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Wrn11LK0 H.11., )K11rnp10K H.11. . . 
Bom:i11pm111naeMOCTb MOllllqlllllllpOBallllf,IX nom111poml'ICIIOBblX TpeioBLIX MeM6p;i11 

PIS-95;327 

Mo)ll1¢111111p0BatlllblC MCM6pallbl ll0.1Y'ICllhl p:u111au110111m-np11BIIB0'1ll0ii no.111Mep1nau11eii 
. rll/lpOcfJIIJJbllOrll MOIIOMcpa ll0Jlll·2-MeTIIJl·5-BIIIIIIJlllllplllllllla (n2M5Bn) Ila ll0Jll;11p011~l1Cll0Bble (nn) 

T.pcKOBhle MeM6paHbl, l1cCJJc11oea11b1 111Me11c1111l! Mopqio.1onm, noeepx11ocTHb1x ceoiicTe, a TaKJKe 
XIIMll'ICCKIICU 11p0'1110CTllble CBOiiCTBa 11p11B11TblX ~IOllllqillUllpOBatlllblX MCM6patt. TOJ1UUll!a nn-MeM6patl 
YBCJlll;IIIBacTCll. JllllleiiJIO C yDCJJll'lellllCM CTCllellll 11pl1BIIBKII (Q ). KpaeBblC Yfilbl CMa'IIIBatlllll BO;toii 

• .• - .,, •<, II , , 

. noeepXIIOCTII HCXO)lllblX II MOJ1Hqi111111pcimu111L1x MCM6pa11 6bt111 llJMCpeHhl, II 110Ka1a110, 'HO npo11cxo;JIIT. 
yMet1hWe1111e Kpaeeoro yi-na cMa•meallllll C pOCTOM CTene1111 npllBIIBKII )io 31la'le1111ii Q., = 5-7'7r. np11 

I . . 

)laJlblleiiweM YBCJJll'lellllll CTellel!II 11p11BIIBKII BCJlll'llllla Kpacnoro yrna OCTaeTCll rlOCTOllllHOii. no Mepe 
YBCJJll'ICllllll Q,, 11a6.110J1aeTCll YMCllblllellllC ra1o~po1111nacMOCTII, 110 _111a•IIITCJlbllOC ee ,c1111JKe1111e 

11p011CXO)lllT np11 Q,, 60J1ce 5-7%. n0Ka1a110. 'ITO MOllllqillllllp<rnaw1e Mei16pa11 m;ipciqJ11J1b.llblM II0.111Me

p0M 11pllBO)ll;T K pocTy BO)JOllpOllllllae~IOCTII MCM6pa11. Ec.111 IICXOllllble nn-MeM6pa111,1 ·m;elOT 11y.1eey10 
IIOJJOllpotlllUae~IOCTI, np11 11au.11e111111 .o. 7 . .(iap,· Tt'l MllJlllqi111111posa11111,1e ~!eM6pallhl pe3KO ync.~ll'IIIBalOT 
11po1llBOJIIITCJlhllOCTh 110 BOJJe II IIMCIOT MUKCIIM,L%11YKl BO)lOllpo111111acMOCTb np11 CTCllCIIII llpllBIIBKII 
4-5%. np1160JJee BLICOKOii CTCIICIIII 11p1mi°1BKllllOllOllpOllllllae~IOCTb MeM6pa11 CIIIIJKaeTCll. fn;tpOqilL1hllble 

. cnoiiCTBa MOllllqi111111posa11111.1x nn-MeM6pa11 IIC IIJMCllllKlTCll' co BpcMelleM xpallCIIHll 60.1ee ro;Ja. 
YJJY'IWalOTCll . IIX · npo•1110CT1lble cnoiicTBa, coxpa11~eTCll ycTOii'IIIBOCTh MeM6pa11 K arpCCCIIBllblM 
XIIMll'ICCKIIM cpellaM. 

Pa6orn BbllJOJlllella B Jla6oparnp1111 llllepllhlX peaKUlli'I IIM, r.H.ctmepoBa, 0115111. 

npenpllliT Q~1,e)lllllt'IIIIOro IIIICTIITYTa .ll~CpllblX llCCJJe)lOBatlllii. 1ly611a, ) 995-

I 

Shtanko N.I., Zhitariuk N.I.· Pl 8-95-327 
· Water Flo·w Through Polypropylene Track 'Membranes Modified 
by Radiation-Induced Grafting · · · 

. , . 

