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wodzj dzdj dL o jflsdets ¢ CRlicity & W € dst ) j dzd fipeh Ief af
2ZOSC s dzj dedd dzj sBteOlsd 3" & ff 87td40yA1) dzd 2 o ¢

ulsj fj dz fsotejyHjddshisd ¢jskOljtedO
BR OtOCIjtedL 59 OdzO fs5C OL Olsj BF dgFelicityts Ratid) dzd
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[87,137,140,1 4 1] . 1 R Pilsfhledo d&zv jIs MtsB 52 sls dzts
Cobtstesdy tslsdzj yOj Isni d3 WdjcCdsj fd@gwiddapy j adad W
odJdzduyddsy dzOftewy jdedwV, dMYyr SOdzdzs?2 o (o] +
Mz yOJ dHj Odz desé s FR=A Y j Cis O  tf Pezdzds 9 j dzd .
BOC M BOMz! detsets wWOdzj J HBMIsdedzzlstsets dzO to
Pteseo jdz@ (Y tsotej Y HJ dzdzsisd [ERfY didf>ud o OfgUs.mw ,

l tOBtlsy RrR.J. SstsdzsHd dets?2 [ 14 2] Zzmls O
OCEMmMistst BdMMd sdzdzs 2 FFRERFE B dd @ Swadr m Y  Sdzts e t
otsLteOMIsOsh j2 BlIs ydqedzd ¢ ydqsdzk OS¢ Mmd izOc
9 COyjfMmbej dqdW stcdzOIsdo dzgscts f Ot Od3j Istc© dz
WOCIststeso 9" o jilstedeo Odzed v .

tdLkd O™ ftO0SIdyj MEB2 tj OdzdL Oydd
syj dzCd dzOf tew y j dzd 2 o fttctsHdz A BOMMdoe C
l . ¢MOdesoa © d 1 .. 1 jdzsd Cisdrj0dz] & 430 HE Y@
[146],A.Lehtonen 147] d Hts.

gz Hizj Is sy By Bz dzd Yls zOtclkz M | dzdzsisd G &
odej " dzd B oL H]j2IMsadw ] (B ~O0ddyu M¢ddqd,
stsdz! S5 9 SSfdmMOdzdzr = OCEMistst i3d MMd tsdzdz” »
WdLdyud MSdn 1LWWjClsonr, WdCMmdtelz j 93 S dzday j ft
HWBstcd3dtctse Odzad (. v O¢, L O dfmd dissfls d i to
1 dzj ClstesdBOG dzd Is dzts G 5 gL dzz ygJ dzd v , mMe stesMmis
1L dzj CSlstedyj ME et mMsf tetslsd o dzj ded W d H G .
yqedzdyjmcdEodos BL H@E@ M ¢ j sd3OIsj ted Odz" , HJ d
sBlMmdztse dzj dedz” | fetsyy Minlssicd £ 2 HI WMEjc B3 tctso O

1 Oyd dzOv inf) cEHE&GD &GjlssH OSkMmisdyd ME B2
ftod 3 dgv j sfw Hdv HJOedshisdSd 118 xJdjt
t OLoadlilsd | L Issets dzOf tc@o dzj dedwV ftoj Y HJ o M
M.Oht su, 9o SCtlsster n t{f djfffhedQ# Isanwm lsig tdsdsis jr dz
dL  Mmj2MB3stzhdatd " odosd20f j Mtesc sz KROIs j BZOIs
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sfdmr o0 h jd3 ~OLOCIsjtc ttOMf tctsMmistcOdzj dzd v
[104, 148].

dtcd H] slsj ud Mlse j dzdz' n dmmdzj Hiso Odzd 2
HJOcGdesMisd S d ftetsyj mMmtse HjWstcdzdtctso Odad W
dzOd B tsdzj J ddzlsj ted mdz" J tcjLEzdz SOIsT i s dzl
AURdHh. ARSWW J, JItsdzeyduvuv, o¢f c1HRE. §@3N1T d
Il yoOmlsdzesmis d, 9 1Isdms tOBBISOR dj IStSHISC
rwoo dzj dats mMh j Miso tso Odzd J Ud st ted n fMils OH
SLHJ2Msadj &3 d3d m Odzed yd MEtsets dzOGtelzy § dzd W :
Z§f dztslsdzj dzd jT OR)Rg e ©Odzd yoOr (O
fsweodzjdedy BIJECtotslsiqMddRdz 9 ctcOdzd yon
feswodzj dzdy RBOCtoBISWPDOEREZ 9 ctOdzd yOn
OCIsdodesy ©OL telzh j daddl)-R, § taRF 1 tc gz @ Y Szdzdf e s
J 8 B8d&z0O.

tJLEzdz sOIst SH dztso toj d3j dzdzts 2 L O dfmd
~n OO IjtedMmisds d thdeseodzr = § OtcOd3j Istetsa ¢ ¢
tcOL dzd ydese s MtsMls©Ooa © ftodotsHwishw o tOBTS
odzdwdedd MEtstesMmisd dzOG tolz yiijddgdded v dzCh iz H303® e iz
BJIstsdese M twOL dzd ydzr a3 Isdf Od3d L Of scdzdzd Isj c

l etso j HJ dzdz" | f SH to P B EGHHINBOE B3 ( W
culstotsdlsj dz' Mlse ts¢é) dmmdzj H s Odzd W dzO 30 ¢
Mstetsd Isj dz dz" n Ctsdemistcz € yd 2 f 5L 9 tsdzd dzd
ZzOf oW yHjjdidedc &3 tctso Odzdzse 58 MsMissWw dzdw SOC d n
1ts tjLiEzdz OO dmMmdzj Hise Odzd?2 EMmlsOdatse dzj
Ftetsodzd dzOftcwy jdzd?2 © Bjlstsdzy Cdemistciz@9%d 2
sls R. [fted H] dzj dz Clo O ls® ¢ @ d3) dA) dzdivoz
NYddzjLtsBjIstsdzdzr = € toddh)jlsdimdt, € yql@ts @ MB@daRc 59 (
SO2L jtO® MattOd jIlsmw EMlsts2ydoets dzO B tsdzj |
fts MiOodej dzd® M B jlstsdeds d©zd BBILOL YyoOd3d, ¢
mMkh jMlsokzjls tcOLBtS HOdzdz" = .

©

()

A
A
A
A

o)
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1 d Mdslstew dz0 6 tesd3dats g Csdzdyj Mo s d-
HtsMIsdedzzlsT j EMfjrd o tBdZOMId ¢¢ HJOGdz
sMlsOj s twWH LOHOY, MewL Odedzr = f Mmkh jif
Of f OtcOlskztcdzgsets r OwOS s jGd@s ISSosydEadils)! 6 to
OCkmstst B3I MMdsdzedz" = B ssHB 6§ 5C t5dzls t ts dzv

v d3  dad d3d dzj 4 , L OC dzt yoOw dzOMmistsw h d 2
dmMf sdz' L s9a Odgd"W BjIsSHO OSEMIsdyj MEts2 + di3d
ftotsd" M dzj dedetsiylsd d fMistesdlsj dz Misei@l d3jdssded
ZOMmisswh j 1 oty g3 MlsOdzd dai Istsd Ctistc di W jj
dmmdzj Hse Olsj dz2 MSdAr LOHOY o tBd&OMIsd WdL o
CGjBBOjted Odzts o , dz2s d HdddB dqL shdse d
ftesyj MMse o otesHdy = BOMMdo O~ d 1 dzj d3j C

