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"' 11..J"l.Y 

0 
q "'11,d I II 11"11 .J 

fltllM~fl'1nl~LLmVICJtlflWLUV11U'il.:JLflU1fllJLLm LlJ'il 2 ,ooo ~itl.:JlJ1LLtl'l LLfn'llUfm1.:J '1 VI 

• "I .r q ..J ' ·v ~ "' ... .J I 

t1a~'llu~::un1t uJauuuiJ~.:J L ~flU'ilU611'il.:J'El.:J1311lt::fltllMan ut1::un1t tiJtttJmL1l~.:J'ilU"NlJ1fl'll'fl.:J 
d' I d' 4 d' 

'f)~fllllt::fl'fllJtfr)U ('fl~fllllt::fl'fl'.!Miflfl'il Cao' Si02' N a2C03. 10 H2 0 'fl.:J1311lt::fltl1J 
I .!I ',J ., .J ., • v 4 <II . d' . 

u'iluri'fla1nu) l1v~uvia"1fll\1l'll'fl~n1tt'11~91a~nnuuml"l'fl fll11mrufl'll'il~'fl'fln 1'1ffl'll'fl.:Ja1nlr:: 

fltl~ L~t.m~~llr::n'fl~~mlu L ~m ~1:r1.:J 2.1 · R'flvi1r1~LLafl.:J'fl.:J;llr::fltl11'll'fl~LL~'llufl 
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~ ..J 
6l!Uffill 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

1 2.1 

Si02 

68. 7 

69.4 

70.5 

71.5 

72.88 

72.9 

72.68 

70.74 

73.6 

20 

tf v tf4tf 

ll\lf!Ut~fl'fllJ'11ll\ILLf111J'NWfl ( LU'flt L "l!Ufl) 

B203 Al2o3 Fe203 As 203 Cao MgO 

4.4 4.o 2.3 

3.5 1.1 7.2 

- 1. 9 o.4 13.0 

1.5 13.0 

0.78 0.78 12.68 0.22 

0.7 0.7 .. 7.9 2.8 

- 0.5 0.07 12.95 

2 0.09 10-11 

. 1.0 5.2 3.6 

73. 88 16.48 2.24 2.24 0.73 

74.2 o.4 0.2 4.3 3.2 

67.2 ... 0.5 0.9 

69.o4 0.25 12.07 

64.7 10.6 . 4.2 o.6 ... 

. 80.5 12.9 2.2 

96.3 2.9. o.4 

70.3 7.15 o.47 4.93 

Na2o K2o PbO 503 

13. 7 2.3 1.0 

17.3 -
12.0 1. 9 

14.o 

12.69 -
15 .• 0 

13.17 - o.44 

13-16 

16.0 o.6 .-
6.67 

17.7 .... 

9.5 7.1 14.8 

5.95 11.75 

7. 8 0.3 

3.8 o.4 

0 .. 2 0 •. 2 

12. 75 1.97 

·1 ~ 
Ro Norris Shreve and Joseph A. Brink, Jr., Chemical Process 

Industries, (Tokyo, Tosho Printing Coe,·LTD•t 1977 ), P• 181. 
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• 

• 

" 

'II 'II 

2 1 

v 1 
~ .J 

'll'UVlVI 3 
4 .., 
fl'fl i1'L.l"lrl l\l'Il'fl~LU1ljl.J'U (1849) 

"l .J 
'll'L.lflVI 4 

4 v 1 .J 
fl'fl . i1'Ulirll\1Ll{l:::'IJ1fl 'Ilti\lrimHHVI 19 . 

"I :.J 4 
'll'L.lVlVI 6 fl'f) 

q ,.:J . 4 
'lltl~Vl 7 fl'f) 

<:i J 4 

'll'UflVI 8 fl'fl 

q .J 4 
CJlUVlVI 10 fl'fl 

I 
4 ... 

.Fourcault 
v I _J q 

Ll mu EJ'U "MlJ 
o' 

glass "lf\llJ Bao 

'Il1fl L°l!f111 ~ 

I.I v 

llm Jena, llfl1VIU1vJ 

= 0.7 % 

~ .J 4 
'll'Ufl'V1 11 fl'fl ll;1tn;L'UflT1lt'fl'U (L<ili~l::W1fl Lime Crystal) 

"" J 4 
·mmlll 12 fl'fl 

v .1 I.I 4 

llfl1Vll'.l!l'Uflf'1lj'fl'L.l (L1ll~l::W1fl Lead Crysta l) 

.,.J 4 v 1 .J ... 
'll'L.lflVI 13 fl1l llfl1ll1'L.lrl1 "lf\IJ.J Sb2o3 . = O. 9 % 
"l.J 4 v .Jq 

G_l!Uflill 14 fl'fl um Jena . ".1!\llJ zno = -10. 9 % 
~ J 4 v 

'll'Ufl'Vl 15 fll'f) LLm Pyrex 
v o' q.., 

(Um LlJ'flj 790 'il'fl\llJTHVl Shand ) 
1 v 

"" "" 4 qq 'll'l..!fl'Vl 17 fl'fl llfl1"lfb'lfl1 {Fused silica) 

v .J . ,,, : 
2.2 llf11 l 'Vffifl1Tfll {Commercial glass) 

7885 3 
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• 

\ 

V ~ 'l V..J 

2.2.2 lLn'HVli'l") (Alkali silicate Vll"ll water glass) LlJl.!UfY:l'l/l · 
v v v v ( - v vv ... ;,J 

a:::'Cl1m.t11 t'l LLfn61!UV!UVl1'V1flfl1TU1Vlr1rnLa:: rn1 L"lifl1 C soda ash) Vl~lllJL '111fl1UflU tJ'M'1 
V I I I '·· 

1m rurn1 L"l! L ~um~ L f)VJ~ \J~i'lJ'WtJalJ L~'U N a2-0• sio2 ~\J N a2 o. 4 s io2 fl1l"~flH1 
I V I V . ..JV V V 

r:::lllJ'llli\Jaf'lmU'll'f.l\JLLm 2 if f'l 'Cl1UVl1 L Vl'lll r11l'i:llJWi'llli'1!:1i'flti'll'fl\ILLfY:l61!Uf'l\1 "1 1n'l::: i'l1U'll1h1 
.o:I "'>"'> xv., ., ~ .J I ~ V ., ., "' 

L'lllfHJlJ"lf'GI L fWltlt'VflfltlfH U61!'El11 water glass water glass 'UL 61!L1J'Ufl1da°1V!Tlmf'l · 
1J 

I • !:::: V V V I 

nr::f'l1HLU1Wli'l1VlflH:llfli'l'fl\Jflr:::t'l1H U'flfl'V1fl'W'UU\J l '1l L ~ua1rll'f.l\Jffo 1 w1 Vil.I U1rt'tt!ll:J.J 1 'll , 
I V 

LL i'l::: t1'i:llJ 1 uCJ '1".ITnm mL 'GI::: a um u 
1J 

V "'> I .J ., _, I .J ..J I "" I !:::: ~ 
Llfl')61!UflLltJUVli'l'k!J1r!:l 'Cll'lf'l11'JVl'U1 LlJU'tl"'1 T::VJ'f:Jf'l 'CIULL'Cl::LLr\J L fl rtJl'l U~f11j 'Vl<rJJU 'Wl1\I 61 'U'Ufl 

I V t( I I . t( V Vt( I l<f' 

1mn'Viii11 Vl'tl\Jf'lllr:::n'tl'lJ Lll~umLlla\JlJ1fl L 'V1 1L1'11!'n 'fl\Jf'lllr::m111urn6lluviu~'fl\1Pil.lr:::nm.ta1u 1 viw 
"' 
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. "'1.J"'I ' ., I 

(3) N a2 0 Uf::l.J"l\U 13-16 % e.Ji'ltJi'l11VI L flfl'Vlfl'il~flllt::fYfllJMfli'l'YH11JJlt1:1Vl'Mll.J L Vltl'l 
. V V I . . V I I V I 

1fl'V1nn1r1'1l~OOAfln1ua~un 1100Afl~a1lJ1t1:1riflLuJa..:i1V1L~urllr1-:i ri 1..:i 1 1fl~1u n1rWniu1 l 31 31 , · ~ 3J 

tlti~1U6l ~'V:: l~UflltWW'IL fl!'il\lfl')1JfllJflltVl
0

l\llU 'ilria1V1flttJJfllt(ilt'1J1fl L ~U'ilf1'1a1viflttl.J~ ., , , 
. S' .J G G I I .J'°' I <II .J • 61 V '"I . 61 V _, 

L'llLfln:i~nm.i1n 'il'Wiiwmi1u1V1"1l.Jn'ilvria 1V1nrru'1l1flfl'iJ'1J1fllltty~r1 "1f\IVllLV1Lnfln1tL'lr.la~ 
.J f.I I '°' .r 

Lllav.ru11.lPi'ilL'll Al203 ui'I:: cao ~\I lL'fl:: N~o 1'1°li'l\l n1n~l.la1:nfll.JW1fllHi\ILU 
"""" ,¥ I . '"I <II <II ")' • 61 V 

".iri'lfllU L'11tlLl'llJL"lffl lLUtU'llt1\I Na2co3 Vlr'tl N~O Vlt'ilLUU91"1 CK2o> 'V::Vl1LVIYfl 

I . I 0 ' <II "" '°' 
'iJ'iJU~1'll 'iJ \l;~fl11'1°1~\I n~~llt::lJl\U 800-900 c flltl~JJ 1 al.I {Cao) Vl t'iJLLl.Jf1'UL"1f!.J ( MgO) 

V I V I V I ( 

2.2.4 Llmo/l::n1 (Lead glass> LnmLrn~h-r~'ln\l1:: n'J1111nhrfl ua::u11afl11a 
· ( V t I · I .J .J 6' I VI I 

m:in 1 ·.rn L 61!1l:r :: lu'11ua1W.J1n 1 imr ::~nrimLri \ILL i'l::nr::'VflVI L m.11n11ua" llr:: lu'llu~ 'lla1u 1 mlJ 
V t( I V V V V 

"" <'!161. "" ., "'"" 61 ""°' 1 U\I 1 fl'iJ b'llVll'illlflrtl!L f)!.J')fllJll-a \l L wr1::LLfl1 '1lUfl'U'V:: b VlflH'll'UVlfl L W~ \llL'a::nr::'V'IULla\I fl'Cl\l 
, . 3J 3J 

• 
V.J V ~ ( ,q I "4.- q ~ 

LLfl1Vlll:r:fl'iJ1Jfl1Ul'l::m1111n 1".irfl 92 % 0.Jfl11JJ'l!lt\'ILL'U'U 8.o flH'lfU'l!lflL ,~ 2.2) l.JO"lTCJtm 
I V .J V V v ~.r 

'iJ'iJflJJ'UJ"lfl Dfl.JJM,11, 'll:l.JlflVl~flA'iJ L 'llat'l\IVl'Mlfl 1 wvh Vli'i'tlfli!'iJ'flU LL a:: R ediotrons Vl\IU 
v v v .J v ,, v v 

L ,~r1::um'1lilviil;Jawfi11 un'lr t~imtnu 1 lllvhi1~ 1,1,a::111'V-v:: L'll L~u L 'GlV1ll'iJ \lnuf "au1ri~'tlumu 
V . ! "''°' _J _J I 

lLfl')W)::fl1Uflflt'iJVl'U\l11 Flint glass 

v 1 "'"' o; v .J v ' 
2.2.5 lLfl11J'iJ r".ir'Gllfll'I (Borosilicate glass) LlJ'WllfldVIV1°1m!.J'iJ'iJf11"1ffl 

V~ V,J I V • t I · V V 

'lJ'iJ\l llJf'iJU l 'll LDUllfl1VI L n!.J1'1J'iJ\ln1JLlii\JLl'Cl:: \JIUVl'l\l'.)Vl!.Jlf11anr i'l1UJJ1f1Ll"1'JLlfl11J'iJ Lri~ L ttn มห
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V V I V V I V 

2.2.6 um¥JLf\H h1lLfl uma um liJ:t.,Hl'Cl\I Llfl1'Vlf"lUWml'.l.J (Fused 
• v "' .. . v"' .., 4 4 

silica) Llfl1 L ".lrf 1~fli'l tLmurnu~r.'fl Laminated ~f'fl Tempered glass 
v ; v .J v ( 

um . Fotoform tlfl'Htl-auu~ LLm hlLwr (Fiber glass) 

LL;1auu L~ULL;1l;~~~ T1Jfl"lttlr:::fi'lmmL~\llJ~LnuL1'a'lU"lU u~yifuu~tl ;01JLL;, 
( V I I I . V 

1'VlU"lfl1"1VlrLL'Cl:::LLm L'Vlr!UFI ;\ln~~'l\I '1 li"lflm'l 100 U _ uman 3 1.lr::: L.fl'Vl ~'el 
,_, .J .J . .J v V I ( 

1. Ufl1~'Vl L nfl~ "lflfl"lfflflfl~~WLL'Cl\l lfltJ'Cl'ltl'l L ~:l.J'l:::'C1~ l UUfl1 1fmfl 'fl'clfl 1-:rm 
1J 

I V I I 

'1J'fl\l'.i.1'lrlLL'Vlfmiu ;\11fllLfl Ti, V, Cr, Zn, · Fe, Co, Ni LLi'l:: Cu 'll~rl'l\1'1 ' , 
1,l' I ., I , V.q .,: 1 1 .Jq.r .r 1.,, I JV 

LW~1U~::LL1J\l'fl'flflL1JUYnflU'flU '1 1fl'Clfl ".ll'\li1Vl'l'3 '1 'VIL flfl'i!U '11U'flUfl1J'C11utlt::fl'fllrelUfl1ULL'a:: 
1J 

U'flfl~'lflWLL~~1fl'1J"lm~u1nu oxidation state ~"l\lnun~:: 1;a~1.:inu~u n1'fl~1\I 
' , 

I .J t.1 s; 
· L '1l'U Nio 'Vl~:: ii1u1. u sodium Lead glass ~:::I. ~au1111-a • 

.J .. .J I . I 

2. · il'Vl L nfl~•flelvri1f1ri'fl'Clm:ium~V1nri::miu ; .:ivi'Cl'lmrn~::: 1una 

1.J "> ~ 1.r .J «l":f .,, I <j qq q 
3. 7;i'VlLflfl~1fl'flVfl"'lrl'Vltmlj'llU "lf\llJi'lfl'lUlUVl1L'fl\I L'lfU iHLfl\l'll'fl\l".lri'ILUtw 

v ' 

cseo2 > L'l!Luil'~1tU~r1~r 9l::LnU.:JtltiJlJ'lru 

V IV 

2.2. s LLm L'flll-ail cum'la ) 

;\IL nfl~lflfl"l:f L;mm'.lfl L ~t! L~UU1 LFl~Ui'l 
IV .J , 

Ll'a:: l '11 L~ L f'ld''El\I L r11u 
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• v "' ., . ., v .J... ~ 
2.2. 9 blflJUd'fltl (S afety · or Laminated glass) L1J'Ullfl1'1/lll 2 'l!U 

v ,JV ,,.,J
0

V . · 4 V "' 

1.lJ:::fW:llJfl'U L 6.ll'tlllfnUL j".lfUVIVl'Wl"'Jtl Polyvinyl Butyral Resin LlJ'tlllfnLL~fll :!6.lf:W-:V::: 
~ v ~ l::: v I v..i ' ~ v .J 
tlf'IUfn'l/l\l 2 'l1Ul 'fll l :i 1lll VlJ.lfllTfl:f :::"\l ltl Tempered glass LilULLfl"l'Vlllrlfltl1fl Vllflllf1fl 

tL~-:v::: L ~u{u L ~fl 1 · 1~m.J 
v tt 

· 2 . 2 . 10 ltm1~lL1JEJ :r (Fiber 
., "'> ., tt I V .J... ,;; 

glass) L1JU EJ'Ci~fl\.'\J"v1l V!J.J'll'El\lllfl"l1/lJ.l'llU1f'l L i11fl 
I VVV % .J V 

~ "U.J1j~Dtil'V!L~Uf'lltlVl1L~U~ULa'fl l'l1V11Lnu 

UU"lti L'VIU fl:!'fl\l 'fl 1fll~ L ~UlA1\l~;l\l'll'fl~~~1"1~~\l L~U~~la~n'l!Uf'l Fiber glass 

v ' 
l 6i1't~0') L t'fJ ~"'J ~\J d ~t/UYl 

. v v tt v 
.A 

LLfl'l 1 iN L Tfl".lf ~mm ·Llfl1'.lijjJ.Jf'l1 tm"l vycor Fused pyroceram 
silica 

.... 0 

"V~rernum ( F) 1285 1508 2732 2600 2282 , 
. ... ... Q· 

'Vflll'flUU'Cl('fllH V!Utn ) ( F) '150 1027 1710 1965 , 
... 0 

WlLAttl ~ ( F) 887 950 1575 1810 , 
I v v 

"" cJ 1 1 ° 'Eltu'l!lfll.Ja\l~ fl'Vl'V::: '11 fl ( F) 932-1 022 1830-1990 
, lJ lJ , 

I 

Fl"lllJOJ \l 'V
0

1 L 'iW)::: 2.47 2.23 2 , 8 2 . 07 2.60 

., ~,( .... "" v 
~llur::: Vl'.lifllj 'lltl ltl~"lL 'l!\l L ~U 

(~- 1 x1 0-7) 92 18 4.4 5 .4 32 

· ... ' 
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• 
"!'" 

"'> V "'> I ~ V v .., I .J <; I:: V _j V C) V _J . ~ 
1 Ufl'WEJi'lmLfYJ61!UrWl1\l 'l UUo/l!l \ll '1lJ'~~fll\l 'l 'Vl L1Jm1 ln'h'l o/l'W'Vl~!l \l b 'llll lflVl~rifl!l 

.J ~ . 
Vlf"'IU ( Si02 ) 'W'Elfl'V"'lfl'Vltllli'llt'1Jt! '1 fl'f) N a2o ( NH4) 2SO 4 . Baso 4 . CaC03 

v 

Pb02 K2C03 KN03 Na2B4070 10 820 H2B03 AS203 ~1.!Wull"'l(Feldspar) 
cs' ~ I .J .J v _ v I:: v . . v 

'El'Elfl l6.1ifl'JJ'd\l l'Glvi::;fl1..:i 'l Lb'Gl:::i11r!lu '1 L 'lli'Ell'llVilllfl1~ LLil::: 1u~uaf!Vllll'JJ'El\lfl'ln1°'"nlm!l1-.Y'V::: 
v .,_, v .J v v v , 

~'El\l l 'llflrnnri Ufl1 ( HF ) L '~~{) l '1i L 'Uflltivr~T!lvi°IUflJ 1 VIL nurnu 

• 

I v . v 

2.3.2 l°lfvn (Na20) 1riui1-:i111-v:::1fl't'lfll'lffl1LL!l61J (N~C03) 'U!lfl'Vlfl'V:::L'l! 
V V ~ c( I 

Na2C03 lbbi1'e:n-v-v:::1f1 N~O NaHC03 vih NaN03 NaN03 :JJllr::: 1u'lltio/l!lfllj 
cs' I I 

'fl'Elrfflvl ri'Cl L Vl~f)'V::; 'lj") tJ L j ..:illZJnrU'lfllrV!ml~ L VI~ 

v 1 .J 
2.3.3 ~-Ww1 <Feldspar) ~~o/lri11111L~U R20oAl2 o3 .6 sio2 Lll!l 

<ll <ll ~ - ~ tj .J ,J C)v 
R 20 fl'f) Na20 'J,1 j'f) K20 Vlrtl'JJ'tl\IEJi'lll'll'fl\l'Vl\l 2 i'llj ll~:::'Ul'V'V::::lJalr'flti'Vl.'V::; L t1 . 

Vq I .tf VI · V v .J 
Al2o 3 1fl!lfH 'Vff l::: L~Ui'11T~:f lfll~ 1Jf~'VlTI LL'bi:::Vlfilll.J 1 fl\llU Al2o3 l'll'Vl

0

!Lbfn n!'U 
v . v v v v 

rl'fl\l fll:f 'Glfl~U~ur1fl1'1J'El \ILLfYJ 'M ~u¥fuJ.Jlil'UJ"'Jr(lL VI N a2 o VIT'fl K
2

o LL'bi::: sio
2 

rnr~ 
V '-" V I 

Al2 03 :l.Jlfl l ULLfl') 'V :::'Vl1 L VILLfl1Vl'Gl'fllJ91°'1\l llJ 

·,.·· . 
. ' / . 
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<!I . v 

1lr~jj11l! 10 % vi r'fl 80 % 1m~1urium 

v 

2.3. 7 fl'elti~ jvmhJ ( Refr a ctory blocks) 
I V 

~'el'flruvinm m-i \jjj ')fl 
, 11 11 

·- -

I V 

1J~nttJ1 (3) ll l'V"V~ Lfjj\111.J"V "lfl b'l:tJ fl'):f (4), (5) Ll'Cl~ (6 ) 
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Na2so4 + c :::....- Na2so3 + co eooooooo ( 4) • 
2 Na2so4 + c >2 Na2so3 + co2 ••o•eoeo (5) 

Na
2
so

3 
+ c sio

2 
~ Na2o.c sio 2 + so

2 
• 0. CJ •• (6) 

I 

I I 

u~: cao/sio2 1J.1 .L~uil'ri~1t!'v01tl1'W lm'l ~l'lr1a1u'll1l\I Na 2o/sio2 
I ·. I· I . 

~'fl j1a1tl'Env L~'U Na20 1 a1tl rl'fl Sio2 
I V V I . <,J.., 

1. 8 a1U LU11WU1911\l'fljjl.Jfl')1)1'V'V:l-J'f.Jl"IT"'I 
I 

a":l'l!"~0l'l!'l'U l~ 1,H~'U 2 mole N820, 1 mole CaO, 
I I I 

il'fla1uri1\! 1 LLrtfl91'N1l'flfl 1t1 
. l tl'll lnl.!fl')j~1la "l~1flj rlJ'VhLL;1'f11'V'V: L nfl{'U'V1fl~1U~1\! 'l l'l"ll.J'chfllJ 4 \!'V: L Ofl 
fl"ITL tl~Ut!LW'a\!·;\J'ltl 1\J t ~LL1:l: 'v1 1 \J fl1Ufl "'I'\~ LtlU1:l°"Jfl1J;Ufl\ln . . · · ·. . 

