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AnHoTanusa KinroueBbie cmoBa

Boinonten 0630p numepamypul Ha memy uccnedosanuti luopasnuka, 2udpoMauiunvl, UeH-
YACMOMHO20 Pezynuposanusi npusoda ueHmpobesHozo MPoOexHviil HAcoc, 4acmomHoe
Hacoca. AKmyanvHocms 0aHHOT Membl 0Co6eHHO Benu-  Peeyruposare, 0030p numepanty-
Ka 8 HACMOsUsee Bpems, K02da ocmpo cmaem sonpoc Pbh NPUBOO Hacoca, Inepzonompeo-
00 2KONOZUMHOCMU U MUHUMyMe 3ampam dHepzono- T/eHue IKOHOMUS SHepeUul
mpebnenusi NPoOyKuUU COBPEMEHHOL NPOMbIUTIEHHO-

cmu. [annas cmamovs Gydem none3Ha npu noucke

UHPOPMAYUYU HA 3AMPAUBAEMYI0 MEMY, NOCKOIbKY 6

Hell paccmompena 60nvWIAA 4ACMb UCHOYHUKOS, NO-

CBAUEHHDIX 0aHHOTI Npobremamuxe, KOMopovle y0anoco

Hatlimu Ha ce200HAWHUT OeHb. B cmamuve maxice 8vioe-

JIeHbl OCHOBHDIE MOMEHMbL NYOIUKAUULL U BbINOTHEHO

ux pasdeneHue Ha MPU YCI0BHble 2pynnbl no cmeneHy  Tocrymuna B pefakipo 12.03.2018
0xe8amul8aHUus 00veKma uccrie008aHus. © MI'TY um. H.9. Baymana, 2018

BBenenne. Hanuune HocTymmHOI /i1 HOTpe6/IeHNs SHEPTUY BCeraa ObIlIo HEOOXOM-
MO 51 YOB/IETBOPEHNS TOTPeOHOCTelT Ye/I0BEKa, YBEMMIEHNS IPOLO/DKUTEIbHOCTH
U y/Iy4IIeHUs YCIOBUIL €ro XXU3HM.

KrroueBbiMM Ipo6/ieMaMy HepalMOHAIBHOTO ¥ M3OBITOYHOTO IOTpeOIeHMs
JIIOIbMM SHEPIMM [JIsI OKPY>KAIoLllell Cpefibl SIB/IOTCS M3MEHeHVe KIMMaTa, yMeHb-
1eHye o61Iero coyiepyXKaHuns 030Ha, IOTepsi OuopasHooOpassi, Hamudue B aTMocde-
pe TpomocdepHOro 030Ha ¥ APYrux (POTOXMMUYECKUX OKMCIUTENIEN, YMEeHbIIeHMe
PecypcoB IIPecHOi BOABI, JeTpajialiisl JIecoB, MpobieMa yTUIN3aLUM OTXONOB, BO-
IIPOCBI 9KOJIOTUY TOPOSIOB, XMMMYECKNIT puck. Ha cerogHsmHmMiT feHpb pobiema co-
KpallleHVsi 9HepronoTpe6ieHNs SIB/SIETCS OZHOM M3 BAKHENIINX, ITOCKOIbKY NC-
[I0/1b30BaHNe He TONbKO HEBO30OHOBJISIEMBIX, HO U BO30OHOB/ISIEMBIX MCTOYHUKOB
9HEPIUY COIPSDKEHO C HETaTVBHBIM BO3/IE/ICTBIEM Ha OKPY>KAIOIIYIO CPEfy.

