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Power supplies’ paralleling circuit
DZ1070N18K, 1100 A
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Racks & Cabling diagram

Dump Resistor Energy Current
0,1 Ohm Extraction Source 5000A
Switch
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8 cables per pole - -5 55
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Kommymamop

Dump Resistor Energy Current
0,1 Ohm extraction Source
switch 5000 A
¥
- EES, out

Dump Resistor Energy Current
0,1 Ohm extraction Source
switch 5000 A
L H PS, -
- EES, out EES, in

Mag - Mag +
Magnet
Mag - Mag +

Magnet
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Racks position
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Thermal loses calculations

Mass of the stainless steel of the Dump Resistor

Room temp,
“iC dT, K Cv,J/kg*K W, MJ T
25 60 500 20 85
25 80 500 20 105
25 100 500 20 125
Cables resistanse and voltage drop
Cable
p, Ohm * crossection, length,
mm”~2/m mm”2 meters R, mOhm delta U, V
0,018 3000 20 0,120 0,624
0,018 3200 20 0,113 0,585
0,018 1000 20 0,360 1,872

14.11.2023

P, W
3244,8
3042,0

9734,4

Current
density,
A/mm”2

1,73
1,63
5,20

Number of racks L, Hn

1

Cooling type
air
air

water

1,50 5200

Cables, total

weight, kg*

I, A Stored Energy, MJ

20

536
572
179



Thermal loses calculations

OHCHK& TCIJIOBBIX IMMOTEPb UCTOUYHHUKA TOKA S5KA U cHCTEMBI BbIBOJIa SHEPTHUU

TDK-Lambda GSP15kW, 10V, 1500A

IIpu paGore NCTOYHMKOB NOTEPH

B BO/Y CBSI3aHbI € OXJIAKICHHEM

10CJIe0BaTeNbHBIX IHO010B —
Water flow, 4kBT. IIpu MensIeHHOM BbIBOJIE

Air, W  Water, W I/min, 6 bars  HEPrHH HCTOUHHKH OTK/IIOYEHBI,
U 10V B MOCJIeI0BATEJBHBIX THOAAX
| 1500 A MOTepPb HET, HO MOSIBJISIIOTCS
Efficiency 89% NMOTepH B 00PATHBIX THOAAX —
Unom 15V 0,6 V cables + 0,8 V diode 17kBr.
Inom 1000 A
PS_loses, max 1100 W 1000A* 10V * 11% 1100 0
PS_loses, nom 200 W He ¢akr, uro nuneitHO 200 0 IMoTepu Ha 0OpaTHBIX AHOAAX
Inpu MEAJIEHHOM BbIBOIEC
JHEPruM. YCJI0BHO JTHHEHHO C
5000 A Current Source 5000 A o 0 3a 2500 cex. 2 1noxa
¢ majieHueM Hanpsikenus: 1,7 B
Air, W Water, W npy Toke SkA. 1,7 B * 5000 A * 2
U 10V 17 kBt. {uonsi (3600A, 12
| 5000 A KJacc): 2 mocJjieioBareibHo, 2
Efficiency 89% napajieqibHo = 4 paauaropa.
Unom 1,5V 0,6 V cables + 0,8 V diode ITocTosiHHbIE IOTEPU HA
Inom 5000 A mocjaeaoBareJibHbIX A1U0AaxX B
o | 1'1erm Kamforo ucrounuka. 0,8 B
S Diodes Buses (e 1775000 xtoro nerouia 2.3 o
CS_loses, max 10500 W (1100 + 0.8*1000 + 200)*5 6500 17000 40 12 1000 A, 6+ race,
200+ 200)*5 0.8%1000*5 napajieabHo A1 MUHHMH3AIUH
CS_loses, nom 6000 W (200 + 0.8*1000 + 200)*5 2000 4000 12 TenaoBbIX noTephb. AT = 10 K
14.11.2023 9



22.10.2023 MEETING

Minutes of meeting

OUsin, 23.10.2023
4. Hukugpopos, M. lNempos, A. EpoxuH

1. KommyTtatop. Konnern ¢ ONAN — cornacHbl ¢ NpeanoXXeHHoNn MexaHN4eCKoM CXeMON KOMMyTauuu.

2. PacnonoxeHue ctoek (90 rpagycoB k «boyke») — ok. PanbLinon, nogsoasl (kabenu, Boaa) yepes danbLunon — oK.

3. Omutpuin n Mnxann npeanoxumnm B danbLunone noctaBuTb a-nga TennoobMeHHnK (megHasa obpeluéTka), 4Tobbl
oxnaxgaTtb BXO4sSLMI NOTOK BO3Ayxa. Pacxod Bogbl paccynTtaTb C y4eTOoM TenrnoobmMeHHMKa n notpebHocTu
MCTOYHMKA TOKa B peXMMax CTaunmoHapHO/BbIBOA SHEPTUN.

