O10dooooooooobbddd

gooobOooboobooboooboboboboobooboboboobobobooboobon
dddododooooodoooo cpbOO0OO0OO0OO0OO0ODOOOOOODOODOOOODOOOOO
goooooobobooboooboboboobooboooboboobooooobooobooo
goooooobobooboooboboboobooboooboboobooooobooobooo
goooooobobooboooboboboobooboooboboobooooobooobooo
gooooooooooo* b0 boooooooboboboooooobbbooooooooo
goooooobobooboooboboboobooboooboboobooooobooobooo
gooooooooooon

gooobOoooboobooboooboboboooboobobooboobobobooboobon
gooooooboboobooobobobooboobooobobooboooobooobooo
gooooooboboobooobobobooboobooobobooboooobooobooo
goboo0obo0o0oboobooobooobobooo

ooooooooOoOOO0OO0OO0OO0O0O0O0O0O020000000 —O019000000000
0000000000 00000" 000" 000 1930000000 Siisskind 1966 )0 O O
gooooobOooooobbbb0oooooooboboboooooobbbooooooooo
0000000004 000000000O006e00000000O0O0O0O0O0O0B0O0OOO
ooooo0 wowOO0O0C00O20000100000D0CDOO0OOOODODOOODOODDO
gooooooboboobooobobobooboobooobobooboooooboooboonoo
oo0oo0ws30bboooooobooobbooobboooobbooooboboooooo
goboobooobobooboboobooboobbobobbo 200000000000000OO
gooooobOoooooobbbb0ooooooboboboooooobbbooooooooo

gooooOoOo0oooooooboobooooooobbboboooooobbboooooo
gooooobOoooooobbbb0ooooooboboboooooobbbooooooooo
ooooooo0odb4000000000000000D00O0OO000O0U00OO0OO0OOODOO
ooooo0ooo0odo200 3000000000 400000000000 2000000000
o0b0oo0obo0oboooboboooboooobo0obOoobObO0o0onD 2o00000O0DOOO
goooooboooooobobbOb0ooooooboboboooooobbbooooooooo
oooooo0ooooooooo 2000 go0 000000000000 OO0OO0OO0O00O0
O0ovesHooooooooooo

b0 1.50000000000000000000OO00DO0D0DO00O0O00DODO
U2000300000000000000000000000000000000O0O0O0OO0
oooom r>100MH, 000000002000 o0 0000000000000 DOOOO
goooooooon

gboboobooboboooboobbooboibdbd 200 oD 0000 OOOoOoOoOoOoOO.



gbooboboooobooboooobooboobobobooboobooobobooboOooon
gboooboooooboobooooboobooboboboobooboooboobooboooo
O00D000oO0oooooooo woooooooooooooooooo

gbooobooooobooobooboobobooooboooboooobobooboobOooon
obooobooooobooobooooboooboobobobooboobooobobooboOooo
oooobOoooobooobooooboooboobooboboobooboooboobooooboooon
oooobooooobooobooooboooboobobobooboobooobobooboOoon
oooooooooboobooooboooboobobobobooboobobooboooo
oooooooooboooboooobooobobooboboboboobooboboobDooo
ooooboooobooooooooboobooooobobooobooboboooooboooboooo
gbobobooobooobooboboon

11 0DO0ooOoon

OO0 -0000 0000 Pierce 1950; Shiers 1969 00000000000 O0OOOO
booobooooobooobooooboooboobobobooboobooobobooboooon
oboooboooooboooboooobooobooboboboobooboooboobooboOooon
ooooboooooboooboooobooobooboboboobooboooboboobooon
obooobOoooobooobooboboooboon

