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ftesdL o BH dzr d3d .

1.83. 1 sMmMisOdzise € O L OHOYy(d ) tc OBRBE On
ydHSCtsMIsd é

I d&tsHjdd ¢ dHj Odz@az22 G By fs@i® o dzj dzc
(1.24)i (126) ff o d & B*tdsj Q[ H :

@: 2 u 1.2
X B2+ (27
Mo 2 Y,

W _ | 1.28
W VBhu+ v (1.29)
$+_:: - (1.29)

[sdBdIdd, Yyt o wLOMMABOIELds O @32 dBis|
f zOMmlsd ydesmisd 1OS, yYlsts
$,= P S =5 P- . (1.30)
(0 MnMdmEy BEPL] dykGRodrjzd? dJdijdls B
fsewHsS d, ofmMdzj HMMlseady  Isscts, Istcj B Iz 4

bfdse d2 .
) od bEfMdseodd t©O0ojdfse® COMOIs  d' dats

5o jton dzsflsd s teslsdo dzj dzd HJWSIS%%d3CftGE

CtoOHdjdstsds Odee j deyd Ozt dzr 7 MCteshls |2



i 517
fso jtondzsmisd CdalsOCISO doydes o] dzj Bloj Y
ssdz 5 McjHdg §f KOMHEbdedzi datsj 2O tow y j o
ftso jton detbihs WS slsstets fdMmr 90jlsmw @ &j il
L OC 5dzO 3 s kz dztsislz® doedjdoz*? tc O dzH
vifdzse W Istej dzdV dz0 CddsOCIdz 7 5o | to
=K (P), (1.31)
kKiWkzdS ydw CttsteH ddzOls.
| 5B &zOMislfj o G Oslej dzd W :
k=Lt =222 22 (1.32)
m¥ OCIlstste Istej dzd W .
] tBd&Ofisd ftedadf Oy ft .1 . v&tht

k=":t =3s:reh, (1.33)
h'°" 2

GHET CteOlyoO2h jj tOmimsswded,j tsls teOMmMme
tcOL HJjdZO Isj yj ded v .

. ¢. Rdz shdder &5 OS] HtojHIEEY ] BO {t
HOo izp @@ dzsc v frf § I @dBB[ERzO0M" § d

p=—. (1.34)

19. I T oasH" B8 cdzesj 1

1.[tcjBtoY Heflels Pdzd Htoj HMIsOoadzwes Is Mtse 52
tcOL dse s Isjrdzdyj MEsets dzOL dzgOyj dedw, C slist
W s tod3r d c60OBOtdlsdzgr » t©OL BBjtese dBsckls B
tcOL dzd ydz" = fHtetsd3r " dzj dgdz" = Isj n dzsdzse d 2, )
P sOdzdzs o HIPoHHg igds[Qlels ydets Btsdz! h ddz S ts1 W W
B s OdzdzO, dZOfteddzjte, HEY cwkzffr ToCtsots
f tod d34 dzj dz' ftotsyj M- ftow s @ s, tcOH d O
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9" HOo dzd @ Odzd v .

2l esjSIsdtetso Odzdj Isjrndzsdztsc dd tsCAS®HUREH
fesHsd df & ©YBEOdBd d hsO®RfsoSd M ft
sfkh jmlseodw jlsmw 5 kteOHdydsdadzs2 M2 J d3j
tkSCsosHfsobkwm: fMdMmsj k2 ¢jsdjsiedyj n!
hsOBfsosydyr = fjtjrntsHEe . Odd" 3 ddg®OL dz®1 @
LOodMddBshisd ©ls EOSd hsOBikj Bset djls
f zOMmlsdydesmisd, §tedded BOY ot o dzd &3O dzd J
hisOddf so € d d BeteOdedyd dedvw 5 MmiIsj fJ dgv s +

3lted VWtdsdL Bj dzgj dedd dzO@ ¢ sdyOlsj dz
ftesyj Mimse o' HOo dzdo Odzd™ dz2® C sdzls OF Is dz'
LOGtslssoaCd dzOBdzs HOB IsfpWw o h jdader j] detsts

L &zOydlsj dz' dzts ftcjor Mdls! mMef tetslsd o dzj dzd J
MdsOL syde” 2 @ Mmdzs?2, f sl Issdsz Emdztsoe dlotec jlamfjwc
] cOlelizihy dB j dzv mMdzj HizZj Is o' BdtcOIs! H dzw C

9" HOo dzd o Odzd W ) Eyjlstsd BOtSd HJ W tsicdd!
M stetsisdz § skt gdLaOdesg O.

AR ffydz) Hiso Odzd jTH 2D Lo th zalz@ dzdzs ¢ 5 s ) s
sYOK j¥ steckOydd d ©OMUil Mddssr & § OteO
CtsdBf ! 8 lsjtedetsets RBisHj dzdtetseo Odzd W, OdzOdzd Isd
ttOfmMyd sde" = L OoadMmd BtsMmlis jJ@dzOflzd b § i e d i3g dz
MtejHd Ctlster n § ZOdzdtetse Odzdj dZdetse W OF
Odz0dzd Isd ud M¢ dJ L O dMmd &tsfls d H dzW oMy
HijWtsttddtetse Odad v , ¢ sl sdzd dzls fJtoj dgd h j dz
ftoddsj dedlsj dz! dets € HsCs9COd, dJdgjshdd Ists
B' Is! fodzyj d tjhjddjd SOjots? ! d@OH O
NdHGECtsmMIsd e .

