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Current state of plasma current generation on the GOLEM tokamak

Simplified electrical schematic of the GOLEM tokamak

Implementation of stabilization in the form of an additional primary
winding powered by current amplifiers

Why we need current stabilization on the tokamak GOLEM?
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e Adl 1. Current state of plasma current 3
v%é -
/ 2 A generation on the tokamak GOLEM

Parameters of additional primary winding

 Theinstalled winding was originally calibrated for the KEPCO amplifier
systém, however, during the exectution of the tasks, the amplifier was
changed

 The number of turns was chosen to be 50 windings and later was reduced by
modualtion to half
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generation on the tokamak GOLEM

The amplifier was replaced with a
switched-mode AETECHRON
power supply.

The AETECHRON 8504 model was
tested

wideband power amplifier up to
50 kHz

voltage of the same polarity up to
400V

continuous currentup to 80 A; in
surge rating mode, current pulses
up to 160 A for durations on the
order of milliseconds

operating in both voltage and
current control modes.
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Control voltage mode — with chamber only

CONTROLLED-VOLTAGE MODE

Vakuovy vyboj pro 300V z vyboje 47454 se stabilizaci n ‘
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Control voltage mode — with chamber and plasma

Porovnani vyboje bez stabilizace #48003 a vyboje se stabilizaci #48006
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e tokamak GOLEM

Control current mode - with chambre only

 Use an RC filter to smooth the input waveform

 Improvement of the waveform using piecewise linear function
CONTROLLED-CURRENT MODE

Proudovy rezim z vyboje 49173 k
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Control current mode - with chamber and plasma

Porovnani vyboje bez stabilizace #48554 a vyboje se stabilizaci #48726
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iy stabilizaton
Transformation of transformer equations into state-space form

 The state-space method is suitable for dynamic systems described by a
system of first-order differential equations.

 An advantage is the explicit representation of the internal dynamics of the
system using state variables.

 Another significant advantage is the possibility of controlling the model, for
example using PID controllers (e.g. current control in coils on the TCV
tokamak in Lausanne).

Z(t) = AZ(t) + Bi(t)
j(t) = CZ(t) + Dii(t)

X(t) - is the vector of state variables describing the current state of the system,
u(t) - is the vector of input variables,

y(t) - is the vector of output variables,

A - is the state matrix describing the internal dynamics of the system,

B - is the input matrix,

C - is the output matrix,

D - is the direct feedthrough matrix.
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rmcd  current stabilization

Transformation of transformer equations into state-space form

Rep lop + Lop Iep + Uo + Mop ey In + Mep ost lost =0, N)
Regsr lost + Losr I cst + Mosten I ch + Mcstop I cp = Ucst
Rep Iop + L Lo + Mencp lop + Men cst Iosr =0 —CCD LCD Lch
——
RCD Rch
—L_}—
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il current stabilization
Transformation of transformer equations into state-space form

Replop + Lep I cp +Uc+ Mcop e jch + Mep ost I ost = 0, N)

Resr Iost + Lost lost + Meosten Len + Mostop {lop = Ucst
RepIen + Len Ien + Menop Icp + Mencsr Iosy =0 ===Ccn Lep L
L ]
RCD Rch

—L__}—

I—CST
B s AN

We add an equation
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sy current stabilization

Transformation of transformer equations into state-space form

Rep lop + Lep Iop + U + Mep e Ien + Mop st losr = 0, H)
Resr Iost + Lost lost + Meosten Len + Mostop {lop = Ucst
RepIen + Len Ien + Menop Icp + Mencsr Iosy =0 ===Ccn Lep L
L

RCD I:?\ch
—

We add an equation
Qen(t) & - Qen(t)  Iop(t)
Cep o(?) Cep Ceop

Overall, we have

: : _ fi Y
Replep + Lep Iep +Uc + Mepeh Len + Mop.cst IosT = 0, e
RCST
| &

U(j(t)
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current stabilization

Transformation of transformer equations into state-space form

Pt

Replop + Lep jCU + U+ Mcp e jch + Mep ost j(L'S‘T =0,

Resr Iost + Lost lost + Meosten Len + Mostop {lop = Ucst

Repden + Len I ch + Mephop j(?ﬂ + Mehcst Iosr =0

We add an equation
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Transformation of transformer equations into state-space form

