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AHHoTapusa: [lockonbky docmyn K  800HbIM  pecypcam  CMAHO8UMCS
02PAHUYEHHbIM 80 MHO2UX PEe2UOHAX Mupa, 3¢gekmusHoe u ycmoluueoe opouwleHue
cmaHosumcsi 8ce 6o/iee 8adxcHbIM. Bce desno 8 mom, umobbl nodagams 00CMAMOYHO
g/na2u 0151 NOJYYEHUS] MAKCUMAJAbHO20 Ypoixcasi 6e3 UCno/b308aHUSI JUWHE20
Ko/1u4ecmea 800bl U 3Hepauu, YeM 3mo abcoaiomHo Heobxodumo. IlepekauusaHue 800bl
0/151 OpOWIEHUST MOXCEM CMAMb cepbe3Hol cmambell pacxodos 0151 0poudeMblX 3eMeb.
losvlweHue agpgpekmusHocmu pabomul HACOCHOU CMAHYUU 518/15emcsl Ce200Hs OYEeHb
aKmyaJ/bHoll npobsemol ewe U NOMOMY, YmO 3MO NO8bIWAEM PeHmMabesbHOCMb
opowaembvlx 3emenb. B cmambe paccmampusaemcsi 803MOICHOCMb CHUMCEHUS
nompeb6eHusi 3Hepauu HACOCHbIM az2pe2amoM, 3d C4em UCNO0./1b308AHUSI Memodo8
ynpasJjeHusi pabomoll 3/eKkmpuyvyecko20 npugoda a makdxie  BJ/usiHUe Ka4ecmaeda
3/1eKmpocHabixceHuss ~ Ha pabomy  ynpas/asiemMozo 3JeKkmponpusoda Hacoca ¢
UCN0/1b308aAHUEM 3/1€KMPOHHbIX cucmeM. Kauecmeo ssiekmpocHabiceHust 8 0CHOBHOM
onpedessiemcsi  2ApPMOHUYECKUM cocmasoM  3/eKmpuyeckol  3Hepauu u
HEeNnpepbIBHOCMbI0  3/eKMPOCHABNCEHUS, YMO 8blpajxcaemcsi 8 KoJuvyecmse U
npodo/cumeabHOCMU nepeboes u npoeasnos HanpsixceHus. Kpome smozo 8 cmamue
aHa/auzupyemcsi 8/AuslHUE  UCNO/b308AHUSI 3/1eKMPOHHbIX CUCMEM YNpas/aeHus Ha
ygse/nuyveHue 3/1eKmpoMAZHUMHO20 3a2ps3HeHus 8 cemsix. Mamepuasiom 0451 cmambu
caydHcam pe3yabmamoul paciemos no No8blWEHUI0 3P PHeKkmusHocmu pabomul HACOCHbIX
cmaHnyuli Xamza 1 u Xamsza 1l , exodawux e cucmemy Amy Byxapckozo MawuHHO20
Kananaa (ABMK).

KnwueBble cnoBa: Opowaemoe 3emaedenue, 3KOHOMUSL 3/1eKMpPOIHep2ul,
YEeHmMpPOoO6eNHCHbIL HACOC, 3aKOHbl NOJ0OUS, YACMOMHOe pe2y/Aupo8daHue, YacmoOmHblll
uHeepmep, PWD npeobpa3osameb yugpposbiX CU2HA/I08, KAYECMEBO0 3/1eKMmpOo3Hep2ul,
2apMoHUKU moka u HanpsxceHnus, IMII (Inekmpo MazHumHble [lomexu).

