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FOCT P 71371—2024

Mpeancnoeue

1 MOOIMOTOBIEH 3akpbIThiM akuuoHepHbIM 06 ecTBOM «HayuHo-MccneqoBaTenbLCKUN LLEHTP KOHTPO-
N U OUarHoCTUKM TexHudeckux cuctem» (3AO0 «HUL KO») u ®egepanbHbiM rocygapcTBEHHBIM BHOOXETHBIM
yypexaeHmem «Poccuidckmii MHCTUTYT cTangaptusauuun» (PrBY «HCTUTYT cTaHgapTM3aunm») Ha OcHoBe
coBCTBEHHOMO NepeBoaa Ha PYCCKMIA A3bIK aHMMOA3LIYHOW BEPCUM [OKYMEHTAa, YKa3aHHOro B NyHKTe 4

2 BHECEH TexHuueckum komuTeToM no ctaHgaptusaumm TK 183 «Bubpauusa, yoap v KOHTpOIb TEXHU-
UYECKOro COCTOSAHUSAR

3 YTBEPXOEH W BBEOEH B JEWCTBWE MMpukasom ®enepanbHOro areHTCTBa Mo TEXHUYECKOMY
peryniMpoBaHnio W MeTponorum ot 26 gekabps 2024 r. Ne 2006-cT

4 HacToswmi cTaHgapT ugeHTudeH mMexayHapogHomy gokymeHty ISO/TR 230-8:2010 «McneiTatens-
Hble Koabl AngA cTaHkoB. YacTe 8. Bubpayua» (ISO/TR 230-8:2010 «Test codes for machine tools — Part 8:
Vibrationy», IDT).

HavmeHoBaHWe HacTosWero craHgapTa MU3MeHeHO OTHOCUTENIbHO HaUMEHOBaHUA YKa3aHHOMo Mexay-
HapOoOHOro AOKyMeHTa Ans npueegeHus B cooteetctBue ¢ FTOCT P 1.5—2012 (nyHkT 3.5).

Mpy NpUMEHEHUN HACTOSILLEero cTaHgapTa pekoMeHAyeTCa UCMNOMb30BaTh BMECTO CChIMOYHbIX MeXayHa-
pPOOHLIX CTAHAAPTOB COOTBETCTBYHLLME UM HALMOHANBHBIE M MEXIOCYAapCTBEHHbIE CTAHAAPTLI, CBEAEHUS O
KOTOPbIX NPUBEAEHLI B AONONMHUTENBHOM npunoxerun OA

5 BBE[JEH BIEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHa
om 29 uwHa 2015 2. Ne 162-®3 «O cmaHOapmu3zauuu 8 Pocculickoli @edepayuuy». MHpopmauyus ob
U3MeHeHUsX K HacmosuweMy cmaHdapmy nybnuKkyemcs 8 exez00HOM (10 COCMOAHUK Ha 1 AHBapsa MeKyuwezo
2o0a) uHghopmayuoHHOM yKazamene «HayuoHanmeHble cmaHOapmbi», a oguyuanbHbil MeKcm usMeHeHul
U ronpasok — 8 eXeMecAYyHoOM UHOPMayUOHHOM ykaszamene «HayuoHanbHbie cmaHdapmei». B ciyvyae
rnepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuie2o cmaH@apma coomeemcmayrouwee ygedomneHue bydem
onybnukogaHo 8 6nuxaluweM 6bINycKe eXeMecsyHo20 UHGhoPMayUuoHHo20 ykaszamens «HayuoHanbHbie
cmaHOapmol». Coomeemcmeyrowas UHgopmayus, yeedoMieHUe U MeKcmbl pasMewarmcss makxe 6
UHhopMauuoHHoU cucmeme obuje20 Monbk308aHUs — Ha oguluuansHoM catime PedepanbHo20 azeHmcmaa
10 MEeXHUYEeCKOMY peayriuposaHuo U Memponoauu 8 cemu KMHmepHem (www.rst.gov.ru)

© 1S0, 2010
© Odopmnenue. OIEY «MHCTUTYT cTangapTulaumm», 2025

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

CraHpapthl cepun MCO 230 ycTtaHaBnMBakT MeTodbl UCMbITaHUA (0BbIYHO Be3 npumeHeHusa pabouunx
opraHoB!)), No3BONSIOWNX OLEHUTL TEXHUYECKME XaPaKTEPUCTUKN CTALMOHApHBLIX CTAaHKOB. B HacTosiem
CTaH4apTe pacCMaTpuMBaeMoi TEeXHWYECKOW XapaKTepUCTMKOW cTaHka siBnseTcs Bubpauus, npoM3BogMMas
caMKM CTaHKOM BO BpeMsi paboThkl unu nepegasaemas Ha ero KOHCTPYKLMIO U3BHE.

HeobxoaAMMOCTb KOHTPOMS M CHUXKEeHWsI BUOpauumn cTaHKoB oOycnoBneHa CBA3aHHbIMKU C HEW HeraTue-
HbIMUK 3dodhekTamu, TaKUMK KakK:

- yXyaleHne kadecTea obpaboTku getanen;

- NpeXaeBpeMEHHbIN N3HOC U NOBPEXAEHNUS 3NIEMEHTOB CTaHKa;

- coKpalleHWe cpoka Cnybbl MHCTPYMEHTA;

- Ype3aMepHbIA YPOBEHb NPOUM3BOAUMOrO LLYMa;

- hu3monornyeckoe Bo3gencTene Ha paboTHuKa (onepatopa).

B HacTtoswem crtaHgapTe Bubpauus B OCHOBHOM PAcCMOTPEHA B KOHTEKCTE NepBOro M3 nepedvvcnex-
HbIX 3chbdpekToB (LWyM cTaHkoB paccmatpusaetcsa B ICO 230-5, a Bo3geiicTeue Bubpauum Ha onepatopa — B
MCO 2631-1). 310 no BonbLuel YacTu orpaHMYMBaAET pacCMOTpeHne Bubpayum Tol, YTo obycnorneHa B3au-
MOLEeNCTBMEM MHCTPyMeHTa 1 obpabaTbiBaemMoit JeTanu (3aroToBKK).

HacTtosilymin cTaHgapT ycTaHaBnvMBaeT psiA Mpouedyp, KOoTopble MOryT ObiTb MCMOMbL30BaHbI BO BpeMs
NMPMEMOYHBLIX UCNBITAHWUIA, O4Hako 6e3 nx getanusauuu, kotopast 06bIYHO HeobxoaWma Npu NPOBeAeHUM Takux
WCMbITAHWUA.

WHdopmauus, cogepxallasca B CHOCKAax BBEAEHHOrO MeXOyHapoOHOro OOKYMeHTa, NpuBedeHa B
TeKCTe cTaHaapTa.

* 3a UCKNKYeHWeMm HEKOTOPbIX Cny4aes, Tpe6yrou.|,v|x npuMeHeHnA peanbHbIX MHCTPYMEHTOB UIMKU NX MMUTaTOpPOB
(cM.7.1.1,7.2.1, 7.4 n 8.3).

v
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roCT P 71371—2024/ISO/TR 230-8:2010

HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

HOPMbI U MPABUJTA UCTbITAHUA METATNNIOPEXYLLUMUX CTAHKOB
YacTtb 8
Bubpauus

Test codes for metal-cutting machines. Part 8. Vibrations

Data BeepeHua — 2025—06—01

1 O6nacTb NpUMeHeHUA

HacTtoawumin CTaHOapT yCTaHaBlMBaeET 06LLI,VIE NnpMHUMNbI UCMbITAHUA U aHann3a OTHOCUTEINBHON Bm6pa-
UK gepxartend MHCTPYMeHTa WU AepXaTernd 3arotToBKu, anBO,D,ﬂLU,eFI K yXyOLeHUo TOMHOCTHK 06pa6OTKM n3-
OEeNnnA Ha CTaHKe.

Hactosawmn CTaHOapT MOXeT BbITb NMPUMEHEH N3roToOBUTENAMMK K NMOoJNb3oBaTensaMm CTaHKOB Mpy CbOpMM-
poOBaHNNA 06LLLEFO noaxo4a K NoBbILLEHUIO Ka4yecTBa M3rotaBnmMBaemMon npoaykunn.

MeTtogkl VI3MEpEHI/II7I, yCTaHaBliMBaeMble HaCTOALWNMM CTaHOapPTOM, pacnpoCTPaHAKTCA Ha BMGpaLI,MI-O
CTaHKOB, CBA3AHHYH!

- C HeypaBHOBELWEeHHOCTBbH BpallakLWKXCcA YacTeWn CTaHKa;

2 HpHMOﬂMHEﬁHbIMM nepemMeleHnamMmm cynnoprta CTaHka;

- BHELWWUHUMW MCTOYHUKAMMU;

- npoueccamMmu OG]‘J&GOTKM 3aroToBKW, BKINO4Yad aBToKonebaHus.

B HacToawem CTaHgapTe pacCMaTpuMBakTCA TakXe MeToObl BO36y}K,EI,eHMFI BMGDELI,VIM CTaHKa C Uenbr
onpegeneHusa QUHaMU4YeCKnX CBOWMCTB €ero KOHCTPYKLUUWK (I'IpVIJ'lO)KEHVIe F). 06|.|.|,ee OonucaHue CTPYKTYpPbl U CO-
AepXaHuAa HaCcToAwero cCtaHgaprta npreeaeHo B NPUNOXeHNn A.

MpumeyaHue — MNOMUMO BbILLEYNOMSHYTBIX CYLIECTBYHOT APYrME NMPUYMHBLI NOBbILLEHHOW BUOpaUUK CTaHKoB
(HecTabWNBHOCTL NPUBOAA, U3HOC YacTel, yCTapeBLuasi KOHCTPYKUMA CTaHKa M Np.), 0OHAKO B HACTOSILLEM CTaHAapTe OHK
noapo6HO He paccMaTpUBalOTCS.

2 HopmaTuBHbI€ CCbINKK

B HacTosAwWwem cTaHgapTe Mcnonb3oBaHbl HOPMAaTUBHbBIE CChIMIKWM Ha Creaylowme cTaHgapThl [4nAa gatu-
POBAHHBIX CChINTOK MPUMEHSAIOT TOMBKO YKa3zaHHOe M34aHue CChINTOYHOro cTaHgapTa, ANs HedaTUPOBaHHbIX —
nocrnegHee usgaHuve (BKNYasa Bce N3MeHeHus)]:

ISO 230-1, Test code for machine tools — Part 1: Geometric accuracy of machines operating under
no-load or quasi-static conditions (McneiTateneHblie Kogbl 4na cTaHkoB. YacTe 1. TOYHOCTE reaMeTpUyecKnx
napameTpoB CTAHKOB, paboTaloLmx Ha XONOCTOM XO4Y WK B KBa3WCTaTUHECKUX YCIOBUSAX)

ISO 230-5, Test code for machine tools — Part 5: Determination of the noise emission (McnbiTatensHbie
KOAbl ANA cTaHKoB. YacTe 5. OnpegeneHne WyMOBbIX XapakTepUcTHk)

ISO 1925:2001*, Mechanical vibration — Balancing — Vocabulary (Bubpauws. BanaHcupoBka.
Cnosaps)

* 3ameHeH Ha ISO 21940-2:2017. OgHako ons ogHo3HavyHoro cobniogeHua TpeboBaHMa HACTOALWEro cTaHgapTa
peKoOMeHAYeTCA UCMOMb30BaThk TOMNbKO YKa3aHHOE B 3TOWN CChINKe U3daHue.

MapaHune ochbuumnansHoe
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ISO 1940-1:2003*, Mechanical vibration — Balance quality requirements for rotors in a constant (rigid)
state — Part 1: Specification and verification of balance tolerances (Bubpauus. TpeboBaHus k ka4ecTBy Ba-
NaHCUPOBKM ¥ecTknx poTopoB. YacTb 1. Onpegenenue gonyctvMoro gucbanaHca)

ISO 2041:2009**, Mechanical vibration, shock and condition monitoring — Vocabulary (Bubpauwus, yoap
W KOHTpPOMNb cocToAaHuA. Crosapb)

ISO 2631-1, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibra-
tion — Part 1: General requirements (Bubpauwua v yaap. OueHka Bo3genctsusa obuwen Bubpaumm Ha YenoBeka.
Yactb 1. Obwue TpeboBaHus)

ISO 2954, Mechanical vibration of rotating and reciprocating machinery — Requirements for instru-
ments for measuring vibration severity (Bubpauwa mawwvH BpalwlatensHOro U Bo3BpPaTHO-MOCTYNATENLHOMO
gencreuda. TpeboBaHud kK cpeacTBaM U3MEpPEeHUn ANS OLUeHKM BMbpaLUnoHHOMo COCTOAHKS)

ISO 5348:1998***, Mechanical vibration and shock — Mechanical mounting of accelerometers (Bubpa-
uus 1 yaap. MexaHvyeckoe kpenneHve akcenepomeTpoB)

ISO 6103, Bonded abrasive products — Permissible unbalances of grinding wheels as delivered —
Static testing (ABpasvBHbie nzgenusa Ha ceaske. JonycTumble gucbanancsl WNUgoBanbHLIX KPYroB Mpu KX
noctaeke. CTaTuyeckmne NCNbITaHKS)

ISO 15641, Milling cutters for high speed machining — Safety requirements (®pesbl Ana BLICOKOCKO-
pocTHOW 06paboTku. TpeboBaHuA Ge3onacHOCTK)

3 TepmMuHbI U onpegeneHus

B HacTofleM cTangapTe npuMeHeHbl TepMuHbl o MCO 1925, NCO 2041, a Takke cnegytolne TepMu-
Hbl C COOTBETCTBYHL UMW ONpeaeneHnamMu:

3.1 abconwTHasa Bub6pauusa (absolute vibration): Bubpauusa, uamepeHHas B 3agaHHOW Todke npeob-
pazoBaTenem UHepPLWOHHOTO TUMa.

3.2 pemndpep (absorber, damper): YcTponcteo ocnabnenus Bubpaunm unu yaapa 3a cyeT pacCesHUs
SHEeprumn.

[MCO 2041:1990, 2.114]

3.3 yckopaemocTb (accelerance). OTHOLWEHWE KOMMIEKCHOTO YCKOPEHMS K Bbi3blBalOLLEN ero KoM-
NIIEKCHOW cure.

MpumedvyaHmne — Cm. Tabnuuy 1 8 MCO 2041:1990.

3.4 HanoxeHue cnekTpoB (aliasing error): VickaxeHve Buga pacnpeneneHnss 3HeprMm no YactoTHOMY
AnanasoHy BcregcTBMe NTIOKHOMO NepeHoca YacTu 3HepPrMy, COOTBETCTBYOLLEN YacTOTHOMY AMana3oHy Bbile
4yacToTbl HanMKBKCTa, B YacTOTHbIA AWana3oH HWKe 4acToTbl HankeBucTa.

[MCO 2041:1990, 5.8]

3.5 3Ha4eHune gucbanaHca (amount of unbalance): Npon3segeHue HeypaBHOBELLIEHHON MACChl HA ee
SKCLIEHTPUCHTET.

[MCO 1925:2001, 3.3]

MpumevyaHune — MHorga Ans OaHHOW BEMWYMHBI UCMOMNB3YIOT TEPMUH «OCTATOMHLIA AucbanaHcy (CM., Hanpu-
mep, MCO 1940-1). MamepatoT B rpaMmMax Ha MUNIIMMETP, T - MM.

3.6 amnnutyaa (amplitude): MakcuMmaneHoe 3Ha4YeHWe BENUYUHbLI NPU rAapMOHUYECKOW BUBGpauun.
[MCO 2041:1990, 2.33]

Mpumeyanune — WNHorga pasmax konebaHuin Ha3bIBAOT OBOMHON aMmnnuTyaol. [NpuMmeHeHns gaHHOro TEpMUHa
cneayet nzberate.

* 3ameHeH Ha ISO 21940-11:2016. OgHako Ana ogHo3Ha4yHoro cobniogeHus TpeboBaHWA HacTosALWero cTaHgapTa
peKoMeHYeTCa UCNOoNMb30BaTh TONBKO YKAa3aHHOE B 3TOW CChiMKe U3faHue.

** 3amMeHeH Ha 1SO 2041:2018. OgHako aAnst oAHOo3Ha4Horo cobnoaeHusa TpeboBaHWs HACTOSALLEro CTaHOapTa, Bbl-
paXeHHOro B 4aTMPOBaHHOM CChINKe, peKOMEHAYETCS UCMONb30BAaTL TONBKO YKaszaHHOe B 3TOWM CChINKe U3gaHue.

*** 3ameHeH Ha ISO 5348:2021. OgHako onsa ogHo3Ha4yHoro cobnogeHna TpeboBaHMA HACTOSALLEro CTaH4apTa, Bbl-
paXxeHHOro B 4aTMPOBaHHOM CChINKe, peKOMEHAYETCS UCMOMb30BATL TONBKO YKa3aHHOE B 3TOM CChINKe U3gaHue.

2
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3.7 yrnoBas yacTtoTa (angular frequency): lNponsseneHne 4acToTbl (PU3NYECKON BEMUYKHBI, N3MEHAID-
Lencs no cCMHycouMaanbHoOMY 3aKoHy, Ha KoadduumeHT 2.

[MCO 2041:1990, 2.30]

MpumevaHne 1 — MNamepaoT B paguaHax B CekyHay, pag/c.
MpumeuvaHune 2 — ObblMHO 0603HAYAKOT .

3.8 ny4HocTb (antinode): To4ka, NMHUA UMM NOBEPXHOCTbL MEXAHUYECKOW CUCTEMBI, e 3Ha4YeHue xa-
pPaKkTEPUCTUKN BOITHOBOTO NOMs MMEET MOCTOAHHBLIA MAaKCUMYyM.
[MCO 2041:1990, 2.47]

Mpumep — Touka unu AUHUA Ha NO8epXHOCMU CMaHKa, 8 komopol unu edonk komopol amnaumyda eu-
6payuu Ha 3adaHHOU Yacmome Gonbkuwie, YyeM 8 cocedHell obnacmu.

3.9 aHTupe3oHaHc (antiresonance): CocToAHWE CUCTEMbI, COBEpLUAIOLLEN BEIHYXAEHHEIE konebaHus,
korga noboe Manoe M3MeHeHUe YacToThl BO36YXAeHWA Bbi3biBAET BO3pacTaHUe OTKMMKa B 3aaHHOM TOUKE.

n puMmedyaHune 1— AHTMDESOHEHC onpegendaeTt TO4KY MMHMManbHOro, HO HeobszaTensHo HYNeBOoro OTKN1Ka B
norioce 4acTtoT BOSGy)K,D,eHMFl.

MpumedyaHune 2 — NameHeHo no cpaBHeHWo ¢ onpedeneHnem B NCO 2041:1990, 2.74.

3.10 ycpenHeHue (averaging): Mpoueaypa onpeneneHvsi 0QHOMO MPEnCTABUTEMbHOMO 3HAYEHWS MO
MHOXECTBY 3HAYEHUI.

MpumeyaHue — [NPUMEHUTENBHO K aHanMW3y rapMOHUYECKUX CUTHAMOB NPU YCpeAHEHUW onpedensioT CpeaHUi
YpOBeHb nonycuHycouael. B crnyyae BeIBOpKU AaHHBLIX NPUMEHAIOT pasHble crnocobbl yepeaHeHus. [Npu BEKTOpPHOM ycpea-
HEHWW, HAaNPUMED, YYUTBLIBAIOT HE TOMBLKO CPEdHWA YPOBEHb CUrHana, Ho Takke ero gyasy OTHOCUTENLHO HEKOTOPOK Omop-
HOW YacToTbl (HanpuMep, OTHOCHTENBHO YacToThl Bo3GyxaeHus). MNpuMeHeHre JaHHOW nMpouedypel Npeanonaraet, YTo
no Mepe ee BLINONHEHUs Nobble CoCcTaBnNAWME CUTHANA, HE CBA3AHHbIE C UCCNEdyeMol YacToTol, ByayT NofaBnsThes,
YTO CNOCOBCTBYET BO3PACTAHUIO OTHOLLEHUS CUrHan/liym K noBbiluaeT achheKTUBHOCTL AMArHOCTUYECKUX CPeaCTB Npu
MOEHTUUKALMY UCTOYHUKOB BUBpaLmMu.

3.11 nonoca nponyckaHusa (bandwidth): [inanason 4yacTtoT, 06bI4HO N3MepsaeMbIi B repuax, U, B KoTo-
pPOM aMnnMTy4a 4acTOTHbIX COCTaBNANLMX NPeBbIUAeT 3a4aHHbIA YPOBEHb UMK B Npefenax KoToporo pac-
CMaTpyUBaKOT CMEKTP curHana.

n punmeyaHune — He cnepgyet nytTaTtb C nonocon nponyckaHnAa B TEOPWK CBA3W, rOe 3Ta XapaKTepUCTUKa onpe-
OENAET CKOPOCTb Nnepenay AaHHbIX B GuTtax B CEeKyHAay, but/c.

3.12 6uenwun (beats): Nepuognyeckoe nameHeHve ornbarwLLen CyMmbl ABYyX KonebaHuiil c HeaHauYnTenb-
HO OTNNYAKLLMMKUCS YacToTamu.

MpumeyvaHne 1—Yacrora BreHUi paBHa pa3HOCTW YacTOT KonebaHWi.
MpumedyaHue 2 — NameHeHo no cpaBHeHUKO ¢ onpefeneHnem B MCO 2041:1990, 2.28.

3.13 namepeHusa B WKMpokon nonoce 4vactoT (broadband measurement): amepeHus, npu KOTOpbIX
paccMaTpuBatloT BCHO MOLLHOCTbL (3HEpPrus) curHana B onpegeneHHoM guanasoHe 4acToT.

3.14 uenTp macc (centre of mass): Touka Tena, ANA KOTOPOWA NPOM3BEAEHWE pajuyca-BekTopa B Ae-
KapTOBOW cUCTeMe KOOpAMHAT Ha Maccy Terna paBHO cyMMe Npou3BedeHUn paauycoB-BEKTOPOB BCEX YacTel
Tena Ha UX Macchl.

M punmMmeyaHne — 370 TO4YKA, OTHOCUTENBHO KOTOpOﬁ TENO ypaBHOBELWEHO B OQHOPOAHOM rpaBUTalMoOHHOM none.

[MCO 2041:1990, 1.31]

3.15 aBTokonebaHusa (npu pezaHum) (chatter): Camoro3byxageHne oTHOCUTENLHOW BUBpaLuu Mexay
MHCTPYMEHTOM W 3arOoTOBKOM B NMPOLECCe pe3aHusi, CrecTBMEM KOTOPOro SIBNSITCA HecTabunbHble yCnoBus
pesaHus.

MpumeuvaHnune — Cwm. Takke 5.4.

3.16 dyHkuua korepeHTHocTu (coherence function): Jons oblieli MOLWHOCTM B CUrHane OTKMWKA,
onpenensemMon UCTOYHUKOM BO3BYXKOEHUS.

3.17 cBfA3aHHbIe Mogbl (coupled modes): Moabl BMOpauuu, B3aMMHO BAKUSIOLLME OPYT HA Apyra 3a cHeT
nepeHoca sHeprum ogHON MoAbl B OPYryH.

[MCO 2041:1990, 2.53]
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3.18 kpmuTuyeckoe gemndupoBaHue (critical damping): KoadpdmumeHT gemngupoBaHma B CUCTEME C
OOHOWN CTeneHbk CBOBOAbLI, COOTBETCTBYHOLWA NPpeaensHOMY COCTOSIHUIO, NPU KOTOPOM CUCTeMa, BbiBEeOEeH-
Hasa M3 COCTOAHUA PABHOBECKUS, YKE HE MOXKET COBepLUAaTh kornebaTenbHble ABUXKEHUS.

[MCO 2041:1990, 2.85]

3.19 uukn (cycle): MonHbIA AMana3oH COCTOSAHWIA (3Ha4YEeHUA) NepuoanYecKoro npouecca (pyHkuun) 4o
oYepenHOoro CBOEro NoBTOPEHUS.

[MCO 2041:1990, 2.22]

3.20 gemncupoBaHue (damping): PaccesiHue mexaHM4ecKon 3HEpPrin BO BPEMEHM.

MpumeyvyaHue — MameHeHo No cpaBHeHWO ¢ onpedeneHvem B MCO 2041:1990, 2.79.

3.21 oTHocuTenbHoe gemndmporaHue (damping ratio): OTHoweHKe KosdduLMeHTa geMndurpoBa-
HUA K KpUTWUYECKOMY AeMNUPOBaHWUKD ANA CUCTEM C MUHENHBLIM BA3KOYNPYIMM OeMnupoBaHUEM.

MpumeyvyaHune — MameHeHo no cpaeHeHuo ¢ MCO 2041:1990, 2.86.

3.22 uyucno cteneHen ceobopbl (degrees of freedom): MuHuMansHoe uncno He3aBUCUMbIX 0606LLEH-
HblX KOOpAMHAT, HeoBxoaMmoe ANns MOIHOMo ONUCaHWA OBWXKEHWS MeXxaHUYeCcKoW cucTembl B MoBoA MOMEHT
BPEMEHM.

[MCO 2041:1990, 1.26]

3.23 cuctema c pacnpegeneHHbIMU napameTtpamu (distributed system, continuous system): Mexa-
HUYecKas cucTema, B KOTOPOW aMeMEHTbl MAcchl, XXECTKOCTU 1 AeMnMpoBaHuA pacrnpegeneHsl B NpocTpaH-
cTBe.

[MCO 2041:1990, 1.29]

I pupmMmedHaHne — CtaHkm 0bbl4HO paccMaTpuBaldT Kak CNCTEMbI C pacnpeneneHHbIMU napaMmeTpaMn.

3.24 puHamuyeckaa nogaTtnueocTb (dynamic compliance): BenvuunHa, obpaTHO nponopuvoHanbHas
OWHAMUYECKON XKXECTKOCTH.

[MpumeyaHune — BolpaxalT B MMKPOMETPAaX Ha HbHOTOH, MkM/H.

3.25 pMHamuyeckasn xecTkocTb (dynamic stiffness): YacToTHo-3aBUCMMOE OTHOLLUEHWE KOMMIEKCHON
CUITbl K KOMNIEKCHOMY NepeEMELLEHNI0 B 3a4aHHbIX YCIOBUSAX.

Mpumeyvyanmne 1 — Cwm. takke NCO 2041:1990, 1.54.

MpumeyvyaHue 2 — Ha HU3KUX YacToTax AUMHaAMUYecKkas XecTKoCcTe Bnuaka K ctatudeckor xectkoctu. C no-
BbILUEHWEM YACTOThbl OTKITMK CUCTEMbI CTPEMUTCS K HYMIO, a AUHaMU4Yeckas XecTkocTb — K BeckoHeyHocTW. Ha npome-
XKYTOYHBIX YacToTax, rae HabnwaakrTea pe3oHaHChl CUCTEMBI, UHAMUYECKAs KECTKOCTL MOXET NafaTth A0 O4eHb HU3KUX
3Ha4YeHui. BeipaxaloT B HelOTOHaX Ha MUKpOMETP, H/MKM.

3.26 (mavHamwm4veckuin) Bubporacutens (dynamic vibration absorber): Yctpoiicteo, npeaHasHa4eHHoe
ONSA CHWKeHus Bnbpauuy cucTtemel B onNpedeneHHoOM guana3oHe 4acToT NMocpefAcTBOM HanpaBreHusl ee Ko-
nebatensHON 3HEpPrUy B NPUCOEAWHEHHYHK BCMOMOraTenbHy CUCTEMY, HACTPOEHHYIO Ha Pe30HaHC TakumM ab-
pasoM, 4ToBbI cuna co CTOPOHbI BCMOMOraTensHoM cucTemMsl Bbina npoTusononoxHa no gase BubpauoHHON
CuIe B OCHOBHOW CUCTEME.

[MCO 2041:1990, 2.116]

Mpumeyanune — QuHamudeckuin BubporacuTens MOXET OCYLLECTBNATL Takke geMndupoBaHue Bubpaumu, oa-
HaKO 3TO HE ABMNSETCHA €r0 OCHOBHBIM HA3HAYEHWEM.

3.27 6bicTpoe npeobpasoBaHue Pypbe; BN (fast Fourier transform, FFT): MNpoueaypa BeiMMCNeHNs
npeobpasoeaHus ypbe, No3BONSOLWAsA CYLLIECTBEHHO COKpaTUTL Bpems 06paboTki curHana.
[MCO 2041:1990, 5.23]

MpumeyvyaHune 1 — bonee nogpobHo npeobpasoBaHue Pypbe U CBA3AHHBLIE C HUM TEPMWHBLI OMNpedeneHbl B
MCO 2041:1990, A.18—A.22.

Mpumevanune 2 — BlNP nozsonsaet ocylwecTBNATL NpeobpasoBaHve Pypwe B peansHoM MacluTabe BpemeHu.
3.28 BbIHyxAeHHaa Bubpauyua (forced vibration): Bubpauwnsa cuctembl, Bbi3BaHHas 4EACTBMEM BHELU-

HEW nepemMeHHOW CUIbI.
[MCO 2041:1990, 2.16]

Mpumeyanume 1 — OBObIMHO paccMaTpuBaOT CTAUMOHAPHYHD BbIHYXKAEHHYH BMOpauuio, HE BKMOYAIOWYH B
cebs nepexogHble NPOLECCHI.
4
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MpuMmeyaHune 2 — B NAHEMHON CMCTEME YaCTOTHbLIW cOCcTaB BMOpauun coBnagaeT ¢ HacTOTHLIM COCTaBOM Bbi-
HY>KOaloLWEeN cunbl.

3.29 ocHoBaHue (foundation): KoHCTpyKUWs, NoOoAepXKUBAOLLAA MEXAHMYECKYKD CUCTEMY, KOTOpasi Mo-
eT paccmaTpuBaTbCA Kak HEMOABWMXKHOE B OAHOW CMCTEME KOOPAWMHAT UMW Kak COBepLIalLee OBUMKEHWE B
OpYron.

[MCO 2041:1990, 1.23]

3.30 ananus ®ypbe (Fourier analysis): MaTemaTudeckas npouenypa onpegeneHus amnnutyg v gas
3anemMeHTOoB psaa Oypbe ANA AaHHOro curHana.

3.31 psap ®ypbe (Fourier series): MNpeactaBneHne nepuognyeckon MyHKLKMM B BUAE psga QUCKPETHbIX
YaCTOTHbIX COCTaBMSALLMX.

[MCO 2041:1990, A.18]

MpumMmedaHune — MaTematmyeckoe BhipaxKeHue paga Pypee npueegeHo B MCO 2041:1990, A.18.

3.32 cBobopgHan Bubpauwus (free vibration): Bubpaumsa cucteMbl nocne npekpalieHnsa BHELHEero Bo3-
OENCTBUA UMW CHATUA BHELLHUX CBA3EN.
[MCO 2041:1990, 2.17]

MpumeyvyaHnune — CeobogHasa BMBpauna NMHEUHON CUCTEMbI NpeacTaenaeT cobown cynepnosnumio KonebaHui
Ha cOBCTBEHHBIX YacTOTax CUCTEMbI.

3.33 uacrToTa (frequency): BennuuHa, obpaTHad OCHOBHOMY nepuoay.

