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Beryn

[TuTaHHS TABUINICHHS HAIIAHOCTI CHCTEM €HEPromnoCTavyaHHS SK CKJIAJIHOTO
pO3TadyXEHOTO JIAHIfOra TeHEpyBaHHS, TEPETBOPEHHS, INepeaadi eHeprii 1o
CIIO’KMBayuiB B JaHUW dYac HaOyJIM OCOOJMBOI aKTyallbHOCTI Yy 3BSI3KYy 3
YCBITOMJICHHSIM TOTO (DaKTy, IO HE TUIBKU MIAMPUEMCTBA a00 OKpeMi MEXaHi3MH,
ajie 1 collainbHa cdepa CycnuIbCTBA BUSBISIOTHCS YPa3IMBUMHU MPU MOPYIICHHSIX
CXEMHOro ab0 CHCTEMHOr0 XapaKTepy HaBiTh HEBENWKOi TpuBasiocTi. Hemoorinka
1l€i 0OCTaBUHM NPHUBOJIUTH N0 PAAY KPYHMHUX aBapiiHUX CHUTYalllil, BUKIMKaAHUX
CTUXIMHUMH auxamu. JIIKBigalis HACIiAKIB aBapiii B CUCTEMax eJeKTPOIOCTavyaHHS
BUMAarae 4YuMajnx BUTPAT, JIOJCHKHUX 1 MaTeplaJIbHUX PECYPCIB.

CucreMu KOMIUIEKTHUX €JIEKTPOIPUBOIIB CTBOPIOIOTHCS CHEIIAIBHO IS PSITY
MEXaHI3MiB, [0 BIAPI3HAIOTHCA KOHCTPYKTUBHUMHU OCOOJIUBOCTSIMHU, THHAMIYHUMU
XapakTepucTukamMu. B okpemMux BuUNagKaX TEXHOJIOTIYHI MeEXaHI3MU BHOCSTH
ICTOTHUI BIUIMB HAa JUHAMIKY €JIEKTPU(IKOBAHOTO arperary i ix HeJAOoOIlIHKa, HABITh
Py TPOCTHX peaji3aimisiXx CUCTEM, MOXE JaTH HETaTUBHHHA pe3ysibTar. Takum
MEXaHI3MOM MO’KE€ BBA)KaTUCS HACOCHA YCTAHOBKA - CKJIAAHUI JUHAMIYHUN 00'€KT,
XapaKTEPUCTHKU SIKOTO HE TUIBKM HE JIOCTaTHRO TMOBHO BHBYEHI, ajié MaloTh
BJIACTUBOCTI 3MIHIOBATUCS 3 PSIIY IPUUMH.

Metow kBajiikaniiiHOi podOTHM € YJAOCKOHAJIEHHS EHEPreTUYHUX
XapaKTEPHUCTHK EICKTPOIPUBOAY HacocHOTOo arperary moxaeni CA 125/315.

O00'exToM gocaigkeHHs € KOMOIHOBAaHOBAaHE YIPABIIHHA pPEKUMAMHU
HAaCOCHOI YCTaHOBKH.

IIpeamerom pociimkeHHst € HacocHui arperat moaen CA 125/315.

Ha cywyacHomy erami pO3BUTKY MPOMHUCIOBOCTI MOXHA TOBOPUTU MPO
BIJICTABaHHS TPAKTUKUA TMPOCKTYBAHHS Bl KOHKPETHHX MOTPEO MiMPUEMCTB JIs
CTBOpPEHHSI 1 3a0€3IeUeHHsI aBapiiHOTO eyeKTpornocTayaHds. He BU3HaueH1 NMUTaHHS
METOJIOJIOTIYHOTO MIAXOAY 0 PO3PaXxyHKy 1 BH3HAYEHHS MOTYXHOCTI aBapiifHOTO
JUKepenia, BU3HAYEHHIO YMOB 3alyCKy MOTYXHHUX €JIEKTPONPHUBOIIB. AKTYaJIbHICTb

ObOT0 IIMTAHHIA Hi,Z[TBCp,II)KYCTI)CH THM, IO HYCKOBi PEKUMHN  BHUABIIIIOTHCA
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Halypa3IMBIIIOK JIAHKOKO B CTBOPIOBAHIN CHUCTEMI aBTOHOMHOTO >XKUBJICHHS 3
OPUYUHU OOMEXKEHOI TMOTYKHOCTI 3raJlaHoro Jpkepena. B 1bOMy BHIAIKy
BOKJIMBUMU 1 aKTyalbHUMHU € THTAaHHS  BUKOPUCTaHHS  PETyJIbOBAHOIO
eJIEKTPOTIPUBOLY, SKUH HaWOLIbII TMOBHO BUPINIYE 3aady MYCKOBHUX PEXHUMIB MpPHU
MaKCUMaJIbHUX EHEePreTMUYHUX TNOoKa3HHWKaxX. [IpenctaBisie 1HTEpeC MOILIYK MUISAXIB
Y3rOJKEHHS TapaMeTpiB  €JIEKTPOYCTATKYBaHHS 3 aABTOHOMHOIO T'E€HEPYHOUYOIO
YCTaHOBKOIO.

HaiiGinpm  paimfioHalbHUM MPEJCTABISETHCS BapiaHT BUPIMICHHS 3ajadyl
MIJBUIIICHHS HAIMHOCTI CUCTEMU €JIEKTPOINOCTAaYaHHS B aBapiiHUI MepioJl NUISTXOM
LIJICOPIEHTOBHOTO  3aCTOCYBAaHHsSI aBapliHOTO KUBJEHHS EHEPrOyCTaHOBOK, SK
OJTHOTO 3 OpraHizaliifHO-TeXHIYHMX 3aXOJIB MIJANPUEMCTB, 3 OOOB'S3KOBUM
BUKOPHUCTAHHSAM TPHUCTPOIB Y3TO/PKCHHA 3 KOMIUIEKTOM amapaTtypyd YOpaBIiHHA 1
3aXUCTY, SIKE BCTAHOBIIIOETHCS HA MIANPUEMCTBI.

["apantoBane Oe3aBapiiiHe €NEKTPONOCTAYaHHS JJIS OUIBIIOCTI MiJMPUEMCTB
NPaKTUYHO HE3M1MCHEHHE 4Yepe3 3HayHl KalliTajdbHl BUTpPaTH TMpU TEXHIYHINA
peamizaiiii Tux abo 1HIIMX Mpomo3uIlii. EnekrponocrauyanHs 3 BIJOMHM CTYIIEHEM
HAJIAHOCTI PEasli30BYETbCS B CHUCTEMAX 3 PE3EPBYBAHHSM EJIEKTPOXKHUBICHHS BIJ
IHIUX JpKepen. MokiauBuii 30MTOK BiJ BTpPATH €JIEKTPOKWMBICHHS HAaBITH MpU
HE3HAYHIN BIPOTITHOCTI MOTO MOSIBH B YMOBAaX HACOCHHUX CTaHIIINA 3aJI€KHUTh, SK BiJ
MPUYUH TEXHOJOTIYHOTO XapaKTepy, Tak 1 BiJ TPUBAJIOTO aBapiiHOrO BIAKIIOYEHHS
€JIEKTPOKMBIICHHSI.

3a JOMOMOrO HAcOCIB MOKHA TMIJHIMATH PIIMHY HAa TIE€BHY BHUCOTY,
TPaHCIOPTYBaTH Ha HEOOXIJHY BIJACTaHb, NPUMYIIYBATH LHUPKYIIOBATH ii B
3aMKHYTIH CUCTEMI.

B ymoBax ekcmtyatallii HAacCOCHHUX arperariB OyBa€ HEOOXITHO MaTu
MOJKJIMBICTh PEryJIOBaTH IOAauy Hacoca B JOCUTh IIUPOKUX Mexax. g 1poro
HIMPOKO BUKOPUCTOBYIOTH CIIOCOOH PEryIIOBAaHHS MOa4l HACOCIB:

- JIpoceJIbHE PEryJIIOBaHHS;

- peryJIOBaHHA pPEXKHUMY pOOOTH Hacoca 3MIHOK YacTOTH OOepTaHHS

pobouoro KoJeca;



- YHCJIOM BKJIIOYEHHS HACOCHUX arperarib.

HasBHicTh «Oe3medHoro» iHTEpBaly Yacy, IO CHIAye€ 3a aBapi€ro, aae
MOXJIMBICTh ~ MIANPUEMCTBAM  BUPINIYBaTH TIOCTABJICHY 3aJady aBapiiHOIO
CHEPrOKMBJICHHS HAa HU3bKOMY TEXHIYHOMY PiBHI, 3 MOXJIMBOCTSIMH BUKOHAHHS
HEOOX1THUX (PYHKIIIH 13 MOPIBHAHO HE3HAYHUMHU KalliTaIbHUMH BUTpaTaMU .

AHari3 NoB'sI3aHUX 13 3aBJIaHHAM aBapiHOTO KUBJICHHS MTUTaHb MTOKa3aB, 1110
BUX11 MOXJIMBHUI IPU BUKOPHUCTAHHI ONEPATUBHO - (OPMOBAHUX CHCTEM aBAPIHHOTO
CJIEKTPOIIOCTAaYaHHSI.

[Toganepmmii po3BUTOK 3aBAaHHS MPUBENE A0 HEOOX1THOCTI OI[IHKU BapTICHUX
XapaKTepUCTHK 3TalaHuX CHCTeM. MOXXHa TOBOPUTH MPO T, IIO 3alpONOHOBaHi
pILIEHHST 3a BapTICTI0O Ha TMOPSJAOK HUXYl 3a CHCTEMH, IO 0a3yloTbCid Ha
HECTAH/JAPTHOMY YCTaTKyBaHHI. JIOCHIIPKEHHS TMOKa3aJd pIlIeHb MJi1 CHUCTEM
aBapifHOTO EJIEKTPOINOCTAayaHHs, IO ONEpaTUBHO (OPMYIOTHCS B XOA1 PO3BUTKY
aBapii - Hemae.

B nanmii yac 3'sBusiach peaqbHa MOXIJIMBICTH CTBOPEHHS ONEPATHUBHO -
dbopMOBaHUX JDKEpeT ENEeKTpOeHEeprii y 3B'A3Ky 13 CTBOPEHHSM MPHUCTPOIB
MEePETBOPIOBATILHOT TEXHIKM HOBOTO TIOKOJIIHHS, IO BiJAPI3HAETHCS BUCOKUMHU
CHEPreTHYHUMHU TIOKa3HUKaMM, 1 MajluMU Baroio Ta Trabaputamu. [Ipommciiosi
TPaH3UCTOPHI  TEPETBOPIOBAaYl  YAaCTOTH, IIMPOKO  BUKOPUCTOBYIOTHCS  Ha
MiAMPUEMCTBAX SK EJIEMEHT pPeryjlbOBaHOTO AaCHHXPOHHOTO TPHUBOAY, € TIEHO
HEBHCTAYAIOUOI0 YAaCTHHOIO, Yepe3 Ky i7iesi CTBOPEHHS ONEPATHBHO - (DOPMOBAHUX
JDKEpeN 10 HeJJaBHBOTO Yacy po3Tiisaanacs sSK MPUHIIMIIOBO HE MOXKIIMBA.

VY aBapiiiHux pexumax MOTY>KHICTb HACOCHUX CTaHIINA ICTOTHO BIPi3HAETHCA
BIJI TI€1, KA XapakTepHa IJisi HOMIHAJIBLHOTO PEKUMY TPH KUBJICHHI B1JI MPOMUCIIOBO1
Mepexi. Ilpu aBapiliHOMy JKUBJIEHHI MOXJIMBAa HACTyllHa  KOMIIOHOBKa
CJICKTPOKUBIICHHS JBUTYHA HAacOcCa:

- JKUBJICHHS BiJ aBTOHOMHOTO JKepena 3 yactoToro 50 ['11 3 BUKopucTaHHIM
aepoJMHAMIYHUX METO/IIB PETYIIOBAHHS NPOAYKTUBHOCTI;
- KUBJICHHAM 3HIDKEHOIO YacTOTOI0, aje B yMOBax HallOUIbII

€KOHOMIYHOT'O PEKUMY POOOTH MEXAHIZMY.
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3 eHepreTHMYHOi TO3WIli JBa IMX METOAY HEaJeKBaTHI, MPUIOMY
e(EKTUBHIIINM, SIK TTPABUJIO, BUSIBIISETHCS APYTUA METO/.
Jlit0 cucTeM MPOTHABAPIMHOTO 3aXKMCTYy 1 aBTOMATHUKHU 3a0e3neduye MBUAKE 1

HaJ(iliHEe BITHOBJICHHSI HOPMAJILHOTO €ICKTPOIIOCTAYaHHSI.
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1. TEXHOJIOI'TYHA YACTHHA

1.1. 3aeanvua xapakmepucmuka npoyecy nooauyi i po3nooiny yucmoi 600u

1.1.1. Onuc mexnono2iunoi cxemu cucmemu MicbKo20 6000NOCMAYAHHS

CucremMr BOJIONIOCTaYaHHA € KOMIUIEKCOM B3a€MO3B'S3aHUX  CIOPYII,
MpU3HAYCHUX JJIs1 3a0€3MEUEHHS CIOXKHUBAviB MICTa, MTPOMUCIOBOTO MIiANPUEMCTBA,
MIIPUEMCTB CLIBCHKOTO TOCIIOAPCTBA BOJIOK0. Y 3arajbHOMY BUMNAJAKY JI0 3aB/IaHb
CUCTEMHU BOJAOIOCTAYaHHS BIJHOCSTBHCSA: OTPUMAHHS BOAM 3 IMPHUPOJHOrO JKEpEIa,
MOJINIIEHHs 11 SIKOCTI BIAMOBIAHO JO BUMOT CHOKHUBAYiB, TPAHCIIOPTYBaHHS Ha
TEPUTOPIIO 00'€EKTY 1 Moja4a 0 BCIX 3aJaHUX TOYOK BimOopy. Ilpu npoMy B TOoukax
BII0OpY TNOBHMHEH OyTH 3a0e3Ne4YeHil 3aJaHuii THCK B TpyOax BOJONPOBIAHOI
Mepexi [1].

BiamoBinHo 10 nepepaxoBaHUX 3aB/IaHb JI0 CKJIaJy CUCTEMHU BOJOIOCTAYaHHS

BXOOATH HaCTyHHi BUIU BOI[OHpOBiI[HI/IX criopyna:

BO103a01pHI CIOPY/IH, IO 3A1MCHIOIOTH 3a01p BOAM 3 BUOpPAHUX JIJIsl JJAHOTO

00'€KTy PUPOTHUX JKEPEIT;

- HAaCOCHI CTaHIlli, 10 CTBOPIOIOTh HEOOXIAHWM TUCK Yy BOJOHAMIPHUX
TpyOax aJis mojaadi 3aIaHUX BUTPAT BOJIM HA 33JIaHy BUCOTY;

- CIIOPYIX JJI OYHUILEHHS 1 OOpoOKM BOAM, JJIsi TOJIIMIICHHS SKOCTI
MPUPOJIHOI BOJIU BIATIOBITHO 10 BUMOT CIIOXKHBAya;

- BOJOBOJM 1 BOAOIPOBIIHI MEPEXKIi, 1[0 TPAHCIIOPTYIOTH BOJY 10 O0'€KTIB 1
MicCIb 1 CIOKMBaHHS,

- peryjroro4i 1 3alacHi €EMKOCTI;

- pe3epByapu Pi3HUX THMIB I 30€piraHHs 1 aKyMYyJISIIIii BOJH.

V 3arasipHIi cXeMl BOIOIIOCTa4YaHHsI HACOCH] CTAHII] HOIISIFOTHCS:

Ha CTaHIl Mepmoro migidoMy, IO 3a0upalTh BOAY 3 JDKepela
BOJIOTIOCTAYaHHS 1 MOJAIOThH il HA OYMCHI CIOPYAH abo Oe3mocepenHno y

BOJIOHAIIIPHY OaIlTy;
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- CTaHIii ApPyroro migdoMy, IO MOAAIOTh BOAY IICIS OYHUIIEHHS a0o
3M'SIKIITYBaHHS B MEPEXKY CITOKUBAYa.

[To BigHOIIEHHIO A0 TOBEPXHI 3€MJI HACOCHI CTaHIli MOXYTh OyTH
MOBEPXHEBUMH, MIA3EMHUMH 1 TITUOMHHUMH - MIAXTHOTO THITY. 3a THIIOM IX
YCTaTKyBaHHS PO3PI3HIIOTh HA CTAHIl 3 MApOBUM YCTAaTKyBaHHSIM, JBUTYHAMU
BHYTPIIIHBOT'O 3TOpaHHs, €JIEKTPOJABUTYHAMH 1 3MINIAHUM YCTATKyBaHHSM, a 3a
crIocoO0OM YIIpaBIiHHS - HA CTAHIIIi 3 aBTOMAaTHYHUM 1 PyYHUM yTIPABIiHHSIM.

Bogonamipui cropyau Tpu3HAuYeHl JJIsi  pPEryJIOBaHHS 1OJadi  BOJU
CIIOKHUBaYaM, MIATPUMKY THUCKY B MEpeXi, 30epiraHHs HeJJOTOPKAHHOTO MOXKEKHOTO
3armacy.

HacocHi arperatu mijgOuparoTh 3a iX XapakTEpUCTHUKaMHU 3 YMOBU CILUIBHOT
poOOTH HACOCIB 1 BOAOIMPOBIIHOI MEPEXKI MPU PIZHUX PEKUMAX BOJOCIOKUBAHHSL.
[TinGuparoun HacocHu, HEOOX1IHO BpaxoByBaTH rpadikud BUTPATH BOJM 1 CE30HHI
KOJIMBAaHHS, & TAKOXK BEJIMUUHY PETYJIIOI0Y01 EMHOCTI Pe3epByapiB.

KinpkicTh BCMOKTYIOUMX JIiHIM Ha HACOCHUX CTaHIIISX, 00JIAIHAHUX JABOMA 1
OUIBIII HacocamMu, MOBHHHA OyTH HE MEHIIE JIBOX. 3aCYBKM Ha BCMOKTYIOUHUX JIHISX
BCTAHOBJIIOIOTh TUIBKHU Y pa3l po3TallyBaHHS OCl HACOCIB HMXKYE 32 TOPU3OHT BOJU B
JUKEpell, TAKOXK SIKIIO € TEPEMUKAHHS MI>K BCMOKTYIOUMMHU JIIHISIMU.

Ha nmucti 3 KOHCTPYKTOPCHKOI JOKYMEHTAIlli MpeICTaBlieHa TEXHOJIOT1YHA
cxema mpoliecy moaadi Boau. Bojxa HagxoauTh B 3arajibHUN TPyOONpoBin 1

3 xoxen. IToriM BinOyBaeThes

3aKadyeThCs B JBa pe3epByapu ob'emom 19000 m
XJIOpYBaHHS BOJU. 3 HACOCHOI ycTaHOBKHM Nel Bo/ia MOJA€ThCS i MO0 TPAH3UTHOMY
BOJIOBOJTY JIO CIIO’KHBaua.

3 pe3epByapy Ne2 Bojia HaIXOUTh Ha HACOCHY CTaHIlII0 Ne2, ska Mmoaae BOIy
B MicTo Kpemenuyk I[lontaBcbkoi o61acti. Ha Bxo1 1 Ha BUX0/11 B KOXKEH pe3epByap
3HAXOMATHCS 3aCYBKU JJIsi PETYJIOBaHHS MPOIECY HAAXO/KCHHS BOAH. Y KOXHOMY
pe3epByapi 3HaXOAUTHCS TIO JIBA TATYMKH PIBHS BOJM (IaTUYMK BEPXHHOTO PIBHS BOAH
1 JaTYMK HIKHBOTO PIBHS BOJIN).

Ha nacocHiii craniii Ne2 3HaX0IUTHCS YOTUPU HACOCH BKJIIOUEHI MapayieIbHO

(nBa poboul, Ba pe3epBHi), fAKi OEpPyTh BOAY 3 pe3epByapy 1 MOAAIOTh HA MICTO.
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Hacocu cnomydeHi B 3araJibHUi HamipHUM  KOJEKTOp, HA BHUXOMAl SKOTO
pO3TaIlIOBaHUM 3BOPOTHUM KIiamaH 1 3acyBKa MAJis PEryJIIOBaHHA MOJadyi BOAM B
MICBKY MEPEXKY 1 JaTYMK THCKY, III0 BUMIPIOE TUCK BOJIM HA BUXOI1 HACOCHOI CTaHIII{
Ne2.

Po3mipu okpemMux crmopya 1 yCTaHOBOK, KUIBKICTh 1 MOTYKHICTh HAacCOCIB,
MICTKICTh pPe€3epByapiB, BUCOTY 1 MICTKICTh BOJOHAIIPHUX OaiiT, AiaMeTpu Tpyo
3HAXOJATh IUIIXOM PO3PAXYHKY LUX €JIEMEHTIB BiAMOBIAHO A0 KUIBKOCTI BOAHM, IO
MO/IA€THCS, 1 3 HAMIYEHHUM JIJISl HUX PEKUMOM POOOTH.

OCHOBHMM YHMHHUKOM, 1110 BU3HAYAE PEKUM POOOTH BCIX €JIEMEHTIB CUCTEMHU
BOJIONIOCTAYaHHs, € PEKUM BUTPAyaHHS BOJU CIIOKHBA4aMH, SKUX ISl CHCTEMa
NMOBMHHA OOcCiyroByBaTH. Tak, mpu TPOEKTYBaHHI BOJOMPOBOAIB MPOMHUCIOBHUX
NIOPUEMCTB  PEKMM  BUTpaTH BOAM HA BUpPOOHMYlI ToTpedu - rpadik
BOJIOCTIOKUBAHHA MOXK€ OyTH 3aJaHuil JOCTaTHbO TOYHO BIJIIOBITHO  JIO
TEXHOJIOTTYHOTO MIPOEKTY MiIMPUEMCTBA.

HaGarato ckmajgHime MOpPOTHO3YBaTH PEXHM  BOJOCIOXHBAHHS  IPHU
MPOEKTYBaHH1 BOJOMPOBOJIB HACENEHUX MYHKTIB. Y TaKUX BOJOMPOBOAAX PEKUM
BUTpPAYaHHS BOJM HACEICHHSIM BH3HAYAETHCS IIJIMM PSJAOM YMHHHKIB MOOYTOBOTO
XapaKkTepy, MOB'I3aHUX 3 PEKUMOM KUTTSA 1 TPYOBOIO AISTBHICTIO JIOJIEH.

Big ouncHOI cTaHIl 0 MICId CHOKMBAHHS BOJA MOAACTHCS 10 BOJOBOIAX, a
B MEXXaX MiCTa BOHA PO3NOJAUISETHCA MO Mepexki TpyO abo miHigM. Po3pi3HAIOTH JiHii
MaricTpajibHi 1 po3moauibHi (BynuuHi). KokHa marictpanbHa JiHIS 3a0e3nedye
BOJOIO LIJIUN pailloH micTa abo BEJIMKY Tpyly BYJIHIlb, KOKHA PO3MOILIbHA JIHIA
00CIIyroBy€ OJIHY BYJHUII0O a00 HEBENMWKY Tpymy Byiuib. OCHOBHE 3aBHaHHS IIi€l
Mepexi - Oe3mocepenHs mojada BOAM JO0 OKpeMHX OYyAMHKOBUX BiATaly/KEHb, a
TaKOX MiABEJICHHS BOJIM JI0 TTOXKEKHUX T1JIPAHTIB iJ] 4ac MOXKexi [2].

3riIHO 13 3aBJaHHAM, JOBXXHWHA BOJIOIPOBIIHOI JiHIT 29,4 KM.

JliameTpu 1 JOBXXHUHA TPYO, 1110 BUKOPUCTOBYIOTHCS Y BOJIOBO/II, 3aJI€XKATh BiJ

KIJIBKOCTI BOJH, AKa I10 HUM IIOAA€THCA.
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Bci cnokuBadi MigKITIOYEHI 10 BYJWYHUX PO3MOAUIBHUX TPYO, CTBOPIOIOTH
3aKOJIBIIOBAHHYIO MepexXy. Po3moineHI TpyOH yKIIanarTh MaiKe 1Mo BCiX OCHOBHHX
BYJIUIISX MiCTa.

Ha tpyGompoBoai 3HaxomuThesi 200 Bomo3abipHMX KOJOHOK. KibKiCTh
aOOHEHTIB, sIKa 00CIIYTOBYE JlaHa BOJIOIIPOBIIHA Mepeka, opieHTOBHO piBHa 12000.

HacocHhuit arperat 1 cuctema TpyOOIIpOBOAIB B Mpolieci poOOTH 3HAXOAATHCS
B IIEBHOMY TEXHOJIOTTYHOMY 3B'SI3KY.

[ToBHa BucoTa miIHOMY PIAMHM HACOCHOIO YCTAHOBKOIO MOXE OyTH
BUpaxkeHa (PYHKLIEIO BUTPATH :

H=H,+R.Q? (1.1)
ne R.- rigpapnivuamii onip Tpy6onposoxy, ¢/m>;
H_- cTaTU4HMI HaMip B MEpPEexI.

Lle piBHSHHS Ha3WBAKOTh TIJPABIIYHOIO XAPAKTEPUCTUKOK CHUCTEMU
TpyOomnpoBoiB. B pe3ynbraTi ananizy poOOTH HACOCHOI YCTaHOBKH OYJ0 3HAWIEHO
BUpa3 JJIg BU3HAYCHHs HaAmopy . BenwuwmHa TiApaBIiyHUX BTpaT A, 3aJIEKUTH Bij
niamerpy d, moBxkuHU TpyOompoBomiB |, koedimieHTa omopy A, KiTbKOCTI 1 BHIIIB BCIX

MiCIIEBHX OIOPIB, 4 TAKOXK BiJ KBaJpaTa MBUIKOCTI TeUil PiAMHM B HUX VZ, TOOTO:

h—(Z +2 1)v2 1.2
T — 4 dzg (')

Jie Xz -CyMMa KOe(illieHTIB MiCIIEBUX OIIOPIB.

Uepes 3MIHHUN XapakTepy BOJOCHOXXHBAHHS, PEXUMU HACOCHOI CTaHIi
3MIHIOIOTHCS. BiAMOBIIHO 0 IHOTO 3MIHIOETHCSA TOYKA POOOYOTr0 PEXUMY HACOCHOI
YCTaHOBKU. 3MEHIIYIOYH BIIKPUTTA 3aCYBKH, BBOJSATh JIOJAATKOBUM OMip HA HAMIPHINA
JiHIT 1 32 paxyHOK IThbOTO 3MIHIOIOTh XapaKTEPUCTUKY TPyOONpOBOAY. 3alECKHICThH
(axtuuHoi BUTpatu Qg B TpyOOIIpOBOAI BiJ ontopy R 3acyBkM y BicOTKax, HOKa3ye

110 13 3MEHIIEHHSIM CTYIEHsI BIJKPUTTS 3aCYBKH XapaKTEpHUCTHKA TPYOONpOBOAY
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KpYTillle TAHIMAETHCA Bropy. 3MIHIOIOYM BIJKPUTI 3aCyBKH, MOXKHA IUIaBHO
PETYIIIOBATH BUTPATHU BiJl MAKCUMYMY JI0 HYJIS.

Ha Buxomi HacocHoi cTaHIii (IMB. J0JATKW) BCTAHOBJICHA 3aCyBKa, sKa
PETYIIOE TUCK BOAM. PerymroBaHHs mMogadi BOU 31HCHIOETHCS TIOCTYIIOBO TIPOTSATOM
TOJIMHM JIJIs 3a1I001TaHHs SBUIILY T1paBIIdYHOTO yAapy.

[Ipu rigpaBaiyHOMY Yyaapi B TpyOOINpOBOJI BHHHMKAE KOJHUBAJIbHUMN
3aTyXar4uil TpoIec, SKUH CYMPOBOKYETHCS CIOYATKY PI3KMM ITiJIBUICHHSM, a
MOTIM TOHWXEHHSM THUCKY. HacmikoM riipaBiiqHOro yjuapy Moxke OyTH HTpOpHUB
TpyOONPOBOAY 1 BUTIK BOAM.

[IpoananizyBaBimin pgiarpamy Nel Gaummo, 110 B HIYHUM 4Yac THUCK BOJU B
TpyOONPOBOI MIATPUMYETHCSI Ha MIHIMAILHOMY PiBHI, HEOOXIAHOMY HJisi poOOTU
NIAOPUEMCTB. Y Mipy 30UIbIICHHS AKTUBHOCTI HACEJIEHHA MOCTYIIOBO MPOTITOM
roquan (3 5.30  nmo 6.30) miaBUIIYETHCS 3a JOMOMOIOI 3aCyBKH THCK B
TpyOompoBoAi. Y BHUXIIHI [JHI TPOTATOM JOOM B MaricTpajli MiATPUMY€EThCS
MOCTIHHUN THUCK B 5 Krc/cm?. Y 3B'SI3KYy 3 TUM, 110 B OyJHI JAHI BOJIa TIOJAETHCS 3a
rpadikoM, MaKCUMaIbHUN TUCK MIATPUMYEThCS TieBHY roauny (6.30 - 9.00 1 17.00 -
22.00), KoJiIu OCHOBHA YaCTHMHA HACEJIEHHS 3HAXOJIUTHCS yaoMma. Y pemTy yacy ao0u
MIATPUMYETHCS MIHIMAJIBHUIN TUCK B TPYOOIIPOBO/IL.

3 miarpamu Ne2 6auumo, 1110 PiBEHb BOJIM B PE3EpPBYapi KOJIUBAETHCS B MEKAX
Bix 2,5 M 10 4 M 3aJeXHO BIJ HaAXO/PKEHHS BOJHU 13 3arajbHOro BOJOBOJA 1
CTIO’)KMBAHHS HACETICHHSIM.