BBEJEHUE

[lo nuomazu opolmaeMon 3eMJIM MCIOJb3yeMOW B CeJIbCKOM XO3fMCTBe
Y36ekucTtaH 3aHMMaeT OJHO M3 INepBbIX MecT B Mupe. Ha cerogHdAlIHUN [ieHb
UpPPUTralMOHHBIMM CUCTEMaMH OXBayeHO Oosiee 2.1 MJH. rektapoB 3eMJud. /[lns
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opouieHuss wucnosb3yoTcd 1130 HAcOCHBIX CTaHUUWA, U3 HUX 76 KPYHHBIX C
npousBoAuTeNbHOCTbI0O Q=100M3\cek, 496 cTaHUUK cpegHEeH MOIIHOCTH C
npousBoAuTesbHOCTbIO Q=10M3\cek © 561 MeJNKUX HACOCHbIX CTAHUUU C
npousBoAuTeabHOCTbI0O Q= 1M3\cek. [lo moTpeb/sieHUIO 3JIEKTPUUYECKOW 3HEPrUU
HACOCHble CTAaHIUU UCNOJIb3YIOT 6oJiee 20% oT o6iiero o6’bemMa MPOU3BOJUMON B
Pecnybsinke aHepruu 3a roj. C y4eTOM KJIMMaTUYECKUX U3MEHEHWU HayaBIIMXCS B
MUpe, a Takke HUMesi B BUAY JePULUUT 3JeKTPUYECKOU 3HEPTrUHM B pecnybJiMKe
BO3HUKJIA OCTpasi HEOOXOAHUMOCTb B PeryJIMpOBaHUU MPOU3BOJUTENBHOCTU PabOTHI,
HAaCOCHBIX arperaToB. YcIex Mmpoluecca peryJupoBaHUS MNPOU3BOJAUTESbHOCTH
HAaCOCHOT0 arperaTa HaNpsIMyK 3aBUCAT OT KadeCTBa 3JIEKTPUUYECKOU 3HEPTUU
N0JlaBaeMOM Ha 3JIEKTPONPHUBOJ, Hacoca. JJIeKTpUYecKas 3IHeprus, JlOJI>KHA
COOTBETCTBOBATh pPerJlaMEHTUPOBAHHBIM CTaHZAPTaM, C TOYKH 3PE€HUS KOJIMYeCTBa
M Ka4yecTBa, YTOObI 06eCreYruTh pab0TOCIOCOOHOCTb YCTPOMCTB U NPOAJUTh CPOK UX
cayx6bl. HempepbIBHOCTb M KauyeCTBO  3JIEKTPONMUTAHUS  JOJKHBI  ObITh
rapaHTupoBaHbl. CTaHJApThl KayecTBa 3JIEKTPOIHEPTrHUM  ObLJIM YCTAHOBJIEHBI C
I[eJIbI0 TapaHTUPOBATh YCTOWYUBYI M IMPABUJIbHYI0 pPaboOTy BceX MOTpebUTesel
3JIEKTPUYECKOW 3HEpPruu. YTBEPXKAEHHble CTaHAAPThI KOHTPOJIUPYIOT Kak
NPOU3BOAUTEJIEN 3JIeKTpUYecTBa , TakKk W mnoTpebuTeseil. KaudecTBo
3JIEKTPOCHA0KeHHS1 B OCHOBHOM OINpeJiesIsieTCsl reHepaleld BbICOKUX TapMOHUK M
HENpepbIBHOCTbIO  3JieKTpocHabkeHuss. C  Apyrol  CTOPOHBI  yBeJIMYeHHE
UCIOJIb30BAaHUS  3JIEKTPOHHBIX CHUCTEM YIpaBJEHUS  BbI3bIBAET yBeJUYEHHE
3JIEKTPOMAarHUTHOTO 3arpsi3HeHUs B CeTsX. TakUM 06pa3oM, HEOOXOAMMO NPUHATh
OCHOBHble NPeBEHTUBHbIE Mephl AJS MUHHMU3ALUU 3arpss3HeHUsi. COBpeMeHHble
HAaCOCHble CTaHUUM OCHallleHHble [EeHTPOOEeXHbIMU HacocaMu NOBBILIAKOT
3pdEeKTUBHOCTb MCNOJb30BAaHUSA BOJbl U IHEPIrUM NPU YINpPaBJIEHHUU HUX PEKUMaAMHU
paboTbl 3JIEKTPOHHBIMU CHCTEMaMU yIOpaBJeHHWs , TAaKUMU KaK THUPUCTOPHBIN
peryasatop HanpsbkeHusi , YactotHeii uHBepTep (VFD), koTopble o6JieryatoT
yIpaBJeHHe paboTol 3JIeKTponpuBoJa Hacoca. B To ke BpeMms , 3TU yCTpOMCTBa
SIBJISIIOTCSI OCHOBHBIMU MCTOYHUKAaMU , reHepupyomuMu IMII rapMOHUKH, KOTOpbIe
CO3[AIT 3JIEKTPOMAarHUTHOe 3arpsisHeHUe. BblIM  NpoaHa/M3MpoOBaHa paboTa 2x
HACOCHBIX CTAaHIUH, B TedeHHe JIByX MOJUBHbIX ce30HOB (2020-2021 rr.) ¢ TOYKH
3peHUs1 KayecTBa 3JIEKTPOIHEPTHM, IOCTABJASAEMON 3JEeKTPUYECKUMHU CeTSAMH, U
IOoMeX, CO3/JlaBaeMbIX 3JEKTPOHHBbIMU CHCTEMaMU YIpaBJEHUS W  3aLUThI
3JIEKTPONPUBO/JIOB LIEHTPOOEXKHBIX HACOCOB. [IpoBe/ileHHbIe MCC/IeJ0BaHUS KayecTBa
3JIEKTPOCHA0KEHHSI OPOCUTEJIbHBIX HACOCHBIX CTAaHLMU U BJAWsIHUE Ha Hux IMII
MOXeT 00bSICHUTb HEKOTOpPbIE MPOOJIEMBI, BbISIBJIEHHbIE IPU 3KCIJIyaTalUU APYTUX