MpumedvaHne 1 — MNameHeHo no cpaBHeHUK ¢ onpeaeneHnem B MCO 2041:1990, 2.23 n 2.24.
MpumedvyaHue 2 — BelpaxakT B repuax, L.

3.34 vactoTHas XapakTepucTUukKa (frequency FESDOHSQ)Z HacToTHO-3aBMCMMOE OTHOLEHNE BbIXOAHOTO
CUrHana K rapMOHM4YeCKOMY BXOOHOMY CUrHanmny.

MpumeyvaHue 1 — [Ns cTaHKOB OTKMWK YACTO MpeacTaBnaeT coboi OTHOCWMTENEBHOE NepeMELLEHNE UHCTPY-
MEHTa W 3aroTOBKWM (BLIXOLHOWM CUrHam) B OTBET Ha [EeWCTBME BbIHYKOAOLWEN cunbl (BXogHOW curHarn). B atom cnydvae
YacToTHasA xapakTepucTuka npegctasnsieT coboil AuHaMU4eckyro NogaTNMBOCTE. YacToTHasa xapakTepucTvka aenseTca
KOMMMEKCHOW BENMUYMHOW WU MOXeT BbiTek BelpaxeHa nubo yepes amnnutygy v dasy, nnbo yepes oeNCTBUTENBHYIO U MHU-
MY YacTW AN Ka)OoW YacTOTHON COCTaBMNAKLWEN.

MpumeuvaHune 2 — YacToTHyO XapakTepucTUKy oBbIMHO NpeacTaenslT B BMAE OAHOro (Mogyrb) Wnv OBYX
(Mogynb 1 chaza) rpacoMKOB 3aBMCMMOCTM OT 4acToTbl.

MpumeyvyaHune 3 — MameHeHO Mo cpaeHeHuto ¢ onpeneneHvem B MCO 2041:1990, B.13.

3.35 ocHoBHa#s 4actoTta (fundamental frequency): BenudunHa, obpaTtHO NnponopunoHansHas nepuogy
npouecca (curHana).

[MCO 2041:1990, 2.25]

3.36 rapmonuka (harmonic): CocTaBnswowasa npoiuecca (curHana) Ha 4acToTe, KpaTHOW OCHOBHOW
yacToTe.

[MCO 2041:1990, 2.26]

Mpumeuanue 1 — B HekoTopbix 0BMacTax akyCTUKM BMECTO TEPMMHA «TapMOHMKA» WCNOMb3YIOT TEPMUH
«0BEpPTOH», MPU 3TOM HOMep o6epToHa Ha eaWMHWUY MeHblle HOMepa COOTBETCTBYHLIEN rapMoHWKW. NpuMeHeHne
TepMuHa «0BepTOH» HE peKoMeHayeTCs.

MpumevaHne 2 —Yacrtota Nnepeo rapMOHWKM COBNaaaeT C OCHOBHOMW 4acToTOW Npouecca (curHana).

3.37 koadpcpuumeHT rapmoHuk (harmonic distortion): OTHoWweHue 3Hepriun BTOpon 1 Bonee BbLICOKUX
rapmMoHWK Kk 0BLLen 3Hepruu npolecca (curHana).

3.38 MHMMan 4acTb (YacToTHOM xapakTepucTuku) (imaginary part): OgHoO M3 cnaraembix pasnoxe-
HWS YaCTOTHOW XapakTEepPUCTUKN HA ABE COCTABMSALLMX, Y KOTOPOro hasa Ha Kaxzown yacTtoTe pasHa 90° (T. e.
COOTBETCTBYIOLLAS COCTaBMNALWAA OTKIMKA HAXOOWTCA B KBagpaType K curHany Bo3byx4eHus).

MpuMmedyaHune — [na NUHEWHON CUCTEMbI C OQHOW CTeneHbo cBoboabl MHMMAas YacTb JOCTUraeT MakcuMyMa
Ha cobcTBEHHOM YacToTe HeaeMndUpoBaHHbIX konebaHuii.

3.39 mmnynbc (cunsl) (impulse): MHTerpan no BpeMeHW OT CUTbI HA MHTEpPBane ee OEeNCTBUSA.
[MCO 2041:1990, 3.6]
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MpumMevyaHUe — CurHan MMNYNbLCHOMO BUAA 3a4acTY UMEET OYeHb KOPOTKYH ANUTENbHOCTb, HO BLICTPO M3-
MEHSAETCA BO BPEMEHMU, YTO MO3BOMAET My OOCTUraTh BbICOKMX 3HAYEHWUIA. TUMUYHBIMU UMMYMBCHBIMI NPOLECcCaMmn AB-
naAwTCa yaap (Hanpumep, MonoTa) Unu nepemMeLleHUe KapeTkn cTaHKa. MIMNynsbeC cUnbl M3MEepsAIoT B HbHOTOHaX B CEKYHAY,
H-c.

3.40 vHepuMOHHLIe ucKkaxeHus (inertial cross-talk): MepemelleHva B HanpasneHuy, NepneHAuKynsap-
HOM 3afl@aHHOMY, U3-3a HaXOXOEHUA LigHTpa Macc B CTOPOHE OT OCU MPUNOXKEHUS CUNbI, KOTOPLIE NPUBOOAT K
HaknoHy pabo4ero cTaHka Mpu ero YCKOpeHUW Unv 3ameaneHum.

3.41 vHcTpyMmeHTanbHbIA MonoTok (instrumented hammer): MonoTok, cnyKawun ans Bo3byxaeHus
BMOpaUMM KOHCTPYKLMMW B LUMPOKOM gManasoHe 4acToT, C BCTPOEHHbIM AaTYMKOM CUMbI.

3.42 nuHewnHasn cuctema (linear system): Cuctema, OTKIMK KOTOPOM NPONOpUKMOHaneH Bo30yXOeHu.

[MCO 2041:1990, 1.21]

3.43 akcueHTpUcUTeET Macchl (Mass eccentricity): PaccTosiHue LUeHTpa Macc XeCcTKOro potopa OT ero
OCW BpalleHus.

[MCO 1925:2001, 2.11]

3.44 (gpuHamMmu4eckan) nogBUKHOCTbL (mobility): YacToTHO-3aBUCKMMOE OTHOLLEHWE KOMMIMEKCHON CKO-
pPOCTU B 3aQaHHOMN TOUKE MEXaHUYeCKOW CUMCTEMbl K KOMMMEKCHOW cune, AeNCTBYIOLWEN B TOW e UMK Opyron
TOUYKE MeXaHW4YeCKOW CUCTEMBI.

[MCO 2041:1990, 1.50]

3.45 mopanbHaa macca (modal mass): 3ddekTuBHas Macca cUcCTeMbl C OOHOW cTeneHblo ceBoboabl
ONa oaHHOW Mokl BUGpauun.

3.46 mopa Bubpauum (mode of vibration): MpocTpaHcTBeHHas KOHUIypaLusa rapMoHU4Yeckux koneba-
HWIA TOYEK NUHEeNHON MeXaHMYEeCKON CUCTEMbI MPU €€ rTapMOHUYECKOM BO30OYXAEHUN.

[MCO 2041:1990, 2.48]

I punMmevYyaHUne — Y cTaHKoB mMoabl Bl/lﬁan,VIVI ONUCbIBAKITCA pa3HbIMW OTHOCHUTENBHBIMU OBUXEHWAMK OCHOB-
HbIX 3NEMEHTOB KOHCTPYKUWA. fDoprvla MoObl NpK 3adaH HOW YacToTe BO36y}‘I{,£I,eHMH OonncbiBaeTCA MMHOBEHHbBIM MONOXKEHW-
EeM 3TUX 3N1eMEHTOB B NPOCTPaHCTBE.

3.47 (amnnuTyAHas, yacTtoTHas) mogynsauusa (amplitude/frequency modulation): Mepuognyeckuin cur-
Hamn ¢ U3MEHSAKLLEACS BO BpeMeHW amnnuTyaoi/4acToToin BCneACTBUE HAMNOXEHUst ApYroro curHana.

I punMevYyaHUe — MOﬂyﬂﬂU,VIH npoABNAeTCA B HANN4nmn ©OKOBLIX MONOC B CnekTpe curHana.

3.48 cuctema c HeckonbKMMU cTeneHAMU cBoboabl (multi-degree-of-freedom system): Cuctema,
ONA onpedeneHus NonoXeHWsl KOTOPOW B MPOW3BONEHBIR MOMEHT BpeMeHU Heobxoaumo 3HaTb Bonee ogHow
KoopAWHaThI.

[MCO 2041:1990, 1.28]

3.49 namepeHUA B y2Kol nonoce (4actoT) (narrow-band measurement): MiamepeHusi, Npu KOTOpPLIX
paccMaTpuBaeTcsl MOLWHOCTh (3Heprus) curHana, cocpeoToveHHas B y3KOW nonoce 4acToT.

3.50 cobcTBEHHasA 4YacToTa (cucTembl ¢ gemndupoBaHueM) (natural frequency): YactoTta ceobos-
HoWM BUBpauMn NUHERHON CUCTEMBI C AEMMNGUPOBAHUEM.

[MCO 2041:1990, 2.81]

Mpumep — Yacmoma eubpayuu KOHCMPYKYUU € npucyuwjum eli demnghupogaHuem nocrie npexkpauwjeHus
delicmeus ebiHy¥xdarowel cunsi. [[ns cobcmeeHHol Yyacmomei cucmeMbl 6e3 deMrighuposaHusa xapakmepeH
¢hazossiil cdeuz 90° mexdy s036yxdeHuUeM (cunoll) U OMKIUKOM (NepemMelieHUeM) Ha Yacmome pe3oHaHca.]

3.51 y3en (node): Touka (NMUHUA, NOBEPXHOCTbL) MEXAHWYECKON CUCTEMBI, [Oe 3HaYEHUe XapaKTepucTu-
KW BOMTHOBOTO MOJIA NOCTOAHHO PaBHO HYMIO.

Mpumep — Toyka (NuUHUS), 8 KOMOPOLU OMHocumenkLHoe deLxeHUe d8yX Pa3HOHANpPae/eHHO G8LXKYLLUXCS
Yacmet cmaHka MUHUMAaIbHO.

[MCO 2041:1990, 2.46]

3.52 HenuHenHocTb (non-linearity): CBONCTBO CUCTEMbl, XapaKTepuaylLlleeca HenponopuvoHarb-
HOCTbI OTKMNKKa BO3OYKOEHWIO.

MpumeyvyaHme — MecTKOCTb B HENWMHENHOW cucTeMe MoxeT Nbo yBennymBaTbes, MMOO yMeHbLIaThCA C po-
CTOM aMnnuTyObl KonebaHuiA.
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3.53 konebaHue (oscillation): N3ameHeHne (0BbI4HO BO BpeMeHW) BENUYMHbI B HEKOTOPOW CUCTEME OT-
cyeTa, Korga 3HadeHue BennYmMHbl NonepemMeHHO CTaHOBUTCH To Gonblue, TO MeHblUe HEKOTOPOro cpegHero
3Ha4yeHus.

[MCO 2041:1990, 1.8]

3.54 pasmax (peak-to-peak vibration value): PasHocTbe Mexay NONOXUTENbHBLIM U OTpULIATENbHbLIM NA-
KOBbIMMW 3HA4YEHWSIMW Ha 3aJ4aHHOM MHTEpPBane BpeMeHu.

[MCO 2041:1990, 2.35]

Mpumep — JuanazoH nepemeuwjeHuil Nnpu deuwxeHuu o6Lekma.
MpumeyaHue — B cnyyae cuHycomaankbHOro curHana pasmax paBeH yaBOEHHOW aMninTyae.

3.55 (ocHoBHoW) nepuog [(fundamental) period]: HanmMeHbLLWMIA NPOMEXYTOK BpPEMEHM, Yepes KOTOpPbIA
nepuoguyeckas OyHKUKSA nosTopsieT cebs.

[MCO 2041:1990, 2.23]

3.56 mepuogudeckas cunalgBuxeHue (periodic force/motion): BenuuuHa, onuckiBaoLLas cuny unu
ABWXEHWe, 3Ha4yeHWsi KOTOPOW NOBTOPSAIOTCA Yepesa HeKOTOPbIe PaBHbIe MPUPAaLLEHMS HE3aBMCMMOW NepemMeH-
HOW (BpemMeHwW).

[MCO 2041:1990, 2.2]

MpumedaHue — MNepuogUHecKUii CUrHaN XapakTepu3yeTcs NMHeRYaTeiM CNeKTPOM.

3.57 dpaza (phase, phase angle): jons nepuoga, Bolpa)XeHHas B YITMOBLIX eQWHULaX.
[MCO 2041:1990, 2.31]

Mpumep — BpemeHHasa 3adepxka cuzHanma coomeemcmeyem cdeuzy ¢hasbl Ha COOMEEMCMEYULyHo
8EJILYUHY.

MpumeyaHune — dasy namepsatoT B rpagycax (0AWH nepuog cooteeTcTByeT 360°) unu B pagnaHax (oavH ne-
pYoA COOTBETCTBYET 271 pagmaH). [IByM OOMHAKOBLIM OBMXKEHUAM BO B3aWMHO-NPOTUBOMOMOXHBIX HAMPaBMeHWsIX CooT-
BETCTBYeT caeur no ¢ase Ha 180° unm T paguaH.

3.58 cnekTp MowHocTK (power spectrum): PacnpegeneHne no 4acTOTHbIM COCTaBMALWMUM MOLLHOCTH
(cpeoHekBagpaTUYHOIO 3HavYeHUs) HeMpPEepLIBHOTO curHana.

[MCO 2041:1990, 5.2]

3.59 po6potHocTk (Q, Q factor): Bennuuna, xapaktepusyrLias CKOPOCTb NoAbemMa YaCTOTHOW Xapak-
TEPUCTUKN Ha PE30HaHCe AN CUCTEMbI C OOHOW CTeneHblo cBobofbl.

MpumeuvaHune 1 — [JobpoTHOCTE ONKUCBLIBAET ycuneHwe Bubpaumm Ha pe3oHaHce M obpaTHa yOBOEHHOMY OT-
HoCUTENbLHOMY AemMnchupoBaHuto [cm. 4.3.3 v copmyny (19)].

MpumedyaHune 2 — NameHeHo no cpaBHeHUKO ¢ onpefeneHnem B MCO 2041:1990, 2.89.

3.60 pencTBUTENBLHAsA 4YacTb (4aCTOTHOMW XapakTepucTukm) (real part): OgHo M3 crnaraembix pasno-
KEHWUS1 HaCTOTHOM XapakTEpPUCTMKU Ha ABEe COCTAaBMSAWMX, Y KOTOPOro gasa Ha Kaxaol yacTote paBHa 0°
(T. €. COOTBETCTRYIOLLAS COCTABNSAKLLIAA OTKIMKA CUHMA3Ha cUrHany Bo3dyxaeHus).

MpumedyaHune — [OANA NMHEWHON CUCTEMBI C OOHOW CTeNeHbo cBoBoakL! AEeUCTBUTENbHAA YacTe JOCTUraeT Mak-
CUMarbHOro NOMOXUTENBLHOMO 3HAYEHWA HEMOCPEACTBEHHO NMepeqd 4acToTOW pe3oHaHca M MakCUMansHOro oTpuuarenbs-
HOro 3Ha4YeHUs HEMOCPEACTBEHHO MOCME 4YacToThl pe3oHaHca. B cnyyae HegemndMpoBaHHOW CUCTEMbI AEACTBATENBHASNA
4YacTb YAcTOTHOW XapaKTepUCTWMKU Ha pe3oHaHce paBHa Hyn. [InA CTaHKOB HEKOTOPLIX TUMOB MakcvMarnkHoe oTpuua-
TEMNbLHOE 3HAYEeHUE XapakTEepPUCTUKK CIYKUT MEpO NOTEHUMANBHON HecTabunbHOCTU Ha 3TOW YacToTe.

3.61 pereHepaTuBHas Bubpauua (regenerative vibration): Bubpauwsa, nogaepxmeaemas 3a cyeT OT-
©opa aHepruM y HeKoToporo NOCTOSIHHOTO MpoLecca.

Mpumep — AemokonebaHusi Npu pe3aHuu.

3.62 oTHocuTenbHas Bubpauwusa (relative vibration): KonebatenbHble gBrKeHMA OBYX TOYeK/anemeH-
TOB (HanpuMep, pesla M 3aroToBKW) ApYr OTHOCUTENbHO Apyra.

3.63 pesoHaHc (resonance): CocTofHWe coBepllalollen BblHYXXAeHHble KonebaHua cuctemMbl, Npy Ko-
Topom noboe manoe N3MeHeHWe YacTOoThl Bbi3bIBAET CHUMXKEHNE OTKITMKA.

[MCO 2041:1990, 2.72]

MpumeyaHue — YcnoBus peaoHaHca BO3HUKAIOT Npy BNM3ocTi YacToThl BO3ByKaeHus kK coBCTBeHHOM YacToTe
BUBPALIMM KOHCTPYKLIUK.
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3.64 pesoHaHcHas 4acToTa (resonance frequency): HacToTa, Ha KoTopoit HabngaeTca pe3oHaHC.
[MCO 2041:1990, 2.73]

Mpumevyanne 1 —Cm. 4.3, atarke MCO 2041:1990, 2.73 (nprmedanma 1 n 2) n Tabnuuy 2.

3.65 cpepgHekBagpaTU4HOe 3Ha4YeHue, r.m.s. (rms value, root-mean-square value): KsagpartHblii Ko-
peHb 13 KBagpaTta QyHKLUMW, yCPpeOHEHHOTO Ha 3afaHHOM UHTepBane.
[MCO 2041:1990, A.37]

MpumeyvyaHne — [laHHbIA NapaMeTp UCMOML3YHOT A1A ONMCaHWs YCpeaHeHHOM MOLLHOCTU curHana (CM. Takke
npunoxexue B).

3.66 BbI6opka (sampling): Mpouecc nony4YeHus 3Ha4eHin PU3NHECKOR BENIMYNHLI NPKU 3aJaHHbIX 3HA-
UEHWAX HE3ABMCUMOW NEPEMEHHON.

[MCO 2041:1990, 5.14]

3.67 4vacTtoTta guckpetusauum (sampling frequency): Yncno BeIBOPOUYHLIX 3HAYeHUA hU3UYECKON Be-
JIMYMHBI B €AMHULY BpeMeHK (4NS paBHOMEPHOMW NOCnefoBaTenbHOCTU U3MEPEHWA).

[MCO 2041:1990, 5.15]

3.68 nepwuop guckpetuzauum (sampling interval): iHTepean BpemeHn Mexay ABYMSA NOCrefoBaTerb-
HbIMW 3NeMeHTaMu BbIBOpPKU.

[MCO 2041:1990, 5.16]

3.69 curHan (signal): MiameHeHWe hKU3MYecKor BENUYMHbI, HabnwgaeMoe ¢ Lenblo M3BNEeYeHUs CooT-
BETCTBYlOLWEeN NHopMaLuu.

[MCO 2041:1990, B.1]

Mpumep — Snekmpuyeckoe HanpspkeHue Ha 8bixode coomeemcmeyroujezo npeobpazosamens. (Hanps-
JKeHue Moxem 6bIMmb MPONOPYUOHAaNbLHO MepeMeLyeHUl0, CKOPoCcmuU, ycKopeHulo eubpayuu unu cuse e 3asucu-
Mocmu om ucrnonk3yemMo2o npeobpazoeamerns.)

3.70 rapmoHuyeckaa Bubpauwusa (simple harmonic vibration, sinusoidal vibration): Bubpauwsa, onucel-
Baemas CMHYyCoMOanbHOW 3aBUCUMOCTBIO OT HE3aBMCUMOW NEePEMEHHON.
[MCO 2041:1990, 2.3]

MpumevyaHune — MNepuoanyeckyto BUGpaLMIO, CoaepKaLLyo CYMMY rapMOHWK, Ha3blBakOT NOSMIrapMOHUYECKOH
Bubpaumen.

3.71 cuctema c ogHOW cTeneHblo cBoboAabl (single-degree-of-freedom system): Cuctema, nonoxe-
HVe KOTOPOi B N6 MOMEHT BpEMEHWU MOXET BbITh ONpeaeneHo C MOMOLLLIO TONMLKO OJHOW KOOPANHATI.
[MCO 2041:1990, 1.27]

MNMpumep — UdeanuszupoeaHHas MexaHUYyecKasl cucmema, cCocmosias U3 Macchl, NPYXuHbI (ynpyao020 ane-
meHma) u demngpepa.

MpumevyaHue — MOeanusnMpoBaHHasi CUCTEMA C OOHOW CTeneHbio cBOBOAbI NMOKa3aHa Ha PUCYHKe 2, a ee 4a-
CTOTHas XapakTepUCTHUKa — Ha PUCYHKe 4.

3.72 cnekTp (spectrum): MNpegcTasneHne BENUYUHbLI B BUAE PYHKLMM YacTOThl UKW ONTWHLI BOMHBI.

[MCO 2041:1990, 1.56]

3.73 ctosuasa BonHa (standing wave): BonHa, y KOTOpOW Kaxgas To4YKa cpefbl MMeeT NMOCTOSIHHYH
aMmnnuTygy konebaHui.

[MCO 2041:1990, 2.66]

MpumedaHue 1 — CToAYYI BOMHY MOXHO paccMaTpMBaTh Kak Cyneprosuumnio AByX GerylimMx HaBcTpedy apyr
LOPYry BOMH OJHOrO BMAA W OAHOM 4acToThl.

MpumeyvyaHune 2— Yanbl M Ny4HOCTU CTOAMEN BOIMHbLI HE M3MEHSIOT CBOETO MOSIOKEHUS CO BPEMEHEM.

3.74 yctaHoBuBlIanca Bubpauus (steady-state vibration): HenpepuieHas Bubpauns, napameTpbl KO-
TOPOW HE3HAYUTENbHO KONebniTCs OTHOCUTENEHO JOCTUMHYTHIX 3HAYEHUIA.

[MCO 2041:1990, 2.14]

3.75 npeobpasoBartenb (transducer): YcTpoicTBO, cryxallee ana npeobpasoBaHus ogHOW hOpPMBl
3HEepruu npolecca B Opyryw Takum obpasom, 4tobbl Npouecc Ha BbIXO4e YCTPOWCTBa cofepXan MHgopma-
LMK O XapakTepucTUKax npoLecca Ha ero Bxode.

[MCO 2041:1990, 4.1]
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MpumMmeyaHue — BbixogHoit curHan npeobpasoeaTtens BMGpaUuy NponopUMoHaneH nepemMeLleHuo, CKOpoCTH
WK YCKOPEHWIO.

3.76 nepepaTtoyHan dyHkumua (transfer function): Marematnyeckoe COOTHOLLEHME MexXOy BXOOOM U
BbIXOAOM CUCTEMBI.
[MCO 2041:1990, 1.37]

MpumeyaHue — OBLIYHO NepedaTOUHYIO PYHKLUI0 33AaK0T Kak KOMMMEKCHYIO (DYHKLMIO YACTOTHI.

3.77 nepexogHana BuMbpauwnsa (transient vibration): Bubpaums cuctemel, AaBNsKLasaCcs ee OTKNMKOM Ha
BO3OeNCTBMe, NPU Nepexoe oT O4HOW YCTaHOBMBLUERCA BUBpaLUn K Apyrom.

[ISO 2041:1990, 2.15]

3.78 koadpchuumeHT nepegaum (transmissibility): beapasmepHoe KOMMNNEKCHOE OTHOLLEHME OTKMMKa
cucTeMbl K BO3BYKOEHWIO.

[MCO 2041:1990, 1.18]

3.79 HeypaBHOBelWeHHOCTL (poTopa) (unbalance): CocTosiHMe poTopa, xapakTepu3ylLlleecs TakuMm
pacnpegeneHneM Macc, KoTopoe Npy BpalleHUy poTopa Bbi3biBAET NosiBMeHUe LeHTPobeXHbIX cun, BO3aei-
CTBYIOLLMX HA ero onopy.

[MCO 1925:2001, 3.1]

n puMedaHUe 1 — [laHHOe cOoCTosAHWE BbI3BAHO QKCUEHTPUCUTETOM MaCChl poTOpa. anMBBOﬂMMaH Bl/lﬁpal.lldﬂ
nponopunoHanbHa 3Ha4eHuo aucbanaHca u KBagpaTty CKOPOCTK BpalleHnA poTopa.

MpumeuvaHune 2 — Cwm. Take NCO 1940-1.

3.80 HeypaBHoOBeweHHasa Macca (unbalance mass): Macca, MMerLLasa 3KCLUEeHTPUCUTET.

[MCO 1925:2001, 3.2]

3.81 Bmbpauwms (vibration): [iBmkeHMe MexaHW4YeCKOW CUCTEMBI, MPW KOTOPOM MPOWCXOAAT Nepuognye-
CKME UNK cryvyamnHble KonebaHusa xapakTepusyloLen ero Benu4mMHbl OTHOCUTENBHO MOMNOXEHWA PABHOBECHS.

[MCO 2041:1990, 2.1]

Hpumep — ﬂ'epuoduqecxoe deuxeHue UHCMPYMeHma omHocumeJsibHO 3a20moe8KuU, ebi3gaHHOe delicmeau-
eM MexaHU4YeCKuUx cusl u onucbisaemMoe 8 edu;-iuuax nepemMelwjeHus, CKopocmu unu yckopeHus 4epe3s ux rnukoeble
unu cpedﬂefreadpamuqﬂb:e 3Ha4YeHUA.

MpumeyaHue 1 — MHorga BMECTO NMPSIMOrO YKa3aHWA Ha aMnnuTyady, MMKOBOE UMK CpedHeKBaapaTUYHOE 3Ha-
YEHWEe BErMYMHLI, ONUCbIBaOLWLE BMOpaLMIo, UCnonbayloT oboblatowmin TepMruH «ypoBeHb BUOpauun». NpumeHeHne
[OaHHOTO TEPMUHA HE PEKOMEHYETCA.

MpumedvyaHune 2 — TepMUH «YpPOBEHb» MNPUMEHAKT ONA ONUCAHWUA BEMWYMH Yepe3 MX norapudmbel (Cm.
MCO 2041:1990, 1.57).

Mpumeuvanune 3 — Cwm. Tawke Tabnuuy A.1.

3.82 eazkoynpyroe gemnduporaHume [(linear) viscous damping]: JemndunpoBaHue, BLI3aBaHHOE Oei-
CTBMEM QUCCUMNATUBHOW CUITbI, MPONOPLUNOHANBHOM U MPOTUBOMOMOXHOW CKOPOCTH.

[MCO 2041:1990, 2.82]

3.83 dropma curHana (waveform): bespasamepHasn dyHKUUA, ONUCBLIBAKOLWASA OUH NEPUOS curHana.

n pumedyaHne — tbopma rapMoOHWM4YE€CKOro ciMrHana nornHoCTelO onpeaeneHa ero 4acToTOM.

4 TeopeTuqecxue OCHOBbI AMHaMWKW CTaHKOB

B HacToslem pasgerne B yNpoLeHHOM BUAE pacCMOTPeHbl OCHOBBI TEOpUW BUBpaLmMM NpUMEHUTENBHO
K QMHAMUYEeCKOMY NOBEOEHUI0 KOHCTPYKL MKW cTaHKa. 3TU 3HaHWS HeoBXxoauMb! AMs MPaBUNBHOMO NPOBEaeHs
WCMbITaHWIA, paccMaTpuBaeMblix B pasgenax 7 u 8. TexHu4eckne acnekTbl, Tpebyolne npumMeHeHna maTema-
TUYECKMX hOPMYT, B KpAaTKOM BUAE U3MOXKEHbl B CpaBoOYHbIX BeTaBkax. [na Bonee 4eTanbHOro o3HaKoMne-
HUs criegyeT obpallatees K nybnukaumMaM, ykazaHHelM B Bubnuorpadgun.

MpumeyaHue — OCHOBHOE COAEPKaHNe HAaCTOSILLErO pa3aena B KpaTkol hopMe NprBedeHo B npunoxeHunn C.

4.1 OnucaHue BUBpauumn

Bubpauuns KOHCTPYKLMK cTaHKka npegcTasnseT coOoi ABWKeHWe ero YacTei nog AeACTBUEM BbiHYXAa-
lOLLLEN CUITLI, ONPefensieMOe COOTHOLLEHWEM MACC, XecTKoCcTeN U AemndupoBaHuem B cucteme (cm. 3.81).
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4.1.1 TapmMoHM4eckasa Bubpaumn

MpocTenwm BUMAOM Bubpaunu siBNSETCH rapMoHMYeckas Bubpaums, onucbiBaemMmas CYHycouganbHOM
3aBMCMMOCTBIO OT BPEMEeHW NepeMeLleHnsi, CKOPOCTWM WK yckopeHus (cm. pucyHok 1). B kadectBe mame-
pAEMOoro OAHOYMCIIOBOrO NapameTpa, Kak npasuro, UCnone3ykT cpedHekBagpaTUYHOe 3HaJYeHWe OOHOW W3
yKa3aHHbIX BenvynH. Ecnv He ykasaHo vHoe, To nog nepemMeLleHeM, CKOPOCThI0 UMW YyCKopeHneM Bubpauum
NMOHMMAIOT MakcManbsHoe 3Ha4YeHue curHana (amnnuTygy).

Mo ock abcumce Ha pUcyHKe 1 0TNoXeHo BpeMs B eQMHWLAX OONu nepuofa curHana T, T. e. B eAuHMLAXx
dazbl. 3agepxkka no dase And curHana nepemeleHus coctaenset 90° OTHOCUTENBLHO CUTHana CKOpPOCTU M
180° OTHOCWUTENbLHO CUTHANa YCKOpEeHUs.

AMNIWUTYObl 3TUX TPEX CUTHarnoB TakKe CBA3aHbl Mexady cobol, Ho He 0bA3aTenbHo Tak, Kak NnokasaHo
Ha pUCyHKe 1, MOCKOMbKY COOTHOLLUEHWE MEeXOy aMnnuTy4amMu 3aBUCUT OT YacToTel BUBpauuu.

I, &

1
: 2

P Y
ceeeveneane ~

3 // ~
1
0 -

PA

-1
_2 1 1 1 1 1 L 1

1] 180 360
Iy
PA — dasa (chasoseiit yron) curdana, rpagyc; /, — copma curHana (B ycnosHbIx eAuHnuLax); 7 — curHan nepemelleHns; 2 — curdan
CKOPOCTW; 3 — curHan ycKopeHus

PucyHok 1 — CooTHoLWeHWe Mexay hasoBbIMKU YraMuy Ans CUrHanoB nepeMeLLeHnsl, CKOpOCTU M YCKOPEHUS B Criydae
rapMoHU4YecKoin Bubpaumnn

4.1.2 Yacrtorta BubGpauyumn

YacToTa f SIBNSIETCA BenW4YNHOI, 0BpaTHOW Nepuoay rapMOHWYeckoro curHana T, N uaMepsieTcst B ¢
unm Iy, 1/c=1 =1 Tu. [Ins 3an1cy rapMOHUYECKOro CUrHana MoxeT BbiTh Takke NCNOMb30BaHa YrMoBas YacTo-
Ta w, KOTOPYID U3MEPSIOT B pagnaHax, pag. Yactora f v yrnosas 4yactoTa o CBA3aHbl COOTHOLWEHMEM = w/21.
Mpy NOCTOSIHHOW aMNNUTyae NepeMelleHns aMnNnuTy4a CKOPOCTU BO3pacTaeT NponopLMoHansHO YacToTe, a
aMnnuTyaa yCKOpeHUs — NponopLMOHansHO KeagpaTy YacTtoTel [cM. chopmynbl (1)—(3), a Takke npunoxe-
Hue BI.

