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GB/T 1029-2005 三相同步电机试验方法

《GB/T 1029-2005三相同步电机试验方法》规范了三相同步电机产品的各项试验方法，
是三相同步电机产品各项试验的依据。

《GB/T 1029-2005三相同步电机试验方法》适用于额定功率为 1 kW( kVA) 及以上的同
步电动机、发电机和同步调相机。不适用于无直流励磁绕组的同步电机，静止变频电源供电

的同步电动机可参照使用。

本标准由中国机械工业联合会提出。

本标准由全国旋转电机标委会发电机分技术委员会归口。

试验时，采用的电气测量仪器、仪表的准确度应不低于 0.5级(兆欧表除外)，测量三相
功率时允许采用准确度为 1.0 级的三相瓦特表。测量温度时，允许采用误差为士 10C 的温度
计。

试验前被试电机应处于正常状态，接线正确，设备及导线应符合试验要求。

DH2000 便携式变频电量分析仪
以便携为目的，经过化整为零、重新组合而成的一种

虚拟仪器

WP4000 变频功率分析仪
WP4000变频功率分析仪_全局精度功率分析仪

DP800 数字功率计
5~400Hz范围内实现 0.2%的全局精度的

低成本宽频高精度功率计
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4. 2 ~m;a:~~t-~~~l':m:mtlt!~ll~Y-Jmg~ 

4. 2. 1 ~ll.f-~~~l'~ffi71iii.JJt!Y-J1JIU~ 

~ ~m~~ I*J :fiJc'I:-N~IBJ ,fflS~it<dJ:t'l:~stt) m~ •lt!.m~~ll ,1rJc,r:.-~.f.f~S)jt, ~--~ 
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m~•lt!.m~~ll~~ 1:J;}]fie~ll c ~o § 1J1}Jt.l!ffi'ii. ~m iitlt~~ll ~) •~ at~'* 1!! ~ m B<J *'J\, ~/F rRJ tmf.fl. 
m~•~~llj}/lij'fm~~~llfltm~•~ <M~ I~HtEatmm~•1rJc,r:.-m~1r*,r:.-trttm* oos~), *.SJLBJffi ~ ~fie~ll 
I'J<J~I$F~~~TS1t. 

••8•~~m~fJ1}]•~m•Jjt~.m~fiem*oo~~~~••••~·*:ft-1JLBJffi~~~mB<J~ 
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89 Et! ~il, oo H b) 89 t~~~m rim~ :I: Et!ff~ 1*1 mEiiltm~ Et!~ilz f:t;J\"f 2oo atm~ll 89 ~Jil 0 
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U-i3\~Bt~~{}~~ ~~'-t!fli< .=:;f§3f1Sj{R) . V: 

Uo-t1T.¥1J~~~Pf~ft-f(t(J~~E@.Bi, V . 

**llt!?:X Uo = !<I, ) ~p 1-;f;f;R (t(J~~~tt!IJl~ . if~ ~~t£13\~'f!~&!Ef! .ffi ti r%, J)!lJJ..iii:X;f~~f',j: 
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4. 4. 2 E@.iYJ.fJl?* 
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s•~B~~mJ£~~•. ~wm•~~-ffi~~*~ID!~m~tt~mJE. 

~Ilttlm t~$3tt§ fll ~ '£ ~.fJL I ~$il •~ 110 3?: 115 %B.JJIIJE!t! mt% B ~ hn 3?: ~w D9 ~mat. tm~~ ~IE 
{J[:it:;~~~m~~~~~lli~~~BftWR~~~~~-·~ffi~~:fT. 

4. 13 I~JJ~ffiiit~ 

~B~ffi~!t§i$:19I!t§i~~ffi~%~~~~-ili~~~%.tES~~~ffi~B:Ufi~,~-~~~ 

a{]12~~tJ'~mn-& ·•~~-tJL)WJ oottr1f~· A.ll:\l:t? 0 

6 



GB/T 1 029-2005 

4. 13. 1 lit~ }~)j< 
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rtJ.~fl ~ ~ C<F) (J~Jn;~, $VJ! Bt li3J ¥'~~ 

R1-tltix\•~ll.!.:J ?C7Jc 'm'J'ij) 1¥1~~ f@.lll:l. n. 
It! .fl8: tit ~ll a ii!i ;Jc 1k ~ '"f jJHl' ii\ lJi Bt , 7Jc JJJt Ft!. ~ $ &l ;f :;k =t 1. 5 p. s/ em . 4iJ ?X iJt lJi "'i . ~ iiWit ~ & ~~ 

R • • J&~~-~.!:=Jt&ftlt!.~t&tt:fQ& .fi{R.ffi~l¥1-fH~It!. ~ ,{iJ!~3<~fErff- JJ~ • • ffffi~hl:i:a:!Ji~~ B9 ~ 

i:i\ 1I mE 7l!t iii ~ VIE < .-f 1~ fJJi ii\ rfb Bt u9 ~ Y.: * ~ 1/i'O • 
• tltiJtrfblfii¥JttfF1r~~ 4. 13. 1.1 . ?klw-lliV!Lilit?Afi~Vit l(p.A)t]i~,:\it~ : 
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4. 15. 2. 1 

4. 15.2.2 

4. 16 PJ)lii¥-JjJ!lJ~ 

Pipii:a:~tJ( GB/ T 10 

4.17 ~~ll\'1Jtl1ilti:a9 rn!J~ 

TM 

GB/ T 1029-2005 

F 

= 

.............. . ...... .. .... .. ....... ( 9) 

T H F E8?J!tl5ElllFa:tl!. fJL .1-J ~ ~WUE: :ilHf , JfJ ~ JfJ f)U& .!!JU~ ?&: 7Hfi 1:X !t!IJ I:IH!dlt El! Eli 
~4:Hxil[i&:~ffia9~U'I.1m$711 111 Ell§~ JAt9i~ fiT~ s ooo Hz 99 ~mnl1ilt . Et! ~ilfi!t f5J ~tte r :i\ 
H~ : 

100 J n THF< %> =- ~(E,A. , ) 2 . .... ............... . ............... ( 11) 
u ·-1 

~i:fl : 

U-~ EI!EE E8 :ff~1!L V; 

E, - i 7X ii rBl It!. Eli a<J 11 ~ 1fi , V; 

A.,-xtrE.r i rx ~rfi&:~If!E81Jo1X*fx ,;flf!J~$1'!91Jo1X*fxil:f JA1Jo1X~fi;&~1Jo~ !til~'-? 1!t ili, 
9 
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IJi!, GB 755--2000 rp* 16 f!JOO 130 

~m~~~~~~ft~*ffl~~~~ffm~THFrp~A*mo 

5. 1 ~$1¥JJ!tljjjtl~* 

•••~~m~•m~•~•A~•~-~~*0 
5. 1. 1 ~~at .-~~tJL~:(:EWf~~$,Wf~~ff: ,Wf~~~&Wf~~$~ft'F~H~~~~J§'W:Ittfr 

~m•. 
rr•••~~m~•A~•~•m~•~.~~~•••~~m~~m~•,~•~•&~~~M 

YE!J~ 0 

~~~~ Milffi.JJt~:lik 25·c ~ .~m~at191~•*m!:llilffi.Jt &Jr•~t~ilcar ~tt:a:~~m191~• ,ffl.~f~ 

iE i~J WI'~~ ltPt faJ > 0 

5. 1. 2 m1l:tj'gr!¥ftl~~~m~•~ ,J_i!Uf~m'F:~t~ff-~::tJ?'!. 

5. 1. 2. 1 $JJ iltJ 5* 
~ • ~ ~ m f1:: ~ zro m ~ fr at . .!::j ifi!J zro :H !!It 191~ w m If*~ , m ifi!J zro :H !!It 191~ w m 191~ .1: • ~ Et!. m. ~ ~ ~ , ~ 

B-t m'l ~ .tt ~ l! , k'J • ~ Et!. m • 1±1 w * , • A w * m Et!.l=(. {)( * 191~ • 0 
~•m:~mf1:~ ~tJL~h~ .mm~wmtffiiYJ•~Et!.m., # mm~ w mmLI:•~ ~ma<J• A~*, m ~ 

~1Sl*mut•~~m~•l±l~*o 

~~~m~--~~-~~-*~#W.~~~M~~-~-~~••· 
~~ili~~~-~~~--~~~~~T~m~~~&JJt'Fmfi,mm~m~•*•JJt•Wo 

5. 1. 2. 2 ~it ~AlL* 

•~ ~ m.!::j :Bt i'1tct ~ ~tJLtJL19U~ft, m :Bt lt ~m191~ ••~ ~tJL ~ • A ext~~~ m) !!It• m ext~~ 
zrom> ~•, m Et!.l=(.fSl~rm~t•iA Et!.tJL~• 1±1 ext~~ Et!.m.) !!It• A c xt~ ~ i1Jm > ~ * 0 

~~~rr~~•m~~··~~~~~T~m~~~&JJt~:~ttfl.mm~ti~Wf1:mJJt•Wo 

5. 1. 2. 3 X>t~* 

re~~ffi~~~mmMMft,-~f1=~i1Jm~H.~-~*~~m~ftom~~{S(*••~zrom~ 

·A~$fO~~;fJL~4W 1±\ ~$, ~~~ ~mi'l<J~i-TI6L~*;f!:1 [PJ Bt, ~ fjlj~:fM*C:Ji!:f-;t!;J:Jtt£!~ ,j)!IJ ~zro 
m~•mJj]•~•A~•~~m~z*~~.w~~m~•A~•~•mJj]•~~-~Z*~fno 

~~mrr~~•m~~-·~~~~~T~m~~~-JJt~:~ttft.mm~ti~•*WrJJt••o 
5. 1. 3 ,g,:fYl~191~~ 

5. 1. 3. 1 @It!* 
re~ ~;f§ ~ S'~ ~:11Lm.Mfll ~l=(.Mft:t£-~,- aft~ zrom.. _¥}- ~ *~ ~m.~ fr, ~~ ~ ~m.~m 

