VYSOKE UCENI TECHNICKE V BRNE

BRNO UNIVERSITY OF TECHNOLOGY

FAKULTA STROJNIHO INZENYRSTVI

FACULTY OF MECHANICAL ENGINEERING

USTAV FYZIKALNIHO INZENYRSTVI

INSTITUTE OF PHYSICAL ENGINEERING

CHARAKTERISTIKA JEDNOFOTONOVYCH ZARICU PRO
KVANTOVE OPTICKE TECHNOLOGIE

CHARACTERISTICS OF SINGLE-PHOTON EMITTERS FOR QUANTUM OPTICAL TECHNOLOGIES

BAKALARSKA PRACE
BACHELOR'S THESIS

AUTOR PRACE VOJTECH ZICHACEK
AUTHOR

VEDOUCI PRACE Ing. PETR VIEWEGH, Ph.D.
SUPERVISOR

BRNO 2025






VYSOKE UCENi FAKULTA

TECHNICKE STROJNIHO
V BRNE INZENYRSTVI

W~CG—i- ~O~2GH+Oh-R°g £

E+2~7) E+2~"=- §0§%-1} -$-5£-L°+27T

PEECE-2 S-"2Fj 1 W8i 1GnEC

P3¢ -T=@° - ¥ ~«ll C- _JOFT5EAL 42 Tomin~a—2£ j Y a-0-YIF
pPB¢y-r- - £ 4L, ~iE

SEC-3{1-R°gi £l f=¥-mE2°=SEEUE¥ | 1= | Kak
NO~CE«SjOL="-0ll OMOQLOR

p

b

D£¢RE%: KH2~"3: g« "pt-32~¢3: +£-  §O--E£<«= NNNNINVVU= -p” -+-CLj }= 60-2Fj 1= ~Pt£: p23C¢i-i«
~p,030f —I«AGCLE«=Srg="b °~TF=3°nN3E-GHL£E3T| 12N~ ~0~gHOn=R° i £l

TSRO~ £G a2 |, GHNE0° 07~ he-@% N
2£ § 1-a_ Y5

P23} 1 ~~CRE H20~R°~ *£<<~20- KO3

gEC~—0-2-~—"h: [ GHNE: POE -Lj 1z 4§20Gi: 1~ T KEAECT °-& @°-z °= 7= @ ~-2-"Lj )z -@4j0L}
26§ 1~—4-¥lk= QET] 1= ETRE S £l —@%0F | 1 ~"~C2E%, ~j£= £ ~£+ - prect ~g°-NL <z ©°-OE Iz C£°L
T 5~0FEr @-+2~ £ #-1HA0-" ~=h: —@jOh ££42~" |5 ©2£°-3: "Ex ~~"Tjz =32=hr ~FHECTE 2£42-7~2
~p-@%cc~, =" ~2l=j-5: BCL:Ne" T Te2h2—: ~O~GHOR=-0°Tj £

STE ~0~2GHOnR°g £l

NF=m® '£02£'°£e£°e—1| 23 ~~=2P e~ EG-1-2-=" L j = GHNEDOE L j 1=4G20g 1 § 1= E S 1=~0H0~ | £:0°-
0 ~~2-"h2E | 2=~V E T J-ENREScE~2GT] I~~~ K

OF: DY@E < E2Gini= 1 ~°~C2E%, 32£-2.2-2 £ ~—1-2—= Tz | GHNE: ~D-B%«c~ 32E= —@%]0-3= +£42~" 3:0°-
2£-2--KnEX

PE, ~~<«<=C-®-"3NE-h=RE~23° |

~pgbiibqqllzp%e~—§~~:__Bobqqfl=" £2-(=mE£+RL % £:-+=p-%¢ p2~2£-pi-¥£ m]-2-—=p-3°j£+
52 £ f°~°£¢=0-°2 N3~23«<=gE j | -1 ¥ - B -H-ENCT ~— i £C:NS~—28«=gE | | 7--HEH-OMOPI=°-nk-SI
NK=NMk=fpp k=ORNNJVMQQK=a-+23®-h=_ I } 2@+IILL¢ -~ ¥LNMKNMMOL 32£K0OMOPMMNQRY=x j §=OMOQINMIMT zK

p
p

C~032~242° " STt 5| °42 IS - £-Oh=3E~T2E | 1-§{0h:"=_°~Fl=qE | § 8§ 0F=0UVSLOLzSNS=SVel=_°—



QE «T-=-CE™ _¢FT= ~O~GHON=0°g | £ Ext2~nm" E-el~t—" L cBAY~E <<=~0~CE«<§jON } -=*~02=OMOQLOR
b

p
b
S= °-FI=¢-£
b
b
b
ik=pk
p
p
b
b
®°-z-oka’f=g-<«<g6=nio-~I=" pik ¢- jKf-¥K-gih-e%-0~I-m | kak
1ECREEKE~"3 ¢FO~-=0~03%2.

C~032~=420 " STt 5L 427 TI=S - £-ON=3NEAT2E | 1 -§{Oh:"=_°=Fl=0E | | ~§{0F-0UVSLO-1=SNS=SVal=_°--



Qooooooo

(000 00000 00 OURooo dooooifooioodo 0uooobooodoon iofoditoooboioo foood O boooooo
(000000 000 0omooto © 00ltoor 0oooooo boood bodiohboo fonooo booooiododo oot too
0ud O DO00lo boddooo Uit Lot bobootodoiidood bodooo toibodoooojdiuoit Dotottoooo
0 O0i00000O! (000 Lo botodb 0ooooioboto Oitooboooo D Drotooooo boooooo bOiooo Do
0000000000 0DeoIo O LOoooooo foootootooooo oo toboodr Oooool boooitoot tobooo bottood
0000 g“@( )1 O 000000 C0000 00 000000 00000 O 000000 000000000 0000000000 000000 O
00l00000000dibido Lidoboboooo fooo Uoobodl Loodor goubiboidooon (ooodoiotooo0

gogio

(000 000000 JOodoot 0 ooo Joodilnddodr fuoiidotonioioy Lo 0oliootoooo Liodidioodooo Ui
0000 000 DoOIoooouo o bokoooL Dooiooo OO0 lo0ootitoooy 0oo0odo booboooo boooo Ooooiod
000 00O 0oooot 0oooioo 0ot 0o botdioot Qooo 00 0oooCooododboot Codottocol bodiod
000 000 Doofroot toooootl 000 0ooou Lootidodob fooo DOltootitt Doooooootoo Ooooo
000000 00000000 boo 0U00ooto Uobooooo boo 0doobod fiodotodoboot bdidonoo 0o Looouooo
000 000000000000 00000000000 00000000 ¢2( )0 000 D000 0000 00 000 000000 000000000 000
00000 D00 tODbdoooooito oo 0L 0ooobo OOo000 oo Lo toldoboboooooo Oododtoboo booo
8 L

Qoi0too ooooo

0000000000000 0ooiodn 0oit0o0ototoooOD Coboohoo0otn bootoooo bOooiooo DohobOo0ionio 0bboood
00000000000 00000 Itohoiotooor dbbiidobbboo OO Do tdotibiboot Oobobooooo: Do
10000000 000000 bootot boodion oo

Qobooobd

000000000000 00ionootl DRbboiiiooood Lotbodood: 0uboohd 0ooinoo toobooiboooor booudod
I A A M
000 Uinfioo 000000 Oootod Dofoioo odooo

0i00dooOl Cioobidooiodooooh [doooltothooooo 0ooooo oo fooboobo Dooiooo DdobOolooooo
Q0000 400000 00000 Do0ooitoo O ool oboio Doooododo I0o00o0oooo boooo 0o 0o odoood
1000 D000 titgooor 0oidd






Q000000 0o oodfy 0Uoo 0oodootoooh Ooodo OO0 fodoboo booo ooooobdor todhooooooo
000 fooobod booddit oo odot Loudoioor oo 0 0o U toooiit todoooy oooooode o
0000000 000000 totbboood O ttpobdd 00Ul fodottoto 0o boooo bobood

{00000 diotoodo






Q0000 0000 0o00d LOooboooo Uoid bo 0boitoo O foo0iod Do0ddo 0doo Lootdr booor Qo
[ 00 DO00ORODO0 Do0moboo boitoo 0 0 0oooooo 0oo 0o Uo Uboiioto oo oo Uobo boooboooo
{000 Doo0o 0000 Ooooo Uooooobom 0oidr to booodo ¢ 0oobiot 000w oo bootiotoootr 0od
(000ioobOoootD O Ooboooioooo bodo Uoboo bood 0odbodtl bo tbooor Dooiboob 4boteoo O
00000t Ludod 0oitoo oooomdo

(000 00000 0000 Doooooddo 0o oooooot tbobodoo 0iootootbotod Dooodhoboobod d
0Ooo0obool Lodoo booboobooo 0 O0ioLU Dooooo booor foooootto © Ooooo

{00000 diotoodo






ugogd

HinEan

0 0ood O
0 [O000oOooOr bibdiibOoobooioobon oo O
00 00oodo 0ooOooitooob DooCOooo cOoQoo0 Oofotooo oo OoOOOCOOODOODEODOD D
00 [OO0000o0COOD Uoobdto boooocooogoooooooooooogooooeooroon O
00 [oobOooU OOme googooocooOOOOOOOOOCOOCODCODOOOOOOOODODODCDD O
0 OJdQoot booooott tiobitboobooiiiobdo foood 0

00 0000000 Oooooo 00000000 coooooooooooOOOOOODOOOODOOODODODD D
00 00ooooiol odooo footoo oococotoooooOoOOOOOODODOOODOODODODDD D
0 00000o0idbooo boooot ododo O
00 OC0obOUo 0oCooo oocoooQOOCOCOCOCODOCODOOOOOOOCOOOOOOOOODODODOD D
(00 O0o00b0O0ooo OCooCoooo ooOdoooooooQOOOOODODOODOODODODODOD D

(00 00000 Ooodmoo 0oomgo oooooooooogQooooOOOOOOEOOEOD OO

00 OdoooiodoboooobOo Ooooog ocooooQooOOOCOOOOOCOOOODOODCOOODODODD OO
0 [00000D0oIobon ooo 0o
00 00boo0oo UitOUldOoo ottt D Qoo oo o oo oo QOOCOUOODODODEODD OO
0000 000000000 000000 0000000 0000 g®( ) 0000000000 00000¢0 OO

