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1.0.1 1'1~-~-I~*:OiJ\~1r1!:1Ut*~>1<:.1'JI~~it:ffl 

nmrmf~rtf~B9$:~.11i!JJ£:4s:~~o 

1. o. 2 *~~mffl r~Jt-!::ir&Jt~»WJi!i!~, tJtit®nmr!m-ii89* 
:0 i;i\~I fl:: o 

1. o. 3 4s:~J!1~1J\~pg~, iJ\~1r1!:Ai*5kflJ:~bilf{f,g.~»I~ 

l/J~, ~it ,fifl!IB9~:4s:~>J<::fflf~tto 

1. o. 4 *~~iJ\~*ffl89f~tJ,~*·Eil~~J£:lt:!:fr~~,f!l<tt~ 

flt~o 

1. o. S 4s:~J!1~iJ\~Ifl::bilil~l'.iil~Cil!!:!r:ffl;fll~ttlH1'ff:*f,f-~1* 

ff!, $:~1:.F Jk1l~~fl~~1rlti891!:1$, 7'!~, :ff1*$~fl::AJJ:1 
f~:H~*B9*~ 0 

1. O. 6 f'k»I~*:OiJ\~~biI~,g.;4s:~~9~, r.'fibil~,g.l:iil*'ff :* 
5! tiJ tt:f~ lit 89 ~JE • 
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2.1 * t~ 

2.1. 1 :!E-15 rock 
:a: 4Htft:itl!.ml: f'F Jtlr , rli:-X£:1f J:tmil rm hit EB 1f !fm~il~. 

~J&::itl!.Jtlk:itl!.~EB±~!fmml: 0 

2. 1. 2 :!E"~ rock mass 
Jiff: r-X£:itl!.ml:PF:J:t, m ~~m~ rm ;ffJ :fltJt eir m iu EB m-ttJ ~ 

Yr~!&: EB ~tltt:itl!.ml: ~ o 

2. 1. 3 ~;g. bed rock 
:f!l!.if:r:X?&±~zrEB;fn*Jt?i~lilr!&*EB:!E-~o 

2. 1. 4 :!E"~ rock sample 
*t:£1JDitfJ:!E-15~£ a 

2. 1. 5 :!E"~ core of rock 
)}.. ~ tL .:P ~JI&. te EB :!E-tt. 

2. 1. 6 iit;W specimen 

rli: mun:• 13 tfJ no I hit tfJ * 15 ~ £ • 
2. 1. 7 litf.tf specimen 

*Mlit.§EB~IhitEB-JE%~tfJ:!E-15;tf£. 

2. 1. 8 ~fllit{tj: benchmarked test piece 
:!E-151,R{ilf~-!Jt•.:PR.-;fjg 50 mm,%ltk-*~jg 1 tfJlitf.tf. 

2. 1. 9 ilmL measuring bottle 
Jl.:ff -JE t'ifl~.fJH19ty1tl it ~:ff. 

2. 1. 10 J!i!*ll.*JJt particle density of rock 
:!E-15m~!fmml:~ml:il~Jt~mEB~m • 

• 2 • 

'•? ' 

2.1. 11 :tk:~*JJt block density of rock 
:!E-15litf4ml:il~Jt~m~ ttm" 

2. 1. 12 *i-f#;;- sealing method 
ai!tl X£J!i!*1--1.l&: JJt * Jtl .t/r##;;-!iX: ~ :SFf 1*t H~#;;-EB Ji~ • 

k--lit 14 rm m 
c---l~Jtj] 

2.2 ~ 

d- J!i!*ll.*ll.12 
D-lit f41i1:£!iX::ltl ¥: 
E--~ttmil 

Er-······-ifff tli5-'ttmil 
Eo--~mmm 

H(h) --iJtftj:~(J!j)]Jt 

Id--iffi1Ni:fl¥Hli~ 

I,-*f~iEEB,ri!.{ilf~5!1JJt11i~ 

I,<so)-~iEJ8~,rii,{ilf~5!iUJUli~ 

Ia<so)--,#:{ilf~fililJJt~rPJ~ttm~ 

K-*ll.1£ttJf:-*~ 

Kw-~lk-*~ 

Ki--'*ill-*~ 

Kp-fk1t-*~ 

L1--7*il!JYJ:iltfi! ~ $ 
m- iJtftj:(JiX:iJ\~)JYJ:it 

n-1Ll!lit$ 
P-ii\ftfi!tl~~{ilf~ 

Pb-!E-~~~ffj] 

Ph-fit7j(ffj] 

Pa-~~~JLl!!ftffJJ 
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P ,-:E1*!1Hlf&fJ 
P .-~at~ffi &fJ 
Pp-~/Htlli:fJ 

R --lf!~mlli51Jt 

SH-fi:k 312'-00 ±J1LfJ 
sh-:&1J•3JZ-oo ±!1LfJ 
Sv- ~1f1JIPJ±J1LfJ 

V-1*~ 

VH-~rPJ 8 Ebll1!£1*:$ 
VD-~rPJ § Eb~1*:$ 

V HP-@1tl rPJ~*~JHt$ 

Vp-tJAt!fi!Jt 
v.- -tlt!ti!Jt 
w--~7.1<.$ 

w.-11&.J.I<.$ 
wsa-~;f!JJJ&.7.J<.$ 

W-;Ef;f.:~0011:% 

WA···-11:%1tlt~ A ~B9~x-J11:% 

w R-M J~ fiij Ef9;tt:f x-J11:% 
w.-l*Jt z ~B9:E1*11:% 
Wr--ffe&:f&r8f'k tt 
M-··········~tL~IPJ11:% 

i:j,R-:E-1*~00~11:% 

s-!1L1e 
µ-raf'ttt 
p--:!;k:f;f.:~ It 
pd-f~Jt 

p.-fJ!i~~ )jt 

psa-:!;k:f:* ~ ;f!J lSf }jt 

• 4 • 

Pn-~jlj-lf *1J.f!{J~ It 
p.,-4 'C !J;f 7.1<. fl{]~ It 

{JwT-T °C!J;f~nlf!{J~Jt 

~#i: rPJ J1LfJ 
0'1 - *"'*"' rPJ J1LfJ 
0'3-=*"'-mu1PJ !1LfJ 
O't-11LHL51Jt 
r--19!1LfJ 
~P'l'-'•ffl 
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3. o. 1 :E-1i iJ\ ~I ff JiiI f& M 1i iJ\ ~ ~ }£; ~ ~ 

liftiJE. 
3. o. 2 EffB<i*l&JiiittWJEIW~~ffi~>lt.*flH1HL,f-?llll,~:I*, 

~#~:1f1!, JF~il r7tltli1E = 

1 ::F JiiIJfH4til.if! * J&:E-ff ; 
2 *l&A1f:l:if!.ffb:-ft~tt89:E-~~:E-:f:k:; 

3 fillrll:E-ffB<i:E-·t1:JiiI~*i1Ili"ll; 

4 ~*~*M*ll<~~i¥1:E-ff,JiiI1f~ttll<*~~~~Ai¥1 
~i-tttfM!!; 

s ;g. *F JiiI ,ff$:::(:£ !~H~ Bd!!Jl 121-t::F :k i¥J ft!!. :1f ; 

6 ~~**FJiiitt~~~~:E-*F:1f~,§~~tt:E-*FJiiitt• 
jf~ 0 

3. o. 3 *ff i¥J ~t& _± ~ JijJ. titi't *ff~ :a :JG~ 3C 1'1Jl ' ' ~ 
:fiJE~,:E-*Ffffi~~*fflf!.:!Ji'tff l*l .JF~-~ic~ . 
~% JiiI M I§ o ~ t&fil i¥J :E-ff Jiiiif t& :tE f ;l'Ck J~R IB , flit~ ::F :k ff<J*F ~ 
~9=10 

3. o. 4 ilt141JOIJiiimM:E-1i•t1:!9J:f!JiJ\~:9k14 ,JffB=it r7tl~JE: 
1 m:tmf11~~~~i. ::F~**~*?l.?*11<~~B<iiJt14. PI m 

fHl:t:bOI; 
2 ~71<~~1-tJmfmB<JJJ\14,JiiI*fflff!:bOI; 

3 :JJ0I~*1'~3C?t*11<tt~B<Jm1L:f:,JiiI:tE~ure~!llfil*mT­
, 1t--1LttP:ittfiiJ\~. 

3. o. s ::E-ff:J;Jif*~~ll:mfr!JfJE~ 3. o. s i¥J~5Eo 
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!¥% 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

IJ!:~JJi§ 

***'~~~ 
ffL~:O~f*.~ 

4?J.!1lltt19i ll'., P}b.fo~., 18"1l 
~1Jc$,'!lfJt~ 

~,t/i'~*:li 

:t!Llffitt 11:tt:lffi~7! 

f:lm~Jllf$ 

~Jllf·l1: ~Jllf$ 

~}J 
iliit11!1•tt 

•~11tm!il.Jt 

-~ff!'.fiE~% 

m:t.:B!il.oc < ~~M:) 

tn:~$f5Illoc 

..,.. 
'l'1 :0 

11:~ ~:fl;Jffij 

Meitlffil 

-- ~ 

~;l§Ci'D ""·"" (.j.f, \ :n-

;'t'ffftt~ cm 20 cmX20 cm 

L>l5 cm L>25 cm Xl5 cm 

;;f'!ii]**i*~ 2 1 1 

' 

···············-

18"1l 4 3 2 

1 1 1 
···~ 

x~**tt~ 1 1 1 

1 1 1 

:X~**tt~ 2 1 1 

x~*1Jctt~ 3 

f~ 4 3 
···············- 2 

18"1l 4 3 

lffiiR 4 3 

f~ 4 3 1 

f~ 2 1 
2 

18"1l 2 1 

f~ 7 4 

i 2 

' 
18"1l 7 4 

-

7 4 4 

!;;i:c;!iiJ*Jj(tt~ I 15 
' 

15 

;;f'!ii]*7Jctt~ 5 3 3 
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11 

12 

t!l:!l 3. 0. 5 

20 cmX20 cm _ ____, 
Xl5 cm 

ifGtl::L/d~l 

flf(IO- 12)1'-/ttf. 

tfllriiJ Did :J:J O. 75-1. 00 

~Jlll1f.7Kilt~ agiJtflf(l0-12)-i'-/!Jl. 

:E-~<:!iUH D/L :J;J o. 75-1. oo 
Jil~) ~Jildil\flf(l0-15)1'-/ill., 

W~3 cm ~~JilU05-20)1'-/ill 

3. o. 6 *1*~~J:ilHlHWI;mff91R~,Ulf1.J.m:ftJ~, ~JiJ:)iIJ:J :f:Ji5tm, 
m < ~) :~l)f&J~~ ,ffli&tit ~*, m;~~:ff 1-t~·~ B9 *1*:ilt1i ;fJi It" 
3. o. 7 *1*1A~:1ff!J:)iI;f!HiI;mff91R~!&J.9l:~Ji,J:)iIJ:J~?tm, 

m < ftJ) 1A17JJ~~,ffli&tit ~*,*"-ft· 11£Ji!;mJt ,ffl *"* % ~·~ ~ :itt:H 
m;~. 

3. o. 8 ~~I fF~JtiFP, J:)il~ai~ifi!J ,ffl11:3t~~11H!r" 

• 8 • 

4. 0.1 4':.iA~~JfFf~JJIJ±~ai~aJHJt17JJmmtB9-*~*E o 
4. o. 2 ~~J:)iI*J=lfF:JH~ffii*: 

1 ~:J'CH~m = § m ,17Jlm ,.L1Aii:J'tm, r 1Aii:J'tm,fJJ a:m~m~ 
;f{f*iiL 

2 -WJ=f*1L:~V:f1I~ 300 mm~500 mm,~:J8! 2 500 r/min-
3 000 r/mino 

3 ~J=fm:m~m,§JH1frnL 

4 l}ff]Yffilft!xP:600 W~l 000 WO 
5 #\~W{;~;fF:500 mL~l 000 mL 0 

6 §JH~:f:i~-:fi:300 mmX400 mmX5 mm 0 

7 ~17JJJ=f:75 mmX25 mmXl. 5 mmo 
8 ~~J=f:20 mmX20 mmX0.17 mm,22 mmX22 mmX 

0.17 mm,24 mmX24 mmX0.17 mmo 
9 M*fin ,Efm~i'.f:~:\7.UJc:fi,~:j:,~itL~.:=.1rJ~. 
10 ~IXJtli'Y: 

1) f{{t®~IXJtli'Y:lOO ,120%,150 ,180%,280 
400(W28)%; 

2) ~IXJtl_=K~IXJtli'Y: 120 %~280 %; 
3) S ~IXJtl_=K~IXJUi'Y: W20 , WlO % , W7 
4) f{{tiiJllj: CiW.i~~f)})W7 % , W5 % o 

11 111i11*;t:11¥tt 1*~ ;f3 me :J'llr~ J=f ,ffl ~~- J=f. 
12 f'kw,fflf'k ::Prm < 3+D1eme =me 111i1JIL 
13 I]tM*fJ. 

4. o. 3 ~14*'1*J:l\Zfli:r:J1JzP-~:itt:H: 
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1 .IR*f :M.E~lif-4:J: W.!Rir:>f11l1J•Jt1f1ir~>l<.ITTE*f o 

~;j;fJ'btJJ.IR 25 mmX25 mmX5 mm .p25 mmX5 mm 
:t-f '*11 >R ;j;f J6 f~ -f.:ft'r-4: 0 Em ;j;f J6 &·@! :i2t .IR.::J!fl! ~LE m 0 

2 Jfl[!fil: E*ftlJJ:f ifiitf'k~f!j1'.:tJ:~£W~at 'mm:HJ¥l5fil 0 

#fm~Jfl[!fil 1¥JE*f~.A;;!Uf!j. f;f?Jg:m\.}jt:(:E 50 °C ~60 °C ;:(:IBJ. 
Jtt:H:/JO~kJ;.ltT o #f~filE*f~.A~$JM-ITTJfl~ i:f Jtt:1-TJR5fil ,#fJfl 
~~~m-f.m~~ttW,J¥lITTWl5.¥.m5at, HP:kffi ~:bP o #fi¥l5filM­
ITT ;f.;f r-f ft< <X.IR ili , :&t tfil Jn:~L 

3 IJ.ljl-m = #f H3C 5fil M- ITT* *F ITT - iii • am Jt m J: .& ::e • ~ :fJi 
J:ffl-f.Ili~~~.ljl-iii,#f~-iii~iEIJJ:ffJLJ:m•~1mm~ 
1. 5 mmo 

4 ~J:f :#f~!Jo/.JJ:f ,E*ftfM~:l:T J::/Jo~.~€#f 5fil1*{t:faJfl 
¥*1'E ~!Jo/.J J:f l't~ i:f 9-: tf!Hir;ftl E *Ff iii J: .19!E*f £J ~ !Jo/.J J:f H3C if , ffl 
m m-:r ~t ~ !Jo/.J Jtfii Jii , tr: :t:f ~~~H:lt & , 19!1¥l~ •rm f5J ~ , :JG '9: i'f!! o 

s m11J11•Jt = #f~M-ITT**F .il J'Gam JtmJ:m loo , 120 
%~/XJtl~!=JJJ<rmirmm,J¥ocm~ 0. 28 mm-0. 40 mm;.flJ-ffl W28 
%~/XJtl~~JJ<tfiif ,:tfmJtmJ:M~ o. 12 mm~o. 18 mm;~Jiiffl 
W20 %,WlO %~/XJU~!=JJJ<tfiif,tfmJtmJ:~?'l.M~ o. 04 mm­

o. 05 mm; ii ffl W7 % /XJU ~ £J 11< t~ , t£ • ~ :fJi J: m ~ 
0. 03 mmoM11lU:tiW i:f 'E*f J:itrf*;j'g:)G. '/f~JBlJfl 0 

6 :a:m1tl1JM-El<JEZ1•Jt J:~lli:Jl:nlf*{t~Jfl. ~#f~·J:f~ 
~:/Jo~. :&t:f£1¥l3f iii J:. m '2[ffl f!-T~ ~1fi: ffi. 111: te 9'.. ff!! o 
~•J:fITT*~•Jttti:flJii .mm~#f~•Jt JaJmI~>Ri¥lt5tt$. ~* 
JJ\~o 

1 J.ilf ~:tm;f!JJ:f JJIHl<J • 41HEl.J:itrM$J WJ J:f, 3ffr ~:tm;ftl=fil 
H~W*-J:f o 

8 •Jt::k;J\J:itrml JE JJ\~~ >.1t' 1¥1Jtlitri5J~' *$1il:l:511WJ JE 
o. 03 mmo . 
4. o. 4 iJ\~J:itr:f1tr:91JtJ7!Wltt:H: 
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1 E~-f.lif-4:ITT ~ HUMI.~: § J'GAA!~i'.il.~Ez:i ITT1if !Jo/.J, ;ttl@l 
5 , ~ * oc , ii!oc -Yt~ Jtir o , ~ ~ , 1Wt w, rx 1:.1if !Jo/.J 1£ 1-t ;ftJ .=tt:1:. i'.il. 
1f ,~if*~tf-4:i:fll~~~~¥UITT;MJfil,:f.m~:tm,1Jtm, T~. llPJPtliii, 
1:. !Jo/.J JI~ , ffJ m , ~~ , '9: fL ~.& 1£~ ;Mi~~ :itH-T tit~ , jt: T 1iilt ;tt !ff 
~~ tz: :!*. , fJ1 zv liffil£E z:i ~ f$ o 

2 lfl1J ::P ifiil ::YCM ~fl ITT~ EE , j:f:Jtt::tf !Jo/.J m i:f-L.- ITT t5t IL 
J -&i ifiil ::Ytmm r AA!~ = 

u ~1*: ~~~1*::k1J\;ftl ~~:!*.~, :tin~M:l*.,:fli:I*., # 
tt,llf J:f:l*.~o 

2) JiiltJJIL ~:tm : 1iilt :tm ITT~ B Jk 1Bl lit ISJ ITT !fl JJLk * , fU1¥ J.I ~ 
7'G Mt.I:, ~ :tm ;ftJ 1iilt :tm ITT !f;f fil: o 

3) :1if!Jo/.JISJ1lf:?1J:1fs;\ ,~~:figfil ,M~:tV.ff. Ji1:f.ll!~ o 

4) l@l5,~5·11:.&l!&i&:-t'L 

5) ~®,fiiii :IE~®,ffi.~®,fiiiiir?'l.o 

6) §•1* 
7) <X1:.1£1tWoc,1if!Jo/.J~jJ1£~·titl£o 

4 IE~ifii!::Ytmmrxm~ = 

D fS:JlW:~~FfS:JlW: o 

2 > liffl ;iE ~ f: f5J 1W: 1if !Jo/.J i:f ITT T W75 ;ft]~ :JJT ~>t $. 
3 > 1~ ::Yett 11ff ;ft] r~ ::Ye !fl o 

4) ~~;iEJ];tt~% 0 

5) ~~~~o 

6) ~~IY31if!Jo/.JAA!~~M5o 

s 4t::Ytflflr~~= 

1) liffl;iE-~~ ·=~~Jk::Yt·tt~% 0 

2) :tHW~=~ ,lifft;iE::Yt~ffl ,:J1t·tt1f1il, 5~~0 
6 mzm:nmr~til~~~flrRi{if§. 

1 :ill :E· z:1 i:r 1if !Jo/.J !If tr :::tdm rm m r x 7! ~ JJtl at , PT 1~ 1ltJ x trr 
!1~;tt 11£ jf f! * )GJJX; 0 
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8 :k r ±~:@:;Ei-:ff !fm 89 jf J:rCilf ~~:ff :k::J'td~l: ii!fm);f~-t. 
4. o. 5 iJ.\Hi\!!fiJf!:IH!!!J:ill~itT1tl~Jl!.JE: 

1 :ttHill'..@lJJE89ii!fmf'P~,~~!fifAJ, s ?tftlt, 
ft,~j]·11ftsr.lkii!fP,189f1~1tl!llit'lfl£, !i!iit;E-EfAJ:@:, ~ O~jf}EJk 
!lf7rrcll}ttat~~. ~ t1:1;a.:w•Jt jfJ£M~. 

2 ;E-EtiJJ=fjfJE1!t~l*J~J:ill1~HlirJ § ~**' **,lf{*f: 
:l'llL,¢.\ Jf{*f:73i!Jjl, ti\Hi\!~%,M~~% ,!lf7rjfJ-EfPt~J-E~ ,;f.,f-7-fs:fj:) 
Dflll'.•~tiL B:flJUl T X!.l'.• tat ~;a. E !fi #J ;fU fAJ ii !fm JlX: ?t lk ft 
It, 7X:£ii!fP,J1ff-t1fl£, ;E-EJ-E~, M~~fli!J A, M~1tf:fff;A, Jitfff; 
13 W:J 0 
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5.0.1 7-fs:it~*=ffftJt=flt:. tJt=fWr.JjlJ;J 105 ·c~no ·c. xiJr 
!,) ~ tl:l !fi ~*ii !fP,J 89 ;a. E 'tJt T Wr_Jjt'.§'.¥£ fli!J ;ff 40 °C + 5 ·c T :ilHr 
imYJ-E. ~mr~dJE;E-Eti:::R:~ll}t~T~***· 
5. o. 2 it~lill*=ffIT11HSl:H~4i: 

1 ::R:lfl-::Jt/jl{ti o. 01 g. 

2 tJt~ = 24 h l*JWr.Jjt~-Ord~":tf 105 °C ~no ·c 1BmI dlf~~ 
m~~mf JE:tf 40 °C 5 ·c. 

3 =f~:H: l*J~il,#/t15~lil&~=f~*'J· 
5. o. 3 iJ.\14fli!J4iill~itT1tl~Jl!.iE: 

1 {#H'if ::R: ~ * * $ 89;a.*"1ill tE mt.~* Jfito ;E-*f: iE* If{' 
tfflJ , 1Jlf if ;fU fli!J 4i:iltfl i:p , 1ill {#H~ ::R:~ft?J(ll}t~ • 

2 itflf:1t1J\R -r lill::krmnx;E-E ii::kii!fm'9ftlll!I~89 10 

f'&,4ij:1-iJ.tf48919ltt/F1!J.1J\r 40 g. 

3 4ij:filiJ.\~89iJ.\#~tt/F1IPr51-. 

4 ti\{41Ni~illt!lfi5T1tll*J~: 

D :E-E ~** ,Wf-@.,ii!fP,Jnx?t ,!fi#J ,#J:©: ,JXLftfl/jl ,J&!fi 
!fm •11:19!~ 0 

2) J;J~tifit flf:ft7j(lj}t~Ji)f *lf{89n\':Dm: 0 

5. o. 4 iJ.\Hi\!J.iizfttT1tl~l1'itl:rr: 

1 fli!J4i1Ef891tf41IeP**I· 
2 ~iJ.\#ltrtJt~l*J .xiJ/Fft!fi~71<ii!fm89:E-E J:ill:tf 10s ·c --­

no ·cm]jlTtJt~mtt.tJt=fatfBJJ;J 24 h;xiJr!b~tl:l!fi~7Jcii!fP,J 
89:E-E,J:illtE40 'C+5 °Ci1ffi.JjlT1Jt=f~m:lt.1Jt Btl'BJ-N!J;J 
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3 #f iJt 14 lAJ~t *1i i:f !!it. tf:l , "f/J:. A -T ;f;il ff 17'J ~*11 ~ ~ ¥1ffi. , f1F ;!;JI; -T 
iJt 14 J:!JJJi: 0 

4 f$.l:E\Ht1ifft~ 0. 01 go 
s. o. s iJt~nU!il:~Wllil~ir r'.Vtl~;E: 

1 3'.l(rJtl~5t1t•¥-t:G ***: 
XlOO 

5ti:f w--Wu*Jj($C %) ; 
m-1Jtf4;1;J!;-TITT1stmt.l:Cg); 

m,-1Jt{4;1;J!;-T Est mt.I: ( g) o 
2 1t•m~llil~1ifft~ o. 01%0 

(5.0.5) 

3 iJt ~ic ~fill -El.~ Jffi § ~ f$ , I;@~ f$ , !!it. ;ff :it!!. lL !!it. ;ff 7* 

• 14 • 

f1F 'iJt~~ % ' 1Jt{4 ~ % 'iJt 14:Jit :!£' iJt 14;1#!; -T ITTr ,§ L¥J J.9J: 
, 1Jt~l3 WL 

6.1 • Ii: j~ 

6. 1. 1 ffl3lttiVJcf/MiJt~Bt ,.l:Jtli¥!mJlFf7Ji!~5E~*7JcMttlf~nlt 

*L¥i~~wu•••~·~*7JcMttr~nlt*stWu•••~* 
ffl ~~III fMriJt~:lltffiJt~ o 
6. 1. 2 iJt~llil*fflrJIJ {)l ffN *: 

1 :*!l{i 0. 001 g0 

2 1;tf;*1J: 24 h l7'J a<J¥.lffi.~fl~1liH#t£ 1 o5 ·c ,__, 11 o "C ti! Ii l7'J • 
3 :$:ffl 100 mL. 
4 ~~N*~A-~11i19".N*o 
s m¥1ffi.7Jcm. 
6 ±ff:gifj: :fL1£ o. 25 mmo 
1 ;tt ftB N * : ~ WtJL 'i~'HJf f$: 3!b *HiJf f$: , fl! %lc :f;1c , -T ;f;il 

ffJ~4,¥.lffi.~itC*~ti o. 5 ·c 
6. t. 3 iJtff:ifitJ*llil~ii rJU~Jl!.5E: 

1 #fW*f:~ffl~~~Ji\t~5mmst~~.~"//J:.A~Wm17'J~ 
WnltW~. :Jf~~mHitt o. 25 mm m?i:fL, fflfi!%1c:f;1cPJk-i;:W~i:f 
%lcJJ!L 

2 X;J~;;ff Wi'li if~ st W ff: , llil* ffl ft1i1ff$: ~ l!b *HVf f$: ~ W ;/~· 
ff:, 3f~~$ii;ii 0. 25 mm mfi:fL. 

3 ff: iflr tit :1£llil-El. 1\5:5 ,o ~ .f* , ~-@. , r ~nit* , m 1t f.'l! ~ ~ -tJt 
ff:~W:Jr¥!. 

6. 1. 4 -tJt!J&fill3'.l(rJtlzv~m:fi = 

1 ~ifitJ*~st-tJtff:,:11:.:r 105 ·c,....,110 ·cm~r1;!f;-=f,1;!f;-T 
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:·,I, 

111111 

BtfaJ~1~Pr 6 h.~FnnxA-T~:Hl*J~*P£~tffii. 

2 ffllm?ti!!OCii\*FMfil,&ffi-ii\:Wml:li&:f.J 15 g. 
3 ¥f fJJ\:liFn 89ii\:W~ A~ T 89 :Ii*& l*J ' tl:A ii\til (~iii 1Jc~x; 

~rm) £:1imi?§tRa<J--*~· 

4 ffl~i\WJJ\.~ii\tilat, riT*ffl~~i!Wt1i'.2'1m~i!flM~~ 
1*.ffl~ntl~ii\tilfl1 ,&;,®iffl1i'.2'1m~i!flF~~1*. 

s *ffl~~i!flF~~1*at .~~Fn:IJOAABtfaJ~Ei.LPr 1 h;* 
ffl1i'.2'1m~i!flF~~1*Bt .1i'.2'BifJ*~~E:1'1 ~±tfr:k~BifJ ,;Jm 
~atfaJ~1~1J\r 1 h,;Jm~Ei.L1Ul£3G~tf!!~lli1'Jll:. 

6 ¥t~MflF~~1*89ii\tiltl:A:l:mi~lli~ .~Fn.itrti!i!J.71<. 
ift!f l*J , ~mi l*Jtlfilfjt {ij!J#~~ , J: NIS~ til1IH~ • 

7 ~Mmi~, ~~~ 89 ii\til El mi~ ::t ~l!HL ~ tt! ill , •-Tmi5'~ 
~ , ffJ\ mi , ii\ t1l ;fJl ii\ :W J~, mt :Ii , :Jf ft ~mi l*J ~ 71l a<J Iffii JJt , tfUff! ~ 
o. 5 ·c. 

s 5t/$:1imL, tl:A~flF~~ f*:Jf J:::i ii\~ Ill'.! Iffiil!t 89ii\71l r:l:mi 
l*J 'tti*~~ 6 iX '~ 7 iX~~f!J\mi;fllii\71l89 -~mt:li 0 

9 f*ii:rfUf!£ o. 001 g. 

6. t. 5 i.:it:ltnUlHlfllii.l~1t"F;1J~~: 

1 f6:rJrJ0~it•*~jl{~•JJt: 

~~ p.-*~jlfftelfCg/cm3 ); 

m. --ii\*F -T &:I: cg) ; 
m1-mL;fllii\fil,ti],JjJ::li(g); 
m2-1tli;fllii\71llkii\:W,~.mtiitCg); 

(6.1.5) 

fJwT-iit:!lfrttffiifl T l'ii\tfieJ!tcg/cm3
) ,7J<.89e JJt Eil llft:lR B * B. 2. 3 .~nael!tncm:lR A. o. 1 ~~~. 

2 it•~*~~~ O. 01 g/cm3
• 

3 *iit:~Ei.l:i1Hi3f-tift~,ft.i9={,llU£1'J 0. 02 g/cm3 ,JOCM?'X 
• 16 • 

ft 00: 89 3f-±1J {l~L 
4 :limimiit:!lfrtic :lREi.l 1Y. m rm § 1?i ffJ\, IW 1?i f*, .IOC *F J:11t~ , * 

:W7*1f, iit:!lfrtiAIB%, iit::WiAIB%, iit::Wtit~, iit:71ltffiil!t, iit:tle 1!t, -Ti.it: 
:W&:li ,1t/i;fllii\71l,~mliit ,mi;fllii\fillkii\:W,~mtiit, ii\!lfrtAM, ii\!lfrt 
sm. 

6. 2 *~•mt7ti 

6. 2.1 ffl~tri1j(f6Xii\71lat ,$1£iimL7*iSfflrlH~~-fr7J<.~H1:ff 

•~?t89*~*~•~el!t.~-fr7J<.Mttr•~?t89~~·-· 
JJt* ffl ~ ntl fMliit:til:i1:Hiii\!lfrt. 
6. 2. 2 ii\~Eil*ffll';iJf)(:Hii*: 

1 * ,~if. 
2 :;ttf&f>l:Hii*J:::J*tJUi~ 6. i. 2 ~m 1 iX,~ 2 ~;film 1 

iX ~m 1 iX;fEJ Ill'.!. 
6. 2. 3 iit::W1till*Eil~1t*tJUwm 6. i. 3 ~~ 1iX~m3 iX~~. 
6. 2. 4 iit:!lfrtlii.lrti"F;1Jzv~:izHi: 

1 ¥f flF ~-9:.1* 1¥1 ii\til tl:A $ 1£ :Ii*& l*J , :Jf ffl ~if iftil il ii\71l £ 
~~tlfjt~ ( ii\till' ~) 0 

2 f*IOC~-Tiit:W 50 g~so g,fflii4¥fii\:WilA$ 
l*J , iJJ ~ iit:W ~th ;fllfl9': • ~ !fH! ;tJ $ 1£ ii mi , flF-&--9:. ff!! Fn .W. 'jt mi 
~' 2 h Fnltli271l00~~. 

3 *iit~1fi!diifil00ii~lilU1£~£ 0. 1 cm3
• 

6. 2. s iit:!lfrt~::!:f!JJH1Elii.l~1t-F;iJ~~: 

1 nc-f;IJ0~H•*~B&el!t: 
m. 

P• V2-V1 

~~ V1-*:IJOii\:WflU1iOO~~Ccm3 ); 

V2-:IJOAiit:WFntilOO~~Ccm3 ). 

2 H•~*Eil~~~ 0. 01 g/cm3
• 

(6. 2. 5) 
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3 ::$:-iJt~J.i\I:!ZtfiffJ?Jjl~)E,fti/f{llt&:1'.7 0. 02 g/cm3 ,lff~{X 

?lil'J ii[ 1¥J3V-:t5J -O!L 
4 *~:iimt~iJt~iC.~J.i\I{Qj!:r_ITT § ~fef.l\,Ifi~fa\,JR*f:tm 

,?i, ,JR*f~Il, iJt~~%, iJtf:f~%, iJtf'fWi:i£, -TiJtf:f 19t:ii, *to A 
iJtf:ff!Jt-ltOO~~ ,JJnA-JJtf'f fil11tOOQU~, iJt~AJJ3. 'iJt~ s m 0 

• 18 • 

1.1. 2 -JJt~J.i\I*Jfrr.9tlfSl:H~•= 
1 fi5" :ti .fJL {J] :ti .fJL ~:ti :fJL , ltV~ :fJL ~. 
2 ::Rf:?t!t{i[0.01 g. 
3 iii!~ :I: f il 31'3 R. 
4 Wflif--FR :?t!t{i[ 0. 02 mm. 
5 '.l;Jt~,T~ffo 

1. 1. 3 -JJt14~J4l-J.i\I~1r r.9tl~.m5E: 

1 iJtfteyffl~~~~~~IM~.~**~f'f~M4liJtf't 
Ht J.i\I:i!!t~.F ~A1'.7 ~ l!l1t. 

2 iJt14R.-t: 
D ~:ti iJt ~ * ffl IMHi 1* fF jJ tiF f!t iJt 14 • Jt 1r12'.§:1'J 

50 mm,if6Il-'=31I12~tt'.§:jj 2. 0~2. 5. 
2) l!JJJ1* Ifi 1¥~ :ti ;M iJt~, M:*ffl .ll:Jf 1* iJt 14 , JttiF (ft iJt 

14i11:~1'.7 70 mm+2 mm,-tl!nf*ffl:ill-lf:1'.7 50 mm± 
2 mm fI<J.ll:1f1*iJtf4. 

3) *:ff 7c~t !fo/J ~ tL 1¥1 :E-:ti , iJt ft 1I12~:ill -lf:J.i\I 7c r ~t 
:GA'l7c~!fo/J~ttR.-ti¥J 10m. 

3 iJtf4~It: 

1) iJt1!fw;j)qfij1ffi/f~f1Tilfti"fi\iU~1'.7 0. 05 mm. 
2) iJt14if6I3L1I12~:ill-if:1¥Jfti"F~~1'.7 0. 3 mm. 
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3) iJ\#MiitiilJi\1~11 -=fiJ\14~~ 'ft.ilfiQ3.§:j1 0. 25° 0 

4) :tr.1f1*1J\14;ft'J~1WiilJi\l:!i;lti~1I.ft.ilfiQ3.§:jJ 0. 25° 0 

4 fi'IJ-~;J<.~~1¥JJJ\~, 4ll!J. JJ\14~1~'.P-=f 3 ~ o 

5 ti\# 1Ni :1£Ji\l § :fiS : * E ii ~ , l.Gi 15 , lit~ mt?t, £fi:ffJ , :ffJ Ji!L 
JXl.1-tiH!L ~ £fi ~ ·11: 1W: , 1l ll !t giJt 1¥1JtffW1t ». :5t ;fJi , ti\ 141¥1 ~ 

7. t. 4 iJ\HlitJi\lttfF;1Jtf7~Jt!:1T: 

1 :l:~d ti\ 141¥11I1£~:ill K: JiJ Wf;f:ffi-F R:IH!tl ti\ 14 IWMiitln fBJ 
=~~iilkl¥JR;ft'J~111¥11W~11~~ill*·*~~ffirr••iilmo 

2 :l:id ti\# 1¥1~1t : JiJ Wf ;f,f>-F R itldti\ 14IWMiitiiiJli1:illx-t~1¥1 
im ~ h. < um tt 1* ti\ 1411R;fl'J~111¥11I 12--'=5 um Jli1:Jtla6ll:; fl_ 1f 1* ti\ 14 
JJ:illK1¥19=t h,)lQ q:i,c,,,~1¥131. ~~lt, it-~~ffio 

3 !rod 7E -T * 1t : #f ti\ 14 t;)( Jd!Ufl P'1 , :fl tiJ :t£ 105 "C ~ 11 o ·c 
tall T ;l;.!t 24 h, lOC l±l t;)(A -=f ;l;j:ff P'J l4'!JJ ~~ta • f* ;l;.!t -TJJ\ 14 mt:I: o 

4 iY!UJ.Eit!!ln* 1t: 
1) *Ji] § Ef:l 11&.;J<. 1!-it!! ln ti\ 14 Bt, #f ;l;.!t T ~:II: Jff 1¥1ti\141i~ 

A;J<.;ff P'J ,Jfctt;J<.~iJ\f41¥J 1/4 ~.L ~Jff4il!Wi 2 h Jt§JU 
tl:7J<.~1J\f4iflill1¥J 1/2 ln 3/4 6Q:,6 h}ff#f7j(~$~i9." 

~ftf. iat14~;J<.~$~i9_-jff ,:t£7J<.9=t § Ef:lll&;J<. 48 h,JOC 
111 ~fif mrr.::r: (f(Jm =e rfl •-t~ iii* ?t Fo~tt o 

2 > ~ HJ:tftt!: t& ln lat ftf a;f • #f ~:fl'~ 141¥1 J1<. :ft .It -T ~ 11' 
1.:bO~ • Jl<.• ~ .1J(. iil.6!lMJ~~it=ifli -=f~f4 iii, ;f1:ita;f fBJ 
~~'J'T 6 ho ~:fU~i1¥J~f4,J«lflt;)(A$f:ff P'Jt<f!JJ~ 

'¥'.ti I Jfj ff T (f(J ti =e rfl fi\-t~ iii Jj( :5t Jff f*:I: 0 

3) *ffl•~MA!\.1!t&lnti\ 141Jif , t& ln $:ff P'l 1¥1 J1<. iii Ji\ltli -T 
iJ\ftfJJ!iil 20 mm ~L ,flt!E\1Jif1i'.2'.Bi1J'§:~fij: 100 kPa, 

M~BtfBJ~1,'.P-T 4 h.1I~xE\7@l~l:l:lJJ1l:o -J..."""._._ 

fltl~(f(JiJ\14t;)(AJJft$:ff 9=t ,:t£::k~llii1Tfit.lt 4 h, JiJ 
rr -T 1¥1 r~ .oe r1J ti\ :t:~ iii J1<. :5t Jff ~:II: o 
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5 ~:ltltiif@~ 0. 01 g,:11.:Irodltiif@~ 0. 01 mmo 
1. 1. s JJ\~mt*m11Ji\l~tt -r;u~J.E: 

t tl(T;tl0j{'.;if•*E~1**1l= 
_ mo 

po-A. H (7. 1. 5-1) 

- m. 
p.-A. H (7. 1. 5-2) 

- msa . 
psa-A • H (7. 1. 5--3) 

- m, pd-A. H (7. 1. 5-4) 

.:r\9=t po-*E7Cf/.\*Il(g/cm3
); 

p.-*E~-f*§ Ef:l~7j(tfYln*1t(g/cm3 ); 

p .. -*E~1*t1Yln*1t(g/cm3 ); 

pd-*E~-f*-T*Jl<g/cm3 ); 
mo-7Cf/.\~~1J\f41W::ll:Cg); 

m,-ti\f4 § Ef:l~;j( 48 h 1¥1,!W::lt(g); 
msa-ff!!ln~~JJ\14,!W::lt(g); 

ms····--=f;l;j~~JJ\f4,!W::ll:(g); 

A-1J\14•iilm<cm2
); 

H--1J\f4~1t(cm) o 
2 tl(T;tl0j{'.;it•*-Eitgljt.$: 

n=(l 8!.)XlOO (7.1.5--5) 
P• 

.rt;q:t n- ·· *Eflgljt.$(%). 
3 *E~1**1tittffi*ffiifti~ o. 01 g/cm3 .=:~fWHiJi!dJ.E, 

~1f3.§:ffi1j\-=f O. 05 g/cm3 1J;fJOC~~ffi.~1T3.§:ffi::k-T O. 05 g/cm:i 
IJif • &~iJ\141¥1£fi*~fflS;tl lfl, ::F*~~ffio :fLgiJt-¥if•~iifrl 

0. 1%0 

4 :1tm1!1J\MHcJJ!:Ji\l§.:fi:S: rm§ ii.t>J\ ,IWii.t>J\' J«*F:l:tf!,~' 
• 21 • 



I: 

.IOCt$7*nL:~f5i'i8,iJt~~%, iJ\14~%, iJ\14:taHt, iJ\14tI:*# 
*;JctJ(~rB<Jmt:I:, iJ\14 R. >t, iJ\~.A.El., iJ\:%1: El AA 0 

7. 2 7.l<i:fl~li}~ 

7. 2. 1 * iJt~:lilJiFfljl~ 1E ~i8Jj( rotfU¥ J~ fU¥ ;fll -T !1a~JHH;J. ~~ B<1 Jt 
11i!.*~$i 15 ~i*W JJt o 

1. 2. 2 1Jt~illl*fflr7tltt~i&i'.11t: 

1 fi!l15tfL, tJ]15tfL ,!¥§15;fJL~iJt141JOI i&t 41-. 
2 f;;j()J~:Xf dtitiFI O. 01 gc Jf:f.ilZl!f-FfL~1Jv=f 5 mm B<1 

M:f:JLJt1I1~£'-J 10 mm~15 mm, 10 mm~20 mm,Jil-i:t 
M :f!flJLA.B<J ~;j(W~ o 

3 : JtitiFI o. 01 g, Jf:J.illllft~;j(~~. IIDJEiJt14:Jl 
~, 5!11 l!l 1. 2. 2 J:ifrm 0 

4 

3 

2 

5 

0 0 
~00 

m 7. 2. 2 ~-T-:7C3JZ7tt:f=t~it~:IVi~:tlOO 

1-ltl, .:::f)(-'JL; 2- ~Jj(~cff; 3-ii!'.14 ;4- $~;5-~JEJ;i!'.ftfj(~ 

1. 2. 3 iJtf4ili!J41-J.ilZ1f-i:tr7Hfil!E: 
1 i]9!UiJtftJ.ilZ1f-i:t*i];J¥m 7. L 3 ~H]JE. 
2 ~ i] mu iJt 14 ffl i!1 *Jg 40 mm~ 60 mm B<J lftI) ;{k 
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$}~o 

3 IPJ-* Jj(;fk ~ B<JiJ\ 14 , 4~H11 iJ\~ ~1-lJ. :9 f 3 1-' o 

4 iJt 14 :tNi ktilll fil ts : * 15 ~ 8' ~ ~ ' :ut !Im mt 1t' ~ f1;J ' f1;J :ii ' 
JXl.1t;i¥It '~~!Im tt mt ' -=p- Jll ~ ID1t B<J :&: 1f ~It Jk 1t ;fji ' iJt 14 B<J % 
~~ 
.lf.!J"~o 

1. 2. 4 iJ\~mtler?tlZP'!Jl:it!:1-T = 

1 nc**]~m 1. i. 4 ~m 3 ~~ms ~i.£J£X>tiJ\1t:it!:fi8 
:JI ,m-T .~~U;,A~lllk;kt!ff!!;fll" 

2 *fflDJkh~:Xf8:1:M ,5tffuW~l*Jt±;k~£'-J 2/3 ~J.f 
!it , Jf:f.t:X f-Yffii B<J ~ flJ1 Mm ~.A.Jj( 9=t ' 2JJ 19! Mm J:ij ~ tt JiffflHn {P!IJ 

~~fH!l! .Hm~!EJI§- .ncm~•· ~Jl§-~t-E!;fl:IB<JiJtftf:$:A~• jijj:ffii 
l*J ~~f ;j( 9=t :it!:fi8:11, Jf:iV!Hc7k& o 

3 *ffli:t:!.r:Xf8:11M .m~oo 1. 2. 2 ~~.7t~~fiJ}(l'f(J 
Ji;j(W~~fi:t:!.r:Xf J:,Hffi~]E]j§-,flem~-·~E~tfil;flll'f(J 
iJ\14MtEIIDJE:Jl~__t}f:~~f7}(9=1 ,Jf:MeJK&.MiJ\ 
J::.t~ 9=11Jt 14 ~m J:ij wtt~~fM!. 

4 8:1:l1Uirl~ o. 01 go 

1. 2. s iJ\~mtJf!~Jll!.ilZ~-i:t r7tlfe.£J£ = 

1 *fflDJkh~:Xf8:J1M,f.ilZtler~0~*•*15~1* 
Wit: 

(7. 2. 5-1) 

(7. 2. 5-- 2) 

(7. 2. 5 3) 

mw-fflflt;j( )J ~:;Rf 8JOC 1'.-E!;flliJ\ 14t£Jk 9't B<J8:llC g) ; 

f>wT-J:ijiJtMl:IPJiffilltB<J~mUJ(WltCg/ cm3
) o 

2 *ffl If!. r:Xf 8:1:H1.m~r71J0~it•*15 ~i*W It= 
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{JQ = !!!!;- • {JwT 
mw 

m .. p,,..=-, • {JwT 
mw 

m. 
pd=-,• {JwT 

mw 

(7.2.5-4) 

(7.2.5-5) 

(7. 2. 5-6) 

itifl m~-m Ft! -=f 7(3ff$JOC1§5flliat#t£7J< i:p f!9f/F:l:(g) 0 

3 it:M: -0Ul l9A Ji o. o 1 g/ cm3 
, -=.1'-iat #:lf filj!y ~ , 3¥-~i' ~M 

1jv=f o. 05 g/ cm3 1Jif)f{ :lf :Mj{ll, 3f1T~U1::kr O. 05 g/cm3 a'1, 4i1'­
iat 14 £19~ ::~ft~ll\S'1JJ lli ' /F>Jt 3¥-:M){ll 0 

4 iat•ie.~litrfil~Jjji El ~f$,I%1~f$, JOC~Jtk,~,)f{~~ 
J3L*;r:l~$, lat•~%, iat14~%, iat14!t8~, iat14t£~~1t7J< 
:tie~ r £19 mt :I: , lat ft t£ 71< if1 £19 fJF , 71< £19 W It , lat• A 9L lat• 
s w:J 0 

7.3 if ~ iii 

~~1 *iat•mm-r•~/F•m•~~5fll7J<iflffF:l:~•~f!9* 
;Q~i*\firt. 

7. l. 2 iii\•BY:*fflr?UfJltli&t*: 
1 tt71<JJ~7C:lf~Ft!.-T7C:lfliil*~l%1m 7. 2. 2 ~m 2 ~5fll 

$3~~~. 

2 WMUfl: ;r;-~~?t-T~Dll~fl. 
3 ifitJ~i&t*:::ftBLJJ ,itV~tlL~o 
4 T~i&t*::J;!t~ 'T~flo 
s Jt.11B i&t * : ;l;fHt;Q •5fll E iff!J ~f-t £19 J'llF1,. 

1. 3. 3 iii\#iff!J*litr~it r?U~~: 
1 :Mf*~ifflJ!VtJft1*~ 40 mm~60 mm f!9~ffiil:f1Ciat{lf:. 
2 11Y~7C~W It f!9iat ft , BY: iE*~tfftt FoiW-1~ 7C~ 1t 7j(:f1C~ 

~flf:r .IBd!ifitJ~,$:1i5fllWM. 
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3 liil-1t7J<:tle~ ,41Hlliat1lf:!f:{:li/F1~Yr 31'-. 
4 iat#!tli~lii.!*~%1$ 7. i. 3 ~m 5 ~. 

1. 3. 4 iii\•BY:*r?Uzv~lt!H: 

1 Imtl J:E* ;r; 7C~W It, litrl±:!tf f-t!tfftt Fo 1*1~7C~ 1t7J<:tle~~ 
{lf:r 'fill! iff!J~ ':liJ!Pf/F:I: '••Fo .:vJlPWf>t; 1ltl~ T~:tle~:!tf ;r;w 
rt.BY:16:Mfiat#r 105 ·c~110 ·cmrtr'.l;!t 24 h,JOCtl:lFotit.AT-~ 
tl~*JJ Jf Ie: iii' f/F'.l;!t T-iat 14 mtit 0 

2 iat#f!9Wtt.~~~iat#:t1e~mffl~•~~?t-r~m~fl 
ft jJ ISJJ7j( w f>ttt fl 0 

n *m•tta'1::MfBffFtf!9iat#~J:;flP~.m-¥fli.ffil~- · 
ttffi!. :Mfiatflf:'tttt~.Atvr16l±•~»n~.?f f!.!l iflj -rm)..~\ n<J 
•• i:p ' ~~:ms~ .A i-S 2 s Fo ' ti! lli .. ii ' 1i! ii.\ flf ~ Iii 
-·~ljfil, ~P:MJ~~l:-/i!J.J~ 1 mm f!9MJ!I. fftlB 
1i1fiat14*m•mt. ~nJili!:•mt?t1P/F~ .BY::m:~•~' 
~nJili!:i:f mt i:p :tr "=t ff!!, ~ m :bn ~ tt .itilJ Wt. -Mm••~ 3¥-. 
~Fo·•~iat14~*JJFof!919tit. 

2) *m~?t-r~m~flwtta;J .16~flttz:.iM"~Dll5fll~ 

sm~2:sf!9mt~nc•n•.m~••••:MJ~ 
:t&~t£iatf4*Iti<-~~jjjUMil1D .~?if1f!J~~Fo .lat# 
*ItiJ!U:Wmt-/i!¥tlm.~FolefFWMFoiat14£1919t:I:. 

3 Wf>tiat14£197J<iflf/Ftlitr**~%1$ 7. 2. 4 ~$ 2 ~,$ 3 
~~~Jl1:1T. 

4 7J<i:flf/FitFo.~T-*Iti71<?t-N~fJF:l:.~7J<FoWttiat#19t 
t!tl.bnlJif, &llJ3 WM/FF, litrlt!frl£1Tiat•. 

s f/Fitltl9A.?f 0. 01 g. 

1. 3. s iat•mt:!if!ml!l!BY:~itr'11J~~= 

1 *m•71<JJ~7C:lfffF:l:IJif ,BY:•r~0~lt•*;r;~1* 
Wft: 
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po (7. 3. 5-1) 

fJwT Pn 

(7. 3. 5-2) 

fJwT Pn 
mu--@3aj"latflf:{E2'.~i:j:IB<JJ!llji(g); 

mnw-ffl'J;7j(jJ~:X.:ijLf$JP{@l;"tlatflf:{EJ}(i:j:i B<Jf*ji(g); 
Pn-@!"t;fJf'l.B<J@/jt(g/ cm3

) o 

2 *ffl lt1 -=f:X.:sitl*iiat, lili:~rJtl0'A:tt•*E~i*~Jl'.: 

(7. 3. 5-3) 

fJwT Pn 

(7. 3. 5-4) 

{JwT Po 
Jti:j:i m~w-ffl~-=f:X.:ijLJFJ&@Mlatflf:{EJj(i:j:IB<Jf*ji(g) • 

3 tt•ffl.~1ifft~ O. 01 g/cm3 
o =1-latflf:.:ijLfi~tlJ:E ,.:ijLfi~ffl. 

