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MNpepgnucnoBne

1 PABPABOTAH AKuMOHEpHbIM o0o6wecTBOM «Hay4yHo-NnpousBoACTBEHHas dupma «MukpaH»
(AO «HM® «MukpaH»), dPegepasibHbIM rocyfapCTBEHHbIM OHOAXeTHbIM 06pa3oBaTesfibHbIM YUypexaeHUem
BbiCLlero o6pa3oBaHns «TOMCKWIA TOCYAAapPCTBEHHbI YHMBEPCUTET CUCTEM YyNpaB/ieHUs U pagMo3/IeKTPOHU-
kn» (PreOY BO «TYCYP»), depepanbHbiM GHOMKETHbIM yuypexaeHnem «locyfapCTBEHHbIW pernoHasbHbIi
LEeHTp cTaHgapTm3aunmn, MeTponorum n ncnoiTaHnini B Tomckoli o6nactu» (PbY «Tomckuii LLICM»), depepanb-
HbIM FOCY4apCTBEHHbIM OIOMKETHbIM yupexaeHunem «Poccuiicknii MHCTUTYT cTaHgapTusayum» (Prey «NHcTu-
TYT CTaHZapTusaynm»)

2 BHECEH TexHuyeckum komuTetom no ctaHgaptusaumm TK 328 «CBepxBbiCOKOYACTOTHaSA U cuioBas
ANIEKTPOHUKa»

3 YTBEPX/JEH W BBEJEH B AEWCTBWE T[pukazom ®degepansHOro areHTCTsa M0 TEXHUYECKOMY
perynupoBaHuo n metponorum ot 29 aekabpa 2023 r. Ne 1773-cT

4 BBEJEH BMEPBbIE

MpaBuna NnpUMeHeHNA HaCTOALLEro cTaHiapTa YCTaHOB/EeHbl B CTaTbe 26 ®PefepasibHOro 3akoHa
0T 29 uioHA 2015 r. Ne 162-d3 «O cTaHgapTulaumm B Poccuiickon depgepauuun». VMIHpopmaums o6 ns-
MEHEeHMAX K HacT oAl eMy cTaHgapTy nybnvkyeTca B exXxerogHom (Mo cOCTOSAHUI0 Ha 1saHBapsa Tekylero
roga) MHQOpPMaUMOHHOM YyKasaTene «HauuoHasibHble CTaHA4apThi», a ohuymanbHbli TEKCT WM3MEHEHWi
N MonpaBoK — B eXeMeCAYHOM MH(OPMALMOHHOM yKasaTene «HauuoHanbHble cTaHgapThl». B cnyyae
nepecMoTpa (3aMeHbl) UM OTMeEHbl HACTOSALLEro cTaHjgapTa CooOTBeTCTBYLWee yBegomneHne byaeT
ony6/IMKOBaHO B GAMKanliem BbINYyCKE €XEeMeCAYHOro MHGOPMaLNOHHOIo ykasaTens «HauuoHasbHble
cTaHgapThl». CooTBeTCTBYWLWAasa UHpopMmauns, ysegoMneHne U TeKCTbl pasMeLlLalnTCca Takke B UH-
hopMaUnOHHON cucTeMe 06Lero nosb3oBaHUa — Ha ouumManibHOM cainTe ®defepasbHOro areHTCcTBa Mo
TEeXHUYEeCKOMY perynmpoBaHunio 1 MmeTposorum B ceTu NMHTepHeT (Www.rst.gov.ru)

© OdgopmneHne. dreyY «MHCTUTYT cTaHfapTmM3ayun», 2024

HacTtoawwnii ctaHAapT He MOXeT ObiTb MOJSIHOCTHI WU YACTUYHO BOCMPOM3BELEH, TUPAXMPOBAH W pac-
NMpoCTpaHeH B kayecTBe oULMANbHOIO M3faHus 6e3 paspelleHns defepanbHOro areHTCTBa No TeXHWYECKo-
My PeryimpoBaHuio 1 MeTposiornu
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HAUWOHANBbBHBLW CTAHAOAPT POCCUMCKOMN SGEAQLEPALUNMN