B cnyyae rapmMoHWYECKOro CUrHana nepemMeLleHne X, CKOPoCTb X W YCKOPEHWE X CBSA3aHbl MeXay
coboi chopmynamu:

X = X - sinwt, (1)
)'(:szom-cosm, (2)
dt
2
X= (:IT; = —xgw? -sinot, (3)

10

GostExpert.ru
https://GostExpert.ru/gost/gost-71371-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

rOCT P 71371—2024

rae X, — amnnuTyaa rnepemeLleHuns;
o — Yrnosas yacToTa;
t — Bpewms.

CnpaBoyHas BctaBka 1 — COOTHOLIEHUE MEXOY NepPEMELLEHNEM, CKOPOCTLIO U YCKOPEHUEM B Crny4yae
rapMoHu4eckon Bubpavuum

4.1.3 Bo36yxageHue BUOpaummn v nepegatovHas OyHKUMA

Bubpauuns KoHCTpYKUMM CTaHKa MOXeT BbiTb BO3DYOeHa pasHbIMK cnocobamMu: KWHeMaTUYeckn Yepes
OBWXEHWEe MEXaHM3MOB CTaHka npu ero paboTe, B pe3ynkrate npoLecca pe3aHns (B3auMogenCcTBUS UHCTPY-
MEHTA M 3aroTOBKMW) UMK BHELLHMMU UCTOYHUKAMK Yepes onopbl cTaHka. [na uenel nuccnefoBaHa UHAMU-
YeCKOro NoBeaeHNst KOHCTPYKUMK CTaHKa ero Bubpauma MoxeT 6biTe BO30yXOeHa MCKYCCTBEHHO NOCPEACTBOM
BMBpoBo3byauTens. PasHble BUAbl M UCTOYHMKKU BO3DYXKAEHUS CcTaHKa B npouecce ero paboTbl paccMOTPEHbI
B pazgene 5, a Bo3byxaeHne Bubpauun Bubpoeosbyoutenem — B pasgene 8. B nwbom cnyyae npuymMHon
BnBpauumn ABNsieTca AelCTBUE BhIHYXAAKLWen cunel F, hopma curHana KoToOpor MOXET OTNMYaThCcs OT pac-
cMoTpeHHon B 4.1.1 1 nokaszaHHOW Ha pucyHKe 1. MiHoraa BoIHYXOAWWA curHan npuHuMaeT opMy UMNyb-
ca, CTYyNeH4yaToro BO3MYLLEHUA UM MOXET BbITe NOCTOAHHBLIM BO BPEMEHN.

MepepaTo4vHyo OYHKLMIO, ONpedenseMyo Kak OTHOLWIEeHWe pesynbTupylowen Bubpaummn (nepemelle-
HMA X) K BbIHY>OalLen cune F obbluHo obozHavatoT G, G = x/F. [Npu uccnegoBaHMm QUHAMUKK CTaHKa MOTyT
ObITb paccMOTPEeHbl HECKOMBKO BLIXOOHLIX X M HECKOMNBKO BXOAHbLIX F CUrHanos.

4.1.4 3HeprvA U MOMEHT UMOyNbCca

[BwxeHne B Ntoboi MeXaHUYECKON cucTemMe MoXeT BbiTb PACCMOTPEHO C TOUKWU 3PEHUA 3aKOHOB COXpa-
HEHWUs1 S3HEPTUU U MOMEHTA UMMNyMbCa.

CoxpaHeHne MOMeHTa MMMynbCca O3Ha4YaeT Hanvyne B CUCTEME B 000N MOMEHT BPEMEHMW PaBHbIX U
NPOTUBOMOMOXHO HanpaBneHHbIX MOMEHTOB MMMYNbCOB B OTHOLUEHWW NMOBEPXHOCTM, Ha KOTOPOWN yCTaHoBIe-
Ha cucTema, UM B OTHOLLEHWUW KOHCTPYKLWUK, HA KOTOPOW 3Ta CUCTEMA 3aKpenreHa, T. €. CUCTEMA He MOXET
BnBpupoBaTE M30NMPOBaHHO. Tak, Manas macca (Hanpumep, cTaHka), Bubpupyrowasa ¢ 6onblnMK 3HAYe-
HUSMW MepeMeLLeHUA (a8 3HAYUT, U CKOpPOCTU), MOXeT BbiTb ycTaHoBneHa Ha Bonblion mMacce (Hanpumep,
dhyHOaMeHTOM), nepemMeLleHns (CKOPOCTb) KOTOPOWM HE3HAYUTENbHbI, HO MPKU 3TOM UX MOMEHTLI MMMNYNbCa MNo
mMoZynto ByayT paBHbl. MOMEHT UMNynbCa ONpegensioT Kak Npou3BeAeHne Macchkl Ha CKOPOCTb, YTO B Cry4ae
rapmoHu4yeckor Bubpauum Byget nponopunoHansHO NPOVU3BEAEHUI0 MACChl, MEPEMELLEHNS W YaCTOThI.

C TOUKM 3peHUst 3aKOHA COXPAHEHUS IHEPTUN MPOUCXOLAMT NOCTOSIHHOE Npeobpa3oBaHue 3HeEpPrun O4HOMo
Buaa B Agpyron. B xope kaxpgoro uukna konebaHui KMHETUYECKAA 3Heprusi Tena, MakcumanbHasa B cpegHei
TOYKe ero nepemelleHusi, npeobpasyeTca B MOTEHUMANbHYID SHEPruio, Yell MakCUMyM OOCTUraeTcs B KOHUe
nepemeLleHns, n Haobopot. B cnyyae cBobogHON BUbpaLmmu aHepria OBWXKEHUs] Tera NocTeneHHo yMeHbLa-
eTCcs BcreacTere AeMnupoBaHust (TPEHWA), Nnepexona B TENNo (T. e. ABwkeHne monekyn). MNpu BbIHYXOEHHbIX
konebaHusix 3TU NOTEPU SHEPTUUN NOCTOSIHHO BOCMOMNHSATCA UCTOYHUKOM BhLIHYXXAAKLLER CUMbI, YTO NO3BOMSET
BMECTO 3HEpPruun BMbpauumn paccmaTpyBaTth €€ MOLHOCTb, T. €. CKOPOCTb MOCTYMNNEHUS 3HEPTUN U3BHE.

4.2 CucTeMbl C OOQHOWN cTeneHbI0 cBOGOALI

Cuctema c ogHOW cTeneHek cBOBOAbI — MPOCTEWLUMA BUA MEXaHU4eCcKOW CUCTEMbl, MO3BONSAKLINA
NPOUNIKCTPUPOBATL AMHAMUYECKOE MOBEAEHNE KOHCTPYKLUN.

4.2.1 Mopgenb cucTeMmsl

VpoeanuanpoBaHHaa Modenb CUCTEMbI C OOHON cTeneHs cBoBoabl, COCTOALLAA U3 MACChl M, NMPYXWUHbI
C XeCTKOCTbH Kk 1 aemndepa ¢ ko3 PULKEHTOM AeMNPUPOBAHNA ¢ NOKasaHa Ha pucyHke 2. Takad cucrema
crnocobHa coBepllaTh TOMLKO OAHOHAaNpaBneHHoe ABWXEHWe, OMucbiBaemoe OOHOW He3aBUCUMOW Benu4u-
HOW — MepeMeLleHeM X yKkazaHHOW Macchl. [CKOPOCTb X M yCKOpeHWe X ABMATCSH NPOW3BOAHLIMM OT nepe-
MeLLLeHNs (CM. CpaBOYHYIO BCTaBKy 1) M NOSTOMY HE3ABUCUMbIMU BEMUYMHAMW HE SBRSIOTCS.]

Ha maccy BozgencTeyeT BoiHyxaarwasa cuna F (cm. 4.1.3). OTkNukom cucTemMbl ByoeT nepemMeLLeHme X.

OnemeHTam Maeann3npoBaHHON CUCTEMbI MPUMUCKIBAIOT CriefyoLle CBONCTBA.

MpyxnHa sBnaeTca 6e3mMaccoBOW, U ee HazHa4YeHWe — COMPOTMBNEHNE OBWMXXEHWIO MAacChl 3a CHET ee
pacTsHKeHUs unu cxkatus. Cuna peakumm NpyXuHel K Npu pacTshkKeHWu/cxaTumn onpegensieTcs ee ctaTu4eckon
JKECTKOCTBIO K M MpONopLMOHarnbHa nepemMeLleHuto X [cM. hopmyny (7)], 4To aBnsieTcss HeobXoaUMbIM YCIOBK-
em gna obecnevyeHus NnMHeRHoCTU Modenn. Cuna peakuum MakcumanbHa npu MakCUMansHOM PacTsKEHNN W
MaKCHUMAanbHOM CXaTuu NpYyXUHbI.
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Fstat Fayn X, X X

Fqyn — BbIHYyXpaoWas cuna; Fy,, — CTaTUHecKas Harpyska; X — OTKINK
(nepemelleHwe); m — macca; kK — KeCTKOCTb NPYKUHbI; ¢ — KO3 ULIMEHT
aemnduposaHus gemndepa

7
////////// PucyHok 2 — KonebartenbHaa cuctema ¢ 0IHOW CTENEeHbIo
/ cBobOAbI

Cnoco6BHocTb Macchl m NpOTUBOAEACTBOBATL YCKOPEHHOMY ABWXEHWH NO4 AeNCTBUEM BbIHYXAaoLLEN
CWMbl MHOTAA OMWCHIBAKT Yepes COOTBETCTBYHLLYIO cuny nHepumn M [cm. chopmyny (5)]. OTa cuna nponopuu-
OHanbHa YyCKOPEHWIO Macchl, T. €. KBagpaTty 4YacTtoThl [cMm. chopmyny (3)].

Hemndep Ha pucyHke 2 obecnednBaeT Bs3koynpyroe gemndupoBaHue ¢ ko3dpduureHToM gemndgu-
pPOBaHMWA C, YTO SKBUBANEHTHO AEWCTBUIO Aemndupyollen cunsl C, NpoTUBOAENCTBYIOLWEN OBVXKEHWUIO Mac-
Cbl MPOMOPLUOHANBHO CKOPOCTW 3TOTO ABMXKeHWA X [cM. chopmyny (6)]. [laHHOe CBOWCTBO BA3KOYNPYroro
AeMnrupoBaHusa Tawke Heobxoaumo Ansa obecnedeHus NMMHERHOCTH Mogenu. [ipyrve Buabl AemndupoBaHus

paccMoTpeHbl B 4.7.4. Cuna C nponopuMoHanbHa 4acToTe rapMOHWYECKOro curHana v caoBuHyTa Ha 90° oT-
HOCUTENbLHO NepemMeLLeHuns.

B cnyyae rapmoHuyeckoro Bo3byxaeHus BelHYyKawwwas cuna F onpegensercs hopMynon
F=F, " sinwt, (4)

rae Fy — amnnutyna BblHYKOAKLWen CUnbl;
m — YrnoBasi 4acToTa;
t — Bpewms.

[BmKeHW0 Maccehl M Nog 4eACTBUEM CUMbl F NpOTUBOAENCTBYIOT Cuibl HepLun M, aemndupoBaHus
C v ynpyrocTu K, onpegensembie oopmynamu:

M = -mx, (5)
C = —cx, ®)
K = —kx. (7)

CnpaBouHas BcTaBka 2 — QopMynbl AN BbIHYKOAKLWEN CUMBl U CUIN peakuum
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Moa nencTsmem cTaTUHecKoW cumbl Fy Macca Ha NpyXuHe nepemelLaeTca B HanpasneHun npunoxeHus
CWUnbl 00 Tex Nop, NOKa BbIHYXAaoLlas cuna He ByaeT ypaBHOBELLEHa CUIMOW yNpyrocTu. B aTom nonoxeHuu
CKOpPOCTb W ycKopeHWe ByayT paeHbl Hyn. MNepegaTouHas qyHKUUS CUCTEMbl B 3TOM crnydae bynert paBHa
CTaTU4eCcKon NoJaTNMBOCTH NPYXWHLI X/F, 06paTHO NPOMNOpPLMOHaNbHON ee CTaTU4ECKOW XEeCTKOCTH.

B cnyyae npunoxeHus rapMoOHMYECKOWA cunbl F cUCTEMa Mocrne 3aBeplUeHMsi NepexoqHoro npouecca
(cm. 4.5.5) npyaeT B cCOCTOAHME YCTAaHOBUBLLEWCS rapMOHMYeCcKoW BMBpaLum Ha YacToTe Bo30yKOeHMs Takum
obpasom, 4To cymMa BCeX Cun peakuun ByoeT paBHa No MOgymMio M HanpaeneHa NPOTUBOMONOXHO BbIHYXaa-
lowen cune. 3To NO3BONSET BBECTWU NOHATUE AMHAMMWYECKOW KECTKOCTMW.

4.2.2 OMHamMU4YecKas XXeCTKOCTb

MogoBHO CcTaTMYECKOM XEeCTKOCTH, Mo GUHAMUYECKON XeCTKOCTbH MOHMMAlOT OTHOLWEHWe aMmnAnTyabl
BbIHYXOAKLWeRn cunel F K aMnnuTyge nepeMeLLeHus X npu yctaHoeusLLercs Bubpauunn. lnHamudeckas xecT-
KOCTb 3aBUCUT OT YacTOTbl — Ha HU3KMX YacToTax OHa Onvaka K CTaTUYecKOW XKEeCTKOCTU, a Mpu HeorpaHm-
YEeHHOM BO3pacTaHUK YacTOTbl TakkKe HeorpaHWYeHHO BO3pacTaeT, NOCKOIbKY MacCUBHOE TerNo He ycnesaeT
pearupoBaTb Ha BbICTpouaMeHAwLWyca cuny. Mexay 3TuMu npefenbHbIMU COCTOSIHASIMW AWHaMUYecKast
}ECTKOCTb MOXET AOCTUraTb CBOEr0 MUHUMYMA, MPW CTPEMMEHUN K KOTOPOMY aMNnuTyna nepemMeLleHns Bo3-
pacTaet. CocTosiHMe, Korga AMHaMUYecKkas KecTKOCTb AOCTUraeT CBOero MMHMMYMa, HasbiBaloT pe30HaHCOoM
no nepemelleHuio. CyLecTBYKT pasHble cnocobbl NpeacTaBneHns JUHAMUYECKOW XXeCTKOCTH, YacTbk KOTOPBIX
OyOoeT paccMoTpeHa B HacTosLLEM cTaHaapTe.

4.2.3 BekTOopHOe npegcTaBrieHue cun

PucyHok 1 nemMoHCTpupyeT npeAcTaBneHWe curHana snbpaunn Bo BpeMeHHOoW obnactu (NOCKONbKy ap-
ryMEHTOM WIM HE3ABUCMMOW NEPEMEHHON ABNAETCA BpeMs). Takoe npeacTaBneHne, ofHako, HeyaobHo ans
nccnegoBaHnsa M3MEHEeHWs CBOMCTB CUCTEMbI C M3MeHeHneM 4YactoTel. OgHKMM 13 cnocoboB Takoro uccnego-
BaHWA SIBNAETCH COCTaBNeHne BEKTOPHOW guarpamMmbl 4na Mogenu, nsobpaxkeHHon Ha pucyHke 2. Ecniv am-
NAWTYAY BbIHYXXAAlOLWeW cunbl NOAAepKUBaTe MOCTOAHHOM, TO M3MEHeHVe aMNnuMTyObl OTKNMKa (nepemelle-
HWSA) C YacToTOM DydeT NOBTOPATE M3MEHEHWS AMHaMW4eCKOW MogaTiMBOCTH, 0OpaTHO MPONopLMOHaNbHON
OnHamudeckon xectkocTu. (W HaobopoT, ecnv nogaepxmnBaTh NOCTOAHCTBO aMNITUTYAbI OTKIINKA, TO N3MEHEe-
HWe cunbl DygeT onucbiBaTh AUHAMUYECKYH KECTKOCTh. )

Ha pucyHke 3 npuBedeHbl BEKTOPHbIE OMarpaMmbl (CneBa Hampaso), MoKasbliBakLe, Kak M3MEeHS0TCS
cunel peakumm M, K n C npy nocTeneHHoM MOBLILUEHUW YaCTOThl BhIHY¥AawLWen cunsl F (koTopasd Ha BCeX
aunarpammax pucyHka 3 n3obpaxkeHa BEKTOPOM, HarpaBNeHHbIM BEPTUKAINbLHO BHM3) B 0a30BOM MPOCTPaH-
ctee. [lnarpaMmbl AEMOHCTPUPYIOT BanaHc cun, Npu KOTOPOM CYMMa BCEX CUI peakuuy W BbIHY>KOaKLen
CWUMNbI paBHA HYMO, B KOHKPETHbIA MOMeHT BpeMeHu. C nameHeHueM casbl yukna Ha 180° HanpaeneHue Bcex
BEKTOPOB M3MEHWUTCA Ha NPOTUMBOMNOMOXKHOE.

c
C

K\ M M M

x4

C
a) b) c) d) €)

PucyHok 3 — BekTopHble gnMarpammbl CUn peakumn U BbIHYKAALWEN cunbl B (ha30BOM NPOCTpaHCTBe

OwarpammMa Ha pucyHke 3 a) COOTBETCTBYET MPUIOXEHUIO CTaTU4eckor cunel F (cm. 4.2.1), ypaeHo-
BelleHHoW cunoi ynpyroctu K. OHa gaeT npubnuxeHHoe npeacTaBneHne o AMHaMWKe CUCTeMbl B obnacTu
0YeHb HU3KMX YacToT, rde AMHamuyeckas nogaTnvMBOCTb OMM3ka Kk ctatudeckon. MNepemelleHne Bubpaumm
NMPoONOpPUMOHAanNLHO BbIHYXAAKLWERN cune, UMeeT OOHO C HEW HanpaeBneHWe U COBMagaeT c Hel no dase.
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Mpw HeBoNbLIOM yBENMYEHWUM YACTOTbl HA4YMHAETCA pocT cun M 1 K, AeACTBYIOLLMX B MPOTUBOMOMOXHOM
HanpasneHuun [cM. pucyHok 3 b)]. Cuna C Takke BO3pacTaeT, a ee BEKTOP NepneHaMKyNsApeH BEKTopy cunbl K.
HauuHaeTt HabrnogaTbcsa pacxoxaeHne no cdase Mexay nepemelleHnem WU NpUnoxXeHHon cunowm.

[dancHellee NoBkILLEHWE YaCTOThI [CM. PUCYHOK 3 c)] conpoBoXaaeTcsa ganbHelWwnM pocTOM CuUM pe-
akumm M un C. C poctom C HabnwogaeTcsa Bce bonbllee oTcTaBaHMe no dase nepemMeLleHnsa oT NPUIoXKeHHON
cunbl. CnegyeT OTMeTUTb, YTO Ykl MEXAY BEKTOPAMWU CUN PeakLnn OCTaTCA HEU3MEHHBIMU.

Ha pucyHke 3 d) nokasaHa cutyaumsi, KOrga cuna uHepuun M Bbipocna A0CTaToO4HO, YTOObL! NOMHOCTLIO
KoMneHcKupoBaTtb cuny ynpyroctn K. Oemndumpytowas cuna C CTaHOBUTCH paBHOW MO MOAYMO W NMPOTUBO-
NMonoxHon no dase BeiHYXAawLWwen cune F. Ecnu 6l gemndupoBaHne B CUCTEME OTCYTCTBOBaNo, TO OHa
npogonxana 6bl coBeplwate konebaHua 6e3 NPUNOXeHWs BHELHEeR cUMbl, U OMHAMUYECKas KeCTKOCThL Ha
OaHHOW YacToTe Obina Gbl paBHa Hymw. [laHHOEe COCTOSIHME CUCTEMbI Ha3LIBAETCS Pe30HAHCOM, a 4acToTa,
MpW KOTOPOM OHO HacTynaeT, — coBCTBEHHOMN YacToToW cucTeMbl bea gemndurpoBaHns. ITa YacToTa 3aBUCKUT
TONbKO OT COOTHOLUEHUS CTaTMYeCKOM KeCTKOCTM U Macchl [cM. hopmyny (10)]. Ons cuctembl ¢ gemndgupo-
BaHWEM TEPMWH «PE30HAHC» MPUMEHSIOT K YacToTe, Ha KOTOPOW OMHaMWYeckan nogaTtfiMBOCTL CTAHOBUTCH
MaKCUMarbHON 1 KOTOpasi HECKOMNbKO OTNMYaeTcsl oT cODCTBEHHON 4YacToThl 3TOW cucTembl (cm. 4.3.3). Ha
NpakTuke 4eMndupoBaHne CUCTEMbI HUKOTAA He BbIBAET HyNeBLIM.

Y CTaHKOB pa3HbiX KOHCTPYKUWIA AeMngupoBaHe 00bIYHO HE3HAUMTENBHO, U OMHAMKUYecKas nogatnu-
BOCTb Ha pezoHaHCe MHOro GoMblue CTaTUYeCKON NOoAaTNMBOCTM, YTO MPUBOAUT K HEXenaTernbHOMY pOCTy
BUGpaunn.

PuUcyHOK 3 €) COOTBETCTBYET YCNOBUAM MOCMNE NPOXOXKAEHWA pe30oHaHca, CONnpoBOXaAaeMbIM BpaLLleHu-
eM BEKTOpPOB CWI peakuMu ¢ pOCTOM YacToThl. Ha o4eHb BbICOKMX YacToTax pazoBbid yron Mexay cunamu M
u F ctaHoBuTcsa Bnnskum k 180°, a cunel K v C cnagarwT noyTy 40 Hyns.

MpumeyaHue — lNpu OTCYTCTBUM AEMNEPUPOBAHUS CUMa yNpyrocTi BCerga HanpaeneHa BBEpX OO HACTynne-
HWA pe3oHaHca [pUcyHKKM 3 a) — 3 C)] M BHK3 Nocre pe3oHaHca [pUcyHoK 3 e)].

OTKMUK CUCTEMbI C UBMEHEHMEM YacTOThl BefeT cebsa cneayowmnm obpa3om. Ha Yactotax MHOMo HUXe
pe3oHaHca OBWKEHWE CUCTEMbI ONPELENSIETCH €€ KECTKOCTL. B obnactn pe3oHaHca pocT OTKNMKa orpaHu-
YyeH geMndupoBaHWeM, a Ha YacToTax MHOrO BhllLe pe3oHaHCca — UHEPLMOHHOCTLI0 Macehl.

Mogaynb 1 HanpaeneHue BekTopa K xapakTepusyT U3MeHeHe JMHaMU4ecKon Nog4aTnnBoCcTM CUCTEMBI
C pocToM yacToTbl. [TpeagcTaBneHne B BUAE BEKTOPHbLIX AMarpaMM Cuibl MOXET ObiTb pacluMpeHo Ha rpadu-
4yeckoe npeacTasneHue B (ha3oBoi NIIOCKOCTU MPUY HENPEPBIBHOM M3MEHEHWW YaCTOThl BbIHYXAALENR CUMbI
(cm. 4.4.4).

4.3 MaTtemaTun4yeckoe onucaHue cucTemsl

4.3.1 YpaBHeHUA OBUXEHUA

YpaBHeHWS ABWKEHUS 15 CUCTEMbI C O4HOM CTeneHbo cBoboabLI NpUBeAeHbl B CNpaBO4HbIX BCTaBKax 3
n 4. B nepBol M3 HUX pacCMOTPEH 4acTHeIA cnydyaln ceobogHon BuBpaunmn Npu OTCYTCTBUM BbIHYXAAMOLLEN
CWMbl, KOTAa B HadanbHbIA MOMEHT BPEMEHUW Macca BbiBeeHa W3 MNOMNOXEeHUs paBHOBECUA, U MPUBEOEHbI
dopmynbl ANA YacTOThl pe3cHaHca aAnsa cucTeM ¢ gemndguposaHuem v 6e3 neMndrpoBaHus.

YpaBHEeHWe ABUKEHUS CUCTEMBI C OQHOM CTEeNeHbH cBo6oabl, MOKa3aHHOWM Ha PUCYHKE 2 U COCTOSILLEN
13 Macchkl M, NPY>XUHbI C XECTKOCTLIO kK U Aemndepa ¢ kKoahULMEHTOM AEMN(UPOBAHNSA C, B OTCYTCTBUE
BbIHY)KOALLEN curbl on1ckiBaeTest hopMyrnon

mx +cx + kx =0. (8)
PelweHune gaHHoro ypaBHeHusi 6yoet MMeTb BWA, 3aTyXaroLuX rapMOHNYecKMX kornebaHuin ¢ 4acToTom

®y4, OnpeaensiemMoi no hopmyne

o=y k(LT ©

Mpu ¢ = 0 yacToTa HesaTyxawwmx KonebaHun o, GyneTt onpenensaTscs oOpMyIion

Op = - (10)

m
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Ecnu koaddmumeHT gemnduposaHnis paBeH Wnv MpeBbillaeT KpUTuHeckoe aemnduposaHue Ce,

Cc = 2mk vnu Cc = 2mw,,, TO BO3BPALLEHMEe Macchl K NOMOXeHMIo paBHoBecus npousonaer 6es coeep-
weHua konebaHmin. ®opmyna (9) ynpowiaeTca, ecnv B Her Ko3ULMEHT AeMnUPOBaHNA 3aMEHUTEL Ha
OoTHOCcUTENbHOE AemMndupoBaHue

(3 C

C:_

cc  2mo,’ (11)

Wge=wad1~C" (12)

CnpaBo4Has BcTaBka 3 — Popmynbl, onvckiBawlwmne cBobogHyo BMbpaumo CUCTEMbI C OOHOW CTEMEHBID
cBoboabl

[Mpy HanNUuMK BbIHYXJAKLEen CUMbl YpaBHEHWE [ABWXEHWUS CUCTEeMbl MoyyawT NpUpaBHUBAHUEM Bbl-
HY>KOatoLled CMnbl CyMMe CUI peakuum (CM. CMpaBOYHYIO BCTaBKy 2). YpaBHeHWe ABWXKEHWS B Crnydae rap-
MOHUYECKOWN CUMbl, ero pelleHue U nepegartovHas OyHKLMA CUCTEeMbl MoKa3aHbl B CNPaBOYHOW BCTaBke 4,
dopmynbl (14)—(16).

AHanuz Bubpauunm 1, B YacTHOCTK, rpadouyeckoe npencTaeneHne pes3ynsTaToB aHanvaa 4acTo BhIMNon-
HSAKT C UCMonb3oBaHMeM Oeapas3mepHblX BenuYuH. [NpumMepoM Takon Benu4YuHbl ABMSETCH OTHOCUTEeNbHOe
gemnduposanue ( [cM. dbopmyny (11)]. [Ina cTaHKOB pasHbIX KOHCTPYKLWIA OTHOCUTENBHOE AeMngupoBaHie
{ HaxogwuTcst 06bi4HO B ananasoHe o1 0,01 go 0,1.

YpaBHeHWE OBMXKEHNA CUCTEMBI C OOHOW CTEMEHbI0 CBODOALI MOA AENCTBUEM rAapMOHWYECKON CUMbI C
aMnnuTyaon £y 1 yrnoeoi 4acToTon o npefcTasnser cobon ycrnosre ypaBHOBELLMBaHUA BbIHYXAaKLIEn 1
peaKTUBHbIX CUM U OnucbiBaeTca (hOpMyron

mX +cx + kx = Fy sinot. (13)

PeweHve gaHHoro anddepeHLmManbHOro ypaBHEHUsE BTOPOro Nopsaka UMeeT BUA CyMmbl obiiero
pelleHusl B BUOeE 3aTyxatllein ceobogHon BUBpaLmMm n cTtaumoHapHOro 4acTHoro pelleHus. [epsoe cna-
raemoe onucelBaeTcs opmMynon

x = e = A(sinopt - o), (14)

roe napamMeTpbl A 1 @ 3aBUCAT OT HavanbHOM a3kl BbIHYXK4atoLLel curbl, 8 BTOPOe NO3BONSIET ONpenenuTb
KO3 PULMEHT ANHAMUYECKOro ycuneHns | X/X;| n dasy konebannin ¢ no hopmynam:

X\ ! (15)
Xo | N(1-n") +(2enY
o=tan! (12}*‘2], (16)
e
e N=e (17)

®opmynbl (15) 1 (16) onvceiBaloT NepegaToyHy YHKUKUIO CUCTEMBI.
Pe3oHaHCHYI0 4acToTy ®, BbIHYXAEHHbIX konebaHuit onpedensioT no gopmyne

o = 0,41-262, (18)

a K03(hPMUMEHT JUHAMUYECKOTO YCUIIEHUS HA pe3oHaHce — no dopmyne

1
Q=-——. 19
o (19)
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MNpv manom oTHocKUTENbLHOM gemndupoBaHun opmyna (19) ynpowiaeTtca oo Buga

1

CHDEBO“]HGH BCTaBka 4 — ypaBHeHMe OBUXEHWA Ond CUCTeMbl BTOPOro nopsaaka

AHanorM4yHo gMHaMu4eckasi nogatnuBoCcTb, MM/H, MoXeT BbITe 3aMeHeHa 6e3pazmepHON BenMYUHON,
Ha3bIBAEMOW «KO3(PPULMEHT ANHAMUYECKOTO YCMMEHWUS», KOTOPAaA NoKa3biBAET, KAk M3MEHAETCH amnnuTyaa
nepemelleHNs Ha pa3HbIX YacToTaxX Mo CPaBHEHWIO C ee 3Ha4YeHWEeM Ha HYINEeBOW 4acToTe NPU HEU3MEHHOW
aMnnUTyae BbIHYXOAtoLLeh rapMOHUYECKON cunbl. Takke 4acTo yaobHO BMeCTO LKanbl 4acToT UCMOMb30BaTh
LKAy OTHOCUTENBHbIX YacToT 1, 1 = ®/w,,. [ipyrue XxapakTepucTUHeckne YacToThl, CBA3AHHbLIE C [ABIKEHMEM
CUCTEMbI, TAaKKe MOTYT BbITh BbIDaXeHb! Yepes o, [cM. Hanpumep, hopmyny (12)]. KoadduumeHT auHamnye-
CKOro YCUMNEeHUA Ha pe3oHaHce paBeH AoO6pOTHOCTU cucTeMbl Q (CM. CMpaBOYHYK BCTaBKy 4).

4.3.2 JHepreTUYecKknin nogxon,

To e caMoe ypaBHEeHWEe OBWKEHUA MOXeT ObiTb MOMYyYeHO UCXOAS M3 3aKOHa COXPaHEeHWs 3Heprun c
npeobpa3oBaHUeM NOTEHLMANbLHOW 3HEPTUN B KUHETUYECKYIO M HaobopoT (cM. Takke 4.1.4).

