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MpeaucnoBue

Llenn, OCHOBHble MPUHLUMMBI M OCHOBHOW MOPSAOK MpOBeAeHWs paboT Mo  MEXrocyAapCTBEHHOM
craHpaptusaumm ycraHosneHbl FTOCT 1.0—92 «MexrocyaapcrseHHaa cucrema craHgaptusaumm. OCHOBHbIE
nonoxenusi» u  [OCT 1.2—2009 «MexrocygapcTBeHHass cucrtema  crangaptusaumu.  CtaHgapTbl
MEXrOCylapCTBEHHbIE, MpaBuna W pPEeKoMeHAauuu Mo MEXrocy[apCTBEHHOW cTaHaaptusauuu. [pasuna
pa3paboTku, NPUHATUS, NPUMEHEHUS, OOHOBIEHWS U OTMEHBI»

CBeneHUs o cTaHpapTte
1 NOArOTOBNEH Hekommepyeckum 0BpasoBaTenbHbIM YaCTHLIM y4pexaeHueM «HoBasi MHXXeHepHas
wkonay (HOYY «HWL») Ha OCHOBE ayTEHTUYHOrO nepesoda Ha PYCCKMN A3bIK, YKA3aHHOrO B NyHKTE 5

cTaHgapTta, KOTOpbIi BbINONHEH Poccuinckoi komuccuen akcneptos MOK/TK 91

2BHECEH TexHudeckum koMuTeTOM NO cranzaptu3daumu TK 420 «Ba3oBbie HecyLme KOHCTPYKUMM,
neyartHble nnaTbl, CGOpKa U MOHTaXK BNEKTPOHHLIX MOAYNEN»

3 NPUHAT MexxrocyaapCTBEHHLIM COBETOM MO CTaHAapTu3auuu, METPONOrMn 1 ceptudmkaumm (NpoToKos
oT 14 HosBps 2013 1. Ne 44)

3a npuHATUE CTaHAapTa NPOroriocoBanMm:

KpaTKoe HanMeHoBaHWe CTpaHbl Kon CTpaHbl COHKgalﬁ)i};;ii:;MgAerg?_‘BaaHMe
no MK (MCO 3166) 004-97 no MK (MCO 3166) 004-97 > P
no cTaHgapTU3auuu
Benapycb BY lFoccrangapt Pecnybnuku Benapych
Kuprusua KG KbipreisctaHaapt
Poccusa RU Poccrangapt

4 Mpukasom deaepanbHOro areHTCTBa MO TEXHUYECKOMY PerysupoBaHui0 M MeTporiorum ot 16
ceHTabps 2014 roga Ne 1105-ct MexrocygapcrBeHHbld ctangapt FOCT IEC 61188-1-2—2014 BBeaeH B
OeliCTBME B Ka4YeCTBE HaUMOHanbHoro craHgapra Poccuickon ®eagepauum ¢ 1 mapta 2015 roaa.

5 Hacrosawuii ctaHgapTt uaeHtTudeH mexagyHapogaHomy crangaprty IEC 61188-1-2:1998 Printed boards
and printed boards assemblies — Design and use — Part 1-2: Generic requirements — Controlled impedance
(Mnatbl ne4vaTHble U cOOPKM NevaTHbIX NNaT. KOHCTPYKUMA U HasHadeHue. Yactb 1-2. O6ume TpeboBaHus.
Perynupyemoe nonHoe conpoTusrieHune)

MepeBoa C aHrNUICKOro A3bIKa (en).

MexayHapoaHblii cTaHpapT paspabotaH TexHUYecKMM KOMUTETOM MO craHaaptusauuu IEC/TC 91
«TexHonorus COOPKM ANEKTPOHHOTO 0DOPYAOBAHUA» MEXAYHAPOAHOW aneKTpoTexHudyeckon komuccuu (IEC).

HaumeHoBaHue craHaapta U3MEHEHO OTHOCUTENbHO HAWMEHOBAHWA YKA3aHHOTO MEXAYHAPOAHOro
cTraHgaprta anga npuseaeHus B coorsetcrene ¢ FOCT P 1.5 (nyHkT 3.5).

OdmumanbHble  3K3EeMNASAPbl MEXAYHApPOAHOro CraHgapTa, Ha OCHOBE KOTOPOro MOArOoTOBMIEH
HaCTOSAILLMIA MEXTOCYAaPCTBEHHBIN CTaHAapT, U MEXAYHAPOAHbLIX CTAaHAAPTOB, HA KOTOPbLIE AaHbl CCbIIKH,
MMEIOTCH B HALMOHANbHbIX OpraHax no craHaapTusauuu.

B pasaene «HOpMaTuBHLIE CCbINKM» W TEKCTE CTAHAAPTA CCbUIKM HA MEXAYHApOAHble CTaHAapThbl
aKTyanu3upoBaHbl.

CreneHb coOTBETCTBUSA — uaeHT4YHas (IDT).

6 BBEJJEH BINEPBbIE
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UHopmayus 06 u3MeHeHUsIX K Hacmoswemy cmaHlapmy nybnukyemcss 6 exe200HOM
UHGhOpMaUUOHHOM yKa3amerne «HayuoHanbHbie cmaHdapmbly, a MeKcm U3MeHeHuUl U ronpaeok — 8
EeXeMeCsIHHOM UHOPMaUUOHHOM yKasamene «HauuoHanbHbie cmaHOapmbi». B criyyae nepecmompa
(3ameHbl) unu  ommMeHbl Hacmosweeo cmaHdapma coomeemcmesyowiee ysedomsieHue bydem
onybnuKosaHo 8 EXeMEeCSYHOM  UHGOPMaUUOHHOM  yKka3amene «HayuoHnanbHble cmaHOapmbi».
Coomsemcmeyrowjas uHgopmayus, yeeOoMeHUe U MeKCMbl pasmMelaomes makxe 8 uHgOopMayUuoHHOU
cucmeme obLea0 rnosib308aHust — Ha oguyuanbHom calime @edepasibHO20 azeHmemea o MexHU4ecKoMy
peaynuposaHuio U Memposoauu e cemu UiHmepHem

© CraHgapTtuHdgopmM, 2014
B Poccuiickoin depepauum HaCTOALIMA CTaHAAPT HE MOXET OblTb MOMHOCTbID UMM YaCTUYHO

BOCNPOM3BEAEH, TUPaXKNPOBAH W PacnpoCTPaHeH B KadecTBe OUUMAnbHOTO msgaHus Ges paspelueHust
denepanbHOro areHTCTBa o TEXHUYECKOMY PEryriMpoBaHMIo U METPONOTUN
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FOCT IEC 61188-1-2—2013
BBepneHue

KomnoHoBKka 9nekTPOHHbIX YCTPOMCTB BCEraa paccmarpuBanacb C MEXaHWYEeCKOW TOUKM 3PEHUs.
KOHCTPYKUMA 9NeKTPOHHbIX KOMMNOHEHTOB YCIOXHAETCA, Tak Kak NOCTOSIHHO PacTyT CKOPOCTb NepPEKNoYEeHUs
3MEMEHTOB W MNIOTHOCTb WX pasMeLLeHUss Ha Kpuctammne. OneKTPOHHbIe 3SneMeHTbl MMeEKT 6GonbLioe
KONMUYECTBO CBA3EW Aaxe MPW YMEHbLUEHWU pasMepoB. YTOObI B MakCMManbHOW CTENEHU UCNONb30BaTh
BO3MOXHOCTU BbICOKOW MNMOTHOCTU W CKOPOCTU MEPEKIMIOYEHUS COEAUHEHUIH BHYTPU 3MNEKTPOHHOTO
3MEMEeHTa, NPOEKTUPOBAHUE U W3TOTOBIEHWE M3AEenuii HEOOXOAMMO BECTU C YYETOM INIEKTPOMArHUTHbLIX
ABMEHWIA, CONPOBOXAAIOLWMX MPOXOXAeHWe curHana. leyaTHble nnatbl C KOHTPONUPYEMbIM BOSHOBbIM
COMPOTUBIEHUEM — 3TO COCTABHAsA YaCTb YKA3aHHON KOHLEMUUN.

MpoekTupoBaHWe pasMeLleHMss U KOMMYTauuu SNEKTPOHHbIX KOMMOHEHTOB OCYLLECTBRSANOChL C
no3MUMM MEXaHWKW, KOrga pewanucb BOMPOCHI Maccbl, 00bema, MOLWHOCTEW, GOpMbl, a Takke
ANEKTPUYECKUX Lienei, B COOTBETCTBUKU C Tabnuuen coeauHeHuin. Mpu 3TOM 3NEKTpU4Yeckue npPoBOAHUKU
Ana nepejayu CUrHanoB paccMaTpuBarnuCb TOMbKO B OTHOLUEHWW HECKOMbKMX (PaKTOPOB, TakMX Kak
obecneyveHne KOHTaKTa Mexay BbIBOAAMU INEMEHTOB, HEOOXOANMOro CeYeHns NPOBOAHUKOB, obecneyveHuns
3a30pOB AN NpeaoTBpaLLeHUst KOPOTKOro 3amblkaHusi. Kpome obecneyeHusi HageXHOCTU KOHTaKTOB
3MEKTPUYECKON LMK, INEKTPUHECKUE XapakTepUCTUKU HE ABNANUCL OCHOBHbLIM NPEAMETOM PacCMOTPEHUS.

Ycnexu nonynpoBOAHMKOBBIX (MHTErpanbHbIX) TEXHONOMMIN NPUBENN K CO34aHUI0 UHTErparbHbIX CXEM C
BbICOKOW CKOPOCTbK HapacTaHusi CUrHana, KOTopble KOMMOHYIOTCS B SNEKTPOHHbIX YCTPOMCTBaX BbICOKOW
NNOTHOCTU. [OnA AOCTMXeHMs Haubonblien ShdeKTUBHOCTM paboTbl TakKMX YCTPOWCTB HeoOGx0auMO
NPUMEHATL  TEXHOMOMMI, OOEeCneynBaloLLyl0 CO3JaHue MEXCOeAUHEHWW BbICOKOW MNIOTHOCTM
YNYYLUEHHBIMU 3NEKTPUYECKUMU XapaKTEPUCTUKAMMU.

Cpean MHOxecTBa nNpobneMm cuctem, CBA3AHHBLIX C BbICOKOCKOPOCTHOM uucpoBon 0OpaboTkon,
6onbLue BCEro BHUMAaHUSI NPUXOAUTLCA YAENSATb MexcoeanHeHuam. O4eBUaHO, YTO Koraa ObICTpoaencTBue
CUCTeMbl BO3pacTaeT, MEXCOeAMHEHWS, a CneaoBaTeflbHO, KOMMOHOBKA SNEMEHTOB W NeyaTHbIX nnaT
CTQHOBATCA Y3KMM MECTOM, 3amegnawwum paboty cuctembl. B ycTponcrBax Ha 100 K ammutepHo-
CBSI3aHHOW NOTMKE 3agepXka B MEXCOeAMHEeHMAX CUCTeMbl coctaBnaetr noutn 55 %. KMOI-cTpykTypa,
CYUMTAACE MEANIEHHON, UCNONbL3YETCA B TAKTOBOM reHepaTope YCTPOWCTB Ha 4actoTe csbiwe 100 MMy B
Takux cny4dasx npobnemon ABMSETCA He TOMbKO 3aJepiKka, HO WM 3aTyxaHue curHana npu UCrnonb30BaHum
ounonapHbix  KMOTT-CTpyKTyp  M3-3@  HU3KMX YPOBHEW  MOLLUHOCTM, aMNAUTyAbl  (HanpsbkeHus),
NOMEXOYCTONYUBOCTH.
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M E XT TOCVYOAPCTDBEUHTHUB U C TAHAAPT

NEYATHBIE NNATbI U NEYATHBIE Y31bl.
NMPOEKTUPOBAHWE N NTPUMEHEHUE
YacTtb 1-2
O6uwune TpedboBaHnA. KOHTponupyemoe BOSIHOBOE CONPOTUBIIEHUE

Printed boards and printed board assemblies. Design and use.
Part 1-2. Generic requirements. Controlled impedance

Hara BBegeHna — 2015—03—01
1 O6nacTb NnpuMeHeHUs

Hacrosaumit ctaHaapT npeAHasHayeH Ans MCMONb3oBaHMs paspaboTyMkamu CXeM, KOHCTPYKTOpamm
neyaTHbIX Y350B, W3rOTOBUTENSIMW Ne4YaTHbIX MfaT M nuuaMu, OTBeYaloLMMW 3a cHabXeHue, AnNsS TOro
yToObl OHM uMenu obLiee NpPeACTaBEeHWE O KaXAOM HampaBreHuu [AesaTenbHOCTM. Llenb cosgaHus
MeyaTHOro yamna COCTOMT B Nepejaye CUrHana OT KOMMOHEHTa K KOMMOHEHTY (OAHOMY UMY HeCKOMNbKUM)
nocpesCTBOM NPOBOAHUKA. BbicTpoaeicTayowme paspaboTku onpeaenstoTcsa kak paspaboTku, B KOTOPbIX
CBOWCTBA COEIMHEHMSI 3aMETHO BMUSAIOT HA NapaMeTpbl CXeMbl U TPeByIOT 0COBEHHOIO PacCMOTPEHNS.

2 HopmatuBHbIE AOKYMEHTbI

Ona npuMeHeHua HacToAwWero craHaapTa HeoOXOoAWMbl CrEeAYIOLME CCbINOYHbIE AOKYMEHTHI. [ns
JaTUPOBaHHbIX CCbINIOK MNPUMEHSIT  TOMNbKO yKa3aHHOE W3JaHue CCbINOYHOro  AOKymeHTa. [Ons
HeaTUPOBAaHHbLIX CCbINIOK NMPUMEHSIIOT MOCNeAHEe M3JaHue CCbIIOYHOr0 JOKyMeHTa (BKM4yas BCe ero
N3MEHEHMUS).

IEC 61182 (Bce 4actu) Printed boards — Electronic data description and transfer (MevatHble nnarbl.
Onucanue n nepegava anekTPOHHbIX AaHHbIX)

IEC 61182-1:1994 Printed boards — Electronic data description and transfer — Part 1: Printed board
description in digital form (MevatHble nnatbl. OnucaHue W nepegadya 9MEeKTPOHHbIX AaHHbIX. YacTb 1.
OnucaHue neyatHon nnaTbl B unudpoBon popme)

IEC 61189-3:1997 Test methods for electrical materials, interconnection structures and assemblies —
Part 3: Test methods for interconnection structures (printed boards) (MeTtoabl UCNbITaHWUIA 3NEKTPUYECKUX
mMaTepuanos, NevaTHbIX Nnat U APYrux CTPYKTYP MEXCOeAUHEHWN M MevaTHbiX y3nos. Yactb 3. MeToabl
UCNbITaHUI MaTepManoB AN CTPYKTYP MEXCOeAUHEHMI (NevaTHbIX nnaT))

3 Kpatkum 0630p KOHCTPYKLUIA

3.1 BbI6Op KOMNOHeHTa

CemMencTsa KOMMNOHEHTOB CO34al0TCA HA OCHOBE Pa3HbIX CXEMOTEXHUYECKUX PeLUeHuin Takux kak TT/T,
TTN ¢ gnogamu Wotkn, KMOMM-CTPYKTYPLI, SMUTTEPHO-CBSA3AHHAA NOrMKa, TEXHONOMNS HA OCHOBE apCeHus
rannusl, B pesynbtate yero OHW obnagatot cneuuduyHsiM Habopom TpeboBaHWI K MOLLHOCTU, AMana3oHy
pabounx TemnepaTtyp, NIMOTHOCTM YMAaKOBKW 3MEMEHTOB Ha KpUCTanne, BXOAHbIM COMPOTWUBMEHUEM W
BbIXOAHbIM COMNPOTUBMEHWSA, NOPOrOBbIM YPOBHAM CWUrHana, YyBCTBUTEMbHOCTU K MOMEXaMm, KO BpeMeHu
cpabaTbiBaHuA, U KPYTU3HOW nepeaHero M cnaga. Bo MHOrMx yCTpOWCTBAxX MCNOMb3YKT CMELLAHHYIO
TEXHONOrMI0, KOrga MOHTaX Ha NOBEPXHOCTb MnaTbl U B OTBEPCTUA OCYLLECTBISAETCA C UCNOMb30BaHNEM
KOMMOHEHTOB Ha ocHoBe TTJ1, KMOI-CTpyKTypbl, SMUTTEPHO-CBA3AaHHON NOMMKK. 3TO MOXeT notpebosaTtb
pa3HOW LWMPWHBI MPOBOAHUKOB (AN obecneyeHuss BOMTHOBOTO COMPOTMBIIEHUS)) HA OJHOM U TOM e Croe
nnatbl MNU B Ka4yecTBe KOMMPOMMCCA OAHOWM NPOMEXYTOYHOW LUMPUHLI, obecneynBaroier AonycTumMoe
3HaAYeHWe ANs PasfuyHbIX CEMENCTB NOrMYECKUX CXEM.

MonynpoBoaHUKOBLIE NPUOOPbLI  AOMYCKAeTCsl yCTaHaBnMBaTb HEMOCPEACTBEHHO HA nnaty wunu
MOHTUPOBATL Ha NPOMEXYTOYHOW NnaTe unu UHOW noanoxke. KpynHble uagenusa mMoryT Bkno4vatb B cebs
y3Ibl, COCTOSILLME U3 HECKOSIbKMX YPOBHEW coeauHeHui. lNMepexod OT OAHOM0 YPOBHA MEXCOEAWMHEHUN K
nocneaywowemy Oyaet CcOMpOBOXAATLCA YXYALUEHWEM MNapaMeTpoB, TaKUX KAk MOMEXU, BPEMEHHbIE
XapaKTepucTuKu, 3aTyxaHue.

MNpu co3gaHum aNeKTpUYECKUX COeANHEHNI NPUMEHSIOT LUMPOKKUIA HaBOop peLLeHuid OT UCNONb30BaHUSA
OBYXPAAHOrO PacronoXeHus LUTbIPbKOBbLIX BbIBOAOB, YCTAHABNMBAEMbIX B METANMU3UPOBAHHbLIE OTBEPCTUS

M3paHue ocpuumnanbHoe
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nevyaTHOW NMnaTbl, 4O FPYNMOBOr0 PacronoXeHUst BLIBOAOB MPW MOBEPXHOCTHOM MOHTae. TpeGosaHusa K
MOHTa)y KOMMOHEHTA 3aBUCAT OT MHOMMX (DAKTOPOB, TAKUX KaK HA3HAUYEHWE YCTPONCTBA, 3KOHOMUYHOCTb,
anekTpUYeCcKUe napaMeTpbl U HAAEXHOCTb, a TaKke npeobnafalolmMii MEeToA MOHTaXa. KOMMOHEHTHI
JOMKHbI GbITb MOATrOTOBMNEHLI TakMM 06pasoM, 4YTOObI OHWM COBMELLANUCh C TEXHOMOTUSIMWU MOHTaxa,
UCMOMb3YyeMbIMM AN M3rOTOBMNEHUS MEYATHOrO y3na.

MpU NPOEKTUPOBAHMM BbICOKOYACTOTHLIX YCTPOMCTB HEOBXOAMMO YUMThIBATH 0COBEHHOCTM MOHTaXa
KOMMOHEHTOB. B NaccMBHLIX KOMMOHEHTaX rMnaBHbIM )akTopom 6yneT AnuMHA BbIBOAOB, Tak Kak OHM
oGecneunBaloT  JOMOSIHATENLHYIO WMHOYKTMBHOCTL M €MKOCTb, KOTOpble BRMSIOT Ha CKOPOCTb
pacnpocTpaHeHUs CUrHamna U HeCTaLMOHAPHbIE MPOLIECChl. YTOGBI MUHUMU3NPOBATL TU ABMEHUSA, BbIBObI
AOMKHbI ObITb  HACTONbKO KOPOTKME, HACKONMbKO BO3MOXHO WNM  yaaneHsl BoOGLiEe. KOMMOHEHTHI
MOBEPXHOCTHOTO MOHTaXa WMelT Oe3BbIBOAHbIE KOpMyca, KOTOpble MOTyT ObiTb HENoCPeACTBEHHO
YCTaHOBIEHbI HA NOANOXKY MEXCOEANHEHNS.

Mpu npoekTMpoBaHUU GbLICTPOAEWCTBYIOLIMX YCTPOMCTB KOHCTPYKUMIO KOpMyca HeoBxoaumo
YYUTbIBaTb. Y MACCHUBHLIX 3MIEMEHTOB JOMUHMUPYIOLLMM (DAKTOPOM ABMSAETCA ANWHA BbIBOAOB, TAK Kak OHW
BHOCAT AOMOMHUTENbHYI UHAYKTUBHOCTL M €MKOCTb, KOTOPbIE BMUSIOT HA CKOPOCTb PACNpOCTPaHEHUs U
BPEMSl MEPEKMIOYEHNUSI CUrHaMNoB. YTOGbI MUHMMU3NPOBATL 3TU 3PMEKTbI, HEOBXOAUMO CHU3UTL ANMHY
BbIBOJOB WIM BOOOLLE MCKIOYUTL MX. MOBEPXHOCTHbLIA MOHTaX MO3BOMSET UCMONb30BaTh Ge3BbLIBOAHLIE
kopnyca, KOTOpble MOXHO MOHTMPOBATL HEMOCPEACTBEHHO HA NEYaTHYIO Nnary.

MpuMedvaHne — TexHWU4ecKke TPeBOBaHUS KOMMOHEHTa YacTo He COAepXaT AaHHbIX MO BbICOKOYACTOTHLIM
LLyMaM U CKOPOCTU PacrpoCTpaHeHUs.

AKTWUBHbIE KOMMOHEHTbI, TaKWe KaK MHTerpasibHble CXeMbl, 4acTO BbIMYCKAOTCA B pasHbiX kopnycax. B
obwem cnyvae DIP-kopnyca unu nnacTMaccoBble, UMK KepaMuyeckue sSBnSOTCA npeobnaaatowymu. OHM,
Kak npasuno, Haubonee rabGapuTHbl U u3-3a KOHMUIypauuu BbIBOAOB He npucnocobreHsl ans
BbICOKOYACTOTHbIX pa3paboTok. Jlyudwmii Tun kopnyca — KOpnyc Ans NOBEPXHOCTHOrO MOHTaxa. WX
BbIMYCKaIOT BO MHOTUX BapuaHTax Kopnycos, Takux kak SOIC, PLCC, PFQP, TSOP, BGA. Y 3Tux kopnycos,
Kak npaBuno, EMKOCTb U UHAYKTUBHOCTb HUXE.

Ons obecneyeHusa Hambonbliero ObiCTpoaeicTBUA GECKOpMyCHOWM NONyNPOBOAHMKOBLIA nNpuGop
MOXeT ObITb HEMOCPEACTBEHHO YCTAHOBMEH Ha MOANOXKE MO CXeMe «4UM Ha MnaTe» WUNWU B NepeBEPHYTOM
BMAE NO cxeme «Mnun-Yun», WM MeTOAOM aBTOMAaTW3MPOBAHHOW YCTAHOBKM C JEHTbI-HOCUTENS.
YkazaHHble MeToAbl PAaCCMaTPUBALIOTCA Kak ONTMMarbHas TEXHONOMMA, TaKk KAk OHA MUHUMU3UPYIOT EMKOCTb
U UHOYKTUBHOCTb BbIBOAA.

3.2 MexxnnaTtHble coe AUHEHUSA

3.2.1 CoeguHuTenu

Me>XypOBHEBbBIE COEAMHEHUA YaCcTO CO34al0T NPOGNeMbl B BbICOKOYACTOTHbLIX YCTPOWCTBAX, TaK Kak He
obecneunBaeTcA HeNpepbiBHOCTb Cpeabl PacnpoCTpaHeHust curHana. BonbLMHCTBO — MEXnnaTHbIX
coeauHuTenel (pasbemoB) Obinn paspaboTaHbl 6€3 y4eTa BbLICOKOro ObICTPOAEWCTBUS, YTO NMPUBOAUT K
MCKaXKEHUIO curHanos. CoeanHUTENN NnaT YacTo paccorfnacoBaHbl C BOJIHOBLIM CONPOTUBIIEHUEM JIMHUIA HA
nnare.