YCTPOWCTBA NMPEOBPA3OBAHUA 3HEPTMM HA OCHOBE HUTPUAOA FTANNNSA

MeTon N3MepPeHUit Ansi OLEHKN HEMPEPbLIBHOIO NepektoYeHus

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

Jata BBefeHns — 2024—02—29

1 O6nactb NpUMeHeHUs

HacTtosawmin ctaHgapT ycTaHaB/MBaeT CpeAcTBa 3/1EKTPUYECKOro yNpaBaeHns CUN0BbIMUK NepekYato-
WUMKN YCTPOCTBaAMM Ha OCHOBE HUTpuAa rannusa (ganee — yctpolictea GaN) B uenu ¢ HenpepbIBHbIM nepe-
K/IIOYEHVMEM 1 MeTo onpegesieHus hopm gMHAMUYECKUX MePEeKIYaLMX CUTHAN0B U anarpamMmmM 418 OLEHKN
HENpepbLIBHOTO NepeknyeHns. MeTos n3MepeHuii MoXeT 6biTb NPUMEHEH K CeAyLWUM yCTpPolicTBaM:

- OUCKPeTHbIM cunoBbiM ycTpolicTBaM GaN, paboTawwmm B pexumax oboraueHnsa n obegHeHuUs;

- WHTErpupoBaHHbIM CWU0BbLIM ycTpoiicTBam GaN.

CunoBble ycTpolicTBa GaN B kopnyce MMeKT 60/1ee peaUCTUYHbIA Npounb Harpyskm, 4Yem usgenus
Ha nnactuHe, 3a cyeT ydyeTa B3aI/IMO,EI,eVICTBI/Iﬂ C napasnTHbIMN 3N1eMeHTaMIN, a TakKXe KyMy/JIATUBHOIo caMoHa-
rpeBa M mexaHun4yeckux acpdektoB. MeToa, YCTaHOBJ/IEHHbI B HACTOSWEM cTaHAapTe, MPUMEHUM Ha YPOBHE
nNacTuUH A5 onpefeneHns TEXHOIOTMYECKUX XapakTepucTuk yctpoiicte GaN ¢ Haasiexalwm y4yeTom coeaun-
HEHWUI 30HAO0B U UX BAUAHUSA Ha pe3ynbTatbl N3MepPeHuii.

B HacToslem cTaHfapTe yCTaHOBMEHO o6lliee pPyKOBOACTBO MO CXeMam U MeTogam WU3MePEHW, KOTo-
pble MOXHO MCMO/Ib30BaTh A4NA onpefeneHnsa 6e3onacHo 30HbI paboTbl yCTpOMCTBA.

2 HopmMaTuBHbIE CCbI/IKN

B HacToAWeEM cTaHAapTe UCNO/b30BaHbl HOPMATUBHbIE CCbINIKU Ha cnefylolwmne cTaHgapTsl:
FOCT 19095 TpaH3uctopbl nonesble. TepMuHbI, onpegeneHns n 6ykBeHHble 0603Ha4YeHs napaMmeTpos
FOCT 27264 TpaH3ucTopbl CMN0Bble GUNosipHble. MeToAbl N3MEPEHU

MpumeyaHne — lMpn NOAbL30BaHNM HaCTOSLIMM CTaHL4APTOM LienecoobpasHo NMpoBEpPUTb AENCTBME CCbII0Y-
HbIX CTaHAAPTOB B MH(POPMAUMOHHON cucTeme O6LLEro nNonb3oBaHWs — Ha otuymasnibHOM calite defepasibHOro areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBaHUI0 U METPOJIOrUM B CETU VIHTEPHET UK NO eXerogHoMy MHOPMaLMOHHOMY YKa3a-
Ten «HauuoHasibHble CTaHAAPTb», KOTOPLIA ONy6/IMKOBaH MO COCTOSHUKO Ha 1 SHBaps TEKyLero roga, U no Bbinyckam
€XEeMEeCSHAYHOro MHPOPMaLMOHHOTO yka3aTensa «HaunoHasbHble CTaHAAPTb» 3a TekyLwmid rog. Ecnv 3ameHeH CCbII0YHBIN
CTaHJapT, Ha KOTOpbIl AaHa HeJaTMpOBaHHas CCblka, TO PEKOMEHAYETCH UCMO0/b30BaTbh AENCTBYIOLLYIO BEPCUIO 3TOrO
CTaHfapTa C y4eTOM BCEX BHECEHHbIX B JJaHHYH) BEPCUI0 M3MEHEHW. ECAM 3aMEHEH CCbITOYHBIA CTaHAapT, Ha KOTOpbIi
[aHa fgatupoBaHHas CCblfika, TO PEKOMEHAYETCS MCNO/b30BaTb BEPCUIO 3TOMO CTaHAapTa C yKa3aHHbIM Bbille rofom yT-
BepXaeHus (NpuHATuS). Ecnmn nocne yTBepXAEeHUs HacCTOALLEro cTaHAapTa B CCbUIOYHbIN CTaHJApT, Ha KOTOpbI AaHa
[aTupoBaHHas CCblfIka, BHECEHO M3MEHEHNVE, 3aTparMBaroLlee NosIoKeHNe, Ha KOTOPOe AaHa CCbiKa, TO 3TO MOJIOKEHNe
pekomMeHayeTcs NpUMeHaTb 6e3 yuyeta faHHOr0 M3MEHEHUs. EC/m CCbIIOYHbI CTaHAapT OTMEHEH 6e3 3ameHbl, TO Noso-
XEHMe, B KOTOPOM [laHa CCblfIka Ha HEro, peKOMeHAYeTCs NPUMEHATb B YacTU, HE 3aTpar1MBatoLLLEi 3Ty CCbIKy.