4.3.3 CobcTBEHHbIE YAaCTOThl U PE30HAHC

Heobxogumo paznunyath NoHATUS «cobCcTBEHHas YacToTa», «cobCcTBEHHAsn YacToTa cucTembl 6e3 gemn-
h1poBaHWA» U «pe3oHaHcHaa YacTtotay. [Npu HynesoM AeMngUPOBaHUM 3TU NOHATMSA COBNAagaKT U XapakTe-
pU3YHT TOYKY, B KOTOpOR hasa oTkNuMka caBuHyTa Ha 90°. MNpu Hanuuun gemndupoBaHna Yyactota cBoboaHOM
BMOpauuu cuctemsl ByoeT paccumThiBaThea No popmyne (9) unu (12). STa yacToTa BCerga HeECKOMNBKO HUXKe
cobCTBEHHOW HacToThl cucTeMbl 6e3 gemndupoBanuda. Pe3oHaHcHas 4YacTtoTta [cMm dopmyny (18)] — aTo ya-
CTOTa, Ha KOTOpoW HabnwaaeTca MakCMMyM AMHAMWYECKOW NOAATIMBOCTA NPKU CUOBOM BO30yKaeHun cucTe-
Mbl. OHa elle HEeCKOMNbKO HUXe COBCTBEHHOM YacToTkl cUCcTeMbl ¢ AemMndupoBaHneM. CobcTBeHHas YacToTa u
yacToTa pe3oHaHca 3aBUCAT OT geMndupoeaHma B cucteme. OgHako ecnv paccMaTpuBaTh BMOpauunio cTaH-
KOB, Ybe OTHOCUTENLHOE AeMndupoBaHue He npesbiwaeT 0,1, pasHULER B YACNOBLIX 3HAYEHUAX YKa3aHHbIX
Tpex XxapakTepUcTUYECKUX YacTOT MOXHO npeHebpeyb.

Kak ykazaHo B 4.3.1, koathhUUMEHT JUHEMMUYECKOTO YCUIEHWUSI Ha pe3oHaHce paBeH 4OOpPOTHOCTU Cu-
cteMbl Q. TeopeTnyeckm OTHOCUTENbHOE AeMndupoBaHnue MoxeT BbiTb paccyuTaHo ua @ no M3aMepeHusam
aMnnuTya nepemeLleHns npyu rapMoHUYEeCKOM U CTaTUYECKOM BO3DYKOEHMAX CUCTEMbI, OAHAKO Ha NMpakTuke
AN CINOXHbIX CUCTEM TaKoW NogxXon HEMPUMEHUM.

BmecTo 3TOro npu ycnoBuM Manoro 3Ha4eHUsi OTHOCUTENbLHOro AeMndUpoBaHKUs onpefensoT ABe Ya-

CTOTbl MO 06enM CTOpOHaM OT pe3oHaHca, B KOTOPbIX AMHAMWYeckas nogartnvMBOCTb CnajaeT B \/E pa3s oT-
HOCHUTENBbHO e MakCcMMarnbHOro 3Ha4eHna Ha pe3oHaHce. [locne aToro oTHoCUTEeNbHOE AemMndupoBaHue pac-
cynThIBaOT No hopmyrne (21) (cM. cnpaBoYHYK BCTaBKY 5).

PelweHune ypaBHeHus aBukeHus [popmynbl (15) n (16)] no3sonaeT npeAcTaBUTL NOBEAEHWE AUHAMUYE-
CKOW CUCTeMbl B HArMsagHoM rpaduyeckom Buae.

Mo peaynsTaTam ONpeaeneHns 4acToT , 1 ®,, Ha KOTOPLIX OTKMMK CNafaeT 8 V2 pas, cooTBeTCTBy0-
LIMX OTHOCUTENbHBIX YacToT 1, = ® /0, 1 1; = ©/®,, N UHTepBana Mexay HUMK A1 = 1), — 1), PaCCUUTLIBAIOT

OTHOCWTenLHoe AeMngupoBaHme  no opmyne
A
= =t 21
£ 21)

WuTtepean A, nokasaH CTpenkamm Ha pucyHke 4.

CnpaBouyHasa BcTaBka 5 — OnpefeneHue 0OTHOCUMTENLHOrO AeMndupoBaHUs

4.4 INpadmyeckoe npeacTaBrneHne QUHAMNYECKOr0 OTKNMKA CUCTEMbI

4.41 Moaynb koadcduumeHTa AMHAMUYECKOrO YCUNEHUA

Ha pucyHke 4 nokasaH rpadvk Mogyns KoadhduumeHTa QUHaMUYecKoro ycuneHus [cm. chopmyny (15)],
OEMOHCTPUPYIOLNIA AMHAMWYeCKoe NoBeAeHNe CUCTeM C DoMnbLUMM U MarnbliM 4eMNdUpoOBaHUEM B YACTOTHOW
obnactu. 3T0T rpadouK NokasbIBaeT TakKe, Kak M3MEHSIeTCA C YacTOTOW MOAYMb CUITbl YNPYroctTn K B cucteme
(cm. pucyHok 3). o ocam oTnoXeHbl 6e3pasmepHbie eANHULBI — KO3 MULMEHT AMHAMUYECKOTO YCUNEHNS MO
OCW OpAMHAT U OTHOCUTENbHAas YactoTa no ocu abecuumce.
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BugHo, 4yTo yacTtoTa pesoHaHca bnuska k cobCTBEHHOW YacToTe CUCTEMbI, @ KOA(APUUNEHT YCUMEHUS
Ha pe3oHaHce Q paBseH 6,7 ons kpuBoh 1 manoro gemnduposaHus (L = 0,075) n 2,1 ona kpueon 2 Bonblioro
aemndupoBaHus (£ = 0,25). CooTBeTCTBEHHO, AMHaMUYeCcKas XeCcTKOCTk Ha pe3oHaHce byaeT B 6,7 pas 6onb-
e cTaTUYEeCKOW KeCTKOCTWM cucTemMbl Ans kpuson 1 1 B 2,1 pas ansa kpusow 2. [Npu 3Tom ana cnyyasa 6onb-
Wworo gemndupoBaHUs YacToTa pe3oHaHca HeCKONMbKO Aanblle OTCTOMT OT COOCTBEHHOW YacToThl CUCTEMBbI.
OTtHocutensHoe gemndmpoeanue ( (cm. 4.3.1), pasHoe 0,075, sBNseTca TUMMYHBLIM NS KOHCTPYKLUWIA CTaH-
koB. OgHako 4nsa Bubpon3onMpoBaHHbIX YacTel cTaHka MoXKeT ObiTh Bonee xapakTepHbiM 3HadeHue ( = 0,25.

4.4.2 ®azoyacTOTHaA XapakTepucTUKa

Kak cnegyeT us guarpaMm Ha pucyHke 3 1 3 coopmynbl (16), OTKNKMK CUCTEMbI OMUCBIBAETCA HE TOMbKO
KO3h(PULNEHTOM OUHAMMYECKOTO YCUITEHUA, HO Takke (ha3oBbLIM CABUIOM MEXOy curHanamu Bo3byxaeHus
M MepemeLLeHnsl, KOTOPbI paBeH HymMo Ana ctatudeckoro Bo3byxaeHws, gocturaet 180° B obnactu odeHb
BbICOKMX 4acTOoT, a Ha cobcTBEHHOW YacToTe paseH poBHo 90°. NockonbKy curHan ckopocTu Bcerga Ha 90°
onepexaeT CUrHan nepemeLleHns, To OuanasoH M3MeHeHWs (as3oBoro cOBvra Ans curHana CKopocTu Co-
ctaBnaeT o1 90° go 270°. AHanorn4Ho guanasoH M3MeHeHWst a30Boro caBura Ans curHana yckopeHus — oT
180° go 360°. Mo ymon4aHuio nog as3oBbiM coBUroM OyAeT NOHWMMAaTbCA pasHoCcTb da3 CUrHamoB CUIMbl U
nepemeLLeHus.

$azo4acToTHasl xapakTepucTMKa CUCTEMbl C O4HOWN cTeneHbl cBoOOAbI NMpUMBEAEeHa Ha pucyHke 5. Pu-
CYHKU 4 1 5 B COBOKYMHOCTW NOMHOCTLIO ONMUCHIBAKT AUHAMUWYECKUA OTKMMK CUCTEMbI B YACTOTHOW obnactu.

$azoBbI Yron Ha pUCyHKe 5 cOOTBETCTBYeT (hasoBOMY CABUIY OTHOCUTENbBHO CUrHamna BbIHY>KOarLLen
cunel [cM. gnarpammel b)—e) Ha pucyHke 3]. Kpueble 1 U 2 COOTBETCTBYIOT TEM X€E OBYM 3HAYEHUAM OTHOCU-
TENbHOro AeMngupoBaHud, YTo nNokasaHbl Ha pucyHke 4. KpuBaa 3 COOTBETCTBYET (Pa304acTOTHOW XapaKkre-
PUCTUKE CUCTEMBI C MPaKTUYECKU HyNeBbIM gemnduposaHnem. BugHo, 4to He3aBucumo ot geMmndurpoBaHus
B cucTemMe ha3oBbli cOBUT Ha coDCTBEHHOR YacToTe Bcerga paseH 90°.

4.4.3 [NencTBUTENbHaA U MHMMas cocTaBnAloLWMe

Opyrum cnocobom npefcraeneHys MHGopmauum o KoaddpuuneHTe AUHaMUYeCKOro yCUeHUs CMCTEMbI
B 4acTOTHOW obnacTtu siensieTca 3obpaxkeHne ee 4ENCTBUTENLHOW M MHUMOR YacTen.

Ha kaxgon n3 gnarpamm pyucyHka 3 BeKTOp F MOoXeT ObiTb pasnoeH Ha 4Be COCTaBsAloLMe, OgHa 13
KOTOpbIX NapannensHa HanpaeneHuio 0edcTBUA cunbl K, a Apyras, Haxo4swWwaacs B KBagpartype ¢ NnepBon, —
BekTopy C. OBbIMHO 3TU COCTaBnAKLIME, NOKA3aHHbIE HA PUCYHKe B Ond cnydas Manoro gemMndgupoBaHus
(C=0,075), HasbiBaOT, COOTBETCTBEHHO, AEACTBUTENBHOW M MHUMOWR. M3 pucyHKa BUAHO, Y4TO Ha cobcTBEHHON
YacToTe OeNCTBUTENBHAA YacTk obpallaetca B Hynb. [1peacTaBneHne B BUAE KPUBLIX JEACTBUTENEHOW U MHU-
MOW COCTaBMAKLWMX B HACTW cogepaLlencs B HUX nHhopmaunm o KoadpduumeHTe AMHaMU4ecKoro yecuneHuns
MOSIHOCTBK 3KBMBAMNEHTHO MpeAcTaBfeHuio B BUAE aMNNMTYOHOW U pa30BOM XapaKTepUCTUK, MoKasaHHbIX
Ha pucyHkax 4 n 5. MNpumeHnTenbHO K BUGpauumn CTaHKOB OL@HKa CTENEHW KECTKOCTWM BUBpauum (Hanpumep,
BCINeACTBME aBTOKONebaHWUIM) 3a4acTyo 3aBUCKT OT rMyBuHEl MUHUMYMa AeNCTBUTENbLHOW COCTaBMANLEN.

DM &
8
7 —
-
6 1!
5 47/ \T*
) iR
3
f. — oTHOCUTENBHAA YacToTa;
DM — moayns koadhdpmumneHta / \
AnHamMmu4eckoro yCHﬂeHMH; 2 /"_-
1 — kpusas ansa { = 0,075; / \\
2 — kpueasi ana (= 0,25 1 b
PucyHok 4 — Mopaynb ﬁ\k
koadbuLmeHTa 0 e
AVHAMUYECKOTO YCUMEHUs 0 05 1,0 1,5 2,0 25 30 f
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PA &
180 “
| T
135 i /’ — == o
7
a0 7
// 1
45 ———
I/ =
# — - o—
- 3
0 =" 1 -
0 0,5 1,0 1,5 2,0 2,5 30 f

f. — oTHocuTenbHas yactota; PA — dasa koadhhruureHTa AMHaMU4EecKoro yeunenus; 7 — kpusas ans {=0,075;
2 — kpueasa ans (= 0,25; 3 — kpueas ansa (=0

PucyHok 5 — ®a3sa koapdmumeHTa JUHaMUYeCKOro yCUneHus

J ————2

f. — oTHocutensHasa yacTora; DM — moaynk koatduumeHTa AUHaMUYECKOTO YCUNEeHUS,
1 — pencTBUTENBHAA YacTb, 2 — MHUMMas 4acTb

PucyHok 6 — [JenctButensHas u MHUMasa 4acTy KoaduumMeHTa AMHaMUYeCcKoro yeuneHums

4.4.4 Ounarpamma HalkBucra

,D,DerM crnocobom onucaHus OWHaAMUYECKOro OTKIIMKA CUCTEMBbI SBMAETCH NOCTPOEHWe rpaduka Koad-
cbwu,mema OWMHaMU4YeCKoro ycuneHma B NOnNApHbIX KOOpOMHarax (ro,qorpacba), M3BECTHOIo Kak guarpamma

Hankeucra.

Ounarpamma HalikBucTa, n3obpaxeHHaa Ha pyUCyHKe 7 Ans cny4dasi CUCTEMbI C MansiM gemndgupoea-
Huem (C = 0,075), AaBnaeTcs ele OOHOW pacllMpeHHON MHTepnpeTaumnen BeKTOPHbLIX AMarpamm, NoKasaHHbIX
Ha pucyHke 3. Ha gaHHoM rpadpmke no ocu abcumncc oTknagbiBaeTca AelcTBMTeNbHas YacTb KoadduumneHTa
OMHaMWYeCKOoro YyCUrneHus, no ocu opauHat — MHMMas, a Kaxgast ToO4Ka KpuBoW npu ee obxode no 4acoBow
CTpenke oT HayanbHom Touku (+1, j0) COOTBETCTBYET ONpefeneHHon 4YacToTe — B HA4arne KpMBOW OHA paBHa

HYINK, B KOHLE TeOpeTn4eCKn HpMGJ’IVI}KaETCH K BECKOHEYHOCTH.
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Ecnu paccmaTpueathk gvarpammy HaikBucTa kKak rpadpvk B MONAPHBLIX KoopAWHaTax, TO Kakaas Tou-
Ka KpUBOWM COOTBETCTBYET paauycy-BeKTOpY ¢ MoZdyneM R, ucxogdawlemy nod yrnom O u3 Hadana koopauHar.
Mogynt BekTopa R COOTBETCTBYET MO0 KoadhduLuMeHTa AMHaMNYeCcKoro ycuneHus, a yron 8 — ero cgase.
Mo Mepe pocTa YacToTbl TOYKM Ha AMarpamMmMe CTaHOBATCA Brivke opyr K Apyry.

Re 4 -3 -2 -1 0 1 2 3 4 Re

- /%} -

¥Yim

Re — peicTBuTensHas YacTe; Im — MHUMas 4acTb; R — moaynb KO3hMULMEHTa AMHAMUHECKOTO YCUIEHUS;
6 — dhaza koadhhruMEHTa OMHAMUYECKOTO YCUNEHNS

PucyHok 7 — Ouarpamma HalkeucTta ons cucTeMbl C 00HOW cTeneHsio ceoboap!

[na cuctembl ¢ ogHOW cTeneHblo cBobodbl be3 gemndupoBaHusa ee cobcTBeHHasa 4acToTa COOTBeT-
CTBYET TOYKE Mepece4veHus rogorpada ¢ MHUMOM OCblo, B TO BPEMS Kak 4acToTa pe3oHaHca onpefensercs
TOYKOW, B KOTOPOW MoAdynb R paguvyca-BekTopa makcumaneH. Kak BUOHO M3 rpadmka, pe3oHaHcHasa YactoTa
npegwecTByeT cOBCTBEHHOW M BnM3Ka K Hen.

Ownarpamma Haiksucta gng 6onee cnoXHbIX CUCTEM C MHOXECTBEHHBIMW pe3oHaHcaMu BygeTt cocToAThb
M3 HeCKOMbKWMX NeTenb, KaXayl M3 KOTopkIX crleagyeT paccMaTtpuBaTb Mo oTAeneHocTu. Ecnu Toukn Bo30yx-
AEHWA ¥ U3MEePeHKst OTKIMKA He cOoBNagaroT, To dazoBbIi yron MoxeT npesbicuTe 180°, T. e. KpyBas 3anget B
NoNoXMTenbHYH 06nacTb onpegeneHust MHAMOW YacTy (CM. pucyHkn 31 n 32).

MocTpoeHune auarpammel HankeucTa aAensetcs yaobHeiM cnocobom mccnepoBaHus aBTokonebaHvi B
cTaHkax. BkpaTue ero cyTb COCTOWUT B crieayoLleM: ecnv rogorpad «oxeatblBaeT» TouKy (+1, j0), To Hanuuue
aeTokonebaHui BecbMa BEPOATHO. 3TOT KPUTEPUI SKBMBANEHTEH onpefeneHuio rmybuHsl MUHUMYMa gen-
CTBUTENbHOM YacTu (cM. 4.3.3 1 puCyHOK 6).

Ha pucyHke 8 nokasaHbl pagWycChl-BEKTOPbI (CM. PUCYHOK 7) ANS BEKTOPOB BbIHYXAAKLWeEN cuibl (CM.
PUCYHOK 3) Ha YeTbipex u3bpaHHbIX YacToTax.
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w=0
11} >ﬁ)n K t F
I
Im(xiF) )
/ » Re(x/F) 0<w<w,
L2 C

1 M
K\\ F

f

f, fr
W=,

= .
c F
_—_K___

Re — pgeictenTensHas 4acte; Im — mMHWMasn yacTtk, f— Jactora; f, — cobcTeeHHan YacToTa; fiy — pesoHaHcHas JacTora;
F — BeiHyxaawasn cuna; K — cuna ynpyroctu; C — cuna gemnduposanuns; M — cuna uHepumm

MpumevyaHune — B guarpamme HankBucTa BblHYKOAl0LLas cuna HanpaeneHa BAose ocy abeumce (MMeeT ToMNb-
KO OENCTBUTENbHYIO YacTk). BeKTopHble OMarpaMmmbl Ha pUcyHke noBepHyThl HAa 90°, 4ToBbl 0BecneynTs COBMECTUMOCTD
C PUCYHKOM 3.

PucyHok 8 — CBfA3b BEKTOPHbIX AMarpamMm Cunbl ¢ gnarpaMmMon Hankeucta

4.5 Paz3Hble cnocobbl BO36y}K,qBHVIﬂ n N3MepeHWUA OTKIMUKa

Mpy “ccrnegoBaHUM OMHAMMKW CTAHKOB BaXXHO paccMmaTpuBaTh Apyrue BuAbl BO3BY>XOEHWUS U OTKNMKa
NMOMMMO NPUMNOXEHUsI TAPMOHUYECKOW BbIHYXAAKLWEN CUIbl K Macce uaeanu3npoBaHHON CUCTEMb! U M3Mepe-
HWA OTKMWKa B TOW Ke Touke. Ha pucyHke 9 nokasaH paa mogudukalmin ykasaHHon mogenu. B kaxpoom cny-
Yyae npegnonaraeTcs, YTO CUCTEMa ONMPAaeTCs Ha TSHKenbl U MecTKUA dyHOaMEeHT, Tak 4YTo nepejasaemas
Ha Hero Bubpauns BygeT npeHebpexumo Manon (HO He HyrneBoW BCNeACTBME 3aKoHa COXpaHeHWs MOMeHTa
uMnyneca, cMm. 4.1.4).

X
A = ,, i
77
a) lMNoctynarensHasa b) UeHTpobexHas cuna c) MNocTynaTtensHas cvna Yyepes  d) MNocTtynatensHasa cuna vyepes
cuna 4Yepes maccy Yepes maccy dyHOAMEHT, OTHOCUTENbHAasA dyHoameHT, abcontoTHas
B1Bpaums Bubpauns

PucyHok 9 — PasHble cnocobbl BO30y#AeHUs CUCTEMEI C OQHOW CTeneHbo ceobob!
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4.5.1 MNMpamonuHeiHoe BO30YyXAeHWe Yepe3 Maccy ¢ U3BMEepPeHNeM YCKOPEHUA

Ha pucyHke 9 a) nzobpaxeHa cucrema, yxe paccMOTpeHHas paHee (CM. PUCYHOK 4), HO C OTKITMKOM B
chopme abconoTHOro nepemelleHns. Ecnv oTknmk namepsaoT B ednHMLAaX YCKOPEeHWsl, TO Ha HYNeBOr YacToTe
OH paBeH HyM, a C POCTOM 4YacTOTkl BO3pacTaeT NpPOMopUMOHanbHO KBagpaTty YacToThl (CM. CnpaBovHYyo
BcTaBky 1). B obnactv pe3oHaHca ero noBefdeHve NoxXoxe Ha OTKIMK Mo NepeMeLLeHio, Ho cama aTta obnactb
HaxopguTca B cbnacTu Donee BbICOKWX YacToT, M C POCTOM 4acToThl KOAPMULUMEHT AMHaMUYECKOTO YCUMEHMWS
OyneTt cTpemMuTbCs K eAMHuLe, a He K Hynto. KpuBas oTknuka nokasaHa Ha pucyHke 10, roe no ocw opguHaT oT-
noXeH KoapUUNEHT JUHAMWYECKOro YCUNeHUs AN yeKopeHus, a hopMy 3Tol KprBoRM onuckiBaeT popMyna
(22). JlaHHbIA OTKAWK NOMYy4YeH NPy HENOCPEACTBEHHOM U3MEPEHUN YCKOPEHMUS.

MR [ |

Z A —

— —

1 //’

0 ——="—" -
0 0,5 1,0 15 20 25 f,

f.— oTHOCKTENbHAaA YacTota; MR — Moadynb ko MuLMEHTa JUHAMUHECKOTO YCUIIEHUA AN YyCKOPEHUS;
1 — kpuean ana { = 0,075; 2 — kpueas ana = 0,25

PucyHok 10 — Moaynb KoadhmumeHTa QUHaMUYECKOro YCUIeHus

4.5.2 Bo3byxaeHue yepe3 BpaleHWEe HeypPaBHOBELWEHHbIX Macc ¢ M3MepeHueM abComnHTHOro
nepemelleHun

BosbyxaeHue, nokaszaHHoe Ha pucyHke 9 b), npomMcxoouT BCcrneacTBMe BpalLleHWsl HeypaBHOBELLEHHbIX
Macc U OedACTBUA CBSI3aHHOIO C 3TMM BpalleHueM BekTopa cunbl (UeHTpobexHoit cunbl). CocTaBnstoLlei
[aHHOWM cunbl B NtoboM 3aaHHOM HanpaeneHun ByaeT rapMoHUYeckas cuna ¢ amnnuTy4omM, NponopLMoHanb-
HON KBafpaTy CKOPOCTW BpalLeHWsi (MNu KBaapaTy 4acToTbl BpalleHus). [oCKOMNbKY YCKOpeHWe Takxe npo-
NopLUMOHaNbHO KBaZApaTy CKOPOCTW, KpUBasi OTKNMKa BydeT UMeTk TOT ke Buz, 4to B 4.5.1 (cM. pucyHok 10),
HO B JAHHOM cry4ae OTKMKK M3MepsIeTcs B edMHULaX Nnepemellerus. [JJaHHaa Moaenb NpUMeHMMa K aHanuay
AMHaMWKN CTaHKOB, Y KOTOPbIX BO3DYXXOeHWe cBA3aHO ¢ aucbanaHcoM poTopa anekTpoABUraTenst Umnm LMMH-
gens [cm. dopmyny (22)].

4.5.3 NapmoHunyeckoe BO36Y¥OEHWNE Yepe3 OCHOBAHWE C U3MEPEHUEM OTHOCUTENbLHOIO NepemMe-
WeHUA

Ha pucyHke 9 c) nokasaHa paMHasi KOHCTPYKLWSI C MEXaHWYECKON CUCTEMOIN BHYTPU, BO3BYXAEHUE KO-
TOPO OCYLLECTBMSIETCA KUHEMATMYECKW Yepe3 OCHOBaHWE pambl C aMNNUTY4ol nepemelyeHus y. OTKNMK
CUCTEMEI BbipaxKaeTcs Yepes nepemelleHre Macckl OTHOCUTENBHO OCHOBAHMA U UMEeeT BUA rapMOHUYECKON
BMOpaLuKn ¢ amnnnTyaon x. Kpueas oTknuka ByaeT uMeTb TOT Xe BuA, YTO NokasaH Ha pucyHke 10, HO Koad-
VLUMEHT AMHAMMWYECKOro youneHus ByaeT BblpaXeH Yepes OTHOLWEeHWe aMnnuMTya nepemelternms. Ha oveHb
HWU3KWX YacTOTax NepeMeLleHne Macchl NOBTOPAET ABWXEHME OCHOBAHWS W ero amnnuTyaa mana. Ha Bblcokmx
YyacToTax (Bbile CODBCTBEHHOW YacTOTbl CUCTEMbI) Macca He ycrneBaeT crefoBaTh 3a ABMXEeHWEM OCHOBaHWS
1 ocTaeTcs kak Obl MOABELLEeHHON B NPOCTPaHCTBE. JTO 0O3HAYaeT, YTO OTHOCUTENbHOE NepemelleHe Macchl
CTAHOBWUTCA PaBHLIM M NPOTUBOMOMNOXHO HANPaBNEHHLIM NEPEMELLEHUKD OCHOBAHMUS.

JaHHasa mofenb npvMeHUMa K aHanuay paboTbl akcenepomeTpa, Auanas3oH U3MEpPEHWIA KOTOPOro
HaxoOWMTCH MHOTO HUMKE 4acTOThbl COBCTBEHHOrO pe3oHaHca. CrnefyeT OTMETUTb, YTO KPUTEPWIA NOCTOSIHHOWM
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aMmnnuTydbl NepemMeLLeHrnss NPUMEeHUM TOMbKO B TOM criyvae, Korga Macca akcenepoMeTpa Marna, a »ecTKoCTb
MHOFO BblLLE XXECTKOCTU KOHCTPYKLUUM B MECTe ero yCTaHOBKM.

MaTtemaTudyeckoe npencraBneHne KoaULMeHTa JUHAMUYECKOro yCuneHus gaHo dopmynoi (22).

4.5.4 NapmoHu4yeckoe Bo30yxaeHUe 4Yepe3 OCHOBaHWe C U3MepeHneM abconTHOro nepemeLye-
HUA 1 KoadhchbuumeHTa nepegaym

Cxema, naobpaxeHHasi Ha pucyHke 9 d), noxoxa Ha pacCMOTPEHHYH Ha pucyHKe 9 c), 3a TEM WCKMHo-
UYeHKWeM, YTO n3obpaxeHa He BCA paMHasa KOHCTPYKLUUSA, @ TONMbKO e HWKHAS, ONOpHasl, YacTb. 3TO COEeNnaHo
NnoToMYy, YTO B JAHHOM Criydyae MHTepec npeactaBnsaeT abconoTHoe nepemelteHne maccel y. KoadduumneHT
OVUHAMWYECKOrO YCUNEeHUs, Bbipa)XKeHHbIM Yepes nepemMelleHue, nokasaH Ha pucyHke 11. MNockonbky B 4aHHOM
crnyyae eguHULbLl UaMepeHus Bo3DyKOEeHUs 1 OTKNWKa COBMaZaloT, JaHHas XapakTepucTuka Ha3biBaeTcs Ko-
adbulreHTOM Nepenayn.

KpuBasi Ha pucyHke 11 BHellHe noxoxa Ha Ty, 4To n3obpaxeHa Ha pucyHke 4. [leiicTBuTENbHO, B 00E-
WX cUCTeMax OeWCTBYHT OOHU U Te Ke CWUIbl Peakuuy, HO B JaHHOM criyyae cunel K 1 C paccmaTpuBaloTcs B
OBUXKYLLIENCH cucTemMe KoopAMHaT. Ha HM3KMX YacToTax mMmacca NoBTOPSET OABMXKEHUEe ONOpPHOW 4acTu pambl.
Ha Bbicokux 4yacTtoTax, ecnu gemndgupoBaHue B CMCTEME OTCYTCTBYET Unv Mano (Kpueasa Ha pucyHke 11 cooT-
BeTcTByeT { = 0,075), nepemMeLleHne Macchl B MPOCTPAHCTBE HE3HAYMTENbHO BBUAOY €e WHepLMOHHOCTH. Mo-
3TOMY YTOObLI MOOYEPKHYTE Pa3nuMyue ¢ cUTyauunei, NpeacTaBNeHHOR Ha pUCyHKe 4, paccMaTpUBaeTCsa Takke
CUCTEMA C OTHOCUTENBLHO GonbluKM AemnduposaHuem ({ = 0,7). Ha BbICOKMX YacToTax (Bbile cOBCTBEHHOWM
4acToThl, YMHOXEHHOW Ha JE) noBbILLleHHOE AeMndurpoBaHne B DONbLUEA CTEMEHU «CBA3LIBAET» Maccy C
OMOPHOW YacTbi pambl, NO3TOMY abCconTHOE NepeMelleHMe Macc He YMEHbLUIAEeTCs Tak e BbICTpo, Kak B
cnyyae manoro gemnduposaHna. OTMETUM, YTO KPUTUYECKOW YacToTe, paBHOW cOBCTBEHHOMW 4acToTe, YM-

HOXX@HHOWN Ha +2, CooTBEeTCTBYeT nepedaroyHas yHKUWA, paBHas eguMHULEe, U OHa He 3aBUCUT OT AeMndu-
poBaHWa B cucteme. Ecnu gemndupoBaHMe B CUCTEME OYEHb BEMWKO, TO C POCTOM YacTOTbl KO3QMULMEHT
nepegayv BygeT cTpeMUTbCS K eAMHULE, @ HE K HYMHO, Kak Ha pucyHke 4 [cm. dhopmyny (23))].

PaccmoTpeHHas Mofenb COOTBETCTBYET Cly4alo yCTaHOBKM CTaHka Ha Bubpupylowem dyHaameH-
Te (mony), CAMLIKOM MacCMBHOM, 4ToBbl Ha ero BubpaLuunio okasbliBana BnuaHwe Bubpaumsa caMoro crtaHka
(cM. 4.1.4 B OTHOLLUEHUW 3AKOHOB COXPaHEHWA MOMeHTa MMNYNbCca U IHeprum).

TR
8

2

' e e e el N\ -

0 e
0 0,5 1,0 15 2,0 25 f,

f. — oTHocuTenbHas YactoTa; TR — nepeparoyHas yHkumuaA; 1 — kpusasa 4ns {=0,075; 2— kpusas ans { = 0,7

PucyHok 11 — Mogynb koadhduumeHTa AMHaMUYECKOro YCUneHus

N3 pPUCYHKa 11 pomxkHa ObiTb MOHATHA paGOTa CUCTEMBI BMGpDI/ISOJ'IF!LI,VIM cTaHka. Ha Bcex yacrtoTtax
HWXe KpMTVI'-iECKOﬁ Heus3bexHo ycuneHve BM6paL1MM, nepe,qasaervloﬁl oT prH,D,aMEHTa, XOTHA NOBbILLEHHOE
emndupoBaHue crnocobHo YMEeHbLWWTL 3TO YCUIeHune, 410 0CcoDeHHO BayKHO B 0bnacTu pe3oHaHca. Ha 4ya-
CTOTax BbllLe KPpUTUYECKON BCerga HaGJ'IIOﬂ,aeTCFI ocnabneHue nepefasaemoun BMBDBLI,VIM, 1M OHO TEM GOJ'IbLLle,
4yem Bbille 4YacToTa.
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W3 pucyHka 11 Tawke crnegyeT, 4TO OYE€Hb BbICOKOE AeMNUPOBaHWE BbIPaBHWBAET KPWUBYH OTKMW-
Ka BO BCEM AuanascHe 4acToT, Aenas Maccy Kak Obl «MpuKNeeHHOW» K OCHOBaHWUK. B peanbHoi cuTyauun
onTUMankeHBIM By4eT HeKOTOpPOEe KOMMPOMWCCHOE PeLUeHWE B OTHOLLUEHUWN BENMWYKMHbLI OTHOCUTENIBHOIO AeMn-
chupoBaHus, ocobeHHo B Tex cry4vasx, Korga cobCTBeHHble YacToThl CTaHKka Bnm3km K yactotam BubBpauumm
dyHOameHTa.