111 000

0o0o0o0o0oooboooooooobooooooooboboooDoDooooobOooooog
000000000 00000000 11000000 00000O0O0O0O0O0OO0DOOOOOO
DDDDDDDDipl]l:ll]l]l]l]l]DDDDDDDDDDDDDDDDDDDDDDDDDDD
00000000000 oDObOoOo0o0ooDOoOoOoo0oooooOooooooDooooooono

oooooooooo ipBO)DDDDDDDDDDDDDDDDDDDDDD
ip iP4
]04}

a vp mA 5|
_ - N
-3 0 3
oooo oooo ooogooo
011 0000OO0o0OO0oOooooao

Uboo0oo0o0o0DO0UOGreenleaf WPickard 0 0000000000000 OOO
Douglas 1981 )00 0 0000000000000 O0000O Pickard000000000D0O0O0OO0



Henry H.C.DunwoodyD 19060 000000000000000000 20005000000
goodoboooooooodoooboooouoooooooa
ip
10!

+ mA 51

YD
- -+t -t + Up
FGk -1 -5 0 5 1
REFS %

012 O0O0O0O0OO0OO0OOOoOooDOOD

000000oOoooooooo0o0o0oooOoooa2)ibbooo (,uuooon » 00
booboooboobootboooboobooboobooboboboobobooobOobooban
0000000000000 oO00o0oooOo0OooUoooooOoOoOoOoOoooooD 1300
gooo0oOoOo0ooO0OooO0OoOoOoOOoO0oOO0OoOOoOoOOoO0oOO0O0oODOO0Od sokHz0 100
kH2ID O OO000O0000000000000 540kHz0 1600kHO00O0MM OO -000 O
0000 cw)lOOODODODU0OO0DO00000ooooooooooooo (aM)M@mooo
gbhooboooooobooobooobooboobobooobooan

vc(t)

TRERTS
N
||

eri&+ B
JEStE:
L

ety L opm(t)
— Rl‘ C]T . vM(f)

VR B

013 0O0o0ooooooooo

gooooomoooboooboobooobboooboboboooobwoboooo
gmooobobooododooooomooboowoobooboobobbbbbbbboooooo
guooooioiooioibU» 000000000000 O cbooooooono
gobooooooooobodb o2 oonon

112 00000

0000000000000000000000 LeeDeForest 0000 00000ODODODOO
gboooobobobooooboboobooob0obb0wbooooUooDbOoOoOoooooDo
goooooboboooooboboooooobooooooooboooobooboobooo
gbooobobooboooooooooooDo



oooo gooo

014 O0OO0OODO

oooooobooobobobbbbobbooooooooooooooobobbbbooooo
goooobooooo UPDDDDDD 1.5)00000000000000000D00DOOO0OO
goooobobboooooooooobbooboooooooooobobooooooon
000000000 O00000D0O00000 peForestU OO O OOOOOOOOOOOOOO
gboobooboobooobooboobooboobooboobooobooboobooboon
goooobobboooooooooobbooboboooooooooobobooooooon
gboobooboooboooboobooobooboobooboobooobooboobooobooon
oood

0 100 200 300

015 OJbooooooooooo

oodooooooooodoooo.soooboooooooooooooooobooon
0 10 mAl ip:lOmA)DDDDDDDDDDDDDDDDDDDDDDDDDD 100mAO O MO
i.5000000000000C0D000D -4aVvODOODODOO 180VvOOODOOO -evODOO
Oooo02ovldOoOmOoOdoooooO 1s0000000000000000C0DO00O000
oooooodooooooooooood0otlse0oooOoOObOO 2000000000
00 1vooooooooo -20v000000000000000000000DO00OO0O 20,

