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Mpeancnoeue

1 PASPABOTAH AkunoHepHbiM o06uwecTBom «HayuHo-npouseoncTeeHHaa dupma  «MwukpaH»
(AO «HIM® «MukpaH»), ®egepantHbIM rocygapCcTBEHHBIM BHOMKETHBIM 0Dpa30BaTENbHLIM YYPEXAEHUEM
Bbiclwero obpa3oBaHma « TOMCKWIA rOCYAapCTBEHHbIN YHUBEPCUTET CUCTEM YNPaBneHuss 1 pagno3anekTpoHu-
ku» (Pre0OY BO «TYCYP»), ®PepepancHbiM BOMKETHBIM yupexaeHueM «ocynapCTBEHHbIA pernoHanbHbIA
LEHTp cTaHgapTM3auun, MeTPONorMM U UcnbiTaHui B Tomckoi obnactuy (PBY «Tomckuin LLCM»), Pegepans-
HbIM rOCY4apCTBEHHbLIM BHOIKETHEIM yYpexaeHneM « POCCUICKUA MHCTUTYT cTaHaapTusauumy (OrbY «MHcTu-
TYT CTaH4apTU3auum»)

2 BHECEH TexHu4yecknum KOMUTETOM No cTaHaapTusaumm TK 328 «CBepxBbICOKOYACTOTHAA U cMnoBas
SNEeKTPOHUKa»

3 YTBEPX/EH W BBEJEH B JEWCTBWE MMpukazom ®enepanbHOro areHTCTBA MO TEXHUYECKOMY
perynupoBaHuio u metponorun ot 29 nekabps 2023 r. Ne 1773-ct

4 BBEJEH BINEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHAa
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmandapmu3sayuu 8 Pocculickol ®edepayuu». MHgpopmayus ob u3-
MeHeHUSX K HacmosuwieMy cmaHO0apmy rnybrnukyemcs e exes00HOM (0 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmsbi», a oguyuanbHbil MeKcm usmMeHeHul
U ronpasoK — 8 eXeMecayHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B ciyvae
rnepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuie2o cmaH@apma coomeemcmsyrouwee ygedomneHue bydem
onybnukoeaHo 8 b6ruxalweM ebINyCcKe eXeMecsyHO20 UHGOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomsememaeyiow,asi UHGhopMayusi, ygedoMIeHUE U MEeKCmbl Pa3Mewalmcs makxe 8 UH-
gopmayUuoHHOU cucmeme 06wez0 Noab3osaHuUss — Ha oghuyuansHoM calime PedepanbHO20 azeHmcmea fno
MexHUYeCcKoMY peaynuposaHuro U Mempoioauu 8 cemu MiHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «UMHcTUTYT cTaHgapTuzayumny», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3peleHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

YCTPOWCTBA NMPEOEPA3OBAHUA QHEPITMU HA OCHOBE HUTPUOA rANNuA

MeTtopn M3MEPEHMI7I AnAa OUeHKU HenpepbIBHONO nepekKnkw4vyeHnn

Energy conversion devices based on gallium nitride.
Test method for evaluation of continuous switching

Data BeepgeHuna — 2024—02—29

1 O6bnacTtb NnpuMeHeHunA

HacTosawwmii cTaHgapT ycTaHaenveaeT CpeacTBa SMeKTPUYECKoro YNpaBneHnst CUNoBbLIMY Nepeknya-
MMM YCTPOMCTBAMW HA OCHOBE HWTpWUAa rannus (ganee — yctpoictea GaN) B Lenu ¢ HenpepbiBHbIM Nepe-
KMYyeHneM 1 MeTog onpegeneHnst hopm gUHaMUYeCKUX NepeknioYaoLMx CUrHanoe U gmarpamMmm 4na oLeHK:
HenpepbIBHOTO NepekntioyeHuns. MeToq uamepeHnin MoxXeT OblTe NPMMEHEH K CrieayioLw MM yCTPoNCTBaM:

- OWCKPETHbLIM CMNOBLIM ycTpoicTBam GaN, paboTaowmum B pexumax oboralleHust u obegHeHus;

- WHTErpupoBaHHbLIM CUNOBLIM ycTpohcTBam GaN.

