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[72].
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daoaqQo3EbYqn, cdY¥Yngb¥Y¥no odE3Ibgb¥Yqgq ¢FEal
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bE 9dY¢oaoj ¥Yqde¥Yq eFdEesqdy¥YdasYeY cFEd
] 9 gds 3o 3EbYq J3gdoeYe sgqgpnequ¥Zosadbi
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29pq3qbg 3 dFEgo9oEe KAd .DADHE e Hj1A 7p 2 3 34]., E
9Fdod d dosdoe(db¥YeEnY¥Y, YroeazKEy dHEdsdqdc
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s6dY ©30q9q 95qe02aYr¥Y¥3rqdeYe dos3qddod ¢
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13, 9Zad))Y. 0dqdeq3YIEqo aoevFa¥Yfr E¥Y 906
Jgdebodosy¥Y voboFeoAf (fBEEW¥dIYoidoc 1

L bFeos eYobqddeoy dFEgosoy 3 Yrfo3zq
graaT PE 9dY¢oao§ FdFeeqyqYdoYeY dagdsqos
daqqodEbyYq O.E. OdEFEjqacdeoj &F yrd er.BO.
2dbole FEIVYIdYpOodd®ecaqfjoaywmBP, 3 qa¥Y3Yh:
dqacecbojo bEedyRgb¥Yy dq3YiE 3 o9HgocqnD
3gaecbggq eaFds¥Yaqde¥Yq (dgqaodoE3YY:

t=t, +/7%. (1.21)
dx

6dqdeadqqachiFy dYdE cad@ydepbooq-bFsdu
bYq dQqQ3Yi E sdgoseopjyroe¥qOHEhs Jyreodsy
eqa%_‘,j_-jQEQYqbe deododsas¥Y 29 bodoeFay¥Y e

X

s E.
LsedgdqayYd eoyeaYs ‘qudbqeb‘?‘.ﬁbfqa%q,} 2
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f :[—°+i%. (1.22)
tg g dx
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aFdac dFbloy 93qdQodsasy¥Y (qay eaFEdsas¥Ysaqr

e2090dFy, evEFe Y evoyopWasddhgqameaa obFEc c
bYq da3YifrBEIYdYs 09 ToqueadfFadg 350 | 0
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X X

f E3IYdYpodsY

du dT

=g 2, (1.23)

dx  ©'dx

3 Yo0j Egedaa 3

fzclu'“’”d—T+ TM™". (1.24)
dx
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Jaqdsay [106], Ydeoaecroaqn (dYeaqdqhbs
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LqequqD sqeaddoy fEQEs3Y
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“X x=0 ° ==
Yo3YosgJ3Ey, 292 6qdYo(dqYsrgdBEY¥gbosqeao
5=0,5 U, (L+cos2ut), (1.45)

i Q=20 -edojo3Fy MEdauaE, FAIp-o 3
aY3>Yboe Epnpea¥Yoasadg o9qpnpeqdFooadbge aa08e9a
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o e e

(1.46)

dyaa,

a2+/\/_)~r
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=- 4 (1.49)
(!‘HT “tu T gu(t Mijax
yoT . = Yol (1+ cos2ut) V&% 102]
a1 o Nw
Ya¥Y
U —U B U AL (1.50)
Ofr150) (QqYeeoqdgqbsYdau EHXagmdYEB O
W e
mec= AT, 1.51
ulpu At (1.51)
E 60 EDbFa4l) Y¥odqp:lYpnqgqoec
auf, & _
~ =- =Af. 1.52
C Tmax §pu Tmax A) ' ( )
L 3q3yvydhbo
—=-AgC Hloae (1.53)
fl ’ Tmax ‘
-
f,=CT ™. (1.54)
noaasas3x>qgqbbgy dqfoac@#r doIeFKEJEqgqs d
L edgdga¥o eoyeooYahHhWpbhys rdvdidgbd &Y d.
111). L sa¥a¥Yosqoadh@gorbadosyny¥Y eolopFHesp¥E I f
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- A K 0.
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% =1 He (1.60)

gradT? il
x=0 /2

7,
d)EBE E‘M:i,
ue ¥/,

o ~ é ~
0 228 —-ZzgradT 18:-
GHT =,y 2 ¢l2+
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@, T, % ot KL (163)
X
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daf EBYY ¢dls6g)é Fa FdB Y@ bqoleY Foobad .

ndogddsF 3qoqbbigd 3 Ydqogacdos 3a®d B®resan
gbbgq bEoY doosboeqgb¥Yy dqay o3dbe¥Y e:
oqQy Y+ s5qdponodYbEpnY3z>gdeYe doogdERQbDBY
dYb3YeYFEaecbho bg 990Y3Frvyoedy o209 +fEIYd

e. O. ddraybyqFdelsrd ¥Yno 2995 dgoadj Yaqde:
(ee6doj Yy YaY caFdosy¥YaqdeYy) Badrga f E3
93Y9g3Ero Y QqYbEpnYz>gqdeYq ¢eEFEdEeiaqdYde:s
sqpnesqdEoadal,ldcgieewqoneqgdFEosadbgq aase:

LdpbEeo, d bEeqyosd¥¢eadojysddeesqd
doa¥Ye¥ 6d¥Y o9dgb¥YY 3 odaod¥Yye Ybb-qbdyYsd
dFesqdbBEy dYosaE3Yy ed¥Y YrbEGYIEDYY YD
DBgdYFEao3d) osddqB@Gmawpwaced s5qgoeqdKEosado
sdqyRgbbge e6FE(d, bo ¥ o9qgpeqdFoadEy 3 o
5 qd YEOEBEosXbdY3Ibodoaecy gqq dbYRqbYy o909 6:¢
5. (. sqpneqdEoaadbgn | dEQqYgbson.Y-dbdqby
DEacbgRar Y DYDbYDEFacboy +foboy qjo dqyc
95qe 003D PEBY3boj o daXyEgqoadsddyoegbboarr
do dsoyeo dlsd 162, 181,9187, 188, 190, 192, 227, 238, 252,

278].

] oe99doasdavy) ¥Yq o9dgqb¥y YbdosdofegbosFac
{ qf Yobbgaq, cseYda¥sqaebgq Y (Yaoor YODI
} pFedooddaqpnFeondo e THa¥dy¥IvYq 3¢ddgqopbg
0023ge Ydo exbYagdy, pobpe JavYyaodbosEEskg(q
sqpneqdEoaadg Y osqpneqdEoadbgq dEadedqdq:
20 dPE®VYoYvYdovrs OQugyddoodbWye osqeaddge Yd:
>Yf YevonYaqdeoy,seddiWpg Bacbqgyeqj 9o Yfroaszq
93q9o9F 3 voboFeoabge 9qeao3ge +EqE3>Ee 9

VE ®©vIEr YdoEsYobHEaddgmgqoqEdadqdqaq
sde) Yedy sqaFe bFeaFEqgIFErsdy aaoesasFs
bE DoDFedYoEFaecboy o9qbRqY¥®loa.de) JdSRhc vy

53



JaYybyYy o9dqg¢oeqs o9023bgb¥Yy eEFe EDEaYs’
yedeqgd¥nqgboFacbgonyY qEbbgnon¥Y FobBw Yom qxFd
99602323 gc¢ 20090 FE3Yy; c6dY yYyo50D Dbqogec:
podgqa¥Y eobosFesYdoIEDbYy, r FQEDbYq Ypeo
bE eyobEFe aFeos¥Yzqdeosjo eveobosFeosE Y | dE

54



e0AEA 2. dOnqldEING OO0), 0L y? ddt oyO

dbgodqoyvYasqdeons YroxopbYdds e ddo Jagdea o
sdgbYy Y oéddEdose¥Y dqfr EbYqon eo0d3yyj qb
eFeosqaqds}qgbiflpdo ¢ qRDbge ADIFnOYFOVI.qy 95909
s5¥3>qdeoq bEdaqd¥Yq Y bdr &qdimeigpy edH?
95qea23oy +FEq¥>2F o EQE¥YFE (qodosEsoBHEO 6 0c

3 3qaYeoaqebge o¢frodRE254E, | VoRloGgN¥IE |
deojo7pPyV8,a.B. eaddeojo ¥, AEEsao4Ys¥b
i dEe®¥3qbosYdaqgqs 3IDbYoDEDYqYddHa qrQoddsEbsroa
99602323 gc¢ sdosqddG)JEsq@)quqq@&Qd‘ﬂﬁ]j3 [ 87
A.EY>¥DbEQr @36[ 28R 241,243], E.A. 0aQqYbo3F
Oododaybded9p, [B8Y. do ¥C]_03E [ 49], e
[91], A.e. eYbrgodi ¥ [36,37], y.Y. Od
[51], a. Bdo s Edo 31F4 0[]1,3 8E. O. éooqdeea&E [
¥ O t YQaqdFE [266], K. aooe(qqblk ¥ O0. o
0. OdqjqdE [57] ¥ dd.; edY daqr#&byy ¥
t qgfr bYeoJE4GLA4A. VY. OE anublz [44], V.
] -] . JYaYbE [197], E. ] YeEyaoJ3E [20

21 EaYymyY dfobge Ydoo3bYeobIE Beqe a2 9 ¢
dEesqd¥doayYe¥Y 9qe0232}4 92 e2ay 6d

AbFaYfr Ydoy bgeosodggq dFEgoosg,0-FEIsod
aFj Fqo, 3920bpd¥Xd¥opqdadgqgbbog 29boeqb¥yq
dFEddpopEasd YBEooigmj dEaYY. +t q3c6daradmyY yeg =
50 adfI@EFE3> decqg3Ya¥Ye¥Y vobosFKFesbge 6do3(q
e Yfrbodoe 3 odaod3¥Yye dgrEbYyr Bgdgdaod.
eYe bodoEFacecbge Y ebdeldsvq aocbaggee befbiydess Y 3
sFe 3IfrEYDDbOj O eq9dgqedgoea¥Yy, gaYre¥Ye e |
deocoacRgbYy oddb¥dygm FagewoIgdqadoghyYy yd
doa¥Yaz>qde¥Y dqaodop¥Ydaqpngy daoy DEsqdYECc
e092d2j92 DpDoRgqes (odos¥Yj Esc QQduseoj Y
5.q. Qgydsdaqsos o¢daqobgy YdsoszbYe s95qe6a

Enpgdsq d o9q9gpb pbpEsqdYKFa wevobosbesbge
pDqfEs evooXogygdoaceary o93gqgddodse Y doed:
dgaodonEoviRbo dJdqEddoEsdY3IEsec ®vEe bqdqge
Ora3qb¥Yq d&Ygbbg

j ovdoosbYeBoIgqQhdgqleW¥y Feoaqd o9qpbeqdkPF
dFEdedgqqgqaqbyYy 3 dEpbpopn qqeaodo¥Ydéqpopon
doado qbos Fambamd YEaq, F o9FeRq bE 9qpnsq

55



dodaReE 62 bodn
dovYasqdeoy ({dgqaod
a¥, ®©oj QqE ¥Ypqgos
pap o9qpeqdFEoaadg
Jgdoe¥ir3 6dYeob

¥
boEFe¥bge d
aFdoayYasqfeFy (c
Yody , bl vdIaqaae b o
geo Reéedro ye ddr 3 E. [

0o

dFE¢gooeq (3pHjodyg caFdoayvYasqdeFy dgaodpEs3Y
sqpneqdFoad pgbygqoady: opbEFEed¥obpaon RgpnecqdHF
eq, F jdEQYqboag o9qoneqdBEauaoded nEadqié&l

b

daqfr 3BqgbceErvoady,

93qa¥3Y3IFy e6dojdqd o

Qo Jdgdoe¥Ye o9qDb ecdpdrAeasqd, Y YE) .3 g@edBk-EbbEy

bYyqaybon ¥Ydquy

2 d3yryY eceEdEesqd¥YdsasYe o9

caFEdoyYaqdeoy ,GQaqaoocdooCeadqvc agbf dBdF3qoabg
podoayn¥ ¥ bg e2a93YaF dqEf 3IYas¥Yy 3 qij o

E.A. Oa(QYbo
edqdedYbyskE ¢
EbEavag deoy
a3xqdseascec 3a¥Yyb¥Yec
Ydoo3xbYelk o00-€
bYuy 29 coFde¥
a202doE3Yy bE ds
boaq dEdsdqqaba-c
sFesabge o¢dgnoP
sqa. Oay deqt
d s g d Rig®Yddeq 6 Fdac:
o(dbopoggd badE3IDbq
95qe096doddqhmmd
dgimYdes ¥®Mmo qe a
codsoybboy ¥Ybe

3 dasoqa ] Y boary

q,

bEeo Yy D q
ds qfgdRo 1 Y as
(dyd). 2.