Mpwn BO3GYXOAEHMM Yepes NoANPYKMHEHHYIO OMOpPY cuna, Nnpunaraemas K Mmacce Maeanv3npoBaHHON
CUCTEeMbI, MPONOPLMOHanbHa KBagpaTy YacToThl. Takoe ke COOTHOLUEHME MeXAy CUMON 1 4acToTol uMmeeT
MecTo B criyyae B03DyxOeHusa u3-3a gucbanaHca Bpaulawilerocs tena. KoadduumeHT aMHamMmu4eckoro
YCUMEHWA PaccYMTLIBAOT MO hopmyne

2
= - : (22)
JA-122 +(20n)2

MpumeyaHune — dPopmyna (22) cnpaBegnunea B criyyae HeENocpeaCcTBEHHOTO BO3BYXAeHUA MacChl CUCTEMBI,
KOrga OTKMWK ONPEdEnsAoT B EAMHULAX YCKOPEHWS.

X
Xo

KoadduumeHT nepegayum Bmbpaunm (nepemelyeHnsi) ot pyHagameHTa (nona) K Mmacce CMCTEMbI pac-
CUMTBLIBAIOT MO chopmyne

% 1+(2tn)’ 2
Xo| A-1?Y +(2tn)?

CnpaeoyHas BcTaBka 6 — Bo3byxaeHne Yepes HeypaBHOBELLEHHbIE MACChl M KOIDMULIMEHT Nepedayu

4.5.5 CBobGoaHas Bubpaunsa U nepexogHbIA Npouecc Npyu UMNYIbLCHOM BO30YXXAeHUU

PaHee B HacTosiwem pasfene bbina paccmoTpeHa TOMbKO cTauvoHapHasa Bubpauusa nop AercTBueMm
BbIHYXA0LLEN CUMbl, KOT4a 4acToTa OTKNUKa COBMNagaeT ¢ 4acToToW BO3ByxaeHMs.

B oTtcyTcTBME BO3OyxAeHMA cuCTeEMa, BblBEAEHHAs U3 paBHOBECUS, COBepLUaeT 3aTyxawlwume koneba-
HUS HA COBCTBEHHOW 4acToTe (CM. CMpPaBOYHYH BCTaBKy 3 M pUcyHOK 12). Takon OTKNMK MoXeT 6biTh 06-
YCMNOBMeH OAWHOYHBLIM UMMYNBCOM, HanpUMep Bbi3BaHHBIM yaapom Konokona. Bubpauua B cucteme nocne
MMMNYMbCHOIO BO3A4eNCTBUSA NpeacTaensaeT cobow nepexonHbliA npouece 1 onvceiBaetcs popmyrnon (14).

Kak cnegyet w3 chopmynbl (14), CKOPOCTE 3KCMOHEHLMANBHOIO 3aTyXaHUs 3aBUCUT OT OTHOCUTENLHOIO
AeMndunpoBaHunst  COBCTBEHHON YacTOTbl CUCTEMbl — YeM Bbille cobcTBeHHas JYactoTa u 4em bonbsLue gemn-
dupoBaHue, Tem BbicTpee 3aTyxaHue. AP ekt AeMndPupoBaHNs, TakMm 06pas3oM, CyLLLECTBEHHO YMeHbLUaeT-
Csi C NoHWXKeHnem cobcTBeHHON YacToThl. Bubpauus Ha Takoin JyacToTe (COOTBETCTBYIOWEN HU3LWeN MOAEe BU-
Opaunn malluHbl, cM. 4.6.4) MOXET OCTaBaTbCA 3aMeTHOW B TeYEeHWe HeCKONbKNX CeKyH[ Mocne 3aBepLUeHus
BO3MYLLAKOLLEro MMMynbca. 3To cnedyet MMeTh B BUAY NpwW aHanuae Bubpaumm npy yCKOPEHHOM ABWXEHWUM U
MPYU TOPMOXEHUMN NMOABWKHbLIX Y3MOB CTaHKa.

AHanorvyHas cuTyaums umeeT MEeCTO B Hadvane nojadun rapMoHudeckoro Bo3byxaeHud. Cuctema He
MOXXeT MIHOBEHHO OTpearvpoBaTbh Ha NpuUNoxeHHoe Bo3byxaeHwe. Ha pucyHke 1 310 cooTBETCTBOBANO Obl
Ha4YaneHOMY y4acTKy, A€ NepemelleHne, CKOPOCTb U YCKOpeHKe BbinK paBHbI Hynto. Taknum oOpa3oM, MOMEHT
Ha4yana Bo3by»AeHNs IKBMBANEHTEeH nogadye MMMYNbCHOMO BO3GEWCTBUA — OH TaKkXe Bbi3biBAET NOABMEHNE
nepexogHoro npouecca.

PucyHok 12 noka3sblBaeT, Kak M3MEeHAEeTCH OTKITMK CUCTEMbI NMPKU HANW4YMW HavyanbHOroO HYNeBOoro y4acTka.
PesyneTupytowee aemxkeHne (kpueasa 3) npeactaBnser cobor cymmy cBoBoAHbBIX (KpMBas 1) U BbIHYXAEHHbBIX
(kpwBas 2) konebaHwui. B npyBegeHHOM NpMMepe 4acToTa BbIHYKOEHHbIX KonebaHun npubnuantensHo B NATh
pa3 MeHblue COBCTBEHHOM YacTOoTbl cucTeMbl. B HayaneHbIM MoMeHT BpeMeHn Bubpauua Ha cobcTBeHHON
4acTOTe CUMCTEMbI CKMaAblBaeTcs C BbIHYXAEHHbIMK KonebaHnaMu Takum obpa3om, 4To pe3ynsTvpyroLLas Bu-
©pauwnsa paBHa Hymo, Nocne Yero atn Asa KonebaTenbHbIX Npouecca AeNCTBYOT He3aBUCUMO OpYT OT Apyra.
Yepea HekoTopoe Bpemsa BMBpauunsa Ha cobCTBEHHON YacToTe CUCTEMBI 3aTyxaeT, U B cucteme Habriogatorcs
TOMbKO BbIHYXAEHHbIE cTaunoHapHble konebarus. MNpu cHATUKM BO30YOEHWSA CUCTEeMa BHOBb HAYHET CoBep-
waTtb KonebaHus Ha coBCTBEHHOW YacToTe, Kak BbINo onvcaHo paHee.
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i,

t — Bpemsi; [, — MrHoBeHHOe 3HayeHue curHana; 1 — ceoboaHasa Bubpauus; 2 — BblHYKAEHHble KonebaHus;
3 — pesyneTupylowan subpauuva

PucyHok 12 — lNepexogHbli npouecc nocne npunoxeHus rapMoHUYECKONA CUTbl

4.6 CucteMbl C HECKONbKMMU (MHOTMMMU) cTeENeHAMIN cBoBoAabI

4.6.1 Moabl BUGpauumu cucTeMbl ¢ ABYMSA CcTeNneHAMU cBoboabl

CnefylouwummM LIarom no CpaBHEHWKD C aHaNU30M OUHAMWUKU CUCTeMbl C OOHOW cTeneHbk ceoboabl, no-
Ka3aHHOW Ha pucyHke 3, ByOeT paccMOTpPeHME CUCTEMBI C ABYMS CTENEHsSMU cBOOOAbI, NoNny4YyaeMon Npuco-
eauHeEHMEM K BO30yXOaeMol OCHOBHON Macce eLle OAHOW LOMNOSHWUTENIbHOM MAaCChl M NMPYXUHbI (3nemMeHTa
ynpyrocTtu). [lee BO3MOXHbIe KOHDUIypaLunm CUCTeMbl C ABYMS cTeneHamm ceobofbl ¢ maccamu my v m, no-
KasaHbl Ha pucyHke 13.

BeeneHwe gononHUTensHoW cTeneHy ceoboabl 03HAYaeT, YTO MOMUMO [ABMXEHWUS OCHOBHOWM Macchl Cy-
LeCcTBYET ABUXKEHWEe OOMNONHUTENbHONW Macchl — B OAHOM HanpaBfeHWW Unu HaecTpedy Opyr Apyry B duk-
CHPOBAHHBLIA MOMEHT BpeMeHW. [IBKEeHWEe Macc OMUCLIBAETCA Yepes He3aBUCUMbIe NMepeMeLLeHust X, U Xy
COOTBETCTBEHHO. [lNns ynpolleHnsa aHanu3a Ha pucyHke 13 a) npegcrtaeneHa mogens 6e3 gemndupoBaHus ¢
PaBHbLIMU Maccamu m, COEIMHEHHLIMIU Mexay coBoi «MATKON» NPYKWHOW C KECTKOCTbIO Ky 1 C OCHOBaHUAMM
NPYXUHAMWU C OOUHAKOBOW XECTKOCTLIO K.

OueBnAHO, YTO OANSA CUCTEMbI, MOKA3aHHOW Ha pucyHke 13 a), OOHOW M3 BO3MOXHbLIX MO Bubpauuu
ByOoeT CMHXPOHHOE OBWXEHWE MacC B OOHOM HanpaBneHuW, Tak YTO COedUHSLWAas UX NpyxuHa OyneT no-
CTOSIHHO HaxXOAWTLCS B HEMTPANbHOM COCTOSIHUM (HE CXKETOM U HE PacTaHYTOM), T. e. X4 = X,. CobcTBeHHasn
yacToTa Ans gaHHoW Moabl ByoeT onpefensaTbCs TOMNbKO 3HavYeHneMm k [kak B chopmyne (10)]. HaoBopor, ecnu
CPEeHIOK TOUKY MPYXMHBI C XECTKOCTBIO Ky 3atPMKCUPOBATL B HEMOABWKHOM MOMOXEHWN, TO Macckl ByayT co-
BepLaTh kKonebaHnsa BO B3aMMHO NPOTUBOMOMOXHLIX HAMNPABNEHUSAX, T. €. X4 = —X,, CHOBA Ha O[JHOM U TOW e
yacTtoTe. CobcTBeHHast YacToTa Ans 3TOi BTOPO MoAbl Bubpauum Byaet (k + ky/2), uTo BCerda Bhbille 4acToThl
cobcTBEHHLIX KonebaHuin Ang nepsor moasbl. B gaHHOM cucteme MOryT cyLlecTBOBaTh Takke Apyrue hopmel
BMOpaunKn, HO TONBKO NPU ONUCaHWKN NEePEeXoaHbIX NPOLECCOoB.

Bo3byxgeHve MoxeT ObiTb NPUNOXEHO K Noboi M3 Macc cMCTeMbl, Takke ABMKeHUe Mobon M3 aTux
Macc MOXeT paccmaTpuBaTbC B KadecTBe OTKNMKA. Ha pucyHke 14 nokasaHa 4acToTHas XapakTepucTu-
Ka CUCTeMbl C OBYMS cTeneHsMWu cBoDOAbl, aHanorm4yHon n3obpaxeHHoW Ha pucyHke 13 a), HO C He3Ha4u-
TEeNbHO OTNMYAKLIMMKUCA Maccamu. B Takol cucteme npu NpakTUYECKWM HYNEeBOM OeMMN{UPOBaHUM HET He-
06xoQMMOCTU B OTAENBHOM NpencTaBneHuy a3oBoW xapakTepucTuku — dasa Bcerga 6ynet paeBHa nubo
0° (nonoxwuTenbHble 3HaYeHWs1 xapakTepucTuku), nubo 180° (oTpuuaTenbHble 3HAYEHUA XapaKTEPUCTUKM).
Mo wkane abcumucc OTNOXEHbl OTHOCUTENbHbIE YacTOThbl, NPUBEAEHHble K CODCTBEHHOW 4acToTe cucTe-
Mbl C OOHOW CTeneHbl cBoOoObl ANS O4HOW M3 Macc. M3 pucyHKa BMAHO, YTO HA YACTOTE HWKHEro peso-
HaHca Macchkl korebnTca B OgHON (hase (UeHTpanbHas NpyXuHa OCTaeTcs B HeWTpanbHOM MOMOMEeHUN),
a Ha 4acToTe BEPXHEro pe3oHaHca — B MpoTuBodase (cpegHas TOYKa LIEHTpPanbHOW NPYXWUHBI HEMOOBUX-
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Ha). Ha vactoTtax Mexay HUXHUM WU BEepPXHUM pe3oHaHCaMWu OBUMXEeHWEe CUCTeMbl npencraBndaeTr cobon Cy-
nepno3anuuo OByx Mo BMGpaLI,VIVI. OTmMeTuM, 4YTO Ha 4YacToTe pe30oHaHCa B CuCcTeMe C OOHOW CTerneHblo
CBO60,EI,I:I (OTHOCHTEﬂbHaH HacToTa paBHa E,EIMHI/IIJ,E) amMmnnuTyna nepemMmeleHna OrnAa Mmaccbl 1 paBHa HYIH.

may m;

® lej

ke -

T777772777 7

a) Obe macchbl coeguHeHb! ¢ OCHOBAHUAMM b) OgHa macca coeguHeHa ¢ OCHOBAHUEM

PucyHok 13 — [1Be BO3MOXHbIE KOH(UIypauumu cUcTemMbl ¢ ABYMS cTeneHsMu ceBoboabl

DM &

25

20 T

15 T
10

7l

-10
0 0,5 1,0 1.2 2,0 25 3,0

DMl

f. — oTHocuTensHan YacTora; DM — koaduumeHT gnHammyeckoro yeunenus; 1 — macca 1, 2— macca 2

PucyHok 14 — OTKNUK No nepemeLLeHnio Ana CUCTEMb! € ABYMSA cTeneHamun ceoboabl
npy manom gemndgupoBaHun [CM. pucyHok 13 a)]
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4.6.2 OnHamu4vecKun Bubporacutenb

MpyMepom cucTeMbl C OBYMA cTeneHAMM cBOBOAbI ABMSETCA YCTAHOBMEHHBLIA HAa CTaHKe AWHamu4e-
CKUil BUDporacuTens, NPeACcTaBnaWMA coBOl OTAENbHY CUCTEMY U3 BCMOMOraTeNbHBIX MacChl, MPYXUHbI
1 oeMndepa, COeAUHEHHYIO C OCHOBHOWM Maccol cTaHka [cM. pucyHok 13 b)]. XoTs cornacHo Teopun ansa ag-
heKkTMBHOrO ralweHns Bubpauymm ctaHka macca eubporacutens gomkHa ObiTe Kak MOXKHO 6onbLUen, ucxoan 13
npakTUYeckux coobpaxkeHuin ee BbIOMpaOT He npeeocxoasilen 1/5 — 1/10 akBMBaneHTHON Macckl, BUbpauusa
KOTOPOW MOANEXUT CHUXEeHUIO. BecnoMoratensHas macca gomkHa ObiTe nogobpaHa Takum obpasom, YTobbl
cobCTBEHHASA YacTOTa CUCTEMBI, COCTOSALWEN N3 BCMOMOraTenbHbIX Macchl, MPY>XUHbI U AeMmndepa, bbina npu-
6nvanTensHo paBHa cobcTBeHHOW YacToTe KonebaHuin OCHOBHOM macchkl. B oTnu4ne oT OCHOBHOW CUCTEMBI,
roe BosbyoeHwe nepedaeTtcs Ha maccy, Bo3byxaeHue BubporacuMTens OCyLLEeCTBRSIETCS Yepes ero onopy
[aHanorm4Ho cucTeme, nokaszaHHoOW Ha pucyHke 9 d)]. YacToTHas xapakTepucTuKka Ans OCHOBHOW MaccChbl Npu
npucoeguWHeHHOM BUBporacuTene nokasaHa Ha pucyHke 15.

DM &

40

30 ’

20

Al AN |

0 0,5 1,0 1,5 20 25 f,

fr — oTHOCUTenbHas Yactora; DM — koadduuneHT AMHAMUYECKOrO yeuneHns

PucyHok 15 — OTKknNKK No nepemeLleHnta Ans cUcTeMbl C ABYMS cTeneHsamMu ceobodel npy manoM gemndguposaHmum
[cm. pucyHok 13 b)]

Moao6Ho rpachrkam Ha pucyHke 14, OTKNUK OCHOBHOM Macchl COAEPKUT ABa Pe30oHaHca — OAWH HUXKe,
a Apyroi Bbile YacToThl UCXOAHOTO pe3oHaHCca AaHHOM Macchl B ee CUCTEME C OHOW cTeneHbio ceoboabl. Ha
4yacToTe MCXOOHOro pe3oHaHCca OTKIUMK OCHOBHOM Macchl CTAHOBUTCA HE3HaYUTeNbHbIM (MPU YCNOBUKM OYEHb
Manoro AemMnupoBaHusa Bo BCroMoraTensHoi cucteme). MponcxoamT 9To NOTOMY, YTO Ha YacToTe UCXOAHOro
pesoHaHca BcrnomMoraTenkHas cucTeMa Takxke HaxoduTcsl B pesoHaHce. [pu HeaHauyuTensHOM Bo3byXaeHUU
BCMOMOraTenbHas Macca HauyMHaeT COBepluaTb ABWXKEHUE, NMPU KOTOPOM MPOU3BOAMMAs CUNa peakuun Bo3-
OEACTBYET Ha OCHOBHYK Maccy NpoTWBOMOMNOXHO HanpaeneHuo AedcTBMA Bo3byxOawlweil cunbl, cnocob-
cTBya ee aheKTMBHOMY ralleHuio. B pesynstaTte Ha 4yacToTe MCXOQHOrO pesoHaHca obpasyeTcst aHTupe-
30HaHc. Bubporacutenu ykasaHHOro npuHUMna AerncTBUS NPUMEHSIOT ANS CHUXKEHWUA BUBpaLuM CTaHKOB Ha
pe3oHaHce, HO WX NpaKTUYeckas None3HoCcTb OrpaHMYeHa cryvyasamu, Koraa nosieneHne OBYxX HOBbIX PE30HaH-
COB HE OKAa3blBAET 3HAYWTENBHOrO HEraTUBHOIO BIMSAHUSA Ha BMBpaLMIo CTaHKa.

B GonbwuHcTBe cnyyaes Gonee uenecoobpasHbiM OKasbiBaeTca NpuMeHeHue Bubporacutens ¢ cob-
CTBEHHbIM AemndpupoBaHuemM. Bubpauums, oBycnoeneHHas npoueccom pesaHus, nposienset cebsa B 3Ha4u-
TensHOM cTeneHun B obnactu pesoHaHca. B cnyyae Bubporacutens 6ea nemndupoBaHus ycuneHue snbpaumm
ByOeT NpoucxoauTh Ha OBYX pe3oHaHcax, B TO BPeMs Kak MpasBunbHbIf nogbop gemndupoeaHus B BUGpo-
racuTene no3BonsieT YMeHblWWUTL 3Ty BUOpaLUio 40 NpUeMnembiX 3Ha4YeHWid, Kak NokasaHo Ha pucyHke 16.
N3oBpakeHHas Ha JaHHOM PUCYHKE KpuBasi NonyyeHa Ansa TOM e CUCTeMbl, YTO U Ha pUCYHKe 15, HO C BBe-
AEHHbIM OOMONMHUTENbHLIM AeMIpUPOBaHUEM MeXay OCHOBHOM W BCMOMOraTenLHO| MaccaMu.

Hebonblune M3aMeHeHUsi napaMeTpoOB CUCTEMbI C ABYMSA cTeneHsMu cBoboabl CnocoBHbI CYLLeCTBEHHO
M3MEHUTb BUJ YacTOTHOW XapaKTepucTWkK. Ha pucyHke 15, COOTBETCTBYIOLEM ManoMy AeMndupoBaHuio B
OCHOBHOI M BCMIOMOraTernbLHOM cucTemax, aMmnnuTyna subpaumu Ha ABYX HOBbIX pe3oHaHcax BecbMa Benuvka,
HO MpaKTUYeCcKX paBHa HYMK Ha YacToTe WCXOOQHOro pesoHaHca. B To e Bpems npu yBenuyeHun gemndu-
POBaHUS BO BCMOMOraTenbHOW cucTeme (CM. pUCYHOK 16) amnnuTyna Bubpauum Ha OBYX HOBbIX pe3oHaHcax
CYLLECTBEHHO CHUXKaeTCsl, HO CTAHOBUTCS OTMIMYHOM OT HYMSA Ha 4YacToTe MCXodHOro pesoHaHca. C uenbio
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yrnydlweHnda KadecTtBa ralleHus BVI6DaLlI/WI pe30HaHC BCMOMOraTesnibHOM CUCTEMBbI (,EI,I/IHE:IMW-IECKOTO Bm6pora—
CMTEJ'IFI) MOXET DbITb OTCTPOEH OT pe3oHaHCca OCHOBHOW CUCTEMbI B npegenax 5 %. OnTuMansbHas OTCTpOl?IKa
3aBUCKUT OT BCnomMmoratenbHoro ,EleMI'ICbVIDOBaHI/IH. |_|DVI ero oTcyTcTBMn OTCTpOlﬁKy HE NMPUMEeHAIOT.

DM &
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f. — otHocuTenbHan Yactota; DM — koathPUMEHT OMHAMUYECKOTO yCUneHus

PucyHok 16 — OTKNKMK Mo NepeMeLUEHWIO ANsi CUCTEMbI C ABYMS CTEMeHsMU CBO6oAkLI NPU YBENMYEHHOM
BCMoMoraTensHomMm gemndupoBaHum [cMm. pucyHok 13 b)]

I'IpaBManaﬂ HBCTDOF‘IKB AMHaMu4eCcKoro BM6p0FaCMT9Hﬂ cnocobHa CyuwleCTBEHHO paCllMpUTL BO3MOX-
HOCTWU CTaHKa no OGDBGOTKE‘ M3genun, Aonyckas bonee BbICOKYH CKOPOCTb yaaneHna metansna BnsioTek 40 no-
ABINEHMA NPU3HAKOB aBToKonebaHui. Ha NMpakKkTuKe BMSDDFBCMTETIM JaHHOWN KOHCTPYKUWMX NMPUMEHAKT B AWa-
Na3oHe 4YacToT BMNJ1OTh A0 4YaCTOThl Pa3BUTUA aBTokonebaHui.

MpumeyaHune — dopmyna, onuceiBawLwas Yepes 6espazmepHsle BeNUYMHbI KOIMAPUUMEHT ANHAMUYECKOTO
YCUINeHusi B cucTeme ¢ Bubporacutenem, NpMBedeHa B CNpaBoYHOW BCTABKE 7. 3HAYEHUA BENMUHKUH, UCMOMb30BaHHbLIX NPy
NOCTPOEHUK rpadpuKoB Ha pucyHKax 15 n 16, npuesedeHel B Tabnuue 1.

B cnyyae cuctembl ¢ gByms cTeneHsamu cBoboabl (OMHaMuyeckoro BubporacuTens) ¢ geMnduposa-
Huem B ocHoBHOW (m: M, K, C) n BcnomoratensHown (a: m, k, ¢) cuctemax KoapdULMEHT AMHAMUYECKOrO
YCUMEHWA ANns OTKMUKa OCHOBHOM MAacChl HA YIMOBOW YacTOTE () PACCYUTLIBAKOT No dopmyne

X |
Xo

(2gaf-g)2 +(92 +f2)2

2
(28f -9)° {gz—1+ug2+%(gz—f2)} +| ur2g% (97 -1)(97 -72) + 4%, |

a

. (24)
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CnpaBo4Has BcTaeka 7 — [JQuHamuyecknin Bubporacutens ¢ AeMngupoBaHuem

Tabnuya 1-— Be3pasmepHble napameTpel BCNOMOratenbHOW M OCHOBHOW CUCTEM, UCMOMb30BaHHBLIE NMPY NOCTPOEHUN
rpadouvkoB Ha pucyHkax 15 un 16

Homep pucyHka
MNapameTpbl
15 16
OTHolweHWe macc (BcnoMoraTenbHas/oCHOBHas) 1 0,05 0,05
OTHoLeHWe coBCTBEHHBbIX YacToT (BcnoMoratensHas/ocHoBHad) f 1,00 0,95
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OkoHYaHue mabnuuysi 1

Homep pucyHka
MapameTpol
15 16
OtHocuTensHoe aeMnduUpoBaHie B OCHOBHOW cucTeme (., 0,001 0,001
OTHocuTenbHoe AemMndupoBaHne BO BCMOMOraTenbHON cucteme (g 0,001 0,10

Mpw onpepgeneHnn MecTa yCTaHOBKWM BMBporacMtens npuHUMaroT BO BHUMaHWe 3Hepruio Bumbpauuu B
OaHHoW Todke. Llenmecoobpas3Ho NpMMeHsTb ero B TeX MecTax KOHCTPYKLUWW, rOe MakcuManbHa SHEeprus Bu-
Bpauun, a He nepemelieHre. Hanpumep, nepemeleHnss BUOpauum MoryT ObITb MakCHManbHbl Ha MErkux
MeTannuyecknx NaHenax, Takmx Kak ABepLa anekTpuyeckoro wkada, Ho BCreacTBMe Marnon Macchl NaHenu
aHeprus ee Bubpauum byaet Heeenuka. MNpumeHeHne BMbporacuTensi NO3BONUT YMEHbLUWTL BIMAHUE NaHenu,
HO OKa)XeT MMHUManbHOe BNUAHWE Ha CTAHOK B LIENOM.

4.6.3 CuctemMbl CO MHOTMMMU CTeNeHAMU cBoboabl U pacnpegeneHHble CUCTEMbI

CucteMbl CO MHOMMMK cTeneHaMmun ceoboabl ABMATCA AanbHenwmnm oboblieHnem cuctem ¢ cocpeno-
TodeHHbIMKU napaMmeTpamu. OHKM cogepxart 60oMbLIOe KONMMYECTBO COEQVUHEHHbLIX MACC, MPYXUH U AeMndepos,
a YUCIO UX BO3MOXHLIX KOHPUIYpaL i oveHb BeNWKo. [1ns TakuMx cMCTeM MOTYT paccMaTpuBaThes ABUKEHWSA
BAOMb OBYX WM Jaxe TPex NPOCTPaHCTBEHHbIX OCEW, a Takke yrnoeble konebaHus. B npenene TakMe MHoOro-
MaccoBble cUCTeEMbl 0BpPa3yoT cMCTEMY C pacnpefeneHHbIMU napamMmeTpaMmu.

4.6.4 Moabl BUBpaLUKN CTAaHKOB

Y Takux CNOXHbIX MeXaHW4YeCKUX CUCTEM, KaK CTaHKW, MaccChl, 3MIEMEHThl HECTKOCTU U YNpyrocTu He
ABMSAKTCH COCPEdOTOYEHHBIMW, @ pacnpeieneHbl No BCEA KOHCTPYKUWMK, YTO TpebyeT NnpuMeHeHWs1 COOTBET-
CTBYHOLLMX MOfenen, He paccMaTpuBaeMelX B HacTosLWeM cTaHdapTe. YacTo aHanus TakMx cucTem nposoasaT
C NPUMEHEHUEM METOOAa KOHEYHbIX 3MIEMEHTOB, YTO TpebyeT BONbLUMX BhIYUCIUTENLHLIX 3aTpaTt gaxe npu
COBpPEMEHHOM YPOBHE pasBuUTUSA KOMNbLIOTEPOB. BMecTe ¢ TeM He ANA BCeX NpakTUYeckMx 3afgad npuMeHeHne
CMNOXHBIX MaTemMaTu4eCcKknx MoAenen onpasgaHo.

Ons cCNOXHBIX MEXaHUYEeCKMX CUCTEM XapaKTepHO HanM4yMe MHOTUX Mofd BMbpauumn, Kaxaon U3 KoTopblx
COOTBETCTBYeT ee cobCTBeHHast yactota. Ho gns npakTuyeckux uener obbl4HO AOCTAaTOYHO OrpaHUyYMTbLCA
aHanuM3oM TOMbKO HEKOTOPBIX MOA, Nonaras NnoBegeHne KOHCTPYKLUM NUHeNHbIM. Ecnu cobcTBEHHbIE 4acToThbI
MO[, [OCTaTO4YHO LUMPOKO pa3HeceHbl Mo LWKarne 4acToT, TO 3T MO4bl MOXHO paccMaTpMBaTth MO OTAENLHOCTH,
COMOCTaBMAA Ka¥J0N U3 HUX CUCTEMY C OOHOWM CTEMeHbI0 cBOBOALI C 3KBUBANEHTHOW (MOAanLHOM) Macco,
KoahpULMEeHTaMM HKeCTKOCTU U AeMndupoBaHua. B Takom criyqae 4acTOTHYIO XapaKkTepUCTUKY CTaHKa B Le-
NnoM ANs 3a4aHHOro HanpasneHusa OBWXEHUA MOXHO paccMaTpyBaTh Kak CYMMY YacTOTHbLIX XapaKTepUcTUK
yKa3aHHbBIX CUCTEM C OOHOWN cTeneHb cBoboabl (CM. cnpaBoYHy BCTaeky 8). [ina pasgeneHusa mon yoobHo
MCNonb3oBaTh NpeacTaBneHne YacTOTHOW XapakTepucTUKL B BUAe Anarpammbl HankBucTa (CM. pUCYHOK 7).

L'|BCT0THy'IO XapaKTepUCTUKY G(]U)) ana cucteMbl CO MHOTMMKW MOJaMKW MOXKHO NpenctaBUTh B BUAE

G(jo) =¥ Soi » (25)
F 1 2jg (i]

i

roe o, — COBCTBEHHas YacToTa /-t MoAbl;
{; — oTHocuTenesHoe AemndupoBaHue j-i Moabl;
Gy — AvHammyeckas noaaTnMBoCTb AnA CUCTEMbl C OAHOW CTeneHb cB060AbI, COOTBETCTBYIOLLE
i-n Mmoae BubpaLmu.

CnpaBo4yHas BcTaeka 8 — CymmapHbIA OTKMMK CTaHka

BM6PELI,I/IFI CTaHKOB MOXET ObITb BOS6y}I{,CI,EHa M U3MEepeHa B pa3HblX TOYKaxX U B pa3HblIX HAanpaBneHUsXx,
M KaXOoW Takon kombuHauum 6y,.'J,ET COOTBETCTBOBATL CBOA NepenartodHas CDYHKLI,VIH (,ElVIHaMMHECKaFI XecT-
KOCTh). [pn aToMm Hanbonee BaxHasa TOYKa, B KOTOPOWN HBOGXO,EIMMO 3HaTb AMHaMUW4YeCKYyH XeCTKOCTb, pac-
nonoxeHa mexay 3aroTOBKOWM M MHCTPYMEHTOM, NOCKOIbKY MMEHHO B 3TOM MeCTe NoBblLIEeHHanA BMGDELWIH
cnocobHa NPUBECTU K yXyOLUEHWNHD KavyecTBa oﬁpaﬁcm(w. Touku n3mMepeHuns BWGDHLWIVI HEe OrpaHn4YmnBardTCA
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ToYKamu Bo3ByxaeHWs (ONst NMMHENHbIX CUCTEM B CUIMY TEOPEMbl B3aMMHOCTU TOYKM BO3BYKAEHWA U OTKIMKa
MOXHO NOMEHATL MecTaMu be3 M3MeHeHWNs1 BMAa YacTOTHOW XapakTepucTukuy). Mpumep MaTpuubl guHaMmye-
CKMX NOAaTNMBOCTEN ANs pasHbiX HanpasBrneHWi 1 ToHeKk BO30YXAeHMA 1 OTKNMKa NpUBefeH Ha pucyHke 32.