~~~~mlf*~~~~*•~.~~m.Mmft~•wm~:BtltM~Et!.m~~. 
~ ~ €1 ~ m.~ 1'T I 6L ~ :.<$: ;f§ JllJ ~, riJ-® ~ 19! ~ ~ f- ;t!;J -?tt£! ~, ~tl· ~ ~ m. ~.A,. ili ;r}J $PI~ 

5. 1. 2. 3~1Jr!•~. 
~~~rr~~•m~~wr•~~~~~T~m~•~m~~mH.mm~ti~Wftm~••o 

~~~~~mM~~•-•~*~~.ttwM~*~w~~.~~~~mmMmft~~~-~iE• 

~~M'*~· 
5. 1. 3. 2 *~*~~lit~ 

11fti.it~tJL:f:EU~ ~ff ,u~~-~ *~~Et!. iYJm~H, w ?~~ B:f:E~tr::t~. lftll1 ffiJJart •ttwtitie 
mrt•~~•~mo.tt~•~~•~~~~•A~;r}J$.~rrffiJJam~m~~~~•Et!.••~~·~ 
:ffl.~at~aEt!.rfrE•~z.~:~tt1if~iE 0 

f;tf;Et!.~ff~-~-5£~ff~~ilifrBtfll!~mA~;f!:1•~~~Bmo ~~l::f;tJ;~~ff~~f'k,c.,•*€tt711Jj 
10 
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~ llHM *f Jt im 1~ $ , Jl! 1ir 1~ 4! 4! ffi ~ ®! 5E 4! ffi ffi ~ o IiiUJ!lJ 1::. x :rJJ :rJJ $ $li* ~ lE ~ < :!:1 JilJJ ) o :l!n ffi r JilJJ ~ 

It! ffi /F ~ ffff 1i\i ~~ ~U at , W: !1ft -tiL Pf {E I!& 1& x :rJJ :r}J $. C X JilJJ ) I l5L r :ltH'T o 

5. 1. 4 ~$~>JUIX 

5. 1. 4. 1 fB[W:ft!tJLiEW:!Jft:tk&.r~~**rs:titJr~ 
p 

r; =~X 100% .................................... ( 12 ) 
In 

s:tt:f:t: 
P---~ It! m ~ *u~ w :ff rJ1 J}] *, k w: 

Pin---Jt!t!L~~A:ffr}J:I)J;$ ,kW o 

5. 1. 4. 2 J1L~t.tftdYltl5E Jt!:fJL~$1lt, ~n~*JJ:fr mt?JfiLft/f-Jg 25°C, IJ!U$Z*r :YIJ%J:\;~;M:~U 25°C: 

T/<zsJ = p p X 100% ............•....................... ( 13 ) 
in(25) 

J:tt:f:t: 
Pin(25l= Pin+~Pcua+~Pcuf(kW) 

p 12 R (k+~8.+25 ) k ~ cua = 3 • a k +e. 1 ( w) 

~p = f R (k+~Or+ 25 -1) CkW) cui f f k+8c 

1.-~$~tl;EBt~ Jt!ffKffi Jt!im: ,A; 

1r----~$~tl)Eflt~Jil!J~Jt!im: ,A; 

R.--~~*-~tl5Eatl'l!ffK~~ll-:f!:I~1Imtlt!~li m .n: 
R~--~~*~tl5Eat!il!J~iiem1Imtlt!llli. m, n: 

~8.- --~~$~tl5Eilt Jt!;f'IK~g_ll 7Ji!Tf-{i[, K; 

~8~---~$~tl5Eilt!il!J~ile~Jl7Ji!T!-{i[, K; 

e.-~$~tl5EM~ffKiie~llmrt. "C: 

e~----~$~tlJEilt!il!J~ilemmJ3t, oc; 

k --~-f{Q) i}e~Jll{R 235, ~~ f{Q} ~~ll* GB 755-2000 t:p 7. 6. 2. 2 ~Jt5EJlko 

5. 2 ~~t¥1 I8J1liJ!~~j! 

5. 2. 1 ~tiL ~;fc $ Y:IHvl *f 7t {J]-~ 31t .1\X B;f , 5t §11] ~IJ JE !!.X: i:t~ r J'IJ 4l- :!9! 19! *f o 

5. 2. 1. 1 tl!5Et!Ji*f,icjj Po ,§f!S: 
a) ~~*fC§ts~~~~~*f) ,iCJg PFe; 

b) $i!Jjf(~-~*f; 

c) ]X\#;; 

d) Jt!.!Jltl~-~*fo 

~1: b) ,c) ,d) :=::!9!~*Ez~~1-Jt!L~~*f ,-j;t,Jg Prw o 

5. 2. 1. 2 ftj_~~*E 

It! fJL It! ffK iJe ~ll t:f:t 1
2 
R ~ *E , it.1-J P '"' o 

5. 2. 1. 3 JilJJ~tvl*E' iC.j] Pr ,§tiS: 
a) Jil!Jl!ile~Jl(l9 12 R tvl*E, ic.j) P,ur; 
b) ~~H.fftvl*E,iC.jJPR; 

c) ft!ljjlj It! ~*f, it.j] P"; 

d) Jil!J~:fJL-tP!*E 'iC.j) PE; 
e) § {f!il!Jl!~ll:~tvl*f 'ic1-J PZE; 
0 § {f*ffl WJiie~ll ~ 12 R tP!*E o 

11 
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5. 2. 1. 4 ~11H61*€, ie~ Pd, 1!!A!: 
a) E!!m:~m~~ Ji;J a<J~t4HM*€; 

b) ~tm .&Jt11l!.~JfiU'iS?t c~~~7'~) Ji;J a<J~'Itt1.9!*€ o 

5. 2. 2 E!!tfta<J~$rti"FJ:\r{U~: 

TJ = ( 1 - p f ~ p) X 100% ··· ·· · · ·· ·· · · ·· ··· ··· · · · ·· · · ·· · · · · · · ( 14 ) 

:t:t 9=' : 
~P-,~,fM*€, ~p ~P=Po +P .... +P,+ Pd(kW); 

P-$til~$ .kWo 

~r•~*~ma<JPRa*€.~ma<J:a 

1¥-J ?ii ff£ I~ iffitlf B1 a9 !l1 f1i : 

8~-;{;jJ.liZ"T R1 'lY!iJ 

8; -?i; ?li ~ mi 
k-~0;r.t03 

'----"''-----~~If'Fi&ll.l/'C 

75 

95 

tl: :~tl*!!«f~=f~~{li!Rt,B'W~~ 

5. 3 ·~iti 

~ll.lf'flli}fl5.1 ~ 5. 2 

5. 4 ~Ei-ra~~ut~t-t~•r~~iill 

5. 4. 1 m~mfftflJ!l~ 

5. 4. 1. 1 ~~2tEI!trL~ ~lie 

~ ?HJru a<J It! ;om~ ~11!!. ~IH!E fiffl mtl 
lt!tfti¥-Jt9i~~it '~~ *•g{1.9!*€~ lt!.llitl,..._.._."H< 

;{iJ" ~ r (~: ) 
2 

=o 1'!9a*€ ~P :J-Jfltiitlt!ma<Jm~m*€, ;{;j" J.ili:SUE It! EE a<J 1Yl*€ ~P ~fltiie Et!tJLtE$i~ ~ffi "'F 

a<Jffi~tM*€, =~z&:J-Jfltiielt!tfL1£$i~ lt!lE"'F a<J~*€ CPr.), $~ :J-Jfltiie~trl:(£$f~:ftt ~ll;j a<J~*€ o 

5. 4. 1. 2 ~~et!;!Jtrt~ 1ltiielt!tftti¥1Jt9i~~$Et!l:EiiJ~~~Mf*a<J~~EI!?W-..t~~~lt!;IJtfLJgfr o 

mm~•~~~a<J~V!tlt!s•M·~~-~It!ma<Jm•lt!•~lt!mlt!V!t:J-J&~.~~~•••*€~1t!~ 
.t) g{ 1m *€ ~ ~ Fo , 1£ :if' ~ It! lE "'F 1j!IJ fit tlftA. :91 $ Pin.& It! :fig It! V!t I o , # ij!IJ :tit El! & ~H.Ii a<J ]: V!tlt! IHl R. C PT ~ 
fi:(f~~Fo ~ ~p TJ!~Jflt ,-ffi.J.ill f~ IE ¥1J lmflli~fBJ), flt~ It! fJl.:(fM J.ilZ lt!.ffi"'F 1¥-Jm~a*€ P~ C k W) ~: 

12 



Po' 

0 

~~=~z~~IP1>JW! - rr~~m~ . 
5. 4. 1. 3 § ~i!ilt 5. 5 

5. 4. 2 Jt!.;f!K~~ll~ 2 ~CkWH~r~it•: 

~rt': 

IN-W!JE!t!.:fl8: 
R.i-¥?lifF 
.M r § Dfu t.Kffi :& It!. 

~J:f : 

Iu ,Jnlw 1>JW'!JEifF*,= I tt::li' I"T'<f~>tf' 

5. 4. 3 Dfu~191~~*1lX 

5.4.3.1 Jjfu~~f:ll~ I2 Ri9l~Ck 

~rt': 

IrN-W'!~Jjfu~Jt!.ml ,A; 
Rfj-£?tifF71l!.!lat~Dfu~~f:ll~1rmt lt!.~ll, n . 

5. 4. 3. 2 ~mHm~ PR ckw) m r~itJr = 

PR = IfRUR X 10-J 

~rt': 

riR- W!%:I l£at, mt:~~mff~ lt!.mt, A; 

GB/T 1 029-2005 

. ............. .... .................. ( 19 ) 

.................................... ( 20) 

UR- Xif J.))Z...t~Jt!.mtl¥1 ±~ISll.ffMYifflffiil*, v 0 

*±Dfu~§Mrf'~~~•••*at.~$~±~mH~~~~-•·*•uelt!.mDfu~~f:ll~1rmtDfu 
13 
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•m~m@M~~~~~~~-~~~. 