I I V 

1. fllr'?J'Lltl \l-rl'l ~~1J~ 1r \!\1 "1Ullfl1 

°"' . .,, ~ 
2. LLU fl flfl 'lJt!"lfl 'lJ'f)\j')Y'JVfllJ 

I .: °" "" 
3. mnm rn.nn~fllJ 

I I V I 

4. ~'U1 ui \l'U0

"lmlflCJilml'lvLL i'l:i1..J191v~1J1iJu \IL \Yl"l 

"'"'"" .J.,.., v 
5. U[)fljU')'v1LflY'll'UL11') L CJ')llfl1 • J' "> .!) 6"l V V I 

6. fl ')j L CJ1 L '.ll'El L 'V'l'M L 'l"rcl l t~f11 "ll.JtTI'ULLfl L rl"l 
II 

7. 1l r:~um1i ~\l\l"l'U 1mm1nfm~u1ifleii 
V V I I 

8. Vh l ~Ufl'1~tllt1\ll'l"I\! 'l 
1J 

I V V V 

" ""' 10 . n1nll'l\llLfl1l ~ Lru1Jnm 

· ·~hfi'rnmt1fl1rm1~ 6 ui'l~ 7 1~un1nt1iuuull~\!'v1"l \l 1 f'I~ u1lflli]"lflU'luiJun1r 

.J o' 

L 1l i'lU'ULLU1:l\! 'v1 1\!~flil 
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• v 

"" 2. 5 'll1f'"JUn1rn'amLmvi1-:i~nV.1V1nrru 

'llmun1rt1~vin;11nrn~" 1;Lnu 4 .fumu~'fl n1rV1~J.J n1riupJ n1nL'flutli:i 
I v q , 

('fllJL ~~) LL'Cl:!:fllrllrl\I Lln".l 

V I V 

2 . 5 . 1 i'ntWGlllJJ Lrl "lV!'Cl'fll.J llfn'fl ')"V "V:: LLlJ•.JLnu 2 61!Uf'l~ll Ll1J1J1~UV1l.J'fl (Pot 
I V 

. furnance) Ll'Cl:!: ll1J1JL~Uf)'~1l\I (Tank furnance) Ll'l "l'V!'Gre1J.Jtl1J1MJ..J'fl(Pot furnance) 

L~'WL \9l ')~~fl"J')J.J yll t::JJ')b\! 2 ~u Vlr'fl;'f) Ufl~') L~ULl'l"lVl.,;if"lV!T1JCJ~l'lU;".l"V1U".lti;'flU , lf'lUJ.J ')f) 
V V V V V fl' V V I 

-v:: t "l!'vhLLflJ~ L ri H L \9l"ll!l~J.J LL1JWUt1JJ 1 "ll'vfmm~1V!t1JCJ~n'flllntruLLi'!\! umfi-all:: umuCJu . , 
v ~ 4 v ,J 0 v "" q ,J., .!I , v .!I , "" "' 

'[!1].Jll ( V!t'C) L \911) fill L ll"lV!~llJ.f.6 \11/llfl".!Uflti L vru U".!Vlflf'l L ~f)LL in V! t'flVll "V "lf!Yrn"ln'Ul.J fl''lt 'Vl~J.J 
V V ,,,.q!;{ 

0 

V V V ")' I 4 4 I · .J 
ummmw-v:::vn 1V!LLflTVi'Cl ll:J..J1 m.nfl Lf'lmlr1M'il 1fl~ \IL 'i11lllt.1 V! r111J1\la1u'll'tl\I L vi 1 L CJ "lVIV!i'l'flJ.J 

I v v V I 

L 11\! lll'l fl1 tl'11Ll'l lVJi'l ')~UJ.J'V::1J'fl\!nUfl ') j'lt1'mllJ1~ i'l°1V! t11L l'l 1L LJ ')L L111Jf)~ \! ~\!tll 2.1 
% .v.,. .rq , q 

L9l"lLtJ"llt1Jtn.r~::vnmu11~u1w Ll'l1L CJ "lLL111.J'WJ.J'lJU1f'l 125 x 3 0 x 5 ~ J.Jf'l11lJY 1,500 
v ~ I I V ~ V V_J 

~u Ufl')'\l:!:Vi~1lJ.J L~U'll1l 'lrntn1H'ilff~')\!'llthH l'l') ; \!'il1flfl')tWW1W L'll "l1lh1\I 2 'll "l\! LLfl".lVIV!i'll!JJ 
v 

, .q ., 

l 1'1 "l L LJ 1LL111.ltltJU \I 'llll \I L I'll l CJ 1 

• 
. "Of ~ I v _JV "'> v 6)v 

"\) :;:J.j fl') j~flfltll'Ul 'Wt '):; um L V!t'l')Vl rtl'W.J ')fl L flU 111 f'lOJ.fl')y.j'lJ'fl \l ll flJLL 'Cl::'Cl ')Ufl') j b 611\l "lU'll'fN L 191 "l , , , 
.r I·., o' "" "' ~ V V V ,Jq .q V 

0 
~ <'l ( 

L tl"l'V:; 'll'l.l ll iJ fl ll'C.l \!fl iJ J :; fl 'BlJ'll ll '111 %1tl 1,~ Vl\IUU bl 'W1 'fl \I fl ') nL m VIJ.Jflfilfl ')'lJIJ~Vlll \I fl 11.M bl \Ill 'l fl 11 j:: 1Ycl lJ 
~ ~ , 

V I ~ "Of I I V V 

'llll\I~ 'i.lVIU 1 'li'l.mu L l'l"l L CJ1UlJ1Jfl'Gll'l\I L i'lnL rum1 n ay t~k ; \!a1:J.J1n:m'Cll'lJ.JLLm hr5'u-a:: 
, ~ 

v v v fl v 

1-1 o v1u L 1'11LL1JW'fl "l'V'il:: L "1!Fl1"ll.lt11U'il"lfltLni'lV1r111 vM1 

., .J"" 0 , J -:I 
L\91 '1LL111J Reg en er ative furnance -v:: L lJ'UL\l'l"lVl~.JfllJ"'Vl l\l"lU 2 1\1"\lt "lf\llJ 

v 1 . K 11 VJ I 

'Vlll\!'lti°l\!')1.l (Ch amber) 2 U'ltM Lll"11lw-v1m61ffiL i'l~ \I ( L ~UL11tn~t'.J ')1.lLLfl1VIVli'llllJltii'l1til.IU ) 
V V I _J c;j _ V .q I V V I .J °" 

'Wllln ')fl'V~ 1 Vlfl1')l.J j1l'WnUi'l1tiVIL1JU L \\1 ')1 fltlr\j \Ill 'clJ'V::~fl ') jt'.J1UFJ1')J.JJ'Cl'U1:1\l'll ') \li'l1'l"li \! LLi'l ~\IM 
ti V ,J V .JI V I I/ .J 

rt.I 2 . 1 Llfl'l'l J"'UU'ltl 1 fl'V"lflfl')j L c:J "l l Uo/llltllJUVI EJ "lUi'l\l~"l'Vl'El'l'a "l-3 '-iJ::V1°1 l Vlll1U'Wlll'll1l\lll"lfl1f\Vl'V:: 
~ . .. . -, ,, , ~ 

V V V I V I VV V V I 

L '1J11llr1:J.Jn11L ~1) L 'W~ \ITI\l~U 1 Ufl:i"WL "l!UU L tUfl11 i)')fl')f\b)fl'vh 1v1TB'Ll1 u L 'irei-:1riUfl1l 'Ll 
u u 

I .J I V I I V VVI 

C Preheat) ; \I L nu'illf'"J'LlfllTVl'V::: L ~l.JtibUVl.fl~'LlB \I L fl"l l t1~ \!lJ"lflfl1'11:w 1 ~'b1f'l'Vl1 L 'V! t ll'Ufl1ltl 1~ 
I I/ , V , ~ ~ U 

fl"lr L ~UU L ~'Wfl"lrllt:::ViUflf11 1~:rBu . 
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• 

.r .r . 1.14 ... 4 .J4.J ... 
2 . 5. 2 !)1j'lJUpJ !ll'Vv:::'llupJLl'lUL61l L ?Jjtl\lvf)j ~rn L flj'f)\jj,J'[}'l!1!Jlf\tlLLj\lf1U 

J .r I.I I.I V _, !::: I .J .J I ~ ., a::: _J ., I 
L U!l\l'Vlf1fllT'llUtU'll'El\llbf)')'i1J!l\l L 61l L 1 'Gl lllU'GlU L U61l1 \l~U\1'111L~1Jl:::'GljJL1'11U'W l'l\IULl L flr'el \l'Vflrnl,ri 

V V I .J I.I I.I I 

~ \l-v·1 L ~uri'El\1Yiw1LL 'Cl::: 1 'llnumn\11Jlfl D'~1'1!1 L n'fl~un11n1i~i1 Luu \11u 1 ~ncn n1r 1 t1-a'll'tl\lP11 'll.J 
V I ., ')' ')' I .J .-J . I .J I I , .,r4 
J'flU fl111Jt1Um'll!l\I b'Glt1::: f111l.Ji1:::!lll'l'll!l\I bJ\l\ll'W LL~:::~\l!JU 61 ilflJYlfl ~ \l 'Vl~:::fli'l"l1\7l'tl lllUfl!l 

.J :UV V I v 

L f)j!l\l~flrm •1l'l!1°1 flr::: "V flmJl'i1ll\I flr:::w1 Flo at glass · '1J1fl ~~l'lLLfl') 
v I 

0 
V 1 G,,I 

0 

V 
4 

~ ~ V 
0 

2.1 eJ 
flj :::'Vffl)ILl l'fll\I fl')j'VJ')f)j:::vfl'l,ltll'i111\l'Gl1JtllLrfl'lillfl1 U1J'tl fl'i'.l L jiJ'i1JU"V lflfllT'UILLnJVl 

• 
LL'CI::: Colburn process 
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31 

~egenerative furnance 

R. Norris Shreve and J oseph A• Brink, Jr., Chemical 

Process Indu stries, ( Tokyo, Tosho Printing co., LTD., 1977), 

p. 186. 
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t~ 2. 2 
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n1ntiumtwu~1l ~4llmun1r 

2 Ibid, p .. . 187 ~ 
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• LU PPG Industries 
,J ... v 
"1f \lCJ~'flLLm Pennvernon 

v v v v v v 
... .c1 .cf 1 ... 7 ... 

. 61JtJ 1tJ~1t!'v 1fl1'£1'IJ'cM .Fourcaul t . 'll1n'Uf1'1r1J'V: f'1Ufl'J'IJU'Wlfl11\l 120 U1 tm1 32 U'l 

A1"1:1.Jvru1'IJ'fl\lLL;1iu'fl~t11ffinr1 L r1'IJ11.Jn1r~\lu;1 vi~\l-v~n~\lu;1iu 1 mLu1·n\l'i:l1fl L~ufl11:1.J 
1J 

v.., .JJ.J" )f' , .cf v 
tJ')') 26 ~rlLLbl')'V: o/Wltl'flfl r~ !J: Vl 1\l'VI L flfill'UVi l fl 26 ~'fl'l.!'v·::: CJ 1'U,,111Ufl1:rfl1rLL'fiUUi1LLi'l1 

v 
'I ""' ... ... 1 ~ ...... ... 
b'UlJ 1917 lJjHl/l Libbey-Owens-Ford glass f'l'ffi.l!U111ff1'1rCJi1n 

v v 

L~'WLL1J1J Colburn process 'IJ1JJ'Llfl 1r'Vi'1lf'l1~rnV1°1fl1t~\lLLfl1'V1flL~1lU~fln-m1n 
0 "" .,, 

l/ll'U'El\l L fltJ'"l fllJ F ourcau 1 t 

• 
· v . I 

M\lUfl1 L U~PlVll\ll.L'UJ r11JYJ'f)'liJ 
V I I 

Llfl1LLCJU Lur:::'V111\l fl. M. 1922 - 1924 1JTHvl Ford Moter ua: PPG 
V v ... V 1 "" oA I J. V 

Industries 1 ff1WJJ'U'1'll111'Ufl1rr.Ji'l'flLLflJ fltJ'll111'Llf1'1j'f)rJ 1 'Ll:W'flLL1J1.lflll L 'Ull\l LLflJ'V:OOtii'1 
1J 

11 I I '?.I V I 

1vivi~ll:wtuL~1l~uiJr:w1ru 1,000 ww vir'fl:J.J1nn11 1~~~u-v:~na \l L'IJ1f'l1uviti .J'IJ'fl\lL~1 
I V I" 0 V .J I V V V V V I V 

llQ.lW'llMVl~ll:l.JLLfn~Fl 1 2900 F ~flfl~\l'lllVl~fll rnh-v:vi·11VI1 fl lLfl1 L ~ULLtJ'L!WflF1-a1uv~i'l'l'd~fl 
, 1J 1J 

c <\I V ~ V I 

1 
I ~ 

0 
J .J"' .,; ..r 

LLEJ'UVl'Uf'l'll'tl\l LLflJ'V::: l:lfll'l\l i1l\lf'l1U~1\l f'ltJEJ1U~flfl'a\l'Vl'U1'LllJ1fllL i'l: L A~U'Vlfl1 tJfl11lJ L r1:Wlfl'IJU 
1J . 1J 

· _J I v .,,: I ~ l::: 
0 

v V -'l % .,; _,! ' V 

1 'U.'1lbl.l:ViLLCJUllfl'':l1 ,HJ1UanniNUU'V ::t~11 Vlllf11 t'lfWJ\lJ.J1fl"ll'LlVl1flfl11J.J L j') L j'jJ.J 1 UVl1\lrJJ\l'IJ'llJV11f) 
. 1J 1J 

.,; .,; V V I V I V I 

f'l11:l.J L t1 ~fl'a\lfl"i):Vl1 L ·v1 L n~fl1tVlfWl1Pl1 tJ llCJUblm~: Wl'Ll 1iJU\l 'Vlll \llllJ L 't.-1UtJ1 { Anneal) ?1'f) 111 
v v . I I I I I Iv I.I 
.... .,, ., "" ,., <'I 51..i 0 

'V1fl'LlU'V:\llflllfl1 LlJ'Ll'1l'L!1f1f11\l '1 flll'IJ~1'V : EJ1U61J 111'Llfl1jlJVlLL~:"llf'l "lf \l '1l1J1Ufllt b WJU'V::Vl1mu 

"" I . ..J qq 

nr:u1uri1rEJ~ri'tlU1 \l\?'l~LUll\l ~::w~riA11~a'1W1r~ 

v I . I 

LlfnllCJU ViWJn,n1fltJ Pilkington brothers 'lJ'tl\lilt: L VlflB\l flt']H ;\l~ 1:W 1Tl:l 
"> I.I I _J_,. oA.o:J.! , ' ' I V "" _f ') I.I I ~ 

E.Ji1rnLm LLCJUVlJ.Jfltu1:l:W1Jl"ll'l!N LLEJ'l.!LLm~::: DfltJ"1l\?'l'IJU rnmnr L 'll111\l l i'lv~~Vl~'f:l:l.JL Vl~'l lLVl'U'aflffCl\l 1 u 
, 1J 1J 

I I.I I I !::: I.I .J I.I V 

~ru::~ LLm E.J 1'W'f:l1\l 1 i'lvi: 111im:w L v.~1uu'tl~~n~'ll'fl\J LLm"J~a\l:w1n a.J 'll'Ll1flVlLLma -n.11r1:11 VI~1 ri 
, 1J 1J :II . 

. ------
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... 
1t-1'31'U"1urn UlJ1l F 1 oa tf;Jila.s s tfl~ Pilkington brothers 

• 

:&I 

n"ln iun1u1111 wir ed and patterned glass 
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flmlL 1'1n L .. 

1im'lfli~t~liflut1ftflULUDI 

, 

3 
' 

ttl1 l ~tlJt1fl t UlUJll •• 
• 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



39 

.. 

• 

• 

' 
มห

าวิท
ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



40 

:v v · :V I I 

llf1":1~f)'llUYl'f11l '3 CJ IUf11rLL'flUU'CI f)')j LL'flUUi'i 1 flUU'fl~\tl "' 2. 5.3 f11nL'fl'UUi'iLLfn 
:v "-I 

1 fl 2 1.h::flll'rl'Cl 

. 2.6. 2 

Vycor glass fused 
u :V d' . I 

silica lllfl um~uflwti1r1u 96 % l..ltltmrnn 1"Iifl 3 % u'flnuu-v::m-aw1LLi'l::mnvi·N 
. 1J 

I :v v d' ')""' ~1 "'"' . ., 'll'tl\l l"i1 LflUlJ~j'e:J 1.lvia L ".lf'iJlm~lJl\I a1~TlJLLfl1lJ'flLLTffil (Borosilica te glass) 
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u ')'WJ.J ')fl 

q., 

Pyroceram ~'fN1Jf1M Corning 
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_ 7 

6 
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.......... . 

""'-. 

• 

I.I . ~ ~ 

n'ln11LLmurnu 

I.I , . 

1. LLfl1LLtlt!'tltlf)'V1fl L o/l"n'llJ 
I<' ' o ~ . I I.I 

2. L ~'LlVl1~in L a~NLLtrullfn 
.J ~ I.I 

3 • VI 'VlJLLfYl 
I . y 

4. LllJLL1J1Jl"ll'llfl1U l Wtti"lf)"lfl 
I v . 

~ 

5. LLLJUfrUfl"l"l:l.JJ".fil.ILL'tli~ L ll'dffllil 

" 6 • {'fl "lfl"lfi tJ 1U'Cl"lfl"lfi L UU ' v"'l.,.J. "v· 
7. LLfYl'WHlU'VIVl1 L 'C!nLL~'l . 
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•• 
v v I v~ I 

2. 6.4 umurnti (Safety glass) tlflJUtDtJ1l"l~~::mN1fltil'U 2 YnfllVIW! 
v I 

~ ~ .., • 0 .., 

f1 'fl LLmurnrnLUUlJ"l\l (L aminate d safe ty glass) LL'i.'I:: Tempered glass 'Cl l VIT1J 

~ -- " v"' ., "" .J v 
wire gJ,ass fl'ifl L1J'ULLm'l.!rniJ"ll'LlflVl'U\l 1fl 

v v I V 

1 a umtlrnrnLCJUlJl \l c Lamina ted safety glass> Liluum m'lln'UlJ'm 
I v ' 0: V.J V v ~ I 

1ltl "l\lfl11\l'll1"l\l Llh.!LLf11"vn.J r :::111l1Jfl1Ullfr:l1J"l \i'l!U"lflf111:UV!U"l 0.125 U1 2 Llt!Ullr:::fl1Jnu 
q .::, .J"" ..A.J

1 
I . .J I .;. V q ,,; % v u c( q , I:: 

LL'i.'l:::W'V'J'i.'l "l'M1fl'Vlll"1J;J1Jlfl'VI :J.JLLl'lfl L 61j'j'.)jj'f)~ 'Clfl ll-u.l::'ll'fl \lLLmurnrnLlJWFl 'i.'lltlfllJ'llWU"l!Uffi"ll 'ltl\l 
.::, v v ·v G')v I .J 

0 
'1 v.,,. ., 6') , !:: v .::, 

'W'l'l l~rlflLL '1.'l ~llfl1 'i!:Q'l'fl \l ~fl 'Cl ''l\l b V1~ :::1l'Wlfl'El1.lV1'i::'Vll L 1J'WLLfl1UjfltJ b Uml'ULLTflVI \lllf11LL '1.'l ::Vl'i.'l ! arin 
. v v V v I v . V 

'i::b1nu
0

1lJ1nl'l 'l Vl~flnulriu L "llfl11:ur11u'l!u "Jri1huria1 \lui'l:::ri'El ~nfl'1l'fl1J 1:u 'l V1nn , r]:u'1l'il \11l1n"lfl 1 ri 
!J . 

!:;::.: V J V J V !:: V V V 

~1nuun1V~~ L ti1tm1v11fl11Ju\I L rirn\lnriYi'ua\l 1flur:::uu1 ttfl rn~n 'Wr WJV1\l L 't-1 ri1 1:ur'flua;:i 11.lmti 
!J !J 

!:: %~ J 6) v v . "' 4 ., 1· . "' .,, !:;: q v . .., .., "" ':'. 
'VI \l'UflL 'l'ffl ~ mm1 LLi'l!:: 'W'i.'l l b'lo/l fl L "ll'fl:UflU'El81\li'l'U'VI Vl'Cl \llVlflUU:J.Jfl')jlJfl'lJ'f)lJf)J m aflflUfl')j'TI:J.J"1J1l \JUI , 
.J "" !:::: J 
111 '1l1l1J'tlflf'l j \JV!'U \l 

V ~ v 
0 

v "' ., % ., v 1"'1 q .J I I 

Llfl1t~ ~'1l'VllllflJUjJHJ'W L 1J'LlLL1Y.l'iijj:J.Jfl l LLrl:J.J'Wi'l"lZ'l\l'lflVl'f:lU.flltJl:wr :::V11l\l 2 LLl'.JU 
. !J . 

