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TECTOBBIM KOHTPOJIb TOIVINBHBIX HACOCOB COBPEMEHHOU
ABTOTPAKTOPHOU TEXHUKHU
A. B. I'punenko, K. B. 'agpuios, . X. 'umantaunos, M. B. butiokos

Pedepar. B cratbe npencraBiieHbl pe3ysIbTaThl HCCIIEA0BaHUS HEprodanaHca Npyu U3MEHEHUHU TeX-
HUYECKOTO COCTOSHHS TOIIMBHOTO HAacoca MAIllMH CEJIbCKOXO03sIMCTBEHHOTO HasHaueHus. Cewire 30%
OTKa30B JBUTaTEJICH BHYTPEHHETO CTOPAaHHUS NPHUXOAWTCA HA TOIUTMBHYIO cHcTeMy. CBOEBpEMEHHOE
JVarHOCTHPOBAHKE, IIPOBEACHHE PEMOHTHBIX pPabOT M pPaboOT MO TEXHHIECKOMY OOCITYKHBAHHUIO
(mocienHee, 3a4acTyi0 HE MPEAYCMOTPEHO MM HE BBIIOIHACTCS) SIEKTPUICCKUX TOIUIMBHBIX HACOCOB
MIO3BOJISIET MTOBBICUTH CPOK M PECYPC CIIyKObI. PacueT 3HepreTndeckoro 0ananca SBISETCS MPEATIOCHUT-
KOH pa3paboTKKH HOBOTO HMJIM MOJAEPHHU3ALNH CYIIECTBYIOLIETO METO/Ia JTHarHOCTHPOBAHMS TOTUIMBHOTO
Hacoca. [loguepkuBaeTcss Ba)KHOCTh HCIIOJIB30BAaHHS CHJIBI TOKA, KaK JAMArHOCTHYECKOTO Iapamerpa
(mpu ompeneneHUH TEXHUYECKOTO COCTOSHUS) HAacoca B PEKUME CO3JJaHUA MaKCUMAaJIbHOTO JaBJICHUS
TOIIJIUBHOM cucTeMbl. Ilo pe3ysibTaTaM HCCJIe}IOBaHI/Iﬁ JOIOJIHUTCIIbHBIM AUArHOCTUYCCKUM IapaMeT-
POM MOJXKET CITy>KHTh CKOPOCTh HAapaCTaHHUs TOKAa MUTaHWA Hacoca. VccienoBaHMs MOKa3aiud, YTO MPH
YBEIMUYECHUH THAPABINIECKOTO COIIPOTUBIICHHS TOIUTMBHOM cuctemMsl Ha 90% cpenHsst CKopocTh Hapac-
TaHMA TOKa cocTaBmwia — 7,06 A/c. IIpu CHIDKCHNH THIPABINIECKOTO CONPOTHBIICHNS CHCTEMBI TOILTHBO-
mojgaun MeHee, 4eM Ha 10% cpenHss CKOpOCTh HapacTaHus ToKa coctaBuwia — 19,2 A/c. Tok sBasercs
YyBCTBUTEIbHBIM IIaPaMETPOM, KOTOPBIN YBEIMYMUBACTCS WJIM YMEHBIIAECTCA B 3aBUCUMOCTH OT YPOBHS
POCTa IHIPABINYECKOTO CONPOTHBIICHUS WM YTEUEK B TOIUIMBHOM cucteMe. MOIIHOCTh Hacoca, 3aTpa-
ynBacMasg Ha TUAPaBIMYCCKUE MOTEPH, CYHICCTBCHHO HE H3MCEHAIACh, BBUAY MNOCTOAHHOTI'O 3HAYCHUS
HanpspKeHus paboTsl Hacoca. Ve (MeToabl, METOANKH), pa3pabOTaHHBIE B CTAThe XOPOILIO COTJIACYIOT-
csl ¢ BONIPOCAMH MOJICTMPOBAHUS MPOLECCOB B THAPOAUHAMHUYECKUX TPHOOCOMPSIKEHHUSIX TOIUTMBHBIX
HAcOCOB BBICOKOTO JIaBJICHMS, B 4acTHOCTH, At cucreM Common Rail. MccnenoBanne BBIMOMHEHO 32
cuer rpanta Poccuiickoro HayuHoro ¢orma Ne 23-29-10042, Tema: YucieHHOE MOICTHUPOBAHUE TIPO-
1ECCOB B r'MAPOAUMHAMUYCCKUX TpI/I6OCOHpH)KeHI/IHX TOINVIMBHBIX HACOCOB BBICOKOT'O HABJICHUS JJI II€P-
CHEKTUBHBIX (OPCUPOBAHHBIX TU3EIbHBIX qBHUrareneil https://rscf.ru/project/23-29-10042/».

KaioueBble cjioBa: TOIUIMBHAS CHCTEMa, DJIEKTPOHACOC, CHJIA TOKA, CKOPOCTh TOKA, MOIIHOCTB
Hacoca, THpaBInYecKie oTepH, IHeprodaanc.

