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Puc. 9-1: ®usunyeckas Moaenb U MmaTeMaTU4ecKoe onucaHme 0 QHOMacCOBOW KoJsieb6aTenibHOW CUCTEMbI

TOYHOCTL MeTannopexyLlimx CTaHKOB 3aBUCUT OT BEeNMYUHBLI OTKIOHEHUS TpaekTopun
WHCTPYyMEHTa OTHOCUTENbHO AeTanu OT 3adaHHoM ¢hopMbl paboyero nepemelleHus. IAtu
reoMeTpuyeckme W KMHeMaTuyeckne OTKIMOHEeHWS BO3HUKAKT BCeACcTBME [OeNcTBuS
CTaTU4ECKMX N OUHAMUYECKMX COCTaBMALLMX CUMbl pe3aHus, Bbi3blBaloLWmMX Aedopmauunto
KOMMNOHEHTOB CTaHKa, Hanpumep, CTaHWH, OMOPHbIX paMm, MON3yHOB, WNUHAENen u Apyrnx
KOMMNOHEHTOB, HaXOAALLMXCA B NOTOKe cun. BenvyuHa gedopmaumm ctaHka nog AencTBuem
CTaTU4EeCKMX U OUHAMUYECKMX Harpy3oK onpedensercd ero ctaTM4yeckon U AMHaMUYECKOM
XecTkocTblo. CTaTuyeckas XEeCTKOCTb CTaHKa 3aknagblBaeTCs KOHCTPYKTMBHO Ha cTagun
npoekTnpoBaHnsa. COBpPEMEHHbIE  CUCTEMbl  MPOEKTUPOBAHWS  MO3BOMSAT  OLUEHUTb
CTaTUYECKYIO >XECTKOCTb KOHCTPYKUMM C BOMbLUION TOYHOCTBIO elle Ha cTtaguu paspaboTku
KOHCTPYKUMK. HanpoTuB, AMHaMunyeckass XeCTKOCTb CTaHka onpegenserca 6onbwunm
KONUYEeCTBOM B3aMMOCBSA3aHHbIX MepeMeHHbIX (PaKTOPOB, YTO 3HAYUTENBHO YCIOXHSAET ee
pac4yeT. B 0coBGeHHOCTW, HEeU3BECTHOCTb OeMNAUPOBaAHUA U XECTKOCTU B MecTax
COeMHEHNA KOMMOHEHTOB CTaHKa YCMNOXHAET MpefBapUTErbHYIO OLEHKY AMHaMUYeCcKon
nogaTnMBOCTU CTaHKa. Mo 9ToM NpuynHe, ANA OOCTOBEPHOro onpeaeneHns xapakTepuctuk
ANHAMNYECKOrO COCTOSIHMA CTaHka, Heobxogumo npoBedeHne u3mepeHun. Ha ocHoBe
npoBedeHHbIX MUCCrefoBaHWUA NPOU3BOAMTCA OLEHKa OMHAMUYEeCKOW noaaTrnvBOCTU U, NpuU
HeobxoaumocTKn, pa3pabaTbiBalOTCA KOHCTPYKTUBHbLIE MEPOMNPUATUS MO €€ CHWXKEHMIO.
HepocTtaToyHasa ctatnyeckasi XXeCTKOCTb CTaHKOB NPUBOAUT, Kak NpaBuIio, K NOrpeLlHoCTSaM
pasmepa n dopmbl getanen. Hanuume To4vek pesoHaHca € OGOMbLIMM COOTHOLLUEHWEM
MaKcuMaribHOW CTaTU4EeCKON U AMHaMUYECKOM aMnnuTyabl MOXeT NpUBeCTU K Bubpaunsm B
npouecce obpaboTke, CNeAcTBMEM KOTOPbIX SBMAAKTCA HU3KOE Ka4YeCTBO MOBEPXHOCTH,
MOBLILEHHbIA M3HOC KOMMOHEHTOB HECYLUUX CUCTEM, MNOBPEeXAeHWe WHCTPYMEHTa unu
NCNONHUTENBbHBLIX MEXaHU3MOB CTaHka. Takum obpas3om, nogaTnNMBOCTbL CTaHka nopg
OencTBMeM  nNepeMeHHOW  Harpysku  9BngeTca  OAHWUM U3 KpuUTepueB  ero
NpPon3BOAUTENBHOCTH.

CTaHKn COCTOAT M3 OTAEMNbHbIX KOMMOHEHTOB U NoA AeCTBUEM AMHAMUYECKUX Harpysok
BeadyT cebs kak MHOromaccoBble KonebaTenbHble CUCTEMbIl. YNPOLEHHO CTPYKTYPY CTaHKa
MOXHO paccmaTpuBaTb Kak CUCTEMY OTAESNbHbIX O4HOMACCOBbIX KoriebaTenbHbIX CUCTEM U
onucbiBaTb MX OUHAMUYECKoe MnoBedeHMe C MOMOLLbI MaTemMaTMyeckoro annaparta Aang
OO HOMacCCOBbIX CUCTEM.
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YpaBHeHuUsA OBWXEHNSA oJHOMaccoBOW konebaTtenbHON CUCTEMBDI c BA3KUM
aemndupoBaHnemMm npuBedeHbl Ha pucyHke(Puc. 9-1).. B BepxHenm 4actm npencTtaBneHbl
ypaBHEHWSI ABMKEHUA B YacTOTHOM obnacTtu. Nocne npeobpasoBannin auddepeHumnansHoro
ypaBHEHUST  BbIBOOWUTCHA  BblpaXeHwe Ond  guHammyeckor  nogatnueoct  G(jw),
npeacTaBnseMon, Kak npasumno, B BUAE amnianTygHO-(pa30BO-4aCTOTHOW XapaKTepUCTUKM.
MaTtemaTtnyeckoe onucaHve [OBWXKEHUA  OogHoMaccoBoW  konebaTtenbHOW  CUCTEMb
OCYLLEeCTBISIETCA 4epe3 napameTpbl KeCTKOCTM K, COOCTBEHHOW YrroBOW 4acToTbl W, U
BeNMYuHbl 4o6poTHOCTU D.
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Puc. 9-2: AmnnutyaHo-cpa3oBO-4aCTOTHasA XapakKTepuctuka u pguarpamma HawnkeBucta ogHomaccoBou
Kone6aTtenbHOW cUCTEMbI

Ha Pwuc. 9-2 nokasaHbl ABa pacnpoCTpaHEHHbIX rpaduvecknx MnpeacTaBneHust YacTOTHOM
XapakTepucTukn konebaTenbHbIX cucTeM. B neBow CTOpoOHE pUCYHKa npeacraBrneHa
aMmnnuMTygHas u pasoBasi YacToTHas xapakrepuctuka. MisamMeHeHne 4acToTbl BbIHY>KOEHHOrO
konebaHua okasbliBaeT BO3AENCTBME HA aMnnuTydy nNoaaTiIMBOCTM, @ Takke Ha BPEMEHHOE
CMelleHne Mexgy BO3LEWCTBUMEM CUMbl W BblHYXOEHHbIM  korebaHnem (dpasoByto
XapaKTEPUCTUKY).

AHanornyHyto A®YX mHpopmauuio 0 AMHAMUYECKOM MOBEAEHUN CUCTEMbl COOEPXUT Tak
HasblBaeMas gnarpamma Hamkesucta. Paguyc-BekTop, NpoBeAeHHbIN N3 Havarna KoopamHar K
NPOWN3BOSIbHOM TOYKE Ha KPMBOW COOTBETCTBYET MO MOAYS0 aMnnnTyge nogatinnBocTu. Yron
NoBOpoTa BEKTOpPA OTHOCUTENBbHO MOMNOXUTEINbHOIO HanpaBnNeHns OeWCTBUTENbHOM OCU
XapaktepusyeT a3y nogatnmBocTU. [lOCKONbKY W3MEHeHWe Ccunbl npeawecTsyeT
M3MEHEHMIO MEpPEMELLEHNs, 3HadeHne asbl MNodaTnMBOCTM oTpuuatenbHo. [loatomy
yBEnMYeHne 4acToTbl Ha KpPMBOW MPUHUMMAETCA MO XO4y 4YacoBOM CTPENKu, T.e.
MaTeMaTU4eCKkM B HEraTUBHOM HanpaeneHuu.

B ogHomaccoBoi konebaTenbHOM CUCTEME BbILENSAT TP OCHOBHbIE YITOBbIE YacTOThI:

« CobcTBeHHaa yrnoBas 4acTtoTa HesaTyxawwen konebaTtenbHoM  CUCTEMDI
(cobcTBEHHAA YacToTa), NpU KOTOpoW HabnogaeTca casur das -90° mexay cunon u
nepemMelleHnemM. Ha gaHHom 4actoTe w, B 3aTyxawouwen konebaTtenbHon cucteme
aMnNnTy4a HECKOSbKO HUXKE MaKCUMarbHOWM aMninTyabl.
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» CobcTBeHHas yrnoBasi yacToTa 3aTyxawwen konebartenbHon cuctembl. C gaHHON
4acTOTOM NPOUCXOAUT 3aTyxaHune konebaHun B cucteme.

Wyn = & B/1-D?

* PesoHaHcHas yacTtoTa 3aTtyxatowen konebarenbHom cuctemol. [pn gaHHOM YactoTe
N rapMOHUYECKOM HarpyXeHuu peanbHow kornebaTtenbHoW CTPyKTypbl Habniogaetcs
ee HanbonblUas NnogaTnMBOCTb.

a =, B/1-2D2

B cCTpykTypax MeTannopexywmnx CTaHKOB pasnuMyune Mexgy HasBaHHbIMKM 4YacToTamu
HECYLLLECTBEHHO, MOCKOSbKY TUMWYHOE 3HayeHue [oOpPOTHOCTU (YPOBHSA AemndupoBaHus)
CTPYKTYp cTaHkoB D coctaBnseT meHee 10%.

C nomouwpbto ADYX MOXHO onpeaennTb BENUYMHY CTaTUYECKOW XXECTKOCTU CUCTEMbI Kak
obpaTtHyto BenuumHy nogatnueoctu npu 4dactote f = 0 Ny, 3HaunTenbHoe npesbllLeHME
YPOBHA CTaTU4YeCKOW MNOAATAMBOCTM HabniogaeTca Ha 4vacTtoTax pesoHaHca fg Toro mnm
MHOrO KOMMOHEHTa MHOroMaccoBoW KonebaTenbHOW cuctembl. TOYKYy pe3oHaHca, npu
KoTopom HabnopaeTcsa MakcumarnbHaa — amnnuTyga noaaTinBOCTH, Ha3bIiBalOT
OOMUHUPYIOLWEN, a COOTBETCTBYHOLLYH PE30HAHCHYIO YaCcTOTy — JOMUHUPYIOLLEN YaCTOTOMN.
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Puc. 9-3: YacToTHble XxapaKTepuCTUKM OOHOMAacCCOBOW KorebaTeNnbHOW CUCTEMbl MNpPU  PasfINYHOMN
AOGpPOTHOCTU

BenvunMHa OTHOWEHUA AMHaMUYeCcKOW W CTaTUYecKoM nodaTnUBOCTU onpeaenseTcs
pobpoTHOCTLO  konebatenbHoM cuctembl D, Takke o603Ha4aemMon Kak ypOBEHb
aemndupoBaHusa cuctembl. Bosgenctene BenuumMHbl JOGPOTHOCTM Ha amnauTygy n dasy
OMHaMU4ecKoM nopaTtnuBoCTM  npeactaBneHo Ha Pwuc. 9-3. [Ona  HesaTtyxaroLlen
konebartenbHon cuctembl (D =0) Ha u4actote f, HabniogaeTca TOYka pe3oHaHca C
OecKkoHeYHON amMnnuTygon, a asa ckadkoobpasHo nagaet ¢ 0° go —180°. [ns peanbHbIX
3aTyxarowux konebatenbHbIX CUCTEM pe30HaHCHasa aMnnuTyaa UMeeT KOHEYHOe 3HayeHue.
Mpun yBenuumBawLemcs 3Ha4YeHUn JOOPOTHOCTM KpMBas pe3oHaHCa CTaHOBUTCHA LiMpe, a
HaknNoH @as3oBon XxapakTepuctuku oT 0° go —180° cHwkaetca. Ona anepuoguyeckoro
rpaHu4Horo criydas npu D = 1 npeBbIWEeHNA YPOBHA aMNiUTyabl CTaTUYeCKon NnogaTnnBoCTh
He HabnogaeTcs.



MeTannopexylwme ctaHku Jlekyus No9

AYX n gnarpamma HamkBucTa AByxmMmaccoBoW KonebaTtenlbHOM CUCTEMbI
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Puc. 9-4: PacyeT AOGPOTHOCTU MO aMMAWUTYAHO-YaCTOTHOMN XapaKTepucTuke WnM Avarpamme HaiikBucTa
no metoay V2

BenuunHa p[oGpoTHOCTM B obwem criydae MOXeT ObiTb onpegeneHa C MOMOLLbIO Tak
Ha3bIBaEMOro «meToaa V2» HenocpeaCcTBEHHO U3 aMMNNUTYAHO-4aCTOTHON XapaKTepPUCTUKN
unun pauvarpammbl Hamkeucta. [daHHbIn MeTod npuMeHuM K nobon Touke pesoHaHca
aKcnepumeHTaneHO  onpegeneHHon AYX. EAOMHCTBEHHbIM  FPaHW4YHBIM  YCNOBUEM
NPUMEHEHMA OaHHOro MeToa SBNSEeTCs OLeHKa BO3OENCTBMS HA paccMaTpuMBaeMyto TOUKY
pe3oHaHca cocefHUX ToueK pe3oHaHca. [Npu 3HauuTenbHOM yaaneHun TO4Yek pesoHaHca
Apyr OT Apyra AaHHbIM BO30EeNCTBMEM MOXHO npeHebpeub. Npu 6onee BbICOKMX 3HAYEHUSIX
[0BpPOTHOCTK, AN15 BbINOSTHEHMS AAHHOIrO YCNOBUS, TOYKM pe30oHaHca SOMMKHbI OTCTOATb APYr
OT Apyra Ha 6onbulee pacctosHue (Puc. 9-4).
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AYX n gnarpamma HaiikBucta ogHomaccoBoW KonebarTenbHOW cuCTeMbl
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Puc. 9-5: PacueT OGPOTHOCTU NO MeTOAY Pe30HAaHCHOrO NMpeBbILeHUsl aMNAnTyAbI

