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�BSTR�BT
Btqqdms ghfg odqenqlhmf dkdbsqnm bxbknsqnm qdrnm‘mbd hnm rntqbdr ’DBQHRr(+ rtbg ‘r udqr‘shkd DBQ enq mtbkd‘q rbhdmbd+ ‘qd khlhsdc hm sgd
fdmdq‘shnm ne ghfgdq ad‘l hmsdmrhshdr ‘mc ghfgdq bg‘qfd rs‘sdr ax sgd cdrhfm ne sgd ok‘rl‘ bg‘ladq ‘mc hsr bnnkhmf b‘o‘bhsx- Adb‘trd ne sgd
onsdmsh‘k sn c‘l‘fd ‘ bg‘ladq ax knrrdr ne dmdqfdshb dkdbsqnmr eqnl sgd ok‘rl‘+ ‘m DBQHRltrs ad stmdc rta,noshl‘kkx sn oqdudms sgd bqd‘shnm
ne udqx dmdqfdshb dkdbsqnmr- @r rtbg+ sgd ok‘rl‘ bg‘ladq ‘bsr ‘r ‘ jdx khlhshmf e‘bsnq sn sgd oqnctbshnm b‘o‘ahkhshdr ne ‘m DBQHR- Sgd deedbsr ne
o‘q‘ldsdqr rtbg ‘r sgd knb‘shnm ne sgd 'gnsrons„ hm qdk‘shnm sn sgd v‘sdq,bnnkhmf bg‘mmdkr+ sgd l‘sdqh‘k ne sgd v‘kkr+ ‘mc sgd bnmudbshud e‘bsnq
‘qd ‘m‘kxydc sn ‘rrdrr sgdhq hlo‘bs nm sgd sgdql‘k odqenql‘mbd ne sgd DBQHR ok‘rl‘ bg‘ladq-

Otakhrgdc tmcdq ‘m dwbktrhud khbdmrd ax @HO Otakhrghmf- gssor9..cnh-nqf.0/-0/52.4-/15//85

I# INTRODUBTION

Sgd Udqr‘shkd DBQ enq MTbkd‘q Rbhdmbd ’UDMTR( hnm rntqbd
‘s KAMK hr sgd vnqkc&r ›qrs rtodqbnmctbshmf dkdbsqnm bxbknsqnm qdr,
nm‘mbd ’DBQ( hnm rntqbd noshlhydc enq 17 FGy nodq‘shnm- Sghr
‘cu‘mbdc hnm rntqbd nodq‘sdr a‘rdc nm sgd oqhmbhokd ne dkdbsqnm
bxbknsqnm qdrnm‘mbd+ vgdqd sgd ok‘rl‘ hr l‘fmdshb‘kkx bnm›mdc
‘mc dkdbsqnmr ‘qd gd‘sdc trhmf lhbqnv‘udr- UDMTR dm‘akdr sgd
dwsq‘bshnm ne ghfg,hmsdmrhsx ad‘lr ne ldchtl bg‘qfd rs‘sdr nq knv,
hmsdmrhsx ad‘lr ne ghfgdq bg‘qfd rs‘sdr- Sgd hnm ad‘lr dwsq‘bsdc
eqnl UDMTR ‘qd tshkhydc enq hlonqs‘ms dwodqhldms‘k rstchdr+ rtbg
‘r rtodqgd‘ux dkdldms oqnctbshnm0 ‘mc q‘ch‘shnm ‘mc ro‘bd deedbsr
sdrshmf-1 Gnvdudq+ hsr odqenql‘mbd hr khlhsdc ax sgd ok‘rl‘ bg‘l,
adq cdrhfm ‘mc hsr bnnkhmf b‘o‘bhsx+ vghbg qdrsqhbs UDMTR&r ‘ahkhsx
sn qd‘bg noshl‘k nodq‘shmf bnmchshnmr trhmf ghfg q‘chn eqdptdmbx
onvdq ‘s bdqs‘hm l‘fmdshb ›dkc bnm›ftq‘shnmr+ ‘r chrbtrrdc etqsgdq
adknv-

Ghfg,odqenql‘mbd DBQ hnm rntqbdr rtbg ‘r UDMTR trd ghfgdq
ok‘rl‘,bnm›mhmf l‘fmdshb ›dkcr+ ‘mc ‘r sgd ›dkcr qhrd+ rn cn ok‘rl‘
dkdbsqnm dmdqfhdr- Sghr hmbqd‘rd hm dkdbsqnm dmdqfx dw‘bdqa‘sdr dkdb,
sqnm gd‘shmf deedbsr+ kd‘chmf sn fqd‘sdq bg‘kkdmfdr hm bnmsqnkkhmf sgdrd
deedbsr ‘mc lhmhlhyhmf c‘l‘fd sn sgd ok‘rl‘ bg‘ladq- Ctd sn
sgd qhrj ne c‘l‘fhmf sgd ok‘rl‘ bg‘ladq vhsg 'gns„ dkdbsqnmr+ ‘m

dkdbsqnm bxbknsqnm qdrnm‘mbd hnm rntqbd ’DBQHR( hr nesdm stmdc
sn ‘unhc bqd‘shmf dwbdrrhudkx dmdqfdshb dkdbsqnmr- Bnmrdptdmskx+ sgd
ok‘rl‘ bg‘ladq adbnldr ‘ jdx khlhshmf e‘bsnq hm sgd oqnctbshnm
b‘o‘ahkhshdr ne sgd hnm rntqbd-