Modified membranes have been prepared by radiation-induced grafting of hydmphilic polymer onto 
polypropylene track membranes (PPTMs). The change in morfology'and surface pror,erties of the grafted 
membranes were investigated. The thickness of PPTMs grows linearly with grafting yield. The wettability 

· of the original and modified membranes were tested. The water contact angle was shown to.descrease 
with increasing grafting yield.in the range up to 5-7%. At higher grafting yields contact angle is constant. 

. Gas flow rate decreases during grafting but it is 'tlic case if grafting yield is higher than 5.:..7%, It was 
shown that modification of men1brane with hydrofilic polymer results in the growth of water flow rate. 
It a virgin PPTM has zero water flow rate under differential pressure of 10 psi, the modified membrane• 
shows. sharp increase in water flow rate with increasing grafting yield and a niaximum water. flow rate 
is reached for grafting yields in the range of 4-5%. At higher grafting yields the water flow rate decreases 
slowly. It is noteworthy that ·properties of graft membranes were unch~ged during the storage under 
normal conditions for more than a year. ' \ 

.,T~e investig.ation ha~ bc~n performed at the FJcrov L_aboratory of Nuclear R.cactions, JINR. 

: Preprint of the Joint lilstitute fo~ Nuckar Rcs.earch. Dubna, I 995 
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Pa,nHaUHOHHO-llpHBH~O'IH.i:s; . IIOJIHMepmauIDI . ,HJ . )KHJlKOH cpa3bl - YHHKMbHblll 

MeTO.I( MO.ItHcpHUHpoBaHIDJ IIOJIHMepHbIX MaTep11anoB.. TioCJie o6pa6oTKH TaKHM 

_cnoco6oM qJH3HKO-XHMlf'IeCKHe . CBO~CTBa . IIOJIHMepoB 3Ha'IHTeJlbHO HJMelUIIOTC.11 •. • 

Mo.nmpliu11p0Ba1me MeM6paH C UeJlblO ynyqllleHlll!' HX' npOHHuaeMOCTH. - OJlHO .. HJ 

HHTepecHhIX npttMeHeHHn pa,nttau11011uo-npttBHBO'IHon. nonHMepmaUHH JlJIH 11011yqeHIDI · 

HOBblX,THIIOB MHKpo- H y11bTpaqn1J1brp!!UHOilllblX MeM6paH [1~6], . . . 
JiJBecTHo; 'ITO · npHBHBKa, rum noBepxliocTHo~ oca)K.l(ettHe · · rn.npocjJHJ1bHbIX 

IIOJIHMepoB, Be.l(eT K YBeJIH'Je1mio CMa'JHBaeMOCTH Me~6paH Bo.non . «: B UeKOTOpon 

CTeneHH, . HX BOJlOllpOHHUaeMOCTH. HaIJpHMep,· 3TOH UeJIH CJI)',KHT . IIOBepXHOCTIIIDI 

o6pa6oTKa CTaimapTHblX ·M«Kpo4>HJ1bTpaUHOHHblX Nuclepore MeM6paH nonu-N

BHHHJIIIHpponimoHOM [7]. B iipyroM CJI)"Iae IIOBepXHOCTHa.11 llpHBHBKa' nOJIHaKpH110BOn 

KHCJIOTbl Ha IIOJIH~ap6oHaTHbJe MeM6paHb~ c paJMepoM ,nop 0,2 MKM npHBO.l(HJJa 'K 

IIOHH:lKeHHIO HX BO.l(OnpoHmiaeMOCTH BO Been HCCJie.l(OBaHHon' 0611aCTH IIOBepXHOCTHOn 

KOHUeHTpaUHH Kap60KcHJ1iHbJX rpynn · tt" JHatJeHHH · pH BOJlHOIU paCTBopa (pH HJMeH.IIJIH . 

B npe.nenax OT 1 .no 7) B cooTBeTCTBHH c ypaa11e11ueM · Xaretta-TiyaJefuuJ [8]. 

Mo.nttcpHUHpOBaHHe IIOBepXHOCTHblX . CBOnCTB y11bTp~cpH11bTJlaUH~HHblX .: MeM6paH, 

npHBO,lJ;.IIJUee K ' 110.11arietttt10 rpynn -SO3-, · -COO-,. -C=O · • H ,NH2, npttaeno · K 

'. JHa'IHTeJibHOMY yBentttJeHHJO KaK Bo.nonpmmuaeMocTtt [9], TaK_ u K noBhJllleHHIO ypoB'wi 

Ja,nep:lKaHWI nonH3THJ1eHrnuKoJ1.11 [10, 11]. · · · · 

,· 

B .ziattilon pa6oTe B KatJeCTBe. HCXOJlllblX HCIIOJlb.JOBaJIHC:b IIOJIHnpo11HJ1elioBble 

. (TITI) TpeKOBhie MeM6paHbI c .nuaMeTpoM nop 0,3 MKM, IlllOTHOCTbIO nop • 10_8 cM'.2 .' 

