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BBepeHue

Hacroswmn ctaHaapT COAEPXKUT PYKOBOAALLME yKa3aHUS MO UCNOMb30BAHMIO 9KOHOMUYHbIX ABUraTenen
C NOCTOSIHHOW UNN PETyNIMPYEMON CKOPOCTbIO U HE KACAETCA YMCTO KOMMEPYECKUX acneKkTOB 3TOW Npobnembl.

CrtaHpapT oxBaTblBAET HE METOAbI MONYYEHUA BLICOKON 3(PPEKTUBHOCTHU, a UCMLITAHUA, KOTOPbLIE AatoT
rapaHTuio ee onpeaeneHHoro ypoBHs.

B TeyeHune nocnegHux 15 NeT BO MHOMMX perMoHax Mupa npuMeHsoT TpexdasHble aCUHXPOHHbIE ABU-
ratenun ¢ KOPOTKO3aMKHYTbIM POTOPOM MOLLHOCTLIO nopsaaka 200 kBT, NOCKONbKY ABUraTenun Takou MOLHOCTH,
Kak npaBuno, CepuinHOro NPOM3BOACTBA, YCTAHABNMBAIOTCA NPAKTUYECKU NoBCoay. KOHCTpyKUMa aTux asura-
Tenemn 4acto AUKTYeTca NoTpebHOCTAMU pbiHKa Briarogapsa ux OTHOCUTENbHO HEBLICOKON CTOMMOCTM, O4HAKO
MMEHHO MO MPUYUHE TaKOro Kputepus BbibOpa HaMBLICLLMIA MPUOPUTET HUKOTAA HE OTAAaBanca Manomy no-
TpebneHno SHepPruu.

Ons guratenen ¢ HOMMHaNbLHOW MOLUHOCTLIO 1 MBT 1 Bbiwwe, KOTOPbIE 0OLIMHO M3rOTOBMAKOTCA NO 3a-
Kas3y, BbICOKas 9KOHOMWYHOCTb BCeraa 6bina 0AHON U3 BaXKHEWLLMX LIENEN NPOEKTUPOBAHUS; UX KOSDPDULMEHT
nofie3Horo AenCTBUA NPU NOSTHOW Harpyske nexuT B AunanasoHe ot 95 go 98 %. 3aganHbi KINO asuratena
00bIYHO ABMAETCA YACTLIO KOHTPAKTa Ha ero NpUobpeTeHne, N N3rOTOBUTENSA XAYT LWTPadHbIE CaHKLMKU B CRy-
Yae HEeBbIMOSIHEHUSA KOHTPAKTHbIX 0053aTeNbCTB. OTO 3HAYUT, YTO MPU HA3HAYEHUN KNACCOB 3KOHOMUYHOCTU
NnoBblILWEeHHbIe 3HaYeHus KIMO otxoaaT Ha BTOPOW nnaH.

B HacTodAwem cTaHgapTe NpMMEHEHbI Cneayowme WpugToBLIE BblENEHUS:

- TpeboBaHUsA — CBETIbIN;

- TEPMUHbI — MONY>XUPHBIN;

- MEeTOAbl MCMbITAHUIA — KYPCUB;

- NPUMEYaHUs — NeTUT.

VI
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M E X T OCVY AP CTIBETUHTHUB 4 C TAHAOAUPT

MawuHbI 3neKTpuyYecKkue Bpawlarwmecs
YacTtb 31

BbIOOp 3HeproachekTMBHbIX ABUraTenen,
BKITHOYasA NPUBOAbLI C Perynupylowen CKOPpoCcTbio

PyKOBOACTBO MO NPUMEHEHUI0

Rotating electrical machines — Part 31:
Selection of energy-efficient motors including variable speed applications — Application guide

Hara BBegeHusa — 2017—03—01

1 O6nacTb NpUMeHeHUs

B HacTosawen yactu cepun ctangaptos |IEC 60034 npeacrasneHbl pyKoBOAALME YKa3aHUs N0 PeLUEHNIO
TEXHUYECKUX BOMPOCOB NPUMEHEHUS 9KOHOMUYHbIX TpexdasHbIX anekTpoasuratenein. OHM 3aTparuBaioT He
TOMbKO NMpou3BOAUTENEN ABUraTenen, U3roToBUTENEN KOMMNNEKTHOrO 060pya0BaHUs, KOHEYHbIX MONb30OBaTe-
new, perynsuMoHHbIE M 3aKOHOAATENbHbIE OPraHbl, HO U BCE ApYrue 3auHTEepPEeCOBaHHbIE CTOPOHbI.

JaHHasa TexHudeckas cneumdukaumsa NpPUMEHUMA KO BCEM JMEKTPUYECKUM MaLLMHaM, KOTOPble OXBa-
ThiBalOTCA cTaHaaptoM |[EC 60034-30, ogHako 6onbLuas 4actb MHpopMauuM MMEET OTHOLLEHME TaKkke U K
ACUHXPOHHLIM ABUraTensiM ¢ KOPOTKO3aMKHYTbIM POTOPOM C BbIXOAHOW MOLUHOCTLIO Bbille 375 KBT.

2 HopmartuBHbI€ CCbINIKU

MepeuncneHHbie HUXKE CCbINOYHbIE AOKYMEHTbI 00A3aTemnbHbl ANA MPUMEHEHUA LAaHHOTO AOKYMEHTA.
B cnyvae gaTtMpoBaHHbIX CCbINOK AENCTBYIOLMM SBMISETCA TONbKO yKa3aHHOE u3aaHue. NpUMeHUTENbHO K
HegaTMPOBaHHbLIM CCbINTOYHbIM AOKYMEHTAM MPUMEHSAIOTCH UX CaMble MOCNeAHUe usgaHusa (Bknoyas Bce no-
cneayoLwme n3mMeHeHus):

IEC 60034-1 Rotating electrical machines — Part 1: Rating and performance (MawuHbi 3nekmpudeckue
spawjarouyuecs. Yacmp 1. HomuHanbHbie u pabodue xapakmepucmuku)

IEC 60034-30 Rotating electrical machines — Part 30: Efficiency classes of single-speed, three-phase,
cage-induction motors (IE-code) [MawuHbl anekmpuyeckue epawarowjuecs. Yacmp 30. Knaccoi K4 odHo-
CKOPOCMHbIX Mpexcha3HbIX aCUHXPOHHbIX 0suezamerniell ¢ KOpOMKO3aMKHyMbiM POMOpPom (ko0bi IE)]

3 TepmuHbI, onpeneneHust U CUMBONUYECKUE OOO03HauYeHUs

3.1 TepMuHbI 1 onpeaeneHus

B HacToAwemM AOKyMEHTE NPUMEHAIOTCA TepMUHBI U onpeaeneHusa ns IEC 60034-1 n IEC 60034-30.

3.2 CumBonuyeckue o603HavYeHus

Ny — HOMMHanNbHbIA KM, %
1N — pacyeTHbli KM, %

M3paHue ocpuuymanbHoe
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fN— HOMMHanbHasa yacTtoTa, Iy

nN_ HOMMWHanbHas CKOPOCTb BpaweHus, 06/MuH
PN— HOMMHanbHas BbiXxoAHas MOLWHOCTbL, KBT

TN_ HOMWHaNbHbIA BbIXOLHON KPYTAWMA MOMEHT, HM
I/N— HOMMHanbHOe HanpshkeHue, B

4 O6wure NOSIOXEeHUs

AnekTpuyeckne MexaHunyeckune O6nacTb 3aBojckas BocnonHeHune
KOMMOHEHTbI KOMMOHEHTbI npUMeHeHNs aBTOMaTVKa 3Hepruu

Hapnexauee nnaHoBoe TexHn4yeckoe 06Cl'|y)KI/IBaHI/Ie

SHeprocéeperaoLme OHeprocbeperatoLyie MprBogp! 3 MaxkcumasibHO
nBuraTen peayKTopbl, C perynvpyemoii ahhekTMBHOE
3a[BWKKN UT. M. CKO POCTbHO 3HeprocHabxeHue
YcTpoiictea Sneprocoeperaoue CokpallleHve notepb Pexum HU3koro
KoppeKumu Hacochl,
KoadhhmLmeHTa BEHTUNATOPSI, 3?1%%2)%2?4%?;3” 3He|_‘|)r3”r?Tpe6”eHm
MOLLHOCTM KOMMpeccopb! ¥ ap. Py NPOCTOAX

Mcnonb3oBaHve Hanbonee
3KOHOMWYHbIX KOMMOHEHTOB

Mpusoap! MakcvmansHo PekynepaTtvBHoe
C perynmpyemoi ahpekTUBHOE TOpMOXEHVe
Be3ygapHbIin nyck CKO POCTbHO 3HeprocHabxeHue
C perypoBaHiem MurHmnsaLs CoeapHere
4acToTbI nHepLumn C NHVein
BpaLLeHnst MOCTOSAHHOIO TOKa
BpaLLeHns PexxumM Huskoro
onTrmn3aums 3HepronoTpe6eHns Barapen

MaccChbl 1 NMOTOKa C yNbTpaKOHAEH-
caropamu,

MaxoBUKN U T. M.

npy NPOCTOsIX

PucyHok 1 — O6uuii 0630p pasfiMuHbIX 3BEHLEB CUCTEM 3/1EKTPONPUBOAA,
B KOTOPbIX BO3MOXHa 3KOHOMWS 3HEPreTUYecknx saTpar

DKOHOMUSA IHEPTUM MOXET LOCTUTaTbCS B Pa3HbIX 3BEHbAX CUCTEM 3/1EKTPONPMBOL4A — B 3aBUCUMOCTHU
OT pexuma ux paboTbl (HeNpepbIBHOIO WM MPEPLIBACTOrO).

B cnyyae HenpepbiBHOTO pexuma BaXHYl poOSib B 3KOHOMMWUW 3Heprum wurpaeT nosbiweHue KM4
asuratens. YpennyeHune koappurymeHta MOWHOCTM (3a CHET NPUMEHEHUSA 4acTOTHOro npeobpasoBaTens
WIN CUHXPOHHOTO ABuUraTtens) MoOXeT cnocobcTBOBaTb YMeHbWEHUO noTepb mouwHocTn (I2R) B kabenax.
OnTMmMmu3aumsa MexaHu4yeckux y3noB (PefyKTOpOB, PEMEHHbLIX Mepepayd, HaCOCHbIX arperaTtoB, BEHTUNSA-
TOpPOB U Ap.) cnoco6Ha AaTb ropasfo 60MblWy 3KOHOMUID, YEeM YyCOBEpPLIEHCTBOBAHUE CaMOro 3/1eKTpo-
asuratens.

MimeeT 3HayYeHUe N KOHKpeTHas 06/1acTb NPUMEHEHUSA, TaK Kak BO MHOTMX CNyyasax Cyl,ecTBeHHas 3Ko-
HOMUA noTpebnsemMoi 3Hepruy MoXeT ObiTb MOJIyYeHa 3a CYeT perysiupoBaHWUsi Harpysku npuknagHoli cu-
CTeMbl; B 3TUX C/yYyasax 4acTo OKasbiBaeTCcs NOJie3HbIM WCNOMb30BaHWe perynMpoBaHus CKOpPOCTU BpaleHus
3NeKTPUYeCKMX MalunH B COOTBETCTBUN C U3BMEHEHMEM MOTPEOHOCTEN B 3/1€KTPOIHEPTUn.

O6bIYHO NPUHOCUT BbLITOAbI U NMPaBULHO OPraHW30BaHHOE TexHuyeckoe o6CNyxuBaHue. NS MHOTMX
MPOMbILWIEHHbIX MPEeANPUATUI XapakTepHO BbICOKOe 3HepronoTpeb6sieHne B HU3KOBOJIbTHbLIX LEensx ynpasre-
HUs (Kak nNpaBuio, 370 6bIBAOT 24-BOMIbTOBbIE UCTOYHUKU NUTaHUA). B 3TUX yCnoBUAX AOMXHbI UCMO/b30-
BaTbCA BbICOKO3( (P EKTUBHbIE HM3KOBO/bTHbIE UCTOYHUKMU, U, €CNN 3TO BO3MOXHO, NpU ANUTENbHbLIX Nepnogax
NpocToa NpeanpuaTue A0/HKHO 3aKpbiBaTbCA (HanpuMep, Ha BbIXOAHble U Npa3fHUYHbIE OHW).
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Motepu, Br
10000--—---
HoMuHasIbHasA BbIXOAHAs MOLLHOCTb, KBT
O - gsuratenb knacca IE2;
O - gsuratenb knacca IE3;
0O - psuratens |IE2 + npeobpasosaTtesib;
O - psuratenb IE3 + npeobpasoBartesib;
m - asuratenb IE3 + npeo6pa3oBaresib + TOPMO3HaA KaTyLuka

PucyHok 2 — TunnyHble notepu B gpuratesiax ¢ HU3KNM 3HepFOI'IOTp96}'IeHVIEM,
npe06pasoBaTen;|x N 3N1eKTpOMEXaHNYEeCKMX TOPMO3HbIX CUCTeEMax

Ha pucyHke 2 npeacTaBsieH o6wmii 0630p TUMWYHBIX MOTEPb MOLHOCTY B 3Heprocbeperawuimx geura-
Tensix B CPaBHEHWN C TUMMYHLIMW MOTEPSIMM B CMCTEMAax CU/I0BOrO MPpYBOAA, BKOYas ABuUratenu c npeob-
pasoBaTensiMy YacToThbl NuUTaloLW e CeTh, OCHALLEHHbIe N HEe OCHALLEeHHble KaTylwKamun 31eKTPOMexaHnyeckux
TOPMO30B.

B npuknagHbIXx cuctemax ¢ NpepbiBUCTbIM PEXUMOM (PYHKLMOHMPOBAHWS ABUratenn ¢ masabiM noTpe-
6/1eHMEM 3HEPTUN He 0COBGEHHO 3P EKTUBHbLI U MOTYT Aaxe noTpebnAaTb 60nblle 3HEPTrUn BCeACTBME BO3-
pacTaHusi UX MHEPLMOHHbIX U NYCKOBbLIX TOKOB. B Takmx NpunoxeHuax notpebrieHne aHepruy Ha ctagum nycka
MOXeT 6bITb COKpalleHO NyTeM o6ecneyeHns NMHEHOro xapakTepa N3MeHeHUs Toka ¢ MOMOL b0 YacTOTHOro
npeo6pasoBartens. CoxpaHeHne 3HEPTUN B NPEPLIBUCTOM PEXMME MOXET MPUHECTU OLYTUMbIE BbIrOAbl, KOT-
Aa pabounit umMkn gBUraTens BkAYaeT B cebs hasbl pekynepaTMBHOrO TOPMOXeHMs (HanpuMep, B npuBogax
nebepnok, NUPTOB, NOABEMHbLIX KPAHOB U T. M.).

5 KoadhpmumeHT nonesHoro aencreus

5.1 O6wune NosioXeHus

KoadhpumumneHt nonesHoro gencteua (KMNA) geuratens — 3ato mepa ahpPekTMBHOCTU npeobpaszoBaHus
3N1EeKTPUYECKOl 3HEpPrMM B MeXaHWYEeCKyto, BblpaXaeMas OTHOLWEHNEM BbIXOLHON MOLLHOCTU KO BXOAHOI:

BbIxoAHas MOLWHOCTb BbixoAHas MOLHOCTb
K|_|L|| = =
BxoAHast MOLLHOCTb BxoAHas MOLHOCTb + NnoTepu

3HaveHuns KNA asurateneli 06bIYHO NPUBOAATCA MPUMEHUTENIBHO K HOMWUHA/IbHON Harpyske, HO MOryT
JaBaTbCAa Takxe NpuUbAMKeHHble 3HaYeHUs ansa 3/4 1 NOIOBUHHOW HOMUHANBLHOW Harpysku.

Kak nokasaHo Hwxe, KoathULUMEHT NONe3HOro feicTBunsa gauratens 3aBUCUT r1aBHbIM 06pa3omM OT ero
Harpysku, HOMWHaNbHON MOLLHOCTW M CKOPOCTW BpaLleHuns:
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a) nsmeHenue Krp B 3aBUCMMOCTHU OT HArpy3ku BMSIETCA OCHOBHOW BHYTPEHHEN XapakTepPUCTUKO ABM-
ratenei; pabora asuratensa noj Harpyskow, CyLECTBEHHO OTNMYaloWENCa OT HOMUHANbLHOW, MOXET NPUBO-
AuTb K nsmeHenuto ero Krp (cm. pucyHok 3);

b) 06bivHO K[ aBuratenen npu NOMHOM Harpy3ke BO3pacTaeT C yBenmueHmem ux hrusnyeckmx pasme-
POB ¥ HOMUHANbLHON BbIXOAHOW MOLLHOCTY,

C) NPY OAMHAKOBOWM HOMWHANBHOW MOLLHOCTU ABUraTeNnu ¢ 60onee BbICOKOW CKOPOCTLIO BpaLLEHUsi 00bIY-
HO (HO He Bceraa) umetot u Bonee Boicokui K, ogHaKo 3TO HE 3HAYMT, YTO BCIO annapaTtypy crnegyer oc-
HaLlaTb BbICOKOCKOPOCTHLIMU ABUTATENAMU; B TEX CMyvasax, KOraa Ana nonyyeHuss 6onee HU3KoMm CKOPOCTH
TpebyloTCA MexaHU3Mbl €€ NOHMXKEHUS (Hanpumep, nebeakn U peLykTopbl), AONONHUTENbHbIE NOTEPU U3-3a
NPUMEHeHUs1 ABUraTenen ¢ BbICOKOW CKOPOCTbIO BPaLLEHUSA MOryT NPUMBECTU K yMeHbLueHuio KIMO o ypoBHSA
Huxe obecnevnBaemoro HU3KOCKOPOCTHbLIM NPAMbIM NPUBOAOM.

CyLiecTByeT onpeaeneHHas 3aBUCUMOCTb MeXay HOMMHAanNbHON CKOPOCTbIO BpawleHusa (06/muH) n Krg
ACUHXPOHHOTO ABUraTens ¢ KOPOTKO3aMKHYTLIM POTOPOM: YEM HUXKE HOMUHAMbHAsA CKOPOCTb, TeM MeHbLue K[,
MOCKOSIbKY Mepoli noTepb B 0OMOTKE POTOpa ABMSIETCA XapaKTEPUCTUKA CKONMBXEHUS ABUTarens (CKOMNbXEeHUeM
Ha3bIBAETCS PA3HOCTb MEXAY CUHXPOHHOM M paboyel CKOPOCTbIO). OTOT NOKa3aTenb, BbIPAXKAEMbIN B MPOLIEHTAX,
paBeH Pa3HOCTU CKOPOCTEN, AENEHHON HA CUHXPOHHYIO CKOPOCTb M YMHOXEHHOI Ha 100. Takum o6pa3om, acuH-
XPOHHbIE ABUratenu noboi KOHCTPYKUUK C KOPOTKO3AMKHYTbIM POTOPOM, XapaKTEPU3yEMbIE CKOTNBLXEHUEM MEHb-
we 5 %, Bceraa sKOHOMUYHEE, Yem ABUraTenu, umeroLme 6onblLuee CKONMbXXeHUe, U MOTOMY UM JOIDKHO OTAABAaTb-
CSl NpeanoYTeHne BO BCEX Cryyasnx, Korga COOTBETCTBYIOLLAS NPUKIaAHas CUCTEMA AONYCKAET UX NPUMEHEHUE.

Mpu Takux Harpyskax, Kak HacoCbl, BEHTUNATOPbI U BO3AYLUHbIE KOMMAPECCOPbI, MOXHO NONYYUTL Cy-
LLIECTBEHHYIO 9KOHOMMWIO QHEPIMM 3a CYET UCNOMb30BaHUS MHOTOCKOPOCTHOrO ABWUrarens unu auratens ¢
perynupyemomn ckopocTtbio. Crieqyer, oAHaKo, OTMETUTb, YTO K[ MHOroOCKOPOCTHOIO ABUratena Ha Ka)aou
pabo4yeil CKOPOCTM OKa3biBAETCSt HECKONbKO HUXE, YEM Y OAHOCKOPOCTHOIO ABUFaTENs C CONOCTaBUMBIMU HO-
MWHanNbHLIMK XapakTepucTukamu. OgHOOOMOTOYHBIE MHOTOCKOPOCTHBIE ABUratenu (Hanpumep, ¢ 06MOTKOW
Hanangepa) o6bl4HO ObiBalOT 60M€e 3KOHOMUYHbLIMU MO CPABHEHUIO C ABYXOOMOTOUYHLIMMU.

