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AHAJIN3 ITOTPEBJEHUA DJIEKTPOOHEPI'MU ACUHXPOHHBIMH _
ABUI'ATEJISAMMU KJIACCOB D®@PEKTUBHOCTH IE1 U 1IE2 B HACOCHOH
YCTAHOBKE MOIIHOCTBIO 11 kBt

Ha cboz00niuniii 0ens 6 Kpainax €6pasilicbko20 eKOHOMIUHO20 COI03Y 8 OCHOGHOMY 3ACHOCOGYIOMbCA €NeKMPOOSUZYHU HUZLKO-
20 Knacy enepzoegpexmuenocmi IE1, gionogiono oo cmanoapmy MEK 60034-30 (OCT MEK 60034-30-1-2016). Oonax, 32iono 3
pimennam Komicii €8pasiiicbK020 eKOHOMIUn020 co103y, 3 1 eepecns 2021 p 3nauenns xoeghivicnma KopucHnoi 0ii 0euzynie ne
nOBUHHO Oymu MeHuie 3HaA4eHb, 6CMAN08IeHUX 01a Knacy enepzemuunoi epekmusnocmi IE2. Tomy ona kpain €Eepasiiicbkozo
CO103y AKMYANbHUM CIAE AHAI3 eKOHOMIUNHO020 ehekmy 6i0 3aminu deuzynie knacy IE1 na oeuzynu xknacy I1E2. Y oaniit po6omi
npeocmaenenuii NOPIGHANbHULL AHAII3 NOKA3HUKIE eHEP2OCRONCUBAHHA ACUHXPOHHUX e1eKMPOOSUZYHIE KNacie eHepzoedhexmu-
enocmi IE1 i IE2 ¢ enexmponpueodi eiouenmpogozo Hacoca nomyxycuicmio 11 kBm cucmemu eooonocmauannsa 3 opocenvHum
PezynioeannaAm. ACUHXPOHHI O8UZYHU HCUBNAMBCA (e3n0cepeonbo 6i0 enekmpuuHol mepedici. O0uosi HACOCHI cucmemu mMarOmoy
00un i moit yce zpaghix sumpamu piouHu, XapaKmepHuil 011 po3iMKHymux HacocHux cucmem. Kinvkicms eumpauaecmuoca naco-
COM 800U PezyIIEMBCA 3A PAXYHOK OpOcentoéanns. Ompumano pe3yavmamu no 006080mMy i piunoMy eHePZOCHOHCUBAHHIO 080X
posenanymux Kongizypayiii nacocnoi cucmemu. Ilokazano wo cucmema, de 3acmoco8yEmMycsa ACUHXPOHRUI 0GUZYH Kacy eHep-
20epexmusnocmi IE2, 3abe3neuye exonomito 118,6 eepo 3a pix i 2000 espo 3a scummeeuii YUK, 6 NOPIGHAHHI 3 ACUHXPOHHUM
osuzynom knacy IE1. Po3paxosanuit mepmin oxynnocmi osuzyna knacy I1E2, axuii cknaoae 5 micayie 6 pasi 6eedenns é 0ito Ho-
60i ycmanoeku i 2 poxu, é pasi 3aminu 06u2yHa 6 npayrorouii ycmanoeyi. biomn. 25, Tabin. 5, puc. 4.

Knouosi cnosa: acHHXpOHHMH ABUTYH, Apoce/ibHE PeryJioBaHHs, TEPMiH OKYIHOCTI, BiALeHTPOBHii Hacoc, eHeproegeKTHB-
HiCTh, eHEPrOCIOKHBAHHSI.

Ha cecoonsawnuii oenv ¢ cmpanax Eepasuiickoco IKOHOMUUECKO20 €003 8 OCHOGHOM RPUMEHAIOMCA IIeKMPOOGUzamenu
HU3K020 Knacca InepzoIhgpekmuenocmu IE1, coznacno cmandapmy MIK 60034-30 (FOCT MIK 60034-30-1-2016). Oonaxo,
coznacno pewenutro komuccuu Eepaszuiickozo 3konomuueckozo coiosa, ¢ 1 cenmaopa 2021 2. 3nauenue koygpgpuyuenma no-
J1e3H020 Oeiicmeusn 0guzamereii He 00JIHCHO Oblmb MEeHbULe 3HAYEH UL, YCHAHO06IEHHbIX 014 Kldcca IHepzemuieckoil I¢hghex-
muenocmu IE2. IToomomy ona cmpan Eepazuiickozo colo3a aKkmyanbHbiM CIMAHOGUMCA AHANU3 IKOHOMUUECKO20 IPhekma
om 3amenvt osucameneit knacca IE1 na osuzamenu knacca IE2. B dannoit pabome npedcmasien cpasHumenbHuvlii aHaiu3
noxazameneii IHepzonompedIenus ACUHXPOHHBIX IIeKmpooguzameneii Kaaccos nepeordppexmuenocmu IE1 u I1E2 ¢ rnek-
mponpugode ueHmpooteycnozo nacoca mouwiHocmolo 11 kBm cucmemvt 6000cHadyicenus ¢ OpoCCeIbHbIM PEyTupo8aHue.
Acunxponnsie 0gucamenu RUMAIOMCA HARPAMYIO Om IneKmpuueckol cemu. Obe nacocnvie cucmemsl UmMelOm 0OUH U Mom
Jce zpagpuk pacxooa HcuOKocmu, XapaxKmepHulil 014 pa30MKHYMBIX HACOCHBIX cucmem. Konuuecmeo pacxodyemoii nacocom
600vl pezynupyemca 3a cuem opoccenupoganusn. Ilonyuenvl pe3ynomamol RO CymouHoMy U 200060My IHEPZONOMPedIeHUIO
08yx paccmompennvix Konguzypayuii Hacocnoii cucmemsl. Illokazano umo cucmema, 20e RPUMEHAEMCA ACUHXPOHHDBLI O6U-
2amens Knacca Inepzorppexmuenocmu IE2, obecneuusaem sxonomuto 118,6 eépo 3a 200 u 2000 eepo 3a rxcuznennwlii YUK,
no cpasnenuio ¢ acunxponnvim oeuzamenem knacca IE1. Paccuuman cpok okynaemocmu 0suzamens knacca 1E2, komoputii
cocmagnaem 5 mecayes 6 ciyuae 66e0eHUsA 6 CMpoll HOGOI YCMAHO6KU U 2 2004, 6 ciyuae 3amenbl 0guzameJia 6 padomaiowieil
ycmanogke. bubn. 25, Tabn. 5, puc. 4.

Knrouesvie crosa: acHHXpOHHBIH ABHIaTe/Ib, JPOCCETBHOE PEryINpPoOBaHNe, CPOK OKYNAeMOCTH, IIeHTPOOEeKHbBIH Hacoc, Hep-
ro3¢peKTUBHOCTH, IJHEPronoTpedIeHue.