5. 1 d&v  tej OdkzdL Oydd IsjrRrdsdksedyj mcdn
StejBteY dzgdzr & Y sCtcotC ftoddj dvjlsmw fdsy da
Colststets?2 L OoadMmdl s cjitiilbtedyj MSda
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9LOdddzse s tOMf sdztsy J dedWw B2 Hs L) H ] Bistc didt
d3d Is O dzdzO d d MY dzdzj dzd W tcOB sYdn HJlsOc
Md SydsdededzP 5 ftoedj dgdzj &3 = CtsdzmistclzCIsd o d
Wstel3gstsBtcOL 59 Oded Wi Isdefgar ! LitsYoeOddad | d3 o ff to ts
sjrdedyj MCts?2 dzdlsjtcOlkztcj] dzj tsB dZOtclzy j dats.

6. | dzvdzjlxlz M jdedwV dB3OMMmr MisOB ddzd L Olststc
Odzt Bz dzd j o j Mf dzOer M fosydesfmisdeg dizgd r O
MlsOdz! dzr &3 dL Hj dzd v B, d f fseor h j dadz" d3cC
dzj sB R tsHJd oiBd H dzw Wistcedzssd L d3j dzj dad W
HiWstedsdtetse Odgdg,d3, M ydedPeaed dzp s 6 H j W 1593 tedz §
bs7 dzdlsj2dgr 2934 [y 1583

110.Ajdz2 d LOHOYyd dmmdzj Hse Oded W

Aj dzv v Oy sy jHjddd dmMidzi His9 Odzd -
ftosyJ MMO oW diBsets o' HJQo dz® ez® dgd ¥zd jLOG Grts Is
ftsHiso jeyHjded j &3 oL sy detsmisd  tsdzizyj ded w
yoOfmlsd fsCtsots¢ H dzw Mtse j teh j dzMmise ts9 OC
LOC dzs yos h jetsimw ) L Od3d dzd Mo Otcdz" ~ |
WtejL Jtese Odzd j OB, n fsorhjddjds fHtsdL e
dmf s @dadtvye d3j Is O dzdzO.

 dzv Htsisdy jdedw fMmMlsOo dzj dedets?2 yJj dzd
L OH OYy(d:

i ttOLtcOBsIsOIs! BOIs j &3OIsd yj MSC z BsSH J
fsCtsoCd, ddjvhj2 flosHBsd d'j ©YBKO H
Mddzserr 7 fO0ttOdj stese d HJ W Ot dgdisd & @ dzdats 6
"o so S d f ftdzyjddid3 0doddisdud M dn

I syjddls! odzdwddd cJtddbedul mMidn
f OtcOd3j Ister oW dBtsets o' HOo dzd ®o OdedW fstcj B teV
HOo dzj dzed j ., Md dzO H j tiag tdalsd te tstfo jEkeRiqayy, b J Ras dtfizt
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MestesMisj2 HjWVSttdd®EHY o' wodls! T OtO¢
f OO Istetso

i tOL tcOB BIsOIs! BjlssHdSE ftosj Clsdteso O
hsORYsoCd §cCtsoaCd f fesHBd df &3 Y B
tcOydsdzOdz! dese s 9 Otcd Odzls O;

i Mftcsj] 8Bt dztso ™ § CsdemlstezC ydd h Is C
tcj OdzdL Oydd deOdetsdzj j MAzsy des?2 s jtcOydd

i or ff sdzdzd Is L MY j ted d3d dzls Odz! dz" § d mfmd
9" HOo dzd & Odzed W H dzW f sdzlzyj ded v fsCtsots¢C
Odzs d3ddzd j o' = MY dz@gptbo dH aplz7 dAEtsStlc OL dz" n
t6d N ddBOR;

igdmMfsdz L s9a Ols! tjLikzd sOIsr dmmdzj Hs9 O
fesyd Mg .
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1] ¢l ¢2. Ul JtLUVRY[ HSRE bV O RV T AN

IJ3rolfrRIGYVHEGSL I sR tef 1 {] ?ARIIAOS R
21. 1 sMsOdso SO COjo?2 L OHOY]

(v ©OMyjlsO Mddses' & § OOk stese 1 tot
fsCsotcC oMytsd LEjdBnNY &Okj BOISdyYj NS 2
d. ¢. Rz $691d desfigdzts® Odzdzts?2 dzO d3tsH J dzd ¢ dH J

1t Bjtej Mse jteh jddw frOdhsdsdE ©O
RO tewy jdd2 EkeojdduydeOjlsmy d f§td HMisd
ZOYUdd&z0jls Ikjy: o MmMsttesdz d&OdJdHjd hjcs
EyOfmised SCtdalsj2dzj O &BOtedyr. }Itd dLEt
EPyOmkC Odd wodvs lsmw € OdzOflf ts dzt€yysjisdedes j d
dzi sBratsHd BT HAzv fodzEyj ddy g8 ¢ d L OHC

] ©OMMkOktdo Oj Bsd Isj - dsdksedyj NS sd
o dzlz Is to j dzdzd | COMOIsj dz' dz § 2Ot oW ¥y J ded W
ftej dzj Btoj ) difss0 5O dzMtcOo dzj ded® M desSteBOdz o
ftiedyd @3 HOo O destedzOdz dz" n O tew y J dzd W )
G dzOo dz' d3d d tOodz si=dgi=>tq,lz Gntsistsd Is! dat
dzOf tew 3 § dzd | fsmistsw dadets 5 Is ts dzh d dzj HJ
Ctsdzls OC Is dzts gz W@zO 9 djodhyisicdzpdsg dzldnd dzz (1. 30)