DeForest 00000000 D0OODOODOODO0O00 3000000000000
gbobooboobooobooboobooboobooboobooboobooboobaon
gbobobooboooooao



ip = 10 mA

(e
=12 -8 —4 0
v

016 0150000000000
113 ODO0OOO0OOOO0OO

0000000000000 0o0oooooooooooOooOOooOOoOoOOOD (yOO0Oooo
00000000o0oooo MosreTOOOOOOOOOOOOOOODOODOOOOCODOOO
MOSFETOOUOOOOOOO Souree 00000 Drain)0 0000000000 O0OOOOO
00000 MOSFETOOODOOUOOOOOOOOOODOOODOO Gate) DOOOOD0OOO
gobobobobobobbooooobbuoobooboboboobOobbooobOon0b MOSFET
000000000000 0000000 MOosFETOOOOOOOOOOOmM BJTMOOO
00000000010 D0D0O000O0O00O0O0OODOO0O0ODbOO0O0OOOoOoOOoOoOoDOOnO 20
00 s000000000000DO0 2000 000000000000O0000O00O00O0O0OOO
ooooooobobobooooobooobooboboboboo0ooooboooboobobobobooooo
000000000000000000000000 Noyce 1977 ),

ip

A UGs

101 9
Wtk D 8 8

R ,_l N 7"

mA
+ I Ups 4 6
vGS‘ - 2 5
B W 4
0 —> Upg
0 2 4 6 8 10
HEFRR v

017 DODOOODOOOOOOOOMOD MOSFET

goooboooboboobooboboobobboboobooboobooboooo
gooboobooboobooboooboobooboboboobooboobobbo0——o00000
goooboooboboboooooboobooboboboboooboooboobobooboOoooao
obobo0ooooooooooon

0002000 s50000000000000000000000D00O0O0OOOOOOOO0DO
oobobooooooobooboooobobooooooooooboooooobooooooo



0000000000000000000000000000000000000000000
0000000000D00000000000000000000000D0D0O
000000000000000000000D00000000D00000000D0000
0000000000000 .0000000000000000000000D0000000
0000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000200050000000000 Meind
19770 0000000000000000000000000000000000000O00
O00D0O0O00D0" OD” 00D Jack Kilby (Kilby 1976) 00 O 19580 000000000 T
000000000D00000000000000000000000000D0000000
000000000000000000000000O0

12 OO0OO0OOOO0OO0OOO

O0000000000000000000 LeeDeForest 0000000000 ——0O0O
0000000000000 000000000D LeeDeForest 1000000000OD0OO
00000000000 0000000000000000O000O 2000000000000
oooooDwwe2000000000000000 196300000000000000000O0
0000000000 IkEE000O0O0" OO00” 0000000000

oooooo0oOo0oO0o0o0O00o0oOoooooooooO0OO00O00O0O00O0 -000 -00
0000000000000 0000000000000000000000000O0O0O000
0000o00oooUoooUooo -000 -00000000C0000C0C00000 1892
0000000000000000% Untersuchungen tiber die Ausbreitung der elektrischen Kraft”
(D.E.Jones0O00OO0DOO0DODOMD 189400000 O Oliver Joseph Lodge0 00000000
0000000000000000OLodged Ferdinand Braun 0 0 0000000000000
00000000000000000000000 Aitken 1976, Jolly 1975, Kurylo O Siisskind
1981, McNieol 1946 0 0 0 0000000000000 0O0O00O00O000O00ODOOOOOliver Heaviside
[0 Nahin 1988 . 1990),

0000000000000 0000OO0OO0000000000DooOooooOoObDoOOo
0000000000000 0o0o00oo0o0o0oO0O000oo0o0DoooOOo0ooDoooO0n
0000000000000 0o000o0o00o0DLOO0O00U0LoOo0o0D0ooOOo0DDooOO0o
0000000000000 0000000000O000000000000O0000O0O000
UoooooooooooodoooO0ddd EdewadBranly 0000000000 0000O0O0
000000000 oo0o0O0000000ooOooO0oo0o0o0O0 000" 00000000