Hap cTorkamu yCTaHOBUTb BbITSXKHOM KOPO6.

EpoxvH — npegoctaBuTb NpUMEpPHbIE pac4E€Thbl MO TENMOBbLIAENEHUIO «BO3AYyX/BOAAY.

NAD — pacnonoxeHne CTOeK U Harpyska Ha panbLinon.

N o g A

30HbI OTBETCTBEHHOCTU. BCce Heobxoaumble aatumkum (Temnepatypsbl, AaBnNeHne, ypoBHU, BbIBOObI 451 KBEHY-
AeTeKTopa, KBeHY-AEeTEKTOP) — Ha cTopoHe NAD. BHewHnn koHTponnep n secb codpt — OUAN (outsourcing). Ot

NAD: cornacoBaHune, TEXHUYECKNE KOHCYyIbTauun.

14.11.2023
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Attention!



General design of 5200 A Current Source

l Interlocks
CIBm I
?onnatlrc:)g: Contactor EMI filter =—
5 S! unt
GSP_1
B o shunt |
[ee)
3 GSP_2
x DéCT 5200A
S shunt
GSP_3
S shunt
GSP 4

System Controller

-
Ext.
control
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Control electronics, general view

General current control is looped through Multifunctional Module integrated to the System
Controller. Two Interface Control Modules (ICM) for redundancy control two breakers of the energy
extraction system independently. Current Source is controlled by Control and Interface Board

master (CIBm)
System Controller e

Interlocks
5 ciBm l
?onnfﬂr((’ﬁ l—{ Contactor |——| EMI filter |——
[shunt}
RS485

o}
GSP_1
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3 GSP_2
& DCCT 5200A CIBm
!
GSP_3 §° § g !.“?
1 EH B B
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Breaker A Breaker B
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System Controller

RS485
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PS Control electronics

External Control

Quench
Detector

System controller

Alarm button

—

Doors_open

—

Leakage Current

Contactor Status
——

 eoeoee

Load Overcurrent

|

Load Overpower

|

Phase Error

|

Overtemperature

|

The current source concept is based on the parallel
connection of four commercially available power
supplies covered by a common external feedback
with an external current sensor. In this case,
characteristics such as accuracy and long-term
stability are determined not by the single power
supply unit, but the feedback loop gain, the
characteristics of the external current sensor, and the
resolution of the ADC built into the unit. Each unit in
this case is just an executive element.

The external feedback system, as well as current
source control, are based on the high level modular
controller (System Controller). The System
Controller also communicates with the external
control electronics — transmits the interlocks and
commands from the general control system of the
accelerator complex. Multifunctional Module of the
System Controller calculates the current error
according to DCCT value and transmits the corrected
signal (digital feedback) to CIBm module the digital
interface. CIBm module forms analog control value
to GSP. CIBm also collects data, interlocks and
statuses from GSP by digital interface.

14.11.2023
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Current Source (power supply — TDK-Lambda, Genesys+, 10V, 1500A)

Main parameters of the TDK-Lambda Genesys+ 10V, 1500A power supply:

Nominal output current 1500A;

Nominal output voltage 10V;

Load regulation in current mode < 0.08% from nominal;

Output ripples in voltage:

5Hz-1MHz < 8mV rms,

Current control resolution < 0.002% from nominal (20ppm)

Control Interface — RS232/485, USB, LAN

Input power line — 3 phases 380V with neutral.

Cooling — forced air, The current control resolution of 20ppm
Form factor — Euro Rack 197, 3U is provided by the internal ADC
resolution, which for this family of
sources is 16 bits. This means that with
the sufficiently high external feedback
loop gain, accuracy and stability of the
external current sensor of at least
20ppm, it is possible to provide a long-
term stability of the 5200A current
source of 20ppm.

14.11.2023 15



Current Source 5200A, parameters

Nominal output power 52kW,;
Nominal output current 5200A;
Nominal output voltage 10V;
8 hours run Stability - < 0.01% from nominal;
Output ripples in voltage:
SHz-1MHz - < 8mV rms,
20MHz — < 75mV p-p;
Control Interface — RS485 (CAN)
Form factor Euro Rack 42” height
Input power line — 3 phases 380V with neutral.
Cooling — distilled water not warmer than
30°C;
Nominal input pressure 13 bars,
Water consumption 2 liters/min,
Water gradient with the maximal power < 10°C

Sizes 2200mm x 800mm x 800m, weight
300kg.

