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Annoranus: [llaroBelii ABHTaTeih OCTATOYHO YacCTO HCIIOJIB3YETCS B aBTOMATHU3WPOBAaHHBIX
YCTaHOBKAaX JIa3epHOH pe3ku. Cxema ynpaBlieHUs IIaroBOTO JIBUTATENs TPEOyeT CIEIUaIBHOTO
AJIGKTPOHHOTO YCTPOMCTBA — JpaiiBepa, KOTOPBIA IMOJIy4aeT Ha BXOJ[ JIOTUYECKUE CUTHAIBI U
A3MEHSIET TOK B OOMOTKax ABUTATCIIA IJIsL olecrieueHus napamMeTpoOB ABUIKCHUS. B JaHHOM
HAYYHOM WCCJICIOBAHUM MPOBOJWIACH OILICHKA JIPAaiBEpOB IIArOBOIO JBUTATENs IS
ompesieNieHusT 1ellecoo0pasHocT ux ucrnonb3oBanus — PLDS880, OSM-42RA, OSM-88RA.
Jlyist yrpaBiieHUsi CUCTEMOU ObLT HAIMCaH MPOrPAMMHBIA KOJI, KOTOPBI 10 CBS3YIOIICH IjIaTe
coemuHsIICS ¢ KOHTpoyuiepoM. C KaXIbIM JpaiBepOM IMPH Pa3IUYHBIX PEeKUMaxX Toa00paHbI
ONTUMAJIbHBIC TIApaMeTphl (HayaJIbHAsi CKOPOCTh, KOHEYHAss CKOPOCTh M YCKOPEHHE), TO €CTh
ABVIKCHUC KapCTKH oe3 CpbIBa Ha JACCATH NpoxXoaax € MHUHUMAJIbHBIM BPCMCHCM MpOXoaa.
Pe3ynbTarhl SKCIIEpUMEHTAITBHBIX UCCIICIOBAHUI MTPEICTABICHBI B TAOIMYHOM (popme.
KawueBble cjioBa: naszep, JjasepHas pe3Ka, aBTOMATH3alMs, TEXHOJOTHMYECKHH Ipolecc,
IIarOBBI  J[BUTATENIb, OBICTPOJCHCTBHE, JpaiiBep, KOHTPOJUIEp, CXeMa YIpaBJICHHUS,
ONTUMAJIBHBIC MMaPaMCTPHI.

OpHrM W3 CcaMbIX pPacCIpPOCTPAHEHHBIX TEXHOJOTHYECKHX MPOIECCOB B
MaIIMHOCTPOCHUH SIBJSIETCSI pe3Ka — T[JaBHAs OINepanusi 3aroTOBUTEIBHOIO
NPOM3BOACTBA. B  MeNIKOCEpUHHOM H  CPEAHECEPUHHOM  IMPOU3BOJICTBE
HSKOHOMUYECKM  BBIFOJIHO  HCIIOJIb30BAaTh  JIA3€PHYI0 PE3KYy C  OBICTpPBIM
HaJaXUBaHUEM 000PYOBaHUS.

Kak npaBumo, B KOMIUIEKCE [l JIa3epHOM PE3KH MPUCYTCTBYIOT CIIETYIOIINE
aneMeHThl [1-3]: UCTOYHUK M3Iy4YeHHs, ONTHYECKas cucTema, (popMmupyromias u
TPAHCTIOPTUPYIOIIAs HCIyCKaeMOe W3IydeHHe, aBTOMATU3MpPOBaHHAs CHCTEMa
yIpaBisiomas mapamMeTpaMd KOMIUIEKCa U TexXHoJormueckoro mpouecca. [loa
aBTOMATH3AlIMI0 W YIOpPaBJICHHE B JIA3€PHOM TEXHOJOTUYECKOM KOMILIEKCE
NOAMANAI0T KOHKPETHO Ja3ep (cTabwiu3aiusi M peryjupoBKa ONTUYECKHUX,
IPOCTPAHCTBEHHO-BPEMEHHBIX U JHEPreTUYECKUX IMapaMEeTpOB) M caM IPOLEcC

PE3KH METAJUIOB.
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ABTOMAaTHU3MpPOBAHHASI ~ CHUCTEMa  YIpaBleHUs  MpelHa3HadYeHa  JJIs
KOHTPOJIMPOBAHMSI M YIpPABJICHUS TMapamMeTpoB Jiazepa W JUId Tepeaadu
WCIIOJIHUTENbHBIX KOMaHJ] Ha MEXaHU3MbI CUCTEMbI F€HEpAIMK U3IIyYeHHS U €ro
TPaHCIIOPTUPOBKH [2].