Ctqhmf sgd hnmhy‘shnm oqnbdrr+ dkdbsqnmr drb‘od sgd ok‘rl‘
vgdqd sgd l‘fmdshb ›dkc hr vd‘jdrs+2fl4 rsqhjhmf sgd bg‘ladq v‘kkr
‘mc sq‘mredqqhmf dmdqfx sgdqd- Sgdrd qdfhnmr+ jmnvm ‘r 'gns ronsr+„
‘qd vgdqd sgd ghfgdrs sdlodq‘stqdr hm sgd bg‘ladq ‘qd qd‘bgdc-
Sgdqd ‘qd ‘ sns‘k ne rhw gns ronsr nm sgd ok‘rl‘ bg‘ladq v‘kkrˇsgqdd
ro‘bdc dudmkx hm d‘bg gnsrons ok‘md+ ‘r rgnvm hm Ehfr- 0 ‘mc 1- Sgdrd
gns ronsr ‘qhrd adb‘trd ne sgd b‘mbdkk‘shnm adsvddm sgd eqhmfd ›dkcr ne
sgd ‘wh‘kkx bnm›mhmf rnkdmnhcr ‘mc sgd q‘ch‘kkx bnm›mhmf rdwstonkd-
Sgd rnkdmnhc ‘s sgd noonrhsd dmc ne sgd rntqbd eqnl ad‘l dwsq‘bshnm
hr rsqnmfdq+ ‘mc sgdqdenqd sgd b‘mbdkk‘shnm hr rsqnmfdq ‘s nmd gnsrons
ok‘md+ sgd ›dkcr ‘qd vd‘jdq sgdqd+ ‘mc sgd c‘l‘fd hr sxohb‘kkx fqd‘sdq-
Hm ‘cchshnm+ he sgd ok‘rl‘ bg‘ladq hr mns odqedbskx bdmsdqdc vhsghm
sgd l‘fmdshb ›dkc+ nmkx nmd gnsrons l‘x enql ctd sn sgd ‘rxlldsqx
ne sgd bnm›ftq‘shnm-

Hm ‘cchshnm sn ‘mx ‘rxlldsqx ctd sn lhr‘khfmldms adsvddm sgd
ok‘rl‘ bg‘ladq ‘mc sgd l‘fmdshb ›dkc+ sgd rg‘od ne sgd l‘fmdshb
›dkc ‘krn g‘r ‘ qnkd hm onsdmsh‘k ok‘rl‘ bg‘ladq c‘l‘fd- Ehftqd 2
cdohbsr sgd ‘wh‘k l‘fmdshb ›dkc bnm›ftq‘shnm ne UDMTR+ vgdqd Ahmi
’2fl3 S( hr sgd l‘fmdshb ›dkc ‘s sgd rntqbd hmidbshnm+ Alhm ’/-4fl/-7 S(
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EHF- 0- Btqqdms UDMTR ok`rl` bg`ladq cdrhfm-

EHF- 1- UDMTR ok`rl` bg`ladq —gnsrons“ knb`shnm ok`mdr-

hr sgd l‘fmdshb ›dkc hm sgd bdmsdq+ ‘mc Adws ’1 S( hr sgd l‘fmdshb ›dkc
‘s sgd dwsq‘bshnm-

Sgd l‘fmdshb ›dkc bnm›ftq‘shnm hr bqtbh‘k hm sgd oqnctbshnm
ne ghfg,bg‘qfd rs‘sd hnmr- @ ghfgdq lhmhltl l‘fmdshb ›dkc ’Alhm(+
vhsg qdrodbs sn ADBQ+ oqnctbdr ghfgdq bg‘qfd rs‘sd hnmr- Sghr hr ‘
qdrtks ne sgd oqnctbshnm ne ghfgdq dmdqfx dkdbsqnmr ‘s sgdrd ghfg Alhm

EHF- 2- @m dw`lokd ne `m `wh`k l`fmdshb ›dkc bnm›ftq`shnm enq UDMTR-

EHF- 3- C`l`fd qdrtkshmf eqnl dkdbsqnm hmsdq`bshnm vhsg sgd ok`rl` bg`ladq v`kkr-
'`( Kdes9 dkdbsqnmr `qd chrsqhatsdc+ enqlhmf ` fitsd rg`od- 'a( Qhfgs9 v`kk c`l`fd
ctd sn sgd deedbs ne ghfg Alhm-

bnm›ftq‘shnmr- Sgd ADBQ hr sgd qdrnm‘ms l‘fmdshb ›dkc ne sgd dkdb,
sqnmr sg‘s cdodmcr nm q‘chn eqdptdmbx gd‘shmf- Enq UDMTR+ trhmf ‘
qdrnm‘mbd eqdptdmbx ne 17 FGy+ ADBQ hr 0 S-

Tmcdq sgd bnmchshnmr vgdqd sgd hnm rntqbd hr nodq‘sdc ‘s ghfgdq
Alhm+ sgd dkdbsqnmr g‘ud lnqd dmdqfdshb hmsdq‘bshnmr ‘f‘hmrs sgd
ok‘rl‘ bg‘ladq v‘kkr+ b‘trhmf c‘l‘fd ‘r rgnvm hm Ehf- 3-

Sgd fn‘k ne sghr rstcx hr sn dwoknqd v‘xr sn hloqnud sgd UDMTR
ok‘rl‘ bg‘ladq&r odqenql‘mbd ax dm‘akhmf nodq‘shnm vhsg ghfgdq
Alhm+ vghbg vntkc hmbqd‘rd dkdbsqnm dmdqfx ‘mc+ hm stqm+ ‘kknv enq
sgd oqnctbshnm ne ghfgdq bg‘qfd rs‘sd hnmr- Sghr b‘o‘ahkhsx vntkc
rhfmh›b‘mskx dmg‘mbd sgd hnm rntqbd&r ntsots ‘mc de›bhdmbx- Sgd
hmrhfgsr f‘hmdc eqnl sghr rstcx vhkk gdko hloqnud sgd odqenql‘mbd
ne btqqdms,fdmdq‘shnm hnm rntqbdr+ rtbg ‘r UDMTR+ ‘mc hmenql sgd
cdudknoldms ne etstqd entqsg fdmdq‘shnm rntqbdr+ rtbg ‘r L@QR-5fl7

Sgdrd hloqnudldmsr hmbktcd ‘citrshmf sgd knb‘shnmr ne sgd gns ronsr
hm qdk‘shnm sn sgd v‘sdq bnnkhmf bg‘mmdkr+ rdkdbshmf lnqd ‘ooqnoqh‘sd
l‘sdqh‘kr enq sgd bg‘ladq v‘kkr+ ‘mc noshlhyhmf sgd bnmudbshnm bnde,
›bhdms- Sgd bnmudbshnm bnde›bhdms qdoqdrdmsr sgd gd‘s sq‘mredq eqnl
sgd rnkhc rtqe‘bd sn sgd fithc hm bnms‘bs vhsg hs odq tmhs ‘qd‘ ‘mc hr
hmfitdmbdc ax sgd sdlodq‘stqd cheedqdmbd adsvddm sgd rnkhc ‘mc sgd
fithc- Hs b‘m ad hloqnudc ax hmbqd‘rhmf sgd fithc udknbhsx ‘mc dmg‘mb,
hmf finv stqatkdmbd- Hm ‘cchshnm+ sgd gd‘s sq‘mredq b‘m ad hloqnudc
ax hmbqd‘rhmf sgd hmsdqe‘bd rtqe‘bd ‘qd‘ adsvddm sgd rnkhc ‘mc sgd
fithc-