BBeaenne. CenbCKOX03MCTBEHHOE MaIlTHHO-
CTPOCHHE — OJIHA M3 BAXHEUIINX OTpaciieil B Ma-
IIMHOCTPOUTEIEHOM KOMIUIEKCE, UMEIOIast IOJI0

I[To panneiM Poccmenmarnia, 3a 2022 rox
MPOJAXKHU CeNIbCKOXO03SIIICTBEHHOM TEXHUKU
B Poccunm yBemmumnuce Ha 17%. Beimyck

B BBIIIYCKE MalllMH ¥ 000pYI0BaHUs NPUMEPHO B
19%. Cenpx03MaIlIMHOCTPOCHHUE OCTAETCS MPHO-
PUTETHBIM HAIIPpaBJICHUEM B MAIIMHOCTPOCHUHN
Poccun, MOCKONIBKY CONEHCTBYET PEHICHHIO IIPO-
JIOBOJIbCTBEHHBIX 3a/1a4, ITOCTaBJICHHBIX Mepel
CEIILCKMM XO3SIICTBOM M SIBJISIETCS CAMOCTOSTEIb-
HBIM CEKTOPOM 3KOHOMHUKH arporpOMBIIUICHHOTO
komrmiekca (AIIK) crpanst [1].

CEeNbCKOXO035IMCTBEHHBIX MalIMH BbIpoc Ha 15%.
OmHako, B CBS3M C TepeOOsIMH  ITOCTABOK
KOMIUICKTYIONINX W3-3a pyOexka, oTMedaercs
TEHJCHIMSI COKPAIICHUS MPOU3BOJICTBA CEJb-
XO3TeXHUKU B Hamei ctpane (puc. 1). Ha 32%
MeHbIIIe ObUTIO COOpPaHO 3epHOYOOPOUYHBIX KOM-
GaiiHoB, Ha 14% - kKopMoyOopouHBIX U Ha 1% -
TpakTopos [1, 2, 3].
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Puc. 1 — JIuHamMuKka mpOU3BOJCTBA CEILXO3TEXHUKH (IO]] CEITbCKOXO3SMCTBCHHOM TEXHUKOM
MOHUMAOTCS TOJIBKO CAMOXO/IHBIC MAIIMHBI: TPAKTOPBI, 36pPHO- ¥ KOPMOYOOPOYHEIC KOMOAHHEI.
Toner yuTaroTCs cneBa-HaMpaBo B MOpsAKe Bo3pacTanus) B Poccnu B mepron 2019-2022 romst
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B Tabnuie 1 mpeacTaBiICHBI CTATUCTHYCCKHUE
JAHHBIC JKCIUTyaTUPYEMOM CENbXO3TEXHUKUA B
Poccun B nunamuke 3a 2019-2022 roxer [3, 4].

Amnanu3 nokasain (tabn. 1), 4To 3a mocienHue
4 roma B arpoNpOMBIIUIEHHOM KOMILIEKCE MapK
CENbXO3TEXHUKH COKpaTHiICS Ha 5...6%.

Tabnmma 1 — INapk camoxomubpix MamH B AIIK Poccun, Thic. mT

2019 . 2020 r. 2021 r. 2022 1.
CenbCKOX03sIIICTBEHHbBIE TPAKTOPHI 206,7 203,6 198,3 196,7
3epHOYyOOpPOYHBIC KOMOAWHBI 55,0 53,9 52,6 52,3
KopmoyGopouHbie KOMOAHbI 11,8 11,4 10,9 10,7
OCHOBHOW TPWYMHOM  COKpAIICHUS  IIO- co00ii paBEHCTBO MEXIY dHEPTHeH ITOABEICHHOM

MPeXXHEMY OCTaeTcs TO, 9To 10 80% MaImHHO-
TpaktopHoro mnapka (MTA) Beipabotano cBoi
pecypc. Ilokynka HOBOW TEXHUKU HIM PEMOHT
CYIIECTBYIOIICH OOXOMUTCS TOTPEOUTEIO MOBBI-
LICHHBIMU 3aTpaTaMy, a MIOPOH M BOBCE SIBISAETCS
HEepeHTaOeNbHBIM. OJTO TNPHBOAUT K TOMY, HYTO
20% MTA He NpHHUMAIOT y4acTHsA B IOJIEBBIX
paboTax, B cBOIO odepenb 3PPEKTHBHOCTH pabo-
161 AIIK pe3ko cHuxkaeTcs.

Jnst mosbienust 3¢dexTuBHOCTH  pabOTHI
ATIK HeoOxonuma pa3paboTKa HOBBIX METOJIOB U
METOJUK TUATHOCTHUPOBAHUS SKCILTYyaTHPYEMBIX
MalluH. YPOBEHb COBPEMEHHON aBTOTPAKTOPHOM
JJIEKTPOHUKH  TIO3BOJSIET MpPU  IIPOU3BOJCTBE
CEIIbXO3TEXHUKH BKJIIOYATh B IEKTPOHHbIE OI10-
K{ yNpaBJIEHUs IPOTPAMMBbl CAMOJHATHOCTHKH C
IIPUMEHEHHEM HCKYCCTBEHHOTO WHTEIJIEKTa H

uudpoBuzanmm.
JIOCTUTHYTh BBIJBHUHYTBIX B HCCIIEIOBAHHU
Leneii MOXHO IIyTeM TIIOBBIILICHHS  YPOBHS

HAYYHO-TEXHHUYECKOrO TOTEHIHaNa, YIy4YIleHHs
MaTepHaATbHO-TEXHIYECKOU u PEMOHTHO-
obciryxuBarorei 6assI [S].