50 40 30 3 ~~rJ ~-~ P,<kW> El:r "F:rti-r•: 
P, = 2IrN X t:.U, X 10~3 

····································( 21 ) 
j'~ r:t~: 

lrN --~~lfJ:EIJJJJE ~Vii, A; 

t:.Us-~fbZ ~~rj_tl¥]ffi~ ,X>f'f"IW{-;r:J ~!!t&~1tE ~~~rj t:.U, = 1 V; xt~~;r:J ll!~~rj t:.U, = Oo 3 V. 

5. 40 30 4 IJJJJEm:J:M'te 
~niJJJJE:fJl~Jil: H1 fJJ:iJ\~:fJl*~:M!~J, ft~fJJ:iJ\Ft!:fJl ~ ffl l¥JMIJEi'Jl, !Jltl~~:J'M~~~. 
~MIJ•m~MfJJ:iJ\~m~_t~~~•~~fiiJ\•~.~MIJ•m~•~~*~~~iJ\•~~~~• 

a!I!~1'T~~J:E. 

~IJJJJ•m~~~~.~mm*mttt¥J~m~.~-~~m~d~•·~~~•~mm~IJJJJ•m*~ 
5. 4o 3 r:?llli:=~zlol¥J~31:XffdiUtl~* fA ~WJ"~·tf!f£ "F l¥Jjyl~. ~j 1'r z1t:: ~p ~ IJJJJEml¥1.ttu AW$. IJJJJ 
Et¥JfA~~~•ww$.1JJJJEmt¥J4'DtrAw$~4litrWw$z~t¥J~U'I~IJJJJmmm'te.~~-~IJJJJEmt¥J 

IJJJJmm~~~~m'te**~·IJJJJ•mmffi~~t¥J~mt~•~IJJJJ.~~IJJJJmmt¥J4'DtrAw$m~:rJ:.ooWJ"~ 

MNTm~mt¥JtM'te~U'I~J:.IJJJJEmt¥JIJJJJE.'te. 

~_t~~~-~~*m~.~IJJJJ•m~m~m*~~~-~mt¥Jm~*m~•J:E,ffiB*A~11tiJ\ 
~ m m 'te ~-r Et~ tll ~ 19Uf: ~ m -fl} it A. 
5.4.305 ~m~*~IJJJJ•~•m~ 

a) ~Vit:JG{4l¥J~E(jyl~ P,CkW)m~:r\:it•: 

P, ,= t:.U, X I X lo--3 .................................... ( 22 ) 

;rtr:p: 

I-·Vit~ft~4'DtrW~Vif,A: 

t:.U,-~--Vif:JG{4~If'Fffi~, V ,;ffJC~~~J:E, fl1111i9:itU'Id 1. 2 V. 

b) 4HJH1i89 J2 R .JMff;ffl~liJEI f'F~:r\:HtViti:~~~m ~ ~ Vitf-~;lfi! ~'J. ~tiHEltE~~I f'FMlt 
nt (J{J rt! ~li it•. 

c) IJJJJE~'i:4F$*~i~Jc~PJmlfhtU'Iii··· 

5.4.306 ~WJ~JH1i~J2Rtvl:'te: 

m~li~If'F~~~·M~~m~Ft!~f-~~~mm~~~If'FMlt~~~mit•. 

50 4 0 4 ~'diH9l 'te PI ffi -f YrJ :IJ ~ 19!~ ~ 
5. 40 40 1 9iff]#}~ 

~fJJ:iJ\~m~m~mmM.EI:r~~m:M!~~-~~-.~~mm~*mtt~~md~~n~•~• 

llxit~~• ili w$~)Jj{i5JJm<:tm~tlwm>. JJWit!Jt/J•~ Mt15!!ft!m ft! rm~®f~ m, ~tl~ ft!@~tli ~ Jrmt ft! 
~li R, <.m .~Vitft!~li~f~{EiJ\·1§~~111. J>\1JtiJ\ft!tfl894litr AW$ Pin< ~p)J.j(~tfl~4litr iliW$,kW) rfl•* 
*B{iJ\ft!ml¥Ji'Jl~1ffl;f6 PrN CkW) ltlft!@~tfl JZR 1ffl~, ~p{~lf~ft!:flgft!Vfi~~~~tvl:'f€ Pd CkW): 

Pd = P,"- PrN --- 3l~R, X 10- 3 
····································( 23 ) 

5o 40 40 2 tt'lZIJJJJ~ 

fJJ:i:i\ ~:fJLf'F ~if~ 4:!. iifJm:iE 1:r, ffi a!ll1l. ~ ~ •!Jt/JMI. f:@.@~tll>'~ .n&~ ~1Fxtfl\ a~ g~ ~ * ~ g~ ~ ffi, 
1'!¥ ~it ltl ~ ~rJ It'~ f9l ~ ~, 5E J6 , RIJ P1 ~ 1'J iJ\ •. t.i\ ~\i'J. M ~ :fJl7t §Jrj f£ tt !Jlh ltl X fflfJ }i j:\: ~ i)aJ ·11 !Jt/J. ft! Vii 19! ft! 
m Ft! rm: 1'1 If~ m: , i~ 111 ~ m ~ £&: , E!! :fig ~ rm: , • A :rJJ * , rut1 • f:@. rmltl ~ J! , :tHA~ ili ~ m ~1Hll ~ 1lr 1m ~ ~li c nr 
~1~:fEiJ\.%1JI§'~~ 111) 0 

~fJJ:iJ\f:@.tfl4'!itrAW$•*t!!!Etvl:tt, ~f!R~tli 12 R tvl~, ~P1~1JtiJ\ft!tll*J1'11£MIJJJJ ,'lz!Jt/J:iE1'JB~o~ 

~~m~.•~~~mf'F~~mt¥J~~-~.~1£~1JJJJ~:rtT~~~~@~fti)aJ~®f~U'I.ft~~M~ 

:n~T~mt¥J~~m~f'F1'111ti:i\~m~~Mm:tt. 
14 
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···A~$~*fflM~$~-E~*·~*ffl~E~*~~~-A~$~.~E~*~~ft~~ 
at~mc 

5.4.4.3 §~J!~Ji1!.5.5o 

5. 5 ~ lJit~iit~ 

.t1t ~ 3:: ~ .~Nm r $# i9J ·~m surt * j;J IUtfm };~ ~1~ ~ 4S-rm m ft.~- m xtE J¥J ~ m 0 

~-~-~~m•~••m~I¥1~-~.&~~X~~hm*~#~~~I¥JA•~•*~~~o 
)t:jfM~tt!.:fJL:bO J!, 19!X$#i!~ iWi -'fW\~$# J!, xt-'f ~fl :fJL~ :f~{~ -'f 105% nN o xt 6 f& fJLJJil :::f f~ -'f 
11 0% nN '?!.\!§'1:]] $T~~- '{£ ~:fJL$#i!:if!l:i:t_tk£$#J! j;J WI' ~~M$ Er'~ _L fl::l*;$ 'ft f4:! m § ~.OC:l~L xt ~~f& 
;fJL.JI!(JA 105%nN ~?iU 95%nN Yf~f!{JBJ!'aJ ,X;j{~f]k;fJL]i.JtXJA 110%nN ~?iU 90%nN !JT'iffiEt''lMi\3J ,_t_r~ 
~i!~~Z~l¥J~~••$•~~*~~±2%~~o~TM~&#mff.,m~r~Ifl::l*~rmfi 

~-0 
a) ~-t!X~til3f/m, ~:fJL~~izL~.tlt~a!ftmH~ § ~J!Bt!'BJ ~ t:.t1 o 
b) Et!-t!X~!Jl3ffm,iftijfi~~~-19!Wi~~J!Bti¥J ~-l'IX~ffi~Wi~ffi' ~.tit~· !ftiiJ!IJ1~ § ~~~ 

1\3J t:.tz, ~m~J!:if!lttW\5E$#J!~ ~IRJBtii:JI!(~-t!X~ffifl:l~~~- 0 

c) ~-t!X~!Jl =:f§m/m, iftiJTi/iih~~mt19!Wi5E$#J!Bti¥J ~-t!X~rm~t9i~ffi ,:(EJJt lJ\a iftiY1tl1~ L~ ~J! 
Bti\3J ~ t:.t3 0 ~ § ~i!:i:t~ *•JI!{~m~rm.&.liih~~ mr: ,;tfHJsmH~J¥JfttJ&ii·Jr. = 

mfJ!Xmft 

PfN = 10. 971nN ~;:X 10 6 .................................... ( 24) 

P(l = 10. 97 InN b.n X 10-6 .................................... C 25 ) 
b.t, 

~ ~ m :f€ , ~~t~ m ft -~ tJL tm m ft z fll 
1\u,,+Pd+PIN = 10.971nN b.n XlCr" ................... -······( 26) 

b. to 

i-t!ft: 
1----~:fJL$#~'!m:ll,kg • m 2

; 

nN---t9j}E$#)!, r/min; 

b.n--- - x;J~fM& fJl~ 1. 05n"- 0. 95nN -=0. !OnN, xHi ;f&fJL_j,J 1. I On~'-- 0. CJOn(\ =0. 20nN o 

~T~m~~$•1¥1~*·~k£&~§~·~~~m••mfi~~.~~~~•I¥J~~mfl:~~ 

~itt! 0 

1£ ~ !lii m 1'1 71< ~ ~ It! ;fJL ~. Bt , ~0 :ff f-iT~~~ :jf 7]< ~ :fJL 1m 3f , N !J!IJ JJil ~~ $# ~ ~ Er'~ 7]< ~ gil til'[~ , # 1-A ~ 
~MmJ¥Jmft!ft~*m#•~•5El¥J7l<~m1£~~*1¥Jmtmmfto 

~n-~:ffLI¥J$#~'tB!Jibrdll, PI mr:71J}J~r~'1~ =*•iA~m:t~?i'J BJI-l:tmft P ~fn~c~o E Jl-1:2~m 
ftW~:mimmftl¥1 ':!tJ.:k~ >, ?!.\J§'m1cr E:J ~i! ~•, liff!5E 0 ~j!sti'nJ t:.t4 0 

1f:ff:2.~~ffi~Bt: 

1 =c _________ !:_ ___ X 106 ••••••••••••••••••••••••••••••••••••( 27 ) 

