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MATEMATHUYHA MOJIEJIb ITPOLECY 3MIHHOI MPOAYKTUBHOCTI
HACOCHOTO ATPETATY CUCTEMU BOAOIIOCTAYAHHSA

YV pobomi pose’sizana akmyanvbha Haykoga 3a0aua, KA NOs2ae 6 po3poobyi i meopemuiHux
ma eKCnepuMeHmanbHuxX O0CTIONCEHHSAX NPUCMpois Oisk NOKPAWEHHS eHePeeMmUYHUX NOKA3HUKIE He-
CUMEMPUYHUX 30Y0XCY8aUI8 CUHXPOHHUX MawuH. Memoio pobomu € noKpaweHHs eHepeemuiHux no-
KA3HUKIB ULIAXOM 3MEHUWIEHHs. CHOMCUBAHHS PEeaKMUSHOI NOMYICHOCMI MA AMNIIMYO 2apMOHIUHUX
cknaoosux. Hasedena npunyunoea cxema 36y00cy8aua 3 npuUMyco80i0 EMHICHOI KOMYMAYIEo mupu-
cmopig. /[ 00CHiONCeHHs 2apMOHIUH020 CKAAOY BUKOPUCTNOBYEMbCS eKCHEPUMEHMATILHO OMPUMAHT
3anexcHocmi ¢popcosaroi Hanpyau 30y0dcenHs, sKi posxiaoaromscs y pad Pyp’e. Haseoeni amniimy-
OHI cnexmpu Hanpyeu 30Y02iCeHHs. npu NPUPOOHIL Ma npumycosii Komymayii mupucmopis. [Iposede-
HUMU eKCREePUMEHMAMU 008€0eHA OOYLIbHICHb GUKOPUCIAHHS PO3PODIeH020 30)0)Cy8aya 3 npumy-
COB010 EMHICHOIO KOMYMAYIETO.

Kniwowuosi cnosa: cunxponna mawuna;, Hecumempuiruil 30y04Cy8aes; NPUMyco8a KOMymayis.

An actual scientific task that consists in development and theoretical and experimental re-
searches devices for the improvement of power indexes asymmetrical exciters of synchronous ma-
chines is in-process untied. The aim of work is an improvement of power indexes by reduction of con-
sumption reactive-power and amplitudes of harmonious constituents. The brought fundamental chart
over of exciter with a force capacity commutation of thyristors. For research of harmonious composi-
tion used the experimentally got dependences of a force tension excitations that is laid out in the row
Fourier. The brought peak spectrums over tension of excitation during natural and force commutation
of thyristors. By the conducted experiments the well-proven expediency of the use of the worked out
exciter with force capacity commutation.

Keywords: synchronous machine; asymmetrical exciter; force commutation.

IHocTanoBka mpo0JemMn

Bona — e HaliBaxkMBiIIe JKEPENo IS )KUTTA JtoacTBa. CIIOKMBayaMH BOIU € TIPOMHUCIIO-
BICTh, CUTEChKE TOCIIOAAPCTBO Ta YKUTTENISUIBHICTD JIFOJICTBA.

Jl>xepeno Boan — 1€ BOAOCXOBUIIA, PIYKH Ta 03€pa.

[Ipotarom nobu, Micsus 4u poky BinOyBaeTbecs 3MiHA CIIOKUBaHHA BoAu. [ 3a0e3mevueHHs
HEOOXiHUX mapaMeTpiB (THCKY, MPOAYKTUBHOCTI), TX CITiJl pEryIIOBAaTH. PerynoBaHHs MPOIyKTHBHO-
CTi BOIM 3a0€31EUy€EThCS BUKOPUCTAHHSIM 3aCyBKH, a00 MIBUKICTIO 00epTaHHS poOOYOoro Kojeca Ha-
cocy. Y NeIKHX BHIMAIKaX MOXIIHMBO MIIKIIOUCHHS Ha TMapaielbHy po6oTy (Mpu HasBHOCTI) 3HAYHOT
KUTIBKOCTI HacociB. [jis 3a0e3meueHHs HaAIHHOr0 BOJOMOCTAYAaHHS HEOOX1JHA MaTeMaTH4YHa MOZCIb
HACOCHOTO arperary, sk’ mpaioe y peKuMi 3MiHHOT TPOYKTHUBHOCTI.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta mMyOJaiKkanii