<f. I IVVI:::: V IV I 

L llU~161l1iJ1Jj :: a l'U 1:u 'l VILLfld°Vr\l . 2 ;ULLl'lfl '<il lflnu Vl'i.'1 1c:l~flm "llrl'r:l'WLLrflA'El 1 u l lflr L olr'i.'11.'I 1 ~ Uri 
!J 

v v 

lflWV1a\ll 61!L "ll 'Cl~ l'i.'la'fl !:~ Lo/lo/lLL"vlU ua::'lur::u::V1~\l~flA'flflljl'l! Polyvinyl butyryl r es in 

' . ., .,1-=j <!l I , I ')' q !:::: .., 
0 

v v V .ti 
Polyvinyl rnm11rV1:uri11:ut1riV1 yii:u1nm 1 L °11'1.'I~ t aa'tl::"l! L ri11 U'tlfl~lfl'UUtJ\l'Vll L vi 1 flLLm'Vi L 'a 

c(I I I c( I IV V I - V 

rl'i.'l'r:lfl a.fl"l1!:fllnwl1\l 'l 1lJ~l'.J'i.'lrl1l LL i'l\l 'il~l'ltll ilua1r~1:J.Jfl1l\l L 'llfl"l1 '1.!UJ::~1.t1LLfr:l:U~VlnULL'i.'1:: 
LI.I v 1·v V v v 

hm'fl\l L 61!fl11Ll 'GI:: 13,JYJ'fl\l l '1l1~~fu u~~nmti 
v v I V · 

L~UlLfl1~LL; \lLL4\lL L'1.'I::: L V1Utl1:J.J 'm L'llllVITll 

I V V V I I ~ 

; \l"vl·, 1fl1Yiun1r 'l V1F111:wrlim1'Elb\JV1.flnv.ti \l L 61lti soo F 
, !J 
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• 

V .J . . V_J ..J 
. 2.6.5 lLfnLU b'I U'U~ (Photochromic silicate glass) L~'UllflJ'ltlLll~tJ'U 

,;; 
0 

.ll .ll ,J ., I V .,.1 ., V"'1 ,J I I .:! I % 
L 1JU~fllt1 :f'fljjfl LJJ'fltlflf11JUa\la1 l\llLTI1lU'i.'!Utlfl'i.'llJ1 fl'flfl LJJ'el 1mimLi'l \l 'Gl11\lLL'Cl::tJ\l'Gl1 'NlJ1flW 

~ . ~ 

,J "'1 v .:! ·,r oA v )jV "'1 .q .q ., .., I.I .ll 

llJ'flJJf'n IJJJlltll 'll~JJ'll'U it1.J1J\9l'lJ'Cl\ILLfl1'\l'J1flt!\9l'fl\lllll!]flrtl1LL1J1JtJtlfl1J 1 fl (reversible) ffel 
. v v v . v v 

1JDnru1ti~~ L nri~U'ltl01'w'Cl\I L ~u1nt1\9l'Cl'flfl'll1l\lfll:f'ltlflb'l'Cl\l l ~~LLa\l~\I 1 ,ooo f'IT\I Ufl15l!Uml L nfl 
') o "> t' .J"'1 ~ I "'1 I .q If 

'V 1flfl1:f'ltl fl 'i.'l'el\l bfltlfl1Ttll L 'Cl'!L\lt!tr11 'Ml'ltlJJ'llU'WlL 'i.'lfllJlfl (LLVlllfl11lJLl\9lfl\l11\l'V1flL\IUtr11 'i.'lflLU 
d' I ~ d'I VI d' V I 0 

~'f1lJt1 1Utll) 'ClVJi1f'l L Llfl 61 'll'Cl\l L ~ucr11 Llm \1~'11U1fl L i1 UEJ1~UUfl'i.'l1 ·JU1lUflY'l .. 50. A LL'i.'l:::~ 
I.IV I I t' V IV VI 

f'l11l.H'lJJ..J 'lJ1..l 10
15 ~U"JU rm 1 Llfl1J1fi fll'lf'U~ Llll'1d 1l'Ufl1f'IUtlfWlT \ILl'LlUmULLfl1;\lL~U'C! 1:r 

~ , ~ 

.J .J· I I I.I I.I I If I t' I 

L fl~iH 'U'CltiYl'CliJBnru1 rn~J.J1n ; \l11mun1:ri! l~'W'llllLll'lnri 1\ln1.Mm.iD1tipJ w'i:'lmnuph ~u 
Iv I.I I.I 

iJj)nru1LL11111 :u uti'Llfl~~ c irreversible> 1J[Jnru1Lfl~'il1'VLLafl\l1 ri~'\lil 

Ll'Cl\I o o 
1. n AgCl _' ----_?>· n Ag + n Cl 

I . ' 
. f o <ll ~.c;! . J.., v 

n Ag f'l'ClLJ.Jfl~fn'ltl1J-.JLVC1\11fl 
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2. AgCl 

3. Ag+ + cu+ 

• 

0 0 
Ag + Cl 

4 ') .J I 4 ., -!.! , 

Ll~ ~ 1 Pl'flLLt't~ LUVlt't1'N~f'flfH'i1~1U ~f'flU'ilO'il1fl1t 

ua~ 2 ~'ilLLa~fWl"l~~u ~t'ilLU'fl"lf'l"lt 

( 1 ) ·:::,,,. Ago + CU 2 + 

(2) 
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• 

• 

., .J ti 

~ll!V~l.lflll" Llli'IWpl'll1l\ILUY.l 
I V 

3.4 1lumn~"ll1l\l'lllrlUfl'tr Lll1lL'Cl::~vimhNLLf11 
, SJ 

~ .,. 
lflllr::a\IF1"1l1l\11J~ Lruu 

JV K vv v v 

via\l'Vlffvl 1 ri~mvHit1lvi11 ulMillL'a'l ~MnH1ri1n::nF111l.la1l.l1tof1\lu · 
_, V ... q .q I I 

1. 1l1JlJ1Ufl11:J.JVllJ1U6ll'eNLLm lfl LLt'l:: Lll,tlllJL VIU1JflJ1l.JlLfif)fi1\lt::Vl'l1\lfl'l"'ll.J 
. .,. ~ "' 

WJ1ll'Vl1\l l fll.JlL 'Cl ::Fl'l 1l.JVIJ.J1U'Vl1\l~fl'Gl 1 fl 
I .,j V I v V 

2. ~1J1Ufl01\911\I 1 L flUJnl.l'Ol.JOO'W'l\lfl1Uf11Yi'ml\llLfl"lfl1l 11.lu1fl 
i. ti ti 

- mnJr~a'Vl'fifl1t"flU1U\ll'H ~\IL ~U'Il'Cl\IUf)"l 
.,. 

- fl1T'Cl1JL 'JAUUJllf11 

"' .J v 
- 1lt'l!Vl.m.Jn1r Llli'luur1.l'll'tl\1Ufl'l 

, SJ '!J 
v 

· - 'VY1VII \l 1U"llll\1Llfl'l , 
~ .A V .J .; I I ti V 

3. ffi11J1YJ'Gl l.J1J\91~ 1\lfl1Ul'l1~'ll'tl\ILLfY.l'Vlif 1PIWJ'Clf11l" L U"llLfl'l 1 fl มห
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v ~ v v 

2. L'1l1tvivi~'fl\l-a'mJr:::~w11n"'lnu1u~1 L ~\IL au'lJ'fl\ILLfl1 • v ,J v...) I I v 

3. L 6111~'flnllr"'lu 1. m rn\laJJimvi"'l-:in"'lm"'l'W'll'fl\l LLmviuCJa111'fln1r Lll"lLLrn 

v 

1. LL VI 'l LL fl1 fl 'lt'l 'l 
I v 

"' 2. 11::: l fll.M L D"lllfl'd 
v ....... 

3. JJf lo/lflLLfl'1 

l::: 
v 

4. 'll"'lrl \11"'l~Ll\1 \l LLfl"l 

n1rllr::: L~t!CJ~ 

v 

2. i \l L flVl~"lflfl'"l:f6ITfl(l"'IJJLL~:::\1l'flWDM"l'll'fl\ICJ L ruu 
., lJ 
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I 

. 11 11 t' I 

Fl'dld.Ji!l:W"lU'11'El.:JUfl1'Vl'N L f'li1 lLfl'dWJIU~.:J'11'El.:Jr:Jt'il.J'11'il~'fl'e)fl 1'11fl1.lt::: Lfl\1 h1r:: L VIU61J'fl.:J 
.c( I v t' 

a1t'\/i1fl'flUtm tU ; .:J 1 fl~lflfllt~~"lUfl1lL a:::n1rvia11:w~'d61J'e1.:J~1fl L avi:aL'tl~Fl"l 1 ~ U il::U'ilaA "l 1 m! 
t' t' 11.J v I 11 I I 

L ~n~ V1t1uua::'fl~ri1lr::oolJ'1l'fl~LLWl'tl'U , ua::Lm1 L~U~'·1t~n1?1r ~ar"l~ 1:wuumu มห
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I. ' ..., ..., . 
3. 2. 1 l:wllr~~Vl'ilfl'"lr"lltl'HJn1 L ~\IL 'GIU'll'fl\1Lm1 C Linear expansion 

v .J ..., ., v ~ . . .J ' ~ ., 
coefficient of glass) LLfld LlJ'fl 1virllPl11lJj'f}U~::'llU1tlrl1lL'b'I:: LlJ'flLtJU'b'l\lff~::V1f1m 

.J V v V I V · . V I · < 
L viimuil 1T'ClU '1 Vlfl~'Cl '31fl1fH.m1r1. 'll'Vl~'flflLLfl"lf1i'l1 \IVI t'flLLVl \ILLfl1nt!'llU1flL i'l'UCJ"l1;)UUfl'a1\IWfl 

tllJFl"lt 'llU1fltJl1llr::lJ"m! 100 cm Ufllla1mt~~'fl\1;1\l 1 ;1uuinr1u LL;1L;Llla")1 ~· 
I I v . VI I. II 

~ul:w~ \llJ"lfl L '1li.! L llitl 1 W~')fW):: L OU\l\fU Lau 'auVl'MlflLLfl"l~')l.Jfl')'"ll.JU')") 1 m11V1Mlfl'flU1 L VI 
~ I., V .., ' ~ v . 1 V v V ~..r.d 

Mlfl'f)'fl'k!m"ll'fl\llLfl1 Vlt!\1~1flUUmJfl")U'a1.\l'll'fl\IV!MlflLlfl1 VIMlflLLm~:: 1M\l'fl'M ltl\IUL'U'fl\1~1fl 
V V I V V I V .J I V V V 4' f 

n1LLfn~1U~1\l'll'fl\lmtflflllfl1'llU1Un1'L1°11 Vlilfl11lJUl1l.Jlflfl11fl1UlJW LL~:: LlJ'fllJitflll~\1111 VIL uu 
I v v I I a' 

., "'"" v#\1 "" q .Y. ~,q ..,..,. 
ma\IV1~V1.'f.l'3 V1'Cl'flV1LLm~::v1fm1F1u~an11:: L fll.IU11 L Vl1 L fnJ ·ci:wllr::umn1r'llu1uri1 L 'l!\I 

v v I v v I .,41 /,. 

L '/;1'U"ll'f.l\ILLm~::tl'tlflPl1fl11lJtl1l.11tfl 1 Ufllr'lltl1ll~1 L ;\IL amrn'3LLfl1'l!UflVl'N '1 'lf'3Pl"lilJllt::~Vl'D' 
v V v I v V I < 

fllT'lltl1001L;'1Lfil!U?l1U")\U1flv1flCJ'Cl111tVlfli'l'fl\11flUU
0

1LLVl.:JLLfl')9i''U'll'U1fl L tlUCJ1f'!UUfl'Cl1\IWf:ltll.J 
. . " 

.... .., v .J .., ... ., .J ~ .f ... k .... 
fl') ni1L CJ11 wLL~1flfl11:wu11"ll'fl\ILLm·wym1um ui'l::viw.~:w'll'fl\11<nv111 L va.i'JJu <vruw;iu~ L '1! 1 un1r 

Vlfl'Crel \I) L 'l!U 

I. v ..., v ' 
l:w1Jt::~Vl'iJfl1j"lJt11Wl1 L ~\IL tlU'll'Cl\ILLfl1l 61li~fll:lll er-~ 

v ... 
fl11lJU11'll'fl\ILLVl\ILLfl1Lml = Lo cm • 

I V.J .,.J v., V 
. f1J1:!JUl1'll'fl.:JlLVl\lllfl1'Vl'llU1UV11um1 fltllfl11lJf'flt! = l:: .. L cm 

.., ~ Li L 
M'UU ~· = 

Loj_''\ T 

6L = ~ LoAT 

V I 
; di ""' .., ... 

1'11 ;::/;. Pl'flfl11lJUl1"ll'eNLLfl')'Vl'lJU1UY11Vl'flVIU') Urn 1:WU 11VIBVUlWJ" 
I I.. V V VI VI 

f11i:wllr::ihmn1r"llt11Uffl L ~'3 L au'1J'fl'3LLm~::~U'flU01JLLMLL~i'i::Wfl L w 
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v 

• 
... 

ft I cf:;; <
1 

'llt!fl'll'i'.l\l um 

1. Pyrex glass 3.2 x 10-6 (c 

2. Duranso glass 
. 6 0 

3. 7 x 10- I c 

3. Solidex glass 3.6 x 10-6 (c 

4. supermax glass 3.3 x 10 ... 6 (c 

5. Silica glass Oa5 x 10-6(c 

6. Soda glass . 
-6 0 

8.7 x 10 / c 

7. Lead glass 9.1 x 10-6 ( c 

8. Bottle glass 10.7 x 10""'
6 t°c 

"' ... .J ~.J c; ' "' • 
LLfl161l'l!VlVI 1, 2, 3. lli'i~'l!Ufl'vt 4 L1JUl~fl1 '\rrl fl Borosilicate glass (LLM 

I 
... ... .w ... 

CJ~?l'V lfllJT 331.1rl1 \lflU) 

• 

I '-' · V . 1· V V t f' 

1 un1nl11Llfl1 LfliH u~1~ 1 t1V1ll-Jl1~fmn-w LlJ1nm n1r'Cl r1..:iLLi'l~l!J.JLL'1J'J.J~~nt1l1 
,J . V V . • V .J VV V v I . _J I " f' 

L f1 d'CN LLf)')VJ'C) \lfl
0IU \] ~\lllfn'Vl'Y :::t(')jJ') 1 'llmU 1:11 L~'Ullfl1rl1\l'1!UflOUVlnfl1il'J.Jl1t~~~fl')j'lJU!uri'1 

' 

... ~ ... 
3.2. 2 l!Wv1.f!J.J'lll!\lfl1tl!1J L VIU'U1 C Annealing temperature)'OO!W'lJ.J'llll•m"lr , ~ , ~ 

· V I I V I.I I . I V 

'i'.l lJL vrum ( LflUUfl~Ub'l1'1!1\l L~1LLfl')'V~ t '11~0'Yl~ flltLL'tlW 'C1 L~U.fl"l~1fl~~UtJJ.J L ~nu 
If' f' VI I 

llrlA~tJ1VIU1fl1bl?ltUlJ1Jj 16I!ifutvmm:li11U 2528 1 ·1wi111fl1t'tllJL m1 ti')) L ~U'tlruwtm '3 LJ.JL ~fli:l , ~ , 
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v v u v u v u v v 

L OflA11:JJL fl'U (stress) 1 u L U'EILLfl1 tnL O~f111l.JL fl'U 1 u L U'EILLl)1:l.J')f)~:::vi1 L 'VIL nflr'tllJj')") 
J' V ., .q <!! "> v ,J V 0: ., _J . "> V v ~ . I 0:~ "> 

w L t!'tlLbf)"JVl'Wl~ 'Vl f'tl L lWlj'EJlJj')') L:l.Jtlllfl1 L tl'UV11'a'3Vl'flruwll.JVl'f.l'3 Lbfl1U'3Vit.!"llJ1f)L Vl11 rmN L f)fl 
, 11 

JIV II:;: IV .JI V V .JI 

fl1'\\J Lf'l'U 1~:w1m 'Vl 1UU L 1"Jj'):::11Lbfl1Vl'l.l1 '1 Lmnhtllm 1 Wfl'fl'3L 'llvruwj4~'3l.J1f) UJ'fl Lll1 
.: V

0 
"I V.J .,., .:_, I .: 

L i'lH hL "'1t! 1'f.l'f)fl~ 1flL1lm 1 vJ l'J1'U'Clfl'll'fl'3 LLfl1Vli:l.JCJrl fl11'f.llf)1fi~::: L Wmb'l'3'flU1'3T1fl L j') 1 t.!~tu: 
f 
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' 

g:: II""<:! .,! '°' VII 0 "' ~ °"' L 'W l Y1 "Ytll.JWU~:: l '.n1'il L 0v\Mlruw'll.J'll'El\I L o/l l'EllJ l V! r'Cltl 200 C Vlfl "j 2-3 til'VI ~UM'OO!W'll.J 
, 11 1 , 11 

V I V II If I V .J V I 

'll'El\llfl'ellJl VIUU1 ll~1iJ~mil Vl'ellll mhn 20 'WI~ tbm~11~1w11hb.J~·m.11 VIL flT'el\llLfl1fYcHJ ., 
~ V V V I llVll 

l UU'M~t!~\l'Ubl~flU'lt1'El \l'ell'VVl'el\l l '1! L 1fl1Vl~IU.t1 Ll.l\IV1f'El~\l l:ifll\J~'U 
, 11 

.. 
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OU 

·1 
/' 
/ I 
I 
I 

1--- ,.__ 
j I 

I 

------r ~ 
I I ~ c 

..l \¥ __ . 

l 

l 

1 

I I 

----.:::~-;,:;_·:.--- 2 . -~--< .. -3 . ,, < --
4 ~~~--~ 

I I I 
I I 
I I 

.L~--~'-----~--~---~ ............... - - -.. -·--·'" ·I 
q 

VH'l"l (U"'IVI) 

v 

'fl\UW'l~LL a:: L 1 i'!')'ll'fl~ rn r'flll L t:1umum 1 u L \l1Ytl1J 
, 11 

v 0 

"" "" ~ 

'llUfl~'el~LLn'l 'flruwu..1n1r'tlrn wum ( c ) 
, _ 11 • 

v 

LLm 1"lffl"l 520 
v 

mn m 1 ~~ L nn 560 
·v II' 

'°'\"'I 
Llfl')6lf'Clfl"l (rl'l'DVI"]') 1200 

J v 
3.3 ~WWJi)fnnll-auut1J•1rn ,mm C Deformation temperature) 

• 

• 
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I v 

3.4 ~~.m.~~'l!'f)-l '!l lrnJfl"lrLUILL 'Gl :::fl'fllu.li'l .. mfY.I (Processing temperature) 

• 0 

( c) 

800 - 1200 
v I ., 

Llfl1Yl~ fl1 970 

1850 - 21 00 มห
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oA v., I v.,..,.!) J "" VJI I SI ~ 
ut1n-v1n~J.J11mi 'l\I fl'lU.fl'l'\ll'llll\ILlfl'lfl\lfl'll'l"HL"1''H.MlJ L rt1\I L flUJflllLLflJ'Wl!'l\I Lll'"ltm1A1rn r11lflt1 

q SI ot ( J ""• J' J .. 
3.4.1 fl1tLflfl Devitrification 'llll\lllf11 llJ'UUt"lfl[.)fl'"lTUnllLfll'l'll 'U'l!lEJ1 

'llll\l ll;1~~6ll 11'1~tl ~\IL nfli'U~lflf1'1T~WL aulltlJ"'llli l avi:::'5"1Fl 11 'a~ L ~Ull \l~U t:::f11l1J~ L V!lJ 'l:::"alJ l U l :u .. K SI I ' v J .,\ ( .r v 

L ut1un1uri'Gl:::61!ufl 111 'lii°IL in nVln1r Lll~uuuiJ -a \llltJ.J'"lfile! 1t'l!lL~u'tl\IAllr:::n'illJLUL mmm LL'Gl:::-v::: 

i(IV VI V IV.,;; I V 

UT'"lf!o!)fl'lt\l!L '1!UWJfl'WlJ l l.Hlf!Jll'flU '\ll1flllf11 l6lifl1 LL\IHLflJ Ll'll\I L 'll'W llf11flt'"ltl :u 
V .,;: ff ~ V V V ~ V VJ ~ V I .J 

LLflJ lratft'TI fl'VUJlJl\ltllUfld'UU '1 l 'lfUlt! '1 L('a:::l 'll 'l!lllbl!V!.fl~'Cl\I '1 tltlfl~lf1UtlllflJLfl'"l '1 'l!1 , :u :u 
I I V _J vvv 

1a~1n fln·lJlll.J '1 n~:::'1!1°! l VI L OflfllrLUi'lUULLU"1\IL Ul irntLfl'l 11'1 lflm'!WL ~ulltlJ'"ltl!l 'aV!:::~'aFl'l 1'GI111 
:U"' 

I I V 

L 'V'J t1:::1'GIV1:::~'GIA11 'Gl11ri1:1n1r'l!11115nru1'!!11\ltfl~nlJ-a1tLA~ri1\I 1 J.J1n ~\1'1!111Wl11rJ.J1ru'l11:1\I 
qq J q ~ 4 I J.. V J q ..r .!) 
61f'Glf11'1!1lJ"lfl L flU'V'JllVlfltJ'afl L Vl'fill'eHJVICJJ'llll \lbLfl1 •.a \lfl")j L fl fl .nevi tr if ication U LlJll 

:u 
V I V V V V I • V SI 

L nfl~U~Ll1'llll\JLlfl1LLit:l~:::'l!1°l L V!Llf!J L J.Jr 1::: 1J.J'lllt!i11U ll'Gl::: 1:l.J{l1lJ1Hl\l::: LLfl 1 'll 'ir1 
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V I V I 

2. 'Gl i;<flflld"~flVl'tl\l LUlllfl"llllJlJl.J"mt ti 'ltiLL~:LLlJlJ\llU '1 .. 
v.,'S V 1.,1

0 
I I V.,kVI V ~ q q 

3. 1 VIUfl r1 fl 1:fl Vl l'ZIWaU'VltN1/1'VIVIUl'LJll'V1 \lltmvi l 61l Llh Vjt'tll.JVl \IL iJr U1Jn1tl1J " . 
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vv v I v ~ C: v t J . I 

5. l Vl~ L rtJU'fl'flflLl lJlJWtl\I Llhllfl1 ~ti L flllllfl1 ll~:: L "1 U'tllm~ \li'l(l'YL!'Vl'VIW IU 
v v 

I v I v 

1. LllJlJvl'J 'tltl 'NVl'eN LlhllfY.l 
~ ~ 1-' 

2 • 'l!ti lfl lJL l flJ 
v . J v I 

3. llJL Zl'Ll'tlT1fl lllfl':1'll'tl\11JfiM'll1tlL flt'eNllfl1Vl'N '1 

V I V VV 

1. l ~ L flrlflJ ll.Jb'J ')J.J')j (l L tlfl')j~flVl'fl \I Ll.hlLflJ 1 flfn tJVltlL 'fl\l~lflfl ')j'fl'flfllLlJlJ 
.., ~.: vvv 

2 • b'1 ~ L flrlfl':J 1l.J'iJ 13.Jlf(l'fl'flfllLlJlJ'liUL fllJLLfl11 fl~flrl'fl\I 
I v 