CwunoBeblie yctpoiicTea GaN B Kopnyce umetoT Gornee peanucTMYHbIA Npodunb Harpysku, Yem uagenus
Ha MracTuHe, 3a CYeT y4YeTa B3aUMOLEACTBMSA C NapasuTHLIMKU aNIeMEHTaMK, a TaKKe KyMyNAaTUBHOIO camMmoHa-
rpeBa M MexaHudecknx adpexkToB. MeToq, yCTAHOBMEHHbIV B HACTOSIWLEM cTaHdapTe, NPUMEHUM Ha ypoBHe
NMacTuH AN onpegeneHna TEXHOMOMMUYECKUX XapakTepucTuk ycTponcTe GaN ¢ HagnexalumM yueTom coeau-
HEHWIN 30HOOB U UX BIUSIHUA HA PeaynkTaThl U3MepeHui.

B HacTosiem cTaHgapTe ycTaHoBneHo obllee pykoBOACTBO MO CXemam M MeToaaM WaMepeHuid, KoTo-
pble MOXHO MUCMONL30BaTh ANA onpefeneHus Ge3onacHoi 30Hbl paboTsl yCTPONCTEA.

2 HopmaTuBHbIE CCbINKK

B HacToflwem cTaHgapTe UCNONb30BaHbl HOPMATMBHLIE CChIMKW HA cneaylolne cTaH4apThbl:
MOCT 19095 TpaHaucTopbl noneskble. TepMUHLI, onpegeneHns 1 bykseHHbie 0603HaYeHNs NapaMeTpoB
FOCT 27264 TpaH3WUCTOPbI CUMOBbIe bunonsapHbie. MeToabl M3MepeHui

MpumedaHue — lpuW NoONb3OBaHWM HACTOSALLMM CTaHAAPTOM LenecoobpasHo NpoBepuTe AeMCTBUE CCbINoM-
HbIX CTAHOAPTOB B UH(IOPMALMOHHOW cucTeme 0BLWero nonb3oBaHna — Ha oduumansHom cante denepansHoro areHT-
CTBa Mo TEXHWYECKOMY PEeryrMpoBaHUI0 U METPOIOTAM B CETU VIHTEPHET UMK MO eXerogHoMy MH(POPMALMOHHOMY yKasa-
Tenmo «HaunoHanbHble CTaHOapTLI», KOTOPLIA ONYGIUKOBaH MO COCTOAHWUIO Ha 1 SHBaps TEKYLUEro roga, U no BbiNyckam
eXemMecsMHOro MHopMaLMOHHOIO ykazaTensa «HauuoHaneHble cTaHaapTel» 3a TeKyLWiA roa. Ecnn saMeHeH CCbINoYHBbIiA
CTaHgapT, Ha KOTOPbIA AaHa HeQaTUPOBaHHAA CChINKa, TO PEKOMEHOYETCA MCMOMb30BaTh OENCTBYIOLWYI0 BEPCUIO 3TOrO
cTaHdapTa ¢ YY4eTOM BCEX BHECEHHLIX B AaHHYI0 BEPCUI0 U3MEHEHWUIA. Ecnu 3aMeHeH CCbINOYHbIA CTaHOApT, Ha KOTopbIii
[aHa AaTUPOBAHHAA CChIMNKA, TO PEKOMEeHayeTCa UCNONbL30BaTh BEPCUIO 3TOTO CTaHdapTa ¢ yKa3aHHbIM Bbile rodoM yT-
BepXKOeHUS (NpuHATUA). Ecnun nocne yTBEPXKOEHWS HACTOSILLErO CTaHAapTa B CCbIMOYHbIA CTaHAapT, Ha KOTOPbIA AaHa
daTpoBaHHas CChbifka, BHECEHO M3MEHEHWe, 3aTparMBatollee NonoXeHne, Ha KOTopoe [aHa Cebinka, TO 3TO NONoXKeHne
pekoMeHayeTcs NpUMeHsATL Bea yYeTa JaHHOro M3MeHeHUs. ECni CCbiNMoYHbIN cTaHaapT oTMeHeH 6e3 3amMeHbl, TO NMono-
KEHUWe, B KOTOPOM JaHa CChiNIKa Ha Hero, pekoMeHOYeTcA NPUMEHATL B YacTK, He 3aTparvBatoLLeit 3Ty CCbINKY.

3 TepMuHbI, onpegeneHnA, COKpaleHusa u 00o3HayeHunA

3.1 B HacTosleM cTaHaapTe npuMeHeHbl TepMuHbl no FTOCT 19095, a Taicke cnefywwme TEPMUHBI C

COOTBETCTBYHLWMMK onpegeneHnamn:
3.1.1 xecTKoe nepeknw4yeHue: MeTog nepekn4eHna Nnpu BeICOKOM MMNYNbCHOM TOKE U HanpsaxXxeHun

CTOK — MUCTOK, B OCHOBHOM npoucxogdLliero npn KOMmytaunmn aKTVIBHO-I/IH,EI,yI{TMBHOF’I Harpy3ku.