[Osuratenu, KoTopble paboTalT HENPEPLIBHO UMK B TEYEHUE ANUTENbLHLIX NEPUOAOB BPEMEHU, NPeao-
CTaBnAT JOBOMLHO Goratble BO3MOXHOCTM ANsi COKpaLleHus aHepronotpebnenus. Mpumepamm Takux chep
NPUMEHEHUs ABNSAIOTCA TEXHONMOINMYECKkMe arperatbl, NHEBMaTuyeckoe 06opyaoBaHme, HaCoCbl U MHOTWE TUMbI
MPOMBbILLINIEHHbIX YCTAHOBOK.

Cpeaun MHOXeCTBa ABuratenei, paboTalowmx HeNpepbIBHO, ECTb MHOXECTBO TakKuUX, KOTOpbIE UCMONb-
3YI0TCS1 KPATKOBPEMEHHO U UMEIOT OYEHb Manyr CyMMapHyl0 HapaboTky yacoB 3a rog. lNMpumepamu Takoro
NPUMEHEHUs1 MOTYT CIY>XWUTb ABUraTeny BEHTUMNEN, NPuBOAb! LUMO30BLIX BOPOT, NPOMbILLIIEHHbIE YCTPONCTBA
OTKPbIBaHUSA ABEPEii, NOXaPHLIE NOMMbI M KAHANM3aLMOHHbIe HAcoCkl. Bo Bcex aTux cryvasx uameHenue Krp,
Aswuratens He OyAeT oka3blBaTb 3aMETHOTO BNUAHWS HA CYMMapHbI€ 3Hepro3aTparbl, TOCKONbKY NoTpebrneHue
3Heprun mano u ysenudenune Ko MoxeT npMBecTu K yxyaLleHuto Tpedyembix pabounx XxapakrepucTuk.

He6onbLuoe ysenuyeHune KMNO apuratens Ha HECKONBbKO NPOLEHTHbIX MYHKTOB MOXET COOTBETCTBOBATb
BECbMa CyLLECTBEHHOMY COKpaLLeHUIo noTepb B ABuraTtene. Hanpumep, npu HEU3MEHHOW BbIXOAHOW MOLL-
HocTu yBenuyvenune K ¢ 75 go 78,9 %, ¢ 85 no 87,6 % unu ¢ 90 oo 91,8 % o3Ha4aeT B Kaxaom criyyae co-
KpaLueHue aHepreTuyeckux notepb Ha 20 %.

Tak kak KINA, kak npaBuno, Bo3pacraeT ¢ yBENMUYEHMEM pPasMepoB ABUTaTens, BbICOKOBOMNLTHbIE 3MekK-
TPUYECKNE MALLUHbI C BbIXOAHON MOLLHOCTLIO Bbile 1 MBT 06bl4HO nmetoT KM Gonblue 95 %.

MpumedaHune — [lockonbKy BbIXOfHaA MOLLHOCTbL 3MeKTPOABUraTeNs Bo3pacTaeT NpornopLMoHansHoO KBagpa-
Ty AnameTpa ero potopa, 4ONYCTUMOE paccesiH1e Tenna yBernm4nBaeTcs noqTy NuHeitHo. CnejoBaTensHo, HeoBXoAUMBIM
ycnosueM pa3paboTku Goree MOLHLIX ABUraTeneit senseTca nosblleHne ux K.

5.2 NMotepu B gBurarene

AnekTpoasuratens npeodpasyeT 3NeKTPUYECKYH0 SHEPTUIO B MEXAHUYECKYIO U B 3TOM NMPOLIECCE MOPOX-
[aeT noTepmu 9Heprum, KOTOpbIE MOTYT BbITb OXapakTepu3oBaHbl CriefyoWwmnm o6pa3om:

a)oTepu B anekTpuUYeCcKol 4Yactu (B CTaTtope u poTope), 3aBUCsLLUME OT Harpy3ku. TOK, NpoTeKatoLui
yepes 06MOTKM CTaTOpa U POTOPa, NOPOXKAAET NOTEPU, NPONOPLMOHANbHbIE MPOU3BEAEHUIO KBaJpaTa Toka Ha
conpoTueneHue 06mMoTok (I2R); noTepU B pOTOpe BO3PACTAIOT C YBENUYEHNEM CKOMbXXEHUS.

b) Motepu B xenese, 06bIMHO HE 3aBUCALLME OT Harpy3ku. MoTepyu STOr0 TUNA NMOPOXKAAOTCS IMaBHbIM
06pa3som B LLMXTOBAHHOM CTaribHOM CepaevHUKe cTaTtopa U (B MEHbLLEN CTENEHU) B poTope. MarHuTHOe none,
Ba)KHOE AN CO34aHUA KPYTALLUEro MOMEHTa ABWUraTensi, NpMBOAUT K BOSHUKHOBEHMIO NOTEPb W3-3a nepemar-
HU4YMBaHNA U BUXPEBbLIX TOKOB.
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¢) MexaHuyeckue notepu (Ha TPEHWE U Ha CONPOTUBNEHUE BO3AYXA), HUKAK HE CBA3AHHBLIE C HArPy3KOW.
Takue noTepu BO3HUKAKOT B MOALLUMIHMKAX, BEHTUNATOPAX U YNNOTHEHUAX ABuratens. B HU3KOCKOPOCTHbIX
asurarensx IP2X, IP4X u IP5X oHU 0ObIMHO Marbl, HO MOTYT AOCTUTaTb CYLLEECTBEHHBIX 3HAYEHUIA B KPYNHOra-
6apUTHbIX, BLICOKOCKOPOCTHbIX UM MOMHOCTbIO 3aKPbIThIX ABUraTENsX.

d) lo6aBoyHbIE HArpy304Hble (NapasuTHbie) notepu. K aToMy TNy oTHocATCA 406aBOYHbIE OCHOBHbLIE
noTepMn 1 BbLICOKOYACTOTHLIE MOTEPU B XeEmnese, NoTepu B NPoBoagHUKE 0OMOTKM cTatopa, NoTepu OT LIUPKyns-
LIMOHHBIX TOKOB B OOMOTKE CTaropa 1 OT BbICLUMX FaPMOHUK B NPOBOAHMKAX pOTOpa Noj Harpyskoi. Bce atu
NOTEpPMU CYUMTAIOTCA NPOMOPLIMOHANBHLIMU KBAAPATYy KPYTALLEro MOMEHTA.

B tabnuue 1 nepeuncneHbl pa3nuyHbie COCTaBnSAIOWME NOTEPb B ABUraterne, BblpaXKeHHbIe B NPOLEH-
Tax OT CYMMapHbIX MOTePb, KOTOPbIE OHU NPEACTABAAIOT, U YKa3aHbl NPOEKTHbIE U KOHCTPYKTUBHBIE (DAKTOPbI,
BAUSIIOLLME HA UX BENUUUHY.

Ta6bnuya 1 — PacnpefeneHue notepb B TpexdasHblX HETHIPEXNONIOCHBIX aCUHXPOHHLIX ABUraTENsX C KOPOTKO3aM-
KHYTBEIM POTOPOM

TunuyHaa NpoueHTHaA
AoNA OT CyMMapHbIX
Buapbl notepb NOTepb B 4-NONKCHBIX daKTopbl, BIUAIOLME Ha 3TU NOTepU
Aasuratenax
MoTepu B cTaTope ot 30 go 50 TunopasmMepebl NPOBOAHWUKOB U MaTepuarnos cTatopa
MoTepu B poTope oT 20 o 25 TunopasmMepbl NPOBOAHWUKOB U MaTepuarnos poTtopa
MoTepu B cepheYHuke oT 20 o 25 Tvn 1 KONUYeCTBO MarHUTHOrO Martepuana
[obaBoyHble Harpysoud- or 51015 B 0CHOBHOM MeTOAblI U3rOTOBNEHUS U MPOEKTUPOBAHUA
Hble noTepu
MoTepu Ha TpeHue u co- or 5 1010 KOHCTPYKTUBHbIE XapaKTepuUCcTUKN BEHTUNATOPOB U NOALLWNHUKOB
NPOTUBNEHWE BO3fyxa

Kak npaeuno, notepu B ABUratene MoryT GbiTb COKpALLEHbI MYTEM YBEMUYEHNUS B HEM 0GbEMA aKTUBHO-
r0 9NEKTPOTEXHUYECKOro MaTepuana, T. €. MPOBOAHUKOB U MarHUTHbIX MaTrepuaros.

5.3 [lo6aBoYHbIe NOTEpPU B ABUraTesrie npu padore ¢ YaCTOTHbIM Npeobpa3oBarenem

FapMOHMKKM HaNPSHKEHUA U TOKA B ACMHXPOHHBIX ABUraTeNsAX C KOPOTKO3aMKHYTEIM POTOPOM, NOPOXAAa-
eMble YacTOTHbIM npeobpasosaTtenem, NPUBOAAT K BOSHUKHOBEHWIO A0GABOYHLIX NOTEPL B XKenese u notepb
moLuHocTu (I2R) B 06MOTKax cTatopa u potopa. CyMMapHas BENMUYMHA 3TUX [406aBOYHBIX MOTEPb HUKAK HE
3aBUCUT OT Harpy3Kku U COKPaLLIAeTCA NpW YBENUYEHUM YacTOThkl NEPEKMIOYEHMI B npeobpa3oBarene.

B HeGnaronpuaTHbIX cuTyauusix 4obaBoyHbIe NOTEPU B ABUraTene, Bbi3biBaeMble paboyeli 4acToTon
npeobpasoBatens, cnOCOOHbI YBENMUUUTE CyMMapHbIE NOTepu B ABurartene Ha 15—20 % no cpaBHEHUIO C UC-
nosfib30BaHMEM CUHYCOUAANBHOMO MUTAIOLLEr0 HanpsiXeHUS.

Bonee nogpobHyo MHMOPMALMIO MO 3TMM BONpOCaM MOXHO HaiTu B IEC 60034-17 u IEC 60034-25.

5.4 IBurarenu 6onee BbICOKUX KIAccoOB 9KOHOMUYHOCTH

OxupaeTcs, YTo NepefoBLIE TEXHONOMMN ANEKTPOTEXHUKN NO3BOMAT NPOM3BOAUTENAM INEKTPOTEXHUYE-
CKOro 060pyaoBaHMA NPOEKTMPOBATbL HOBLIE ABUraTenu knacca aHeproadpcekrusHoctTu IE3 ¢ 6onee BLICOKMM
KO npu pasamepax mexaHudeckux yacten (pnavues, shaft heights etc.), cpaBHuMbIX C CyLleCTBYOLLMMU
asurarensmm 60nee HU3KUX KNnaccoB aHeproadhdeKTUBHOCTM (Hanpumep, onucaHHbiMu B EN 50347, NEMA
MG1 u apyrux nokanbHbIX HOPMaTUBHbIX AOKYMeHTax). [na uCnonb30BaHUs Takux HOBbIX ABUraTtenein obbly-
HO TpebyloTCs CpeacTBa CUNOBOI 3NEKTPOHMKK (HAcTOTHbIE NpeobpasoBarenu).

[MoTepu B pOoTOpPE NOYTH NOSHOCTLIO UCKITIOHAIOTCA B CRyyae NPUMEHEHMS CUHXPOHHLIX ABUraTenen 6es
0OMOTKM BO3BYXKOEHUA.

B npunoxeHun A HacToAleln cneumdukaumm npeanaraeTcst Knacc CBepXBbICOKOM 3HEpProadpdeKTUBHO-
CTU, KOTOPbIN cneunansHO OPUEHTUPOBAH HA Takue ABuratenu (xota cam no cebe knacc |IE4 He orpaHU4MBa-
eTCcsi ABUraTensiMm cneumanbHOro Ha3HauYeHus).

Yixke paspabarbiBaloTcA U B KaKOW-TO Mepe CcTanu AOCTYNHbIMU AN NPUOOpPETEHUss HA KOMMEPYECKON
OCHOBE CUMHXPOHHbIE ABUratenu ¢ noCTosiHHbIMU Mmariutammu (PMSM) 1 peakTuBHbIE CUHXPOHHbIE ABUrarenu
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(RSM). Mepeble 06bIMHO XapakTepu3yoTCa BHYTPEHHUM PEAKTUBHBIM MOMEHTOM (MOMEHTOM SIBHOMOSHOCHO-
CTH), @ BTOpPbIE MOTYT BO30YXAaTbCA NMOCTOAHHLIM MarHMToM, Gnarogaps Yemy CTaHOBUTCA BO3MOXHbLIM CO3-
JaHue cuctem rubpuaHoro npueoaa.

B 3aBMCMMOCTM OT KONMYECTBA UCNONBL3YEMOr0 MarHUTHOTO Marepuarna CUHXPOHHbIE ABUTaTenu ¢ no-
CTOSIHHBIMW MarHuTamum MOryT MMeTb B0onbLMi KOIMULMEHT MOLLHOCTM MO CPABHEHUIO C ACUHXPOHHbLIM
Asuratenem, Gnarogaps Yemy noBbILLAETCS SHEProdddPeKTUBHOCTb KaK pacnpeaenuTensHoi CeTH, Tak U va-
CTOTHOro npeobpasosarens. OgHako AN HOPMasibHOrO (HYHKUMOHMPOBAHMS Takux Apuraterneii Tpebyercs
npuMeHeHne YacToTHOro npeobpasosarens WU faTtyuka nonoxeHus potopa (koaepa), ecnm B camom npeob-
pasoBarerfe He UCMOoNb3yeTcs GECKOAEPHbIN anropuTM YNpasneHus.

B HeGonblunx no pasmepaM W/MNW BbICOKOCKOPOCTHBLIX ABUraTensax 00bIMHO UCMOMNb3YETCA TaKxXe
Gonee NpPoOCTO KOMMYTaLUOHHbIA BNOK HU3KOYACTOTHOMO PErYNMPOBAHUA HaNPsKEHUS (3TO TaK HasblBa-
emble GeCLUeTOuHbIe ABUraTenu NOCTOSHHOrO TOKa, UNKU ABUraTenn C SNeKTPOHHOW kommyTauueir). Oc-
HOBHOI HEAO0CTATOK Takux ABUratenen — BO3HUKaloWwme 4o06aBoYHbIE NOTEPU OT NapasUTHLIX HanpsKe-
HUIM U TOKOB rapMoHuK. Mpeumyiectsa nux no KMNM nepea aCMHXPOHHbIMU ABUraTENAMM CTAHOBATCS eLe
MeHee OLLYTUMbIMU NPU CPaBHEHUWN C YCOBEPLUEHCTBOBAHHLIMU ABUraTENAMM C MOCTOAHHLIMU MarHuTa-
MU UNKU PEaKTUBHBLIMU CUHXPOHHLIMW ABUraTENAMMU C YNPaBneHUEM NOCPEACTBOM LUMPOTHO-UMMYNbCHOM
MOAynAUnK.

ELle oaHO yCOBEPLUEHCTBOBAHWE KOHCTPYKTUBHBLIX XapaKTEPUCTUK CUHXPOHHBIX ABUratenen Coctout
B OAHOBPEMEHHOM WCMONb30BAHUU MOCTOSHHBLIX MarHUTOB M KOPOTKO3aMKHYTOro potopa, Gnarogapsi 4yemy
TaKoW [Buratenib MOXET 3anyckaTbCA B AWCTAHLMOHHOM PEXUME; 9TO CUHXPOHHbIe Auratenu Tuna LSPM
C MOCTOSIHHLIMM MarHuTaMu ¢ 3anyckom ot cetu (line-start, permanent magnet), ans ynpasneHus KOTOpPbIMK
COBCEM He o0si3aTeneH YacToTHbIN npeobpasosarenb. OfHAKO NYCKOBbIE XapakTepUCTUKK TaKUX ABUraTenei
ropasfo Xyxe no nynbCaumu KpyTALEero MOMEHTa U U3gaBaeMOMy LUYMY; UMEIOTCS TaKkKe CyLeCTBEHHbIE
OrPaHMYEHUS NO HArpy3Ke NMMHUM U MOMEHTY UHEPLMM NPUBEAEHHOW HArpy3ku. [lBuratenu aToro Tuna TecHO
NPUBS3aHbl K COOTBETCTBYIOLLEN 0OMacTM NPUMEHEHUS U HE MOTYT UCMONb30BATLCA B Ka4€CTBE aneKTpuye-
CKMX MaLUMH LLUIMPOKOro Ha3Ha4YyeHus.

M pumMedyaHune — Mo Mepe HaKOoNnneHUA npakru4eckoro onbiTa UCNONb30BaHUA CUHXPOHHBLIX ,qamraTeneﬁ B
CTaHAapTHbIX 06nacTax NpUMEHeHUA NPeaycMaTpuBaeTca pacluupeHue cdepbl geiicteus IEC 60034-30 n gononHexue
€ro NpunoXeHueM A HacTosLlen MyGnuKaLumn Kak HOpMaTUBHBLIM.

5.5 1aMeHYMBOCTb NOTEPb B ABUraTenax

Onsa nio6oi Npon3sBoauMOl NPOAYKUMM AOMKHLI CYLLECTBOBATb ONpeAEneHHbIe AOMYCKU NO Xapakre-
pucTUkaMm, 3aBucCALLME OT MaTepuarnos U METOAOB M3FOTOBNEHUS: ABYX aOCOMIOTHO OAWHAKOBBLIX U3AENUN He
ObIBaeT, faXe ecnu OHW coLunu co C6OPOYHOrO KOHBENEPA B OAHO W TO XKe BPeMsl.

3710 B paBHOW CTENEHU OTHOCUTCA M K dnekTpoasuratensm. CylieCTBOBAHME NPOU3BOACTBEHHbLIX A0-
NyCKOB MO TakMM MaTepuanam Kak cranb, MICNonb3yemasn Ana U3roToBNEeHUs NIacTUH CepaevyHUKoB crTaTopa
M poTopa, HEM30eXHO BEAET K OTKNIOHEHMSIM B MarHUTHLIX CBOMCTBAX U B KOHEYHOM UTOTE BIIUSIET HA NOTEPU
B XKenese U, kak cneacrteue, Ha KM asuratena. Ha ocHOBe ucnbiTaHWi ABUraTenNs MOLHOCTLIO 7,5 KBT no-
CTaBLUMKAMU SNEKTPOTEXHUYECKOI cTanu Obinu npeanoxeHbl 10-NpoLEHTHbIE 40NYCKU HA NOTEPU B Xenese
(ot 300 go 330 BT), uTo 03HA4AET BO3MOXKHbIN POCT 06LWMX NoTepsb B ABurartene ¢ 946 no 976 Bt n Bo3amoxxHoe
ymeHbLueHue ero KMnp c 88,8 % (IE2) ao 88,5 % (IE1).

M3MEHUMBOCTL XapaKTEPUCTUK MOXET ObiTb Takke pe3ynbTaToM OrpaHWMYEHUIi, CBOMCTBEHHbIX TEXHO-
norm4ecKkoMy npoLeccy M3roToBMEHUs ABUTATENS; NOSTOMY CYyLLECTBYIOT rPaHULIbl Pa3MepoB €ro OTAenbHbIX
yacrtei, AUKTYEMblE SKOHOMMUYECKUMMW COOOpaxeHusamu. Pa3nuuHble KOMOMHALUMK CourieHsieMbIX AeTanem
BHOCSIT CBOW BKIaj B konebaHus pasmepHbIX XapakTepUCTUK, TaKMX Kak BENUMYMHA BO3AYLLUHOIO 3a30pa, YTo,
B CBOIO 0Yepefb, NPUBOAUT K konebaHusm Ao6aBOYHbIX HArpy304HbIX NOTEPb, a cnepgosartensHo, u KMNJ asu-
rarensi.

Kpome Toro, MOryt BO3HMKaTb U HEONPEAENEHHOCTHN, NOPOXKAAEMbIE ONepaLusiMiM U3rOTOBIIEHUA U NPO-
Lieaypamm UCTbITaHUNA.