MeM6paHbl 6bi.n'u, H3I'OTOBJieHbl HJ IIOJIHllpOIIHJleHOBOH nneHKH . TOJIIUHflOH . 10 MKM, 

0611yqe1;1ttoii T.11:lKeJlblMH_ HOHaMH C n:oCJie.IzyIOJUHM XHMH'lecKUM TpaB11eHUeM B paCTBope, 

co.nep:lKaJ.lleM cepttyro KHCJiory H Cr(VI) [12]: nn - MeM6pattbl ornuqaroTc.11 OT xopouio 

HJBeCTHblX IIOJIH3THJleHTepecpTanarnblX (TI3T<I>) MeM6paH . BblCOKOH XHMH'leCKOn 

CTOHKOCTbIO. OJlHaKo,' OHH 0611a.naror H cymeCTBeHHblM tte.noCTaTKOM ;- rn.npocpo6Hon 

llpHpO,D;OH IIOBepXHOCTH. 11CXO,ll;Hbie-TII1 - MeM6paHbl He CMa'lUBaIOTC.11 BO.non H 1103TOMY 

HMeIOT HyJleByIO BO,ll;OllpOHHUaeM0CTb 11pH .ziucpcpepeHUHMbHOM ,D;aBJleHUH 0,07 Mila. 

· ·Mo.nucpuuupoBaHue · MeM6patt · ocymecTBJl.ll]llf · CJie.nyroJUHM · o6paJoM. I1oCJie 

npe.nBapHTeJlbHOI'O 0611yqeH~ o6paJUOB MeM6paH Ha B03JlYXe y-KBaHTaMU (Cs,137), [3], 

peaKuuio npHBHBK~ npOBO,ll;HJIH , HJ 10%-HOH . . BOJlHOn 3MYJlbCHH 2-MeTHJl-5-

BHHHJIIIHPMHHa (2M5BI1) .. c .no6aBJ1e1meM noaepxnocrno-aKTHBHoro BemecrBa THHa 
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OTI-7 (OKCH3Tillil!poBaHHblll anK11J1cpeHOJ1) rrpn T=70°- B, a;Moc¢epe Ar. MottoMep 

· 2M5BTI npenBapl!TeJihHO O'lHIUa:,m aaKYYMHOtt neperoHKoit. Ilocrre oKoHtJaHIDI peaKQHH . 

I'OMOll0JIHMep OTMb!BaJIH '. cnHpTOM B. Te'JeIrne cyTOK B arrrrapaTe CoK~JleTa. KOHTIJ011b 

napaM~TpOB . II0JIYtJeHllbIX MeM6pall . ocymeCTBJllIJIH C -H~IIOJibJOBaHHeM paJJIH'l~lb!X 

np116op0B 'u MeTOAHK .. PaJMep rrop \1eM6pa11 OIIpeneJI.IIJIH 'c llOMOIUblO . Coulter 

. Porometer.: II . _H '.311eKTpOHHOfO MHKpOCKOIIa JEOL JSM~840. I'aJonpOHMUaeMOCTb 

MeM6pan · HJMep»nH c · rr9i101Uh10 raJOBoro ponlMeTPa, npn rreperra.ne naruie111I.11' 0,01 

Mila; nponycKa.11 ~OJAy~"qepe~ MeM6paHy llJI0IUUAblO 1 CM2'..Kpaeai1e yrnhl _cMatJ11aa111I.11 

· uJMeplIJIH Ha . OIITH'leCK0M , MIIKpOCK0!le. Tonmmiy MCM6paH . orrpenemmn 

..• Torrm1moMeTpoM c .norpewnocTblO . mMepeii:lI.11, 0,2 :MKM. Bo.!iorrponiruaeMoc;ih', 

,onpenemmH npH ne'penane naBJJeHH.110,07 , MTia Ha 06pa3uax . J(llaMeTpOM 5o''MM 

(11Cll0Jlb30BaJIII Jll!CTHJIJI11p013aHHyro imny, rrpenBapHTeJibIIO O'lHmeini.YIQ !pH11~TpaUHett 