HAaCOCHBIX CTAHLMM BXOJAIIUX B CUCTEMY ABMK. bosiee ToOro, marepuaJsibl
HCC/el0OBaHUSI MOTYT ObIThb MOJIE3HBI MOJIb30BaTeJsIM W HCCAeAoBaTe M, AJs
BbIOOpA OCHOBHBIX MAapaMeTPOB, KOTOPble HEOOXOAUMO YUUTHIBATH JJIs1 yJIy4llleHHUs
KayecTBa 23JIEKTPOCHAOXXEHHWSI U MUHHUMU3ALUUU CTENEHU 3JIeKTPOMAarHMTHOIO
3arpsi3HeHuUs.
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AHa/M3 cocToAHUA I1poo6JieMbl. /laHHOe ucclej0BaHWE MPOBOJUJIOCH B
TedyeHHe 2X MOJUBHbIX ce30HOB (2020-2021 rr.) Ha 2X HACOCHBIX CTAaHUMAX ,
BxoaAmwMx B cucteMy ABMK (Xam3al u Xam3a 2 pacnosiokeHHbIX B AJIaTCKOM pailoHe
Byxapckoil o6s1acTy. Bce 3TH HacocHble CTaHLIMM MMEIOT HAMOPHbIe OPOCUTEJIbHbIE
CETHU C KUCHOJIb30BaHHWEM BOJi peKd AMyJapbs [l MepeKadykud BOJbl U3 PEKU B
opocuTeJibHYyO ceTb. CTpykTypHO, HacocHasa ctaHpua Xamsa 1 cOCTOUT U3 [JBYX
yacteil : 1. JnekTpocHabGkeHWe ,BK/wuarwinas B cebsa  TpaHchopmaToOpHYIO
[Mopcranuuto (TI1-110/10kB)-ana nuTaHuss 5 HACOCHBIX arperaTtoB ,KaKJblk U3
kKoTopbiX MolHOCTbI0 500kBA. 2. TexHosOTMYecKas BKJ/o4atolas B ceb6s1 HacocHble
Arperatbl ( M1-M5) T1,T2 cunoBele TpaHchopmaTopsl Tuna TJATH110/10kB,
MOILIIHOCTbIO 16000kBA  Kax/abIH, BKJIIOUEHHble  MapasljesbHO; Q1-Q11
BbICOKOBOJIbTHbIE MacCJsHHbIe BbIKJ/IIOUaTesin;QS1-QS8 BbICOKOBOJIbTHbIE
pasbesenuTenu; M1-M5- HacocHble arperaTbl.COBpeMeHHble HACOCHble CTaHIUH
MCIIOJIb3yeMble B UPPUTALIMOHHbBIX CHCTeMaxX P Y36eKHUCTAaH OCHAIlleHbI IByMs TUIIAMU
ynpaBasdwomux cucteM [2],[4]. 1- cucTeMbl  peryjupyrouide pexuM paboThbl
JIBUTaTeJied HACOCHBIX arperaToB; 2- CUCTEMbI 3alUThI 3JIEKTPUUYECKUX JBUTATEEeN
IPUBOJIAa HACOCOB OT aBAPHUUHBIX UJIM HEHOPMAJIbHBIX PEXXHMOB pabOThl. YYUThIBas
KaTeropyul HaJeXHOCTH pabOTbl HACOCHBIX CTAHLMH , CXeMa 3JIEKTPOCHAOXKeHMUs
CUCTEM YIpaBJeHUS M 3allMTbl HACOCHBIX CTAaHUUN IMpeAloJiaraeT CHabXeHUe
3JIEKTPUYECKON 3HEepruer , MOMHUMO OCHOBHOTO M OT pe3epBHOr0 HUCTOYHHKA. C
y4eTOM BbIILIEN3JI0KEHHOTO HAa HACOCHBIX CTaHLMAX Xam3a 1 1 XaM3a 2 ycTaHOBJIEHBI
KOMILJIEKTHI lKadoB ynpaBaeHus Tuna ControlLC(D)108s, asg ynpaByieHus: paboTou
MarvcTpajbHbIX HACOCOB U Kadbl pesieiiHOM 3auUThl THNa [IIJIT.
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Ha cxeme Puc 1 npuHATHI ciieyouiie 0003Ha4YeHHUA:
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O6e cucTeMbl UMEIOT BBICOKYIO CTeNleHb Ha/Ie?KHOCTHU U OCHAILLEHbI2X CTOPOHHUM
nUuTaHueM B KoMIieKTauuu c ABP (cuctemoir ABToOMaTHyeckoro BkirouyeHus
Pesepga). [lo paboueil cxeMe UCNOIb3yeMOU B CUCTEMaX OpPOIlIeHUs Y36eKHUCTaHa , B
nepruoJ; TMOJIMBA MCHOJIb3YKTCA HeperyJupyeMble HAaCOCHble arperaTtbl C
JJIeKTpUYeCKUM IMpPHUBOJOM Ha 6a3e CuHXpoHHOro /Jlpuratessd. B mepuon ,korja
HACOCHas CTaHLUs paboTaeT B 0ObIYHOM peXXHMMe B I[eJIIX SKOHOMUU 3JIEKTPUUECKOU
3Hepruu , JJid IMOJIMBA MCIOJIb3yeTCd  HACOCHble arperaTtbl C peryJupyeMou
CKOPOCTbIO 3JIEKTPONPHBO/ia HA 6a3e AcuHxpoHHoro /[Burartess (A/l). Ha cxeme Pucl,
u3 5 HA M1, M2 M3 -HeperyaupyemMmble, a M4 ,M5- HA c perysupyemMon CKOpOCTbIO
BpallleHHUsl.