Ortcioga cneayert, 4to nporHo3upoBaHue KI[ KOHKpETHOro Asurarensi BO3MOXHO TOMbKO HA OCHOBE
onpeaensiemMoro M3roToBUTENEM HOMMHAMNLHOMO 3HAYEHNA (KOTOPOE AOIDKHO ObiTb 9KBMBANEHTHO CpeaHeMy
3HauyeHuio KM no 6onbLioin npeacTaBUTENbHOW CTaTUCTMYECKOW BbibOpke U3 napTuu Asurarenen). Homu-
HanbHbIA KM aomkeH 6biTh Take 6onbLie unu paBeH TpedyeMoMy HOMUHANBHOMY 3HAYEHUIO AN COOTBET-
CTBYIOLLErO Knacca sHeproaddektuHoctu (B coorsetctauu ¢ IEC 60034-30).
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dakTnyeckuin KNA no60oro oTAenbLHOro ABUratens npu HOMUHaNbHOW Harpyske, HOMWHaIbHOM Hanps-
XEHUM N HOMWHAaNbHON YyacToTe BpalleHUs MOXET 6biTb U HUXKE HOMMUHANIbHOTO 3HAaYeHWsA, HO TONbKO Ha Be-
NINYMHY, He BbiXoAdslylo 3a npegensl gonycka no IEC 60034-1. 3To ypoBeHb, AOCTUTAEMbIA B TOM Heb6naro-
NPUATHOM Crlyyae, Korga xapakTepucTMKU M MaTtepuanos, U NPOLEeCcCOB WM3rOTOB/IEHUS HAxXOoASAITCSA Ha camoi
HW3KOW rpaHuLie yCTaHOBIEHHbIX AOMYCKOB.

HomunHanbHoe 3HavyeHne KMA nognexuT NCNosb30BaHMI0 NPU OLEHKE MOLLHOCTU, TpebyeMoi ans aHep-
rocHabxeHus onpegesieHHOro uyncna gsuratenein. MuHumanbHoe 3HadeHne KMJ (paBHOe HOMUHaNbLHOMY 3a
BbIYETOM A0MNyCcKa) NO3BONSET NOMb30BaTe 0 ABMrateNns Ha OCHOBaHWM pacyeToB NMPUO6GPecTn YyBEPEHHOCTb
B TOM, YTO OH AEeWACTBUTENbHO NOJYYNT KOHKPETHbIN 3afaHHblli ypoBeHb 3 DEKTUBHOCTHN.

5.6 KMNA npw HeENO/HOW Harpyske

TpexdasHble aCUHXPOHHbIE ABUraTenM C KOPOTKO3AaMKHYTbIM POTOPOM AE€MOHCTPMPYIOT MpakTUYecku
NOCTOAHHbIV KM, B WAPOKOM AManaszoHe YacTUUHbIX HArpy3oK, YTo BUAHO U3 pUCyHKa 3.
MokasaHHble Ha puUcyHke o6nactu 3HadeHuii KM/ oAnHAKOBO TUMUYHLI ANS ABYX- U YETbIPEXNOMIOCHbBIX

ABuratenei; gsuratenn ¢ 60MbWMM YACAOM MOMIOCOB 6YAYT MMETb XapakTepuUCTUKN, OT/IMYHbIE OT MOKa3aH-
HbIX Ha pUcyHke 3.

KM, %

PucyHok 3 — TunuyHble rpadukm 3asucumoctun Kr4 ot Harpysku
AN TpexdasHblX aCUHXPOHHbIX ABUraTteneil ¢ KOpoTKO3aMKHYTbIM POTOPOM
B pasHblX AnanasoHax BbIXOAHOW MowHocTu (npumepHo 1,1; 15 n 150 kBT)
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Korga maeecTHbl 3HaveHust KMM nog Harpyskon, paBHoi 3/4 HOMWHaNBLHOR, ANA NPUGNMXKEHHOrO onpe-
aenenus KMA npu mo6oii Apyroi YacTUYHON Harpyske MOXXHO BOCMONb30BATLCA CReayloWwMMU pacyeTHbIMU

dhopmynamu;
[100 —1]—0,75(@-1j
Moo N5

L= 0,4375 ’
[100 ]
vo=|——-1[-v,

100
. 100
p_—)
1+v—°+vL~p
p

rae: #7499 — 970 KM npy HOMUHANLHOW Harpyske; 17,5 — BblpaXeHHbI B npoueHTax KA npu Harpyske, pas-
HOW 3/4 HOMMHANBLHOM; V|, Vi NPOMEXYTOUHBIE 3HAYEHUR; P — Xenaemas MOLHOCTbL (OTHECEHHAs K HOMU-
HanbLHOM Harpyske); Np— pesynetupytowmi K, sbipaxeHHbii B NpoLeHTax.

MpuMmevyaHune — He pekoMeHAYETCA NPUMEHATb yKasaHHbI anropuTM NpW Harpyskax MeHblue 50 % wunu
6onblue 125 % oT HOMUHaNBHOMN.

5.7 Metoabl npoBepku KN

CyLiecTBYeT HECKONMbKO METOAOB KOHTPONSA ANA onpeaeneHus koadduumeHnta nonesHoro AencTeus
asuratens. CTaHgapTHbIe METOAbI CMITAHNSA ACUHXPOHHbBIX SNEKTPUYECKUX MALLMH, UCTNONb3yeMble BO BCEM
mMupe, onpegeneHsl B IEC 60034-2-1, rae npeactasnaioTcsa U HECKONbKO cnocoboB onpeaenenus KMNQ asu-
ratensi; Kaxabli U3 3TMX METOAO0B 0bnagaer onpeaeneHHbIMU NPeUMyLLECTBAMU B TOYHOCTH, CTOUMOCTU U
ynoOcTBE KOHTPONS — B 3aBMCHMOCTU OT KOHKPETHbIX XapakTepucTuk asurarensi. Hekotopbie U3 MeToaos,
npuseaeHHbix B |EC 60034-2-1, rapMOHM3UPOBaHbI C HaLMOHANbHLIMKU CTaHAapTamu, Takumm kak CSA C390
u |IEEE 112, yactb B.

MpeanoxeHHsin B IEC 60034-2-1 MeToq OCTaTOMHBIX NOTEPbL NpeacTasBnser coboi onpefieneHHylo Bbi-
YUCNUTENBHYIO NMPOLEAYPY BbIAENEHUS PasfnMYHbIX TUNOB NOTEPb U3 HEOOPAOOTaHHLIX AAHHLIX U CrNaXNBa-
HUst 4O0aBOYHbIX (MAPa3UTHLIX) HArPY30UHbIX MOTEPL METOAOM PEFPECCUOHHOTO aHanu3a. 3T0 MOXKET YMEHb-
LUMTb BUSIHUE OLLIMOOK, BHOCUMBIX NPU NPOBEAEHUM U3MEPEHMIA B LULUPOKOM AMana3soHe Harpy3ok, — ot 25 %
10 npumepHO 150 % HOMMHAanNbLHOW Harpysku. B pamkax aToro Meroga OCyuwlecTBNAETCA TaKKe NPUBEAEHUE
TeMnepaTtypHbIX YCOBUI UCMbITAHWUI K Temnepatype 25 °C — ans ymeHbLUeHus konebGaHui pe3ynsTaToB U3-
3a pasnuunsa HakTUYECKUX YCNOBUIA UCNLITATENBHON CPeabl.

OOBLEenpUHATLIA NOAX0A K NONYYEHUIO NCXOAHBLIX AAHHbLIX ANS AnanasoHa MolHoctel ot 0,75 go
370 kBT cocTOUT B TOM, YTOGbI MPOBECTM UCTLITAHUE ABUrATENS C UCNONb3OBAHUEM HArpPy304HON MaLlu-
Hbl U TOPCMOMETPA U aKKypaTHO NPOU3BECTU U3MEPEHUSA BXOAHOW U BbIXOAHOW MOLLHOCTU B HECKOJbKUX
TOYKaxX Harpys3ku Ans onpeaeneHuss COCTaBNALWMX NOTEPb, a 3HAYUT, U KO3hbdULMeHTa None3Horo aen-
CTBUA.

OpnHako aaxke UCnonb30BaHUE BMOMHE NOAXOAALLEro U TOMHOrO METOAA UCMbITAHUi He crnacaeT OT He-
n3bexxHbIx konebaHuii pe3ynsTaToB UBMEPEHUIA Ars OAHOTO U TOTO XXe ABUratens — rnasHbIM 06pasom n3-3a
oLMB0oK, BHOCUMBIX UCTbITATENbHBEIM 060pYAOBaHUEM U U3MEPUTENBHOI annapaTypoii, a B Cnyyae HeaBToMma-
TU3MPOBAHHOIO UCNbLITAHMA — €eLUe U NepCoHanNoM UCNbITaTeNe.

5.8 KoacpchuumueHT MowHOCTH

MokasaHHbIe Ha PUCYHKE 4 Anana3oHbl U3MEeHEeHNA KOIhMULMEHTA MOLLHOCTH OAUHAKOBO TUMUYHbI ANS
ABYX- M YETbIPEXMNONIOCHLIX ABUraTenei. Xapakrepuctuka asuratenen, uMmeromx 6onbLuee YMcno nomncos,
GyaeT UHOM.

MonHas Harpy3ka gsuraTtens B paboTatowem 060pynoBaHUM 0BbIYHO SIBASIETCA OCHOBHLIM (haKTOPOM,
onpeaensowmM KoaPPULMEHT MOLLHOCTU cuctemMbl. HU3Kuii KO3(DMLUMEHT MOLLHOCTU NPUBOAUT K POCTY
noTepb B CUCTEME pacnpeaeneHunsi. ACMHXPOHHbIE ABUraTenu No CBOEN NPUPOAE Bbi3bIBAIOT 3anas/biBaHne
CUCTEMHOro KoadpuLmeHTa MOLLHOCTH.

KoathPpuLMEHT MOLLHOCTU aCUHXPOHHOTO ABUTATENS YMEHbBLUIAETCS C YMEHbLUEHUEM HArpy3Ku.
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KoadhdpmLmeHT moLuHocTv

PricyHOK 4 — TUNUYHBIA rpadhuk 3aBUCUMOCTU KOIIIMLIMEHTA MOLLHOCTM
OT AManasoHa Harpy3ok TpexasHbIX aCUHXPOHHBIX ABUraTeneil ¢ KopoTKO3aMKHYTbIM POTOPOM
B pasHbiX Avana3oHax BbIXOAHOM MoLHocTH (MpumepHo 1,1; 15 n 150 kBT)

KoadhhMumMeHT MOLLHOCTM NpU HOMWUHANBLHON Harpyske Bo3pacTaeT C yBe/MYeHNeM HOMUHAaNbHO MOLL-
HoCTu aBuratens. HeckosibKO aCMHXPOHHbIX ABUratenei, padoTalowyx O4HOBPEMEHHO C Masioli Harpyskomn,
CMOCO6HbI BbI3BaTb B CUCTEME 3/1EKTPOCHAGXEHUSA CyLecTBEHHOEe MOHMXeHue KoadhduumeHTa MOLLHOCTH.
HWN3KOCKOPOCTHbIE ACUHXPOHHbIE ABUraTENN NP HOMUHANbLHON Harpy3ke nMetoT 60/1ee HU3KNIA KO3 O ULNEHT
MOLHOCTHN, YEM BbICOKOCKOPOCTHbIE.

Heb6onbwoe ysenuyeHne HanpsxeHms (MeHble yem Ha 10 %) no cpaBHEHWNIO C HOMUHA/IbHBIM YPOBHEM
6yaeT yMeHblaTb KO3 ULMEHT MOLHOCTA, U HA060POT, HEGO/bLIOE NOHKEHNE HaNPSXXeHUs (MeHblue Yyem
Ha 10 %) OTHOCUTEsIbHO ero HOMWHa/IbHOW BeNNYUHbl ByfeT NoBbilaTh KO3 MULMEHT MOLWHOCTN aCUHXPOH-
Horo asuratensa. OgHako ero apyrue paboune xapakTepucTWKM MOryT MCMbITbiBaTb 06paTtHoe BO3feicTere
TaKoro M3MeHeHUs HanpshkeHus, BCNeACTBUE Yero pekoMeHAyeTCs AepXaTb pPexum paboTbl aCMHXPOHHOTO
ABUratens Kak MOXHO 6/MKe K HOMWHa/IbHbIM 3HAYEHUSIM HanpsHXXeHWs U MOLLHOCTMW, yKa3aHHbIM B €ro na-
crnopTHOI Tabnmnyke.

PeweHne o uenecoobpasHOCTU WU HeLenecoobpasHOCTU YyNydleHns KoadduumeHTa MOLHOCTU 1
NCNnosib30BaHUA ANA 3TOr0 KOHAEHCATOpPOB, CUHXPOHHbIX ,quAraTeneﬁ NN UHBIX MeP KOPPEKTUPOBKN OO0J/1KHO
NPpVHMMAaTbLCA MOC/e aHann3a CUCTEMbl 3HEProcHabxXeHus.

B cnyyae npuMeHeHVs KOpPPEeKTUPYHLWNUX KOHAEHCATOPOB AN MOBbIWEHNA KO3 duuneHTa MOLHOCTH
3/1eKTPUYECKON CeTn OHW nognexat TwaTebHOMYy 0T60pY 1M KOHTPO/O BO M3bexaHne BO3HUKHOBEHMA onac-
HbIX YC/MIOBMIA 3KcnayaTauuun; no BOMPOCY nofbopa KOPPeKTUPYLWWX KOHAEeHCATOPOB pPeKOMeHAyeTCA KOH-
CynbTMpoBaThbCA C paspaboTymkamu ceTtu.
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5.9 CormacoBaHue ABUraternen u pasnnyHbIX YacTOTHbIX Npeobpa3soBarenen

[ob6asneHue B cuctemy aHeprocHabxeHus npeobpasoBartens ¢ perynupyemoi 4acToToi co3faeT BO
MHOTUX Criydasx 6naronpusTHbIE YCNOBUA ANA NOBLILLEHUA €€ 3KOHOMUYHOCTU. OIHaKO BO3HMKAIOLLUE NpU
9TOM JAOMONHUTENbHbIE 3aTpaTthl HA Npeobpasoearent (00bIMHO NpPEeBbILLAIOLLME CTOMMOCTb ABurarensi 6o-
nee BbICOKOI MOLLHOCTU) U 0OABOYHbIE NOTEPU, KOTOPLIE 3aBUCAT OT Pa3MEPOB U KOHCTPYKLUMK npeobpaso-
Barensi u 00bIYHO UCHUCTIAIOTCA 2—5 % NpU HOMUHAMNbHBIX 3HAYEHUSIX MOMEHTA U CKOPOCTU U COCTaBHISIIOT
ot 10 ao 30 % npu KpyTSLLEM MOMEHTE WU CKOPOCTU Ha ypoBHE 25% WX HOMUHANbHBLIX BENWYUH, TpebyioT
CEepbe3HOro aHanu3a UCcnosb3yemoro NPUNOXKEHUSA.

MepBas rpynna npunoXxeHUun — 9TO HACOCHbLIE arperarbl, BEHTUNSATOPbI U Apyrue aHanoruyHblie obb-
€KTbl C MEPEMEHHOIN Harpy3Kom, y KOTOPbIX KPYTALLMNA MOMEHT BO3pacTaeT NpUMEPHO NPONopLUOHanbHO KBa-
Apary CKOpoCTU BpaLleHus asuratens. BxogHaa anexktpuyeckas MOLWHOCTb ByaeT npu 3TOM yBENUUMBaTbCA
NponopLMOHanbLHO KyOy CKOPOCTH, KOTAa pacxod NOTOKA B 3aKPbITbIX KaHanax u TpybonpoBoagax perynupy-
€TCS TONMbKO 3aCNOHKAMU U APOCCENbHLIMU KnanaHaMmu. HenpepbiBHOE CrnavMBaHMe BXOAHOW MOLLHOCTU A0
Tpebyemoro ypoBHsi pacxofa MOXeT ob6ecneynsaTbCs NPUBOAOM C PEryNMpyeMoii CKOPOCTbIO; COOTBETCTBEH-
HO 9TOMY OyAyT CHWKaTbCA U noTepu. [JOMKHO NPUHUMATLCSA BO BHUMaHWE U TPaAULMOHHOE perynmpoBaHue
Harpysku C NOMOLLILIO MHOTOCKOPOCTHbIX ABUraTenen unu napannenbHbIX CXeM ynpaBrneHus OQHOCKOPOCT-
HbIMU JBUraTensiMu, €crnu Takon cnocob MOXeT 06ecneunTb BbIMONMHEHUE HYXXHON paboTbl C MEHbLUMMU 3a-
Tpatamu u norepsamu. OLLYTUMbIE BbIFOALI NPUHOCUT UCNONbL30BaHUE NPUBOAOB C PErYNIUPYEMOI CKOPOCTbIO
BpalLieHUA, TaK KaK B 3TOM CIy4yae OTKPbIBAOTCA LUMPOKME BO3MOXHOCTU A9 CEPbE3HOIO0 MOBbLILLEHWUS YPOBHA
9KOHOMUYHOCTMU.

Ko BTOpO# rpynne npunoXeHuini OTHOCATCS KOHBENEPbI, ackanaropbl, nedekn u gpyrue aHanoruyHble
MEXaHWU3Mbl, MOMEHT KOTOPbIX OTHOCUTENIbHO HE3AaBMCUM OT CKOpOCTU. NpuBOA C pErynupoBaHUEM CKOPOCTU
MOXET 06ecneunBartb HeNPepbIBHYIO 6€CCTyneHYaTylo HaCTPOIKy CKOPOCTM BpaLLEeHUs B Anana3oHe OT NoYTH
HErnoABMKHOIO COCTOSIHMSI 10 NOSHOW BENWYMHBI U TaKUM 00pa3oM MUHMMU3UPOBATL NOTPEONAEMYyI0 MOLL-
HOCTb. Bburpoilw B 3aTpatax U 9KOHOMUYHOCTU NpU 3TOM ByAeT MeHbLLE, YEM B NEPBOW rPyNne NPUIoXeHUi,
MOCKONbKY B JAHHOM Clly4ae BXOAHAsA MOLHOCTb U3MEHSIETCA NPONOPLMOHANLHO CKOPOCTHU.

TpeTblo rpynny 06pasyioT NPUAOKEHUS, B KOTOPbIX U3MEHEHUS HAarpy3ku U CKOPOCTU MMHUMATbHbI, HO OT
npuBOoAa C PErynupoBaHMemM CKOPOCTU MOTYT ObITb MONYY€EHbI BLIFOALI MHOTO Xapakrepa: Hanpumep, 6esyaap-
HbIiA MYCK U MAIrKasi OCTaHOBKa unu TpeboBaHne BbLICOKOTO NyCKOBOrO MOMeHTa. OCHOBHBIM BbIMTpbILLEM 34€Ch
ABMAETCA HE MOBbILLEeHNE 3NMEKTUBHOCTU UCNONBb30BAHUS SHEPTUN, @ YMEHbLUEHNE U3HOCA MALLMHHOTO 060-
pyaoBaHus. CyLLECTBYET MHOXECTBO Apyrux, 6ornee aewweBbiX TEXHUHECKUX PELLEHUI, OPUEHTUPOBAHHDLIX HA
obecneyeHune HesyaapHOro nycka, ofHako BCe OHM, B OTNUYME OT NPUBOAA C PErynupyemoli CKOpPOCTbIO, He
NPUBOAAT K 9KOHOMUU BHEPTUM.

B HEKOTOPbIX NPUNOXEHUSX ABUraTeNIn UMEeT u3nuwHe Gonblune pa3mepbl U NOCTOSAHHO paboTalor
C HenonHomn Harpyskoi (50 % mMnu MeHbLUe); XOTA UCNONb30BaHUE perynupyemoro 4actoTHoOro npeotpaso-
BaTens crnocobHO B 4AHHOM Cryyae yny4yluTb dHepreTUu4Yeckne nokasarenu 3a CYET YMEHbLUIEHUS BXOAHOTO
HanpsbkeHusa asurarens, 6onee nogxoasawmi BeI6op rabapuTHbIX pasMepoB € y4eToM Tpebyemon Harpysku
MOXET Cnoco6CTBOBATL COKPALLEHUIO 3aTpaT M BonbLUei SKOHOMMUK SHEPTUM.