CyLLecTBYIOT ABa OCHOBHbIX NOAXOAA MO YMEHbLUEHMIO HEOAHOPOAHOCTM, Bbi3BAHHOW CUCTEMaMU
coeauHUTENen:

a) nepBblili MOAX0A 3aKNOYaETCA B NOAKMIOYEHUU COeaAUHUTENA TakuM 06pa3om, uTobbl obecneuntb
pauyuoHarnbHbIi MyTb NPOXOXAEHWA curHana. Ons OAHONOMAPHLIX CUrHANOB AOrMKHA obecneunBaTbCst
SMEeKTPOMAarHUTHasi CBA3b MEXAY CUrHanbHbIM MPOBOAHMKOM W OGrvdkailLien MIOoCKOCTbIO OMOPHOM Lienu
(nutanms unu 3emnun). KayeCctBO He OAHOMOMAPHOIO CUrHana 3aBUCUT OT FEOMETPUU W PaCCTOSIHUSA
NPOBOAHMKA OT OMOPHOW LIEMNW, YTO TEM CamMbiM ONpeaensieT BONHOBOE conpoTuBnieHue. OTHOCUTENbHOE
pacnosioXeHne CUrHanbHbIX W MNOTEHUManbHbIX KOHTAKTOB BAMSAET HA napameTpbl ceTu. YToObl
ONTUMM3UPOBATb 9TW XapaKTePUCTUKU, AOMOMHMTENbHO K KOHTAKTaM coeauHWUTENsl NOABOAST OMOPHYIO
uenb, TeM CaMbiM CHWXasi npobriembl OT MEPEKPECTHbIX noMeX. Kak npaBuno, COOTHOLUEHME 4ucna
CUrHasnbHbIX BbIBOAOB K YACHY BbIBOAOB OMOPHOW Lienu 3:1 (T. €. Ha Tpu CUrHanbHbIX — OAUH BbIBOA ONOPHOMN
uenu), ABNAETCA 4OCTaTOUHbIM;

b) BTOpOM noaxoa 3akno4yaeTca B MoAMUKALMM coeauHuTensa Tak, 4ToObl MUHMMM3MPOBATb
HEOAHOPOAHOCTb. 3TO AOCTUraeTCsl COKpaLLeHMeM ANUHbI LWTbIPbKOBLIX BLIBOAOB, 106aBNEHMEM OMOPHOrO
CNOSA 3€MIN BHYTPU COEAUHUTENS UMW YMEHbLUEHWEM PACCTOAHUA Mexay nnatamu.

KoakcuanbHble coeauMHWTENM 4acTo YCTaHaBMMBAIOTCA Ha nnaTtbl, KOrga OTHOCUTENbHO HEMHOro
NWHUIA CBA3WM COEAMHEHbl C MeYaTHOW NNaTol WM TaMm, e BaXHbl U ranbBaHU4Yeckas pasBsi3ka, U
CTabuNbHOCTb CUrHana.

3.2.2 KaGenu

KoakcuanbHble coeauHutenu v kabenu 4acto MCNOMNb3yrTCA, MOTOMY YTO OHW MOryT obecneumBaTb
BbICOKYIO CKOPOCTb U nepegady BbICOKOYACTOTHbLIX CUrHANOB Ha NevyaTtHyio nnaTty ¢ HebOomnbLUMM 3aTyXaHMeMm
2
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curHana. Mmerorca dvetbipe obnactu NpUMEHEHMsl, B KOTOPbIX MCMonb3oBaHue kabenei obecnednsaet
NONOXUTENbHBLIN 3PP EKT:

- CKOPOCTb pacnpoCTpaHeHus curHana;

- NepeKpecTHbIe NoOMexu;

- HaBeeHHbIE NOMEXMU;

- COrnacoBaHue BOMHOBbLIX CONPOTUBIEHWIA.

Ona ycrpovicts, pabotawowmx Ha vactote Ao 18 [Ty, Ans 0BBLEMHOr0O MOHTaXa WCMOMb3YHT
KoakcuanbHble kabenu. OnTuyeckuii kabenb Takke MCNOMb3YT C NnatamMu O0GBLEMHOro MOHTaXxa anA
BbICOKOYACTOTHbLIX CUTHAOB.

3.3 NevaTHasa nnaTta u nevyaTHbIe y3nbl

Pa3meLleHne KOMMOHEHTOB — Ype3BblMaHO BakHblii bakTop B pa3paboTke GbICTPOAEHCTBYIOLMX
cuctem. [NocneacTsna HeNpPaBuIlbHOW KOMMOHOBKU MOTYT ObITb CYLUECTBEHHbIMKU U CO3gaBaTbh Npobnemsl B
cnepaytowmx obnacrax:

- obecneyeHme NOMEXOYCTONYMBOCTH;

- obecneyeHne HeoBXoAMMOro YPOBHS BOMTHOBOIO CONPOTUBIIEHUS;

- pacnpegeneHue nuTaHus.

3.3.1 MpoekTuposaHue nnatbl

KonuuectBo curHanbHbIX CNOEB B MHOFOCMOMHbIX Nrarax 3aBUCUT Kak OT MIIOTHOCTU TPACCUPOBKU
NPOBOAHUKOB, Tak W OT YPOBHA NEPEKPECTHbIX MOMEX, a Talkke CBA3N MeXAy CUTHaNbHbIMU NMHUSMMU.
Hanuune nepekpecTtHOW MOMEXU MOXET MNPUBECTM K HeoOxoAuMOCTM A0GaBneHus CnoeB WUAM MOXeT
TpeboBaTb yBEMMUEHUS PACCTOSAHNA MEXAY NPOBOAHMKAMM, YMEHbLLAIOLLEE NNOTHOCTb TPACCUPOBKM.

MnoTHOCTL NPOBOAHOIO MOHTaXKa B npeaenax nnartbl OyAeT BNUATbL HA NEPEKPECTHYIO MNOMeEXy.
TpaccupoBka NPOBOAHWKOB NO AMAroHanu B CROSX, A€ NPOBOAHUKM NMPOJIOXEHbLI OPTOrOHAsbHO (T. €. No
HanpaeneHnsaMm X u Y), No3BONSEeT NoBbIWATb NAOTHOCTb COEAWHEHUI U COOTBETCTBEHHO 0GecneuuBaTb
fonee NNOTHOE pasMeLLEHNE KOMMOHEHTOB, U CHWKATb YPOBEHb NEPEKPECTHLIX NOMEX.

TecHaa cBA3b Mmexay pa3paboTkoi u ObICTPOAENCTBMEM CYLLECTBYET B Crydae COEAWUHUTENbHLIX
NUHWIA, NpeAHasHaYeHHbIX ANna nepefayn BbiICOKOYACTOTHBIX LIMPPOBbLIX CUTHANOB. 3Ta B3aMM0O3aBUCUMOCTb
He Habnopanacb paHee WM Morma ObiTb NPOUrHOPUPOBAHA NPUMEHUTENLHO K CUrHanam C ManbiM
ObICTPOAENCTBUEM, OAHAKO, ANSI BEICOKUX YACTOT HANaraloTCcsl HOBbIE NpaBUa NPOEKTMPOBAHUSA U KOHTPONSA
N3roTOBMNEHMUS.

Utobbl cooTBeTCTBOBaTb TPeOOBaAHMSIM BbICOKOYACTOTHOM UugpoBOM 00paboTku, COBpPEMEHHas
MHOrOCrnoHas neyaTHas nnarta AosmkHa:

- COoKpaLLaTh 3aAepKy pacnpocTpaHeHus;

- CHWXaTb NEPEKPeCTHbIE NOMEXN U Apyrue BpeaHble NPOABAEHUS;

- coKpaLlaTb noTepu nNpu pacnpoCTpaHEHUN CUrHana;

- o6ecneynBaTh BbICOKYIO NAIOTHOCTb COEAUHEHMUSI.

HoctuxeHne atux TpeGoBaHUM HaumHaeTcA € obecnevyeHUs KOHCTPYKTOPOM HOPMUPOBAHHOIO
BOJTHOBOrO COMPOTUBIIEHUS.

MpOBOAHUKN C KOHTPONUPYEMbIM BOSIHOBbIM CONPOTUBAIEHMEM HA Nnatax MOXHO UCMONbL3OBaTb ANA
COEIUHEHUS MEeXAYy KOMMOHEHTamu. [ns [AaHHOM KOHCTPYKUMM BOMHOBOE COMPOTUBIIEHUE MOXHO
YCTaHOBUTb 38 CYET TOMLUMHbLI AUINEKTPUYECKOr0 OCHOBAHUSA, TOMLMHBI NPOBOAHMUKA, LUMPUHLI NPOBOAHMKA
1 OTHOCUTENbHON ANINEKTPUYECKOW NPOHULIAEMOCTH.

MaTtepuan nnarbl, cnefoBaTefnibHO, OTHOCUTENbHAA AUINEKTPUYECKaa NPOHULAEMOCTb £p, a TaKkke
LULMpKMHA NPOBOAHUKA OMNpeAensiioT yCNOBUS paCNpOCTPAHEHUS CUTHaNa u ero AnUTenbHOCTb NpU A4aHHOM
BOJTHOBOM COMPOTUBMEHUU. YMEHbLUEHUE £p NPUBOAUT K Bonee ObICTPOMY pacnpoCTPaHEHUIO CUrHana, Ho
yBEnuuuBaeT LUMPUHY NPOBOAHUKA ANSA AAHHOIO 3HAYEHUS1 BOSTHOBOrO COMPOTUBAEHUS.

Mpn 06BLEMHOM MOHTaX€ TOSMLLMHY U LUMPUHY NPOBOAHUKA ONpedensior nposoaoM. MN30nAUUOHHbLIN
marepuan npoeoja MOXeT obecneunTb CHWkeHue 3IPEPEKTUBHON AUINEKTPUYECKONW NPOHMLAEMOCTU
[JaHHOW CTPYKTYpbl, 4YTO npuBeaeT Kk Oonee BbICOKOW CKOPOCTU pacnpoCTPaHEHWs cUrHana Ha nnartax
00bEMHOr0 MOHTaxa. [lpoekTupoBaHue [AOMKHO ObiTb HanpPaBMeHO Ha onpeaeneHwe BOMHOBOIO
COMPOTUBIEHUA (KaK NMMHUM Nepeaayn) u AOSDKHO YCTAaHOBUTbL €MKOCTb MEXAy NpoBOAAMM U MATEPUANoM.
MyTe pacnpocTpaHeHus curHana AOIkeH ObiTb KOPOTKUM, YTOObI MUHMMU3UPOBATL BPEMEHHLIE 3a4EPXKKM.
Haxe ecnu 6bl ObINO BO3MOXHO CAenaTbh CXeMy, CMOCOOHON K nepekniovyeHnio Ha GeCKOHEYHYI0 CKOPOCT,
marepuan MexcoeamHeHusa aukTosan Obl paboTy cucTem.

Ha pucyHke 1 npeacraBneH napameTp CKOPOCTU MEPEKMIOYEHMA KOMMOHEHTA B 3aBUCUMOCTM OT
BPEMEHHOW 3aJePKKM B TUIMUYHOM CTEKMOTEKCTONUTE, Kak MpaBuro, UCMONb3yeMOM B WM3rOTOBNEHUU
neyaTHbIX NnaT.
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PrcyHok 1- 3aBMCMMOCTb CKOPOCTM MEPEK/OYEHMS OT BPEMEHHOWN 3a4ePXKM

MpOCTPaHCTBEHHbIE OrpaHWyeHUsl, KOIMYECTBO U CTEeMeHb WHTerpauuy COefVHEHWR, pacnpegeneHune
NUTaHUSA 1 CTOMMOCTb MPOU3BOLACTBA - HEKOTOPble hakTopbl A/1 paccMoTpeHus. Onpefenssa TpeboBaHns K
YMCNY CMOEB, YUYUTHIBAKOT TOJLLUHY AUINEKTPUYECKUX C/I0eB, COCTaB, TOJILUHY C/I0EB 3eMV U MUTaHus,
coCTaB AW3NEKTPUKA, LIWPUHY/TOMLWUHY MPOBOAHMKA W MOJMHYI AJ/IMHY NPOBOAHMKA. LUvpuvHa u TonwmHa
NPOBOJHUKA OnpeAensaoT NPOU3BOACTBEHHbIE 3aTparThl.

3.4 TpeboBaHuA K pabounm xapakTepucTukam

AHanu3 paboTbl cCOoeAuHEHWA cnefyeT NPOBOAWTL C MO3MLMKW TEOPUM 3MEKTPOMArHUTHOrO Mons.
BbICOKOYACTOTHbIE KOMMOHEHTbI XapakTepu3yrTCA KOPOTKUM BPEMEHEM HapacTaHus WMNyNbCOB, BUA,
BOJ/IHbI KOTOPbIX MOA06GEH CuMHycOoMAanbHOMY CcurHany npu nepemMeHHoMm Toke. Ecnn Bpemsi HapacTaHus
UMMY/IbCOB YMEHbLUIAeTCsA, YacToTa BOJIHbI YBE/IMYMBAETCA, W MnedyaTHas nnata Bce 60/iblue BbIrNAAUT Kak
BbICOKOYACTOTHAsA CXema Npy NepeMeHHOM TOKe.

3.4.1 PacnpepgeneHune nutaHusa

Ana BbICOKOYACTOTHbIX KOMMOHEHTOB KOMMYyTUMpytoLas aKTUBHOCTb conpoBoxgaeTtcs
COOTBETCTBYHOLLMMY BbICOKOCKOPOCTHbIMW TPe60BaHNAMMN Ha U3MEHEHUS napaMeTpoB 3/1EKTPUYECKOro Toka
OT anekTponuTaHua. Cuctema nUTaHWA [Oo/mkHa obecneynmBaTb CTAOWIBHOCTb HaNPsXKEHWUA MpU NMUKOBbIX
Harpyskax, BO3HVKAaWOWMX NPy NepekTYeHnn KOMMNOHEHTOB. JTO TpeboBaHWe pacnpocTpaHsAeTca Ha
pasHble YPOBHW HanpsikeHus cucTembl U obecneymBaeTca HU3KON MHAYKTUBHOCTLIO M BbICOKON €MKOCTbIO.

3.4.2 OTHOCHTEeNbHAA ANaNieKTpuyeckas NPoOHNLAEMOCTb (AnanekTpnyeckas NOCToOAHHasN)

OTHOCUTE/IbHKIO AU3/IEKTPUYECKYI0 MNPOHULLAEMOCTb BeLlecTBa zp ONpPefensAloT Kak COOTHOLIEeHWe
OV3NEKTPUYECKOW  MpPOHML@eMoCTV  MaTepuana K AU3/IeKTPUYECKON  MpPOoHMLAEeMOCTUM  CBOOOAHOro
NpOCTPaHCTBa, 3HayeHue KOTopoi npuHMmaeTcs pasHbiM  1,00. OTHOCUTENbHYK AU3NEKTPUYECKYHD
NMPOHULLAEMOCTb LUMPOKO MUCMOJIb3YHT B TEXHWKE, HECMOTPA Ha TO, YTO OHA MEHSAETCA B 3aBMCMMOCTU OT
HEeCKO/IbKMX NapaMeTpoB: YacTOThbl, HA KOTOPOW MPOBOAAT M3MEepeHusi, TeMnepartypbl, KOfMyecTBa Braru B
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martepuane. Kpome Toro, ecnum marepuan KOMNO3UTHbIA, HAaNpUMep apMUpPOBaHHbIA CMOUCTbIA AUSNEKTPUK,
3HAYEHME &, MOXKET 3HAYMTENBHO MEHATLCS B 3aBMCMMOCTU OT AONEBOr0 COAEPXKAHUS KaXKAOW KOMMOHEHTBI.

OTHOCUTErbHASA ANSNEKTPUYECKAsi NPOHULAEMOCTb &, ANINEKTPUKA CTPYKTYPbI MEXCOoeaAnHeHUs GyaeT
BNMATL Ha arekTpudeckue xapaktepuctuku. [Mpu paspaboTke BbIGUPAOT 3HAYEHWE ep MPU KOTOPOM
BbIMOMHAKOTCA  CUCTEMHble TpeGoBaHWs K BOJSIHOBOMY  COMPOTMBIIEHUID, €MKOCTM W  BPEMEHW
pacnpocTpaHeHus. Mpn NOCTOSHHON reoMeTPUM NPOBOAHMKA BPEMSI PACMPOCTPAHEHUS NPOMNOPLMOHANbHO

&

3aBUCUMOCTM OT €p.

SdhekTBHAA  OTHOCUTENbHAs  AManeKTpuyeckas NPOHWLAEMOCTb  &,)  —OTHOCUTEMNbHAsA
AN3NeKTpuyeckas NPOHULAEMOCTb MO ANMHE NPOBOJHMKA NpU nepejaye curdana. 3HavyeHue e, MOXeT
ObITb MONYYEHO IKCMEPUMEHTATBHO, UCTIONbL3YA pedNeKTOMETPUIO BO BpeMeHHon obnactu — PBO (TDR).

3.4.3 OTHOCUTENbHAA AUINEKTPUYECKaa NPOHULIAEMOCTb U €e 3aBUCUMOCTb OT YacTOTbl

3HayeHus €, U ep’ 3aBUCAT OT KONMYECTBEHHOrO COOTHOLLEHMS CMOMbl apMUPYIOLLEro Marepuana,
TeMnepaTtypbl, COAEepXaHWs Bnaru W 4acToTbl, Ha KOTOPOW BLIMNONHEHO W3MepeHue. PekomeHayeTcA
npeanpuHUMaTh Mepbl ANS rapaHTUM TOro, YTO ANEKTPUHECKUE U3MEPEHUS BLIMONHAITCHA Npu YCNOBUSIX,
OnU3KMX K YCIOBUAM JKCNyaTaLmm.

HekoTopble maTepuanbl, TakMe Kak CTEKNOTEKCTONWUTbI, MPOABNAIOT 3aBUCUMOCTb AWNIMEKTPUYECKUX
CBOWCTB OT 4acTOTbl, Ha KOTOPOW NpPOBOAAT u3MepeHue. YactoTy BbIOMpalOT Takum o6pasom, 4ToObI
MONyYeHHbIE Pe3ynbTaThl B BUAE AWNIMEKTPUHECKUX NApaMETPOB MOXHO GbINO MCNOMb30BaTh ANS TOYHOO
MPOrHO3UPOBaHUSA NEKTPUYECKMX XapaKTEPUCTUK U3rOTOBMEHHO NeYyaTHOW nnathbl.

Tak kak OOMNbLUMHCTBO XapaKTepPUCTUK PacCMpOCTPAHEHUSI CUTHana Ha MeyvyaTHOW nnarte OnpeaensioT
nsmepenuamun PBO, Lenecoobpa3HO MCNONb30BaTb YaCTOTY, COOTBETCTBYIOLLUYIO STUM W3MEPEHUSIM, Kak
4YacTOTy ANSA CPABHEHUA AUNANEKTPUYECKMX CBONCTB.

Camyio BbICOKYIO pacCcMaTpuBaeMyld 4acTtoTy unu wupuHy nonocel BW B Ty ans uudposoro
UMMyrbca BbIYUCNAIOT NO YOpMyne:

BW = 0,35/,

rae t. — Bpema HapactaHua umnyneca ot 10% Ao 90 % ero mMakCMManbHOro 3HauyeHusi, HC. Takum
obpasom, y umnynsca PBO (TDR) co BpemeHeM HapactaHusi 100 HC CywecTByeT LumpuHa nonocel 3,5 Iy
(npu npoxoxgeHwWn curHana 4depes aganTep U3IMEpUTEns MPOUCXOAMT €ro HEKOTopoe YXyALUeHue, B
pesynbTaTe 4ero NonyyvalT pesynbTaThl, 3aHWXKEHHbIE NO LWWPUHE MNOJIOChI). 3TO FOBOPUT O TOM, YTO TE
U3MEPEHUS AUINEKTPUYECKUX CBOWCTB, KOTOPLIE BLINOMHAT MeToAamu, OTnudvHbiMM OoT PBO (TDR),
crneayeT npoBOAUTL Npu Bonee BLICOKMX YacToTax.

YpaBHeHune aAna NporHo3upoBaHUA CPeaHEro 3HaYeHUs g

, TOFIHOE COMPOTMBNEHWE — OBPATHO MPOMOPLMOHANBHO +/E, , EMKOCTb HaxOAWTCS B MPAMOil

r r

&, = 4,97 — 0,257 logilOé
10

MNorpewHoCTb Tpn curmbl — + 0,35 (8 %).

«Tpu curMbl» Ha nedyaTHOM nnate npu  U3MEPEHUUW MeXAy NPOBOAHUKAMM  COCTABUIM
+ 0,26 (6 %).

Kak 6bIn0 paHee 3asBMEHO, 3HA4YEHWe ¢, CBA3AHO C COOTHOLLEHMEM CMOSbI U cTekna. Ha pucyHke 2
NPeACTaBIEHO €€ YCPeAHEHHOEe 3Ha4YeHue.
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Yactota My,
PucyHok 2 - 3aBMCUMOCTb BrOT 4acToTbl (CNOUCTbIA MaTepuan anokcugHas cmonal/CTekno)

MporHo3upoBaHue ZO0 ny4ywe cornacyetcsa ¢ usamepeHuamn PBO (TDR), ecnn 6yaeT ucnosb3oBaHo
3HauyeHue srpaBHoe 4,1, Tak kak ncnoitaHns PBO (TDR) npoBOASAT Npu OYeHb BbICOKMX YacToTax.

Z0 yBenuumBaeTca Ha 4yactotax Hwke 1 MIL MHTEHCMBHee OXWgaemoro. 3TO NPOUCXOAUT U3-3a
pacnpocTpaHeHus Toka Ha N0CKOCTU OMOPHOW uenwu.

Ha pucyHke 2 npegcrasfieHbl  KpuBble er, TMOJIyYeHHble B 4acTOTHOM  Auanas3oHe  OoT
100 kl'y, o 10 ITu, ANS cnoucToro matepuasna Tuna 3noKcugHas cMona/CTekno ¢ COOTHOLIeHMeM Mo macce
cTekna Kk cmone npubnuantenbHo 40:60. 3HaveHwe er ANA Takoro C/IOMCTOIO0 martepuana WU3MeHseTcs B
yKa3aHHOM 4acTOTHOM pguanasoHe npubnuamtensHo ot 4,7 po 4,0. WV3meHeHue er npoucxoant
NPeNMyLLEeCTBEHHO M3-3a 4aCTOTHOW XapaKTepUCTUKM CMOJIbl; OHA YMEHbLUaeTCs, ecnu [ons crekna B
coctaBe yBe/niMumBaeTcA. Kpome TOro, 4actoTHass XxapakTepucTuka W3MEeHUTCA Npu M3MEeHeHun cocTasa
cMosbl. [locTaBwmMKkK Matepuana, Kak npasBuio, YKasblBalOT 3HAYEeHUA [UINEeKTPUYECKUX CBOMCTB,
onpefesieHHbIX Ha yactote 1 MIu.

3.4.4 Kputunuyeckas CKOpPOCTb curHana

Kak npaBwio, cBOWCTBA NMHUKU Mepefjayn crnefyeT yuuTbiBaTb, KOrja A/IMHA NPOBOAHMKA cOCTaBnsieT
1/7 AnnHbl BOMHBLI curHana. Ecnm yactota CUHXPOMMNY/bCOB cucTembl coctasnseT 300 MIu, AsiMHa BOJHbI
B BO34yxe cocTaBnsetr npubnusutensHo 1 M. Boobuie CUHXpOUMNYNAbCbl CUCTEMbI - 3TO Habop
NMOBTOPAIOLWMXCA MPSAMOYTrO/bHbIX VMAYNbCOB. BOMLWMWHCTBO CMCTEM CBfI3aHO C LMKPOBOIA 06paboTKoiA,
Korga AaHHble nepefalwTcs B BUAE MMMY/bCOB C KPYTbiM (PpoHTOM. Mo3ToMy Heob6xoammo obecneymBaTtb
yCnoBus ObICTPOro MNOBbIWEHNA (MNM NafeHus) HanpshkeHus. Yactota v BpemsA HapacTaHus curHana
CBA3aHbl cooTHoweHnem t, = 0,35If(tr- Bpemsa HapacTaHus, HC u f dacToTa, ITu).

Tabnuua 1 nokasbiBaeT BpeMeHa HapacTaHusi curHana Ans HeKoTOpblIX CEeMeNCTB WHTerpasbHbIX
CXeMm.

Ta6nunya 1 - Bpems HapacTaHusa curHasa KOMMNOHEHTa

CeMeliCcTBO KOMMOHEHTOB Bpems HapacTaHusi, HC
TTL OoT 6 no 9
Schottky TTL « 2 « 3
ECL « 045 « 0,75
GaAs « 0,05 « 0,20

Hanpumep, y aMUTTEpHO-CBA3aHHOW Nornkn Bpemsi HapactaHus 0,45 HCc C COOTBETCTBYHOLLEW YACTOTOW
0,35/0,45 Ty, w777 MI'y. Wcnonb3ya dopmyny fpd = yjsr/c  (fpd - BpemeHHas 3agepxka

pacnpocTpaHeHusi, C - CKOpPOCTb CBeTa), COOTHOCUM pe3ynbTaTl C [/IMHOA BOMHbI B BO34yXe, PpaBHON
npnénu3anTensHo 375 MM, B C/IOUCTOM MaTepuasne anokcugHas cmona/ctekno - 190 mm mnM MeHble 100
MM B Kepamuke. 3TO 03HayaeT 4YTO [AN1A MeyaTHbIX NAaT, W3roTOB/IEHHbIX W3 C/IOMCTOrO MaTepuana
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SMokcMaHas cmorna/cTtekno, ecnu AnvHa coeguHeHus coctaenseT Gonee 250 mM, crnegyeT yduTbiBaTb
9MEeKTPOMarHMTHbIE CBOMCTBA CUIHaNa U 0COBEHHOCTU ANMHHLIX NEKTPUHECKUX Lienei.

