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Resume

In the previous labour, there is researched ability of hydrogeneratos abnormal
regimes using in special cases for improving electical energy generation liability and
efficiency.

It's known, that substations working liability in normal and extreme terms is
mainly ensured by the corresponding production technology, the quality of electric
equipment, automation and regulation systems exact and adequate working and etc,
everything is considered during detail planning. But it possible and must used
additionally liability optimizing and maintenance flexibility in extreme and failure
terms. First of all, it must be used the additional measures, which does not demands
additional financing and gives us economical effect with energetically resources
economy and rational consumption, but also witch the growth of electrical energy
generation liability.

As a rule, these are electrical equipments special regimes of working, which
assists electrical energy generation liability and efficiency in failure situations and also
main electrical equipments repairing moments.

In practice of hydro power station maintenance, it is known abnormal regime
using. The main purpose is to make increase energy economical efficiency. The best
example of this is Saiano-Shushenskaia hydropower station block working in non
symmetrical regime, While damaging of phase of block transformer or during
repairing processes, the part block's power can be transmitted by other two phase,
without turning off of aggregates. In this case, generators and power stations working
regimes are characterized with total asymmetry of currents between generators'
phases, which produces negative and zero electromagnetic fields. This kind of
currents asymmetry (asymmetry between phases) is restricted and defined with
"technical maintenance rules".

The other, but resembling abnormal regimes, which we can use in special cases
for improving and increasing electrical energy generation quantity. After studying
and researching, one of this is hydro generator working regime with stator winding
artificial asymmetry, which is researched in previous labour. = There is consider
generator working after turning off the stator winding parallel branch with damaged
coil, which causing asymmetry of phase winding.

During the maintenance of hydro generator, it is not quite rare damage of
stator winding stalk, which is quite hard failure to improve. Without so much time for
fully repairing stator winding (taking out rotor), the main reason of this is that
energetic system has his own working terms. In this case, it's possible to install
temporal buckle, which turns off damaged stack. After this, the one of the stator
winding coil must turn off from winding scheme, which was producing the artificial
asymmetry in stator winding phase. This temporal repairing process is done without
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necessity of taking out rotors of hydro generator. Herewith, hydro generator can be
turn on, after the time which is necessity for the repairing process.

For our system it's very profitable to use generators abnormal regimes, in
special cases. For Georgian hydropower stations is typical little quantity of installed
hydro aggregates compared to other countries. The main reason is the peculiarity of
nature. In often cases those are hydro stations with two or three aggregates, but in the
nearest future there is tendency of planning hydro stations with one aggregate. In this
case, after damage one of generators or turning off for repairing process during the
flood period, it can provoke decrement of hydropower station generation and in often
cases pouring of water.

In that way, it was necessary to research working regime of hydro generator
with artificial asymmetry of stator winding and using the possibility of similar cases
for increasing the liability and efficiency in special cases. Generator relay protection
liable working in this abnormal regime ought to be researched. For achieving this
object, it was necessary to research basic issues and problems, which is attached on
undergoing processes in generator stator, that is the reason of asymmetry in stator
phase winding. Between those problems the first one which was defined is

The electromotive force and the magneto motive force of phase winding
branch; Generators common asymmetry and equalizing currents induced in unequal
parallel branches of phase winding; Additional loses which are connected to produced
asymmetry, and their influence at generators heating; Working of protection relays,
estimation of working liability and definition of relay sensitivity decrement necessity.

After research it seems, that in special cases it's possible to use hydro
generators working regimes with artificial asymmetry in stator windings. But it is
possible after research of acting factors, which are occurring in generator during
abnormal regime. There is offered straight terms of transition and the limits of
practical implementing for each hydropower station generators. For each case there
must be estimated economical efficiency and expediency of using this regime. In the
labour there is shown calculations and arrangements for one of the hydro generator.
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15-15- = (SIg ) 31% )) + (Igba.A + I%oa.B + I%oa.c) =3I® + 1306.
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Vosge Nt o + SELocic® Control Equations
Hartz Frequency Current
vt~ + Event Reparts
@ @ @ + Sequential Events Recorder
3 : (SER)
* S\lnchmmsm Undervoltage mewnltaoe .
* Breaker Wear Monitor
Grounn
— “Heg Sy + Station Battery Monitor
frmnd * Modbus®, ASCII, Fast SER,
Binary, and Distributed Port
F Graund Timer Losseoh Switch Communications
Thermal Overcurrent Potential
/ = * Remote and Local Control
. 3 RHBHA @ @ @ SIV/C @ Switches
Divectiondl ~ Out- Loss  Neg.Seq. Overcurrent Phase Who o + High-Accuracy Metering
Power  ofStep  offield Overcurrent - Phase Compensator Distance
sGowd | Voliage Restrained/Controlled . (. ;
foun Moy kot oot 646 O_ﬁ Frequency Operation
—— Time Accumulators
Neral 100-Parcent . .
. KSBH\ /5;"\ /a‘.m \ dercae SatorGond —+ Field Ground Detection®
! / \ N
Newral Nevtra Newtral Current Optional unctians
(vercurrent Time=Dvercurrent Differential ** Provided When 87 Is Not Specified

