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HCTOYHUKH MHTARKS

PagnaumoHHO-cTonKMue

JIMHEeNHbIe CTabMnNn3aTopbl
HANPS)XEeHUS CO CBEPXHU3KUM
nageHnem HanpsHIKeHus

ANg PAOKeTHO-KOCMUYECKOM
TeXHUKMU

Buktop XaaHkuH

B cratbe npepcraeneHsl HOBblE PAAUMALMOHHO-CTOMKME NIMHENHbIE CTABMUAM3aTOpbI
Hanpsixenus cepun IRUH3301 komnanmu International Rectifier (rpynna nogpasaenenuit
koMnaHumn «BbicokonapéxHbie nzgenms» — HiRel). UnterpansHo-rmbpuaHsie crabunuaarops
XAPAKTEPU3YIOTCS CBEPXHM3KMM nageHuem HanpsxeHus 0,4 B npu Toke Harpysku 3 A.

OHM npegHa3HAYeHbI AN NPUMEHEHMS B pACNPeaenéHHbIX CUCTEMAX 3NEKTPONUTAHMS
KOCMMYECKMX annapaToB M TPAHCMOPTHbIX KOCMUYECKMX Kopabnen B kayecTee
NOKANM30BAHHbIX K HArpy3ke cTabunn3aTopos, a TaKXe A1l AOMONHUTENBHOM
crabunusaumm Hanpsxenus nocne DC/DC-npeobpasosarenen.

BceoObemutioniasi MHTEJIEKTyaTu3alius
OopTta sIBJISIeTCS YCTOMUMBO TEHIEHIIMEH,
KOTOpasi HaKJTabIBAeT CBOI OTIIEYaTOK Ha
KOHIIETIIIUIO CO3MaHUST PaIUO3TeKTPOH-
HOM anmapaTypbl KOCMIYECKUX ariapaToB
(KA). B 6oproBoii anmaparype KA (moma-
CUCTeME CUTHaJIbHOW O00pabOTKM, LEHT-
paibHOM OOPTOBOM KOMIIBIOTEPE, amrapa-
Type BBOJA-BbIBOIA MHGMOpMAIUU U 1p.)
LIUPOKO TPUMEHSIIOTCSI BBICOKOTIPOU3BO-
IUTETbHBIE CTIeIUATbHbBIE TPOIIECCOPHI, a
takke [IJIMC ¢ HU3KMM HampsckeHUeM
NUTaHus U OOJBLIIMM TOKOM MOTpedJie-
HUS. DTU IU(GPOBbIE MUKPOCXEMBI, C TOU-
KU 3pEeHUsT DJeKTPOIUTAHUS, SIBISIIOTCS
MOIIHBIMU Y TUHAMUYHBIMU. 711 ux nu-
TaHUsI, KaK MPaBUJIO, UCTONb3YIOTCS (-
(bekTHUBHBIC UMIYJILCHBIE TTPEOOpa3oBaTe-
. OfHako MpUMEHEeHUe ITUX Mpeodpa-
30BaTesell CBSI3aHO C TAKUMU HEeJJOCTaTKa-
MU, KaK BIMsgHUE IIyMOB. B pesysbrate
MpeAroYTeHUE 3a4acTyI0 OTAAETCS JIUHEe -
HBIM CTaOWJIM3aTOpaM HAIpPSDKEHUs C He-
0ONBIIMM NageHueM HanpskeHus: [1].
CrietiruyecKuM 1 OTHUM U3 BaXKHEHILINX
TpeOOBaHUI K 2JEKTPOHHBIM KOMITOHEH-
TaMm, MpeJHa3HAYeHHbIM JJIsl TIPUMEHEeHU
B coctaBe amnmnapaTypel KA, siBisiercst pa-
JIMALMOHHAsI CTOMKOCTb, KOTOPasi BO MHO-
TOM OIpeAessieT BepOsITHOCTb 0e30TKa3-

HOI pabOTBl OOPTOBBIX CHUCTEM M, KakK
CJIEACTBUE, JJIUTEIbHOCTh CPOKA AKTUBHO-
ro cyiiectBoBaHus (CAC) KA (B HacTosI-
1Iee BpeMsi CTOMUT 3ajada obecreyeHMs
CAC KA B Teuenue 10—15 ner).

g obecneyeHus nuranuneM CBUC u
TIJIMC, tpeboBaTeibHbIX K YPOBHIO 1y-
MoB, KomrmaHusi International Rectifier
npeiaraeT paaMaluoHHo-cToiikue (RAD-
Hard) nuHeliHbie cTaOuIM3aTOPhl HAMPSI -
keHust (JICH) co cBepXHU3KUM TageHUEM
HanpspkeHust (ULDO) cepun IRUH3301,
HUCMOJHEHHbIE MO WMHTErpaibHO-IrMOpUI-
HoI1 TexHosiornu ¢ npumeHenuem KMOIT-
MMKPOCXEMbI THIA «KPEMHUI Ha M30JIsI-
Tope». B Tabi. 1 mpuBeaeHbl OCHOBHBIE

xapakrepuctuku JICH cepun IRUH3301,
a Ha puc. | Toka3aH BHEITHUI BUI CTaOM-
JIM3aTopa, BBITIOJTHEHHOTO B KOMITAKTHOM
8-BbiBoIHOM Koprmyce Flat Pack mist mo-
BEpXHOCTHOro MoHTaxa. Heobxonumo 3a-
METHUTh, YTO JTOCTYITHBI TaKXKe MOIEIN B
MeTajndyeckux Koprycax MO-078 mius
MOHTaXXa B OTBEPCTHSI ITeYaTHOM IIIaThI.

VrpoigHHasi MpUHIKMIKHATbHAS cXeMa
JICH cepy IRUH3301 npuBeneHa Ha puc. 2.
Crabunuzarops! cepun IRUH3301 BbI-
MOJIHEHBI TI0 XOPOIIO M3BECTHOI CXeMe
KOMIIEHCAIIMOHHOTO CTa0MIM3aTopa ¢ mo-

Tabauya 1

TexHMYECKUe XapaKTePUCTUKU UHTErpanbHO-TMOPUAHBIX TUHENHbIX
cTtabunusartopos HanpskeHus cepum IRUH3301