MoaToMy KpuTMYECKass CKOPOCTb M3MEHEHWA curHana — 9T0 Bpemsi ppoHTa/cnaga curHana
KOMMOHEHTA BMECTO 4YacTOTbl CUHXPOUMITYbCOB.

3.4.5 EMKOCTHas Lenb U NMUHUA Nepeaayvn ¢ KOHTPONMpPyeMbIM BOSTHOBbLIM CONMPOTUBIIEHUEM

MpoBOAHMK MOXET ObITb NPEACTABMEH KaK NMHUA nepefadn Unm Kak «eMKOCTHasy uenb. KoHuenuus
paspaboTkm Ans nNUHWA nepefjavM  JorkHa obecneuuBaTb W3BECTHOE BOJIHOBOE COMPOTUBMEHUE,
cornacoBaHHoOe C MOJIHbIM COMPOTUBMNEHWEM Harpysku, 4toObl MMHUMWU3UPOBATL OTPAXKEHHbLIE CUrHAsbI,
Bbl3BaHHbIE MamnbiM BPEMEHEM HapacTaHus uMNynbcoB. KoHuenuusi Ansi €MKOCTHOM MoAenu Luenu
nokasblBaeT, 4yto Uenb TpebyeT onpeaeneHHOro KOMMYecTBa 3JMeKTPUYEecKOro Toka, 4Tobbl co3gaBaTb
Heob6xoauMoe wu3MeHeHue Hanpsbkenus. Kputudeckme napameTpbl paspabotku u TpeboBaHua Oyayrt
3aBMCETb OT TOT0, Kakas KOHLeNUUsi ABNAETCA NOAXOAALLEH.

3.4.5.1 EmMkOCTHas uenb

Korpa coeamHeHue paccMmarpuBaeTcsl Kak eMKOCTHasA Lenb, BPEMS pacrnpoOCTPaHEHUS BbIYUCHSAIOT U3
TOrO, YTO Lienb U Harpy3Kku, CBA3aHHbIE C HEWN, ABMAOTCA NOMHOCTLIO EMKOCTHBIMU. [MOCKONbKY OTpaXkeHust Ha
€MKOCTHBbIX LiensiX KOPOTKOro COeAMHEeHWS BCTPEYaloTCA HECKOMbKO pa3 3a Bpemsi HApacTaHus UMNynbCea,
YUCTLIN pe3ynbTaT — 9T0 Aerpajauus PpoHTa, T. €. ero 3aTAruBaHue, YTo NPOTUBOMOJSIOXKHO OTYETIUBLIM
CTyneH4yaTbiM nepexofam, MNOSIBMAIWMMCA B ANWHHLIX JIMHUAX nepegadd. Boobule wucnonb3oBaHue
YPaBHEHUS JMHUKM nNepefavn [aeT OYeHb Manoe BPEeMs pacnpoCTPaHEeHWUsl, NPUBOAS K HETOYHOMY
pesynbrary.

3.4.5.2 Ilunus nepegaum ¢ KOHTPONUPYEMbIM BOSTHOBbLIM CONPOTUBIIEHUEM

BonHoBoe conpoTMBIIEHME NPOBOAHWKA Z; aHariorMyHo COMPOTMBIIEHUIO MOCTOSIHHOTO TOKa
(npeacraBneHHoMy 3akoHOM Oma kak R = U/l). ins GbiCTpoaenCcTBYIOLMX Lieneli BONIHOBOE COMPOTUBIIEHUE
TaKkke PacCYMTBLIBAIOT, KaK OTHOLLUEHME HAMNPSHXKEHWUSA K TOKY, KOTOPbIA TeYeT Mo NpOBOAHUKY NMpu 3apsije
3NnemMeHTapHbLIX EeMKOCTEN NpU pacnpocTpaHeHnn PPoHTa BOMHbI. OCHOBHOE pasnuyue COCTOUT B TOM, YTO B
Cny4ae BbICOKOM 4acTOTbl, OTHOLLEHME CBA3AHO C 3NEKTPUYECKMM TOKOM 3a Nepuoj BpeMeHu A0 MOMEHTA,
Koraa hpOHT MMMYNbCA HANMPSHKEHUS AOCTUTHET CreayioLLero KOMNoOHEHTA.

BonHoBoe conpoTuBneHne BaxxHO Ana pa3paboTku NnaTbl MO HECKONBLKUM NPUYMHAM.

CornacHo MpeacCTaBnNEHHOMY BbILWE  KOMMYECTBO TOKA, KOTOPOE HY)XHO SMEMEHTY CXEMbl
(nepepatunky) AnA nepegayn curHana BAonb NyTU €ro pacnpocTpaHeHus, 3aBUCUT OT Zy. DTO YUUTLIBAIOT B
pa3paboTke MHTerpasnbHbIX CXeM U ONPeAensioT NpaBuna pasMeLLeHns NPUEMHUKOB BAOMNb LiENN.

B BbICTPOAEHCTBYIOLMX CUCTEMAX C HEOAHOPOAHOCTLIO BAOMb NMYTU CUrHANAa BO3HUKAIOT OTPaXKEHUS.

OTpaXKeHUsi HE TONbKO CHWXKAIOT HanpshkeHMe CurHana, AOCTUralowero nNpUeMHWUKa, HO MOryT
reHepupoBatb BAOMb NUHUM MOmexW (Wym). OTU OTKMNOHEHUA MOryT Bbi3bliBaTb COOM CUCTEMbl U3-3a
OTCYTCTBUA CUrHana (CHWXeHWe Hanps»keHUs1) UMK NMOXKHbIE CUrHANLI (MOMEXK).

MMockoneKky BPEMsi U3MEPEHUS OYEHb Marno, PexuM NEepeKnioYeHUss He COOTBETCTBYET BOSIHOBOMY
COMpPOTUBNEHNIO. TaKkKe CONPOTUBIIEHWE NPOBOAHUKA, KAaK NPaBUNO MEAHOro, 3HaYMTENbHO HE BRMAET Ha
BONHOBOE conpoTuBneHne. Oba aTux acpdekTa NPOMCXOAAT U3-3a TOFO, YTO OTHOLUEHWE YNPaBMAIOLIEro
HanpsXkeHua K Toky (U// = BONHOBOE CONPOTUBNEHUE) OnpeaenseTcs A0 TOr0, Kak CUrHan AOCTUIHET KOHUa
uenu.

3.4.6 Monoca nponyckaHusa

M3 dopmynbl Makceenna MOXHO OTMETUTb, UTO BPeMA PACNPOCTPaAHEHUs CUrHaNa, NPOXOAALLEro
yepes NPOBOAHMK B NNaTax AUCKPETHOIO MPOBOAHOMO U NEYaTHOrO MOHTAa)a, BbIMUCHAIOT No copmMyne

Mpu HM3KMX YacTOTax Cxema pacnpoCTPaHEHMst CUTHana Ha nevyaTtHoiW nnare MOXeET ObiTb, Kak
npasuno, NpeAcTaBneHa B BUAE €MKOCTM mapannenbHO ¢ ConpoTuBrieHMeM. OfHAKO C POCTOM YacToTl,
3TOT NoAX04 MOAENUPOBAHUA COCPEAOTOYEHHBIMU KOMIMOHEHTAMMU He MOAXOAUT, NMyTb PaCNPOCTPAaHEHUA
CUrHana crieflyet paccMaTpuBaTh KaK 9IEKTPUYECKYIO LIEMb C PacnpeaerneHHbIMM napaMmeTpamu.

Ans  MexcoeAMHEHWIA C  KOHTPONUPYEMbIM BONHOBLIM  COMPOTMBIIEHMEM  JNEKTPUYECKME WU
ANINEKTPUYECKME CBOMCTBA MATEPMAroB NnaTbl UMEIOT CEPLE3HOE 3HAYEHUe, GOMbLLOE BHUMAHUE AOMKHO
ObITb yaeneHo pa3paboTke KOHCTPYKUMM U BbIOOPY OKOHEYHbIX HArpy3oK. HeoGXx0aMMo yCTaHOBUTL TOMKY,
Ha4YUHasi C KOTOPOI NPOBOAHMKU AEHCTBYIOT KaK NIMHUM Nepeaayn. AHanm3 AosmkeH GbiTb BLINMOMHEH NGO Ha
OCHOBE 4acTOThbl, IGO0 BPEMEHHBLIX (HAKTOPOB. KPUTUYECKON TOYKOW LM(PPOBLIX CUTHANOB SIBIISIETCA HE
TAKTOBasi 4acToTa KOMMOHEHTA, a BPEMS HApaCTaHUsi MUMNYMbCA, UYTO SIBMSIETCS KMIOYEBbIM (PAKTOPOM.
TakToBasi 4yactoTa — 3aBUCMMbI MapameTp, Tak Kak YeM KOpoye Bpemsl HapactaHusl, Tem ObicTpee
KOMMOHEHT MOXET NEePEKIoYaThCs.
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Tabnuua 2 — TunuyHble JaHHbLIE ANSA HEKOTOPbLIX NOTMYECKUX CEMENCTB

[nwnHa BonHbI
Cucrema Bpems Monoca MNonoBuHa amMnAUTyAbl
NOTUYECcKUX HapacTaHws, | nponyckaHus, |g Bakyyme, Bmarepuane | nvrsca B MaTepuane
cXeMm HC My M anokeup/ CTSKHOTKaHb ' | snokena/creknotkanb*,
M
TpaH3UCTOPHO-
TpaH3NUcTOpHast
noruka (TTJT) 8,0 44 6,800 3,100 0,5500
Schottky TTN 3,0 120 2,500 1,200 0,2100
3MUTTEPHO-
CBsi3aHHan
noruka (3CI) 0.6 580 0,520 0,240 0,0410
GaAs 0,1 3 500 0,086 0,040 0,0069
* OTHOCUTeNbHas AUaNeKTpUYeckas NPOHULIAEMOCTL MaTepuana 3noKCUA/CTEKNOTKaHb — 4,7.

To4ka, B KOTOPOI NapameTpbl Ne4aTHON NNAaThl 3HAYUTENLHO 3aTParMBaloT XapakTePUCTUKN nepeaayu
pacnpoCTpaHAIOLLEerocs UMNynbCca, LWMPOKO WM3BECTHA B npegenax coobwectsa NPOEKTUPOBLUMKOB
neyaTHbIX NaT Kak TOYKa CPAaBHEHUS BPEMEHWU HApACTaHUA C ANWMHON NyTU. [inA nepeagaBaemMoro uMnynbca
npeaBapuTensHO crneayeTr onpeaenaTb AMAUHY NPOBOAHWKA, HA KOTOPOM HACTynaeT CyweCTBEeHHOe
pasnuume HanpsbkeHus. NpoBOAHWKM, ANWHHEE 3TOr0 KPUTUYECKOTO 3HAYEHUA PaCLUEHUBAIOT KaK JUHUM
nepegaun. Ecnu uMnynbC ymeHbwaeTca Ha 6Gonee 4yeM NONOBMHA CBOEW AaMNNUTYAbl, CXEeMy
paccMaTpuBaloT Kak fMIMHUIO Nepeaaydn. 3ta ANMHa BaXkHa U ANa ApYrux NpakTUYEeCKUX coOoBpakeHUN.

Ona Gonee ANMMHHBIX NIUHUI NepeaaqYu OTPAXKEHUSA OT HECOrNacOBAHHOIO CONPOTUBMEHUSA Harpy3ku
MOryT BO3BpaLLaTbCA Ha3ad K UCTOYHMKY, MOCME TOro Kak UMNYNbC AOCTUraeT CBOEro MaKCUManbHOro
3Ha4YeHWsA U BLIMAET HaA NNaTo; CYMMUPOBAHWE UMMYNLCOB MOXET NPUBECTU K NOXHOMY cpabaTbiBaHUIO
KOMMOHeHTa. Ans Gonee KOPOTKUX NyTel OTPAKEHHbIE UMNYIbCbI NPUXOAAT HA3ad K UCTOYHMKY, Npexae
YeM MMMynbC AOCTUFHET 3HadYeHus nnato. Moatomy niob6as Moagudmkauua dopmbl umnynbca Oyaer
OTHOCUTLCA TOMbKO K (PPOHTY MMNyNbCa, YTO BPSA NU BLI3OBET NOXHOe cpabaTbiBAHWE KOMIMOHEHTA.
3HaYeHNs KpUTMYECKOW ANWHbI NpUBEAEHbl B nocneaHen KonoHke Tabnuubl 2. Cneayer nonaratb, 4YTO
NPOBOAHWUKM CXeMbl AnuHHEe 60 % AnuHbI, yKasaHHOW B NOCNeAHEel KOmoHke Tabnuubl 2, GyayT
pacueHuBaTbLCA Kak NIMHUKM Nepeaayu, 4to obecneumsaeTt 3anac paboTocnocoBbHOCTH.

3.4.7 Bpemsa pacnpocTpaHeHus curHana

B ObICTPOAENCTBYIOLLMX CUCTEMAX TAKTOBLIW LMKI, KaK NPaBUIIO KOPOYE BPEMEHWU PacnpOCTPaHEHUS
curHana ot OAHOro KOMMOHEHTa A0 Apyroro. [ins obecneveHuss paboTocnocoBHOCTU ObLICTPOAENCTBYIOLEN
CMCTEMbI MPUXOAUTCH YYUTLIBATb BPEMS PACMpPOCTPAHEHUSI CUrHanNa. B HEKOTOpbIX Crydasx OrpaHu4eHne
BPEMEHU paCNPOCTPaHEHUA MOXeT noTpeboBaTb ydyera oOLEN ANWHBI NPOBOAHUKA OT MCTOYHMKA K
Harpy3ke.

3.4.7.1 BpeMs 3aaepxku pacnpocTpaHeHus curHana

CKOpPOCTb  pacnpoCTPAHEHUs  JNEKTPOMAarHMTHOW  BOMHbI  CBAA3aHAa C  AMSNEKTPUYECKON
NPOHMLIAEMOCTbIO U30JTUPYIOLLEN CPefibl COOTHOLLIEHUEM

V,=——

=

rae ¢ — ckopocThb ceeta (3 - 10° m/c);
& — OTHOCUTENbHAS! ANANEKTPUYECKAs MPOHULIAEMOCTb U3OMSILMOHHOTO MaTepuana.

Ounanekrpuyeckasa nNpoHULLAEMOCTb HeapMUMpPOBaHHOIO nonuMMmuga pasHa npubnusutensHo 3,5,
CTEKMNOTEKCTONUTa AN NeYaTHbIX NNaT Ha OCHOBE SMOKCMAHOW WNU  NOAMUMMUAHOA cmonbl 4-5,
KOMMO3ULIMOHHOW kKepaMukn 9—10 u KPeMHUEBbLIX NONMYNPOBOAHUKOBLIX NAIACTUH NPUONM3UTENnbHO 15. YT06bI
obecneunTb CKOPOCTb NEpeknioveHus ObICTPOAEHCTBYIOLIMX KOMMNOHEHTOB Heobxoaumo paccmaTpusaThb
COBOKYMHOCTb ASIMHHbLIX MEXCIIOWHbIX COEANHEHUMN.

Boobwe ans cxem 3CJ1 € COrNacoBaHHbIMM JMHUAMM Nepeaaqn CKOPOCTb PacnpOCTPAHEHUS
M3MeHsIeTCa 00paTHO NPONOPLUOHANBHO KBAAPATHOMY KOPHIO eMKOCTU NMuHuM nepegaydu. Ana cxem KMOIM
CKOpOCTb M3MEHsieTCA 00paTHO NPONOPLMOHANLHO EMKOCTU, KOTAA 3a4epXXKa Bbi3BaHa CABUIOM (hasbl.

MoxHO 3ameTuTb, 4TO BpeMA 3aAEPXKKM MPSIMO MPOMOPLUUOHANIBHO KBAApaTHOMY KOPHIO W3
3(PPEeKTUBHONW  OTHOCUTENBHON  AUINEKTPUYECKOW  MNPOHMLIAEMOCTU. YTOObl  BLIMUCNIUTL  BpEMS
pacnpoCTpaHeHMsA CcurHana, nepefaHHOro Mo  OonpeaeneHHOMYy NPOBOAHWUKY, HAA0 WMCNONb30BaTh
BbILLEYNOMSHYTYIO hopMyny u 06paTUTLCA K 3.4.2, €Crn HY)XKHO NONYYUTb 3HAYEHUE ANA &' U3 USBECTHLIX
8
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3HAYEHUN g ANA OKPY>XAIOLLMX ANINEKTPUKOB. [N HECKONBbKMX KOHUIypaumnin cxem npuseeHsbl (hopmyIb
B 4.2

3.4.8 3hhekTbl HArpy3ku curHana

Ecnu npoBOAHWK COEAMHEH C HECKOMbKUMU Harpyskamu (KOMMNOHEHTamu), crnefyeT paccmaTpuBatb
npobnemy Harpy3kMm curHana. Ecnu npoBOAHWK COEAMHAET HECKONbKO Harpy3ok (KOMMOHEHTOB),
HeobXxoAMMO paccMaTpuBaTh NPoOeMy NPOXOXAEHUA CUrHana.

Mpu nocnegosaTenbHOM COEAUMHEHWM KOMMNOHEHTOB U NOSMIHOM CONPOTUBMEHWUM HArpy3ku, 6M3KOM K
BOJTHOBOMY WUIN MEHee, aMINIuTyAa CUrHana yMeHbLUAaeTCa COOTBETCTBEHHO, HA KaXKaoW Harpy3ke. Harpysku
C BbICOKMM MOMHLIM COMNPOTUBIIEHMEM MO CPABHEHWIO C BOMHOBLIM COMPOTMBAEHMEM JMHUU Nepeaayun
npuBeAyT K MEHbLUeMY COKpaLUeHWI0 aMnnuTyabl. CormacoBaHHaA Harpy3ka B KOHLE MMHUM MOXET
notpe6oBaTbCA AN MPEAOTBPALLEHUS OTPAXEHUs,, CNOCOOHOr0 BbI3LIBATH JIOXKHLIN UMNYNLC (NOXHOE
cpabatbiBanune). Kak npaBuno, noaxoAswien AnA AaHHOTO crnydas ABNSAETCA KOHUeNnuus NUHUK nepeaayu
(KOHTPONUPYEMOrO BOSTHOBOTO CONPOTUBIIEHUS).

B paguanbHOl cxeme kaxaas BeTBb 06nagaet CBOUM BOMHOBLIM COMPOTUBIIEHUEM W MOHWKEHHON
amnautyaon. Kak npasuro, noaxoaslen ANA AaHHOro Chnyvas SABNAETCA KOHUENUUA eMKOCTHON MUHUK
(ynpaBnaemon eMKOCTH).

3.4.9 MNepekpecTHasa nomexa

MepekpecTHas noMmexa — nepeaaya aHeprun (CBA3HOCTb) MeXAy NPOBOAHUKAMM 3@ CHET UHAYKTUBHO-
€MKOCTHOW CBA3W. JHEPrMsA OT LN «UCTOMHMKA» HaKNaabiBaeTCA Ha uenb «peuentopa» (MMHUA
©KepTBa»), NPUBOAA K CNy4almHOMY MEepeknioveHuto u c6oio. CurHan npu pacnpoCcTpaHeHUU CBOUMMU
3NEeKTPOMArHUTHLIMUA MONAMU UHAYLMPYET HABOAKW B NACCUBHLIX NPOBOAHMKAX. BrwkHMI KOHeU nnHuK
nepegayn B CCbINIKax OTHOCUTCH K UCTOYHUKY CUTHaNa, a AanbHuUii KOHEL, — K NPUEMHMKY.

HaBeaeHHble CurHanbl, MAYLLIME K AanbHEMY KOHUY, HA3biBAIOT NepeaHei nepekpecTHONn nomexon, a
HaBeJEeHHbIe CUrHambl B MACCMBHOW NMUHUM, BO3BpaLLalOLMECa K GnuxHeMy KOHUY, HasbiBaloT «obpartHon
NepekpPecTHON NOMEXOM».

EMKOCTHas cBs3b POPMUPYET CUTHAM HU3KOFO YPOBHA TOW e NONAPHOCTU U hOPMbI, YTO U AKTUBHbLIN
CUrHarn, npu 9TOM HaBEAEHHbIN CUTHAN MOXET PacnpOCTPaHATLCA Kak OT UCTOMHUKA K Harpyske, Tak u ot
Harpy3ku K UCTOYHUKY.

MHayKkTUBHAs CBA3b TaKKe BbI3bIBAET CUrHamMbl, HanpaeneHHble B 06a koHua. OaHako curHan,
HanpaBneHHbI K Harpyske, WMHBEPTUPOBAH (NPOTMBONOMOXHAA MNONAPHOCTb) OTHOCUTENBLHO AaKTUBHOMO
curHana. Takum o6pasomM, cocTaensowan obpaTHO NepekpPecTHOW NOMEeXU UHAYKTUBHO-EMKOCTHOW CBSI3M
— 9TO CyMMa CMUrHanoB, a nepeaHen NEepeKkpecTHOW MOMEXM — UX Pa3HOCTb. B pesynbrarte ypoBeHb
NepeKPecTHON NMOMEXN CHUXKAETCS.

KoadhdhmumeHTbl CBA3M NEpeKkpeCcTHON NOMEXHU, NPUBOAUMbBIE B CCbINKaxX pasnuyHbl AN nepeaHen u
oBpaTHOl Nomex.

YpoBeHb HaBEAEHHOr0 CurHasna YMEHbLWAEeTCA Npu YMEHbLUEHUU AfUHbI YY4acTKOB napanenbHO
Maywmx npOBOAHWKOB, YBENUYEHUU PACCTOAHUSA MeXay MpPOBOAHUKAMM, YMEHbLUEHUWM BOJIHOBOIO
COMPOTUBMNEHUA NUHUM W YBENMUYEHMW BPEMEHM HApacTaHus uMmnynsca. [lapannenbHas npoknajka
NPOBOAHUKOB Ha 3HAYUTENbHON ANMHE, pa3MeLLeHUe UX Ha OJHOM WIU CMEXHbIX CrosIX CMOCOOCTBYIOT
nepekpecTHon nomexe. JNIMHUS «KEPTBA» MOXET TaKke WATU nmapannenbHO APYIMM NIMHUSIM Nepeaaydn Ha
ManbIxX paccTtosHuax. OnpeaeneHHan KOMOGMHaAUNMA UMNYMLCOB U UX COOTHOLLUEHME BO BPEMEHM Ha pasHbIX
NUHWAX MOTYT BbI3biBaTb CUrHam Ha NUHUW «kepTBe». Takum obpasom, Tpebyertcsi, uToObl nNepekpecTHasn
nomexa mexay nuHUAMKU nepeaaun Gbina HUXKe ONpeaeneHHOro ypoBHS.

3.4.9.1 YnpasneHue nepekpecTHON NOMexon

Kak npasuno, nepekpectHas noMexa sBnseTca npobnemomn, Koraa  UCNONb3YIOTCA
ObICTPOAENCTBYIOLLME KOMMNOHEHTDI, U3-3a HAaNM4YKUA BbICOKOYACTOTHbLIX FAPMOHUK. COBMECTHOE NpUMEHEHUe
pa3HbIX CEMENCTB NOrMYECKMX CXEM BbI3blBAET Npobrembl U3-3a HanNUuusl pasHbiX YPOBHEW HaNpsHKEeHUs,
NOMEXOYCTONYUBOCTU U JOrMUYECKUX YPOBHEN. Mpumepom MOXET MOCHYUTb COBMECTHOE MNPUMEHEHUe
ceMencTB noruveckux cxem Schottky TTJ u 3CJ.

MNpobnema 3akniovaetcs BO B3aumoaencTeumn curHanos TTJ1 ¢ anementamun 3CJ. Becneacreme Toro,
YyTO AMana3oH amnauTyabl cemeiictea TTI coctasnser 3 B, a y npubopos 3CJ1 3anac noMexoyCcTOW4YUBOCTH
Tonbko 100 MB, MOryT nponMcxoautb NapasuTHbIE B3aUMOAENCTBUA.

Ecnu ucnonb3ylot crnou meam, 4tobbl pasaenutb Nnoruyeckme YpoBHU, NepekpecTHas nomexa (CBsA3b)
MOXXET BO3HMKHYTb B LIENM 3€MIU NPU BO3BPALUEHWM CUrHanNa. YKa3aHHOE SABNEHWE HA3bIBAETCA NPsMOM
CBA3LIO Yepe3 BOMHOBOE conpoTusBneHue. Mo CywecTBy BO3BpaTHbI CUrHAM Bbi3bIBAET MNOBbILLEHWE
noTeHumana 3emnu us-3a COnpoTUBIEHUA CNOA NPU NOCTOSIHHOM TOke. 3Ta npobneMa MoXeT 0Ka3aTbCA
OY€eHb CYLLECTBEHHON 0COBEHHO B aHANOrOBOIA LienK, Koraa NnpucyTCTBYET LudpoBas noruka.