Onpepgenenne [obpoTHOCTM D M3 COOTHOLWIEHUA CTATUYECKOW W MaKCUManbHOW
OWHaMUYecKon NoaaTnMBOCTU BO3MOXHO TOMbKO MPU APKO BblpaXXEeHHOM OJHOMacCOBOM
nosefeHun kornebaTenbHOM CUCTEMbI, T.€. B TOM Criyyae, Korga npucyTCTBYeT TOMbKO OA4HO
pe3oHaHCHOe TnpeBblilleHMe YPOBHA CTaTUYeCcKoW nogatnmBoCcTW. [aHHbIM - pacyeT
HasblBaeTCcq MeTo40M aMnUTYAHOro npesbiweHns (Puc. 9-5).
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Puc. 9-6: PacueT 4O6pOTHOCTM MO norapucpMmnyeckoMy AeKpemMeHTy

TpeTbum MeTOooOM pacyeta pobpoTtHocTM D sBnseTca  aHanuMTudeckoe onucaHue
ormbarowlern KpuMBoW 3aTyxawwlero konebaHus. [Ona  aToro  muccnegyemas cuctema
noaBepraeTcs BO3AENCTBUIO FAPMOHUYECKON CUIbI, @ 3aTeM, NMOocne OTKMIYEHUS UCTOYHUKA
BbIHY>KAEHHbIX KonebaHui, perncTpupyrTca napaMeTpbl 3aTyxaroLwmx konebaHun B cucteme
N nponsBoanTcsa nx obpaboTtka No dpopmMmynam, npeacTaBneHHbIiM Ha Puc. 9-6. [Ina gaHHoro
cnocoba norapMdMMYECcKOro AeKpeMeHTa HeobXogMMO Hanuume TOMbKO OLHOW TOMYKM
pe3oHaHca B ADPYX cucTembl.
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Puc. 9-7: OnucaHme AMHAMUYECKOro COCTOSIHUSA MeTannopexyuwero cCtaHka

ToyHocTb MeTannoobpabaTbiBalOLMX CTAHKOB 3aBUCUT OT peakuun CTPYKTYypbl CTaHka Ha
cTaTMyeckMe U AMHaAMWYecKMe Harpysku, BO3HUKawLWme B npouecce o6paboTkuM 3aroToBOK.
[ns nonHoro onucaHWst AWHaMWYEecKoro mMoBeAEeHUs CTaHka HeobxoaMMo Hanuuuve
OUHaMUYecKMx OYHKLMIA NogaTnvBoCTW, NpeacTtaBneHHbix B popme APYX unn gnarpamm
Hanksucrta, a Takke popmbl cOBCTBEHHbIX kKonebaHum cTpykTypbl (konebatenbHbIX hopMm) B
TOoYKax pesoHaHca (Puc. 9-7). MNockornbKy pacyeT AMHaMUYECKUX XapakTepUCTUK CTaHKa Mo
MoAensiM, He MpoLeAlnX MpeaBapuTernbHyl0 KOPPEKTUPOBKY Ha OCHOBE W3MEpPEHUNn,
CONpsXeH CO 3HAaYUTENBHON MOrPELUHOCTLIO pacyeTa, eMHCTBEHHbLIM Ha CErofHALHUA OeHb

[OCTOBEPHbIM CNocoboM onpeAeneHns AMHaAMUYEecKOW MoJaTNMBOCTU CTaHKa SIBNsSieTcs
npoBeAeHNe TEXHUYECKMX U3MEPEHUIA.
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Puc. 9-8: OueHKa AuHaMUYeCcKon NoAaTNMBOCTHU (hpe3epHOro cTaHka

[na onpegeneHns ouHaMmnyeckon NogaTNMBOCTU CTaHKa, MEXAY MHCTPYMEHTOM WU [eTarlbio
NnpyKrnaabiBaeTcsa AMHaMU4ecKkoe Yycunve, BenuyMHa KOTOPOro M3MepseTcsl C MOMOLLbIO
AaTynka ycunus, a peakuus CTPYKTYpbl peructpupyetca C MOMOLLbIO  AaTyYMKOB
nepemMeLleHus. MisameputenoHaa Hanagka Ans npoBedeHus Taknx U3mepeHun nokasaHa Ha
Puc. 9-8. 3nekTpuyeckne curHanbl NpoOXoOAT Yepes ycunuTenb, OuMAPOBLIBAOTCA U
noctynatoTt B 6nok obpaboTkn. O6paboTka n3amepeHHbIX curHanoB npomssogutca Ha ABM. C
MOMOLLbIO CreumanbHbIX NPOrpaMm MPOU3BOAUTCH OnpedeneHne CrnekTpanbHOro cocraBa
CUrHanoB W pacyeT AuMHaMmuyeckon nogatnueoctu B dopme APYUX wnu guarpammbl
Hanksucta. Peructpaumsi peakumv CTPYKTypbl Ha BO3[AEWCTBME OUHAMWYECKOro YCUIuS
NPOM3BOAUTCA KaK C MOMOLLbI AaTyMka OTHOCUTENbHOrO nepemMeLleHnsi, YCTaHOBNEHHOro
MeXay MHCTPYMEHTOM W AeTanblo, Tak U C NOMOLLbIO abCOMTHBIX AaT4YMKOB, (DUKCUPYEMBbIX
HenocpeacTBEHHO Ha MHCTpPYMeHTe M Ha Aetanu. Kak npaBuno, B kavyecTBe abCOMOTHbIX
OAaTYMKOB  MPUMEHSIOTCA  Nbe303NEeKTpU4eckme OaTyukM  YCKOPEeHWsl, a  BenuyuHa
nepeMeLLeHns paccymTbiBaeTCAa U3 BENWYUHbI YCKOPEHUA MyTeM [OBOWMHOW WHTerpauuu.
[dnHamnyeckoe ycunve reHepupyeTcs Ha OCHOBe CreuuaribHbIX YNpasBrsowWwmnx CUrHaros,
HanpuMep, CUHYCHbIX CUrHanoB C HapacTaloLWen YacToToM (CBUM-CUMHYC, «Sweep Sinus») uin
CUrHamoB C HOpMasbHbIM CTaTUCTUYECKMM pacnpeferieHnemM YacTOTHbIX KOMMOHEHTOB
(Hanpumep, 6Genbii wym). WToroBbIi pesynbTaT M3MepeHus onpegenserca  nocne
OCYLLIECTBIIEHUA 3aJaHHOro 4ucna Wu3MepeHun Kak cpedHee 3HadeHve nepeaaToyHomn
OYHKUMN.
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LWaroBbii cuHyc ~ CBun-CuHyc Lym MceBpo-wym Umnynbc
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HENUHENHOCTU
Puc. 9-9: Bugbl 1 cBOMCTBa CUrHaNoB BO36yAeHus

Ans n3mepeHus AMHaAMMYECKOM MoJaTnMBOCTU M NPOBEAEHMS MOZANbHOrO aHanusa ang
onpegenexHus Bnaa cobCcTBeHHbIX konebartenbHbIX hopM CyllecTByeT 60MNbLIOE KONUYECTBO
yNpaBnsALWMX CUrHAMNOB, NO3BOMAKOWNX MNPUMNOKUTE OMHAMUYECKOE YCUNUE K CTPYKType
cTaHka. Bbibop noaxoadawiero curHana HenocpeacTBEHHO BIIMSIET HA KA4eCTBO U3MEPEHMUS U
MoJanbHOro aHanumaa. Micnonb3dyemble curHanbl pa3gensaoTcsa Ha ABa knacca.

K nepBomMy knaccy OTHOCSITCSt CUrHanbl LUWyMOBOrO Tuna. [laHHble CUrHanbl XapakTepusyTcs
CTaTUCTUYECKMM pacnpeaeneHMeM YacTOTHbIX KOMMNOHEHTOB B 3a4aHHOM Anana3oHe 4YacToT
no ANUTENbHOCTW CUrHana, BCNeACTBUE YEro CMrHanamM SaHHOro Kracca HEBO3MOXHO AaTb
mMaTemaTtuyeckoe onucaHme. Ko BTOpOMY Knaccy OTHOCATCHA CUrHarmbl, Xapakrepusyemble
BPEMEHHbIMU (PYHKLMOHANbHBbIMU 3aBUCUMOCTAMW. [aHHble CurHanbl nogpasgensatrca Ha
nepuogmyeckue (Kak npaBuso, CUHYCHbIE) U anepuoguyeckue (umetowme dopmy MMNynbca).
Boibop curHana 3aBucuT OT MNapamMeTpoB WCCNeayeMon CTPYKTypbl, npexae BCero,
NMHENHOCTN nosefeHus. Npu nccneqoBaHMy CTPYKTYPbl CO CTPOro NIMHENHBbIM NOBEAEHNEM
BCE BMAbl CUrHANoOB BeayT, TEOPETMYECKU, K OOQUHAKOBOMY pe3ynbTaTty. OgHaKo NpakTU4ecKu
BCce MeTannoobpabaTbiBalOMe CTaHKM XapakTepuayloTcd, B Oonbllen WM MeHbLUen
CTEeNeHn, HENVHENHOCTbID noBedeHus. B cryyae CUHYCHbIX U MMMYMbCHBbIX CUrHanoB
pe3ynbTaTbl M3MEPEHUs 3aBUCAT OT TWNa CurHana, ero amnnuTygbl W BenYMHbI
CTaTMYECKOro NpeaBapuTENbHOrO HaTAara. Takme curHarbl XOpPOLIO MOAXOAAT ANs KOHTPOs
NVHENHOCTU NOBEAEHUS CTPYKTYpbl, AONA Yero CTaHOK noAaBepraeTca BO3OENCTBUIO
ANHAMUYECKUX CUIT PasfIUYHOM amMnnuTyabl U BapbuMpyeMbIX 3HAYEHUN NpeaBapuUTENbHOro
HaTara. [pyMeHeHne LyMOBbIX CUTHanoB, HanpoTUB, BeAeT K NvMHeapu3auuu noBeneHus
CTPYKTYpbl ANS BbIOpaHHOW aMnnuTyabl curHana.

Ha Puc. 9-9 nokasaHbl pa3nuyHble CUrHanbl, NpUMeEHseMbIE NMPU N3MEPEHUN UHAMUYECKON
noaaTnMBOCTM CTaHKa U MoAanbHOM aHanuse C ONUCaAHWEM MX OCHOBHbIX XapaKTepuUCTUK.
MNpn nccnegoBaHMM OUMHAMUYECKON MOAATIIMBOCTU CTAHKOB MPUMMEHSAOTCS, Kak MpaBuIio,
CMELLaHHbIE CUrHanbl, COCTOSLUME M3 LUYMOBbLIX M CUHYCHbIX CUMrHanoB. K OocTouMHCTBam
LWYMOBbIX CWUrHamoB OTHOCUTCS OTHOCUTENbHAs [OOCTYNHOCTb rEeHepaTopoB CUrHaroB,
ObICTpOTa MpOBEAEHUs UCCNefOoBaHUA, a Takke peanuCTUYHOCTb MOLENUPOBAHMA CUI
pesaHns. K [OCTOMHCTBAM CMHYCHbIX CUrHanoOB OTHOCUTCSA BbICOKasi 3HepreTnyeckas
NNOTHOCTb U BO3MOXHOCTb pacno3HaBaHUs HENMHENHOCTN NOBELEHUS.
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OTHOCUTENBHOE BO30YXAEHME

Ab6conTHoe BO30yXaeHue
OTHocuTenbHoe BO30YXaeHNe BHELLHEN
OMopbl, UMMNYIbCHBIA MOJIOTOK,
3MEeKTPOrMapaBnMYecKkmin abCcomnoTHbIN
aKkTyaTop

OnekTpornapasnnyeckue, Tn akTyaTopos
Nbe303MeKTPUYECcKNe, ANeKTPoANHaMNYeckme
JTlodT M3 CTPYKTYpbI yaansercs nocpencTsoM BoageiicTere
CTaTU4eCcKoro npegHarsra nogra

Puc. 9-10: CpaBHUTeNbHbIW aHanNu3 cnoco60B U3MepPEHUN U BO3OYXAeHUA KonebaHumn

OrtcyTcTBYE NpegHaTsra, NodT B CTPYKTYpe
BblI3bIBaIOT HEMUHENHOCTD

N3mepeHne pguHamukn meTannoobpabartbiBalowmx CTAHKOB MOXET OCYLLEeCTBATbCH C
NMOMOLLbBIO co34aHns abConTHOO MM OTHOCUTENbBbHOrO AMHaMUYECKOro BO30YyXAeHus
(Puc. 9-10). ABCOMNOTHOE HanoOXeHWe Cunbl UMeeT MeCTO, ecnu ee HenocpenCcTBEHHOMY
AEVCTBUIO MoABepraeTcsl TOMbKO OOWH KOMMOHEHT cTaHka. MICTOYHMKOM Cwnbl, B JAHHOM
crnydyae, MOXET ChyXuUTb aktyatop, paboTalowmin no CEenCcMUYEeCcCKoMy MNpUHLMNY,
NUMMNYIbCHBIA akTyaTop, a Takke penATUBHbLIA akTyaTop, ONMpParLWMNCca ¢ OOQHOW CTOPOHbLI Ha
OAWH N3 KOMMOHEHTOB CTaHKa, a C APYrol Ha BHELLHIOK ONopy 3a npegenamu ctaHka. B
crny4yae OTHOCUTENBHOIO HaNOXEHWUsI CUMbl, UICTOYHWUK CUMbl, YCTAHOBIIEHHbIA MeXay ABYMS
KOMMOHEHTaMWN CTaHKa, reHepupyeT 3aMKHYTbIA NOTOK CUM, MOAENUPYOLWMA OeNCTBUE CUN
pe3aHus npun obpaboTke.

Bbolbop TuMna KOHTpOMs, a Takke MOAXOASAWMX akTyaTopoB, MNPOM3BOOUTCA C Y4eTOM
cneayoLwmx ycrnosun.

1. Tlpn p[encTtBMM OTHOCUTENBHOrO OUHAMUYECKoro BO3OYXAeHUs Mexay ABYyMS
KOMMOHEeHTaMn CTaHKa BO3MOXHO CO3[aHWe B CUCTEME MNpeaBapuUTENbHOro CTaTUYecKoro
HaTdara. [laHHaa wu3amepuTenbHas Hanagka nO3BONSAET peanuCTUYHO OTpasvUTb YCIOBUS
aKcnnyataummM cTaHka npu pes3aHun. [1OoCKOMbKy »ECTKOCTb CTbIKOB M COeOUHEHUN
KOMMNOHEHTOB CTaHKOB 3aBUCAT OT BENWYMHbI NpeaBapuUTeribHOro HaTdra, NocnegHun Takke
OKasblBaeT BO3OENCTBME Ha CTAaTUYECKYHO U JUHAMUYECKY0 NOA4aTIIMBOCTMW.

2. OTHocuTenbHOE AuMHamMuyeckoe BO3OyXAeHve 3aTpygHUTENbHO B cuctemMax cC
NOABWXKHbIMW KOMMOHEHTaMu. Hanpumep, B cnyyasx, korga HeobxoaMmo npoBecTU
namepeHme A®PYX nepemewaemoro nonadyHa. [Ana uamepeHuMss nNogoOHbIX CUCTEM
NpUMeHsieTCs, Kak npaBwuno, abcomnTHoe BO3OYXOeHWe, Hanpumep, C  MNOMOLLbIO
UMMYNbCHOIO MOMOTKA UMW 3MEKTPOMarHUTHOro UCTouHuKa cunel (Puc. 9-10).

