MpumeHeHMe cTaHUMKW ynpaBreHUa Ha OCHOBe npeobpa3oBaTesnie 4YacToThbl
B CUCTeMax Noaaun XXUOKoCTU

B HacToswee Bpems caMbiM pacnpocTpaHeHHbIM Ccrnocobom nogaepxaHus
NOCTOAHHOIO AaBfieHWs B CMCTEMAaxX MOAaun XMAOKOCTU ABNAETCHA OPOCCENUPOBaHME.
HoctmwkeHne Tpebyembix napameTpoB (pacxoga Q2 wnu Hanopa H2) npoussBogutcs
N3MEHEHNEM XapakKTepucTuk TpybonpoBoda npu HEM3MEHHOW XapakTepucTuke Hacoca
(cMm. pucyHok 1). Pabo4dasa Touka cmelaeTca no xapakTepucTuke Hacoca n3 nosvumm 1,
¢ napameTtpamu H n Q B nosuuuto 2', obecneunsas Tpebyemeinn pacxod Q2 vnu Hanop
H2. CywecTBeHHbIM HedocTaTKOM AaHHOro crnocoba ynpaeneHust SBNAeTCA TO, YTO
NPOM3BOAMTENBHOCTb, &, CrneaoBaTenbHO, M 3HepronoTpebneHne Hacoca SABMAseTCH
HEU3MEHHbIM W MOAAEPXKUBAETCA Ha YpPOBHE, HeobXoaMmoM ANnd noadepXaHus
MakcuManbHoro Bogopasbopa ¢ y4eToM KOHCTPYKTUMBHOIO 3afnaca.

C y4yeToM NOCTOSIHHOrO pocTa TapudoB Ha ANEKTPOIHEPIUIO, @ TaK e Bce bonee
oLlyLaroLlerocs HegocTaTka reHepupyrowWmnx MOLUHOCTEN Ha MNepBbIN MMaH BbIXOAUT
3ajaya no CHWKeHUo aHepronoTpebneHnsa. Cuctembl -nogadn XWOKOCTU MO3BONSAOT
CYLWECTBEHHO CHU3UTb WX 3HepronoTpebneHMe nocpeacTBOM  UCMONb30BaHUSA
yacToTHoro perynupoBaHna. C  ucnonb3oBaHMeM npeobpasoBaTenien 4acToTbl
BO3MOXHO CO3[aTb «YMHYKO» CUCTEMY, KOTOpas ocTaHasnueana 6bl Hacoc B nepuoabl
BPEMEHW, B KOTOpPble OTCYTCTBYeT BOAOpasbop, a npu ero Hanuuuu ynpasnsna 6Obl
NPOM3BOAMTENBHOCTLI0O HACOCOB TakMM obpasom, 4YTobbl OHW nogasanu B CUCTEMY
POBHO CTOJSIbKO XXWOKOCTWU, CKONbKO €€ MOKMAAET B KaXAbl MOMEHT BpeMeHW. B Takon
cucteme  OocTmkeHume  Tpebyembix  napameTpoB  NPOU3BOAUTCA  U3MEHEHMEM
XapaKTeEPUCTUK Hacoca npu HeM3MEHHOW XapakTepuctuke Tpybonposoaa (CM. pUCYHOK
2). Paboyas Touka cmellaeTca MO xapakTepuctuke Tpybonposoga v3 nosvumm 1 B
nosunuuio 2, obecneynsasa Tpedbyemblin pacxoqd Q2 nnun Hanop H2.
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Puc. 1 PerynupoBaHue Hacoca Puc. 2 PerynupoBaHue Hacoca
ApoccennpoBaHneM N3MEHEHNEM HaCTOTbI