( 
b.n b.n )-

1 0. 9hz(\ b.t, -- b.tz 

1 = p X 1 0'; ··· ··· ··· ··· ··· ··· ··· ... ··· •·· ··· ··· ( 28 ) 
10. 97nN (-b.n - b.n) 

b.t4 b.tJ 

& nJ:¥)tffl:2~~7;/J:fJLY!i!Jltl5EtJU£1Ylft .?!.\J§'m1'T s.k£ §~~~·1ft 1¥1~ b)rm~• ,IJ!U 1 ~ rJ:\ 
*1{}: 

15 
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········ · ... ········· .... .....•.•... ( 29 ) 

tE El ~Jt~~'P .~o*m~atttfl~!ll~OOJt1SCJ.c~H~Jtat, PI fF tf:l ~Jt~tatfBJ ~**liB~ .r&m 
tEIIB~~*·~~~-~~-Bt~-·(~)~ft8~~~~9=t~~. 
5. 6 ltftt!~l'(R;j"~-aq;tt~ 

~ol'ff ~ * •!t11B fA~ "F B<J ~*at , PI* ""F ~ ~~ llH1 , m: ~ m f€ f~iH~' :;f ~ , fA ~ m f€ * It!.~ It!. rm: 1fL 
~~- .~tttt9lf€* 5. 4. 4 ~~ifft~~* lt!.~lt!. mt1JL~~-, lilbmt9lf€~tU~~fb. ~""f EJT11Ui1Jla It!. 7Rt* 
5. 4. 3 tpffj~~0J:.\~·· 

. . . .. . ...•..•..•. . •..•. . ( 30 ) 

~lUNA Lt it . 
6. 1. 3 fl-~~it~ 

!lt~JfJ:f!!.Ait!..mrrms~*mtr<~o ., ~~~~f*~Mt5G1if~)*~~~mfl .~mtt~ 
~lt!.m~~uW~:f!!.M~It!.m~~m:;f~~~B<J$&. 

Mt:f!!.AJ:t:lt!.~mfltra<Jit!.mat.~~~~•lt!.•Bt*~~~lt!.mtat~~lt!.m•:;f•~~•lt!.• 
iJ I J8H¥J jt ~ ffif .:ff IY1 H B<J i& ~ • 
6. 2 1A7tilt~Bt~!Pft ~i&lltf:llUE 

6. 2. 1 :;{;j" * m !&1 oo ~it :2 ~ ~ ~ f* ~ tfJ B<J It!. .m c 7f J6 J:t: It!. .m ~ ;A5 ~ tfJ ~ 1¥1 M m J:t: It!. -tJu , ~it :2 ~ ~" 
f*I¥Jtfi!LtElZ*JfJJL1-7.ffiiflit*OOit 'Wtfltt ElZJt:ffi"{E ft!..tJtf&j 00 :;f ~ B<J :it.l!,~ 'lie~ ft!..tJt 0 ~ 2) m, };jt$:{d: 
~lt!.m~.tta<J=Jtz-&~.#ElZ~tt-~~M~~•B<J~~. 

*fflR*~K~A~ffl·W~~tfJ*aBtft!..tJt,E\Z{Eft!..tJLB<J~KD:tl~·~-~-B<JWtfl. 
16 
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••*m*~~~~m.~•**•~~~--~~~-·~-
~;f~I:7Jc«~~!fl ~~~L.,~it1iB$?tlilZ**lXI.&Jl~;tt~!fl~ a~r!!Jl 0 

6. 2. 2 i.lt~~:!Rat~!fl?r J.ilti&!~ ~Tiffl}'E 

i.lt•~*at~~!fl?raa•.mz•~~~~-~~~m~~~z-~~~.~~~at~~~~~~ 

JL~-~i.t~fx~lf~fi o 
6. 3 ~ 7t-it~ at ft!AJl. ~ $ ~ ~ ~ tt-J JlJ ~ 
6. 3. 1 ~m~~tt-.JJIJ~ 

~ ma ~11• ~ a<JlJ!IJ iil: iiJ m ftl.llll ~ , i:! ~t ~ • i.t ~ , m. ~it m ~ m ~ at . ~ ~ ~ ~ m !.fH9i t£ fflllil a<J te 
~1'filJ!!I:Ito ~;fret.IFflli*ffli:fl!rt~Mi.t~ ~!Ill~~~~, iiJ *.ffl Iful!Jri.t~. Jlt~lfJ\~ffl 'T 
GB 755- 2000J:j:t(!9 7. 6 . la),b)~~m,}'E(!9!jJ~o 
6. 3. 2 WJ~~ffi~~~jj!~~ 

ffl rt!.llll ~ mHil bJIJ iltL - a9 Mll-M~ .ffililz ~ #! ~ ~ ht o 

6. 3. 3 WJ~~-~ 

*ffl~llll~~ 
6. 3. 4 ~T~'L' 

*ffli:!Jtt~ ' 
~~'L'i!lt~. 

~fll fl1ff, ~ fll*Tfm 
JljliBJo 

6. 4. 2 jlo{E_t~rBJIWiatrBJ~jj!~~~~~~.~tl ~~-Etc1J!IJJi--~o ~m:fi!Wi 1 min ~--?X~f£. 
][ ~)! ® ~ f£ 7f 1m~ .I!Ht!t/}diH;,j {ft ~ ~ .11: o ~ ~ ~ ~Ji ( !i.lC: l8!]0 !:j Bt IBJ !fc * ~ ~ !fJ flb ~ # .f& 115 ~ fJl ~ 
;i;E:9J.$ ,:#f Jltflb~7Hi~~ 3 9=tff!JilZ"bJ~SJ ,EJTYH~~i!lt~ E!Pf'F~ ~flllt/Tff6JljliBJ ~milt o ~ifiil !ttl 
~at, ti#*.ffl*~f£~~, ilD\JJt~~Mf£~fff-~_t o 3lll?f!W mmtJ~~~INAJJt:it~_tft-, JJ!~Jilz·il!~~~ ~INA 
NMamf'F~~m*T~~~a<JMNo 

6. 4. 3 jLO~tJI.*fflliFo~~~~-.g~f£~atiBJii~_t~ff!JilZIBJIWiBtiBJ~jJ.ij-m,JJ!IJ 6. 4. 2 J9T~)E~:IJ~R 

~tE•mr~m~••~«Fo~tru*mo 
6. 5 ~1U!f*~$1Ji;IJ5t 

t£ ~ ~ .ffl ~ fJl lJ!IJiil: It!. m: 8 ~Jilt!. !Ill , ffil .:R .Xi ~ ifHf 1&J i9J at , J.iiZ * JIH~ Im-1¥ iNA 1&1 i9J ~ o 

~~i.lt~tJLrffi\Jt~~U ~;EFo:ii!dt~:J..'fft~#"W~~!mO;f 'it lt!.Vl.Jill3L E!P "W~Jh'( i9JV1.~~ A), lliJ at 
~Yliih~~ mt~~ o :!Lolt!.mx~1lttril5l. .~~JJJ lt!.m•~Jl..t. ~-=-ffl~!m7f!/c~ _t . .fl}tm..t.liib~. #X& it 

17 
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m 11u JJ1fJ ~ rt!. Vif. 19! rt!. f!K rt!. Vif. JJ 9 o % ®! J£ m . M rt!. m tn ~ ~ Blf ¥JJ rt!. f!K rt!. Vif. jJaJ fU 9 o % ®! !E m FJr m: t¥J a-t fSJ lliZ :::r­
Mi ii 3 o s • ~ rt!. m if~ a-t • JT. ep *:!!&i.e *a-t fSJ • !f. ·t1c ~ :9 JJ1fJ iltt rt!. mr: * tn uYT , fiiJ at uYT * ~t m m til. :::::: .m ~u~ * 
*illit19!~ii: rt!.f!Kmtil. ~tm, Jfic*atrm. VJ !8~~~1& 4~s ~. f'Frt!.mmm ~t~ll--!=iatraJ t¥J ** ltll ~ 0 

6. 6 7a7Ht~:n~ 

'* 41ill: ~N *~{4 ey * ffl1H1:: ffl. ~it: ;{££ Jj] I~ IE! fx: fJJ. ~it: ; ~ ~ m: Blf it: 0 

6. 6. 1 l[ji~~~ 

6. 6. 1. 1 ill:~ at 11t ill: rt!. m lliZ 1* 41 Jt m :i£i f* M' iE ~ !E IfF 1f J:\ r :i1! 1i . iE ill:~ ii ~ 9=t rt til 1r fffi: i1ffi. J3t lliZ ~ 
if GB 755~--2000 9=t 5. 3,5. 4,5. 5 (I{J;I;!li.JE ,jfff.-J:jljj 11:~~, 4lt!Wi 30 min ic*-7X*.'~fx:41, {Ert!.tfl-* 
$Jtilffi.J3tMkM~JE!lfr~.~)j(4Jt 15 min~ 30 min ic:ll{-?Xo ~rt!.fll*'ili~Jtilffi.l.t'Jt1t{£:AJ:f8 lh J*J;;FJ!H 
;i:i2KBt~JJrt!.m~~B~8JE~~ol&8JE!lfr~9=t~~M~~IWiMI.t~~~mf'FJJ•~tmi£~JEfJJ. 