SftejnHjdvjlshv dL mdstsamty § dzOfpts tf s diats ',
-s3=p=q+ss. GClsd Mot2Mkso O HjWBEtdRRditlz] @36 s
f sdzdets 2 f dzg6ylsGUdzsHipstfds dzdzj dzd j € 1 Istsdizz ¢
sted dedv d Cddzj 3Osdui Médy Ekmdssdw, sfdHf

lted LOILjCOddd BiBilsOdzdzO o CO0dzOdzr , fsB
fsHyddzv Is' mMw et steydtsdzOdz! dzts?2 L Oe d iyd dst
BZOYyodztssy8sj IsteOL HJj dzO Isj yJj dedw . [fdteOw
f dzOMmMlsdydesmisd edfslsjLr, ybkts o GCO}HT?2
fn dzts 2 d3j Is © dzdzO gz 4 Is f sfls sw dzdzlz & s s dz!
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HyWstedsOydd dHEIls o Is 5 dz$ d ~ f sdztsfO~A 1)
LOGCtslsiBOYlsigy ff dzsMSC ddsd, HBH sdzdedIlsj dz' dzts
Ylsts dzddzedd IssC O wodzwe Isfqpw ftew dgr &3, f J &
Cslstster § ) Mo ts& sy tej H! ~n OtcOCIsj tod L |
H Q9 dzj [@8] §Id3

ANBted3sO Hisdzdzts?2 yYOMmilsd € stlsjzBdz] 80 H BB dzd
fsCs0Cd, o {ktsdk Mizzy®j EHOjlMw 6B j MY
COdzOdz" , tOMytsdztsy jdede" §| B8 deOtelzy descBlz €
hdtcddzO f OL B9 BEHJjIs s steydtsdzOdz dz0 tc
[84]. Clsts It jOKtg OdAgfajj HIg Is € d&3d ded Bz 3z 9
9" HOo dzj dzgdz" = tojBjtc d BBLOLto Odedj Istej M c

1 tod dzv o dL o j Mmisdz 2 LOCtsdz dL d3j dzaj ded W
Hi2Mlsadlsy dz! dzgsets Ctsdalskztc©O, dstsy dets s 6 H
ls s {86 88].

22. 1 Offuj s dzOv § EEjHOMO W BsEs o' H
CteOdzd ydzr j bkfdzse dw

J mMtstslse jIsfmise dd m C dztadg il s SO G J 2
C s dzfls to 2I€ jsAdestaets ¢  Wd ME,d BY tf doad jL HigORARHR5], o
fsCtse €O, dL 8B KOY § dzdzOW 2O ted M. 2.1, t
dqd&zjs hddz § dzsMm<d g tcy B tcO, Colstster § Bts @
9" HOo dzd & Odzd j 3. H f sdgsh 1 Ho lzn i dzts
o jtelsdC Od dzz¥ sy md d3ddzj Isted d , fts MejH
o' ejyjB dL §sSseld Ctbkesot? MjChktt
f dzsmC sfls! | fJtef Jj deHd G Iz dz e bt ¢ € fy g tslis Jds O &
MdSCltste 8 HJjSCOItse 52 Md M ByMHd3 jdz00OssHF] sl
o bfukQ@ fjijtifmjudddd ftsjyd2 Mjckzhdn
tedm. 2.2. [dddd, ettOddydeOshd,j VY B!
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fesaBHYls UdtdL -~@BLIRWShed 1JOHHE WL
W dzwelsw Mt Hddede 5 dzddedv s ©Y B 6.

R,

i/ 2¢{

R; \
N

7 cekywue naocckocmu

tdf. 2.1 08B sd0dazol sCs5050 M flsHIs

1 jtoj2Hj A o L OHOYJ C yddzddzHrs di,uzj ¢t
{ B 5L dz® tREOA=Rd tc O d36,605 3.

[ BtsL dzOAQDIF|,; | AOO,=T,.

15 kistejd3y StmMddkzmtse d&zO2jR.J,HB ddzsj toj

RS +R§ - 2R§cog g =h?; (2.1)
2P§ - 2P§ cog o= h?;
2RS - h?

2RS

cog g =
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h2
cog p=1- —;
2 2
8, g 4 g
]‘O:arccog —gl 5 Osz‘@Sau.‘cdag —>9 (2.2)
& 2RO e R0

hilstsdzh d dz0 W dzOdzyj e ts2 yoOfMmlsd L Ocetlsse €

. AZ

tdm2. 2, i®kd steduyd MEdy JOLOddIster orf HJ dzj
fsCts0Cd o xyf dzsfs sflsd
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221 ) sidzjHse Olsj dz detsfyls: tej h j dgd W

#t56 ZOMdzts tcOMUJ sagP. ) BE2M@Is' ( BB i dgedsy
COMNd&Ols tod o Gl H j 5B j HJdzj dad W 5B dzOMls
Y d dzd dzH ted WitsteH d dzOls O
5=58S,fted SI5608S,dS,=5,85S,,.

_\é . 'jo+j_o<j <jo'j_oﬂ.

S—#u)‘ R<r<R 5 (2.3)

R=R( )=R( ); (2.4)
B ie-io<i <jo-iol

S=irj)y° -2 ° 1o, (2.5)
i R()<r<R

ushlsOodds k0o dzj AT Hie™ B2 dyideu M It
CststeH d BIARDHBI ) AR/ o/ o):

9 HjCOkBot?2 MdMisjdj SttteHddOls:

X- X3 - y_ y3 . (26)
Xp- X3 Ya-Y3

o yddzddHted yj M2 MmMdmilsj dzy SCtststcH d dzOIs:
AR coS{ o- T o), RoSING - 1 o))

AR.COS( - ] o). Ry o- ] o)
X- Ry ZY'=(/0'70)
Re-Ry  jo-70
ltod §oHflsOdtoCj L dzOyjdd?2 SttthddOlk b
yddzddznted yj mEts?2 MmdMmisj 3y SCtststcH d dzOls ff toed ¢

2.7)