BpallleHus aBuraTens



Mpacdhvk  NOTpPebneHus  ANEKTPoO3HeprMn npu  PEerynupoBaHnM  pacxona
OPOCCENUPOBAHNEM M W3MEHEHMEM 4YacToTbl BpalleHus OBuraTens npueBeaeH Ha
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Puc. 3 padumk noTpebneHnsa anekTpoaHeprun Npn perynmpoBaHnn pacxona
ApoccenvpoBaHneM U U3MEHEHMEM YacTOThI BpalleHus aAsuratens

Kak BMOHO w©3 rpadmkoB, MNpPMBELEHHbIX Ha PUCYHKE 2, NpU  YMEHbLUEHUN
NPON3BOAUTENBHOCTU 3@ CYET CHWXEHUS MacToTbl BpalleHus, OLHOBPEMEHHO
NPOUCXOOUT CHWXKeHWe aaBneHus. Npn perynmpoBaHun gpoccenmpoBaHneEM LOaBrieHne
MeXay HacocoMm W gpoccenem, HaobopoT, Bo3pacTaeT. Takum obpas3om elie ogHUM
NPENUMYLLLECTBOM WCMOMb30BaHMsS NpeobpasoBaTenen 4actoTbl SIBASIETCA CHMXKEHUE
BEPOATHOCTM paspbiBa TpybonpoBoaa, W, Kak CrneacTtBuMe, CHWKEHMe 3aTpaT Ha
BHEMNMAaHOBbIE PEMOHTHbI.

Ecnn roBopuTtb O BOAOCHAGXEHUM HACENEHHbIX MYHKTOB, OOMOMHUTENbHANA
9KOHOMMUSI 3NEKTPOIHEPINN MOXET ObITb MONyYeHa NyTem WUCMONb30BaHUS anroputma
nogaepXaHus gasreHna B BOAONPOBOAE C YY4ETOM CYyTOYHOro notpebrieHus, a Tak xe
NyTEM CHWXEHUA [aBfneHUss B HOYHblE Yacbl OO YPOBHS, AOCTATOYHOro Ans
nogaepXaHus MMHUManbHOro Bogopasbopa.

Ewe nyywmmum nokasatensaMmm 3HeprocObepexeHus XapakTepusylTcs CcTaHuum
ynpaBfeHns Hacocamu, MO3BONSALINE pacnpenenutb MakcumMmanbHO Heobxoaumyro
nogady Mexagy HeCKONMbKMMM Hacocamu Manon npoussoguTtensHocTu. [lpumepsl
pacyeTa OKyrnaemocTu N0A0OHbIX CUCTEM NpUBEAEHbI HUXE.

B oboux npumepax B KayecTBe UMKNorpaMmmbl Bogopasbopa npuHsaTa He camas
XapaKTepHasa ero 3aBMCUMOCTb OT BPEMEHM CYTOK, MOCKOSIbKY, Kak NpaBuio, B HOYHbIE
N OHeBHble Yackl Bogopasbop cywectBeHHO MeHblle 30% MakCuManbHOro 3HavYeHus, a
3HauUT, peanbHble MOKa3aTenn LOSMKHbl OblTb HMKAK HE XyXe pacyeTHbiX. B nepBom
npumMepe NpuBEAEHbI BapuaHTbl C UCMNONb30BaHMEM OAHOro HacocHoro arperata LUHC
180-297 wn Tpex HacocHbix arperatoB LIHC 60-297 ¢ wucnonb3oBaHWeM cTaHUuK
ynpaBneHns nogayen BoAbl. Bo BTOpOM npumepe npuBedeHbl BapuaHTbl C
ncnonb3oBaHMeM ogHoro HacocHoro arperata LHC 180-170 u naTM HACOCHbLIX
arperatoB LUHC 38-176. O4eBnaHO, 4YTO yBENMYEHUE KONMYECTBaA HAaCOCHbIX arperaTtoB
ynyywaeT pes3epBMpOBaHME CUCTEMbI, T.e. MOBbIWAET ee CnocobHocTb pabortath B
yCrnoBMsIX OTKa3a O4HOro Unn gaxke HeCKOMbKUX HACOCOB.



