MPOTOH-IJIEKTPOTEKC

boicTpoaencTByOIIMIA
Hu3kne anHamMnyeckue noTtepu p A o y m
Manbiii 3apsa 06paTHOrO BOCCTAaHOBEHUS HmnyabcHbid Tupucrop
Pa3BeTBMIEHHbIN YNPaBASOWNIA SN1EKTPOA, ANst Tun TEN933-250-36
BbICOKUX CKOpOCTeVI HapaCTaHU4 TOKa
CpeaHuit NpsiMoit TOK Itav 250 A
MoBTOpsitOLLEECS UMMNYSIbCHOE HanpshKeHne B U
3aKPbITOM COCTOSIHUM PR 3200...3600 B
MoBTOpstOLEECT MMMNYNbCHOE 0OpaTHOE HanpshXeHue Urrm
BpemMs BbIKIOUEHUS t 63.0 MKC
Uprm, Urrm, B 3200 3400 3600
Knacc no HanpsxeHuio 32 34 36
T;, °C —60...+125
NPEJAEJBHO JOITYCTUMBIE 3SHAYEHUSA TAPAMETPOB
O603HayveHne 1 HaMMeHOBaHWE NapaMeTpa MEB‘C:/; 3HayeHune Ycnosus usMepeHust
MapamMeTpbl B NpOBOASLLEM COCTOSAHUMN
250 T.=87 °C; OByXCTOPOHHEE OXJIaXAEHVE;
I MaKCcMMasibHO AOMYCTUMbIN CPpeaHN A 260 T.=85 °C; OBYXCTOPOHHeEe OXNaXKxaeHue;
™ TOK B OTKPbITOM COCTOSIHUM 370 T.=55 °C; ABYXCTOPOHHEE OXNTaXAEHME;
180 an. rpaa. cuHyc; 50 'y
[eiACTBYIOLLMIA TOK B OTKPbITOM T.=87 °C; OBYXCTOPOHHEE OXJIaXAEHVE;
Itrms A 393 .
COCTOSIHUM 180 3n. rpaa. cuHyc; 50 Ty
180 3n. rpag. cvHyc;
t,=10 MC; eANHUYHBII
4.0 Ti=Timax | MMNynbC; Up=Ur=0 B;
4.5 T;=25°C | MMnynbc ynpasneHus:
Is=Irem; Us=20 B; tep=50
I y o A MKc; dig/dt=1 A/mMkc
TSM [apHbIM TOK B OTKPbLITOM COCTOSIHWM 180 37, rPaA. CHHYC,
t,=8.3 Mc; eanHNYHBbIN
4.0 Ti=Timax | nMNynbc; Up=Ur=0 B;
4.5 T;=25°C | MMnynbC ynpasneHus:
Ie=Irem; Us=20 B; tep=50
MKC; dig/dt=1 A/MKC
180 an. rpag. cuHyc;
t,=10 MC; eanHWYHBI
80 Ti=Timax | MMNynbC; Up=Ur=0 B;
100 T;=25°C | MMnynbc ynpasneHus:
IG=IFGM; UG=20 B, tGp=50
MKc; dig/dt=1 A/mMkc
It 3alUMTHbIN NokasaTesnb A’c10® of /
180 an. rpaa. cuHyc;
t,=8.3 MC; eanHNYHBbIN
60 Ti=T; max nmnynec; Up=Ur=0 B;
80 T;=25°C | NMnynbC ynpaBneHus:
Is=Irem; Us=20 B; tep=50
MKC; dig/dt=1 A/Mkc
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Bnokupyowme napamMmerTpbl