Rl )eod - Ry(cosio-io) _ Ryi)sini - Risinfo-jo) . (2.8)
&COSKo'j 0)' ROCOSIO-j 0) R3.Sinq o'j o)' RoSinG o'j o)
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Ri( Jeog - Rycos{ 4~ j o) _ Rcosfo-jo)- RuCOS[o-Jo) .p
RSN - RSING 071 0)  Rsing o] o)~ RsinG o-16)

1 siifiag j sBtcOL ts0 Oded 2 :
R(i )eog - Rcos{ - J o) =F g(RsiNj - Rysing o~ J o));

R(i J(cog - Fogsini ) =R(Cosi(o-j o)~ FosSiNG - i o));

Rd(J ): R)(COSKO_ j_o)' FOBSinq 0~ j_o). (2.9)

cog - Fgsinj

ltetso jHjd3 tsyd odHdz j Eif sissz{te OLERpdBdovO W
tOMMBOStedo O di3f § dzizqdiaz EROED dzi dzd J

Rd(/)zco'—lljo sij . o 1.
I -FosSV 1+F 2, Ging - arctg——)
Fos (2.10)

. R0 5 1

J1+F3, sing - A)

GH j

A=arctg !

oB

{ OLazsy ddig o  Mis isticiddzdsids i3jsvaid wd M& z®
L dz0 d3j Jagulissindd @ v

sing - A= & (-1" A)2n+1_(,--A)_(/'TA)3+

n=0 (2+1)'
d oL BBY ©Z btsdzr ¢ f jtco" 2 ydzjdz W HO, Ist

R, ~ 6 _ BR, . 1 - (241)

) =- @] G
S R, S A G A e, U ARG - A
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d dzd

Ry(/)=- el (2.12)
JI+F235 /- A
4G dzAfgdztigs? BH j2 (tMisOdtseaSd CtcOj o
Isj yjddw, tfdmOdzsdts? © t©WOLHjdzj 1.8. 2,
9 9jClttedts? Wted3j BBEOLESI fMdMmlsj Bk

gradp =- ﬁi; (2.13
h |V
|
diw- —=0. 2.1
it (2.14

LicOo dzj dedW (2[35NBPC du ¢ deBBdzy MECdJ kO
FtcOoadzgjdzdj (2.14) COC kfqdzseodj dzj My d B3O

[ Oo dzj dzd j zO CtsdzlsO¢ Isdats? f so j ton dats
MCtstesMmis: ¥ o dOftcOodzj dzgdd cteOHJ | dals O:

gradp="Pj + ¥ WOy

X Wy 2
CHi j, kT judddydy 2 bioltdsttddtsts Odedz’ 2 B |
CtststcH d dzOIs .

1 tetsj Sydd o Clss@v,w sdptsHnbsds 9jCIststs

\Y] u V.. W
V=vuZ v +w? | s BeEnor Y+ Yk
TR

rdv  desMS et HjUstodRdioss Odedzese 5 fislk
(2.14) fojceBBBEjsMY ¢ osdhkb

=-—30 ; (2.19

up
X
W__dsg : (2.16
Ly
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AR T (2.17
WX Ly
1 smMEsdzr C & cOMMdsOIstcdo O4 d3" 4 f zOMmls

Cted o sdzd dzj 2 dz" § CGteOdzd y' , H dzw ZHsBMlis
ydqdzddzHnted yd M ts?2 MmMdmisy a3y S ttsteH d dzO489 s s
éX=r coy ;
%y:rgm;
}z:z

[ Oo dzj dzdd o yddzddznted ud mpsdr/ Bddylsj dsd
G tcOH qgrms——e +7W£éj +£é ¢ede.,e, - JHJdd ydz
Stolstsdatstc 3 te s 0 O dzdz" 2 BOL dfm, W Iz dz€ yid js 820 dz-
ZtcOo dzj dzd W d3] :

er:%i+ﬂj+Ek
urooour o

g =i+ Wi B2y (2.18)
R W

ezz%|+ﬂj+%k
iz oz oz

f s1 Istsdziz BOIsted yO fijtdatsSHO sls HJ]COts
yddzddznted yd MmEts2 e HMlsOQo[@} jls MsBts?2 O

aéguxuxo
W20 gcoq )(- 1 sinj )0)
J= ?Xﬂwo isln )(r cog )(0)
BT H 120 a0)0)

0
vz ez

chr 1j Pz
I ibsd MeEuoj widusemy,) S Sesshisdo &

(2.19)

1-0: ©: OO

PLE g o aiv = 2T TG LR
roour rou V74 rgur (LS A

) sdzj ©OMCtr sdw MSsBBS ddjj d:
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U
divo=ror L0 IR W hse dj  dzj fy d BOJ B ls
woor oz
M U IR vy W (2.20)
woorory o gz
] jSCsttedatsj bLteOodzjdzdj (2.13) o Wodzsck

u +Vv. & +W,e
Mo 1up_ Eé _ 2t U & TV § 2%z (2.21)
Hr r M 74 \/Ur +v +WZ

) od dzgd BOW o o dzd B3O dzq j &ZOh d O
HjWsttddtietse Odzgdese 5 Misfistsw dzdw o yd dzd dzH ts
fdzj HEY h ¢  f[@88Ils Odzs o § Iz

Uy

W__dsgy ; (2.22)
W h Ur2+uj2

e U;
I _ sy B . (2.23)
"y h u? +u?
e S o L Y (2.24)

GHJ 9" 10Oy j ded J [z (Mm2z=Bdaf)jin 3Vdodgidy] joisshis d
/:/(t):ln%'rfr]lscjl]’cidzﬂ ROS 51 dzjdzdzs? M W steBOY(

hi C tsdzj Y dzOOH |§ % e disd teioi QfglisEas

{ BdOMIs! BYOcESK oA P dabd tc OH (Mizhn O dgd fi
2.2):

