FURTHER OBSERVATIONS ON V-4Cr-4Ti PRESSURIZED CREEP TUBES—!"# $"#6&'& )#"#+"#./ O}
1"#2"#84'45064)789# "#'#3<4=T7 (#?To@ABIST<C&( HB7/QBY'# TDA4.7/4.EF

#

OBJECTIVE

#

3<&#MD&5/ @ HEAK @ GAAL @ (AH548/ @ BH=@5.4(/- 5/-.7'# &I7T=@B7/ @A48GAB. && IH-D & (#/4H#9&/ & .= Q&H < &#
9&A4.=7/ @43 5&( (&(#548/.4" @ BKHE.=7'#5.&IHQD BFB79@= #7"AH #M.#64= J7. @IBHC B#5. &&JI# &( J48( &#
-89& #D..79@B'®

#

SUMMARY

#

L-./<& #4D(& H7/@48(H&# . AH @ 98AA] . & ((-. @DEOH <& =T7'#5.8& IH- D&(HMAMINOP.NORKI@HMBLIHAL"AC BB
1&(/ @ BIQB< &H7 BK&IER SHHT SSBHAM & (I (1 7(/ @B# JHAW AN SK"#2.85@ ) @/ VBRHD SI&<7THED 8&8# 87' E0D#
DEf;: $HADEARRA.(/@/B48/88/( ) 89 .&# <ACBHAD &E @ /<B#H HX# @< @/48' EX @84BH48/&8("#4
%.7 @B<TI&HT(J &5/#7/@47 (# THA-S/ QBHAAKY .7 QST HEDEBH= &7(-.& IHT8IH<&(&IOT/TH <4 C(#(<7I&H#
5<T8K&HT (#7#.&(-'# AABAALSIQHRINCTHT@B 7T(H<@KIH AW 'Z["H# #&A4.=7/@48H&E<T8@(# 7.&#
548( @8 &9HAHI J'7 BHB &C/A8@BHHEDA- (HAACH &( JA8( &7 [#T SSIPB&'ACHAALS/ CHEBIC 7" & ((& (HAAZSH
1?7)# 7894H@@HA85'-9 &H<7HK.7 @ 84- 897.EH @@I8H.AD7D B (£&H . &94=@B8/H#=& 5<78@# D7(&9#A8#
[<&HE@5.4(/- 5/-. T'H@BAL /@A ( &8/80HK & .&)B- [H<&.&HRH@IBRHA<T7/HT .J & NI4.8H5.&&IHE=TEH'(A#D&H
7H48/. @ | Q185.&&IH& 5<78@H#- 8O&H<&( &HABI@ /&) 4

#

PROGRESS AND STATUS

#

Introduction

#

18#4-.#J.&H @@ .&J4./[HA8HMINOP.NOB@#-. @&HA5.&&IH-DE&IRIT=@B7/@49HW5S#'5-' 7/@48{- KK&/&IH<T/#
8@/.4K3% 548/7=@87/@48#E#H D&#.&(J48 (@ D'&44 #@D 85 K& J.&5@I@/7/ @AS#3 @) VHENS7DAN @ D&t
J.&5@ @A . @ 8KH/@8KABS5.&7(&9#).&5@ I @ /BHBBA H<&H-1& . K- AT58&#&1/&89@BIRFBC7 @70 @ (/7B&AM
“SHT89HZ Stta= ) &(J& 5/ @ HRIE 7 (#AA-80HT [HQFSH 89HZ SSBHT A& M St 78975.4((# /<&88/ @ .&HD&IET"#
[<@568&H 7IHTSSUP)EBH=TEH#<TH&7AA&LS/&9.8& I#.&(JA8 (&"#HD ' (4)#/<8#=& 5<78@# 548/.4" @BKet&&I#
D&<7THGAHK QK< (& (#8IHACE& H#E&=I&.T/-.& (#CT(#(<4 CBHAHEA(/#' @ 6&'BE#H@ (5844 K' @8#548/.4" &9
5.8 J#7. Q@ S 4=H/<&#] . &(&B5&HAB @7 89#P .#(4' @#(4' -/@48#7.9&8@BKIB<&#=& 5<78@ (=548/.4"@8K
DE<THR H HACEH /. &( ( & #/8IHB<E&HE=T &7 /- .&(#54- '9HD8HK. 7 BHDA- 897 .EA ' Q@A . P 4D &HH.&&J ) #
K@HEEH @IBRHAL #&1/&8( @HR@LS7/@B#J.49- 5/@BE789#.&7..7 BK&=&B/#78#7'/&.87/&#&| ' 787/ Q8HAAH
\7.J& .N!4.8#5.8&JHCT(#JA((@D'&HB<&H- .J4 ( 8HAAKEH . &( &BHEMA.IDD (UK @ HA-./<&H#548( @&.7/CBH 4#
[<&(&HO(-&(" ##'&5].48# &8& KEH((# (I &5/.4(54JE#;;:$F# @I @ &4 .&5QTI/&( #BH I&E@ &8Ho* W #
1&(I&OHT [HZ SSUPHT8IHANHL? 7# &AAKSEEHO T 7" #(/.&(( H#ALHCQQH<HTBIHK.7 CHB< 7I&HT(J&5/H T/ @A (FB9#
J.&5@I@/IE&H#@5 & (D@ A8(£ & &H&IT=@8&IMHA@BHE(/ @K T7KHB D @' QEB7D7..AN\&.. @K)#H4 D' &#
\ 7.J& N!4.8#5.&&IHA.#K.7 @HD4- 897 .EX ' Q@BHEAL=T |@BKH-& 5<78 @ ("#