189s0000000000D00DO0O0OO0O0O0O0D00O0000 Jlly 1972, Masini 1995 ),
0000000000000 00o0O00o0o0o0o0DoOO0O000oOo0o0ooooOo0ooDoooO0O
0000000000000 000000000000000000000000  Marconi Wire-
less Signal Company ) 0 00000000 1901 00000000000000000



u(t) ER R
1
ls_’ 1y, iC iR 1 £
1
T
S e B < )
L 9c T RS v,
— KK R
- t

018 0000
121 0000

gooooboobooboobbooboboboboobooboobobobooboOoooOoo
0i1g000bood-00000o00odb rRO0O000000000000000000
goooboobooobobobooboobooboobooboobboobboobooooDboon
ooooboooobooobooboobooboboooboboboobooooobooDbon

is{(t)y=iL+ic+ir=0

. 1 . dv . v (1.1)
= -— t, = — —_ °
1L L/vd ic Cdt iR R

gobooooooooobboooboooboooboon

1 dv v

d2v+ 1 dv+ v —o (1.2)
d2 " RCdt  LC

000000000000 R—e DODODOOD0OOOOOOOOOODOOOOODOOO
v(t) = Vj, cos wot, Wo = —=— (1.3)

gobogoboboobooboboobooboobbooboooobg
poooo0odoO0O rROOOOCOOCDOOODODOO

v(t) = Vi, e cos wyt

_ 1 1 1 \? (1.4)
*=32RC’ “’°‘\/’L_c+(2kc)

gooooboobooobobooboooboobooobooboobooboboooboDbo




gooboooobobobbboboboboooooooooooobbbbbbooooooooo
goo

gobobOobooobooboooooobobooboobooboobboooboobOooboon
0000000000 e, CIDDDDDDDDDDDDDDDDDDD

1 1.
=ECv2, €L=—2‘L12 (15)
00000 R—eldOOOOOOOOMOD 1.30000 0
tL—I/vdt ——smwot .
1 : EHx — =LC (1.6)
2 2 2
t=_-CV, t W
e = 2‘w%LSll'l wQ 2 m S W 0

Uooool e.+e 0D0OO0

1V2
e e -——CV2 '
c+er s ZwoL (1.7)
0000000000000 000OO0oOo0OO0O00oOoOooOooODODODOoO 1.9)

NAW
\1/7

o(t)

() Vi t
L C .
[z e ec
S 21 v 9
5CV2 |
e

25CV2 |

T/2 T
019 oOooOoOooogo

goooobbboouooooboobobobbooooooooobobooboobooooooooaon
boboooobobobooobobuoooobobobooooboono

122 00000

gobobOoboooboobooooobobooboobooboobbooobobobOoobooonn
coomvrzgooobOoOoooobOoobOoOoDbDOoODOooOOoOoobOoooDooboOoooDoon
goooboobooooooboobooboobooboboobboooboobooboooboooo



uobooboobobooobooobbooobooboobobooboooobobooobooboaonn
ooooboooboooooooboooboooo

0000000000000 00000000000000000 De Forest U000 De
Forest U0 00000000000 O0OO0O0DOOOOODODODOOOOOOOOOODODOOO" O
oobO” oboobobooobooobobooobooboobbooboobbooobooboon
O000000000000 DeForest HODOOOO0OO0DO DeForest 10 O0O0O0OO0O0O0O0OO
gobooboobobooobooobbooobooboobboobooboboOoobooboann
00000000 DeForest OO D0ODO01918000000D0M REDOODOODOOOODOO
00000000 DODODOODOO00019340000000000 DeForest 0O0ODODODOOODO
O00D00ORe0DO0OO0DDO0OO0O0O0O0OODDOOO0O0ODOOO0O0000O00M Lewis 1991 ),

123 0OO0OO0OO0OO0OO0OO

gooooboooboooooobooooboobobooobooboooboobooooo
goooooobooodoboobdd s00bobobobobo0ooboooooooboon
uobooboooboboooboobobooobooboobboobooboobooobooboaonn
ooboobooobobooobooobbooobooboobobooboooobobooobooboann
oooooOo—4gobo0oobboooboooooo