3.4.10 3atyxaHue (ocnabnenue) curHana

BbiCTpoAEeNCTBYIOLME CUCTEMbI BbIPAabaTbLIBAIOT MMMYNbLC C ManbiM BPEMEHM HapacTaHust U MOryT
HEO04HO3HAaYHO pearupoBaTbh HA UMMNYMbChI, NPEBbILAIOLLIME MAKCUMANbHOE BPEMA HapacTaHua. 3atyxaHue
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curHana yBenuuuBaeT BPeMsi HapacTaHusa PpoHTa MMnynsca u cHuxkaeT amnnuTtyay. OcnabneHve curHana
nyqwe BCEro 00bACHAETCA Ha NPUMEepe MOAENM MMMyMbCa Kak CYMMbl CUFHanoOB pasHbIX 4acToT.
BbICOKOYACTOTHbIE COCTaBRsOLME WMMNYNbCa 3aTyxaloT ObICTpee, 4YeM HU3KOYacTOTHble. 3aTyxaHue
nNpouCXoauMT U3-3a NOBEPXHOCTHOrO adpdekrta B npoBoaHuke (CkuH-adpdpekta), a TaKke u3-3a addekra
paccenaHus B ANINEKTPUKE.

Curnanbl ocnabnsiloTca CONPOTUBAEHUEM Meau, UCMOoNb3yemMoW Ans NPOBOAHWUKOB, U MOTEPSMU B
pesynbraTe CKMH-apdeKTa B NOBEPXHOCTHOM Cfoe MEeau.

ConpoTuBnNeHUe Meau MOXET YMEHbLUUTb YCTOMYMBBLIE YPOBHWU HaNPSHXKEHWA OO0 YPOBHSA, HWXE
HeoOX0AUMOro Ans ageKBaTHOW NOMEXO0YCTOMUMBOCTU. OTO 0COBEHHO BepHO ana cxem 3CI1, B KOTOPbIX
AenuTtenb HanpsbkeHust popMUpyETCs COrnacyoLymM pe3ucTopoM 1 CONPOTUBNEHUEM NIUHUMN.

ConpoTuBreHme NOCTOSAHHOMY TOKY MOXET ObITb BbIMMCAEHO, UCNOSb3YA yaenbHOe CONpOTUBIIEHUE
Meau W reoMeTpui0 NpoBOAHUKOB. BnusiHue kadectBa noBepxHOCTU (CkuH-3adpchpekTa) MOXET ObiTb
onpeaeneHo 3KCMepuMEHTanbLHO unu no ¢opmyne. Mpu BbICOKOM OLICTPOAENCTBUM TOK HE MPOHUKAET B
NPOBOAHUK, CrieaoBaTenbHO, NOTPEGHOCTL B TONCTOW Men, BO3MOXHO, He 0bsi3aTenbHa.

3.4.11 CornacoBaHue Harpy3sku uenen cCoeuHEeHUN

CornacoBaHue Harpy3ku Uenen coeaMHeHun Heobxoaumo Ans ofecneyeHus LEenoCTHOCTM CUrHana,
€ro CUHXPOHU3aUUWU, BENMUYMHBI HANPSDKEHMS UCTOYHMKA M NPUEMHUKA CUrHANOB, a TaKKe BONHOBOIO
conpotusnenus. O6LmMe Tunbl COrNACOBAHMSI HArpy30K AETanu3upoBaHbl B CReaylolmXx pasgenax u
npeacTaBneHbl Ha pUCyHke 3.

10
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MocneposarenbHoe

®VIKCPOBaHHBIN YPOBEHb

RC-cornacosaHue

AvoaHoe

Mpy nocnefoBaTenbHOM COMACOBAHWM B LEMb MOCNEA0BATE/IbHO MEXAY WCTOYHUKOM U HarpysKoi
BK/IOYAETCS pPesucTop, uYalle BCero, 4Tobbl COrflacoBaTb LeMb C WCTOYHMKOM. [locnegoBatesibHoe
cornacoBaHue ynpaensieT BblGpocamu, TpebyeT TOMbKO OAHOrO KOMMOHEHTA W MOTPebAsieT HEeMHOro
3Hepruu, Ho MOXET MOBMUATL Ha BPEMsl HapacTaHusi u cnaga. [ns 6onbluero adpdpekta pesucTop creayet
pasmelLaTbh Kak MOXHO 6/IMKe K UCTOUHUKY.

Mpy napannensHoM COrfacoBaHWM Lenb uYepe3 pesucTop (WYHT) coeauHsieTca c 3emneit. 310
06blYHasi cxema Npu nocriefoBaTesIbHON KOMMYTalUMyU KOMNOHEHTOB. CornacyoLuii pe3ncTop, kak npasuno,
COOTBETCTBYET 3HAUEHWI0 BOJIHOBOTO COMPOTUBIEHWS LEnW coeAuHeHuss u obecneunmBaeT MeHbLune
OTPaXeHUsl. JTa KOH(Urypaumsi o6feryaeT TPacCUpPOBKY pacnpefesieHHbIX Harpy3ok W He yxygluaet
33/1EPXKKU.

CornacoBaHue C NPUMEHEHWEM PE3UCTUBHOTO AenuTenst ((PUKCUPOBaHHbI ypoBEHb) (CM. PUCYHOK 3),
KOTOpbIA NOAKNOUAIOT MeX/Ay NOTEHUMA/IOM MUTAHUS U 3eM/IU B KOHLE uenu. HeT yxyAlweHns 3aepxku, u
3ajaHHbIli  YpPOBEHb CMELLEHWs1 yCTaHaBMMBAETCS BbIGOPOM 3HAYEHWIA PE3UCTOPOB, a MepekioyeHne
NPOMCXOAUT B Harpyske. Takoe COrflacoBaHMe Harpysku noTpe6nsieT Gofblie 3Hepruv, TpebyeT Ans
peanm3auun [Ba KOMMOHEHTA U CMELLaeT YPOBEHb MEPEKOUYEHUS A1 BbICOKOFO U HU3KOTO SIOTMYECKOro
COCTOSIHWIA.
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PesuctusHo-emkocTHoe RC cormacoBaHue Harpy3ku, HasbiBaemoe crnaxusaiowmMm RC unbTpom,
MOAKMIOYAOT MNOCNeaoBaTENbHO K MCTOMHWMKY HAamnpsDKEHWst W, Kak MNpaBuno, 3asemnstor. [aHHoe
COrracoBaHWe HarpyskM ynpaensalT BbIOPOCaMM U KOPOTKUMKM OpOCKaMu HanpsKeHusi, He noTpebnsoT
SHEpPruM npu NOCTOSAHHOM TOKE, W CrNaXuBaloT kpas ¢opmbl BOMHbI. B cormacoBaHuu y4yacTBylOT ABa
KOMNOHEHTa. 3HauyeHus pe3ucTopa W KOHAEeHcaTtopa JAOIKHbl ObiTb nogobpaHbl ANA Kaxaon uenu
corrnacoBaHus.

[uoaHoe cormacoBaHue Harpy3km MOXeT ObiTb BbIBEAEHO HA NUTAaloLlee HanpskeHue Ve, Ha 3emrio,
unu MoryT BbiTb MCNONb30BaHbl 06a BapuaHTa. K ucnonb3oeaHunio 06oux BapuaHToB npuberaioT B GonbLuein
CTEMEHM Ha Harpy>XeHHbIX LUMHax obMeHa MM YyBCTBMTENbHLIX BXOAaX KOMNOHeHTa. OCHOBHas 3ajava —
noracutb 3anpeaenbHble OTKIIOHEHUA UMMYNbCOB. HeaocTaTok B TOM, UTO OKasbiBaeTcs cnaboe BnvsiHWe Ha
HOpManu3aumIo 0CTarnbHbIX MAPaMETPOB LENOCTHOCTU CUrHana.

3.4.12 fpyrue npo6nemMbl LIeSIOCTHOCTU CUrHana

Mpu aHanu3e ObICTPOAEWCTBYIOLLMX WIIM BbLICOKOYACTOTHbLIX CXEM AOMOMHUTENbLHO C npoGnemon
LErnoCTHOCTM CUrHana npuxoauTCs YYWTbIBAThL ApPYyrMe napameTpbl. HekoTopble u3 HuX — caBur casbl,
NOSNOXMTENbHBIA U OTPULATENLHBIN BbIOPOCHI, 3X0-CUrHAar, 3anpeaenbHblii nopor cpabaTbiBaHWA, HABOJKKU C
COMYTCTBYHOLLMM NEPEKITIIOYEHNEM.

Casur dasbl — 3TO MOCNEACTBMSA 33a4EPXKKM CUrHamna, KOTOpble MOryT MPUBOAUTHE K HAPYLLUEHUIO
CUMHXpOHM3auum paboTel cCxembl. Hanpumep, B xo4e B3aUMOAEWHCTBUA C 9MEMEHTaMW  CXEMbl
CUHXPOUMIMYMbChI, BbipabaTbiBa€MbI€ TEHEPATOPOM TAKTOBOW YaCTOTbI, MOTYT ObiTb CABUHYTHI BO BPEMEHM.
Caosur asel MOXET ObiTb BbI3BAH BOMHOBbLIM CONPOTMBIIEHMEM JNUHUKU, CBA3LIO NPOBOAHMKA C
3a3eMMEeHNeM, UBMEHEHNEM INEKTPONUTAHUSA, AOMYCKAMU KOMNOHEHTA U EMKOCTbIO Harpy3ku BXO40B.

BbibpoCc — pes3ynbTaT NPEBbILEHUS HANPSPKEHWUSI CBblE Voo WKW, €Cnu MNOCMOTPETL € obGpaTHO
CTOPOHbI, MPEBbILLEHNE HaMPSHKEHUA B OTPULIATENbLHYIO CTOPOHY HWXE NnoTeHuuana semnu. Beibpoc MoxeT
ObITb OTPErynupoBaH (y4TeH) 0COBEHHOCTSIMU NPUMEHEHUS 3NEMEHTHOI 6asbl, pasMeLLEHNs U U3BECTHBIX
METOZO0B COrMacoBaHus.

Oxo curHan — ato apdpekT pocta PpoHTa OTPAXKEHHOrO CUrHanNa A0 YPOBHSA NepeknioveHus (nopora)
MNOTMKU UNK BbilWe. 3TO MOXET ObiTb BbI3BAHO HECOOTBETCTBMEM MOMMYECKUX UCTOMHUKOB M NPUEMHUKOB,
HeJOCTaTOYHbIX METOAOB COMNAacoOBaHMA W paccornacoBaHWeM BOJIHOBOTO COMPOTUBAIEHMSA  LENM
COEAWNHEHUIA C KOMMOHEHTaMMU.

Cbou cpabaTtbiBaHMA BO3HUMKAIOT, KOrga Bo3pacralowmin poHT UMNynbCca He A0CTUraeT nopora
HanpspKeHus Ha BXoJe KOMMoHeHTa. ManoMoLLHble UCTOYHMKM UMM HEAOCTAaTOYHOE COrNacoBaHUe Harpy3ok
4acTO ABNATCH NPUYUHOMN, XOTS OHU MOTYT ObiTh BbI3BaHbl CUTHANaMu ¢ 60nbLIMM BPEMEHEM HapacTaHus
OTHOCUTENBHO LUMPUHBI UMMYTbCA.

OOHOBPEMEHHO NEPEeKIYaloWMecs BbIXOAbl MOIYT ObiTb MHAYKTUBHO COEAMHEHbl MeXay Lenbio
nuTaHua Ve 1 semnen. OTo 3aaepXXUBaET NEPEKIOYEHUE U MOXET U3MEHUTL BPEMS HapacTaHusi u cnaga.
Bes ToyHOW mMoaenu uenu nuTaHusa Vi, 3€MMM U MOAENU COEAUHEHUIN, TOYHOE MOAENUPOBAHUE CUCTEMBI
ABMNAETCA 3aTpyaHUTEnbHbIM. OpraHu3aums COEeAMHEHWA C  HU3KOW MHAYKTUBHOCTLIO MOCPEACTBOM
MCMONb30BAHUA LUIMPOKMX MPOBOAHUKOB CHMXKAET B3aMOMHAYKTUBHOE BNUSHUE.

3.4.13 Nomexu KOMMyTaLUU

Mpu nepeknioyeHMn YCTPOWCTBA TOK BTekaeT NMOO BbITEKAET M3 UCTOYHUKA MUTAHUS MO LIENSM
nUTaHUA unu 3eMnu. ECnu y aToro Toka ecTb BbICOKOYACTOTHLIE COCTABMAOLLME, UHAYKTUBHOCTb BbIBOJOB M
COENHEHNI CTAHOBUTCA CYLLECTBEHHOW, NPMBOASA K BPEMEHHBIM UM KOMMYTaLMOHHbLIM NOMeXam.

3TN nepexoaHble NpPoLecchl BbI3BaHbl MHAYKTUBHOCTBLIO KOHTYpA 3€Mns/NUTaHWe U, CrneaoBaTernbHo,
€ro PUCYHOK JOMKeH OblTb CMPOEKTUPOBaH ANsi YMEHbLUEHWS 3TOW WMHAYKTMBHOCTM B MaKkCUManbHO
BO3MOXHOWN CTENeHu.

Obwasa meToaMka no COKPAaLUeHWK MNoMex KOMMyTauuum — 3TO WCNOMb30oBaHWE KOHAEHCATOPOB
pa3BA3KK, KOTOpble oBecneynBatoT NUTaHUE B Touke Gonee 6nuskon Kk NC, yem UCToUHKK ToKa. Jaxe korga
3TO YCIOBMWE BLIMOJSIHEHO, PACMONIOXEHME KOHAEHCATOopa SABMSETCH BaXKHbIM dhakTopom. Ecnu BbIBOAbI
KOHZEHCATOPOB MW3NWLIHE ANWHHble, COBCTBEHHasi WMHAYKTMBHOCTb CTAHOBUTCSI CRMLLKOM ©GOMbLLUONA,
BO3HMKAET HEXENATENbHOE NEPEKIIOYEHNE CMEXHBIX CXEM.

PasBsaska Ha nnaTax, kak NpaBuno, 4OCTUraeTcA OTAENbHLIMW KOHAEHCATOPaMU, KOTOPLIE MOTYT ObITh
nomMeLLeHbl 6rIM3KO K TOYKaM NOAKMIOYEHUSI MMTAHUA U 3EMIM KOMMOHEHTA.

3.4.14 Opyrue nomexu

Y MHOrocrnoiHbeIX nnar ecrtb NpeuMyLiecTBa nepej ABYXCTOPOHHUMWM nnatamu B TOM, YTO Crou
nUTaHua 1 3emnu MOryT ObiTb CNMOWHLIMKM crosiMu MeTannusauuu. CnegoBaTenbHO, OHWM nmpegnaratot
fonee HW3koe BONHOBOE conpoTueneHne BY napasuTHbiM TOKaMm M yNyylIEHHOe pacnpefernieHue Toka.
TokoBasi NeTnst 3HaYNTENbHO COKPALLAETCA, Tak Kak MyTb OrPaHWYeH AMIMHOW CUTHANBHOrO NPOBOAHMKA W
CMosIMU nMuTaHua. Ona ganbHenLWwero yny4yweHmsa MHOTOCHOHbIX pa3paboTok, CMeXHble Crou (CUrHanbHbIE)
MOTYT TpaccupoBaTLCA OPTOroOHanbLHO, TakKuM 00pa3oM, CokpaLLas NepPeKPeCcTHY NOMEXY U3-3a ManeHbKON
obnactu nepeceyeHuss mexgy npoBoAHWKamu. Cnou nutaHua u crion 3emnu ByayT Takke CNyxuTb Ans
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U30MAUUM LLYMOB, BOSHMKAIOLWIMX OT CUrHanNbHbIX NPOBOAHUKOB, 9KPAHUPYSA M3My4YEHME CMMOLHbLIM CrOEeM
meTtanna.

3.4.15 YpoBeHb NOMEXOYCTONYMBOCTH

YpoBeHb NOMEXO0YCTOMYMBOCTU ONpeaenseTcsa AONYCTUMMbIMU NepenagamMmu HanpsHkeHUs nNepeMeHHoN
1 NOCTOSIHHOW COCTAaBNAIOLLMX TOKA, NPU KOTOPbIX eLe obecnevmBaeTcs PyHKUUMOHUPOBAHUE YCTPOMCTBA B
onpeaeneHHblX rpaHuuax. CyuwlectsyeT ABa BuAa MUCTOYHMKA nomex. lMepBbiii BUA — NOMEXW YPOBHS
NMUTaAHUA MOCTOAHHBIM TOKOM ANSA Ka)XAOW WHTerpanbHOW cxembl. BTopon Bua — B3aumoaencrsusa nomex
forMyeckoro curHana KOMMoHeHTa, nepeJaBaeMbiX MEPEMEHHbIM TOKOM. Kaxabl nornyeckuit KOMNOHEHT
CBA3aH C HaNpshKEHWEM W BO3BpPATHbLIM TOKOM NO 3emne. CucremMa pacnpefeneHue MOWHOCTU UMeeT
KOHeYHble nepenagbl Hanps>KeHUS MOCTOSHHOTO WM MEPEMEHHOr0 TOKOB MeXAy JMneKTponuTaHueMm W
KOMMOHEHTOM. TaKkke Yy 3MeKTponuTaHua eCTb onpefeneHHbii pabounit gonyck. OCHOBHblE napaMmeTpbl,
BKITIOYEHHbIE B 3aMac NOMEXoyCTONYNBOCTM:

a) [J0nycK 3NeKTponuTaHus;

b) nepenagbl HANPSHXKEHUS NOCTOSIHHOIO TOKA;
C) TrpynnoBble CKavyku NepexonHbiX NPOoLEeCCoB;
d) cKa4oK nepexoaHbIx npoueccos UC;

€) [JOMyCK HanpsikeHusl BXoAa KOMMOHEHTA;

f) 3apaHHOe HanpspkeHue SNeKTPOonUTaHUS.

3.5 PacnpegeneHue MOWHOCTU

PacnpegeneHne MOLHOCTU XapaKkTepusyeTca AByMs TUNamMu NPOBOAUMOCTU, YTO onpeaenseT u Buabl
noTepb: aKTUBHbIE (HA NOCTOAHHOM TOKE) U AU3nekTpudeckue (Ha NnepeMeHHOM).

3.5.1 PacnpegeneHue MOWHOCTU NPU NOCTOSAHHOM TOKe

Cucrtema pacnpegeneHuMs MOLLHOCTM MPU NOCTOSIHHOM TOKE COEAMHSET BbIXOA 3NEeKTPONUTaHUS C
BXOJOM Ka)Xgoro KOMMNoHeHTa. [nsi cuctem ¢ 6ONbLUMM KONMYECTBOM MEYaTHbIX NNaT U NOABOAOB NUTAHUA
KenarenbHO MOAENUPOBAHME B3aWMOAENCTBUS KAKAOTO KOMMOHEHTA AnA TOro, 4Ttobbl NpoOBEpUTH
paboToCnoCOOHOCTL M OkasdaTb NOMOLLb MPWM NPOeKTMpoBaHuW. ageHue HanpskeHua mexay niobbimu
ABYMS TOMKAMKM Ha MEAHOM Cnoe OnpeaensitoT NPOU3BeIEHUEM 3HAYEHUSI MAKCUMANbHOIO 3HAYEHUNA ToKa
Harpysku Ha conpoTtusneHue cnos. MNMpu HeoOXoAMMOCTM aHanu3 MOAEenu NPOBOAAT ANA onpeaeneHus
nageHns HanpsHXKEHUA MEXAy KaKOoW MHTerpanbHOW CXeMONn.

3.5.2 PacnpeneneHue MOLHOCTU NPU NepeMEeHHOM TOKe

PacnpeaeneHne MOLWHOCTU NpW NEPEMEHHOM TOKE AENUTCA Ha TPU OCHOBHbLIX COCTAaBJISIIOLMX.
KoHuenuua nepeMeHHOro Toka paccMaTpuBaeT pacnpeaesnieHne afeKTposHepruM no uensim Yepes nosiHoe
COMNpoTUBMEHNE.

MepBasa cocTaBnsAwLWAs — NOMHOE CONPOTUBNEHME NPU NEPEKIIOYEHUMU. DTO NOJNIHOE CONPOTUBNEHUE
MeXay KOHAEHCATOPOM Pa3BA3KU U BbIBOAOM KOMMOHEHTA. TOK Npu 3TOM UMEET CaMylo BbICOKYIO YACTOTHYIO
COCTaBISIOLLY 0.

Btopas cocrtasnsiowas — NosHOE CONPOTUBAIEHWE NPU 3apsaaKe OTAENbHbLIX KOHAEHCATOPOB Pa3BA3ku
WHTEerpanbHbiX cXeM. TOK B 9TOM CONpOTUBNeHun oBnagaer Gonee HU3KOW 4yacToTo U Bonee BbLICOKOW
aMnnuTyaon, Yem TOK nepBoW cocTasnsioweii. Mepenaa HanpsbkeHus OyaeT MeHblue, YeM B cnydae,
YNOMSIHYTOM BbiLLe, n3-3a 60nee HU3KOro MNOSIHOro CONPOTUBAEHUS, YTO NPUBOAMUT K Bonee HU3KOMN YacToTe.

TpeTbs COCTaBMAOLLAA — MOSIHOE COMPOTUBIIEHNE NOBTOPHOW 3apsiiKM KOHAEHCATOPOB pa3sBA3KW. TOK
NOCTYNaeT OT UCTOYHUKA NMUTaAHUA W, KaK NPaBuno, UMEET CaMyI0 HU3KYIO YaCTOTHYIO COCTaBISIOLLYIO.

Pa3Bssska gomkHa obecnevnMBaTb AOCTATOYMHOE KOMMYECTBO 9NEKTPOIHEPIMU ANSt KOMMOHEHTOB,
Mo3TOMY BO3HMKAIOT BbICOKME TPeBGOBaHUA K aMnnuTyae TOoKa BO BPEMSI NEPEKMiOYEHUs] KOMMOHEHTA.
CucteMa 3neKTPONUTAHMS MeYaTHOM nnaTthbl AomkHa obecneynBatb €e TOKOM, HE [I0NYCKasi CHDKEHUS Ha
Bxoze VIC BXOQHOIO TOKa HMXXe HeoOXoaMmoro ypoBHS. Ecnu sanaceHHoin B 6roke nNUTaHWA nnaTbl 3HEPrun
He[0CTaTouHO, B6NMU3KM uHTerpanbHoi cxembl (MC) Ans ee noanuTKM TOKOM pPa3meLLaloTCsl KOHAEHCATOPI,
noacoeauHsieMble Mexay crnoem nutaHus u 3emnei. KoHgeHcatopbl o6ecneynBaloT 3apsiiHbiii TOK
KOMNOHEHTaM BMECTO CnoeB nuTaHus. [locne nepefavm 9Heprum KOMMOHEHTaM, OHU ObICTPO, Ao
cnepayloulero paspsaa, 3apskaloTcs SHeprueit, CoxpaHeHHo B 6onee MeaneHHbIX KOHAEHcaTopax.

13



rOCT IEC 61188-1-2—2013
4 MpoekTpoBaHMUe Lernen ¢ KOHTPONUPYEMbIM BOJFIHOBbLIM COMPOTUBIIEHUEM

B cnydvasx 06paGoTkM CUrHamoOB Ha BbLICOKUX CKOPOCTAX CUTHamnbHble NPOBOAHUKW, BO3MOXHO,
npuaeTcst paccmaTpuBaTth Kak NMMHUKM nepegayun. 3TO Kak, MUHUMYM, 03HAYaeT OnpeaeneHme XapakTepucTuk
BOJTHOBOTO COMPOTUBINEHMS 3TUX NUHWIA. TaK Kak NMUHUKU Nepeaayvn AOIMKHbI HAarpyXaTbCsi Ha MX COBCTBEHHOE
BOJTHOBOE COMPOTUBIEHME, NPOESKTUPOBLLMK A0SMKEH NpegyCcMaTpuBaTh COrnacyiowme pesmcTopsl.

Jonyck n 3HaYeHue cornacyloLmx pe3mcTopoB AOSDKHbI ObITb BbIOpaHbLI Tak, YTOOLI COOTBETCTBOBATh
TpeboBaHWAM NPOU3BOACTBA NPOAYKLMM U NpoekTa. JOmkHbl ObITb yUTEHbI crieaytolme akTopbl:

a) cornacyiolime pesucTopbl (AN Kaxxaow NUMHUM nepeaayun) ysernuuusaloT MOTHOCTb U CMOXHOCTb
NeYaTHOW CXEMBbI;

b) pasmelieHue AOMKHO ObITb cAENaHO Tak, YTOObI CUrHanbl NPOXOAUNU CaMblii KOPOTKUW MyTb OT
nepeaarymka (MCTOMHMKA) [10 Harpy3ku (cornacoBaHue Harpy3ok);

C) KOHCTpyKUMEW nevatHoOW nnaTtel AofMmkeH OblTb NpeayCMOTPEH  KOHTPOSlb  BOJIHOBOTO
CONpPOTUBIEHUS;

d) MUHMManbHOE pacCTOsSTHUE MEXAY KOMMNOHEHTaMU MOXET WCKIYaTb HEOOXOAMMOCTb KOHTPONS
BOMHOBOIO CONPOTUBAEHUS NUHUIA, HO, NPU 9TOM YBENUYMBATb NAOTHOCTb NPOBOAHUKOB.