\ J

. 13. 6sBg969005 SEL-300G dggéangdols bdgds
3930900 50FNOHZ0MOOL EsDB0BIOOL 5WBIMMBS S IZ35BJOMD™
3939009006 Lobdotrg oo LBoBJoMosbo  s(339000m.  JglodeEngdgeos
©0x8IMIB305MM0 3308 M330sL. SEL-300G  053b9ds0s gzges Lobob,
Dmdols M) 365303 MM300L 3969M5GHMMIdOLM30U.

. ©gbols s dsd30L  9egdgb@gdo 039396 ©OLY S 3oGHOG
©565YMOL

65



. Bgdsgmxzwmdomo Mm3305  O0xJIMHI6E05MOO  ©s(330LS
MBOWB3gYmRl IMdbMd0sMg s LHMg ©o339L  39bgMo@EMmMmgdolmzol o
MXOIO0L  BHOBLBMOToBHMOHGOOLMZoL. 356Mb03gdolL  Fsd™I0MGdgO
3mfymodommds MBOHME39egmRl ©s:335L BHMIBLRMOAsEHMMOLS @S 39bgMsG™MEMOL
0%39M96305 M Dmbsdo.

. 100%-0560  LEOGHMOOL  ©s30(gdologsb  ©s33d  0ygbgdL
1365396@ oM o 39-3 Mool 3560HIMbo30E dsd30L Logboggdl.

. 3960939303 BmAogl BoBo-doffs fobowmdsls  SEL-2664 - ol
99939mdom. 89Mdwos DMLEGH©  50IMIBOBML  sB0sbgds 080l Bombgsgzs©
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3969053 MMol LEOHYEO EO33S

Generator Element
Winding Coverage Areas
64G1 (S9N) 64G2
100% ] ]
[}
Sl I Dead-Band

TDead—Band

Grounding
Transformer

100-percent stator ground fault profection.
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Impedance

Zone 1 40Z21P =10 pu
4072P = Xa ‘ ‘\
: y
/ J

Dual-element loss-of-field operating characteristic,
negative Zone 2 offset.
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396bogzolmgol aodmzoggbmo AcSelerator Analytic Assistant SEL-5601 3G s0s.
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T | |
Continuous Operation
Restricted
) Operation
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§
&
£
Prohibited
Operation
o L
0.0m om al 12 10 100.0

Time (minutes)

Prevent vibration or damage with flexible alarms for
off-nominal frequency.
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399306569 5996 890306930 X MBoLsMNZ0L
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Eym =2-(04)-sin2 = E;,, —2 (45)
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4 3030L5356 99000 3mFMM0 XaMRoL gobsfiowrgdol 3mgn0i3096¢)0
doM0m50 3560HIMbo3MEolsmzol:

. q-az

E sin—

_ xm. 2

kW - - . qz (4.6)
qEim  qsing

03039 6sbsBol dobgzom, Bsg™sd q' = 28930m3930Lbom30L S 08039 AZ

3700b9900Lsm30L, OA  M3egeo GBRgds, beeem

; , q-az
, q-az sin

Eyim = 2(04) - sin S = Eim- ant%z N (4.7)
, . q-az
E sin
’ _ Xm _ 2
k'p1 = T Ein _ q-sinZ (4.8)
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. q3TTp
k,y=—2_=-—"%_—_0138
P gesintf  30-0122 ’

. 3—1)-1
, Sm% __—0,390

= = = = —-0,11;
P (go-1)sin™F  29-0,122 ’
E.. -1) Kk 29 —0,11
v @) kp _ 29 =0,77
E,. @ k, 30 —0,138