~r ~rli!It .~n*fflfftJL>'Htrt:liffJJEfJJ.~rilffi.Itat JR. 6. 4. 2 0 

~ i1ffi. Jt ill:~ a-t ~ rt!. Vif. -'=5 ~ J£ m ;f§ ~ i£ ± 5 % VJ 1*1 at • ~t m tM§. rh! Jt D. ON PT rt: -r :rr: fli JE = 

IN 2 

D. ON = D.O ( T ) .................................... ( 31 ) 

j\ 9=t: 
I-ilffi.Jtill:~ii~ 9=t :AJ:/8 1 h 1*1 JL~f!:l~atraJ rm IWi B9 ~tmt~1&t¥J~~m, A: 

D.O--- :xt ill rill: IJ>5L rt!. im r at fl{] m til. i1ffi. Jt , K 0 

6. 6. 1. 2 M o. 6 fg~J:ErJJ $7f:!!& fUill:~~f't ft it B9 :AJ::knffl~J)J $711 oo rl>J, t± 3 ~ 4 ~ /G 11-il fJJ. ~r :i1!1-T 
ilffi.Jtill:~ ,Jjj$f5J~Eilt1::i!i~JEm 0 

~ :i1! 1-=r 4lt-m ~ rM Jt ill:~ at ill liffl !E f!:l :xt r ~til 1r mt ilffi.lt B9 m til. t1l ~ ,c., t¥J Wt rt . ~ 41 :::r- IUJ m. ~ r rJ{J 

ill:~~-.~~rt!.m•t'fl57t&Jt--!=immrt!.•~:tf~•--!=i•s?t.mEiZ~~~**~~.~Eilrii~fA~t¥J 
&Jt EilfflFJr~~~ Htl~>'~flliffJJ£ o 
6. 6. 2 fl£l}J$~1t~~~ 

f5JN**#m~~rt:*m••m~rt::i1!B&Jtill:aatPT*m~Jjj*~1&fA~~.~•-mm$J)J$ 
ffil~fft ~8Jt~1r·fh.~ 0 

~:tf~9=tfltill:rt!.mi'ITfF~rt!.m~rt!.~m~ft.PT::f*~J)Jfft~~--B7t~J)Jffl.~o 

ill:~ At rt!. m. fU Wi JE iWi $ . ~it JJ1fJ iltt It ¥nt fll ~ JE rt!. f1K rt!. Vif. , ill:~ ii W: rp ~ ~~ * -'=J 1r t1:: ff-t ~ ~ .f§ IP1 , 
~0 * ~ B't rt!. ;fiR rt!. ff ::f 1££ r 9 5 % $i JE til , !J!IJ rt!. ftK m gll M Jt D.O. , JE r ~ 'L' ;'ffi\ Jt D.OFc ~F fF f!i lE , ·N- Y!IJ ill rt; r 
.)/lj 1f ~ fli lE 0 

6. 6. 2. 1 -~~x~!!l:r~7t-it• 

a) rt!.m~ ~' rt!.f!K rt!.ff ~r J:J£m~ 9=t ~ rt!.ff '~ Bt19!~ ~~ ~ ft!.;f!Kmg§. ilffi.Jt JJ D.O.I '1E r~'L'l'ffi\ H 
j.J D.0Fel o 

b) rt!.m~~. rt!.f!KEt!lli ~r~JE rt!.ff, ~Bt19!H~~ rt!.~mtil. ilffi.Jt JJ D.O.z, JEr~'L' rh!Jt JJ D.OF.z 0 

W!k:I fF:tfi-tr t¥JilifrJtrt(ri-tit~ = 

rt!. f!K m til. = 

6. 6. 2. 2 ~·i}~ 

rt!. f!K m til. i1ffi. Jt = 

18 

D.B.N = D.O. + ( D.O.z - D.O.J ) •••••••••••••••••••••••••••••••••••• ( 32 ) 

!).0FeN = D,f)Fe + (D.8Fe2 - D,f)Fel) ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ••• ( 33 ) 

D.O." = D.O. ( 1 + :;· ) · · · · · · ·· · ·· · · ·· · ·· ··· · ·· ·· · ··· · ·· ·· · ( 34 ) 
a cua 
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:r\ r:p : 
;:,e, -1~ :91 -¥12S! ~ ffl. ~ m :rr tit~ a-t It!. f!KfJa til. m :rr , K : 

6PFe-tfl1JE Jt!,ffa-Jif(J~~ PFel3{~:9J$12S!~ffJ.~fffi\.J+iJt~Jt!.fffjfX;j" ffiLi't-J~~ PFeZ~ 'kW; 

P,u.-{~:9J$12S!~fft~fffii.J+tit~atft!.f!K~til. rfl If(] J2 R JJJ!~, kW; 

K.-*~·'J\-lli!ft!.mi& 6,rf1~ft!.mi& 30 
J£-r~,c,m:rr = 

;:,(}FeN = ;:,(}Fe ( 1 + Pcu~:Fp Fe) ... ••• ••• ••• ••• ••• ••• ••• ••• ••• ...... ( 35 ) 

t:.8Fe-{~:9J $12Si ~fft ~fffi\.J+ JJ\~a-JJ£ r~'L'fffii.JT, Ko 
6. 6. 3 ~l!!J.H!&i* 

6. 6. 3. 1 f11ititft!.m1t~ft!.m~frJ:f:il!:11-kFFR!I?XMJ+iA~= 

a) ft!.Vt~~ ,/F:bDJilJJ!i~L~H~fffii.J+j;J t:.8o, 

b) ft!.m~~. ft!.f!Kft!.ff~r 105%~J£m.~1~M3T1>J t:.Bu!, 
c) ft!.Vt~~, tE~'L'fffi\.rr/Filli:i:HJII.JE{i[i't-J'I'I\'lSL ~, ft!.f!K ft!.ff~ PJfl~~Jli 12o% WiJE tl[, ~H~fffi\.3+ 

1>J t:.Buz ; 
d) ft!.f}t_::::;f§X;j"f$~~, ft!.f!Kft!.YRt~rW!JE{i[ .~H~fffi!.J+j;J t:.BK o 

6. 6. 3. 2 W!JEI ff:JJ:r\ Et9 ft!.f!K~tii.Mrrrtc~:r\fifr!JE: 
1\:~~ft!.m 

(} (} ( 
40 - 8, + ;:,()Ul - t:.Bo ) e e 

/::; aN = /::; K 1 + k + (}, + t;,(}K + /::; UI - /::; 0 

() () 
( 

;:,()Ul - t:.8o ) () (} 
/::; aN = /::; K 1 + k + (}, + t;,(}K + /::; U! - /::; ll 

J:\; r:p : 
e,---=:;f§x1t$~~M3TiA~at~t;pfr .&ti't-JMIJt, oc, 
k-~JR.0:r\03) 0 

6. 6. 3. 3 WIJE:Iff:JJJ:t~J£-r~,c,m:rrrtc~:r\fifr!JE: 

.................. ( 36 ) 

........................ ( 37 ) 

;:,()FeN = ;:,()k + 68ui - 68o • • • • • • • • • • • · · • · • • • • • • • • • • · • • • • • • · • • • ( 3 8 ) 

6. 6. 3. 4 WiJEI1tJJ:r\~JilJJ&1~til.fffi\.3Trle~jtlff:OOJJr!*1~: 

a) 1\: ~ ~ f{!. fJt : :% rt( ;:,8'1 = t:.81 + t:.8( ;:,8 !R. ffl ~ A) 
~ 6. 6. 3. l r:p b) ,c) ,d) .:::::rJniJt~ i't-JlilJJ&1~til. M3T¥kJf ~Uxt J:I\Z 'f"~!p:fr .&tMIJt 400C a-tB''lfffi\.3+, ?t J§' 

~ b) ,c) ,d) .:::::rJnfffi!.rriA~ rfl~H~ i't-JlilJJ&1~tii.~;51UAi ft!.llli- R1 rtc~:r\~~~J~!pfr .&kMIJt 1>J 40°C at If(] 
ft!.llli-{i[o 

•••••••••••••••••••••••••••••••••••• ( 39 ) 

;:.\; r:p : 
e,-fffi\.J+tit~a-t~t;pfr !9J:i't-Jfffi\.1Jt, 'C 0 
it~ 1;R'1 {i[jfff: t:.8'r=JCI;R'r)i't-J~*atl~~QOO 9 r:j:latJ~Cl)o :jl}:f~tf:l~!pfr)9J:fffi!.}jtj;J 40'C,fffil. 

J+)tJ}Ij :1g 0 K ;f!l 35 K ( !!P ~til. fffi\.}jt )j-Jjlj 1g 40 'C ;f!l 75 OC) a-t f)fx;f J:I\Z If(] JiNR'r4o ;f!l IiNR'm {i[, jft£ 00 9 _tij 

:ii ( IiNR'(40 ,0) l3 ( I;NR'm '35) ;~.11: 11:~ (2) xaa~ ( 1) If(]~*~ r A-~' 9!U A -~flfxt J:I\Z If(] r!l\.3+ ;:,()IN !!P 1g 

fjf*Et-JlilJJ&1~ffltEWiJEiff:JJJ:\;~i't-JM3To 

b) Jt{tl!. ft!.flt: fifrJJEWiJEI 1tJJ:r\a-tlilJJ&1~til. MJ+ i't-JJJr!~{~ r a), /F fllJ If(] ~MJ+ii[ t:.8r ;f!l ft!. ~ll {i[ 
19 
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R, 10~·.1!:-1~ 1T- . ]i:f:~*1fl ~iJ!tl t1i . im~ 9 :g~ (2) :lil::ii!i.ilUi:-; Rr
0

, .0) E1 U !, R r· . 75-8, > PJ.i .~. ff. 
.±: B~J . 0< J.J 6. 6. 3. 1 ~p (I{J b) , c), d) =:~ 71ftfl-ilt~ flt ~t;p 1r 19:t7b!1Jt CC )(fJJf!- .l:iJ (t'i . 

~ x • w 

'"'!/-:::::::: 7~1,\R/,, 35) 

0 

1119 
6. 6. 3. 5 £ ~(ij;41tl!t?t 

.iS:.&!: 1i1IJ ~tH.Il iliA Jl- i.A~ 89 ~'~fnJ ~"Jf ~ . It!. iU. fQ'I/i f-¥-iiJ~ .. . 1F. =: 1~ -T $i 1:£ ffii 69 ff i! "f 
:l1Hi ~ ~~tffi\7l-m~~ - ~- ..::: ?J(ut~~J4 891iliJII'tiU!UII fJ(6fJn.6Btt• e, Y \~i! *~g_~ih~-T-1!1 to. 
#~ lll·l-~ ?'~.ffE~tHW!A£ ft~ 1T .t ~Oj · f!IJ :::J.J ~JtiJIUUIBf t$ ll.afr, M f R ' ··,tl! til ~Oo • t:J.O,~ , 
~Or . fu~~jU~t;fl1)-J9h <:il- J;1 lO"C <Nc~-:1Jf!£ 6. 6 . • 4 t't9 a>~.6W f'Fiii!~ Hts ~ ~8,. 

