ABYyXKQHONbHbIN

CTaGMNN3NPOBAHHBIN AMMMEDP

3.5. BbIxogHoWM Kackap,

Harpyska kommyTtupyeTcst N-kaHanbHbiMu MOSFET TpaHau-
ctopamun VT1 1 VT2. Oco6eHHOCTBIO CXeMbI SBMISETCS OTCYTCTBME
JpaviBepa, 4TO B COOTBETCTBUM C Tpe6OBaHMEM NPOEKTa YMEHb-
LLIaeT KOMMHYEeCTBO MUCMOMb3YEeMbIX KOMMOHEHTOB. TpaH3UCTopbI
yNpaBnsoTCa Hanpamyto Beixopgamn MK.

Kak BbISICHUIOCh, MpY HaNpsHkeHUn Ha 3aTteope 5 B 1 moLu-
HOCTM Harpysku 60 BT kaHan TpaH3ucTopa no4ytu nofHOCTLIO
OTKPbIBAETCSH, AaKe HECMOTPS Ha [OCTATO4HO BbICOKOE COMpPO-
TUBNEHVE pe3ncTopa B Lienn 3aTBopa. 3TO MpoMcXoauT 6raro-
Japsi ToMy, 4TO TOK Harpy3ku (okono 0,25 A) coctaenseT Benu-
YMHY NpuMepHO B 20 pa3 MEHbLLYIO MakCUMarbHO J0MyCTUMOro
TOKa CToKa TpaHaucTopa. [Npy Takmx ycnoBusx nageHne Hanps-
XEHUs Ha Nepexofe CTOK-UCTOK TpaH3WUCTopa COCTaBIseT Me-
Hee 1 B, 4TO He NPUBOAWT K 3aMETHOMY Ha I11a3 CHUXKEHUIO MaK-
CUMaJIbHOM APKOCTY NaMmribl.

Toka Bbixoga MK okasbiBaeTcst 4OCTATOHHO AN nepe3apss-
KN eMKOCTW 3aTBopa 6narogaps HEBbICOKOM HacTOTe MepeKsIo-
YeHus (100 My). 3To NprMepHO Ha ABa NopsaKa MEHbLLIE HacTo-
Thbl, HA KOTOPOW paboTatoT TPAH3UCTOPbI B TPAAMLIMOHHBIX Nepe-
KItoHaTesbHbIX CXemax, HanpuMep B MMMYNbCHBIX MCTOYHUKaX
nUTaHUs.

OrtcyTcTBUE ApariBepa MOXET NPUBECTU K CaMOMNPOU3BOSb-
HOMY BKJTIO4EHUIO TPAH3MCTOPA B ClyYae pe3Koro BCniecka Ha-
NPSHKEHNA Ha CTOKE. ITOT 3¢pheKT, N3BECTHBIN NOf HA3BaHNEM
CdW\dt turn-on, BbI3BaH HAIM4MEM EMKOCTU MEX[Y 3aTBOPOM U
CTOKOM TpaH3ucTopa (emkocTb Munnepa). ViHoroa BepHy Tb TpaH-
31CTOP B HOPMasIbHbIA PEXMM paboTbl yaaeTcs NULLb Nocne
OTKJTIOYEHUS CXEMbI OT CETU HA HECKOMNbKO MUHYT (Ha BpemMs oc-
TbIBaHWs TpaHaucTopa). OgHUM K3 NyHLLIMX CrIOCO60B NPeaoTB-
paTuTb Cry4aiHoe BKJIIOHEHME SABMNSIETCA BbIOOP TPaH3MCTopa,
Y KOTOPOro cooTHoLLeHne Qgd/Qgs1 cocTaBnsieT BENNHMNHY Me-
Hee 1,4 [10]. 3gecb Qgd — 370 BenunumHa 3apsga 3aTBOP-CTOK,
Qgs1 —aT0 BenuumHa 3apsaaa, Npyv KOTOPOM HanpspKeHVe Ha 3aT-
BOpe AOCTUraeT NoporoBOro 3HaveHus (onpepensieTcs no rpa-
duky Total Gate Charge). K coxaneHuto, TpaH31CTOPbI, COOT-
BETCTBYIOLLIME [@HHOMY MpaBuIly, BCTPEYAIOTCA KpariHe penko.
C [pyrow CTOpPOHbI, Clly4an Pe3KMX BCNIECKOB HANPSXKEHNS Ha
CTOKe TOXe KpaviHe pefdKu.

Mpwv peskom crnage Hanps>KeHWs Ha CTOKE U OTCYTCTBUW Apan-
Bepa eMKocTb Munnepa He NMpYBOOMT K CaMOMPON3BOSILHOMY
BKJTIO4EHWIO TPAH3UCTOPA, HO Ha 3aTBOPE MOXET BO3HUKHYTb OT-
pvLaTenbHbIN NOTEHLMAN, NPEBbLILLIAIOLLMIA AOMyCTUMOE Hanps-
XeHue 3aTBop-MCcTOK [11, pazaen 3]. 3To MOXET cTaTb NPUHMHOIA
BbIX0Ja TpaH3ucTopa ua cTpos. Nostomy ogHUM U3 KpUTEPMEB
npu BbIGOpPE TPaH3MCTOpa CTano HanmM4ne BCTPOEHHOro orpa-
HUYMTENS HanpsHXeHns Ha 3aTBope. Takoe peLleHne Nno3somnn-
10 0TKa3aTbCs OT AOMONMHUTESTbHLIX BHELLIHMX KOMMOHEHTOB. Kpo-
Me 3TOr0, BCTPOEHHbIA OrpaHNYnTENb MNPEAOXPaHAET 3aTBOP OT
BO3AENCTBUA CTATUYECKOro 3MeKTpU4ecTBa, K KOTOpoMy
MOSFET TpaH31CcTOopbl Kak Knacc npubopoB UMELOT BbICOKYHO
YYBCTBUTESILHOCTb.

