 80 102 

2,0 850 830 820 100 70 70 3,3 187, I 1103,5 7434,7 49 82 122 

2,5 780 760 760 100 70 70 3,0 78,3 1306,5 3772,8 36 76 103 

2 730 710 710 100 68 68 2,8 783,1 2808,9 15124,3 56 89 148 

6 770 750 750 100 71 69 3,0 93,0 4571,5 6282,2 45 88 124 
1,0 10 ]500 770 750 730 100 71 70 3,0 347,I 2209,1 6938,6 54 91 117 

IS 770 730 710 100 7] 69 2,9 67,4 478,5 1959,7 41 68 86 
20 780 700 700 100 71 71 2,8 127,9 3226,7 6233,8 44 83 III 

500 510 440 430 57 48 47 1,8 3536,1 1258,6 1233,3 97 76 87 

1,0 10 1000 650 650 650 92 66 65 2,6 487,3 161 6,3 6128,2 55 78 11 0 
1500 770 750 730 100 71 70 3,0 347,1 2209,1 6938,6 54 91 117 
2000 860 830 830 100 76 71 3,3 17,5 1066,1 1388,6 29 64 85 
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Manepansnsre BOnOKHa, B OTJ1I1

q11C OT paCT11TenbHbIX, He cnocorinsr ca

MOCT05ITCnbHO 06pa30BbIBaTb .nOCTaTOq

HOC KOn11qCCTBO BO.nOpO.nHbIX CB5I3eM .nn5I 

C03.naH115I rtpo-msix CrpYKTYp. Iloarovy 
.nn5I nonyqCHH5! OTnHBOK Ha OCHOBC M11

Hep aJIbHbI X BonOKOH Hc06xo.n11MO 11C

nOJIb30BaTb CB5I3YIOW:11C .n06aBKH. B nan
HOM pa60TC 6bIJIO 11CnOJIb30BaHO neopra
HHqeCKOC CB5I3YIOW:CC na OCHOBC nona
rH.npOKCOKOMnncKCOB aJIIOMHHH5I [1]. 

Hasecxy BOJIOKOH nepert cPOpMO

BaHI1CM .nHcncprHpoBanH na MCWaJIKC B 

4 n BOn @ .no .nOCTH~CHH5I O.nHOpO.nHOM 

KOHCHCTeHU11I1 C yqCTOM roro, qTO Macca 

1 M2 ztonzcna 6 bITb 100 r. 3aTcM B Maccy 

.n06aBJI5IJI11 paCCqI1TaHHOC KOJII1qCCTBO 

CB5I3YIOw:cro, DAB, H C yqCTOM yCTaHoB

JICHHbI X BbIWC cPaKTopOB nCHo06pa30Ba

HH5! ee ncpCMCWHBaJIH. 3a.naHHbIM pH 

MaCCbI yCTaHaBJIHBanI1 nyTCM .n06aBJICHH5! 

pacTBopa rH.D:p OKCH.D:a HarpI15! H KOHTpO

JI11pOBaJIH no nOKa3aHI15!M pH-verpa 
(pH 7... 8). B cPopMYIOw:eM KaMcpc nI1CTO

OTJIHBHOrO annapaTa Maccy .nonOJIH11

TCJIbHO pa36aBJI5In11 BO.nOH no 6 n. 
,I:(JI5I OUCHK11 cP11JIbTpYIOW:11X 11 

n p Oq HOCTHbI X CBOMCTB y BCCX OTJI11BOK 

onpc.nCJI5IJIH CJIC.nYIOW:11C xapaKTCp11CT11

K11 (B cK06Kax YKa3 aHbI rpc 6 0BaH115I K 

3T11M xapaKTCp HCT11KaM): TOJIW:11Ha H, 
MM; npOqHOCTb OTnHBOK npn p a CT5I~C 

H1111 Gp, KTI a (He HH~e 300 KTI a) ; conpo
TH BJICHI1C 0 6 p a3 u OB noroxy aosnyxa .6.p, 

1\1M BO.n. CT. (HC 60JIe c 10 MM BO.n. CT.) ; 

K03 cP cP HUHeHT npOHHuaeMOCTH no Mac

UHlOMY TyMaHy Knp, % (He 60JIce 

0,1'10-4 %); Kan11JIJI5IpHa5I Bn11TbIBaC

MOCTb, MM. 