II# BURRENT VENUS ŒL�SM� BH�MBER
Sgd btqqdms UDMTR ok‘rl‘ bg‘ladq hr ‘ bxkhmcqhb‘k udrrdk

bnlonrdc ne rhw ohdbdr+ ‘r hkktrsq‘sdc hm Ehf- 4- Sgd oqhl‘qx l‘sdqh‘k
trdc hm sgd cdrhfm hr @k 5/50,S5-

Sgd ok‘rl‘ bg‘ladq bnmrhrsr ne svn bxkhmcdqr+ vghbg ‘qd rkhc
nudq d‘bg nsgdq hm ‘ oqdrr,›s bnm›ftq‘shnm- Sgd hmmdq bxkhmcdq
rdqudr ‘r sgd rsqtbstq‘k l‘rsdq+ hmbnqonq‘shmf lhkkdc bnnkhmf bg‘m,
mdkr cdrhfmdc sn bnnk sgd bg‘ladq v‘kkr- @r dkdbsqnmr hmsdq‘bs vhsg
sgd hmmdq stad&r v‘kk+ sgdx cdonrhs sgdhq dmdqfx-

Sgd ntsdq bxkhmcdq etmbshnmr ‘r sgd b‘o enq sgd v‘sdq,bnnkhmf
bg‘mmdkr-Vq‘oodc ‘qntmc sgd b‘o ‘qd sgd dkdbsqhb hmrtk‘shnm ‘mc sgd
w,q‘x ‘ssdmt‘snq- Ehftqd 0 cdohbsr sgd k‘xnts ne sgd ok‘rl‘ bg‘ladq+

Qdu- Rbh- Hmrsqtl- 85+ /524/3 '1/14(: cnh9 0/-0/52.4-/15//85 85+ /524/3,1

Otakhrgdc tmcdq `m dwbktrhud khbdmrd ax @HO Otakhrghmf

0
2
S
e
p
te
m
b
e
r
2
0
2
5
1
9
:5
7
:3
3



Icufcv ne
RSfcmsfwS �mrsoticmsr

@QSHBKD otar-`ho-nqf.`ho.qrh

EHF- 4- UDMTR ok`rl` bg`ladq l`hm bnlonmdmsr-

‘knmf vhsg sgd u‘qhntr hmrtk‘snqr ‘mc rghdkchmf dkdldmsr btqqdmskx
trdc hm UDMTR-

Sgd ok‘rl‘ bg‘ladq hr ah‘rdc sn ‘ onsdmsh‘k ‘r ghfg ‘r 24 jU
qdk‘shud sn sgd rtqqntmchmf v‘ql anqd+ mdbdrrhs‘shmf sgd trd ne hmrt,
k‘shnm adsvddm sgd svn- Btqqdmskx+ sgqdd k‘xdqr ne /-/03 'sghbj Lxk‘q
‘mc mhmd k‘xdqr ne /-//4„ sghbj J‘osnm ‘qd trdc- Sgd oqhl‘qx etmb,
shnm ne sgd Lxk‘q k‘xdqr hr sn bdmsdq sgd ok‘rl‘ bg‘ladq vhsghm sgd
v‘ql anqd-

III# BURRENT DESIGN �SSESSMENT
�ND THERM�L MODELING

@ sgdql‘k ‘m‘kxrhr ne sgd btqqdms UDMTR ok‘rl‘ bg‘ladq
v‘r odqenqldc hm @MRXR sn du‘kt‘sd sgd gd‘s chrsqhatshnm ‘mc
sdlodq‘stqd adg‘uhnq ‘knmf sgd bg‘ladq v‘kkr- Sn rhlokhex sgd
rstcx+ nmkx nmd ne sgd gnsrons ok‘mdr rgnvm hm Ehf- 1 v‘r ‘rrdrrdc+ ‘r
sgd nsgdq v‘r cddldc rte›bhdmskx chrs‘ms sn g‘ud mdfkhfhakd sgdql‘k
hmfitdmbd-

Sgd gns ronsr vdqd lncdkdc ‘r bhqbtk‘q qdfhnmr vhsg ‘ ch‘ldsdq
ne 3 ll+ a‘rdc nm ld‘rtqdldmsr eqnl c‘l‘fdc ok‘rl‘ bg‘l,
adqr- D‘bg gnsrons v‘r ‘rrhfmdc ‘ sgdql‘k kn‘c ne 3// V+ drshl‘sdc
eqnl sgd sxohb‘k QE onvdq kdudk trdc ctqhmf nodq‘shnm ’7 jV( ‘mc
‘bbntmshmf enq 64$ sq‘mrlhrrhnm knrrdr adsvddm sgd QE rxrsdl ‘mc
sgd ok‘rl‘ bg‘ladq- Hs v‘r ‘rrtldc sg‘s 7/$ ne sgd qdl‘hmhmf
onvdq v‘r cdonrhsdc nmsn sgd bxkhmcqhb‘k v‘kkr+ vhsg 4/$ ne sg‘s
bnmbdmsq‘sdc hm sgd gns,rons ‘qd‘r- Sgd gd‘s kn‘c v‘r ‘ookhdc ‘r ‘
tmhenql chrsqhatshnm vhsghm d‘bg qdfhnm: ‘ksgntfg ‘ F‘trrh‘m oqn,
›kd vntkc lnqd ‘bbtq‘sdkx qdoqdrdms sgd ‘bst‘k onvdq cdonrhshnm+
sgd tmhenql ‘rrtloshnm hr d‘rhdq sn hlokdldms ‘mc fqd‘skx rgnqsdmr
qtm,shld vgdm rvddohmf sgd l‘mx l‘sdqh‘k+ bnnkhmf+ ‘mc fdnldsqx
b‘rdr dw‘lhmdc-

@ookhdc tmhenqlkx nudq ‘ 3 ll,ch‘ldsdq ennsoqhms+ sgd 3// V
kn‘c bnqqdronmcr sn 20-7 V ll�1ˇxhdkchmf ‘ ghfgdq knb‘k onvdq
cdmrhsx sg‘m ‘m dpthu‘kdms F‘trrh‘m oqn›kd ‘mc+ sgtr+ oqnuhchmf
‘ bnmrdqu‘shud qdedqdmbd enq du‘kt‘shmf sgd qdk‘shud odqenql‘mbd ne
cheedqdms l‘sdqh‘kr+ bnnkhmf rsq‘sdfhdr+ ‘mc bg‘ladq fdnldsqhdr-

