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B cratbe npeAacTaBneHbl pe3ysibTaTbl UCCIe40BaHMIA MOLLHbIX TUPUCTOPOB

C NpPSIMbIM ynpaBjieHUeM CBETOM B NpefesibHbIX pexumax paborbl BbICOKOBOJIbTHbIX
KOMMYTaTopoB 60sbLUMX UMMYNbCHbIX TOKOB, 3HA4YUTENbHO NpeBbIaWMX pabounii
pexum. UccnepoBanuceh veTtbipexaioinmosblie 4,5-kB umnynbcHble dotoTpucropsl,
npeaHa3HaYeHHble ana 100-kA/12-kB pa3pagHbIX Ko4Yeil eMKOCTHbIX HaKonuTenei
3NIeKTPUYECKO IHEpPruM ¢ BpemeHaMmu pa3psaHoro npouecca Ao 1 mc. Pa3pa6oraHa
MeToA0JI0rMsl TECTOBbIX UCMbITAHNA UMNYNbLCHbIX (hOTOTUPUCTOPOB, NO3BONAIOLWasn
BbISIBNISATb MOTEHUMaNbHO HeHafAeXHble npubopbl.

BeepeHve

B Hacrostiriee BpeMsi MOIIHbIE THPUCTOPBI C JJIEKTPHU-
vyeckuM (ETT) 1 IpsIMBIM ONTHYECKUM YIIpaBIeHHEM
(LTT) mrupoko NpUMeHSIOTCS B KadeCTBe PaspsiIHbIX
KJIIOYEN B CUCTeMaX HAKOIUICHUS 1 KOMMyTaL[I/II/I JJICK-
TPUIECKOH S9HEPIUH B PA3JIUYHBIX TEXHOJOTUIECKUX
U 9J1eKTPO(U3MIECKUX yCTaHOBKaX. CxeMa U KOHCTPYK-
I¥SI 9TUX KIIFOUeil, @ TAKXKe PEKUM pabOThI THPUCTOPOB
OIIPE/IEeNISIOTCS Ha3HAYCHIEM U TeXHUIeCKUMU XapaKTe-
PUCTHKAaMU CHCTeMbI KOMMYyTanuu. Kak nmpasuio, K TH-
PUCTOPHOMY KIIIOYY QaHTUNAPAJIIENBHO TOfCOTNHIETCSI
BBICOKOBOJIbTHAS HuoHas c6opka [1], mubo paspsia-
HBII KJIFOY U3TOTABJINBAETCS Ha OCHOBE MUMITYJIbCHBIX
THPHUCTOPOB ¢ 06PaTHOI POBOAUMOCTHIO [2]. B 060mx
CITy9asiX Peain3yeTcst «JIETKUi» Ul THPUCTOPOB PEKIM
KOMMYTAI[MU HMITYJIbCHBIX TOKOB 6€3 IIPHIIOXKeHHUsI 06~
PaTHOTO HAIIPSDKEHU .

B HEKOTOPBIX I/IMHYHI)CHBIX IIPUMEHEHUAX I10 pa3-
HBIM [IPUYUHAM WHBEPCHBIE IUO/BI HE MOTYT OBITH
UCII0JIb30BaHbI |3, 4]. Torza, mocie NpoTeKaHus UM-
HyJIbCa IPSIMOTO TOKA, K IPHOOPY HPUKIATbIBACTCS
OTpHUIaTeIbHOE HAIPSDKEHHUE, 3aIyCKaolee Iporecc
BBIKJIIOYEHUS TUPUCTOPA C BBICOKOI CKOPOCTBIO CIlajia
IPSMOTrO TOKA.

PexxuM paboThl THPUCTOPOB B MOIIIHBIX CHCTEMAX
KOMMYTAIlMU XapaKTepPH3yeTCs HePEKITI0UeHIEM UM~
HYJIbCOB TOKA aMILIUTYI0M 10 100 KA u 6osee, miu-
TEJIbHOCTBIO OT HECKOJIBKHX IECATKOB 10 COTEH MHKPO-
CeKyHI. B aTOM cirywae oTpuIaTenbHOE HANIPSDKEHNE
B COUETAHUH C BEICOKOU CKOPOCTBIO CIIaja IPsSIMOTO TOKa
BBI3bIBaeT OOJIBINION IIUKOBBIIT 0OPATHBII TOK THPUCTO-
pa 1, KaK CJIe[ICTBHE, ONaCHbIe HH/YKI[HOHHbIE BCIUIECKH
HAIPSDKEHUS Ha HEM.

Ha puc. 1 npencrasiieH pa3psiiHbII KJII0Y Ha OCHOBE
geThIpexaiiMoBoro 4,5-kB ¢pororupucropa LTT [5],

Puc. 1. a) 100-«kA/ 12-kB pa3psagHblil Kntoy;
6) 4-pronvosein 4,5-kB chotoTpucTop
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Puc. 2. OcumnnorpamMmbl Toka 1 HanpsixXeHys
Ha 100-kA/ 12-kB paspsgHom LTT-kntove
MpW TECTVPOBAHUM KOHREHCATOPHOV BaTapeu
npoTvBoToKa [6]

IpeHa3HAYeHHBII 17151 paOOThI B PEXKUMe KOM-
myranuu 100 kA/12 xB. Ha puc. 2 mokasans
OCIIMJIZIOTPaMMBI TOKA ¥ HAIIPSDKEHUA B YIIOMS-
HyToMm LTT-Kmio4e, mosryueHHBIE ITPU TeCTHPOBA-
HHUY OaTapen IPOTUBOTOKA CHCTEMBbI 3aIIUTHOTO
BoiBoia 9Hepruu ITER [6].