Ecrnn He ucrnonb3yloTcs AONOMHUTENbHbIE CUHYCOMAAnbHble (OUNLTPLI, TO ABUrATENW, OCHALLEHHbIE
npuMBOAOM C Perynupyemoit CKOpOCTbiO, NOABEPratoTCA BO3AENCTBUIO BLIOPOCOB HaNPsHKEHUS, KOTOPbIE Cy-
LLECTBEHHO BOonbLUE NUKOB, BO3HUKAIOLLMX NMPU NUTaHUK OT ceTU. B HacTosilee BpemMsi GOMbLUMHCTBO HOBbIX
NPOMBILLIIEHHbIX ABUraTenel Ha HanpshxeHune go 500 B umelotT cucremy msonsuuu, kotopasi cnocobHa Bbl-
AepxaTb Takme HanpsxeHus 6es3 kaknx-nmbo npobnem. Ons Gonee BbICOKUX HANPSHXKEHUI NUTAHWUA JOSDKHbI
paccmaTpuBaTbCsa ABUraTenu, oxsatbiBaemble ctaHgaptoMm IEC 60034-25.

B cnyyae ucnonb3oBaHnsa B CYLUECTBYIOLLUX NPUNOXEHUAX ABUraTenei cTapoi KOHCTPYKUWM B CO-
YeTaHMK C YaCTOTHLIMW NpeobpasoBaTensiMu ¢ Pperynupyemori 4actoTol HeoBXoaMMO KOHCYNBTUPOBAaHKE C
usrotosutenemM asuratensa. Kpome 1oro, BaXHO ONpeaennTb MakcumaribHo 6e3onacHyto paboyylo CKOPOCTb
ABuraTtens B Criyyae CyLLECTBEHHOTO MPEBbILEHUS PEerynMpyeMbiM NPUBOAOM MPOMbILLNIEHHON Y4acTOThl
(50 unun 60 I'y). Takasa uHpopMaumsa 0ObIYHO NPUCYTCTBYET B KaTanorax uUnu B 3KCrnmyaTaumoHHON AOKYMEH-
Tauum (PyKoBOACTBAX); N0 STOMY BOMPOCY CM. Takke craHgapTsl IEC 60034-1 u IEC 60034-17.

MpuBOALI C PErynupoBaHMeEM CKOPOCTU JOSDKHbI BBIGUPATHLCA U KOHPUTYPUPOBATLCS HA OCHOBE YETKOTO
3HaHWUA TUMUYHBIX 9KCNyaTaUUOHHbLIX YCNOBUM:

- MOMEHTOB U CKOPOCTEW, TPebyeMbIX BEAOMON MALLMHOW;

- 3aBUCUMOCTW U3MEHEHUS HOMUHANBHOW MOLLHOCTM OT BbIOPaHHOTO METOAa BO3AYLUHOIO OXNaXaeHus
(CaMOBEHTUMALUA UM NPUHYAUTENbHLIA 06aYB).

10
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Onsa nonyyeHusi HaGONbLUKMX BLIOA BaXHO 0GECNEeUNThL NOMHOE COOTBETCTBUE PaGOUNX XapaKTepUCTUK
perynupyeMoro npueoga TpeGyeMomy npoduio Harpysku U SNeKTPUYECKUM XapakTe pUCTUKaM NpUMeHsiemMo-
ro ABurartens.

5.10 ABuraTtenu ¢ HOMMHaNbHOM YyactoTon 50 n 60 'y

Tak kak cnocobbl UCMONb30OBaHUA ABUraTenei n ux pasMepHble XapakTepucTukM hakTU4eckn UMeroT
OTHOLUEHWE K pasBUBAEMOMY MOMEHTY, 8 HEe K MOLLUHOCTUW, TEOPETUYECKAs BbIXO4HAA MOLLUHOCTL BO3pacTaeT
B NMWHENHON 3aBMCMMOCTU OT CKOPOCTW BpallleHus1, T. €. Npu nepexoae ot vactotbl 50 My k yactote 60 My
yBenudusaetca Ha 20 %.

MoTtepn MoLHOCTU B 06MOTKax (I2R) UrpatoT 4OMUHUPYIOLLYIO POSb, 0COBEHHO B ACUHXPOHHbIX ABUraTe-
nsAX ManbIX U CpeaHux pasmepoB. ATW NOTEPU B OCHOBHOM NOCTOSAHHbLI Kak npu yacrtote 50 My, Tak u npu 4a-
ctote 60 'L, Noka 0CTaeTCcs HEM3MEHHbIM KPYTALLUMIA MOMEHT. HeCcMOTpsA Ha TO YTO CONPOTUBIEHUE BO3AYXa,
TPeHue 1 NOTEPM B XKene3e BO3pacTaloT C yBENIMYEHUEM YaCTOThbl, 3TU NOTEPU, Kak NPaBuno, MUHUMarbHbI B
ABuraTensx ¢ YeTbipbMa U 6onee noncamm; NOITOMY npu yactote 60 My cymmapHble NoTepu NO CPAaBHEHUIO
¢ yacrotou 50 'y Bo3pacTatoT Ha BenuimHy meHbLue 20 % BbIXOAHON MOLUHOCTU. CneaoBaTtenbHO, B OTHOCK-
TENbHOM UCYMCNEHNUN (BbIXOAHOW MOLUHOCTW B CPaBHEHUM C NOTpebnsieMoi) sHeproadPeKTUBHOCTb yryylla-
eTcs. Bce ckasaHHOe 0TOBpaXkeHO HUXKe B TabnuyHon hopmMe (CM. Tabnuuy 2).

Tabnuuya 2 — lMpumep pacyeta KM asuratens npw vactotax 50 1 60 'y 1 ogUHAKOBOM KPYTALLEM MOMEHTE C UC-
nosib30BaHWEM B KadecTBe 6a3oBOi HOMUHaNbHOW YacToThl 50 My

50 Iy 60y
KpyTaLWwmin MOMEHT 100 % 100 %
CkopocTb BpalleHua 100 % 120 %
BbIxofHas MOLLHOCTb 100 % 120 %
[MoTepu B npoueHTax OT BbIXO4HOW
MOLLHOCTK:
notepu I2R 20 % 20 %
noTepu 13-3a TPEHNSA 1 conpoTuene- | 4 % 4-(12)15=5259%
HWs Bo3gyxa
noTepu B xenese 4 % 4-(1,2)15=525%
CyMMmapHble noTepu 28 % 30,5 %
BxopgHas MOLHOCTL 100 + 28 =128 % 120 + 30,5 =150,5 %
KoadbdpumuneHT nonesHoro geicTemA 100/128 = 78,1 % 120/150,5=79,7 %

Ha npaktuke o6o3HadeHus 60 n 50 [y B XapakTepUCTUKaX BbIXOAHOW MOLLHOCTM COOTBETCTBYIOT €€ CTaH-
JapTHbIM ypoBHAM cornacHo IEC 60072. CnefoBarenbHO, yBENMYEHHOE HOMUHANBLHOE 3HAYEHUE MOLLHOCTH
asuratens Ha 20 % He Bcerga BO3MOXHO. TEM HE MEHee npeanovYTUTENbHOE NPUMEHEHUE Takux ABUratenen
MUMEET MeCTO, eCnu KOHCTPYKUMA ABUratens onTMMU3MpOBaHA UMEHHO B pacqeTe Ha 4acToTy NUTaloWero Ha-
npspkeHusi 60 U, a He NpoCcTo TakuM 06pa3oM 0603HaAYaETCs HOMUHANbBHAA XapakTepUCTUKa ABUraTens.

Korga asurarens paccumtaH Ha pabodyto yacTtoTy 50 unm 60 'y, B 060MX CAy4asx NPUMEPHO C OAHUM U
TEM XK€ MarHUTHbIM NOTOKOM M MOYTM OAUHAKOBbIM KPYTALLMM MOMEHTOM (T. €. C BLIXOAHON MOLLUHOCTbIO NpU
60 repuax Ha 20 % Gonbe, yem npu vyactote 50 INy), ero KMJA npu yacrote 60 Ny 06bI4HO OKa3biBaeTCA 6Ofb-
e (CM. PUCYHOK 5), 1 HOMUHArbHbIE XapakTepPUCTUKM MOTYT 3anucbiBaTbCA, Hanpumep, Tak: 400 B/ 50 My /
3,0kBrn 460 B /60 'y / 3,7 kBT).

AnsTepHaTUBHas CUTyauua — Korga gBuraternb paccuutaH Ha pabodyto yacroty 50 unu 60 Ny, B 060-
UX cnyvyasx NPUMEPHO C OAHUM U TEM XKe MarHMTHbIM NOTOKOM M C OAMHAKOBOW BbIXOAHON MOLLHOCTbIO (T. €.
C KpyTAWMM MOMeHTOM npu 60 My Ha 20 % MeHbLUe, yem npu yactote 50 M), ero KMNA npu yacTtote 60 Ny,
BCerga okasbiBaetcs Gonblle (CM. pUCYHOK 6) Brnarogaps CHMXeHuto noTpebnaemon gsuratenem MoLl-
HOCTU, U HOMUHAMNbHbLIE XapaKkTepPUCTUKN MOTYT 3anucbiBaTbCA, Hanpumep, tak: 400 B/ 50 My /5,5 kBt un
460B/60T4/5,5kBT).
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KA npv yactote 60 Iy
70 75 80 85 90 95 100

PucyHok 5 — TunuyHoe CHuXeHne 3HeproadHeKTUBHOCTM B NPOLEHTHbLIX MNYHKTax NPUMEHUTENbHO
K 4-NOMOCHLIM HM3KOBOJIbTHLIM ABUratensam B guanasoHe ot 50 go 60 'y npu 04HOM Y TOM Xe KPYTALLEM MOMEHTe
(B cnyyae yactoTbl 60 'y MOWHOCTL Bo3pacTaeT Ha 20 %)

KA, npw vactote 60 Iy

PrcyHOK 6 — TUNnYHOE CHMXEeHVe 3HeproadeKTUBHOCTU B MPOLLEHTHLIX MYyHKTaX NPUMEHUTENbHO
K 4-MOMIOCHBIM HU3KOBOJ/IbTHBIM fBUratensam B guanasoHe oT 50 Ao 60 'y npyv O4HONA 1 TO Xe BbIXOAHON MOLLHOCTM
(B cnyyae yacToThl 60 'l KPYTALWMIA MOMEHT YyMeHbLuaeTcsa Ha 20 %)

o yka3aHHbIM Bbilwe npuynHam npegcrabneHHble B IEC 60034-30 orpaHuumnTenbHble KpUBble ANA pas-
NNYHbIX Knaccos aHeproadhdekTnsHocTn (IEL, IE2, IE3) gBurateneii ¢ yactoToi 60 Iy 06bIYHO pacnonarawT-
CS BbllLe aHaNOrMYHbIX KPUBBLIX ANS ABUrateneit ¢ yactotoin 50 Iu,

5.11 ABuratenun, paccymTaHHble Ha pa3Hble HOMUHA/IbHbIe HAMNPSXEHUS UKW HA AnanasoH
Hanps>keHun

BHyTpeHHel xapakTepucTukon asurateneli asnsetca nameHeHue K B 3aBUCUMOCTM OT HaNPSXEHUS.
Pa6oTa gBuratens npu Hanps>XXeHUsX, CyLLeCTBEHHO OT/IMYAILLMXCA OT €r0 HOMUHA/IbHOTO HanpsaxeHus, by-
AeT NnpuBoAMTb K M3MeHeHuto ero KMJ v ypesmepHOMY Harpesy.

Kak npaBuno, KN4 He6onbwunx gsurateneil 6onblle cTpagaeT oOT KonebaHuini HanpshkeHusa, yem KMz
KpynHorabapuTHbIX ABuratenei.

5.12 ABuraTtenu, paccymTaHHble Ha paboTy Npu yacToTax, OT/IMYHbIX OT 50/60 Iy,

Takue gBuratenu He knaccuduumpyoTcsa no aHeproadggektnsHocTn B IEC 60034-30.
EAVHCTBEHHbIN KNnacc, NPUMEHUMbI K ABuratensam c paboueli yacToToil, oTamyatwweiica ot 50/60 Iy,
370 knacc IE4, onpeaeneHHblii B MPUNOXEHUN A HACTOSALLEr0 AOKYMEHTA.

5.13 3HeproapekTUBHOCTb YaCTOTHOro Npeo6pasoBartesisi ¢ peryimpyemoii yactoToi

YacToTHble npeobpa3oBaTtenn 06bIYHO 06/1a4aK0T BbICOKMM YPOBHEM 3HEProaddpekTUBHOCTU — B OT-
nuuve oT ABuratenei, aHeproadPeKTUBHOCTb KOTOPbLIX NagaeT Npyu HENonHOW Harpy3ke (CM. PUCYHOK 7).
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0,1 1 10 100 1000
HomunHanbHas BbiIxogHas MOLLHOCTb npeobpasoBartens, kBT

— ckopocTb 100 %, momeHT 100 % (Harpyska 100 %);
— ckopocTb 75 %, MOMeHT 56 % (Harpy3ka 42 %);
— cKopocTb 50 %, MoMeHT 25 % (Harpy3ska 13 %)

PVCYHOK 7 — TWUNWYHbIE XapakKTepUCTUKU 3HEProadheKTUBHOCTU ABYX3BEHHbIX NpeobpasoBaTeneii
TpexasHoro HanpsXKeHusi ¢ NaccUBHbLIM MPENPOLLECCOPOM
ONS TUMUYHBIX YPOBHEI Harpy3ku HaCOCHbIX arperaTtoB, BEHTUISTOPOB W KOMMPECCOPOB

KNA npeobpasosatens, %

HomunHanbHas BbIXogHas MOLLHOCTb npeobpasosarens, kBT

— cKkopocTb 100 %, moMeHT 75 % (Harpyska 75 %);
— CcKopocTb 75 %, MOMeHT 75 % (Harpy3ka 56 %);
— ckopoctb 50 %, MmoMeHT 75 % (Harpyska 38 %);

— ckopocTb 25 %, MOMEHT 75 % (Harpyska 19 %)

PrCYHOK 8 — TunuuHble XapakTepucTUKU aHeproadheKTMBHOCTU ABYX3BEHHbIX Npeo6pasoBaTeneii
TpexasHoro HanpsKeHusi C NacCUBHbLIM NPENPOLLECCOPOM
NS TUMWYHBIX YPOBHEl Harpy3ku Npu NMOCTOSIHHOM KpYTSLEM MOMEHTe
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B tabnuue 3 nokasaHbl KOMNOHEHTbI MOTEPbL B YAaCTOTHOM npeobpasosarene ans Haubornee nonynsp-
HOro TUNA NPOMBILUMEHHbIX YaCTOTHLIX NpeobpasoBarenei (HU3KOBONbLTHbIX ABYX3BEHHbIX Npeobpa3osareneii
HanNpsHKeHUA ¢ HeynpasnaeMbIMU TpexdasHbIMU AUOAHBIMU BbINPSAMUTENSIMU HA CTOPOHE CETU) C BbIXOAHOW
MOLLHOCTbIO B AuanasoHe ot 1 go 100 kBT.

Tabnuya 3 — PacnpegeneHue notepb B HU3KOBONBTHLIX Npeobpa3oBarensax Tuna U

TUNUYHBIA NpoUeHT

noTtepb B Npeobpaso- dakTophl, BNUAOLMe
KomrioHeHTb! notepb BaTenAax ¢ nacCUBHbIM Ha 3TU notepu
npenpoLeccopom
KoMMyTaLMOHHbIE NOTepy (B BLIXOZHOM 3BEHE) o1 30 go 50 Tok ABuratens U nepekniodeHne Ya-
CTOTHI
MoTepu B ceTeBOM BhiNpsAMuUTene ot 20 ao 25 ®dasHbll  TOK (MOYTU  NPONOpUMUO-

HanbHbIA MOLWHOCTH ABUraTeNs)

MpsiMble noTepm (BLIXOJHOIO 3BeHa) ot 15 a0 20 Tok pBUrarens

[MoTepn BO BHYTpeHHUX Liensax ynpasneHus (B Mukpo- | ot 5 go 20 lMpuMepHO NOCTOAHHbI
KOHTpofnepe, BHYTPEHHEM UCTOYHWUKE NUTaHus, AUC-
nree, Knasuartype, Ha LUMHE CBA3NW, B LNUEPOBLIX U
aHanorosbix KaHarnax BBoAa-BbIBoga U ap.)

lMoTepn Ha nepekniodeHue (B npeobpasosaTtene Ha — Yactota nepekniodeHuin  asHoro
CTOpPOHEe CETU U TONBKO B aKTUBHOM NpenpoLeccope) Toka (MouYTu NponopLUOHanbHOro
MOLLHOCTHU ABUraTensi)

KomnnekcHble noTepu (B npeobpasoBaTtene Ha cTopo- — ®dasHblii  ToK (Mo4TU nNponopuuno-
He CETU 1 TONbKO B aKTUBHOM rpenpoleccope) HarbHbIA MOLLIHOCTU BUraTens)

Ymenbienune KMNA npeobpasoBatenst CnOCOOHO NPUBECTU K MOHUXEHUIO BLIXOAHOTO HANPSDKEHUS, MO-
[laBaemMoro Ha ABuraTenb, YTO, B CBOIO OYepelb, MOXET BOCNPENATCTBOBATL AOCTUXEHUIO ABUraTENEM Mak-
CuMansLHON CKOPOCTU W/unu notpebosarb ocnabneHusa nonsa Bo30yXaeHus, B pesynbrare Yero yMeHbLUUTCS
Krmn asurarens.

5.14 Koadp¢uumeHT MOLWHOCTM YaCTOTHOIO NpeodbpasoBarens

KoadppuuueHT MOLLHOCTU npeobpasoBaTeneii CO 3BEHOM MOCTOSIHHOMO TOKA 3aBUCUT TOSIbKO OT KOH-
CTPYKLMKU UX BXOOHOTO BhINPAMUTENS. KOHCTPYKUMA ABUraTeNS U €ro Harpy3ka HUKaKoro BIUSHUSA Ha KOadhchu-
LUMEHT MOLLHOCTW nNpeobpa3soBaTtens He OKa3bIBatoT.

M3-3a Hanuuusi rapMOHMK BXOAHOIO TOKA YaCTOTHLIX NpeobpasoBaTenei NoOANEXUT aHanuay obLuii Ko-
AP PULUMEHT MOLLIHOCTM A:

|akTUBHas MOLLHOCTB P)

KOSQDPUUNEHT MOLLHOCTU A = .
KaxylLasics MOLLHOCTb S

OTOT KOIPDULMEHT MOLLHOCTU MOXET PerynupoBaThCsi BONM3U 3Ha4YeHNs, paBHOTO euHULE, nocpea-
CTBOM MCNOMb30BaHWA YaCTOTHOrO npeobpasoBarens, OCHALLEHHOTO aBTOHOMHbLIM aKTUBHbLIM Npeobpa3soBa-
TEneM Ha CTOPOHE CEeTU (C aKTUBHbLIM NPENPOLIECCOPOM).