OpHOW W3 TPUYMH CHIDKCHUS IPOH3BOIH-
TEIBHOCTH  CEJIBCKOXO3SHCTBCHHBIX  MAIIWH
sBisiercst  Hed(p(EeKTUBHOE HCIIOJIb30BAHUE pe-
MOHTHO-OOCTyXuBatomie 6aser [6, 7, 8]. [an-
HYI0 TIpo0JIeMy MOXHO BBIPA3UTh B BHJE HECOOT-
BETCTBUSI METOJIOB TMarHOCTUPOBAHHS M YPOBHS
KOHCTPYKTUBHOTO  Pa3BUTHUSI  COBPEMEHHBIX
cucreM [9, 10, 11]. HeobxoaumocTts B pazpabot-
K€ ¥ MOJICPHHU3AINU HOBBIX METOJIOB AMATHOCTH-
POBaHMS M CHCTEM TEXHHUYECKOTO KOHTPOJS Ma-
UIMH ¥ UX KOMIIOHEHTOB OCTAeTCsl aKTyaJbHOW B
Hamy auu [12, 13, 14].

JBurareinb BHYTPEHHET 0 Cropasus
BaXKHEHIINI y3en nro0oi CaMOXOJHOM
mamussl [15, 16, 17]. Ha ponto ero otka3oB u
HEHCIPAaBHOCTEH, 110 Pa3HBIM CTaTUCTUYECKHM
JaHHbIM, npuxoautca ot 14 mo 43% ot uucna
BCEX HEHCIpPaBHOCTEH cuctem mamuH [18, 19].

AHanu3upysi CTaTUCTUKY HEUCIIPABHOCTEH
JIBUTaTelisi CTOUT OTMETUTh, YTO HA CHUCTEMY
TOIUIMBOTIONAYM  mpuxomutcst  cBeiime  30%
oT o0wIel oMM OTKAa30B W HEHCIPABHOCTEH CH-
JIOBOTO arperara, 4to, 0e3yciIoBHO, TpeOyeT oco-
00ro BHMMaHHs K JWarHOCTHPOBAHUIO TOILIMB-
HoM anmapatypsl [20].

[ToBbimenne  3QQexkTUBHOCTH  Tpolecca
JMarHOCTHUPOBaHMUS  TOILUIMBHOW  ammaparypsl
(TOTUTHBHOTO Hacoca) MIPUMEHEHUEM

TECTOBBIX MECTOIOB.

SHGPFGTI/I‘ICCKI/Iﬁ 6anch, €CTh BBIPAXKCHUC
HYaCTHOI'O (byHI[aMeHTaHbHOFO 3aKOHa
COXpaHCHUA OHEpPIruu, HpeﬂCTaBJ’IHIOIHI/Iﬁ
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K TommBHOMY Hacocy (E,,) M CyMMapHOI

SHEprue  mnepeJjaHHOM  Bcel  TOIUIMBHOM
cucTeEME (Ejgpes):
Enc:,q = Enepe,q Tk, (1)

CornacHo 3akoHy [[xoyns-JleHua, npu cuie
ToKa (I, A) 3a BpeMms (¢, ¢), IepeMernaeTcst 3apsij B
moyie ¢ pasHocThio Hampsikerus (U, B), torma
MOJBEICHHAs JIEKTpUYecKast SHEPIUs €CTh Npo-
U3BEJICHHUE!

@

IepenaHHast dHEPTUS €CThH CyMMa BCEX IIO-
Tephb MEKTPUUECKUX (E,, nom), THAPABIAUECKAX
(E210.n0m) ¥ TIOTE3HOM pabOTHI (A,0,):

Epog = 1+ U - t JIx,

3)

Torz[a, C YUYCTOM DPACKPBITHSA OTACJIBbHBIX 3JIC-
MCHTOB YpPaBHCHUS MOJTYIHUM:

% P
Enepe,q: (E) ‘Rt +(ﬁ

Enepe,q = ESJ].]'IOT + EI‘H,E[.I'[OT + AHOJI I[)K’

't)+(Q-P ‘1) Ik, (4)

rae R — cuna conporusienus, Om; P — naBnenue
B cucTeMe ToruuBononaun, MIla; p — mmoTHOCTB
UCITIONB3YEeMON JKUAKOCTH, I/CM; g — YCKOPCHHE
cBOGOAHOrO majeHus, M/c’; Q — MPOIYCKHAS CITO-
cobHOCTB (M'/c), ompenensieTcs: GhopMyIIOii:

0 SZ-P
:#l -
P

/e,

©)

rae u — KO3POUIMEHT pacxoda KUIKOCTH,
S — IO /b CEYEHHUs TOILTHBOIPOBO/A, MM,

CTOUT OTMETHTB, YTO TMPABIUYECKHE MOTE-
PH MOKHO BBIPA3UTh 4epe3 MOMIHOCTD (Nuonoms
Br) u Bpems (t, ), Torna ¢popMyia mpuMer ciie-
JIYIOIIMNA BUJ:

ErH,q.noT = NFH,q.noT Tk, (6)
A
e Neygnor = s = 1-U Br.