~ JJ:: fiiJJ !if! 4! ifiE n·t rr~ If - ,m iM Jl- :JJ : 
a) f( f~~ ft!.,f:JL 0 

....... ( ·10 ) 

.... ..... . .............. ( .j 1 ) 

:r.t Lll: 
0 -Jg :.=: ?J.:iA~H· ~111r J9iiJiA!Jt(l9 :if-~«£. t. 

0 

00 10 

ht!J.(.}U;f':!$i([r~l:limt$~1i: flf=f 50 .% n". - Jli(DJ ~ 70% 11, . BO% n,. 90~ n, =: 1,1Prtl~ . {Q@.i!JJ:Jf ~JL 

m~•w*•· •~~~~~n~g~&*8 . m~~~~~M~*~~~~~~lli~Mda~m~ 
120 ~ .luJ B1 ~J~ ;ty l~$1U±U\JJ,i rt' . dJ T~·L.· 897-'i Hti'fHil !;,( liU5<l 4:1: ~:Xj,' . 'f.k ·l.· 7tH~ f11 ~ Q:M , 1tA11fLfJb'l: . 
-t&· IT~ f& . ~ 1m~# ~;. /:fl. jtfl!!. ifi:f ~! Jfr N: :!:1 B~J ~A'tf.J fl: (19 iCA !}[ #f ~ {5 · miJ ~ ~ tl:t 111 r JXl il.k o~ :9 0 I ..@?lUI. 3l ffl ~·G . 
~~~~-~~F*~M*~~~~* · ~~~&:i:1ft~ m. rt~~~~~~~~~ft~~m 
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< 5- 1 o) ·c • ~ .ftJ 141¥l rAJ\ J3t ~ iff!J :££:if' Mtt:t 1s o ·c . mh rf!i t.JU!! rlfft & 1£ Hi~ n: :fiHilz a<:J ft. itt: mu.t m: mJ P-1 , ~ !J!tl mz :i1! 
- tl7 ~ 1~ ut ~ ar a<J ow lf! It! Yilt • 

7 11:'!1Jlb ffi ffi it-t ~ ffi V!J !ii 'fi ~iU!IJ :iE 

70 1 ~~~ffiV!.!m$1¥-JiY!IJ :JE 

7010 1 ~~~ffi!ii:JEmoo 

70 1. 1. 1 ~~~tt~t-t~¥-J~ffifl:JEmoo 

~~at ~~AJL'-:1~~ .~ =f~~!lX~I~T . ~~i£JJ~~~fJlf/.F11HJI~J.E11i . lftll'JF.!!.ffi~J.E~It . 11~ 
~ !'£!. ;fJl F.!! ffi. 89 it ::k 111 l1l:l8:1J'11i , lit m: -~ ~ ~ ~ ~ ~ tr.J· 891'!! BSJiUi: m I!IL 

~1t Bt . ~E£!.;f}lJl\I~ 

~ ~ ~ :fP 11H5?. ~ , ifol 11 

I¥Jfft~~ft ' 
;ftHf.~ -

Jt-1-*~m rn~o ~¥ 

tA].)Jli¥J~ftJ.i!Z/1'7c=f 10 K . 

70 2 ~ ~*111£/f'~f#~ tti i'Fit-t ~ffi1flij~~fll't-Jffi1J:JE 
ut~at ~ Ef!.:ffL;tf:~fU!JUi:~it~WU£ Ef!..ffi~ ,Jt)Jn 25% Wi7E:9J$1¥J-=::ffi:Xtf$f!i ~ 0 ~$1Zi!~JJ oo 8 

c rm: Fo) , ?t m ;tr: ff - ffi .f4 :bo 2 5 % Wi I.E ffi ~-* ~ ~il f£ fJi ~ • :xt r:rr t£ W£ m rm ~ ffib -~ 1i :r.t I¥J ~ mb t.il .ffi $: !'£!. m , 
LY::bn:££1ii5J t£?i!~rm~ 89;f§1Y!~ ~~ E£!..ffi B9i&* cEX;:!WuJ' >-m: . lit:®::*< ~Ji;J' >11iEi -=::fl3 ~ ~ ffi .lf!-:f:5J-!R;G 
-~Ej-=: ~E£!. .ffi.:f:5J11IZ~~~~ffi-~WJ3t . 

:xt -=:~-=~-~E£!.fJli¥J~~1i~~-~~E£!.tJli¥Jfi~M~:i1!B . 
7 0 3 IR1t ~ ~ ffi ~foUl:~ l't-1 m~ :JE 

~~ ftlli~1t$1¥J~I)/.E~ GB/ T 15548 ~Ji!/.E 891i~.ilHr . 
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8 ~ ~ ~D ~ i;t:r 'lm: .I¥] iJ!~ ;iE 

8. 1 iti~lt!int~Diti~~~i91a~ 

8. 1. 1 iti~iit~ 

~-~.~m~~ff-~M~f•*•~~-~-~-~~m~~~&I.#~~~-fto~• 
~.~m~•@•~•~~~~~~~~m~~g~·~~~-•o~•@•~Mw•A~®~~m 

ffi~~~-~~m~tt*~#~~-~~~~Ioffi~mmm~~mm.•~~m~~Mmm~•~• 
~~p~, ~ffPT~~~1JZ-~~~~~Lt. ~ ~it,~ff~MJ£00:~ 2o% I)J TB1 .~-~~mt~A ,f!.\1§ ~tic 

!1!?.-ff~~m~ff.~~M~mt~•~ffi~ zoo%tr.ti<!J\~~m~~m~m § ~mu~~•m:fr~•s-t, 

~mtnJJ!*®) .#:illdilllJ B-;Jw;J!R =;f§~ ~ff ,:=:;f§~ ~mL~ AJ:}J$WG~9i!I < ~ 1t•mtl:ltB1) ~ 7 JMf£~ 
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mM-r*-ra•m~tB1B<J*litf£1ffiia\••~•~••~ft!mB<J~~~r= 
rti:~ 12. 20 110i-\:it;M: ft!;f13:~~!1.4ll:xf l±J ~:!tifijfEiJ B<J ft!m x1z ,xz3 ifll x31 CJffi::r:t r:f ff:Jj!jl" d"i'IHi>'~ Mti il!ffi 

B<] l±J ~ :ltifii:5HJIJ ~ 12,23 if1l 31 f-t l1) o 

~~~mri-trr••~••~~m:c~~m~~~m> 
x/' = Xmed ± i:l.x •..•..•...•.••..••.••••.••••..••.•.. ( 81 ) 

rti:r~~*liffl~6xftB<J~%:~:tEJHJJ•ooMrrM~B<J=~ft!VItr:f~:&t:*m£:iM~B<1A*~mft! 

m;f§x>t !1il. ])!tl]f{JE% c + >; :fi:tEJHJJ~ oo Mrt rr~tl1~B<J-= ~ ~~ rr B<J :&t:Xm£:i :a-:xt ~m~~!l:!tifij-=f IBJrY!tl1~ ~ 
:&t,J,It!.m:•:mx>tlli ,])!tl]f{:ffJ. %<-) 0 

12. 22. 1 JH~r*-Tff.fll:ft~fftli:~Hmia\~liffl~x~il:l[lt}il:~ lt!.1JLB<J1Jt!_ti~ 12. 22 11 M:i£~~~ 
~{~. 

rti:rJIJ~*liffl~6x ft~~% :~tE/HJJ.@ •rrrY!tl1~ 8{] ~~ ~im rf B'~JiVHfi-l:§~H~i'J{]:J\ij( ~;f13:~ 
mffixt J1il '])!tl Jf{jf -'%< +); ~:tt/HJJ•@ Mr:f ~tl1~B<J _c:c: 1-lt!. mr: 'fl ~ 1\i!J\m !i rY!tl1~ B'~ .til]\~ m mif§ xt m 'j)!IJ 
Jf{:ffJ.%(-). 
12. 23 pijffi~~m~&it!Jt . 

1'7:i~H'Jp;!Jffilt~-Mrtia\~ .~{f·p;!J~:!tifij-=fm• c 00 27), 1f JH ~# Jffi:i;irffttE:Mtia\ ~tlll31K$J ¥U i~Jr~ 
~i!r~1io 

Ill 27 
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mtl :1: m ~ ft! mt I k2 , UiJJ @i ft! rm ;fO Jf ~ ;f!:J ~11-m~ ;f!:J rilJ a<J ft! ff u k2 0 

~ 1¥ {£ i-~ ~ ft! ff !!X ft! iRt Bt , :1'1 ~ ~ mtl :1: 8'-HfUJij J3L ~ i)( mtl :1: :fi J)] J)] $ P ;fO :£ :91 :91 $ Q o 
1£ 111-m~ ft! mt -m ~ m: frr»!tl :1: 0 

1'J:i!!f~~·L:$7t:iJ:~, ~iJt!Jf,zft! mtitli:iJ: 0. 3IN B;f, WJ;f!]~~m~iJt!Jf.za<JBtfilJE)zll&ft!J¥JJij!tl:l:{)(*w;~ 
JiJT flij 1¥-J Bt fiij o 

:xt 6 t& ft! l'Jt. ::ff Jt:!10C 4h /F itli:ctft i1:-m:, mu ft! mt m -1r:~:tt :bo ¥IJ WI J£ -m 0 :xt ~* ft! l'Jt, JJ!IJ Jill '/It m ft! ~ ft! 
mt ~t{ ili'J t£ o. 5 tff WI 1£ Jt!. ~1L 
12. 24 m~t1H~i~H.ii~lit~~i1HE:~l5!: 

mm;f!:J~~~~ilt••J£m~ft!~st.m~~0~ 

Xz = ~.n;[xz =-/3 .f J .................................... ( 82) 
J3Ikz 1 k2 

k~mm~~ft!ff;fOft!mtm~m~~•/F*a<JM~o 

uz pz 1 [ - uz Pz 1 J 
X2 = p • pz + Q2 • -/3,0; Xz - p • pz + qz • J3 .................. ( 83) 

k~mm~~~~~ft!ff;fOft!mtm~a<JM~o 

xtmtl1~1¥J4lt-1-m~Jt!. im, $~)1: tf:l mff ft!:fJL ffi)!.®iJt~~Wll!!l tf:l Xz ~ Jt!.iflti¥1:** lt!J~ o 
i:E, .liR 1'1! rm ~T-v'3ffl'Wl1E 1'1! rmat (!() x, m flo 1<.7Wl1E 1'1! rmat (!(J:fb.J¥ l'f!m{~L 