[loctraHoBKa 3agauM. Ha cerofHsIHUN JeHb HauboJiee UCIOJb3yeMbIMU
MeTO/laMU pPEeryJMpOBaHUs MPOU3BOAUTENbHOCTH CUCTEMbI «HACOC — TPYOOMPOBOA»
peryjavpoBaHUe C TOMOUIbI0  yIpaBJIEHHE CKOPOCTbKO  ACHHXPOHHOTO
JJIeKTPONpPUBO/A HAcOCa C UCIOJb30BaHUeM MeToJa YacTtoTHoro PerynvpoBanus. B
pabote [3] mpoBelieHbI HccaeOBaHUA omnpeaessooiie 3¢PeKTUBHOCThL MeTo/Aa C
TOYKU 3pEHUSI IKOHOMUHU 3JIEKTPOIHEPTUU.

TunmuyHan peryIHpyesas

pafouas Touka
r—
S

Pafouan Touxa
iy T
_  TOHIGKEHHOH
~ CROPOCTH

Hanop win Jagaenne

Puc 2 9¢PeKTUBHOCTb peryJiMpoBaHUsI CKOPOCTH BpallleHUs LeHTPOOEKHOTO
Hacoca.

M3BecTHO, 4TO LIeHTPOOEKHbIe HAcOChl paboTalT CJaeAys 3aKOHy MoA00us M
KOHEYHO 3TH 3aKOHbl pEryJupyroT paboTy KpbLIb4aTKU BO BCEM Juana3oHe
ckopocTel [2]

AnHanu3 noka3sbiBaeT, 4To ceroJiHs YactoTHoe PerynupoBanue (YP), aTo cambiit
3pPeKkTUBHBIN MeTo[ ynpaBaeHUss ckopocTbio A/l [3]. OTOT MeTo /laeT CEPbE3HYIO
3KOHOMUIO 3JIEKTPO3IHEPTUU U BBICOKYI) TOYHOCTb peryJMupoBaHus.. BbipakeHus

(1,2) aBasitoTC MaTeMaTHYeCKUM BblpakeHHeM 3akoHa YP.

%= const (1);

60F

no=—(2)

P
®opmysa (1) nokasbpiBaeT 3aKOH M3MeHeHUs1 HanpsbkeHus U, ajs ynpaBjeHUs
paboTOM LIEHTPOOEKHBIX HACOCOB U BEHTUJISITOPOB.
MeTo  TexHUYeCKHM peasindyeTtcs cxemon YP Ha Puc 3.
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Puc 3 . Cxema YacrotHoro Peryaatopa (VFD) ckopoctu BpalleHus

ol

3JIEKTPONPUBO/IA LIEHTPOOEKHOT0 HAacoca.

Ucnonb3ys ¢opmynabi[1-4 |Mbl paccyuTasyd 3KOHOMHUYECKHMH 3PeKT oT
peryJupoBaHus ckopocty A/l npuBoJa Hacoca ¢ UCNoJib30BaHUEM cucTeMbl YP.