3. A6conioTHoe BO30OyXaeHVWe YMEeCTHO [ANns WCCneaoBaHus AMHaMUYECKOro MNOBeAEeHUS
OTAEenbHbIX KOMMOHEHTOB, HanMpuMMep, KOMOHH KpyrnHorabapuTHbIX CTaHKOB, 6€3 npuMeHeHus
[AOMONMHUTENBHBIX OMOPHbIX NPUCNOCOBNEHNIA ANt UCTOYHMKA CUIbI.
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Puc. 9-11: nekTporngpaBnm4eckuii OTHOCUTEsNbHbIN aKTyaTop

OneKkTporngpaBnuyeckne akTyaTopbl HaxXoOAT LIMPOKOE MPUMEHEHWE Mpu U3MEPEHUSIX
OWHamMuyeckon nopgatnmuBocTn cTaHkoB (Puc. 9-11). K npeumyliectsBam faHHOro Buaa
YCTPOMCTB OTHOCATCSA KOMMAKTHOCTb KOHCTPYKLUUKN U 3HAYUTENbHAa BENIMYMHA pa3BMBaAEMOro
AOMHaMN4ecKoro ycunus B obnactu HU3KNX 4acToT. MpuHUMn paboThl
ANeKTporngpaBfiMyeckux  akTyaTopoB  OCHOBaH Ha  MnoovyepefHoOM  AVMHAMUYECKOM
BO34EeNCTBMM paboden XMOKOCTM Nog [LaBfEHMEM Ha COOTBETCTBYHOLLUME MOBEPXHOCTU
paboyero nOpLUHS, YCTAHOBIIEHHOMO B KOPMNyce€ W COEAMHEHHOrO C TOMKaTenem, 4To
No3BONdAeT peanui3oBaTtb €ro AnHammdeckoe nepemellenune. Nogeog paboyen XXMAKOCTN NoAa
JaBreHneM OCYyLLecTBASeTCsS OT ruapasnuyeckoro arperarta. [lepeHanpasneHue noToka
NPOM3BOANTCS C NOMOLLBIO CepBO-KNanaHa. BenuunHa ctatnyeckoro npegHatsara cosgaetcs
3a CYET CMeLleHNa TornkaTens nog AeNCcTBUEM CTaTUYECKOro AaBfieHNsS HACOCHOro arperaTta
Ha 3agHeM Topue nopliHA. Ona TOYHOM HaCTPOWKM BenuYnHa npenBapuTesnibHOro Hartdara
MOXET WU3MEHATbLCA C MNOMOLLBID MOCTOSHHOrO  HarnpshkeHusi, HakrnagbiBaemoro Ha
nepeMeHHbIN anekTpuiecknii curHan. Cuna, Bo3HMKaLlass B MECTEe KOHTaKTa TonkaTtensi u
KOMMNOHEHTa CTaHKa, Wu3MepsieTca nNpu MNOMOLWM  YCTAHOBMEHHOr0 Ha Tonkartene
TeH3ogatymka. C MOMOLLbIO 3MEKTPOrMapaBliMYEeCKUX akTyaTOpOB BO3MOXHO CO3gaHue
OVWHaMMYeckmx ycunmin ¢ yactotorn go 800 Iy, OrpaHunyeHue no 4actoTe BO3HUKaET, B
nepBylo ouvepedb, BcCrneacTBMe MOPaBNUYECKOro  COMPOTUBMEHUA  CepBO-KnanaHa,
amMnnuMTygbl nepemMeLleHnd Tonkatensd, a Takke MOLWHOCTM HACOCHOro arperara.
PasBuBaeMble cTatMyeckne M AuMHaMUYeckMe ycunmna nokasaHbl Ha Puc. 9-11. BenuyuHa
cTaTUYecKoro npegHatsra moxet gocturats 7000 H.

CyLecTBYIOT  pasfuyHble  KOHCTPYKTMBHbIE  WUCMOSIHEHMSI  SNEKTPOrnapaBiNyecKmx
akTyaTopoB. ManorabaputHble akTyaTtopbl MO3BOSIAKT AOCTUYbL OoOfnee BbICOKMX 4acToT
nepemMeLLeHns TosfikaTensi, HO NPy MeHbLIMX paboumnx yeunusax. NpumeHeHne KOHCTPYKUUIA C
GonbLlON aMNANTY40N NepeMeLLeHNsa TonkaTensa yMecTHO Npy UccneaoBaHUM NoBeaeHus
noaaT/iMBbIX CTPYKTYP, Hanpumep, TPaHCMOPTHLIX YCTaHOBOK. AMMAuTyda nepemeLLeHus
TakuMx akTyaTopoB COCTaBngaeT 4o =6 MM npu YactoTte o 150 My,

Ha ocHoBe npeacTaBneHHOro OTHOCUTENbBHOrO aktyatopa 6binm paspaboTaHbl KOHCTPYKLUK
abCconTHBIX akTyaTopoB, paboTatoLmx Ha OCHOBE 0OpaTHOro cemcmMmyeckoro npuHumna. Ha
CTEpXXHe ycCTaHaBnMBaETCs MNMyHXep, CBOOOAHO MepeMellaembln Mo cTepxHio. [Nogson
paboyen XuaKoCTM NOOYEepedHO K nepeaHeMy M 3agHeMy Topuy MnyHxepa BedeT K ero
ANHaMNYeCKoMy BO3BPATHO-MOCTYyNaTeNbHOMY NMepemeLLeHnto No cTepxHo. Cruna peakumm
nepegaeTca 4Yepe3 CTepXXeHb Ha Onopbl W, aarnee, 4yepe3 YCTAHOBOYHYO MNUTY Ha
nccnegyembin o6bEKT. Ycunue, npuknagbiBaemoe K nccrnegyemomy obbekTy, nsmepsietcs
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yepes3 BenuuMHy Aedopmauun CTEPXKHS NPy NMOMOLUM TeH3odaTyvkoB. BenuuuHa ycunus
MOXEeT perynmpoBaTbCs NPUMEHEHNEM MYHXEPOB PasfMYHON Macchbl.

TexHMueckne xapakTepucTUKK
(B 3aBMCUMOCTM OT TUNOpPa3mepa)
KaTywka ®F, . 10N-2.000H
WHOYKTUBHOCTM ® Foyn: 10N - 1.800 H
®f . <20kMy

YnnotHeHnve [natdopma

CoeanHuTenb-
HbI pasbem
MeTtannuu. A
Kopnyc 'MembpaHHas
npy>xuHa
MocTosHHBIN CepaevHuk

N3 MArkoro
xenesa

MarHnT

— MarHuTHbIN NOTOK
Puc. 9-12: KoHCTpyKUUSA 3aneKTpoaAnHaMUYEeCKOro OTHOCUTENBLHOro akTyaTopa (McTouHuK: Briel & Kjaer)

OneKkTpogMHaMMYeCcKMe akTyaTopbl NPUMEHSAIOTCA Kak ANSA CO34aHMsa OTHOCUTESbHbIX, Tak U
abcontoTHbIX BO3OYxAeHUn. [nsi aToro BTOpas To4vka OMNopbl pacnonaraetcs nmbo B
npegenax, Nnbo 3a npegenammn CTpyKTypbl cTaHka. Paboyasa cxema anekTpoanHamMmyeckoro
aKkTyaTopa npefctasrieHa Ha Puc. 9-12. MNepemelleHne BHelWWHeN nnaTopMbl peanuayeTca
HanoXeHMeM nepeMeHHOro HanpskeHUsl Ha KaTywKy WHOYKTMBHOCTW. MarHutHoe none
BbICOKOM NSIOTHOCTM CO30aeTCsa B BO3AYLIHOM 3a30pe CUIbHbIM MOCTOSIHHLIM MarHUTOM, YTO
Nno3BONSET peann3oBaTb BbICOKME YCUMWUS MPU HU3KOWM MOLWHOCTU ycunutensa. Obnactb
NPUMEHEHUS ANEKTPOANHAMMYECKMNX aKTyaTOpOB AOBOMbHO WKNpoKa. OHN NPUMEHSAOTCA Kak
OIS UCNbITaHMUST KOMMAKTHBIX AeTanen, Tak n KpynHorabapuTHbIX MeTannoobpabartbiBaroLwmx
ctaHkoB. CyllecTBYOT  pasfnyHble  KOHCTPYKTUBHbIE  WCMOSIHEHWUS,  MO3BOMAOWME
peanusoBaTb CTaTMYeCKUin NpegHaTar BenvynHon ot 10 go 2000 H n ganHamunyeckmne yennusa
0o 1800 H npu yactotax go 20 kl'y,.
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Mnockuii aktyaTop BrvMopdHbIN akTyaTop
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Puc. 9-13: KOHCTpYKTUBHbIE BapuaHTbl Nbe30MeXaHUYeCKNX aKTyaToOpoB (MCTOYHUK: PI)

B ocHoBe OencTBMA Nbe30MeXaHNYECKMX akTyaToOpoB JIEXUT Mbe303NIeKTPUYECKNN 3pdekT.
lMoa Nbe3oanekTpuyecTBOM MOHMMAETCS CBOWCTBO HEKOTOPbIX KPUCTaNMoB reHepupoBaTb
3NEeKTpUYECKUI 3apag No4 AeNCTBMEM MexaHudeckor cunbl. CyllecTByeT Takke n obpaTHbIn
NbEe303NEKTPUYECKNN 3PAEKT, XapaKTepusywmni CBOUCTBO HEKOTOPbIX KepaMmnyecKmnx
3MIEMEHTOB N3MEHATb CBOK (DOPMY B MPOAOSIbHOM UK NONEepeYHOM HanpasfieHun (GrnHy
UNn TOMWMWHY) npy coobleHnn MM anekTpudeckoro 3apsga (Puc. 9-13). CyuwecTtByloT
pasfiMyHble KOHCTPYKTUBHbLIE UCMOMHEHUS Nbe30MeXaHUYecKUX akTyaTopoB, NPUMEHSIEMbIX
ONS HanOXeHUs1 BbIHYXXOEHHbIX konebaHun Ha wucnbiTyeMble 00bekTbl. KoHCTpyKums,
ucnone3ayowas addeKkT NPOAOMbHOr0 pPacLUMPEHNA NbE30ANEKTPUYECKNX IIEMEHTOB B
HanpaBneHun nx nonapusauuun, COCTOUT U3 HECKOMbKUX anemMeHTOB. [JaHHas KOHCTpyKuus
HOCUT Ha3BaHWSA COCTABHOMO akTyaTtopa, CyYMMapHbIn pabounin xon KOTOPOro cknagbiBaetcs
N3 BENMYUH OTAENbHbIX Aedopmaumi anemeHToB. AddekT nonepevHon pedopmaunm
Nbe30KpPUCTannoB HabroaaeTcs NPy HANOXEHUN HANPSKEHUS B HaNpaBreHnn nonsapusaumnm
aneMeHTa n ero nonepevyHom cxatumm Al. MNpu 9TOM Kaxabli 9NeMeHT, BXOAALWNA B COCTaB
aKkTyatopa, BbINOMHAET MOnHbIN pabounn xon. [lpUMeHeHne COCTaBHOW CTPYKTYpbl
00ycrnoBneHo BbLICOKMMM TpebOoBaHUAMM K XECTKOCTU M cTabunbHOCTM akTyaTopa. Ewe
OAHWUM  KOHCTPYKTMBHbIM  BapWaHTOM  MbEe303fIEKTPUYECKMX  aKTyaTOpOB  SABMsieTCs
6umopdHass nnactuHa. [daHHasa  KOHCTpyKuus npeacraenser cobon  ocobeHHyro
pPa3HOBUOHOCTb COCTABHOIMO MNbE303NIEKTPUYECKOrO KOMMOHEHTa, MOBeAEeHME KOTOPOro
CXOOHO C noBedeHMeM bumeTannuyeckon nnactuHbl. bumopdHas nnactmHa cCocTouT M3
OBYX Nbe303NeKTpuyeckux (Hanpumep, Kepamudeckux) nnactuH, KoTopble Npu HanoxeHuu
HanpsbkeHna un3rnbaroTcss B NPOTMBOMONOXHbLIX HanpasneHuax (Puc. 9-13). CywecTtByloT
pa3fiMyHble KOHCTPYKLMM Mbe30aKkTyaTopoB, paboTalwlimnx C BbICOKO- UM HU3KOBOJSIbTHBIM
anekTponutaHuem. [ns peanuMsaumm makcumanbHO BO3MOXHOro paboyero xoga akryaTtopa,
paboTalowero Ha BbICOKOBOSIbTHOM MNUTaHUKM, Heobxoammo HanpsbkeHve go 1000 B.
AKTyaTopbl, paboTalolmne Ha HU3KOBOSIbTHOM MUTaHWUW, XapakTepusyeTcsi Bern4MHOMN
HanpsbkeHns nopsagka 100 B, goctaTodHOW Ana AOCTMXKEHUS MaKcMmanbHOW aedhopmaumm
nbe3okpuctannoB. CHwkeHne paboyero HanpshkeHust OOCTMraeTca 3a CYET YMEHbLUEHUS
TOMWMWHbI OTAENbHbIX MNbe303neMeHToB. OAHako paboynin TOK B OaAHHbIX KOHCTPYKUMSIX
3HAUUTENbHO BbIWE, 4YEM B BbICOKOBOJSIbTHbIX YCTPOMCTBaxX. YacTtoTbl BbIHYXOEHHbIX
konebaHui, reHepmMpyeMbix Nbe3oakTyatopamu, MoryT gocturatb 20 kl'y. Paboune xogbl npu
3TOM, OHaKO, AOBOSbHO Marbl.
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Puc. 9-14: 3neKTpoMarHUTHbIE aKTyaToOpbl