_B L 0<] <jo-,f
S, =1(r) R <r<R Lgf (2.25)
10 ctOdEy] & w@Hsd dis @ =(Cads ifsEf¢ OL O dzts
2.3, d fted jy YosHMmMsOdseaCj o (2.22)
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NUHUS pa3dena

MEeYvyenusd
S1,1

V.0 '
V=0

tdm. 2.1B80L Hegdu@BE@d ¥ &J sOwzdczO o HaPLSye d wd
f zsmCrédisdd dzd dzn ted ud ME 52 MdMmisg di3d

) sdzj ddzsjcteqietse Odzd™w HOW VW jtej dayd Odz' dzts
COLHjdvshdidmy fJtej i3 dede™ o3, f sdzlz yd os:

lezthSr +Cy1, (2.26)

GHjdys 7 ftsMmistsw dzdzOwW ddzlsj ctcdtctseo Odad v , H
oMy sdz! L 2§ &3Mw Mdzj Hizt " d BB & teBRelFardz'd 3d
fsmMdzfj fsHMlsOdsoaCd o (2.26) dd3j j d3:

ng%&+qb BlsCEHO §histY dzdzO" ddzlsj cted ot

Ca=2ts" T f arg

C1=2t5(1- %) (2.27)
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RMNCBdBE] CtdksOClkditsj HOodzj dzdj o t©OMMBOL

1= 2:]5 r+2ts(1- F?0) (2.28)

4 kZyjbtsd ¢ sdBY sdgdbl i) dis el s irlcgo j (B2 s d
ftc] sBtcOLEZjIsmqw € odHLE:

b 9, (2.29)
uoor dt

RMisd dzdzOvY Mmisj fJjded HJWBteddOydd ot dBsd3i dzls

/()= |n@:|nhO Inh. (2.30)

1 sfmdzy HWW ] ted dzudte%@dz;’q%? df tsH fig l4cQ dgg sk

f tsdzlz u d o3 HdWWJ tceeddidzdigs, | or Oy O5 N j
dzi M d BOJ G3sMIsd, o odH]

W 4 Ldh_ o (2.31)

W r hdt
Colicts dzj sBrtsHdBts fosddzsj dtcdictse Ols
mMesteeMmisd
t OLHj dzVv j B fwQaylepaald @2. 31) :

}a‘ &+ur8+1ﬂ]:o
re W + hdt
H(rur):_r}@

r h dt

l sfdzj ddzlsjctedtotse Odad W :
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= Sro 4 (2. 32)

GHET [ 5Missw dzdzOW ddzsjctedtotse Odzdw, S ists
b ) dzis o  R=R, fif Stetsfts 18, 5 B

R? 1 dh
O:__3__+ :
2 h dt Cua

_Rg 4h
17 oh Tdt

) sHfls Odzg®o Co0 © OR.J3BE jv S s sdzj dalsT S Stot
btcOo dzj dzd ¥ :

u =R 4gh (2.33)

l esddzlsj ctedok j 5 ZtwOodzj dzdj (2. 33) :

R o tjLbd O] §tkzydd §jtej i3 j dzd j :
RE- 1
2r
[ftejHjddd §smstY ddams o tfipiflasjde @ ds@to@ dgcfiy
Emdztse d j 05 Rfftgidic j d3j huj=ded | s ==00 1 td 1§ sHMls
L dzOyJ ded W f sfls sw dzdats 2 qdzls j ctedtetso Oded W
COHdOd desets  jtejusgfh):dedy  sdzz yd o3

u =

Inh/+InC. (2.34)
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_R-r?
U == Injh . (2.35)
g dzO N Is O dftfds»ifisdd w®p iirOIgE d
P, = i mrdrd = nrdrion( L 4ot (1- R0))o|J
S
- ?(Ztsroﬁ ) +2t (1- &)(j - )rdr= (2.36)
Ro
2” (i y- Jo) ot ) - o)
P0
Py, =22 (R RYG 0+ T )+, )G - ] )R- RO (2.39)

[ OmMmdssisted d3 fdzj Hiz¥ M 26 g,2086 & € O datf) T iz dedzls'8 C
d kcdzOdd

s, =Frjyi o To<i<io-io

(2.38)
R )<r<R

D 2 e )

10 ctoBEY] 6 wafHtdy dls 00 ME iy lsiafs Bzt
(222) fted dsjds OofwiOo dzj @AY j §(cd SBELOL k2 j Isiw

-—— —, (bt f§ofMmdj ddlsjcttdttso OddW
HOo dzj dzd W :

R —iD bf. (2.99)

] sflstsw dedzz® ddelsj ctodiotso Oded™ daPBGIRIE ) d L
p=2d §fmdzj §oHPSOfsaeRddeds ¢ 2Oy j ded J :

Zs:'%Rd(/)@ +Cy1,
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[CdyOlj dz' dzets HOodzj dzdj o ©OMMBOeds O c

Po1=- ZtScocp +2t %+ Rd(J )¢ 8

(2.40)
RL kfdse dw dzf22) QO Hisfsds) IsigfS st ts iy s -
s/ A Y LYY (241)
ry  hodt

1 sfdzj ©OL Hj dzj dmf/“c—{q’c'fd—l}é'pu' @) dedils] o d toso Odzad

r .dh
U =- EC%T[Q) +Cyo- (242

) sflstsW dzdzlz ¥ d daloh dz®2 HejSd5 O def W & to O dagf U b

/ :/'o'/To:

C,o = hdt(Jojo)o[ fsHfMisOade o ktcOodzj dadj H dz
Me stesMBd ¢ B.dkkydd:

dh, . . -
y ='%%0'00'10))- (2.43)
2w sftej Hj dzj dzd ¢ = () t jods i tals dzdors dcetinj j detzd
(2. 43):