BBenenne. Bricokasi 3HEPrOeMKOCTh COBPEMEHHOM
MMPOMBIIIJICHHOCTH OGyCﬂaBJ’lI/lBaeT BBICOKYIO aKTyallb-
HOCTh TIOBBIIIEHHSI 3HEProd(P(EKTUBHOCTH HPOU3BOJICT-
Ba. DJIEKTPOABUTATENH MOTPEOIITIOT okojo 70 % anek-
TPOIHEPIUU B NPOMBINUICHHBIX NMpHUIOKeHHusX. [ToaTomy
BO MHOTHX CTpaHax MHpa IOCTEIIEHHO BBOIMTCS 3alpeT
Ha HCIOJb30BaHME JBUTATeNled C HU3KUMH Kiaccamu
sHeproddpdexTuBHOCTH. OHAKO B Poccun Ha HacTosIIuit
MOMEHT MPHUMEHSIOTCSI B OCHOBHOM AJICKTPOIBHUTATEIH
HU3Koro kiacca sHeprodddexrunoctn IE1, cormacuo
craagapty MOK 60034-30. Ipurarenu kiacca IE2 ore-
YEeCTBEHHOT'O IIPOM3BOJCTBA TAaKKe IIPEACTABICHB Ha
poccuiickoMm peirke [1]. OgHako crpoc Ha dHEprodddek-
THUBHBIC ABUI'aTCJIU B Poccun man u3-3a HU3KOH CTOMMO-
CTH 3JIEKTPOIHEPTHH, IO CPaBHEHMIO cO cTpaHamu EBpo-
nerckoro corosza. st cpaBHEHHUs LIeHA Ha JIEKTPOIHEP-
THIO U TIPOMBIIUICHHBIX THoTpebuteneld B ['epmanun
cocraniser okoio 0,2 eBpo/kBT4, a B Poccun — TOIBKO
okono 0,057 epo/xBtu [2, 3].

B Espometickom Corosze ¢ 2017 roga B obmemnpo-
MBIIIJICHHBIX HNPWIOKECHUAX JONYCTHUMO HNPUMCHCHHUEC
JIBUTaTeNIed KiaccoB He Hibke, yeMm IE3, mis momqHocTH
0,75-375 xBt. bonee toro, ¢ 1 uronst 2023 rona B EBpo-
neifickoM Coro3e JBUTATENU ¢ MOIIHOCTBIO Ooiee 75 kBT
JIOJDKHBI COOTBETCTBOBaTh kiaccy IE4 [4]. B nmanbHeil-
IIeM UMCIOTCS TUIAHBI PACIIUPEHUs 00sI3aTeIHHOTO KIIac-
ca [E4 Ha mBUTaTENM MEHBIIEH MOIIHOCTH M Iepexoja K
o0s3arensHOMY Kiaccy IES mis MomHbIX nBurareneit [5].
CTOUT OTMETUTB, YTO YK€ B COBPEMEHHBIX YCIOBHUSX
npuMeHenne npurateneil kiaccoB IE4 u IES moxeT ObITh
OTIpaBIaHO, BBUAY BBICOKHX, ITOCTOSTHHO BO3PACTAIOIINX
[IEH Ha JHEPrOHOCHUTENN W HEOOXOAWMOCTH CHIDKCHHS
BIIMSIHUSL HA OKPY’KaIOIIYIO cpeny [6].

MaccoBoe mpUMEHEHHUE JABHUraTescii 00Jiee BHICOKUX
KJIacCOB 3HEProd3(h(HEeKTUBHOCTH IMO3BOJUT CYIIECTBEHHO
COKpAaTHUTh SHEPrOnoTpeOIeHNe, CHU3UTh YHEPTOEMKOCTh
BaJIOBOTO BHYTPEHHErO MPOJIYKTa, a TaKkKe OyJeT crio-
CcOOCTBOBATH yIyUIIEHHIO SKOJIOTHIECKON OOCTAHOBKH 3a
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CUEeT CHIKEHHS BbIOpOCa BPEIHBIX BELIECTB IIPU TeHEpa-
LUK 371eKTpodHeprun. [Ipumenenne sHeproadGeKTHBHBIX
JIBUTaTeNIeil COOTBETCTBYET JOCTHIXKCHHUIO LENICH, 3asB-
JICHHBIX B SHEPTEeTHYECKUX M HKOJIOTHUECKHX CTPATErusix
pasmmuHBIX cTpaH: EBpomeiickoro coroza (European
Green Deal [6]), CIIIA (State Energy Program), IlIBeii-
napuu (noanepxkuBaer [lapmwkckoe cornamienue), Kuras
(momnepxuBaer [lapmkckoe cornamenne), Anonun (Net
Zero Energy Building), }OxHo#t Kopen (nmomnepxuBaer
[Tapmxckoe cornaimenue), a Takxke Poccuiickoit denepa-
uuu [7] v T.1.

IToaToMy, cornmacHo peuleHur0 koMuccuu EBpasuii-
CKOT0 9KOHOMHYECKOTO CO03a 0 TpeOOBAaHUAX K 3Hepre-
THYIeCKON 3(PPEKTHBHOCTH HSHEPTOMOTPEOIAIOMMNX YCT-
poiict [8], ¢ 1 centsOps 2021 r. 3mauennme KIIJ mns
nsurareieid MonHocTeio 0,75-375 kBT He HOMKHO OBITH
MEHbIIIE 3HAYCHUH, YCTaHOBJIECHHBIX Ul Kilacca JHepre-
tnaeckoil apdexruBrocTH [E2. A ¢ | centsops 2023 T.
snadenue KIIJ[ nBurarenmeit mMomHocThIO 7,5-375 KBT
JOJDKHO COOTBETCTBOBaTh yxe kiaccy IE3. TpeGoBanue
kmacca IE3 ¢ 1 cenrsiops 2025 r. Oymer Takxke pacrpo-
cTpaHeHo u Juis asurareneit 0,75-7,5 kBt [8].

O0s13aTenbHbIN TIepexo/ K nurareisiM kiacca [E2 B
Poccun u crpanax EBpasuiickoro 3KOHOMU4ECKOTO COH03a
MI03BOJISIET HaJeeTcs, YTo B OyayIieM, MyCcTb U ¢ HEKOTO-
pOii BpEMEHHOW 3aJIePKKOH, OOYCIIOBICHHONW OOBEKTUB-
HBIMH 3KOHOMHMYECKUMH TNPHYMHAMH, TpEOOBaHUS K
9HeprodpPEeKTUBHOCTH ABUTATEIEH OyIyT MPHOIMKATHCS
K COBPEMEHHBIM TpeboBanusM EBporeiickoro coro3sa.

Hacocusle cuctemsr notpetisitor okoio 22 % 3miex-
TPORHEPTUH, Mpou3BoauMon B mupe [9]. bonpmroe komm-
4yecTBO padoT [10-16] mocBsmIeHO BOIIpocaM COMOCTAaBIIe-
HUsI 9HEPronoTpeOIeHUs] HACOCHBIX CHUCTEM C IPUMEHE-
HUEM pa3iuyHbIX JBUrareneil ¢ pasHeiMu IE-knaccamu.
OnHako BO Bcex 3THUX paboTax paccMaTpUBAIOTCSI HAcOC-
HBIC€ CUCTEMBI C PEryJIMPOBAaHUCM CKOPOCTHU ABUTATEIA C
MIOMOIITBIO TTpeoOpa3oBarens 9acToTel. HecMoTps Ha BBI-
cokuit KIIJI, a Takke jgydiive cTaTUUECKUEe U JUHAMUYe-
CKHE PEryJHpPOBOYHBIC XapaKTEPUCTHKH IPHUBOJA IIepe-
MEHHOTO TOKa C IIpeo0pa3oBaTesieM YacTOThI, M3-32 BbI-
COKOM cTOMMOCTH TpeoOpaszoBarens Ooibllas 4acTh Ha-
COCHBIX TIPHBOJIOB BCE €lIE IHMTACTCS HEMOCPEICTBEHHO
oT anexTpudeckor cetu [9]. Hampumep, mons perymu-
pyemoro IpuBoja Ha peiHKe I epmanuu — okono 30 %, a
Ha peiHke [IBeiinapuu — 20 % [17]. B Poccun u B apyrux
ctpanax CHI' nmonmsi 9acTOTHO-pEryIHpPYeMBIX 3JIEKTpO-
MIPUBOJIOB TPAaIULMOHHO HMXKE, YeM B cTpaHax EBpomneii-
CKOT'0 COH03a.