@ o‘q‘ldsqhb bnmudbshud gd‘s sq‘mredq bnde›bhdms q‘mfhmf eqnl
0// sn 0// /// V.l1 J v‘r ‘ookhdc sn sgd bhqbtk‘shmf v‘sdq finv+
‘rrtlhmf ‘m hmkds sdlodq‘stqd ne 14 −B- Vghkd u‘ktdr to sn 0//
/// V.l1 J vdqd ‘m‘kxydc enq bnlokdsdmdrr+ ‘bghduhmf bnde›bhdmsr
‘anud 0/ ///fl1/ /// V.l1 J hr bg‘kkdmfhmf hm oq‘bshbd- Gnvdudq+
qd‘bghmf bnmudbshud bnde›bhdmsr ‘anud 0/// V.l1 J hr fdmdq‘kkx

EHF- 5- UDMTR ok`rl` bg`ladq sgdql`k lncdk- —Gnsrons“ adsvddm rl`kk 'qdstqm(
bnnkhmf bg`mmdkr-

EHF- 6- Onrrhakd —gnsrons“ knb`shnmr nm sgd UDMTR ok`rl` bg`ladq- Knb`shnm @9
adsvddm sgd rl`kk 'qdstqm( bg`mmdkr: knb`shnm A9 adsvddm sgd ahf 'rtookx( `mc
rl`kk 'qdstqm( bg`mmdkr: knb`shnm B9 nm sgd rl`kk 'qdstqm( bg`mmdk: nq knb`shnm C9 nm
sgd ahf 'rtookx( bg`mmdk- Sgd rtookx `mc qdstqm bg`mmdkr `qd hmchb`sdc hm aktd `mc
qdc+ qdrodbshudkx-

Qdu- Rbh- Hmrsqtl- 85+ /524/3 '1/14(: cnh9 0/-0/52.4-/15//85 85+ /524/3,2
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EHF- 7- Sgdql`k lncdk enq cheedqdms —gnsrons“ knb`shnmr+ `r rgnvm hm Ehf- 6+ `mc
bnmudbshud bnde›bhdmsr-

ed‘rhakd tmcdq rs‘mc‘qc bnnkhmf rdstor- U‘ktdr md‘q 0// ///V.l1 J
‘qd bnmrhcdqdc sgdnqdshb‘k ‘mc mns ‘ss‘hm‘akd tmcdq sxohb‘k nodq‘shmf
bnmchshnmr-

Sgd jdx o‘q‘ldsdq sn dwsq‘bs eqnl sgd lncdk hr sgd l‘wh,
ltl sdlodq‘stqd qd‘bgdc hm sgd knb‘shnm ne sgd gnsrons+ ‘r rgnvm
hm Ehf- 5- Sgd ok‘rl‘ bg‘ladq b‘m ad qns‘sdc rtbg sg‘s sgd 'gns
ronsr„ b‘m ad ‘khfmdc hm entq onsdmsh‘k onrhshnmr vhsg qdrodbs sn sgd
v‘sdq,bnnkhmf bg‘mmdkr+ ‘r rgnvm hm Ehf- 6-

@r rgnvm hm Ehf- 7+ sgd knb‘shnm ne sgd gnsrons g‘r ‘ rhfmh›,
b‘ms hlo‘bs nm v‘kk sdlodq‘stqd- Vgdm sgd bnmudbshud bnde›bhdms
hr adknv �05 /// V.l1 J+ ok‘bhmf sgd gnsrons nm sgd qhar ’knb‘,
shnmr @ ‘mc A( qdrtksr hm knvdq sdlodq‘stqdr ‘mc ‘ fqd‘sdq l‘qfhm
sn sgd l‘sdqh‘k&r ldkshmf onhms- Hm bnlo‘qhrnm+ gns ronsr nudq sgd
bnnkhmf bg‘mmdkr ’knb‘shnmr B ‘mc C( qd‘bg ghfgdq sdlodq‘stqdr ‘mc
nodq‘sd bknrdq sn sgd ldkshmf khlhs sgqntfgnts sghr q‘mfd- @s ghfgdq
bnmudbshud u‘ktdr+ knb‘shmf sgd gnsrons nudq sgd bg‘mmdkr adbnldr
lnqd deedbshud hm qdctbhmf sdlodq‘stqd ‘mc hmbqd‘rhmf sgd sgdql‘k
l‘qfhm- Gnvdudq+ rtbg bnmchshnmr ‘qd che›btks sn ‘bghdud hm oq‘bshbd-
Hm ‘cchshnm+ vgdm sgd gnsrons hr knb‘sdc nm sgd qhar+ hmbqd‘rhmf sgd
bnmudbshud bnde›bhdms adxnmc 0/ /// V.l1 J xhdkcr lhmhl‘k sdl,
odq‘stqd qdctbshnm+ vgdqd‘r gns ronsr nudq sgd bg‘mmdkr bnmshmtd sn
admd›s eqnl etqsgdq bnmudbshud dmg‘mbdldms-

IV# M�TERI�L EFFEBT
Nsgdq l‘sdqh‘kr vdqd ‘rrdrrdc enq sgd e‘aqhb‘shnm ne sgd UDMTR

ok‘rl‘ bg‘ladq- Sgd mdv l‘sdqh‘kr rstchdc vdqd ‘ktlhmtl 5/52,
S5 ‘mc bnoodq 00///,G0/- Sgdrd vdqd rdkdbsdc a‘rdc nm sgd enkknv,
hmf bqhsdqh‘9 sgdql‘k bnmctbshuhsx+ ldkshmf sdlodq‘stqd+ ldbg‘mhb‘k
oqnodqshdr rtbg ‘r xhdkc ‘mc tkshl‘sd rsqdrr+ l‘sdqh‘k bnlldqbh‘k
‘u‘hk‘ahkhsx+ ‘mc l‘mte‘bstq‘ahkhsx-

S@AKD H- Sgdql`k `mc ldbg`mhb`k oqnodqshdr ne onsdmsh`k ok`rl` bg`ladq l`sdqh`kr-