. ¢ . yw.dh
ﬁujdtz'rh'(Jo'Jo)ﬁF

U =- r[i B (J 0- j_o)]ln‘h""c- (2.44)

] sMistsw dzdzlze dJdzs s e w3 a@agf v dMmMyf sdzt L W

€
f tejd=014 j toj &BJ b j=0ed
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C:r(j 0~ ]_o)ln‘h"

sStse H O:

U =-rli - Go- Tlnh+r(o-io)inh o dzd
u =-rj Infhl. (2.45)

1 ©2Hj 3 Mddziz ¢hdsComidoswSifcS®m?2 B dzOMis d

e o rard _j:r”j\O(l)J RdRIZ])(- 2 2t + 2 R )J )rdr =

:2tsjo-ritjtl)j RS (- —j +r+R“(J )j r)dr= (2.46)
jo-io Rd(])

=2, 0 %(1+@®»

Fo-lo Ra(i )

]l sHiMMsQodd3 ftejH]dzZr dJdzlsjctcdtctse Odzd W :
PSm:ZtS{_F;(Rdgh)@ ?Fjghj +R3(1+Rd0 iy Rd(J)(HRd(J)J))O,J
xR0 RO RO,RROI R, Ry, . (247

i0io 3h 2h 2 2h 3’ T2
—x 3 R0 RIG) RIRG) RSHRS)O,J
o070 6h 2 2h 3h

{OL B! jo&§ ddzlsj ceOdz 2O MflsOodzw s h dj

P, =21, :r~’_,°(- Rdgh)q))dj : 2tJrJ,0RdT(J)d R3C2t | Fled(J)J d -
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) jO'jO
) ZtSRjd—

o (2.49)

jo-i:o 2
R? .
+

2| ZQ

io-io

io-io

l sHMIsOo dd3 dzO2? H jREAANI.12) b dzCatg Qaddg48pzd Jd
SlsHjd dts fesddzsj ctedtelzj &8 MZOEO) & j, orF
4 ZOCE Ol &Bisj

io%o(_ R3G)i i = 1Jolo R & j
joio 2h 2hJo Jo(\/1+Fo|3) (J A)

I MmewiLd M Isjd3 dussy cusdfiidsr| stz dzimezch 2 ©

_dj .

JoA+AL b od 1 A
oA T oA oA T T A 2 - A

sts fMdzj Hize h g2 h O ddsjfedetss Od? &§Hdze6 X

J
R &1 A 870
312 % A B
2h(1+F oR) 6 - 2(j - A) o]
0
e 1 1 a
& "3 g U
€ 0-0)- arctgis % 0-10)- arctg—g v
3 e ¢ u
- R e 1 1 u
3/2€ arctg——— arctg——— u
2h(l+ F OB) é F OB F OB U
—+ - <
: 4 g 4 o0
e = u
é @0-10)-arctg—8 @O-JO)-arctg—g N
(2.49)

4 ZO ¢ Olf &t j



4 dzO G OlJl. d3ts J

ol R ]

HR,0)0d = -

io-io io-io

_._R

— - n -
1[1+FéBio-To ] - A

jo-

j:o J
r———— ndj - r———— ﬁ.
1+FOBJOJO 1+FOBlofoJ

1+F2, 1 - A

j 'j:o' -
0°lo] A+Adj _

dj

i &) 5O o §f ERdzizey d

- R - RA
= (j +) o) n
S fieEz 00 L 1+F2,
} #)dzd d dzls § ¢ HdiAOE OQ digf v
FtcOodzj dzedj Hdzv tOMmyJ lsO MPHdz
e 1 7]
e = o . T
élo']o'arCtg Jo'Jo'arCtg l:J
¢ € OB U
P =_s¢@ u
21 hé arctg arctg 0
e, OB ) u
é . = l . . 1 l:l
g (-jo-arctg_~)* (-j,-arctg_~ )"y
e OB o U
jo-],- arctg
R0 In ° ° OB
S 2 =
+Foe 1j-j,- arctg
OB

9

§ czoOMmls d ud
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. 1 .-
0 R, Girctg ) ] o-1,- arctg
Ro C:Bsts(jo'jo)+ FOBc"Batsc'ih — FloB+

+
VI+Fg h V1+F G, h -0 arcg_

(2.50)

OB

+t§E (j=o' j_o)C"QZj 0"~ G_o+j=o))+%(i_o' j=o)
rdzv  f sff sdz§ 1) ¢ sfdie sy d2" i3d  ©Y B 6 OB
B dZOMIsj2 o Wtedsj M dsso

ssGHO tBh OW MddzO HJ W stec
(2.51)

9

f zOMmisdud M¢ dn
ydmdzz Yy BJte),
PS = nKZPSl’l + ZPSZ,l)'
23 rjUttBdicte Odzdzts j ) ts iplstisisded  ddsj Is O dzc
l e OMMmudilsOdede” a3 § jtej d3j N j ded W a3 BOIsj ted ¢
Isj d&zO d MmMtsslsdetsh jdzgdWw d3 stshd tsffted HJ dzd d3 dzc

1 tesjCydd oSkt §jtojdjhjddy d&O ¢t

Q
- L@Q?In\hz\; u =-rinhyj ; uZ=2hZ(In\hZ\- 1)- 2h (In‘h ‘ 1),

£

1
“OM RN
8

(252

CHhiio " MO ¥ &ZzOdzyj o 82 YOfMmlsd LOctltsoSd:;

hyilsj SkhOw o MislsO.
dtstslse jIsmisolzs h dJ
yddzdden ted yd mE 2 MmdMisd ki

Hy WstedzsOydd f
CtststeH d dzO s :

w7 Lz
(253)
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]l sHMIsOo dzw w L dzOy 4 dzd W Yyofmilsdz = f tots
Msslke jsMsoke h s Ctistern ddzOls Ods, i s dzlz Y«
Loaqmq@smsq sls dLd3j dgvsh jafw orf Mislsr L C