3. a \IL flPl 'V1flfl11l.J'b'! ll.Jltfl Lllrum ~tJ1Jj"Jfl1'V1'VlU1ULLfl1~Ufl L ~tl10U'll'fl\11Jfliv1 
I.., .., Jf V 1.J 
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"'\ .A I v t:: -f v , 16) .J ., 
\llU1ll)1J~f!1nll1Lm1uu?11ruwa..:i1n..:i1U LfltH\!Vll::'tlu LUarnwvlL iu.n:alJ limiMu 

. " 
' V ..j I l;: 11 q q v .i ., G) V ~q 

'lroJ::'Vll \11\l LLa:nrn'Vl'V:: Lll1uuu'tlfW"lfl'V::~'e'l\1:1.J~\llfl1~flLL~P11 n:: L fllJTflHI L Vl\Jfl1ffLLa::\1::mn 
I V V 

LLflfllTL ~..:i1umu 

SI I I.I 

5. 1 fl"ltiflVl'e'l\I UhLLfl1 

V I V V .J V V I V I 

Vl'fl\I uhLm1F11n:: L~ml'3""1'tl'tlmL1111 Lflu L <Wvn::a1V1t1J 11 L611\11UL1hutYl Lflu 1ur1lJ 
., v J 4 

0 
...} ., V I SI') ..i.J 4' J -ll ' 

f)lJ'Vl'f) \l'e'lti '1 llf{t)'Vl"J \11\l L flU1f11M "l\lfl1Uf11rL lhllfl1 LflU L ~\'11:: mt L f)lJL flT'tl\llJ'tl 't!Uflftuf)lf 
IV 4' rl V.J VI 4' ._. n · 11 ~., "> "'\I:: .J, 

LlhLLm L fl1JtH1'tlf1LLfl1'v1'~:: 1. 611 LUI l fljJl:J\JLLfli1 L 'll'tl L VlM M'tl'e'lffl! L 'VU nfln\l L Plt'fl\l~'e'l'mll"I 
v Iv ci ti.I t:: Iv d_J 

-a'fl L '.ll'"m:: L nU\I L l.hLLfl1 Lfl:: L 111um 1 flU i U'Vl"l::i'IViTiNiflvi '3'1:: L nu-3Ll.hLLfl1LL1JimflnlJ1 f):: 01!'3 
' . ' 

V I V I:;:: I I 1( 
'lun1riflV1'tl'3Lll1LLfl1U'Ufl1TFllU\l~\l~\lrttl11.lu 

_,Jt:;V IV IV IV IV d' 

5. 1. 1 i1 tll'U'V1\11\IV1tl\I Lll1LLfl1 11°1LLVl'U~~tl'3 LUILLfl1Pl1t'tlU 'l fli'IVIT'fl 1nur1uuna1..:i 
.. " " 

• 
V ' V 4 ,J · VJ IV 

Wl'31'V1U"'lfili1'1t LLUnL~'UVl'tl\l~ i1 r:: L Wtlvi'm1Wl11 L r'fl-3 L au..:itUfl1'U'Vlflfllf L "1l L flt'fl-lm LU'lLLfl1 
. I .J ~ v .J V I V I VV G v · -ll 

0 

.J 4' V 

L 'll'UL fl t'tl\IVlfltLfl1 L fl r'eNflfl'fl'lfllf'i Vl'fl-3 LlhlLfl1fl1 t'tlU L fl~tl\I L fllJLLfl1 VIT'fl'fll'V'i::"11'V1 L fllJLLfl1 
" " I:: 4' II I I V V 11 _JV l 

1viuvh Ltlu"ll'U '1 L fllJLLfl1LLrJ~::'11U"lflLL\l1'a::EJlUfl 11~flCJU\l~"l'3 '1 ml-3 'Cl l:l1U'Vll'l'fl\li1::fl1flfl'flfl"lf 
I v ri LI ri d'.J I 11 I 

'llUa \ILLfl') ~\lllfl~ L ;1.l L 'l'l~\I 5..:i LLm11.l1.lm L 'V'U LL a::vllfltu!Lf!U'lnlJfl'l:rllllLLfl1 V11\l 1 fl'a'Vlfl 
I I II ~· I I.IV V 

L au..:it1Jfn'Ut'l :l.J-m•1rci\1611''1\1 Lll'lLLf)') (L Vilt"l::L UlJ'NRt\l'll'"l\I LlhLLf11rt'ihl L 'l!itlJ..ml Ufl'lf"1°"l\l'n!) 
I I 11.J V VV I 

in..:i 1 fl'a'V'"lf1~'U~ ::1.l1.l\l 'Cl ''lt L fl~ Vlt1.l 1 oo1w~::~fl11ULLfl1 \'11Li!ILLfl1 i1 f11.ltnihl'~1L1 a1 uh 

v I v 

5. 1. 2 '.l!U'lfl'.ll'fl'3Vl'tl'3 LUILLfl1 

• • .J d' I v 

'11tl\ILWlt LWf:l11\IV1.lflfbl!Lll1Llf11' LW 
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J' I.I I.I I.I I.I ,f of. I I.I .¥ I.I 

( LL'.fluihn , m!Vl1l\lf:l1L~t! 1111 flFnn ~u hmJ'ElLL'lJ\I Llfltl1Ut'flUlLflfl'lJ1l\I Lt!'Cl h1111-v-v:: L~U 
. 1.1.q I.I ,f.q , (of. I 1.1.J 

mmr')Utl~L f'IHl.Lfl'Hlf1'M 111 .'V'IU"ll Ll.nJJlfl~::fnflmlf)'lf'Vi°''IPl"l')lJ'a::'fl'lfl t f\ hllLfl"l'Vlflf1LLflfl~'lflf)1t 
• 

I I.I I 
0 

"'J' . I.I v . l 1
0 

I .J v , . 

uhun1, -v::1u\tl··tlwvnai1uvnu LWfllti\.1e.l\l'fl'fl\l~\lmlf11t 1uf11t?i1m1 3 U.J'flr LYIDLVI · 
. 1,.1 · "..t . 1.1 V VI.I · ti.I d 

Pl1 lllf'fl'U 1 'flLLfli'l\tl L nfl~1flf11t LCJ1LLfl"lflt::~1U~U~\l 1 fl f:l'l L \ftlfl1t!fl°1'flll\1~~1~flLLn'a'fl'flf) hi 

I II I.I I.I d y 

5. 1.3 n:u1Jf11tf:l"lUU'l'fl'1fl1fl n1nlJ"lLLm 1. un1ru·1tLm L 'In 1 vi ,::numirw 
I I I.I I.I . I.I . I · I I.I 

<'i "" ..i . .q.q.q.., 
fl1\I ~ ~\l'fl1l\lf::1J1U'fl~fl~/f1Vl'fl\I l~'fltl\13.Jt::1J1J01Tf:l1UL\tl'fl"lf11f'i'Vlfl UVlfl~lJ~fltl"lf11f\ . ~~ 

: ' ., I .r I I.I . I.I .,. ~ 4 .., .. • 
L 'l'Wl1U~\I 'V'~fra3.J~fl1l1f11f'IPl1T'fl~L'flUW)') L 'Wfl'"IUWfl-0 tl1i'!1lJ')ftlflfm\I L Plf'fl\1Ut1J'fl"lfl1f1 L WEI 

I.I I . V 

Pl11Jf1J.J't)u.tW'lii1fln'V::~u\l~u , , -·v-

I.I I V I I I 

5.1.4 ua\la11" 1.uvi11\luhummn::umi\la11\lvm~ ., lll'C111\lu1nLnu1u 
. I.I .J J I V 

. L 'Wt~~:\11LVlfl"lT~Li:l~'V~fHlJ'a11 vi Lvrelrl"lflfl:: L'U~UPli'l'"lfl L Pltrfl'Ulnfl L nu 111 'fl'i.J"l l WJLL~ \I 
v I.I . : . I I.I I.II I 

LLflm11fl L 'll1Vl~\I L 'Vlt1::LLtl\IUflfl,::1JflU\ILLtl\l'il'M Lll~ 1 vl-v1n?J:: L nu\I tl11un1 'V11 L ~'111\1 uh 
V I . .J I .J dJ' ri 

umlJ'fl\11" L ik tum 1 wvi L nfl~1n-5rir1'C11uCJauVJ~rot mri::'lJ'fl\ILLM L 'll'fl L V'l~\ln1JLLna11'tlm L w 
. v I.I . I.II v 

vif.EJ'fl.1fl~f\~~ 'V1°1 l Vl'V1°1\l "l'U 1 flU10LL~::t11,'V:: L n~im LVI~ lf1\11U f:l1nua \ILLflNJ1flriJTU\ILL"a\I 
v I I.I I.I Y ri I 1.1 J · 

LLfW11J1\I mt\1"111\l L'LlVl'tl\IL'llVli'l'flml'fl'flu~fl 11 L mJ'tl L'fl:: LlhLLm n1t~flira'flml'fl'flUL m'MiL .:11 • 
.,J V .J .J V V I I.I .J I.I V V ·. . . 

11 L nflw .~\IL \11v1L11~u,::1ti11. V1n1uiru\l'lJ'il'11.Lm'V1'V::tit1'1L1111v1~rw1~1fl1 fll.J'lfl 

ri l •V d ri V 

5.1.5 Lri::uJ1LLm . LLUflL~'Ulrl:: 61 'llU1fllri::n11.:i 0.75 t:u11r ~\llJr:::w"ltU 
. ri 1.1 I . v 

o. 75 L jj~r HU Lri::~mtJLLCJ'ULL'El'GI L lJ'CWlmi (Asbestos) fn1\11.lr::3.J"ltU 3 ~1T1-l\WJ 
V .JV ri V.J I.I.JV · ri1.1 I 

~u11.lr:::w"ltU 3/16 ti1 Ll'mllti.Jnu 1ri:: 'l V1:u L U'c)\l,1mm1V1t'flUifl w Lti::ti'tl'1nua"a11.:i 
v v v ri ,,. ri ~ 

L ~U'1'Vfr.l U'Gl \IFn rl.l1,1fl'll1'11J'Ufl1'Utru 1'1l'Cl\l l11:: 1!1,,::~fl 1 vl1 'd Liru'U lrt:: ~flfl\IT::lJ1Jflfl 
ri I.I o'.J V I · I.I I.I VI I Y , .. il 

'fllf11f1l u 1~::iJ~u-ifl L n~llnnmr~:: l'l! LU\11UlU1lLfl1 . L f)~\I Lll1LLfl1~~W'tl L VllJ1::nlJ Lfl:: • 
.J I I .u ~ ri I.I ~ · · ·' I . ,· l'I · · V 1. ._ V .J,f I.I : 

Urel'lll\I Lll1lLf1'd'U\IW L?i:: 'll'flrl'flfffi'111\l'flUlJU L?J~"lM'N 1'1'flU1\1"11J1U L 'Vl111\l'Vl'WUirfl\I 
' .. - ! 
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I ri I 

'fl:: L nU\l 'Vl'f.lLLfla vui1ri 

I I .: V I V I V I V VV 

LL'll'tlU'N 1nw1'll.JD11J.Jnv1l1.:i nhmn 1ftu L <WW'l::fi'.:in ~ 11LL"'11 ·cn~-v:: L 61l1111w11u1fl 

• 
v J v v I V 

5·. 2 fll:i"~flVl lLlfl1L TI'tll61l l UVl'f.l \l Ll hLLfl1 

LL~ \l LL;1~;1 ti'v~tl\l LJ'lU;1l~\l ll;191'ti (Glass rod) Uil::LL;1fl~\l (Glass 
. V V I V 4' V I ~ 

tubing) 1riuiJfl~LL~11JT H'li1CJ'v0IVIUIU~fl9::61l')U 1riuUflU
0

I VIUfllilu L f)U!'V\ l 61!Vl'Ll1UL~W'elUfl 
lJ 

I ~v I v I 

LL'i:l:: llilflf1 ') 'llJU'11 L ilu~rJo/l'ElU'CJUfl'l.!°l'Vl'Ufl"il'Cl\lllVI \lllfl"l LLrl'i:l::'iJt!'lfl LL 'a::11:r:ry L ihJ~11 '1 1Jllfl~01'1.!1U 
V I I V ~ ~ V I V.J I 

u·1v.unnti~11 L 61!U LLm 1 ~:u V1un 1 o 111luri v.r'tl 50 1h:rufl 1 riu;u1:1un1161lu'lfl'lJ'f.l\JLlfl1V1LL'll 
' lJ ' 

• V I I _J I I 

~::UTHwCJ~Vl fnlJ.JU'Y)"lJ'f'i\JLLfl1Ll'll~::LL'Vl\JW~°rwLnuiJ:r::lJ"lru 1.2 LJ.J'll:i" ' LL'a:: 1.5 LlJrl:i" LL'll 
.,j I .J I V 

1) ')~~::~1tJ'tl')Um! L611ttlu11:r:::L'VlflLUll:i"JJu '?JUlflfl11J.JUl1 1.5 Llmt U01V.UflAflL~n1imtl.J 
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I v ~I v v 

urnLm 1 u'fi'\ln q1:1u~:::'tl rnrn1"llu1flu11 1.2 umr t1fl1J!n~fl L~mh:iuvw:rnu°lwn um 1umn • V ..J V I t( I I V I 

LLffi'Vl'll'UlflL aUCJlflUtJfl~1'1L V.Ulfl11 40 ~a~Ll.mt u"'::'U'flUfl11 5 ~a~Llmr ' 'V:::ntlPl1LLi"l\I 11 0) 

~ 4 J('J vl;:v J( .f ..:.q 1.., 1 v .J 
"111 1im1nfl1~1v.rmr'tl L Pl r11 \I LL mumn-v :::"lr~:f ru'lM.I 1nri1 rir'fl L iJuv.W'flfl '1 n a11 LL a1 L vro~ "ll.l 

J( v · J( I I }f V ~ v 

iJr::v.tifl U'Clfl'V"lfl'V:::'lf'Clllrn"lfill.!'flU '1 ~\:J']'tl l~Ull\.N 1J.Jfl1rl!'tlLLfl1lJI L ntl 11U11H OU 111 L V'Jtl:: 
V I .J V V I I .q . ~ Vt.I 

LLm L fll'tll~ "il :: L i1'tllJF!L!l.f11'Vl 1 fl llfl") L fl'l\JlfH 1a1Lll1-v::Uflflflf:::-v1u~::: L 'tlUfl fl1r L f)lj 11 L 'tWl'tl , 
V .J I V ..J V I t( I V I 

L 'l1Jl1U 1 mJr::wm.MU\I~ LLrnLfl1flil'N'Vl~ L ijUCJ1ftUUflil1\l 1m nu 30 ~a~ LlJflt L~uum~~fllt 
11 . 

v v . ' K I v I v ..J I I:: 

l ,61!\ljt,.ll.J")fl 1 U~'Cl\lllDOOfl1t~\lfl1t11\IUCJUa\l"lf'tl'11\IW1 "11'ULLfl1'Vln'lltn~1. ml) '1 tlfl"llllNW 

• " ·61 v .qv ~ K · I:: v v . 4 "'1 I 

fl') llJ'V"l Lllti i,'Wfl")j 161! '11LUJ'l.!'f1tl'V \!fl1 JCll''tlfl t\l i'l:::imu '1 LL'a:::1]'tl\lfll'l.l \I MfldllJ-allJlj fl'll'El\16111\1 
I V v I I IV V _J V V I V V 

LUILLfl1fn tl')l'V:::TI IJ.J'1tf1Llll lfltJ 1J.Jl'l'tl\l l '1! L flt'tl\l~flt~1Jllfl11fll.llt'tl1lJ L l~r1:::lln~LL mnmnm\I 
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lM\11 6· 

lLtJUf11til'flU 

<:I I V 

n:: L m1 \I L 1hmn 

6.4 "" L'fl1'tl1J LV1Utn (Annealing oven) 

.JV .f ~V V v II .f-" 
· · 'v1'5'\1 91f1ti11 fl~mn L 'U'flVl"l L UllWULL~"l ~~f1H"lfl"ln::\l"l'fl\ll~·-·JI. ua \JV11'l 1ilil1 fl 

V ~ ..J ~I.I I I.I v I V 

1. <:1 1l.J1tt:i L 'llVllflt1),lLL~:: L fl j'fl\J~'ffi'i l~ 1un1n1hLLf111 fl'fltJl\l~!Wl'fl\ILli'I::~ 

llr::avm.nrvm ~::ll~'flrinu 
4 61 1.1 <:I I v"'lv . .,,t' .J. v 

2. "1 1J.Jlrm 'Cl{)fl l 'lll'l:: L m.J\l L 1l1Lln"l l Vl L Vll.Jl:: ~l.Jf)l.¥1lU \JIUV1V111 fl 
<( J I I V I· V V · 1 V fl 

3. i-! 1JJ1rn~fi'EllJnnuLLi'l:: L f1jIJ\l~-ari1\I 'l ~ 'l! 'l un1 n1J1Lm1 'l UVl'fl\l nhum 1 fl , . 

v · I v v v v 

1. i'l '1i1rin1r l '11 91 :: L ntJ\l L1J1lLnJ n1r l 61!'1JU1fl"ll'fl\l LUitl 1 il, iH V1l.J"1::i111nmu 
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f 

I v l;: v v 

2. mh1Ll fn'V1·mrn L'1wnlLi'l::umm 1n~Lnvi 
I v 

3. L tlfl ~ IJ"fllj L1.hun-:i 

v .J o'I v I V 

1 • . i1'.,, L fll"1~1nrnr 1'1! L rir'f1\IUaLLi'l::vt1nrruvi1" , 1 m:iu1.,,~nri'fl\I 
v v v 

2. ir.,, L n191~1nF111J.Ji'!1l.l'"lrm ~'flflWfl'JJ'fl\lum 1. 'll 1 fl L vil.11::Zill.lnl!Clruv.niJ'1'fl\I , :u 

,. v . • v v .J 
3. ir.,, L fll'1~1fw111l.l~1J.J1rt'l L im1rnflLL'V1\ILLfl1fla') .. m~::u'Vl \lum'fi'umu L 1u"fl\IU'fl 

V I V J V 

~fllLfl1LLUlm1\l '1 L 'D'Ll ~flnflllfl1 ri:: l U'Gl 1lJl ira~..J L~Url'U 
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LU~1vflviA11jJj'tJU~\l \l1 1~A11lJ\l11.l\lfl1j 

v 
""' "I .!I llfnl.JVii'i "'lU6.l!UflA'tl 

n I v~v ri ri v 

n. unbi1 a-Lflr L -vu nli•111 Yl-v1nn:: L nu\I nhLLfl1tii l 61! LLml1 CT Lflr L w L~'IJLLfYd L ~'El 
V V V V I I V 

L Vl~\lnlYCl "'lfl"'lf'l L Uih 1wu11uUl6.l! n1JLlfl16.l!Uft'.IRl l rTI~ L mm b'l:::LLfl11.l'flU llV'lfllt l 6.l! L iJ~ 1 W'V1fl 
n 11v ~ v v v ~ 

um~ 1 a-Lflt L 'VUULlf11'~::1~ mijj9l1 L r1:i.nn-v:: 'V11lViPtlJfl1T'V1°1\I1uu1flrt1.l \I l 6.l!A11l..lr1?i L r1l.l1fl 
n 1 ,.., v n 

una 1 a Lfln -vulJnl 1. t1b1-J1 vi ~m'n111~ull r~:u1Ui 2000 1J'fl'Llflrt!ln1r 'N u1 A11lJ~J 'l t15'3una 
~ f' I V .J v I V 

1JJfl1rL nuf1 U£.J fl1rt(11ll~fl l WJ l im11J.Jt1"ul 'Llfi'\lnlJlflWEl L WelD'fl\lnU 1:w l V!1.l1fl1fl llb'l::1.l'Clm L 'VU 
v vlJ v ci v 

L "Zn 1111'1nrrN 1 uf!-J L v~n:::1.l1-v-v:::·v111. vi5,mm!r:: L Ufl 1 fl 
n I I vn I V V 

'll. LLfl'Clt:llUW (Coal g as)'Vlf1fllH CJ1t'llU~'U 1 Ylllfl'Clb'llUW L Vlfl11lJf1.luUt::l.J"'IO! 

• I I I n 

1. u~'fl1n1f1-:v01nfl a1utlr:: fl1.l l.! 'll'fl -Jb11u~u LfluiJr:::w"'lru LL fr~ 1 er Lfln -vu 50 % 1000 c 
"' rf rf """"' ' "I 
lJ L WU 32 % fl1flJ1.)tllJ1.lU'flfl 1'1Jfl 8 % 1 'W l91rL 'VU 6 % L 1.l'Vlb'l'W 4 % l flUDl'"lJIVl t 
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. , 11 

I -4 I V .J I .: V t: VV I .: V 

nhtil'V'V::l.JCJi'irl'e)-.j "l'ULlfn\'1 LUI Li~ nLLTI') lJl\lflr\J'e)T~'V::'vil 1 Vl~U\J l~\'1°1 L Z'lnLLt'l"l l nflr-r.m 
V SI VI V V V V 11 

~ "'l ~ 1 .,, ... 1 ~ T'Yl VI TtlLLl"lfl fl bl\llllJ"ll\ll'UUfn'V:: fljlJfll:J'CllJL'Vi'lW"'l (Annealing) 1Lli'i"lfll"l"ll.J l:l"l 
V I I I q <lf vv I V I ~ V VV V .: I 

LLfn l WJJJfl'V:: hm'e1U3.JD1:Mlt11 L Tll\lfllTi1°lfl":lllJ'~ ::1.llfl l 6llCJll(lJ~ll'U0lff~U L Tiflt!'flll l 61lCJl;U L "Tifl~U 
v v vv v ~ v v v v v v v 

Llfl"l'El'tlflLlTI"l l 'llCJILLVl\I L '.l! ffiJ°I l vii'! ::'Ellfl \(lllfl"lfli'i"l \l'lll\l L U'Clnllrn~'fJ ,1V1°1fl11ll'1:l ::1llflfldU 1flu 
VV V V I V V V V V V V 

l"ll'U0l~l\l'lll\JLU lLl"ll:llZ'lflUrflillfl 'l 'tl'Wv::l'llCJ~flvhlfi~::a1uu·1a1\l'lll\lltlV1 ~'e)flLLflJLl~') . " 
V V V V t: 

1
.,,, V I "} V <!4 J'., V ~ V 

rl'El \J a I \I m ut!°''l'lt CI IU '1 fl r \I 'Vu :w:w a I j\l'lflfl I \J'Cl u.rnu L'UVI {l'e) flLLfl') L l ~:: l.J'e)Wv 1JLL frJ 'W 'Url'r:i \J i1:: 'Cl ')fl 
11 
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0 

,. . . 
" i ~~llt~rWLW ·· : ~ . -~ ~ 

\TlJfl'l~lJ Lllitl 1\'I •· 

. : . "' 
' -~uiJr11una · · 

__ d ~ - I v ~ ri 
~ \9'1: L tiu\l LU"llLtYlLLlllJ~h'l Ll"l: 

V I rt 11&ri 11 

" ,, 

fl"lTL'lf LDfl~l.IUTlJllflii yfl1vl~flLLii1t~LlmlLVILll_ir:i 11~~'3Uf:l.J')tU · 15-20 L"lfU~llJVl1 
I . · v 

~"lflm!L~~~Jfl')~J.JL'.!Jit:i l vl LUYl'fltlrfflL 7L! -~tlJLllm 1vl m·\lm~: Lnu-anmlvJ"lrtilJ '1 Lllm 1vl 
~'fll.11LU~lJUf lrf)')fllf1 LUit:i 1 vJ-v::~\lUf \liu Lllit:i 1 vJ~1\lm ;nlJtl;')~'fl'U 1; ;1l.IT1JL ~'fl'flrrn L w 

v Sl' V V SI , :v V I V l ei I I 

L "11111l~fl'Y: 1miJm 1vfl'l!nlJLlfrJlJ'fl1 rif~ L fll"l 1fl tl"l'fl!l\Jf)')fL].Jit) 1ilWJ1 RL Wiiunafl'tlULLi'l: L mi 
. ""' v ~ I.I ri " 

mmf\LL a:'tl'tlm L -vuwv1 ~\l t1"l t ua11 vh an 1 V1i'lflLlfli11l"lm flu a::11'flm L w 
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' ·.) 