Oqnodqshdr.l‘sdqh‘k @K5/50,S5 @K5/52,S5 B00///,G0/

Bnmctbshuhsx ’V.l J( 056 1// 27/
Ldkshmf sdlodq‘stqd ’−B( 471 505 0/73
Xhdkc rsqdrr ’LO‘( 165 103 254
Tkshl‘sd rsqdrr ’LO‘( 20/ 130 284

Sgd l‘sdqh‘k oqnodqshdr eqnl S‘akd H rgnv sg‘s bg‘mfhmf sgd
l‘sdqh‘k eqnl @K5/50,S5 sn @K5/52,S5 nq B00///,G0/ g‘r rdudq‘k
‘cu‘ms‘fdr- Sgd k‘ssdq svn l‘sdqh‘kr g‘ud ‘ ghfgdq ldkshmf sdlodq,
‘stqd sg‘m sgd nqhfhm‘k nmd+ vghbg qdrtksr hm ‘ ghfgdq r‘edsx e‘bsnq
adenqd qd‘bghmf ldkshmf- Hm ‘cchshnm+ sgd l‘sdqh‘kr g‘ud ghfgdq sgdq,
l‘k bnmctbshuhsx+ vghbg hlokhdr sg‘s sgd gd‘s b‘m roqd‘c nudq ‘
k‘qfdq ‘qd‘+ qdctbhmf sgd dmdqfx bnmbdmsq‘shnm nudq ‘ m‘qqnv qdfhnm-

Sgd B00///,G0/ l‘sdqh‘k g‘r rtodqhnq ldbg‘mhb‘k oqnodqshdr+
vhsg ghfgdq xhdkc ‘mc tkshl‘sd rsqdrr+ bnlo‘qdc sn @K5/50,S5-

Nm sgd nsgdq g‘mc+ sgd @K5/52,S5 g‘r rkhfgskx vnqrd ldbg‘mh,
b‘k oqnodqshdr+ rtbg ‘r tkshl‘sd ‘mc xhdkc rsqdrr+ sg‘m sgd @K5/50,S5:
‘ksgntfg+ rhmbd hs hr mns ‘ rsqtbstq‘k bnlonmdms ‘mc hs hr mns tmcdq
rsqtbstq‘k kn‘c+ hs rgntkc mns ad ‘ khlhs‘shnm-

Sgd bg‘mfd ne sgd l‘sdqh‘k eqnl @K5/50,S5 sn @K5/52,S5
hm sgd ok‘rl‘ bg‘ladq vntkc qdpthqd ‘ rkhfgs qdcdrhfm ctd sn sgd
chldmrhnmr ne sgd ‘u‘hk‘akd rsnbj l‘sdqh‘k- Gnvdudq+ sgd l‘mte‘b,
stqhmf oqnbdrr enq sghr l‘sdqh‘k vntkc qdl‘hm rhlhk‘q sn sgd btqqdms
nmd+ vghbg trdr d,ad‘l vdkchmf ‘mc SHF vdkchmf-

EHF- 8- —Gnsrons“ sdlodq`stqd enq cheedqdms l`sdqh`kr `mc gd`s `s knb`shnmr A `mc B-

Qdu- Rbh- Hmrsqtl- 85+ /524/3 '1/14(: cnh9 0/-0/52.4-/15//85 85+ /524/3,3

Otakhrgdc tmcdq `m dwbktrhud khbdmrd ax @HO Otakhrghmf

0
2
S
e
p
te
m
b
e
r
2
0
2
5
1
9
:5
7
:3
3



Icufcv ne
RSfcmsfwS �mrsoticmsr

@QSHBKD otar-`ho-nqf.`ho.qrh

Sgd trd ne B00///,G0/ hm sgd ok‘rl‘ bg‘ladq oqdrdmsr ‘
jmnvm bg‘kkdmfd9 dkdbsqnm hmsdq‘bshnm vhsg bnoodq rtqe‘bdr kd‘cr
sn bnoodq rotssdqhmf ‘mc rtardptdms ok‘rl‘ onhrnmhmf- Sn oqdudms
sghr+ ‘ sghm k‘xdq ne otqd ‘ktlhmtl ltrs ad ‘ookhdc sn sgd hmmdq
rtqe‘bd ne sgd ok‘rl‘ bg‘ladq sn ‘bs ‘r ‘ oqnsdbshud a‘qqhdq-
Cdudknohmf ‘ qdkh‘akd bn‘shmf oqnbdrr ‘mc dmrtqhmf hsr ctq‘ahk,
hsx tmcdq nodq‘shnm‘k bnmchshnmr qdl‘hm ‘qd‘r sg‘s qdpthqd etqsgdq
qdrd‘qbg- Hm ‘cchshnm+ sgd e‘aqhb‘shnm ne ‘ etkk bnoodq bg‘ladq ltrs
ad b‘qdetkkx ‘rrdrrdc+ o‘qshbtk‘qkx hm sdqlr ne vdkc‘ahkhsx+ chldm,
rhnm‘k snkdq‘mbdr+ ‘mc bnlo‘shahkhsx vhsg dwhrshmf l‘mte‘bstqhmf
sdbgmhptdr-

Eqnl Ehf- 8+ vd b‘m bnmbktcd sg‘s hloqnuhmf sgd sgdql‘k bnm,
ctbshuhsx ne sgd bg‘ladq l‘sdqh‘k rhfmh›b‘mskx qdctbdr sgd od‘j
sdlodq‘stqd ‘s sgd 'gnsrons-„ @ l‘sdqh‘k vhsg ghfgdq sgdql‘k bnm,
ctbshuhsx chrsqhatsdr gd‘s lnqd deedbshudkx+ oqdudmshmf knb‘khydc gd‘s-
Sgd trd ne @K5/52,S5 nudq @K5/50,S5 oqnuhcdr ‘m hloqnudldms
e‘bsnq ne 0-12 ‘s ‘ bnmudbshud bnde›bhdms ne 0/// V.l1 J+ vghkd
B00///,G0/ rgnvr ‘ ltbg fqd‘sdq qdctbshnm+ vhsg ‘m hloqnudldms
e‘bsnq ne 2-41 enq sgd r‘ld bnmchshnmr-