MoBTOpStOLIEECS UMMNYSIbCHOE )
obpaTHoe HanpshkeHue Timn< Ty <Tj maxi
Ubrm, Ursm NOBTOPSIOLLIEECS UMTY/TbCHOE B 3200...3600 | 180 3n. rpaa. cuHyc; 50 u;
HanpsiXeHWe B 3aKpbITOM COCTOSIHUM YMNPaB/IEHNE PasOMKHYTO
Upsm, Ursm HENOBTOPSIOLLIEECS MMIYbCHOE B 3300...3700 | 180 an. rlpa,q. cuHyc; 50 u; eanHUYHBIN
HanpsHKeHVE B 3aKPbITOM COCTOSIHWM UMMyJIbC; YNPABNIEHNE PASOMKHYTO
Us. U MocTosiHHOe 0bpaTHOE M MOCTOSIHHOE B 0.6'Uprm Ti=T; max;
or R npsiMoe HanpshkeHue 0.6Urem | ympaBneHne pasoMKHYTO
MapameTpbl ynpassieHUsA
MaKcuMarnbHbIA NPSAMONA TOK
Iram A 6
ynpaBfieHust T=T,
MakcuMarnbHoe obpaTHoe o
Urem B 5
HanpshKeHWe yrnpaB/ieHu st
P MakcumanbHas paccevBaeMast BT 3 T;=T; max 8N MOCTOSAHHOIO TOKa
¢ MOLLHOCTb MO YrpaB/ieHnto yrpaBfeHust
MapameTpbl nepexksiroueHnst
Kputnyeckasi CKOpoCTb HapacTaHus Ti=T;jmax; Ub=0.67"Uprw; Im= 1600 A;
(dir/dbt) e TOKa B OTKPLITOM COCTOSIHUU A/MKC 1600 Nmnynbc ynpaenenus: Is=2 A; Us=20 B;
(f=1 Hz) ter=50 MKc; dig/dt=2 A/MKC
TennosBble NnapaMeTpbl
Tetg TeMnepaTypa XpaHeHus °C -60...+50
T; TeMnepaTypa p-n nepexoaa °C —-60...+125
MexaHuueckune napaMeTpbl
F MoOHTaXxHoe ycunue KH 9.0..11.0
a YckopeHue m/c? 50 B 3aXaTOM COCTOSIHUM
XAPAKTEPUCTUKHA
0O603Ha4eHne 1 HauMeHoBaHWEe XapaKTEPUCTUKM MEB'C:/; 3HayeHune YcnoBusi UaMepeHus
XapaKTepucTUKM B NPOBOASILLLEM COCTOSAHUMN
Uni NMnynbcHoe HanpsiXeHne B B 3.60 T,=25 °C; Im=785 A
OTKPbITOM COCTOSIHUM, MaKC
Ur(ro) lNoporoBoe HanpskeHue, Makc B 1.722 T=T .
j— Vimax,
r [JnHamnueckoe conpoTMBIIEHUE B MOM 3.303 0.5 7 Inay < Ir < 1.5 7 Inay
OTKPbITOM COCTOSIHUW, MaKC
T;=25 °C;
I TOK yAepaHus, MaKe MA >00 Up=12 B; ynpaBneHne pa3oMKHYTO
Bnokupyrowme xapaKTepucTukm
MOBTOPSIOLMINCS UMY bCHBIV
Lo T 06paTHbIN TOK M MOBTOPSIOLLMICS VA 70 Ti=T; max;
DRMy ZRRY MMMYNbCHBINA TOK B 3aKPbITOM Uo=Uorw; Ur=Urrm
COCTOSIHMM, MaKC
KpuTuueckasi CKopocTb HapacTaHus 200, 320,
(dup/dt)et | HANpsYKEHUS B 3aKPLITOM B/MKc 500, 1000, | T=T) max;
1 1600, 2000, | Up=0.67Upr; yNpaBneHne pasoMKHYTO
COCTOSIHUM®, MWH 2500
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XapaKTepucTUKK ynpaBJieHus