Jlyst HacoCoB, MUTAIOIIUXCS HAMPSIMYIO OT 3JIEKTPHU-
YECKOH CEeTH, BOIPOCHI COMOCTABICHUS SHEPronoTpeode-
HUSL TpU TPUMEHEHUM JBurarenedl c pasHeiMu |E-
KJIJacCaMHU paccMaTpHuBaeTcsi HamMHOro pexe. Tak B [9]
paccMaTpuBaeTCs CPaBHUTENBHBIA aHAJIN3 3HEProIo-
TpeOJIeHns] CUHXPOHHBIX M AaCHHXPOHHBIX JIBUTaTeIeH
kiaccoB 1E3 u IE4 ¢ npsMbIM MUTaHHEM OT CETH B 3JIEK-
TPONIPHUBOJE IIEHTPOOEKHOTO HAcoca C APOCCETBHBIM
peryiaupoBanueM. Takke B [9] mokasaHo, 4To 1pH BBIOO-
pe ABUTATCIIA HeOGXO}II/IMO YUYUTBIBATHL HEC TOJIBKO KJIaCcC
3HeprodGGeKTUBHOCTH, HO W HATPY30UHBIA IMKJI, B KO-
TOpoM paboTaeT IBUTATENb, U, COOTBeTCTBEHHO, KIIJ]

JIBUTATEIIS TIPH TOHIDKEHHBIX Harpy3kax. OQHaKo mpumMe-
Henne nsurareneil kinaccoB IE3 u 1E4 ma ceromusa mon-
JIEPKUBACTCS 3aKOHOATEIIEHO HE BO BCEX CTPAHAX.

Ha ocHoBanum mpuBeneHHOro BHIIIE 0030pa JH-
TepaTyphl, MOXKHO 3aKJIIOYUTh, YTO BOIPOCHI COIMOC-
TaBJICHUS JBUTATENICH Pa3IMYHBIX KJIACCOB 3HEProdd-
(DEeKTUBHOCTH B HACOCHBIX YCTAHOBKAaxX C HEpEryJaupye-
MOH 4YacTOTOH BpalleHHs OCTAKTCSI HEIOCTATOYHO
OCBCIICHHBIMH.

Ienbio nanHOil padoThI SBIAETCS CPAaBHUTEIBHBIN
aHaIM3 TOKa3aTellell PHepromoTpedIeHus aCHHXPOHHBIX
nBurareineid MomHocThi0 11 kBT, murarommxcs Hemo-
CPEICTBEHHO OT CETH, ¢ KIaccaMi SHeprod(peKTHBHOCTH
IE1 u IE2 B smektponpuBoae IEHTPOOEIKHOTO Hacoca ¢
JIPOCCETBHBIM PETyITUPOBAHHEM.

AKYTaTbHOCTH JaHHOI PadoThl 00yCIIOBIIEHA He-
00XOIMMOCTBIO OLEHKH OSKOHOMH4YecKoro sddekra ot
3aMeHsbl aBurarenei kiacca [E1 na apurarenu kiacca [E2
JUTSL TAKOTO PAacIpOCTPAHEHHOIO KJIacca MEXaHU3MOB Kak
HEHTPOOCIKHBIE HACOCHI, BBUAY CKOPOTO BBEJCHHS B
ctpanax EBpasuiickoro coro3a TpeOoBaHU 00s3aTeIbHO-
ro UCMoib30BaHUs Aurarenen kiacca IE2. Jlns cpaBHe-
HUS COIIOCTABIISIFOTCS TTOKA3aTeNd YHEPTOMOTPEOICHUS U
croumocTs asurareneid kinaccoB IE1 u IE2 3a mepuon
KI3HEHHOTO IIMKJIA, aHAIU3UPYETCS CPOK OKYIAeMOCTH
neuratens knacca IE2. B pa6ote [18] Takoit aHanu3 Obu1
MPOBEACH [JIsl YacTHOTO CiIydass HAacOCHOTO arperata
MouiHocThio 15 kBT. JlaHHas pabota pacmmpsieT 3TOT
aHaJM3.

XapakTepucTukn Hacoca. J[ns pacuera BhIOpaH
Hacoc Calpeda NM 50/20A/B momHocThi0 11 KBt [19].
HomunanbHast gactoTa Bpamenus Hacoca — 2900 06/MuH.

MakcumanbHass —TPOM3BOJUTEIBHOCTh  HACOCHOMH
CHCTEMBI COOTBETCTBYET TOUYKE, B KOTOPOH Pacxo] BOJBI
Ha 10 % Ooxnpme, yem B Touke ¢ HambompmmMm KIIJI
(anrn. «best efficiency point», BEP) Q1109 = 1,1:Opep =
=66 M’/uac.

Ha puc. 1,a nokazana karanoxnas Q-H xapakTepu-
ctuka Hacoca [19], a Ha puc. 1,6 — 3aBHCHUMOCTh MEXaHU-
YECKON MOIIHOCTH MPUBOJHOTO JBHMTraTessl Hacoca B 3a-
BUCHUMOCTU OT NoAadu BOABI IpH HOMHHAJIbHOM 4acTOTE
Bpamienus [19].

XapakTepucTUKH ACHHXPOHHBIX JBHraTtesei.
Jist pacdera ObuTH BBEIOpaHBI ACHHXPOHHBIC JIBUTATEIH
poccuiickoro mpomsBoacTBa: 7AVEC160M2iel (xmacc
IE1) m TAVEC160M2ie2 (kmacc IE2) cepun 7AVE [1],
momHocThio 11 kBT. Bennumnaer KITJ] stux aBurarenei
B HOMHHAJIBHOM pexume paBHH 88,2 u 90 %, cooTBeT-
CTBEHHO.

B Ta6n. 1 nmpusenens! nanubie o KITJ BeIOpaHHBIX
JIBUTaTesiel B 5 pa3iMuHbIX HATPY304YHBIX pexuUMax. P,
— MCXaHHMYCCKas MOIIHOCTH JABHIAaTCIIA, Pn — HOMMHHAJIb-
Hasg MEXaHHU4YCCKasds MOIIHOCTb JABUIATCIIA. Taxxke »tH
JTAaHHBIC ITPOJAEMOHCTPHPOBAHBI Ha PHC. 2.