1.2.2 CdzjChtesd®BOcdzdlsdzOw 1+ ;sdmmdwy e
¢j 5RO tcd Odztso

ltesyj M HjWtsttdzkdteseo OdedW d tOL tolkzh j dzd
sSOCY ] MftesoatsyHOs IsMw 1 dzj CtesdBOC dzd Is dz" d
Y O ld15ski 158]. [ Mdzts o dzts 2 By - OdzdL d3 oL dzd C dats o
CJ 5d3OIsj ted Odz@MC Wyte IV dzd@'dals MY J toj d3d " Jdedd 3 L C
sty "ddz [ 159, 160] . 1 BHtsBdzts 1¢dfj, ¢ IsdedzlsBiOdzf
L dddMMmdsdede” 7 ftetsyj Mifse L OadMmdls tsls  oi3d dzj
sfsB j dedetsMis j 2 Ccstede 7 fStesH, o dzOy dzsflsd,
dzOG telzy § dzd v . s dOmMbswh jkkz otj i3jdd i
Ldzj & stes BOG dzd Isiglal ks ApdlsflzO destodzd d3d dL § 4 ey
dL d3j daj dzd 2 dRQifWtartoididdimiie O dzdztsc s MtsMis sw daed W
d Hdzw dimidj Hiseo Oded 2 8 &2, 9&z@EEMB2). dzdzsfylsd [ 7 €
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1.2.2.1 RrRMMdzjHse Odzd™ ¢ dzj S Is te SicEP ¢ s bs dzt § |
Hd Of OL t5dzOR

tdLEzdz sOIst tcW HO Isj stejIsdyd MSdn d
ftosH | IcdzMistcdtctseo Odzd o SL @Iy detsMls dmy tdz
tcOHdBHJOf OLtsdZO (C[fR) HdW dHJjdsd¥dSOoyd
GJjtsdiOIsj tcd Odzts o .

J dimimdzi Hse OdzedW " sbktedzj ded [ . 1., s Iz dz(
1 CMf Jtoedd3j dzlsOdz! dets HESC OL Odzts, ybsts ftod i
f StctsH M §smlstsWw dzdzts 2 M ctetsMmis & ftosW 9 dz

©OL tekh jdzdv [76, 93]. | BE®OJOHOLs,cO08
HjVsttRdeses OdedY, ftojHh jMlsokyh jd Ok j
f StetsSH, dzOB dzt H O j Isw fmd3d M j dzd § 9 J ton dzj 2

9" MsC sYOMmls tslsidzisets  tvBfdz@dipls ' Lo tefj foigj Sisties @ dz! Ra@s |
L a3 M d tsdedz’ 6 dzddsjdf It @ dzO dzts o . .

J tc O3S On ted M J ded v LOHOY dzj 6OL ENO
BOIsj tcd Odzts 9 (BJ Istsdztso) ) tcOB BIsO~R U tsd3fm
tcOL tcOB 5ls Odz' Citgf bjsethd G jHjdzjdedWw fftofs
dL d3d dzj dzd v d A TH JoaOt ey d) tg sladBdzdets ¢ 5 168, 6K s W d
Yyomlsdzsmlis d , ftcd CoOLdMIsOIsdyd MEsd3 dzOG te
dzOd B tsdzj § ~n OtcOCIsj tedz | oqdHT Mmd ¢ dzO dzts
mMetslse jIsMmisokze h (j tc OL dzd ydz' o3 MisOH W d3
B3OIsj ted Odzts o .

] ]l R 1 RUU [ R4RH i sdzlz yJ dz' ddzls j toj Md
dmimdzj H s Odzd 2 fn f sd3tsh + d&3j IstsH O C[
OCEMsdS st dddMmMdsdegdzs gz + WW j S Isz fOdgvIsd (-
tcOBBIsOr fsCOL Odets, yYlsts © R tH ] catOers yd Cfd
OCIsdo dztsfiyls 1 dzj Clstots B3O G dzd Is dzts 2 L osd My d d
ZzOf Wy J dzd W ~ mMsslse jIsMilsezs h i HBOC MHd 3Oz
ydq s z0.
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1 OteWHE M driydddjd VqdqLdudmédn & n
1 dzj Clstets i3OG dzd s dzts G 5 dL dzz yj dadq W (C[R) i
CGjBBOLjtcedOdzses, d&jlstsH tsdzzydd OCIsde dztsj
M 2B Ui MSdn M sd2, O O F Sisdtz@tgd
f stetsHdz' 7 ®OMMde ®©2 [ 80, 86, 158, 165].

1 d Msdgdzj dzdz" 2 ddelsjtejm ftej HMisOQoadzwe s teC
oLOddBBMow L f OtcOd3j Istets o o¢kzmlsdyj MEC 2
B rOdzd yj MSsd3 asLHj2Misadd dzO 6 j sdzOIsj tod (

usBsdjo' & J.6. H8COLOds [90], vylt
CGdMsBEORBBO o Hjdzj dedWw MEZBZBOwLAzs?2 1 dzj 66
O dzO dzts ¢ d y dzts 2 cdMmistsc tc OdRZA" f smistetsj dzdzts 2
HOdzdz" d3 ¢ ¢ . [ b3 yoOjlIsmw, lsts dap@zdi®ls @30Ojc,d i
Istcd h d dz" , OCIsdo dztsfls OCEMmlsdyj MC s2 1 d3d
cLOIsdgh! je), ) sts o tcj d3gw co¢ 1 dzj € Is tc ts d3¢
ddzls j deid o des s d . JteOWdS dLd3j dzgj dzdw o5 9t
CIR d ¢C §66CQL BEfid BIzdgC,d Cslstster j k& Mmdzt
ftcjHO jMisdzd OB BBOL 5o OdedWw BOCtosIlstej N d c

l tw©OBtslsy ¢. 4. JItLdy My dMSsets, 1 .[. 1z
sBdzOMIsSd HBYWKJHJd dZSEe s HJ W iStedzdtetso Odzd W
Cotetoj dzv ydd Mddemtetsdzdets tjedmistedtclzj ogr A
LdzOyjdzd?2 OCIkdodatsmis] 2 € Iz fddg € 15 jofis ROXE dzd Isizdpth)F
fsdztsy dIsj dz' dz" J L dz0y4d dzd v , O o9 LOftjH]d
slsted yoOlsj dz! dzr § L dzOyyd dedw .