B xozme mpeoOpazoBanus moiayduMm (Gopmyiy
CHJIBI TOTPEOIISIEMOTO TOKA:
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CKOpOCTL HU3MCHCHHA CHJIbBI TOKAa MOXXHO BbI-
Ppa3nuThb B BUJAC YPABHCHUS!

L, A
At ®

TakuMm  oOpa3oM, ONpeleneH  allrOpUTM
pacyera sHeprodagaHca TOIIMBHOW armaparypel,
BbIBEJICHA 3aBHCHUMOCTh CHJIBI TOKa
TOIUIMBHOTO HAacoca OT JJIEKTPUYECKHX €ro
mapameTtpos [8, 9, 10, 11].

Ycaosusi, MaTepuasibl 1 MeTOAbI. TeopeTu-
Yeckass dYacTb HCCICIOBAaHHS  BBINOJIHIACH
C HCTIOJIb30BAHUEM OOIIMX METOJOB M METOIMK,
NpUMEHsIeMbIX B (usuke (2JIEKTPOTEXHUKA,
THIpaBIHKa), MaTeMaTHKe (TEOpHsl BEPOSITHOCTH,
MaTeMaTH4eCcKasi CTATUCTHKA).

3KCHepI/IMeHTaIILHI:Ie HCCJICAOBAHUA

Cxema PACIIOJIOKCHUA HUCIIBITATCIBHOI'O

a)

it

MPOBOJIMIINCH HA UCIIBITATEJIBHOM CTEHJE JBHTa-
tena 3M3-4062 (puc. 2). DkcnepUMeHTalbHbIE
WCCIIEIOBaHMS TPOBOAMINCE IPH BEIKIIOUYCHHOM
JIBUTATElle C TMPHUBOJOM TOIUIMBHOTO HAacoca OT
BHemHero Ojoka mutanus [9, 13, 14]. Ha nBura-
Tele YCTAaHOBIIEH TOIUIMBHBIA HAcOC MapKu
«Pekar» ¢ pabouum Hampspkenwem 10,8-15 B,
NUTAIOIIUICA OT OJOoKa TNHUTaHUS  MapKu
«BpiMmen».

K mrocoBoii kiieMMe Hacoca NPUCOeAUHSeTCS
BBICOKOUYBCTBUTENBHBIN TaTUHK TOKa, (PUKCHPY-
IOIMHA 3HAYCHHs CHJIBI TOKa Hacoca W Ieperaro-
oM WX Ha [UQpoBOH ocuwwmiorpadp u
nmaee Ha IIK [9, 13, 14]. B uccnemoBannu mpu-
MEHSUIMCh KaJTMOPOBaHHbIE KHKIIEPHI (Pa3IHYHbIX
nuametpoB  0,4...4,6 MM) HUMHUTUPYIOLIUE
poct THIIPABINYECKOTO COIPOTHUBIICHHS

B TOIUIMBHOM MarucTpaiu.

Mecro
YCTAHOBKH
ANKICPA

Manomerp
MTA2

000opyoBaHusI NpUBE/ICHA Ha PUCYHKE 3.

NTiTim

|
[/

7

6)

Puc. 3 — Cxema y1st TMarHOCTUPOBAHUS TOIUTMBHOTO Hacoca: a) 6e3 COMpOTHBIIEHNUs; 0) C COMPOTUBIIE-
HueMm; 1 — Hacoc; 2 — TOILTUBHEIH 0ak; 3 — MaHOMETp; 4 — TOIUIMBHAS paMIIa; 5 — peryJsiTop JaBICHUs; 6
— OJIOK MUTaHUs; 7 — KUKIIEp; 8§ — NTaTYUK TOKa

Bribop auamazoHa IUaMETPOB KHKIEPOB
000CHOBaH B pe3yJbTaTe MPEABAPUTEIBHBIX IKC-
MIEPUMEHTOB, B KOTOPBHIX YCTaHOBJICHBI IPEICIHI
BapbUPOBaHUS UX pasMepoB: 0,4 MM — MUHH-
MaJIBHBIA JTUAMETpP KHUKIIEpa C YYETOM KpHTHYC-
CKOTO TIOBBIIICHUS THIPABIUYECKOTO CONPOTUB-
nenust; 6,0 MM — JUaMeTp TOTUTMBOIIPOBOA; pas3-
MepbI AMAMETPOB XHUKJICPOB BHYTPH JHANAa30HOB
4,6; 3,2; 1,8 MM — cpenHeapudmeTHUECKUE 3HA-
YEHUs] MEXIY MUHHUMAIbHBIM M MaKCHMalbHbBIM
JaMeTpaMu COIIPOTHUBJICHUS. Janneie,
MIOJTyYCHHBIC c BBICOKOYYBCTBUTEILHOTO

53

JaT4hKa TOKa MOCTYIAIOT HAa H3MEPUTENbHBIN
KaHas udpoBoro ocumwmiorpada, mocie 4ero mo
USB-npoBoy nepegaroTcs Ha KOMIOBIOTEP U Ipa-
¢uueckn  oroOpaxkaloTcss B Iporpamme
«Oscilloscope» (puc. 4). Kak BuaHO M3 pHcyHKa
4, B Ha4aJIbHBI MOMEHT ITyCKa TOIUIMBHOTO HAacO-
ca, TOK IIUTaHUsA JOCTUraeT MaKCUMaJIbHOH BeJH-
9UHBI ([,=8 A).