PasmelyeHne ObICTPOAENCTBYIOLIMX KOMMOHEHTOB Onu3ko Apyr K Apyry MOXeT CcokpallaTtb
NnoTpebHOCTb B JIMHUAX Nepejaydn M ymeHbluatb npobnemy nepekpecTHbIX noMex. OAHaKo 9TO MOXET
NpMBECTU K Npobnemam TEnmnoBOro pexuma W YBENMYEHUIO KONMMYecTBa CMOEB B MEYaTHOW nnare us-3a
BO3pacTaHusa NMAOTHOCTU NPOBOJHUKOB. YBENWYEHME PaCcCTOSAHUSA COKpallaeT KONWYECTBO BO3HWKHOBEHUA
TEnnoBbIX MpoGneM, HO MOXeT CrnocoOCTBOBATb BO3HUKHOBEHWIO MEPEKPECTHOM noMexu U npobremsl
BONHOBOr0 COMPOTUBMEHMS. B ObICTPOAENCTBYIOMX KOHCTPYKUMAX CYLUECTBYET MHOro npobnem.
Pa3paboTunk CXembl OOMKEH NOHMMATb TPEOOBAHUSI CUCTEMbI U OLLEHMBATL anbTEPHATUBHLIE BapuUaHTI,
ytobbl obecrneuyuBaTb CamOe MpOCTOe, BLIFOAHOE, HAAEXHOe pelueHue AN YAOBMNETBOPEHUS 3TUX
TpeboBaHuii, BKkNMOYas BbIGOP nyyllero BapuaHTa NPOBOASLLET0 PUCYHKA MMM BO3MOXHOCTEN nnaThbl
NPOBOAHOIO MOHTaxa (CM. Takke 3.4.5.2 n 3.4.8).

4.1 O630p cxem coeauHEeHUN

MukpornonockoBass NUHWA nepeaayM COCTOMT U3 MPOBOAHWKA, OTAENEHHOT0 OT «BECKOHEYHOWY
OMOPHOW Lienu Cnoem Auanekrpuka. B camom NpPoOCTOM cny4yae NpOBOAHUK HAXOAWUTCA HA MOBEPXHOCTU
BHELLIHEro CIos, r4€ OH OKPY>XEH BO3yxOoM (g; = 1,0) CHapy>M, a Ha OCHOBaHUU — TBEPABLIM ANINEKTPUKOM.

Mnata npoBOAHOTO MOHTaXa — APYro NPUMEp BCTPOEHHOW MMKPOMONOCKOBON KOHCTPYKLMM.
O6beMHbIN NPOBOAHUK BCTPOEH B AUINEKTPUK M NOKPLIT Bonee TBepAbIM AUANEKTPUKOM.

OcoO6blii cnyyain MUKPONONOCKOBOW NIMHUK — 3arnybneHHas MUKPOMONIOCKOBAA NUHUSA, rae NPOBOAHUK
pacnonoXeH HEeCKONMbKO HUXE MOBEPXHOCTU NNAaThbl, U OKa3bIBAETCH OKPY>KEHHbIM TBEPAbIM AUSNEKTPUKOM.
3arny6neHHas MUKpPOMONIOCKOBas IWHUA MMEET €AMHCTBEHHYIO OMOPHYI0 LieNb, OTAEMEHHYI CRnoem
AnanekTpuka. YacTHbIn BapnaHT 3arnybneHHOW MUKPONOSIOCKOBOW JIMHUM — 3TO KOrAa BHELUHWI NPOBOAHUK
NOKPLIT MaTepnanom NasnbLHOM Macku Ha cnoe 1.

MnaTbl NPOBOAHOrO MOHTAXa YacTO NPOEKTUPYIOTCA B BUAE MONOCKOBOW NIMHUM, Y KOTOPON OAWH UNU
Gonblwe CcurHanbHbIX CNoOeB MPOBOAOB 3anpeccoBaHbl B TBEPAbIA  AMSNEKTPUK MeXay ABymA
«6eCKOHEYHBIMWY ONOPHbIMM LensMu. MonockoBas NUHUA — 3TO NPOBOJHWUK, KOTOPbLIA PaCNONOXEH B
TBEPAOM ANINEKTPUKE MEXAY ABYMSA «OECKOHEYHBIMUY OMOPHLIMU LIENSIMU.

Mcnonb3yloT ABa BapuaHTa 3TOM0 pELIeHUs: NepBbIA, KOraa IUHUA PachnofoXeHa Ha paBHbIX
paccToAHMAX Mexay NNOCKOCTSAAMM OMOPHBLIX Lienei W BTOPOW, KOrAa OHA CMELUeHa U BnusiHus 6a30BbIX
NNOCKOCTEN HE PaBHbI, a NPONOPLIMOHATIbHBLI PACCTOSIHUSAM.

Mpu npoexkTupoBaHun annapatypbl C KOHTPONMMPYEMOW €MKOCTbIO W BOSMHOBLIM COMPOTUBIEHUEM
MCMOSb3YIOT pacyeTbl, NO3BONSAIOLME NMPOrHO3MPOBATL €MKOCTb NPOBOAHUKA U BOSIHOBOE COMPOTUBIEHUE.
®OopMyIibl OCHOBAHbI HA IMNUPUYECKUX 3aBUCUMOCTAX U YHUKANbHbI ANsi pa3nu4HbIX KOHUIypaLui.

4.2 YpaBHeHUA

Zy — BonHosoe conpotusnenne, OM; C, — €MKOCTb Ha eAuHULY AnuHbl, nd/mmMm. KoHdurypauum
nokasaHbl Ha PUCYHKe 4.

4.2.1 NoBepxXHOCTHAA MUKPONOJTIOCKOBASA SIMHUA
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CurHanbHbll crioi

MA0CKOCTb OMOPHOWA Lenm

PucyHok 4 - ToBepXxHOCTHasAs MUKPOMO/IOCKOBAaSA /IMHUSA

\( N
Z =87 In 5,9877 1
O +T  nm+1-41
_0,67(gr +1,41)
5,9877
In-
oW +r

roe W/- wuprHa npoBOAHMKA, MM;

T- TONUWMHA NPOBOAHUKA, MM;
H - AnanekTpuyeckuii cnoii mexay nioCKoCTbI0 OMOPHON LENU U NPOBOAHUKOM;

6P- oTHOCWTEsNbHaA AV3EKTPUYECKas NPOHMLLAEMOCTb
4.2.2 3arnybneHHasa MUKpPONOOCKOBasA NMMHUSA
w

n CurHanbHblii cnoi

TIf TMnockocTb onepHoi uenn

PncyHok 5 - BcTpoeHHass MUKPOMOJ/IOCKOBAA JIMHUA

5,9877
n

Z0=87 In
ow +T Js +1.41

c°  (77+T)[In(l- 0,6897(gr + I,41))VA" *

rae W - WvpvHa NpoBOAHMKA, MM,

T- ToNUWMHA NPOBOAHUKA, MM;
H - AnanekTpuyeckuii cnoii Mmexay nioCKOCTbI0 OMOPHON LENU 1M NPOBOAHUKOM;

€r- OTHOCUTEsIbHaA AnanekrTpnyeckada npoHMUuaemMoCTb (AMSHEKTqueCKaﬂ FIOCTOFIHHaﬂ).
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4.2.3 CummMmeTpuyHasa nosockoBas NnuHNs
w
MaockocTb OMOPHOW Lenu

CurHanbHbI cno

MAoCcKOCTb ONOPHON Lenu

PucyHok 6 - CummeTpuyHasa nosiockoBas /iIMHUA

(LOQRH+TFIr 1 ]

Zn=601In
{ o,x +1 ]
1,41,
0 . 38l

1n

0T + 7

roe W - luvpuHa NpoBOAHMKA, MM;

T-TonuWMHa NPOBOAHUKA, MM;

[-1-An3aneKTpnyYecKnin cnoi Mexay na0CKOCTbI0 OMOPHON Lenu 1 NpOBOAHWUKOM;
er- OTHOCUTE/bHAas AM3NeKTpuYeckasi NPOHULAEMOCTb.

4.2.4 1BoliHaA (acMMMeTpuyHas) Noa0ckoBas NHUS

MnockocTb ONOPHOW Lenu
CurHanbHbI cnoi (ocb X)

CurHanbHbIli cnoi (ocb Y)
MAockoCcTb ONOPHOM Lenu

PucyHoK 7 - [BoiiHaa (acuMMeTpuyHas) NosiockoBasi JIMHUS

2,=80M1n” 29 +M)T1- , H B
OW +T A 4(a+ C+T)AJ/AA
2,82e,
Q=m 2H-T
1n-
0,268)K + 0,335

roe W - luvpuHa NpoBOAHMKA, MM;

T-ToNWMHA NPOBOAHMUKA, MM;

C-AV3aNneKTPUYecKnii Cnoil Mexay CUrHasibHbIMU C/I0SIMU;
[-1-An3aneKTpuYecKnin cnoli Mexay naoCKOCTbI0 OMOPHON Lenu 1 NPOBOAHWNKOM;
er- OTHOCUTE/IbHAs AM3NeKTpUYeckasi NPOHULAEMOCTb.
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4.2.5 lNMonockoBas npoBoAHas /IMHUA NnaTtbl

MNockocTb ONOpHOI Lenu

CurHasibHbIi cnoi

M710CKOCTb OMOPHOW Lenw

PucyHok 8 - MonockoBas NpoBoAHas NNHUS
138 4H
Zo

roe d- gunameTp nposoga, MM;

[-I-gnanekTpunyecknii cnoi mexay naocKoCTbi OMOPHOW Lenyu 1 NPOBOAHMKOM;
er- OTHOCUTE/IbHasA AM3NeKTpuyeckas NPoHMLAEeMOCTb.

4.2.6 MukponosiockoBas NpoBoAHas IMHNA nnatbl

CurHasbHbIii cnoi
M10CKOCTb OMOPHOIA LEenm

T

PucyHok 9 - MuKpono/siockoBasi NpoBoAHas JIMHUS

138 , 4H
X

"0

roe d- guameTp npoBoja, MM;
[-I-ananexkTpnyeckunii cnoii Mexay nJ0CKOCTbH OMOPHONM Lenu 1 NpoBOAHMKOM;
er- OTHOCUTe/IbHasi AWM3NIeKTpUYeckasi NPOHNLAEMOCTb.

4.3 TlpaBuna NPOEKTUPOBAHUSA IMHUIA C KOHTPOSIMPYEMBIM BOJSTHOBbLIM COMPOTUB/IEHNEM

Mpn NpPoOeKTMPOBaHWN SIMHWIA C KOHTPO/IMPYEMbIM BO/IHOBBIM COMPOTUMB/IEHWEM YUYUTbIBAOT BpeMms
3alePXKN pacrnpocTpaHeHns curHana, NoMexun nepektoyeHns 1 nepekpecTHbie noMmexun. Yacto Mcnonb3yoT
BO/IHOBOE COMPOTUB/IeHMe B AuanasoHax 50-70 Owm, Tak kak 6Gonee Hu3KMe 3HavyeHUss BOJIHOBOTO
COMPOTMBMIEHNA MOryT BbI3blBaTb UYPE3MEPHYI MEepeKkpecTHyl MnoMexy W yBenuumBaTb MOTpebasemyto
MOLLHOCTb 13-3a paccornacoBaHua Harpysku. BonHoBble conpoturieHua B npegenax 50-70 OM He TO/bKO
no3sonAT pabotartb € GOMbWMMKU 3HAYEHVWAMMU NEPEKPECTHOW MNOMexu, Ho obecneynBaloT A1 CXEMbI
605ee BbICOKYIO YCTOMYMBOCTb K 3/1EKTPOMArHUTHbIM (3M) BO3MYLLEHUAM, UMEKT MeHbLN ypoBeHb M
n3nyyeHuin. MonynpoBOAHMKOBbIE NPMOOPbI, Kak MpaBuno, MMEIT 3HauyeHWs BOJSIHOBOTO COMPOTUB/IEHUNA
HWXe Tex, KOTopble TPebyTCs 415 CO34aHns pauoHa/bHbIX MEXCOeAUHEHWI NaaTbl.

Bonblume 3HayeHWs BOJSIHOBOrO COMPOTMB/IEHWUA Ha nnate TpebylT Y3KUX MNPOBOAHMKOB W/Mau
TO/ICTOTO AM3NEeKTpuKa, M AN nedvaTHbIX naaTt 6bICTPO AO0CTUralTCa TexHosnornveckme npegens! (LWMpuHa
nposofgHuka 0,1 MM, TonwmHa Auanektpuka 0,5 MM, 1 T. A4.). TexHonorns NPOBOLHOrO MOHTaxa [Ans
JOCTWXEHUA MNOTHOCTU coefiMHeHwli B npepfenax usnmyeckoro obbema nnart sABASeTcs anbTepHATUBONA.
PaBHOMepHOe (* 2,5 MKM) pasMellleHne C OornpejesieHHbIM  LaroMm MNpoBOAOB Takke obecneyvBaer
NOCTOSIHHOE MO BCeli A/IViHe BO/IHOBOE COMPOTMBJ/IEHNE Ha BCeii niowaan nnatbl.

Heobxoaymoe BOMIHOBOE COMPOTUB/EHWE JIMHUM MOXET ObiTb MNOMYYEHO, Kak (IYHKUWUA HECKONbKUX
napameTpoB:

a) nornepeyHoe ceyvyeHne MPOBOAHMKA - YMEHbLUEHMWE BOJIHOBOTO COMPOTUB/IEHUA C YBE/IMYEHUEM
LUMPWHBI SIMHWKX, 60siee TOHKNE NMPOBOAHWKW, B YACTHOCTM Ha BHELLUHUX C/I0SIX YYBCTBUTESIbHbI K U3MEHEHUAM
LUMPVHBI U3-3a MeTasn3aunm 1 TpaBieHus, UCNoNb3yeMblX B MeTo4e MeTannmsaumy CKBO3HbIX OTBEPCTUi
(MCO) gBYXCTOPOHHMUX U MHOTFOC/IOMHbIX Niartax;
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b) TMN NMHUM — ANA AAHHOW AM3NEKTPUYECKON NPOHMLIAEMOCTH &,, 3a30pa U LUMPUHLI NPOBOAHKKA
BONTHOBOE CONPOTUBIIEHME MUKPOMNOOCKOBOW NMMHUM GOnMbLUE, Y4EM NOMNOCKOBOIA;

C) NPOHULAEMOCTb &, OTHOCUTENbHAA AMINEKTPUYECKas NPOHULIAEMOCTb — BbICOKOE 3HAYeHue
NPOHMLIAEMOCTH &,, NPUBOAUT K Bonee HU3KOMY 3HAYEHUIO BOMIHOBOFO COMPOTMBIIEHUS, YBENUYMBAS BPEMS
pacnpoCTpaHeHus;

d) TonwwmHa AWINEKTPUKa MeXAy CUrHanoMm u 3eMnen — BOMHOBOE CONPOTUBMNEHUE YMEHLLUAETCA C
YMEHbLUEHNEM TONLLUHBI;

€) TOonwuHa MEeHOro Crnosi — BOANHOBOE CONPOTUBNEHWE YMEHBLLAETCS NPU YBENUYEHUU TOSLLUHBI
MeZi; PeKOMEHAYETCA UCMONb30BAHME TOHKOW MeaWU NPMEMNEMON AN APYIMX KOHCTPYKUUMN;

f) pekomenayeTca pacnonaratb NPOBOAHUKW C KOHTPONUPYEMbIM BOMHOBLIM COMPOTUBNEHUEM HA
paccTosHUM He MeHee 2,5 MM OT Kpas ONOPHOMN NAOCKOCTU Uenu;

g) pekomeHayetca u3beratb pasmeLLeHUA KOHTPONMUPYEMbIX MPOBOAHMKOB  Han npo6enbHbIMKU
MeCcTamu B MEAHOM Croe, ecnu nnowaab npodenoe umetot 6onee 5,0 MM

h) pekoMeHAyeTcs KpUTMYECKue NPOBOAHWUKMU pacnonaratb Ha BHYTPEHHUX CMOSX MEXAY OMOPHLIMM
LUensiMu unu B 3arnybneHHbIX BHELWHUX CNOAX;

i) pekomeHpayeTcsa usberatb KpauHOCTEN B KOHCTPYKLMK, TAKUX KaK TOHKME NPOBOAHUKN UMK TONCTan
KOHCTPYKUMS NNaTbl;

j)) pekomenayeTcsas noMewaTb TECT-KynoHbl KOHTpoONisi B 06Onactb CxeMbl WM  MCMONb30BaTb
aKTMBHbIE€ NPOBOAHUKN CO CMEXHbIMU KOHTPOSIbHBbIMU TOUKAMU;

k) pekomeHayetca obecneuumBaTb AAaHHbIE ANA TEXHONOrM4Yeckoro obopyaoBaHua B LMGPOBON
dopme, a He Ha NIeHKe;

) pekomenayetca WCNOMb30BaTk pPasnUYHbIE KOAbl NPOBOAHMKA ANS  KAXAOTO0 3HAYEHUN
KOHTPONMPYEMOrO BOMTHOBOIO COMPOTUBIEHMS HA KAXAOM CUrHANbLHOM Crlo€;

M) PEeKOMEHAYETCH YUMTbIBAThb 3aALLUTHbIE MOKPLITUS (T. €. NasiNbHYI0 MAacKy) B KOHCTPYKUMM npu
pacyeTe NOBEPXHOCTHOW MUKPOMONOCKOBOM NIUHUM;

n) PEKOMEHAYETCH yYNTbIBaTh CaMble LUMPOKUE AONYCKM AN KaXA0ro pasmepa u napameTpa;

0) PpeKoOMeHAYeTCs MpeaocTansTb NPoM3BOAUTENI0 CBOOOAY AENCTBUI AN U3MEHEHUA NapaMeTpoB,
4yT0ObI YAOBNETBOPUTL TPEOOBAHMA OnpeaerneHHbIX 4OMYyCKOB.

4.4 MpaBuna KOHTPONA NepeKPecTHOU NOMexun
[onyckaeTcs UCNOMb30BAaTL HECKOMBLKO NPaBUN AMA KOHTPONSA NepekpecTHon nomexu. Obwme MeToabl
COKpaLLeHUs 3P eKToB NEPEKPECTHON NOMEXU B CXeMAaXx C BbICOKOW NIOTHOCTLIO NPEACTaBEHbl HUXeE:

a) rpynnupoBKa CeMENCTB NOrMYeCcKMX CXem 30HanbHO. OrpaHnYnBaTe CUrHanbHble NPOBOAHUKKM ANs
ApYrux CememncTB Kk aTum obnacram;

b) oGecneunBaTb OTAEnNbHble NYTM BO3BPATHOrO TOKA KaXAOro CEMENCTBA JOTMYECKUX CXEeM,
pas3genstb Crov NUTaHus;

C) pasMmeLiaTb KOMMOHEHTBl OT pa3bema BBOAA/BbIBOAA B nopsake yOblBaHUS CKOPOCTH,
MCNonb30BaTb KOPOTKUI MPOBOAHWMK ANA BbICOKOMACTOTHOFO BBOAA/BbIBOAA, pasMeLlaTb KOMMOHEHTbl B
HanpasneHun OT coeauHuTena B yObiBalowem nopsake no ObICTPOAENHCTBMIO, ANS BbICOKOYACTOTHLIX
COeaUHUTENEN UCNONb30BAaTb KOPOTKME NPOBOAHUKMU;

d) cornacoBbiBaTh IMHUM KOHTPONMUPYEMOTO BOMTHOBOIO CONPOTUBIIEHUSA ANA YMEHbLUEHNA adchekTa
OTpaXKeHUs;

€) orpaHuM4uBaTh MCMOMbL3OBAHWE U ANWHY YYACTKOB C NapannesbHbIMU NPOBOAHUKAMM;

f) onpeaensATb U KOHTPONMPOBATL 3a30P MEXAY NPOBOAHUKAMU;

g) pasMeLlaTb KOMMOHEHTbI OMU3KO APYr K APYry Ans MWHUMM3auuMu OfUHbI NPOBOAHMKOB M WX
napannenbHoCTH;

h) CHWXaTb OTHOCUTENbHYIO ANINEKTPUYECKYIO MPOHMLAEMOCTD;

i) YMeHbLIaTb paccToAHUE MEXAY CUrHamNbHbIM NPOBOAHMKOM U 3EMIEN;

j) wu3onupoBaTb CUrHanbHbIE COW APYr OT ApYyra, NOMELLas MEXLY HUMK CIIOU ONOPHbLIX Lienei;

k) TpaccupoBaTb CMEXHbIE CUTHaMbHbIE CIOM OPTOrOHANbLHO;

) wusonupoBaTe WCTOYHMKM NOMEX, TaKMe Kak CUHXPOreHepatopbl, ObICTpOAeiCTBYOLIME
KOMMYHMKaTOpPbl U ObICTPOAENCTBYIOLWME LWNHBI OBMEHa JaHHBIMW 3a CYET PaCMONOXKEeHUs! NPOBOAHUKOB Ha
pasHbIX Cnosx, pasgenss cnosgMu NUTaHUA W/UnNW 3emMnu UM pacnonarasi uX B U30NMpOBaHHOW obnactu
nnarsbl;

m) yBenNW4YMBaTbL PACCTOSHUE MEXAY NMPOBOAHUKAMM;

n) yMeHbLUaTb BOIHOBOE CONPOTUBIEHNE NUHUY;

0) YMeHbLUaTk YPOBEHb CUTHANA;

p) 9KpaHMpPOBAaTb CUrHambHbLIE NPOBOAHUKK 3@ CYET 3aMOSIHEHMS 3a30POB NMPOBOAHUKAMU 3EMIIM.
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4.4.1 Peanusauus npaBun KOHTPONA NepeKpecTHON NoMexu
Peanusaumsa npasun KOHTPOs NepekpecTHON NoMexu NOTpedyeT BLINONMHEHUS CReayoLLMUX YCOBUN:

a) yBEnNUYEHWE CIOEB MUTAHUS U 3EMNN;

b) yBenuyeHue CRNOXHOCTU W3-3a AONOMHWUTENbHBIX COFNACYIOLMX KOMMOHEHTOB W MIIOTHOMO
pasMeLLEHNs KOMMOHEHTOB;

C) BbIGOP KPUTEPUEB TPACCUPOBKM CUrHANBHBLIX NPOBOAHUKOB.

3Tn hakTopbl MOMYT CYLLECTBEHHO YBENMUUYUBATL CIIOXKHOCTb WU CyXaTb KPYr AOCTYMHbIX TEXHOMNOIUN
neYvyaTHbIX nNnaT.

B ofwem cnyyae nnata 3anofiHeTC KOMMNOHEHTAMU HACTOMbKO MIIOTHO, HACKOMbKO 3TO BO3MOXHO,
4YT0Obl MUHMMW3NPOBATL pa3Mep NnaTtbl U COKPaTUTb BPEMsi pacnpoCTpaHeHus curHana. B pesynbrarte
NPOBOAHUKU pacnonarailoT 6nu3ko Apyr K Apyry, W, Kak npaBuno, pa3paboTuuk BbiHYXAeH npuberatb k
MCNONb30BAHUIO MHOTOCMOMHLIX NNat, 4Tobbl pabotarb C BLICOKOW MMOTHOCTLIO MEXCOeAUHEHWIA u
nepeceyeHnin Npyu Co3aaHuN PUCYHKA COEAUHEHUN.