CnegyeT umeTb B BUAY, UYTO BUDpaums, Bo3DyxOeHHaa B OOQHOM MecTe CTaHKa, pacrnpoCTpaHseTcsa no
BCEW ero KOHCTpyKuuu. Ecrnv oTKNUK M3MepsoT B TOYKe, OTMMYHON OT TOYKW BO3DYXOEHUS, TO COOTBETCTRY-
IOLLYI0 YACTOTHYH XapaKTepUCTUKY Ha3blBalT nepexofHoil (cMm. 8.6). AMNNUTyga nepeMeLleHns B pazHbixX
TOYKaxX KOHCTPYKUWMW 3aBWMCWUT OT 4acToT BO3DY:XAEHUS U MecTa npunoxeHus BosbyxaeHus. NamepeHns am-
nAMTYA v dhas nepemellieHns B pasHbiX TOYKaxX Mo BCEW KOHCTPYKLMW NO3BONSOT onpeaenvTb XapakTepucTu-
Yecky hopMy BMbGpauum 4NA OaHHOW YacToTbl BO3DYKOEHNS.

Mogpbl Bubpaumm MmoryT BbiTb onpeneneHsl AnA pasHbiX HanpasneHWn, U MHOTAa OHW MOTyT BbiTh CBA-
38HHbIMK (MX COBCTBEHHbIE YACTOThl BNN3KKM OPYT K OpYrY). 3TO 03HAYaET, YTO SHeprMs BUBpaunmn MoXeT nepe-
pacnpefenaTtbcsa Mexay AaHHbIMKW Mogamu. [[pumepom MOryT CrnyKuUTb ABa MOABELUEHHbLIX K OOHON onope
MasiTHUKa ¢ npMbnuanTenbHO OAUHAKOBbLIMW COBCTBEHHBIMKW YacToTamu KonebaHniA. B Takon cucteme manaT-
HUKW ByOyT NooyepenHO OTKNOHATLCS OT NOMNOXeHUs paBHoBecus. BcneacTene 3akoHa CoXpaHeHUA UMMNYIb-
ca (cM. 4.1.4) onopy MasTHWKA HEMNb3S CYMTaTb NOMHOCTLI0 HEMOABWXKHOM, M Yepes Hee NponcxoguT nepegada
MOMEHTa MMMyIbCca OT MasTHUKA K MasaTHKUKY.] CyLlecTBOBaHME CBS3aHHbLIX MO MOXKET OblTb CYLLECTBEHHbIM
hakTopoM, NPMBOAALLMM K Pa3BUTUIO aBTOKonebaHui.

Ha pucyHke 17 nokasaH BePTUKaNbHbIA CTAHOK C ABYMSI NOMOXEHWUAMMN CBEPIMITLHON rONOBKM — BbICO-
KM 1 HU3KUM. OT BbICOThI NOSIOKEHWS FOMOBKA 3aBUCUMT MOZAmNbHas XecTKoCcTb (CM. 4.6.5). [1Be BO3MOXHbIE
Mokl BUBpauumn Ons TAKOro CTaHKa nokasaHbl Ha pUcyHke 18.

[ ]

- |:|

] L]

a) Bua cboky b) Bug cnepegu

PucyHok 17 — BepTukanbHbIA CTAHOK € ABYMS NONOXEHWAMY CBEPIUITLHOW rONoBKU

1\\Q

[ I I

a) NarmbHas Bnbpauns KONOHHbI b) KpyTuneHele konebaHua ronoBku

PucyHok 18 — [1Be Bo3amoOXHble Mokl BUDpauun cTaHka, u3obpaxeHHoro Ha pucyHke 17
(noanumamn 1 1 2 obo3HaveHbl MecTa naMmepeHuin Bubpauum)
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Hw3wasna moda Bubpaunmy cTaHKka cBA3aHa C U3MEHEHWAMN MONOXKEHUS ero OCHOBHOW Macchl Kak eanHo-
ro uenoro, T. . Kor4a Bce 4acTK cTaHka ¢ DoMnbLIOWM MaccoW coBepLualT cMHpasHele konebanus. [laHHbin Bug
KonebaHwui B BUOE M3rMOHLIX KonebaHWil KONOHHEBI CTaHKa, NPW KOTOPLIX Ta YacTb KOMOHHbI, COeAWHEHHas C
OMNOpOM, OCcTaeTcs HENOABMKHOW, a LWNUHAENbHasA roNoBKa coBeplUaeT BpallaTentsHble ABWKEHWS Tyaa-Hasag
B BEpTMKanNbHON NNOCKOCTH, NoKazaH Ha pucyHke 18 a). B ato konebaTensHoe ABMKEHWE BOBNEYeHbl BCE OC-
HOBHbIE MacChl CTaHKa, BKMOYas LWNUHAENbHYIO FONOBKY M BEPXHIO 4YacTb KONOHHbLI. Ha pucyHke 18 a) ronos-
Ka HaxoouTCs B BEPXHEM MOMOXKEHUWU, KOTOPOMY COOTBETCTBYET CaMas HU3Kas YactoTa n3rnbHbix konebaHuii.

C noBbIWEHMEM YACTOTbl CUHXPOHHOCTb ABUXEHWSA MAce HapyLlaeTcs, n Gonee TAXenble 4acTh CTaHKa
HauyMHaT «OoTcTaBaTby. Ha pucyHke 18 b) nokasaH opyroi Tun Bubpaumm — KpyTUMbHble KonebaHus LWnuH-
OernbHOW ToNoBKWM OTHOCWUTENbHO KOMOHHBLI cTaHka. [nd GonbluMHCTBa BepTUKaNbHbIX CTAHKOB Takue Kone-
BaHnsa cBA3aHbl C NepemMeLleHMaMi MeHbLINX Macc U ¢ 6onee BbICOKMMM xecTKocTaMU. Mx yactota obblvHO
Bbllle, YeM 4YacToTa M3rMbHbix KonebaHWin KOMOHHbI, U Ha Hee MEeHbLUEee BIWSHWE OKa3blBAET MONOXKEHWe
ronoBku (cMm. pucyHok 17).

YUncno sHauMTenbHbIX Mo BMGpaumn Takoro ctaHka Byaet Bonblue, Yem paccMOTPeHo Bbilwe. B ux uuc-
10 BXOAAT, Hanpumep, narnbHele konebaHnsa ronoBKy B ropv3oHTansHOM NMOCKOCTH M KpYTUIbHbIE KonebaHus
KOMOHHLI. [py aTOM Kaxgon 3HadnTensHon Moge Bubpauun ByayT cOOTBETCTBOBaTh Te UMW UHbIE ABUXKEHUS
BCEX YacTen cTaHka.

C noBbIlWEHWEM HACTOThI KAPTUHA MO[ YCMOXKHAETCH, OTAEMbHbIE YaCTU CTaHKa HAYMHAKT CoBepLuaTh
pasHoHanpasneHHble ABuxeHWsA. Bo3byxaeHne BbicokodacToTHOW BUBpauun TpebyeT Bonbluen 3Heprum u
NMO3TOMY COMPOBOXAAETCHA MEHbLUMMW aMnNnuTyaaMn nepeMeLleHns. Ha yactotax Mexay peaoHaHcamm Kone-
BaHWs KOHCTPYKUMM oNpeaensaTces cynepnosvumen Mo, OA4HaKo OHW NPeacTaBnanT MEHbLIUA UHTepec ANS
nccneqoBaHWsa M3-3a HeBLICOKOW BMBpaumu.

Bos3byxOaemblie MOAkI 3aBUCAT OT MecTa W HanpaBneHusa NpUNoXeHus BelHyxdatowwen cunel. Obe moael,
nokasaHHble Ha pucyHke 18, BkrovatoT B cebs ABMXEHWE 3aroTOBKU W MHCTPYMEHTa ApYr OTHOCUTENbHO ApY-
ra, NoaToMy MOryT BbITb BO3BYXAEHbI CUNOWN pe3aHns. TeopeTUYeckn 3T Moabl MOTYT BbiTb BOCNPOW3BEAEHbI
c nomMolubio BUBpoBo3ByauTens, ecnu npunaraeMas cuna bynet 0eidcTBOBaTL B TOM Xe HanpaBneHuu, 4To
W cuna pesaHus, xoTa 0BbIMHO Ha NpakTHMKe BOCMPOW3BECTM YCMOBUS pe3aHWsa CNOXKHO (Yalle Ans aTux ue-
nel ncnone3yoT Matemaruyeckie mogenu). MNpu nccnegoBaHuy AUHaMUKKM BonbLUMHCTBA CTaHKoB obnacTb
B3aMMOOEeNCcTBMA MHCTPYMEHTa U 3aroTOBKW fABNseTca Hanbonee NnoaxoAsiien TouKown Bo3byxaeHns Ans Bbl-
SBMNEHWS 3HAYMTENbHbLIX MOA BMBpauMu, HO crieayeT UMeTb B BUAY, 4TO Takoe BO3OyXOeHWe He No3BOonuT
«packaqaTtb» Te MOAbl, ANS KOTOPbLIX AaHHAas ToYKa Onu3ka K y3noBoi. TOYKM KOHCTPYKUMMK, PachoNnoXKeHHbIe
no pasHble CTOPOHbI OT y3na, ByayT coBepliaTk KonebaTenbHble ABUXEHUSI NO AAaHHOW MOAEe B NpoTuBoda-
3e. Tak, npeobpasoBaTteny BMOpaL KM, pacnonoXeHHbIe B BEPXHEN W HWKHEW YacTaX LWNUHAENBHOW FONOBKM
[no3uumm 1 1 2 Ha pucyHke 18b)], cHUMYT curHanel Bubpaumu ¢ pasHocTs a3 180°. Takum obpasom, ysen
MoAbl ByoeT pacnonoxeH rae-To Mexay atumu Todkamu. Ecnv BubpoBosbyavtens NpUNoXUTE K AaHHOW TOM-
Ke, TO COOTBETCTBYtOLasa Moaa Bubpauum Bo3byxaeHa He ByaeT, 4To CO30acT NOXHOoe npeacTaBneHue o bec-
KOHEYHOW MOJAanbHO XeCcTKOCTU. AHanornyHo, Mmoaa Bubpauum He ByaeT Bo3OyxaeHa, ecnu BbiHyXawoLwas
cuna BygeT geicTeoBaTh NeprneHaMKynsapHO NNOCKOCTM KonebaHWid KOHCTPYKLWK Mo AaHHOW MoJe.

4.6.5 BnuaHue nonoxeHUA NoABUNXHbLIX Y3NOB

MecTononoxeHue NOOBWMXKHBIX y3MOB CTaHKa B Npefdenax 3o0Hbl 06paboTku (M, COOTBETCTBEHHO, NOMOXe-
HWe CBA3aHHbIX C HUMW KOHCTPYKTUBHLIX 3MeMeHTOB) OyOeT BMMATE HA MOAanbHY0 Maccy M MO4anbHyH XKecT-
KOCTb paccMmaTpuBaemoi Moabl BUbpauuu. Tak, ecnuv WNUHAeNbHas rofnoBka HaxoAWTCA BBEPXY KOMOHHbI, TO
MoJanbHas XecTKOCTb M3rMbHbIX konebaHWin KONoHHbI OyAeT MeHbLUe, a YacToTa aTMX KonebaHWin Hke, Yem
B Cryyae, KOrga aTa ronoBka HaxoAWTCs B HUKHEM MOMOKEHUKU (CM. pucyHok 17). TakmM obpasom, npexae
4YeM NpOoBOAWUTbL BUBpaLMOHHbBIE UCMbITAHWSA ANS MCCNedoBaHWs AMHaMUKM CTaHKa, crieqyeT onpefenvTb no-
NOXeHWe ero NoABMKHbBIX Y3MOB.

HKenatenbHo, 4T0OkBI Npn paboTe cTaHka BMOpauWsa Ha pe3oHaHCcax OTCYTCTBOBAana MOMHOCTLIO, HO Ha
npakTuKe 0oOWMTLCA 3TOrO CHOXHO. 03ToMy 0DbIYHO CTaBAT Uenb 4OOUTLCA CHUXEeHUS KoaduumeHTa aun-
HaMW4eCcKoro YCUNeHWs Ha OCHOBHBIX pe3oHaHcax. [pu aToMm cnegyeT NpUHUMAaTk BO BHUMaHWe ABa KrioYe-
BbiX (hakTopa: 4acToTy v AemnduposaHue. BosbyxaeHwe BuGpaLMM Ha BbICOKMX YacToTax TpebyeT Bonb-
LIel 3Heprumn, 4em Ha Hu3kMx. Kpome Toro, BbICOKOYACTOTHbIe konebaHusa BeicTpee 3aTyxaloT npy yaaneHum
BbIHY>KAawLwen cunbl. Takum obpasom, noctaBneHHas uernb MoXeT BbiTb JOCTUIHYTa 32 CYeT MOBbIWEHUS
cOBCTBEHHBIX YACTOT, HaNpMMep NOCPEACTBOM YBENMYEHUHA CTAaTUHECKOW JXEeCTKOCTW UM YMEHbLUEHWS MO-
AanbHON Macchl YacTel cTaHka. Takke NoBbiCUTb COBCTBEHHYI0 YacTOTy ModanbHOW BUOpaunKM MOXHO 3a
cyeT Bbibopa MecTONONOXeHUs NOABWXHBIX Y3N0B (HanpyMMep, nepeMeLlleHnem LNUHAENLHOW FONOBKK B ee
HU3Lee NONMoXeHWe — CM. PUCYHOK 17).
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4.7 Opyruve Tunbl Bo36yXOeHUsA M OTKIMWKa CTaHKOB

OcHoBHbIE BUAbl BO3BYKAEHWS M OTKMMKA NPOCTOA MEXaHUYECKOW CUCTEMbI paccMoTpeHbl B 4.5. B Ha-
cTosllLeM noapasgene paccmarpuearTca 6onee CroKHbIE CUTYaUnK.

4.7.1 ®ypbe-aHanu3 curdHana Bo3byxaeHus

dopma curHana Bo30yxaeHnsa 3aBUCUT OT cnocoba ero reHepypoBaHKsa (CM. pasgen 5). B npedblgymx
nogpasgenax paccmaTtpyBanock Bo3byxgeHne rapMoHMYeckoin cunomn. Takoe Bo3byKaeHWe Bbi3bIBAET rapMo-
HUYECKMIA OTKMNNK B Pa3HbIX TOYKAX KOHCTPYKL MKW, XOTS NPU 3TOM aMnnnTyaa v pasa oTKNMKa MOryT N3MEHSATh-
Cs1 OT TOYKM K TouYKe. Bo3byxxgaemasn Bubpaumsa He OyaeT rapmMoHUYecKoi, ecnv doopma curHana Bo3byxaeHns
OTNU4aeTcst 0T CMHYCOMAAnbLHON.

Ecnu curHan Bo3byxaeHuna nepuoguyecknil, TO ero MOXHO NpeacTaBuTbL B BUAE pAda rapMOHUK NMOCpes-
cTBoM npeobpasoBaHua ®ypbe. Kaxxgas rapmoHyka MMeeT CBOKO aMniMTyay v (ha3oBblil CABUI OTHOCUTENbHO
OCHOBHOW rapmMoHuKWU. ViccnenoBaHue rapMoHUK 0BbIMHO OCYLLECTBMNAKT B YacTOTHOW obnacTu ¢ npumeHe-
HWEM aHann3aTopoB crnekTpa. [ns coKpalleHns BpeMeHu aHanusa B Takom obopygoBaHui MCNOMb3yoT Npo-
Lenypy oeicTporo npeobpasosaHusa ®ypee (BMNP).

B nuHenHOW cuctemMe OTKMUK Ha BO3ByxOeHWe CrioxHOW opMbl NpencTasnseT cobol cyMMy OTKMW-
KOB Ha KabKOyl rapmMoHWKy curHana BosbyxgeHus. OTKnuk OygeT cufibHee Ha Ty rapMOHWKY BO3DyXaeHus,
koTopasa Bnuke K YyacToTe pe3oHaHca. Takum obpa3om, COOTHOLLEHME rapMOHUK B CUrHane oTknuka bypet
OTNU4YaTbCA OT UX COOTHOLUEHWUS B cUrHane Bo3byxgeHus. Kpome TOro, COOTHOLLEHWE rapMOHUK B CUrHane
OTKNuka DydeT pasHbIM A8 pasHblX TOYeK KOHCTPYKUMW C y4eTOM TOro, YTO pa3Hble TOYKM KOHCTPYKUMK 00-
nagawT pasHON KeCTKOCTbHO.

Mpu cnoXHOM curHane Bo30yXOeHWs OTKIMK DyaeT B OCHOBHOM Ha Tex YacToTax, Aa KOTOpbIX AUHaMu-
YecKasn XeCTKOCTb MUHUMAanbHa.

4.7.2 Anepuogunyeckoe Bo3ByxaeHue

YacTto curHan Bo3byxaeHus ABNAETCS anepyMogu4yeckum v MOXEeT UMeTb BUA MMMyrnbca (yaap WHCTpY-
MEHTalbHbIM MOMNOTKOM), CTyneH4YaTon OyHKUMW (OBWXEHWE canas3ok CTaHka), CnyyYanHoro npouecca (He-
cTabunbHbINM Npouecc pe3aHus). Anepuoguyeckum ByOeT n rapMoHUYECKoe BO3DyxOeHWE C NepepbiBamMun B
OeiCTBUAX BbiHyKaatoLllen cunbl. B 4.5.5 nokazaHo, Kak OgWHOYHbBIA MMNYNbC BO3DY:KOaeT nepexogHbIv npo-
LeCcC C 0CTaTOUYHbIMK KonebaHnaMn Ha coBCTBEHHOM YacToTe CUCTEMBI.

B cnydae anepuogmyeckoro curHana Bo3OyxOeHue NMpOoMCXOOMT Ha KaX4oW YacToTe paccmatpuBae-
MOrO JuanasoHa 4acToT, M ANA aHann3a OTKIMKa NpUXoOuTCH MCNonb30BaTh MHTErpanbHoe (HernpepbiBHOE)
npeobpasoeaHue dypee. B oTknuke ByoyT npeBanupoBaTk CUrHanbl Ha YacTtoTax, BNU3KUX K PE30HAHCHBLIM.
MockonbKy 451 NoNyYeHust OTKNMKa cnegyeT paccMaTpuBaTh peakuuio CMCTEMbl Ha Kax 4ol YacToTe, Tpeby-
eMasl YacTOoTHasA XapakTepuCTUKa MOXEeT BbiTh onpefeneHa NocpeacTBOM rapMOHUYECKOro BO3DYXOEeHUs C
MeONeHHbIM CKAHUPOBAHWUEM 4YacTOThl BO3BYXOEHWS.

[Mpu aKcnepuMeHTanbHOM MCCNEAOoBaHWM JMHAMUYECKOro OTKIMKa KOHCTpYKUMK (cM. 8.4) Bpemsi, Heob-
XOAMMOE AN MOoNy4YeHUs YacTOTHOW XapakTepUCTUKKM, MOXET BbiTh COKpaLLEeHo, ecny peanvu3oBaTth BO3byx-
JEeHKe Ha Bcex YacToTax guanasoHa U3MepeHuil ogHOBpeMeHHO. [JaHHas TexHuka TpebyeT 3HaHWA CNeKkTpoB
CcUrHanoB Boz0yXOeHMA W OTKIMKA NpY 3agaHHOM BO30yxageHun. OTHOLWEHWE 3TUX CMEeKTPOB 4acT YacTOTHYHO
XapakTepuUCTUKY CUCTEMBI.

4.7.3 HenuHehHan XeCTKOCTb

Bubpaums Ha HEKOTOPbIX MOAAX MOXET NPOSABNATL HEMUHENHbLIE CBOMCTBA. 3TO 0O3HAYaeT, 4YTO Koad-
OULMEHTBI XKECTKOCTU K 1 AeMNUPOBaHNA € HE OCTaKTCA NOCTOSAHHBIMIK BO BCEM AuanasoHe gedopmaunii,
a YBenuuMBaKTCH UMM YMEeHbLUAKTCH C UX POCTOM. HeNMMHEeMHOCTb MOXET NPOSIBNATLCS B OTHOLLEHUW yKa-
3aHHbIX KO3 HOUUNEHTOB Kak BMecTe, Tak U No otaensHocTu. OB6blMHO HanboNbLLWWIA UHTEPEC Bbi3bIBAET W3-
MEeHEeHMe KeCTKOCTH, KOTopas, Kak NpaBuro, ¢ POCTOM NepeMeLLeHns yBenuyusaeTcs. Takon adhdekT MoxeT
HabnogaTbca NpY UCNBITAHUAX CTAHKOB C HeypaBHOBELUEHHbLIM LUNUHAENEeM NpU ero pasroHe v TOPMOXKEHNN.
YacToTHaa xapakTepucTuKa TakoW cucTeMbl M3obpaxeHa Ha pucyHke 19, roe cnnowHOW NMHWER MoKazaHa
TeopeTuyeckasn kpueas. Ha npakTuke HWKHASA BeTBb (PyHKUMKM B 0BnacTu ee HEOOHO3HAYHOCTW (0DpaTHbINA
X0 KPUBOW) HE MOXET BbITb Nony4eHa, U B COOTBETCTBYHOLLMX TOUKAX HABNOOaeTCcsa CKau0K XapakTeEpPUCTUKM
(LUTPUXOBBIE NMUHUKM HA PUCYHKE) — BHU3 NPU POCTE YacTOTbl (YCKOPEHWUW LUMWHAENS) U BBEPX NPU YMEHb-
LEeHUN YacToThl (3amenneHun WwnuHaens). TakuMm obpasom, Npu M3MepeHnsix ¢ NocrneqoBaTenbHbIM POCTOM
YacTOThl U NPU U3MEPEHUSAX C NOCNEeA0BaTENBHEIM YMEHbLUEHUMEM YacTOThl ByayT Nony4YyeHbl pasHble KPUBLIE.
(Pexxe BcTpeyaeTcsa 0bpaTHbI 3hheKT — YyMEHLLLIEHWE XECTKOCTU C pOCTOM NepeMelleHus. B atom cnyydae
YacTOTHas xapakTepucTuka OyaeT 3epkanbHbiM oTOOpaXkeHMeM MokasaHHOW Ha pucyHke 19, T. e. cKa4ok K
MaKCUMansHOMy 3HaveHuto ByaeT npu NocTeNeHHOM YBENUYEHUM YacTOThL.)
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PucyHok 19 — TUnNU4HbIA NpUMEpP YaCTOTHOW XapakTepUCTUKX ONA CUCTEMbI C HEMUHEWHOW XECTKOCTbH

Ecnu wnuHaens BpawaeTca Ha YactoTe, BrM3Kon K pe30HaHCHOM 4acToTe CUCTEMbI, TO B CMCTEMAax C
HENWHENHOR XEeCTKOCTbLI NpW HEBOMbLUMX PNYKTYaLMAX 3TON 4acToThl MOXeT HabnogaTtscs achdekT BHe3arn-
HOro UCYE3HOBEHWS M MOBTOPHOIO NOSABMNEHWA BUBpALUKM (4ACcTo C U3MEHUBLUEACS aMMNUTYO0MR).

HenuHeHOCTL 4aHHOro BMaa BO3HUKAET Npu 4eNCTBUKM BOMbLUKMX BbIHYKAAKLLMX CUIT, U NPU CTAHOAPTHbIX
UCMbITaHUAX ANS onpeneneHnsl YacTOTHOW XapakTepUCTUKM CUCTeMbl OHa 00bIMHO cebsi He nposenseT. Takke
MOCKOMbKY yKasaHHbIA 3hekT BO3HWKAET NpW NocnefoBaTerbHOM POCTE UMM YMEHbLUEHWM YacToTbl BO30DY-
OEeHWs1, OH He MOXET DbITh BbIIBNEH METOAOM BO3DYXAEHWS Cry4alHOW CUINOW B LUMPOKOM AMana3oHe 4acToT.

AHanuz HennHenHbIx 3 eKToB 0BbIYHO TPebyeT NPUMEHEHUS CIOXHOIO MaTEMATMYECKOro annapara,
NnosTOMY 34eCb AaHO TOMbKO WX KayecTBeHHOe onucaHve. OHO MOXET MOCMyXWTb PYKOBOLACTBOM B TEX
cny4Jasix, Korga nony4yaeMsle Ha NpakTUKe pe3ynkTaTel He NoaaalTcs NPOCTOMY OBLACHEHWHD.

4.7.4 MpakTnyYeckne BONPOCLI, CBA3aHHble ¢ gemndupoBaHMem

4.7.4.1 Obwme nonoxeHus

OemndupoBaHne — 0COBEHHOCTE MEXAHUYECKOW CUCTEMbLI, CNOCOBCTBYOLLAS OrpaHUYeHUO pocTa aMm-
NNUTYAbl NEPEMELLEHMA HA Pe30HAaHCe BCNeacTBue NoTepu (paccesHus) saHeprun Bubpauuu. Jemnduposa-
HWe NpucyLLe B TOW UMW MHOW CTEMEHW BCeM MaTepuanam. Yem MeHblle geMndupoBaHue, TeM Jonblle dyaet
npouecc 3aTtyxaHusl konebaHui nocne yoapa (B 4acTHoCTW, 4yryH obnapgaet bonee BbICOKMM gemndguposa-
HWEeM, YeM cTanb, U 3TO OAHA M3 NPUYKH, MOYEMY €0 He UCMNOMNb3YIOT s U3roTOBNeHus konokonos). OgHako
B CTaHKax paccesHue aHepruy Bubpauuu B Domnblueil cTeneHn CBA3aHO C TPEHUEeM MeXAy OBVKYLLUMMWCS
yacTaAMMK (HanpuMep, B NOALUNHUKAX, BONTOBbLIX COEAVHEHMWSX, CBAPHbIX LWLBAaX), 8 He C NoTepAMM B Marepua-
ne. TpeHue MOXeT U3MEHATLCS B 3aBUCUMMOCTU, HanpuMep, 0T CMasku U CTeNeHU M3HOCa COoMpUKacaoLWmnxcs
NOBEPXHOCTEN, a TakkKe OT MOMNOXeHUs 3TUX NOBEPXHOCTEN APYr OTHOCUTENBLHO Apyra.

M punmevyaHmne — Bce Buabl CbpMKU,MOHHOFO ,HEMI'ICbI/IpOBaHVIH CBfA3aHbl C OTHOCUTENbHBIM ABWXEHUEM YacTen
CTaHKa 1 MOoryT ObITb I'IpML'IMHOIZ yxXyaweHWAa TO4HOCTHU 06pa6cm<u nagenus. 3To ABMAETCA elle O4HUM JOBOLOM B none3y
npuMeHeHnA ,aemncpmpoaaHHoro OMnHamMmU4eCcKoro BVI6pOF8.CMT9ﬂF|, Korga ABMXXeHWe NepeHOCUTCA BO BCNOMOraternbHYH
CUCTEMY.

OT pemndupoBaHMA 3aBUCUT Tawke opma 3aTyxaHus BuOpauuuM Mpu npekpalieHun Bo3byxaeHus
(cm. 4.5.5).

OBkIuHO JeMnupoBaHe N3MEHAETCS OT MOAbI K MOAE, YTO HAXOOUT OTPaXeHWe B pasHbix (popmax Ko-
ahhuUMeHTa JUHAMUYECKOro YCUNeHus Ans pasHbix mog. [ns manoro 4eMnupoBaHUs XapakTepHbl pe3kui
MWK U Manas nonoca pe3oHaHca; bonblwoe AemMnguUpoBaHWe CrMaXWBaEeT MUK U pacLUMpPsAET Nonocy [cM. pucy-
HoK 4 1 dpopmyny (21)]. MNpu Hyneeom geMndUpoOBaHUK YCUINEHWE HA PE30HAHCE TEOPETUYECKN BECKOHEYHO.
BBecTun fononHuTensHoe 4eMnupoBaHmne B CUCTEMY MOXHO 3a CHET NpUMeHeHUs: (hpukLMoHHOro aemndepa
UMW HaCcTpOeHHoro AeMndpoBaHHoro Bubporacutens (cm. 4.6.2).
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4.7.4.2 JlvHelHoe N HennHenHoe aemndupoBaHne

CTporo nuHerHoe (BA3Koynpyroe) AgeMndupoBaHue ABNAETCS MateMaTudeckon naeanusauuein. Mpu
TakoMm AemMndupoBaHUN COOTBETCTBYKOLWAA CUMa peakuuu NpsaMo NponopuuoHanbHa CKOPOCTU OBMXKEHUS
MaccChbl CUCTEMbl U HanpaeBneHa NPOTUBOMOMOXHO 3TOMY ABMXeHW. [lemndgupoBaHme Ha nNpakTuke He Obi-
BAeT NWHENHbLIM, HO AaHHOEe AOMyLIEeHME MOXHO MPUHATL B OTHOLIEHUM BUOPALMKN TEX CTAHKOB, Y KOTOPLIX
gemndupoBaHme 0bbiYHO Mano. Yucnosbie oueHkr B 4.3.1 npegnonaratT CTPOro NMHenHoe aemMndupoBa-
HWe, HO AN NPaKTUYECKUX Lienen BNonHe MoryT 6biTh Mcnonb3oBaHbl. JemnduposaHne, Hanbonee bnnskoe
K NUHEWHOMY, peanuayeTcs B ruapaBnuueckmx aMmopTusdatopax. B peanbHbIX KOHCTPYKUMSX NOMUMO BS3KO-
yrnpyroro MOryT npMCcyTCTBOBaThb Apyrve BuAbl AeMNdUpoBaHUA: MarHUTHOE, rMcTepe3ncHoe, KynoHoBso. M3
HUX B HACcTOSILLEeM CTaHOapTe pacCMOTPEHO TOMNLKO nocrnegHee.

4.7.4.3 KynoHoBo gemndupoBaHue

KynoHoBo gemndupoBaHue, 4acTo BCTpeYalolleecs B CTaHKkax, CUNbHO OTNMYaeTcsa OT BA3KOYMNPYroro
demMnduporaHusi. KynoHOBO TpeHWe XapaKkTepHO AMs NOBEPXHOCTEN, Ha KOTopble AeWCTBYEeT NpukumatoLas
cuna. Ecnu ata cuna HeBenuka, NOBEPXHOCTU MOTYT COBepLUaTb OTHOCUTENbHOE ABWXeHWe ¢ Hebonblium
gemnduporaHmMeM (TpeHueM). Ecnun oHa o4yeHb Benuka, To NMOBEPXHOCTU ABWXKYTCS BMECTE B NPUKaToOM Opyr
K Opyry COCTOSiHMM — B 3TOM cnydae gemndupoBaHue oTcyTcTByeT. KynoHoBo AeMndupoBaHue nposensaet
cebs NpyM NPOMEXYTOYHBIX 3HAYEHUAX NPUXUMAaKLLER CUMbl, KOrAa 3Ha4yMTenbHast 3Heprua OTHOCUMTENbLHO-
ro ABWXEHUS MOBEPXHOCTEN paccenBaeTcs BCNeACTBUE TPEHUA Mexay HUMKU. Ha aTom npuHUMNe OCHOBAHO
pencteue Bubporacutener, MHOTME rogbl YCMeLwHO NPUMEHSILMXCA B CTaHKax pasHbiX BUOOB (hpesepHo-
wnudoBanbHbIX, pacTovHbiX). KynoHoBo gemndupoBaHne No CBOEW NpUpoge HennMHemnHo.