HMamO3 3590030, gU 36083690MdI3 OIS 56 2sbLb339ds 0,75_256,
5003md  Dmaogemo 9339990000  89a30d0s 3913300,  MMA  9.0.d.
Podmddbowo aeMogbool goBgdol xsbIOMgE ©s IB0sbgdMw FEHMmgddo,
B39bL 890mbgg35d0 godegds Bo0m35eml, GMI 36od303wws® 2oblb3zs3w90s
dbmErm© b300L 96 3mFol 9.0.d.-0b GHMEo LoOOo):

w

w
EJ. — 77 ll)o).m -z w,: ky " Pm (4.10)
5b6@d 3m33egdumMo 3mGoo:
E, =% Vm (4.11)

boQod(s: 1,[) ,m ~ 05Jb0Bo M0 65350089F0V MBS 3MFoL0b.
65396900 BsgEBHMOMo LoOEYJdOL 3MM9]30gd0 OHMOL 3d3gdlmeo

LodGMEYol dmddg WgMdbY, 3905319090 EOHMOL VIMIMB, BHMEos Fglsdsdolo
dgolog®o 36093690 mdobs:

Y = Re(lpo).m) =R, [lpo).m ' ej(Wt_aJ')] (4.12)

e=R,(VZ E,) = R[VZ-E, - /("% 3)] (4.13)

536050, 658396900 A56Lb353905 9.8.9-900LS 356G MESE TYIPINYOED
1359980l JBHMgdl ImEOL, Fomdo godsmsbsd®mgdgw ©9bL 1305_ ofi393L. 9 gbl
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LodME MM x50do 9039453560 39659 Y© d@™qddo dod3900L
2900bsLHMgd0LS 396 U(’p = U(’;’) = E?z(;' 51533003905 IB0sH6JIMO  FosBol
39039 6530900 046909 ,,% 9563009 oLIBY”, HMIGEr0E 3969MGHMEOOL vddo bgerol
©OML YAHM@EIDS SOOI 9.8.05¢0b Er @5 9O8569000L5g96 Bosdm®bgbogn
LOZOEI s JIJHOY FoobgL 120°.

39630bowmm, Mol FoMdmoabl ,,H05690Mw0” BIBOL JoMEgEIME
35693Mgdoms 3mbEHWOHT0 godsmsbsd®mqdgo gbols gHols ffobswmmds.

MmamO3 36MmdoE0s, LobdOHMbrmo Fsbdsbol Bl Msbools GgoBsL
5936 odBHoMo  Hobospmds s  goblobrgmmwo  0bddHomdo  Hoboswmds,
OMIgwoE  ©939390090Mw0s  MOHM0YMM06J30900L 399gdMIb ©s VM HOL
3653600l ©g6900Log0  or3sbEZLMb. 5yBbYdIMwo  29bgMsEHMMOL  mddo
3ol gobboryer Jgdmbgzggzodo, A93omMBIdOYdJo ©gbo, GMIgroi 033690
©3H056900 BsDBOL 39MrOWGWNE gobIBHMGdsMS 3mbEHMOT0, oS 5dEH0MMO
Pobommdols,  ©539300090mwo  0dbgds  gMogbool  BoBol  A9x3BEGH30L
0600194306 §obsmmdslmsb.  Fosbwmgdmo  MsbsGHmmmdol  @OML  Bsbob
9¢m9ddo 83500 0bI30mMo Fobswmdol gMdogo s gobogo wgdIgdoL
3oLP3m03 s Fomdo LE3OMOL3OMME 0TSO Q9FMBIBdMIYdGO Y6gdOL
99000bg935d0, 93 2Mogbogdol MO0y mobomdgool dsabodMo  39wgdo
094698056  ©53m839bLOMGdMO s BoBol  2obdBHMgdgdol  3mbEGHGmdo
356M9D 3009390 6535000 00mJdol Bmeols Gmero 0dbgds.