;J'T o. 05 g/cm3 Ht>.K.:sit:l5Jffl., .:sitfr~-O!I::k.T' o. 05 g/cm3 at .lat~ 
£t1 *~WJtl t1:i , ~>l( .:sit :!5Jffl. o 

4 lat®'ic;iKlili:{gffiJ'.9! § 4; f$ ,I~4; f$ ,JP{~:f:&.r,7:, 1&~7* 
If ,:fiE 4;f$, lat®-~%, latf4Wii£, latflf:{E:Xft;frl-=f:tl:tk~r B<JJ!ll 
11, latf4~M ma<J£11 ,@i1"latflf:t£7Jz i:p B<Jf*:fl, latttt@oc ,WM;t;J 
;t:-ts<JW Jl'., lat®'Al/3., lat~ 13 ;ltJj. 
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&~1 :fiEB<JftJ}(ttfflft7}($;frl.;frlft7}($-~.ft7}($*ffl 
§mftJ}(~MJ:E,.;fr!ft7}($*ffl~M~d-2:M~~MJ:E.* 
lat~lliffl ::P:li~lJj(~ JMfffL ~ ~ -B<J :fi E • . 
8. o. 2 latHi"illZ*fflTJtlfSlgi&tfk: 

1 J}(;fl!lf' lt=!.'.I?. 
2 ~~i&tfkd.2'.M~Nfk. 
3 )tf!ki&(fk!Pj*jj{\:@~ 7. 1. 2 *· 

8. o. 3 latf4iff!JfkJ.i!Z1f-fr*jJ{\:@~ 7. 2. 3 jkjj{\J:E 0 

8. o. 4 latHi"J.i!Z~TJUtt~i!t1·r: 

1 ~*jJl\:@~ 7.1. 4 ~~ 3 ~,~ 4 ~jJl\J:Extlatf4:ilt1TtJt 
.::P, § m •*~,~~~,•2:tm~~i!tfi•;frl ,f*latttt:•:fflm.rms<J 
JlllJlo 

2 ~~u~~d-2'.M~•~B<Jlat#, T"J}(i:j:if*JI~• 
J::. ' f$ lat flf:{EJ}( i:p B<J f*:I: 0 

3 *lat~l*iifl1ifft~ o. 01 g. 
8. o. s lat~m-*mJJllili:f-fir rJtljJl\J:E = 

1 ~rJtl0Jttt•:fiEft7}($,.;frlft7Jz$: 

(8. 0. 5-···1) 

Wsa (8. 0. 5-2) 

i:j:i Wa-:fi:fift7}($( %) ; 
Wsa ·~:fi:fi.;frlft7j($( %) ; 
ma -··-latf4 § m ~* 48 h B<Jf*:l:(g); 
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m,,,- ta:ftj:g£;:f,~~Jt~*bk\. tf!l5fll}(§f a<Jf$:fl:(g). 
2 ftirjU0:rtit•*:tttf!l7](¥fi: 

K =w· 
w 

Wsa 

Kw-* :fr t{g1j(,¥fi o 

(8.0. 5-3) 

3 ;;$:.ta:!h[J!&1j($,tf!l5flll!&1j($tt•mliffi o. 01% ,tf!l1](¥fi 

tt~tfflifti:¥. 0. 01. 

4 ta: !h[i.C. ~llil 1Y. ffi lJj! § ~ f$ , f$, * ;W :hlf! t.\ , * ;W 7* 
tr-*:& ~f$ 'ta:!h[~% 'ta:f4~%' ta:f4t\tli$, ta:!h[)f~ '~ta:f.ttm:t 

, ta:f4 § ffi J!&J]( 48 h Fn" , ta:f4~£;:f,~~~Jt~*hk\. tl!l5fll0 
a<Jm:tii, tl!l5fllta:f4:t£1j(i:fl , ta:!h[AlB., ta:!h[·13 AA. 
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9.1 ~=G"~ m•mt•ut~ 

9. 1. 1 ;;$:.i;it!h[tr!J=1lrll§1](::F~!W~a<J*:&. 
9• 1· 2 ta:!h[Ell*fflrjuf~~nc4i: 

1 ~:& tJL -W:fi tJL J~H:Jtll ~i;it14}JOI11{ 4i. 
2 iJilll:fl~~ ,1tffJR.,ib'ff,j-f;-R.,$:::k'fi~i;(flj:ifi&jftQ:* 0 

3 § El3Jl3filC$i;(!h[f~,~ll00 9. 1. 2 JYTffi. 
4 -=f::fr~::flW 5 mm,::fr)3({i 0. 001 mm. 
5 ib'ff!j-FR.:::frfl:{i 0. 02 mm. 
6 t!!fl:tt:iiW 60 ,::frJ3tii 1 ·c. 

m 9. i. 2 § m,l;JJIE$iit~1~7R~oo 
1-~flli.fi; 2-tit#, 3-J:~7J<t&; 4-T ~7J<.fi 15-llf i'fil]Jt 1 6-:f;ftfL:QtJ$!1;i!7J\.~~ 
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9. 1. 3 iJt14ititJ*£\Z~ifF~J~JE: 

l ~~~ff.~£\Z*ffl~~~~*~~mm~~~EZoE 

ff £\I 1* l:iE~~ ~ S!l:{Jl! tr. , Jt-1ffi 1*t~:X??.\ foJct*: ~ o 

2 !16'®l*ffl-T~:bl1Iiit#,4~.Hllii\14~cl:~1l~'F 3 -t- o 

3 bt#R. >f: mltl:f*ii\141H£'§:Jg 50 mm~60 mm, ftlilt'§: 
~rli:~, ~Y/Af00£\Zf1T;J1::1ff*lit14ill*-1LJ'l 50 mm~60 mm, 
'*il'flxftm£\Z:5JZ1T o 

4 ii\ 14tm ktl\111Y.m: * 1i 1'.I ~,~~,lit~ 1rHt» ~t~ Jxt1ttt 
l.t'1:&~~·11:m:t .~n!t1f:%5fl:Jbnfilf1frf'i1:fr)}U~~w, JtW, ll'W~~ 
;<:fa] 1'19 -** , lit 141111I1f~ o 
9. 1. 4 ii\Hi1:£\Zrli:r>'rJzv~U:Hi: 

l ;f;f>;t;ii\14 J: rY/Af tm~ lm1J!d~li:ffJX1~8<J1=p,1YmH:\l: '-MfflWf 

;fff>-t' R 1D!tl ll:Jt 1*~ 1t ~ JZ'l f :l5J 1I1£ o 
2 #fii\14~A film ~1*:$1Alliil1Sl l*J, :trn lfil 9. i. 2 JW~, :tfm 

14J:r*~.W-·~~Jj(tJi,JJ!$-P};U}{Jt-~~Jlt&o 

3 t£m14 J: $~t'.F;t;t'l9 !m1J!dli:ffJ x1~i=p,t,,:gMli:fr)}U~~-T 
**· lm1J!d-TJt~~m#~fB!lt5!tlfl.lmJ:-~J!J~ o. 2 mm 1'19•ill 
Jf 0 T?t*~tj;ff~Jj($:fr£\Z~J:~Jj(;j:;f*'l-o 

4 "lmHE.-T:fr~~f{,flt1fti~ 0. 001mm,4lJ:10 min ?Y!UiE.-?.X, 
H~~~~f{~1to~~~~~ff~ttJ.K,1[~~~J:~Jj(tJio 

s t£Jf~8<J~ l 1J\Ml*J, 4lJ:lli% 10 min 1ll!HE.:1!:~1t%--~, ~ 
J§-4lJ:lli% 1htmHE.1t%,1f~:ii~3 h 4lJ:1J\M1t%~::kr o. 001 mm 
Jg 11:, ~1j(J§"iJ\ItiZB-.ffBJ~~Yr 48 ho 

6 ff -t- m ItiZ :r.t tt £\I 1* t~ 1)( 1li ~ 5t: , 1)( tffil lt 1t 1t ~ 1l ::k 

1 mlliil:cttt i=p ll mlliil~J.RFn , £\ZitMmtmitm 141'19 ;m.m, tf ~, 
~OOIJe1tW(;~{t~~o 

9. 1. s mlliiZ1iJl~:im:w£\Z~1:t r><u~JE: 

l r!i:r><u0.~tit•*1i § m~1*:$: 
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(9. 1. 5-1) 

Vn=~XlOO (9. 1. 5-2) 

.J'..tt=j::i VH-E1i*'hr'r!J El Ebl.llit1*$C %) ; 
Vn--~~·1:i1£~ § m!N&1*$C%); 

tJ.H-m14*'h rPJ 1t% C mm) ; 
H-iJ\141*ra'Jl.tCmm); 

Lill--1J\¥r1£~3JL:l5J1t%Cmm); 

D--~1J\14JZ'l:5JZ:l5J1I1£W(;:ift* (mm) o 
2 it;Wfrlfiff!~ 0. 1% 0 

3 iJ!:ItiZiE.~£\Z§:fiS: J]i! § «~, Itt«~ ,~:f4'!i'tl!.~~C ~,ff.~ 
gc*1i « ~, mlliil~~-, m14~%, m14tm:ii, ii\14 "~ •t, i.i\~rM 
J.t, ii\lliila•tra.i ,~~1t% ,*'h ~1t%, mlliiZA.ITT., mlliil a W3 0 

9. 2 ~Hi1JlgtcJ~3R4'~*iit~ 

9. 2.1 :4=1itlliilmfflr*~*1i 0 

9. 2. 2 iitlliiZ£\Z*fflr>''H>lffii*: 
l fJltl ~ ~5RHf11*$mlliil1Sl, ~ll !fil 9. 2. 2 E!Tli~ o 

2 Jt1tM)(~i!:l:*frll*1Jl1.tt~ 9. 1. 2 ~~ 1 ~'~ 2 ~~~ 4 
~~~6 0 

9. 2. 3 ii\14ifilJ* £\Zf.t1:t r>'U~JE: 
l m14£\Z*fflmlttf*,'&mm14fil:l!:~~.Yr 3-i'-o 
2 m14R>t:1I~'§:J;] 50 mm,R.>fi;f;J~/9 0.1 mm,it'1;J:ft 

Ji\I~;J\r 20 mm,R-•ti;f;J~Jg o. 2 mm,Ji£\Z::kr~-1:t:lt:;kP#l 
~] 10 0 ~Y/Af00£\Zf1T 0 

3 m14tm:1£fr!J:zjs:~filtt~ 9. 1. 3 ~~ 4 ~o 
9. 2. 4 1Jtlliil£\Zrtir>'tl t!1~:Utrr: 

l #fiit14~Al*J~~~ fL±*f:t'f9{i}:~~YFl*J, t£m14 J: r * 
JJtl* ~I-*•·nure~-~~~~*t&o 
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8 

00 9. 2. 2 1WUr<iW1W:~!Hf:$~ili"{Vf-:ll!:OO 
l-,11lM:ff12-~Jiillf,3~-~JlllfrlrtUk:4~fft;f{:5-;f{~;6--ii\f4,7-~!ilf:8-~:& 

2 :Jt:•Mii\ 14 89 ~·~PF ttA!it 1* $ti\~{)(. 89 ~:ff i:p , r 1iir 
sw••~~~••••~~-~~~*•-~••••89•• 
J.)!lfmX;fii\{lj:f=~ 5 kPa 89~~ffiJ:J. 

3 ii\~~•1uj~*'Fll~-fr*~~m 9. i. 4 ~m 4~~m1 
lt~~. 

9. 2. s ii\~~*iumm~-fr r9tl;J;fil~: 

1 r/tr9tl%:rl'.:it;M:* E {Y!tl ltiJ ~"1*!it1*$: 
t:.H' 

VHP HXlOO 

:rl'.:i:F VHP-:E-EftlUlti:J~*!it1*$< %) ; 
t:.H'-:ff {Y!Uf)l!ii\{4~1ti:J~IDCmm); 

H--iJ\{lj:Jffi~Ji'.(mm). 

2 tt;M:Miifftrt o. I%. 

(9. 2. 5) 

3 il\~i2:ilt1PJ:4s:;J;fil~m 9.1.5 ~m 3 ~..xc~~lti:J~ID)89 

r*J~. 
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9. 3 *:o~D!f.ffiniit~ 

9. 3.1 :4s:iJ\~*J1PJl.jj1!.~Jtfr~~*E. 
9. 3. 2 ii\~m*JtJr9tlft:ff~ * = 

1 :E-Elit1*&J:Jil\~1>t.:tmoo 9. 3. 2 JiJTiK. 
2 ;ttf&1>l:ff~*1P1*;J;fil~m 9. i. 2 ~m 1 ~,m 2 ~;fam 4 

~"'"'m6~;J;fil~. 

2 

3 

5 

13 9 

00 9. 3. 2 ;E-,P-~!Hf:lK1JiJt~&m:ll!:OO 
l-•-BJ::2--V-~li!:3-l!ll'~:4-•-BJ:;5-J!t±:6~~~:7-JJf'i~ff 1 8-·.UM!ii 

9-~)!g~J]c;fi; 10-Jit:14: 11-:ffff: 12-if.3~{4; 13·-~ff 

9_. 3. 3 iJ\#tiJ*m~-frr9tl;J;fil~= 

. 1 *E!it1*ffiJ:JiJ\~891J\14R >t;J;fil~;fafRJi'.~3J<IPJ:4s:;J;fil~ 
m 9. 2. 3 ~m 2 ~89;J;fil~. 

• 33 • 



2 latf4f{:IJJ!!m~;;J<.tf.J~JJ:1JrPlrITi'JE,~#'tii3t~1~:Pr 31" o 

3 latf.tJ:1tfj;kt[l'IJ*~~~ 9. 1. 3 ~~ 4 ~t*J~o 

9. 3. 4 lat®lill tttr 311J zv.~mff : 
1 ~latf4~At*J~~;ff fL±#tf.J~mi~:tf t*J ,.#:t£latf4 J: r 

YffiI:5HJIJ t&:'If-*~ ~umm:®~• ~Act& o 

2 ::1i:~1Ja&*t1f.®79!u:iilatf4:'.!£%89-=f±t3&,lill~f~ff~$m 

®latf4:t£ [l'IJ-~ttJ:, ~1~tl:l :fmtliH.,fuf~ o 
3 X>tlat14Plii1Jaf'°1: o. 01 MPa &1Jtf.Jfuf~,1Ji!Hc-=f:B-3&~ 

fl,~[!110min1Ji!Y~-?X,J!~~=rxii~~-3tat, icr-=f±t3&1JJ 
jj~o 

4 rP:J~fft*J~~!&ti:A~mtJ.k,J[~f4H9:J:$~7.k1lio x.fil1Ji!d 
-=f ±t3& Et'l :'.!£ 1t , :'.!£% :ii:lis JU o. oo 1 mm at , iffi1-opmP1ii1Ja 89 &JJ , 1ilI 
~~lat#~Ift:t£~1"lat®tt~rfi~~~:'.!t. 

s 1f~at~llii 10 min ii~-{X,J!~={X~fG~YJ\"f-0. 001 mm 

a-t ,1;t~1~1Wj 1 h ii~-?X.i!~=rxii~~1J\r o. 001 mm ac;J ,!JlU 
tA'1~5E.#ic~lat®&JJ o ~71<.Fn ,tt,lat®atlaJ~1~:Pr 48 ho 

6 lat®tt~rfi .lill~1#7k1ll.~-3£,7](11ffi.:'.!ttt~:m:ki=- 2 °c o 
7 ia*Fn ,lilI1tfiitiJtf43&WB9~1t®~ft:Ifil~o 

'· 3. s lat®mt~~3'll!lill;f'<tit r~Hlli5E: 
1 ttt-r~u0.Jttt-Jt:E-:.t:11Wll!E&JJ: 

.Jtrp pp~:E-:.fr!Wll!Effi}J(MPa); 

F-~rP:J:(iif~(N); 

A-latflf:Uiff;t(mm2
) o 

2 -JtJl{i![*-fll_;ff~~*o 

(9. 3. 5) 

3 iJt®ic~lilI~:fiSJfti 13 ~~,I~~~ ,*¥-f:J&,g:, *¥-f:f* 
Ift,:E-:.5 ~~'lat®~%, lat#~ lat14Wiit, lat14 R. >t' ~ rPJ 
% , ~ rP1 {iif ~ , iJt®11ffi.13t , lat®Afft , iJt!Klt S M o 
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10. 0.1 *lat®iAJtJr~:E-~:E-:.fr®JXtft:E-:.5 o 

10. o. 2 lat®lilI-*JtJr311H~ff~*: 

1 :X~:±tiftU!i 0.1 g. 
2 11ffi.13tit:i!i!d:iiTIZOO:tE o °C""'60 °C ,fi1J\J}Iftftl1-1 o. !i ·c. 
3 :J;Jt~ = 24 h t*Jmttt~~~~:tE 105 "C -- 110 ·c frirtrl 1 ftfij;~ 

m~~mJJE:tE 60 ·c ·c. 
4 T~ff: t*J~i\l: ftfi5~~1f1,,~H1~1fJJ. 

s ifUf ;m •lat®~ : El=! i9111 ~ V , ~ H: ~ Oflf fff ff!* Mm hit , Jt rt1 

mD tt % gm 1~Hf 1 oo mm, J.i q~ 110 mm. OfiHL /,i ~S! 2 mm, ~h 1¥1 
10. o. 2 miRo 

1 2 3 4 5 6 7 

00 10. o. 2 i!#!MfWH'itxt~illff-~00 
1-Jf(,flf; 2-~ff; 3-$11'!;; 4--~~; 5-:*:$1; 6-Q,Jis; 7-91i'ifiij 
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10. o. 3 latf4ftit11\lliZ~1fF7tl~];iE: 

1 ~~~*~~~**~~~*~#~M. 
2 latf4ftit11\.QX:4i#c.Lm::l:'140 w-60 g ~~12l!M, 4iililat~~ 

latf4~t::Fmzj;-.:r 10 *· 
3 lat f419li itfill iYA'iS * ;q ~ f$ , M@., ff ttJ .QX: :)t, ~ ~ , J'A.1t~ 

Ir .!l~ttlttlm:~ 0 

10. o. 4 latttmzttrf11Jtt7~ittfr: 

1 1!1rf IM!ttm?itiJI~-T.!Jt- 10 #clatf4~W~Al2lltt9m'r.t"r*:l ,"JP_ 

A;l;lt*ft, ~ 105 ·c,....., no °CtBJlr;l;lt 24 h.~tl:l"lif_A f~ffr*:lftt-D 
~¥:1B' f$:1:. 

2 !Jt-~:ff'.f;!tflatf4~m1Itt9m'1~H:tcl¥! 10. o. 2 J!Jfl:K~~ti~itt* 
*ll*J ·**ll*Jtl:"lif_?tHil*·*Ul.~~z;:IJ~k,(r 20 mmo 

3 JSZ}IJ1f_:k,-ftm1!t±9m'mfk,( 20 r/min ~~Jl~z;:IJ 10 min, 

ffi:ff:ko 
4 {ijjr !Ml tt9m'~ ~ -T , J>lJl<.*f ~ ~ tl:l IMJ tt9m' ll1fJ , !J1f m1J tt gm:~ 

"1¥1Mlatf4-#$:A'.f;!t*ft,~ 105 °C,.....,no ·cmllrm 24 h.~m 
$:A-T•Bl*J~t11~¥:1B,f$:1:. 

5 -~**~2~~~4~.*~~=~~~$~m1ltt9m'"1 
~ ¥1 M lat 14 .Lm::I: o 

6 ~u•~, nJil!j[**~ 2 ~ ,.....,~ 4 ~1Ml 5 ~~~ 0 

7 lat~ii~~.Jl<.llllil*f-f~ 20 °C ·co 
s lat~~*FP.~aMiA~~*~M@."1*~mmtt1mfrm 

i£. t1Hili~ .x>t*~mmttJmfiMQ:)tfJT ,:W-~i!*Jl<.$WitlJ£~~ 
±ffttJ~)E. 

9 f$:1:ftiifft~ 0. 1 g. 

10. o. 5 lat~.QX:*!H!!!!ill~ir r7tlni1.J£: 
1 flir7tl0-:t:it•*:OffiitimffH~~: 
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(10. o. 5) 

:t:~ Id2-*:0<=~~~)itfiijfWMiffi~<%); 
m,-m1Jtt9m'~-'=3aMiJ\f4'.f;!tf .lm::l:<g); 
ms-IMJtf:gm'll1fj lj Jm iJ\ {4f lm::I: ( g) ; 
mo-m1Jtf:gm'mf £:it(g) o 

2 H•flfiifff~ o. 1 % • 
3 ic)Rllili!l.ffiJJQ § ~f$,I~~f$.~~:l&.f.\,~~~Jl, 

:O~f$, ii\14~%, latf4tili£,J1<.IJ., iJ\f4~lat~iitrFP~;l;ltf JPl:it, 
iA~AlJ.1, ii\!1i 8 W:l. 
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11. 0.1 :zjs:iJt~*fflWJJtit7*o mfflr~7./<~Mnt¥f7f!!Jli, ff~~ 

m~~~~~*~~ag~*,~*~~Mtik~~ag*Ec 
11. 0. 2 1Jt~b)z*fflr"J1Jf)l~J9:~: 

1 -=¥-tt~* Eliltwm o 

2 iA~rrff :0. 25 mm rrfffL;f!J 0. 075 mm rrfffLo 
3 fifmrrff: rumrrffl=5~~im.:+mc~m.$:cmrrfflffi1I1£1vJ\r 

li4J:r::T111.£) ,rrfffL1[1.£7g 0. 075 mmo 
4 : b)zfilffl '*11.£ 6 cm, ~ff.J 45 cm, ~tJ~~UJJt:lg 1 L Em 

s WJJtit::ff Efl, Z:. M#, ii\~B•filH£~-#; ~ ltitb)zflt:zjs: 

~tfrn·JjJt B q:t B. 1 "Pittfi:BtiL 
D Eflfi:P:~Ull §-5~50,JtJJtm:lg o. 5,~JJit-if!.1\'z~IV. 

20 "Ca-t~7T~¥tll*JJiff*-=f~~E81W:ii*7f- o 

2) z:.#: ~'Jll m o. 995 ~ i. 020. ?tJ.tm:lg o. ooo 2. ~1JJ.t 
1't1:llH:tV. 20 ·ca-t~nt£8~~~I.t*7f-" 

6 :ti ¥1! ft : IE $ fL m; l& l=5 t% ¥1! itt~ 1I ;.tfj! ti rm$; c Jffi l& 1I 1'~ 
so mm,~l&!'UHL1I1.£~ 1 mm,rttt#m-Krf.J 60 cm). 

1 ilffi.JJtit o ·c~6o ·c .:iiVJ\7tJ.t1fl7g o. 5 °Co 
8 ~3¥: 0. 01 g. 

9 ;ft11Bl9:~: iJUfli, , tn~~Z?ti&-~, ~,c,m, M~i&" 
~, ilt&I;, ~*, 600 mL ~;ff, 500 mL 1f!tJf;;Jta~ o 
11. o. 3 iitfflJmGili1Jm~11 r:J1J~Jil.5E = 

1 mtmJ./<. 
2 cCHCD?Wt1l :0. I moJ/L,O. 25 rnol/L. 
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3 ~Mflt.iiffnt:2%Na2C03Jj(mnto 

4 T\ili6~Mflt.i1tnt: 4%CNaPOs )sJkmnta 
5 ;(~ 1*1t¥tl 0 

11. o. 4 iA~ili1J*fil~1t-F:YU~Jil.5E: 

1 !1&1-t*'l1:*~mii:,Jtln~*Eli!tli$t1L,1i/tli$$;r"J o. 25 mm 

t}[;f.£ o 1i/tli$Jli~£1GiilHi 0. 25 mm rrfifL ,.JI}jj;i1: 0. 075 mm rrff:fLo 
tf.-=li: 0. 075 mmrrffr*f;},f*OO O. 075 mm~O. 25 mm IBJeg~~. 

2 ~Mtik~!J£L: ll&Y'ilf*~r~Jilil&l:, ~;/Jll o. 25 mol/L 
cCHCD1tnt, :tm:ff E(r§F~, *7f-:ff~Mtik~~, fil~:!;lwHtflit1 
-tl11*xE(rfl.tz:~, mu~~~~®:tk, "ilI1I~mmtm7k¥f7i!!Jt·itl )~1iJf 
1*~1C~-~. 

3 ~-ii:~®tt:Jtl~3ff*Jl&:zjs:~~ 1~i!ifHiii\*F30 g./b.A 
600 mL ~;ffqi ,.jl};/JlJ 0. 25 mol/L c(HCD1tnt 100 mL,JHJJi.f!Al.f* 
t%~~Z?t- '"t!lllltN~;IJott®1I~1G~?t-<xE( ¥1!!.F 1:.) JJ 11: 0 

, 1tlli1f. l: irMtnt c tJ1m1tlli ill ~tf ~t}r) ?& mim 1~ $ ,~ 
0.1 mol/L c(HCDm¥fl<pH~4)fifmAf!1,L,,11fqi ,;ft-& 

~fH11t;flttt®7!1'c'm~.1i:~m¥flqix ca2
+ :lgll: <ll&mii:~ntr 

ifJtliqi ,;1Jo;(~fifm¥il 2 mL ;fll~JI T iitfflJYilf,mi~Ii!~~'* 
) , ~~1&mmtmJ1<f!1,c.,m~, 1I~x c1- 7g 11: Cll&Y.-l:r~ 
qi, tiiito 1% AgN03 M~, *x s ~~r!R~rJL~, *:!R 

x ct-) 0 

11. o. s txt:~mfltr"J1Jzv~ittfi: 

£81A#~$l$ A~;ff qi, ;bu 2 % Na2 CC):, t{f 

nt. pH 9-1o<m pH txt:m:~~>, ?&filllr~JP LH·JIJ 
ft~1.t#ff:f'%*;/Jll~~~r~ 5 min ll&.F, 1~~i;flfil, ~,C,Jt/ll, Ht· 
mt~o 

2 ~:ff~iC,?tl!1'6!'!~m~!/o/J~$f$A!m1Gllr 1 L :li~J:eg 

mgmqi ,:#-mmtm7J\.9WtJt:Aii:~ qi, rrfftJt:fri, ~4f ~ rrrff J:f8~t}rl$ 
Am~lIIll*J 105 °C-llo °C'.);l:l;-f 1 h,f$A-T*ff~i;fl~~ 
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7Ai , J-fl::K .1jL ~;It mi:I: , 71Uf& ~ o. o 1 go 
3 )Jo 4%(NaP03)s?tnt 10 mL -T:l:f§Jpg!;:nt ,:Jl})Jo•tm 

*~ 1 L ~UJJL P!£Atllt*~~:1:f§JJ1tEtf!L JtF¥ J: r &~tllt*-tt 30 
lX (JftiJ ~?::] , i7J ~ ttl ) , :(£ ~ ll:tl\t * 1¥.J FnJ B\f :ff ;fJ f'.P *- , -f:& lX iY!d il 5 , 

30, 120 ,4ZO, l 440 min 4l-1'-B>tfBJJMlt~~, J:f ffiEil:ic:5k~:ntl¥J7Ai 
.If < 44: <X tJ!fi~ , :!SJ mtt£ m ~ a>t rBJ mr ~ 20 s • #.f JM It i:r 'J\, L' :tt!rlit A!;: 
~r:p.~t~ll:tl\t;fJ;i;:ntoJ:fREiZ~-JMlttf~~~~~r:l:f§J 
r:p.i:.-fn:t, ;;f'1~mlim:11~ ~ o ~d~1t!fa ,1J\,i:,,Jtilt1:1 w Jtitnt-rJJ 
:fl• ii 7.k 1¥.J:fl~ rp , 11}1ifi A 7Ailttr1md ~!;: nt tAilt) o 

4 ~~:!SJ 12Hg}} rm l:~ j; f'ftL qJ firm l1Uf& ~ o. 5; z.. fir M it 
o. 000 2;~nt7Ailtil~ o. 5 °C 0 

n. o. 6 iat!Ji~~~wm~itr9U~m~: 

1 ft(r9U0tt:it•;!fttt~:t£*:Prt11¥J85t$: 

ftlfirWltth 
100 •Cs• (R+m,+n-Co)/ms (11. 0. 6-1) 

:.i:-tr:r x-1J\r;!ftttt~:t£*:Pr:f11¥Js 7t$<%); 
rn,--iatif<F-=fmi:fl(g); 
R qlfir~Jtit~~; 

m, - ---tAiJ.f~IE ti[ C EH*- B. 2. 2 1lt1t) ; 
n-~ntltif!lIEti[Ctli:*- B. 1. 2 f!lIE); 

Co-5tflJl!JttIE ti[; 
c.--•tLJMJ.lrlIE*~O:iJEH B. 2. l 1lt1t.tl11Utle0;i:\'.; 

11. 0. 6-2 it•) 0 

c. 
p.-(Jw20 

;J::\'.;rp p.-*:P•ttJMJ.t(g/cm3
); 

{Jw2o-20 °CB\fJ.kl¥JJMJt(EH*- B. 2. 31'f1{t)o 
Z..fir w J.tii: 
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(11. o. 6-2) 

X=lOO • V • c: • { (R'-l)+m:+n'-Co} • Pwzo 

(11. 0. 6-3) 
j:\;r:f:i V-~nt.f*;fRO 000 mU; 

R'-Z..fir!M J.ftfil~; 
m:-m.J.tttIEtilCEH*- B. 2. 21f1t); 
n'-~nlliftlIEti[Ctle*- B. 1. 2 f!llE); 
c:--•tLJMlttlIE*~Cf.lJEH B. 2. l 1lt1~.tl111Jft(0;J::\'.; 

ll. 0. 6-4 it•) 0 

c: =p./ (p, -(Jw20) 

2 tler9U0;i:\'.;it••tJ:tt1~: 

(11. o. 6 4) 

d= 
1 800 • 71 • L 18X 104 

• 9 ;-~ 

(P" -PwT )yw • t 
Pw 

(11. o. 6---5) 
j:\;r:f:i d-•tJ:tL1~Cmm); 

v--4 °CB;f7j(1¥J;fjjJ~$*~(l0- 6 kPa • s), EH B. 2. 6 
1lt1.!t j 

p.-:¥=t:P~t'LWftCg/cm3 ); 

fJwT-T °Ca>fJj(1¥J!MftCg/cm3
) ,'!!J{ B. 2. 3 

a·;j7j( 1¥1 JM It ( g/ cm3 
) ; 

Yw~4 °CB>t7.kl¥J~1i(9. 81 kN/m3
); 

g-_1ij] )Jo iil.t (cm/ s2
) ; 

B;f laJ pg ~*ll:Vi:~lll.!J~ (cm), m ~fili~ f;t .iE ft( N, 
B. L 1 :i!tfittfl:; 

t--m~at16J Cs) 0 

1};J::\'.;(ll.0.6-5)~Jm!1tj;: 

d-K • 01. o. 6-6) 
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j\r:f:t K · ··- tf!~it••tx:<~*~~~~ B. 2. 4) o 
3 ~$1J '9!*-IL 7c 1J 'f.)-12 fftl ~ , :flll 00 11. o. 6 fJT ffe , Jt El3 ::SH!G flb ~ 

1jfij;E1J'r 2 µm ;ffl1Jvr 5 µm •t:r:t£.;ff 1ir:f:t PJTi:!i 19!11:11 ::St~L 

100 
d X"lo 

90 

80 0.05 93.9 

/]\ 0.022 !Jo.2 
T 70 
;If!; 

0.0091 75.6 ~ :f£ 60 
151.2 

* I --l-H+l'4-'t-t--i--- 40 T +- . ;If!; 
.-l--i---l---Ht+-PH-1r-t---J ~ 0.0048 il'J 

J.!i!: 50 i-1-1--++l++'>H--t-t-...- e-t.-i--1---t---l 50 :f£ 
.fit 0.0015 12.9 i 40 

il'J 
-l-+-l---+----160 J.!i!: 

.fit 
l++-'l--+----i 70 i 

lID+-W-l--+t++++-H-+--ttttttt1t+---f+l.doi+H-"lt-- 80 (%) 

(%) 30 

20 

l 0 WW-l~-+--+++t+++­

.LLLJ_..L_l__i_..LlLL.l..L..L....1.--J....- 100 
Q IJ...IJ.J_'-'--'--'-N----L_~.,.,~ N - V\ 

s "' Q d 0 ~ 

[¥111. o. 6 ~ttL*1J,?tDCliHAA 

4 iJt~i.e~J.i.iI§ffl~ § ~f;J\, Ifi~f!J\,**Fit!!,g, **F'I* 
,;ff-ti ~f;J\, iJt®:~·~" iJt*F~% '* JJ!i.t%' ,JOC*F~JI:, 

iJt*F~*-\I*li,*lii.tii~,~tllm~li!e:~, i.tJUi'rt2JJ'r~tll12 
1f :)t~,1J'r~*-\It219l:ll:tf::St~, iJt®:A_ITT. ,iJt!l\lr Et W:l 0 

• ~ 2 • 

12. o. 1 -*1Jt®:*ffl1Itl1*itif!, mffl rtllii!J!JnxJW.YlUiJ\14 i¥J ~~ 
E1io 
12. o. 2 1Jt®:lill*fflr-9Ufx~ntit: 

1 tJJ-ti;fJL, filj1::j;fJL}ljff1::j;fJL~:51iiJt14:1JOT.Uiit o 

2 OJ<$ff :lillfm3£i!J!Jll1~71ilJJt~-24 'C 0 

3 .X3JZ-:JtJJ!{Jl0.01 g 0 

4 Wi~fL-T~~o 

5 iJt141eVf1lllitifli!H~il o 
6 flt!t'f\~Ro 
7 ,:fHRo 
8 ;fJ~..j.iJt®:fJLo 

12. o. 3 iJt14i!J!J%llill~it r-9tl~!5E: 

1 iJt#~I~fill~iJt#R~~-li~*lill~it*•fiM 
7. 1. 3 ~- 1 

2 ~miJ\14~11:-1'1~.Y'r 6 -t- o 

3 iJt14tl~Jilll!Lffl*1i ~f!J\,W!fg,~!fW;hX;:)t ,~#;J ,#>J:ii1LJXl 
· 1tfiJJt~IDt~!fw.J, ~1!11(::$}:.flj ,:1Jll~::1f loJ !3 ~:Ell!, Jt.:;IJL ~liljtzfBJ l'l''.l 
.*~o 

12. o. 4 iJt®:J.i.iI~ F-9tl 87JJl:iltfr: 
1 ~iJt14~AWi$ffr*J,;(:E 105 °C~110 °C71illirWi 24 h,J& 

i:lJ :fi{A -T~~ r*J tti!J 3?: ~ili\L f!J\iJt 14-T 19!11: o 

2 ~*~!fim 7. 1. 4 ~- 4 ~XifiJt14:iltfi5i 1tfHPJf1l, JtffFt§ 
f1liJt1419l:lt 0 

3 *tfil~iJt{tj: 3 -f-:iltrr1*11!$~1tl~1JL£BiltiJt!J.\lro 
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4 ~~*3~•~iit#•~•·~~-~~m~-®•f 
{Jj(ffi~, 20 °C ±2 "Ctffi\.lt~~$ 4 h,f&Fn*l±liit{tf:JV(Alfilllt 
1:120 ·c±2 'CB<J•tl!tffil.7J(fffl~•~ 4 h,ep1:1-?XM*.:t.11111t&jt.J£ 
fi,•~~~-~B<i$•M*?Xn1:!~.$Mml*?X•~··I 
fi!~l'.mi~ .-1'i:F*J:&IR <lilt;~ 3JZ-±5Jktilfilfl£f-15 ·c )fl* 25 
~.*l(fiti!rg:ce:<;~-lJZ-±5Jktilift-15 ·c~-5°C)fl*15 ?X. 

s 4ij:IWi-~•••*ix•<~~7X) .~xt~tk:iitftf::i!tfii.¥~ 
~1!f , xte.~:ff xtt:t:R:~ ~ Jt :t:R: ~u ~ • :ff x ~~lit '1l m :tf tk: ~ :tfil~ • 
iit~ft!W:Fn~m:rr-?X,ra-~t.&1~JttF~ic*· 

6 $Mml*ft!W:Fn.*l±liit#~T~007J(**~~mt.?& 
Fn:i!tfi lf!.4lilmff5iltiit~. 

1 *iit*-il~t11Ufti~ o. 01 g. 

12. o. s iit*-!!J&Jli!:~fll!~~it -r·11HJ!!5E: 
1 *r·1u%5tit1t::¥H11*il!mtm~$*111*i.i!~• = 

K _Rr 
r-­

R, 

R Ps 
• A 

5ti:f:l Lr-:~f5$Mmtm~$< %) ; 
K1-E:fi$i!l!~n; 

m,-$1!1!iit~ftFf~:f:R:~ii\14mt<g); 

m.~ $1!1!ii\Hf.!ffiriit#tP!fllmt<g); 
mr-$il!ii\~Fniit#•~m•<g); 

A-ii\#.00fJHmm2
); 

Ps-1*Miit~ffiriit{tf:i'Ut~fJJ~CN); 
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(12. o. 5-1) 

(12. o. 

02. o. 5--3) 

(12. 0. 

P1 -$Miit*-i!Fn~ii\{tf:iit~fJJ~(N); 

R. -$i\J!l!ii\Hf.!ntr~ii\{tf:•fllvtffilillt (MP a) ; 
R1 -$1!1!ii\~Fn~iit{tf:tP!~mffi:5!illtCMPa); 

R, -$Miit~ffiJ~iit{tf:-lJZ-±5J•fllvtff5.!illtCMPa). 

Rr- $Miit~Fn~ii\#~±5JtP!fllmff3.!ilt<MPa); 

2 *iitllf.!'*•m•m~ ¥*'fifti o. 01%. '*•~ •*'fifti 
~0.01. 

3 ii\Hf.!ic*~t!l:fi!i":tm § 4'l~ ,I:fi4'l~ '*~J:tl!.g '*~~ 
,:¥f:fi4'l~, ii\14~%, ii\14nt~, iit14R.-t, +iit#mtit -'*Mm7x 

•, $M!l!mrFniit1t:t•fllm•, $il!mrFn•;fflvtJ~3!llf, ti\~ A bl , IA 
~ELl'tll. 
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13. o. 1 *iJ\~~JtfFffi~1!fUJrH!l1.!JlU-JJ\f48"J~~:fi~ o 
13. o. 2 -JJ\~J:l\Z*Jirf~U1Slffi&1i: 

1 ii!i~m, -w~m,m~m~o 

2 WU:ll:.1JZ-i:l ,1[:1§ R Jbf:fff.-F R ,J1.t7cm~-JJ\f4~Jti&1i o 
3 H~-JJ\~f!Lo 

4 1it~, T1tkff~t§~-J&1io 

13. o. 3 iJ\f41!f!J1iJ:l\Z~ifF~U~JllJE: 

1 iJ\#mm:EZd:fi~~IM~o~***~dM1iiJ\# 
st J:l\Z~::*.f"~.A7'J~llljt o 

2 -JJ\{4R. >J: 
1) :fi~iJ\~*ffll@:f±{;$:fF7'J:fff.f'liJ\{4o ;Jt1[127'J 50 mm± 

2 mm, ~Jl'.~lr12zt:t'.§:7'; 2. 0~2. 50 
2) @J «s: r.~ B"1 ~ H-JJ\~ • m*m :v-. :1r f* iJ\ f4 • ;tt:fff. 1ttrt: 14 

:Jll-jf]g 70 mm+2 mm,*ffl 50 mm+2 mm B"J:V-.:/rf$: 
-JJ\{4Bt, ;lt:fJLffisSl.Jl'.J:l\Z:ittfii:ltlE o 

3) *:1r7c~ttrB"l:fi~ ,-JJ\f41r12d:lil-lfm7cr:fi~ iii:* 
~t\'LR >JB"J lo 1iL 

3 -JJ\f4m!l'. = 

1) -JJ\{4p;i;j*ffij[I!J/Gfff!l'.ft.iti:ilia~7';+o. 05 mmo 
2) iJ\f4r.:ufl'.,lr12d:lil-lfB"Jft.iti:i\iU~7';+o. 3 mmo 
3) 1WITffJ:l\Z:IilrriJ\f4~~ ,ftiti:ilia~7'J±o. 25° o 

4 -JJ\f4B"1*1Jc1?C~m*m~~:®1f1it-Ttt~, x~tt~, 1§ 

~~~,~--~fil;(JC~o1itT~t§~;(JC~J:l\Z~%*•~· 

7. 1. 4 ~- 3 ~~- 4~~JllJE,1*M11~filtt~J:l\Z~~*~Jll~M 
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12. 0. 4 ~- 4 ~-fEo 

s iJ\ f4~• = :tmYr ~ * * * tt ~ :~BtJJ :Jr 1PJ rm J£ • & fifi ·~ m 
~:tl)J:l\Z1!JIJ1i 31--JJ\{4o 

6 -JJ\14:fl:l£J:l\Z§ts~~r*J?G:: 

n :fi~4;f$ ,Wf~ ,1f!l&J~?t ,M:f~ A~:ii!i:,JXL1Ui!l'. ,~M 

!l&J ·11: 1W: 0 

2) }Ja:fij:JrlPJ~fzUJIL 11~,~l!ljt8"J3C~ o 
3) **tt~~ iJ\ f41!fU *** 8"J :Jr~ ~1!JIJ *:U f.!l rf1 111f!e n<J 

fiiJJI;)IL 
13. o. 4 -JJ\~mfti:~~uti;ttit!fi = 

1 rti::fi~sSl.JJt·l1:JW: .:®~it:i!B"J:.M"JIEll.iA!JQfJl.. :#ftA:111:w J"M 
~-JJ\~VLB"Jffeffi:f& 9=19c .XtlE-.C, ~~ffi;f&, /f'~fJili11C.'. 

-2 Hzro;fJ~iJ\~m. 151!-JJ\f4~oo £5 _c ~*ffifi~ti\9f *. ~ 
fil~iJ\#~~ttL~~~d:1ffJL~~~~~o 

3 ~ o. 5 MPa/s~l. o MPa/s B"JJ!JJ(Jitfi)Jaffl,1[3Hilt:t.L 
ic ~ 1ilti1'm~~1Ja ~:ct~ 9=r iJ\ 148"J1£ -ft·~ m o 

4 -JJ\~M}Rfil, :fl:l£-JJ\148"11ilti1'%~ o 
13. o. s ~Jf!ff~J:l\Z~% ~~HJll~: 

1 fti:~~u-0.i\it~:fi~ if!~:fJLffisiJJt~*X1-tJ;~: 

R=p 
A 

K ="!3_w 
p Rd 

.i-\:9=1 R-:fi~i(!~Vtffis!ll.Jl'.CMPa); 

P-iJ\{41i/tJ1'{ij~(N); 

A-iJ\{4~ITfffR(mm2 ); 

Kp-$X1-tJ;~; 

(13. 0. 5-1) 

(13. 0. 5- 2) 

Rw-:fi~tfil~tt~~B"Jif!~Vtffisl)J(.1JZ-±1JtilCMPa); 

Rd-:fi~1it-Ttt~~B"Ji(!~Vtffisi!l'..1JZ-±1JiilCMPa) 0 
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2 ~~ttffim.!ltt•m*=m~~~f.~~*~tt•m~ 
iffl~ o. oL 3 -t-iJ\14SJLtf?9l~J:£.*•*siz1:5Jmo 3 -t-mr:r 
•1l\z1f:~EilMIMSJL1:5JtftfJ{] 20 % , ~ !ilU, Eil.§1 *M 41'-tit14, 
4-t-tit#r:f=t*•~mfJ{J3-t-mfJ{JSJZJ:5Jmft~tit~~*·~~ti:* 
1!frpll4J 41'-{ft~$~1:H o 

3 WJ1*I•J=fHiM, :~~H~ 50 2 mm fJ{J1t1J1*tit14at, 
:Jtttffi~!illEil*kJ o. 86 fj{J~-*~· 

4 '*1J~!Extt.tit14111:2.021*)~~ 50 mm ~~J.t5Jll1:2.021 
*) I:t;~~ 2. oat ,Eilffl;2f':Jiif:iM c. i. 2 ~- 2 ~:fllM 3 ~9=10.:rt 
:itHf~iE. 

5 tit ~ic 3J!:Ji\I i!J. ffi lJii § ~ f$, I f:i ~ f$ , * ;f-F !& ,i~ , * ;f-F 7* 
Jl\ ;tr-£~~', tit~f.tlP~» tit 14~%,tit14ttiit,tit14 .R. >t, 7Pf $7ilf 
~, Wi$~~, tit~A~, iJ\~ S WJ o 
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14. 1 ~~.ll.JS!ZJ£J:t5t 

14. 1. 1 *tit~*fflft!~llEil1tftr!' iliJfl=f~~'ltiJ~'AA!JillJtit14fJ{J~ 
ii!:fll~J!IH! fJ{J ;tr -E o 
14. 1. 2 tit~EiZ*fl'fF:¥HJ<.:ffii 4i: 

1 ~Wf111J!ft!f]f,]Jffl~-~~~~. 

2 ft!.~11.Eil1£1)l. 

3 ft! lm.Eil1tft lk*15 t'i ft! lm.J3il ~ft f!'H1<J-* f'P T. A .&Wi~1FIJ ff . 
4 1t1&ii4k~*•w• 13. o. 2 ~~J!l.Ji!. 

14. t. 3 tit14i!JIJ*Eil~-fr;2f':~J\!WM 13. o. 3 ~- 1 ~--m 3 ~~ 
J:£.tit#~-~)jiz~f6*otit#ttiitJi\I~-fr;2f':J;I•Ml3.~3 

~- 6 ,,,,_,,,.,,AL 

14. 1. 4 tit~EilrtrF:¥U:tl7~:itttr = 

1 mJtr:r 3 *tit14IfiltlJ:£~~ttffimm:.titH&zP~~*•liM 
13. 0. 4 ~. 

2 ~#ft!lm.Eil1tft:Eil1tft•*Eil*T-¥r-Er~•*•~fj{J 
101-lf, 1j\ftit#'*-q~. ~-gll iJ\#fj{J I ft ft !=jiffi\.J.t;f~~ ft fj{J ;ijl, 
:ff -~ffl*~~J:5j)jiz:f§~' ft!lm.fftft.ilfM1f:~+O. 1 Oo 

3 t'i ft! ~11.Eil 1t ft = ti: iJ\ 14 r:r $ ~ J£ 1L ffi fil 11fJ{J1m xrr iii , kJ :.ff! 
X>tiii~-gJl, ?HiU~t'itJA ,tl!rP:JEil1tft fJ{J{trft, W..rP:J :flltl! rP:J ft!~JlJN 
1tft fJ{J ~ • JlJ" *ffl z ft~ 4 ft , 9li1i ft 1JI•Eil~ • i!lt * ~ M :fll m mi 0 

m•%~••Mftm•rr•#mw~•~f$.~~••-m~ 
1'1!~1ll,PJ:.!l~Eil*f 0.1mm,ifilfWJ~20 mmX30 mm,~J§"lj4J 
Eil1£ ft 2:f! [!l) :f:&9li1itE tit 14 _L 
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4 ~~~~ =~~lllZ1£J:tft9~:~JdHJU~~~~. 1:E~~Mft9 

~~kMkS~~*~~•%.~~~m•~~~.~~~*m 
~~Ml+&~, *t!t:f{g~:i=l=!~liillllZ::k-T 200 MO. ~~lillll:':!£{)lllll:fj~;(:E 

Ei EKfJ ffL$JCJli{.ll:'i:. 
s )Jn7ilf/f?'!:fll~7E:f~fl=}Jn7ilf/fr!~*m~~-ikii~)Jn7ilf 

7!,ffiif&WBfi'iJ*ffl~~-i:J.:i!Wtf?'!~~~$i:Xi!Wtf?'!,4!Jikfltf 

fEIJ:(ilj~ 0. 2 kN~o. 5 kN EB~~!l!7ilf~; :i:::kfltf7ilf~~tm{i!:f&~~7ilf 
ttft9 50% .~~?t 5 ~:fif[)Jn, ~:i:::kfltf7ilf~5-M-~~)Jn7ilflr~ 
~~ ;JJ07ilI*fflBtlSJf£1M ,:fif[}J0-~7ilf~5:1LllPW';fX, 1min5-M-W'; 
tt-?k, e11 PJ:fif[)Jnr -~ 7ilf ~. 

6 ~iJ\{lf::'i:-T~J~-J.iJ\HW:ffLffeffi::f& ~ ,i:_.,, imllt1*% ~, 1!1! iJ\1lf:5¥: 
JJ-J:!g?]. fti:~]7£}Jn7ilf/frt:fll7ilf~?t~. L2J 0. 5 MPa/s~l. 0 MPa/s 
8"JJ!$:itH-T)Jn7ilf .~~W;ic7ilf~Eillll1£i!, 1-r~ti\{lf:~~. i~tlil~ 

lilZY-T 10 !11. 
1 iC.~)Jn7ilfJi~lk~~at te :OOH9:00~, :xt~~t.5 Et9trt:flf::itH-T 

m~. 

14. 1. s trt:HW:nxJIHi~J]!lilZ~ir r9U~Jl'.7E = 
I ;;fi-;Q!)i4l1Jmffi3!i'dlfti:rt03. o. 5-lHtJL 
2 :Jtli:r9U0rtit•~~lllZJJ: 

p. 
a;= A• 

rt~ a;-~~llllj] CMPa); 
P;-.!=jFJfiJi!tl~£lllllZ:':l£{lxtlilZEt97ilf~CN); 

A-iJ\{lf:ft9~jiffQ(mm2 ). 

3 ~~llllj]Ej~~llll1£lk~~llll1t**~~. 

(14. 1. 5-1) 

4 fti:r7U0rtit•* ;o5~·!j::flit, 1£%mit:fllrs t~ rt= 

Eav f1b -a. (14. 1. 5-2) cLb -cLa 
cDb -cDa (14. 1. 5-3) µav cLb-cLa 
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E _.Q2Q_ 
50-

CL50 

cD50 µso=­cL5o 
rt~ E.v-E:fi5~·jj:m:l:CMPa); 

µ.v-E :fi5~·jj:78 t~ rt; 

(14. 1. 5-4) 

(14. 1. 5-5) 

a.-lllliJ.!=j~~llll1£** ~~k][~,!3t®:MJ .~ EBlilZ fJ 
{lCMPa); 

ab-lllliJE.i~~llll1t**~~k1r~f1~.~El"JW:tJffi 
CMPa); 

cLa--lilZiJ1'J a.B;Jft9~~1ilZ:':l£{fi; 
cLb-lilZiJ~ f1b8iJB"J~~lilZ1e{l; 

cDa-lilZiJ~ a.B;Jft9~~1ilZ1e{fi; 

cDb-lilZiJ~ f1bB;j"fl9~~1ilZ1e{l; 

Eso-E:fi1£%m:I:, llP~tl~m:l:CMPa); 
µso-78 *'~rt; 
aso-1Jcffi5!i'dl 50%Btft91llliJ{lCMPa); 
cL5o-lllZJJ1'J f1soBiJft9~~1lll:':l£{l; 
cD5o-lllZJJ1'J asoBiJEB-~llll:':l£{l. 

s *;omJJ ,5~·jj:mit:fll1£%m:1:m~ · 1.ll~5t.ttt'¥. rst~ 
rtit•mmlifH~ o. oi. 