Etqsgdqlnqd+ hs hr nardqudc sg‘s ‘r sgd l‘sdqh‘k&r bnmctbshu,
hsx hmbqd‘rdr+ sgd deedbshudmdrr ne q‘hrhmf sgd bnmudbshud bnde›bhdms
adbnldr kdrr oqnmntmbdc- Hm nsgdq vnqcr+ l‘sdqh‘kr vhsg adssdq gd‘s
bnmctbshnm qdpthqd knvdq bnmudbshud bnde›bhdmsr sn qd‘bg sgd r‘ld
s‘qfds sdlodq‘stqd- Sghr hlokhdr sg‘s ax noshlhyhmf sgd l‘sdqh‘k+ sgd
sgdql‘k odqenql‘mbd ne sgd ok‘rl‘ bg‘ladq b‘m ad rhfmh›b‘mskx
dmg‘mbdc vghkd rhltks‘mdntrkx qdctbhmf sgd nodq‘shnm‘k cdl‘mcr
nm sgd bnnkhmf rxrsdl-

V# V�TER BH�NNEL GEOMETRX
Sgd mdv oqnonrdc k‘xnts dkhlhm‘sdr sgd Lxk‘q k‘xdq oqduhntrkx

trdc sn bdmsdq sgd ok‘rl‘ bg‘ladq vhsghm sgd v‘ql anqd ne sgd DBQ
hnm rntqbd+ sgdqdax hmbqd‘rhmf sgd ‘u‘hk‘akd ro‘bd ‘mc ‘kknvhmf sgd
q‘chtr ne sgd hmmdq stad sn dwo‘mc ax /-/31 hm-+ ‘r rgnvm hm Ehf- 0/-
Sghr lnch›b‘shnm dm‘akdr ‘m hmbqd‘rd hm sgd kdmfsg+ gdhfgs+ ‘mc ‘qd‘
ne sgd bnnkhmf bg‘mmdkr+ vghbg hr hmsdmcdc sn dmg‘mbd v‘sdq finv
‘mc hloqnud gd‘s qdlnu‘k- Sgd hmmdq ch‘ldsdq ne sgd ok‘rl‘ bg‘l,
adq qdl‘hmr ›wdc+ ‘r sgd q‘ch‘k l‘fmdshb ›dkc rb‘kdr vhsg sgd rpt‘qd
ne sgd q‘chtr- @ qdctbshnm hm sghr chldmrhnm vntkc knvdq sgd l‘f,
mdshb ›dkc rsqdmfsg ‘mc bnloqnlhrd sgd hnmhy‘shnm de›bhdmbx ne sgd
rntqbd-

Hm sgd bnmsdws ne sghr mdv k‘xnts+ cheedqdms bnnkhmf bg‘mmdk
bnm›ftq‘shnmr vdqd ‘m‘kxydc sn du‘kt‘sd sgd sgdql‘k adg‘uhnq ‘mc
hsr hlo‘bs nm sgd gnsrons sdlodq‘stqd- @ rhfmh›b‘ms cdrhfm bg‘mfd
hm sgd mdv k‘xnts hmunkudr qdctbhmf sgd mtladq ne bnnkhmf bg‘m,
mdkr eqnl 07 sn 01- Sghr hr ‘bbnlokhrgdc ax rvhsbghmf eqnl svn

EHF- 0/- UDMTR ok`rl` bg`ladq- Mdv 'kdes( ur nkc k`xnts 'qhfgs(-

EHF- 00- UDMTR ok`rl` bg`ladq- Nqhfhm`k `mc oqnonrdc bnnkhmf bg`mmdkr-
Rg`cdc `qd`r qdoqdrdms sgd bg`mmdk bqnrr rdbshnm: sghr u`ktd hr dwoqdrrdc hm sgd
s`akd hm ll1 hm sgd bdmsq`k bnktlm- Hm sgd qhfgs bnktlm+ sgd sns`k odqhldsdq ne sgd
bg`mmdk hm ll hr dwoqdrrdc-

qdstqm bg‘mmdkr odq rtookx sn ‘ rhmfkd+ k‘qfdq qdstqm+ vhsg sgd fn‘k
ne rhlokhexhmf finv o‘sgr ‘mc hloqnuhmf nudq‘kk fithc finv-

Sgqdd ‘ksdqm‘shud fdnldsqhdrˇU/+ U0+ ‘mc U1ˇvdqd cdudk,
nodc a‘rdc nm sgd toc‘sdc bg‘ladq k‘xnts ‘mc ‘qd rgnvm hm Ehf- 00-
Fdnldsqx U/ ed‘stqdr ‘ rhmfkd+ k‘qfdq finv bg‘mmdk qdk‘shud sn sgd
nqhfhm‘k bnm›ftq‘shnm- U0 ‘mc U1 dwoknqd sgd ‘cchshnm ne ›mr vhsghm
sgd bg‘mmdkr sn du‘kt‘sd gnv hmbqd‘rdc hmsdqm‘k rtqe‘bd ‘qd‘ ‘eedbsr
sgdql‘k odqenql‘mbd- Mns‘akx+ U0 hr rhlhk‘q sn sgd lhbqnbg‘mmdk
rnktshnm ‘cnosdc hm Qde- 2+ vghbg cdlnmrsq‘sdc hloqnudc sgdql‘k
adg‘uhnq hm ghfg,onvdq DBQ hnm rntqbdr-

EHF- 01- —Gnsrons“ sdlodq`stqd- Nkc ur mdv ok`rl` bg`ladq k`xnts enq cheedqdms
bg`mmdk cdrhfmr- @ktlhmtl 5/50,S5-
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Ehftqd 01 rgnvr sgd gnsrons sdlodq‘stqdr enq sgd nqhfhm‘k
cdrhfm ‘s knb‘shnmr A ‘mc B+ vghbg rdqud ‘r a‘rdkhmdr enq bnlo‘qhrnm
vhsg sgd mdv fdnldsqhdr- Enq d‘bg mdv bnm›ftq‘shnm ’U/ sn U1(+
sgd gnsrons v‘r ok‘bdc ansg nudq sgd qha ‘mc nudq sgd bg‘mmdk sn
du‘kt‘sd sgdql‘k odqenql‘mbd tmcdq u‘qxhmf gd‘s kn‘c bnmchshnmr-
Sgd qdrtksr hmchb‘sd sg‘s hmbqd‘rhmf sgd mtladq ne ›mr qdctbdr sgd
gnsrons sdlodq‘stqd hm ansg rbdm‘qhnr-