5J9096 399d0bs6Y, sH05bgd Mo SR3 ofoll 3™b@M©do
3905365369090 960 oMM  J9BOLIBOZMGES BIBOL  256dFBHMYdgdOL
59300 (obosmmdom s Fsmo 2oxs6GH30L  0bydBHommo Hobswmdom. qu
3963390 BsbL Lm®.20-%g,
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Lo 396gMGHMO CB - — 14 ~»30L bob3gbgdos A gsBol JHmgddo

3905365369090 ©gbo. 58MBbs, aMogbool 1dgds olgmos, MHMA RsBOL
65B39690 25603909030 3030bsMgMdL MMTMgddo MgMMgdol MHOYMHOYMIOMNO
CINGE

596000 95abo@GMmo 65350930, GMIWGd0E ©939300090w0s BsBSTo
3905056536909 ©96mMIb, 0330905 WIOMIOOL 2oR6GHZ0L Bo3oEIO0L FBobY,
650965053 om0  39MHOMPMIWMBS  300bMMO Mool  35M3Mbo3Mgdom
3960l BE3MYd.

4.1 300MHMygbgMEHMMOL 9egdB®™MIsabo@®o
3G03gLOL gsbbogs

3ob30bowmm  gwgdBHemdsgbo@dGo  3OmEglgdo  ,,398M339000¢0-
3090006 396496590 (2005003980l JoBbom QoxgMgdsl Ibg3germdsdo o6

30090m).

©1Bol gbols MOP0gHP0bMJ3o0l dosgbod Mo 3geo Fomdmoagbowos
©53M93000909g0 39900l Xsdob Lobom, GMIgdoE FoMdmoddbgds Loa®mdog

s 3obog 998509 9bemdsdo.
00090063008 Tgbsdsdolo 9.d.0.

Eo=Eu+Eg (4.14)

05906, 9.9.9. @Bols gMsgyboerdo:

Ef+E;,+Eqq+Es=U+1-R (4.15)
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Er 50 236¢m@gds80  aobobobmamgds  ¢ddo  Lgwol  golfimMgdero

©HILOSMYdOM
Er = f(Fs)
©Bob 455356330l 9.d.d.
. . . . w-'('pa_m
E,=—jX,; 1= —]T (4.16)

Eqa ©5 Eqq 8900985 560bsbaghml bgsobbgsbsoms [21,22], sp»od
W3O ImbobgMbgdgos gobolsDezmml dmsgzsmo 0bwddomeo fobsmmdomn

Xaaq ©o Xaq
Ead = —jXaa- 1d > an = _anq ) Iq (4.17)
4.
Xoa = 27f - Lag=—0 My - f1- (W1 k1) - daa (4.18)

Loy

Aad - ©@O9BmL 358GHSOMdOL 3m98030gbGHO 3™Mdogo ©gMAoL golfzMog,
®m89ois HMwos: Agg = kg T ls /) (ks 6) = kg As

kg - 39¢00L 3m&3ol 3953030960 3M3og0 ©gMAOL golifzMog;

Ags — 05650560 0HIBML 353BHSOMdOL 3950309630,

_ Tl )
As = s 9600 3By,
4-u
Xaq = 21f - Log = 11_; my - f1- (W kwl)z ' Aaq (4.19)

boog: Agqg = kg T ls/ (ks 6) = kg-As - 06ghmb  2583sGMdOL
3M9803096@0 356030 M HOL goliizdog;

kq - 39e00b BMMIOL 3093030 gbEO 396030 gAMoL Aobf3M0g.
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doM0mMIO 39bEGHMgd900 Fgodegds [o®dmyagboeo 0gbsls fobswmdgdols
5 ©96900L om35¢olfobgdoo:

Ef=U+R-1+jX, 1+ jXpq 1g+jXqa 14 (4.20)
sbqos
Er=U+R-1+jX, Iy +jXq- I

LOQS3:
Xd = XG' + Xad
X =X +X } - bEMEo 0bIGHoMEO fobswmdgdo aMdozo s ysbozo
q = ‘4o aq
©963dgd0L gobfizMog.
Ef=1\/(RH+R1)2+(XH+X1)Z, (421)
boQoy(s:

R1- 010U §obs0mdol o@omo 8995 9barmds;
X1- ©19%0b 3653600l 06@v9dE0MH0o Fobowmds;
Xqa—X
R1=R+Ra=R+%-sin2ﬁ (4.22)

Xat+Xq Xqa—X

q .
. o " COS 20 (4.23)

X1=X,+X, =

LS5 R - gMogbools gs8@s69dol sdMmor®o fobsmmds qbgdol gédogo
=4+
bobBgdobomgols =+~
Rl =R 5
Xl =Xd =XO'+Xad;

©96900L 96030 LoLEBHgdoLbmgol L =06
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R1=R,
X1=Xq=X0-+Xaq;