00 00foiboibDboooo ooooioooteo O CooCCddmoi0Coo oooOoOOCOCOCOOODCOTOEOOD OO
8 I 1 T I A

(o0 OooU oooomObbo ooocooopooOoOoOOOOOOOOOOCOOOODDD OO

0 0000000000000l Oooooo 0o
00 Qoo oobccdo o oocooogQOoOOCOQOOCOOOOOOOOCOOOOOCOOOODODDD OO
00 doboobootbcoo b oogQOoOCOCOQCODOCODOOCOOOOOCOOOOOCOOODODODODD OO
ot ooco oogoooogQOOOOCOCOOODOOOOOOOOOODOOOOODODDD OO

(00 0O0CooDiDD OOOoed oooocoooOOCOCOOOOOOCOOCOOEOOOEOODEODD OO

(00 0O00DOOOO0 Cooom goooocoooooGOOOOOODOOODOOOOOOODOD OO

(o0 OoobibodjooOboUbobooO oooogQUOOCOOOCOOOOCOCODOCOCOOODOODD OO

00 Odoboiooootmcoc b coogQOoOCOCOQCODOCODOOCOOOOOCOOOOOOOOODODDD OO
0 Ooortbot OO lotobtooOoood 0o
0 0oooo 0o



J gt

00 000 0000000 000000 boooo0iotiooo Doooo booo boboo booo0obboo [booiotnn toooooo 0ooo
000000000 Doooooo 0foootoo toobodoodl [obo o boodoooood Looooin oo dotmnooouoa
00ooio 0 0ot 0000000 Dot 00o000iuboboo bhooooooo: fooonitoono: Jhotod o Ubdinboo 0ot
0000 O J000000000 U000 0o0do booootoo opddoiioi tooodun fotUioo fodooooooe U oooodoo
00000000 Uibooood Uooo 0utooo bouuoo 4o iondo 0o Loood bodoo toooooo odooo
10000 DOooo 0oooo OO0 ooood 0ODooooo Doooooodoit © Doodooooto toboioooto doooioo Doodoo
000 O 000000000000 Do0bioodoo 0booooto 0nooho fboboo foboooooo 0booooboooo ooooo
Jio0O0 Doiiid 4bobooudo Dobooboooo Loomoo Uoih toooboooouy boodooto boooomooo
0000 000 0000000000 Oittoooor bodiboooo odooooo Iboodoto b Dootboiimoo botbooor oodd
A O A
J00000000M 00 0o0ooooo o Uoodo fhooidood Od 0odddioo Oolooooo toooitoddo hodoUogo ooo fo
[0

000 0000ooood ooooooo 0o foooomiondo boitotiooioodoo fobodooo oo 0o Ooiboooodooo
000000 (00000000 DOoo00 oo Do DO0doton tiiobod totio 0ooobotibooo tobooo Doiooooo
100000000000 DOODoD L 0ooooboooo Dooo lobooooool tooioo oodudbdoon Dolr Doooooe o
N 1
000 0000000 00 00iod 0ubootboooo 0 0 Dooo boodd oo 0 Dobbot dboiboitdoo fodooo od
00000000000 oooooioo 00ouoboo Oodoooioo ooo

000 0000 000000 0o0ooDito DOooooooooo hodoooobon o Dooo 0o0doooo 0ooodo doodiood
00000000 000 Dioood ftLootoioo fhoood boooooodio Lo ftondooo bhood bo bood botooooo
000000000 DODOod fo0oodr boooo fodd fotdodo 0o booboddn 0ooobddo tooooo loooo Doodg o
00 0 booooo b0oobooooh 0ooootoot 0ooooo oot tooo o 0ibdotooo obooitootobooo oooiooo
00000 00000 Dioboit 0bOoood booo tooogo

00000ty Dob0 000000o0lo [000oo0 [000Doooodbot Dooom Dooot oo Do0diobooo boooto
1000 0ooooIdbtoton oooooiod ¢ ft0itddooododoo Lo fooo Doooootl bodobooooo 0 hoooood
0io00uino U 0UolQDmooor toodotot oodoo Loooouo 0o Ooofitoooooto fottoo O oooiooo
0000000000 000000000 fo00bioitoUoboo Ooooo 0oooo Oitooo bobolo 0doo bobooooooo Oooooo

0J 0000000000 DoOo0 0oooD 0oioood Dobdoidioodo oood hoooobod 0oooio Dooooo bodomoio jod
1000 0000 000000 fibdiidfoUiiriioioo dotodl ¢ Doottodo toiod Iofohotodr Oooooo fooo
0000000000 00000 0 O0oto0 fooOobdioodio dootobUoooo 0booo 0hoootoot [boooo U0oooodd
J0D00IbIoUooOODn 0oooor Dotioooo oo toOoooo OO boooto U booitooto Codooo Oobooooo
1000000 0000 000000 0otooood 0 Codoo ot Obomoomoool ¢ oo 0o 0o toboogo ftootobood
(00000000 0ooooo Diotoo o 0o0oooo Uot Looodod 0oidtobol dooobooiiioiiobooo booor toooo
000b0ooido O foithotoboobddio tobootoooo © Ooooo buuoo Udooioo boditoooodo O doodo
11010000000 00ooo

00000 00000t 00 OobOdoobo bodoooido Doiobolido oo fobboltoobitot foboooo
Q0000000000 0000 Uo0booo 0ooodo O oib0 fooooooo [oob 0itooo Dooooioonbdo Doooooodo
000 D00I0000 iitDoldoboooooo Loooote Dhodinooo tobodootio Loiobo toootododbode tooooo
0000000 4oot foiboiod Looou O oodoiC0iooior Qoo Lomoodooo Lo fobododto tooood

000000000 DRO0 0bO0inolo Doooo © 0ot bobotiobo foorooot boiboooooo Loooo o 0o
J000I00 0O00oooo0ooo0ion Oibiootoool oot oooo 0o 0o boo fodbobo bbooooobobodo
00000 0 DODO0DO0000000 0000oo0odboooo oboood 0 Ooo 00 bOooon ooio botoo 0 oooood
I000o0ot0uoon oooogo



01 0ugogooonl bootbbbbdgubbigbidn boog

U0 HOodboibotl bibbibiutbbiiboioo
Hinin

U 00000000 00000 000000 [0 Cibdot0Oo0to0ioo dotioo 0o Uhoototooo 0o oboooood Oood
Q0000000 000roootol OO0t Ooobood tooo o hooootooto booboood tooooood lotd
0000000 DooODbobtoon Lodootoooo oo

0000 OJoCDO0 Db Uuibtood tooitotoo bbbt buobootoo

UiOoboidd looo0iitiiitodout botdouiioood Cododoio 0 bdooohdll me O 00oogo
j00ooooor v 00 tofioooooD bodog

1
A= % + 5m!zkz: i

000000004 DOIOIo0oooo booooioid a 0 D00 0ooUiootobo folboooouo Ooooooion tutotooto
&l JO00 000 0DO0000000 0ootiOo boooooo 0o boooo

A = Al aya+% : nini

100000000 Do0000 Dooooo LOoCUooooo ¢ LoOooombood fooo Looubodror

[A:&]=h1a; [A:;8]= hHla 0ooao

000 0000000 00000000000 0000000 000000000 A1 000000000 00 00000000000 00000010000000
0000000 0 0000000000000 0000 00, 0000 0000000 000000 K 0 0000000 00000000000 E,l

A =E, n i

000000 0000 0000000 Ooooodioo oo oo &, 0 & U000 Diooooodo oooooodr oooocoood
A 0 00000000 (B, + A1) 0 (E, 61)1 000000 000000 000001000 00000000 0000000000
000000R0000 Doortoooo oo boob DOooobo Oooooiioobobod toodinto Lobooo ok 0o 0o

Q000000 0000000 0000000000 0000o0iuoodn 0ooitobo oo 0oo 0ooo bioooon toooo oo
000000000 D00 Ubooooioodo 0oooboo oo Dooo 0odo booooot 00o00mooo oootinot bood bofooo
0000000000 000000 0ot 0botooooodo 0 Ooor 0o Uoiof boooio totg - 0ooto toodooo boo
000ioo thoiboono b0ty footbwd O o oout fobduuddoo Oood booioddo fido - Uoo Odooo
bl & o =0C

Q00000 0 0000000ooo boboo 00 00000 CotoUonoo fo 0O00o0o DO0DO0OD AL Cooot 000o0ooe o
00000000 00 A =n 0000 n 0000 00000000 D000 O 0000t Doo 0ot A = aval n 0000 0ocdo
00000 CO0N000tond 0ooobiobood 0oooo 0 0 Uodiboooor Dooto oo 0o0doo Joooooootdodo
1000 DOOO0ooo CoCot lotoood

Q00000 0000000DooD booxoioot boooor thodioooouo botoooooo 0ot boouoolo fooooooo
000100 DIb000o0 0000t 0oobooot LoiooioitoL bootioood Lritd ni DOODOM0 OOiioo Oooto
00 000000C Bro oo



[0l 000000000000 000000000 00000
nood bjdbbbbbboob biobiUobo tuobo

U 0000000000 O Do0o0oooobon dootibooo booob toooodf diiotood bodooooo U ooooooootg
(000000 L0000 00 Doooo OhoOooitdodb Dooreoooo oo Dododb ¢ boobo0oioo Dooooooo

Ajni = Epjni = n+% BIjni: 0000

(100000000 00000000 000Iomoooiion booooooono o bood- D000 0000 Oibooto 0obo 0 0oooom
000000 00 00000 O RYD 000 00 0000000000000 0000 00 00000000 & 0000000 0000000 0000000
R0 00000 & 0000000 00000 O 0000om B0 ooo oo
0000000 0b00 00000000 0hi0bOooon 00000on0ooD bobeo 100bo 00 0ooooOo &Y Dab boooo
000000 0000 0D00bOoo bO00oooo DoOioMoooo Loooooooao
a'jni = Iijn + 1i;
. p_. . 00000
ani = njn 1
00000000 0000 j0il bO00000000 0000 bo0ooon 0000l booo0oo boooo 0o b 0boiooo ooeo
0000000000 00000 0oDoOooDoo Doooool 000boCtooot 0ombool boobooiob 0oooobooo &Y oo
00000000 0000 000000 000000 0oobo boiooboooo 0oooe boiobo O 0oobod no

