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Specific Stiffness, [MNm/kg]
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]l sHotsHW (dltsed, &y dts MHj dzOIs* or 9a8HT & Is
Cslsster n ftojosMaHWwls 8 Bdtedd ¢ 0L Olsj dzv d3
Bselzls L Od3j dedls! Ctsdd3zj teud MSCd kM jhd j &OjtedC

I satydy o7 oafsHT fMH j dzOdz" OolststcOd3d BB L f5tc dat
gl [1C dsfiftdtesS s dhmftsdz’ L s lsimw o dgj Mkh ds d
BXZOGBHOtY dmn o' M2 dJLdshomMists2CsmMisd d BdCt
shdats o § gl [1C o COyd Mmlsa j BdBdOIsj tcd OdzO dzj 51
ftod i3j dzcpofEdPls ‘smdetse §j wsf d HOJIs oL @35y da6lnls! Mt

l s @3s 1 stse s, )OS dides §lOE wWALICH 2 St WWdn
dL desismilsds@E WSl Isf sL o sdzd Is!  dzO21Isd fted d3d dzd dzgd W s s
dzj B' dzd HBMlskzf dzr CtdBBBjteyj MSd Of tetse Jtotso Odzdz d
s Ols zse B" J f Oter stej dzgdWw Hdzvw Cofdisdy MSts2
or MsC OV 1 to tstEfylo’ts HYfdtdsdj dazdde € 52 BOMMJ .
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[ H&EZOSC 58 dafeREdsstgwy ylsts otsdzsCdzO wl [1 6 o] o
Btsdz' " ddziise 5 BOIs jotddj O dels®ls § 1@ OlZOC 3 jd MY sdz! L 2§ &' §
dzj Mdstslstew dzO Ists, Yysts wl 16 d otdsldO dL H
tcOL dzd ydz" = B &ZOMIsw s § tod iBeded deddzj, BN dzd dzCE ts &3l
ftoddsj dzj dedv o ldazdudd sl Ifjdcgisai]id dg oo ]
Mo sC Y datsmls? & WOClstctso . 1 s3d Bs HBMIsOls 5 ydzats
sy sisOo ddi3' = { 5] Wsisdgds5d)ls ¢ tgdpts UniGsints s tsdz d L ¢ s
fsCOLr 908 h dnQ nstesh 28 MisOB ddz' dztsMis' o LdO d dff =ifso
csBtcOB RS sfgact®? Mifadc@® L 0o sSHdIsj dz! dzsfls! € Hdzv ¢
gl [1C MmdzOB tylds zayg z@Gdesctsdz wodw jlsmw ftojfwisfyls
fSHARBSHWh jes BISHO dLEBIstso dzj ded W .

15uf sse MEEj ddzgsfls d Wutstd diaOe Cthyidsd j 3 € o dzd ¥
stk C kil

Il 7" BEddse Otedz" = 5§ ted3tst dzOMmis d ydz' ~d dzff 5 didligizSicyspts d
Cdeiis tc nfOYpiMifdzts o ¥ 2 O j s dzO@ dBj -~ Odzd Yy MSEdnr Mo ts
[ BT ydzg" 2 &BjbtsH fwsorhjddy yjmsSasmisd, ftesydssils
BZOjtedOdZO L OCdz¢ yoOjlsmw o jets Ottdsdtetse Odzed d § tof
Misd ¢ dzv dedz" | ddzd Ekcodzj tetsHdz j§ o sdzts ¢ dzO. 4 tSL HOO
Isj tdg®f s JfyEazd d&3j ctso sOC Y| rBtetshts Lo jMmsdes, ¢O
1980~ G @6 j MztcV H jods dasd Isfdd [B1].

vO0Cdy fwtsyds 4§, NiMsSCdy oodddjtd j o tdzst
Odzd tetso Odzd v MO Oted3d totso Odzdz’ n f sdzd d3j tcdz' n S
Isj ed3sf dzOMmlis d ydz' = 9 5 &slf jstelEkts ff dzOdnisdsldaedst 'dzts Ists 6 ts
OdzOdzsc d ydese ) f tsdzd d3j 6 O.

4 t5L HOdzd J sO¢dn fn © d3E3G ts a3 o by eSOz d3ts
HeMisdedzzlsts M fosdssh i 6 twOL dzd yde' » Isj mdetsdzsc d 2,
CsdzlsdzdH dtelzy Ismw Isj edsd yd mSddsd ddzd tshdzse Odzd
f sded B30dzedY L OoadMmddismisd o dzdwdzdw MY tsfstelOC sz otz
Mozj Hise Ols j dzOfletsH j dpcpWs,? fidsjosB - SH d d3ts e OMMdzsIste § Is!
d ftes0dOdzdL dtesoa Ols! EXJ drLeojMmlsdyr § Mfsmtser d
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151[ Cdzs ®Mkh j flse d dafsihdstls wasdsfidzd i ©

tOLodisdj Btsdz N j22 uOnE s oy dgiadpgfisstf de-O L o d dzts fn
fsHABHES W istoditseo Oded v flRERCSHHSYY odlgr dgj dgd] Is j - dzts dzts
dzO y O dzd sls dzeg PO Is ‘Isfgte dizd Y j M S 52 ykze mlse dlisj dz' datsfiyle
dfmf sdz’ L zj B =~ o MO Ot dgdftatsi iPdisiss e {f de@zd ffizg Jetfiafia |
fMteOo dzjlstae(@H oy d sdzddn dIs{swgd L tejdedy ~di3dud MEts2 M
¢ fijtejtcOBBISSj, dajL d2Oydlsj dz' dzOW tOL dzdyO o Isj d
BOIsted yJ 2 ftsL H Gejsl8 dzpdg'dz’ Mfdejd W tcsdL o sHMIso j i ts
fjtcltcOBOIsr 90! 9o twWOMf dzOej. uvOE COC OttdiddJtclkzs h
SHdddd d GpdddpHeodd] wdLduimSdy Mets2Mmbssa O 1
Isj &3 j cOlskzter WOLBSor AR fjtejrnBHEBO. t OL detsfls Is j
ZzOL " 8 O Bs Is § o3t §f tiz@lsdztdgjdzts § s SeRzs s Mizh j Mise d d3s M ls
Ctedlsduj MSts2 Hdzw f tsdzd dzjfnasie’ 56 su SOfIEOEED S B & fF iz
fijtejctejoj Btedj dzsOydy Oted3dtlzoqjc tijidRfE dgiodzls(d | L
sj B j tcOlskzte] § ZzOodzjdzedj WOL' HtesdL 52 Hikls € dzilaqts
OHGJLdd By HE ¢ Sifhds ddOO® AR Mszf . ISOC Y §  §2ldz0
cCdzt yjots?2 otftotsm o Isjtedsyf dzOfmisdydzr = dsf L OC«
f zOo dzj dzgdWw ddzd Bl de O o s dzOe .