Roplop + Leplep +Uc + Mep eh Len + Meop cst Losr = 0, H)
Resr Iost + Lost lost + Meosten Len + Mostop {lop = Ucst
Repden + Lep Lep + Menop lop + Mepcst Losr =0 —CCD LCD Lch
L

We add an equation

d . ]
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current stabilization

Transformation of transformer equations into state-space form

Replop + Lep jCU + U+ Mcp e jch + Mep ost j(L'S‘T =0,

Resr Iost + Lost lost + Meosten Len + Mostop {lop = Ucst

Repden + Len I ch + Mephop j(?ﬂ + Mehcst Iosr =0

We add an equation
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A4l 3. Numerical model of chamber 11
i current stabilization
Implementation of the State-space form of transformer equations in Python

 The amplifier input voltage is defined using a piecewise linear function.
« The voltage value in set manualy for each time interval.

« The scipy.singnal library is used (StateSpace)
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current stabilization
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Comparison of the numerical model with measured data on the GOLEM
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,m“ stabilization with plasma
Transformation of transformer equations into state-space form
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stabilization with plasma

Transformation of transformer equations into state-space form
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Transformation of transformer equations into state-space form

Replep(t) + Leplep(t) + Uc(t) + Mependen(t) + Mop csrlosr(t) + Me Upf (t)=0 H)
Resrlosr(t) + Losr Icsr (1) + Mcsr (-hj(‘h () + ﬂff(;'Stt',Cuj(;'U(f) + Mesrplp(t) = Ucsr(t)
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Implementation of the State-space form of transformer equations in

Python

3. Extended numerical model of

stabilization with plasma
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- Increase of the stabilization system power using two amplifiers paraler
connect to maximaze range of current
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- Increase of the stabilization system power using two amplifiers
paraler connect to maximaze range of current
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- Increase of the stabilization system power using two amplifiers
paraler connect to maximaze range of current l
R =p—
g
« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm>.

- Tuning of the stabilization coil

 Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.
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- Increase of the stabilization system power using two amplifiers

paraler connect to maximaze range of current I

- Tuning of the stabilization coil R = ar

« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm>.

 Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.

- Development of an autonomous system for current stabilization
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- Increase of the stabilization system power using two amplifiers paraler

connect to maximaze range of current I
- Tuning of the stabilization coil R = ar

« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm?>.

« Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.

- Development of an autonomous system for current stabilization

User interface

Setting of input
parameters




S LU 4. Future plans 15

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

- Increase of the stabilization system power using two amplifiers

paraler connect to maximaze range of current I
- Tuning of the stabilization coil R = ar

« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm>.

 Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.

- Development of an autonomous system for current stabilization

User interface

Data mining
Setting of input

parameters

b data from the prev
discharge
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- Increase of the stabilization system power using two amplifiers paraler

connect to maximaze range of current I

- Tuning of the stabilization coil R = ar

« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm?>.

« Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.

- Development of an autonomous system for current stabilization

Userinterface Data mining
Setting of input \ Current stabilization system Take data from the
parameters Numerical model previous discharge

Optimization using the obtained data
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- Increase of the stabilization system power using two amplifiers

paraler connect to maximaze range of current I

- Tuning of the stabilization coil R = ar

« Use a conductor with a larger diameter (16 mm?), the currently used
conductor has a cross-sectional area of 10 mm>.

 Construct a similar coil in which the number of turns can be varied,
allowing different operating modes to be tested.