_% R3 18 1353 0
Injh = +19njh. 2.54
o 8922 ZOH 252 TnH (254
18R .0 18R .0
- In\h\+§§%- 1gnln ZEE?rR%' g (255
e,,=2InH. (2.56)
e, _—( in[hj - In|hj )=-] In|n]. (257)

lteso jteddz of fsdzdzj dzedj bEfmdzse dw dzgj iy d o3
e, +e +e,=0; (2.58)
-la*-li+10|n\h\+ ai 30|n\h\+2|n\h\ ;e%-ggln\hHZIn\h\
. g ¢
uoch3 SBtOL 5&, k& Mdot ol dzddej jfisiiids © | d3ts i

24, usflsOodv s h Ow Mmddr Hj¥steddess Odd
Y BeO®Rd M bkyjlstsd Istj dedW

s O¢ tsls dzj YO dzts fiy ! tcOdzd J , Btsdz' h 5§ 9 o
sCOL" 908 Is fmd dzr Istc j dzd v , ftoj SHsdzj dzd j
9" HOo dzd o Odzd Vv dzO Iz O dzftsigfefc.Or 1 tisds dzfizff dzr d3
tcj Btc® (todMm. 2.40) kojdkzdydesOjlsmw or Mts
fpddzr btejddv, o MoewiLd M kojddujddjd {§
r dzv tsftejHjdjddwy MtsmMisOodwve h j2 Mmddr d&O
5o jtn detsiiplsl & 2y BNY MaJ B2 Isg yd dad(ic ddgy. L
2. 48 Y dlsOv BmMjoky HIiWBtdOyds fsihstsw dzd

Yyomisd U@z£=l§8—§?(iﬁ MsMisOoddd bktOodzj dzgdj B C



Coa
N dr dz0 StdsOCIlsdats? o jtor

Bftd H]dg dad ¥

> Ve
VZ¢U

R:—Ro

ho

R x () X (r)

o B,
tdf. 2.4. ufjkO ¥Eciddmss Qddr de jouf wmQ@ f

MdMmisy 34 SCEBEEBREEE] UPME dMnYJOd® diy jsue) dz
&3] Is Cazdt®] B ©

2pRo

2pRoho
Pth-sS@ A A frdrd dz- tk@ A fredrd ; (2.59)
hooo h oo
12pROhO 12pR0
P=-ss—AfnAardrddz-ty-f A[r drq
h0 00 hO 0
2 3
__. 2R 2p Ro
P=-5s. " 9p, -, 0
S 0Tk g
3 o
2pRy _ 3885 L2k
P=-p gRO -tk =-PRyE> 8' (2.60)
3 h ¢ 3h £

) 6d &OS fd &30 dz! @Fd@z—%Lm@n@; W@ CtdlsOS s

YOoMmisd f5StoCd:
= pRZs B+ 2RO (2
C 3h

&

_ 3 b %6_ 3 ash +
=PRI +° SB=- pRis
&Ry an 8 £ 3Ry
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Fis = [2Rs - Ro)+tJhpn - f dztsh OH:  Istej dzdw fts5 ff dzts

ey Bt M BOSLIYJ?;
HJpio MslsO tj BO;
tissdzh ddz0 tcj BtcO.

1 sMCsd Sk 5§ d&sh OH(, L Odzd BOj B

szl ks 6]) iy sipdez qdgs. zdj dz' h dls'  dzO
Rojo*ioh Roj ot o
DPz—ﬁﬁ i fydrd d z-—%n i 2drci
hOJ'oJoO 2h Ojo-To
(2.62)

2 3
SRy b%RO
= 2570 i h- 2 +0

on doh-— 5 do= sF’oJo% 3h

JIsme HO Md dzO, dzJ tSB.-.iqu’d3(DW
fcsCtseaCd BYBJEEYJISO

H dzw 9" H

Py 1s™- pROS %"’—O’Lnsng]_ %-FEO_
4 Ro N (2.63)
-5+ 208 )

{fteiHjddd Mmddk
fso j ol desMis By ©OHdEME 3

9" HO9o dzd o Odzd W Y B J to

Rsjo+iohs b s DhRelotio
Ps@:'ssrﬁ i Ardrd dz- T%Tﬁ i r2dro§
Rojo-J00 Rojo-T
2 3
Sgr L bgrRs__
P =.>S_ + - - - =
&- 2RO(Jo io-Go-io)hs oh 3ROJO (264

= 2s"5(r2 - REpio- 2 3(RS- RJo=

=-sgo(Rs- I:"o)gh‘?’(R?ﬂfF~’0) (R3+R3F\’o+|:~’o)(a
fnd dzr  Istej dzdw dzO tSH dats?
(2.65)

ssflsOo dzv s h Ow

P S0 +h)Rs - Ro).