stejJH dzj SstesdBOGcdzdIsdzr = W o dzj dzd 2 , d
GijBdBjmnOddyj MStsets MsMisswdadw cttedy »  Sto
Msftcsotsy HOB Isw 1 dzj ClstetsdBOc ded Isdz” d&3d Md ¢ dz
HiWtstcdsOyddedz = f tetsyj Mgt oL, dzGfy j ddfd W te jif dOdfchiplst
dzj COL' 90l odzdwdedj L dzjSltedujmSdy
sBtclzH SO Odad v .
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1 Of tod d3J ts, 9 tcOB SIsOR [ 155, 156 ] ]
L dzj CtesdBOC dzd sdzs2 |+ ddMMmdd sflkdyj S sdts
ZOC s dzj dzgdwv 1 dzj d@3j delsOtedzr = Y tsotcjyHjded?2 o
1 0Bz HOj i85 Mo Jjuddzd) cttoifzOC sftcsedz] 6 Is st
gLz yj dzdv ftojHMIsOoadzv jIs MtsBts?2 d3J » Odatsdzs d
1 dzj Clstedy MSdrmr dzj?2, otLddCOshdn o dzOc
1 dzj Cstesmistcd S ydd d Htkzedr d&j - Odatst dzj CIste
Hivdz { dzj cedd Mo jbtsoatsets dJLdkzkzyjddy ftodnt
Hd O OL sdz@, O OOl Ister M j SlstcOdz! dg' 7 51
sls MsMisOa ©® 0L O, 9 ObdktshMW¥jtt] SCthtttsa
B dzj teOdz' detsets MsMisOa OdzdeBric OtlcPB &BIs ORI &S
Ctetey dzv yd tsdzdzOW Mo w L ! B3 Y HEZz O dtfddzdfipdz jH Islzs
dqisf zdz' Mse dzO wWOL dzd ydzgr » MIBOHdW " HJ W tsStediC

l LOCdzg yjdedd twOLHJdEZO By dits fMHj dzOIs!
dzOf oW YjH jddsstc B tetso Odzdzs e 5 MsMissw dzadv f Stets
tej cdMmlsteOydd L dzj Cstesd3BOG dzd Is dzts ¢ 5 dL dziz
fdtemf jClsdods &3d M Itsycd L tej dafy tsdfjtsme0 dzdjy
sBifMfjyujddv ccBtedzr = t©OBGIS. J ZzOMmlsswh j
Of esBdiotso Odg' d fteddevlsr dmftsde L tse Oded s
tcj edMmlstcOydd MdcdzOdzso 1 dzj € Is tc 68 O ¢ EHAf Iis dfizts 5
H Of OL sdzO~R . [HBYPWRs alstho sBEOMmMEZ: h dj 30
ftejHMIsOodzwe Is MsBts?2 Mhzsydzer | ¢ jlsj tetsc j dade
Cslstster 7 BtejH Vs sy OSddBd YOS IststeOdd
Isi SMisztc®O, oBHEGAOM" M j dzdzsmis! d Isls teO dzin ldseB d
dL disd dzydotsmiss ¥, ddzlsjteftcj sOyYydw HOdzdz" = t6C
Yofmsts sCOL" 90 jIsfmw L OlstczHdzd Isj dz/ dats 2 .

1 4 Mdsslstew  dz0 Iss ylsts Btsdzr hddegmlse s dL
(f§OfmMMmde dz" =) Bj stsH 59 G Jj ¢ sdzls te ts dzw =0}
sjitsteilsduyui MSdrn ©WOLKOBBIESS d Mtslse jIlsMmise
sBiMfjyjddv, tdd BBEZOHOE IS tWHSHE 6 tOds
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sOC kY] coatsteddztsm! , cdzOodzr &3 dzj HisfIs O
wodw jlsipw or MsCd?2 bkttse jdz@ 1 dzj ClstetsdzOG dzd Ik
H dzw G Btodz ~ 9" ttOB tSIsts ¢ fn tcOB slsO8 h d d3
fih j Mmise j dzdz’ j  tshdztsy dzj ded ¥  § sdfjtatslal jrH 2B G
fsmdzj ke h j2 dujdadsdWdsecOydd ¢t dzdds 6 ts
L WWidCIlsdodes todd3d dzv § o3 &z JtOSIsdey |
fsLodzvjIs WwWodzr d3 tSBteOLBARE MoawL Ols! ¢ sdzd
9 Oted Oydd dzOf tecwdadj, dzd® dodst otdeizCdsjd o dets s s O
LOoadmdls tsls Mitsmsetse EMisOdsa ¢ d HOIYJdES ts¢

Yy Ofls d ydzts fto] SHtsdzj Is sB L d2ZOyj dedzr |
BJMEBSdzsOCIsdets?2 HJOGdetsMIsdSd HJ WSOy tsdz
GStedz n f stctsH i tcj edMmistcdtelzj d3" d3 H O dzd
dde cOC e OMidets gfsL ddlzrygl dedw M d = ff 59 jodGrddrs?m s
ftod d3j dzj dzed ¥ HOdzdzatsets d3j StsHO Hdzv s d i Odaed
fsmowh jdzg Mdzj Hize h d2 t©W0OL Hj dz.

1.2.2.2 RmdzjHse Oded™ 1 dzj S Istets 3O C dzd Is dzts
Hd Of OL tsdzj

RLO®JMlsdes, ybsts sHdzdd3 dL HGBY{ sdzdzd Isj dz' dz
ddeW stedzsOydtsdadzgze 1+ WW jCSIsdoedesmis: yjdeSd ¢,
GOMMdoe O, weo dzw b Isfpw o Oted Oydd Isj f dztso tsG t
HWistecd3dtetso Odzd v ¢ Bic@ff t6d dfjtdctctsHe [B8TH tsIs] R
fsCOLOdets, ybsts dqLdzjdzj dzgdJ Isj a3ff J cOlslzter [z
f8COLOjdzjd 1 re JEeB ftodL OBs2 dets? L sdzr .
Ltsder ftsorh jdeadzcets etodzcets HOodzj dedw d L ¢

] Isd ted3tsH d dzOd3d & 4 so jtcHBBEt Isj d&zO o
clsjtodksf &zOMIsdyy MSd2e LWWJClIsr MmMewLTr 9(
5§ ted3sH ddOBdyud Ms 2 Mdmisy & M §eddtsy | ddz
i 169].
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Il CaxzOmMmdud MEdr " IsOR [ yEdv, 1 jiBJjts
19 9]¢C0, B"'dzt fcC0O0LOdts, ylts ftcd OHJOBO
CeL WWdydj delstsdz sjtedzd yd mMSsets teOmMh qtoj ded W
OoBLIOMISOjIs. UvOCBIE W paz] daddsd dzcdzd ¥ tOL d3d
Isj B j cOIskzter |, LOC dzt yos hjjimw o dL d3j dzj dzd
&ZzOctelzy jdzdd, o dzdlsj tcOlsktej BGBtSL &ZOYJ dzs € (

mistesh g3 ftedBdzdy jddjd o sfdmoddd c¢ls
WBttdzz dzO0 s jdzr aeddzO [ 170] :

WY — o, (1.9

CGHHGJOTT dzO0yOdz' dzOvY Isj B j tcOsktcO® Isj dzO A 1] J
dL d3d dzgj dedJ f Jjtotsets ddzo Otcd Odiasd@j Asgerdd s !
Is§ ted3d ud MS 56 G LOHN] di'tede@d Wis j § dzts § B3¢ sfyls!  f te

RL O3J dad dzd 4§ Isj BB J cOlskzter BZOIs j tocd O dzO,
HJWBteBBOydetsdede" = sy mMiptse Bsy des L dz |
Bj ssHtse dL d3J toj dedw  oirtsHigddzw tf tsj HSY tSdHO@ OIS da"
sj o3y Ote, WdSMdelzj &3" ~ d2@ B OEBUAEGMIs &
OCIkdodets tcOLoOodo O Isfmw o ftsmdzjHdedj ctsH' |

1 d Mdsslstew dz0 Ists, yYbts CtdalsOCIsdzr | d3j Ists
fsLotsdzvels o dOfMmlsswh jj otejddw WdEMdttse O
ykze mlse dlsj dor és, Mo ¥ g ) [172], dzOH j X dzts §
cdzze sC dn ¢ o Oy ddzO-n d dzq zO f tso j ton dztsfy
sCOLT 90 jIsmw yYtejLor" yoRdets IstczHtsj di3¢C d d3 d dzc