MapaHune ochbuumnansHoe
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MpumeyvyaHuns

1 B pexumMe ecTkoro nepekrniodeHuss OCYLLECTBNAETCH NepPekpbiTUE HAMPSKEHUS CTOK — WUCTOK W TOKa KaHana,
npy KOTOPOM CUNOBOE YCTPOCTBO NepeknioyaeTca NMBo 13 COCTOAHMSA «BKIMOYEHO» B COCTOAHME «BbIKMIOYEHO», NMGo
M3 COCTOAHUA «BLIKINIOYEHO» B COCTOSHUE «BKMHOYEHO». MpeobpasoBateny ¢ XecTkUM NepekniodeHuemM npeacTapnsawoT
coboi noebiwarwwme npeobpasoBaTeny ¢ Koppekunen koauuneHTa MOLWHOCTH, NOHMKaloWwne npeobpasosartenu, uH-
BEPTOPbI YNpaBneHna ABUraTernem M HECUMMETPUYHblE 0BpaTHOXOOOBLIE LIEMNW.

2 Bo Bpems BKMIOYEHWUS 1 BBIKIIOYEHWSA HA YCTPOMCTBO NOAAETCH HanpsikeHue 1 ToK. MNpu XXecTKOM NepeknioYeHnn
TOK CTOKa W HanpspkeHWe CTOK — WCTOK Pe3Ko M3MEHSAOTCS, Bhbi3blBasA LWYMbl NMEPEKITIOYEHNA U noTepu. XKecTkoe nepe-
KIIOYEHWE UCNOoNb3yeTcs ANs NpoCThiX NepeknoyaTeneil, npeobpasoBaTtenei 4acToTel M UMMYNbLCHBLIX Npeobpa3oparteneii
nuTaHus.

3.1.2 mArkoe nepexKnrw4yeHue: Metoa nepekniyYeHnAa TpaH3ncTopa Nnpyu NOHMXXeHHOM (I/IJ'II/I HyHEBDM)
HanpaxXeHnn CTOK — UCTOK U (MJ'IVI) TOKe CTOKa.

MpumevaHnna

1 Pexum MArkoro nepekntoyeHns CoOTBETCTBYET YCMNOBUIO, MPW KOTOPOM OTCYTCTBYET NepeKkpbiThe HanpsKeHws
CTOK — WCTOK M TOKa CTOKa, KOMMYTaLWOHHbIN TpaHauctop GaN nepeknioyaeTcs Mexgy COCTOSHUAMMU «BKMHHYEHO» W
«BbIKIIOHEHOY, NEPEKPbITUE MEXOY KPUBbIMKU HAMPSPKEHUA CTOK — WUCTOK M TOKA CTOKA MOXET NPOVCXOAUTb M3-3a KOMMY-
TauMOHHOro TOKa, HO 3TOT TOK He MpOTeKaeT Yepe3 KaHarmn B COCTOAHWKM MSAMKOro nepekntoydeHuns. NpeobpasoBartensamu ¢
MSArKMUM MepeKnioyeHneM SBMAITCH NpeobpasoBaTeny ¢ NepekniyeHeM Npu HYNeBoM HanpshxeHun, npecbpasoeatenu
LLC, obpaTHOoxonoBbie npeobpa3oBaTeny ¢ akTUBHbIM KIHOYOM U T. 4.

2 Msrkoe nepeknioyYeHne NpyMeHseTcs B pe3oHaHcHOM KoHType LC ana BKMIOYEHUs M BbIKMHYEHUS YCTPOWCTBA
NpW HyNeBoM TOKe CTOKa UMK HanpsieHWW CTOK — MCTOK, MW BPpeMs NepeknioveHns HanpsxeHWs 1 TOK KOHTPONMpYTCS,
YTOBbI CBECTM K MUHUMYMY WX nepecedeHue. [py MArKoM NepeknioYeHun YMeHbLIATCA KOMMYTaLUNOHHBIA WyM 1 noTe-
pW, Tak Kak nepekniodalolre yCTPOUCTBa BKIIOYAIOTCA W BLIKMIOYAKTCA NPU HYNEBOM WK NMOYTA HYNEBOM HanpsiKeHum

CTOK — WUCTOK UMW TOKE CTOKA.
3 Msrkoe nepeknoyeHne MMeeT OONOMNHUTENBbHOE NPEeNMYLLECTBO Nepes XeCTKUM NepekrniodeHneM ¢ TOMKU 3pe-
H1A BesonacHo pabo4vel 30HEL.