KioyeBoe sHadeHue mprobpeTaroT Mpob/IeMbl HOBbILIEHNs 3PdeKTUBHOCTI HC-
I0/Ib30BAHNS SHEPIUY Vi COOTBETCTBYIOLETO SKOHOMMUYECKOTO CTUMY/IMPOBaHys. s
OCYIIIECTB/IEHN IIepeXofia K PaIlMOHA/IbHOMY IPMPOJOIIONIb30BAHNIO TPeOyeTCs MOf-
YYHNUTH IPON3BOJCTBO OOIECTBEHHBIM IIOTPEOHOCTSIM, ITePEOPUEHTIPOBATD YIIpaBJIe-
HJIe TEXHOJIOTMYEeCKMM IIPOLIeCCOM Ha NMOBBIIIeHe 9P PeKTUBHOCTI 1 KadecTBa.

CoracHO CTaTHCTUYECKNM JaHHBIM, HACOCHOE 00OpyLOBaHIe IIOTpebIsIeT OKOIo
20 % Bceil BbIpaOATBIBAEMOII TEKTPOSHEPIUu. ITO OdeHb Oojbluass yactb. OfHAKO
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3KCIUTyaTUpyeMoe HacOCHOe 000py/i0BaHue uMeeT OOJIbIION MOTeHIMa SHeprocoepe-
xennsi. CaMbIM 3 PeKTUBHBIM C1OcO60M MOBbIIIeHNS 9D HEeKTUBHOCTI IHEPro3aTpar
HACOCHOTO O0OPY/IOBaHNMSA Ha CETOJHALIHWIL JieHb SIB/ISIETCS NpUMEHEHMe YacTOTHO-
perymupyemoro npusoza (4PII), o0 koTopoMm 1 MojifeT peyb B JAHHOI CTaTbe.

0630p myonukamuit. [Tpo6riema 3¢hHeKTUBHOCTU U PALMOHATBHOCTI IPUMEHe-
HuA YPII 6p11a 3atponyTa B mybmukanyax [1-6]. Tak, B.M. Mpouek, T.B. Mpouek n
A.C. bypakos [1] mpoBeny aHanu3 BYX CIIOCOOOB peryIMpoBaHNA — APOCCENTBbHOTO
1 yacToTHOTO. [T0 pe3ynbraTraM MCIBITAHUIT Hacoca Ha pa3pabOTaHHOM CTeHfe OblIa
mokazaHa 3PPEeKTUBHOCTb YaCTOTHOTO CIOCO0a, MPUMEHEeHMe KOTOPOTrO ITO3BOINIO
CHUBUTb 9HEPromnoTpedIeHre B 6-7 pa3 [0 CPAaBHEHMIO C APOCCENbHBIM CIIOCOO0M,
II03BOJIAIOIIMM YMEHBUINTD PACXOJ STIEKTPOIHEPTUMN B 2 pasa.

MHorue aBTOpPbI JOKa3bIBAIOT 3P PeKTUBHOCTD IPUMEHEHMA JaCTOTHOTO CIIocoba
perymMpoBaHNs Ha KOHKpeTHbIX mpumepax. Tak, D.-H. Hellmann, H. Rosenberger,
E.F. Tusel [2], roBOpA O NpUMEHEHNUN PETYINPOBAHUA CKOPOCTU BpaILleHMs A
YCTaHOBOK OIIPECHEHMsI MOPCKOI BOABI, HA OCHOBE JJAHHBIX, TOJIYYeHHBIX IIPU MC-
IBITAHUAX YCTAHOBOK Pas3/IMYHOrO TUIIA, Ie/IAI0T BBIBOJBI, YTO JAHHBIN CIIOCOO pe-
TyIMPOBaHMSA MMeeT GOJbIIOI MOTEHLMaN, OCOOEHHO I BBICOKOHAIIOPHBIX YCTa-
HOBOK (RO), n o6majaer pa3nuIHbBIMM IPEUMYIIeCTBAMU, K KOTOPBIM MOKHO OTHe-
CTU IPOCTOJI ITOJTHOCTBIO aBTOMATUYECKNUII 3aIYCK, IETKOe OTK/II0YeHe, CHIDKEHIe
sHepruM NoTpebneHns (II0CKONIbKY HacOC MOXKET BCerfa paboTaTb B ONTHMAIbHOM
TOYKe 0Oe3 3HAUUTENTbHBIX IOTEPb JaBleHM:A), Oojee MIUTEIbHBIA CPOK CITy>KObI
MeMOpaH 1 T. IL.