TectupoBanue 6atapen IPOBOLUIOCH B pe-
JKMMe KOPOTKOTO 3aMbIKaHHA. B aToM pexume
IPOXOJAIINI Yepe3 KT TOK HMel Gpopmy
OJHOI TTOJTyBONHBI cHycounsl. [Tpn Tectupo-
BAHUH BBIKIIOUEHNE (POTOTHPUCTOPOB COIPO-
BOJKIQJIOCD [OSIBJICHHEM 0OPAaTHOTO HAIIPsDKe-
HUS Ha KJII04e, 0JIM3KOTO 110 BeJIM4UHe HaIlpsi-
KeHUIO 3apsifia KOHIeHCaTopa, ¢ JoOaBIeHHeM
HMITYJIbCa TIepeHANPsUKeHNS, BBI3BAHHOTO 00~
PaTHBIM BOCCTAHOBJICHEM THPHUCTOPOB B I[eNN
C MHAYKTUBHOCTBIO. Kak BUIHO Ha puc. 2, TUK
o6parHoro Hanpspkenus Ha LTT-kmiode goctu-
raet 20 xB.

HamnpsokeHne, KOTOpoe MOKET BbIJIEPKUBAThH
KJTI09, COCTOSIIIMAI U3 IIECTH MOCIEN0BATETHHO
COEIMHEHHBIX POTOTUPHCTOPOB C Vg = 6 KB,
pasHo 36 kB. Tak uto nmeetcs 1,8-KpaTHbIiI 3amac
110 HAIIPSDKEHHIO, KOTOPBIIT JOJDKEeH 00eCIIeINBaTh
Ha[IeKHYI0 paboTy KoMMyTaTopa. [IpoBeneHHbIe
M3MePEHNs MUKOB TIepeHaNPsyKeHNI Ha KaK,0M
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3apsigHoe ycTpoiicteo 5 kB

Puc. 3. HpVIHLI,VII']I/IaﬂbHaﬂ CXema CUIOBbIX A4eeK

13 1mectd GOTOTUPUCTOPOB IPU KOMMY TAI[HU
toka 100 KA u mmocieayrorieM 06paTHOM BOCCTa-
HOBJIEHUH ITOKA3aJIx TaKKe, 9TO UX 3HAUEHH Ha-
XOAWJIUCH B [uarna3oHe 3—4 kB u He peBbIIIaIn
IpefieIbHO JOMyCTUMON BeUInHbl Vg Tem
He MeHee MCIBITAaHNUs B 3TOM PeKIMe MePBhIX
OIbITHBIX 06pasuos LTT B cocTaBe paspsiHbIX
KJII0Yell Y OTPeOUTesIsI I0Ka3aId, 9TO B HEKO-
TOPBIX KJTIOYaX MMeJI MeCTO P60l OJHOTO MIH
IBYX (POTOTHPUCTOPOB U3 MIECTH BKJIIOUEHHBIX
HOCIENOBATEILHO. DTO IIPUTOM, ITO Ha IPUOO-
pax IIPOBOAMIINCDH IIOJIHBIN HAOOP CTaHAPTHBIX
UCTIBITAaHUH CTATUYECKUX U JUHAMUIECKUX T1a-
pamerpos B coorsercTBuu ¢ IEC 60747-6 u Tima-
TebHbII o60p LTT mo mapamerpam o6paTHOTO
BOCCTaHOBJICHUSL.

JI71s1 BBISICHEHN ST BO3MOYKHBIX IIPHYHH BBIXO/A
(OTOTHPHUCTOPOB U3 CTPOSI IPOBELEHBI UCCIIe-
JOBaHM:
® IIpSAMOH BOJIbT-aMIIepHOI XapakrTepucruku LTT

IIPU BBICOKMX IUIOTHOCTSIX TOKA, 3HAYUTEIHHO

IPEBBIIIAIOIINX PAOOIHIT PEKIM KOMMYTaTO-
pos;

o ycromyusoctu LTT k Bo3nericTBuIo 1eperpy-
30K OOPAaTHBIM HAIPsDKEHHEM HMITYJIbCHOM
MOIIHOCTBHIO 0,5-3 MBT;

e croiikoctu LTT B pexxnme mepekaodeHns
6OJIBIINX UMITYIECOB TOKOB C BBICOKMMU CKO-
POCTSIME KOMMYTaI[UH IIPX 06PaTHOM BOCCTa-
HOBJICHUU.

I/Ismepvrrenbuaa yCcTaHOBKa

WccnenoBanus NIPAMON BOJIbT-aMIIEPHOM Xa-
PaKTEPUCTUKU ¥ KOMMYTUPYIOLIEH CIOCOOHOCTH
LTT c npunosxeHreM 00paTHOTO HAIPsDKEHUS
NIPOBOAVJIMCH Ha KOHJEHCATOPHON YCTaHOBKE,
noctpoeHHOH B [TAO «DneKTpOBBIIPSIMUTENbY.
CuitoBasi 9acTh CXeMbl ¥ BHEIITHUI BHJ, YCTaHOB-
KM IIOKa3aHbl Ha puc. 3, 4.