3.2 B HacTodLWeM cTaHAapTe NPUMEHEHLI cneyrLUne CoKpalleHUs U 0603HaYeHUs:

B3P — Be3onacHas 30Ha paboThl (ycTponcTea);

MY — ucnbiTbiBAEMOE YCTPOWCTBO;

PHI — pexum HenpepbIBHOWM NPOBOAMMOCTK;

CW — cpeacTBo M3MepeHuit;

GaN — HuTpua rannus;

I,,N, IOUT— BXOOHOW N BbIXOAHOW TOK COOTBETCTBEHHO;

[} — NOCTOAHHbLIN TOK Yepe3 MHAYKTUBHOCTb;

Ip — TOK cTOKa;

ID(ON) — TOK CTOKa BO BKMOYEHHOM COCTOSHUM;

L — ToK gpoccens;

LC — pe30HaHCHBLIN KOHTYP;

LLC — Tun pe3oHaHcHoro npeobpazoBaTensi, UCNOMbL3yeMoro (B OCHOBHOM) B NpeobpasoBaTensx nu-
TaHus,

R — conpotuBneHue;

T — Temneparypa Koprnyca 1CnblTbiIBa@MOro yCTPOMUCTBA;

T,— TemnepaTypa nepexoAa MCNbITEIBAEMOrO YCTPONCTBA;

U — HanpsbxkeHue nutaHus,

Upg — HanpsikeHue CTOK — WUCTOK;

UDS(OFF) — HanpsXeHne CTOK — WUCTOK B BbIKMHYEHHOM COCTOSHUW;

Ugg — HanpskeHue 3aTBop — UCTOK.

4 OOwwe nonoxeHus

4.1 O6wme nonoxeHuss — no MOCT 27264.

4.2 BnusiHMe caMoHarpeea Ha anekTpuyeckme napametpbl MY HeobXoauMOo yuuTeIBATL NPU UX W3-
MEpEeHUN BO BpPeMsl LUWKIMOB nepeknioyeHusi. Beibop manoro pabodyero uMkna npu BKNHOYEHUW B MeTode
U3MepeHUn MOXET MPUBECTW K TOMY, YTo Temnepartypa nepexoga WY T, GyoeT npubnusntensHoO pasHa
Temnepatype ero kopnyca T, 1 TemnepaTtype oKkpyxawluiein cpeasl. Temnepatypy UY moxHo Henocpea-
CTBEHHO KOHTPOMMPOBaTbL C noMolbio CY TemMnepaTypbl, TENIOBU3WOHHOW KaMepbl UM APYrMM MeToaoM
N3MEepeHun TemnepaTtypsl.

2
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4.3 Ecnu KoHTponb NapaMeTpoB, onpeaensiolnx npuroaHoctb MY, HeBoaMoxeH B Npolecce nposeae-
HWUA M3MEPEHUiA, crnedyeT NepModUYEecKU NpepbiBaTh NPOLECC U3MEPEHUR C LENbio KOHTPONA COOTBETCTBUS
AaHHbIX NnapameTpos TpeGosaHuam TY.

4.4 [na Hagnexalleid MHTepnpeTauun pesynsTaToB ¢ TeYEHUEM BPEMEHW NpU NPOBeAeHUN U3MEPEHUA
B HEMpPepbLIBHOM pexumMe cnegyer (UKCMPOBaTbL OTMETKW BPEMEHU, B TeYeHMe KOTOPOro OHW BbIMOMHATCS
nocrne Hadana npouecca.

4.5 Bnusinne nwboro nogkntodeHHoro CY BO BpeMsi U3MepeHWid JOMKHO BblTe YUTEHO M MO BO3MOX-
HOCTU CBEOEHO K MUHUMYMY.

5 PexxuMbl nepeknoveHuUs UCMNbITbIBAaeMOro yCTpoucTBa
Ha MHAYKTUBHOW M Pe3NCTUBHOWN Harpy3kax

5.1 WameputenbHyio cxeMy 1 cnocob namepexus npouna kpuson /n—Upg MY BeIBUpaoT ucxoas u3
KOHEYHOro HasHa4YeHusa yCTPONCTBA.