MNMpUMeHUTENBLHO K Haubonee pacnpocTpaHeHHbIM TUNaMm npeobpasoBarteneil AN HU3KOBONLTHBLIX ABU-
ratenei MOXXHO NPUBECTU CreayloLmMe Npumepsl Takon perynupoBkn (OByX3BEHHOro npeobpasoBartens Tuna
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MCTOMHMKA HaNpsDKEHUS C HeynpaBnsieMbiM 0gHOda3sHbIM 6O TpexdasHbiM ANOAHLIM BEINPAMUTENEM B Ka-
yecTBe npeobpasoBarensi Ha CTOPOHE CETH):

- 1-chbasHbivi npeobpasoBaTens: 4 =0,58 (ana Py =0,5 kBr)
- 3-cpbasHbi npeobpasoBaTens: A =0,64 (ana Py =2 kBT)
- 3-dhasHbiii npeobpasoBartenb C IMHENHLIM ApOCCenemMm: A=0,92 (ana Py =2 kBr)
- 3-¢asHbiii npeobpasoBarenb ¢ 9KOHOMUYHLIM 3BEHOM
NOCTOAHHOTO TOKa (B BUAE KOHAEHCATOpa HEDONbLLOW EMKOCTH): A=0,94 (ana Py =1...10 kBT)

MockonbKy YacToTHbIE Npeo6pasosaTeny yny4LuaoT K03 ULIMEHT MOLLHOCTM TOMBLKO HA CTOPOHE CETH,
ANs nonyvyeHns HanbonbLiei 3HeproadPeKTUBHOCTHU CreayeT YCTaHOBUTL Npeobpasosarenb Kak MOXHO 6nu-
Xe K ABuraTtenio (Npon3seas AeLEeHTPanu3oBaHHyIO YCTaHOBKY).

6 Pa6ouune ycnoBusa

6.1 MyckoBble XapaKTepUCTUKN

OKOHOMUYHbIE aCMHXPOHHbIE ABUIaTenyn ¢ KOPOTKO3aMKHYTbIM POTOPOM OObIYHO M3rOTOBMAOTCH M3 60-
nee akTUBHOIO SMNEKTPOTEXHUYECKOro marepuana, T. €. UMEIOT OOMbLUyI0 ANMHY w/unu 60nbLUMiA AUaMeTp
cepaeyHuka ans obecneveHus 6onee Bbicokoro Krp. Mo atum npuumMHam nycKoOBbl€ XapakTEPUCTUKU SHEP-
rocbeperarLmx ABuratesnei oTNUYaTCA OT aHANOrMYHbIX XapaKTePUCTUK ABUratenei ¢ onee HU3KON dHep-
roadeKTMBHOCTbIO.

B cpeaHeM TOK 3aTOPMOXEHHOro poTopa Mpu HEW3MEHHOW BbIXOAHOW MOLLHOCTM YBENUYMBAETCA Ha
10—15 % npu nepexoae OT npeablayLlero knacca aHeproddEeKTMBHOCTM K nocrneaylowemy. 3T UHAUBK-
JyanbHble pasnuyuns ONpeaensioTcA NpuMHUMNamMM KOHCTPYMPOBAHUA ABUratens u noanexar KOHTPOnio no
[JaHHbIM M3rOTOBUTENSA NPU 3aMeHe ABUraTtenein B AeMCTBYIOLIMX NPOM3BOACTBEHHbIX YCTaHOBKAaX. [Burarenu
C POTOPOM U3 MeAU, KaK NPaBuIlo, XapakTepusyoTcsi TOKOM 60MbLUEH BENUUYUHBI, YEM Y ABUraTenen ¢ aniomu-
HUeBbIM poTOpoM. Heo6xoauMO rapaHTUpoBaTh, UTO 3aLLIMTHO-KOHTPONBHOE YCTPOMCTBO UMEET Haanexaiyme
pa3mepbl U HACTPOEHO AOMKHbIM 06pasoM. CM. Takke |IEC 60034-12.

Kak npaBuno, ycpeaHeHHbI MUHUManbHbIA KPyTALWMIA MOMEHT (CM. IEC 60034-12) aHeproadpdekTUBHO-
ro ABMrartens Toxe Bo3pacTtaer npumepHo Ha 10—20 % npu nepexoae OT Knacca K Knaccy Npu HEU3MEHHOW
HOMWHAILHOW BLIXOAHON MOLLHOCTH.

[Osuratenu ¢ poTopom U3 Meau, kak NpaBuno, MUMEOT MEHLLUMIA MUHUMASbHLIA MYCKOBOW MOMEHT, YeM
ABuraTtenu ¢ anioMUHUEBLIM POTOPOM.

MarotoButens 06s3aH rapaHTUpoBaTb KOHKPETHLIMU NPOEKTHLIMU PELLEHUSIMU NYCKOBbIE XapaKTepu-
CTUKK Asuratens, onpegesneHHoie B IEC 60034-12 (ana TunoBoro ncnosnHeHusi N).

6.2 PaGoyasn CKOPOCTb U CKONMbXEHue poTopa

OO6bIlvHO gBuratenu ¢ 6onee BbicokuM KM, umetor n 6onbluyto paboyyto CKOPOCTb BpaLLEHUSA, T. €. Xa-
pakKkTepu3yioTca NOHUXEHHbIM CKONbXXEHUEM MO CPABHEHWUIO C ABUratenamu, obnagatowmmmu meHbwmm KN,
B cpeaHeM npu HEN3MEHHOI BLIXOAHOW MOLLHOCTU ABUraTenei nepexos K BbILLECTOSILLEEMY KNacCy 3Heproad-
PEeKTUBHOCTM O3HAYAET COKpaLleHue nokasarens ckonbxeHus Ha 20—30 %.

[suratenu ¢ poTopoM U3 Meam, Kak NpaBuUmo, MMEIOT MEHbLLIEE CKOMbXEHUE U Gonee BbICOKYIO CKOPOCTb
BPALLEHUSA MO CPABHEHUIO C ABUraTENSMU C antOMUHUEBBLIM POTOPOM.

6.3 Bnuanue KkayecTsBa 3MEKTPOIHEPIruM U KOsie0aHUin HANPSDKEHUA U YacTOTbI

Pabora aBuratens 3a npeaenaMum HOMUHANbHbIX 3HAYEHWUI HAMPSDKEHUSI U YACTOTbl MOXKET YXYALUUTb
ero KNA u koathpuumeHT MOLHOCTH, a TaKKe OTPULIATENbHO CKa3aTbCs Ha APYrMX paboumnx xapakTepucTukax.
3T0 e MOXHO cka3aTb U 0 paboTe aABuratens nog HanpsbkeHueM, hopMa KOTOpPOro OTNMYAETCS OT CUHYCO-
naanbHon. CteneHb BAMAHWA KOnebGaHuin BENUUMHLI MUTAIOLLETO HAMPSDKEHUS, ero (POPMbl UNKU YacTOThbl Ha
KNA n koo dULMEHT MOLLHOCTY ABUraTens 3aBUCUT OT €ro KOHCTPYKTUBHOTO UCTIONHEHUS (CM. PUCYHOK 9).
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HanpsbkeHve U

PucyHok 9 — TunuuHble konebaHuns Toka, CKOpOCTM BpaLleHus1, KoadhhmumeHTa motHocTu u KM
B 3aBUCMMOCTH OT USMEHEHUS HAMNPSXKEHUSI NP NOCTOAHHOW BbIXOAHOW MOLLHOCTU

Honyctumble koneGaHnA HanpsdKEHWSt W 4acTOTbl B HOPMArbHOM pexume paboThl ABUraTens cM. B
IEC 60034-1.

6.4 AcpheKkT acuMMeTPUM HanNpsHKEHUA

Onsa acpdeKTMBHON paBoTbl BCe CMCTEMbI B LIENOM KpaiiHe BaXkHa cGanaHCcUpoBaHHOCTb HaNpsiKEHW
TpexdazHoro UCTOMHWUKA, NUTaloLWero Asurarens. Tak, Hanpumep, aucbanaHc HanpsbkeHwin B 3,5 % cnocobeH
NpUBECTU K POCTY NoTepb B ABurarene npumepHo Ha 20 %. Moatomy ofHodasHbie Harpysku, otbupaemble y
TpexcasHOro UCTOUHMKA NUTAHUS, NOANEXKAT TLUATENbHOMY pacnpeaeneHuio, YToobl aCUMMETPUS Hanpsbke-
HWI Ha 3axkMmax Asuratens Obina Kak MOXHO MeHbLuel. bonee nogpobHas uHgopmMaums no 3TUM BONPoCaMm
coaepxutcs B IEC 60034-26.

HomunanbHas sennuuHa KINJ guratenst Bcerga AaeTcs NPMMEHUTENBHO K TeMNepaType oKpyXaloLlei
cpeabl 25 °C (cMm. IEC 60034-2-1). Pabota npu 6onee HU3KuMX Temneparypax 6yaet npusoAuTb K NOBbILLEHUIO
KA, Toraa kak npu 6onee Bbicokux Temneparypax KrMp 6yaer noHmxkarsca.

7 O6bnacTu NnpuMeHeHunA

7.1 O6mue nonoxeHun

BbipaboTka MexaHU4eCKol 3HEPrMM CTaHAAPTHLIMUA ABUTATENAMU B pacyeTe Ha eanHuLy o6bema He ox-
BaTbIBAETCA MEXAYHAPOAHOIA cTraHfapTusauuein. OaHaKo CyLecTBYIOT LWMPOKO NpU3HaHHbIE peroHarbHble
ctaHaaptbl (Hanpumep, EN 50347 n NEMA MGH1). MNostomy Ana BHeApeHUsi cTaHAAPTHLIX anNeKTpoABUra-
Tenel B CyLeCcTByIOLME NPUINOXEHNUA BbiNo Obl BLIFOAHO UMETb SHEProdddeKTUBHbIE ABUraTENU OAUHAKO-
BOW BbIXOAHOW MOLLHOCTM, C OAUHAKOBLIMUA paMaMu, KOTopble He Tpebosany Obl KOPEHHOro NepeocHalLLeHUs!
ynpaBnsieMoro oGopyaoBaHus.
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B Tex cnyyasx, korga MexaHusm, BeAOMbIN INEKTpoABUraTenem, HenpepbIBHO NPOU3BOANT OTHOCUTENb-
HO NOCTOAAHHLIN 00BLEM NONe3Hoi paboTel, rMaBHLIM KpUTEPUMEM BbIOOpa NOAXOAALLEro ABUraTens aBnserca
€ro 9KOHOMUYHOCTb NPV HOMUHANBHON Harpy3ke. OAHAKO OONbLUMHCTBO NPUMEHEHUI ABUraTENEn UMEET Lu-
KINUYECKU XapakTep, U B TaKUX YCIOBUAX MOTYT MCNONb30BATLCA CNeuuann3upoBaHHbIe NPUKNAAHbLIE METO-
Abl 4N Nony4YeHus CyLLEeCTBEHHON 3KOHOMUW SHEPTUN.

ECTb 1 Takne npuMEHEHUs1, B KOTOPLIX TpeByeTcsl NPEpLIBUCTOE UMK HENPEPLIBHOE NoTpebneHne aHep-
rMun. Ona Takux cuTyauuin CyLLECTBYIOT NPUKNAAHLIE METOAbl BOCCTAHOBNEHUS 3HAYUTENBLHON YacTu noTpe-
OneHHOI 9Heprum, KoTopasi B NPOTMBHOM cry4yae Morna 6bl ObITb NPOCTO NOTEPSHHOMN.

[anee npyBOANTCA HECKOSNLKO NPUMEPOB, UNNIOCTPUPYIOLLMX TEXHOMOMUIO 3HEeprochepexeHuns, JoCTyn-
HYI0 Ana nonb3osarenen. B atom nnaxe ana sbibopa Hanbonee ahhekTMBHOIO TEXHMYECKOTO pELLEeHNs cne-
AYeT KOHCYNLTUPOBATLCA C USrOTOBUTENSIMU KOHKPETHBIX [iBUraTENeil.

7.2 3KOHOMUSA IHEPrUM NOCPeACTBOM UCNONbL3OBAHNA ABUraTenen ¢ peryrimpyeMon CKOpoCcTbiOo
BpalleHusA

Bo MHOrMX NpunoxxeHnsX BO3MOXHO AOCTUYL OrPOMHOI S3KOHOMUU 3HEPreTUYECKUX 3aTpar 3a CHeT pe-
rynupoBaHusa CKOPOCTU ABUraTensi COOTBETCTBEHHO peanbHbIM SHePreTUIECKUM NOTPEBGHOCTAM Harpy3ku KOH-
KPETHOTO NPUNOXeHUS. 3TO 0GLIMHO MOMOTalOT caenaTb ABUraTenu ¢ perynupyemMoii CkopocTbio. BosHukato-
LMe B AAHHOM criyqae gobaBoyHble NOTepu B YaCTOTHOM npeobpasoBaTene MOryT Nnerko KOMNeHCUpoBaTbCA
noBbiLeHuem obwero K npuknagHow CUCTEMbI.

MHorme HacoCHbIe U BEHTUNSILMOHHBLIE YCTAHOBKU B HACTOsLEee Bpemsi TpeOyloT perynmpoBaHusi no-
TOKa Unu JaBfeHus C MOMOLLbIO APOCCEfbHbIX 3aCNOHOK UMK NepenyckHbIX KnanaHoB, KOTopble dakTuye-
CKM npeacTaensAlT cobol nocnegoBartenbHbie U napannenbHbie OpraHbl ynpaBneHus, BbINOMHAIOLME CBOIO
OYHKUMIO pEerynupoBaHus myTeMm paccesiHus u3bbiTka SHEpPruM MCTOYHMKA, NPEBLILLAIOLIE NOTPeBbHOCTH
CTOKa.

MoTepu Takoro poga MOryT ObITb CyLLIECTBEHHO COKpALLEHbI B pe3ynbTare yCTaHOBIIEHUSI KOHTPONS pac-
Xo4a unu AaeneHns NOCPeACTBOM HaAnexaluen HaCcTPOMKM CKOPOCTU HACOCHOTO arperara unu BeHTUnsTopa
C MOMOLLIO NPUBOAA C PETYNMPYEMOI CKOPOCTbIO.

7.3 MNpaBuUnbHbLIA BLIOOP HArPY304HOIO PeXUma

OHeprocbeperatoLme asuratenu 0COOEHHO NoresHbl B Tex cepax NPUMEHEHUS, TAe OHU ANUTENbHOE
Bpemsi paboTaloT Nog Harpy3kon, coctasnsioLei 6onbLie 3/4 OT €e NONHON BENUYUHDI.

Bo usbexxaHue manuwHe 60nbLIOTO Yucna yacoe paboTbl ABUraTensa ¢ Harpy3kon meHee 50 % (uto
BCeraa npueoauT K NoHmxkeHuio ero KMma) ucnonb3yemylo cucremy cneayer Hactpamsartb No TpebyembiM 3Ha-
YEHUAM MUKOBOW Harpy3ku u nyCKOBOro MOMEHTA.

Korga asuratenu, obnagaiowme noBbILIEHHOW 3HEProdddEKTUBHOCTLIO, UCMONBL3YIOTCA B YCIOBUAX
TemMneparypbl HWKE YCTAHOBMEHHOTO ANA HUX HOMWHANBLHOIO 3HAYEHURA, UX Neperpy3odHas cnocobHOCTL B
CpaBHEHWU CO CTaHAapTHLIMU ABUraTENSAMM, Kak NpaBuio, OkasbiBaeTcA Boilwe. B Takux ycnosusx ux nepeHa-
CTPOIKA Ha MMKOBbIE 3Ha4YeHUsA NOTPEONAEeMONn MOLHOCTU TpebyeTca peako u NOTomy HeadhekTUBHA.

Korga BCTaeT BONpoOC 0 3aMeHe B AeWCTBYIOLLMIA CUCTEME CTaHAAPTHOrO Asuratensa 6onee 3KOHOMUY-
HbIM, HEOBX0OMMO Npexxae BCEro NPaBUMbHO OLIEHUTL peanbHble 3HepreTudeckue notpebHocTU U onpeae-
nuTb uenecoobpasHble HACTPOWNKM HOBOTO ABUraTensl.

7.4 Pa6oTa B HenpepbIBHOM pexuMe

OKOHOMUSA 3Heprun npu nepexoge k Gonee BLICOKOMY Knaccy aHeproathheKTUBHOCTU ABUraTenei co-
craenset ot 15 0o 20 % 1 4OCTUraeTca 3a CHET COKpaLLEHUA SHepreTu4ecknx notepb (CM. pucyHok 10). Oky-
naemMocTb AONOMHUTENbHbLIX 3aTpaT No NPUOBpPETEeHU0 ABUraTenein BbICOKOrO MNN CBEPXBLICOKOTO Kracca
3HeproadPeKTUBHOCTU MOXET BbITb NErko paccuuMTaHa Ha OCHOBe paccMoTpeHus obwero KM HoBoro ako-
HOMWYHOTO ABUraTens u CToMMOCTH NOTPEGNAEMOli UM SHEpIuu.

MpuBeaeHHbIR HUXe pUCYHOK 10 MANKOCTPUPYET A0CTUrAEMYIO SKOHOMMIO B NPOLEHTAX OT SHEPIum, no-
Tpebnsemoii ABUraTtenem KOHKPETHOM HOMUHASbHOM BbIXOAHOW MOLLHOCTW, OTHOCALLMMCSA K 6ornee BbICOKOMY
knaccy |IE, no cpaBHEHMIO C 3aMEHAEMbIM ABUraTenem.
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MoTpebneHvie 3anaceHHo aHeprm npu vactoTe 50 Ky,
% NOABOAVMON 3HEPrUN
20
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100 1000
HomuHasnbHass MOLLHOCTb ABurarens, kBT
cIEl1 o IE2;

c IE1 po IE3;

PucyHok 10 — B03MOXHast 3KOHOMUS 3HEpPrumM 3a CHeT MOBbILIEHUS Knacca IHeproaheKTMBHOCTY ABuratenei,
paboTaoLLMX C HOMUHAIBHON Harpy3Koii

7.5 Cchepbl NpUMEHEHUSA C ANUTENbHBIMU NepuofamMu Nerkoii Harpysku gsuratens

MpepnoxeH uenbiii pag METOAO0B U CPeACTB NOHWXKEHNA paboyero HanpsXeHUs Agsurateneil B OTBET Ha
TOT WIN WHOI YPOBEHb WX HAarpysku; Lesb 3TUX MeTOA0B COCTOWUT B TOM, YTOOGbl COKPaTUTb MOTEpU Ha Hamar-
H/YMBaHMe B Te Nepuodbl, KOrga nosiHas HarpysoyHas CnocobOHOCTb ABuUratens He TpebyeTtca. TUNWYHBIM NpuU-
MEepoM Takux CpefCcTB ABAAETCHA perynatop koadyuumeHTa MOLHOCTU, KOTOPLIA HacTpanBaeT npuknagjbiBae-
Moe K ABUraTesio HanpsxeHune Tak, 4Tobbl KO PULUEHT MOLWHOCTN HaxoAnNCA B6/IM3N 3aaHHOTO 3HAYEHUS.

PerynaTtopbl koadhduumMeHTa MOLLHOCTM MOTYT NPUHECTU BbIrOAY, Hanpumep, npu ynpasfieHUW ABura-
TENAMU HOMUHANbHOW MOLHOCTBI MeHblue 3 KBT, Korga OHW Ha NPOTSHXKEHWW ANUTENbHbIX NMEepuoAoB HecyT
He6Oo/NbLUYI Harpysky, Npu KOTOPOW NOTepyM Ha HamarHu4MBaHWe COCTaBNSAT AOBOJIbHO CYLECTBEHHYIO 010
CyMMapHbIX noTepb. [puMeHeHWe Takux perynsatopoB TpebyeT onpefeneHHON OCTOPOXHOCTW, MOCKObKY
9KOHOMMSA 3HEepruyn JocTuraeTcsa NuUlWb B TOM c/yyae, ecnu gsuratenb paboTtaeT C masoli Harpyskol B Teve-
HWe ONUTENbHbLIX NEePUOAOB BPEMEHH.

Ocob6asi OCTOPOXHOCTb HYXHa Torga, Korga paccmaTpusaloTcs gsuratenin HOMUHa/bHOW MOLLHOCTbIO
6onbwe 3 kBT. leno B TOM, 4TO, Hanpumep, A7 TUMNWYHOIO ABUratenss MOLWHOCTb 7,5 KBT xapaKkTepHbl
noTepn X0N0CTOro xoaa nopsgka 4—>5 % HOMUHANbLHOWN BbIXOAHON MOLWHOCTW. B 3TOM cnyyae BenuymHa no-
Tepb Ha HamarHmynBaHue, ycTpaHsaeMbiX C MOMOLLbIO PerynAaTopa, MoXeT oKka3aTbCA HecpaBHUMON C ropasgo
60MbWNMN f06aBOYHBIMW MOTEPAMU OT UCKAXKEHUA (DOPMbI HaANPSHXEHWUS, BHOCUMOTO perynaTopom Koaddu-
LMeHTa MOLLHOCTH.