[IpoananizyBaBmin miarpamy Ne3 GauuMo, 1110 B HIYHUM Yac BUTpaTa BOJU B
TpyOONpoOBOAI MiHIMaNbHA. Y Mipy 301JIbILIEHHS aKTUBHOCTI HACEJIEHHS CIIOXKUBaHHS
BOIM 30UIBIIYETHCSA. Y BUXIAHI JHI MPOTITOM JHS BOJA BUTPAYAETHCS MPHUOIU3HO B
onHakoBoMY 00'eMi 575-600 M3, V 3B'A13Ky 3 TUM, 110 B OYy/HI JHI BOJA IOJAETHCA 3a
rpadikoM, MaKCUMaJIbHE CTIIOKMBAHHS BOAM BIIOYBAE€THhCS y TOAWHY, KOJIM OCHOBHA
YaCTUHA HACEJICHHS 3HAXOAUTBhCS yaoma. Y PEITy Yacy J00M BHUTpara BOAH

MiHiManbHa 115 M2,
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1.2 . Xapaxmepucmuxa enekmpoycmamxy8anHs HACOCHO20 azpe2amy MoOoeli

CA 125/315

Hacochi cranmii o0naJHYyIOTh HACOCHUMH arperaramu, BCMOKTYIOUHUMH 1
HaIIPpHUMU TPYOONPOBOAAMH, MPUCTPOSIMHU JJIsi 3aJIMBKM HACOCIB, MPOTUYAAPHUMU
NpuialaMyd, KOHTPOJbHO-BUMIPIOBAIBHOIO amapaTyporo 1 3amipHO-pEeryItoBaIbHOIO
apMaryporo.

Po3ranryBaHHS HACOCHHMX arperariB i1 TpyOOIpPOBOJIB B HACOCHIN CTaHIIIi
MOBUHHE 3a0e3rnedyyBaTd HAJIMHICTh POOOTH, 3PYUYHICTh, MPOCTOTY 1 O€3MmeKy
00CIyroByBaHHs, MiHIMaJIbHY MPOTSKHICTh KOMYHIKAIIX 1 MOKJIMBICTh PO3LIMPEHHS
CTaHIII.

J1o OCHOBHHUX MapaMeTpiB HACOCA BIIHOCATHCS: MOJIava, Harip, MOTYKHICTb 1
Koe(dilieHT KOpUcHOi Ail [2].

Ilooaua nacoca Q € 06'eMoOM piJIUHM, 11O MMOJAETHCS HA OJUHUIIIO Yacy 4epes
HanipHuii narpy6ok. Ilogady BuMipiorots B n/c, M%/c, M*/roa. Inoni ii Ha3MBAIOTH
BUTPATOIO PiJIUHU.

Hanopom nacoca H € pi3HMIM NUTOMUX €HEpridi MOTOKY PIAUHU Yy
BUXITHOMY €2 1 y BXITHOMY €; marpyOkax Hacoca. Hamop BUMIPIOIOTH B MeTpax
BOJISIHOTO CTOBIIA.

Xapaxmepucmuku Hacocis. J1ns pallioHAIBHOTO BUKOPUCTaHHS BiAIICHTPOBUX
HAcCOCIB B yMOBaX €KCIUTyaTaiii HEoOXiIHO 3HaTH B3a€EMO3B'SI30K MK IMOAAuEIo,
HAIMoOpoOM, CIIOKMBAHOIO TMOTYKHICTIO 1 1HIIMMH IapaMeTpamMu Hacoca Mpu Pi3HUN
pexumax ioro poootu. L1 mani npeacTaBiastoThCa y GOpMi XapaKTEpUCTUK HACOCIB.

JIJist BIAIIEHTPOBHUX HACOCIB PO3PI3HSAIOTH TEOPETHUYHI 1 €KCIIEpUMEHTaIbHI
XapaKTePUCTHKH.

Teopemuuni xapaxmepucmuxy BU3HAYAIOTh, KOPUCTYIOUUCh OCHOBHHUMH
PIBHSIHHSIMU BIJILIEHTPOBOTO Hacoca. Y peaqbHuX yMOBax Ha poOOTy Hacoca BILUIUBAE
O0arato pi3HUX YWHHUKIB, SIKI HE 3aBXJIUM MOXJIMBO BpaxyBaTH, TOMY Takli

XapaKTePUCTUKU MAIOTh JI€AKl HETOYHOCTI 1 HUMU MIPAKTHYHO HE KOPUCTYIOTHCS.
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Excnepumenmanvni  xapakmepucmuxu — OyoylOTb  3a  pe3yibTaTaMu
BUTIPOOYBAaHHS HACOCIB B 3aBOJACHKUX Jab0OpaTopisix, BOHU BiTOOpakaroTh IHACHI
3aJIEKHOCT1 MK IMapaMeTpaMu Hacoca.

['padikm, 1m0 BUpaXkaroTh 3alekHICTh Hanopy H, crokuBaniii moty»xkHocTi N,
Koe(ilieHTa KOPUCHOI /i1 1] Ta BAKYyMMETPUYHOT BUCOTU BCMOKTYBaHHS Hpax gon, 110
JIOMyCKA€ThCs, B mojayi Q mpu mocCTiHHIM YyacToTi oOepTaHHs n 1 MEeBHINA dopmi Ta
po3Mipax TPOTOYHOI dYacTWMHH (poOOYOTO KoJieca), HAa3MBAIOTh POOOUYNMH
XapaKkTepUCTUKaMH Hacoca.

Ha poboumx xapakTepuUCTHKaxX HACOCIB, IO TPUBOAATHCS B KaTajorax
3aBOJIaMH - BHUPOOHHMKaMHU, Ha KpuBiid H XBUIISICTUMU JIIHISIMH yKa3yeTbcs 00JIaCTh
BUKOPHCTAHHS HAacoca, L0 PEKOMEHIYeTbCsA. 3a3BUuYail 110 00J1acTh BUOMPAIOTh
Takoro, mo6 3HmkeHAS KK/ HIKYE 1yaxe HE TIEpEBHUIITYBAIO 5-8%.

XapakTeprucTUKa Hacoca JA€ThCs AJI MOCTIMHOI YacTOTH OOepTaHHs, PiBHOI
HOMIHANBHIN. 3anexHicTe momadi Q, Hamopy H 1 moryxsocTi N BiAIIEHTPOBOTO
Hacoca B1JI YaCTOTH WOro oOEpTaHHS N XapaKTEPU3YETbCS HACTYNHUM PIBHSHHSAM

MPOTIOPIIIAHOCTI:

Q_n H_ (2)2; N_ (1)3 (1.3)

KoedinieHT kOopucHOi il Hacoca 1 Mpu 3MiHI HOro 4aCTOTH OOEpTaHHS n B
JIOCUTh IIMPOKUX MEXaX 3MIHIOEThCS Yy HE3HAuHI Mipi, TOMY MpU 3MEHIICHHI
yacToTu 00epTanHsa 10 50% NpakTUYHO MOKHA MPUUMATH 1)1=N).

BakyymmeTrpruyHa BHCOTa BCMOKTYBAaHHSI, IO JOIMYCKA€TbCA, JUIsI HOBOI

4acTOTH 00EpTaHHS N1 BUSHAYAETHCA 32 POPMYIIOIO:

n o nl 2
H™" =10 — (10 — H™" (7) (1.4)

Bak1l

Cmix BiaAMITATH, 1O Hjonpax. 3MIHIOETBCS JIOCHUTH 3HAYHO 13 3MIHOKO N,
0CO00JIMBO B 00JIaCTI BEJIUKUX MMOIAY.

Y BIAIIGHTPOBUX HAcocax I JOJATKOBOTO 3CYBY XapaKTEPUCTUKH, B
OCHOBHOMY II0 HAmopy, i B JIAHIFOTax PO3MIUPEHHS 00JIaCTi 3aCTOCYBaHHS HACOCIB

3aCTOCOBYIOTH OOTOUKY po0OOUYOro KoJjieca 1o 30BHINIHBOMY JiaMeTpy. BcraHoBiieHo,
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IO MpH 3MEHIICHHI 30BHIINIHBOTO JiaMeTpy pobouoro komneca Ha 10-20% KK
HAcOCa 3MIHIOETHCS HE CYTTEBO.
Xapaktepuctuky Q-H Hacoca 13 3MIHHOIO IIBHJKICTIO OOEpTaHHS MOKHA
MPEICTAaBUTH 3AJIEKHICTIO:
H = Hyv? — R,Q% (1.5)
ne Ho - Hamip nmpu HyJIbOBI# Mogadi;

V - BIJIHOCHA MIBUKICTh OO€PTaHHs poOOYOro KoJeca:

v = w—H (16)

R, - BHyTpilIHIIi onip Hacoca.

Hacocu 3 “MakcumMyMoOM” OMUCYIOTHCS allPOKCUMAIIIHHOIO 3aJI€KHICTIO!

H = A,v? + B,vQ + CQ? (1.7)
ne A,,B,,C, - KoedilieHTH anpokcumallii, BHU3HAYEHI 3 MMACHOPTHHUX
XapaKTEPUCTUK HACOCIB.
Ilomyoicnicms Hacoca. KopucHa mOTYXHICTh N; BHU3HAYA€THCS MOAAYCIO
Hacoca, M0 31MCHIOETbCS HUM TP MiANOMI PIAMHU B OAMHUIIO Yacy Ha BUCOTY
Hacoca H, ToO6TO KOpHCHa MOTYKHICTh Hacoca B KBT:

_ PgQH
1000

ne p - WIBHICT PiguHH KI/M°,

N, (1.8)

Q - BuTpara, M°/c;
H - namip Mm;

g = 9,8M?%/c - IPUCKOPEHHS BIIHOTO Ha iHHS.

[loTyxHicTh, cnoxuBaHa HacocoM Ny, HacmpaBal OuIblIe KOPHUCHOI
noty>xHocti N, yHaciaiiok TOro, 10 YacTHMHa €Heprii, Ky Hacoc OTPUMYE BiJ
JBUTYHA, BUTPAYAEThCS HA MOJOJAHHS TiJIPaBIiYHOrO OMNOpPY YCEpEeaHHl Hacoca,
TEepPTSA B MEXaHI3Max 1 BUTIK PiMHU, B CAaMOMY HAcOC1 4epe3 3a30pH 1 HEUIIJIbHICTh B

KOHCTPYKIIIi.
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[ToBHUM KOe]iIliEHTOM KOPHUCHOI Aii Hacoca Ty Ha3UBAIOTh BiJHOIICHHS

KOPHMCHOT MOTY>KHOCTI Hacoca JI0 CII0XKUBAHO1 OTY>KHOCTI1, TOOTO:

Ny,
Ny = N_H (19)

KoedimienT kopucHoi 1ii HACOCHOT YCTaHOBKHU:

77yCT = nnepn,aBnH;
€ Muep - KOS(PILIEHT KOPUCHOT A11 IEpeayl BT ABUTYHA 10 HACOCY;
Nz - KOEDIIIEHT KOPUCHOT /111 IBUTYHA.

YacTo B HACOCHHX YCTaHOBKax BOAOIOCTAaYaHHS 3aCTOCOBYIOThH BiILIEHTPOBI
JIOTIaCTHI HACOCH.

OcHOBHMM pOOOYMM OpraHoM BIIIIEHTpoBOro Hacoca (puc.l.l1) € poGoue
Kojieco 1 3 KpHUBOJIHIMHUMHM JIONACTSAMI 2, HAacaJyKeHe Ha BaJl 3 1 pO3TalllOBaHE B
kopnyci 4. Boma HagxoauTh B HAcOC Yepe3  BCMOKTYIOUMH maTpyOook 5 10
LHEHTPAJIbHOI YaCTUHU pOOOUYOT0 KOJieca 1 BUKUAAETHCS 3 HHOTO B CIIPaIbHY Kamepy 1
Jail B HanmipHUi naTpyook 6.

S0 YacTUHKM PIAWHU, IO 3aKPY4YYHOThCS JIOMATKaMHU, i JIi€l0
BIILICHTPOBOI CWJIM BIAKUJAIOTHCA BiJ LIEHTPY Kojeca A0 mnepudepii, OTpUMYIOTh
nesike 301TbIIeHHS] eHeprii. 3aBIsSKU 1IbOMY Ha BHXOJ1 3 JIOMATOK poOOYOro Koseca
TUCK 1 IIBUJIKICTh YACTUHOK P1IMHU O1JIbIIIA, HIXK MEPE]T BXOJOM B KOJIECO.

B ueHTpi pobouoro koseca yTBOPIOETHCS PO3PIIKEHHS, KyId HAAXOIUTh
piarHa 32 paXyHOK PI3HUII TUCKY B OCI KOJIeca 1 Ha TIOBEPXH1 BOJU B MPUHMATLHOMY
kojeci. [licnga Buxomy 3 KoJjieca piIMHU HAAXOAUTH B CIIPalbHY KaMmepy, *KUBUN
NEPETHH SIKOI 3pOCTae y HaIpsIMKY HaIlipHOro marpyOka, 3aBISKU YOMY CEpelHs
MIBUJKICTh PyXY PIAMHU MOCTYMOBO 3MEHILYETHCS, B PE3Y/IbTaTi YaCTUHA KIHETUYHOT

€Heprii NepeTBOPUTHCA B TOTEHIMHY, 1 MEPBUHHUA THUCK, CTBOPEHUU KOJIECOM,
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301JIBIIYETHCA.

Pucynok 1.1 — PoGounii opran BiALUEHTPOBOrO Hacoca

OcHOBHI TeXHIYHI JlaHI HACOCHUX arperariB, 3aJiSHUX B I0Ja4dl BOJH

cnokuBauaMm M. Mupropon [lontaBeskoi 06sacti, npuBeseHi B Tadnure 1.1.

Ta6mmms 1.1.
TexHIyH1 JaH1 HACOCHOTO arperaTty

[ToTyx-
Mo- ‘ OGeptH

HICTh A | F LS LT | B e g f H | HI | H2
Jeb 00/XB.

kBT
CA
125/31 160 2900 140 | 530 | 1700 | 2240 | 740 | 700 | 850 | 100 | 200 | 480 600
5

Arperatu CA 125/315 nacocHoi cTaHIii Mogar0Th BOAY B pe3epByap, 3BIAKU
BOHA MO TpyOax HAIXOIATh JO CHoXuBayiB. Boja B pesepByapi y Mipy BHUTpaTu
IOBUHHA MOCTIMHO MONOBHIOBATUCS 3a PaXyHOK Migkayku. Jlyig aBToMaTu3alli 1oro

MPOIIECY CIYKHUTh amaparypa aBTOMAaTUYHOTO YIPABJIIHHS arperaraMu HaCOCHHX

CTaHIIH.
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Ha puc.1.2. IlpuBeneni macnopTHi XapaKTepUCTUKH HacocHOro arperaty CA

125/315.
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Pucynok 1.2 — HominanbHa xapaktepuctrka Hacoca CA 125/315

AmnapaTypa mpu3HaueHa JJi1 BKIIOYEHHS 1 BUKIIOYEHHS HAcOca 3aJI€KHO BiJl
piBHS BOJIM B pe3epByapi. Bona 3a0e3medye 3axucT arperary BiJ TiIpaBiIiqHOTO
yaapy, MeperpiBy MiAMIMITHUKIB, HEHOPMAJILHOTO THUCKY B TPyOOINpOBOII, 3aXHCT
SJICKTPOJIBUTYHA arperary BiJl poOOTH Ha ABOX (pazax, mpu oOpuBi TPETHOi, KOHTPOIIb
3a CTAHOM JiHIi 3B'SI3Ky 1 NMPOBOAMTH IMEPEMUKAHHS Ha 3aMIHHHWM, MPH aBapisx
poboyoro arperary.

AmapaTypa I03BOJISI€E YePrOBOMY 31MCHIOBATH KOHTPOJIb 32 HAsIBHICTIO BOJU
1 po00TOIO HacociB. Amaparypa 3a0e3nedye JBa PeKUMHU pOOOTH: aBTOMATUYHUM 1
pyuHuii. BKkiTtoueHHs 1 BUKIIIOUEHHS arperariB MPOBOIUTHCS 3AJICKHO BiJl PIBHS BOAH
B pe3epByapi.

VYrpaBiaiHHS HAaCOCHO-CUJIOBUMHU arperaramu, OKpIM PYy4HOro, MoOxke OyTu
HaIliBaBTOMATHYHE (KOJIM TIEPBUHHUN IMyCK a00 3yNMWHKA arperaty MPOBOIUTHCS

00CIIyrOBYyIOUMM TEPCOHAJIOM), aBTOMAaTU4HE (POJib OOCIYTOBYIOUOTO TEPCOHATY
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OpU TAaKOMY YIpPaBIiHHI 3BOAUTHCS O CIHOCTEPEKEHHS 3a J1€I0 aBTOMATUYHOI
amapatypu 1 TEpiOJUYHOTO OIIANY YCTaTKyBaHHs) a00 AWCTaHIiiHE (KOJIU
VOpPaBIIHHSA HACOCHO-CUJIOBUMH  arperaTaMyd MpOBOJUTBCS Ha  BIJACTaHl 3
JUCTIETYEPCHKOTO MYHKTY).

[Ipu aBTOMaTH3al11i HACOCHO-CUJIOBE YCTAaTKyBaHHs MOBUHHE OyTH MPUBEICHE
B 3pa3KoBUM CTaH, 10 3abe3neuye Oe3nepebiliHy poOOTy arperariB 0e€3 MOCTIMHOL
IPUCYTHOCTI OOCIyTOBYIOUOTO IEpPCOHATy OcCOOJMBa yBara mpu LbOMY MOBHHHA
3BEpTATUCh HA MIUIbHICTD, JIETKICTh BIAKPUTTS 1 3aKPUTTSI BCMOKTYIOUUX KJIamaHiB 1
FePMETUYHICTh BCMOKTYHOUYHUX TPYOOTIPOBO/IIB.

[Ipn aBTOMaTH3alii Ha BIAMIHY BIJl PYYHOI'O YHPABIIHHS TMYCK 1 3yIHHKa
HACOCIB NPOBOJUTHCS MPU BIAKPUTOMY IOJIOXKEHHI 3aCyBKH, TOMY OOOB'SI3KOBOIO
YMOBOIO € HAsBHICTb Ha HANipHOMY TpPYyOOIpPOBOJI 3BOPOTHOrO KjlamaHa, SKHM
CIIy’)KUTh 3aIllpHUM MPHUCTPOEM, BCTAHOBJIIOBAHOIO sKOMOra OJMK4e 10 Hacoca.
Krnanan Ha HamipHif JIiHIT MOBUHEH 3aKpUBATHUCS paHillie, HDK Ha BCMOKTYHOUMM.
PerynroBanHsT TOCTIZOBHOCTI CHpalibOBYBaHHS 3BOPOTHUX KIAMAHIB JOCATAETHCSA
IUIIXOM YCTAaHOBKA OOMEXyBada CTYNeHs iX BiIKputta. Jns 3amoOiranHs
MOXJIMBUM T1JIPaBIIYHUM YyJapaM 3aCTOCOBYIOTh MPOTUYAAPHI MPUCTPOI.

VY KOMIUIEKCI HACOCHOI CTaHIlli TOBUHHI OyTH pO3MOAUIBHI MPUCTPOL 1
TpaHchopMaTopHi mijacTaniii (a00 MOHWKYIOYl TpaHchopmaTopu), MPU3HAUCH] JJISI
NEPETBOPEHHS HANPYrd 3MIHHOTO CTPyMy 1 PO3MOAUT HOTO MO MIABEIECHHAX J0
CJICKTPOJBUTYHIB 1 IHIIWX CHOXWBa4diB  eHeprii. Po3mominpHl  MPUCTPOI,
TpaHchOpMaTOpHI MIACTAHIN] 1 MKWTH YNPaBIIHHS PO3MIILIYIOTh y BOyAOBaHUX abo
MPWIETINX MPUMILIEHHSX 3 YPAaXyBaHHAM iX PO3LMIMPEHHS 1 3017IbIIEHHS TOTYHOCTI.
Jlo cknamy ycTaTKyBaHHS PO3MOAUTFHOTO PUCTPOIO 1 TpaHC(HOpMATOPHOT TiACTAHIIIT
6B BX0IsTh cU0B1 TpaHC(HOPMATOPH, MACIISIHI BUMUKaYl, TpaHC(HOpMATOpU CTPYyMY
1 Hampyru, CTPYMOBEAy4Yl YACTUHHU, KOHTPOJIHHO-BUMIPIOBAIIbHI TPHIATA 1
JIOTIOM1)KHE YCTaTKyBaHHS.

besnepebiitna poboTa amapatypu Moxke OyTH 3a0e3rnedyeHa B TOMY BUMIAJKY,

SAKIIO CIICKTPOKUBIICHHA HaﬂiﬁHe, a CJIICKTPUYHE YCTATKYBAaHHA 3HAXOIWUTBLCS B
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cpaBHOMY cTaHi. JIiHiifHa cXeMa CHJIOBOTO yCTaTKyBaHHS MpEACTaBIIEHA Ha JIUCTI 4
KOHCTPYKTOPCHKOI JOKYMEHTAIIi1.

ITo dinepy 27/1 abo 32/2, nagxonauth Hampyra 6 xkB. Uepes posmoginsHuit
MPUCTPIA KUBJICHHS TOMAETHCS Ha TPaHCPOPMATOPH BIACHUX TMOTPeO, ABUTYHU
HAcOCIB 1 IIEXOBY TpaHC(hOpPMATOpPHY MIACTAHIIO, SKa CIYXKHUTh ISl >KUBJICHHS
JIOTIOMIXKHOTO YCTaTKyBaHHS (OCBITJICHHSI, BEHTHJIALISI, OXOPOHHA 1 TOXKEXKHA
curHaiizamis i T.m.). Po3moainbHuii mpuCTpidt BKIIIOYae: TpaHCHOpPMATOp CTPYMY
tuny TIJI-10 0,3/p-400; macnsui Bumukaui tTuiry BMIT-10 I13-11, siki cimykath juist
BKJIIOUEHHSI a00 BUKJIFOUCHHS IBUTYHIB; 3a3€MJIIOI0Y1 HOXKI, SIKI BKIIIOUAIOTHCA y pasi
noTpeOu MPOBEACHHS PEMOHTY JBUTYHIB HACOCIB. Y JIAHIIIOT BKJIIOYEHA MEPEMUYKA
MDK JIBOMa CEKIISIMH, SKa CIYXHTb I TIEpEeMHKaHHS J>KUBIICHHS Bia ¢inepis

OKpeMo, a00 OJHOYACHO BiJ] ABOX JITHIM.

1.3. KonmponvHo-8umiprosaibHa ma pe2yno8aivbHa anapamypa

Bogonamipai  copynu  0051agHYIOTH  BOJOBKA31BHOIO — CHUTHAITI3AIlIETO,
BOJIOHAIIPHUMHM KJIallaHaAMU, MEPEIUBHUMU 1 3JIMBHUMH TPyOaMH 1 apMaTyporo IJis
BIIKJIIOUEHHsSI OakiB BIJ BOJONPOBIIHOT Mepexi. BomoBkasziBHa cHrHami3zalis
mpU3HayeHa JUisi Tiepeladl B HACOCHY CTaHII0 CUTHATY MpPO piBEHb BOJIU 1
HEOOXI1THICTh BKJIIFOYEHHS B pOOOTY HACOCHOTO arperary abo Horo BUKIIIOUEHHS [3].

[ToraBkoBuii natumk piBHs Boau tumy JI1-374 (puc.1.3) npusnauenuit ms
KOHTPOJIIO KpaiHiX MOJI0KEHb PIBHS BOAM Y BOJOHAMIPHIN cOpy/i 1 0/1ayl CUTHAITY
B KOMIPKY VHpAaBIIHHS MpPO BKIIOUEHHSA arperaty B poOOTYy NpH HUKHBOMY
MOJIOKEHH1 1 BUKITFOUEHHI 3 pOOOTH TP BEPXHHLOMY TOJIOKEHHI PIBHS BOAU B 0aKy,
Ha SIKOMY BCTAHOBJICHUH JTaTYHK.

[lonnaBkOBMI JaTUYMK CKIAJA€TbCd 3 KOPIYCy, B SKOMY BCTaHOBJICHI
nepeMukad tumy TymOnep Ha 127 B, 1 A, 1 4oTUppOX TepMaHIEBUX BUIPSIMIIIYIB
(BemmumnHa 3BopoTHOi Hanpyru 100 B, gomyctuma amruiiTyia BUIPSMHOIO CTPyMY

100 MA).
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Pucynok 1.3 — [loruraBkoBuii natumk piBHs Boau tuiy JI1-347:
1- nepemukay; 2-Buika; 3-KOPOMHUCIIO 3 IPOTUBATOIO;

A-BUNPSIMIISIY; S-TIOTJIABOK; O-KPOHIITEWH JUIsl 3aKpIIJICHHS JaTYhKa Ha Oairi.

Jlyist 3amo06iranHs MOMaaHHI0 BOJIOTH BCEPENMHY JaTYMKA KPUIIKY KOPIYCY
3aKpUBAIOTh 3 TYMOBHUM YIIITEHEHHSIM.

Ha xkopmyci BCTaHOBIIOIOTH KOPOMHCIIO, $KE€ KpIOUThCA Ha OCi, IO
IPOXOJUTH B KOPIIYC JaT4MKa. YCEepeArHl OCTAaHHBOT'O Ha OCl BCTAHOBJIEHA BUJIKA.
Ha oaHOMy KiHIII KOpOMHCIa Ha TPOCI 3aKpIIUIEHO JBa IMOIUIABKA: BEPXHIA BBEPX
JTHOM Ha PiBHI, 110 BIAMOBIJIa€ 3yMHHII arperaTty, 1 HWKHIM - BHU3 JHOM Ha PiBHI,
IO BIJIMOBiJIa€ BKIIIOUCHHIO arperary B poOoTy. HikHIN MOMIaBOK 3amOBHIOETHCS
BOJI010. [Ipu 3HMIKEHH1 pIBHS BOJM OJIMH KiHEIb KOPOMHUCHA Mij JII€I0 Baru Tpoca,
NOMJIaBKIB 1 BOAM B HIDKHbOMY TIIOIUIABKY IEPEMILIAE€TbCSA BHHU3 1 BUIIKOIO
nepeMukaeTbes TymOnep. Ilpu oMy 3aMHMKa€Tbcs KOHTAKT, MOJAIOYM CHUTHA B
KOMIPKY YTIpaBIIiHHS Ha BKJIIOYEHHS arperaty B poOoty. [linBuiieHHs piBHS BOAH B
pe3epByapi 0 TEBHOI MEX1 BITHOBJIIOE PIBHOBAry BaXKelis, a MOTIM B TOJIOKCHHS,
OJIM3bKE J10 BEPXHHOT'O TPAHUYHOTO PIBHSA, BOJA MiJHIMAE BEPXHIM IMOIJIABOK,
PO3BAaHTAXYIOUM NMPHU I[bOMY KiHELb Ba)KeJsl, 1 BIH MiJ JAI€I0 BAaHTAXy HA IHIIOMY
KIHI[l T1JHIMA€ThCS, BWIKOI TIEepeMUKae TyMmOJiep, 1 B KOMIPKY yIpaBJIiHHS

HAJXOJUTh CUTHAJ Ha 3YMUHKY arperary. TiJIbKM KpaiHl1 MOJOXEHHS PIBHS BOAMU B
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pe3epByapl BUKIHMKAIOTh NMEPEMHUKAHHS KOHTAKTIB JATYMKIB 1 3MIHYy CUTHAJIB, IIO
MOTAOTHCS B KOMIPKY YIPaBIiHHSA. Y MPOMIKXHOMY ITOJIOKEHHI PIBHS BOJU BaXKiJb
JaTyuKa 3HAXOJUTHCA B PIBHOBA3l 1 B KOMIPKY YIPaBJiHHS TMOCHJIAEThCS CUTHAI
OCTaHHBOT'O KPaHBOTO TOJIOKEHHS PiBHS BOJHU B pe3epByapi.

JIist BUMIpIOBAaHHST THCKY BUKOPUCTOBYIOTH MPYXKHHHI MaHOMETPH, IO
PO3MIIIYIOTECS Ha HaIlIpHUX MaTpyOKax HACOCIB, a TAKOK Ha HAMIPHUX KOJEKTOpax.
Ha xpymHHX HAcCOCHMX CTaHIUfAX MepeadadaroTh CaMOIMCHI MaHOMETPH, SKi
Oe3MepepBHO PEECTPYIOTh TUCK HA CTPIYKOBHUX a00 KPYroBHX JllarpamMax.