1 M BsdzsOC Isdz | BB ssHT gL o3d e dzed v dL O3
M smMtsedesmisd Isjdz dL dzzyOls! 1 dzj CSlstets ZOG o
HJOY OLtsdzj MEFyAbWwLrRfPGIZd)] L OdddB3OjIls 0§
1L dzj SstesdzgOcdzd Isdese s MY j CIstc O tf 1HOABJOdzOMEE] A3, ©
BdYHEZ odHdd &3 Mo jlssda d ©OHJBe s5dzdzOd3d (T
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i dfMkdzBEe@ ISt | dzj Sl diOc dzd ls dzs ¢ &
v  OBfsd sdets Yjedesets Isj &0 My jSlste

o J Isd dpg filsdyts " detsls! L dzzyd dedw M JHJdzd Yy’
dqdzlsj tco Odzy Hdzddz o tsdzdz) L OHIB4:Isw W tstc 3z dzts >

‘l| h | e ) (1.2
—

G HR=6,62820% 1 i § sfyls 5 W dzdzO W = 3REBEK=C;3826GF 1 % / is
f sf)ls 5w dzdz@W / 4 Hsdrf dp@i3Cecsdiztiz Bl ZlePlkte® [ s] .
[ dzv Istséts, vyYlstse' yj dd s, of das j izt @zt

o 5 dzdg Hds, dzlz y dets  ff to s digelf 8 §lE3[1édk o Ols ¢

0, 0y Y >v|| I 3_ a. (1.3)
I

[foCmdBzd MY J ¢ Iste Odz'daptis | I dzts Js el )35 dYf fied |
sj i3 jcOlskztc] GBI fbEdcwElshHY H O 1 G d@issjldc 9080 d
10 q4930474] o Odedesj] BB MissWisj dz Mlso s ot d3dats«
dfmY sdz’ L tso Odzd W d Lodelgjudpddisf W HdzWv  tej " jdzdW L
¢ tsdzls to ts dzv .

) Hd Of OL tsdzj H dzd db doddsdpddzin t$ B dzOMmIsH 5 1 dzj
dL dzlz y 4 dzd W fm fsojten detsfisd Is j dzO d3ts ) dzts
glsj Widsdzr ydizodzd]: [ 17 3,

oY - .,"Y, 1.4 (
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CGHY <171 St WWdydjdals dL dzzyOls j=si7d 2 Is FYYKin s |
f silssw dzdzOM Swlds YW@ dizD .

st WWdydjdals dL dzzyOls 3 dzv alztk? | Idifrfwts s B das |
FnOOCIjtedLizjls Htsdzs MEzdBzBOtwdesets (s oMM
sls dLdzkzyd dzdy OpfMmdzs sdets yj tedesets Isj dzO
dL dzz yOls j dz' des?2 M s desmisd L Ooadmdl sl
dL dzhyj@» §tse jterdesmisd d Hte. "o jHjdedw & -
LdzOyd dzdv St WWdydd dzlsO Hdzw dBdescd= dBBOIs g
&zdlsj tOlskztej, dOftwddhkit, o [171].

RfMAR SHW dL gL dztsy J dzdzts G 5 or hj, H dz!
sjted3tsd3y ~ Odzed yi MEdm L WWJCIstse, otsL dgd ¢ OB N
ZOdBtsdz! hzs 1+ WW jCIlsdoe detsfls! Hy i3sdzmistcd tolz ®
fteddydflz wjecdmisttOydd dL d3j dzj ded? @@ &5
ftsojton detsls dmmdzj Hizj g™ = sBi jSCIso. T 1
ftoj sBtcOL B8O OIsj dzj 2 deOdBtsdzj 4 YyOMmMlsts dMmif sdz
Isj dfse ddzd L OeadMmddisMmis: M teslsd o dzj dad W
tcOMY tesMmistc Odzj dzdz" dfdc j 5 tc ® 0 15 elzQ dfgyg d* W3 dzdrvs W
BJ s Odzdzd yd MS d 4 dgdzd todzzftcsosHdzd Ctsor j |
S bydlzmisdud MSdd d Jdest dj SlB4Edud MSdd ¢

Belgen [ . 1 . o dzd M L dz2O0ydIlsj dz' dzr 2 9 C dzOH
dqdeW tOC tcOMdets? HJOcGdesMisd S d dL d3d dgj ded 2 dzO
l jets ttOBtISOR of jtcor j B'" dzd toj OdzdL ts9 Odz
ZzOff oW yo] dfdRH © jtcc Qo h dr MY G dsBig@sdgize c@Mls
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ykemlseodlsj dz¢ dztsfijts OH disidgiols te-ts © R sdzj f L o tsdzv d
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1 d Msdzdz] dgdzr 2 ddzlsjteifm Hioj HMIsOo &zt OB to
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zOctelzy j dzd W dL g oW Is Isj B3 j cOlskztedz | ]
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Temperaturé AIRT) € O¢ MmMtejHMlsets € sdzd yj Misd L diAdas?
l e jterndetsMmisd BBKLOL Yytso[lMW]. fesyj MMy dr ¢
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5 OY"¥B Y, (1.

GHNT BN jj StddujMmisets §d&¢MmiM) ds] & ol
dL &34 tej idzdz@™ § of ¢ M dzj .

1 d BBAtsHJd ditsfyls 99 jHJddw FCOL Odzdzts ¢
dzj MIlsOB d dz! dztsmls* ¢ Isj f dztso d L ( ts dzdzts 2 ¢ Otels d d
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1 4 Msd3dej dzddiRT W o izt jolsiaf s te B3O IsSdOta@sls | o d dris
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¢ OyJ fMflswjjH o j Mids@zdeLdas d W Hy MistezCIsde dz" ~ i tc
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Ligiang Ma ftjHddtsyjd&O jh] tHAEZO dGSHI
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ftetsyd M dOctekzy jddw cetede 7 fYstesH d ¢
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tcOMmMMmBssistej dzdz" = tc OB RAOMA] sak3j & dz@ M Is ¢ & BO);
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CHO mU CH1 mU CH2 mU CH3 uV

0.0855237 0.059509 9.999695 -333.901946
0.058594 0.061035 9.999695 -333.617893
0.054932 08.0863171 9.999695 -333.650489
0.058289 0.059814 9.999695 -333.599267
0.056458 0.0862256 9.999695 -333.575984
8.0857373 0.059589 9.999695 -333.534074
9.059814 0.062256 9.999695 -333.613236
0.055237 0.059814 9.999695 -333.729651
0.058594 08.0862256 9.999695 -333.799500
0.056458 0.059509 9.999695 -333.734308
08.058594 0.0861035 9.999695 -333.729651
0.0855542 0.061035 9.999695 -333.645833
0.058594 08.060120 9.999695 -333.245365
0.055847 0.0863782 9.999695 -333.343154
08.057983 08.0857678 9.999695 -333.515448
08.057983 0.0862561 9.999695 -333.450255
0.057068 0.059204 9.999695 -333.459569
0.060425 0.061646 9.999695 -333.482852
0.0854626 0.059814 9.999695 -333.608580
0.0592084 0.060730 9.999695 -333.659802
0.055847 8.060120 9.999695 -333.482852
08.058289 08.060730 9.999695 -333.422316
0.056458 0.0861951 9.999695 -333.347810
08.057983 0.058899 9.999695 -333.482852
0.056458 0.0863782 9.999695 -333.585297
0.057068 0.057678 9.999695 -333.538731
0.058594 0.061646 9.999695 -333.524761
08.0855237 0.659204 9.999695 -333.585297
0.060425 0.061340 9.999695 -333.492165
0.6853711 0.0860730 2.999695 -333.422316
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ofmMj?2 Yoo jtorndesMmisd dmMMmdzjHizj d3r = BBIOL Yytse .