6 trt: HW:ic. ~m §Ji5 ryr 1~=H~; f4\, I~ ;g f4\, ~ i$ ±m .~ , ~ :1$ 7* 
JJLE:fi ;gf4\, trt:HW:•%, ti\1lf:•%, ti\{lf:titl£, ti\{lf:R i" ,~~rey~ 
rft91llZJJ 11~~:fll~~m1£m, s~·jj:mit ,1£%:fl:S:, rst~ rt, iJ.\!~ 
.Affl , trt:HW: s AA • 

14. 2 =f ~ * j:Ji: 

14. 2.1 .=f?t*r!~ffl-T~~ilJ!JnXJJl'.!JlUiJ\1lf:Et9$JC*XE:fi8"J1ti4l!l&;ra 

1£%.~-T1£%~::k~*XE:fll:f&*XE.PI*fflli?t*Mit:3£%. 
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14. 2. 2 i.it~ntz*=ffl"FJU{)l~~4'-: 

1 {ftftf~~~-T-?t•t!!ltE ?t•) o 

2 T-?t•~ ,mtt•~ o 

3 Jtfik~4il'ilJ::it>:£il.@m 13. o. 2 :1k~!U:Eo 

14. 2. 3 i.itft:tili'J4i ntz~1f ::it>:£ii.wm 14. i. 3 :1k£il.J.E 0 

14. 2. 4 i.it~ntl*"F9UiP":tll:i~Hi: 

1 Xitrt!E*X*, JiJ~T-?t•~1Lt~~-:tEi.itft:t J::., :tt•~J: 
a<J x>t~msflt: ?tJJu~ • :S:ffitli.it fitrh\ IPJ ~• IPJ 1:1t::m a<J 1u • o 

2 x>tr1:!£%t!E:k3iJJt*5tff£ft<J*XE~1&*XE· JiJ~E **~ 
•:ttm·11•~J::.,fl!tt*~x>tffF~•:tti.it~ma<J"Fffe&;fJiJ::.,rh\1PJ 

ltl **3k J::. lg J::.ffeffi;ffiitl~ ~ M, • rPJ irutl ** 3k 1i ~!§ti\ ft:t rf=1 IBJ 
•W~M.•Xif~~~1l~rh\IPJM*~•1PJM•ntz?t•~•:tti.it 
ft:t 1i 12: a<J x>tf/F {ft ii:J::. o 

3 :1ttdrh\1l:i1~•1PJ1:1t:%~imtl*-*/F:9r 2 .Ro 
4 JtfikiP":tllntz~1f *£ii.Wm 14. i. 4 :1km 5 ~ ,_, 1 a<J 

l!~o 

14. 2. 5 i;it~Jilt~IU!f!ntl~ts "FJIJ~]E: 

1 *"F9U0;ctit1f:rh\IPJ ~•IPJntz1t: 

_t:J) 
e:n-D 

J;\rp EL--*fJJ.ntz}J~rh\rPJM1t; 

<-----'=' ELl'ilJMJJ~•IPJntz1t; 

t::..L--*~1U~;fPI"F rh\ rPJ 1t%3f f$Jf!l (mm) ; 
I--··.= t.L l'ilJafPJ"F•IPJ1t%3ff$Jf!l(mm); 
L- rh\IPJlt!tl:S:f!jJiE(mm); 
D--•IPJllJ:S:f!jJiE(mm) o 

04.2.5 J) 

04. 2. 5-2) 

2 **£ii.WJ;\04. 1. 5-1),.._,J;\04. 1. 5·-5)?:)-JJrBt1f:-*fJJ. 
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ntliJ(a;) ,EE~·l1m:S:<Eav) ,;E-E5tr.·11itlf't tt<µa,,) ,EE1t%m 
:1tePt-U~m:1t<E50) ,:E-Eiaf'~lt<µso) o 

3 it1f:JOCf!l~filiifDJJtl'ilJ::it>:~J!.Wm 14. Ls ~ms ~£il.J.Eo 
4 1Jt1j\il:ic~~ntz1'!1f::it>:£ii.Wm 14. i. s :1km 6 ~£il.J:E?rl-:ffintz 

~~-*fJJ.fPfa"Fa<Jrh\iPJ~•iPJ••~•o 
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15. o. 1 *iat~*HH1f~ti.lnffFf~~ifiiJ$;~JJ!~ilt1tJ:t'8-*~*n o 

15. o. 2 {)(tl~~Jjiz~~*~:f:!im 13. o. 2 •t¥J~.W.1Eo 

15. o. 3 iitftJ:iff!J~Eil~~ rJUJ;filJE: 
1 iJt#eym~~*~~*~~~.tEilt#~~~Eil~~l:f:l~ 

A1'J~l!Jjto 

2 iltflJ:ll!l*fflml:ft1*, 50 mm±2 mm, 

ttE:'1 o. 5~ i. o, ilt1tJ:~&Ei1*-r•*-!¥Ji*1*11£t'8 10 m 0 

3 Jt11!!Ei1~~*~.w.mm 13. o. 3 •m 3 ~~m 6 ~t¥JJ;filiEo 

1s. o. 4 ilt~mz:flir3luzv11~1Ht!rr: 

1 :ii Milt 1tJ: 111£ t'8 Pi9 ~ , tE ilt ftJ: t'819!~ OOYfHtfl ~Jr ffiJ Jl!!J Pi9•1fJ 
~•rrMma~.~p;g•m•mMM£~~1E.~r~~~~~ 

~!:fc'f,fi)jiz:J2liffl111£'11 mm m~£7'Jm•.x-tftk~~~tx~~t'8* 
.flb~mffl~l!:~ilt1tJ:111£ztt'1 o. os~o. 1 B':Jfilt*1&7'IM•o 

2 J!$f bt ftj: If: f ;f.t~.f ilt~ fJL~ffi *1i ~ 'L' , lJm :fl 1*% ~ , 19! ilt ftj: 
.H.J 1-J 51: jJ , :ft{9!!lH} ~ ilt ftj:tf r:u- :bll ffl~~ l: . 

3 lU 0. 3 MPa/ s~O. 5 MPa/ s t'8JlJJ:J!~ffij:8:J?Jilf!:bllffl, 11 
~bt#a~1'J~.iat#!i~a~Eil:iittPi9M•~J£t'8•@,~• 

1l!Ztw.1'J:JC~ilt~ 0 

4 ic:JJ{a~ffl~lk.:bllffltt:f:!i~l:f:l~t'8~~.:ttxta~Hi89ilt 

ftJ:nr rrii!t it . 

1 :flir37U0.:rl'.:it1f:i1!J.il:5.lif:l: 
2P 

O'i rr • D • h 

• 54 • 

05. o. 5) 

A~ 0'1-En:fJtnH!iitl<MPa); 
P--~lltt'8!i*-ffl~(N); 

D--iJtftj:1[1£(mm); 
h-iltf'f:J!J!J!t(mm). 

2 it1f:OO:!!k 3 11L~~~*, 3 -t-ilt1't•rrr!i!~J£. *11=*•:8:J 
00:. 31'-00:~:li*-~!itJ\z~/f-Ei1Mitt•:8:Jmt'8 20% .~JJ!IJ ,Jjiz:J3 
lti.m4-t-ilt#.:tttE4-t-ilt#~*•~~t'83-t-mt¥J•:8:Jm~'1 
ilt~~*, fiilattEJ1H:r~~ 4 -t-m~W¥irl:f:l o 

3 ilt~i23J{Jjiz{Q.f.5JYf § 4;f$' ~-lti.*'Piift~ ,Jtk,ff f~ 

f:l, f$, ilt~~%, ilt1tJ:~%, ilt1tJ::Jili£, iltftJ: R ·>t, -~~~ 
~, ilt~A.m. , ilt~ a wi • 
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16. o. 2 *iit!M!iEII*JlJrJUf>l3i&t:1i: 
1 1H~~lm~it.fill!l l6. 0. 2.~1H1ti001'130°~70° 0 

2 Jttt8i&t:1ifPJ*AA1~• 13. 0. 2 ~ 0 

3 

00 16. 0. 2 

1-iatfit;2 tt;timm;3-mtt 

16. o. 3 iit14i!ilJ1i EII~it rJU:Mlli!: 
1 ilt14AA1ifi't'.§:1'Jit1* 50 mm Q;X; 70 mm El931.:1f~,tf!PI*JlJ 

1f1£1'J 50 mm Q;X; 70 mm,:f2jl1fjtt.1'J 1 El9~:f!~o ~~il.i'it{lf:~;ffj;­

T 9 #!: o 
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2 ilt#8&fPJ*:Ml~MliQ3~M3a•1Eo 

3 ilt#tfHtfPJ*:Ml~• 13. o. 3 ~- 6 a:Mlli! o 
16. o. 4 il!:~EllrltrJUzv~ilHi = 

1 rlt~:t:i51ioc:31E:tJ*4iit~t!Lo 

2 JH~~lm~ft a :fHlii1lt:3JlJ 45\50\55° ,60° ,65°]iflfi:fH 
oc~El9=#1Hoc.~#1Hoc~Y~3~ilt#E19ia!:~~mo 

3 ~~ilt#El91H~~lm~it~~~~~El9a:fH&,fft=f~ 

ffi;f&~'L'•~~1*~~J.*.~1H~~ftft.Ej_tr~ffi;f.liH'1it~.tio 
4 7f7;/Jffij]tJL, ~ o. 3 MPa/s--o. 5 MPa/s El9:bnfiQ'il*.i1.Hr 

:1JO{iij • 1r~WtUo 
s 1'£:110 {iijii~ ~Ell !ll11'1"AA!.~ ii!:#~ 1t 1" ~ . ~11-- ruu .ti tUI 

at , lkBtic ~!ltat B9 ffij] ~~~, J:HI' l!:iJ\14 a<Ji!t~~llti. 
16. o. s iit!M!in!UJH!U:!IJ.iil~it rJU:Mlli!: 

1 rltrJU 0J:tit:M>f'Fm1'£~ woo _t < 111 16. o. 5-D a<J :n ,~ 
j] f!l i££\Ij] : 

r= ~ (siria- /cosa) (16. 0. 5-1) 

17= ~ (cosa+ /sina) (16. o. 5-2) 

:it~ r----~£\Ij](MPa); 

r:r--i££\Ij] (MPa); 

P-ilt*f.WtU{iij~ ( N) ; 

A-il!:*f.~lJ]jijjij;fR(mm2 ); 

a-il!:*f.itit:fHocC°); 
f-ffl4lb1'•~~0 

(16. o. 5-3) 

:it~ n-fft4lb;fl~; 

d-fft4lb1f;f£(mm) o 
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p 
I 

2 m~m~tt•m~~mtt~~.~~~f1MJJ1'1~~~. 
V.1iEM1J1'J:tl~;f~ff9::X:~tttJ~.~um 16. o. 5-2 JiJTmo 1'1Ttt• 
1f 1£, llJ#f m r:p ff9 §~~ml it.1'1 ~ ][~:~UJT~ , -flH!t 1$1::-~1*;£:\t 
3:>1<:1imf1~5Jltt~~ c ,rp , Jf r±;i:;ffJMff9iEM1J IRfEiJ. 

'A:r:F c-~tJJITITl:a9~5~j] CMPa); 

rpl"'Jffl~fij ( 0

) 0 

(16. 0. 5-4) 

3 m!Vh=~~03:1r~tt•m~~~!itt~~ c ,rp fi!Io 

(16. o. 5-5) 

(16. 0. 5-6) 
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l!i 16. 0. 5--2 :tJijg~5!if1ft!JJ#~ 

4 ~M}J ,iEM1J:fll'5~1Jtt•~ o. 01 MPa, l"'l!tH•ffltt1'J 
o. 5° 0 

5 titHfiLi-c*Mffit§"rpy §~~,I~~~, l&*f.:l!Bl~~,Jlli*f.tt! 
~' ta:HfiL~%' tit14~-'%' tit141i'Ait' tit14 R. -t' ~tu 

<a) ,fhH&?ilf~,~tt~_ffl~~~,iEJ_ilI}J ,fl JlilJJ ,~5 
~JJ, l"'Jffl~ffl, ii\HfiL.A.Bt, ta:HfiL BAA o 
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11. 0.1 *JJt~*J1l~~J9tJJ~.mffl-TEf:k:,E1l~ft;J00~7tt• 
±Ej:E'1J}t(~jif o 

17. o. 2 iJt~fill*fflrYtlfSlffi.!it*: 

1 Tti5t/L tJJ5tJL~5tlL~o 
2 JIBffitHI!•± ti*, :ff:t?tl~ o 
3 Jj(fl,;Jj;~t!JE\.ti*~o 

4 Wff!f--F R.: :JtJJ[{i1i 0. 1 mmo 
5 :I:::&: ?tltii1i o. 01 mmo 
6 §fi!i~(f:ij~J91:JJ(f:i]}JU£Eti*l'f.J1rJ9f)l,~ll 17. 0. 2 YilFo 

7 

6 

5 

00 l 7. o. 2 i.l\~][1[jYi,1t:~:ffiltffiil:~ 

i-§.t-t;Mfll.;2-:'tr:flW:Jtt-;3-W:~~m;4-W:Jtf1t:ti:1s-ffl'i1¥•!!it1e1 

6-~ imf.lf~!!itle; 7-f!r"Jlili~!!i~ 

11. o. 3 JJtf4ffit1*fill~irr~J:m~: 

1 l]l.~**-~~~ffitl*:i:tWi:tifill~ll::iJtf4tft;JJ~~1J<o 
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2 E1l1rJ9iJ.\@iJ.\f41'f.J1r~B:Y;:it1tE:::r-1~1j\-=f 50 mm,iJ.\f41Wi 
ltfill Ej 1r1~~:it1iE::fB~0 

3 ;£;·5~*1001fJ9iJ.\@iJ.\f41'f.J1r~~:it1tE:::r-1~1Jv=f 150 mm, 

iJ.\#!Wilt5i1r~~:it1iE::fB~.~*100fillw-TiJ.\#4i$o 

4 tit•± Ei * 5 Jr{~ 001rM iJt@iJ.\14ill1'.nl. )f 1*, Jt :it1 tE:::r­
'.tUJv=f 150 mmo PI*fflf1XlmA~J9tJJ~:il!:fiffitJ*,Jl'.{~iiffi\Iffr-T 

iJ.\144itliS ,Ejttt•±Jl'.{~l'f.J:E- OO®V\~illt£ffitjt£1Jtf4:it1iE:l'f.J I%-
2% o~~*l'f.Jm•±§lt~•JIBMm•±om•±@fiM~• 
::k*-ll1~::r-1~::k-T:it1 iE:l'f.J 1/6 0 

5 tEffill*rtt•± Ej E1l)l'.{~iifiJ.\141'f.J flija;f 'J.iiZ1!itl *f!IH: \'r. 
jf 1* ii\ 14 3 1'- • ffl T ~ 1f rlt. ± 5! J.l • fJ,t • !Hn !Hi i.i\ f1: "'' t!UI -t" 
.ll. )f 1* ii\ 14 fill :ll!fi:ff:t? , i:5 ¥11 ~1.JEl!MtlJ Fn ill: ftt.«!t. 

6 lltM'll~. iJ.\#PJ *ffl*~*7.K~~!Utff!l:ftl~~. 
1 ~miJt~iJt#l'f.J~:l::;r-~y-=f 51'-. 
s iJ.\#iit~: E1l 1S f* ,WI~ -1ii~mt?t ,.00.itWJ.l di!Jll!, "fi 

J1I!' l'.IJ.m~lmtl'f.J~lf;@JJ[}l;ftEjJ9tJJ)f(f:i] l'f.J*~; ~*100 l}{JjE:l:J(~ 
ttm , Jt::l:J(lf. lt u.t ll ii\ 14:t£ *1tR~ ffitJ *nw i:r S1l: m ;JJ l'f.1 ·ir t£ ; tm• 
±Ei*5)}'.{~00l'f.l®V\~,rm•±JIB1tlt~rm•±5!1t~•. 
11. o. 4 iJ.\~fillttirYtltf3:'!jlfilfi: 

1 ii\ 14:$:~ 0 

D ~ii\ f4:'lt -T 1rJ9 fSll: , ii\ 14 l'f.J 5ll:M tJJ )f lf:iJ fill Ei IWE 
1*S1tfJ )f lf:iJ -3& o iJt 145i M tJJ ~pg ~z fiiJ l'f.J fiiJ !mt VJ :l:J( 

~:l:J(~.~iJ.\#5iJ9tJJ~~~-1'-~1*o~~J9tJJOO 

fill ffr -T J9 tJJ !lf i:ti $ o 

2) ~rl'iJ{c1f~~J9tJJ{cij'~Ji\IJi!:i:t~~J9tJJ OOl'f.J JLfiiJ 4i 'L'. 
~rtJw•:1:•~7.K•w•:1:•ill~•~•.&jf~• 
::&±5J::r-Ji\l:J>-T 2 .n 0 

2 Ml!:1Jn1! rtJ {c1f~ o 
1) ~~{c1f~M:::k{i1i:;r-'.§:1j\-=f Il_iff}J. X>f-T~*1iM4i* 
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;:§"!tt~~ 1E:IJ\418ltliAf4'1i*11rPI fiif~ L1l:::f-1'3'f lti 1E:IJ\!f18 )g 

~Ro 1'!1o:Jfiif•'.§:f/t¥~~~?}~,~Jl~:::f-J.&:j;'=f 5 ~o 
2) xtr:::f-3~1JI!JialtliA14, rtrP:Jfiif•PJ ··1X»Ui::bn7E*, 

RPi!i!~~rtlo:Jfilf$,5 min J§<flJ.i!i!tl~-?x, RPPJ»Ui::bn-99-W 
fiif • ; xtr3~ IJI!J fa 1'19iA14 , :tErt rPI fiif •»Ui::JJn 7E * Fn 1'19 
~-1-;J\Btl*J, 4lt!Wi 15 min ij~-1J,:, 
~f{-1J.:o 4lj;j\B11'!rPJ{Ill$~/tlH:J: 0. 05 mm B>J, UJ»Ui: 
:bn JY tJJfiif • o 

3) iA~:l:iW if1 , f! rPI fiif •I&:Mt~i~H~ 7g 1\t~ o 

3 »Ui:Jm JY tJJfiif • o 

D fttHf#:i:ii*JYWfiif•?t 10 ~,_12 ~.4ltgJI{itf.~:bnFn. 
.1LRPi!i!tl~JYi:JJ1Ill$f!l1'!1o:Jf1ll$, 5 min Fn Ni!i!~~-?X. RP 
UJ»Ui::bnr -~~ tJJ{itf •, ~ w & • aJHil:tt *st, us~~ 
1J!lt;j\~~o df{l~fifrJ~:bOJYi:JJfiif•:::f-'.§:j;'=f 10 ~o 

2) ~JYtJJ{itf•ilt3:l~o :ttH1~3~ ,:f~iA141E?t@H~Fn, i%J 
mil~.ft(_t;l£;_$Jll,Jl!:1-1-*~W.:~o 

4 iA~ia*ftil'l9Jlfi:JJOOWi:l±o 

1) liUfirlUJil~. tJJ OOOOffl ' w gin m :1£~ tJJ 001'19 ~ t1' •tiff{£ ' • 

~~ ?)-1fj ':1J rPJ fll -Kit 0 

2) J1f tJJ 00 Im ~~1.t fil J1f tJJ :1J rP1::it1-t EIUlL 
3) iaffl oo 0J ;:§" JE:IJ\ tim st , I&: m :J£JY woo 1'19 riHJH & ~ , :# ic 

~1E±Jt t!m ltJ gJI $:$::fr "11: J9l: J!J It , ffl :li!L tLHJJ!i 3 ~ ?YW 

ltJ t!m ~ •lf£)9l: !?X; ft 1f t!m !Kf JE 0 

11. o. s W.:~Jil(;:!if!:m:~I&:*1frjtl~J.J£ = 

1 fttrjtl0Jtit•rtrP:JI&:hfl:IJYJ.&:JJ = 

Jti:p ~f!rP:JJ.&:)J(MPa); 
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p 
a= A (17. 0. 5-1) 

07. o. 5-2) 

r--~J.&:)J<MPa); 

P-rtlo:J{iif~(N); 

Q---J!fi:JJ{ijf~(N); 

A- ·······;:§"5&fii:JJOOfft(mm2
) o 

2 ;;>Js:il\~3[:9 m 31-L1l-1.1'19iA14JJL1Ti!i!tlJEo 
3 ~~*r!rPII&:hr1'19•I&:JJ~•w&•l.t•I&:JJ~rtrP:J 

1Ill$1'19~*~~o~i:f:111rPl&l$fllfii:JJ{Ilf$~*M;:§"•M~•itJ 
JJL~mo~-~~•J:E*J!ftJJ~mMfilAl'l981.&:h. 

4 ~•*•w~ml!fmsjJ.ta9•I&:J1f11f!fii1W.nm:. *=JIJl¥1 
fffff!l)X;Ji1J\_~f!~1MJ!f filh < r) ~f! rliJW. JJ <a> R ~ 1tt1 t.!G. Jf"/'9 
J£ ;111m.i¥Jrli:JY5.¥.It :f$:~ o 

5 fttJf1:::0s:\:H•tJ•*fl tan~ *'ll'iM }Jc. 

(MPa); 
rn-anB>Jfl9;fJHR~J.&:}J(MPa); 

ri -111 Bt fl9;f}1~Rfi1.&:)J (MP a); 

---fr-'::l:: a1 H'.1'1'197! lo:Jfil)J (MP a) ; 

(MPa)
0 

(17. 0. 5··· 3) 

(17. o. 5-4) 

6 § i;~,IWi;~,-t-F:l'i!!,~,-t-Fi* 

IJt, ~-1:1 ;g ~ , w.:1tt:m :1±, • m oom, rt rP:J M• 
r *~J!ftJJfiif•atl'l9f!rP:J&•l.t•tJJ&•, W.:~Afft, w.:~ a M. 
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18. 0.1 *iit•:lf?E:*JtJ~ffltllli~1trst-!flHlli;rA5i!fiatlli. 

fflT~·~~tt~iat#Bt*~~~~ 
18. o. 2 iit•l.ill*JtJr3'1J fll=Hi!i!:-*: 

1 .=-_!fllJlJt•trLo 
2 jf;{il!.fll=Hi!i!:-*fPl*;ij!fi 13. 0. 2 ~;ij!}E. 

18. o. 3 iitftiff!J-*l.ill~-&r r3itl;ij!J£ = 

1 FP1-*Ao~15r, 4Ittfliat14/F~T 51' o 
2 ··~lli~Btlr~-~iat#R~o 
3 Jt{il!.fPJ*Jffi~ 13. 0. 3 ~~ 3 ~' ~ 4 ~' ~ 6 ~89 

18. o. 4 m•J.ill{l(r3itltf71B1tfi: 
1 •Miitlli~am~st~~J.illfJ~IfiJ.illfJ~15-iEMlli 

fJ , Ir:{l(~~~tt~~ l:t~fii!Hi~f'f.. :fr~fi/F1~d/'f 5 ~ o 
2 m#l.ill*•~~••·~f:Em#•w•~L•fil~~~ 

~.~~7iEmlfti~Lifij~l'J9•1l&:~~fll~-f~o 

3 ••=!flHmlli~*1<~iit{4,f.1~tBllifJ~pgl'J9~l=\.o 

4 VJ o. 05 MPa/s B'~:bn?iifl!$FPJat:nID::bnfJ!tlllifJ~!fllJ[i'i]llifJ~ 
fllliE ffltl llifJ «L 

s VJ o. 5 MPa/ s--1. o MPa/ s Bt:bn?iifl!$M:bn!fllJ [i'i]{iif~, 1r 
~m1t7t1t&tt:. st!flHfi'iJ?iif~~~%uL ffltlllifJ 
f:Eiitllittfi ~Ml~151H~/F~ o 

6 ~&$fti89~#*fiM~o~~•st•~wat.m••• 
$00~-*~mfJ~fflWZ~Bt~~. 
18. o. s ~•mt~JH1tm!m~-&r r3itl1f):E: 
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p 
a1 =A 

A~ a1-/FfPlffl1JffifR{4r89!fllJ[i'i]J.illfJ(MPa); 
P-~{!f:!fllJ[i'i]&$?iiJ~(N); 

A-ii\{4_.WfRCmm2
). 

(18. o. 5 1) 

2 ~•*•fi'iJmfJrstmfJ~~m~~-~-.~~ 
18. 0. 5-1 mlRo 

D D 

c c 

00 18. o. 5-1 {li!dlPJLil:fJTl'BLil:fJ-Lil'i::k.¥ Rli~ 
(A,B,CD ft~~IRJ~l'l!gff.jJ) 

3 VJ!fllJ[i'i]J.illfJ 1qm._fil ;f,j, ili!UllifJ 1q;fl filfJF, g~jfftj !fill [i'i] J.illjJ Lj 

ili!UllifJ:X::~Hfl~,:ftllOO 18. o. 5-2 mJR. ;tt:{l(T3itl0J:\itJf:f~B 

iE:W:~Btc,q; : 

{

q;=sin-
1 :+ i 

c=R( 1 - sinp) 
2cos<p 

J:\~ cp---J*J~~ifl C°); 

m--~-Hfl~~pg-ft{ilr~Bt~lJ.$; 

(18. 0. 5-- 2) 
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c-~~j] (MPa); 

R-~~H~El9~*~~~.~~r~~Et9$~m&~~ 
(MPa) o 

300 

0 10 20 30 40 50 

1J!IJ.IE1:Jcr3 (MPa) 

4 tit ~ic ~ M § m :rm § ~ f$' I l1M~ f$' lW. :ff ffil i~L .IOC ;f-f 1* 
f*, ~14~%, ~14Wi~, ~14R. -t, tlJl~IPJ&n ,~ IPJw 

.,~IPJ~M,:fj{IPJ~ID,~~AJ'A ,~~BMo 
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19. o. 1 *~~:@fflr~:fl1*X:!t:rz&ra9*~:!t:r::u o 

19. o. 2 ~~l.i!I*fflr~U1Sl~i3l-1k: . 
1 .~w-{)l,:bow~!Hlliiffllttl-$~12'15. 0 mm,.Jjjfj::J;J 60°' 

~ll 00 19. 0. 2 f}fjf, 0 

2 ffil 1W: ~ , ~ i"- , Tik JJ , t& ~ , #9 ~f'. ft:l' , ffff JJ , ib'1 f!J~ -f..: N. , 1B. J.:. 
'f!L #9;fil R. :fflJJ<.fili ~ o 

3 

m 19. o. 2 ,\ttfili~f~:lR:ltOO 

l-)JOf.Hg~,2-Dl~;3-1JOfilf#t!k;4-tl.FRmi't;5-lliJ:r~;6-.:=:.jfilf*1 

7·······~1ElllC'llf ;8-·tlH!i.*:9-; 9 !:!rs:t~lli~110-bllfilfit 
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19. o. 3 tit14i!llJ-fkm~-fr r~dJ;JtJ£: 

1 tit14R.-tlk~:&:fil~-fr7& 19. o. 3 ;fnOO 19. o. 3 J;l}Eo 

* 19. o. 3 itffR'f"lilt• 
W:»~JJlj iit{tfR-.f iit{tf~:l:<1-/filD 

)[1£. 3. 0 cm-10 cm;*J.t/)[1£.1'; 1. 0-1. 4; 
10-12 

"«of!l 19. o. 3(a)/W$ 

J[~.EjjJQ:f,lf R'ii:fiiJBE.1'; 3. O cm-10 cm; 
$d!Jl;Jiitft :tmffl • riiJBE..Ej 1I1£.z 1t 1'J o. 3 - i. o, E::ill:m 10-12 

o. 75-1. 01"«000 19. 0. 3(b)/W$ 

1.f t/(:f*.Ej ::F :lHI:itt* ,JJ07di' R'ii:fBJBE.:l:\J1'J 1. 5 cm-10 cm; 
1.ft/(:,10-15 

~!i!Ji!Utl<:f*lot» 
~-·~BE..Ej•:iti~~:l:\J·ltZ.lt1';~3- ::FAA!.Jiltl: 15-20 

1. o,E::Ql;ffl o. 75-1. o,-«o~ 19. o. 3(c),(d)/W7f-

L>0.5D 
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1) titf4R.-,Y1J!tl:il:fill{Efifij3i 0. 1 mmo 

2) ~ rliJ W.:• PTtE tit• f!J7Ji!Y :&:tit #-Kil ;fn 1I~ < :bll *11 ,g fBJ 
mi) ; • r11J tit•, Jr*1* tit•;fn~ J;JtJJlU *1* tit• , mt£ tit 
-~M:&:W.:#•~MWtE~1Ir•*1J!ffbJrrliJL~~jfg 
'.9ii:ll;fn:b11*1J1~~HBJrui; Jr*f*;fn~J;JtJJlU*l*~tit·, fili!J!tl 
:&:tit14-Kfl,•~MWt£~1If:bll*1JJrrliJL~~t5J'.91!: 
fl;fn:1Jll*1J f.;i: fBJ!iji 0 

3) :2fs: tit•.IOC~ ~ J;Jt;f4f tit 14 ~ -~ *1i ~Ulil fl m ~l'.li!Y tit U!i: q£. 
rl!Jtitff fil:l1.Hitit14 R.-t?'&fil;ftiE;. [Ii] tit•' Jr*1*tit 
•;fn~J;JtJi!U *1*tit•m:1iHrtit 14 R. -t ?'&m •ff ,fr! m :!* 
*~)'&@~i£o 

2 1D!YJ£,g*1J~5!ll* rl!J:1fttm~~tit14 o 
1) E $tit 14 : !i1b [Ii] tit•!;;~ [Ii] tit•~tit 14* 1111 I -~JL 
2) **tit14: :bll I~1I f *-t~ij liiMi:hll fiij~;fn~fif *-t~ij 

iiitrlli::1Jllfiij~~iit1445--mo 

3 tit14ifllJfk~llo 
1) ~rl!JW.:•:-Kfl__l:j1I~Ztl:::kf 1. Oo 

2) !Hbr11Jiit•,Jr*1*11t•;fn~J;l!J.IU*1*tit•:JJ11:m ~ 

~•J:;;••••~•••m~~•ll~~·~* 
o. 2 mm; :bll fiij W ~ 'L' !;;tit 14 Jjj :lL1 ~ f.li 1iiI ~ 
5. 0 mmo 

4 tit#:1Jllio 
D EffPTmlli~EZ~:X~it~,ttctfH*,~7fPl,~m~ 

**~**o 
2) tit# :bll I PT Jtj :ltl!Elt tYL ~ -=f ;fn 1ikJJ ~ o 

3) Jtitff;fn:1J11It5JliiI:il!!~f=~tA.1'J~l!!it o 
5 ia\14~1!7JGi7(~: 

D P-Jiit•at, ir*mm::P-t§;fnia\14, :tJr=f-t§;fn ~Jrt! 
~Jfs:~Ji!:W~ 7. 1. 4 ~~ 3 ~'~ 4 ~o 
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2) :tEI!!l!ut!If[at, 1r*ffl:Xr&ttY;:.fllut14, &n:m:xr&fi1.K~ 
~ff<ih\14.'ltr'ffi'iffil.1itffir~1j( 48 ho 

3) JN1j(~JVJJiif!1X:Jf~ff<i~E, 1r*ffl:X~fiJj(~~m14 

!!X;?;tt-=f e<i ht 14 0 

6 m14tl:l£o 
D ~ E ~ f>J\, ~ '@, , 1iJ ~ bX:?t, ffi;fi;J , ;fi;J ii! , J'A 1t ;@ft ?trJL 

ilm!.:& 1f *~:.fl] Jllt ffi ~ e<i 'i'E.!9!: 0 

2) ii\14:1JafiU':/f rtJ J::g JR:EI, ilm!. ,~l!IJtff<i:A:* o 
a) m14H<illYl'rB~, f.ff;f!;Joo e<i~JE~:.fll±~ut:;@oc o 

19. o. 4 matLY:~r9utl7Witl::fi: 

I ~~EE~oc~~Trr~:.fllffih*o 
2 16:mntBiJRttmirm ;ll:m,gfiU'~{~ff<i:bafilf*~J::gfiU'~~tlit 

*~iif.fibX:ff1*; r&s~11t~J: r:bafiU'• rPJ~ o 

3 tit#$:~: 

D ~rtJ ut!If[: :m llffi 1=± ;Jl\:h\ 14~ rtJ ~ A,g filf ~ 1>l at J: rPJC 
Yfflillffi •zr01 • ~ • Yffli J::g ii\ 14*-oc ~ * z~ e<i 111£ M Yffli 
~WitfU!IL 

2) ~rtJm!If[::mllffitt;Jl\:ii\#1£rtJ~A,gfiU'~1Sl.atJ: rPJC 
Yfflillffi•zrm, ~-jffijJ::gm14at llffi ,c,,~~Witf&L 

3) :Jr~1*:.fll;r~mJJlU~1*M:!ii::mm14~A,gfiU'~1Sl.e<iJ: 

r1*¥Wllffi•zrm .~llffi•J::gm144i·Li'~~WitfwL 
4 x-r m 14 ~ J:E !!!! Mli: nu filf ~ , :bn filf ~ oc ~ 1r :i:1 'tie , ~ ·iJ.\ 14 :tE 

10 s~60 s l*Jfllttf>,ic~m#ff<ifllttf>filf~o 
s tit~ffi*fi,LY:tl:l£m#ff<illtf.7B~ofllttf>OO~~•~m 

141tJi:i:1M:bafiU'1lPi:ff~Jat~, :aJJlULY:-T~J~ o 

19. o. s maibX:*•mi.LY:~i-r r9U~>e.J:E = 
1 *~1~iEH<i~:fi,g{ilj~siocmf£e<iit• = 

Is=P/D2 09. O. 5-1) 

.:ct:9:i Is--*f£1~iEe<J,g{ilj~51ilocmf£(MPa) 1 
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P-h\14fl/t:!;f>{ilj~(N); 

D-h\14:1Jafilf,gf8JME:Cmm) o 

2 1£rtJm!If[e<J¥flm14M~siocmf£e<ittJt: = 

Is(50)=Kd. Is=0.177. d0·4426
• (/;) (19. o. 5-2) 

.:ct:9:i Iscso)~--¥flm{4,gM~5!ilocmf£cMPa); 

Kd-h\{4R.-t'~L)z{~iE*f£ ,Kd =O. 177d0
·
112 6

; 

d-h\141i~C~r:bnwf.UaJMff DHmm) 0 

3 ~rtJh\Hf[ ,:/f~1*h\Hf[:.fll~~lJJlU~1*itl:!Jt\!ft<J ~711~ Li\111: l.( lilt 
~siocmf<:e<itt•: 

Is(50) • K1 • r. =O. 055 95 (/; ) • wo. '4l fi • l'[' 1. Ir.I'/ (~I lw~) I 

.:ct:9:i Kr-m141B;Jl\:~~LY:1~iE*f£,K1=0. 316 
e-- §~X-tfx:e<im;c2. 718 3); 

( 19. 0. 5 :1) 

1517(~f~)]; 

Kw-M:14R.>tXt.LY:~iE*fi,Kw=O. 177W0
·
4426

; 

w-~rtJm!If[,:lf~1*m!ii:.fll~~lJJlU~1*mHf[a'~m14fllt 

$~003¥-:it>J~OC(mm) o 

4 ~rPJfiJj(;Jl\:~ut14,gw~siocmr£e<i11J~=**: 

1) :x~ttY;:.fllJ::g~.:P*:.flJm14e<i ,gw~sioct~fie<i:A: 

*:ct:= 
Is(50JDs =O. 907 7 • Is(SO)Ns -o. 07 4 2:=:::;0. 907 7 • Is(50)Ns 

(19. o . 
.:ct:9:i r.<soJ0s-~.:PttY;:.fllff<i¥flm14,gw~5!ilocmf£cMPa); 

r.csoJK.--:Xf&tfY;:.fllff<J¥flilt14gfilf~5!i.ocmttcMPa) o 
2> ~.:PJ::g~.:PttY;:.fllut#e<i,gw~siocmr£e<i:A:*.:ct:= 

I.csoJD=O. 893 2+1. 027 6I.cso>0s (19. 0. 5-5) 

.:ct:9:i I,(so)o-~.:Pm{lf,gw~s&ocmttcMPa); 
I.csolli. --~.:Ptt!!;:.fll ff<i¥flm{4 ,Q w~5iocmtt CMPa) • 
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s * E J~ filf~U.!illt-* rtJ #·l~E:llift <A-* rtJ #·Ii E8 * E) 'n=r 
Ju-0-J:tit•= 

D *~ti!:# ~filf-51iUl'-*rt.l#tt;JttftB"Jit•: 
Ia(50) • Is(50)Ax/I,(50)f<;, (19. 0. 5-6) 

J:trt1 Ia(50)- *E,~filf-51iUl'-*rPl#'lif~ft; 
I,<soiAx -~rt.Jti!:•~flti!'.:{4,#:frlf•s.IJ!lf;Jttft<MPa); 

I,(fjO)Ra-~rt.Jti!:•~llti!'.:{4,~frlf•silf;Jttft(MPa); 

Ki-~rt.Jti!:•s.!illt;JttftB"JttiE*ft, I.cso)Ax>6. 87 MPa 
t:i'"'" K Ifu O 94 I . 6. 87 MPa at, K1· 1-l'J • j J'K • ; a(50lAx 
JOC o. 90. 

2) 1I*1*;fll~•!JlU*1*ti!:•~ filf ~5.!illt-* rtJ #·ii;JttftE8 

(19. 0. 5-7) 

J:ti:F I.(501 -*E,#:frlf•silt-*rt.l#tt;Jttft; 
Is<so)ve -~][ -T!tt.ll~ iiinl!LbOfilf~B"J~llti!'.:{4 ,#: frlf•silt;Jtt 

ft(MPa); 
LcsO)pa- 3f1i-T!tt.ll~ OOMl!:1Jnfrlf•f!9~llti!'.: {4 ,#: m•s.IJ!lf ;Jtt 

ft<MPa) o 

6 ru,#:filf~ti!:-~*~•'M"~Jll.;ti·::fiti!:Hisliilt;Jtt:flft,W.~ 

ti!:•~llti!'.:#~M•~lt;JttftB"J:SV-~M~•··~#&~it•:JJ 
~M~**•fi~~CMCl~OO•JE:. 

1 .#:frlf•s.IJ!lt;JttftB"Jit•mmiJli~ o. 01 MPa. ~llti!'.:14,#: 

frlf~slilltmft:ff~ti!:HiftM~-T 10 ~·M*~~~:li:~M;fll~~ 
ii:ff£M;~-T!jj(;:J?-T lo ~.Jt*~-~:li:~Mlll-~:li:ff£M.~fil 
:ioc:sv-~m. 

8 ti!: Hiic ~ $!. 1:!H! :ryr ~ ;g f*, I fi ;g f* , J0C :ff it!!,#: , J0C :ff 1* 
it ,*E ;gfYj\, ti!'.:{4fj%, ti!'.:{4:fNii£, ti!'.:{ttR>t Jt)J~~ft,if~filf 
•,*~~~iEOOsiltmft,R>t~W.fli-iE*ft,JfHk~m•iE*ft, 
~llti!'.:#s.!illtmft, ti!:•.A.m, ti!:• e w.i 0 
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20. 1 *~!Ei1Jtii.tfU!Yit 

20.1.1 *ti!:-~ffl-Tfi~:1JOIJil(J]JJIUti!'.:{4f!9-*~:i~.,{i o 

20. 1. 2 ti!:•W.*fflr31H~ffi9:4.h 

1 *EP'fvt~ft~tlti!'.:tt. 
2 ~tbtvt~~ff. 

3 :fill:fftJL•Jil!;j$, ti!:•~,]J ffli:E!.~ '~~Kt:f< ,fm!f}ft ~·'~'fr .. 
20.1. 3 ti!:f4$1J1it;fO:fNii£m~**~Jll.fiM I3. o. 3 *• 1 !t-* :-1 

~;fl!· 5 ~,. 6 ~ip;ff~~]JE:. 

20.1. 4 tit•W.rt:r~u~~:lttfi: 

1 ti!:Hif!Hi1il-o 
D ~1tf~~-*l:r!Hft~~~i5' ~:tEf. I fi:::tl\:~~~ iE 1t. 
2) iYltl~f~ff,~fi~ff;fllm*fl"1!ji:1IWfil~at 

2 ti!:•7f1lflatf!9~•. 
D iJf!JE:~~~ffJW!$,~~fff!91'tM~$ f &,®!YiWJE. rJ:t 

•JE:: 
J?3-2Vp/D (20. 1. 4) 

ip f-~~ff1'tM~$.<Hz); 

Vr-*E~V{J!jl(m/s); 

D--ti!'.:f4f!9][~!jj(;Jft1£.(m). 

2) ~tlJE:~iltl!It ·*fflFL±#~tt111J~m*:1fiJ, r!i!tlXE.fJi~ 

·*fflf8ff'i~lijff'if1:1'lm*:1f!J 0 

3) ~fi~ff~Jt%J:\:5t~#: li:~~:li!:~~~ff~t&tfti!'.: 

f4f!9~~Ji!Miii J:, M!~fi~~B'-.11F 'L'tfti!'.:#f!9~ 
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••~m~~-•~1¥JRE•.••~•*m~~n• 
!.16,~;fJJlt:f!:iit{41¥J IPJ-'ffl!tl, #•?!iltl~m~~fi~t~~ 'L' 
1¥JRE•. 

4> M~&F7it:f!:~IPJ*1ll¥1~$~m•••~1¥J#M• 
fl'. .~t~atREHIJ~(T-L HIJ~), tU79fi~{5lB*~l¥1~fil 
a•t ,sJ(;:?f~1ttc2t~fi~Bxt~.1fi!tlii~filat. 

3 ill: rrtn:~ . 
--f'·~h~~rl¥.ltlt~.~jt~iit14:ti:Iriit~~_t.xt~n• 

hlliJJnt~ 50 kPa 1¥JJK1J 'Y~tl~&F7itW-7Jt,fl71t:f!:iitf4~Ji.ttatrBJ; 
'.Yl:h ~~r 1¥JJ;i\~, UJ" .!==j i!i~lli!fa5eIDiit~IPJat:Itt:fi. 
20. 1. s iJ.t~,qUf~:~fmbiI~1f r9tlJ:J[~: 

1 . *r9tl0Jtit~E~l¥JW-71t•N~tl'.71t•N: 
L V=--

p tp -to 

··-l'WYv..-""--=,,,._ ( m/ s) ; 

®:~fi~B~ 1L'IBJl¥JRE.(m); 

tp ·········iJA7Jt:f!:iit14~h:iE1¥JflgfBJ(s); 

ts- fl¥Jt:fl:iJ1:{4~:fi}El¥JfJgfBJ(s); 

to-iXB *~1¥J~fil8t( s). 
2 *iit~it~~79fl3I=11z1:f~ft-¥. 

(20. 1. 5-1) 

(20.1. 5-2) 

3 E:l§lcFilt•Ntmtl iitic ~Jjlz {gm rm § 1'.i $' Ifj1'.; $' .!&:¥-f 
±ti!,~' .!&:¥-f 7*Jl '* :f:J-1'.i $ 'iit 14~% 'iit 14.nt~ 'ii\ 14 R. >t 'tm1J iJ.t)J 
~ .. ~tmBfBJ1¥JRE• ,{{f:flati'BJ, {llB*~l¥.l~fila-t, imtliitAJn ,imtl 
iitBWi. 

20. 2.1 *iit~~mr~?R*"*· 
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20. 2. 2 iit~biZ*=fflr9tl13lBii*: 

1 * ::fiFilt #lt?Y!tl iit 15l. 
2 ~lli:rttt:tt~n•. 

3 - 2t,zy_i&~n•. 

4 ~HIIJ':ttt®:~nn. 

s 1t1Li,Jt2tM~fi~B. 

6 #tl.K».Jt.7.K ii* • 
1 -=fll~tmn. 

s F7it~2t~ii. 

9 ~00Btt11LB. 

10 t~1t=:trm•••. 
11 m:ffR.~tl~lg. 

20. 2. 3 iit~lt*EY:~1fr9tlJ:.w.~, 

I 1!i!!I IR'.fr;fJJ ii:f!:Jl.~ 1~*'1"£1¥1 IfjE1*tiH:il. 
2 1!i!!l~:fl1iibiZfh~~Hr±WM~OO~±W~h1JrP:I. 

3 imtl -~ '.fr;fJJ ii:f!:E ::ti~~ ?:J , * OO~f m 1¥JiliH1L 
4 *=ffl~00•~2tat, £M .!==jiti&~ff~•1BJRE1r~ 1 m~ 

3 m;*}fJEt!;k;tt.~2ta;J,tffi:fBJRE1r~ 10 m~3o m;*ffl~m~2t 

at, IBJREbiI:kr 3 m. ~n•1r.ttHJSIBJfil!z~. 
5 i!i:fLiltltlta;J ,2tM,~.3I~®:,~1¥JfBJRE1r~ O. 3 m~o. 5 m. 

~OO•fiJfJZ#;tJRE•'.frj;J o. 2 m. 

6 fflr~R~~·•iit1¥Jm~R~~1r:f!:IPJ-fOO~H;ffl 
:ltt:fr:fLfBJ~•iYl~iitat .~tmB~fJZ#;tJRE•'.frj;J o. 2 m~ 

1. o m,JfbiZxt2tMg.3I~®:.~2JBJfl{JRE•:Itt:frtlIL 
1 ±tl!mt.nt~biI§mr9tl~~, 

D iltllRE::fi 1'.;$,M~».±WiY~Jtt?t. 
2> M~OO~:tt. ~fl'., 1E~~·t1::tt ,filf$1JrP:l».!t.!==jiYJtl~l¥J 

;ffl:!i:A:~ 0 

3) ?flltl p(.LiBfJJi:Jp( /J~ ltl&, ffij 00 [~Jo 
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4) 11!i:fLtt~OO. 

20. 2. 4 iat~illlt/tr:Vtl±l7!Jlitt1T: 

t -*f**=mD'ntJ.tit!diatftfi. 
D i!i!d,i;?:illlit!:1i!llU% ,1Ji!d,i;?:*=itiilll1~1Pf.ff. 
2) it!dfi£M~fi~tuo~i&~fi~DM:t1"i:f:i,1'..,ff{JfBJIEE:,#Jxt~ 

£illl1Jvr 1%0 

3) #cfm~!:ij~f*fBJillI*fflitrdJ ,}L±*~-Eif:M*'I-~ 0 

2 ~1Ll*1Wf*}iftlt00iatftfi. 

1) ~1Lilllitt1i~%. ~5tt1!i:fLjftJ:fii~7j(o 

2) ittfHLIBJ~iiiit!di:i\Bt .~fj~~illl~_tf}(1irff,1Ji!dJIM:fL 

r:r i:p,f'..,ff{]Jm~, #Jxt~£ffil1J\"f 1 % ; M:fL~tt:lf'SJZ1i 
B,t , illlit!d:iit1!1 :fL ff{] f§li :ffJ fl11J fil :ffJ , it• :If' µiJ 7* It 3lt. M 00 
,i;?: !'BJ jj{JlfE:~ 0 

3) M rPJ _t t§liff{Ji!i!HL , illl*ll&. ~~:tl¥Ji!1:7.K , ll::J.Kffi:h'm o 
4) M~~E:*JiFf:fL~fi~ffi!i!diJt. 

5) ¥f :£1J'n7Jt~~ili!di:i\1Slf/t:l;]}Eittfi:frt~o 
6) OO-JJtfirmit!d}E1Sl~!:iJ~fi~D-*~ff{J~~nt o 

3 #tilt% JI!~M _t ff{] Btf-T-:k f1 iR %iJJ ~W., tittltfJJ ~ {V.Jf. , it!d 
~%tlt1#f!at1BJ .x-t~tm1-tF"tlt1Sl~PT~um f=I z;JJ:X:f1~1f.11i!d~Fi7.!t 

t!f •at fBJ o 

4 titilti!i!diat. PTtttr:vu1fj!*U~1JtfttJ.tjj{JfJ1~atrBJ = 

D tft7.!t1#1flatrBJ~r~::krW.7.!t1#f!at1BJff{J i. 11! 0 
2) tfttlt~$.1JvrrJA7.!t~$0 

3) tfttlt~*i~JI!::krW.7.!t:JfiHM o 
4) *fflfiitrj!J&;;Jtfjitr/JrPJB>J,tfttJ.t#J{)L&rPJo *ffl~fj~ 

ff£M ,J&7:Jt£Mi:t!ffff{]:fJHi:,tft7.!t#Jfili&7:lt 1so0 o 
5) &£iJJ.ff1Slff:hi::kffff{J~fil~:ff~ffl .1£~YtJ!l~)jf. _t 

PT JA!.. ~Bti' ff{] Yt tlt , ~ Fn~ ::k f~ fil , nJ ~ ftfdU& ffid ~ tft tlt 
fJJ~BtfBJ 0 
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6) ;.f1Jffl1? ffltfttlt~fi~ffit!d}Etfti.!t t!f •MfBJ o 
s 4ij;~-1Ji!d,i;?:l.\11i!i!d il M rx, ll&.Jt + :1:0 m ~ ~ ~ uL xt :1f 1itffid ~ 

fllmt~ .&::•®Hli!dil-=:rx. ~~£:1!'1r::kr1t~~jj{J 3%. t:J.i!i!dm:ii:ti 
:Jliff{JM7X1Ji!dffi Sf :!:0m fl;~lt~ffio 
20. 2. s it!diat~*.ffWJ.\11~-fr r:Vtl:l;JQ.}E: 

i tttr:vui~.Jtit•¥ff*ff{JrJAtlti!ttflltfttlti!tt: 

V,=--=­
t.,-to 

V L 
P=tz-f1 

if;i:p L-~fj~ffi:p,f'..,fBJjj{)Jm~(m); 

tv--W.7.!t:tEWf*i:f:ifi)tff{JB>flBJ(s); 
t,--titi.!ttE-*f*i:f:ifi)tff{JB>flBJ (s); 

(20. 2. 5-1) 

(20. 2. 5 2) 

( 20. 2. fi :o 

tz -i1--,bt~i&lP-fLSJZ:i!1rl5tltj!i!i!HLBt, M~i&gi&3!1Jff{] 

§tJ.t¥1Jl5BtlBJ ( s) o 

2 tt•Jt&.mM~¥IJ -fil~~~*. 
3 -*1*%7.!ti!Itit!dlii:ic~J.\11-fgffir,W § 1';f*,I~1';f*,iiJ!d!R ill 

it ,w E 1';f* ,1Ji!ti;?:~%, i!i!dg fil.it, it!d-JJt/Jj!, 7'lti;?: 1llit, lli!ti;?: l'BJ m, 
t!f•atfBJ ,{Slff-*~ff{J~~Bt ,it!di:i\A!T.l ,it!diat El W3o 
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21. 1 Jitffif.&j!it!j: 

21. I. I iJUH&7!i.i\!Ji l:lf :fr~ f<Jtltl:71'If ;fli 1! 5fO * tt:lf(If ;fli ft: o ~tl'ti 
1'.J~;flil't:~ffl r*~;fi1*; *'11:71'If ;f&l't:~fflr~~5fll®:~~;fi1*o 
21. 1. 2 iJt~J.i)HtU!rf'.91J.±~1)(.ff.la:4i: 

1 ~If 'T ff :rot ,~%~Iftt ,~If*Jk ~Jffl. ,Wlf~ii~ o 

2 Im ID f<JU ·11:7Jtlf ;fli~1f ID f<JU ·11: 71'If ;tJi , ~ID WI ;tJi 5fO ~ID 1{ fJ 
~, m;fli, 1{ fJ U , ~ID ~:l#t~ o 

3 &fJ~iiJ,ITTtl*3t~!Lil'l1:*ffif~o 

4 LffJ*WC:LffJ1{!@ff.,LffJ*f,1flt/f>1~'F o. 4 tJl,IffJ1{ 
f@H-ifiltliiwt~/f>*r i% 0 

5 1!:%7~tl*WC:lli.1$1{~ff..IruU*f,1flt/f>1f!if 0. 01 mm,1)[1$ 
1{~ffjjj!tl:i:~~/f>*r o. 1% FSo 

6 f.!(fL~ rliJ lli. fj; it 0 

21. i. 3 i.i\~fi1iliii:;fq=if r'.9tlJ;Jl1.J£: 
1 i.i\~~fJ1frliJ~~Ifi;fi1*~~~fJ1frliJ ·*rliJ# 

·11: ~ :E-1* • ill 1:1T rtt~ * t¥J ~fl :n rt1itiu1ii.i\,ra 0 

2 :fmit¥Jilt~ mffQEiI*r*If*i, 71'Lf:fli1f1£~Jil-K/f>1J\r 
30 cm. 

