SCIENCE &
TECHNOLOGY

BOOK SERIES

it lnnIuIaunaauclu h @

Technology

=

;

> P["







by

8

o m=== o *
=
inAlulagnioucau & ©
w

0

Technology




tnAalulagndoucu

ISBN
an‘zdl
NUNATIN
U

&
A9UFUANE

k-]

IRl As

978-616-12-0582-9

1, W.A. 2562

3,700 18y

AU W90, BUAYiE (QUURLAL) WA 2558
NILNTIINENFNERTUAZNALUYLAT

AUNUR I UNINENANE@RTLa A LUTATLHINA (dane.)
A0NUULIATINEUHIUNF (19.)

LaygeliAnasan vivdn uazdnwlas dauladiunis
vasmbtdaidui venannlafueygamiuanadnuoaienes

v aqaflg
AMNRNYIAYANELNIUU

FINIURAIUTINENANFRSuA LA UL AE uH IR,

wAlulafiAraufAl = quantum technology.--Uyuel : @UnNURRILTANEIANEnS

KAz AUTATUHITNA NTLNTVANEFNERTUALINA IULAE, 2562.

36 HUN.

1
=

= a
1. NEAIDUAL. |. TB1FR.

B30 2

[SBNSQBEG 6S28 5 8229

U59UNEN19

=
tleu

£2e

HlAle sy
(URNIALADL)

NAIUTTUIENIS

N3N

sUitau

U

navsynn unyLATIEH

= J oSy
AT.ANYU BIFNAFI

= [ L3
AT UenWeIU Wanas

Q o =

$ndme LngANaned, N aAdala, dusnsal aunun, nsau duuna,
° a a « aana o e o

ng.UNE M329984, e dIle alsfens

MINUA NAadIATIY

INUBANLUY HN8FINENFANERT dIne.



SCIENCE &
TECHNOLOGY

SCIENCE &
TECHNOLOGY
BOOK SERIES

SC &
EChNOLBGY ST TECHNOLOGY aong T
k e BOOK SERIES R

@ SR

INTELLIGENT

ECONOMY
LASUINVDDASY:

b A,

LAsugnvEImw 2

4
3

LASUINDALTYD
GREEN EC#NOMY

SCIENCE &
TECHNOLOGY

L @ o e
BOOK SERIES BOOK SERIES = BOOK SERIES

SHARING] = 1@ ')




g N

0o —

AUYU

naraansuazmaluled udadadrAglunistuindauipsugia diay
unatnssiaifias TadsanalnaldldanudAglundtewmun afeenuflmi vas
nstin s lamllunnsnmunAsegia dnu wazgunmiin snsfinadsunas
mamaluladifiuluatnstansdasludadulifidiumn nsdaaduldssmulafug
sagianuidtlasudassalndg duinimansuazmelulad JodudiudAgdiag
v idspunsausanisn lddramdatnamvnviulan

nesnmineemanfuazmaiulal Tedasatnadumenisdaiuil 24 Surau

w.f. 2522 lavimihniduna inlunistuimdaudsamerinuringnidsanainrana v ey
Tasdnsusuildsulumuaniunisaimaamnanatvang SUTNHULN LazasaAInmun
pollinaidussAnsnanlunisundsamagiasusiagiuainug uasdiauuinngsy

lulantamsusau 40 Juasnsensrainanmiansuasinalulad lull w.a. 2562
1 = L3 = = = (% = | = L3 a a o0oa ¥
vinu As.ging Wwaundd aRnsguumiinnisnammsdnemeansiatinalulag 1314

= -3 = e o n o &y ¥ = .3 =1
nsensInnenaansuanalulad 4Vt "miidayarmnudruinenmansuazinalulad

(%
=

4‘ :‘JI Y =Y g c:lt:i' I 4' v
HasusInGEasnauineransiavinalulagnuiaulasiu 19 Gaaliluyamisdad
% ] o = Qs qqi'/ 1 s % 1 ] ¥ v K & ¥
nsanvinrisaamalulaiimeusind yandslienmuaugulndladnfeasdanug
kg a 3 = ¥ v @ &/ e o
avAnanatansuarmaluled sruisdudulanialunisasausadunalanuienieu
AugulnylAdlatsunumuagamnudunuseadnenAnans luSAmA1 293n15A15983 6
val o ¥ v o v & ! v & ! a
HurarauAuEIngItaslunfsIninmisdayailynniu wasninduadnegeg
v A ! q’/ 1 ﬂl ! ' 4 C!I g 1 = ¥ =
misdatauduaziandug luye aziduunasayaiidudsslovdmanisBauiuasd
srumenserulianruuazdsinaunaifnanuaulaniamiufinaimans lusuaue
ma

FRIFNEMINANTHATNA AAETTL

Udansenmananeansuasinalulad

JunAy 2562




AU

= =) o 1 n T 1 1 =< 1 1 =

Wataefaandn "arausn” aulnediulngensazinliaanianuiafeacls
= o v o = £ = °  w v = 1
waafetasarlsnuiinaaas sanldfadamnudiagyaylstinmsely

o = o 1 eeilv o é}

nivdainalulatdAraury (quantum technology) L@ udanvintu
TasilingussatAinaasamnug amnudnla wasmsaueniuinauazaulneviald
TinsaudmsunistuirdaudssmalupAsamAnITIEd 21 HIUNITEEUgAANYILAS
wAayuns TasarnsmAnenmanfifedastuirsssia Alndmauing uay

