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nigBULLLEHHS1 EHEPIOE®EKTUBHOCTI CACTEMUW ABTOMATUYHOI O
KEPYBAHHA 1OCNIQOBHO 3 €EJHAHUMU HACOCAMU BOAOIMNOCTAYAHHS 11PUA
BAPIALIAX MTAPAMETPIB I'4PABJIIYHOI MEPEXXI

Beryn. HacocHi ycTaHOBKHM, IO HIMPOKO BHKOPHUCTOBYIOTHCS Y HMPOMHCIOBOCTI, CUIBCBKOMY Ta KOMYHaJbHOMY
rOCIOJAPCTBAX, € MOTY)KHHUMH CIOXKHBaYaMH €JIeKTpHUYHOI eHeprii. {1 HeKepoBaHHX CHCTEM, 3aBIAHHIM SKUX €
NepeKadyBaHHs PiAMHYU B BEIMKHUX 00’ €Max, BTpaTH eHeprii nocsraiots 40% y mopiBHSHHI 3 4aCTOTHO-KEPOBAHUMHU
enextporpuBogaMu [1]. OCHOBHHUM HEIOJIIKOM TaKUX CHCTEM € HeBH3HaueHicTh Koedirienta kopucuoi mii (KKJI)
HACOCY Tijx 9ac poOOTH. 3BHYaifHO, HACOCHI YCTAHOBKHU TPOEKTYIOTECSA Ha podoTy npu MakcuManbHoMy KK/, ane mix
gac iX poOOTH MOXXYTh 3MIHIOBAaTHCS MapaMeTpH TiAPaBIIYHOT MEpeXi, IO 3MIMYIOTh POOOTY TOUKY 3 HOMIHAIIBHOTO
MONIOKEHHS. SIKIIO0 y cHUCTeMi OUIbII HIXK OJUH HACOC, 3MiHAa TEXHOJOTIYHHUX MapaMeTpiB OJHOTO HACOCy TaKOX
BIUIHBae Ha pobory iHmoro. Takum umHOM KKJ| 060X HacociB Mo)ke 3HAYHO BIOXWIATHCS Bi MaKCHMAaIbHOTO
3HaueHHss. Y poborax [2], [3] 3ampomoHoBaHa eHeproe)eKTHBHA CHCTEMa ABTOMATHYHOTO KEpPYBaHHS st
mociioBHoro, a y [4], [5] misa mapanensHOro 3'€IHaHHS HACOCIB, O HA OCHOBI BUMIPIOBAaHHS MPOIYKTUBHOCTI Ta
94acTOTH OOepTaHHS NPUBITHOrO acUHXpOHHOro jApuryHa migsuinye KKJI ogHOro 3 HacociB 0 MaKCUMAaIbHOTO
3HAYEHHs MPU Bapialisx TiJpaBJIiYHOrO ONMOPY Mepexi. AJie y JesSKUX TEXHOJOTIYHUX Ipoliecax MOXIIMBA 3MiHAa HE
TIJIBKH TiJPaBIIYHOTO OMOPY, & TAKOXK 1 T€OJIE3UYHOT0 HAIMOPY, 10 BUKJIMKAE JOJATKOBE 3MIICHHS POOOYOi TOUKH.
[ineunienns KK/l Hacocy y Takux CHCTEMax € aKTyajlbHOIO 1 BAYKIIHBOIO 3a1a4eHO.

Meta poGoTu. Merolo poOOTH € MiIBUILEHHS €HEProe()eKTHBHOCTI CHCTEMH KEpyBaHHsS JIBOMa MOCIHiZOBHO
3'€JHAHUMH HaCOCaMH BOAOIOCTaYaHHsI IIPH Bapialisx MmapaMeTpiB TiIpaBIidHOI MEPExKi.