BtsC
5.6C. BCOr N o jten dasils  h, s syt
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FtcOodaj dedj Hdzv Mmddzr Istejdedw o odH:

Py 532 (o + ha)(Rs - Ro). (260

g ZO 20 ftojtHtsdj ddj tjddy ftwod ¢
fesHed df & ©Y BOdB], HrE2flsolkeh j2 o fc

= Rbs s+ 0flp- ) n° 2o + )Ry Fo)-

' 2.6
ol R R ) PR RRE
ns s o(Rs Ro)gh(R3+Ro)+3h R3+R3R0+R0H

25. [ BMEYHJj dad § tcjLizdz sOIstso OdzOdzd L C
9" HOo dzd o Odzdw ttcjBloY dadets? Y Cts0Cd 65
B HJ dzd

t Ofmyg Isr i ts ftoj HiNlsOo dzj dzdzts 2 BOIs j 3
9" HOodzdo Odzd™w HtsCtsotsC ,toy BdgjO8 N dfAc st tg B H telzlz
hisORBYfsoCd Odz®r BJded j o sects M &zOo © dBOE d
4508 fHtoj HJ dz fpts BN detfyls d

J tojLizdz sOIsj BtsH j dzd totso Odad W ZfMmls ©
HiWtstcdidtecsoa Odzdw f) ¢ jtsd3jIstcdyj MSdd3d 1§ Otsc

dzv or wodzjdzgdvw R OOCIsjtc® odzdwdedw ¢ j
mMddzser § f OcOd3j Ister ftow ddséts or HOo dzd & O
dL d3j dzj dgdils ote ' dBj 1 tc jOH6j 200D KA ®5; 2AD50MD; 4n0 1.2

MOtOCIsjte odzdwdzdw Istsdzh d dz W dzOdzy d o ts
f OcOd3j Ister ftej HMIsOodzj dz ctcOWdyud MSd dzO
WdzOdzyo® © 10 tOL (M 5 d3d3 Hts 50 d3d OLIA c
s L doOyjddwy 2300 €1 HB 1210 €1, O f{t
COLO® f) 50 &3 HEE 100 dBR, SO §COL Odets
tesls Mddz HjWtsttdddteseo Odzed™w o 7 t©OL Mts
Yybsts  dzj fesisdo tstej wdildn @3 o0 dadfXajdzd of @xdad W
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10 tedfm. 2.7 fHJtjHMmMlsOodzj dzO L Oa dMmd d3tsf
dL i3] dgj ded O HiIgIOBE pdzj o 52 YyOMIsd fsSs0Cd,
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P, YTBEPXJIAIO
' %M 0. YIPaBJSIOIIET0 JUPEKTOpa

A/B/ Kammpckux

2019 .
AKT
0 IpeIoaraeMoOM HUCIIOIb30BaHUH Pe3yJIbTaTOB Hay4YHO-HCCIIeOBATEIBCKOM
paboTsI

Iporeccel OOBEMHOM INTAMIIOBKH BBIIABIMBaHHEM 3(GEKTUBHBI IIpH
U3TOTOBIEHUH JeTaleil KaK IpPOCTOM, TaKk M CJIOXHOH (OpMBI: C pa3BUTOH
TIOBEPXHOCTBIO, UMEIOIIMX B KOHCTPYKLUH TOHKHE IIOJIOTHA, pedpa ¢ pa3IM4HBIM
PAacCIOIOKEHHEM, JIOTIACTU U TypOUHHBIE JIONATKH CIIOXHOIO a3pOAUHAMHYECKOrO
npoduiisi, M3rOTOBICHHBIE BMecTe ¢ IUCKOM. Bo MHorumx ciydasx oGbeMHas
IITAaMIIOBKA SIBIISETCSI €/Ba JM HE EeIUHCTBEHHBIM CIIOCOOOM H3rOTOBIIECHUS
TIOKOBOK CJIOXXHOHM KOH(UTYpaLuy.

ABtopom nmucceptanuu «lIpsiMoe BbIIaBIMBaHHE ITOKOBOK C ITPOAOJBHBIMU
pebpamu» couckateneM I'ypeesoit T.B. (HayuHslii pykoBoAuTenb, I.T.H.,
npodeccop E.H. CocenymxkuH) HaydHO 0OOCHOBaHBI PEXHUMBI Ie()OPMUPOBAHUS
QIIFOMUHHMEBBIX CIUIABOB JUISI U3TOTOBJIEHUS IOKOBKH CTa0MIIN3aTOpa, YCTaHOBIIEHA
B3aUMOCBSI3b CHJIOBBIX IapaMeTpoB U Je(OPMHPOBAHHOIO COCTOSIHUS MeTajlia
3arOTOBKH C OCOOEHHOCTSIMH KHWHEMAaTHK{ Te4eHHs MeTalla IPU 3aloJIHeHUU
pebep, pa3paboTaHbl METOJAWKA MPOEKTHPOBAHUS TEXHOJIOIMYECKUX IIPOLECCOB
IPSAMOTO BBIIABIIMBaHUS IIOKOBOK C MPOJOJBHBIMU peOpaMy U peKOMEHJAINU 110
KOHCTPYUPOBaHUIO IITaMIIOBOTO HHCTPYMEHTA, paboTaromero o
THAPOMEXaHUYeCKOMY IPUHLUIY M OO0eCleuuBaloIlero NPOTHBOAABIEHHE BO
BpeMsI BCEro LHMKJIAa IITaMIOBKH, YTO MHUHHUMM3HUPYET BEPOSTHOCTH IIOSBICHHS
OpaKOBaHHBIX TOKOBOK.

[Tomy4yennsle couckareneM T1.B. I'ypeeBoil HaydHble W IpaKTHYECKHE
pe3ynpTaThl paboThl OCOOEHHO aKTyalbHbl IPY M3TOTOBIEHWM JETalled Hu
COOPOYHBIX ENUHHI] MHHOMETHO-apTHJUICPUMCKUX BBICTPENOB (B 4YacCTHOCTH-
cbopoyHoit emuHuLbl «CTabuau3aTop») U OyayT NPUHATH! K UCIIOJIB30BAHUIO IIPU
pa3paboTKe NEePCIEKTUBHBIX U3MENHUA. S

Hauvaneauk HTO — rimaBHEIA TEXHOIOT ~ C.Bb. Biacos
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