HcripITaTeIbHBII CTeH] COCTOUT U3 BOCbMH CH-
JIOBBIX S19€€K, 3apAJHOTO YCTPONCTBA, CUCTEMBI

Puc. 4. YcraHoska ans MMMYNbCHbIX NCMbITAHUA CUNOBbIX NnonynpoBOAHNKOBbIX I']pl/lﬁOpOBI a) LLIKaCb yYNpaBneHns; 6) cunoBble A4Enku
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Sapﬂ/g,Hoe 3apsfka > CInoBas CUIOBOWA 'MCHbITyeMbIVI
YCTPOWCTBO R TOK npunéop
>
y K
13MepeHue Toka
U HanpsbxeHNst
A2 4 v

Puc. 5. bnok-cxema yctaHoskm

YIIpaBJIeHHs], CACTEMbI H3MEPEHHI, KOMIILIOTEPa
C IIPOrpaMMOoIi yIIpaBieHus1, cbopa u 06paboTKu
IaHHBIX (pHC. 5).

CusoBas sraefiKa COfIepKUT:

e (aTapero KOHIEHCATOPOB CYMMApHOI eMKO-
crbio 2 MO, ¢ HanpspKeHueM 3apsiza 9000 B;

® 1poccesb ¢ MHAYKTUBHOCTBIO 7 MKI'H;

e 6JIOK KOHTaKTOPOB MIJIsI IIONKIIOYeHNUS THPU-
CTOPHOTO KJII0Ya, Pa3feTUTeIbHOTO U KPOY-
6apHOTO JIOMIOB;

® [aTYNKU KOHTPOJIS KOHTAKTOPOB, HAIPSDKEHUS
3apsiiia KOHJICHCATOPHOU GaTapen.
3apsanHOe yCTPOUCTBO 06ecIednBaeT 3apsiy

KOHJleHcaTopHO 6atapeu g0 5000 B ¢ makcu-

MaJbHOM 3apSIHON MOITHOCTBIO 5 KJIK/C.
CucreMa yIpaBIeHIsI COCTOUT U3 IKada aB-

TOMATHKU U KoMIbloTepa (puc. 4a). OHa ocy-

HIECTBJIAET KOHTPOJIb 3apsA/la KOHIEHCATOPHOM

6arapen, yIpaBJIeHIe KOHTaKTOPaMHU, KOHTPOJIb

COCTOSTHUS KOHTAKTOPOB, BKIIOYEHUE TUPUCTOP-

HOTO KJIIOYa B KKIOM CUJIOBOM STYEMKE.
Cucrema U3MepeHUH COCTOUT U3 OCIUIIIO-

rpada Tektronix DPO 3014, BbICOKOBOJIBTHOTO

nenurens Haupspkerust LeCroy PPE 5 kB ¢ koad-
dunmenrom nenenns 100:1, mosica PoroBckoro

PEM CWT1500xB ¢ 9yBCcTBUTENBHOCTHIO

0,02 MB/A.

[Iporpamma ynpasiieHHIs CHCTEMOI IIO3BOJISET
peanu3oBaTh ClIefyIolye NeHCTBUA U BUJbI UC-
IIbITAaHUI:
® BLIOOPOYHO MOAKIIOYATH CUIOBBIE SUCHKHI

K UCIBITyeMOMY TIpHOOpY;
® 3aaBaTh U KOHTPOJIMPOBATh BEJIMYMHY HAIIPs-

JKeHUs 3apsAa Ipy 3apsfie KOHIEeHCaTOPHBIX

6arapeit;

® KOH(UI'YpHPOBATh BKIIOYECHIE KOHTAKTOPOB
B CHJIOBBIX STYIKaX COTTIACHO BEIOPAHHOMY BUTY
UCIIBITaHUI U KOHTPOJIUPOBATh X COCTOSHUE;

® BKJIIOYaTh TUPUCTOPHBIE KIIOYH B BBIOPAHHBIX

CHJIOBBIX sT9eiKaX;

e GopMHUPOBATH 3aePIKKY BKIIOYCHUS TUPU-
CTOPHOTO KJII09a KayKIOM CUIOBOM SYENKU UH-
IUBHUyanbHO B npenenax 0—100 Mxc ¢ marom
20 Hc;

® [10JIy4aTh Pe3yJIbTaThl U3MEPEHUI TOKA U HATIPSI-
JKEHHsI OT ocIuIorpada ¢ ux COXpaHeHHeM;

® KOHTPOJIUPOBATH COCTOSIHUE JHOITHBIX COOPOK
1 THPUCTOPHOTO KJII0Ya B KaKIOU CHIOBOM
A9eliKe U B CIy4Yae BBIXOJla UX U3 CTPOA CO-
0611aTh 00 3TOM OIIePaTOPY ¥ OCTAHABIUBATD
IIPOLIeCC UCIIbITaHUI.