1l s jtorndetsmis! dMmMmdzj Hiseo Odadz" = Odgh dzd W s 9
10 ctOdedy) SCtdelsOCIstso L jtojdz L OWdCiHd @tsds
sBh j2 fdztshOHd (e jton desfisd, L dzO0y4J dzd W
ftoJ H] dZ@D 04 03¢ d3. [ ddzj cOdz! dz" 2 MtsMmisOe ( tcj
Cshtstcsets Ctsdzj B Odzs9 8,903 %5 J HdefaO®&0O Wd7ls, j5dz
CoOEyU®2, 3 % d Hitoggsodgd Btk ublz d3sdzOtedz” 2 o € dz
B dzj cOdztse 3Oz ((Bj dzj 4 0, 1 %) .

4 kZyjlbtsds HOdzdzr = 1 dzj Slstesdedas? BCtesME
slstsBtcOdz BBOL YY" Mt Matsyddkd MistekzC Iskztcde
dL LIsts?2 Mjtedd dtsBrtsHd®BES B' dzs SlstsB t6 O
L dz0yd ded W &3  ff sted Mis tsfls iz N[ jyfg lslzt d2v dfOne d mfip t
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ZzOL jtodets? Edz' stcOLo kS Bots? MtckSC koM s
HiWJChtsmMCsyp2 [ fads dzOMis d O d@L 3] stsds ¢
47 5d3d3, JLelsBoadzj dzdz' = dL BlssBiOdzdz' = 5B
9" BtocOdzdzOW o j dzd yddz©@ Istsdzh ddzr f dzOfMmilsddz L dz
dimmdzj Hzj BsEe s ¢ J BREOIsj ted O dzO.

lteddzeydyf Hj2Msoadw MbttkzSikztesMS s O ({0
Md ¢ 2O dzts 9 f sz yj dgdzr = o tojLblzdz O] 0O
B zdz? Mse dzO tOL dzd ydz' = dzj SH oSG H dsMIsW -
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>

;%

Nd:YAG

t dimMkzdzs ¢ 3 .0lL4d adej B ZO&zgisdicOL o z2C 591
fMsteCbtesMSCEIDf fr[fas d)

1islste Oy j dedz’ j 7 O @ daSfdiists ts 025 2§ to j tsiEStdsAa tstdsoC @fls

ZOL jtdagf . i o s o sdzsC sdede’ 2 S OB 2

571 dzOL jilodzskstcOL o S tso 5?2 otz tE@LEd @ ] ZOS
d B zdz'ifigripmdy Hizj 3" 2 BBKLOL §

HCOdzdteso Odzd ] YtosotsHddsh:! 6 § gl tomk

Fuyjlstsd stsdh ddzr d otjkjdd Hot2dsets §toisk

) COYHB2 Istsy¢< j MCOdzd tetso Odzd W tcOmMMmydIs

ftesHBSdz dz'Va dtsdzdptcj osj dz2d L OHjJtYSd (¢4t

sfstdsds MdcdOdkO i\ Hij d2dzainRiPgs BeS f to
M stesfmisj2 bfwkedi otddz © 100 ksySOn Bt
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10 tdmkdsS 3.15 §sCOLOd ftoddjte o totsi
M sesmisj2 §ookHbBed ash so sldi so j e ds i) jsoddz
CjLbkd kO] hdusSsfcdshdscts kd kscOL o k§ ¢

y, mm
Vi m/s

Vi m/s
v. mm

0 5 10 15 20 25 0 5 10 15 20
X, mm X, mm

a) 0)
tdimzdesC 3. 15. 1 dzts Qo sEPudesigd 2 to g tisticjsHnjlsdr j? dz
VHAEY BttOL ytse dL o jMmMisdw € O:
O)dzj] SH dzStetsH dzf 2 SEEASBGISHYE 2B )

t OMY o Hj dzj dad,§ to) ez in © dzdz? dzdzslfe, HdgQi3 S dgfijdztalz
dr Mmkh jMmlse jdedzzt ftotsMmistcOdzmilse jdzdzlzs d €
o Otc! dqelze Isfqw tsIs 4350 HB 4650 d&/ M), yYbt
cdzj sHdzStesH dzr me. | Otcqd,0lst B dzs I s dzdz'L *izO dg) dzef
WdSEMmdelzd 3O0W 3de@ 5 pLdEdBgi dazh dets ( M stetsMmis d
4350 HB 4650 &/ M), fMtstslse j Isflse j dzdzts
C SH detstetsH dz" 2 €.

rodzjj duo eh jet Ctdzdy mlseo® dhmMmdzj HiS
sBtOL Yytse, Colstster j 5 twjLizdz sOOd3 M dte
Br dzd tftoddgvisr ¢c SHdzSte®H tzr dgdeg .H M Oas @B dizd Y J
MitssMmisy 2 VYdcshiazr adasbGa &Y ol Odzdz' = 5B 6 C
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OB d&ZdiiPjBLir sOr dLd&jtejddY MCsshlsj2 L

T sBtOL VB MV, d3/ M
1 4506 2409
2 4185 2098
3 4540 2420
4 4520 2447
5 4517 2408
6 4758 2531
7 4534 2403
8 4501 2367
9 4245 2006
10 4526 2394
11 4575 2454
12 4289 2043
13 4523 2336
14 4534 2315
15 4696 2574

1ts ftedo j H] dzdgsogdas O tz@Mzud IsOls'  dzsC Odz' o
[236]:

~

o-- p - (3.1)

CHYI M stesfis! twOMf tesfistcOdzj dedw 1 tcBh sz dis
d Mis! flislfmMisesdd §stedmissmisd .

[ dzv  o" ydmezj ded . OL OB sSIsOdz Mdzj Hiz¥ h d 2
sfdatso dzr | BJdej eOdzr , MsH jtey O djMmw o dL o
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tsitfs tdgjqfHnjlscsEWlg) defvL
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COod ydko d
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CedmMsOdzdzsc e OW d yd mMS d -
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] tejLbkd kO] ftojHjdd ° OfiVug lstswic @
gL oj inlsdvsted fpsiflls OB/dites t503iP0dzS j 3. 16 §toj H i
tOMUd SO L dzOuJ ded T OLyseeod, M is 6 i3 i ¢ | Hi esizcialzic dzj
) 5C OL Olsj dzd 1B NP 2is Bftas@adypsas fiyls 1, 3, 4,
fted dzOH dzj ¥ Ols tSH BB Jdsj toiddt, Ctlster 2