Go| [ dl ] % o @ = @ Vt:?i/% cac.?{
auflusmiuindsudAydmsussuuipsssialsamaluauiandulnatl Faudlunsdldl

o | n YT @) a (% | ¥ w ¥V o l 1]
A "maudn” anvazgiivenmanslinas winsssgnaldnaulndiusatnininlis
2% veudamnasnag lugunsaliaTaaldndn tawes vaanliuasdn wasgtas
R sTuLaFng SulUdandnRavia tsasaunuLuas 18y AANFN Usng
%/
aglumisdarand wu Tmau gudaausiu N1sAIUINIBIAAUAL §ANIENINL
VNNAIDUAY AAINTTUAIAUAY 4@ HanaAfizunaaduAnyiiAees) nuliunse
iy 1 4} I v o [ o @ o Wdy
Iagutanunau uiaalaiynataznanaluAan dylusunandulngl
@ | Aﬂgl ¥ 1 ¥ g G'J v v e/
misdaiautaanuuuldanulavsieniruwaslssanruinll Tasniuldannug
dalj L ! :‘ = = v dq} o s Qgtj
(a9l NNDIY waznansenusneg MifaanuuiAnmumalulaindAgd Taawwne
1 a{ Q} ¥ o a o’a{ 1 dglf s Qs 1 = G|
Tuwdguinmdaaduine A ansfagiinands uasuinnssumneg Taaiigduuuiu
mirdaaauaAwilsenaugy Gllustrated wordbook) wuuaulnns #in (infographic)
Taanisinazanunsnasianntuniala inldiduanudiAny wazvinldiennrulne
a v K] = G| ° o a °
Aamnuaulalusnussfudnen (STEM) Masitlugnudinsuananluauiananuiuunn

qll = =§/ =y s
Navifimuannnalulatimausy

AN UNPIUNINEN AN SRS LA SN A LU LA WHIY R (F§ne.)




g N

tnAaluladindoucu

Technology

[ ™
adi1SUDN
08 watulatiagsausiaigm
@
N1928 UM B9 UM R
4’ 1 Qs Q
10 ﬂuaqﬂwmmua:mqm?wammq
&
NAFNERIAANFAN
12 Aunisaturedsingnisaleassaisuasaau
®
14 LUUINADIRZAA Y
®
41' 1 [ G
LUAdRITAQAUIALAN

16 4

Fassldsulliiadiaglansasazmnan

18 Us1nHn1sainiamiaum

22 walulagimausugain 2




hat = HY
>t /

i o
@j ¥y = covglo? + e sz i

24

26

28

30

32

36

—
1 —

NNTANTUIULR AR UG U

nNsaagNsmaLNAlUlatAYaUR Y

UTRN1DLH AU

AAINTTUAIDUR L

Quantum Timeline

LANE198198 4




g N

InATuladoesouadLST

L2

¥ L I I A = o g
taquiuiimaluladadulndidrundudiunisluiindssaniueaas wasiivany
IasudvitnaniIannIsWIuaIAAN NS luNUNAIDUAY (quantum

Y a

aduddnd LL“tIu&ﬁuJ‘V]sL‘LTE]ﬁU’]ﬂ‘IJ‘j‘"]ﬂ;{]ﬂﬂﬁﬂma\‘lﬁﬂﬂJJ‘EI‘I.A"]ﬁ]Laﬂ‘i‘ AURYARL

He qi ol

waluladd
theory) o

inAtuTadndoudugni 1 (quantum technology 1.0) {unandnun
nnnsazauAnudiasininanmansauidilaliingnisaimnasssur Rrasuaadi s
rihedanluszauTWmau (photon) LarayniArUIALANUITALAZARULATBLANATAU
Farhldnnavituundan qunsel uasiasdefianads uhasemauazmnlumsh

= ] '3 Go| 49( o 1 1 = %’; J
Aanssumnee eaanywe waniduiugiurainiswauimasan llgmalulagiugeull

AU lunqudmrausuliiiunld
@%Uﬂﬂwqﬁﬂiiuﬂ’]ﬂgﬂ’] LUUYDILEY
wazdidnmsauiiiafadnuFafineng e
TUgn1swiunnaasyanssaudLanmsauy

ANAENAGY LATASALNULALATT1a (MRI)

LaslATRIRNEsIdLaNT




.
L

L

s
Y

—

m'wug"lﬁ'mﬂ”ua?zm”uﬁzuwa”qmu?mq
dianmsaunuaniuaunlalunaln
nsganduLazlanlansndaanuyad
ddanmeau Unldgnisasranannl
WaaaLsaluus nanalnuaads (LED)
warsrulufaiamas (LASER) Tndrun
dszgneifiunalnnisanuidautayalu
FARAELTR (CD) #F (DVD) nsaned
nansunng viaudnssvininiaas
nasnugaldltlunisindmgiidanny

L uenga

AL lalfeInung AN YAl
a & [ cﬁ @ © @ n:;l U
aanmsauludanansissiniy Tuymisusiu
YAINTHTNINIUTALAAT (transistor)
4 c}/ ] ] % L =] =y
Faiduiudiudriaglulnsdnyidata
pauAas wazgunsaiiAzasldinnn

M99 UINUE

Graphene

AL lunnearausu iy
atundlassahiluanavarianamsiastti
ylATnsAununs U (graphene) #ail
AnuautAlunisinliihgs Snviedenny
wiausalussiuiianinsothunvintude
nsnziunsyguiiihminun léfuag

-

&
~J
|
.‘!/

Fih

msrumuLUsngmeallWlsdianyisn
(photoelectric effect) NULEIF1UN50
1 LY Y a & @)
aneynalnuldtusidnmnsau 1ungua
dnagnunldgnisudmnnszualinnfoe
adgInE (solar cell) uaznsasiguUnsal
FUNTNIUNA IRV LATRIAUNULLAT
WU TAATATEE NI N LU U

wazlsenamlulf




g N

ANSDSUNESSSUBNA
Juagifiiuuunaua:ANULISIUDVINE

puaENNIENNILLAzANLINIALNATaILY e nalfiAan AN A uIEnla

1 % I

Us1ngnisain1asssunnd masaaunisildaunlateasdinagsausaie nafindu

U

= o =

AIAAINLIN AN ANERS IULIUIANES 819 BAnen 1l RAnd wazadinanans

= [ = o A = ¥ = d ' 1 q o
wana (physics) Junilslidrnugrumainenaans Aarneiavinamny

N laltfsnfuaudRrasgaansuaznaanuludngng

wandaisiymaas
(astrophysics)
ua:nquiduwnsmwnolu
(general relativity)

namaasnaown
(celestial mechanics)