C nomoLblo 3MNEKTPOMarHUTHbIX aKTyaTOpOB BO3MOXHO OeCKOHTaKTHOoe HanoXeHue
BbIHY>XXAEHHbIX KornebaHun Ha ucnbiTyemble 0ObeKTbl. BECKOHTaKTHbIM MeTon HanoXeHus
konebaHun npuMeHsaeTCsl, Hanpumep, MNpyv UCCReLOoBaHWM MOBEAEHMS BpaLlaloLUXCs
wnuHgenen. Ha Pwuc. 9-14 nokasaH npuvHUMn paboTbl SMEKTPOMarHUTHOrO aktyartopa.
MarHuTHbIn noTok U-06pasHOro anekTpomarHuta 3amblkaeTcsl BO BpallaloLeincs poTope.
[Ona cHwKeHusa noTepb BCrneacTBue OeNCTBUS BUXPEBbLIX TOKOB POTOP M3roTaBfvMBaeTCcs U3
NINCTOB 3rEeKTPOTEXHUYECKON cTanu. [ng co3gaHna ctaTtMyeckux U AMHaMU4ecKnx ycunmin B
BO3YLUHOM 3a30pe MexOy MarHUTOM M KOSTOAKOW MPUMEHSIOTCA ABe KaTyLUKW, Ha KOoTopble
nogaeTcd COOTBETCTBEHHO [MOCTOSHHLIM W NepeMeHHbln ToK. BenunuuHa ycunui
PErNCTPUPYETCS C  MOMOLLBK  MNbE303NEKTPUYECKMX  OAaTYMKOB  CUnbl.  3HaveHue
nepemMeLLeHnin n3mMepsaeTcsi C NOMOLLIbIO BECKOHTAKTHbIX 4aTYMKOB BUXPEBbLIX TOKOB. [JaHHbIN
aKTyaTop MO3BONSAET peanns3oBaTb BblHYXOEHHble konebaHua ¢ 4vactoton go 1000 [u,
cTtatnyeckue ycunus go 2000 H u anHamudeckune yemnua go 130 H.
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HanpasneHve genctemd cunbl I

Puc. 9-15: MpuHumn gencteua gucbanaHcHoro aktyatopa ( Friedrich Schwingtechnik GmbH & Co. KG)

Ha Pwuc. 9-15 nokasaH abcontoTHbIM AucbanaHCHbIN akTyaTop, NO3BONSHOLNA HANOXUTb
CVHYCHble BbIHYXOEHHble KonebaHnss Ha ucnbiTyembln 06bekT. C  NOMOLLbIO  ABYX
9KCLIEHTPMKOBbLIX KyNayKoB, BpallaeMbiX B NPOTUBOMOSOXKHbLIX HanpaBreHusiX, reHepupyeTcs
ANHaMN4YecKoe ycunume no ocu y, BENnYMHa KOTOporo onpeaenseTca CyMMOW LLEHTPOOEXHbIX
CMN  Ha Kaxaom Kynayke. KoOMMOHEHT cunbl NO OCM X OTCYTCTBYET, TaK Kak
pa3HOHaNPaBfEHHOCTb ABWKEHUA B3aMMHO YHUYTOXAET YCUNUSA B 3TOM HanpaBneHun ocen
koopauHaT. YacTtoTa BbIHYXOEHHbIX KonebGaHun onpegensieTca 4acToTOW  BpalleHus
KynaykoB. HegocTtaTtkom JaHHOW KOHCTPYKLUMM SBNSAETCS KBagpaTuyHas 3aBUCMMOCTb CUIbl
OT 4acTOTbl BpaLWEHUs, YTO OCNOXHAET HaCTPOWKy BenuuuHbl ycunus. OB6blMHO Ans
HACTPOWKKN yCUnnsi He0BXOAUMO U3MEHEHNE MACChl U BENUYMHBI SKCLLEHTPUCUTETA KyNayKoB.
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Puc. 9-16: UMNynbCHbIN MOMOTOK ANS CO3AaHUA AUHAMUYECKUX YCUMUN

Ana HanoxeHus BbIHYXAEHHbIX KonebaHui Ha uccnegyembin 06beKT nocpencTBOM yaapa
NPUMEHSIOTCA  MMMYNbCHblE  MOSOTKW, MNpeAcTaBnsaowme coborm  pasHOBUAHOCTb
abConTHBLIX  aKTyaTOpOB. [aHHbIN BUA aKTyaTopoB ABrseTcs Hanbonee
pacrnpocTpaHeHHbIM MpyY  MpPOBedEeHUM  UCCMeaoBaHWA  OUHAMUYECKOro  noBedeHus
pasfiMyHbIX  CTPYKTYp. WMNyrnbCHble MOMOTKM  MU3roTaBfMBaKOTCAd  MHOMOYUCHEHHBIMA
npovsBoaANTENSMU U3MepUTENbHOW annapaTypbl. Kak BUOAHO M3 yCTpPOWMCTBa MMMYfbCHOMo
MONOTKa, NpeacTasneHHoro Ha Puc. 9-16, nsmepeHne CMnNoBoro MMMyrbca nNpon3BoanTCs C
NOMOLLLIO KBapLEBOro AaTyuMka ycunusa unu TeHsogaTtyumka. Ona M3MeHeHus BenunyuHbl
uMnynsca npegycMoTpeHa BO3MOXHOCTb MOAUMULMPOBAHUA Beca MOJSIOTKa Mpu MOMOLLN
BGannacTHbIX HacagoK. XapakTepHasi YacToTHas obnacTb BO3AENCTBUSA CUNIOBOro MMMynbca
onpegensietca matepuanom 6orika. Kak npaBuno, B KOMMMEKTE MOCTaBNAlTCA GONKM U3
pasfnuyHbIX MaTepuanos (nracrmacca, pesvHa, ctanb U T.4.), NO3BOMSALWMX peanusoBaTb
pasfMyHylo ANUTENbLHOCTL MMMNYIbCa N ero cnekTparnbHbIN COCTaB.
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YnpaensioLue curHanbl
CMHYCHBIN CTOXacTuny. EMEEVRTAIL Makc. MakKc. CocTosiHme
F fITI(:{)(
Fayn [ CTaHka
t t
S S LIRS X X 20Ky 1.800H  2.000H
pen. aktyaTop
HenoaBuXHOCTb
N ST X X 1.200My  1.500H  7.000H PYHKUMOHAMbHBIX
pen. akryaTop N CTPYKTYPHbIX
KOMMOHEHTOB
Mbe3oaktyatop X X <20 kY 25H 30.000H
OneKTpOMarHuTH. X X 1000y 500 H 2 000H Bpawuatowmiica
pen. akryaTop LWNUHAEenNb
OnekTporvapasn. X X 500y 2 000H [MocTyn. v BpaLy,.
abc. aktyaTop OBWX. KOMNOH-TOB
o MocTyn. nepemeL,.
ALl i@ X 2.5000y, KOMMOHEHTOB NN
MOJTOTOK
HEMOABWXH.

Puc. 9-17: O630p OCHOBHbIX XapaKTepUCTUK U obnacTen NPMMEeHeHUA Pa3nNMyHbIX aKTyaTopoB

Ha Pwuc. 9-17 npepgcTtaeneHbl obnact NpUMEHEHMSI pasnuyHbiX akTyaTopoB. OGnactb
NPUMEHEHMS onpeaensieTcss TUMOM peanuayemblX BbIHYXOEHHbIX KonebaHuii, BENMYMHON 1
4acTOTOW AMHaMU4YeckuMx ycunuid. KayecTBO M3MepeHUss HenocpencTBEHHO CBSI3aHO C
npaBuUNbHbIM BbIGOPOM akTyaTopa W ynpaBnsitoLLEero curHana anst KOHKpeTHoOW uccrneayemon

CTPYKTYpBbI.
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OCHOBHbI€e BONPOCbI AMHAMUKM CTaHKOB
IdnHamMmunyeckasa nogaTnMBOCTb CTaHKOB
MopanbHbIM aHanus

Buabl n npyuynHbI BUGpauun npm mexaHu4yeckom obpaborke

3aknroueHue
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AnpoKkcuMauusi CTPYKTYpbl CTaHKa AHanus pe3ynsTaToB U3MepeHUsi Kone6arensHas cdopma
nocpeacTeom 200 - 300 Touek, (Curve-Fitting) npu 6 Ny
pacnonoXeHHbIX Ha CTPYKType

NOCTOSIHHAs 3aTyXaHus
V =  cobcTBeHHasi YacToTa (C 3aTyxaHuem)

N=  4nCro COBCTBEHHbIX 4aCcTOT
k= NHOEKC
M;= acpdektnaHas macca (W<Wpy)
S;j= ocTaTouHas KecTkoCTb (W>Wiay)
WHpekcebi:
i: HanpaBneHwve gencTBus cunbl G (jo) = - 1 + n [ Uik + jViik +_ Uik - Viik }L s AHanua npu4nH
i i - _ n _ — T ] v
j: HanpaBneHve nepemeLyeHns 1] M;ij k=1l ~Hi i@ =vi) -l i@+ vy) AvHaMu4eKor Aecopmanum

Puc. 9-18: OcHOBHbIe NONOXeHUs1 MoAaribHOro aHanusa

Co3pnaHue mogenu

m CraHuHa

® Hanpasnswowue

® [lon3yHMNoocKz co CTOJNIOM
m [lepemellaeMas KONIOHHA
m [lonsyHnoocuny

m Kopnyc wnuHaens

B VIHCTpyMeHT

Puc. 9-19: Anpokcumauus CTPyKTypbl cTaHKa (o6pabaTbiBatomin LLIEHTP)

Ona Busdyanusaumm konebatenbHbIX (POPM B TOYKax pe3OHaHCa CTPYKTYpbl CTaHKOB
npuMeHsieTca ModanbHbli aHanus. [logrotoBka K NpoOBeAEeHUI0 MOAanbHOro aHanumsa
HauyMHaeTCa C MNOCTPOEHUs ceTyaTblX Modenen OTAeNbHbIX KOMMOHEHTOB CTaHKa, Kak
nokasaHo Ha Pwuc. 9-19. PacnonoxeHue oTOenbHbLIX Y3MNOB W AeTanusaumsa mopenmu
HenoCcpeACTBEHHO ONpeaensoT Ka4eCcTBO U NOMHOTY MHpopMaLny 0 NnoBegeHUN oTAeNbHbIX
y3MOB B TeX WM MWHbIX TOYKax pe3oHaHca. Pernctpaumss nepemelleHun OTAENbHbIX
KOMMNOHEHTOB CTaHKa [JOIKHa MPOM3BOOMTLCA B TOYKaX, PacrnoNOXeHHbIX HanpoTus Apyr
apyra, ons Toro, Ytobbl OLUEHUTb OTHOCUTENbHbIE NepeMeLleHNs B CTbikax U COeANHEHUNAX
OTAenNbHbIX KOMMOHEHTOB. Pesynbtatbl naMmepeHus obpabaTtbiBaloTCs MaTteMaTU4ecku C
NPUMEHEHMEM KOMIMMEKCHbIX aHanuTnyeckux avddepeHumansHblX ypaBHeHU (PUTUHra),
kak nokasaHo Ha Pwuc. 9-18. B npouecce matemaTudeckon o0paboTkM paccuuTbiBalOTCS
KOMMMEKCHble BEeKTOpbl NogaTfMBOCTU M OOBPOTHOCTb CTPYKTYpPbl Ha COOTBETCTBYHOLLUX
yacTtoTax pesoHaHca. [lanee Ha OCHOBE paCCUYMTaHHbIX MepedaToyvHblX  YHKLMA
npou3BoANTCA rpaduyeckoe npeacraBreHne konebartenbHbiX OopM.
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TpexkoopauHaTHbIN
[aTymK YyCKOpeHun

Kopnyc wnuHaena

MakeT nHcTpymeHTa

Hdatunk cunbl

MmapaBnuyeckuin pensTUBHbLIN
akTyaTop

MoHTaxHasa nnuTta

Cton cTaHka

Puc. 9-20: UamepuTenbHasa Hanagka ansa npoBeaeHUs MoAanbHOro aHanusa

Bbi6op 1 uncno Tovek
n3mepeHusa onpegenset
TOYHOCTb BM3yanu3aumm
KonebaTenbHbIX hopm

B Ha nokasaHHOM npumepe
ncnonb3oBaHo 180
N3MepUTENbHbBIX TOYEK

B MuHUMYM TpW TOYKM Ons
onpeaeneHns N3rmbHbIX
konebaHumn

m CocegHue ToYKn

B MecTax CoOeUHEHNN

Puc. 9-21: Bbi6op noaxoaaiumnx Touek ans namepeHus (o6pabaTtbiBalowmii LeHTp)

Ona HanoxeHus BblHYXOEHHbIX KOnebGaHu Ha CTPYKTypy CTaHKa MpUMEHSAITCA
cneuunanbHble YNpaBnsilOLLME CUrHanbl, COAEpXalme CTOXacTUYEeCKMe U CUHYCHble
KOMMOHEHTbl B 3a4aHHOM AuanasoHe 4actoT. [1ogaTnuBOCTb CTaHKa B TpeX HanpabrieHusx
ocen koopauHat peructpupyetca B dopme ADPYX. MartemaTtudeckn obpaboTaHHble
pe3ynbTaTbl M3MepeHun (MaTemaTudeckme NOMMHOMHbIE  (DYHKLMKW,  OMuCbiBaloLme
OVNHAMWYECKyl0 MOAATNMBOCTb  CTPYKTYypbl, ONpedefneHHble B npouecce UTUHra)
NpeacTaBnsalnTCAa B BuAe BU3yanu3MpoBaHHbIX konebaTenbHbIX POPM, Kak MoKas3aHo Ha
Puc. 9-21. CyuwiecTBylOT pasnunyHble MaTemMaTuyeckme MeToAbl NpoBeAeHus UTUHra.
MprHUMNManNbHO OHWM NOAPAa3nenaTCa Ha ABE KaTeropumn:

- MeTof ogHomaccoBown konebaTenbHom cuctemsbl (single-degree-of-freedom, SDOF);

- MeTof MHOromaccoBow konebaTenbHom cuctembl (multiple-degree-of-freedom, MDOF).
Metog opgHomaccoBon cucteMbl paccmatpuBaeT APYUX  CcTpykTypbl Kak OBLLHOCTb
N30MNMpPOBaHHbIX APYr OT Apyra OA4HOMAacCoBbIX KorniebaTenbHbIX cUCTEM. OTO O3HA4aeT, YTo
HeoOxoaumble Onsi  BuM3yanu3aumm coOCTBEHHOW konebaTtenbHoM opMbl  pacyeTbl
NpOBOOATCA ANSl KaXKAOM TOYKM pe3oHaHca OTAenbHO, 6e3 yyeTa Hanuuua Opyrnx Tovek
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pe3oHaHca. Toukn pesoHaHca B APYUX OOMKHbI 3HAUYMTENBHO pasnMyaTbCs MO YacTtoTe, C
TeM, 4YTOObI BbINOMHANOCL YCNOBUE OTCYTCTBUSI B3auMOBUsIHUSA. [onHasa APYX cTpykTyphl
npeacrtaBnsgeTcd MaTeMaTUyeckM Kak CymMMa aHanuMTUYeckux YHKUUN  OTAeNbHbIX
OfHOMAacCOBbIX KonebaTenbHbIX cucteM. MaTtemaTudeckun aHanms OUHaAMUYECKOro
noBedeHNs CTPYKTYpbl C NnomMowbio MeTogoB SDOF oTnuyaeTcs GbICTPOTON BbINONIHEHUS U
He TpebyeT npumeHeHus BbiCOKonpoussoauTenbHbix 3JBM. OpgHako, BcneacTeue
HEBbIMOMHEHNST YCIIOBUSA OOCTAaTOYHON WM30NUPOBAHHOCTU OTAENbHbIX TOYEK pe3oHaHca B
A®YX peanbHbIX MEXaHW4YECKUX CTPYKTYp, pesyrnbTaTbl 00paboTkM AaHHbLIX C MOMOLLLHO
AAHHOI0 MeToda 3HAYUTENbHO MEHEEe TOYHbI, YeM pesynbratbl cnocoba MDOF. OutmHr
3KCnepuMeHTanbHbIX JaHHbIX C NOMOLLLID MEeTO4a MHOrOMacCOBbIX KorebaTenbHbIX CUCTEM
Npov3BOANTCA OOHOBPEMEHHO [ANA HECKOMbKUX BbIOPaHHbIX TOYEK pe3oHaHca, 4To
Nno3BongdeT 3HA4MTerbHO MNOBLICUTbL TOYHOCTb aHanNUTUYEeCKOW amnIUTyaHO-(a30BON
YaCTOTHOM XapaKTepUCTUKN NogaTAMBOCTU CTPYKTYPbl CTaHka. [aHHblIA MeTo MpUMEHUM K
APYX ¢ 6nmM3ko pacnofioXKeHHbIMW TOYKaMW pe3OHaHca, a Takke K To4YKaM pe3OHaHca C
BbICOKMM YPOBHEM 40BPOTHOCTMW.