~1~pe3 . I13TCl>: - Me1~6pa1iy · c. nHaMeipm.i rrop 0, 1 •. MKM)i, MexaHH'lt:CKyro. · rrpo'IHOCTb 

. ·MeM6paH \_ .. ~paBHHBaJlll, U3Mep!fll neperran . .naBJJe~mI, rrpH KOTOp0M o6paJeu, 

· ..JIOMeIUeHHbIH a n~p)KaTe~b c Kpyrrrh1MornepcrneM nn~IUaAbIO 1 cM2, paJpywaeTcll.• }])uI 
, -IICllbITaH~ . XHMH'leCKOH :. CTO~K,OCTll . MOlJ.Hq>HUHpOBaHmIX ~; MeM6paH , IICII0Jlb30BaJIH 

. KOHUempnpoBaHHbie Heoprami~ecKue. KIICJJOTbl. '. . . . . '. •. . • : • 

· B pe~yrrhTaTe npuBHBO'lH(!H 1101111MepHJaUHH M~1; rrorryq!_UIH :i.coni1qmuiipoBaHHhie 

np - · MeM6paHbl II· . ~npen~mriui · CTeIIeHb npiniHBKH Q~ [5] nmpocpwi~HOro. IIO~HMepa 

-n2M5BTI .. Ilpu_,HcCJieAOBaHHII llOBepX'!9CTll' MeM6pall C _ II0M0IUbIO. 3JieKTP0HH0fO 

.MHKpocKcirra Ha6moiarr11
1

yMeHhrneHHC paJMepoB-rrop Ha 20-30% 11a o6paJuax c Qn=4-7%, 
., "'· ·, ~ f , ·., . ' " :.______., ' ' . I ' 

·. Onrnc11Tenb11asi ra3011po1111uaeM0CTh '· '· . YMeHburaeTCll. C; YBeJIH'leHHeM CTeneHU 

. npHBllBKll, . oco6enuo . 31Ia'l~;~bl!Oe .. ee yMeHbllleHHe Ha6JIIOJlaJIH;° i Korna: CTene~i: 

npHBllBKII rrpeBbllllaJla 5-7%., pHC. , 1. AHaJI0I'H'lHYIQ 3a~IJCHMOCTb raJorrpOHHU.aeMOCTll 

~T ~wne,rn npHB~BKII nmpoclJHJibHOfO IIOJIHMep~ Ha6mo.!1.i:rin WI.II_, npHBHTbIX I13Tll> ~'. 

MeM6pa11• [5], Ilpfl: H3M~pemm KpaeBOfO ytrra cirn~HBaHIDI na6JJ:IOJJ:aJIH ero :yMeHbllleHn'e 

. ~-. ·.yBem1qe1fH.eM CTeneHll ·. llf)HBHBKH no 3Ha'leHHH . Qn . ·=5-7% .. IT pH.· 6onee; BbICOKHX 

cTenellllx rrpMBl;BKn KpaeBott yro; cMa'lHBaHIDJ _I1e HJMelll!eTC.11, pnc. 2: B pe3y11braTe 

npH~llB~'ll{()H. · Il0JIHMepmauuu · T0JIIUHHa . rrn~ .. MeM6paH YBeJIH'lHBaeTC.11 mrn_-eii.HO c 
., . - . . . ,. ,. ' . .. ' 

. pocTOM cTene,m rrpHBIIBKH, pile. 3: Ilono6ua.11 JaBHCHMOCTb Ha6mo.naeTc.11 :a peJynhTaie · 

np~BllBKll nmp~cpo6HOI'O llOJIHMepa IJ0JIHCTllp011a Ha IT3Tll> TPeKOBbie MeM6panb([5]. ... ·.· 

. , MOJJ:H!pHUHpo~a!IHe MeM6paH IlUlp0cpilllbllblM IIOJIIIMepoM ~pHBOJlllT- K pocry· 

. aonorrpoH'HuaeMOCTll ~o cpaBHCHRIO c· HCX0,!{H~IMH nn~ MeM6paHaMH,. pnc., 4. · ECJIH 
'~ ·. - ' - . '. ' . ·.· ' ' '. . : . . . ,. ' ' ' . . . ' ' 

... , ncxo,n:11a.11 .. TITI ,' •""' : MeM6pairn -· nMeeT ~ Hyrreayro · aoncinpoHnuaeimcTh • rrp11 

.nucpcpepeHUHaJibHOM .naBJieHH~ 0,07·, MITa .'(113-3a .HH3KO~ ·. cMa'lHBaeMOCTll aonoii:, 