- Development of an autonomous system for current stabilization

Userinterface Data mining
Setting of input \ Current stabilization system Take data from the
parameters Numerical model previous discharge

Optimization using the obtained data

Optimal stabilization waveform
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iy proudu na tokamaku GOLEM

Parametry primarniho vinuti

« Nahrazeni tyristoru mechanickym spinacem

Pro RLC obvod existuie analvtické Feseni, ktervm lze data snadno fitovat
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Parametry tokamakové komory

 Predpokilad vyboje pouze do komory + zanedbani vlivu pFfidavného vinuti
skrze vzajemnou indukénost

« Fitovani pomocifunkce napéti na zavit v rtiznych ¢asech

dl,(t dlop(t dlcgr(t Rch = 0.7 m¢)
R(:.‘LL:.‘L (t) + Lf.:h i ( ) +ﬂf{f.:h,(,'f) (JD( ) +ﬂf{ch,(}1‘iT (“ST( ) = {]
it it it 7. —1uH
f;:m,,, ZI—HI(}(H)E;J[I(} C,h - l—l’
Vyboj #47875 zkoumano od 6ms do 30ms
AL, (t
{j!rjup(t) - Rr:h I(:h(t) + Lr.:h, ﬁ + (2 | —_— I
dt ° ident. okno
50.4-
Ich(tl) j{:h(tl) 1 ]
Lo(ty) La(ts) 1 Pﬂ o
— [ ) . ) . :J \-LchJ +e —
: . RN " 740 R B B ~
If:h(tN) I{.‘h(tN) 1 N e’ —d41 -~..‘.
l i ’ o az- — Uioop . \
~ ol l fit: RI+ LT+ v
Rch.
£ | = argmin |U - X0 = (X'X) 'X"U
ﬁﬂ gmo-
U = [{jif-’fm (tl)i st []mfjp(tN)J ! 0 5 10 15 20 P 0 35 40

t [ms]



S LU 1. Charakteristiky obvodii pro vieéeni a
il proudu na tokamaku GOLEM
Parametry plazmatu

+ PFedpoklad modelu plazmatu s konstantni vodivosti (indukénost a odpor jsou
konstatni)

« Vyuziti ohmova zakona a priimérovani odporu plazmatu v Gseku s priblizné
konstantnim proudem plazmatu (flat-top)

dl(t Al p(t dlcsr(t Al (1 Uloop
R,I,(t) pr (;5 ):LM,,,(,-D (ai( ) +Mp,6‘b‘f%() +Mp,w% =0 mmp R = }:
[=0 Utoop
L,=93uH
dI,(1)
Usoop(t) = By I(t) + L =5 Rp = ().6 m¢?

t t )
/ {fl(}l‘.}p(T) dr — Rp / fp[’r) dr = Lp Ip(t) + {I)ﬂ - W (t) — Lp Ip(t) -+ fI)n
J0 J0



S0 1. Charakteristiky obvodii pro vleéeni 7
iy proudu na tokamaku GOLEM
Parametry pfidavného primarniho vinuti

* Nainstalované vinuti bylo ptivodné kalibrovano na soustavu zesilovac
KEPCO ale béhem plInéni tikoli doslo ke zméné zesilovace.

u
« Meéreni odporu probéhlo pomoci méreni proudu a napéti na zesilovacdi a

nasledné aplikaci Ohmova zakona

« Meéreniindukcnosti probéhlo opét fitovanim na zakladé znalosti méreni
proudt z danych vyboju

Proudovy rezim Napétovy rezim
U ST I[A] UI[V] R[] U[V] I[A] RI[Q
R(—_}h’T — T 0.2 0.1 0.50 0.1 0.5 0.20
I{:S‘T 1.0 0.3 0.30 0.3 0.9 0.33
2.0 0.7 0.35 0.5 1.5 0.33
‘ 3.0 1.0 0.33 1.0 3.1 0.32
5.0 1.6 0.32 1.5 4.8 0.31
: 7.0 2.3 0.33 1.9 6.1 0.31
R{:H‘T — (]_.ﬂ EE 10.0 3.2 0.32 2.1 6.7 0.31
12.5 4.0 0.32 2.3 7.4 0.31
15.0 4.7 0.31 24 7.9 0.30
20.0 6.3 0.31 2.5 8.2 0.31

Prumeér 0.32 Prameér 0.31




S L4 1. Charakteristiky obvodii pro vieéeni s
wisd proudu na tokamaku GOLEM

V PRAZE

Parametry pfidavného primarniho vinuti

* Nainstalované vinuti bylo ptivodné kalibrovano na soustavu zesilovacu
KEPCO ale béhem pInéni tkoli doslo ke zméné zesilovace.