Mpy HanpsXXeHUW orpaHUYeHns BCTPOEHHOMO B TPaH3NCTOP
orpanunumTens okono 30 B u conpotneneHnmn peanctopa B Lenu
3ateopa 10 kOm Tok Yepes Bbixod MK cocTaBuT npumepHo 3 MA,
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<iD,\ Mpoponxexnue. Hayano B Ne10-11/2008
YTO B TpW pasa NpeBbILLaeT AONyCTMMbIA. [oaToMy ans nosbl-
LLIEHWS1 HAOEXXHOCTU CXeMbl MeX Ay 3aTBOPOM U UCTOKOM TPaH3U-
cTopa MOXHO MOCTaBUTb JOMOSHUTENbHBI OrPpaHUYUTESNb C Mak-
CUMasibHbIM HanpspkeHnem orpaHuyenys go 10 B. MNpu Takom
HanpsH>KeHUW TOK Yepe3 BHYTPeHHME 3allmnTHble anodbl MK 6y-
JeT HaxoamuTbes Ha 6esonacHoM yposHe 1 MA. Bripodewm, Bpsag
J1 B 6bITOBOWA ANEKTPOCETUN BCTPETATCA CUTYaLK, Bbi3blBatoLLie
peskuii cnaf Hanps>KeHUs Ha CTOKe.

Takxe Ons NOBbILLEHNA HAAEXHOCTU MOXHO NOCTaBUTb Bbl-
COKOOMHbIM pe3uncTop (nopsigka 100 kOM) Mexay 3aTBOpoOM U
WCTOKOM TpaH3ucTopa. 3TO NpefoTBpaTUT BKITKOYEHNE TPaH3UC-
Topa, kKoraa Bbixodbl MK HaxodsaTcs B BbICOKOMMMNEAAHCHOM CO-
CTOSIHWW, HANpPMMeEP Npu cpabaTtbiBaHNM CynepBu3opa NUTaHWs
(BOD) nnm ctopoxesoro Tavimepa (WDT). [Nockornbky Takue cu-
Tyaumm KpaTKoBPEMEHHbBI 1 MaroBEepPOSITHbI, PE3UCTOPbI 3aTBOP-
WCTOK Ha CXeMe He MoKa3aHbl.

3.5.1. TpaHsucTops!

[ns Toro, 4To6bl TPAH3WCTOP 6bIN NPUroAeH ANs UCMONb30-
BaHWA B JaHHOM YCTPOMCTBE, OH [OMKEH obnafaTb crneayroLm-
MU XapakTepucTUKamm:

- TOK CTOKa — He MeHee 6 A, TVNoBoe COMNPOTUBIIEHNE KaHarna
—He 6onee 1 Owm;

- HanpsPKeHWe CTOK-UCTOK — He MeHee 600 B;

- HanMuve OBYCTOPOHHErO OrpaHUYUTENs HanpshkKeHus Ha
3aTBope;

- MakcumarnbHoe MoporoBoe HarnpskeHne 3aTBOP-UCTOK —
MeHbLLe 5 B;

- rpadvK 3aBUCMMOCTM TOKA CTOKA OT HaNps>XeHWs Ha 3aTBO-
pe — HOPMUPOBaH A5 HanpsbkeHus 3aTeopa 5 B unm meHbLLe. To
e OTHOCUTCS K rpadivKy 3aBUCUMOCTI TOKA CTOKa OT Hanpshke-
HUA CTOK-UCTOK.

Kpome 3T0ro, B COOTBETCTBUM C TPEOOBAHWEM K MPOEKTY TpaH-
31CTOP He OOMKEH CUIbHO HarpesaTthCes, B upeane — He Harpe-
BaTbCA BOoOLLe. BennunHa Harpesa Tja xapakTepuayeTcs op-
MyJSI10M:

Tja=PeRth =R e ?¢Rth + 25°C, roe

R- conpoTuBeHne KaHara CTOK-UCTOK,

| — TOK Harpysku,

Rth — Tennosoe conpoTuBeHune TpaH3ncTopa (Kopryc-okpy-
xaroas cpega).

Tak Kak YacToTa nepekoyeHnst TpPaH3MCTopa He NpeBbILla-
et 100 'y, ero AMHamMn4eckue NOTepy Marsibl, Ha Harpes He BNUS-
10T, ¥ MO3TOMY B hOPMYrIe HE YHUTLIBAIOTCS.

M3 chopMyrnbl criedyeT, YTO TPaH3UCTOP OOIMKEH UMETb Kak
MOXXHO MEHbLLIEe 3Ha4EHWE TENNOBOIO CONPOTMBIIEHNS. BbibpaH-
HbIA TPAH3UCTOP MMEET KOPNYC NPaKTUYECKN MAEHTUYHBINA KOp-
nycy TO220, n obnagaeT OTHOCUTENBHO HEBLICOKVM TEMSIOBbLIM
conpoTtueneHnemM 62,5°C. 3kcnnyaraums BbIGPAHHOro TpaH3uc-
TOpa B COCTaBe YCTPOWCTBA Mokasana rnofiHoe OTCYTCTBUE Ha-
rpesa npu no60oM YpoBHE SPKOCTW.

Mo npu4nHe, ykazaHHOW fanee B pasgene 3awyura ot rpe-
BbILLIEHVS1 CETEBOIO HarpsiKeHusl, TPaH3UCTOP [OIMKEH ObITb pac-
CUYUTaH Ha HanpsPkeHue CTOK-UCTOK He MeHee 600 B. MNomumo
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3TOro, B cryyae o6pbiBa 3aLLMTHOrO Anoaa TPaH3NCTop He Bbil-
OET U3 CTposi NPV aBapyMHOM MOBbILLEHUN HaNPSXEHWs CETH
BM10Tb A0 380 B +10%.