I[MepeBakHa OLIBIIICTD TOCIIPKECHD MPUCBSYCHA EKOHOMIT eIeKTpoeHeprii [1], TeXHIYHUM JaHuM
HACOCHOTO arperary [2, 3], MeTonaM peryioBaHHS Ta CXEMOTEXHIYHIM PIIICHHSIM 13 3aCTOCYBaHHSIM Pi3-
HOMAHITHHX efiekTponpuBoiB [4, 5, 6,7]. Oanak BiacyTHI myOmiKaril, Mo MOB’sI3aHi i3 MaTeMaTHYHUMHU
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MoznensmMu HacocHoro arperaty (HA), siki mpaliroroTs y pexumax 3MiHHOT poayKTHBHOCTI. ToMy akTya-
JILHOIO TEXHIYHOIO 337a4elo € po3po0Kka MaTeMaTHYHOI MOJIENi HACOCHOTO arperary y peskuMax 3MiHHOi
MPOAYKTUBHOCTI TIPH PEryIIOBaHHI 3aCyBKOIO Ta MBUAKICTIO 00OEpTaHHS poOOYOro Kojeca.
DopMyTHOBAHHS METH J0CTITKEHHS

Mera nociikeHHsST — po3poOka MaTeMaTHYHOI MOJENi HACOCHOIO arperaTty y pexumax

3MIHHOI IPOJYKTUBHOCTI 3 YaCTOTHO-KEPOBAHUM €JIEKTPOIPUBOIOM 3MIHHOTO CTPYMY .
BukJiax ocHOBHOTO MaTepiary 10CTizKeHHSs

st jocipKeHHs 3MiHHOT IPOLYKTUBHOCTI po3po0iieHa MaTeMaTHyHa mozens HA 3 gactort-
HO-KEpOBaHMM aCHHXPOHHHUM JBUTYHOM. YacoBa nmiarpama 3MiHH MPOXYKTUBHOCTI HACOCHOTO arpera-
Ty HaBeneHa Ha puc.l.
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Puc. 1. Yacoa nmiarpama 3MiH{ IPOSYKTUBHOCTI HACOCHOTO arperaTy

KpuBa 3MiHHOT TPOAYKTUBHOCTI allpOKCHMOBaHa METOJIOM PIBHUX IIONIMH TAKUM YHHOM, IO
mpu t;=0...8 rox, Q = 0,6 Qy; mpu t,= 8...12 rox, Q = Qy; mpu t3= 12...24 rox, Q = 0,4 Qp.

Jlyis MoieTIoBaHHS PEXKUMY 3MIHHOT TPOAYKTUBHOCTI oOupaemo Hacoc tuity 9 KcB 3 Hacrym-
HUMH TEXHIYHUMU JaHUMH.

MPOAYKTHUBHICTb, M3/ron Qu=225 m*/rox = 0,0625 m°/c
Harip, Kre/m? Hy = 210 kre/m?
HaIip IpH HYJIbOBIii
npoxykruBHOCTi, kre/M°  Ho= 280 kre/m?
KK nu=0,75
MIBUIKICTE, 00/XB. Ny = 1480 00/xB.
cratuanuit Hamip He, = 20
Ha puc. 2 naBenena ¢ynkuionansHa cxema cuctemu [TU-A/l,
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Puc. 2. dynkuioHangbHa cxema eleKTponpuBoaa 3a cuctemoro [TU-AJ]
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3aneXHiCTh HAMOpPy HACOCY Bill MPOAYKTUBHOCTI NPH 3aJaHill BUIAKOCTI 00epTaHHA PoOOYOT0

KoJjeca
Hiy =Ho — Ry Qi

Hominanbhuii onip Hacoca Mpu HOMIHATLHOMY THCKY Ta MPOAYKTUBHOCTI 32 BUPa30M

_Ho—-Hy
(Qu )’

3anexHICTh KOHKPETHOTO 3HAYCHHS IPOYKTUBHOCTI Bij Harmopy HA
2
Hx =Ho—Ry -QX%.

