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not take into account engine power and fuel energy efficiency. The article pre-
sents the results of experimental studies aimed at determining the effective power
of an in-line six-cylinder diesel engine with an electronic control unit when operat-
ing by the magnitude of the support reactions in the "free acceleration-exit" mode. It
was found experimentally that the engine was accelerated in 2.45 s, the maximum
acceleration of the crankshaft was 133.1 s, and the maximum power of the engine
was 102 kW. Disabling one of the cylinders resulted in an increase in acceleration
time to 3.3 s with a decrease in maximum crankshaft acceleration to 110 s and
engine power to 80 kW. The free run-out time of the engine does not depend on
the number of operating cylinders and is 6.2 s.
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IPOEKT BHEJAPEHUSA YACTOTHO-PEI'YJIMPYEMbIX
IJIEKTPOIIPUBOIOB HACOCOB B OTOIIUTEJIbHBIX
KOTEJIBHBIX OTJAJIEHHBIX CEJbCKHUX PEIT'HOHOB

AnHoTanusi. PaboTa mocBsIIeHa pPacCMOTPEHHIO BOIPOCOB AKOHOMHHU
SHEPropecypcoB Ha OCHOBE alpOOMPOBAHHBIX HPOEKTOB IO BHEAPEHHUIO dac-
TOTHO-PETYITHPYEMbIX 3JICKTPOINPUBOIOB HACOCOB B OTONMUTEIBHBIX KOTEIb-
HeIX. [IpescTaBieHa cxema MOJENH JUIs HCCIEIOBAHMS MTPOIIECCOB ITyCKa acHH-
XPOHHBIX JIBUTATENEl OT MHBEPTOPA C aHAIM30M OCLIHJUIOTPAMM.

Abstract: The work is devoted to the consideration of energy saving issues
based on proven projects for the introduction of frequency-controlled electric pump
drives in heating boilers. A model diagram is presented for studying the processes
of starting asynchronous motors from an inverter and analyzing waveforms.

KiroueBbie ciioBa. Hacoc, acHHXpOHHBIN IBUTaTeNb, TyCKOBOW TOK, HHBEPTOP
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B nacrosimee BpeMs IPOM3BOIMTEINSIMH OCBOSH BBIIMYCK IIHPOKOW TaMMBI
npeoOpa3oBaTeneid A HU3KOBONBTHEIX (380 B) acHHXpOHHBIX IBHTATENCH
MOIIHOCTEIO OT 2,2 110 315 kBt. Cuitosast gacth npeodpa3oBareneil peaqn3oBaHa
Ha coBpeMeHHBIX npubopax — IGBT momynsx u ITHOIHO-THPHCTOPHBEIX Oec To-
TEHLIMAJBHBIX CXEMax. DTH NMpeoOpa3oBaTei UMEIOT CIEAYIOINE OCOOCHHOCTH:

e  aBTOMAaTHYecKas HACTPOIKa CHCTEMbI yIpaBIICHUS Ha IBHIATElb;
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®  aBTOMATHYCCKUH Iepe3amycK M TMPOAODKCHHE Pa0OTHl B 3aJaHHOM
PEXUME TIPH UCYC3HOBCHUH HAIIPSDKCHUS THTAHMS;

®  BCTPOCHHBIN MPOMOPIIUOHAIEHO — HHTETPATBHBINA PEryIsTop TEXHO-
JIOTHYECKOTO IapaMeTpa;

e  MHOro(pyHKIIMOHAIIEHAS 3alllUTa MPeo0pa30BaTeIs U JBUTATEII,

®  BO3MOXKHOCTH YIIPABICHHEC TPYIMOW AIEKTPOABHUTATEICH, Bpallaro-
IIUXCSI C OAUHAKOBOM Y4acTOTOMH

TpeboBaHUs K SICKTPONPHBOIY ONPEACISIOTCS TUATA30HOM TPEOYEMBIX
CKOpOCTeH ¥ THIIOM Harpy3kd. [IpuMepoM MOTOOHBIX MPUBOJOB SBISIOTCS
LIEHTPOOESIKHBIE HACOCH W BEHTWISATOPHI OTOIMUTEIBHBIX KOTEIBHBIX. MexaHu-
YeCKHe XapaKTePUCTUKUA KOTOPHIX OMHCBHIBAIOTCS KBAAPATHIHON MapaboioH, a
morpebIsieMasl MOITHOCTh MPOIMOPIIMOHANIbHA KyOy CKOpocTH BpamieHus. [lo-
9TOMY, Jake HEOONBIIOe CHIDKCHHE CKOPOCTH MOXKET JaTh 3HAYUTCIHHOS CHU-
YKCHHE TOTPEOIIIeMO MOIIIHOCTH.