IRUH330118AK 33 1,8 3 8-BbiBoAHOI Flat Pack
IRUH330118AP 3,3 1,8 3 8-BbiBOAHOI Flat Pack
IRUH330125AK 33 2,5 3 8-BbiBOAHOM Flat Pack
IRUH330125AP 3,3 2,5 3 8-BbiBOAHOM Flat Pack
IRUH330133AK 5 33 3 8-BbiBOAHOM Flat Pack
IRUH330133AP 5 3,3 3 8-BbiBOAHOM Flat Pack
IRUH3301A1AK 33 Perynupyemoe 3 8-BbiBoAHOI Flat Pack
IRUH3301A1AP 33 Perynupyemoe 3 8-BbiBoAHO Flat Pack
IRUH3301A2AK 5 Perynupyemoe 3 8-sbiBoAHON Flat Pack
IRUH3301A2AP 5 Perynupyemoe 3 8-BbiBoAHON Flat Pack
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Puc. 1. Buemuuﬁ Bmi nuHeﬁHo_ro
cTabunu3arTopa HanpsAXKeHUs CO CBEPXHU3KUM
nageHueM HanpsKeHus, BbINOJIHEHHOTO

B KOMNaKTHOM 8-BbiBogHOM Kopnyce Flat Pack

CJIeIOBATEbHBIM BKJIIOYCHUEM PETYJIN-
pytoiero snemeHTa (PD), B koTopoMm 3a-
JIAHHBIC XapaKTePUCTUKHU BBIXOTHOTO Ha-
MPSDKEHUST 00eCTIeUnBAIOTCS ¢ TIOMOIIBIO
enu oOpaTHOM CBSI3U, BO3AEHCTBYIOLLIEH
Ha perynmupytomuii anement [2—7]. Cra-
OWIM3alMsl HaMpPsDKEHUST B CTaOMIM3aTO-
pe ¢ TocienoBaTeIbHbIM BKItoUeHeM PO
OCYIIECTBIISIETCST TOCPEICTBOM aBTOMATH-
YECKOTO M3MEHEHUSI €r0 COMPOTUBIICHUS
MOJ, NeliCTBUEM YIIPABISIONIETO CUTHAJA,
Ha3bIBAEMOT'0 CUTHAJIOM OIIMOKHU. CUTHAI
OIIMOKM (DOPMUPYETCSI C TIOMOIIBIO YCH-
JITENIST OIMOKM Ha OCHOBaHUU CpaBHE-
HMST 9aCTH BBIXOJHOTO HAIPSDKEHUS CTa-
Ounau3aropa M HaNpsDKEHUsT MCTOYHUKA
OIMOPHOTO HampspKeHus. M3MeHeHus
BXOJHOTO HAMpPSKEHUST WM TOKa Harpys-
KU TIPUBOJISIT K COOTBETCTBYIOILIEMY M3ME-
HEHMIO COIpPOTUBIeHUs PO u mageHuo
HanpspkeHus: Ha HEM. [l HopMaibHOM
paboThl CTAaHIAPTHOTO WHTErPabHOIO
cTabuIM3aTopa BXOMAHOE HaIpsiKeHUe
JIOJIKHO TTPEBBIIIATh BHIXOAHOE HAIpPsKe-
HUe 110 KpaitHeit mepe Ha 3 B. Jlns ctabu-
JIN3aTOPOB C OOJIBIIMMM BBIXOAHBIMU TO-
KaMM 1 HeOONbIIMMU HAIPSDKEHUSIMU Ta-
KOe TIaJieHUe HAalpsDKEHMST TPUBOAUT K
3HAYUTEIbHBIM MOTEPSIM MOIIHOCTUA U
YBEJMYEHUIO Pa3MEPOB 3JIEMEHTOB pac-
cerBaHus Tera. CyllleCTBEHHOE CHUXe-
HUE MaJieHUs HaNpsKeHWsI Ha cTabun3a-
TOpe JOCTUTrAaeTCs MyTEM MPUMEHEHMS B
KayecTBe peryJupyiollero 3JeMeHTa
p—n—p TpaH3uctopa [3, 4, 6]. B kauectBe
0a30BOr0 TOKa BBIXOJHOIO TpaH3MCTOpa
PD ucnonb3yeTcst TOK cTOKa TpaH3UcTOpa
MJIT (MOSFET). MuHumalbHOe Taje-
HUE HaNpsDKeHUsT Ha cTabuiiM3aTope paB-
HO HampsDKEHUIO HACBIIIEHUST KOJIIeK-
TOP—3MUTTED TpaH3ucTopa PO u He mnpe-
Boiaet 0,4 B.

Ha puc. 3 mokaszaHa cxemMa TUIIOBOTO
BKJIIOYEHMS IMHEHHOTrO cTabuau3aTopa ¢
(bUKCHpOBaHHBIM BBIXOTHBIM HaIpsiKe-
HUEM.

D Vsense

Vo O3 1 \ D
Cxema onpegenexns P3
NOHWKEHHOTO
BXO/IHOr0 HanpsXeHus R !
Ry
SHONLE BbikntoyeHne §
1 3awénka BrnokupoBka
3awwTa npu neperpyske
0T neperpesa 110 TOKY -
Yeunutenb F
= OLINGKK
0= /
Konpaexcarop R2 m
CUHXPOHU3aun —=— C2 CTO4HUK
3aLLENKNBaHMA gggs;g{gm
(NOH)
GNDLR

Puc. 2. YnpowéHnHasa cxema JICH cepun IRUH330118AK/AP 6e3 chyHKLMU perynnpoBKU BbIXORZHOTO
HanpaxeHua (B cTabunusatope ¢ peryl1MpoBKOii BbIXOAHOIO HaNpPAXKEHUA BEPXHUIA pe3uctop

Aenutena oTCyTCTBYyeT U K cpep.ueﬁ TOUYKe aenutena HanpaxeHua nogknyaerca BHELIHUM

pesuctop - BbiBOA V.,

3aMeHseTCA Ha BbIBOJ BHeluHero pesuctopa ADJ)

BxoaHoe ~ V. ¥/ N BhixogHoe
Hanpsxenne 7 n o 7 HanpskeHue
IRUH3301xxxx
Kepamuyeckue Vsense Kepamuyeckue
KoHpewcatopsl | | 1 _l «ougexcaropel
0,1 MKO n 1 MKD, == == = == 0,1 MK® 11 mk®;
[1Ba TAHTaNoBbIX SHON [IBa TAHTaNoBbIX
KoHaeHcaTopa 100 Mk® KoHaeHcaTopa 100 Mk®
C HU3KIUM 3Ha4YeHNeM C HN3KUM 3Ha4YeHUEM
3KBYBANEHTHOTO GND 3KBUBANEHTHOTO
nocnefoBaTenbHOro nocnefoBaTeNnbHOro
CONPOTMBNEHNS CONPOTMBREHNS

<

Puc. 3. TunoBas cxema BK/IOYEHMA IMHEHHOrO CTabunu3aTopa ¢ HUKCMPOBAHHBIM BbIXOAHBIM

HanpsxeHuem (BbiBog SHDN pacnasH Tak, 4T0 MOAY/Ib NOCTOAHHO HAXOAUTCA B COCTOAHMM “ON” —

«BKno4€n»)

B Monensix ¢ (yHKuMel peryampoBKU
BBIXOJTHOTO HAMNPSIXKEHUST HEOOXOAUMO
yCTaHaBJIMBaTh BHEIIHU pe3uctop Rl,
MoAKII0YaeMblii K BeiBogy ADJ, HomMmuHan
KOTOPOTO OMPENENSIETCSI B COOTBETCTBUM
co caenyoouieit opmynoii:

R1=(,/(0,8 B) — 1) x499 Om.