ITopuctocts. %
==
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——

1 2 3 4 5 ] 7 8 9 10 11 12 13 14 15
Homep obpazia

t d Mk dztsi) dBOQYjbdzd v tsB N jPRs Hidtw to (f ffjidntsth] Isidz § d3" -
dL o j Misdzw € O

vy 3 MOM3r d3 dz0 GMdzse jizdkzj bz BiPOGise s 2dz
sBtcOL Yysoe dfL offAgfgdzy AR h j2 tslsBtcOCs0Cd (¢
ML HPE@Os d Misd Yy MS d L@ dy@ve |, o rteeigXH@ s N ( -
dL &i3j dzyd o sfygdr @ded df 3¢ I~ Mots2Mmlse. [BBLOL Y
dmMf sdz? L soOdzr o 1 CMfjteddzj delsOr 5 tsyj dzl .
&ZO dr bkjtedRktsOCIsdeo desMmis! Htod dzOctelzy j dzd d,
B dzd fsHO JtoG dzlzlsT dmyr sOdzed Witz EHaDdzts 8 kG gat
tcjedmlstcOYdJ 2 B » Odzed yd MS dn, OCEMmlstst d3qd
f OtcOd3j stetso .
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3.3.2. tiLkd kOl 1SMfjteddj dsss &
gL o jMmisd ¢ O

RMyr lsOdzdw BtcOL ysseo dL o j misdew € O, toJ L L

COLHjdj, of ftddyddhn &0 dhirlsokj d ds:
sfMOddsects orhj OolbtskOsdL oo Odadzsc ts
fd dzn ts s dzdzlz ejcdmsteoyds B 2 Oded U MS
kjteBseOHqOyddd = (O0L0dk)stese. [ Hdss

sfikh j Miso dzv dztsm ' f sfglsswgzdzf B MEC stetsMmisd f tok
(de/dt = cons).

I COyj Mmlso[238]fiz@0d @xAtH@ dz¢ 4 3. 17 ftejHMISOS
ots ot 3 dod ©Mjs®EBL) dzOY tzis y gzl Ly dasHYRHI 2R) s
MestesmMisd hayiBP §&d HjVWBteRdtotseo Odzedd tsBtc
SHdshdsets dzOctlzy 4 ded W fted f smistsw dzdzts 3
HJ W s tc d3d@igi=const= 0,02d3d3/ M) .
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{ d Mz dztsity Bo. difiyd BsMmis d 51 J o(s(cls) ,dzOd dele i QEfigiaf] eV
dL dzz wWibef 2) d Mm¢ tsteds(d3 )mutglds Oo 934 dzd 1 te
sBtcOL YyoO (L ag/dyicoast<D,02d3f36 dn
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10 tdfkdSj 3.18 ftedojHj dzOsifpssis § dzinis
o NH] BIdMr o0 dset S jtddj dlsO.

- :
= |
-
3
5
<
=
v
(-
-+
v
Q .
o '
0 0.5 1 1.5 2 25
OTHOCHTEJIbHAS IpojaoJabHas

negopmanus, %

{ d bk dzsi6) @Bo. dLigd B fls! &) jsostse s saadsiiavsy) jdrizdims |
Hi%sted®Ooydd fttd dmfr s Odzd detdt =comst=-0a2ap @/ L -

¢ dzOdzd L Jtelz™ WVvwDg ¢ i ddBEAFEO o d M J2d3ts i lsdgts ¥ dzts
9" 9 fSH, ybsts jJ oBLtcOMIsOdzd § MisOdztso dIs v
HEMIsOlssydes WwWodzes WPtz | (Beld,fg. BB d dis
LEOL Odedzetsj sL dz@E\QiSdzd § dH dzts  dL Mstslse jdifls o
({dmMBdztE8 ), Mslse jIsMiseo kg BOK etz Qdz &y @
ftesydsmihcdmMBdzE8) ROIjtedOdzO dmifr Isr 9 O Bis
WdSmdekzjlsMY 5 RKOtOCkjted &8 d Mol OHC
Gt OW FWE &) (1 d 3.tizls ¢

t OMfdssisted &3 U O dLdApdddfiddss fiflsf .z bas)k . 4 dz0y
sMisO¥ sMw  dzgj L d&z2Oydilsj dz dz" d&3d H s Bsalkg dzes O tc ©
MisOdzso W IbMY 18O @RHz) j dOYd dzOj smw EZyomktss ¢
o fHtojH] ZORL S BcBHBEEEBOjIs &OCMHdd&IOdz dz" = L
dzd dzjik ez e sets H W stcd3dIclE,0 Odzd Md B fjlHz dz8 T .
LIsdd3 ZyomlsS sd3 fsisj ( j dedets 0 [k ©C ©azded p
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CtcOlsCtsote] d3d dgdzr d3 ¢ L Olsdh+ jdze, Ctbtstets] §°
¢6¢ f§tsMmdzj HMisdy jdd¥ tMmjo" & dzOf ttWshj dzd j C

sdzj HEj I BId@ikdls!, Yyt O0dOdEsedyds j o
B SEHIBOR g SR Istedd dz@3%BtOL yon ka6 dzw

sO0SCdd3 tBtOL s, §odzyOj i3rj f§tod fpt)slse
Vu)d MC stetsmisd offeyjLidz@iz’ gsCOIsr tsyj dzC d ktetsoe dav
ZOyd dzOj Ismw  dzj dzd dzj ? dats § HiWtstcd3ddtctse Odzd j
Mtse dzOMmkzs smMw &EBjyHE M. [ Odzdztsj tsB-MIS
tCOHdtsdRjIstedY dBsyjls 1 WWJClsdo des tsls i) defgtsicdt®
HiWtstcdsdtotseo Odad W d tOLtkz" jddw dz4 Is ts dz! ¢
GJ 5RO ) B S MOydw d@Bsdj dzstse  ddzd yddiet
By ils o jMmisdm! fts ftsweoedzj dad ® O dzts 3O dz! dzr
s eSO dsd3d sted ud M dids jta@ftddsdgjSls ot tafsdlitplls jn
o tc§ d3j dzd .

3.3.3. CCMfjtedd3j dzsOdzr dzOW tsyj dz§ O o dzd W dz
dLo jMlsdz" CO fftod tSHdsthdasds Hj W &6 dizdzie 5§ edat

rdzv fteso jHjdedw 1 CMf jtcdd3j delstse 5 Sy
dL o j Misdzv € O dzO Cddzi sdS k2 Isj f dzso sG
HJWBtcdzddtcseo Odzds, B' dzd BlstsBtcOdzr BBtOL Yr
tcOLHjdzddzd He ] ctkzffr (MM BtcOL Yytso o

{ MO 4 22 @) 6dsH s dz0 M’ B)j dsE gOL(Yy" dL o j



91
[ BtOL YT SHdts?2 ctekzf - f sd3j P Odzd M )
sf tcj HJ dzv dzO ! ZOMMO BBttOL yseo d tOmMmmMydls
ftcj HIMROoazju OB dzd yoas 3.3 d 3. 4.

vOB&Zd P BRI Istedud MSdd d f dzsilsdesfisdz” § § Ot
dLo jMmisd¢O

" | m,¢ |adsdi b,dsdi S=ab,dsds|h,dsdi V=S-hasdk | *, €d
1 fn 72,18| 25,65/ 23,50, 602,78 |50,29| 30314 2381
2 )| 72,05| 25,06| 24,34| 609,96 | 49,95 30468 2365
3 | 71,98 25,15| 24,10| 606,12 |50,07| 30348 2372
4 | 72,46| 25,32| 25,07| 634,77 |50,01| 31745 2283
5 fn| 72,05| 25,50| 25,50| 650,25 | 50,27 32688 2204

vOBdZdUPIBBFIstedud MEdy d f§ dslsdshisd j § Ot
sBteOL Yysseo dL o jMmlsdzw € O

~ | m,¢ |adsdib,dsdi S=ab,dd|hddf V=S-hddk | ¢
1 o3| 75,15| 24,64| 24,03| 592,10 |49,97| 29587 2540
2 3| 74,26| 24,42| 24,36| 594,87 |50,28| 29910 2483
3 &3 75,25| 23,61| 24,63| 581,51 |50,13] 29151 2581
4 &3 75,09| 24,50| 24,56| 601,72 |50,54| 30410 2469
5 o3| 74,55| 25,65| 23,46| 601,75 |50,22| 30219 2467

wtoj Hdad | L dzOyj dzlfj¥z - Y Bafs salAsintsgz@mr h j didz’. -
ftsnls @82q%afi i52 6 6Fdstslso j lsflso j dzdzts