Ry

QX,M?’/c 0-Q, 02Q, | 04Q, |06-Q, |08Q, |1Q, |12Q,
Hy,m 280 | 277.2 268.8 | 254.8 | 235.2 | 210 | 179.2
XapaKkTepucTuKa MEpexKi MPH PeryIroBaHHI 3aCYyBKOIO
Hy = Her +Ry Q%
ne R, — omip Mepexi mpu HOMIHATBHIA MPOAYKTUBHOCTI.
Omip mepexi mpu Qy I Hy BH3HauYaeThCs
H, —Hcm
Ry = = >
(Qx)
Hns mouku A ipn Q, = 225:° 1 200 = 0,063M3 /c.
QX,M?’/c 0Q, 02Q,104Q, [06-Q, 08Q, |1Q, |12Q,
H,m 20 27,6 50,4 88,4 1416 | 210 | 293,6

Hna mouxku B npu Q,, =225-0,4 = 9013 / 200 = 0,025M3 /c.

Q.m3/c | 0Q, | 02Q, | 03Q, | 04Q, | 06Q,

Hg,m 20 29.952 | 42.392 | 59.808 | 109.568

JIna mouku C npu Q. =225-0,6 =135x° / 200 =0,038x° / c.

Qu,m3/c | 0Q, | 02Q, |04Q, | 06Q, |08Q,

Hoom 20 | 29,365 | 57,46 | 104,284 | 169,839

(1)

XapakTeprucTHKa Mepexi MpU peryIoBaHHI MPOAYKTUBHOCTI 00epTaHHAM poOoYoro Koieca, Jac-

TOTa O6CpTaHH$I JBUT'YHA BU3HAYAETHCS 34 BUPA30OM:

Con - [HX 1
Oy =0OH HH ,C 7,
pe: o, == 3141480 _ypp o 155, 210 _isc.
30 30 210

, 2155-,/% =75.888¢™"; w, =155- 884 =100.505¢ .
210 210

Po3paxyHKOBI 3a/1e)KHOCTI HAaBEICHI Ha puUC. 3.

()
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Puc. 3. XapakteprcTika BEHTHISITOPHOI YCTAaHOBKH TIPH PETYIIOBAHHI MPOIYKTHBHOCTI 3aCy-
BKOI (Touku A,B,C), Ta mBHAKICTIO 00epTaHHs poOodoro Koeca (Touku A, A, Az)

B ocHOBY MaTemMaTH4YHOI MOeNi MOKIaeHa 3aeKHICTh MPOAYKTHBHOCTI BiJl IBUAKOCTI o0e-
pTaHHS poOOYOro Koieca, abo Onopy Mepexi

, ©)

ne Hcer — craTudHuil Hamip NpH HYJIbOBIH MPOAYKTUBHOCTI; V =2 BiJHOCHA MIBUJKICTH 00ep-
wH
TaHHs podOYOro Koeca.
CrtpykTypHa cxeMa JIiHeapu30BaHOi MOJEN1 HACOCHOTO arperatry 3 4YacTOTHHUM KepyBaHHIM
A/l HaBenena Ha puc. 4, Ha puc. 5 Ta 6 npeacTtaBiieHi nepexigHi MpomecH peryaoBaHHs MIBHIKOCTI
3aCYBKOIO Ta DEryJIOBaHHS MIBUAKOCTI 0OepTaHHAM poOouoro Kojieca.
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Puc. 4. CtpykrypHa cxema JIiHeapu30BaHOi MOJIeIi HACOCHOTO arperaty 3 4aCTOTHUM Kepy-
BaHHsM AJ[
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Puc. 6. PerynroBanHs IpOgyKTHBHOCTI 3acyBKoi0 HA

BusHaueHHs1 7000BUX BUTPAT EIEKTPOCHEPT1l pO3PaXOBYETHCS HA IMIJICTaBl PE3YJILTATIB MOJIC-
JIIOBAHHS PEXKUMIB PETYIIIOBaHHS MPOAYKTUBHOCTI HACOCHOTO arperary.

J1o00Bi BUTpaTH eNeKTpOEHEPTii MPU PEeryIroBaHHI TPOAYKTUBHOCTI 3aCYBKOIO BU3HAYAOTHCS
3a GopmyIior

Wl = Rl.tl + P2t2 + P3t3, KBT, (4)

ne W; — no0oBi BUTpatu enekrpoeHeprii, Py, Py, P; — TOTYXHICTb, siKa CIIOXKUTa HACOCHUM arpera-
TOM 3a yac pobotu ty, tp, ts.