1 .
jni = p— & "joi: 0oooo

Il

Q000000 Dot 000oooooon bododintioooo toodittd Loooooo boooo ¢ Uooubood tJooo bogdotio
000 0ooood Oooouood O oo

Ooo0 0otbbooh Oood

U000 0 400oOo dO0ooooooinoool Doodoooooo 0ooooo 0ooo U 0Coooido Ooooo boo0oo doooo
00000 jnil OO0 DO00C 000 000lo0o 0o 0oboob 0ooi0booo 0iooodod Cbooo bonodo ooooo



01 0ugogooonl bootbbbbdgubbigbidn boog

000 Dooodo Dooootoot 0o 0O0000otooo bbofooiobo Ooonbooo 0 toobofoood boootiooon ™
0000000 CooCODoOn 0Dooooo k0 O DOitCoD [hobooodn ¥ = ek 000 ¢ 00 00000000 DOOooon

X
ji= Ci:J N 0o0oo
k;";n
00000 000000000 00O D00 0O0000oD 000000 boiod 0000000000 0000000 DOomoto 0oooo
000000CCOID 000iobobo 00000booiol fobobomoooo botinboto oo
Q00000 0000 jnig.- 00DOC0 0DOOID 0000 DO00DO fooCo beoooot CDhoo boOoCooor ooooo o
000000 n I0OOCC O 00B0oO Coooo ooe O OobobOooeo fiooobooor Ooccobobd 0oobd o ooo oo
000000000 000bo00 0000000 0000noio 0DC0o 0ooobo O 000000 0oobo 00 0Ooihooo 0000 oo
00000 0000 DO0Don0o 0000 000 bOCCO0oon 0boooo 00000 00000 0000 00000 00ooo Ih0ooo booo
000000000 ooo



L0 oD dbiboool
0ot aobuibintttg touugo

00000000 DOdooo O Ooooo oot ooootn E O oobool 0000000 O Cooot bodooo 0ooodo o
000000000 D000 foboto Iooo 0oboo Doooboo boooo ooco Ubododa

E=H! p=Hhk alaji

000 1 00 000000 fooo0oooo O k 0i00o0 0ooooo 0Oo0oooo oo 0oo botooo ooto oo bhooood
0000000 1000 000000000000io00 0o Dooboooodo boootol Oolioto boob 000000 0ooobdl Ooood
00000 000 0oboO00o0 0ooo 0 booodoo 0ooo 0 ODLO0oot booooooo Jr Ooooooooe 0o oooo
000000 00000 0ototoobto O Loootonond 0ooroooon tonn

0000 00o0bdn ool 0udobood

00000 00000 OO0 0000t0l Ooooot 0booooo 0o oo™ 0booow 0ObO 0 0000 oo™ oooood
0000000000 o000 000 0 bOboooooo 0 0Dooko 0ooboo - B0 Oooooooo boobod 0o 0Oooo
(00000 [h0o0o 0boboood 0oitoot Oooootoo 0 0oooo OO Looiboooo booot U booooeo

0 000 00000000iN0n 0o00oono 0hidooodn boouor bdo ¢ Lodo itoo tiotoioo Coouiobiota
0ol =100000000=+h

0 000 Ih000DOIoOO bobooood 0ooooioooo potoo oo ¢ o0oo oo 0ieododt OoooUioboiooa
ool = 100000 000= B

Uoi0tion tiioitod o Mhooooo 0Oibotoodn 4o foo doo0uoo hoo nudotol buooioodr tood
00000000 O I0000000od Loidoioooon Lhodiod botoooooo Uhitoooo bdootibooo oo 0o Lot
0uoo0bo 0000 oo oo oo

000000 0000 (bobooo tooooooooo Dooooiobod Dooooot oooo dooood Coodtobdooo bootito
000000 0000000 0ooooioboooo 000l tookoooo 0 pedm

B o A

000 0000000 Doootioooo booooo 00 boooob Looooittbobd oot =0 00 0oooo 0o
J0000000IC U 00RooDOr 0oooodl oo bibooooboo oob foDiooo L 0oito © Oioboooo boodoooo



0l bouobb gogooubl bbbubbboubbigbuot toooad

00000 [0 0R00D0000U 0 0000 00ooool O Doo footod Ioditbo dooodoo oo Dooo Lootoio doooooooo
00000 000000000 000ooD jooooo tobboiobod 4o 0ooo boooiioiogn booooioo 0o oo toodoo
0000 D000 0oott O 000000 0o fbo Dotooo Doooooo 0ot U 00oo0oidboo Dooooo 0dodoo ooiod boo
1000000 D0h00O0onoo Joobod 0od Uonooooo tidoou toilotdo U o boidooootod 0oooto ooo botg
0io0 0000 Doboooiot 4bOooo boooooo b4 o 0 0000 0oooooo oubood Ooottiodor Loo o
00000 00 000000 Ooibdooo Cooooo 0ol boo booo Oiooo oodo Do

0oo oo 0ao

000000 0000 dooooot 0obobooooo bibobmoot 04 bootoo ¢ fhooibditobd boooioo bod & = o
000 *=110000 * = 20 00000000 0 oo

000000 000000 00000 000000000000000 000000 00 0000000 000000 070 000 = 00000000000
0000oooior 0ol 0 ¢ Ootooiooooo Dooo 0oodoobiood booo Co Dododoon Oo Ooohiooood
00000 “ 00 0000 0bo0oooot . DO0ooo 000000 | ooto Oooboor 00 bOd Ooo god o
O0i00I00 000000 udooioo Coibuinoidd 0odobil boitod Dooomiiitooo boubo 0o ododo
0000000000 1000 oo 0oouoooo foohoo dooooOdodo O 0obdoodt Ootooooddoo bdoo obodoo
000000000 000 boo 0o

00000000 0obo000Ko ftoboo foototooo o Dioboltomoo 0o boo Doouoot totoo o tooooooio
00000000 10000000 000000 Do 0oioooo L0000od 000 booo 0obol dooo tioodioom;o oo 0ooobo
00000 0000to O DOo0oo 0 0iCoo toooibd oo todbodo 0boodooobbbooooot odaoo oo oo

ouQ 0 OO 0000 00thoooddl bboo 0 oododono foo foooooo ttootdool Joioodooo
000000 bodiotboo fooboo Uhooot bdobool 0totto Dodboobioto bodad © oot dodoodootiodo
0000 DOO0UO00 Dodotboo ooboooo oo frooot boooo ooo boo fdotdobobooooto fooo od
0000 DO0CC000C 0oboD Ooroooodo 0 boooboooobooooo boo DObooooo ooot Dooooioo O Doltooo
0000000000 0000000 0000000t bodooiobol © Dooooo 0ootodiio toooddooo booboo toeo
Q000000000 U 000000000 nldoObom oo



10 U0Oobbitbdbobb buboit oy

Ui0iboior 0oooiod fotoood 0otooot 0ooto 0o ftido oddbo-oood ooboo 0 Ooodoood
0000 0io00Uboodl 0oo0tiooon thoinooo tidooo fooorotond U LoLoddoo tditoitoduood Dooto
000000 DO000O0 O 000OoCt0o0d botoooiboom ftEoo 0oo boot Doloboo o booo booooo bow oboood
00000000 00B0mo Lroooooto foooobor boono tiothoobo foeo Oooobio 0Oonoboooot ooooy
0000000000 O DO0ooo Doool 0oobortiotitoot 0ONboooood hooodtd 0oboooooon 0 boointo
00000 DOoooo 0ot U 0oodod booooodo pdofofrotoo Dotdtoo fooooodtdo bottoboodr bdooood
0000 00oodoooo o 4o dootdiooo 00 0ooo oido

Cistota NerozliSitelnost Vysoky jas NPT
generace
X1 Yy, Ao oMo DY TSRITS
N o B T e e Ao A -
— >t —_—t —t

Q1000000 Dot Do0iOoditto boooooooo Dbooboboooo bittobooo 0o 0ooo Looboooo © Doitodea
0 000

00000000 0o0obd 0ooo U Oiooododr jooboo Dooo 0otoboo foooboboon Cooood bood
000 DO0bo0 bo0uoioobbobooy Doobodd 0ooo b oooo Oiboidioooity bOooooooo 02 odoood
Ofiooiood D00booool 0od 0o ftdnood boioodr 0Uiodooido 0oootdo Didoo bodoodo Doooo
(000 0Ib00ibobood tdoiobitoo ooooo © fotoooo ltodd 0oobod Odopdbood 4oor 0dodd
00000 0000 UED 0i0000000000 oo oobobiodoon b0 booiolh bootbotoon fhotoond oo
000 000000 000 0oo ibo 00otol: boo fibdomoobo Ooooboo © QOodooooo 0intooboo 0o bodioooo
0i00ito 0o 000iioooon tiooiomr 0ol obiooiibid 0o0oood fibboooto 00 Dooioooodo foooo
00oooul 0 00oooodr boooboooooo Uooooio Lo oodd bodotdg O dooooi bUdboiooodo ooodio
00000000000 0itoooo totio tooolo thoddodo fUbiooogr oOor Loodbiyou oo Dooo dooooo
00000I00R00 Dob0io CDooo Lool 0booooo 0oooooo Dooooooo bodot fobooonio boood Loooo
00it 00oo 000 oo

{00000 D00R0oCooo 00000 boU Iooo Ioobito Doitodooobol oo booooodooo o booinod
0 0000 00 000000 00 00000 0000 Libbotinto todoo © 00ootiobot boobibobod Jooboo oo tooboo o
00000000 0i00ooitoiul 0ioood toitiooooo botdoo Oootdooo DoE ogo dicboodidooo: 0 bodo
000000000 Uoitooo 0o0oo 0ooo 0oooobo toootoo O bootoooo DO0o0 0hoobbooot 0ooooooor bod
Orooooo

0000 DOoboob tohoood

0000000 004000 000 Doditown 0ooiooo Looood Gootood Looiooooo © Uodofdooto Doodo 00t
000000 O 00000000 iofo doooobiod 0boooo boooodo o botooooo Dootoo toototooo Doooioonoood
100000000 000000 0oboboond boibdoho o0t toohoot Uboot Loo ool Uoododo toou 0hoo
(0000000 00D 000 [H0tooootooooo dobObon Uooo 0otoom 0otoinobe 0obobooo oo 0o Orooond
000oood 0ooo oodod Uooiooo jobd 0o 000l bobdl Oittooo to 0oooo 4oooiod Uodoooood
10000 LJOoooitooo Ooooo 0oooot booudio boudio oobododoio hooodoooood doooio U boobooood
0000 000000io0 0ot 0itot Lbood Oioboobob Ooooooooog oo oo boboo tobobodbo Doo bitdo
000 000000000 boooo Oiboio 0O00oot Oeooo 000 0o foooo 0o booooo fo Oiooo © 0foooto booood

