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Mpeaoucnosune

Llenn, oCHOBHblE MPUHLMMbLI 1 OCHOBHOU NMOPSA0K NpoBeAeHNst paboT MO MeXroCcyfapCTBEHHON CTaH-
paptusaumm yctaHosneHbl TOCT 1.0—92 ««MexrocygapcTBeHHass cuctemMa crtaHgapTusaumn. OCHOBHbIe
nonoxeHuma» n FOCT 1.2—2009 «MexrocygapcTBeHHaa cuctema ctaHgaptusaumn. CtaHgapTbl MeXrocy-
[AapCTBEHHbIE. NMpaBuia N pekoMeH4auum no MexrocynapcTBeHHoOM cTaHgapTusayum. Mpasuna pa3paboTkuy,
NPUHATUA, NPUMEHEHNS, OBHOBIEHNA U OTMEHbI»

CBefieHVsi 0 cTaHgapTe

1 NOATrOTOBJ/IEH ®epepasnibHbIM rocyAapCTBEHHbIM BHOAKETHbIM 06pa3oBaTe/lIbHbIM yUpeXaeHUeMm
BbICLUEro NpodheccrMoHasIbHOro o6pas3oBaHus «HaunoHabHbIN NUCCef0BaTeNbCKUA yHUBepcuTeT «M3U»
(PreoyY BMO «HNY «M3U») n degepasibHbIM rocyAapCTBEHHbIM YHUTAPHbIM npeanpusatueM «Bcepoccuii-
CKWIA Hay4yHO-MccnefoBaTe/IbCKUIA  MHCTUTYT cTaHdapTvsauum u cepTudukaumm B MaWMHOCTPOEHUN»
(BHUMHMALL) Ha ocHOBe COGCTBEHHOIO ayTEHTUYHOIO NepeBoa Ha PYCCKUIA A3bIK MeXAYyHapOAHOro AOKY-
MeHTa. YKa3aHHOro B NyHKTe 5

2 BHECEH ®depgepasibHbIM areHTCTBOM MO TEXHUYECKOMY perysimpoBaHuto n metponorum (Pocctam-
AapT)

3 MPUHAT MexrocygapCTBeHHbIM COBETOM MO CTaHgapTusauum, MeTposiorum n ceptudmkaumn
(npoTtokon oT 14 Hos6ps 2014 r. No 72-1)

3a NpuHATNE NPOros1I0COBASIN:

KpaTkoe HaumeHOBaHue CTpaHbl Kog cTpaHbl CokpalleHHOe HarMeHOBaHWe HaLMOoHaTbHOro opraHa

no MK<MCO 3166) 004 -97 no MK (MCO 3166)004-97 no cTaHgapTusauum

AszepbaligxaH A2 AscTaHgapT

Benapycb BY FocctaHpapT Pecnybnukn Benapycb

Kuprusuns KG KblprelactaHgapT

Monposa MD Monpgosa-CtaHgapT

Poccus RU PoccTtangapTt

Y36ekucraH uz Y3craHpgapT

4 TMpuka3om PefepasibHOrO areHTCTBa MO TEXHUYECKOMY PerysimpoBaHuio U MeTposiorm ot 25 mas
2015 r. Ne 414-cT mexrocyaapcTBeHHbli ctaHgapT FOCT IEC/TS 60034-18-42—2014 BBeAgeH B AelicTBue B
KayecTBe HaunoHasIbHOro cTaHaapTa Poccuiickoin degepaumm ¢ 1 mapta 2016 T.

5 HacTtoswmwmii cTaHgapT MAeHTUYEH MexayHapogHoMy AokymMmeHTy IEC/TS 60034-18-42:2008 Rotating
electrical machines — Part 18-42. Qualification and acceptance tests for partial discharge resistant electrical
insulation systems (Type Il) used inrotating electrical machines fed from voltage converters (MalwmnHbl 3/1€KTPU-
yeckune Bpauwatoumecs. Yactb 18-42. KBaiMpUKaLNOHHbIE U NPUEMHbIE UCMbITAHUSA A/15 CACTEM 3/IEKTPOUN30-
NAUMN. CTOMKMX K YaCTUYHOMY paspsgy, Tvna |l. ucnosib3yembix BO BpalLaloWwmnXcs 3/1eKTPUYECKUX MatlnHax
C nuTaHnem oT NpeobpasoBaTesieli UICTOUYHUKA HaNpPsXXeHNs).

MexayHapoaHblii LOKYMEHT pa3paboTaH TEXHUYECKMM KOMUTETOM No cTaHgapTusaumm TC 2 «Bpalyato-
LMecs MalmnHbl» MexayHapoaHol anekTpoTexHuyeckon komuccum (IEC).

MepeBop, c aHrNIACKOro A3blka (en).

OdomumanbHble 3K3eMNAAPbI MeXAYHapOA4HOro cTaHAapTa, Ha OCHOBE KOTOPOro NoAroToB/ieH HacToNA-
LLMIA MEXTOoCY[apCTBEHHbIV CTaHA4APT, U MEXAYHAaPOAHbIX CTaHAAPTOB, Ha KOTOPbIe AaHbl CCbI/IKW, UMEHOTCH B
denepasibHOM areHTCTBE M0 TEXHUYECKOMY PEryiMpoBaHunto 1 MeTPOornn.

CBe/leH1S 0 COOTBETCTBUN MEXTOCYapCTBEHHbIX CTaHAapPTOB CCbI/IOYHbIM MeXAYHapoAHbIM cTaHAap-
Tam npmBeeHbl B AOMO/THUTE/IbHOM NpuaoxeHun JA.

CTeneHb cCOOTBETCTBUA — naeHTuyHas (IDT)

6 BBEJIEH BIEPBbIE
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NHdopmMaLms 06 U3MeHeHUAX K Hac T osleMy cTaHgap Ty ny6nkyeTCcs B eXerogHom nHhopMaLmnoH-
HOMyKasaTene «HaunoHanbHble CTaH4apTbi», @ TEKCT U3MEHEHU MMONPaBOK — B eXXeMeCA4YHOM MHAOp-
MauMoOHHOM yKasaTene «HauuoHasnbHble cTaHAapThi» B cnyyaB nepecmoTpa (3amMeHbl) WA OTMEHbI
HacTosAWero craHgapTa COOTBeTCTBYHLlIee yBeAoM/eHNe OGyfeT OMy6/IMKOBAHO B eXeMeCAYHOM
MHOPMaLMOHHOM YyKasaTersie «HaunoHanbHble cTaHdapThi». CooTBeTCTBYyWas nHdopmaumns, yse-
[OMJ/IeHME N TEeKCT bl pasmeLLLalo T A Takke BMHHOPMaLMOHHOV cucTeMe 06L1,eronosib3oBaHnsa — Ha ou-
unanbHoM caliTe desepasbHOro areHTCTBa N0 TEeXHUYEeCKOMY PerynpoBaHmMio 1 MeTpPoornm B ceTu
NHTepHeT

© CrtaHgapTuHdopm. 2015

HacToswumii ctaHaapT He MOXeT 6bITb NMO/THOCTLIO UM YAaCTUYHO BOCTNPOU3BEEH, TUPAXMPOBaH U pac-
nNpocTpaHeH B KauyecTBe OULNaIbHOTO N3aaHus 6e3 paspelleHns PefepasibHOrO areHTCTBa MO TEXHNYECKO-
My PerysimpoBaHuio 1 MeTpos1ormm
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M E X T OCY 4 AP CTUBEHH b # C T A HAOAPT

MALWWHbI 9NTEKTPUNYECKUNE BPALWAKLWNECA
YacTb 18-42

KBanuurkaunoHHble 1 NPUEMOYHbIE UCTbITAHUS AJ1S CUCTEM 3/1€KTPON30NALMN,
CTOKMX K YaCTUYHOMY pa3psgy, Tuna Il, ncnonb3yemMblx BO BpalliatoLimxcs
3/1eKTPUYECKMX MallMHax c NnuTaHneM OT npeobpasoBaTesieii NCTOYHUKA HaMPsHXeHUs

Rotating electrical machines. Part 18-42. Qualification and acceptance tests (or partial discharge resistant electrical
Insulation systems (type Il) used in rotating electrical machines fed from voltage converters

Nata BBepgeHns — 2016—03—01

1 O6nacTb NpuMeHeHNA

HacTosiwumii ctaHgapT onpeaenseTt KpUTepun OLeHKN N30/SILMOHHBIX CUCTEM 0GMOTOK cTaTtopa (poTopa)
0AHOMa3HbIX UM MHOTOa3HbIX 3IEKTPUYECKUX MALLVH MepPeMEeHHOr0 TOKa, KOTopble NoABepPXeHbl NOBTOPSIHO-
LWMMCSI MMMY/bCHBIM HaNpPskeHUsM, BblpabaTbiBaeMbIM npeo6pasoBaTensmu ¢ LUMM. 1 KoTopble A0/MKHbI
BblAepX1BaTb BO3AENCTBME YacTNUHbIX pa3paaos (UP) B TeueHve BCero cpoka cnyx6bl. CTaHaapT onuckbiBaeT
3/1EKTPUYECKME KBA/IM(IUKALMOHHBbIE Y MPUEMOUHbIE UCMLITAHUS Ha NPeACcTaBUTe IbHbIX 06pa3uax, KoTopble
[OMKHBbI NOATBEPXAATL UX NPUTOAHOCTL AN paboThbl C Npeo6pasoBaTenAMy HaNpPsHKeHUs.

HacTosiwuii ctaHgapT He pacnpocTpaHsieTcs Ha:

- BpalaloLmMecs 3NeKTpMUYeCcKme MallvHbl, UICNoMNb3ylolme NpeobpasoBarte b TObKO AN NycKa:

- 3nekTpoo6opyaoBaHME CUCTEM TpaHcnopTa.

NMpumeuyaHune — XoTa HAcToAWMI cTaHAApPT CBsi3aH ¢ Nnpeo6GpasoBaTenAMN HaNpsHXXEHUs, NpU3HaeTCs, 4YTo
cyuiecTBylOT u gpyrue npeo6pasoBaTenin, KOTOPble MOTYT reHepupoBaTb NOBTOPAOLWMECSH UMNYNbCbl HaNpsxeHna. Ans
Takux npeo6pasosarteneii, ecnm HEO6X0AMMO, MOXET 6bITb NCNO/Ib30BAH aHANOTNYHbI NOAXOA.

2 HopMaTuBHBbIE CCbINKU

[ns npuMeHeHWs HacTosALWero cTaHgapTa Heo6Xo4MMbl CeayoLLne CCbl/I0YHble AOKYMEeHTbI. na aatun-
POBaHHbIX CCbIIOK MPUMEHSIOT TO/IbKO yKa3aHHOe U3[aHue CCbIIOYHOro AOKYMEHTa, ANA HeAaTUpOBaHHbIX
CCbI/IOK MPUMEHSAIOT Noc/iefHee n3gaHne CCbIZIOYHOTO JOKYyMeHTa (BK/1to4as BCe ero UsmMeHeHus).

IEC 60034-18-1:2010 Rotating electrical machines — Part 18-1: Functional evaluation of insulation
systems — General guidelines (MawuHbl 3anekTpuyeckne Bpawawowmecs. Yactb 18-1. PyHKUMOHa/IbHAA
oueHka cucTem usonaumn. O6LLmMe pykoBogsLLme yKasaHns)

IEC 60034-18-32 Rotating electrical machines — Part 18: Functional evaluation of insulation
systems — Section 32: Test procedures for form-wound windings — Electrical evaluation of insulation systems
used in machines up to and including 50 MVA and 15 kV (MalwunHbl anieKTpuyeckme Bpawatowmecs. Yactb 18:
DYHKUMOHa/IbHAsA OLeHKa cucTeM nsonsaunun. Pasaen 32: MeToAuKy UCNbITaHWI Wa6/I0HHBbIX 0GMOTOK. OLeHKa
3NEKTPUYECKUX XapaKTEPUCTNK CUCTEM U30/IALUU, UCNOJb3YEMbIX B MalLMHaxX MOLHOCTbLIO 4,0 50 MBA BKOUMK-
TeNbHO M HanpshkeHnem 15 kB)

IEC 60034-18-41 Rotating electrical machines — Part 18-41: Qualification and type tests for Type |
electrical insulation systems used in rotating electrical machines fed from voltage converters (MawwuHbl
3fleKTpuyeckue spauiarowmecs. KsanndukaunoHHble U TUNOBbIE UCTbITAHUSA 3/IEKTPUYECKNX N3ONALMNOHHBIX
cuctem Tmna |. NCNOb3yeMbIX BO BpaLLaloLLMXCs 3/1EKTPUYECKUX MaLUMHaX, NUTaOLWNXCS OT NnpeobpasoBare-
nen HanpskeHns)

N3paHne opuynanbHoe
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IEC 60216-3 (2neKkTpuyeckne WU30MSUMOHHbIE MaTtepuasnbl. TepMuyeckass CTOMKOCTb. YacTb 3.
WHCTPYKLUMA No pacyeTy XxapakTepUCTUK TEPMUYECKON CTOMKOCTH)

IEC 61251 (3nekTpuyeckue n3onsaumoHHble matepunasbl. OLeHKa CTOMKOCTM MO OTHOLLEHUIO K Hanps-
XXEHWI0 NepeMeHHoro Toka. BeegeHune)

IEC 61800-4 (CunoBble perynvpyemble 3anekTpuyeckne npuBogbl. Yactb 4. O6wme TpeboBaHUS.
HomMUWHasIbHbIe flaHHble 471 CUNOBbIX 3/1IEKTPONPUBOA0B NEPEMEHHOrO TOKa HanpsixeHnem csebiwe 1000 B n
MeHee 35 kB)

IEC 62068-1 (9neKTpuyeckne WU30/SLUMOHHbIE CUCTEMbI. DNIEKTPUYECKNE BO3AECTBUSA, NPOM3BOAM-
Mble MOBTOPSAOWMMUCS nMNynbcaMmu. HacTb 1. O6Wnii MeTom OLEeHKN 3/IEKTPUYECKOTO CONPOTUBIIEHUS)

IEC 62539 (PykoBOACTBO MO CTaTUCTUYECKOMY aHannM3ly pAaHHbIX 06 Npo6osiX 3/1eKTpUYecKon
n3onaunm)

3 TepmuHbI 1 onpeaeneHus

B HacTosweM cTaHAapTe NPUMEHEHbI CriefyoLine TepMUHbI C COOTBETCTBYOLMMUN ONpegeneHnsaMu:

3.1 koadhpuymneHT yBennueHumnsa HanpshxeHuns (voltage endurance coefficient) n: 3kcnoHeHTa nHBep-
CHOli CMI0BOW MOZEeNu UM 3KCMOHeHuManbHas MoAeNb, MO KOTOPOW onpeaensieTcs CBSA3b MeXAY CPOKOM
CNyX06bl N30ALMOHHOWN CUCTEMbI M aMNANTYAO0M BO3AENCTBYIOLLEro Ha Hee HanpsXXeHns

3.2 cpok cnyx6bl (life): Bpemsa paboTbl 40 NoBpexaeHus (0Tkasa)

3.3 maTtepuan AnA BbipaBHWBaAHWA 3/1€KTPUYECKOW HanpshkeHHOCTU (stress grading material):
MaTtepuan, 06bI4YHO UMeKLWNI HEMHENHYIO XapaKTePUCTUKY aKTUBHOIO CONPOTUBNEHUSA, NPUMEHSAEMbIN ANs
No60oBbIX YacTeli 06MOTKM cTaTopa C Le/bio YMeHbLUEHNSI MaKCUMasIbHOTO 3HAYEHUS 3/1eKTPUYECKOW Hanps-
XEHHOCTU.

3.4 maTepuan onsa aHTUKOPOHaPHOro NOKpbITUA (corona protection material): Matepuarnbl, nCNonb-
3yeMble A/19 NOKPbITUS CTePXHEN 0O6MOTKM B Na30BOI YacTy cepAedHuka ctatopa ansa nsbexanHms UP B nasy.

3.5 Bpemsa HapacTaHusa nmnynbca (impulse rise time)t,: Bpems HapacTaHusa umnynbcaoT0 % a0 100 %
(cm. pycyHoOK 1).

MpunmeuyaHune — [oka He OTOBOPEHO MHOE, 3TO BpeMs paBHO 1.25 BpemeHu yBennyeHns HanpsxeHunsa ot 10 %
A0 90%.

3.6 anekTpomsonauMoHHasa cuctema (electrical insulation system): VI3onauMoHHas CTPYKTypa, coaep-
xauaa oguH nnn 6osiee 31EKTPON3ONALUNOHHBIX MaTeprasioB BMeCTe C COOTBETCTBYOLWMMM NPOBOAALWMMN
YacTAMM, MPMMeEHSAEMbIMU B 3/1eKTPOTEXHUYECKOM ycTpolicTBe (cM. IEC 62068-1).

3.7 (anekTpuyeckas) HanpsxeHHOCTb [(electric) stress. B/MM]: HanpsXXeHHOCTb 3M1eKTPUYECKOro
nons.

3.8 HOMUHanbHOe HanpsaxeHue (rated voltage) Un. BennuunHa, 06bI4YHO onpeaesieHHasi nponssoauTe-
nem Ansa onpefeneHHbIX pabounx ycnoBuii MallvHbI.