B cratpe I. Annusa, D. Uibob, T. Koppela [3] aBTopsI cpaBHMBatoT morpebieHue
9HEPIUY YeThIPeX PA3NMYHBIX IIVPKY/IALMOHHBIX HACOCOB, [iBa 3 KOTOPBIX COOTBET-
CTBYIOT HOBBIM TpeOoBaHMAM 3¢ deKTUBHOCTY. ABTOpaMM [3] poBefieHO HECKOIBKO
VIMUTAL[VIOHHBIX VICHBITAaHWII C Pa3/IMYHBIMM HACOCAMU V1 Pa3/INYHOI TeMIepaTypoil 1
IIOTOKOM >KMAKOCTH, AaH 0030p IPOU3BOJCTBA 9JIEKTPOIHEPTUN B DCTOHMUU M IIPO-
aHA/IM3MPOBAHbI Pa3/IHbIe BapUAHThI cOKpalieHnst BbiopocoB CO,. B urore aBTops!
IPUXOAAT K 3aKII0YEHMNIO, YTO IpyuMeHeHre HacocoB ¢ YPII ABnsgerca cambIM Tyd-
IIVIM BapMaHTOM TaK)Xe IS JOMAILTHUX CYICTEM OTOIUICHUA.

VccnenoBanus appeKTMBHOCTY IPUMEHEHNUS PETYIMPYEMOro IPUBOJA HACOCOB
IJ14 BOJOOT/IMBA YTOJIBHOTO paspesa «BocTounslit», mposefenHble E.E. CemeHNXnHOM
(4], BBISIBWIN 3HAYUTEIBHYI0 9KOHOMIIO 9HEPTONOTPeb/IeH s, KOTOpast TO3BOJISAET 3
HECKOJIPKO JIET OKYIIUTDb 3aTPaThl Ha NPHOOPETEHNe YaCTOTHO-PETYINPYeMOro 3JIeK-
TPOIIPUBOJA.

[Tomumo sroro A.B.Yepuos [5] u C.B. MakcumoB [6] HmpuMBOAAT METORUKY
onenku spdexruHocTn npuMenenus YPII B cocraBe HAacCOCHOrO 06OPYHZOBaHMA.
MeToauky MMET CBOM OCOOEHHOCTY M Pas3nnmunsA, HO 0o6e OHM, HECOMHEHHO, OyAyT
II0JIe3HBI, €C/IV BO3HMKHET BOIIPOC O I[e/Ieco00pasHOCTY ucIonb3oBanus YPIL.

[l yrporeHns aHanmsa JOCTaTOYHO OO0 06beM MyOIMKaLnit o JaHHO
TeMaTyKe JIydlle IOApasfe/UTh Ha IPymnmel. TakuM oOpasoM, B UCCIETOBAHUAX Ha
TEMy O MMHUMyMe 9Hepro3aTpar ¥ YaCTOTHOTO PeryIMpOBaHMs AJIs1 HACOCHOTO 000-
PYHOBaHNA MOXXHO BBIIEINTD TPY YC/IOBHBIX pasferna:
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- IlepBas TPyIIa, B KOTOPOIl MOLPOOHO PacCMAaTPUBACTCS CUCTEMA, B KOTOPOI
paboTaer HacoC;

— BTOpasi TPYIIa, yAensolas 60/blilee BHUMaHNUeE STIEKTPOIIPUBOJY 1 HACOCY;

— TpeTbsI TPYIIIIa, B KOTOPOIL TOAPOOHO aHATMSUPYIOTCS ¥ CUCTEMA, U1 HACOC.