R

PHEBAR - wExE |

oiF Of

Ap(t) cos 2n f ¢

B cos 2m fi t

AR o

U0 ODOOOOOO

gbobooooooobooobobboobboobbotdro@moobomoonon
uooooooon A(gees2nfy DODOOO00OD0 ADD0DDDDDDOODODOODOODOOOO

Beos2nf 0000000000000 00000000000 110000000000000
000000
Unmix(t) = Am(t)cos2n f.t - Bcos2n fiot
1
= 3 An(t) Blcos 2x(fio + .}t + cos 2% (fio — £.)1] (1.8)
goooooo0oooooooooooooooon

cos(a + B) = cosa cos B — sina sin B

cos(e — B) = cosacos B + sina sin 8

1 (19)
cosacos B = E[cos(a + B) + cos(ax — B)]

gooooooooooooooobooooao cos2n(f,_ +fpx 000000 0052"({1.,—010 0



0000000000000000000f,+f000000 f ~-f 0D0DO0O00000000
00000000 4 (.

00000 AMOO0000D0000D0O000000000000 1350kHz 0000000
00000000 1800k, 00000000000000000O000O0DOOOODODOO0OO
450kH,0000000000 2250kH000000000000000450kHz M 0000
0450kH 0 0000000000000 2250kH00000000450kH00000000
00000000000000000 4()00000000000000000000000
0000000000

0000000000000000000000000000000000000000
0450kH00000000000000000000000000000S550kH200 M O
00000000000000000 1000k 000000000000000 450 kHz O 1550
kH 0 O0OO450kH 00000000 1550kH 0000000000 1600kHz 000000
00000000000000000 2050kH2 00000000000 450 kHz O 2500 kHz
00000000000000000000000000000000 1000 kHz O 2050 kHz )
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
0000000

1.3 UUOLOOO0OOOooodg

odoo-0000 - 0018760 000000000000000O 300 Bruce 1973, Sharlin
1963, Pupin 1926)00 1906 0000000000000 00O0O0O0O0O0O0O0OO0OO0OOOO
goboobobootbooobooboobobobboooooobobobooboboobobooooann
gboboooooooboobooo"mobooooboomoobooooobbooooobooooonan
oboboooboobooboooooobooboooooobonoo

t.3.1 OO

1g370boboooboooooboboooobooboobooobooboobooboobooobooboOoaon
gobooboobooobboobooobobobooobooob s 0oboo” Obobboooooon
gboooooobobobooobooobooboboobooooobooobobooOobOoboboooo
gogoooobbboooooooobobooboobooooooooooobo wanbogooooog
gobooboobooobbooboobobobboooboooboobooboboobobooooann
gobooboobooobboobooobobboobooobobobooboboobboooooon
ooooboooboboboobooobOooboobobooboooboooooooDo

goboobooooobboobouoobooboooboboboobooboooooann
gobooObOoobooobooboobobobobooooooboobooboooboobooooann
odooddd000d0—0o00o00oo0o00000o0ooooooooo0oooooooooon
gobobobootbooobooboobobobboooooobobobooboboobobooooann
gbobobobooooo



KRR - L%w
Mk ‘%Il 5028

- eemeeee- KHpEIgE  eeeomeee -

011t 000000

Jododdoo0oooooouoouoouo—-—>0oubouobooboobooobooboo
gooo-—>0000000000000000000000000000O0O00O00O0O00OO
goo0oooooooooooo -boboboboobobdaboobodbdobgooooand
gogoooOoobObboooooooooooooobobobooboooooooooooooan
gboooboooboooboboboboobobooobooboonooo

1.32 0U0O0OO0OO

OLni20000000000000000000O0DOCODOOOOOOOOOO0O0O00
gbooooOoobooobobooboooboooboooboboboboobObooobooboooobooon
ocoboooboobooooooooooboobboOoooooooboboboobooobooDbo
gboooboobooboooboboobooboooboboobobobobooboboooboobooobooonn
gboobOobooboboobobooboobooboboobobobboobbooobooboooobooon