Warming zone 

(Reduction zone} 

Hottest Zone 

(oxidation zone} 

coolest zone 

(Blue zone) 
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I ~I ~~ .G)vv.,. 1"J 
ur1fi'V'lfl~UCJ\lll'Cl::~1~ 1 '1lliu L '1r1:: L Ull'l\lflT\Jl~m 1rni.ru1l.l'fl'fl1~-v::vn L immih1~11 fl Ll.l'fl 

v v 

UILlfn 11.lL 'll'lLU~ 1vJ 
V v I ( v..i.-iv v I J 
01 L ~t1nn1 L n1iir11vunnulLmvi l '1!LL~-:i6ll1 {flu0

1lJ'l'l!'fllJU"lrlJ 31n~ ::~U'b1J~'l w'fl'U1l.J1 
I ~ v..i J v I · . v v I I I 

"lr'fll.Jll'.lll.I ~\luu~viu·1 L flf'fl\Jllml.l'lTI'fll.JLL'11ll~\I Fnrvi1fl11l.Ja::'fl1flLLm L 'fl\! 1 wci::'fl'lflfl'flua~'fll.l 
v I.II I v I V I.I I. I I V 

L Yij"):: ~ l 6.l!trcll.M rl1Jfnl'V::~a1r L flm flrlflfl'l\l'fl~Lli'l:: i'i'l\l'tl'flf) 1 fliU.lfl LLrl6ll'N LU'lLlfl1Fl1tVl°'l 

I ": .J ., .., .J _,. ... ..: • _,._,._,. 
fl1'll.Ja::'fl'lfll~U'lflLWflfl1')l.JU'Crclfl.flU'Vlf1'flUrlT'l~~'fl'l'V'V::Lnfl'V'lfla1tLfll.l"lf\l'fll'V'V::VllUDf1tUI 

v .J V IV VI 

n1JLL!Y.l~T'fl LU~ 1'u~ Ll.J'flflflfl113J t'fl'U'Vlfl L l.l~ 1WL1i'llL Ulllfl1 fl1TV11fl1 'll.Ja::'fl"WlLLfl':t L fll'fll'V 
lJ 

C: V V VI I V V~ I I.I 

1. v1ml ila::'i'.l1fwnur.i111m!WJ LL~1u01umuul.l1U6ll 1 ui11r i'l:: -a 1unrnnflurn c HF> 
' v I.I v I.I 

L'1JlJ'l!Ulh:::J.J'")ru 2-10 % (tilt'lflllrmJ'lfl'fJl'Vl6.l!~\I 10-40 %) L~'Ul1~1Ultil.lr::l.J"IQ! 20 UI~ 
v .J v 

flt') t"a1l.J~\ln'fJ'llUJ::'V11 \I IU L 'Wj 1::n jflflflllfl1 L ~UflHl'\ll~Unt IU3Jlfl iii"1 \11Ufl1Ufl1 ll.Jt::i1fltd' \I 
.!{ "' v ., ~ C: .f "'l v C: v .J 

0 
_,. ., I 

fltm!'V::f1flllfl1 fl\IUUfl1t L fl1JfltflU'V\lrl'fl \IL fl:U 11 L Ufl'l6.l!U::V1Vll'V 'lfli'l'a"Yi'lrlfl W"1\l'VlfllL'1! l Ufltfl 
v v I ( v v 

nflLLfl1LLm L 1111l.lu 6ll Lua 1:ri11:: 'Gl1u L"il L ~ul.J 1flflt'flfl1"1ffl L '1ll.J'1JU 5 % u1Ul.Jr::l.l'1ru 5 ui\1 
V IV V V V .J I.I 

2. ti11l.l 'Gl l\lrnua 1r~~ 'Gi 1mrnnflum-r.nv L 6.l!a1ra::i111t1V1°1m ll.la::111rt L flt'il\JLLm 

(Cleansing solution mixture) Chromsulphuric acid CH
2

so4 + 

K2cr2o7 + H20) 'lli°1fl11l.Jbi::'fl1Vlll'V1U 
o 11Jo !.I ~ I V 2.1 V ':: !., 

3. U1llf1"l1/i'Vl'lfr') 11.m ::'fl')flfr.I ua It~:: 'alUfl\lfl il11 ll ttll.Jli'll\IVldUU !fi'4'UW~IU '1 
!:; C: VV v I I I 

flf\l~Ui'l ~'fllfl L ']fl
0l ~u~~llit'l~'1u11iJ Lll'l~tWJ''illJLL'lflJf'J'il 11.l 

Ve; V 1 . .J , Iv C:VVI.;: VI.I 

t'll LlJUllfl"l 1 WJVl~::U01lJI Llh t11'drn.Jtfl'U'flfl~lfl'V:: L '1!f1fldUCJ1'UlJflfl1n::'Cl'l'1fnU 
v I V V , 

u·1u1fl\lfY'1!1LLmmu · 
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I.I .. 
7.4 

I.I I.I I.I I.I I.I I.I 
• ~ ., 4 ., q.::j.::j :I: ., 

7. 4. 1 fllr'Vl"W'CliJflTflWLl01LL"'1Vlflfl"H.JlJ11 fllHlfllLfl1fldUJll'W'fllr1UV1"'flfl'lf 
.J ., - . I.I 4 .J I.I ... I.I ... • '1 I.I I.I q I.I 

L flU1flmllJlm'll11\ILLm Fl'Cl LlJ'CllLfn tlflflrflfldtJ'11'el\llJfll.J -v::vn L V!Llfl') L f)flfl11lJ L fl'U 
. 1.1 . I. I.I 1I I I.I I.I I I.I I I V 

'V::Vi1 L lU'flUfltflfl'flU '1 'lliJ 1Ufl1 l\111'f:lm \l'V:a~·I L imfni-i"lUU Ll.Jt1:: 'I 1Urli'lfl1t~fl OlfnflLlfn 
1.1 q ... .r ·., 1.1 ,j"'l .: <'I . • v ..}.q I.I I _. 

m U"l'Ii'U L VilJl::a'.'1V1t1JLLfl')f)if) \l'Vllj'll'U lfl L i'i1Wt!tl\l llfl1VllJ L auen~UUfl~'Nl.I r::lJ"ltU 20 mm 
v.,..}q I.II d' . .,1.1..: .::I I I.It:: ..:· • 

LL 'Cl::llf11~l'L!t1lJ L aUCJ1f1tlUM'l"NUt::J.J'l\U 10 mm zfn~ TlJCJ L fl.IL Tf.11Jfl1t L U1llfl1ti'Ufl1t L tlJ 
1.1 .: 1.1

11 
I d' , v I.I I v I.I .,j I 

'V10Llfl1'11U"lflLi'iflL ~'WCJl~UUf)i'i1\11lt::~.J'l\U 4 mm L~Ufl'ilULLa1fl'tlU '1 l'lllLfn'Vl~'llti1fllW1J 
.r . q I.I t:: • I.I') C) v... ., I.I ') I.I . .J J ., I.I 

'llU fl1dfltflJ'ElUWLLfl1U'LlV111 fl b flU b '.illJflrWlLLfl':l b 'i'!rl:: 1 lJLLW ri:: 1 m!')j.J L Vl'GlUl.J '.ir \lfl1frlflLLflJ 

I.I v II.I.VI 4' I I ..i.J"'4 
mu · LLfl1~::~m'tl1w1flnu umnum 1~fYc)'tlfl'V1nnun'tlu1nvin~::~\lr1'fl L rir1::rBunnwmrfl 

1 ;u'ti~'U LOU 111 ;'l~fl'V::'Vl°l l ~L;T~flllV!'CllJfllJVlf'tl111'V'V:: L~Ut1Jl11fl'Wi'i 'll.J L 'Wt1::01H'ClLL~lJ1fl 
11 

V4' . V VI.I I.I I I.I I.II · 

L nu 11.lvira\l'flllfl') L tdl.J')f) LOU 111 'l Vlt1°1fl1rfltm11 V!~f)LLi'l::f)J1;:im1 L ~lJ lflrJ91'Cl\l L 'V!'EIU L 'ULL'U') 
V V I I.I I.I I.I ,, I 11 

q """'61 qqq 1"' q~.,., q 
L fllJfldU Ll~~\IV!fl b V!lJrl ')j.J')'.iJ L t'llJ flUfl\lllndU'Cl::\l'ilLLfl1 b V1'1lJWUilfl'UJ.J1flfn1L fO.J 
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• 

VV v .JV V . V 

7. 4. 4 fl')j~flLLfnfl'lUllfl'HlU'vlTm! fllHlflllfn 1mi1wL V1lJl::~a1V1rim'fl'WMlfl 
v I_, V I ( V V I I I v I 

4-. .!I ..,q ., .!I .!i q.cf 0 "" 

Llfn\llj.J L aucn~UUM'll'1'11Ulflfl11'1 '1 V! t'flV!mlflLL1Y'.lVll'lfl'fl~illJL IW'fl'1Llfl1'flU 1TI"Vl1fltflV!~fl 
V.J V .J' I VI ( V.J 

LL1Y.l 'Vl ~::~ffll'ilfl l VI L~Uj'ilUU111Jt::l.J~J L f1h\i\ti'1-r11ua1ll'll'il'1 L aut11fluuna1'1'llll'1V!'MlflLL1Y.lV1~:: 
~ 

V 1 V V I o' V I VV 

~fl LLa1u
0

1U'Vl '1Ufl':lnUL autJ1fluuna1-:ii.Jr::J.J1m 4-6 mm l.ll L t11iJa1u'll1'1V1U'1 l Vlt'flu..rfl 
~ 

v V v v I v V v 

ui111L'illlll~l'lt'11J"'11uf11U1. flfl1uviti\l'll'il'1r'flunrm~V1·11. VIL nflrnur11LLa::r'flur11~::'llu1um • 

v v 

V .J V q V 
0 

V VI ., V .d .J 
fl1Tat1\I L flj'fl\ILlfl1~fl'.llUWWl'il\!W'Jfl')j L tJ1LLfl1 l ml'ClUl'11LL'Cl::tr~'il:l.JLLf11 L Tm Lll~uu • 

I VV V V.J V V v VV 

p.lr1»~1. VI hm1l.ll'l'tl\lf11r rnr L tJ1LLmtrq~Uv1'Cl\ll'l'tl\l L t11LLfl11 V!d'ilU~Uth1lflVl01'11U 
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v V V v I V 

C working point) .'ll'CNLLfnlflUL'llLlJ~ 1~ V1tlflLUfl1ncr1ummi·H flJfldUfl"lt 
I v vv V I v 1f I v 1' ' .J <:! V <:! V 

vuum L VIJ8U;iaaum:iu (f:l1'1l1\l LlhLLm Lt.J1lULU'a1 hM~Mll~ij~\liUVIUfl1l.JLLU1 LUl.J~:LL\91fl 
v I v . I I.I I.I I.I 

t11..:i1u) 111urnnli'11 L iJ~ hrl Vl~\\Mnn~,-, c 1f'lun1rm11ril.J1VI1 WjiJrn"IMl'flm L ~umu) . , lJ , 

K ... ... I .. ""~ .!I v "" I " v 
~uL'1l'flLviJ~..:iLnfln1raufl"ll.l1:l.J~l.J11rru Lu~11v1~:l.J~LVl'Ml\l~l.J, l.JL'lll.JIL~nu'flu Lu1"n! 

lJ 
J' V I .,, °" 4 .,, V ~ ., 

1m ~fl~'llr:i..:ia1t 1 u LU'tltLfl1l"l'elU 1 6llu1uri1r:i'C:iffv1nnu 1V\1Ut1Huin 1 Wl ml'eirrJH ~'Ul.J"lfl iJtu 
, V . trl V I IV 

LU'br) ht1 mmmnna\l lflUfl')jUf 1J~:l.Jllfl'.a L ~fl L via\! UueJ'flITIT L ~U'll'f.l\1\91: L OU\J LUILLfl1 fl"ltUTlJ 
, lJ ~ I v J l v v v v _J 

'll'U"lfl'll'tl\J LU~ 1vJ~ll'ClU01J'llti1fl'1l'Cl\JVl'Mlflllfl"l'lt11V: ul1 1:11\91'f.l\lfl1t 1m1Mlflllfl')f.)fllU'a'l1 vlflt\I 
lJ . lJ 

I V I V V V v VI t' 

ml\JVlrTifl1UmJ\l'll'Cl\lLaut'f.l1J1\l'v'lt'tl:l.J 1 nu ~:rl'C:i\IUT1JLUl:h1vflV1n'lltilflut:l.J"IO!L~ULJ"l~UU 
lJ 

V vv I I I v.: v 

fl'al\l'll'f.l\JVlfillflllfY.I tilfl'tl\lfllt l E.J"l L ~U\li11U l flil'lUVIU\l'll'El\JW'1'tlflllf11flUt1JLU'a'l 1 it Vl~'llU"'lfl 
.: V <ll ., <ll "I v I v _J v "I 

l ~fl fllt L. tJ1llfl1fl'flfl1H CJltJU\JV!t'tlCJ1fl1UU'flfl'll'Cl\lllVl\lllfl1 L l.J'El L tJl'VULlfl1t1-a'f.ll.J L Vl'~n: L flfl 
V .f V .J <:I I .J ..ya q J v 

rnrirCJ'tl :l.lm'll'f.l\JlU'f.lllfl1 '1f'ILJUna1uV1i1mwLvrtt'lu'l1 V1~11:H1n (Plastic) Ll.l'tlllm 
.> I _J V I I <:? ., ~ I _J I.I 

Vl~'f.lJJm 'Ci1t\VIV!"1'ClJJ L Vl'i:h ~::U'UIJ'Cl\1'11'U ~1'1\91"'\J.JUr \lfl'I flfl'll'f.l\l l ~fl fl\lUU 1ur:i:n1\l'Vl L tJ')ffl),3 
lJ 

V _J VI .J 1.J .r V I.I 

-~~'Lllln1flb'l'f.lfl L1~1 L 'v\J'fl l V1{!1U'Vl Lilm~il~~flU\J~fl'fl~'Vl L 'U'f.lllfldl'l"l:J.J L fiJ.J ~::'Vl°l L VIL nflfl"lt 1 Via 
v v v ..j I I.I ... 

'lJ'fl \JU fl1Vlml:iJ 111 r'dJJOU L 'Cl \J '~1·1'lVlllrn1Jr L ')tHVIW(itll.J L ·~1a1 L ~uvia1~nflml 1 l ~~u 1 Ufl11:'Vl 
v ~ "'.rl~_JI IV ·~., °Iv~ 

1 LLfl1VIWill.J L Vl'Cl1 L llti'W{ll'bl11fl'Ll L 'Vl"'l'WU Wil"l\l LUILlfl1i'l'"l:J.Jlt ti'V:: L lll°lilf'flflflLLU'l\J L VIL lltlpl'Cl:: t 
.: V I/ I V V v v I· I v v v 

n 1flo/11J.Jrr:i1J.J11'El\lfnt urrn11~u'Cln11::ti1utL~-v::: 1J.J'i:lll.J1r1:1 L u11 flo/l"llJl"l'fl\ln1r l"l'fl'IV1a'fllJ L Vlitl 

1 vi~ u a~n1r~11LL;11 ui1D"l1 ::V1a'flJ.J L Vl'i:t:IW~ .:i~ifi~ij,OJ"lflA'f.l n1r~uu~\JLL;1 'l ;\]fl1~1flun1r-911 
v v • I,.' 4"" oJ 2.1 ""'J 

llfnVl:l.J't.lllfl1fl')j.Jll'U1Ufl1.l'il'LI\l ll't'M Ufl11"J'Cl'flfl L 1 'Cl') l Yre:JU'C:i\lfl'Ufl1r 1 V1aU'tlllM'll'fl\lllflJ'lt1t.ra'fll.J L Vlit':I , 
u v .J "'... v .J 

flln1Jllfl1'\llt1fl1'flll.~ Mfl\IT1.IVI 7 .Lt 
lJ lJ 

I.I V I I v vv I v v v I 
6'J <:! o "'! <V 1- 61 "I ., <ll "I <'4u 
L 'll:l.Jffir1UA11ci ')j.J'fl~\l'V1JVl'Mlflllfl1 . flU b'lll.l1V11llJ.JUflll a~1"1i~lJLL?l::V1i'l'flfll.lfl1 a1u 

q .;: ..j <ll I v I v V v~ u 14 .;: X., 
'flf1''1"1m!1'Vl L VJ a'fl \J'flt'fllJll'Vl 'I llfl1ll. 'GJ::Uf'J::ll'Vl \lllfYH 1J') , Vll;JUllfl1 L m.1 l '.llU1V11 LIJJJ.nJll a::u1'11flU 

V v C: _J v _J V I ~ V V 

un11VIVIUW1ur'tlu 1 t1.u1unmmuri1l.l L '1Juw~n1 n1r L a'tltlib L ~mvimiumuwi-a:flr.:i·v11 'l imm , ' . I _J I V I v V V V ,: v I 

WJ'U 11.J l n'Wfl1"lflNtnJ\l'lJ'El\J L'~1tid'Cl1J1\16ll'fl\ll.LVl\ll.lfr) fllt'V::V\l.!U.l.lfl1 l i11 fl L tJ L ~u\11 f~U'flUnlJ 1 . , lJ 
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• 

• I V "'.: I V V V 

fl 1n:::~flllD ~h'!Ll'Vl \1Llfl11 Vl L iJunJrl\l \'1 1l.Jfl11l.J~'tl\lfl1n'1'il\I L l'.J1'VUlLfl1Vlfilll.J L Vl'a'l l iJu 
. ~ 

V V I I/ I/ d' I 1.14 I ~ 

Yl'Cl 1a~n LL'Cl1~'3~\lfu lM\l'il tiJ1-a3Jmu1hnvir'fln1rl'll'iliJnrru'lun1nll1LLf11'flU '1 ~1UW , . 

I I V V V .: I .J I v 

'1l1\l l 1hllfl1'V::\91'tl\l'vi'l\11Ufl1tlfl111lf1fl L r1 ~al.J-YiJLLUU'flU L 'Jl'illJU l Un1 L 'El\! fl1t'Vi°l\l'lt!Ufl1 
v .: v v.:v ,j"' ''!:::"' v ,., y w 111 1 oo'llJ ~:::rl'il\l'vi11 VJ L ~nihtl u'llru:'Vmm vi trc:ilJ L vi~'flm 'Vl-mu mun1 tu un1m:i-:1 L 'll1 

~ 
I y I ,_, 0: ,_, ,_, .J 

'l 'Vfl iqJJ L L'C! :: 'V1·~1-:11'L!"ll°I '1 ~un11~u\11u~:: ran L ru11r'f.lua1u-:1'11J M'V1Ul'111lrl'fl\lfl1t LlJ'fl\1'1 
.: v v ' v q .J v v v v .J ..: .: 

L i1 t'Vll ~1rl'fl\ll~lf11T'flllllfl1 ( Ll!JUU'C!) L Yrnll'tl\lfl'WLLfldlLrlflt11 Ll.J'El l jlJ LU'U 
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V I VI I I V V V V .JI V V 

'1Ju1ull11 L ~\IL C1mLrifln1\lnm111 'l!r1lJnu L wu1jj1ri'fl L '1J1fl1uffu-v::v111 ~nmvw1'fl L '1J1f11unu 
"I V .<!l tJ V .J V ~.., I VI "I ., ... ., 1. 