Marepianu gociaigkenb. MaTeMaTH4Ha MOJENH JBOX IIOCIIIOBHO 3’ €THAHWX HACOCIB Pa3oM i3 TiIpaBIiYHOIO
Mepexero [3] OmUCy€eThCsl HACTYITHOKO CHCTEMOIO PiBHSHB

dQ/dt= Hyyof /Xufy +Hop, 6§ / Xofi —He 0/ X{ a0 *a2 +a(®) 8 1), @)
Hy = Hog ok / ofy —a,1Q%, 2
Hy =Hop 05/ ofy —8,,Q%, (3)
MC1: mQHl/nKHO‘).L’ (4)
MCZ = mQHZ / Neger 02 (5)
H=H;+H,, (6)

ne Q — IpOIYKTHBHICTh HACOCIB; a1, 842 — HOMIHAJIBHI TJIPaBIIiYHI OMOPH KEPOBAHOT'O Ta HEKEPOBAHOTO HACOCIB
BianoBinHo; a(t) — rigpasmiunuii omip mepexi; Hy, H, — Hamopu kepoBaHOro Ta HEKepoBaHOTo HacociB; Hoy, Ta Hop, —
HOMiHAJIbHI HATIOPH MPH HYJHOBHX TOAaYaX KEPOBAHOT'O Ta HEKEPOBAHOTO HACOCIB MPY HOMIHAIBHUX MIBHIKOCTAX; 1,
®2 — KYTOBi MIBHJIKOCTI 00EPTaHHS KEPOBAHOTO Ta HEKEPOBAHOTO HACOCIB; My1, My2 — HOMIHAJBHI KYTOBI MIBUAKOCTI
o0OepTaHHs KEpPOBAHOTO Ta HEKEPOBAHOTO HACOCIB; ¥ — cTayia iHTerpyBaHHS; M., M., — MOMEHTH HaBaHTa)XCHHS Ha

BaJlaX JIBUTYHIB KEPOBAHOI'O Ta HEKEPOBAHOTO HACOCIB; N, , — KKJI xepoBaHoTO Ta HekepoBaHOro HacociB;, H —

r]HKH
CyMapHUii Harmip mepiroro ta apyroro Hacocy; H(t) — reomesnuna Bucorta mimitomy BOaW; p — yCTHHA BOAW; J —
MIPUCKOPEHHS BITLHOTO MajiHHsA; t —yac.

IMapametpu a(t) Ta He,(t) € pyHKIissMH Bij yacy Ta 3MIiHIOIOTHCS Mijl Yac pOOOTH CHCTEMHU KEPYBAHHS.

KK/l HacociB € HenmiHIMHUMH (QYHKLISIMH, 10 3aJeXaTh BiJ MOJOXKEHb pPOOOYMX TOYOK Ha HAMIpPHUX
xapakrepuctukax N;=f(Q;, H)). Tak sk MaTeMaTHyHO OMUCATH I 3aJEKHOCTI JOCHUTH CKJIAAHO, 1X aMPOKCHMOBAHO
JIBOIIAPOBMMHM HEHPOHHUMH Mepekamu THuIly npsiMoro nommpeHHs 3 10, 1 HelipoHamu Ta (QYHKIISIMH aKTHBAaLlil
rinepOoOIiYHOr0 TAHreHCY Ta JiHIHHOKW Yy BimmoBimHux mapax [6]. BximHi Ta BHXiAHI MacHBH Ui TPEHYBaHHS
HEWPOHHOT Mepexi Oy B3ATi 3 KATAJIOKHUX XapaKTEPUCTHK BUPOOHUKA HAcOCiB [7].

[IpuBOOHI ACHHXPOHHI ABUTYHH HACOCIB ONHCYIOTHCS HENIHIMHUMHU NBO(GA3HIMH MOZICISMH B HEPYXOMild CHCTEMI
KoopamHaT cratopa a-b [8].IlepeTBoproBay 4acTOTH pealisye KBaJpaTHIHHIT 3aK0H KepyBanHs U/f >=const.

Perysnsrop koedirienta KopucHOi il KepOBAHOTO Hacocy, poboTa SKOTo MpeiacTaBicHa y [2], ckimamaeTses i3
3BugaitHoro Ill-perymsitopa, mo peanisye ymoBy o-o =0, 3a sikoi BimOyaeThcs BHXiZ poGouoi TOYKHM HA IiHiIO
makcnmanbHoro KKJI, Ta 610Ky 064HCICHHS 3a1aH0i MBHAKOCTI ® . MaTeMaTHYHIIA OIHC PeryIsTopa Mae HACTYITHHMIT
BUTJIST