Yackl cyrok 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 89 9-10 | 10-11 | 11-12 | 12-13 | 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 18-19 | 19-20 | 20-21 | 21-22 | 22-23 23-0
O6bem
noTpebnexus ot
MaKCUMasbHOro
3HaueHs ¢ 44,49 30,66 | 30,53 | 29,89 | 36,74 | 48,51 | 74,44 | 83,75 | 90,91 | 87,79 | 79,34 | 76,22 | 69,56 | 61,64 | 58,47 | 68,19 | 71,41 | 71,67 | 72,54 | 81,01 | 81,89 | 90,71 | 80,34 | 52,88
yuetom
KOHCTPYKTMBHOTO
3anaca
Konudecreo
paboTatowmx 2 1 1 1 2 2 3 3 3 3 3 3 3 2 2 3 3 3 3 3 3 3 3 2
Hacocos
MoTpe6nsiemas
MOUHOCTE 112,5( 37,5 | 37,5 | 37,5 | 112,5| 112,5 | 187,5 | 187,5 | 187,5 | 187,5 | 187,5 | 187,5 | 187,5 | 112,5 | 112,5 | 1875 | 187,5 | 1875 | 187,5 | 1875 | 187,5 | 1875 | 187,5 | 1125
LleHa anekTpo- CroumocTtb
06'beM I'IOTpeGI'IeHMﬂ OT MaKCUMaNbHOTO BapuaHTbl CpepHeuacosoe [ SHepronoTpe6b- | SHepronoTpe6- SHeprum 6es >neKTposHepriM 6es
KOMMAEeKTaLMM notpe6nenme | nenve BcyTkn | newue 8 rog
3HAYEHUA C YYETOM KOHCTPYKTUBHOIO HAC HAC
3 arperata no 75 kBt 150 3600 1314000 1,7738 2330773,20 py6
3anaca 1arperar 250 KBT 250 6000 2190000 1,7738 3884622,00 py6
100,00 DKOHOMMA 3N1EKTPOIHEPruu| 1553848,80 py6
90,00
Uenac Uena
80,00 BapuaHTbl KOMNAeKTauum HaC 6es Konuyecrso Cymma
70,00 AC | hnc
60,00 larperar 250 kBT | LIHC 180-297 250 kBT 416976] 353369 1 353369,49 py6
C 7 353369,49 py6
50,00 YMMAPHO Kanenox)eHuii ,49 py'
40,00 LLHC 60-297 75 kBT 117405 99496 3 298487,29 py6
30,00 MNpeobpasosarenb yactoTbl 75 KBT| 163540| 138593 1 138593,22 py6
3arperatano 75KBT |CraHuua ynpasneHus 3 Hacocamu
20,00 75 kBT 331160|. 280644 1 280644,07 py6
10,00 [laTunk gasnenus 6500  5508] 1 5508,47 py6
0,00 e e e L S e e e e s e LA e CymMmMapHO KanenoweHui 723233,05 py6
ZTALILELTXP22CU2ILIERTIR]IANIZ
emMmIhenegaldaisdngasaan [lonoNHuTeNbHble KanBnOKeHMs| 369863,56 py6
CPOK OKYNIAeMOCTM AOMOHUTENIbHbIX KanBAOMKeHHHA| 2,9 mec.
Ip. 3 CUCMEMbI U3 HECKOAbKUX 30 cvem vac HuHe, HeXenu acex
Yacel cyTok 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 89 9-10 | 10-11 | 11-12 | 12-13 | 13-14 | 14-15 | 15-16 | 16-17 | 17-18 | 18-19 | 19-20 | 20-21 | 21-22 | 22-23 230
Obvem
notpeénexus ot