NN9AELNEUIINHNITAINEITULNA
% o a & 1 [
mandndgautiaanidunaisuaul Tns

AMUNANUTRIEN UL ALA AT LS

1 1
la o

asdafidnen mauAFenvunslnglseey
TnsnafiadunadieiNandanseans
(astrophysics) WATNHIFUNNENIN
v ld (general relativity) n19la
naraRsYaIrh (celestial mechanics)
luntsasuiedsingnisaluuiaaniain

N13FUNANITUUIUNANTIAIERS

N1928UNENTITLARAUNLAYNAIIIULD

naFmaasaaaan

(classical mechanics)

NAFTMaNaransAMaan (classical
mechanics) mia%maﬂmﬂgmiiﬁﬁ
Aeataatunisindauiisiaanuilng
LENENUDFURNENWALA (special
relativity) waglunsdlvasingfifounn
Snseduluianafiedunasaefdnd
203ue4 (solid-state physics) Taufls
AYNIATUIALANTUSYAUALADULAY
nihndatuoana (IMmaw) fedunaae
neuHAIDUQU

Wanduooudv

(solid-state physics)

nuHADUAY
(quantum theory)




g N

namaasnalaan
AUNNSDSUIgUSINHNISUUDVaaIsua:Aau

=

Tnqriadasiiagsausie vadu i annia SediBnynuiia saukiyued
Hueiidmauaztunn widendunanilin aans (matter)

aansyneilail “wadomudng” (potential energy) Fuflundinuiiazauagly
aenslugtluuusne wu nasnuAndiReniuadiamiiomand Wandinudndidemann
usdlifuha (gravity) wasdslafmuiiingTnaadeud asindinulnguuuiifndas
13an7n “waovuvad” (kinetic energy) lunanarmanimana@naiunsnatunalan
mmﬂﬁmuuﬂawaawa"@muﬂ"ﬂﬁmﬂLL?&Tﬁmdfaﬁuagﬂ”vmqquam"mq wazmsulanuutlag
wa"aaﬁuﬁau‘?u?{uag:ﬁ’umﬁuL?ﬂumim?{auﬁﬂﬂaﬁmq FansenamnANIUT NN A
Mefundinuaatifauuusalilat (continuous) Wreueuiulunangudaausiy
Aimsthawmdinurasaymadunsdfereiifstusuuldsaiias (discrete) usign

ialdnamnasnulduausisludneunduiu (QEasmaulnadu vda 19)

0 ¢
N / >
N 4
= o e
anuaUlilalwavonuAang Qﬂ
= =
A
| nupUIladwavoiudaud
QI
P
A/
|
o - 0/
Nl A
7 e -




X g A e oo g g i J o
Aau (wave) Aa nasulugduuundandnisdadnuanninisludadnyinis

- 4' . = v = = >
wuatdumauna (mechanical wave) Vlmaqaf]ﬂﬁlm?ﬂaﬁlﬂb‘LUﬂqiLﬂa@uw acAma U

1 [ :.\1' (74 L% LY 4} 4!|
wiinantWin (electromagnetic wave) #lusasandasinanslunisindauin
AuUURYRIAAY LU

o k74
mia:ﬁau NITHUNLH NTUNTNEA met%‘mmu
(reflection) (refraction) (interference) (diffraction)

< aa A  a v i = s % a
AAULACAANITUAINHUR2UNUAEIIHUIAR Wavolu Tmﬂiquﬂﬂaﬂ’]ﬁm?ﬂﬁﬁﬂﬁﬂ
@ 1y 4: GJ @/ s 1 — = g @ Go| c-:l l-'-J
Elx‘i\ll.lllﬂqﬂﬂﬂMTEJHHW?LLBﬁﬂﬁULﬂWﬂ"IﬂU LLmiunﬂUf_]FIDDUCIUUU NAWIULTURIN
= | 1 @ [ @ i c& = @ i
lfafunsuaritausanussningaasiuAaL TUAAINNNITAUNUANAN ALY AN
UserataunIanalunIaAIausyl LIy 8a19EIUITOLEAIAMAN HULUAIARU WAL

AALUAAIAMUANUTYDIFETLA (wave-particle duality)

A3AUNzaMUWYD lungufndduU
anuaaa:Naumuwo sumAn:amuwola




LHLUUD1IADVD:=C1DU

2:09U (atom) As mhsthyagiuratass mnuthlafenitlanaeannay

p—_— A ¥ : o
fimunnisunatgnsaiias TndunauiannnisiiauuRgiuuasinnismaaadiiam
o 9/ q} @ v o ¥ o ! o =, I

Amau Aunlafmnulasiaianan luganas nhllgnsndeeansinulu

NNANFNTIN N A2 usy

AL AL 1803

avpanddugunsinan Wumbetasiign

49d615 lUgunsaulaLen vinas visa

a9l la

)
A.F. 1904

avmauildngiunsinay Usenaumis
aymaAniilsznn Gann Tsmau (proton)
PR a I a &
warayn1Andlsyaau Fann dianmsau
(electron) nszanesagnialunsanay

TusNuIuwny




A.F L. 1911

v 43’ tﬂll I =1 2
azmaulsznaumanunmadmiyszauansiusn
agiduununansfidanin "Tandaa” Taad

a @

aLlanmsaunsyanasiag lnasau

M. 1913

meluszmaniididnmsaulaasagsauiimrdns
TrendlasuaddianmsaugNANnag t LNIFUHLY
iy ssundinuradidnmsaugnimmaifu
fuq 7iiAnudunudiusailaasiiGanin
sAduaslus (Bohr's radius) LUUINA8Y
azmanraslusiiugnFuduiinguimausy
Irthunldatunedsngnisalnisilasuaseas