[anee, xorjga npeonoseBaeTcs CHIa TPEHHs, U
POTOP TOIUIMBHOT'O HACOCA CTPATUBACTCS C MECTa,
CHJIa TOKa PE3KO CHMXKAETCS 10 MHHUMAaIbHOTO
3HauveHus [,;,=2,5 A.
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Ilocne dero, cuiaa TOKa HAaYMHACT ILJIABHO
BO3pacTaTh [0 Mepe YBEIUYEHHUs THIpaBiIdye-
CKOTO COIPOTHBJICHUS JIMHUHU TOIUIMBOIIONAYH, U
JIOCTUTAaeT MOCTOSIHHOM BennuyuHbl. Poct compo-
TUBJICHHS TOIUIMBHOTO (PHIBTpa, MOBPEXKICHHE
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TOTLTUBHBIX MarucTpasei, HApYIICHUS
pabOTBl  peryjisTopa JaBJICHUS W  MHOTHE
Jpyrue HEeUCIPABHOCTH CYLIECTBEHHO CKa3bIBa-
I0TCS HAa BEJIMYMHE TOKA MUTAHUSI TOIJIMBHOTO
Hacoca [9, 13, 14].

»

Puc. 4 — O6pa3zer; yyacTka U3MEpPEeHHs CUJIBI TOKA MATAHUS TOILUTMBHOTO HACOCA C YCTAHOBJICHHBIM
B JIMHUIO TOTUIMBOIIOAYH KUKIEpoM auaMeTpoM 0,4 MM (CHUMOK cIieflaH ¢ KOMITBIOTEPHOTO
npuioxeHns nporpaMmel «Oscilloscopey): MakCHMaNbHBINA TOK TATAHUS [1,,=8 A; MUHIMaIbHBIH
TOK nutanud I,;,=2,5 A

IMpoBenem ananu3 pucyHka 4 Oonee moapoo-

UMHUTAIU POCTAa THAPABINYCCKOI0 COIMPOTUBJIIC-

HO, JIIsL nociaeayrouero COIIOCTABJICHUA HUA JINHUN TOHHI/IBOHOZ[a‘H/I). B pe3yibTaTe MOJIYy-
9KCIIEPUMEHTAIILHBIX AaHHBIX MEXIY co00it (rpu YUM PUCYHOK 5.
UupBg | A
5 g Imax =8 A U =2
8 i
7 0 g
| 6
5
4
i3 3 /17 /3,2
2 Imn=25A
- /
7 3
ol| a6 12 18 24 30 36 427,
/‘)
Z f,
— /0 —

Puc. 5 — V3mepenwne Crutbl TOKAa Hacoca ¢ OLICHHBAHUEM MTapaMETPOB BPEMEHH: ty — BpeMs paObOTHI
Hacoca JIo CTa0WIIN3aluy TOKa MUTAHUS; t| — BpeMs ¢ MOMEHTAa HadaJa IIUTaHus Hacoca
JI0 CTAaOMIIM3aIlluy 3HAYSHMsI TOKA; t) — BpeMs Ha MPEOJI0JIEHUE MEXaHUIECKHIX TIOTEPh; t; — Bpems
C TOYKM Hayvajia poCTa THIPABIMYECKOTO COMPOTUBIICHUS B IMHUHU TOTUTMBOIIOIAYH JI0 CTA0MIIN3AINH
TOKA IUTAHUS HACOCA; t3 | — t3 ) — IPOMEXKYTOYHBIE YUYACTKH t3