3.9 ocHoBHas yacTtoTa (fundamental frequency): HUacToTa B cnekTpe, Nosiy4eHHasi C NOMOLLbIO Npeob-
pasoBaHus Pypbe Nnepnoanveckoli BpeMeHHOM OyHKLUNKN, C KOTOPOL COOTHOCATCS BCe HacTOThl CnekTpa.

MpumeyaHune — B HacToAlweM cTaHAapTe NOA OCHOBHOI YacTOTON HaNPsSXEHWA Ha 3axumax MalunHbl NOHWU-
MaeTcda YacToTa, onpegenalu,an ee CKOPOCTb BpaweHna npu nutaHmm ot npe06pa3OBaTenﬂ.

2
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3.10 ycTtaHOBMBLUEECHA 3HadyeHMe WMNY/IbCHOro HanpshkeHusa (steady state impulse voltage
magnitude) Ua: KoHeuHoe 3HavyeHne nmnysbca HanpsxxeHus (CM. pUCyHOK 1).

3.11 nukosoe (MMNyfnbCcHOe) HanpsxeHue (peak (impulse) voltage] Up: MakcumanbHoe 4mMcrieHHoe
3HAYEHNE HaNPsHKEeHUs, 4OCTUIaeMOoe YHUNONSAPHbIM UMMNYbCOM (1/pHa pucyHke 1).

NMpumeyvyaHne 1— [ANA 6UNONAPHBIX UMNY/ILCOB 3TO HANPsH)KEHWe PaBHO NOJIOBMHE MEXMNKOBOro Hamnpsxe-
HWA (CM. PUCYHOK 2).

MpumeyaHune 2— MeXNUKOBOE HanpsXeHne nokasaHo Ha puUcyHke 2.

3.12 nepeHanpsxeHue (voltage ovorshoot) Ub: BennunHa NMKOBOrO HanpsikeHWs MO OTHOLLUEHUIO K
YCTaHOBUBLLEMYCS 3HAYEHWIO UMMYIbCHOTO HANPSHXXEHUA (CM. PUCYHOK 1).

3.13 yacToTa NOBTOPSAEMOCTM MMNYNbCOB HanpsXxeHusa [impulse repetition frequency]: CpeaHee
YNC/I0 MMY/IbCOB HaNpPsHKeHUs B eAUHULY BPEMEHM, FTeHepupyeMblx Npeo6pa3oBartesieM (4acToTa nepeksito-
yeHus).

3.14 cka4yok HanpsixeHus (jump voltage) Li: IaMeHeHne HanpsikeHUsi Ha 3aXMMax MalluHbl B Havane
KaXA0ro MMMy nbca npu nuTaHum ero oT npeo6pasosaresisi (CM. PUCYHOK 3).

3.15 mexnukoBoe uMnysabcHoe HanpsaxeHue (peak to peak impulse voltage) U'~A”": HanpsixeHue

MexXAay NMKaMy Ha YacToTe UMMY/IbCOB (CM. PUCYHOK 2).

3.16 mexnunkoBoe HanpshkeHue (peak to peak voltage) HanpshkeHne mexay nmkamm Ha OCHOB-
HOW YacToTe (CM. PUCYHOK 2).

3.17 vacTnuHblil pa3psag (YP) (partial discharge): nekTpuyeckuii pa3psif, KOTOPbIA TONLKO YaCTUYHO
nepekpbIiBaeT N301ALNI0 MeXAy NPOBOAHUKaMU.

MpumMmeyvyaHune — OH MOXET NPOU3OKTI BHYTPU U3ONALUN UNU B6AN3N NMPOBOAHMKA.
4 3 deKTbl, BO3HMKalOLULIME NpU paboTe oT Npeobpa3oBaTesnis 4acToThl

4.1 HanpsikeHue Ha 3aXumax MalluHbl, NoslyYar el NuTaHue oT npeobpasoBaTens

Bpems HapacTaHUs BbIXOAHOIO HanpshkeHNsi COBPeMeHHbIX Npeo6pa3oBartesieli Haxo4uTCA B Npegesiax
50—2000 HCc 6narogaps xapakrepucTukam nosynpoBOAHUKOBLIX KOMMYTaTOPOB. HanpseHue Ha 3axumax
MallUHbI, NoslyYatoLeil NuTaHne ot npeobpasoBaTessi, 3aBUCUT OT HECKOJTbKMX XapaKTepuUCcTUK CUI0BOro npu-
Boga (cm. IEC 61800-4). Takmx Kak:
paboyee NMMHeHOe HanpshXeHe Npeobpa3soBaTtens,
apxuTeKkTypa 1 pexum ynpasseHus npeobpasosaTens,

Hanuuune uUIbLTPOB MeXAyY ABUraTesieM 1 npeo6pasoBaTesiem.
[OJIMHA W XapaKTePUCTUKM Kabens Mexay HUMK,
KOHCTPYKLUSA 06MOTKN MaLUVHbI.

- cucTema 3aseMsieHus.

UT06bI NPUMEHUTb HACTOALWMI CTaHO4APT K OLEeHKe W NpoBepke W30/ALMOHHOW CUCTEMbl OOMOTKM,
HEO6XOANUMO YCTaHOBUTbL Tpebyemble MapameTpbl HanpshHKeHUs, MOSIB/SIIOLWEroCs Ha 3aXuMmax MallvHbl
(cm. pasgen 6). B cnyyaB ncnonb3oBaHUs ABYXYPOBHEBbLIX WM UHbIX Npeo6pa3oBartesieli HanpskeHns reHe-
pupyemble npeobpasoBaTtesieM MepeHanpskeHUss Ha 3axmmax MallnHbl 3aBUCAT OT BPEMeHU HapacTaHus
MMnynbca Ha Bbixofe npeo6pasoBaTtensi, OT A/IMHbI KaGens U NoSIHOrO0 BXOAHOrO CONPOTUB/EHUST MALUUHbI.
3TK NepeHanpshKeHWs1 CO34al0TCA OTPAXEHHbIMY BO/THAMU, BO3HMKAOWUMU MeX Ay COeJHeHAMMU Kabens ¢
3aXMMaMun MallnHbI UM NpeobpasoBaTtesis N3-3a paccoryiacoBaHMsa UX CONPoTUBAEHN. HanpshkeHne, nNosBs-
nsAoweeca Ha 3axMmax MalvHbl B C/lyyae NUTaHUs OT TPexypoBHEBOro npeo6pasoBaTesisi, MOKa3aHO Ha
pUCYHKe 2, rae nokasaH ofvH Nepuro Ha OCHOBHOI YacToTe.

[lBa npumepa nony4yeHnss MakCMMasibHOrO U3MEHEHUS HaMpPsKEHUS HAa YacToTe UMNY/bCOB L| nokasaHbl
Ha pUCyHKe 3. OTOT NapameTp BaKeH Npu onpegeneHnn yBesIM4eHns HanpshkeHUs, KOTopoe MOXeT NPON30iTn
Ha nepBoO UM NocnefHe KaTylKke 06MOTKN cTaTopa. XOTS MeHbluee 3HavyeHune L. noka3aHHOe Ha pUCYHKe 3,
siBNsieTcsl HanGonee 06LUM Cly4aeM MIHOBEHHOT0 U3MEHEHMs HanpshXXeHWst Ha 3aKMMax 06MOTKM, CyLLecTBY-
eT BEPOATHOCTb TOr0, YTO B OTAE/IbHbIX C/IyHasix 3TOT CKAYOK HaNpPsHKEHUSI MOXET NPOU30ATY B MOMEHT nepe-
KMH0UYEHMA MeX Ay YPOBHAMU. Toraa nsmeHeHve HanpshkeHns 6y4eT COOTBETCTBOBaTb 60/1bLUeMy 3Ha4YeHuto L/,
npuBefeHHOMY Ha puUcyHke 3.
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PucyHok 2 — Mexda3Hoe HanpsXeHWe Ha 3axXnumax MaluHbl Npyv NUTaHUn OT TPEXypPOBHEBOTO Npeobpa3osBaTens

PucyHok 3 — B0O3MOXHbIi cKayok HanpsxeHunsa Uy Ha 3aXumax MallunHbl, CBSI3aHHbIW C TUNOM npeob6bpasosartens

MpyMepbl yBeIMUYEHUST HAaNPSXXeHNUs A5 ABYXYPOBHEBOIO Npeo6pa3oBaTesisi, MPOUCXOAsL e Npy pas-
JINYHOM BpPEMEHV HapacTaHUsi UMMy/IbCca U Pa3NNnyHoOW A4vHe Kabens, NpuBeaeHbl HA pUCYHKe 4. 34eck Nnoka-
3aH XyAWuii crydail, COOTBETCTBYIOLWMIA pexrMy XO/IOCTOr0 Xofa npeo6pasosBatens. B 3atom cnyuae

yBe/IMYEHNE HaMpPsHKEHUS He3HAYUTesIbHO NPV BpeMeHW HapacTaHus mMmnynbca 1000 HC 1 anuHe kabens
MeHee 15 m. OHO gocTuraeTt 3HayeHuA 1.2 TOoAbKO Npu NnHe kabensa 6osiee 50 m.
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11.

1.0 | 1 L B B | 1 O N A |
1 10 100 /. m

e -50umc; O- 100 Hc, v- 200 He, 7 -1000 HC

PUCYHOK 4 — MakcumasibHOe yBENMYEHMNE HANPSXKEHNSA HA 3aXUMax MawWuHbl B PyHKLUUM ANUHBI Kabens t
M pas3iniHOM BPEMEHU HapacTaHus UMNyNbca ANs ABYXYPOBHEBOro npeobpasosarens

4.2 HanpshKeHHOCTb 3/1IEKTPUYECKOTOo NOJIsi B U30SALMOHHON cucTeMe 06MOTOK MallUHblI

4.2.1 O6wWwure NoNoOXeHUs

Ecnn o6MoTKa noaBepraeTcsi BO3AENCTBUIO MMMY/IbCOB C MasibiM BPEMEHEM HapacTaHUs U € 60MbLUOo
aMnAnTynoi, BCnefyowmx MecTax (CM. pUCYHOK 5 a. b) MOXET BO3HUKATb Upe3MepHasi Hanpsi)XeHHOCTb Noss:

- Mexay NpoBOAHMKaMU pa3nyHbIX das,

- Mexay NPOBOAHUKOM 1 3a3eMJIEHHbIMUW 3/IeMeHTaMy KOHCTPYKL MW,

- Mexay CoceaHUMU NMPOBOAHMKaMN, HAXOAALWNMUCS OKOJI0 JIMHENHOTO BBOAA OOMOTKN.

a) b
N — pazHas n3onauus (Mexcnoiinas): b — N301ALMs Ha 3eMAI0; C — BUTKOBAH M30/1sLUMst; d — CUCTEMA 3aLUTbI OT KOPOHbI & nasy;
€ — CUCTEMA BbIPABHVUBAHMS HAMPSHKEHHOCTU 3/IEKTPUYECKOTO NONS; 1 — MexdasHas n3onauus; 2 — 3onaums «asa—s3emns»;

3 — MexXBWUTKOBas M3015auua

PnucyHok 5 — Mpumepbl KOHCTPYKLUN N30NALUOHHbBIX CUCTEM (& — BCbiNHas o6moTka. b — wabnoHHas o6MoTkKa)
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MoCKOo/IbKY B OTAEMBHbLIX HaCTAX U30/IALUN BO3HMKAIOT 06 bEeMHbIE M MOBEPXHOCTHbIE Pa3psaabl, 3N1eKTpu-
yeckasi HanpsHKeHHOCTb OnpeesiieTcs He TONIbKO MITHOBEHHbIM 3Ha4YeHNEM HanpPsXeHUs!, HO Takxe NMKOBbIMU
HanpsHXeHUAMU, NPUNOXKEHHbIMKU paHee. OB6LIYHO, KakK rnokasasa npakTuka, cpeau orpaHnyeHuii, CBOMCTBEH-
HbIX 3/1EKTPONpPUBOAY, [O/DKEH pacCMaTpMBaTbCA Takol napaMeTp, Kak Mex/IMKoBoe HanpshkeHne. 3To cBsA3a-
HO C TeM, 4YTO YHUMOJSIPHblE HaMPsHXeHUs1 BbI3blBalOT Te Xe HamnpshkeHHOCTU, UYTO W BUNOMIAPHbIe Npu
OIHAKOBbIX MEXIMUKOBbIX HAMPSXXEHUAX.

4.2.2 HanpshXeHHOCTb Nnosisi B Mexdas3Hon nsonsaymm

MakcrMasibHble HanpPsHXXeHHOCTN B MeXMa3HOoM U30NALUN 3aBUCAT OT KOHCTPYKLIMM OBGMOTKN 1 XapakTe-
PUCTUK NPUJTOXXEHHOTO HanpshXeHus.

4.2.3 HanpshXeHHOCTb Mosis B U30nAunmn «pasa—3emnn»

MakcuManbHble HaNPSXXeHHOCTU B U30NAUnn «thasa—3emna» onpeaensatoTca KOHCTPYKLMen 06MOTKN 1
XapaKTepucTrkamu 3T N30aL1N.

4.2.4 HanpsXeHHOCTb NONsA B BUTKOBO N301ALMN

HanpsikeHHOCTb M0J1si B BUTKOBOI U30/1LUMKN ONpeesifieTcsl CKauYKoM HarnpsixeHus «dasa—s3eMnsa» (ero
amMnAnTyAolN N BpeMeHeM HapacTaHMs) U KOHCTPYKLKNENn camoii 06MOTKM (KOSIMYECTBO KaTyLlek, KOIMYeCcTBO U
ONMHa BUTKOB). Ecnun 3TO HanpshkeHne He 3a4aHO, TO MOXHO NPUHATbL, YTO OHO PaBHO CKauKy HanpskeHus
«haza—3emsisa», eNIEHHOMY Ha Y/NC/10 BUTKOB (415 06bIYHOI KaTYLUKW) WX C/I0EB KaTyLKW (4719 MHOrOC/10-
HbIX KaTyLlekK). BO3MOXHO ero onosiHnTeibHOe yBeninyeHne ns-3a beryieii B4osb NPOBOAHUKA BO/HbI HAMpPS-
XeHus.

5 N3onayunoHHblie cuctembl Tuna ll

Ecnu xenatenbHO, 4To6bI Nt06as YacTb U30MASALMOHHONM cucTeMbl MPOTUBOCTOS/Ia YP BO Bpemsi Bcero
cpoka cnyx6bl, TO ee OTHOCAT KTMNy |l, 1 OHa NO3TOMY A0/HKHA BbINOSTHATLCA N3 MaTepuasioB, CNOCOGHbLIX MPO-
TUBOCTOATb Bo3aelicTBuio UP. Kak npaBuio, n3onsunoHHble cucTembl Tuna Il ncnonb3yloTcs B MallnHax ¢
HOMUWHa/IbHBIM HanpshxeHnem 6osiee 700 B. NMpounssoanTenn 06bIYHO ONpPeaenatoT HOMUHa/TbHOE HanpsiXXeHne
MallMHbl NPU YacToTe CeTU, YTO COOTBETCTBYET CUHYCOMAAIbHOMY UCTOUYHUKY HANpsXeHns YacToTol 50 nnm
60 ly. B cnyyae nuTaHMs MalluHbI OT NpeobpasoBartesieli Takoe onpejesieHe HOMUHaNIbHOTO HanpshKeHus
HENPUMEHNMO, XOTSi NMPOM3BOAUTENIN MOTYT BCE €Ll e CHMUTaTb ero COOTBETCTBYOLWMM paboTe 0T CUMHycounaasb-
HOr0 NCTOYHMKA YacToTol 50 uam 60 'y M o60o3HaYaThb ero Ha WNUTKe MalwnHbl. HopMmupoBaHne N3oNAaLMOHHOMN
cucTeMbl MalMHbI Npy paboTe OT NpeobpasoBaTtesis 4O0/HKHO NPOBOAUNTLCSA C YHETOM BO34eNCTBYOLWNX haKTo-
pOB, NPV KOTOPbIX NPOBOAATCA KBa/IM(UKALMOHHbIE UCMbITaHNSA. HOMUHabHOE HanpsXeHne Npu NPoOMbILL-
NEHHOW YacToTe, NPUHATOE MNPOM3BOAWTENIEM, MOXET OKa3aTbCsi HeMnpurogHblM B c/llyvyae nuTaHus oT
npeobpasoBaTens.

6 dakTopbl BO3AENCTBUA A5 N30MALNOHHBLIX cucTem Tmna ll
npu nutaHum oT npeobpasoBarens

MpOoeKTNPOBLLMK 3/1eKTPONPNBOAA AO/IKEH NPefoCTaBUTb KOHCTPYKTOPY 3/1eKTPUYECKOW MallnHbI faH-
Hble 0 HanNpsHKeHUN Ha ee 3axnmax. dTa MHhopmMaLumusa A0/HKHa 6bITb BK/IlOYeHa B cneLyuKkaLlmnio MalliHbl B
[0NOIHEHNE K TPaAVLMOHHBIM AAHHBIM, TAaKUM Kak HOMUHa/IbHOEe HanpshkeHune, K/1acc HarpeBoCTOMKOCTY U30-
NAuMK, NapameTpbl OKpyXatoleid cpedbl 1 Ap. CneynduryeckMMy napaMmeTpamm Hanps>KeHUs Ha 3akuMmax
MaLLVHbI ABASAIOTCS:

a) OCHOBHasi YacToTa M4yacToTa NOBTOPEHUS UMMY/ILCOB Ha 3aXKMMax MaluvHbI;

b) MEXMNUKOBble HaMPSHXKEHMUS Ha 3TUX YacToTaxX M CKauYOK HamnpshkeHWs, KOTopble MOTyT NOABUTLCA Ha
3aK1UMax MallviHbl;

C) BpeMs HapacTaHMsa umMnysnbca tr.