B nepBYIO oxepens 6bIJ10 oueneno 
BnH5IHHC KOHueHTpaU1111 CB5I3YIOw:ero (5, 
10, 15 11 20 %) na asnuenepesncnemn.re 
xapaKTCp11CT11K11 (P11c. 4, a). TIP11 3TOM 

OTn11BK11 rronyxana KnaCC11QCCKHM cno

C060M cPopMoBaHH5I .nJI5I Ka:>K.noro T11na 

CTeKnOBOnOKHa. Ha OCHOBaH1111 npose

.neHHbIX accnezroaaaaa 6bIJ1H cnenansr 

BbIB onsr, QTO n p OQHOCTHble xapaxr ep a 

CT11K11 B03paCTaIOT C yaemrseuaea KOH

ueHrpaU1111 CB5I3YIOw e r o , n o 0 6b5ICH.sIeT

C5I nOBbIweHHeM npOtIHOCT11 CB5I3eH Me
)K.D:Y BonOKHaM11. TIPM 3TOM Kam IJlJI5Ip Ha5I 

BnMTbIBaCMOCTb nanaer, TaK KaK nopu 
BOJIOKOH .3an On H5IIOTC.sI CB5I3YIO IUHM. 

JIYQW11C nOKa3aTCJIH KaQCCTBa OTMCQeHbI 

y BonOKOH C d = 0,25 MKM, T. e . C yMCHb

WCH11CM .n11aMcrpa BO IOKOH YBeJI11Q11Ba

IOTC5I 11X ynern.aaa nOBcp x HOCTb 11 KOJI11

QCCTBO nOB cp xHOCTHbI X fH.nPOKCHJIbH bIX 

rpyrm, cnocofinsrx 0 6 p a30 BbIB aTb CB5I311 . 

.,;. . 30 . t'3 700 
'10" t; 25 t;;2 600 

1= ":"g. ~ ~ 20 . ~c. 500 
... l'< ... " 400 
~ ~ ~ :l~ 15 ~ 300 

t ~ ~ ~ 10 ~ 200 
~ ~ .ct ?<' 5 e 100

g(",J f? 0 0 

»> 
..........--: :...-

V'" . - J 
. -2 

r--
A-3 

i5 ~ 5 10 15 20 
g- KOHL\eHTpaUHJI casayiomero, % 

a 

t'3 700 
~ 600 

.J- 500 

6 400 
g 300 
= 200 

~ 100 

1'080 60 40 20 

<, <, 
<, <,

-
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-: 
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II 20 40 60 80 
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0,14 0,28 0,56 1,40 
Kouuesrpanaa OAB, Mr/JI 

II 

PI1C . 4. Bnamure xoun etrrpauaa CB5I

syioutero (a), COCTaBa flO BOllOKY (6) H 

KOHlleHTpaUHH flAB ( 6) aa xapaxrepn
CTI1KH epl111bTpOBaJlbHOrO MaTep l1aJ1a (a 
CTeKJ10BOllOKHO, d = 0,25 MKM; 6 - 0.25 
(1) H 0,65 MKM (II), KOII UCHTp aUI151 CB5I

3YIOIUero 20 %; 6 - 0,25 MKM, 20 %): 1 
flp04HOCTb, 2 - COn pOTI1B lleHl1e sosnyxy , 

3 - K0 3epepHllHeHT npomtuaevocr n 
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MaTep HaJI C ,ll,HaMeTpOM BOJIOKHa 

0,25 MK ~ 06JIaJ.(aeT c aM LIM HH3KHM KO

3~¢HIUf e HTo M npocxoxa (0,1 '10-4 %), 
BbICOKHMH rr OKa3 aTemIMH rrp Ol.J:HOCTH 

(650 ilia) H corrp OTHBJIeHWI noroxy B03

nyxa (24 l\I M non . CT.) . Ilocnezmee He

npIfeMJIel\lO J.(JI5I HCrr OJIb30 BaHH5I ztannoro 
MarepHaJIa B Kal.J:eCTBC <pHJIb1POBaJIbHO

ro, rr03TOMY 6 bIJIO rrpHH5ITO peureane HC

CJle,UOBaTb KOM rr03H~HH CTeKJIOBOJIOKHa 

Pa3JIHQHbIX ,ll,HaMCTpOB (pHC. 4, 6). 
)J,JI5I COCTaBJICHH5I KO M rr03 H~H H 

jICrrOJIb30 BaJIH CTCKJIOBOJIOKH O ,ll,HaMeT

PO ~1 0,25 H 0,6 5 MKM npn KOH ~ e HTpa~HH 

csssyxnuero 5, 10, 15 H 20 %. H a OCHO

Bam-HI. aror o sxcn epanea r a 6blJI cnenan 

BbIBO,U, tITO npn YBeJIHl.J:eHHH B MaTepHa

He ilOJIH IlOJIOKUa C ,ll,HaMeTpo M 0,25 MKM 

npOQHOCTb YBeJI If ~mBaeTC5I. C OOTHo rne 

Hue BOJIOKHa 40 (0,2 5 MKM) H 60 % 
(0,65 MKM) If KOHu eHTpaUH5I CB5I3YlO r.ue r o 