K nepBoii rpymme otHocsaTcs nmyomukaym [7-9]. [1.B. CoTHUKOB B cBoeii cTatbe [7]
3aTPOHYIT IIPO6/IEMBI MTOBBIIIEHNS 9HeProaddekTMBHOCTY HacOoCHBIX cranimit. O.A. Ty-
mepoB n K.O. I'ymepos [8] mposenmm aHamms3 mapaMeTpoB pabOTBHl YCTAaHOBKMU
37IEKTPOLIEHTPOOEKHOTO HACOCA CKBWKMH APIAaHCKOTO MECTOPOXKZEHMsI, KOTOPbI
TI0Ka3ajl, YTO IpPM BBIBOJE Ha peXuM ckBaXyuH 6e3 UYPII mpomcxoaut MrHOBEHHBIN
Pa3roH YCTaHOBKM, KOTOPBIN BiIedeT 3a 000 3HAYNTE/IbHbI M3HOC pabo4nx opra-
HOB, yMeHbIIass cpok cmyx6nl ycraHoBkn. A.C. Kosnos u 9.B. Tacro [9] nccnenyior
OCOOEHHOCTM IPUMEHEHNsI TeXHOJIOTMY YaCTOTHOTO PEryIMpoBaHNMSA Ha BOJOIPO-
BOJHBIX HACOCHBIX CTAHIVSX ¥ OTMEYA0T, YTO 3¢ (eKTUBHOCTh YACTOTHOTO PETy/IN-
POBaHNUA 3aBUCUT OT AMHAMUYECKOI XapaKTEePUCTUKY ceTH (4eM OoJblie AMHaMude-
CKIe TIOTepH, TeM 60rtee 3pdeKTUBHBIM Oy/ieT IpUMeHeHVe YaCTOTHOTO peryupoBa-
HIISL 110 XapaKTEePUCTUKE CeTH); XapaKTePUCTUKY HaCOCHOTO arperata (HaCOCHBI ar-
perat MoXeT OBITh ITepepasMepeHHBIM 110 MOILIHOCTH, U YeM 0O0JIbliie OH IiepepasMe-
peH, TeM BbIlIe OyaeT sKoOHOMUA). 3afgady onpefieneHnA 3(pGeKTUBHOCTY YaCTOTHOTO
peryIMpoBaHMs aBTOPHI [9] pa3bMBaIOT Ha CIeAyIOIIMe STAIlbl: IOCTPOEHNUE PACXOJ-
HO-TIEPeIaJHOI XapaKTePUCTUKU TMUAPABINIECKON CeTH; IOCTPOEHVE CYTOYHOTO
rpaduKa Harpysku CTaHLIMY; ITOCTPOEHME MOJENN HAaCOCHOTO arperarta (Hacoca U
37IEKTPOJBUTATENsA); ONpefie/ieHIle CYMMAapHOI pPasHMUIBI MOTPeO/IsIeMOil HACOCHBIM
arperaToM SHepruy NpY HOMMHAIbHON 4acTOTe BPAILEHNUA M IPU YaCTOTHOM pery-
JIMPOBAHUMY IO CPEHECYTOUHOMY Ipa UKy Harpy3Ku CeTH.

Bropas rpynma — Hanbosnee KpynmHasi U3 BCeX, B Hee MOXXHO BK/TIOUUTD IyO/u-
karym [10-17]. O.A. JIbiceHKO B cBOUX CcTaTbAX coBMecTHO ¢ E. M. Kysnenosoit [10],
O.C. Conogsiukmuoii [13] n A.Vl. MupomiHukoM [14] genmaer akieHT Ha MaTeMaTyye-
CKOM MOJIe/IVIPOBAaHMY TIPVMBOJIA VI HACOCHOTO arperaTa, COCTaB/AA CTPYKTYpPHbIE CXEMBbI
VICC/IE{yeMBIX arperaToB 1 MICC/IERysl MX AMHAMUYECKIe Y CTaTIIeCKIe XapaKTePUCTIKIA.
B.H. Kocriokos, E.B. Tapacos, B.H. Tapacos 1 J1.B. Bosipkuna [15] npuBopsat o60cHOBa-
HIie 5Heproa(PeKTUBHBIX ITaPAMETPOB IIEHTPOOEKHBIX HACOCHBIX arperaTos.

