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IMMEPEXOJIHBIE TPOLECCHI CJEJSAIIEIO THIPOATPETI'ATA
HABECHOI'O OBOPYJAOBAHMUS TPAKTOPA

VY craTTi BUKIAQNEHO pE3yJbTATH JOCIIKEHb MEPEXiIHUX MPOLECIB THCKY Ha BHXOJI HACOCHOTO
arperary, fepeMilleHb 30J0THUKA TiIpOPO3MOIiIbHUKA 1 IITOKA TiIPOLMIIIH/IpPA Ta IHIIKX TIEPEMiIHHUX,
10 BiOMBAIOTH BIUIMB HA JUHAMIKY Tifpoarperaty HENiHIHHOCTI eleMEHTIB, aBodasHocTi po6ouoi
piAvHHM, 3MIHHOCTI KOe(illieHTiB BUTPATH TOILIO.

The article contains the research results of pressure transients at the pump unit outlet, of the
displacement of hydraulic control valve and of hydraulic cylinder piston and other variables, that
indicate the influence on dynamics of hydraulic unit of components non-linearity, of working fluid
two-phasity, of flow factor variability and other.

Brenenne

I'mapodukanusi TpakTOpoB IpHBeNa K MPUMEHEHHIO B UX KOHCTPYKIIMSX
aBTOHOMHBIX ~rumpoarperatoB (I'A) HaBecHOro 00OpYZOBaHHUS, PYJIECBOTO
yIOpaBleHUs, KOPOOKHU Imepenad M T. ., MUTaeMBIX OT OJHOTO Hacoca. B Taxoit
00bEAMHEHHON THApocHcTeMe peanusyercs npuHnun LS, mpu  koropom
MTHOBEHHOE 3HA4YEHHE HArpy3Kd CIYXXHT CHTHAaJOM OOpaTHOH CBsI3M JUIs
THIPOYCTPOMCTBA, yCTaHABINBAIONIETO HEOOX0IMMOE TaBieHne Hacoca. JlaBienne
Hacoca TOANEPKUBAETCS PAaBHBIM IABJICHUIO HAarpy3Kd HamOoiee Harpy>KeHHOTO
I'A. Tlpu sToM mnomaya OT OAHOrO Hacoca pacopenenserca Mmexay ['A no
OPHOPHUTETAM IIyTeM MOAO0Pa CHELHAIbHBIX IPHOPUTETHBIX Moayeii [1].

BaxxHoe MecTo B TIHMApOCHCTEME TpakTopa 3aHuMaeT ['A  HaBecHOro
obopynosarust (HO), MO3BONSIOMINIA YIIyUINIMTh OMEparu OOpabOTKH 3eMIIH,
TakMe KakK BCIallka, OOpOHOBaHME U Jp. BaXHBIMH XapaKTEpPUCTHKAMH
¢ynkuuonupoBanusi ['A HO sBisifoTcst mokaszareny KadyecTBa IEPEXOHBIX
MPOIIECCOB, OMpeneNsieMble CTPyKTypoir ['A, aiieMeHTHOW 0a30#f, 3aKOHOM
YIpaBIICHHSI.

Hacrosimmast craTbs TOCBSIIEHA IEPEXOJHBIM IpOIeccaM THjapoarperara
HaBecHOro  obopynoBaHusi  Tpakropa, paspaboranHoro OAO  «XT3»,
HUUT npporpusonom u HIIII «XapTpor-Dkcmpeccy.