HaiiOinpmioro mnommpeHHs: HaOyjlid Tak 3BaHl TaxXxOMETPUYHI JIYHIbHUKU
BOAM, NPHUHLIMN il SKUX TOJAra€ B MiJICYMOBYBaHHI 4YHciia 00OpOTIB poOOYOro
OpraHy, BCTAHOBJICHOTO B MOTIK PIIWHU. 3aJIEKHO BiJl KOHCTPYKIIT poO0OYOro oprany
PO3PI3HAIOTh JBI IPYNH JIYUIBHUKIB - TypOlHHI 1 KamepHi. i1 JIYUIBHUKIB 3
TaHTEHIIaJTbHOI0 TYpPOIHOIO IIUPOKO MOUIUPEHA Ha3Ba «KPWJIbUaTI», a JIYWIbHUKYU 3
aKCiaJIbHOIO TYpOIHOIO HA3WBAIOTHCS TYPOIHHUMHU. Y KPUIBYATHUX JIYMIBHHUKAX BICh
oOepTaHHsl TaHTEHILIAIbHOI TypOIHM MNEPHNEHAMKYJSIpHA HalpsMy pyxXy BOAM B
TpyOOnpoBOi, B TYpOIHHUX JIYMIBHUKAX TMapajienbHa. KamepHi IYUIBHUKA
BUTOTOBJIAIOTH 3 POOOYMM OPraHOM Yy BHUIJISIAI JUCKA, KUIBLIEBOTO MOPIIHA a0o
oBaIbHUX KoJiic. KpunbuaTi 1 TypOiHHI JTIYMIBHUKN HAOYJIU IMIUPOKOTO MOIIMPEHHS
JUiss  OOJIIKY BOJM, BHUKOPHUCTAHOI OKPEMHMHM CIIO)KMBauaMU 3 MaKCHMAaJbHOIO
suTparoro 10 800 - 1000 m%/u.

Jlns BU3HAUYSHHS 10J1a41 BOJIM Ha HACOCHUX CTAHIIISIX BCTAHOBJICHI BOJOMIPH 1
BUTpATOMIpHU. 3a MNPUHUUIOM Mii iX KIAcH(]iKylOTh Ha: MIBUAKICHI, JIPOCEIbHI,
00'emHi 1 1H.

HaiiGinpmoro momupenHst HaOynu BUTPATOMIPU 3MIHHOTO TIEPENay THCKY; Y
CHUCTEMAX BOJONOCTa4aHHI BOHU ckiaanaroTh 50 - 70% 3arajpHOro 4mMcia B)KUBAHUX
BUTPATOMIPIB. Y HUX BUKOPUCTOBYETHCS 3AJICKHICTh BUTPATH PIIUHU BiJ MEepenamgy
TUCKY, 110 BUHUKAE MPU MPOTIKaHHI HOTO yepe3 HEPYyXOMUl 3BYKYIOUUH MPUCTPIi,
BCTaHOBJIEHUHN B TpyOompoBozi. [lepenas THCKYy MOXKHA 3aMipATH 1 MEPETBOPUTH B

eJeKTpUYHui curHan [4,5].
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Benukoio rpymnor BUTpaTOMIpIB AJsi BUMIPIOBAHHS BIJIHOCHO MajMX BHUTpAT
piaHA ab0 BUTPATOMIpU MOCTIMHOTO TeEpemnany, Mepil 3a BCe poTamMeTpu. Y HHX
BUKOPHCTOBYETHCS 3AJICKHICTh MEPEMIIICHHS Tija, 10 CIpUiIMae JUHAMIYHUNA TUCK
MOTOKY, III0 HOTO OOTIKAE BiJ BUTPATH MPOTIKAIOYOI PEUOBUHHU.

[lommpeni TakoX TaxOMETPUYHI MPUIATU, B SKUX BUKOPHUCTOBYIOThH
3QJICKHICTh YaCTOTH 00epTaHHS a0 3arajibHOroO 4uciia 00EpTIB pPyXOMOTO €IEMEHTY
(Kkpunp4aTK, TypOiHU, KYJbKH) BIAMOBIAHO BiJ BUTpaTu abo 00'eMy MpOTIKarO4oi
PIJIUHH.

Meronun O€3KOHTAaKTHHX BHMIpIB, a TaKOX BHMIpIB BHUTpaTu 0e3
3aCTOCYBaHHS MPUCTPOIB, K1 PO3MIILIEHI yCEpEInHI TPyOOIpOBOAY, OTPUMYIOTH BCE
OlIbIlIe PO3MOBCIO/HKCHHS, 1 € HAHOUIbII NMEepPCHeKTUBHUMU. [0 HMX, Tepil 3a Bce,
BIJIHOCSITHCA €JIEKTPOMArHITHHUM 1 yIbTPa3ByKOBUN METOMM.

EnexkTpomarHiTHi BHUTpPAaTOMIPH 3aCTOCOBYIOTH B)KE€ IOPIBHSHO JaBHO B
XIMIYHIH, TETI0I03HO-TIANEPOBIN 1 IHIIMX TaTy3s1X MPOMHUCIOBOCTI JJIsi BAMIPIOBAHHS
BUTPAaTU AarpecUBHUX pIOUH, ajle iX HEIOJIKaMU € MaTepiajJoOMICTKICTh 1
nedinuTHICTh. [lepCrneKTUBHIMMMU, OCOOIUBO ISl TPYyO BEIMKOTO IlaMeTpy, €
yIIBTPa3BYKOBI BUTPATOMIPH.

KoHTpoas BoIOCTIOKUBAHHS, KU OOYMOBIIIOE HE TUIBKHA OOJIK BOJIM, aJie i
C€KOHOMIYHY [0 Ha CIIOXHWBayiB, [0 HEpalllOHAIBHO 1i BUTPAYalOTh, MOXKE
MPU3BOJIUTH 10 3HAYHOTO 3HWKEHHS BUTPATHU CTIOKUBAHOI BOIH.

He MeHm akTyanpHUMHU € TUTaHHS BUMIPIOBaHHS BUTpaTH 1 00'eMy BOJH,
CIIO’KMBAHOI MPOMUCIOBUMHM MMPUEMCTBAMHU, OCKUIBKH 1I€M 00'€M 4acToO CKJIaaEMO
BEJIMKY YaCTKY 3arajbHOi MMoja4i BOJIM MiICBKUMHU BOJOIPOBOIAMH.

[Ipu BuOOpi TUMy BuUTpaTOMipa (JIYWIBHHUKA), JJII HOTO PO3pPaxyHKy 1
OOIpYHTYBaHHsSI MICLSI YCTAaHOBKM HEOOXIJHO MaTH JaHl 1o 00'ekTy, e
nependavaeTbcsi MOro 3acTOCOBYBATH: HAIpUKIal, MPU3HAYEHHS 00'€eKTy 1 HOro
NOTY)XHICTh, HEOOXIJHA TOYHICTb BHUMIPIOBaHb (MeXa JOMYyCTHMOI MOXUOKH
BUMIPIOBaHHS ); KPECJICHHSI KOMYHIKaIllil TpyOOTPOBO/IIB 13 BKa31BKOIO iX J1aMeTpiB, a
TAaKO)XK MPUMILICHHS U1l PO3MIIIEHHS BUMIPIOBAJIbHOI amaparypu; MaKCHMallbHI

eKCIUTyaTallliiHl BUTPATH PIIMHM, Tpadiku X KOJMBaHb;, HAAMIPHUN THCK a00 BaKyyM



26

B TpyOOMpOBOJaX, B SKUX BCTAHOBIIOIOTh BUTPATOMIPH; THUIHM HACOCHUX arperaris;
CTYIiHb 3a0pYAHEHOCTI 1 TeMIepaTypa BOJU; BUKOHABYI KPECICHHS TPYOOIPOBO/IIB;
pPeXKUMH POOOTH TPYyOONPOBOJIB: MOMKIIMBICTh BIIKIIOUEHHS OKPEMHUX JUISHOK,
TPUBAIICTh TEPEPB, IO JOMYCKAEThCA B MOJA4l BOAM; BAPTICTh €JIEKTpOeHeprii. Y
KOHKPETHUX BHUITaJIKaX IIeH MepetiK BiIOMOCTEH Moke OyTH 3MIHEHUM.

Jlist  aBTOMaTu3allii eJIeKTponpuBOja HacocHoro arperaty wmozent CA
125/315 3acTOCOBYeEMO JAaT4YMKU THCKY BOJHM, PO3TAIIyBaHHS SKHUX IMOKAa3aHO Ha
ciaiini. Po3ranryBaHHsl 1HIIMX KOHTPOJIbHO-BUMIPIOBAIILHUX MPUIIAIiB, HEOOX1THUX
JUIS. HOPMaJIbHOT pOOOTH aBTOMATHU30BAHOTO EJIEKTPONPHUBOAA HACOCHOTO arperary

MOKa3aHO Ha TOMY X JIUCTI.

1.4.  Po3spaxynox HeobXiOHOI nomydcHocmi ma Uoip enekmpoosucyHa HACOCHO20

azpezamy

IIpu poboTi Hacoca HEOOXITHO Hamaratucs, PO #oro Hamip mpH
ONTUMAJIbHOMY KO€(QIII€HTI KOPUCHOI Jii OyB pIBHUN pPO3PAXyHKOBOMY HAIopy
HACOCHOI'O arperary abo, B YCSIKOMY pa3si, 00 poOouMii pexxuM JieaB B Mexkax
pEKOMEHIOBaHO1 001acTi BUKOPUCTaHHS Hacoca. [IpoTe He 3aBkau BAAETHCS TOCATTH
TaKUX YMOB, OCKUIBKH YHCJIO THITIB HACOCIB, 110 BUITYCKAIOTHCS, OOMEKEHE. Y TaKux
BUMAJKax, SKIIO OyBae HEIOCTAaTHIM OOTOYYBaHHA poOOYOro koseca abo 3MiHa
4acTOTH OOepTaHHS, MPUUMAIOTh IO BCTAHOBJIEHHS JIEKUTHKOX HACOCIB a00 WIyTh Ha
NESK] 3MIHH TOYAaTKOBUX JaHUX.

JIisi TpUBOIY BIAIEHTPOBHX HACOCIB B CHCTEMaxX BOJIONOCTAYaHHS, SIK
MPaBUJIO, 3aCTOCOBYIOTh ACHHXPOHHHM JBUTYH 3 K/3 POTOPOM 1 pijllie CHUHXPOHHI
€JIEKTPOJBUTYHH 3MIHHOTO TpU(a3HOTO CTpyMy, LIO0 3a0e3MeuyroTh HaAINHICTh
po0OTH 1 MPOCTOTY 0OCITyrOBYBaHHS [6].

ACUHXpOHHI [JBUTYHH B TENEPINIHIA Yac € HAWMOMIMPEHIIINM THUIIOM
€JIEKTPOJIBUTYHIB, III0 BUKOPUCTOBYIOTh B MPOMHUCIOBOCTI. Lle BU3HAYaeThCs LUTUM
pSIOM TepeBar AacHHXPOHHOTO JIBUTYHa B TIOPIBHAHHI 3 1HIIMMHM BHUAaMHU

€JIEKTPO/IBUTYHIB:
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- TPOCTi KOHCTPYKIIi 1 HAIIWHICTIO B €KCILTyaTaIlii;
- MEHIIOI0 MAaTepiaIOMICTKICTIO 1 TPYAOMICTKICTIO TpPU BUTOTOBJICHHI,
MEHIIIOI0 BapTICTIO;
- MOXJIMBICTh JKUBJICHHS SK O€3MOCepeqHbO BiJ MPOMHUCIOBOI MEpexi
3MiHHOTO CcTpyMy 3 yactoToro 50 I't (y HeperymnpoBanux EII), Tak 1 Bix

MePETBOPIOIOYUX NMPUCTPOiB (y peryiaroBanux EII);

MO>KITUBICTIO POOOTH, SIK B PEKMMI ABUTYHA, TaK 1 B TAJIbMIBHUX PEXKUMAX;

BUCOKHMH JIUHAMIYHUMH IMOKa3HUKAMH.

[IpomucnoBicTiO BUITYCKA€THCS ACUHXPOHHI JNBUT'YHU AK 3
KOPOTKO3aMKHYTHUM POTOpPOM, Tak 1 3 (pazHum. I[lepini HaWOLIBII MPOCTI 1 HAJIHI,
MPOTE PEryIoBalbHI MOJXIIMBOCTI 1X OOMEXKEHI, TOMYy B TIPHUBOJAX BEJIHKOL
MOTYKHOCT1 OUTBIIOrO MOIIMPEHHS HA0YJIM aCUHXPOHHI ABUTYHHU 3 (pa3HUM POTOPOM.

B nanuii yac fiama3oH TMOTYKHOCTEH ACHHXPOHHOTO JIBUTYHA, IO
BHUITYCKAIOTHCS MPOMHUCIIOBICTIO, JUISl €JICKTPOIBUTYHIB HACOCIB CKJIAa€ BiIMOBIIHO:

- Ul aCHHXPOHHHX JABUTYHIB 3 (hazHuM potopom — 1-90 kBr;
- 7 aCHHXPOHHUX JIBUTYHIB 3 KOPOTKO3aMKHYTHUM poTopoMm - 1 - 150 xBT.

CHHXpPOHHI IBUTYHHU 3aCTOCOBYIOTh, TOJJOBHUM YWHOM, JJISI €JICKTPOIIPUBOIIB
CEpellHIX 1 BEJMKUX MOTY)XHOcTel (Onm3bko coTeHb 1 Tucsy KBT). I[lepeBaroro
CUHXPOHHUX JBUTYHIB € MOXJIMBICTH POOOTH B PEXHMI KOMIIEHCAIlli pEeaKTUBHOT
MOTYXHOCT1 (BUIIEpPEIKAIOUUM COS() CIOXKMBAHOIO IHIIMMHU €JIEKTpOoIpHiiMayamMu
1exy abo MmiampueMCTBA 3 Mepexi. L[ BIacTUBICTh y psJll BUIAIKIB BUIIPABIOBYE
3aCTOCYBaHHS JOPOKYUX, B TIOPIBHSAHHI 3 aCHHXPOHHMMH JBUTYHAMH, CHHXPOHHI
JIBUTYHH.

Y NOpoMHUCIOBOCTI CHHXPOHHI JIBUTYHH WIMPOKO 3aCTOCOBYETHCS SIK B HE
peryiaboBaHOMY (HAaCOCH, KOMIIPECOPH 1 1H.), TaK 1 B peryibOoBaHOMY (ITOBITPOIYBKH,
MOTYXHI TypOOMEXaHI13MHU) €JIEKTPOIIPUBO/I1, B CUCTEMI BEHTUIILHOTO JBUTYHA.

[Ipu GesmocepenHbOMY 3'€THAHHI €IEKTPOJBUTYHA 3 HACOCOM iX YaCTOTH
oOepTaHHs MOBMHHA OyTH OJHAKOBUMHU a00 OJM3BbKUMU 3a 3HaA4eHHSAM. [I0TyXHICThH

JBUTYHA B I[bOMY BUIIQIKy BU3HAUAIOTh MO POpMYJIi:
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pgQH 1-9,8-600- 60
®1600n, 1600 - 0,95

Ny, =k = 24,4 kBT (1.10)

ne k., - KoedillieHT 3amacy noTy>KHOCT1 IBUTYHA;

p- LIIBHICTH PiUHY KI/M° |

Q - nmonaua, M3/rox;

H - mamip, m;

7, - TOBHUHU KOe(]ili€EHT KOPUCHOI Jii Hacoca;

g = 9,8M%/c - IPUCKOPEHHS BiILHOTO N IiHHS.

KoedimienT k, npuitMaroTh 3aJ1€KHO BiJI MOTYKHOCTI ABUTYHA.

ACHHXPOHHI €JEeKTPOJABUTYHH €AuHOI cepli 4A 'y BHUKOHAHHS 3
KOPOTKO3aMKHYTUM poTopoM 4A, 4A3, 4AIl, 1 4AH BumyckaroTh Ha CTaHJIAPTHY
Harpyry 380-6000 B.

3a moBigkoBuUMH JaHuMU [7] 3rigHo 3 (1.10), BUOpaHO €eKTPOIBUTYH:

[Macrioptri nmani nBuryHa: Tun 4A113-4: HOMiHANBbHA TMOTYXHICTH 25 KBT;
HOMIHAJIBHUM CTpyM cTaropa 29 A; HOMiHaJIbHA MIBUAKICTh OOEpTaHHS ABUTYHa 154
1/c; manpyra 6000 B; HomiHanbHuit KoediiieHT noTykHocTi oS ¢=0,90; KKJI 95%;
Mn

N=1500 06/xB.; NH=1470 06/XB.; M;W”— = 109;

=1,01; 2 = 4,6.
H My Iy
1.5. Bucnosku 3a po30inom

B Xxomi mnpoBenaeHHS aHANTHYHUX JOCTIIPKEHb BCTAHOBIICHO, IO JIS
JOCSITHEHHSI TIOCTABJICHOI METH KBadidikamiitHoi poOoTH HEOOXITHO BUPIIIUTH
HACTYITHI 3aBJIaHHS:

1. Po3poOuTH 3aMKHYTY CUCTEMY YNPABIIHHS MO TEXHOJOTTYHOMY MTapaMeTpy
(Q a6o H) nns KOHTPOIIO HENMPSMOTro iX BU3HAYEHHS 4Yepe3 BXIJHY MOTYXHICTb
1HBEpPTOpA 1 3aJIEAKHOCTI, 0 AMPOKCUMYIOTh a€pOIMHAMIYHI XapaKTEPUCTUKHU.

2. BcTaHOBUTH MOXIIMBICTh BHUKOPHUCTAHHS KOMOIHOBAHOTO YIIPaBIIIHHS
peXUMaMy HACOCHOI YCTaHOBKHM, II0 KaHAJy WIBUJKOCTI OOepTaHHS IJisi aHami3y
peXHUMiIB pOOOTH HACOCHOI YCTAHOBKH 3 IBOMA MapaiedbHO MPALIOI0YHMMHI HACOCAMH.

[Tpu bOMY BU3HAUUTH MEXI1 PETYIIOBAaHHS HACOCIB.
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3. BubOpatu onTUMalbHUN PEXUM €HEPTeTUYHUX XapaKTEPUCTUK TeHepaTopa
1 aCHHXpPOHHOTO JBUTYHA, IO JO3BOJUTH 30UIBIIUTH TEPMIH POOOTH YCTAaHOBKHU
aBapIMHOTO KMBJICHHS IMPU 0OMEKEHOMY PECypCi €eHEProHOCI.

4. 3a0e3neynTH KEPYBaHHS PEKUMaMU POOOTH EHEPrOCHUIIOBOI YCTaHOBKH,
CJICKTPOTIPUBOIY HAcoca BiJ MIKpPOMPOIIECOPHOTO TPUCTPOIO, KOHTPOIIOIOYOTO
eHepromnapamMeTpu JBUTYHA, IMBUIKICTb OOEpTaHHS T€HEpaTopa, 4acTOTy 1 HANpPYTy

JKUBJICHHS IBHUI'YHA.
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2. KOHCTPYKTOPCBKO-PO3PAXYHKOBA YACTHUHA

2.1. KepysarnHs npo0yKmugnicmio 6000HANIPHOT HACOCHOI CMaHyil

2.1.1. Ilapanenvua poboma HacOCHUX azpe2amis Ha 3a2albHy 2I0PABIIYHY MePeiCy

Ha HacocHMX CTaHIISIX 4YacTO BHUHUKAE€ HEOOXITHICTH B CHUIBHIN poOOTI
JIEKITbKOX HacociB. [l 30UNIbIIEHHS IMOJadi HACOCHOK CTaHIIED B CHCTEMI
BOJIONIOCTaYaHHS YaCTO BUKOPUCTOBYIOTH MapajieIbHy poOoTy HacociB [5].

CoinsHa poOoTa AEKUIBKOX HACOCIB 3 MOJAYEI0 BOJAW B 3arajibHUN HaAMIPHUN
TpyOONPOB1JI HA3UBAETHCA napaievbHoo pobomoro Hacocis. 111 Hacocu MOXyYTh OyTH
3 OJJHAKOBUMH 1 PI3HUMH XapaKTEPUCTUKAMH.

st moOyZ0BM XapaKTEPUCTUKU CIUIBHOI POOOTH NEKUIBKOX MapasiebHO
MPAIfIOIOUMUX HACOCIB Ha 3arajbHUN HaIIpHUN TPYOONPOBiJ CKJIAIAI0Th MOJAYy IHX
HACOCIB MPHU OJHAKOBUX THCKaX. OCKIJTbKH HACOCH OJIHAKOBi, TO OOYI0Ba CyMapHO1
xapaktepucTuku (puc.2.1)

JUiss BU3HAyYeHHS pEXMMY poOOTH IUMX HACOCIB CHig MOOyIyBaTH
XapakTepuCTUKy TpyOompoBoay Q — (H, + h,) 1 mo poOodiii Tourli A TEepeTHHH
XapaKTEPUCTHKU HACOCIB 1 XapaKTEPUCTUKU TPyOONPOBOAY BU3HAUYUTU CyMapHY
dbakTnyny mnomady ABoX HacociB Qa 1 Hatuck Ha. g Bu3HayeHHs mojadli,
noTyxHocTi 1 KKJI xoxHOTr0o Hacoca mpu ix chiabHIA poOOTI HEOOXITHO 3 TOUYKH A
MPOBECTH JIIHIIO, apayieNIbHy OcCi aOCIHC, siIKa MEePEeTHE XapaKTEPUCTUKY KOMXKHOTO 3
HacociB B Toulli b. KoopaunaTtu 11i€i Touku BuU3Ha4aroTh nojgady Qg 1 Hatuck Hg
koxkHoro Hacoca. Ilotyxkuicte, KKJ[ 1 nmomyctuma BakyymeTpuyHa BHCOTA
BCMOKTYBaHHSI KOJKHOTO 13 CIUJIBHO TMPAIIO0YUX HACOCIB BU3HAYAETHCS BiATOBIHO
toukamMu by, by, 1 b3, mo € Toukamu mneperuny KpuBUX 1, N, Hyaxon

NEPHEHAUKYIISAPOM, OMYIIEHUM 3 TOUKH b.
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Hwlh

1 XAPIIREPICITING €T meAsn

Xapaxmepueimuxa vacoca

Podova movxa

MICAR POV DORANNA

ETPATH MAIIOPY & CucTrMn

-
MOIPATE B CHCTEM) () w3/ 200
Pucynok 2.1 - CymapHa xapakTepuCTHKa HACOCHOI YCTaHOBKH MPH NapasieTbHIN
POOOTI HACOCIB CUCTEMM 3 IBOMA IapaeNbHO NPaLoYuMu Hacocamu X Hy , — Q

3BOJUTHCA OO0 IIOABOCHHIA X HpOI[YKTI/IBHOCTi ITPHU OJHAKOBUX THUCKaAX

Crniz BIAIMITHTH, 110 CyMapHa Iojiada HacociB Qa, 110 MOJal0Th HA 3araibHUMN
TpyOOIIPOBi, MEHIIEe CyMapHOi Mojaa4di MmHUX ke HacociB 2Qs IO MPaIoTh
iHauBiMyanbHo, ToOTO QA < 2Q;. Ile BimOyBaeThcs TOMy, IO HAacoCH y pasi
napajieIbHOTO BKJIFOYEHHS MPALIOI0Th NPU BUIIMX HATUCKaX, HI)K HATUCK IIPH pOOOTI
OJTHOTO Hacoca. HaBaHTa)keHHs €JIEKTPOJIBUTYHIB MPHU MapajeibHiil poOOTI HACOCIB
TaKOXK MEHIIE X HaBaHTKECHHSI MPU 1HAUBIIyanbHIN po60Ti, TOOTO Np2<Np».

[ToTy>XHICTh ABUTYHIB JIJISl MMApajebHO MPALIOIOYMX HACOCIB BUSHAYAIOTH 10
MOTYXHOCTI, CTIOKHUBaHI HACOCOM TPU WOTO 1HIUBITyaIbHIN pOOOTI.

JIist 1aHO1 HACOCHOI CTaHIli cymMapHa XapaKTepUCTHKa TMpu MHapaieiabHii

po0OTI HAcOCIB IpeicTaBieHa Ha (puc. 2.2).



32

————————————————————

.

Pucynok 2.2 - CymapHa xapakTepUCTHKAa HACOCHOTO arperary Ipu

napayiensHid po6oTi HacociB CA 125/315

2.1.2. Memoou pezyniosarHs npoOyKMueHiCmio HACOCHUX

azpezamis

BigmentpoBi Hacocw, y cucTeMax 31 3MIHHMM HAaBaHTAKEHHSAM, IMIPU
POEKTYBaHHI PO3PaXxOBYIOTbCA HAa MAaKCHUMAalbHY TPOAYKTHBHICTh. YCTaHOBKAa B
iJIoMy ToBMHHA MaTtu MakcuMmanbHU KKJ[ B HOMIHamsHOMY pexumi.

Pexxumu po6ot HA icToTHO 3a1ekaTh Bijl 3MIHH PEKUMIB BOJIOCITOKHUBAHHS.
[Togaua HA, mo npairoroTh 0e3nocepeHb0 B MEpPExKy 0€3 MPOMIKHUX €MHOCTEH, B
KOXX€H MOMEHT 4Yacy JOPIBHIOE BOJOCIOXHBAHHIO (3a BIJACYTHOCTI BHTOKIB 1
HEMpOIyKTUBHUX BuUTpar). HacnpaBai B Oyap-sAKiii cHCTeMi BOJONOCTAYaHHS €
BUTOKH 1 HEMIPOYKTHUBHI BUTPATH, 3HAYEHHS SKUX JOCITAIOTh Y 0ararb0X BHUMAJKaX
15-20% 3arampHoi momaui. Omxe, mnomadua HA mnoBunHa Oytu Ouiblie
BOJIOCTIO’KMBAHHS CaMe Ha 11¢ 3HAYCHHSI.

[Ipu crabinbHOMY BOJOCIOKHBAHHI arperaTd MpaIfiolTh 3 MOCTIHHOIO
nojayero 1 THUCKOM. I3 3pocTaHHSIM BOAOCIOXKHMBAHHA TOJA4y JTOBOJIUTHCSA
30utbmryBat. Ilpum 1bOMy BTpaTHh THUCKY B TpydOax 30uabinyroThes. 11106
KOMIIEHCYBAaTH 11 BTpaTH, Ciif 30UIbIIyBaTH THCK, 110 po3BuBaeTrbcss HA. Tlpu

3MEHIIIEHHI BOJIOCIIOKUBAHHS Ooa4a 1 TUCK MOBUHHI OyTH 3MEHIIICHI.
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PerymioBanns mnpoayktuBHocti HA Moke 3miiicHIOBaTHCS [I€I0  Ha
TypOoMexaHi3M (ITOBOPOT JIOMATOK poOoYoro Koseca), MJIE0 Ha MEPEKy

(mpocenoBaHHSA 3aCyBKOK0), 1 Ha MpuUBIA TypOomexaHi3Ma (3MIHOK IIIBHUIKOCTI

00epTaHHsa poOOUYOro KOjaeca OAHOTO 3 HACOCIB).

[Tutoma eHepris, sika MEpPeAaETbCA MOTOKY PIAWHU Yy BIAIICHTPOBINH MaIlUHI,
ICTOTHO 3aJISKHUTh BiJi YMOB BXOAY Ha po0Oodi jionacTi. 3aKpydyBaHHS MOTOKY, IO
HAJXOJUTh B poOOYe KOJIeco, BIUIMBAE HA HATHUCK 1 MPU 33JaHii XapaKTEPUCTHUIN
TpyOOIIPOBOY 3MIHIOE M0AaUy MAIIUHU. 3BIICH BUHUKAE MOXIINBICTD PErYIIOBaHHS
JI€0 Ha TMOTIK, IO BXOAWTh B TYpOOMEXaHI3M 3a JONOMOIOK) JIOHACTHOTO
HANpaBIsIIOUOro amapary. llpu 1mboMy XapakTepHCTHKa MEpPEeXi 3allMIIaeThCs

H€3MiHHOIO, 4 XapaKTCPHUCTHKA HACOCa IMOBCPTA€THLCA 3a T'OAMHHHUKOBOIO CTpiJIKOIO
(puc.2.3). H
q<6 <6

)

Q

Q: Q@ Qu
Pucynok 2.3 - PerymtoBanns npoaykTuBHocTI HA giero Ha

TypOOMeXaHi3M

Ha mHamipHiii CTOpOHI BIJLIEHTPOBOTO HAcoca 3aBXIU TMPU MOHTaXI
BCTAHOBITIOETHCS 3aCyBKa, 1110 BUKOHYE 3aIipHO-PEry oYl GyHKII1. 3a JOMOMOTO0
Ii€1 3aCYBKM MOKHA 3MIHIOBATH I0JIavy HACOCA B JICTKUX MEKaX.

Xapaktepuctukn HA 1 Mepexi Tpu peryaioBaHHI TOaadl  BOJHU
JPOCENIOBaHHAM MpuBeeHI Ha (puc. 2.4).

[Ipy MOBHICTIO BIAKPUTIM 3acCyBIll peKMMHA Kparka 1 3HaXOIUTUMEThCA Ha
NEePEeTHHI XapaKTePUCTHK Hacoca 1 Mepexki, mojada Hacoca Mpy [bOMY BU3HAYA€THCS

3HaueHHsAM Q1. Bimpizok hi mpescraBisie BTpaTy HaTHCKY Ha TEpPTS MPHU PYCi MOTOKY
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BOAM 3 IIBHUIKICTIO Vi TIpu BigmoBigHid momadi Qi. Ilpm 3meHmenHi momayi 10
3HayeHHs Q2 3acyBKa 4aCTKOBO MPUKPUBAETHCSA. OCKIIBKU OMip 3aCYBKH BXOJAUTH B
3arajbHUN omip TPyOONpPOBOAY, 3HAYEHHS OCTAHHBOTO 3 MPUKPUTTIM 3aCyBKU
3pocTae, XapakTepUCTUKA MEPEXK1 Mife KpyTillIe.