2afald

waS$du BLsoauLuds (Erwin Schrédinger)
A.A. 1926

ThunnssasaALLLa AR s RNy adluSIt AN Y

thanthuunlfasunashumbeasdidnasau Tas
frdsauasaznantsznausmellsmaunas
Tmsau fAdnmseundaufiaglansaulussu
{Izuwa"muﬁhm NNINTTANLFIYaIBIANATAUYN
denusananuinaniluludneuzess nqu
vuanalanmsau (electron cloud) Taataino

q‘ 1 1 = 1 @)
NNYUHUBNHUINLUULEAINIATIIUUIR :Lﬂu"Lu

NINUBLANATAURNILENUAINAUrLANERIAY




g N

jadoviaauunqalan
1Sovsagululiondglanuovd:0ou

dl Go [ 1 Y d‘ = 1 a} [ %’4 9 v %
NITVLITUBILHUIRE FINE) VL@ Lua&ﬂ’muLLmaaﬂﬂmmquuumazmum’]mﬂaaLi’]

Taandngusadensdudinsagnaurmiunn luindaunvdalasunansenulag ann

D

badnmAnNnNIsnu

wAtdasanensnuluadnadnang

L d - o o 3 | a
S . YN ANTYuUALEN WU BLanmau
I o Yy i ] I
/" s, b azvinldalanmsauldasusiurinay
2
/ n 2 ]
p Py, 1 A liannidy Fuflunaannnisd
: : waaldnsenudianmsautuies uansly
{ el : MUY "AAULAVUAQVATUANUYEUUDY
o / p : .
. ’ mstluauma” wazladaaguin sl
'4 e
A > ANU909YFAIUMUILATAINLITINUTAS
™ -

gasdianmsaulansans fu iuldanu
HanAWIvuuuduydvlaLsuuusSn

IGN AlanmIau (Heisenberg’'s uncertainty principle)




UnInanAansvinnisnaaovyovd (double-slit experiment) Tastiaan
AlanAsaurutauAy 2 104 Tlrunuannfumunal Usnginfiagluuunisunsnaan

18IAAULUAN LEAILHIAUIY DUMABIAnasaULdavATuaNUTU:UDVMSITUAAU

yangeAmausy gasynidadauanwuziainatiuadu Taaaamsnduunalng
= o g 44 & w | v & e & o
Aeiipuanuuzasmuitimauantaesuwiulinng i lussndmendng ssrvasman
AUANEULYIANUTUARUUIINHUASUAAIDBNBENUAUTA NAIINNIINAABIYINLH
Uninenatans lataaglin "sumaainsamcdidunau uaznauansamcdiiu
= & @ a a & o
aunA” dudumnuudandsenanadiifatulunisaiausiy
- il v A da Xyu o
AuanwuzAwlandseraialuniimausdvaug Mfsauldundsingnisalinng
aamg TUIAAAURN (Quantum tunneling) Alaulniadu (quantization)
FN1ILAIUTIUNIIAAURY (quantum superposition) LALENIIETHINUNN

AIaURL (quantum entanglement)




YYY Y"YIWY\Y Y'Y l YVV Y’v‘uv‘v YVVVVY

AAANNAN _JAAAA A A AN ..IAAAL.LAA

mMsaaaaluvAnIDUGY (quantum tunneling)

= L% 4 LA Qs 1 = A&J | G| 1 9/
nsiRunsinuguEensiaslindanugandnisifunauuiusy uwasantuldlalsias
mnsdndauliifisame widmsuayniamiausuudd wlasdndanusnfie

| ql o @ o Qs 4 = é’ -
funsonsgenuEmiamrTatntiasnta le mMsthudsdnnatifetulsmausingmsad

= [~ 4& =y ca’ = cll c;/ | = ‘:31 v
N1SapaRIUVAAIDUAL TngRAnssudazliifisiuluaaisald unasifinrulaanie

fuayniArIauALiLantautiRanmiuaduy

3 L2 v a 43/ A o w 1 dtal
U'j’mgmimmiaaﬂqimﬂmaumum mw%ﬂum AUTLANIULRIALTNIUNTUNANA

= 4’ L I i =
INRAUNUHUIgUssInananad (central processing unit, CPU) NANTUTALARTAUNA

4: % I o I % = ! I =Y -7 44 =
Lgﬂ’ﬂ‘i‘ZWUU’ﬂuLlllﬂ‘i‘ﬂ%ﬂ‘uatﬂil,mﬂﬂ ’QUBL’gﬂW?@Uﬁﬂ%iﬂﬂiﬂﬂ‘ﬂﬂ@ﬂ‘fﬂ'ﬁﬂﬂd LA

1
[} @’ @ =y

- " .y
nyguullgrnaula 3ufianissunudyuiussrinenuiu

vﬁ

B

\_/



LUUINARIALAA YU

ya3lus

@ Tusmau @ Bidnmsau

=@ denflutun

ANUUUINADIDLAANUYDILUS (MU 15) A¥LHUIN

a &

ﬂl ell G5 a = o (% [
Adnmasautadaunidulsauiuefsauuugniannmdu
TUG ANUTLAVIAINAIU MUIBAILIN LDBLANATAL
YV o Qs q' Jl = ] % G
TAfundrnuisaursaldanasnufazngaaananinig
Taasiauldaglursdug nsinasueasdianmsaugn

o Q

nraldagidutunazonamnanulaniuseautui
138N71 ADUTNLBBU
LuUlAALUGIADUINBBULILaBuNanalnnIg
frenwadnussrIngnmautudianmnsauluUsing -
msadiwiadlannsn (photoelectric effect) iy
e "
N1sNAaaINLInINIsasLaInans i laldnanns
JI = ¥ @ | [ |
vuRuinlan: raududutounginuludiused
% @ v a qil 1 4/ a
damnslilalanazrunudianmnsauneguuiuialans
o v, @ =\ 1 1.-.4 @ =y |
VlFALIEnAsaunselananninlarzudunie ludidnuady
= q} 1 4:§" o b2 q
AANsEauFpeaas Wby wthamiuianndsingnisal
TIndidnvsnidunnmuniulaanswad wume s nsse s