Kak BHIHO U3 pHUCYHKa 5, MOSIBHJIKCH JOMOJI-
HUTEIbHBIC BPEMEHHBIC MapaMeTphl, aHaH3 U3-
MCHCHHA KOTOPBIX IOMOXET ITIOHATH, KaKW€ U3
HUX HUMCHOT HaI/IGOHBH_IyIO YYBCTBUTCJIBHOCTh K
YBEJIMUYCHUIO THAPABIMYECKOTO COMPOTUBICHHS
JIMHUM TOIUIMBONOJAYH. BBIMOIHUM aHaIU3 CKO-
POCTH TOKa ¥ MOIIHOCTH Hacoca, 3aTpaurBacMOn
HAa TMPCOOJICHUE TUAPABINYECKUX IMOTepbh. Jlis
9TOTr0, M3MEPSEMBIN Y4acTOK, 00pabOTaHHEBIN B
XOJIC SKCICPUMCHTa TPUIOKECHUEM MPOrPaMMBbI
«Oscilloscope» mudposoro ocrmiuorpada, Bu3y-
QITBHO Pa3/IelM Ha BPEMEHHBIE YUacTKH (pHuc. 5).
OlleHUBaEMbIMH y4aCTKaMH BpPEMEHH [PUMEM:
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BpeMsi pabOTBl Hacoca JO CTAaOWIM3alliU TOKa
muTaHus (ty, SKBUBAICHT CKOPOCTH HapacTaHUs
TOKa — V(, MOIHOCTU — Nyyynor)), BPEMS € MO-
MEHTa Hayaja [M0Ja4d MUTaHHsI K HACOCY 10 CTa-
OwIM3anuy 3HaYEHUs] CHIIBI TOKa (t;, YKBHBAJIEHT
CKOPOCTH HapacTaHus Toka — V|, MOIIHOCTH —
Nruznor(1)), BPEMs Ha MPEOJONIEHHE MEXAHUYECKUX
notepb (ty, IKBUBAJICHT CKOPOCTH HapacTaHUs
TOKa — V5, MOIHOCTH — Ny nor(2)), BPEMS C TOUKH
Hayajga pPoCTa THIPABIMYECKOTO COMPOTUBICHUS
B JINHUM TOILIMBOIIOAAYM JI0 CTAOMIIM3aLUKA TOKa
UTaHus Hacoca (13, SKBUBAJIIEHT CKOPOCTH Hapac-
TaHUsA TOKa V3, MOIIHOCTH Nignor3))-
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3HaueHusl CHJIbI TOKA Ha U3MEPSEMBIX y4acTKax B ToruBHOM pamne — 0,3-0,6 MIla [13, 14].

NIPUHUMAIOTCSl KaK cpernHeapupmernueckue. s PesysbTaTsl u 06cy:xaeHue. B xozne mpensa-
0oyee TOYHOW OIICHKH CKOPOCTH TOKA pa3feiiM  PHTENBHOTO SKCIEPUMEHTAIBHOTO HCCICIOBAHUSL
YYacTOK t3, IIOCKOJIBKY B 3TOM IMPOMEXKYTKE Bpe-  OBUTH IMpOM3BENEHBI M3MepeHus cuibl Toka (I, A),
MEHH HaOIIIOZaeTcsl pe3Koe TOBBINICHWE 3Hade-  BpeMeHH (t, C), YacTOTHI BpalleHHs poropa (n,
HHE CUJIBI TOKA (131, t3, — MPOMEKYTOUHbBIC Y4acT-  MHH ') TOIUIMBHOTO HACOCA IIPH CONPOTHBIICHHSX,
kn). HanpspkeHne Hacoca, Ha BCEX y4acTKax M3-  YMEHBIIAMOUIMX MPOIMYCKHYIO criocoOHOCTh. Jlna-
MEpPEHUs C HCITOJb30BaHUEM BCTPOCHHBIX B TON-  Ia30H UMHTAIMM POCTa FMAPABIMUECKOrO COMPO-
JIMBHYIO CHCTEMY JKHMKJIEPOB Pa3IMUHBIX IWAMET-  THBJICHHS TOIUIMBHOW MarucTpajd COCTaBHII
POB, OCTaBaJIOCh MOCTOSAHHBIM (=12 B), uTo coO0T- or 1 1o 93% [8, 9]. Pe3ynbTarhl sKcriepUMeH-
BETCTBOBAJIO HOMUHAJIEHOMY JNAaBICHUIO  TaJbHBIX M3MEPEHHI IPUBEACHBI Ha PUCYHKE O.
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51w sow P
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2 4 2000
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Puc. 6 — VI3amepeHue cuiibl TOKa TOTUTMBHOTO HACOCA C UMUTAIUEH MOBBIIIEHUS THIPABINIECKOTO
COTPOTHBJICHHUS B JIMHUU TOILTUBOTIOAAauH (D — quaMeTp jKUKJIepa, MM): N — 9acTOTa BpallleHUsI poTopa
HACOCa, MUH 5 1] yax 1 1> may — MAKCHMAJIbHBIC 3HAYCHHS CHIIBI TOKA TOIUIMBHOTO HACOCA B HAYAJE B
KOHIIe U3MEPEHUs], COOTBETCTBEHHO, A; I} iy U 15 5 — MUHAMAJBHBIC 3HAYCHHUS CHIIBI TOKA TOIUTUBHOTO
Hacoca B HaJaje U B KOHIE H3MEPEHHUs, COOTBETCTBEHHO, A; f,,, — BpeMs, IPOIIEIIee ¢ MOMEHTA
3aMycKa TOTUTMBHOTO HAacoca JI0 CTa0WIM3AINK CUJIBI TOKA, C

W3 pucynka 6 BUAHO, YTO MaKCUMAJIbHOE 3Ha-  W3MEHSIOTCS CHHXPOHHO, HX CpeOHMH Iar
YeHHWe CWIBl TOKa B Hawane m3MmepeHus (/;,,)  He mpeBbimaer | A. Bpems crabunmzanuu (1.,)
II0 M€pe YMEHBIIEHUs] THAPABINYECKOrO COMPO-  YMEHBIIAETCS CO CHIDKEHHEM THIPaBIMYECKOrO
TUBJICHHSI BeJeT ceds CKaukooOpa3HO, cpeaHuil  compoTuBieHus. OUYeBHIIHO, YTO IIPU THIPABIIHU-
mar cocrasiusier 1 A. YECKOM CcOMpoTuBieHUH B 93%, TOIUIMBHBIN

MuHMManbHOE 3HaU€HHE CHJIbI TOKAa B Ha4ajle  HAcoC CTalIKUBAaeTCsl C BBICOKOM HArpyskoil
m3mMepenus (I; ,;,) W3MeHseTca He3HauuTenbHo, (I=8 A).