dnj BO BCdO tsMmikzh jMmlseddismisd ftesyd MMO Hdz
Oted3dd ozt h jets d dBBOIs teldtudgftsteitsd Yhgstegifldglizticdz d tsC OL O dal
ClsO Maj O ftojHMIsOoadzW jIs fMsBB?2 Htsotsdz! dets tsB BN
¢ MbteOlsjedwd ¢ tsdMmtsdd @ usdid sgf , daph tstidizsiolg ¥ MefO fr
Bsckzls Brilsy or ftsdzdzgj dz BJL fHtsorhjdades? Isj 35f J 6O
sj &3 j tOlskzter  HOodzj dzdvw, ogkBEdzO¢ BIstsisHdE® j §is
sfkzh jMmiso di3sMiBd H ESlslzj s yjbs' 6! &3¥ ¢ tcB3dyOdid

1 wOddyo (a): ftod GJoddjdzjddd dLs"Ilstsyoc
B dzj S & dzv tc dzO v O st FHOE sifOjuafty o ts tzts Yoe@] o s HK[ IS O Szd f jisf
Mmoo s2 Mlse

1 acOdzd yo (b)) : OdzOdzse dydets dL BT Istsydats? Is
HOo9 dzj dzd v By jls MfsmMseMmisese Ols! k8ls | \ip daff dzls O yd
scteOdd ydo Ols! Bsdzj Skdvwtedkzs ftsHo dy dshlsC sk
B nOdzd yd MS;dma Mo ts2 Mmise
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1 DB tstetsls, dzfydedj ctwOddyr Isj i3 jtcOlkztr
HdCIskzs Isfw dzj sB R BSHJ @BsMmis? & i tod d3 daj ded W d3d dzd o
HsMisdy jddY OHJj SCoOlsdets? CdemMsdzdH Oydd wsf .

Process

Feasible

Processing Pressure ——

Processing Temperature ——

t Mz dats § C tlzts8 sz j Mise dd3sMisd ftetsyj MmO H dzw
CdBYf sdzj delstso C &5 B 5t § i bs dddzi{I5)s 3OS j e Oz

tOoLBite d WsteddO SO0 ftosyj MmO tftej Hj dzw s L
Mdmlsjdza, O OCY] o' Btstetsds fteddsj daw j Bs?2 Isj n dats dz
ftoj HMMIsOo dzj dgs lsdesMdilsj dz' dets yYd ¢ t5 G 6 HJ dzj dzdzt
BHEIS HEB®] dzj J stftojH Pdzj etz tREH " L Isj todzd ud MS ¢
Bsdzj CEdzv tcdes? fsHo dy detsfylsd, CBlsstcOY B Ydats H |
dsf (dOfteddite, (st BOtedy" ddd &jyxwdetedd
fs MmMetj?2 (tod®Efn ] dzjlinistOdiug iz | d 1kt eofmjat
ftetsj Clsdtetse Odzad d, sBtcOBtSISC j ddzd fted d3j dzj dzd d
By nOdzdL BOBRBI or swyCd otdzsCtsds fHtdosHdls ¢ Istsc
Mlsjfjdd s dBsdzjSldtds? Oustsdyjdsss Asudiddzts oHsQj st itk teH
HsMisOlssydets?2 YtsHoadydesisd ydifd (Mlsjtfjded Ctslstst
M sd L] Bsets §sdddjtcd), fsdLs2Hjls EZMOHCO

[ Odzj J tOMMdB3OIstede O Isipw ¢ sEECdeq Isteldn i h jif fplsfedz]) dsts
Hdzv s jtedsd Uj MG 52, B OBISS ddzjuSstls ster | f o H RMdHB' s
[B4]BT dzts o' Wo fzjedes JL gstsso dzj dzdd wsf dzO wMmdesoe
HOo dzifdgdtelj ctej © ddzd daj HEMisA sEEYY s 2@ detdpa ) ldaP
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B34 » Odedripp iR dnlseo dzO jHddedyr ddzd HOYJ dzO HJMWIsC

L dzO0Oy4d dzd 2 . s OC Y J mMetseh O smw, Ylsts Hdzw HisMis d
dzj sBrsHd B § jtcj Hodz®OB dHEtsf sEiswirpsdB8 Mmj yj dzdvw o sd
BdzdLSCts € Ctdzdyj Mok HBOdy', Sttt Isttj Bl

B AHE oBdst dZORd, Cslsster | sBtOLEZEIs ¢c¢jSCMOGt
ftod dzsy § dzdzsc 5 H O9 dzj dad W .

ddzjHizj s Eftsdkvdkzls! Emdddw dmfipd HEdz@Pls i W fi
dmMfsdz LsoeOdzd odzd@tseWdL dd d1l} COC oL dIEH dzts
f sdzdzsmis: 8 MmMsmsswh di L oddftest] ddj zOAC u sy F
Udl1l -d1 b, fdtedgdWMlssdikjUils Btsdzjj of MsClzs Issjfogy j t
sdetseo detsdz B ' dzd § tsdzlz yJ dz' [ dgjddOS Hsts dg ddg T dzQ HsC o Isfizizds i
ftoed dzj dzj dzd j f tsdzd d3ts to W@ diOIs fighizj lo fsls. edgfs™y dits wfiLf 1 € B 5!
ez ff , Cslsster | d@sedzd BT tcj OdzdL s8'" 9 Ols! tcOL
f sdzd di3j tc ©O.

dsHOo G Isj BB jtcOlzter ACZBGOERM Jed WEsBitgdzj j8 ' 40  H s
MM 9" MBECB2 orlkwyyCrs?2 (Misjtide o Y ifd tctsdz flzjizts]
BBts ) jBls Is Bl & Atzy[5]. [JHEZOSCts MEh jMseakztls ©OBBIST ,
fzh j misjpe J datgjiisjjaRll j tOlszte", § t§ dziw @y dzgg tzed® fm dLisBte
Mis ftoddsd dzgj dedw o "[F6B8. 565 H Oo dzj dzgd W