0



00 DUdgoibooobod oooooo oo

0000000000 O DO0OO Dobooot U 0i0booo tdmobt 0ooooiooog 0ooooi toodbobot Cooo dood
00000 0000 0000000 00000 fo0oo footiibbol oootitiod 0oooibotooonoint hoooooo totoo
0000000 00000 Dobobuo 0odoood oo

{00000 0ooot bobobiooo booooo oo 0bobddod bodoodio foUintoboood Doooogd oo
0000 00000 Doobooodd 0boooooo 0oboo booiiooooo boto 0 Oopoooboioo poboo Coo toooo boo
000000 0oi0od Oooobobid Looo thortonoot L 0oomboor fiboiobo o bobooootitiobo boood
I000I00UI0NODO0nD Dooo 0o U 00iobid 0ooooodo tooo 0oooo booo LOo bdodootn tooowy
1000 U 0000 DOobodbouoo moodr oboodid U boooo 0o 0o 0ootboo 00doot bootooe boooed
0000000000 Qibdd Loooioo boddoooo U 0odooitole 0O Doooioodroion Ooood fUUiodo ¢ boo
000000 00 0Ot fbooboo bobton: booot (oo 0oonooo bhobobou bootootod U Ooottotoond
00000 00 0itoo toooom O DoUooo © oOiioid 0oootoo 0ooo [hooooot 0hoooboo Ooooo bood
0 0000 OR00Dootion 0oooo DLoooioo booidood Uoo 00ootood Ooooo 0oooot 4boooo0drdodo
000000 U D00itoo booot 0bdoodo © 0oodoodo doobood 0doobdooooo Doodtoo ool bou toodd
00tod 0udioiod oooonooo U 0ooododoo © Dodootoo 0idooog oot boo Do Qoo 0ot 0ooto
000000 0o DoO Dool foitooo 0Oiior bobbdboon booooo Ooooooo oooo Dioooo oomdobo booodo
00000 [0 0Uotinoooot foobodoood 0oboioobo 0o bootiooooo 0oobooUoo LoUood booeoo Ood
(000000000 OO DO000000I00 0oooodo [2ED Uoo Dotiduoon Dooboioodito booooobo boomnoooa
0 000000 00 00000 0000ooo Oioodobooto hoboooo 4ooot Uooooo Loot to00rodo Oooooooo
(Q0ii0ooool Lbod Lo JUofitbod LOooioddo 0ot oo U ¢ioddotidouio Ditdotoodr todoo todoon
00000000 0iodooo 00 00O 000 0oooooto 0Uoidoo oodu Oooodiodoo O 0ooboooono bboooood
1ooad

Excitovany stav

Excitaéni zdroj Metastabilni stav
—

104 13sen
zoq poydald Anliez

Nnuo:
o

-

Zakladni stav

0000000 Doot 0oooo0Oohto boboboooor footototooobo Loooool boioobod o 0ooho boobuoo
000000000 0oooooo

Oobooo Obobdbooooo 0dbobiodo pbnoad

L10000000000 Dotoobotd Uo 0Uooo ontioo Do 0ooooooo Doido Domod oo biotooouiooe tudo g
00 00000000 00t bodiforobdotod dootodod Coodoodo U [ofod oo ooo'obOduod boooio
0 (0000000000 fOoooibo O biodooooooo foof doood Oootootibooo boooioodo O 0ooo oooood
00000000000 4ODobooooo 0oobomiio uodoo

000 00 00040000 00000 00 Ubiobouidr 0000000 0joiodoo U 0ot bbotootod 0oood
Q0o0bd Ep 6 00O 00000000 © 0000 JO00000o0o Ootoodo Coo Ooobooohobo O Uobootdond
000 00 0000000000 00000000 00000 0000 O 0000000 00000 0000 000000 sp? 0000000 0 000000000
0000000000 000000ido00 Oonooo D Oobooe biooootioooo OO0 Hobo Iboooiroo tootoo Ooood
000000 000 0 0000000000 AAY 000 0000000 0000000 000000 0000 000 0000000 00000000

0



gt gJouobbd booooo

00000 0000 0000000000 ABL 00 00000 0000 000000 00000000 00b0o0ioodd 00000000 0000 0o
00000 0000000 O0oott tooobb Uoidb Uoo Oooooo 0oooodoo 0otdoo 0ooooo Oooo ooooo boo
000 L00N0o0 0ot 0ol CO0 Oootootot boodd Uoddoooodo oU bobodooodo to bodo Qoo

°
kq"“‘o""‘o"’ : $
o__o6__o__o '
9 9 9
y oo __o__o y Z
9 9 9
‘ 6 o o ‘
X z
0ao
) S
'[N
y o/i’v:\("\, y
‘ M&o ‘ “B
X Z oN
0o

(000000 0000 000000000 0000 000000000 000 AA® 0000000001 O 000 AB 0000000000 O 0000
0000 0O0otoootl Ooboooob O Dooooooo 0 oo

U 004 000 I0000i000oo0n 0uoomo ooddid 0ootoo 0ooooo Loitoool booooooo oo
000000 [hoooo O 0U0booh 0ooodoo Dotoodotood 0UOoboot Dddoo U loooboobdooo Doioooo foooo
000 00000000000 0bo Loooooo bobd bodtoobtooo O Doooioo Oooo tooioodd U toooo to
000 D0000o0ooo 0o0oooo Liboot oodooiboot fiotibodoo boooto Lot Doooo ¢ oo
00000000 Uoioooroind 0oooood 0000t Loboooo jootir Ooooiidooooondn tooobolotibtoe o Doto
000000000 Uotodn O boodo fitodo boioooooo O L ditotioor [oooodogo Uoo bUioooo Lo Uoog
000 00 D00doooboo 0otiobood boodoom oo

(00000 0000 booboto boooboooo 0oodoboo foooooooo Goibdot 0 Dol 0000 ot

gjoiodl OO0 tood  boibododl boood t0i00o toodoo

UpOp aoo 0000
UpUp gao 0 oo
Uy aao 000

(00000 000000 I0Dooodtoouo 0oioboo O tooo 0 ood 0 Uod o oooiobodoo obood bod
000io0000iio Looodo doubotolo Ooodooo Dioodo fffom fooioodo oofoddo oofo oudtooodd
1000000000000OOL [000obRoLr LOloo I0oo Oojoioouoooto bUuoobOooo fodm boboodooo 0o0om
00030 00000 0000 0booiboooooot 0oOoot fooot Litobioooo Oobdiboond O oA oim

(1000 00000 Dooboootr 000 Dooooodood 00 044 0Uooo tobiboroo b4t DY 0oooiooomo
J00000 00 00 Dot 4o botobo booootod ddotoooo 0boidoooto toodtoool boo Ootodon U oooad

ad



00 DUdgoibooobod oooooo oo

0000 0000 0000000000 4 108 000000 0D 0000000 O 0000 00000000 0010000000 00000000000
1000000 000

000 000 DODODo00oouo oot OO0 tiootiooond footooodor Uoooo oo oubood tdotoiooad
J000 U0 0ibboooind fhoooiobooy Oof0oooo 0uooo U Litobouys Lot fUUde (ot todoot doodoto
000 00000 00 Doo0o0oo fobbodoo fooo

Oobooo Oubood 0bodiod ohodo

Q00000 DOboioo oo O DO0ooioo CoDoo 0ot boboooodo Dotooibr botobooooo biobdo booodd
00000 LotooooD O 00000t boooboobobotoo © Oooboooodoooor biootbioor [oto Dotoo food
00000000 0000000 U DOoD0ooin boooomobol tooddoino bob boooodioot booood booodoo
(000 0000 O Uoditooo 0obboooodo 0o Ooitooooiodio dooododofdodotoo Ootod oodo doododa
000000000 Do0Uooo bodotodr 0o lofiuiioioo fodbo0o0n 0o foo

000 [0 00000000000 00ib0oooo 0 tinobodo boboidod bobotiood 0ood Eg = 000 0d
0 000 00 O foooitooo 0o boooooodid 0bootoooo ooot 0ooootiodo Doobooooo o Doodoooo bo
0000000000 00 DO000oou Doood boodiooo 0 Uonoon booobibooo O ofobooointo boooooodo Lo
0000000 Dooiotopoo 0ooibooot 0ooooo OUooot Dooo 0ooo totinoiodo 4oout Loitoooo 0bodoo
00000000 fooo O 0o0o 0ooo do oot boodo 0ooo 0odoe 0 0oobododdo Odotododo oo bood
000 D00DO0OUO 0hooo 0o 0ooooo bobobooooo bootoo foobotiwo biodoooo U Utiolodo 0ododo
0000000 0Dooio 000 000t Doooo oot

4H-SiC 6H-SIiC

Os O 8 O 20 2O
QO sSi e C C)bébb § éébébb E

Bt Onls, ¢
3C-SiC oé O B C) OC) bbé

(e ¢ 52,87 § OLFOLT &
L B } O Dk,
Ll LU Lo

Q1000000 0ool boo0ooooo 0ot 00dotboot boibotoo 0ooo oobooot L 0otooodo O oo

U 000000000 0000l 00 Lot oooooodo Doto 0obo Dooooo 0kooooitod doodooodo boo ood
0000l 000oo0io Lootobo LUoodoodr iooot Ibdodoniood lootbool 4doo 0rodo boooootr ood
000000 0Ootooo 00 0obOItbodbo bootoodd O 0Oiboooooo 0000t © 000oido bodoiotodr bod
00000000 DIbooo 0obooooo bool Doooooo Dobdooonbbob fodooon O Dooooo boloooo booiooco
O000I00In0Un Uhiooooon 4ooomo 00 0iD 0o0tido bho0oooo 0ol Dot ibdb booiooo ooodoooo
J00000OD 000000t Doobooooor 00ooodoodo 000ooou Loodot bodiboiod Loibobd bUiooooo
I 1 A
(000 0do