#

Experimental Procedure

#

$I&E@EB(# (& &5/80H#AAL HA-.|<&H&IT=B7/ @ AFHEH @ GIHQ BY D'&W"# &/7 @'&9@ 8A4. =7 /EHA8H(I& 5@ =8#
J.&J7.7/@B#789#5. &I H&( | @KHI . 4589- . &(#HC& &# &J4.1&9H.&HGA BX'Y) _"#KB&MAKE&H#-D &(H#HA @'& 94 @BKH#
1&(|@BKJBIH <& . &AM )#<&H I QBH/ .&((# C7(#.&=4AH&IH<@'FHI&=I& . 7/-. &"HB<&IHB-- = #A-.875&HT (#
(<-1# 94C8#H@=RO@7/&'E#48# 9&/8bI BKHT#/-DE&HAT @'-. &ttt |<&H @=&FH#I&=I&.T/- .&HQIH&EH#8(/.&((& 9#
5489 @/ @ T =@ 8 @=THE<&QHAI<&H#ICAH#-D&(#9 @ BAIHAT AT BIHCE& . &HT " A CE&MAHBAL HC< @H(/ @ "189& .#
J.&((-.&"# #0#(&5/ QBHAAF (N.&E&@HEOD @ 8KHE (#<&7/&9H .&7/80#7 [HN SS FHAMWHHA> K. (@B 7/&9th*F# /4#
JAH@9B4= J7.@ (48HQ/98AL . =OH#@5.4(/.5/- .&("#

"2 75@B!B4./<C&(/#B7/@87'# TDA.7/4.B£? BB: FI@HI&.7/89#% H<&H "$"H &J7./= &8I#AM 8& KEHDER 7//8'8# &= 4. @#
18(/@/8&# 89&.#548/.75/# ; NbPSQEQF : XNV Sl



37D'&HVBE& (/5489 @ /B I& S@ES(HEIT=@ S&IBBHD (&4 1#

#
$J&5@&8H 3&(/# 1 @C7'# ASHIER#| 3@&H4# | ; AREI@RIE @N| Pa==&8I(#
1 38=J&.7- &M PR $/.&(#L?7TR | AT@-8F# | CT'HI.T@8K F# 48IA7@'-.&#
b*# B4/H&(/&9% # # # #
b*SY# QRS# YSS# WSOQ&# T'c#t | 2-.(I#
b*W # ZSS# WWc# cQQ et Y # @984/ T@'#
b*YS# TSS# OT# QSRYe# WY'Z# | |@984HAT@'H
HHE$IE5@ =840 QIB4HA TR IBK&H @ =8Q ROHTH<HA T HQ =& IH8=] & TI- &"#
#

XI @577 'AK. TI<EHT (#.&I&T/&IH @BKHTHE.4A'4. QIS8 COHED @H/S<H#WRHHT5/ @3B @ WRHH#\BX - #
T8VANE'#\ LHAMNVANRE @' F@r8.9 8 H41D8I1& D& A@K. 7@D4-897.E#/.-5/- & 89#YRH#\ (X)AWY "R
\ BX\)ANVY"RH#\L# A4 ¥INHQ 8D B < ACH.&5 @/ 7/HDBR.("#

$I&5@&EBH.&I7.7/@A4FA #:$# T87'E(QH (& 9#7#5.4( (N&5/@BH].4589-.&)#.&f - @ . @ BH@3' &K . @ 89IG7 89#
@ABHD " @BIHTH#Y7/78H]). &5 COBH@ 48 @ (< @ERH&=# 4)&.7/QHBHC @/ & MH# . KABHAB "##;,;:$# C7(#

J& M= 9#ABH T#+; X: #YSWBL#/.78(= @ @B#&&5/.48%#= @4(54J8#>3; 1 Ft4I& TIBKH TIH#YSSH, &M T789#
&f-@IRHEC @H#H07/787.7"&'#;:# (I&5/.4= &I&."#

#

Results

#

1&7"4AK7I<EH

#

18#78# &AAL. #I@AABL@ 7/8R&LCEEBHI@AAL. EBELIH= &5<78@ ()# K.7T@8HJ &5/#.7/ @#5<78K&HCT (#

@8H&(/@RTHE QK- . 8MY. AHD 9&LHT=]" &(HAAKEK.7 BH<T7 J&( HD BIRS@E&8(#b*)# b*SY)#o*W™ ) 89tb*YS" #
b"#AAKEHK. T@H(/.- 5/- .&( HQBHE&(&H I 8b@=&Bt7II&T #&F-@7I&9)E @ HIB'EHHRCH&IT= J'&( #HAAZS@5-"#
K.7 Q8 '48K7/&9HD B#EHTI @D @ B@A4BIHE 781D E&BA/&IA . A=1BTD AN WL T B A/BQEA= Q@ 7"H /.7 B HC& &#
T"C)HY " )HT89HWY"Z[#.&(J &5/ @QH&'EGE&HE . B4..&(] 489 QIO @AAL.&B85@BH 7 BH&'A8K 7/ BA4@ 1 &H -D&H#
[78K&8/@P@5/@4BEMBAIH JIT .&BIHA .4 H<&(&HD=K&("#