OcHOBHbIe BONPOCbl AUHAMUKUN CTAaHKOB
OuHaMunyeckas NnogaTNnUMBOCTb CTAaHKOB
MopganbHbIV aHanus
n Buabl n npu4nHbI BUGpauun npm MexaHu4yeckom obpaborke

3aknioyeHune
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ABTOKONEb6aHUsa BbIHYXXOEHHblE KonebaHus

KonebaHus ¢ cobCTBEHHOM YacTOTOM B KonebaHus c yacTtoTon Bo30yKaeHus
NPy NEPUOANYECKOM HaNOXEHUN CUMbI
®m KonebaHunsa ¢ coGCTBEHHOW YacTOTOM
NPY UMMNYNbCHOM HaMNoOXEHUN CUIbI

[MpryuHbI MpuYuHbI
PereHepaTuBHbIN 3chhekT MpepbiBUCTOE pe3aHue

ConpsiKeHHbI pe3oHaHC Bpe3aHue pesua B 3arotoBKy
HeogHopoaH. pesaHus Mepenayva BuGpauun vyepes
Hucnapatowas F-v xapaktepuctuka yHOAMEHT

O6pa3soBaHue HapocTa Ha Bruenne, BubpaLmm NoaLLNNHUKOB
pexyLien KpoMKe [NepemMeHHbIe cunbl pesaHns

ABTOKONebaHus BHellHue konebaHus

Amnnutyga konebaHmn

my6unHa pesaHus

AmnnuTyga konebaHui

[
»

my6uHa pesaHus
MpaHnyHas rnybuHa: a,, f(n)f(ny) Yacroraf(lu]

MNopaTtnmBocTb

Puc. 9-22: AMnnuTyaa Bu6pauumi npu o6paboTke B 3aBUCUMOCTU OT IMyOUHbI pe3aHus

B npouecce pesaHns Ha 3agaHHble [NaBHble M BCroMoraternbHble paboune OBUXKEHUS
YHKUMOHAmMbHbIX KOMMOHEHTOB CTaHKa HaknagblBawTcs BuOpaumu, CBSA3aHHble C
BO3OENCTBMEM CWUN pe3aHnd U BHELWHMX BO3MyLLaloWwmMx Bo3gencteui. 1o npupoae
BO3HMKHOBEHUs BMOpauun npuv pesaHun pasnuyalT BblHYXAEHHble Konebawus u
aBTOoKONnebaHms. Ha Puc. 9-22 npuBeaeHbl MNPUYMHBLI BO3HUMKHOBEHMSI BuUbpauuin npu
MexaHn4eckon obpaboTke. BbIHYXOeHHble konebaHns BO3HUKAIOT NO4 AENCTBUEM BHELLHUX
BO3MYLLEHWIA, Hanpumep, Bubpaumm yHOameHTa, BuOpauum BCNELCTBME HETOYHOCTU
N3roToBneHnss n aucbanaHca yHKUMOHANbHbIX KOMMOHEHTOB (bueHune, reomeTpuydeckue
OLIMOKN MOALLMIMHMKOB), BUOpaUmnn n3-3a Bpe3aHusi UHCTPYMEHTa B 3aroTOBKY, MPEpPbLIBUCTOE
pesaHue (kak npu dpesepoBaHun). BHelwHne konebaHusi xapakTepusytoTcd Bubpauuen
CTPYKTYpbl C 4acTOTOM BO3MyLLatowen cunbl. AMNnuTyaa konebaHui Bcneactene encTens
BHELWHeN cunbl TeM Oonblie, Yem Onmxke yacToTa BO3MyLUAKOLWEN Cunbl K COBCTBEHHOM
yacToTe CTPYKTypbl cTaHka. OuyeBMOHO, 3TO CNpaBensIMBO TOSMbKO ANsi NEPUOANYECKOMn
BHeWwHen cunbl. [Npy [EencTteuM CUNoOBOro  MMMyfbCa BO3HMKAKOLWME BbIHYXXOEHHbIE
konebaHua CTPYKTYpbl XapakTepusyloTcst NPENMYLLECTBEHHO COOCTBEHHbIMM YacToTamu, a
amnnutyga  konebaHum  aKCMOHeHuManbHO  3aTyxaeT. W3bexarb  BO3HUKHOBEHMS
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BblHY)XXAEHHbIX  KonebaHun  Gonblwon amnnuTygbl  BO3MOXHO  MyTEM  yCTpPaHeHWs
BO3MYLLAOLLEN CUMbl UM COOTBETCTBYIOLLEN HACTPOMKOM ee 4acToTbl Ha AOCTaTOYHOM
yOaneHuu OT pe3OHaHCHOW YacTOoThbl CTPYKTYPBI.

ABTOoKONebaHna xapakTepusyloTca BubOpaumen CTPYKTypbl Ha OOHOW UMM  HECKOMbKUX
Pe30HaHCHbIX YacToTax, MpMyYeM BO3OEeNCTBME BHELUHUX BO3MYLLAIOLWNX CUN Ha CTPYKTYpPY
otcytcTByeT. OOHOM M3 BO3MOXHbIX MPUYUH BO3HWKHOBEHUS aBTokonebaHum sasnsieTcs
HanuMune «lWymMa» CUN pes3aHus, cofepallero criydaMHo pacnpeferieHHble 4acToTHble
KOMMOHEHTbl M Bedylwine K BuBpaumsiMm CTPYKTYpbl B LUMPOKOM YacTOTHOM [uanasoHe.
Avnnutyga konebaHunM CTPYKTypbl MakcumanbHa B o06nactu CcOBCTBEHHbIX 4acToT,
BCrieacTeme Yyero Ha obpabaTbiBaeMon NOBEPXHOCTUN 3aroTOBKU BO3HWUKAKOT BONHOODOpa3HbIe
OTKITOHEHMST OT 3adaHHOro Npoduns, MMerLlmne nepmod, obpaTHbii COOCTBEHHOM YacToTe
Bnbpaummn. MNMoBTOpHOE Bpes3aHme pesua B BOMHOOOPa3HbI Npoduib MOXET MPUBECTU K
camoBo3byxaeHno konebaHwin B cucteme C OAHOW WM HECKOMNbKUMU COBCTBEHHLIMU
YyacToTaMy U HaACTyMMeHno HecTabunbHOro COCTOAHUS, Bedylwero K ckadkoobpasHomy
MOBbILLEHNIO aMMnuUTygbl KornebaHun, Kak nokasaHo Ha Pwuc. 9-22. [laHHoe 4BreHue
Ha3blBaeTcHa pereHepaTnBHbIN 3O EKT.

Mpn oOTCyTCTBUM pereHepaTUBHOrO 3dpekTa, «WyM» CUI pe3aHns XapakTtepusyetcs
ypes3BblYaNHO ManbiMM aMnauTyaamMn, He OKa3blBalWwMMM 3aMeTHOrO0 BO3LAENCTBUSA Ha
KayecTBO 0OpaboTaHHOM MNOBEPXHOCTW, Hanpumep, MpUM TOYEHUU UNU pes3epoBaHUN.
OpHako, onsg UHULLIHBIX onepauun, Hanpumep, WNMdoBaHNA U NONNPOBaHWS, ManenLmne
OTHOCUTENbHbIE NEepeMeLLeHns MeXay WHCTPYMEHTOM W JeTanbid B BepTUKalibHOM
HanpaBneHuy BedyT K NOSIBIIEHNI0 HeAONyCTUMbIX OTKIIOHEHWU pa3MmepoB 1 opMbl. Hacto
OaHHble OTKMOHEHUs MOryT ObiTb OBHaApyXeHbl TONbKO ONTUYECKW, HO, TEM HEe MeHee,
ABMATCA HeponyctumbiMK. Yacto Bubpauum BcneacTtBue «lyma» CUN pesaHus
npeacTaBnaloT cobon TpyaHOpaspewumyto TexHWYeckyro npobnemy Ans  UHULLHBIX
MeToaoB 00paboTKu.

Ewe oaHon npMynHOn BO3HUKHOBEHUS aBTokonebaHun sensetcs ahdekT YMeHbLUEHUs Cun
pe3aHus nNpu yBerimdeHuM CKOpOCTM pe3aHusd. MexaHnsm BO3HUMKHOBEHUS HecTabunbHOro
COCTOSIHUSA BCneacTBMe [JdaHHOro addekta CXo4eH C  MexaHU3MOM BO3HUKHOBEHUS
NPepbIBUCTOrO CKONbXEHUA B rMapoAuHaAMUYECKUX Hanpaensowmx ckonbxeHus (stick slip),
npy KOTOPOM HabnogaeTcs HeraTMBHbIA HAKMOH KPUMBOW CUMbl pe3aHust Mpu yBenuyeHun
ckopocTu. [aHHbI 3pekT BO3HMKAET TONMbKO MNpU pexmmax obpaboTkm C HU3KMMMK
CKOPOCTSIMU pe3aHusi, MOCKONbKY TOMbKO B 3TMX 0bnacTax HabnogaeTca SpKo BblpaXKeHHbIN
HeraTUBHbIA HaKIOH KpMBOWM cun pesaHus. lNpyn MCNONb30BaHUM COBPEMEHHbLIX PEXYLLMX
MaTepuanoB, 3HA4YeHUS CKOPOCTEW pe3aHud, Kak NpaBuro, fexaTr 3HaYuMTerbHO Bbllle
obnactu, B KOTOPOM MOFyT BO3HUKHYTb aBTOKonebaHus BCreactBMe onucaHHoro adpdpekTa.
To xe cnpaBegnvMeBo M AN OUMHAMUYECKOro obpasoBaHMs HapoCTa Ha pexyllen KpoMke,
nMetoLero Mecto B ob6mnactM OTHOCUTENBHO HU3KMX CKOpPOCTeN pesdaHus. [daHHbin addekT
TaKKe MOXET MPMBECTM K BO3HMKHOBEHMIO aBTokonebaHun. ObpaboTka ¢ 6onee BbICOKMMM
CKOPOCTSIMU pe3aHusi MpakTUYeckn He NpUBOAUT K AMHAMUYECKOMY 0BGpasoBaHUI0 HapocTa
Ha pexyLlen KpoMKe.

BosHukHOBeHMe aBToOkonebaHun BCrneacTBMe HanuuuMs TOMEK pe3oHaHca no AByM u 6onee
KOOpAWHATHbIM OCAM CTaHKa Ha O6nuM3kom 4vacTtoTe MonyyYusio HasBaHue adydekTa
COMPSDKEHHOro  pe3oHaHca. HectabunbHoe  COCTOSIHME — BO3HUKAeT  BcreacTBue
B3aMMOAENCTBUSA pa3Hbix KonebaTenbHbIX (OPM C  BbIP@XEHHbIM  OTHOCUTENbHbLIM
nepemMeLleHnemM MHCTPYMeHTa M 3aroTOBKW, HanpuMmep, Mo Ocu X Uy, nog AehCTBMEM CUI
pesaHnsa. OcCoBeHHOCTLI0 3ddeKTa COMPSPKEHHONO pe3oHaHca SBMSIETCA BO3MOXHOCTb
BO3HWKHOBEHUS CcaMoBO30yaMMbIX KonebaHun npu HyneBOM MepekpbiTUM TpaekTopum
OBWXEHUS MHCTpyMeHTa C obpaboTaHHbIM npodwunem pgetann. B cpaBHeHun,
pereHepaTuBHbIA 3(EeKT B OaHHOM Crydae He MOXET BO3HWKHYTb MO onpeaeneHuto,
NOCKOJIbKY OTCYTCTBYET NOBTOPHOE Bpe3aHue pexyLuen KpOMK/M B BONHOOBOpasHou npodusb
3aroToBku. NMo3aTOMy aheKT CONPsKEHHOro pe3oHaHca MOXET NPUBECTU K BO3HUKHOBEHUIO
HecTabunbHOro COCTOSIHUA, HanpuMep, MpuM Hape3aHun pes3bbbl, a TaKkkKe TOKapHbIX,
cTporanbHblX M WnMdoBanbHbIX OMnepauusax € HU3KUM MepekpbiTueM, T.e. BonbLIon
NPOAONLHON Nogadven.
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B cnyyae HacTynneHusi HecTabuibHOrO COCTOSIHMSI B pearnibHOM npouecce o6paboTku
onpegenuTb NPUYNHY HEeCTaburnbHOCTU OOBOMbHO CROXHO. [na Toro, 4tobbl AOCTOBEPHO
pasnuMunTb aBToKonebaHns 1 BbIHYXXAEHHbIe KonebaHua HeobxoauMO NPOU3BECTU TECTOBYIO
06paboTKy C M3MeHeHMeM MapameTpoB MpoLecca pe3aHus 1 OOHOBPEMEHHOE U3MepeHue
amnnuTyabl konebaHwn. B cnyvae, ecnu amnnutyga yeenuuMBaeTcs NpPOMOPLMOHANbHO
rnybvHe wunu WWpuMHe pesaHusi, B CUCTEME NPUCYTCTBYIOT BbIHYXAEHHble KonebaHus
BCrNeACTBME Bpe3aHMs WMHCTPYMEHTa B 3aroToBKy. YacTtoTa konebaHunm cooTBeTCTBYET, B
AAHHOM cry4vae, 4yacToTe BHELLUHero BO3MYLLUEHUS UKW ee rapMOHUYECKMM COCTaBMAOLWNUM
BbicLlero nopsgka. ABTokonebaHusi xapakTepusyloTcs CKaykooOpas3HbiM  MOBbILLEHUEM
aMmnnuTygbl NpyU AOCTUXKEHMM TaK Ha3blBaEMOW KPUTUYECKOM rnyOuHbl (Mnn  LUMPUHbI)
pe3aHud. Yactota konebaHun HaxoguTcs npu 3TomM B 06MacTu O4HOM M3 TOYEK pe3oHaHca
CTPYKTYPbl 1 HE MEHSAETCHA MPU pasHblX YacTOTax BHELUHEN Harpys3Kku.