Bocemb cHIOBBIX Y€€k NOOKIIOYEHO Mapa-
JIEJIBHO Ha UCIBITYeMBIil IIPHOOP CHIIOBBIM KO-
akcmanbHbIM KabeneM. [Ipu ogHOBpeMeHHOM

5.00 B

” W~ v300.000C

Puc. 6. /Imnynbcb Toka 1 NpamMoro nafeHus HanpskeHst B paboyem pexuMe:
l,=122 KA, V;=13,5B(/—25«A/pen.,V—5B/nen,t—0,1 mc/pen)
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BKJTIOYEHUHN BCEX CHITOBBIX sSTIe€K MCITBITaTeIbHBII
CTeH]I UMeeT CJIefyIollre 9JeKTpHIecKue mapa-
MeTpBI: 00111as1 eMKOCTh KOHIEHCaTOpoB 16 MD,
3amaceHHas sHeprus 200 x/Ix, MakcuMamb-
HOe aMIIIUTYIHOE 3Ha4eHUe Pa3psIHOro ToKa
400 KA 1pu HaNpspKeHUU 3apsAfa KOHIeHcaTopa
1o 5000 B. ®opma uMmysibca Toka 6113Ka K CH-
HyCcoujie, IJUTEIbHOCTh Y OCHOBaHMA UMITyJIbca
(0,1 ammmuryner) — 520 mkc. McmbiTyemsrit go-
TOTUPHUCTOP BKJIIOYAETCS UMITYJIbCOM JIA3€PHOTO
U3JIy4eHus 1auHoi BosHbI 900-980 HM, MOLIIHO-
crpio 200 MBT 1 urenpHOCTBIO 50 MKC.

Hukn ucneitanus cienyromui. [To komange
orepatopa IIporpamMma yIpaBaeHUst KOHPUTY P~
PYeT UCIIBITATEIbHBIIA CTEH] COTJIACHO 3a[JaHHOMY
BUJTY UCTIBITaHUM. [lajiee IpOU3BOIUTCS 3apsiyl BbI-
OpaHHBIX CWIOBBIX siaeeK. [10 OKOHYaHUH 3apsiia
KOMIIBIOTEP OTKJIIOYaeT 3apsHOe yCTPOUCTBO
n bopMHpYeT IUKI 3allycKa. B maHHOM I[HKIIe
BBIIAIOTCA JIa3epHBIe UMITYIbchl Ha LT T-kmoun
BBIOPAHHBIX CUIOBBIX sideeK. CUIOBbIE SIeHKU
paspspkatoTcs dyepes ucnbiTyembrit LTT, a ocriu-
sorpad IPOU3BOMUT PErUCTPAIIUIO IIPOTEKAOIINX
IIPOIIECCOB, TAKUX KaK CUIOBOU TOK Yepe3 HCIIbI-
TYeMBblil IPHOOp U HAIPSDKEHUE, TPUIOKEHHOE
K HCnbITyeMoMy pr6opy. I1o OKOHYaHUHM IUKIIa
CHJIOBBIE STYEMKU Pa3psUKAIOTCS, KOHTAKTOPBI BbI-
KJTIOYA0TCs, U OCIiuutorpad mepenaer Ha KOM-
IIBIOTEp Pe3y/IbTaThl U3MEPEeHUI.

3KcnepumeHTaanble pe3ynbTaThbl

Harpy3o4Has cnoco6HocTb
thoroTupucropos

BaxHeiIIM yCIoBreM HaIe)KHOI pabOoThI pas-
PSIIHOTO KJIIOYA SIBJISIETCSI BBICOKAS Y CTOMIUBOCTD
oToTHPHCTOPOB K BO3AEHCTBUIO NMITYIbCHBIX
TokoB. OHa ompenenseTcss MAKCHMaIbHOM TeM-
TepaTypoil MOJYIPOBONHUKOBOM CTPYKTYPHI,
KOTOpasi 3aBUCHUT OT ApaMeTPOB IMPOTEKAIOIINX
HUMIIYJIbCOB TOKA (AMILIUTY/Ia, [UINTETbHOCTD,
dopma) u cobcTBenHBIX XapakTepucTuk LTT,
TIpesK/ie BCETO IIPSIMOTO MaTeHNs HallPSUKeHHS.

[ mopTBEpXKIECHHS CriennUIINPOBAHHBIX
(pabounx) 3sHAYEHHIT UMITYJIBCOB TOKA, & TAKXKe
ompeneseHNs MpeeNbHBIX U Pa3pyHIIaloIIuX
KOMMYTHPYEMBIX TOKOB IIPOBE/IeHbI HArPy304-
HbIe UCIBITAHUS U U3MEPEHUs IPSIMOI BOJIBT-
amnepHo# xapaktepuctuku LTT B mupokom
IWara3oHe TOKOB, B TOM IHCJIe IPU aMIUTUTYIaX
TOKQ, 3HAYUTEJILHO IPEBBIIIAIONINX pabodnii pe-
SKUM Pas3psTHOTO KIII0Ya.

DOoTOTHPUCTOPBI BKITIOYATIACH UMITYJTHCAMH CBe-
Ta MoIIHOCTbIO 200 MBT 1 KOMMYTHpOBaIH pef-
KO ITOBTOPSIOIINECS UMITYJIbCBI TOKa 10 170 KA.
[Tpu 5TOM M3MepPSIINCh UMITYTLCHBII TOK U TIPS~
Moe mafenne Hanpsvkenust. [To popme nmimyibea
HaNpsKeHUs, er0 MaKCUMaTbHOMY 3HaYEHUIO
U CMEIIIeHHIO NTHKA HAllPsDKEHUsT OTHOCUTEIILHO
IIIKA UMITYJIbCA TOKA OIpe/ieJIsICs IpefieTbHO
TOIIy CTUMBIN KOMMyTHpYeMeIit Tok LTT, Beire
KOTOPOTO IIPUOOP MOKET BBIITH U3 CTPOSL.