L@K86.7@0% 5/-.&H@ BHOP.NOIIGEK(-. @080 &8I #-D&("#

#

b# 48K @/-9 @RS/ @ ABALIES@&BH*Y SHCT(#&IT= @BEI" L BKIR/S<@BDA<H M <ACH.7 @B /.- 5/- .&#
789#).85@ ) @R/ @B&.(# R D BHO& H/A#98/& = BEHDIMB SK. (#54-' OHD&H ( &9 (#=7.6&.(# I4HO@AAL.&BHDT/&
D8/C&ESHII&. 7/ @K, 8&IH= &5<T8@= (HQZ "#IH <4- '9HDEBA/LIH<TIH<EHABK @I @875/ @BHQ (#&H8'EH
A8H<TIH< AC(H#(/. @BE&.(HD-HQ@BA/HD 98 T B DAAL. &8/ @ DGRBS 8 &IHES<TS@ (HDE&ST-&H5.883#
I-D&(#(< ACHEK' @K OBBHK &4@ SBK/<HL&CHC & " H &A@ SEOB SK. (HC & &HAA-B9HT8OHS EHBEIRI/&8I& M

AHE& F&H&T'HK. 7 QIBHIIHD (#ACBHQ BB KYHIB<&H/ .@ SKDA&HBAIH JI&T HAK<A CHISEAAAN (QIBH A .7 @
D4-897.E4 @ @8KHD @AMEE!S.8&IB . 458( (&(H(-KK &(/@8IT /AT .I& N!4.8#5. &8IHDEH EHBL'ENZ "#



#

H<&#54- . (8HAAEIT=@ 8 @B f. BK&(# @ BEHBK@ D @B &S5/ @IBA& 5@ =8*Y S)H(&H&. THRIT=J'& (#
C&&H\4 BIHC<8. 84 .85@D IR 7. @B #1J&7.89HMBA"&5IHISHK. 7 @A 897. @Y #1. CBEOHTIKEHIBK@D@T'#
@5/ @B <8. &7(HECHDA- 897. @ #. @BISOHBH<&H TI @1 @5/ @BH <4C89H . &5@@&DE&5A. 7/ @ ASIHH <44 I#
(1.7@H&( - 'I(HBHCT"H<@B@KH<4( &DA- 897. @( #1. @B/&9#ISK @B@BEAA-'9#54" &5/#7 ./ @5S@DES@AA-(@48#
J.A58( (& HBHI'HAIBK. 7 @HDA- 897.@( "#L4- #8l 7= '&(#.8#.AH BDHD YD K #HB<8&.&AL.&W . @SBRI /H#
TSSBHBHI&5@=8A*Y S) #THO @ A® 4B #).45&( (# @ 8FHA BRIDEHD- 644 .#K. 7 G 4-897. ED @U@ ABCA-'9 #
BE&OMHMI & T/8IMA FT | @ &(HABA &5 (HD(&. HED"#

b Y * .: s "l' . . : ) \
ol - ol
: \Y g
¥ » "1 -
0 P S e
Py - ‘. B Ny
-Jv . ~, 1 .".-
£ x
'-." - oy N * : v A
e _',4-"-‘;;_*‘ @ = %
[t E % 4 % e N
X S
. y \ o - \'\:, '|‘\\L-‘ + o
ey . i v o %0 g D o .
: . . g $ I g a PRl 3 1 Bt 5 S T ;
Lgoimm | a i A G (o R T e, i ds N #

L@K"#P.&5@@/7/ QN84 7@ BH-897. @HO BIR 5@ =8B S"#B<&H. @&8/7/ QBBHEAT= & (HBHL @KYH

b87'E(@ @Ak 7 @BHI& 5/#7/@4

#

%.7 @THI&5/H.7/@HRT (- .&=&S8/(# @FHDEH. TI@TTBIHS B-=A&.&8/@ THD B@H C&.&H=T I&HDT(&IH#ASH
@=TKEH{@=@HNH @ KN HO 9&E5BH K. 7 @BHIZE/HT @ BHTSKEIC T (HAAL-80HT (H< ACSHBH. @ KOHBA/&H<&H
D7.( #D.7 568/ @KH<&HTH8. 7 K&HT - &(#- A &BH f - 7.8&( FALRTS<H JE5@ &S#&.J . &( &8IH<8H T SKEHAHE (- .89#
7(J &5/#7I@A(FBOHOMHBAIH.8.). &( &BIH= &7 (-.& = &BIHR...A."HH)H@HBAILC A.I<BHI<TIH#I<8HK.7 QI (I &5/#.7/@H
9&5.&T &(#7JJ.41@=7/& E8&7. BEC @HAB&T (BKEQE7"H/.7@SHBH @ AMED .&8.J)#< &8 48K T/ @ ABAI &
K.7@BC @ 7/5<H#<&MHE.T"# .7 OB BEHT= J'&GE<8. &7(HBO&M.= 7/@BHISS- .(#).894= @78/ BHDEHK. 7@H
D4-897.E4 @@ 8KHE. &I @D &BAH B8 QAEHK. 7 @8BHISKT/@BK Z \HAH<8H. T @8 ( I 85/#7| GHE @BAIB<TSKE! 1
3<&4&1J &5/8HTI@N/AS B-=A&.88/@ T I&5/H7 @EASHDEE(/@=7/847((- =@BKHABLMAKEDEAL. =7/ @ AGH:
9-8HAK. 7T @BM-897.EH @@ SKIH 78181 7= 8#548(@& #I& 5@=8B*Y S)HC< @ 3. 75<&IFSRAALS/ GHERSN
C7"#].7@HAS"WY ZB< GHEAS - @HT' &M H=@BC 7" #<44IH/.7 @ S "W\WHD 85< &K@ /- B@H| .7 @ B
08&.4#A4. T4 .&( (-. @D&IB.8&IH-D&FT SIH<EHTI@ THT @B &F-7')# D-/1#11)4 (@ /5B OB BHIH<&H ALIH]. T @ SHEH
A4"ACRRS- 7/@ASKHDHEEH. &I BEIK. 7@ BEI& 5/HT/@ M B*Y SHT A ANY "Z[1D&A. =7/ @8h#