Bl AR LRI 1

KUK LG,
RILFHRIER

|__.
AYy a B
0 1.i2 O0OOOODOO

oboooooobooobobobooooooooboboobooooooooobOoboo
gboobobooboboobobooboooboobboobobobobooboboooboobooboboon
oooooooooboooobowoboon

Uni2000000000000O0O0DODDOOO0OOODODOOO0O0ODOOOOO0O0O00n
oobooOobooboooooooooobobbooooooooboboobooboobooDbo
gboobotboobooboobobooboooboobbooboobobobooboboooboobooboboonn
coooooooboboooboobouooooboooboooonoooooobonooan )y,

ooboobooboobooooooboobboobboobboooboooboooobooon
gooooobooooobobobooboooooooobooboooooooooboobOooboo
ggboobooboboobobobbooboooboobooooboobobboobooobooo
00000 v3000000000000000000000000000000mM 91500



0000000000000000000000000000000000000000 Fagen
1975 M

1.3.3 UO0O0O0OO

oDrpeobbobobooobooboooboobooobooboooboboooobooon
goobooooooboboooobooboooobbbooooboboboooobooboboooonn

00 (spectrum 0000000000000 1.13)000000000000000O00O0
ggoooobobobobobboootoooooooooboobooobobboooooooooooaon
ggoooobobobobobbooooooooooooboooobobboooooooooooan
gooo* oo oobbbooooo* oo goobobobobobobbboooo0oooooooo
gooooobobobobobboooooouooooooboobooobobboooooooooooaon
OO0 300Hz0 3400H0000000000000O0O0DO0O0O0O0O0OOCO

v(t) v(t) v(t)
1 1 1

L
-
il
-
B
-

T 2T T 2T
i w Bk ik,
I - f i J t s - f [\ — f
1 1 2 3 4
T T T T T
EERES RmES HEES

0113 DO0OO0OOO0OOOOOO

uooobooboboboboboboobooboobooobooboooboboobobobOoboo
goboobooobooboboobobooboboobboboboobooobooboobooooboooo
gogbooboobooboobobooboboobboobbooboooooboobooobooon
UinLB3pggooooogoobooobooooobooobobooobooobobooooooo
gooooobobooooooo

ggooobbooooooooobobobbboooooooooobooboboboboogoa
oboooodoooobooooooogooo pb007o00000b0O0oOoOooooOooOO
goboobooobooboboobobobbobbobobooboobooboobooooboobooo
gogbooboobooboobobooboboobboobbooboobooobooboobooon
gobooboobooboboobbobboobboobbooboobooobooboooobooon
gooboboboooboobooooobbobooobobotdbw4H)oooooooooooono
gobooooo* bg” bobobobooboboobbooboobooobooboooboobooobooon
ubobobooiobionoonionOuUUl Fagen1975)0000000000000O0
oooooooo



vy(t) FaH)l
/V\ Lot Im > f
Vi 1
oalt) IFa(f) IF(AN
LIV la ., Ran,
WIS
=0, IFS(F)I
V&MWAA” lB—f
M A RO

0O 114 OOOOOCODOOO

134 0OO0OOOODO

goboooboboobbooobodobuoobobobboobooooooboobooboa
oobooboobooboooooobooboobooooooboobooboobooboo
oooboobooboobooooooboobboobooooooboobboobbooboo
gooooboobooboobooboobooo

OO0 11500000 sample 1000000000000 OOODOOOOOOOOOOOO
Ogol@MODOOM 125ps000000000DOO00ODOOODOOODOODOOODOOOO
goboooobooobobooobbooooobooboz2o@mbobOoooobooooooboonoa
ooboooboooboboooboobobooobooooo

wt) Rkt

e e
\\\\q of 1234

a4

0115 0O0O0OODOoo

Uoooooooooooooidnod s000 M binary 00 OO0 1150000000
0000 x100025 (22 MO0O0D0MO0D00000000MO0O0OO0O0O0O0O0O0OO0O
uoooooooood 16l 0 1150000000000000000 800 bt M O O M
O g0D0000 125ps(1/8000s 0000000000 DD0DO0000000ODO 15.625 us,