[TapameTpsl mporecca Ja3epHON PE3KH 3aBUCAT OT MHOTHX (haKTOPOB,
HarpuMep, OT CBOWMCTB Marepuasna, KOHCTPYKLIMM JeTajnei, sHepruu, KoTopas
3aTpauyrBaeTCs Ha pa3pyllIeHHEe, CKOPOCTH U XapaKTEPUCTHK pe3a, U B IIEJIOM 3TU
napamMeTpbl 00YCIIOBIMBAIOT TpeOOBaHUS K JiazepHOMY manydenuro [3,5]. Takue
aBTOMATHU3HPOBAHHBIE KOMIUIEKCHI CTPOSITCS 1O ABYXYPOBHEBOMY MPUHLUITY:

1 ypoBeHb - yCTpOICTBa Al M3MEPEHUS WIM CTaOWIM3AIMH TapaMeTpOB
Ja3epa, a TaKKe CpeACTBa Ui IMEepeMelleHUs IMydKa Jja3epa IO 33JaHHOMY
KOHTYpY JETalu.

2 ypoBEHb — aBTOMATH3WPOBAHHAs CHCTEMA, 3a/1adya KOTOPOH — CBSA3BIBATH
MEXIy COOOM IpyIIbl YCTPOUCTB.

CoBpeMEHHbBIE TEXHOJOTMH B OOJACTH MHUKPOIIEKTPOHUKH IO3BOJISIIOT
UCIIOJIb30BaTh MHKPOIIPOIIECCOPHBIE YCTPOMCTBa Ha oOoux ypoBHsX [4]. Ecmu
paccMaTpuBaTh IPOMBILUICHHBIE TEXHOJOTMYECKHE KOMIUIEKCH, TO B HHUX
XapaKTePUCTUKHU M3ITyUYEHUs Jia3epa YCTAaHABIMBAIOTCS B HEOOXOIUMBIX 3a/IaHHBIX
openenax M MOTYT M3MEHATbCA B HeOosbMX HHTepBanmax. K atum
XapaKTepUCTHKAM OTHOCST: TPOCTPAHCTBEHHOE pAaCIpe/elICHHe W3Iy4YCHUs U
yIjoBasi pacxoguMOCThb, PEXUMBbI paboOThl, MOIIHOCTH Jjazepa, KIIJ mazepa,
BpPEMEHHbBIC TTapaMeTphl U3ay4eHus [6-8].

OpHAM U3 cCaMbIX PaclpOCTPAHEHHBIX MPUBOAOB, KOTOPHIE UCIOIB3YIOTCS B
aBTOMATHU3UPOBAHHBIX  JIA3€PHBIX  KOMIUIEKCAaX,  SABISAIOTCA  MPHUBOJABI  C
UCIOJIb30BaHUEM IIIaroBOTrO JBUTaTess. Ero OCHOBHOE OTIMYME OT OCTaJIbHBIX
BUJIOB JIBUTATeJIeH COCTOMT B criocoOe BparieHus [9].

Jiis pabGoThl CHUCTEM C TOYHBIM IO3ULIUOHUPOBAHMEM HCIOJIb30BaHUE

IIaroBbIX J3JICKTPOIIPUBOJAOB ABJISCTCSA CaMbIM ACHICBBIM M IMPOCTBIM PCHICHHUCM.
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[ToaTOMy 3TM NOpPUBOJABI HAUUIM WMIMPOKOE NpuMeHeHue B craHkax YIIY wu
pPOOOTHU3UPOBAHHBIX CHCTEMAX.

Kak #3BeCTHO, IIArOBBIA JBHUIaTENlb - 3TO AJEKTPUUYECKUNA MEXAHU3M CO
CIIOXHOUM cucTeMol ympaiieHus. [isi paGoThl MIAroBOTO JABUTATENsE HEOOXOAUM
JpaiiBep, OCHOBHAs 3ajJadya KOTOPOro — HamOosiee 23Gp(HEeKTUBHO W3MEHSITH TOK B
0OMOTKaXx, MPU 3TOM HEOOXOJUMO YUUTHIBATh, YTO POTOP LIATOBOrO JABUTATEINS U
WHYKTUBHOCTh OOMOTOK IIOCTOSIHHO OKAa3bIBalOT BIUSHHE Ha MPOIECC, YTO
MPUBOJUT K OOJIBIIUM OTJIUYUSM XapaKTEPUCTUK KOHTPOJUIEPOB U, KaK CJIECACTBUE,
U3MEHCHHSM Ka4eCTBEHHBIX IMOKa3arelei moixydaemoro asmwkenus [9,10].

JpaiiBepbl pa3faensioT Mo Cnoco0y 3aKayku TOKa B OOMOTKH Ha HECKOJIBKO
Buz0B [8-10]:

1)  JlpaiiBepbl MOCTOSTHHOTO HAITPSKCHHUSL.