Mo pesynsratam n3yyeHns NPOOyKLMN OCHOBHbBIX NPOU3BO-
ovtenen MOSFET tpaHauctopos (Infineon, International Rectifier,
Ixys, Fairchild, NEC, NXP, ON Semiconductors, Renesas, Toshiba,
Vishay) BbISICHWUOCh, YTO BCTPOEHHbIA OrpaHUYUTENb Hanpske-
HWS Ha 3aTBOPE MMEETCS TOMLKO Y TPaH3UCTOPOB hvpmbl Toshiba.
Hanee nepe4ncneHbl TpaH3UCTOPbI 3TOW (PUpMbI, NOAXOAsLLME
no oCTaslbHbIM NapamMeTpamM U pekoMeHdyeMble B Ka4ecTee 3a-
MeHbl: 2SK2544, 2SK2777, 2SK3130, 2SK3947, 2S5K4013,
28K4014, 2SK3799, 25K2843, 25K2866, 2SK2889, 2SK2996,
25K3265, 2SK3797. CniegyeT OTMETUTb, YTO pekoMeHaaLws oc-
HOBaHa TOJMLKO Ha M3YHEHWWN ONMCaHWIN TPaH3UCTopoB. Ha npak-
TUKe X paboTa He nposepsnack. B yacTHOCTU, MOXET noTpebo-
BaTbCs Nogoéop pesuncTopa B Lienu 3aTteopa.

TeopeTn4ecky B yCTPOMCTBE MOXHO NpuMeHnTb 1 IGBT TpaH-
3ucTopbl. OgHaKO HATU TakKe, KOTopbIE YOOBNETBOPAN Obl BCEM
BbILLIENepeYMCrneHHbIM TpeboBaHusaM, He yaanock. Kpome Toro,
MOSFET TpaH3ucTopbl, Kak npasuso, geLuesne. K coxaneHuto,
Tak HasblBaeMble logic level TpaH3uCTOpbI, ynpasnsemMble umd-
POBbLIMU YPOBHAMU CUrHANOB W1 NMOAXOAALLME MO OCTaslbHbIM Na-
pameTpam, B HaCTHOCTM, paccymTaHHble Ha HanpsbkeHne 600 B,
NnoKa He CyLLIeCTBYIOT.

3.5.2. Pesuctops! B Leru 3aTBopa

ConpoTtueneHne peanctopoB R5 1 R6 okasbiBaeT BnvsiHME
Ha cnegyroLme hakTopbl:

- 3awmTy Bbixoga MK oT 6pocka Toka npu nepesapsagke Bxod-
HOWM eMKOCTV TpaH3ucTopa (4em 60sbLUe COMPOTUBNEHNE, TEM
MEHbLLE TOK);

- 3awmTy BbIxofa MK OT NpeBbILLEeHUs HanpsXKeHns Ha 3aT-
BOpe, KOTOPOE BO3HWKAET M3-3a eMKOCTVM Munnepa (4em 6onb-
LLE COMPOTUBNEHME, TEM JTyHLLIE 3aLLMTA);

- CTeneHb Harpesa TPaH3UCTOPOB (4eM MeHbLLE ConpoTUB-
NeHvne, TeM MEeHbLLIE HarpeB);

- YpoBeHb nomex paauno- 1 IK-npremy, a Takxe B anekTpoce-
T (4em 60rbLLE CONPOTUBIIEHME, TEM MEHBLLIE MOMEX);

- Wy 3BOHA HUTEN flaMn HaKanMBaHms (YemM 60rbLLIE COMpo-
TUBIIEHWE, TEM MEHBLLIE 3BOH).

BrnuvsHue conpoTvBneHns Ha TOK NoTpebrieHns, a Takke Ha
najeHne HanpshkeHns Ha nepexode CTOK-MCTOK TpaHaucTopa B
cvny MarbIX BEIMYUH HE Y4UTLIBAETCS.

AHannampys nepedmcreHHble PakTopbl, MPUXOAUM K O4eBUa-
HOMY BbIBOAY, YTO, B LIENOM, YeM 60rbLLE CONPOTUBIEHNE, TEM
nyywe. OfHaKO CINLLKOM CUIbHO €ro YBENMYMBATL TOXE HENb3A
— 3TO NpVBEJET K HAarpeBy TpaH3ucTopa.

[ns Hayana BbISCHUM MUHUMArbHO JOMYCTUMOE COMPOTMB-
neHve peavicropa. OHo onpefenseTcs 6e30MacHbIM yPOBHEM TOKa
Bbixofa MK npv nepesapspke eMKOCTU 3aTBOpa TpaHavcTopa. B
3TOT MOMeEHT Bbixod MK okasbiBaeTcsi KpaTKOBPEMEHHO 3aMK-
HYT Ha 3eMnio. YuuTbIBas TOK Bbixofda no onvcaHuio MK 20 MA 1
HanpsbkeHue nuTanus 5 B, no 3akoHy Oma nonyvaem MMHUMasb-
HO ponyctnmMoe conpoTueneHye 250 Om.

Tenepb nonpobyem onpefenuTb HOMUHaNbLHOE COMpPOTUB-
JIeHVe pesncTopa € TOYKN 3PEHUs OrpaHNYeHns HanpsHKeHNs
Ha Bbixoge MK. B onucanmnm MK ckasaHo, 4To ypoBeHb 6e3onac-
HOro TOKa, MpoTeKaroLLero Yepes BHyTPEHHWE Anoabl, COCTaBs-
et 1 MA. MakcmanbHO [ONYCTUMOE HanpskeHve Ha 3aTBope
TPaH3nCTOpa, yKasaHHoe B ero onucaHuu, coctaensieT +30 B.
BCTpoeHHbIN B TPAH3UCTOP ABYCTOPOHHUA OrpaHNYuUTESNlb He
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MO3BOJIAET HAMPSPKEHWIO NMPEBbLICUTL 3Ty BENM4mHy. Crienoarens-
HO, 4TO6bI 06€eCNEeHYMTL 6€30MACHbIV TOK Yepe3 BHYTPEHHME ANO-
Abl MK, notpebyetcsa conpoTmenenve R = 30/ 0,001 = 30 kOwm.
[Mpy TakoM BbICOKOM COMPOTUBAEHU B LIEMNM 3aTBOPA YBENUYNT-
CSl CONPOTMBIEHME KaHana CTOK-MCTOK TpaHaucTopa. 310 npu-
BEJET K YMEHBLLEHWIO APKOCTY NIamribl U HAarpeBy TpaH3ucTopa.
Kpome Toro, kak 66110 0TMEHEHO paHee, Bpsif S B ObITOBOM 3riek-
TPOCETU BCTPETATCA CUTYaLIMK, BbI3bIBAtOLLME 3HAUUTESILHOE MO-
BblILLIEHME HanNpsbkeHWs Ha 3aTBope. CnefosaTtensHO, BoiGMpaTth
COMPOTUBIIEHWE MO AAHHOMY KPUTEPUIIO HENb3S.