Pabouue Toukn Hacoca. PaccmaTrpuBaercss pa3oMK-
HyTas HACOCHAsi CHCTEMa, PacXo]] BOJbI KOTOPOU M3MEHSI-
ercs B auanasone ot 75 1o 110 % pacxona Oy, COOTBET-
cTByMomero paboueit Touke Hacoca ¢ HambomsmmM KITJT
(anrn. «best efficiency point», BEP). 25 % BpemeHu Ha-
coc pabortaer B Touke ¢ pacxonoM 0,75:Op.,, 50 % Bpe-
MEHH — € PacxoloM Opp, H ele 25 % BpeMeHH — C pac-
xo1oM 1,1:Qp,. DTa 3aBUCUMOCTB C NOMOILBIO AHArpam-
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MBI [T0Ka3aHa Ha puc. 3. JlaHHbINA rpaguk HArPY3KU PEeKo-
MeHAyeTcs Oo0beAMHEeHHEeM mpom3BoAuTened Europump
JUISL OLICHKH JHEprornoTpeOsieHHss HACOCOB C HEperyliu-
pyeMbIM npuBooM [20].
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0 — TpeOdyemasi MeXaHU4eCKasi MOLTHOCTD JIBUTATENS
B 3aBHCUMOCTH OT PacXo/ia )KUIKOCTH
Puc. 1
Tabmuma 1
Hannsie o KITJI neurareneit
KIT nBurarens, %
Heuratens | P, = | Ppeen = | Puech = | Poech =| Prech =
=0,25-P,|=0,5P,|=0,75-P,| =P, |=1,25P,
AN IE1 79,5 86,6 88,4 88,2 85,8
ALl IE2 83,8 89,2 90,4 90 88,5
92%
90%
88%
= 86%
~ 84%

=——@—[E | asurarens

IE2 xgurarens

2 3 4 5 6 7 8§ 9 10 11 12 13 14
MexaHuueckass MOITHOCTh, KBT
Puc. 2. Kpussie KI1/] nBurareneii

Ilpu makcumansHOM pacxone Boabl (O = 1,1:Opep),
3aJIBUKKA TIOJTHOCTBIO OTKPBIBACTCS, & JUII 00CCICUCHUs
pacxonoB, paBHbIX (Opep M 0,75-Opep 3aIBHIKKA YACTUYHO
3aKpBIBAETCS, YTOOBI XapaKTEPUCTUKA CUCTEMBI W3MEHS-
Jlach, a TOYKa €€ MepeceyeHus ¢ XapakTepuCTUKON Hacoca
nepeMmenanock BieBo. Ha puc. 4 mokazansl Q-H Xapakrte-

PUCTHKA HACOCa M XapaKTEPHUCTHKH THAPABINIECKON CHC-
TEMBI B Pa3JIMYHBIX Pa00OYUX TOUKAX.
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Puc. 3. [luarpamma pacxoza Bozs! 3a nuxi [20]
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Puc. 4. O-H xapakTepucTHKa HacOCa U KPUBBIE CUCTEMBI

Jis onleHKH SHEPTrONOTPeOICHHS B IEPBYIO OYepeab
paccuMThIBaeTCA MEXaHWYECKas: MOIIHOCTh NPHBOIHOTO
JIBUTATEIA, B TPEX PEXKUMAX, MOKa3aHHBIX Ha pHc. 3. [Ipu
PeryJIMpoOBaHUM Pacxoja BOJbBI IPOCCENUPOBaHUEM pabo-
Yhe TOYKH HACOCHON CHCTEMBI IIEPEMEUIAOTCS 10
(Q-H xapakTepHuCTHKe Hacoca 3a CUeT M3MEPEHUs Xapak-
TEPUCTUKU THIPABIUYCCKON CHCTEMBI. XapaKTCPUCTHKA
TUJIPABIIMIECKON CHCTEMBI OIUCHIBACTCS —CIICIYFOIIUM
ypaBHeHHEM [9]:

H=Hy+ k0, (1)
rae O n H — Tpebyemble 3HaUEHUS MOJIa9X BOABI U HATIO-
pa THAPABINYECKON CHUCTEMbI (THIPABIMYECKONW HArpys-
Kku); Hy — cTaTUYEeCKUi HAMop THAPABINIECKON CUCTEMBI
(Hy = Hpep 1 2 = 22,5 m); k — xodbunuenT Tpenus rui-
PaBJIMYECKON CHCTEMBI, 3HAUEHHE KOTOPOI'O 3aBHCHUT OT
BCJIMYMHBI OTKPBITHSA 3aABUKKH.

B Ta6i. 2 mpuBeacHBI Pe3yJIbTaThl pacueTa MEXaHH-
9eCKOH MOIMHOCTH (P,u..;) U IPYTHX XapaKTECPUCTHK Ha-
coca IpU TPeX Pa3HBIX PacXOAax BOIBI, COOTBETCTBYIO-
X puc. 3.

Tabmnuma 2
JlaHHBIC IIMKIIA PabOTHI Hacoca

0, %| k, wac* /v’ | O, M*fuac | H, m | KIIJ| Hacoca, % | Precn, KBT
75 0,014 45 51,31 67,3 9,35
100 | 0,006 60 45,00 70,3 10,47
110 | 0,004 66 41,47 69,2 10,78

Koapdumment tpeHns npu paznudeHbslx ( paccuu-
thiBaeTcs, uexons w3 (1), kak k= (H—Hy) / Q.
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KIIJ nacoca paccuuThIBaeTcst Kak Phygr / Precr, THE
Pjya = p'g'H'Q — ruapasindeckas MOIIHOCTH HACOCA;
p = 1000 Kr/M® — IIOTHOCTH kuakoctu; g = 9,81 m/c? —
YCKOpPEHHE CBOOOIHOTO MajcHUs; P, ONpenensercs,
COTJIaCHO 3aBUCHMOCTH, MTOKa3aHHOH Ha puc. 1,6.

JHepronorpedaeHne HACOCHOIO arperara. 3Haye-
Hust KIIJ| nmBurarenmeid B pasHbIX padOYMX TOYKax
(Tabim. 3), HaXOMATCS COTJIACHO 3aBUCUMOCTSIM, ITOKa3aH-
HBIM Ha pHucC. 2.

Tabmuna 3
KIIJI nBurareneii B paccMaTpuBacMbIX pabouuX TOUKAX Hacoca

KIIJI nBurarens, %
0. % Prnecn, KBT IEL Al 1E2 AJl
75 9,35 88,32 90,24
100 10,47 88,24 90,08
110 10,78 88,22 90,03

Ucnonp3ys naHHble U3 Ta0l. 3, MOXKHO HAWTH BEIH-
YUHBI TOTPEOJIIEMON AIEKTPHYSCKOW MOITHOCTH B pac-
CMaTPUBAEMBIX pabOYHX TOYKAX, COTJIACHO (POpMyIIe:

Pl = Pmech /nmotor, (2)
TAC Nmotor — KILJ| aBUTATENS.

Pe3ynpraTel Takoro pacdyéra moxasassl B TaOnI. 4, B
KoTopo# i = 1..3 — HOMep paccMaTpuBaeMoW Harpy30d4-
HOM TOYKH.