4.5 MNpaBuna npoekTUPoOBaHUA KynoHa

Hwxe npeacraeneHbl npaBuna NPOEeKTUPOBaHUA TECT-KYNOHOB:

a) MCMonNb30BaTb OAHY U Ty Xe LWMPUHY NPOBOAHUKA, TOALWMUHY Meau, TONLWWHY ANSNEKTpUKa U Tvn
AN3neKTpuka, COOTBETCTBYIOLLME NnaTe;

b) B 06nacTu kynoHa OonMopHbIe Lienu AOMKHbI ObITb HEMPEPbLIBHLI 6€3 Pa3pbLIBOB, NYCTOT, TPELLUWH UMK
NpepbIBaHUiA;

C) pacnonaratb KyNnoHbl B 30HE CPEAHUX YCNOBUI METANnNM3auum, NpeccoBaHua U TPaBMEHUS;

d) Ha cnoe ucnonbL30BaTb €A4WHLIN HOMWUHAN KOHTPONUPYEMOrO BOSIHOBOTO CONPOTUBMEHUA NUHUK
nepegauu;

€) AN BbITPABIIEHHOrO NPOBOAHMKA AOMNYCKAETCA TOMbKO OAHO 3HAYEHME KOHTPONUPYEMOro
BOJTHOBOrO COMPOTUBIEHUS;

f) wucnonb3osaTk OA4HU U Te e TpeGoBaHMA K NAsANbHOW Macke ANA NNaTbl U KYNOHA;

g) He [OMyCKaeTCs HanMuus HUKAKOro MPOBOASALLEro martepuana B npeaenax 2,5 MM OT KynoHa
(apyrve npoBOAHUKM, 3anOfIHEHUE NYCTOT MeAbIo, U T. A.);

h) onopHbie uenu AOMKHbI ObiTb COeAMHEHbI B OONACTU KynoHa U M30NMPOBaHbl OT OCTarbHOM
obnactu cxembl (OTAENEHbl OT NUTAHUS);

i) BCe cnou AOMKHbI ObiITb MAEHTU(UUMPOBAHbI HA croe 1 B KaKAOM KOHLE BbITPABMEHHOIO
NPOBOAHUKA;

j) MpoBogAwmMin pPUCYHOK AOIMDKEH HAXOAUTBCA HA paccTosiHuu bonee 2,5 MM OT UCMBITYEMbIX
NPOBOAHUKOB. [lonyckaeTcs pacnonoxeHue HeNpoBOAALLEr0 PUCYHKA BHYTPM 06nacTu KynoHa;

k) ponyckaetca  uaeHTUUUUPOBATL  KOHTPOSMbHLIE  TOUKM  MUTAHUA/3EMNW  KBAAPaTHbIMU
KOHTaKTHbIMW NSoLagKkamu;

[) TecT-KynoHbl KOHTPONUPYEMOrO BOSTHOBOrO CONPOTMBAEHUS, KOTOPbIE HE MOTYT ObITb paspaboTaHbl
B Mpefernax 3akoHYEeHHOW 0BnacTu CXeMbl, AOIDKHbI UMETb AOCTAaTOYHYI0 0bnacTb ANsi HaHeCeHus koaa
N3roToBUTENSA, AATbl, CEPUIHOINO HOMEpa U HOMepa NapTum;

m) MPOBOAHWUKM KOHTPOMMPYEMOrO0 BOSIHOBOrO COMNPOTMBMEHUS B TECT-KYNOHE AOMXKHbl ObiTb
NpsAIMbIMU, KPOME 30HbI 12,5 MM B 06nacT TOUKM TECTUPOBAHUSA, B KOTOPOW MOryT TpeboBaTbCs u3rmbel;

n) B 0OMacTM KynoHa He JAONyCKalTCA COEAWHEHUA BCMOMOraTenbHbIX TEMMOBbIX KOHTAKTHLIX
nnoLwagok Co CrnosiMu NUTaHUsA/3eMnu;

0) €Cnu NPOBOAHMKM HA COCEAHUX CrOSIX PAcMONOXEHbl NeprneHAUKYNSpHO APYr K ApYyry, PUCYHOK
JOomKkeH ObiTb J00aBnEH K KynoHy, MOAENUPYIOWEMY NepecevyeHuss B MPOBOAHOM MOHTa)e. PUCYHOK
NPOBOAHUKOB AOMKEH ObITb TAKMM ke, YTO U pa3paboTaHHaA TONOMOrMSA U JOSDKEH BKNOYATb NepeceveHuns
TOKOMPOBOAALLMX LIENEW;

p) cBoGopgHas 30HA BOKPYr FNMHUKM KOHTPONUPYEMOrO BOSIHOBOrO COMPOTUBAEHUA AO0SMKHA ObiThb
0,25 MM 1 no agnuHe — 2,5 MM;

) MWHUMAanNbLHas ANUMHA NIMHUKA KOHTPOSIMPYEMOro BONHOBOIO COMPOTUBIIEHUSI MEXAY ABYMS TOYKaMM
TECTUPOBAHMA AOSMKHA ObITb 150 MM;

r) ecnu gBa MPOBOAHMKA napannenbHel HA OAHOM W TOM >X€ CIoe TeCT-KYNOHa, MWHUMAanbHOE
pacCcTosiHMe Mexay Mx OCAMU CUMMETPUN JOIMKHO COCTaBNATL 2,5 MM;

S) Ha KaxaoM KOHLE WUCMbITaTeNbHON MUHUWM AOMKHbI ObITb TOYKM TECTUPOBAHMA U KOHTPOSbHbLIE
TOYKM (CKBO3HbIE MeTannmManpoBaHHele oTBepcTUs (CMO) U KOHTaKTHbIE NNOLAAKK).

MpumMep OTAENBLHOrO TECTa-KynoHa, BbLIMOMHEHHOro MO MpaBunam, yka3aHHbIM Bbille NPUBEAEH Ha
pucyHke 10.
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KoHdp1rypaLwist TecT-kyroHa asst
KOHTPO/S BOSHOBOTO COMPOTUB/IEHUS]

-L2 onopHas uenb
-L3 curHansbl
-1.4 curHanbl
-L5 onopHas uenb
-L6cnmanbi

PucyHok 10 - TecT-KynoH KOHTPO/IMPYEMOrO BOJIHOBOIO COMPOTUB/IEHUS

PekomeHayeMmblli PUCYHOK AnA
npueefeH Ha pucyHke 11.
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EAWHWYHBIA TecT-KynoH BO/IHOBOIO COMPOTUMB/IEHUS
Cxema obpasuya 1A

-2,5 Mm

CurHasibHass KOHTaKTHas niowajka gnameTpom 2 MM
KoHTakTHasa nnolwiaaka OnopHol uenu - KBagpar co
CTOpOHaMn 2 MM

OcB06OX/eHVEe KOHTAKTHOM Niowaaku

AnameTpom 2,5 MM

OTBepcTUe nocrie nokpbITUSa gunameTpom 1,5 mm

CTaHAapTHbIA BbICOKOYACTOTHbI NPOBHNMK
(naTb BLIBOAOB)

EAVMHWYHBIA TECT-KYNOH BOJIHOBOTO COMPOTUBMEHUS
Cxema ob6pasua 1B

[~2,5 MM

CurHasibHass KOHTaKTHas niowajka gnameTpom 2 MM
KoHTakTHas nnowiajka OnopHol uenu - kBagpar co
CTOpOHaMn 2 MM

OcB06OXeHVEe KOHTAKTHOM NoLwaaku

AnameTpom 2,5 mm

OTBepcTUe nocse MnokpbITusa gnameTtpom: 1,5 mm

MoZamnhuLmMpoBaHHbI BbICOKOYACTOTHbIV MPOBHUK
(aBa wnm Tpu BbIBOAA)

MpumevaHune
N3roToBuTENSA.
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EAVHWYHBIV TeCT-KynoH BOSIHOBOTO
CONPOTUB/IEHUSA
Cxema obpasua 2
-2.5mm .

—I1 O D

-2.5MMm
-* -0 O O

[J] O a

CurHasibHas KOHTakTHas nnowajka avameTpomM
1,5 Mm

KoHTakTHasa nnolwiaaka OnopHOR uenu - ksagpaT
CO cTopoHamu 1,5 Mmm

OcB060OXAeHNEe KOHTaKTHON naowaaxu
anameTpom 2 Mm

OTBepcTHNe nocse NoKpbITUA guameTpom 1 Mm

[BYyxBbIBOAHOV NPOGHUK C Wwarom 2,5 MM
(3akasHoi)

EAVHUYHLIWA TECT-KYMOH BOSIHOBOFO

COMpOTUBIEHUA
Cxema obpasua 3
O.- o
| I_ o a O
—35 MM
a o

J_Q
|~2.5mMm |

CurHasibHaa KOHTakTHas niowajka anaMmeTpom
1,5 mm

KoHTakTHas nnolajka onopHoi uenu - ksagpat
CO CTOpoHamy 1,5 mm

OcB06OXeHVEe KOHTaKTHOM NoLaaku
anameTpom 2 MM

OTBepcTHe nocse MNokpbeITUs agnameTpom 1 mm

[ByXBbIBOAHOW MPOGHWK C Warom 2,5 Mm
(3aka3Hoit)

- [AvameTp OTBEPCTUA NOC/Ie NOKPLITUA MOXET OT/MyaTbCA B 3aBUCMMOCTU OT I'Ip06HI/IKa

PUcyHOK 11 - KOHTaKTHble NOWAAKU W NPOBGHMK ANt KOHTPO/IS BOIHOBOTO COMPOTMB/IEHUSI HA KyrnoHe

4.6 TpaBuna KOHAEHCATOPHOI pa3BA3KM
4.6.1 EMKOCTb pa3Bsi3ku

KoHpeHcaTopbl pasBA3ku obecneynBaldT TOK KOMMOHEHTAM B MOMEHT, Korga anekTponutaHue He
ycnesaeT 0oTC/iegnTb U3AMEHEHNE TOKa I'IOTpe6]'IeHVI$|. BbiCOKOUYACTOTHOE Mepek/lloyeHne MOXEeT COCTOATb U3
LLUMPOKOro cnekrpa 4acTtoT ToOKka Ha OAHOM M TOM XXe neyaTtHoOM Yy3/ie, YTO MOXeT I'IOTpe6OBaTb KOM6VIHaLI,VIM
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TUNOB KOHAEHCATOpPOB. EAUHCTBEHHbLIN HOMUHAN KOHAEHCATOpa HE MOXET B obLwem cnydae obecneunsatb
TaKylo LUMPOKYIO 4acToTy.

4.6.2 AHanus nepe3apaaa eMKOCTH

Mepesapsaa eMkoCTU NPU NEpeknioYeHnn obecneunBaeT o4YeHb OLICTPYIO Nogadvy 3Hepruu ana 3apsaga
BbIXOAHOrO0 Kackajja KOMMNOHEHTa BO BpPEeMsl MEPEKNIOYeHUA Ha Bbixoae. ITO, Kak npasuno, camas
BbICOKO4ACTOTHAsA COCTaBnAWAan hopmbl BOMHbI, U OHA TpebyeT HaMMEHbLUEro konu4yectea dHepruu. B
O4YeHb ObICTPOAENCTBYIOLUX KOMMOHEHTAX €MKOCTb pa3sBA3kM MOXeT ObiTb BCTPOEHA B KOPNyC, YTOOLI
MUHUMU3UPOBATL WHAYKTUBHOCTb BbLIBOAOB MEXAY €MKOCTbIO WM KOMMOHEHTOM, WM pPacnonoxeHa
no6nusoctu. Ecnu aHeprum GyaeT HegoCcTaTOvHO, BpPeMs nepeaayn curHana CcokpaTutcs ewe Ao ero
BbIX0Zla U3 KOPNyCa KOMNOHEHTA.

4.6.3 EMKOCTBb 3apaaa NnMHUN

EmkocTb 3apsiga nuHun obecneynBaeT nepekniodeHne Toka, Ytobbl 3apaanTb NUHUIO Nepeaayn nocne
TOrO, KaK CUrHan JOCTUrHET NuHuK. 3apaaHblil Tok TpebyeTcs A0 TeX Nop, NoKa NIUHUA He AOCTUTHET CBOEro
cTaTtmyeckoro cocrosHus. Ecnu He oGecneunBaetcs AOCTAaTOMHO €MKOCTM unM Toka, dopMma cnaga
yxyaLiaeTcs.

TpeOyloTCA ABa TUNA €MKOCTM 3apsaa NUHUK: OAMH ANSA €MKOCTHLIX NUHUW U OAWH ANS NUHWUI
nepeaayu. 3apsaa eMKOCTHOW NUHUM TpebyeT OTHOCUTENBHO MeANEHHOro npouecca 3apsaa, Yem ansa nuHUU
nepeaayun, HO Npu 3TOM AO0MKeH obGecneunBatb OOMbLUYIO CUMY SNEKTPUYECKOro Toka. JIuHuA nepeaauu
Tpebyer Oonee MeaneHHOro, HO, kak nmpaeuno, Gonee ANUHHOMO uMNynbca, 4TOOLI AepXaTb NUHUIO
3apsHKeHHON, NMOKA 3aKOHYATCA BCE OTPaXKeHuUs.

4.6.4 Hu3kovacToTHaA (cocpenoToyeHHaA) eMKOCTb

HWU3KOYaCTOTHYIO €MKOCTb 4acCTO Ha3biBAKOT COCPEeAOTOUYEHHON €MKOCTbIO. 3TY €MKOCTb MCNONb3yIoT
AnNA nepesapsaku cnoes NUTaHua U 6onee BbICOKOYACTOTHLIX KOHAEHCATOPOB, a TaKkke oHa obecnevnBaet
nepekrioyYeHne Toka NPU HU3KOYACTOTHLIX TpeBGoBaHUsX.

4.6.5 KonpeHcaropHaa moaenb

KonpgeHncatopbl ¢ 6onee KOpoTkMMM BbiBOAAMU 0GecneuuBaloT oTaadqy Toka ObiCTpee, NOTOMY 4TO
WHOYKTUBHOCTb MX BbIBOAOB ropasgo Huwxe. B  BbICOKOYACTOTHLIX MNPOEKTaxX 3amMeHa BbIBOAHbIX
KOHAEHCaTOpPOB pa3Bsi3kM Ha 6e3BblBOAHLIE KOHAEHCATOPblI TEXHOMOMMU MNOBEPXHOCTHOIO MOHTa)Ka MOXEeT
3HAYUTENBHO YITYYLLUTL PABOTY CXEMBbI.

4.6.6 MpaBuna NnpPoeKTMPOBaHUA KOHAEHCATOPHbIX PA3BA3OK:

a) ofecneunBaTh BbICOKYIO M HU3KYIO NaparenbHble ABOMHbIE KOHAEHCATOPHbLIE CXEMbI AN NNaThl,
Kak npaBuio, — 3NEKTPOSIMTUYECKUIA KOHAEHCATOP C BbICOKOW €MKOCTbIO U KEPaMUYECKUIA UMK TaHTaNoBbIN
KOHAEeHcaTop AN BbICOKOW YaCTOThl, PACMNONOXUB UX Y BbIBOOB NMUTAHUS;

b) obecneumBaTtb Ka)ablii KOMMOHEHT KOHAEHCATOPOM pa3Bsi3KM €MKOCTbIO He MeHee 0,1 mkd. Ons
GonbLUMX KOMMOHEHTOB, TPebyLIMX MOBLILUEHHOrO YPOBHS TOKa, MOXeET noTpeboBatbcs Gonee ogHoro
KoHAeHcaTopa;

C) wucnonb3oBatb Oonee LMPOKME NPOBOAHUKM ANSI COEAMHEHUA C ONOPHLIMU LIeNsiMU, yKOopayuBas
BbICOKOYACTOTHYIO CBA3b. [Nnsi pa3Bsi3ku Npu TEXHOOTMU MOBEPXHOCTHOrO MOHTAXKA COEAUHATbL KOMMNOHEHT C
KOHAEHCaTOPOM LUMPOKUMW NPOBOAHUKAMU;

d) ucnonb3oBaTb KOPOTKME UMM LLUMPOKUE COEAMHEHMS ANS BbIBOAOB NWUTAHUA M 3€MNM, COKpawas
WHAOYKTUBHbIE 3P EKTDI;

€) ucnonb3oBaTk OONbLIYD MNOWEAAL MNOBEPXHOCTU (PONbrM € MHOTOKPaTHbIMU - NEPEXOAHBIMM
OTBEPCTMAMU AN OMOPHLIX Lienei, yMeHbLIas MHAYKTUBHbIe achdekTbl U o6ecneunBas 60nbLUYIO NNOWAAb
MOBEPXHOCTU, HEXENU Yepes CoeMHEHUs Mo Kparo;

f) pasgensTb UCNONbL30BaHME Pa3BA30K NMPONOPLMOHANLHO TOKY, NOCTABISIEMOMY K KOMMOHEHTAM;

g) pasgensatb CEMeCTBa NOrMYeCKUX CXeM Mo UCTONb3yEMbIM Pa3BA3KaM M CIOAM NUTaAHUSA.

5 MNpoekTpoBaHNe ¢ yUeTOM TEXHONOMMYECKNX TPeGoBaHUIA

5.1 MpaBuna pacoTbl B cMCTEMax aBTOMaTU3UPOBAHHOIO NPOEKTUPOBAHUA

MpoekTupoBaHue GbICTPOAENCTBYIOLUMX, BbICOKOYACTOTHLIX CXeM, ucnonb3ya CAIMP, He oTnu4aeTcs
3HAYUTENbHO OT OOBLIYHOrO NPOEKTUPOBAHUA 3a MCKIIOYEHWEM TOro, YTO LUMPUHA NPOBOAHMUKOB, 3a30p
Mexgy NpPoBOAHMKAMW, aBTOMaTUYECKOE 3arnofiHeHWe MnycToT MEAblo, AOMNONHUTENbHbIE BHYTPUCXEMHbIE
3KpaHbl UMK 3KPaHbI ANs yNyyLeHUs pacnpeaeneHuns Toka Npu ranbBaHU4Yeckon MeTannusauum moryTt GbiTb
fobGasneHbl k 0ase AaHHbIX. LUMpuHa npoBOAHWKOB onpeaensieTca Ans OTAENbHbIX uenen, 4ToGbl
rapaHTUpoBaTb, YTO y 3TUX Lienei Heo6Xo0auMOoe BOSIHOBOE CONPOTUBIIEHUE UMU EMKOCTb.

CATP npoBoaHOro MoHTaxa obecnevymBaeT TpacCMpOBKY NPOBOAOB C 3a30pOM MEXAY MPoBOAaMM,
ynpaensieMyto anvHy npoBOAOB (Kak y3na COEAMHEHWI Lenu, Tak M MONHOW ANMHbI COeAMHEHUN Lenm),
noAo06paHHYIo ANWHY COeAWHEHUN LENU, MUHUMAaNbHYIO OOLLYIO ANMUHY COEAMHEHWI LEnu, OPTOrOHANbHYIO U
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AnaroHanbHYl0 TpaccupoBKM W Apyrue npasumna, onpeaensemble cneuuanbHbiMW TpeboBaHMAMU K
TpaccupoBke.

3a3opel Mexay NPOBOAHMKAMU MO BCEM OCAM ONPeAENSOT ANS rapaHTum TOro, YTO LEenu COeaANHEHUN
UMEIOT HeobXoAUMbIA 3a30p OTHOCUTENbHO ApYrMX LUenei CoefMHeHUs AN MUHUMarnbHbIX MOMeEX W
nepekpecTHON NOMEXH.

ABTOMaTUYECKMA BbIpaBHUBATENb MeTannu3auuM, OCOBEHHO Ha BHELHMX crnosix, obecrneyuBaet
OAHOPOAHYIO ME[HYI0O TOMONOrM0 Tak, 4Tobbl TpaBneHWe Meau U MeTannusauuss pPaBHOMEPHO
pacnpeaensanucs no ANMHE U LUMPWHE NPOBOAHUKA.

5.2 CROXHOCTb NPOEKTa U COOTHOWEHUE CO CTOUMOCTLIO

MpoekTupoBaHme BbICTPOAENCTBYIOLMX UMM BbICOKOYACTOTHBIX NiaT MOXET ObITb 04€eHb NMPOCTbIM Kak
B OTHOLLEHUW MOMOCKOBOW WUIMU MUKPOMOSOCKOBOW NMUHWUM, TAK U OYEHb CMOXHBLIM B BbICOKOIMD(EKTUBHbIX,
MHOTOCOWHbIX MeYaTHbIX nnarax.

OTHOCUTENBHO MCTOYHUKOB 3aTpaT ANsl NnaT ¢ KOHTPONIMPYEMbIMW BOSTHOBLIM COMPOTUBIIEHUEM U
€MKOCTbIO MOXHO BbIAENUTL CrieayloLLee:

a) 6Gonee >eCTKUI NPOMU3BOACTBEHHLIA AOMNYCK BOJSIHOBOrO COMPOTUBIIEHUS/EMKOCTU MpUBEAET K
YBEMUYEHNIO CTOMMOCTU Ha 10%—15%;

b) onpeaeneHne napaMmeTpoB, KOTOPbIE BbIHY>XAAKT MOCTABLUMKOB MNPOBOAUTL MEXaHuyeckue u
3NEKTPUYECKME UMEPEHUS, T. €. TONLUUHY ANINEKTPUYECKUX CIIOEB M 3HAYEHNE BOSTHOBOTO CONPOTUBNEHMUS
OnA 3TOro crnos;

C) obecneyeHne Pa3nnUYHbIX 3Ha4YE€HUI BONMHOBOIO COMNMpoOTUBNEHNA NN €MKOCTU And OAHOro n Toro
XKe Crosi. YBENUYEHHOE OTKIIOHEHWE OT HOpMbl U Opak OyayT UMETb MECTO, MOTOMY YTO OAHO U TO e
3HaYeHne MOXeT ObITb Kak npunemMmnemo, Tak u HenpuemMmnemo,

d) 3anpet n3roTtoBuTesntio BHOCUTb USMEHEHUA, KOTOPbIE YAOBNETBOPAOT TEXHOMNOIMN U3roTOBUTENA,
HO NpWM 93TOM YXyALLAKT XapakTEPUCTUKM BbICOKOYACTOTHLIX NNAaT, Hanpumep W3MEHSATb LUMPUHY
NPOBOAHUKA, ANSNEKTPUYECKUIA CINOW MK BbIOOP MaTtepmana 0CHOBaHUA.

6 OnucaHue gaHHbIX

,D,aHHbIe AOIMKHbI BKNO4YaTh a cebs Aetann KOHCTPYKUUKN OTHOCUTENBHO BCEX CNOEB, a TaKKe AaHHbIE
npoektupoBaHust CAIMP. MNonHas AOKyMeHTauus Ha M3roTOBMIEHME MNaThl AOMKHA BKM4YaTh B cebsa kak
HOMMWHarnbHbIE 3HAYEHUA, TaK U AOMYCTUMbIE OTKIMOHEHUA. dusnueckne napaMeTpbl Tak e, Kak n CBONCTBA
mMarepuana JOmkHbl ObITb BKITIOYEHbI B OMUCAHKE.

6.1 [letann KOHCTPYKLUMN

MonHoe onucaHue AOIMKHO coAepXKaTb cneaywuwine AaHHble, BKMo4Yasd KakK cnpaBoOYHble, TaKk U C
U3MepPSEMbIMU JOMNYCKaMM:

a) LMpuHa npoBoOgHUKA CO 3HA4YE€HUAMKU BOJTHOBOIO CONPOTUBNEHUA n/vnu eMKOCTU NUHUU nepeaaqu,
b) TONWMHa NPOBOAHMKA;

C) OTHOCMTENbHaA ANaneKkTpuyeckas NPOHULAEMOCTb;

d) ToOmnwMHa AUINEKTPUYECKOrO OCHOBAHMUS;

€) TuN NasnbHOM Macku U €€ TONLWMHA;

f) BpemeHHas 3agepxka;

d) PUCYHOK COEB (T. €. KOHTPOSbHbIN YEPTEXK) NOCMONHBIE YEPTEXM (OPUrMHAN PUCYHKA NeYaTHON NnaTbl).

6.1.1 KoHTponupyemas KOHCTPYKLUUS
Koraa cdusnyeckne napameTpbl onpeaeneHbl, OHU YNPaBnaioT CTPYKTYPON nnatbl. 3HaYeHUs Hapaay C
Aonyckammn AO0JIXXHbl BKINOYaTb:

a) MOCMOMHYIO TONLMHY ANSNEKTPUKA;

b) OKOHYaTenNbHYO NOCMOWHYIO TOSILUUHY Meau;

C) OTHOCUTENbHYIO AUINEKTPUYECKYIO NPOHULLAEMOCTb;
d) Tun NasnbHOM Macku U €€ TOSILLMHY;

€) LUMPUHY NPOBOAHMKA U 3a30p;

f) pucyHok cnoes (T. €. KOHTPOSbHBIN YEPTEX).

Onpegensas 9TM napameTpbl, MOXHO YNpaBnsTe napameTpamu nnatbl U ee paboTbl, YTO 3aBUCUT OT
HOMUWHanbHbLIX NapameTpoB U UX AOMNYcKkoB. Brnarogapa onpeaeneHno U UCNONHEHUIO NPUBEAEHHbIX Bbille
napameTpoB, COBMECTHO C OObIYHbIMM KOHCTPYKTMBHbIMM napameTpamu obecneymBaloTcs AONYCTUMblE
OTKNOHeHus. COOTBETCTBMUE NPOBEPSIOT CTATUCTUHECKUM MPOLIECCOM UMK OLIEHKON (PU3NYECKUX U3MEPEHUN,
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a He U3MEpPEeHUAMM INEeKTPUYECKUX nokasatenen. 3HadyeHUsa KOHTPOSIMPYEeMOro BOSTHOBOIO COMPOTUBIIEHMUSA
Nnn 3Ha4eHnsa eMKOCTU He ABNAKOTCA KPUTEPUAMU NPUEMKN.

6.1.2 KoHTponupyemble €MKOCTb WM BOJSIHOBOE COMNPOTUBIIEHME B KayeCTBE KOHTPONA
paboTocnocob6HOCTH

KoHTponupyemoe BOMHOBOE COMPOTWMBIIEHWE UMM E€MKOCTb — 3TO ofpaTHas CTOpoHAa ynpaBnsieMoi
KOHCTPYKUMMK, (DPU3MYECKME 3HAYEHUS SABMATCS CrNPaBOYHLIMU  (HOMWHAMbLHLIMM), B TO BpPeMA Kak
noJNly4eHHbl€ 3Ha4YeHNA C X A0nyckamMmm U3MeparTCaA:

a) KOHTpONupyemoe BOMHOBOE COMNPOTMBIIEHME B OMax WM KOHTPONUPYEMas €eMKOCTb B
nukopapagax;

b) BpeMeHHad 3agepkka B MMKOCEKYHAAX;

C) PMCYHOK Cro€eB (T. €. KOHTPOSbHbIN YepTeX).