Hamipha xapakTepucTrka Hacoca 3aiMaTUME KOJIMIITHE TIOJI0KEHHSI, OCKLIbKU
yacToTa oOepTaHHs poOOYOro KoJjeca 3ajulimiaca He3MiHHOo. Poboua Touka
NEPEMIIIAETHCS M0 XapaKTePUCTHIIl Mepexi, moaada Bogu HA 3MeHmyeThes 1 mpu
3HaueHHi Q, poboya Touka 3aiiMe MojoKeHHd 2 1 Tak fani. Brpara HaTHCKy Ha TepTs
BU3HAYATUMEThCS BifpizkoM Ny, a minsHKa h3; € BTpaTor0 HATHUCKY B 3aCyBIIi.
[loBHICTIO  3aKpuTa  3acyBKa  BIANOBIAA€  BEPTUKAIBHOMY  IOJIOXKEHHIO
XapakTepucTuku Mepexi, To0To Q=0. OcKiIbKU NpU MPUKPUTTI 3aCYBKU HATHUCK, IO
CTBOPIOETHCSI HACOCOM, HE TIOBHICTIO BUKOPUCTOBYETHCS B MEPEXKi, & UYacTHHA HOTO

BUTPAYA€TBCA HaA IIOAOJJIAHHA OIIOPY 34aCyBKH, TO KKI[ HAaCOCHOI'oO arperara

SMCHIIIYE€TBCA.
H H =H,+Ry0* Ry <R,
0,>0,
H=H_.+R0?
_______________________________________ I N
o h: |h
———————————————————— R R SRR S
i o |He
EQZ in y Q

Pucynox 2.4 - PerynroBaHHs MpOAYKTHBHOCTI HAacOCa JPOCETIOBAHHIM

[ToTyXHICTb, IO BTPAYa€THCS MPHU APOCENIOBAaHHI, OyJe piBHA:

. Q2h3ﬂ _ 4501,5

AN = =
102-7, 102-0,95

= 6,97 (xBm) (2.1)
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e hy;p - BTpata HaTHCKY B 3aCyBIIi;
Q, - TToJaYa HATHCKY TIPU IPUKPHTIH 3aCYBIIi;

1, - KKJI Hacoca npu noxaui Q.

Btpatu eneprii 3a pik piBHi:

AW = AP -365:T = 6,97 3656 = 15255 kBm * 200 (2.2)

ne T- mepiof peryyroBaHHs Mojavl BOAM 3aCyBKOIO (MpuiiMaemMo T= 6 TOJIUH).

YuMm OinbIn rMOOKO 3JIMCHIOETBCS TIPOIIEC PEryJIOBaHHS, THM OLIbIIe
HEIPOTyKTHBHA BUTPATa MOTYKHOCTI.

Eneprernuna e(exTUBHICTh IIbOTO BHUJY PETYJIIOBAaHHA HHU3bKa, MPOTE
3BaXKalOUM Ha HaA3BUYANHY MPOCTOTY 1I€M cociO Mae MMpPOKe 3aCTOCYBAHHS.

Jlo iHmUX cnoco0iB peryiaroBaHHS T0Jayl BIIIIEHTPOBUX HACOCIB Ha
HACOCHIM CTaHIli BIAIHOCUTHLCS 3MiHA YKCIa TTapajieIbHO MPAIIOI0YMX HACOCIB.

[TapanensHa poOOTa HACOCIB 3 PI3BHUMHU XaPAKTEPUCTUKAMU MOXKJIMBA TUTBKU
JUIS. TaKMX HACOCIB, y SIKMX HATHCKH, IO PO3BUBAIOTHCS, BIIPIZHAIOTHCS OJUH Bij
OJIHOTO HAa HE3HA4YHy BEIMYMHY (MoJaya 3Ha4eHHs He Mae). [Ipu mociijmoBHOMY
3'eqHaHHI (OCIIOBHIA POOOTI) OJMH HAcCOC MOAAE BOJAY Y BCMOKTYIOUUN MaTpyOOK
THIIIOTO HAcOca, a OCTaHHIN MMOJJa€ BOIY B HAIIIPHUI BOJIOIIPOBII.

3arajgpHa MOTY)KHICTh TAKUX HACOCIB CKJIAIA€THCS 3 MOTYKHOCTEH KOXKHOTO 3
HUX.

Crij 3a3HAYUTH, 0 TOCTIOBHA poOOTa JEKUIHKOX HACOCIB MEHII BHUT1IHA,

YUM 3aCTOCYBaHHS OJHOTO Hacoca 3 HEOOX1THUM HAaTUCKOM.
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2.1.3. Peeynioganus npoOyKmuHOCMI HACOCHO20 azpe2amy 30i1bUeHHAM YUCId

napajieloHo npayorndux Hacocie

Ha (puc.2.5) mokaszaHa 3aJieXHICTh MOja4i BOAW B dacy. Y pasi KoJu
HEOOX1THO TMOjaBaTh BOJY 3a IpadikoM B MEBHI Mepiojgd poOOTH IS 301IbIIESHHS
00'eMy BOJAHM, IO TOJAETHCS, B JIF0 BKIIOYAETHCSA JOJATKOBO HACOC Yepe3 MEBHUUN
yac, SIKIO TojJada BOAM HE BIJMOBia€ HEOOXIAHOMY DIBHIO, MITKIIOYAETHCS IIC
OJIMH HACOC.

PerymoBaHHsS MNPOAYKTHUBHOCTI 3MIHOKO 4YacTOTH OOepTaHHS poOOYOro

KOJIECA HACOCA € OLIBIII EKOHOMIYHUM CIIOCOOOM.

Q, m3/r 5000+

_____ I

Q' (t)

1-i1, 2- n 3-1 Hacocu

L Q(t)

1-1 1 2-1 Hacocu

1-# Hacoc

Pucynok 2.5 - PeryntoBaHHs IpolyKTUBHOCT1 HACOCHO1 CTaHIIii 3MiHOIO

YKclia HACOCHUX arperaris, IO MPaIfOl0Th OJHOYACHO

Ha (puc.2.6) moka3aHO TOJOXKEHHS HAMIPHUX XapaKTePUCTUK TMpH
pETYIIOBaHHI MOJa4i 3MIHOI 4YacTOTH OOepTaHHS poOOYOro Kojeca Hacoca ny >
N, > n3. OCKIIBKU MOJIOKEHHS 3aCyBKM 3aJIMINAETHCS HE3MIHHUM, 3arajbHUH OImip

TpyOONPOBOAY HE 3MIHIOEThCS 1 TIOJOXKEHHS HMOT0 XapaKTEepUCTUKU Oyje



37

nonepeaniM. Ilpu 3MeHIIeHHI YacTOTH o00epTaHHS poOOYOro Kojeca  TOYKa
poGo4oro pexumy 4 Oysie nepeMinlyBaThCh 10 XapakTepucTuill Q — H,ppeyeis TONAYA
1 HATUCK Hacoca 3MEHIYBaTUMYThCS.

[Tpu yactoTi ob6epTanHs poOOUOTO KoJjieca Ny Touka A1 OyJe 3HaAXOAUTHCSA Ha
NEPETHHI XapaKTEPUCTUKU TPyOOIPOBOAY 1 HAIIPHOI XapaKTEpUCTUKU HACOCa,
mojadya Hacoca IpU I[bOMY BU3HAYa€Thcsi 3HadueHHsAM Qi . Bimpizok h,; mokasye
BTpaTy HaTHCKY Ha TEPTS IPU PYCl PIIKOTO CepeIOBUINA MPH BiAMOBIAHIN mogaul Q.

[Tpu wyactoTi obOepTaHHs poOOYOro Kojieca Ny PEKUMHA TOYKa 3alMe
MOJIOKEHHST A TOJa4a 1 HaTHCK Hacoca BIAMOBIAHO MaTUMyTh 3HaueHHS Q. i1 Hoy,
BTpaTa HATHCKy B TpPyOONpOBOMI 3MEHIIUThCS 10 3Ha4YeHHs N, Hartuck, o
CTBOPIOETHCSI HACOCOM IIPU YacCTOTI Ny, TOBHICTIO BUKOPUCTOBYETHCS B TPYOOIIPOBO/II
JUISL TIHATTS PIAKOTO CEPEIOBHUINA HA TEOMETPUYHY BUCOTY H. 1 mojionaHHs onopy

h,,, mpu mogaui Q.

Pucynox 2.6 - PeryntoBaHHs NpOAYKTUBHOCTI Hacoca

3MIHOIO YaCTOTH OOepTaHHS

[Ipu momanbmoMy 3MEHINIEHHI MIBHAKOCTI OOEpTaHHS JBUTYHA JO0 3HAYCHHS
N3, IPOAYKTUBHICTh HAacOCa 3HMWXKYEThCS 10 Hys. Hatuck H, TypbomexaHizMoMm, 110

PO3BUBAETHCS, MPOMOPLINHUN KBaapaTy MIBUIKOCTI 00€pTaHHS:
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% = (%)2 (2.3)

ne H,- HaTuck mpu HOMIHAIBHIN MIBUIKOCTI 00€pTaHHS W, TypOOMEXaHI3Ma;
H; - Te > npu MBUAKOCTI w;, BIAMIHHINA BiJ HOMIHAJIBHOI.

PerymroBanHs 3MiHOIO 4YacTOTH OOepTaHHA POOOYOro Kojieca € Habararto
e(EKTUBHIIIUM 1 EKOHOMIYHIIIUM CIIOCOOOM, OCKUIBKM TpHU IIbOMY BIACYTHS

HEIPOYKTUBHA BTPATa MOTYKHOCTI.

2.2. Busnauenmns HeoOXiOH020 MEXHON02IUH020 0Iana3ony pe2ynto8anHts WeUOKoCmi

06€pmaHHﬂ Hacoca

VY naHoMy HACOCHOMY arperati BoJia MOJA€EThCs 3a rpadikoM, TOMY B MEBHUI
nepion 3 5.30 70 9.30 1 3 15.30 no 22.00 mpairroe 1Ba HACOCH, B PEITY Yacy - OJHHUH
Hacoc, 3riHo 3 rpadikom M. Mupropoa IlontanBcekoi 00acTi.

BusHaunMo [1ama3oH pPEryJIOBaHHS JUIsl OJHOIO IPAILFOI0Yoro Hacoca

(puc. 2.7).

H=H,+R,*

I
S

200 400 600 800

Pucynok 2.7 - PeryntoBaHHs NpOAYKTUBHOCTI HACOCa 3MIHOIO YaCTOTH

o0epTaHHs
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Bupaz Q-H xapakTepucTuku peryib0BaHOTO HACOCA MA€ BUTIISL:
H = Hyv? — RgQ*?
XapaKTeprucTuKa MEPeKi ONMUCYETHCS BUPA3OM:
H =H_.+ R.Q?
Ockinbku mpu N; = Ny (puc.2.7) B Toumi A Tojada Hacoca piBHA HYIIIO,
MOPIBHIOIOYH HATUCKU OTPUMAEMO:
Hyv? = H,

3BIICH BIJTHOCHA IIBUJIKICTH OOE€pPTaHHS piBHA!

_ |He_ 28
V= H, T Je0 T

[{s mBHUIKICTH BU3HAYA€ HIDKHIO KPalHIO MEXY Jiana3oHy perystoBaHHS 1
HA3UBAETHCS BIOHOCHOIO KPUMUYHOIO WUBUOKICIIO 0OEepMAHHL.

Takum 4rHOM, JJIs1 HACOCHOT CTAHIIIT 3 OJTHUM MPALIOI0YUM PETYIHOBAaHUM 32
IIBUKICTIO arperaToM Ha MEpexXy CIOXWBaya 13 CTaTUYHUM HaTuckoM H=28wm,
Jl1ara30H peryaoBaHHs MBUAKOCTI ckiianae 54% BHU3 BiJl HOMIHAILHOTO.

OCKUIbKM B JJAHOMY HACOCHOMY arperari Ma€ MICIIe€ PEeXHUM MapaieabHOl
poOOTH HACOCIB, MpOaHATIZyeEMO HEOOXIHHMM [lama30H PETyJIIOBaHHS TaKoro
HACOCHOTO arperary.

Ha (puc.2.8) mnpencraBneni Q-H xapaktepucTuku [BOX MapajeibHO

MPAIIOI0UYMX HACOCHUX arperaTiB 1 HACOCHOI YCTaHOBKH B ILI1JIOMY.



40

| I

100 200 300 400 500 600 700

Pucynok 2.8 - PeryntoBaHHs MPOAYKTUBHOCTI IBOX HapajieilbHO MPAIIOI0UYHX

HACOCIB

Jl1s1 HeperyJIbOBaHOTO HACOCHOTO arperaTy 3aJIeKHICTh HATUCKY BiJl BUTpaATH
PITMHU Ma€ BUTJISII:
H = Hy — RgQ7
JJ1s1 peryi»0BaHOTO HACOCHOTO arperary:
H = Hyv? — RpQ3, npu yvomy Q3 = Q1 + Q
Y Toumi Az mEpeTHMH CyMapHOi XapaKTePUCTUKH HACOCHOI YCTaHOBKU 3
XapaKTePHUCTUKOI0 MEPEKl TMPOBOJUTHCS PETYJIIOBAHHS arperary 3HMKYHYHCH J0
HYJIS.
Tomxi maemo:
Ho — RpQf = H, + R.Qf
Ho — H. = RgQf + R.QF

3Biacu Bupazumo Qi, oTpuMaEemo:

[lincraBuBmm 3HaueHHs Qi y QyHKIIIO BUTpAaTH  PIAWHA IS

HECPEr'yJIbOBAHOI'O HACOCHOI'O arpe€rarty OTpuMaeMo BHpa3:
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HO_HC

A=tom e R+ Ra

[TpupiBHsBIIM HAOyTOro 3HAYEHHS JJIsl HATUCKIB PLAMHU AJii 000X HAacOCiB

OTPUMAEMO:
2
ol (7, | =
3BiJICH:
R H,—H, _60—28_

v= [1—— = 0,68

— ‘=1
H, Rz + R, 60

TakuM 4yuHOM, JIJII HACOCHOI CTaHUIi 3 JBOMa MNapaJiebHO MPaLIOYUMHU
HAaCOCHMMH arperatamMy 3 OJHHUM HPALIOIOUYUM pETyJbOBaHUM 3a IIBUAKICTIO
arperatoM 1 OJHMM HE pEryJbOBaHWM 3a INBUIKICTIO arperaroM Ha MEpexKy
CIOKMBayYa 13 CTaTUYHUM HaThCKoM H=28M miama3oH peryiaioBaHHS IIBUIKOCTI

ckiaznae 32%.

2.3. Ananiz sumoe 0o enekmponpueodis nacocie. OBIpYHmMY8arHs UOOPY cucmemu

Dpe2ynio8aHnHts eneKmponpusood

[lepen myckOM BCTAHOBJICHOTO €JICKTPOABUTYHA HEOOXIMHO pPETEIbHO
OTJITHYTH JOCTYIHI BHYTPINIHI YaCTWHU, TEPEBIPUTH, YA HEMAE B MaIlWHI
CTOPOHHIX MPEIMETIB, OYUCTUTU EJIEKTPOABUTYH BIJ NIy 1 Opyay HNpOAYTH CYyXUM
CTHCIMM MOBITpSAM NpH TUCKy He Oimblue 2 Krc/cM?; BUMIpSATH OmHip 130711l
MIePEBIPUTH  30BHIIIHI  3'€THAHHS, 0 MABOMATH Kabem 1 3aTodyBaHHS
3a3eMJIIOIOYMX OOJITIB; TMEPEKOHATUCS, YU BIJAIMOBIJIA€ Hampyra MEpeXi Hampysi,
BKa3aHIi HA MacCOPTHOMY IIUTKY €JIEKTPOJABUTYHA; IEPEKOHAETHCS IO POTOP BIIBHO
o0epTaeTbcsi BIA  PYKU; NEPEeBIPUTH  TPABUIBHICTD  CIIOJIYYEHHsS  BajliB

CJICKTPOABUI'YHA 1 HacoCa, a y CJICKTPOABUI'YHA 3 KOHTAKTHHMMH KiJII)IlSIMI/I -
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MPaBUJIBHICTh YCTAHOBKH IIITOK HA KOHTAKTHUX KIUTBIAX, @ TAKOXK NMPWIATAHHSA iX 710
MOBEPXHI KOHTAKTHUX KIJICIIb.

Al 3 K/3 poTOpOM MycKaloTh O0e3mocepeHIM BKIIOUEHHSIM Ha TTOBHY HANPYTY
MEpexkKi 3a JIOMOMOTOI0 pyOHIIbHUKA a00 MarHiTHOro myckadva. [Ipote npu npomy Ha
OOMOTKax cTaropa i poTopa BUHHMKAIOTh BEJTUKI CTpyMHU. X0o4ya CTPUOOK ITyCKOBOTO
CTPYMY € KOPOTKOYaCHUM 1 HE MMPUBOAUTH 10 HEOE3MEUHOT O MEePErpiBy JIBUTYHA, BIH
BUKIIMKA€ TOHIDKEHHS HAmNpyrd Mepexi. SIKIo KOMUBaHHS HANpyTd MEpexki He
nepeBuIyoTh 10 - 15%, To npsamMuii myck JOMyCTUMHUIA.

Mo>xJB1 cOCOOM MyCKY JBUTYHA HACTYIIHI: BKIIIOUYEHHS B OOMOTKY cTaropa
aKTUBHOTO a00 PEaKTUBHOIO OIMOPY IMYCK 3a JOIOMOT0I0 aBTOTpaHc(opmaTopa, MycK
NepeMUKaHHS OOMOTKH CTaTOpa 13 31pKU HA TPUKYTHHK.

[IpuBoA MOCTIHOTO CTPYMYy HE MA€ MEPCIEKTUBHU JIJIsl 3aCTOCYBAHHS HaJali.
PerynboBaHuii el1eKTpONpUBOJ 3MIHHOIO CTpyMy OYIyeTbCs Ha THUPHUCTOpax 1 Ha
TpPaH3UCTOPAX.

JInss  peryntoBaHHST Hampyru Ha BuUBOJax cratopa AJl MOXyTh
BUKOPUCTOBYBATHUCS PI3HI MPUCTPOI, 3TAHO 3 [2] - aBTOTpaHcPopMaTopu, MarHiTHi
niacuiIoBadl 1 TUpUCTOpHI mneperBoptoBaul  Hampyru (TPH). Ieit cnoci0
peryJitoBaHHs CYIPOBODKYETHCSI BUALICHHSAM B JIAHI[I031 pOTOpa BTpAT KOB3aHHS, L0
3HAYHO 3HIMKYE TEXHIKO - €KOHOMIYHI IMOKa3HWKHU aCHHXPOHHOTO €JICKTPOIPUBOIY.
Jns enexTponpuBOAIB B JACKUIbKA COTEHh ab0 THUCAY KUIOBAT BTPATH KOB3aHHS
CTaIOTh BEJIbMU BEJTMKUMHU 10 aOCOIIOTHOMY 3HAUEHHIO.

Jlist  perymtoBaHHST IIBUJKOCTI TaKOXX BHUKOPUCTOBYETHCS ACHHXPOHHUUI
BeHTeNbHUM Kackay [2]. PerymoBanns mBuaxocti B ABK-AJ] BinOyBaeThcst 3a
paxyHok 3MiHd EPC 1omomi>kHOTO JBUTYHA, SIKE 31HCHIOETHCS PETYIIOBAHHIM HOTO
cTpymy 30ymkeHHs. [lpu kackaaHOMY peryirOBaHHI IIBUIKOCTI KOEQIIIEHT
MOTYXXHOCTI TPHUBOJIY BIJHOCHO HEBEJMKWW, IO BHUKIMKAE HEOOXITHICTh
3aCTOCYBaHHS KOMIIEHCYIOUHX IPHUCTPOIB.

VY 3B'S13Ky 3 THM, 1110 Y BUILIE BUKJIQJICHUX METO/IB JAiana3oH peryatoBanHs 10-

50% mOIiIBPHO 3aCTOCOBYBATH YaCTOTHE PETYIIFOBAHHS, 3TiTHO 3 [2].
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Y mpakTulll eneKTpONpHBOJia JOCUTH N0Ope BIMOMI Tak 3BaHl 3aKOHU
YaCTOTHOTO YIPABIIHHS, IO BITHOCATHCS TMEPEBAXHO 10 ACHHXPOHHOTO YaCTOTO

Peryjab0BaHOTO PUBOLY.

. N U o :
HaiinpocTimmii 3ak0H 7= const. Ciix BIAMITUTH, IO caM IO €001 3aKOH

: . . U
YaCTOTHOI'O YIPABIIHHS - 3AJIEKHICTh HANIPYTH KUBJIEHHS B 4aCTOTH 7
F(m, .. k;).

VY 3B'SI3Ky 3 THM, L0 HACOCH BIIHOCATHCS 10 TypOOMEXaHI3MIB 3 HAaBAHTAKEHHAM

BCHTHUJIATOPA, 3aKOH YaCTOTHOI'O ynpaBJ'IiHHSI JJIA TaKUX arperaTiB Ma€ BUI'TIAO.

U
— = const

2

Sk mpaBuWiio, BKazaHUM (PyHKIIIOHAI BU3HAYAE HEOOXIAHY 3aJICKHICTh OJHOTO
3 TMapaMeTpiB MEXaHIYHOI XapaKTepPUCTUKU JBUTYHA (KPUTUYHOTO MOMEHTY,
NepeBaHTaXKyBaJIbHOT 3AaTHOCTI, 3AaTHOCTI HABAaHTAXEHHS 1 1H.) B YacTOTH,
IIBUJIKOCTI 0OepTaHHs 1 T.1. Bka3zaHi MUTaHHS TOCTaTHHO PI3HOMAHITHI, YHACIIIOK
4oro €IWHOIO 3aKOHYy YAaCTOTHOTO PETyIroBaHHsS Hemae. IIpu 1npomy 3aKkoH
YaCTOTHOI'O YIPABIIHHS ICTOTHO 3aJI€KUTh BiJ] XapaKTepy HaBaHTAKECHHS.

HaiiGinpiie 3actocyBaHHS SIK TIPUBIA HACOCIB OTPUMAJIM  ACHHXPOHHI
€JICKTPOABUTYHH 3MIHHOTO CTpyMy. € JEKUIbKa CIMOCOO0IB PEryJIOBaHHS YacTOTH
oOepTaHHs pOTOpa IUX [JBUTYHIB: NEPEMUKAaHHS 4YHUCJIAa Map TMOJIOCIB, 3MiHA
aKTUBHOTO OTOPY B JIAHITIOTH POTOpA, 3MiHY YaCTOTH XHUBJSYOTO CTPYyMY, 3MIHY

HANpyTy Ha CTaTOpi JABUTYHA, SIK BKa3aHO B [2].

2.4. Onuc cucmemu y320024CeHHsl eHep2OCUI0B801 YCMAHOBKU 3 NApamMempamu

cucmemu eﬂekmponpueody Hacocda

AHaji3 XapaKTePUCTHK CHEPreTUYHMX MOOILTLHUX YCTAaHOBOK ITOKa3ye Ha
BIJICYTHICTh MOXKJIUBOCTI O€3MOCEpPETHbOr0, MPSMOI0 iX BUKOPUCTAHHS IS ILUJICH

aBapitHOTO Pe3ePBHOTO KUBJICHHS. []e MOsSCHIOETHCSI HACTYITHUMHA YHHHUKAMMU:
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- Y CHUCT€Max 3 T€HepaTOpOM MOCTIHHOTO CTPYMy OUYEBHUIHA HEY3TOIKEHICTh
napamMeTpiB eNEeKTPUIHOI E€HEeprii 3 OCHOBHUMH CIIOKMBAadyaMH, B SKOCTI SKHUX, 5K
MPaBUII0, BUKOPUCTOBYIOTHCS €JEKTPONPUBOIU 3MIHHOTO CTPYMY;

- Y CHCTEMaxX EHEpProCHJIOBHX YCTAaHOBOK 3 CHHXPOHHUMH T€HEepaTopaMu
YUHHUKOM HEY3TOJ)KEHHS € 4acToTa Ha BuXo1 reneparopa (150 - 400 I'n), sika, sk
MpaBUJIO, BUILE MPOMUCIIOBOI. Y TaKUX YMOBaX OYeBUIHA HEOOXITHICTh YCTAaHOBKU
JOJJATKOBUX TPUCTPOIB 1 CHCTEM Y3TOKEHHS, IO 3a0e3MevyloTh B3aEMHY
MPUIHATHICTh, CYMICHICTh MapaMeTpiB eHeprocuioBoi ycraHoBku (ECY) 3
napaMeTpamMu CHUCTEM €JIEKTPOTIPHUBO/LY.

Cucrema y3roJiKEHHs IO CX€M1 HAaCOCHOI'O JABUTYHA IpHUBEAEHA HA JHUCTI 4
KOHCTPYKTOPCHKOi JOKyMeHTalii. CxeMa BUKOPUCTOBYETHCS 32 HASBHOCTI Y CKJIaji
THPUCTOPHOT CUCTEMHU CHHXPOHHOTO TeHepaTopa. ACHHXPOHHHUI ABUTYH PO3TaHSIIOThH
no mBuAkocTi 0,1 - 0,15 Bl HOMIHAJIBHOT, KUBJSYH 1 30Y/HKYIOUH HOTO BiJl CUCTEMHU
CHEPTOKUBJICHHSI TUPUCTOPHOI cucTeMu. Lli€l mMBUIKOCTI TOCTATHBO IS MAlTAHHOI
KOMYyTallii THPUCTOPHOTO I1HBEPTOpPA, IO € TUMOBUM INEPETBOPIOBAYEM CIILIHHO 3
tpanchopmaropom Tpl. Kyt ympasmiHHsS iHBepTOpoM B Mexax m/4 pan. Ilpu
piBHocTi Uy = E, cnpanboBye BMUKA4 B JIaHI[I031 MOCTIHOTO cTpymy. ITocTymoBo
30uTpITyroun  Hanpyry Ugy, pO3TOHSTh ACMHXPOHHUN JABUTYH JO CHHXPOHHOI
mBUAKOCTI. [Ipy 11pOMy yacToTa Ha BUXO/1 Oyje MOCTaTHLO Oim3bka 10 yactotu S50
I

VYrpaBiaiHHS 1HBEPTOPOM TMPU IOMY 3IIMCHIOETHCS 3 METOH MIATPUMKH
HEO0OX1HOTO 3amacy kyra f.

OcoOsuBICTh 111€1 CXeMH B TOMY, L0 ACMHXPOHHHUM IBUTYH BHPOOHHYOIO
MEXaHI3My OJIHOYaCHO BUKOHYE POJIb MPUCTPOIO Y3TO/KeHHS. BiH TakuM dmHOM
3MIICHIOE OCHOBHY CBOIO (DYHKIIIO, SIK €JIEMEHT CUCTEMH EJIEKTPOIPUBOAY, a TaKOXK
3aB/ISIKM HhOMY YaCTHHA €HEPrii BiJ TPAHCIIOPTHOI CUCTEMU W€ Ha 1HII CIOKHUBAYi.
KomyramiiiHa 31aTHICTP aCHHXPOHHOTO JBHTYHA BH3HAYA€THCS 3alacoM IO KyTY

BUIIEPEIKEHHS ~ 1r/4 Ta IOIIYCTUMHUM CTPYMOBHUM HAaBAHTAXKEHHSIM I10 CTPpyMy lg.
r yMy

s )
[Ipu kyTax BUNEpEemKEHHS [ = , KOMYTOBaHMH CTPYM 3HAXOMUTLCA B MEkax

lgmax = 1,75+ 1,1"],.,, 1110 BUIIIE 32 HOMIHAJIBHUI CTPYM aCUHXPOHHOTO JABUTYHA.
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B 1mux Mexax, acCMHXpPOHHHMM JBUTYH MOXKe 3a0e3meduTH BimOip HEOOXiTHOI

MOTY>KHOCTI:

] . n
Po = Py SinPmin = Paysin () 2.4)

Jlns naHOTO JBUTYHA!

P, = 250 - sin (%) — 177 kBm

[Ilo € 6aM3bKUM 10 HOMIHAJIBHOI MOTY>KHOCTI aCHHXPOHHOTO JIBUTYHA.

Takum uynHOM, siKIIO BUOpaHa noTyxHIicTh Bl TC piBHA Prc, MOTYXHICTH
Hacoca Py, TO Ha JOJI0 JOJATKOBUX HAaBaHTaXXEHb Oyie:

Ppe3 = Py - Py, sikmmio Po > Py;

Ppe3 = Py - Py, sixkmio Py < P

O4eBUIHUM HENONIKOM JAHOI CXEMM € CKJIaJHOIIl po3KpydyBaHHs A/l Bix
0,1 + 0,15 ®o, OCKIIBKH 11€ MOXKJIUBO TUIbKH 3a HAABHOCTI y ckiiajii TC CHHXpOHHOTO
re”Heparopa.

Bukonanuii panime a”aiiz HE € BUYEPIHUM 3 MO3UIT MOMIMBUX 1HIIUX
CXEMHHUX PIlIECHb.

[x pisHOMAaHITTS BU3HAYaEcThCA 3 OAHOrO OOKy BuaoM TeHeparopa CI, a 3
IHIIOT - T€ yCTaTKyBaHHA, SIKE MOXe OyTH BKIIIOYEHE J10 CKJIanay (OpPMOBAHOTO
JoKepena. 3aciyroBye Ha yBary cxema 3 0e3nocepeHiM NepeTBOPIOBAYEM YaCTOTH Ha
BUXO/Il CHHXPOHHOTO T'€HepaTopa, SKILO YaCTOTa HAlPYr' OCTAaHHBOI'O 3HAXOMATHCS
Ha piBHI 125 + 400 I'u. [lepiia Mexa xapakTepHa Jjisl EHEproCUJIOBUX YCTaHOBOK, IO
BUITYCKAIOThCSA YKpaiHi, apyra, - xapakrepHa mis ¢ipm Anonii 1 CIIIA. Tlosza
CyMHIBOM, 1100 oTpuMatu 4dactotry S50 I'l Bil Takux JKepen ifeaqbHO BUPIIIUTH
npo0ieMy 3 BHUKOPUCTaHHSIM THUPUCTOPHOro mneperBoptoBaya wyactotu (TIIYH).
Jliama3oH 4acToT Takui, o 6e3 mpobieM Moriu 6 OyTH BUpIIIEHI 3aBJaHHS 3aITyCKY
MOTYXHUX €JIEKTPOABUTYHIB, a TAKOXK iX TpUBAJIOl poOOTH 3 yactoTamu 25 - 50 I'w.