B Ttabn. 2 mpuseneHsl Omkaiimme (B
npenenax gomycka 0,1%) 3HayeHUsT co-
MPOTUBJIEHUS pe3uctopa R1 mis momyde-
HUS 32JaHHBIX 3HAYEHU BBIXOIHOTO Ha-
TIPSKEHMSI.

TokoBaa u TennoBas 3aLLUTA
3ammra oT Teperpy3Ku B CTaOMIN3aTO-
pax cepuu IRUH3301 oGecneunBaeTcs
MOCPEACTBOM (PYHKIIMUA CUHXPOHU3UPO-
BaHHO 3a1EnKu. ToK yrpaBiieHUs] BHYT-
PEHHUM PETYIUPYIOIIUM p—H—p TPaH3U-
CTOPOM OTPaHMYMBAETCS PE3NCTOPOM R,
(puc. 2), crosimmM MexXmy 0a30ii TpaH3U-
cropa u MJII-TpaH3UCTOPOM CXEMBI

ynpasieHusi. Eciu mpu meperpyske 1o
TOKY TMajeHue HATPSKeHUs] Ha 9TOM pe-
sucrope mnpesbicut 0,5 B (HOoM.), cpaba-
ThIBaeT (BYHKIMA 3amiénku. Bpems 3a-
WENKUBAHUA (7,,,.,) HOMUHAIBHO COCTaB-
et 10 Mc. B ToM citydae Korma cocrtosi-
HUE Teperpy3KH MO TOKY JUIUTCSI MeHee
BpEeMEHU 1, ..,
HoBneHa. Ecnu 3aménka ycraHoBiieHa,
TOK YIIPaBJICHUST PETYJIUPYIOIIETO p—n—p
TpaH3ucTtopa OymeT oTkmod€H. CocTos-

3algnka He Oynmer ycTa-

HUE 3alIETKUBAHUS OYyIeT COXPaHSITHCS
0 TeX TOop, MoKa OyaeT WMeTb MeCTO
OIIMH U3 CIEMYIOUINX PEXNMOB:
1)HanpsokeHne Ha BeiBoge SHDN ycra-
HoBJIeHO BbIIe 1,2 B, a 3arem omycTtu-
nock Huke 0,8 B;
2)HanpsDKeHUE Ha BBIBOAE V), OMycTH-
jnock HuXKe 1,7 B.
B tom cityyae korma Temriepatypa Kop-
myca UMC crabuimzaTtopa TpeBBIIIaeT
HoMmuHanbHOe 3HayeHue +140°C, cxema

Tabnuya 2

3HayeHus CONpoOTUBJZIEHUA pe3unucTopa R1 pna obecneyeHus 3a/laHHbIX 3HAYEHUW
BbIXOAHOIr0 HanpAXeHua

BbixopHoe Hanpsxenue I/, ., B

0,9 1 1,2 15 1,8 2,5 33

Bnuxaiilwee 3HayeHue conpoTuBneHus pesucropa R1
c ponyckom 0,1%, Om

61,9 | 124 | 249 | 437 | 619 | 1060 | 1560
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TETUIOBOI 3aIllNTHI YCTAHOBUT BHYTPEH-
HIOIO 3aILENKY U OJOKMPYET TOK yIpaBJie-
HUS PETYINPYIONIETO p—H—p TPAH3UCTO-
pa, Kak yxe 0bu1o onucaHo. [locne nane-
HUSI TeMIIepaTypbl KOpITyca HUXe HOMU-
HabHOTO 3HaUeHwus +125°C 3amiénka Mo-
KT OBITh COpOIIIeHa TPU UCTIONb30BAaHUU
JIOO0TO U3 IBYX MEPEUNCICHHBIX PEXKU-
MOB.

BbnokupoBka Npu NOHNIKEHHOM
BXOAHOM HAMPSKEHUU

®OyHK1Ms OJOKUPOBKU TIPU BXOTHOM
HaIpsKeHNW HUKe HOMUHAJTBHOTO He JI0-
ImycKaeT paboTy YCTpOICTBA, KOTaa BXOJ-
Hoe Hampspkenue V, wuxke, yem 1,74 B
(HomuHanmbHOe 3HaueHue). CyliecTByeT
ructepesnc ¢ HomuHamoMm 100 MB Bbime
9TOTO 3HAYEHUSI.

Avana3oH BXogHoOro
HAMPsSOKEeHUa

YCTpoicTBO TMOTHOCTBIO  (PYHKIIMO-
HaJTbHO, KOT/IA BXOMHOE HaNpspKeHuu Vin
BhILIE, 4yeM 2,8 B. CtabunusaTop BXOIWT B
peXuM OJOKMPOBKU TPU TOHIKEHHOM
BXxOHOM Hanpsokennu V, < 1,7 B (Homu-
HajbHOe 3HaueHue). Korma V;, < 1,7 B <
<2,8 B, BbIXOmHOE Hanpsokenue V,, Oyaet
OTCJIEXUBATh V), M MOXET TIPOU3OUTH OT-
KJIOHEHWE OT YCTAHOBJIEHHOTO 3HAYEHMSI.
Jist 3aMenyieHus CKOPOCTH TTOBBILIEHUS
V. . IPM MEJUICHHOM U3MEHeHuu V, ciie-

IIyeT TPUMEHATh KOHICHCATOp OOJIBIION
€MKOCTH.

AUCTaHLUMOHHOE BbIKJIIOYEHUEe

Crabum3aTtop MOXeT ObITh BBIKITIOUCH
rnomavyeit Ha BbiBoa SHDN HamnpsckeHust
6onee 1,2 B. Crabunmsarop Bo3BpallacT-
cs1 B paboumii pexkuM, KOrJa HampssKeHue
Ha BeiBogie SHDN OyneT ycTaHOBJIEHO HU-
Ke mopora otkimouenust 0,8 B. B Tom ciry-
yae Korjga He TpeOyeTcsi MPUMEHSITh JUC-
TaHLIMOHHOE BbIK/TIoYeHue, BeIBog SHDN
caenyet coemuHUTh ¢ GND.