Tabnuna 4

DNeKTPUYECKHE MOIHOCTH, HOTpeOIIsieMble IBUIaTENIsAMH, B
paccMaTpHBaeMbIX pabo4MX TOYKaX Hacoca

. Py, kBt

FO.% | 4] s % AJl xnacca IE1 1 AJ] xnacca IE2
1] 75 25 10,585 10,360

2| 100 50 11,865 11,623

3| 110 25 12,223 11,997

C mOMOIIBIO TONTyYeHHBIX pe3yiabTaToB (Tabm. 4)
BBIYMCIIMM JHEBHYIO MOTPEOJIIEMYIO 3JEKTPOIHEPTHIO
(E4qy), TOIOBYIO TIOTPEOIISEMYIO DIEKTPOIHEPTHUIO (E)eyr),
CYMMY TOJIOBBIX 3aTpaT Ha 3JEKTPOIHEPTUIO (Cypp) ¥ TO-
JIOBYIO DKOHOMHUIO CPEICTB (Sy¢,) AT HACOCHOH CHCTEMBI
¢ nsurateneMm kiacca IE2, mo cpaBHeHHIO ¢ HAacOCHOH
cucremsl ¢ Apurarenem kiacca [E1 [9]:

3

t t;
E = _sum | p..—t ; 3
day 1000 o li toum ( )
Evear = Eday : 365: (4)
Cvear = Evear . GT: (5)
S year — Cyear 1= Cyear 25 (6)

rae t; / ty,, — 007 pabouero BpeMEHH [-Ir'0 PEKUMa PabOThHI;
tom — TPOJOJDKHTENIBHOCTh pabodero Iwkia (24 4yaca);
GT = 0,057 eBpo/kB1tu — Tapud Ha 3JIEKTPOIHEPTHUIO
B Poccun 3a 1 xBru mna npomeinuienHoctn (Mocksa,
2019 ron) [2]; Cyeart M Cyeqrr — CyMMa TOJIOBBIX 3aTpaT Ha
AJIEKTPOIHEPTHIO NIEPBO# (IIPU MCIIOBL30BAaHUHN JIBUTATEIS
knacca [E1) u Bropoii (nBurarens knacca IE2) koudury-
paluy HAaCOCHOM CHCTEMBI.

Tarxke omeHHM MOTpeOIeHNEe >HEPTUM B TCUCHHE
BCEr0 JKU3HEHHOIO LIMKJIA HACOCHON CHCTEMBI, KOTOPBIH
00br9HO coctaBisier 20 jer [21]. OueHka CTOMMOCTH
SHEPrHH B TEUEHHE BCETO >KU3HEHHOTO LUKJIa HACOCHOM
CHCTEMBI OTIpeieNsaeTcs ciemyomeii popmymoi [21]:

C,. = z Cyearm
lec — Z

b (7)
o 1+ [y = p]”

rae Cyeyr » — CyMMa 3aTPaT Ha SIEKTPOIHEPTHIO /M-TOTO
roga; y — npoueHTtHas craBka LleHTpanbHoro banka
(y = 0,06); p — oxxunaemas rogosas uadrwms (p = 0,04);
1 — CPOK ciry)k0bI cuctemsl (n = 20 sier).

Pesynbrarsl pacuera o gopmynam (3) — (7) npuse-
JIeHbl B Ta0II. 5.

Tabmmma 5
CpaBHeHHE TapaMeTPOB SHEPTONOTPEOIICHHS
HaPaMeT‘ Eduy: Eyear’ Cyeaw Syear’ Clco ThIC.
pHI kBruac | kBtuac | eBpo |eBpo/ron| eBpo
A IE1 279,2 101921 | 5809 - 95,0
ALl IE2 273,5 99827 | 5690 | 118,6 93,0

Kax BumHO u3 Tabin. 5, rogosas 3KOHOMHS S, CO-
craBiseT 118,6 eBpo mpu NpUMEHEHUHU IBUTATENS Kiiacca
IE2, B cpaBHennu ¢ apurarenem kiacca IE1. Dxoromus
3a 20 ner (pasHocth Cj.. JABYX IBHraTelicil) COCTaBJISCT
2000 eBpo ¢ y4ETOM IPOICHTHOW CTABKH U MH(IISAIHH.

Tax>xe Ha ocHOBe MOJYUYCHHBIX JTaHHBIX MTPOU3BCIACM
pacueT Cpoka OKYIaeMOCTH INPH HCHOJIb30BAHUH JBUTA-
tens kinacca IE2. [lo paHHbIM cTaTtbu [22], pa3sHuULa B
CTOMMOCTH aKTUBHBIX MaTEpPHAIIOB aCHHXPOHHOTO JBHTa-
tens 7AVE momnuocteio 13 kBt u kinacca IE1 u IE2, co-
craBisieT Bcero 6,7 % (B crarbe [22] HEeT maHHBIX 00 ak-
TUBHBIX MaTepHajax Uil JBUTaTeNs C MOITHOCTBIO
11 kBt). OnHako pa3HUIlA B PHIHOYHOMW II€HE aCHHXPOH-
HBIX DJIEKTPOJBHUraTeNeil COCeAHUX KJIAcCOB IHEProdd-
textuBHOCTH cepun 7AVE [1], cornacuo [23], cocraBms-
et 20-25 %. Cpok OKymaeMOCTH paccuuTaeM IS ABYX
CIIy4aeB:

1) ipy BBEAICHUU B CTPOI HOBOTO HACOCHOTO arperara
¢ npumenenueM A/l knacca IE2 Bmecto A/l knacca IE1;

2)npu 3ameHe A/l knacca IE1 na A/l knacca IE2 B Ha-
COCHOM arperaTe, HaXOISIIeMCs B SKCILTyaTalliH.

B mepBoM citydae CpOK OKYIaeMOCTH OIpEHeIIs-
€TCsI KaK OTHOIICHHE PA3HUIIBI CTOUMOCTH JBHUTATeNeH
kimacca IE1 u IE2, x rog0BO# 2KOHOMHH 3JIEKTPOIHEP-
run [24] (8):

T= (CmZ - le) /Syear: (8)
rae 7 — BemWYMHA CPOKa OKYHNaeMOCTH CHCTEMBI, TOJ;
C,1 = 194,21 eBpo — CTOMMOCTh ACHHXPOHHOTO JIBHTATE-
ns knacca [E1 [25]; C,p = 1.25-C,,; = 242,76 eBpo — cTOU-
MOCTh aCUHXpOHHOTO fBurarens kiaacca [E2 [23].

Bo BTOpOM ciiyyae paccuuTaeM CpPOK OKYINaeMOCTH
KaK:

T= CmZ /Syear~ (9)

CpoKu OKyNnaemMoCTH, pacCUUTaHHbIE 10 (HOpMyJIam
(8) u (9), cocransror 0,41 ron (mpuMepHO 5 MecsIEB)
IIPY BBEJICHHH B CTPOM HOBOT'O HACOCHOTO arperara ¢ A/l
IE2 u 2,03 ner npu 3amene A/l knacca IE1 na AJl knacca
IE2 B cymecTByroLieM arperate.

BeiBoabI.

B nmanHO# paboTe MpoOBENEHO CpaBHEHHE IOKa3aTe-
nei SHeprodPpPEeKTHBHOCTH HACOCHOTO arperara MOIIHO-
cteio 11 kBT npm mMcnonp30BaHUM aCHHXPOHHBIX IBHTA-
teneit knaccoB IE1 u IE2. B oboux ciydasx paccMaTpu-
BaeTCsl OJIMHAKOBBII TpaduK pacxoja »KHUIKOCTH, Xapak-
TEpHBIA JJI1 Pa30MKHYTBHIX HACOCHBIX cHcTeM. Pacxon
KHUJIKOCTH PETYJIHPYETCs 3a CUET JAPOCCEIUPOBAHUS TPY-
borpoBoa.