« Meéreni odporu probéhlo pomoci méreni proudu a napéti na zesilovacdi a
nasledné aplikaci Ohmova zakona

« Meéreniindukcnosti probéhlo opét fitovanim na zakladé znalosti méreni
proudt z danych vyboju

Ucst(t) = Rest Lest(t) + Losr Losr(t) + Moston Ian(t) + Mosrep Iop(t) T %

Bylo zmeéreno: [.q4r(t), I.4(t), Icp(t) a napéti Uggr(t)
Fitem bylo treba Zjistit: L(,‘HT; ﬂf{_;HTJﬂ & ﬂ{(;_:;]ﬂm

Regr = 0.31)
Legr =6 uH
Mcsten = —38.246 mH
Mcsrep = 0.143mH
v = 17.264V



Vypocet vzajemné indukénosti

M;j = kij-/LiL;



AL 1. Charakteristiky obvodii pro vleéeni 4
wisd proudu na tokamaku GOLEM

V PRAZE

Parametry plazmatu

+ PFedpoklad modelu plazmatu s konstantni vodivosti (indukénost a odpor jsou
konstatni)

« Vyuziti ohmova zakona a priimérovani odporu plazmatu v Gseku s priblizné
konstantnim proudem plazmatu (flat-top)

dLy(t) dlcp(t) dlcsr(1) dl,(t) U,
2+ Myep 7t + JMP’CSTT + ﬂ’fp,chT -0 - Rp oy 2 t00p

dt 3 It It
: a v IP

J',,=ﬂ “-"[qup

Ry Ip(t) +Ly

Vyboj #48726 zkoumano od 17ms do 30ms

Rp = (0.000602 €2 ~ 0.6 m§2 *Z /
M'

\

0.0010
—— Uloopllp

000081 ---- med(R;) =0.000602Q |

Q

" 0.0006

0.0004




S L4 1. Charakteristiky obvodii pro vieéeni s
iz proudu na tokamaku GOLEM

UCENI TECHNICKE

V PRAZE

Parametry plazmatu
Piedpoklad modelu plazmatu s konstantni vodivosti (indukénost a odpor

jsou konstantni)
Linearni narust proudu plazmatem (ramp up) pro linearni fit

drf,(t “hoi 2
Ump(t) —R, Ip(t) + L, 35 ) Vyboj #48726 zkoumano od 5ms do 15ms
‘ lntegl"ace 54 f— rpampa (okno)
t t =,
./ﬂ Ultmp('r) dr — Rp /ﬂ Ip(T) dr = Lp Ip(i) + &g L L———SS 1

Oznaceni

i
W(t) :fn (Ukm,('r) - R, Ip('r)) dr. g —
‘ Celkova fitovaci funkce ‘EEEZ /J

WO=Lb e [~ 93uH o

sf === fit W=Lpp+®o, L, =9.332e-06H

W

[V-s]

s]

W V-

2.0 2.5
Io [KA]



CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

N

N

Vyboj #48508 zkouman cely rozsah

80 A

60 -

40 A

20 A

=20 1

—40 -

— Ucst(T)
——— UPt, =Lestdicst + Mep-dich + Mcp-dicp + Vo

~".nﬁ\f\0‘\\,f\',

—60 4

— Lestdicst  —— Mep-dlcp

I Mch'd"ch

Ucst

—— Rcstlest + Vo

50




CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Maximalni vykon zesilovace z vyboje 47410 pfi 25 zavitech

Proud v priméru

t [ms]