5.2 Cxema, ncnons3yemas Onsl UHOYKTUBHO-HArpy>XeHHoro uamepeHus Y metogom oBOMHOMO MMMYIb-
ca, npuBefeHa Ha pucyHke 1. MiamepuTenbHas cxema 3KBMBaNeHTHa MOBbILLAWeMy npeobpasoBartento ¢
BbIXOAOM, NPUBA3AHHOMY K MCTOYHMKY BXOOHOTO HanpsikeHus. Takum obBpasoM, pexum pabotel MY aHanoru-
YeH TPaH3UCTOPY C XECTKUM MEPEKITIYEHUEM B MOMYMOCTOBbIX CXEMaX, B KOTOPbIX KaTyllka WHOYKTUBHOCTM
NOAKMOYEHa K Y3My NepeKnioyeHns.

L A

b YV

[ |
1
ny ny
Unur Ci — Uy l I B

PucyHok 1 — MameputensHasa cxema ans MHAYKTUBHO-HArpy»KeHHoro namepeHusa MY mMetogoM ABOWHOMO MMMynbca

5.3 Ecnu xecTtkui pexum paboTel MY onpegeneH Kak COOTBETCTBYHKLLASA CXeMa BKMHYEHUS, JonycKa-
€TCsl MICNOMb30BaHNe CXeMbl NepPeKITYeHNss MHOYKTUBHOM Harpyski, NpMBedeHHON Ha pUcyHke 2a). B gaHHoN
CXeMe NepeknYaTens BEPXHEN CTOPOHbI MOXeT BbiTb GaN-TpaHanctopom unu obpartHeIM Mo40M NpK YCro-
BUW, UTO pexum paboTbl MY cooTBeTCTBYET pexumy paboTbl KOHEYHON CXeMbl UCMOMNb30BaHWUS. [laHHaa cxema
TalKe SKBUBANEHTHa CXeMe Ha pucyHke 1, ecnun ycTaHOBMNEHHOe COMpPOTMBrEHMe Harpy3ku R paeHo 0 Om.
3HauyeHWe conpoTUBNeHUA R cnedyeT OTPerynupoBaTth Ans AOCTUKEHUS 3a4aHHOIo 3HaYeHns .’D(ON) ans Tpe-
Byemoro pexuma pabotsl LY.

5.4 Ha pucyHke 20) npvBefeHa ansTepHaTUBHas cxema ANs HenpepbiBHOMO NepekniovyeHns MHAYKTUB-
HOW Harpysku ¢ NOMOLLbLK CMHXPOHHOIO NOBLILWAKLLEero npeobpasosatens. B atoi koHdurypayum bnokupyto-
LLlee HanpskeHue UDS(OFF) PaBHO BLIXOOHOMY HanpsHKeHWIo Ha Pe3VCTUBHOW Harpyske R, cpegHuiA Tok ID(ONJ
paseH BXogHOMY TOKY /. Ecnin gannan cxema ucnonsayetca B PHI, korga /), 6onblue, yem amnnutyaa nyne-
cupyloLero Toka, To MY Ha HuxHel cTopoHe OygeT MCnbiTbiBaTh pPe3kne nepexodbl BKITKYEHUS W BbIKIHYe-
Hus. B gaHHoOI cxeme gonyckaeTcs cnonb3oBaHue obpaTHOro guoda BMecTO TpaH3ucTopa BepxHero nieva.

5.5 Cxema c noHwxawLlWum npeobpazoBaTenem C NonNyMOCTOBON KOHMUrypauuen npueBedeHa Ha pu-
cyHKe 2B). B aToi koHdurypaunu MY paboTaet B pexume Markoro nepeknioveHus. ®opma Ip—Up g ana pabo-
Thbl C MAITKUM MEepekNYeHneM BaykHa AN Pe30HAHCHbBIX TONOMNOrMiA U TONOMNOTMIA C MATKUM MepeknioyeHnem,
KOTOpble OObIYHO MCMONBL3YTCA ANs paspaboTkM KOMNAaKTHLIX NpeobpasoBaTenei MOWHOCTH, paboTaloLwmx
Ha BbICOKOI 4acToTe NepekrioyeHus. YCTPONCTBO BEpPXHEro nnevya MoXxeT ObiTb C KeCTKMM U MArKUM nepe-
KIMIOYEeHMEM B 3aBMCUMOCTM OT aMnnuTyabl |1 WU NyNLCMPYOLIEro TOKa, a Takke BpeMeHW NpocTos.
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a) KommyTaums uHOYKTMBHOW Harpy3ku ¢ Mogudu- 6) CuHXpOHHLIA NoBbIWAKLWWIA NpeobpasoraTenb

LMPOBAHHOW CXEMOK No MeTody ABOMHOMO MMMynbLCca
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B) CWHXPOHHLIA NOHMKaOLWMIA npeocbpa3zoBaTenb r) Cxema KOMMyTauuWK C pe3UCTUBHOM Harpy3Kkom