[Bhd2 odH {1 CMfjtcdd3] dzlsOdz' dzse s Mlisj dzH O
ftejHMsOo dzj dz dzO t dMkdSj 3.20.
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I ¢COuydmlsey fJteddzdj c©® dO tdmMkzdSj 3. 21

ot i3 dzed ( dzls § defdaaidapiisdd Rfsted H | W S e\WEH) @S o

9 BHBdZOM" Vp(kdzetsteERstc OL Yytso dL o jMlsdzw SO o t6] >

fsmMistsw dgdets?2 MEstetsMmisd L d3j dzideatf»0,0]dgalg Hiffs dz! (

tdmkdzS¢ i 3. 22 MmMtslse jisdokze hdi HJOCGtcOBA
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Bpems, ¢
t d Mz dets’€) Bo. Rfifd dzsmils: Jdzalsj dzid o detsmisd d da 6 C
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de/d=const =0, 01 dd3/ c
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nedopmanus, %

t d iz desity Bo. 2fipd dssyls 5 gtolds ctisls dOff doly p gz’ datpty
HlWtstedgiGlepd dnkrsets (1) d otsHBdOMN h | dzdzts G
de/dt=const 0, O t d3d3/

1 Oo d I d BAd)ls @ Vi) HJ Bsdzhistedtelzé s [ OLOS
d dzls § dzfnd o ditffyldzf  jrdgd W o ts o tej Bj dzdz" =~  ( dzls |
ftotsdsj yzsC O ftetslsj S Odedw dzddzj 2 des?2 fls OH d
¢ dzOdzd L dtelzW VuQtpddvip) dz@ Mis d B22dzS sy dzs fMH j dzOls
Petsdz dz0C detsdz® oW dits2, Wodzws h j2fmw Visthj dz
fkh jflseo jdzdes BBd " | bkddzO dzOS dzs dz0 fVE®ls o
ylsts MmoduHjljd Msokjls & Bdj] o1 Mt
o tsHBdOM " pz@esg® Lo jMmisdw ¢ O. 1 sdzlz yj dzdz
9T o sHOM®R] ©OBGIT [240], o SCtobtsts? KOGy
RedLdzzyjddw fHe jtccOjd3' » MY Olsds tsBtOL
o sHEdZOMT h j dad W .

d Ot Ocsil» § SHIso | ez @y M) § Mls o | Gzt d d3t
dL d3j dgj ded?2 ftesydesMmisder = d HJ W stedzOyd s dzdz
fisd §fjdd dn oHgMHdOMn" YPdwesMisd, BftejH]
ftd HMls Oo daj diddar ARR jda@RO Y J dzd W G tej Hj dzso e yd
9 BHBdOM' hsj taie®c 550  J LioQLiflfdavEsAs v tsdd3 O
(sa974f 1 ©,su°@5[ 1 O) .
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vOCdd3 sdic@ tegRced Y ¢ OC Isjf dztsW-dzy § Qe Ug
nOtcOCIsjtcdmisd ¢ sBiOL Yytse f SH o dzd W dzd J O3
WOClsstesdz, GBEMdzOs dzd o O h dd3 dzOB dzt6 H Oj 3" 2

l ABH] OdZOdzdL O fsdzzyjdeder = tojL zdz IsOIs
dzj sBatsHd s ftetse j Misd tyj dsyd j  tc@fiHydevs
cmMzrdré d oBHBAOM' N jddzg' = GBOLYtses. uts
(1.1), ftecd BHJRZOSCBotsd HtoedtcOn jlazdde d dzq f
S H dzts 5 iy dzts A3 OHdOBOIsdyj M s HiWtstcdsdtotsa C
Isj &3t j cIBHA" ¢cmMzridré d oBHtSdOM' M jdede' 7 (SE

e 3 . (3.2)

J 7

l twOBtsls] [ 242] HdzWw tOL dzdydz' = Isdff tso
97 O jdedW HdAzW dzddzj 2 dztses St WWdhydj dzalsO s

| X M_ ’ (33)

CGHEHI B3sHizdz2 EkftkzetsMmisd BOIjtedOdzO ftcod tsH da
UBSGHO M Eyjlssdg (3. 3) WBtedgzdzO (3. 2)
" OYY " o OVYv. (3.4)
1 2Oy J dzd v [dssrnrddgd"? ¢cMmMkzratsetse d o SHBdz0

d3ts ¥ digsy 4 dzd Is fs Motslse jlsMiseakzs hdd3 L ©Oo dMmc

Slsdetsdlsj dz’ dets? HtosHtsdz! dets?2 H j W istc 3Oy ép.

ftoj HiNlsOoidaf ffdz BzCdgR , tjL Ezdz IsOT IOSdr or

bftekzctsMmisd [fRsipls Qb dea® ) } @A uj Isdz" § 1L OwJ dizff®

oLWVWIssOgd&zdy 3.3 d 3. 4.

4 Yyddzt¥ tsdzzyd dzdwvw tedJ dzls d tets9 t5y ddiH-dz

o BHESdZOMr h j dzdz’ ~ d c¢Mmkzadne sBteOL Yytso d

dLoj Misde" &3 SYRABH J doj ded JsdEstetsd3z §sH EZHJ dz

Gjlsjtetsc j dadzts? fMtej H T f sdzed 3OJ Isfyw Otcd W d3

ftedMmkzlsmisoekzs hdr o MtejH] Bddajktcdddzd Bzr Az H G

Isjf dztsj & sfyls &
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‘' BoQ (3.5)

) sMCtsdz S thdtsody B St tsdzj delstsds BOIs
weo dzw jIsfgw  C @az' yd3s.,5) stsB’ 2O ftsdzyj 20 Wt
s5jfdzsj BSsfisd otHdOH: " j dzdzese s dL o j Mlsday §

' B —————— (3.6)
GHG - T kHjd OV s dzts j 3G & ff) zis Is €z@ figls Yy p6-@idz!
SBI j B C@azigdly @ dzOv Isj §f @26 &Y i ls dztsdnten + o t
i Bl jJd&3 OtsHT skCter sOv ftstedmissMmis: " sBicOL
LSy jted d3j dzls Oz dets L B toj dedzOw  § cztvIs st i) I 't
sBtcOL YO dL o jMmlsdav € O.