6.2 PaspeneHue paHHbIX NO Knaccam uenen (noMexu, Bpems cpadaTbiBaHUSA, €MKOCTb M
BOJIHOBOE CONpPOTUBIIEHUE)

PasgeneHve uenein coeauMHeHuii No Krnaccy B Cnucke coeanHeHuin unm B 6ase ganHbix CAMP, moxeT
Mo3BONUTb paccmaTpusBaTb OMNpeAenieHHble NPOBOAHWKM HE3aBUCMMO OT Apyrux. Hanpumep, k AByMm
NPOBOAHMUKAM, KOTOpblE SABNAOTCSA «BOCMNPUMMYMBBIMKM K MOMEXaM» WNU NPOBOAHUKAM, «CO3AatoLLMM
NMOMEXMW», MOTYT NPUMEHATLCA OCOOEHHbIE nNpaBuna 3agadus 3asopa. Llenu coeguHeHui, ucnonb3yembie
AnA onpeaeneHHoro knacca norukn, Hanpumep 3CJ1, MOryT OblTb OTHECEHbI B ONpeAeNneHHbIN CUTHaNbHbINA
cnon. [na npOBOAHMKOB KOHTPONMMPYEMOrO BOSTHOBOTO COMPOTUBMEHUSI AOIMKEH ObITb ONpeaeneH CBON Ko
(wmprHa NpoBOAHUKA), YTOObI UM MOINM HA3HAYaTLCA ONpeAerneHHble 3HAYEHUS LUMPUHBI U OHWU MOTnu Obl
paccmaTpuBaTbCs HE3aBUCUMO OT APYIUX.

Pasnnynblie CAMP u ux TpacCMpOBLUMKM MO3BOMAIT KOAUPOBATb UMAM METUTL LUENW COeAUHEHUNR,
4YTOOLI AOCTUTHYTE HEOOXOAMMON CTpaTerum TPacCcUpOoBKM U pasfeneHus cnoes. Mcnonb3yss 0COBEHHOCTH
cuctembl CAMP, npoekTupoBaHne ObICTPOAENCTBYIOLMX CXEM MOXET ObITb ynydweHo ana obecneveHus
TpeGoBaHUI NPOEKTA.

6.3 dnekTpuyeckue xapakTepucTUKu

Kpome obecneueHns akcnnyaTtauuoOHHbIX XapakTePUCTMK, KOHCTPYKLUKM NeYaTHbIX NNaT AOMkHbI ObiTb
TEXHOMOrMYHbI. 3aTpaTbl NPOU3BOACTBA ropa3fo OonbLIe, YEM OYEBUAHBLIE 3aTPAThl HA CbIPbE U MOHTAaX.
Mo3ToMy NPOEKTUPOBLUUKM AOMXHbI 3HATh O AOCTYMNHbLIX MaTepuanax, uUx BO3MOXKHOCTAX, XapakTepucTukax u
JOMyCcKax U XOPOLUO MOHUMATb BO3MOXHOCTU W AOMYCKU TEXHONMOMMYECKOro Npouecca, KOTopble BAUSIOT Ha
paboTy 1 NPOM3BOACTBEHHYIO 3h(DEKTUBHOCTD.

Passutue TecHoro AenoBOro COTPYAHMYECTBA KOMaHAbl KOHCTPYKTOPOB C W3rOTOBUTENSAMM nnaTthbl
SIBNSIETC BbIFOAHbLIM, TaK kak no3BonseT wusberaTtb AOPOrocTOALMX W3MEHEeHui. [lpoekTupoBaHue,
OCHOBAHHOE Ha MWMEIOLIEMCS OnbiTe, KOHEYHO MNPUMEHUMO, HO OHO MOXET WCKIIOUNTb HEKOTOPbIe
JOCTIDKEHUS, KacaloLmecs HOBbIX MaTepuanoB U TexHonornn. PekomeHayeTcs pasBuBatb COTPYAHUYECTBO
Mexay rpynnamu, 3aHUMatoLMMUcsa MatepuanamMmm U TEXHONOTUSIMU Kak BHYTPU, TaK U BHE NPEANpUATUS.

OnekTpuyeckme napameTpbl AOMKHbl ObiTb YCTAHOBMEHbI HA TakOM YPOBHE, YTOObI AOCTUIHYTbIE
M3MEPEHHbIE 3HAYEHWs COOTBETCTBOBANM TPeBGOBAHMAM SKCMMyaTaUWOHHbIX XapakTepucTuk. Tak Kak e,
MEHAETCA B 3aBMCUMOCTW OT 4acTOTbl, U3MEPEHHbIE 3HAYEHUAA €, AOIDKHbI OTPaXaTb YacTOTY CXEMbl UMK
BpeMs HapacTaHWs KOMMNOHEHTOB. Kputuyeckas NMHUA CUHXpOCUrHana A0HKHA UMETb OTPaHUYEHUE ANKHbI,
COBMECTMMOE C AOMYCTUMbIM WCKaXeHWeM. 3HayeHWUsi BOSTHOBOrO COMPOTUBAEHMSA [OSHKHbI OTpaxarb
BOSTHOBOE COMNPOTUBMEHWE KOMMOHEHTOB (MMKPOMPOLIECCOPHBIN HAbOpP), U NMUHWM BBOAA/BbLIBOAA AOIDKHbLI
COOTBETCTBOBATb BOJIHOBOMY COMPOTUBIIEHMIO CUCTEMbI pasdbema/kabens. YpOBHM MOMEX AOMKHbI Takke
ObITk B Npeaenax 4onyCcTUMOro 3anaca noMexoyCTon4MBOCTU KOMIMOHEHTOB.

7 Matepunan

7.1 CMOrbI, UICNONb3yeMble B KOHCTPYKLUU

CMOnbl, NpUMEHsieMble AN CNOUCTbIX MaTepuarnoB NeyaTHbIX MraT, AenAaTCs Ha ABE OCHOBHbIE
KaTeropuu: TEepMOpPEaKkTUBHYKD CMOMY W TEpPMOMMacTuK. TepmMopeakTUBHbIE CMOMbl — 3TO MOMEepPeyHo
CBSi3@aHHble MaTpuubl MEHLLUMX, NONMUMEPHbLIX YacTul. [OonApHLIA XapakTep marepuanoB cnocobcTsyeT
BGonee BbICOKOW OTHOCMTENbHON ANSNEKTPUYECKON NPOHULIAEMOCTU, TAHreHCy yrna notepb (hakrop notepb)
“ BoAoMornoweHunto. NonepeyHas CBSI3aHHAsA CTPYKTypa TEPMOPEaKTUBHBLIX Mnactmacc obecnevuBaet
nyyLime pasmepHble XapakTepUCTUKN U XapakTePUCTUKU TENNOBOrO PacLUMpPEHUS.

Braronornowenue aABnsetcs npobnemoi, MOTOMY UYTO OTHOCUTENbHAA  AUINEKTpUYecKas
NPOHULAEMOCTb BOAbl OYEHb BbICOKA (NMPUONU3MTENLHO 75) NO CpPaBHEHMIO CO CBOMCTBAMW CMOSbI.
OTHOCUTENBLHO HEDONbLUME N3MEHEHNUS BO BNAXHOCTU B OKPYXaloLLEn cpeae MOryT Cepbe3HO MOBAUATL Ha
paboTy (T. €. EMKOCTb) U NOTPEOOBATL CTPOrOro KOHTPONA HAA COCTOSTHUEM OKPY>KAlOLLE CPEAb.
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Kpome ToOro, kaxgasa cMoma WMEEeT CBOK 3aBUCUMOCTb OTHOCUTENbHOW  AUINEKTPUYECKOMN
NPOHMLIAEMOCTH U NOTEPb OT TEMNEPATYPbI U YACTOThI.

7.2 ApmupoBaHue

[na ynyyweHus MexaHU4eckux U 3SMEeKTPUYECKMX CBOMCTB B COCTaB CIIOMCTOTO KOMMO3ULIMOHHOTO
maTepuana BKMIOYAOT CMOfbl B Ka4yecTBe apMUPOBaHWUSA UAM HanonHutens. OOblYHbIA npumep —
coeauHeHue creknoTkaHn tuna E co cmonon, 4tobbl yBenuyuusatb CTabUNbHOCTL Pa3MeEpPOB U CHUXATb
KoappuuMeHT TennoBoro nuHeinHoro pacwmpenus (KTP) no ocam X-Y, KkOTOpbii MOXeT ObiTb
HeAONYCTUMbIM UNU HEXenaTenbHbIM B HeapMUpPOBaHHON cmone. HanonHutenu moryT ObiTe Ao6GaBneHbl,
4YTOObI MBMEHUTb OTHOCUTESILHYIO AUINEKTPUYECKYIO NPOHULIAEMOCTb U/MMNN YMEHbLLUMTL COAEPKaHNe CMONbl
1 Takum 06pasom cokpaTuTb NonHbii KTP no ocam X, Y u Z.

TonuwmHa apMUPOBAHHBLIX CTEKNOTKAHEN, Kak NpaBuno, onpeaenseTcs TONWWHON CNos apMUpPOBaHUS
nnioc cmona.

7.3 Mpenperu, knesiwiue crou u aaresnBbl

MmMetoTca TepMopeakTMBHbIE U TEPMONNACTUYHbIE MaTepuansl AN MHOTOCMNOWHBLIX NeYaTHbIX Nnart.
Mpenpern coaepxar cmony B craguu B (4actuyHo otBepaenoe cocrosiHue). OHM MCNONb3ylTCAa AN
CO37aHUsA AMINEKTPUYECKON MPOCAONKU MEXAY CrnosAMW U CTAHOBATCHA TBEPALIMM WNWU OTBEPAENbIMU B
npouecce NpeccoBaHnsi. 3TO 00bIYHLIN METOA U3rOTOBSIEHUA MHOFOCIIOMHBIX NNart.

B apyrmx wmeTopax AuanekTpudeckue npocnoiku obpasyloTca B npouecce  NpeccoBaHust
(HacnausaHug), Korga TEPMONNACTUYHLIA CMOW, AOCTUras TOYKU PaCnnaBrieHUsl, CTAHOBUTCA TEKY4YUM,
obbeauHas (ckneusas) cnouw. B cnyyae texHonorum rmbkux neyaTHbIX NnaT TEPMONNAcTUYHAN aare3MoHHas
nneHka n/unu aare3amoHHas TEPMOpEaKkTUBHAA HeoTBepAenas nreHka opMupyloTca Ha TBepaoM 6a3oBoM
marepuane.

7.4 YacToTHaa 3aBUCUMOCTb

BnusHue OTHOCUTENBLHON AUINEKTPUYECKON NPOHULAEMOCTM HA CBOWCTBA MaTepuarioB M BONHOBOE
COMpOTUBNEHUE MpeacTaBneHo B 3.4.3 u Ha pucyHke 2. BbiBoabl, NpeactaBneHHble B 3.4.3: cMona u
apMuMpoBaHWe, UCNONb3yeMble ANA CAOMCTOr0 Marepuana, sIBNsiloTCA OCHOBHbIMU hakTOpamu B UTOrOBOWA
OTHOCUTENMBHOW JWNINEKTPUYECKOW MNPOHULIAEMOCTU MaTepuana. 3HaHue MpoU3BOAUTENSA NPUMEHSIEMbIX
mMarepuanos U JONYCTUMblE€ OTKNOHEHUS UX OCHOBHbLIX CBOWCTB YXX€ Ha paHHEM 3Tane npOoeKTUpOBaHUs
MO3BONAIOT MPOrHO3MPOBATb, HACKONMbKO [AAHHAA KOHCTpyKuuss OyaeT cooTBeTCTBOBATb TpebyembiM
XapakTepucTukam.

8 Npoussoacreo

OG6Liee NOHUMaHWe BO3MOXKHOCTEW TEXHOMOIUI U3rOTOBMEHUNA NNAaTbl U peanuCTUiHbie JOCTUXUMbIE
JONYCKU BakHbl ANA YCMNELHOTO BbINONMHEHUs1 NpoekToB. Ocobblit MHTEpEC NpeACTaBrsAeT BNUSIHUE
NpPoLIeCCOB U NPOU3BOACTBEHHBIX YCMOBUI HA OCOOEHHOCTU KOHCTPYKLMK.

3HaHMe MPOU3BOACTBEHHBLIX TEXHONMOMMMA, UX BO3MOXHOCTEN MO3BOMNAET NPOrHO3MPOBATb, HACKONbLKO
JaHHas KOHCTPYKLus ByaeT COOTBETCTBOBATHL TPEOYEeMbIM XapakTepucTukam.

8.1 O6wee

B obLiem cnyyae nevatHble NNatbl ABASIOTCA KOMMNOHEHTAMU, U3FOTOBASIEMbIMU HA 3aKas3, U He MOTyT
paccMaTpuBaTbCA Kak OObIYHbIE KOMMOHEHTbI M3 Katanora. TOYHO TaK >X€ M MPOLECC M3rOTOBMEHUS
nevyaTHOW Nnatbl MHAUBUAYANEH AN KAXA0ro npoussoautens. Moatomy nobble KOMMEHTapUKU UNKU COBETHI,
npeocTaBsieHHble B HACTOSILLEM CTaHAapTe, AOIMKHbI OblTb U3MEHEHbI, YTOOLI YAOBNETBOPATH KOHKPETHLIM
YCIOBUSIM.

Heobxoaumo paccMmoTpeTb cneayiowme ¢akTopel Ans TOro, 4ToObl MPUHATL 9TU JaHHbIE BO
BHUMAHUE:

a) OTHOCUTENnbHas [AWAMEKTPUYECKasas NPOHULIAEMOCTb &, APMMPOBAHHLIE U  HAMOMHEHHbIE
marepuansl SABNAIOTCA KOMOMHaAUMAMW MaTtepuanoB C Pas3nUYHON OTHOCUTENBHOW [U3NEKTPUHECKON
NPOHULIAEMOCTbIO U IEMOHCTPUPYIOT Pa3fUyHbIe 3HAa4YeHUA, €C Nponopuun KomoOuHauuu He ByayT CTporo
KOHTponMpoBaTbCA. OTHOCUTENbHAA AUINEKTPUYECKas NPOHULAEMOCTb HEeapMMPOBAHHLIX Marepuanos
AOIDKHa ObITb UHBAPUAHTHOW, MOCKOSIbKY OHM B 06LLEM Cry4ae 04HOPOAHbIE W30TPOMHbIE MaTeEpPUarnbl;

b) auwanekrpuueckuii cnow (TonwmHa). U3mMeHeHus B nNpoUeHTe coaepkaHusa cmonbl Oyayr
BO3AENCTBOBATbL KaK Ha TONLWMHY, Tak M HA OTHOCUTESIbHYIO AUINEKTPUYECKYIO NPOHMLIAEMOCTb.
OAHOPOAHOCTb TOMLLMHbLI CPeau MaTepuanosB OyAeT MEHATLCA B 3aBUCMMOCTU OT TEXHONOIMU U YPOBHS
KOHTpONSI NPOW3BOACTBEHHbIM NPOLIECCOM, MCMOMb3yeMbIM W3rOTOBMTENEM CnoucToro marepuana. Ha
TONLLUMHY AUIMEKTPUKA BNUSET BIOOP Npenpera, KOHTAKTHbIX CNOeB, NAIEHKU, U YCII0OBUI NPECCOBaHUS;

c) npenper. TonwmHa npenpera, a CcneaoBaTenbHO, OTHOCUTENbHAsA  AUdMEKTpudeckas
MPOHULLAEMOCTb MOTYT MEHSITLCS B 3aBMCUMOCTU OT YCMOBUI NpeccoBaHus. [ns BbluncneHuss paspaboTumnk
JOIDKEH paccMOTpeTb 3(hEeKTUBHYIO OTHOCUTENbHYIO AUINEKTPUYECKYIO MNPOHULAEMOCTb U TOMLUUHY
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npenpera nocne LMKNa NPeccoBaHUsi 1 y4ecTb Mio6ble HEeCOOTBETCTBUS OTHOCUTESIbHON AW3NEeKTPUYECcKOl
NPOHMLLAEMOCTU, KOTOPbIE MOTYT CYLLECTBOBATb Mexay NPenperoM v ApyruMiu ClosmMu;

d) wupnHa npoBogHMKa W 3a30p. LUMpuHa NpPOBOAHMKA M 3a30p MOFYT 3aBUCETb OT MPOBOAALLErO
pUCyHKa, MeToAa TMOJSlyYEeHNUs U300PaXEHWsl, TOMWMHbI MefHOW (DOonbri, TEXHONOTUM TpaBfieHUs U
mMeTasiM3auuu;

€) reoMeTpus MNPOBOAHMKA. Ha reomeTpuio NpPoBOAHMKA 6yayT BO3AENCTBOBATL  TEXHMKA
OTOGPAXEHWS, OUNCTKA, TPaB/IEHUE W MEeTaNn3auns 0CO6EHHO Ha BHELLHWX CMOSIX, HA KOTOPbLIX NOATPaB B
TONCTOI (DOSbre C Y3KUMU NIMHUSIMK CO34aCT TpaneumeBuaHble DOpMbl CEUEHNS.

8.2 Tlpoueccbl NOATOTOBKM NPOU3BOACTBA
OcCHOBHble MpoLecchl NOArOTOBKY NPOU3BOACTBA NpeAcTaB/eHbl B criedytollelt 6/10k-cxeme:

8.2.1 MNpoBepka NPoBOAALLETO PUCYHKA
M3roToBuTENb MOXET MOMYYUTb NPOBOAALLMIA PUCYHOK B OAHOW UM ABYX hopmax:

a) 3/IeKTPOHHbIE [laHHble;
b) ¢oTowabnoHbl, POTOMHCTPYMEHTbI.

8.2.1.1 DNeKTPOHHbIE faHHble

OTOT BUA AaHHbIX ABNAETCA NPEANnOYTUTESNbHBIM; JaHHble MOryT 6biTb BBELEHbl C MMOKOro avcka wnm
MarHWTHOW NeHTbl, Wn Yyepe3 MogeM. UTobbl ynyylumMTb KavecTBO pa3paboTku, npasBuna NpoeKTMpoBaHus,
1cnosib3yeMble BO BpeMs paspaboTkvM MNPOBOAALLErO PUCYHKa, MOTYT CpaBHMBATLCA C COOTBETCTBYIOLLMMU
npasuaammn MNpPOEKTUPOBAHUS B OCHOBHOIN 3M1EKTPOHHOW 6unbnmoTeke 6a3bl AaHHbIX. Kaxablii cnoit 6yaet
UMeTb YHUKasibHOe 0603HaveHue (cm. ceputo |IEC 61182).

8.2.1.2 doTowabnoHbI

doTowabnoHbl, NOCTaBAseMble  Kak  MNO3UTUBHbIE  WWAM  HeraTuBHble,  COMPOBOXAANTCSA
COOTBETCTBYIOLLEl AOKYMEHTauuei, T. e. Tabnmuein ceepneHns OTBEPCTUIn WWAN NEHTOM, MeXaHWU4ecKnMu
yepTexamu. Vcnonb3yemblii r’MpOCKOMUYECKUiA mMatepuan cnegyeT MPaBWIbHO XPaHUTb MpU Temnepartype
(23 £ 2) °C v BnaxHoctu (45 +5) %.

8.2.2 ®dopmuposBaHue naHenu

Ha paHHOW cTagum pacnonaraeTcs v MynbTUNAMUMPYETCA MPOBOAALIMIA  PUCYHOK, a Takke
[obaBnseTca TexHosnormyeckas paMmka (BblpaBHMBaTENM MeTaIn3aLumn) v TecT-KyrnoHbl.

ONEeKTPOHHbIe [AaHHble MO03BOMIAT MaHWMNyNMpoBaTb PUCYHKOM, NOBOpaunBaTb WWAM 3epkasibHO
oTpaxaTtb, 4TOGbl YNIyylWWTb pacrnpefeneHne Toka, obecneuynTb CBA3WM Kkpasi C rpaHuuein naHenu Ans
o6ecrneyeHnss KOHTaKTa C paMKoi, Heo6XoAMMOro Ans 30/104EHUS.
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8.2.3 TexHonornuyeckoe obecnevyeHue

TexHonmornyeckass OCHacTka MOXET BKIOYaTh B Ce0A NEHTbl CBEPNEHMS/TPacCUpoBKM, TpadapeTbl 1
doTowabnoHel. MHpopmaumsa MoxeT Takke ObiTb nonyyeHa u3 6MbNMOTEKN SNEKTPOHHBLIX (hANNOB AaHHbIX
UMM MOXET MOCTaBMATbCA Ha MarHWUTHbIX neHTax/auckax. lMnowagb MeTannusauun MoxeT ObiTb
onpeaeneHa no gortowabnoHam nnm n3 6asbl aHHLIX.

8.2.4 PucosaHnue

Mepea ucnonb3oBaHMEM NMEeHKa AOSKHA ObiTb CTabUNM3MPOBAHA. ONEKTPOHHbIE AAHHbLIE NaHenu
3arpy»<atoTcs B Nas3epHbIi NNoTTep, rae CBETOMYBCTBUTENBHAA MIEHKA NOABEpraeTcs CBeTOBON 06paboTke.
3aTteM MneHka nposBnaeTcA. 3TU CUCTEeMbl, Kak npasBuno, aBTOMATU3UPYIOTCA Npu UCMONb3OBaHUU
3arpy3ovyHoOn KacceTbl AnS MAEHKW, KOTopasd 3aTeM MnepeMeLlaeTcss K aBTOMaTUY4EeCKOMY MuTaTento
NPOsiIBOYHOM MaLumHbl. OTPUCOBKY Ha NnotTepe u o6paboTKy, Kak NPaBuno, NPOBOASIT B KOHTPONMPYEMON
YUCTON OKpyxawLen cpege. HekoTopble NPOBOAHUKM, HAXOASALUMECH B KpUTUYECKOW oBnactu, MoryT
notpe6oBaTbh BEKTOPHOTO BbIYEPUYMBAHUSA HA MNOTTEPE BMECTO UCMONb30BaHMSI PACTPOBOW CUCTEMBI.

8.2.5 KoHTponb doTowadnoHa

Bce doToabnoHbl 4OMKHbI ObITb NPOBEPEHbI 0 MCNOMb30BaHUS. 3a BbINONHEHNE 3TOrO TpeboBaHuA
HeceT OTBETCTBEHHOCTb W3rOTOBUTEMb ANS rapaHTUM TOro, 4To (PoTOLABNOHbI NPOM3BOACTBA SABASIOTCA
rogHbIMW  ONA  NOJSIyYeHUA KOHEeYHOoro npoaykra. Creayiowmin  CUCOK OnpedendeTr HeKoTopble us
KpuTepues/napameTpoB, KOTOPbIE AOMKHbI ObiTb NPOBEPEHbI:

a) BCe Crou B HaNu4uu;

b) kaabli CNON YHUKANbHO MAEHTUULUPOBAH;

C) OMTMYECKas NNOTHOCTb NPO3PAYHbIX U HEMPO3PaYHbIX 0OnacTell;

d) coBmeLleHune n mactab;

€) YEeTKOCTb PUCYHKA;

f) Hanuyme BKMIOYEHUIA U NPOKOOB;

g) COOTHOLLEHWE KOHTaKTHOW NMOLWAaaKu U OTBEPCTUS;

h) paccTosiHUA Mexay NPOBOAHMKOM M KOHTAKTHOM NMOLLAAKOW (LUMPUHA NPOMEXYTKA);
i) paccTosiHUA Mexay CrosaMu 3eminn U NUTaHUA.

BbILIEYNOMAHYTLIA CNUCOK HE SABMSETCA MCYEPNbIBAOLLMM, HO [OIMKEH WCMNONb30BaTbCA BMECTE C
TeXHUYeCKuMu TpebGoBaHNAMIU COOTBETCTBYHIOLLIETO KIMEHTA.

8.3 MNpoueccebl nponssoacTBa

Brnok-cxema n3roToBneHMs MHOTOCIOMHOI NeYaTHOI NnaTbl NPEACTaBNeHa HUXKE.

OCHOBHbIE NPOLECChI:
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8.3.1 AHanun3 npouecca

Mcnonb3oBaHne ctaTtuctnyeckoro ynpasneHus npoueccom (CYI) BbIrO4HO B U3rOTOBNEHUN MeYaTHbIX
nnart. Cratucrtmnyeckoe ynpassieHue npoweccom cTaHOBUTCA abCconoTHOM noTpebHOCTbIO
nocnefoBaTefibHOT0 KOHTPOMS BO/IHOBOTO COMNPOTUBMEHUA. MHAeKcaunsi BO3MOXHOCTel TEeXHO/0TrM4eckoro
npouecca fo/KHa 6blITb yCTAHOB/IEHA A/19 BCEX OCHOBHbIX NPOLECCOB.