[IpousBoguTesbHOCTL Hacoca Q=3600M3/MUH U BbICOTA MoJgbeMa (JaBJieHUE)
H=120m.

Ta6snuya 1 [TapameTpsl A/l npyBo/ia LEHTPOOEKHOT0 Hacoca.

Tao6smna 1.
n, KI1J,
Tun A/l Py, kBT 06 /M % cos Ku Bec, kr
450X 61
615c](; o >00 1000 94,4 0,85 1,8/2,2 | 2620

Tabauna 2 /luanazod uaMeHeHUs ckopocte A/l B 3aBUCUMOCTU OT U3MEHEHUs
4acToThlI f.

Ta6una 2
f(Hz) 25 35 40 45 50
n(%) 50 70 80 90 100

B pacyeTtax ucnosib3oBasuchk ¢popmyiinl (1-5) PesysbTaThl pacueToB CBe/lEHDI B
Ta6snna 3 [lapaMeTpbl HACOCHOTO arperaTa C peryJupyeMon CKOpOCThIO.

Tao6smmna 3
F (Tu/%) 25/50% 35/70% 40/80% 45/90% 50/100%
n(06/mun)/% | 500/50% 700/70% 800/80% 900/90% 1000/100%
Q(m3/mun)/% | 1800/50% 2520/70% 2880/80% 3240/90% 3600/100%
H(M) /% 30/25% 60/49% 77/64% 97/81% 120/100%
xP(kBT)/% 66/13% 181/39% 271/51% 386/73% 529/100%

[lo pe3ysbTaTaM pacyeTOB TMOCTPOEHbl TrpadUKU U3IMEHEHHS] OCHOBHBIX
napaMeTpoB LEHTPOOEKHOrO0 HAcoca B 3aBUCMMOCTHM OT HU3MEHEHMUs CKOPOCTHU
BpalleHUsl.
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Puc.4.I'padpuk M3MeHeHUs] OCHOBHBIX MapaMeTPOB LIEHTPOOGEKHOT0 HAacoca NMpHU
yMeHbllleHUH ckopocTH Ha 30% u Ha 50%.

[Ipy yMeHblieHUM CKOpPOCTH n Ha 30% 3KOHOMHUSA 3JIEKTPUYECKOW 3IHEPTrUHU
coctaBusa 61%(348kBT), ecin n ymeHbumiuTh Ha 50%, TO 3KOHOMHSI COCTABUT
87%(463kBT). Tabnuua 4 waaOCTpUpPyeT pe3yJbTaTbl pacieTOB MPU U3MEHEHUU
CKOPOCTH BpallleHUs1 Hacoca B auanaszoHe oT n= 100%(f=50T') mo n= 30%/(f=15w).
[lo 3akoHy mnopao6usi, BblpaxkeHus (1-3), AMANa3oH 3KOHOMUM 3JIEKTPUYECKOU
s”Hepruu otx P=0 go xP=97%.

a 100%
= 90%
é
= 80%
2 /Y
P 70% / |
&
E 60% /
¢ 50%
s 40%
< 30%
g 20%
2 10%
=
10% 20%30% 40% 50% 60% 70% 80% 90% 100%
CKOpOCTb %
| e CKOPOCTb M NOTOK % fpasnexne% — MOWWHOCTE% |

Puc.5. I'paduk n3aMeHeHUs] OCHOBHbIX MapaMeTPOB IIeHTPOOEKHOro Hacoca NMpu
yMeHbleHUU ckopocTy Ha 10%(f=45T"y) 1 Ha 20%(f=400'y).

U3 rpaduka Puc.5 BUAHO, 4TO Npu U3MeHeHUHU CKopocTU n Ha 10%, sKOHOMHUSA
sHeprun coctaBu1a27%(143kBT), a npu ymeHbuieHuss n Ha 20%, skoHOMHUSA
coctaBua 51%(258«BT).

MeToabl pemieHus. [I[puHyun paboTsl cucTeMbl ynpasaenus VED npegnonaraet
paboTy 4aCTOTHOrO MHBEPTOpPA HA MOCTOSSHHOM ToKe. [103TOMy cOCTaBHOW 4acCTbiO
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cxeMbl VFD (Puc3) siBasetca 3x ¢pasHbid BeinpsaMUTesb AC\DC KOTOpbINA U SIBJsIETCS
OCHOBHBIM HCTOYHUKOM 3JIEKTPOMArHUTHBIX MIOMEX.