B Ta6nvue 1npusBefeHa cTeneHb BAVSHNA NapaMeTPOB HaMPSHXKEHUSA Ha 3aXMMax MallnHbl Ha npoLecc
cTapeHus OTAeNbHbIX KOMMOHEHTOB U30/IALMOHHON cnucTeMbl Tuna Il. B mawnHax, MMeLwmx N3oisLmnoHHbIe
cucTeMbl Tvna |, KopnycHas, mexdasHas U MeXBUTKOBas MU3015ALMA 0ObIYHO NpefcTaBiseT KOMOUHALMIO
OpraHV4yecknx U HeopraHnyecknx MaTepuanos. [ CTaTOPHbIX 06MOTOK C HanpshkeHneM cBbiwe 700 B B nasy
MOXEeT MPUMEHATbLCSA 3alUTHbIV CN0I OT KOPOHbI, KOTOPbIA B KOHTaKTe CO CTEHKaMM Nnasa fAB/seTCsA 3a3eM/1eH-
HbIM 3KpPaHOM A/ Na30BOW u3onAuun. MoBEPXHOCTb U30/1ALMM MPOBOAHUKA MOABEPXEHA KOHLeHTpauum
HaMpsHKeHHOCTM B MeCTe BbIX04a 13 nasa, 1 /151 BbICOKOBO/IbTHOWM MallMHbI OHa MOXEeT 6bITb MOKPbITa MaTepu-
a/IoM. BbIpaBHUBAOLUM HaMpPs>KEHHOCTb, YTO6bI N36eXaTb BO3MOXHOCTU MOSAB/IEHNSA MOBEPXHOCTHbIX pa3ps-
[0B. 3TV NATb KOMMNOHEHTOB (MEXBUTKOBAas. KOPMyCHasi, MexdasHasa U3oAaunus, cucteMa 3awmnTbl OT KOPOHbI U
cucTtemMa BblpaBHUBAHMSA HAMPSAXEHHOCTU 3/1EKTPUYECKOro NoJisi) 06pasyoT TUNNYHYIO U30ASLMOHHYIO CUCTe-
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My Tuna Il. MexdasHoe HanpsixeHne NosiIBASeTCA B C/ydae, Korga B nasy fiexart ABe KaTywku, npuHagnexa-
Wwmre pasHbiM pazam. OfHAKO B 3TOM C/lydae MMEIOTCA ABa C/0si KaTyleuyHoW u3onsumu, pasgeneHHble
N30SI MOHHOW NPOKNAAKON, 1 NO3TOMY CUMTAETCSH, UTO HaMpPSXXEHHOCTb MOJISt HE AOCTUraeT CTO/b BbICOKUX
BE/IMUVH, YTO6bI OTAE/TLHO NPOBOAUTL UCTIbITAHMS 3TOW KOMMOHEHTbI U30M151UMK. MO3TOMY HE NPeLyCMOTPEHO
cneymnanbHbIX UCMbITaHWA 415 MeX(a3HoM M30M1AUMN. KOMNOHEHTbI U30M15UMK, NOABEPratoWmecs KBaimpuka-
LMOHHBIM M MPUEMOYHbIM UCMbITaHWsIM, NPUBeAEHbI BTabnuue 1.

Ta6nuuya 1— BauaHve napaMeTpoB HaMPsHXKEHUS Ha 3aXMMax MalluHbl, Monyvawweid nuTaHme ot npeo6pasosare-
/ISl. HA YCKOPEHUe CTapeHUsi COCTABAOLWNX N30MSLMOHHONA cucTemsl Tuna Il

Mexnunkosoe Mexnukosoe
MMNynbCHOE MMnynbCHoe
YacToTta 4 Y Bpewms
OcHoBHas HanpsxeHue HanpsbxeHue Ckavok
OnemMeHTbl U3onaumm nootopemus HapacTaHus
yactoTa (ocHoBHas (HayacToTe  HanpshkeHus
MMMNynbCOB nMnynbca
yacToTa) MMMYbCOB)
4>p>*
MexaunTkoBas nsonayua (o] . . .
KopnycHas nsonauyus . o . o o ¢}
CuctemMbl 3alWUTbl OT KOPOHbI 1 o . . . . .
BblpaBHWBaHUA HanpsXeHHoCTH
3/1eKTpnuYecKoro nons
NMpumeyaHne — O — MeHee BaxHblll; « — 60/ee BaxHbIi.

[N M30NAUMOHHBIX CUCTEM, CMPOEKTUPOBaHHbIX A1 NPUMEHEHUSI NPU YacToTe CeTU A0/ITOCPOYHbIE U
KPaTKOCPOUHble a(hdhekTbl OT BO3AENCTBUA HOMUHAILHOIO HAMPSXEeHU «IMHUA—3eM/Is1», MPUIOXKEHHOTO K
na3oBOli M305LMMN 1 CIOK BbIPaBHUBAHWUS HAMPSXEHHOCTUN 3/1EKTPUYECKOTO MONS, ABAAITCA MPUHLMNNATBHO
BaXKHbIMU. BuTkoBas n3onaumns o6bI4YHO paccUMTbiBaeTCs Ha camMoe KOPOTKoe BpeMsi HapacTaHusa BCrsiecka
HanpshKeHWs, 3TV BCM/1eCKM 06bIYHO OYeHb KPaTKOBPEMEHHbI M OTHOCUTE/IbHO peaKy Mo CpaBHeHUIOCHacToTol
NOBTOPSIEMOCTU UMMY/ILCOB. 10 3TOW NPUYUHE NPUHATbIE TPe60BaHNS 0ObIYHO YA0BNETBOPSAOTCA CMOCOGHOC-
Thi0 Na30BOW N30/ALMMN BblAEPXUBaTb UCMbITATENbHbIE HAMPSXKEHWSA NPU MPOMBbILLIEHHOW YacToTe 1 BUTKOBOIA
13015411 — MPY UMMY/IbCHOM UCMbITaTe/IbHOM HanpskeHun. [19 NpoBepkn COOTBETCTBUSA U3O/ALMOHHOM
CUCTeMbl pacHeTHOMY CPOKY C/yX06bl 06bI4YHO 4OCTATOUYHO MCMbITAHUSA NO MPOBEPKE 3/IEKTPUYECKON MPOYHOCTH
n3onauum npu yactoTe 50 M 60 M. TO UCNbITaHNe NO3BO/IAET KOHCTPYKTOPY YCTAaHOBUTb BO3MOXHOCTb A/11-
TeNbHO paboTbl Ma30BO N30NALUN.

B cnyyae nuTaHus oT npeobpasoBartesia Ha BXOAe MallnHbl MNOABSETCA HanpsheHue 6051ee CAOXHOM
hOpMblI, 4TO NPUBOANT KAPYroMy pacrnpefeieHnto Hanps>XkeHHOCTN B 06MoTKke. KoprycHas n3onauus, cucre-
Mbl 3al1Tbl OT KOPOHbI Y BbIPaBHUBAHWSA HAMPS)XEHHOCTN 3/1eKTPUYECKOro NoJ/is NoABePXeHbl aMMANTYA4HOMY
3HayYeHUto NepeHanpsxeHns Ub. ckopocTy HapacTaHUs 1 NOBTOPSEMOCTU UMMY/IbCOB HanpskeHus. Mocnea-
HWIA N3 3TUX (haKTOPOB MOXET NPVBECTN KYBENNYEHMIO HarpeBa n3-3a pocTa An3fekTPUYeCcKnX NoTepb B Naso-
BOW M3oNAUMN, cucTemMax 3awmnTbl OT KOPOHbI U BblpaBHUBAHUSA HanpsXXeHHOCTW 3/1eKTpuyeckoro nons. Mpu
YMEHbLUEHNN BPEMEHN HapacTaHWs UMMY/IbCOB 06bIYHO YBENMNYMBAETCS HaNPSXKEHHOCTb B U30MIALUN MeXay
cocefHUMN BUTKamMU BO BXOAHOW MHOTOBUTKOBOW KaTyllke 06MOTKU. KOMOMHaLuIo aTux (hakTopoB 1 UX BAUS-
HUWe Ha M30NALMOHHYIO CUCTEMY KpaliHe TPYyAHO OLEeHUTb KOIMYeCTBEHHO.

7 KBanuukaumnmoHHble U MPUEMOYHbIE UCMbITaHUS

7.1 O6uwme nonoxeHns

LNs MawuH C U30AAUMOHHBIMKM cucTemamun Tuna Il nosydawwmx nutaHve oT npeobpasoBartesnei,
CYLLEeCTBYIOT AiBa 3Tana UcnbiTaHuii. MepBblii aTan — KBaIMMPUKALNOHHbIE UCMbITaHUA KOPMNYCHOV 1 BUTKOBOIA
M30M15UUN. DTU COCTaBIAIOLWME U3OMALNOHHON CUCTEMbI ONPEAENAITCA KOHCTPYKTUBHBIMU OCOGEHHOCTAMMY,
TakKUMW Kak U30NSLNOHHbIE MaTepuasbl, AONYCTUMbIE HaMPSXXEHHOCTW MOSs, TEXHOMOMMS U3roTOBMEHUSA, U
pa3MepHbIMY NapameTpamu, KOTopble MPUCYLLM KaXAO0MY 0TAe/IbHOMY NPOU3BOANTEND. DTO UMEHHO Te Napa-
MeTpbl, KOTOpble NoAsexar npoBepke. 158 KBaIMPUKALMOHHBIX UCTbITAHNIA KOPNYCHOWN M30ALMM KaTYLLKU U
CTepXXHV 06MOTKM NOABEPratoTCA YCKOPEHHOMY 3/1IeKTPUUECKOMY CTapeHUto A/ onpeaesieHnsi CpoKa C/lyX6bl
B 3aBUCUMOCTMW OT NMPUJIOXKEHHOTO HaNPsHKEHMWS. B HEKOTOPbIX Cly4Yasx Takke BO3MOXHO NMPYMEHEHME pacyeT-
HOro MeToAa onpeseneHunst CPokKa CNyx6bl, UCNO/b3YIOLWLEr0 AaHHbIE UCMbITaHU NMPU NOBbILIEHHOM Hanpske-
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HUW NPOMbILLNIEHHO YacTOTbl. OTAe/IbHOE UCTbITaHNe NPeAyCMOTPEHO A1 BUTKOBOW nsonsaumn. Ecnn moxHo
6b1N10 NoKasaTb, YTO BUTKOBAasA WM KOPMycHas M301aUmMs He nogBepxeHbl YP B TeueHne cpoka Cryx6bl, TO
NCNbITAHNSA MOBbIWEHHBIM HanpsXXeHNeM 3TUX KOMMOHEHTOB U30/IALMOHHON CUCTEMbI MOXHO He NPOBOAMUTb.

BTopoiiatan — npMemMoYHble CNbITaHUSA. BO BpEMS HUX YKOMMIEKTOBAHHbIE KaTYLWKN, BbINO/IHEHHbIE MO
NPon3BOACTBEHHbIM CTaHgapTaM, MNoABePrarTCsA UCMbITAHUAM MOBbIWEHHbIM Harnps>XXeHnem npu 4yactoTe
50 nnmn 60 'y, 3TK NcNbITaHMS NPOBOAATCSA MO COr/TaCOBaHUIO MeXay NponssoguTeneM nnotpebutenem.

7.2 KBanndukaunoHHble NCnblTaHUA

B pamkax HacTosiLero ctaHgapTa kBaimukaluMOHHbIe UCMbITaHNS NPOBOAATCA A1 MPOBEPKM CNOCO6-
HOCTW MaTepunanos, KOHCTPYKLUUN U TEXHOMIOTMN N3rOTOBNEHNA N30NALNOHHBLIX CUCTEM O6MOTOK NPOTMBOCTO-
ATb UP Npu 3afaHHbIX 3/1EKTPUYECKNX BO3AENCTBUAX. DT UCMbITaHUS OCHOBaHbl Ha 06LWMX Npoueaypax ans
onpepgeneHnst PYHKLNOHa/TbHbIX CBOMCTB U30/ISALMOHHBIX CUCTEM, OnncaHHbIX BIEC 60034-18-1. CornacHo um
M30N5ALMOHHasA cucTemMa, npegHasHadyeHHas Ana paboTbl ¢ NpeobpasoBaTenem (UCMbITbiBaeMasi cuctema),
CpaBHMBaeTCA C N30/IALMOHHOM CUCTEMOIA, OMbIT 3KCMyaTaum KOTOPOY Npy NUTaHMM OT CeTU UM OT Npeobpa-
30BaTeNaA uMeeTcA (3Ta/IOHHasa CUCTEMA).

[na n30nAUMOHHBIX cucTeM Tuna Il KBaMprKaunoHHble NCNbITaHUA A1 KOPNYCHOM 1 BUTKOBOW M3051-
L1 NPOBOAATCA NPU NOBbILLEHHOM HaMNPsHXXeHMM NPU KOMHATHOW 1M NOBbILLEHHON TemnepaType (CM., Hanpu-
mep. IEC 60034-18-32). Vicnonb3ysa pasfiMyHblie NOBbIWEHHbIE HANPSHKEHUS WIN 4aCTOTbl MOXHO NOAYYUTb
KpVBYIO CpoKa crly6bl nsonsaunm (pasgen 9). OTMeTM, YTO UHTEPaKTUBHbIE MEXaHU3Mbl CTapeHUs BUTKOBOW U
KOPNYCHO n30nAunmn B JaHHOM pernamMeHTe He paccmaTpuBatoTcs. Cpok cnyX6bl N30MALMOHHON CUCTEMbI B
YCNOBUAX UMMY/TIbCHOTO HaNpPsHKeHUs MUTaHUA MOXET 6bITb MOMlyYeH U3 KPMBOW CPOKa CAYXObl, MOTy4YeHHOM
npv CUHyConAaIbHOM NUTaHUK, Ha 6a3e crieAyoLWwmnX AOMNYLLEHNIA:

a) cTeneHb CTapeHus Npu NMUTaHUU UMMYNbLCHLIM U CUHYCOMAasIbHbIM HanpsHXXeHnem ofuHakoBa npu
paBHbIX MEXMNKOBbIX HAMPSXKEHUAX N YNCIE OCHOBHbIX MepPUOA0B HarpsXeHUs:

b) SKCMOHEHTa cpoka CnyXx6bl M He 3aBUCUT OT YacTOTbI NpU YacToTax MeHee 1Ky,

McnbITaHna cMcTeM 3awWmThbl OT KOPOHbI U BblIPaBHUBaHWS HANPSXKEHHOCTU 3/1EKTPUYECKOTO MO NPOBO-
OATCA NyTeM OTAe/IbHOro MCNbITaHMA Ha cTapeHue. MNpy 3aToM NpeAcTaBuTesIbHble 06pa3ubl N30/ IMPOBaHHOM
06MOTKM, PacrnosioXeHHble B aHa/IOTMYHbIX peasibHbIM Mas3ax, NoABeprarTcs BO34EeNCTBUMIO MMMNY/IbCHBIX
HanpsxXeHWn, NOA06HbLIX TeM, KOTOPbIe CYLLEeCTBYIOT Npy 3aKcnayaTauuun. VicnbliTaHne NpoBOoAUTCA B TeueHne
BPeEMeHU, AOCTATOYHOTO A1 TOro, YTOObI BbIACHUTL, NOSABUINCE /N BUAVMbIE NOBPEXAEHUA B BUAE N3MEHe-
HUA UBeTa WM BbIrOpaHus.

Mcnonb3oBaHue pe3ynbTaToB 3KCIJ/lyataunn B KaYeCTBe a/ibTEPHATUBbLI KBA/IMPUKALMOHHBLIM UCTbITa-
HUAM ABASETCA NpeAMeTOM COornalleHnsa Mexay nponssoauTtenem n notpeéurtenem.

7.3 TpueMOYHble UCMbITaHUA

N5 N30NAUNOHHBIX cucTeM Tuna |l yKOMNIeKToBaHHbIe KaTyLKN B aHa10rNYHbIX peasibHbIM nasax nog-
BeprartoTcsa BO34eCTBUIO CUHYCONAA/TBHOIO HanNpsXXeHWs C BEIMYNHOM MEXNNUKOBOTro HanpsXxeHus, 84,3 pasa
npeBbILWaoLWMM TakoBOEe NpU NUTaHuKM oT Npeobpa3soBaTens, nvyacToToi 50 nam 60 'y, NPUIOXEHHOTO K KOp-
nyCHOI n3onaumm BTeveHme 250 4 (NpunoxeHne B). 3To sBNsieTCA AOCTATOYHbIM UCTbITaHVEM A/155 KOPMYCHOW
M3015ALMN, N NPOXOXAEHME 3TOr0 NCNbITAHUA He Nogpa3yMeBaeT NPMeMIEMOro CpoKa CyXo6bl Npy NUTaHUW OT
npeobpasoBaTenia. 3TOT pe3ysibTaT MOXHO NPUHATH Ha AOrMOBOPHbLIA Nepunos U Takum o6pa3om yCTaHOBUTb
OTCYTCTBME CePbEe3HbIX HeJ,0CTaTKOB B NpoLecce NpoM3BoACTBa.