[Ipo6bnema B TOoMy, mo TIIY no TemepiliHBOrO Yacy HE MOKHA BBaXKaTH
CTaHJApTHUM yCTaTKyBaHHSM. JIOCHTH CKa3aTH, IO HAa CbOTOJHI, B YKpaiHi 1oMi0H1

MepEeTBOPIOBAYl HE BUTOTOBIISIIOTHCSA. [IOMITHO 3HM3UTBCS 1HTEPEC O HUX 1 1HIIHX
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KpaiH OCTaHHIMH pOKaMH. Y 3B'S3KYy 3 OCBOEHHSIM TIEPETBOPIOBAYIB IHBEPTOPHOTO
TUIY 3 IHBEPTOPAMU HAMNpPyTy HA TPAH3UCTOPaX.

Ockinpku MepexeBi Tpanchopmatopu TP maroTh Hampyry 6/0,4 kB, Ta
Harpyra U, moBuaHa MaTu napametrp came 0,4 kB. B manomy Bumanky crokuBadi
MOXYTh HJIKIIIOYaTUCs Ha mHu 6 kB a6o 0,4 kB.

JIBa pO3IIIIHYTI BapiaHTH Y3TOXKEHHS IPUITYCKaIOTh (OPMYBaHHS HAPYTH 3
gactoToro 50 I'm. Lle € mepeBaxHuM, ane He 3aBKIMA BUIPABAAHUM 3 NPUYUHU PALY
0COOJIMBOCTEN, BIACTUBUM CUCTEMaM EJIEKTPONPUBOAY HACOCHUX YCTAaHOBOK B3araii.
3 OpakTUKH BIAOMO OUIbLIE JECATKA PI3HUX CUCTEM EJIEKTPONPUBOTY HACOCHHX
ycraHoBok [10], perymoBaHHST TPOJXYKTUBHOCTI, III0 CTBOPIOBATIUCS 3 ypaxXyBaHHIM
MO>KJIMBOCTEH, 3acO0IB €JIEKTPONPUBOJY, MOJIMIICHHS MyCKOBUX PEXHUMIB 1 1H.
Crninye tak camo Te, mo (opmyBanHs Hanpyru 6 1 0,4 kB, npuBoauTh 3 0JHOr0 OOKY
70 HE MOBHOTO BUKOPHCTAHHS €HEPrOCUJIOBOI YCTAaHOBKHM THUPUCTOPHOI CUCTEMH 3
NPUYUHA TOTO, IO HAMpyra Ha BUXOJl MPU HOMIHAJHLHOMY PEXKUMI 30YKEHHS
reHepaTopiB TPAHCIIOPTHOT CUCTEMU 3HAXOAAThC Ha piBHI 750 + 1250 B, mo Hmk4e
510 B - BunpsimiieHOi Hampyrd Ha BUXOJ1 MOCTOBOIO MEPETBOPIOBaYa Mpu Harpys3i
wusneHHs 0,4 kB. Kpim Toro, tpancopmaTop >KMBJIEHHS € CIOKHMBAa4ye€M €Heprii
BTpaT, fKa TpH OOMEXKEHIH MOTY)XHOCTI  CHJIOBOi YCTAHOBKH B TPOIEHTHOMY
CHIBBIIHOIIEHH] 1CTOTHOI mOTykHOCTI (10 10% HOMIHAJIBHOI MOTY>KHOCTI
CHEeproCUJIOBOi yCTaHOBKM). Bumpapmanuii omuc TOro, mo B YMOBax MPaKTUKU
eKCIUTyaTarii HacocCiB, IO CKJIajacs, MEXaHI3M aepoJUHAMIYHOTO YIIPaBIIIHHS
NPOAYKTUBHOCTI HACOCIB, SK TIPaBWJIO, 3HAXOAWTHCS B HEPOOOUOMY CTaHi.
[ToTpiOHMII KYyT YyCTAHOBKHM JIOMATOK BCTAHOBIIOIOTh Ha BEJIMKUN MPOMIKOK dYacy,
YHACHIJJOK YOTO MEXaHi3M MiJJA€Thcsl KOpO3ii 1 B yMOBax ONEPATUBHUX i HE
¢yukmionye [10].

HaiiBaxknuBima o6cTaBuHA, 1110 TOBOPUTH HA KOPUCTh BUKOPUCTAHHS 4acTOT
XKUBJeHHs, BiAMiHHUX BiJ 50 ['11 B ToMy, 1m0 ipu aeponmuamivHii aii Ha Hacoc KKJ]
3HUXKYeThCs 10 40 + 45 %.

[I{omo mepeTBOpIOBaYiB YaCTOTH HOBOTO IOKONIHHA 3rimHo 3 [3] ciix

3a3HAYNTHU TaK1 IOJI0KCHHS:
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- TNKUTOMAa BapTICTh 6€3TpaHCcHOPMATOPHUX TPAH3UCTOPHUX MEPETBOPIOBAYIB
nocsrae 75 non./ kBT 1 Mae TEHIEHINIIO 10 3HIDKCHHS,
- BaroBl XapaKTEpUCTUKHU TPAH3UCTOPHHUX MEPETBOPIOBAUIB JOXOMASTH 10
0,7+1,5kr/kBT;
- KoedilieHT KopucHoi nii He Hmk4de 0,95.
ko npumycTUTH, IO B aBapidiHIM CcHUTyallli NpOayKTUBHICTH Hacoca
noBuHHA OyTu He MeHmie q = 0,5 BiJ HOMIHAJbHOI, TO CIOXXMBAaHA MOTYXHICTh 3
ypaxyBaHHSM BIJJOMHX IIOJIOKEHb, 10 CTOCYIOTbCS EHEPreTUKH TYypOOMAIMH IpH
3MiHI BUAKOCTI 00€pTaHHs TOBMHHA OyTH Ha PiBHI:
P,=P,-g3=P, 0125
Tak, SKIIO MOTYXHICTh €JIEKTPOABUTYHa Hacoca P, = 25 kBt, xoediieHt
3aBaHTaXeHHS K, =0,75 B HOMIHaJIBHOMY pEXHUMi, TO B aBapilHIA cuTyaIii
aepoMHaMIYHa TOTYKHICTh TOBUHHA OYTH:
P,=P,-k,-g>=25-0,75-0,5% = 23,4 kBt
CrnioxuBaHa MOTY>KHICTb Bl €HEPrOCUIIOBOi ycTaHOBKH (KBT):

P, 234
N.-M- 0,95-0,5

P, = = 49,3 kBT

ae n. = 0,5 - xoediuieHT KOpucHOI [ii Hacoca (MpU aepoIUHAMIYHOMY
pEryJIIOBaHHI).
VY BUIagKy SKIO0 BUKOPUCTOBYETHCS MOXKIIUBICTH PETYIIOBAHHS IIBHIKOCTI

Hacoca 3aco0aMu mepeTBOpeHHs 4acToTu (KBT):
P 234
n,°n- 095-0,8

P, = = 30,8 kBT

3BiI[CI/I O4YCBHHA IICPCIICKTHNBA 34CTOCYBAaHHA MOTOJIPKYIOYNX

0e3TpaHcPOopMATOPHUX CHUCTEM 3 POOOYOIO YAaCTOTORO, BIIMIHHOKO Bif 50 I,
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2.5 Bucnoexu 3a po3oiniom

1. BukoHaHO aHami3 BUMOT J0 €JIEKTPONPHUBOAIB HacociB. IIpoaHanizoBaHO
JIeKiJIbKa CIOCO0IB perytoBaHHs 4acTOTH obepTaHHS poTopa A/Jl: mepeMukaHHAM
YKCJia Map MOJII0CIB, 3MIHOI0 aKTUBHOTO OIMOPY B JIAHII031 POTOPA, 3MIHOIO YacTOTH
HaIPYTH KUBJICHHS, 3MIHOIO HANIPYTH HA CTATOP1 JBUTYHA.

2. BcraHOBNEHO, MO0 HAWOUIBI MMOBHO Cy4aCHUM BHMOTAM BIJIIIOBIa€ came
YaCTOTHE PETYJIIOBAHHS YacTOTH OOEpTaHHS MPUBOJAHOIO JIBUTYHA HACOCHOIO
arperara.

3. BukoHaHO pO3paxyHOK  CITO)KMBAHOI  IOTYXKHOCTI ~ €HEPTOCHIIOBOI
YCTaHOBKH €JIEKTPOIIPUBOLY.

4. KputnuHo  mpoaHanmi30BaHi  CydacHI  CHUCTEMH pEryJIfOBaHHS
CJIEKTPOIIPUBOIA Ta BUKOHAHO OOTpyHTOBAHMIA BUOIp CUCTEMU

6e3TpaHchOpMaTOPHOTO PETYITIOBAHHS MPOAYKTUBHOCTI HACOCHOTO arperary.
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3. JOCJIIKEHHA PEZKUMIB POBOTHU EJIEKTPOITPUBOAY

3.1.  Po3spaxynok napamempis aCuHXpOHHO2O0 08UCYHA

OCHOBHUM METOJIOM aHai3y BIACTHUBOCTEH 1 XapaKTEPUCTHUK aCHUHXPOHHOTO
nuryHa (AJl) B CTaTUYHUX pEXKMMAaxX € BUKOPUCTAHHS EKBIBAJIEHTHUX CXEM.
[Tpudomy, mpu AeSKUX TOMYIIEHHSX, TOCTATHIM € PO3TJISi SIBUIIL, 10 BITHOCSATHCS 10
onHi€i (a3u Oaratodaznoro ABuryHa. EKBIBaIeHTHI CXE€MU, CKIIAJICH] 3 YpaXyBaHHIM
BUKJIQJICHUX JIONMYIIEHb, Ha3uBarOTh cxemamu 3aminieHHs AJl. Pospizusiors T-
noAioHy 1 ['-mogiOHy cxemu 3aMilieHHs 3T1iaHo 3 [12].

Bupasu 115 ocHOBHMX poOOUYMX MapameTpiB, L0 XapakTepusyrTb All,
OTpUMaHl B PeE3yJbTaTl PO3PaXyHKIB Ha OCHOB1 T-momiOHOI CXeMu 3aMIIEHHS,
JIOCTaTHHO CKJIAJHI 1 HE3PYUHI ISl MPAKTUYHOTO BUKOPUCTAHHS, XO4Yad Pe3yJbTaTu
pPO3paxyHKIB Ha OCHOBI IIi€l cxemu TOUHiII. ToMy 1110 cXeMy BUKOPUCTOBYIOTH JIHIIIC
B CHEIIaIbHUX BUMNAJIKaX TMpU HEOOXITHOCTI OOJIKYy BIUIMBY KOHTypa, IO
HaMarHivye.

Ha nmpakTtuui sk mpaBuiIO BHUKOPUCTOBYIOTH ['-moaiOHYy cxeMmy 3aMillEHHS,
HEXTYIOUM TIPU IIHOMY 3MIHOIO CTPYMY HaMarHidyBaHHS, 110 BHHUKAE TPH 3MiHI
HABAHTAXKEHHA, a TAKOXX MaJIHHSAM HANpyTy BiJ CTpyMy HaMarHidyBaHHS B OMOpax
OOMOTKM cTaTopa. 3 ypaxXyBaHHSIM TOrO, WLI0 I1HAYKTUBHUW OMmip KOHTypa
HaMarHi4eHHs 3HA4YHO OIJbIIle aKTUBHOTO OIOpPY, OCTAHHIM HEXTYIOTh 1 CXeMa

HaOyBae OLTbII MPOCTUI BUTIIAL.

Iy I
X, —H . X,
" I
R./g
IH

Pucynok 3.1 - CrpoiiieHa cxema 3aMillieHHsI aCHHXPOHHOTO JBUTYHA



Po3paxyHok cxeMu 3aMilieHHs] BUKOHAHO 32 KaTaJIO)KHUMU TaHUMH.
HominansHu MOMEHT JIBUTYHA!

P, 25-10°

" w, 154
Pospaxyemo ¢hazHy Hampyry :
U = Uy _250-103
= 3T 17

Po3paxyeMo g - KyToBa IIBUAKICTh 0OepTaHHs mojs ctatopa A/l

= 147 B (3.2)

Ton, 3,14-1470 1
Wo=35 =39 - >4 (E) (3:3)
HOMiHaJH)He KOB3aHHA IBUI'YHA, BUSHAUCHO SK:
Wy 154
Se=1-_t=1-12=0019 (3.4)

Busnaunty 3HaueHHS Sy, MOXKHA 3 BUPa3y:

Se =S, (AM + 02— 1) =0,019-(19+197-1) = 0066  (3.5)

Po3paxyemo nipuBenenuii CTpyMm potopa:

I =1 2 M Sh_og.09. | I0019 09 @6
2~ 'H COS(pH SK - ) 0,006 - ) ( " )
Po3paxyeMo akTuBHUII OI1ip cTaTopa:
uz-(1-S
R, = w ) o 0,6 =
2-¢,-1,01- By Ay (1+3)
B 3529%(1 — 0,025) 0.6 —
~2-1,02-1,01-250000-1,9 - (1+1,02/0,088) B
= 0,4603 Om (3.7)
ne ¢1=1,02 koedilieHT HACHYCHHS MarHiTHOTO JIAHITIOTA.
Pospaxyemo omip poropa:
Ag-1,01- P, 0,9-1,01-250000
0,26 =

R, = -0,26 = :
27 3-(1-8) K212 3-(1—0,019) - 4,6 - 292
= 1,1282 Om (3.8)
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= = 163,4 Bt (3.1)



[HyKTUBHUY OIIp:

X, = Rz 2 R2 = (1’1282>2 0,46032 = 16,88 0
<= I\ s 1= |\"o,088 ’ - SO0 TN

Po3paxyeMo 1HAyKTUBHUN OMIp CTATOpA:

X, =é=@=8440M
2 2 ’
Po3paxyeMo 1HAYKTUBHUN OMip poTOpa:
X5 =ﬁ=%=8,270M
¢, 1,02

[HAyKTHBHE pO3CIIOBaHHS pOTOpA:

X} 8,27

L,= = =0,0269T
P 2nf T 2-3,14-50 g
[HAyKTHBHE PO3CIIOBAHHS CTATOpA:
X 8,44
Ly = 0,0263TH

~2nf 2-314-50

Po3paxyeMo HOMIHaANBHIN CTPyM HaMarHi4yBaHHS:

me =1y (simpH —

Sk 0,088
= 2,1533 A
Po3paxyeMo 1HIyKTUBHUMN OMIp HAMArHI4yBaHHS:
X, = E = 3529 = 676,488 Om
K l,, 52166 ’

[HIyKTUBHE pO3CiIOBaHHS KOHTYpa HaMarHiuyBaHHS:

L X _ 676488
WS mf 2-314-50 &

[HIYKTUBHICTH PO3CIIOBaHHS KOHTYpa HaMarHiuyBaHHS CTaTopa:

2 2
Li=Ls+3-L-p=01+5-009=016Tn

[HIYKTUBHICTH PO3CIIOBaHHS KOHTYpa HAMarHiuyBaHHS poTopa:

, 2 2
Ly =Ly+3-L, =0099+5-0,09=0159Tx

coS Yy, -SH> — 79 (O 3 0,9-0,019

o1

(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)
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3.2. Ilobyoosa cmamuynux Xapakxmepucmux pezyib08aH020

eNeKmponpusooy

[Touremo 3 po3paxyHKy MeEXaHIYHUX XapaKTEPHUCTHK, SKAA OyIauMo
MIPOBOAUTH 10 OPMYIJIL:
3-U;-R;
2

M= (3.19)

[Ipy 1bOMy HEOOXIJTHO BpaxoBYBaTH, IO 13 3MIHOIO YacTOTU OyAyTh
3MIHSTBHCSA 1 1HII MapaMeTpH, 110 BXOJATh B PIBHAHHS MEXaHIUYHOT XapaKTEPUCTUKH.
B nepiry uepry HeoOXiJTHO BpaxyBaTH, IO Hampyra OyAe 3MIHIOBATHUCS BIANOBIAHO

JI0 3aKOHY PEryJIIOBaHHS:

U
— = const;

f2
CHUHXpOHHY IIBUJKICTh OOEpTaHHS 1 IHIYKTUBHUH OMIp cTaTopa i poTopa npu
S=1 6e3 ypaxyBaHHS CTpyMy HaMarHiuyBaHHS, MOHA BU3ZHAUUTHU JIJIS1 PI3HUX YaCTOT

34 HACTYIITHUM BHUPA30OM:

f f

Wy = woso% ; Xy = Xks0 %

HaBiTh Maroum MOXJIHMBICTh HAOyTH 3HAUCHb MMapaMeTpiB TpHU Oyab-sKii
4acTOTI, po3paxoByeMo 1o (popmy:i (2.23) MexaHIuHI XapaKTEePUCTUKU JJIs1 YACTOTH
50;45:40;35;30 I'm1.

JIist  po3paxyHKy MIBUAKICHHX XapakTEPUCTHK 3a3[ajleriib HEoO0X1THO
po3paxyBaTy 1 OMUCATH HACTYIIHI TapaMeTpH 1 KOePIII€HTH.

BignocHa yacToTa craTopa:

f

a=—;

)

Ju
[TapameTp aOcoOTHOrO KOB3aHHs, a00 BIIHOCHA YacToTa poTopa -
BIJIHOIIICHHS a0COJIIOTHOTO KOB3aHHA AS 10 CHHXPOHHOI IIBHUIKOCTI TIPH

HOMIHAJIbHIN YaCTOTI:



53

_A(U_(w1—w)_f2
p=—=

1H (‘)11-1 le

[Tapamet BUKOPHCTOBYETbCA 3aMICTh KOB3aHHS S 1 MOB'A3aHMI 3 HUM
M

(3.20)

CIIBBIIHOIIICHHSM:

S_A(U_fz'fm_ﬁ

S wor fitfin a (521
Bignocna namnpyra:
Yy = i (3.22)
Uy
KoedimieHT po3cissHHS BIAMOBIIHO ISl CTaTOpa 1 poTopa:
Xq 8,44
T, = E = 676.488 = 0,0125 (3.23)
Xy 8,27
T, = E = 676488 = 0,0122 (3.24)
3aranpHui KOe(DIIEHT PO3CISTHHS:
T=1T,+7T, +71 7, = 0,0249 (3.25)

OxkpiM 1IOTO PO3PAXOBYIOTh HACTYIHI KOE(DIIIEHTH:
b=K -(1+1,)=4,6-(1+4+0,0122) =4,656;
c=x,"T=676,488-0,0249 = 16,844;

M 0003 4 000ss;
- x, 676488 ’

e=1+1,=1+0,0125=1,0125.
3anumemMo (HopMyNH,AKi BU3HAYAIOTh 3aJE€KHOCTI CTPYMYy CTAaTopa, CTPyMy
poTOpa 1 CTpyMy HaMarHi4eHHs BiJl a0COFOTHOT'O KOB3aHHS.

CrpyM craropa:

R (14 B
xZ 2

L=U," £ 3.26
! Y (b2+c?-a?)-B2+2R, "Ry a-B+ (d* +e?-a?)-R3 (3.26)

[IpuBenenunt ctpyM poropa:
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L=U, y 4 (3.27)

Jb2+c2-a?)-B2+2R R, a- B+ (d? + e?-a?) - R2

Ctpym HamMarHiueHHs:

RZ
—2 2., R2
xﬁ+T2 B

(b2 +c?2-a?)-B>+ 2R "Ry-a B+ (d?>+e?-a?)-R:

L'=Uy-y (3.28)

[lincraBiseMo uyuciaoBe 3HA4YEHHS mapaMmeTpiB y Bupa3 (2.30) mpu pizHHX
3HAYEHHAX 0 1 3, oTpruMaeMo rpadiku 3aJI€KHOCTI CTPYMY CTaTOpa Bij KOB3aHHA (200
MIBUJKOCTI OOEpTaHHs) MpU YaCTOTHOMY pEryjioBaHHI. AHAJOTIYHO OyJIyeMO
rpadiki 3aJeXKHOCTI MPUBEAEHOTO CTPYMy pOTOpa 1 CTpyMy HaMarHiuyBaHHS BiJ
IIBUIKOCTI TIACTAaBJISIOYM YKMCIIOBI 3Ha4Y€HHs mapamerpiB y Bupaszu (3.27) 1 (3.28)
npu pizHuX B 1 a. Po3paxyHok 1 moOynoBa rpagikiB IpOBOAMIOCSA 32 JIOMOMOTOKO
nporpamuoro 3ade3neuenns Mathcad 7 Professional. Otpumani rpadiku HaBeCHI Ha

cllanjgax.

160
160

145.457

130.917
116.367

W(be) 101 go-
wi(be)

— 7 8727
w2( be)

w3( be)

w4(be) 58.18

72.73

43.647
29.097

14557

0 .( ||I.||I||| I |

1 1 1 1 |
0 420 840 1260 1680 2100 2520 2940 3360 3780 4200
0 M(be) , M1( be) , M2( be) , M3( be) , M4( be) 4200

Pucynok 3.2 - MexaHiuHa XapaKTepUCTUKa aCUHXPOHHOTO JIBUTYHA
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160
—
145.45 S
'\—\_~~—\—\_~_\_\__~_\_\_. e, -
130.91 ———= = By
1 ] —
P —— ",
116.36 ——— =+ — = Hull
w T ——— T "
9 10182 e T i ll'|
w1(be) —_— st kY \ |
—— 8727 e e ] |
w2( be) . \
—— 7273 ™, \‘ l' !
kg VoA ]
- H
w4( be) 58.18 ll 'l ||
4364 I
29.09
14 55
0
%% 252 50.4 75.6 100.8 126 151.2 176.4 201.6  226.8 252
3.0922, 11a(be),l11aXbe),l11aZbe),11aZ be),11a4 be) 252

Pucynox 3.3. - 3anexxHIiCTh CTpyMy cTaTOpa Bij MIBUAKOCTI 0OEpTaHHS

160 160 — ]

145.45 e

—~———— |

130.91 -~ ,

—— Y

—~—— | " '

116.36 < Y

101.82 m—S i b
w( be) . 'y \\I \

------ ——. " l"l
Ne———.
e .
e—_, "Ny /1

Wlbe) g7 27
w2(be) o '-.III III
w3(be) 72.73 II|| b \

w4( be) } \II
58.18 \

43.64

29.09

14 .55

0 0 1
o] 252 50 .4 75.6 100.8 126 151.2 176.4 201.6 226.8 252

(] 12a(be) ,12a{ be),12aZ be), 12aF be), 12a 4 be) 252

Pucynox 3.4 - 3anexHICTh CTpyMy pOTOpa BiJl IIBUAKOCTI OOEpTaHHS
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ey

145.45
130.91

116.36 /

101.82
w( be)

wi(be) g7 57
w2(be)

w3(be) 72.73

w( be)

58.18

43.64

29.09

1455

01.5 1.9 2.3 2.7 3.1 3.5 3.9 4.3 4.7 5.1 5.5
Im(be), Im1(be), ImZA be), ImI be), Im4 be)

Pucynok 3.5 - 3anexHIiCTh CTpyMy HaMarHiuyBaHHS BiJ IUBUJKOCTI 0O€pTaHHS

Anani3 3anexHocti M = f(®) npu 4acTOTHOMY pEryiarOBaHHI MOKa3ye, IO
3HIKYIOUM TEepeBaHTaXXKyBaJbHY 3/1aTHICTh ACMHXPOHHOIO JBUTYHA, poboya TOYKa
3MILY€ETCS BHMU3 MO XapaKTEPUCTHKAX AaCHHXPOHHOI'O JBUTYHA 3 MOHMKEHHSIM

YaCTOTU MepexXi. AHAIOTTYHO MOBOJATHCS 1 3ayieskHOCTI |1 = f(w), |2 = f(w), In = f(w).

3.3. Ompumanns eHepeemudHux XapaxKmepucmux pe2yib08aHo20

eeKmponpugooy

Jis  aHamizy peXMMIB AaCHHXPOHHOTO JBUTYHA BEJIMKE 3HAUCHHS Mae
eHepreTuyHi xapakrepucthku [13]. 1o OCHOBHUX €HEPreTHYHUX MOKA3HUKIB poOOTH
CJICKTPONPUBOAY BIIHOCATHCA BTpaTu NOTYykHOCTi, eHeprii, KKJI 1 koedimieHT
MOTY>KHOCTI (COS®). Y 3B'SI3KY 3 MOSBOIO YACTOTHOTO PETYJIOBAHHS EIEKTPOIPUBOIY
OpU OLIHLI EHEPreTUYHUX IMOKAa3HUKIB TaKOXX BHKOPUCTOBYETHCS  TaK 3BaHUU
KOe(]iIlIEHT CIOTBOPEHHS, SKUW BU3HAYAE€ CTYIiHb BIJIMIHHOCTI 3MIHHUX BEJIUYUH

(cTpyMy 1 HampyTH) BiA CHHYCOIJAIBbHOT (GOpPMHU.
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EnepreTruHi MOKa3HUKHU EJIEKTPONPUBOAY ICTOTHO 3aliekaTh BIJ PEKUMY
Horo poOOTH, XapakTepy 3MIHM MOMEHTY HaBaHTaXEHHS 1 CIOCOOIB perytOBaHHS
[16].
3 Bupasy s dazu cTpyMmy potopa (110 BiTHOIICHHIO 10 HAMIPYTH):
X1+ €1 Xq

g(p 7'1 + Cl ' T'Z/S ( )

Crnig 3a3HauMTH, MO0 MPU TMOPIBHIHO HEBEIMKOMY KOB3aHHI MPHUBEACHUN
CTPyM pOTOpa CTa€ MPAKTUYHO IHIYKTUBHUM. Jljis MOOYIZOBH KPHUBOI COSQ CIiJ
BpaxyBaTH, IIO OMIp, a OTXE, 1 MPUBEAECHUN CTPYM pOTOpa 3a BECh YaC IIYCKY
3aJUIIAIOTHCS MPAKTUYHO 1HIYKTUBHUMH 1 JIMIIE B COMOM KIHI IyCKy I[OYHMHA€E

IICPCBAKAaTU aKTHBHA CKJIaA0BA. KpHBa COS(p OTpUMaHa I10 (1)OpMYJIi:
Ri-Q+a-RyB
VZ 0

cosQ = (3.30)

e Q = (i—i)z + (1+1,)?%-p%

w
Z=0m*+c*a?)-B*+2-R,Ry-a B+ (d*>+e?-a?) R2.

Brpartu B MexaHiuHi# niepenayi 3a3Bu4ail oliHO0ThHCs 3a gornomoror KK/,

Bupasumo koB3aHHS 3 ypaxXyBaHHSAM 3B'I3Ky MDK MOXIyJIeM i

€JIEKTPOMArHITHOIO TTOTYXHICTIO:

M - ki Sy - P
Sy =

MH ) kl%, % H' k%t

s = (3.31)

[lincTaBUBIIM 3HAYEHHS JUIsl KOB3aHHS, OTpUMaeMo HacTynHuil Bupasz KK]|
yepe3 MOMEHT:
_ M- w
" M-w+P -B+P,-f+P

1 (3.32)

e
_3-Uj Ry
 wy (b2+c2-a?)-B2+2-R -Ry-a-f+(d?+e?-a)-RP’
Pb=3"R-(1+2-1) L-a B*+3 Ry 1, B>
1,01-Py-s-p
P2= .
1—s-p

M
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[lo piBasaaio ana KK/ noOynoBana yHiBepcajdbHa XapaKTE€pPHCTHKA
ACHHXPOHHOTO JBHUTYHA, 3a JOMOMOIOI0 SKOi MOXXKHa IIBUIKO BHUPIIIYBaTH pi3HI
MIATaHH, NOB's3aHi 3 Bu3HaueHHsIM KK/,

BusHaueHHsT UUIAXiB 3HUKEHHS BTpaT EJEKTPOEHEprii B MEpexiTHuX
Mpollecax Ma€ BaKJIMBE 3HAYEHHS, OCOOJIUBO JUIsl EJIEKTPOINPHUBOMAIB, UISl SIKHX
NepexiJiHi MPOILECH CKJIaIal0Th ICTOTHY YaCTHHY 3arajbHOTO IIUKITY iX POOOTH.

[Tpu 3HauHIli YacTOTI BKIFOUCHHS AJl BeTMKOTO 3HA4YCHHSI HA0YBarOTh BTPATH
B MIEPEX1IHUX PEXKUMaX, [0 BUKIUKAIOTH 1X IHTCHCUBHUMN HArpiB 1 OOMEXYIOUH 3 ITI€l
NPUYUHHA KUIBKICTh BKJIIOYEHb, PEBEPCIB 1 rajgbMyBaHb. [Ipumyctumo, mo pobounii
LUKJI CKJIAJIa€ThCA 3 MEPIOIIB MyCKY, pOOOTH 13 CTAJIOK MBUKICTIO MPU MOCTIHHOMY
HABAHTAXKEHHI, TAJIbMYBaHHSI 1 May3H, KOJU aCUHXPOHHUUN JBUTYH BIJIKIIIOUEHUN BiJl
Mepexi. Takomy UKy poOOTH BIAMOBIIA€E CHPOIIEHUN rpadik 3MIHU MIBUAKOCTI B
qaci.