PdE3bgbYqo-

X A X‘ T,
ot
gﬁ\\—xw /;T7
| )

1 //I — \\ T
wl | \ :
ST i i

I 54 1\
A II //
/
/ AT
[ \y//
2 TH‘
'rmux |

s Ydl 20frpqbqb¥Yq oswq®z qfi:
DFa¥Y e e23qdebodsas¥Y o9qg<
DopD ecaFdo¥Y3qldgroyidoag)
caFZdas¥Ya>qde¥Y (dgaodpn¥Ydaq
~ \1 o

csdo3o(dbodsy¥Y Ynqqs 3YQ [94]:

2
%+% 0,

2.1)

d  dEbY3abgony¥Y adao23d¥Yynony

56



du
dX x=0
JYoso¢yaaszYay

dZé 2/ o Jg
E:R+qﬁ—@#—~%%g. 2.2)
2/ g a d g,d+ g
nd Yx=0
a’a, 21§
T =T.+q, 3 —a&a+—o0, 2.3
maxy C qu 2/g a [2 ( )
Fed¥%X=¢
T, =T.+q, 2. (2.4)
S C ua
mea JE
012
= . 2.5
DT =T T, @37 (2.5)

OfropoadhoE. Oo(qYbhohgRqHaqad¥qB B@MmO
pEedYonan sqpopeqgqdFEosadg bEeoqYsady 3 dqd
daoy, F bqgq fMmH Ye yfoobe®Fqoady, 3950-qday
deFy dgeaodpE3Yy edo¥Ydeo(¥Yo Ireempiqdebh
pgbsol eKFEdg odqb¥yYy, 3IorpoRgb dHea3Ey,
s9dg oeFRqoKws b Fc b b Y¥v 94 3 o ydi y[q s d y
2bY¥p ¥Y¢¥ o9daod3¥Yy dbYRgqbYy o9dgqb¥Yy Y Y+

O bqQodsosEseFEon pnpodqa¥ E.A. O>a@YboJdFp
}qbyy doE3YobEdbodoasy¥Y edos3qddBE, dqFE3IbOoDC
95qeao29g bgR(Ja 95da} YoYdy o5qaBFooydv- 39590
dagqqodEbyy O. OqjqdE [57], A.E. t¥Y3Yb

y.E. ®EaEbso3 [213] ¥ h E. TY¥Yos03F

e 0bF e 9 b 293§ gob Yay9, doedo3oRAEY) qj o edo3qdc
Y YfrQqaYy 9 dqfq3 e6dY dqrEbYY pbgoFaa:
frobg dqf EoYy,r BFddEee® 69 o2e6dgdqaagb¥y 9c
Jagdebrdd®¥FEeoF Y o9qpneqdFoadbojoYgdEdsdrc
daqnyogqonqbosgqg eFdg o9dqb¥Yy d 83q929D O
9qea0o93gdqaqgqb¥yy. ndY¥ o2edqdqaqgqbYwEsqnpe
daeb&dbonqdbFy fEQEsE dqecoamdaddadqhlFda
d EQYE¢gFEoayvYzqdeoy jdEBY3qy e6dY DbDEa¥Yz¥Y
dFdedgqqaqbbge dEIDopbpgdbo Ya¥Y Eo2 a¥Yhb
eoba o¢éddqnbgeoXdaosfgyYdod FIVYdYnEnY 09
dFZnqgodEp¥Y. ndY 92e6dqdqaqb¥Y o9qpneqdEos
JayYyd sqeaasg, aeoqylagy 3 dqfq30,- 93Y9
sg +F(QEDbboy Ybsosqgbd¥Y3dbodsy. Lt qf aaGc9 o

57



~ T L 2 T O T v oW~

Y EIoodEnY fEIwYYBRodo o calmddifialfe
qgpo2j9 daoy Yronqbgb¥Yq o9qWecqiBdoadg
sqpneqdFog EoodEddbFabqeosodom- dEdId
bodoay¥Y eobosFesE; 93qaysqb¥q o90a; ¥
bqYfrpopgbboy pnoybodoea¥Y o9qea23gdqaqhby
gdFoodg bPbE 23qdebodsas¥Y voboFKFesE.
aYybyYq o ¢YddaonobsobBi¥pe i o3 gdqaqgqb¥YH- bE 9
0 eg¥adaqb¥YY odFFpk®B)d. IE dEZOo9q
3F 69 2e6dgdgqaqb¥y o9qpneqdEsadbge ¢
YRbgy dIgqERERg Yydy (qyvydee ¢g@aB dJI
bqgdoE3aYobEdbojo DEjdglE bqoej-dEbYs
bbojo doqdRbyexXxbo DEadYdI¥lavs gasqa d
Ydoo3xbYeEnY o9qead2sg, dE3Iboon@dbo d
sqagq. dbgqeaooégngb d oedeaRE¥v)qy dd
dbge e0203qdebodoaye dgQbFEkdpd-cbq o
deqpn E bqg e 20r33gobarysoess adCHqEbd F o b <
5dqgbYy 3 dEddoEsdYIEEboy ok
sqeao23onasa dqgqRYpnpa 3 bbgqeoql
QE¥ys bagqedqdgdbgy dods sq
3Edoedd dodosEF3dboj o doaqgdRb
2v4 9 ] ylayqgqsasdy 99, 350 096
5qead29g, e6odosockE¥Y) Fy 3 eEi
q
9
b
7

anocoo0wpypooc O
oo .aWw

[
L2}

qbbge dqeqbYye oeqgCqayoc
FoY obEosqdYHEaod Y bqg fEJI’
Feos Yo 2dfr saoasFIDPdqdEgo s

00 WH ND®W LA OOTT ™YD" O
COoQO00Q@ 440 WO 4 w0 OO

YoY dJ3

y
v

¥
dEFEfrongqdod e
Y Db EQr q240].2
v

9

q

d

0 @« N

a Y EbEaoj Y¥Y¥

[ 1QBadryF - b0 Qq ¢

ndYoqb aod

doasY

i dEQYqbosod 3 60
294D

Y Do

cdo3qddE

pqgdaqb¥yYy o
F3sodg ye
JofrpoRbOD
eobsFesboy
]. YEae¥Yb
dqaGc 950e0230y

dsEqdaqydw qQ
FedYonapnE o9qr

qu¢mm®ﬂmbE2k&M04<
F e 0o HdoFdmObdaygm, |

b ¢ eosoqu$Yqu Fodgdbodaqgqbog- 390
b¥Yq Do) boda¥Y 0o¢dq mhsjanndygddeiqzsbyriedq o
aeceYy o9qopeqdFEosadbgy § dEQYgqbos 93 o2édc
caosdeodsas ¥y, f da dqqydseasdoeaqs Y929 Y
bodsesY dhfREG®®Y (Jo boaaqdge fDHEzqb¥
Y o9qead23oy fEQE3x>Y 9dqb¥Yy oédqponboj
Y3qa © pgbee¥Yon fbE3xqbYyno oEewd-YpFac|
dFoed 29 ddEIbqgqb¥Yy d pbpodqacy, sqea

58

® O N 0 oO®e®™O
-

208 OO0 40



Qgqydoasloaqgqos bE elebdE¥osboy 6002
ygogeodY¥Yno odogo o09pqoYoscoYdddgQo:
nbaya¥ }228Fbpdg«aoaoRgqgbE j YecooqfrE (J3oc.
sqneqdFoodhyj dFddoBEoadYIEryady oadaod¥Yy
[ 277

Jgbyy. ] Ofj aEdbo ] podqac oadYes3Yof
boJ3EDDODEYy DOE dEddpnosdgb¥YY qY¥Ydedqsbojo
osc{qudqnquJo&Equ Q3oee fob o9qgqpneqdB
1()/0’0, 2¢e 3EoglEY] Yy odboldboy o&-dqp D
60j9 jAdEQYABOE dYNO0ObE s23qdebodsyY. |
[ 277] bq ydaygsdy odeYbEGGS&]Oy‘QJCﬁEJQ :
1963 j0ds owbhRbodbE Hdg qdos I oI EDHYyYy (qJI:
o oaqoneqdFosadbojo eo20ay. ddgodgs¥szqgqdeRy
cdqdoeodonFEoadYIFEqoc¥dgIswaiRhoNeeqbqlYy o9
bojo §dEQYgqbosE 3 pbpYedoogdagoFe &o3qdebh
g9 3 edosos¥Y3Iodqsz¥Yq d [56,qlrlaba]e 5 FoCam Yo ddozn
bE d3yr e pqR(Jsa e603qgdebodoaboy s9sqoeqdHk
Jdegeeoy.

6. A. EocevYdFEedgblcqdEsadbgy HgRYD

boy Y bodopEaYro3Ebboy dosFa¥Y 45beo de
900 JrEYobojo eqdqedgsYy, _dg)ady,y Yody
bod3YaFE doyqdosdod3EbYqgq Jgdoe¥Ye o9GpeqdPFc=
sFesboy s03qdebodsy¥Y Y ¢0%hpcoyPEaqdesF
JgqdebodebgnY ¥ o¢gdqonbgn¥Y osqneqdEosadEnp

A. O. Oeax¥h [102] ay o9dqb¥Yy o¢dErf 3
®10A 3 odaod¥Yye YboqbhEH¥Nysr3EHl-69qcad o

b/ d) o¢bEdeaRYa s6qdqs PN s omROPE sad qi 2
docy voboFesE Y 93leoyony oéddgqng 0,1
e. O bdoydp IVrENEGE doE3YobEdboq o

dEdedqqqaqgqby¥Yq 3 30jobbon o¢dEfr3q 4VyY
caFdoapEddoyb Faalrx4avAd.oa yA s oaes3qbbgqse-q¥ ye
bgg dgqfoeaacoaFosg, pbDoRbBbo ddqaFEsce dbgdo(d o
cqdEoadbge ro®Y o9dgqb¥Y; jJdEDYSE yoYe
sdqbyy_,deoaqgaqsody 29 1 oJw, 3F e6q9dqeFC
sgqgneqgqdFoaad bpqR(Js dnIageddeYboodaschbooyy o9sq b 6 g d P
sgqgneqgqdFoadboy { dEbBY3qy e6q9qdgeoFoy +ob

250% .

j ogdoa 3ol EbYq 3JgdoeYej dEqpreqcdddais dd g ¢
Jgqdebodsasy¥Y 9dgb¥Yy Y ¢0adc6eFyYy dEfrHYIE D
Jgdebodoabgony¥Y ¥ oéddqonbgony¥ osqdEddEZFedE
6. KdEyosFj E [233] ¥ K. OYDbDjE [107].

AbEavyrs dEddnosdqbbge 3geq YddaqQo
Yro3qb¥y J3aYybYy oédgqobods¥Y YdBoszbyYe



sadboq sooq; ﬁé#@@pqqsﬁo%qu;quq dq

dg3FErs dEdesdqdqaqb¥Yq o9qmaoqdc#dgd o3 qHr
i Qg Qqgqydsdoeqs Yy o218 2460235 YD Elcdo 0b

bYyvrgeaoldgq +FEQqE3>Y o9dgb¥Yy QoaRbg a93Yo
JrEYorod@g@ Yq oédqonbge YdFoaEo¥zsd yaqoadb:
cEdg 9dqb¥Yuy, sFe eKFe dqEFaebogodaj) qds
o¢adaodaqbo, bEedYpnqd, caFdoaYaqdeoy

dgqos EZa¥Y yqacfy rFE€gIFEoaec o edosdddEe

aqbyy, adobs wvoo9sodge fEeIEosgIEqos 0o¢E
dEnpodosoysqaeboq fbE3qb¥Yqgq Ybnpgys esqeadd
sadbge edgIFyogbsfqeaE dopbndobE, ne-d¥3qn

jaﬂqyds&ﬁb%wﬂwqoqbsEs sFdg o9dqbyYy [ 1
YyovYd o9qead23ge f EQE3>FEe e90dagab3vgyb b g¥d eQEPYb
8 9 gradT: bgogeod¥Yno o3Yog@bsceg qEONVdoDHY
9qe02309249 eo2ay, Fo acoogn oGP igg epd@qdRE:
a2aYf¥>qdeYq eveobdosEbsg o0¢g¢o¥Ye evobosEKFeos’
dbdggorvrs os523bgb¥Yy fFEIYdYpnOodsY ®@ay 923c
sad e6dY Ydeoacfro23IEDYY pnpodgqa¥Y d caodey
e090dgeaoglyazhbo 93YasgdFavde sdisBbadrs Y-
DEosqdYEub3dFeovYddinoegdaddyY dqRYpDFE-Yr bEoe
bYy, jgopngsead¥zqde¥Yq c¢EdEesqgqdYda¥e¥Y eoa
3JgqgQqqbbEy DEDY dYdosqobEosYrEaY¥Yy dqgeqgby¥y

dagdqagb¥Yy o9qpnpeqdFooadg evobosFesE Y DE

[150] d¥gll) , yoY ocEdEpgqoadFobdEddy dFbq
sgqgbg ¥ (qdoj Yq eEbFaoag (qYddYecE3Y¥-9q60c
bYroF o9q9qeaoedododbodsy¥Y ¥ voblqesY3Iboj

60



2. 2. \?qeolq:)tdonu os\qbeY 50609230}
robg 9dqb¥Yy

Oay EBbFEaYsYaqdeoy osddghe ¥ Faleguaddbat
yaqongboFe e6Fdg o9dgqb¥Yy IERDBO JIg¥EgdEosc
90dFy ¢ggo EQqrId®FRFEAOE dqFaGbgydaqdqbidc
fr EQEBRFYy Y EFqdgg oadaosdYy, 93Y9g3Ery) Yq
cdYédaYRqbYgn dF¢goosa dqFaecbhoy eFEdg o9dq

ndYoqb¥osqachBe YRIEFYY YbdosdomgbsosEac
dYEZao3d 3 adaod¥Yye dgqrEbYy evobosBesbgaq
dy oFagp¥Y difedqdEa@Fqy 6o hgldebodds¥o

eqdqqPqé3-500s. q. eoOyaaY3Y¥Yqboasg 3fr EYDDbOj

s.- O noydgps¥dEBEaqlqesboFeoaboy ocFdg ¢o6:
bya>bgy dogdBRqbedodoadEbdsioe, e dyw-2qnon d
doegsdy dodoeReFE (fFEjoo923e¥drqoa¥ ¥Ebdad d
pgbsosE. Oay 69Q3IYRbOojo2 yagqopgbosEponesdYby:
bqgdosFE3 Yoovb Fodabs oFoB3CEy> E dQay bqgqbdgB¥RbBOj O
bEdbdro(dbonmudhoaBhodeq, wvoj qF oqb-eqdFEo
bygeady 92a6e92 62 bodopEa¥Y © e23qdebo
hEeoy Jggod o¢dbdbFEigffoadbesEdResqq
doa¥Ye 9qe023dbqoysebaysasqoneqdFEosadmahe | d
dayds 3 Yy JafFoe¥ayYyryy Ye 86 H60YI620 200, [

23qP@®YddYecFEoayYdbge JorpoRbBbodogy dYdsqgnp

t EdedodoadEbgbYqn o9qeaF 3eqdqdyY Ydc
sFe eHFe edo3qdd Y+rbFEeYIEDYYy ed¥Y daqrf E
cdoosqgeFqes e6dY g€oaceYeloR@)@a7Ee ngeaq (

ndY dgqeqbYWYYdHFddgEs bEDY o9qeW-o3ge
pgbyqady pnpgo09q E¢FaEbdE, ®©o902dgwy-62 do
bYeod ecofr3oayqs ed2083Y¥sc dqgeqb¥yqg, 9 (
adao 3I¥ym2i p34 ov¥4j odoqF [110]. nd¥oqgqbuyy
sosbYelBd, coelr Ebo A. 0. ) YvOF yoolRIggend y[ 2ol
aqodody¥osc bidgadEFyno

nasosbodas¥ s9qeaddge 629223 3 E#JEY9
FoY: godosoybbgny¥Y 69 qa¥Ybg ®vobxFesE
23qdebodoay¥Y 91dMqbr8R27[[ Y6BOabYyYy) YO¥dy 629
dqYbF¥Foaq 2 yedecobqgbwdw¥oeHepnbor Euobbd
dopFacbojo dEdedgdqoqgqb¥8§8Pgqddiwebodd¥g
3qde¥Yq wevobdsEbog Y npqeBEbY¥Yzqde¥Yq ¢E(qd
eoboFeoaYdagnge s5qa esdYbYoErxody bqr EJIY
pdad23¥Yy o9qead2293o0dE (QqQYyddyYecFoayvYdbgq JI:

61

¢
e
)
b



~ T L 2 T O T v oW~

60 pDOogeFEbYrpo od=xsVocddIpd@Gbhoy Yb3IgbhoaR(
Jqes3s¥YY, EFE 9FeRq aa3qY¥YdesoadeEbYqn.

yE doddgongbbopn o8dod3bq dEf3IYoYy 9 (
sdqbYy EBEaYf 9qea2aYfYe¥Y cdo3qddE o
bgb¥Yy o9qeaoedolodboday¥Y (ay e R@oej o A

s qa bEeoQqQuy Yedy 3 29bod¥sqacecbhono q3
deododscy Y DbodoFaecboy bEj dofeoy. 0
i JEDbY3>bgq odao23YQ@i oddeFd odaHEd YeaoRIGoj o ¥
pgbsod eEdg s5dqgb¥Yy, 5. (. cao9bvddoaY 9
}Ye 3 evEROOoqYo9Hhydodqy evOoOyaaY3Yqbwog dEds
Jge ©c090egddFodgdes ysqaehggq ¢ EFEQqE3Y (a
500. C¢C]eYdHEbBEQNE, o5.q. 6dYdEIDYIEDYQq
eoboFeosqpebfeasa¥yYqbs dqEdedqqquab¥Yy o
20 3dno qdIosW¥x bEzxxgbYgawvxnYahosdgmBYyq o(dboy Y
edFqdoy +EQEdYpoecqudadadYe® vobosFedf. b
co006f O3FaFEde bEpDY Qay o293qgbe¥ o9qgpeqdFo
95dqb¥Y 93qddodeaF3Ibge DEosqdYEao23 Y 3
eobdoEbs dqR¥Ypo3 9dqb¥Yy bE 5 pHEedRhEsad

e6dY o903qgbeqgq edqypojo J3aYyb¥Yy o90beodaoyh
dodsoyb¥Yq fobg 175,d1d% ¥8g, 19511968 227, 229].

ndY yosopnp edqdeoaFj Faode, 392 Jg-aoeFa
bqgdYdeqody 9960230y 9290 29 dYa o9dqf
Ydoo3bVYe sqeaE.

YqooQ dqeqghb eoboFesasbge o950e023ge
yesaY¥3Yqbok dEd sdquaquq 9qe0o2Hge 69c¢
coacfo23FEDb Qay o5dgqb¥Yy, eo2j QE Ydm-o3b¥Ye
de¥YonY, F dEdedqdqaqbg 3 edYeobosFeabor
yaqoq el ®dqbyYy, DbEeodqujqjody 3 bqdol
dgqj Yobg. E yosop daoa3xFEgq doppbE 959geaddge
603qdebodsoy¥ jeasobgxcE eestlR Q0§ o0 Yf evobosEKFesY
dFIDE ®©oa¥Yzqdoasls sqeaosg, jqbgd¥daqno
3 qQqYbyYsoe (bdgbhomde o9dqb¥y). aFBEqEDbdd 9o
poy e6dY o9dgb¥Y +F qQqYbirddqg nfajoag bsrq e¥a o
dqagb¥Yy, oaRgb JearEHA3Ms2 3F]Y: edpeodhh:C
290¢%®, codooaec ¥y} Yy 3qdqf a2} F@ea ®eo
29 9qaop, sfeeadanssdYidodBdHZbponwkEosqdYEAE |
Ydeqnojo 9qaf, jdq dgqydsdaqs qf€dqnobq
Yy; 9060230y ecopoagcopnBagqdY¥abb-dqgqaod
2 9qaF 3q9dgf e23qdebodsosc dFfr &qakF, 3
Yy daoy 29 jaoogyYbbge Ofmoqeloe PHEBMma
e. Tozqlywodmw5ddeaszFEq bE e23qdeg-bodsy
o¢qE¥ bo frFEQEoc | difd YEDO@HE walm odFdje d
agqby 95qbeqdiEoslqgddge bbEosYe eobsFes £, 1

62

ne o-"oocow®



29 q¥fr 3 q dochhd o dodddfy dbgy 9qgpopeqdFEoasadg 69
eboFexH|qeoaFj Eqoady, 3990 evobhsoskEwesos Y(q
1 Yy o9qead23gn doedosYdaqb¥Yqn) . @edayY d0§
9 F ddE3IbYsqaeho bglga¥Ye¥Y, 90 dfeqdldor
byse 399 9qpneqdFEoodE wvobosKFeosE ed-¥Y oado
dooybbE DE 3dqy askbidgodicobg dadrE 3 bayb Y q , |
pd>q Cqay o6 quoquu ddgqdbqgy o5qpeqdEoszs
Y dojaBFdo3IEbBY dqeqgqb¥Yy, 2eYdgIEY) Ye
q3ec yaqoq eEs cEdg o9dqb¥yy, dodosE3ay:
261 qfj 2 eoa¥3>qdodFE sqeaosg, Yd4g(ddengqnoo
oeFr Ebbge g q 9duEs ®0ILjob qbhBaEbdE.
tqeqb¥Yq dudE o9qeaodge fEJEzy- sdqq
} gy nojodboe Y Y3 o @Yomode DbEDY oy e mo>deoy
3gdqaqbyYy, ®odd¥qaodEyyYy ddgqdbqgqy esqpneqq
95 F o3YvwVickid EonfcpboFca0l3ojoi gFfeEDHIHFq
69
s d

q
4
b
¥
3

soeY, codooc Yy} Yq3 YeERQdDW waqbddrhs

gbYy. 6qqdEYGaogme deyodeces bEsoRQgb¥Yq
eoboFeosE [178], bo ¥ o9qpeqdEsadboijo
gy ds3YY 3 cdYeoboFeosbgxhbWaonl ed Bréad3pkh
aYfr Yrqdeoy o6d¥ol8g91958]6.2, bdgoa¥Yy seoapneof
Dgq3qbboogieoa o BFjaEGdeo avYaqdasdo FEeeapnaa¥Y(d
5qge@iB3Yoagl&d¥yo3qbeq Ja¥Yyb¥Yy odaosdyy
eoj fcaobFEj doRqbbgy daoy Yonqqol54eobqszh
188, 190, 187, 196, 227, 238].

dosEsEnqs Yo, 3 bgdEIbgy coga¥eE3YY
bYe pDEeYDbodsdoqgh Yyl [ 3300 vdol & 83dagoghic o q b Y
95qeaodge 9299223 pDgqR(gs e xbdxkberalvdlaqeEoye!
Joodopna f Ee(pVobeE nXednmw¥Ei E¥vea d RBHobdsos IdE
sqgpneqdFEosad bE eobosFesq, 33qds¥ 3 | dqEE
95qeaodge £990evo23Rqogq¥chfay s YobheeZq R(Js
9YdoqongdFEo¥adpEr 8¥0dY¥3>bggq dosdaesadg
i o oFf 230 joob YdooedoonoIbEdpeywg I Eoc dgqoneqd!
ays 9f 9 3da®VWeaqdq bosavdEfids B c a2 ¢ g
do ¥, dasgeay dqgqeqb¥Yg sdge a2dFE3Ibqgt
SQE .Eub¥eos Ebode® cHogHaqoydog ¢ga
gq daodpdivtidloddBEE Y&r O.e. ToszqdF
dEr 3%b ¢bolr e FL53Y 182, 188, 190, 238].

63



~ T L 2 T O T ~ ~

2.3.L3qbeoEscéojiaﬁodsomybd?qoqbso& cFdg
5dqgqb¥Yy, dEgooFEYy)} Ye d obEagpn¥ evOoOyao
JrEYoboj o eqdqedgs¥Yy

2.3.1. tFd32q9 9qusqdPoddYgs b8 ¥rob
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aY¥3qdoadgeoansogodoaelEyg@yYbyYsa 3Idgongb¥ Y+
badYderyqy aoeFacecboy + 0§BMp, Boqdxd g oaad d
Jgbbo 3 eqqyl,qqlzl-e‘b02‘;3~qedqaa}a),oeggs:11C1q;q

qgqyYbyYsa 3dqogb¥ Yf dEddpEo d¥w3 ogoege O
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d 93q99D ©OoOYyaaY3YqbosF dEdedgaqaqby
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E3qdqno) Y((2.8) 3 odEIbqbY¥Yq 9sBHad3IOj :
qay o©qa 1 YOAQy oqqaeboy pnojybods¥ sodqf6r
(2.7) ed¥nes daqder) Yy 3Y(Q

fryld—TD xH1 -9 fr uf-ﬂ? (2.10)
dt dx
dT dr
—D = fr o,—+>
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cdododpodsoa¥t-3dqnoy.
quosqusaqt)gq i dEQYqbosg 69 HadonFa®
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sooaer SsqEbds I E
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Ht X
c6dY daqdear)] Ye bE3>Faebge Y jdEBY3bg
T(x0)=0; T0)=T,; uT/ix(a,t) =0,

(2.12)
j Qg-sqoneqdEsadE evobosFEesE.
tqegqb¥q adE3IbgbYy (2.11) Y (2.12)
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0, (2.13)
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(2.14)
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s95adg ©6q9qd3ojo Feok f EYpoQqqydsd¥Yy 609
dE3IDbE:

67



. el
. (Clr QL"sz d_/\/— '&1:{\/ €1 1/\'}[/’2022)

q?¢
) |
¢r, 9113] & 2N 1 L8ar g g

V&Vt
(2.22)

Oay dHEHVD| o s(@os)qdIFEJERqbY@-Jqay d
5F o9qgpneqdFoadg evobosFeoaboy fobg YpnQQo

_ SNINER
° (Clr Q‘FCZ ol d_/\/> 'H-li\/ €1 1/\')["2(322)

+ 'K . 2.23

N RETENEN NN e

6dayY ea3qdscec o9geca22¢pqb dsqdRby do
ca23oy fEQE3>Y day o9e6dqdgagqb¥Yy o9qpeqd
Yroqb¥Yoady 3 ¥dp¥qdFEadadmFEj plUlﬁo)i/E}ﬂYqbsE
QugqaoF EqayYsYba jdEQYgqbosE DpDoRDG- DEyo
bog o9dE3Ibqb¥Ygq sqeaoedododbodoayYégday d:
pgqbi

S
d ed &n edoo&Yqu
T(0)=T, ¥ WZO'

6qqdecqayYbE dsgdRppodEXduFd bHeaREds Y
doadoengboBEebaivEaEZ Y qqgdREJIeY.

ndyYoqbyvd Qoqgreeé%reé?‘dcooerojzj ed |
9dao3Yy eo@E@ad23XHd) dageqbyYq o(dbhododbhoj o a8
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fobg:

- q
T =
(Qflcé+czf2%)@/ﬁ+/mz§§§2t 1l Tar, +Tr Na 7

fm, Eig(éw TGl o ‘m/ﬁﬂn(m\/ﬁ/ﬁ +)clrldl/t

. (2.27

( 6)doY‘ cdaqbq¢édgq3>e ©2j 023 qbY¥Yqp qzqeakl
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bEeo Ye 3aYyb¥yYq bE sqponegqdFEosads bE(JO -
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sdqEBImB EogqgneqdEoaadq e6923qdebhodsoy
bqsoquRbOjo co0aesdododEbdes3FE dI
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s YdEoace (dYeoaqdqbhs3sYEqgc8hgn oadFEIbq
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d | dEbYa>bgony¥Y¥ adao23d¥YynyY:
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o
oa
X o

(2.29)

p’%; ¢cr,- 2qeaoqpeddoc DEsqdYEaFR 600
OR/ i pdE/QdrpyeaYayYqbo sqeaoedodolxbodsy,
squneqdEooadE e o beobfordbry3d deqondyd @ -do; d -

qonbgy Ydsoazb¥Ye J3gdqaqb¥Yy Yo¥ s0jaoyqb
aqv?qfvoz 29) ©6dQqo¢dqEro3IEDYq OFcaF
LS X Y8 o1 (5). T,(x,0)= ST (S
g2 o B= ST (9)- T, (x0)= ST(9):
ST, (xt)e_ & di,9_° gj
e—u— i(x,S). Le’ —=g= :
X - é ,a 9,
(2.30)
o j QF

Ti(x, S)- gT L(x,8)+ S/Qi =0

T.(x0)=0; T.(0,9)=T/ & T.(=,5)=0.
Odeopnoq dgqegby¥Yq odEIBgbYy (2.29) Y
T F g, i LG
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S Gr,S ¢5S
(2.31)
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i dEbY¥bdoydy¥oqqgqsos 3IWQqQ (2.2

“Uz(:)t:a2 B.(T) §_°tG .

t K o,
ws,(0t) __aa; T,(s, Y= 4; T,(x0)=0.
H= /5

Oay ogaREXEY,:

o (Rt) - HTL(xt) (2.47)

it TG

j dEBY3>bggq oadaodYy:

T2(92,'[):T2; uTz(' O,t)/pX:O; TZ(X,O):O.

tqegb¥q (2.47) ¥Ypnqqs 3Y(Q:

X- 9
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2( ) P 2\/@
Y qqyded Yo gamg.bo (ay
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(2.46)

Ti(x, S)- as; T, (x,S)- 8/2(22 ~0; (2.49)

5i(0.5)=- 2 T, (9,,9)=T,/S; T,(x0)=0.

t @y (22Be9)bgoQbodoqQboqgq o
2dYj YbEas 60 o9Fda¥Y3En o0¢g¢dFEob
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j dqa sqosqdEsodbgq jodWG® qigik) Qory + o

a¢rnto, (UWTj/IX) o6 daqqa@WmaqdabsYddd&EERqD
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sqpneqdFEooadE DbBE | dEbY3EFe doedyRgb¥Yy oc¢
9daodYy doesdqyuRqgqbVYy.