8 KanngukaynoHHble UCMbITAHUSA BUTKOBOW M30M5ALUN

8.1 O6uwure nonoxeHus

BuTkoBast N30/5LMs KaTyLWeK NPy NUTaHUM 06MOTKN CUHYCOMAa/IbHBIM HanpsXeHneM 06bIYHO NpoBepsi-
eTcs Ha Cnoco6HOCTb NPOTUBOCTOATL KOPOTKOE BPEMsi HanpshXeHWIo ¢ 60/bLLION amnanTyaoi. BecnokoiicTeo
MOXET BbI3bIBaTb OT/INUNE KOHCTPYKL N BUTKOBOI N30/5ILMN OT KOPMYCHOW, MOCKO/IbKY OHU MOTYT OT/InYaTbCs
MaTepuanamu, paaMepamm U TEXHOOrel 3roToB/IeHNs.

KBanMukaLMoHHbIe UCMNbITaHUS BUTKOBOI M30/1SILUK MOTYT NOTPe60BaTbCs B3aBUCMMOCTU OT OXugae-
MOrO B MallUHe HanpshXeHus «gasza— 3eMs». CylLeCTBEHHbIMY CBOMCTBAMM 3TOr0 HaNpsiXXeHns, BAUSIOLLN-
MM Ha NPOLECC CTAPEeHUss MEeXBUTKOBOW M30MALUKN, ABASIOTCA BPEMSA HapacTaHus ummnynbca U amnantyga
cKauka HanpsikeHusi. C TOUKM 3peHUs1 KOHCTPYKLMU KaTyLLKM BUTKOBAs M30/1SILUS SIB/ISIETCS YaCThbo KOPMYCHOA,
neli COOTBETCTBYET NPOLLECC CTapeHUsl, ONMCaHHbIl B pasgenax 7 n 9.

8
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Mpu cMHycouaanbHOM NUTAHUN B GO/bLUMHCTBE C/yYaeB MEXBUTKOBAsA M30MALMA He NoABepXeHa Ha
npakTuKe 3HauYnNTeNIbHbIM 3/1IEKTPUYECKMM BO3AelicTBUsAM. Ee npuHuMnuanbHas posib 3akiovaeTcsi B NpoTu-
BOCTOSIHWM C/ly4YaliHbIM BCN/IeCKam HanpsikeHnsi U Nofo6HbIM iBieHUsiM. OAHaKO Npy NMTaHWKM OT Npeo6paso-
BaTesieil 4acToTbl C YMEHbLUEHNEM BPeMeHW HapacTaHUsi UMMY/IbCa HanpsXKeHHOCTb NOSs, CBA3aHHas CO
CKa4YKOM HarpshKeHUs, HaunHaeT CMeLaTbCA B CTOPOHY MEeXBUTKOBOIO MPOMeXyTKa, 0CO6EHHO BEero yrnoBble
o6nacTu. MNpu aKkcnlyataumum 3To MOXeT NPUBOANTL K 3N1EKTPUYECKOMY 1 TEN/TIOBOMY CTapeHUIo BUTKOBOI U30-
NAUUK. HanpsiXeHHOCTb MeXAy BUTKaMy BO3pacTaeT C YMEHbLUEHNEM BpPeMeHW HapacTaHWs UMMy/bca, yBe-
NMYMBas BO3MOXHOCTb MOSAB/EHUS YP B MeXBWTKOBOU M30MAUMW. BAWAHME OXWAAEMOro HamnpsiKeHus
«haza— 3eM/1si» Ha BUTKOBYIO U30/ISILMIO 3aBMCUT TakxkKe OT YMc/ia BUTKOB B KaTyllke. pu NUTaHUKM OT Cetu
MOTYT Cly4aliHo NOABAATLCA UMNY/bChI NepeHanpsiXeHs, Yero He NPONCXOAMUT NPU NUTaHNK OT Npeo6pa3oBa-
Tens. Mo3aToMy Npy NUTAaHUUOT CETU BUTKOBas U30/SILMUS He MO BEPXEHA 3/TEKTPUYECKOMY CTApEHMIO, KOTOpoe
MOXeT NPOMCXOAUTL NPV NMUTAHUN OT Npeo6pasoBaTens U3-3a BbICOKOW YaCTOTbl MOBTOPEHWUSI UMIMY/IbCOB.

B o6LeM, onbIT NokasbiBaeT, UTO HAMGO/bLUAA KOHLEHTPaL s HanpsXKeHNs NPOUCXOANT MeXy NnepBbIM
1 BTOPbIM BMTKamu nepsoli K IMHEHOMY BBOZY KaTylku. Ho BCneacTBMe BO3MOXHOIO OTPaXEHUs! BOSIHbI
HanpPsHKEHUsI MPOLLECC CTapeHUA MOXET 3aTPOHYTb U BHYTPEHHWE BUTKM KaTyLUKK.

8.2 MeToAbl ucnbiTaHni

Llenb ncnbitaHnii — nokasaTb, YTO CPOK CY>XObl BUTKOBOM N30MALUN NPU 3/IEKTPUYECKNX BO3AENCTBUAX
ABNseTCA NpueMsieMbiM. 3TO Xe KacaeTcs KoprnycHol nsonsaumn. O6pasLbl COCTOAT U3 ABYX OANHAPHbIX BUT-
KOB. C(DOPMUPOBAHHbIX TaK. Kak NokasaHo B 11.2. CunTtaeTcs, YTo NpoM3BoauTeNb byAeT 3HaTb BENIMUNHY Mak-
CUMa/IbHOTO MEXIMUKOBOIO HanpsiXXeHUs Mexay BUTKaMu B Npouecce aKcnayataunu. 3ta BeimymHa fo/mKHa
ObITb yBeIMYeHa Ha KoaddpuumeHT 6e30MacHOCTM B COOTBETCTBUM C HOPMaMu NPou3BoAnTesNs, YToObI Nosy-
unTb 6a30BOE MCNbITaTENIbHOE MEXNUKOBOe HanpsxeHne Uhm. ECnn makcumManbHOe MeXNUKOBOe Hanpsxe-
HVe MexAy BUTKamu B rnpoLecce aKcnayartaunm Hem3BecTHO, NPUHUMAaETCS, YTO NOJTHbIN CKaYOK HanpsXeHns
NPUXOANTCA Ha NEPBYIO KaTyLKy. MO3TOMY UCMNbITaTe/IbHOE HaNpPsXXeHWe PaBHO CKaYvKy Harnps>XeHUs, fe1IeHHOo-
My Ha YMCM0 BUTKOB KaTYLUKM M YMHOXEHHOMY Ha koadhdumumeHT 6e3onacHocTu. B criyyae MHOrocrnomHoum
KaTywkn U,umnpvHUMaeTcs paBHbIM CKauky HanpsykeHus, Ae/IeHHOMY Ha YMCNO0 CN0EB M YMHOXEHHOMY Ha
KO3 pumumneHT 6e3onacHocTu. Ctofa MOXeT ObITb BKIHOUEHO ,06aBOYHOE YBENMYEHNE HANPSXEHNA N3-3a BO3-
MOXXHOFO OTPaxeHus ero 6eryLieil BoSiHbl. 3TO yBeIMYeHne 3aBUCUT OT BPEMEHU HapacTaHUs UMNY/bCa.

McnbiTaHne nposoanTca B ABa aT1ana. Ha nepsom — Utum sBNAETCA CUHYCONOA/IbHBLIM HarnpshXeHnem
yactoTon 50 nnm 60 'y 1 NpuknagbiBaeTca Mexay ABYMS NPOBOAHMKaMW UCNbITyeMOro obpasua B TeveHue
60 c. Ecnmn YP oTcyTCTBYIOT, HET HEOBXOAMMOCTY NPOBOANTL KBa/IMhUKaLMOHHbIE UCNbITaHusA. Ecnu Habnoga-
toTca UP. NpoBOAMTCA UCNbITaHME NPU MOBbILLEHHOM HanpsikeHUn. OHO 3ak/1to4aeTCs B MPUIOXKEHNN NOBTOPS-
IOWMXCA MMIMY/NbCOB HanpshXeHus, kKak onucaHo B IEC 62068-1, uinM B MPUIOXEHUU CUHYCOUAas/IbHOro
HanpsHXeHWsa ¢ YacTOTOW, paBHOW (WK Bblle) YaCcTOTbl MOBTOPEHUA MMMNYbCOB NpeobpasoBaTens, mexay
OBYMS NMPOBOAHMKaMW UCNbITYyeMoro o6pasua o npobosa usonaumu. MNMpepnaraemble NpUMepbl 3HAYEHUNA
HanpshkeHns paBHbl 4.5.4.0 1 3.5 Ulun Yuncno ncnbitatesibHbIX HANPSXXEeHN A — He MeHee Tpex. MsaTb 06pas3LoB
cnegyeT UCMNbITbIBaTb MPU K&XA0M U3 3TUX HAMPshKeHU. Bpemsa g0 npo6os MoxeT 6bITb paccunMTaHo C UCMO/Ib-
30BaHNEM N3BECTHbIX CTaTUCTMYECKNX MeTog0B (cM. IEC 62539). 3aTeM MoxXeT 6bITb NOCTPOEHA 3aBUCMMOCTb
BpEeMeHM NPO60s MEXBUTKOBOW M30/1AUMKN B (DYHKL MU UCMbITaTEIbHOrO HANPSHXXeHWs, Kak MoKa3aHo Ha pUCYH-
Ke 6 (WwKana BpemMeHn — B iorapucmmyeckom maciutabe).

3Ty 3aBNCMMOCTb MOXHO 3aTeM CpaBHUTL CaHa/IOrMYHOM 3aBUCMMOCTbIO A1 KOPMYCHOW N3015LMK, YTO-
6bl NOKasaTb HaNbGOMbLUMI CPOK CAYXObl NPU HaNpsXXeHuU, KoTopoe ByaeT npu akcnayataunn. MNMocKonbKy
Hea(p(heKTMBHO aKCTpanoNMpoBaTb NOSTyYEHHYHO 3aBUCUMOCTb Ha 3HauYUTe/IbHOE yAaneHne OT IKCnepumMeH-
TasibHOV 061acTu, JOCTaTOUYHO, YTOGbI CPOK CNYXObI BUTKOBOW N30A5LMN GbL1 paBeH uiv 60/bLuUe CpoKa CyX-
6bl KOPMYCHOW 130/18uMKn. [loCTOBEPHOCTL 06ecnevnBaeTCa YaCTUYHbIM NepekpbiTnem 90 % foBepUTesibHbIX
VHTEPBasI0B CPOKOB CNYXObl U KO3 (PNLNEHTOB YBETMUEHMS HANPSXEHUS ANA 3aBUCUMOCTEN CPOKOB CNYXObl
MEXBUTKOBOM 1 KOPNYCHOM N30N1AUUM NPY BPEMEHN cTapeHus, 6onblieli 1000 4. BeisBieHo, 4To ya0BAeTBOPU-
TeNlbHas KpMBas CpoKa C/ly6bl HenpurogHa A4 uene cpaBHeHus. B aTom cnyyae nponssoguTesb SABASETCS
OTBETCTBEHHbIM 3a 06ecneyveHne NPUrogHoON KOHCTPYKLUNM N30NSALNN.
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| — cpo*cnyx6bl MeXaHTKoaoi n3onauun; 2 — cpok cnyx6bl kopnycHoii nsonauuu, f — spems go npo6os.

U " Uucnum/Utum ~ sins BU,K000M nzonsyuu; U =~ ucrwm® ucm ~ AJ1" KopnycHoii usonsyum

PUCYHOK 6 — CpOK CYyX6bl MEXBUTKOBOM M KOPNYCHONR M30151L1UM

9 KeannuKaunoHHbIE NCMbLITAHUS KOPMYCHOW M30nauumn

9.1 O6uwwne NONOXEHUSA

XenatenbHo, 4TOGbLI NPU UCMBITAHUAX UCMONL30BAJICA NPOLLECC YCKOPEHHOrO 3/1EKTPUYECKOro cTape-
Hus. Mpy 3TOM He06X0ANMO n3beraTb NPUMEHEHUS MeXaHM3Ma NPo60osi, KOTOPbIA HE NPUCYTCTBYET NPU 3KCMY-
aTaumn. Korga yckopeHue OCTUraeTcs 3a cyeT YBEeNIMYEHUS MPUIOXKEHHOrO HanpshXeHns (MeXnuKoBoro),
TEXHWYECKN MOXHO U3MEHUTb YPOBEHb aKTUBHOCTM YP npu kaxaom umnynbce. C Apyroii CTOPOHbI YacToTa
NOBTOPEHMS UMMY/IbCOB UCMNbITATENbHOIO HANPSXXEHNA MOXET ObITb yBe/IMYeHa CBEPX OCHOBHOM YacTOThl, Npu
KOTOPOW NpnBoA paboTaeT B peasibHbIX yCNOBUAX. TO AenaeTcs C Le/1bio COXPaHEHUSA YPOBHSA akTUBHOCTU YP.
MA006NTLCSA YCKOPEHUSA NpoLecca cTapeHuns 3a cyeT yBeIMYEeHMS YHacTOTbl NOBTOPEHMS UMNYbCOB. BaTom cny-
Yae BO3MOXHO yBe/ImyeHne TemnepaTypbl U30159UMN U3-3a NOTEPb, 3aBUCALLMX OT YaCTOTbI, BCaMO n3onaunmn
1 BCUCTEME BblpaBHUBAHNA HAMNPSXKEHHOCTU 3/1IEKTPUYECKOTO NOA. STO YBENMYEHMNE MOXET ObITb YMEHbLLEHO
6narogaps hopcnpoBKe BO3AYLLHOIO OX/1aXAeHus. YTobbl ybeanTbLCSA, UTO TemnepaTtypa U3onsaumm He NpeBbl-
lwaeT AONYCTUMYIO AN1A AaHHOTO Knacca HarpeBOCTOMKOCTU. He06X0AMMO N3MepPATL TeMnepaTypy B ee Hanbo-
fiee HarpeTbIX TOYKax.

KoHTponb TemnepaTypbl MOXET OCYLLECTBNATLCHA C NOMOLLbIO 06bIYHOM TEXHUKW. [TpuMeHeHne Tepmo-
MeTOK WM TepMOYYBCTBUTE/IbHbLIX KPACOK SIB/ISIETCS A0CTaTOYHO NPOCTbIM CMOCO6G0M, HO He fiaeT Tpebyemoli
TOYHOCTU, BTO BPeMs Kak B C/lyvyae NpMMeHeHNs Tepmonap MoryT NoOSiBUTbCS 3/1eKTPOMarHMTHble HaBOAKU, U X
C/TOXHO MPUMEHATb A7 BbICOKOBO/IbTHOM M30NAUMU. BeckoHTakTHble MeToAbl U3MepeHus TemnepaTypbl
Takue, kak MHdopakpacHasa TepMmorpadms, N03BONAKOT NPOCTO U TOYHO NaeHTUUUMpoBaTb ropsvYmne TOUKM N30-
naumn. MOHMTOPUHT NpoLecca CTapeHNsa MOXET OCYLLeCTBNATLCA Yepe3 onpeaesieHHble UHTePBasbl BpEMEHN
nyTeM n3mMepeHuns aNeKTPUYeCKUX napameTpoB, TakuUX Kak akTMBHOCTb YP. TaHreHc yrna notepb ANanekTpu-
4YecKol NpoHMLaeMocTn n3onaunn. C uenbio ANarHoCTUKM 3TN CMNbITaHUSE MOTYT NPOBOAUTLCA NpK YacToTe 50
nnn 60 I,

9.2 MeToAbl UCnblTaHW

MeToAnKM YCKOPEHHOro 3/1eKTPUYECKOro CTapeHus onucaHbl B cTaHpgapTax IEC 61251, 62068-1 u
60034-18-32. OHM OCHOBaHbl Ha CpaBHEHNW ONpPeAeeHnst Cpoka Cnyx6bl npegnaraemoii u pedpepeHTHO n3o-
NALMOHHONM CUCTEMbI, YXXe AonyLeHHONM K paboTe. ObbluHaA MOAENb CPOKa CyXbbl BbIrAAUT Cneayrowmm
o6pasom

L-kLH\

roe L — cpok cryx6bl UCMbITYeMOro 06bexTa;
K — KOHCTaHTa;
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U — nepuoguyeckun npuknagbiBaeMoe MMMny/ibCHOe HanpsiXeHue;
n — KO3 PULMEHT yBENIMUYEHNS HANPSHKEHNS.