GyHKIMS TpUHMMaeT CKopee JIMHEHHBIH BUI, IIpoBeneM anHanu3 GanaHca SHEPrUH TOIIIUB-
cpemnmii mar paBeH 0,4 A. MakcumanbpHOE U HO CHCTEMBI, HCIIOJIb3Ysl BBILIE IPEICTABICHHBIE
MUHHMaJbHOE 3HAUCHHS CHJIBI TOKa B KOHIE M3-  (QOopMyInsl pacdera. Pe3ymbTaTsl pacueTa cBeaeM

meperuss (I yoe ¥ I i, COOTBETCTBEHHO) B Tabmule 2.

Tabnuna 2 — Pe3ynprarsl pacuera 3HeprodanaHca TOIIIMBHONW CHCTEMBI

OneHuBaeMblil mapamerp 3HadyeHue
Poct runpasnnyeckoro COHpOTI/{)BJ'IeHI/IH JIUHHAU TOT- 0 23 46 69 93
JmBonofayu, %
E 00, X 53,8 100,8 131,8 153,6 | 272,2
E s noms K 53,8 100,8 131,8 153,6 | 272,2
E.0.n0m> K 0,032 | 0,056 0,072 0,081 | 0,113
A, Ik (x107) 1,81 1,76 0,98 0,28 0,01
Eyepeas K 53,8 100,9 131,8 153,7 | 2723
ITo pesynpTaraM pacuera 3HeproodaiaHca SHEPTHH BCEH TOIUIMBHOM CHUCTEME COCTaBIISIET
(Tabmn. 2) paBeHCTBO MEXIY dHEPTHUEH TOIBEICH- MeHee 54 JIk TpH CHIKEHUH THUAPABIUIECKOTO
HOW K TOIUIMBHOMY Hacocy (E,,)) U CYMMapHOH  CONPOTHUBIICHUS B TOILTUBOIIPOBOJIE MeHee 5%.
SHEprueil nepesaHHoN Bcel TOIUIMBHOM CUCTEME U3 pucyHnka 7 BUIHO, YTO CKOPOCTb TOKa BO3-

(Enepes) cobmonaercsi. Hambomeinee 3HaueHue pacTaeT ¢ yBEIMYCHUEM MPOIYCKHON CIOCOOHO-
CyMMapHO# TMEpeJaHHON SHEPrMH COCTABJISICT  CTH TOILIMBOIPOBOJA. CHUKEHUE NPOIMYCKHOU
272,2 JIx mpu YBETWUYECHUW THUAPABIUIECKOTO CITOCOOHOCTH MOJKET OBITh BBI3BAHO 3aCOPEHHO-
COTIPOTHBIICHUS TOILTHBOIIpoBoAa cBHImE 90%. CTBIO TOIUIMBHOTO (HIIBTPA, UYTO YBEINYHUBACT
Haunmensbiee 3HaueHne CyMMapHO# TepegaHHOM TUAPABINYECKOE  CONpOTHBICHHE (puc. 7).
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VYBenu4yeHrne TUAPABINYECKOTO CONPOTUBICHUS
MIPUBOAUT K YBEIMYCHUIO NMPOTUBOMOMEHTA Bpa-
IICHUIO pOTOpa Hacoca. TOIUMBHEIN Hacoc pabo-
TaeT IO HArpy3Koil MOTpeOss yBEIWICHHBIN
ToK. Hanbounpimme 3Ha4eHNs CKOPOCTU CHIIBI TOKA
HaOMIONAIOTCST Ha y9acTKe t; — BpeMs C TOYKH

V, Afc
60,0
50,0
40,0
30,0
20,0
10,0

Hayaja pocTa THAPABIMYECKOTO CONMPOTUBIICHUS
B JIMHUW TOILJIMBOIIOJAYH JI0 CTa0MIM3aIMK TOKa
muTaHus Hacoca — 25...57 A/c. Takum obpaszom,
JOTIOJTHUTENBHBIM IUATHOCTHYCCKUM I1apaMeT-
POM MOJKET CIIY)KUTH CKOPOCTb M3MCHEHHS TOKa
nuTaHus Hacoca [9, 13, 14].