7.6 Coepbl NpUMEHEHNA C ynpaBisgeMbliMN Harpyskamu

YnpaBnsieMble Harpysku asurateneii 06bl4HO NPUBOAAT K HEMPOW3BOAUTENLHOMY Pacxofdy 3Hepruu u
ABMAIOTCSA pe3ynbTaToM AWUCCUNATUBHOIO XapakTtepa WCMofib3yeMbiX CW TOPMOXEeHUsi. lpumepaMn Takux
NpUMeHeHWA MOryT CNyXWTb: onepauun cépacbiBaHWs BbICOKOMHEPLMOHHbIX HArpy3ok, CTeHAbl A8 NpoBep-
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KM nornouwjatouleii cnoco6HOCTU, Pa3MOTOUHbIE CTEeH/bl, MPOLECcChl TKALKOro NPOU3BOACTBA U HUCXOASLME
KOHBeiiepbl. Bo Bcex aTux 061acTAX IHEPTUS MOXET IKOHOMUTLCSA C NMOMOLLbI0 pereHepaTuBHbIX YCTPOICTB.

7.7 Cdepbl NpUMeEHeHUs, B KOTOPbIX MOMEHT Harpy3ku Bo3pacTaeT C yBe/IMYeHNEM CKOPOCTU
(Hacocbl, BEHTUNATOPbLI, KOMOpeccopbl 1 4p.)

KpyTawwuii momeHT, H-m

CKoOpoCTb BpaleHns, 06/MuH

------------------- Bagpart Harpysku
PucyHok 11 — TunuyHble KpuBble 3aBUCMMOCTU KPYTALLEro MOMEHTa OT CKOPOCTU
Ans TpexdpasHbIX YeTbIPEXMO/HOCHbIX aCHXPOHHBIX ABUraTeneil ¢ KOPOTKO3aMKHYTbIM POTOPOM MOLLHOCTb 11 KBT,
1 KpMBbIE 3aBUCMMOCTUN Harpy3ku OT CKOPOCTWU NPWU Harpyskax, npornopLuoHasbHbIX KBagpaTy cKopocTu

Kak npaBusio, BbICOKO3I(I(PEKTUBHbIE ACUHXPOHHbIE ABUraTeNN C 3aMKHYTbIM POTOPOM UMET He6onb-
Wwoe cKofbXeHune (cM. Tabnuuy 4), T. e. 06nagaT 60/7ee BbICOKOW CKOPOCTbIO BpalleHus, YeM ABuratenu
60/1ee HU3KOro knacca aHeproaddeKkTMBHOCTU. Korga KpyTAWMWin MOMEHT ABUraTtens Mcnosib3yemoi cucre-
Mbl fiBnsieTcs (PYHKUMel kBagpata CKOpocTu (Kak B Hacocax, BEHTUAsiTopax, KoMnpeccopax M T.n.), BO3-
pacTaHume ckopocTu 6yAeT NpMBOAUTHL K YBENYEHUI0 BbIXOAHOW MOLLHOCTU (MOMEHTA), YTO B HEKOTOPbIX
cuTyauusix HeliTpanusyeT BbIroAbl, Noslydaemblie OT NOBbIWEHUS Klacca 3HeproapPekTUBHOCTM ABuUraTens
(cm. pucyHok 11).

Ta6bnunua 4 — Mpumep n3meHeHns Krlf, ckopocTu n TpebyemMoro KpyTsLEro MOMEHTa B COOTBETCTBMM C K/1accoM
3HeproadpekTMBHOCTU Tpex gsurateneii 11 kB, 50 Iy U3 04HON 1 TOI Xe NPUKIaAHOW CUCTEMDI

Knacc K(I);(l)ﬂ, 06/I|-\|/II/IH HI;/I '38‘%‘ 1@4
IE1 87,6 1464 75,4 11,559 13,195
IE2 89,8 1474 76,4 11,792 13,131
IE3 91,4 1480 771 11,948 13,073
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W3 aToi Tabnuubl CNeayer, YTo B TAKUX MPUNOXEHUSAX, Fae ABuratenb 6onee HU3KOro Knacca aHeproad-
heKTUBHOCTU 3aMeHAETCA ABurarenem bonee BbLICOKOrO Kracca, BXOAHas MOLLHOCTb HE A0MKHa YMEHbLUATb-
CA 40 YPOBHS, KOTOPbIN KaXeTcs fonyCTUMbIM Npu cpasHeHun KM o6onx asuratenei.

B HekoTopbIX criyyasix HeoGxoaumas BX0AHas MOLLHOCTL AN 6onee adhheKTUBHOrO ABUraTenst MOXET
JaXe yBenuYUTLCA N0 CPaBHEHUIO C ABuratenemM 6onee HU3KON 3PEKTUBHOCTMU.

7.8 Cepbl NpMMeHeHUs, B KOTOPbIX OCYLLECTBIAITCA YacTble NYCKU M OCTaHOBbI ABUraTenein
w/unu mMexaHu4YecKkoe TOPMOXeHUE

KoHCTpyKUMKU aHeproadhdeKTUBHbIX ABurateniein o6blMHO MO3BOSIAIOT COKpallaTb notepu B 0O6MOTKax
(I2R) nyTeM yMeHbLLEHUS KO3 DULIMEHTA MCMOMNL30BAHMS (3 CUET 3aBbILLEHUS HEOOXOANMBIX Pa3MEPOB [BU-
ratenst) uW/unu 3a c4eT UCNONbL30BaHUS B POTOPE SMEKTPONPOBOASALLEro Marepuana ¢ nyy4wmMm MarHuTHbIMK
CBOICTBaMU (HanpuMep, NUTON MEAHON BMECTO NUTON aniOMUHUEBOW KOPOTKO3aMKHYTOR 0BMOTKN).

OpHako B 060MX Criyyasix aBTOMaTtM4eckn Bo3pactaer MHepuusi potopa 6onee achdeKkTMBHOrO ABurare-
NA N0 CPaBHEHUIO C ABUraTeNnaAMU TON e HOMUHAaNbHOW BbIXOAHOW MOLUHOCTMW, HO MEHbLUEN SHeproaddek-
TUBHOCTH.

B Tex npunoxeHusix, rae TpebyloTca YacTble MyCKU U OCTaHOBbLI ABUrateneii, BospacratoLias MHepLUusi
potopa GyaeT yBenuumneaTh BpeEMS UX Nporpesa U notpebnsemyo MOLWHOCTb. ByaeT Takke cokpalyarscsa ao-
MyCTUMOE YMCIIO MYCKOB B YAC, YTO MOXET NMPUBECTU K OrpaHMYeHUI0 NPOMYCKHOW CNOCOBHOCTU COOTBETCTBY-
IOLENn NPUKNagHON CUCTEMBI.

Kpome TOro, npu BbINONIHEHUM TOPMOXEHUSI C UCNONb30BAHWEM MEXAHWUYECKOW TOPMO3HOW CUCTEMbI Y
asurarenen ¢ 6onbLueit uHepumeinn potopa OyaeT yBenMUMBaTbCsl Kak M3HOC TOPMO3HOIO AMCKA, Tak U Bpemsi
TOPMOXKEHUS.

Motepu Ha nporpes Asurarenst MOryT ObiTh CYLLUECTBEHHO YMEHbLUEHbI, a AOMYCTUMOE YMCINO MYCKOB B
yac yBenuyeHo Mpu UCMONbL30BaHUM ANsi MyCKka YaCTOTHOroO npeobpasoBartensi BMECTO OCYLLECTBIEHUS He-
NnocpeacTBEHHOrO 3anycka asurarensd. OgHako B LENOM HEBbIFOAHOCTb NMPUMEHEHUA SHepProadpPeKTUBHBIX
ABuraTenen B paccMarpuBaeMoin obnact 0CTaeTcsi O4EBUAHON.

MpumevyaHue — KcnonbaoBaHue GeayaapHoro nyckarens cnocoGHo obecnevnTs HeoGXoAUMbIE ANs NporpeBa
BEMWYMHLI MOMEHTOB, HO He NPUBOAWT HU K COKPaLLEHNIO NOTEPb MOLWHOCTH, HU K ynydweHuio KMNA aBuratens.

7.9 NpumeHeHUs BO B3pbIBOONACHOW ra3oBOM cpeae U B cpeae roprovei Nnbuim

CyLuecTByeT uenblin pag NPOEeKTHbIX OrPaHMYEHUIA, KacalowWwmxca ABuratenen Ans paborbl BO B3pbIBO-
OMnacHo ra3oBon cpeae u B 3anblNeHHON atmocdepe.

[suratenu ¢ OrHeCTOMKMMU KOXKyXamu (Tun 3awutbl «d» — cornacHo IEC 60079-1) unu ¢ 3awmron Tuna
«n» (B cootBeTcTBUM ¢ IEC 60079-15) 06bIMHO cuMTaloTCsl B3pbIBOGE30NACHLIMM.

[suratenu nosbiLeHHOW 6e30nacHOCTH (C 3aLmuToi TUNa «e» — cornacHo IEC 60079-7) moryT noaeep-
rarbCsi OTPaHNYEHNAM Ha Bpems f, BENUYNHY BO3AYLLIHBLIX 3a30POB, NYCKOBOW TOK 1 Ap. Knaccudmkauma ux
ypoBHe# aHeproaddekTuHoCTU U KM MoxeT BbiTb MOHMWKEHHON.

Osuratenu, cneynanbHO NpeaHasHavYeHHble Ana pabotbl B aTMOChepe roprovent Nbinm, 3awmLlaTcs
OT ee BOCMMNameHeHUs Koxxyxom tuna «t» mnu «tD» (cornacHo IEC 60079-31 unm IEC 61241-1) n umerotr
JOMOMHUTENbHbIE YNNOTHEHUA Bana; ypoBeHb 3HeproachdeKTUBHOCTU 3TUX ABUTaTenei MoxeT ObiTb no-
HWXKEHHBIM.

8 DKOHOMUUYECKNe acnekTbl

8.1 Nonb3oBaTenbckue 3arpartbl

Monb3oBaTtenb Bceraa Xo4eT UMETb HAAEXHYID CUCTEMY ABuratenen no pasymHon ueHe. OgHaKoO UG-
X0AHAaA CTOMMOCTb NPMOBPETeHNA SNEeKTPOABUraTeNs HEBENUKA B CPAaBHEHMU C pacxoaaMu Ha ero akcnyara-
LU0, KOTOpble 06bIMHO cocTaBnAT 6onee 90 % COBOKYNHOW CTOMMOCTU BRaaeHUs (CM. pUCYHOK 12).

[suratenu 6onee BLICOKOTrO knacca aHeprodthdeKTUBHOCTH CTOAT AOPOXE NO NpU4MHaM Gonee BbICOKO-
ro KayecTBa U3roTOBMEHUA U UCNONb30BAHWUA AONONHUTENbLHLIX MaTepuanos. Mpubaska CTOUMOCTU 3aBUCUT OT
nNpou3BoAUTENLHOCTN ABUraTens u ot ero tuna. Mexay knaccamu aHeproadpexkrusHoctu IE1 u IE2 npupoct
croumocTtu coctaensier ot 10 o 15 %; mexay knaccamu IE2 u IE3 po6asnsiorca ewle 10—15 % 3a 406aBOYHbIN
06bem TpebyembixX dNEKTPOTEXHUYECKUX MaTepuanos (cranu, meau). Kpome T0oro, MoryT okasatbCcs Heobxoau-
MbIMKM Matepuarnsl 6onee BbICOKOTO ka4ecTBa. C y4eToM BCEro STOr0 NPUPOCT CTOMMOCTU MOXKET COCTaBUTbL OT
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10 go 30 % B kax4oMm knacce aHeproadpekTuBHocTH. Mpu cpaBHEHUU aBuratenei No aHeproaeKTMBHOCTM
[O/MKEeH NPUHUMATbCS B pacyeT He Tonbko ux KM, HO 1 cCOOTBETCTBYIOWMI KO MULMEHT MOLLHOCTK.

McxoaHble kanuTanbHble 3atpatbl / \ CTOMMOCTb PEMOHTHOTO ¥ TEXHUYECKOro
23 % o6cnyxmsanua 1,0 %
MpumevaHune — MWcTouHuk: EuP Lot 11, 2008, cm. 6ubnmorpadumio.

PucyHok 12 — CTpyKTypa 3aTpaT Ha anekTpofsuraTenb knacca aHeproadexktmHocTn IE3 MowHocTbio 11 kBT,
CO CPOKOM cnyx6bl 15 feT, aKCnayaTMpyeMblii Npyu NonHoi Harpyske 4000 yacoB B rog,

Kak B cny4yae 3aMeHbl CTapblX, Tak U Npu yCTaHOBKE HOBbIX ,quraTenel‘/’i, nosib3oBatenn CTaslKmBarTCA
CO C/IOXKHOW 3ajayeil NnpaBW/IbHOTrO BblGOpPa, MOCKO/IbKY UM MPUXOAUTCA NPUHUMATb BO BHWMAaHWE He TO/b-
KO nepBOHayYasibHYl0 CTOMMOCTb NMpuobpeTeHns Asuratesniein, HO 1 ByAylime akcnayaTalyMOHHbIe pacxofbl Mo
MHOXEeCTBY BapuaHTOB MPOEKTHbIX PeleHnid; a B Calyyae 3aMeHbl 3KCnayaTupyeMbiX gBuratene nognexut
OLEHKe elle 1 BapuaHT UX PeMOoHTa.

[na onpepeneHns 3KOHOMWUYECKON Lie1ecoobpasHOCTN YCTAHOBKU 3HEProatheKTUBHbIX ABurateneli Heob-
X0AMMO TakKXe OUeHUTb oXunaaemyto o6u.;y|0 39KOHOMUIKO 3HEepPrmn B rogoBOM MUCHWUC/TIEHUN, OTHECEHHYH K AO0NOJTHU-
TeflbHbIM 3aTparaM Ha VX NpuobpeTeHne, Mo CPaBHEHUIO C YXKe UCNO/Mb3yeMbIMU WX CTaHAAPTHLIMU ABUraTensMm.

Ota 3agaya 06bIYHO pellaeTca ABYMS MeTodaMmu:

- MPOCTbIM pacyeTOM OKynaemocTu 3atpaT u

- onpejeneHveM CyMMapHbIX 3aTpaT 3a BeCb CPOK C/yX6bl.

8.2 NcxoaHas CTOMMOCTbL Npro6peTeHns

McxogHas cTOMMOCTb NPUOBPEeTEHNA CknafblBaeTCs U3 pacxofoB MO M/IaHUMPOBAHWIO U YyCTaHOBKE W Npo-
[aXHON LeHbl ABuratens u 4onosIHMTeIbHOro 060pyAoBaHnsA, Takoro Kak NpuBoAbl C Peryvpyemoi CKOpoCTbio.

CpaBHWTENbHbIV aHann3 TpebyeT onpefeneHns No KaxAOMYy pPeLlleHWo COOTBEeTCTBYL e 6a3bl Ans
cpaBHeHusl. B Tex cTpaHax, rge npuHATbl MUHUManbHble 3HepreTudeckne Hopmbl MEPS (Minimum Energy
Performance Standards), Takum 3TanoHOM SBNAETCA ABUraTe/lb COOTBETCTBYIOLWEro knacca aHeproaddektus-
HOCTW; ecnn Takne oba3artesibHble HOPMbl B CTpPaHe OTCYTCTBYIOT, TO Yalle BCEro B kavyecTse 6asbl A1 cpaBHe-
HMA MCNONb3yeTCs CTaH4apTHbIV ABUratesib B onpefesieHHOM CEeKTope pbiHka. MNocne 3Toro fosmkeH 6biTe onpe-
AeNleH NPOEeKTHbI BapuaHT ABuratens ¢ 60n1ee BbICOKON aHEProadheKTMBHOCTbI0O — BMIOTb A0 YPOBHSA IE3.

K npoekTHbIM 3aTpatam fomxHa 6biTb go6aBneHa CTOMMOCTb NMPUBOAOB C PerynmpyemMoit CKOpOCTbio,
€C/IN OHN CUYUTAKTCA NPUMEHVMMBIMU U LLeNeco06pasHbIMUA B KOHKPETHbIX TUNax MawuH uam paboynx onepawuii.

B cnyyae 3aMeHbl gBuratens no npuynHe oTkasa ero CTOMMOCTb B pacyeT He MpUHUMAaeTCs, a npu npe-
XAEBPEMEHHOI 3aMeHe K CTOMMOCTM Npuo6GpeTeHnsa HOBOTO ABuratens MoxeT 6biTb fJob6aBneHa ocTaTtovyHas
CTOMMOCTb NOTEPSAHHOro paboyero BpemMeHW CTaporo AsuraTens.

8.3 dkcnnyaTaynoHHbie pacxofbl

JKcnnyaTaunMoHHbIe pacxofbl CKNajblBaloTCA U3 CTOMMOCTU 3/1EKTPOIHEPTMU, PacxofoB Mo TEXHNYECKO-
My 06CNYXUBAHWUIO W 3aTpaT Ha PEMOHT.

MporHo3npyemsblit 06beM NoTpebNeHns aHeprnn paccumTbiBaeTCsl C y4eTOM Tpex 3/1eMeHTOB:

- cpegHerofoBoro koadpdnumeHTa Harpy3km (CM. npuMep Ha pucyHke 13);

- KNJA psuratens npv gaHHOM ycpeAHEeHHOM KoathdumumeHTe Harpyskm v

- yucna paboyux 4Yacos B rofy.
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[na gBurateneil ¢ NOCTOSAHHOIW CKOPOCTbIO 3TV 3/IeMEHTbl MOTyT ObiTb /IErKO OLEHEeHbl C A0CTaTO4YHOM
TOYHOCTbIO. MPUMEHUTENBHO K cucTemMam Apuratenieii ¢ NnepemMeHHOn Harpysko v BO3MOXHOMY B KOHEYHOM
UTOre MCNONb30BaHWIO NPUBOAOB C PEryiMpyemMoli CKOpOCTbI0 pacyeTbl cpegHero koadduumeHTa Harpysku,
COOTBETCTBYyOLWEro yncna paboumx yacos u KM gsuratenss B coueTaHum ¢ NpuBOLOM C NEPEMEHHOI CKOpO-
CTbi0 BpPaLLEHUA [JOMKHbI OCHOBLIBATLCA Ha TUMOBOM rpacdiuke 3NeKTPUYeCcKUX Harpysok. Ecnv nogxopasiiuii
npothunb N3MEPEHHbIX HArpPy30K AeNCTBYIOLLMX CUCTEM OTCYTCTBYET, TO MOXET MCMNO/b30BaTbLCA rMnoTeTuye-
CKUI ycpegHeHHbI npodunb (MpMMep KOTOPOTrO Mokas3aH HUXe Ha pucyHke 13).

MpoLeHTHas JoNs OT NOSIHOW Harpysku, %

Uvicno pabounx aHeit B rogy
PucyHok 13 — Mpumep rpadpuka koaprumeHTa Harpy3ki: NpoLeHTHoe pacnpegeneHe paboynx 4acos 3a rof

JkcnnyaTaunoHHble 3aTpaTbl Ha 3/1€KTPO3IHEPTUo 06bIYHO COCTOAT U3 TPEeX 3/IeMEeHTOB TapuHOro co-
rnaweHns nan goropopa Ha NocTaBKy C MECTHOW KOMMYHanbHOW CnyX60ii:

- CTOMMOCTM KujoBaTT-4aca notpebnsiemMoli aHeprum (C y4eTom LHEBHOr0, HOYHOro, CE30HHOrO W ApYro-
ro pasgeneHus Taputos);

- onjayMBaemoii NMKOBON MOLLHOCTU (KBT) NPUMEHUTENbHO K peKOpAHbIM 15-MUHYTHbIM NUKaMm;

- CTOMMOCTV HECKOPPEKTMPOBAHHOIO KoadhduumeHTa MolHocTn (KBA).