OTnupaloLLiee NOCTOSHHOE 3.00 1= Ty
Uor TIVIPAIOLLIEE MOCTOAHH B 250 | T,=25°C
HanpshXeHWe ynpaBneHnsi, Makc 1.50 Ti= Ty o Up=12 B; Ip=3 A;
=00 ToT MOCTOSAHHBIN TOK
OTnMpaloLLMii MOCTOSHHBINM TOK ™| ynpaBneHus
Tor yrpaBnieHns, MaKc MA 300 Ti=25°C
! 150 T]= T] max
Uo HeoTnupatolliee NOCTOSHHOE B 0.30 T=T; o
HanpsXeHWe ynpaBneHnsl, MUH
H < < UD=0.67'UDRM;
Iep €OTNVIPAIOLLAN MOCTORHHEIN TOK MA 40.00 MOCTOSIHHBIN TOK YNpaBieHUs
ynpaBneHusi, MUH
AvHaMnuyecKkne xapaKTepucTukm
toa BpemMs 3aaepkku, Makc MKC 1.10 T;=25 °C; Up=1500 B; Im=Irayv;
3.20. 4.00 di/dt=200 A/mMKc;
tor Bpems BK/IIOUEHMA?, MaKC MKC 6. 30’ 8.00’ Mmnynbc ynpaenenus: Is=2 A; Us=20 B;
e ter=50 MKc; dig/dt=2 A/MKC
63.0 dup/dt=50 B/mkc; | = Timag Im= Inay;
3) dir/dt=-10 A/MKc;
ty BpeMms BbikntoueHMs®, Makc MKC _ .
Ur=100 B;
80.0 dup/dt=200 B/mkc; Up=0.67Upgm
Qr 3apsia 06paTHOro BOCCTAHOBIEHMS, MK 500
MaKC
Bpems 06paTHOro BOCCTAHOB/EHMS Ti=Tymax Tm= Tn;
tr ! MKC 5.0 dir/dt=-50 A/MKC ;
MaKC
O6paTHbIN TOK BOCCTAHOBNEHWSI Ur=100 B
I P ' A 200
MaKC
TennoBble XapaKTEPUCTUKHU
Re 0.0400 [iByxcTopoHHee
e ' oxnaxzaeHue
Regen TennoBoe conpoTUBNEHNE p-N °C/BT 0.0880 MocTosiHHLIM | OxnaxkaeHue co
nepexoa-Kopnyc, Makc TOK CTOPOHbI aHoAa
Ri 0.0720 OxnaxpaeHue co
thicK ' CTOPOHbI KaToAa
Rinek Teniosoe conpoTu/ieHme kopryc: °C/BT 0.0060 MOCTOSIHHbIN TOK
oxnaauTeNb, MaKC
MexaHUYeCKne XapaKTepUCTUKH
m Macca, makc r 176
D [nvHa nyTn TOoKa yTeuKKn no MM 19.44
* MOBEPXHOCTK (aonm)|  (0.765)
D [nvHa nyTn ToKa YTEYKMU Mo BO3 MM 12.10
: T T AYXY | (mioiim)|  (0.476)
MAPKUPOBKA NPUMEYAHMUE
-------- ) Kputnueckasi CKOpOCTb HapacTaHUs HamnpsXKeHus B
1 2 3 4 5 6 7 8 3aKpPbITOM COCTOAHUN

1. BbICTpOAENCTBYIOLWMI UMMNYSIbCHBIA TUPUCTOP

2. KOHCTPYKTMBHOE UCMNONHEHME

3. CpeaHuit TOK B OTKPbITOM COCTOSIHUM, A

4. Knacc no HanpspKeHuio

5. Kputnueckas ckopocTb HapacTaHusi HanpshXeHusl B
3aKPbITOM COCTOSIHWM

6. 'pynna no BpemMeHu BbikntoveHns (dup/dt=50 B/Mkc)

7. [pynna no BpeMeHu BKIIOYEHUS

8. Knumatunyeckoe ncnonHenme ro NOCT 15150: ¥XJ12, T2

(dup/dt)ert, B/Mkc | 200
2 BpeMsi BKIIOYEHUS

320 | 500 | 1000 | 1600 | 2000 | 2500

3.20

tgt, MKC 4.00 6.30 8.00

%) Bpems BblkntoveHns (dup/dt=50 B/MKC




FABAPUTHbLIE PASMEPbI

Tun kopnyca: T.B3

60£1 (2,362)

max 954 (2126) DIA.