[nsa BbisBneHus konebaHuin, BO3OENCTBYIOLLMX HA CTAHOK U3BHE, HEOOXOAUMO NPOBEPUTH
Hanuume BMOpauMi Npu BbIKIKOYEHHOM CTaHke. Ecnu Bnbpaumm He ucdesaroT, 3HaYUT Ux
NCTOYHUK NEXNUT 3a npedenamun CTPYKTypbl CTaHka.
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Mpumep HecTabnnbHo 06paboTaHHON 3aroTOBKM. lMoBpexaeHne NoBepxHOCTU ceana
MoBpexaeHe NOBEPXHOCTUN 3aroTOBKN BCNEACTBUE NnoALUNMHMKA KONeHYaToro Bana B Buae
pereHepaTuBHOro adhdekTa. orpaHku.

Puc. 9-23: letann TOYeHUA CO creaamMm OrpaHKu

Mpn o06paboTke pe3aHMeM B CUCTEME «CTaHOK-MPUCNOCOBNEHNE-MHCTPYMEHT-geTanb»
BCerga npucyTCTBYOT BMBpaumu. MIX MCTOYHUKOM MOXET CNYXUTb «LUyM» CUIT pe3aHus,
ancbanaHc (yHKUMOHAmNbHbBIX KOMMOHEHTOB CTaHKa, WHEPLMOHHbIE CWMbl MPU YCKOPEHUU
KOMMOHEHTOB, BMOpauun dyHgameHTa v 1.4. Bubpauum ctaHka BedyT K BO3HWKHOBEHMIO
BOJTHOOGPA3HbIX OTKMNOHEHUI Npoduns obpabaTeiBaeMon NOBEPXHOCTM OeTanu BCreacTemne
KOHEYHOW >KEeCTKOCTW CTPYKTYpbl CTaHka. Havmbonblwyko amnnutyay WMMelT OTKNOHEHMS,
BO3HUKaloLMe Bcrneactsve Bubpaumm cTaHka ¢ cobcTBeHHoW 4acTtoTon. [loBTopHOe
Bpe3aHne pexyLlen KPpOMKM B BONTHOOOPA3HbI Npodunb 3aroToBKM BeO4ET K MOBTOPHOMY
BO3HWKHOBEHUIO KofiebaHun CTPYKTYpbl C COOCTBEHHOM YacTOTON. YCUIEHME Unun 3aTtyxaHue
konebaHuh npu pesaHUn 3aBUCUT OT MNapamMeTpoB rMpouecca pesaHus, a Takke
ANHaMNYecKon noaaTnMBOCTM U AeMnupoBaHMS CTPYKTYpbl cTaHka. [Mpu AocTaTOYHbIX
XKECTKOCTM M gemndupoBaHunm obpaboTka npoTekaeT cTadbunbHo. [lpu npeBbleHUn
ANHAMNYECKON Harpy3ku, KOTOPYK CTaHOK MOXET BOCMPUHATH MPU LaHHbIX XXECTKOCTU M
nogaTnMBOCTW,  HacTynaeT  HectabunbHoe  cocTtodHme. OHO  XxapakrepusyeTtcsd
BO3HMKHOBEHMEM  He3aTyxawwmx aBTokonebaHui  Gonblwion  amMnnuTygbl  Mexay
WHCTPYMEHTOM W JeTanbko W, Kak pesynbTaT, BOMHOOOpasHbiM npodunemMm CHMMaeMon
CTpyXkun. HectabunbHocTb 06paboTknm BedeT K 0OpasoBaHUIO TUMUYHBLIX MOBPEXOEHUN
(orpaHku, BOJTHUCTOCTK) MOBEPXHOCTM 3aroTOBKK, Kak NMoka3aHo Ha Puc. 9-23.
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Cxema BO3HMKHOBEHWS pereHepaTnBHbIX aBTokonebaHuin npn TO4eHNn:

KoHTyp B3aUMOBNUSHUS AMHAMUYECKOrO NOBEAEHNS CTPYKTYPbI CTaHKa U NpoLecca pe3aHus

CTPYKTypa CTaHKa y
_ : d Fy = BO3MyLLaOLLas cuna
—Q g Gy(jw) B = mpuHa pesaHus
K., = NPMBEAEHHAS KECTKOCTb pe3aHusl

; Tt =BpemMeHHOe 3anas/biBaHue Mexy
4- u 4—-@4—@ [BYMS NOCAEAYOLIYMM BPE3aHNSMM

+ pEXyLLLeN KPOMKU B 3arOTOBKY

lNpouecc pesaHus M = KO3 PULMEHT HaNOXKeHUSs!
G, = HanpasneHHbin AGHX

Puc. 9-24: Cxema BO3HMKHOBEHUSA aBTOKONe6aHU Npu pe3aHum

Ha Puc. 9-24 nokasaHa ynpoLleHHasi CXema BO3HMKHOBEHUS aBTOKonebaHun npu pesaHum
Ha npumMepe TOKapHou o0O0paboTkn. Bosgencteume BO3MyLLalOWEN Cunbl B Mpouecce
0bpaboTkn B MOMEHT BpemMeHu t; BedeT K BO3HWKHOBEHUWIO 3aTyxawllero konebaHus
WHCTPYyMEHTa C COOCTBEHHOM 4YacTOTOW, OCTaBMAKOLWEro Ha MNOBEPXHOCTU 3arOTOBKM
rapMOHMYECKMI BONTHOOOpAas3HLIM crnej K MOMEHTY BpeMeHu t,. [locne coBeplueHus
3aroToBKoW noriHoro obopoTa peseL, CHUMaeT CTPYXKY BosiHoobpasHoro npodunga (i), 4to
BeJeT K BO3HUKHOBEHMIO MOOYNALUN CUMbl pe3aHnsa 1 Bubpaunm CTpyKTypbl ¢ COBCTBEHHOWM
yactoton. [lo [OCTMXKEHUN KPUTMYECKOM T[NYOUHbI UMM WWMPWUHBI  pe3aHus  YPOBHS
aeMndupoBaHUa CTPYKTYpbl CTAHOBUTCA HEeAOCTAaTOYMHO ANns nojasneHusa kornebaHun,
BCreAcCTBME 4Yero B CUCTEMe HacTynaeT HectabunbHoe cocTtodHne (t;). [lockonbky
NMOBTOPHOE Bpe3aHne B BONHOOOPa3sHbIN crnepf, OCTaBNeHHbIN Ha NOBEPXHOCTU 3aroTOBKU Ha
npegbigyLem obopoTe, NnogaepxnBaeT Bubpaumm, B CUCTEME BO3HUKAKOT aBTOKorebaHus.

B HWXHel 4acTM pucyHka nokasaH 3aMKHYTbI KOHTYp, OTpaxawLlun B3anmopencTeue
CTPYKTYpbl CTaHKa 1 npouecca pesaHus. BennunHa guHamuyeckon geopmanmm CTpyKTypbl
CTaHKa B TOYKe TMpUNOXeHua cunbl onucbiBaetca A®PYX nopatnmeocTn  Gy(jw),
yUMThbiBalOLWEeN OCHOBHOE HarpaBfieHUMe CUMbl pe3aHusl U YyBCTBUTENbHOE HarnpasrieHue
NM3MeHeHMs TonwmMHbl CTPYXKW. K napameTpam npouecca pes3aHus OTHOCATCS:

* Bpewms 3anasgbiBaHua T, onucbiBaloLLee NPOMEXYTOK BPEMEHN MexXay Hapes3aHuem
BOMHUCTOrO Npoduna Ha MNOBEPXHOCTM 3aroTOBKW M MOCNeAylLUM Bpe3aHueM
WHCTpYMEeHTa B 9TOT npocunb. Bpems 3anasgbiBaHWs 3aBUCUT OT  4acToTbl
BpaLLeHNs 3aroToBKWN NN MHCTPYMEHTA.

» CreneHb nepekpbITUSA Y. XapaktepusyeT BENUYUHY NePEKpbITUS NPOdUnsa 3aroToBKMY,
NponsBOAMMOro pesuoM Ha Tekywem u npegbigywiem obopoTte (Ons OTpesHow
onepaunn J = 100%; ana HapesaHus pe3bbbl u = 0%).

o [lpuBeOeHHbI AnHAMUYECKUI KO3 UUMEHT cunbl  pesaHns K.  SABnsietcs
XapakTepuCcTUKON MaTtepuana, OrnucbiBaloWwen BenuYMHy OUHAMUYECKOro ycunus
BCreacTBMe AUHAMUYECKOro M3MeHEeHUs TOMLWMHbI CHAMAEMOro Cros.

e LllupuHa pesaHusa b, COBMECTHO C YrfiOM YCTaHOBKW UHCTPYMEHTA K, XapakrepusyeT
3hPEKTMBHYIO ANUHY pe3la, NoO KOTOPOW OCYLLEeCTBSEeTCAa CbeM MaTepuana. [Ans
bpesepHbIx onepauun b obosHauaeT rMyouHy pesanud. Kputudeckonm rnyoOunHom
pes3aHua 4aBngeTcA BenuuuMHa b, MpuM KOTOPOM CUCTEMa HaxoauTCcs Ha rpaduvue
cTabunbHOCTN.
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CTPYKTypa CTaHka KpuTepuin Haiikeucta

Fet F , Xg
'S > 1 orsans
Gin u#_ Re{G,(jw)} =1 rpaHuua crabunbHocTH
- - -

npoLiecc pesaHus Im{G,(jw)} =0

r Gy(Jw) =Gy (jw) Qe " ~1) k,, [ﬂ)j

>1 HecTabunbHO

IM{G,(jaw)} =0 Re{G,(jaw)} =1
sin(@T) _ Im{Gy(ja)} ~ b, = 1 N
cos@l)-1  Re{Gy( ja)} Re(G,( jf )12k, [{-1+ coseﬂ)+% }
60 _ 60! f [Hz] ymin o 1
T, 1 Re{G, (jf )} er min — 5 = :
= R AV LD/ S e{G, (jf
zEEm nertanlm{Gg(jf)}J kcbﬁ‘ {Gy (i)} e max

Puc. 9-25: Bo3gencTBue xapakKTepUCTUK CTaHKa U napamMeTpoB npouecca pe3aHus Ha CTabuUNbLHOCTb
o6paboTku

BoagenctBne napameTpoB CTaHka M npouecca pes3aHus Ha rpaHuudy ctabunbHoOCTH, T.e.
KpUTNYECKOE 3HayeHue rnybuHbl pesaHnsa (3dppekTMBHOM ONuHBI pesua), npu KOTopoWn
HabnogaeTca cTabunbHOe COCTOsHME CTaHka npu obpaboTke, a npu AanbHenwem
NOBbILEHUN TMYBUHBI pe3aHusa HacTynaeT HecTaburnbHOe COCTOSIHME, BO3MOXHO OLIEHUTb C
MOMOLLbIO aHanu3a CTabunbHOCTU 3aMKHYTOrO KOHTYpa perynmpoBaHusl, npeactaBfieHHoro
Ha Puc. 9-25. B cooTBeTCTBUM C KpuTepmem HarkBucra, cTabuinbHOCTb 3aMKHYTOrO KOHTYpa
XapakTepusyeTcs BbINOSIHEHMEM CcrnefyloLlero ycnosusa CTabunbHOCTUM AMfs OTKPbITOro
KOHTYypa:

<1 ctabunbHoO

Re{Gy(jw)} = 1 rpaHunuya ctabmnbHoCcTH (9-1)
> 1 HecTabunbHO
Im{Go(jw)} =0 (9-2)

Mpn BenuumHe nepekpbiTns U = 1 nepegatodHas QYHKUNS 3aMKHYTOrO KOHTypa NpUHUMaeT
cnenyoLwmnin BUA:

Go (jw) = G (joy) e 7™ - 1) Tk, (b (9-3)
rae e 19Tt = cos(wTy) - j [5in(wT)

OTcloga:;

Re{Go (jo)} = [Re{G (jw)f(cos(wT;) - 1) +Im{G (je)}sin(wTy ) kep (b (9-4)
Im{Go (jo)} = Im{G ¢ (jw)j(cos(«Ty) - 1) ~Re{G 4 (jw)} sin(wTy)|Kep (b (9-5)

npvpaBHMBas ypaBHeHue (9-5) K Hym No BTOPOW 4acTu ycrnosusa ctabunbHocTn Hankeucta
(ypaBHeHue 9-2), nonyyaem:

sin(Ty) _ IMGg(jw)}

cos(wTy) -1 - Re{Gg(jw)} (9-6)
a 1-cosa
roe: tan—=——-——
sina
OTclopa;
tan[ thJ =- ReiGg(.J(o)‘} (9-7)
2 Im{Gg( jw)}
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Takum o6pas3oM, Ans BpeMeHw 3anasabiBaHus T, CpaBeAnvBo Crieaylollee BbipaXeHue:
1 Re{Gg(jf)}

Ty = —arctan - 9-8
T |m{Gg(jf)} (9-8)
roe: w = 27,
Mockonbky arctan(a) = arctan[a+ m-1j, rae m =1, 2, 3,..., co, cnpaBegiMBeo:
ReG,(jf
T, = i{arctarﬁ—e{—@’(!)}J +m DT} (9-9)
i IM{G(jf )}

Onam=1,2, 3,..., c.
YacToTa BpalleHus, KONUYeCTBO PEeXYLLUMX KPOMOK U BpeMsl 3anasfblBaHUA Haxo4dTcs B
cneayrowen PyHKUMOHaNbHOM 3aBUCMMOCTN:

N = 60 _ 60 [f [Hz] . (9-10)
zT Re{G 4 (jf
t z0Om- 1 Carctan { g(,J )}
T IMG ¢ (if)

roem=1, 2, 3,...; T, uamepsieTca B cekyHaax.

C nomowbto ypaBHeHusa (9-10) ansa kaxgow 4dactoTbl f onpegensieTca psg KPUTUYECKNX

4YacTOoT BpaLLeHUs WNMHAENS M, pacCYMTbIBAaeMbIl C NOMOLLbIO (ha3oBoro yrna, KoTopbiv, B

CBOIO OYepedb, YCTaHaBNMBaeTCA MNOCPEACTBOM MHUMbIX W AeWCTBUTENbHbIX YacTen

BEKTOpa AMHAMMYECKON NogaTiMBOCTU CTPYKTYpbl. CTabnnbHOCTb 06paboTKM Ha pasfMYHbIX

yacToTax BpalleHWs WnuHAEeNst 3aBUCUT OT rnNybuHbl pe3aHunss b. [Npu npesbiweHUn

KPUTUYECKOro 3HayeHus rnybuHbl pes3aHunst b, B konebaTenbHOM cucTeMe HacTynaeT

HecTabunbHoe COCTOSHME.