BxogHble KOHAEHCATOopbI

JIjist IpaBWIBHOM paboOTHI yCcTpolicTBa
HEOOXOAMMO YCTAHOBUTH BXOIHBIE OJIO-
KHMPOBOYHBIE €MKOCTH: NIBa BBICOKOYA-
CTOTHBIX KepaMMYeCKUX KOHIEeHcaTopa
(0,1 Mx® u 1 Mx®P) 1 1Ba TAaHTAJIOBBIX
KOHJIEHCATOpa C HU3KUM SKBUBAJIEHTHBIM
MOCJIeIOBATEIbHBIM  COMPOTUBIIEHUEM
émkocTthio 100 Mk® (AVX TPS nnu sxkBu-
BaJICHTHBIE), pa3MellaeMble B HEIOCpe/-
CTBEHHOW Onmu3ocTu K BbiBoay V. Ecin
KOHJIEHCATOP BXOJHOTO MCTOYHUKA yCTa-
HOBJIEH Ha paccTtostHuu 6osee 100 MM oT
cTabmiam3aTopa, pPeKOMEHAyeTCsl TIpUMe-
HSITH TOTIOJTHUTETbHBII BXOIHON KOH/IEH-

catop. KonmeHcaTtop c OoJblieit €m-
KOCTBIO YITy4IllaeT TIOJaBJIEHUE ITyJThca-
1IUiA, CIIOCOOCTBYSI YIYUIIIEHUIO CTAOWJIb-
HOCTH BBIXOJAHOTO HATIPSKEHUSI.

BbixopHble KOHAEHCATOPbI

st obecriedeHUs] YCTOMYMBOCTU IIPU
HMMITYJIbCHOM M3MEHEHUHU TOKAa Harpy3Ku
TpeOyeTCsl yCTAHOBUTH BBHIXOAHBIE OJIOKM-
POBOYHBIE KOHIEHCATOPHI: IBa KEpaMu-
yeckux KonHaeHcatopa (0,1 MK® wu
1 Mx®) u 1Ba TaHTAJIOBBIX KOHAEHCATOPA
C HM3KUM BOKBUBAJEHTHBIM II0C/IENOBA-
TEJbHBIM COIPOTUBIEHUEM EMKOCTBIO
100 Mx® (AVX TPS unam sKkBHUBaJeHT-
Hble). st CHUXKEHUST YPOBHS ITyJIbCaLIMiz
MOXET OBbITh YCTAHOBJIEHO HECKOJIBKO H0-
[MOJIHUTEIbHBIX KepaMUYEeCKUX KOHIEH-
caropoB éMKocThio 1 MK®D. He pekomeH-
IyeTcsl MPUMEHEHMe KOHICHCATOPOB EM-
KOCTbIO 0oJible 1 MK®, Tak KaKk OHU MO-
I'YT BbI3BaTh HECTAOMILHOCTH BBIXOIHOIO
KaHaja.

Wcnonb3oBaHue TaHTAJIOBOIO KOHIEH-
cartopa ¢ EMKOCTbIO OOJIbIIEC YKa3aHHOI
paHee PEKOMEHAYeTCSI ISl YIydLICHMS
MEePEXOIHOM XapaKTePUCTUKKU IIPU HM-
MyJIbCHOM HM3MEHEHWM TOKa Harpy3Ku.
Bepxnuit nipeaen 3HaueHus EMKOCTU 00-
yCIaBJAMBAeTCs 3ama3AblBalOIMM cpaba-
ThIBAaHMEM 3alIEIKU MPU MEeperpys3ke o
TOKY M MOXeT ObITh 10 10 000 MK®D, yTo-
Obl MPU 3TOM HE BBI3bIBATh 3allIEJIKMBa-
HMSI YCTPOIMCTBA BO BpeMsl 3aITycKa.

OcHoBHblEe NpaBuna
KOMMOHOBKM NMEe4YaTHOM NAarbl

BecbMa BaKHBIM SIBIISIETCSL OOecIiede-
HME HU3KOTO 3HAYEHMS IIOJIHOIO COIPO-
TUBJIEHUS COEIMHUTEIBHBIX JIMHAN MEX-
Iy BBIXOIOM CTa0MIM3aTOpa U HArPy3KOii.
B cBsI31 ¢ 3TUM HACTOSITELHO PEKOMEH-
IIYeTCSl MCIIOJIb30BaTh CIUIOLIHBIE CIIOU
ME€YaTHOM TUTATHI IS ITATAHWS U «3€MJIN».
Ecnu uMmnenaHc miathl He MOAICPKUBA-
eTcsl HeOOJIbIINM, MOXET BO3HUKHYTHb
BBICOKOYACTOTHASI TeHepalusi, 00yCI0B-
JIEHHAs! BIMSIHAEM ITapa3sUTHBIX [TOC/IEN0-
BaTeJIbHBIX COIPOTUBICHUI U MHAYKTHB-
HOCTEl Ha 3aIac peryJdpoBaHusI IO 4Ya-
croTe U (aze KOHTypa.

BoiBon V. JIOJDKEH OBITh COEIUHEH

sense
HENOCPEACTBEHHO C BBIBOIOM V| T10 BO3-
MOXHOCTU 00Jiee KOPOTKUM TPOBOTHU-
KOM Ha TTeYaTHOM TuIaTe.

YCTaHOBKY BBIXOJHBIX KOHIEHCATOPOB
HEOOXOIMMO TIPOU3BOANTH B HETMOCPE/-
CTBEHHOI O/M30CTHM OT KOHTAKTOB V1
GND u menatb COOTBETCTBYIOIIYIO Tpac-
CHUPOBKY Ha TIEUaTHOU TUIaTe C MaKCHU-
MaJbHO IOTYCTUMOW TpaBUJIaMU TIPO-

CKTUPOBaHUA HII/IpI/IHOﬁ IIPOBOJHMKA.

0,1 Mk® 1 mk®

0
N

0,1 Mk® 1 mk®

100 mk® 100 mk®
IRUH3301
100 Mk® 100 Mk®

Puc. 4. MepBbIit cnoi neyaTHoI Nnatbl € ycTa-
HOBJIEHHbIM cTabunusatopom IRUH3301 u
6NOKMPOBOYHBIMU KOHAEHCATOPaMU

Crenyet n3beraTh MCIIOIb30BaHUS TIEpe-
XOITHBIX OTBEPCTUM T MOHTa)Xa STHUX
KoHIeHcaTopoB. Ha puc. 4 mokazaHo pas-
MeIlleHUe 3JIEMEHTOB Ha TIEPBOM CJIOE TIe-
YaTHOM TIJIaThl; U3 PUCYHKA BUIHO, YTO
KepaMU4YEeCKUe KOHICHCATOPHI yCTaHaB-
JIUBAIOTCSI B HETIOCPEACTBEHHOM OJIM30-
CTH OT BBIXOIOB CTaOMIM3aToOpa.