J Mz y Oy i gitids © de @ Isix) dzlq & © A ) d fsdzd € O tots
dzOB dz¢ HOIs! , C0OC HtwOaddzts, SCw1 WWdydJ dglds jaztlgepds
f dzOo dzj ded W Hdzv tstedj dzlsdtetse Odedzs?2 W OL T AT @y Oalzs
f sctcOdduyi dzdv B3 s MicOso dzj dzd3].] BHEB dzs Q dZOHBY | & |
sj &3 j eOlskztcr -ff ZOsdzjc@dyf ygdedw (dzddj O ISOCYJ
otsdzsCsdz &l [1C, GHY MBJMhJjdzdj tMmih jMlse dzw dzts iy
it HEEIWP

1 md orh jtcOmMmdisistcj dzdz" J i zdzC IsT Br dzd ftodd
dgimf sdz’ L s9 Oded j§ tcOL dzd-y @ Ro " fgF B 2 tc Ouslizetd s ff d Is j dz
L dzj 3 dgs © € Isj B j cOlskztcOd3 dLGEBIstsoadzj dgdw. vy Oh j
ftod dL ¢ slstso dzj Hatgd dzls tzh Gzts ¢ us g3 GHJ ftesdmatsHd
Otcd3dteclze h jets 1 dzj g dels©, BjL HBYHtsdzdzdlsj dz' dets o dz
SOCtsets wsf BOIsted ydzOw WOLO B ydes ftej HMIsOo «
Cslstster 2 ontsHddz 8 MtsMmMis@das Gt dgdizdy ME B € dzg palg js diAs

[tcEedds fBHABSHEBSAE ¢ dLceBIstse dzj dad © g4sf w9 C

Codf sdzj delstso ftod Isjtodsdyuj MSs2 Ssdhsddroydd u
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@BOIsted ydzOw W OLO dzdBts Ctsdif sdzz j smw ) O tec d3ef iskcsdd d
zdBts tOLddydsy &3 SBtOL @3 S @Rf sdzlzj Ismw M Eidigdgddz
[15]. 1 ted dLGtlstse dzj dzd d 3dstBd 3 SdAEsd; 3©dz jfedéls|ddOF 5 W HOg [O
sBtcOL 503, Ylstse Isj B j cOktcO® § dzOo dzj dzgdw BOIste
f dzOo dzj dzd W OQtedgd ez h jets 1 dzj dgd dzals ©. ) COyJ Mise
Wstcdiso Odzdw wsf, C0OC ftcOoddzts, HsHldfdOONMY i3,
gdzd 1 Cyv 71, dzs ddzseHO dMisd Lkels d wl1[1C. 1
Wistcdgtso Oded W g5 { MudlsOj Ismw Ctsdzj y  dzOo dzj dzd W
Otedzdtelzes h jets 1 dzj d3j dzls O 3Zdzls 5B € 5 3t B dzjodisdet®cizd v o s |
ftocsB dzj 3z s Hz20B tBH)@ N | Miso BsMIsd Ftetsyd MMO , H deH ddO
EmMdzsy dv jIs MO ftesyd mMm dLeslssodzjdedw L O Mmydk
W oL .

15256 OdzMC ted fls Odzdzd yj MS 2 Mdzs?2 o wus |

t OLdzdydzer § dMMmdzj Hse OIsjdz MSEdJ clkzffr dzOB dz¥
Gdbjtesegjdzder | LOsSH" hd d LOtsHTrMd CtedMmlsOdzdzd
or MsC 82 Codzyd delstcOYydj?2 L OtetsHT h j2. Clsd L Otets
B¢ 5o tsdgide jta@firh d dzOyd dzO¢ Is d dzd yd d te ts 9 0dsts d fric-sifipiss I
4t JdHdCEdzv tedsts ftseo jten datsils d 9 5 dzts € dzO d ]
StedMmisOdzdzd uj M et lipdnzns todf nds Oidetti@ss @H-qBPS 1 X J das
d jets PRz egdr | SfTdMOdzd vse © 1952 ¢.

[ sWsdZztedyj MS d4 dimmdzj His9 Odad W dLeslsse dz
stcOdzMC tod MIs Odzdzd yj ME BES Mdzsw BIYHE BOtedyj 2 d
dLEzyjdd®s bttOdmCtcd MlsOdzdzd yj MS et Mdzsw d o dzdw
¢ s [[60,16]

slzh jMmMsolztls ©OLddJyder § WOCIBter , odzdwe h dj
1 C MY J tcdeldjdids stwB dzOtclz ) j dets, yYlsts IsteOdzM$ tc [Pk O dzdzd y

1 LfdlsOot¢MmMdd?2 BIYHE g dtsd d BOItedy,j 2

1 dzj Msslse jIsMisadjdg3 sjtfdzser 7 C1 WWdydJ dals ts

1 s sctcOW dj2 otdtst dO

1 ArddBdyUdi MSddz MsMlsOasd3 s jtern desMisd o sdzs €

1 S § dzstf tctso SH dztsfis! & o Bz ¢ dzO

1 fsojterndzsMmisdets? L dzj e dj?2 otsdst dzO
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T SwdmsOdddydshls: ¥ fkemseOls0 d khdss dw:c
wodweE lsfw MCsEhls! ROy HjddY d lsj&fjtOskzto.
yOfmlsts kteOdnCttdflsOddd ydsfls! &syjls B! ]

{ Mk dzE thMd j ydo O h Ow wflsdyj MSOY &dS oW
Bl sdscdy (oddftes]dd dss ¢ o [E0)ds o & ds ¢