IlokasaHo, 4To cuctema, B KOTOPOIl ImpHUMeHseTcs
aCHHXPOHHBIH JBUTaTenh Kiacca IE2, obecmednBaer
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skoHomuto 118,6 eBpo 3a rog um 2000 eBpo (c yduerom
MIPOIEHTHOW CTAaBKW W WHQISIINN) 32 KU3HCHHBIA LIUKI,
II0 CPAaBHEHUIO C CHCTEMOH, B KOTOPOH NPUMEHSETCS
ACUHXPOHHBIN nBHraTenb kinacca [E1.

CpoK OKymaeMoCTH IPHU UCIOIB30BaHUHU Ooliee J0-
pororo asuratens kiacca [E2 BMecTo aBuratens kiacca
IE1, cocraBnser 5 mecsieB npu BBEJEHUU B CTPOU HO-
BOTO HacCOCHOTO arperata u 2,03 roma mpu 3aMeHe IBU-
rateneil B HAaCOCHOM arperare, HaxoJsIleMcs B JKC-
IUTyaTaIiH.

Maublii CpoK OKYyNaeMOCTH Ui IEPBOIO ciydas Io-
3BOJISIET ClIeJIaTh BBIBOJ 00 OUYCHb OOJBIIONH pEeHTadelNb-
HOCTU TpUMeHeHus jsurareneii knacca IE2 B HOBBIX
YCTaHOBKAaX IpH JAEHCTBYIOIIMX IIeHAX Ha JBHUTaTeIH H
AJIEKTPOIHEPTHUIO.

Pa6oTa BbInoJIHeHA NPH (PUHAHCOBOI MOJTEPIKKE
MuHucTepcTBA HAYKM W BbIcIIero oopaszopanusi P®
(6a3oBast yacth roc3aganusi, npoext No. FEUZ-2020-
0060).

CIIMCOK JIMTEPATYPBI

1. Texuuueckuil karajor. Cepus HHM3KOBOJIBTHBIX aCHHXPOH-
HeIx asurateneit 7TAVE, rabaputsr 160-315 MM, kitaccel sHep-
roapdexruaoct IE1, IE2, IE3. DnekTpoHHBI pecypc:
http://www.xn--hlaambls2f.xn--
plai/produkcziya/elektrodvigateli/nizkovoltnye-asinhronnye-
dvigateli-7ave/.
2. Tapudbl Ha SICKTPOIHEPTHIO Ul CPEIHUX NPEANPHATHI B
2020. DnexkTpoHHBIN pecypc: https://time2save.ru/articles/tarify-
na-elektroenergiyu-dlya-srednih-predpriyatiy-v-2018.
3. Eurostat Data for the Industrial Consumers in Germany.
Available at:
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_pc

205&lang=en.
4. Commission Regulation (EU) 2019/1781 of 1 October 2019
laying down ecodesign requirements for electric motors and
variable speed drives pursuant to Directive 2009/125/EC of the
European Parliament and of the Council, amending Regulation
(EC) No 641/2009 with regard to ecodesign requirements for
glandless standalone circulators and glandless circulators inte-
grated in products and repealing Commission Regulation (EC)
No 640/2009, Document 32019R1781. Available at: https://eur-
lex.europa.eu/eli/reg/2019/1781/0j.
5. Doppelbauer M. Update on IEC motor and converter stan-
dards. 6th International Motor Summit for Energy Efficiency
powered by Impact Energy, Motor Summit, 2016.
6. Annex to the Communication from the Commission to the
European Parliament, the European Council, the Council, the
European Economic and Social Committee and the Committee
of the Regions. The European Green Deal. Brussels, 11.12.2019,
CoOM (2019) 640 final. Available at:
https://ec.europa.eu/info/sites/info/files/european-green-deal-
communication-annex-roadmap_en.pdf.

7. Poccuiickuif mimaH MO CHMXXEHHUIO BBHIOPOCOB HapHHUKOBBIX
ra3oB bi(s) 2050 roza. ONEeKTPOHHBIN pecype:
https://economy.gov.ru/material/file/babacbb75d32d90e28d329
8582d13a75/proekt_strategii.pdf.
8. Pemenne CoBera EBpasmiickoil 5JKOHOMHYECKONH KOMHCCHH
ot 8 aBrycta 2019 r. N 114 «O TexnudyeckoMm pernamenre EBpa-
3MHCKOr0 3KOHOMHYECKOro coro3a «O TpeOoBaHHMIX K JHepre-
THYECKOW 3((PEKTHBHOCTH IHEPrONOTPEOISIONIMX YCTPOHCTBY.
ONeKTPOHHBIH pecype:
https://www.garant.ru/products/ipo/prime/doc/73240518.

9. T'oman B.B., Omypbexop C.X.., Kazakbaece B.M., Ilpaxt
B.A., Jmutpueckuii B.A. CpaBHeHHE SHEpronoTpedICHUS
PA3NINYHBIMH 3JICKTPOJBUTATE/SIMH, PAOOTAIOIMMH B COCTABE
HAacOCHOro arperarta. Enekmpomexuika i enekmpomexauika,
2020, Nel, C. 16-24. doi: 10.20998/2074-272X.2020.1.03.

10. Ahonen T., Orozco S.M., Ahola J., Tolvanen J. Effect of
electric motor efficiency and sizing on the energy efficiency in
pumping systems. 2016 18th European Conference on Power
Electronics and Applications (EPE’16 ECCE Europe), Sep.
2016, Karlsruhe, pp. 1-9. doi: 10.1109/EPE.2016.7695671.

11. Van Rhyn P., Pretorius J.H.C. Utilising high and premium
efficiency three phase motors with VFDs in a public water sup-
ply system. 2015 IEEE 5th International Conference on Power
Engineering, Energy and Electrical Drives (POWERENG), May
2015, Riga, pp- 497-502. doi:
10.1109/PowerEng.2015.7266367.

12. Brinner T.R., McCoy R.H., Kopecky T. Induction versus
permanent-magnet motors for electric submersible pump field
and laboratory comparisons. [EEE Transactions on Industry
Applications, 2014, vol. 50, no. 1, pp. 174-181. doi:
10.1109/TTA.2013.2288203.

13. Safin N., Kazakbaev V., Prakht V., Dmitrievskii V., Sarapu-
lov S. Interpolation and analysis of the efficiency of a synchro-
nous reluctance electric drive at various load points of a fan
profile. 2018 25th International Workshop on Electric Drives:
Optimization in Control of Electric Drives (IWED), Moscow,
2018, pp. 1-5. doi: 10.1109/TWED.2018.8321372.

14. Kazakbaev V., Prakht V. Dmitrievskii V., Ibrahim M.,
Oshurbekov S., Sarapulov S. Efficiency Analysis of Low Elec-
tric Power Drives Employing Induction and Synchronous Reluc-
tance Motors in Pump Applications. Energies, 2019, vol. 12, no.
6, p. 1144. doi: 10.3390/en12061144.

15. Kazakbaev V.M., Prakht V.A., Dmitrievskii V.A. A com-
parative performance analysis of induction and synchronous
reluctant motors in an adjustable-speed electric drive. Russian
Electrical Engineering, 2017, vol. 88, no. 4, pp. 233-238. doi:
10.3103/5s106837121704009.