COOTBETCTBEHHO, BXOIHBIE KOHIEHCA-
TOpPBl JOJDKHBI OBITH pa3MelleHbl Ha-
CKOJIBKO MOXHO OJIMXe K KOHTaKTy V.

Jlnst pacué€Tta TEIJIOBBIX PEXMMOB CTa-
OMIM3aTopa MOXHO BOCIIOJIb30BAThCS 3a-
BUCHMOCTBIO BBIXOIHOTO TOKa OT TEMIIe-
paTyphI ero KopItyca, IpeIcTaBJIcCHHOM Ha
puc. 5.

K BBIXOZTHOMY HAmpSDKEHWIO WHTET-
PaTbHO-TUOPUIHBIX TUHEWHBIX CTAOMIIH-
3aTopoB cepur IRUH3301 mpenbsaBisioT-
csl BBICOKME TpeOOBaHUS IO TOYHOCTHU
Tpebyemoro HomwuHazna. Jlornueckue
ycTpoiicTBa, Takue Kak FPGA u Mukpo-
MPOLIECCOPBI, KOTOPBIE SIBJISIOTCST HArpy3-
KaMM JIJI 3THUX CXeM, UMEIOT TeHIEHIIUIO
K CHUXKEHMIO COOCTBEHHOTO paboyero Ha-
MPSDKEHUsT M COKPAIIEHUIO TOITyCTUMOTO
Iuara3oHa W3MEHEHHUs HampsoKeHMS.
Hcxonst u3 3TMX TOCBIIOB, COBPEMEHHBII
CcTabuau3aTop JOKeH 00JagaTh BbHICO-
KO TOUHOCTBIO BBIXOJHOTO HAIpPsIKe-
HUS, COXpaHSIOILIEHCs] B YCIOBUSIX BO3-
NICCTBUS IEPEMEHHOM TeMIIepaTypbl, pa-
OUAlA U OPYyTUX AecTabUIM3UPYIOLINX
(akTOpoB, OOJBIIMM CPOKOM CJIYKObI U
CIOCOOHOCTBIO 00ecreynuBaTh HU3KMI
ypoBeHb HampskeHus (1o 1 B u Huke).

B crabunuzaTtopax HOBOW cepuu
IRUH3301 B npotiecce o0111ero yayylie-
HUS MX MapaMeTpoB MO CPaBHEHMIO C Xa-
pakTepuUCTUKAMM MOJEJei TpeaecT-
BYIOILIMX CepMil ObUT pealu30BaH Psi pe-
ILIEHUI, HAMpaBJIeHHbBIX Ha obecreyeHue
0oJiee BBICOKOI TOUHOCTHU U 00Jiee HU3KO-
ro 3HaY€HUS] MUHUMAJIbHOTO BBIXOJHOTO
HanpstkeHus. Hapsimy ¢ aTuM HoBas pas-
paboTKa MCMOJIb3YeT MUKPOCXEMY yIpaB-
JICHUSI, CO3JaHHYI IO TEXHOJOIUU
«KPEeMHUI1 Ha U30JIITOpe», KOTopas odec-
MeYyrBaeT OYeHb XOPOILIYI0 pagualllMOH-
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Puc. 5. 3aBUCMMOCTb TOKa Harpy3Kku oT TeMnepaTypbl Kopnyca crabunusaropa 6e3 noHMKeHUs
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Puc. 6. Pe3ynbTatbl pecypcHbix ucnbitanuin ansa IRUH3301

HYIO CTOMKOCTD I10 OTHOLIEHHIO K HAKOII-
JIEHHOW 03¢, yJIydllas TeM CaMbIM CTa-
OMJIbHOCTD HAIMPSIKEHWS IIPU BO3ICH-
CTBUU MOHU3UPYIOIIET0 U3JIy4eHUs.
KpomMe TOro, TexHudYecKme XapakTepu-
CTUKY B OTHOLIEHUU OJUHOYHBIX 3 PeK-
TOB OT BO3IEICTBMS IPOTOHOB M MOHOB
TakKe CTaJl¥ 3HAYUTEJbHO JIyYlIe.
[IpuMeHeHe BHYTPEHHErO0 MCTOYHMKA
OIIOPHOTI'O HAIPSDKEHUST C HU3KUM HaIIpsi-
JKEHHMEM I103BOJISIET CTa0MIM3aTOpaM HO-
BOI cepuM 00ecIieYrBaTh BBHIXOAHBIE Ha-
NpsbKeHus1, cHukatomumecs ao 0,8 B, uro
COOTBETCTBYET TPeOOBAaHMIM IKCILIyaTa-

LIMY COBPEMEHHBIX IN(PPOBBIX YCTPOUCTB.

PECYPCHBIE MCNBITAHMUS
PesynbraThl pecypcHBIX WCTIBITAHUM
crabunmsatopoB cepun IRUH3301 1o
Method 1005 cranmapra MIL-STD-883
npejcTaBieHbl Ha puc. 6. [Ipu pa3pabor-
K€ 3TUX W3MIETNI BBIIBUTATIOCH TpeOoBa-
HUE TIOTYYUTh 3HAaYeHUE OTKIOHEHUS OT
HomuHana +1%. Camblii GOJIbIION BKIAM
B OTKJIOHEHUE OT HOMMHaJIa CTabum3a-
TOpa BHOCUTCSI CTapEHNEeM MHTETPaIbHOM
MUKpPOCXeMBI peryisitopa. [1pu pazpabot-
K€ TAaHHOW MUKPOCXEMBbI Oblia TIOCTaBJIe-
Ha 1eJb T0OUThCS TIpeesia OTKIOHEHUSI,

BBbI3bIBAEMOI'0 CTapeHUEM, BEJMUMHON B
1%. Pe3ucTopbl MMEIOT MaKCUMalbHOE
3HaueHue OTKIOHeHus +0,5% mnpu pe-
CYpPCHBIX UCTIBITaHUSIX B TeueHure 2000 ya-
COB, TMTOBOE 3HAYEHUE COCTABIISIET OKO-
710 1/10 oT ykazaHHOTO Makcumyma [8].