[OMKHBI yUnTbIBATbCA MECTHble KO/lebaHus BbllleyKa3aHHbIX 3/1eEMEHTOB CTOMMOCTN 3/1EKTPOIHEPIUN 1
UX CTPYKTYPbl, PaBHO Kak 1 AeiCTBYOLW e CKUAKN, HANOrM U BO3MOXHbIE BCM/IECKN LeH Ha NPOTSXXEeHUN NPOrHo-
31MPyemMOro TeXHUYECKOro cpoka cnyx6bl (C yHeTOM PeMOHTOB) ABUraTens Wan NpPUKNagHoli CUCTEMbI, K KOTOPOI
OH OTHOCWTCH, — B 3@aBUCMMOCTU OT TOrO, Kakoi CpoK Cnyx6bl 60nblie. PUKCMPOBaHHbIE 31eMeHTbl TaputhoB BO
BHMMaHVe He MPUHMMAIOTCS, Tak Kak OHU He U3MEHSIOTCA C y/y4ylleHnem nokasateneil sHeproaptheKkTMBHOCTH.

K 3aTpaTam Ha 31eKTpo3aHepruio f06aBNSTCSA pacxofbl MO TEXHUYECKOMY 06CNYXUBAHUIO U PEMOHTY,
Be/IMYMHA KOTOPbIX AO/HKHA OL,EHMBATLCSA Ha OCHOBE MPaKTUYEeCcKOro onbiTa NpesnpusiTUa B YacTW CTOMMOCTU
O[HOrO HOPMO-4aca 06CNYyXWBaHUSA ABuUratesieil ¢ pasHoli BbIXOAHOW MOLLHOCTbI, CKOPOCTbIO BpalLeHus 1
cpeAHerofoBoil HapaboTKoOW B yacax.

Mpy aHanu3e 3aTpaT Ha NPOTAXEHWW BCEro CPoka CNyXO6bl AO/KHbI OLEHUBATLCA TaKXe akcnayatauu-
OHHble pacxofbl. ECNM Hakon/ieHHble NpakTuyeckne gaHHble NpegnpusaTua No napky gBuratenei oTCyTCTBYIOT,
TO MOXHO BOCMNO/1b30BaTbCsA MHhopMaLmeli No ycpeAHeHHbIM Cpokam Cnyx6bl, NnpeAcTaBieHHol B Tabnuue 5.

Ta6nunya 5— CpefHue cpokn ciyx6bl anekTpoasurareneii

HomuHasbHasA BbIxoaHasA MOLLHOCTbL ABurartens, KBr

Mokasarenb
0,75—11 11—1 11—110 110—370
CpefHuii cpok cnyx6bbl 10 12 15 20
(B rogax)
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PearnbHbIin cpok cny>Obl 3aBUCUT OT rOA0BON HapaboTku ABUraTens, NPOAOIMKUTENBHOCTU BKITIOYEHUS,
KoachuLMEHTa Harpysku, nokasarenei HaAeXHOCTW ABUTaTens, kKayecTBa TEXHUYECKOTO 06CNyXMBaHUSA W
KayecTBa PEeMOHTOB. MOCKONbKY 3KCNAyaTaUMOHHbIE Pacxoibl, B 0COBEHHOCTU CTOMMOCTb 3NEKTPOSHEPIUH,
6e3yCnoBHO, ABNAIOTCA ZOMUHUPYIOLLUMM NEMEHTOM KanbKynsauum 3aTpar, OHU NOANEXaT NPOBEPKe METOLO0M
aHanu3a YyBCTBUTENbLHOCTU. [N 3TOr0 OAWH UMK HECKONbKO 3rEeMEHTOB 3KCMIyaTauMOHHbIX PacxoaoB Noj-
BEpralTcs USMEHEHUAM C LieNbi0 YCTAHOBIEHUA CTEMNEHM YCTOMYMBOCTY Pe3ynbTaToOB aHanm3a. YCTOWYMBbIN
pe3ynkTar roBOpUT 0 TOM, YTO NOPAAOK CneAoBaHNA Pa3HbIX CPABHUBAEMbIX BAPUAHTOB CPOKA OKYNnaemMocTu
3arpart unu obbema 3aTpar B Te4eHUe CpoKa dKCNIyaTaumn 0CTaeTcs HEM3MEHHbIM. YacTo Haubonee KpuTuy-
HbIM 9IEMEHTOM aHanu3a SBMsAeTcs rogoas HapaboTka ABuraTens B pasHbiX HArPy304HbIX peXxuUMax, no3To-
MY UMEHHO OHa A0MKHA ObITb U3MEHAEMbIM 3TIEMEHTOM.

8.4 CroumocTb NnepeMOTKU ABUraTens

[MoMUMO nexoaHON CTOMMOCTU NMPUOBPETEHNA U SKCMIyaTaLMOHHbIX PacX040B Npy BbipaboTke peLueHus
OTHOCUTENBHO 3aMEHbI ABUTraTenei NPUHUMAETCs BO BHUMaHUE CTOMMOCTb PEMOHTA OTKa3aBLUMX A BUraTenein.

Koraa asuratens oTkasan unu cropesn, 40SMKHbI paccMaTpuBaTbCs CneayloLme BapMaHTbl JanbHenLmnx
DENCTBUN:

a) nepemMoTka OTkasaBsLUero AgBurartens;

b) npuoBpereHne HOBOrO CTaHA4APTHOrO ABUraTenNs;

C) NpuoBpeTeHne HOBOTO SHEProaPdEKTUBHOIO ABUrATENA.

Ecnu oTkasasLumin aBuraternis MOXeET ObiTb NEPEMOTaH, TO CaMble HU3KUE UCXOAHble 3aTpaTthl OyayT B
cnyyae ero rnepeMoTku B COOTBETCTBUU C MPEXHUMU TEXHUYECKMMU yCroBusiMU. OQHAKO, KakK nokasbiBaeT
npakTMKa nepeMoTku ABUraTenei B pasHbiX MOTOYHbIX Liexax (HanpuMep, UCMONb3YIOLWUX Takue Temnepary-
pbl pasorpesa yaansemMbix 06MOTOK, KOTOPbI€ CMOCOBOHbI U3MEHUTL CBOMCTBA CTallbHbIX MMACTUH, UMW HOBbLIN
MeAHbI NPOBOA, CNOCOOHBIN W3MEHUTL NOTEPU B Meau cTaropa), nocrie nepemotku KMO asuratens mMoxer
CHU3UTLCA Ha 1—2,5 NPOLEHTHbIX NYHKTA.

OTO 3HAYMT, YTO AOMKHO ObITb NMPOBEAEHO CPaBHEHWE BapWUaHTOB C LIENbio BbIGOpa Mexay nepemor-
KO ABuratens (CTOMUMOCTb NEPEMOTKU NIOC Gonee BbICOKME IKCMIyaTaLuuoOHHbIE pacxoabl U3-3a MOHWKEH-
Horo KIMM) v nokynkon HOBOro 9KOHOMWYHOIO (3HEProadhPeKkTMBHOro) ABuratens (N0 NOBLILLEHHON LEeHe, HO
C MEHbLUMMMW IKCMIyaTaLmMoHHbIMK 3aTpatamu Gnarogaps nosbiieHHomy KMA). fins 6onee To4HOro pacyeTa
JOMKHbI ObITh MPUHATBI BO BHUMAaHME Takke KOSPMULUMEHT Harpy3sku, rogosas HapaboTka U CTOMMOCTb No-
Tpebnaemou aneKkTPoOSHEpPrum.

8.5 Cpok okynaemocTwm 3aTpar

MpocTon meToa pacyeTa OKynaemoCTW 3aTpar COCTOMT B TOM, YTO ONpPeaensitoTcs AONONMHUTENbHbIE
KanuTanosnoxeHuss B npuobperenne asurateneii 6onee BbICOKOro knacca aHeproachhekTUBHOCTU (M, BO3-
MOXHO, NPUBOAOB C PEryNMPYEMON CKOPOCTLIO, @ Takke APYroro yCOBEPLUEHCTBOBAHHOIO 0GOpYyAOBaHUA) U
COMOCTAaBMATCA C OXngaemMbiMu 6onee HU3KMMU IKCMIyaTaLMOHHbIMK 3aTpaTamMMm.

[nsa aToro nonb3oBatento JokHb! ObITb U3BECTHBI CNEAYIOLINE 3MEMEHTDI:

- 3aKynoyHas LieHa gsurarenen pasHblX KNnaccoB 3HEpProaekTMBHOCTU U PasnUYHbIX NPUBOAOB C pe-
rynupyemon CKOpOCTbIO — B COOTBETCTBMU C BapUAHTaAMM MPOEKTHbIX PELLEeHUN;

- eXerogHas HapaboTka 4YacoB;

CTOMMOCTb 3NEKTPOIHEPTUH;
CXEMbl YMEHbLUEHWUSI HarnoroBbIX CTABOK;

- CKUAKM, NpefocTaBnaeMble KOMMYHamNbHbIMU NPEANPUATUSAMU.

Mmes aTy nHdopmaLmio, None3oBaTent MOXKET pacCUUTaTh IKCNyaTaLMOHHbLIE 3aTpaThbl U CPaBHUTL Bpe-
MSi UX OKyNnaemMocCTW Mo pasHbIM BapuaHTam NPOEKTHbIX peLleHuii. [ns nepmogoB OKynaemMoCTu 4O OAHOro roaa
00bI4HO He TpebyeTca NPUHUMATE BO BHUMaHUE BNUAHWE MHAMSLMK, TEXHUYECKOE 0OCIy>XMBaHWe, Tpyao3aTpaThl
1 noBebiLLeHne TapudoB Ha ANeKTpoaHepruto. OaHaKo Npu CPoke oKynaemocTn 6onbLUe OAHOIO roaa HUYEM 3TUM
npeHebperaTb HEMb3si, U NONb30BAaTENb MOXKET BbIOpaTh peLLeHne ¢ caMbiM KOPOTKUM CPOKOM OKYMaeMOCTMU.

Monb3oBaTenb MOXET Takke NpeaBapuTenibHO ONpeaenuTb MakCMMarnbHO AONYCTUMBINA CPOK OKynae-
MOCTHU 3aTpar ANs CBOEro NpeanpuATUA, KOTOPbI OObLIMHO NEXWT B AuanasoHe OT ABYX A0 NSATU net. 3ToT
nepuoz CyLLECTBEHHO KOPOYE OXUAAEMOro Cpoka CrnyxObl CUCTEMbI, ANSi KOTOPOW BbIBUPAIOTCS ABUraTENM,
M MO NPOLLECTBUM KOPOTKOrO CpPOKa OKynaemocTu apuratens Oyaetr npoaomkaTe paboTy 40 UCTEYEHUs ero
TEXHUYECKOro CpoKa cny0bl, He TPebysa AOMOMHUTENbHLIX KANUTaNoBNOXeHUIA. B aToii dhase asuratens npu-
HoCUT Joxoa «becnnaTHoy.

23



FOCT IEC/TS 60034-31—2015

8.6 3aTpartbl B TeYEHUE BCETO XXU3HEHHOIO uukia

Mpy aHanu3e 3aTpaT B TeYEHWe BCEro XW3HEHHOro LUukIa ABUratens npou3BOAUTCA CYMMUPOBaHWe
pacxofoB Mo BCEM COCTABNAWLWMM 3/1eMeHTaM B Tpex pasax peannsanmm pasnyHbiX BApraHTOB NMPOEKTHbIX
pelleHnii B cpaBHEHUN C 6a30BbIM:

- B (pase nepBMYHOro NpuobpeTeHns (MM peMoHTa) — 3aTpaTbl MO MIaHMPOBAHMIO 1 YCTAHOBKE;

- B (hase ncnonb3oBaHUsA — 3KCnyaTaunoHHble pacxofbl (Ha 3/1EeKTPO3HEepPru, TexHnyeckoe obeny-
XnBaHue 1 peMoHT);

- B 3ak/N0unTenbHoW hase — 3arpartbl N0 BbIBOAY M3 3KCNayatauun n yTuansauum.

[ns TOYHOro 3KOHOMWYECKOTo pacyeTa [0/HKEH OblTb NPOBEAEH aHanu3 ABUXEHUS AEeHEXHbIX NoTo-
KOB C COOTBETCTBYHLLMM AVCKOHTUPOBAHUEM [O0XOA0B M PACXOL0B C Yy4€TOM NPOLEHTHbIX CTABOK M TEMMNOB
nHpnaymun. Monb3oBaTenb AO/HKEH 3HATb 3aKyNOYHble LeEeHbl ABUraTesieil pasHbiX K/accoB 3Heproaddek-
TUBHOCTWM W NPUBOAOB C PErynpyemMoi CKopoCTbio, FOA40BYH0 HapaboTKy ABuWratensi B yacax, CTOMMOCTb
3/1eKTPO3IHEPIUM, a TakKe OXupaemoe BPems XW3HEHHOTO Lukia u 3atpaTbl Mo TeXHUYeckomy obcnyxuea-
HUIO N PEMOHTY.

3aTtpaTbl B KOHLiE XW3HEHHOro LuKna 06blYHO MFHOPUPYIOTCA B pacyeTax, NOCKOMbKY [EeHeXHble Mo-
CTynneHusa oT yTunusauum maTepuana gsuratens uayT Ha MOKpbITME 3aTpaT no ero 4eMOHTaXy W TpaHc-
NoOpTUPOBKE.

Monb3oBatenb MOXEeT Bbl6paTbh ANA peannsauunm BapuaHT NMPOEKTHOro pelleHus C HaMMeHbLUUM 06b-
€MOM 3aTpaT B TeYeHMe XWU3HEHHOro LuKna, v 3TOT KpuTepwuii Boibopa — nyylwinii gns nonb3oBatens. B kpyn-
HOMacLWTabHbIX NPOeKTax, KoTopble TPe6YT 60NbLINX KANUTANOBIOXEHNA, aHann3 3aTpat B TEYEHUE XKU3-
HEHHOro uMKna noMoraet Bbl6GupaTb ONTUMasbHbie MPOEKTHbIE PeLleHus.

HepaBHue esponeiickne nccnegosanna EnP 2008 (nx pe3ynbTaTbl OTpaXeHbl Ha pUcyHke 14) noarsep-
AWNn TOT dhakT, YTO HOBble ABWraTenu knacca aHeproadekTMBHOCTM IE3 MOLWHOCTLIO B AnanasoHe mexay
1,1 n 110 kBT, HapabaTbiBalowme 6onee 2000 yacos B rof, XapakTepusylTCA MeHbLUVMK 3aTpataMu B Teuye-
Hue cpoka cnyxb6bl, yem aBuratenu knacca IE1 wnn IE2.

3arparbl B TeYeHNe cpoka CyX6bl, eBpo
70000

60000
50000
40000
30000
20000
10000
O

IE1 IE2 IE3

0 — 2000 pabounx 4acoB B rog;
0 — 4000 pabounx 4acoB B rog;
m — 6000 paboumx 4acoB B rog;
m — 8000 paboumx 4acoB B rog,

MpumeuaHne — WcrouHnk: EuP Lot 11, 2008 (cm. 6ubnmorpadmio).

PucyHok 14 — CTpykTypa aKcn/yaTaluyoHHbIX 3aTpaTt B TEYEHVE Cpoka CyxObl ABuratens MOLWHOCTbI0 11 kBT
npu paboTe C MOJHON Harpyskoi
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B Heckonbkux Apyrux uccnefoBaHuax n3y4anuncb 3KONorM4eckMe acnekTbl NPUMEHEHUS BbICOKOIdek-
TUBHbIX ABUraTtenen u NPMBOLOB C PerynmpyemMon CKOPOCTbIO BpaLleHUs. JononHuTenbHble MaTepuarnsl, uc-
nosib3yemble Npu N3roTOBNIEHNMN 31EKTPOO0BOPYAOBaHUSA C Bonee BbICOKOW 3HEProatheKTUBHOCTLIO, OTpaxa-
l0TCA B UX Gonee BbICOKON 3aKyMNO4HON LieHe. 3TU uccnefoBaHus NoATBEPKAAIOT, UTo Gonee HU3Kue 3arparhbl
B TEYEHME CpoKa cnyxObl ABurareneii onee BbICOKOTO Knacca 3HeproaMEKTMBHOCTN 03HAYAIOT N MEHbLLWI
YPOBEHb 3aTpar Ha peLueHne Npobnem 3aLumThbl OKPYXKaloLLen cpeabl.

9 TexHuueckoe o6CnyXUBaHUe

SnexTpoasuratenu 06bIMHO He TPebytoT 6onbLUMX 06 LEMOB TEXHUUECKOro 06CNy>KUBaHUS, BCNEACTBUE
Yero 0 KAYECTBEHHOM 0BCnyXMBaHUM nHoraa BoobLue 3abbiBaioT. Huxe npuBeaeHbl OCHOBHbIE 06LmMe aedek-
Thbl OpraHu3aummn TeXHNYECKoro 00CnyXuBaHus, rybutensHoO BNUAOLME Ha paboune xapakTepucTUkKu ABura-
Tenei:

a) HeaoCTaTouHasi BEHTUNAUUS;

b) noBbIWEHHbIE TEMNEepaTypbl OKPYXKAOLLER Cpeabl;

C) MexaHu4yeckas pa3perynupoBka;

d) HenoaxoaAwme KIMHOBbIE NMPUBOAHLIE PEMHU;

€) HenoaxoAsLias cMaska;

f) n3bbITOYUHAA BNAXHOCTb;

Q) 3arpsasHeHue;

h) ycToiunsasn neperpyska;

i) aHoManbHOe nNUTaKLee HanpsHKeHue;

j) Ype3amepHasa acCUMMETPUA HaNpPsHXKeHU (B cucTemMax ¢ 0gHOasHON Harpy3koin).

HepocrarovHass BEHTUNALMA MNKU MOBbILLEHHbLIE TEMNepaTypbl OKPYXKaloLen cpeabl K 6ornee BbICOKO-
My COMpPOTUBMEHMIO 0BMOTOK. MpKu nepexone OT KOMHATHOW TeMmnepartypbl k cBoel paboyelt Temneparype
asurarenb TepseT B cpeaHem ot 0,2 40 o4HOro npoueHTHOro nyHkta Krz. Kpome T0ro, ypesmepHbl€ NOBbI-
LUeHUa TeMnepaTtypsbl, BbI3BaHHbIE MIIOXMM KAYE€CTBOM TEXHUUYECKOro OOCINY>XUBAHMS UMW HAPYLLEHUEM €ro
HOPM, COKpaLLalT BpeMsA HOPManbHOW 3KCnyaTauuu ABUraTens U yBenuuuBalor o6bem notpednaemoi um
3MEeKTPOIHEPrun.

WHoraa B BEAOMON 9MEKTPMYECKO MaluMHEe NOCTENeHHO BO3HUKAET AONONHUTENbHAas Cuna TPeHus.
OTO MOXET ObITb BbI3BAHO HAKONNEHUEM CMNOSA NbINKU HA BEHTUNATOPE, U3HOCOM AeTaneil, pas3peryrimpoBKom
peAayKTopoB UK NPUBOAHBIX PEMHEN UK HEKAYECTBEHHOW CMa3koi aAsuratens. B Takux ycnosusix sHeproad-
heKTMBHOCTL 3NEKTPUYECKOI MaLLUMHBI NAJAET, B pesynerarte 4Yero noHwkaetca KM cucremel u Bo3pacraer
aHepronoTpebnenue. [ina rapaHTUpPOBaHUs HENPEPLIBHOW 3¢hheKTUBHON paboThbl U AONFOW XXU3HK ABUraTens
[omieH ObITb YCTAHOBIMEH YETKUI pernameHT NfIaHOBOTO TEXHUYECKOro 06CnyXMBaHUA aBuraterneil n ynpas-
nsaemoro umu 06opy0BaHus.
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MpunoxeHue A
(cnpaBouHoe)

CBepxBbICOKUI Knacc 3HeproadgekTuBHocTm (IE4)

MpeacTaBneHHbIe HUKEe HOMWUHamNbHbIE MPaHULbLl CBEPXBLICOKON 3HeproadPeKTUBHOCTU AaIOTCA TOMNBbKO B UHAOP-
MaTuBHbIX Lensix. B crangapTe IEC 60034-30 TepMuHbI «cBepXxBblcokas addekTuBHOCTbY U «IE4» TpakTytoTcs Kak obe-
cneveHune NpUMepHo 15-NPOLIEHTHOMO CHKEHUS NOTEPb MOLLHOCTU NO CpaBHEHNIO ¢ KnaccoMm IE3. B aaHHOM NpunoxeHun
npeanaraeTcs TOMHOE ONpejerneHne STUX TEPMUHOB.