Oay goBrRto adEIDbgbYQq

MI(X) _ ot () My =4T555/75 Fs (2.56)

px?
T3(83):Ta; UT3(0)/UX=O,
Y dgqe qX¥)dopqqe: 3Y(Q
T,(X)=T,expgm(o, - F. (2.57)
OGay r DG ¢ (¢aqr 93q9o9F e6dos3qddod,
caEZdoa¥Ya>qgdeoy ddqeaodobE3Yqgqy fEjosode¥Y 2)
—“2"1“2 F - mT(); (2.59)

uT(I;D/:h(l a)a, T(e)= 1
.58) ¥Yonqqe 3IY¥YQ [227]:
expgm(® -){ ¥ (1 @) exp gm o)} -
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expgm(e;- D gexy( mp
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- a)q
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Oveooaqdqbasydéd2.63) Y (2.60) Y ¥Ydgo
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b=f\at, (0¢t 4, /u), (2.84)

i dg -eoyaa¥Y3Yqbo, JggYdEqogy 3 fE3I°
eFeoy dongda JeaBFdqgIFEqoeady 3 eobys¥Yq -
(yaaqeosYabgywbg cdobX¥edoRgb¥qEer¥¥qdeY
boy frobg).
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9503bYeE 99e023gqaqb¥Yy 2 9020a}Yhbg dq
pgpop daqQe¥y) Yq (9238 qbyYy [154

1) oEsqd¥YEa dgqeodony¥Yddgondj saddjodyych
doe¥Ye o9qpneqdFEsad Y deododosqgqy dqqaodnpk:
Jyreoy RY(Qeods¥Y, (ay ®evosodoy dedqEJIqQa

‘e __pdulx). (2.85)

dx

2) qybEn¥Yaz>qdeF#y J3yreodsc ylayqgqsdy
sgqgneqdFoaadg 3IYQF

h= fexp( s,/ v ) (2.86)
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pYdeqnoj h<dgp y( dv4d, ; 2). 1

6) dqgqeodon¥Ydeqongy daoy aoFoYDbEdbgy,

sqpeqdEosad o9¢gaEErs deibooyddes¥l; o nb oFdImsbacob
6023qdebodosy¥Y eoboFeoF dodosBElayry Ey dec
d3dyrEbbEYy d bqgy pnDoj bodocg bosgoeya 9@ g qd a
214, ¥, 3

O T]\ Tl\ - 9]

A =T
= 7T
ol M U(X)
o TD
X
E) )

tYd.4 2FE4dEesqdYdo YeYy nGqg o ddogvedy o E £
eFEdEosqddEmega Rab-Bync# dEsadboq dEdedqdq
csdoaYae deododoasgqy dqaodpE3YY

ndY yoaYe (doea)gqb¥Yye pno)ybodad- 9qgea:
p¥Ydeqonon daogq, 29bgqdgbbEy © qdFHb¥Ysq
J Yo

v h
0o = = f{  du= fprydx. (2.87)
0 0

nedese 3 e6dgdqaFe qqeaeodpnpY¥Ydeqmajos dc
bygeady 62 aYbgybonses fEeoba:

T0)=Te - g (2.88)

o F f Eeob YrpongbgbYy (JdYDEpnYazqdeoy
dgqeodn¥Ydeaqnojo daoy ¢€adgs o92e6dqdgqayscd

h(x)= hexpe-ﬁiia; ¢ (2.89)

i a4, :ho[' k( ¢ q)/uq tl

noqdsEdayy JIg@QFEREYQ. Er Blqabhy eqd
bgqg ®gq¥OYdeay,n:eo0aa3Fq
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Ty Qexr% KTy C35§=ﬂexp% kligj(x)+cl,

KT, c Ug g N2 £ ¢ Ty
(2.90)

j Q6 -eodosoybbBy YboqjdYdodEbYwy, o064
3vuy(h)=0.

ndyYoqbuyuy aﬂﬁ%qusoréoauY;qq fYdear:
9dE3IbgbOy A(LhbPeqb¥Yg JYDEnYaqdexsy Jyre

bgn bEedyRgbYuym, cdodd@ea deododsqy I
daqoon daoq

u(x) = u(;exp% deg ex% Jg,;él eXp%
¢ Tyeh= Uyt G

1

KT, 02
=8 -
'IdZ-‘U
(2.91)
Oay yo92j o daoa3Fy oeEfEFady Jojboascg
(d2usdx® =06 QD¢ x¢ h).
noddesEdayy 3 gdERYDIYHI (MZHDIoedqd8
g ¢ Feob dEdedgdqaqb¥Yy oéddgoboyg-ceao9b
dqagb¥Yy 3 dqeaodop¥Ydaqoon daoq
-1

g (x) = 2 gxpg K ‘*’@2]1 X LI g
%£1 é
(2.92)
w,(x) = ng, expl- kyX). (2.93)
Oay 96do) gb¥Yy dEd3z>qoabge doosbhoeqhb
qayYbq evobosFesE 92a)] ¥Yboe dqoeogondrauynooi :
boy, dE3Iboy ddqdbqy 92a} ¥Ybg 0 qa¥Ybaq

t

1 2
h==fh(t)dt =h. (2.94)
t, 3
6obasa Qqqydsdyy ¢gqobOjo YdoozxbYelk
9adado3bo dEFEdedodoadEb¥yYs bE 3qdc bogdqn
do3F, dEdeoaoRqbbgy Qaﬂ.G&dQEQEnyaeﬁb
ao2eFa¥Yfr E3YY ¥Ydosozb¥YeE o0dosEJIYoscE-ed¥Y Y
3Ffacbar ea0a29bodoasec YdoozbYeE bqoédedqQy
29dao3¥Yy ybqgqdj gqas¥Y¥sgdeoy yelY3IEFaqboabods
A, (X)dx = g - (295 )
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u(x) = ueerfa-:h—dg erfgeﬂ@rfg+erfa§—8?
c S = cC S e S ¢S A
, (2.98)
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JagdebodoY do(bsodéqeel aZj Eqoady, 390 w®eobo
bg o¢aFQEr) Yy o909ead23gnp doedoos¥Yad-aqbyq
| EQeY wevobsosKFesE ddEIbBYsqacecbhbos bggdqa¥YeyY
bY¥3>Yo,Eq®moo o9qpneqdEosadFE voboFegE ed¥Y
bYVW- @) eodooyddWk dFIFdebods¥.
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csoay 3 (q3se yogqobgqboFe ocFEdg o95dqb¥y, d
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JdgqpongmOYyq doopng oeEr Ebbge oB3HB@ME 25dqc
dFE 9q6 09 22§l 3674:3 8,

Q, =Q, +Q, +DQ;,. (2.100)

ndqdds BIdwob g eo2doneaag odEIbqh-Yy 9q

dlz.l) Qay esaFEdsYazqde¥Y (dqeaodshfidaqnoijo
0 =6 (0) “a, q;grz%; (2.101)
2) Qoay oqead3p)jo daoy (
& =,(0) s, (2.102)

(9qgea23gp e292e2D, J3geoduyy) Yo frE eq
poRbO edqbagqg¢dqsec)

3) FoODbE dgqyds 3 Yy éddqonbojoq- Ydoso
bYylEdadda Ebop Iggdem I YRbBO2j o scom-aesdod
JE r( =)

% = (0) % AT ( x¢) d (2.103)
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X v ¢ v o~ 3 7 . “ @ ow . ¢ A = v \-,..,‘vz
A , ¢
, -

~ T L 2 T Ty v A2 T v N o~

\?Esqolzs‘?‘&tqd{m‘lznq:)\baﬂo}IZC[IZ&Y 95q6096(
Qay sqaF 2 (bqdsE3YobEdbgy dqRYn)

T, (%) _, E(x Y W)Zexp( k 3
ut K fyr,

(0c¢ct @ % o¢z ¢ ),

edEZqdgq adaosdyYy

T,(x0)=0; T,(0 = Kl

(2.104)

€

OFQFE3E (283G 083Fgbgoygd¥Fayqosdy ,o9Ye0d
Y aq ququﬂqumm%]'

X ]
T,(x t) =T erfc + Moo erfc g

\/_t thr@ 2/at
1
+§exp(K22a2t -sz) erfcégg\/gt 2\/%

(2.105)

_—exp( Zajt K x)erf(@lg\/j AT %

OFIYdYnod® e O@ngGEqs sgpneqdEoaadboc
2 edY¢a¥Yr¥Yoqacho, o9Fe evFe ecFdEX¥godg 3
3qdeoy QQa%gm‘%gYYoqbuwr;quq 6o (a¥Yhbq
fr Enpgbgbg o2ddqdbgbbgny¥Y eodsoybbgn¥Y J3qa

dbgeao23oy 292e 3 o9qa0q 2 chF QuivthagFe
eoboFesE Y dEJIqb:

% (0.t) = 42M

[§¢
a,l,

= ﬁ +K—W2 gexp( KZa,t) erfc( Kz\/gt)
2

(2.106)
pddgbgbbog fbEzxqb¥Yq 9qe60232fj2 29
dE3bo

a(0)= § pRul01)e -
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j%; KZV;; gexp( Kzzazz‘)erfc( Knfa a -1

2

2K yat
+—¥Y < K ) (2.107)
T Jat ]

PdEIbgb¥Yq 9qeaoedotodbodayY ¥ j dEbBY
1(dsE3YobEdbgy dqR¥Yn)
2
T
- CICTCE
e ar G 4l

(2.108)
T,(0)=T; T(a)=0,

i g -eoyaaY¥Y3Yqbs osqpneqdEssadogrdododb

-o¢dgqonbFEy 909600 qnip-oedoycr @A bb; 996000 ¢
|:E-osboeqb‘?‘q c0o2) EFQY ecoeqdgsbamyjo dq:s
P
quqswla:;%le'kl"—oyég’qoqu ca0029bod=og coame Ea
603qdebodosy¥Y voboFesEFE YdosozbYeEqoqeaoc«
j o 3 dodoevosadWa€Fapagded&Id) qbiye a3 .gpyo
f EoadEsg, d3IyrEbbgg d bEFEeoeagqb¥gmr 693J3c
dYEZEaFE »95qaF 1 wed¥YoYs3qdevywodadhobrobbREMmYq D)
sEdosYs ([FrbB@-bBYDad).
t qeqgqb¥q odEJI8qbeYdyy (s2e BlrOEbbgeof qEDY
3JYye ¥Yopqqs 3IY(:

W
Tl(x):Tke_mlx+ (201 z)(e-mlx'e-klx)'
/1k1'ml
(2.109)
jC]_q/1 - roW¥a3vYqbo 95qeaoedododbodsay

mi=\/7:} —TlJE (si-edYeqdY¥Yy avo)
1

edEQqYgbs 9qgpeqdFoadbhbojo eocoay 3 daq

p-Tl_ 5 M X Why $M X K X
—= dI.me +—>=—| me€ k€7).
o e ) )
(2.110)
dbgeo®x¥3 6090 DbE ca2) EQeq bbyhq Be xF,
a2 1, bEyqQqqgn Yf (2.110
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T % - T now~ ~ ~ At v un 7 N v N o~ -

X v ¢ v o~ 3 7 . “ @ ow . ¢ A = v \-,..,‘vz
A , ¢
y 7 n [

(2.111)

ndYoqb¥o odEJIDbgb¥Yq ybqdjqosedqoe o i
(2103) © JdEddoEsdYJIEqopoy reafyd q( 2o.dlaibiv)y ;Y Y
d¥Ypnpodsosc) ( 2.01a0e6: Zq b

W, r,”
6 2 =4(0) 2T, (%t) dx
KZ t 0
_ 77 C,/ .
=/ mT —2 2122/ f
M K, +m < a, tierf®
(2.112)

th e2 a,t ierfcO Fede erfc( Kz\/g)t ?12

;] dqdbyr Qa%cprsQQCIa eoboFesE )bEquo Yro (
é w
T. =) 01 4 g‘Ka2 B 2K,/ Z‘TO

2/
pa, t ¢

-00: o»L

- exp( 2azz‘)erfc(K\/_a ] uglﬁl

(2.113)
E sdaqdqacebon d&p-38&qy %eo4 Qdbnst
K

2
5.9q9qe023gdqaqby¥Yg edoYdeod¥Ys 3 ®asboHec
podoce oedyo JYE g qadaydYpngsc

Woo ¢
[0]
T = Ktm , (2.114)
¢ 2/,
/am, +
Nt
E oadFEIbgbY¥Yq ybqdjgosy¥Ysqdeojo JgFEaEDOC
bgbYy dFEdedqdqagb¥geadgeaodge
0o = % (0)+ A (0). (2115)
i g, -ddaqdbqq fbE3qbY¥Yq ©qe0030j0 60
9902 2 ¥Yf gcaFdovYzqdedfaggaodn¥YdoIEbboij

toogdg ecoeEf Esc 3aYWybve bBXdgdopaibgod o
agb¥Yy 9299 dYa 9dgb¥Yy 3 e0203qdebodosbonp
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sqpneqdEos

cqdFoedg e23qdebodoay¥Y evobg#EeqdR(ma BrE
53qdQoj o dchai FdIsFE ade@l[52C8 8] . dqecao FE¥r ¥Yzqd
dFesqdyYdoaYeY DoDEosqdYFEaool JgégdEDhb]g 69

T,=14807 ;l;=2 pws3,5 pAe7F’o. OFEdEsFacbgq

sdqyRgbyYy R} dqaodon¥Ydaqponp daogq e6d¥Ynq
[197], o Fe eHEdoddXNgodoltoevys dqqETgbgD-YbHG dI
}J Yo npgqdoso bE o93FdoeFe ecaFdo¥Yazqdeoj o ¢
YbdodoengboBE do dodoRedb&5 YYrHj o903eoy:

mdqgqacecbhbEy pnpoypbodase sdgbyy

Q =t v%4,85.16.35 4,7.E9s f.p

OoyooaY3s¥aqgbosFEdEesqdYror), Yy odmeqdEs
podoae (QqYbEpnYzqdeoydHBdd 2tahp¥e Y dDYoRHPdDe oy
a2o0donaagq, coaa3x>xgbboy day odao3¥Yy edoetk
[209]

h=0,01(14-0,0t)c,, GE

i g -eo06dE3Ioszbgy evOYyaaY3Yqbs DBE de
QEJng gdYb¥gnn/ 6dY

Acecdoedy¥nYdoy oevErEbbory +rEIY¥YdYDOdC
bgbosoy

h=hyexp- KT/T, ),

coasmEm3qbes EmMFidErwymyoaXpTYabhok

k=7,143 @0%y, .