Brpatu ewneprii, mo BUAUISIOTbCS B ACMHXPOHHOMY JBUTYHI 3a IUKII,
CKJIaJIAl0ThCA 3 BTpAT €HEprii 3a 4ac MyCKy, rajlbMyBaHHS 1 poOOTH 13 CTaJIOO
MIBUIKICTIO. BTpaTu eHeprii BuIUJIEHI B HAaBKOJIMIIHE CEPEAOBHINE 13 CTAJIOIO
HIBUKICTIO 3@ Yyac MycCKY 1 ranbmyBaHHs. [Ipu nboMy NpuiHATO, 10 32 Yac MYCKY 1
raJiIbMyBaHHs KO€(IIIEHT MOTIPIICHHS TEIIOBIAadl PIBHUM CepeIHhOMY 3HAYEHHIO
MDK ITOYaTKOBUM 1 KIHIIEBUM 3HAYEHHSIMH.

BTpatu noty»HO0CTI BU3HAYUMO 3 GOPMYJIU:

PHM' 1-
AP = f} ) (3.33)

[TincraBusmm 3HaueHHs: KKJ][ oTprMaemMo kKpuBY BTpaT MOTY>KHOCTI.

Po3paxyHOK XapaKTepuCTHUK MPOBOJIMBCS 3a JonoMoror mporpamu Mathcad

7 Professional.



59

S
0.87 /////
74

0.8

0.73

0.67 // /
cosH be) ///
0.6
cosF1( be) //
0.53
cosF2( be) //

0.47
cosF3(be) o //

cosF4( be)
0.33

0.27

0.2

0.13

0.067

6.7226<10° %,

0 0.0025 0.005 0.0075 0.01 0.0125 0.015 0.0175 0.02 0.0225 0.025
0. s(be),s1(be),s2(be) 33 ARLS4(D]L h oy 0.025

Pucynox 3.6 - EHepreTu4Ha XapakTepuCTHKA 3aJIEKHOCTI COS( BiJl KOB3aHHS

0.6938 0.7
0.6938, A

0.65 i

0.61
Anr;
0.56 # /

0:51 o ;’{ A

0.47 1

kpd ( be) / fr
0.42

kpd 1( be) /

o 2(be) 0.37 ,.-“r \ f, . )."
0.33 a it / ;
kpd 3( be) { fi ] / '
0.28 !
- 1 4 I'd 1
kpd4(be) ! #- | / ,.-f
0.23 |

——

=
—~|

o 16 32 48 64 80 96 112 128 144 160
(0] w(be), wil(be), w2(be), w3(be), wa(be) 160

Pucynok 3.7 - Enepreruuna xapakrepuctuka 3anexxnocti KK/ Big mBuakocTi

o0epTaHHS
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160
156.9226, —
149.33 [
"'"lu
138.67 [
n o,
\‘n. S
128 T
s ~L_
117.33 e e e
‘-H--" ‘‘‘‘‘ . ‘-‘\-“"‘M
106.67 L e e — e
S Nl S Te——a T r—
i ha TN H"‘—‘—\_ R e
w( be) 96 - e e N S S B =N | S ——F—=
' —— ~—— . S —— ]
wi( be) el } | T
85.33 e S e e —_—
— 1 —
w2( be) | — —_—
.,
wabey 7467 —_—
wa(be) 64
5333
4267
32
21.33
1067
Y 0

0 6-10°1.2-101.8102.4-10° 310" 3.6 -10'4.2-10%4.8-10'5.4 -10° 6-10° 6.6-10'7.2 -107.8 -10'8.4 10" 910"
1.7655x10°, pP(be) ., pP 1(be). pP 2(be), pP 3(be) , pP 4( be) 9.10"

Pucynok 3.8 - BTpatu moTy>KHOCTI JBUT'YHA

Ananiz otpumanux 3anexHocted n = f(w), AP = f(o) npu dactoTHOMY
pEryJIOBaHHI TIOKa3y€e, M0 TPH TOHMKEHHI TEePeBAaHTAXYBAJIbHOI 34aTHOCTI
ACHMHXPOHHOTO JBUTYHa, poOodYa TOYKa 3MIIIYEThCS BHHU3 IO XapaKTEPUCTHUKAX
ACHMHXPOHHOTO JIBUTYHa 3 TOHIKEHHAM dYacTtoTm Mepexi. [Ipm 1mpomy cose -
KOe(DIIIEHT TOTYXHOCTI JIOCSTAa€E CBOTO MAaKCHMAJIbHOTO 3HAYECHHS 1 13 3MIHOIO

4acTOTU MEPEX1 MPAKTUYHO HE 3MIHIOETHCSI.
3.4. Ananiz pexcumie pobomu HacocHo20 azpe2amy
3.4.1. Mamemamuunuu onuc HANipHUX i eHepeeMUdHUX XapaKxmepucmux Hacoca
PeanbpHy HamipHy XapaKTEpUCTHKY HACOCIB 3 AOCTaTHIM CTYIEHEM TOYHOCTI
MOJKHA MPEJICTABUTH Y BUTIISI allPOKCUMOBAHUX aHATITUYHHX 3alie)kHOCTEH [14].

Xapakrepuctuka Q-H Hacoca 3 BUPAKEHHMM MAaKCUMyM OIHUCYETHCS

TPUWIEHOM APYIOro CTYIEHS:
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H=A4,-v2?+B, v-Q +C, - Q? (3.34)

Sxmo xapakrepuctuka Q-H Hacoca monora, TO BHpa3 s HamipHOI
XapaKTEPUCTHKU Ma€ BUJ KBaIPATUYHOI apadboIu:

H=A4, - v*+C(C,-Q*a6oH = H,-v?>+ R, Q? (3.35)

[ToTy>XHICTb, IIT0 MABOAUTHCS JI0 Bally BIIIEHTPOBOI MAIlIMHM, PIBHA!
P=A;-v>-Q+B3-v-Q%>+Dy-v3 (3.36)
ne V = w/wy- BITHOCHA IBHIKICTH 0OEpTaHHS POOOUYOTO KoOJieca HACOCa; W, -
HOMIHAJIbHA IIBUAKICTH oOepTaHHA Hacoca; AjzBj,CyA3B3,D; - koedimienTn
anpoKcUMalli, 3aJIekHl B1JI KOHCTPYKTMBHHMX OCOOJMBOCTEHl TypOOoMexaHi3ma 1
BU3HAYAIOTHCSA M0 TMACIOPTHUM XapaKTepucTukam HacociB; Ho — Hatuck, skuii
PO3BUBAETHCSI HACOCOM IIPU HYJIBOBIM Nojayl; R, - BHYTpILIHIN omip Hacoca.

Kopuchna notyxHicTs TypOOMeEXaHi3Ma piBHA:

P
n 1000

(3.37)

e p- WiNbHICTH piguau, kr/M°; Q - mogaya Hacoca, m3/c; H - Hatuck Hacoca, M; g -
IPUCKOPEHHS BiIBHOTO mafinus, g=9.81 m/c?,
3 o6uikom (2.38) KopuCHA MOTYKHICTh Hacoca Oy/e:
_ P9

Pn—M'Az'vz'Q-l'Bz'v'Qz-'_Cz'Qs (3.38)

Koedimient xkopucHoi aii TypOomexaHi3Ma, piBHHIA BiTHOIICHHIO KOPHUCHOI
NOTY)XHOCTI P, 10 Ti€i, mo migBoauTbes 3 OOKy Bainy TypOomexaHizma P, mns
PEryJIbOBaHOTO HACOCA MA€E BUTJISL:

P pg Ay v*-Q+ By v-Q*+Cy- QP

_n_ 3.39
T =B = 7000 A;-v2-Q+Bs-v-Q2+ Dy v° (3:39)

J171s HeperyJIp0BaHOrO 3a MBUAKICTIO arperary (mpu V=1,0):
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:P'Q_AZ'Q+Bz'Q2+Cz'Q3
1000 A;-Q + B;-Q?% + Dy

- (3.40)

JIJist oTpUMaHHS XapaKTepUCTUK KOHKPETHUX TypOOMEXaHI3MiB, OITUCAHUX 3
JeIKUMU HaOmkeHuMU Bupazami (3.34), - (3.36), (3.39) koeditieHTH anpoKcuMalrii
A2,B2,C2,A3,B3,D3 BU3HAYaOThCS MO MACTIOPTHUX XapPaKTEPUCTUKAX IIUX MAIIUH TI0
TphOM TOUKaM Jij1s V=1,0:

- Qo =1338 M¥u Hg=60Mm, Py = 115kBrT;
- Q1=375M%4, Hy = 57m, Py = 129xBrT; (3.41)
- Q=450 M%Hu, H, = 51m,P, = 163kBT.

ne Ho - HaTuck, 10 pO3BUBAETHCA HACOCOM MPH HYJNBOBIA monayi, Po -
MOTYXHICTh XOJIOCTOTO XOJy, IO BUTPAYA€TbCS HAa TOKPUTTS BTPAT MOTYXKHOCTI,
OOYMOBJICHUX HUPKYJSIIHHUMHA MOTOKaMH B poOOYOMY KOJIECl Hacoca, JUCKOBUM
TEPTAM B YIIUTBHEHHSX 1 MIIIIUITHUKAX MAIIUHU.

[To BimoMux pobouymx mapameTpax TypOOMAaIIMHU CKJIAIEMO CHCTEMY
piBHsHB, Q-H xapakTepucTiku Hacoca, Mo OMUCYIOTh:

Hy = A, -v?%
H =A, v>+ B, -v-Q, +C, - Q%; (3.42)
Hy,=A;-v*+B, v-Q,+C,"Q3;

Posp’sizanns  cuctemu  (3.42), J03BONIMIIO  BU3HAYUTH  KOEPIIIEHTH
anmpoKcUMaIlii HalpHO-BUTPATHOI XapaKTEPUCTUKHN HACOCA:
A = Hy;
_ HrQe  Hyr _ Ho-(Q2+ Q1)
Q1 (Q2—0Q1) Q- (Q2—0Q1) Q1 0Q2 '
H, H, H,
:Qz'(Qz_Q1)_Q1'(Q2_Q1)+Q1'Q2;

B, (3.43)

C;

AHAJNOTIYHUM YMHOM CKJIQJA€ThCS CHCTEMa PIBHSAHb, L0 OMHUCYIOTh, P- Q

XapaKTCPUCTHUKHN HACOCa:
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— 3.
PO - D3 v,
Pl=A3'U2'Q1+B3'U'Q12+D3'U3; (3.44)
PZ =A3'v2'Q2+B3'v'Q§+D3'U3;
Po3p’si3anna  cucremu  (2.48), [03BOJIMIO  BHU3HAYUTH  KOCQIIIEHTH
ampoKCHUMAIlli eHepPreTHYHOI XapaKTepUCTUKU HAcoca:
D3 = Po,

P, - 0y Pi-Q Py (Q2+0Q1)

B -0 OG-0 0

(3.45)

__ PP
_Q1'(Q1_Q2) Qz'(Q1_Q2) Q1'Q2,

Bs

[TincraBuBmu 3HaueHHs (2.45) B (2.47) 1 (2.49) orpumaemo Jjsi Hacoca
KOe(DIIIEHTH anpOKCHUMAIIii:

A,=60; B»=0,205; C,= -0,0001;

Ds=115; As= - 306; B3=0,88.

3.4.2. Mamemamuunuti onuc pob6omu HACOCHO20 azpe2amy 3 napaiesibHo

BKJIIOYEeHUMU Hacocamu

HacocHi arperatm MOXXyTh CKJIaAaTHCS 3 JEKUIBKOX MAIlIWH, BKIIOYEHHX
napajenbHO B OJWH HAMipHUN BOAOBOAIB a00 B 3arajbHy TPyOONpOBIAHY CHUCTEMY,
0 0OyMOBJIEHE HEOOXIJHICTIO pOOOTH YCTAHOBKM HAa MOKPUTTS Trpadika 3MiHHOI
BUTpATU. BIAIEHTPOBI MalMHHA, BKJIIOYEHI B poOOTYy mapaieiabHO, B3aEMHO
BIUIMBAIOTH OJIHA HA OJIHY: TToAa4a, HATUCK, MOTYXHICTh 1 KK K0HO1 3 HUX 1CTOTHO
3aJIeKaTh Bl PEKUMIB HABAHTAKEHHS CIIJIBHO MPAIIOI0YUX MaIIUH.

Jlist anamizy pexxumy poOOTH HACOCHOTO arperaTy 3 JIeKiIbKOMa HacOCaMH,
IO MPaIOTh NapajiebHO, BUKOPUCTOBYIOTh CYMapHI XapaKTEPUCTUKHU HACOCIB.
Cymapna xapakrepuctuka Q-H mapanenbHO mpaioo4Ynx HACOCIB  OyayeThes
30mmKeHHsAM alciyc (mojad) iX XapakTepUCTHK MPHU OJHOMY 1 TOMY K 3HA4€HHI

opavHati (HatucKy). [lpw croinbHIA mMapanenbHii poOOTI HACOCIB JOCATAETHCS
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301IbIIEHHS MOoJa4l 1 HATUCKY. [lpuyomy edexT 301IbLICHHS MoAayl TUM OLIbIIe,
YUM XapaKTePUCTHUKA MEPEKi Oy/Ie TOJIOKE.

Ha mincraBi po3paxyHkoBoi cxemu (puc.2.17) B sKii HeperyjabOBaHHM 1
peryJibpoBaHU HACOCH BHU/IJICHI B JIBa €KBIBAJICHTHI JIAHIIIOTH, TIPU TMOJIOT1H HaMipHO-
BUTPATHIN XapaKTepUCTHUIIl HACOCIB, MOKHA 3aMMCATH HACTYIHY CUCTEMY PIBHSHb!

Ho1 — Hoz - v* = Rpy - Qf — Rpy ~ Q3;
Hoy — He = Rpy - Qf — R¢ - Q5; (3.46)
Q1+ Q2 = Q3;
ne Hoi, Hoz - HaTuCK, 1110 pO3BUBAETHCS HAcOCaMM MpU HYJbOBIN nogadi; Ry, Rg -
BHYTPIIIHIM OMip BIAMOBIJHO HEPEryJIhOBAHOTO 1 peryiboBaHoro HacociB; H. -
CTaTUYHHA HATUCK Mepexi; R, - rigpomuHamiuyauii omip madmory; Qi, Qi Qs -
BEJIMUMHU T0Ja4 HEPEryThOBAaHOTO, PETyJIhOBAHOTO HACOCIB 1 CyMapHE 3HAYeHHS

moJa4i HaCOCHOTO arperary BiIMOBIIHO.

Pucynok 3.9 - ExBiBasieHTHa pO3paxyHKOBa CXeMa HAaCOCHO! YCTaHOBKH 3

mapajJC/IbHO IMPANIOIYUMHA arperaraMu
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Jyist BUIaiKy, KOJIM HACOCHA YCTaHOBKA MICTHUTH JBa OJHAKOBUX IMapajieIbHO
MPAITIOIOYNX HACOCHUX arperaTiB, OJWH 3 SKUX peryiboBanuid, mpuaomy Hos = Hop =
Ho, Rs1 = Rix = R cucrema (2.50) HaGyBae BUTITISATY:

Ho = Ho*v? = Rp - Qf — Rg " Q;

Hy—H; =Rp-Qf —R¢ - Q3; (3.47)
Q1+ Q2 = 0Q3;
[Ticas mepeTBOpeHHS, Mepiie piBHAHHA cucTemH (2.51) Mae BUTIISIA:
Hy - (1 —v?)
= 3.48
Ql \/RB ] (1 _ az) ( )

Q2

1

ne - o=

Hpyre piBHsSHHS cuctemMu (2.51) mpuBeaemMo 10 BUTIALY:
Hy-(1—h)—Q?-Rp-(1+p-(1+a?))=0 (3.49)
ne h = HJ/Ho - BimHOCHA mpotumis Mepexi; p = R;/Rp - BIIHOCHUH OIip
Mepexi.
[TincraBuBmm (2.52) B (2.53) oTpriMaeMo KBaApaTUYHE PIBHSHHA:
a’th—p+p-v)+a-Q2-pv:-2-p)+v> —h—p+v2-p=0,

pILIEHHS SIKOTO JO3BOJIMTh BU3HAYUTHU KOE(ILIEHT OL:

(v2—h—-p+v?2-p)

o = ey (3.50)

2p_zp_vz1\/(2,0-h-vz—2p)2—4(h—1—,0+p-172)

[lincrapuBmm  (3.48) B piBHAHHA (3.49), BU3HAUMMO 3aJIEXKHICTh
MIPOYKTUBHOCTI HEPEryjahoBaHOTO arperaTy Qi Big 3MIHM BIIHOCHINW IIBHIKOCTI

oOepTaHHs V PeryibOBaHOrO0 HAcOcCa 1 MapaMeTpiB MEPEXi, Ha AKY MpaLIO€ HACOCHA

YCTaHOBKa:
Hy-(1—v?)
0, = 2 v _ (351)
rol gz JRZ—h-v2+v2—h—p+2p-v2—p-v*
B (Qh—2—-2p+2p-v?)?
A )
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3anexHIiCTb MPOAYKTUBHOCTI peryipoBaHoro arperary Q; Big 3MiHH
BIJIHOCHOT IIBHJIKOCTI HOTO 0OepTaHHs V 3Haijemo, miactaBuBmm Bupasu (3.49),

(3.50) B piBHsarHS Q2 =00 - Q1!

2p—2p-v?—2Jh2—h-v2+v2—h—p+2p -v%—p- vt

Qo= 2h—2 —2p+ 2p - v? %
Hy-(1-—v2
X 0 ( ) . (3.52)
2p —2p-v?—2
|1 JRZ—h-v2+v2—h—p+2p-v2—p-vt
B (Qh—2—-2p+2p-v?)2
\ J

[TincraBuBmm Bupazu (3.51), (3.52) B octanHe piBHSHHS cuctemu (3.46),
BU3HAYMMO 3aJIEKHICTh CyMapHOI MPOAYKTUBHOCTI HACOCHOI YCTAHOBKH BiJ 3MIHU
HIBUAKOCTI 00epTaHHS poOOUYOTro KoJieca peryjabOBaHOIO Hacoca:

Q3 =
2p — 2pv?* — 2
JhZ —hv2 +v2 — h — p + 2pv? — pv* o
2h —2 —=2p + 2pv?

=1+

Hy(1 —v?
X o ) 5 (3.53)
2p — 2pv? — 2
r.|1- JhZ —hv2 4+ v2 — h — p + 2pv? — pv*
B (2h — 2 —2p + 2pv?2)?

3.4.3. Ananiz HanipHux i enepeemuyHUx XapaKmepucmuKk HacoCHO20 azpe2amy 3

napaiieloHo npayrndumu Hacocamu

JUig BIAHOCHOI IMIBUJIKOCTI 3MIHHOIO B Mexkax BiJ V=1,0 10 V=V, BU3HAUUMO
sgauenns 111 Q,Pm=f(v, H,, R.) mpu H, =28 M, R:=0,05 ¢?/M° oTpumaHi 3HauEHH:

3anuuemMo B tadmuiro 3.1:
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Tabmums 3.1.
HeperynboBanmuii PerynboBanuit Hacocna ycranoBka [IBuakic
HAaCOCHHUU arperat HAaCOCHHUU arperat Th
pEryJIoB
aH-Hs

Q1 P1 M1 Qz P, N2 Q3 P3 n3 v

0,425 0,486 |[081 [0485 |0,28 (0,82 |1,485 |0,558 (0,82 |0,99
0,437 0,489 |0,8 0,447 10,238 |0,79 |1,447 |0,536 (0,81 |0,95
0,45 (0491 (0,79 (0,398 |0,19 |0,75 |1,398 |0,459 |0,80 |0,90
0,476 10,494 (0,78 |0,340 | 0,145 (0,62 |1,340 |0,432 |0,80 |0,85
0,497 (0497 (0,77 |0,29 |0,112 043 1,29 |0,4/9 |0,79 0,80
0,517 0,500 0,76 0,204 |0,068 |0,21 |1,204 |0,494 |0,79 |0,75
0,538 |0,502 |0,74 |0,09 |0026 (006 |1,09 |0315 0,78 |0,70

1V

0.9

Q,m3/c

0.8

0.7 -T-

1 11 1 1 1
1 [} 1 1 1
| L | | |
0.6 L M ) ! l l l 1 l L1 !

0102 03 04 0506 07 08 0910 11 12 13 14

v

Pucynox 3.10 - 3anexHicTh MPOAYKTUBHOCTI HACOCHUX arperarTiB BiJl

HIBUIKOCTI PEryJIbOBAHOI'O Hacoca

KpuBi 3anexHOCTI NPOJYKTUBHOCTI HACOCHMX arperatiB 3 IOJOTUMH
XapaKTepUCTHUKaMHM BiJl 3MiHM IIBHJIKOCTI OOEpTaHHS peryjJbOBaHOIO Hacoca

(puc.2.18); me Q1 = f(v) - mpoaykTHBHICTH HeperyiboBaHOTo Hacoca; Qp = f(v) -
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NPOAYKTUBHICTh peryiaboBaHoro Hacoca; Qs = f(v) - cymapHa npomyKTHBHICTH
HACOCHOTO arperary.

OTpuMaHi XapaKTEPUCTUKW JO3BOJMIM BU3HAYUTH MEXI peEryIroBaHHS
IPOAYKTUBHOCTI HACOCIB 1 HACOCHOTO arperaty Ha BChOMY Jiama3oHi peryaioBaHHS
MIBUIKOCTI PETyJIbOBAHOTO arperaTy. Tak [iama3oH peryimioBaHHS IIBHUAKOCTI
ckiagae 32%, a MpOJyKTUBHICTh HACOCHOTO arperaTy 3MiHIO€ThCS B Mexax 0,99 +
0,70 m%/c.

[TincTaBuBim otpumMani 3anekHocTi it Qi, Qz, Qs = f(v, h, p) y Bupas
(2.40),(2.44),(2.45) orpumaemMo 3aeKHOCTI crioxkuBaHoi notysxHocTi, KK/] Hacocis i
HACOCHOT YCTaHOBKH BiJl 3MIHH YaCTOTH 00EepTaHHs poOOYOro Kojieca peryibOBaHOTO
arperary.

P,kBT

60

o P,=f(v) /

40

30

20

»

0.620.6 0.7 0.74 0.780.8 08609 09 098 v

Pucynox 3.11 - 3anexHicTh CIIOKUBAHOT TOTYKHOCTI BiJ] IIIBUIKOCTI

oOepTaHHs

KpuBi 3amexHOCTI MOTYXHOCTI, CIOKHBAHOI MapajieIbHO MPALIOI0YUMHU
HacocaMH, BiJl 3MIHM IIIBUJIKOCTI 00€pTaHHS peryjaboBaHoro arperary (Man.2.19); ne

P1 = f(v) - moTyxHicTh HEperyIbOBaHOTO HACOCHOTO arperary; P, = f(V) - motyxHicTh
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peryJiboBaHOTO HacocHoro arperary; Pz = f(v) - cymapHa cnoknBaHa MOTY)KHICTb

HACOCHOT'O arperary.

n

1.0 ns=F(v)

08 1T —

0.6

0.4

0.2 7

[

0.68 0.72 0.76 0.78 0.83 0.86 0.9 09 098 v

Pucynoxk 3.12 - 3anexunocteit KK/I Big mBUAKOCTI 00€pTaHHS PETYJILOBAHOTO

arperarty

Kpusi 3anexnocti KKJ[ mapanenbHO TmpaiforouMx HACOCIB BiJl 3MiHU
IIBUIKOCTI 0OepTaHHs perynboBaHoro arperaty (puc.3.12); ae m1 = f(v) - KK]I
HEperyJL0BaHOro HacocHoro arperaty; 12 = f(v) - KKJI peryiroBaHOr0 HacOCHOTO

arperaty; 13 = f(v) - cymapuuit KKJI HacocHoro arperary.
3.5. Ananiz ma cunmes 3amxnenoi CAK no mexnonociunomy napamempy

VY 3B'I3Ky 13 3MIHHUM XapakTEpPOM PEXUMY BOJOCIOKUBAHHS, EKOHOMIYHUI
peXUM poOOTH HACOCHOI YCTAHOBKH 3a0€3IeUy€eThCsl CTaOUTI3AIlEI0 TUCKY (HATOpy)
B cucteMi mnojaui piauHU. I[MOBIpHHMH XapakTep BOJOCIOXHBAaHHS BHUMAarae
Oe3nepepBHUX 3MIH B PEXHMI pPOOOTH HACOCHOIO arperaty. 3MiHH ITOBHHHI

BUKOHYBATHCSI TaK, MO0 MiATPUMYBAIHMCS HEOOXiTHI 3HAYEHHS TEXHOJIOTTYHHX
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napameTpiB (Mojava, Hamip) B CHCTEMI B IIIJIOMY 1 OJHOYACHO 3a0e3MeuyBanocs
MIHIMQJIBHO MO>KJIUBE €HEPTOCIIOKUBAHHS HACOCHOTO arperary.

Ile 3aBmaHHs BHpIIIYEThCS CHUCTEMOIO aBTOMaTtuyHOro kepyBaHHs (CAK)
HACOCHOI YCTaHOBKH, IO CTaOUIi3ye THUCK B MEpPEXi MO 3a/JlaHOMy 3HAYEHHIO B
3aaHii Tourl Mepexi. BuOpana Touka 3a0e3meuye HOPMaJIbHHM Hamip B SKIM
rapa’Tye MATPUMKY HEOOX1THOTO 3HAYEHHs HAIlopy B PEITI TOYOK Mepexi. Micie
pO3TallyBaHHS  3aJlaHOi  TOYKHM  BHOWUPAETHCA 32  HACHIAKAMU  TPUBAIUX
EKCIUTyaTalllfHUX CIIOCTEPEIKEHbD.

Ha (puc.3.13) npuBeneHa ¢yHKI[IOHaNIbHA cXema cTalimi3allii Hamopy B
3amaniid Toull Bogomepexi. CAK ckimanaeTbcs 3 HACOCHOTO arperary, OCHaIleHOro
YaCTOTHO-PETYJIbOBAHUM €JICKTPOIIPUBOJOM 3 aBTOHOMHUM IHBEPTOPOM HamNpyTH,
natyuka TUCKy (/lp), BCTAaHOBJIIEHOTO B 3a/aHiil TOYIll MEpexi, (PYHKIIOHAIBHOTO
nepetBoproBaya TUCKy (®II), 3amatouoro mpuctpoi (3I1), mpuctporo MOpiBHAHHA
(TIIT), perynsropa (P) 1 cuctemu iMmynbCcHO-(ha30BOr0 YIIPaBIiHHS MEPETBOPIOBAYEM
(CIOK).

Curnan 3 JaTyvika TUCKY B 3aJaHiil TOYIll Yepe3 IMEepEeTBOPIOBAY THUCKY
MOPIBHIOETHCA 13 3a/JlaHMM 3HAUYEHHSM 1 TNEpPelaeTbCsi B CHUCTEMY YIPaBIIHHSA
perynsoBaHoro EIl macocHoro arperary. SIKmo THUCK B 3aJaHiil TOYIll BUSBISETHCS
BUIIE 33/IaHOTO, B TIPUBOJI HAJIXOIUTh KOMaHJa HA 3MEHIICHHS YacTOTU OOEpTaHHS
ACMHXPOHHOTO JBUTYHAa Hacoca, 1 HaBmaku. [Ipu BIAMOBITHOCTI THUCKY B 3ajaHii

TOMYIIl 33JJaAHOMY 3HAYEHHIO, 3MiHA YaCTOTH 00EpPTaHHS MIPUIHHSIETHCSI.
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Pucynok 3.13 - @yHKI1iOHaIbHA CX€Ma CUCTEMH aBTOMATUYHOTO KepyBaHHS

npoAyKTUBHICTIO HA 31 3BOPOTHIM 3B’S3KOM 10 TEXHOJOTIYHOMY MapaMeTpy
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3.5.1. Cunme3s cucmemu agmomamuino2o Kepy8anHs, 3aMKHYMOI no

MEeXHOI02UYHOMY Napamempy

Jlis cuHTE3a CUCTEMH aBTOMATHYHOTO KEpyBaHHS 1 MOAAJBIIOrO aHamizy ii
JUHAMIYHUX BJIACTHBOCTEH BHUKOPHCTAEMO JIIHEAPU30BAHY MOJENIb ACHUHXPOHHOTO

JIBUT'YHA, sIKa HaBeJleHa Ha (puc.2.22).

®g B Ma AM 1 ®
T,p+1 Jp

Mc
y

KM<—‘/

Pucynok 3.14 - Jlineapn3oBana MoieJib ACHHXPOHHOTO JBUTYHA

Po3paxyeMo HEoOX1H1 TapamMeTpu MOAEIIL.