Vgdm sgd gnsrons hr knb‘sdc nudq sgd qha+ sgd sgdql‘k qdronmrd
hr kdrr rdmrhshud sn u‘qh‘shnmr hm sgd bnmudbshud gd‘s sq‘mredq bnde›,
bhdms- Hm sghr b‘rd+ sgd sdlodq‘stqd sdmcr sn ok‘sd‘t adxnmc �0/ ///
V.l1 J+ hmchb‘shmf khlhsdc admd›s eqnl etqsgdq hmbqd‘rdr hm bnmudb,
shnm- Hm bnmsq‘rs+ vgdm sgd gnsrons hr ok‘bdc nudq sgd bg‘mmdk+ sgd
sdlodq‘stqd cdbqd‘rdr lnqd rsd‘chkx ‘r bnmudbshnm hmbqd‘rdr+ vhsg
sgd ok‘sd‘t nbbtqqhmf ‘s ghfgdq bnmudbshud u‘ktdr- @s knv bnmudb,
shud bnde›bhdmsr+ sgd gnsrons nudq sgd bg‘mmdk dwghahsr ghfgdq od‘j
sdlodq‘stqdr sg‘m vgdm knb‘sdc nudq sgd qha-

Gnvdudq+ enq lhbqnbg‘mmdk bnm›ftq‘shnmr vhsg ghfg ›m cdm,
rhsx ’U0(+ sgd sgdql‘k odqenql‘mbd ‘s 4/// V.l1 J hr rhlhk‘q
qdf‘qckdrr ne vgdsgdq sgd gnsrons hr nudq sgd qha nq sgd bg‘mmdk-
@r sgd bnmudbshud bnde›bhdms ‘ooqn‘bgdr sgd toodq antmc ne sgd
oq‘bshb‘k q‘mfdˇ‘qntmc 1/ /// V.l1 Jˇ‘ lncdq‘sd ‘cu‘ms‘fd
dldqfdr vgdm sgd gnsrons hr knb‘sdc nudq sgd bg‘mmdk+ vhsg ‘ sdl,
odq‘stqd qdctbshnm ne �2/ −B bnlo‘qdc sn g‘uhmf hs nudq sgd qha-
Vghkd sghr qdoqdrdmsr ‘ odqenql‘mbd hloqnudldms+ hs hr mns rta,
rs‘msh‘k- Lnqdnudq+ hmbqd‘rhmf sgd bnmudbshud bnde›bhdms adxnmc sghr

EHF- 02- Ok`rl` bg`ladq od`j sdlodq`stqd enq cheedqdms l`sdqh`kr+ —gnsrons“
knb`shnmr+ `mc bnmudbshnm e`bsnqr-

q‘mfd hr sdbgmhb‘kkx bg‘kkdmfhmf ‘mc xhdkcr chlhmhrghmf qdstqmr ‘r sgd
sdlodq‘stqd ‘ooqn‘bgdr ‘ ok‘sd‘t-

Sgdqdenqd+ vhsghm sgd oq‘bshb‘k nodq‘shmf q‘mfd ne 4///fl1/ ///
V.l1 J+lhbqnbg‘mmdk cdrhfmr vhsg hmbqd‘rdc ›m cdmrhsx needq rnld
cdfqdd ne sdlodq‘stqd qdctbshnm vgdm sgd gnsrons hr knb‘sdc nudq
sgd bg‘mmdk+ vhsg ‘ lnqd fq‘ct‘k sgdql‘k r‘stq‘shnm bnlo‘qdc sn
qha,a‘rdc bnm›ftq‘shnmr+ vghbg qd‘bg sgdhq ok‘sd‘t d‘qkhdq-

@ksgntfg ›mmdc nq lhbqnbg‘mmdk cdrhfmr hloqnud sgdql‘k
odqenql‘mbd ax hmbqd‘rhmf sgd gd‘s dwbg‘mfd rtqe‘bd+ sgdhq hlokd,
ldms‘shnm hr bnmrsq‘hmdc ax oq‘bshb‘k bnmrhcdq‘shnmr- Sgdrd bnm›ft,
q‘shnmr hmsqnctbd ‘cchshnm‘k oqdrrtqd cqnor+ qdpthqhmf ghfgdq v‘sdq
rtookx oqdrrtqd+ ‘mc ‘qd sxohb‘kkx ‘ookhb‘akd nmkx nudq khlhsdc rdb,
shnmr ne sgd bg‘mmdk sn ‘unhc dwbdrrhud gxcq‘tkhb knrrdr- @r ‘ qdrtks+
sgd sgdql‘k f‘hmr oqnuhcdc ax lhbqnbg‘mmdk fdnldsqhdr ltrs ad
vdhfgdc ‘f‘hmrs sgdrd nodq‘shnm‘k sq‘cd,neer-

VI# EV�LU�TION OF TEMŒER�TURE REDUBTION
STR�TEGIES

Ehftqd 02 rgnvr sgd od‘j sdlodq‘stqd ne sgd ok‘rl‘ bg‘l,
adq trhmf fdnldsqx U0+ du‘kt‘sdc enq @K5/50 ‘mc @K5/52 ‘bqnrr
‘ q‘mfd ne bnmudbshud bnde›bhdmsr ‘mc gnsrons knb‘shnmr ’nudq sgd qha
‘mc nudq sgd bg‘mmdk(- Sghr bnm›ftq‘shnm hr trdc dwbktrhudkx hm sgd
›m‘k bnlo‘qhrnm+ ‘r Rdb- U cdlnmrsq‘sdc sg‘s U0 ntsodqenqlr sgd
nqhfhm‘k fdnldsqxˇo‘qshbtk‘qkx ‘s knv bnmudbshnmˇvhsg lhmhl‘k
cheedqdmbdr ‘s ghfgdq u‘ktdr- Sgd qdrtksr bnm›ql sg‘s @K5/52 bnmrhr,
sdmskx ‘bghdudr knvdq gnsrons sdlodq‘stqdr sg‘m @K5/50+ qdf‘qckdrr
ne kn‘c knb‘shnm nq bnmudbshnm kdudk-

VII# BONBLUSIONS
Hloqnuhmf sgd sgdql‘k odqenql‘mbd ne DBQ hnm rntqbdr

cdodmcr k‘qfdkx nm sgd sgdql‘k bnmctbshuhsx ne sgd ok‘rl‘ bg‘l,
adq l‘sdqh‘k- @ktlhmtl 5/52,S5 odqenqlr adssdq sg‘m sgd btqqdms
5/50,S5 ‘kknx+ bnmrhrsdmskx knvdqhmf od‘j sdlodq‘stqdr ‘bqnrr ‘kk
bnmchshnmr-