£ = "HSS= 0/{&‘:_]
CO

& =—"#$%= %{&r_J # # # # SR
I

(0]

Lolog™® _npey To vy wgtgrs ma((
C G, Co
#

C<&. &I /Co, @(HEK.7T@BEI&5/HTI@Ph H8# BIRAL. =& IHIR5@EB #HB<@HT'5-' TI@ABK K&(/(#I<THK.7@8H#
D4-897.E# @@ 8K48/. @ D8(# @8 @A EFAH<EDEAATI @ ISHHKEH I8 5@ =8H @58H4<EHEST (- &IHT( I&5H

7/ @HN. #* YSHEMISY o (# <ACSHBH. @HOH @ @.# &( - 'I(HC& &HADIT @ROHN. h* SYHT89H* W H - KK&( /@K#
K.7@8#-897.E4 @O@B7 EF'(4#548/. @DE&HA= &HATSI@ABINKEHMHE. 7" HEAL T/ @ABH & &H#I&5@E8(#

7(4C8 "
#
wm

S I i
E WYL 1&7(-.&9#K.7T@8#7(I&5/#.7/@4 B
Ire) [ :
o3 B |
g I ]
® W V;.L W\T - _ ]
s | - Y ~
B ~ — [ — |

D ~. = = 4] -
3 W'S- —
o3 i = T~ ]
- S e f
bogol g T~
® -~ 4] T A 1
2 [ € 2.80@5/894K.7@8HT(IE5HE@4 % ]
g) sThL 5 A4 HI@AA-(@487'#5.&&J j: B
~ = V i
5 [ ]
| 0 |

S"Zi R R R R R R R c

S Y 0 Q T W OWw W

A&S/@H&H#H=@INCT"#(.7@8)#] 4
!

L@KGH#1&7 (-.89 #789#] . &9 @50&K. 7 @IS (J& 5/#.7/ QHQ SHE( (-. @& .&&JH-D &(# 7(# THA-85/ @ ASHAH
S5/ @R @NCT"H1.7T@%
#
2. 85@/8A8/8. (| EBBABIESI(HA= # ; - $#
#
2 &5Q@[BH) 7./ @B( HBH < @BEIH &K@B( HAALI 85@ &SHh * W #B&T7 H/<&H- 18 1O @= &I& HC&.&#787'E0I# ( @It
&85/ AFRSEKEH((#(J &514(5AJER:;: SF'#& (-/(# A4 HK&AQ YRAT./@5&787 E0&IF. &4 <4 COHEH. @' R
3EJ@5BBEKEH((# (J&5/.7H#7 &HIS'EH< ACSHAMI<EIET. @) .| @ &BY H189H) 7 .| @&H HTBOHT"HI& 5/ THT . &#
J.AHBRO# ( @KH 8548910 @8. 88584787 B @ AH<TIHROK&(#7II&T #7(# @SBIGE®ST (JHC @ /{8487 @ HEB OB
ANKEAR TR . 44| QBT HAH< EH & CHH A SR IKE, 1B <&HDETOHISTI @ ASHA. W) B OPHB )7 8IKHT . 84 89T " #




Fhotodiode Counts » 1000 Photodisde Counts w1000 Fhotodiods Counts 1000 Photodiode Ceunts ® 1000 Fhotediods Counts 1000

Fhotediods Counts & 1000

" Particle 1
L =
E \ E 20]
E 203 g il
% i % L L I}
3 z 1' ;
® i ||
|
-1aj | 20
&00 L] E T 400 [T oo 1000 200 As0 &00 s0a
Energy Loss (el Energy Loss led) Energy Loss lell)
} Ti
Partixle 2 " = Particle 4
E 20 E
g 2
é 1] € £
: | NJO | :
19 s . 3 1
g -10, | E: 10
0,
¥l
- 30
) 200 400 o0 200 “an s0o s00
Enerny Loss (eb) Energij Loss (ell) Energy Loss (bl
0,
Particle 3 Particle 5
0 10,
3 o E
z £ s
? [ 1Ir %
£ H
I § oo o~ —
S 2 £
-5
600 oo oo 200 400 &00 LI 1o00 200 R Lon Bo0
Emergy Loss (edl] Energy Loss (edl) Emergy Lows lell]
15) ) 20 2
A | Particle 7 Particle 8 N Particle 9
1 18] a
E 2
2 = =
£ 3 £ 5
n g H
.: o Lal £ o R e
- P 2 i
* i |
£ £ I
-4 -10
| -18] <18
200 Rl 00 a0 1000 oo An0 ao0 &0a 1080 200 400 00 [1T]
[mergy Loss (el Energy Less (el - Enerou Less (o)
- Particle 10 Particle 11 Particle 12
e 2 =
] S
1o : .
-E' 1, E 10,
o ]]f‘ + ot é of “ll‘"\'"'"‘""-_"-"""" —_— é o : "‘l A
: i I ”
Bl
-2,
0
& 700 700 SO0 B00 7808 ET] 400 680 LT 100 200 400 (1T (1T
Energy Loss el Energy Loss (el Emergy Loss (el)
L Particle 13 rl Particle 14 e Particle 15
g E
50, ; 50, :
z % 20
R | bt 8 S
g -4 i
- 598 &
-40,
e 200 -Wﬂ. w00 (1] 1000 200 “on apn oo 200 400 6a0 won