16. Kazakbaev V., Prakht V., Dmitrievskii V., Sarapulov S.,
Askerov D. Comparison of power consumption of synchronous
reluctance and induction motor drives in a 0.75 kW pump unit.
2017 International Siberian Conference on Control and Com-
munications (SIBCON), Jun. 2017, Astana, pp. 1-6. doi:
10.1109/SIBCON.2017.7998485.

17. Phillips R., Tieben R. Improvement of Electric Motor Sys-
tems in Industry (IEMSI). Proceedings of the 10th international
conference on energy efficiency in motor driven systems
(EEMODS' 2017), Rome, Italy, September 6-8, 2017. pp. 53-67.
doi: 10.2760/345473.

18. Oshurbekov S., Kazakbaev V., Prakht V., Dmitrievskii V.
Comparative Study of Energy Consumption of 15 kW Induction
Motors of IE1 and IE2 Efficiency Classes in Pump Applications.
Proceedings of 2020 XI International Conference on Electrical
Power Drive Systems (ICEPDS), Saint-Petersburg, Russia,
2020, October 04-07, pp. 1-6. (Accepted for publication).

19. NM, NMS, Close Coupled Centrifugal Pumps with Flanged
Connections;, Catalogue;, Calpeda, 2018. Available at:
https://www.calpeda.com/system/products/catalogue_50hzs/53/e
n/NM_NMS_EN2018.pdf?1549893188 (accessed 23 March
2019).

20. Extended product approach for pumps, Copyright © 2014
by Europump. Published by Europump.

21. Pump Life Cycle Costs: A Guide to LCC Analysis for
Pumping Systems. Executive Summary. Hydraulic Institute
(Parsippany, NJ); Europump (Brussels, Belgium); Office of
Industrial Technologies Energy Efficiency and Renewable

22 ISSN 2074-272X. Enexmpomexuixa i Enexmpomexanixa. 2020. N5



Energy U.S. Department of Energy (Washington, DC). Janu-

ary 2001, pp. 1-19. Available at:
https://www.energy.gov/sites/prod/files/2014/05/f16/pumplcc_
1001.pdf.

22. becnanoB B.f., KoGenes A.C., Kpyrmukor O.B., Makapos
JLH. Pa3paboTka M OCBOEGHHE HPOHM3BOJICTBA IHEProd(HHeKTHB-
HBIX aCHHXPOHHBIX JBHUrarteseil MacCoBBIX CepHil. Dnexmpomex-
Huka, 2015, Ne4, C. 34-40. doi: 10.3103/S1068371215040033.
23. KoGenes A.C. JIBuraTenu ¢ JIUTHIM MEAHBIM POTOPOM: IITIA-
raT MexIy LeHoi u 3¢ dextuBHocTbIO0. Koncmpykmop. Mawu-
nocmpoumens,  cypuan, 2020. DIEKTpOHHBIH  pecypc:
https://konstruktor.net/podrobnee-elekt/dvigateli-s-litym-
mednym-rotorom-shpagat-mezhdu-cenoj-i-ehffektivnostju-
2464.html.

24. Troresa I1.B. Anroput™ oueHku 3Heprod(pQeKkTuBHOCTH
paboThl AaCHHXPOHHBIX ABUTATENEil B HACOCHBIX arperarax.
Hseecmuss  Tomckozo — nonumexHuveckozo —yHueepcumemd,
2009, T. 315, Ne 4, C. 75-79.

25. Ilpaiic-muct, acuHXpoHHBIe nBuratenu cepun AWP, xiacca
IE1. Dnexrponnslii pecypc: http:/www.a-a-a.ru/01-pr.html.

REFERENCES
1. Technical catalog. Series of low-voltage asynchronous mo-
tors 7AVE, dimensions 160-315mm, energy efficiency classes
IE1, IE2, IE3. Available at: http://www.xn--hlaambls2f.xn--
plai/produkcziya/elektrodvigateli/nizkovoltnye-asinhronnye-
dvigateli-7ave/ (accessed 01 May 2020). (Rus).
2. Electricity tariffs for medium-sized enterprises in 2020.
Available at: https://time2save.ru/articles/tarify-na-
elektroenergiyu-dlya-srednih-predpriyatiy-v-2018 (accessed on
11 July 2020). (Rus).
3. Eurostat Data for the Industrial Consumers in Germany.
Available at:
https://appsso.eurostat.ec.europa.cu/nui/show.do?dataset=nrg
_pc_205&lang=en.
4. Commission Regulation (EU) 2019/1781 of 1 October 2019
laying down ecodesign requirements for electric motors and
variable speed drives pursuant to Directive 2009/125/EC of the
European Parliament and of the Council, amending Regulation
(EC) No 641/2009 with regard to ecodesign requirements for
glandless standalone circulators and glandless circulators inte-
grated in products and repealing Commission Regulation (EC)
No 640/2009, Document 32019R1781. Available at: https://eur-
lex.europa.eu/eli/reg/2019/1781/0j.
5. Doppelbauer M. Update on IEC motor and converter stan-
dards. 6th International Motor Summit for Energy Efficiency
powered by Impact Energy, Motor Summit, 2016.
6. Annex to the Communication from the Commission to the
European Parliament, the European Council, the Council, the
European Economic and Social Committee and the Committee
of the Regions. The European Green Deal. Brussels, 11.12.2019,
COM (2019) 640 final. Available at:
https://ec.europa.eu/info/sites/info/files/european-green-deal-
communication-annex-roadmap_en.pdf.
7. Long-term development strategy of the Russian Federation
with low greenhouse gas emissions until 2050. Available at:
https://economy.gov.ru/material/file/babacbb75d32d90e28d329

9. Goman V.V., Oshurbekov S.Kh., Kazakbaev V.M., Prakht
V.A., Dmitrievskii V.A. Comparison of energy consumption
of various electrical motors operating in a pumping unit. Elec-
trical engineering & electromechanics, 2020, no. 1, pp. 16-24.
doi: 10.20998/2074-272X.2020.1.03.

10. Ahonen T., Orozco S.M., Ahola J., Tolvanen J. Effect of
electric motor efficiency and sizing on the energy efficiency in
pumping systems. 2016 18th European Conference on Power
Electronics and Applications (EPE’16 ECCE Europe), Sep.
2016, Karlsruhe, pp. 1-9. doi: 10.1109/EPE.2016.7695671.

11. Van Rhyn P., Pretorius J.H.C. Utilising high and premium
efficiency three phase motors with VFDs in a public water sup-
ply system. 2015 IEEE 5th International Conference on Power
Engineering, Energy and Electrical Drives (POWERENG), May
2015, Riga, pp- 497-502. doi:
10.1109/PowerEng.2015.7266367.

12. Brinner T.R., McCoy R.H., Kopecky T. Induction versus
permanent-magnet motors for electric submersible pump field
and laboratory comparisons. [EEE Transactions on Industry
Applications, 2014, vol. 50, no. 1, pp. 174-181. doi:
10.1109/TIA.2013.2288203.

13. Safin N., Kazakbaev V., Prakht V., Dmitrievskii V., Sarapu-
lov S. Interpolation and analysis of the efficiency of a synchro-
nous reluctance electric drive at various load points of a fan
profile. 2018 25th International Workshop on Electric Drives:
Optimization in Control of Electric Drives (IWED), Moscow,
2018, pp. 1-5. doi: 10.1109/ITWED.2018.8321372.