A =(w-w)(K, 4/Tp), )
()0* =k1Q2 +k2Q +k3, (8)

ne Af — npupict wacrotu 3aBmanus; K, — mponopuiiina cknajoBa perynstopa; T; — crana 4acy iHTerpaibHOi
qacTuHu peryisitopa; Ky, Ky, K3 — koedimientn anpokcumartii kpuBoi MakcumanbHoro KKJI kepoBaHOTO 3a MIBHIKICTIO

356 BHepzocbepexeHue cpedcmeamu asieKmpornpueoda



Hacocy.

st mocmimkerns Bubpano aBa Hacocu Vogel Pumpen CNX-100-65-4000acTyTHIME MaKCHMAaTbHUME JAHIMH:
noryxuicts 156.1 kB, Hamip 240 m, npoxykruBaicts 164.9 M /rox, KKJI 62.9%, yactora obepranus 2900 06/xB.
HomiHanbHi 1aHI NPUBIIHMX aCHHXPOHHMX ABHMI'YHIB HAacTyIHI: NOTyXHicTb 160 kBT, cuHXpoHHa yacToTa 0O0epTaHHs
300006/xB, KK] 96%, niniitna nanpyra 380B, koediunient motyxuocti 0.9, kop3anus 0.019,axTuBHui omip ctatopa
0.01170w, ingykruBHicTh cratopa 0.0126I'H, aktuBHuit omip poropa 0.00940wm, ingykrusHicTs poTopa 0.0127TH,
B3a€MHA {HIyKTHBHICTH cratopa Ta potopa 0.0124TH. Ilpu momemosanui npuitasato H,=150 M, ¥=0.5 c/(M*/rox),
IpHUBeIeHMIT MOMEHT iHepwii Ha Bamax asuryHiB J=1.4kr Mm% PO3paxyHKOBi mapaMeTpH HACOCIB HA OCHOBI HATPHIX
XapakTepUCTUK € HacTymHUMHA: Ho,=Hoz,=235M, a,1=a,,=9018 1/§°c?).

PesynbraTit MaTeMaTHYHOTO MOJIEIFOBAHHS CUCTEMH aBTOMATHYHOTO KEpYBaHHS MPEICTaBleHi Ha puc. 1.
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Sk BugHO 3 puc. 1, micnsa mycky cucremu KKJI xepoBaHOTO HAacOoCy HiABHIIYETHCA OO MAaKCHMAlbHO MOKIHBOTO
3HaveHHs, o ckiaaae 0.629.KK]] HekepoBaHOro HacoCy 3aJIeKUTh BiJl IOYATKOBOTO PO3TAlllyBaHHS po0O04O0T TOUKH i
MOXe€ SK 3MeHIIyBaThcs Tak 1 30umemryBatucs. Ha 10 cexynai BinOyBaeTbcss CTpUOKOMOIIOHE 30UIbIIEHHS
rizpasiigyHoro onopy mepexi. Poboya touka 3mimyerbest, KK/ 3HOBY miIBUIIY€ThCS 1O MAaKCUMAJILHOTO 3HaYEeHHS. Y
15 cexkyHn rizpaBiiuHMK Omip MepeXki IJIABHO 3MEHIIYeThCsl BOponoBXk 15 cexyna. [licnsi 3aBepuieHHs 3MiHH
rigpasiiynoro omnopy KKJI kepoBanoro Hacocy 3HOBY Makcumisyerbcsi. Y 30 cekyHI BinOyBaeTbcs 30UIBIICHHS
Te0Ie3MYHOr0 HATIOPY B CUCTEMI 3a JiHiitHuM 3akoHOM Bix 150 mo 200M TpuBaiictio 20 cexyna. I1ig 9ac 3MiHH IIHOTO
napaMeTpy BHHUKA€e CTaTHYHA MoxuOka y mexax 1,2-1,8pan/c. Ilicns ycTaneHHs reoe3MYHOrO HAMOPY Ha BEJIMYUHI
200 M cratnyHa moxuOKa 3HOBY mpsimye no Hymst. [Jami B 60 i 70 cexyHO 3HOBY BimOyBaeThcs CTpHOKOMOAiOHE
3MEHIICHHS Ta 30UMBIIEHHS TiOpaBIiYHOTO OMOPY BiANOBigHO. Perymsarop mpamoe ananoriyHo. IloxumOka
BiIIIpAIIOBaHHS 3alJaHOl IIBHIKOCTI KOJNHMBAETHCS B OKONI HyNA. AHAIOTIYHO Yy 75 CeKyHI TeoJe3WdHUil Hamip
3meniyetbes 3a 20 cexyna Big 200 mo 150 m. Ilicnst ycraneHHs bOro napamerpy CTaTHYHA MOXMOKa 3a HIBHIKICTIO
3HOBY IPUHMAaE HyJIbOBE 3HAYCHHS.