PucyHok 2 — lMpumepbl cxem, obecnevmBatolLMx peXM HEMNPEpPbIBHOW KOMMYyTaLMK
¢ HacTpavBaemoit obnacTeto Ip—Upg

5.6 Cxema BKIHOYEHWS PE3UCTMBHOW Harpy3ku npuBeneHa Ha pucyHke 2r). Pabounit UMKn B pexxume
Nepeknio4YeHns ¢ Pe3NCTUBHOW Harpy3kow BO3MOXHO M3MeHATb C Bonbliei rmbKoCTb, YeM NpU Nepeknto-
YEeHWWU C MHOYKTUBHOW Harpyskoi. Bo Bcex KOHuUrypauuax gUuHaMU4eckoe COMpOTUBMEHWE BO BKITHOYEHHOM
COCTOSIHAWM BOZMOXHO M3MEPMTh C NOMOLLLID ocuunnorpada.

6 M3Mep9HVIH TOKa CTOKa U HanpAaxXeHWdA CTOK — UCTOKa

6.1 MNamepeHus TOKOB [ U HanpsbkeHuid Upg nponssogaTca ocuunnorpagomM MeTofoM ABOWHOTO UM-
nynsca.

6.2 MeTon 4BOMHOMO MMNYyrNbCa 3aKMO4YaeTcs B nepeknodeHnn MY asaxabl ¢ oukcaunen opm cur-
HanoB ANA NepexofoB BKMKYEHUA U BbiKNoYeHnA. Ha pucyHke 1 npusegeHa cxema M3MepeHuid MeTOLOM
OBOWHOIO MMNynbCca, UCnonb3yemasa ONA NepeknioyeHus UHOYKTUBHOW Harpys3ku ¢ oopmMamMu CUrHarnos, npu-
BEAEHHBLIMWU Ha pUCYHKe 3a).

6.3 Tak kak Y nepeknioyaeTcs ToNbKO ABa)Abl, NOBbILWEHWe TemnepaTypbl MY n3-3a camoHarpeea
orpanunyeHo. Taknm obpasom, Temnepatypa nepexoaa WY T, npubnuanTtensHo pasHa Temneparype kopnyca
NY T v TemnepaType OKpyxatLien cpeasbi.
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A XKecTkoe Xectkoe A
UDS BblKNtoueHue NY BKoyeHne MUY

t
MepBLIA UMNYNLC 1Y  Bropoi umnynsc
BbIKI (MY BKI)

a) 6)

PucyHok 3 — ®opmbl Usg, Upg vl

Mpw HenpepbIBHON paboTe C pe3ncTOPOM Ha BbIXOAE CXEMbl HA pUCYHKax 2a) u 20) co3nalT curHansl,
nokasaHHble Ha pucyHke 36). MNpu HenpepbiBHOW paboTte MY moxeT noaBepratbea camoHarpesy. B atom cny-
yae Temnepartypa nepexofa MY T, moxeT GbiTb Bbille, YeM Temnepatypa kopryca WY T. u TemnepaTypa
OKpyKaloLen cpeabi.

O6nactb I;—Upg AomkHa BbiTe M3aMepeHa npv Temneparype kopnyca UY T, paBHOW hakTU4eckomy
pabodemy pexumy padbotel MY B KOHEYHOM w3genvu, Ans KOMNeHcaumMm KOTOporo MoxeT notpeboBaTtbea pe-
rynMpoBKa TeMNepaTypbl OKpyXatoLen cpeqbl.

6.4 Ecnu B cxeme MCMOonb3yeTca AaTYMK CUINbl TOKa ANA U3MEPEHUs AMHAMUYECKOro ToKa CToKa /p, To
OH MOJKMYaeTcs NocnenoBaTenbHO ¢ UCTOKOM MY HuxHero nneda. 3Ta no3vuus MMeeT 0BLy0 OnopHYH
TOUKY ¢ Upg U Ugg, YTO NO3BOMSAET UCMONb3OBaTh MacCUBHble OaTYNKU ANA BCEX TPeX MaMepeHWd. Takke
MOryT ObITb MCNONbL30BaHbL! AuddepeHLnansHele MPOBHKKU HAMPSXKeHUA, eCni OHU 0BecneynBaT JOCTaTou-
HYI NOoCy NponyckaHwWs Ans 3axeaTa NofHOro crnekTpa curHanoB nepeknoydeHus. Monoca nponyckaHus CU,
MCNOoNb3yeMbIX OIS BCEX U3MEPEHUIN HAMNPSIKEHWUA W CUMbl TOKA, AOMKHA ObiTb HAMHOIO BhIlE, YEM 3KBMBA-
NeHTHbIe YacToTHLIE COCTaBnsoLWLMe M3MEpPSIEMOro curHana, KoTopble cnefyeTt oueHuUBaTh Mo KpaTtvanemy
nepexoay HapacTaHusa UKW cnaja u3aMmepsemMoro curHana no dopmyne