14. Kazakbaev V., Prakht V., Dmitrievskii V., Ibrahim M.,
Oshurbekov S., Sarapulov S. Efficiency Analysis of Low Elec-
tric Power Drives Employing Induction and Synchronous Reluc-
tance Motors in Pump Applications. Energies, 2019, vol. 12, no.
6, p. 1144. doi: 10.3390/en12061144.

15. Kazakbaev V.M., Prakht V.A., Dmitrievskii V.A. A com-
parative performance analysis of induction and synchronous
reluctant motors in an adjustable-speed electric drive. Russian
Electrical Engineering, 2017, vol. 88, no. 4, pp. 233-238. doi:
10.3103/5s106837121704009.

16. Kazakbaev V., Prakht V., Dmitrievskii V., Sarapulov S.,
Askerov D. Comparison of power consumption of synchronous
reluctance and induction motor drives in a 0.75 kW pump unit.
2017 International Siberian Conference on Control and Com-
munications (SIBCON), Jun. 2017, Astana, pp. 1-6. doi:
10.1109/SIBCON.2017.7998485.

17. Phillips R., Tieben R. Improvement of Electric Motor Sys-
tems in Industry (IEMSI). Proceedings of the 10th international
conference on energy efficiency in motor driven systems
(EEMODS' 2017), Rome, Italy, September 6-8, 2017. pp. 53-67.
doi: 10.2760/345473.

18. Oshurbekov S., Kazakbaev V., Prakht V., Dmitrievskii V.
Comparative Study of Energy Consumption of 15 kW Induction
Motors of IE1 and IE2 Efficiency Classes in Pump Applications.
Proceedings of 2020 XI International Conference on Electrical
Power Drive Systems (ICEPDS), Saint-Petersburg, Russia,
2020, October 04-07, pp. 1-6. (Accepted for publication).

19. NM, NMS, Close Coupled Centrifugal Pumps with Flanged
Connections; Catalogue; Calpeda, 2018. Available at:
https://www.calpeda.com/system/products/catalogue_50hzs/53/e

8582d13a75/proekt_strategii.pdf (accessed 20 March 2020).
(Rus).

8. Decision of the Council of the Eurasian Economic Commis-
sion of August 8, 2019 no. 114 «On the technical regulation of
the Eurasian Economic Union «On requirements for the energy
efficiency of energy-consuming devices». Available at:
https://www.garant.ru/products/ipo/prime/doc/73240518 (ac-
cessed 11 May 2020). (Rus).

n/NM_NMS_EN2018.pdf?1549893188 (accessed 23 March
2019).

20. Extended product approach for pumps, Copyright © 2014
by Europump. Published by Europump.

21. Pump Life Cycle Costs: A Guide to LCC Analysis for
Pumping Systems. Executive Summary. Hydraulic Institute
(Parsippany, NJ); Europump (Brussels, Belgium); Office of
Industrial Technologies Energy Efficiency and Renewable

ISSN 2074-272X. Enexmpomexnixa i Enexkmpomexanixa. 2020. Ne5 23



Energy U.S. Department of Energy (Washington, DC). Janu-

ary 2001, pp- 1-19. Available at:
https://www.energy.gov/sites/prod/files/2014/05/f16/pumplcc
1001.pdf.

22. Bespalov V.Y., Kobelev A.S., Kruglikov O.V., Makarov
L.N. Constructing and mastering the production of energy-
efficient asynchronous motors of mass-market series. Russian
Electrical Engineering, 2015, vol. 86, no. 4, pp. 194-200. doi:
10.3103/S1068371215040033.

23. Kobelev A.S. Cast copper rotor motors: between the price
and the performance. Constructor. Mechanical engineer Jour-
nal, 2020. Available at: https://konstruktor.net/podrobnee-
elekt/dvigateli-s-litym-mednym-rotorom-shpagat-mezhdu-
cenoj-i-ehffektivnostju-2464.html (Accessed 11 May 2020).
(Rus).

24. Tyuteva P.V. Algorithm for evaluating the energy efficiency
of asynchronous motors in pumping units. Bulletin of the Tomsk
Polytechnic University, 2009, vol. 315, no. 4, pp. 75-79. (Rus).
25. Price list, induction motors of the AIR series, class IEI.
Available at: http://www.a-a-a.ru/01-pr.html (Accessed 22 June
2020). (Rus).

Iocmynuna (received) 12.07.2020

Owypbexos Caapbex Xocabexosuy',
Kaszax6aes Baounm Mapamosuy', k.m.n.,
Ilpaxm Braoumup Aﬂekceeeuql, K.M.H.,
JImumpuesckuii Braoumup Aﬂekceeeuql, K.M.H.,
Tlapamonoe Anexceii Cepeeeeuul,

!'Vpanbckuii henepanbHblii yHUBEPCHTET,
620002, Poccuiickas @enepanus, ExatepunOypr,
yi1. Mupa, 19,

e-mail: safarbek.oshurbekov@urfu.ru,
vadim.kazakbaev@urfu.ru,

va.prakht@urfu.ru,
vladimir.dmitrievsky@urfu.ru,
paramonov.aleksey@inbox.ru

S.Kh. Oshurbekov', V.M. KazakbaeV',

V.A. Prakht', V.A. Dmitrievskii', A.S. Paramonov'

!'Ural Federal University,

19, Mira Str., Ekaterinburg, 620002, Russia.

Analysis of electricity consumption of induction motors of
IE1 and IE2 efficiency classes in a 11 kW pump

installation.

Purpose. Comparative analysis of energy consumption indicators of
electric motors of different energy efficiency classes in an electric
drive of a centrifugal pump with power of 11 kW of a water supply
system with throttle regulation. Methodology. In this paper a com-
parison of energy consumption of 11 kW pump units with induction
motors of energy efficiency classes IE1 and IE2 is presented. The
induction motors are powered directly from the mains. Both consid-
ered pump configurations have the same fluid flow rate characteris-
tic of open pump systems. The amount of water consumed by the
pump is adjusted by throttling. Results. The results on the daily and
annual energy consumption of the two considered pump system
configurations are obtained. It is shown that the pump unit using the
1E2 class motor provides the annual energy savings of 9.65 thou-
sand rubles and the life cycle energy savings of 158 thousand rubles
compared to the IEI class motor. The payback period of the IE2
class motor is calculated, which is 5 months if a new installation is
commissioned and 2 years if the motor is replaced in an operating
installation. Practical value. Nowadays the countries of the Eura-
sian Economic Union mainly use electric motors of the lowest en-
ergy efficiency class IE1, according to the I[EC 60034-30 Standard
(GOST IEC 60034-30-1-2016). However, according to the decision
of the Commission of the Eurasian Economic Union, since the Ist of
September, 2021 all general-purpose motors shall not be less effi-
cient than the IE2 efficiency level. Therefore, the analysis of the
economic effect of replacing IE1 class motors with IE2 class motors
becomes relevant for the countries of the Eurasian Union. Pump
drives are one of the most important consumers of electricity. Most
of the pump drives are powered directly from the mains.
References 25, tables 5, figures 4.

Key words: induction motor, throttle control, payback period,
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