Knacc aHeproaddekTUBHOCTM IE4 He orpaHMYMBaETCA TOMNbKO TpexdasHbIMW aCUHXPOHHBLIMU ABUraTENAMMU C KOPOTKO-
3aMKHYTLIM pOTOPOM, Kak knaccel IE1, IE2 u IE3 u3 IEC 60034-30. Knacc IE4 npeaHasHavaeTca ANa UCNONb3oBaHWUA B paMKax
KnaccudukaLmm Bcex TUMOB aneKkTpogBurateneil 1 0cobeHHO MallWH C NUTaHeM oT npeobpasoBaTeneii (Kak aCUHXPOHHBIX
C KOPOTKO3aMKHYTbIM POTOPOM, TaK U JpYrUX TUMOB, MOAODBHLIX CUHXPOHHLIM ABUraTENAM C MOCTOAHHLIMA MarHUTamu).

Mockonbky B knacce |[E4 yactoTa nuTatoLLeid CETU U HYUCNO NOSIOCOB ANEKTPUHECKUX MALLUWH, NUTaeMbIX OT Nnpeobpa-
30BaTens, HanpsIMyHo He CBA3aHbl CO CKOPOCTLIO BpalLeHWs ABuraTtenei, nocrnegHne obblYHO paHXUPYOTCA No AWanasoHy
CKOPOCTEN U KNaccuurLMpyrOTCA ckopee Mo KPyTALLEMY MOMEHTY, YeM Mo MoWHOCTU. [oaTomy rpaHuubl knacca |IE4 Bbl-
[ ensaTcs No KpyTALLEeMY MOMEHTY W Aal0TCA ANS ANCKPETHBIX AUanasoHOB CKOPOCTU BpalleHWs. Mpumep cooTBETCTBYIO-
LMX KpMBLIX 3HeproadeKTUBHOCTU NpUBeAEH Ha pucyHke A.1.

MpumMmeyvyaHune 1 — lNonb3oBaTenu AOMKHbI UMETL B BUY, YTO YacTOTHbIE Npeobpa3oBaTeny Toxe XapakTepu-
3YHOTCA onpegerieHHoN aHeproadeKTMBHOCTLIO, koTopas byaeT cHuxaTte cucteMHblil KM (aBuratens B coveTaHuu ¢
npeo6pasosarenem).

MpumevyaHune 2 — [o Bonpocam onpeaenenua KN asurateneit, nutaemelX oT npeobpasosatens, cMm. IEC
60034-2-3.

OfHaKo paHXupoBaHWA Kak ABUraTtenei ¢ NepeMeHHOn CKOpPOCTbIO BO BCEM JMarna3oHe CKOpOCTel BpalleHUsa oT
801 go 3600 06/MuH, Tak 1 ABUraTenei ¢ NOCTOAHHLIM KPYTALMM MOMEHTOM BO BCEM AWanasoHe HOMUHANbHBLIX CKOPO-
CTel BpalleHus He TpebyeTcs.

MpaHuUbl HOMUHarBHBIX 3HAYEHWUIA CBEPXBLICOKOrO YPOBHS SHEProadEKTUBHOCTU AJ1S HOMUHAINBHOIO KPYTSALLEro
MoMeHTa Ty MOXHO paccuuTaTh no cregytouleil oopmyne:

3 2
T, I T,
M =A- Iog1O(VVN—H +B{|og1o[#ﬂ +C-Iog10#+D,

m m m

rae A, B, C, D — nHTepnonsunoHHble KO3 ULMEHTEI N3 NPUBEAEHHOI Hke Tabnuubl A.1.

MpumevaHne 3 — [daHHasa dopmyna n KoaPULUEHTbI MHTEPMNONSALMN BbiIBEA,EHbl MaTemMaTU4ecku nyTem noj-
6opa Hauny4Lein KpUBOMN, NPOXOAALLE Yepes TOUKM XKenaeMblX rpaHuL, HOMUHabHBIX 3Ha4YEHUIA 3HeproaPPEKTUBHOCTH;
HUKaKoro pman4ecKkoro cMbicna 3a STUM He CTOUT.

Pesynstupytome sHadveHusa KM (B npoueHTax) okpyrnaoTea 4o Gnkailunx JecATUYHbIX 0NN, T. €. UMEIOT BUj,
XX,X %.

HoMuHanbeHble 3Ha4eHUs knacca sHeproaddeKkTUBHOCTU |E4 AN BENUYMH KpyTsLero MomeHTa 6onblie 2000 Hm
paBHbI rpanuyam ans 2000 HM. HoMUHanbHble 3Ha4eHns Knacca aHeproaddekTeHocTn |E4 Ansa BeIXOAHBIX MOLHOCTEN
6onblue 400 kBT He onpeaensioTcs.

Koraa BbiAensaTca HECKOMBbKO AMana3oHoB MOMEHTOB W CKOPOCTEN, HOMUHAMbHBIE 3HAYEHUS FPpaHuL, aHeproad-
heKTUBHOCTMN B COOTBETCTBUM C HACTOSALMM CTaHAAPTOM AOMMKHbI PACCHUTBIBATLCA Y MPUMEHATLCA OTAEMbHO AN KaXa o
KOMBUHaLMN HOMWHAMBHOTO KPYTALLEro MOMeHTa fBUraTens U HOMUHarNbHON CKOPOCTU BpaLLEeHWs.

MpUMeHNTenbLHO K BUraTensaMm, XapakTepuayeMblM MOLLHOCTLIO Py, @ He MOMEHTOM, ANA onpeaenerns Ty AomKHa
ncnonb3oBaTheA criefytolasn popmyna:

_ Ay 60-1000

T
N nN 2

Pe3ynsTupyoLLmili MOMEHT AOIMKEeH OKPYMATLCA A0 Grivkaiiluero sHa4eHusa 13 psaa npeanovuTuTensHblX Yucen R10
(em. ISO 3).

[ns o6ecneyeHnss COBMECTUMOCTU CMNPaBOYHbIX AaHHBIX C OAHOCKOPOCTHBIMM 2-, 4- 1 B6-NONIOCHBIMY ABUraTensMmn
C NUTaHneM OT CETU CnyXuT Tabnuua A.3, B KOTOpOW ocyLLecTBNsieTcs Npeobpa3oBaHne 3HaYEHUIA MOMEHTa U CKOPOCTU K
CTaHfapTHLIM YPOBHSAM MOLLHOCTU. Ha 3Toi ocHoBe B Tabnuue A.4 npuBefeHbl rpaHuLibl HOMUHANBHBIX 3HA4YEeHUI 3HEpro-
appeKTUBHOCTU Knacca IE4 ans yactoTel nuTatoweit cetu 50 'y, a B Tabnimue A.5 — ans yactoTel 60 U,
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oT 801 ot 1001 oT 1201 oT 1501 oT 1801 oT 3001
IE 00 1000 o6/mMuH | go 1200 o6/MuH | oo 1500 o6/muH | 4o 1800 06/mMuH | Ao 3000 o6/MnH | o 3600 06/MUH
KO- KoathpuumeHTsi
A MakKc. MakKc. MakKc. MakKc. MaKc. Makc.
2000 Hm 2000 Hm 2000 Hm 2000 Hm 1250 Hm 1000 Hm
IE4 A 0,2824 0,1901 0,1846 0,1648 0,2116 0,2227
B —3,8439 —2,9242 —2,7433 —2,4976 —2,6695 —-2,7262
C 17,4628 13,6953 12,7473 11,6595 11,3369 11,1625
D 70,2209 76,1961 77,9565 79,7787 80,8449 81,2267
[na ygobcTBa NPpUMEHEHUS K AUCKPETHLIM YPOBHAM MOMEHTa MOryT MCMOMb30BaTbCs HOMUHAMNbLHLIE rpaHuLbl 13
Tabnuubl A.2.

Tabnuya A2 — HoMUHanbHbIE rpaHuLbl (B NpoLEeHTax) ANs CBEPXBLICOKOro Krnacca 3KOHOMUYHOCTK (IE4)

Hwm oT 801 oT 1001 oT 1201 oT 1501 oT 1801 ot 3001
Ao 1000 o6/MuH Ao 1200 o6/MUH Ao 1500 o06/MuH Ao 1800 o6/MUH Ao 3000 o06/MuH Ao 3600 06/mMuH
25 76,6 81,2 82,6 84,0 84,9 85,3
3,2 78,0 82,3 83,7 85,0 85,9 86,1
4,0 79,4 83,4 84,7 85,9 86,7 87,0
50 80,6 84,4 85,6 86,8 87,5 87,8
6,3 81,9 854 86,5 87,6 88,3 88,5
8 83,1 86,3 87,4 88,4 89,1 89,2
10 84,1 87,2 88,1 89,1 89,7 89,9
12,5 85,1 88,0 88,9 89,8 90,3 90,5
16 86,2 88,8 89,7 90,5 91,0 91,1
20 87,1 89,5 90,3 91,1 91,5 91,6
25 87,9 90,1 90,9 91,6 921 921
32 88,7 90,8 91,5 92,2 92,5 92,6
40 89,5 91,4 92,1 92,7 93,0 93,0
50 90,2 92,0 92,6 93,2 93,4 93,4
63 90,8 92,5 93,1 93,6 93,8 93,8
80 91,5 93,0 93,6 94,1 94,2 94,1
100 92,0 93,4 94,0 94,4 94,5 94,4
125 92,5 93,8 943 94,8 94,8 94,7
160 93,1 94,2 947 95,1 95,1 95,0
200 93,5 94,5 95,0 95,4 954 952
250 93,9 94,8 95,3 95,6 95,6 95,4
315 94,3 95,1 95,6 95,9 95,8 95,6
400 94,6 95,4 95,8 96,1 96,0 95,7
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OkoHYaHue mabnuupsi A.2

Hwm oT 801 ot 1001 o1 1201 o1 1501 oT 1801 oT 3001
40 1000 o6/mMuH 4o 1200 o6/MuH Ao 1500 o6/MuH no 1800 o6/mMuH 4o 3000 o6/MuH no 3600 o6/MuH
500 94,9 95,6 96,0 96,3 96,2 959
630 95,2 95,8 96,2 96,5 96,3 96,0
800 95,4 96,0 96,4 96,6 96,4 96,1
1000 95,6 96,1 96,5 96,7 96,5 96,2
1250 95,8 96,2 96,6 96,8 96,6 —
1600 96,0 96,3 96,7 96,9 — —
2000 96,1 96,4 96,8 97,0 — —
2500 96,1 96,4 96,8 — — —
3150 96,1 96,4 — — — —
4000 96,1 — — — — —

Tabnuuya A3 — CTaHjapTHblE 3Ha4YEHNS MOLLHOCTY B KBT, accoLuMpyeMble ¢ KpYTALLMM MOMEHTOM W CKOPOCTLIO ABU-

ratenemn ¢ NUTaHUEM OT CETU

T 50 I'u, 6-non. 60 I'u, 6-non. 50 lu, 4-non. 60 N'u, 4-non. 50 'u, 2-non. 60 Nu, 2-non.

H'\NA (o1 801 (oT 1001 (o1 1201 (oT 1501 (or 1801 (o1 3001
8o 1000 06/mMuH) | Ao 1200 06/mMuH) | Ao 1500 06/mMuH) | oo 1800 06/MuH) | Ao 3000 06/mMuH) | Ao 3600 06/MUH)

2,5 — — — — 0,75 —
3,2 — — — — — 1,1
4,0 — — — 0,75 11 1,5
50 — — 0,75 — 1,5 —
6,3 — 0,75 — 11 — 2,2

8 0,75 — 1,1 1,5 2,2 —
10 1,1 1.1 1,5 — 3 3,7
12,5 — 1,5 — 2,2 4 —
16 1,5 — 2,2 — — 55
20 2,2 22 3 3,7 55 7,5
25 — — 4 — 7,5 —
32 3 3,7 — 55 — 11
40 4 — 5,5 7,5 1 15
50 55 55 7,5 — 15 18,5
63 — 7,5 — 1 18,5 22
80 7,5 — 1 15 22 30
100 — 11 15 18,5 30 37
125 1 15 18,5 22 37 45
160 15 18,5 22 30 45 55
200 18,5 22 30 37 55 75
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T 50 lu, 6-non. 60 I'u, 6-non. 50 l'u, 4-non. 60 Ny, 4-non. 50 I'u, 2-non. 60 'y, 2-non.
HRJA (o1 801 (ot 1001 (o1 1201 (ot 1501 (oT 1801 (o1 3001
Ao 1000 o6/MuH) ( Ao 1200 06/muH) | Ao 1500 06/MuH) | Ao 1800 06/MuH) | Ao 3000 06/mMuH) | ao 3600 06/MuH)

250 22 30 37 45 75 90

315 30 37 45 55 90 110
400 37 45 55 75 110/132 150
500 45 55 75 90 160 185
630 55 75 90 110 200 220/ 250
800 75 90 110 150 250 300
1000 90/110 110 132/160 185 315 335/375
1250 132 150 200 220/250 3565/375 —
1600 160 185 250 300 — —_
2000 200 2201250 315 3351375 —_ —
2500 250 300 /335 355171375 — — —
3150 315 375 — — — —
4000 365/375 — — — — —

Tabnuuya A4 — [paHnlbl HOMWHaNBHBIX 3HaveHWi KM B cBepXBLICOKOM Knacce 3KoHOMUYHOCTU (IE4) Ansa aBurate-
nei ¢ nuTaHneM oT ceTu ¢ yactoToin 50 My

Py 2-NONIOCHBINA 4-MontoCHbLIN 6-NONIOCHbLIN
KBT 60 'y 60 I'y 60 'y
0,75 84,9 85,6 83,1
1,1 86,7 87,4 84,1
1,5 87,5 88,1 86,2
2,2 89,1 89,7 87,1
3 89,7 90,3 88,7
4 90,3 90,9 89,5
55 91,5 92,1 90,2
7,5 92,1 92,6 91,5
11 93,0 93,6 92,5
15 93,4 94,0 93,1
18,5 93,8 94,3 93,5
22 94,2 94,7 93,9
30 94,5 95,0 943
37 94,8 95,3 946
45 95,1 95,6 949
55 95,4 95,8 95,2
75 95,6 96,0 954
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Tabnuya A5 — MpaHnybl HOMUHanNbHbLIX 3HadeHui KM/ B cBepXBLICOKOM Kracce akoHoMU4YHocTU (IE4) ana geurate-
newn ¢ NUTaHWeM oOT ceTu ¢ YacToTon 60 Y

30

OkoH4aHue mabnuupi A.4

Py 2-MONOCHBII 4-NonCHbIN 6-nontocHbIN
KBT 60Ny 60 My 60 Ny
90 95,8 96,2 95,6
110 96,0 96,4 95,6
132 96,0 96,5 95,8
160 96,2 96,5 96,0
200 96,3 96,6 96,1
250 96,4 96,7 96,1
315 96,5 96,8 96,1
355 96,6 96,8 96,1
375 (400) 96,6 96,8 96,1

Py 2-MONOCHBII 4-NOmCHbIN 6-nontoCHbIN
KBT 60 Ny 60 'y 60 'y
0,75 — 85,9 85,4
1,1 86,1 87,6 87,52
1,5 87,0 88,4 88,52
2,2 88,5 89,8 89,5
3,7 89,9 91,1 90,8
5,5 91,1 92,2 92,0
7,5 91,6 92,7 92,5
11 92,6 93,6 93,4
15 93,0 94,1 93,8
18,5 93,4 94,4 94,2
22 93,8 94,8 94,5
30 94,1 95,1 94,8
37 94,4 95,4 95,1
45 94,7 95,6 95,4
55 95,0 95,9 95,6
75 95,2 96,1 95,8
90 95,4 96,3 96,0
110 95,6 96,5 96,1
150 95,7 96,6 96,2
185 95,9 96,7 96,3
220 96,0 96,8 96,4
250 96,0 96,8 96,4
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OkoH4yaHune Tabnuubl A. 5

2-MOJIHOCHBIN 4-MOSIOCHBIN 6-MO/HOCHbIA
kBT 60 Iy 60 Iy 60 Iy
300 96,1 96,9 96,4
335 96,2 97,0 96,4
375 96,2 97,0 96,4

a M3-3a Hannuna paspbiBoB KpuBbIX 60 'y ana knacca |IE3 6-noN0CHbIX ABU-
ratenei ¢ BbIxogHon mowHocTbio 1,1; 1,5 n2,2 kBt kW npegenbHble 3HavyeHus |E4,
BbIBE|EHHblE Ha OCHOBE Mafknx KpuBbiX (Tabnmua A.2), oKasblBalOTCA HECKOJIbKO
MeHbLLe 3HauYeHnn 1E3 (87,5% ansa 1,1 kBT n 88,5% ana 1,5 kB).

B cnyyae npyMeHeHns 3Ha4YeHUin knacca 3KOHOMUYHOCTU IE4 K gBUratensim, KOTopble OXBaTblBalOTCA CTaHOApTOM
IEC 60034-30, Heob6xoauMOo y6eanTbCs B TOM, YTO TpeboBaHMS K YPOBHIO SKOHOMUYHOCTU |E3 TOXE BbIMOJTHEHDI.

KMA, %

PucyHok A.1 — Tlpepgenbl HOMUHasbHbIX 3HavyeHnit KN4 ans knacca IE4
B BbI6paHHOM Anana3oHe 3HayeHuin KpyTawero momeHTa (Hw)
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MpunoxeHue A
(cnpaBouHoe)

CBefieHNA 0 COOTBETCTBUU MEXroCY1apCTBEHHbIX CTAaHAAPTOB
CCbUI0OYHbIM MeXAYHapPOAHbIM CTaHaapTam

Ta6nuya [A1— CBefjeHWsi 0 COOTBETCTBUN MEXTOCYAAPCTBEHHBIX CTaHAAPTOB CChITOMHBIM MEXAYHAPOAHLIM CTaH-
faptam

O6o3HaveHNe N HauMeHoBaHue

MEXAYHapOAHOTo CTaHAaPTa CTeneHb O6osHa4yeHWe N HauMeHoBaHne
(Me)K,quapo,D,HOFO AOKYMeHTa) COOTBETCTBUA MeXrocyaapcCTtBeHHOro ctaHaapTa
IEC 60034-1 MawmHbl anekTpu4eckue Bpallaro- IDT FOCT IEC 60034-1-2014 MaluuHbl 3nekTpude-
Wwuecs. YacTe 1. HomuHanbHble U pabovune xapak- Ckue Bpawjarowmecs. Yacte 1. HOMUHanbHLbIe
TEePUCTUKK 3Ha4YeHMs NapamMeTpoB U SKCMNIyaTauWoHHble Xa-
paKTepUCTUKM

IEC 60034-30 MalunHbl aneKkTpuyeckue Bpallato- —
wmecs. Yactb 30. Knacebl KIMO 04HOCKOPOCTHBIX
TpexdasHbIX aCUHXPOHHBLIX ABUraTenel ¢ KOpoTKo-
3aMKHYTbIM pOTOpOM (Kogbl |E)

" CoOTBETCTBYHOLLMIt MEXTOCYAAPCTBEHHBIN CTaHAapT OTCYTCTBYET. [10 €10 NPUHATUS PEKOMEHAYETCS NCMOMb30-
BaTb NepeBoj Ha Pycckuii A3bIK faHHOro MexayHapogHoro ctaHaapra. MepeBog AaHHOTO MeXAyHapOAHOro CTaHAapTa
HaxoauTcs B GefepanbHoM MHPOPMALMOHHOM (POHAE TEXHUYECKUX PerNaMmeHToB U CTaHaapToB.

MpumevyaHune — B HacTosLe Tabnuue UCMoNbL3oBaHO crieqyiollee ycrnoBHoe o6o3Ha4eHne cTeneHu co-
OTBETCTBUA CTaH4apToB;
- IDT — npeHTH4Hble cTaHaapThI.
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