Ans nonyyeHus Tpebyemon 3aBUCUMMOCTU CpoOKa CyX0bl (Norapudmmyeckmini maclwitab BpemMeHu) ot
NPUIOXEHHOTO HaNpshXeHUs, BTPY 1 6o1ee pa3 NpeBblILLlatoLLero pacyeTHoe, MOXeT MoHaA0buTbcs cneymanb-
Has meToguka. cnbiTaTesibHOE HanpsXxeHue cnefyeTt BblObMpaTb Takmm o06pa3oM, YTO6bI Bpems A0 Npo6os
M30/19UMKn Haxoaunocb BananasoHe 100—3000 u. NMpeanaraemyo 1 pehepeHTHYIO N301ALNOHHbIE CUCTEMbI
criefgyeT UCMbITbIBaTb NPU OAUHAKOBbLIX YCNOBUAX, KOTOPble MOMYT OCYLIECTBAATLCA NPU npeaBaputesibHo
onpegernieHHol hopme HanpsixeHUs. CTaTUCTUYECKUIA aHann3 pe3yibTaTtoB 418 onpegeeHns cpoka Cyxobl
NpY KaXX4,0M U3 UCTbITaTeNlbHbIX HAMNPSXXeHUI cnegyeTt NpoBoAnTb BcooTBeTcTBUM € IEC 62539. KoadhdmumeHT
yBEeNMYEHU HanpshKeHUs1 paBeH HaKOHY NnMHUK perpeccumn (cMm. IEC 60216-3). Cpok cny6bl npegnaraemoi
M30/IALNOHHO CUCTEMbI f0/DKeH ObITh, MO KpaliHel Mepe, paBeH TakoBOMY A1 pethepeHTHO CUCTeMbl, UCTbI-
TaHHoOW npu yacToTe 50 nm 60 'y nANA KOTOPO NoKasaHo, YTO OHaMeeT NPUEMSIEMbI CPOKCAYXObIl. IKBUBA-
NleHTMpoBaHMe obecrneynBaeTca 4acTU4YHbIM nNepekpbiTeM 90 % [OBepuUTeSibHbIX WHTEPBASIOB CPOKOB
CNyx6bl N KO3(PPULMEHTOB YBETNYEHUA HaNPsHXKeHNS AJ/19 3aBUCUMOCTEN CPOKOB CAYXObl npegsiaraemoin u
pedepeHTHON cnucTem Npyv BpeMeHn ctapeHnsa He meHee 1000 4. HEBO3MOXHOCTb NOMyYEHUS IMHENHON per-
peccumn BiorapudMmnyecknx KoopgmHarax rno o6enm ocsmM ykasblBaeT Ha U3MEHeHNe MexaHn3ma CTapeHns BO
BpeMS UCnbITaHWIA.

Bo MHOrnx pa6oTtax nokasaHo, YTO Ha BUTKOBYHO U KOPMYCHYO U30/15LUIO He OKa3blBaeT CyLEeCTBEHHOIO
B/INAHNA YacToTa HanpsXXeHns, YMHOXEHHAas Ha 4aCcToTy UMIMY/bCOB, UM YAC/IO LIMKIOB HanpsiXXeHusa 40 npo-
605. MO3TOMY BO MHOTUX Cy4asx A1 pacyeTta 0XunAaeMoro cpoka cryxobl Npu 3aaHHO’ BENIMUYMHE MUKOBOTO
HanpsHXeHns MOXHO MCMNOoJIb30BaTb CeAyoLLY0 hopmyy

* k _ %
-* ., Ne

rae L2 — cpok cnyx6bl npu yactoTe f2,
L, — cpok cnyx6bl npu yactoTe I,
Kom6urHauusa 4acToTbl 1 HANpPshXeHWs A1 BpeMeHn CTapeHus NpuBoAUT K cneaytolein oopmynie

w w (U,lu2t W ).
rae Lr2 2 — cpok cnyx6bl npuyactoTte 2 HanpshkeHun U2;
Lnu 1— cpokcnyx6bl npu yactoTe I HanpshkeHun Ur

Mcnonb3oBaHue 3Tol hopMy /bl NO3BOISETNPOBOAUTBUCHbITAHME BUTKOBOI 1 KOPNYCHOW n3onaumumn npm
pasHbIX HaNpPsXeHnaxX nyactoTax. CyulecTByeT aKCNepMMeHTaslbHOe NOATBEPXAEHNE CrpaBeA/IMBOCTU Tako-
ro NpUGMXEHNS NpY pacyeTe CpoKa Cyx0Obl ANS CUHYCOMAANILHOTO Y UMMY/IbCHOTO HanpsiXXeHWsi Npu YacTo-
Tax 4o 1«klry. OgHako anga 6o5ee BbICOKMX YAaCTOT, KOTOPble NPUMEHSAIOTCS B OTAE/IbHbIX CUCTeMax, 3HayeHne
rnokasaTesisi CTeneHu n B 3aBUCMMOCTW OT YacTOTbl CNefyeT onpeaenaTb B COOTBETCTBUM C [TpunoxeHvem B.
Ecnun 3HayeHne N He N3BECTHO, TO rpybble pacyeTbl MOMyT OCYLLECTB/IATLCA Ha 6a3e N3BECTHOrO AnanasoHa
M3MEHEHUS N ANA N30M494UN, BbINOSIHEHHOM Ha OCHOBE «C/I0AA-aNoKcManas cMmona». 3ToT Ananas3oH paBeH
10— 12. JoMUHMPYOLWNM (DaKTOPOM 3/1IEKTPUYECKOTO CTAPEHNSA N30NALUUN ABMSETCSA MEXMUKOBOE Hanpsixe-
HVe Npu OCHOBHOM YacToTe. OHO He coBNagaeT C MEX/TMKOBbIM HanpsXXeHneM, NoNyYeHHbIM 13 pasfoXeHns
nuTaloLLero HanpshkeHns B psag ®Pypbe. 11 N30MALMOHHBIX CUCTEM MPU NMTaHMKM OT Npeo6pa3oBaresieil cTape-
HMe 3aBUCUT N OT CKaYKOB HanpsxeHnsa. OAHaKo, NOCKObKY 60/MbWMHCTBO NpeobpasoBaTeneil, UCNonb3ye-
MbIX C U3ONAUMOHHLIMW cucTeMamun Tuna I, ABNAKOTCA, NO KpaliHell Mepe, TPeXypOBHEBbIMU, BAUAHME Ha
npouecc cTapeHnsa okasbiBaeTCA MeHee CyLLeCTBEHHbIM, YEM MpPU NCMO/1b30BaHNN ABYXYPOBHEBbLIX Npeobpa-
3oBaTeneil. 6narogaps MeHbLIEMY MEXNUKOBOMY HanpsXXeHUIo Npy 4acToTe MMMYNbLCOB. TEM HE MeHee, BO3-
MOXHO Heob6XoAUMO MNPUHMMATbL BO BHUMaHWE MeHbllee BJ/INSAHWE Ha MNPOLeCC CTapeHUs MeXNUKoBOro
HanpsHXeHWs Ha 4acToTe MMMY/NbLCOB. 3TO MOXHO Y4YeCTb, UCMNOMb3Ys MeTOAMKY, NPUBeAEeHHYI0 B MNMpuioxe-
HUM B Ha ocHOBe NpuBeAEHHON Bbille 06LLer hOpPMy bl CpoKa CyXObl.

PacueT Bknaga uMnyibCoB HanpsiXXeHUs BMNpoLecc CTapeHnst HavyacToTe X MOBTOPEHUS /19 3HAYEHWIA N
BAuanasoHe oT 8 40 12 AnA pasNyHbIX KO3MULMEHTOB NepeHanpsixeHns npuseaeH B Tabnuue B. 1 npume-
HUTENBHO K TPEXyPOBHEBbLIM Npeo6pa3oBaTensam. 15 COBPEMEHHO NPaKTUKN YacToTa MOBTOPEHUS UMY Ib-
coB 1 kly, ABNsieTCca penpeseHTaTUBHOW. Ana n > 10 BkAaj 4acToTbl MMMY/IbCOB HanpsikeHWs B npoLlecc
CTapeHus N30MAUUn He3HaunTesieH nNpu vyactote Ao 1 kru.

9.3 lMcnonb3oBaHUe f[aHHbIX O CPOKe CAyX6bl m3onauymm npm 4yactote 50 wmnm 60 Ty ans

NPOrHO3NMpoOBaHuA cpoKa cNyXx6bl Npu NUTaHUK OT NpeobpasoBaTens

TunNnyHas KpUBas BPEMEHW XN3HU A/15 U30SALMOHHOM CUCTeMbl Tuna Il. noayyYeHHas No UCnbITaHWAM Npu
NOBbILWEHHOM Hanps>XeHun yactoToli 50 nnn 60 'y, NnpuBeaeHa Ha PUCYHKe 7. 3aBUCMMOCTb HanpPsXXeHHOCTU

3/1EKTPUYECKOTO NOJIS B KOPMNYCHOW nsonauumn (KB/Mm) B oyHKUUN BpeMeHN A0 ee NPo60os (Y4acbkl) NOCTPOeHa B
norapnmmnyecknx KoopamHatax ans CTepxHa o6MoTkM ctatopa. O6bIYHO 3Ta 3aBUCUMOCTbL NpeacTaBnseT
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Co60i¥i NpsAMY0, Y NPOM3BOANTE b M3 OMbITa 3KCM/TyaTaummn 6yeT 3HaTb, YTO KOHCTPYKLUMS M30/15SLUN, OTBEYato-
Lan Tako 3aBMCUMOCTU, ByAeT UMeTb NPUeMIEMbI CPOK CAYXObI. N5 MallvH, NUTaLWMXCA OT npeobpaso-
BaTesIsl. HaMPsXKEHHOCTb paccuMTbiBaeTCs Ha 6a3e MeX/IMKOBOro HanpshXeHWs, Npuxogsalierocs npu paéore
Ha KOPMYCHYI0 N30M5LMI0.

OXupaeTcs, 4TO Takas e U30/1SLMOHHAsA cucTemMa MOXeT 6biTb NOABEPTrHYTa UCMbITAHUSAM MPY OCHOB-
Holi YyacToTe, Hanpumep, B 10 pa3 60sbLUeil, YeM Npu NOTyYEeHUN UCXOAHON 3aBUCMMOCTHU. TO eCcTb JonycKaeT-
CS1. UTO AJ/1A NOJIyYEHUsI NPUEM/IEMOrO CPOKa CAyX6bl MpU 3TUX paboumx yCroBUAX MOXHO, Kak MokasaHo Ha
pUCyHKe 7, MepeBecTU UCXOAHYHO TOuKy B/ieBO (CTpenika A) Ha OofAHy Jekady Mo BpemeHu. MNpousBoauTesb
MOXeT 3aTeM KOMMEHCUPOBaTb 3TO U3MEHEHNE NyTeM YMEeHbLUEHUS HAMPS)XXeHHOCTM B KOPNYCHOM 13015umun,
nepefBurasiCb BHN3 N0 3TO NPAMOI TeM caMbIM BOCCTaHaB/IMBas UCXOAHbI CPOK cnyx6bl (kpuBas B). C apy-
roli CTOpOHbI, ecniv paboyas yactoTa paBHa 0.1 OT TOl, NPy KOTOPOIA No/lyYeHa 3Ta 3aBUCMMOCTb, JINHUS XN3HN
nepeHoOCUTCS BNPaBO Ha OAHY AeKady Mo BPeMeHU, N HaNpPshKeHHOCTb NOJ1si MOXeT 6bITh yBe/imyeHa A/1s BoC-
CTaHOB/IEHNS UCXO4HOrO CPOKa CyXObl.

J— 3aBWCUMOCTb, nosnyyeHHasa no pesynbrartam ncnblTaHuii NP NOBbIWEHHOM HanpsxXeHun I'IpDMbILUI'IeHHOﬁ 4acTOThbl.
2 — npepckasaHHas 3aBUCUMOCTb ANs TOV XE€ U30AALUN NPU NUTAHUN OT Npeo6pasosaTtens ¢ B 10 pa3 6o/blWwell 4acToToi

PucyHok 7 — lMpumMep cpoka cnyx6bl KOPNYCHOW cuctembl n3onauum tuna ll

10 KBanuukauymMoHHbIE UCMAbITAHUS CUCTEMbI 3alUTbl OT KOPOHbI
M BbipaBHUBAHUSA HaMPSXXEHHOCTU 3/1eKTPUYECKOro noss

10.1 O6wme NonoxeHns

Ecnv cuctema BblipaBHMBaHWS HarNpshkeHHOCTM pacrnosiaraeTcs Ha 1060BbIX YaCTsIX 0GMOTKM, HEo6X04u-
MO rnoagepraTtb ee KBa/IMPVKaLMOHHbIM UCTbITaHUAM. /151 3TOro TpebyeTca NPUMEHEHMNE TEX XKE HaMNPsHKeHUs
M 4acTOTbl NOBTOPEHUS UMMNY/LCOB, YTO MOABAAIOTCSA NPY paboumx ycnoBusx. ECM NpUMEHSOTCA Nosynpo-
BO/JHUWKOBbIE MaTepuasibl, TakMe Kak Kapoua KPeMHUSI, TO OHU UMEIOT HESIMHENHYI0 XapaKTepUCTHKY akTUBHOMO
conpoTuBeHUs. ipyrme matepuasbl 06/1a4at0T JIMHENHON XapakTepucTmKoii. Ha Ux cnoco6HOCTL KOHTPOIU-
poBaTb YpOBEHb HarpsiKeHHOCTM B/USIET YacTOTa, HANpPsHXXeHHOCTb 3/IEKTPUYECKOro Moss, TemnepaTypa u
BpemMs. B Apyrux criydasx BblpaBHMBaHME HANPSHKEHHOCTY MOXET 6biTb AOCTUIHYTO 3a CYET EMKOCTHbIX
CBOICTB CUCTEMbI. 4111 UCMbITaHUI NPOM3BOAMTESIb BbIGUPAET TakMe 3HAYeHUs1 MEeXMUKOBOro HanpshkeHus,
4aCTOThbl MOBTOPEHMS U BPEMSI HAPACTAHUS UMNY/bCA, YTO6bI Y6eAUTLCS, UTO NPU SKCMIyaTauumn aTn napameT-
pbl COOTBETCTBYIOT MPUMEHSAEMbIM MPU UCTILITAHUAX WU ABASIOTCA MeHee TsKebIMU. YBesIMueHne 4acToTbl
NPYBOANT K YMEHbLIEHNIO PACCTOSIHUS!, HA KOTOPOM BbIPaBHMBAETCS MOBEPXHOCTHAs 3/1eKTpUYecKasi Hanps-
XEHHOCTb B /1I060BbIX YaCTsIX 06MOTKM, YTO MPUBOAMT K POCTY HamnpshKeHHOCTU. Korga oHa AocTuraeT ypoBHSI
500 B/MM, MOTYT HauaTbCs AYroBble paspsabl, NPUBOASALLME K 9PO3UN NOBEPXHOCTU UM 06pPa30BaHMI0 NPOBO-
OAWNX AOPOXEK HA MOBEPXHOCTU U30ALUN.
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YBenuueHve 3NeKTPUYECKOr HampsHKeHHOCTM NPUBOAUT K YMEHbLUEHWIO aKTMBHOrO COMNPOTUB/EHUS
Martepuana, 4To COOTBETCTBYET NEPBUYHbLIM LE/IIM ero NpuMeHeHus. K coxaneHuto, 3To NpMBOANT Takxe K
yBe/INYEeHUIO HarpeBa. ¥ MallvH, nony4yarowmx nutaHne oT npeobpasosartesns, cylecTByeT NpoTusopeymne
Mexay obecrneyeHnemM 4OCTATOYHO MaiOro akTUBHOIO COMPOTUB/IEHUS ANA BblpaBHUBAHUA HAMPSXXEHHOCTU U
[0CTaTOYHO 60/bLIOTO COMPOTUB/IEHUS ONA O6GecneyvyeHUss NPUEMSIEMOTO YPOBHSA Harpesa. YBefinveHue
NOBEPXHOCTHOW TeMmnepaTypbl 1060BbIXHacTel MallMHbI, NoNyYatoLleli TnTaHneoT npeobpasoBaresis,, MOXeT
ObITb Kak ManibiM (10 K), Tak 1 6onbwumM (40 K) npyn oTcyTCTBMN (DOPCUPOBAHHOIO oxnaxaeHusa. Hanbonee
CyLeCTBEHHOE B/INSIHNE Ha HarpeB U30MALMN OKa3bIBalOT 3/1IEKTPUYECKNE NOTEPU BOOBMOTKE, HO Harpes maTe-
prana ans BbipaBHUBaHUS HANPSXXEHHOCTU MOXET OKa3biBaTb CYLLECTBEHHOE B/IMSIHME Ha TemnepaTtypy 13o-
naumn. Mpu pacyeTe NPUHATON ANS AaHHOW M30NAUMKM NpefesibHONM pabodeli TemMnepaTypbl 3TOT hakTop
Heo6XxoAMMO NPUHMMATb BO BHMMaHWe, Tak Kak OH YMeHbluaeT AOMYyCTUMYIO HOMWHAaNbHYIO TemnepaTtypy
MalLLUHBbI.