AC to DC
Converter

Q_x% | I‘_
2 Fxf \/W
W s

Puc 6 Cxema AC\DC npeo6pa3oBaressi B cucteme VFD

HacocHble craHuuu Xamsa 1,2  ocHaljeHbl 3JIEKTPOHHBIMHU YCTPOUCTBAMH,
TaKMMM KaK TpPUBOJbl C peryJupyeMOd CKOPOCTbIO, KOTOpble O0O6JIer4arT
ynpaBJieHHe, noBblas 3pGEeKTUBHOCTb MCIO0Jb30BaHUSA BOJbI U 3Hepruu. B To xe
BpeMs , 3TU YCTPOUCTBA ABJIAIOTCA OCHOBHBIMU KOMIIOHEHTAMH, F€HEPUPYIOLIUMHU
rapMOHUKH, OTBETCTBEHHBIMM 3a 3JIEKTPOMAarHUTHOe 3arps3HeHue. HeyeTHble
['apMOHUKHU SIBJSIOTCA HanuboJiee BAXKHbIMU B IpyIiNe HapyuleHu GopMbl KPUBOH.

[apMOHUMKM MOXHO ONpeAeJUTb IO TpeM I[oKasaTeJasAM: Nopsazok (n),
OT/leJibHble TapMOHHYECKHe Bo3MYylleHUs HanpsbkeHus (%Vn) u Toka (%In) u O6miue
['apMonunyeckue Bosmyuenus (OI'B) . OgHuM U3 Hanbosiee BaxkHbIX siBjasgeTcss OB no
HanpsbkeHUo (%VOIB ) u Toky (%IOI'B ), koTopblili XapaKTepHU3yeT KauiecTBO
MCTOYHUKA NHATAHMUS, TOCKOJbKY OH VYYWUTbIBaeT BJIMAHHE BCeX TapMOHUK,
reHeprupyeMbIX HA OCHOBHOM KOMIOHEHTe BOJIHBIL. [loMHMO 3TUX MapaMeTpoB, popMa
KPUBOM HaNpsDKeHUs M TOKa , a Takke KO03QOUIHUEHT MOILHOCTU MOTYT ObITh
BKJIOYEHbl B KayeCTBe IIapaMeTpPOB KadyecTBa 3JIEKTPOIMTAHUSA, KOTOpPbIe CBA3aHBbI C
Ha/IMYUeM rapMOHHUK.

e
e [
\_“/)
PN A /" Ay /
foh ! \

. } — ™ I ] \ ".| I.l' I

\,_/‘ N 4 A _ h o /
N

s /J‘ T

- Mo Ic

~

Puc 7 OcyuiiorpaMmma nosiBJa€HUs BbICIIUX FAPMOHUK KPAaTHBIX 3.
TeHaeHLMSA TapMOHUK Hanpsi>KeHUs U Toka Bo Bcex H.C oauvHakoBa. B nensix
ynpasyaeHusa H.C, 4YeTHble rapMOHUKU MUMEKT HE3HAYUTEJIbHYI aMIIMTYAy H3-3a
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cuMMeTpuU ¢pa3. Cpelu HeYeTHBIX TAPMOHHUK 60Jiee BBICOKOM aMIIMTYZ0M SABJISAIOTCA
rapMoHuku nopsiaka 5 (250 T'u), 7 (350 T'y) u 11 (550 I'y), KoTopble NOSABASIOTCH B
NepuoAbl HHU3KOI0O U BbICOKOrO BOJONOTPeO6JieHUSA. JTO TUNUYHBIA 3PQPeKT oT
pa6otbel AC\DC BbilpsiIMUTEJIS B CXeMe 4YacTOTHO-peryaupyemoro VFD npuBoaa Puc
6.PesysbTaThl moOJydeHHble MpU 3aMepax, ObLJIM MeHblIe, 4YeM YCTAHOBJIEHO
EBponeiickuM ctangaptoM EN 50160 (1999r). OcHoBHble rapMoHUKH (5, 7 1 11)
MMEIT OOJIbLIYI aMIUIUTYZy, YeM OCTajJibHble, B OCHOBHOM B IepHUOJbl MaJoH
NOTPeOGHOCTU B BoJie. ITO OO'bSICHSAETCS TeM, YTO NPU MaJiOM BOJAONOTPe6JIEHUU
paboTalT TOJBKO HACOChl C PEryJUpyeMOd CKOPOCTbIO, KOTOpble SBJISIOTCS
OCHOBHBIMU YCTPOUCTBAMH, OTBETCTBEHHBIMH 3a FeHepaLUI0 TApDMOHUK B CETH.