R1+RH

“O0009MHM0bI300L 39w 9d0l $o00mgdbsdo dmbsfoengmdsls
090w mdgb 8.0.9 5.9. 533WOGH O Frry = Wy - Ir ©5 L.y, bGOGHMOMOL JoMHOMSO
35603Mbo3me0o 9.0.d. 533¢0EH™MOm:

2 I'wy -k,
Fipm = % ‘my - % (4.24)

39696053MM0L o@300Mm30L5L 99933190 Bggdol gom3zseoljobgdoo;

Zy =Ry +jXy;

_ Ef .
(Ri+Rp)+j (X1 +Xp)’

I Ji

.
2

J (R1+RE)2+(X1+Xm)°

Bgobo  9gdmbgzggzolbomgol  asbgobowmm  BoEsm3g 3960
39693™gdol 3mbEwmegdo:
39350030600 0Bob 3052600l dsd30L gobEmengdgdo:

E.=U+R-1+jXx,-1 (4.25)

boQd(3: ET - MO009O06YJ300L  FoMgBMEHOMGIIo 9o

5AOIO §.0.95¢00 HMIJEOE GHMEO0L: ET = Erd + an

Erqg - 9900090006@vdgool  8s69%mmEHo®gdgmo  a®dogo 390,
503690 §.0.95¢5 Pyrgm 633500m;
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E,4 9.8.0 899b5058905 s0pbbgdol 8.8.0-b Fi,g

an = —JXagH -iq - 8509DMEH0Ogo 396030 ©96om SIGMEO

9.9.0.

Xagn - @ob 8003560 06ndGHon®o  §oboomds sbogo  wgHdol

3oUH3M03 25%gMH00L omzscrolijobgdoom.

Flrd = Erdm - FZ: MmIG03 95090 ME0s Jdo 3oL JobslinsmdgE By

O GHMOHOL 3sabo@wEmo dsd30l gocqdy.

53596 gOmOE  FsMYBMWHOMGOGO MO0 IOHM0bJ300L B350

Prm ©5 9950590L0 9.8.0. E,  3560L5D03@ad0s6 ©sdsabo@gdol doHome@o

3obslosmgdEol by gdom; (09000, MJdo b3ws syBbdom)
Pm = f(Ffm) ;
Ff = f(Ffm) 5

090U gom35¢olfjobgdom, GHnd

Fsz;‘a ®rm = Pm > © Er=Ef

B39bL 990393500

JfEr=U+R'1-I+jX;,1-I
E,=U+Ry -1 +jXp-1
I =1+

5009b5s3 9903900 9gOHMO @S 00395, 89330dw0s  F9350P0bmm

3963 90900;
Ey—Ry- T —jXpy -1 = B~ Ry -1 =Xy 1

556 ©1990 bgeol O™ [ = 0, 35306 I'=-I"

(4.26)
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B —E —R,- i —jX, - =R, -I —jXx,,-i =0
E,—E =1 (R +Ry)+j I (Xo1 +X,1)

B
(R1+R1)+J(Xg1+X51)

4.2. 15556256008m ggdol 35615993MgdO

MOMamO3 506  ob3LsBM3MZ3om, FobIBHMgdsms  9.8.9-90L MOl
bbgom0ds 8950096l 3m3ol 9.0.0-b, 564

E,.—E, =E4 (4.27)
Rll— 3653600l BoBOL 35M0WgME A563EMGOsMS 5B Hobowmds,
obsBP3MYds 9dBH0MMO [Hobosmmdols BOHOL 3mgn0309bE0m:

R, =Ry, Ky (4.28)

2-w-l

S.an - 3693600l MIMOO Fobswmdss;

bosg: Rip = ¢ -

2-w-lg - 3M5pb0@ol  808g3Omdom  B0gOMNIONWO o3G0
Loga™do;

Lep = 989IHNIO0 3503960 556033390706 BoG00;

S=a5-bs-cyCp- gwg096GHOM@o g58BHM0L Bmdgdo (LogMd) o
Logsbg);

A5, bs - 9g9896¢s6Mo g99EM9d0L Gogbgo, glsdsdols@ MMMl
LoE®3gHBY s LOSb9BY;

Car Cp - 3603bool  356Moegem® 49633 mgdoms  Mogbgo  (B396L
d90mbggz5do 900 4563EMmgdolomgol a =1 );
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Pt = P2oll + a(t —20)] - 259&0L 3700 Fobswmds Lssbgsmodm t
&99396M53 Mol EOHMU.