freq = ﬂ
min(tr, i) 1)
roe freq — paboyas yactoTta LY,
min(tr, tf) — MMHMManbHOE 3HAYeHWe BPEMEHW HapacTaHWs UNKu cnaja curHana.

[ns ToyHoro 3axeaTa nogpobHbLIX cUrHanoB HapacTaHust U cnaga CY OomkHLI MMETL Momnocy Nponycka-
HWA, He MEHEee YeM B NSATb pa3 NPeBbIlLakoLWyo 3Ty SKBUBANEHTHY YacToTy. Monoca nponyckaHysa OCLUIIo-
rpadpa 1 NpobHMKa AOMKHA YYMTLIBATLCS NpY onpeaeneHn nonockl nponyckadua CU.

YacTtoTa guckpeTtusaumu CY gomkHa BbiTe JOCTATOYHO BLICOKOW, YTOBLI MHTEpBAaN UCKPETU3aLMU Bbin
HaMHOro MeHbLUe, YeM NPOLOIMKUTENBHOCTL KpaTyanlwero nogbema unv cnaga nepexoga, Ans TOYHON uK-
cauun hopMbl Nepexona.

6.5 MpaBunbHOE NoAKMNioYeHWe OaTUMKOB K MY MMeeT pellawllee 3HayeHne Ans TOYHOro M3MepeHus
chopmbl curHana. Cnegyet maberatb ONUHHBIX 323eMMSHOLLMX NPOBOLOB U MO BO3MOXHOCTW MCMONb30BaTh
coefinHeHusa KenbBrHa co BCeMW To4kamm uamepeHuin. CurHansl /n n Upg A0MKHbI BbiTh TOYHO BbIPOBHEHbI
no BpeMeHK, 4Tobbl 3aUKCUPOBaTE TOYUKY NepeknioyYeHrsa NyTeM HAacTPOMKK NapaMeTpoB KOMMNEeHCcaLU cMe-
LLeHna Ha ocumnnorpade.

7 MNMpumepsi hopmbl curHanos u Tpaekropun Ip—Upg

7.1 Ha pucyHkax 4a) u 5a) npuegeHsl popmMbl curHanorB WY ¢ KecTkum nepeknioyeHneM B MeToOe U3-
MEpPEHUN ¢ UHOYKTUBHbBIM NEPEKITKOYEHMEM C UCMOML30BAHUEM CXEM, NPUBEAEHHLIX HA PUCYHKE 23) unu 26).
FeomeTpust n GOpPMbI CUTHANOB COOTBETCTRYIOT NepeknodeHnsiM Y BepxHero nneva B NoHwxawLlem npeob-

5
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pasoBartene Uunun MY HuKHero nnedva B NOBbILWAKLLIEM npeoGpasoBaTene. B atux YCNoBUAX TOK pOCCena L BoO
BpemMA BKINH4YeHUA ny ID(ON} ABNAETCAH BaXXHbIM NapamMmeTpomMm Ond onpegeneHnda HanpAaxXeHWa nepexknioyYeHnd.

7.2 Ha pucyHkax 46) n 56) npuBegeHbl ocuunnorpaMmsl 1 GopMa KPUBOW «BKITHOHEHWME — BbIKITHOYE-
HUEe» CMHXPOHHOTO KMio4ya B MONMyMOCTOBOW TOMonoruv rnpeobpasosartens, B KOTOPOW YCTAaHOBMBLUMIACA TOK
CcTOKa ’D(ON) BCeraa oTpuuareneH. 31a dopmMa COOTBETCTBYET M3MEPUTENBHOW CXEME Ha pUCYHKe 2B) npw
paborte B pexume PHTI, npu koTopom conpoTusneHne R BbIGpaHo Ansa nonyYeHusi BbIXOAHOTO Toka /1, npe-
BbILLAKLEr0 aMNNUTyay NynbCcUpytoLlero Toka. Ecnv MmepTBoe Bpemsi 4OCTATOMHO BEMWKO ANA TOro, YTobbI
Upg ycTponctea HukHero nneda ynano 4o 0 B 4o ero BknoYeHus:, To 370 yCTPOMCTBO OyAeT nepeknioyaTses
B pPeXMMe MArKoro nepekntoyeHus. B npoTnBHOM criydae MOXeT BO3HWKHYTh YaCTUYHO XXECTKUI nepexoq npu
BKITHOYEHUM.