¥4 waznaasnaviai laiuag ludaqiu

waallsm lavalmil (Albert Einstein) ligued
mausiuasunaUsngnslinindidnyvisnuay

1asnetalutuasgAandlull A.r. 192)

b
----------'




aN:A2USIUNIVAIDUAL (quantum superposition) |

Ly wisaRaLas auufinismAaadduin (thought experiment) Tanauui ¥
wnsanilsaglundadlla Swnenfuidnaln@audaduastuiunssdivanldan
fideanunld Tafllanna 50% Asdiuazinldvinefvunn dealiuuimne uas
$lonna 50% Araefvazliunn dusunddiifineg lususedilddanaag
winAzdanisnamausiufianad®in “waz malunanfedu Jadendn anio:
ADUSOUNIVADUCY widaislinndag annzeusnuiasgymelluazasmy
Tunagluanmlaannmils e dTiney "vie" maudaviau

20




aAN1D::WOIWUNMIVAIDUGU (quantum entanglement) \

an:wrwunioadpuduifiuanaziiaynaeaususiusaasayniatuld
frnudalasty Taadladanisnssrinlatuduayniasnis ardinansenuldiie
mswdsundastuaymasmiug Adaulasfulaeiud winaymaviaa: Giamnnd)
azagislnafuauazgarauinsmnaimu UnWanduiuuiAnanenanunisamausiy
T1ulus AerfluntswauamsAudauBoAIDUCU (quantum computing)
LA TNISNSIYNNUDLTIISHALBVAIDUCY (quantum key distribution)
Walfidswanisdaans

AR TN P

-~
3




g N

inAalulagindouqaugnn 2

HAINNNTLEN LR85 U RURIAAU

LasuaraynIAAlIauAy sauflanisnLle
NHEHAIAUAN VN IARAUTANITURAII
urnueluamnassen 20 wu gunsal
a a ¢ @ I =
alannsaiing uazian Inie wmaluladn
a & Ho ¥ @ a =
Asruilfalmudunaudnanninalulad

AYAUAUEAT ]

1 I A QII 1 v o aa -7 =
AAaAUIILIANNITATIAAITTIENHNIULN ‘LlﬂWﬂﬂﬂ(iﬂywI}JJU’W]’]WJJ?:‘/LLHZTI@@’]’IM

aunsnlunismILAUaYNIAAIBUAL LEU N1IANNTENIULTAIINAAY N1sRNaRaL
LarnImuALAIENmAsaU ANaLsalunisidnanazannisayniaaausiulaun
gnastidsslovdlugduuuley WaidununTdunianaluladigaludfiGandudn

Lwﬂiuiaﬁmauﬁi’mqﬂﬁ 2 (quantum technology 2.0)

axap 3 B
2

4 . e
&y = pefle7 &tz




ddlmiq fasdstulumeluladmausugadi 2 azfiufansslaanianalulad
Favauanuidsuudasdiunlan enf s ulssdrinmnisAuusmemsAueu
[@onsaudy MatadumiulaanstlunsdaasmemsdoasiBondoudiu (quantum
communication) n1sldAmuaunsnlunismuguarnanlun1sasIuIWM:0aU

(atomic clock) N158519LATAITARALAUIATAIIVIAMIIY NTANULLULG

| r ﬂl © o/ QQJ 1 9 =\ 2
Tanvaunalulaiimausugan 2 asdisnmanllgnisrununnainenaans
wavwalulatsneg anuanuis Wy N1sUINITATUAINMITNAID U LLA SLIULTA TN
Arausn g lun s3denianisunneinaAnenlassasssnuazl §isenisdanl

nalusranisuywsdd visaudnsenanastiniaauiumasitimausuldlrluzasvainis

v P @ a o a v v P
d773LATRIANTN aVIuaﬂJ’i‘iﬂuﬂuﬂ’]‘JL’iﬂugLLa f‘.:ﬂ’itJJ’JaNa?JaqujaLwaﬂ’iﬂﬂ‘t]u“l,un’]?

AFILINUAIUAN 279 N19aRTEIdEuYaya N19ILAT SN ANSTUELT LnA uas

N3 AUANILA NN LN AL




g N

ANSAIUDULBVAIDUCU

ASAUDULGVAIDUCGUADD:TS

UnAdnddruuiAnizasfiayniamausuauisoaglu 2 anaus 3auinnin)
N > ° — = - 4
TalunaupmnuunldlumsmMudauBondpudy (quantum computing) Ty

sUuuunisUsznananiadnAansuuu il lenann1san1ItAILTILNIIAIa UMY

- 1 [-] QIJ qu
sluaﬂwm:ﬂaqmimummuﬂaqﬁqmmad ﬁqmasl,ﬁmsﬂ?:mamaﬂm A ﬁwawﬂma?qau
%’; = =8 1 1 v G 4’ 9/ 1 [

AN lUATIR S R9M8TUsLE s aNYaInNI1sUs s Ut ana IHL s U LA anawnFn Uanann
q‘yw ¢/ = 1 7] - (%] o L% %
TFIAUNLANIT gn1swanun1amausua usauunlfdulaseasiquadnssns
. & TR N N
nssznananiluyaAdiiiiaatudaule (conditional statement)
o | 1 v o
mnﬁaﬂmﬂmﬂmﬂgmaiﬁmqmaumumaaau:uumnm'nm UNANENAN GRS
45191A38493N9 (machine) NHAINuaIusnUssunanaimausulmtunadiisq

4 d o e vy ua d = . -
TLATAIANTAINANIFINAU LU ADUWILODSADDUCI (quantum computer)

ﬁ’ AsAUdUTQenOIU %

|

‘ ANSAUDLULUUADDUAL \

ga (bit) 19lun1s “wansmvesdoya”

. A0a (qubit) 14lunisuaniAvaitaya
fogluglraaiargiuaad

ﬁaﬂ‘lugﬂﬂaq “FNNITAIUTINYAILA O
waslm1” 0

Job C

100N 10 R
1002wl 10 -
1of==M100 -
01110




AMsAUDLULGvAIDUAUMD:ISIAUY

ARaURILARTAdauA L U A LN HH
wuraufumasinll wiazidnuniasy
MU IUNsaEnIRauRme §
wludaslfinarlsynanasniunu 1ae
i luuszgnaldsdenilunusstalul