0ottt 0obobdooooood 0oobotoo o thobooo 0oodood Vol booo Uobodooo toodooood
000t O 0000 Cooooboot 0ooo Oooootiooo LoDt 40 0ooooobt 0oooid Oooo oodtood

ad



9XkX 6PhPGIJALAa*1LILP "GAE-LP

p F MW 2x mDKQmi#ma ?2t ;QMEHMQ U?V- M2#Q Fm#B+FQm UFV TQ
hQiQ pvTHwp€ X /IpQmp bipld?Q bFHE/€EMQ iIQ?QiQ TQHVIiVvIMX ox?H
iy+?2iQbi mFim K€ Q/HB MO T QbiQ Qpi mbTQUE€/EMQ-/Q+?€xQFD
?H /BM /272Fim-+Q " b2 T QD2pmPR'M PR/ MaMiimBIGH (F M+Bi Fp9
@aB* TQxQ mD2K2 wSG M M "ixMw+? pHMQpw+? /OHF€+? 383-k I
QTiB+FQm "BpQiMQbiQ Tu2+?Q/i 8 Mb 1BMQIMPMiQ nh 2KBM2ZmXI€/n

. HQK pwxM KMwK BMi BMxB+FwK /272Fi2K D2 T€ m?HQFQpQ
p F MCk@- Ui FOXMEKwD FQ MiB@bBi2 p + M+vVX h2MiQ /272FiKi"2
iXxMw+? FQM};m® +Q+?- x MB+?" F "/€ pvF xmD2 /py +? ~ Fi2 BbiB+
ed8 MKX AMi2MxBi 2KBb2 iy+?2iQLR7DRQAMQkR DA@B&AM/m- i2/v pw ™ xN\
pv QM2  p TuQT /y FU2K@Q@RERpO p F M+2 (

P# pw 2 mp2/2MQ0 /272Fiv DbQm BMi BbiB+FOG M2/Q+?€xQ i2/v
KE'MQ TUQKYybv /Q KiQ"Fv aB*X L2DIi biyD QKB xTibQ#v TUQT  pv i}y
F'vbi Hm aB* bp xF2K 2M2 ;2iB+Fw+? BQMii- M2#Q 2H2Fi QMi- Fi2
i2THQIMQK "Q?€MQK x 9i2H2K bi #BHBx +2 biHpFim v pvipQi2Mw +

SQKYy My MQpQm bFmTBMQm aS1 p aB* Tu2/bi pmDQ # 2pM€ +2
bm#biBimiMQ?Q iQKm /Q F'vbi HQp(O KUQ "Fv aB*X wiliQ F i2;Q B2
+2Mi ' mK ipQi2MlO iQK2K /mbQFmMN:YW.F M2Q0 RKXE @B p2 bT2Fi €H
Q#H biB RR8y Rj8y MK b /Q#Qm "BpQi 2t+BiQp MO?Q bi pm FQH2K
D2 bm#biBimiMQ +2W KBinvDQm Q K2xB RkdN Rj3d MK b pw™ xMV |
"BpQi 2t+BiQp M0?Q bi pm-Tui2b ?mDQ+Q dy MbX hviQ BKTH MiQp
X DQK pGd F M/B/€ivT Q i2H2FQKmMMBF iIMQ TEbKQ- p FD2DB+? 2k
/Qpi® 7QiQMi x b2FmM/mV- +Q” QK2xmD2 D2DB+REQmMHDKI T  FiE
X T2 bT2FiBpMQ+? F M/B/€ii T°"Q BKTH Mi +B/Q aB* mKQ"SmDQ+Q
#B ¥'X AKTH Mi +Q iy+?2iQ BQMii pxMBF DQ 2KBbMQ +2Mi"> - b2 wS
R89ygMK-i2/vi Fi p Q#H biBi2H2FQKmMBF IMQ?Q T€bK - +Q~ D2 >
KmMBF IMQ+? i2+?MQHQ;BQ KBKQUE/MYy pw?Q/MUX (

h #mHF 9Xk, SU2?H2/ pv# Mw+? QTiB+Fw+? T "kikZi3jj)X72Fii p aB

.272Fi WwSG UMKV a im > IMQ iQF 7QiQMi UF+ThV

VagU?2fFV 383 NRd Ry
CaV¥+ e8y ed8 Ryyy
N:Vag RR8y Rj8y R
VA RkdN Rj3d R
Er3* R89y @

9XkX 6QIQHMKBMBb+2MIiMQ #HBFEMOQ

6QIQHMKBMBb+2MIMQ #HBFEMQ Ui FO M;X ~mQ 2b+2M+2 BMi2 K
Fi2w b2 #y" My pvbFvimD2 mp 2+? aS1 bvbidKi-|Q/IV2WERIMpQpw+?
TQHQpPQ/BiQ+? b2 B QFWK XO)FEM2MQKOPEMDKHBpwW+? KQM2FmH i

"HBMFBM;2K "QXxXmKQK2 M€?Q/MO TU2+?€EXx2MQK 2KBimDQ+Q?Q +
p2K Ubi pb pvbQFQmM 2KBbQ 7QiQMiV iK pwK bi p2K Ubi p b2 bMQ°
2KBbQ 7QiQMiV #y?2K T Q+2bIXBtX B i«R2 TUIB? Q#QX¥ 0 T Q+2bv b2 Q|

Rk



9X Cl.LP6PhPLPoUuw._PC1lUaSl1

p DQx+2H M ?Q/BH2 iQM | bQpw+? FEHE+7 QXKWRHIB bR MM P
TUQT /2+? Ki"2/QDQiBFixpX pv? bMmiQ 2KBiQ mU M;X #H2 +7°
/IQ iK pG?Q biPpmX (

C2p #HBMFBM:m D2 M2DI biyDB bTQDQpPEM b 7QiQBM/mFQp I
imDQ+Q?Q +2Mi° X o bvbidK2+? /Q+?2€EXQ p/ibH2/Fm #bQ T+2 7C
2t+BiQMi- Fi2 4 MEbH2/MYy ° /B iBpMy "2FQK#BMmMDQ b #Q/Qpw
7QiQMmM /Q+?€xQ i2/v F 7QiQHMKBMBb+2M+BX o TUQT /y- "2
ME#QD- /Q+?€EXQ F TQIiH iI2MQ 7QiQHMKBMBb+2M+2 p /ibH2/Fm
bi pm- Fi2>w TQbFvimD2 /Q/ i2iMQm M2 /B iBpMQ Ti2+?2Q/QpQ
L2 /B iBpMQ Tu2+?Q/v x iQ?QiQ bi pv DbQm TuBbmxQp€Mv m;
9 X8V X

Si2bMw 7vxBFEHMQ K2+?2 MBbKmb iy+?2iQ Ti2+?2Q/Qpw+? T Q
Q#D bMyM xibi€p€ FiBpMQK TU29K§i2K pwxFmKm (

0X?H2/2K F pwxM KMwK QK2x2MQK- Fi2 € #HBFEMQ TUBME£€ Q
QTiB+Fw+? Fp MiQpw+? i2+?MQHQ:BQ+?-DbQmpbQmi bMQDbiE
FKBMBK HBx +B IB TQiH i2MQ iQ?QiQ D2pmX

P# €x2F 9X8, 6QiQHMKBMBb+2MIiMQ #HBF€MQ aS1X V I bQpw
FEMQX #V b+?0K iB+FO xM€xQ MyMQ /vM KBFv 2KBimDQ+Q?Q +
FEMQX SU2px iQ mMmMAXp2MQ x (

Rj



8X *?  Fi2 Bx +2 aS1

0 i0iQ F TBIQH2 b2 #m/2K2 pyMQp i +? ~ Fi2'Bx +B bBM;H2@ T?C
B/I2EHMQK TUQT /y #v aS1 KyHv pvx 0Qp i D2/MQiHBpO 7QiQMv p T°
MQp Mw+? BMi2 ' p H2+?X A/2€EHMQ aS1 7TmM;mD2 /2i2 " KBMBbiB+Fv-
D2 "2 HBxQp€M T2 BQ/B+FQm 2H2Fi"QMB+FQayXVMQ B ) viKIB BoH-@pw -2
x"QD T  pB/2HMY ;2M2 mD2 bpyi2HMO TmHxv- p2 Fi2 w+? M2MQ T

XE QP23 #viviQ 7QiQMv KyHv #wi p IBbiGK Fp MiQpuKKMX\8 M- D F pv
X
ji= Cir J i on : UBXRYV
k:";n

h2MiQ bi p D2 x€b /MQT QM2 QxHB Bi2HMQbi 7QiQMi D2DB+? B
K2Mi2+?-+Q " b2 T QD2pmD2 x2DKOM D2p2K xp MWK 7QiQMQpw Mi
KyHv KQi 7QiQMv p“/v Tu2bMy /2}MQp MO ?Q/MQiv pHMQpO /OHFv- 1
K!/m- Fi2 G xibi€p DQ FQMbi MiMQ m F "/0?Q ;2M2" iIMQ?Q T ' Q+2bn

A/I2EHMQ D2/ MQ7QiQMQpw x/"QD D2 i2/vi FQpw- Fi2w M TQ €/
7QiQM b T2pMQm pHMQpQm /GHFQmM- TiBi2K™~ p 2+?Mv 2KBiQp M
pvXx UQPEMVb+Q M2Dpv Q9IBMMQDbIQX LB+KOMy-p T  tB/Qbm/ M2:
THMY Q/TQpQ/ HiyKiQ B/I2EHMQK pH biMQbi2KX 1tBbimD2 p F 0 /
bvbidKi- Fi2 "0 DB” #vHv BKTH2K2MiQp€Mv /Q T  FiB+Fw+? BM™"2M
PWFQM b2 M2mbi€®H2®2 xH2T mD2 (

*? " Fi2'Bx +BaS1Hx2Fp MiB}FQp i TQKQ+Q MyFQHBF FHQIQpv
iIBbiQi 2KBiQp MO?Q bi pm-D bjdM2 QxHB Bi2HMQbiX (