OcTtaetcs BbIBMpaTh CONPOTUBNEHNE, OPUEHTUPYSACH Ha CTe-
MeHb HarpeBa TPaH3UCTOPOB, YPOBEHbL MOMEX 1 CUITY 3BOHA HUTU
namnbl. [lBa nocnepHux gpakrtopa TpebyroT BLICOKOE COMNpOTMB-
JieHve, a NepBbIN — H13Koe. [ony4vaeTcs, YTo CONPOTUBNEHME HAO0
BbIGMPaTb Kak KOMNpoMuce. MocKosbKy roToBbIX GhopMyr, yuu-
TbIBAKOLLMX BCE TpU hakTopa, HauTU He yaanocb, CONPOTUBNe-
HVe NoABMPaIIOCh KCNEPUMEHTASIbHBIM MY TEM.

Mop6op conpoTMBEHUS MO CTENEHM HarpeBa TpaH3ucTopa
6ornee 3aTpaTHbI MO BPEMEHW, NOSTOMY Pe3ncTop noadupasncs
Mo OTCYTCTBMIO CbILLMMbIX MOMeX. [ns 3TOro MCrnosb30Bancs
BCTPOEHHbI B HOCUMbIN Mneep paguonprvemMHuk AM ananasoHa,
HacTpoeHHbIN Ha YacToTy 520 kI'u. Ha camom pene, cnektp ms-
Jly4aeMbIX MOMEX AOCTaTO4HO LLMPOK, MO3TOMY HaCcTOTa HAaCTPON-
KW pagnonpryeMHMKa 3Ha4eHUs He IMEET, OHa MOXET ObITb B N-
anasoHe o1 520 oo 1710 kI'u. ApkocTb namnbl BO Bpems nogoo-
pa conpoTMBEHNA MOXET ObITb NtoHas, KpoMe Makcumarsb-
HOM, T.K. B 9TOM CJlyHae NMoMexm NCHE3atoT OaXe Npu Hy/IEBOM
conpoTmaneHnn. ConpoT1BEHVE PeE3NCTOPa YBETMHMBAIIOCH, Ha-
ymHasa ¢ Hyns, OO Tex Mop, Nnoka B PacronoXXeHHOM Ha paccTos-
HAM 5 CM OT YCTPOWCTBa PagMonpueMHUKE He nepecTan Crbl-
LLaTbCA HA3KOYACTOTHbIN GOOH, MPMYEM Npu Nto6o opueHTaLmm
NAIOCKOCTM paamonpUeMHNKa OTHOCUTESBHO NIOCKOCTU YCTPOM-
ctBa. lNocne 3TOro ApKOCTb Nammbl yCTaHaBIMBanach Ha ypo-
BEHb NPUMEPHO 75% (3TO TOHKa HanborbLLIEro HarpeBa TpaHau-
cTopa), 1 4epes 15 MMHYT KOHTpPONMpOoBanach Temnepartypa Kop-
nyca TpaHaucTopa. Ecnv oHa npeBbilwana Temneparypy OKpy-
XaroLLer cpefpl 6onee YeM Ha 1°C, conpoTuBIiEHVE pesncTopa
yMeHbLLAnock. B 3aBepLueHMe yCTPOMCTBO pacnonaranoch Tak,
4TOObI TaMna OKa3biBanach Ha PacCcTOSHUM NMPUMEPHO 5 cM OT
yxa. Ecnv Bo BpeMs U3MEHEHUSA APKOCTU OT MUHMMYyMa OO0 MakK-
cvMyMa 1 Ha060POT BblIf CribILLEH 3BOH HUTU flaMrbl, COMPOTMB-
JleHVe pesuncTopa yBenuunsanocs. locnegHsas HacTponka npo-
M3BOAMNACh CO LUTATHOW Namron CBETUMbHUKA U ero NpoBOA-
kon. MiHaye pesynsraT nogdopa ConPOTUBIIEHNSA UCKaXKancsa 13-
3a OT/IMHaroLLIErocs Tvna namrbl 1 Opyroin MHOYKTUBHOCTM NPO-
BOOHWKOB, COEANHSIOLLIMX flamMry CO CXEMOW.

CnepnyeT MeTb B BMAY, YTO MOMUMO HEMPUATHOIO XXYXOKa-
HWSI, 3BOH HATW Namnbl PE3KO COKpaLLIaeT ee pecypc. Tectnposa-
HVe Nnamn pasnuyHbIX NPoM3BoaMTENIEN HA MUHUMASILHBIN YPO-
BEHb 3BOHA HWUTM NO3BOSISIO PACNONOXMUTb X B CriedytoLLem rno-
psgke: Osram, Philips, General Electric. B peaynirate Bbi6op oc-
TaHoBUrcs Ha MatoBbIx lamnax Osram Classic B FR 60 230V
E14/SES, 660Im, Energy index E.

3.6. LUenb 3awumTbl

Mpepoxpanutens F1 v 3awmtHein guog VD1 dhopmupytoT
Lierb 3aLLyThl, KOTOpas NpeAoXpaHseT YCTPOMCTBO OT BbIXOAA M3
CTPOSI MPY KOPOTKOM 3aMbIKaHWUW HAarpy3ku, NPEBbILLIEHNS €€ MOLLI-
HOCTK, @ TaKkxe Npun 6pocKax HanMpsXXeHs B CETU 1 aBapuinHOro
NoBbILLEHNS ee HanpsbxeHus 0o 380 B.
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MpepoxpaHnTenb paccyMTbIBAETCH, UCXOAA U3 MaKCu-
MasibHOWM Harpy3ku, o ctaHgapTHow dhopmyne | =P /U. OTclopa
I =2¢60/220 = 0,55 A. Tok NOTPe6NEHNSI CXEMbI NPU STOM He
yunTbIBaETCS, T.K. OH NpeHe6pexumo mMan. BrnonHe gonyctumo
BbI6GpaTh NpegoxpaHuTens Ha 0,5 A. Okcnnyartaums ycTponctea
MOATBEPANIIA, HTO TAKON HOMMHA BblAEPXXMBAET AONTOBPEMEH-
Hyl0 (He MeHee 24 4acoB) MakCMarbHYHO APKOCTb 06erX flamn
Npy MakCUManbHOM HamnpsHKEHNN CETU.