ANSYAANAUALAULD ooo

0
(DNA sequencing) gin

NI MINZAUNGA B
=]
(optimization) 3x5
1101101011 ﬂﬂ‘i‘L‘lIy’W‘i‘ﬁ'ﬂ LLas

ol 1o
I'ﬁ@ﬂ'l n9nansHATaYa
l|:llll:|llI:Illl:lllllll':l' .
(encryption

& decryption)

k% L2
nsAuMItayalu
FTUUTIUTALA

] q
(database search)

mMsannaudiayauunalng

(big data segmentation)

menandlassaniluiana
(simulation for

molecular structure)

N1TkENFAIUTLNaUNIG
AAANE RS

(factorization)

AN UFIUNTN I UNTS
Fauglanaesalag

(unsupervised learning)




g N

AsdodisadanAatulagnloucy

]
ol

n1sdaansniinissnuAmnulaanisuaitnyaas

FasiMSIWIsHavoya (encryption) NAunnanau&s

v
¥V

Tdefagsu TasdndayasisiulasyamaiaguuIvinmig
dunua (key) TunisiingmsniplinAians 4aya

q @

ALNuUNTTLIUNTItNsHaLAIARTgNaRan lURUNIaTas

VNINNTADENTFNNG LU SMAYNINE MIaRUTIUY
louhtiuas Jaffulaaniaznansialaglinguam

&/

wenfunugds inawlasaAuaanuiutayasiisiu

i, B,

_y

nsfeanslugiuuuiadlinguadulunisdrsialuBesg aundiasiinnsanas
Wanungualn fanaldifstadmifginfia s Anwigluuurainisadisdauas
wenaialiluiign sufustiuanulasnselunmsdhsiaannnnslinyuaiugn fu
Fuagiumnutudaurasgrsmandinenansiinunlflunsdheia Aadtudausas
vilinnsangsdatunansmuiu auanaiuts s snafitayaddguudidnaluns
ltanu

sAnuazmadvlneasrauinnasmauiufifidnanwlunisdouiazoansva
vafayaldaiunn asdimansmusamiudaivludaemutaessiramnisdaans
Fa3udnsimguimausududszgnalilunsaduaseanulaaasdaldag u
fugegs Inadnananuldusuraslauuusniindindn "nnssarasmulsnilsly
sTuuPausy dinaraAiAnylduluaurainisiadieasdnsulnils’ Usznauriy
'Li’wa“’ﬂm'ilﬁmﬂ”uamfa:mumumamauﬁuLLa:ﬁmfazw"'m”wnaﬂwmaumﬂazqnm’
dnmsliWmaulunsdinguasmeiimmauiufidanii nsns:onsnauDINSHa
1GoAdDUAU HED QKD (quantum key distribution) Futhearaanuidaiy

[ N ¥ = o a J %: 1 Vo
lunismeasunisanWedaya TasminiinisanWafintiu Magasuasgsulaianieag

v Y s

Muavildaungualrd vinldgantaldanunsofuftayadiAgyannisanianiansla

k]

@l




Eve =,
ANWataIya e
(eavesdropping) @

a Bob
dayantnunisoansia ..
(decrypted data)

Alice a

@ fayaifignishavia >
ted i
Vo (encrypted data)
: < o
A ERNRE TR EXN AT v

(public channel) q
® e a
G

A @ nsidnsvadaya
ANALAULANZIHE

v
nindnasldsHauuuee

B & nsldsvannu
A =
wuuldasaidan

NNTHITHANU
ANALAUANWA

andulWmou
AR 0aRTHANYUA

S

fuftamnuRalnAaasnyua
'l .« o
Tunsdininmaugnanau

delnmaund
NsLENsHAYDINUUA

ARINTARENTANAUR Y
(quantum channel)

L  msns:entyunltnsHalGondoudiy
\raaddinmau quantum key distribution \Arassuinmauy

QKD



g N

UIWANID:=O1DU

[ dl = all ¥ I 4 5.1 ql ki g =
uRndulrIasdian lduanan wansurialuinnaiie e LTUUUATTUYN
v 1 o = A‘:’II V’Q/J L4 I ] = !
pasudutiiesla wazurRn A ldduuananlaudugvsaly

L4

¢ o QU | o _y QI/ 1 U A
naluunfninniseuasiigunsalddgivinldifanisduatnaiuiimy fgld
Wuuraanidaraamnud wasinalnrialasinaviilvifanisduianituiuai
U LA zeq 11

urRnuualentu 4 dszinn el

UIRNIANTIANE RS A1AETI918IN1TIARTURIAIIFNE)
urR N ana anAuTIaINITduTaInalniting

UNA N IR anFadiaanIsduratndnAlant

1 !U i = Y L2 %’I s
uIRnazmay afuanansauiinINMslRaussAuTuna N UYaIa A
RN dAnuuLuigaAauIRNIfaIaeaIuIanuUIRNIasmay Taguling
: I o ! > d d L%
armaunudugngalulaqduazleiaan 13,000,000,000 T (mianduaiunuaui)

=£ o [ Y 41 = =
AN lFanlunsiuaanardaauld 13U

B .= 08:00:00

o N




Taqiiuiisnuvasnandisdannannaiueaanisud5adnidunaniannisildau

9 1 o
SYAUTUNBINULDI LA UTIREL 133 (Cesium-133) TaglunsildsussAudunaanu
o Lo, y v y - |
ALAANITUNTIZAIIATUNITAUINUIUNIRUY 9,192.631,770 A5 LU 1 Ui 1nah

= = ¥ té L L d 1] — T
anademaedinistignldiduninsgiuanlan Teddnnduluanas "unwnio:=aou

lBUIDSNIVA2DUAU (quantum sensor)
1 ' 2/ | i 4ht
WWasannseAutundsnueatasauduiinnuaaulmiudiwindausaudng
iy aunuushinan aunyndn il auisndrunfnnazeaulddssgne sy

LﬂUL"HUL"Haﬁ{VI’Nﬂ'JEUWWM L

L‘ﬂuL‘ﬂa‘i“’fﬂﬂ’liLﬂﬁauiﬁ’J (inertial mea-
surement sensor) Unlddseyns ldau
d1MTUNITAAMIUNITIAAAU LIHINT AN Y