L flf1jl) tJ j')') '\t1 j'f.lLLrlfl\m 1 f1 LlJ'flLLfl1 L U\.!rl1~\I ~ ~ r"l:: L ~rl11llfl1rll\!Wflfl'UJ..J'i:ll.n.lr::~vrnfllf 
. v I ~· .,j , IV v VI 

'llUIUn1 L ~\IL ~'ULLY'l fl Yl l\lnU ~\IUUfl'fl'U'V::"vi°l\l"l'U L flU1n1Jfllrnl!LLfl1~\lrl'fl \lrlf11}1.'i'fl1J L mLU l 'V 
-.l I I v .J 

0 
I V V .., ~ '1 V "I q .., ,....,.,J..,_J J v ., I v V I 

L 'G!Ufl'flU":llLLmVJu1J..J1rll! L '1J"lfn Ufl'U'UU Lllm~mwri L YHnnu 1·1n1f'lV1~flV1'V::ilil\lflU LJ..J 1 ~LL mun 
~ V I V V I I V.JnV 

~:: 'l!urnJ~:Li'UD'UflA'Elv1 'fl\l~f'llL1/1\lllfl1llUf111 L~UW)fl '1 Llo/li'l::'l!Ufl un~::'1J'Ulf'l lLfl1vi l 6lllJlfl.l 'U 
V I V v,;: v I v I I I v_J I v 

~'fl\! uhLLfldA1lLLfl1LL61J \I LL'a::Llf!":l1lll'U t11LrnLU1-v11nmViu
0

1lJ1ri'fll\l:: L ~uum'll11fl 1 f'lLL ~= L ~u 

v n v 

7. 6. 1 fll JY'l f1'v "1'fl1JmtJL:Li'«l 1 '~~lfllLmH ~'fl L V>J~\lLL~::l!"lfl"lfl (Gas-air • 
V I 

flame test) 1~VIT1'V~'C11J lm1L 61!1raflrn11JLLrlfll"ll\l'lll!\l'flruvlfljj'lll!\l';)flV1°l\l"lU (working 
, 11 ; 

. v I "I '1 .A v6) • 1.1.J I ,J 
point) 'lJ'El\l lLfl1LLrl i'l::'llUrll1.nHWlm L 'Wi~"l::m bUfl"ljrJr")'Vz:l 'illJ UILLfl1Vla \li1UJ..J"lo/11! L 'l!'f)J..J 

VI Q v · I V.JnVri 

n1lLLfl11l'El'U ( lfl'Vli\l"l'U 1000 c ) LfltJ l '1! uJm 1 W'Vlflrl:: L fltl\l L ll"llLfl1Vl l '.l!Um'HL~::'fl')fl')f\ 
K ""' v I .J ., v I v .J v I I ~ .., I v v J 

L ilil L 'l!'tl L ~·M l:l"ll"l'fl L 'l!WJ'fl'U L fllLi'lfl\11 IUfl1v1i1 \li1U L n'ULLfl1'fl'flU L 'l!'U L flU1fl'U LLrl1:lllLfl1Vl'Cl \li1U 
I I _J V I .,j V . I V C: 

1 j.Ja')3.J')j1:l'fl1J'Ulli'1 L 'l!'fll.J~fln1JLLfn'tl'ilUVl1..illJ"l Lih!lli'1Vlfl'Cl'illJ 1 fl LL1.'ifl\!11 Ln'ULLfl'lll'lJ\l L illt"l:: 
ri I _J vv.:1 

'rWJV.fl~'ll'fl\l L Dil'l 1 t1'V"lfln:: L nu \ILLf1i1LL~::'il"lfl"lf\ 1J..Ji'l\1Wel'Vl'V::\11'1 L mLfl1 Ll'll \l'il'fl'Lllli'1"J'Uri\l'VflVl°l\l"lU l 11 11 , 
v 

0 
v C: 0 <'l I J "'\ ., 

Lf1 CyflVl l\llt!LlfnLL'lJ\I 1220 c ) 'N L:J.JL"l!'ill.Jnflf)U • 
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• 7. 6.2 f11Hl:i .. 'J'V 'i:l 'CllJL L1J1Jll;1Vl t·m~l.l (Glass sphere . test)Lll"'11~; 
. I v v C'I K K ·. 

Yi t1~a'CllJ'Vlf)9l:: L OU-3 L Ull!Jl1 L 'lltlf)a L ".l!l:l L 'W~ '3nl.rel'Clrffl L 'VU L nu L ".l!'Cl L W~'3°vllf11t1lt1~a'CllJ 1 fill 
v .J v .J :·, v v ~ v .: v .v v ..! ~ 

iii L fl l!H.Lf)J'\11~ ..J~U~UW..Jl.J".Wl'Cl L 'llinl.J1!Zl lLJfl1Uml..J'll'fl'3LLfl1LL'lM LL'Cl1 L tJIL f1 bl.LfYl;'U"v1ii'3auuu 

1 ;~'flt1Yi'1~uL~U;'Cltt"vlt..Jn~l.l L 'fll'fJ'Clfl'V1f1Lll-aJ1 wu;1vil 'l ;L ~u LflUfllt L~1'tl1n1f1a'31JULL;, 
t;;v v v I VI llV.: 

"vlt·m'C!Wt! f:l1Uf1Tv1Hfl'Cll.J L nflt'ClUt'YlLL'5fl-311LLf11~1W~t1'Vil'Cl1J 1l.J L '1!LLMLL'll~ 

• 

• 
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I v • 
7. 7 wrt'll'tl~n .. w nhllfn 

V I 11 I I V v V v 

~\J 1rirr~11 :1..1 1LL~111n1r uhtLm~'tln1n.i1 L 'tllLLfl1jJlflfltL1.l-a\I LM \l'tl oo 1 iuilu 
I I v I vv I o' I.I I v 

p.h l\lrl1\I 1 \?l1l.Jf"l') ')jjfl'CJ\I fl')j fl'lj l U1LLf1'Hl'llllJ'1\ll'll.J1~v11r:: a\lflf11j l '11\11ULL1J\l 1 ft\ ~'U 
"'< 4 .I V o' I V o' v 

'Cit!\J'llUflfl'Cl fl1H1hllf11Vl1\11lt1U'lfl"l'tlm " tt~::n1nll"lLLfl1Vl1\l~m.I (ID'll'tl 7. 1. 1' 
V I v I v v I.I ... ... 1 ""<!I 

7. 1. 2) ll'Cl1fl1dl 111tlf11 tl\ILL1J\1?11jj~fllill::'ll'f:J\Jfl1j"a j1\l '11l.!Ufl1 fl<:l'tl\l"lfUf'lFl'tl 

7. 7. 1 flldl~1ll;1lflU1~L;\?l:: L nU\ILJ"lLL;1 L~u1ntL1JlJL~-nn;l.J1U1U f11dl~1 
V ')' "'<"4):{ 

0 
\ 

0 
.J ct o' V I "'< .., v v 

urn LfltJ1'.f:rU'tt111 fl LflUUl'Gl 1rVl L lJ'Ll'tl\lflllr::m1U'1J'Cl'1lLfnLL\ll'Cl::'i1Umt1t1l.Jf1UlL'Cl1Vl'Cl'tll.J 1 VIVlmll.J • 
!;: V.J I .J V -' J v I .J I 

L V1 'Cl1 ~1nuuti°1'1J~\I L '!t1 'Cl11iJnjjnu 11villa1uwuV1vi1mm W"fH ~'El L '111 un1nll1 uvi7lmtri\I pJ 
I VV V Vl V V I I V I I I v 

t'N 1VI1ffi')d.J\?l'Cl\lfl1j1 flU l "l!LLtJ'Ll 1JJ LL"111Vl.lfl1iL llr'V lfllll.'l"lUVl'El L 'ttlafl~flfll'Utru\I '111\1 L l11um 
VV V VI V 

')' "'<"4-=I r.I 0 ., "'\ 61 ~ "4 61 • -:I 
L flU')'iJ°l.lrl'tl '1llfl1"lll'111U11lJL lJ'U'VH 1°11:H.l a:: L'UlJ"l\lfl N'tl"l'V'V::m:i..:il.JCJ'1!1U L Ufl"lj'Vl') \l"lU u ~::?'!'El \I um 
I :VI !::: 11 I v lJ 

Fl"l L 6.l!'V1U l t!f11HJ\lj11H U"lUfY.l"a '1 ' 
11 

. I V V I \ 11 11 I V.JV 

7. 7Q2 flldlll"lLLf11 LflU1'1ln:nnu\IUhLLfl1 l61!Vl~flfl"ldlCJ1LWl\ILLn1'Vlfi'tl'1fl1t'V:: 
I V v I v .J V_J · 

Lll"l L vma·m..1 L Vl'a1'VU~\llflVl°l\11U'211NLLflJLLrl'Cl::'1lilf1 LL a') L lli'IUULLll'MflflLLll'MLLf11Vl'!t1mll.J L VI~ 
vv.,f 11 v v v d' v 

LL~ 'l VIL ll'Cluut ~Utll dl\l\?l'l\I , \111l.Jfl.11l.J\?l'El\lfl1j l'l! '1"l'U'Vl"l\lfl"lU1111u1f\1"1\llrV1t'afl"lj l '1!\11U 
• 

V I I.I VV ~VI · 

'Vl"l\lfll'U~'Ctll:: n1n:: Lll"lum 1 '[,11 ri~ l ~u\l 'l fluu;u'tlunlJn"lr~nau fl')1l.J'1hu1111 
lJ "' 
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• 

- '.) 

4 . 

ac=======~- 8!ow 

• 
, ~::::::::::~.,,~-~·::::::::::::i fM'.l .1-- =:.:ow 

/ 

~' :o 1err.ove "" 
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~8 
• 

I v J' t.1 

1J1j~n"lt Ll11um L 1.rtl\lml 

LLtrufllt~'flU 
I ; 

v 
-II s.1 fll TUfltlfn 

v 

8.2 fl"Jn1°'1LL 'tN lLfl1 flU 

8.3 flltlt11Vl~flVIUfl 

• 8.4 flit LlhVli'l'flfMflml\I · 
v .Jq v I ' 8.5 fl1nlllllfl1Vll.J~'Ulfl L a'UtJ'"lf\UUfli'l'"l\lr!'N 61 
. 1J 

I v I.I 

8.6 fl"'lt t111LLfl"l l VI L~'l.mt:: Ltl'"I: 
v 

8.7 fl"lt\l'em~rium 
I v V V 

8. 8 fllf LUIVli'l'ilrtllm l HL~U6ll'fl 

' q 
yri1lt::~ \lfl 6ll'fl \11JVILtUU 

V V V I I I.I v 

w5'\l'°l1fl'V1JlJVI L TUU1JVIULL 'b'l1 Ufl~mJ!'Wl'fl\IVl·la\lmi 11.lu1ri~'fl 
• V v I I.I I 

1. UflLLfl11 fl'flUl\IU'rlU 2 LLvM 
I v v I V I 

2. 'viiLLVl\lllf1"lflU1fl'fllJ'NU'flU 2 LLVl\I 
v l v 

3. 'VllV! Wv1'WUf11 fi'fltl "l\JU'flU 2 V!'Mlfl 
I v I v 

4. llhV1"1'tll'l'Vlfl{l'U\J 'l rt'fltll\IU'flU 2 Vlfillfl 
I V ...,q V j -, I ., I ., I ., I ., . I 

5 ~'flLLfl16ll'Ulflt1ll L t'lUCJ'"lflUUfli'l'"l\I L 'l11flU \11'"1\lflU 1l.JlllflUfl LLi'l::\11')\Jfltill'"lf(e)U'"l\I • 1J 
v v I V 

UllU1frr:ltJl\li'l:: 1 ~U\llU 

• 
I v v v I v V 

6. Llhttm LiiL~Uflt:ttli: 1m:iu1\lmu 3 W\l"l'U ~'fl nr:: Lll'l:LL11UL~"l 
I.I I.I 

2 w Ll'Cl::nt:: uh::it'fl\ILL~U 1 w 
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V V 0 V VIV I .;: 

7. rl'El\l\11.lVi"1tl'fllLfl'J 90 LL'a~W~'ElflLLfl1~1~ 1f1 lli.J1\l'U'Eltl1lt11\I ~ :: 1 'll'U\11'U • 
v I· v v ~ v v Iv v I v "'v 

8. rl'El \I Llht~'a'ElflLLflJ l vi L D'U'll'El 1 fl'El!J1\l'U'Eli.J 2 ~ti \I 1U l f!tJ Lll1 L vi1Ji:i1t1Vl 'a1.lfllJ'1!1.l 
v v 

V . I .J V 

2. L 'll~TILL'U::ti°t L VlflUflLL-a ::1~n1rr1u~:: L ~tJf1mliJ L m 1 t1fl1rn°t L tiun1riJi)imn1r 
I v I v v ~ vv .J I v 

LlhLLfl1 ~L\91~ :: tr1 '1J1.l 1 vii:rniflL n .1 fl~'Ll\l IU'Vlt~UVl 1U ~1tl\l 13JL Vll.11::LLflfl1j l 61i \l 1U 

• 

v I V v I v . ( 

3. 1 in!nMfl '.IS1L1°'1n1r L1.humvri;u\111..1n1i.Mn·1vrufl 111 ulmlt::Z1 \IMl'il\11.M L ruu 
v v v I , v ~ 

4. 1 ViiTflMfl bt11.l'ilfllL1Jm'U\11'Ufn tll'l1H 'El \lll"1:: uh 1 ml°! L n 

• 

w ~ .-J 0 

·1. 'b'l \I L fl \91,1fl'1J''Ll \l 1'U"v1Vl1 

2 . l'l r1 11-v·1m·u~1\11u~1~11;Arnri1~n·1irufl 
· · v I V V I 

3. a\I L nri-ov 1n1J r::~i®n1vm1r l 'll \11U'll1l\1Llrl~::iu \11'U 1flEJa~vir'fl1lJ 
V V I v 

4 .. ·i \I L n l"l "V1nt1nll::f'l11:1J'Cl1~J1r1:11un1r1t11\l~1 flt1flo/11l\l ri1mruri'flua·1~11n1r Ll11LLm 
1J 

· I V ( V J V 

5. i \I L fl rlfl1 j~f(.) 1:1J~flT L flJ~ t1\l~j jfl~ 1fl~'Ll \11Uitl Wfl'ElflLLlJlJL 1.l\I 
• 
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; 

"" flldUflLLfYl 

f' . L'V V I I VII 

yrn.Jr:: tl \lfl Vl~\l~lflLJflllBun \11UtlLLfrlUfl~flHlrltl\l'VJla \lfi!l 1W1 fl 

1 LLVI \I 

~ II V 

1. 'Cl IJJIT1:1UflLLf111 fl 
II V f' V y 

2. 'i.11JJ1r11u~iu\11u1ifl '11 L~u11r::lu':lfl..!lu~~\111DiWlf11r1vi 
v v v "'.f I v J t.t 

3. ~ IJ.Jlt1:1U~~-ann1ruflLLmi111fhalJufl':11J.Jp~u~1u lU\11UL111LLfldLL1Jl.rtltl '1 1 fl 

,., v I 

"" 1. LL VI \I LL fl1fl 'Ch \l'l!UfllLfld'tl'tltl 

I t.I 

"" 2. fl:: L flU\I LlllLLnd 
I t.I 

3. LV'l'Wrllllhllfl"l 
v 

4. "" ., J.JflrlfllLfr) 

1 LLVI \I 
V I f' 

L 'i.'lUCJ'lf\UUfli'l'H 6 mm 
11 
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I 12omm ••*I t 
n 

lo--· -- 6 ---D 
\ . 

[:J: -- ::.~ n 
Q ( ::~~ t/ ~) 

~) - ••• • • -(3-u u--3-•rnn -@ •• • • •nn 

..]. o-------c------- - - "-:)~---c -e-------ri~ 
<J: ___ =:J r -~=~f> 

·•r ('C - - __ ,_ ·- . ----- ----- -- - -. - ~ - - - - -- --- - - - - -- - ·_ - ::?;} 
~1 . _/ ' . 

V _J 4 V ~ I v .., -II 

'll. Llf11fl {i')\11/l 'V: Ufl (°.11 'IUlJ1l) LLV'l \I LL n1'1'U ( 'll1 'll.Jll) 
1 I.' .J 1 IV V 

Pl. ' ~1till~'IULLn"lV1~'Cln'UVIT1ll.lnllWJ'ULLm 
:v '"' '"' '"' 

'1. U?lLLm L~maum\l 1mnmuLm11iJmu , 
V.J.!l .q v '"' 

'V. LlfldWi.JYIL tUlJr'iltJLL{l') 
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' 
• ., !::: ~ °""' <!i y ., cl I 1 ,: 

'El1fllJ'lllm1nl[J1Jl'lfl')dUflLLm MTIU'a:: L 'e)Uf)f)'fl llu 
V V I ( 

1. ~flVli'l'flflLLnJflil"l ~WIVIU"'l1 120 mm HlUCJ")f)tltJfl tll\I 6 mm 1 LL\1\1 
SJ 

"' ( tll'Vl s. 1 f). ) 
V V I v V V V 

2. llf m 11a11vflVI1 fl'llU1flvrr:i n n.J1:::nlluvi-:iun1nit:i \I irnL°vl-:iummun'f1'.ll1u u°"'l 
v I v v I v VV I V 1,11 I 

o<j<!j 1 1~ ~ ... ~ ~q q 
l1~1t1fl1U'lll~:::u~L 'll lLllit:i i~ vua1V1~LLVl\ILLfl1r1lmu1LLflU fill '11U1WlLlllUtJLLil:::u1'.ll'll1t1rillM 

1flLJf1VllJULL°vl\ILLffii'U61!0IUl~.Uit:I (Wl'll'fl 7.5) 
, ' I v . "' v I 

3. n1l'll"ll~lJLLVl \lllf11~'Ll <pJvi 801 'YI.) 1!°111"11tlL'lllml1W'ViJV1"11llJL 'Vl it:IL 61!U 
Iv Iv v v IV 

L ~U'lnlJLL'\11\I L Lffif)'a') \I r:::v111\I L 'lll L ll -a11 vJri1l \IVl~ULLfl1111r1llJLLU1LLflUrlfil)flL1"11 ll\1\ILLfl1 
V VV .J v V IV 

na·Nri'fl -:i rn1-vm u1lLm11vr~111r1l.lnt.1\1ll i:i "lu \1°11tuLLf111ua1u1ll-a"lmm\ILLn1iffl.!111wn:::ntO.li'l1U 
SJ 

I v Y V v v v.c11 V 

LLt'1\lllfl1fl~\l lLfl::: L Vl~fln'U~UVI LLi'l1U
0

1LLfld'f)'f)f1'V')fl Lllit:i1 vl -wrmJnlml.JtiLLfl1Vl1'11lnuu~ 11.lr'Cllfl 
'. v G) v I v !::: I .,. v v 1' .,! C: .,. _J 

lLU1LlflU 1 fl87l't'l\I L 'mli1 \ILLfl1'Vt\1 '11l\IV11lflU l~UL aurir\I llil':!T't'l'VUT1l'iJ111l L HILL 'll\1111 ( t™ 
8. 1 fl. ) 
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• 

u u u u · I f' 

1. 1 V1UflVl il'tlflLLfl1fla1\l-V1fllLm'llU"lflU'11 100 mm L ~Ul:Jl~Uflal\I 6 mm 

~°1U")U 2 Vibrtlfl 
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v 

fl'1tVl1LLVI \I lLfYlflU 

I v ~ . 4'.J v v J v 

LL'Vl \llLfYlflUUU L ~u~llnrrui1~1 Lilu~Wl\l l '11 'l un1rnfla'fl'1lli)~rr1r L ffi L w'fl 11Piw.11r 
I v J .J vv 

'"1::"'1£in "N '1 LLa::lla1u~nfl'1timN'Cll-V'V::'Vl01L~U'Vl11fl~1r 1flmu 

v v I I v &I 

~a,r-v 1nanlli)~ \l 1mti'l1 un~nN1fi'il'1'Vl°la\lfi'f.l 1iJu1fl · 
I v &I 

1. il 'UJlrtl'Vl°1UVl\lllfl1f'IU 1 fl 

v .,; v I 4' 

• 1. lL't'1\llLf11fiU'll'U1fl L i'lUCJ'lr~UUn'Cll\l 6 mm 1 LL\il\I U'n 150 cm 
.q I v 

2. m: L flU\l LU1LL1Yl 

• 
6 mm 
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I 20Qrnm --------1-" 

) 
/ 

.J 
nl'Vl 8.2 
l.1-r----

v 

fl"lrn°"l bL~\ILLfl'lfJU 

v ., 
n. LL'Vl ~ lll11~l! 

'll. i'IU 1 ~11Zl1tl'\l\l;llJJnlJ~l.JU 
v L r 

f). ~'U 1 VJ'VULLfnWCl'tll.J L ~'Uflll'Ufl i'ilJ l ~~ 
J.I J.I J.I v 

-:i. l'.1!~J.JDrnm1nvuni'lii1. imuu 
I J.I ..s C: v 

~. U'Vl'llLfldflt!ml
0

"l~°"l l nlL~'l 
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. v ' q .J v . .. "" .... .: 
2. 1Jrm 1l~ 1 vfl 't-1 L Vlbll tlbl.WiiliJ1Ufl i'l 'N 'CiU h ·fihJa1U'lJ1\lm!\I 'lltll:: l flU1flUflm.JU, 

oJ , 1J 
I v v I 1· _J I 'f 
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.. I VI VI t' I I 11.J · 111 < 

!°1UUfl"11\l L t~1n'U . LLfl1~nw1fl L 'Cl 'UtJlfl'UtJfl{il")\J\9l l..Jn'U 1l.Jl.11flUfl LL'a::Ufl1Vl~'1JU1fl L ~'UCJ!fl'UU 
"' 21 "' 
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v I d' 

v v v "" ... q "' 1uurrif1 . 2. Uf'l'fWlllfrl f'\Uel'fl L 'lJUUllfrl 
I v 

"' 3. 'fl~ L fHJ\I L1hum 
4' v I 4' 

4. ~nA~tfl'llUl~ L {llCJ1~uun~1\I , . 11 8 mm , 12 mm LL'Cl: 15 mm 

I v 

3. A11lJ~1U\lll.J ~-:J~U'fl'flflltl'll\11U 
I v 

4. inB-:m 1lJ•:1hu1ru 1un1rL1hu a:n1rnw n1r L CJ1~a'Dflllfl1 
. ~ , . 

ill v ..J v I d' I v I v I 

1. 1 ~'fl'LJ1J~'tlf1llfl1\1~ L 'C!UCJlfl'Utlfl'11\l'fll\IOU 3 'lll!l'1 ~1n~a'flf1lLfl1~~ L ~UCJ') 
11 

I V v I 

8 mm , 12 mm llb'i::: 15 mm lJlelUl\la: 1 ~~'() fl l f'IUl'll~b'i'fl fllLfl1Ll'fl 'Cl: 

100 mm 

I v V I d' I 

8. 5 .1 fl')j'fl'LJLLfl1'1JUlf1L ~UCJ')f\t!Ufla1\l'L 'vnnu 
. 11 
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fl. l.l'ffif"lmwm~11V1um JJflYflflarn l.lll'111"1~1lv.~11fw1 2 

V I 

'1J. L ']J ') 1 "lfan:: ~1'U1l 'C1 1uvi-a11f'l~flnu~-:i :. 1J1 1 
I V I J I v I q _J 

fl . lJ'ULLfl1 -C:'J11Vln'Cll VlVl'U "lfn 'llJt L 1W'ilU 
I _J I V Ill 

-:J. UhlJT L 1tuVIUULLfl1 l VI lll~llllfl 
V_JI q II 11 

~ . um 'Vln'f:l Lr rnwarnl -a1 
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.. 