\ KpaeBOH 'y~Ii .. CMa'lttBaHII.II )00°), ro . MO,D;Hq>IIUHpOBaHHble . MeM6paHb(, ,pe3K0 

. YBe.JIH'lHBalOT BOJJ:OnpoHHUaeMOCTb, KOTOpa.11 HMeeT' MaKCHMaJibHOe 3Ha'leHHe B. rrpe,n:eJiaX 
/ . , . ' . . ' . , ' ',·, . ' 

CTeIIeHH IIpHBIIBKll. Qn=4-5% .. B0J{OI!p0HHUaeMOCTb HMeeT•MaKCHMaJibH0e 3Ha'leHHe 

. Borrpe~n yMeHb~enmo pa3MepoB rrop 1-1 YBeJIH'leHHIO · ;OJIIUH~bl MeM6paHbl. Ilpn 6onee , . . . . i'. . \ , . -I 

;·" 
'1-· ~".".,., 

S f'_i•t•_ ..... ~~a~~: ~:•·.s--1~ 3~ __ .=_n~\n7 ,. · 
-~•-sa-t!'Yh1X .m:-c.11e1mi~;sffi1, 
l' : . 6t1SJlt-1CiiTE{1!\ :. 

~-:- ' . ,, ;~ -· ."' ·1 
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Bb!COKIIX cTeriem1x rrpHBHBKH Bo,uorrpoHHUaeMOCTh yi;ienwiaefrsi B CBH311 '. ~ pacTym:eiI 

~erreHbIO Ha6yxanHH rrp11B1ITOro< rn;;1pocpimhlrnro IIOJil!Mepa (13]: HaMII; yciaHOBJJeH,o, 

. qTQ rrepeH~C )J(!fnKOCnI qepe3' rrpmi11me.'rrrr - MeM6paHbl ue Ji3MemieTCH co Bp~MeHeM 

xpaHeHHH'B 06hm1ux ycnoBJUIX 6onee' ro~a. . . ·· · / · ·· 

MO)I(H() 3aK~I!OqlITh, _qTQ B rrpe.uerrax ,cTerreHH rrpHBIIBKH 4-7o/o Mhl. rronyqHM_ 

. MO.!lllq:JIIUIIPOBaIIHYIO rioBepXHOCTh~ C :, MaKCIIMaJihHOH. noBepxHOCTHOH KOJIUCl!Tpautteif 

IWIPOqlHllhHh!X rpyrrrr.: ITpH ,!laJihHeiirneit p,OCTt! CTeneHH npl!BHBKII !IC, npol!CXO,!l~T 

rioCJieiiYIOI11ero YBeJill'IeHIUI flOBepXHOCTHOH KOHUeHTpau11H nuipocpHJihHhlX rpynri. (KaK. I 

. MQ)KHO Bll,!leTb no '3Ha'lt:HID!M xpaellhIX yrnoB,°Ct,{aqJI~a1I11H,' npe.ucTaBJJeHHhIX 1ia; P~IC. ,2), . 

H Bee, rip11BJIThie uenw cocpe.uo:roqJIBaIOTcsi · B ,,: o6'heMe fIOJIHMepnoiI MaTpl!UhI. · 
. ' - . . • I• . .. ' . •. .· . . . • , ·. . . . " 

Ynyqrneu11,e I CMaq11BaeMOCTlt IIOBepXHOCTJt, MO,!lllq:JltUIIpoBaHHhlX MeM6p'an JI CTeHOK nop, 

. B ,pe3)'llhTa~6 rrpnBJIBO'llIOii, IIOJIHMep113aU~II C03~~eT 6JiaronpHHTHhie .ycm:fami .!lll~ 
\.. ' ,, ' <, . J< ' .' '. ·,·~ ' ' • ,i ' J, , I • ' ' ,' ' • ' ' ' I' / J : 

nepeHoca BO.Uhl qepe3 MeM6pauy,1. qTQ •.llplIBO,!lJIT K pe3KOMY. '. yBem1qem110 

BO}:lOllp~HII~a~MOCrn, KaK 'rioia~ano•. ~a i puc. 4. Mo.uiicp11u1IpoBaHHMe, .Me~?pa111,1, 

co.uep::Kamne 60Jihillee KOJIJt'leCTBO npnBJITOfO flOJIIIMepa: qeM ,uonyci<aI<?T Of!TIIMaJII,Hbie 

::c-reneHII rrpHBHBKU; npll q:JHllhTpaUJtH qepe3 1-IUX,,B0,!lhl Ha6yxaIOT B np11BHTOii o6JI,aCTJI, 

qT(} npitBO,!lltT 'K .3HaquTeJibHOMY ')'MeHhilleHJiio pa3Mepcm rrop . u, .· crre,uoBaTeJihIIO; ; K .. 