3 i.i\,raitl~.3Iilt~1fril <:lJL>~t¥Jm!~ ,li\i:*f71'If;f&1f1£WC:Jil 
-ff'.1¥1 2. o ffl;i.i\,r;?:JtI~.3111ffi~OOl¥Jm!~ ,li\i:*r71'If:filf1£WC:Jtl-K 
1¥1 6. 0 0 

4 M ii\ ,r;?: 9=1 ,c,' 2-l'SJ 1¥1 m! ~ , 71' If ;tJi 1f 1£ wt ill -ff'. 1¥1 
4. 01if. 
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s i.i\.ia•oo~r 3. o 1if71'Lf:fli1i1£~Jil*1*1tM p;jt¥J;fi 
1* ·11:mt ~;ffHaj 0 

6 i.it~•m~tt~~;fi1*~M~f$.i.it~*iiiliii:GM~ 
~.*iii®1*~/f>~*f71'If;f&1f1£WC:Jil-ff'.1¥11%. 

7 *If;fli6'~ 1. 51if71'If:fi1f1£WC:Jil-Kit11E i;,t p;j ~*1**® 
EiI .S:V-~ , :JC t~~ * tR: 5fO :ti if:. 

s i.it.rat¥J&fJ$11lliii:~ia*~M$~&fJ .&fJ$11l*1**iii 
mn~t~. 

9 ~IDbt·l1:7Jtlf ;f& i:J=1,1YfLl't:*ffl~=J'L~ rliJ lli.1$ 1t.111Jr1*$;fi1* 
1!:ID:i:W!tlt¥Jilt,ra ,li\i::tfi.i\.ra i:J=1,i:.,¥1f m.ia•oo~:rL*~'c.', ~:rLM:~ 
1r~:rL~rliJ11l1i1tx1~1ll¥J~:>K.:rL1*/f>lliUJ\rif(.£1tf&:.~r12~ 6. 0 

o fLp;j~\i;fiit~:filf:liii:fJf}if$,fL~illlMt5t.:rLoli\i:1*iPo 

10 m.ia l:1T t£ :Xr&~~ ~Fm~ , ill 1:1Tt£A.I tf!!* :;fdlJ: rm~ 0 

11 :t&mt na :12tliii: ~ m r 10 p;j ~ : 
D i.it~:ttiE, m.ia ifi1J1iwt~:rL~:i1t9=1 tll ~t¥J·tf {j(,. 
2) *:ti ~*1F ,~~R..±~w~Jb;:fr. 
3) E1*~~ ~~!!LF~, ,JI511f!tt,Wlt,Jt::l}l;~ 

·11:mt ' i;,t lit~ ~fJ :tr rliJ 1¥1 *~ ~ 0 

4) i.i\~;fif*JXt{t~~litJ&r?j(•tf{)(.o 

5) x1i.i\~5flli.i\,r;?:,~~;fl'J .;ff~fLBtliii:~ifi1J~:rLU~OO" 

21. 1. 4 mllililllrttr1ozt~:i1t1T = 

1 f<JU•11:;71'If;flil't::JJIIIf~~1(~. 

1 > r#t5ti.it.ra*1** iii, mm-m J](VE.9Jl, :$:J:~u·l1:71'If 
;tJi .~ili71'If;J& ,1Jttf:l ~~*ve91l. ~*If;fli~:fii.i\.ra 
*®.7](1Je9Jll¥1~1t/f>~*r71'K;fii1f1£WC:Jtl-Kl¥1 
1 % , Jf illl Wi 11::7]( 1M91l p;j ff'-"\. tf!!F 1:. • 

2) :tf71'K;f&J::$:ii'T ff :rot, 'T ff :rot1¥J:JJ11If i:J=1,i:,,li\i:~71'If 
;Ji i:j::l ,[.,]iif 0 

3) t£'Trr:rotJ:*ii:1(~m:fi,1{fJU,m;fii,t£m;J&5fll&fJ$ 

lli.zJaJ1l)'Jt;W;9JlwtY:~&fJ~ii.~noo 2i. i. 4-1 
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~ 

IQ)\ 
jjl! -:i 
~~ 
~I 

~::::~ jjll .. 
!:fJ .. * inf!~~ 
I It- -

""" I ·; 
~ ,-,$! '""" ..... * 11:::: .• I 
11-- Jt: 00 

lfi ~ -Ji'! I .. 
'1 ;::;~ 
<O "ll:::: 
--~It-
l$1:fi~ 
-i:.:~~ 
r~~ 
""'ijjll .. - I 
~-r--

~ -l!i1il~ .• 
lf:ll;l ~ot 
~-~ 
-R~ .• 
:11"~. !!\I 
'<-$-Ii>( 
I tt- +I 
""H .. ~ 1* 
~ ~ I 
"'~~ .• 1$ 
~;ll:l 
\§$~ 
~ J, 
ti;; 
l 

4) :fE& JC~ ii.I! ~JG 11llJJfHIW~Dt:f1iifl::7'1 BLh ff!Hfl Bt , PT 
*ffl:lifUx~!t!!tilt*~&.:iJ o 

5) ~-:JGijafil, PTJfJ~=f JTD'i~:1JOlli.:iJ, ti! PT:fEf~.:htt.!5 
11l::flii:t::.JaJ:1m-*lJfM1~~ .;fl:ilt*l%11l:~, it~1'" *~~ 

if~*o 
6) :1Jo~*~£\Z$l.:ff JE.$1¥1 IXJdlt*°~!illt. Wf:ff81lf:1¥J q:i,c,, 

£\Z§~:fE~---Lft.!5~lli~~-t • 
7) ·flHi'fl~,*-~lli-llo . 

2 Pf%~'11:*lli:flii1!:1JOlli*t1t~-o 
1) 9=t ,c,,fLr!tit!Jil¥Jtit,~£\Z:fE:i&:*i:~.ffittz litr )t:fEfL l*J ·1( 

•~R-~&Stto~R-~&Sttl¥J004$•.m 
rlt~llitt11:~ l¥J 0. 25, o. 50' o. 75, 1. 00, 1. 50, 2. 00, 

3. oo ttf1¥J~:fL~~~ItilHt, 1!HL J:t lit:fL~£\Zi&!:i!i!U.~ 
*°rnl}E,~ 0 

2) ?'#~tit,~:51**00 ,fil11l:-~7k~~.:i&JIMOOl!!1MB 

mlk~~~•~*~*~1¥1PF%~lli.tt.mm~~* 
~~.ftM!Pf%~llitt~fitit~*00.7](~~1¥JWit 
~'.§:::k"f 1 cm,ftM~ll:7J<.~•J*J:ff'9:11!!.F~. 

3) :t£.Pf%~llittL:i&itP1'%ili§:flii*°Pf%~.:iJ~ ,ft1&7X 
*•m:flii .. ~llitt ~ =t JT Di, m:flii, ~ n tt, m:flii. :tE m 
:flii*°&ns&zoo•me•~~•&n c~oo 
21. 1. 4-2 Wfffi) 0 

4) ;Jt-111?.illlr-fit*~~ 1 ~~ 4 Jgf ~~ 7 JJil¥J~}E • 
3 ~%iti!J!d*t1t*•· 

D :fE*lli:flii~~llittM~u.45-~:t&i!i!U*x• 1 :ftl.-i1i!IJ*x 
Milll•JE.~Lt~~.5l*%~~-5l.5lMl¥J5l~illl 
i&!::fER§*ffi:flii~~ffitt 9=t ,c,, 2. o ttf 11::12 ~~~,PT *ffl 
~1Jt:fE*OO..ti¥Jm~±J$tfl::~x.~. 

2> :fEM•~M..t~Mmtt*•~-~%M*~&S~• 
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l¥l 2i. i. 4-2 ;i;Fm~ttffe&.:tN.mti\~gc~l.K'.ftOO 

1-n'e~±I§i:fli; 2-4l111&13-il~~l&; 4-$~ W:~tt; 5-41\t~; 6-fii)Jt±; 

7 lt!IJ)J;tt;8-;IJ01:Ht; 9-PFJlM~JJ~ I 10-jj!~~; 11-Jif:lfM~)Jtt; 

12-PF:Wil111&113-1Mf%iDi 

ff o r:<JUtt:il\:lli:fJit!-JJ!:Blitr1:Eil':llifil:~trfYJ\::ffJ• 41--?Wl 
*d&Sffl•U.~ttil':llitrit!-JJ!:Blitr1:E~%•llitt 
'11 1L.'*Tiffl:::ffJ• I 1--@!tl*d1ir8f!i•ffo 

3) ttHI wr~: ' Pf :{E il\:Eli ;f}ij~W;: .~ a<J ~ ll(iij 1B II rJ'l ' ii i'.til\:lli 
fli >ti 1L.' J:::Lttt!f :¥ 1l fJ<J WJ" ~!ftb~J:~>t f$ :ffi ~:ti .::P i!J!d * l!X: 
1il81#••0 

4 :X~ Bt~S'Jt fJ<J 7./( rJMJl;fll tl'B~ ±litrli:l:fi ~tp • 
s -JJ!:BlUUi:tiFllo 
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D -JJ!:B:lil7clliJJ/F'.Ef!J\rI~i&tit£li)Ja<J I. 2 tff. lli}J 

1r?t~ s •, tleii7clliJJ ~?t»Th:tm 0 

2> ~lliMii!ZM?Wl*d&Sffl•ffmfi:fJJMa~•aa 
tli!tl,4ij:!ll IO min IPJBti!J!tlij*~tl-*E!X:Ul:81#•ff-?1\., 

~~=?X•ft/F-'.:lt, PJJfMtolli-JJ!:B,Jt.~.llt-ftfl:~ 

*ililtl-*E!X: 1il8f!i •• a<J :fJJ M•ftuio fti fL !ftb !Pl 1il 8 it 
*?fJ!tl ,1~Jkfi?~l9ltl * S?fJ!tl , Pf :fE* Tiff iY!a -*8~/F-'.:ltfti:itt 
fi:fJJM•fto 

3) J1nlli:Jf:r\1r*ffl:i1•-?Xtt~i!o ttHI~~. PI*ffl 
:ll•$?Xti~i!d7cti~t!. 

4) 4i•lliJJtnlliFnlitr:lll'!P•ft, VJFn4if!M 10 min••­

?X • ~U·l1:il\:lli:fJil:JiJT ;;fir iY!tl -*E!X: 11l 8f!i •ff BJ:* ·11: il\:lli 
fi>ti~~Tiffl:a<J?WJ-*ffi•WJ"~--~~IPJ•lliJJrM 
-?X~%•ft;fllM-•lliJJriiFn-?X-'.:lt%••~z 
lt1J\r s%at, liJiA.~~%a~.Jt.mfi:ll3llio il3£lifti 
a<Ja~tff-ft, !3tolliata<Ja~tj<1ft.J:EIIPJ. JJ3&a~m, 
tlel:~~JJ!-f&?Xtn&~:lflj(ffi)Jfti, Pf~};f.r-JJ!:Bo 

s) 1:Etn&,:if3&i'.t~>ti ,:l::\JLtrt~tl•ffiLtri'.t~&JJrililtl*d 
1il81#•fftjft-?X. 

6) ftiR!ftb!PJUl:8tt*?Wl~lk:fJi*?Wl-*PI1:E••a~•· 
Fnli:l:fi-?X•• 0 

7> -JJ!:Batlitr~>tto&i&t-ti;fllililtl*~fr'l1fiJl., 11~1* 

~®;fll~~Jf ~ ,&JJffJS1irfliitk:ifll-'.:ltID:tf:ittfiic~, Mi 
~, ff~ffi. -JJ!:BWHBJ , Ltr ft ittJ -JJ!:B ~~ r!it!t a<J ~ 1t, 
3C i:Jiit!!li:l:fi-JJ!:B at litr11Ht-~ f1 -JJ!:B;fJIIJ • 

21. I. s -JJ!:B$Ji~=~H!l!litr1(fif r~tlm'.~: 

1 ~ifftllli)J P ~~% WZfBJfJ<J**EIIl~.tltliltt!~~~iiffl~ 
~%U1•it:JJ:~f*~ID#ft:tzn00 21. 1. 5 Ji)f JR. 00 21. 1. 5 (al-Cd), 

(e)~~JOC][~flHt:JJ:,00 21. 1. 5(b).(c)~~PJ~•?tJJIJit:JJ:. 

• 83 • 



0.. 
-R 
l:fi 
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0.. 
-R 
l:fi 

I 

) / 0.. 

I I 0.. 

J/ 
~/-;,,/ 
';/ 

'Jl:~W 

·I 
(a) (b) 

0.. 
-R 
l:fi 

0.. 0.. 

0.. 

(c) (d) 

~ r--~~~~~~-----, 

l:fi 

(e) 

1!1 21.1. s EK:h-3t%:k*ll!!~~~ff-•OO 
We-W.tt'.'f[J~;Wp-~~'.'ff*;Wo-~'lt%1p-- Ffi.fJ 1W-1l:* 

l 

:r-t~ 

2 V:Jtl·lf£ffeffi~rtd:li:r~tl0:r-titJt:1e%~fL= 

E=Io • (1-~) pD (21. 1. 5-1) 

E-;51*5li!•lf£C1e%)m:I:. ~u~,1e% Wo1-tAJ:-t~itJf:l¥J 
7'J1e%fl:I: Eo 'lVJif.•lf£1e% We1-tAJ:-t~itJt:l¥J);;5l!! 
•lf£fl:I: ECMPa); 

W-;51*1e% (cm); 
p-ft(ffeffi~OOlQitJf:i¥Jffij] CMPa); 
Io-V:Jtl•lf£ffeffit.&1¥J%~-*ltt• ~%ffeffit.&~ 0. 785, /I% 

ffeffi~~ 0. 886; 

D-ffeffi~lH2 (cm) ; 
µ-113 *'t- t~ 0 

3 ***'lf£ffeffi~~•~tl:£1*~oo~mat .fti:r~tl0:r-titJt: 

1e%~fL: 

(21. 1. 5-2) 

A~ r1 ,rz-Pf%*ftffeffi~l¥J:ff5&)7~-*12, pg-*"12Ccm); 
W-Pf %*'if£~~ ,r:,,;5f** 001e% (cm) o 

4 Pf%*'if£ffeffi~~:l:~tl ~'L'fL7*$1e%Bt, fti:r~tl0J:-tit 

Jf:1e%~fL: 

E=_p_Kz (21. 1. 5-3) 
Wz 

Kz=20-µ2 )CJrr+Z2-Jrz+Z2 )-O+µ)(k k) 
(21. 1. 5-4) 

A~ Wz-1*~);; Z !zt1¥J;51*1e%Ccm); 
z-~tlA~7*~Ccm); 

Kz---'=:jffeffi~R-t ,~tl,~7*~4Hl3*'t-t~:ff*l¥1*fLCcm) o 

• 85 • 



5 ~%~tt:ilXJR;f& i:f:i,G,it7!:1:1m!J¥IJ~ fPJf*ItiW £8<J*1*1t 
%ffia>t, 1W.~Zl'Eil*1*1¥J1tJfH~:l:l.W:~T7Ll0:rtit:Jt:: 

K21 -K22 
Wz1 -Wzz 

(21. 1. 

:rti:f:i Wz1 ,Wzz -f*It7H!Ujg Z1 fll Z2 !ltl¥J*1*1t%<cm); 
Kz1 ,Kzz -f*It?tJJUjg fll Z2 !ltf!<J:fE!l.W:.¥ifl:Ccm) o 

6 tt•ll3(mJUflii1J-11l.-:fB'rdt~. 

7 ~ifitJffi.:iJ!=j1tJB*-¥1ib~ -1~f'.!f%ifl:l:fl15-''lf£:m:ll:* 

1fo. lib~ Q i:f:i;G,:fLr!ilt~J.W:~fM~fPJffi.:iJ TYff i:f:iil.•:fLf*It !=j 1t%:k 
,¥lilJ~o 

8 ffi.ffifJir!*1*1t%1JtMHc~J.W:§1;Jit~ El ~,fiJ\, T~~fiJ\, 
-15\.~~% ,tit®:/lr!,tit.~Wi:l.£, T-JTT..OO:Oil 
ffitt)~%, \J ,1!i!tl*::fli•:&.~ '*~ffi.:iJTB<J1liltl* 
lilfl:o 

21. 2. 1 :z1s:tit®:illmr:JGmfl1*3C:JGm*1*· 
21. 2. 2 tit~m*fflT:VrJ.±~1~:$1){~: 

1 ~JBt(lffitt ,1ItffiJl:&,ffjijf~. 

2 i~tl *x?lf:, m'lf£*~ 111111ii\I"*"' 

3 £R.:fJ*,flifl'~11£r o. 4 ~. 

4 5!:%i!i!tl*,t1It~11£r o. 01 mm. 
21. 2. 3 -15\~fl~J.W::f.tit T:VLl~Jl!.'.iE: 

1 :tEm'.iE-15\~B<J*f**® .1~m-3ll-oo Q :fET~*f**~~ 
n:flffil B<Jtf:It, ~'.fvJ\r••*Itf!<J 3 1fl, 'i:It~'.fr1J\r•• 
tf:Ita<J3ffi,:fE~m~~B<J*1*ttmm:~rPJQ•• ••z~ 

l!•m*r••* B<J3ffi,~•~oom~~*r••*Itf!<J 
6 1ti 0 
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I 

2 ut£*~~m~B<J*1*11M•~~.tit£*oom:em• 

m.*00®1:>t~~11*-r••*Itf!<J 2%. 
3 :fE * oo * It:fl ffil x>t fiJ\!ftB Et~ it:i :im , oo ~u • - ~ •• 0 

•• *It'.§: jg 7lffi tt *It B<J 1. 05 1!; ••l*It '.§:jg tilBi tt B<J 'i: 
It' ••i:It11*rtilffittJ!1It 1 cm. 

4 ··~B<J:baffiiifJt~'.§:;j\-=f 1 500 cm2 ,:tJaffitf:It~'.§:;j\ 

r 50 cm,:tJaffi'i:It~'.§:;j\-=f 30 cm,'.OO:~t[j'.§:jg 0. 6---1. o. 
s Jtgm:fNiJ£J.W:r.tit:zJs:~flm 2i. i. 3 ~m 11 ~ffl*1Jl!.'.iE. 

21. 2. 4 tit®J.W:~T7Ll:!PW:ltt1-T: 

1 t({ffi tttm i)t 0 

1) Mttm:•ff•i:J:i;k;,#f~tilBitt5Hi!tllW1ll±IS-~. 

2) 71lffittiW.Yffii:&.~lfl5tA1&1J<.¥JB~~.#:1ttfi*tF,m:~11: 

Jj(¥JB:f&9R~;ff~ff!!. 

2 ':lf%il:7'ltl-¥m$:~. 

n :fE-15\.~*oo•••~W=IiiI tf:It:fllul i:f:i1l.'!ftB~_t, x>tfil\ 
fmi&ttootl:l:ti-£* 11',tff-,~!=j-·i:f:i,[.,lff!7l'ifiJ*ffl• 
•tf:Itf!<J 0. 331-tf o mwm:~.if1.fiJ~:ba~* 21-,ijj(; 3 
1-<~Q 00 21. 2. 4 J!Jflf.) 0 

2) :tE•.~*®7'r{IJ!U$:-nt?mtl*x?lf: 1 m. m~•1.:r3tn:fl 
luJ ,ijj(;=Ji 1I3t.:iJ :fl ffiJ ::fJi IL tootl *x?#l:l.W:WJS Ji~U It~ >R. 

3) x?lf: m ~~fa'i x:fl:rt,ijj(;~•n:rt 0 fa'i x :fl :rt m *m ~ 
~iE*®_ta<Jm•±•~jg'Ji:..£;••n:rtm:~• 
x?lf:-Yffil~~iE*f*~. x?lf:B<Jx.~J.W:t)t:fEiEE••I! 

•jg i. s -m••*It~>'r. 
4) :tE?mtl*x?lf:_t:ii:ctm·jf£*~$:~':lfmi!i!tl*· il:i!i!tlti.~ 

:baffi:/l lul B<J*1*1t%. 
3 $:~a1~~B<J71<.¥JB~fl:irlitiE±l.W::ltt'1-T*!P. 

4 •~:&.~JitfiT-flmr.t-frm zi. i. 4 ~ms ~:fEl*~Jl!.'.iE. 
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4 

2 

9 

3 

00 21. 2. 4 ~!rlU!tit~:tc~ffilf.00 

l-t&.EU1:12-;ft'~;3-1!'~14-JM!Jff15-~~U!#lJi!n~16-~~17-l!iMfitiF,~i 

8-ltt'!JJi'.; 9-lliiJ~; 10-;tl}Xtfi'l#ill~~; 11-t&.lli* 

21. 2. s M~J:Vt~IU!!mf.tir -r;tl~.m)E: 

1 ~ilJIJEKJJ P ~'.'.!l:J~ w zrBJL'f.J.:1c~ittI~. 
2 r!i:r;tl0.J:\it~1t%~~ = 

E=_pj_[C3+ ) 20+µ)J 
2wp µ p2+l 
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(21. 2. 5-1) 

(21. 2. 

p--it~~~. 
W-t~.~~L'f.J;fff*1t%Ccm); 

l-~~*lf (cm); 
y-OOJJlJ,j~lf!:!~~ i:p ,c,,~l!JII C cm) • 

3 ffl:.fllxt1t%tt~st, 1t%~~r!i:r;tl%J:\it~: 

O+µ)] [ t+ 2 
pi 1 pz 

(21. 2. 

j\i:f:l WR-A1 ,AziW,~fBJL'f.Jtf:JM1t%Ccm); 

p1 ,pz- ~~t~Ur:lt:.ff~L'f.J~~.7HJ1Jffl Y1 ,yz COO 21. 2. 5) 

ft,A.j\(21.2.5-2)i:f:lit~. 

r· I 'I 
r r~----------~---------J 
Y2 

4 it~l&{ii*rHfUU=n'l:.ff5&~¥. 

5 ~ilJ!Jllii:J ~1e%;fltt;fl.l5~·[1:;flji~~ llfl~ 0 

6 ~~?!;fff*1e%M~ic~m§ffltjf 13 i;ffj\,I~i?;~, M 
.~~%,M~n'l:lt,M~1f?!,M.~:fatJt,~1littR >t ,~~R>t ,~d 
ttti'F.~ n'l:lt1iZJ!l!t~~%, llii:J ~~% ,4Hlllii:J r L'f.Jijjd~~~. 

21. 3 ~n~m.it~ut~ 

21. 3. 1 ii!ifL1t%it7*M~*fflii!i:tL•JJHt, ii!ifLllii:Jit!Ptii!ifL 
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ffim.~R•Rtt~~Rffihttmmr%•~~~•n~•• 
~*XJ.9J:!E-,~R f fimmmr%~~*5E%•!19ii!mt:W. 
21. 3. 2 ti!:HiEY:*mr,-o£~1>l.ffi9:*: 

1 ~:fLDRit, ~:fLfff.Ji.t~~il f JTTM. 
2 1iffi~u~.fi1liffi*X1lf, tt:rLtt .. •mw ,f5fJE iS£ ,jl lfil ifT ,® ffi 

19:4:t~. 

21. 3. 3 tJt~lt4iEY:~it rY'J~Je.)E = 

1 iatH~HLEY:*=ffl~~d:fi~~~ur, ?LMEY: .lfl-1rJ'trt, :fL pg~ 
M!E-~!3.:0tfill:frf)}=fift,:fL~J.lll~f;'c.?L8ltilll:i*i?. :fL~illl:ml~ 

1>lff~>jt. 

2 * m ~ :rL •!*it~ <jfi :rL ff hit :il! rrtit ~at, lat~ :rL J.lll 

3 iat~R!E-·11:Jlll:t:Y-. 
4 !WiatiRfJOffi:itl~zfBJE81!~~M/1\T 1. 01:&1JuffiR-ff:;1JO 

ffiR:itl~l!fL I=! !191!~~M/J\T 1. 0 1:&:boffiR-ff:; fJoffiR:itl~I! 
:fL~E81!~~Jlll1J\r o. s 1:&:bo&Rtf:. 

s !l!!J.91:1tli~EY:~it*~..w.::t¥m 2i. i. 3 5km 11 ~;ffl::X:~)E. 

21. 3. 4 tJt~illf:tl(r;o217~uHr: 

1 *m~R•Rtt~~Rffihttat.{)lffi9:4i1i:•EY:~itr 

D rP:J~:ftpgtl:JJ<.MfU:::t .:m-tt:tL:ffaA:tL pg:il!fitl1L, 1r 
MJ:ri!~=7Xi&~~~*~7'J~.:m-•m~aAR 
pg][M:fL~ .GWJG™UPPJ :il!fiiatHi. 

2) tl({)lff{j!ffl~>.R .:m-m~Fo!l9W*nkAfL pgmJ:E~lt, 

:il!fi~:tL•Rit~~:fLffihit•*~~:fL1r@:flf>J:E. 
J]f[:bo o. s MPa E8~JJ:ai:tffih .w*ep E1 rr~ , ~llil.fJJ 
Mt~tt. 

3) ~1LffihttBY:fflJ:ErP:J:ff:l!A?Lpg .~)ErP:JFo.:Yt.;J. 
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.. 
2 *ffl~:fLfJTMat .1Slffi9:4i1i:~illl:~itrYd~J:E: 

D ~:tLf fimmmr1fit1rrP:J~:rL nJ{E1J<.rti!:Hid:f! 
r:f=lti!:Hi. 

2) :m-t.:t:fL~UkAfL pgJltfittR.1tMJ:rJ!~ -7Xi&~ 

~~!E-~J;J~.:m-•m~aARpg1tMR~.~-w 

JG~li ep PI :il!fiiat~. 
3) l&*iat~R:E-tt·M'i£, mf-f ffeffitli. 
4) tl({)l ff{j!ffl ~ >.R ':m-ill. Fo E8 l'K:k m JE rP:J :ff, a A 1L pg 

mJ:E~lt.iltrr~RfJTM•*~~R1t@5J:E.~ 
J:ErP:JFoJtl'!PJ]f[fJO o. 5 MPa......,2. o MPa E8:WM:tffih •• 
* ~~ El ff~ JE 'i~Jlj( w Mtl'l 0 

3 iat~.&~J:E:f,,jllill~it rYd~.N.J:E: 

1) iat~:At::kffihilll1i*~~ffij}E, PJJ;JifithtffihE8 
1. 2 1. 5 fff 0 ffih Pf ft Jg 5 #&. .-.., 10 ff&' tl(:Qt::kffi 
h~ft]}f[:JJO" 

2) 1Joffi1r:Ii:1r*ffl ~t&-7X tl:Ef 7! ~::k1li:Ef 7!" 
3) *ffl~ff&-7X11Jf7!at, fJOffiFoJt l'!Pi~:l'l, VJFo&Mi 

3 min~S min i~:l'i-{J(,;ffJ~JW{jz~~&ljlPJff&ffih 

-rm-7X~%~l'l~$-ff&ffihr:Ats-7X~%~~ 

&z tt1J\ r s % at, nr V.J;J ~%~J:E, ep PI iltfrl!ffi. 
4) *ffl::k1Ji:Ef7!at ,.fiff&:ti::t¥ffihilll:~J:E 3 min,._,5 min, 

*illl~~~J:E$Fo~:l'l.iitFo-ff&ffih~J:E~lllPJ* 

~m3~"~%~J:EFo.~PJ:il!ff*ffi.::k1Ji:Ef7Xtt 
~ill:9r-7X. 

5) !19~J:E:f,,jftlj1JoBifftE8~J:Etjlt;ffJIPJ. 

6) .fi-11' Jf ii ::t¥ r:p J!ffi at, ffi h illl J! M 1<JJ Mt ffih • 
-{J({IJf{Eil!MW:ai:tffihFo ,Jlll:il!fi~J:Em~tt.~Fo 
1'£$ffihil!M~*i**-Ratl'BJ ,fl}f$Z9J•*. 

7) ia\Hiilll: E81L~ rP:J :fL i::i ~Riltrr. 
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4 iit•il1i:~Uli , NrlJdt.f JOC 1±11*~ , X>f 1*~ EJ ¥'f 1*il ti 001: l¥J 
ffim:llt1-T11Ji ii . iJn 5itfL~¥'f 1*~:!\k:fll :tf ~ l¥J fftftH 1f rtJ 0 

2i. 3. s iit•~Jf!:mmi.lill~it rY-o;JQ.;E = 

1 ~ifitJffiJJ P EJ~IPJ~ID t::.d *-*lil:lno 
2 *fllfl{fL~DK:it~<fi!i:.fLffiJJit:lltfiiit•at • ¥r1*~ID•• 

d E=p(l +µ) !:::.d (21. 3. 

:rti:f E -¥'r1*5&l.·t£<~ID)•ii.itt,~1EID !:::.d1ftA:rti:fit1f:l¥J 
J;J~ID•it Eo, ltt~tt~ID t::.d.ftA:rti:fitJf 1¥JJ;J 
5&l.·tt•it E(MPa); 

p-itJf:ffi}J, J;JiJt.ffi}J EJ1'JJ1lhffi}J Z~(MPa); 
d-~i!i!~<fi!i:.fL1l~Ccm); 

t::.d-¥'r1*~ rt] ~ID (cm) o 

3 *m<filiRfrrm:1ttn-iit•~·*"*1EID••mr~0:rt 
itJf:: 

E=K • pO+µ) ~ (21. 3. 5-2) 

A 9=t K-EJ =.!l~Nl' f~~:B JJUtJ3t' :ha ffi 1fl ».~ea ~M ~:ff 
*-l¥J*••;jtlji$JEiJfiJEo 

4 itJf:JOC{a*'fiJfiJIJ={tr:fJ~-~o 
s ~~*M~1¥JffiJJEJ1EID*-*lil:ln.ffiJJEJ1EID••fll~ 

tt••*-*lil:ln.1tt».EJ<filiR¥r~ttttOO~mllil1¥JmR•1¥J~ID 
• iif!15&l.·tt••* ifJl 00 0 

6 <fili :.rL 1EID W.:•-ia ~NL 1Q. :ffl :rJ! § 1'i fF , I -W 1'i fF, tit• :.fL t\tU 
% , w.:•:.rLffLft,<fili:.fL¥r~ttttOO ,i!i!t~ttlU% ,imt~•N, W.:•1ff!:, 
~d~1frtJ ,M,~w.:•:.rL1l~,1'JJ1lhffi}J ,<fi!i?Lf rrm$7E*•'*m. 
ffi}Jr1¥J~f{o 
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22. 1 n~~!l:~jy!ljit 

22.1.1 ?L~llil~f!:Miit?}J;J.:=:X:rtffit~itf!:, 1f..,i!11*:rtllil~ 

itf1fll•:.rL7J<. r llil~itf!:. ~m r7em~$3t1cm¥r1* o 

22. i. 2 w.:•llil*mrJIJ1)(.~~* = 

1 <filitJLHfflJi~1it. 

2 ~F<JUE <fili~: i!1:ffl1J\:.fL ~ <fili ~, * ?Ll£<fili ~, tt:.rL~, 11~ 
<fili~, !ifID<fili~ o :liW.~llilEJllil'.3Eitfr:!~. 

3 :.rL~llil'.3EitC .:=:x:rtm~it~~ 'L'fil 1*:rtfil~it~•:.rL7J<. 
rfil'.3Eit)o 

4 D~tt!lill_fil~fSlH!lnfi. 

5 $:~~Ji. 

6 :.rL~,:.rLJt\H~f;f~H'.l;!t.::P~. 

1 :a-~mffi$J£:B. 

8 ~ffitl!$l~1lo 

9 :JlsWX*o 
22. i. 3 w.:•rtE1lllil~it rJIJ:liW.J£ = 

1 7fi!L~ifllftatld~l*JHld~ffllli!Mttllil~-:fe~, 4il-1J!d~ 

l*J'fr::ftlft 21-~31-i!i!d~, *M,~fil~ii@lli, i!it:tfWTJ~L~l!ti't~ 
~R--~-o~MiA:E-1*1'JJ1lhfilJJ~.MW.:•J3tfil*rM•WT 
00ll*R.-.f 1¥J 2 ftr 0 

2 t&31Ilif!17fi!tliit~*, z~:tm-1f$:~<filjtJL. 

3 m*:.rLt£<fili~<fili-~J:mJ£ i¥Jldiit•N, m-F•m1f-W:WT1f 
JOCl±\¥'f ~, {l}fflJll~<fili~l1~:.rLm;, ffl~ rtJ<fili~<fili~ rtJ:.fL o 
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4 JtJ11NtfL~a<pJ\ J:J 1:?:~~~1JlltliatfL. fL~~ so cm ;tf:E.f:k 
fL fiiJ ~, WHL fL 1:£~ ft ilf11ia~11 2 mm.{£ ~:ilt::U~ rp :l:5J ~ niffi, /F 

14~~ .::t:141!~~~0 

s ~ ili :E-~ :I£1i til ~ . :E-~ i!l 1i$::t: f'i~ m IE i!i!tl tit~ >.K at , fill m: 
jt*~m 3 ~-m 4 ~.1f¥1J~14~~:E-;~;tt.mJE~tltit~>.Ko 

6 JtJ iatfL~toltliatfL 7*, mr5tfL~;tf::i£frT'.W!~.Hll! o 
7 :l'i!!JlfjJj~fill§:fi!;F:91J l*JW: 

D iat.13t3f~, iatEiti'JfkWl:~fL~:ilt:rf:i ili~l¥J·11f{5L 

2) :E-E 4;f*,~ftJ&±~ff!lmnX:?t o 
3) :E-1*~#Jool¥J~~- F;f7(,~!Jt ,~1$'11, ~ J3t ,Jt::il!IW 

·111m ,Ej~JJ)j!DJ 1¥1~*, k)J,Z.i9Jtl,g!Rl¥J:!'l!!fill}J~~, 
4) iat.13t:E-1*JXt1t;f7(;§&:!'1!! r JJ<·tRm.. 
5) xif iat.13[ ;fa iatE ,E~;f§ '~ ~ fL at fill~ ititl ~fL tt ;fj( 00 0 

22. t. 4 iat~J:i\HttF:Y1J;$-!JlUtl:1i: 

1 :::: X.Jtfi\Z3eit::J(~~L 

D Jfl::J(~:i~~ ~~X.Jtfill:'!tit:i!AfLl*J .?&J§"ffli~'1~ .~ 

JllX ff :l:5J ~ 5tE 3f , f!E111~ Jl3t1k 1¥1 fill :'!titili~{f. fL ~ J:: , 
2) ili~1f!J Yt:?t rM 1tf§" , :ffiH!f * ~~t& it! ~1L £~t& it! ~ll /F fill 

1j\"f 50 MOO 

3) ~ili::J(~~.icY1tililtl,gi*J3t&1:f1iL 

2 2: 'L'§ 1*.Jtfill:'!tit:tc~ o 

D {f.fi\Z 5t-tt l*J lrl 1¥11Bt1f 11nt:mili~ 1f!J , 
2) Jfl:tc~~~2:'L'-E!1*.Jtfill3eit:i!A ~fL '1=1El!JE'.1il!i: 

• }fl }J m Z5.IJ 1( ~;ff' PT f!E ID f:f'. {J] WT, ~~ m ~ llJ f!EJBt 
~1f!Jt:2;Ji~1J\fLmtili ,ilfAJ:i\l:'!l:it;fn~fLzJaJl¥JfaJl!tlt, 

3) ili~1f!J )t: ?t rM {{.}§" ' t.&:i!f * ~~t& it! lfil • ~t& it! lfil /F J:i\l 
1j\"f 50 MOo 

4) JOCtfj:t(~~' iC~rJi!tl,gf*lJt},Z.Jr{fto 

3 7*fL1KF fill3eit:tc~ o 
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D {£fill 3eitmJifflt 1¥1 Jfitil!!! a: mili~ *1L 
2) Jfl$:~~~fill3eit:i!AilJ!tltitfLEl!J:E'.1ft!i:J§", J'tm:;$jfill! 

tt~fMt2t-.!R:L5~!i: ,f!Ei:p,e,,m{Em:JJtJ:JtJrrii. m 
1'.!/iJBtffil;tf:fiilat~J.i\I:'!tit$rM:!'i!!ffi~:fEIJ!tlfL:E-~l:o 

3) ~WEt!.ll:bn~J:Erf!J~:ll. 30 min J§"{J]Wfi:fill ,f!EJ:E'.1fi1~ 
ii § ft;£ rPL 

4) ili~1f!J)t:?tfil!l 1tf§" 't.&1'.!f * ~~t& Et!. lfil' £~t& it! lfil/Ffi\Z 
1J\r 50 MOo 

s) .®.te12~~.ic~ilJ!tlE7*!Jt&1:fnL 

4 =:X.it;fill:'!titm Wl:2: ·l.'§1*.it:J.i\I3ei-tl!:E-1*J.i\IJJirotliat. 
D M~J(.'1=151 ttifi\Z3eitit!~, ~W1>l~o !DJ ~fLl*J f'!P1J<., 

'&f!Wi 5 min ~tt-{X, i1~=7X:fEl~~iitt~/F.iti:U 
5 µe: Jl'*JJ<at1SJ/F:1>r 30 min at' .®.:i:J§"-(Xijttfi: 
1J~X£ii~, ;tf:ic1JW~f'l~~" 

2) fti:El!X£7*13t?t 10 f;&,3f~'&fff&m~1*13l'.Pf1J 5 cm,{E~ 
:ili:fill?:ltJti/i~$lli:at1r1J 2 cm. ~ff&~ill, it!:H~·L.'m 
~.'&fm~¥tl-ff&1*13tat .W~/F~fJLJ.i~~ttp;q(Xo 

3) ~~:i:~m~tt!lJtfill'AiuiJJHLfL~fill}J ~ rpfJafijJ g, 1i1I 
:'!tira~~r~J:Eatm~ ll::m~ 0 1EI:1:~m~f*JJt < l.!P 
MiJ!tl,g¥tlfLm:;l¥JJEE$f)/F141J\rm~fL1£1¥J 2. 0 ttf 0 

4) fl°IJ~fLl*Jm~f'!P7j(,'&fl!l S min ~~-{X,J.i~=:?.X;f§ 

~~~~~/F'Ai:U 5 µe: Jl'*1kat1SJ/F:1>r 30 min at.~ 
:i;J§"-{jz~~j}~JE'.~tto 

s) :tEm~u~rf:i 2t~JF1~"1W&.at ,ffil&at~mt.&1!t;tt.icJJ{ • 
6) :f& 1!f * ~1H~ t& it! lfil , ffiJJ r ~Ji(. , ~ te 111fl1i1I 3e it 1¥1 ::fl'­

$ ,j:f:;ilf1-jtil:Jto 

s 7*fL1KFJfil1titl!:E-1*fillJJiY!tliato 
1) ~Ji1)l~,'&f1Wi 5 min titt-&.Jt~=:rxm~~~~ 

/FJti;U 5 µe:,JOC.ilf§"-{j(~~fj::j}~JJ~~JE~tto 
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2) :JnEFt~~ff, tJJ ltlT llil~it -SJ ~~ft~1l?JaJ ~ 51 ~'~ill:~ 
it i!ia!k WfB:JHL ~ , ~JULJ;E rliJ ~ JtE!Tm if> ~n 1ft o 

3) m:1-T:lt~~Htifri!f~, ~iC.'fri!f~~llillZTIJJiJE*~~ 4 ~ 
~ 3 JJ!~~JtJi:o 

4) JUL tlPiiTtf llil ~it~ E $ , J'L llP ~tJJ ltlT ~ 51 ~ llH;;. -SJ~ 
~ffff:;~_t~<;ll ~:it~®*' tiif ~tJE~~ij! flli.jf{i 
t#E $~;6f:l;JU@.lt~~ o 

5) ~:lifi{)lff,~JU(frj!f~J§~llil1eit*!fl,4ij: 5 min *!fl­
{X,Jt~::=:{X:;f.1Hl~~!f.{~~~tB1 5 µ<-at, JUL:!fi:J§-{X 

~!fl f'F Jg~ Ji: *!fl 0 

6 *$00ffiiJt~o 
D ~~JtliJt~W:Fo. ~fri!f~Fo'lt1tf ill:1eit~*$ptAOO 

ffift~ ':tf~~m:n-EmffiiJt~ 0 

2) *YH::kJi;6f7!:Jmlliat ,ffiiJ'§:?t 5 #bl~ lo #&.:li::kffii1llil 
:kr~~~E~~:k±Mi1o~;6f{~~llil~r~<Xo 

3) *YH~#&-?X~;6f7!:hnffiat,4ij:#&ffii1r4ij:i% 5 min 
~!fl-{X,:ffi~~w-i?X~!fl~~MBi 5 µ<- at, llP J;;~Ji: 
~!f.{o 

4) ~ili!Jllii1 P _l:Jllil~c *~Etll~.itJfE1iiJ!li'l1:~1Un 
1a¥k i:t 0 

22. 1. s iJt~J:OC:W:!UllllliZ~it r'1J:J;!tJi:: 
1 **AA1i~ffl~D~:J;!tJi:itJfE~::::*illZi1o 
2 *W*$fri!f~m5e1illllfri!f~filt, ~iMfri!f~n~Etll~, m 

JULit:f!l! a9 fri!f~m5em 0 

3 *Wfmfftit~!!X~~.fUlf-fm:fi~i:kJE~i1~iJt~,f!ffl~E 
a9s!tltt~11:l!l1a:rk i:t 0 

4 mtl-JJtic~m1!1.ffi:im §~ffF,I~~ffF, ~f!F,Jtl,g~ 
% JITTt~ -lli.IL iJt~1f7!, !& JJ1Hlil ii, 7Ji!tlia.t~ll, ff! m r 4}fri!f ~f*ll 
~ ij!flli.Jt~m~m ,JHfi~!fl, ~tJE~~ij!flli., ~JJ<.atfaJ, 4}ij! ~JIJt 
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Jkllil.~J.A;ffi 1ll.n lli , flt fL 4m rliJ n fil iff , Em ffi tit~~~ _itJW iJt n ~ ~ 
~~j'f #~~,•-JJtA..91 JY!tliJt a AA o 

22. 2. 1 fL~1eW7!•ut?tJ;;ffilflllili1it7!llll1!1?trliJ;6fi1'.;5e.%it 

7!, mffl r:l'G~l!l*3t%~*~0 
22. 2. 2 iJt~Ell*fflrJ!HSlff~*: 

1 flttJLE<Jtffl ~ ~ * 0 

2 *'J" u~~f(J1J-Eflt!k ,JpJZ-flt!klk ~rliJflt!k o 
3 ffi 1W!llil i1itlk~!fl15L!!X l1!I ?t rliJ ;6f J:t flt fL 1eW it Jk ftt iti hii. 

1e{)lo 
4 filffi$Ji:ff o 
5 ~~~*o 

22. 2. 3 iJt~ll*llil~it r'U~JtJi:: 

1 7Ji!tl,~;{fj_i':J.i1l~if*:J;!t~~ 22. 1. 3 ~~ 1 ~Ef9:AA!~o 

2 m~~i&. ~~flttfL 

3 ffl:kr::t~flt!kflt~~Ji:$1ft,JUltl:lE$;JHJPJlflt!k~~ 

fLJi;;)fJ~rliJflt!kflt~~ 4 cm~5 cm ~~rliJfLo 
4 fflililtliJtflt!kflt•-JJtfL,fL~~ so cm,~>J(.EJ::kfLfi'i'.14m,ft 

~-~J;;2~0.fUltl:lMiJtRE$1f.~fltRo 

s %i!.ililtl*$:1fm=1'J:ffaii!, *~~TIJJiJEiJt~~>J(at li1Z:i::3V$~~ 
3 ~'~ 4~0 

6 l1!JJ}rliJ;6fj:\'.;~%lt,J.i1l~:t£~~Bu*1-T-$~o 

7 it!!JJJt:ffa:iili1Z~it*AA1i~~ 22. I. 3 ~~ 7 ~~:fl!.ll.Ji: 0 

22. 2. 4 ut~Ell*r''J~~m:n:: 
l ffi1W!£\lJ1it~~o 

D x>tft-f 1l~tlll:fL ,£ll9a~Elli1itJi:rliJ~~:i!A fLJi;, fff~ 
llili1it:i!~fLm:; .~~$:fiAJi;~M;tti:*l ,xtmi1itnm 
ta~J£_J1 o 
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2) xif zK 3JZ-l11!tl :I: IL , * ffl ti!itf ~ JJilfJ it ~1171< l¥- jl it1 ••I 
IL~J:ErilJ m!J:E ,Jftffii::iJOfiJiffifJ o 

3) fiJiffifJ l'J9*1J\'..@:j';j llilfJit:ft7c*ttrtHID l'J9 1/3--2/3, 

:ff f*J~EJi ffifJ ::f 7:1£ 0 

4) ic.~3(~J:Eri1Inut:o 

2 Hii!llilfJitt.MOOtliit. 
D ~llilfJit~~JAti!i:!'i9='51 ili~A=?Xtt~_t. i'IPJJ<.ij 

tt,4if:!Wi 5 min *tt-?x.a~::::::?j(:;f{I~~~tt~::fMi:ii 
31'-f)lff:ft1Mjttiflm, ll flPJJ<.Bif l'BJ::f d>r 30 min B;j, 
J&:lif§-?X*ttfr.J;;~J:E~tt.:fficJ;;W:Mr-OlL 

2) ~fi!i:itf::fWf~ 2 cm,~fi!i::f~fJli~tt-?X. 

3) :ft~/D¥~~1t ( ~p JA~t~¥Ui!i!HL~l'J9Re:~) ::f :f~1J\rffi1f 
~IL12l'J9 1. 5 fl:'L 

3 lm%ri1Jff-J:\:7:!£%it3(~ 0 

D ~7:1£% it 9=t ~HJH~ ff- l'J9 51 ili ~rt.: J®tf¥ a ~:(:Ellil 7:1£1Sl l'i9 
~~~_t.j:ffjJi~3JZ-if 0 

2) ~_t}E ri1J ff, 1e% it-~ffl ~tf ~'lt::i!Ai.O!tl 

:I: IL i*J , :ff ::f ltlT 11[ *J\I. llil ':It 1Sl , * tt gm m ~ ifi!J 1:£ 
2 000 fl€.o 

3) ffl~ii!ff:'it3(~tfi7ffii$, ft1!3£%it4t~J::;i1YJIJ:l:ILIL CJ 

~~~JB!ko 
4) lC~3(~J:ErilJ1JW:o 

4 12!1% Jj!ff-J:\:3'.e:Jt it~?Y!tliit 0 

D ~$13'.eit~~JAti!IJ'l-9='51 ili .~A=?Xf>l*_t, flP?K~ 
tt.~llifj 5 min ijtt-?X.a~=-{X:;f{I~~*tt~::fMi:ii 
5 µe:. llflPJj(B>jfiiJ::fd/r 30 min B;f ,J&:/iJ§'-?xijttfr. 
J;;~J:E~tt, :ffiC.J;;:w.J:Mrm" 

2) Jtfl!!JJilf.fir;<f;:~m 2 ~m 2 :rm,m 3 J.YUJ.J:Eo 
s Emffiiit~JJilf.fir;<f;:~Jt~m 22. I. 4 ~m 6 ~l'J9.nl1.J:Eo 

• 98 • 

22. 2. s ilt~n1t~1u1uillf.fir r7U .mi.J:E : 
I ffii!llilfJit~o 

1) ~ifi!J:fWf~~Jt h J::;i$IfJif*5Gf4:*~~ b.u l'J9:ff¥f~1t 
Ji~** ftij~ 'lifiJJE:/i~~JEUlio 

2) ~ifi!JllilfJit*5G14$J:Efth~ ·*5G14$J:E.*ttrt.:r7U 
0Ait•: 

K=Sw 
b.u 

A 9=t K-5G1lf $J£.*tt; 
Sw-EfaffiffiflmffifJ (MPa); 

b.u-{)lff *tt~ o 

3) ic~llilfJm sijrt.:r7tl0Ait•= 

(22. 2. 5-·]) 

sii =K; • b.u (22. 2. 5-2) 
A 9=t s.j -x-t r~ rBJ fi:iJ ,i;wj';j sij , x-t r3JZ- rm rOJ ,i;w jg s' , s" ;fJl sift 0 

4) .lfl-OOmfJit• o f.fir3JZ-rmrOJmf!ll~, llffiS:llilfJtt* 
Ji;flf::!LJV(; 60°:;(JJW:Bt ,3JZ-mf llilfJfl(r§IJ0Ait•: 

au ~ (S' +s"+Sm)± ~Jes' -5")2 +CS"-Sm) 2 +csm-51) 2 

(22. 2. 

J3 CS1-S111
) 

tan20= 25'-s"-S'" (22. 2. 5-4) 

A 9=t 0"1 ,az-:ft*, :li1J\ ±llilfJ (MP a) ; 

s' ,s' ,s'"--= 1'-?Y!tlil\1iri1J ~ic~llilfJ CMPa); 
(S1-S81

) . , _ ..... 

8 25'-s''-S"'<O Bifj';j:li*±BirfJ 0"1 J::;iic:if<fw.}] 
, CS'-Sm) 

s l'J9~1fh 2s'-s'-s'">o a•tjj:fuJ\±.mJ1 a2 

J::;iiC.~llilfJ S' l'i9~Jf'J o 

5) ~~BirfJtt•.mM-1'-::f~1iri1Jl'J9ti!IRMilt~J&­
B11*1'-mfJm sii. ~ fa]$IfJ %:1: r1cnr1y ,O"n 1:xy '1:yn rzx 

rt.:r7U0J:\:itJ):: 
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S;1 3 
(A;1ax + Bijay +Cija, +D;J'r,y +Evr;it + F;/r,,) 

(22.2.5-5) 

A;1 =a;1lr1 +b;1lr2 +c;)r3 +d;jt ii t;3 

Bij =a11mr1 +b;jm~ +cijmr3 +d;jmil mi3 

cij =aijnt1 +b;1nt2 +cijn;3 +d11nt1 n;3 

D;1 =2(aiJli1mil +b1);2m,-z+c;1l,,m;3)+d;1 Clnm;3 +li3m;1) 

EiJ = 2(aiimil nil +b;1m;2 n;2 +c;1m;3 n;3) +d;1 (m;1 n;3 +m,3nil) 

Fii =2(a;1nilln +b;1n;2 l,-i+c11n;3li3)+d;1 Cnilli3 +n13li1) 
(22.2. 5-6) 

r a;j = 1+2cos28;j 

1
1 b;j -µ (22. 2. 5-7) 

CiJ =l ~2cos28;1 
d 11 4sm28;1 

i-~iLJ¥%; 

j-~~tliJ.t1frP]J¥%; 

e--~ tL P-J Jtt.~ mu 1J.t1f 1PJ 5J ~ iL *­
tjft * f; ij t'l9 ~ jfj ; 

ti! ,m;1,n;1,l12 ,m;z ,n;z ,/;3 ,ma ,n,'3-?:HJIJ-'flffJJilifjltl,~ ~tL* fiT-** 
~ltXf ::kit!!*-fij * fJ<J Jr rPJ ~ ~ o 

2 lill?tlPJPFA~tL1fff:}itr! o 
1) ~ifitjf8¥~~!3t h 5i*mPFfil'.'i:c; ~*lttl~o 
2) tt!if& h-E:; ~*fttl~.~!ffi.:i&lllHkf4;f!:iiJ.t~·tfl&.,lifUJE:ll 

~~JE*~ cni o 
3) ~ititJ*:7G{4$JEt'19=f?t~*fl S;5jft!J_[Jil~f)lw;~Ci 

t'l9~* fttl~o *:7G{4$JE*flt!i:r7tJ0Ait1J:: 

Arf K-:7Gf4it'19$JE*fl0/mm)1 
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(22.2.5-8) 

&. -

Ci-* :JG# t'l9 M '.'A:tli; 
S;--=f?t~w;~Cmm). 

4) ~fL;f£1PJ'.'A:%t!i:rAit1J:: 

J'.\rp M-~iL;f£1PJ~%Cmm); 

i-ifjldiJ.\7C{4t'l9 }¥%; 

f:o;-5Gf4 i t'191JJ:!lftJil~Ul; 
Cni- jG{-tf: i fJ<J:ll~~JEM~tllo 

(22. 2. 5-9) 

5) ;E·f*-=:g{fJil.:iJitJJ:Jil~it;;fs:~Jif.~~~ D t'l9~Ji'.JE. 

3 i!i!tliJ.tic~Jil~it*m~~ 22. i. 5 ~m 4 ~B<JmJEo 

22. 3 :rt.J!J.i!Z~)tjlQ;:t 

22. 3. 1 tLmiJil'.'i:~ifjltliJ.t:illfflf7em,fit.7'G.mt'19::E-1* ,~;;J(~iLP-1 

:JCJj(o 

22. 3. 2 lJ.t~m.*mr?IJf>l:Hii*= 
1 tL~Jil'.'A:it o 
2 Jt1t!!t)l:Hii*1P1*m~~ 22. i. 2 ~~ 1~,~2 ~;f!:im 4 

~~m 9 ~t'l9mJEo 

22. 3. 3 iJ.\~(i*Jil~it r?IJ~Ji'.JE: 

1 i!i!t~:ffi1tm.~it*m~m 22. i. 3 ~~ 1 ~t'l9mJE. iY!Ht 
::E-1*rf1~-.~t'l9.:::IPJJil.:iJ~~at, '.R:tEIPJ-:IJZWf P-J, :fJiltx~f::E 
1*Jlt.~t'l9-=:1'-~tL C~ll 45\ 90\ -45°). 

2 tllif&?j!tliJ.t~;;J(,z~jjjJt!! ,~~~;tJL ~l£¥1JJ:D!JE~It ,.!fl 
ti:\ ::E;t, W.~1JJ!L~~~1f·tfl&., #IJM9T~-Stl.!1JE1J.\~~{4, ii !JlUJil 
~~~:1£, 1L~tl.!1JE iJ.\~~{4. 