91,3 (0,051) DA

=
S 037 (1,260) DIA
3 s
S
~
] — ! D’\QK
= ] =
s i 5
S ! &
QI [— ; J
035 (0138) OIA. =
, 8
both sides =
-
832 (1,260) DI,

7 (0.076)

Bce pasMepbl B MUNIMMETpax (AroMax)

Coaepxaluasca 3aecb MHbopMaLMs ABNSETCA KOHMUAEHLMANBHON U HAXOAMTCS MOf 3aLMTON aBTOPCKMX Mpas.
B MHTepecax yfyulleHuns kadecTsa npoaykumm, AO «MpoTOH-DNEKTPOTEKC» OCTAB/AET 3a COBOI NMPaBo U3MEHSTb UHMOPMALMOHHbIE INCTI 63

YBEAOMJIEHUA.
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1200

1000

800

600

400

TOK B OTKPbITOM COCTOSIHUM - Itm, A

200

1,5 2 2,5 3 3,5 4 4,5 5 55 6
HanpsikeHne B OTKPbITOM COCTOSAHUM - Urw, B

Puc. 1 — NpeaenbHas BONbT — aMNepHas XapaKTepucTuka

AHanutnyeckasi GyHKUMS NpeaesbHOM BOMbT — aMMePHON XapaKTEPUCTUKMU:

Vy=A+B-i, +C-InGi, + 1)+ D-\[i,

KoathdumumeHTbl ang rpadmvka
Tj = 25°C Tj = Tj max
1.58069845 1.55902541
0.00238629 0.00317912
0.02229626 0.01750779
-0.00005435 | 0.00538116

OO ®m >

Mopaenb npeaesibHONM BOJIbT — aMNEepPHON XapakTepucTuku (cM. Puc. 1)




[

[

Transient thermal impedance 'Zthjc’ Ky

D.

10°

10’

10°
Tirme - t, ms

10°

10t

Puc. 2 — 3aBMCMMOCTb NEpexofHOro TenJ1I0BOro CONPoOTUBJIEHUS Ziic OT BpeMeHu t

AHanuTuyeckas 3aBUCMMOCTb MNepPexoaHOro TEMI0BOro CONpPOTUBIEHMS MEePEeXo — Kopnyc:

Z;x.-..-{. = iR l—e © }
i=1 \

lfoe i=1to n, n— 4nCNO CYMMUPYIOLLMXCS 3/1IEMEHTOB.
t = NpoaoMKNTENBHOCTb MMMYNLCHOMO Harpesa B CeKyHAax.
Zivic = Tennosoe conpoTuseHve 3a Bpems t.
R, 7 = pacuyeTHble K03pdu1UMeHTbI, NpuBeaeHHbIE B Tabnuue.

MOCTOSIHHBIN TOK, ABYCTOPOHHEE OXNaXXAeHWe

i 1 2 3 4 5 6
R, K/W 0.01423 0.01906 0.003576 0.002535 -4.666e-005 0.0006479
Ty S 0.265 0.05901 0.03499 0.001252 0.000001 0.0002488
MOCTOSIHHBIN TOK, OXNAXXAEHUE CO CTOPOHbI aHoAa
i 1 2 3 4 5 6
R, K/W 0.04804 0.001789 0.01342 0.02147 0.001374 0.001945
Ty S 2.651 0.4195 0.2622 0.05451 0.002585 0.0005847
MOCTOSAHHBIN TOK, OXNTAXXAEHUE CO CTOPOHbI KaToAa
i 1 2 3 4 5 6
R, K/W 0.03216 0.01306 0.002934 0.02064 0.001493 0.001786
Ty S 2.647 0.2831 0.1455 0.05284 0.002255 0.0005519