Y106bl 3aWMUTUTE YYBCTBUTESbHbIE MOMYNPOBOAHNKOBbIE
NpueOopPkI, UCNONb3YEeTCA ObICTPOAECTBYIOLLMI NPEfoXpaHn-
Tenb. [N oTe4eCcTBEHHOrO npepoxpaHuTens cepuun BrN26-1B
Bpems cpadaTbiBaHWs NPy NPeBbILLEHNM HOMMHABHOrO TOKa B
2,75 paga pasHo 1 cekyHfe. [penoxpaHuTen ¢ 3aMmeaneHHbIM
BpEMEHEM cpabaTbiBaHWs (B KEPAMUYECKOM Wi CTEKSIIHHOM
Kopnyce) Npu BbIXOAE U3 CTPOS U3[AI0T PE3KMIA 1 FPOMKMI 3BYK,
ocTaBnas Ha nnare (Mnu Ha cteHe ©) YepHoe NATHO (NpoBepe-
HO Ha npakTuke ®). Bbibop caenaH B Nonb3y kepammnyeckoro
Kopnyca, T.K. CTEKINSIHHbIE KOpryca npu cpadaTbiBaHUy MHOrga
paccbinatoTes (4TO TOXE MPOBEPEHO Ha NPakKTUKe).

Mcnonb3oBartb COBPEMEHHbIE MONMMMEPHbIE MpeaoXpaHnTe-
N1 B JAHHOW CXeMe He NpeacTaBnsaeTcs BO3MOXHbIM M3-3a UX
CUIILHOIO HarpeBsa U HEBbLICOKOW CKOPOCTU cpabartbiBaHus. Ha-
npumep, ana npegoxpanunTtens LB600LV Bpems cpabaTbiBaHUs
npu Toke Harpy3kun 3 A coctasnseT 36 cekyHp.

3.6.1. 3awymta oT KOPOTKOIro 3amblKaH1s Harpy3Ku 1 rpe-
BbILLIEHUS] €€ MOLLHOCTY

Bo3mOXHbI ABa BapraHTa KOPOTKOro 3amblKaHUs: NPU BblK-
NHOYEHHOW Harpy3ke 1 Npu BKIKOYEHHON Harpyske.

B nepeom cny4ae Tok BO3pacTaeT MeAJIeHHo, T.K. Harpy3ka
BCErAa BKMIOYaEeTCs Mpy HYNEBOM HampskeHun B CEeTH, U sp-
KOCTb flamnbl BCerga ysenuumMeaeTcs nnasHo. [OCKONbLKY B yc-
TPOWCTBE NPUMEHEH ObICTPOAEVCTBYIOLLMIA NPeAOXPaHUTESb, OH
yCrneBaeT NeperopeTb, 3almLLan apyrme 3f1eMeHThbl CXEMbI.

Bo BTOpOM cryyae TOk MIHOBEHHO BO3pacTaeT HACTOMbLKO,
YTO NPEefoXpaHvTesb He yCreBaeT 3alUTUTb HyBCTBUTENbHbIN
K neperpy3kam TpaHsucTop. B pesynsrate TpaH3nMCTop BbIXO-
OUT U3 CTPOS NepBbIM. TeopeTn4ecKn 3TO rOBOPUT O TOM, YTO
TPaH3MCTOP MOXET HEe BblAepXaTb Meperpysky, kotopas BO3-
HMKaeT, ecnun fiamna neperopuT Bo Bpemsi paboTbl, T.K. TOK Mpu
3TOM [OCTUraeT HECKOMbKO AecATKOB amnep. OaHako Ha npak-
TUKE C TaKVUM SIBIIEHWEM BCTPEHATbLCA HE MPUXOOMIIOCh, NMOCKOMb-
Ky CPOK Cr1y>k6bl lamn B yCTPONCTBE HAMHOIO MPEBbILLIAET CTaH-
JapTHbINA.

B nepBoHayanbHoOM BepcUM YCTPOMCTBA, rae TPaH3UCTOopbI
ynpaensnuce gpansepoM |R4427, 6bin cny4van neperopaHus
namnbl. [pr 3TOM BCe KOMMOHEHTLI OCTaNMCh HeBpeauMbl. Op-
HaKO HET NOJIHOM YBEPEHHOCTM B TOM, YTO NneperopaHne Torga
MPOU3OLLIIO BO BpeMsi paboTbl namribl.

KopoTkoe 3amblkaHve B Lienu nuTaHus +5 B ycTponcTey He
CTpaLLHbI, T.K. B 3TOM Cfly4ae posib OrpaHNYUTENs TOKa urpaet
6annacTHbI pPe3ncTop.

Mpy NOBLILLEHHOW MOLLIHOCTW Harpy3ku yCTPOMCTBO BepeT
cebsl Tak Xe Kak B Cry4ae KOPOTKOro 3aMbIKaHWsi Mpy BbIKITHO-
YEeHHOW Harpy3ke. 370 6b1710 NOATBEPXKAEHO NMOAKIOYEHNEM K
0QHOMY KaHany AByX namn o6LLen moLHocTbio 200 BT + 60 BT.