B Tpernio rpymnmy BxomaT Bcero ase cratbu — [18, 19]. K. Cabpa n C. MyHsep
[18] BbIgENAIOT 0COOEHHOCTM PabOTHI LIEHTPOOEKHBIX HACOCOB C MCIIO/NIb30BaHMEM
npeobpasoBaress yacToThl BpaueHus. B pabore A.B. Koxxyxosoit n K.H. Pamsanosa
[19] roBoputcs o nenecoobpasHocTu mpumenenvst YPIT npu mocTosHHO MeHsOIIel-
Cs BHELIHEN Harpyske.

3akmouyenne. Takum obpasom, saddextuBHOCTh nmprmMeneHus: YPIT moprBep-
XJleHa TIPAaKTUKOI U Teopueit. VI X0Ts yxe IIPOBEfeHO MHOXECTBO MCCTIEOBAaHMIL,
[IOTEHIIMA/ UCCIIENOBAHNUIT B JaHHOI 06/macTyt Bce ele cyujecTByerT. OTMETNM, 4TO
MyOMMKALVI Ha TeMy 3aBUCUMOCTYM YAaCTOTHON XapaKTepPMCTMKM Hacoca OT 4MCiIa
CTYIIEHel! LIeHTPOOEHOTO HAacoca, HAITU He YAa/I0Ch. ITO MO3BOIAET CAENATh BHIBOJ
O TOM, YTO JJaHHAs TeMa fB/IAETCSA HeJOCTATOYHO VMCCIENOBAHHOM, ¥ JaeT IpPOCTOp
ML MA/IbHEMINNX U3bICKAHUIA.
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Abstract Keywords

The article carries out literature review on the subject of ~Hydraulics, fluid machines, rotary
studying the frequency regulation of the rotary vane vane pump, frequency regulation,
pump drive. The relevance of this topic is particularly literature review, pump drive, power
significant nowadays, when the issue of the environ- consumption, energy saving

mental compatibility and minimum costs of power

consumption by the modern industry production is

becoming urgent. This article will be useful in the search

for the information on the topic considered, since it

examines a great part of the sources devoted to this

range of problems that we managed to find to date. We

highlight the major points of the publications and di-

vide them into three tentative groups according to the ~© Bauman Moscow State Technical
degree of covering the object of research. University, 2018

References

(1]

(2]
(3]
(4]

(5]
(6]

(7]

(8]

(9]

Mrochek V.I., Mrochek T.V., Burakov A.S. Research on centrifugal pumps and ways of
regulation their delivery protected. Vestnik Belorussko-Rossiyskogo universiteta, 2012, no. 2,
pp. 50-56.

Hellmann D.-H., Rosenberger H., Tusel E.F. Saving of energy and cost in seawater desali-
nation with speed controlled pumps. Desalination, 2001, vol. 139, no. 1-3, pp. 7-19.
Annusa I, Uibob D., Koppela T. Pumps energy consumption based on new EU legisla-
tion. Procedia Engineering, 2014, vol. 89, pp. 517-524.

Semenikhina E.E. Effeciency of using pump adjustable speed drive for “Vosrochny” sur-
face mine dewatering. Gornyy informatsionno-analiticheskiy byulleten' [Mining Informa-
tional and Analytical Bulletin], 2010, vol. 12, no. 2, pp. 197-200.

Chernov A.V. Inverter as savings. Mezhdunarodnyy nauchno-issledovatel'skiy zhurnal
[International Research Journal], 2013, no. 5-2(13), pp. 7-10.