AHanu3 myoauKanuii

Odupmoit  «Bosch Rexroth» (®PI') paspaborana cucrema EHR-4 ¢
perynmupytomuM yctpoiictBom EHR-D mnst tpakropoB. Cucrema oOecmedmBaer
perynupoBanue nonoxenus HO, TAroBoro ycmius Ha TpakTope, CMELIaHHOE
(mosokeHHME W YCHIHME) pEeryJdpoBaHHe M Ap. lIpH 3TOM HCIONB3yeTCS
peryinupyemMas TUpoarnmaparypa, IUIYHXKEPHbIE TUIPOLUIINH]IPHI,
HeperynupyeMmblid Hacoc. OTHaKo, P ChbeMe WM PEMOHTE MEXaHU3Ma MoJbeMa 1
omyckanuss HO TuryH)XepHBIN THAPOIMIMHAP OKa3blBaeTcsi HepaboTOCIOCOOHBIM;
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OTCYTCTBHE H3MEPHUTEIBHOrO IpeoOpa3oBarelsisi  IEepeMEleHns]  30JO0THHKA
JPOCCENUPYIOIEr0  THAPOpACIpEACIUTENs]  BIUsIET  Ha  JWHAMHYECKHE
XapaKTCPUCTUKHU CUCTEMBI U HAa TOYHOCTb NMO3UIUMOHUPOBAHUA HO, OTCYTCTBUC
uHbOpPMAIUK B BHJAC OCIMUIOTPAMM TIEPEXOJHBIX MPOLECCOB HE IMO3BOJSIET
oueHuth ee nuHamuky. B MMMWHMAIII HAH bBenapycu co3maHa cucrema
MO3UIIMOHHOTO PETYJIUPOBAHUS HABECHOTO YCTPOICTBA, B KOTOPOW BBEACHBI
o0paTHbIe CBA3M 110 JABJICHUIO B HATHETATEIHbHOI MarucTpaly, 1Mo MepeMeIeHHIO
IITOKA MWIMHIPA U YCUJIMIO CO CTOPOHBI MouBkl [2]. 3 0630pa pabor ciexdyer,
YTO BOMPOCAM JIMHAMHUKH YACISAETCS HEJOCTATOUHOE BHUMAHKE.

ITocTanoBka 3axa4n

3agaueil naHHON paOOTHI ABISAETCS HCCIEIOBAaHHE MEPEXOIHBIX IPOIECCOB
oreuectBeHHOro I'A HO wu omeHka BIMSHUS pa3NIMYHBIX I1apaMETPOB Ha
MMOKa3aTeNN KadecTBa. HENWHEHHOCTh TuapoycTpoiictB ['A, nByxdaszHocTs
paboueit xmpkocti (PXK), mnepemeHHocTh KodddumMEeHTa pacxoma L,

cokuMaeMocTh PXX B HamopHOM W CIMBHOM TpyOONpOBOAAX, OTPAaHUYCHUS
MEPEMEIICHUH  30JIOTHHUKOB THIPOYCTPOMCTB, MOJOXKHUTEIBHBIC IEPEKPHITUSL
JIPOCCEIHUPYIONINX IeNeH, TehopManru CTCHOK TPYOOTIPOBOIOB U IIWIHHIPOB.

Pemenne

Ha puc. 1 m3o0pakeHa NpUHOMTHAIBHAS CXeMa OTedecTBEHHOTO ['A, Ha
OCHOBE KOTOpPOH BBINOJHEHO MAaTEMaTHYECKOE OIMHCAaHWE THIPOYCTPOICTB, HX
COBOKYITHOCTH H TIPOIECCOB, TIPOTEKAIONIHX B 11esioM [3 — 5].

Yxpynaenno I'A B pexume mnepemenienuss HO pabotaer criexyromum
obpazom. [locne mojmaum ynpapisiOIEro BO3ACHCTBUS C COMIACYIOIIEro OJoKa
npoccenupytomiero rugpopacnpenenutenss (CBI'P), wanpumep, wa OITI,,

IUTYHXXCD, NEpEMEIIACTCA, YTO BbIZBIBACT YBCIMYCHUEC TAaBJICHUA p3. HpI/I 9TOM

30i0THUK [P cMmemaercs BineBo B mosuuuio B u orkpeBaer moctyn PXK B
nopmHeBble monoctu I'Ll. Ilpoucxomur mogsem HO 10 3amaHHON BBICOTHL
Co mrokoBeix mosiocteli PXK cnmBaercss B Oak. CurHamel 0 (pakTHYecKOM
nepemeleHny 3010THuKa ['P u mtokoB I'll mocTymaroT B MUKPOIPOLIECCOPHBII
onok ympasnenust (MIIBY), rhoe B COBOKYNHOCTH C IPYIHMH CHTHaJaMH
obecrieunBaloT 3a7aHHy0 BbicoTy. Omyckanme HO mpoumcxoanT mpu mnopade
ynpagisroniero cursana Ha OI'TI, (mpu stom OI'TI; OTKIIOYEH), YTO BBI3BIBACT

paboTy MepeYHCIICHHBIX 3JIEMEHTOB B 0OPaTHOM IMOPSIIIKE.