HAKONMEHHAS AO3A
PAAUALIMMUN

Bo Bpemst pa3paboTKK CBOMX U3CITHIA,
MpeaHa3HAUYCHHBIX ISl TPUMEHEHUST B
amnmnapaType pakeTHO-KOCMUYECKON Tex-
HUKH, KOTOpast MPU 3KCILTyaTalluK MOJI-
BEpraeTcsi BO3ACHCTBUIO MOHU3UPYIOLINX
U3IYYEHUN 3apsKEHHBIX YACTUIL, KOMITa-
Hus International Rectifier mpoBogut
KBaIM(DUKALIMOHHbBIC WCIBITAHUS M3JIe-
JIMIA HAa BO3JCWCTBUEC NOHU3HPYIOLIUX U3-
JIYYCHUN U OMUHOYHBIX SIACPHBIX YACTHUIL.
OTYéThI TIO pe3y/ibTaTaM MCIBITAHUIT Ha-
XOISITCSI B CBOOOMHOM JIOCTYIE Ha caiite
KOMITAHUM WM JOCTYIHBI TIO 3arpocy.
TakuMm 006pazoM, rapaHTUPYETCsT TOCTYIT K
nHpopmaluu 06 YCTOWYMBOCTU K BO3-
NEACTBUIO pallallMy U IPYTUM BHEILTHUM
BO3/EHCTBYIOIIUM (haKTOpaM. 3aydacTyio
MOJIYYUTh TAKyI0 MH(GOPMAIIUIO OT APYTUX
MOCTABILIUKOB BBICOKOHANEXHOW TEXHU-
KU HE MPEACTaBISIETCS BOBMOXHBIM [9].

B xauecTBe pykoBomcTBa 1O pa3padoT-
Ke MPOoLeIypbl UCTIBITAHUS UCTIONb30Ba-
cs1 Method 1019 lonizing Radiation (ycmo-
Bue A) cranmapra MIL-STD-883G. Bror
METOJ1 YCTaHaBJIMBAET OCHOBHbIE TpeOoBa-
HUSI K BBINOJTHEHMIO ucnbiTaHuili. Co-
IJIACHO YCJIOBUIO A cTaHIapTa MOLIHOCTb
J103bl MOHU3UPYIOLLETO U3TyYeHUU J0JK-
Ha ObITh Mexky S50 u 300 paz (Si)/c oT uc-
TouHuka Tumna 60Co. MHTeHCHMBHOCTU
00JlydeHUST MOTYT OBITb Pa3HBIMU IS
KaXIO0To 3HAYEeHUS] CyMMAapHOIA 0361, OfI-
HaKO MOIIHOCTh TO3bI HE AOJKHA Pa3jin-
yatbcst 6osiee ueM Ha +10% BO BpeMst Kaxk-
JIOTO OOJTyYEHMUSI.

VeToiuMBOCTh K BO3MENCTBUIO HAKOTI-
JIEHHOI TO3bI pagualuy OTpaxaeT puc. 7.
CornacHo TpeOOBaHUSIM CTaHAAPTA, YTO-
6b1 TipousBecTn onieHKy IRUH3301 mpu
HakoruieHHoit 1o3e 1o 300 xpan (Si), Tect
ObLT MPOBEAEH P YpOBHE 103bl HA 50%
0oJbIlIeM, TTIOATOMY B pe3yibTatax ury-
pUpYIOT M JaHHbIE, TOJy4YeHHBIE s
500 kpan. OTKIOHEHMSI BBIXOJAHOTO Ha-
TIPSDKEHUST, CBS3aHHBIE C BO3EICTBUEM
HaKOIUJICHHOU MO3bl panvaluu, JieXaT B
npenenax ot +0,5% no —1% HomuHana.
DTOT 1oKasarejib ObUT MPOBEPEH Ha BbIOO-
POYHOM OCHOBE [UISI KaXIOW MapTUU
KpeMHHUEBbIX TulacTUH. OH 3HAYUTEIbHO
JIydlile, YeM aHAJIOTMYHBIH TToKa3aTeb s
Ipeablayllieil cepur, KOTOPbI ¢ MpexXHeil
BepCUeil MUKPOCXEMbI YMPaBICHUSI MOT
u3MeHsIThest 10 6% mpu 500 kpax (Si) [10].

ELDRS — nOBLIWEHHAS
YCTOUUYUBOCTDb K
BO3AEMUCTBUIO
MOHU3IUPYIOLLUX U3JTYYEHUM
HEBOJIbILIOH MHTEHCUBHOCTHU
Wcnbitanus Ha onpeneneHne yCToium-
BOCTH TIOJyTIPOBOJHUKOBBIX WHTETPATb-
HBIX MUKPOCXEM K BO3/IEICTBUIO MOHU3U-
PYIOLIMX U3TYyYEeHUN HEOOJIbIIION MHTEH-
CUBHOCTU TIPUMEHSIIOTCST ISl W3IENUiA,
KOTOpBbIe MOTYT BBIAABaTh OTKa3bl TMPU
MOIIHOCTSIX O3Bl WU3JIyYeHUs HIKe
50 pan (Si)/c. MeToanka UCTIbITaHWI ObLIa
BbIpaboTaHa Ha ocHoBe Method 1019 Ioni-
zing Radiation (ycimoBue D) cranmapra
MIL-STD-883. BToT MeTon ycTaHABIMBa-
€T OCHOBHbIE TPEOOBaHMUSI K BBITOJHEHUIO
ucnbitanuii. CornacHo yciosuio D, koto-
poe MPUMEHSIETCSI UTSI MUKPOCXEM, BBITION-
HEHHBIX Ha OUTIOJISIPHBIX TPAH3UCTOPAX 110
texHonornn BiCMOS wnn mpuHamiexa-
1IUX K CMEIIaHHOMY TUITy (aHAJIOTOBbIE U
udpoBbIE), YCTPOMCTBA MOABEPrarOTCs
BO3/ICHCTBUIO HU3KOMHTEHCUBHOTO paaua-
LIMOHHOTO OOJTyYeHUSI C MOIIIHOCTBIO O3bI
He 6onee 10 mpan (Si)/c. UckmoyeHue co-
CTaBJISIIOT Te CIyyau, KOraa CyMMapHasi 10-
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Puc. 7. YcToi4MBOCTb BbIXORHOTO HAaNPAXKEHUA K BO3AENCTBUIO MOHU3NPYIOLWEro U3NyYeHUs

(o6pasubl N2 1-5 HarpyxeHbl TOKOM 50 MA npu BXoAHOM HanpseHuu 6,8 B, o6pasubl N2 6-11

BKNIOYEHBI B CXEMY C BXOAHbIM HanpsxeHuem 0 B, a o6pasey 12 UCnonb30Banca B KAYECTBE KOHT-

PoONbHOro, TO €CTb He noABepranca BO3AeNCTBUIO pap,uauuu)
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YcnoBHbie 0603Ha4YeHUs:
+ 16 Kpaj; = 43 Kpag;