Ha pucynke 1 3amTpuxoBaHa o0acTh, OTBEUYAIOIIAsi CHIDKEHUIO MOITHO-
CTH TPU HCHOJB30BAHUH YACTOTHOTO PETYIHPOBAHUS IMPOM3BOAUTEIHHOCTH
BMECTO JPOCCEIUPOBAHHS.

P

Npoccennposarne

Perynuposarne
cKOpPOCTH

Pucynok 1 — CHmxeHHe MOIIHOCTH, Pa3BUBAEMOI IBUTaTeIeM
IIPY 9aCTOTHOM PETyJIUPOBAHUH

J171st oiTydeHws1, HarpuMep, TTIOJIOBHUHBI TTOJTHOTO PacXo/ia PH PETryINpOBaHUH
cKopocTH OyzeT 3aTpaueHo okono 13% IONMHOI MOIIHOCTH, TOTJa KaK MpH JIpOc-
CETMPOBAHUU — OKOMO 75%. DKoHOMUS cocTaBUT mpuMepHO 60%. B 3aBucuMocTu
OT XapakTepa Harpy3Kd HpeoOpa3oBaTeib YacTOTHI JODKEH OOECIIeunBaTh pas-
JIMYHBIE PEKUMBI YIIPABICHHS HJICKTPOIBHIATENIEM, Peal3ys HEOOXOAMMYIO 3a-
BHCHMOCTb MEXTy CKOPOCTBIO BPAILICHHsI 1 BBIXOAHBIM HAIpshKeHueM [1].

Tak kak mpeoOpa3zoBaTeN MMEIOT JOCTATOYHO BBICOKYIO CTOMMOCTB, TO
BOITPOCHI MX KOHKPETHOTO BHENPEHHS TPEOYIOT TIIATENBEHON IpeIBapHTEIbHON
MIPOEKTHOH moaroToBKH. C 3TOM Ienbio Ha 0a3e MHCTPYMEHTAIBHBIX CPEACTB
cucreMsl MATLAB 6butn pa3paboTaHbl KOMITBIOTEPHBIC MOJIEIHA HACOCHBIX H
BEHTWJISILIMOHHBIX arperaroB Ha 0a3e acCHHXPOHHBIX ABUTATENeld C 4aCTOTHBIM
peryJiupoBaHUEM MPOU3BOJUTENBHOCTH [2].
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Mopenu cozepkaT CIeQyIoIie OCHOBHBIC OJOKHM: aCHHXPOHHBIM IIBHTa-
TelNb; Tpex(a3Hbli aBTOHOMHBIN nHBepTOp Ha IGBT — Tpansucropax; mecrtu-
KaHAJIBHBIH JUCKPETHBI T€HEepaTop MIMPOTHO-MOAYJIMUPOBAHHBIX HMITYIbCOB,
nojgaBaeMbIx Ha 3aTBopbl IGBT-Tpan3ucTopoB nHBEpTOpA.

MexaHH4YeCKHT MOMEHT Hacoca ()OPMHpPOBAJICS B MOJEIH U3 JBYX COCTaB-
JSTIOIIAX

M,y = 0,15M,,, + ko’

>

rae Muom — MOMEHT TIpH HOMUHAJIBHOH Harpyske;  — yrioBas CKOPOCTb
BpameHust; kK — moctosHHBINA K03QQUIHeHT.