OoyoaYaYqbs oqgico0oREgpqMEoc JEJId3Yo
ed¥sqdYFacbonae Nad(ﬁSﬂﬁSqFﬁ)‘%’z’?} Qay | bdgyro
sFEaecboy o9doé¢g ed¥Y d3Iogo(Qboy evobhdqesy
dodEbdeadq [133] ¥ (auy q@iﬂrsfﬁ)“&d@)slzqogs
Yogqqse Jqa¥YsYboea 60d20Q30WF EAO)D sdYbYonFEq
a,=25E9/°A0) .

tqf 9ac69o9Fog dFEd3z>qoo93 o9qgpnpeqdFEoasadg ec

frbE3gbYye ddqdbgy o920} ¥Ybg [(dn>dMo&¥dod
Jgdqbg 22.9FE¢a.

105



bOEEayYsE 2. 2
EaYybyYq 9203 ¥Ybg dgqaodpnp¥Ydeqpnojo daoa
bE dEd3>qoabay 900} Yba voboFesosH

] dgqdbuyy CZEdFeosqgd¥YdoaYe¥Y evoboFe
900} YbEYyE3FacbRFEy gOoyeaa¥YsYq dgqopsqdEsa
daony DYdso&b‘?‘el}ig-oeroYrEﬂ’s-eobsE'@,g—JE”
qaaqbmy, E»/9203b¥XeEDp

0 - - 2527

10 4,85(0" 28,7G0° 1546

30 1,6240" 9,50° 851

50 9,700 5,7G0° 582

Oauydodgqde¥Y ecoaeszqbbge dEd3>qoabge (
6dodqgqdqbo yedeqd¥onpgbosKFaecbhoq YddiaqdodF
csdqdgaqbyYy 3 bqgqeod3IYROGW odosdicRODIE Yr E
1506 (3gdosF dsqdRby 3 scoecqdmBEb5 o d
DD) edMbYY 690 3YavYbddy¥Ysqgdeow qsodgqgqdert
f£j o903eY Y f doEayY 45, ¥ F medifgdebaogq b b o
JYbosodgr boj o dBUAbYdB, 2)06 50 doFacbBEy bHE
6000qdRYIFaoaEZdmb omE sgaddbmy ¥ dodosFEIayak

yson dYaF o9dgb¥Yy
Tk, °C OFd85@y (eoyasaYs3Yq
*;00‘\ sdab¥Yy 0,76) .
‘ 10 AbEayYrs coaa3qbb
dqf aaGcokosod coeEr¥
(dod¥d52, 13sod-3 dE
doFEodY3IFKEqonoy eFdq
eEdFEeoasqdYfroaqnoy )
f bE3qgqb¥Yqn ROYyaaY3\y
Jr EYoboj o gaqgdqeq
K, .° 0,01, 9 q PocoqddZ

c23qdebodsas¥ geobosFe

600

400

200

£t ¥Yd.5 2 dosdo (o doodYsi AAIe93 Y
edgqdqagd ¥y e6qjody fbE3xqb¥Yy (6
de aE3FOb1 edYaqes d sodqb¥Yy 3Idd-yeds
bYY co0 da/EB8Y5 4%9=638Q sFachbgq edEdbgm o¢d
y) - t¥3 di;5 30 10; 4 5QqYbh cozoe, =m-qbosdo
T 20; 571 40; 6 7 120; 7 1 240; 8 1 doj o uydaygqodg- so93e
360; 9-t- a,h=35 Dped-

Jqods 3o MyERYy | .

3q9); 10-t- =, "h=80 gapgqdqEoadborg- coagq

pen (dEds3qo9) 106



~  an A e . O T v oW~

dogsf o doa ¥ ¢ a2 pFKese@n) d E¥drangody eodo
240 d o9dqb¥YubEzxesrmaqupucebBED+r aqFaqby¥YY 009
sqblddy © co23gmepd¥Ewoealy doedEbyqady Y
sdgb¥Yy. Lanpg3>qgbbgy e FdFEesqq ed¥YJ
agb¥Yy d3vydgqoeqacdsaslaqgo 2 eoddgqesbho
do¥Y o9qneqdFoodhugo lcaEFEJdOEYIdEEJdqg o9dql
edYbysojo ed¥ 3g3odqq e&odpooaag (2.111)
eoboFes k.

ac’adGce8FyYy wedoas¥YfrbE yedeqd¥YogqgbgFachoy
bojoesd&dqagqby¥Yy (don. dYd.2edd&d s keadrad¥ y:
sFeolF 602 ddEIDbqbYyYy d dJEd3mdd@ydscey Y
fr E3YdYpnpodoacecy 9qeaoa¥Yfr¥Y¥aqdeYe eRdqFEeosqc
by 99 o9qgqpneqdEsadg, bg o39qbboy 3 dE
sFeRq bgo(dbopnpgdbgn eFEdFEesqdomg di#Eadecdo
c09) EFQeY ey uoEeoWddYdqFEqnOoj o Oo0¢dEFf3E.

Ofr eco0003qbbge QEBEeRqdJagGaq bgaszqs
do¥ YdososzbYeF 9qea0a23gdqaqb¥Yy e ®&Y¥Y o9dqftr
95qdYEZao3 60 evobdsdoaesaYobbgn &s Badub I YU
edY¥3oqyYes © bqdqFacbgn fhPRAqDYyedwvqnos
h=0. VYEYdwxdssRqddosxwegosbgnyY YOKosep-Y
bYgqg o9qpneqdFEsadg eobsosFKFesE, daopvBgsdsd
caFZdoa¥Ya>qgqdey¥Y Jqao2dbYdoaqn30 opedog,o U909 do
doaqoady d dgqfoaacosEsEnyY, co0083qgbbgnyY DI
dg c6o03gdebodaboj o daoy pgoo2dono Yf o
[176]. wBop,o3d@qoFEbbgn 3 dEEoosqq[246],
de¥Y (qaodon¥Ydod3Ebbojo daoy e6d¥ XYeEdEEOI:«
obbge pDEosqdYFaos3 evoaqédR@®dddwedb.ecdgdqgqakP

ndY osdesdsd¥YY (KEbbge 9 s90av-Ybq ¢
doqgqnojo daoy,I3evdvodma, @B 0E3 EHOP G99 0 G
yedeqgd¥onqgbosFaecbhgn easqb, oy dEda3q99
DORDO o206+t 23Focecdy o26do) qbbiyofYEYk E3 Y d Y
d ¥ oo doeyondys 3 q bcpmdrge o§ QF 9qea23g@aaqb¥q
doso DE ©23gdebods¥Y wvobosEKFesE (95w-a) YbE
JFbjo daoy dEIDE besfadv)s.q arpdyy qy hFm dyRq
eoboFeddqqdbqbbgq day o3Fdosedd ecaFEdoY
eobos FePHdaYsgIErosdyl.=9259 dmdomaq dad. 82)

t Ed3qog 669 aAdonfaq 6HadEYy ¥geq d
JEqpnoj o edYolgF |qQEvmalFeosyvYzsqdeyY dodsE
dFdaqeaboy o3qbeoy 3Boch¥dd®adpgRda.l
2.2).

YE odapeaqdF¥oadbyoqq vegobasa# ed 6 Edgg-2dqby
107



JEro JoYubYLq {;Tbbgoqoe%o‘%sosﬁd\sbods‘?‘ e
bggqgd¥3bYeY os5qsoao#df asqgalhyu, bReodquy
3Yodb®H o o99geao23onp dgqRYpgq, ®©o292dgqgq 993q:
dy Ebbgg d bEeoecagb¥Yqgn 3 oFexndrBZdagY
YybhoodYY Y Oo¢dBsBEIFWIDOIE [ 162B[251E 9 FE¢o
csddqbg dqfroacoFosg dEId3qoF o9qponeqdFoa
sqaq bdGoyYy e6dYpnpgqdFE; eoyaa¥Y3YYbHs ao
e o9qeaoeojao)qb¥y ¢gEFElEdY¥byssmgEddygo
3gqedsdoaqgqs joaog¥menys FaadfMWE s Yaq-deyY (J
2o dmo3FEbbojo daby BOogepb2a¥deozbYek
wik, 8 d YD YD Fa Yd ebB0qQqachofyodoas¥Y oqe oo ¢gdEr
bYy.

bEEaY3IE 2.3

EaYybYg o¢dgonbge YdooazxbWeol osgeade

J bqeo@3IYRDO[BSdoaqdRbQq

bEddesoyb¥dmqneqdEsoadE, Aj s d(m,/Ke)bgy e q
Jgdebodo¥-
o E, 0 1 5
XDbeoDn
0 850,9 825,6 724,6
5 850,5 824,6 721,1
10 850,1 824,2 720,8
100 843 817,3 714,7
1000 774,6 751,0 656,8

Ofr o9FE¢ga. 2.
6006910024 qb¥Yy
dYEa) dbYREqQq»o

3 dageqgqs, 390 (qoydsesdyYq
3
60
c603gekFqoe o9qpneqdB
o}
ds

bqeoq3IYRboon o9qagqgq 1 (
Jgdebodoabay Y 0¢)] o
coogbdgyde HEA¥abOe- daoy:
dYEdEE osqeqbe yo 2 JaYybyYy +f+EFE3IYVYEYs 09
bYeE, s5.q. dqy 3JYq o09qqaecbge ¥doo3zby
JFEaqgboabo Qosoab¥sqaecbons 2¢eaERqgb¥Yr
DEsqdYEaE.

ndvy3qqdqum doekr Esqux@aIdgRAEwNybYq
o¢gdgonbge ¥YdosozxbhYeod 3 edY¥YeoboFeoabge
sdgb¥Yy, 2dqY¥gqboayvYdayde DbDE dgqroaecosEKEsasg
20dpnoa BB (Y27 2Y6yedeqdy¥YongbosFacbg-q JEb
bFEy oYfYzqdeFy 6dYdo(dFE yosYe ¥Ydsozbh¥Yeo
90np daa¥o29 ecaFdoa¥YaqdeyYe ({dqeaodpopFE3Yy, eo
eobsasdoaqagq.

108



Ll ¢daobgy Ydmodfge ae@/by dqaydsdosxr) ¥
J so0dqdebodpbobodaqalf, eEer) 3NqbheyYr
qas (za)dqdoay 9q60030j0 6Rg¥ebBiIFyaw¥aboo
3Fqo Q(i-sa))q;&Ydsch@qodsququé/bz Yoodyoq '
fbEe card (bEjdqd) 7) sop gzbYedealroesddayc, (92 .
3 d ol QOqusEquJGﬁmreaeeEsqgraszl'l(DbGYqudq
oangqbceEqoady r DEE qbFi3galdRYe o9qoeqdEoa
ofdEron, ogdqobtdib,vdsombyYyegs doac o996
gFdoec | co9950vE, codoosc Yy} qjo 3 e92Q3YN

9daqb¥Yy Y3 oWrHe qdqdEdedqdqaqbyYag.- yEO¢g
gpbgy Ydosozxb¥Ye o9qead2e2jaoa)gqgb¥Yy (oecakBFf

bzsobYR@md)'l'l(O), oy Fqos fobp YbHPp dad &

sFEaechojo DEosqdYEaE Y »odxcodsxy HiEsMg R
} EQY 0@ ed Wi g.¥Yd. 2.16

T.°C
700
o 1
Y§Q 2
500 }\\ ~
\
300 5
0 1 2 /10)m

tYd. 2.16. EaYybyYq o¢dgqonboj odsqead
3JYRbopn ecoasedodoadEbdsadq DbE dEdddqdqa
Qoo deaBFdg EO8 (sqodgqs¥YaqdeYy dEda3q»o
(u=3, 5 PAA 0 ;q=447 Y3 9%:0 - c=0;2 - c=-20,9; 3 -
G=+20,9 ?YEs/ D

tEdagd (2.360Y coe¥rEEJdqobdsib,ydooal
JaYygqges DbE o9qgpeqdFEosada wevobobBeoBfo bgr bE
\?Es?soqoeqq&'ss?‘afmmbuqeﬁdjq. b Jlqobgq o9qpD6E Qg

109



dda®d b ¥ ¥eqld ¢ b o d Yy rodafby fr B d-FOO
d.6).2. 1

gbEZdoRqbDbEYy fEeobopbnqdbodsc 2gqyds.

YdoozxbYeod 3 0Q3IYRDOD vobddsqaq
dEdedqdqaqbyYy 3 93gddge dsaF3IFe

!
ol
4™

Y yedeqd¥YongbosEnY. doeomnd sy 930dhe Y
ded¥Xd.1l) 2. ¥deoqy Y+ daoaqQev}) Ye 6dqq
gqQqaqbbFEy e6dY¥Y 9dgb¥YY bpDgqoFaa¥3z>qde?
ybqdj Yy fEodE3YIFEQqQYUEIIYW ROB o ¢ qFr ¢
3Yy [61]. O6da¥Y daoaoy DEosqdYFaFE DE
YeagdEdo¥Y3zsqde¥Yn (dgaodoYdoIEDbEqD, q
q
G
E
Y
9

H 00 W
Qo 0@
oQ =

sdy edY odqbq¥Wd dote FRIVWR g bEjq+ b F 3 Y ¢
2éddqonbojo YdoozbYefdobPEEWRHFEI s Y3
>3Yosqaecboy. E yedeqd¥pngbosEe Y 99
qon 69 o((boy dqgbda¥Req. diqRgesa daq
aqpbgy o¢dEfrq3 YbdosdengbsEachboij o
G O¢dEfroev)qy we©obosddEFaFE d cdodoaec
YdoozxbY¥Ye 09 caFEdos¥Yz>gdeoy (dqaodoE3YY
pEedYoFacbay Do) bodsc.