V V I V V I 

3. tf'lLLn1'El'Eln-v1n L llit:i 1 wn a1nhaJ.JL'1J11111\11hl1uw~UlflLLm~ L ilfl A'fl t1a'flfrV11\I 
I I V V V V ..J I · I 

'1l11~11 fl'flU '1 L1ha:w l l~ 1 fli\lv11:: l V!Llfl11JT L 1\U'ltlfl'flflfl'flU 1 '1JU1U'fl'flfl L\11 '1 ntiOllllti"H flu 
l..JIV IC::V IV V V 

rlr\l'Cl11.m hi 1flLCJ11 irmr'El Lrlfl11 l afl'UllU 'lKU: LU1'alJ1!'tl\IWJULlfl111lr'El1J '1 rl1l.JLLU1Llf)Ufl')U 
v VV l v Vt V I I 

...... 61 1 .<!jqq .J .::.., • 1""· qq 
iU'CllJfll.IW1LLm nwlt\l l.Jflf!..3ll t1 tll1JflL1JU'.l U.l'Clllfl1LUtirJ1a\I UIL'll1'ati 'VlVJm LLim\ILflJ.J'Elfl 

V V _J VI I.I I.I I.I 

iU'ElJ.Jnm1~imLm 111 L r'Elu '1 -vmLm'El11un1v.~™ l viit:i 1 '1ll'J'Cl~ll\l 'll1\l'El'Elnur \Ifill L 111 , L '111 , 
v l I.I v I _J ..J 

· w1nu LLfl"H~uu'lvnH'll1111nl.lnuvi11imu1n1111rL1blrelu cnJvi s.5.1 fl.) 
:u 

"'.JI v I . v v .J 
4. u°ILLmirn'ULL'a1'tl'tlfl'V1fl1 w Lll1i-nJL 'll1111111\Jll {l1tJLilfl 1Vi1JrL1\lM'ati 1 i~'V'UVlitfllJ 

4 I v .,; v ..t· . v V..JI v 

L vi~ l.1'1JU1~ 1virn1vim:Jf1llf1'H ~m anu'tlu c p.Jvi 8. 5. 1 \I~) . Ua-)ViJ,1ULLfr.lVl'El'Clu~111~rit\I 
L' V v L' VI I V I I 

... "'I ... ""' Cl q ... 1 cl 
'V'lrtllJf11Jfl\l llfl1llllfl\1\l 'Cl'tl \1'1J1\I '¥'Ullfl":JVIUUUml'aflLLa::w (fl L VJ1V1inw1 l fllJ t'llt'flU'flllU\I lJ L ·rull 

:u 
v V V · t I .1 C:: VI.I 

mu l 'Vl L ll"H '1J"H EJ11vn WI ll{,'l ::v7°1r!ll.J'1Jlt)Ufl")f L ~l.J'Vtlflr:i\lt'ClUrlll L tU1JLU'!.lllfl1 L tiel L ~tnnu 
cl I "' . ..J 
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.,j V V v IV v v I · v 

L llfJLm1'Vlaw~~1 L '1J1nu~uin ~\lu°l111JfljJ') L:U1~r11J.JnimJJUurn 1:Ur111J , t111111n 1~\Jtinm 
V V .J IV I V V q _JV I , 1 q J 

1 :LI r1111 '1 mr-rn nJ'Vl1lUf11u a 1 ,r~::: U'tl ua \I •v11li11Jn1\l!vHJ'tl tli'i\l l :U \11l'f:lfll.J llJ1fl m 111n 1rutiU '1 
11 

V I I v v V I V I IV 
~ qq q qq 4 ~ ~ ~ 4 4 

111-v~::: L ".l!')ii L D'ltlnd'UV1U \I L f)U L '1l:i.rtf.1)'1tl00Vli'itlflLLfl1tltlfl1Ui'll\I lJtl'lJ'"l1tlUfll'UlJU 
. 11 11 
.v V ..! I I:: V ., .f 

0 
V VJ I ., _J I .., 

1 m.l'Mlflllfn'Vl'O):: LU'Wl\11 ffillflfl1J'WU ~:::"Vll l VILlfl1WflflUVl1 L Utl~fl'alJLD1f1U~1Mltl L u~::'llUIU 
V I I I VI J 

vl1ti1lf1Vfl '1 fllti n1n:U11mnt1l'flmLt\I LlhlJlflL nu 111 L Yir1::~::"V1°11Vl".111\l'Vlml1 W61JU1U Lri 
q I V V .,

1 
I v q 0: v v v,jj I:: v ~ 

j.J ')flL flU 11.l Pl'"ltLD1 'l VILLfl1'lJUIUrl1 ·vifl'"l1Vlatlflllfl1 LYltl\I L anu'flu ua11 '1llJ'fl"Vl\la'fl\1'1Jl\lfl\I 
VI::: V V I.I VJ I I V 

11a1uV1'a'ElflLLfl'"l'Vl\1"11l\l'lJl\I L 1J1 '1 Yit'il:l.lnlJVllf!Lm1111r'fl11 , ~Ul.Lfl'"J"Vl l1.J\l'fl'tlfl rn1V1imflnf11 
q .,.r...i., 

L fllJL L a:::w"'il~Wl t\I LlJU L 'l.\'[l L flUdflU 
I V_JI I · .f V I I 

'l UflltdflL 1h 1 ut:::U:::LLrfl '1 LLfl1'Vl~1l1l'W~::: 1 Wlt \I L U1lLLnd1l'W~:::m.i 1111\1 ha "Vll 
.., q I I I . Vq .J J 1 4 .J "t: . 
flu 1ll~~::::wu1\l 'C1 1u 111 \l'fl'i'lfl 111\l'C11U\11l L 'lll1lfl 111 "ll' \1"1 1 L vim U1l\1 ~1n11lJ'fl"VlV1l.l'l!LLfld'Vl\la 1l\I , , . 
Y v I v V_,J v 1 

'lll\l'Vll.li!Llfld 1imt'El:unu VlT'tl't:il-JULLfn'VlVl'a'fllJ L Vlit"l L t1VIT'fr1!1Lnu111 n1tllf'11Lllih1 w1ll L V13.n:: , , 
V II IV v v Iv 

LLfld V1afJJJ?i'11~.J'~l-if L Ul!fl f l1:1 L lht:lll L 'Il l 11J1 U'lilmlfllLfl'l L 1J1Vlt'Elllt \IL OU 111 f.J(jfl~fl L lhllfl1 
. 11 

I v t I v 

L'Vll.l '1 ~\1Vl'a\lvm1u1w1 riafl\!Lll1:1.J 1fl '1 Ul'U '1 -vu1Y:11~:::LOVlF11"ll-l".l!01u1tM ~::if1LVl'\!1°1\ll'U 
v 0: I v 

1 flL t'lLL 'a ::: ~'HJ\11:1.JM'VlUVltlfllt L '11\llU 

I V V I II' I I 

8. 5. 2 fllH11l'tll'a 'tWlllfld 'lJtnvi L autJ lfltltlfli'il\lrll\IOU 1WJ1fl 
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"" v .J ~ V I f' 

1. L VlrtJJJVl'Cl'ClfllLfnb'l 'th1Vli'l'f1fl Vlfil'lfl'VIW\l'll'U!flU"n 120 mm L mlCJ"ll~tmna1\l 
J VI t' I f' 

12 mm Vlmlfl'Vli'l 'ti\l'll'U1fltl "n 120 mm LaUCJ1~Uf1'Cl1\I 8 mm via'DflLWJ)t1yn131'iltfl 

4"'~"' .:4"'4 .J 
m:Jfr:IUutl'.TI1u V1~flL ~flfftlWlUl.J'Cl~11 CpJVI 8.5.2 n.) 

v I v v ..J t f' v 

2. 1.hiHtaflum 1 VlW L '1111 w11a1ufl'1U'VI 'b.1n';)fl!31'flfflVIJ.JUVltttlflLm1 h1rtiu , 1u1 w w ; , 
I LI I t' I .: I . 

'\l'Uflt::til\l~ H1UCJ1f1UUfl'a1\l'11ti1fl L 'V11Vla'flfll 'Clfl ( ru~ 8. 5. 2 'jJ. ) L'fl1tJ'flfl'V1fl LU~ 1 yj 
~ ~ 

I V V ~ 

1Ja'ilu 111 VILL'll \lm 
v !:: I V I f' I V 

3. 'll°"'IV1ita f1Ufn'Vl\l 'f.l'Cl \JV1ircJ~lla1uw~'flflij'lJU1fl L auCJ1f1UUfl'Cl1\I L 'Vl"lnU L "111 l w 
~ 

v V l:::: I V l:::: V I 

'l'ltW '1 flu VIJJ'Wllf11'Vl~ 'Gl 11'lVl'Cl'flfl 11J:t'fl1J 'J f11l.JllU1lLf1U 'VUflt::i\lll'Cl1ULLfl1Vl\la'fl\l'll1\I L 'fu , 
I V !:: V LI I J V .: V .J 
'fl'flu~1 ~ 'lu°lvia11mLmV1\la'tl\l l.J1LL91::nu1 Vli'IUVl LLa1ufla1u'V1uri::nu 1 VIPl'tlfl L anu'tlu < tll'Vl 

8.5.2 Pl.) 
v v t v I I ..: v.q v I V I ,: 

4. L 'rl1 l ¥n Vl'f)'fl'U~1 Ll"111 L 'fl1'tltimJ1 L.ll"li11U'Vlfl'Dfl l '\.UJ'll'U1flf111\l L 'V11Llfl1ll'Vl\I L 'Clfl 
I I .J 

fl 'fil! LU"l CpM 8.5. 2 \l.) 
VII V V V I I f 

5. U0IVl'a'tWlllfld~rlll L 'lJ1ntilL'Cl1 L '111 L CJ1 l mimLm CJ1flllU'luv11\JVl'allfl 1 Villi L v1r1:: w 
v I .J l:::: v ,: v I 

ri r \ID ~1tlV!fil'l flCJU \l lLf11 '\l::Vl'U 1fl11 L '\l'l j "'1:: L l.llli'l'Ll 1 \~131 d\ILLtflVi"l l Vf'lJU1fl L 'Clfli11\llLf11Vl'Clllfl 1 mo . w 
., 

0 
Vq J::: I "> J ~ V I .f.J v LI 

'\l ::VIOO'"HNi11lV11J:tl10ll.IUVl'U1fld11Jj L 1Wfl'U'V\lrl'El\I L CJ"l'Cl1UtH 'l'lll l Vlll1\l'Cl\I '1.1\U:: L CJ1m'l\JV1l.JU 
' V l:::: 4 '" I ., 

0 
I l V I I V .,

4 
..,\., 

Vl~flllfld'Vl \J ~ll \llfe'l 'V'UlLfn'tl'f)'Uo/J"ltllllllroJILlh f11:t LU"lrl'f)\lfl'fHJ '1 LUI 'W:l"WflW.J'fl'Vl '\ll.JVll.JU 
' V V Vt.II:::: Vt.I ..JVI IV I 

VltttlflLLfld 11lmu LL 'Cl') 1/.ll~'Cl'Vl\l~ll\l~1Jllfld 1 '\.Wlr\! l tl'lKll::'VILLfl1Pl'flU '1 ll;\ln1 1'1°1L'1lUU'V'Ufn1 
q _JI _J "' ., q .J v I v .cl "> .JI v ·~ 

lJrL"l\l.Mrl'tl'V:: L '.ll'tll.lrW1fl'Wfl cl! \Ji \IL mll fl'Vlfl'nt·U'tlU~'f)'V:: rlll\l L :tUlJ 1JTL 1 \'.Mrl'r.l'v::rrfl\l hmu 
"' V ~ % .J I ,rv . I I . q V I .: I V ~ 

ll:t L 1M111\l L flU 1u L 'U'tl'Vl\?'lj \] {1')'U'U91'Cl\l 1l.J111\lfn 11.lnn rl'tl\l ll.I L ~Uj.'f)tJVl'f)'lJ'tl\llLfldVl-3'a'fl\JWMlfl 

;'fl\! L r·uimti'l!1 L ~'UL n-a L ~mnu ;1U\l l~ L T~1J;'tlUii1U'31ll;'fl\l L CJ1Ll;,V1°1 L Vl~'VUfl~l'V:~ Lik 
I .ol ' v v -.I q v .cl _J . q v '1 

mlflLL'Cl1mN'tl1JL vium (LL'flt!'Ui'l) llfl111r::lJ')'l)J 10 Ullil L Yl'tli'lfll3111l.JLPl:tUfl"ll'fl\ILlf11 L1JUfl1t 
v ... v .J.: .J 

U'tl\lfl'ULLf1dllrlflLl.JllLUUi'l'3 (:tU'Vl 8.5.2 '·) 
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I I ., 
0 

I.I I.I .J I V ., ., ~ ~ q-.J I I.I J"' 
ha VI ')f)l!. 'V ::vn l VlVl'a'flfllLfl1Vlrl'flLLi'l1U\11f1'l,1f)'El'tlfl'V 1flfl'U L l.Jll L Utl'a\I 1'.IT~1l!Vl fillflllfl1t~l.J'll'l..!lfl 

I ., ~ I.I ~ V I ~ I I 2.1.tj I.I I o' I ., I 4' -:I t 

1111..:imm1n'V \lo/l'fl ..:iuflll 'a'1uvia'flflLLfl1 LLVI -.lvi l viwi111 Vil.I L auu1~uuna1..:i L VI 1nrnLV1" L nm irnfl'fl:U 
V I VV ~ I V 

ua':l~'1'U01l.Jlrl'eH 'lllfn80'U "1l'Llo/ltl'LlfllTVJ°1..J1'Ufl\lo/W.l 11.lu 
., I.I l.J.J VI tf 

1. ?Wma'flflLLfnLLVl\IVIV!U\l'lJ'UlfliJl1 140 mm L auu1r1UUf1a1\l 15 mm LL'a:: 
1J 

v ' . v t o' .J 
V! i'l'ilflLLfl1'lJU1fll'~m.n1 110 mm L 'Cj'UCJl~UUflal\l 6 mm CtllVI 8.5.3 n.) 

v _J v I v v v I v 

2. ti'11.la1Ufll'UV!U'1'lJ'fl\I V1a'flfllLfl"l '1 Vl~ L 'll li'ltl 1 V~UVli'l'Cll.J L Vli'l1LLi'l1 l'!!LLVl\ILLmll1uufl 
V · V I v v .J · I V 

un11 riu L '.l! LLVI '1LLmvi'm n1::nflnmJa1uvia'tlflLm1w1,1a'CJj.J L 'ViaJ'V'ULLuu u aJ L 'tl1'tl'Cln'V1f11 w~ .,,t,fl 
V I.I VI tf J V V 

umriJ-.J1la1ulvilla1uV1a'tlfl~L 'ClUCJ1fiuun i'l 1\ILLfl1J '1 CrllVI 8. 5.3 'll.) ua1u'1i11U'll'fl\ILLm 
1J :u 

.J v I.I v .J 
Vlft'1Ufl't:l'flmJ IL ~'U L i'!UU11rlflfl1U Llla11 ih.u V!~fl1'1l.JU111lr::l.Jltu 100 mm ( TUVI 8.5.3 'll.) 

:u 
I.I I.I .J V V I V I 

3 . 'Ll
0

1Vli'l'flfllLfl1 L 'lll l~r\11lf L 1\lld'flUfl'flflVl~\l ~d'Cll.J01JVl~U'V'l.Hlfl"l'fl'flUll1'1Lli'l1~\li'l1U 
"' ' I V I %V . ~ VV 

Lnl'H an 100 mm 'Cl'Clfl ;\lfllTft\l llfl1 "11tl'Wrl'El\l'tl1MUfl11lJ'1l1'WlblJ ~\11.li'l 1Ufl'flflUtil V!f1UV!a'flfl 
. q .., _J' v .J <!I IV "' I <!I q v V'.., 

Vlb'!'f.lJJ~Wlfl'l.l LL'Cl :: L 'U'flllfl1t~ L Vli'l'Cl'f1Uri'fl\l llJirt!1V!j'fl1J1'1Lflt!1iJ LLZi1L'f.ll'fltlfl'V1f11 l~ d'fl l V!LL 'll\1\111 
1J 

v ~ I v _J v v v I v 

i.Jf lJ L 1J-a111Afl VI L 'i,'lfl i'l \l 'lfH~1'Ufl'UVl'Cl'flflVI V!~11JmflO'U 1':lL'lll1 w~f1'VULLf1':l'fl'fl'W~1~ f11Ti'ltl 'l 1~fl'UVl'fillfl 
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14q mm , . i ---- · · · -I 110 mm . 

~ ~ftm- u muuu - - - - ~- 6- - - rn rn- - - -- ---1 t 
I 100 mm 
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0 
I "'t:: I _J., "'I V v "'.J VI 

4. Ulll'Vl\l llfl"J'Vl\1"11l \ll.Jlfl'tl L 61!1lLJf)UflllJ1tl, 'U~J'tl 8, 2 -v:: 1 fl'Vlfillflllf)J'Vl~ L'l1UCJI 
o' I 14' q .J · 

~uun~1\ln 1\lnu~•n fl1lLlluV1~1lflLflu1nu ct~'Vl 8.5.3 "· ,~.) 
J. t " v 

0 
q q v q .J 

·5. Ll.J'tlo/11ll tl r-.:vua1'Vllf1ld1l1Jl 1!1'U!Jd (LL'tlU'U'Cl) umllr::~tru 10 Ul'Vl LYrtl~fl 
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t 

I v v . 

n1r L1hum 1 in~tmr::: uh::: 

. · I v v I v I::: vv I v I l I' 

n1n1hum 1 VI L ~Uflj::: nh:::flZ'll.l L 1h 1 flVl'alU~~ Vl\lirnti'ElUnlJLLf)J~'lf')l.JI L DI ~ L-au 
· ~ 

I ·~ v I v _J . v I I::: v v I v I v .; 

CJl~UUfl bll\lnJl\l'llUlfl 1 Vil! ~ ')'UUf1') 'lt1 ~::1.t1J.J1 l '11 LDlt!U~:: l 'll llf1"l 'l!Ufl 1 fl L 'llUllf)')lJ'fl'U llf11LL"ll\I 
~V v ., I v V 'f I::: I V cj I 

flflll\lfl1U\l~\lf11j l '1!\l It! L 1Juv.-a'n 1 Ufllj LDlllf)') 1 Vl L lJUf'ld::: LiJ1::uu flltUUllfl') LlJUa.:Ja°1~ty 
I V v v I v _J v _J I v 

L vJ r1::n1rnimm-v:::vi11viun1 viu1m1iJn~ umV1nF111l.lw1~:: 1 flnt::: nh::VI L iJ1LLit:1nrn"lJ.J 

• .; .J v.., .J..iJ 1 v..yv "'..i 
Vl'U1VIUVllW ~:: ll "11 \ILLH LJ.J'tl L '11 \1 IU 'aflH\U:::'ll'tl\lflt:; L iJ1::V11l L Ufl L iJ Ill 'a') L U'tlllf1')~::~1'il\ll.JFl')')J.J 

~ f ~ ~ K v I J I v v 
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IV I !.I I I V 

"" 1 "' "4 1 LlhZlWl'il-lfl"lt nh L 'll') \Wlf \11J~ L 1\UVl~:: nhnr:: uh:: VllfJLLfl1 l.lt'fl1J '1 ~"llJlLU1lLflUW 
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cl ".JI · .: v .JI t; 

2. ·vi1fllrtl1Jl 1'1UU'lLLfl11~ L1h L "1t"VLL"h lflll L <wvn::m\llJt L 11:1M LU1L mmr:: Ll.J'l: 
,dv.,v v ..&.: 

l i'rtlU'fl-lfn!Llf11Url1W'l1 Limt.tNa\I 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



146 

V .J I;: V . I V V V 

. LLrnV1-v:u
0

1J.J"l\l'tluu-v: L~Ullfl1flit>\l~t't!Ll'Vl\lllfl1~nL 61! 1 ri "lltr1flui'i::ri1·um11'll'Cl\l 

. ~ 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



147 

• I/" \ " (r:-0 
' ' Q_ 

·---........_ 
'1 . \ \ 

~ 
1, , ;;\ 

/!/ 
. ...... 

I ., 
j' I, 

/ 't 
/ 

/ 
/ 

{ 

.-"--'\ . 