14.11.2023

Analog values:

a

a

a

Output_Current
Output_\oltage
Ireg_Error

Interlocks and Statuses:

O OO OO 0ODOD 0O ODUD O O O O O

Overcurrent (I > “Imax”);
Overpower (Pload > “Pmax”);
Phase distortion for more than 20% ;
Over temperature of the power part;
Earth fault

Fast_Power_Abort
Emergency_stop

Doors_open

WaterFlow

Circuit_Breaker On

Contactor_On

Current Sharing

EES Closed

PS_Ready

16



Energy Extraction System

Energy Extraction System, general layout

ICM1 and ICM2

Holding Coil control
Pulsed Coil control
Motor Drive control

Cap_Voltage_Out

Microswitches Digital_Out

Holding Coil control
Pulsed Coil control
Motor Drive control

Cap_Voltage_Out

Microswitches Digital_Out

Current distribution values

Mains voltage

Analog. Digital /O

Driver BrA

Analog dU_dT_&Dig Over T

FPA

> Status. FPA

Driver BrB

Measurement Boart

ains

Pulsed Coil EMI filter
Holding Coil 5
Motor Drive
5.1kA
Microswitchies Dump_Resistor_22_MJ =11
Cc3 10uF, 1000V
K__-XV.--S\BrA GND -I||—| H
© Q o) 10uF, 1000V
=2
10uF, 1000V
R1_dump
Pulsed Coil Measurement Boar
Holding Coil
Motor Drive 50mOhm 5.1kA
Microswitches Csnub_1_4
= —| |t GND
i._.&---S\BI'B " — I
4x1.4mF. 700V
o] o (0
R2_dump
50mOhm
Shunts delta U[] = [] o [] a
2 % Z
4 4 4
20uOhm
phase
180V AC 230V AC 2
>
2
neutral
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Energy Extraction System, parameters

-+ Electromechanical
R_dump, 0,1 Breaker
as a main protection
- element (Switch)
EES switch
Snubber

| |

|
Parameter Value Unit
Nominal current 5200 A
Maximal extracted energy 20 MJ
Current polarity Any
Inductance in a circuit 1,5 H
Dump resistor value 0,1+5% Ohm
Maximal AT of the Dump Resistor 60 K
Time constant for the energy extraction 15 S

14.11.2023 18



Energy Extraction System

Electromechanical Breaker and help of snubber against the arc - example

400 | Breaker Voltage 400 { Breaker Voltage

[V] [V]-

300 300

200 200

100 100 -

0 0

100 -100 | '
start 4 8 12 t[ms] start 4 g 12 t[ms]
Voltage over the contacts while opening Voltage over the contacts while opening
the circuit with Csnab =0 the circuit with Csnab = 0.8 mF

14.11.2023 19



Energy Extraction System, 3D
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Energy extraction system control electronics

System Controller

Og

Ang

Co, n t"OI
<
Oigitar 1,

Breaker A Breaker B

EES

Energy extraction system for redundancy
consists of two breakers, therefore, we
need two undependable ICM modules to
follow the redundancy principle of two
breakers control. First ICM controls
Breaker A, and second — Breaker B.
Digitizing of analog signals is shared
between to ICM modules.

Analog
Digital 1/0 I

Energy Extraction System

14.11.2023
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Energy extraction system control electronics

Current Current
Source Source

%)
i 4
o
o
=
D
=
e

Interlocks
G

ZVRD_A ZVRD_B
System IRD_A System IRD_B
- — .
Controller |  RS485 PRV Motor_On | Driver_Bra Cgntroller | - [RS485 Motor on | Driver_BrB
-~ Motor_Off Motor_O%f
—— ——

Status_BrA Status_BrB
G—— G—

H(\Im% |_||_D|§
cumcu:)l g-ag)g:)|
HEH I < = i B

m Xinh|h |

Digital
110 1/0

ICM#1 controls Breaker A by four digital signals: ZVRD_A (zero voltage release device, BrA), IRD_A (independent
release device, BrA), Motor ON_A, Motor_OFF_A (motor drives). Furthermore, ICM#1 receives statuses of Breaker
A, digitizes current sharing analog signals and monitors the voltage of the buffer capacitor on the Breaker A driver
board - U _cap_A.