. CHlt::KeHJt!O BO,!lOllpOHIIUaeMO~TJI: [1].' , . .· . . ,•·. . . . ·... . .. , ·. • : , 
Ba::KHOe .· 3J{aqeu11e .· .!lllH ·. ; rrpaKrnqecKoro . JtCHOJlb30BaH1tH) . MOJl1Iq:JHUUpo~mrni,1Xi 

. . . I ' ·, '· , . ;, . . . .. ·. . . . . .. •. ·, 

MeM6paH HMeeT HCCJIC,!lOBami:e JtX XHMIIqecKoii: CTOHKOCTH ~ HX npoq!fOCTHb!X CBOHCTB. 
. . . ·, ·... . • ·. ..:. . • . ' ,, j . ' ·. '.. ; .... 

B CB~3U C 3TltM 6~IJIO llpOBC,UeHO HCIIb!TaHHe MO.!l!IcpitUHpOBallllhlX ·, I1I1 - MeM6paH B, 

HeopraHJtqecK~X. K?HUeHTpnpoBaH.HhlX KJtcnOTax. Pe3yJihTaTM HCflhITairn~ ·' HCXO)Umx'' 

(15] H MO,!lHqJJicillpOBaH~blX ITIT,,-: MeM6paH rrpe,UCTaBJJeJlbl B_ 'rn6nm.1e: i1; KOTopoii 

CJie,Uyei, qTQ IIOCJJe. ilhl,uep)l(KJt MeM6paH B arpec~JIBHb!X cpenax H Teqeuue' 38 cyrnK 

npii KOMHan1ou · .. TeMnep~rype . ~hi .• He ua6~IO,!laJIH. 3Ha~HTeJihIIOro ,· 113~~HellHH' 

ra3011po~11u~eMOCT~; ~ CJie,UOBaTeJihHO; ~ II3MeH~;;IIH pa3MepoB nop. J,fa np1rne.ueHHhl~ B 

rn6rr11u:~' ,!laIIHb!X BH,UHO, .'ITO. B ,npou:ecce. '.np1IBHBOq11~ii:: IIOJIIIMepll3~UHH. ripoHCXO,!lllT . ' 

yrrpoqHeH~e Mo;Hcp11u11poB~HHhIX; im · ~ . MeM6pau 3a ~~eT ~~1e,upe1tilll . B IIX. MaTp.IIU:Y · 
~ .- . I \; . ' . , ' . '• \ , ', ' ' ' . , , : . , : ', ; , . 

npHBHBaeMoro IIOJIHMepa : C O,!lllOBpeMeHHhiM pOCTOM TOJ!Il(Hllbl' MeM6paHi,I .. IT pH 3TOM \ 

coxpaHHf:TCH,ycT()Hq~BOC'fh IIpitBltThl~ Me~6pau:B arpecCJIBII~IX cp~;a:x. ,· .:· ·. , . . 

. ' . TaKHM o6pa;oM: MeTO,!lOM 'pa.um1u11o~HO-flJ)IIBlfBOqHofi lIOJIHMepu3aU:JIII, 6urru. 
', . ' \ ' .-. -.,, .'' ''·.·, '. ,'; ·" .,, ' ' i . , ,' ' ' ·' :'. \ •.. ',1 ,. 

rrorryqeHbl ' rn,upocpHJibHble '.: rrrr .. · - . MeM6paHhl,; BO,!lOnpo11nu:aeMOCTh. KOTOpb!X ' paBHP, . 
', " \ ' ' ' it, -• ._ ,,, •. ', • - \ 

Jio,uonpottiiuaeMocrn I13Tct>~ MeM6paH: c pa3MepoM rrop 1 0,1 MKM. OrrrnMaJihHoe 

- ~~:Uep::KaHJie rn.up~¢11nbH'oro. IIOJIIIMepa II OflTIIMarihllble' ycrroBJI~ IIplIBIIBKII fl03B0~HIOT. 

.. ,!lOCfHfHYTh Ma~CIIM~hHOH BO,uorrpom~ua~~OCTJI. . ' . . 
. . ', ' ._- ' . .)• ,,, ., ,, 
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