Kputnyeckoe 3HayeHune rmybuHbl pesanuns b, ona kaxgon ua vactot f paccumTtbiBaeTcs Ha

OcHoBe nepBoro ycnoBua crtabunbHocT Hankeucta (Re{Go(jw)}=1 Ha rpaHuue

CTaburbHOCTN) C NpUMeHeHneM ypasHeHun (9-1) n (9-4):

b = 1 (9-11)
cr —

sin (21fT,)
cos(2mfTy) -1

Re{G4 (i O -1+ cos(2rT,) +

sin? (27fT,)

roe: cos(2mT;)+ ——————=-—
( 2 cos(21fTy) -1

CnepoBaTenbHO:
_ 1 (9-12)
bcr - _
K ep Re{Gg(Jf)}neg

YT10ObI 3HayeHue b, ObINo NonoXuTenbHbIM, BenuuuHa gencreutenbHon vactn Re{Gy(jf)}
AOIMKHA OblTb MeHbLle Hyns. 3TO O3Ha4vaeT, YTO TONMbKO HeraTtMBHas MHUMasi 4acTb
npuBeAEHHON AMHaAMWYEeCKOW NoaaTNMBOCTU Ha Aunarpamme HainkBucTa uMeeT 3HayeHue
Ona  oueHkn crtabunbHocTM o06paboTkn. COOTBETCTBEHHO, MWHMMArbHOE 3HaYeHue
AONYCTUMON TNyOUHbI pe3aHus onpenensieTcs WCXOAA W3 MakCUMaribHOW HeraTUBHOW
DEenCcTBUTENBbHOM YacTu OYHKUUKM Ha agnarpamme Hankesuca:

b _ 1 (9-13)

Crmin Re{Gg(Jf)}neg max

Takum 00Opa3oM, BenNUUMHA TPaAHMYHOTO  3HayYeHus rMyouHbI  pesaHust  obpaTHO
nponopunoHanbHa NpuBeaeHHOMY KO3I(MPULUNEHTY ANHAMMUYECKON CUMbl U MaKCUMANbHOMY
3Ha4YeHU oTpuLlaTenbHOM AENCTBUTENBHOW YacTuM AMHAMWYECKOW NoaaTiIMBOCTM CTaHKa.
CnepoBaTenbHO, OMAacHOCTb BO3HWUKHOBEHUSI HECTAOWMBHONO COCTOSIHUS TEM HUXKE, YeMm
MeHblLUe Benu4MHa HEeraTMBHOW [OEWCTBUTENbHOWM YacTM KOMMIIEKCHOM MOAATNMBOCTM.
MpeactaBneHHble BbIKNAOKW MOXHO NPeAcTaBUTb rpadpuMyeckn, Kak MoKasaHo Ha
cnefyloLem pUcyHke.
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YMHOXeHue Ha K ,-b nameHseT senuumHy ) .
rpad. npeacT. Gy(jf) / BpemenH. 3anasapis. KpuTiy. uinpuHa ToueHns: CootB.4acToTta BpallleH.:
- Ycnosue ctabunbHOCTU: e
5 Go(l-e T b=l 0 2O
= — g = cb crit =4, .
€= —2arctan(M)
rae IM{Gg(if)}
i -j2nT; : rae
~Go(jf)(1-€ ™) = 2Re{-Go(if)} ¢ = onfr, + mar
1 _ 60
b(f)crit = Tt_z*n

cneaosartenbHO

60 *f
z(m— 4 arctan( Re{GgQﬂ) )
m IM{Gg(if)}

n(f) =

-Gy(if) i
f\
Gy: HanpasneHHas A®YX B mkm/H
’ Refif} 7. BPEMs! MEX/ly BPe3aHNSIMU MHCTYPMEHTa, C
el 3anasblBaHNe B YaCTOTHOM JOMeHe
Kep: OMHAMMY. KEeCTKOCTb pesaHns H/mm?2
z: UMCIIO PEXYLLMX KPOMOK MHCTPYMEHTa
2-Re {-Gy(if )} = m: UMCIO BOMH MeX/1y NOCTeAyIoLL,. BPe3aHNAMU NHCTP.
-Gy(fy) (1-e PT) b: WMPUHA Pe3aHUs, LUMPUHA PEX. KOOMKM, MM
€ ha3soBbIN Yron MexXay AMHaMMY. epeMeLLeH. CTaHKa
11 BONHOOGP. MPOUIIEM Ha NOBEPXHOCTM 3ar0TOBKM
Gif) n: UacToTa BpalLeHns MHCTpyMeHTa / 3aroToBkM, 1/M1H

Puc. 9-26: AHanus cTabunbLHOCTN Ha OCHOBe AnarpaMmmbl HarkBucTa

INerenpa:

AHanns ctabunbHOCTU CTPYKTYpbl CTaHKa npu obpaboTke pesaHnem MoxeT ObiTb nNposBefeH
Ha oOcHoBe Auarpammbl HawkBucTa, Kak nokasaHo Ha Pwuc. 9-26. B cootBeTcTBUM C
KpuTepuem cTabunbHOCTWU, COCTOSIHME CUCTEMbl Ha rpaHuue ctabunbHocT Habnogaetcs
npu NpoxoxaeHnn rpadurka nepegaTtoydHon OYHKUMM OTKPLITOro KOHTypa Go(jf) yepes Touky
(1,0) pencreutenbHom ocu. Ecnn rpadmk nepecekaeT ocb cnpasa oT Toyku (1,0), cocTosiHue
CUCTEMbI ABNAeTCH HecTabunbHbIM. B cOOTBETCTBUM C ypaBHEHMEM nepegaTovHON PyHKUNUK
(9-3), Ha Pwuc. 9-26 npegctaBneH rpaduk dyHkunn -Gg(jf), NonyyYyeHHbIn C MNOMOLLbIO
nosopoTa rpadguka pyHkumm Gg(jf) Ha 180° oTHocUTeNbHO Hayana koopauHaT. Puandeckui
CMbICIN U3MEHEHUNS 3HaKa 3aKryaeTCsd B MOMEHTaNbHOM U3MEHEHUN TOSLWMUHBLI CHUMaeMOM
CTPYXXKW BCreacTBme aedopmMaLmmn CTPYKTYpbl CTaHKa nog 4eNCcTBUeM AMHAMUYECKON CUnbl.
Mo npowecTBne BpemeHu 3anasgbiBaHusa (Tt = 1/n gna TokapHon onepaumu n Tt = 1/(n-z)
ans cpesepHon onepauuun) octaBLLMNCA 0bbeM MaTepuana cpesaeTcd COOTBETCTBYIOLLEN
pexyLLen KpOMKOM U NO3TOMy BepeTcsi ¢ MONOXNUTENbHBIM 3HakoM. Ha pucyHke nsobpaxeH
BekTop nogatnueoctu Gg(jf;)) npm yactoTte fi;. OKpy>XHOCTb BOKpYr koHua BekTopa Gg(jfl) ¢
pagnycoM, paBHbiM AnvHe BekTopa |Gg(jfy)|, aBnseTca rpadunkoMm anemeHTa 3anasgbliBaHUS
B YaCTOTHOM [JOMEHe W COOTBeTCTByeT 06nacT BO3MOXHbLIX 3HAYEHUN nepeaaToyHON
OYHKLMM OTKPbITOro KOHTypa. Kak yxe Obuio ynomsiHyto, Bektop —Gg(jfy) cooTtBeTcTBYET
BeNMYuHe aedopmaunn CTPYKTypbl CTaHka npu 4vactote f;. Yron € = 2mf,T; yuuTbiBaeT
N3MEeHeHVe TOrLWMHbLI Cpe3aeMoro crnos BCreAcTBue aedopMauun CTPYKTYpbl CTaHka BO
BpeMs npeabiayLlero Bpesanus pesua. Kak BuaHo ns Puc. 9-26, kaxgomy BekTopy rpaduka
Gg(f) Ha pmarpamme HawnkBucta B obnactm ero HeraTMBHOM [OENCTBUTEIbHOW 4YacTu
COOTBETCTBYET TaKOW BEKTOP, YTO KOHEL, BEKTOpa CyMMbl 060MX BEKTOPOB ByaeT HaxoauTbCs
HenoCcpeACTBEHHO Ha AeNCTBUTENbHOM ocu. [yTeM uameHeHust 3HayeHus rnyobuHbl pe3aHns
b pocturaetca BbINnonHeHuMe kpuTepus cTabunbHocTu HawnkeBucta. Takum obpasom,
onpegenseTcs KPUTUYECKoe 3HavYeHue ryourHbl pesaHus.

BenuuvHa anHamuyeckon Mogynsumm TOMWUHBI CPe3aeMoro Cnos 3aBmcuT OT casura das €
MeXay MOMEHTanbHbIM BOSIHOOOPa3HbIM NPodueM NOBEPXHOCTN 3arOTOBKM U Npodunem,
obpa3oBaHHbLIM BO Bpems npeablayliero Bpesanuns pesua. Casur a3 3aBuUCUT OT YacToTbl
BpaleHNss WHCTPyMeHTa/3aroToBKM M 4acToTbl aBTokorebaHun. Ha pucyHke HarnsgHo
npegcraBneHbl napameTpbl cpe3aemoro crnod ansa €=0°, €=180° n €=270°. Hanbonblee
N3MeHeHVe TOMNWMHBI Cpe3aeMoro crnosa HabnwgaeTca npyv B3aMHOM  PacronoXeHuu
BHYTPEHHEro 1 Hapy>XHOro Npoduns CTPY>KKU B NpoTtusodase npu €=180°.
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4 TokapHble onepaumm m>5
dpesepHble onepaumn m <5

O6nacTtb abcontoTHOM CTabnNbHOCTH

—

T Nyi(M=4) Nyir(M=3) N (M=2) gnkrit(m:l):ngrenz=

"paHW4H. WnpunHa pesaHus by, [MM]

YacTtoTa BpaleHna*4umcrno pex. KpomMok; n*z [1/MuH]
! ~REIGY(6 ] e negy 1M (MKM/H]
Re [mkm/H
fer

YacTtoTa

in;, (M=3) gnkrit(mzz)

YacToTa aBTokonebaHui f.[u]

YacTtoTa BpaleHna*4mcno pex. Kpomok; N*z [1/MuH]
Puc. 9-27: AnarpaMmma cTabunbHbIX COCTOSHUM U U3MEHeHNe YacToThbl aBTOKone6aHumn

Ouarpamma ctabunbHbIX COCTOAHWUIA npeacTtaBnseT cobon rpaduk 3aBUCUMOCTU TNyOUHbI
pe3aHusa OT YacToTbl BpaweHus n (Puc. 9-27). JaHHble gnarpaMmmbl MOryT 6bITb NOCTPOEHDI
Kak Ha OCHOBE 9KCNepuMMeEHTamnbHbIX [AaHHbIX, Tak W aHanutudecku. [lpu  nomowm
NPUBEAEHHbIX Bble aHanUTMYeCcKnx 3aBMCUMOCTEN, Ha ocHoBe ADYUX nogatnMBoOCTU
CTPYKTYpPbl CTaHKa BO3MOXHO paccynTaTb KPUTUYECKME CKOPOCTU BpaLLeHUs UHCTpYMeHTa
WNU 3aroTOBKM W COOTBETCTBYKOLME KpuUTMYeckue rmybuHbl pesaHus. PasnuyHbim
NOpPSAKOBBIM YMCaM M COOTBETCTBYIOT pa3Hble KpUTUYECKMe CKOpPOCTM BpalleHus.
dusmyeckoe 3HayYeHUe Yncra m 3akn4vaeTcs B KONMYecTBe BOSIH Ha npodumne 3aroToBKU,
obpasyloLmnxca npu pesaHun Mexay MOMeHTarbHbIM U NpeabiayLMM Bpe3aHueM pexyLuen
KPOMKN UHCTPYMEHTA.

Kak nokasaHo Ha puCyHKe, gMarpamma CTabunbHbIX cocTosHun b, = f(n) xapakTepusyetcs
YyepeayoWNMUCH CTabunbHbIMU U HecTabunbHbIMU 0BMACTAMU, PaCMONOXeHUe KOTOPbIX
COOTBETCTBYET nNpeacTaBrneHHon puarpamme HankBucta. MuHuMManbHaa gocTukKumas
rmybuHa pe3aHusi COOTBETCTBYET MakCUMaribHOM HEraTMBHOW YacTu rpadmka guHamMmn4ecKkom
nogaTnMBOCTM CTaHKa Ha Awnarpamme Hanksucta. Kak BuOHO M3 BepxHero rpaduka,
paccTogHne Mexay cocefHMMKU CTaburnbHbIMKM 06NacTaMU yBENUUMBAETCHA C MOBLILLEHNEM
4YacToTbl BpaLleHUs LINUHAENA M CHWXKEHWeM nopsakoBoro vucna m. Kak npasuno, ang
TOKapHbIX onepaumin m>5, a ans pesepHbix M<5, YTO CBA3AHO C OTHOCUTEMNBHO BIIM3KUM
pacrnonoXeHnem pexyLmnx Kpomok. B aTon cBAsu, onTMMmaribHad HacTpovika napameTpoB
TOKapHbIX ornepauui B COOTBETCTBUM C AmarpaMmmamu ctabunbHocTn Gonee croxHa, 4yem
HacTponka opesepHbIX onepauun.
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Puc. 9-28: BzaumocBA3b Mexay anarpammon HamkBucTta n guarpammon cTabunbHOCTH