12. 24. 1 mm!f§~~m~ilt~fiJ:Efftff Et!Jllstm m~~ 

U
2 

Q2 1 [ _ U
2 

l 1 J R 2 = Q · p 2 + ~ • J3, n; rz - q • pz + q2 • J3 ... · .............. ( 84 ) 

:xt~ma<J4lt-t-m~ft!mt:m~•tf:lmffft!mom3!.®1Jt~~wli!!Jtf:lfftffft!m~~ft!mta<J:** 

lt!I~o 

tt, .liR 1'1! rm~T-v'3ffl'Wl1E 1'1! rmat (!() R, m flo 1<.7Wl1E 1'1! mrat (!():fA .1¥ 1'1! ~if. m 0 

12. 25 i:~>ftll'flit~ 

iit ~at m t.&: iit ft! m t~ :iiJ 7r nt :xt $ ft! ff :1'1 co. o z ~ o. z > u N a<J :12! !f§ ff a<J ~~- 1fl5 ft! vn, * * 4h ¥IJ WI J£ ~ 33! • 
!It st , t.&: iit ft! tJL ~ ~ ~ * ~ ~ 2 a<J ft! @i 11ltl4h ::tf ~ m fr 0 

ffih@f~~ll)J)zm t~ 0 

~ flU iA ft! fJL 8'-J *'1 @i ft! ff itli :i:1: o. 3 f~ ft! V! ft! IE , JJ!tl iA ~ ~tr Iili m ~ -T ~ @i o iA ~ Bt mtl :1: JiJT :fi = ;f!] It!. ff , 
ft! ~'It ;fO 4W A Jj] $ o 
12.26 m~ml'flit~·~~l5!: 

m~m¥~••J£~¥ft!tt;f01t!.mst.m~~0~ 

X rz:z -R2 z U R p 
2 -~ yL-z- 2 ,.(); 2 = ---,.(); 2 = -2 ,.(); 

-/3I 3I 

~~: 

P -flltrAJ)J~~; 

I---- JiJT ij)!J ~ ~lt -'f BJ fil ; 
u - -JiJT r~tl ft! n: + ±~ filL 

I Xz = a- r~ ; Zz = ~; r2 = ~ J 
L 1 I 

........................... ( 85) 

xtBi--t-mtl1~1¥Jtt!.¥JJl!ft!l:k)l:tf:lmffft!ttifilft!~EI..m.i!.®ti\~~Wll!!ltf:l Xz ;fO Rz ~Jt!.mt~:** 
lt!J ~ 0 

12. 2 7 =: l'IH5UIH~ h1B !'ti m It!. ffi lit~ 
f.&:ilt~flti£WIJ£~W!!X~fflili:IEfi,Jf:{£$.!!X#·a<J=;f!]--Tk*ME•;f!:J~ffi.~mff•~~. 
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re@m•mw~•••~-~~~•~u~•~~m~-~~-~-~~~*~~M~tt~~~ 
·=f~.E£~&. ff'Ih~~~Ul.HiH~. 

~A~~-~lliffiTMM~ffi.~ft~-A~$ . ~B~K~ffi~&~~-~-~~-~m . 
12. 2a m =:ffi~Ul3.9~~~ffi lt!ffiit~~~*!l& 

m~~=fk*••~-ffi~••~$~~~~~m~ . fflT~ 

........................ ( 86 ) 

........................ ( 88) 

12.29 pijm~~t:Ls~~~:all3 

1tt(~ *rJ x1 ~ t£ .~ ~ ;[; m ~~~ 

k :rt~m =r= ~@ ff !jjG@ ftiWt~t PT J.;A ~ ~ ~ lTtl"'~--...... -

x, = UQ~ • p• ~ ~ . n; [xo = u; · . t/ . ] · .................... · .. < 90 ) 
- T "'l q p· + q· 

.1: J:t :®: ffl =f &Hw ~ ~ It lli 9X ~ ViL i\1T i&: •If (ft. , A r:? U. P ;ffl Q 5H11J 11 ?~HtJ a~ It Eli • 1f ~J J]}J $. x J}J 

~· · ~n~r:ptt~~ftm#•~~~mm.m~g~•••~wx ~~ft~~-~~*~• -
t:E :~tflftf:XItmt~-r 3 t~~JlU£;fflE!!rnt!J..tl'l~ Xo filtr-1'1W!~f@.if.LMA<J ~J¥Et:!.m!ll . 

12. 30. 1 ffl!W'fEJM i:f·l1:.~~1.;)3;ft~1Je~Tiffl5E~IT ~JELD;f . fflrY!Ji~~txt JL1" ~pYJ:~ It 1M 00: it~ , 

ut pt [ ~ z J 
R, = Q · p z + oz . n ; ro = t~ • p: ~ q~ .. · • .. .. · ........ · ...... · .. ( 91 ' 
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m~·~•••~mR . ~~~~~-~~~~~. 
tt : .Ilk cpft.t~ ~ ff.i ~T 3 fg~~i: ttlrl! V:illt fl<J f? !i'i ff: 1-J~J.E It! im:BH~~Jf-ll! llJHii . 

12. 31 I@AtHi'Hii 7f ll! 1M l't:J WHi! ~ iJit ~IF£ lit~ 
it!: q'j-~ g11 Jf 1m lt.t U~J §Jh @! rl:!. i!,i kt ~~ ilt • . .Ill )it# JJit iYJ fJ1. tE ~ iJl: ll!. fJL ~ f;IJ i1J Wi ~~ill! · tJO Ii11J ~ ¥lJ $i ~ E@. 

EL Jlt FJ•t~?&~1~Jlf/J~~gn . ~·~U;ffiJJ~~jH§. il!.l!f,t@{£ o. 02 s pq-tJJ~. 

f£ lJt ~~ n.t . PT m --t 1~ rm: r1! ~u Ei liih ~ ~ rH t-n1 r. ~" . w. llM iM n mE 11! ~"' ~Jm tt mt • 
HI ;j{ ~ #~f:kt.H f@.lli ,hifJ ~ rg im fil ~ t:t!.Pf II! lli (!~ >k iJt 00 . Jfj fi·Jfl T :nffifflfif(j ~mh ~It!. m:R ~jUJ~~~ IIJt 

fa) ( ~ O·l fU) ) & Jlt ~HI~ fJJ Qfill! If: ( (L • 

fE 1:13 :k ilJi ~ fJ: ~ij. t't9!W ~ tt!. I J: ttl tt!. I'J1. *'1 ~ rt!. .lli_.l!l~~~lP 

12.32 m ~m~m1fll!IMI't:!tmH~~rna~ 
~Jfl l l!.Mm!liJF I#'tHt (I~ mhf! 1[1 

Bi~ El fJ1!lflfil~l10X¥U llt~o. :~ 
12. 33 l't!.m~!1Hiill!IMI't:JWJ ..,.,.._._ ..... .~"'-

It mt .11 Wi I.E (!'i . Jlt at~ ?& 'fiji;,~~~ 
1~h}Hf: - t-" tt1 mt .fil 
re ffi ~ iJJH~ £H~ t~~ 

f!XJ: . 

12.34 ml't!.m~m 

m ~~tJEtn~~ 
g1JJMi(L'i:Q:~fU t/£ 
12. 35 ilti~:r 

it!: fr Jlt ut~~ ut re 
~. ~~JLIX.ffif! 

if R Jtl - -tlHfll tt 
JlHJ9 .$: 11H~-~ fOL 

~ ~~ .tH! at B<J !'P-Ial .r~~•·""""' 
12. 36 JIUiH1 $t =rm j; ~ 'lll'llllliN:: 

w. m ~ lt !fFf m ~ U\ 

~rr ' 
] - t~z9l'Wl1F: . kg • Ill : 

w-1rn 130 . raclt s( ffJ ~ ~) : 

n- Wl/E!fftl£ . rt min: 
PN- Wi/-£11~.;/J~ . kW : 

S,- 'I'm liU!.I!. t£ :91 ~f • k v .'\ 
mr~i ~n:t7Z;~JffJt 1ll: 
tY-t~~MftHt 

T 1 = 1 1 T~ , kg • m' · · · .. · · .. · .... · .. · · · ........ · · · .... · ( 94 ) 
I 
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rt; q:r : 
fp-B~89&:1f~~i;IJ11Jt:fl:,kg • m 2

; 

g-:J:fi:1Jil~&,m/s2 ; 

T-~-rmm.mJM ,s; 

rp-1f~~!!Jt&:'lf~B189~-Tmm.mJAA .s; 

a-~tt~ZIBJ89HE~ ,m; 

L----~fi*Il·m; 

m-~-T J9i::ll:, kg o 

.................................... ( 95 ) 

12. 37 ~.ltbMM~llt~ 

re-~•••<--~~-m:•89ttff)•~~~~89~m~~~•M89~oo~.m89!9i::ll:a~a 
M, ~ B ~ill. -tiL IU ~re-~e~J9i::fi89:1:.~1Jo~~-T!!Jt&:*~IMI.mJ__t, ~1-t~•am. 

re•••»-'t;89~~w•i1163~ 5". m~~•i9J-?X!Yff/&=89MI'aJ. 

*~®~mr•~m~!!Jtm~~*89~m. 