OKCnepuMeHTasIbHO YCTaHOBMEHO, YTO NPU BbIXOAE M3 CTPOS
TPaH3MCTOpPa BCE €ro BbIBOAbI OKA3bIBAOTCH 3aMKHY ThIMU MEX-
ay cob6om. [NocKonbKy B 3TOM crny4dae Ha 3aTBope 6yaeT NoTeH-
uman 3emnu, NpeanpuH1UMaTh JOMNOSHUTENbHBIE Mepbl Mo 3a-
wwte BbixogoB MK He TpebyeTcs.
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3.6.2. 3aiwyuta OT NpeBbILLEeHWST CETEBOIr0 HarpsHKeHus

[nsa 3aWmTbl OT BbICOKOBOJSETHBIX MOMEX, BO3HUKAIOLLMX B
3MNEKTPUYECKON CETU, HANpUMep MNpy rPO30BbIX pa3psaax, npu-
MEHSIeTCS ABYCTOPOHHWIA MOMNYNPOBOAHMKOBbIN OrPaHUHUTESb Ha-
NPSOKEHUST — 3aLLMTHBIN anog. Mo cpaBHEHUIO ¢ BapycTopaMm
3allMTHblEe AModbl 0651a0at0T 60nee BbICOKUM ObICTPOOENCTBU-
€M, 4TO MO3BOSIAET UCMONbL30BaTh UX ANA NPegoxXpaHeHUs BbiCO-
KOYYBCTBUTESbHbIX MONYNPOBOAHUKOBBIX MPMOOPOB, K KOTOPLIM,
B 4aCTHOCTW, OTHOCSATCS M MUKPOKOHTpOSepbl. Kpome Toro, B
OT/INHME OT BapUCTOPOB WX XapaKTEPUCTMKU He YXyaLLaoTCA CO
BpemeHeM [12]. CnpasegnneBocTi pagu cnepyetr OTMETUTb, HTO
cpeav NPMMEPOB MCMONb30BaHNA 3aLLUMTHBLIX Avodos (application
notes) Takmux npoussogutenel, kak ON Semiconductors n ST
Microelectronics, HET HM OQHOMO NMpMMEPa, B KOTOPOM Ha 3aLUmT-
HbIlA Anon NoJaBasioch Obl CETEBOE HAMNPSPKEHME.

3alWTHbIA gyod yecTaHaBNMBAETCA NapasinesibHo Bxoay YCT-
POMCTBa HEMOCPEACTBEHHO 3a npenoxpaHuTenem. BoiBoapl 3a-
LLIMTHOIO QMOfa Cryxar TenooTBoAoM. B cootBeTcTBUM C OMu-
CaHVeM, AnvHa KaXxaoro BblBoda AOMMKHa coCTaBnsaTb 10 Mm.

Ecnu B TeHeHMEe HEKOTOPOro BPEMEHM TOK HEpes 3aLLMTHbIN
avion, 6ydeT npeBbiaTh TOK cpabaTbiBaHUA NPenoXpaHUTENs,
NOCneaHVA NeperopaeT, 3aLumLLas YyCTPOUCTBO. HeM 6orbLLe npe-
BbILLIEHNE TOKa, TEM BbICTpee cpaboTaeT NpepgoxpaHuTess. Kak
Y>Ke YMOMUHASIOCh, MPUMEHEHHbIN B CXeMe ObICTPOAENCTBYIOLLIMNA
npefoxpaHnTenb UMEET Bpems cpabaTbiBaHus 1 cek. npu npe-
BbILLEHNM HOMUHASBHOrO ToKa B 2,75 pasa.

Ecnm MOLLIHOCTb BbICOKOBOSIBTHOIO MMMyrbca 6yaeT 6onbLue
MOLLIHOCTW 3aLUMTHOrO Auofa (Hanpumep, npyv aBapuiiHOM Mo-
BbILLIEHNM CETEBOrO HanpsXeHus 0o 380 B), sawmTtHbIA gyog Mo-
XET BbINTU N3 CTPOSI (Ha NPaKTUKE He MPOBEPSNIOCh). [Npn 3Tom
€ro BbIBOAbI OKaXXYTCH 3aMKHYTbIMU HAKOPOTKO, 4TO NpUBEET K
neperopaHnio npegoxpanuTens. OcTanbHble 3NeMEHTbI CXEMbI
OCTaHyTCs HemoBpexaeHHbIMW. B paHHOM cnydae ans BoccTa-
HOBMEHNA paboTOCMOCOBHOCTU YCTPONCTBA NoTpebyeTca 3ame-
HUTb W NPeaoXpaHnUTENb, U 3aLLMTHbIA auog,.

IMpv BO3AENCTBUM BbICOKOBOJIBTHOMO MMMYIbCA HANPSHKEHWE
Ha BXOAe AMOOHOro MOCTa He MPEeBbICUT MakCUMasibHOE Hanps-
XXEHMEe orpaHUYeHns 3aLmMTHOro aModa. AT NOATBEPAUSIOCH B
XO[€ KCMEPVMEHTOB C HU3KOBOJBTHBIM aHANOroM Ha npumMepe
PEKEG.8A.

HanpsbkeHne orpaHMyeHns 3aluTHOro avopa 3aBuUCUT OT
ANUTENBHOCTU MMMYNBCA, U ANA MPUMEHEHHOTO B CXEME 9K3eMI-
nsipa coctaenseT 548 B ons 1000 mkc 1 706 B gns 20 Mke (yka-
3aHbl aMNUTYAHbIE 3HAYEHMSA M3 onucaHus). B 6onbLunHCTBE
Cny4aes, onm1caHHbIX B [12], npu BbIGOPE 3aLLMTHOro AMoaa cne-
OyeT PYKOBOACTBOBATLCA HaNpshXeHWEM, KOTOPOE COOTBETCTBY-
et anutensHocTu umnynsca 1000 Mke. Moatomy 6ynem cumrarts,
YTO HANPsHKEHNE Ha BXOAE AMOAHOMO MOCTa HY MPY Kakux 06CTo-
ATeNLCTBax He npesbicuT 548 B.