1tT2 BK2MIi€HMQ +? ~ Fi2 ' Bx +2 ? D2 x€b /MQ QHB TuB TQbmx
MQpw+? bi pi T°Q THBF +2 p Fp MiQpld FQKmMBF +BX J2xB 0 /Qm
"Qxb€?H2 /IBbFmMiQp€Mv /py FHQIQpPO K2iQ/v, > M#m' v ""QrM hrBbk
>QM; Pm J M/2H U>PJV 2tT2 ' BK2MiX hviQ K2iQ/v MEK mMKQ " SmDQ 7
b2 Ki2 " BEHQpPUG bvbiGKv aS1 TuB#HB " mMDQ pH biMQbi2KNBY2EHMQ +°
P#y x iy+?2iQ K2iQ/ "Qx2#2 2K2 p MEbH2/mMDQ+Q+? F TBIiQH€+?X

8XRX > M#m'v ""QrM@hrBbb 2tT2 'BK2Mi [Bbi

L2D/iH2 " BiyD QK T > K2i'2K- Fi2'w D2 iti2# m aS1 QpyiuBi- D2 iBbi
bi pmX h2/viQ-x/ pvx UQp MwT T b2F bFmi2iMy Q#b ?2mD2 TQmx2
b2 Q#pvFH2 FQMi QHMD2 TQKQ+Q > M#m'v ""QrM@hrBdPQU>"hV B
2 HBx +B MVMQ Tu2/bi pQK2X

hQF 7QiQMi /QT /€M 8y,8y /yHBibp xFm D2 QpMQKYy My "Qx/yH
pYipQ /YHBI2 bp x B KBPB 8 XQ¥XX Qx/YH2MO 7QiQMv MEbH2/My pvpQF
D2 DbQm /2i2FQpEMV TQKQ+Q /pQm 7QiQ/2i2FiQ i .R .k- mKQbiyMN
pyipQ+?X w€ Qp28 b2 /QD2/MOXxpyipQ TUB/€p€ T p2F x DB #mDQ +C
TmHxv DbQm M€bH2/My TUBp2/2Mv M /2i2FiQ  bQm#y " Mw+? /2i2F+
b+?QTMw X XM K2M€p i /Q#m-Fi2 € mTHvVM2 K2xB TuQ+?Q/2K TmH X
TQIQIi€ TQIi2i TmHxi M F "/0K x /2i2FiQ iX a+?20K iB+F0O xM€xQ MYV
b2bi pv M 8QMR X

R9



8X *> Eh1l_Aw *1 aS1

P# €x2F 8XR, a+?0K iB+FO XxXM€xQ MyMQ >"h 2tT2 BK3ZIMIimX S

OWbH2/Fv 2tT2 ' BK2Mim DbQm Q#pVvFH2 T 2x2MiQpEMv 7Q KQ
(2i M/€EHQDbIQ x xM K2M Mw+? T'Q F HQxB2AQ/NQpmQKm biQTQp
BKTMHx2K UPRKSQY#H#BXY# i2/v K2xB x xM K2ME€MQK TmHbm M .F
MEMQK TmHbrm) M2Mi® PBbiQ;" K py My ~2Td9B F riD 2Q0€048 bW Q imi
p MEbH2/mMDQ+Q F TBiQH2X ovm BiQK /pQDB+2 /2i2FiQ i b2 Ti.
Q#/Q#Q- F/v D2 /2i2FiQ°  TQ x xM K2ME€MQ D2/MQ?Q 7QiQMm /
/ H QX h2MiQ D2p pxMBF€ FpiHB TQil2#y QTYyiQpMO?Q M #BiQ /|
M #QD2+Q?Q T'Q+2bm p TQHQPQ/BiQpw+? /2i2FiQ 2+?2- Ki 2
(N X

8XRXRX EQ 2H IMQ 7TmMF+33(n?20?Q G€/m

S'QFp MiBi iBpMQ M Hwxm pwbH2/Fi xQbF Mw+? TQKQ+Q >"h b
["m?20?2Q U€/m

@,y NI+ )i _ ytny(t+ )i

gv()= h()ihl (t+ )i~ my(t)ihny(t+ )i’ Usxkyv
F/2(t) TU2/bi pmD2 BMi2MxBim bpyi2tHMaR@pivavpimb® | bQp!
bii2/Qp&MQTu2/bi pmD2 TQi2i M/EHQbLIQ Ux +2v+2Mw+? 7QiQMi
2K p i btX C2HBFQ " D2 TQIi2i/2i2FQp Mw+? 7QiQMi UiDX TQIi2i N
BMi2MxBiy Hx3M )7\WNAEB2i D FM 7mMF+B BMi2MxBiv-i F M
FQp Mw+? 7ddXQ Mi (

#V+?QK KQ?HB x/°"QD TQp "Qp ix aS1-D2 pugq FOPENMB- #v ?2C
(DX IQK b2 i iQ ?2Q/MQi #HQ Q MmMH2- iQK D2 x/°"QD QTiBKEHN
p MW+? m/€HQbIiQ TiB UQx2My T'Q/HM " Qp MIOK | PQpDR-xTQ"/y
Ki"2K2 m iBi FQ?2 2MiMQ DR/ HB MO 9OOMRIiKYyi2Ma m “ixMw+
Xx/"QDii FmMKQ"SmDQ D2DB+? bM)/MQm F i2;Q Bx +BX (

. i XQbF M€ x >"h 2tT2'BK2Mim T'Q iiQ?H /BMQpw bvbidK Hx
MQiv FQ 2H IMQ 7TmMF+2 /'m?0?Q U€/m p/ MOK | b2 iQK- "2 b,
MEbH2/ mDQ+Q 7TmMF+Q

1]

2

1]

g?()=1 2tT = +  2tT
1

; ugXx;Vv

R8



8XRX > L"l u" PgL@hqAaa 1sS1_AJiLh 1AahPh aS1

F/2 Tu2/bi pmDQ }iQp +Q 7  KRPb@m /Q#v "BpQi K2i bi #BHMQ
2t+BiQp MO?2Q3i pmX (

L x€EFH /Yy iQ?2Q-D FO I bQpd "Qx2bimTv K DQ D2/MQiHBpl 7QiQ
TUB+?€x2DQ p 0+?m+?p H+Q+?20 U#mM+?22bV- M2#Q DbQm p T T bF
"QX2MY /Qbi€p€K2 F2 it2K "ixMwK ivTiK T ' Q/i 7QiQMi "QxHB Qp Mw-
g’( =0) (-]3)X .2i BHMYDB Q >"h 2tT2'BK2Mim FQ 2H)MQ+? 7TmMF +1

EQ?2 2MiMQ tpy= B)Q

.QFQM H2 FQ?2 2MiMQ bpyiHQ pvF xgfD 2= RQ MbY MidHP M Q /AQP @n
MQiv pi2iMyX h iQ pH biMQbi TQbFvimD2 p?Q/MQm 272 2M+B T°Q |
bpyiH)X W/ ' QD2K iQ?QiQ ivIm bpyiH D2 M TuX H b2 bpQiQ+Q p FQI

uyv U#V

P# €x2F 8Xk, a+?0K iB+FO0 xM€xQ MyMQ +?Qp€MQ 7QiQMi 2KBiQp |

bpyiH TiB >"h 2tT2'BK2MimX U V *?QpEMQ 7QiQMi M /yHBIB bp xF

D KbQm#Y " Mw+? /2i2F+Q b2 xpw™ xMyMQm FQE2HXIB2pmME+Q / n
MmT p2MQX (

"MM+?2/ bpgiHQ1L)

L "Qx/QH Q/ FQ?2 2MiMQ?Q bpyiH DbQm m #mM+?2/ bpyiH 7QiQI
SQFmM/ i2/vI/2i2FmD2K2 7-Q0Q M ppl/ PPQ/Q#MQbi- "2 F €i+2 TQil #m/z
PEM/ H Q 7QiQM- pwd) XMy TpB/+FEX?Q/MQi FQ 2H IMQ 7TmMF+2 /'m?
X/"QD2 ;2M2 ' mDQ+Q #gfM=DR+ DpYyhHQ DD /MQi D2 bTQD2M b pvbQ
~mFim +2KB BMi2MxBiv i2/vB TQIiim 7QiQMiX hviQ ~mFim +2 Hx2
P 2Qm 7QiQMiw/ QD2K iQ?QiQ ivTm bpyiH DbQm x€uBi2 TQTb i2HN
iVH2b M TuX pw#QDQpla H KTvX

"mM+?2/ FQ?2 2MiMQ bpyiHQ DbQm p bQmH /mb pwbH2/Fv FH b
MQbiB bpyiH D2 i2/v?Q/MQi FQ '2H IMQ 7TmMF+2 /' m?20?2Q U€/m- ":
UE/G( =0) 1 ()X

MiB#m+22/ bpifiK Q)

6QiQMQpw MiB#mM+?BM; b2 T'QD2pmD2 i F- "2 K2xB TQ bQ#Yy D/C
x/"QD2K 2tBbimD2 D bMy pvK2x2M€ | bQpE€ B T QbiQ Qp€ K2x2 X h
D2K2 M D2/MQK /2i2FiQ m- T p/yTQ/Q#MQbi- "2 p FERIRIK | bQp

Re



8X *> Eh1l_Aw *1 aS1

uyv U#v

P# €x2F 8Xj, a+?0K iB+F0 xME€XxQ ' MyMQ +?QpEMQ 7QiQMi 2KBi|
bpyiH TiB >"h 2tT2'BK2MimX U V *?QpEMQ 7QiQMi M /yHBIB by
S K bQm#Y " Mw+? /2i2F+Q b2 xpw™ xMyMQm FQG2HXIi I8 @2pm MG + C
MmT p2MQX (

[2i2FQpEM/ H Q 7QiQM M /"' m?20K /2i2FiQ mbDZ (Q mHEM ybx pQ brin
()X MiB#mM+?2/ bpyiHQ D2 iBbiy Fp MiQpy QTiB+FwKI)X2@2K # 2
bQmH /mb F §BRAPM X QD2K iQ?QiQ ivTim bpyiH T €py aS1X

uyv U#V

P# €x2F 8X9, a+?0K iB+F0 XMEXQ " MyMQ +?QpEMQ 7QiQMi 2KBi
D2K TiB >"h 2tT2'BK2MimX U V *?2QpEMQ 7QiQMiM /yHBIB bp xF
bQm#y " Mw+? /2i2F+Q b2 xpw™ xXMyMQm FQF2HNXI B@2pm MG + @ T"m@
P2ZMQ R X