2)  JIByXypOBHEBBIC JpaiBepHI.

3)  Mpaiiepsi ¢ LIMM.

Ha npannpii Moment IHHMM-apaiiBeppl IIaroBbIX 3JIEKTPOIABHUraTENICH
HanOoJiee TMOMYJSAPHBI, TOYTH BCE JpalBephl Ha pPBIHKE — 3TOr0 THHA. OTHU
KOHTPOJUIEPHI MOAAI0T Ha 0OMOTKY maroBoro asuratesns [IHIMM-curnan BeICOKOTO
HaIpsDKEHUS, KOTOPOE OTCEKAeTCsl MO JOCTHXKEHUI0O TOKOM COOTBETCTBYIOIIEH
BEJINYMHBI.

3agaya JaHHOTO HCCJICIOBAHMS: BBIICHUTH KauyeCTBO MOJYy4aeMOIO
JIBIDKCHUSI Pa3lIMYHBIX JpaliBEpOB IIAaroBOrO JBUTATENsl W OMNPEACIIUTH
11e71ec000pa3HOCTH UX MCIOJIb30BAHMS.

B pabote nccnenoBanu nBa asurarens PureLogic cepun PL57H

boiu BBIOpaHbI CleayONIHe IpaiBePhI:

1) PLDS880
2) OSM-42RA
3) OSM-88RA
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Puc. 1. - BHeumHuii BUJ1 yCTaHOBKHU

JInst ynpaBieHHsT CUCTeMO# OblT HamucaH mporpammubiii konq (B C++ B
cpene nporpammupoBanus Visual Studio) koTopelii 1o cBs3yromeH IuIaTe
COGIIMHEH C KOHTPOJUIEPOM.

C KaXIpIM ApaiiBEpoOM IpH Pa3IUYHBIX PEKUMax (pa3inuyHas cuja TOKa U
npobnenue mara (1:1, 1:2, 1:4, 1:16)) momoOpaHbl ONTHMANbHBIE MapaMeTPhI
(HayanmpHasi CKOPOCTh, KOHEYHAss CKOPOCTh M YCKOPEHHE), TO €CTh, JBIKCHHE
KapeTKu 0e3 CphIBa Ha JIECATH MPOXO/IaX ¢ MUHUMAILHBIM BpEMEHEM ITPOXO/Ia.

Pe3ynbTaThl 3KCIIEPUMEHTOB MTPEICTABIICHBI B TA0IHIIAX

Tabmmia Ne 1

Pe3ynbTaThl TECTUPOBaHUS JpaliBEpOB MPHU MOJKIIOUCHHOM OJIOKE MUTAHUS

Ha24Bul,6 A
HpaiiBep | Cuna toka | [ene- | Hauans- | Koneuno | Mukpement | Ckopocts | Bpems
110 Ha HHE HOE € BpeMs [Mkc] UHKpE- JIBU-

BbIOpaH- | Imara BpeMs MEXTY MEHTAa, KEHUS
HOM MEXTY CHUTHa- LUK OJIHOTO
pexume, CHUTHa- JaMH, LUKJIA,

[A] JIaMH, [Mkc] [c]

[Mkc]

1 2 3 4 5 6 7 8
OSM- 3,3 2650 650 11 1 3.64
88RA
OSM- 3,3 2 1250 300 2 1 3.59
88RA
OSM- 3,3 4 650 140 1 2 3.73
88RA
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1 2 3 4 5 6 7 8
OSM- 3,3 16 165 70 1 ) 5.33
88RA

PLDS88 3 4 450 160 3 3 3.00

0

PLDS88 3 16 125 45 1 6 3.50

0
OSM- 2,3 1 1950 1600 2 1 6.00
42RA
OSM- 2,3 2 925 480 7 1 4.40
42RA
OSM- 2,3 4 460 195 1 1 3.65
42RA
OSM- 2,3 16 125 100 1 2 7.36
42RA
OSM- 3,2 1 2000 500 8 1 2.77
42RA
OSM- 3,2 2 980 250 2 1 2.77
42RA
OSM- 3,2 4 480 150 1 1 2.93
42RA

Tabmuma Ne 2
Pe3ynbTaThl TECTUPOBaHUS JpaliBEpOB MPHU MOJKIIOUCHHOM OJIOKE MUTAHUS
Ha70BusS A
HpaiiBep | Cuna toka | [ene- | Hauans- | Koneuno | Mukpement | Ckopocts | Bpems
110 Ha HHE HOE € BpeMs [Mkc] WHKpe- JIBU-
BbIOpaH- | Iara BpeMs MEXTY MEHTAa, KEHUS
HOM MEXTY CHUTHa- ITUKIT OJTHOTO
pexume, CHUTHa- JaMH, LUKJIA,
[A] JIaMHu, [MKc] [c]
[MKC]