Energy Loss Lol

Uneroy Loss (el

Energy Loss (el)

LOKRAE; $#  .&(-'1 (HALFT ./ @5(@B&T7H<E&HA-/& HO@QT & & #HAMNOP.[S@HE&IH#-D&H* W "#



LA H<&HT]. @HI&5].-=)# I<&HT KEEIKEDESAI&(HM)TBIH=T"8 HIKEH54..&( JASH BRI JH<4 C@IBt

-J# ABHE.@&H @ IBUAIK &HMIBIK 8AB) BHEH(& 54890 @ ARBBEATS T E(@#ABH5 4= J7. @ @)H&5489H0 @ AAEHER
(J&5]. THABDT.| @& AN T BOHOH <AC(H<TIHT"#)7./@8( #7.8457. DABH BXWHC BH &( (#X H#789HEHBSH &( (#B "t
27./@8# HB BA&S/)HQSHBIX 789¥ <AC QIRAS'EX ' @HH. T5&( HAAP 18R "#R 7.1 @8R J I &7 . ( #A1DSHK B<HBH

3@BIHMME @H=498& .7/8HXH#(< AC QI HSI&S/. THAAL #<83#.8= 7T @BKHI 7./@&( # <ACH @ @.4#.8( JAB( &HT8#

(@ @.#.&( - 'I(HC& SHADIT @ROHM HTBAI<& HBHI 7./ @&(" #H#3<& &AMR)H<& &HCT (# 84#&H @ IBBHAA-8IHAL

BEUKESH B<H) 7./ @& BET H<8H- |&.H - . ASEHA I 8@ &BI*W "##h"#)7./@BI(H&) T=@8&FJ &7 .80HAHD &
(@=@HAH<A( &#-:II&S/8OHBH <& (N<&IH.&TI&HT " AEHR_HB<&( &#&(- (HSASARBIC @/IHB.@HEH/<T/HIN

OP.NOI@R=7"#5.8&IH&(/(#=TEKTHEDE&STAMBIEFDEIK &R SH@ . 48=88M "#

Discussion

#

X-# J.&H@UHCA.64#<7(# (<AC8#/<TIHMNOP.NO3 @4 - . @RO#/- D&(#/&(I8&9#T/HTSSWPH#789# ACH( /. &( (#578#
9&A4. FHT/H#5.&&I%.71&# C@/<H# (|.&((# &IJ48 &8/#8&T #W1S"TE4.# B&C/A8@B#5.8&J)#789# /<7 /#I<&#
54..&(J489@KH= @4(/.- 5/- .&H <ACLIH( - DK 7@HI@457/ @BHEHA'-| @ 488 89BQ@ HEAHQ 8@ AGHET@ ('87/ @BY
=4/ @A8HBIH.&T..7T8K&=8&8/HO-. @ 8KBL &I "W HHICT (#/<&.&A4.&H KK&/&IH/<TIHK.7T@84-89 7.EH#' @9@ kit
PAD'&#5. &8I @ K<BH/HD8H#<&#I&. T/ ORD. &&IHE& 5<78@ (X4 @- .&HQHD (HAH @ B AH<4 C15.& & IH&(J4 B(&#
T(HTHA-BB/ @ 48AH.&((# @H. 9& #HAH= I<T(@OZHEHD &I&BI&BE&HABH/ .&(()#789HA@FII 7.&8/H<TIHAL . €.& ((#
5489 @AB(#D& ACHYH #/\SN#bi%)#D&dH@@?S#D&;@&.J.&/&9&7(#@B?.#ﬂ.#B&C/48@78#ﬁ578#3&34/&9#<7/#
(- 5<D&ITH@ &R . &AH@QUEH DR&GT((-=& IHAHDEHI-& HAHPAD' &5 .&&IHT #39#=4 .&#.85&8/'E)DGH (#
5485'- 9&MH<T IH< @ (@& 7.#.&(148 (&DA&(HBAIH&I @' C_"H/IHO BAB( @I&BHAHD &R J4./7 8/H A & (4'HEH <&( &#
9@X. &85&( WDR57 - ( &HEB &C/48@B#H5. & & JHD (A (@R ). &/&9)%.&&JH.&9@ @ 48@E@ F48/7 @ BHKERE...4.(# T /#
"ACHI.&((&(" #

#
$u*. - — _ :
. : 9&::<::%!5=>2> ]
$F )$"17@@A!B i .
: L i
$"*’ = -
0 - =
N B .
© o i
Kp} $" ( = .
<t g .
o™ - E
S : ]
3 ¥ n=43 E
g - n=084 4
$"*$$;’ C::<::%!5=>2> f
? 2 +HP@@AB
$||*$' I ] L 1