Mopgenb nepexoaHOro TenJIoBoOro CONpPoTUBIEHMs nepexon - kopnyc (cM. Puc. 2)
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~ TFI933-250, 28-Mion-2022

OTtnmpatoLee Hanpsbkerne ynpasnenust - Ugr, B

ffffffffffff

0 0,1 0,2 03 0,4 0,5 0,6 0,7 0,8 0,9 1

OTnupatoLLMiA TOK yrpaBneHus - Igr, A

Puc. 3 - BonbT — aMnepHas XapaKTepucTUKa Lieny yrnpasieHus

15

~ TFI933-250, 28-Mion-2022

‘Tj oT Tj min ﬂo T] max

—_
o

(6]

HanpsieHne ynpaenenus - Us, B

0 2 4 6 8 10 12

Tok ynpasneHus - I, A

Puc. 4 - BonbT — aMnepHas xapakrepucTtuka uenu ynpasneHnsa — KpusBbie MOLLHOCTHU




_ TFI933-250, 28-Ni0n-2022
Ti=125°C

10000

1000

MHTerpanbHbI 3apsaa 06paTHOro BocctaHoBneHus - Qrr-i, MkKn

100
1 10 100 1000

CkopocTb criaga Toka - di/dt, A/MKc

Puc. 5 — 3aBMCMMOCTb MaKCMMaJIbHOIO MHTErpasibHOIo 3apsifa 06paTHOr0 BOCCTAaHOBJIEHUS Qi OT
CKOpOCTHU cnaga Toka dir/dt B OTKpPbITOM COCTOSIHMM

_ TFI933-250, 28-Ui0n-2022
1 Tj=125°C
lm=250A -

1000

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

100

3apsa 06paTHOrO BOCCTaHOB/EHMS - Qrr, MKK

10

1 10 100 1000
CkopocTb criaga Toka - di/dt, A/mMkc

Puc. 6 — 3aBMCMMOCTb MaKCMMaJIbHOIO 3apsifa 06paTHOro BOCCTaHOBJIEHUA Q;: OT CKOPOCTU Cnapaa
ToKa dir/dt (no FOCT 24461, xopaa 25%) B OTKPbITOM COCTOSIHUMN




_ TF1933-250, 28-11on1-2022

1000

100

V ‘1] - BUH3L'EOHE10008 0J0H1edgo 30|

10

1000

100

CkopocTb criaga Toka - di/dt, A/MKc

10

Puc. 7 — 3aBUCMMOCTb MaKCMMaJZIbHOIr0 06paTHOr0 TOKa BOCCTaHOB/NeHus I, OT CKOpPOCTM cnaja

Toka dir/dt B OTKpPbITOM COCTOSIHUMN

N
N
o
A
=
=
3
o]
N
o
n
o
™
[52]
o
'8
[
N
I | ! | |
L N
N
(. | | | |
H-d—d-— k- —H - - - —————— o
(. | | | |
J_ 4l d_ L _ - ___1_______4
[ | | | |
[ | | | |
B T e B e A
(. | | | |
(. | | | |
|
[ | I | |
[ | | | |
[ | | | |
[ | | | |
N
(. | | | |
(. | | | |
(. | | | |
(. | | | |
[ | | | |
[ | | | |
[ | | | |
[ | | | |
—

DM “11} - BUHBL'AOHR.LDD09 010oHLedgo sWadg

1000

100
di/dt, A/mkc

- 3aBMCUMOCTb MaKCMMa/IbHOrO BpeMeHn 06paTHOro BoccTaHoB/IeHUs t.. OT CKOpPOCTH cnaja

10

CKopocCTb criafia Toka -

8

Puc.

ir/dt (no FOCT 24461, xopaa 25%) B OTKPbITOM COCTOSIHUMN

Toka d




TFI1933-250, 28-Mion-2022

2500

2000

1500

1000

500

= ____ © - yron npoBoAMMOCTY TOKa CUHYcOMAasbHIN (hopMbl } |
0 : l
0 100 200 300 400 500