1 2 3 4 5 6 7 8
OSM- 3.3 1 2470 600 11 1 3.30
88RA
OSM- 3.3 2 1205 275 2 1 3.30
88RA
OSM- 3.3 4 660 200 1 1 4.02
88RA
OSM- 3.3 16 180 80 1 3 6.00
88RA
OSM- 4.2 4 520 120 1 1 2.50
88RA
OSM- 4.2 16 140 80 1 3 5.95
88RA
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1 2 3 4 5 6 7 8
PLDS88 3 4 485 120 3 3 2.45
0
PLDS88 3 16 130 35 1 9 2.90
0
PLDS88 4 4 405 110 2 3 2.22
0
PLDS88 4 16 125 35 1 9 2.90
0
PLDS88 2.6 4 750 240 1 10 9.50
0
PLDS88 2.6 16 230 60 1 12 5.20
0
PLDS88 3 4 740 170 1 2 4.40
0
PLDS88 3 16 180 45 1 14 3.95
0
Tabmuma Ne 3
Pe3ynbprarsl TECTHpPOBAHUA IPANBEPOB C PEAYKTOPOM IPHU MOJKIIOUEHHOM
onoke nutanus Ha 70 Bu 5 A
HpaiiBep Cuia Hene- Hauans- | Koneuno | Mukpeme | Ckopoct | Bpewms
ma TOKa Ha HUE HOE e BpeMsi | HT [MKc] | b MHKpe- JIBU-
BBIOpaH- iara BpeMs MEXITY MEHTA, KEHHUS
HOM MEXKTY CHTHa- IIUKJT OJTHOTO
pexuMme, CHUTHa- JIaMH, IIUKJIA,
[A] JIaMH, [MKc] [c]
[Mkc]
OSM- 3 4 900 880 1 2 15.00
88RA
OSM- 3 16 265 250 1 15 18.00
88RA
OSM- 3 2 330 125 1 10 12.20
88RA
OSM- 3 4 180 70 1 20 13.50
88RA
PLDS88 2.6 4 80 30 1 30 6.20
0
PLDS88 2.6 16 40 15 1 20 14.00
0
PLDS88 3 4 80 30 1 20 6.20
0
PLDS88 3 16 40 15 1 20 14.00
0
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N3 Tabmuier 1 BUAHO, YTO MpU MEPBOM HCIOIB3yeMOM OJioke nutaHus (24
B u 1,6 A) nyumee xadecTBO ABMXKeHUs co3maBan npaiiBep OSM-42RA.
MuHuMansHOe BpeMsi MPOXOXKACHUS KapeTKOW OJIHOTO IMyTH B 00a HampaBJIeHUs B
pexume apoOieHue mara 1:4 cocraBwio 2,7 CEKyHIbI, 4YTO Ha 1-2 CEKYHJIbI
ObICTpEE, YEM Y OCTaJIbHBIX.

IIpu 3amene Onoka mutanus Ha ciuenyromuit (70 B u 5 A) aydmum cran
npaiisep PLDS880 ¢ apo6iiennem miara 1:4 (Tabmuma 2). 9To CBSI3aHO C TEM, UTO Y
3TOr0 JpPAWBEp BBILIEC AUAINA30H HaNpspKEHWE nuTaHus. Ero Bpems cocraBuwiio 2,2
CEKYH/IbI.

[Tocne 3ameHnl ABUTATENsE HA MEHEE MOIIHBIM M MOHTa)XXe peayKTopa
(tabmura 3) ¢ nmepenaro4HbIM oTHOIIeHHeM 1 k 10, yacToTa BpalieHHs BBIXOIHOTO
Baja peaykTopa ObUIa yMEHBIIEHAa, a 4YacToTa BpalleHUs JBHUrareis Oblia
YBEJIMYCHA.

[Ipy BBICOKOI YacTOTE€ Bpall€HHUs Baja Jy4yll€ BCEro CHpPABWICS JpauBep
PLDS880.

MakcumanbHasi CKOpPOCTh Tpoe3/ia KapeTku coctaBuiia 45 cm/c. Takas
CKOPOCTh MEPEMELIECHUs TO3BOJIMT pe3aTh YIVIEPOJIUCTYIO CTallb W ATOMHHUI
IIMPUHON | MM J1a3epamMu MOIIHOCTHIO 10 2 KBT, HEpKaBEIOUIYIO CTallb IIUPUHOU
1 MM nazepamu MomiHOCTBIO 110 1,5 kBT, Meap TommmHoiM 1 MM nazepamu
MOIIHOCTBIO 110 4 kBT. Jlns MeTtajuioB TOJIIMHOM OT 2 MM 3Ta CKOpPOCTH
JIOCTaTOYHA.
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