3 TepMuHbI, onpeaeneHns, CoOKpallleHUs 1 0603HaYeHus

3.1 B HacToAweM cTaHgapTe npumMeHeHbl TepMuHbl no FOCT 19095, a Takxe cneaywuwme TepMUHBI C
COOTBETCTBYHOLWMMN ONpefeneHnsamu:

3.1.1 xecTkoe nepekstoyveHne: MeTof nepektoyYeHna Npu BbICOKOM UMMY/IbCHOM TOKE U HanpsXXeHuu
CTOK — MCTOK, B OCHOBHOM MPOMCXOAALLET0 NpY KOMMYyTaLunuu akTUBHO-UHAYKTUBHON Harpysku.

M3pgaHne odmumnanbHoe
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MpumeyvaHusa

1 B pexvme XecTKOro Nepek/IloUeHnst OCYLLECTB/ISETCS NEPEKPbITUE HAaNPSHKEHUSI CTOK — WCTOK U TOKa kaHana,
npy KOTOPOM CU/I0BOE YCTPOMCTBO MepektovaeTcs MO0 13 COCTOSIHUS «BK/THOUEHO» B COCTOSIHUE «BbIK/THOYEHO», NGO
U3 COCTOSIHUS «BbIK/IIOYEHO» B COCTOSIHME «BK/IHOYEHO». peobpasoBaTeni C XECTKUM MNepektoueHneM npeacTaBisoT
co60i1 noBbIWAKLWMe NpeobpasoBaTeny ¢ Koppekumei koadhuumeHTa MOLLHOCTH, NOHWXKaKLWMe npeobpasosBarenu, WH-
BEepPTOpbI ynpaBneHua agsurarenem n HeCMMMeTpPUYHbIe 06paTHOXO,EI|OBbIe uenu.

2 Bo Bpems BK/IHUYEHNSA Y BbIK/IHOYEHNSA HA YCTPONCTBO NOAAETCH HanpshkeHue 1 TOK. Mpu eCTKOM nepektoyeHnm
TOK CTOKa W HanpshkeHUe CTOK — WCTOK Pe3KO M3MEHSIHOTCS, Bbi3biBasi LUyMbl Nepek/oyeHns u notepu. XKectkoe nepe-
K/TIOYEHNE MCMONb3YETCA ANA NPOCTbIX NepekyaTeneil, npeobpasoBaTeneli 4YacToTbl U MMMY/ILCHBIX Npeobpa3oBaTeneii
nMTaHus.

3.1.2 Msrkoe nepekntoyeHne: MeTog nepektoyYeHUs TpaH3ucTopa npu NOHMWKEHHOM (MM HY/IEBOM)
HanpsXeHUN CTOK — UCTOK U (Mn) TOoKe cTokKa.

MpumeyaHunsa

1 PexuM MSArKoro nepekstoyeHuss COOTBETCTBYET YC/OBMIO, MPUM KOTOPOM OTCYTCTBYET NEepekpbITUE HamnpshKeHWs
CTOK — WCTOK M TOKa CTOKa, KOMMYTaLUVOHHbIA TpaH3ucTop GaN nepek/ovaeTcs Mexay COCTOSHUSIMU «BK/THOUEHO» U
«BbIK/IIOYEHO», NEPEKPbLITUE MEXAY KPUBLIMU HaMNPsXKeHNsA CTOK — MCTOK W TOKa CTOKa MOXET NPOUCXOAUTb U3-3a KOMMY-
TaLMOHHOro TOKa, HO 3TOT TOK HE MPOTEKAET Yepe3 KaHasl B COCTOSIHUM MAMKOro nepeksnoyeHns. MNpeobpasoBaTesniavm
MSITKUM MEPEK/IIYEHNEM AB/IAKTCA Npeobpa3oBaTeni C NEPEK/TIOYEHNEM NPU HYJIEBOM HanpshKeHWK, npeobpasoBaren
LLC, o6paTHOX0A0BblE NPeobpa3oBaTeny C akTUBHbIM K/IYOM U T. A,