LT 40 [ d d J ¢s[61F dsudedeeoss e € & 6y tcdzs § dz@)ls
shdtse ] oBdsC dzO0 d o desfd ds2s [dEEdshdigd@ Is i o} Q iRy & ¢
sls Isj &3 jeOlkter SCtodflsOdddL Oydd. RffdjHEs Olsj
Efmkzsedw, o Sttt R sdOFd@,d kzdifjed dOtdd ils O dzdzd
Wsehdese Oddé ©OL &z ydes?2 sW sdscdd s B )4 P da
beOdnS cdmMsOddd uj MSdr fistkSkkie kOS] o O’
fjtej 52 zQerdfilzd v ¢ o stster dzOB dzt H Odzd YO ls d ysiztsdpts of d
My smtse Mise s Ols! ddzd yqdEfjdid. totsHips@X £ ted" fpstO dzd@sdg
Bl ks dvsimdgygs jdzaf} } Misd Bz ddeses OkzOM: Meefils
sj B j cOkter StdiksOdddL Oyd(d.
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{ Mk dAB%) Edzv tedL tso Odzdz’ § s Isd uj fgf d gz0 d3t§ £ tizts ¥ f
Ui jtcOkter o9 jHjddW otdsSdO fMefksOs dvdd (C
ESCOLT 90085 dzO o) jteswB @]l d j StodflsOd

vtcOdzMC tod Mls O dzdzd Y dets MIs € ts 1 te s § g diffiaidslizUPAIZQ fr) 1 O ted3
oz @AGH d dd3d JdIsfmw dzj MEtsdz ¢ OB BIS, o Ot
StcOdzM$ ted Mis Odzdzd Yydzsmis dzO d3))  © dzifpdf F) B Mty Ml
fsC OL Odats, Yylsts IsteOdzM € ted Mls O dzdzd y dzts iy Is - 2 dzz yh 0j
o sdzts € dets/ fsfczd aRij € Oded L o3, Y sMtcjHMlsosdz Clststesa s
1 4 mMeh jMmlsoekjls Bh d~A ftceOQoddz Hdzw ftej HIMC OL O
CsB3BddzOydd SCtdeCtejlsdes? MmdMmilsi a3 o sdzts$ dzts/ dBOIs
sB Mk HOJ sk tc® ddgWtelzffy Is Celisiiyfla@ M&Bc 8 tcOdzed y' &OL H
14dSBlsster j Ooltster MtstsBh Odzd, yYbts IkteOdzMC ted mls O
CteQdpd tOLHJ O d, fpdzj Hiso Ols j dB [dets, 0 digts Ozt gz ¢
Zlse jtexHOdd, ybkt tdd dj SCOLMo90OjIs dqdzd HOYJ

Il BHdtsdt dqL dhmhdzjHtsesO0dd?2 BM &t § ¢ OL Odzts,
Edzzyh Ojls ftesHtsdz dz" | B~ Odedyj MSdji Mmeots2Mmilse O,
[36].

l SHoBBHY dltsed, d&sy ds fiprsjdsCiss di ©8 dzs y § dzg j
fsttersdy, ftedtetsHO &OIstesdfwpdzdd' ¢ HeifrdpCdte'd frdseCaiBifisu;
C o dzj dzd J§ stcOdeMC ted Mis Odzdzd yj ME se s twisMlsO SOC Y |
My j ydWdyds a3 H dz® tstizts REAfisiaofi i) Is Ols sy dzets R stetsh s d |
US4, dr o dzd W dgd j ZO0 MmMews2Mlsoa® s/, O OS¢y
dLelsto dzj ded v zPC Bletstc’eo ey Hafftgtsmr , <SOCd] C0OC o
f s H dzts ) Ko daig®@ tc d M ls Oelstiflay, j MR j ton das M ls dzOW  Ctod Mis Oc
o tsdzts ¢ dzO, Bsckzls BT Is! dMmidzj Hise Odg Btsdzj by OF th i

omg j SIsr, C0OC ddzj Skdzwteds § (jtejtfdzjlsjdedw, Mmilsy
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odzdwdzdj O vse fisats dqLiEzyjde , kW HtsMisOlts
[66].

1.5.3 uBLHOGE | MBEECDuipr? &odj Cdv tds? d

1 sMStsdz Sk thdse zOY Stsdyjfydy ML HO daky dgls *
ftsHtsB dz' ~ LJASHAgEdzg@®) sy o MY tsdz! istsal @ dath df 1o this Grgads
«fn O d3ts O te d3dfete HpAXARI) MY B fips 1B 2y s MOdzd v ML HOded W
B rOded Ui MSddi3d Mots2Mmlso O, Ctslbtster j Htoj o sMmn tsH
HsMisdeOj &3 §J fllsjd& B Miste§67jsq daefO freh tafckey lctaa{c dzdte @inytf
fslssBIBW. CIsd d dBdsy jfMmises Httkzedr fEkIsj2 Bted]c
d, kOCdd tBKOL s5d3, dzlz yh [fuzh 28, 78%dfF Odgf dzj fn < § E ts i
stsets, wylstsBr BT lsy Eftsdvwdkzlsr &i3d, dts dzgj BERHLEIS
sf dO ke dgv ~, ftedBdzdy O h dafmw €  diftphgz S Hztslz @
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Gel-like spherulite \ Crystallized brush layer
3. Matrix crystallization with 4. Composite after

entangled brush layer. compression.

t dikz 28 nlj. BOId ud ME 5] ftojHMmMisOodzjddd WdLdud M
Ho kR ¢ sy ulgg [dzsdmB ctshdzse | otsdsSsd ul ) @516 t

I131{r3z s 1J¢lr 1

T s d2O GMdeso ] otdztsCtsdz w#l[1C Wwodzws [sfyw
stsys¢d Ltejddy 1C¢sdktedd d fm btySd Lt
WizdeC yd sedpedss diylseo . [ HdAd2OCts dr ftod d3d daj dzd 4
qu O dzgj fted ) ded BBsfylsd " JesSts dL o j mlsde R
fdzsnits?2 dLEzyj dzdesflsd &3j R OdzedL ditso W stedgts o C

T Ifj Mismse’ dJLesktodjddw usf dO shdtse
dMfsdz LsoOdzdj B kjtedsdyjMSsets ftoj Mse O
i sS@ B

T Astcdzgdtetseo Odzad | #s | dz0 smhdzts e § o sdzsC 5
kteOdzS ted fls Odzdzd yj MS seEts Mdzsw dsy jls  Mdz
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Htsfisdy J ded W BOC M d@3Odz dzr = Mots2Mmlse ws/|
dLBj GOI! tBKOLtSaOdedy IsteOdzMC ted Mls O dzdzd y 4
[ SO Mmkh Mo disMisd ftesyj MMO Hdzv I[sj tod
s zO0 tmdztso | odzsCsdz vl [1C By dgs L
ftoeddzsj dgj dzgd W o MsCtséts HOoadzj dzdVW dLGEEsIstso
s " j ded¥ Isj B3 Jj Ot ffedqeipsjodsp"Odedy O
fJjtcjrBHO. [HABOSCB &@J-0O0ddL di3F W stc i3] td3OalABd
dLizyuyjd . 14 Mehjifmbeolkjl IjttjlsduimMtdr
SHdsS s sdzd dzlsdzr = wsf, dLEGItso dzj dedz" =