ICM#2 controls Breaker B similar to ICM#1, but digitizes other analog signals: temperature of the dump resistor,
energy extraction system voltage drop, temperature in the rack and monitors the voltage of the buffer capacitor on the

Analog Analog
Digital

Breaker B driver board.
Communication between ICM#1, ICM#2 and System Controller is provided by RS485 interface. It is important to

mention that ICM transmits status of Breaker to CIBm board and receives Fast Power Abort signal.

14.11.2023 22



Quench protection

7777777777777777777777777

Analog

Digital 1/0 Quench
<>

Control electronics

Current Source
5200 A
—_—

Analog
Digital 1/0

*************************************

,,,,,,,,,,,,,,

Breakers d}
" "
\J

| 1 DCCT i
|
Snubber

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The quench protection system (QPS) is designed
to limit the peak temperature on the coil
windings to 80 K and the peak voltage to ground
to 500 V during any normally protected quench.
The system relies on the monitoring of the
resistive voltages associated to the normal zone
spread and quench development via voltage taps
installed on the coil modules as well as on the
joints and bus bars.

To assess the quench performance of the SPD
solenoid, quenches have been initiated at different
locations in each of the three sub-coils (i.e. across
the two layers as well as at the edges and center of
the winding packs). The quench is initiated by rising
the temperature of the selected turn above the critical
value.

During a fast dump, independently from the location of origin of the quench, the current in the coils decays with a
time constant of 17 s. The maximum voltage to ground is 260 V, well below the maximum design limit of 500 V.
The hot spot temperature is limited to a very safe value of 80K.

14.11.2023
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Magnet protection
Ipumep - Konrposiep ceepxnpoBoasiiero surriepa (SCWC)

JlaHHBIN KOHTpOJUIEp MpeaHa3HaueH g cOopa CUTHAJIOB OT M3MEPHUTENIbHBIX JAaTYUKOB M BaKyyMMETpa U
OJOKMUPOBKH UCTOYHUKOB MUTAHU B ciiydae HeoOxoqumocT. COCTOUT 3.

3 AIIIT (24 Gurt, 36 xaHAJIOB);

o reHeparopsl Toka (10 MKA) 17151 JaTYMKOB TEMIIEPATYpPhI;

o M3MEPUTENHL YPOBHS )KUAKOTO reus ¢ reHeparopom Toka Ha 0.3A-0.6A;

e M3MEPUTENh AaBlIeHUs ¢ OokoM nutanus 15B;

o M (pOBBIE BXOJIBI JIJIs1 KOHTPOJISI KOMIIPECCOPOB U BBIXOJIbI ISl UX JUCTAHIUOHHOTO OTKIIIOUEHUS;
o JIOTHKA OJIOKUPOBKU HCTOYHHUKOB MTUTAHUS,

o pa3zbeMBbI 17151 TOJIKJIFOUEHHUS BCEX HEOOXOIUMBIX TaTYUKOB U KBEHY-/IE€TEKTOPA;

o BBIXO/1 JUIsl OJIOKUPOBKU UCTOYHUKOB MUTAHMS;

o 2 RS-232 untepdeiica 11 CBA3M € yIPABISIONIIM KOMITBIOTEPOM M HACTPOUKH.

Jlnst 6e30macHON U HaJIeKHOM pabOThl CBEPXIPOBOSILETO BUTTIEpa 00ECIEYMBAETCS MOHUTOPUPOBAHUE €0
OCHOBHBIX TapaMETPOB, & UMEHHO:

o Temmneparypa B KpUTUYECKUX MECTaX;
o JlaBreHne 1 ypOBEHB JKHUJIKOTO TEJIAs B PE3EPBYapeE;
o N3011MOHHBIN BaKyyM;

Bce OnokupoBKH OOBEAMHSIOTCS M UMEIOT BBIXOJ B BHJIE€ 4 CyXHMX KOHTAKTOB JJisi OJIOKHMPOBKM MCTOYHHKOB
nuTaHud. Takxke cTaryc OJOKMPOBOK JOCTYIEH AJisi YTeHus: mporpammuo yepe3 COM-nopt.