O6paboTka nerkoobpabaTtbiBaeMblX MaTepuanoB C BbICOKMMW CKOPOCTSIMW  pe3aHus
TEOPETMYECKM MOXET MPOBOAUTLCS B obriactm abcontoTHom crtabunbHOCTM npyu m=1, B
KOTOPOW HEBO3MOXHO BO3HWKHOBEHME HEeCTabunbHOro COCTOsIHUS, KaK BCreacTBue
BbIHYKOEHHbLIX KonebaHun, Tak u aBTokonebaHui. B3ammocBAsb Mexay auarpammon
HalikBucta 1 aHanuTM4ecKkn paccuMTaHHOW guarpamMmmon ctabunbHOCTU npegcTtaBfeHa Ha
Puc. 9-28. B neBoi 4acTu pucyHka npeAcTaBneHa auarpamma HainksBucta HeKoToporo
npouecca pesaHusi, KaXOoW Touke KOTOPOM COOTBETCTBYET 3HauyeHWe 4acToTbl, ee
DENCTBUTENBHOM WU MHMMOW 4YacTu. [paduk 3aBUCUMOCTU [LENCTBUTENBHOW 4YacTu OT
YacTOTbl MpeAcTaBfieH Ha AuarpaMme B MpaBoM 4acTu pucyHka. Mcxogost u3 3HavyeHun
OencTBUTENbHON YacTu nepesaTouHON (PYHKLUKU OTKPBITOrO KOHTYpa M YacTOTbl A5 KaXA0ro
i-r0 3HayeHus YacToTbl fi, BOBMOXHO YCTaHOBWUTb 4YacTOTy aBTOKonebaHwi 1 OOCTUKUMYLO
rnybuHy pesaHus. B npaBon 4acTu puCyHKa NpefcTaBrieHa paccyuMTaHHas Takmum obpasom
Onarpamma ctabunbHocTn. Kaxpgas Touka guarpammbl cTabunbHOCTU COOTBETCTBYET
onpeneneHHoMy 3Ha4YeHU0 HeraTMBHOM OEeNCTBUTESTbHOM YacTu nepeaTtoyHon OYHKLUUKM Ha
onpeeneHHon YacToTe, Kak NokazaHo CoeAUHUTENbHbIMU JIMHUSMWN Ha PUCYHKE BBEPXY.
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Im
0.05 pm/N Gxz

Re
0.05mkm/H 0.05 mkm/H

Gg(jw) :Z {dij G'ij(jw)}
lJ

0.05 um/N Gzx 0.05 pm/N

Gj=n3mepeHHble AOHX
dij= NPOEeKUMOHHbIE KOIPD.
di=f(k, a, B, A)

Puc. 9-29: MaTpuua aKcnepMMeHTarbHO ycTaHOBMEHHbIX APYX BepTUKanbHO-(ppe3epHOro cTaHka

[na npoBegeHus aHanuada cTabWNbHOCTU COCTOSIHMSA CTaHka npu obpaboTke HeobGxoanmo
Hannuve npuBedeHHon A®PYX nogatnueocTn  CcTpykTypbl  Gg(jf), yuuTbiBaoLLEN
reoMeTpuYeCcKoe MoroXeHne CUbl pe3aHns 1 HanpaBneHne N3MeHeHUs TOMLWMHbBI CTPYXKN.
MockonbKy reomeTpuyeckne napameTpbl pasfnuyHbiX npoueccoB 06paboTkM HEOAMHAKOBbI,
TeopeTnyeckn HeobxoAMMO MPOBOAUTL  U3MEPEeHWe AMHaMUYecKorW noAaTivMBOCTU
CTPYKTYpbl CTaHKa [Of1s KaX[oro Mccriefyemoro npouecca, YTo KpanHe HenpakTtuyHo. [Ans
nccnenoBaHns  (ppesepHbIX MPOLLECCOB  [aHHas MeToauka HenpumeHuma. [loatomy
n3MepeHve AMHaMUYecKonW noJaTiMBOCTUM  CTPYKTYpbl  OCYLUECTBISETCS B LEHTpe
WHCTpPYyMEHTa (OencTBMe KpYTALWEro MOMEHTa Ha CTPYKTYpy He  yy4uTbiBaeTcs)
cTaHOapTU3NpoBaHHLIM CnocoboMm, OTAENbHO MO HanpaBreHUaM ocen koopanHart. Npu aTom
npoeoaunTca naMmepeHne Kak NPAMbIX (Gew, Gry U G;;), Tak 1 NepeKpecTHbIX AMHaMUYECKUX
nogaTnuBoCTen, a pesynbTaTbl M3MEPeHUs CBOAATCA B Matpuuy nogatnusoct [G]
(Puc. 9-29). Ha ocHoBe paHHbIX MepefaToyvHbIX YHKUUMA BO3MOXHO paccyuTaTtb
NoAaTNUBOCTL CTPYKTYpbl NPW MPOU3BOSNIbBHOM HarnpasfeHnn [OenWcTBUS CUMbl B BuAe
BEKTOPHOM  CYMMbl  MPSAMbIX W NEPEeKPecTHbIX NoAaTnMBOCTENW  CTPYKTYpbl MO
COOTBETCTBYIOLUM KOOPANHATHBLIM OCAM CTaHKa.
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Puc. 9-30: bnok-cxema gns pacyeTta npuBeaeHHOM AUHAMUYECKOWN NOAATIINBOCTH

v

Ha Pwuc. 9-30 nokasaH npuHUMn pacyeTa nNpuUBEAEHHOW AWMHAMWYECKOW MoAaTnMBOCTU
CTaHKa B HanpaBNeHUn n3MeHeHunsa TonwmHbl cpedaemoro cnos (MTCC) npyn npon3BonibHOM
HanpasneHun aencTeus cunbl. PacyeT nogatnueoctn B HanpasneHun NTCC npoussoauntcs
C TMOMOLbI TFEOMETPUYECKMX MPOEKUMOHHBIX  KO3I(MULMEHTOB, XapakKTEPU3YHLLNX
B3aMMOCBSA3b MEXAy MNOSIOKEHNMEeM [OENCTBYIOLWEN CUMbl U BENUYMHOW BbI3bIBAEMOIO €10
nepemMeLleHns LeHTpa UHCTpymeHTa B HanpasneHun NTCC.
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Mpoekuus oTHoCcK- Mpoekuus BekTopa cunbl F
TernbHbIX NepeMeLLe-
HWI X, Y, Z Ha Hanpa.-
neHve n3meH. Tonwwm-| B nnockoc- Haocbz A3 nnockocTy X-y
Hbl cpes. Cnosi Xy | TMX-y-
Haocb x
dye = sin K, cos a cos B
[dye = 0 cos a cos B =0]
Az = COS Ky, cos a cos B
Haocby
Oury = sin Ky, cos a sin B
[dye, = 0 cos a sin B =0]
dpe, = COS Ky cos a sin B
Oury = sin K, sin a
[dye, = 0 sin a =0]
dpe, = COS Ky sin a

X4(X) = X- sinky,
KM

o =arc sin (CosKy cos B,y + A A : YronHaknoHa pexyLiein KpoMKu

B= arc tan ti_”ﬁm + MaTeM. NonoXMTErNbLHOE Hanpas/.
SinKy - MaTeM. HeraTMBHOE Hanpas/.

Puc. 9-31: MpoekunoHHbIe chakTopbl ANS TOKapHbIX cTaHkoB  dir#{ w(t)}

[na npoBedeHua pacyeToB B COOTBETCTBUM CO CXEMOW, npeacraeneHHon Ha Puc. 9-30,
HeobOXxoaMMO 3agaTbCs HEMNOABWIKHOM CUCTEMOW KOOPAMHAT, MO3BOMSIOWEN BbIpa3uTb
B3aMMHOEe YrnoBoe MOSIOXKEHUs WHCTpYMeHTa W 3arotosku. [log wuHOekcamun X, y U Z
NOHUMAIOTCA HarnpaBfieHUs1 OCel B cCUCTEMEe KoopauHaT cTaHka. OHM nNpuMeHsaTca Ans
0603HauYeHUs1 aKcnepuMeHTanbHO ornpeaeneHHblX, B3aMMHO MNepneHaUKYNAPHbIX YHKUUIA
OWHaMMYeckon noJaTfMBOCTM  CTPYKTYpbl CTaHka, npudemM CcHavyana ykasblBaeTcs
HanpasneHne OeNCTBUSA CUMbl, @ 3aTEM HarnpasreHne, B KOTOPOM NMpoBOAUIIOCH U3MeEPEHNE
nepemeleHns. [na onucaHusi MNPOCTPAHCTBEHHOrO pPacronOXeHUa pexyLlen KpOMKM
OTHOCUTENBLHO 3aroTOBKW NPUMEHAIOTCH Cnefyowmne yriibl: YCTAaHOBOYHbLIN Yron pesua Ky U
MOMEHTAsbHbIA Yrofl MOMOXEHUA pexyllen Kpomku ¢; (npu dpesepoBaHnn ). Yron Ky
n3MepsieTcs MexXay pexyllen KpoMKOW U neprneHAMKYNsapoM K OCUM BpalleHUsi 3arOoTOBKW.
Yron @; onucbiBaeT yrroBoe MNonoXeHne dpesbl NPy BXO4E B KOHTAKT C 3aroTOBKOW, a Yron
P, — YINoOBOE NONOXeHUe dopesbl Npu BbIXxoae (hpesbl U3 KOHTaKTa C 3aroTOBKOMW.

3HayeHs reoMeTpUYEecKnX MPOEKLUMOHHBLIX KOS(ULUMEHTOB ANs TOKapHbLIX onepauui
npeactasneHbl Ha Puc. 9-31.
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Puc. 9-32: CpaBHUTENbHbIN aHanu3 nNpuBegEeHHOM CTaTUYMEeCKOM U AWHAMUYECKOM KeCTKOCTU
BepTUKaNbHO-(ppe3epHbIX CTAaHKOB

Ha Puc. 9-32 npencTaBneH cpaBHUTENbHbIA aHanu3 CTaTU4eCcKOn XXECTKOCTU BepTUKarbHO-
cbpesepHbIX CTAHKOB, NMPUBEAEHHON K CPEAHEMY pa3Mepy LUMPUHBLI paboyero NpocTpaHcTBa
ctaHka L. Mo ocu abcumcc gaHoO 3HayeHWe MNpUBEOEHHOW KECTKOCTU C OnpeaeneHHbIM
LiaromM, a no oCu opauHaT - KONIMYECTBO CTaAHKOB, COOTBETCTBYIOLLEE TOW UMM UHOW rpynne
MaKkcuUMarbHOW XeCTKOoCTU. [laHHas cTaTUCTUKA MO3BOMSIET NPOBECTU OLEHKY CTATUYECKOW U
AVHaMUYECKOMN KECTKOCTU (hpe3epHbIX CTAHKOB BEPTMKANbHOW KOMMOHOBKM B CPaABHEHWUMU C
APYTMMU NOAOBHBIMU CTaHKaMU PasnnYHbIX NPOU3BOAUTENEN.
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Puc. 9-33: MNoBblweHMe npousBoauTenbHOCTU dope3epHON O6pPabOTKM 3a cyeT NpuMeHeHus pe3 ¢
HepaBHOMEPHbIM YrNOBbIM LUArom

MoBbiWeHNe nNpou3BOAUTENBHOCTM 06paboOTKM SABNSETCA BaXHOW  TEXHOJIOrMYEeCcKon
3agadven. OgHnm n3 cnocoboB NOBbILLEHMS CTabUNbHOCTM dhpe3epHon 0OpaboTkn, a 3HaAYMT
W MpOM3BOOAMTENBHOCTU, SBNAETCA MPUMEHeHWe dpe3 C HepaBHbIM YrIOBbIM  LLIArom
pexyLmx KpoMoK. IddeKkT MoBbIWEeHUs CTabunbHOCTM 06paboTkM OCHOBbIBAeTCS Ha
n3mMeHeHn a3oBOro yrra Mexay BorHoobpasHbiM npoduniemM 3aroToBKM N MOMEHTasbHbIM
MOMOXEHWEM pexyllerh KpPOMKM npu nocnefoBaTenbHbIX Bpe3aHUsX WHCTPYMEHTa.
YcTaHoBMeHNe CTauMoHapHbIX aBTokonebaHun, kak npu obpaboTke cpesamn C paBHbIM
YrfnoBbIM LLArom, B AaHHOM criyyae 3aTpyAHEHO, NOCKOMbKY pa3HOCTb a3 Mexay BHEeLIHUM
N BHYTPEHHMM BONHOOBGpPa3sHbIM NPOodUNeM CHUMAEMOWN CTPYXKKU NMOCTOSTHHO MEHSieTcs. JTO
NMO3BONSAET 3HAYUTESIbHO MOBBLICUTL rpaHuuly crabunbHocTn obpaboTkm (Puc. 9-33). Kak
BUOHO U3 puUCyHKa, B obnactu 4yacToT BpalleHus ot n = 100 MuHt go n = 225 munt
HabnogaeTca 3HauuTenbHO 6onee BLICOKAs OOCTMXKMMas rMybuHa pesaHus, 4Yem npu
obpaboTke dpes3on C paBHbIM YrnoBbIM LWaroM. Bbibop yrnoBoro wara AoSbKeH
NPON3BOANTLCA C YYETOM KONMMYECTBA PEXYLUUX KPOMOK M COBCTBEHHbLIX YaCTOT CTPYKTYpbI
CTaHKa AN KOHKpeTHoWn obnacTun 4acToT BpalleHUsi MHCTPYMEHTa.
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CopepxaHue

OcHOBHbIe BONpncbl JUHAMUKN CTaHKOB

OnHaMunyeckas NnofaTNMBOCTb CTaHKOB

MoaanbHbIN aHaNu3

Buabl 1 npnunHbI BUOpaumn npm MmexaHn4yeckom obpaboTke

3aknrouyeHue

3akntoyeHue

B ViccnegoBaHvne gMHaMMYeCKOro NnoBeAeHus NpomM3BOANTCS B YACTOTHOM AOMEHE
MpeacrasneHne guHaMMYeCcKkon NogaTnNMBOCTK ocyLlecTBnsaeTcs B Buge APYX

OCHOBHLIMY NapameTpaMu SBNSAITCA: CTaTUYeCcKas XXeCTKOCTb, pe3oHaHCcHas 4acToTa,
AVHaMu4eckas noaatnuBoCTb, JOGPOTHOCTL

SKCI'IepI/IMeHTaJ'IbHOG onpeneneHne AdYX MeTannopexyuwmx CTaHKOB OCyLleCTBAeTCA
HanoOXeHNeM OTHOCUTESbHbIX U/MNM abCoNOTHBLIX KonebaHun

KonebaTtenbHble (bOprI CTPYKTYpbI onpenenarTca nocpeacTtBoM MoaaribHOro aHanumsa

B Bubpauuu npu pesaHmm nogpasaensoTcs Ha aBToKkonebaHus 1 BbIHYXOEHHbIe
konebaHus

® OCHOBHOW NPUYMHON HECTAOMMBHOCTU NPU pe3aHun ABMSeTCs pereHepaTuBHbIN 3addekT
— Pacyet ctabunbHocTM Ha ocHoBe HanpaBneHHbIx ADYX
- FpaquHaﬂ rny6|/1Ha pe3aHunda nponopuunoHanbHa MaKcuMaribHOM HeraTMBHOM 4acTu I'IpMBeJJ,eHHOVI
AdYX
- Ynyql.ueHme ANHaMn4eCcKoro nosegeHusa npu pe3aHnn MoxeT OCTUraTtbCd 3a cHeT onTtuMusaunm
MHCTPYMEHTA, a TakKKe C NOMOLLbIH NAaCCUBHbLIX U aKTUBHbIX p,emncbmpyrou.mx cucrtem