T1vidm@sseY  do §jemnfjClsds dshls! qd fmkhj

fBdzdSOyd?2 t asf &0 thdtse] otdsStd u
ftcj HMIsOo dzj dzr Htcze d J Mots2MmMlsa ® ws/, ¢
Eftezetsmisd fted twOMmlswyjddd ddd ftd dLcd
Il dzdlsjtcOkztey dzj ftjHMmMlsOodzj dzr MfsmBBT
sfdeseo j w1 [1C d dqLHjd&J2 d&&O drn tdese j .
uf sfsBr JLEGIo dzj dzgdv Holzrn § 3 tsdzj dals dzr
fsLosipsEteOdzv Is! dMmrtsHdlkzs yhsclf Sl dy d © tz
My sMsemMsotse Ols: HEsmisdy jdds Bd hda K]
SH s sif sdzj des\ dO diEfsde 'fdi Mots2MmMlsoa O Holkz.
Hsfisde O Ismw ftod MY sdz L 59 PHzdEG S te O s ezt t
fdztsits e jhjd dzjftejter oder j Mmftshmser iy
ptdsCtsdz , @) [SIOR 4 j d3j ROdedL B oL O dBsHj 2
sdf © sws{.
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17¢01¢ 2. [ouvrtrROJ3I R Jrulr3
2.1 R fipthtOdzdEOJs j to d O dzr

] HOdzdzts?2 tOBBIS] HBW dLEBltsoadzj dedw dws[ d Mt
BOteCd SK75 shynedns(Rl ©Odaf@dzH d v ) , i tsdziz wy wadzizp 0 gl
(te®f).1J0qd H dzts Yylsts o jten dztsfls! dmrBHd n 9o tsdztse
J ddzj 2 dzOV f dztslsdetsfyls! H Odzdal Isj S fip,dztsdgtisHizz dp'ts MilsiOte lay t§
12911 0, O ftsydshe! OHsHEe GIE B8O06d] B NsQsBE
W dzOdz3j delstseo ftetsd Mm sHYIS8].f tod EZHAzddzj dzdd 3. 5

J H O dzdzts 2 tcOB sls j sO¢Cy J dmtf sdz' L sGURAAR20,
ftosdL o9 tsH Mise Dicorat qsf @dzgddzd v ) . dtoj Hdzd 2 tcOL delfltalz t
(teRfp.1B) .

t M2 s S oW sssctOWdd sl f1 ¢ otsdsCtd (C

] COyd Mlso J ftosf dlsr 90 h jets ff sdzd d3j tc O 02Q M {f
ftesdLotHMlsa® 1 ¢ cuWOSEERYdsjLe 5 4 vy 163
l COyifmbej twOmMbeostedlsj dzv Hdzv 1Cl1 ftcodd3j dz
Aotcd ¢ tsdzod e .
 dzv IstcQo dzj dzgdv dMmf sdz' L 59 Odzd iy :
MjtedzOw CdMAzslsO (=. Y. ) HtetsdL oiBHNMIse O [
sl W s stcdzOW CdMmMzslsO (~. Y. ) §tosigd ot
[91];
fJtdzdOdze OdzOIls C Odzdw fHtesdL oatsHMIso O T§5[92]¢ 1 A
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22f jlstsHT dL ¢ misto dzj dad W

221 RL € 5lstso tzj dath §z0 § tc O otslr) dAsl Sy & daj Tfls dz’dzD 15 )
pdzsCtsdz #l[1¢

Il HOdzdzts 1 Lie@HEstSI® jdzj dzd | tSH desdzOff teOo dzj dzdz" = fSH
otsdsCtsdz #lf1 6 fosdmMicndds o djmitd ¢t {lsOft
BiYHEZ Hokzd3w ¢ OteOdzdzj dz' dz" d3d dzOf tcOo dzv & h  d3d H dz
oz sdz (tedfm. SR O2 ) sz Oz BMd2P BZOZOM! M dzOftOc¢
Wstedsz B j L dL d3j daj ded v M fislsteld’ dzdfe'@ o dzv Gagaigj tc B O & g
sSBtoOL YO o Otc! dqtetso OdzOM! ¢ tsdH ts|ig dyls o dstezdztf Istezde O @t
Isd ted3d Wd MC ts] : fYftden Arpfrpssip! O dad{ @ Wz@lctlafQf 1 (CF 5 Is § W J dgafldplz 15
fiotso SHIAQEME ] © HiEkzdsFtojljjdf plEOlEHE ARQdv tj Odzd L
My dzj Clsdodesets § dzOo dzj ded v  {f 5 oQjdEFGdEs pEHy O B jtspitsdg s d
Isj B3 j cOlskzter f dzOo dzj degd Vv o tsdztsC dzO wjtizflzis Q . s ) ) gz
ftesdL o tsHd dzO M 9'HjtyCO fHtod 1 Ists2Bd degls. Is jrddddr.
ftcj HiSlso tcON j dad W 5B tc OL mg @dedbyeids s tc © dfiClstdscidl) IRO dzdz e
ZrlzHh jddj dgiffoOsBphiom &g dzOX H j dzed § ff tetsd L odscHdfiaiKs i
40Adl. sMdzj A dZOYHjdedWw BBtOL Yy Wasteifisc j Mse ' 9 Odzd )

LCXOOHbIE 8O/IOKHa nnasneHue nogepxHocmu 80/IOKHA
CBMIM3 8O/TOKOH CBM/'IC-) CBMIM3
(5] @ &) @ & '@ %3 @
D @ X&)
O@PDDHDODO® ‘B‘
Harpes oxnaxkgeHuve | Mampuya

e . CBMM3

| D /

[\ //' /"/
h / camMoapMUpPOBaHHbIi
N / komnoaut CBMIN3
HaMOTKa BOSIOKHA ropsiyee npeccoBaHve

tdmkzdese -2 30 § sdzzyj dzd ¥ ws/
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2.2.2 RLGBKE§oz@izdzdzotbd 1 % C 1 Hdzw W stedzd tots
HobmCtod3f tsdzj dalsdz" 7 u s [