Ha pucynke 2 npuBeneHa cxema MOJIEIH JUISl HCCIENOBaHHS MPOLIECCOB He-
yrpasisieMoro mycka AJl or mHBepTopa. [lapaMerpsl JaHHOTO BHIA MycKa aHaJo-
TUYHBI apameTpam 00brgHoro mycka AJl ot cetn. @opmupyemble HHBEPTOPOM Ha
JIOCTaTOYHO BBICOKOM Hecymiel yacrote 1000 ' mupoTHO-UMITYIbCHBIE CUTHAIBI
HaNpspKEeHUsl MOCTYNAroT Ha cratop AJl, mpeacraBieHHbIX Ha pucyHke 3. OcHOB-
Hasi HU3KOYaCTOTHAsl COCTAaBILSIIOIIAS STHX HanpsbkeHui pasHa 50 ',
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Pucynok 2 — Cxema mozpenu
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Pucynok 3 — IIIupoTHO-MOIYTHPOBAHHBIE UMITYJIECHI HATIPSDKCHUSI HHBEPTOPA
Ha Hecymeit yacrore 1000 '
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BricokodacToTHEIE COCTABJISIOIINE TOKOB HWHBEPTOpA CITIAXKXHUBAKOTCA B
00MOTKaX AI[ YeMm BoIIIE HECyllas 4aCToTa MHBEPTOpA, TEM MCHBIINEC HCKa-
JKCHHA CUHYCOMOAJIBbHOCTU KPHUBBIX TOKA B CTATOPHBIX MCIAX. H3menenue
QJICKTPOMAroHuTHOI'O MOMCHTA B HaYaJIbHOM CTaay HCYNIPABJISICMOI0 ITyCKa
HUMEeT SPKO BBIPAKCHHBIN KOJeOaTeNbHBIN XapakTep, HeOMaronpusaTHO IeHCT-
ByIOH.[I/Iﬁ Ha ABUTATCIIb. AMHJ'II/ITyZ[a KojeOaHuii MOMEHTa MMPEBOCXOAUT MaK-
CHMAaJIbHBIN MOMCHT, COOTBCTCTByIOHII/Iﬁ KPUTHUYCCKOMY CKOJIBKCHUIO. Ha-
YaJIbHBIC ITYCKOBBIC TOKU IIPUMEPHO B 5 pa3 00JIbIIIe HOMUHAIBHEIX TOKOB I10-
CJIC 3aBCPUICHUS ITYCKaA, YTO COOTBCTCTBYCT NMACIIOPTHBIM JaHHBIM.

MexaHmdeckuii (TOPMO3HOH) MOMEHT JBIMOCOCa KOTEIBHEIX (popMuUpyercs
B MOJICJIKM B BUAC KBa,I[paTPI‘IHOﬁ 3aBUCUMOCTH OT CKOPOCTH BpalllCHUA

Tm = Koo’

race ® — yriioBad CKOpOCTb BpalllCHHA.

[Nokazarenn mporecca Mycka MOTYT OBITh YAYYIICHBI TMPU BapHAIlMHA Ha
HAYaJbHOW CTaIUU ITYCKA aMIUTUTYIBI U OCHOBHOH YaCTOTHI PE3yIbTUPYIOIIETO
BEKTOpa HaIpsDKeHHs, (GopMUpyeMoro MHBEPTOPOM Ha craTope. BosaeficTue
HAa aMIUTUTYIY Pe3yIbTHPYIOMICTO BEKTOpa HampsDKEHHs OyneM Ha3bIBaTh am-
NAUMYOHbIM PETYIUPOBAHUEM, a BO3JCHCTBHC Ha OCHOBHYIO YaCTOTY — udc-
MOMHBbIM PETYITHPOBAHUEM. AHAIM3UPYS OCHHUIOTPAMMBI TaK Ha3BIBAEMOTO
“ynpasisiemoro” mycka AJl, rae HadanpHas ctaaus mycka B Teuenue 0,16 cex
npoucxoaut npu yactore 10 ', BUAUM YTO B MOCIEAYIOIIEM YacToTa B TeUe-
HUC 3aJlaHHOTO WHTEpBaja BPEMEHH BO3pacTacT MO JHHEHHOMY 3aKOHY IO
50 I'u u c TeueHueM BpeMEHH OcTaeTcs Hem3MeHHoW. Hapacranue aMmiuTysl
HATIPSDKCHUS OT HYIS 10 HOMHHATBHOTO 3HAYCHUS TPOUCXONT 110 KBaJIpaTHy-
HOU 3aBHCHMOCTH OT BpeMeHHU. V3 oCIMIIIOrpaMM BHIHO, YTO ITYCK MPOTEKACT
Oomee turaBHO. [IpakTHYeckH HCYE3arOT KOJNEOAHHS 3ICKTPOMATHHUTHOTO MO-
MEHTa, CHIKAETCSI KPaTHOCTh ITyCKOBBIX TOKOB K HOMHHAIBHOMY TOKY, CHH-
JKaI0TC MaKCHMaJIbHbBIE 3HAYEHHSI MOMEHTA.