Ok‘bhmf sgd gnsrons nudq sgd bg‘mmdkr b‘m kd‘c sn knb‘k anhk,
hmf vgdm rtqe‘bd sdlodq‘stqdr dwbddc �054 −B ’sgd anhkhmf onhms ne
v‘sdq ‘s 0// orh oqdrrtqd(+ enqlhmf u‘onq onbjdsr sg‘s qdctbd bnm,
udbshud de›bhdmbx-2+3 Sghr nbbtqr vgdm sgd bnmudbshud gd‘s sq‘mredq
bnde›bhdms hr snn knv sn oqdudms og‘rd bg‘mfd ‘s sgd rtqe‘bd-

Vghkd lhbqnbg‘mmdk cdrhfmr dmg‘mbd bnnkhmf ax hmbqd‘rhmf
rtqe‘bd ‘qd‘+ l‘sdqh‘k sgdql‘k bnmctbshuhsx g‘r ‘ rsqnmfdq hlo‘bs nm
qdctbhmf gnsrons sdlodq‘stqdr- Sgd adrs rnktshnm bnlahmdr ghfg,
bnmctbshuhsx l‘sdqh‘kr vhsg lhbqnbg‘mmdk fdnldsqhdr+ ‘bghduhmf
lnqd deedbshud ‘mc qdkh‘akd sgdql‘k l‘m‘fdldms-

�BKNOVLEDGMENTS
Sghr vnqj v‘r rtoonqsdc ax qnx‘kshdr qdbdhudc ax sgd Dmfhmddq,

hmf Chuhrhnm eqnl sgd khbdmrhmf ne k‘anq‘snqx hmsdkkdbst‘k oqnodqsx ax
sgd chuhrhnm&r hmudmsnqr-

�UTHOR DEBL�R�TIONS
Bñnfiibß ñf Inßeqesß

Sgd ‘tsgnqr g‘ud mn bnmfihbsr sn chrbknrd-
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�ußhñq Bñnßqibußiñns

I- Bqty,Ctq‘m9 Bnmbdost‘khy‘shnm ’dpt‘k(: C‘s‘ btq‘shnm ’dpt‘k(:
Enql‘k ‘m‘kxrhr ’dpt‘k(: Etmchmf ‘bpthrhshnm ’dpt‘k(: Hmudrshf‘,
shnm ’dpt‘k(: Ldsgncnknfx ’dpt‘k(: Oqnidbs ‘clhmhrsq‘shnm ’dpt‘k(:
Qdrntqbdr ’dpt‘k(: Rtodquhrhnm ’dpt‘k(: Uhrt‘khy‘shnm ’dpt‘k(: Vqhs,
hmf fl nqhfhm‘k cq‘es ’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(-
I- X- Admhsdy9 Bnmbdost‘khy‘shnm ’dpt‘k(: Etmchmf ‘bpthrhshnm
’dpt‘k(: Hmudrshf‘shnm ’dpt‘k(: Ldsgncnknfx ’dpt‘k(: U‘khc‘shnm
’dpt‘k(: Vqhshmf fl nqhfhm‘k cq‘es ’dpt‘k(: Vqhshmf fl qduhdv % dchs,
hmf ’dpt‘k(- I- O- F‘qbh‘9 Bnmbdost‘khy‘shnm ’dpt‘k(: Hmudrshf‘shnm
’dpt‘k(: Ldsgncnknfx ’dpt‘k(- L- G‘mcdl‘fmnm9 Bnmbdost‘khy‘,
shnm ’dpt‘k(: Hmudrshf‘shnm ’dpt‘k(- B- L- Kxmdhr9 Bnmbdost‘khy‘,
shnm ’dpt‘k(: Etmchmf ‘bpthrhshnm ’dpt‘k(: Hmudrshf‘shnm ’dpt‘k(:
Qdrntqbdr ’dpt‘k(: Vqhshmf fl nqhfhm‘k cq‘es ’dpt‘k(- K- Og‘hq9 Bnm,
bdost‘khy‘shnm ’dpt‘k(: Etmchmf ‘bpthrhshnm ’dpt‘k(: Ldsgncnknfx
’dpt‘k(: Qdrntqbdr ’dpt‘k(: Vqhshmf fl nqhfhm‘k cq‘es ’dpt‘k(: Vqhs,
hmf fl qduhdv % dchshmf ’dpt‘k(- C- R- Sncc9 Bnmbdost‘khy‘shnm
’dpt‘k(: Etmchmf ‘bpthrhshnm ’dpt‘k(: Ldsgncnknfx ’dpt‘k(: Vqhs,
hmf fl nqhfhm‘k cq‘es ’dpt‘k(: Vqhshmf fl qduhdv % dchshmf ’dpt‘k(-
C- Y- Whd9 Bnmbdost‘khy‘shnm ’dpt‘k(: Etmchmf ‘bpthrhshnm ’dpt‘k(:
Ldsgncnknfx ’dpt‘k(-

D�T� �V�IL�BILITX
Sgd c‘s‘ hr ‘u‘hk‘akd eqnl sgd bnqqdronmchmf ‘tsgnq tonm

qdptdrs-
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Oqnctbshnm ne khudqlnqhtl ’Y � 005( vhsg 4/Sh+„ Ogxr- Qdu- Kdss- 022+ 0614/1
’1/13(-
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6C- Y- Whd+ I- X- Admhsdy+ @- Gncfjhmrnm+ S- Kndv+ B- L- Kxmdhr+ K-
Og‘hq+ O- Ohodqrjx+ A- Qdxmnkcr+ ‘mc C- R- Sncc+ 'Cdudknoldms rs‘str ne ‘
mdws fdmdq‘shnm DBQHR9 L@QR,C ‘s KAMK+„ Qdu- Rbh- Hmrsqtl- 76+ /1@6/1
’1/05(-
7C- Y- Whd+ I- X- Admhsdy+ @- Gncfjhmrnm+ S- Kndv+ B- L- Kxmdhr+ K- Og‘hq+ O-
Ohodqrjx+ A- Qdxmnkcr+ ‘mc C- R- Sncc+ 'Cdrhfm ne ‘ mdv rtodqbnmctbshmf l‘f,
mds rxrsdl enq ghfg rsqdmfsg lhmhltl,A ›dkcr enq DBQHR+„ HDDD Sq‘mr- @ook-
Rtodqbnmc- 15’3(+ 30//1/4 ’1/05(-

Qdu- Rbh- Hmrsqtl- 85+ /524/3 '1/14(: cnh9 0/-0/52.4-/15//85 85+ /524/3,6
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