[ dzw 9 dzj MJ dzd W Hstf sdzdzd Is j dzt desets 1 €l g dzO
JLelo dzj 20 § sz Oo ss®BOdYj MS O EkMisOdtsa § O ( t

Cucrtema pasmoTKu
C KOMNEHCUPYHLWMMKW PONTMKaMK

BbyHkep (BaHHa)

¢ renem M3BJ DJJ *

JneKTpUYecKnin
HarpeeaTenb

? Conno (punbepa)
4N NPOnMTKK BOMTOKOH

BobuHa (wnyns)
¢ BonokHom CBMM3
Ha filepxaTene BobuHa (wnyns)
c CKM cdomnameHTOM
Ha HaMOT4UKe

tdmMzdds & - g BAISOdZse ¢ d HdzVW S FisSSCd o scC

ItsBddzO ) odzsCdesd3 vl [1C B dzO LOWdSES M
Qo dzsBj tedetsets  MOBsMisswilsj d! desets t0OMS ez ydo C
Cobstes? Ctojf ddzhmw HJjtey Olsj dz Hdzv BtsB ddz , Is O
WdSmoydy 2 deoB st ¢MHOuydd dzO MO®sd §f sHM dff dzd §
HjteY Olsj dzw B 5B ( dz d, fMdzj Htse Ols j dz' dats, fsHN d1
fsMisswdzdetsy Istejdedy 2O oHh JfdedSj HAzY HtojHTE
otdzsS dzO d H dzv i) tsdzGi Oz jW dzfly] BdB@z! & tisdZtisC dzj .

[ Odzj J otdzsCdts B' dzs dzOf tcOo dzj dets dzO Mmd Mmls j d3k
ftoj HiMlsOo dzv & M d B L Ufppac'OL fias ks o fedadh A dizj fis H dzv
ot dzsC d&z0 ) dddedd §sHh dfddSte. ) sfdj ndhlsj g
Gidzj @3 Hdzw ftesfdlsSd. 1 EdSjtce wWodwjlsmw Odzs d3d dzd
FPHeBMIsa O LOftOaCd otsdzsCdzO d ydmls¢d.

] MO®sd Hdzj kOCYJ jMis: ko jtemisdj M tojL !
 JOd3i Istc IsdlsOdztse 52 Wdgfdglz! jr €D dzdp'  2dz Hid[A>d3jdis t .B4r dz o '

5OS CO¢ ftod dipERtgds p sr@Edatt Ozj 2 f oD tsH d B aj &,
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slso jtefjlsd) odjMmisj M otsdsCdtsd o' ntsHdds Mmddh
sisHdd sl o jteldtsfisd Wddodkj dsO $Ens odkd.

]l COyjMmlsej dOCELjoOljd" B'd& dMfsd Lo Od
C sdzlstots dzg e ts 0 O dalgts H HAdMnGHdTsdsdsfte, Clstster 2 BT dz § SH
f zOY Brduigg. | COYjMmlsej ¢ tsdzlsAcdsides O j kY jBte QL toff ts
s j to B (-OEPO sf) MAEXGETSZ) ds OC d 3 SB ELOL 5t sl Sy 6 5 G
d dzls j ¢ teHO# Wdgtste § dzy d ez k P t¥[j2¢ 2 dzid®ts teB Ardujno, GHJ ¢ sz
ZOcCtjoOjd Ctdstsddess OdnY M §odEsh ' v Hddadkj
LOodMdksmisd ek, sj @Y Je€@tctso Odzdzgs? b j Rk Ot
YdEmMoOydw B" dzd toj OdzdL s9a Odzr dzO {1 StcOdz  j teMmtsdzO«
Cjckdv st foHBqEOd]Mn' ottkydké. sttgeoddj Lk

1ddaz fesfdlssd wodvdiw MBjMm! ¥ lstss ndougssazO
1 Gl %s8eh S 1, %@y C 1 1, %8mdn C 1 1, %sbefhy C ) [[.MIsOdz! dzlz ¥
MsflsOo dv &z SlssSMddsd [ d&v Hefisdyjddy fshlssw
d orHjtydo OdkOMm! 10 ddlds fiflcdd d&'j BRIGDEREDMERT 1
fitedsHdud MEdd3 § sd3j4 dJoigdodiilg 'd3 fijls jefodzy dzdztS?  ff Odztsy

l1jtejH Isjdg COC fd3j MisdIs! GJdzz o BRdASj®C HA
HdzZv ftjHBISowOMN jdzedw L OMIsr 9 Odedw 6§ dzv . [ Odzj §
s B J tcOskztcO® d&Octej 9 © ko | dfjudflrd@dOFIE@ s §CHMS0E0e O d

HOBs ottt ds § smdd sts@ ts, CoO¢ ftetsma BH J dzts
RO tcQo dzv dzd kX4 Gt dlsOdedzr 2 1 Gl WddzOdzj dzls &
BelsstcO. 1 shd] CEnmbEdo 26 H36jdid d kxj §sl
Bkttt HA&Y &OBskCd otdsSdd®. uvoldd SBLOL B,
ftosf lsOdzdz’ 2 % d zORj dzgls 2@ Mo tss s, Isjdg MO®R
tcOL di3OIsT 9 OW B tsB ( dAlzdztH)d3 = [SHTZ" d3 o tsdzfs

r Odzf pfmdzdi L Of sczdzgj dzgdw BB Jddzr oBdzsC detsd3, B tsB
2 yOfmtse ftd BL&firorrz @) 6§ dLddh j¢ stlsscfd

2.2.3 R L G tisls tslasddgOdedcjO ol Eds sdzf ts dzj dzls dz' ~ s/
podksCtsd wlf16¢ d 16Uy

) sfdzj ofjn {(kOfse foHEskseCd HokRS Y
Ho 2R C sy Sl fddOdzsMdzse j 1611 JdiBods? s u sk ot
SHdzs € 5 a3l sl fzls dzzD BslsC O W ZOdj delstso 2O M j yd o

jHddse s dzOf Oo dzj ded™ W dzOsj dzlsso, L Olsj ds § H Gt
47



P stedkk, vyt J GSHESCEE{sd dsd j wsf. tOLdd
sdtedB3d ud MEtsets ftof Mintso OdzdV . Rk BY &POHBEJ 0N
Hazw ofMj R HobACB®BY tdj dzlsdeCl  ddefj BB ' dxO HiE @y €26 1
sj i3 j cOEBE®y dzdzs 10 Bfdzkls. 10 fteskbwy jdedd dzOc
dzi Mmdzd BOdzs M . VviNdzse W A dzOY H j dzdWvis tedl3" ( LOaia s
SHEC i sdzj dzlsdz’ &5 ws | .