a=0.004°- ¢t U3owgbdolb 96  sermdobobomzgol  Fobswmbol
333962 ONLO 30298030I6HO;

Kp=1+ zlc_ap (Krq — 1) 533060 {obommdsls ol 3095303096305

Kra = (&) +39() - [Kg - m2 — 1]
@(§) ;¥($) - 98gb BBI30700, 52BN LEBEIOAMO IOIEI0WID;
£ =2 - 993960 338HH0b J3035@ab@I0 bodsawy;

A= \/% - 25935M30 909gGH®MIsbo GO0 Bormol d9mhg3s;
by - ©G3meols boysby;
by = cpbs - ©MIMETo 359BHIMGOOL LOJSDY;
w =21 - f - ©9bols 3ymbEo Lodoy;
Ho - 399560l Bsbognol  2593Fmebs®m0sbmds, dmEgdmee d9dmbggizsdo
130e9630B5M30L 0go BoaboEHM®o dmB0ZzL GHmEos e =4 -1 - 1077, 39660.
©_9B+7

Kﬁ =— - 3m93303095¢0  OHMIgeoz 0m35¢obfiobgdl  doxol

©50m3agdsls (B = Z£ = 0.855)

T

my; =Un-C; -  9wgdgb@os®rvmo  g593oMgdol  ©og30  0MIMEol
Lodswegby;

Un - 9899460  GH6obldmbo®mgdmmo  god@scgdol Gogbgzo 0®mdwmwols
Lodsagbyg (396 dgmgzg3sdo hggmemgd®og U = 2).

3053600l BsbBH30L  0bIBHommo  Hobswmds X, =w L, . [21,22]
0565b35 B6EHZ0L 0bEMJEHOYOMDdS

l
Loy =2 po - w? 'P,_fh * A1 (4.29)
Boo3:  Ag1 =Adm +Ag1 + Ay + A1 - 390G9GMdOL  3m9B0E09gbGI00

399839630l 6535089300 MEMdOBIM30U.
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LHmO3mmbs ©OIMEgdol 990m393500

3-B+1

hy |, ho
A = (Z + m) T~ QID@OL 3oBIBGZ0L BodGaMol 3mgBoE0gbGo

BoQd(3:

hg - Bmbol Loy, 3930060900 AMRBOWIOL 45TBSMGd0;
hy - 3652600l 95939690056 M9PMI©Y STMEGdY;

Ay = [1, 1 (:—m) ~ 0,35 (:—m)

3M9803096@0 3006930l M30L9gdoL AoLH3M03;

2
-0, 26] : (%) - 3M5abools 455356330l

LOQS3:

5 =ks 8 -Ubssbps6H080 0HIBRM aryEandl BmGob;
by - 063meols goblbowwmdol Logoby wMgBml Bbscs;
ks - 3563960L 30298303096¢0

ks = Lz
5 (ty—cp - 6)

595 b,

b
c. =G,
=g, bn>
S

(0099 LdFoOMS  LAIGHMOOLS s  OMEGHMOOL  ©9300EMdOL
25M35¢0bFobgds, 35806 ks = kg1 * kg2).

AA1=0,34-\/ﬁ,,1+0,1-”%;‘“z0,3”+;‘“ (4.30)
Lo
ls1 Ip1
b1 = et = Bt OO0 bsfowol 99535609300  (90Mm356M©bs)
d3960;
Vi1

B = - 4692600l 00X 0 F9735MIO0MO TMIEIVS.

T
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141(0,7 = 1,0) 1;;1% - ©OBIMIBE0IMOO0  oRBEHZOL  godEHIMMdOL

3M9803096@0.
9000mgOIen  356599BHMIOL  39689(00Mdm  bMH3gu-1I-0L  4969GMsGHMEMOL
3M53bowolmgob.