Tenepb NpoaHanManpyeM, BbIOEPXAT JIN KOMMOHEHTbI YCT-
poricTBa HanpshXeHne orpaHuyennsa 548 B. Jlamnbl 1 npegoxpa-
HUTESNb HE YYUTLIBAIOTCS, T.K. UX BbIXOA U3 CTPOS He ABMSETCA
haTasnibHON HEUCTNPABHOCTLIO M JIETKO YCTPaHAETCH 3aMeHOW.
TakXe MOXHO He y4nTbIBaTh 6a1acTHbIN PE3NCTOP U Pe3NCTOP
BEPXHEro neya Aenutens HanpsXXeHUsl, MOCKOSbKY BbICOKOBOSb-
THble 1 yrnepogumcTble (film) peancTopb! XOpoLLO NepeHOCHT kpaT-
KOBpEMEHHbIE (00 5 CeKyH[) neperpy3ku, NpeBbILLaoLLme HOMU-
HanbHoe HanpsbxeHue B 1,5 n 2,5 pasa cootBeTcTBeHHO [5]. Jon-
roBPEMEHHOW Neperpy3ku B aHHOM crlyyae He ByheT, T.K. cpa-
60TaeT NpeaoxpaHnTErb.
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[voaHbIn MOCT 1 TPaH3WUCTOPLI paccyuTaHbl Ha 600 B. Kak
6bIS10 NOKa3aHo paHee Npw pacyeTe 6anacTHOro peancTopa, npu
HanpsixeHnn 548 B Tok Yepe3 NOH He npesbicuT 7 MA, 4TO Ha
5 MA MeHbLLe ero MakcumarbsHoro paéoyero Toka 12 MA. Tok
BHYTPeHHMX anopos MK npu conpoTuBieHun BEpXHEro nneva
Jenvtens HanpskeHust 620 KOM He npesbicyT | = 548 /620000 =
0,88 MA, 4TO yKNagbiBaeTcs B 4ONyCTUMbIN npegen 1 MA.

Takmm 06pa3om, NMoBbILLEHWE CETEBOIrO HANMPSHXEHNA 0O YPOB-
HA OrpaHMyeHnsa 3almMTHOro anoada He npviBedeT K Bbixody U3
CTPOS 31IEMEHTOB CXEMBI.

3ameHATb BbiGpaHHbIA anod, Hanpumep Ha 1.5KE350CA
HexenaTtesnbHo. Bo-nepBbix, HOMUHaNbLHOE paboyee Hanpske-
Hue nocnepHero coctaensaet 300 B, 4TO MeHbLLE HOMUHASb-
HOrO HanNpPsKeHWa NuTaHna yctponcTea (220B « 1,41 =310 B).
Bo-BTOPbIX, MMHUMASTLHOE HarpsiXXeHve, NPy KOTOPOM OH Ha4u-
HaeT nponyckaTtb Tok, paBHo 332 B/ 1,41 = 236 B. 310 MeHbLLe
MaKCUMarnbHO AONYCTUMOrO HamnpspKeHWs NUTaHns YCTPOMCTBa
(220 B 1,1 =242 B). O6€e npu4uHbLI MOTYT NPUBECTM K BO3pacTa-
HUIO TOKa 1 Harpesy Avoda (MpoBEpeHO SKCNEpUMEHTabHO), YTO
NPOTMBOPEYMT TPEOOBAHMAM MPOoeKTa. Takxe HexenaTenbHoO Uc-
nonb3osatb P6KE400CA, T.K. OH MMeET B 2,5 pa3a MeHbLLYO
MOLLHOCTb. B KavecTBe 3ameHbl MOXHO BbibpaTs 1.5KE400C,
1.5KE440CA, 1.5KE440C. Ho Torpa BCe KOMMOHEHTbI YCTPOW-
CTBa [OMKHbI ObITb pPacCcyMTaHbl HA amMMUTYAHOE HanpshKeHVe
572 B, 600 B 1 630 B cooTBeTCTBEHHO.

3.7. Pacuet noTpe6nseMmon MOLLHOCTU

Kak cnepgyeT 13 aHannsa npuHumnmasnbHom cXxembl, NoTpeod-
nsemMbli TOK CKnagbiBaeTcs U3 criegytowmnx CoCTaBNSoLLMNX:
TOK AenuTens HanpsxeHus 1g, TOK cTabunutpona ICT, 1 ToK Ha-
rpy3ku 650Kka nutaHna IH. B cuny manbix BenuynH, obpartHble
TOKM 3aLUMTHOrO AVOAA, BbINPAMUTENBHOMO MOCTa, TPaH3UCTO-
POB, a TaKXKe TOKM YTEHKM KOHOEHCATOPOB He yunTbiBatoTcs. UTak,
P =Usx-e (Ig + IcT + IH).

Tok penutens HanpsbxeHus ornpepenym no 3akoHy Oma ¢
Yy4eTOM MafeHns HanpsHKEHW Ha AVOAAxX BbINPAMUTESILHOrO
MocTa: P = Uex * ((Usx — Ug) / Ro) + IcT + In).

[na pacyeTa Toka CTabunMTpoHa 1 Toka Harpy3kum npeodpa-
3yem chopmyIy, UCMONb3OBaHHYHO Mpu pacyeTe 6annacTHoro pe-
3ucTopa, K Bugy: IcT + IH = (UBx — 2 « Ug — UcT) / R6.

C y4eToM KO3hh1LMEHTA, YHUTLIBAIOLLETO OTKIIOHEHUE CO-
NPOTUBIIEHUI PE3NCTOPOB, KOHEYHas dhopmyna 6yaeT UMeTb BUA:

P =UBxe*[((UBx—2+Up)/Rp*Kr) + ((Usx—2+Ug—Ucr)/
R6 ¢ Kr)].

Paccuntaem makcumanbHyto MOLLIHOCTb, MOTPe6SeMYIO yC-
TPOWCTBOM B XXAYLLEM PEXMME, NPY HOMUHATBHOM HanpsiXXeHUN
cetn Uex = 220 B 1 MUHUMAIBHOM HanpskKeHun ctabunmnsaumum
Uct =4,95 B.

MapgeHve HanpsXXeHus Ha OMoAe BbINPAMUTENbHOMO MOCTa
coctaeut Un = 0,65 B.

O6LLee CONPOTUBNIEHNE AENUTENA HAMPSHKEHUS onpepens-
eTcsl CYMMOM MocnefoBaTesisHO BKITHOYEHHbIX COMPOTUBMEHWI:
R = 620000 + 9100 = 629100. Mo aHanorumn: R6 = 30000 +
30000 = 60000.

OTKJIOHEHNE HOMMHAIIOB Pe3NCTOPOB 5%, T.e Kr = 0,95.

MopcTasnsem aaHHbIe B hOpMyry:

P =220« [((220 — 2 * 0,65) / 629100 ¢ 0,95) + ((220 —2* 0,65
—4,95) / 60000 * 0,95)] = 220 * [0,00037 + 0,0038] = 0,92 BA.