20 % rr03BOJI5I lOT n onyxn r s MaTepHaJI, 

npHfo,UHbIl1 J.(JI5I Ol.J:HCTKH r330

B03ilYIIIHbI X cpezt npa 3TO M 0 6p 33 e~ 

I{MeeT HH3KHH K 03 <P <PH~HeHT nponnuae

MOCTH (0,3'10'3), noasnuennoe corrpo

UIBJIem i e nor o x y sosnyx a ( 14 MM son. 

cr .) H HeJ.(OCTaTO~IHO BbI COKHH rrOK33 a

reJI1 rrpOl.J:HOcTH. 

H H3KHe n poaa o cnrsre xap ax r epn

CTHKH CBH3aHhI C nep aa a o v epnotl CTpyK

rypoii npn HCrrOJIh30BaHHH KJIaCCHtI eCKO

ro cn o co fia <pop Mo BaHH5I J.(JIIfHHhl X MH

uepansnu x BOJIOKOH. B u eJI5IX y nysure 

HH51 crpyxrypu , a CJIe,IJ,OBaTCJIhHO, n pos 

HOCTHhI X H qm JIbTp OBaJIb HblX xapaxrepn 

CTHK xrarepnana 6blJI n p a xrea e n n enasrit 

crroco6 <popMo BaHH5I (p HC. 4, 6). 
CHal.J: aJIa npa OTJIHBe 06P 33 ~O B 

llCn OJIb30 3aJIH CTeKJIOBOJIOKHO nIfaM er

pOM 0,25 MKM , n pa 3TOM H3M eH5IJIH KOH

ueHTp aUHH caa ayro m e r o 11 ITA B . D bIJIO 

YCTaHOBJIen O, l.J:TO C YBeJIIftI eH11eM KOH

ueHTp aUHH flAB y JIytI rnaIOTC5I <pHJIhTPO

BaJIhHbl e 11 npos nocra sre x ap axrepacrn

KIf . I10-BJ1)l,HMOMY, 3TO 0 6 yCJIOBJIeHO 

reM, tITO YBeJI11l.J:eHHe KOHueHTpa~HH 

I1AB npasonar I< YJIY l.J:rneHHlO na cuepc
HOCTH nenu, I1pH 60JIee yrrOp5IJ.(O ~I eHHoH 

crpyxrype npOHCXO,ll,HT ny-nuee Mex aHH

l.J:eCKOe aanepxcamre 3arp5I3HeHHH, a sa 
CtIeT JIytIrnero y,ll,ep)KaHH5I CB5I3YlOr.ue r o 

H COp6~HOHHoe sanepacaaae 3arp5I3He

HI1H, TaK KaK cynsrpar aJIlOMHHH5I HMeeT 

xopoume C Op6~I10HH bl e CBOHCTBa. 

B cneztyiouteu onsrre 6 bIJIH rrOJIy 

l.J:eHbI H HCCJIe,ll,OBaHbI MaTepHaJIhI na OC

HOBe KOMn03HUHH C COOTHorneHHeM BO

JIOKOH 80 (0 ,40 MKM) I1 20 % (0,65 MKM) 

H KOH ~eHTpa~HI1 CB5I3YIOr.uer o 10 H 20 %. 
KaK I1 B rtpeznrnyine« cnys ae, npn yne
JIHtIeHUH KOH~eHTpa~uH I1AB nospacr a
er rrpOtIHOCTh If YMeHb rnaeTC5I COn p OTliB 