$" &

cl7

#

L@HH6 . &( (198 8898858 M<&BA. = T' GROBAMB@HE@ L 7"45.88.%.7 BHAME@.. THEIMI STI@H#
7"4E (1 @/3#8((-. @08O#-D &# & 5@=8(#5<A SSIHEB.4(/.-5/- .7#I7=@87/@ B @A@EBH=D&."#



#
b"#MNOP.NOBE#-. @8O#-DE&HI& 5@=8/5480@/ @B 7=@ S8 THEE &5/.48# @.4( SAIEL . &MA-80#IH< ACH
9@ ('B7/@BH&T..78KE&=8&8/(HO-&H AT )] @EO& (("#BTD' &N #- == 7.@0&IH#&#ED®.4(/.-5/- .T'#AD(&.H7/@48
=79&#48H).&( (- @&MH-DE&(HTBIHEH. K78 @ BEC @/ @BE (@ SH&(H&=1&. TI-.&HT89# )T @ &% .&(("H#AIHETSH
DB A/EOH<T [H @& H /. &( (#5489 @B (#(<4CEID @57/ @ABIBK & #789#ACEH( .&((#5489 @/ @ABLHE 4 B
&1 7=0 '&(#AAG- DK.7 @H( /.- 5/- .&)#89 &.(/AA9H# A< THGO&HE ARIDEH &'717 | @ 4B ABEAL. =@ BE@ (B7/@BIH

@8/MCE&.#.88. KEBASA@K-.7/@48('#= H<@ @A4.=7/@A8B@ # I 7.&BH<TIHJ &5@=Btb* Y HO BE&IHA®
(@=@BH#AH) &5@-BH &(I&OHT 1 @ Cs#]. & (()# T8IH<& &AL SBEHET (4 8TDRAMBASS'-O& H<T 7O @ 57/@48
=&5<T8@H# (-5<#T7(A7.J& .N4.8#5. &&IHA HH&T( IH@ ST I#.&() 48(@ &AL BEALTI @453 . @BIBEC/ASATH
&(J48 (&HDBHABAS9 @ /Gt

#

37D'&N "#-==7.E# AA#@5.4(- 5/-. 7'#4D(& . H7/@4#8MNOP.NOB@H- .@89# D&(#

#
# | Bt | oi%FHE | $/.7@8H 3@=8&% #
% | APR| w8 I R <R 1@5.4(/.-5/- . T'H.&T/- &(#
. P4=J) &l# 9@157/@48 /78K'&# DR/C&&SH A@H
b* SY# QRSH | OTZQ¢ | c# VBB | ) er aalal Wi
. . . 4=) &l# 9@ 57/@48 /T8K'&# DE/C&&SH A
b*S'# | QRS# | Q"ScR# | O"O# | WS)QS /\)J3 BT "W
bW | ZSSH | Y'oWeHE | Y | ccores| 1498 TI&D@(457/@88( @IB@ILA=E - DK7 @8
(/.- 5/- .&"W\i
o $-DK.7@8/.- 5- .SHC@HACH@I57/@IDES(@/EBSH
b* WD ZSSH# oW | Wt | QU | poni g
b*WR#H ZSS# | "cWY# | W# | YTSO#| P4=J &IO@{E57/@BHT8K&(""T #
o . 1498&. .7/&# 9@ 57/ @48#78K'&(# C@IK(4=& # AQHBE
b* STH ZYR# 200 | R | WRSQE | oG
b vSd TS | Wwezd | W# | CoRves| O DK7 @R/ 5 &AC@HACIO@IST/ QBRI QIE@BH
58 ("W
. . $- DK.7@8/.- 5- &HC@HACH@I57/@IDES(@IFBSH
b V@Y TSSt | WZQt | RY# | OBYCH | oy
. - 1498 .7/&# 9@ 57/@48HT8K'&(# D&ICESBH AQHE&
bV TSS | YUYe | VOF | TQOY | Ter e g
. 1498 .7/&# 9@ 57/@48HT8K'&(# D&ICESBH AQHE&
b* Ve# TSSH Q| VR | YO | e s e 4
He @BAIN@
#