8XkX > QM;@Pm@J M/2H BMi2 72 2M+2 M2

. H Qx FHQIQpw+? pH biMQbiQ aS1 D2 M2 QxHB Bi2HMQbiX o
Q/ b2#2 D2/MQiHBpd 7QiQMv M2Hx2 "€/MwK T Qp2/2MwK Ky ii2
7QiQMiD2 /€M D2DB+? T QbiQ QpwKB-1 bQpwKB bT2Fi €HMQ]
TQH 'Bx +Q Ki"2K2 iQ+i- "2 iviQ 7QiQMv 2tBbimDQ p2 bi2DMQK F
7QiQMv b2/ DQ/2}MQp i D2/BMwK FQ K&H 2 tMTUKQJ K/ F QQ k-HB2 Bli 21
7QiQMi #v b2 D2/M HQ bi iBbiB+FQWXbKyb FQ2}+B2Mii (

S'Q Qpyi2MQ M2 QxHB Bi2HMQDbiB b2 pvm Qp€ ixpX >QM; Pn
UpBx b+?20K 2tT2 BK2MBXdMO N#FiRKiQ 2tT2 ' BK2Mim DbQm /p 7
p2/2Mv /Q pbhimTMQ+? pyipQ 8y,8y "a- TuBi2K " D2 x DB iyM D2DB

Rd



8XkX >PL:@Pl@J L.1G ALh1_61_1L*1 L1_PwGA AhlGLPah

(X 02HBFQbi TU2F ' vpm Hx2 KQ/B}FQp i TUB/LERENBRAQTH/Q@IAIP@XTQ
MQ?Q /"m?20?2Q 7QiQMM M "aX CbQm@HB iviQ 7QiQMv p2 bi2DMt
Fp MiQpld BMi2°'72 ' 2M+BX h iQ BMi2°'72 ' 2M+2 b2 T'QD2pmD2 FQ H2
QTmbiQ "abTQH2IMy-D2/MQMANPBRIQVMMO¥? PENERQP+Q x "a DbQm
[2i2FQpPEMV /pyK 0+HB+FIMQ@+HB+FO6 7QiQ/2i2FiQ v- Q#/Q#MYy D F
#Y MO /2i2F+2 DbQm x xM K2ME€pEMV TQKQ+Q TQIiQi /H FQHBxMQ+
7QiQMvV M2 ' QxHB Bi2HMO- QTmbiQ "a bTQH2IMy- im/Q" D2M D2/2I
+Q " p2/2 FMMHQPO T p/yTQ/Q#MQbiB bQm#y M0 /2i2F+2 M Q#Qm
T 2+BxMQbi bTQH2?HBpQbi x/"QD2 aS1 TiB ;2M2)QpEMQ M2 QxH

POQM7QiQMQPE BMi2 ' 72°'2M+2 D2 mMMBF€i2K #2x M HQ;B2 p FH
#YDB "Qx2# €MQ p MEbH2 /XA ¢ Q/FYHRIMMB L/ FH bB+F0 7vxBFv
TU2FQME€p i FIME€HMQ HBKBiv FH bB+F0 pwTQIi2iMQ i2+?MBFv- bB
FEHMQ bvbitGKv- xpv Qp i +BiHBpQbi TUu2bMw+? Kyi2MQ mip€i2i x
FQKMMBF IMQ+? K2iQ/X o#m/Qm+Mm Hx2 Qi2F€p i B'QFQm F€Hm
M iQKiQ Fp MiQp&®R D2pmX (

uyv U#V

P# €x2F 8X8,U Vb+?20K iB+FOXMEXQ MyMQ >PJBMi2 72 QK2i'mX L
I"m?20?Q UE/MTUB >PJBMi2 72 2M+B b2 xpw' XMy MW K=DWXM K2K T
Su2px iQ mT pRAKIQ x (

8XKkXRX ov?Q/MQ+QpeEMQ >PJ BMi2 72 2M+2

0B/Bi2 WM:Qbb2 m imD2 x miQFQ 2H IMQ 7gRMF-+® /K§niPDN Q Ti® /@
KQ+Q /2i2FiQ i TUB >PJ BMi2 3 XS2%)(SHi B p@X2WH Ki“ 2 K25 Q+i- "2
Q/TQPQ/€ p2HBFQDbIB T QT /m0i WiBXNBNKRMQ T U B
Ji2K iB+Fv D2 pB/Bi2HMQbi >PJBMi2 72 2M+2 /2}MQpPEM MEDbH:
_ Pe(?)  Pe(K),

V>PJ—W, U8 X9V

R3



8X *> Eh1l_Aw *1 aS1

FIP(?) Ta2/bi pmD2 T p/yTQ/Q#MQbiB bQm#y"Mw+? /2i2F+Q T
D2/MQiHBpw+PRP(RQTQRibi pmD2 T p/yTQ/Q#MQbiB bQm#y "Mw+?
H2ZHMQ TQH "Bx +B D2/WQiHBpw+? 7QiQMi (

8XkXkX SQTBb m/€HQbIiQ M "a

"a D2 9bili2/MQK T pF2K /pQm7QiQMQpd?2Q BMi2 72°2MiMQ?Q
D2KM0O FQK#BMQPEMQ /pQm pbimTMQ+? K!/iX h2MiQ QTiB+Fw T
bi p2#MQ D2/MQiFm F "/0?7Q HBM2€ MQ?Q QTiB+F0?Q bvbidKm
7Q K 99X(o i0iQ F TBiQH2 i2/v "Qx2#2 2K2-D F Fp MiQpw "a T
lp "'mDK2 "a UpBXVOB2XpyK pbimTMQKB TQ 1v-2Q x MpyXMwK B
PWhimTMQKB TQ iv3Q&MSI ZMWXBpbimTmDQ+Q M "a b B TxRQ@®@im
T /My TENVib2 "Qx/YyHQ K28B Hwhli®@KYy ' m / MOK FQKTH2tMQKB T
_ h-Fi2’0 b2 QxM imDQ D FQ Q/" xBpQbi i° MbKBi M+2X S°Q
x #wp i 8y,8y "a- T Q FiR2awhTHe4Qo X

P# €x2F 8Xe, WMEXQ MyMQ pbimTMQ+? pyipQ /YHBIIXp xFmX

SQFmM/ D2 pw 2TQTb Mw"a M pQ+ #2x2xi €iQpw- Hx2 pxi ? K2x
TQ ivTQThb i TQKQ+Q QT2KEMEDOM2/m2IF@2QKB 2H +2KB

1
aj=p al+ny; a=pal & usXx8V

it

F/2a]-8- Tiu2/bi pmDQ F 2 IMQ QT2 €iQ v 7 QiX Ki-&, UTQiIRHmM @m DR C
F'2 IMQ QT2 €iQ v 7QiQMi BiQOHWETQ+HQPITMiKIMFQ x DB #mD
2M2 ;B2- D2HBNQF ZHRXQ) _

Ilp "mDK2- "2 /QF "/0?Q x2 /pQm pbimTi "a pbimTmD2 T €py D
7QiQMv DbQm px€D2KMYy M2 QxHB Bi2HMOX1SQil&€i 20ub@ibi p bvk
"ai2MiQ bi pi° Mb7Q KmD2 MEbH2/QpMY

al aljoit °° % alal  alal+aal Al joi: UusXxeV
02 pwbH2/MOK bi pm "QxTQXxME€pPEK2 [iviB KQ MO bBim +2-D Fwk
TmDQ+Q 7QiQMv QTmbiBi "a,

RN



8XkX >PL:@Pl@J L.1G ALh1_61_1L*1 L1_PwGA AhlGLPah

RQ#83Xd8Xd#QiQMvV pv+?€x2DQ x "a Q//yH2My- F “/w DBMwK pwhb
["m?20Km i02iQKmaja]2she) Vv X

KXQ# 8Xd&Xd/7QiQMvV QTmbiQ "a bTQH2iIMYy bi2DMwK pwbimTMQK
T 'pMQK TQbH2/MQ#&H 24X - iDX

uyv U#V U+V u/v

P# €x2F 8Xd, WMEXQ MYMQ p 2+? KQ"MQbiQ T i+?Q/m 7QiQMi /yH
MmT ™ p2MPXx (

hQiQ Q/TQpQ/€ pwbH2/FiK- Fi2 0 #v+?2QK Qi2RE€pHB B @/ FH bB+
PXx?H2/2K F #QbQMQpl BRPp=x2AQHYMiuB BMi2 72 2M+B M2 ' QxHB |
7QiQMi /Q+?2€EXQ F pxED2KMGOKmM Q/21i2MQ IH2Mi Q/TQpQ/ DQ+Q Q//
M2 QxHB Bi2HM0O 7QiQMv- Fi2 0 bQmi2s N {/pbQmiimiiQsAQ 8uybhm QiH 2 1 |
UpBx @¥dBX ¥/

Bs 1

C2/M€Db2i2/vQ MQpw ivT BMi2 72 2MIMQ?Q D2pm- 7VvXBFEHMY Q
bi iIMO?Q 7QiQMm M2#Q FHXbB+Fw+? TQHQ (

Ky



eX 1sS1_AJ1LheGLP JpG1LP

eX 1tT2'BK2Mi€HMQ Kyu2MQ
eXRX JyuQ+Q b2bi p

0 2+?M Kyi2MQ "2 HBxQp M€ p "€K+B iGiQ # F HEUbFQ T €+2
FEHMQK 2TB~mQ 2b+2MIMQK KBF ' QbFQTm xFQMbi mQp MUK M
"QbFQTmM D2 mp2/2MEM Q# €xFm

P# €x2F eXR, a+?0K 2TB~mQ 2b+2MIiMQ?Q KBF ' QbFQTmX "1@
GS@HBM2€ " MQ TQH 'Bx€iQ - ZqS@Ilip ipHMME€ /2biBIiF - >qS @
i IMQ }JHi - .J@/B+? QB+Fl0 x +€iFQ- 1J6@2KBbMQ }Hi - JP@KB
#mbQpE€ IQIF -6G@7QmM B2 ' QpbF€ IQIF - "a@/yHBI bp xFm-J@
PHEFMQ X