Mo paHHBIM M3MEpeHU TOK, NOTPEONSEMbIN YCTPOUCTBOM
OT CETU B XAOYLLEM PEXUME NP HOMUHAIIBHOM HamnpspKeHUU,
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coctaBun 4,0 MA. Otctopa P = 220 ¢ 0,004 = 0,88 BA, 4T0 Haxo-
OUTCA B Npeaenax pacC4YUTaHHON BENIMYMHDI.

[MockonbKy B XOyLLIEM pexume YCTPOMCTBO npefcTaBnseT
CO6O0M YNCTO aKTMBHYHO Harpy3Ky, akTMBHas MOLLHOCTb B JaH-
HOM Crny4ae 9KBMBasneHTHa nonHowm mowHoctu: P = 0,92 BA =
0,92 Br.

4. KOHCTPYKUMA

YuuTbiBasi Manoe KonMyecTso feTanen, neyatHas nnara He
paspabaTbiBanacb. YCTPOMCTBO CO6paHO Ha OQHOCTOPOHHEN Ma-
KETHOW Mnate, BbIMUIIEHHON NO63UKOM MO rabapuUTHbIM pasme-
pam cBeTUnbHUKa (CM. puc. 4).

CoeavHeHns aNEMEHTOB BbINOMHEHbI HABECHBIM MOHTEXKOM,
C NOMOLLbI0 TEPMOCTOMKOro nposofda mapku MIT®d, a Takxe
nyTeM HannaseHVs NPUNOsS MeXay COCEAHVMUN [OPOXKaMMU.

[N CKINOYEHNA KOPOTKOrO 3aMbIKaHWsi, MeXay nnatomn u
KOPMYCOM MPOSIOXEH TEPMOYCTOMHUMBBIA ANINEKTPUYECKUIA Ma-
Tepuarn. B KayecTBe nocnegHero asTop UCNosb30Bas KOHAUTEP-
CKyto Gymary ansi 3anexkaHusi.

MpoBoga ceTeBoro LLHypa 3aBefieHbl B KIIEMMHIIK, HO Nepen
3TVIM OHM MPOXOAAT CKBO3b OTBEPCTUSA B Nnare. Takas mepa no-
BbILLAET 3aLLMTY CETEBOrO LLUHypa OT 06pbIBa.

[ns yno6cTBa MOHTaXKa BCE KOMIMOHEHTbI BbIGpaHbI B BbIBOS-
HOM McronHeHnn. EanHcTBeHHoe nckiiodeHne — SMD KoHOeH-
catop C3. OH npunasiH HENMOCPeACTBEHHO K COOTBETCTBYHOLLMM
BbiBOAam naHenbku MK co CTOpOHbI MOHTaXa.

MK ycTaHoBneH B LiaHroByto naHesnbky. KoHgeHcatop C2 pac-
nonaraeTcs BHyTpu Hee. Bnarogapsa manbim rabaputam, KOHOEH-
catop He MeLuaeT kopnycy MK o KoHUa caguTbCsl B MaHerNbKy.

TpaH3ncTopbl 3aKpensieHbl B BUHTOBbIX KNEMMHUKaX cepum
308-031. 310 yOo6Ho, T.K. A5 3aMeHbl TPAH3UCTOPA HE HY>XXHO
M3BNeKaTtb NnaTty u3 Kopryca CBETUNbHUKA W 3aHMMaTbCs nan-
KO — 0OCTaTO4HO OTKPYTUTL TPY BUHTA KIIEMMHOW KOSOOKM.

BepxHsasa yacTb nnatbl 3ape3epsrpoBaHa ans AanbHenLwero
pacLUMpeHrsi BO3MOXXHOCTEN YCTPOMCTBA, Hanpumep Ansa ycra-
HoBkW Mopyns ZigBee.

OTaenbHbIv BbIKIIOHATES b MUTAHWA He TPeBYyeTCs, MOCKOMNb-
KY TOK YTEYKM KaHana CTOK-MCTOK TPaH3McTopa Mo OMUCaHUIo He
npesbiwaeT 100 MkA. I3MepeHHbIi MynsTUMETPOM TOK HYepes
namny B AexXypHom pexume coctasui 11 MKA. OgHako MoXeT
CNy4nTLCA TaK, 41O namna 6yaeT BKIIHoHeHa Ha MUHUMArbHOM
APKOCTU, HE3AMETHOM NPW OHEBHOM OCBeLLIeHWN. [1oaToMy B Lie-
nsx 6e30MacHOCTM Ha BPEMS 3aMeHbI TamMn CBETUMbHUK criegyeT
OTKJIKO4aTb OT CETU.

KenatenbHo, Y4TO6bl KOHCTPYKLMS CBETUSIbHMKA, B OCO-
6€eHHOCTM ero nNnadoHOB, He NPENATCTBOBaNa OTBOAY Tenna,

Pwuc. 4. Bug co cTopoHb! geTtanen
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T.K. BbICOKas TeMreparypa CoKpaLLaeT cpok cry>x6bl namn [13].
B 3TOM OTHOLLIEHWM BapraHT, BbIGPaHHbIA aBTOPOM, CrieayeT npu-
3HaTb He CILLKOM YAa4HbIM.

MOCKOSbKY CBETUSBHUKM, Kak Mpasusio, ooopMIIeHbl B Me-
TaNNMMYECKNX Kopnycax, CreayeT NpuHATL Mepbl MO 3alumTe yCT-
pONCTBa OT BO3AENCTBUSA CTATUHECKOro anekTpuyectsa [14].

MonHbIM NepeYeHb NCNOMb30BaHHBIX KOMMOHEHTOB (thann
bill_of_materials.zip); onMcaHns akTMBHbIX KOMMOHEHTOB, 3adel-
CTBOBaHHbIX B cxeMe (cbavin datasheet_dimmer.zip); OCHOBHble
pacyeTbl (chann calculations.zip) Bbl MOXeTe 3arpy3unTb C can-
Ta Hallero XypHana:

http://www.radioliga.com (pa3gen “INporpammb!”)

a Takxe c canta asTopa:

http://mmiloslavsky.narod.ru
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