150 1 r10.0
5 oo > e | 7.5 E
= / F5.0 g
3] 50 " [}
o | 25 =2
0 W dyengmosiackinmen. 0 0
0 5 10 15 20 25 30 35 40
t [ms]
Proud v sekundaru
0.3 4 = / === Ulop || 3
< N
§. 0.2 / \ 2 E'
o >QU
g e [/ \\. 1 g
0.0 - \'-¥ 0
0 5 10 15 20 25 30 35 40
t [ms]
Maximalni vykon zesilovace z vyboje 47393 pri 50 zavitech
Proud v primaru
8011 ! )
< 60 : Wy >
I ~—
% a0 = ’csrl- 50 g
&2 Las 2
1
0 WM"V"W PRI 0 0
0 5 10 15 20 25 30 35 10
t [ms]
Proud v sekundaru
0.20 =
- == Upg
— 0.5 - ’/.7 s .
3 \ =
o 0.10 / 1.0 =
3 / \ g
& 0.05 J \ 0.5 =
0.00 \!u-p.- 0.0
0 5 10 15 20 25 30 35 40



CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

1 2 3 45 6 7 8 91011121314 151617 18 19 20 21 2223 24

DIP SWITCH SETTINGS UP  DOWN
1 UNBALANCED INPUT ON OFF
BALANCED INPUT ON OFF
3 DCSERVO ON OFF
4 OPERATION MODE oV cc
5 COMPENSATION NETWORK 2 ON OFF
6 COMPENSATION NETWORK 1 ON OFF
7 CONTROL CONFIGURATION MASTER  EOLLOWER
8  COUPLING 0C AC
9 GAIN BIT 8 (MSB) 20 OFF
10 GAINBIT7 10 OFF
11 GAINBIT6 5 OFF
12 GAINBITS ALL OFF = 0 OFF
13 GAINBIT4 ALLUP = 40 125 OFF
14 GAINBIT3 063 OFF
15 GAINBIT2 031 OFF
16 GAINBIT 1 (LSB) 0.16 OFF
17 ELECTRONIC GAIN MATCHING ON OFF
18 SYNTHETIC IMPEDANCE BIT 3 (MSB) 05Q  OFF
19 SYNTHETIC IMPEDANCE BIT 2 0250  OF
20 SYNTHETIC IMPEDANCE BIT 1 (LSB) 0125Q  OFF
21 CURRENT LIMIT BIT 4 (SB) ‘804  OFF
22 CURRENT LIMIT BIT 3 40  OFF
23 CURRENT LIMIT BIT 2 }ALLOFF‘”’A L20A  OFF
24 CURRENT LIMIT BIT 1 (LSB) (10A  OFF

NOTE: ALL BIT SWITCHES ARE ADDITIVE. UP = ON.
RED = FACTORY DEFAULT

Napetovy rezim

/ INTERCONNECT 8

4\ ‘\\ \)0 OO

J IncED € 4 y;
NPUT

1

o

.a..u-n!-. l,l,‘-l.ll ."“““

12345678 8011213141518 17181920 21222329

DEFAULT DIP SWITCH
SETTINGS SHOWN

Enable unbalanced input signal connector

Enable balanced input signal connector

Enable DC Servo

= Controlled-voltage or controlled-current operation

Enable Compensation network #2 (for controlled-current operation)
Enable Compensation network #1 (for controlled-current operation)
Multi-amp configuration

- DC enable or DC block

- Set Amplifier Gain (0 to 40)

Enable electronic gain matching (for parallel multi-amp operation)

- Enable Synthetic Impedance (0.125 ohms to 0.875 ohms)

 Enable Current Limit (10A to 150A)

Proudovy rezim

; VM‘\& ‘))0

A“CED
NPUT

nd U1y LA B L T Mijeess

12345678 8$10111213 14 15 15 171819202122 23 2¢




CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Civka pod tokamakem
pFipojena k primarnimu
vinuti

DalSich extra 120 zavitua
bezinduk¢ni vazby
Celkové ma primarni
vinuti 148 zavita

Existuje vyboj, kde je
pouze pfFipojen primar
bez této civky nap¥. vyboj
#47745 ze kterého by se
dalo zjistit kolik ma tato
civka indukénost, protoze
pro dvé sériové zapojené
civky se viastni
indukcnosti sitaji




CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Vakuovy vyboj pro 300V z vyboje 47417 se zachvévy