E#mx2MQ 7QiQHMKBMBb+2M+2 DbK2 TQm ~Qp H BX# MQBMan €
F'O0iMy x2H2Mw HRBRKR §jIQ ?2"L aB* 2KBiQ 'vX o TUQT /Yy TQmM " QiQ
D2 T T'b2F M2DT p2 /2b2iBM€bQ#MYy "Qx Qu2M /pQmiQIiFQpwK
"QpPMQKY M0O?Q TQF viQ +2H0?Q xQ M0?Q TQH2 Q#D2FiBpmX
"2Mw X HBM2€ " MQ?Q TQH "BX€iQ m UGSV-1iip ipHMMQm /2biBIF
U>qSVX h2MiQ KQ/mH Ti2p€/Q HBM2€ " MQ TQH 'Bx +B H b2 m N\

X mimD2i F M2b2H2FiBpMQ #mx2MQ 2KBiQ'i #2x Q?H2/m M
K2MimX .€H2 "Qx Qu2Mw- F-m?Qpy TQH "BxQp MwT T b2F pbim-
FQbiFv- bHQ " 2MO x 2t+Bi IMQ?Q }JHIi'm U1t6V QK2xmDQ+Q QUuFT
B+FO?Q x '+ /H U.JV Q//YHMDQ+Q #m/B+Q H b2  Q/ 7QiQHmMKB M
X DB #mDQ+Q T i+?Q/ 7QiQHMKBMBb+2MiIMQ+? 7QiQMi / MO pH
UJP- ey“fL R-9- QH2DQpwV T T b2F x QbiitmD2 M pxQ '2F bC
7QiQHMKBMBb+2M#»B UpBx Q# X

P#D2FiBp bTQHMb T pMQ im#mbQpQm iQiF UhG-7 4 kyy KKV

i2MiQ Q#  x MEbH2/My 6Qm B2 Qp IQIF U6G- 7 4 kyy KKV i’
Q?MBbFQpl "QpBMv- p2 Fi2 D2 mKQbiyM QTiB+Fw T p2F Z@ TF
KQK2Mi ?2v#MQbiB Ua JV HBM2€ My TQH 'BxQp M0?Q bpyiH M

kR



eXRX JpaP*P alah o

UP JV UTuU2/bi p2M@X» FUBX?€Ex2DQ+Q HBM2€ My TQH "BxQp Mw by
/IpQDB+B T pQiQiBpw+? H2pQiQiBpw+?2-F m?Qpy TQ&XKEXQp Mw+
SUB T i+?2Q/m /"m?wK HBM2€ " MQK TQH 'Bx€iQ 2K UGSV iviQ pQ’v
PVIipEUQ +? > Fi2 'BbiB+FQm /pQDH HQIMQm bi'mFim mX P'B2Mi +2
TQH "Bx IMQbi p2KBiQp MweMXPIOMPEpR¥QBEQQPE IQIF UhGV T Q¢
BMp2 xMQ 6Qm B2 Qpmi- Mb7Q K +B T QKQi€ xBMi2'72°Qp Mw Q#
WVH VX 1€bi 7TQiIQHMKBMBb+2M+2 D2 TQKQ+Q /YyHBI2 bp xFm U"aV
F/I2D2bp x2FTQKQ+Q KBF ' QbFQTQpi?Q Q#D2FiBpm U9“fL y-RjV x
/[YHBI2 bp XFmU66*VX .H2 FQMF 0iMQ?Q Kyi2MQ D2 MEbH2/My D2/
TUBTQD2M #maiQ M bT2Fi ' QK2i - M2#Q DbQm Q# pwpQ/v TUBTQD
US.- 1t+2HBi b h2+?MQHQ;B2bV- Fi2 G DbQm /€H2 TUuBTQD2Mv F
TUiQ+?Q/2K bB:ME€HM M D2/MQiHBpl 7QiQ/BQ/vUhhx M;XiBK2@!|

MKQ SmDQ+Q Kyi2MQ >"h 2tT2 ' BK2Mim p#m/Qm+Mm B >PJ BMi2"

P# €x2F eXk, a+?0K iB+F0 xM€xQ MyMQ QxFH /m HBM2ZE My TQH
FQK#BM +B H2pQiQIBpd?Q T  pOiOHESiPAp p@JXKXttn b

k k



eX 1sS1_AJ1LheGLP JpG1LP

uyv U#V

u+Vv u/v

P# €x2F eXj, U VIi2 ' p2My xpw™ xMyME€ Q#H bi b pB/Bi2HMQm bic
aiQTQp +Q Q#  x D2/BM0?Q 2KBiQ X U+V .pQDH HQIM€ bi'm
7QiQMmX U/V aiQTQp +Q Q#  x pQ+2 Ti2F wp DQ+Q+? b2 2KBi

eXkX *? ° Fi2 Bx +2 ?"L

C FQ T pMQ #VvH 2tT2 BK2MIi€HMYy +? ~ Fi2 BxQp€M pxQ 2F ?"L
KB+FO /2TQxB+2 x THvMMO 7€x2 U*o. x M;X *?2KB+ Ho TQ  .2°
bm#bi €imX oxQ 2F #vH pv Q#2M TQbFviMmi pwxFmKMQm bFm
MQpB+?2 x IMBp2 ' bBiv Q7 J2H#Qm M2- Fi2 € biQDQ x Q#D2p2K
©9

oW#Y 1iQ?QiQ pxQ Fm T Q 9pQ/MQ Kyiz2MQ M2#vH M€?2Q/MwX
TUBT  p2MO?Q pxQ Fm M +?2€x2DQ TUQKQ M TQp +?2m M2T i?H2
X QbilQpEMQ TQKQ+Q KBF ' QbFQTmX J2xB/ H Q pw?Q/v T itiQp
Q#XYNVV pw’ XM€ bi #BHBi pilB #HBMFBM;m- Fi2 w | biQ FQEk
K i2’BEHQpw+? TH i7Q K€+?-D FQiQKmp M 2K TuUQT /y #VHQ |
i2K b2 pxQ ' 2F ?"L bi Hpw+?QxQK K i2'BEH2K T QT ' pMQ b2xME€
QbpQDQPEMQ 2tT2 ' BK2MIi€HMQ+? K2iQ/ +? *~ Fi2'Bx +2X

STQ 9bTy MQm +? ~ Fi2'Bx +B aS1 D2 MmiMQbiQ /Q/""Qp i bv
MmMDQ+Q "ixMQO 2tT2 ' BK2MIi€HMQ K2iQ/vp/ MOGK TQUuU /QX h2Mic
2HBKBMQp i M2pv?QpmDQ+Q F M/B/€iv x€ Qp2S QTiBK HBxQp

K]



eXkX *> Eh1l_Aw *1 >"L

#v #vHQ /Qb "2MQ +Q M2DTuUu2bMyD Q+? pwbH2/FiX SQbimTM0 b2xN\
Tu2/bi p2MQ p MEbH2/MDQ+Q+? F TBIQH€+?X

eXkXRX Sab6

S'’]pPMQK F'QF2K TuB +? " Fi2'Bx +B aS1 D2 D2DB+? HQF HBx +2
K202 2TB~mQ 2b+2MIMQ?Q KBF QbFQTmX SQ x Qbitii2MQ bvbidKm
P XQ MUK TQHB xQ# xQ pVi Q KMQ "dX®E ZRBIR hvii@BRXKBHOXv DbQm
KBF QbFQT2K xQ# XxXxQp€EMvV D FQ ixpX #Q/Qp€ QXTivHQPE TMMF+2
6MM+iBQMV-Fi2 € TQTBbmD2 D FWK xTibQ#2K D2 #Q/Qpw x/ QD bp
i0K2KX)(o M 2K 2tT2 BK2MIi€HMQK mbTQUE€/€EMQ D2 i iQ Sa6 /QFv .
/IQb2bi pvxQ# XxQpeEM D FQ+? " Fi2'BbiB+F€/pQDH HQIME€DbiQT X
M2D2M Q TQHQx2 2KBiQ ' m- H2 B Q TQH "Bx IMQeP@\W- FiMQUbi2+?
DbQm pv?Q/MQ+2MVv M X€FH /y T ' QbiQ Qpld Q B2Mi +2i0iQ biQTvX

#v #VHQ KQ" MO T ' Qp€/yi/ H Q +? ~ Fi2'Bx +B iy+?2iQ 2KBimDQ +(
Q+? K2iQ/-D2 M2x#viMOl BXQHQp i bB;M€H 2KBiQp Mw TQmx2 +2M
XTYyiMO T QbpQ+2MQ b#y MO?Q QTiB+F0?Q pHEFM - Fi2 " wK D2 DBM
X2 pXQ Fm- TQKQ+Q TQKQ+M0O G1. /BQ/vX SQ iQKiQ T'QbpQ+2MQ |
p MOKM *JPa F Kyu2 xQ#  xQ D bMy pB/Bi2HM€ biQT iGiQ G1./BQ/
D FQ QTiB+Fw 272 2MIMQ #Q/ T°Q M€bH2/M0O x "QpMEMQ pv# M
2H2Fi B+FO0?Q M MQTQbmpMa?Q biQHFmM-M Fi2 0K D2 pxQ 2F mHC
M p2/2M /Q bitd2/m i0iQ bpyi2HMGO biQTv IiQK D2 x DB iyMQ- "2 bB;
Kyu2MQ TQ+?€xQ D2M x pv#  M0?Q 2KBiQ mX

L2DHOT2 pB/Bi2HMGO bi #BHMQ 2KBiQ iDbQm MEbH2/My pv# €Myv
X QpMEMQ D2 T Qp2/2M D2DB+?/ HQ M Hwx X

k9






	Úvod
	Kvantování elektromagnetického pole
	Řešení harmonického oscilátoru pomocí operátorů
	Reprezentace číselného stavu
	Fotonový balík

	Moment hybnosti elektromagnetického záření
	Spinový moment hybnosti
	Orbitální moment hybnosti

	Jednofotonové zdroje (SPE)
	Barevná centra
	Hexagonální boronitrid (hBN)
	Karbid křemíku (SiC)

	Fotoluminiscenční blikání

	Charakterizace SPE
	Hanbury Brown-Twiss experiment a čistota SPE
	Korelační funkce druhého řádu g(2)()

	Hong-Ou-Mandel interference a nerozlišitelnost
	Vyhodnocování HOM interference
	Popis událostí na BS


	Experimentální měření
	Měřící sestava
	Charakterizace hBN
	PSF
	Spektrální analýza
	Saturační křivky
	Korelační funkce 2. řádu

	Charakterizace SiC

	Realizace HOM interferometru
	Závěr