8 11
; K

Hour
%V THD: Total Hamonic Voltage Distabarce; %41 THD: Total Hamorie Cumert Disharbarnce;, %V L1, %4V L2, %V L3: Indvidual
Hamorue Voltage Disharbance inphase 1, 2 and 3, respectively; %I L1, %4 1.2, %4 L3: Indivadual Hammorue Cunent Distrbance in
phase 1,2, and 3, respectively.

I

W el ’H H

Puc 8. lunamuka %I OT'B u %V OI'B Bo BpeMs nrukoBoro BogonoTpe6dsienus B HC
Xam3za 1,2 (07-16-2007r)

Ha Pucynke 8 nokasaHo usmeHeHue OI'B nanpsbkenus (%V OI'B) u Toka (%l
Ol'B) B TeyeHHe mepuoJa IMHUKOBOTO BOJONOTPe6JIEHUS, KOTOpPOE MOKHO
MCIOJIb30BaTh /JJis1 aHajJM3a BJIMSHUS YacTOTHO-PEryJMpyeMblX NPUBOAOB Ha
NPOU3BOAUTENbHOCTb HacocHOW ctaHuuu. Ha H.C Xamszal (puc. 8) %l III'B umeet
6o0Jiee BbicOKHe 3HaYeHUs B nepuoj ¢ 8.00 go 21.00. 3To cBsA3aHO C TeM, YTO B 3TH
epuo/ibl IOTPEOHOCTh B BOJe HU3KasA, U pabOTAIT TOJIbKO HACOChI C PETYJIUPYyeMON
ckopocThto. Iyt H.C XaM3a 2 pe3yabTaThbl ObLJIM 04eHb OX0KUMHU. B iesiom , %V OI'B
HUKOrAa He mnpeBbilias 8 %, yCcTaHOBJIEHHBIX B KadecTBe Ipegena aaa %V OB
eBponeiickuM ctanaaptToM EN 50160 (1999).

®opma BOJIHBI N03BOJISIET HAM rpaduyecKud NMpPOaHAJM3UPOBATh BO3MYILIEHUE,
co3ZlaBaeMoe IMPUBOJIAMU C pEryJMPYEMOM CKOPOCTbIO Ha BOJIHE, KOTOpas
TEOpEeTUYEeCKH JO0J/DKHA ObITh CHHycouJasbHOU. Ha pucynkax 9 u 10, mokasaHbl
bopMbl BOJIHBI HaNpsXKeHUST K TOKa Kaxaou ¢asbl [Jisl mepuojla HU3KOU
BoJonoTpebHocTh (BbIcOKOoe 3HadeHue %I OI'B) u pgna nepuoza BbICOKOM
BogonoTpebHocTu (HU3koe 3HayeHue %l OI'B) pnsa H.C Xam3zal,2 cooTBeTCTBEHHO.
CorslacHO pyUCyHKaM BO3MYIllleHUe 6oJiee Ba)KHO B ¢popMe BOJIHbI TOKA, YeM BOJIHbI
HanpspkeHusi. CiiefoBaTe/ibHO, UCKaKeHUe (GOpMbl BOJIHBI TOKAa B MepUOJ MaJiou
Harpy3ku (puc. 9) xapaKkTepHo JJis1 paboThbl YaCTOTHOro-peryJssiTopa ckopoctu (VFD)
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NpUBOJA Hacoca , NOCKOJbKY HMMEHHO B 3TOT MepuoJ; paboTamT HACOChl C,
ynpaBasseMbiMVFD npuBosioM. B nepuos BbICOKOW BOJONOTPEOHOCTH, KOTja
paboTalOT TakKKe CTaljMOHApHble, HeperyJupyeMble HACOChl, HCKakeHHe (GpOpMbI

BOJIHBI TOKa yMeHbluaeTcd (puc. 10).
Phase | Phase 2 Phase 3

|
Voltage

Cunent o0}

" I "

Cyele Cyele Cycle

Prc 9 ®opMbl BOJIH TOKA M Halps>XKEHUsI B IEPUOJ, MaJIOH BOJAOMOTPEOHOCTH B Ha

H.C Xam3al (25.09.2007, 10:30-00.00)
Phase | Phase 2 Phase 3

Voltage

Current

Cyrele Cyle Cycle

Puc 10 ®opmbl BOJIH TOKA U Hampsi>KeHUS B NMEPUOJ, BbICOKOW MOTPEOGHOCTHU B
BoJie B H.C Xam3a 1 (27.07.2007, 20:00).