MexaHi4Ha TOTYXHICTh Ha BaJly KEPOBAHOTO JBUTYHA 3MEHIIYEThCS Y TOPiBHSAHHI 3 HekepoBanuM Ha 70 kBT (43%
Bi/l HOMiHAJIBHOI TIOTYXKHOCTI) TPH TepIii 3MiHi rixpasiiudoro omopy, Ha 60 kBt (37%Bix HOMiHATBHOI TOTYXKHOCTI)
npu apyriit 3mini, 50 kBt (31% Bix HOMiHATBHOI MOTYXHOCTI) MpH TpeTiit 3miHi 1 Ha 65 kBT (40% Bix HOMiHATBHOT
MOTY)KHOCTI) TPH YETBEPTid 3MiHi rifpaBmiuHOro omnopy. [Ipu 3MiHI Teome3MYHOro HAMOpy Mepexi Ppi3HHI
motyxHoctel cknamgae 60-70xBr.

3MiHa rigpasiiyHoro omopy oxomroe 50% Bin oro HOMIHAIFHOTO 3HAYEHHS B CTOPOHM 30UIBIICHHS Ta
3MEHIICHHS, IO MOJCTIOE pEajbHI TiApaBIiYHI cHUCTeMH. | 'eome3ndHuil Hamip 3MiHIOEThes y Mexax 20% Bin
MaKCHMAJIBHOTO HANOpY y cucTeMi. TakuM YHHOM 3MEHIIECHHS MEXaHIYHOI MOTYKHOCTI Ha BaJly KEPOBAHOT'O JBUTYHA
TIpH BapiallisiX TiApaBIigHOTO OMOPY Ta reoge3mgHoro Hamopy moximBa Big 30 no 40% Big HOMIHABHOI IIOTYKHOCTI.
KKJI xepoBaHoro ABuryHa npu 1pomy MakcuMmansanid, a KK/ HekepoBaHOTO 3aJI€XUTh BiJ IOTOYHOTO PO3TAIlyBaHHS
po00U0T TOUKH.

BucHoBKH. 3amnporoHOBaHa e€JEKTPOMEXaHiYHa CHCTeMa aBTOMATHYHOTO KEpyBaHHSA [BOMa IIOCITIZOBHO
3’ €IHAHUMH HACcOCaMH BOJIOTIOCTaYaHHs, OJIMH 3 SIKUX KEPOBAHUI 3a IIBUKICTIO, 3a0e3Ieuye MiJBUICHHS KoedilieHTa
KOPHUCHOI J1ii KEpOBaHOI'O HACOCY JI0 MaKCHMMaJIbHO MO>KJIMBOIO 3Ha4eHHs. [Ipu 3MiHI riipaBIivHOTO Ornopy Mepexi y
mexax 50% Bij HOro HOMIHaJIBHOTO 3HAYEHHS Ta T'e0Je3MYHOro Haropy B Mexax 20% Big MakcHMalbHOTO 3HAYECHHS
Halopy y CHcTeMi, perynstop 3abesneuye miaBumieHHs 1o makcumymy KKJ[ kepoBanoro nacocy. I[IpoBenene
MaTeMaTH4yHEe MOJIEIIIOBaHHS 10Ka3aj0, 10 3MEHIIEHHS MOTYXHOCTI Ha BaJy KEPOBAaHOTO ABHI'YHa MOXJiuBe Bin 31%
10 43% Bix HOMIHANBHOI ITOTY>KHOCTI. 3allpONOHOBaHY CHUCTEMY KEpPYBaHHS JIOLUIBHO BIPOBAKYBaTH Yy CHCTEMax
nepeKavyBaHHs PiJHH, TIPOaKyMYIIOIOUUX eNIEKTPOCTAHIIISAK, CHCTEMAaX IOJHMBY Ta 3POLICHHS, CHCTEMaX HAIlOBHEHHS
pe3epByapiB TOIIO.
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