75 Kpaja, x 110 Kpaj

Puc. 8. YcToi4MBOCTb BbIXOAHOTO HAaNPAXKEHUA K BO3AENCTBUIO MOHU3NPYIOLWEro U3NyYeHUs

HU3KOMN MHTeHcMBHOCTU (06pasubl Ne 1-5 HarpyKeHbl TOKOM 50 MA Npyu BXOAHOM HanpAXeHUH

6,8 B, 06pa3ubl N2 6-10 BKIOYEHbI B CXeMy C BXOAHbIM HanpsxeHuem O B, a o6pasey 11

UCNoNb30BaJICA B Ka4eCTBe KOHTPOJIbHOro, TO eCTb He nNoaBsepranaca BO3AeiCTBUIO pap,uau,uu)

3a Bbie 25 kpax (Si) — B TUX ciydasix
MOJTHOE BpeMsl BO3MEHCTBUS pagualiiu
JIOJDKHO ObITh He MeHee 1000 u, a MmoI-
HOCTb JI03bI JOJDKHA OBITH OTpenesieHa u3
CyMMapHOI 103bI (BKJTIOYast JIIOObIEe (haK-
TOPBI TECTUPOBAHMS) M BPEMEHU BO3IEH-
CTBUSI paINaliid.

[MonyyeHHbIe pe3ynbTaThl BO3ACHCTBUS
MOHU3UPYIOIIETO U3ITyIeHUsT HeOOTbIIOMN
MHTEHCUBHOCTU TIPEACTaBIEHbI Ha puc. §
[11]. Kak BumHO u3 rpacduka, OHU TOXKE
nexar B npenenax ot +0,5% no —1% Ho-
MUHaJa, 33JaHHBIX B CIIEIIU(UKALIINA.

CTOMKOCTbh K BO3AEMCTBUIO
NMOTOKA HEATPOHOB
Jlist cTaOUIM3aTOPOB HATIPSIKEHUST Ce-

MOABEPTHYTHl BO3JIEWCTBUIO TTOTOKOB
HeliTpoHoB 1011 m 1012 HelTpoH/cM2.
[Mocne BO3AENCTBUSI TOTOKA HEATPOHOB C
ypoBHeM Bbilie 1012 HEUTPOH/CM2 OBLIO
BBISIBJICHO YXY/IIIEHWE B OTHOILICHUM Ha-
MPSDKEHUST HA PEryJIMPOBOYHOM TPaH3M-
CTOpe U TOPOroB cpabaThiBaHUSI (PYyHK-
LMY 3alIEIKUBaHUSI TIPU TIeperpy3Ke Mo
TOKY, OJIHAKO JIaxke B 3TOM CJiyuae yCTpOii-
CTBa COXpAaHSIIM CBOIO PabOTOCMOCOO-
HOCTb M OCHOBHBIC 3JIEKTPUUYECKUE Xa-
PaKTepUCTUKU BILUIOTh 0 3HAYCHUH MO-
psaka 1013 HeltpoH/cM2. McmblTaHusa
MPOBOJWIINCH B COOTBETCTBUU C TPeOOBa-
nusimu Method 1017 Neutron Irradiation
crangapta MIL-STD-883. Ilompo6HO

MpoLefypa UCTIBITAHUI U UX PE3YJIbTaThl
omnucaHsbl B [12].

PE3YNBLTATbHI UCNILITAHUMNA
HA BO3AENCTBUE OTAEJNIbHbIX
SSAEPHLBIX YACTUL

HeobxonnmMo OTMETUTh, YTO Ha OO
ONMUHOYHBIX 3(h(EKTOB OT BO3AEMCTBUS
WOHOB €CTECTBEHHBIX pPaIMallMOHHBIX
TOSICOB 36MJIM, COJTHEUHBIX U TajlaKTude-
CKUX KOCMUYECKUX JIydel TPUXOAUTCS 10
35% 3aperucTpupoOBaHHBIX OTKA30B.

B nmexab6pe 2005 roma kommanus Inter-
national Rectifier ucnpiTana crabunmza-
Topel HanpstkeHust cepur IRUH3301 Ha
CTOUKOCTb K BO3IEHCTBUIO OTIEIbHBIX
SIIEPHBIX YACTUIL U UCCIIE0BaIa ONUHOY-
HbIe 3G (EKTH OT BO3AEHCTBUS YACTHII.

YcTpoiicTBa noBepraavuch Bo3AeHCTBUIO
OTOOpaHHBIX My4yKOB MOHOB. [Ipm 3TOM
KOHTPOJIMPOBaINCh 3(PGhEKTH Tepexona
MHUKPOCXEM B COCTOSIHUE TOBBIIIEHHOTO
MOTpebJieHNsT TOKa M3-3a cpabaThIBAHUS
TUPUCTOpPa, 0OPA30BAHHOTO OIHUM U3
TPaH3UCTOPOB CXEMBbI B Tape C MapasuT-
HBIM TpaH3ucTopoM (Single Event Latch-
up — SEL), u nepexoaHble MOHU3AIIMOH-
Hble peaKlMy B BUJE UMITYJIbCOB HAMpsi-
JKeHUsT B BBIXOAHBIX Liemnsx (Single Event
Transient — SET). Ina onpeneneHus
CTOMKOCTU CTaOMJIM3AaTOPOB K BO3JEii-
CTBMIO OTJEJbHBIX YACTHUIl ObLIM BbIOpa-
Hbl CJIeAyIOlMe BUAbI MOHOB: KPUITOH
(Kr), kceHoH (Xe) u 3051070 (Au). YpoBHU
SHEPIUuii, MTOPOTrOBbIC JIMHEWHbBIE MOTEPU
sHepruu (JIIID) noHa B BeliecTBe U Iy-
OMHA MPOHUKHOBEHUSI BCEX BBIOPaAHHBIX
YacTHUIL] MOHOB MpeACTaBlIeHbI B Ta0. 3.

Bce o0Opasibl cTabMiIM3aTopoB ObLIU
vchnbIiTaHbl  mpu  3HadyeHusix  JIIIO
85,4 MaB-cM2/mT, 11 He OBLTTIO OOHApYXe-
HO TIepPEeXOI0B MHUKPOCXEM B COCTOSTHUE
MOBBIIIEHHOTO TTOTpebeHust Toka (SEL)
BO BCEM [MAIa30He BXOMHBIX HaIpsiKe-
HUil. Bo BpeMsI BBITIOJTHEHUST BCEX UCITBI-
taHuii Ha SEL HU B ogHOM M3 TecTUpye-
MbIX 00pa3loB He ObLI0O OOHAPYKEHO Ka-
TacTPOUUECKUX OTKA30B.