=
AHLELLE

UL aFAFUNLWUIMED (atomic mag-
netometer) U Ul lun1sdrsannsasaliinen
wsgFalsngnisaiununulmanazgun iy

21/

‘:I =1 =
NANUIRIFIUATLURLILNIAINUIRNNAT AR Y
= = I o = ‘2: %
fANUAzREALALIULN G LNENNANALTRITY
MsUUNNINANURINNTT RN A NNSNEN LI UIU

HANHATUTIENITADIUN




g N

SFADASSUAIDUQU

3AINSSUAJDUCU (quantum engineering) Aanszuiunisuuulviiag

Faulssasrmnudlunanisinunlillgniagrannnssy Tagdmnssuaiausuag
HETUAIINE LUYNG WUUY LU e Aausdt AdAAERT warldanunenen Ul
Feanssuuwaudusutluamasaniedasanluguinnssufianusaldifase

FIDENIYRIIAINTTUAIDUFLAD

(1) nssnszAuanulasasttlunsdasssanisimunssuulassing QKD

(2) MsafauafiazAIriantImaufuATlsAvEnan 1wy wuirasnms
fansedeuln wuwweSaaunuwdingn wumasdmsugunsalnisunne waz
urasdrsunsaauRuanlulsugaaIngsy

(3) nsasrarauRnmasmauiufianunsain s e luausne wu
nsinaamsdnaiiianisinenlsn nsiiaasiusnafiianisAuaiian naq
nsinaaInTsduAT sHuaasfiniads el luni s unandnnianininums
mﬂﬁuwa‘"sﬂaqﬂauﬁaLma‘a“mauﬁmﬁaLﬁ?wﬂ%’ﬁaamaﬂuzﬂaqm?ﬁﬂmmua:ﬂazma
Hataya

Tuthquiuiudundinsumalulatinansumuimmsnenng uasuistuniudtamnssy

ANAUAL INANRIUNARLRILARIAAUR Y 12U

« Google e D-Wave e |[BM
e Toshiba e Microsoft e Airbus
e Alibaba e Intel e Hewlett Packard (HP)

Quantum

— Engineering




inalulagndauau Mnduaunnisgudanssuy

Frontier Research

MsNaov
avuuUs=uuUmvomamw
(physical implementation)

nqujmowand
(theoretical physics)

Unngud  uniInandy Unneaas  un1inends
Wand) Wand)
Quantum Engineering | -

MSWUINNNDEND SF0nSsU
WalHanLSaLhNTSIADSY Ha:MSWoUUNAULUU
(integration for general use) (engineering and
developing prototypes)

Uninena1amns  Google UNIngnAans  uniInands
AAING Microsoft AAINS AULULYITR
LLa:"Slu‘] D-Wave Startup

IBM
Wusiu

- - |



QUANTUM

e —

Max Planck
ABUNENITUHTIFURITRY AN
(blackbody radiation)

=" Richard Feynman
EULUAALAENNY
ABLURILART AU U

BB84 E91

1984

Charles Bennett

la: Gilles Brassard
laualuslmmaanisyin QKD

g A V o 4:
M Wuasusnaaganiulute B84

@ QED J

Albert Einstein
1atauauulAnuasmauln ey

a o a & a
uratunsdsingnisal T Imdianyian
wazlAsusnatalulua Col

A

s HAndlul Ap1921 D

inatulagnioudu 1.0

1948

Richard Feynman

Julian Schwinger

Sin-ltiro Tomonaga
Luanqumausudianinslauniing
(quantum electrodynamics, QED)
Taevhianuldsnetaluuaaneiand
ufulull am. 1965 (0

b Y
»

Artur Ekert
idualuslnmaanisvin QKD
Tagldanirswanuni1smIaus Y
radlnmaudefanduluie €91



w 1923

=
) ,’ Louis de Broglie |

- lHUALUIARYAIANLERIR L TaNY
1913 55Hdﬁdﬂ1ﬂnLﬂUﬂguﬁuaHﬂﬂﬂ
Niels Bohr (wave-particle duality)
LEUALUUSNARIDYAR Y
vaslalasiauiiiinnsrimun
fundrnuuariaidaas
Ya98LaNMTaU @)

ww” Erwin Schrédinger
LAUAFUNTITAAUN L lUNIIAIa UL
FaraunGentululia"aunissandas

wazlasusnadaluluagnanWand
Tt A.a1933

Paul A.M. Dirac
ANUNNOH)AIDURNYDILET

Friedrich Hund wazlasusedaluluasnaniand
v ¢ o 3
AUNUUTINYN190] lutl a.p. 1933 7 )

Nsaans luIAAIaUAL

inAtulagindoudu 2.0 Mavtnatviun..

IBM Q
IBM Q
@ : — 1 ‘!
= - WamiATasmaunItmas = | i
GO gle D:\WJaVuR ANAUA LA MSU AN Olarel i
The Quantum Cemputing Company™ G g
FUNUIREULAZET WuAsIuen 4 ]

ADLRILAATAIDUA L



The mean king's problem
(Teuninaulasianglase)

a @ k' = ! d q} v
fU Auuausulnalnu Tinnzursnisndnasadlaensssrangns

TUsaUsunazssnuuINan.. nezadAAs lAtuEaIT1123UNAAURUNENS

fitadn "nsadatad giniumunldlunimaast 3ndamnuddnldudy

jE

Wandagluladneg




ot A = L ] I n = n = U, 4/ 1
TurilslFarasinwadndte "ade" HagiRmsuazllineAuaguuinie
WHIUU rnsRsusadnldnidnsraen.. tlanszanmvinnisaauaIUAY
! B v A g i I &/ v 3 1
Snaduniudniand momnuinszasaludandnnandaguan Aslarmdnang

1
a o o

Pazarawineaay Taadnansaniunisaluazsatymmandndndsluiielams
unlaldadminnismaaasiazuniynn

oMU AU ULAEINUNITIANE0IULYRIAYNIAAIBUR Y DAY
k' o t:ﬂ' o v ¥ g % 4:‘ =
AadvinnNsnaaadivalatAaulignAamnAsa adlanianasiangnid 560%
Turuz#dn 60% lulaniaiadrazianlauazazgnisemstinviuil adan

a v o o v v % ! ¥ a 0 v
LuIARanITIINUn AL N ldunlym Funaldaduandnaulagn
ADIVNATS
1 9/ |

fvuiFasiunannnisnaaainismnuaandiiaualag Lev

Vaidman il a.a. 19877 Fsauumndnigninlddasanlunisad

TUslmmaa QKDY d1vsun1s8adansidamausy
(w,/’ T

LANEIGN 98 4

U L. Vaidman, Y. Aharonov, and D.Z. Albert, "How to ascertain the values of 0x, Oy, and 6z of a spin-1/2 particle”,

Physical Review Letters, 58 (14), p.1385 (1987).