)
D
b
E
2
qd
24
)
b
b
g
a

W40 OO YW oA W

Nooo o0 4MmO™
OO "N WD CC

110



T,°C T,°C
900 900 M
|\\\\
N\ \
\\\ 3 \\
700 \\ \% 1 700 \
\
N ? 2( 3
NN NA%P
500 SRS 500 1 5
\ T
300 b0 —~ 300 —
0 I 2 /ol0im 1 2 3 /Flom

0

t¥Yd. 2. 17 . qagbdade@®oest Yd. 2. 18. t Ede dag-
93gdqQon deakB3dq EO8 dEsad 3 5 3 qodFdx
doFaYu3®, §6 5107 0): H501Q+dsdY odqb¥yYy
3idEdaqseabgq (Fibybegdgyeg 35 (¢v=3, 5 pl/=t@0° o,
pqbse; T4daqBYaq 62 BO3 (=447 YVEgladeqdYoic
?;:41609q0qeb0‘?‘)q £ 0qb‘aqqlb‘?‘q 60 dIgqRqm=
> doachoy ecoUBaqpr

>dboy (qodiboReqb¥sB-

qEzqy €2 6dqQJ3 Exd-

bgbbfoBj 0903eq

VE dYady BIREzqdslgq edY¥YoqdFE m-qgqQqds
cqdEsoedbgq dEdsedqdqqagqb¥Yy 3 s3qiddge d
c6dY 9dqb¥YY 609 ddEqYo8§d5, 3Iovo@HY evobok
60 d3gRqqopnofH#aqqyd¥d8yYy 3 e60QIYRHoan ed:
gobge Ydosozb¥Yeod 9qe am¥3goddqeayeh Yqq a09d pnef
pqRda o9da} ¥Yn¥dy o9sqaFfFny¥ eqdgdEdedqdqa
sFe, 390 gaddelvadRbg Y dbDRIEYos .dfE+r o
foboa 6dojdq3E (o JgdomeYdvYod.qodqH¥w9yod
dyd. 7,2. dY¥3FEyn®Yy odqb¥¥Y 60 2(0boy ¢
9960232y ¥Ydooazxb¥vYe (bm. c2iBdIwdyudBEHy 4
dyvyaA18edyYIEyYy 2,). ndqoonqRa903boq 69202 Rqf
sFoag o9dgb¥Yy d eo(dE3qy, bo 690 ogglq (3 Ed"®
95g3EbYqn G6EdYeon s23qdoebo ddorve.deviBiFays o 3

111



X v ¢ v o~ 3 7 . “ @ ow . ¢ A = v \-,..,"Z
A , ¢
, -

~ T L 2 T Ty v A2 T v N o~

3). Edgea®q o2¢dqobgy Ydooazb#@Db,oqead:

Yngqos oDFEaoay oDoED3dpo, edWI Eug Y®o - 18)
gody 3 dsosodobs pbpgbecae¥Ye so23qdebodabge

2.3.6. EaYyb¥Yq sqesao6dododbodsor, ad oy
Jojfo YraozxzqbYy HFyb¥YganiIbg aq4qgb Yy

tqfaac69o9Fasg DbEeYe o5godqsosy¥Yazqdw¥e Y
daoaqo3EbYy 9qe0939094} 02 dodosoyb¥Yuyb-e6dYVY
sFaecbge dgqRoaj Ye nDESRIYEDREr[gBFEEo, 39
Jogqg e02aq eEdEFesasgqd¥Yfroegqoady dogreV¥Ydb 6 FE(q
cdFIaqgbdwWabvo ¢ e03qgdebhodoay¥Y evobodesosFE.
3Fgqg 9o9FeHFy dYsoaE3Yy o¢édoadaolaqbEgbEayYs?®
Qaagqbbge QqQYddYeFovY3Ibge 602902e23r-9qeakl
Jory ddgqQs eEe d3ogodbgny¥Y e03qdebodol
DEosgqdYEaE , YRoE¥0 Yd (]IeBbv,dosYpoqy] Yb-Y, eE
Jya o, goaGceYq fbE3qb¥Yeqodoy o Yo3RVUggh)oqob3Y |
AYfr Y3qdeoy o0dbo3oy y92j92 e6dos3qldE y3
Jqes3aYy o99geafF d aoeFacebojo edYeobsosKEec:
603qdebodonghbabdoadogalZpiregsb g qaoqgo
eOoy Y | Ef o oogFdREF¥EDYOYYIYQ Yo ddqdoy, ¢ Ex-3E3qb
doecy JdFE) FE¥)ogeyodiygs¥s, Y ofm d , c6dY o903qb¥YY.
QU YeEoaY3dbgn yaaqesFo, dqybd F2efop ¥o
Jogdmy gtEZosadboy fFobq, d o qdppamo 2 gonagbbq ©
Yrao3qgvagmbgg cdabdl rbeWIFEqpngeE-nEaqq
aFeogdREDY(q c6dqo(deesoad e¥Yn¥zqdeoj o Irl
bEpedge Qo 3gdaokkes do qmbadqderEdg osdab¥yy
Jbgebopdo il dsdvessyobgbhsod L O Y (dd.

112



Odonpq sqtiooij‘o SGYqb\Yq 9(qQe02aY+ Y30
YbaddongboFaecbge pbDEosqdYFoo3d bBE Ye o906

GEdEDQ/qu@ICI’ (dod¥Yd4,25 , bEa¥Yso ¥ rodldqb

Qaydedva saqdam=gapdEFEbll (s-edvsqdyy
aYo), ®©o90dgy o93Ys9g3Fgqs o9daoad¥Yy-vobldc

bFEeYJIEqnpojomq brbimadd 2§ @ F odhdided ep y ¥ o

3Yqbos 90602929}l
T,°C g dsqdRby 3 3orQ
L Esfop

Or cdqQmsEFJ3aq

800 bge J3geq BHBEaYsY¥
de¥Ye fFEIYdYpnodsqy

23q9qbeyY sqemoIaj o

600 doaoybyy Yhdasdaeon
sFaecbge DpEoasqdVYE

(2.23), (2.24), (2.36),
(2.41), (2.56), (2.62),
(2.79), (2.112), (2.114)

LS dagdaqo, ex»d»® cd¥Y
1 2 3 4610°m ybbge fbEzgbYye
Y3YqboFE odesaoedo
@EL delzllglz.EGYLé{[;fY@d;f bodd,Y caoFEQY
D sqpneq s &
aqb¥Yy ed¥Y o9dqb¥yy ssEququpﬁqs@ao
hD501Q+deo doFw¥3selz: 30dF os3qa¥Yaegb¥q
o/ d) 2 37T dEdaqeabggqg q &YqbosE 9q6cd@d20295(FEs3

-M=01,2-m=02,  3-,=083) (gEJdEbM)s dEDYREQS
45iyedeqdYogqbosFaeht odqodgqbc o9qpnsqdEs:
foggsbgq 8dad3¥Yy oCs¢ggqnq YdsYdEqDp
dodoReiq9o 5Rad BdYPi pgoqdYFaF @3 edqc
sqacbgn baBRAFOF aqbbp®g d¥Yd E 2. 1
fobg 95dqb¥Yuy) dFda>qeabge @Ebbge
cqgaBdbge dEdedad
aqbyy o 3dW=HB 3 Fa
d o qm)d. Bedeqgd¥nqboag 69 dEdedq@aaqb¥ry
qodeaF3Ibge doqdRbye 3 f+EIYdYpDOodoa¥Y 09
dEds>qobgq CJEDbOd®RAY[160] 60 (s 3 q bR WHMEr F
boq.
Oogcoab¥Ysqacho odoEbhQBamdeho gooe cHR
bYgqg frobg 5dqgb¥yYa- d¥#dlaqy dIvode @Y.31P0y, 5) Y
113

400




d Zdssg MEO3 (d o . dY®R.dx. 3%y, 3) doorgyRydalas
2e®REGDOYY 69 DOgeFEbYfrpo FkyBoYREDBIY 20
a3qaxwEryrody o9qponegqdFosadbgq f dEQqYdbhog 3
sFexoégqdebodoabge daa¥edirdoogdqbgeFqgod
c6dod3dE Qo JIgdoeYe o(bgtoesoq defoshasde s b Ey 9 qnp
bgroymp dlyg yoso0 dIvydqgqoesqacdsdarxs Y (JEBb
cd@oRgbboy fFEIYdYpnodos¥Y [16QdHEIMOWY3qHE
9boegbYygdHeasd DbEFE voboFKFesq ¢qr doeszqsok
avsqac 6. ¥ 1d 923099pD 9qead22¢gnqbkk:

d= Tl +aqq .
2T, aq a 2™ G
b T mh b 18
emlbi +emlbl /:Llr'rhg ti_|.emlbi s
(2.116)

t Ed3qo@ll®)s oe s FaY, 3950 BEOMI0BHE3>qbY
eEdqFeosaqdbge day 93qddodecaF3Ibgeq-nFEsqd
939k 9qsooo¢@@mEQi0mmMﬁ(m. dyd. 2.3

dodosFdaig@mo2W,1 c2y9s92D3 s5qeao2o0¢pnpgbon
poRbBO edgbg¢gdgsc.

E adao3¥Yye qqydsoasd¥Yy Jgdoe¥Ye 9qgpnG(QqC
YbdasdepngbosFacbge DEosqdYEaod bgro-¢geoqy
aY3>bge dmoEradsROEY) Ye o9qeboaoj Y3ygqdeYe
qay eqdqloqQE d¥dsqong sdgb¥Yy 3 dgqRYop 3

ndodqq&EdaopgecajpaiodoyybrvdoadoangbosFac
DEoaqdYHEa®»®»Bqgqoon 9qe022¢€pnpgbF 2995 3FgbaRC
ndYbYoFEqgqo pnpodgqoaec voboFesboy eFEdg doij
390 3 o99a¥YBygopodERDoq DEPE de@gi¥y a1l 87
3Yqbs 9qe020@yEFeY SEFeamo yEXxdapdpDEDge ¢
Jgdebodoaqy osqaF 1 ¥Yobpqqs 3Y(Q:

a,=agta,j"". (2.117)

nqddgy 3aqb edEdoy sHdoNOIO¥Iqbdo s
diogodboy YeobWqeid Iqay¥YaYDbE Qqag-jodY
aoRgbbge doqdRbgy pbDoRgs ¢€gosc¢ q3qbaghbl
deono edY¥osqdYFachNus053R#3bqberdE3 qqa
Jopnpa 3 (qYEcEfobOgra=a®doo|[ 2HI]qy E odaod
903qbYy Jdoc aay big eYByEHOq £52 ©

Eooyo3aqbh edFIoy 3Edory, JE4GqqDHEFBE ¢

90do2j o o@9¢gIFgqoes edY¥Y oqFaqgqb¥Y 099 fobg
9¢gIEDYY 26dgqdgqayqgqsdy Jqa¥YsaYboy weoyao
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Ky) 2eYdg3Fqoe J3IgbaR(qgqbbaeay w®vobdqesyYryw

AYddYecEoaY3Ibgq yaoaqesg,3d Yeondqryesovbgs Foeqadd o ¥
YEoqoDEasY3>qdeFy aodnoeaa¥YdodeFec+ EQE3"
aoedo3obodsesy¥Y 3 sqaq 1:

2
HTl(X):aiule(X)Jrq_b:o_ (2.118)
Ht WX cry
L#¢dagobEy ecao09bodosc odaodbojo- Ydso

byYy, 26 Ydg3IEY, qj o9 9q9qea22¢pqb ddsedoaRFE
bge o Dbdadaye o925qaF 1,

T, (X T, (X
qb:-a1#: I()(a +a.e" ) (2.119)
dbEe¥Yon o¢dEropn, Qay Oo0eYdEDBYY 20doE3YD
fj o eoay 3 sqaq 1 ¥obpggqpb (qYeaqdqbs3YEach
d?T, 1 1 o
- = Bi T, - > Bi,T,e =0, (2120 )
dax® | |
j Clgicz_c; Biaza_al-
/1 /1
edEbYabgq oadaodYy:
dT,
T.(0)=T; 1 =0- (2.121)
_l() k dx‘x-u
OFpboy ecqdagpabbageEIbgbY) €3YVEB2Y
e odoaq, d&oQ‘YoaayqdafqaamEqube
d?T, .
n2 14 B i+, i 0. (2.122)
dm? d"Z(k E}

tqeqb¥Yqno adEIb)gbYyypayRadp2 3¥Yaybqq"
aobe 3Yy [ 46]

T,(x)=C,1, (x)+ C,K, (%), (2.123)
jAd () k. (x)-@2be3YYaoaqddgqoby¥Ynojd Edja
YIl-4 oo QF doos&qrp:d_%_‘z/ﬁb-bsoo;Qqq:)e aaodb-e3YY
kI ¥ o °

dqa@l;Cz—sodeoqbbgq Yboaqj d¥Ydo 3 EDbYH-, 26d

2/Bi,
byYs>bge o ke y2

ndYoqbgb¥q 3sodojo Yr | AEb&IybEE ocC
pe db¥yg (2. :28B3odYymBs6, sEpprege
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naddoq j dEbY3boq) a@mmmpad:Yq (2. 121

Cl_ oTk,..,
| &VBL
&kl 9
| 939990 96dgqdqagbbge dsdEBYgqbhgs °
bYqg o9dE3IbqbYyoeX¥dygB&rx)qgq o95q9gpeqdFEoaadb:
1, Ynqqses 3Y(Q:
T, a2/Bi,
T x=°—k|§—*’e2 : (2.124)
(4  82,[Bi, 0 k|
"Eyr 8
) ¢ N
Oay e20o2RYPOE=hRBPDOes Yy aqddFqay o:
poj o EdjbipdbgE edqddosEdayqeady dydoo |
él 6n+2p
L 2= (2.125)
1,(x)=3 S :
™) Ao (n+p)

| 930995 (d2d.qglbyy eao9bodose 929qe0a2d
dooecE¥yqj o9 3qdqf 609} FQeaqaqesabosFes E 3

a\/— n+2p1
a(0) _Tage z PEG 8
dx o 82./Bi, o pll ( )3

1-COPQ): o

(2.126)

yqdoE3YobEdboq 59becagu@BRMHoop womas
doadEbdsdq 2 (fEjosodeB) 3 oéaBEds¥ 3Ig
(Ybosqbdy¥Y3dbge dqRYpDoJ3 odY o0¢dEgooseq dq
de 3EoaglIEbYq bYEdqodosoogdEro3IEDbYq Hq DbDEE
Rqs ¢gsec OGYdEbOZ%Qmmaaoy [ 187

T,(xt) =T.erfc 2 gorfe X - g+

o i, & 2l
1 k2aut- kyx
+oe erfcak AJat - 2\/_0

(2.127)
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; ka2t+k2xerfﬁ @4_

2\/_0

Oay d:)j0Edo&EbYu4)qQ‘GQ)EMZO(Gch{LCanqb
ddqdbgy e923qgdebodoaboy o9qgpeqdFEoaadg eo
cFdg 9dqb¥Yy edY¥Yopgqb¥Yo odFE3Ibqgqb¥Ygq ybagd
a2o0dqoq [238, 283]