224RL G BBlsso dzj dzdj tBteOL yseo HdW dMmfr lsOdedw  dz

[ dzw dmtfr IsOded W sBtOL ytse g5 d cdstcdHdz
My jydod ds?2 cijtkibedj2. sO¢ d o Mkkzyoj Mt f
Hozdsw dzOf tcOQo dzw ¥ h dd3d, dets © HOdgdetsds Mdzz yo,j 60O
ftod d3j teddats (5WdMO) . 1 tsMdzj 1 Istsets o tdzss dO Mded RO dz
ftojWntitcdsz o dzj MSCBdz' S5 Mdzsjo iy ff zOMisd dzOB L
o t5dzts € 5 dz, Ylstse ’ BdyHE Heokd™w dzOdB dzj § H dzd dzd
(e@m.48) . 1 dfodmsida sttt ststet sqdzj dz@ (1 vAC) ff tsd3,
Qo dzs 3] cdzse 5 tOMY toj HY dzj dzgdVY HOo dzj dzdWw d HdzW Is
sOC 13Q@AF dzj f dzOeadlfmw Htod ftoddyj dgVv j d3r 7 Isj ostf j te C
fl el f16. 1M LjtdduyjnMSsces ftoj Mnse Oded ™ § dzC
SBEOLEBd, Ysttddtkzjlkmy LJcLOCBEBEOL dZOY ¢ j 5
dimy " ls@d B34 3 Mdzts j o dz@n difef@e] 4o PL BJ t6 € t5 dzlstozBAPIs ddgizC
dL slstedmfld)l ¢ ddezsff usf Br desfeddj tcdets ©Oo jdz 101

|'|Tq>3 BonokHa
OPg f' % 1
w\g Ang HaMOTKM y
R
" ——
J
Ce ”*frm, 80 mm
i, = BornokHa
%Oitoo CaMoapMMpOBaHHbIM CBMIM3
Cap, s (B) = 3 mm
@
3 M3oTponHblA

CBMMN3 10x10 mm

t dmMz2AE @ 7 § BO sz yj dzedv e dBtedHdzr = SCthBf sLJd
4l [1C Hdzw dMfr lsOded?2 ftesydetsMmisd fted MmMHoO
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2.3 RMfrIsOdzdvy d OdzOdzd L

2311dW W § toj dz2PAiENdD ddef O O dzts te 63§ Is t6 o

Frdqw¥jted dydOdz? dzOv M Odzgdtclzs h Ov C Odztsted d3j Iste d
fslssS ftod WOLsSeo' R §ittjrtHOR fjosct d olst
fsLotsdw il ftjHjddls! Mmisjtjds Ctod s Odzdzd y dzts )
fsLotsdzy jlzdsftef jtej ntsH dL Btedjdlsdtctso Odades?2 W OL
ddsd ¥ Is twOL dzd ydzze Milsj 4 dz2 CtedMmlsOdzdzd ydetsmisd 1 ted

J H O dzdzfs 2 tcOB sls j [ &5 dimf sdz’ L 59 Odzfyw H dzw
ftoj Mmtse Odad v 2O fjtoj f &zOo o tsdzts ¢ dzO. RMMdzj Hs¢
MC Otk h jds COdsted di3jlstej A NETZSCH DSC 204 |
Ot sdzO® Mt MCas@BsHB! s5 / dgd date j s 6 dzO M dzts  -88 1§9G]dzH @ tcldy
Sfted HjdzjdedY Misg §Jddde) € dzgfthisOlzdzd djiezts fiplOd MU s Ols!
f zOo dzj dzgd W, CtlststeOW BEHjI WwWodwWis! W + dzlsOdz' ff
1L dzlsOdz f 8 f dzOo dzj dzgdV tsBtOL YO dzgj sBrtsHd B3s Mistsls
des?2 Mlsj f j dzt & Ctod Mis O dzdaff lsdas@islsifw CHsdgstc @W [ s

Nt fls 0o d2%=283 spHod].
AH

Rl (2.1)

2324 C Odzd telzs h OW 1 dzj S IstetsdzgdzO" BJS tetsMC sy W

[ dzw dL zyd ded v MlstczCIlskzter #sf dz ) f tsfglzts dsjp
M Odzdtclzs h OwW 1 dzj € IstctsdzdzOW BCtotsMC BHOFEY 2 fif ls® 9
BICtesMe s O:

1) Carl Zeiss Crossbeam 550

2) Tescan Vega.3

[ dzvw 6dzBh j G s CsdzlstcOMiIs © stsf sdztse d d f 50 jten o
dmf sdz' LisjpOflaigw MB B8tcO® o lsstedydzr » 1 dzj SIstetsdztso . )
TescanWega 3 &O (o jten dzsMis! sSBteOL yseo dzOf r dzv dzfn
vimCtstewses h jj dOftewy jddj MtsmisOe dzv dzts 25 Carl Zeiss|
B dzs ftodd3j daj dets EMmMCstews h jj dzOf oWy j dzd § , tc Q9 C
dzOf r dzj dzd 4 .
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]l BHetSsts9 C O ftso jtorndesMmisd tsBtOL ytse wsf Htotsn
s HtesdL otHddzOM! MOdEBOIOdEHJE dagd k¢ vds dL B j ) Odzd
ftosBsfSHEBEBC ). ltd {ltsd &zOftcOo dzj dodj o sdzts§
fMtej L O. [ Odzi § Hd&zv Wosttdidtetso Odzdv f dzsMEts2 59
dgmMfsdz LsoeOdzdjdz " dzd W s nde'tsdgtis? ¥ B I AFODJ (L} &8z
dMisd Lso Odzdj 5 o2 dzsC O d  sdzdftbto tsaqsets 2 1 fsafigd T
Hdzw f tetsW o dzj dafft H ditislictize dgjzdedzr = B teOL ytse dMhmf sdz' L
o oz M HdzW IstcQo dzj dedwv MmMtsmistswdzO dL 2 Bl j d3dz
StelssW sMW stcdats 2 & Jniztg 6 dzc @ d4@2s @ 1 Cj Qg dzO YO dzts d3  Is t
siydidedi 1 yomo ftsdi3ih OdzOM! dzO BB dlsOdz dzr 2 h j
COodzd w . 1 Olsj d@3 tsB tc Of 51 ¢ Sffistisdy jdlj Qiddeefy!  fripd3] ! dzO
steBdlsOdz! dgf a3 h j2Cjtesds ftod S tsd3dzOlsdes? Isj B j cOls
ftoj ddigzh j Mise jdzdes EZHOdzW jIs M (e jterndesMmisd O
odzdwdzdj B3 dO CtdMmlsOdzdzd yd MSdts s OhHtsdwy jdsl [ I
stsf sdzse d yj < d?2 CtsdzlstcOMls BBy HE BZOIs te d Y dats 2
dzd § J o f dzOo dzj dzdz" 3 yYOMmMlsw B otdtsStsd wlf1 ¢, (
Ctod Mils Odzdzd ydesmis+ & .