3aK/IloyeHue

1. [IlporHo3upyeMble KIMMaTUYeCKUe U3MeHeHUs1 B peruoHe LIA npeabsBASIOT
»KeCcTKUe TpeboBaHUSI K OPOCUTEIbHBIM CHCTEMAM, UCI0JIb3YEMbBIM [IJI1 OPOLIAEMOTO
3eMJie/iesivsl, B YaCTU 3KOHOMHHU BOJIbl U 3JIeKTPo3Hepruu. 2. Hanbosiee 3aMeTHbIM
NpPEeUMYILECTBOM HACOCOB C PEryJIMpyeMoi CKOPOCTbIO SIBJISIETCS SKOHOMUS SHEPTUH,
KOTOpasi BO MHOTUX CJy4yasix BeCbMa 3HauyUTeJbHA. 3. U3 Bcex BO3MOKHbIX BApUAHTOB
peryJiMpoBaHUsl 4YaCTOThbl BpalleHUsI IeHTPOOEXKHOro Hacoca ONTHUMaJbHbIM
SIBJISIETCSI 4YACTOTHOE peryJIMpoBaHWEe YaCTOThbl BpallleHUs 3JIEKTpPoJBHUTraTessd. 4.
[IpyuMeHeHMe 4YacTOTHOTr0 Npeobpa3oBaTeJisi I03BOJISIET HE TOJbKO CTaOUIM3UPOBATh
JlaBJieHHe BOJibl B TPybOONpoOBOJEe , HO U JOOUTHCS HEOOXOJAMMOW MJIABHOCTH €ro
M3MeHeHUs1 TNpU  BKJIKWYEHUM UM  BBIKJIWOYEHUMM Hacoca. 5. Ha  Bcex
NpOaHaJIM3UPOBAHHBIX HACOCHBIX CTAHLMAX BbISIBJEHO HECKOJIbKO XapaKTEepPHBIX
npo6JieM ¢ Ka4yeCTBOM 3JIEKTPOCHAOXKeHH S, HAalpUMep, nepedbou, NpoBaJibl U CKaYKH
HanpsbkeHUsi. 6.HapylieHusi, TakMe Kak He4yeTHble TapMOHMKH, BO3HUKaJMU HM3-3a
cucteM VFD . OnbiT 3kcmiyataguun HC Xam3a 1 u Xam3a 2 ¢ ynpaB/iseMbIMH
LEeHTPOOEXXHbIMM HAacoCaMU  MOKa3blBaeT 4YTO HE MPEBbIIAITCA  MpeJesibl
dnektpomarHuTHbIX [lomex , ycraHoBseHHbix ['OCT 13109-97 u eBpomnenckum
ctangaptoMm EN 50160 (1999). 7. B 2x npoaHanusupoBaHHbIX H.C B TeudeHHUe
JUIUTEJIbHOTO BpeMeHU paboTalT TOJIbKO HAcOChbl C PeryJjupyeMod CKOPOCThIO,
KOTOpble SBJISIIOTCSI OCHOBHBIMHM MCTOYHUKaMHu mnosiBjeHus IMIl u rapmoHuk
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kpaTHbiXx 3. [loaTOMy oOYeHb BaXHO YCTAaHOBUTb MNpaBUJIbHble (QUJIbTPHI,
KOPPEKTUPYIOIMe TreHepalul TrapMoOHUK. 8. MaTepuas cTaTbu IOKa3blBaeT
NPUHIMIIHMAIbHYI0 BA)KHOCTh MPaBUJIBHOTO NPOEKTUPOBAHUSI 00OOpPY/IOBAHUS, B TOM
Yyycje CHUCTEMbl 3alIUThl U KOMIIEHCALlMM, KOTOpPble yJydllaT pabOTy Harpys3ok,
yMEHbIIAT 3aTpaThl Ha 3JIEKTPOIHEPTUI0 W TEXHUUYECKOEe OOC/IY:KMBaHUE, a TaKxkKe
NpeaoXpaHAT CUCTEMBI YIIPABJEHHUS U 3allUThI OT JIOX)KHbIX cpabaTbhiBaHUU. 9.Ha Bcex
H.C Bxogamux B cucteMmy ABMK, HecMOTps Ha TO, 4YTO npeesibl NapaMeTpoB KayecTBa
3JIeKTpOCHabeHUs1 ObliM HUkKe ycTaHoBJaeHHbIX ['OCT 13109-97 u EBponelickum
ctanaaptoM EN 50160, ux cieayeT mnepuouyecKd NpPOBepsATb B OJIMKaulieM
O6yaylieM, YTOObI ONPeAEJUTD, yXy/AeTCs JIU Ka4eCTBO 3JIeKTPOCHABXKEHUSI.
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