Ilpy THOCTPOCHHMH MOJCNH, H3JIOKEeHHOI B padorax [3 — 5] npuHATH
CJIe/IyIOIMe JIONMYIICHHUs: HAIOpHBIE W CIUBHbIE KpoMkH [P cumMmerpuuHbI,
TEeMIlepaTypa, IUIOTHOCTh M KoddduimeHT nuHamuueckoil Bsizkoctw PX -
MIOCTOSTHHBIE, PABHBIE CPEIHMUM 3HAUCHMSM, BIMSHHE ITyJbCAIMH ITOJAaYM Hacoca
(oHa cocraBiser 1 — 3 %) Ha HEPaBHOMEPHOCTH CKOPOCTH TEPEMEIICHUs IITOKA
I'll B yCTaHOBHBIIMXCSI M TEPEXOAHBIX INPOIECCaxX HE YYMTHIBACTCS; BOJHOBBIC
MIPOIIECCHI HE PAaCCMATPUBAIOTCS.

74



L

K notpebutensm

-\ PK

e s s s mmmme e ——————

-
w

=

o e eeem

i

&
N
-]

16

Puc. 1. [lpuHIMNMaNbHAs THIPaBIMYECKas CXeMa THApoarperara HaBeCHOTO
obopynoBanus Tpaktopa: H — Hacoc; K/I — knaman nasnenus; KI1 — knaman
npeaoxpanuTenbHeli; I'P — runpopacnpenenurens; [p, — [Aps — apocceny;

OI'll;, OrI'll, — snexTporuapasiIndeckue npeodpaszosaren; I'Ll — ruaponIIHHAPET,
PK - penykunonnsiit knamnan; K — knaman ,,IJTN; , , " — U3MEPUTETIbHBIE
npeobpasoBatenu nepemeitenns u yeunusi; CBI'P, MIIBY — anektpoHHbIe
ycrpoiictsa; b — ruapobax; @ — gunstp; Py, Pypp, Pey, P, — P, — naBnenus PXK B

cootBercTByromux Toukax ['A; KO — xiaman o6patustif; 1Y — myneT ynpasneHus,
M — maHOMeTp; — — — LS — TMHUS 4yBCTBUTENBHOCTH K HArpy3Ke.

C nenbio yMeHbIICHUsS] 00beMa MILTIOCTPAIMH MTPOBEJICHHBIX HCCIIEI0BAHUIMA
MEePEXOAHBIX MPOIIECCOB PACCMATPUBAIOTCS OCIHIIIIOTPAMMBI TOJIBKO NEPEMEHHBIX
MepeMeIeHust X p 30J0THHKA [P, maBneHnst P, Ha BBIXOAE HAcOCa, CKOPOCTH
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vV, (Ha puc. Vz) u mepememenus Yy, (Ha puc. Yz) mroka I'll. Ha puc. 2