Ha pwuc. 6—8 moxasaHbI MMITYJIbCBI TOKA M TIPS~
Moro maneHus HanpsokeHus Ha LTT cooTser-
CTBEHHO B PeXXUMaX: pabodeM, MpefieIbHOM 1 TO-
KOBOU Ieperpys3Ky, Ipu KOTOPOI MPOUCXONUT
LITHYpOBaHUe TOKa U 11po6oi mpubopa.

Ha puc. 6 popma KpuBoit majeHus Ha-
NpsOKeHU S TPAKTUIeCKH MOJHOCTBIO COOT-

WWWwW.power-e.ru
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BETCTBYET XOPOIIO U3BECTHON CTAaHNAPTHOMI
KPUBOH MafeHNus HaNPSKEHHU NPH BKIIO-
YeHWH THpPHUCTopa. MMeeT MecTo TuIIb He-
6GOJBIION CIBUT NHMKA HAPSIKEHUS BIPABO
OTHOCHUTEJIbHO MHKA TOKA, YTO CBSA3AHO C Ha-
rpeBoM KpemHHeBo cTpyKTypsl LTT ot npo-
TEKaIOIIEeTO TOKA.

Ha ocimnmorpamme puc. 7 BUIHO, 9TO B IIpe-
IeIbHOM PeKMMe IXKOYJIeBBIH Pa3orpes Kpem-
Huesoit cTpykTypsl LTT mpusonut k samycky
TepMOTEHEPaMOHHBIN IPOIECC, KOTOPHIH
UCKakaeT GOPMY UMIIyJIbCa HPSIMOTO Iafie-
HHUA HalpsOUKEHNs C BOSHUKHOBEHHEM CIIpaBa
Ha KPUBOW XapaKTEPHOTO NHMKA HANPSKEHNUS.
B nanHOM npumepe GOTOTHPHUCTOP COXPAHHI
cBou OiIoKHpylolue Xapakrepuctuku. [Ipu
ocyielyIonieM He3HaUUTeIbHOM YBeJINIeHUI
UMITYJIbCa TOKa (pHC. 8) TepMOTreHepallOHHBII
UK HAaIIPSDKEHUS Pe3Ko BO3pOC, MpH6Op mpu
9TOM BBIIIE] U3 CTPOS U3-3a Pa3PyIIUTEILHOTO
ITHYPOBaHUS TOKa.

Ha puc. 9 mpeacTaBieHa BOJbTaMIIepHAS
xapakTepuctuka LTT Bo BKIIOUeHHOM CO-
CTOSHUAM B 0671acTH GOABIINX UMIYJIbCOB
TOKa. 3eJIeHble TOYKU — 3TO Pe3yIbTAThl M3~
MepeHHU, CHHSISI KpUBasi — pe3yIbTaT pacdera
BAX. KpoMe Toro, 3nech mokazaHa pacdeTHas
3aBHCHMOCTh MaKCHUMaJIbHON TeMIIepaTypsl
KpemHHUeBOI cTpyKTypsl LTT ot kommyTHpye-
MOTo TOKa (KpacHast KpuBasi). PacdeTsl BbIIION-
HEHBI B IPOTPAaMMHOM KOMILIEKCe Synopsys
Sentaurus TCAD. B nesom BusHO X0pouee
COBIAJIeHUE U3MEPEHHOU M PACIETHON IIPsI-
MbIx BAX. Pacxoxnenue atux BAX npu to-
Kax BbIIIe 160 KA CBSI3aHO C TeM, YTO PACIeThI
He yYUTHIBATH (PEeHOMEH IIHYPOBAHIS TOKA
npu GBICTPOM pa3orpeBe KPeMHHS, IPUBO-
ISIIEero K HeKOHTPOJHUPYEMOMY Pa3BUTHUIO
TepMOTeHepPAIMOHHBIX IPOIECCOB.

Ha BonpT-ammnepHoit xapakrepuctuke LTT
(puc. 9) MOKHO YCIOBHO BBIIEIUTH TPU 001a-
cru. O61acTb 1 pacnpocTpaHseTcs 10 aMIUIUTY -

Puc. 7. Vimnynbebi Toka 1 MPAMOro NafeH s HanpskeHs B MPEAENbHOM PEXVME:
l,=1645kA, Vr=18B,V,,=26 B(I—25KA/pen,V—10B/pen, t—0,1 mc/gen)

][ﬁalv 00.000p.c

Puc. 8. VImnynbcbl Toka v npaMOro nageHns HanpsikeHns B MOMEHT npobos LTT npAMbIM TokoM:
l,=170kA, V;>35 B (I—25«A/pen., V—5B/pen,t—0,1 mc/pen.)
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16l Toka 120 KA. B aToit obimactu JOITY CKAeTCs
MHOTOKPATHO TIOBTOPSIIOIITHICS PeSKIM HAaTPY3KI
HMITYJIbCHBIM TOKOM aMILTHTY0# 10 100-120 KA.
O611acTh 2 COOTBETCTBYET IPEJeIbHOMY PEXKUMY
Harpy3KH c aMILUIUTYOU ToKa 125-160 KA. B aToit
06J1aCTH THPUCTOPHI [IOCTIE BKIIOUCHHS OCTAI0T-
¢s1 pabOTOCIIOCOOHBIMY, HO TIPU 9TOM HX PECYPC
CHIDKAETCSI, U 4eM OJIMKe KOMMYTHPYEMBII TOK
k 160 KA, Tem MeHblite ux pecypc. Obmacts 3 —
3aIpeleHHbII PeXXUM paboThl Iprbopa.