3 mm,§ff!IHL~.¥:1JZ.mJ'trt 0 

4 mmra:1ftJ~$iL~:Jfm;;tt~:H;;tt-T. 

s :t&I!ttt'ti~m.~it**Jl~~ 22. i. 3 ~~ 1 ~t'l9mJE. 
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22. 3. 4 tit~@:tifFJ"tl ±/7ID\tit!:fi: 
1 EIZ1tit~~ o 

D t:E~l~lilfL~EIZ1tit~~OO~?::J7*..t-~jlj~Jl!J o 
2) ffl~~ff:J4Hf1'ffl~EIZ1titl¥J~~:ff~Aflrp .~ili 

fL~~5E~•~·•fL~EIZ1t*&errfL~•mr:rs 
1/3 il{i:fi!Em pg ,1f:f*t-J:-5El¥JJ:liilliiJ .~li\Z1tit !31l 

~* 00 ~~*~Ji!~ 0 

3) ~~*1Jl11HtJ§' , f.©: 1!t j; ~~~it!. fill , ~~ it!. fill~ E\Z 1J, r 
50 Mno 

4) *tl:l~~ff o 
2 M. 4'i!i A t:p 51 tl:l ?Y!tl it it!. ~ , :tt ill 1>l ff o rtJ 4'i!i fl pg ~ ;J\. , 4i IWi 

5 min it?tt-i,X,J!~=i.X;fH~~Wl?tt~~-J:! 5 p.<- ll~Jj(~fiij~ 

YT 30 min~ •*ftJ§'-·i.XWl?ttf'fOJ;;~}Eij?tt,JHi':J;;f;J~{lio 

3 ~J:li!5E7*Jt~m. fili:itt, :ittfi.,Ci,fn!H~ o 4im.fff¥~i*Ji'., :ff 
~t!Bt'.§:J;; 1 cm,fH¥~3:!fHit~fl1£ 0. 611}}§''.§:j; 2 cm,4ij;ffvt~-m_, 

1~fti ~ 1~m Wl?tt , :it ~Wl?tt w;r i.X 0 

4 •fili•~twt~i*ltli\Z&ttfLeEIZJJ•r:r~~ ··~-~ 
7*Ji'.EIZ:krffvt~flfl12a"J 1. 5 {1} 0 

s m~~filiflpg~JJ\.. 5 min i.t?tt-i.X,J!~_i,X;fJH~ 
Wl~~~:&tt 5 µ<- ll~JJ\.atrBJ~Yr 30 min a>t ·*ftJ§"-i.XWl?tt 
ffoj;~}Etl?tto 

6 tEffvt~tt~rp, lJ:jj\\Jf '/it'lrR81, @:JL.ep~;fJL;f.©:ft, ffof!t 
i2*o 

1 f.©: ft j; ~~ ~ i:t=! ~ii. • fEIJ r fili A , * tl:l 111 :ff E\Z ~it l¥J :!S-~ :i1! 
frMIJ!o 

s Emllitit~EIZ~if*J;J11~m 22. 1. 4 -*m 6 ~B''1Js!e.5Eo 
22. 3. s nUf!:IHll:!EIZ~.-&r*m~m 22. i. 5 -*1¥JJ;Jl15Eo 
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22. 4 *ffi~~iXjj!Uiit 

22. 4.1 7./\.ff~~~jjltltitm:fflr7E:IH11~7E:lf:!S-1*o 
22. 4. 2 tit~1fll*fflr31rJ{Slff~*: 

1 fili;fJLlil~ mg i&t: * 0 

2 1~tll3Ht!Wi ff C !3 fili fL fL 12 ll!i WcD lil ~ff !tX'if o 
3 £kjJ{!f~:ff5flJi'fiEt1#~ffo 

4 ~?tti2*15l 0 

s ~ff :kmtt it!. ZJ}] ff JJ lL 
6 Ep ~ff~ fti fl it!, tm *~ii* o 

22. 4. 3 tit~fl*lilZ~irr7tlJ;Jl'.J:E: 

1 :ftHi~ fl :t&l!lt~ ~-1-WZ fili 1L * 1~ ~ *4 ~ ~ iY!tl titfi o 
2 filiiljj!tltitf3t;fJJJt81.tft!tltitf3t..t r 1. 5 m ti!m! pg' ;f~-·~EJii[l~J 

-%ff o jjltl,~\~:!S-1*1¥J~7./\.$'.§:1J'r 1 g 
3 7fit)t1fi!lfl o 

4 $5E1#~ff ,jf:J1!fiitrwiffJ:li!J:ktit~o 

5 xt :ho lli 'if ~it!: ff IE~ #tit~. tit~ ~ M ;j\ T 
20 MPao 

6 ;f.@:ft}E~nt*o 

1 :t&l!ft1itJ£~~1f*J;J11.~m 22. i. 3 '*m 1 ~1¥JJ;J11.5E5'~. 
EIZ1itJ£ililtltitf3t:!S-1*B''1~~·jj: o 

22. 4. 4 tit~lilZ~F:9tlt/7~:i1!fi: 

1 ~ ~ jl;l.j" 1'" ;Jt,mt l>t IWi ff • m ~~I Am 3:! ilt JE l¥J IE~ f3t • )JI I 

ff.3:!N!5El¥JJ!Ml>tlliiJ, ~it!Wiff~filtl!Ml>trfl~_t o 

2 xt lli~f3ti±7./\.:1J11lli, IT:ff ~?tti2*1~:i!~ii3*lli_}J P 'J 
~OOt**~•5fllmtitQ!3~00t**~·· 

3 M.~?tt~*1>l..t••~00!3IEiJ**~·~··*lli..t~ 
3:!;!lt-rfib3'f.-OO: Pba>t, ~•tl:lJJ\\:f)},~ .;s.~~~. eP*l:tiffiJ*~ 
lf::iJOllio 
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4 f!il~ri)}:tf~iP'ltr!r~~Fn, trJf llii1*~' nfEIJ&. if* 
ffi~c~N.o 

s ***m 2 f(~m 4 fK:it~:il!fr 3 ?X~4 ?XiiolliM!fo 
6 t!il~ iat5G * Jii • i>t1Wiff 1EP If .1:1~ 1±1 M IWiff '*1 !'l<J~lf ~1J • ~ <f1HL 

!f:tl$7;!Ji-t!Wiff ,tti:4>:~m i fK~m 5 llrK:il!frr-?!i!tliatf;lttll!diat. :R-3§. 
~tLt!ildiat%$:Jii. ~ fiHL !f:tllil.1±1 i't!Wiff o 

1 m~~~--~~R~•~re~&••-~m~~~• 
Hic~&•Rff1J~fil~Wl•&JJ ~ lll!'l<J &•f;lt o 
22. 4. s $:*iumffi[qq:ir r3i1J JiJll,~ = 

1 ~:ll~ild&•:i:iWf!il~ .frfij~ffi•MW!f:t4S-~1iE,~~~o 

2 ~:llfPm~ttiHL~ffl!if~-t. ~t1Jffi.g:li%~. frfij~ffi•R 

1f 11i.. 
3 ?1J!tliat$:*J~ 1~H5 4S-~tl iatf;lt !'l<J Wl• &JJ Pb , ~at* ffi lli i1 

P,_'.iJfElliiJ P,_tLl!lilliiJ Po,fftll<.lliiJ Ph,~·1*m1k5!IL!l a"~ 

iL~~IHLt:k.:tffi[JJ sH».1f ti'l;fll1J\ .:±.ffi[JJ sh. 
4 tti:r3i1J1}J:ttt•W1*J~1J: 

Sh P, (22.4.5-1) 
SH=3Sh -Pb-Po+O', (22. 4. 5-2) 

~ SH=3Sh-P,-Po (22.4.5-3) 
j\;q:t SH ,Sh--)tj}ljjg~R~ltlrmf...t!'l<J:k,1J\3jZ-00.1:J~jJ(MPa); 

Pb --W1*Wl•iJi11i.lfjJ (MPa); 
P0 - W1*:fL~iJi11i.lli1J<MPa); 

r;,-Wf*m1k5£1t (MPa); 
P,- ~fJ;f:*ffiiJi1fi.ffijJ (MPa); 
P,-:1.rf*:DB!EiJi11i.lli1J (MPa) o 

J-kjJ 1~S-~ iifE:itl! 00 at' ~t!iltl !'l<J ffi[jJ :if m ii:iIO iji UL f; 71<.ffi 
jJ PhCMPa)o 

s ~:fL:Jg!ij}:R1.f~at .~:fL~~OOJ::kJJ\±ffi[JJjg:Ii:k;fll 

:li!J\Jj( :qt. .1=.ffi[ jJ ' :Ii:k1.K f .1=.ffi[ jJ 1i ~ jg 71<. .:qz. 00 '*1 Wl•• l'l<J}i ~ 0 
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• 

a. 

6 j1J!IJJi\ic~ffi[§fi:'irffi- § i;f*,IWi;f*, W1i i;f*,t!ilt~i.lfa 
% Jl,ild ,~ 11i. Ji;~ ?L411J ~ 1i W: jij , 1fVI jij ».~ tL f* 1l' , i'j!tl f;\t f* nt ; 8: 71<. 

lfJJ~atraJ*~ ,mt11~at1SJ:*~; ~-%~lfWI ,Wl•1fYijij».~ 
~ic~ ;i'j!tlii\:i:iWZt1:!'l<J:1Fffi'Plat,t!ildii\AB! ,~dii\ 8 WJ. 
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i 

23.1.1 E1*~ftJ!Iii1fj1]1Jt~*JtJ3Ffl7td~Ht7t.mJlFfE1* 

i:p 1¥1 *~~f'41 !Iii 0 iJtlJiat Il f:it!}tj V-fl rt 0 

23. 1. 2 m$lt1ilI*fflr?tlfSlHi9:1\-: 
1 71lffi ::P ff m, nlffi)it& if Imo 
2 ffifJ~o 

3 &fJ•.iL 
4 mmt&, 11Hm:rtr, #JI.mt&, f-tt fJ tt11 f-tt fJ #co 
5 iYltli1:x~,1Wi·l1:~1~lL lli~iYltl~o 

23. 1. 3 mlJintiiii\Zf.fif r?tl1Jl!.J:E: 
1 tEE1*fillJ:EifiHft:imiii\1*.4~Hil.m1*fi:l:~IlPT 5 --t. 

iitf*niJoinX;:/:f ID, JV tJJrmfJl~ Ii\Z1J'T 2 500 cm2 
o m1*:~:1Hi1 tE: 

::f~1VJ'T 50 cm, ~Jl~'.§:;J,ri.VJ\itr tE:B"J 2/3, fe]JlE.Ii\Z::k-=f:ft;J, 
itrtE:B"J 1. 5 fit 0 

2 t£ 1A1* $lli~~ ~fi'H't ;JJ E ::o, J:E ill• tn rm, w.m JYT J:E • 
tn rm JfiJ ill #f m 1*13 JfiJ oo E ::o tn * , m 1*1* oo 1ilZ f~ Iii v-~ , m rm n v­
fi fill JE JV tJJ !Iii 0 

3 mmnill•••d~$Ji¥1E1*.m~~••m•±*~ 
~.mrl•±d7)cvel!'.V~m:i1H.:r~~ ·*1?~1ilIJt.:ff JE.~B"Js.!iloclf!l 
~U oc , m !Iii 1i\Z 3F 11' fill • tJJ !Iii • * 1? $ J1l fill M 2 cm 1¥1 • 
tJJfl 0 

4 x1~¥411Iiif~#41¥Jil\1*d::ff *ve&:B"Jlitf*, iJoiat Dll*llR * 
~fltr;O([o 
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s ~f'4J!Iiif~ffel.1¥JiA1*iJ0InX;:/JID::ff ~xttrn1, mJJoinX;~IDli 

'1l*llR *~ftr;O([ 0 

6 @mliii9:it~**ffiA1*x?&**:l:dxtlit1*~7)cfN!fllo 
1 m *7t fP:l , JV tn *° 1Y!U fP:l m ~ m~ :1: ~ * • t£ iA 1* .r. #i! 19: lJ!U :1: 

s 1A1* B"JflfJ $m1i\Z M :ff~• ::P ff m i¥J JE. UJ$~ r01 , :lJLffU!: 1ilZ 
Jf~::Pffffi~o•tnOOJfiJOO~Ef*DlZ::k~lit.lJL,~~J1i:~~~~. 

9 &fJ$llii¥1E1*1ilin~§JE.•i¥J&fJ.&fJ8~~1*~ 
oo Ii\Zm 3F 0 

10 ±t!I.l!lUNi ~Ii\Z tQJi!i r ?tl Pi~ : 
n lit JJi IF%, , :If m, ~ t~L mi *1i $i tiL ~ oo m ~ ,fr1 

R-to 
2) iJ.\1*~%,fftltlf!lR-t o 
3) ~ftJWB"JF:j;l\,nX;f§ ,~~ ,Jt~·11:,®~£,:JE~!fm1' 

oc, iil'"!Jm nX; 5t, ¥~ f-ttt f-tW.Jl, ~ ftJ OOM 19!tl E ::0 ~ ~, 00 
~S.!iloc. 

4) $~a;J .xt*tleJltfiiil'"!fm~J:E ,'9f~1t*fi*°'~7.K:l:mtlJ:E. 
5) ;fff*JXLf-tW.Jllf!lJXlft~,~; ~J)c ill Smltlf!l~ J)c:I:; 

:lillf!lE1*1tID'lil5lo 
23. 1. 4 mJJiii\Zfl(r?tlw~:ittfi = 

1 5t~•7tfP11iif 8-* ~, ffi~••tnw8-*~!flli9W:l:-*~o 
7tfP:lwa-!:3atnwai¥JiffJ~m~1ilZA~•tnwi:r~.Hm-rm 
tn fld~f'41 rm JJ oc l / 2 6l1: " 

2 fP:lfi1f8-*~*· 0 

u t£m1*mBmi9:-&:7.KW.~.:tt.r.mm*&.m*1i1ilZ3JZ-1 i" 

fiJi J:EJV tJJ !Iii 0 

2) M'J)cve~•wiFn ,t£mt&.r.fRzx~1i~~$1tr,mti, ::r· 
ff ffi ,m*Ji, fvfJttlkm$mtio 

3) t£mSm*1ilf!lEWZ~~~m•±d~•&JJ•1to 
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•
i .. i·I· 
!: 

I 
... ,··.· i 
1il 

4) ~ rJiJ fili• * mJiJf :ff aiS1'-t J.l\Z-!¥t~tf.1JUtt Jr f6l ff(] laJ-$dl ~ 
, :t:Hi1r fliU£g tJJ iiio 

5) ~ftilfili•*mfilA:ffMUff(]•J.Jt~~J.Jt.#tJJW~a 

~~fili•*••tt-~•J.Jtat,J.l\Zm~rJilfili•••• 

6) :ti:~ 7t $ Fn , Ja 1#3 =f ff JJl M[ )JQ. fD!ltffi )J it~ 1-~ f6l fili 
•*m•M•lfil'.=fffJJtffl8Ji\ZfilfMMUff(Jfifi. 

7> :fEili:7(~:tl!!~:JG7**'JJt17fril~JJt;fJifl;1'JJi)J Jz:tfat, PT 
*Jtl:tl!!~f1;'1 &JJ ~:it. ~ rJiJ fili•~1J' at. ID. PT *m 
Bili~. 

3 JYtnfili•*•:tz::~. 
D t£ ti\f*JY tn fili•~ JJ w m 1101Mi~ 91~ -:f1icm;fli. m ;fJi 

J.l\Z¥1rm~•tnoo.m;fJi••~•tnooz~J.l\ZffiM~ 
1 cm fBJlmt. 

2) t£m;fJiFn1te7X:tz::~1t:b:l1ic c :iJlm~) ~#4m:tk: c~~• 
~), =f fiJJt,m;fJi. ~~-~J.l\Z1J11~~$dli:fl'. :tfm;fli~ 

&JJ ~ZfBJ~$Lrl%~±~li'.ll~. 
3) :tz::~g-tJJfnf•=f ff]JJlB;J, fffE~mJJ rf 1L'~J.l\Zflifilf 

~-tJJ 00 , ll -'g JY tJJ 00 EB II~~ Ji\l 7c -T JY tJJ JJ rJiJ la\ 1* 
itI *.EB 5 % ; ~~-~ffE)J rp 'L' ~J.l\Zim.ttJY tJJ 00 r:f •L'. 

4 1,llltl:l:*•:tz::~. 
1) WJtl :Ii j:: ~ J.l\Z $ ~ :tJ!! :ti:~ tf :ft :m ~ PfQJ m ~ )1~ fi<J j:: ,~ 

__t, j::~J.l\ZA:ff MUEBt<JUJ.Jt. 
2) :tf j::~_tf.l\Z:iitt iirltt*.~ :tz: ~mu*.. t£ ti\ 1* EB m fi1< B 

11z.J.l\Z?}}Jlj:tz::~JY tJJ rJlJ ~ ~ ftil 11z. f$ ffitl *.' iij:# ~tl *.EB. 
:1:~ft:.Vr 2 J=J. 0 

3) .m~•:tz::•n:1:iA1*~~:E-ooz~ffimw# 

EBililU*.. 
4) i!i!U*.Ji\Zil:~ISJJJk,ISJJWJi. P,Jf:ffi!i!tJ~lU.M:i:~.~Ji\ZF:m~ 
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rJiJ .1H11J¥1r~3Jlfrtm~•tnw. :fJJ~~~.JW:iJJ~m~. 
s ti\JJ11t )Jj] • 0 

D ~ rJiJ fili•Ji\Z w -T JY tJJ 00 r:F ,,y~ it~ rJiJ fili• ~- tJJ fnf • 
EBirh:iittJY"tJJjfilrp,L,'. 

2) :fE £;J:-t-iat 1* _t 5t JJIJ M[ 1Ja ~ IPJ EB~ rJiJ fili • , ;tt al '1:&:7c 
~rJ3Jfili•EB•?t«I.;tt•7c~rJiJJ.l\ZJJ~ft~-r-m~~ 
rJiJJ.l\ZJJ.mA:ff~HJt:••EBU\f*,•7c~rJ3Jfili•EB 
»l[)JQ , J.l\Z ~ ~1* ill Jt:•• '1 ~fL 

3) £;f:1-ti\1*EB~rJilfili•ft?t 4 ?&~5 f&M[1Ja,5HJ,f1iH!t 
~ f6l fi\Z)J EB 7c1J'~ :E-tHk:~. 

4) ~rJ3Jfili•M[1J11*Jt1a;JrBJt£1jj!J, ta•Fn J.l\Zi!i!~~~ r~J 1.1/>f·t. 
iYJU~ff(JB;ffBJfBJflM'15 min, ~:i!~w;i(X~µiJ1JL;f:tZ.~-1~ 

Mitt o. o 1 mm ~~~f!jfl. x1 A:ff~jj~ Jt:J:A~ l'J<Jutf-t•. 
;flHiJt:JJt~IY:JJ¥JJt~·l119l, ti(iij: 10 min ~ 15 min W!IJ ~ 

-(X, ~:i!~Wil7X~rJiJUl:f$Z.£~Mitt o. 05 mm '1~~ 

;f}$fl. J.l\Z:fE~ rJiJ mf$«Iffim~~Fn, »1[1JaJY tnfili•. 
5) JY"tnfili•ttctmfi!iEB:1«*m* 8 ?&~10 ?&»1[1111.JYtnw 

~:l:fHi'1fiJ?&11z.f$~:1:EB 1. 5 ffiat ,ft)j1ff&£~*-· 
6) JY"tJJttfir:F~rJiJJ.l\ZJJJi\ZM~~~'1#•.*m~m~ 

at IPJ~~~~M[~fitJJfili•W~~EB~rJil?t:l:EB 

~· '~~~ f6l fili•~:st 0 

7) JYtnfili•M[1Ja*Jt1atfBJf21jj!J ,xiJ:JG~jJ~Jt:IJt~EBiJ\1*. 
5 min 1Ja•-!1l; m A:ff~~~JtiJt•i¥1iJ\1*, :ffi:Wi fC 

:11t~EBJ¥JJt~t£19l, tiiij: 10 min~ 15 min M[)Jn ·t},t 

fili•; M[)JofiJ FnMJJ.l\ZjHi4Hiz.f$Wltl *.. •:ili:JY ltJTB;f, /1ii. 

1Jolfil'i,ff!Uiifnf•t1l11L~.~«ifiJ~1~Y'r IO ~JHi•. 
8) ti\f*fltJYltffa;J. iYltlii•tnfili•~m. :ffi:J1~~11rnH~ 

»1[1J11JYtnfili•, 1.[~g-tJJfili•«I~r~~. 
9) JYtnfnf•x~~~~•tn11lf$1~JL~~*a;J, WJtliiJYtJJ 
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m•*m.~•wm•~~m~•~Mm~.~~lli 
JJ lli-OrJ~1'1-m-itt, irotl*iJ\1*@] 5fti1ir~. 

10) ~~W:*~i!iltl*rt;::*~~ 5 J_m ~~ 1 :im~~)Emfitm­

oo uHr1Jcfi c ftt~) iJ\~. g tJJ m• PI -t!HJMJcfi WfiJ\ 
~~£!,~~)Em1'1:1t.-XmuHi'?t~. 

6 iJ\~£1!fW:f§" .lliirotl:l:~~~-tJJOOOOfR, i$£1Btil'i~fitJJOO~ 

~:f;1'·1f& ,~:Jll!~?t11J ,1J~ fO-Klt ,£1!itkJOO·tilW: ~ J!11t, :Jf X>tfitJJ 
oomg~*.M)EfitJJoo~£~£.~Mmnwn~•wroo£~ 
£1Nt~llil~. 

23. i. s iJt~,QX;*~Hilli~if rJ"tJ~~)E: 

1 ~*~*r~0Att•~~~m•-r~~~lliiJfnfi 

p 
a= A 

_Q 
r-A 

~fFJtl'Ffi-f;J]OO_t~~~lliiJ CMPa); 
' r----fFfflrfitJJOO_t~filliiJ CMPa); 

P-fFm-=rgwoo_r~,hl,~~m•cN); 

Q--fFfflrfitJJoo_t,g,gwm•cN); 
A -fitJJOOOOfRCmm2

). 

(23. 1. 5-1) 

(23. 1. 5-2) 

2 ~*~*r~0Att•~~~m•-r~~~lliiJfnfi 
lliil: 

P+Q. 
a= A A s1na 

_Q 
r- A cosa 

(23. 1. 5-3) 

(23. 1. 5-4) 

A~ a-#-~~m•nm:JJn~~gtJJoozJBJ~~J§. 

3 ~M~~~lliJJr~nllin~•w~•H~~~·~* 
llil~.*W~*llil~.~~*~~lliJJr~m•wr*mfnttn 
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*m· 
4 ~M~~lliJJ~~Mlli~tt•im-*mHmfi*m~*llil 

~.~$ffi-*-!l*ltA:iiiD~ffilli~mfi5ill~itt. 
5 iJ\~ic*lli@m:i:m § 4';$,IW4';$,:5E 4';f$, iJ\1*~ 

% , 1Jt1*1ir:li, iJ\~:7r~,fitJJoooofJt,1ir•ifiitl*11J:li ,~~m•,n 
wm•,~~1il•,gtJJ1il•, iJ\~A.DJ., iJ\~ s m. 

6 iJt~,GX;*lli@:fflJ_m §4';$,IW4';$, iJ\~@:il!!.~iM.~, lit 
~ @:!i!!lW:mf 00 , iJ\~11J :lim ~ 00 ~ H iJ\·,~ ill!. 1W: ~ ti'il , iJ\~ Wil !JX: lit.~\ 
w.1wJftJ oo oo ~:tmlW:~*'I-. 

23. 2 :E-ftl[~iit~ 

23. 2.1 :51*1ifi1Jt~*m~m~!lX:#4m7*. Jaffl r*~¥ti*. 
1Jt~st1r~m~m7*. 

23. 2. 2 1Jt~*ffl1SC~~W:*lli~if*~~W~ 23. 1. 2 ~~~~. 

23. 2. 3 iJ\~1t*lli~if rJ"tJ~~~: 

1 iJ\1*1tt:l:H11J:it~*~lli~ir*J51lW~ 23. 1. 3 ~~ 1 @:.~ 
~ 7 ~~~)£. 

2 x>J~llflt~-W ,§Hlllff:t1'~:51*.m~jjtflXJMJtre{jf±-f*1?~. 

-0r:~~lliA~~-~~1tfn~it.-0r:~~~$~£:5Z~llimm 
2 cm fi-f;J]gJt. 

3 iJ\1*~-0r:~~moolli~fim)EfitJJoo. 

4 :tmlW:til'i:J£lli'EI.:fflrJ"tJl*l~= 
1) iJ\~ff%, {iL:li,1J{iLJfi!Ji*,~t&~f11Lltlf00%:tf\:fnJ\. •J-" 
2) iJ\1*~%, {ir:lifOR-t. 
3) :515' 4';$ ,£1!ffk]' ±~1it!!m,GX;?tfOW!-@. c 

4) £1!itkJOO~ f°":jj\, ~~' fil{$·ti' JM 1t' JE±Jt!lm·tilW:' ~ ~ 
j]jf~~~*· 

5) :51*JXL1tfiltfn:JG~Wlt ;il!!.rJ)(·lf&; :511Jfn:E-1*12 
%t~&. 
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23. 2. 4 w:~mrtrr9u:tV~ilHi = 

1 ;t~~7ftrt:Jfiif~:¥m • .5~~~111m~~m*'1tJ!il:1t~mo 
7ft rPJ fiif ~ £:5jg111 fiif ~ ft9 if j; ft:: ffl ,g L\IiiUitv!JE'. ~ 111 iii .:P 'L' o 

2 rt:Jfiif~*m~~,jg111fiif~*m~~,~tl•*m~~R 
ia\~:bO~L\I~if*mi.fHf~ 23. 1. 4 ~~ 2 ~~~ 5 ~mi,}E:o 

3 ia\~~*.5, MJ!ftfiJ\{;ti:, ~tl:l:~~~jg tlliiiiii~H, W~Wf :1£~ 
m iii ft9 ~tr-if m. , ~m ft9 ?t :ftl , 11 rtJ *'1 * ll , jg m iii J: w: m 4Wl l1ll: ft9 
ttJJ!t ,?t:ftl ·*~~:f1iliiift91E~R~Ji.·!;lt5?., :ttx>t~111iii1EJR!iC.3J{o 
i)!tlJE'.~111iiifl9JBl{j(~,~fti!Jn:f~-f;JJ1JrPJ~~iiiJBl{J(~?:G:{tfl9BE~o 

23. 2. 5 iJ\~!ft!ifHitrnEL\I~if*mi.~~ 23. 1. 5 ~~1.JEo 
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A. 0.1 ~1mwJtm~r9rJ:tV~~tlJE:: 

1 ~ B f*:I: a<J:l:li' ~ ~ t~lt ~ ~ ~ ft9 ~ jtiJ '~A t@rllVJctt 
r*J .~lir*Jfffil.Jli*f.J~JE'..5JP{tU, ~tlf1ffi~<~~~~MM11i*R9 
.=e ~:rt i=r ¥fil tU ) • ~mi &r ~ ,=-, f* mt *'1 ~rm ft9 JJit :1t, :tt IB *~AA '~1 
fffil.Jlo 

2 fflfPJ-:l:mt~ml~~~~~ft9~im7Jc,~ftitjfPJ-fffil.Jl, 11: 
}!;$: ~~ 1 ~g; ~~ft:: ' ;fYJ\ tti*'1~ ii Jjc a9 llll: :I: 0 

3 :etIEJ:st~.:Pf*l!L\If!l:fi!D3I o. 001 go 
4 L\I~r9'10itttJUiMWJl: 

it.:P pra--~Yti!Wll<g/cm3 ); 

m3-tfi5fll~Mft9JJ!t:l:<g>; 

m4-tfi;fll~ti7Jca<Jllll::l:<g); 

mo --:1:,J!i 89 ,t1ll: :I: ( g) ; 

(A. 0. 1) 

pwT-~ti7Jcft~WJl<g/cm3 ), Eb B. 2. 3 .:P1t:f!l- 0 

5 tt•li\Ifll:fi!D3I 0. 01 g/cm3 o L\Iil!:fif-fi1\i!tl}E: ,f-1J~fA::f' 
1!f :k-T 0. 02 g/ cm3 

0 
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B. 1 ~ li:i.t'3i.IE. 

B. 1. 1 ffL'*lfli~;f$ClE ,£1I~tt r1!J~k: 

1 lYJilk1&'llitni'f!!~fR:-T 250 mL :l:~l*J:ba~®7k~"J 
130 mL Jf{Ji!J~JJ<j}ii\J;; 20 °C .iC.~:1:~7.KOOil~C~~*OOr~J;; 

lftD Jf :20 -iC. % o ~1&; llitM!:A:I:~ i:j=l , {sl!Jk 00¥1J 1&' lltt:li1~ :5t 1l 
ktC~ ~*oor~J'Jft), ~atic*JJ<OOtE:l:~I.1'.!YilfLC~ ~*OO 
r~J'Jft)Jf~J--ic.% o w;i--t-ic.%z~, ep :R1&'1l7¥r~~m. #it.fifti 

lmL 

2 lYJilk1&' !litt¥m ~fJt i:j=l iL.' = lYJIJ tc.1&' !lit nm ~fRfil, ~*· 
!lit~~~ 11:itJ _till~, {ie:Jk oo·liHiti:w;i tic.% l'.!Y IE i:j=l faJ , JJ:tat * 
oo!3r¥7~.f§tnkt< ~ ~~oor~J'Jf't), &PJ'J¥¥i'f!!~f,,qi:j=l,L.· .~1&'1l 

ttOOkr=~-.l.fflHRll.fifti:l:WJJ<00~1&'1ltt:li~:5t!l 
Hlfli~ o 

3 lYJilk~,f;t 1 ooo mL:l:~B'~P'l~<fl.fifti~ 1 mm)Jfit•Jt 
jliff,,q 0 

4 § 1&'1lit:li~Jt!l~$-;ff .L-*:5t1lktl'.!Ylfl:i~( 5 

10 ~·lfl:i~-{J;:) 0 

5 fft-0i\(B. 1. Dit•;;ff~:5!:1JL'*lfli~C~a B. 1. I J!ffjf\) o 

L=L1 -~A=L1 (L0 -~A) CB.1.1) 

Jti:j=l L-~*ll;;ff5&7JL'*Rfi~(cm); 

Li-1&'1lit§:li~~ull~ff J:-*:5t1ll'.!Ylfl:i~Ccm); 

Lo--1&'1lit¥¥W.~fRi:j=l,[.·~:fil1~:7tlll'.!YHe~(cm); 

• 114 • 

If! B. L 1 ~~m~llE~;fit.iElf;if OO 

Yb-1&'1fit¥¥7~~,f;t(cm3 ); 

000 mL :l:~l'.!Yitiff,H(cm2 ) 0 

6 ~J!ff:l:~Ef{J/f-~ Li ftAi\CB. l. lHt•w L .37ur~ 
B. 1. 1-1;f!l~B.1. 1-2 i:j=l

0 

7 ~~1&'1lttiifi!3~*ll;;ff5&7JL'*lfli~l'.!Y~*~~.~~ 
B. 1. 1-1 *'1~ B. 1. 1-2 i:j=ltjOO~fljrL 

!& B.1.1-1 Vi:l!f!Ee.ill~.iE:ttl!JCl'fl#~Jl'it) 
~ Jl:tti'1%: :!if.tf;!i;l~: 

11-~i*~!HVb) :86. oo cm3 :!i1!:5'1*1~£(D),6. 79 cm 

11-~'11 1L'~illif!;?t!l:i¥Jl1e:;l)CI-0):8. 60 cm :!i1!:5'l!ift!l.: (A) :36. 19 cm2 

L=L1 + ( Lo-i~) =L1 +7. 41 (B. L 1) i!ll'11l'iiii~lEiiHn)=-L 2 
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~·B.1.1-1 

mm:f~?t 
Jllt;l:;ff %1: L !:!RH*~i!I!~: 

\!fftlt !l~-*:fr 
mii1':~~ 

lffi'!lit 
:fr!l Jttfj~~ ~ttRH / 8 

Li (cm) 
L(cm) 

~ 

"" Jim: 
0 10.58 17. 99 -1.2 I Ett 

~ 
10 8.41 15.82 l,S 

~ 
20 6.35 13. 76 1J!i: 

~ 
30 4. 22 11. 63 28.8 • Ii) 

- ···-.. -

40 2.02 9.43 38.8 10 0 10 20 30 40 50 

50 0 7.41 48.8 \!f!ltttt{OCRH 

~~. £f: fl B ~.IE: £f: ii B 

\!l' llit!!i~·: :l:ilii!!i'V%: 
···-·-

111?1.i*'fJlCVb) :60 cm3 :l:flil~~~(D) ,6. 63 cm 

¥'11?1.'fl11'..'~:iliflf::fr!li13~/l\(Lo) ,8. 8 cm :l:f!ilfti'fJl: (A) :34. 52 cm2 

L=L1+(Lo'-~) 931 (B. 1. 1) ll1J'filiM~lEfll(n) =O. 000 4 ·:r-·· IE :ilifij;:fr 
Jllt[;fj~ • L'.tjR'H*~i!I!~: 

.\i'!lit ll~*:fr ll11!1':~~ . .\i'll: ~~·· 
... ~-~-

:fr!l Jti13~/l\ L'(cm) ~tt H e 20 ~ 
Li (cm) ~ ~~ ·-

~ o. 995 14.480 22. 411 0. 994 6 
~~ I 

~ 1. 000 11. 651 19. 582 o. 999 6 l,S IO "" '--., ~--

.~ 1. 005 8.759 16.690 1. 004 6 1J!i: 
1. 010 5.863 13. 794 L 009 6 :Ji<\ 

Ii) 

1.015 2.910 10. 841 1. 014 6 o.99o· o.99sToool.005LoloTo15Lo20 
.......--··~ -·· 

\ifJlit~{OCR'H L 020 0 7. 931 I L 019 6 

B. i. 2 i%'71.llift2JEM .~~WJJUt:.tt-r 20 ·c~tm7J<~:I:~~ ·* 
l±li%'71.llif~rft~z~.~nm B. I. 2 JiJTIH~ztllNP:1'J1g11tliff2lE{i~L 
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J_ 
0.999 8 

n =0.999 8-0.999 4=().000 4 

B. 2 fl"~i.tJJ~ftt 

B. 2.1 ::E"::riifIDitil:*1tf2JEj;~.~t/t;&: B. 2. 1 .ijR{Ho 

• B. 2. 1 *:fitli~if!lttll:.iE~ti:-

!llt!l.\i'lt !llt!!.\i'Jt~lE~tt 
!!Wit!l.\i'lt !llt!!.\i'!l~.IE~tt 

p, Z:,l<f \!l' !lit p, Ffl#.\i'llit I Z:.#\!l'llir 
C, c~ c, c~ 

2.50 1. 1. 666 2. 70 0. 989 1. 588 

1. 658 = ···-'···~ 

2. 52 1. 2. 72 0.985 L 581 

2. 54 1. 027 1. 649 2. 74 0.981 1. 575 

2.56 1. 022 1. 641 2. 76 0.977 1. 568 

2.58 1. 017 1. 632 2. 78 0.973 1. 562 
·-··-·· 

2.60 1. 012 1. 625 2.80 0.969 J. 556 
-··· 

2.62 1. 007 1. 617 2.82 0.965 I. 51 f) >---·· ···-··--··· 

2. 64 1. 002 1. 609 2.84 0.961 J. s1:1 
2. 65 1. 000 1. 606 2.86 

2.66 0. 998 1. 602 2.88 
··----·· 

2.68 1. 993 I 1. 595 2. 90 0.950 i 1. 526 

tt ,;:f;::~ttfil,-tl!PTEl:l HU0A:it1', 

1¥#.\i'/Jfit: c =__flL_ • .'.::.:..:'.~~ 
' p, ···pw20 (B. 2. 1-1) 

(B. 2. 1-2) 
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liffif ~ 
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liffif 
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P~:-0?'~ 
OmOUlO 
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o I I 
• 0 0 
0 • • 9 11 y 

~ NIW 

I 
p 

I 
PIP 

"'" 

I 
p 

0 0 0 0 0 
0 0 0 0 0 

-~I 
m 

!' 
0 

~ i;-' 

~ ~ W W N N ~ ~ 0 0 -1-1-'-1-1-1- -1-1-~ 0 ~10 ~ 0 ~ 0 ~ 0 
I 

\Jin 
'"';;~ 
(l fiffi 
'-' lil! 

~-Ill 
ill tT\41! 

:--' I !"" !iiBf ti =--'~:--":-:-:- :-
0 fo-" NI W ~I CTI O':l -.:i I oo I w "' o I ~ 

_:___::::__ . 
I I I I I I I I I I I I I ~ £: ~ 

0 0 0 0 0 0 0 0 0 0 0 0 ~ ~ • o o o o o o o o o o o 0 tmf ti N 

8 8 8 8 8 8 8 8 8 8 8 8 lil! -
~ ~ 00 m <O 0 0 - - N N N J + • 

I ~ 
I I I I ~ 

.... c.n m I O'.l 

0 0 01010 
0 ~ N W W 

NINININ NINININ N Nl"'I"' "'l"'l"'l"'ININININ 
'"' \! tTI ti )'1l't jillF 
""' fiffi 

lil! 
p ~ ~ ~ ~ ~i~i~ ~ ~ ~ p ~ ~ ~ ~ !"" :--' :--' p p 
olm om o mlolm o mo m o m,o m!Olm om o 

~ 

I 

I -Jll'. ~1~ ~ ~ ~~~I!" ~1:-' :--' :--' :--' :--' p pp pip pp~: 
~ m w - m m m N - m ~ m w - <O ~ m m w - o liiBf ~ 

I . J + 
o o o o o o o o o o o o o o o o o o o o o ~I~ 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Fl ~ 
g ~ ~ e s 8 s e s e s 8 g 8 8 8 g g g g 8 ~ ~ 
w N - moo mm~ w

1

- om oo ~mm~ w N - o I~ 
~ '+ 

~ 
~ 
N 

~ 
~ 
~ 
fr\ 
liffif 

~ 
~ 
~ 
\J:l 
!"' 
N 

~ 
liffif 

•. •i'f~~,rtl~C. ..- ,, ,~,,~~·1••11 ... "P!lll1•-•-llllll 

f--' 
f--' 
CD 

¥t B. 2. 3 &tll*tl9gz~ P,.T(g/cm3) 

W,Jl('C) 0. 0 0.1 0. 2 0. 3 0. 4 o. 7 0. 8 

5 0. 999 991 910. 999 990 210. 999 988 3 Io. 999 986 41 o. 999 984 21 0. 999 o. 999 976 9 I 0. 999 974 1 

6 0. 999 968 11 0. 999 964 9 I 0. 999 961 958 1 I o. 999 954 4 I o. 999 o. 999 942 6 I o. 999 938 41 o. 999 934 o 

7 I o. 999 929 5 I o. 999 924 81 o. 999 920 o I o. 999 915 o I o. 999 909 9 I o. 999 904 61 o. 999 899 21 o. 999 893 61 o. 999 887 91 o. 999 882 I 

10 

11 

12 

13 

14 

15 

16 

17 

0. 999 870 1 0. 999 863 8 0. 999 857 4 0. 999 860 9 0. 999 844 2 0. 999 837 4 0. 999 830 

808 s Io. 999 801 3 o. 999 793 6 o. 999 785 9 o. 999 778 o o. 999 769 9 o. 999 761 1 o. 999 753 

0. 999 727 710.999 718 91 0. 999 709 9 I 0. 999 700 8 682 o I o. 999 672 41 o. 999 662 

0. 999 816 2 

745 0 0. 999 736 4 

652 9 0. 999 642 8 

o. 999 632 8 I o. 0. 999 601 71 0. 999 59 o. 999 569 41 0. 999 558 5 I 0. 999 547 31 0. 999 536 1 

0. 

501 61o.999 489 81o.999 478 o Io. 999 466 o Io. 999 453 8 Io. 999 441 5 Io. 999 429 11o.999 416 6 

378 41 0. 999 365 51 0. 999 352 41 0. 999 339 1 

o. 999 229 o Io. 999 214 71o.999 200 31o.999 185 

0. 999 298 7 o. 999 285 0 

0. 999 156 4 0. 999 141 5 

o. 999 096 I Io. 999 080 8 Io. 999 065 3 Io. 999 049 7 Io. 999 034 o Io. 999 018 2 Io. 999 002 3 Io. 998 986 2 

o. 998 937 41 0. 998 920 9 I 0. 998 904 3 I 0. 998 887 6 Io. 998 870 71o.998 853 8 I 0. 998 836 710. 998 819 5 

0. 998 767 3 I 0. 998 749 71o.998 7319I0. 998 714 110. 998 696 110. 998 678 110. 998 659 9 I 0. 998 641 6 

18 Io. 998 623 21o.998 604 6 Io. 998 586 11o.998 567 3 Io. 998 548 5 Io. 998 529 5 Io. 998 516 5 Io. 998 491 41o.998 472 o Io. 998 432 6 

19 o. 998 433 11o.998 413 6 Io. 998 393 81o.998 374 o Io. 998 354 11o.998 334 l Io. 998 314 o Io. 998 293 71o.998 2 o. 998 252 9 

20 o. 998 232 31 o. 998 211 7 I o. 998 o. 998 149 o I o. 998 128 o Io. 998 108 8 Io. 998 085 5 I o. 998 064 11 o. 998 042 6 

21 o. 998 021 o I o. 997 999 3 997 955 61 o. 997 933 s I o. 997 911 <t I o. 997 889 21o.997 866 9 I o. 997 844 41 o. 997 821 9 



~*B.2.3 

I-' I l!illl <"C) 0. 0 o. 1 0.2 o. 3 o. 4 0. 5 0. 6 o. 7 0. 8 o. 9 

N 
o I 22 0. 997 799 3 0. 997 776 5 0. 997 753 7 0. 997 730 8 0. 997 707 7 0. 997 684 6 0. 997 661 3 0. 997 638 0 o. 997 614 5 0. 997 591 0 

23 0. 997 567 4 o. 997 543 7 o. 997 519 8 0. 997 485 9 o. 997 471 8 0. 997 447 7 0. 997 443 5 o. 997 399 1 o. 997 371 7 0. 997 350 2 

24 0. 997 325 6 0. 997 300 9 0. 997 276 0 0. 997 251 1 o. 997 226 1 0. 997 201 0 0. 997 175 8 0. 997 150 5 o. 997 125 0 o. 997 099 5 

25 o. 997 073 9 0. 997 048 2 0. 997 022 5 o. 996 9.96 6 0. 996 970 6 0. 996 744 5 o. 996 918 4. o. 996 892 11o.996 865 7 o. 996 839 3 

26 o. 996 812 8 o. 996 786 1 0. 996 759 4 0. 996 732 6 0. 996 705 7 o. 996 678 6 o. 996 651 5 0. 996 624 3 o. 996 597 0 o. 996 569 6 
---

0. 996 486 9 o. 996 459 1 0. 996 431 3 o. 996 403 3 o. 996 375 3 o. 996 347 2 0. 996 319 0 0. 996 290 7 

0. 996 205 2 o. 996 176 6 0. 996 147 8 0. 996 119 0 0. 996 090 1 o. 996 061 0 o. 996 0319 0. 996 002 i 

0. 995 914 6 0. 995 885 0 0. 995 855 4 o. 995 825 7 o. 995 795 8 o. 995 765 9 o. 995 73'5 9 0. 99;; 705 9 

0. 995 645 41o.995 615 1 0. 995 584 6 0. 995 554 1 O qqs S2~ :i 0. 995 492 8 0. 995 462 0 0. 995 431 2 0. 995 400 2 

ti::pwT(l. 000 00 g/cm3 )=y,.T(9. 806 65 kN/m3 L 

* B.2.4 ti:f£i.f jlJ Jji; ~ K iii* 

2. 50 
I 

2.55 2.60 2.65 2. 70 2. 75 I 2. 80 2.85 

I 

0. 134 8 o. 132 6 o. 130 6 0. 128 6 0. 126 7 0. 124 8 o. 123 1 o. 121 4 

o. 132 8 0. 130 7 o. 128 6 o. 126 6 0. 124 8 0. 123 0 o. 121 2 o. 119 6 

o. 130 9 o. 128 7 o. 126 7 0. 124 8 0. 122 g 0. 121 2 o. 119 5 o. 117 8 

0. 129 0 o. 126 9 o. 124 9 o. 123 0 o. 121 l o. 119 4 o. 117 7 0. 116 1 

.,. ::•':·;~f.!~.:,:~ 
,-·,;···~"'!:"."'l'\.C"'~:\ 

~*B.2.4 

2.45 
I 

2. 50 2.55 2.60 2.65 2. 70 2. 75 2.80 2.85 

9 0. 129 3 0. 127 1 o. 125 0 0. 123 0 0. 121 2 o. 119 4 o. 117 7 

10 0. 125 7 0. 125 3 0. 123 3 0. 121 3 0. 119 5 o. 117 7 o. 116 0 

11 0. 125 7 0. 123 6 o. 121 6 0. 119 7 o. 117 8 o. 116 1 0. 114 0 0. 112 8 0. 111 3 

12 o. 124 0 0. 121 g 0. 119 9 0. 118 0 0. 116 2 0. 114 5 0. 112 9 o. 111 3 o. 109 8 

13 0. 122 3 0. 120 3 0. 118 3 0. 116 5 0. 114 7 0. 113 0 o. 111 4 0. 109 8 o. 108 3 

14 o. 120 7 0. 118 7 0. 116 7 0. 114 9 o. 113 1 0. 111 5 0. 109 9 o. 108 3 o. 106 9 

15 0. 119 1 0. 117 1 0. 115 2 0. 113 4 o. 111 7 o. 110 0 o. 108 4 0. 106 9 o. 105 5 

16 0. 117 6 o. 115 6 o. 113 8 0. 112 0 0. 110 3 0. 108 6 0. 107 1 o. 105 6 0. 104 1 

17 0. 116 1 o. 114 2 0. 112 3 0.110 5 0.108 9 0. 107 2 0.] 05 7 0. 104 2 ! o. 102 8 

18 o. 114 7 o. 112 7 0. 110 9 0. 109 2 0. 107 5 0. 105 9 o. 104 4 0. 102 9 0.101 

19 o. 113 3 0. 111 4 0. 109 6 0. 107 9 o. 106 2 0. 104 6 0. 103 I 0. 101 7 o. 100 3 

20 0.111 g 0. 110 0 0. 108 2 o. 106 5 0. 104 9 o. 103 4 0. 101 9 o. 100 4 0. 099 1 

21 o. 110 6 0. 108 7 0. 106 9 0. 105 3 0. 103 7 0. 102 1 0. 100 6 0. 099 2 o. 097 g 

22 o. 109 3 0. 107 4 0. 105 7 0. 104 0 0. 102 4 0. 100 9 0. 099 5 0. 098 1 0. 096 7 
I-' I 

~1 23 o. 107 9 o. 106 l o. 104 4 0. 102 8 0. 101 2 0. 099 3 0. 098 3 0. 096 9 0. 095 6 

24 0. 106 7 0. 104 9 0. 103 2 0. 101 6 0. IOO 0 0. 098 6 0. 097 2 0. 095 8 o. 094 5 



•*B.2.4 . 