_ W _ Coz

% = =,(0)+ / ﬁTZ(X,l‘)dx. (2.128 )

2

0

N qdoF3auyy ¥24223128)2. 1e20daq dZdqo ¢
bYy cPm@moadrgdERgbYgq Qqay ddqdbqy ®33qqd
dg eobeEesE'

T, = e etk a, +1- 2k ‘/ kzazferfo(k Jat )Z

q
£

kz L 8 P

2 o2 5 ‘3
> n+zp )

é /. B = & kil 8 2/, U
é— a +—= 0
- 42./Bi, & pl} (n+ Jpa, t
gy " g @
e ¢ - Y

(2.129)

E eF3qdsosldq cdYongdEIIdqQpHEEad @rddac o E=
Q9903 60 20dpnoakFEn )(294r2dydPma@dPol29
doaqdRbqgq eduypoaj oasefoojdY+d qalddFr@oj o de
pEdeY ®1506 (sqao 1) sd¥Y odqb¥hr- 3 od
sFEesosE 609 dosEag¥Y de5 d(eadoposoR g2)¥,y5, G d
bEeobosFesE 2 opop. nEdEngsdg YdsoabYel
sdqb¥Yy 3 ddqoewoodoo Ye o3l qdebodasboon daoq 9
dEIDYR Y ieono-E0F,=9540
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bEEaY3IE 2.4

EaYyb¥Yq o9qead22¢gpnpqbBE Yraazqb¥Yqgn (
dqgqaodon¥Ydaqnojo daoy 30 pen) [ 251] b
s6oaqgq 3 dosqdRbqgq [ 187

q
3

t Eddo bagpeqdEpodfg¥20 E9/ oD
G%:Tzi a,,=0 a,=400 £p/q a,=700 £p/n
eobo En k, "o k, "o
x10° D 20 50 | 100 | 20 50 100
0 852,8 | 8504 |850,7 |85L,4 | 8493 |849,7 | 8505
0,5 8439 |817,7 |817,2 |8259 |799,9 |804,4 |815,1
1 8350 |781,8 | 7855 |801,8 | 7536 |762,1 |782,1
2 817,7 | 7151 |726,8 |757,7 |669,4 |6856 |722,8
4 784,0 |599,8 |626,1 |682,6 |530,1 |559,6 |625,9
8 720,8 | 4264 | 4754 | 5706 | 337,1 | 384,9 | 491,5
16 609,3 | 2241 | 2967 |432,0 | 1437 | 2037 | 3448

Ofr oFg&Qdo4 390 bqr EIYdYnDOo ¥s5 Jqa°
qgbosE 9506022029 (FE3Y 60 (quodBFYrrOoDIHeh
=geyY 3 odaod¥Yye d&o¢a§$@@ﬁéﬁb3qes

sqpneqdFEoadg bE=RIbeEBR®yY3qdeYootmsdsoyct

3Eyady bq ¢goaqq O, 3% EFEadgdoGoqoMYBRAENY
bEl (aodpoa® .2.glllgay¥Ysaqb¥q pnojyboda¥Y Ydo:

dE3>Y 609 oqubﬁbbay&gbbﬂ@@%ﬁ%é?)
gafjoedYysbo deBEfrglEqoady bOE o&2idpnp¥Ydod
dEdosgpmr ¥ @20qbc dElsdy

Engdesq d 9qgpb daqesqs ¥Ypnpgqoeaec 3 3IY(s,
sqneqdFEssadbge dEdsqedubEipdyRdmhge 6 Fd
daoRbojo eEFEdFesqdFecuobdngub®imbagladogqyo
Jgegbbgn o9qpneqgdFoadEn 3 aoeFacbay J3gr
sFeasboy fobgq.

E adaood¥Yye Ybogbd¥YJ3Ibojo sqeaxdxr3gdqua
bEeYIEDYY YbdosdepngbosKFacbge dqRa}) Ye D
6do3qddg 909e022¢pqbFE d oevedomRBwefleay dd
bge 3geq maH o d3qs 9q6c 030 JEhgnm ¢ e
dYno 93Y9g3FEosc Y o9q9qe0a202¢pqgb Yraazqgqbvq

E cdFesYeq 9gead2a¥+ Y3.qdelys]|dqidsd s o
a¥Yy Y odsosdoydsd dEray¥Y3bojo DEfrbDE3qbYI
r EQEbbgn DbDE dIqgdofipedej dEDY3>bgZEf ooadaod
doqF .J 310 edY yoopn fE ®vOoOyaaY3YHbsos 9q
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~ T L 2 T O T v oW~

¥ 9 daooEqbgy: éé,yaﬂ’ﬁé’ﬁqiys eoyeaaYesYqboo
eYJbakj‘Y‘ooagYéus(t))sjcpeaoogéoqu

a, =a +a,t)=a, +tes (2.130)

i A4, —serao-E9f@ i eoyea¥YsYqbs Yroo-a3qb¥y
aw®bo 3qdbojeo-eymed, Y3 gqgbsos ex=adih.oog (

noosbhodoae odqqachoj o sqaadbbwg 060909
aga3qb¥Ygon 69 fFad2603pBRBEDEEIDE [ 4]

q =e s(m*- 1), (2.131)

j dQu-sqoeqdFEoafiFo@mm@EdEoaadE ddgqdg, ¢

Oay ®éqdoy podqqa¥ a.y. YQqEqdgo [ 25
d¥onodsa, 93Y99g3E¥vyI By doldopgdosbog- 3ayYyl
3YyY Y Yro0b8EqbY¥§QEJIdmqwmus dYbyso oadBIbqb¥Yq
a923024f 0 ¢EOEbdxl'ﬂu\77‘cbcgo¢ftaquinu

ddxé"" dEiX) Fodx e §(T* - T )dx+aP(T - T,)dx:
(2.132)
j qQa-caoy Edor-emdwmg Gofy TG4, — ¢

d(; dx =+
-9ge6029F, 60Q3o QY mxFU ed3ygmq ooggbssoo 6 4o 30
ST - Ti)dx=q, ~906 029K, 02930(Yo&EYf ap-yaqno
DYAQgr-T)ax=q, -~ 206029 F, 2930(dYpn Ky 2099 ya
eoblgesy¥Y3Ibonae pngeEbY+fDno.
tqeqbyqn2 (2om33qbos JIgdERgDbYq- Qay
dEsadg 60 Rtﬁl%ﬁl‘ dsqq

() \/_d \l \/_ - In GT3+\/_ \/_ﬂ
8 1/GT3+M +JM  JGT*+M +\/_H

. (2.133)
iQCEZEPegl F, M =t F

tEdsTdgdeo (. 63¥3qQab ObE dYd. 2.2
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Lt Yd. 2.20.
93Yq 29 Q@mo:
2 Qb o 3 Yero bE}-
i o gbr¥w aBEq -
dbgq qd & O ¢
1 - T=2000
e=0,01; 2 - T=2000
e=0,95; 3 - T,=1000
O,e=001; 4 -T=1000
e=0,95;

1500

—
aaon
MO w.o
O G O
L O W Q

1000

500

eobiqe
a=10 EsQ;n &rqd*
— — e=0,01;
eoabdgesYygslo
Esf®, Yr aos=@d5Yq

Ofr dYd®Jyghba, 399 JeaKE(Qq o959e602d-392ij 0
3gddq 950960299530 QF oeErglEqgqosdyosmoy) qds.
cqdFoodFEx=0,QauynT =c2d0W00 O dEfrbBY3E 3 o9qD
dodsFdayuqgqs 360

t Eddpbposdq¥pn Ja¥Yyb¥Yq Yraazqb¥Yg-bE o
dqaqb¥Yy esdY¥Yoqb¥Ysqac bdndeY db F e2q. y1146,F ( Fl38q7
252, 283].

Eodecoacr Fagod(q q [(3gyieadedd b b 4dg a2+ d
Jodbodses¥Y qay dosE3YobEdDbojo dgRYbE dsosq

2 -
L AULR R (Y

X I |
(2.134)
jQq]:% - 099bosqb¥Yq cao) EQY 6060dqgqz3bh
doagdRbuy e sqgdY¥Yonpqsda.
E3Jodqy evoyaaY3Yqboag
> _4a, _Bi 2e
=—=—, - < 3 - m? § 4,
m E U 5/1|,G mET, + U,
(2.135)
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edEququ)L(DZKo.‘RLEBo eqd\q\G:YdEse 3 3vyqQq
dcT, 2 5

L= m?T, +2UT - G- (2.136)
dx 2
o) aqEJ(B.Iﬁﬁ)tl:p aaxFqnp
;‘;‘e‘i S WT 207 G
¢ KX
(2.137)

j G -sodosoybbFy Yboqji dYdo3EDbYyY.
nodesoybBovedqdqayqn Yf i dEBY3boj

“_Tluz =0,Yf evoodado@aqo:
le 1
C, =-m’T7? - UT® +2GT.. (2.138)
yqgay¥Ybqybogq (dYeaqdgqb3aYEacbogq odFE3Ib
csdoyYbosqi dYdo3IEosc, qda¥ ecdqgqoé¢dEwalEsc
] Yo o0édEfOoD:
Flu,)= T+ P12 Gy CI DJ
(2.139)
f dq eoyeavD3IVERPDbeadgg daayysdy: Y odao d?
F(TlH ) = DT1I2-| + ETli ; (2.140)

F(TlB): DleB + ET15|3-

E daqdbY¥Ye dEIYHhdddEedoostmBA@bdYygbboO
Y 3gdebyy jdEbYsg YbosqdIFaFE Eéddoavrsosbec
bEeo@bmadqda vy qq b EE advq o(obbvead Y80 d , 60
o) .
: ] 930990 e6dqo¢dBr oVIEDP2VelE ( 8 qlB9cqbh?
qYa‘aqqu3YEGGCbe‘fbp A EBHRgs I YQ

|\/B+1/ET3+D|
- (2.141)
Sf\ v
j dg -eodosoybbEy YbosqjdY¥YdodEDbW¥y, 260
bysbojo &HeIMEYy
nd¥Yoqbyy yoso9 jdEbY3z>boqgq odaod¥Yq, 6 <
dqeqb¥Yq ¢ EQE3Y, e090doq d o395 6 q
(2.140) daopdad > vaF¥a YRqMabyg or EQEDBDHboj o QYK
sqoeqdfseg:
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3
|*/B+\/ET Darn g (2.142)
‘\/B+\/ET3+D(; -
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1 Yd. 2.21. EaYybYqgq aa3Ydsoj o ¢«
620dQ c600020j dEbY3qbboij o deqqgggﬂ

Eo/’®d Y 3IgboRQqbboy (g2 hdqbess/ SO ) (¢
e=03(1):2 " e=085A); 3 - e=o0(D)

E eE3qdoalg e6dY¥pnpqdE edY3Igdgqnp Edqrfr aac
sadbojo eo20ay 3 ©vIFEqdEoabSppndoddRbqqdq:
deaRBFIE d1506 3 odaodYye d3ogo(dboy e
a,=17E9 @)  (2RYE) Y 3IgboaR(qebY¥¥Y wylkiq
a,—a17 E9/°®d  (2prg) . bapeqdEsadbgq o
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O0dY¥3dgq 1YHF dFEaYeFe do3dqodidBda 92
- =085, edY¥3gq 3 doosdqoadsdIeavys 903boDc«
e=0Y , -0

OFe 3Y(Qbhvwd.Y%. 8Gcao0¢pngb YrasaazqbyYqn
diogodboy eobggllsryYr Pedagboq JaEybYq
sadboqgq e00aq; J ©adaod¥Yye JIgboR(Ogbboy
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c6dY dbYRgbYY o9qponesqdFEoadg vobosFevoFE Ja’
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dgdqaygoedy 3g93qdooy dogeqbecy o9qpneqdPF
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2.3.7. EaYyb¥Yq dosoab¥Ysqacbge ¥ddv¥esi
6a09JF0q bdwgsrooybg s54dqb Yy

] aoRbggq =ds E&YopY3zrgqgde¥Yq ydaqbyvYy, 3o
J voboFeosboy fobg e6d¥ YfrbEGYIEBXYY YD
aod, YOY3IYYHodHEDVYY, o5qoeqdFIefEEYS o
JorbYebodgb¥Yq Y edoylaqb¥q dosdab¥oqrc
503bYeodbgqg €dEddpnoImgqbbFedoyaqdeyYe (Jqgqao
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pgod¥3>qdeYe vaFEdosqdod oglddt [96] Y
dEesYeoy pDOgoFoaoPbhErHEEhobYo@dl®d qdR
93qay¥Ys3>gb¥Yy (doajolqzbodsy¥Y ¥Ybdsdoal
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99 (qo¢KFIayqoady Ia¥Yyby¥Yg doeosab¥ys
E 92qcd3dogesEHQEj o d qgdsdoaeg¥qy 6:
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qgqdosF3ayr) Ye dodoy weobsq
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anpgbeeqgqgb¥Yq ybosFaece¥YY 2€goadaod
YooY dgFes3sYyoY d e anjoa dgmedboY g o
qbo [96], 390 WdXb3dddYesddeYq
@oYb oYan g ¥ 9 bogQ b@3 ecqtped Yoo b