8.3.2 CnouncTbli MaTepnas 0OCHOBaHUSA, 3KCMOHUPOBaHMe N 06paboTka BHYTPEHHUX C/I0EB

Mpodunb Kpas NPOBOAHMKA BaxXeH A8 KOHTPOAA BOJIHOBOrO CcONpoTMBAEHUA. OCTaTouUHbIl
hoTOpPE3nNCT HEAONYCTUM.

8.3.3 MNpepBapuTenbHOe TpaB/ieHUe

BnvsHne Ha BOJSIHOBOE COMPOTUB/IEHWE MOATPaB/IMBAHUA WM HefoTpaB/MBaHUA MPOBOAHUKA MOXeET
0TpasnTbCA MW3MEHEHWEeM LWWUPUHbI B OAHON U3 MHOrMx ()OopMyn pacyeTa BOJIHOBOrO CONPOTMB/EHUSA.
B0O3MOXHOCTM npouecca A0/KHbl OblTb U3BECTHbLI, U OonpeAeneH PakTop TpaBaeHus. MI3rotoBuTenb AOJ/IXEH
onpefennTb npefenbl CBOUX BO3MOXHOCTEN, a Takke KOHeuHble npefesibl WWPUHbI MPOBOAHWKOB ANA
pasHbiX HOMWHANOB LWWUPUHbI N TOAWMHBLI POALIM. OHU AOMXHbI OblTb YCTAHOBMAEHbI AAA BHYTPEHHUX U
BHELLIHMX C/I0EB.

8.3.4 ABTOMaTU3NPOBAHHbIN ONTUYECKUI I KOHTPO/b

[Ona neuaTHbIX nnat npeuvMmyliecTBa aBTOMaTUYECKOro ONTMYeckoro kKoHTpona (AOK) sasndwTCA
oueBnAHbIMU. JedekT (cyxeHne) pasmepom 50 MKM B NpoBOAHMKE npuemnem ans paboTbl Ha NOCTOSAHHOM
TOKe, HO MOXET OKa3aTbCsa HefonyCcTUMbIM B cxeme, paboTatoweit npu 2 Iy,

8.3.5 NMpeccoBaHue

KoHeyHas To/WMHaA CNPeccoBaHHOrO OCHOBaHWA, CcofepXaHwe CMOJIbl UM OTHOCUTENbHAA
AnanekTpuyeckasas MNPOHMLAEeMOCTb HaxogAaTcas B 3aBUCMMOCTM  OT TEXHONOrMM MNpPeccoBaHWsa U
npuMmeHsemoro ob6bopypgoBaHusa. M3rotoBuTenb neyaTHbIX NfaT AOJ/DKEH NOATBEPAWTb, UTO BbIYUCIEHUA
BOJIHOBOTO COMPOTWUBNEHUA AENCTBUTE/NbHbI ANSA BblOPaHHON TEXHOMIOTMM MPEeccoBaHUA W UCNONb3yeMblX
maTepuanos.

8.3.6 CTpyKTypa oTBepcTUA

[OvnameTp NpoOCBEpP/NEHHOro OTBEpPCTWA W OTHOLWEHWe AmameTpa KOHTAKTHOW nnowajku K anameTtpy
OTBEPCTUA BJIMAIOT Ha BOJSIHOBOE COMNPOTUB/IEHWE. ECAM BbICOKOYACTOTHbIE CUTHasbl NMPOXOAAT yepes3 ABa
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unu Gomnblue 3neMeHTa BOJIHOBOTO COMPOTUBNEHWSA, BHYTPEHHS €MKOCTb CKBO3HOro oTBepcTtus Oyaer
HEraTMBHO BMUSATb HA M3MEPEHHOE BOMHOBOE CONPOTUBANEHNE. UTOObI YMEHBLLWNTL 3TOT 3PPEKT, CKBO3HbIE
OTBEPCTUA M WX KOHTAKTHbIE NNOWEAAKM AOMKHBI WMETb MUHUMANBHO BO3MOXHBLIE AUAMETPHI,
NPeAnoYTUTENBHO TMPUMEHATb HECKBO3HbIE (CNEnbl€) OTBEPCTMSA UMM 3anOSfIHEHHbIE CMOSMON. XOTA 3TU
ycrnoBusi,  rnaBHbIM 00pa3oM, SBRAIOTCA npobnemaMn KOHCTPYMpOBaHUA, HEOBXOAWMO YCTAHOBWUTb
CMocoOHOCTb U3roToBUTENSA X 06ecneunBaThb.

8.3.7 dkcnoHupoBaHue u nposiBneHne

Xopowass neyatb U paspelsalolas cnocoGHOCTb NPOsIBNEHUs — oveBuaHas notpebHocTb. Moxer
noTpeboBaTbLCA UCMONbL30BAHUE «TOYKM OCTAHOBAY.

8.3.8 OnekTponuTUyeckan Metannusauma (0OCHOBHOM PUCYHOK)

Bnuaune metannusauum Ha KOHTPONb BOMHOBOrO CONPOTUBMEHMA BCEraa 3aBUCUT OT KOHCTPYKLUW.
Xopowiee KOHCTPYMPOBAHME [AOSDKHO NPUBECTU K COANaHCMPOBAHHOW KOHCTPYKUMW  C pPaBHOMEPHbIM
3aMonHeHMEM NpPOBOASALIMM  PUCYHKOM BCeli  nnaTtbl. [EcnuM KOHCTpyKuust no3sonseT, HeobxoaAuMO
paspewmTb W3roTOBUTENIO A06aBUTL BblpaBHMBATENW MeTannusauum (B npegenax o6nactu nnatbl).
HdononHutenbHasa MeTannu3auus, npuMBOAAWIAA K pacCLUMPEHUIO NPOBOAHMKOB, sABnsieTcsi Gonee
BPEJOHOCHON, YeM (paKTU4YecKoe yBenuMYeHue TOMLMHBI NPOBOAHMKA, KOTOPOE CTAaHOBUTCA npobnemor
TONbKO, €CMM LuMpUHA MPOBOAHWUKOB YMEHbLIaeTcA. Wcnonb3oBaHWe MeTannu3auuu naHenu unum
KOMOMHALMKU METannu3auumM NaHenu u pucyHka MoXxxeT obecneunTb XOpOoLUMi KOMMPOMUCC AN HEKOTOPbIX
KOHCTPYKLMMA.

8.3.9 Paszgy6nuBaHue M TpaBneHue

[OuddepeHumansHoe TpaBneHue AO0MKHO ObiTb OrpaHMyeHo 35 MKM pasnuMuuMeM TONLMHbI Meau.
TpeboBaHusa onpegeneHsbl B 8.3.3.

8.3.10 NasnbHaa Macka

Ha noBEepXHOCTHbIX CTPYKTypaxX MUKPOMOMNOCKOBOM JIMHUM C  ONpPEAENieHHbIM  BOJIHOBLIM
COMPOTUBIIEHMEM NAsANbHLIA PE3UCT MOXET PacCMaTpuBaTLCH Kak rpaHuua cnosi. M3rotoButTenb neyaTHoM
nnartbl AOIDKEH ONPEAENUTb U 3apaHee y4ecTb onpeaeneHHble KoaMULMEHTbI BNIMSAHUS ANS KaKA0ro Tuna
NasnbHOr0 pe3ucTa u npeanaraemon TONWMHbLL. 3TU hakTopbl OyayT 3aBUCETb OT TOMLIMHBI W
ON3ANEKTPUYECKOW NPOHULIAEMOCTU NAsNbHOrO pe3ucra.

KOoH(pOpMHbBIE NOKPLITUA TaKKE AOMKHbI ObITh YYTEHbI.

8.4 BnuaHue gedexkToB NpPU BbICOKUX YaCTOTaX

MeyaTHble nNnaThl, KOTOPbIE BLIMOSHAIOTCA C KOHTPOSIMPYEMBIM BOSIHOBLIM CONPOTUBIIEHUEM, AOMKHbI
ObiTb abconoTHO 6e3 apedexkTtoB. Ucnomnb3oBaHWe CTaTUCTUYECKOTO YNPaBMEHUSA MNPOLECCOM — 3TO
9KOHOMUYECKOE CPEACTBO 06ECNEYEHNUS CNAXKEHHOTO COOTBETCTBYIOLLErO NPOAYKTA.

8.4.1 Meob

8.4.1.1 OGwwee

Mpupoaa n coctosHMe Meau (OCaKAEHHAsA, MPOKaTaHHAas, OTOMNCKEHHAs) OKa3biBaloT BRMSIHUE HA
BOMHOBOE CONPOTUBIEHNE. YUYNTbIBas «CKUH-3PAEKT» npu Gonee BbICOKMX 4aCcToTax, BaXHa NPOBOAUMOCTb
moboro cnosi. OTHOCUTENLHO rnaakas NMoOBEPXHOCTb MPOTSHYTOro npoBoga MoxeT obecneunsarth Gonee
BbICOKOE Ka4ecTBO paboThl Npu 6onee BbICOKMX YacToTax.

8.4.1.2 KoHdurypaumus npoBogHuka

MoBepxHOCTb MEAHOTO NPOBOAHMKA CO CTOPOHBLI U3OMALMOHHON NOAMOXKKMA HAaNPOTUB OMOPHON Lenu —
OYeHb BaXHbIN napameTp. MNpodunb nonepeyHoro ceveHus (Hanpumep, TpaneuneBuaHbIN ANS BHYTPEHHUX
Crnoes, MOATPABMIEHHbIN [ANA BHELIHUMX CrOEB) MpoBOAHWKA OyaeTr BRUATb HA  pacnpeaeneHue
9MEeKTPUYECKOro Mons BOKPYr NpPOBOAHMKA. M3roToBuTenu nbitaoTcA obecneynTb Npodunu Kak MOXKHO
Gnvxxe K NPAMOYronbHOMY, YTOBbI ynyyLwnTL paboTy.

8.4.1.3 NMpokonbli

Mpokonbl B MeOu BbI3OBYT HETUMUYHbIE W HEMpeackasyemble OTPaXeHusl. JOomkHbl MPUMEHSTLCS
TpeboBanus 8.4,

8.4.1.4 HexenarenbHasa meab

BkniovyeHns meam BO3AENCTBYIOT HA pacrnpeAeneHne aneKTpU4eckoro noss nposiBNAsSCy U3MEHEHUEM
3N1EKTPUYECKON ANUHbI.

8.4.1.5 TonwunHa meau

M3meHeHune B ToNWMHE NPOBOAHMKA ByAET UCTOYHUKOM HETUMWUYHBIX OTPAXKEHWIA U UBMEHUT BOSTHOBOE
COMpPOTUBNEHHUE.

8.4.1.6 MNoaroToBka NOBEPXHOCTH

OTKINOHEHWE OT CyLUeCTBYIOLLEN TEXHONOrMm o6paboTkn honbrn MOXET YMEHbLUMTb NPOYHOCTb Ha
OTpbIB, U MOB0E N3MeHeHne NnoTpebyeT BHUMATENLHOrO aHanusa. Micnonb3osanue onbru ¢ Boicokum HTE
(OTHOCUTENMbHBLIM YANUHEHMEM NpPU pa3pbiBE€ MPU BLICOKOW TemnepaTtype) Ans TONCTOW MHOrOCMOWHOM
nnarbl UMEeT NPenMyLLECTBO NO CPaBHEHUIO C ManbiM HTE.

29



FOCTIEC 61188-1-2—2013

8.4.2 Moponoxka

8.4.2.1 Obuwee

MecTHble 1 obLme aedekTbl U UX BAMSHWE JOIDKHbI BbiTb MAEHTUMULMPOBAHLI, & B OTHOLUEHUWN UX
NPeanpuHATO AENCTBUE NO YCTPaHEHMIO AeDEKTOB.

8.4.2.2 OTHOCUTENbHAA AN3SeKTpUYeCcKas NPOHMLAEMOCTb

Kak npasuno, onpegensetrca npu 1 MIu, n TBEpAbIi OCHOBHOW CMOWUCTBLIA Marepuasn MNOfHOCTbIO
3aBUCUT OT OTHOLLEHUSA apMUPOBAHUS K CMOJIE AN KOHKPETHOro CocTaBa CnoucToro marepuana. JoCTynHbl
rpadouky, KOTOpbIE 3SKCTPAMOMUPYIOT OTHOCUTESNbHYIO AWINEKTPUYECKYIO NPOHMLAeMOCTb MO 4actoTe WU
TemnepaType 4o 1 u.

CneayeT OTMETUTb, YTO BIIMSIHUE OTHOCUTENbHOW AWSNEKTPUYECKON NPOHULIAEMOCTM HA BOMHOBOE
COMNpPOTMBIEHNE YacTO 3aBblllaeTcs. PyHKUMA ITOro napaMeTrpa BO MHOMMX AOCTYMHbIX MaTemMaTu4ecKux
dhopmMmynax orpaHM4MBaET €ro BIMSAHUE.

8.4.2.3 TaHreHc yrna norepb

[uanekTpuyeckne nOTEPU MOANOXKM BMAMSAIOT Ha €€ MPUMEHEHWEe MpPU BbICOKMX 4YacToTax.
Kepamuyeckuit MaTepuan UMEET BbICOKYID OTHOCUTENBHYIO AUBNEKTPUYECKYIO NPOHULAEMOCTb, HO Marble
noTepu AenatoT ero NPUrogHeIM ANs OTAENbHLIX NPUMEHEHU.

8.4.2.4 MNocTaBKa CnoMcToro matepuana

MocTaBLMKK cnoucToro matepuana OyayT MOCTOSHHO NPECCOBATb CBOK MPOAYKUMIO MO OAHOMY WU
TOMY e craHgapty. Jliobble M3MeHeHWUs B TUNaxX CTEKNOTKaHU UMM CUCTEMAaX UMM TUMax CMOMbl AOMKHBI
npeaBapuTenbHO 00CY)KOaTbCs C U3rOTOBUTENIEM NEYATHON NNaThl U NPOEKTUPOBLUUKOM.

Jonyck OTHOCUTENbHON AUSNEKTPUYECKOW NPOHMLAEMOCTU, Kak MpPaBuio, HaxXoAUTCs B npeaenax
+0,15. Jonyck no TonwuHe matepuana — + 10 %, HO NOBTOPAEMOCTb COrNMAacOBaHHON CTPYKTYPbl MOXET
notpeboBaTb HAMHOIO Bonee y3kux JOMyCKOB.

8.4.2.5 MNpenper

Utobbl ynpaBnATb paccTosHMEM MO OCU Z MeXxZy NPOBOAHMKAMMW, TOHKMA CROUCTBLIM MaTepuan
JOMKEH MCNonb30BaTbCs B NPEANOYTEHUN K Npenpery. Tam, rae UCMonb3yeTcs NPEnpPer, HYXXHO OTMETUTD,
YTO BbITPABMNEHHLIE MEAHbIE NPOBOAHWKM BNEYATAKOTCA B NPEnper BO BPEMA NPECCOBAHUS U3rOTOBUTENEM
nevyatHoun nnarbl.

3TO yMEHbLUEHUE TOMNLUMHbI CMPECCOBAHHOIO OCHOBAHWA AOIDKHO ObiTb YYTEHO NPU BbIYMCIIEHUM
paccTosHUS Mexay NpoBoAHUKamu n 6yaeT 3aBUCETh:

- OT LUMPUHBI MPOBOAHUKE;

- OT TOJNLWMHbI Meau;

- OT COAEepXaHWUA CMOTbI B Npenpere;

- OT TMNa cnos.

8.4.2.6 BkniouyeHusn

MpoBoAasLLMe BKIIOYEHUA B CMOUCTOM MaTepuarne Hy>XHO pacCMaTpuBaTh KaK «HEXemnaTenbHYIo»
Meab.

Henposoaswme BKNIOYEHNA U3MEHAT OTHOCUTENBHYIO AN3NEKTPUYECKYIO0 NPOHULIAEMOCTb MOATIOXKU, U
nx adppekT OGyaeT 3aBUCETb OT PaCMoONOKEHUS, pasMepa U NPOTSHXKEHHOCTH.

8.4.2.7 NycToTbI

3T10T TMN AedbekTa BMECTE C paCCNOEHUEM W TPELLMHAMU U3MEHUT OTHOCUTENBHYIO AUINEKTPUYECKYIO
NPOHMLAEMOCTb B CTEMEHMW, OMNpeAerneHHON pacnoyioKEHUEM, pasMEpPOM W MPOTSHDKEHHOCTbIO. JTOT Tun
Aedexta He ByaeT TakuM e cepbe3HbIM Kak AedekT Meam nogobHoro pasmepa.

8.4.2.8 MnacTMYHOCTL M coaepXaHue CMOoJbl

CBoiicTBa cMonbl OyayT umeTb BnuaHue Ha paboty neyatHon nnartbl. OgHaXKabl OXapakTepusoBas,
BO3MOXHO Y4Ye€CTb 9TU CBOWCTBA. WM3rotoButenu matepuanoB MOANMOXKUM WCNbITLIBAIOT HEeOOMbLUYIO
TPYAHOCTb B NPOU3BOACTBE OAHOCIIOMHOM CTEKNOTKaHW. bonee >ecTkuit KOHTPOnb ToNwWMHbI (10 %) mMoxeT
ObiTb AOCTUrHYT, UCMONb3yA OTAENbHbIE CMOM C MEHbLUMM KONMUYECTBOM CMONbI B CTpykType, Oe3
yXyALleHUs kadectBa npogaykra. Xotsi He TpebyeTcs HuKakux 3aTtpat, Gonee BbICOKOE COOTHOLUEHWE
cTekno/cmona obecneunBaet 6onee BbICOKYIO OTHOCUTENbHYIO ANINEKTPUYECKYIO MPOHULIAEMOCTb.

8.5 OnucaHue aaHHbIX

8.5.1 Tun panHbIX CAINP

Bce paHHble Anst NPOEKTOB Nnar C KOHTPONMPYEMbIM BOJSIHOBBIM  COMPOTUBIIEHUEM [IOJDKHbI
nocraenaTbcs B uudposon dopme. Tpebylotcs, kak MMHUMYM, paiinbl B opmate «Gerber», HO daiinbl B
dopmate |IEC 61182-1 aBnsAOTCA NPEANOYTUTENBHLIMU.

8.5.2 Untepdbenc 3akasumka

Yro6bl rapaHTMpoBaTb TEXHONOTUYHbLIA MPOEKT, NPOEKTUPOBLUMKM [OJDKHbI C C€aMOro Hauvana
COTPyAHWU4aTL C M3rOTOBUTENEM MeyarHbiX Nnat M MOCTaBLUMKOM MaTtepuanoB. Bce npoBoaHMkM
KOHTPONMPYEMOrO BOSIHOBOrO CONPOTUBMNEHMUS AOIMKHbI ObiTb MAEHTUDULIMPOBAHbI, UCMONb3YS OTAENbHbLIE
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Koabl anepTypbl. [MapameTpbl M MX AONyCTMMAas CTeneHb WM3MEHEHUs AOMKHbl ObiTb onpedeneHbl U
COrnacoBaHbl.

8.5.3 Npepenbl Mmogudukauum CAM

Ha paccmoTtpeHun.

9 UcnbiTaHne MeToaO0M pechNneKToMeTpuUn BO BpeMeHHoM obnactu (TDR)

Mcnonb3yembln metoa ucneitaHuin 3E17— B cootsetcTBum ¢ IEC 61189-3.

9.1 O6ocHOBaHue

9.1.1 MeToa Bbi6Opa TDR

MeTtoa TectupoBaHusa npu nomowm pednekTomMeTpun BO BpemeHHow obnactu (TDR) ato
peKkoMeHAYyEeMbIi METO[ TECTUPOBAHUA MEeYaTHbIX NNaT ¢ KOHTPONMPYEMbIM BOMHOBLIM COMPOTUBIIEHUEM.
310 MO3BONAET M3MEpPATb W3MEHEHUS BOMHOBOrO COMPOTMBMEHWA BAOMb NUHUM NPU TECTUPOBAHUMU.
MmnyneC € ManblM BPEMEHEM HapacTaHus MoaenupyeTr paboume uMnynbCbl ObICTPOW IFOTMKM B
YHKLUMOHANBHOM KcCnbiTaHuW. Jliloboe oTpaxeHHOe HanpsiXkeHue ykasbliBaeT W3MEHEHME B BOJIHOBOM
COMPOTMBIIEHUN U MOXET NCNOMb30BATLCA AN BbIYUCIIEHNS BOTHOBOrO CONMPOTUBIEHUS NIMHUN.

AHann3aTopbl CeTW, KOTOPbIE UCMOMb3YIT NPW TECTUPOBAHWE B YaCTOTHOW 00macTu, MOryT Takke
nokasaTb W3MEHEHUS BOFTHOBOIO CONPOTWUBMAEHWSA BAOMb MMHUK, UCNOMNb3ya MeToAbl 06paboTkn LudpoBoro
curHana (obpatHoe npeobpasoBaHue Pypbe). STU MHCTPYMEHTBI ABMAIOTCA NPUEMMNEMON anbTEPHATUBON
TDR, HO, Kak npaBuio, OHN CTOAT JOPOXKE.

Apyrve ncnonb3yemble METOAbI, TAKME Kak MOAroTOBKA MUKPOLLUIUMOB U TECTUPOBAHME €MKOCTM MAarT,
U3MEPAIOT TOMLKO HEKOTOPbLIE MapameTpbl, BUSAIOLLME HA BONHOBOE COMPOTUBIEHNE nnatbl. OHN TaKKe He
MOTYT MOKa3aTb foKanbHOE N3MEeHeHWe B BONIHOBOM COMPOTUBIEHNMN ASMHE.
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Mpunoxexue A
(cnpaBo4HoOe)

EanHuubl, CMMBONbI U TePMUHoINorna

KMI (CMOS) — KOMMNJIEMEHTAPHbLIA METaNI00KCUAHbIN NONYNPOBOAHUK;

DIP — DIP-kopnyc;

3CJ1 (ECL) — SMUTTEPHO-CBA3aHHaA NOTruKa;

SMU (EMI) — 9NEeKTPOMarHMTHOE BO3MYLLEHUE;

FR-4 — CTEKITOTEKCTONUT HA OCHOBE 3MNOKCUAHOW CMOIbI;

nC (IC) — WHTEerparnbHasa cxema,;

TMM (SMT) — TEXHOMNOrMs NOBEPXHOCTHOIO MOHTaXa;

Tan(~) — TaHreHc yrna noTepb;

PBP (TDR): — pednekTOMETPUSA BO BPEMEHHOW 06nacTu;

Ts — NONHOE BPEeMS 3aePXKK1 pacnpoCTpPaHeHus NMMHUK nepejayu;
Tod — BPEMS 3a4epPXKKU pacnpoCTPaHeHMs Ha eAUHNULY ATUHBI,

R — 10 — 90 % BpemMsa nepexoaa HanpsbkeHna (PPOHT unu cnag);
TTN(TTL) — TPaH3UCTOPHO-TPAH3UCTOPHAA NOruKa;

2y — BOJTHOBOE COMPOTUBIIEHUE NTMHUU (HEHATPY>XXEHHON);

Zy — BOJTHOBOE COMPOTMBAEHUE NIMHUK (HArPY>KEHHOW);

€ — OTHOCUTENbHAA AU3NEKTPUYECKas NPOHMLAEMOCTS;

gpl — a(pdbeKkTMBHAA OTHOCUTENBHASA ANINEKTPUYECKAs NPOHMLAEMOCTb;
HASL — HaHeceHue NpunoAa ¢ NPUMEHEHNEM ropsavero Bo3ayxa;
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Mpunoxexnue OA
(cnpaBovHoOe)

CBeaeHue 0 COOTBETCTBUM MEXrocygapCcTBEHHOro
cTaHpapTa CCbUTOYHOMY MEXAYHapOAHOMY CTaHAapTy

Tab6bnuya JAA1

Ob6o3HaveHne U HaumeHoBaHue

O603HavYeHNe N HaumeHoBaHue

CTteneHb
CCbIJTOMHOIo MeXxXayHapogHoro COOTBETCTBYHOLLIEro
COOTBETCTBUA
CTaHpapTa MeXrocyaapCTBEHHOro ctaHjgaprta
IEC 61189-3:1997 MeToabl
NCNbITAHUI ANEKTPUYECKUX IDT FOCT IEC 61189-3—-2013 MeToAbl UCNbITAHUR
MaTtepuanoB, ne4yaTHbIX nNnatr u 3NEKTPUYECKUX MATEPMAnoB, NeYaTHbIX NnaT K

APYTMX CTPYKTYP MEXCOeAUHEHUI
M nedvaTHblX y3noB. Yacte 3.
MeToabl uUCnbITaHU MaTepuanos
ANa  CTPYKTYP  MEXCOeAUHEHUI
(neyaTHbIX Nnar)

OPYIMX CTPYKTYP MEXCOEAMHEHUN U NeYaTHbIX
yanoB. Yactb 3. MeTtoabl ucCnbITaHWI
MaTepuanoB AnNs CTPYKTYP MEXCOeOAUHEHWN
(nevatHbIX nnaT)
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