[ftejHjdd]] B iEds dfougHiridesiisd § s o
o Mtlse [MAlsofdd jiik BlsCte' k' 7 ftste o SBLOL
BOMM'r o chMkoske d otHBAROM' " j s Mshls
0. -fts Wistedkz dzj :

5.0 @

GHy-TMtej Hdzj § L dzOYj dedj BB j dys.al fipfednyfhr disj Qdzdez' c
sBl Jdiise Skl Isra ftste 8 1Isdr yJj BLOL YC

1ts tejLid IsOOdR3 OMmMyjlsse, MjHdaij L d
0.-=95%, f tcdtsBlhisOyds { ts B¢k fifldstifipl’s UizO wWBd l§r o O
sB) jd3 SOdz ydlsO MmoavwL Odz Pyss,MmlE daz@Q©dEB 2 2 tstt
PsscE L OC PslsizPss 9, MBoadF Y(1T Pss), fszzyd s o'
tcOMUYUJ IsO EHjdz dzs?2 Isjf dzsj BE sfiflsid o sSH sdzOMT

- —_ —_

' BMQ ——————— (3.8)

O dZ2Odztse  Yydes ftsdzzyj dets o' Oy j dad H dzw
chkzatsets dL o jMmisdew € O:

' B —————— (3.9)
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LOMmyd sd dal

Eydls' o OdaOfiyd; &
Mo e ts
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sBEzMmMdzso dzj dets HJ O3] IstcOdz! dets ff tetslsd o tsif tsdztsy C
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fjtcjicHOB] &jyHE bkfskes?2 d 4§ &Ofisdy]:
BOls j tod OO

4) ) oso j Hj dzdz’ j C sy dzj € fdz j LSy
f 5HStej f dzj dzdz’ j o' f Sdzdzj dzdz’ B — Y datsydz o
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Bd ~ Oded yd MC d dzd ftesyd MOB] 9 SBKOL YJ
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ftesyd M dOctlzy J defy Bis ez L WAKOMIE Y d 5dzO0te d
{d Ud o dHdets tojuistyls @ st (fidgar diL JO o 4. MA dBtsMilsW d3 sy,
dHjdzsdudedmdsd "+ sOdsddzse 5" fMdedzOdzses B §
fteOCIsdyd MEd dzj o sL d3tsy dats .

] tod LIsts o' ff tsdzdav dzO ! Ctetej Cydw
fsfdzj Hse Olsj dz' detsfis j2 M) vyjdzrs EHOM ddw
SBbkfMdzse dzj dzdzr = dL o3 dzj dzdw d3d o dzj M ded - IsJ t
ftcjHMIsOo dzws h d 7 B 52 dzd L S syYyOMistsis dz 2
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MisOdzH Otclsdz" 7 ftetsyJ HEkte MisOIdMmMisdyd ME 5246 ¥ d
i 248].

lted HOd dzj2hjd3 OdzOdzdL j H Oz d- Vu(td L
tcOMMdBBOIstcd o Odzd ! WEdzC ydd-:

Un(t)= Vu(t) T Fu(t),

Ua(t)= Va(®) T Fe(t), (4.1)
ftcOCIsdyj MSd dzgj LOadmwhdj s ddL Ctsyomist
Mtcj Hdzad j L dzOyj ded v .

rdzv or ydmdzj dedv syd des¢ dL d&3j dagued{?s (Do
(f10) Mmoslse jisMmise j ditiS d Yuls d 1) ® & dzfn o i @ tizy bip
Cs1 WWdydJ dalsr 9 J dzd yd dz' Ctslstster n s toj
ftcsotsHdoanh j2Mw fjtejH COYHB2rfytcdkbBceCf
ftedS dzOH" 8 Odzd !  Mls keifiad dzg Q ls2d U  diZOG 16 IsUsGsde ' -
fsCOLOddWds { sOdzsdzdzsets HJ dzO s d3j Istc O, z fi
fdzdlsts?2 o MMO. ltod 1 Istd3 H dzVvgrswes @y djste tsdz
¢cMS @ulldteso dzj 2 o' - SHIdEOH Jipdal i ds p dzRSEUR IS y
1 Obj s it Hdj Y] GY, o jdzd XY daly, By dede Oc
Cot WWdydd fJazldfrj e j nsHO t8ls 9 Oted Oy FY do¥ Ya(tslH)dz
C 20UV &) . o dhY sd' WOsSE®D dzd Jdf MudztzEzd fnezd
WizdC g s@)( f 1:0)

Sw(t)= Un(t) /0 ,

s ()= Ua(t) /o . (4.2)

[ dzw Ctsdzd yd Mise j dzdzts ¢ s s d mMOded W 1 ¢
dHj dlsdWdsoydd citdjLds2e dJdttsttdOydd t
OQdzOdzd L O, tsfdatsd @ dalzg YtfotatiziPss NcO [250T QBB v -

1 tod OdzOdzd L J tcW HSO H Odzdz" ~ Istc OH diyd
Cotetej dzw yd tsdfdpd, 255)f sfimdz@C s j e C dzOmMMgEQmns
Ctotetej dzv yd sdzdz” n WEdC yd?2 idf itz ddddz®  dats
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Mdzsy dets?2 ddztse s BOMM IsOB dzs?2 MistekzCIskzts?, dzd
MfJStcOdz dz" 3 MsMlsotsdz o Misk fiPt ks xlig Gusts
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4 kzls! fSHAaBHO L OCdz6 yojIlsmw ) tcOL dzts Y
Mde dzOdzO Yt BOL dMgzdo,d3 MlztEd dzdfftetds Odzedz” &3 d
(OdOdzdL dtelzs M j ¢ ®) ff kolsjy2dy dzgzs®@fh Is @p d tc HrpHEEHYIC"C
[252,253,257]:

Irydfdzj ded j f 8j B rPistso Odi),2 didadiCoyd@dz s
By MStsdzj ude' 7 ftjHj &ZOR dd3jjls Stsdzj ydetsy
dmfMmdzj H Iz j i3 mt B@L gddzsRlz dgQdjd s[ 252, 253
®dd — Q0 5 — Qp (4.4)

=,
CHJ: OBLdZOYO s Ctdf dzj S Mdasd. M tewy j dedj H
) o dBj tesds B OL ddzs?2 Wk dzC y[@5R, 28BdB d Is o

0 Qo ® —, (4.5

CHQ[ W] dZste Oz dzOv YOMmlssls® o j2odyjlsO.
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import numpy as np
from scipy.integrate import quad

# KOHCTaHTH

h = 6.626e-34 # Ow-c
C = 3.8e8 # m/c
k = 1.381=-23 # /K

sigma = 5.67837441%=-8 # B1/(m"2-K"4)
T =293 # Temnepatypa, K

#  CNeKTPanbHaA MAOTHOCTE W3NY4eHMA
def plankcs equation(lmbd):
return (2*np.pi*h*c**2) / (
Imbd**5 * (np.exp(h*c/(1mbd*k*T)) - 1)
)

# nNpenensl WHTEMPUPOBAHWA
Imbd min = 2e-6 # 2 MKM
Imbd max = 14e-6 # 14 MKM

8.2e-6
SB8e-06 # 588 MKm

Imbd min_2
Imbd _max 2

#  wHTerpan
result, err = quad( plankcs equation, lmbd min, lmbd max)

#  NOMHOE WINYy4HeHWe
total = sigma * T**4

result 2, err 2 = quad( plankcs _eguation, lmbd min 2, lmbd max 2)
¥ npousHT
percent = 188 * result / result 2

print{f"Hzny4enne B guanazone: {result:.3f} Br/m*")
print(f"NonHoe wanydenwe: {result 2:.3f} Br/m*")

print({f"MonHoe wanydedue no 2akody CT-Boney: {total:.3f} Br/m2")
print{f"dona: {percent:.2f} &")
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