4.7.4.4 OTpuuatensHoe geMnduposaHue

BoamoxHbI cuTyaunn, Korga Hanumvme Cyxoro TpeHUst NpUBOANT K OTpUuaTensHOMY AeMnupoBaHuIo.
Ero mMexaHu3am cBsizaH C ABMEeHWEM NpUnunaHus-npockans3biBaHUS TPYLLMXCA MOBEPXHOCTEW, KOrda TpeHue
MOBLILLIAETCA MPU YMEHbLLUEHUU CKOPOCTU OBWMXEHUS, a KO3 MUUMEHT TPeHUs NoKos Bblle KoadduuneHTa
TPEHWA CcKonbXeHusA. NodTn nogaenas genctTeme «0bbIYHOTrO» AeMndupoBaHnsa, Takon BUa AeMndrMpoBaHns
cnocoBCTByeT OOCTUXEHNID OYeHb BbICOKMX 3HAYEHWI NepeMelleHnss Ha pe3oHaHce. [pumMmepomM CUCTEMBI C
TakMMm BMOOM TPEeHUs SBMSETCHA NepeMelleHUe CMblYKa Mo CTPYHE CKPWUMKW UMW CKPWUM Mena Ha LUKOMbHOW
pocke. B ctaHkax nogobHbIi ahekT MOXKET NPOABUTLCA MPU OBUKEHUN PEXYLLEN KPOMKU MHCTPYMEHTa Mo
MaTepuany 3aroToBKW C BO3MOXHOCTLIO NOcrenyoLllmnx agTokonebarnuin. 31oT addekT nponagaeT npu He3Ha-
YUTENBHOM MPUTYMNNEHUM PeXxyLLe KPOMKW BCNeacTBME eCTeCTBEHHOTO M3HOCa MHCTPYMEHTA.

4.8 AHanuz BuBGpaumm B YacToTHOW obBnacTu

4.8.1 CnekTpanbHbIA aHanu3 M YacToTHasi XxapakTepMcTHKa

B HacTofLeM NyHKTe M3NoXeHsbl TeopeTUYeckMe OCHOBLI NpeAcTaBneHns Bubpayum B YacToTHoOW obna-
cTu. NpakTuyeckre acnekTsl 3TOr0 BOMNPOCa pacCMOTPEHbI B pasferne 8. AHanu3 B 4acTOTHOW obnacTu Bcerga
cBsa3aH c obpaboTkoi cnekTpoB curHanoe. B npoctenuem Buae 310 npeacraenaeT cobon ounbTpaumo Mo -
HOCTWM BMOpauUMK B 3afaHHbIX Nonocax B uanasoHe 4acToT uaMepeHuid. MNonyvyaemblid NpyM 3TOM pesynerar
MOX0X Ha NpeAcTaBrNeHne YacTOTHOW XapakTePUCTUKK, HO CNeayeT UMEeTb B BUAY, YTO ANA NOMy4YeHWs 4acToT-
HOW XapakKTepuCcTUKM HeobxooMMOo NonyyYnTb ABa CekTpa — OA4WH ANA curHana Bo3byxaeHus, Apyron — ons
curHana oTknuka. MNpu aToM Ansa coxpaHeHusi Pa3oBbIX COOTHOLLEHWIA CMEKTPbI OOIMKHbLI BbITh NOCTPOEHLI NO
CUHXPOHW30BaHHbLIM AaHHbIM BO30YXOEHWUS U OTKNMKA.

4.8.2 MNMonocoBas ¢hunsTpaumnsa

Monocoeas uNeTpaLms ABMAETCA BaXHbIM MOHATUEM, OTHOCALWMMCSA Kak K 0bpaboTke curHana, Tak u
kK obopynoBaHuio, C NOMOLLBI0 KOTOPOro AaHHasi obpaboTka coBepluaetca. C Tovkn 3peHnsa obpaboTtku cur-
Hana nonocoBoW UMLTP — 3TO AManas3oH 4acToT, B npedenax KOTOporo amnnutyaa curHana npesblliaeT
3a[@aHHbIA NOPOroBLIN YPOBeHb. Hanpumep, Npy OLeHKke OTHOCMTENbHOro AeMngupoBaHua (CM. CNPaBoYHYHO

BCTaBKy 5) nopor Bbif 3a4aH Ha ypoBHe 1/42 makcumansHoro 3HauYeHus, 1 lWMpUHa nornockl beina onpenene-
Ha Mo HWXKHEeR U BepxHel YyactoTam no o6e CTOPOHbl OT pe30HAHCHOTO NKa, Ha KOTOPLIX KpUBad nepecekana
3afaHHbIM ypoBeHb. C noauumn obopyaosaHus nonocosas UNsTpaLUus cBA3aHa ¢ HanuumemM hunsTpoB ¢ 3a-
[AaHHOW KpYTWU3HOW cpesa Ha 3afaHHbIX rpaHnYHbIX YacTtoTax. Hanprmep, ecnv HeoBxoauMo NpoBECTM aHann3
BMEGpaLMKY B NONOCE WNPUHOM 2 U, TO aHanu3aTop AoMKeH UMeTb OUNLTP, XapakTepUcTMKa KoToporo Gyaet
MMOCKOW B Npeaenax 3Toi Nomnock!, HO PE3Ko CrnafaTh 3a ee rpaHuLamMu.

Monoca 4acToT YMCTO rapMOHUYECKOTO CUrHana pasHa Hymo, U He MMEEeT 3HaqdeHusl, BydeT nu ero Mol
HOCTb M3MepeHa B Y3KOW MNW LUMPOKOM NMonoce NpU yCrnoBUK, YTO YacToTa CUrHana HaxoauTcsa B npegenax
MMOCKOro y4acTKa XxapakTepucTukm dounstpa. Ha kakve Bbl monocsl HK1 6bin pasduTt ananasoH 4acToT usmepe-
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HWIA, TOMBKO 0HA U3 HUX ByadeT cooepaTh BECb CUrHAIN LEMNWKOM, a BbIXOQHOW CUIHAM ANs OCTanbHbIX NOMNoc
6yneT HyneBbIM. TakOW «YUCTbIA TOH» MOXET OblTb FEHEPUPOBAH SNEKTPOHHBIMW CPEACTBAMU, U B CreKTpe
4yacToT emy ByaeT COOTBETCTBOBATh OfHA BEPTUKANbHAS MUHUS.

Ha npakTuke GONbLUMHCTBO M3MePSIEMbIX CUTHAMOB SIBASKOTCS LUMPOKONOMOCHBIMU. 3TO MOXeT BbiThb
cnegcteuem nubo camoir npupodbl Bo30yxaeHWsA (cny4anHoi), Nubo npouenypbl cMHTe3a curHana (kada-
HWe yacToTel). B nobom cnyyae paccmaTtpuBaeTcs MOLLHOCTbL CUrHana, ycpefAHeHHas no 3agaHHon nonoce
4yacToT. Yem Ha Bonee y3kne Nonockl YacToT pa3buT auManasoH N3MepeHuin, TeM MeHbLUe ByaeT cpeaHas MoLL-
HOCTb CUTHana B Kaxaow nonoce.

MNpaBnno yMeHbLUEHUS MOLLHOCTM CMTHana B NONoce npu Cy:KeHUW Nnonockl CripaBeAnvBo ANsi CNEKTPOB,
HO He A1 YacTOTHbIX XapakTEPUCTUK, MOCKOMbKY CYXXeHWe NOoMockl OCYLLECTBMAAETCS OOHOBPEMEHHO Kak Ans
BXOAHOrO, TaK W NS BbIXOAHOMO curHamna. [ockonbKy YacToTHas XapakTepucTuka sIBNAETCs OTHOLLUEHWeM Crek-
TPOB yKa3aHHbIX CUTHANOB, CY:KEHWE NOMOChl NPUBOAWT TOMbLKO K MOBbILUEHUIO TOYHOCTW €€ NPeACTaBMNeHus.

5 Tunbl 1 npupoaa BMbpauun

5.1 Buﬁpauuﬂ BCcnegcTtevne gBUXXeHWA HeypaBHOBeLWWEeHHbIX Macc

5.1.1 O6Lwwme NnonoxeHus

PaboTa cTtaHka (3a UCKMHYEeHNEM CTporanbHbIX, (dacoOHHO-(Pe3epHbIX U MPOTAXKHbLIX CTAHKOB) CBA3aHa
C BpallaTtenbHbiM ABMXeHVWEeM Nnbo MHCTpyMeHTa, Nnbo 3arotoBky. [ncbanaHc BpalatoLwerocs yana onpe-
4enaeT OTHOCMTENbHYH0 BMOpauno Mexay MHCTPYMEHTOM M 3aroToBkon. OBbIYHO y cTaHkoB BUOpauus gaH-
HOW NPUPOALI CBA3aHa C HEypaBHOBELIEHHOCTBIO NPMBOAA WNWHAENSA, OQHAKO aHanvus Bubpauumn Takoro Tuna
B MPUHLMMNE HE 3aBUCUT OT TOrO, ¥ KAKOro 13 y3noB umeetcsa gucbanaHc.

Ecnv HeypaBHOBelUeHHbLIA y3en paccMmaTtpyBaTh OTAENbHO, TO 3HayYeHne aucbanaHca MoXeT ObiThb
onpegeneHo cornacHo NCO 1940-1, n B TakMx yCNOBKSIX CKOPOCTL (M YacToTa) Bubpauwn Byaert nponopumo-
HanbHa CKOPOCTW BpalleHus aToro yana. OgHako B 3aBUCUMOCTW OT OMHAMUYECKON KEeCTKOCTU KOHCTPYKLMK
(cm. 4.2.2) ata BMBpauus npetepnuT onpefeneHHble M3MEHEHWSA W B pe3ynbTate MOXEeT CYLEeCcTBEHHO OTNu-
4yaTbCH OT TOMW, YTO U3MEepeHa NS U30MMPOBaAHHOTO yana.

Hwxe paccmMoTpeHo BNUAHWE OQHOTO UMW HECKOMNbKUX BpaLlakLnXcs y3rnoB Ha Bubpauuo BCero cTaHka
(cm. Takxke 4.5.2 n pucyHok 10).

5.1.2 Bo3byxpeHue BcrnegcTBue gucbanaHca

Ha pucyHke 20 nokasaH potop maccel M B hopmMe TOHKOro AMcKa ¢ HeypaBHOBELLEHHOW Maccoi m (MHo-
ro MeHbLlel M) Ha paccTosHWMM r OT reOMEeTPUYEeCcKoro LeHTpa poTopa. Hanuyue HeypaBHOBELLEHHOW Macchl
M3MEHSIET NOMNOXEHNE LIeHTpa Macc poTopa, CMeLLasi ero Ha paccTosHue e.

M — macca potopa; m — HeypaBHOBELLIEHHAas Macca;
b — HOBBLIN UEHTP Macc; ¢ — reoOMeTPUYECKUIA LEHTP
poTOpa; &€ — IKCLUEHTPUCUTET MACChl; I — 3KCLIEHTPUCHTET
HeypaBHOBELLUEHHOW Macchbl

PucyHok 20 — MnnoocTpauns ctaTuyecKomn
HEeypaBHOBELLEHHOCTH
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3HaueHune gucbanaHca potopa ByaeT paBHO NPOW3BeaeHUI0 ero maccbl M Ha 3KCLEHTPUCWUTET Macchl e
WKW, YTO BaXKHO C TOYKW 3pEHUst Koppekuun aucbanaHca, Ha Npou3BedeHne HeypaBHOBELLEHHOW Macchl M Ha
pacctosiHue r, Me = mr).

Ecnwn 6bl poTop He Bbin orpaHuYeH B ABWXEHWUM CBOMMW OMopamMu, TO OH Bpawiancs Bl BOKpYr HOBOro
LeHTpa mMacc, 1 MexaHnyeckoe bueHne poTopa bbino Obl paBHO IKCLEHTPUCUTETY €. [pu Hanuuum orpaHunye-
HWA CO CTOPOHbI ONOPLI POTOP MPOAOMKAaeT BpallaTbCs OTHOCUTENbLHO CBOEro reOMeTpUYeCcKoro LUeHTpa, Ho
NpW 9TOM CO GTOPOHBI POTOpa Ha onopbl Bynet AencTBoBaTh LeHTpobexHan cuna F |, paBHaa Npou3BeaeHNIo
ocTaToyHOoro gucbanaHca Ha KBagpaT YrMoBOR YacToThl :

E.= mre? = Mew?.

Takum 06p83OM, BblHYXX[JaKlWasd CuIna, Bbi3BaHHaA HeypaBHOBELWWEHHOCTBLIO pOTOpPa, 6y,£l,9T nponopuno-
HalnbHa KBagparty yFHOBOﬁ 4acToThkl BpaleHnsa poTopa.

R NMPOTAXEHHOIo poTopa no ero arinHe MOXeT ObITb MHOTO HeypaBHOBELWEHHbIX MacC Ha pa3HblX pac-
CTOAHMAX OT OCK BpalleHnda, OaHakKo OCTaToOYHbIN J:mcﬁanch Bcerga 6y,u,eT onpenenAaTbCsH BblpaXxeHnem Me.

MpumedaHune — [JaHHbIA aHanU3 NpUMEHUM TOMBKO K poTopy xecTkoro Tuna (cm. MCO 1940-1).

5.1.3 HeypaBHOBeLUeHHOCTb 3NeKTpogBUraTens

Bubpauwus, nepenasaeMasi Ha KOHCTPYKLWIO CTaHKa M3-3a HEYPaBHOBELLEHHOCTW pOTOpa 3MeKTpoaBU-
raTens npuBoga, 3aBUCMT OT COOTHOLUEHWs Macc ABuraTtens u ctaHka (cm. 4.1.4). CnegyeT noHUMaTh, YTO
oLeHKa gucbanaHca M3onMpoBaHHOIo yana (npreoja WNWHAENs) He MOXET BbITh MPOCTO NepecyuTaHa B na-
pameTpbl BUOpaL MM CTaHKa, B KOTOPOM 3TOT y3en YCTAHOBMEH.

Bubpauwns anektpogsuratens Ha cBoboaHom noasece OyLeT MeHbLUE, YEM MPW €ro YCTaHOBKE Ha MecTe
npumeHeHus. Benedcteue sakoHa cOXpaHeHUst UMNynbca amnnnTyaa nepemMeleHns X, ABMratens maccom
M, c poTopom maccoi M, UMeLWmnM IKCUEHTPUCUTET Macc e (cM. pucyHok 20), onpenensaeTca popmMyron

M,

X

EEU'IE!HCMDOBKE aneKkTpoasurartensda MoXxet ObITb BbINOMHEHa Ha nbon CKOpPOCTK NpK YyCIoBWUKU, 4YTO Ha

3TON CKOpPOCTW MalKHa YyBCTBUTEIbHA K ,u,wcGanchy. I_Ipin 6a]'iEIHCVIpOBI(9 OBUraTens BaXxHo, 4TOObI npoeep-
Ka BMﬁpaLI,VIM Oblna BbIMNOMHEHA Ha CKOpPOCTAX BpalleHUA, COOTBETCTBYKOLWUX BCEM 3HAYUMbIM pe30HaHCaM.

Bonbloe 3HaveHne MMeeT TO, Kakum o6pa30M aBuratenb YCTaHOBMEH Ha CTaHKe. |_||DVI KEeCTKOM Kpenne-

HUW OBUratenb COCTaBlideT €OuMHOe uernoe C Kopnycom, U npn pacyHete BMGDE‘ILI,I/WI nog mMaccomn Mm cnenyert

NOHUMAaTb SCDCDEKTVIBHYEO MaccCy CTaHKa, Ha KOTOpPYyH ,EIEI;"'ICTByET HEHTDOGE)KHEFI chna Fu. Ecnu xe geuraternb

YyCTaHOBI1EH Ha ynpyrom nogeece, 10 >XeCTKOCTb NogBeca BMecTe C MaCCOn ABUratenda MOXeT co34aTb 40Mon-

HUTENBHYD MOy Bl/lﬁpaLl,VIVI, nornoLatwLuen Yactb Bl’lﬁpaLlMOHHOFI JHEPrmM OT HeypaBHOBELUEHHOIO poTOpa.

MprmeyaHue — [QucbanaHc poTopa MOXET 3aBMCETb OT paboyeil TemnepaTypbl. BcneacTeue TemMnepaTypHbiX
pacLUMpeHuin 0BMOTKM FIKOpS 3MeKTPoABUraTens LUEHTP Macc poTopa MOXET U3MEHUTb CBOE MOMOXEHWE OTHOCUTENBHO
ocu BpalleHus. Takum o6pa3oM, No Mepe HarpeBaHuWsi Jeuratens B npouecce paGoTel cTaHka ero AvcbanaHc, a cnefoea-
TeNbHO, W BUBpaUWsa cTaHKa MOryT U3MEHSITLCS.

Bonpockl 6anaHCUMpoBKX 3NeKTpPoaBMraTens B HACTOALWEM CTaHOAPTE HE PacCcMaTpUBAaKOTCH U OTHOCAT-
ca K obnacTu OTBETCTBEHHOCTM WM3roTOBUTENs anekTpoasuratens. OgHako npu aHanvse BuGpauMu cTaHka
Ba)XHO MMETb NMpedcTaBneHne 0 TOM, B KaKOW 4acTu oHa MoxeT bbiTb 0BycrnoBneHa HeypaBHOBELLEHHOCTEHO
npueoaa.

5.1.4 [IuHamMunyeckas HeypaBHOBELIEHHOCTb

5.1.4.1 Obwue nonoxeHus

BonblwnHcTBO BpalawLWwmUxcsa YacTel B CTaHke MMerT Bonee cnoxHyw (opmy, YeM OZHOMMOCKOCT-
HOW poTop, n3cbpaxeHHbln Ha pucyHke 20. Tak, HeypaBHOBELIEHHOCTE WNWHAENs CTaHKa MOXeT BbiTb 0b-
yCroBneHa AByMsi HEYpPaBHOBELUEHHbIMWM MaccaMu my U M, LUEHTPbl KOTOPbLIX HaXOAATCA Ha PaccTOAHWUU
COOTBETCTBEHHO ry U r; OT OCU BpalleHWs LWNUHAens U pasHeceHbl No AMUHE WNWHOens Ha paccToaHue L
(cm. pucyHok 21).

WnuHaene, nokasaHHbl Ha pucyHke 21, MOXeT OblTb CTATMYECKW YPaBHOBELUEH MPWU BbINOMHEHWM
ycrnoBus

Mqry = Myly,
HO UMETb AMHaMW4YeCKYH) HEYPaBHOBELWIEHHOCTb, NMPOABNAKLYHCH NPKU ero BpalleHni.
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Enarogapa nnedy L napa gucbanaHcoB npu BpalleHuM poTopa GygeT nobyxaaTb ero BEepXHIW U
HWKHIOK YacTu OBUraTbCA B NPOTUBOMOMNOXHLIX HanpaBneHWsX, co3aaBas TeM CaMbiM MOMEHT BpalleHus.
Ons ycTpaHeHus atoro adidhekTa BLINOMHAKT AUHAMWYECKY ABYXNIOCKOCTHY GanaHcupoBKy poTopa
(cm. MUICO 1940-1).

ra
/’n2
E |
my — HeypaBHOBELLEHHaA Macca Ha pacCToAHWKW 1y OT OCK BpaLLeHns;
m, — HeypaBHOBELUEHHas Macca Ha PacCTOsHWK £, OT OCK BpalleHns; L — pacctosHue
Mexay maccamMun BOosb OcK poTopa
MpumeyaHue — LUNMHAeNb ypaBHOBELLEH CTAaTUHMECKU MPK BbINOM-
m HEHWUW YCNOBUA Myry = Myf,.
|
- B PucyHok 21 — LWUnnHAaens ¢ AMHaMUYECKOW HeypaBHOBELLEHHOCTLIO

5.1.4.2 3nemMeHTbl NpuBoda

MprBOA OT anekTpoaBuUraTens K LUMUHOENM0 MOXET BKITIOYaTh B ce6A HEeCKONMbKO MPOMEXYTOYHbIX 3ne-
MEHTOB, KOTOpbIE CMOCOOHbI yCUnuTe 3p(eKT HeypaBHOBELLEHHOCTW 3MeKTpoaBuraTens. 3T NPOMEeKyTou-
Hble 3NeMEeHThI, BpallasiCh Ha pa3HbIX CKOPOCTHAX, MOTYyT Bbi3BaTh OAHOBPEMEHHOE BO3BYKOeHWe pasHbiX MOZ
BuOpauun. Ecnn nepegatoyHoe YWCNO paBHO efguHuMUe, TO Ha BO3Dyxgaemylo BMOpaLunio MOXeT MOBUATb
TunN npueoda. Ha pesynestupytownin ancbanaHc MoXeT NOBNUATL nNepefadva BpalleHusa vyepes 3ybuaTtsiin pe-
MeHb Unu 3ybuaTyo nepefadvy ¢ MUKCUPOBAHHBLIM COOTHOLeHWeM ¢a3. OgHako AaHHoe oBCTOATEnbLCTBO
MOKeT DblTb MCMONb30BAHO C MOMb30WM, Hanpumep ecnu gucbanaHc MoXeT OblTe YMEHbLUEH perynnpoBKOW
B3aMMHOr0 MOMOXeHWUs LWecTepeH B 3ybuaton nepepade. [pu HEXECTKOM COEOWHEHWW 3MEeMEHTOB MPUBO-
4a (Hanpumep, Yepes peMeHHY nepegaqvy) nx oTHOCMTEeNbHas CKOpOoCTb OyaeT HemsbexHo dhnyKTynpoBath
BCMNeACTBUE NpOCKarnb3biBaHUS PEeMHS, YTO MOXEeT NPpUBOANTL K U3MEHEeHWsM a3kl BbiHYXAAKLWen cunbl U
Bblpa)aTbca B BUeHusXx.

5.1.5 Mepepaua BLIHYXAAKOLWeEW CUNbI

Kak nokasaHo B 5.1.2, BbIHyXQaloLwwasa cuna, cBA3aHHan ¢ HeypaBHOBELLUEHHOCTbIO BpaLLalLLMXCca Ter,
nponopuMoHansHa KBagpaTty CKOpoCTY BpalleHnsa. 3Ta cvna Bbl3biBAET OTKMUMK KOHCTPYKLMW MaluvHbl B (hop-
Me Bubpauuu.

BekTop ueHTpobexHOoW cunbl, CBA3aHHOW ¢ ancbanaHcoM, CoBeplUaeT BpalleHne U MOXeT, Takium obpa-
30M, BO30yauTb Mofbl Bubpauun B N06OM HanpasneHWy B MOCKOCTM BpalleHus. Tak, HeypaBHOBELLEHHOCTb
LWINWHAENS, NOKAa3aHHOro Ha pucyHke 26 (cm. 7.1.2), moxeT Bo3byauTs Moakl BMGpaLmm B HanpaeneHusax X u
Y, cABMHYTbIE APYr OTHOCWUTEeNBHO Apyra Ha yron 90°.

EnuHuubl namepeHusa 3HaveHus gucbanaHca MoryT MHOT4a BbI3BaTh NyTaHULY.
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Mo cBoei npupode 3HaveHue gucbanaHca paBHO NPOUM3BEOEHUD MAacChl Ha paccTodHue, Kr - MM. Ho
MHOrOa BMECTO 3TOro UCNOMb3yKT eAUHULBI AMWHBI, MM, NOHUMAas Nog 3TMM 3HaYyeHue 3KCLeHTpucuTeTa po-
Topa (yaenbHbin aucbanaxc). CBoboaHO noaBelleHHbIM poTop Npy BpalleHwy ByneT coBepluaTe bueHus,
paBHbIe KCLUEHTPMCUTETY Macchl, MM. MpuHyxaeHWe poTopa BpallaTbCcsa B NOALMMHMKOBbLIX Onopax npeob-
pasyeT 3aTo GueHue B BbIHYyxKAawLWyo cuny, H, onpenensieMyo Yepe3 Maccy M CKOPOCTb BpalleHWsl poTopa.
PesynstaTtoM OeicTBusA 3TOW cunbl siBNsSeTcs BMbGpauunst cTaHka, onpegenseMas Yepes nepeMeLleHne, M.
Takum 0bpasom, 1 yaenbHbi gucbanaHc, v pesyneTupylollee nepemeLleHne N3MepsioT B OOHUX U TeX e
eQMHMLAX, XOTS NPSMOIA CBA3M Mexay 3TUMMK BernuuYnHaMun HeT.

MpumeyaHune — PaguaneHoe GueHue cBOBOJHO OMEPTOro poTopa He 3aBWCWMT OT CKOPOCTM BPALLEHWsl, HO
CBfi3aHHasA C 3TWUM LeHTpobexHasa cuna nponopuvoHansHa KBagpaTy CKOPOCTH, YTO MPUBOAMT K MOSIBMEHWIO OTKMMKA
(nepemelleHuns), nogobHo nokazaHHoOMY Ha pucyHke 10.

5.2 BMﬁpauHH BCneacrteue I'lpﬂMOﬂVIHEﬁHOFO ABNXeHWA NOABUXHLIX Y35rOB CTaHKa

5.2.1 O6LWwure nonoxeHus

Mopayva NoABMKHbLIX Y3MOB CTaHka ¢ BonblumMM yckopeHmem cnocobHa noBnusTb Ha kavecTBo o6paboT-
K1 getanu. BeicTpoe yckopeHue MacCMBHOIO CynnopTa MOXeT Bbi3BaTb UMMYNbCHYO peakuuio KOHCTPYKLUN
cTaHKa C BO30yXaeHUeM HM3KoYacTOTHbIX Mod Bubpaumu. MNpu aTom co3gaBaemas BMbpauust MOXKeT ObITb Kak
NPAMONMHENHON, TaK W YITIOBOW B pasHbIX HanpaBreHUsax U3-3a HeHyneBbiX HeAnaroHanbHeIX aNeMeHToB Ma-
TPWLbl HAaCTOTHOW XapakTtepucTukn. M3-3a cnaboro 3aTyxaHus Takasi BUOpaums MoXeT ANUTbCA MHOTO CeKyH[,
BMNUARA HA B3aUMOOENCTEME PEXYLLUEro MHCTPYMEHTa U 3aroTOBKM.

OaHHbIA abekT MOXKHO nccnegoBaTh, BbINOMNHAS JONOMHUTENbHOE UCMbITAHWE Ha NPAMOMNMUHENHOCTb
OTHOCWUTENBLHOMO ABWMMEHWS YCTPOWCTB KPENnMeHUs WHCTPYMEHTA WM 3aroTOBKW UMW M3Mepsst OTHOCUTENbHOEe
nepemellleHne 3TUX YCTPOMNCTB B HanpaBfieHWW, OPTOroHaNbHOM HanpaBfeHWo ABWKEHUS cynnopTa (cMm. 7.2).

5.2.2 MNpob6nembl, CBA3aHHblIe C BO30YXAeHWEM HU3KOYacTOTHbLIX Mog

[MepemelleHnst MOABWXKHBIX Y3MOB CTAHKa CONPOBOXAAKTCA AEACTBMEM UMMYNbCHOW CUnbl, BO3byxaa-
OWen HA3LWYI Moy KonebaHWi, MOCKOMbKY AMHAMMUYECKAs XKeCTKOCTb 3TON MOAbI MEeHbLUE, YEM OCTarnbHbIX.
[na Hu3wen Mmodbl XapakTepHO Takke MeAreHHoe 3aTyXxaHue, Tak 4To axe Hebonblluoe OTHOCUTENbHOEe
OBWXEHWE UHCTPYMEHTA U 3aroTOBKW MOXET ANUTHCH A0 HECKOMbKUX CEKYH[, AOCTaTOuYHLIX, YTODLI OCTaBUTb
BUOMMbIE Cnefbl Ha 3aroToBke. BmecTe ¢ Tem Takasd moga MoxeT ObiTh NPoNyLLeHa NpU aHanuae 4YacToTHbIX
XapakTepUCTUK CTaHKa 0bblYHbIMUK cnocobamu Bo3byxaeHUs BMOpaLMM, NOCKOMbKY B TOUKE TAKOro BO3DYX-
OEHWUA KECTKOCTb KOHCTPYKUWK OBbIYHO BbICOKA, @ aMnnuTyda nepemMeLlleHnsi, COOTBETCTBEHHO, Mana. Wm-
MyNbCHBIA OTKMWK, CBA3aHHbIA C NepeMelleHneM cynnoprta, HeobsasaTenbHO A0MmKeH BbiTh BonblWKMM Heno-
cpefcTBeHHO B 06racTu KOHTaKTa MHCTPYMEeHTa W 3aroToBKW (ero MakcuMmym OyaeTt Tam, rge AvHamudeckas
KECTKOCTb MEHbLLE), OQHAKO M NpU 3TOM ANMWTENBHOCTL OTKIMKA MOcne 3aBeplueHns Bo3byxaatowen cunbl
MOXET NPUBECTH K CYLLECTBEHHOMY YXYALUIEHUI0 KadecTBa 0b6paboTku.

5.2.3 UHepuMOHHbIE UCKaKeHUA

VIHepUMOHHBIE UCKaXEHUS WMEKT MECTO NpW 3HAYMTENbHOM OTKMOHEHUW LEeHTpa Macc MOOBMXXHOMO
yana cTaHka (Hanpumep, cTorna) OT HanmpaBfeHusa cunbl Nogaqu. [pn 3TOM BO3HMKAKT YINoBble KonebaHus
NOABWXHOTO Y3Ma, B pe3ynsTate KOTOPbIX Ha ABWXEHWE LIeHTParnbHON Toukn nHcTpymeHdTa (TCP) B 3agaHHoOM
HanpaBnNeHWWM HaknagbliBalTCsA NepeMeLlleHna B nepneHgukynapHoOM HanpaeneHui. AMnnuTyda atux nepe-
MELLEHWNA 3aBUCUT OT YCKOPEHWA Nogadu, OTKIOHEHUA LeHTpa Macc OT HanpaeneHus nogadu, yrnoBoW XecT-
KOCTU HanpasnsoLWwmnx NOABWXKHOIO Y3Mna 1 OT pacCTOSIHUSA OT LieHTpa Macc NoABWXHOIO y3na o LeHTpanbHon
TOYKW MHCTPYMEHTA.

O eKT UHEPLUOHHBIX UCKaXXEeHN NoKa3aH Ha pucyHke 22. MNpu OTKNOHEHUW LIeHTpa Macc NOABWKHOIO
y3na B pesynerate AeWCTBUA CUMbI NOSAYM CO30aeTCA MOMEHT CUIbl, C KOTOPLIM CBSI3aHbI YIMoOBLIE NepeMe-
LLIEHWs, 3aBUCALLME OT YIIOBOM XECTKOCTW HanpaBnsAwLLen cucTemMbl g. IToO BpalaTenbHoOe ABWXEHWE npe-
obpasyeTcsa B nonepevyHoe nepemMeLleHre LeHTpanbHOW TOYKM MHCTPYMEHTa, NMPONopUUOHanbHOe 0CeBOMY
CMELLEHWI0 TOYKM OTHOCUTENbLHO LeHTpa macc M [cM. cnpaBo4YHyo BCTaBky 9 B OTHOLIEHUW MOSACHEeHUA MaTte-
MaTUYECKUX CUMBOITOB Ha pUCYHKe 22 u chopMyny (26), OnvchiBalOLLY YpaBHEHUE OBUKEHUWA].