BbI/10 BbISAB/IEHO, YTO. HaNnpuMep, 4715 MaTepuana g5 BblpaBHUBaHUA HaMNPSXXEHHOCTU C HEJIMHEHOM
XapakTepuCTUKOW CyLLEeCTBYIOT ABa NPUHLUNNanbHbIX adhdekTa BANAHNA TeMnepaTypbl. MepBblii 3akoyaeT-
cA B HeMe[/IeHHOM poCTe TMpOBOAUMOCTM MaTepuana npu OrnpefeneHHoONn HanpsXXeHHOCTN Mons.
AHanornyHbiM 06pa3omM cHMXaeTcA paboyvas Touka Ha KpMBOM «MPOBOAUMOCTbL — 3/1IEKTPUYECKast HanpsXeH-
HOCTb». OT KOTOPOUi 3aBUCUT ycreluHasa paboTa maTepunasia Ha OCHOBe kapbuga KpeMHUsA. B HeKOTopbIX Criyya-
SIX MOXET ObITb yTpayeHa He/InHelHasa 3aBMCUMOCTb MPOBOAMMOCTHY OT HanpsXXEHHOCTW MNONS.

BTopoi adhdhekT MOXeT 3akntovarbCA B NMOCTOSHHOM YMEHbLUEHUN NPOBOAUMOCTU OT TemmnepaTypbl.
Mocne 0AMHOYHOro KpaTKOBPEMEHHOTro nepuoga paboTbl (Heckonbko YacoB) npu 155 °C Bo3BpalleHne K TemM-
nepartype 20 'C nokasbiBaeT 3Ha4YMNTe/IbHOE YMEHbLUEeHVe NPOBOAMMOCTW. [ocre ginTenbHOM, ckaxkem 500 u,
pab6oTbl Npu 155 °C cBoiicTBa MaTepuana 4aCTMYHO BOCCTaHaB/IMBalOTCA. 3TO CBSA3aHO CO CBOWCTBaMu CMO-
Nbl, cogepxatlelica B Matepuane, KoTopas noABepxeHa TepMUYeCcKol ycake, N3-3a Yero YacTuLbl KpeMHUS
pacnonaratoTca 67vKe Apyr K Apyry.

Cuctema 3awmTbl OT KOPOHbI NPUMEHSIETCA ANA NpefoTBpalleHns pa3psfoB B Nasy, OHa MOXET ObITb
BbIMO/IHEHA HA OCHOBE KPEMHMEBLIX IEHT UK MyTeM HaHeCeHUs Kpacok. B o6nacTtu Bbixoga 06MOTKM U3 nasa
MOXeT BO3HUKHYTb NpobaemMa 3/1eKTPUYECKOro KOHTaKTa C CUCTEMOM BblpaBHMBaHUSA HanpsbkeHHoCcTU. Ecnn
XOPOLLUWIA 3/IEKTPUYECKUIA KOHTaKT NpeayCcMOTPeH KOHCTPYKUUWel CUCTeMbl M30/ALUKN, BbICOKOE KOHTaKTHOe
COMNPOTUBJ/IEHNE MOXET ABNATHCA C/IeACTBMEM Neperpesa n YP, kKoTopble NPUBOAAT Kpa3pyLUeHUo maTepuana
1 paboTbl CUCTEMbI BblpaBHNBaHWSA HANPSXEHHOCTU B /1I060BbIX HaCTAX 0O6MOTKU. MNpun NCnonb30BaHUN eMKOC-
THbIX CBOCTB MaTtepuana Mexay aTuMu NoKpbITUAMN He TpebyeTCs Ha/IMuMa HeNnocpeACcTBEHHOIO KOHTaKTa.

KOHCTPYKUMA CUCTEMbI BbipaBHUBaHUA HAMPSXXEeHHOCTUN AB/IAETCA KPUTUYECKUM 3/1IEMEHTOM /15 JOCTU-
XeHus ee ycnelHol paboTbl. OnpegensaoWwmnmMmm akropamm ABASIOTCSA BbIGOP MaTepuasioB 1 crnocob nx npu-
MeHeHus.

10.2 MeToAbl NcNblTaHW

Llenbto KBannunkaumoHHbIX UCMbITaHW CUCTEMbI BbIpaBHUBAaHUA HaNPSXXEHHOCTU ABNseTca obecneve-
HUWe rapaHTUK TOro, YTO OHa 6yfeT paboTaTb yAOBNETBOPUTE/ILHO BTEYEHMe BCEro Cpoka Cnyxobl. Kputeprem
YAOB/eTBOPUTE/IbHON paboThl ABNSETCA OTCYTCTBUE MOBEPXHOCTHbLIX Pa3psf0B, a POCT NOBEPXHOCTHOM TeM-
nepartypbl 1060BbIX YacTel He NPUBOANT K POCTY TeMMepaTypbl KOPMYCHOM N3015LMn CBEPX A/INTENTbHO AoNnycC-
TUMOW.

Ha cpok cnyx6bl CUCTEMbI BbIpaBHUBAHNA HANPSXXEHHOCTU BAIUSIOT MPUIOXKEHHOE HanpsXXeHne ntemne-
paTtypa. B ngeanbHomMm cnyyae Heo6xXo4MMO NPOBECTU UCMbITaHUe, MPU KOTOPOM CTepXeHb OBGMOTKM C CUCTe-
MOW BbIpaBHUBaHUA HaMpsKeHHOCTU W 3aWWUTON OT KOPOHblI pas3mellaeTcs B MNOATOTOB/IEHHbIX Mas3ax W
noasepraeTcs BO34eNCTBUIO MMMYNbLCOB HanpsxeHus, B 1.3 pa3a 6ynblunx, 4eM Ha npakTuke. CTEPXHU MOTyT
6bITb KOPOYe, YeM B peasiIbHOW MalUunHe, YTO6bl YMEHbLLINTb EMKOCTHYIO Harpy3ky Ha reHepatop MMMy/1bCoB.
OpfHaKo BCe eroocTasibHble KOHCTPYKTMBHbIE NapaMeTpbl AO/DKHbI ObITb COXpaHeHsbI. VcnblTaHe JO/IKHO Mpo-
[onxartbcs BTeyeHue 100 u.

CtonmocTb NnabopaTopHOro o6opyaoBaHus, obecneymsatoLlero Tpebyemble BbICOKOBOSIbTHbIE UMMY/Ib-
Cbl HaNPsXXeHUs, MOXET OKa3aTbCA 3HaUnTeNIbHbIM. KpoMe Toro, 4151 NOIyYeHUsA UCNbITaTe/IbHbIX UMMY/1bCOB
06bI4YHO He UCMo/b3yeTca NpeobpasoBaTesb, NpefgHa3HayYeHHbI 415 paboyero pexuma npusoga. Mpegnosno-
XeHue. caenaHHoe Npu UCnNbITaHNUN NPOCTOro 3KpaHa, BCTpeyvaeT TPYAHOCTU NPY NCTMbITaHUM CUCTEMbI Bblpas-
HMBaHUA HanpsbkeHHocTu. [Mpy 3TOM oOTnagaeT Heo6XOAWMMOCTb B WCMO/Ib30BAHUN MPOMbILWIEHHbIX
npeobpasoBaresieil, BMECTO HUX MPUMEHSAIOTCHA CXeMbI A/1 NONYHEHMS UMIMY/IbCOB C UCNO/Ib30BaHNEM UCKPO-

BbIX NPOMEXYTKOB. MprMep Takoi cxeMbl, KOTOpas MOXeT 6bITb MCMOMb30BaHa A1 UCMbITaHUA, NpUBeAEH B
npunoxexHnn A.
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11 MopagrotoBkKa 06BbLEKTOB UCMbITAHUN

11.1 O6ume NON0XKEHNS

O61beKTbl UCMbITaHUI BAAHHOM pa3ge e npefHasHayeHbl 4715 NPOBEPKN COCTaBASAIOLWMX U30ASALUN, NPU-
BeZleHHbIX B Tabnuue 1. O6pasLibl BbINOHATCA U3 TeX )Xe MaTepuasioB U Mo TOW e TeXHO/0rum, kotopas
Mcnosb3yeTcs Npu NPOMBbILLIEHHOM NPOU3BOACTBE.

11.2 O6pa3ubl MEXBUTKOBOI nsonayum

O6pasLbl MeXXBUTKOBOIW N30ALUN AO/DKHbI NPeACTaBAsATb U30SALMOHHYIO CUCTEMY, UCMO/Ib3YyeMyto B
MallnHe, KaK C TOYKN 3peHns NpUMeHaeMbIX maTepuasioB, Tak U Mo ee pasmepam. Napa npoBOAHNKOB COeUNHSA-
eTcs BMecTe (PUCYHOK 8) CBbIBOAAMMW. pa3Be/leHHbIMMN B Pa3Hble CTOPOHBI, U BbINO/IHEHHLIMW BCOOTBETCTBUM C
NPOV3BOACTBEHHbIMUY TPEGOBaHMAMU. V3011MpOBaHHbIE MPOBOAHUKN COMPUKacaroTCa Ha A/INHe COOTBETCTBY-
touleli Na3oBOW YaCTU, YTOObI CUMYIMPOBAThb KOHTaKT MeXAy HAMW B KaTyLlKe 0OMOTKW. 151 o6ecneveHmns KOH-
TakTa. BO3MOXHO, HEOOXOAMMO WCMOJb30BaTk MPOLECC MPeccoBaHus U (MInN) BaKyyMHYH MPOMUTKY Mo
[aBJ/ieHMeM, Kak TOro TpebytoT MaTepmasibl U KOHCTPYKLMSA n30asumm. O6MOTKM U3 Kpyr/ioro nposoga moryT
MMeTb Pas/IMUYHYI0 KOHCTPYKLMIO, TaKyH0 KaK COCTOSILLYIO M3 BUTLIX MPONUTaHHbIX Nap. VcnbiTyemble o6pasLbl
BUTKOBOW M30/19L1MM CepUiiHbIX MawnH onvcaHbl B IEC/TS 60034-18-41.

1— MOJHbI NPOBOAHNK. 2 — OoNToBasA U3oNAuUa. 3 — 6aHAaxX. 4 — HENPOBOAALW NI CUNNKOHOBBLIN HANONHUTENb
(MNn aHanornyHblii emy coctas)

PucyHok 8 — MpuMep KOHCTPYKLMU NCMbITYEMOTo 06pasLa MeXBUTKOBO M301LUMN 06MOTKM
13 NPAMOYFro/bHOrO NPOBOAA

Pagunyc nsrn6a npoBoAHUKOB J0/KeH ObITb He MeHbLUe MUHUMa/IbHOro pagunyca, NPUMeEHAEMOro B Npo-
MbILLUIEHHbIX 06pa3Lax 06MOTKN. [MOKui 6apbep, BbINOAHEHHbIV 13 NOANaMUAHON MIEHKN, MOXEeT UCMNO/1b30-
BaTbCA MexJy 3arHyTbIMW YacTAMW MPOBOAHMKOB, €C/M Ha MpakTvke Mpo6os Ha 3TUX yyacTkax BUTKa He
HabnopaeTcs.

11.3 W3onauyuna katywek

Mpu KBaNMGPMKALMOHHBIX UCTbITAHUSIX KOPMYCHOW U30MSILMUU Y CUCTEMbI BbIPaBHUBAHWS HANPSHKEHHOCTH
KaTyLLKWN, BbIMOJSIHEHHbIE MO MPOV3BOACTBEHHON TEXHOOMMW, pasMellaloTCsi B COOTBETCTBYHOLWMX Masax.
B 3TOM c/yyae UcnbiTyeMble 06pasLbl BbINOHAOTCS MO MOJHOM 3aBOACKOW TEXHOIOMUN, & A/IMHA Na30B MOXET
6bITb KOpoYe, YeM B peasibHON MalLMHe, YTO6bI MUHUMU3MPOBATb EMKOCTHYIO Harpys3ky.

12 Mopanok KBannUKayunoHHbIX NCTbITAHNN

12.1 O6uwmne nonoxeHus

Ha npakTuke He CywecTBYeT HU O4HOro MeToAa WCMbITaHWUiA, KOTOPbIA NO3BOMIUT CMOAE/IMPOBAaTL BCE
B3aUMOAENCTBUS MeXAy Pa3INYHbIMU COCTaBAOWMUMMN U30SLMOHHOM CUCTEMbI, NPUBEAEHHLIMU B Ta6/1-
ue 1. Hanpumep, NonyyeHve KPUBOM CPoKa CYX6bl KOPMYCHOM M30M5UUM NyTeM NPUIOXKEHWS NOBbILEHHOro
HanpsiKeHUs MOXXeT MPUBECTM K MOBbILWEHHbIM Harpy3kaM B CUCTEME BbIPaBHUBAHUSI HaNPsSXXeHHOCTW. MoaTo-
MY KB/IM(PUKALMOHHbIE UCTbITaHWSA PasfesiatoTCs He HECKO/TbKO OTAE/bHbIX. BO BCex Cyyasx UCTOYHUK NMTa-
HUS criegyeT BbIGMpaTb Tak. YTo6bl 06ecneunTb TpebyemMoe HanpshkeHue, 4acToTy MOBTOPEHUS U Bpems
HapacTaHus UMMNY/IbCOB Ha 3aXUMax UCNbITyeMoro o6pasua.
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Bo-nepBbIX, Le1bio UCMbITaHW ABIAETCSA NOJSTyHYeHNe CPoKa CyXObl XXU3HW KOPMYCHOW 1 BUTKOBOI M30-
NALMN. NO KOTOPOV MOXHO paccunTaTb CPOK ee CyX6bl Npu paboTe MallMHbl OT Npeo6pa3oBartens. YCTaHoB-
neHo. 4yto YP MOryT MMeTb MECTO MeXJy BUTKOBOW W KOPMYCHOW wu3onsiumeri. MOCKONbKY un3onsaums
«paza—3emnsa» BKIOYaeT B Ce6S BUTKOBYIO WU30/AUMIO, KBaMMPUKALMOHHbIE WCNbITAHUA [OOJ/DKHbI
npegycMaTpuBatb 3TO 06CTOATENbCTBO. CTapeHWe OCYLLEeCTB/ISieTCA MyTeM MPUIOXKEHUS MOBbILEHHOrO
HanpsHKeHWs UM 4acTOTbl UM TOFO U APYroro oAHOBPEMEHHO. dopma HanpshKeHWs, UCnosib3yemas 475 ocy-
LWecTBNEHUS NpoLecca cTapeHns 06pasLoB KOPMYCHOW UM BUTKOBOM M30NALUK, MOXET ObITb CUHYyCcOuAanb-
HOW NN UMNYAbCHONW. /19 NOMyYeHUs cTaTUCTMYECKU [OCTOBEPHO nHopMauumn NcnbITaHUn AOKHO ObITh
npefycMOTPEHO A0CTaTOYHOE KOSIMYeCcTBO 06pasLoB M30nsumn. Bo-BTOpbIX, Leblo UCMbITaHW ABNAeTCA
yCTaHOBJ/IEHME TOro (haKTa, YTO CMCTeMA 3aLNTbl OT KOPOHbI 1 BbIpaBHUBAHWS HaNPsXXeHHOCTY 3/1eKTPUYECKO-
ro Nonsi NPUroAdHbI A4N5 sKcnayaTaumm. 3TU UCTIbITaHMSA NPOBOASATCA C UCNO/Ib30BaHNEM MMMYIbCHOM hopMbl
HanpsXxeHuns.

12.2 O6pa3subl MEXBUTKOBOW N3018LM1N

McnbiTyemble 06pasubl BUTKOBOWN M30MSLUM AO/HKHBI MMETb KOHCTPYKLMIO, TEXHOMOMMIO U MaTepuasbl
Takue Xe, Kak U301s1Lns NPOMbILLIEHHbIX 06MOTOK. PEKOMEHAYeTCsi NPOBOAUTL UCTbITaHUS, NO KpaiiHel Mepe,
nsTM 06pa3sLUoB /151 KAXA0r0 NCMbITaTENbHOIO HanpshKeHWsi B YC/IOBUSIX OKpYXatoLlei cpeabl. O6pasLbl 40/1-
XHbI 6bITb OTAEEHbI APYT OT ApYyra Bo n3bexaHve Npo6osi Mexay BbIBOAHbIMY KOHLLAMU.

McnbiTaHns Ha YP nepBoHauyasibHO NPOBOAATCS Ha NSATU 06pasuax Nnpu MakCMasilbHOM paboyeM Mex-
BUTKOBOM MEXMUKOBOM HarpPsHKEHUUN, YMHOXEHHOM Ha KOo3athuumneHT 6e3onacHocTu (L, uT). VcnbiTatensHoe
HanpsikeHne, NPUNOXKEHHOE MeXay BUTKaMU, MOXET MMETb CUHYCOMZa/IbHY0 (POpMYy nuacToTy 50 unmn 60 Ny B
YC/IOBUSIX OKpYXatoLeii cpeabl. Ecnn YUPo6HapyxeHbl B TeueHue 60 ¢, KpuBasi cpoka cnyx6bl fo/KHa onpee-
NSATLCS BO BPEMSI UCMbITAHMWIA MPY NOBbILLEHHOM HANPSHXXeHUWU. 3TN UCMbITAHUSI NPOBOAATCS Tak. Kak ON1caHo B
pasgnene 8.2, c UICNO/b30BAHUEM, MO KpaliHeli Mepe, Tpex 3HaUeHWU HanpsXXeHUs! 415 NoTyYeHUs CPOKa CrTyX-
6bl BUTKOBOW U30/18UMN. ECNM yCTaHOB/IEHO, YTO MeXAy COCeHMMM BUTKaMV KaTyLKW Npy aKcnyaTauum He
Ha6ntogaeTcsi YP. BO3MOXHO OTCYTCTBYET HEO6XOAMMOCTb B UCMbITaHUN 06Pa3L,0B MEXBUTKOBO N301SLUN.