M300paKeHbl KPHUBBIC THX MEPEMEHHBIX mpu roxbeme HO Ha MakCHMalbHYIO
Beicory 0,25 M mpum orcyrcrBum ra3oBoit cocramsomei (M, =0) B PX ¢

ko3¢ durenTaMu 00paTHBIX cBsi3eil o nepemernenuto mroka 'Ll ky, =10 B/m u
3onotauka ['P K,,, =800 B/m . Ilogsem HO HaunHaercs He ¢ HavYana OTcyera, a ¢
t=01c, 4To CBsI3aHO C HanuuueM Harpy3ku. [laBneHue P, BO3pacraet o
20 MITa u mocuie Bo3BpamuieHus 30a0THrKa ['P B ncxoaHOoe mostokeHue (X, — 0)

napnenue Ha Bbixoge KJI cumkaercs mo 3nadenuss 0,7 MIla u npoucxomur
pasrpy3ka Hacoca. Ilpu Hamuuuu mnpeAenbHOTO JJisA OSKCIUTyaTallid 3HAueHUs
ra3oBoil cocrasmsiomeii (M, =0,15) u HEHM3MCHHBIX OCTAIBHBIX MAPaMETPOB
MEPEXOIHBIE MPOIECCH TIEPEMEHHBIX M3MEHAIOTCS (CM. pHC. 3), HAUallo JIBHKEHHUS
mroka cmerraercs Ha 0,2 c. bonee HarismHO 3TO BUIHO HA pHC. 4, TIIe MOKa3aHbBI
KpHBEIE Y, (t) npu m, =0 (xpusas ,,a“) u m, =015 (xpusas ,,6“).
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Puc. 2. IlepexonHble npoLuecchl HepeMemeHnst X p; (t) 30JI0THUKA JIPOCCENUPYIOIIETO
THAPOpACIIPE/IEIUTENS, AaBIeHus [, (t) Ha BBIXOJIE HACOCa, CKOPOCTH V; (t) u
nepeMenenus Y, (t) IITOKA IWJIMHAPA THAPOarperara npu MNoAbEME HaBECHOTO

o6opynosanus tpakropa: U, =4,2B; Ky, =10 B/M ; Ky, =800 B/m ;m, =0
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Puc. 3. OcuumiorpaMMsl POIECCOB IIEPEMELICHHUs X FPl(t) , JaBICHUS [, (t) ,

ckopocTu V, (t) U nepeMeleHus Y, (t) LITOKA LWIMHJpA THApoarperara
TIPH TIOJTbeMe HAaBECHOTO 000pY/JOBaHUS TPAKTOpa:

U, =42B; k,, =10 B/m ; k,,, =800 B/m ; m, = 0,15

Puc. 4. Bnusiaue ra3opoit cocrapistomeid M, pabGoueit sxuakocTn
Ha Mepexo/IHbIE MPOIECCH] IEPEMENEHHS TOKA IIMIHHAPA
runpoarperata HO ¢ oOpaTHOI CBSI3BIO IO MOJI0KEHHIO:
a-my,=0;6-m, =015

[TpencTaBnsieT NPAaKTHYECKYIO 3HAYMMOCTH PACCMOTPETH OJHOBPEMEHHO
BIMSHHUE HA JWHAMUYECKHE XapaKTEPUCTHKM HAJIMYUS Ta30BOI COCTaBIAOIIEH B
PXK, mepemenHocTH KOX(QQHIMEHTOB pacxoga B HANOpPHOM TpyOompoBome u
noprrHeBoi moyoct 'L, B ciiuBHOM TpyOompoBoae u mrTokoBoii mojoctu ['1l, B
THIPOIMHUN HACOC — KIJIalaH JaBiICHUs» M Cokumaemoctd P)K B HamopHOM u
CIIMBHOM TpyOompoBoaax. KpuBas puc. 5, oToOpaxaromias JWHAMHUYECKYIO
omnOKy KOOpIWHATH Ay, (t) MOJTy4eHa IIPU COMOCTABICHUH CIEAYIOIINX
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MOJICTBHBIX KPUBBIX: OIHA KpHBas Y, (t) JUISL UCXOIHBIX JaHHBIX, NP KOTOPBIX
[OJTy4YeHa KpuBas Y, (t) puc. 2, vo mpu M, = 0,025 (310 3HAUCHHE COOTBETCTBYET