2 Msarkoe nepekstoyeHne NpUMEHSIETCA B PE30HAHCHOM KOHType LC Ans BKIYEHUS W BbIK/IIOYEHNS YCTPOCTBa
NPV Hy/IEBOM TOKE CTOKa WM HaMPSXKEHNW CTOK — WCTOK, WK BPeMsi NEPEKTIOYEHNS HAMPSHXKEHNS U TOK KOHTPONMPYOTCS,
YTOObI CBECTM K MUHUMYMY WX nepeceveHmne. MNpy MArkOM NEPEKTIOUYEHNN YMEHBLLAOTCA KOMMYTALMOHHbINV LWyM 1 noTe-
pu, Tak Kak nepek/ioyaroLme yCTPOoCTBa BK/IOUAKOTCS Y BbIK/IOYAIOTCA MPW HY/IEBOM WX MOYTU HY/IEBOM HampshXeHUn
CTOK — UCTOK UM TOKe CTOKa.

3 Msarkoe nepekloyeHne MMeeT AONOHUTENbHOE NPEUMYLLECTBO Nepes XeCcTKMM NepekTtyeHneM C TOUKM 3pe-
HMS 6e30MnacHoli paboyei 30Hsbl.

3.2 B HacTOofiWeM cTaHAapTe NpPUMEHEHbl cnefylouime cokpaw,eHus n 0603HavYeHuns:

B3P — 6e3onacHas 30Ha paboTbl (YyCTpONCTBA);

MY — ncnbiTbiBAEMOE YCTPOWNCTBO;

PHIM — pexum HenpepbiBHON NPOBOANMOCTMU;

CWN — cpepcTBO M3MEpPEHNIA;

GaN — HuTpug rannus;

I/N' 'onT— BXO[HOI 1 BbIXOAHOI TOK COOTBETCTBEHHO;

IL— MOCTOSAHHBI/ TOK Yepe3 UHAYKTUBHOCTb;

ID— TOK CTOKa,;

ID(on) — Tok cToka BO BK/IHOYEHHOM COCTOSIHWW;

L — TOK gpoccens;

LC — pe30HaHCHbI KOHTYP;

LLC — Tun pe3oHaHCHOro npeobpasoBartens, MCNONb3yeMoro (B OCHOBHOM) B npeo6pa3oBaTesnsax nu-
TaHus;

R — conpotusneHue;

Tc — TemnepaTtypa kopnyca UCMbITbIBAEMOrO YCTPOACTBA;

Tj— TemnepaTypa nepexofa MCNbITbIBAEMOr0 YCTPO/CTBA,;

Umj — HanpshkeHue nNuTaHus;

UDS — HanpsixeHne CTOK — MWCTOK;

Uds(OFF) — HanpshKeHne CTOK — WUCTOK B BbIK/IIOYEHHOM COCTOSHUW;

UGS — HanpsxxeHne 3aTBOp — MUCTOK.

4 O6Lwpme NoMoXeHnA

4.1 O6wme nonoxeHua — no NOCT 27264.

4.2 BnusiHne camoHarpeBa Ha 3NekTpuyeckume napameTpbl NY HeoO6XOo4MMO yuyuTbiBaTb NPU UX U3-
MEpPEeHNN BO BpeMSA LUK/IOB nepeknwyeHus. Boibop manoro pabouyero uukia npu BKAKYEHUN B MeTOAe
M3MepPEHNIi MOXeET NpMBECTM K TOMYy, UTO Temnepatypa nepexoga WY Tj 6yaeT npubau3nTenbHO paBHa
Temnepatype ero kopnyca TC u TemnepaType okpyxawuwei cpegbl. Temnepatypy WY MoxHO Henocpeg-
CTBEHHO KOHTPO/IMpOBaThb C nomouwbio CW TemnepaTypbl, TENIOBU3NOHHON Kamepbl UAN APYIUM METOAOM
n3MepeHunii TemneparTypbl.

2
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4.3 EcCnu KOHTPO/Ib NapamMeTpoB, onpenensawwmnx npurogqHocTs MY, HEBO3MOXEH B npolecce nposepge-
HUS N3MEpeHUii, cnegyeT Nepuoanyeckn npepbiBaTb MPOLECC M3MEPEHUA C Lie/bl0 KOHTPO/IS COOTBETCTBUSA
JaHHbIX NapameTpoB Tpeb6oBaHuam TY.

4.4 [nsa Hagnexauwiein nHTepnpetayum pesynbTaToOB CTEYEHMEM BPEMEHM NpY MPOBEAEHUN U3MEPEHUIA
B HEMNPEPbLIBHOM pexume crnegyeT (pukcMpoBaTb OTMETKM BPEMEHU, B TeYeHWe KOTOPOro OHW BbINOJHAKTCA
nocne Havyana npouecca.