12.3 N3onauma Katyliek

Lienbto ncnbiTaHnii ABASETCs NoNyYeHre CPoKa Cyx6bl KOPMYCHOM N305LMK, UCMOMNb3Ysl NOBbILEHHOe
HanpshxeHve 1 (Un) YacToTy. [o/mkHbI 6bITb BbIGPaHbI, MO MEHbLLER Mepe, TPM HaMNPSXXEHNUSA UM YACTOTbI U UX
npegesnbHble 3HaYeHUs!, NPU KOTOPbIX MPOU30iAeT Npo6oii n3oNsauun. Pacuet cpoka Ciy6bl Npyu NMTaHUU oT
npeo6pasoBaTteisi NPOBOAUTCS B COOTBETCTBUM C peKOMeHZaunsmmn 9.2, 1 ero CpaBHUBAIOT C NPUEMIEMbIM
CPOKOM C/yX6bl, NOAYHEHHbIM 4151 N30/ISLMOHHON CUCTEMbI, KOTOopas rnokasasa NpuMemMsemMblli CPOK CryX6bl
npu aKcnayataymmn npy NpoMbILWIEHHOW YacToTe. Mpu KaxXA0M UCMbITaHUN NPOBEPSIIOT MUHUMYM MsATb 06pas-
LOB. 1151 yMEHbLLIEHMA EMKOCTHOW Harpy3ku Ha UcnbiTatesibHoe 060pyAoBaHme AIMHa 06pasL 0B 06MOTKY U
CTEPXHSA MOXeT 6bITb YMEHbLUEHa NPV COXPAaHEHUN OCTa/IbHbLIX NMapamMeTPoB, UCMOJIb3yeMbIX NPU UX NPOoun3-
BOACTBe. ECNn yCcTaHOB/IEHO, YTO MU 3KCM/lyaTauuy MalluHbl Npy NUTaHWM oT npeo6pasoBaTenisi He Ha6Ito-
fanucb YP B KOPMYCHON uM30M1siuMyM, TO BO3MOXHO OTnagaeT Heo6XOoAWMOCTb B NpoBedeHun ee
KBaIMPMKALMOHHBLIX UCTIbITAHWIA.

YCTaHOB/IEHO, YTO NPV NPYMEHEHUN CUCTEM BbIPaBHUBaHUS HANPSKEHHOCTU HA U30N5LMK TOBOBbIX Yac-
Teii 06MOTKM, OHN MOTYT HAXOAUTLCS B HEMPUEM/IEMbIX YC/TOBUSIX BO BPEMSs UCTbITaHWI Ha onpeaenieHne cpoka
CNyX6bl BCE KaTyLLK/ NPU NOBbILLEHHOM HanpskeHUW. Mo3ToOMy KaTyLIKU MOTYT UCMbITbIBATLCS NPU 061eryeH-
HbIX YC/IOBUAX, TAKUX KaK Hasimume A0NOMHUTENIbHBIX CMI0EB U30SUMK, YTOBbI Y6eAMTLCA, YTO NPOo60oIi Npowuc-
XOAWT TO/IbKO B KOPMYCHOM u3onauvv. Bo Bpems NpoBefAeHMs UCMbITaHWi cucTeMa BblpaBHUBAHUSA
HanNPsHKEHHOCTN MOXET 6bITb MOABEPrHYTa PEMOHTY.

12.4 O6pa3sybl CUCTEMbI BblpaBHUBAHNA HAMPSXXEHHOCTH

B cnyyae nprMeHeHUs1 CUCTeMbI BbipaBHMBaHWSA HaNPs)XeHHOCTU B JI060BbIX HacTsAX 06MOTKM ee o6pas-
Lbl criefyeT n3rotaBanBaTb 0 COOTBETCTBUM C TpeboBaHMsAMM 9.2 1 pas3mellaTh B penpes3eHTaTUBHbIX UK aHa-
NIOTMYHBIX MPOMbILWIEHHbIM 3a3eMJ/IeEHHbIX Nasax. 3ateM ob6pasubl NOABEPralTCA UCMbITAHWIO UMMY/bCHbIM
HanpshkeHveM B TedeHune 100 4, KOTOpoe yaoBneTBopseT TpeboBaHuam 9.1. VicnbiTaHuA cnegyeT NpoBOAUTb
npu KOMHAaTHOW TemnepaType, a Takxe Mpy MakCuManbHOW TemnepaType, KoTopas oxugaeTcs npu paéoTe
MalluHbIl. IMNyNbCbl HANMPSXKEHNSA MO BeJIMYUHE A0/DKHBI ObIThb, MO KpaliHeli mepe, B 1,3 pasa 60n1blmnmn, Yem
Te. KOTOpble CYLeCcTBYIOT Npu pa6oTe MaluHbl. KpoMe TOro, BpeMsi HapacTaHus UMMNYy/ibca [O/KHO GbiTh
HaCTOJ/IbKO XXe Masio, a YacToTa X MOBTOPEHWS HACTO/IbKO Xe BeNnKa, Kak 1 npu pa6oTte MalvHbl. KonmyecTso
06pa3LoB [O/DKHO YA0B/IETBOPATL NOSYHEHUIO CTaTUCTUYECKM AOCTOBEPHbIX AaHHbIX. PekoMeHayeTcs npu
KaXJoi TemMnepaType UcnbITbIBaTb He MeHee NATK 06pasLoB.

O6nacTb M301AUMM BHe 3a3eMJ/IEHHbIX Na30B c/ieyeT KOHTPO/IMPOBaThb C LiefIblo 06HapPYXXeHUA ropsUunx
TOYEK C NCNo/b30BaHNEM NPUG0POB MHPaKpacHoW Tepmorpaduun. VcnbiTaHNs MOryT NPOBOAUTBLCA MPU Tex
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Xe YyCNnoBuAX B 3aTEMHEHHOM MOMeLeHUn, YTobbl ybeantbca B OTCYTCTBUM YP Ha noBepxXHOCTM /1060BbIX
yacTteli. OnbIT NOKasbIBaeT, YTO ecn YP MMelT MecTo, TO X MOXHO 0GHapYX1UTb BU3yaslbHO MO NCTEYEeHUN
npumMepHo 20 MUHYT.

13 Kputepuun NpoxoXxaeHus KBainuKauMuoHHbIX UCTbITaHUNA

13.1 O6pa3ubl MEXBUTKOBOM n3onaunm

Ecnn npunoxeHHoe mexay nposofHuKamu HanpskeHue Uljm He npuBOoAWUT K pOCTY akTUBHOCTU YP B
NO60M M3 NATU UCTIbITYEMbIX 06pa3LoB, HET HeO6XOANMOCTU NoABepraTb MU3OMALUMUIO KBaTMMPUKALMOHHbLIM
ncnblTaHnsam. Ecnum aktuBHocTb UP HabnogaeTcs nNpy UCMbITaHUM OLHOTO WM HECKOJIbKUX 06pa3LoB, CPOK
CNyx6bl BUTKOBOW N30N5LUNN CriedyeT CpaBHUTb CO CPOKOM C/yObl KOPMYCHOM m3onsauun. Ecnm 3HayeHne
KoathMULMEHTa YBENIMUEHNS HaNPSHXKEHUS N CPOKa C/YXObl MPU ero BbIGPaHHOM OTHOCUTENIbHOM 3HaYeHun
(06bI14HO 50 % OT HOMVHa/IbHOr0) 3KBMBaJTIEHTHO TaKOBbIM /151 KOPMNYCHOW 305111, UCMbITAHHOW Npu YyacToTe
50 nnn 60 My v npolwepLen KeaMPUKaLMOoHHbIE UCTIbITaHUA AJ/15 paboTbl C Npeo6pasoBartesieM, TO MEXBUTKO-
Bas M30/1ALUA cUMTaeTCs npolweaweit 3T UCnbITaHNS. SKBUBAIEHTHOCTb NpeAnosiaraeTcs npuv silo6om yac-
TUYHOM nepekpbITUM 90 NPOLEHTHbIX LOBEPUTESIbHbIX WMHTEPBA/IOB CPOKOB C/YXObl U KO3(MMULNEHTOB
yBe/IMYEeHNS HanpsHXeHNS KPUBbIX CPOKOB C/TYXXObl /1 MaTepuasioB MeXBUTKOBOI 1 KOPMYCHOW N301ALUn Ans
BPEMEHHOro mHTepsasna csbiwe 1000 4. VI3BECTHO, YTO Y/0BIETBOPUTE/IbHAS KPUBas XU3HU MOXeT ObITb
HenpurogHa Ans ueneli cpaBHeHs. B aToM cyyae npousBoAmnTesib HeceT OTBETCTBEHHOCTb 3a obecreyeHne
YA0BNETBOPUTENbHON KOHCTPYKLUW U30ALUN.

13.2 O6pa3subl N30AALUN KaTyLEK

CpoOK cny6bl, MOJTyYeHHbI NPU NCMNbITAHUAX NOBbILWEHHbIM HanpshkeHUeMm, cnefyet npeobpasoBaTtb B
COOTBETCTBUM C peKoMmeHJaumusamu 9.3. 3HaueHne KoadduumneHTa yBeIMYeHUs HanpsXXeHUs 1 CpoKa Cryxobl
npuv ero BbIGPaHHOM OTHOCUTENIbHOM 3HauYeHUU (06bI4HO 50 % OT HOMUHAIbHOTO) AO/MKHbI ObITh SKBUBASIEHTHbI
TakoBbIM A1 06bIYHON U301ALUK, UCNIbITAHHON Npu YacToTe 50 nam 60 Iu. YTO nokasasio 6bl ee Npuemnemblii
CPOK CNYX6bl. SKBUBAJIEHTHOCTbL NpejnosiaraeTcs Npu JH060M YaCTUHHOM NepekpbITUKM 90 NPoLEeHTHbIX f0Be-
pUTENbHBIX NHTEPBasIOB CPOKOB C/TyXOb! 1 KO3 MULIMEHTOB YBE/TMYEHUS HAMPSXKEHUSA KPUBbLIX CPOKOB C/TY)XObl
ANA NCMbITYeMOoro 1 peepeHTHOro Mateprnanos A/19 BDEMEHHOIO NHTepBasia cBbliwwe 1000 u.

13.3 O6pasubl CUCTEMbI BbIpaBHUBaHUA HANPAXEHHOCTHN

OTtcyTcTBME YUP MOXHO HabnioAaTb HEBOOPYXXEHHbLIM [1a30M B 3aTEMHEHHOM MOMeLleHUn Yyepe3 20 MUH
MCNbITaHNA MMMNYNIbCHBIM HanpsxeHneM. Temnepatypa Hanboiee HarpeTbix TOUeK, M3MepeHHasi Ha NoBepX-
HOCTM NOGOBbIX YacTel UCMbITYeMbIX 00 bEKTOB, He A0/DKHA NpeBbIWaTb TeMmnepaTypy N3onaunm cBepx gonyc-
TUMOIA NpPU MakKCUMMasibHOW OXuaaemor paboueli TemnepaType MawuHbl. He AO0/MKHO ObITb O6HapPYXEHOo
HUKaKUX BUAMMbIX HEBOOPYXEHHbIM [/1a30M (T. €. 6e3 MCM0/Ib30BaHMs MUKPOCKOMa WU/n Nynbl) NOBPeXAeHNIA
HapyXHO NOBEpPXHOCTM SI060BLIX YacTeli nocne 100 Y ncnbITaHWn UMNY/IbCHBIM HaNPSXXeHNEM.

14 TpuemoyHble ncnblTaHUAa ANa N30AALNOHHBIX cuctem Tuna ll
(TnnoBble uUcnbITaHNA)

14.1 O6wme NonoXeHns

M30nauuoHHbIe cucTeMbl TUNa |l noaBepraTcs YCKOPeHHOMY CTapeHuto NPy UCNOJIb30BaHMM Hanpshke-
HMS CMHYycouZanbHoi hopmMbl YacToToli 50 nnm 60 My, 1 40 3apaHee yka3aHHOTo CPoKa He J0/IXKHO NPOU30inTH
Ux Npo6osi. PeleHre o pesy/ibTaTax NPUEMOYHbIX UCMbITaHN A0KHbI GbITh COrNTacoBaHbl MexXay Npon3Boau-
Tenem v noTpebuTenem.

14.2 MeToanKa NPUEeMOYHbIX UCTMbITAHUN

KaTyLiKu, BbINOSIHEHHbIE MO NPOU3BOACTBEHHbIM CTaHAapTaM, pasMeLlalnTCs B aHa10rMUYHbIX MPOMbILL-
NIeHHbIM 3a3eMJIEHHbIX Na3ax 1 NoABepratoTCsA UCNbITAHNAM CUHYCONAA/TbHBIM Hanps>XeHneM yactoToli 50 nnm
60 'y C MEXMNUKOBbLIM HaMpsiXeHneMm, paBHbIM 4,3 MakCUMasiIbHOTO MEXMNMKOBOro HanpshxeHus «asza—3em-
NA», KOTOpOe MOSIB/SETCA Ha KaTyllke nNpu ee paboTe oT npeobpasosartesnisi. KoadduumneHT ysenmyexms
HanpsHKeHns, paBHbIl 4,3. CBA3aH C 9KCMOHEHTOM cpoka cnyx6bl M. paBHol 10. Bce n3MepeHusi, CBsA3aHHble C
cucTemamu BbipaBHUBaHUSA HaNpPsXKeHHOCTUN U 3aLlnTbl OT KOPOHbI, AO/DKHbI NPOM3BOANTLCA 3apaHee. CHavana
NPOBOAATCA UCMbITAHUA KOPMYCHOW U30MALMUW, U YCNIOBUSI UCTIbITaHWI MOTYT OKa3aTbCs C/IMLLKOM TSXKeslbIMn
015 TOro, 4TOobObl CYCTeMa BblpaBHMBAaHNSA HaMPSHXXEHHOCTU BblAepXasa NosiHoe BpeMs UcnbiTaHui. [oaTomy
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paspeLleH PeMOHT 3TOW CUCTEMbI BO BPeMS NCMNbITaHWiA. VicnbITaHMA NPOBOAATCA NPV KOMHATHOW TeMnepaType
1N BNaXHOCTWN MO KpaiHel mepe Ha ABYx obpasuax KaTyLlleK Mo COrfiacoBaHuio Mexay npousBoAuTesnieM u
notpebutenem.

14.3 KpuTepui NpoxoXAeHUsa NpUeMOYHbIX NCNbITaHWNN

Mocne 250 4 ucnbITaHWN He JO/HKHO BbITb OTKa3a HY O4HOro0 N3 06pa3L 0B 13-3a 31EKTPUYECKOTO NPO60oS.
Ecnu npounsoiigeT npo6oii 1l060ro n3 o6pasLoB, MOXeT ObITb NPOBeAEH aHaIM3 MPUYNH NPo60os. 3aTeM UCbI-
TaHusa cnepyeTt NOBTOPUTBL Ha HOBbIX YNyULLEHHbIX 0bpa3Lax.

NMpumeyaHune — ONbITNOKA3bIBAET.4TO400UNCABLITAHUNCKOI(M (M ULNEHTOM YBENNYEHNS HANPSXEHWUS, paB-
HbIM 4.3. ABNIAETCA 3KBUBA/TEHTHBIM KPUTEPUEM U MOXET UCMO/b30BaTLCSA.

15 AHanm3 pes3ynbTaTtosB, OoTHeT N Knaccudukauus
KaHanmsy pe3ynbTaTtoB, OTYETY U KﬂaCCVIdJI/IKaLI,I/IVI MOXeT 6bITb npnmMmeHeH nogxoa, I'IpI/IBe,CI,EHHbIVI Bnoa-

pasgene 5.6 IEC 60034-18-1, Tak, 4TOOGbl BCe COOTBETCTBYHOLME AaHHbIE MO/ ObITb KOPPEKTHO NpoaHanin-
31pOBaHbl M OTPAXeHbI B OTYETE.
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MpunoxeHune A
(cnpaBouHOeE)

A.1 Cxema ncnblTaHuii MMMNYNbCHBIM Hanpsa>XeHWem Ha OCHOBEe MCKPOBOTO NPpOMeXyTKa

dneKTpuyeckas cxema, npuBefeHHas Ha pucyHke A.1 nnpegHasHayeHHas 415 1a6opaTopHbIX NCMbITAHWUMI, NO3BO-
NIeT NofiydaTb UMMY/IbChbl, AHANMOTWYHbIE MO aMNNTYy/Ae, 4acToTe NOBTOPEHUS U BPEMEHU HapacTaHWs TeM. KOoTopble
MCNOMb3YITCS B HACTOSILLEE BPEMS B MPOMbILLIIEHHBIX NPUBOAaX. MPU3HAHO LeNecoo6pasHbIM NpUMeHeHNe Takoi CXeMbl
AN VUCNbITAHUA MEXBUTKOBON M30MALUM U CUCTEMbI BbiPaBHUBAHUSA HANPSAXEHHOCTU, HO He AN UCMbITAHUA LenbiX
KaTyL ek.