Jlst wersipexmioiiMoBoro 4,5-kB LTT pa6ounit
PEKHM Harpysku B 6aTapee IPOTHBOTOKA Orpa-
HUYeH aMIUTATYHo# Toka 1o 100 kA. OH cyme-
CTBEHHO MEHBIIIe TIPeIeTbHOTO IMITYJIhCa TOKA,
4TO IaeT MPeIOCHIIKN OKUAATh OT mpubopa
BBICOKOU Halle’KHOCTU BO BpeMs 3KCIITyaTa-
nuu. B mogTBepsKIeHue CKazaHHOMY Ha puc. 10
IpelcTaBleHa pacdeTHas 3aBUCUMOCTb MaKCH-
MaJIBHOM TeMIIepaTypbl Pa3orpesa KpeMHHEBOM
CTPYKTYpbI GOTOTHPUCTOPA OT BPEMEHH IIPU
KOMMYTAI[UH HMITYJIbCa TOKA B INTATHOM PeXKHU-
Mme pabotsr 100-kA/12-xB LTT-kroua. Bunso,
4TO MaKCHMajbHas TeMIepaTypa KpeMHUeBOU
crpykrypsl LTT B aTOM pexxuMe He IpeBBIIIaeT
+125 °C, 4T0 CIOCOOCTBYET LONTOBPEMEHHOI
pabore Kito9a.
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Puc. 9. BonbT-amnepHas xapaktepuctuka LTT
BO BKIMIO4YEHHOM COCTOSHIM B 06nacTyt onbLLmnx
TOKOB (3eneHble TOHKM — 3KCMEPUMEHT, CUIHAR
kpuBas — pacyeT). KpacHas kpusas — pacyeTHas
38BWCHIMOCTb MaKCMansHOV TeMnepaTypbl
KpemH1eBo# CTpyKTypbl LTT oT Toka
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Puc. 10. 3aBncymocTs MakcumansHom
TemnepaTypbl KPEMHUEBO CTPYKTYpbI LTT

0T BpeMeHv (KpacHbI LIBET) Npy KOMMyTaLMK
“Mnynsca npamoro Toka amnnutygor 100 KA
(cvHwi UBeT)
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CunoBas anexkTpoHuka, Ne 3’2019

Wccneposanne nasnHHoi

YCTOH4YUBOCTYN (hOTOTUPHNCTOPOB

Beiiire oTMeueHo, 4To npu padore B 100-kA/
12-xB LTT-kmo4ax GOTOTUPHUCTOPHI HMeENH
IOCTaTOYHO GOJIBIINE 3aMachl Kak 110 paboye-
MY HalPsDKEHHIO U TOKY, TaK U II0 TeMIlepa-
Type kpeMHHA. OnHaKo 3TO He gasanxo 100%
BLIXO/Ia HAa UCNIBITAHUAX Y 3aKa3uMKa IepBBIX
o6pasnos LTT-kmoueit B pesxume, n306paxkeH-
HOM Ha puc. 2. [lins perieHust 9T0il mpo6aeMbl
B IPOTPAMMy PYTHHHBIX UCIBITAHHI ObLIN
BKJIIOUeHbI ucibITanust LTT o6paTHOII ynapHOit
MOIITHOCTBIO, HOTOOHO TeM, YTO IIPOBOIATCS
Ha JTaBUHHBIX guonax. K ¢pororupucropam
B OépaTHOM HANIpaBJIEHUU NMPUKIANBIBATUCH
OIMHOYHBIE UMITYJIbCBHI HAIIpAKEHUS Tpalie-
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Puc. 11. VImnynbcel Toka v HaNpsXkeHUs npu
VICMbITAHMSX NaBUHHO ycTon4mBocTY LTT

Mpo6on

Tok, KA

-10 0 10 20 30
Bpewmsi, mkc

Puc. 12. Mpo6oi LTT npu 06patHom
BOCCTaHOBNEHWM

Puc. 13. XapakTepHbii BUA y4acTka npobos
LTT puHamu4eckoin naBuHom

OUHIIBHOMN GOPMBI IIHTEIbHOCTBIO 100 MKC
aMILUIATYyR0i oKoao 6500 B, npu sTOM TOKHK
Ha JJABUHHOM y4acTke oOparHoit BAX pocru-
ranu 500 A. OcuIorpaMMbl IMIYIbCOB TOKA
U HaIpsDKEHUS IIPU MCIBITAHUAX JTaBUHHOM
ycroitauBoctu LTT noxasaner Ha puc. 11.

BoabIIMHCTBO THPUCTOPOB ITH UCIBITAHHU
ycIemHo Boiepskany. OHU TakKe ITOKa3asIn JIyd-
1Y€ Pe3yJIbTAaThI IPU HCIIBITAHUSAX B PAa3PSITHBIX
KJII0YaX y IIOTPeOUTEILs], HO, TeM He MeHee, IIpo-
601 IIPOJIOIIKAIIHCE.