[ dzv syj dze€d BB rOdzdL B3O t©OL tekzh jdedWw wsf BTN
fsfdz ftosHBd ditsegts d3j Yy Mdzs?2 desets tcOMMdztsj ded W . ¢
ftosdL o sH d dzts ! o tolzyadzize . [ S sdzdzd Is j dz dzOwW 5Bt O
f s ermastidBdBJyse dzy ftetsdL oasHd d&zOMm! .

2.3.3 (1 OBOdktsoamMEOY M Jj SesmMEsfdw

t OBOdZso MEC OW M j SltesMEsfdw wWodzw jlsimw dBjIsts
SftejHjdjddd daj 2ftelzetscets,c jodgitesddailzijodfitotiss s taafO fidp
Mo jlssdg OzOdzetse MS d 2 My jSste WdCMdekzjlsmw sls o
ddzOdzd L Jtezw dJddeW? stedzgOYyds tsSlsHjdz dds. Hizv €O B BOJ H E
BsHBsY dtftcj Hj dzdIls! dBsdzj Sdzwtedeze d Ctod Mmls Odzdzd y g

sO¢C ftOo ddzts, HdzZw otsLBEZYHOBNMNjEéts dL dzzyj ded
fcLotsdzw jIs ftosdLotsHdIs! O dzO dzd L dzd stsdzr €5 dL
Odzd L slstetstf dats 2 MtckzS skztots?2 . [JHEZOCts dBBjIstsHT d fr
BOIsjted Odztso W tg O L) dis{depO dsLiO y d W Mo jlsO® o SHdzsd3 d
dLslstesf dzr = BOIjtcedOdzse ftsLotsdzwjls §sdzzydls! -
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OdzOdzd L d tolz j dzdscC  EHHDEJe®O dzj dzdf j Bsdzj ¢ &z dz, nddd .
Mdzj Hs9 Olsj dz! dets, lso jIsdese s fMd e dzOdzO dzj tc4 dzj j & M ¢

[JHdZOCts ftod OdzOdzdL i OdedL slstesf desets BOIsj ted
O tcOo dzj dzd v fsdzWtedL Oydd d tedj dsOydd sBteOL
sy deSkz Mots2Mlsoa O RO jtedOdzO. [ dzv OdzOdzdL O tets d3(
mMeh jMsoks ] BjlssHdCd fteso jHjdedw + Syt j tod d3j dzls ©

1 jco OV BjltsHdC O L OSCdzs yojlsmw o d fijttihds soyskaf
otsLBEYHjddY d OdOdzdL | odvicdL s Odzdzsets Blso j Is
fsdzvtcdL Oydd dzOL jteO d f dsmtsfmis! & fsdviedL Oyd
MrPpBmMshmssdls dL Y dCMdise Oddeséts dOL j©O d &
otcOh Oj Ismw . v OC Y Bsy j Is d34 dgv Is! mw zOf tcOo dzj
fsdzvtcdL Oydd. | HOdzdzsdz Mz yoOJ o3 odZEyoj d3 Bk
dzj 3 Ols  dzgPyjtfdgdtefj Mlstsdz' s OdzOdzdL ez j 3" = f dzsf¢C t
fteddzj dzgd O HdzZv OdzZOdzdL O OdzdL slstetsf dd dBsdzj S kdz ¢
fsHRtSHdIl Hd&Y O0dOddL O ttBh j2 CtodfMmlsOdzdzd ydetsfls d

[ Odzdzlz® ftotsBdzj Bz tej" OjIs olststcOW djlstsHdS O,
{ Mdzd fsdzwtcdL Oydw otsLBEZYHOs M jets Mde dzOdzO dzj
sls BBOL Yo, sts o LOCBAR MzEyoO) &y dts ftds c
Col®ec sy dets toj Odzd L 59 Ols € P sy dz® trtsdgs D dgf derdyg 2
ZOyOdj fklsd §EycoO (tdfhm. 2.5). RMfsd Lo O
oLBEZYHOE N2 fzys¢, Yybsts ftLreotsdvjls ftsdzydl
Odzd L slstetsf detf tctlf EHB BBBYPcts § sdztsy j ded d .

3 ACKpaMGnép
A 1 MonapusoBaHHbIN
V nasep

=0 cnekrporpad

- HanpaBaeHue

i i

1

\L i nasepa i
3 i|i 1> -HanpaeneHue |
Pl OTBETHOrO CUrHanal

1k 1 3 -3epkano i

O6beKTUB v !_.E | P® - peeKTOpHbIi i
Oeossea],  dwner i

1

{ dME2BEG R j GO Mi j BCd ©OBOEss MSseEs d
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[ dzv sz yj dedv tcORBOdso MEsets MY j CIstcO® dMmY tsd
Mo ibtsoatet fEYS O MtsMmMisOodzw dz sCtsdzts 1 dgdz. | dzv G
3 1y d M EMejHdzgjdedj d3 200 §tsdzzyj dedz' = M J CIst
Wd dzOdzJ dzls s o gl [1C (BSBd&Zt 20 B¢ i) BwBsy dzts
OOz L Jtekz j 3sets BI j B3O Mtstslse jIsMisalzjls EkMmtej H dzj
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