XKopcTkicTh MEXaHIYHOT XapaKTEPUCTUKHU:

M, 4085

= = = 295,67 3.54
g S -wo 0,088-157 ’ (3:54)
KpuTnunmuii MOMEHT JJBUTYHA!
P, 250000
My=M, -1, =-21 = .2,5=1653-2,5=4085HM  (3.55)

W, 154

EnexTpomMarHiTHa nocriiiHa 4acy:

_ 1 1
M wyS, 157-0,088

= 0,072 ¢ (3.56)

JlaHa cucTema €eJEeKTPOIPUBOAY Ma€ MOMEHT BEHTWISATOpA ONOpPY, SKUI

BHU3HAYA€THCA HACTYIIHUM BUPA30M:

M) = My + (4, = M) () (357)
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m4

\
Rc(p) T,p+1 T,p+1 Jp
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-Uoc - Mo

N

K

JIC

TP+

A

Pucynox 3.15 - Konrtyp cralimizaiii mBHAKOCTI

[IpuiimaeMo MOYAaTKOBUM MOMEHT OINOPY PiBHUM Hysto. Toxi:

M, (w) = M, (wﬁ)z (3.58)

H

BBenemo HacTymnH1 1OMyLICHHS:

- CHHTE3 pEerylsTOpiB MPOBOAUTHCSA Uil BUMAAKY, KOJH CHHXPOHHUMN
reHepaTop MOBHICTIO 30yI>KEHU, TOOTO BUAAE HOMIHAJIbHY HAPYTY;

- MakcHMajbHa Hampyra JiaHitora ynpaBmiHHI Uyma=10 B;

- pIBHMII B YacTOTaX Ha PI3HUX JUITHKaX MEpeXi JKUBJICHHS He
BPaxOBY€ThCS;

- Hampyra, IOpHBeIEHa J0 TMEpPeTBOPIOBaYa, 3aJa€ThCS Yy BIJHOCHHUX
OJTUHUIISIX.

Tomi gmst  Takoi  JiHEapw30BaHOI MOJIENi  aCMHXPOHHOTO  JIBUTYHA
NEPEeTBOPIOBAY  YAaCTOTH MOXe OyTH ONUCAaHUW amnepioJu4yHOI0 JIAHKOK 3

nepeaaBaTbHOI0 (QYHKITIEIO:

I{l'l‘{
Wi (p) = Tpil (3.59)

ne T,- mocriiina yacy neperBoprosada, T, = 0,005 c;

K,y - KoedilieHT miACHICHHS TIepeTBOPIOBaYA.
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Jlnisa BUOpaHoi TiHeapru30BaHOI MO/IETII aCHHXPOHHOTO JIBUTYHA:

ko= D7 o, (3.60)
Y e 10 '

[TepenaBanpHi GyHKINIT Hacoca 1 MEpEXI MPEICTABIMO TAKOXK anepioJuIHUMHU

JIJAHKaAMU:
W(p) = = (3.61)
T.p+1
W,(p) = —= (3.62)
T.p+1
e HprIHﬁITi HaCTyrIHi IIO3HAUCHH!I:
K, = Ho _90_ 0,39 (3.63)
Wy 54
K. = Hemax _ 20 _ 0,67 (3.64)
Homax 60

[TocTiitni yacy Hacoca 1 mepesxi npuiiHsaTi Bianosiauo T,=0,9 c, T=4 c.

JIaT4uK TUCKY OMUCYETHCS MEePEAaBATILHOIO (QYHKIIIETO:

Woa(p) = — 22— (3.65)
Typ+1
ne T,=0,002 c - nocTiitHa yacy J1aT4yuKa TUCKY;
U .. : .
K, = —="%- xoedilieHT nepeaayi JaTyuKka TUCKY, IPUBEJICHUM 10 HANPYTH

max

CUCTEMH yTpPaBIIiHHS.
3 ypaxyBaHHSIM CKa3aHOTO BHIIE, CKJIAJEMO CTPYKTYPHY CXEMYy CHCTEMH

aBTOMATUYHOTO KEPYBaHHS, 3aMKHYTY 110 TEXHOJOTIYHOMY TapameTpy (puc.3.16).
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Pucynox 3.16 - Cuctema aBTOMaTUYHOTO KEPYBaHHSI, 3AMKHYTOTO TIO

TEXHOJIOTTYHOMY MapaMeTpy

Bubip perynsitopa Moxke 3A1MCHIOBAaTHCS 3 PI3HUX YMOB, IO JUKTYIOTHCS
TEXHOJIOTYHUMHU BUMOT'aMHU JI0 HAcOCHOTO arperaty. [Ipu HacTporoBaHHI CUCTEMH Ha
OJIMH 13 CTaHAAPTHUX ONTUMYMIB (MOAYJIbHUM, CHUMETPUYHMI) MepeaaBaibHa
byHKIIs perynasiTopa Oyle BKIIOYATH TMOXIJAHI BHUIIMX MOPSAKIB (10 TPEeThOro
NOPSIIKY BKJIKOYHO) BiJ MOXMOKM peryntoBaHHs. Peamizauisa nudepeHuiroBaHHs
CUTHAJly B QHAJIOTOBIM CHCTEM1 YINpaBIiHHA TMOB'sI3aHa 3 TIEBHUMH TEXHIYHUMU
TpyaHomaMu ((piIbTparlis BUCOKOYACTOTHUX IITYMIB 1 MEPEIIKO/I, 1110 HAKIAAar0ThCs
Ha KopucHuUW curHan). Ilpm mOBTOpHOMY 1 THUM OUIbIIE TPUPAZOBOMY
nudepeHIlIoBaHHl, Pe3yJbTYIOUNH CUTHAJI 3HAYHO 3MIHIOETHCS, 10 MPUBOJIUTH IO

NOXUOOK PEryJIOBaHHS, a B OKPEMHUX BUINAAKAX 1 10 BTPATH CTIMKOCTI CUCTEMH.
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Pucynok 3.17 - Kontyp crabunizanii THCKY 3 ONTHUMI30BaHUM KOHTYPOM HIBUIKOCTI
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Pucynok 3.18 - PozimkHyTa cuctema enektpornpuoaa [TH-A/J]

Ha puc.3.18 npeacraBieHi XapaKTepUCTUKH Hacoca 1 MEpexkl B PO3IMKHEH1H
CUCTEMI EJIEKTPONPHUBOAY 32 YMOBU 3MIHM THUCKY. OCKUIbKM 3BOPOTHHUM 3B'SI30K
BIJICYTHIH, TO IPUBOJI MPOJOBXKYE MPAIIOBATH 3 TIEIO K IMBUAKICTIO HE TUBJISTUYMCH HA
T€, M0 THCK B MEpeXi 3HU3UBCSI. MOJAENOBaHHS BHUKOHAHO 3a JOMOMOTOIO

crangaptHoro nakery Simulink mporpamu Mathlab.
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30

Pucynox 3.19 - [lepexiani XxapakTepUCTUKHA HacOCa 1 MEPEXKI B PO3IMKHEHIN

cuctemi [TH-AJ]

Akmo A0 TOYHOCTI cTabuTI3alil TUCKY HE TPEIsSBISIETBCS BUCOKUX BUMOT,
MO>XHa BUKOPUCTOBYBATH MPONOPLIMHUA PErynasTop 3 KOoe(DilieHTOM IiJICUIICHHS
Kpn. [Ipruomy unm Buile KOeillieHT MiACUIEHHS, TUM BHUIIE TOYHICTh CTaO1Ii3aLli.
Ax 1 nmomepeaHi pe3ynbTaTH, Tpadiku HaBeneHi Ha puc.3.19 noOypoBani 3a

nomomororo porpamu Mathlab.
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Pucynox 3.20 - XapaktepucTUKi MEpeKi B OHOKOHTYPHI 3aMKHEH1
CHUCTEMI1 aBTOMAaTUYHOTO YIIPABIIIHHS MO TEXHOJOTTYHOMY MapaMeTpy 3

MPOTIOPIIITHUM PETYIATOPOM

30uTbLIeHHsT KOoe(illleHTa NPUBOJUTH 1O TMOSBH KOJIMBAaHHS B MEPEX1THUX
pekuMax 1 3HAYHO TMOTIPIIYE SKICHI TOKA3HUKH CaMoOro €JIEeKTPONpPHUBOIY, JI€
MPAKTUYHO 3AIMCHIOETHCS MPSMUN TYCK JIBUTYHAa HA TIOBHY HAmpyry. YHHKHYTH
KUJKIB CTpyMY (MOMEHTY) B IIyCKOBHUX PEKHMax MOKHAa BUKOPUCTOBYIOUM 33JaTUUK
IHTEHCUBHOCTI 3amatoyoi nii. IlepexigHi XapaKTepUCTUKH IIBUJKOCTI 1 MOMEHTY

IPUBOY, OTPUMAHI, SIK pe3yJIbTaT MOJICIIOBAHHS MpPUBEIEHI Ha puc. 3.21.
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Pucynox 3.22 - [lepexigHa xapakrepuctiuka MOMeHTY B cuctemi [TU-A] 13
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3acToCcyBaHHS MPOIMOPLIHHO-IHTETPAIBHOTO PEryjsiTopa KOHTYpa THUCKY
JI03BOJISIE€ TOBHICTIO YCYHYTH CTaTHYHY MOMMJIKY IO KOHTPOJHOBAHOMY MapameTpy

(puc.3.23).

i}
mpb-=-=-----
—
jum}
—

Pucynok 3.23 - XapakTepucTUKu Hacoca i Mepexi B OJHOKOHTYPHIN
3aMKHEHI1M CHUCTeM1 aBTOMAaTUYHOT'O KEPYBAHHSI MO0 TEXHOJIOTIYHOMY MapaMeTpy 3

MPOTOPIIHO-THTETPAIBHUM PETYJISITOPOM

MareMaTiyHi MOJEN CHHTE30BaHOI CHUCTEMHU YIIPaBIIHHS TPUBEICHI Ha

(puc.3.24).

3.5.2. Jlsoxonmypua cucmema cmabinizayii mucky

JUJ1st OTITIIIEHHS TIEPEX1THUX MPOIIECIB 3a MIBUIAKICTIO 1 CTPYMOM (MOMEHTOM)
CJIEKTPOIIPUBOAY, MOXIJIMBE BUKOPUCTAHHS OAraTOKOHTYPHHX CHUCTEM YIIPaBJIIHHS
3rigHo 3 [15]. BHyTpiliHi KOHTYpH CTPYMYy, IIBHIKOCTI, HAIpyra HaCTPOIOETHCSA Ha

CTaHJAPTHUN ONTHMAJIBHUM MEpexXiTHUI TMpolec, IO I03BOJIAE€ CTaOLII3yBaTH
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BUOpaHUIl MapaMeTp 3 BUCOKOIO TOYHICTIO 1, THM CaMHUM MiABUIIUTH CTAaOLIBHICTH
pOOOTH EIEKTPOIIPUBOIY B IITIOMY.
PosrnsHemMo JABOKOHTYpHY CHCTeMY cTaOumi3aimii THCKY 3 KOHTypamu

MIBUAKOCTI 1 TUCKY. [lepenaBanbHa QyHKIIIsI pO3IMKHEHOTO KOHTYpPA HIBUIKOCTI:

B
K To-p+1)- K
W,(p) = = TaptDly | Fae (3.66)
T,p+1 1+ B Typ+1
(T p+1) ']p
Bpaxosyrouu, mo T,.= T, + T, *T,<<T, T0 HuMu MOxHa HexTyBaTu. Toxi:
B
4 Jife ] K. K
W(p) = 7 e ]p”C (3.67)
14+ 1+7
Jv B

CHHTE3yI0UH PeryJISITOp MBUAKOCTI IIPH HACTPOIOBAHHI HA MOYJIbHHI

ONTUMYM, J03BOJISIE OTPUMATH MepeaaTBaIbHy (PYHKIIIIO TAKOTO BUAY:

Jo
W, (p) 'y J + . ! (3.68)
p = = ' —_ .
‘ ZTMC Ky Kgcp ZTch Ky KAC ) :8 2Tuc Ky K,z:[c p
ne K. = % = % = 00,064 —koediIieHT IEePETBOPECHHS JaTUNKa
0
MIBUIKOCTI.

[TincraBnstoun y popmyiy (3.68) 3HaueHHS! KOEQILIEHTIB MOXHA BU3HAUNUTHU

OCTAaTOYHHI BUTIIAJ TIEpeIaBaIbHOI (DYHKIIIT perynsaropa:
1
W.(p) =017 + 505 (3.69)

[TepenaBanpHy (PYHKITIFO ONTUMI30BAaHOTO KOHTYpa MIBUAKOCTI MPEICTABUMO

AK:
1

mo Kﬂc
W™ () = == 1 (3.70)
uc

Toni nepenaBanbHa PYHKIIS KOHTYpa PEryIIOBaHHS TUCKY MaTUME BUTIISI:
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1
Wy =t KoK Fw
¢ 2T, +1 Typ+1 Tp+1 Typ+1
Ky K. K.,

~ 3.71
K (Tp + D(Tp + 1) (3.71)

[lepenaBanbHa QyHKIIIS peryasTopa TUCKY ITPH HACTPOIOBAHHI HA MOAYJIHHHIA

OIITUMYM:
w (p) _ KL[C(THp + 1)(Tcp + 1) _ K,ELCTHTC p + K,qc(TH + Tc)
PA 2Ty, " Ky - Ko " Kpyp 2Ty, " Ky Ko " Kpyp 2Ty, " Ky K. Ky
K 1

+ AC Fp—
2T Ky K"Ky D

(3.72)

ToOro, cunrezosanuit I perymsarop, ne Ty = Tyt Ty
Sxmo He BpaxoBYBaTH MOCTIHHY 4Yacy HAcoca, OTPUMAEMO MEpeNaBabHY
dyunxkuiro Il perynsitopa BUrisiy :
Ky (Tp+ 1) _
2Ty, Ky~ K. " Ko
_ K, T, 4 K. _ l
2T Ky K"Ky 2T, Ky K. " Ky p

W (D) =

(3.73)
YuciioBi KoeIIieHTH MPU CKIIAIOBUX PEryJsiTOpa OyayTh PiBHI BiJIMOBITHO:

1
Woa() = 109,7p + 149,31 + 30,47

1
Wor(p) = 121,89 +3047

MaremaTuyHa MOJIeSIb JBOKOHTYPHOI CHCTEMH aBTOMATHYHOTO YIPaBIIIHHSI
cTabiizallii TUCKY npuBeAeHa Ha (puc.3.24).

AHamizytoun pe3yJabTaTH MOJIEITIOBAHHS MOXXHA 3pOOUTH BHUCHOBOK, IO 32

YMOBU BUKOPHUCTAHHS 3a/IaTUMKa 1IHTEHCUBHOCTI HEMAa€e HEOOX1AHOCTI YCKIIaIHIOBATH

CUCTEMY ynpaBJ'IiHHH IIAXOM BBCACHHA JOAAaTKOBHUX KOHTypiB PEryJIroOBaHHs.
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Pucynok 3.24 - OgHOKOHTYpHA clcTeMa cTabimi3amii TUCKY
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Pucynok 3.25 - XapakTepucTUKH Hacoca 1 MEpeXi B IBOKOHTYPHIN 3aMKHYTIH

CUCTEMI aBTOMAaTHYHOTO KEPYBAHHS M0 TEXHOJOTIYHOMY MapamMeTpy
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Pucynox 3.26 - [lepexigHa xapakTepucTHUKa MIBUIKOCTI JBOKOHTYPHIN

3aMKHYTIH CUCTEMU MO TEXHOJIOTIYHOMY HapaMmeTpy
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Ha puc. 3.28 npencraBieHuil aganTHBHUI alropuTM poOOTH NEpeTBOprOBaYa

YaCTOTH, IO ITiIJIAIITOBYEThCSA TMiJ MiHIMAJIbHE EHEPTrOCHOKMBAHHS JBUTYHA 3

MakcumaiabHuM KK/,

1

OHATOK

/ Quot, Quim. A, Zoow, Zais, Az, A

Tax
4

-+

SB1=1

[Miamporpana
MNAEHCTO
mycxy

=97ag;
I=Z-AZ

—lu

OneErveasss
JATUHEA CTPVAMY
TAl - ctpyu]

e

[Iyck TMHIBERE
523 SzH=0

16

a=q-2q

I

S1T1=81T+1

]

Omeryeamss
JETUHEEA CTPVMY

TAl = c1pyue I

'

Pucynox 3.28 — CTpykTypHa cxeMa aJanTUBHOTO aITOPUTMY yIPABIIIHHS

NEePETBOPIOBAYEM YACTOTH (MIOYATOK)
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Myex mimEmEE
513 Sam=0

5

Pucynox 3.28 — CTpykTypHa cxeMa aJanTHBHOTO aITOPUTMY yIIPaBITiHHS

HePETBOPIOBAYEM YaCTOTH (3aKIHUCHHS)

PoGoTta anroputmy 3BOAMTHCS OO aBTOMATHUYHOIO MOUIYKY ONTHMAajbHOIO
3HAYEHHSI CTPYMY, SIKMM BIAMOBiJAa€ MIHIMAIBHOMY €HeprocrnoxuBanHwo. Ilig gac
BKJIIOUEHHSI aJIrOPUTMy B pPoOOTy, B mporpamy (OJIOK 2) BHOCSTHCA MOCTIHHI
BEITMYMHU: MOYATKOBE, KIHIIEBE 3HAYCHHS 1 KPOK 3MIiHU KOEQIlli€HTa 3allOBHEHHS 1
KUIBKOCTI1 IMITYJIbCIB, BEJIMYMHA 3aTPUMKH, 1110 BPAXOBYE 1HEPLIWHICTh cucTeMH (A).
KoediienT 3amoBHEeHHS 1MITyNnbciB (q) BIAMNOBIAA€ 3a aMIUIITyAy Hampyrd, a
KUIBKICTh IMITyJIbCIB (Z) BIAMOBIZAE 3a YacTOTy CTpyMy Mepexi. Y Omomi 3
POBOANUTHCS ONMUTYBaHHS KHOMKU «Ilyck». SIkio BoHa HATHCHyTa, TO anTOPHUTM
NEePEeXOUTh 10 MIANPOTrpaMH IUIABHOTO IYCKY IO JIHIMHOMY 3aKOHY YHpaBIIiHHS
(6mox 4), iHaKIIe aJrOpUTM TMOBEPTAETHCS Ha TepeBipky kHomku SB1. YV Gromi 5
B1I0OYBa€ThCSl OMUTYBAHHS JaTyuka MiHIMaIbHOTO TUCKY SP1 nmuckpetHo (TuCk
MEHIIIe 3aaHoro). Y Oroui 6 BiOyBaeThCs 3alycK JiYMWiIbHHKA S1 3 MOYaTKOBUM

3HaueHHsM (0. Y Orori 7 mepeBipseTbes, 4Yu 3aMKHYTHH natuuk (SP1). Skmio He
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3aMKHEHH, TO B OJI0111 8 TPOBOAUTHCA 30UTBIICHHS ( Ta 3MEHIICHHs Z Ha KpokK. Jlai
JITOPUTM TIEPEXOAUTH 10 OJOKYy 12, B sIkoMy BiJI0OyBa€ThCs MEpeBipKa 3HAUCHHS A
JYUIbHUKA 1HEepUiHOCTI. SKio moTouHne 3HaueHHsS S1T He popiBHIOE A, TO B OJI0II
13 36inbmryetsest SIT wa 1 1 moBepHenHsa g0 6moky 7. Skmo SP1 3amkuyTHid, TO
B1IOYBAa€ThCS OMHUTYBaHHS JaTyhka MakcuMmaiabHOTO THCKY SP2. Skmo SP2
3aMKHYTHM, TO B 0J10111 11 31HCHIOETHCS 3MEHILICHHS ( 1 301IbIIIEHHS Z Ha KpoK. Jlami
JITOPUTM TEPEXOAUTH N0 ONOKy 12, B sikoMy BiAOyBa€ThCs MEpeBipKa 3HAUCHHS
muuiabHUKa 3 A. SIkmo morouyne 3HaueHHs S1T He nmopiBHioe A, To B Ojori 13
3niicHioeThesl 301mbeHHss S1T wa 1 1 moBepHeHHs no Onoky 7. Sxkmo SP2 He
3aMKHYTHM, TO aJIrOPUTM NEPEXOIuTh A0 OJIOKYy 14 — 3 ONUTYBaHHSM JlaTuMKa
ctpymy TAIl, B pe3ynapTaTi 4Ooro BHUXOAUTH 3HaueHHs cTpymy [. ¥V OGnomi 15
B1JI0YBA€ETHCS 3aMyCK JIYMJIbHUKA S2 3 moyaTKoBUM 3HayeHHsM S2H = 0. V 6nomi 16
B1JIOYBAETHCS 3MEHIIICHHS ( Ha KpoK. Y 0ol 17 BimOyBa€eThCsl ONMUTYBAHHS TaTYUKa
ctpymy TAI1l, B pe3ynbrari 4oro BUXOAWUTHh 3Ha4eHHs ctpymy I1. ¥V OGmomi 18
3MIICHIOETHCS TOPIBHSHHS MOTOYHOTO CTpyMy 1 3 monepenHim 3Ha4eHHSAM CTpyMy L.
Axmo ctpym I1 <1, To B 670111 27 BiiOyBa€ETHCS MOPIBHSAHHS MOTOYHOTO 3HAYCHHS
mumibHuKa S2T 3 A. Skmo 3HauenHsa mdiunibHuka S2T He nopiBHIOE A, TO B 0o
29 BinOyBaeThes 30ubieHHs S2T Ha 1 1 moBepHeHHS 70 070Ky 16, a SKIIO 3HaYEHHS
myumibHuKa S2T piBHE A, TO mapaMmeTpu ( 1 Z 3aIMIIaThes 6e3 3MiHu. | gani 1BuryH
Ipaioe 3 UMY NapaMeTpaMu npu MiHiMaiabHOMY cTpyMi [1. ko ctpym I1 > 1, To
B Ororti 19 BimOyBaeThCs 3amyck JiumibHUKA S3 3 moyaTkoBuM 3HaueHHsIM S3H = 0.
Y Onomi 20 BinOyBaeThcsi 30UIbLIEHHS ( Ha Kpok. Y Omomi 21 BinOyBaeThcs
ONMUTYBaHHs Aatyuka ctpymy TAl, B pe3ynbTaTi 4oro orpumyeMo ctpym 2. Skiio
ctpyM 12 <11, To B 60111 23 OPIBHIOETHCS MOTOYHE 3HAYEHHS JiuribHuKa S3T 3 A.
Sxmio 3nauenHss S3T He nopiBHIOE A, TO B 0011l 24 BinOyBaeThes 301nbieHHs S3T
Ha | 1 moBepHeHHS 10 Osoky 20, a skmio 3HaueHHs diumwibHuKa S3T piBHe A, TO
napamMeTpu ( 1 z 3aJMmarThcs O0e3 3MiHM. | mami ABUTYH TpaIioe 3 IUMHU
napaMeTpaMmu INpu MiHiMaibHOMY cTpymi 1. [Ipu momanpiiil 3MiHI TUCKY B CUCTEMI
BOJIONOCTAYaHHs BIJOYBAa€ThCSl OMMUTYBAaHHS JaT4YWKa THUCKY 1 CTPyMy 1 MOIIYK

3HA4YCHHA OIITUMAJIbHUX napaMeTpiB JJIA HOBO1 BUTpATH.
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CtpykTypa aBTOMAaTM30BAHOI CHCTEMHU KEPYBAHHS MEPEKEBHUM HACOCOM

npuBeaeHa Ha puc.3.29.
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Pucynoxk 3.29 — CTpykTypa aBTOMAaTH30BaHOI CUCTEMH KEPYBAHHS MEPEKEBUM

HacoCoM

Cxema aBTOMaTru3alii HACOCHHMX arperariB 3 TIEPEeTBOPIOBAYEM YacTOTH
HaBeseHa Ha puc. 3.30.
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Pucynok 3.30 — Cxema aBTOMAaTH3al11ii HACOCHHUX arperariB 3 MePEeTBOPIOBaUEM
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3.6 BucHnoexu 3a po3oinom

1. Ha ocHOBI po3paxyHKy Ta aHaji3y CXeM 3aMilleHHs, MOOyJI0BHI CTaTHYHI
XapaKTEPUCTUKHU PETYJIOBAHOTO €IIEKTPOIPUBOY

2. TlpoBeneHuii rpyHTOBHUHN aHaNI3 PEKUMIB POOOTH aCHHXPOHHOTO JBUTYHA
HA  OCHOBI  OTPUMAaHUX  CHEPreTUYHMX  XaPaKTEPUCTUK  PETyJIbOBAHOIO
CJICKTPOIIPUBO/LY.

3. IlpoBemeHo aHami3 peXKUMIB  POOOTH  HACOCHOTO  arperary i3
BUKOPHUCTAHHAM MAaT€MaTUYHOI'O ONUCY HAIMIPHUX 1 €HEPreTUYHUX XapaKTEPUCTHUK
Hacoca.

4. BUKOHaHO MOJENIOBaHHsI pPOOOTH HACOCHOTO arperaty 3 MapaielbHO
BKJIFOUEHUMH HACOCAMH.

5. IlIpoBeneno anaini3 3amkHeHoi CAK 10 TEXHOJIOTIYHOMY MapameTpy.

6. 3ailicHEeHO CHHTE3 CHCTEMH aBTOMATUYHOIO KEpYBaHHS, 3aMKHYTOI I10
TE€XHOJOTMYHOMY MapaMeTpy.

7. Cuctema aBTOMaTH30BaHOTO KE€pPyBaHHSA Ha 0a3i YaCTOTHO-PErYJIhOBAHOTO
IPUBOJY CIUATHME KEPYyBaHHIO HACOCHOIO CTAHIIEI0 B aBTOMATHUYHOMY PEXHMI.
Takox JO3BOJUTH aBTOMATHU3YyBaTH MPOIEC MiATPUMKH 33JaHOTO THCKY B CHCTEMi
BojionoctayaHHs; J03BoiuTh 3a0€3MeUuTH IUIABHUNW MYCK HACOCHOTO arperary
(BUKITIOUMTH TIAPABIiYHI yJaapu) 1 3MEHIINTH HaBAaHTAXKECHHS Ha TiApaBIIivyHE
oO0J1aTHAHHS.

OTxe, BUKOPUCTaHHS PEryJbOBAHOIO aBTOMATHU30BAaHOTO €JIEKTPOIPUBOJIA Ha
OCHOBI YacTOTHOTO TIEPETBOPIOBaYa CIPHUATHME CTBOPEHHIO HOBOI TEXHOJOTI]
€HEpro30epekeHHsl, AKa J03BOJUTh HE TUIbKM €KOHOMUTHU EJEKTPOCHEeprito, a u

301IBIINUTH TEPMIH CITYKOU €IEKTPOABUTYHIB 1 TEXHOJIOTTYHOTO 00J1aJHAHHS.
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BUCHOBKHA

1. ¥V naniéi kBamiikamiiiHiii pobOTI MaricTpa MOKa3aHo, IO MPHU MPIMOMY
JKUBJICHHI JIBUTYHIB 4epe3 TMepeTBOPIOBaY YaCTOTH BHXIJIHA TOTY>KHICTb
OOMEXKYEThCSI ~ MEPEBAHTAXYBaJbHOIO  3/AaTHICTIO  ACMHXPOHHOTO  JIBUTYHA.
[ToTy>XHIiCTh IBUTYHA Hacoca MpH IboMy ckiianae 6au3bko 0,15% Big HOMIHATBHOI.
EneprernuHi XapakTepUCTUKHU MOKAa3alu 110 MPU MOHUKEHHI MEepeBaHTaXyBaJIbHOI
3JIaTHOCTI aCUHXPOHHOTO IBUT'YHA KOE(DIIIEHT KOPUCHOI A1l 3HAYHO HE 3MEHIIY€EThCA,
a koedilieHT TpaHchopmallii He 3MIHIOEThCS.

2. BuKoHaHI JOCHIPKEHHS TMOKa3aiM, II0 TMOTYXHICTb EHEProCUIOBUX
YCTAaHOBOK B 3MO31 3a0€3[EYUTH EHEPri€l0 HACOCHI YCTAaHOBKM 3 BHUXIJIHOIO
HOTY>XKHICTIO IepeTBoproBaya yactotu 10 S50 kBT.

3. YV [nocnimkeHHI MOKa3aHa HEOOXIJIHICTb CTBOPEHHS 3aMKHYTHUX CHUCTEM
YIOPAaBIIHHS 1O TeXHOJOTTYHOMY mapameTpy (Q abo H) 6e3 gaTdukiB AJiss KOHTPOIIO
HEMPSIMOTO 1X BU3HAYEHHS Yepe3 BXIJIHY MOTYXXKHICTh 1HBEpPTOpa 1 3aJ€XKHOCTI, 110
anpOKCUMYIOTh a€pOJMHAMIYHI XapaKTEPUCTHKU. BXiTHMMH KOHTPOJbOBAHUMU
napamMeTpaMu € CTPyM 1 Halpyra Ha 3aTHCKax cTaTopa JBUTYHA, 4acTOTa MOTo
KUBJICHHS.

4. Iloka3zaHa MOXJIUBICTh BHUKOPHCTaHHS KOMOIHOBAHOTO YIPABIIHHS
peKMMaMU HACOCHO1 YCTAHOBKH, [0 KaHaly IIBHUIKOCTI OOEpTaHHS [JIs aHAII3Y
peXHUMIB pOOOTH HACOCHOT YCTAHOBKH 3 JBOMA MapasiebHO MPAIFOI0YUMHU HACOCAMHU.
OTpumaHi XapaKTepUCTUKHA BU3HAYMIM MEX1 PETYIIOBaHHS HACOCIB.

5. Tloka3aHo, 110 po6OTa MEPBUHHOTO JABUTYHA 1 CUCTEMU €HEPTOKHBJICHHS
MOX€ MaTH IMOKa3HWKHU, JAJICKl BlJ TPAHUYHUX MO MiIHIMAJIbHUX €HEProOBUTpATAX.
[Ipane3naTHICTh €HEPrOTEeXHIYHUX XapaKTePUCTUK TeHeparopa 1 aCHMHXPOHHOTO
JBUTYHA JIO3BOJISIIOTH BHOpAaTH HAWOUIbII EKOHOMIYHUM PEXHUM, IO pa3oM 3
eKOHOMIYHOIO €()EKTHUBHICTIO J03BOJSE€ 30LIBIINTA TEPMIH POOOTH YCTAaHOBKHU
aBapiHOTO KUBJICHHS TPU 0OMEKEHOMY PECYPCi EHEPTOHOCIS.