~I~ 2.45 
I 

2. 50 2. 55 2.60 2.65 2. 70 I 

25 o. 105 5 o. 103 7 o. 102 0 o. 100 4 0. 098 9 0. 097 4 

26 0. 104 3 0. 102 6 0.100 9 0. 099 3 0. 097 8 0. 096 4 

27 o. 103 1 o. 101 4 o. 099 8 o. 098 2 0. 097 6 0. 095 3 

28 o. J02 0 0.100 3 o. 098 6 o. 097 1 o. 095 6 o. 094 2 

B. 2. 5 fl!lfk~~JYr~m~atfaJ ,£\Zttt~ B. 2. 5 Jfkia. 
~ B.2.S j'ft!iflii!ili IO an,tlllll!i~Hi~ll1fBJ 

I fhtt: 
Btl:~it(g/cm3 ) 

1/il\lt' 1jvf 2.50 2. 55 2. 60 2.65 
('C) I c,,m) h min s h min s h min s h min s h 

2 12 37 8 12 12 I 37 11 50 41 11 29 5 11 
5 

5 2 1 8 1 57 34 1 53 43 1 50 15 I 

2 12 14 50 11 51 46 11 29 5 11 7 49 10 
6 

5 1 57 54 1 53 53 1 50 15 1 46 51 1 

2 11 53 57 11 30 9 11 8 52 10 48 58 10 
7 

5 1 54 14 1 50 25 1 47 1 1 43 50 1 

~~-·~,..,.,., · ·:f""l::·fF"it::';llo~••••J10•1•m•.•11111m11• 

........ 
Nl 
w 

~. 

i'fn\Jf 
('C) 

8 

9 

10 

11 

12 

13 

14 

i'itt: 
1J"]'' 
(,,m) 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2 

5 

2.50 

h min s 

11 33 22 

1 50 56 

11 13 6 

1 47 42 

10 54 I 10 

1 I 44 40 

10 36 32 

1 41 51 

10 19 9 

1 39 4 

10 3 0 

1 36 29 

9 47 4 

1 33 56 

2. 55 

h min s 

11 10 59 

1 47 21 

10 51 2 

1 44 10 

10 33 27 

1 41 21 

10 16 6 

1 38 35 

9 59 0 

1 35 50 

9 43 7 

1 33 18 

9 27 27 

1 30 48 

•* B.2.5 
BtllWJfl((g/cm3 ) 

2.60 2.65 

h mm s h mm s h 

10 50 0 10 30 22 10 

1 44 0 1 40 : 52 1 

10 30 22 10 12 4 9 

1 40 52 1 37 56 1 

10 13 4 9 55 1 9 

1 38 5 1 35 12 1 

9 57 0 9 38 12 I 9 

l 35 31 1 32 31 1 

9 40 10 9 22 36 9 

1 32 50 1 30 1 1 

9 25 31 9 8 10 8 

1 30 29 l 27 42 1 

9 JO 5 8 52 59 8 

1 I 28 48 1 25 17 1 

2.70 

min s 

8 52 

47 1 

48 58 

43 40 

29 21 

40 42 

2~70 

min s 

11 3 

37 46 

54 1 

35 3 

37 13 

32 21 

21 38 

29 52 

6 16 

27 24 

52 2 

25 8 

38 1 

22 53 

2. 75 2.80 2.85 

o. 096 0 o. 094 7 o. 093 4 

o. 095 0 0. 093 7 0. 092 4 

o. 093 9 0. 092 6 o. 091 3 

0. 092 9 0. 091 6 o. 090 3 

2.75 2. 80 

h min s h min s 

10 48 58 10 31 24 

1 43 50 1 41 1 

10 30 22 10 12 4 

1 40 52 1 37 56 

JO 12 4 9 55 1 

1 37 56 1 35 3 

2. 75 2.80 

h min s h min s 

9 54 1 9 37 12 

1 35 3 1 32 21 

9 37 13 9 20 40 ! 

1 32 21 1 29 42 

9 20 40 9 5 18 

1 29 42 1 27 15 

9 5 18 8 50 10 

1 26 38 1 24 50 

8 51 6 8 36 9 

1 24 59 1 22 35 

8 37 5 8 22 20 

1 22 44 1 20 22 

8 23 15 8 8 42 

1 20 31 1 18 I 12 
I 



>--' 
N 
,.i::,. 

I 

lliltil: 
ilffili 
("C) . ;j\f 

I (µm) 

2 
15 

5 

2 
16 

5 

2 
17 

5 

2 
18 

5 

2 
19 

5 

2 
20 

5 
---· 

2 
21 

5 

h 

9 

I 

9 

1 

9 

1 

8 

1 

8 

I 

8 

1 

8 

1 

·:~"~,,··~'!'!~, 

>--' 
N 
()1 

ilffi!'lt 
("C) 

22 

23 

24 

25 

26 

27 

28 

~tv: 
t]\f 

(11m) h 

2 8 

5 1 

2 7 

5 1 

2 7 

5 I 

2 7 

5 1 

2 7 

5 1 

2 7 

5 1 

2 6 

5 1 

! 2.50 I 
mm s 

31 21 

31 25 

16 48 

29 5 

3 24 

26 57 

49 13 

24 41 

37 5 

22 44 

24 10 

20 40 

12 19 

18 46 

2. 50 

mm s 

o I 37 

16 54 

49 3 

15 3 

38 30 

13 22 

28 4 

11 41 

18 37 

10 11 

8 25 

8 53 I 

59 10 

7 4 

2.55 2. 60 

h min s I h min 

9 12 58 8 55 

1 28 28 1 25 

8 59 36 8 42 

1 I 26 20 1 23 

8 45 28 8 ! 28 

1 24 5 1 21 

8 32 27 8 16 

1 22 0 1 19 

8 20 30 8 5 

1 20 5 I 17 

8 7 48 7 52 

1 18 3 1 15 

7 56 9 \ 1 42 

1 16 11 1 13 

2.55 2. 60 

h min s h min 

7 45 31 7 30 

1 14 29 1 12 

7 34 8 7 20 

l 12 40 1 10 

7 23 46 7 10 

1 11 0 l 8 

7 13 I 30 7 0 
i 

-----·-

1 9 22 1 7 

7 4 12 6 50 
---

1 7 52 l 5 

6 55 0 6 41 

1 6 24 1 4 

s I 45 5 s I 32 

1 4 49 I 2 

~*. B.2.S 

fJ!ti'IJ'1 Ilt (g/ crn3 ) 

2. 65 2. 70 2. 75 2.80 

s I h min s h min s h mini s h min s 

49 8 39 52 8 24 10 8 9 36 7 56 9 

44 1 23 11 1 20 40 1 18 20 1 16 11 

40 8 26 55 8 11 25 7 I 57 56 7 44 I 38 

38 1 21 6 1 18 38 1 16 28 1 14 21 
' 

46 8 14 8 7 58 50 7 45 31 7 32 24 

24 1 19 4 1 16 37 I 14 29 I 1 12 23 

52 8 1 3l 7 47 17 7 34 8 7 21 11 

30 1 17 3 1 14 46 
I 

1 12 40 ' 1 10 35 

6 7 49 56 7 35 53 7 22 54 7 10 57 

37 1 15 11 l 12 48 I 10 52 l 8 57 

36 7 38 30 7 25 29 7 12 39 7 0 0 

37 I 1 13 22 l ll 17 1 9 13 1 7 12 

0 7 28 7 14 21 7 1 41 6 50 2 

55 I 11 41 1 9 30 1 7 28 1 5 36 

~*.B.2.S 

fJ!ltil:l8'f Ilt(g/ crn3 ) 

2. 65 2. 70 2. 75 2.80 

s h mm s h min s I h min s h ! . 1mm s 

40 7 ' 16 ! 54 7 4 12 6 52 31 6 49 12 

6 l 9 54 1 7 52 1 6 0 I 4 9 

20 7 6 44 6 I 50 
I 

51 6 ' 42 37 6 I 31 14 

27 1 8 17 1 5 44 1 4 25 1 2 36 

6 6 56 40 6 45 5 6 33 40 6 22 24 I 

49 1 6 40 1 I 1 49 1 2 59 1 1 11 

0 6 47 33 6 35 17 6 24 0 6 13 40 
- ----

12 1 5 12 1 3 15 l 1 26 0 59 47 
--' 

51 6 38 32 6 27 12 6 16 3 6 5 49 

44 l 3 46 l 1 57 1 0 10 0 58 32 

48 6 29 37 6 18 25 6 7 23 5 57 17 

17 1 2 20 1 0 33 0 58 47 0 57 10 

51 6 20 48 6 9 44 5 59 35 5 49 36 

51 1 0 56 0 59 ! 9 0 57 32 0 55 56 

tt ,~i:p h,rnin,s -SHJ!JWKtNt>t, 7»1',~;!lll*liJ.t,fJ!tlll8'flf[,~til~~~ll.:::1ffJl!1;~;,:a~tfiill. PJt!i03'\:0L o. 6---5) lt:M:. 



B. 2. 6 Jl<tiYz;!JjJ~mf-*~·Jl\lrli~ B. 2. 6 .ltk{Jl. 

* B. 2. 6 *IY-Jilh:tJ~l1Slltr1 -
7f!If 1) 7i!If 1) li.lt 
('C) 00-5 kPa. s) CC> oo-6 kPa • s) ('C) 

5. 0 1. 515 14. 0 1. 174 23. 0 

5. 5 1. 493 14. 5 1. 159 23.5 

6.0 1. 470 15.0 1. 144 24.0 

6. 5 1. 448 15.5 1. 130 24. 5 
-· 

7.0 1. 427 16. 0 1. 115 25.0 

7. 5 1. 408 16. 5 1. 101 25.5 

8.0 1. 386 17. 0 1.087 26. 0 

8. 5 1. 366 17. 5 1. 074 26.5 

9. 0 1. 346 18.0 1. 060 27. 5 

9.5 1. 328 I 18.5 1. 047 27. 5 

10.0 1. 309 

1tit'. 
1. 035 28.0 

10. 5 1. 291 1. 022 J 

11. 0 1. 273 20.0 1. 010 29.0 

11. 5 1. 255 zo. 5 0. 997 29. 5 

12. 0 : 1. 239 21. 0 0.986 30.0 

12.5 1. 222 21. 5 o. 974 

13.0 1. 206 22.0 0. 963 
-·········-

13. 5 1. 190 22.5 0.951 
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1) 

oo-6 kPa. s) 

0.940 

0.930 

0.919 

0. 909 

0.898 

0.888 

0.897 

0.869 

0.850 

o. 850 

0.840 

0.832 

o. 323 

0.814 

0.805 

c. t ,~ ftl.r~i.itij: .&.It :~f~J~ll ;tJ 1iHti!;g '.:5"5lil 1.fUli~ 

C. t. t £7iif~5lil13U~flj~-A71iHW.:fiE5lilJ:Jtmf!T-Bt ,Ji\lm!JE.V,fF 
~14: 

1 * 11 lf!.~ttlli • .:::::~ mlli *'15!fi ·11:~ :11 ~tit•. i!>J R: µ_,( n * 
~:i11K1'.150. 0 mm, ?iliq£(:itl) lt1'.1 2 tiYii\14~1'.1£flii\14. 

2 :fi E.::::: ~ *'1 ~!jj. ·ii~:lliit•* m ii\ 14 Al :J;lt .::P )jj:: ~ 1 9=t ~ l'l .tV 
*m~~1m*'1tt~liYiJ.t#; lf!.~Vtlli*'1Vttrr c ~~?i > iit~*ffl * 
~ , x~ ® ;fll , ;;it .::P *'1;;it.::P®*'1iJ.t14 ; -~ 7iiJ ~5lil J:lt iJ.t~ii\ 14 1iY * 7J< 
tt~~#-:fiE~J:lt~ltiJ.t•iit#liY~JJ<)jj::~~~. 
c.1. 2 :'E-Elf!.~VtlliliYtt•.Jl\Z~irl'"~tl-~: 

1 rn -~ 7iif ~it•lf!.~mlli5£J:Jt. 
R= 22. 82 • ~<J5) cc. 1. 2-1) 

C:itlHtAI 2. o liY:fiE :rt9=t R-~JlH£<:itlK> Al 50. o mm, 

iJ.t14lf!.~Vtlli5il:lt CMPa); 
Is<soi-:fiE£1tii\14,~7iif~5iltm~cMPa). 

2 1f1£C:itl*)::f~-T 50. 0 mm B;f ,lf!.~mlli5iJttiY~iECt'li 
:E-E5ilt5t~). . 

R=R' (0. 448 6d0
•

204 9 ) 

2) ~~tlH~:fi: 

cc. 1. 2-2) 

co. 963 o+o. ooo 74d) cc. i. 
C:itlK)::f~-T 50. 0 mm BYlft~mlli5iJt 

CMPa); 
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d .. Jt{~ltl'U-KCmm)o 

3 j9j~1.0il !.<: > J;t~~f 2. oat ,ifitl1Jmffi3!i1&89f~IL 

R=R1[0.8221(~f
2826

] CC.1.2-4) 

;t;i:p R'-jtllj~~Oil-K>/f-~f 2. o Ht ,ifitl1JtJtlli5!JlCMPa); 
H-iJ!:ft.f:jtlfj(mm). 

c.1. 3 *Em!!L51.1tc~~r!>1¥Jtt•mttrF:t:H• = 

;t;i:p a,- -*E1¥.Jmf\l:5!iUJt<MPa) o 

c.1. 4 *Em!JY5m&~f1<c,c;o> a<Jtt•m~it r111HJll,J£ = 

1 mf!tr7tl%:t:1t•*:u.=.tlttit~tt!JY51.lt~~ = 

(C. 1. 3) 

c= ~ /&. cc. 1. 4-1) 

cp=arctan ~ 
2 v Ra, 

j\1f1 c-- -;ff:fiit~}J CMPa); 
'P -;ff:fip;j~-1f:I (°) 0 

(C. 1. 4-2) 

2 fP~JHJJ#Gffi51.lt~~B9H•m~it r9tl:J;Jl',JE: 
u ~JJ:lPF·fi ~ oo nm 1Jn fitI ~ a<J ~Ii tit ft.t l.;l: fiti ~ 5.¥. lt m rx. 

m*r7tl%:t:H•*Em!!L51.lt5fflmffiJI& = 

a, =I. 242 9I~i~J~~ CC. 1. 4-3) 
R=9. 357 9l~<l6~~ CC. 1. 

2) f!(ft~;t;(C. 1. 4-1) };t;t;(C. 1. 4~-2)if. C,<po 

C.1. 5 *E~1t~~a<Jtt•o 
0. 062 28<Js(50)Ns<l2. 349 8 Ht: 

Kp=O. 524 8+o. 435 3lgls(50)Ns cc. 1. 5) 
I,csolNs<O. 062 28 Ht ,KP~ O;ls(50)Ns>l2. 349 8 Ht ,KP~ l; 

;t;rp Kp-*E~{t~~; 
I,<so)Ns-:.kf'&tfil5ffl~f'1IH;i\ft.f:,~{ilf~5!i.li:f~~CMPa) o 
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c. 2 ia faI• 1Sl 119 ti'.iE 

c. 2.1 ;fffii£89 B a<JH::~Jl:fiti~EillifJ*~~B"lifH~:t:o 
c. 2. 2 iii>l:Htt~mfftriQ'®imfifiT>iE ;~m i:r a<J{~:H.m~1:ffij 
JE-{'j(o 
c. 2. 3 fSl:Htf.J£Jjiz~it r7tl:J;Jl!J£: 

1 :m.~ fiti~fSlB"J"f TT Illi.'l:=fU*11-tit~tJLl¥.J1Jnfilf 3f-f1 -1., ~Fn 
~~ "f JT Illi, llifJ *fll~lli.1l; flt llifJ * 1Y!tl titti.1~~7t 1'J 10 fJ1 --
12 §11.; VJ&fJmtt&fJ, m.~w~i>lB"l~&.1l.lli:bnfiti~. tc>*1ii!i 
fiti~ i¥J llifJ * 5f«U $1-tit~fJL 8"J i~~ o 

2 &fJ*mf!t*~~1~1¥.J~ttnr!m~~J£2~--3~. 
1i!P'~mt'XfiJ£~1iimfi@lv=i7tffi, ~JL:@lv=infi:t: 0 
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~-D ·--~~~-~R·~-~~ 
~idf8l:t1•J1 

D. 1 ~~~R.iJ!Yll:7tf-J:1'iittl\!~ 

D. 1. 1 *itY>*bll~il r~UJillJE: 

1 Wf*blIJJttliJ.\it~* ~*blI:WJH:t=i .f. *. 
2 ::k:l1!!.*;f,f>* o-xyz:~ z :1'Jfll¥rllJJ:,~ x Jg:@C;fiJHJt!fm 

•~1frllJ~11:~trllJ ,Jt1fm:1'1 ~. 
3 tl:(fL * t~ * o-x;y i z; : • Z; Jg li!i IL. rllJ ' m rllJ IL rl Jg 11: ' 

• x, :1'1 JJc :lfZ rllJ , ~ tfi :t=1 .f. * r!fu£ ~ • y;ftr r J: ¥ ~ fSJ ~m rllJ :1'111:. 
o. 1. 2 lliR:tf rllJm~il r~uJillJE:: 

lliRM•~~~-JgJ1:,:tfmM~:1'JlliRt£JJc•wm~~~ 
1f -fil , ~IHfi!:lli fL :1'Jfa-¥ rllJ , fi; Jg~ x, ~ 1f fll., ~Bi ~Jg¥ 11:@< ;ft)) 
$ttl~!itC~ y)~:tfUL~il:WrllJ. 

D.1. 3 tmtl:a:Jtf4:J¥%J31.I~ilr~U~JE: 

1 lli:fLR~blI~it:i :1'J;(frJtt£1L~J:~blI:i££J¥%,j :1'JJ31.I 
~£~blI~#J¥%.r:1'1m:ittt~••MM.~JJc•!fdl&Mmffi 
tt rllJ It ti: 0 

2 lliRIL:f?::lt%1t: i :1'JiJ!d:l:lliILJ¥% ,j :1'J~&t£iJ!tl:l:lliIL 
~5t%it~ti~J¥%,d :1'JiJ!HLIL:f?:. 

3 lliILIL~:i£%it: i :1'J?Jiltl:l:lliILJ¥% ,j Jg;(pJtt£iJ!tl:l:lliIL 
R~J:J:i\I:lt#~J¥% o 

D. 2 51.!liJ!tlfin~ 

D. 2. l li!i IL IL~ J3lI :it iJ!tl iJ.\71, li!i IL IL :f?: :it% l!i!tl iJ.\ 7* :f!l lli IL IL~ 
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(D. 2. 1) 

t.-~l!i!tlfil, x>t R ~ :f!lR~J:i\I :it79m iJ.\7* , :1'1~ ~ J3lI 
:Jtl!i!tl:l:fil 'x>t IL :f?::i£%imtl iJ.\71 ' Jg IU£*H xt :it 
% u/d i!i!tl:l:fil; 

k-~iJ!dfil1f;f£J¥%,k=m(i 1) (i= 1-3, 

j l~m,m JgJ3lr:Jtit~J:i\I~£rpJ31.I1f#J.111;~ 

%it~fMl~~1'-f;J; 

A.:1 ,A<2, ••• ,A.6-~i~tlfil1f;f£ ~Jiilj] * ~, m ~ /F 1~1] it)1J Ls.f.. /i fi:: 
1ifflf£. 

o. 2. 2 lliILW~m:itmuiitr=!~iJ!tlfil:tff:!i!ilin *~iliflir?IJ:tft.t; 

1ifflJE: 
tElliILW~J:~~ i blI:JtJ.AM:-i'XJ.i\ZJJ~~-!:J ~ lliit*li'F* 

~:iii~:l1!!.J31.I11**-:1'1: 

{

alJi (ax+ay)-2(ax-ay)cos28; sin281 

a,; - 2µ [(ax= a Y) co.s28; + 2rxy sin28i J 
<l!izi 2r yz cosO; 2r zx sm8; 

(D. 2. 2-1) 

J:trp µ-W:ti~7s.ft.Ht; 

az0-Jn:M!flB 
it ,J\m. 2.2-Dinifl-ll!!:~i'\89t/i=JL:==::f01@".lt:it-.x<t~·t:'1"9.f4ci'\~tHl :.:.:1iiJ 1,:;, 1!1: 

it;;J':i!H!L 

~ i !Jj_:Jt).).~ j Jjip:Jt It~ iJ!tl ~ 1iiI :it fil-!:J. rllJ J~J rllJ 11: 1iiI 7.1£ ,t11 

JYliiI:lt~**Jg: 
EiJ =t,; cos2 cpu +e(}isin2cp;j +y,;1Jisin2cpij (D. 2. 2-2) 

;f1JJtfliiIJJili:lt**~re:s'lJEfll!:,JH-t.AA;CD. 2. 2-1)1.ll!!J~ 

• 131 • 



W!d{i[Jf~(D. 2. 1) ,Jl\L:fJ *~Aki-Aki- ... ,AkaflffJtl0:itfifl)E: 
Ak1 [K1 +µ-20-µ2 )K2 cos20; Jsin2<pij -µ 

Akz [K1 +µ+20 )K2cos20Jsin2 <p9 -µ 

A.3 1- (1 +µK4 )sin2 <fij 

Ak4 = -4 Cl - µ 2
) K 2 sin20, sin2 <fa 

Aks =2(1 +µ)K3 cos0,sin2<pa 

Ak6 = -2(1 +µ)K 3 sin0,sin2<p;j 

(D. 2. 2-3) 

:it i:p Ki-K 2' K3 , K4-Ji\l ~ Jt ~ ~ 1i fj( *1'i liUf :(:£ liHL :E ~J: 8-9 
{~J:E*~o 

xiJi*!ffi:fL:===:rtrm:ittt ;fl:JY:X !#i :fL - itJ Jill :ittt, K 1 = Kz K3 = 

K4 =1 ;X;f~,t:_.,-§f*:it!#i:fL~itJJi\l:Jttt, {~II:*~ K Ci 1 ~4) EB 
!#i:fL#1£ R.Ji\l~ttP'l#12 R1, Ji\l~Jtm: tifili!H1LB-9#12 P• Bfil:EB-9 
~· ttm .. E' ta f'k tt µ ;fll PF•~ H!i ~ 8-9 5&1 •11: ~:I: ' 7a f'tHt µ1 

ffl~ I 
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Ki =di 0-µµ1 )(1-2µ1 +Ri 2 I p2 )+µµ1 

K2 =d2 0-µ1 )p2 +d3+d4µ1/p2 +ds/p4 

K~ =da Cl +RU p2
) 

Cµ1 -µ)Cl 2µ1 +RU p2) ]µ 

(D. 2. 2-4) 

d1 =l/[1-2µ1 +m2 +$0 -m2
) J 

dz =12(1-$)m2 (l -m2
) /(R2 D) 

d 3 =[m4 (4m2 3)(1-$)+x1+$]/D 
CD. 2. 2-5) 

d4 =-4Rr [m6 0-$)+x1 +$J/D 

ds 3R1[m4 Cl-$)+x1 +$]/D 

d6 l/[l+m2 +$Cl-m2
)] 

D=Cl +x$) [x1 +$+Cl (3m2 -6m4 +4m6
)] 

<x1 -x$)m2 [Cl -$)m6 + Cx1 +$) J 
[E1 Cl+µ) J/[EO +µ1)] 

CD. 2. 2---6) 

D. 2. 3 !ffi:fL:fL1£~%Wld~f!~i!i!d{i[Jf~Ji\l)J *~Ji\lt&:"f JrJ1f1! 
i!ffl)E: 

1:EMi/#iR:EMJ:,:Jt%ttB-9MiMM~•~B-9ffiMRft~ 
% uuf d ,E§~IH•j* o-x;y;z;~:it8-9J&Ji\l)J a<J.:k*P.1: 
E • (u,j/d)=[I+2Cl 

(D. 2. 3-1) 

:it i:f:1 r:t :ri , r:t vi , r:t zi ;fll r xiyi - -:5} JJU P.J EB !#i R ~ ;f,j ~ it 8-9 Ji\l JJ :5t 
o 1:E~?YJ~~t!m1~1Bt:Jf a;J, 4Hm~J 

fflf_i)l)JJ}:l:~f,.j:Jt~, ~~j!J ::ki& 
**'j*~:ito 

/#i:fL*;f,-F* o-x;y;z; E§::ki&*flf>* o-xyz a<Jffi1f..:k*.ftlll!J 
D. 2. 3 3fjj;, !ffi:fL*t'F * ~* tf-:1lt ffixiJ::ki&* t'F * 8-9 Jf itJ ~~.Yi!. 

D. 2. 3o 

X; 

Yi I 
Z; 

!l!t D. 2. 3 tHL.~lH~!! o-xiy,z, *~t"Mdll'l~:k:tl!!~fi-­

o-xyz ti{J:IJtcl~~ 

x y z 

l1 = - sin({Xi-(3;) m1 = cos({Xi -{3;) ni =O 

l2 =sina;cos({Xi-{3;) m2 = -sina;sin({Xi-{3;) nz=cosa; 

l3 =cosa;cos(f*,-(3;) m 3 =cosa; sin({Xi-{3;) n:;=sinai 
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N 

x 

00 D. 2. 3 ~fL*t-j~!=i.:kill!.*~~ff[![Jt~ 

~~ D. 2. 3 9=11¥J1f[PJ~~. f-tAJ.iiZJ:J?tii*:fij~~0A; 
<D. 2. 3-1) .1~¥UW.001i1fWA;CD. 2. D, ITTJJ.iiZJ:J *f! A..i-A..2' ... , 
A,e Fflr:VIJ0A:~;E: 

A;1=1-( 1 +µ)cos 2a;cos2 ({3o-{3;) + 

2(1-µ 2 )cos28j [1-(1 +sin2a;) cos2 <13o-13,) J 

2 ( 1 - µ 2 ) sin28i sina; sin2 (/3o -p;) 
A.~ 1-( l +µ)cos2a;sin2 ({3o-{3;) +2 

(1-µ 2 )cos281 [1-(1 +sin2a;) sin2 ([3o-{3;) J 

20-µ2 )sin28Jsina;sin2([3o-p;) 

A,s =(l +µ) [1-2(1-µ)cos281 Jcos2a;-µ 

Ak4 -O+µ) [cos2a;+20-µ)(l +sin2a,)cos20i J • 

sin2 (/3o -pJ -4 (1 - µ 2 
) sin28i sina; cos2 ({30 ) 

Aks =-(1 +µ) [l -2(1-µ)cos20J Jsin2a;sin([3o-{3;) 

4 ( 1 - µ 2
) sin20i cosa, cos(f3o -p;) 

Ak6 = -(1 +µ) [l -2(1-µ)cos201 Jsin2a;cos(/3o-{3;)-

40 -µ2 )sin28i cosa;sin(/3o ) 

(D. 2. 3-2) 
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~~OO!il¥13~~R*~~-*•oo~c~~ 

f{ Aki ,Akz ... ,Ake 83 r:VIJ0A;~i5: 
Akl (1 +µ) [1 +20 -µcos20i) Jsin2 (/3o-{3;)-µ 

Akz (1 +µ) [l +2( 1-µ)cos201 Jcos2 (/3o-f3; )-µ 

Aks 1 2(1-µ2 )cos20i 

Ak4 -0+µ)[1+20-µ)cos201 ]sin2(/3o ) 

Aks =4(1-µ 2 ) sin20Jcos(/3o -p;) 
Ak6 =-4(1-µ 2

) sin20Jsin(/3o-{3;) 

(D. 2. 3 :·D 

n~4 ~RR•J.iiZ~•~~••m1fW!\lln*f£!\llmr~h~ 

~5E: 

n:m i ~R=tL•i:f:11L'l'fl5fill¥1=i1Z!\IIJ:J~~!j~=fL*:fij**:iii 
1¥11:\lln 1¥J:**fflr:V1J%A:~:t5 = 

{
O'~ =aO',; +bO'y1 +cO'.; 

O'~ +aO'y1 +cO'.; 
/ 

t':xiyi 

(D. 2. 4-1) 

A:i:f a,b,c ,d-~=IL=IL••ooip,c,,li15tiJ:l¥JJ.iiZjJ~rp *f!o 
mi ~:rL=tL•m j !\II1t:Jt~• t¥JJ.i)z1e{i!j~ mi' tn rPJIEJ.iiZ1e 

*'1.JY !\II 1e 1¥1 ** ~ : 
E;j =Ex1 cos2 <f'ii +Ey1sin2% +y,,.yi sin2<p;J (D. 2. 4-2) 

>f!Jffl!\IIJ:J !\II1e:** 1¥1 re%J:£1f, :tHtAA; < D. 2. 4-1), ~ *l!. 
re~ D. 2. 3 9=11¥J1f[PJ ffi~~f-tAJ.iiZJ:J?t:lt O',;,O'yi ,O',,., c:.nyi, ~~;1] 

ffi::kilk*t1F**:iii,Affif~¥1JXll!.001i1fWA:<D. 2. U, ITTJ!\IIJ:J ~ft 
Aki ,Akz ' ••• ,A.6fflr:VIJ0.:c\;~;E: 

• 135 • 



Aki = B1 - (B1 - Bz sin2 ai cos2 ai) cos2 ({3o -{3;.) + 

~ B4 sina; sin2 ({3o ) 

Akz = B1 - CB1 - B2 sin2 a; cos2 a,) sin2 (/3o - {31) -

~ B 4 sina;sin2([3o-{3;) 

Ak3 = B2 cos2 a; + B3 sin2 a; 

CB1 - B 2 sin2 a; - B 3 cos2 a;) sin2 ({3o ) 

B1sinaicos2({3o-{3;) 

Aks (Bz - B3) sin2a; sin (f3o -13;) + B4 cosa; cos(f3o -13,) 
Ak6 (Bz-B3 )sin2a;cos({3o-{3; )-B4cOsa;sfo([3o ) 

(D. 2. 

{

B1 (b-µa)+(l +µ) (a-b)cos2<p;j 

J:\rp B2 = (a-µb) (1 +µHa-b)cos2
<pij 

H:i = < 1 - 1~) c 

H1 =Cl +1,)dsin2<p;1 

(D. 2. 

~f['.ft!IJ•a<J :i 't.Wi:fLtl: rrffl-·7.1<-l°-mLt CIIP a; =O), JQIJllil:}J * 
IJc A.1 ,A•i, ... ,A.ff}JrfJ1J*J:\~lii: 

1\11 -(I .,,,k+[Clr=d--µCu-c)+O +µ)(a-b)cos2 g:v Jsin2 C,&-jl) 

A.~ -0-1ik+[<h-c)-µ(a-c)+O +µ)(a-b)cos2 <p;j ]cos2 C,&-A) 

A..1-<u-,.0)-(1 +µ)(a-b)roi-9'.V 

A...1 =[--(b-c)+µCa-c)-(l+µ)(a-b)cos 2<pij ]sin2C,&-A) 

Ari =Cl +µ)dsin29'.Vcos(,&-jl) 

~ =-(1 +µ)dsinZcpv sin(,&-jl) 

(D. 2. 4-5) 
ff.,a,b,c,d Eb~lli~~flHt'lUH~, 11$ • #i:~J\~Jlliu~l!JH!t?e!Jl'f.J a=d= 1. 25, 

b=O,c=-o. 75(0. 5-t-µ) ,iftf;'ltliHilf~i!Jtfll~#l*"J?:Jlliu:fi~jGtf-)lf~?e!J a= 1. 37, 

b=-0. 14,c=-O. 62,d=l. 484 0 

D. 2. 5 fti'~l~l1~~Jf:Ht:t£•fti'fL i:f ±!t17 =~llilfJililtlia.\fl;f~ililHEl: 
Jf~B<Jllil}J *f{J_Jz:J:trF~UJr*lifflJE: 
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a•fti'R*~*··~··ifti'RMJmM~•~B<JmmR 
1~~% Uj Id• __l_:;jfti'fL*fij* o-xiy,z; ~~B<JlliZJJ?:HiB<J:k*Jlj\ 
CD. 2. 3-1), ~tm1J{ljf~-OJJt1J:\ CD. 2. 1) , ffif J_Jz}J *f{ Aki, 

Akz '••• ,Ak6 Pf 5tJJJW;fip£*fNJE'fii)(,, 5}Jjljliff1JE
0 

ff-l"- rm lliZJJ riiJ H! 1NJ£ ~ : 

J
Ak1 =1 +20 )cos2()1 

Ak2=1-2(1-µ 2 )cos2()1 

Ak4 =4(1-µ 2 )sin2e; 

lAk3 =Aks =Ak6 =O 

ff-l"- rm llil~ rPJ H! fNJE at : 
r Aki= Cl -µ 2

) Cl +2cos2()1 ) 

I Akz (1-µ 2
) (1-2cos2()1) 

1 Ak4 =4(1-µ2 )sin2()1 

Ak3 =Ako=O 

D. 3 :S-1*~1.J7tAita:i}it 

CD. 2. 5 1) 

CD. 2. 5 · 2) 

D. 3. 1 :E1*llil:}J5t:!fJ~tlfrjU053,'.;itJr: 

:E~llilhM~•$ilM:!t.~~-{l~fif{$~6~lliZJJ* 
:!tB<l*:iiJf{, ;f!JJff f{Imtft itB<Ji!VJ\=**l*JJll, ft;;~ jU iE~Jl!Jf~tll 
.3itfmlliljJ5t:!t r5x,ay, ... ,rxy 

n 

~Aiz 
k=l 

(D. 3. 1) 
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D. 3. 2 $i!ifLfL~Jii.E!l:~fiJ\7*~tll!}89fillh?t:!ifilirJcr?u~nUt!:tr 

*lif-~~: 
fiHL=fL~filI'.'!l:~~iJt7* ?J!H' 89 fill J1 ?tit , J! El3 li!i =FL* fffi * *l2i 

89, tE~flffifillfflB;f &:'~t1Cr?U0A':~~¥1J::kil!!.*lif-*_t-* o 

m O"J ,O"z ' ... ,0"6 ?fjjlj*;;f> O":nO"y ,O".- O"xy ,O"ynO"xr '::kil!!.*liY-** 
:ilia<1filln?t:1rPirttr9!J0A':it1' = 

O"j =(~1 O":n +cjZO"yi +cj30"2i +cj4 r:ayi +C1s ry;,; +cj6 Lzi.Ii 

(D. 3. 2-1) 

j= I-..6 

cj 1 -..c,6 ~;M:I»tfilI89fillh *~, rJcr?1J0A':it1' = 

Ci 1 = cos2 Yi sin2 (flo - fl;)+ sin2 Y; sin2 a, cos2 (flo -{];) 

~ sin2y, sina, sin2 (flo -[3;) 

C12 -Cn +sin2 ({3o-[3;) +sin2a,cos2 (flo-{3;) 

C13 =cos2a;cos2 Cflo ) 

C14 - sin2y; [ sin2 (flo ) sin2 
a; cos2 Cflo -[3;) J 

cos2y, sina; sin2 (flo -[3i) 

- cosy; sin2a; cos2 (flo -{];) + sinyi cosa, sin2 (flo -[3;) 

- sinyi sin2ai cos2 ({3o-[3;) -cosy; cosa; sin2 (flo ) 

(D. 3. 2-2) 

C21 = cos2 Y; cos2 (flo -[3;) + sin2 Y; sin2 a; sin2 (fJo -{3;) -

~ sin2yisina,sin2([3o-[3,) 

C22 -C21 + cos2 (flo -[3, )+ sin2 ai sin2 (flo -{];) 

C23 = ~-cl3 +cos2a; 

C24 = -C14 - sin2y; cos2 a1 

C25 -C15 -cosy;sin2ai 

C26 = -C16 - sinyi sin2a; 
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CD. 3. 2-3) 

C31 sin2 Y; cos2 
a; 

Csz = cos2 Yi cos2 ai 

C33 sin2a1 

Cs4 = sin2y; cos2 a; 

C3s =cosy;sin2a; 

c36 =siny,sin2a; 

( -cos2 Y; + sin2 y, sin2 a;) sin2 ({3o·-f3,) 

1 . 2 . z-sm Y;stna;cos2([3o-[3i) 

c42 = - ~ cos2 a, sin2 ({Jo - {31) 

c - 1 2 . 2( 
43 -z-cos aism {3o-[3;) 

CD. 3. 2-4) 

C44 = ~ sin2yi sin2 Cflo -{3;) ( 1 sin2 a,) cos2y, sina, cos2 (flo -pi) 

C4s = - ~ cosy;sin2a;sin2([3o-p, )-sinyicosa;cos2([3o-{J;) 

C46 = - ~ siny,sin2a,sin2([3o-p,) +cosY;COsa;cos2({3o-{3;) 

CD. 3. 2-5) 
Cs1 - siny; cosa; [siny,sinai sin(flo -pi )-cosy1 cos(flo -pi 

Cs2=-Cs1- ~ sin2a;sin([3o-p;) 

Cs3 = ~ sin2a; sin (flo -p;) 

Cs4 = -cosa; [sin2y;sina;sin([3o-p; )-cos2y;cos([3o-p
1

) J 
Css cosyicos2a,sin({3o-{J; )-siny,sina;cos(flo-p;) 

Cs6 =siny;cos2a;sin({3o-{J;) cosy;sina;cos(flo-{JJ 

(D. 3. 2-6) 
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C61 -sinyicosa;[sinyisina;cos(J%-{3; )+cosr;sin(J%-/3i)] 

C62 = -C61 - ~ sin2aicos(J%-{3J 

c63 = ~ sin2a;cos(J%-pJ 

c64 = -cosai[sin2y;sina;cos(J%-pJ +cos2y;sin(J%-{3;) J 
Css -Cs, +cos( y,-J% +{3;) (cos2a;+sina;) 

C6s = -Css sin(y; +/%-{31) (cos2a;-sina,) 

CD. 3. 2--7) 

U:r =ansin2 (J%-{3J (uy; sin2 a; +u,;cos2a;-?"yiziSin2aJ • 

cos2 (J% -p;) ( ?"nyi sina; -.-,;;,;; cosa;) sin2 CJ% -{31) 

ay =a xi cos2 (/% -p;) Cuy; sin2 a; +u,; cos2 a; -.-y;,; sin2aJ • 

sin2 (J%-{3; )-( •:ny;sina,-.-.;x; cosai )sin2(J%-{3;) 

az =ay; cos2 a; +a,; sin2 a; sin2a; 

sin2a; +a,,,cos2ai-'l:yizi sin2a; )sin2(/3o -{3; )-

( ?":nyi sina, -.-.;xi cosa; )cos2(J%-{3;) 

1 J•y:;=2 -ay;+u,;)sin2a; cos2aJsin(J%-{3J+ 

I (?":nyi cosa,+.-'liri sina; )cos(J%-pJ 

l
. ?"u = ~ [ (-ay; +a,; )s.in2a; ~2ry;z;cos2aJcos(J%-{3; )-

( ?":nyi cosa; s1na;) sm (/% -p;) 

D. 4 :a1*.±Etlf1*1j\]1Jtntc:Jit1f:i}i\ 

D. 4. I .±llilfJ!'fl:::k1N.itrrli:r31tl0:r.\:itJJ: 

(1-f (~f OH;f: 
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(D. 3. 2-8) 

(D. 4. 1-1) 

CD. 4. 1 2) 

(D. 4. 1--3) 

w=cos~ 1 [-~1J-(~f J (D. 4. 

r j I =a1 +az +a3 =ax +a, 

1, I 2 _ a1a2 +a2a3 +a3a1 =a:r17 Y +uya, +aza.., -,~ 
J3-a1aza3=a:r17yaz-axr;, -ar2 +2~ ~ ~ 

Z xy , "IY"Y..::"tt 

J:\:9=' a; ,13,-±JJY.j] l'flft]lijfj ,1f{il.1FJ; 
l; ,m; ,n,-±JJY.j]l'fl1f jp]~5! 0 
Jti:p 

(D. 4. 1-5) 

CD.4.2--J) 

• 141 • 



{

li=A! 

m;=B/ 

n, 
' 

(r:Ty -a;)ru 

fox -a;) rY" 

(ax -ai) (ay -a; )-r~ 

CD. 4. 2-2) 

CD. 4. 2-3) 

ti:, Jt'i=' ±:Jitz:f:Je<Jfliliifl ltrJrUiffliTHc::h a, ;f1l fl;, i!Hl.ti:Xii:, Jlt9.te<J a; ;f1l fl; ~M f~ 

tL l¥J flili ffl ;f111f m ffl o 
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tJt.fi * Ji!if§l~ :>cat , :xt r ~ 3JtF m f§llf 8{J ffl iiil i>t oo ~rrf , ~ft! 
:tEtJt.fi 9=t ~,JJ~ :x;J:f.¥ 0 

o) ~~ 1~F #f , i~ JS: ;f-t:f~ ~!'if 8{J ffl iiiJ : 
iE 00 iii] *ffl" i,g,~" ; 
&OOiiil*ffl"F~" o 

c 2) *ffi Fm . :tEiE ?ittff & r :t$J ml! *'f 1~ 8{J m iiU : 
iE 00iiU*ffl"1itz" ; 
&00iiil*ffl"~ntl"~"~1-t" 0 

<3) ~ffiftilfffl:ff m~. :tE~14i!fl'if a;Jtt 1GmJS:;t-¥:~8{Jffl riil: 
iE 00 iiiJ *ffl "'§." ~" i:iJ" ; 
&OOiiil*ffl"~'§." 0 

c 4)*ffi:ff m~ ,:t£-Ji:~14rl'if ~JS:;t-¥:1~8{] ·*ffl"l'if" 0 
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~ ;t_ ~ ~ ~ 0 ~ 1 )~ '.}' )It >!% ' ;; 711 • ~ -5- ' *- J;Jl ife.. Ji. 

·~o 
1. o. 1 :E-.f:i iJtYi l¥J nX:* , let llR tk: r E .f:i * :.'!t 69tt1lfr , ><. ~ iJt .%!/f 
~. iJ!.:14%:5 JOOUtit~14flliJt.%J:~;tft69~n(ii] o ~1fiij{( •• IfiE-E" 
tit.%rm.fi>>( QJ. rM~1Jll.f~) 69 § 69 ,J!f9!~mf1£:i1!H~ pgE.f:iiJt.%! 
fll :E-1* 1* 1illiil }J .1t% , 5! J3t ~ 19!U iJt at ::fi -1-~ - 69 /f ~ , f9!Wf ::fi 
69ilt.%rfllilt.%rnX:*:A::fi -~·~%Pm 1:t:~ o 
1. O. 3 ;(£ :E' .f:i iJ!.:Yi 9:i , ~ 1fi: m :E" :l$ 69 * JOCI fr: ' {9!;<'.:, :A::fi JE ~ l¥J 
1-t;;&·~, ti~ir$&~~ IB]I;N:lt!!.l!fr1li:lG~~IBJJXl..1tf¥!JtE.f:il¥J'~llfr o 

ffii:1Jll.fi31UA 181-ilt@#HOOU:tii! §, 29 f!P:/f~, pg~_±~J;JE-E"~~ 
·~llfr • )J ~·~l!fr • it ~·~llfr 69 ~ pg i}\.%! , /l~ 1!! 1i5E1* 1* lli: iiJ!U JA:i:J! § o 

•••••~69~-~~·•*•m~~~~*•m69•••* 
M$ 'Xif E1* DJ( 1ir7muilt69~ * i:!1~$r:lt $ 'i'ii~ 1it ffl l¥J Ei* ffi{ UL iiJ!U 
Mr£ :1f~-E1*12%tit.%! Oftffi *1i ~. li!l :tL 52:JfHt~, ~ ~}.t; > • :E-
1*-liilJJ iiJ!Uilt <:tL~JJ.\l.:':!£~. 1U£1:!£%~ .1Lf~liil52~.JJ\,ffi~~~ >, 
:E-1*5lil.!Jttit.%!C~·1*~~001i99 .:E-1*1[~) ~A*j1.fio Jj ?'r '1& 
:tm<<~r-M.J(,f~:«fll1H•mf Ifi-~f,ji-tfY:'i¥ I f1':69lfl~ »C •• 
i:iBl§C2007J 1375 ~ ),Mf~ ·*1Z~~'i¥~fil, ~ffii:1Jll.:§li:f:il¥J1t~5t 
:fffJJ! § <~±.ff~~JE)iJl1~¥1J«•lE*IW;fi ±1t~5ttff1Jll.~»i:f:i, 
5JcY, * 1Jll.:f1l i:t:i JJHH !* o *ti: f~ n .1.: fflS IA~ :ryt EI l¥J pg ~. ilt .%! Jf r:E: • 
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Wi.I ~1£ :ft ~ffi 00 lk?'rli!l :tL tt tfC 00 , lit.%r:l:lt!llfr ~ Wi , lit.%!Wi.I ~tit.%! R.i: 
W.~ff!JOOOO~o 

2. 1. 8 * :z:i,~{fif~lit.%r*ffl" R. >)"50 nirn. "%tfe¥~"Jg 1 691Jt 
f4tt: J;J ¥fl lit 14 o "R. -t" m lit 14li1£~ :siz. :M:J :OO:Il = 12~lit~m1Jt 
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2.1.12 ~i>tr!1£**fflfi65t-=ffJ;JD~~*4kJ.filift~;tt~" 

3. 0.1 *-E"lit®IfF:1£tf:~7flfiIW1Jll.;fl,IW±t!!llfr~14. ~tt 

!!':00 •• (~)~~--~fll:h'&I/f~69£fil!U::ittH o !lflt•mf I~ 
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pgW, tit®/f~. iltMrE~:ll:~ml JEIJJ~~i-i-llfi"Eit Et~~>J<., J-t~*ilt 
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3. o. 2 *~:1!x1:E--E"*:l$69~*0 1£:E-.f:iilt®i:f:i .~!1Hfil*:l$* 
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JXl..1tfill:E-.f:i69ttllfr,-m*:l$Br!PJ-E~fll!PJ-Etto~T 

~••&fll8JXl..1t69*-E",*:l$~-~~-~-Jl%1l**tt~~ 
1t69~nfiil .•m1£~9: i:t:i•&:69atraJ ,J!Rtll 69:E-:l$~:fl:.ttP m~111tre 
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f?F,1f~nMt ,M~ ,~:litf ,JXHt~JtVJlki.lt!J<it:tJt ~•· 
*~~~1f~-~~~-~~~~.~~~~~~~~m~ 
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~-~, VJWJ£1:ffiWP~Jt bl!M~-~~JJt&. 
C2)~7tMWiil:f£M!J'llf!j1Wf:ilfft~mr:p,L,,~1'llE ,X:1Jit.;;::ff::M! 

7'Jt L-~mm~"1lftv.~~1*filr+5¥;tt i:p,L.,. r&fil~?gf]tJW~1r 
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~•&ff?gf]~.~+¥tti:f:l~~-tv.~¥f.£1:••at:1illl::.. 

i:f:lx>tlf~:ilfftW•~JE;tJ§, iffl~x·Hf!JW!IQll 

tv:~:JuJ\&ft:l:i!.HrimtlJE. VJ1Wr*EB<J*~~JE1"i. 
l)*E7'Jti:f:lx•Ht~"1litv::k1J\~imtlJE 

i:p~~lf~"1lft)j:~j(;J\ ,ill ?it Q,{ -~~1r:f?:*~~' 

-JN"#J!tl Jt .:If ±41 tv.1} , :fJi tt ~ 1f ~ "1li ~ 1Wf imtl X * J!l ;fl:! J.1 JJL § fir 1lt 
Jti~i!i!tl~1rit.;;:k3&fi-# :A.IM5E ,¥ § ?gf]Jj!tlJE;fl:J § ?gfJ19!tlJE, § 
fir$*JtJA.IMJE,~JtJ§m*1iRM:l:.W•MJE#~~-~ 
lm:~~*E~iiJf~-~~« A1*7t$»i:f:l ~fiff*. 

2)*EriJti:f:llf~ftil:~#J!tlJE 

*Ei:f:llf~~*•~mlf~:r±*Er:f:tJ:iff ~1*ms*tt. * 
EriJti:f:l•#lf•~*•1ilx~mfioom~s*~·•J£:nit.;; 
fi =AI mu J£ m, ¥ § Z3IJ ~J J£ i!, g:i ?gfJ wiu J£ It.;; ;fl:! § wm tt ~It.;;. x r:p 
§tti!tltt~It.;;fAl~ .• ffl.M:W:mmit. i:f:l~11tm. w•mu 9~ 
Uil1*:Jt~))i:f:l~fiff*· . 

3)M~~~m 

*EM~ ,-JlN:£m!il.~*E~lft!W~MAWJi,"1lftv::k1J\, 

1f~ID:;(§;, § IDWJ!l&Jt:ffllf:A:~. f9iJftll :;kM*~M~tltMfsW 
ll*~ = ~Aim~ffl ,3JliJtl!IImM~ ,¥AEnM~; mmw .. ~•tv:~:k 
1J\*:1il:Mfsmi~~(fst)j::kf 5 mm :1ilt§.tv:M~.2 mm~5 mm 
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jgt=pt)Lm~ ,0. 2 mm~2 mm jg~t\Lm~ ,/Jv=f 0. 2 mm jgWlt\Lm 
~> ;j3(1f!fm § %fli!:J!!'.%jg: r:i %tllttm~, 'E%~ttm~ ,~ r:i % 
tll~m~; j3(1f!fmD~u1n'L*~*jg: 5e1:.m~, &Ell:itlm~, vr-11 
m~, -El. ttm~, :ijlMm~~; mlfJvti-5tjg: ~~m~, ?&ttm~, • 
~m~, w.mtm~ o 

*E~~m.~m*Ertir•~~~z~~r•~~~~x 
ftfilJl'l'l'ilHtCttll~-) Zf8J ~f:lf:Jtl, )t:ijl:tf :J:t;:fft!L*~ ~t~11L f9iJ 
-tin :m~ft*E~mtt~m ,xJl'l*rti ~tltitttt~m ,::G:mt*rti~Jt 
tt~m, Jt!ff(tt~m, "f;fl{tt~m~~Ji!of9fl1E*~~:m:~1l<tlr5. 