JIeHHe soaztyxy. Kpoxrc roro, n OJIytIeH

HhIH MaTepUaJI UMeeT HH3KI1H K03<p<p H

mrear nporra uaex ocr n, l.J:TO J.(eJIaCT er o 

n p a r onnsni ,ll,JI5I OtIUCTKH cnep x r as o n os 

J.(yrnHblx cpen npn npOl.J:HOCTH 530 x fla, 

conpOTHBJIeHHI1 noroxy sosnyxa 3,6 MM 

BOJ.(. CT., K03<p<pI1UI1eHTe rrpOH H~ae MO CTH 

0,1' 10-4 %. 
Ha nOCJIe,ll,HeM srane 6hIJIH HCCJIe

ztonanu MaTepHaJIhI na OCHOBe 6 33aJIbTO

BbIX BOJIOKOH, nonyseunsre KaK KJIaCCH

l.J:eCKHM, TaK I1 rreHHbI M cno co fio xr <pop 

MOBaHH5I (PI1c. 5), H 6 hlJI C,ll,CJIaH BbIB OJ.(, 

l.J:TO ,ll,JI5I MaTCpI1aJIOB H3 633aJIhTOBbI X 30 

JIOKOH n p n nonuuremm KOH~CHTpawm 

CBJ13YIOr.uer o COXpaH5IeTC5I TeH,ll,eHUH5I K 

YBeJIH~Ie IIHlO n p OtI HOCTH H CHI1)l(eHHIO 

KaI1HJIJI5Ip HOH BI1HTbIBaeMOCTH . O c 0 6 eH

~ 800 r----~---_r----, 

~. 700 1-- -4-- - -t-- --:::i""''f 
Co 
~ 

t 600
 
o
 
~ 500 ~---::>,.....:;:J~"---_+----; 
o
 

t:=c. 400 ...,::._ _ ---L. -'--__--'
 

5 

PHC. 5. 3aBHCHMOCTb npO'-lHOCTH OT 
cnoco6a ¢opMoBaHH» (KoHueHTpaUH» 
nAB - 1,4 Mrhr): 1 - neHHbrH cno

co6; 2 - KJIaCCH'-IeCKHH cnoco6 

10 15 20 
KOHI.{eHTpa~W1 caasyrourero, % 
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HO Ba:>KHO, qTO rrpn rreHHOM crroco6e 

cpopMOBaHIUI 113 6a3aJIbTOBbIX BOJIOKOH 

rrOJIyq aIOTC5I 60JIee npo-msre xrarepaansr 
npn rex )Ke paCXO,LJ;ax CB5I3YIO~ero, qTO 11 

B KJIaCCl1qeCKOM crroco6e. 

0 6 0 6 ~a51 pe3YJIbTaTbI l1CCJIe,LJ;OBa

Hl1H, MO)KHO KOHCTaTl1pOBaTh CJIe,LJ;YIO~ee: 

HaH,LJ;eHbI OCHOBHbIe cpaKTopbI rre

Hoo6pa30BaHl151 11 YCTaHOBJIeHbI l1X orr

TUMaJIbHbI e 3HaQeHl151, na OCHOBe KOTO

psrx MO)KHO paspatiarsraarr, KOHKpeTHbIe 

TeXHOJIOrl1QeCKl1e pe)l(l1MbI rrOJIYQeHl151 

nensr; 
rrpe,LJ;JIO)KeHa rrpOCTa51 MeTO,LJ;l1Ka 

aHaJI113a OCHOBHbIX xapaxrepncrax rremr, 

KOTOp a51 rr03BOJI5IeT CpaBHl1BaTb 11 BbI611

p ar s flAB l1CXO,LJ;51 113 3a,LJ;aHHbIX IIeJIeH; 

YCTaHOBJIeHbI OrrTl1MaJIbHbIe xapaxrepn

CTl1Kl1 nensr ,LJ;JI5I cpopMOBaHl151 xratepna

JIOB nenasnr CIIo c o 6 0 M ; 

B n en n on cpezie rrOJIYQeHbI l1HHO

BBII110HHWe 6yMarOrro,LJ;o6HWe HaHOKOM

rr0311TbI na OCHOBe CTeKJI5IHHbIX 11 6a

3aJIbTOBbIX Ml1HepaJIbHbIX BOJIOKOH 11 He

Op r aHl1QeCKOr O CB5I3YIO~ero; paspafiora

na MeTO,LJ;l1Ka l1X rrOJIYQeHl151; 

,LJ;OKa3aHO, QTO npn rreHHOM crro

co6e cpopMOBaHl151, 6JIaro,LJ;ap51 yJIyQlIIe

Hl1IO crpyxrypsr 11 rrOBbIlIIeHl1IO ynepzcn

BaeMOCTl1 C B5I3YIO~ero, YJIYQlIIaIOTC5I 

rrp OQHOCTHbI e 11 CPl1JIbrpYIO~l1e xapaxre

Pl1 CTl1Kl1 M aTep l1aJIOB. 

3Tl1 BbIBO,LJ;bI rrO,LJ;TBep)K,lJ;aIOT nep 

Crr eKTl1BHOCTb nenaor o crroc o 6a cpOpMO

BaHIUI ,LJ;JI5I n p OMbIIIIJIeHHOr O :J:pl1MeHe

Hl151, a TaK)Ke ,LJ;JI5I rrpO,LJ;OJI)KeHl15I HaYQHbIX 

HCCJIe,LJ;OBaHl1H B 3TOH o6JIacTII. 
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