3<&#-.J A(BHANIKESK .7 @B{I&SIHTI@FBIH .@ 8K H/ -OEHK @ HEBIB @K (WO 7 (#/4H0 @ AAE. BBUDE/CESH
9@AA-(@HS)BDA-897.E4 @I@BBIH7.J&.N4.8# 5.88I48 5<78@ (=(7(#).4J4(&OHDEH SKASHQ)Z_H/#
=7.6&.(# C&.&IBAH@IETHE. @&SI&IBIHCE. 8D QAAGBHMD SF2T (&9# 48#(]. @ SK &I @/ @ 5.4((# K 7@H
D4- 897. @ W\ 7.J&N 4.8#P.&&IHCT(#@OEV /LMD /#54"85/@ABHKI 7. @B(#48#(-@/7D'E4 @8/&IHK 7@8
D4-897.@(# 548/.79@ &K /<7/#5485'- (@BH# 7894 @8ITROHEEE #BTD7. 4N & .@KHA #PADE&H5. &&IHCT(#
4087/ @SHAH(A=8 H#&II&BI"HATBK #WYIT(#84/8&H<TIAT.J &NA.8H5.8&8IH(< A-'OH = 7T@8/BEH548(/7 8/#
9@ ('B7/@BHO&S(@ /.. & (B @ H&AH&H#.IE. T/ @HHI.& () #D- <& @A5T/@BH /.- 5/-.& (HAL-DHQBMINOP.NO3@#
J.&( (- .OBOH- D&(H&( 8T HTSSUPH SIHACH | &( (108HE& 4I8 9T &5AHE. &ORAESTI@BH .- 5/- . &548/7 BEKH
(-D K. 7@("#HACEHE. P TIRBHW #7(#5485-98& IH<T /- DKT7 QBE&HR'4)=8 8/ <4 - 'O+D&H 4((@ B8 EAFIASH
K. 7 @¥( @R#&I 5&EO(#/<&#( - DK. 7@ @87 GTD&HM. #/<8#T)J @BH(| .&(("# HIBH/<&HET(&HAAIEH) . &( &8/#
&1J&.@&8I(H<&K.7 @ 8BEH V¥ SA=FHTHT K& H<T8H<8&#).89 B &I#-DK.7 @KDE)% MNYSDYacRE# = "H/#
578#D&HT K- &OHI<TIH#K. 7 @#DA-897. EH( @I@B=- (/#7"4CHT554==497|@BHI<TIH=TEH [T6&H<EHAI=H AR
9@ (B7/@BHE&HA -/ @ ABPK B H=TEH#T554- 8/H#AL #/<&H#( - DK.7@H(/.- 5/- .8HAD( & H8Q"#Hh 18 87/8 EH@= TEHDSH
7.K- &OH<T/#(-D K 7@(#578#DE& TH&A (# @8/&.8TH: 7 @HDA- 897. @& .49- S@BB 7D7..4 N\& . @KH4. #P 4D &H
5.88.J"



P48( @R.HABETIH. &OBI@BHA A=H<&AE"#B<&IB4.= 7' QEOH/&TIEHIT/IEH5. &80 TI8&H5 TSIDEE. @//&.BH X7 J&.N
14.8)# B7D7..4N\&.. @SKPAD'&B.8&IFIK.7 @Bi-89 7.EX @I@BKHAA"AC(h#

#
&T A{b p(a}“
A |2 # YRt
DGb d G

#

C<& &t #@ (#B#7JJ.4.). @ EHO @=8Q@BI&( (#548(78/)H# GH<&HTII@5B AA-BBALAA @S QBRI &H(<&T 4

=49-- ()HDHEH<&R- K& (HH&5/4.$S QYB=H#AMHTEIO@-=FBHER 4'/0=78 8n(BAS(/7 8/)HOHEH<&K. 7 OB@8H

SV SH#= F)BHEH<&A ] .4).@7/8HT @ BBEAIIAS &.8/)BHD (HEH/ .&((#&IIA8&.8/)HTBHOHEH<ETI) @ LY (" #
3<&H&(J &5/ @HIT.7 = &/&.(17 &K @HEBBFD &H'#

#
37D &HHPT . T=8&/&.(# A4 &4 .& @ 5B B&IWD.&I@5/GH
#
27.7=8&I& # \7.J& .N!4.8# | B7D7..4N\&.. @KH PAD'&# %.7@8#%-89 7.E5 @9@8K#
b# WO 5i%F YZ# RQ# VBQH
J# SH Yi# # Yi#
8# Wt Wt W Wt
#

1J&. @=8&8/7"E)#<&HQ8& MH&.((# 9&I&B9I&B5 D (A-BIHAD K QBHH4.= 7' @ OB/ &((# '&H& XA #HW S 1. #
1&(/(HTHTSSB)E @&'9@T2B4:= 7' @O0&GHT @ SRNAHHWS H 4. 7. & N!14.8H<&HT - 8HABD&I&BI(# J48H
[<8#84.= 7' @RI &@'(# . 8( ()i %)E<@55FEDEE( | @T/8IHA. 4=#<&H. 4589-.& HK @ HLHHT 8K# "WYTHZ"Gt
| 808 37 4T SSP "#B<- ()#<&tb4=] -/&9184.=7 @085 .&&IH/ .7 QB IHTH#/.&((# AAHHHNG #4.# 7.J& N 4. SHEINCQH
| 8 Y4 . B7D7..4AN\&.. @BHQ@ € #1#VE Y4 RAD & & &IHQ@ it W ST 89#AL K. 7 @ 84- 897 .EX @I @SB
5.88 JHO@ QW S WHB <& 4=] -/&IHHT &HAL BTDT..4N\&..@ 815 8&JHEIH & EF 4( &#AH<&AD(&. H&IH T &
QBRI @ 7| @ IRBIHE( 1/<&BA=0-18& 9#5.88IHTI&HA RPAD'&H . &&ID DI .4 @=TREN RSHD= 7 K& #<78H
C7(#D( & HROWT8IH<&BA= J- |QIHHT'- &(#4.# 7.J& N 4.8#789#K.7@D489 7.E4 @9 QBR&IH . &7 DA-I#YKO#
| @=& (H@*& H<TBHCT(#AD & HO"HB<8&( &1 T'5-"7I@8( #( - KK&( IH<7/#K. 7 @HDA- 897. B @BKHT89A 7.J&N
| 4.8#5.88)#=8& 5<T8@F (#7.84=4 & QBEHA#I&( 5. @8 .&( (- .@8IHI- DEH5.8&IHDE<THRA/<T8#BTD7..4N
\&..@&KH# HPAD'&HES<T8@:(# (@5&#<&BTDT7.. AN\&.. ®K#& 5<78@+# @ B8 (@& &OMMD&#I&. TD &HAS'EF I#
H&. EH@K<A=4'4K4 -(#/8=)&.7/-.& (#18IH<&WP4D'&#49&' # GO AGITHHEH .89 @5/(H#&HAD (& H&H#&TIEN
(17184588 IHT & " HXBH<&HMI<& 1K T89)H<&#D . &( (-. DEIH-D &5 . &&IHOT/TH=TEHD &HQ K ST BIE /BN -&H&HD B
@8/&.(/@/@FHD | GRE=T @@ SKIRA - @I8H-5<# |<TI#54=] 7.@I8(HC @ /<A & (H#/<T/HOAHBAIHAB-9 &H-5 <#
8A-5I(# TED&D @B 'HAHDI& ) .&/"Ht