12. 38 JI'J~.Il!JMM~llt~-~ T1 'Q H 

m••••i9J~®~~tuwatiBJ:fllfit~~~a-r .m 12. 3611J tf:l 890rt:it• 0 

m --r rt: it• ~ i9J t8t • 

rt; q:r : 
mp-•Dm89J9i::lt ,kg; 

] = mPL ( ~;~- L), kg • m 2 
.................................... ( 96 ) 

L- E13 ~~ 4' 'L' j~J. Dm ][,c,,gJt~J ~~~-T!!Jt&: 'If~ IMJp.IJ __t 89 ][ •m 'L' 89HE~, m; 

g-:J:i:11Jil~Il.m/s2 ; 

Tp-mi9J-~p.iJW}89B'fl'aJ ,s. 
12.39 2lH~11iiilltilt 

.ilHr~~ § ~.i!~®at .~~~m~__tt§t~Wf)r~89~~!9i::ll: 0 ~~~mrn5!1!3L.~~JjJ/j~ .~l1f!LM, 

JjJ/j~{lH~t!!~o 

~~~~~*~m*~*~89~i9Jmre~~~m~w~~r®f~~W.~E~~~~o 

*~®~m~•~~m?lllti!imi:t~~m~~89:f€1~6w 89~WIBJ[tt5lni~JA 1. 1o~o. 9Cfff>Z.{Ii)QX:JA 
1. o5~o. 95C:fitZ.ili)J89 § ~i!MfaJ6t. 

12.40 JI'J ~It ~Utiilit!£tifUE T1 ~ H 

m~~§~W~®~~~m89~WM~:fllfit~~ea-r.m--rrt:it• 

42 

T _ At Pmech + PFe 
· - WN- • ,S 
' Aw PN 

H = WN 
0 

At • Pmech+ PFe ,S 

2 Aw SN 
rt; q:r : 
p mech --Wf~~i! at 89 m~m *€. k w; 
PF.-W!J:E~~""f ~~~~ff:f€1~1J.lii89~'L'tM*f,kW; 

PN-Wf~:ffJJJ:m$.kW; 

wN-Wf~Mi!& ,rad/s; 

SN-Wf~*-W.~:m$.kVAo 

.................................... ( 97) 

.................................... ( 98) 
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12. 41 m~~tMJLmtf.J~~ ~ i~l!iit~. Wlii.liV~mf-F~ld.lmmf:r 

mfi~•~·~m~~~m~ft.M~N~*amm~*~~•~•·~*•~•A~•~~~ 
-To. 6 ftf·~-9J$.~$j1;J!J&~t~i!I 1. o. t£~-;iifjr:f .i*t~IJlblltttl[~. 

~*~~m. m~~:lllmJL#frlt 1*1 mtll~*~~lt. 
11ID ttl ~J!!j MfBJ ~** lll3~, tE lll3~ ~1JJML~IIID-1JJ~. fflW:-f;JJ~UfA~L::.t fBJ!Wi~~J!~{t6w. 

12.42 Jfllii.liV~*Jl.f'F~ld.JfJ!.mfTtf.J~~ ~i~i!iit~fll:iE Ti ,11 H 

m~~~m~~~m~fi~~-~~*~•UJA~~m~•~•t£-g~~·~~~•n#!J&M, 
Jtrf :a: 1-r ~ 

T = WN /:::;.t • p 1 - ( p d + p cu ) s .................................... ( 9 9 ) 
J /:::;.w PN ' 

H = WN • /:::;.t • P1- (Pd + P,u) ,S "'"""""""""'"'""'( 100) 
2 /:::;.w SN 

J:\: 9=' : 
P1 --M ~ ~ 1JJ ~ft!DliBJ {;!H~ ~ ~m~ ~$, k w; 

Pd+P,u-~~-f;JJ~$1Dl1BJ~~f!R~£ll~~<~'I!UV!~~fnj~) ,kW; 

wN--~ffi*Jl ,rad/s. 

:$:Jfr!~~Jt/F~Wi 0 

12.43 ~mf-F~~*JLmf:rlf.ttf.Jm~~1.Jnl!iit~ 

m11-~•M ,fflJm~m~~~~m~2t~m~1'T. 

~•a.re2t~m~•i)t~t£ o. 1~o. 2 ftf•~~-<~$j1;J!J&~i!I 1. o),Jm~mt¥JiftiJJ!H:il!ili 
~ft. 

~-~~.~i*M2t~m!J1bl!tt~~.2t~m~~~~~••~m.•~~·~M~~ltt¥JIIl3~ . 
.¥3~3!£"1~ 1. o7~1.1 ftf-~~*M.~AJm~miftiJJ!H,!iX;1JJ~~19:f:!H€L tl!!lili1lo*lll3~. 

tl:~*lll3~k~~-~~·~tl!!l-1JJ~.#UJA~~!Wil*li¥J~J!~{t. 

12.44 Jfl ~fJ!.f'F~~fJ!.mfjlf.ttf.Jn!~«UU!iit~fll:iE TJ ,11 H 

m~m~2t~m~fiM~m~•~*~•UJA~~m~~Jm~mt¥J~•~~~•n•~J&a-t.m~:a: 

T = WN /:::;.t • f.!_ s 
J /:::;.w PN' 

H = WN /:::;.t • p 1 ' s 
2 /:::;.w SN 

:a: 9=' : 
P1 --M ~ ~ ~*Tru!DliBJ ~ 2t ~mf~~~~ *. kw. 
Jtt:Jfr! ~~ Jt/F~Wi 0 

.................................... ( 101 ) 

.................................... ( 102 ) 

12.45 Jji;iE~BiiJ!Jfl$ AUN 

t£~3!~1Jlblitt~~~~~~#~.~~•I~~•~~•I~2t~m~m~~ff~~lt.m•~ 

~ff~l'r ?t!J&~~. 

-~~ffjftij~~ffl j;J ~Jfr!UJA~: 

•~•~rt;m~•Mtt~~--~~-~IJlblitt~~~oo~•· 
12. 46 m e~i.it~~~iMMitJJfll:iE~~ 

~!J& x/ ,xd, Tdo 
1 
~ T/ ~ ~jiJ**:rJ.:ffi:!f.*ll* 

.................................... ( 103) 

Jtt**:r.tfflrffH1& xd~:J35'~1W1'-~IJ&~B9;offi,Uj(j~ x/!iX; T/!iX; Tdo'. 

12. 46. 1 fflB9al~~-!J&tm x/'~ Xq
11

,ffl~:r.tH:.ffJ.J¥~m Xz 
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v "+X II x2 = ·"d 2 , .n .................................... ( 104 ) 

12. 46. 2 ~W IEC 60034-2«%H~ ~ill,~.:.... ffll?t: tblt€~~$1'J<Jii\Mt1r~< ~ 1 1 4:!..ffll~'f;7'~ )» . TI:~5E 14:!. 

if~Cflj!ljq4} ~ El!m~gJl cp 31: R i91*€< P,v ) l!l5k~t9l.Jle < Pd). Jfl "F:a:it~ ~ffK!JHll 09 lEJf E~~Jl 

........ .. .................... ( 105 ) 

)';\ cp : 
R~-fii1JiJ!~:fiti91~B;f"~gJllffi\fl"F 99 E@.l!li . 

12. 46.3 ·«H~e~B9 x~ ~ r, ,Jf'J""f:a:iiffl.JE$!$ /-.: B;J'8(]~m~~B;f"fBJ-m·~ 

...... .............................. ( 106 ) 

~:rx: ~ t£ 

xd 

K, 

x. } 1,t5t*.ffl 

X/ } ftit-*.ffl 

} lit.?t*.ffl 
12. 17 

X/' 
12. 19 

X '' 
<tf!!;fU(fi ) 

q 

L~l ~~i'f!!f1lili 

Ctf!!ffl(tl) 

X: fill #l 'f.U~ ~,ua iii:~ 12.23 ~r-tt!!.ftl{J'[ ttJIC*.ffl 

fill ffi ~ :5 ~ua ill: !1i 12. 23 ~r-~.fOO'i. 
Rz ttJc*=.ffl 

~;ffif¥i:il:!Ji 12. 25 ~r-~'f1lfli 

=:ffl~t!i?t-.6&4'1;tU ~ffi. iii:~ 12.27 4r- '® ftl fli 
tt7c*.ffl x. 

fill ffl xt <P tl: ,.?,: :& ~5 m ~ ii\ ~ 12. 29 ~r-@#l{fl. 

=:#l fJHll. ~r Q&l)'L*'f:l r:t! ffi i.i\~ 12. 27 ~1!11H11 01 
lit7i:*ffl Ro 

~;t;Ut<Pti: . .A(~;5~~ii!:~ ~10 ~.fO 01 12.29 
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~~if b!:lJi- t!!. t1l f1: j,tJt\ ll.ii.fi __ -+ 

12. 2 

12.3 

4. 2 

4.2 

12.35 

12. 37 

12.39 

12. 41 

12.37 
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46 

IJI;f 3R A 

(~$B111Jf.t3R) 

~tim•~~~~~~m~*M~Aom 

t:.8 ffi PI Jli {P.tf!( J:t <A. 1) it;M: : 

J:t 9=' : 
t:.8r-i;it~ at~H~ 1¥J 1i1b *f~ ~JIB{] iffil. 7t , K ; 

8c -X;f J.i!l =f t:.8r at I¥J tt~ 11- J9J: iffil.lt , ·c ; 
k-~0J:\;(13) 0 

····································( A. 1 ) 

t:.800:-tfLPJffi00 A.1 :l!!G A. 2 9='*~~.00 A. 1 )gffl=f~~~Jl;OO A. 2 :Igffl=ffg~~llo 

M/K 

10 

v 
v l/ 

1/ v / 

5 / v l/ 
_....IL v k" 

V,! v v v 
l.h ~ [./" -v 

v 
/ 

v 
v 
v 
.......... 

v 
v 
LV 

v 
v 
IL....-
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1--...-

5 

10 
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40 lL l.::: 1-'" 1--t""" 
to-

0 50 

Ill A. 1 

M/K 

10 
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/ / 

/ v / 
5 // ~ L 

V/ v v 
lo. v v v 

h ~ / v v .... 
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lL ~ r-
0 50 
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1JM ~ B 

(~~'lii!M~) 

~JI·a9~~H.·i.Y: 

al-~ m~~Jl 89 :tf11*3tlmf9: 
az-01JJ~~~Jl89:tfli*JtJmf.{ 

b,-:iiiJXI.rtl!flll rP:1 ~It, mOIO 
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