Havany okcryarauud PXK) u Bropass — mpu IOCTOSIHHOM 3HAYCHHH MOJIYJIS
obobemuoit ynpyroctu PXK, paBnoit 1500 MIla, nocrosiHHOM KO3 dunmeHTe
pacxoma p=0,71 u orcyrcTBum cxkumaemoctu PXK B TpyOompoBomax. Kak BumHO

u3 puc. 5 Hambonbimas ommbOka 4,6 MM nosBisercs npu t=13c, a KoHen

MoJbeMa IMPOUCXOAUT ¢ ommOkod ~ 4 MM. CrenoBaTenbHO, IS ITOBBIICHHS
aJICKBAaTHOCTH MOJEIM CJeNyeT Yyd4uTelBaTb M, # 0, NepeMeHHOCTh | W
cxxumaemocts PXK B Tpy6omnpoBogax.

Puc. 5. [lunamnyeckas omubka nepemerenus mroka 'Ll mpu mogseme HO,
BBI3BaHHAS JIOMYIICHHEM ITOCTOSHCTBA Kod(dunmenTa pacxona,
MOMyJIst 00BEMHON YIPYTOCTH M OTCYTCTBHEM
cxnmaemocti PXK B TpyGonpoBogax

BriBoabl

1. T'azocomepxanne B PXK, mepemeHHOCTh KOA(hHUIMEHTOB pacxoja B
pa3NMuHBIX y3JlaXx ruapoarperara, cxkumaemocts PXX B TpyGompoBomax
OKa3bIBAIOT BIMSIHUE HA TUHAMHYECKUE XapaKTEPUCTUKH.

2. AHamM3 TepexoJHBIX MpPOIECCOB B  THApoOarperare  OTKPBIBAET
BO3MOXKHOCTH: HCCIIE/IOBATh BIIMSIHUE PA3IMYHBIX MTapaMETPOB Ha JWHAMHYECKHE
XapaKTEePUCTHKH; OLIEHUTDH OBICTPOJEHCTBHE THIpOarperaTa.

Crncok nuteparypsl: 1. Bornaps B. A. Hossle peruenust B ruaponpusoje tpakropos // IIpomuciosa
rigpasiika i mHeBMaruka. — 2003, — Ne 2. — C. 81 — 84. 2. Crpok E. f., Benpuuk JI. JI. Pazpaborka
MEePCNEKTUBHBIX KOHCTPYKIHMH CHCTEM YIpPaBJICHHsS HaBECHBIM ycTpoiictBom tpaktopa // Tp. Xl
MexnmyHap. Hayd.-TexH. KoH}. “MammHoctpoenue u texHocdepa XXI Bexa”. — Jouenx: JouHTYVY,
2004. - T. 3. — C. 162 - 166. 3. Jlypee 3. 4., llenra E. H. Maremarndeckas Moiensb y3ia
«3IIEKTPOTUIPABINYECKHI MPeoOpa3oBaTellb — 30JIOTHUK PACHPEACIUTENI» THAPOArperaTa HaBeCHOro
oGopynoBanus tpakropa // IIpomuciosa rigpasmika i maeBmaruka. — 2007. — Ne 3 (17). — C. 96 — 98.
4. Jlypee 3. 4., Llenra E. H. MaTtemaTHueckast MOZIeIIb y3Jla «THAPOPACIPEACIIUTENb — THAPOLMIHHIPY
rujpoarperara HaBecHoro o0opyaoBanus Tpakropa //Bicuuk CxigHOyKpaiHCBKOrO yHiBepcuTeTy iMeHi
Bomogumupa Jdamst. — 2007. — Y. 2. — Ne 3 (109). — C. 89 - 93. 5. Jlypse 3. 4., Llenra E. H.
Maremarrndeckasi MOJENb KiallaHa JaBJICHHS THIpoarperata C 4yBCTBHTEIBHOCTBIO K Harpyske //
BecTHrK XapbKOBCKOTrO HAlMOHAJIBHOIO aBTOMOOMIBHO-I0POKHOro yHuBepcutera / CO. Hayd. Tp. —
XapekoB: XHAJTY. — 2007. — B 38. — C. 200 — 203.

Iocmynuna 6 peoxonneeuio 17.03.08.

78



	статьи
	003