4.5 BnusiHue nt6oro nogkntovyeHHoro CV BO Bpemsi M3MepPEeHUidi A0KHO OblTb YYTEHO M MO BO3MOX-
HOCTW CBELEHO K MUHUMYMY.

5 PeXunmbl NepektoyeHns UCnbITbiIBAEMOro ycTpomcTea
Ha MHOYKTUBHOW U Pe3NCTUBHOW Harpy3kax

5.1 M3MepuTenbHy cXxeMy U cnocob mamepeHus npocuna kpusoii ID—UDS NY BbiGupaloT ucxoasa ms
KOHEYHOro Ha3HauyeHus yCTpolicTBa.

5.2 Cxema, ncnonb3lyemas A1 UHAYKTUBHO-HArpy>XXeHHOro naMmepenns MY metonom ABONHOrO MMNysb-
ca, npuBefeHa Ha pucyHke 1. M3mepuTenbHasa cxema 3KBMBasIeHTHA NoOBblWawLWemy npeobpasoBaTesnio C
BbIXOAOM, NMPUBSA3aHHOMY K MCTOYHWKY BXOAHOIO HanpsxeHus. Takum obpasom, pexum pabotbl LY aHanoru-
YeH TPaH3UCTOPY C XEeCTKMM Nepek/loyeHneM B NOJIYMOCTOBbIX CXeMax, B KOTOPbIX KaTylka WHAYKTUBHOCTU
noaknyeHa K y3ny nepeknioyeHuns.

PucyHok 1 — N3meputenbHasa cxema onsi MHAYKTUBHO-Harpy>EHHOro namepexus MY metogom ABOMHOMO MmMnysbca

5.3 Ecnu xecTkuii pexum paboTel WY onpepgeneH kak cCOOTBETCTBYKLW,AA cXxema BK/IOYeHUs, gonycka-
eTCs NCNOoNb30BaHNE CXeMbl MEepPeKIIOYEHNA UHAYKTUBHOW Harpy3ku, NpuBeAeHHON Ha pucyHke 2a). B gaHHOi
cxeme nepeknyaTenb BepxHeli CTOPOHbI MOXeT 6bITb GaN-TpaH3McTOpOM UM 06paTHbLIM AMOAOM NpU YCro-
BUM, YTO pexunm paboTbl MY cOOTBETCTBYET peXxumy paboTbl KOHEYHON CXeMbl UCMONb30BaHMA. [laHHas cxema
TakkKe 3KBMBaA/IEHTHA CXEMe Ha pUCYHKe 1, ecnn yCTaHOBJ/IEHHOE CONpoTMBAEHMEe Harpy3km R paBHo O Om.
3HayeHve conpoTuBreHna R cnepyeT oTperynupoBatb A0S AOCTWKEHUS 3agaHHoro 3HaveHuns ID(ON) ans Tpe-
6yemMoro pexuma padotbl LY.

5.4 Ha pucyHke 26) npusefeHa ajibTepHaTMBHasA cxema /191 HeNnpepbIBHOIO Nepek/loYeHns UHOYKTUB-
HOIA Harpy3ku ¢ MOMOLLbI0O CMHXPOHHOIO NOBbIWAOLWEero npeobpasosarens. B aToli koHdurypaumum 610kmpyto-
wee HanpshkeHne Uds(OFF) PaBHO BbIXOLHOMY HanpsiXXeHWU0 Ha pe3ncTuBHON Harpyske R, cpegHuii Tok ID(ON)
paBeH BXOoAHOMY TOKy //rV. Ecnn gaHHas cxema ucnonb3yetcs B PHI, korga /Y 6onblue, yem amnavtyaa nynb-
cupyloLlLero Toka, 1o MY Ha HWXHeil cTopoHe 6yAeT UCNbITbiBaTb Pe3kMe nepexofbl BKIHYEHUS U BblK/OYe-
HWA. B gaHHOW cxeme gonyckaeTcs MCNO/b30BaHMe 06paTHOro AnMofa BMeCcTO TPaH3McTopa BepXHero nieva.