[oTyXHiCTh, KA CIIOXUTA HACOCHHM arperaTtoM 3a dac poooru ty, ty, t3

H,-Q
Py=g-——T, (5)
Mn
ne P =6,18-10° kBr-rox; P,= 3,164-10° kBr-rox; P;= 4,499-10° kBr-rox MIpU HACTYITHUX 3HAYCHHSX:
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Hi=210wm Q=225 m/c t,=8
Hy=268,8 m Q2= 90 m/c t=4 n=0,75
H3=254,8 m Qs=135 m/C t=12

Omxe W, = 9,869-10° kBr-roq.
JloO0Bi1 BUTpaTH eNeKTPOCHEPrii Mpu peryaioBaHHI NPOAYKTUBHOCTI IIBUAKICTIO OOEpTaHHS
po00YOro Kolieca BU3HAYAOThCA 3a (POpMYITIOr0
W2 = Plltl + Pétz + Pét3, KBT, (6)
ne: W, — noboBi BuTpatu enekrpoeneprii, P, P%, P’s — MOTYXHICTb, sIKa CIIO)KUTa HACOCHUM arpe-
raToM 3a Jac poboru ty, by, ts.
[MoTyXHiCTh, SIKa CIIOXXUTA HACOCHUM arperaToM 3a yac poooTH ty, t, t3

H'
p=g1-Q, ™
n
ne Ph= 6,18-105 kBt-roxm, P5= 2,206-105 kBt-roxm, P’3= 1,6-105 KBT-TOA NMpY HACTYMHUX 3HAYCHHSX:

H1=210™m Qi=225m/c t,=8 n1=0,75 w=154,907 m/c |Vi=wl/o=1
H’»=1268,8M Q=90 m/c t,=4 n5=0,49 w1 = 154,907 m/c =l = 0,49
H’=254,8Mm Qs:=135m/cC t3=12 | n3=0,615 | @,=75,888 m/c = anlw= 0,649

w;= 100,505 m/c

Orxe W, = 6,4-106 kBt-ron.
PizHuus 1o6OBUX BUTpPAT €INEKTPOEHEPTii CTAHOBUTH
AW = W-W, = 3,844-10° kBr-rop.
PisHuLs piuHUX BUTpAT €NEKTPOEHEPrii CTAHOBUTH
AWp= AWy, -T = 1,403-10° kBr-Tog,
ne T = 365 nHiB Ha pik.
BucHoBkn
Ha mincraBi cyMicHOTO pillleHHs 3aJIeKHOCTEH HaipHO-BUTPATHI XapaKTEPUCTUKNA HACOCHOTO
arperaTy Ta Mepexi CKiajieHa MaTeMaTHYHa MOJENb 3MiHHOI MPOAYKTUBHOCTI B QYHKII{ yacy 3 yac-
TOTHO-KEPOBAaHUM aCHHXPOHHHUM JBUTYHOM.
3acTocyBaHHS po3p0o0OIEHOI MOEN TO3BOJISIE PEryaIOBaHHS MPOAYKTUBHOCTI y (QyHKUIi yacy
3a JIOIIOMOT OO 3aCYBKH a00 MIBUAKOCT1 00epTaHHA poboyoro Koieca.
BukoHaHO MOpiBHSIBHA OLIIHKA CIIOKMBAHHS €JICKTPUYHOI EHEprii MpH peryatoBaHHI MPOAyK-
THUBHOCTI 32 JJOIIOMOT'OI0 3aCYBKH 1 IIBUAKOCTI 00epTaHHs poOOYOro Kojieca HACOCHOTO arperary.
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MATHEMATICAL MODEL OF VARIABLE PRODUCTIVITY PROCESS
PUMP UNIT OF THE WATER SUPPLY SYSTEM

Abstract

The paper solves an actual scientific problem, which consists in the development of a mathe-
matical model of the pumping unit in the variable performance mode. Built compatible characteristics-
contacts of the pump unit and the network according to the load schedule when adjusting the perform-
ance by the valve and the speed of rotation of the impeller. The functional scheme of the electric drive
according to the CF-AM system is given. The purpose of the study is to develop a mathematical model
of a pump unit in variable performance modes with a frequency-controlled electric drive of alternating
current to ensure the necessary parameters (pressure, performance) and reliable water supply to con-
sumers in general. The structural diagram of the linearized model of the pumping unit was developed.
A comparative evaluation of the simulation results was performed when adjusting the variable produc-
tivity by the valve and the speed of the impeller. From the above results of mathematical modelling, it
was determined that the application of the developed model allows the regulation of productivity as a
function of time using a latch or the speed of rotation of the impeller.
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