Wccneposanue croiikoctn gpoToTnpucropos
K UMMYNIbCHbIM TOKaM C MpuJioXeHnem
06parHoro HanpsHKeHus
O‘Iepe]leIM mraromMm 6LIJIO BBE€ICHNE B IIPO-
IpaMMy HCIBITaHUI (OTOTUPUCTOPOB HATPY3KU
pu6opoB UMITyIbcamMu Toka 0 100 KA, ¢ mo-
CIIeTYIONINM NIPIIIOKeHHEeM 0OPaTHOTO HaIpsi-
JKeHHs aMIuuTy 1o# 1o 3500 B. MicnibiTanus npo-
BOJVUIMCH Ha OIIMCAHHOM BBIIIIe KOHIEHCATOPHOMI
YCTaHOBKe, KOTOPast ObLIa COOTBETCTBEHHO IIepe-
IIPOrpaMMHUPOBAHA UL HCIBITAHUN poTOTUPH-
CTOPOB B 3TOM PEKHIMeE.
V3MepsuIiCh TapaMeTpsl 00paTHOTO BOCCTa-
HOBJIeHHs: TOK (I,,), 3apsan (Q,,) u Bpems (1,,)
06paTHOTO BOCCTAHOBIEHUS POTOTHPUCTO-

CunoBas anemeHTHas 6aza

POB, a TaK)Ke CKOPOCTH craja npsiMoro (—di/dt)
u obparroro (dip/dt) TOKOB. 3HATEHUS ITUX
I1apaMeTpoB JUIs OHOI U3 TPYIII THPUCTOPOB,
HCIIOJIB3YEeMBIX B BBICOKOBOJIBTHBIX COOpPKax
paspspubix LTT-Kiodei, HOKa3aHbl B TA0IH-
1e.

C mespio yIydIlIeHNs JUHAMHYECKOTO Jiese-
HUS HaNIPSUKEHHS Ha MOCIIEN0BAaTeIbHO COeH-
HEeHHBIX (POTOTHPHUCTOPAX IPU BHIKITIOUEHUN
BBICOKOBOJIBTHOM c60pku asemenTts! LTT mox-
BepPraJIuCh CIeNUaJIbHOMY BLIPABHUBAIOLIEMY
006JIy9eHHIO 9IeKTPOHAMHU. PesxuM 06Ty deHns
6511 TOKOOpaH TakuM 00pa3oM, 4ToObI 06e-
CIIEYHTH Y3KUI pa3bpoc mapaMeTpoB U COXpa-
HUTb BBICOKHME MMITYJIbCHBIE TOKH. Pasbpoc
I, n Q,, Bo Bcex rpynmnax LTT He nmpesprman
1,5%. W3 tabnunbl BUIHO, YTO IIPU HArpy3Ke
dororupucropa numiynscom Toka 100 KA ¢ mpu-
JIO>KeHHeM 00paTHOTO HAIPSDKEHUS 9TAIl BOC-
CTaHOBJIEHHSI OJIOKUPYIOIIEH CIOCOOHOCTH Xa-
PaKTepU3yeTCs BHICOKUMU 0OPaTHBIMH TOKAMH
U CKOPOCTSAMH KOMMYyTanuu. VcrpitaHus mo-
KasaJIl, 4T0 HeKOTOPbIe IPHOOPHI IPH UCIIbITA~
HUAX B KOHJIEHCATOPHOH YCTaHOBKE 9TOT PEKUM
He BBIEP/KUBAIOT.

BBIIO yCTaHOBIIEHO, 9TO IIPO6OIT IPOUCXOMHIT
IIPU HAIPSDKEHUSX, 3HAYUTEIBHO MEHBIINX

Ta6nuua. [uHamuyeckue napameTpbl LTT (lp = 100 kA, Vg = 3,5 kB)

Ne LTT A te MKC Q,,, mxKn ~di/dt, A/mkc dig/dt, A/mKc
'62_11" 3475 16,06 31113 350 854
'58_9" 3477 16,14 31389 352 845
'62_14' 3502 16,13 31589 857
353
611" 3539 16,55 32764 808
'63_1" 3553 16,6 33003 351 816
'61.39" 3562 16,36 32529 354 849
32-21
35-19 27-21

34-14

36-20

Puc. 14. Pacnpegenerue To4ek Npobosi Ha KaToaHoW noBepxHocTyh 16 wTyk LTT, BoilueaLunx u3 cTpos
B pexume KommyTaLwm Toka amnautyaoi 100 kA ¢ npunosxeHrem 06paTHOr0 HanpsXeHNs

27-16
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HEeIIOBTOPSAIOIIET0CA HaNPsKeHUsA Vg HC-
nbITyeMbIX pubopos (mo 1000 B). Ha puc. 12
II0Ka3aH TUIIUYHBIN CIIy4ail BBIX0O/a POTOTHPH-
CTOpa U3 CTPOSA ITOCIE€ KOMMYTal UMITYJIbCa
Toka 100 KA Ha 3Tare BOCCTAHOBJIEHUS 3aIH-
paloleil ClocCOOHOCTH NPH CIIafie 0OPaTHOTO
TOKa. XapaKTepHBII BUJ y4aCTKa KPeMHUEBOH
crpykrypsl LTT mocie atoro mpo6ost nokasan
Ha puc. 13 1 MoKeT OBITb CBSI3aH C pa3pylIeHIeM
npu6opa JUHAMUIIECKOH TaBUHOMH [7].