T J. Bub, "Secure key distribution via pre-and postselected quantum states", Physical Review A, 63 (3), p.032309 (2001).

35




londl 551\)5\) (FuAulaldouduiAu 2562)

A. Acin et al,, "The quantum technologies roadmap: a European community view",
New Journal of Physics, 20 (8), p. 080201 (2018).

C. H. Bennett and G. Brassard, "Quantum cryptography: Public key distribution and
coin tossing", Proceedings of IEEE International Conference on Computers, Systems

and Signal Processing, Vol. 175, p. 8, New York (1984).

J. Bub, "Secure key distribution via pre-and postselected quantum states", Physical
Review A, 63 (3), p. 032309 (2001).

J. P. Dowling, and G. J. Milburn, "Quantum technology: the second quantum revolution®”,
Philosophical Transactions of the Royal Society of London A: Mathematical, Physical

and Engineering Sciences 361, no 1809, p. 1655-1674 (2003).

A. K. Ekert, "Quantum cryptography based on Bell's theorem", Physical Review
Letters, 67 (6), p. 661 (1991).

N. Gisin, and R. Thew, "Quantum communication", Nature Photonics, 1, pp. 165-171
(2007).

R. P. Feynman, "Simulating physics with computers”, International Journal of Theorefical
Physics, 21 (6-7), pp. 467-488 (1982).

L. Vaidman, Y. Aharonov, and D.Z. Albert, "How to ascertain the values of ox, oy,
and o0z of a spin-1/2 particle", Physical Review Letters, 58 (14), p. 1385 (1987).

D-Wave's Quantum Computing, https://www.dwavesys.com/

Google's Quantum Al, hitps://ai.google/research/teams/applied-science/quantum-ai/
IBM 's Quantum Computing, https://www.research.iom.com/ibm-g/

Microsoft's Quantum Computing, hitps://www.microsoft.com/en-us/quantum/

Quantum key distribution, https://en.wikipedia.org/wiki/Quantum _key_distribution

5 |



unelgn Al yian

ADVUSSTUNSANSUSHISYaKUvdDIngmMaasiwous:s1uu

USSEUNISNISDIUDENNS

saalanns I dnaAanswa smAaTulad

Science & Technology Book Series

UNeNTTAnTg 1Ay
UNAUTENT UM NHATITH
m3.Nty Ttesen
UNERUNE IHULRTUNS
unetlszania YUHNI9IUN
unsagiiu wulyd
A3.§N9) NUANRIUL

A5 AAMST FPunNa M agfeN

unelgy assadyoian
unam fivizen lueudl
UNAUAUN YOULaud
UNEM A5G ey Uil
UANAENS U3
UNgaNYeaTd §3an
unsamgiu walsd
UNed@ITTUsAL Rl ans
UNWAUY uAauysol
unsrafad daudmd
UINAUTENT UMYLATITH
unsad fuwna
unesans YUHTIUN
UNENTIUNS A3 shu
B EviAL Masman
WEdnd nsnuuind
uamdlen Jutuiia
uamadnug asniu
UNBULSA LU
UNEANGNE AGHILU
wENqEng sandeiau

UNENMAUSES aaianniael

AIANNTANE A UFINEN AN FRFUHIEN A
FinNURBILTINENAERTLaTA LU AE LT A
FUNNUABILTINENAERTLa ALY AE LT A
FrinurmuNnanaansuazwmalulag udeen @
A0MULNATINLILHITN A
goiudsgdnendAansuazmalulaguralsandlne
RIANNTANE N UFINEN AN FRSUHIENRA

AIANEANE A UIINEN AN ARG LA R

ATU=NIVU

saeldnnsenmainaransLaznalulad
duinnuldnnsmmmananmansuasmalulad
dninuddnnsznmdnandansuazmalulad
dninuddnnsznmdnandansuazmaluladl
NFUANENANENSUENNS

dminaudsinggiadud

v oa a

aoiuAsgAnenAansuazmalulaguralsanalne
aoiudsginenaansuazmalulaguralsanalne
DIANIGANE N URINEN AN FRFUHIN A
AIANNTANE A UL AN AR UHIEN R
FrinaunmuNnanaansuazwmalulag udeen @
FunuRBmIUTINgNANansuazmAlulag uarn @

A0NUULNATANE WA R

° o

dunauanznssunisulauednaAansmA Tuladina I nNgs uurIn i
dunaunmumalulagannAwaz)Tansauma (aIANIurITL)

dinnunmutmalulagoiniauacgdansauma (@aAn1suriw)

aoiumaluladiniAdesuraen® (RIAN1TUHA)

aniuisawatulaTAsTaun (9ANITUHNAU)

A0NUANTFUMANSHENNTUIRA NITINEAST (AIANITUHUU)

A0MUIRLANTIAIANTUHITNA (AIANITURNAU)
AUNINUUTANITULHIIN R (RIANIT UML)

AudanuiiudasuEinenaAans (asdnsumiu)



N\« O 2564 7000

W2 O 2564 7002-5
https://www.nstda.or.th
NSTDATHAILAND
info@nstda.or.th

111 angudngmMaasys:=LnAng
auuwKalgsu dhuanaovkiy
D1LNDAADVHAIY YvHIaUNUSId

NIMT

aunviuwcuudngmaasuazinalulagusosia
anuuuIASINYIUHYBIAa
As:=NsovINngImMaasua=tnAalulad