4. o. 5 m5fHJ~llL 

EEJE~jJ(P,f{1f !fmJl'l%' Mt\L::k/J\, m~~m' Ji'lE:tf :J:t;~:itt 
ff%~fl:JJE~, ~ :Jf.P!UiT-~:Ji!l!.JE~~«EE~Jt ))(SY /T 

5368). 
5.0.1 *E1tJJ<..$Ji!omiJ\14t£ 105 ·c~110 ·c•J3tr;;Jt¥TJ 
nt~~*~mt•~fb\#mt•z~m.~~*••~.m~;;itf 
•J3t«mmr/FttmaJJ<.r•~*E·~••mmaJJ<.r!fm 
E*m~1~•J3t11J!tlJ£,*•*1ltx>trM&ilimAJJ<.r!fm~*::ri ,ttJJ< 
.$iJ\~;;itfililtJ3t~*1J:tE 40 ·c 5 .Xftb\~~;;itfillll!!:~~tt 

7J<.$b\~~-. 

~I!ltEE Cip.~Vtffi5!iil!!: Rw<3o MPa) '1=1-tllllti±E, VB:Y(E 
~. ~~±r!fm,X1tJJ<..$x>fEEJJ~·ttmt:.H"$t::k~ 

nffil, !ZS!~, rj!tlJE~I!ltEEtE:X~it~r ~1tJJ<..$x>t%tlT!E"Eifli!:·tt 
I!lt:.H" ~ ~i-lltSC 

/$:?X tiiT tBJIJ ~" Jt ~ f ~i!", X ffii: !ZS! Ji!o~m i"t - :tri! ~ ip. 11I. 
t&:V. 
5.0.3 :tEftl!.r7J<$ ~:it!;IK,3Ci!*Mffi'if!,*mMfi!ii!. * 
iflijf1lf*it ,liJ-**,jg4lft1 ,:ff:Qt¥Ui.lt~. {¥~:X~1t7J<.~~; *1J* 
f!r~:fi *it~~ 1eM, ta:~ rti *l«::ff ~ntfJi. ~ 12i jiJ 32$1J 1t ;](.$ ~ 
§~. 
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.t q ·nr:h, 

5. o. 4 *r;;Jtfiat*ti-f'l, 00 pg 7'~1f *1Jl!ffil:.H"M#:Ji!l!.JE: -#~ 
mnt1'8J~ili'J. RP:ti:mJE:illlJ3tr;;Jtf:fffnt1'8J, -·#~m~•~ 
*1J, f!P:tEmJE:illlJ3tr;;Jt?e:m•. x>trm•, .X:.H"M#f!Wff-:-#iA 
jgM?X~•z:£/FJm:t.t o. o5 g, f!P¥TJ:t5·m•1~-#:1f.JE:;f§~ 24 h 

M?X~•z:£/FJm:t.tFo-?X~• o. 1 % f!P jgm:I:. ~ tt$ti.lt 
~iiEf!ij::t£1Jl!JE:•J!!:r,iJt*iE 20 h ~pg:i!g~$15¥1Jtii:I:. jgT 
fii 1t?Y!tl iJt Cf~ , /$:iX fliiT~ jg Ht f'BJ ~ *1J • Jf: mJE: ;;it f 24 h ft jg iJt 
#;;!tf~~. ' 
6.1.1 :l:mti!~?.OOtlJE:!E"E~*-ll.WJ!!'.~f!f~tff-~:tfi!,fil1*tt:fifl: 
@f:El)j, :t£1:.?2°I ftt=p~ftt::k:l:i.lt~ ,tJ:tJ:Xl~~JE:itl:J!!:~Ji'. --,U 
if itHrf-'flilf:r,m § ~:i:::k£~ Ifli!: at *m /$::tfi! x>tt~~;ti-:fl !i~ ~ 1 ~ 
•·tt*ifli ?.OOtlJE:X~~W J3t. 
6.1. 3 ?Y!tl5Eli!*-ll.WJ3t~i.lt*·*MiruHE:!;Jc~*I!!:Fo~i.ltf!.f:lttfr$ 
-Jt:MJi'lE5.E5/FM1t:.H"ffl~~M. ~*~*5*-ll~MJE: 
r:p,ytt~>J<./F::kf 0.125 mm, rm::k$tt:Jf.JEjg/j\ o. 25 mm. 

;ltU~i.lt~W:f ;'fSH.iE~. ffl:ll::k*-li.1~jg 1 mm !E"5ft b\~ll>f, x>tffitl JE:m 
5iHl~ nffil11VJ\ , JYf VJ/$: 1JI! l:lHJI! Ji: E 5 ~ms :ii :t.t o. 2 5 mm ~ 1L. i"t ii!. 
~OO*tff-~;f§-~. 

6.1. 4 *~~ 1•*~b\*B<J;;itftf>~,ffii:m!fi1l5E:t£105 ·c~ 
110 °CilllJ3t"F;;Jtf 12 h. :zjs:~fliajg;;JtfntlEiJ/Fl~Yf 6 h,-'=;j 00 
**T>~fl:IJtfti-'r .\fr. tffi ~.!« 1~-~; l!Ul& /F l!'tJ ~ * E , -JIN:l~Hl *~ 
;;it 6 h~8 h.~~±*~;;it 8 h~10 h. 

*~~4•iJt•m~iat•jg••*~•M.~m•Mnt.m 
mJt~:ffll~Jlf:'9:,/Fn~m~~r!. ~IW!Z3~1'~1f*~. 51 it:Qt5~Pf~ 
:lJlgl(;mm~~$t&. 

6.1. 5 /$:~~ 1 •D*-ll.WJ!!:~it~0:J:t;jg: 

f~f,-'l v Ji!o:ii:M11J!~JE"IJ:tM~I!lt!t.&X*ll~~rml~, f!P: 
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Ci5i!Yl 6. L 5-2) 
(JwT 

ftAACi5i!Yl 6.1. 5-l)i:j:i~: 

P•-m +m -m 1 s 2 
( iji IYl 6. 1. 

{JwT 

1.1.1 *iJt~~~,fefJ\Jg;EE~JJt,*7X1~iTi&J;JEE~f*~ll. 

~00fij((I;fj;Ef*W.:~:Jff!fijf{£»CGB/T 50266)Jlil1{;}~-o Jlll: 
fRf!~tlJ:E;EE~f*~ll. ~~:U[ffFfifftJJD.m'..Y!UW.:flf:ftJ*~*E' :Jff! 
~ ~, itJlJD.:!lf1£~, rm H/F ~tit~J;f~ B<J~ IJfPJ, ff! Pffl~iiEtitflf:ifftJ 
4-:fi JE~B<J*"llo 
1.1. 2 **'~ I ~Nf~tlt1i4ili!i"EtJL. J;J FE~B<J~m~~UEli!i 
~.1f4}-#/Fll:IJ:J;,M~,x1f/Fll:!Jii!lle<J;EE~tl:itl2!;r¥/Fll:IJ~~1JE 

~%~~B<JOOf:*oli!i"Em£~~~#~~.F~~~m£/F~tt 

o. os mm, i5' !ilU ~~ ::ktit flf: 1H~ffe!£ ; li!i :llt::l!ll mfiE E J!£ iiJ!;fj 1l rm 
jf{t,-N! 5 r&VJ r ;EE *ffl I ooo r/min, 6 r&W:J:;EE/F~tt 
850 r/mino 
1. 1. 3 iUHf! B<Jtit#m'.~ R -t lk*" 1l ~ lft~ mffi3lil lltit ~Et~ tit 
flf:'.Jt~;tt:J 11:1J, IZ5l:l:fRf!~tl~f*~ ll~~~1Mttr-·11:tit~. wr w: ~ 1!ftit# 
troI~~fflll:IJ-mtitflf:. tit~atJ'G~tl~f*~1l .~lfi wm:fi •~m& 
5lillltit~ 0 

1.1. 4 **'~ 3 ~~aJ:Er~llat, W:W.:11f:1JtratfBJ 24 h f'FJ;J~ 
:ltfijft, :lildlttt!HJJ7Xtit~~ ite<J~ * 'ii!~ 00 ~fijft;tt:J-~ 0 

1. 1. s tit~JD.:!lmJll!o m f:¥'f E :Ji!:ffl~~~tt15:llt:filil:~' iJ\~ 
~:!le<J£#, ret&J!!JcE E~~, 1Y"~ JD.%, JXt,-ft;fjlftlkJt~~~* 
~ Ji:fl-·11:£, -lli.-Elffl T tit~tt# B<Jffe!£ o ~m',;fj:AA',~: - '1'-tit flf:f­
fitit~, 4ij:"f'-tit flf: B<J tit~~*~'€$ ~1 m , /F * f- :!SJ m 0 *<X • 1& 
Jg: -1-tit{lf:1jlfi~tl~,ffi£{t1Jv=f 0. 05 g/cm1at!lllf-:ISJ{to f 
fi£{t::kf 0. 05 g/cm:iat .#1:1-W.:141'fJ~Jft11SJ!Jlfj ,/F>J<:f-±S.Jii~L 
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· ntttnL.' 

C7. 1. 5-5)~ili :fL~$B<JitJl0Adf?.~:mtts~i91tlff<JE 

E~tll~JJUn~f*f~JJtitJl>J<:1to ~-EfL~-El.ffll~itfLmft:fl:IJf 
l=l fL~, ~;fz:fll~,~.fLmft ·*0A>1<:1tB<J:Ji!:,~,fLmft$o EEfL~ 
$ l'fJ fJ $7JIJ.litr , Ji!: ~1Mlil1l :fl1~trll1t% , 4\f §Jtl :Ji!:Jf l=l fL mlt ~ 9~ Ji!. it 
ii , filHJtJj( ~ fL ~WT J:l1E , x;J * E tt mt B<J i& jf J:t tie fife~ , ffl W: #IJ ltJT 
EE l'fJ Jxlf-t•l1f t£:fll~~~-"ff ;fjJJt o 
7. 2. 1 Jj( i:j:i,fefj\:ltf!W.:~' ~ :J;,M;fjJj( i:p ~· *ffl ~,fefj\ 3( f. * lX ~ 
iJJ&Jgf¥Jj(fJ$3Cf-:fl:IEt!-=f3Cf-1Ki:j:i-f$il:. §Brr, ift#f !r, ::kJF• 
ff<Jf;Jj(jJ $3Cf :fl1Et!-=f3Cf Iitrffl B tff lk , ffl 'E :ilt:~-T~:lt J!:tm ftil {@ , 

·~tm o D Jj( fJ $ 3C 1JZ-:fll Et! -=f 3C f- B<J *" 1l J!'. >k Ji!: ;tt:J ll:IJ B<J , -*JP. {ii.ft~ 
m ei s B<Jt1i **'flf:ffm-#:Jff! o 
1. 2. 3 tit flf: B<J %tt 7t J;J:J;.mmu tit flf: :fll/F mmu tit flf: , ff! tit flf:~ oo fto :ft 
IYl .H tte!H ~ ftik:~ , ~tr-® tro I$.~ mll tt , i5' !l!U M~tl tit~ :!l:fi ~ nfliJ o 
7. 2. 5 tit~~:!lm:m!~ili T *~*ll (po), r• 1l Cpd)' tf!!:fl:IW 
llCp .. ) B<JitJl0A, J!'.tl:l!DJJ(fJ$3Cf-:fll Et!-=f 3C¥:ilt:fiJj( i:p~ 
:lt:fllit•tit#f*fRB<J/Fll:IJo*fflDJJ(fJ$3C:IJL•~B<JJj(i:p£11:Ji!: 
tit#~Jj(i:pB<J•tJ~~fJZ£otit#~~~i:pB<J£•:flltit#~Jj( 
i:pB<J£•z£J:;im:®'k~tit~mllcT °C) ate<JW lle<J f:tit. epyg 
iltftfB<Jf*fRo *fflEt!-=f3(1JL-f$1~titftf~~~Jj( i:p B<J £•Cm~) 11P 
J;J•#•H•f*B<Jmt•.J:;itit&mll-r•m*~llB<JJ:titMJgtit 
14B<Jf* fR o -f9iHo 0 AC 7. 2. 5-1) B<J tit {lf: fl~ Jf • f* B<J mt :lit "'tJ 
(m,,, -mw), rm0A(7. 2. 5-4) i:j:itit{lf:fl~H•f*B<JJW:-JIJ;J m~ ,:lf'h~ 
fl} ffl ~ ~ i:p B<J JW::lt;tt:J~ , tit 8:2~1!f B<J IKJJU o 

7. 3. 1 tit{lf:B<J~#, J:::t *f5lfflE.fi!tf'Fjg~#f,tl'4, i'!Jc~•:!>tU:. fl..I! 
XM#*ffl•?t-r~ef'FJ;J@Mf,t•.~*••re~ffl/Fll:IJWH 
f,t•B<Jtit~:Jff!~~jg~#f! 0 

7. 3. 3 ~'.£;f f!-Ni*ffl/F :AA'.!iliJ il\flf:, titftfitl f.E:t"J Jg 40 mm,..._, 
60 mm, tit{lf:~OO:ff!Yl.H l'fJ~!H~fii#t~ at,~~ llfPJiJ!tltitJD.:!l, 12;1 lit 
tit{lf:~ trllIJD.wmll!l:k o 
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1. 3. 4 *JtJEttJ&;MiJ.\f41t-t, ~*·~~itHJllt, m.JJttt~~~ 
it Ett~A 1J.\f4~1!1lt r:f:t , m.JJtf~ 7 ~1! ii\ f4!1ffi ~ ~, ~ ~ ~ d7'G 
~ttlmo 125Lrlt,::$:1J.\&*ffl:bomflH1lttE~~~ C!'g 57 °C) B<Jtt 
~o EttJ&;JJt5e1t~::k.1:EittrriJ.\~at, ~xif EttB<JJ&;JJtiltrr~ 

?j!tl , Jttf rt J::j * E ~1*!&; JJtiJ.\& Ef<J 71< r:f:t ~:1:7* ;f{f IPJ a 

*ffliWi?t-f-~E!ifJ&;i-tiJ.\f4at. fi~JlElittMB<J~.~, 

MMBttMa.!::j~~tt@*1Gd.~ffl~mo IPJ!t-t~A::ftM7J<tt. 

~ 1?JJ·l".E. ~ ~ ~ • ~1t!.t~ tv. liHn it~ Mi!l!. ~-1".f fj~ o x>t f .::p;m~uK: B<J 
• -'12:*ffliWi ?t+l*t E!i~MiJ.\14*iYltlJ£* E ~f*W JJt o 
~ fttl ll3tntat , :$tllt'-~*tt Ef<J l*t:flifftl All r:t I£• mt r:f:t , ~:ho A Jf 

BfifiilM:1flJ ,ffll£1'mt~~ .:bit~ ,:f.f7'G~M•~~a)j~~ep~'ftffl o 

~nt f±~ 9: r:f:t ~~ -=f ;)j • ffl J5'fffl 31. HP :bit~mt:bit WM , Eb f Jf B fifiil Ef<J 
~~.xtnt!.lll.M.~~·~::ft*tl~. IZ5lllt .~'ffflm~~it~iP ffl&li ·* 
:ftBJXl.~CBJXt;ff!l*J )~ff a 

7. 3. s la?; !-t;fJ *1t B<J la?; Ji , E tt Ef<J W Ji~ :ft::ffE ~f*i&; JtiJ.\& Ef<J 71< 
r:f:t~flrtr:f:t~iY!tl; ~ Z:.#ii~EI!~ s~~~~~~*· J&;Jt-J;J 
L 4 g/ cm3

, ~lt:Z:.#iil*JEl'f-'=jJf M c2+ 8) ~ilitl B<Jll3tnt, it•W Ji 
-J;J 1. 037 6 g/cm3 

0 

8. 0.1 *E11&71<$~1IIJJ.\f4:ft::k9:f[1J~~m_~f4r ·*ffl §Eb 
1J&7j(ft!J&A7J<Ef<JJ1fr:I: J::j ;;tt.::PiJ.\14 JlfrflZ. tt, 0-a ?t~~m o 

~~11&71<$~1J.\#:ft~~~#rB<J•::k11&7J<:ft.!::j;;tt.::PiJ.\#Jlfr:l:z 

tt, iv. s~ ?t~~ffi o 

8. o. 3 iJ.\f4~~xif*E11&71<$E!<JiJ.\&~Jf!:::ft-}EEf<J~nrf!J .::$:~]@ 

*ro••ttm~JJtiJ.\&B<JiJ.\f4fF-J;J11&7J<ttiJ.\&B<J~~iJ.\#,!Z5J-J;J 

••ttBS.5iJJtiJ.\&-J!Bt1'ft5'fffl~~.::p .~C ~~)tt~B<Jmlli5ili, M 
J,Ylii\~*ffl;f§ IPJ f!'~iJ.\14, ~fi~~yftpj*'f Ei<JI tf:I:, Jl::ft;fljiJ.\~~f:-+ 
B<J ttx>t&iiL n :ff :ft ftiJ 11i-• rnrJ ii\ f4::ft m xt at. 7f ft.if* ro ~•mu 
ii\ 14, ff!~ >Jt~ftiJ m~ rw ~ii\ 14 • 
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8. o. 4 § Ef:J!J&Jj(~}E~j~:iJ.\~~f:-+iiEa)j .~Jj( 24 h 3¥-~fi~Jt:ftl 
gfgx;f!J&Jj(ltf!'~ 85 % , 48 h fi~:tS:flJ 94 % , ~~~Jj( Ef{J IJ&Jj(fl~IVJ\ 0 
IZ5Jllt,:ft::k9:lli.1Jr!1&7J<Ef<J~}Ef!ji1HlJ£*ffl 48 h.7'G~fi~N~* 
EiJ.\{4Ei<Jl1&7J<~tto tfg~!J&Jj($1J.t~Ef<JiJ.\{4~ftiJ~~.«~!mI@ 

*E1J.t&•m»~1I-~;;tt.::PiJ.\#*ffl•$rtttg~~-~M9:7* 
-~o ((Jj(~tl7j(~I@*E1J.t&~l@HSL 264) Ji!tl~J!t'- § ~IJ&Jj(tfg 

~J5B<JiJ.\f4~ittrr•$ttttg~~-~M9:7tm~o*••*ffl1I 
•x>t;;tt .::PiJ.\ 14*ffl • tjftttg~~-~M9:7tm~. 
8. o. s 4>:~r:f:tAC8. o. 5-3)Jf:ttg7J<•~B<Jit•-0Ao m7l<~fl 
~W~*Ett•ttB<J-~:flI~o B<Jttg7J<•~-H~~s­
o. 8 z.1aL ttg7J<•~:tl::k.ma)j1ftff.r a Ef:JIJ&7j(J5fil~B<J~IB.1::tr 
~~ ·*E1&t~~it7*EK:~$, !Z51W*EB<Jm7*·1".E:wt£. 
9.1.1 *E § Eil~EK:$~*EiJ.\141:E~7J<J5F'-EE!<J1£rP1 ~-rPJ 
:rt~ ,Jt§Jtl.!::j !ij(iJ.tf41I1£~~JJtztt. w-l"'r?t~~m 0 4>:1J.\~1Xm 

fflf~Jj(~~WA•B<J*E o :tm5F!:*E~7J<af*.~Jm«f'k!mI@± 
I~&•@»CTB 10102)ffl~ii$E!<J*~~tl § Ef:J~BK;$,Jf:{£d5J!:1Ji 
1!r r:p ff a)j 0 

9. 1. 3 ii\ 14 M ~ 00 3¥- ii\ flt ~ 00 ~ 3¥-~ Ji ft if 1A1i1 -J;J 
05 mm,.!fWOO-'=j·~~1Iltftilf~£jj±O. 25° o 

9.1. 4 4>:1k~ 3 ~-=f?t*3C~Y.:E;tt~;ff~tt~ff fil!l}E~~~ti 

7J<,*ff~A7J<r:f:t$?t~~l?JJJj(;t,:f*1J.C1!rHittlhJL±*f\~), W.1*iiE 
-=f ii"~~~tfil :t1' 0 

~~1 *EMrP1~*8EK:$~*EiJ.\#~::ft•rP1~-~~~­
rP1~%B<J~f4r •• rP]~ 5 kPa {iif~at ,f1&7J<J5F1:Ei<J$1HM1e% tJ 
iJ.\f4!ij(r.ltiJJtZ.tt, i:Js ?t~~mo 4>:1J.\!Jimfflf~~*E. 
9. 2. 2 *E1liltlrP1~-~EK:$1J.\!Jif~r:f:tfl'~:ffr:~Jf~Jt~1J\fiJ.\f4 

iWi JJt ~__tr ~7l<fliz~, ~~ m f :ffr:ffilJfiWi Jt~ ~. 51 ~ii\ f4ttg ~ 
~ ~ BK:J5 1±1 ~ = rPJ ~% o !ij(~]@ :ffr: ffil Jf ~Ji 7'J 40 mm, ~ /EliiE a)j 

tt~-frmE!<Jo !ij(~@iJ.\#1I12*ffl 79. 8 mm,-'=j±Itit&~BK: 
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f5l B<J 1if n ;tS ll'IJ , ± :fF m tn ±n ftllJ:fF , rm* :fF R nm~ Em ;flJ tn Em 
ftllJ iita:#, -ft~ E f!l B<J4fi!i ~ 1i 1£$ jg 50 mm, :Ii Jl:t , ~ta:# 111£ 

79. 8 mm~i&jg 50 mm,~-tl!.!§OORJtfi!!1T~C!lll7J<.ft!,%~):f,j 

flB<J~J;E:f!:J-!L 
9. 2. 3 ta:f41i1£-/&jg 50 mm, R. i" ftilfM~jg-o. I mm. HP 
~-ta:# 1£!§«•B<J~•fif1l1£-•,Jt• -~~ 
O. I mm,fJ:1Ji!/Ffi~:*r~Jl.ilfifB<J1iQ. :!lll*M~ta:*r 0. 1 mm, 

x~;n:~afiil~%. 
9. 2. 4 1l!Ufiil~Jfi~JHC$ta:• ,jjj!Jf;m*ffl~1*$f5l;f!Jfmta«M# 
«ff #H:f: ;t: :l2t ffl , 7~ , ta: 14 ll $ ti.t :ft B9 :(iff ~ ~ 5 N < ;fS 
1 kPa) ·*?X~i-T !§OOf!FlilJtf!Bfi~fffefllf{1fR-,f5lff*Jt1~1* 
$f)l,ii\f4ll$1:&:ft~-:(iff~~JJJtll:tl~x>tta:f4;n:~ 5 kPa B<Jtif~ 

IKJJ. 
9. 3.1 ::ttE~JHClliiJ£::ttEiitf4~;JcJJ=if*tif }jjl%1*~/F~EJT11 
B<JlliiJ ,?J!!lii\~JHClliiJB<J:tit!:ff: ~?~iJf~RiJB<J:tit!CHP---¥~ 
t!), 00fft!<HP$iit*Ft!) 31G~JHCJJ'i ff.@l t! rnPJHCllit!). - #Ji 
t! ,JHCllit!lY!~iattS*M itli, OOff t!~tJJ1r~~ • fJ:l~fFJ;jjiIJJt • i.lt:*F 
$.~nijiz;t~-tl!.$, ~ftrOO R7~*fflii$B9Ji!f~t!. $*~;m-tl!. 

*ffl Jl:t 7! 0 

9. 3. 2 ~1*lliiJiit•«~iffillli:tiJ:\:5J-jg•ffj\;f!Jf[ffJ:\M#:bo 
lli~R.OOR*fi~U*ffl•ffJ:t:,*~;m-tl!.i&ffl•ff;r\./F~ 
*fflM#~lli~R.~fi:i1tfi/F~lliiJ B<J«B~%~~.ta:• 
;ii;m rp , jg fj! lit ft1*fR~ tif /F ~ , fi Ill atiJ.!f'p ER 1JD :(iff ~ • tE %Y. ?J!!I ~ 

mat:tu~f5lff~m. 
10. 0.1 *EB9ififtimff'l1iit•£ffl*iiJLffl"*Etf!'.£~Mf;z::P~;f!J 
M~3Jtffefl:fm:Pf'ZE ,fl£m*X1tlilimfffB<Jfl~j] 0 ififf Mff'l1m•£iit 
#::rMm:Pf'Ja-~mB<Jm•!§•~•z1t.~a%••ffi.*Eififf 
imffttiit•~~mmrE±~WE;f!J~~WE.~T~-~-* 
E-l&/F$:i1tfiJl:tJJ!l.lt:•. 
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10. o. 4 iatf4#t::P;f!J~;Jc:fm:fif\?X•fimI;m:i:~tt;f!J*Eifift ,ljijff 
'11tf~~Jitt,x>t~it!!fitf't,~1t, 1f1f~7J<.'111li±ff~B9*E ,tf;Jcrp 
B~~;m•~•·-••5E-rxm:Pf'B<Jifift;mmm•~*••£• 
~.xt-®:i:~I;m~~'**·jgT*1fitM•m• Id!§~l:fif\?X• 
N Ef<J:k~,JilU~:i1tfi 5 f;z~£${?(:fm:Pf'. 

iit~Jfis • x-t~ m ta:# Jil;Jc B<J Wi ~;f!JJJ<. rf:t tJUR ~ :i1tfiffa J£. 
;f!HtHI~ 'xif Jj( rf:tmtR~:i1tfi!4!iiffii::5}flf '!JI.~~***• ~;f!Jf~ ±ff 
~:Wf~.~ftllJifift,immm• 1d!§m·11m• rPi!r9:k~dtt~. 
11. 0.1 *Ei~~1f•£mtE*E!4!ii!tii:fillmtrp1J\T 2 µm(~;J\T 

5 µm)l/ifii:EJT i!ta %$. *Erp B<Jl/itii:£JJ3tta:.tE-®a<J, 'E .:r; riiJ 
rf'k~Ef<J±, fl~ff1*%ff, $* E~~-tf··~ ~ 5C3t#B9~1l 
i918 5E1it!, * ~J!W£~ Im± B9 !4!iiftii:%flf :tij!, Jf :l!l ;ii~ Jl' itt! ~!la: 
~~j!:i1!;fix>tttfl}f'Fz1'¥B<J. liliJVYl~ 11. 0. 1 MlttS*,ffl F * ••a] .~M#:tit!JfX~~~J=F. ii"!L*~J!Wzffl'l:k:i8!B#ifia<J 
~Jl'-itt!. 

i~PJI* 11. o. I Jj\'=f 2 µ.m IS*k*•1'11J~:n~~lti:it~ 

n tit~-!} !l!:rl!&'!fit !&'liJtf.t; n tit~-!} !l!:rl!&'lfi.t; !8l'Jltitit 
~ !-----···· 

1 89P-18 14. 6 15. 2 9 89P 27 22.0 19.5 

t±±i'P--19 27.9 29.5 IO 89 ±lit-07 28.2 26. 7 

89P-20 21. 5 22.4 11 89±1it-08 13. 8 i 9.5 

4 89P-21 31. 1 34.6 12 89 ±W-o9 15. 1 10. 1 
~ "!--···· 

~ 
~. 

5 89P-22 13.9 19.0 89 ±W-10 16. 2 I 14. 1 I 
6 89P-23 28. 7 24.8 14 89 ±W-11 18.5 18.9 

7 89P-24 23. 5 19.4 15 89 ±W-12 18. 1 19. 5 

8 89P-26 i 27. 0 28.2 320. 1 312. 0 

F(l. 33,S)<Fo.osm.w (2. 48) ,:XJl!.~~Jf 

:!l!i-Erf:tB<Jllitii:'.iEii/Fll'IJr±IiatHiz!(t£'EJ'l-1f~•,a~, 

Jttra·11m lil!t JtttaiNll' /F ll'IJ B<J ~·11. i9ltl ~ mr %-16, 13tt! tr /F ~ff Jt 
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7C~~;fil:!Jlmt !m*1tt r ft:!E-E • 1*, 1f _§JJ~$ YE ?t±Mtt. A :ff :i! 
~.Tftl!i!tl1,tcffEiifOPJ#l¥Jli'i;fil:1tt. IZ§Jlt,:J;W.JE'.*:117!l¥Ji!JlH'U: 
M1'1~*d•aM~m~B§,ft$~~•1*tm1fHm5$1E?t?t 

W:1'1~*7C~~ti'Ll¥J:!E-E. 
11. o. 2 lMJtit!ikffi±:l:lmJt1t. m'WF.fb~%~$.:ff1¥.i:t£~F 
i:f1 B1'J f!J.P ~mlM Jtitl¥J~tllt, ~1tmitc.IEfllV1!*~~~~f.{<:tto 
TM-85 ~±-lMJtit) ,Uf!flllflf::F&H:!l.IE <:ttllfiX;@;H§!, PI§;@;); :tin 
•mWF8li*~~VJJ:f!l.IE~f.{.Uf!f!JDtr~X>tmJtit:iltfi~%.jf 
tie* •i!M1 JJt B :ill:rrf!l.IE • 
11. o. 3 titn:iJJIC~j 1f8-T~;fi!:?J-W:l¥J?tfltitn:iJ#~1&$ '?tW:·li 
~~ tl1. * 4' ;f{f ll:iJ ' 1;51 Jlt ' ){ij" ?tttn:iJ # ~ ». Jt flC ~j t& Jt l¥J ~ ~ Jjk 1fi: ~ 
l¥J ,){>fJlt:fE±ItitH§!iflB:ffi!f$M1E, *•W!ik~f!J l¥J~ti'l?t 

t1T )f.Z ftf!J l¥J7' iii~ M tJIHt ?t fl n:iJ , Jtt& Jt 1'1 4 % , Jill!:-Jft 1'1 
10 mL. 

11. o. 4 tit~ fll!J 4i : :!E-E tit 1tt~1i$ IW § l¥J Jik 1'1~1Jll :!E-E lf9 ~mi fJl , 
~ma>t. VA1Joit::E-:tt•1*,?J-fl,1.E!~VA4'~$:!E-EIW7e~~;m1'J 

M{9ltl d~ nta Jilt ta l¥J fYi st JiHi~ ~ B, fl -J'N: * ffl •a~ 
(HCD ,Jtft(Jt1'JJJ'::k-T o. 25 mol/L. 1;51J!t, B:ff'.&f*4i:!Eim, lilt 
tt(.:j:ff PJ ft~$li'i ± 1f !f9A IWtaftl , tinrfiJ 1f 4?o~JE:, IZ5I JJt iRm••~ 
~*'~··· 
11. o. s lMJt-J.t••rm~~ !3ntr:ffM#:117! = -#!ik~aa~?tfJT 
•f.{7!,HP~ o. 5,1. 0,2. o,5,15,30,60,120,180,l 440 min,······ 

l!i!tlmlMJtiraf.(,Jtifl ,o. 5,1. 0,2. o min mf.{§±&J•mllf~#;J3-

#!ik~f!J:ffl£\l-T4};fil:!ll.J1!.~m<o. 075 mm,O. 005 mm,o. 002 mm) 

V1!*1J;f~~1'J-ftlJ;f~.:i!#:1J7!&~• rmtt•I~t. 
X~*'7$~:fEDttl¥.1~1tifl~~lMJtitx.t~1tl¥Jtt~.~~7 

F~~~IW • *:liW.W~rl:~Jtitmftl¥JM{9ltl:HP~l!i!Hl:l4}tl 
£H.IWJ1!.~&tEi<:tto o. 075 mm,o. 005 mm,O. 002 mm), X~~ifi!Jl!i!U,g 

:f:E ltB ~ 00 J: :83 ?:J ?t ;(p , ~ fji*->l.• Ite flt!~ l¥J W:tt~ =f X~ , ll:iJ IJ;f tl1. ~ 
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Jmf®lmf.{l¥JJ:~1un-r~&.ftn~tl:l rm 85%~ 10% <d1J\-=r 
o. 002 mm), l'J~JE.ltB~IW~mtt. *1!1iJ:it'l1H5c».~~:ff !Jex 
~·*••i!i!dJE: 5,30,120,420,l 400 min 4}1-atfBJmJtitmft. 
J3*••tit~MNd~~•~.PJVAi!~~~mJtmftd••• 
!ii-rxmftatr8J. 
11. O. 6 Cnl¥J~{i[~Jll«~!i!Ifi±ItitH§!~]fi))(TB 10102-
2010)~jjt C. 0. 4. 
12. o. 1 :!E-E1ritH~il!t!titH§!Jikffitit1lf::f:E~**'1lf:r, ~~?X<* 

ta~il!~x~~m§~JE:tit•rm~•~~*~~~m~~~rm~ 
~.•JJt~&::E-EIWm$nh.•••m*tttit•~~:ff••~ 
~mt!.~~Jik1'J~&:!E-E~1'11i$Em$~-·±•Ml¥J~~tt 
~mJXl.~~~h 0 {£«~Jmli!fEm$titH§!:1Jtj;;))(TB/T 2328) ~« ... 
.i!JH&•±ffli&, E ~:l:Jk;@:H§tjftj;;f,j{fE))(JGJ 52) !flf&JJ1J:ff~1r 
7!.«•M7C~~~ift*4IW:lt!!.E&'WJ~~]fi))(TB 10084)imiifft•~= 

••li!f:ttmw~m•±•*4.J.i\l?t~*J:itWI~~ffEl¥.ltitH§!~§ 
~:1Jt!:iltfititH§!. "tt*•Wi:F4'-NJ!JAiii:•fJ1;J~m7!. 
12. o. 4 **mim~*J!JE'.~$~M•m.Jt?t'11J1'J-20 ·c +2 ·c~ 
20 ·c+2 ·c ,JtBEl3!ik:2o °C!ik13G~*mlW~ffEllfil.Jt,J!JTVAM•m 
JtJE'.1'120 °C 2 °C.~$tliJt*1lfiM~Ji!IWlill(ii]l¥J'4:11*?t 
IK--F*:!t!!.IK::lt~ J:] J:] 3f.:83'4:tli1~=f-15 °C '"ttJE'.1'1-20 °C ± 
2 ·c. 