Pesynbratel ucnbitannii Ha SET moka-
3BIBAIOT YYBCTBUTEIHHOCTD U3NEHI K aM-
TUTUTY/Ie BXOTHOTO HampsikeHusl. BHauane
Tpu oOpaslia ObUIM UCMBITAHBI MIPU BXOA-
HOM HanpsikeHuu 7 B 1 Toke Harpys3ku 1 A
¢ ypoBHeMm JII1D 27,8 MaB-cm2/Mr 1 ¢ uc-
noJib30oBaHeM IyykoB uMoHoB Kr. [lpu

puu IRUH3301 6butt mpoBeneHbI UCTIbI- Tabnuya 3
TAHUS C TIEBIO OTIPENeNeHHs BIMSHUS Pa3HOBMAHOCTM MOHOB, NPUMEHAEMbIe NPU TeCTUPOBAHUU

MOBPEXACHUN CTPYKTYPHI TOTYIPOBOI-

HMKOBOTO MaTrepuasa, CBSI3aHHBIX C BO3-

NIEUCTBUEM TOTOKOB HEUTPOHOB, Ha TeX- Rt 1032 0 278 134

HUYECKNE XapaKTePUCTUKU ITUX YCT- 12%%e 131 v o1 120

poiicTB. Bce TecTupyeMbie 00pasiibl ObUTU A 2247 0 854 118
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BXOJHOM HampstkeHuu 7 B B kaxiom 00-
pasiie HaGIIONAINCh UMITYJTbCHI TIOJIOXKM-
TeJILHOTO HATpsDKeHUsT Ha Bbixonme. Bxom-
HOE HamNpsDKeHNe TTOHVDKAIOCh, U TTPOBO-
QIWJIOCH TIOBTOPHOE TECTMPOBAHME MO TeX
Top, TOKa He OBbLJI0 YCTAHOBJIEHO 3Haue-
HME BXOJIHOTO HATPSDKEHUST, TTPY KOTOPOM
He HaOTIONATNCh UMITYJILChI HATPSIKEHUST
Ha Bbeixome (SET). Ilpu yposue JIIID
27,8 MaB-cm2/Mr nBa obOpaslia He UMETU
peakiny B BUAE UMITYJILCOB HATIPSIKEHUS
TIpY BXOTHOM HampstkeHuu 4 B, a tperuit
o0Opasell — TMpU BXOAHOM HATPSDKEHUU
3,7 B. ITpu ypoBre JITID 51,5 MaB-cm2/mMr
IBa oOpaslia MoKa3alu CBOI0 HEBOCIIPU-
VMYUBOCTh TIPY BXOJHOM HaTpPSIKEHUU
3,8 B, a Tpetuii obpaselr — Ipu BXOTHOM
Hanpspkeauu 4 B. JITID 85,4 MaB-cm2/mMr
He BbI3BaM SET y Bcex Tpéx oOpasiioB
MpY BXOTHOM HarpstkeHuu 3,8 B.

B pesynbrate wcmnbiTaHUll OBITIO ycTa-
HOBJIEHO, UTO CTAOMITM3aTOPHI YCTONUUBBI
K SET npu BxomHOM HanpskeHum 3,3 B u
MUHUMaJIbHOM 3HAaYeHWUW BXOMHOTO Ha-
npsckenus 2,9 B. TectupoBaHue He BbI-
SIBUJIO UMITYJIbCOB OTPUIIATENILHOTO Ha-
npskeHust 6onee 180 MB y kaxmoro u3
00pa3loB BO BCEM AMAMa30HE BXOMHBIX
HanpspkeHuii. HaGmonanuce Toibko aBa
cily4asl TIOSIBJIEHUSI OTPULATEIbHOTO Ha-
MpsDKeHUs Ha BBIXONE, HO 00a OHM ObLIU
KBaTM(PUIIMPOBAaHBI KaK OIIMOOUHbBIE (3a-
KpPBIBAIOIIAsI IITOPKA OKA3bIBATACh HA JIN-
HUU Ty4YKa, YTO HApYIIaJO YCJIOBUS MC-
MBbITAHUIA).

B kavectBe mpuMepa KOHKPETHOTO U3-
JeNUsi MOXHO MPUBECTH CTaOWIU3aTop
IRHU33PA13B20K. B pesynabsrate uCIbI-
TaHU ObLIO BBISIBJIEHO, UYTO OH HEBOCIIPU-
umuuB K SEL npu JITID 85 MaB-cM2/Mr
Takke yCTaHOBJIEHO, YTO Ha €r0 BBIXONE
OyIyT OTCYTCTBOBAThH UMITYJILCHI HATIPSTKE-
Hust 6osee 200 MB 11py BXOIHBIX HaIpsTKe-
Husix 3,7 B m Huxe m ypoBHsx JIIID no
85 MbaB-cm2/Mr. Bonee mompoGHO ¢ TIpo-
1eaypoil TecTUpOBaHMS CTabWIM3aTOpa
Hanpsokeanst IRHU33PA13B20K Ha Bo3-
NIeICTBYE MOHOB M Pe3y/IbTaTAMU UCITbITA-
HUI MOXHO 03HAaKOMMTHCS B [13].

PesynbraTel MCTIBITAHWIT TTOKA3bIBAIOT,
YTO KOMITEHCAIIMOHHBIE CTA0WIN3aTOPHI
Hanpspkenust cepun IRUH3301 umeror
YIIyqIlIeHHbIE TTOKA3aTeTN CTa0WIn3anuu
HanpsikeHust £3%. B TUITOBBIX TpUMeHe-
HUSIX, TPeOYyIOLIMX BBICOKOW HaaEXHO-
CTH, AOIYCTUMBbIE OTKJIOHEHUSI COCTaB-
JIIOT puMepHo —2,4/+2,6%. Dto cyiie-
CTBEHHO JIy4llle TI0 CPaBHEHUIO C Tpel-
MIECTBYIOIIMMU CEepUsIMU CTaOMIN3aTO-
POB, KOTOPbIE UMENN TOYHOCTh YCTAHOB-

K/ BBIXOAHOTO HAMPSXKEHUS MPUMEPHO
—4/+8%.

Heob6xonuMo 3aMeTUTh, 4TO yJay4llIeH-
HbIEC NOKA3aTeJU MPUCYILUU TOJIBKO TOMY
BapuMaHTy WCIIOJHEHUSI CTaOWIM3aropa,
KOTOPBII UCIIOJIB3YET MHTETPAJIBHYIO CXE-
My yrpaBJjieHUsI COOCTBEHHOI pa3pabort-
ku. B Omxaiiiee Bpemsi TUIaHUpPYeTCs
BBIITYCK HOBOW MOJEIU 3TOU CXEMBI, C
YeM CBS3aHbl HAJEeXIbl Ha JajlbHeillee
YJIYYLIEHUE TEXHUYECKUX XapAKTEPUCTUK
CTaOMIN3aTOPOB.
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