14.11.2023 24



Magnet protection

KonTposiep cBepxnpoBoasimero Burriiepa (SCWC), 6;10k cxema

>

d

CPU

] ALIIT
| 24 GuTA
: 36 KaHaIoB
1
1
1
' HcTounuku Toka s
JlaTunku 1
TeMIIEepaTyphl <@=r=) 1aTYNKOB TEMIICPATYPHI
- : (10 pA, 30 kaHaOB)
1
1
1 Bxon narunka
A : JIaBJICHUS,
RIS 1 WCTOYHUK NMUTAHUSL
i (15V, 1 A)
1
1
VYpoBHEME 1 Wmepurens <
KU P oro rlepm g 1| YPOBHS KHJIKOTO
™ remus, Tok 0.6 A
IupoBbIe BXOIBI
Kommpeccopsl > (KouTpoJis
KOMIIPECCOPOB)

KBenu-

broknposka

JIETEKTOP

- KBenu-nerexrop

CHrHaIIBI OJIOKUPOBOK:
- [leperpeB TOKOBBO/IOB

-

—

Wcrounuku nuranus

-------------i.------------------

i TaiiMep

CTtopoxxeBo

1
= = RS232 = >
= 1 Kommneiotep
B i

1
< RS232F 4 ====<p

Hacrpoiika u
oTJIagkKa

14.11.2023
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Magnet protection

KBenu-gerexrop

KBCH‘-I-IICTCKTOP BBIITOJIHCH B BUAC OTACIIBHOI'O Onoka u pasMCIIaCTCA Ha KOPITYCC KpHUOCTaTa. On cocTouT u3
ABYX HC3aBHUCHUMBIX 0JIOKOB O6H3pY)I(CHI/I$I.

|| [lepBas cxema oOHapyXUBaeT ArcOaanc
I i (— HaIPSHKEHUN MEXKY BEPXHEN U HUKHEN
VN o™ = | MOJIOBUHAMH BHTTJIEPA B CIIy4ae CpPhIBA.
— [ToporoBelii quc6ananc 1 cpabarbIBaHUS

varpen JIETEKTOpa COCTaBIIsAET OKOJIO0 5B.

Oamn-
peancTop

T

SZ Z XonogHble
avoas!

peaucTop HanpspkeHns Taiimep Keeny

TNornyeckoe
SZZ XonopHble
avoa!
[l‘] Damn- [HetekTop

McTounuk
nuTaHus

[l‘] Oamn- [Hetektop TNorvika n
)|

mnn
peavcrop HanpsXxeH1s

Bropas cxema oOHapy>KUBAeT MOSBJICHUE

VA oo HaIIPAKCHUA HAa JaMIT-pC3UCTOPpax IIpU
: A OTKPBIBAHHUH XOJIOAHBIX THUOJ0B B CIIy4adc
amn- eTekTop
Ij peauctop HanpskeHns KBEHYA.
| SR |

IleperpeB TOKOBBO10B

JU1st mpenoTBpalleHrs CPbhIBA CBEPXITPOBOJUMOCTH B TOKOBBO/IAX, BBIMOJHEHHBIX U3 BICOKOTEMIIEPATYPHOTO
CBEPXITPOBOHMKA, KOTOPBIA MOXKET MPUBECTU K UX HEUCITPABHOCTH, IPEIYCMOTPEHA OJIOKUPOBKA UCTOYHUKOB
nurtanus npu ux neperpese. SCWC npou3BoAauT anmapaTHyro OJOKMPOBKY MIPU TEMIEPATYPE TEIIION CTOPOHBI
TOKOBBOJIOB BhIlIe 70K min xom0aH0M cTOpOHKI BhIlIe OK.

14.11.2023 26



Magnet protection

i 2

SCW controller

Physics = &
]‘ &
SCWC i i Reboot @ @ com2

Ha nepenneii nanean SCWC:

e  3enenslit cBeToauon “Work”. Mnaurupyet paboTocrnocoOHOCTh KOHTPOJUIEpa MUpaHueM. B cocTosHuu
OJIOKMPOBKU 3TO KOPOTKUE BCIIBIIIKU, B pa00UYE€M COCTOSIHUN — KPATKOBPEMEHHBIEC 3aTeMHECHMUSI.

e Knonka “Reset”. HaxxaTue 3T0#1 KHOIIKHM cOpachIBaeT Bce paHee 3aMKCUPOBAHHBIE OJIOKMPOBKH U
pa30I0KUPYET UCTOYHUKY TUTAHUS, €CITU aKTyaJlbHbIE OJJOKUPOBKU OTCYTCTBYIOT. J[JTUTEIbHOE HAXKATHE ATOU
KHOIIKH B TeueHue Oosee 15 cekyHa B paboueM pekrMe BBI3BIBACT IMYJISAIIMIO JETCKTUPOBAHUS KBeHYA (115
TECTUPOBAHUA).