O00O saoo0o0 0000000000000 O0OO0OO0OOOODOOO0OODOOO0OO0OOO0OOO
ooo -0o0ooooo

000000000000l oDO00o0O0DU0Ud0DU0U00DO0ooDUOOoDOoOoOoDoDoOOooO® O
0" 000d0o00oood0o00oooooooo0oodooooooooOoDoooooon
00000000000000000000000 800 b)) 000000000000 00Od
0000 50 000000000000 O0O0O0OO0OO0OO0OOOOOOOOOOOOOOOOOO
ddo0d0oododoooooooooooooo

R
l | ‘ >
0 1 2 3
-y '—QD-‘ 3 mféum*ﬂru TN ﬂﬁ—rt

;_Y____/
8 LU SRR

0116 00O0OO0OOOOOOOOOOOOOOOOOOOOOOODOOO

oooobODbO0o0oOoOoOoooo40bbbooobbooobobboooboboooonn
0002000000000 10D000000DLDO0O0OO0O0OO0DDODOOOO0ObODDbObOOOn
gooobooooooobboooboOoboboooboooooooooDooooobobD 2400000
oooooooooooO 154000000 193 x8000/s DO OO0 O0OOOOO0OO0O0OOOMOO
gbooooooooboooobooobooboobooobooboooooooobOoobObOoooon
godoodopooboooobodoo 0000000000 O0Ob0O0On0O 150000000
goobooobooboooobooboooboooboobooooo

14 00O0O0OOOODOOODOO0

00002000 so0000000000000D0000CDO0OODOOO0OOO2000 20
O OO0 Abramson 1987, Fink 1952, Fisher O Fisher 1996, Zworykin 0 Morton 1940 I O 0O O OO
goo0oo0oo0ooO0oU0oOU0oDO0Oo0ooDO0oO0O0oU0OoOoOoDoDOUOO0OOUOUODOUODODOO
Vladimir KZworykin 00 0000000 -O00000O000OCOO0OOCOOOOOOOODOO

oooo 2003000000000 00000C000DODO0DOO0ODO0OO0oOoO0oOOooOoOO
goooo

goobboboooooobobboooooobbboibd 2000000000000
gobooboobooboobbooboboobboobbooobooboooboobooobooon
ooooodil pp0 00000000000 w)O gD 00000

000009 = py) 0 1.100



goboooooobooboobooooooo
ooooobooooboobobobobobobboobobooboooog

00000kKx, y, 0 (111 0

00 1700000000000 00O0O00CDOO0OOODOOOCODOOODODOODODODOOOn
00000 w0000 0000000000 b ubbobooooobooooonn

vu(t) o bu(t)

v, (0 < b (f) (1.12)

VD < b (1)

00000 MxNOOODOODODOODODOODOODOsss0000 OO MM OO MM
goooooooboooboooboobooboobooooooooooboooboDbo

brn(t) = vpy(D)

R RS HRER

0117 ODoOOO0OOOooOOOOooOooOo

ob0d (20000000000 000O00O00O0O00ODOD 2o000000000D0T
gdddodooowooooooomboboooobbobobooooooomoobboo
ooooooodooooodod«000000000000000000O0000O0DOOC
oooobOobooooobobobooobobdl »wo0oooDooDoooUooDoOooDOooo
gboooboobooooboobooboooobooobobooooboooboooboobon
goooo

141 0000

goboobooobooooboooooboooobooboooooooboobooooo
gogbooobbooboboboooooooooboobobobobbooooooooooonDn 1480
O0:0p,000000000000000000000000O0O0OCOOOOOOOOOOOO
000oo00ooo0ouood ppno00o000 1.180000000000000000O¢0