5. bgermgzgbm®@o 56sodgE®ool sbs¢robo
bsd3gL-1I-0b 3969MsEmGols
UBAs@mMol 36moabogols dsgsmomn by

5.1. b65939L-1I-0b 39696M5& ™Mol LGsE MmOl yMsgbowols
25693 ™gdol 3565993 M9d0L sbgs®0d0

430

CB_ o — 14 - 335005¢mO0L  LAHsG®Mob  3Mogborols  35Mowgeryi®o

2963@M9gdol Mmd&mo Hobswmds:

lp=2="2=-3628 (5.1)

2 2
§$=263-64-10"%-2-21=7,07-10"* 8° (5.2)

©d-80°
a

20°C - g0l pyo = 0,018 =0,18- 1077 8.9
75°C -gol pys = 0,18 -1077[ I + 0,004 - 55] = 0,18 - 1077 - 1,22 =
0,2196 - 1077 ¢9.8

0,18-1077-2-30-7,24
7,07:1074-1-2

20°C -o030b  Ryg = Ry = = 0,00553 mdo

75°C - g0l Rio = 0,2196 - 3,072 - 1072 = 0,00675 mdo

(33500 ©96oL Hoboswmds:

2:0,2196:1077-24-107% _ 0,2196-24

75°C -mgol A= — — =
2:50-4-107-2-6,4-10"3  4-2-6,4-400

=14,4-1073 Q.
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£ = 2,63-1073
" 14,4103

= 0,183

oob ¢ <1 , 3LoMYYOWMdM  odsMEGH0390wo  BMOIMoo 9IIL
939194 300L gobLOLOBWIZMmS35¢.
P(E) =1+—-£*=10001; f=0855;

_9:0,8:55'7

_ 1 4 _ 10-3 . !
lp(f)—3 &*=037-107°; KB P

=0,918

Krq = 1,0001 +§ .0,37-1073 - [0,918 - (42)2 —1] =
1,0001 + 0,123 - 1073 - 1,6183 - 1073 = 1,2

kp=14-2(kp,—1)=1+222.0,1993 = 1,116
lep 7,24

75°C -»306 Ry = Ry - kg = 0,00675 - 1,12 = 0,00756 mdo
20°C -ogob  R; = 0,00553 - 1,12 = 0,00619 mdo
50935650:

20°C -ogol Ry = 0,00756 3o

75°C -o0gob Ry =Ry - (1—5) = 0,00731 edo

399339630l 0609 EHomEo foboswmds

h, =169 —hy; hy = hy + Ay = (9 + 0,7) 33 ~ 10 90;

h
Ami = (_m +
by 3-byq

A = [1,1 . (%) —0,35- (%)2 _ 0,26] . (3.54+1) _

[1,1 : (M) ~0,35- (%)2 - 0,26] .0,891 = 0.35

ho) 3-B+1 (10-10‘3 1-59-10‘3) 3-0,855+1
4 \241073  3.24-1073 4

= 2,34

24-1073

boQd(3:

61=1,082-20-10"3=21,65-10"35

61,06
5 = = 1,082 8
61,06—0,232-20
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CH2 144
Con = Bz = ¢ = 023

30
I 0,855-0,785-—
Ay = 0,3.M=0,3.—7

= 0,41,
ls 2,1

61,06-1073
12-20-1073-1,082

Aacp = 0,850,235 =0,2 ;

Aq1 = (0,7 +1,0) -

= (0,7 + 1,0) - 0,235 ;

Ao1 =2,34+035+0,41+0,2=33;
(Ag1 = 3,1 A4q - ob go6989)

2 2,17-33

Ly=2-4-1-1077 - 30 = 5,225 - 107 39660

X;1=2-m-50-5,225-10"* =m-100-5,225-107* = 0,164 »d.
=X;'1 >

(Ag1 - ob 2960989 Xgy =2 -m-f-491-107* = 0,154 ®do). 29
bgoobomgzols

rr

X1=2mw-f L,y =100-7-4,88-107* =
1,533 -1073 = 0,00153 mdo

oo L =2-4-1- =7, Rl ) . ~4 30660
(Ao Ly = 2-4-m-1077 292 . 2222 = 4,88 107 39

Ag1 - oL as6989 Loy = 4,58 -107% 35660 ; X, = 0,00144 wmdo

3H05690w R5DsT0 2535056506 9d9w0 ©9bo:

. e E;)_E;
fosa =11 = Grem)y o o
sbgos
I, p—Fp (5.4)

sd — >
. .
\/(R1+R1) +(Xg1+X51)
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535bm9b 9O 9MHMO MWIOHML 56 9O B3Ol Fodmm0dz0LsL gMsgboerdo:
E,—E,=E; (5.6)
5do@ma:

I Ex

(5.7)

80~ T~ —5 —
\/(R1+R1) +(Xg1+X41)?

o3 0996905 4969GM0BHMEOOL  LogMmm  sMBLodgEEOsL, ol s3MIM39
©53M309dMwos  Bgdmm  s0bodbmo  306MHMdGPMb s [obslfomo
399625003900, BogoWoMs© gMmo B300L Q9FMOMZ0L EOHML, BIoMsE GOl
}99503960 4L MSGSE00L ILZ390 BaMdgddo.