Proud v primaru

- 5.0
—  _50 t + t i H i B S
< : i i ! i i 25 >
° Ripeimelaivipcaly i s i ! | ey | =
S —100 SECETI S — S — S ! - 0.0 o
o [ | | | | | | o
E i : | | | | | i [(+]
D : : : : -25 2
-150 - e vy -
I - —5.0
T T T T T T
0 5 10 15 20 25 30 35 40
t[ms]
Proud v sekundaru
10 | m—- |- H--- Unop t+ 10.0
g °° “t7s S
— 0.6 I o
3 L 50 T
O 0.4 ©
a =
0.2 . 2.5
0.0 [ — e L 0 0
T T
o] 5 10 15 20 25 30 35 40

t[ms]



CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Proud [A]

Proud [kA]

Vakuovy vyboj pro 100V z vyboje 47413 bez zachvévi

Proud v primaru

04 : T a
— lest | ; R |-~ Us|
: >
-50 =
H +
75 TO 8
=
-100 L >
125 - SNSRI - L ’
T T T 1
0 5 10 15 20 25 30 35 40
t [ms]
L 6
H--- Ufoop
ta s
; U
j o
i F 2 ©
.--_ﬁ_~ ==
- 0
40

t [ms]




CvuT

CESKE VYSOKE
UCENI TECHNICKE
V PRAZE

Vakuovy vyboj pro 400V z vyboje 47431 bez zachvévl

Proud v priméaru

150 -|— 1 Y
100 = ;
z | s
-z —— i =
S o S0
3] 0 w a
& 2
-50
~100
0 5 10 15 20 25 30 35 40
t[ms]
Proud v sekundaru
125 4|== len
= 100 lei* iy
S =
= 0.75 B
o
3 050
£ 2
0.25
0.00 o ——— =
0 5 10 15 20 25 30 35 40
t [ms]
7 7 0 7 ] e v
Vakuovy vyboj pro 400V z vyboje 47427 se zachvevy
Proud v priméru
5d — —
— st _'l --- Us|[ 10
=™ , =]
= \ ! 5 2
o] b=
g —100 ¥ -y 0 8_
= 1 ©
o ] I =5 =2
—-150 1
\ '
; j , - —10
0 = 10 15 20 25 30 35 40
t[ms]
Proud v sekundéaru
1.2 1 [l th o
— 10 —
g 0.8 E.
=
'g 0.6 :g_
E 0.4 g
0.2
0.0

t[ms]



CvuT

Vysledky z table-top
"' experimentu

Napet| na kondenzatoru Kanal 1 Napet| v pndavnem primaru Kanal 3
o ——— i ——— T - ———T ——T T 717
a0 |- - : - i | se stabilizacl B : 1 : se stabilizacl 3
. 1 | — bez stabilizace 3 3 | | —— bez stabilizace
E 1 E 5E | 1 ——
- - | | q F I | 3
N | | 17 of ) ]
S o | : HIEIN | .
N 3 ) 1= ¢ i i ]
F 1 3 -10 1 1 E
_10fF 1 1 3 E 1 I ]
10 3 I | ] -15 F 1 1 E
_apkE L | ol ] [ P IR N 'R U BT R R S

0 100 200 300 400 500 0 100 200 300 400 500

t [pus] t [pus]

Proud medenym prstynkem Kanal 2 Vygenerovana wave forma pro Kepco Kanal 4
; ————TF A T T . : I — ma— ——T
200 b : | —— se stabilizaci ] F— stabi.‘;zacm wave — forma | ]
E I —— bez stabilizace ] sk 1 3
150 | I i H C h
'E‘ F : ] 'i' [ b
T 100 F I 1 g of : :
~ o 1 1.5 : : ]
[ 1 4= _sfF J
20 [ 1 ] ° 1 | ]
: ] 1 I ]
oF i = _10F 1 . . | . [
L L L L L N L M 10 PR ISR . . L PR S I RS

100 200 300 400 500 0 100 200 300 400 500

t [ps] t [ps]
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du komorou pomoc

»y

ivnéni prou

Napéti na kondenzatoru U-(0) =20V

proudového zesilovace KEPCO

Ovl

UCENI TECHNICKE

CESKE VYSOKE
V PRAZE

CVUT

)

Kanal 5

30

MATHZ2

t [ms]

Proud komorou

10

—— se stabilizaci

30

10 F
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