Maksimov S.V. Assessment method of frequency controller application efficiency as a part
of hydraulic structure equipment. Tekhnologii i tekhnicheskie sredstva mekhanizirovan-
nogo proizvodstva produktsii rastenievodstva i zhivotnovodstva, 2010, no. 82, pp. 87-95.
Sotnikov D.V. Rise of energetic efficiency of pump stations. Vestnik Tambovskogo univer-
siteta. Ser. Estestvennye i tekhnicheskie nauki [Tambov University Reports. Series Natural
and Technical Sciences], vol. 18, no. 5-3, 2013, pp. 2954-2956.

Gumerov O.A., Gumerov K.O. Experience of using variable frequency drive to improve
effectiveness of exploitation elecrical submersible pumps on Arlanskoe oil field. Nefte-
gazovoe delo [Oil and Gas Business], 2014, vol. 12, no. 4, pp. 24-34.

Kozlov A.S., Tyasto E.V. Osobennosti primeneniya tekhnologii chastotnogo regulirovani-
ya na vodoprovodnykh nasosnykh stantsiyakh, opredelenie effektivnosti.

Politechnical student journal. 2018. no. 4



Review of the literature devoted to the frequency regulation of the rotary vane pump drive

[10] Lysenko O.A., Kuznetsov E.M. Energy-efficient modes of operation of centrifugal pumps
installations. Vestnik Yugorskogo gosudarstvennogo universiteta [Yugra State University
Bulletin], 2012, no. 2(25), pp. 79-86.

[11] Kozhukhova A.V., Khudokormov V.V. Using frequency control of electrical engine for
actuated equipment drive. Simvol nauki, 2016, no. 11-3, pp. 92-94.

[12] Vetlitsyn Yu.A., Vetlitsyn A.M. On lowest energy costing for centrifugal pump work. Vest-
nik PskovGU. Ser. Estestvennye i fiziko-matematicheskie nauki, 2008, no. 6, pp. 135-145.

[13] Lysenko O.A., Solodyankin A.S. Research of dynamic characteristics of elecromechani-
cal complex: centrifugal pump — asynchronous motor. Omskiy nauchnyy vestnik, 2010,
no. 2(90), pp. 148-151.

[14] Lysenko O.A., Miroshnik A.I. Modes of electromechanical energy complex: a centrifugal
pump — induction motor. Omskiy nauchnyy vestnik, 2011, no. 2(100), pp. 171-176.

[15] Kostyukov V.N., Tarasov E.V., Tarasov V.N., Boyarkina I.V. Methodology of formation of
efficient parameters of centrifugal pump units. Omskiy nauchnyy vestnik, 2016, no. 2(146),
pp- 9-13.

[16] Lysenko O.A. Energy saving modes of centrifugal pumps installations with asynchronous
engines. Izvestiya Tomskogo politekhnicheskogo universiteta. Inzhiniring georesursov [Bul-
letin of the Tomsk Polytechnic University. Geo Assets Engineering], 2014, vol. 325, no. 4,
pp. 133-141.

[17] Mubarakshin N.N., Elpidinskiy A.A. Development of the method for calculation and
planning of specific energy consumption by pump units equipped by frequency-regulated
drive. Vestnik tekhnologicheskogo universiteta [Herald of Kazan Technological Universi-
tyl, 2017, vol. 20, no. 13, pp. 61-63.

[18] Sabra K., Muzer S. Features of the operation of centrifugal pumps using a rotation speed
converter. Prirodoobustroystvo, 2013, no. 5, pp. 64-67.

[19] Kozhukhova A.V., Ramazanov K.N. Using frequency-regulated drive for rising energy
efficiency of the pumping set. Sitnvol nauki, 2016, no. 11-3, pp. 95-97.

Zakharova E.V. — Master's Degree student, Department of Fluid Mechanics, Hy-
draulic Machines and Hydraulic and Pneumatic Automation, Bauman Moscow State
Technical University, Moscow, Russian Federation.

Scientific advisor — A.A. Protopopov, Assist. Lecturer, Department of Fluid Me-
chanics, Hydraulic Machines and Hydraulic and Pneumatic Automation, Bauman
Moscow State Technical University, Moscow, Russian Federation.

Politechnical student journal. 2018. no. 4 7