7.3 Ha pucyHkax 4B) n 5B) npyuBegeHbl OpMbl CUTHANoB YCTPOMCTBA C MATKMM NepekniovYeHneM B peso-
HaHCHOW TONOMNOMMKW. 3TOT METOA AO0MYCTUMO BbIMOMHATL C UCNONb30BAHUEM CXEMbI, MPUBEOEHHON HA PUCYH-
Ke 2B), HO conpoTueneHue R crieqyeT BbIGUpaTh Tak, YToObl BEIXOAHOM TOK /7 BbIN HUXE aMnmuTyabl nynb-
cupyoLLero Toka. B atom paboyem cocTosiHum ID(ON) konebneTcs Mexay NoNnoXMUTENbHLIM U OTpULaTenbHbIM
TOKOM BO BPEMS KaXO0ro BKIMKYEHHOTO cocTosiHMA. Cxema MoxeT paboTaTh Kak pe3oHaHCcHasa ToMomnorus ¢
pabounm umknom 50 %, NonHoCTeo NpeHebperas Harpy304YHbLIM PE3UCTOPOM, TEM CambIM yCTaHaBnueas |+
Ha 0 A.

7.4 Ha pucyHkax 4r) v 5r) npuBeaeHbl ocumnnorpammMel 1 doopMa curHana ¢ pe3nucTUBHOW Harpys3kon.
B otnnuve oT mMeToga nepeknYeHUs ¢ MHOYKTUBHOW Harpy3kon, B curHane nepeknyYeHus oTCyTCcTByeT
BCMMecK ToKa.

f | UDS A
Ups
Ip
seoniil Ugs......
Uss
s v__r N t
Mepexon YctaHoeuewmiics  Mepexon Ip
npm pexmm npm
BKNOHEHWUK BbIKMKYEHUH
R
-
MNepexon YcraHoewBlumiica [lepexoa
npu pexKUm npu
BKINHOYEHUKU BbIKNIOYEHN
a) KommyTaums HOYKTUBHOW HArpysKku C KeCTKUM 6) Mepexogbl BKMIOYEHUA U BBIKITOYEHWA C MATKAM
BKMIOYEHWEM W BbikniodeHrem!) nepeknioyeHnem?)

1) Hanpumep, BepxHAs cTopoHa B NOHMXalLleM npeobpasoBaTenie UMM HUKHAS CTOPOHA B MOBLILLANOLIEM
npeo6pa3zoBatene.

2) Hanpumep, HXHAA CTOPOHA B NOHIMXaloLleM npeobpasoeaTene B peKUMe HEMpPepbIBHOI NPOBOAMMOCTH G UH-
OYKTUBHOW Harpy3Kom.
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A Ups
Ip
Ugs
t t
Mepexon YcraHoeuBlmiAca [MNepexon Mepexon YcraHoewswwmics [epexon
npu pexum npu npu pexum npu
BKNHOYeHWH BbIKIMO4YeHUH BEKNKOYeHUK BbIKNKD4YEeHUN
B) lMepeknioyeHne B pe30HaAHCHOW TONOMOMKW C NNaeHbIM r) KommyTauusa pesvcTUBHOM Harpy3km

nepeknioyeHemM, nepexodsl BKMIOYEHUA U BbIKIIOYEHUSA C
ECTKOM KOMMYyTauuen

PucyHok 4 — YnpoLleHHble NpuMepbl CUrHanoB BO BpeMeHHOW obnactu ansa pabotel MY B paznuyHbIX LEnax

fepexon
Ink Pl

W

B
BKN A(\G%::l\a\—w\\“
+ g e

6)
ID A

I
-— BbIKN
MepexoA
npun BKMIOHEHUN
B)
PucyHok 5 — BpemeHHble 3asucumocTy Ip—Upg
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KrniioueBble crioBa: ycTpovcTBa npeobpasoBaHus, HUTPWA rannus, cpedcTBa dNeKTPUYecKoro ynpasneHus,
OLEeHKa HerpepbIBHOrO MNepekntoyeHns, OUCKPEeTHLIE CUMOBble YCTPOWCTBA, WHTErpUpPOBaHHbLIE CUIMOBLIE
yCTPOWNCTBA
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