*MflJ/f\~f.{.F*:lt!!.IK<•1tJ:J3JL~tllJt~ 15 °C)25 
~·*~:lt!!.IK<•ltJ:J 15 "C>--5 °C)ls ~!ik~«~B* 
t&•±IWMBIJifr:l:H§!t&f,jfi)>(TB 10424) IW*]JE'.;f:H-3.&. 
12. o. s **m 1~t€flli7$il!Jifr:l:~~$~$il!*ftl¥JitJt:~ 

~~~$il!Jifr:l:~~$~*M$iiiTtit#~:l:£~$DtrTtit 

#Jifr•z1t.~~1'1$M$Fo~~~#~:l:Z~~$DtrTtit#Jifr 
:l:Zlt, $il!~f.{it••~W*ffl$§Ttit#mffliJt ~$MT 
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~#m&~ttz~.R•~~Fo•®tt&•tt~~~•®tt&~ 
ttz~.••m~tt•n~~oo~~m®*~*~•~E~•• 
N ~ a)E:fH-f.l, ::ff l!J -T1ijk:zfi:O ~t.t x1A1®1L:fHf1J m . :?} ?'r, ~ 
E~~Nft~*®~±~IIN*~~*ffl~E•!fal•®mlli~ 
-~~)£••~-~llt~•~•*m~m•®tt&•tt~~~· 
®m&s!lttz ~«L~~iffm. 
13. 0.1 ~E•!f1!11Jc&sitt~~14:ti:x-fmtj~Jl;Jd4r .1l:!fl!l rP1h~ 
m mtt.1'a-t, •1:rr oo:m r~*~ ~ {rtf ~. * ~•*ffl 1Llt &:1:1' ii\# 
~n~~)E~E•!fl!ltt&~tt.m~~:ti:~-~~#k~*fi~ 
E•!fal&~1t%~JJi, f&Fofl}~~{4llit.1' I ;;}(1,~E •!falttlli 

sift. 
13.0.2 :lf;:~~ 3 ~:f,t*'f~•f!L, -~ 100 kN, 300 kN, 
600 kN,l ooo kN,2 ooo kN,;f!Ulii~E~~ft:J(lh~~ifiS.~~Jl'. 
~. :f,t*'f~Af!Ltti~*fft«tilllii'.tJJf11g~·f!L HGB/T 3159) .& 
((~JH!f!Lilffltt*~>ft:»CGB/T 2611) rt=i~~>jL 

o) ffih f!Li!i!Ul:*'i ft~ 1 % . ~~it~ 1Jn {rtf fEfJ {rtf , ~ r: ~ flll itr 
h ,ii\{4mtt.1'{rtf~::k.:Pllih~•tJL~N~ 20%..EVJ,.:p llihii\JJitJL 

~N~ 80%. 
< z) ffi h f!L * & t1i ::ff J£ ~ ~ !Xltl < m t£ iii ft ~ 11!: 

HRC58) I :Jtrt=i-:!ik:~~% 3t~' :?}-:!ik:~ff/f ~IXJtltt:!ik: 0 

(3):7J(ffitli~1I1£~;J\-=f~{4~lt:1:~.fil~::k.:Pii\{41f1£a'f~ 

ffi.llihtJL:7J(llitJi1I1£::k.:Pii\#1I1£~Mffl~kH,W:tfii\#~ 
k rM9fflt1Jn4mM*&tli. ;tt:IXJUtt®~f tt±'>1•mJ£&h tJL:7J(&tli 
~~;;}(. 

13. o. 3 m141fi!Hh E8-T~14~%~,::k1J,,Jt:Jt~k-F1Jnlliiif~ 
1Jniff!ft, ~14~=f~Nft~~•!fl!ltt&s!ift«I::ff11l::k~:ff, ~lit 
xif~d)E~E•!fl!ltt&slft~~14*1'1Tmi.)Efil~>ft:. 
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*-Tm14R>tOOP'19r*fflt~mfiliJtrm~ 13. o. 3-1. 

W.llJJ~ 13.0.3-1 lll*J9~~ifU~JfJ:ifE'iititR-t 

;t,j fl iAf'fR 'f(mm) 

fiil/ij\*°EJJ~JA~ltill1J~, 1980 +54(!'.'X 1tiJ'l.~%) '~*It 2. 5-3. 0 

!i!J;t,j( I'f'E*°{;41: JA~1J ~;f*fl » (GB/T 
ll!llttf41:11:1£ +48-;54, ~*It 2. 0-2. 5 50266) 

~!i!I ASTM 1982 nm tt «s: iA 14= 11: 12 ::t> 'J' r 48. iii 1ut 
2. 0-2. s 

«J]CftJ7k$.IW:'E-EiA~~'@HSL 264) nmtt«s:11:1~ll.1G11tt«s:it!*~ 4s-r.i1. 
i't51£1t 2. 0-2. 5 

rn·li!Ili*°Ei.lt~~WHJTG E4D 
nmttu.:11:12 so. ~121t 2. o,j'f. Jlf.t;Ut 
* 70 

!i!ft.j«}tiJtJl!!,~~lillliQ:it~t'E: »C GB 50007) nmtttf.:11:* so, iflimt 2. o 

:2f>:att~~~~~~~~E~!H!*ffl~tt~~~~mii\#, 
;tt:1I1£®aQ~~ooti®;tt:~::k$•~m±'>J:fH*f. 

tli:AA«tt~trt~±I~~IJJft:l:•i&~rf!n><TB 10424)~1.)E: 

E~~ft$&~~~*70mm~n~ii\#~8®a~ttlliWft 

*ffl~*~ 100 mm~ 50 mm ~~n~ii\{4Ht ,jl:ifLffis! 
lt~*JJ'l~~ 1. 14 ~ o. 86 ~~-~-. :2f>:attE:Uii\~l¥Jii\{4 
R >t -'='fi:~tt'Fm:fEI-~. 

*-T~#•tt.m~* m~ m#ffift~m~m~• 
13. o. 3-2. 

W.llJJ~ 13. o. 3-2 t:il*.19~*=.lfH\ftii'ltffl: .. .11t~if£ 

;t.j fl ~ooE3¥-:lfll I i!1li fl, 11:15:: 011. *) moo~ti~~-" 
ftilf.il~(mm). fcilf.il~(mm) e<Jft::k:lli~<°) 

@If*(:'E-EJJ"¥:i.lt~ltiX. 0.02 \ iflille<JilJ:I.: 1.21'.iE.X 0. 001 rad(O. ,06°) 
1J$)),1980 • 11:1£!.illfJ\f 0. 1 

f!lf,,j(( IW*°tf.:i.lt~1J~ 0.05 o. 3 o. 2s 0 

f)f,lfUCGB/T 50266) 
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~iiiEV~lt iflill,1i~Gtl*) ~iiio¥1I~tt 
~ It ftiif{lit~(mm) fct'f{lit~(mm) a<J:lll:k1lit~C) 

··-

~00 ASTM 0.025 
itl.!il'f'fil1IltJillt£ o. 51 0. 25° 1982 J)JP3 

···---··· '---··---··-· 

« 7)<.~j7Jotln1iLl'i"E iit!.li 
±0.05 ±0.3 ±0. 25° 

'11.li.))(SL 264) 
-----·· -··· 

«~Jl&I~::'6Eiit!.li~ <0.05 o. 25° 
@)(JTGE 41) 

····- -··-···-

«t'kll&I@::'6Eiit!.li~ ±0. 05 ±0.3 ±0. 25° 
@HTB 10115) 

13. O. 4 :<fi:.~M 3 -~Jt}E:bnfiiilt$'7 0. 5 MPa/s~l. 0 MPa/s,-'=3 
~-~~*~•mma<J~•••~-a.fttil:&~~••••• 
il*:fia<Jtt~Jl!Wll~m. tt~j}*:fi:bnfiii••~~m11£-0L 

~~til:&mfttil:#~00ttL~~~~w~~.!k'1TW~til: 
#&~at:571t~lt!f1JA.. til:ll\\l~!.f!fil .~».at~:fi~,~mmt.3-r 
tit.m~~-ttil:ll\\lm{~H~Wfti!i:fl:IIE1itifP~~. 
13. o. 5 .!f!.~1r!1Llli5!il.ll a<J tt• flt ll -'=3 IE ti« IW * 1* til: & :Jf 11 ti 
$))(GB/T 50266)-a. 
14. 1. 1 * 15" .!f!*tit ffiJfi'El£ID til:&Jk ~g 1E* 15" til: 14ft if!~ ff~ llilfJ 
:~d4 -r a<J*tit r:u ». • r:u m~m. 11 JJttt•* :55¥ ttJUt, ~mm:11:». 
~ma<Jm~~- ~mm~«1'1!k§8~ID•til:~mm•r~a<J-
1*1f7*., 't:A~~~a<JtR fl, ~m .:r~iam.s2F mm~}:\"" a<J4§.~ 

. 
14.1. 3 til:14ifil1*:•111E~E:fifJ~9J:1tm .E:fia<J$7.K!l:R~xt 
til:#a<J~IDtil:ll\\l~~*~~.~til:@~~RJ~~~*:fi~*'** 

til:#ft:ll~~f6~&m~~3~ffl*••~ttlliWiltil: 
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a • * lli til: 14 a<J f :It;Jm&5&ll • fF '7.!f!*tit &•~ID til:&:bn • :fll• m 
~•a<J•M.~3~til:#m*~M~mm~,Fl"'••~&•~• 
m&. 
14.1. 4 :<fi:.1k-M 5 a~J:E7:bnfiii1f1'!:fll~1Ef!£fl. '77JOC{~:fe~ 

a<J mfJ m1t::k* db~ , tra~:bnfiif .~JmJ:E a<J•*tra~•~~fil. -ruw 
••••~•fr•ft·• *:5•$.M6a~fiiil1$*ffl 
o. 5 MPa/s~l. O MPa/s,-'=3.!f!~mff5illtil:&~!lll.fil:fl:llE~tj 

fia<J~)E~-·· 
14.1. s *-m•tt•*q~a<J5fti·11:m:11:!kmfJ-'=3m1f::k~ith~::a:~ 
~a<J~.p~ .~mm:11c 11!.f*~J~m:S:)JkmfJ-'=3 !.iiI~ith~~.~13tt 

Bi5£fft 50%H;fa<J.~J!~a<Ji4$~ •!IW~filRJflfti)E{§.9lliifJr 

a<J 1fIDm :111;1».~m a<Jra ;tt&-1:t • 
14. 2.1 ~~Wii~31tlA 'f'.fr;&r!,~~¥1Jtk:E-~~~M~mlliI 

~,Fl-' 'l&:<fi:.~~W~iT .~:bn7 '=f'.fr;&r!. X;fr1fID*5C*a<JtkE:fll 
t&.tk*fil r:ir *ms ?t;&~g:11~m. til:ll\\lfil RI*m~ Fil.lflf Ila<Jfil# 
{~~ff. 

14. 2. s 'f'.fr;&1'!i'J!H~a<J!k~ID. tt•1fID8ftz:!WW)t~1fID 

~ 1;1 iJ!g ir- m. * q' m ~ m. ?& 11} m ~ m 1iiI 5t 1Sl 7*. ~ 
o4. i. s-n~;i:\;o4. i. s-5)'.fr~Ut+•*•mfJ:fll5'tt~:11,~ 
mm:11».~xt !.iiIB<J~s *1&-~. 

15. 0.1 :t":fimt1:5£Iltil:&,~~W31rJAM#1f1!: l\!PD~1'1:fll• 

r:utt~11.w&11!kmtil:#•@•oo:nr:u•~-xt•••·•~ 
#m•12~001frJiJD~~$.J}..ITif~tl)EE:fia<Jmt1:5ill.W~7*.· 

fBJ~t1:1$7* ,J<.f*B l!lf til:&. ~1JiJt1:1$7*.til:&tt;t;:ji~ ·•*a<J~ 

Xft!ktil: 14 ITT* M: rUJ ~:;f ~flfHR.:, ~tif-:fl:IJ.I( ~ , 0IMf~E15" til: @•ti 
:glL*= 31tl A t!<:Jf 7*. , ~ imJ 1i1f , JMf ~ .!f!fil 11!.lf!S:;f 7iEJtI • 'l&:<fi:.?X ~iT lJll1 Iii 
~r:utt1$?!. 

1~~4 DR1'!til:9a<JM1k-W•M*:fitk~Wll~J:E.••w• 
J:Em•@'74mmft~a<Jm~~~*m·*~~iT.8~7.K~ 

• 161 • 



~i:A&aw.mf~W~•~•*~-•~m•~~lmmmtt 

~m~.mf••~••a®*~~m••~iA#•~z~~ 
o. os~o. 1 l'f<J~-*:f&~m~o m~®•ll~-~i:A14Wlt;f§ll!ilft:'., 

m~~Ilt:ct:k.~x>ti:A14~1:.m-A•~.m~••:ct~.*~~ 
, M~tl5~llfPJi:A9~*0 

16. 0.1 *~m•ltffslil.1tW:&:N::7Y!U5Ei:A14m•ltffoo®.iEffilh 
ffilh 5:."ft~ • :N::* ~ i:A 14:(:£7! (ii] ffilh ff mr tlf l'Jt•-111 •~ ® Wh , m 
ff ffl:tE~Huoo_t®slilt~~< P'l•IHfi rp ~Wi~h c) o im!Jiit 
nr!:N::*ffl~~~·•ltfT•Wa~.*~{E~[P]a~ltatjgltfTOO 
_t®.ifJ:i\Z}J 11n~jgffilj] l"n .M.rmit•*.IIR c ,qy mo JJs:iA•~~m 
f P'J·-~ rp>60°®~ij!* 0 

16. o. 3 Mi:A141JOI*'ilt®!F:m~trJ{Eftif{iliiJ:~!H't!OO P'l o *i:A14 
1Jn I 1Nii£ :k , !J!U ~ ;~H ®jg tn 00ffilh%1li ~ :t5J ~ , ffilh ~ rt=i ~ jj',{ i:Aif-¥£ 
:ct~~~$•~o•:l5J~®*if-¥£,~m~~~•-•$-~iit#. 
~~-iit#A~~Htt•~M•et. TWJt•fi~fil•tt•et 
®tt•ltffslillt, ttJ*iit14®~:1:$1Jnfir o 

16. O. 4 i:A;;f-¥£jg-11JOO~Jl{E 40°,-..,65°ZIBJ~fflo k51~ a<40°Bt.iE 
ffilha .±~:N::&mh•~rm~W*•5E®~*ib~•tnoo 
·~ ,a>65°Bt ,ffiCjgltff1Sl~f11Yi~hH~fJ{f.J?iffffl o 
11. o. 1 ::~f~tt•slil.1ti:A&~:t41PJ-~~®-!11*~i:A14{E~IPJ 

®r!rflJraf~r .m:1r7J<.••tn ·*m~'i?:JE:ttt~itsj'.\'.;ifrlJE:*~®m 
jg5Jilt~~o 

r!(ii]raf~~~-*3i Green G. E. ®fr!HJ;i~..J.,:(±iA&~ 

tt•rt=i~**r!(ii]raf~~JE:.Jt~~moo{E•5Erarmm®2%~ 
P'l " --•*m ril&1Jnraf, :t5J ~ % 1fi{E i:A 14~ oo _t, Jt-tt h ~fil •ff 
fflfjgtJ.100 ,Jfii:cti:A14®9=i'L'1:1LWo 

1!2M:fi*l-·········-:li~ffliWitffi~7J<.iJB,~~-~~BIJ~:fi*l-. 

•~m:ctiit14®:1i:kslil.• o 
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:1:11i1U~~-Jilli:1Jo#i;(ii] h :f1ljg-11J h ®5!R:ll.:1:1J!U ~ *, Jt:fi!f 1t 
1Wifi:A&rt=i~~ib¥1J®:li:kffffl}J® 2% 0 

jg-11J!i!Xlt-mfJI.m~ttJOO, jg-11J!itritJJ{E lo mm~ 

20 mmZfBJo 
• tn 11ll$at!Y:J ~lih-itffl fillli'f JT JJ1f Jilli:1Jo 7l< • • tn et. ~ 

*1!21i'im~, -~~~1~®••••;*iiE~*x1•tnfil#a<1~11h 

1l!;fi:A9BtJilli:1JO® rmaxlY:l 1%0 
11. o. 3 :kf*~~ftJOO'iA141Y:J•:tm*10Cnr!: 

<D{E~:tfc~1*i!ill*~_t, fflAioo-~~M1iriitftt !\. •t(~J o/­
·®~£~1m.:ct 10 mmo {Eoo•®*OO_ttffitUi:A14fi! >f-.~~~~ 
,_trOO*JJlt~J!s:;f§~. lmJ\li100 !'9 20 mm ~~ttltt~!'s'i 

M*l-o 
(2):f:Ettllt~MOO_t~JWi%rWB111~*1P*M1t7J<.:1:,ux_t~ 

*MJJ]j,'.;f§•®*~·*M_tr&•-~~i:A#R~;f§IPJ®mtt 

~ ·*M${ilfflmttJt1t, fl\ :(:£*~ _t~ It•#ll~~JH'-1 

20 mmo 
< 3) {E~AA:M~ OO* ~ :fL lli: ~:rL tn ~tl i:A 14 o -e.M. M 1J!IJ Jf 

j[ft,jt(X~_t rOO, P'lfli!Uo tl'1c{:f~-fli!U, ,M._t.3irfTMtl~ 

~:fL,7*1t:kfi:A14R ~, Wf~M1J!HLZIBJ®*~ ·*~00~*:14 

i:A#MOOS•.M~tt~AA:of&!ci:t4~M8%ffl#~~-®~• 

tlt~#ll~AA:J;!:li;~,1£Jf~001ilfst¥1J~:iRo 

( 4)*_t:t£nr!~HJ.Jj-fli!tl~_t rOO 0 :lifcitl.JIU P'lfYlU (Fri tHi) 

et, tl1GJf~Iff:tm:lt!!, (ii]fftJJj( •:rL o P'l fli!!Jtl.JfJU'iCJ?;·. 
Jf~Mfli!lj~_t r1fHLP'JlJ{fl' .If'{ r iit14:14 P'l fli!Ufle~ OOnr!.l!fi~ 
•o *~_tnr!*.IIR®i:ttf4, ~ftJOO£J!s:~~Sf:¥1J:f'Jt~ o 
~f*•WiA#R~~JtM~~c•W)®~~~m~ 

~17.0.30 
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111 f,j; (( I W :ff-!* la\ 1l:'1£!il/;i!1 i';~1Jvf' 1l:'1£!il/;i!1 i';~1j' r 
2 ~:JJ?t::f)j;l'fU<GB/ 5 cm, r.'litt~1l:'1£ 5 cm, r.'litt~1l:;f£ :JJ~-f*illi':~1J'r 

T 50266-1999) !il(;i!Ii';:ffl~ !il/;i!Ii'::ffl~ 15 cm 

' 1i'1£!ili;i!I i';~;f~/]\ 
~Jll$((~/E&IW r 50 mm,ia\fif:r.'li 11:'1£.!!li!Ii';~iJ'r 1l:'1£.!!li!Ii':~ 1J'r 

4 :fi"E la\~ :Ml W) Lt~ 1l:of£!il/;i!1 iE; 150 mm,ia\fif:r.'litll 150 mm,ia\flfil'litll 
(JTG E41-2005) :ffj~ ~11:'1£.!!li!Ii'::ffl~ ~1l:;j£ll)ti!Ii';:ffl~ 

1l:'1£ll)ti!1 i':~:f.!M' 
r 50 mm, ia\flfil'li 11:'1£.!!li!Ii';~Jj\"f 1l:'1£ll)ti!Ii';~Jj\"f 
Lt~ 1l:'1£ll)ti!1 iE; 150 mm,ia\f'tr.'litll 150 mm,ia\fif:r.'litll 
:ffj~ ~11:'1£.!!li!Ii'::ffl~ ~1l:'1£ll)ti!Ii';:ffl~ 

17. o. s JgtJ.H!tft:li:lf'::ka>t ,if~JgiJJITiffRJ~.J10i?:JfliJ\f4~iJJOO 
m.JgiJJm3tM::k~.*fflJg~~~#Lr~~m~a<.ioom~ 

'1 if~Jg w oom. 
~a1 *E=•lli•mJ3t~•A=•~llinr•~~#a<.imJ3t 
l!l1t%a<JJr~. ttJJtit~ ~ftt::ti::::::.•lli•~flf:r a<J5!i.&l!l1t%~ 
fl. *~•*ffl•imUlli~{Lf: Caz -a3) a<J:lf' lmfttf~J}c:lf'~HL !mt 
JKllina<.1=-•ffi•~•.A=~llil.n~~ra<.1-~~~·lf(5[.. 
18. o. 4 *~M 1 a-OilUffih{i[a<.13~.:±~~tiifi·lf{5[.,:fiEtt 

mlll:fiE~•mtt••~·*••2•~~#*•~~••·~ 
'17•~~--A~#~~~RMffihrm•-~•d•. 
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18. O. 5 if-*mlli5.!iiJ3t a<Jfil!it•%~~-~ilifilt .YWl !Im• a<J P1ll fl 
-**· ASTM D 2664-80 rf!:1l!e.~fil~·~-~Wz!IW•.<p {i[Jf14ij: 
~~a<illil.n•~'Pl~•a<i••~~w•*•~.#~ttm~llil.a<i 
lli~h. 

µ, E p;y ii[# :If'~ 1it fl, B frJ :If' 1>Z !)i.3:.llil.h B<J jc;J\ rm 1t 1t , rm H 
limf!tf!ftl: ~1l!l ~3 ffili&1t. $:·~ µ,E pij{i[a>j~~Ifi~jl,j 

a<Jllil.h~flf:~mill. J3j~.~:fitk~-~.~f4Artc•5!\ittllil.hllil. 

~~**~•.m~mif~~•w~••~~M~•*•~ 
E ii[. 

1~a1 *E~••~•~~~#t-r~••&a<JLr~~•• 
•mzraJ .atiu••lr~~~. ~tt~ftt:~~••llltio•,~riiji~. 
it~~•a5.!fiJ3tmtt. 

,#,••~•-f.N::::t'm-r~u~li!t*5.!iiJJt. j2;J~••t~a<.1•ilfi1111 
m~~{Lf:tJo•ma<.ittfH!kOOtR1IVJ,, .i'.iJ:t!l7'J,#,•M. ffijfilt*~Eil ~~fi!t 
E ~ JE:ll!IW !Btftrm d , ,#, • aiY!U ~ a<Jft *1± 1± :If' ~fi!t * a<J 5.!filft , rm 
~ ~~ fi!tE a<J 5.!fiJJt. 

:1l!e.!i!IJ:!;k1*~•·. 
19. o. 2 ,#,••~•&ftfflmrrtc*•fi~* c • c. 2 :Pa<.11~~ 

19.0.5 

o) ~-t.:r fliJ-~ *f-F ,,#, •a5.!iilftmtt~!)itt~ ftt: R. -r ~ %l{}t 
* tta<J~::k rm~1H¥J • :If' fliJ:1l!e.~li\ {Lf:, 7'J T;f\1-JU tt ii[ - ~ a<J ,#, fPJ a 
5.!iJJtmtt. ~m~~tt~14~~ .m:lf'fliJ~~~ftt: ,#,.a5£Iftm~ 
a<J~d~{i[iltfr~# R. >f~llil.f1$iE'.W%l{}C*fi~llil.fl$IE. 

*~•~tt~14a<J~~MU!U~.Y~~if~;ff11'.C~o7K~8,3C 

D8•):tE*Elit•:1l!e.firf!B:1l!e.~*EmJ3tli\Hf.!~tt~#a<JR.>t 
"7 5. 0 cm;#.§., ~j~a<J~•ali\Hf.!~~ 5. 0 cm~ 5. 4 cm ~'1 

"~~·'1:1I~"C~tt~14a<JR. >t>. '1 T ft?.md1{'f.a<Jli\•flttff .Y~ 
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~ r"1Jt11.!nltH1 CijX;ffi15'rOO > tit•'.8'f *1-:ittfixt It, 1f :5lJ m¥1J1J\ a ~i:l!. 
::Jf::~~Il1Hi1i~~fil0011:~1Jflil,i&*tit•k'JJ~-t 5. o cm,IDi'C 
*~~lOOtit#~~~w•tit•oo~~tit#o 

~ w•tit• 00tit14:li1N~ -tfllIDilC*~ 00 .I& mm: 8H :fil:t1H~ i:p 

•=~Ifi•m~~•ff%PJ~~M~OO«~m~w•tit••~ 
~ 1i ~4llt:f:JtfL :f:Jtt!L5ilt OOM~ )) $J~, o q?: fliJ tit• 00tit14*1t q 1r 
~z rt ooJOC mm: BH ::Jf:::flH~ :ffi~~fll ir :>.L.1DI* OOM~nt~ <.!fl"~ m 
tMilttitil" ,Ifi:il!!lfft7J<:)(J&lfft~- 12, 1979 1¥) o 4IJ~li.~ w• 
titiZOO:Ji1ij;tit14~:1:::Jf:::fiO&i=fl•=~Ifi•m~~llWff%PJOOXt 
rttit•M~Jit~.~niJM~m 19. o. 5-l~iJloom 19. o. 5-319f7f-o 

~stJl=+n) 

6'---'---'-~-'---'---'-~-'---'--~~,____ 

3 

0 5 1 O 15 20 25 30 35 40 45 
I iJ!:flffifl:n . 

(a) E9ti:P~ 

0-.o-o--"---0---<0--0-0---0--<l--<~-0--0--0-0 

Oi~=+7') 
~(:;kfllrf£1) 

(J 5 10 15 20 25 30 35 40 45 

iJ!:#fifl:n 
(b) ~i:P~ 

Utf9:1oo 19. o. 5-1 12fliJJt~sj!JJr:f!i~E.Jit1if~:lt~~oo 
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12 

6'----'--"---l~-'---'-_j_.__L~l___J__-1-
5 10 15 20 25 30 35 40 45 

lJ!:f't-fifl:n 
(a) E9tli'.9~ 

0 5 10 15 20 25 30 
iJ!:flj:.fifl:n 

(b) ~i:P* 

35 40 45 

1Jtf9:100 19. o. 5-2 ~fliJJt!¥H!iffri'ilt!:litftfftlt~¥00 

12 

~(El!•i!il 
~~-o-o(E!tJI=) 

6'---'----'----'~-'---'---'----'~-'--'-~ 
5 10 15 20 25 30 35 40 45 

lJ!:f'tfifl:n 
(a}~* 

1Jtf9:100 19. 0. 5-3 

• 167 • 



"O-<:>-o--0-......,'.>-0--Q-<>-O--O-O ( 83-65 ) 
n--n--0-.o---';-0--o-'>--0---0 ( 84-3 ) 

~(83-24) 

5 10 15 20 25 30 35 40 45 

utfitJ.!r::!ltn 
(b) *iYoE-

iM.IJl}!I 19. o. 5-3 ::f~JiltJ~f*JJt~51Jt11if1:!5ilt14=lt:1:~:1AOO 

(2)~7ilf•1Jt&B9R-t~Iill~..iE0.J'.t,:mit*fi:~lliZ{~..iE0 

.J'.t, 1'lf:EiJ\14 ,~ ftlf •s.itttffi fi:H;M: 0 .J'.t *'1 ~ IRJ * 71< it~iJ\ 14 ,~ fiij 
•s£tttffifi:1i~.J'.\JHNm4'~=~rw~m~~&~1f~~l§'.J ±~1ilf 

Jt:B9«Iillffl,~fiij•1Jt•~J£w:o ••tt&, tttvJ.if.t B91ilfJt: )) P.X;* 
*'1« mzffl ~ fiti~iJ\&1'ld J£W :o tt~ni 1.tlk ~ ·tt:m • B91ilf Jt: )) P.X;* o 

*1Jt&iJ\14R-t~mz1~.IE0.l'.t~tllm•iPJ.~fiij•x>tttiJ\alt 
1LB9 o {El~.i'.:Hi&iiE,Jlt0.J'.\IRJ¥-f~fflf121PJiJ\&B9R-t~lliZ{~ 

o ~0:rtB9it;M:!ff5'!:.!300~W:OfJ~~fi(ISRM)l9851f:li!;~ 

B9121PJ1Jt&R-t~llil{~.IE0:rt:F= (D/5. 0)0. 45 B9H;M:~* tt 
~.M~11Ht.:llI,tf:.!ii!.iJMJ]* 19. o. so 

iSillJUt 19. o. 5 ~=~0it.Ej ISRM 0itR '1°~~f~.iE~ti:jif~t!lt 

I~ F) 2. 5 3.0 5.0 7. 0 9. 0 11. 0 13.0 

J:t 
~=l~M}J:\:': o. 735 8 0. 797 7 1. 000 0 1. 160 6 1. 297 1 1. 417 6 1. 526 4 

ISRM2}~ o. 732 0 o. 794 6 1. 000 0 1. 163 5 1. 302 8 1. 425 9 1. 537 2 

~=11*/ISRM 1. 005 2 1. 003 9 1. 000 0 o. 997 5 o. 995 6 o. 994 2 0. 993 0 

•1PJ1Jt&,••·~-·;fll~···~-·B9•#~~-f.t 
*ffi~*M~~-~~~B9~#•~•ooa~•-r~ftlf•fiiPJk 
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B9k, rXLttB9;M:i(~~m W, W=<W1 +W2)/2o •iPJ•&*'1fi 
~iJtamffl JJtfi~ * w mo 

*ffl o MPa~6 MPa fffJ*ltl:friY!dffM, fli1Jt~•mll1J\ 
~ttt~, ti:~tit14:bo&:tt~ q:i, k r ~t~·?tt*~ti•14~ 00111. 
fJ*ffi~tBH7R-J£mB9~fi:T .~~m-rw•mfJ<x>tflRJ-i:l 
{Sl. ff, JltmJ;J#fO 51 ®at , 1251 Jlt~ )la ~tit 14it:f:1\ !l;f B9 &fJ *~fi: 
-~w•mfJfi,~RftA~fifi•«B9~J£@~fiftH;M:tit#B9 

it :1:1\ fiti. 0 

20. t. 1 W~F"7Jtl!LttiY!tltit~~~J£Mi?'itB£1¥J~tB£*'1:f:t'.tB£:tE•149" 

m{~j;l1¥JMIBJ, ~Jltit;M:W~9"?'f7Jt{~i'll!Ltt'o 

20.1. 2 ~flitBl~Rfffltfilij,@r7u~>Jt: 

(l)lf1\t 50 kHz,...,1 MHz Bt*#·~~ftff, k-({jt~lifJR-t 
i¥Jtit14~~ IRJ~titfi~m ffl. 

(2) J;Jf*iiE1'!diJ\iff*lf:ElifD, i& ,1l~Rffl¥J~Z9J:m:rt, !!~%:rt 
1RJ , ~ •m: 11-m~ :fll :ilI 0 

(3) imdti\tlitBlM, BSfltlflt~ ffl:f:t'.tBl~f1'5ff o 
<4)~ftffstfJll>f ,'rlf*ffl7J&m!~Rffo 

(5)J;JTf115.!3ti\{4~ti~M.~fal5ff~J'tM~mo 

(6)~ftff~$iz!Hlk~>Jt?'i7JttB£t~:.1J\fti\{41i121¥J 1/2 ,{9!i;it 

#~~~F"•*•m~~at•-~•n:m~••i¥Jmll~o 
20.1. 4 *ffl•J!~;(filt~fii15ffM, 11~~~15ff 1¥J 9" 1t:.';(p'Jtt£tit 
#·~J:,# ll~~Rff.!3tit14&~ ,fll:ili$~B9~1t1f1J, ~-Y' 
~ir~JJttt~~UtitP.X;* i¥J•nll!J, f:i!~l¥JM1'-~ tal5ff ;(fi Jta-15t1tt 
i¥J IRJ-@moo; *ffl tJJ1£~ Z9J:m:rt i¥J ~ n ff fli tB£ at , ~ili1:~ i&, $t ~ 
~j5ffl¥J~rPJ-·o 

20. 1. s lil fW~~~:!'5J J.m:~, #st~m, Fz!miat•niPJ, fl51 lltlRJtll. 
**•~1A#1¥Jtit&P.X;*~mn~~-•oti:mmiM1AP.X;*M· 
~*~ te•-1A14B9~mo 
20. 2.1 w~F"tBll!tttmuiA~*'JfflitJ.h~fl:P,itJ.:k:m,fiiti-~nA:ti: 
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:E-1* 4t ilt~rz: ~)f5 tit , i!ild JJ\Jf5tit :ft:E-1* 4t 'L'f{:t'i Bi fB] , tti J.ft it• Jf5 
tit :ft:E-1* 4t 8<J f{fl :l!JlL 
20. 2. 2 :E-1*f6titi!iltltiei'it*~1f~~IJJl~!H~~~fllrnll~~~~~. 

:5HJrJffl r• IM i'Yld tiefll tli .fL 4t ?Ji!~ tie. 
20. 2. 4 fL IBJ ~ :® ffitl ut Bi , Wff :f:lt ~ tli fL 8<J f fi JJt , x;f /Ff fi 8<J tli 
.fL • ~itt:fi /F ~ ?*JJtimtl .~lEE!ill! 8<J :f:ltiE. m J.K~irM. xi IPJ J: 1~8<J :tL 
,fntlJ.KFm 8<J :tL • $** 1f ~ 8<J ll:J.K m Ml!. p;g trutl ,~ 1aJ ietit:kd * 
1*11t~Bi, :E-1*•IM1lildtie*ffl~ttrf'F~!HJl, .fLIBJ?Y!dut*ffl Ef!j(;ftf'F 
~ijo 

21. i. 1 ffd~ t& rt :E-1*1t:ffi ut!.li::!fdm:i:t IXJIJ ·lid* ·11: ffeffit&:MI! 11 
*x~&'2:16J:E-1*•00 .:i:?Yld:E-1*:!£% .ttnlt1·1i:JJl!i~0:rt1t•:E-1*:!£ 
%~-0 

;;$:tie!.li*ffl rnD%~::1J% IXJtl•li:ffeffl&flllf%*'li:ffeffil& 0 fti!f 
*ffl1tft!!.ffeffil&, {!1 $:5HJrJ*ffl;f§li\I8<JitJJ0J:tit•. Jf :fEut!.liic 
~ 4t :lm k'kiJVlJL 

~ttffeffil&d*ttffeffil&.~:E-1*tt•flli'it*W1f•& 
mfflo 

1£•**fiut•dxm~mR~:E-Mf'FJ>J&11•01.&11• 
•*mitt!.lli'im~ffmm.1111mtt~tie•B'f8<Jlf~r.lrlll1tft. k)fk.~ 
P(tiji;it!ji}ft:5f!o 
21.1. 2 B=tr:E-1*tt•f0tie•~*;;-f~, 1f .i!!'f~~ii'.*xm~J:E 
A1*8<J:i:~flltr1JJt.~J.ftR~~T$~5E8<Jtt~flli'it*8<Jtr1JJto 

IXJUttffeffil&tl#1r1£d:lll*J:J 50. 5 cm; *'li:iJ(ffil&tl#9~ 
1£J:J 60 cm,p;i1£J:J 8 cm 8<J:If%l&o x>tr-f.l!H~&r8<J:E-1*,J: 

IBR -t :l:5J~ nw JE~ >.K o 

rnD%ffeffil&8<JM~~ttdM~*tt-ft*ffl*ttm•*~ 
§irJ. *·11:m•*mr:rtit• = 

(i)l.~ 21. 1. 2) 
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J:ti:p S-rnD%ffeffil&*'!i:m•; 
µ1-7J(ffil&8<J78f'~ It; 
E1-ffeffil&8<J5•tU~:lt<MPa); 

µ-:E-1* 8<J¥8f'~ It; 
E-;E-f;ti:B<;~·li:;Jl:l:(MPa); 

r--ffeffil&'*':t?:Ccm); 
h-ffef.f.l&P-J JJt (cm) o 

1t*UiJrJt$liJ:J: 
S<O. 5 Bi, J:JMx;f!XJrjtt; 
0. 5~S~l0 B1 ,Jg1f~IXJtl'li:; 
S> 10 B1 ,J:JMxif*'li:o 
•~~ttffeffit&~tt/FJEM.•*m•••&~P-Jffeffi&~ 

ll 8<J :Jr :rt , ~ ifi5 ffeffi l& 8<J IXJU 'Ii: o 

:i:M-~8<J~N•fEB=trM:i:~-fllmtt•&~~8<J~JJt~ 
JEffi]~P(ri]i!ildiJ\Jft:5!'!8<Jtr1 a ~f!x;f P-J o. 5 cm fJ{JlJ(ffil&,*ffltE: 
2. 5 m 8<;20 %I~TJXJ~f'Fi!ild:fl:~~fl1 .~7ilij)EIXJIJll~>.K;?!i!dA~~ 
J: 8<Jtv!d:.ll~ff ~ff:t?:~tit:k7~. ~ •~m;f&W 0 
21. I. 4 ut!Ji:i::kffifJ:JtUMl:E-1*51N,;E-1*1i\IfJt'C~,I~i'ititli\I 
fJfllN*~flf:~5Eo 

~-B1~~a'~Jj(t.Je~fllttt•±1mittfi~i?, J:J~m•mIMIBJ, 
*m~:ll•-nu d*fflifi551tit•±0 

xt:l:5J•7t~:E-1*.t&9~trut~~.:>JLfifl1~1rut•Wil~~:fflft;M 
1f~~~~8<J:E-1*.~ffif11:'!E1r±~~~®/ErB1;ffl.1t. 

:1111 Bi :Jr :rt , ;f§ xt :!£ % ft 8<J it• 00 ~fl iJl. ~ 00 21. 1. 4 - -L f!fl 
21. 1. 4-2 FR~ o 

~~ -?Xmt:If bllffiflt, 4ii:-11:If ffifJ Wff :il!3?: ~' M!:E-1* JE :5}@1 
51¥!o 1111ff::1JrP11'3:!&1fii~;f§¥1rB1, ~m~3t8<JJJR~, ft i!f1#H~-1J' 
&fJ 'i!Bi:E-1*@15~ £~JE:5} 8<; 'FlfitJJ 8<; :E-1* 5. ·!i:Jt:l:{i["PJ 001'8 
:k.~:ftic~itt-Yk'.HJl.~ 0 
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/ 

p 

) 

I 
I 

w 

P2 ----------

0 

l 2 

p 

w w 

p 

IAWo I -<5% 
Wo l 2 

P2 ---------

AWo W 

*'liffeffitliiF'C.'1L~~%tit•iF, ffi =f*f*i:p [i\lfJ#f.i!~~ 
illS, ·~-J;ERtfBJtti@, ~,J:Eii•Bt!BJ t'F:li!! ~~K ,4}1Ji!tl*[l'ij ~Hi~ 
Jlk~%aJ:Emo tE~i~U:Pti!i:fL!HE rtJ f:ft$ttl¥J51 l±l ~, /G~Jf-itm~ 
AJLr"J. 

iJ\,gfil.!ffiil 1=11¥Jru.!~::k=f 30 mat ,-J1i:/G~ltt:>'~W.5\.7fl~1txt 
tit•mi¥J~u~ .111JM~m .:r: A."71t1« (A.JA ,mtim Ji'tli!~)~J&ffiil 
r"J iti.J.l~{t~IJJt tt::k. :iii tit W >R W:~ WI faJ S ~ 7Jt: 1t m: ml '3 1 ·c o 
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iJ\,gfil_!~ffiil i::J~i1IB>f ,1/S*liki9:it!Wimii'l~ttf:U([o 

21. 1. S 1Ji!d. l1Si it;@/G Jr: ffij 1/S iJff] ~ B>j" , 11Sii ~ iJffJ :=& filr JI§' i¥J aJ:E. 
•m.#~tt•i:r•*•J:E••m~~o~~tit•iFl1SI~~~~ 
l1SI 51 ®illl9J 'ii!.~ Jlt/I~itt1i 0 

~ttffeffitli~tit•.m4~••i¥J•~mt'F"7*1*~mtt• 
m, :Jt r:f-~ 1Jltl • 11SJ ?& l!!~Jtfm~ 11S1Wt~u!!IT7'.7 fk ~at . • * m Jj -

xt•1¥JM~1Ji!tl•1¥J•~{llf'F7'.7*1*~%tt•{ll.#.:Y~iJV~. 

tt•0~i:r*1*m~~µm7'.7$~rum.•••:Jt~tit•nx: 
*11X:~tt•J:E. . 
21. 2. 1 ~~~ x.•~j;fit~' ~illitt:tll! 19:~*1*~~ i:p ff9 taffitt 
x;J~~M19ld*1*D&:bnffifJ ·••*1*1e%,#~::JCISlH'-tt•t!irrii· 
ll!RK~~jJ1Jffift1• 00 [i\lfJ filJJH.Bt•*1*~%~~. 
21. 2. 3 :JJnffiOOlRtllJf;fitR-tl¥J~>Jt,~ffeffitli~~>lt¥4':--~. 

21. 2. s J:t(21. 2. s~l) iFffifJ P 1¥Jtt•.-f4i:ffM#/I~: 1Hl 
*ffl~ffittr"Jl¥JffifJ;•m~ffittl¥J:ff~OO~~-dt'Fffl=f~~ 

iFl¥1~~ffifJo4':-~~m#J§'-#/I~.~~tt•~*~7'1*~· 
tit•tt;mi:r ,iJ\,gifilJ:l±l:IN. 4s·m~~J§'. tit••m7'1x~• 

m,/Gfil5tt•~m~•. 
21. 3. 1 tli:fL1e%tt~iJ\·~~*1*ti!i:fL iF 1¥1-:ff ll!RKJ.l r"J xt:fL 
~n&:bnffifJ, [l'ijB>fit1Ji!HL~1¥J:f£rtJ~%.~5-''li~i~r:f11¥JLJ~mD~ 

m,>Jt:f~*1*~%~•. 
21. 3. 2 *'liJJIIffilBJttMWit!M-1*~rtJ1e%Cillittt;Jtl1*~~{t~Jr 

:fL~~rtJX°%)1¥Jf~B•7'.7f1HL~IHHt •*'li1mffi1f:flffidit~t1*11! 
rtJ1e%1¥JttB•7'Jti!i1LffifJtt,~tt~ffi1f:flru•~1*@~~% 

1¥1tt••7'.7f1HL 'T fr T9!. 
21. 3. 4 tit•At::kffifJ --~f*~iJJt, ~-f*J.i\ZfJ ~~, Ii@i9:tt J.i\Z 

fJ~i9:-~#•J:E.1L~~J.i\I~Billitt~::ktit•ffifJ1¥J/I~ 
mtR:. 
22.1.1 :fL~J.i\I~~x.•t1HL~rtJJ_i_\l~tt~.~;f!Jfflf'f!JllJ.i\I~Jt 
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ft=:1'11{!~7G14', ~tl:li~ft5"M~Jl:Hi!i:fL:fL~illI1t, ;f{{li-5!f!•l1:J!I!it>i<M 
*1*~~-•mzh~~-*•~mmf&ltiJ~tt~~·-~~· 

*1*· 
22.1. 2 :rt.~mz1t1t:+ill-Jt~t~:fllmJtlf1~:ll:7t1'J~r -#~~: 

=Jl.AillI1t1t~~~lliJtf!l100 22. i. 2-1 Nf~. ~ ~fij~;ff _ 
~~~*~~~Jl..~~~~XLff-filillI1t&.~~mz1tMffi 
3 ~--4 ~rt!.IIB.illI1tJ:tgJlJilt,~lliJtf!l100 22. 1. 2-2 Nf~. 

iJMJl 00 22. 1. 2- 1 ~XJ:\J.l!Z:':ltit~:ftilffi:tlOO 
1-.l'f.l"1:tk;2-•&:X;3-16 ~ll!Hk-"'.ifm!?l14-iil:Ma'.lt15-•&:~1 

6-lt~; 7-fj!~; 8-:fl-~~ 

() 

6 

<f>z=X/4 
..... 
~ 
I!, 
~ ,__ ___ ____. 

:2,G,19.1*AillI1t1t~~~lliJ?.1!1100 22. L 2-3 Nf~. ~:f!il::ffim 

A~tr.:f»Jn~f8Ii=r:=::mmz1t£mmt. ~~mz~£ff 4 ~mz1tJ:t. mz 
1t1t;ff-~~•:f»Jn~~tt~~~~.~ftrt1IB.mz~Jtm:t£fill~~ ,Jt 

0. 5 mm. l!\.F~£:Jt:tfi~lliJif!l1 IE 22. 1. 2-4 Nf~ • 
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iJMJlOO 22. 1. 2-3 24'.,vfili*J:\J.l!Z1tit~:ftilffi~IJJ 
1-*lltff; 2-JE(o]flo.l'f.~ ;3-JErfiJoff ;4-~!f{~~; 5 JE(ojtff ;6---\!j;j'fll; 

7-:>F:f.CW:ttif!if 18-~.ll'i!<r*Illt!lt;t;3llJ); 9-fillJEtff 110 lillMt!:ii'L~.ZraJ(l!J~llf(, 
11-tt'~; 12-;fl-.Oftii'Ld3-l:f:lJ!!l1HL; 14-~~ 1 15-Wiliil~; 16-£il~M. 

y 

7*:fL7J<r illI1t1t±~ ffi ltiJ illI1t1t1*~ lk$:~ffgJlJilt, ~lliJt 
1!11 ~ 22. 1. Nf}F. 
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2 3 4 

5 6 7 

moo !!I 22. 1. 2-5 fStHLli\E:iett!tl#Jffi:ftOO 
1-~::!k ;2-fft!l!~~i!;3- ~ -'ftll:fr;4- jfii:11i:~~;5- JllCti;6-~;!k; 7-i!1}:Ct_ 

22. 1. 3 •~1Yltl~*1*-mM mJJ :!*~at. i!i!~.~ 1*J.tmm:l1:mzJJ tit 
~-~~.ft·~-~:lltfi*1*-:fJJMillliJ:l*~M~~.M~Y*J.3t 
l'l::k.:P•~~OOi!i::k.R. >:I~ 2 ftf o 

~§~•~~-~~•tt·•fr~-~~~~-•mmm~ 
~:lltfi~??\.¥Ji!tl~, :tt§~~YM1'-ff~79!tl.~. 

-~~~•mJJ••~m*1*-~~•mJJ•~F~~~~* 
ZtJHt,~:1!!~%,*1Jfi,*1il.t~JJi:3H~F~~ltifft~. 

22. 2.1 :tL12~%t!iY!tl~. ~fr~:tLffit;gfL1*1lt:tH.tffi•mrJJit 

:@t Im 7trP:I Jif-3:\:~% it , ~Jfi~~-~, iY!Htim ~lltr Jfi ~ ?:\£% :@tffil~ 
.~5lfli~U!U£J'iltll.~:tL12~1t!:iffiliJ ::GfBJ ~-**'A:• it• tti* 

¢ ~ ~fL;jj{,J& 00 _t ~ 3Jl- 00 ffil jJ :!*~. iY!tl :E-1*-~ ~ fBJ ffiljJ :!*~ B1 • 
•*m=:rLx~i!i!tl~~:/Jf!,-f.RW#lM{U!ai!i!HL!:i~fBJ1Y!HL7t1JU 

fiJ~ 45°~:ffl ~:tff it:/Jt.t 0 

22. 2. 2 *~~ 3 ~fftf.t:~&•mrJJit~*1Hl••lfm1*-~&•~ 
mr-imiitt-~.:«lli>timoo 22. 2. 2-1 JYTffi. mJJ~m•ftt-1!---t-m 
-~1'f11t1tt•Z ~ § ~~ , :«lli>if!fl 00 22. 2. 2-2 JYfm. ::tHfrtf 
•z~rP:l•~~&JJ£~~1t.•z~•~••~£~~mr~~ 
1t, §~~Ill~ 7t Il U!!i fll mm tl!. il!tf £~~1t, Jt~1t U!!i~ l~Hi:l1: 
ffi •mrJJ f>l ift!Ult. 
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4-mm;5-3tff 

3 

1-~tllHt~:Jr.~,2 ~11!1 

3-Milii:tf 

lm7trP:!JiF3:\:~~~%tt,frB°~S~•:ff 41'-ffit~MM~m 
J:t-~5lfl·l1:tNJiF,:{llliJif!JJOO 22. 2. 2-3 JYfm. 4IJ1'-flX!JiF)'~:ff-1'-fM! 
~JJ!~,fM!~~fFffl;f!f~iifL12~%.1t~%it~~i'MJiF!il~fL:f£ 
~ ?:G:1t w ~ 1t. iii:l1: ~mm~ f>l ift!tl itflX!IiF J: mr?:G: J:t-~ m ~ . :tt * £" 
~-:@t~fL~1ff~~1t.~Jfi:tm1m~fLfL12~?:1£1t.!3*1*-5!\itttJt 

, it•'!i1HL~-1JZ-00 _t ~ *1*-ffiliJ • 

moom 22. 2. 2-3 ll!l?:l-(<;JPF:.:tfil!:rL?:it%ffi:ftoo 
l-4'1i,jJ;f~;2-iJi]J;f;3-fft!l!;!k;4-j~:fe;5-5E{!z.ff;6-l/l!IJ:lt~~ 
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22. 3. 1 1tm;;J}\Z1tittD!Utit, 1ikf~ !IJ-'f ~ m~1£c}ji!(fLm;; mi J: Et!Jli)}\Z1t 
~•••~••~Rm;;*mi1¥JJ}\Z1t1t1t.mm•ttm~1¥J~•0 
~.*runm;;~~l¥1*~~htt~.mm-=r*~~tt*~l¥1)}\Zh 
tD!Hi\. 
22. 3. 2 1Lm;;m1titl¥J!ll$;~1li.5laJ1 22. 3. 2 WTJR. 'E:;ff -1-i! 
~JU47~7G.:{£Jtj}/fijmif~!fJ-'fJJ 0. 5mm1¥J:;fff!LJ,&JiAJ~!iX:ff1lif~~ 
J: JJ!~:;ff -!ii. Et!. lfil)}\Z 1tll:>o 7~'.lt:!13 - j}jfij ffl JBttsiflJ <ii.# jg Jf -~ Blii) 
~M:t£nm;;•mi~~~%z-mim~.nm;;*mim-=r•~••~ 
':E~*atr .m1titll4fll.ifiz1t1t. 

6 

7 t 

8 

9 
3 

/ 
~+//~ 

4 l 

(b) ~~::Jdf-'.@: 

i.5l.flfl00 22. 3. 2 =tL~Jili:~itffi;i:OOC1f!{ll.:mm) 

1-lt!.m.Jt I 2-!>f.~.fL I 3-ti~~; 4-~tltJJt•l.lltW!i&* ff; 5-titt; 
6-m.*l-6'~1E; 7 -!i'Ei*J& 18-0°it!ll.l:l.Fffifltt 19~ ·45°1t!.lll:l.Jttiifltt; 

io~t,tfe 111 90•11!illlJt'"1frth 12 i~HHAitt 
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10 

ll 

12 

22. 4.1 zklli•R?.!~1£~1L~fflM1-11J~1*1¥JitJl3tM!Wiff¥f~ 

1L1¥Jt1t•!3l:IWi7~LJf*·*$;-W~l¥JlliRf&C-!ftf.J 1 m) .x-tlli~!3t 
;OOJ::fJaJ}(ffi ,jjjJ:t~~:ll:<1£tJt•zkf mi) *E1¥JR!!Jjttz:':E, #'ti, ~t.f 
;fnli:Jf :ff RJYf~ 71<-llih *1iffl>E:!ill-'f~1Lf mi 1¥1:/i*, :/i1J\ ± 
J}\Zh 0 

zklli•R?tM••J}\Zh~*~~T~~g>:E:*EA~~;fn 

*~~1!1:1¥J~sfP. 11i~; *E7'1$1L1t tm:a-;J-' B:Al¥JmL~t&•i!i~ 
CDaycy))itfit~:ff.*E1L!!Jjt~mL;tJ ;*~J}\Z:f.1:J;m= 1-±mh ~:;ff-1-
!3~1Ltffil~ffr. 

22. 4. 2 llih*--/R:lZ'!;lfil*iRLii;fniii ffifJ 1¥1 Et!,;/Jllih*- .~·~¥1J 
tD!Utitt1H~·l¥J*'21f1t;fnmffl 1!1:' *1.f?.!~~*-ffi/f>;J\-'f 40 MPa, mi 
•/f>;J'-'f 8L/min,11TM~#~. 
22. 4. 3 ffi-'f7J<-lli•R?.!~~7!i!Utit1Lffi~!3tballill-3f*111VtR, 

ii"!£~>.lti!i!Utit!3tlfl~®*l¥1M~ff:baJ:ffiRf&J:t.~ 3 m -ifl¥JE~~ 
Jj(·!i1J' .m1iit•0~1¥J@)Elk § iWI~~-WUMCit*~~7j($1J\ 

l 1-§5RU[. 
22. 4. 4 l~lHtllih 1¥J1iffl>E: JJK!i!dl:J:iliM ffih *-'fitil3ti>t!Wiff 1¥J!i 
*llih , ffi.1 J\ -'f t!l!!ltitE~ ffiRtil 1¥1:!i5tEffih , -!R :{£$ :J;m 1il :i:t t1t• 
!iX:ffl~~*~•iti¥Jt~•1iffl>E. 

ffi-'f7j(ffi•R:1:t~~mc~ 2 min__,4 min) ,ffiREitI~Cffi:f.1 J=ij 

a-;J- fBJ 3C-*) 1t1t1rHk: • tit• a-;J-* m fil 1JfJ ic * lllffi {~ c ~ll x --Y PRi f:£ 
ic*fSO Jt~ic*;fn~ ill lliR EitI ~' Q.( ff mM~fff!J' #IJ *Hi ~i:U¥. 
~fil-~. 

ic•ffi••: BiRtil1¥Jic•1il11t*fflM~1.f?.!' -~1.f~ M* 
m>E~ i;p:mff. ep;f!Jfflv*GfJ:mJBt~ >'~ ~ 1¥11:.itJBt;fll§~ f:f z;tJ)E 1flJ 

1¥J>E~M*fil•1Vt&•l¥1*ttA1.f&; -~1.f?t~*ffl*~Et!. 
~ic•Bi&tit. i;p:m:ffi¥J:baffiatrl'BJli.1ltJ£7'J 3 h__,4 h.&H}atrm 
1i':E itJBt 1¥1·11:00$ jjjtJt• 1iffl 5E. $ :m:H :b11 lli•Ulf Jiiij11J J: *-'f lliR 
til1¥1li:*ffh ,1J,r1VtRffh. 
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22. 4. 5 i:&li~~iJffi•tt•EliI~<iJta)jlIJ 22. 4. 5Hifft~ffi-~liE 
~~, Jl-1*tl7!Jl:Q1rF : 

C 1) ll JJilM 1'-1$ ~ i¥J PT IJJJlf~Jfll1t~ fl. C 9=1 IBJ ~;ft 11f :fU i@i Eli 7l!J 
'lf ll}(~) :bllffi~~tfIL~l:, JfbnltffRJ3t< f!P;ft'lf J3t). 

,..._ 

~ as 

-R 
:i:i 201-------------,.-----------1 
:s 
:$"!) 15 

IO 

5 

2 3 4 5 6 7 
lllffa] (min) 

C2) rliJlli•J3ttt7J<.:bnlli.f~l!JtfL~l}(~tj'~~:lt5ii¥J7-flllif'Fffl. 
(3)*.llil:Jf .3?:~-rlfliJjt{l[ Pb Cf*j}Wl&lliiJ) at, E8 f:;'ff :fi 

••~••lliOO:A•r•w~•m••J::tr. 
(4):*1~ffJJ•.•ffJf~~f~~B;J, Jl:l::J3tffi•ttfiE!iI~i¥J 

m,~HP1'J~a;J:*fflffij] P,. 

c 5) *lli~ rliJ ~XE at , n Jf ffi JJ * !NJ iEll ffi • Eli• a 7-fl lli f'F m ~ 
WM~filWt•~1C~l~i} •• lli.1'J~. 

(6)jfjJ[E,:J!~$ikC-JiN:'J 3 ik--4 ik):fJllffli~CJl:l::B;Jffij] 
.!:§at !BJ :X: * Bil~ 1: B9 :II:~.~ HP 1'J ~ f~ Eli iJ P, ) , ~ fjflOC ~' 1Hll! i¥J 
ffi-~~~~~-~~~~6·-~~-m#"M@. 
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7J<.lliB•~~£ilj]M~l¥J~*0A<mm ~ 
_§_~1[£iIJJ!§TtifL-B): 

tEJJ<.lliB•MW 9=1 , llJitj' ffi JJ J3i 7-iffi:lt ::k .:IL~ 1: tJJ rliJ 1f ~£il 
JJ~~~r •. :11:~tE~msf.tr-:i£1'JmEIIJJ , 11ttll.EIIJJ m $}f Wt::k r 
:;'ff :fl 1¥Jttm5ili'. a, at, fL~1:3f ~ tl:J ~-~,:;'ff :q·a• t1i ~(J{J 11ffi Jjt 
ffj] Pb1'J: 

Pb= 3ah-~tt+a,+Po CiJta)j 22. 4. 

AiF K-fLmit~iifsifi·ti~~, $;(£~!.Ji~ ~ifflXE, Jt~1t1B ~ 
1g l:::;;;;K:::;;;;2; 

O'h ,att-5HJU ji Tti fL •WT iii 1: :II: ::k, :lft 1J' ~iii 1f ~ ± EiI tJ 
(MPa). 

X>f.=j~~:iiftt:;'ff:fi(:;'ff:fi~:iit*~'j\f l -f-g$R{l[),K {i[i!if~ 
1. J;:\(iJta)j 22. 4. 5-l)faj{tj}: 

Pb -att+a,+Po CiJta)j 22. 4. 5-2) 
;:e:~:;'ff1*£iIJJft~5:\CiJta)j 22. 4. 5-2) 9=1 B91f~EIIJJ, f!Pffl 

Sh :fll Stt - po 7}jJlj ft~ O'h :fll O'tt , ~# tli : 
Pb=3Sh Stt+a,-Po CiJta)j 22. 4. 5-3) 

i:&!@HtfrRtfr:lVNill.JJ ~1£ft:tii lfJ W-Jlf!. :X:erJ lliJJ *fil , ~ *R 
mit1!fJf(J{J~B;J:X:ffllliiJ P,$}f!!i1IWlRJti:/J[PJ 1¥Jffj], f!P!VJ'~ 

j}: 
Sh=Ps ( iJta)j 22. 4. 5-- '1) 

'E8 FJIJ05:\ifflXE: 
Stt - Pb - Po +a, C iJta)j 22. 4. 5--- 5) 

rliJ±EiIJJi!if~~J:l(:;'ff :fii¥J § :mit•: 
Sv H 

5:\9=1 CMPa); 
Po-l:lf:;'fff*~f*~Ji'.(g/cm3 ); 
H--J:l(:;'fff*}I!jI)i'.(m). 

CiJta)j 22. 4. 5-6) 

• 181 • 



0~~~~tt&•JJt~.0tt*m••:flliJt&~•~nf!M 
5£. 1:EJ~•ii:ttx>ti-t!Wiat¥J $1X.:bn & {IPf-:cVf!it1Uf:l , 1£• -1X.:bn & 
{IPf-ffi~J§, ~1*B!~lP!:~, ::lttt nH!i JJt (1, = o, 911J ¥ 5*ffiiJ P, tlC 
r7tl0~H~= 

P, SH- Po (~IJl3 22. 4. 

~~*••*•oo~illJJnt.~m~••*m•*EKJJ•• 
itJt:: 

Stt=3Stt-P, ( ~IJl3 22. 4. 5--8) 

mq¥i-~tttl:51iJJtni::r7tl0~ifDJ£ = 

'11 =Pb C i~IJl3 22. 4. 5-9) 

~1'1r!iltl*:tf1*.::::~illiJH1 ·*ffl:=.1-~fL3t~imtliJto 
-~~1¥J~,:f£MA~*IB*ffi~:i1~~~1¥JffiiJ~~-~ 

:f£1t!!.OO ,:f£?ifff5£•1PfOO~illiJH>t~1i:bnl:.'ftJj(ffijJ' ep: 
Sh= Ps' +Ph Ci~IJl3 22. 4. 5-10) 

~~ Ps
1

-~imtlt¥11t!!.OO~at1~-itffiiJ; 
Ph-ffi~a*t¥J'ft;J<.ffijJ o 

23. 1.1 ~f*~ffg001f8iJt&fir~1*aJt~:t1*~~ffgOOt¥J$fir:fllF 

~ , #J ~ffg 00 fF jj J.il! 5£ g -IJJ 00 , 1:E ~ ll'lJ 1¥1 f! rtJ M • r :i1t fr g -IJJ , *1 
mw~-*~*~~ifDJ£ffiillt¥Jtt••JJt••·*jjf£8-1JJoo* 
~tt~t¥J•~-r:1tttrt¥J•-~••1¥Jtt••1Jtn.••J§m•-1JJ 
00~~:1tttr8-1JJ1¥Jtt81Jt&c~f$""~1Jt&), iJt1*J:.~JJ&::bnf!rtJ 

MMt¥Jtt-IJJiJt&.8-IJJfPfM•trr8-IJJOOJJ&:~jj··f!,g-IJJfPf 

M~8-IJJ00~-5£~JJtJJ&:~jjM•f!.M•f!t¥J•JJ~~~~­
-IJJOO*~$jj 12°,...,17". 

23.1. 2 iJtfti&[4}~§:ffll#!~m. -IJJtrJm.mA.AI7f~IA~ 

iJt1*flitJ4}i&[4}. ~tl:l:flf.,~~fir#imtl*-,JC~. *OO~*•~J'tfft _§_ 

ffi~¥1ioiJtfti&t:4}*ffl~M~:fll~~~ttfio 
23. 1. 3 iJtftft4}§:ffliJt1*f!itJ4}. iJt1*tifJ!',f!EjJ$fil~&iJ${ft 
~~ 'itl!JJB:ttti j£~ P3 $J. 0 
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c1)1Jtf**'j]n%1*:fll~%1*.*~~•#n%1*. 
c2)~ffgOOffili*4:baI~n%iJt1*:ff tElff nt, m ~1:hainY:~% H 

***!Pm'Mt! ':ttaJ.ilf !¥1 **-±~jjf CMl!:bnf! rtJ MMJ§7 ~ "*~)' ~ 
l?JJ"ll:~;j;fgOOF~fil#:flliJt1*rfft;iJtft:i1~~ ·**r!rt.lfPfM~5f:o 

C 3) x>t r A:ff -5£P-¥-J.l~ ±JE:l;i\l'fJ~~~ffg 00 • jj ~~ 1:E iJt& ~ 
mi:;.~~~*t¥Jf!rtJfPf•, rm~~:ftf tl:l*r£, :bn*•-1JJ0000 
:ffl. xtr~1*·1~Uitkt¥J~r£. *ffl1.il!~f!. 
23.1. 4 iJt&at;t~~r!rtJfPf•~ut;J§~~•-1JJ••¥m:fll'iD!tl 

:1:¥m. 
(l)J.ilf5£r!rtJilljJii'/it11[I~i&t:itilliJ~I~i&t:ifffijJ ,:(£if0 

5£1Jt&a>t JilfMl!:hn t¥J•*f!rt.lilliJ at. :ffi~~ m*1*1¥151iJJt, ~1*l'fJ 
illiJ ~~ ~.& i&t: 4i- 1¥1 tl:l iJ :fllM JJt. 

C2)1W.f!rtJilliJ l¥1*1J\:fll~·iit:R:5£f!rtJM•*~. ~~tifF ~ 
•~f!rtJfil#t¥J*1J\:1ttJriftil~. 

C3)8tJJlli:#:f:l:l:jjfir~fir-f$:tl:l:t¥J i. 5 fifnt .#J~~~-$.ep 
:tt:bn8-IJJfPf•*~. 

C4)*fflM•r!*~ni:bnMMat.:);;1*:f;ff!rtJfPfM~".ft.~ll'lJ 
iV!*fiji ~:&m::bn8-IJJfPfMrmF~t¥Jf!rtJ *111¥1:1:1:1:. ~a>t:&m::bn r g 

P Po -Q sina Ci~IJl3 23. 1. 4) 
j;\';~ P-fFmr•-1JJOOJ:.1¥J,~,r!rtJM•CN); 

Po-iJt&7f~aatfFfflr8-IJJitil:.t¥J,~,f!rtJfPf•cN); 

Q--iJt5ia>tt¥J4l-~,~.~rtJ8tJJMM<N>; 

a-MrtJ8-IJJfPfMMl!iJnrtJ~g-1JJ001¥1*~· 
23. i. s iJt5iiC*~~:ffliJt&:i1~~xt:bnMi&t:4i-:fllfir#iYltl*;tgtf 

'11N£ , iJt& ~ tl:l B 1¥1n(ii]Ff.iJt1*:fll ::E-1* ~ tl:l JJl!;f't~ ~ 1'li:tk: ~ .&~~i 
7fM~•ammtrt¥JWmtta:i£:flliC~o 

23. 2. l x;fr*~J!£li£1¥J::E-1*.-JYli*ffl~P3=tfliliJt5io 

23. 2. 3 ll'lJ-miJtf*::E-tt~~*ffill'lJ .~*itir$~fi~:ff1'tii~ 
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~:l!:im:l:i , §tj] it~ !3 * ± f*:(:EI;fi 9=t 8<J ;!k IIffi ~ j] JI*~ ;f!Jil( o 
23. 2. 4 *1*8<J5£lt~~-~~W:·ti*3t*o 1£ilt~9=1, tfHi&ii* 
:fll*'ti~{lf:,~~iJD*~tJJim_ta<J!i*r!IPJilliJ .~:ltiJDiitf*a<J~ 
:It, IVJtR 1~ Pf$ a<J 5£lt~~ {IL 
c.1.1 :.f&fi((*:fi.~fili~t!l!~iitliUtillffl>>.*:08<J5'·tim:1t-m~~;m 

:l:irOO 0A::iltfitt l!Jf: 
Cl) fit 5lP.·tim iL 
l)fitjjp.•ti:fj;:lta<Jit~: 

/F15-:01X*: 
Es=O. 3495J!1J8~ 0 X104 CiJla,ij C. 1. 4-1) 

Es=(5.074 4+0.479 6Is(5o))Xl04 

J:\'.:9=1 Es-fit5'·11£:fj;:ltCMPa); 
Is<so>-~iliJ\{4,~fili~5£Jtm~cMPa) o 
2)fitrst~ ttc 15-:0**) a<Jit~: 
Is<so> *r 0. 45 MPa at: 

( iJla,ij c. 1. 4-2) 

µs=O. l-29 3Xe<2137!E,l CiJla,ij C.1. 4-3) 

A:i:f=t µs-fitrst~tt; 

e--§ ;&~;f~S<jffl:;(2. 7183) 0 

(2)19Jjjp.•11£:fj;:lt 0 

1) *:O~vt:lflt: 
vp = i. 683 5xr~dJs 6 x103 c iJla,ij c. i. 4-4) 

J:\'.:9=1 Vp-*:O~vt:lfltCm/s); 

Is<so)-~/tilt{4,~fili~5£Jtm~cMPa) o 
2) Z9J5'tt:fj;:lta<Jit~: 

Ed =O. 608 4XJ!cg5? 7 X104 
( ljla,ij C. 1. 4-5) 

A:i:f=t Ed-*;QZ9Jjjp.•11£:fj;:l:CMPa) 1 

Is<so>--~/tiit{4,~filitt5iJjJifiCMPa). 
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