MaKCUManbHOro
3HaueHms ¢ 44,49 30,66 | 30,53 | 29,89 | 36,74 | 48,51 | 74,44 | 83,75| 90,91 | 87,79 | 79,34 | 76,22 | 69,56 | 61,64 | 58,47 | 68,19 | 71,41 | 71,67 | 72,54 | 81,01 | 81,89 | 90,71 | 80,34 | 52,88
yueTom
KOHCTPYKTMBHOTO
3anaca
Konuuectso
paboTatowmx 3 2 2 2 2 3 4 5 5 5 4 4 4 4 3 4 4 4 4 5 5 5 5 3
Hacocos
MoTpe6nsemas
Mol 75 45 45 45 45 75 105 135 135 135 105 105 105, 105 75 105 105 105 105 135 135 135 135 75
LU{HOCTL
LleHa aneKkTpo- CroumocTb
oneM norpe5ne|-wm OT MaKCMMaZIbHOTO BapuaHTb! CpepHeuacosoe [ 3HepronoTpe6b- | SHepronoTpe6- SHeprim 6e3 >neKTposHeprAN 6e3
KOMRA/EKTalmmn notpebnerHve | neuue B cyTkun neHue Broa
3HAYEeHUA C YHEeTOM KOHCTPYKTUBHOIO HAC HAC
5 arperaros no 30 KBT 98,75 2370 865050 1,7738 1534425,69 py6
3anaca 1 arperar 132.kBT 132 3168 1156320 1,7738 2051080,42 py6
100,00 SKOHOMUS INeKTPOIHE P 516654,73 py6
90,00
n UeHa
80,00 BapuaHTh! KOMNNEKTaLMM :”acc 6es | Konuuecrso Cymma
70,00 A HAC
60,00 larperat 132 kBr | LIHC 180-170 132 kBT 207072| 175485 1 175484,75 py6
CyMMapHO Kans/oXe HUi| 175484,75 py6
50,00
40,00 LLHC 38-176 30 kBT 61879| 52440 5 262199,15 py6
3000 Mpeo6pazosatens yactotbl 30 KBT| 80770 68449 1 68449,15 py6
v 5arperatoe no 30 KBT |CraHuua ynpasneHus 5 Hacocamu
20,00 30 kBT 162680| 137864 1 137864,41 py6
10,00 | JaTumk gaBneHus 6500 5508| 1 5508,47 py6
0,00 -+ R CymMMapHO KanenoweHuii 474021,19 py6
DO S A SN M= e s T S < S S S S R g
© T NMmMT O 0L LMt h b S O e JlononHutenbHble xanano)«euml 298536,44 py6
SS9d83IBE583R1A
CPOK OKYNaeMOCTH 4ONONHNTE NbHbIX KaNBAONKe HMii| 6,9 mec.
np 3 cucmembl u3 HECKOMbKUX 30 cuem HuHe, HeXenu ¢ P acex

MNpvBeOeHHble pacyeTbl HE  YYUTbIBAOT  [AOMOMHUTENBHON  OKYMaemoCTy
KanuTanbHbIX BROXEHWIA 3a CYeT MNpPeuMyLLecTB, OBYCNOBMEHHbIX MNaBHbIM MYCKOM
obopyaoBaHMsl, @ MMEHHO CHUXXEHMEM MYCKOBbIX TOKOB WM MYCKOBbIX MeXaHWYeCKUX
yaAapHbIX Harpy3ok. [lo o6LlieMy npaBury NPUHATO cYMTaTb, YTO MaBHbIN 3anyck
o6opyaoBaHMs NO3BOMSAET NPOANUTL CPOK ero cryXbbl B cpeaHemM B Tpu pasa, yTo, B
KOHEYHOM cyeTe, BblpakaeTCsi B COKpaLLEHUN SKCMyaTauNoHHbIX PacXxo4oB, pacxooB
Ha PEMOHT 1 3ameHy 06opyaoBaHNs, a TaK Xe COKpaLLleHUM BPEMEHN NPOCTOS.