#

18#(-==7 E}&H@9&8TRIBHDEIAA-8IH #T"H/<.88#B &CIAB@BH5. &&IH= &5<T8@x (#789#K. 7@HD4- 897.E1
(@IEBI8/. @-/@8HAHS.8&IHQMND.NO3I@HTSSBH# T8I ACH(.&(("# #P.&&IH.TI&HET'S- TI@48(H &G
B7D7..4N\&.. @K#5.&&IHA#DE&IEA . &# AHA. TD'&H#<T8#PAD'&#5.&&))HD-/#/<@ ((B.&=(# - 8'@6RHTHTSSUPH
1&/7"4K . 7I<@BH@OB&H<AC(#J. 850 JEB!H @ &N(HBHATHA. D'E#. @ &8MEK. 7 @HD4-897. Q@A FK . & &=88/#
C@/DH/<®QAA-BBH5.88IH=8&5<78@ (=("#L@5.4(/.-5- .7'#&H@OBEHDBI@TRILT/HK.7 @ B¥#-897.EX @I @B
7894\ 7.J&N 4.8#5.88I#( <4- 'OHAI& TI&WH( - JIA.I8OHDEH#<&HK. 7 @HT (I&5/#.7I@H=8&T (- .&= &8/(#T8IH/<&H#
4D(&.H&9O @457/@B1. 49- 5/ @A48BIH&T..7 BK&=&8/"#LA(/ #E& EFRTS<HUAI<8( 8 85<T8@= (1) TE( ##4' 8¢
@BHRPDZAL. =7/ @48 S&((H#T (H71H\-85/ AR (/ TBE&HM. 4=75/ @ H&F@ BH-897. @&#

#

Conclusions

#

3<&#& 5<T8@=#548/.4" ORD.&&IDE<H@TH QK <R.& (( &(I'4C& #8= J&.TI- . & HBHVINOP .\CB @7 ( # <4ACS8H#
14#=4(1# ' @&EHD&M @ (54# K @9&HB/.4"' &9t5.&&IHT . QBKHAA=# |<&#).&(&B5&HUAB QIBIHP #(4' Q@H(4'-I @Bt
<7.9&8@8## 3<&t# J.894= @878/#&5<78@# 548/.4"Q8KE.&&¥ D&<TH@A4HH 'AC& # (I.&((& (i<@Kss#
18&=3&.71-.& (#(<4-'9 #D&K.7 @489 7.E#( @ @34 . #PAD&#5.8&))#D- [#KQ8B# &HOSBS&H A # &I /&8( @Q8#
9@ ('B7/@BHI.49- 5/@AFBOH.&7..78K&=&8/)AT.J& N4, 8#5 &&IH=TEHT'(4#548/.@ D-/&#HH/<&IO&AL =T CB4
J.45&( ("H#t



References

ANV B8 &( 78I "' JOYEXI* NS "WiTQ#YSERY"'#

NY _H'HA - JO# T8OHL AT =@'/A8)K;i;*NS'W'iY  RPWCCFE"#

N - Qb ] = @F89R "HLT/(-@#8Ki;* NS'W WY SYRZ#

NO_B#3"H#HA&'08& )HX*B:)# J.@H&BA== -8@7/@48"#

R#t! "H3"R 4&‘0&#789##%2&8/'&E)#d<ﬂ;b# 789#+d?]3; *#+4@AaM6(< 4IHABHMT7879@# b"AE(HAL E-(@48
;8&.KE#JJ)' @7/@49%8- 5(48)h. @087 )#-8&HY VY Y)¥SSY"#

NQ#3"A0'H 7T8KO48)M& ["1B.78("# * b \GSYF¥(:"#

NZ #3"#6'H TBKOAB8)HL7 /& "5 @B K'HYT #SSSFHQQ'#

T H#1"H @89 "1 @6 &' th $31 A8/'W >WSHFASRFJF J&H# +b|WOQY"#

e HMUH@BIATKT(7 67)#'#3"#4&' 0&)H"#:"#%.4((D &56)8"#"H@86'QHL-.4K 7)#'#L-6-= 4I4AK'#17/(-@}
789#&"#87.-@#)1.&(&8/&9#7/#<&MVV#8/&.87/@48'P#AB/&.&SS&#S#_- (@4887 54 1 71&.@T"#

B # 15" 1068 &( Y "t K 7= @8BT8 "#'H- JO)# X;i;* NSWIiYQEWec Wi

AWV "6 B &( Y X; i; * N Wi~ WEYSSWRNZ'#

Y #4B"# 78Kyth 5/7# 7/& "HOOMN c RARRY

W HPTILE )P .&E&IHDRIRIT" @EFI&. @' ()#L7 1&."B5@1#484K .7 I<()#'(&H@ &ANCTRIW R #