HOKOun 100 kOm 400Mm

PucyHok A.1 — Mpumep NpOCTO 31€KTPUYECKO cxeMbl, Mogenupytouieii paboTy npeo6pasosarens

B aToii cxeme o6pasel, cTepxHA CSO06bIYHO MMeeT eMKOCTb 2 HP.EC1n ero eMKoCTb 0Ka3blBaeTCA MeHbLUE, TO He06-
X0AMMO [06aBUTb NapannefnibHO eMy ,ONONHNTENbHYI0 eMKOCTb 415 NoNy4yeHus TpebyemMoro sHaveHnsa. ickpoBoil pas-
PS4 BbINOSIHEH C NOMOLLbIO ABYX BO/IbYPaMOBbIX CTEPXHel agnamMeTpom 10 MM ¢ nonycepuyeckMMn HakoOHeYHnKamm, n
Ans paboTbl OH TpebyeT NpoAYBKM BO3AYXOM caBfieHnem 2 6apa. CTepXHN ycTaHaBNUBAIOTCSA Ha PACCTOSSHUM OKO10 2 MM
ANA NONyYeHNa Npo60os Npu HanpsXxeHnn 7 kB. Ha paccToAHnn 2.5 Mm 4ns npo6osa npu 10 kB m Ha paccToaHun 3 MM 4N nNpo-
605 npn 12 kB. B3TuUX YCNOBUAX TEHEPUPYIOTCA UMNY/bCbl C MaKCUManbHO YyacToToli noBTOpeHusn 3.5 k' n cpeaHelt yac-
ToTol noBTopeHusa 1.5 ky. Bapuaynyn BO3HUKaOT U3-3a npoLecca 04HOMNOMYNepPMOLHOTO BbinpAMIEHNs. Mnynbc umeeT
cnagatollyto opmMya0 MOMeHTa Npo60os, Nocsie KOTOPOro HanpsxeHue 3a 1.5 MKC Bo3pacTaeT [,0 MeXMNUKOBOT0o Hanpsxe-
HUA 16 kB (cM. pucyHoKA.2). MakcumanbHoe 3HavYeHne nponssoaHoi dUtdt = 15kB/mkc. Mocne umnynbca HabnwopgatTes
He6onbliekone6aHNA HaNpPsXXeHUs, HOOHW UMetoT 60/blOe BpeMs HapacTaHWa U Masbl N0 BennynHe. HactoTa noBTope-
HUA UMNY/NbCOB, X BPEMA HapacTaHWA U MEXNUKOBOE HampskeHne MOryT MU3MeHATbCSA MyTeM W3MEeHEeHWs napameTpoB
cxeMbl. HeKOTOpble Pe3ncTopbl U ANOAbI HYX/alTCS B JONONHUTENBHOM OXNaxjeHun. OnbIT nokasbiBaeT, UTO NPU 3TUX
YyCNOBUAX BONb(PPamMOBbIM HaKOHEUYHNKAM MOXeT Tpe6oBaTbCA 3a4nCTKa Yepes kaxable 24 yaca paboThl.

PucyHok A.2 — TunuuHble OCLUANOTPaAMMbl HaNPSAXEHUSA, TEHEPUPYEMOT0 UCKPOBbLIM pa3psagHukom (17. kB; r. mc)
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MpunoxexHne B
(cnpaBouHoe)

B.1 PacueTcTapeHus usonfuun gns cayyas tpexctyneHyaTtoro npeo6pasosartens

B 3TOM NPUIOXEHNN NPUBOAATCA NPpUMepbl (haKTOPOB YCKOPEHHOTO CTapeHUs KOPNYCHOR N30A5SLMN MaLluH, Noay-
Jallwmnx nuTaHne oT TpexypoBHeBoro npeo6pasosatens. MokasaH apekT 3NeKTPUYeckoro cTapeHns, a Tenaosoe crape-
Hue He yunTbiBaeTca. ChenaHbl cneayolyne 4ONyUeHNS:

a) MpumeHaeTcs ob6wan hopmyna cpoka cnyxbbl, npusegeHHas B9.2.

b) 3HayeHune KoathuLNeHTa /1 HE N3MEHAETCA B pacCMaTpuBaeMoM Jrana3oHe HanpsXeHnit n 4acToT.

TpexypoBHeBbIli npeo6pasoBaTenb, BbiGpaHHbIi B kKa4ecTBe npumepa, UMeeT 4acToTy NOBTOPEHWS MMMNY/NbLCOB
1klu.4To ABNAETCA 06 ENPUHATLIM .Bk1aj B npolecc cTapeHna oT MUMNy/IbCOB Npeo6pa3oBaTesia AaeTca B NPoLeHTax oT
o6LWero cTapeHnsa N3oNaunmn 4Na pasfiMyHbiX 3Ha4YeHnii nepeHanpaxeHuii UJUa(cMm. pucyHok 1HacToswero ctaHgapra).

PucyHok B.1 — lMpepcTaBneHne HanpsxeHns «asza—3eM1a» Ha 3aXMMax MmaluHbl Npu ee NuTaHum
OT TPeXypoBHEBOro npeobpasosaTens

PacueT, ucnonb3yemblil ANA KaxAol coCTaBNAULel cTapeHns M30NaLumn, 0OCHOBaH Ha hopmMmyne, NPUBEAEHHO B
9.2. CTeneHb CTapeHusa Ha OAUH UMNYNbC NponopuynoHanbHa 11L. Mo3TomMy B KayecTBe Npumepa 415 OCHOBHOI 4acToThl
mMmnynbcoB 50 Ny, M OCHOBHOTO MeXNuKoBOro HanpsixeHus Upk/pk Bknag B cTapeHue 3a 20 Mc cocTaBuT

cTeneHb ctapenus (50 My) = {U ~ftk,

rae K — KOHCTaHTa.
[ns TpexypoBHEeBOro npeo6pa3oBaTens, He UMEKLLEro NnepeHanpsxxeHuii, Bknaj BctapeHme oT UMNY/bCOB 4acTo-
Tol 1kl 3a Bpems cBbilwe 20 Mc cOCTABUT (CM. pUCYHOK B.1).

cTeneHb ctapennsa (1 klu) = 20 ((/go*)"/*.

CornacHo KyMynsaTUBHOW TEOPUU CTApeHUs 1N OTCYTCTBUWN CUHIHEpPrn3ma obujas cTeneHb CTapeHus paBHa CymMme
3TUX IBYX COCTaBNAOLNX.

Ta6nuua B.1 nonyyeHa NojCTaHOBKOW COOTBETCTBYILWMX 3HAYEHUI NPUBEAEHHbIX Bbille ABYX ypaBHeHWi. B
KayecTBe npumepa nepeHanpsxeHve B 20 % (cm. pucyHok B.1) gact

U'fbk = 1.4 U.. =2.4U,.
M NPOLEHTHBI BKIAZ B CTapeHue oT MUMNYNbCOB Npeo6pasoBartens Ans n =10 6yaeT paseH

1.4 *20 x H00O/2.4°0.
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Ta6nuya B.l1 — Bknaj B 3feKkTpUYecKoe CTapeHne M30a8LNM UMNYIbCOB YacToToll 1kl OT TPEXYPOBHEBOTO NPE06-
pasoBaTensi B NpoLeHTax 0T CTapeHusi Npu oCHOBHOM YacToTe 50 'y 4N pasNUUHbIX KO3 PULMEHTOB YBENUYEHUSI HANPSA-
XeHuns

KoadpdwmiLmieHT Uactora

riepeHanpsoreHV st VY008 n- a n-9 n=10 n»1 n=12
wm.
0% 1Ky 7% 4% 2% <1 % >1 %
10 % 1My, 14 % 8% 4% 2% 1%
20 % 1My, 27 % 16% 9% 5% 3%
50 % 1My, 78 % 52% 35% 23% 15%
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MpunoxeHue C
(cnpaBouHoe)

C.1 PacuyeT HanpshkKeHWs NpU NpoBeAEeHUN MPUEMOYUYHbBIX UCMbITAHWUN

OnbITNPUMEHEHMNSA B MPOMBbILLJIEHHOCTY NOKa3blBAET.UTO KOPAYCHAA N30NALNA MaLINHbI NPWU NUTaHUN OT CeTU (CUHY-
conpanbHas popMa HanpsxeHns) cnocobHa BblAepxXaTb, No kpaiHeli mepe. 250 4 pa6oTbl NPU NTNHENHOM HaNPSXEHUN B
2.5 pasa 60nblle HOMWHANLHOrO MPU WUCMbITAHUM MOBbILIEHHLIM HaNpsXeHneM. OTO 3KBUBANEHTHO HaNPAXEHWIO
«(aza—3emnsa» B 4.3 pasa 60nblle HOMUHaANbLHOTO. B cnyyae nutaHus ot npeobpasoBatens 3HaYeHWe HOMUHANbHOTO
HanpsXXeHNs He onpejfleNieHo, U CBA3b MEX/AY MexXasHbIM HanpPsXeHNeM N HanpsxeHnem «pasza— 3eMna» CTAHOBUTCSA
60/ee CNOXHOW. TeM He MeHee, CUMTAETCA, YTO MexaHW3M CTapeHUs KOPNYCHON M30MSLMU 3aBUCUT OT MEXMUKOBOrO
HanpsXXeHNsa N YacToTbl MOBTOPEHUS UMNY/LCOB, Takxe Kak U NPy NUTaHuM oT ceTn. ATo AoNyleHne N03BONAET NPOBECTY
3KeuBasleHTUPOBaHMe NPUEMOYHbIX UCNbITAHWI A1 MaLIWH, NONYyYalo WX NUTaHne oT npeobpasosaTens, NnyTem cregyto-

W KX pacyeTos..
HanpsxeHne nNpu NpUeMOoYHbIX UCMbITAHUAX 0GMOTOK, MOJyYaloWwnx NuTaHne oT ceTn, paBHO

- 2.51/Hom (peiicTBylollee 3HaYEHNE) B TeYeHMe No KpaliHeil mepe 250 u:

- 2.5-7U0(t/0— pelicTByloulee HanpsixXeHne «hasza—3eMnna»);

- 2.5</3/{2"> x MeXnunKoBoe HanpsaxeHne «pasza—3emMna».

Mo3TOMy HaNpsXeHre NP1 NPUEeMOYHbIXUCbITAHUAXOGMOTOK. MOyvalWnx NMTaHBOTNpeo6pasoBaTens. paBHO
2.5«1>(2«/2) x MakCuManbHOe MeXMNnKoBOe HanpsXxeHne «dasza—3emMna».

Hanpumep, ecnm MakcumanbHOE MEXNUKOBOE HanpsxXeHne «asza—3emnsa* Ha 06MOTKe Npu NUTaHUK oT Nnpeo6pa-

3o0BaTens paBHO 8 kB. T0 p,eVICTByK)LLI.ee 3HayeHne HanpsaxeHna Npyu NpUeMOoYHbIX UCNbITAHNAX paBHO

25  «8/(2 -fi) = 12.25 KB.
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Mpunoxexnune JA
(cnpaBoyHOe)

CBefeHUs 0 COOTBETCTBUM MEXrocyAapCTBEHHbIX CTaH4apToOB
CCbIJIOYHBIM MEXAYHAapOoAHbIM CTaHaapTam

Ta6nunua [JA1

O603HayYeHne N HanMeHoBaHve
CCbIJIOYHOTO MEXAYHapOo4HOro cTaHaapTa

IEC 60034-18-1:2010 MalunHbl 31eKTpuyeckne
Bpawatwwueca. Yactb 18-1. PyHKuMOHanNbHas
oueHka cuctem msonauyuun. O6umne pykosoasuine
yKasaHus

IEC 60034-18-32. MalwunHbl 3aneKkTpuyeckme Bpa-
watoumecs. PyHKUMOHAIbHAA OLEHKa M30nAuun-
OHHbIX cucTeM. YacTb 18-32. MeToAabl UcnbliTaHui
06MOTOK W3 XEeCTKUX Ccekuuit. DnekTpuyeckas
oueHKa M30MALNOHHbBIX CUCTEM, MPUMEHAEMBIX B
MalmnHax MOLWHOCTbIO S 50 MBA u HanpsxeHuem
£ 15 kB

IEC 60034-18-41. MawwuHbl 3NeKTpuyeckne spa-
watkouwmecs. KeanurkaumoHHble U TUNOBbIE WC-
NbITAHUA 3EKTPUYECKUX U3ONSILUOHHBIX CUCTEM
TMna |. ucnonb3yembix BO BpalialoWUXcs 3nek-
TPUYECcKUX MallnHax, nuTanwWwmnxcs oT npeobpaso-
Bateneil HanpsXxeHus

IEC 60216-3. DneKTpnyeckne U3onNsaunoHHbIe Ma-
Tepuansl. Tepmuyeckas cTolikocTb. YacTb 3.
WNHCTPYKLUMA NO pacyeTy XapaKTepuUcTuk Tepmu-
4yeckoli cToikocTn

IEC 61251. SnekTpuyeckme n3onisALMOHHbIE MaTe-
puanbl. OueHka CTOMKOCTU MO OTHOWEHUI K Ha-
npsXeHnto nepeMeHHoOro Toka. BeegeHune

IEC 61800-4. CunoBble peryinpyemble 3/1€KTpu-
yeckne npusofbl. YacTb 4. O6wune TpeboBaHMUS.
HoMuHanbHble [aHHble [ANS  CUMOBbIX 3nek-
TPONPUBOAOB MEPEMEHHOro Toka HanpshkeHnem
cebliwe 1000 B n meHee 35 kB

IEC 62068-1. 3nekTpuyeckme W30NAUUOHHbIE
CUCTEMbI. JneKTpuyeckne BO3AENCTBUA, NPOU3-
BOAVMbIE noBTOPSAKOLMMUCS UMMynbcamu.

YacTb 1. O6Wmnit MeTos OLEHKN 3N1EKTPUYECKOTO
CONpPOTUB/IEHUSA

IEC 62539. PykoBOoACTBO MO CTaTUCTUYECKOMY
aHaNnn3y AaHHbIX 0 NPO6OSX 31EKTPUYECKON U30-
nayun

CreneHb
COOTBETCTBUU

IDT

IDT

0T

0O603Ha4YeHne N HaumeHoBaHue COOTBETCTBYHOLEro
MeXrocyaapCcTBeHHOro ctTaHgapTa

FOCT IEC 60034-18-1—2014 MaluunHbl 31€KTpu-
yeckue spaujatouimecs. Yacts 18-1. OueHka pyHk-
LMOHaNbHbIX MNoKa3aTenei cuctem WU30NALUN.
O6wune Tpe6oBaHns

FOCT IEC 600314-18-32—2014 MalwunHbl 3/1€KT-
puyeckune Bpawarwwmnecd. Yactb 18-32. OueHka
(hyHKLMOHANbHbLIX MNokasaTenei cuctem u30NsA-
umn. MeToauKW WUCNbITaHWI AN WabnoHHbIX
06MOTOK. OLleHKa 3/1eKTPUYECKOWN CTONKOCTH

FOCT IEC/TS 60034-18-41—2014 MalluHsbl
anekTpuyeckne Bpauwawuwmecs. Yacte 18-41.
KBanuunkaunmoHHble U TUNOBblE WCNbITAHUSA AN
cucTeM 3n1eKTpousonAauun Tuna |, ncnonb3yemblx
BO BpallalWNXCA 3eKTPUYEeCKUX MallnHax c
nuTaHuem oT npeobpasoBaTeneil HanpsxeHns

* COOTBETCTBYIOLW NI MEXIOCYAapCTBEHHbI CTAHAAPT OTCYTCTBYET. [0 ero yTBepX4eHUsi PEKOMEHAYeTCA UCMONb-
30BaTb NEPEBOJ Ha PYCCKUIi A3bIK aHHOTO MEeXAyHapogHOro cTaHAapTa. MepeBoj AaHHOTO MEXAYHAPOAHOTO cTaHAap-
Ta HaxoauTca B ®efepasbHOM UHGPOPMALMOHHOM (hOHAE TEXHUYECKUX PEernaMeHTOB W CTaHA4AapTOB.

NMpumeyaHune — B HacToswWwel Tabnuue Ncnonb30BaHo ClieAylolee yci0BHOE 0603HAYEHME CTENEHU COOT-

BETCTBUSA CTaHAAPTOB:
- IOT — uaeHTuYHble cCTaHaapThl.
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YK 621.313.3:006.354 MKC 29.160 E60 oT

KntoueBble crioBa: MallVHbl 3MEKTPUYECKME Bpallalolmecs, KBaMgrKaLMOHHbIE 1 NMPUEMHbIE UCMbITaHWS,
CYCTEMbI 3/1eKTPOU30SIALMN, CTOKNE K YHaCTUUYHOMY pa3psify, NuTaHue oT npeo6pasoBaTesieit HanpsKeHns
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