~-- . 
\Ji 

. .....__, J V t LI m LI LI 

n~r~'ti~l.lVlu~l'l! 1ii 1n fl"ld.~'tll.llJVI '1f 1 fl · 
' . , 

.· .s SI 

vJVI 8. 7. 1' f1"lt ~'fl~J.JWMlflLLfl1 

f 

· n~· 

'°"'· 

~~----------0~·----~------~~---\\ 

มห
าวิท

ยา
ลัย
ราช

ภัฏ
พิบ

ูลส
งค
ราม



148 

I v , <!I .,.J 
0 

v ~ J' v q v .J 
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u v v ..f ~ I I V 

2. 1u'll11f 11um'V11\lfl1'UV1u'Cl1uilfllflfl'Clrn LflufrnL111Jfl":l1m a"lwm1ufwa1u 
V V V V U I V 
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V .J V I V I d' V .J V &I 
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1. L111VlmlflLLm L~'U'll'ifc)'tltf 1 m.h'lltm'Mlflfll'U~:: 3 '1J'fl 
v .J I V V d' .v 

2. 'Cl1J.J1rb1u'1vimiflumvi LlllLLit:i 11'l wr:: 1uw 1 fl 
.;: V v 4 <\I .J 

0 
VI V 

3. ~ '):l.Jldbl'f)'flf)LL111l'!JU1fl'l!'U 'l l'U 1 fl L mi1::al.Jf)lJ L Fl T'fl \ll.J'flVl'V::'UI 11'l 'llr'l1Jfl"lU 

V v I d' 

1. Vl~f1Ufl"lf1it:l'3 'il'UlflL 'i'.i 'LlEJlf1'W.Jfl'~1\I 10 mm 
1J 
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• 

1_10 
- -· -- 10 - _... - - - - - - -- - -/-· -- ·- -- -- - - - -- - -- - - - - - -

,...,, f 
n 

\__/ T 

• 
f -·----{-- -

~~~·=I========= 

• 

J 
pl'Vl 8. 8 

I v V v 

fllf'Vl
0

1a·:n.!1li'llUV!il'tlflLLfn 1 VI L~U'll'tl 

~ v z:: v 
f). Ufltl ~ l !JV!i'l'tlfl LLfl1Vh:J'l1'tl \I fllU 

I V.J 
'lJ . WUf11'Vltl'G'l1UWfi'tlfl 

v v .J 
fl. tJ'Llbtfld'lJ'tl'Vl'Gl'tl \I 

• v v .J 
\I. UU Llfl161J'rl'Vli! '13.J 

v .J • .: v 

~. umi1tin Lan LLfr':I 
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1 V lo'. I If 

1. lfl'Vl~ll flUflJ'lJU l fl L 'Cl'U CJ "l~t!Ufn'l"l\l 10 mm '11flU'Yl1.Jr::lJ"IU! 150 mm iJf 11 
I V V VI 4' V V t;-; 

Llla-:i 1 vtl 'V!tu <1. '11'tl'tlm L "VUU'tlu) '1JU"lfl L ~UCJ"lriuun 'C! 1\l'1J'tl\IV1a'tlflLLf11 Ufl1.la 1uir~11flLlfl1Vl~ i'l l1\l . ., :u 
v ~~<!l .... v ,J4 v~ v Vo;I .JIV 
fl"IU (1'llUfl'V116flll 8.1) LllllllflLLfl':l'\11\l l'lll\lfl"l'Ulla1rifl'l11'UVl 1UmNfl')j'f)'f)fl 

v v v v v v 

. 2. 1.J rm ll~ 1 vfh.~~'1JU "lfl L ~fl U1LLfl1 L Tll 1 1~1 flt/l VICJl! \l tlfl hlv1lJ'LlLLfl1111 j'[)lJ 1 til 
11 , 

V V V V V V I V _J V 11 

rttl\lfl')j 1 Wv1'M:lf1Llfl1 L~1.!'1Jll L ~thl '1Jll L ~tlJ nt vWl°ILLm.l \l"llll\I Vl~flllflJVl L '1J ') 1 vWJUVl"l\l'Vlfllla1u 
11 

C: IV .V V V VI .J I 

L rm L anllt::l.J11ll 25 mm lll'l tl"l'll 'fl\lfl"ITW~"IU'll'fl'fl'fl\J l t-1i'l1UV'ltlfl 1~Vll\l'Cl'flfl11.J~flllf:::j,J')ru 
lJ ,J v v I v V v 

40-50 mm L l!il L 'll l 1 vJ-vULLfr'lll'Elti~')~Ll ~U0"l'fllliW ')fl 1 )~ Vll.JtiLLflJ j'EJlJLL U"lLLfl'UVl j'fllJOlJ'Eltlfl , 
.,. _J4 ~ v v v I V o; .J . _ o; . v _f 

Ll '.i"\l flULlJ"l '1 VIWlVl\J Z1 'el\J6lJ1\I lVllLfl')lJUL'1J1Vl"lflti <t11'111 8. 8 fl.) 'VUCJU\lllfl1~U~\l'll'UlJ1 
v .J 

'fl ')jJ?J')')lJ'flll \Jfl'.)j ( t llVl 8. 8 "11.) , 
lJ 
v .J v _J VI v I v v 

3. fl1TVl1'1JllW~1ll \l LL a::'llllVl'll "llJ 1 VI UWLLfl')LLlJlJ L ~U')OU LL'fl 1 mJUUllUti \J'fl')Ua
0

1f111 LL'Cl:: 
11 

I I I I vv I v v .J 
'tlU~ffllll fllJ"IVl l\lll Zl "IUW~'tlm·:: u::inn::vn l\lLL'flil :: '1J 'tl~UllU01Jfl') IJJ'flll 'J fl')j l 'll \l1W ( tUVl 8. 8 

11 lJ 11 

fl .' \l.) 

V V .JI v v 

1. ~lN IUVl~'tlmlfJJ VI LD"l L~'U'll 'tl'tll!U 
v _J I v 

2. i nxr.:n1r l ':LI L fl Tti\l~'Cl 1. un1nl11um 
v v v v v • I C: 

3. im:t::fl')HJULLf)") fl"lfv'l°ILLn'l 1. m n'U'llll 1 fla1t1\J')jJ L TU\l l Vlt\J Li'lfl 'fl lJJ~°Jt111 i1 'Ul"ltt1 
Q) . v .., 

... 

l <Ji \l "IU 1 fl~LLti::MVIU'Cl"lU\l"llJ t 
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v I v v 1.1 

1. L Vi L UIV!'Gltl?lllfn'1J'fl'EltliJ 2 'IA'~'flfl t.ll"lVlfillfl'Gl~ 150 mm ll'a~ 120 mm 
VI r( !.I !.IV v 

'1JUl?ll ~UCJ''lf\'l.mn-a 1.;i 1 o mm L 1~mh'll8Vim'.lVIL~U'1JtltltliJUilliJ'a~ 3 'lltl 
11 

4 
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I V ~ 

f)')f LU"IUfr.l~"IU~ml 

I v v 

9. 1 n·w L ll"lumtii"l~f'l"lti~ml: 
I 

9. 2 n1rLU"lf®f)~~~IU 
I ~ 

9.3 n1r~1.l1¥11~~a 

LI .., ~ 

1. \YlTElll1~ ".llU~ 1'Ll 
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v 

2, VI ~'eW'l U fr') "IJ'l.!'"lflrl I \J '1 
"" ., 

v 

3. JJfl?l fl Ll!Y'J 
I v 

""' 4. !fl~ L fl\'J\J nhurn 
v .. 

5. Jll~\J1'ULlfn'Vl 1\J~ ~ll 

v v 

4. z1'\J Lfl !fiAJIJJa1U\J1JJL VIJJ1~aJJ'Vl1\lfl1U~~ll~~'tl\J;U\llU , 

. ' 
n~fljjJJL arJJllt~aun1rru 

VI V VI d' 

1, lVIL1.Jifl'tlflflVli'l1U'v1flVl'mlflLlfl1fl 'b'l1\l 'llU1flL a'UeJ1fi'UUfl'bl1\l 10 mm 3 ffllfl , ~ 
. I 6' v 

2 o Llll'fi'':I Vl \l 'Gl"'l 1f1V11it1flllfldfl'0l1 \l~'W1fl 10 mm lli'l~ 15 mm\ 'tlUl\Ji'l~ 1 n1 
~ J.,. v .. ~ 

3. 61l'W\ll'W1/1Aflat1\J'1:l t rnL 'tl\l 1 611U\l'IU 
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I v 6' 

fl "In ll 1LL m \I "'tu~ 'fill 

I v v 

9.1 fl1rnhLLfl1Vl"'t\1~1~all:: 

V I/ I I t.1 I.I I 

L~'Ufl 1rl..i1Ufl1l.11~flLLU'Cl\IVl°t l WjtiJr"l\1711\1 '1 rt"ll.IVl'tl\lfl"lr llfr".l~'V::till.l"l~flLLU'Cl\I 
~ •a::: .'1 I/ "',., "' ... ' . "'.: 

V!f'ElrtflLLrl\!tl'U'iYl'V~:: L1J'ULLfnfl'CT'l\! Llfnrl'U l~fn'1ltlffe.1'El'U (Soft glass) ~lfl"llL'll\I 
v I I/ I I/ V t;: 

c Hard glass> V1T'tlLLmari1\! '1 ~'U'r:lt1n1Jfl"J"IJJn'tl\l n1n'tl\!\l"'t'U'V11\lfl1t1Mall::uu '1 
1J 

I/ I/ ..J t.1 t;: d'V V .J V 

fl'W 'l °lltLfld L 'W'Cl\!"ltl'Vl"l\lfli'UMmJ::uu °ll "l"J~~llnrfnmr'V1°''lllfl"J L wtl\l"IUVl"l\!fl"IU~all:: 
1J 

<f t:::' V I I.I ., 6'..J 
Luu L "J'Cl"'t'U"lli rt\ILLrti'lli'u 5 ,ooo ~!.l"ILLa1 1viu L rJJ'\l"'tflfl1nittm1anufl LlJU'tl').flrtuL flr'tl\J 

V V I . i 
llr::~u n1ru1u L fl~'Elu'Ll1'1l'r:l\!~uri1mlm VJ 'a't!JJ'Cl::a1u~ri1\l .., Vl

0

11 vi~m-i '11lr::n1rnL111u L vimu 
d V 6' I/ V I 

L mn~~u LL'a:: LJJ'r:lllr::J.J~l 2 ,500 ~JJ "ILL 'CT'l '] "l"J~~llriu\!a1JJ"lrt11,i1um'l vi L~uan1\I '1 
I v v 

L "15tl LLfl"J~LLYl\l llfn~lJLLCl\I 
6' v I 

'l u~liun 'Cl 1 \l'il1!\lll r::-»ifi1~m 6.ll"l"J 1 rli'm:l1JJ1r1:1'V1°1LLfl1 Lm afl~-K'U\'11\l '1 llr::~u 
V I . r( .q I v l;:: .: I/ V .J 

r11lmr::-vflV1u 1ri1\l ri1l.l 1mimV11rJJu'Cl \!LL111"l"Ja1u\!'llJJJ1n c nl1uV!u1uunrfn 1 !itCJ·cu.a W'Cl 
1J 

.. 
V I V V VI t.1 q,d · 

Vl
0

i l V! L nfl'Cl1fl~IU L vin'tl'U~tltl'tltl 1 flUitl) Ll'Cl:: 1ual1°uUGJ!1\JLLflJ61!11L1U'QlJ'l!'f) L au\JJJ1fl L 'Ufl')J' 
v 

\11 °t LL fl1 ~ 'lllJi~ 
1J .J v I.I I I V I 6' 

tufimrrl:M 19 'll "l"JLlJ~ Lnu1flt1~riLm1tlV1JJ '1 L~l.lw CLflufl1r'la'rl1lf11<nfl 
I I V I V .: 11 

'1l'tl\l l 'ClV!::rn1\I 61 'Cl\l 1ifl tii'l1'UCJi'llJ'll'tl'1LLnd) L '1!'U LLfldafl
0

I '\l"lfl LV!'aflLL'Cl::Ll:lJ\!fl.tia Ufl')~ 
... &j q .... % ... .:1-J .,. J . 1 "" 

L '1tu1unm Vl'atl\l-V "lflUL n uu:JJ 11-v-vwu 1mrrnm\I Luu1:!1uV!t1\!'ll'tl\!1Jr:: L vifi L "llfl 1na a11 L nu 
1J , 

.J.J t.1 V I It;: I .J 
L~ulJr:: L \tlf\Vl~'l! ll L aU\!lJ"lfl l tlfl')jCJ~tflllflJV1 1\lflltl \l1U~ -a1J::~ 'Cl1U\l1J.H TlJrl\lllrld::lJIUfl1~Vl 

f.I v .J..i .: .J 
i'l1U\11l.llJ'Utlfl1 Llfl1'Vll.IJl1t~~ L 'Clfl '1 'V1TI1U\lllJlJ1f1 

I V V 6't;: .J V .J I 

fllrL 1hllfl1Vl 1\!fl"'t'U \l IUM aiJuu ll1'V'V::dfl'V1°1'Vr)f1 L f'l j'f) \l l '1! L f'ln-l \lllr ::~llllfllltfl\J 
I Ill V I I V V 6' 

1'11\1 .., L"lltl '!J"Jfllb'lU°IVl't!JJ bl'.lUL'd'llll\l~fll Vl01 L~tUllfl1lfl1ll tr~1l.J 'Vl°ltll-Krr.ilu~flHtll: 
1J 1J 
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• • 

• 

I.I I.I 
6" 0 ~ oJ 0 

9. 1. 3 Wftl'el'Wm 'V'fYWl '11W'lJ'el'1LlfY.I f11jt'flrut.\fllJ'lJ'tl\l'Vffil'elUmLL~::'Vfl'V11\l1W , , 11; 11 , , 
V I V I.I C: VI.I V 

'lJ'el'1LLf1J'V:::1i:'H.Jl V!f11J"vfl'11'Llllf11J1f1 L d"1 LL Z1 ::Vi°1'11U l fl;U\l1W'11tl'11lJ;U 

'fl'f1m.11-v::: mu \l 1l..I 
IV v 11 vv v 

11m1r~n.fl1rillDimn1r uhun1'V11\lf11W\l11.!Aa:Ll:u -v: Luu 1 lXITn~nH1LJnclufnrmu L 'fl\I 
.J I v o' v o' v 

L~'f1dnvi'nH::: . n1r~~1~JJ.-m ri11JJ~flrLrm1r1-:iarrri LV1Ln~:Llr:a11n1rruu~::ri11:1J~1u1~u 
I I V · V I .,; I V I !;:: f 

™ L 'f1\llJlflm1n1n1°1rl1JJLL111JllU1\l'lJ'f.l\l~a'e1u lf1U'V::: l Vl~fWl1l.Jll111JlltJ'N L :Llun1r \ flJrl'U L li11WU 
I I I I.I v 

v11u n1n:Ll1fl'f1flflV1~111 n1r'lfl1Li-vnu 1amm h1 n1nl1run11\l n1r'V11r:Ll:Ll~1 L~riu 
, 11 . 11 
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9.2 
1 

fJ1j LD'Wl'El flflV!~ llJ , 

162 

· I ~ v ti ti I f' -~ I I 

rnr L 1hffilnnV1-a1wu 1 ·mLmflfr1\lw1fl L au1:J1f'luuna1\l;urn.1nu'll'Ll1fl'1J'fl\lfl'flfl1, 
, . ll lJ 

I.I .· I .: V V VI f' 

ml\lflll"ffilflflV!'allJW lfl l V!tlJV!f'f.l L "lfl Dfl~JJfl l 'llV!itf:lflUfl'l'llUlfl L ~'lWlr1UUfl"ll\I 10 mm . 
~ w lJ J I .: · V I.I I.I . v I ti I.I · 

L lJ'f) Llll L ~ f'V LL~11JHyu01ih1 1u.:i 1JJ l 611 Ltlt!ffilfl1JJ1.lr::f1immLVJ'l't.rf:l\l 1 m11u \lll.JlJlfl 
o ., !::: I . . q., %4 

~1fllJ'lJUVJ'flUfl ')j L lhfl'flflVV!Z'lllJJ.Jfl 'lt!fl1l 
I.I V I f' ..j ~ 

1. U
0

1W~'flflllfl1fl'Ci1 'l'llUlfl L 'i.'l'Ul'.J lrlt!Un'~l\I 10 mm U11'1fffifl')rnlV!itf:lflV!U\I Ufl . ll 
v I v v v vv 

ll'a!UfllUV!U \IL V1L iJuf11Ufl1lflUl1llr::JJ"'Jl\l 150 mm 'WU1UllJUfllV!1flfllUV!Ulfl 'alJA 'l1t1U 1fl 
v J ti v v J I.I 

fl1 1lJU11 "il 1flll~ 1UfllU'VlAtlfl L '1l 1l111.lr::JJtru 20 mm l 'l!~'U'Gl'fl L ~WLLfl1'vh L flj'f)\JV!JjltJ 11 
I.I v v J J l vv J . I.I J ~ 

ui'l1~fl~m1i1 1 \lflJU1.li'l1uwvi°I L flr'eMV1JJ1u11mmll-a11w crll111 9.2 fl.) ,1.l-a1ufl1UV1nfl 

Ll~L;1l™flnULtlUflj::L1h::u111Jr::JJ")'Qj 2·0 mm · 

ll 

I ti V_J VI.IV I.I 

2. 1lfmlli'l11vfl VIL'~ ('fl'flITT ·L 'VUU'tlll) L 'fllllfl11t11t1°1 "hu'(l1L~JI1 W'Vl l'lfl1UL~Uflj:: 
V I V V VJ V 

Llll:: L 1'.J l 'VUfl:r:: Llll ::LlfYJV!'Cl'f.llJ L V!'a') L ~U'W~l'Cl~fl . r::m1.:i L 1'.J l \?l'fl \IV!1lUfllULLfl')1t1Ufl 1 ':11 ULLti1 , 
I.I I ti I J .a v I.I I.I 

U'tlUYl'a'flfl L 1 i'l1 (VJ'fl\lr::1\l 1JJ 1iull~1 vl~nl'lr\l 'Cl 1UVJ "il::V1°1 L llun1uu"l1 L 'Wr-:i::-v::V1°1lV!1M\11l 
I ~ I.I .J V v I 

1ml1 UV!t'fl'fll"il~ ::irf) 1 fl) LlJ'tlltfl1V!'l'l1lJ.J L v1~ L~'U'Wi:l l'i.'l~.fl~Lli'I ') L 'fl l'fl'fl fl'Vlfl hl lJ1 Llh L~U 
I I · I I V V J 

flj:: Lll1:: fl 'a:l..J'1JU1fl 1 VlilNl'fl L V!J.J 1::Uflfl ') j'til1fl'fl flflV!i'll1J t::V111\l LDIV!JJ'lHLf1111.lmu L 'W'fl f)j:: Lll"I:: w , , 
v J . 

'il::1flnm.J Crll111 9. 2 '11 .) 
ll 

v I 

3 . llf m llfr1 'h~ L ;,fl 'W'Elrnr 1hnr:: t 1l1::n-am '11 1 L ll'a11 Wlfltlll.tlfl L i:J'H ~u'i.'! 1u '1 
~ · I I I;:: V I I I.I 

Llluur L ')t\lllfl1.I 1 1UllVJ~::~1U"VU1JtL1bUUt!v1i'l'fllJ LVI~ ll'~1L'fl11l'flfl\llfl1 vlfl'f.lU '1 Lllll V! 
J 'f v I I 'f I . I I .q 

1.Jt L 1UM L l'.J"l~'U'e)'C)fl L 1.li.lfl~1J~V11' 11J l') j \llJT L 1~-lllf11~ U\l 1JJV!"11llJ'V:: L w j'f_)\J fl'flU '1 Llll'Vl 'a:: 

fl~lJ 1 'V'UL~Ufl1lflflV!'Cilinf\lfl1lfll'lllJ;'fl\lfl')j Crll~ ; .2 fl.) 
, lJ 

JI v v 111 v v ~ V I V I 

4. Lll1l Lll11 flffilflflV!i'il1.ILl"11 rn-KnA :flLl'l'ClU1 l V! llfl1 L U'U L 'fllfl1U';j)lJ{;l\J L uu1all'n:J'1 
t :1J ; 

I.I V V I .J I v 

ih::~u 1ifl t!l'l'flfl f)V!~l1J -v: 1rifl~"1 11Jblfl'l~rl l\I 61 ~1U\113.l L~'UL fl j'f_)\jr'Jf1lLrl\lDflU"ilnULlfl'l 't , , 
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']J 

( 
~ 

I 

~ i-1 __ ,____ __ 150 mm . • I I 
\: 
'·----------' --) 

30 nun 

v v v 

fie Uflllf)')U'Y.) L ~'Llfl")'Wll~:::o/l~Llf)')'Vl0lflj:; l'.LI'):> 
I 

~ • nhn r:: L 1.h:: 
I ct l;: ..:j q . 
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I o' 
. /j 

9.3 flltLlll~1~\I~ 

1.1.,.bl.I G' I.I VI.I I.I I I J 
LLf11lti Lcn·v1i?11vNa L~ULLf)J!)'a1'l'l!Ulfl!)',ll\J lci!Llfl1~UV1tillLf11aY1mLY1\li'l1U1/I L~1J.U10 

rl I LL 'Cl ::Dfl 

q..i ·•<;j • .,~ .,~~ 
1TI LU l~.J 'Cl l'PllJ'lJUo/l llU fl\IUA'il 

~.· ..i., • .,.. I.I I.I I.I 

·1. 'llU'Vl''l'~ 'J'WVI tlJU'C!lfl'ClmV!'li'I 1mm1rUfllL!)1lVlo/lf\IUa:::1 VlU11V!Ulwtl L Vil.JI:: 
._J v ~.,I .J<!i~ v. I.I q .J"'., -!! ~ 

( tllVI 9.3 fl.) 'VrelllflJ L UUirJfla1ulla1UV1tlflVl\I LLfr:!Ulllf)1flf \11JrL 1\UVlo/lflfllJfllfUflflf \lllffl 
. I.I I I.I I.I I I.I I.I . . .J 
L 'ill 1 'Y'lV! l\l'Vlfll~Wlr\lblfl1flllflllr::jjib'J 6 mm 'VULlfl1lllltl~1LLa1uri L V!Ul1l1ffl''1lJfnr L mivil 
., .. .J 

L lJUflllVl\li1 ( ti.Jtri 9. 3 '11 .. ) 
_J I.I ~ V I.I . t I.II J .J 

LjJ'flllfl1 L U'UU fr:l'W
0

11tl L 'in1 il Vil! L V.V!l\l'VlfllflVl1,'lll\lllr::jJ')t'J 50 mm Lml 
I.I I.I I ., 

0 
<!! I.I ~ ., <;j ., I I.I J I I.I<!! 

um L '1111 w-vu'tl'tlumu1'1:l'tlfllJlt1fl-V'WLLn1LL'll\1111u~::vir\lfl rivi~1U'lJ'tl'l'WM.lflUfl1m-\IV11u 1 flUfl 
VI.I I.I I.I .J 
~\lfl1tlLlla11w ~flU~IU Vl 'Clll flfllUU (TUVI 9.3 fl.) 

11 
, d' I.I I J I V I 

2. ~!Vl01 i:i°1~1vi-:ia U
0

ILLfni'l1u1r1 u-:i 1jj 1 flUfl ; \IU11 
I.I I.I 

50 mm L?J1lr!1flt1l61!Lll'bl'l 
I I.I I I.I I V I v ~ I.I I.I 
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