5.5 Cxema c noHwxawuwmm npeobpaszosatesiem € NOJyMOCTOBOI KOHUrypauuein npusegeHa Ha pu-
CcyHke 2B). B aT0li KOHpurypauum NY paboTaeTt B pexume MArKOro nepekswyveHus. dopma /0— UDS ans pabo-
Tbl C MATKMM MepekloYeHneM BaXHa A1 Pe30HaHCHbIX TONOMOrMiA M TOMOAOTNA C MATKUM NEepek/loYeHneM,
KOTOpble O6bIYHO MCMOMAb3YTCA ANA pa3paboTkM KOMMNakTHbIX Npeo6pasoBaTenieli MOWHOCTM, paboTatLwmnx
Ha BbICOKOW 4YacToTe Mepek/loyeHns. YCTPONCTBO BEPXHEro nneya MoxXeT ObiTb C XKECTKUM W MATKMM nepe-
KJlOYEeHVeM B 3aBUCMMOCTU OT amMnauTtyabl 10MT 1 NynbCUPYIOLWErO TOKa, a Takke BPeMeHU NpoCToS.
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uDS

a) KommyTauus WHAYKTUMBHOW Harpysku ¢ Moaucm- 6) CUHXPOHHBIV NOBbILWALWMIA NpeobpasoBaTesb
LMPOBaHHOIM CXEMOI MO MeTody ABOMHOIO UMNysbca

B) CUHXPOHHBI NOHWXatoLWWii Npeo6pa3oBaTe/ib r) Cxema KOMMyTaLuu C Pe3UCTUBHON Harpyskoii

PucyHok 2 — lMpumepbl cxeM, 06ecneymBatoLLMX PeXUM HENpepbIBHOW KOMMyTaLmu
C HacTpavBaeMoli o6nactbio ID—UDS

5.6 Cxema BK/OYEHUA Pe3UCTUBHOM Harpysku npuBegeHa Ha pucyHke 2r). Pabouunii uukn B pexume
nepekstoyYeHns ¢ pe3nCTUBHON Harpy3koi BO3MOXHO M3MEHATb C 60/bliel TMOKOCTbIO, YeM Npu Nepeksio-
YeHUU C MHOYKTMBHOW Harpyskoil. Bo Bcex kKOHQurypaumsax gMHaMuyeckoe COMNPOTUBMEHME BO BKIOUYEHHOM
COCTOSIHUM BO3MOXHO M3MeEpPUTb C NOMOLbIO ocuuanorpada.

6 Vi3amepeHusa TokKa CTOKa U Harnps>KeHUsl CTOK — UCTOKa

6.1 V3mepeHua TokoB ID n HanpsixeHnin UDS npousBoasitcsa ocumnnorpacpoM MeToAoM ABOWNHOrO UM-
nynbca.

6.2 MeToA ABOIAHOrO uUMNyfbca 3ak/awyvaeTcsa B nepekawyveHun MUY asaxabl ¢ dukcauuein copm cur-
HanoB ANA NepexofoB BK/IYEHUA WU BbIK/IOYEHUA. Ha pucyHke 1 npuBefeHa cxema U3MepeHuii MeTofoM
[BOWHOIO MMnynbca, ucnosb3yemas 415 NEPeKIOYEeHNss MHOAYKTUBHON Harpys3ku ¢ hopMamm CUTrHasoB, Npu-
BeleHHbIMW Ha PUCYHKe 3a).

6.3 Tak kak WY nepeknoyaeTcsa TOMbKO ABaxAbl, NOBbiWeHWe Temnepartypbl WY wn3-3a camoHarpesa
orpaHuyeHo. Takum o6pasomM, Temnepartypa nepexoga WY Tj npubnusntenbHO paBHa Temnepatype kopmnyca
NY Tc n TemnepaTtype okpyxatlLiein cpeabl.
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BbIKT (WY BKN)
a) 0)

PuncyHok 3 — ®opmbl UGS, UDSu ID

Mpn HenpepbiBHOI paboTe C Ppe3UCTOPOM Ha BbIXOAE CXEMbl Ha PUCYHKax 2a) n 26) co3galT CUrHasbl,
nokasaHHble Ha pucyHke 36). MNpu HenpepbiBHONM paboTe MY MOXeT noaBepraTbCs caMmoHarpeBy. B aTom cny-
yae Temnepatypa nepexoga MY Tj moxeT 6bITb Bbille, YeM TemnepaTypa kopnyca MY Tc u Temnepartypa
OKpyXatwlLein cpeapl.

O6nactb ID—UDS gomxHa 6bITb M3MepeHa npu TemnepaTtype kopnyca MY Tc, paBHOI pakTuueckomy
paboyemy pexumy paboTbl Y B KOHEYHOM M3AENUU, ANA KOMMNEHcauMy KOTOPOro MoxeT notpeboBaTbcs pe-
rynnpoBKa TemnepaTypbl OKpyxatliel cpefbl.