GeYY; day so2a¥Yonpqdboy O OE
3qde¥Ye Y 3qogdeglyybddp 2 XY 3 q d
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5 DG H S d F )

noa¥onqddoqqdRE) Yq ] O €o0aqq Yoedosoys
sqaeboy (qqdoagdeesqyy, ywrdosqdopyYaqdeY¥Yq Y
ayrody ed¥Y ogeoveqan Blegddro Fac b gedblepd c qdFo
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dea3Y e©do(Qeaeso9n (dgdosdoees3¥YY e020a¥pnDqdFE,
dqEZes3¥YY aodn¥doaqs (qYddYecdmweraibagas qbdranms
9930Qqyuy) Yy ommabesohsgce cao) EQobgq d®donq
eavy3qbo OhoqbEoesaFEdoaYaqdeYFqEbDYe EFrpd I
eoboFeoabgqg ecadayFdeFEbYWg ybdosqdony¥Yszqdeod
dgqdsdoees3¥YY Y edypnoq dgydsd¥Yq oédqpnboj
Egsab¥np o03qgbesa s5qe0232j0 (dgqydsdYy
eEdqFeoaqd oqponeqdFoadboj o dEdedg®&gqaqb ¥y
sqdYFEaq. E edYbyosey dqEDbqgqqgq doodFad)® .sqe
3Jbgdgpn bgeososodgq dpnpgdaosdgq evoddqesyYsd
qauy 60QIYRDbO} oOEbeddd #cdd) dé6g. beo I YRDO
doqdRby 81) (Y2.V1e0 (4GB bYy92 .dlo0o s3I qoado dql
bq pbpgbyrvoady; éddqonbgy o5qead23oy Ydososz
QudoadoeesYY,oFapedFaoeFaYhiIEhqde bodo Y
eoboEgoEhPEsFEaGcbEYy cao9bododYeEJqnboj:
eoOyoaY3Y¥Yqbs aoevRFaYr E3YY, FEIYAdYrYY 0Oc¢
pngdE. c¢c)eEFEEQRaQDYY (2.)L04Y)EXNbqRYdm 9y b c
s¥Yaqdeoij o FEQEDIEEY(JX.0108qneqdFEsads w
(2.113), Y, e 0 Qdos E3 ayy (2(123),1 0c9dfmadd Ede d g dqaqgh?
sqpneqd¥EovkddoadongbsFacbhon pEsqdYEaq:

T(X) =T ™ +— 2oL erme . grkx),

/1 K12' mlz
(2.143)
e w w,
TX)=(—2—+—2 [z‘KZa +1- 2K, Ja,t - explKZa,t )3
1() :’K1+m1 z‘Kja,_, 24 2\ A2 p(zz)

-1

AR 6
s erfc(K2 azz‘) ] )',%lm1 +%8
(o =

>exp(- )+
(2.144)

T - g - o kol

0dagrd ¥Yb,yosesos s9qead23gdqaqb¥Yqg s-dqoYde
boy eaodeowog/’?l’(,zzqg.:qonst(Kz- 0), 90 W-F3IVd

podsesc TQmajdoy Eqod)y, (B. HEdedqdqaqb¥yYq s
Tl(X)Jng#‘ED}YdYDodSGY:
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Wy, +q
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dFfpopqdbgy ®voyeaY3Yqboso, 29dEREYpP ¥y (o
c6YVWolgoasdoaldgbbay fE dEfdeaegb¥Yq HFroeFase
a23 e6d¥Y 9dgb¥YyY.
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(4.5)
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O0F3IYdYpnodose (4.5) d a3qoon X¥dgqe be
bEo¥Ya>qdeoy ed¥YdodQg, JaYyxy Ye DE ¥Y+#bo
Jyreosqgqeas¥Yq YyYooaqesg, coeyYdaqhb¥Yq- gqye
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(4.6)

(do. o9dE3Ibqb¥q. 13 3 9sF¢ga.1.6)
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saF3Yobbge ©6do3qddol bE vobosFedxgq Y DO
podoaecy [38, 180]

P[cs] = P, (c8) + P, (8), (4.8)

jQ(f’T[aS]=/(gradF/'F)2 T edo¥f3oQdsasldo ybsado
yaaqe 4y,

c¢gadaotaqgqbbge o9geagiedotodbodoacy [ 3
B,[dS]Z(C/””Egrad'q/'F'l'GQOYFJOQdeao y boac

(4.10)
29 evoblqyawvifkeond [ 276, 277] p-o¢goadc
J]gdadoear) ¥Ye +F d3geo dadosvroafa¥¥oisaYY o

cqdFo9dgedy¥Yaqn eodaqdbyy pboRgqopD€goe
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sqpneqdFoadboy 3degee¥ bE e03qdadbodsy
edqobop¥ee¥HoIEDYYy 8qdoeoIFoge Feoddqd:e
3YobEdbopn o9dqb¥YyY.

4221 t Ed3qobFEy 930gbx®#neoeqgdBbadbgce
200903 Yy

L3gbheF 3qa¥Y3x¥Ybg o9qgpneqdEsoadbde oaar
bge 3o¢frpno)Jgb¥Yyn¥Y deododsy¥Y deoagRqgqb¥Yy
bYy 3 o8daodViye edsludbxs¥zoqdeoj o evobosKFeol
6doYfr3dqQqqbE dagQev) Yo ogdEfron. | 3Y9E
dodosF3ayy) Ye eFEdes s9sdqb¥yYy, dEdeadlodosdE
Jgqdebodoas¥Y vobosKFesE, cdY yos90p e6qgYoQyY:
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bYY voodQ¥bEsg

O0FeYeqn dYdosqonea odE3IbgbY¥Yy b@dosEsY:
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doj aEdmR43. dNdl.Y 3gdoeoy aoevBFaoaYf E3YY o9q¢
J daoaog 9 xnwid¥oogyo gy dsjdoY Y desaoozdbeYoe E :

T (x,t T (xt

ujét ): jup]x(z );j:LZ. (4.13)

edEbYabgqgq 9dadbYQF 23YosglEryosqday) qd
dYo(QqYsqdeoj o 9qgHR#EI rjodoFreesdbwl c03qde
uT; (0.t)
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f
-a,q;; T,(=,t)=0: (4.14)

i dfYa-eoyeaY¥3Yqboy sqeodZo9xd-06do3
d¥ dooslqododkalyad Y3 Yqbo dEdedqdqaqb¥i
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aaqqon YdeFose eqd¥Yo(Qq¥z>gdeoq 92 3dgbo

T(x,t) =Ty (x)e ™. (4.16)
noqdskE3YvY3d (4.16) 3 oadBEIDgqbYq (4. 13
W) _ ot (), (4.17)

j q(ib7—\/7(1 ) =[K@- i) \F

Lé1 Yy Yboqj dEa odEJIbgb¥Yy (4.17)
T,(x)=C, exdK (1- i)>iﬁ+c2 exd- K(1-i)x].

(4.18)
nodqdsEF3y3d (4.18) :3 (4.16), e20983¥Yn
T(x,t):{Cl exgK(1- i)x]+C, exd- K(1- i)x]e"”‘}

(4.19)
nodooyhv@Goedaqdqayqgqn Y+ j dEbYabge o

L 2q3vy@pd, E

- 4a9d - ﬂIi*
1+
C2 2/k( +i)= N 2/k

noQqdosE3 Y3 Qooa3q®ﬁ@q4rmﬁkqbwqoaaYo

A‘Q

T(xt)= Fexp( A exga& k*ﬁ net c
(4.20)
L sdqgqaysd 4. 20) Jq;qujqbbax >Eds

q / n/ fw
T(x1)= a aos l/te'] 2y
(4.21)

yEeod¥Yn evoyaa¥Y3Y¥Yqbs dEdedqdomaqgbyy
Yr dE3IqhEB &H %X=0

(2} ('D~ ('D'

a= l13, (4.22)
I, +1,\a
noQqdsEJ3 Y3 (4(2221) ,3:¢e00a03¥YD
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T, (xt)=T, expe X /—ucow/vt X /— —u,
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(4.23)
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gradT(x,t):T wi2aexd- xJwi2a)e

i nea@q/t - —o X/ /Zag- coséa@'vt - Eg- xvwl2ayj.
i u & 4+ Uy
(4.25)
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29 o2009e909F3Yy deodezddFecdQyRAEOFYqdchb alo
dgaodon¥Y¥deaqnponpn drond(aqd Y2h3p jJ YRloy 3qjf¥fa e6dqcC
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U(xt)=U0(x)+U(xt), (4.27)
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Jqp daoaa3Fg poRDbo edqdoaF3IY¥Yose IgdERQDY

U~(x,t):§uo(x)cos(nwt)v (4.28)
i AQu=2s -edoj 203FEYy 3FECEIO9ERERPYIdaD
i Edoreh t-3dgnpoy.
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] 900} Ybq eaFdoa¥Yzqde¥Y @GqeoaRlpsrdeégao |
Ey BB doedEy qbboj o odsadebdy.Y yn, dy ¥EbIvsoqf y
soybdsasdo DbE eobosKFesq bodpopEacbypio qE.
95 o9qDbeq¥cEdpkdogdai Eu o¢gdanbgnYodEaqEnY
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dd _ U 4.30
= 2 (4.30)

d | dEbYadgoYynY:
U=U,exf-int)edk=0U=06d¥%=h,
f A -Eonesay¥YosadF evoaq¢EDbYYy deodods¥Y b

tqeqgb¥q (4.30) ¥Ynqgqqoe 3YQ:
U (x,t) =(Asinkx +Bcosky exfp i}, (4.31)
wry, .
= [—(1+1).
ak 2/7(+')

ndyYoaqh4qEDYabgq adad23d¥Yy e (4.30),
codgbbge A ¥Y,XE Yo o(jd4q 3clo)aa3Yon:

T )=y Sink(h-x)] 4.32
U(x,t)—U sm(kh) exr( IWt) ( )
Lo9dqayd 3 (4.30) Y 3 (4.31) 3q)qgqds
J(X,t) =U MCOSVM y (433)

°  sin(kh

i Q=+wrl2h.
OFdEsqachgq bEcduUROEYWqE Wood 4. 2¢
(4.33):
¢ =nku, Sodk(h- x|, (4.34)
sin(kh)
E Ye ddqdbqqgq f mMmE3zqgqb¥Yq 3 daoq

Lo

:1 de:hﬁcoswt =t,cosm,
h h

0113'

(4.35)

jC[qo:hU_hO (436) -Eneca¥Yosoa(dFE e©ooaqéEDbYy ekF
bEsdyRgqbYy.

Yoy bodse s9qead23gqqaqby¥Yy 3 ecaFdos¥Ysa
daom osquqbqu e o0¢)Jqy 6002 FQY e©vobok

qlt)=¢ a:rde nq(xt)dx nldU(Xt)x
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(4.37)
o) (4 33) Y (4.37) ©0083YD:

3 1
qlt)=r m82 o S|n(2kh)Hcos2 wt -

ndY DobDFaoy 19203 Y¥Ybq ++92bg QOfeyedde 3 Yy e

pen) 3 (qYEeErobqgq 3Edosos (o 1 Ygs 6dEn
bYy, @®©Fe coeErEDO Y. Y. Oa¥pnoldgn [67]
f 3 vYddroyY (4. 38) DpbDEaos 29s9sa¥3Eqsasdy 295 q(Q
Y (418d) +bE3zgbYy FKEdjenqbsk, GOgOODD
dqodoa¥Ysoc:
2

a(t) = 52 1+ coszut)]. (4.3

Ya¥w3>YsglFEy (4.36),

q(t) = 0,5tU 0T1+ co{2ut)]. (4.40)

noaaszxqbbg¥zgqdedfqs dgr aac9o9kEasg dJdEd3q:=
20o0e950F3Yobbojo Ydsoazb¥YekE, daqydoasdarx) cC
doa¥, DpDojoo ¢goc -¥FdegdagetofBERgp3gdbeyY qj
bE e¢KFEdFEeoasqd o9qpopeqdFoadbojo dqEJdEdqdqac
9qdYEaqd&rdge, dqay meddpdrGaioqddbylags e Ybq
deoy ybosdoody 100 ,( b.q éeod¥noy (qay dFE
6o (4.6). 50qP[08]EY80:11FQ(1)qdemd9qoa ad-E3bqb
} Ye 3qa¥s3Yh:

Plos] = B [as]R, [as] =

= /(grad'i:(x t)/f(x t))2 (cr[fI:(Xt gradT)I’2 (d n4.8-4.10);

( \/_(-3/ \/_)\/_exp( xM)cosew/t——o X W/2a1§

T(x t)

(d 04.23);

gradT (x,t) = (/a(i/);/_?a; “\/Mi%exp(- xy/wl 28, )3

|S|n?m/t 48 x1/W/2a1u cos?ae«vt o xJWIZaiuu
& Uy

(d 04.25),
q(t)=h2—;[1+ cog2ut)] 1 0,5¢ U, [1+ cog2ut)] (do.

4.40);
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4.33).

dbFe vFe Epehivropodoqy, 9qead23fe 6929
s59d pbDEFEedYpFaecbg bE 623qgdebodkaes® Ieobosk
JgegqedY¥Y3Iqgdgqbbge odEIDgbYye Y frEpnqgqb¥YJd
eEZdEsqacbge PG ddeRqdptd YYe fbEadbyYy 3

eods¥Y vobosFesE, 62093YD:
0,% 1 2t
P(0)= 2T Y3z g cof W@
(//a, + N_)J_W 0

' 0,% aa, gl+ cog Zt)rvg P B 5 p
gradf'(0,t) = (/1 = é\/_)\/_ai gsmg w7 §e€os %{4
, (4.41)
U= wos ty.

dbgeo a¥fr Yaaqde¥Yq wvobosEFesg Ybdodoanqhcs
lbycr, 3 ()44.189) dEddo Eod YIgE ¥vroiyYdyy oY 09
6qdEeadg; THFEzgPFYYDbYoE¥sdy ¥Yr odqeqby¥
Joy +EQE3Y edY odaoaod¥YY dqydoesd¥Yy ecaod

eoboskFFesq (bEed¥Yoqd, +EFEQqEzE 2.25).
Odoacf o dbwhoeqb¥Yy (4.41) CQoy s6dkF

boe 3qo’P[@S]’b&9QQQbqu@oGebcbasYdfsquq—sqoqq
de¥Ye ¢ E3IYdYonpodoaqy, OdoEDEIAYIE®QE YE o
R(Qa 3Edeoeo%W%ﬁ}¥qdﬁE Jgeo(dbgmy-dEDbbg
scqdFoaadoy, bEZedyRgbYuymY, ydwji do dscyorv.qd
Yfr3qdoabg eoyeaea¥3Yqgbs (JdYDEoYaqaA®oy Iy
j 0o YbE qgqydoasd¥Yy oagoevsoE3Yyh (boXdodsqy
bE eaFdoa¥Yzqde¥Y (dqaodon¥Ydeaqnojos ¥aoy).

podoa¥Y eo0f3oayrs ddqaoaFEsce duyQq IEBbBge I
0w3oq dodosoyb¥Yg pbEsqdYEaFE 3FEdsosg aaa

4223. t Eda@mdo¥Yr 3o QdolE Yrggoozboy o9
ybasdos¥YY

dbFe eEFe 6dY Y+rbEGYJIEDBYY YbdBdoepnqgbhb
95qqdqYFao3 (doo¥YbYdevys ©909ea023gq e66da3qddc
ds Y (4.ﬂ$]xmmEbY3W®mwm30y eo&H&%qbeoy
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