Bb1600bt. OCHOBHOH BBIBOZ MOXKHO BBIpa3uTh cioBamu [1labanosa B.1O. On-
HIM W3 HOBBIX TEXHUYECKHX HAIPaBICHUH, OPHUCHTUPOBAHHBIX HA SKOHOMHIO
SHEPrOpPECypCOB, SABISIETCS BHEAPECHUE IPeodpa3oBaTeeil YacTOThI IS TIABHOTO
PETYIHPOBAHUSI CKOPOCTH KOPOTKO3aMKHYTHIX aCHHXPOHHBIX JICKTPOABUTATEICH
[3]. Oxonomuto anexTporHeprun 10 60% raeT ONTUMU3ALUS CKOPOCTH BpPAILICHHS
pabounx MEeXaHW3MOB IPU CHIDKCHHH ITyCKOBBIX TOKOB aCHHXPOHHBIX JIBUTATEIICH,
3aJaHusl TEMITOB PAa3TOHA, TOPMOXKCHUS M OCCKOHTAKTHOTO peBepca BHUTATENA, a
TaK e YBEIMUYCHUE MPOAOIDKUTEIFHOCTH MEXPEMOHTHOIO MIEPHOIA.

CHHCOK HMCIO/IB30BAHHOMN JHTEPaTyphl
1. AagponoB AJL. OOocHoBaHHe 5HEProdh(GEKTHBHBIX PEKUMOB YaCTOTHO-
PETYIHPYEMBIX JJIEKTPONPUBOJIOB B AarpoONpPOMBIIIICHHOM KOMIUIEKCE: JHCCepPTaIns
KaHAugata TexHuueckux Hayk: 05.20.02/ AunmponoB Aunekceit JleonumoBuw; [Mecto
3alIuThl: ANTalCKHIA TOCYIapCTBEHbIH TexHuuecknid ynuBepcutet uM. M. TlonzyHoB].
- bapnaym, 2005. — 191 c.
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2. Knaccudukanus cucreM cTabHIN3alMU CKOPOCTH 3JeKTporpusosaa. CHcTeMsl
00paboTku mH(pOpPMaNKK B cucTeMax crabwnmzanmu ckopoctu / byrabaesa K.E. ELS.
2024. No  ¢eppanp. URL: https://cyberleninka.ru/article/n/klassifikatsiya-sistem-
stabilizatsii-skorosti-elektroprivoda-sistemy-obrabotki-informatsii-v-sistemah-
stabilizatsii-skorosti

3. DddekTuBHOCTH HCHONB30BaHUS 0€3 TpaHCHOPMATOPHBIX MHOTOYPOBHEBBIX
npeobpasoBaresieil YaCTOTHI B SJIEKTPONPUBOJIE MAarkuCTpanbHbIX HacocoB / B. A. IITaba-
HOB, B. 10. Anexcees, A. P. Kanumrynos [u ap.] / DnekTpoHHBIN HaydHBIH KypHAI
Hedrerazosoe nemo. —2015. — Ne 5. — C. 493-515. — EDN UMMQWR.

Summary. The main conclusion can be expressed in the words of
Shabanov V.Yu. One of the new technical directions focused on saving energy
resources is the introduction of frequency converters for smooth control of the
speed of squirrel-cage asynchronous electric motors [3]. Energy savings of up
to 60% are achieved by optimizing the rotation speed of working mechanisms
by reducing the starting currents of asynchronous motors, setting the rates of
acceleration, braking and non-contact motor reversal, as well as increasing the
duration of the overhaul period.
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ONPEJAEJIEHUE TAPAMETPOB BAJIAHCA MOIIIHOCTH
JABUT'ATEJIA TPAKTOPA
B COCTABE ITOYBOOBPABATBIBAIOIIEI'O AI'PET'ATA

AnHoTtanusi. /{11 000CHOBaHHs MAPaMETPOB M PEXUMOB pabOThI, SHEpre-
THYECKOH OLCHKH MNOYBOOOPAaOATHIBAIOIIMX AarperaroB HEOOXOAUMO HMETh
YHCIICHHbIC 3HAYCHUsI Psa BEMMYMH BXOIAMIMX B OOIME OanaHC MOIIHOCTH
JBHTATENs TPakTopa. B cTaTbe MPEACTaBICHO MX ONpENeNCHUE Yepe3 MoKa3a-
TENH MOJY4CHHbIE TIPH MPOBEICHUH IKCIICPUMCHTABHBIX HCCIICA0BaHMI arpe-
TaTOB B IMOJICBBIX YCIOBHUSIX.

Annotation. To justify the parameters and operating modes, energy as-
sessment of soil-cultivating units, it is necessary to have numerical values for a
number of quantities included in the overall power balance of the tractor en-
gine. The article presents their definition through indicators obtained during
experimental studies of units in field conditions.

KnroueBbie cioBa. TpakTop, MOIIHOCTb, MOYBOOOpabaThIBArOLINl arpe-
raT, TATOBOE YCHIHE, CKOPOCTh, OykcoBanue, KIIJ] TpaHcMHCCHH, CONPOTHB-
JICHHE KaYeHHIO.
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