CpenHsia paccenBaemMasi MOLHOCTb B OTKPbITOM COCTOSIHUM — Prav), BT

CpeaHuin TOK B OTKPLITOM COCTOSIHUM — Lrav), A

Puc. 9 - 3aBMCMMOCTb NOTEPb MOLWHOCTU Pray OT CpeAHero Toka B OTKPbITOM COCTOSAHUM Iray
CUHycouaanibHOI (pOpMbl NPU Pa3NINUHbIX yrnax nposogumoctu (f=50 'u)

TFI1933-250, 28-UNion-2022

2500

2000

1500

1000

500

= ~ © - yron NpoBOAVMMOCTY TOKa MPSAMOYrofibHOM (hopMbl }
0 | | |
0 100 200 300 400 500 600 700

CpefHwii TOK B OTKPbITOM COCTOSIHUM — Lr(avy, A

CpeqHsisi paccevBaeMast MOLLHOCTb B OTKPBITOM COCTOSIHAM — Prav), BT

Puc. 10 — 3aBMCMMOCTb NOTEPb MOLLHOCTU Pray OT CPeAHero Toka B OTKPbITOM COCTOSIHUM Iray
NpPSIMOYro/ibHOI (hOPMbI NPY pasNNyHbIX yraax nposogumocTty (f=50 I'y)
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CpeaHuWin TOK B OTKPLITOM COCTOSIHUM — Iravy, A

TFI1933-250, 28-Nion-2022

500

©=180°

400

©=1200°
[

©=90°
©=600

300
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© - yron NpoBOANMOCTM TOKa CUHycoMaasbHN opMbl
0 1 1 1 1 1
25 35 45 55 65 75 85 95 105 115

TemnepaTypa kopriyca — T, °C

125

Puc. 11 — 3aBMCMMOCTb CpeaHero Toka B OTKPbITOM COCTOSIHUMM I1ay OT TeMnepaTypbl kopnyca Tc ans
CUHycouaanbHOI (pOpMbI TOKA NPU pas3siMuHbIX yrnax nposogumoctu (f=50 'y)

CpefHuii TOK B OTKPLITOM COCTOSIHUN — Favy, A
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TFI933-250, 28-UNion-2022
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\\ | ©=1800
\
\\ I 0=120°
™~ | =900
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\ \\ ‘ =600
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| © - yron NpoBoAMMOCTM TOKa MPSAIMOYrofibHOW (DOPMbI
25 3‘5 4‘5 5‘5 6‘5 75 85 95 105 115

TemnepaTypa kopnyca — T, °C

125

Puc. 12 - 3aBUCMMOCTb CpeaHero Toka B OTKPbITOM COCTOSIHMM I1ay OT TEMNEepaTypbl kopnyca Tc ans
NpsAIMOYrosibHOW (hOpMbl TOKa NPU Pas3ZIMUHbIX yrnax nposoaumoctu (f=50 'y)
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TF1933-250, 28-Non-2022

Wi ST — MMHBOLO0D WOoLIAdNLO & MOL MiaHdeT

AnutenbHoCTb MMnynbca — tp, MC

Puc. 13 — 3aBMCMMOCTb MaKCMMaJIbHOW aMNINTYAbl YAAPHOIr0 TOKA B OTKPbITOM COCTOAHUM Irsv M

3awmTHoro cgaktopa I’t ot AnUTENbHOCTU MMNynbCa t,

2202-U0iN-82 ‘052-€€614.L

T;=125°C

10

| ‘WSLT — MMHBOLD0D WOLIGAN.LO 8 MOL YiaHdelg

100

10
Konnuectso MMMynbcoB — Np

Puc. 14 — 3aBUCMMOCTb MaKCMMaJIbHOM aMnAnTyAbl YAApPHOro TOKa B OTKPbITOM COCTOSAHUM Irsm OT

KOJINYECTBa UMNYJIbCOB N,
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