OMamO3  50bodbMmo ogm, 2535m9bs0Mgdgwo ©abo FsBol Lo s
©3H056900 2563EMYd0L dod390L 505bsdMYIL s 5YgbgdL Lodwsem Embyby,
o3 LYo  GoBoL  dsd35Bg b53wgd0s. MMM by ToEsb BBL, Bz9bo
39900b3930Lo0m30L(MMEILSE BoBOL 35O MMO  gobdEGmgdol ghmo  bgz0s
390m00M0s)  dsd30L 93060905 96 6oL I60dzbgermgzsbo s 3596M0L
393090000 933539  30OMABIMOEGHMIOOL  SMSLOTIGMEHOMEEMOOL  ELETZ900
B®3900L Focryegddo X gds.

b65339L  II-ob  30MMabgMsEMMmOLIM30L 58 bmGMBom  ©sd390ME0s
135993d0 ©9bgdL TmGOL 2oblibgs39ds 20%-0g 08 30MHMdOm, OGMI sOG 9OHDO
0300530 @©gbo 96 b 909FEJOMPIL  bMT0bsEIMEL.  STMOYs©  IME9dMeE
LodmBomdo 96O SMOL  dEOWdGo  2obolsBPIOML  g9bgMo@ MmOl
329900800936MdOL 39¢00, M5YbsE 0L L5390 bMMTGOL 56 509ToEgds.
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5.2 ©3H05690e B5Bs30 5850756586M909w0 ©gbols
256LsBEaMs

303l b gdoo bgool 9.0.0.-0b Odmgdgo  d60d369wmds  mbgos
3960LBEZOML Bgdmo Imyzsboro FmMIMwgdom. ogMsd B3z9bL Fgdmbgzggzsdo
MBOM InLobgmgdgwos 459m309gbmm ol 2s6m9dmgds, MMI Mm@ dsbdsbsdo
<480 Lgeobl 9.9.9, 36mdOE0s. 530L godm Ej 8903905 3560LsDO3dml, Hmam®s
BEGHOGMMOL 453600l bgoobomgol bydswm Looy:

g, = _En_ _ 10500
k= 3qd~ V330

= 202,1 gmmeo;

[ .= 202,1
850 [(0,00756+0,00731)2+(0,164+0,154)2

= 635 53396o0.

B306 30300900 08 goBsmsbsdMmdgo gbols 9603369 Mds, MHMIGELS3
99690m@s 500 1 gsHol Ggdmbggzsdo (9sp.A) 0000900 SHIBOIGEGHMO00.
052658 LESGH™OMOL BMYoghm MHINWgddo A gsBol gMsabowols MgMmgdmsb
9O 25639005 B s C g5Hg00L 3565¢gemeo 2563@mgdol mgMmgdo.
59 Loghom M3 gddo 135 FoBHIOoL IOHMGd0  SIMPBEIOS  AOBBEHZ0L
35260@GHM0 65350000 IMEMo, OMIJGEoE 0330905 A BoBol gHMgdTo godsgo
©960056 96y 20855650909 ©gbmsb.  sTobob  Bomdo  500d39dS
G®9bLRMOsBHMOMo 9.0.d. 0dob Qom35¢obfiobgdom, MM yMsabowols yzgws
135BoL MgMMgdol F99Mmgdol 1dgds 0YbEWEMmOs, 9godwgds I35L33650, MH™I
©9M™gddo 50dOo 9.8.d, 01939,OMmYMOE A BIDBOL 39O gEH 2560BHMgd9dT0,
31939 B o C 85D9d3d0, 04690056 03O0 9mob3gdes. 2o6mqs sdobs,

91



0dol godm, GMI gl 35MoWgEMMo A9BIBHMYdJd0 F930Igd0s O30l 1530056,
Lo Mm©bgeros 35030 (o0dmoddbsl GGoblgm®mas@memmeo gbgdo I g@ Qo Ig(ﬁ

LogMNM M0 gddo 53 ©Y6gdoL F0ToMMYGds, M0 56 B0300JOM
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