6.4 Ecnn B cxeme MCMNONb3yeTcsa AaTyMK CUAbl TOKa ANS U3MEpPEeHUs AMHaMUYecKkoro Toka cTtoka /0, To
OH nogknyaeTca nocnefoBaTesibHO C UCTOKOM WY HWXHero nseva. 3T1a no3vuma MMeeT OOLLYI0 ONOPHYH0
Touky ¢ UDS n UGS, uTo no3BonseT Mcnonb3oBaTb MNaCCUBHbIE AaTyuMky ANS BCeX TPeX M3MepeHuii. Takxke
MOryT ObITb MCNOMb30BaHbI AU epeHUanbHble NPOOHNKN HaNPSXeHUs, ecnnm oHM obecneymBaroT gocTaTou-
HYI0 NOJIOCY NpONyCcKaHUA 415 3axBaTta MoJIHOTO CNekTpa CUrHanos nepekatyeHns. MNonoca nponyckauna CU,
ncnonb3yemblx Ana BCeX V|3|\/|epeH|/||7| HanpsaXxeHna 1 Ccunibl TOKa, AO0JDKHA ObITb HAMHOIO BbllLle, 4eM 3KBUBa-
NIeHTHbIE YacTOTHbIE COCTaBNAKLNE N3MEPSAEMOr0o CUrHana, KOTopble creayeT oueHMBaTb MO KpaTyaliwemy
nepexogy HapacTaHus UM cnaga U3MepsemMoro curHana no gopmyne

e9” ms ty (1)

roe freq — pa6ouasa yactota WY;
min(fr; tf) — MMHMManbHOe 3HauYeHUe BpeMeHW HapacTaHus Wau cnaja curHana.

[Ona ToyHoro 3axsarta NoApo6HbIX CUTHA/IOB HapacTaHus u cnaga CW Ao/mxHbl MMeTb NoJsI0Cy nponycka-
HUSA, HEe MeHee YeM B NATb pa3 NpeBbllalklyo 3Ty 3KBUBAIEHTHYO YyacToTy. Nonoca nponyckaHnsa ocuunno-
rpaca v NnpobHUKa [O/MKHA yYUTbIBATLCA MpU OnpeAesnieHnn nosiockl nponyckaHus CU.

UactoTa auckpeTtmsauymm CU gomkHa 6biTb 0CTATOYHO BbICOKOW, YTOObI MHTEPBAN AMcKpeTnsaunmn obis
HaMHOr0 MeHblle, YeM MPOAO/HKUTENIbHOCTL KpaTyaliwero nogbema unau cnaga nepexoga, ANs TOYHOW huk-
cauumn copmbl nepexoga.

6.5 lNpaBunbHOE NnogknyeHne gatynkos K Y nmeeT pewawuiee 3HavyeHne AN TOYHOTO M3MepeHus
dopmbl curHana. Cnepyet msberatb AIMHHbIX 3a3eMAAKOWUX NPOBOAOB U MO BO3MOXHOCTM WMCNOMb30BaThb
coeauHeHuna KenbBUHa CO BceMu Toukamu mamepeHuin. CurHanbl IDu UDS gosmkHbl 6bITb TOYHO BbIPOBHEHbI
no BpemeHu, 4Tobbl 3adiMKCMpOoBaTb TOUKY NEPEKNYEHUA NYTEeM HAacTPOiku napaMeTpoB KOMMEHcauun cme-
LweHnsa Ha ocuymnnorpace.

7 TMpumepbl POPMbI CUTHAJIOB 1 TPAEKTOPUI |ID—UDS

7.1 Ha pucyHkax 4a) un 5a) npusegeHbl popMbl CUTHaN0B WY € XecTkum nepeknyeHnem B MeTofe 13-
MepeHUin ¢ UHAYKTUBHbLIM NEPEK/TIOYEHNEM C UCNOJIb30BAHNEM CXEM, MPUBELAEHHbIX HA PUCYHKe 2a) uaun 26).
FeomeTpua n opMbl CUTHANIOB COOTBETCTBYIOT NepekntoveHnam Y BepxHero naeya B noHwxarowem npeoo-
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pasoBatesie uau Y HUXHEro njeva B noBbllWaklem npeobpasoBartesie. B aTux yc/noBUsix Tok gpoccens L Bo
Bpems BkoueHus NY ID(0n) sBnsieTcs BaXHbIM NapameTpoM A/sl onpefeneHns HanpskeHus nepekioyeHus.