e  Kpachsrii cBeTonuon “Quench”. HempepsiBHOE ropeHHE 3TOTO CBETOMO/Ia HHAMIIUPYET, YTO MTPOU30IIIEIT
KBEeHY (cpaboTaj KBeHUY-AETEKTOp). MUranue 3Toro CBETOAMOAA CBUACTEIILCTBYET O TOM, YTO KBEHU-IETEKTOP HE
MOJIKJIFOUEH, HEMCITPABEH WJIM YCJIOBHUSI, PUBEIIITNE K CpabaThIBAHUIO JETEKTOPA, COXpaHstoTcs. B aTom cirydae
cOPOC HEBO3MOYKEH.

e  Kpacusrii cBetonuon “Interlocks. MuaumupyeT GI0KUPOBKY IO TeMIIeparype.

e Knomka “Li He meter”. KopoTkoe Ha)xaTtre 3TOW KHOTIKH HHUIIUUPYET HEMEIJICHHOE OTHOKPATHOE
M3MEPEHUE YPOBHS JKUJIKOTO TeNusl. YAep>KaHue dTOW KHOIKU HaXKaToi Oosiee 3 CeKyH 1 MPUHYIUTETHHO
BKJTIOUAET 3aPOrpaMMHUPOBAaHHBIN PEKUM H3MepeHHs (OAPOOHOCTH CM. B IPUIIOKEHUH A).

e  Cunwmii cBetonuon “Li He meter”. Muranue 3T0ro HHAXKATOPa HHAXLUPYET U3MEPEHUE YPOBHS TeITUS.
KopoTkue BCHBIIKY 3TOr0 MHUKATOPa 03HAYAIOT, YTO 3aJaHO U3MEPEHHUE YPOBHS Ieus pa3 B S MUHYT WIIH Yallle.
e  VromneHHas kHomka “Reboot”. Ciayxut a1 npuHyIUTENBHOM Mepe3arpy3ku KOHTPOJLIepa.

e Pazpem “COMZ2”. Otot pazseM RS-232 nyOnupyeT aHAIOTUYHBIN, pACTIONOKCHHBIN HA 3aJHEH TTaHET!
KOHTpOJLIEPA.

14.11.2023 27



Magnet protection

AC Power COM2

100-240V

SCWC - 50/60 Hz .

Fuse 1A

Ha 3agHeil maHeau.
Pa3zbem cereBoro nuranus ¢ npegoxpanutenem (1A). Bxonnoe nanpsokenue 100-240B, wactora 50/601 .
“COM1” u “COM2” moptst RS-232.
bnox u3 32 pazsemoB RJ-45. B Tom uucre:
“PS1” u “PS2” BBIXObI OJIOKUPOBOK MCTOUHUKOB ITUTAHUS,
“Cmpr1”..“Cmpr4” njiast MOHUTOPUHTA KOMIIPECCOPOB;
“QD” nis MOAKIIFOUCHHS KBEHY-JIETEKTOPA;
“He” mist moakIIoYeHus: ypoBHEMEPA JKUIKOTO TeIus;
HymepoBanublie kaHansl AL s moaKiroueHns JaTYUKOB, B TOM YHUCIIE:
kaHaisbl 0..4 17151 M3MepEeHns HaMPSKEHUH — UCTIONB3YIOTCS JJI TaTYMKOB JABJICHUS U BAaKyyMeTpa
KaHaibl 6..35 ¢ ucrounnkamu Toka 10MKA 1J1s1 TaTYUKOB TEMIIEPATYPHL.

KBenu-gerexkTop

KBeHu-aeTeKTOp BHIIOTHEH B BUJIE OTICIBHOTO OJIOKa M pa3MeIleH HETIOCPEICTBEHHO Ha KOPITyCE BUTTIIEpa.
[TpunIHnI ero paboThl OMUCAH B pa3/eie, HOCBIIIEHHOM OJOKHPOBKaM.

MoOHHMTOPHHI KpHOCTATA

I[J'IH obecrneueHuss O€30macHOM M Haﬂe}KHOﬁ pa6OTI>I IMPOU3BOAUTCA MOHHUTOPHUHI' OCHOBHBLIX IIapaMCTpPOB
Kpuocrara, a HIMCHHO.

Temmneparypbl B KpUTHYECKHUX TOUKAX;
YpoBEHB KHUIKOTO TejIus B TeJINEBOM Oake;

JlaBneHue reiaus B reJmeBoM Oake;
N3011MOHHBIN BAKYYM.
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