JOO00OD0O0O0OODOOOODOOOODOOODOODOOODOOODOOODOOODOO
gboooobooooboboo

Joooodooooo (g0b0o0oooboobiobobOoob0oobobobOoobooono
0000000000000 26250000000000000 240000000000000O
00000000000 00DO0O000oDOD0O0OoO0ODOoOoDOooOOooODOg26250000
Ooooooooooooonoooon s2s000000000 1130s0000000000
000000157500 I 30000 x52500000000000000000000 63.5us.
oooooobObo0oobOoooobOooobObOooobbO0ooo00o0 woobOOob0DO

b(t)
£ a bc de fg hi j
x
N R B m— !
“HABE R BRI B vk
x(t)

J

i
1

~ o

~00 v D

LI L N L

:
.
5
-
\

0118 00000000000
142 00000000

000d000oo0ooooooooooobO0o0o00o0o0o0oooooooobooooo0oooaoa
gbboboobooobobboobooo0oobbobbobiobn 19290 O Zworykin OO
ugobobboboooobbobobodoooboobbg 192 000000000DbDbODOOOOO
0O0000000000000000000 18970 Ferdinand Braun 0 OO0 0O D0OOOOOO0O
00 Kurylo O Siisskind 1981)00 0 Brasn 0000000000000 ODOOOOO 1909000
0000000000000 0000000000000000000000000  Braunsche
Rohre) D 000000 0OOD0OOO0OOODOOODOOOOOODOOO oM OO0 O0OO0O0OOm
ooooooooooooooooo

BHERER,
BRI . REW

0Ll DO00O0O0OO0OOOo0OoOoooooooo



goboobobooboboooboooobooobobooboobboobobooooooobooonn
gooooboboobbooobooooboobboobooobooboboobooobooo
O00o0ooooDD o000 30000v00000000000000O0O00O0O0O0OOO0OOO
gobooobboobboobooooboobboooboooboobobooboooboon
goboodobboobbooboooboobbooboooboobobooboooboon
0oo0oooooooooooooooooomuoboboobooboooooooocboOooDna
gobooobooboobobobobobobobobobobobobobOobobooOoDbo
oobOoO0o0obOOo0o0oobo00oboOobobonOnD F=--VvxBMOUODODDOOOOOOMd
goooooboooboooboooboooobooobooobbOooobooobooo
ggoboobooooobbooobobooooobooboboooboboooboboboooooo

ooooobboobobooobooobooobobooboobboboboooooooboon
gogboodoboboobboobooooboobbooboooboobobooboooboonn
goboooboboobboobooooboobbooboooboobobooboooboonn
goobooooon

uoboobboobbooobooobooobobooboobboobobooooooobooonn
gboooboooboboboobooboboobobOobobOobooboobOoboDbooOo0oDbo
ubbomboooboomooboboboboboobom o'muobobobomoonn
cooodoooooooodfd 000000000000 O0O0ODO0OOOODOOO0OO
goo

012000000000 0o0000ooo0ooooo0oooooooooDoooooo
goboooboobooboboboobooboobobobobobobobooobobooOoDbOo
goboooboboobboobooooboobbooboooboobobooboooboonn
ogboooboboobobobooboobooboboboobobOoboobOooOooboDboo0oDbo
gbooooooooboooooobd oue000000O0O00D0OO0OOODOOO0OODOO
goboooboboobboobooooboobbooboooboobobooboooboon
goboboboooobbooooobbooooboooooboooonn

%i@iﬁ?‘u@ﬂi

EEE.I?JF&

e a—

(@) B B8 (b) BitBETLIEERE R

0120 0DO0O00OOOOOOOOOOOOOOOOUOOOOO

143 00000

00 19230 Zworykin 00000000000 TOOOO OO M Hashimoto, Yamamotod
Asaida 1995, Weimer 1976 )0 0000 0000000000000000O0O0O0O0OOO0O0O