6. Iloka3zaHo, 10 KEPYBAHHS pPEXUMaMU POOOTH €HEPrOCUIIOBOI YCTaHOBKH,

eJIEKTPOTIPUBOY HAacoca TOBHHHO 3AIMCHIOBATHUCA BIJl MIKpPOMIPOIIECOPHOTO
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IPUCTPOI0, KOHTPOJIIOIOYOr0 EHEeprornapamMeTpud JBUTYHA, MIBUIAKICTb OOEpTaHHs
reHepaTopa 1 IO BHUPOOJSiE CUTHANHW, IO YIPABIAIOTh, 30y/UKEHHS TeHepaTopa,

4YacTOTY 1 HANPyTy *KUBJICHHS JBUTYHA.
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1 TECHNOLOGICAL PART

1.1 General characteristics of the process of supplying and distributing
clean water
1.1.1. Description of the technological scheme of the urban water supply

system

Water supply systems are a complex of interconnected structures designed to
provide consumers of the city, industrial enterprises, and agricultural enterprises with
water. In general, the tasks of the water supply system include: obtaining water from
a natural source, improving its quality in accordance with the requirements of
consumers, transporting it to the territory of the facility and supplying it to all
specified points of sampling. At the same time, a specified pressure in the pipes of the
water supply network must be ensured at the sampling points [1].

In accordance with the listed tasks, the following types of water supply
structures are included in the water supply system:

water intake structures that carry out water intake from natural sources selected
for this facility;

pumping stations that create the necessary pressure in water pipes to supply
specified water flows to a specified height;

structures for water purification and treatment to improve the quality of natural
water in accordance with the requirements of the consumer;

water pipes and water supply networks that transport water to objects and
places of its consumption;

regulating and reserve tanks;

tanks of various types for storing and accumulating water.

In the general scheme of water supply, pumping stations are divided into:

first-lift stations that take water from the water supply source and supply it to

treatment facilities or directly to the water tower;
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second-lift stations that supply water after purification or softening to the

consumer's network.

In relation to the surface of the earth, pumping stations can be surface,
underground and deep - mine type. By type of their equipment, they are distinguished
into stations with steam equipment, internal combustion engines, electric motors and
mixed equipment, and by method of control - into stations with automatic and manual
control.

Water pressure structures are designed to regulate the supply of water to
consumers, maintain pressure in the network, and store an inviolable fire reserve.

Pump units are selected according to their characteristics from the conditions
of joint operation of pumps and water supply network under different water
consumption modes. When selecting pumps, it is necessary to take into account water
flow schedules and seasonal fluctuations, as well as the value of the regulating
capacity of the tanks.

The number of suction lines at pumping stations equipped with two or more
pumps must be at least two. Valves on suction lines are installed only if the pump
axis is located below the water horizon in the source, and also if there is a switch
between suction lines.

Sheet 3 of the design documentation presents a technological scheme of the
water supply process. Water enters the common pipeline and is pumped into two
tanks with a volume of 19,000 m3 each. Then water is chlorinated. From pumping
station No. 1, water is supplied further through the transit water pipeline to the
consumer.

From tank No. 2, water is supplied to pumping station No. 2, which supplies
water to the city of Kremenchuk, Poltava region. At the inlet and outlet of each tank
there are valves to regulate the water supply process. Each tank has two water level
sensors (upper water level sensor and lower water level sensor).

At pumping station No. 2 there are four pumps connected in parallel (two
working, two standby), which take water from the tank and supply it to the city. The

pumps are connected to a common pressure collector, at the outlet of which there is a
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check valve and a valve to regulate the water supply to the city network and a

pressure sensor that measures the water pressure at the outlet of pumping station No.
2.

The dimensions of individual structures and installations, the number and
power of pumps, the capacity of tanks, the height and capacity of water towers, and
the diameters of pipes are found by calculating these elements in accordance with the
amount of water supplied and with the operating mode planned for them.

The main factor determining the operating mode of all elements of the water
supply system is the mode of water consumption by consumers whom this system
must serve. Thus, when designing water supply systems for industrial enterprises, the
water consumption regime for production needs - the water consumption schedule
can be set quite accurately in accordance with the technological project of the
enterprise.

It is much more difficult to predict the water consumption regime when
designing water supply systems for settlements. In such water supply systems, the
regime of water consumption by the population is determined by a number of
household factors related to the lifestyle and work of people.

From the treatment plant to the place of consumption, water is supplied
through water mains, and within the city it is distributed through a network of pipes
or lines. There are main and distribution (street) lines. Each main line provides water
to an entire district of the city or a large group of streets, each distribution line serves
one street or a small group of streets. The main task of this network is to directly
supply water to individual house branches, as well as to supply water to fire hydrants
during a fire [2].

According to the task, the length of the water supply line is 29.4 km.

The diameters and lengths of the pipes used in the water supply depend on the
amount of water supplied through them.

All consumers are connected to street distribution pipes, creating a ring

network. Distribution pipes are laid along almost all the main streets of the city.
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There are 200 water intake columns on the pipeline. The number of subscribers

served by this water supply network is approximately 12,000.
The pumping unit and the pipeline system are in a certain technological
connection during operation.
The total height of the liquid lift by the pumping unit can be expressed by the
flow function:
H=H c+R c-Q? (1.1)

where R_c- hydraulic resistance of the pipeline, s2/m3;

H_c- static pressure in the network.

This equation is called the hydraulic characteristic of the pipeline system. As a
result of the analysis of the operation of the pumping unit, an expression was found to
determine the head. The magnitude of the hydraulic losses h T depends on the
diameter d, the length of the pipelines 1, the resistance coefficient A, the number and
types of all local resistances, as well as on the square of the fluid flow velocity in

them v2, i.e.

H()=(Z¢+A-1/d) v3/2g (1.2)

where Z( is the sum of the coefficients of local resistances.

Due to the variable nature of water consumption, the modes of the pumping
station change. Accordingly, the operating mode point of the pumping unit changes.
By reducing the valve opening, additional resistance is introduced on the pressure
line and due to this, the characteristics of the pipeline change. The dependence of the
actual flow rate Q¢ in the pipeline on the resistance R of the valve in percent shows
that with a decrease in the degree of valve opening, the characteristics of the pipeline
rise steeper. By changing the open valves, you can smoothly adjust the flow from

maximum to zero.
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At the outlet of the pumping station (see the appendix), a valve is installed that

regulates the water pressure. The water supply is adjusted gradually over an hour to
prevent the phenomenon of water hammer.

During a water hammer, an oscillatory damping process occurs in the pipeline,
which is accompanied first by a sharp increase and then a decrease in pressure. The
result of a water hammer can be a pipeline rupture and water leakage.

Analyzing diagram No. 1, we see that at night the water pressure in the pipeline
Is maintained at the minimum level necessary for the operation of enterprises. As the
population activity increases, the pressure in the pipeline is gradually increased over
the course of an hour (from 5.30 to 6.30) using the valve. On weekends, a constant
pressure of 5 kgf/cm2 is maintained in the main throughout the day. Due to the fact
that on weekdays water is supplied according to the schedule, the maximum pressure
is maintained for a certain hour (6.30 - 9.00 and 17.00 - 22.00), when the main part of
the population is at home. The rest of the day, the minimum pressure in the pipeline
IS maintained.

From diagram No. 2, we see that the water level in the tank varies from 2.5 m
to 4 m depending on the water supply from the general water supply and
consumption by the population.

Having analyzed diagram No. 3, we see that at night the water consumption in
the pipeline is minimal. As the population's activity increases, water consumption
increases. On weekends, water is consumed approximately in the same volume
during the day, 575-600 m3. Due to the fact that on weekdays water is supplied
according to the schedule, the maximum water consumption occurs at an hour when
the main part of the population is at home. The rest of the day, the minimum water

consumption is 115 m3.
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1.2 Characteristics of electrical equipment of the pump unit model CA

125/315

Pumping stations are equipped with pumping units, suction and pressure
pipelines, devices for priming pumps, anti-shock devices, control and measuring
equipment and shut-off and control valves.

The location of pumping units and pipelines in the pumping station must
ensure reliability of operation, convenience, simplicity and safety of maintenance,
minimum length of communications and the possibility of expanding stations.

The main parameters of the pump include: flow, pressure, power and
efficiency [2].

The pump flow Q is the volume of liquid supplied per unit of time through the
pressure pipe. The flow is measured in /s, m3/s, m3/h. Sometimes it is called liquid
flow.

The pump head H is the difference in specific energies of the fluid flow in the
output e2 and input el pump nozzles. The head is measured in meters of water
column.

Pump characteristics. For the rational use of centrifugal pumps in operating
conditions, it is necessary to know the relationship between the flow, head, power
consumption and other pump parameters at different operating modes. These data are
presented in the form of pump characteristics.

For centrifugal pumps, a distinction is made between theoretical and
experimental characteristics.

Theoretical characteristics are determined using the basic equations of a
centrifugal pump. In real conditions, the operation of the pump is affected by many
different factors that are not always possible to take into account, therefore such
characteristics have some inaccuracies and are practically not used.

Experimental characteristics are built based on the results of testing pumps in

factory laboratories; they reflect the actual dependencies between pump parameters.
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Graphs expressing the dependence of the head H, the power consumption N,

the efficiency n and the vacuum suction height Hvac.dop, which is allowed, on the
supply Q at a constant speed n and a certain shape and dimensions of the flow part
(impeller), are called the operating characteristics of the pump.

In the operating characteristics of pumps, which are given in the catalogs by
manufacturers, the recommended area of use of the pump is indicated by wavy lines
on the curve H. Usually this area is chosen so that the decrease in efficiency below
nmax does not exceed 5-8%.

The pump characteristic is given for a constant speed equal to the nominal.
The dependence of the supply Q, head H and power N of a centrifugal pump on its
speed n is characterized by the following proportionality equation:

Q n H n\¢> N ny\3
b o K o 13

The efficiency of the pump n when changing its speed n changes
insignificantly within fairly wide limits, therefore, when reducing the speed to 50%, it
is practically possible to assume n1=m.

The permissible vacuum suction height for the new speed nl is determined by

the formula:

n o nl 2
H™" =10 — (10 — H*") (7) (1.4)

Bakl —

It should be noted that Ndop.vac. changes quite significantly with the change
in n, especially in the area of large flows.

In centrifugal pumps, for additional shift of the characteristic, mainly in terms
of head, and in circuits for expanding the scope of pumps, the impeller is turned
along the outer diameter. It has been established that when the outer diameter of the
impeller is reduced by 10-20%, the pump efficiency does not change significantly.

The Q-H characteristic of a pump with a variable speed of rotation can be
represented by the dependence:

H = H,v% — R,Q? (1.5)

ne Hy - mamip npu Hy/IbOBI# mogadi;
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V= w—H (16)

Pumps with a “maximum” are described by the approximation relationship:
H = A,v? + B,vQ + CQ? (1.7)

where A _2,B 2,C 2- approximation coefficients determined from the
passport characteristics of the pumps.

Pump power. The useful power Np is determined by the pump flow, which is
carried out by it when lifting the liquid per unit time to the pump height H, that is, the

useful power of the pump in kW:

_ pgQH

N. =
T 1000

(1.8)

where p - density of the liquid kg/m3;
Q - flow rate, m3/s;
H - head m;

g = 9.8m2/s - acceleration of gravity.

The power consumed by the pump Nn is actually greater than the useful
power Np due to the fact that part of the energy that the pump receives from the
engine is spent on overcoming hydraulic resistance inside the pump, friction in the
mechanisms and fluid leakage in the pump itself through gaps and leaks in the
structure.

The total efficiency of the pump nn is called the ratio of the useful power of
the pump to the consumed power, that is:

ju‘l’l
= — 1.9
nH NH ( )
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Centrifugal vane pumps are often used in water supply pumping stations.

The main working element of a centrifugal pump (Fig. 1.1) is an impeller 1
with curved blades 2, mounted on a shaft 3 and located in a housing 4. Water enters
the pump through the suction pipe 5 to the central part of the impeller and is
discharged from it into the spiral chamber and then into the pressure pipe 6.

If the liquid particles, which are twisted by the blades, are thrown from the
center of the wheel to the periphery under the action of centrifugal force, they receive
some increase in energy. Due to this, at the exit from the impeller blades, the pressure
and velocity of the liquid particles are greater than before entering the wheel.

A vacuum is formed in the center of the impeller, where the liquid enters due
to the difference in pressure in the wheel axis and on the water surface in the
receiving wheel. After leaving the wheel, the fluid enters the spiral chamber, the
cross-section of which increases in the direction of the pressure pipe, due to which
the average velocity of the fluid gradually decreases, as a result of which part of the
Kinetic energy is converted into potential energy, and the primary pressure created by

the wheel increases.

Pucynok 1.1 — Pobounii opran BiLIEHTPOBOIO HAacoca
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OcHOBHI TexHIYHI JaHI HACOCHMX arperaTiB, 3aJisTHUX B T0Ja4di BOAM
cnoxuBadam M. Mupropon [lontaBcbkoi o0macTi.
Arperatu CA 125/315 nacocHoOi cTaHIii MOAat0Th BOAY B pe3epByap, 3BIAKU
BOHa Mo TpyOax HAAXOAATHh JO CIOXKKBauiB. Boma B pesepByapi y Mipy BUTpaTu
MOBMHHA MOCTIHHO MOMOBHIOBATUCS 33 PAXYHOK MifKayku. /[ aBTOMaTu3ariii 1boro
MpoLIeCy CIYKUTh amapaTrypa aBTOMAaTUYHOTO YIPaBJIIHHS arperaraMd HacCOCHHX
CTaHIIIA.

Ha puc.1.2. IlpuBeneHi nacrnopTHi XapaKTepUCTUKH HacocHOTO arperaty CA

125/315.
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Figure 1.2 — Nominal characteristics of the pump CA 125/315

The equipment is designed to turn the pump on and off depending on the
water level in the tank. It provides protection of the unit from water hammer,
overheating of the bearings, abnormal pressure in the pipeline, protection of the
electric motor of the unit from operation on two phases, in case of breakage of the
third, monitoring the state of the communication line and switching to a replacement

one in case of breakdowns of the working unit.
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The equipment allows the person on duty to monitor the availability of water

and the operation of the pumps. The equipment provides two operating modes:
automatic and manual. The units are turned on and off depending on the water level
in the tank.

Control of pumping and power units, in addition to manual, can be semi-
automatic (when the initial start or stop of the unit is carried out by service
personnel), automatic (the role of service personnel in such control is reduced to
monitoring the operation of automatic equipment and periodic inspection of the
equipment) or remote (when control of pumping and power units is carried out at a
distance from the control center).

When automating, pumping and power equipment must be brought to an
exemplary state, which ensures uninterrupted operation of the units without the
constant presence of service personnel; special attention should be paid to the
tightness, ease of opening and closing of suction valves and the tightness of suction
pipelines.

When automating, unlike manual control, starting and stopping pumps is
carried out with the valve in the open position, therefore, a prerequisite is the
presence of a check valve on the pressure pipeline, which serves as a shut-off device,
installed as close as possible to the pump. The valve on the pressure line must close
earlier than the suction line. The sequence of operation of the check valves is
regulated by installing a limiter for their opening degree. Anti-shock devices are used
to prevent possible hydraulic shocks.

The pumping station complex must include switchgear and transformer
substations (or step-down transformers) designed to convert alternating current
voltage and distribute it along the supply lines to electric motors and other energy
consumers. Switchgear, transformer substations and control panels are placed in
built-in or adjacent rooms, taking into account their expansion and increase in
capacity. The equipment of the switchgear and 6 kV transformer substation includes
power transformers, oil circuit breakers, current and voltage transformers, current-

carrying parts, control and measuring instruments and auxiliary equipment.
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Uninterrupted operation of the equipment can be ensured if the power supply

is reliable and the electrical equipment is in good condition. The linear diagram of the
power equipment is presented on sheet 4 of the design documentation.

A voltage of 6 kV is supplied through the feeder 27/1 or 32/2. Through the
switchgear, power is supplied to the transformers for own needs, pump motors and
the workshop transformer substation, which serves to power auxiliary equipment
(lighting, ventilation, security and fire alarms, etc.). The switchgear includes: a
current transformer of the TPL-10 0.3/r-400 type; oil switches of the VMP-10 PZ-11
type, which are used to turn on or off the motors; grounding knives, which are turned
on if it is necessary to repair the pump motors. The circuit includes a jumper between
two sections, which serves to switch the power supply from the feeders separately, or

simultaneously from two lines.

1.3. Control and measuring and regulating equipment

Water pressure structures are equipped with water-indicating alarms, water-
pressure valves, overflow and drain pipes and fittings for disconnecting tanks from
the water supply network. Water-indicating alarms are designed to transmit a signal
to the pumping station about the water level and the need to turn the pumping unit on
or off [3].

The DP-374 type water level float sensor (Fig. 1.3) is designed to control the
extreme positions of the water level in the water pressure structure and to send a
signal to the control cell about turning the unit on when it is in the lower position and
off when the water level in the tank on which the sensor is installed is in the upper
position.

The float sensor consists of a housing in which a toggle switch for 127 V, 1
A, and four germanium rectifiers are installed (reverse voltage value 100 V,

permissible amplitude of the rectifier current 100 mA).
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Figure 1.3 — Float water level sensor type DP-347:
1- switch; 2-plug; 3-rocker with counterweight;

4-rectifier; 5-float; 6-bracket for fixing the sensor to the tank.

To prevent moisture from entering the sensor, the housing cover is closed
with a rubber seal.

A rocker is installed on the housing, which is mounted on an axis passing into
the sensor housing. A plug is installed inside the latter on the axis. At one end of the
rocker, two floats are fixed on the cable: the upper one is upside down at the level
corresponding to the unit stop, and the lower one is down at the level corresponding
to the unit start. The lower float is filled with water. When the water level decreases,
one end of the rocker moves down under the action of the weight of the cable, floats
and water in the lower float and the toggle switch is switched by the plug. In this
case, the contact closes, sending a signal to the control cell to turn on the unit.
Raising the water level in the tank to a certain limit restores the balance of the lever,
and then to a position close to the upper limit level, the water raises the upper float,
unloading the end of the lever, and under the action of the load at the other end it
rises, the fork switches the toggle switch, and a signal to stop the unit is sent to the
control cell. Only the extreme positions of the water level in the tank cause the sensor

contacts to switch and the signals sent to the control cell to change. In the
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intermediate position of the water level, the sensor lever is in equilibrium and a signal

of the last extreme position of the water level in the tank is sent to the control cell.

Spring pressure gauges are used to measure pressure, which are placed on the
pressure nozzles of the pumps, as well as on the pressure collectors. Large pumping
stations provide for self-recording manometers that continuously record pressure on
tape or circular diagrams.

The most widespread are the so-called tachometric water meters, the principle
of which is to sum the number of revolutions of the working body installed in the
fluid flow. Depending on the design of the working body, two groups of meters are
distinguished - turbine and chamber. For meters with a tangential turbine, the name
"vane" is widely used, and meters with an axial turbine are called turbine. In vane
meters, the axis of rotation of the tangential turbine is perpendicular to the direction
of water movement in the pipeline, in turbine meters it is parallel. Chamber meters
are manufactured with a working body in the form of a disk, an annular piston or oval
wheels. Vane and turbine meters have become widespread for measuring water used
by individual consumers with a maximum flow rate of up to 800 - 1000 m3/h.

To determine the water supply at pumping stations, water meters and flow
meters are installed. According to the principle of operation, they are classified as:
high-speed, throttle, volumetric, etc.

Variable-pressure differential flow meters are the most widespread; in water
supply systems they make up 50 - 70% of the total number of flow meters used. They
use the dependence of the fluid flow rate on the pressure drop that occurs when it
flows through a fixed narrowing device installed in the pipeline. The pressure drop
can be measured and converted into an electrical signal [4,5].

A large group of flow meters for measuring relatively small fluid flows or
constant-difference flow meters, primarily rotameters. They use the dependence of
the movement of a body that perceives the dynamic pressure of the flow flowing

around it on the flow rate of the flowing substance.
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Tachometric devices are also common, in which the dependence of the

rotation frequency or the total number of revolutions of a moving element (impeller,
turbine, ball) is used, respectively, on the flow rate or volume of the flowing fluid.

Methods of non-contact measurements, as well as flow measurements without
the use of devices placed inside the pipeline, are becoming increasingly widespread
and are the most promising. These include, first of all, electromagnetic and ultrasonic
methods.

Electromagnetic flow meters have been used for a relatively long time in the
chemical, pulp and paper and other industries to measure the flow rate of aggressive
liquids, but their disadvantages are material consumption and scarcity. Ultrasonic
flow meters are more promising, especially for large-diameter pipes.

Water consumption control, which requires not only water metering, but also
an economic impact on consumers who spend it irrationally, can lead to a significant
reduction in the consumption of consumed water.

No less relevant are the issues of measuring the flow rate and volume of water
consumed by industrial enterprises, since this volume often makes up a large share of
the total water supply through city waterworks.

When choosing the type of flow meter (counter), for its calculation and
justification of the installation location, it is necessary to have data on the object
where it is intended to be used: for example, the purpose of the object and its
capacity; the required accuracy of measurements (the limit of permissible
measurement error); drawings of pipeline communications with an indication of their
diameters, as well as location for placing measuring equipment; maximum operating
fluid consumption, graphs of their fluctuations; excessive pressure or vacuum in
pipelines in which flow meters are installed; types of pumping units; degree of
contamination and water temperature; detailed drawings of pipelines; operating
modes of pipelines: the possibility of disconnecting individual sections, the duration
of interruptions allowed in water supply; cost of electricity. In specific cases, this list

of information may be changed.
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To automate the electric drive of the pumping unit model CA 125/315, we use

water pressure sensors, the location of which is shown on the slide. The location of
other control and measuring devices necessary for the normal operation of the

automated electric drive of the pumping unit is shown on the same sheet.

1.4. Calculation of the required power and selection of the electric motor

of the pumping unit

When operating the pump, it is necessary to try to ensure that its pressure at
the optimal efficiency is equal to the calculated pressure of the pumping unit or, in
any case, that the operating mode is within the recommended range of use of the
pump. However, it is not always possible to achieve such conditions, since the
number of pump types produced is limited. In such cases, if the impeller turning is
insufficient or the speed changes, several pumps are installed or some changes are
made to the initial data.

To drive centrifugal pumps in water supply systems, as a rule, an
asynchronous motor with a wound rotor is used and, less often, synchronous three-
phase alternating current electric motors are used, which ensure reliable operation
and ease of maintenance [6].

Asynchronous motors are currently the most common type of electric motors
used in industry. This is determined by a number of advantages of an asynchronous
motor compared to other types of electric motors:

- simple design and reliability in operation;

- less material consumption and labor-intensiveness in manufacturing, lower
cost;

- the ability to be powered both directly from an industrial AC network with a
frequency of 50 Hz (in unregulated EPs) and from converting devices (in regulated
EPs);

- the ability to operate both in engine mode and in braking modes;

- high dynamic performance.
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The industry produces asynchronous motors with both a squirrel-cage rotor

and a phase rotor. The first are the simplest and most reliable, but their control
capabilities are limited, so asynchronous motors with a phase rotor have become
more widespread in high-power drives.

Currently, the range of power of asynchronous motors produced by industry
for electric motors of pumps is as follows:

- for asynchronous motors with a phase rotor - 1-90 kW;

- for asynchronous motors with a squirrel-cage rotor - 1 - 150 kW.

Synchronous motors are used mainly for electric drives of medium and high
power (about hundreds and thousands of kW). The advantage of synchronous motors
1s the ability to operate in the mode of compensation of reactive power (leading cos)
consumed by other electrical consumers of the workshop or enterprise from the
network. This property in some cases justifies the use of more expensive, compared
to asynchronous motors, synchronous motors.

In industry, synchronous motors are widely used both in unregulated (pumps,
compressors, etc.) and in regulated (blowers, powerful turbomechanisms) electric
drives, in the valve motor system.

When directly connecting an electric motor to a pump, their rotational speeds
must be the same or close in value. The motor power in this case is determined by the
formula:

pgQH 1-9,8-600- 60
°1600n, 1600 - 0,95

where ks - engine power reserve coefficient;

Ny

=k = 24,4 kBt (1.10)

p - fluid density kg/m3 ;

Q - flow, m3/h;

H - head, m;

g = 9.8m2/s - acceleration of free fall.

The coefficient k_z is taken depending on the engine power.
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Asynchronous electric motors of a single series 4A in the version with a

squirrel-cage rotor 4A, 4AZ, 4AP, and 4AN are produced for a standard voltage of
380-6000 V.

According to reference data [7] according to (1.10), the electric motor was
selected:

Engine passport data: type 4A113-4: rated power 25 kW, rated stator current
29 A; rated engine speed 154 1/s; voltage 6000 V; nominal power factor cos ¢=0.90;
efficiency 95%; n=1500 rpm; nu=1470 rpm; M_max/M H =1.9; M n/M_H =1.01;
I n/I H=46.

1.5. Conclusions by section

During the analytical studies, it was found that to achieve the goal of the
qualification work, it is necessary to solve the following tasks:

1. Develop a closed-loop control system for the technological parameter (Q or
H) to control their indirect determination through the input power of the inverter and
dependencies approximating aerodynamic characteristics.

2. Establish the possibility of using combined control of the pumping unit
modes, via the rotation speed channel to analyze the operating modes of a pumping
unit with two pumps operating in parallel. At the same time, determine the limits of
pump regulation.

3. Select the optimal mode of the energy characteristics of the generator and
asynchronous motor, which will allow to increase the operating time of the
emergency power plant with a limited energy resource.

4. Provide control of the operating modes of the power plant, the pump
electric drive from a microprocessor device that controls the energy parameters of the

engine, the generator rotation speed, the frequency and voltage of the engine supply.
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Hayionanonuit ynisepcumem «Ilonmascvka nonimexuixa imeni IOpis
Kouopamioxa

LIJISIXW 3BHUWKEHHS EHEPITOBUTPAT VY NEPEXITHUX MPOLLECAX
POBOTH EJIEKTPOITIPUBOJA

Bu3HaueHHs MUIAXiB 3HH)KEHHS BTPAT €JIeKTPOeHeprii B NepeXiaHUX
Mpolecax Ma€ BaXKJIMBE 3HAYEHHsI, 0COOIMBO Ui €JIeKTPONPUBOIIB, IS KX
nepexiHi MpPoLecH CKIAAalOTh iICTOTHY YaCTHHY 3arajbHoOro UuKiy ix pobotw [1].

[Ipu 3Ha4YHIN YacTOTI BKJIKOYEHHS aCHHXPOHHOI'O €JIeKTPOIBUTYHA BEJIUKOIO
3Ha4YeHHs HaOyBalOTh BTPATH B MEPEXiHUX PeKUMAX, 110 BUKJIUKAIOTH IX
iHTeHCHBHHMI HAarpiB i 0GMEXYIOUH 3 i€l MPHYMHH KiIBKICTh BKJIIOYEHb, PEBEPCIB 1
ranbMyBaHb [2].

[TpumycTHMO, Mo PoOOUHii LUK CKIAAAETLCS 3 NEPiOJIiB MycKy, poOOTH 13
CTAJIOK LIBHKICTIO NPH NMOCTIHHOMY HaBaHTa)XE€HHI, ra/IbMyBaHHS 1 May3H, KOJIH
aCHHXPOHHMH JBHIYH BIIKIIOUEHHH Bin Mepexi. TakoMy nukiry pobotu
BIAMOBIAA€E CIIPOINEHMH rpadik 3MiHU IMIBUIKOCTI B Yacl.

BTpaTn eHeprii, 10 BUALISIOTECS B ACHHXPOHHOMY JIBUTYHI 32 LIUKII,
CKIIaNIal0ThCS 3 BTPAT €HEPrii 3a yac MycKy, rajibMyBaHHs i poOOTH 13 CTAJION
MBHIKICTIO. BTpaTn eHeprii BU/IijeHi B HABKOJIMIIHE CEPe/IOBHMIIIE i3 CTAIO0
IBHAKICTIO 3a yac MycKy i ranbmyBaHHs [3]. [Ipu LibOMy NpUHHATO, IO 3a Yac
MycKy i raIbMyBaHHs KoedillieHT MoriplieHHs TerIoBi1a4l pIBHUA CepeTHbOMY
3HAYEHHIO MK ITOYAaTKOBHUM 1 KIHII€BUM 3HAaYE€HHSIMU.

BTpaTi MOTYXXHOCTI BU3HAYUMO 3 popmyin: AP = Puou'(1-1)
M
[TincTtaBuBiM 3HaueHHss KK ][ BUOpaHoro 3 katajory eJIEeKTpOJABHUIYHa,

OTPHMAEMO KPHUBI BTpPAT MOTYXXHOCTI, pUC. 1.
Anani3 orpumanux 3anexsHocted 1 = f(w), AP = f(w) npu 4acToTHOMY

peryJIIoBaHHI MOKas3ye, 110 MPHU NOHMKEHHI NepeBaHTaXyBalbHOI 3aTHOCTI
aCHHXPOHHOTO JBUTYHa, pob0oya TOYKa 3MILLY€ETHCS BHU3 MO XapaKTEPUCTHKAX
aCHHXPOHHOTO JIBUI'YHA 3 TIOHIKEHHAM 4acToTH Mepexl. [1pu mpomy cose -
koedilli€HT MOTYXHOCTI JI0CATa€ CBOr0 MaKCHMAaJIbHOIO 3HA4YCHHS 1 13 3MIHOIO

4aCTOTH MepeXki MPAaKTHYHO HE 3MIHIOETHCS.
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