7.2 Ha pucyHkax 46) n 56) npuBegeHbl ocuuniaorpaMmbl U dhopMa KpUBOI «BK/lOYEHWE — BbIK/IOYE-
HMEe» CUHXPOHHOIO KA4Ya B NOJYMOCTOBOW Tomonornn npeobpasoBaTesnisi, B KOTOPOW YCTAHOBUBLUMICA TOK
ctoka ID(ON) Bcerga otpuuateneH. 3Ta hopMa COOTBETCTBYET U3MEPUTE/IbHOW CXeMe Ha pUCyHke 2B) npwu
paboTte B pexume PHI, npu KoTopom conpoTmBieHne R BbIGpaHO A1 NOMyYeHUS BbIXOAHOro Toka louT, npe-
BbilLAKLLEro amnauTyay nynbcupylouiero Toka. Ecnm meptesoe Bpemsi fOCTAaTOYHO BEIUKO ANA TOro, YTOObI
Uds ycTpoiicTBa HMmXHero nneva ynano Ao 0 B oo ero Bk/w4eHusl, TO 3TO YCTPONCTBO OyaeT nepekntoyaTbes
B pPEXMME MATKOro nepekniyeHns. B NnpoTMBHOM criyyae MOXET BO3HWKHYTb YaCTUUYHO XECTKUI nepexon npu
BK/TOUYEHUN.

7.3 Ha pucyHkax 4B) 1 5B) npuBegeHbl (0OpPMbl CUTHANIOB YCTPOWCTBA C MATKAM NepektoYeHneM B pe3o-
HaHCHOW TONonorMnu. TOT METOA AOMYCTUMO BbIMO/IHATbL C UCMO/Ib30BAHNEM CXEMbI, MPUBEAEHHON Ha PUCYH-
Ke 2B), HO conpoTuBneHne R cneayeT BbI6MpaTh TakK, YTO6blI BbIXOAHOW TOK JOUTObL\N HUXE aMNAUTYAbl Ny/b-
cupylouiero Toka. B atom pabouem coctosiHun ID(ON) kone6netca mexgay nonoXxuTeslbHbIM U OTpULATENbHbIM
TOKOM BO BpPEMS KaX[O0ro BK/IIOYEHHOrO cOCTOsHMA. Cxema MOXeT paboTaTb Kak pe3oHaHCHas TOnosorus ¢
pa6oumm yuknom 50 %, NOMHOCTbIO NpeHebperas Harpy3odHbIM pPe3ncTopoM, TEM cambiM ycTaHaBnBas louT
Ha O A.

7.4 Ha pucyHkax 4r) u 5r) npusegeHbl ocuunnorpaMmmbl 1 popma curHana ¢ pes3ncCTUBHOW Harpyskoi.
B oTnuumne OT mMeToda NEPEKNYEeHUS C MHOAYKTUBHOW HarpyskoW, B CUTHase MepPek/loYeHns OoTCyTCTByeT
BCN/ECK ToKa.

npu pexumm npu
BKNKO4YEHNN BbIK/TKOYEHNN
Mepexon YcTtaHoBuBwwMiica Mepexogq,
npu pexum npu
BKNOYEeHNN BbIK/OYEHNN
a) KommyTauus MHAYKTUBHOM Harpy3ku € XeCTKUM 6) Mepexofbl BKIHOYEHNA Y BbIK/THOYEHNS C MATKUM
BK/THOYEHMEM W BbIK/THOUEHEeMT) nepekntoyeHnem?2)

1) Hanpumep, BepxHsii CTOpOHA B MOHWXAIOLWEM NpeoGpa3oBaTesie WM HUKHSISE CTOPOHA B MOBbILIANOLEM
npeo6pasoBatere.

2) Hanpumep, HWXHSIA CTOPOHA B MOHVXAOLWEM Npeo6pasoBaTtesie B PEXVME HenpepbiBHOV NPOBOAMMOCTN C WH-
[OYKTVBHOI Harpy3Koi.
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Mepexop YcTtaHosuBLlumniica Mepexogq,
npu pexum npu
BK/TOYEHUM BbIK/TIOYEHUM

B) lMepekntoyeHne B pe30HaHCHOI TOMO/IOTMN C M/1aBHbIM
nepekItoyYeHNeM, Nepexoasl BKIOUEHUS U BbIKIKOYEHNS C
XXECTKON KoMMmyTaumei

FOCT P 71155—2023

Mepexon YcraHoBuBlwiica [Mepexofd
npu pexum npu
BK/OUEHUN BbIK/IOUEHNN

r KommyTaumsi pesaucTuBHOIA Harpysku

PucyHoOK 4 — YnpouleHHble NpUMEpPbI CUTHasI0B BO BPEMEHHOI 06/1acTy Ans paboTbl LY B pasninyHbIX LEensix

PurcyHok 5 — BpemeHHble 3aBucumoct |D—UDS
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