0,0

Puc. 7 — Ouenka ckopocTr HapacTanus Toka V, A/c B rpolecce U3MepeHus

Toxk sBnsieTcs YYBCTBUTCJIbHBIM IMapaMETPOM,
KOTOpLIﬁ YBCIUYMBACTCA WM YMCHBIIACTCA B
3aBUCHMOCTH OT YPOBHS POCTa THAPABIHIECKOTO
COIIPOTHBIICHHS JINHUHU TOIUIMBOIIOAAYH HIIH yTe-
YeK B TOIUIMBHOM CHCTEME.

BreiBoabl. lccnenoBanust mokasany, 4TO B
aNIeKTpOoOEH30Hacoce HanbOoubIeit HHHOpMaTHB-
HOCTBIO (C YBEIMUYEHUEM COMPOTHBIICHUS B TOT-
JIUBOIIPOBOJIE) 00JIAAAI0T MapaMeTphl: BETHYNHBI
toka rutanus (I, A) u manpspkenue (U, B). Ycera-
HOBJIEHO, YTO C yMEHBIIEHHEM MPOXOJHOTO ceye-
HUS KUKJIEPOB (THIPaBINYECKOIO COMPOTHBIIE-
HUs) ¢ 6,0 o 0,4 MM OOHapyXuUBaeTcs pe3Kuit
TPEH/T CHWKEHHS 9aCTOTHI BPAIIeHUs Bajla POTO-
pa srekTpoHacoca n ot 4350 10 970 mMun" u 06-
paTHbIil eMy POCT BPEMEHHM, HNPOLIE/IIEr0 ¢ MO-
MEHTa 3allycka TOIUIMBHOTO Hacoca JI0 CTaOuIu-
3allMM CUJIBI TOKA f., B mpeaenax ot 0,78 mo

2,79 c. B xoze sKcriepuMeHTaIbHON PaboThI Mo-
JIy4€HO cleAyloliee: Bapuauus 3HAUYCHUU [, -
COCTaBHIIA B Ipenenax oT 8 1o 8 A He oOHapyKu-
Bas XapaKTepHOH 3aBUCHUMOCTH, I, — COCTaBHU-
na B mpenenax ot 5,7 no 8,0 A oOHapyxuBas xa-
PaKkTepHBI TPEHJ pOcTa Ha BCEM NPOTSDKCHHH,
A; Bapmaius 3Ha4eHUus I, ,;, COCTaBMWIA B Mpeje-
nax ot 3,0 10 2,5 A oOHapyXuBasi XapaKTepHYIO
3aBHCUMOCTh CHIKEHHS Ha BCEM IPOTSKEHUHU
W3MEHEHHMs]; Bapuanus 3Ha4eHUs /5, — COCTaBH-
na B mpenenax ot 4,2 1o 6,8 A oOHapyxuBas xa-
PaKkTEepHYIO 3aBUCHMOCTh YBEJIMYEHHS Ha BCEM
MIPOTSHKEHNH W3MEHEHWsA. B Xxone skcnepuMeH-
TaJIBHBIX HMCCJIECIOBAHMI BBIABICHA 3aBHCHUMOCTH
CKOpPOCTH TOKa NMUTaHMS HACOCA OT 3aCOPEHHOCTH
TOIIJTMBOIPOBOJIA: C YBETUUEHHEM 3aCOPEHHOCTH
10 93% TOINIMBONPOBO/A CHIKAETCS CKOPOCTH
Toka 70 1,8 A/c.
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TEST CONTROL OF FUEL PUMPS OF MODERN AUTOTRACTOR EQUIPMENT
A. V. Gritsenko, K. V. Gavrilov, I. Kh. Gimaltdinov, M. V. Bityukov

Abstract. The article presents the results of a study of the energy balance when the technical condition of the fuel
pump of agricultural machines changes. Over 30% of internal combustion engine failures occur in the fuel system. Timely
diagnostics, repairs and maintenance work (the latter is often not provided for or not performed) of electric fuel pumps can
increase the service life and service life. Calculation of the energy balance is a prerequisite for developing a new or up-
grading an existing method for diagnosing a fuel pump. The importance of using current strength as a diagnostic parameter
(when determining the technical condition) of the pump in the mode of creating maximum pressure in the fuel system is
emphasized. Based on the research results, an additional diagnostic parameter can be the rate of increase in the pump sup-
ply current. Research has shown that with an increase in the hydraulic resistance of the fuel system by 90%, the average
rate of current increase was 7.6 A/s. When the hydraulic resistance of the fuel supply system decreased by less than 10%,
the average rate of current increase was 19.2 A/s. Current is a sensitive parameter that increases or decreases depending on
the level of increase in hydraulic resistance or leaks in the fuel system. The pump power expended on hydraulic losses did
not change significantly due to the constant value of the pump operating voltage. The ideas (methods, techniques) devel-
oped in the article are in good agreement with the issues of modeling processes in hydrodynamic tribocouplings of high-
pressure fuel pumps, in particular for Common Rail systems. The research was carried out at the expense of the Russian
Science Foundation grant No. 23-29-10042, Topic: Numerical modeling of processes in hydrodynamic tribocouplings of
high-pressure fuel pumps for advanced high-pressure diesel engines https:/rscf.ru/project/23-29-10042/.”

Key words: fuel system, electric pump, current strength, current speed, pump power, hydraulic losses, energy balance.
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