Tupucropsl, BblepKaBIIne Ha KOHIEHCA-
TOPHOI yCTaHOBKE KOMMYTAI[UIO UMITYJIbCHBIM
ToKOM 100 KA ¢ OC/IeyIomumM o6paTHBIM BOC-
CTaHOBJIEHHEM, 3aTe€M YCIIEIIHO IPOILIN BCe
BH/IBI HCIIBITaHuI y moTpebuTerns 100-kA/12-kB
LTT-kmioueit Ipu TeCTUPOBAHUU KOH/IEHCATOP-
HOI1 6aTapen IPOTUBOTOKA.

O6cyxpaeHue

PeBYHbTaTbI I/ICCJICHOBaHI/II;I IIOKa3ajn BI)ICOKYIO
YCTOMYUBOCTE POTOTUPHCTOPOB K HMITYIIbCHBIM
ToKaM 6e3 (hasbl BBIKIIOUEHNUS U JTABHHHbIM I1e-
perpyakam o6paTHBIM HalpsDKeHneM. XOpolre
pesyJIbTaThl MOTydeHbI IpH oTOOpe poTOoTHPH-
CTOPOB MJIsI BBICOKOBOJIBTHBIX COOPOK C ITOCIIE-
JOBATEJIbHBIM COEAUHEHNEM, KOTOPBIE TOJIKHBI
pa6OTaTb B I/IMHYJ'IBCHI)IX peXumax KOMMYTaHI/II/I
6OJIBIIIIX TOKOB € 0OPaTHBIM BOCCTAHOBIIEHUEM.
[ToTepu mpubOpPOB IIPU ITOM COCTABILSUIH He 60-
nee 15%.

N3zydensr mpuanasl Berxoga LTT u3 ctpos
BCJIENCTBHUE IMHAMWYECKOM JIABUHBI. Y CTAHOBJIEHBI
Mecta mpo6ost. Ha puc. 14 mpepcraBiena «Tormo-
rpacduyeckast KapTa» pPacIoI0oKeHHs Ha KaTOIHOM
nosepxHoct LTT Touek npo6ost 16 npu6opos,
BBIIIIE/IIITUX U3 CTPOSI B PeKIMe KOMMYTAI[UN

TOKa aMILIUTYoi 100 KA ¢ mpuiIoxkeHueM 06-
paTHOTO HanpspKeHus. Ha pucynke BUIHO, 4TO
GOJIBIIINHCTBO TOYEK IPO6Os (~75%) HAXOAATCS
Ha KpasiX IeThIPexcIoiHoi cTpykTyphl LTT B 06-
nacti GacKy U Pa3BeTBIEHHOTO YIIPABISIOIIEr0
IJIEKTPOJIa.

ITepBONPUYUHOI 3TOMY € GOJIBIION BEPOSITHO-
CTBIO ABJIAETCS JIOKAIU3AIUA KOMMYTHPYEMOTO
TOKa B OTKPBITBIX y‘-IaCTKaX erMHI/IeBOfI CTPYK-
TypbI Ha TPaHUIlE NT-p OMUTTEPHOTO Ilepexoja
¢dororupucropa. [Ipu mpoTekaHHU HMITYIbCA
IPSAMOTO TOKA Ha 9TOM I'PaHUIIE HUMEET MeCTO
TIOBBIIIEHHASA INIOTHOCTD TOKA, KOTOPas coXpa-
HSIETCS B TeX JKe MecTax B (pase mpoTekaHus 06-
parHoro Toka mpu BeikaodeHnn LTT. B mectax
C IIOBBIIIIEHHOM INIOTHOCTBIO TOKA IIPO6OIt IpH-
6opa 13-3a IMHAMUIECKOI JaBUHBI HanboIee
BEpOSITEH.

Hamu n3ydaercs BO3MOKHOCTD IIOJIHOTO HC-
KITI09eHHs Ip060st POTOTHPHUCTOPOB U3-32 JMHA-
MUYECKOM JIABUHBI HYTCM M3MEHEHUA TOIIOJIOTUHN
BBICOKOJIETPOBAHHON YaCTH aHOIHOTO Iepexoyia
LTT, xoTOpoe I0JKHO YTy 4IIUTb OHOPOITHOCTD
pacrpesiesieHus INIOTHOCTH TOKA MO IUIOMIAIH
dboToTHPHCTOPA BO BKIIOUEHHOM COCTOSTHUU
U IIPH €0 BBIKTIOYEHHH.

3aksno4veHve

[TpoBepeHHbIE HA KOHIEHCATOPHOH YCTaHOBKE
(OTOTHPUCTOPHI YCIEIIHO BBIEPKAIH Ha CTEH-
Jax y IOTPeOHTeNs BCe BUIBI HCIIBITAHUH B CO-
crase 100-xA/12-xB LTT-kmio4ett Ha mpesiennbHbIE
TOKH U HaIlPsDKEHUsI IPU TeCTHPOBAHUM 6aTa-
peu MPOTUBOTOKA CHCTEMBI 3aIlIUTHOTO BBIBOZIA
anepruu ITER. ITpoBepka pa6oTocriocobHOCTH
LTT-xrr04a ObUIa ITOATBEPIKIEHA TTOT0XKUTENIb-

HBIMU pe3yJIbTaTaMH UCHBITAHNI UMITYIbCAMU
Toka 100 KA ¢ mpuioskeHIeM 0OPaTHOTO HAIIPSI-
skeHUst B 06beMe 5000 BKITIOTEHMUIA. _ |
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