CreneHb BNUAHWA 3pdeKkTa MHePLNOHHBIX MCKaXKeHWI MOXKHO OLeHUTL N0 BENMHKHE npegena CKopocTy
M3MEHEHUS YCKOPEHWS BO BpeMeHu (pbiBka). [Mpy manbix 3Ha4YeHUAX pbiBKa oHa ByaeTt HUxe.
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PucyHok 22 — Mnnioctpauna adpcbeKTa MHePUUOHHBIX MCKaXKeHWA

Ha pucyHke 22 nokasaHo OTKMOHeHWe EYZ OT NpsAMONUMHENHOro ABMKEHWS BCNEOCTBUE MHEPLIMOH-
HocTu cuctembl. Cuna F, coobiaer macce noaswxkHOro yana M aswxeHue C yckopewuem a, F, = Ma.
AY,_—a — OTKNOHEHWE MOMOXEeHUs LeHTpa Macc MOABWXKHOMO y3na OT HanpaeneHus OeWcTBus cunbl F_;
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pacctosHuax AZ,4 n AZ,, OT UeHTpa Macc S COOTBETCTBEHHO. Toraa oTknoHeHwe EYZ onpeaensioTr ro
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(26)

rae k.. o — YrnoBas KeCTKOCTb OMOPHOI KOHCTPYKLMM (Hanpasnaowmnx ABWKEHNs ), onpeaenseMas Yepes
XECTKOCTU BCEX OMnop Ky B HanpasrieHun y, CMEeLLeHNA 3TUX Onop OT LieHTpa Macc B Hanpasre-
HUM Z, @ TalOKe YITOBOW XECTKOCTbIO ky OTHOCUTENbHO OCH X.

CnpaBoyHas BcTaBka 9 — IPdeKT MHEPLMOHHBIX UCKaXKEHMWIA

nDCKOHbe MexXaHWYeCKYH CUCTEMY CTaHKa B LlelloM MOXHO pacCMaTpmrBaTh Kak Cblf‘ll'Ipr HVXHKUX 4acToT,
BNMsiHWE 3aphekTa MHEPLMOHHbLIX NCKaXKeHWI Gy,EleT MeHbLUE, KOrda BpeM#A YCKOPEHHOIo ABMXEHWA HEBEIMKO.

5.3 Bubpauunsa oT BHEWHWUX UCTOYHUKOB

5.3.1 O6wmne samevyaHuUn

Huxe paccmoTpeHo BnUsHWE BUOpaUWKM OT BHELIHUX UCTOYHWMKOR B OTHOLUEHMM CTaHKa Ha MecTe ero
YCTaHOBKM.

[MOBEPXHOCTb, HA KOTOPYHO YCTAHOBIEH CTAHOK, MOXET COBEpPLUATL OBWKEHUS, NepeaasaemMble oT APYrux
WCTOYHMKOB (CTaHKOB, 0bopygoBaHus W Np.), HaxogAWmMXcsa Nobnm3ocTu. TUM ABMKEHMA MOXKeT ObiTb NMoboin
(mepuoguyeckoe, UMNYNLCHOE, MX codeTaHus). B cnyyae nepemady 3Toro ABMKeHUs B ob6nacTb B3aumogemn-
CTBWSI MHCTPYMEHTAa W 3aroTOBKW TOYHOCTL 06paboTkun yxyawaeTcs.

Bubpaums CTOPOHHUX WCTOYHUKOB HaxoOUTCH BHE KOHTPOMNSA W3roTOBWMTENS CTaHKa, 33 UCKMYEHUEM
pekoMeHOaunii B OTHOWEeHMN BeIDopa nogxoasilen cuctemMel onopbl (hyHaameHTa). HeobxogmMmMocTb BbINos-
HEHWUSA UCMBLITAHWI C LUENb OLUEHWTL Bo3deicTBMe BUBpaLmumn oT BHELIHWX UCTOYHMKOB CBSA3AHO C PEeLUeHUEM
crnegywwmnx pasHopogHbix 3agad (cm. Takke 4.5.4 B oTHoweHWn nepenaun subpaumu 1 6.9 B OTHOLWEHUM
pacnonoXeHns CTaHKOB):

- onpeaeneHue obulei BUOpaLMOHHON 0DCTAHOBKK;

- aHanus, naeHTUUKaLUUa UCTOYHMKOB U NodaBrneHue CTOPOHHEeN Bubpauuuy;
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- UCKIo4eHMe BUBpauum oT BHELWHUX NCTOYHWMKOB MPW aHanuse AMHaMWYeCcKOro noBeOeHWsl KOHCTPYK-
LKW CTAHKOB.

5.3.2 BHewHMWe UCTOYHUKN BNOpaunmn

McTouHnkamu nepefaBaemMolr Ha CTaHOK BMBpaL MM MoryT ObiTe OpYrie CTaHKW, pAchOoNOXeHHbIE B TOM
e UNu B COCefHEM NOMeLLEeHUN. Takke K TaKMM UCTOYHMKaM OTHOCSITCS:

- Opyroe Npov3BoACTBEHHOE 0DOpyAOBaHWE, TaKoe Kak CBEPXMOLLHbIE BO3OYLUHbLIE KOMMIpeccopkl. Bu-
6pauwns, nepegasaemasn oT 0bopygoBaHUA Ha NoN NoMelleHus, cnocobeTByeT 0bpazoBaHM0 CTOSA4ER BOMHbI.
B atom cnyyae BaxHO HaWTW MeCTO ONS YCTAHOBKW CTaHKa B y3re 3TOW BOMHbI UMW MOBMM30CTHU OT HEro.
C aTol Touku 3peHns Bonee crnoxHyo Npobrnemy NpeAcTaBNsAT pacnpocTpaHsoLlmnecs (berymne) BomnHbI;

- OBWXKEHWe penbCoBOro TpaHcnopTa. Takon TPaHCMNopPT reHepupyeT perynsapHbie HU3KOYacTOTHbIE BO3-
OEeNCTBUSA, B YACTHOCTW CBA3AHHbIE C NMPOXOXKOEHNEM PElbCOBLIX CTLIKOB;

- DOPOXHbIA TpaduK (xoTs 0BbIYHO CBSA3aHHAsA C HUM BMOpaLns HeBenuka);

- BONTHEHWE Mops (ecnu NPoU3BOACTBEHHOE NMOMELLEHMe HaxoauTces Ha nobepexse). Bubpauwa ycunu-
BaeTCH B Yachl NpUnvBa W CBA3aHa C paspylleHnemM npubpexHbIX BOIH.

OcobeHHO YyBCTBUTENbHEI K HW3KOYACTOTHOW BMOpaUMM OT BHELUHWX WCTOYHMKOB LMW OBamnbHbIE
CTaHKMW.

5.4 Bubpauun, cBA3aHHasA ¢ npoueccom obpaboTku Mmatepuana

5.4.1 HempgeanbHOCTb KOHCTPYKL WK CTaHKa

Bubpauwns HensbexHo cBAZaHa ¢ camMmum NpoLeccoM 06paboTku 3aroToBKM Ha cTaHke. B obuiem cnyvae
YeM BblLlEe CKOPOCTL yaarneHusi matepuana v cunbl pesaHus, Tem bonblie cBa3aHHaA ¢ HUMW BUBpauus, yxyn-
watowas Kkavyectso obpaboTku. TpeboBaHMa K KadecTBy obpabaTeiBaeMoi MOBEPXHOCTM MOIYT OTPaHWYNTh
MOLLHOCTb CTaHKa elle A0 Toro, kak 6yaeT JOCTUTHYTO ero HoMMHanbHoe 3HadeHne. Hanpumep, B npouecce
hbpesepoBaHnsa BuOpauma Bo30yKQaeTca C 4acTOTON BCTyNeHns 3ybbeB dopesbl B KOHTaKT C 3aroTOBKOW. [Mo-
cnencTeuA Takon Bubpauny 6yoyT ocobeHHO HeraTMBHbIMM, €CINM yKa3aHHasa YacToTa coBnageT C O4HOW U3
CODCTBEHHbIX YacTOT CTaHKa MK ee rapMOHUKON.

5.4.2 Bo3byxaeHue aBTokonebaHumn

WHorga HesHauMTenbHOE YBENMYEHWE CKOPOCTM Chbema MeTanna cnocobHO MpUMBECTM K BHE3AMHOMY U
pe3koMy yXyalweHWo kadecTeBa 0bpaboTkm NoBEpXHOCTH, CONPOBOXAAEMOMY POCTOM LWyMa v Bubpauuu. 310
XapaKkTepHOo A NoABNEHWs pexmnma aBTokonebaHnin, YoaneHHoCTb pexxMma paboTbl OT 30HbI aBTOKoNebaHui
3aBMCUT OT NapaMeTpoB pexmnma pesaHusa, obpabaTbiBaeMoro Marepmana u cnocoba KpenneHusa 3aroToBKM,
TMNa MHCTPYMEHTa M 0BLLEen KEeCTKOCTU KOHCTPYKUMM CTaHKa, HO B BonbLUen CTENEeHW OT HanpaBneHUs CUbl
pe3aHna OTHOCUTENbLHO HanpaBneHWin mof BMbpauuK. ABTokonebaHusa obbl4HO BO3HMKAKT B obnactu peso-
HaHca (cM. Takke 5.4.3). MHOuKaTopoM BO3MOXHOMO NosABNeHua aBTokonebaHun BygeT npeBbllleHne equHK-
Lbl MOAYNeM OTpuuaTenbHOW OeNCTBUTENbHOW YacTu KoadyumumeHTa AMHaMMYEecKoro ycuneHus (cm. 4.4.4
B OTHOLLEeHUN obnacTy ycTORYMBOCTM AuMarpaMmmbl Hanksucta u 4.4.3 B OTHOLIEHWW 3HAYMMOCTH MakcKuMymMa
oTpMLaTENBHOrO 3HA4YEHWS AENCTBUTENBHOW YacTh XapakTepUCTHKN).

duanveckne mexaHu3mMel 0bpasoBaHua aBTokonebaHuint MoryT BbITh pasHbiMU. To, KaKOW M3 HUX peanuay-
€TCs Ha MpaKTUKe, 3aBMCKT OT Tuna obpaboTky maTepuana 1 KOHCTPYKUUK cTaHKa. [ dhpe3epHbIX U TOKapHbIX
onepauui 3T MexaH1ambl 0BbIHMHO pasHble. Ha pucyHke 23 nokasaHo, kak obpa3syeTca pereHepaTBHas Bubpa-
Lus (n aBTokonebaHms) Nnpu TokapHoi 0bpaboTke 0AHOTOYEYHBIM MHCTPYMEHTOM, KOraa nonyyeHHas B xoge ob-
paboTKy BOMHUCTOCTb MOBEPXHOCTW CO3AAET MNONOXUTENLHYI 00paTHYO CBSA3b C NPUMOXEHHOW CUMNOWA pe3aHus.
Takasn obpaTHasi CBA3b 3KBMBaneHTHa adhheKTy oTpuuaTenbHoro geMndupoBanus (cm. 4.7.4.3).

PaccmoTpeHne mexaHuama obpazoBaHusa aBTokonebaHuii He BxoauT B obnacTe NpUMEHEHWS HACTO-
Awero ctaHgapta. OgHako crefgyeT OTMEeTUTb, YTO MNPV Hanuyuu YCNoBWIA ONsl aBToKonebaHui (ecrv OHu
CYLLLECTBYIOT) NOABMNEHME aBTokonebaHWil CBA3aHO C MPEBLILEHMEM CKOPOCTLI0 CheMa MeTanna onpeaerneH-
HOro npefena. 3a4yacTyr KPUTUYHBIM NapamMeTpoM ABMAETCH CKOPOCTh BpalleHus LunuHaens. Ha guarpamme
YCTOMYMBOCTM paboTbl TOKAPHOMO CTaHKa (CM. pUCYHOK 24), nokasbiBatowein obnactu ctabunsHon u HecTa-
BuneHol paboTel B 3aBUCMMOCTU OT COOTHOLLEHUA rMyBMHBI pE3aHMsA OT CKOPOCTW BpaLleHus WNUHAENA, BUA-
Hbl XapakTepHble «BrnaguHbl HEYCTOMYMBOCTUY.

TNyuwmm cpepgcteoM 6opbbbl ¢ aBTOKONEBAHUMAMY ABNAETCS NMPaBUINbHAS KOHCTPYKLUMSA cTaHka, obecne-
YMBaAIOLLAA BLICOKYI CTAaTUYECKyH XeCTKOCTb M Manylo MogarnbHylo Maccy BuOpauuMy KpUTUYeCKMX y3nos,
3a4acTyr ¢ npumeHeHuem Bubporacutenei (cMm. 4.6.2). OgHako Oaxe Xopollas KOHCTPYKUUSA CTaHKa He ra-
paHTMPYeT MOSTHOCTLIO OTCYTCTBME YCINOBUIA pasBuTa aBTokonebaHmil, « CnabbiM» MecTOM MOXKET okasaTbCs
obpabaTbiBaeMasi 3aroToBKa U YCNOBUS €€ KpenmneHus.
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ty, bo, l3, {; — nocnegoBaTenbHbE MOMEHTBI BPEMEHMW, Fmst — BbIHYXJawwas cuna; F — BoamMyllawLlas cuna;

X4 — OTHOCMUTENLHOE NepeMeLLeHne MHCTPYMeHTa; m — macca; kK — KoadhqULMEHT XKECTKOCTH; ¢ — KoathuUMeHT

Aemnduposanus; P) — npouecc; M) — cTaHok; Gg(jm) — BespasamepHas YacToTHasa xapaktepuctuka; b — rnybuHa
pesaHud, k., — yaensHaa cuna pesaxua; T, — 3adepxka; [ — Ko3dpUUMeHT NepekpsIT1a

PucyHok 23 — ObpasoBaHue pereHepaTWMBHOW BUOpaumm
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PucyHok 24 — [Quarpamma yCTORYMBOCTU

5.4.3 BblHyXpaeHHaa BUbpauuAa v aBTokonebaHuA

Mpouecc pe3aHWsi BCerga ConpoBOXAAeTCA AeNCTBUEM BbIHYXAAKLWERn CUMNbI, aHann3 KOTOpOW BaxeH
Jaxke B TOM CIny4ae, ecnuv oHa He NpuBOAKUT K aBTokonebaHuam. Bubpauuio nog 4edcTBUEM BbIHYXAAOLWLEN
cunbl criegyeTt oTnuYath OT aBTokonebaHun. Y dpes3epHbiX CTAaHKOB BbIHYXOAOLWAA cuna NposBnseTcsa Ha
4YacToTe pe3aHus, onpeaensaeMor YacTOTOW MPOXOXAEHUS PEXYLLUMX KPOMOK MHCTPYMEHTA, U pacTeT npubnu-
3UTENLHO NUHENHO C YBEMUYEHWEM CKOPOCTU Chema mMeTanna. ABTokonebaHus UMeT HENUHENHbIA Xapak-
TEp U OEeMOHCTPUPYHT B3PLIBHOW pocT. VX MCTOYHMKOM ABNSIETCS pereHepaTuBHasa Bubpauus, a nosaBneHue
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CBA3aHO C BnM30CTbIO K OOHOW 13 cobCcTBEHHBIX YAacToT cTaHka. Ecnu cobecTBeHHan YacToTa unm OOHa 13 ee
rAapMOHWK Grnnzka K O4HOW 13 COBCTBEHHbIX YacTOoT, BEPOATHOCTb NOABNEHWNA aBTOKOnebaHun BO3pacTaert.

5.5 [pyrve UCTOYHUKM BO3BYKOeHUA BUbBpauum

B 5.1—5.4 paccMOTpeHbl UCTOYHMKMA BUBpaLMK, aHann3 KOTOPbIX BaXeH C TOYKWU 3PEHWUS UCMbITaHWURA,
YCTaHOBMEHHbIX HACTOSALWMM cTaHgapToM. Ho KpoMe HUX cyllecTBYeT psad ApYrux MexaHU3MOB reHepupoBa-
HUs BUDpaLWuW, KOTOpbIe TaKke MOryT OKa3biBaTb HEraTMBHOE BMUSIHUE Ha kKayecTBO 0bpaboTKu MOBEPXHOCTU:

- HecTabunbHasa paboTa cUcTeMbl aBTOMaTUYECKOrO YNpaBneHMs NpUBOAOM U Nofadyen;

- 3yb4yaTble U pemeHHble Nepefayn B TPAHCMUCCHUN CTaHKa;

- N3HOC NOALIMMHUKOB;

- ycTapeBLlUMe KOHCTPYKUWM YCTPOWCTB CMEHbI NanneT W MHCTPYMEHTOB.

3TV UCTOYHMKKM BMOpaLKUK B HACTOSILLEM cTaHgapTe nogpobHo He paccMOTPEHbI, HO UX cregyeT UMeTb B
BKUAY, B YACTHOCTW NPWU aHanunae npuyunH NoBbIlLeHUs1 BUbpaumm 1 ee YacTOTHOMO COCTaBa.

5.5.1 HectabunbHas paboTa cuctem aBTOMaTM4eCKOro ynpaBneHuUaA

OnucaHne Bubpauuu, CBA3aHHON C CUCTEMOM aBTOMAaTUYECKOTO YNpaBneHus, aHanornyHo obuiemy pac-
CMOTPEHWIO BO3AENCTBMA Ha KOHCTPYKUMIO BbIHYXAAIOWEN CUIlbl, U XOTS 00bIYHO LieNb ynpaBneHus BecbMa
3 EKTMBHO NOLABNSET BO3MOXKHbIE BO3MYLLEHWS, TEM HE MEHee OHW CMOCOOHbI NMPUBECTU K MOSIBNEHWIO
kornebaHuii B cnyvae 6onbLloro ycuneHus B uenn. Ecnu yactoTel konebaHwii B Lenu ynpaBneHus Brnnaku K
pPEe30HaHCHBIM YacTOoTaM KOHCTPYKLWKW, BO3MOXHbI YCUNeHWs BUbpaumK cTaHKa, XoTa HeobsasaTensHo B 30He
KOHTaKkTa WHCTPYMEHTA M 3aroTOBKM.

5.5.2 3ybuaTtble u peMmeHHbIe Nepegayu

3ybuaThiil pegykTop B LEnW NpMBoAa ABMNSETCA BAXKHBLIM MCTOMHUMKOM 0Bpa3oBaHus WwWyma v Bubpaunu.
OTKNOHEHWs OT naeansHon opmbl 3yBuaToro 3auenneHus NpUBCOAAT K Aedhopmanmnmn NoBepxHocTen 3yOnLer
B 00nacTu KOHTaKTa Mpu NOBbILWEHHbIX Harpy3kax. Mpu atom HabnogatoTcsa HebonblMe Bapyuaumm Npy nepe-
Jade BpalleHus OT BedyLlero Koneca K BegoMoMy. Kpome Toro, Kax bl pas BCTYMieHNe B KOHTaKT 3yObes
NMPMBOAWT K NOSIBNIEHWIO HEDOMbLUMX KPYTALWMX MOMEHTOB W, KaK CNeacTBMe, KpyTUIbHbIX KonebaHuiA BanoB
pegykTopa. Tv KonebaHus TeM 3HauMTeNbHEE, YeM BbILLE Harpy3ka 1 CKOpoCTb nepegayn. (JaHHblin achdekT
MoxeT BbiTh ocrnabneH ncnonb3oBaHvemM koco3ybon aybuyaTton nepegadn, Npyu KOTOPOKW Harpyska Ha 3y6 Bo3-
pacTaeT MocTeneHHo.)

Mmnynbcebl, co3gaesaemble npyu paboTe pegykropa, CNefyrT C YacToTow coygapeHus 3ybbes (3y6LoBon
4acTOTOW), paBHOW MPOM3BedeHU0 vvcna 3yObeB Koneca Ha 4acToTy ero BpalleHus. Beudy MMMynbCcHOro
XapakTepa curHana oH Takke boraT rapMoHUKaMu. YacToTHeIM aHanua Bubpauunn, cBasaHHON ¢ paboToi 3y6-
4yaTon Nnepegavu, NO3BOMSAET BLIABUTL TAKUe XapakTepHble 0COBEHHOCTH, Kak JOMUHVPYOLLAsa cCoOCTaBnaoLas
Ha 3ybL0BOIM YacToTe, ee rapMOHWKK (JO WwecTy 1 bornee) u cooTBETCTRYLOWME DoKoBEIE Nonockl. PaccTosHne
Mexay GOKOBOW MOMOCOW M FApPMOHWKOW 3aBUCUMT OT YacTOThl BpalleHWusl Koneca u asnsetca yoobHeiM gua-
FTHOCTUYECKUM UHCTPYMEHTOM A1 BbiIBNEHUA AedeKTHOW napbl Konec (CM. cnpasBo4Hyk BeTaeky 10).

Bubpauus, cesizaHHaa ¢ OBMxeHMeM 3yB4aToro NpUMBOOHOMO PEMHS, TaKkKe MPOSBNSAETCS Ha 4acToTe
KOHTakTa 3ybbeB, OOQHAKO HM3KasA XKEeCTKOCTb PeMHs CyLlecTBeHHO ocrabnser nepepady atod Bubpauuu.
JaHHbIM BUA Nepedaqn xapakTepuayeTcs MoBbilLeHHbIM 06pasoBaHUeM aKyCcTMYeCcKoro Wyma BcnegcTBue 3a-
XBaTa U NepemMelleHs peMHeM Hebonbliux BO3ayLIHLIX Macc. Co3garaemasl BMOpaLMs MOXET cooepXaTb
COCTaBMNAWLME HA OPYrMX YacToTax NOMMMO rapMOHUK YacTOTbl KOHTAKTa, HAanpumep Ha 4acToTe M3rubHbIX
konebaHui oToensHoro 3yba.

PaccmoTpym noHwxaroLlyo nepegady ¢ Begylumm 40-3y6UoBbIM KONECoM, BpallawLUMcs C HacTo-
Toi 600 MuH~!, 1 BEAOMBIM 50-3y6L0BbLIM KONECoM.

YacToTta BpalleHus Begyliero koneca: 600 Mue~1 =10 .

YacrtoTa BpalleHus Begomoro koneca: 600 - 40/50 = 480 M1 = 8 .

3ybuoBas yactoTa: 40 - 600/60 = 50 - 480/60 = 400 Iu.

B cnektpe 4actot Habnogaetcs nuk Ha 400 U, a Takke BO3MOXHbIe rapMoHuky Ha 800 u 1200 Iy,
OTmeTVM, YTO MUK COOTBETCTBYET 3y6LI0BOM YacToTe, Ho Take 40-i 1 50- rapMoHMKam 4acToT BpaLleHuns
konec. bokoBble nonockl BOKPyr 3yOLOBOW 4acTOThl COOTBETCTBYIOT 38-1, 39-i1, 41-1 1 42-i rapMOHMKam
YacToThl BpallleHns Begyliero koneca, T. e. 380, 390, 410 n 420 Ny, T. e. UX COCTaBNSANLINE HAXOAATCH Ha
pacctosiHium 10 'y gpyr ot gpyra. Ecnu 6el 6okoBble nonockl 6bINy cBA3aHbl C BEAOMbIM BaroM, TO MOXHO
ObIno Obl OxMOaTh B BOKOBBIX MONocax NosABNeHNs COCTaBNALWNX Ha 48-i, 49-i, 51-i 1 52-i rapMoHMKax
yactoThl 8 U, T. . Ha yacToTax 384, 392, 408 n 416 'y. Takum obpa3om, aHanWa cnekTpa NO3BONAET Bbi-
ABWUTL KOMEeco, nogospesaemMoe Ha AedekT.
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MNosiBneHne BoKOBbIX MONOC CBA3AHO C ABNEHUAMW aMMMTyAHON M YACTOTHON MOZYNALIMIA, MPUYMHOM
KOTOPbIX CNy>aT HECOOCHOCTb AENUTENbHOW OKPYXHOCTK Komneca 1 Bana, Ha KOTOPOM OHO YCTaHOBMEHO.
BokoBbie nonocel MOryT HabmwaaTbCs TakKe BOKPYr rapMOHUK 3yOLI0BOW HacTOThI.

MpumeyaHue — YkazaHHbIA MPUHLWN SMArHOCTMPOBAHWUA HE MOXET ObiTb MPUMEHEH MpU nepeaaTto4HOM
yucne, paeHom 1. OH Takke OynoeT HevyBCTBUTENEH K BO3MOXHBIM AedbeKkTaMm Npu NPOCTbIX NepedaToMHbIX Yncrax
(2,3mnTn).

Cnpaeo4yHas BctaBka 10 — Bubpauwmsa 3ybyaton nepegayqn

5.5.3 N3HOC NnoaWMNHUKOB

Ces3b BUBpaumnm ¢ M3HOCOM MW MOBPEXaeHMeM NOAWNMNHNKA paccMmaTtpuBaeTcs, Hanpumep, B [4]. Cko-
pocTb BUOpaUuK 0ObIMHO pacTeT MPONOPLMOHANbLHO YacTOTe BpallleHWs], HO YacTOTHbIV CNEKTP uMeeT Bonee
CNOXHbIA XapakTep 1 3aBUCUT OT OTHOCUTENBHLIX Pa3MepoB SNEeMEHTOB NOALUWMHUKOB U CKOPOCTKW BpaLleHus
3MEMEHTOB Ka4yeHWs, a Takke OT MecTa fokanusaunm gedekta (BHyTpPeHHee KomnbLio, Hapy»XHOe KonbLo, ane-
MEHT Ka4deHus). YpeaMepHbIA M3HOC MOXET NMPUBECTW K aBToKonebaHusaM Yyepe3 MexaHU3Mbl CYyXOro TpeHus
WX BUXPEBOro ABWXEeHMUsi OCK Bana.

5.5.4 YcrapeBliee obopyaoBaHue

B ycrapeBwem obopynosaHum paboTta yCTpOWCTBA CMEHbl MHCTPYMeHTa (nannetbl) MOXeT COMpoBO-
*aaTbcsl NOSIBIEHWEM MMMYSIbCOB CWUIbl B MOMEHT YCTAHOBKM MHCTPYMEHTa (ManneTbl) Ha CBOe MecTo. JToT
3hhekT NoxXoXk Ha TOT, 4TO HabnaaeTca NPy YCKOPEHHOM ABUXEHWMW NMOABWMXKHBIX Y3NOB CTaHKa, U ANs ero
OLLeHKW UCMNONb3YITCA Te Xe MeTodbl.

TaieKe HecoBpeMeHHoe obopygoBaHue MOxeT OblTe CHabXeHO BpallaloWwMUcs 3ieMeHTaMu C BblCo-
KOW nogBepXeHHOoCTb aucbanaHcy. B Takux cnydasx MOXeT NMoMoYb TUNOBOE WCNbITaHue Ha aucbanaHc.
Hanuune gucbanaHca OygeT NposiBNATLCS B BUAE BLICOKOTO MMKa Ha 4acToTe BpalleHus.

6 OOwme BONpoOChLI UCMbITAHUNA CTAHKOB Ha BUOpaLuio

6.1 O6wWwuMe nonoxeHunA

CTaHgapTHble UCMbITaHUs CTaHKOB Ha BUOpaUuio BKMNoYaloT B cebs:

- UCMbITAHWS YCTAHOBIEHHOrO HepaboTalolwero ctaHka, BO BpPems KOTOPLIX OMpedenstoT napameTpbl
BuBpaumnmn, cobcTBEHHbIE YacToThl, DOPMbl MO BUBpaLMK Ha 3TUX YacToTax U MO BO3MOXHOCTW NOOBEpPKeH-
HOCTb CTaHKa pa3BUTUH aBTOKonebaHuii;

- UCNbITaHWs cTaHka, paboTatowero 6e3 Harpysku, Korga ero NogBvKHbIE y3nbl COBEPLIADT Bpawlarene-
Hble UMK NPSMONMHENHbIE OBWXKEeHWS, C LeNbio MCCNeaoBaTh BO3MOXHbIE UCTOYHUKM BUBpaLmK;

- UCMbITaHWSA CTaHKa B pabodyeM pexuMe C Lenblo ONpedenuTb PEXMM pe3aHus, NogsepKeHHOCTL aBTo-
konebaHnsm 1 kadecTBo 06paboTku (TOHHOCTL COBMHAEHUA TeOMETPUYECKMX pasMepoB, kadecTBso obpaba-
ThbIBAEMOW NOBEPXHOCTH W Np.).

MonHaa nporpammMa UCnbiTaHWA CTaHKa MOXeT ObiTb paccyMTaHa Ha HecKoNnbKo AHeW M noTpeboBaTb
3HaYMTENbHbLIX pacxodos. B HacTosiweMm pasgene NpuBeoeHO KpaTKoe OnMcaHWe OCHOBHbLIX MCMbITAHWNA, Yen
nepeyveHb He ABNAETCH UcUYepnbiBalowWKM. [ns CTaHKOB KOHKPETHBIX MoJenen nporpaMmma UCnbiTaHUn MOXKeT
BbITb COrNacoBaHa Mexay NocTaBLUMKOM W NOKyNaTenem ¢ Lenb onpefenvTb onTUMarnbHblii o6bem nenbiTa-
HWA NCcXods M3 Npegnonaraemoro NPUMEHEHUsT cTaHka u TpeboBaHWA K kavyecTBy ero patoThbl.

cnbiTaHus, onMcaHHbIe B HACTOALLEM pasfene, OCHOBaHblI HA NMPakTU4eCKOM OMbiTe, U UX He creayeT
paccmaTpuBaTh Kak CTaHAapTHbIM Habop UCTbITAaHWA.

6.2 N3mepeHMa napaMmeTpoB BUOpauuun

M3mepeHune Bubpaummn npeactaenseT coboi onpeaeneHne napamMmeTpoB cUrHanos eubpauuu (nepuogu-
4yeckux, cryyarHbix), CHUMaeMbIx ¢ npeobpasoBaTener BuGpaLmm ¢ y4eTOM HanpaeneHust U3aMepeHuin. Toy-
HOE u3MepeHue napameTpoB Bubpauun Tpebyet npuMeHeHus npeobpasoBareneil, paboTatoWwux B 3a4aHHOM
AvnanasoHe 4acToT, C y4eTOM BbIMONHEHHbIX KanvBpoBOoK.

B nocneaytoulem curHan ¢ Beixoga npeobpazoBaTens nogeepraetca o6paboTke (UndpoBo Unu aHano-
roBOM) C NMPUMEHEHMEM COOTBETCTBYIOLLMX aHanu3aTtopoB. MpocTteiwnii cnocob 06paboTku cocTouT B onpe-
AeneHuun cpegHeil MOLLHOCTM curHana Bubpauny Bo BCEM QMana3oHe 4acToT U3MepeHuid (oLeHKa LUMPOKoNo-
nocHou Bubpauum).
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Bonee crnoxHbie meToabl 06pa6OTKVI BKNtoYawT B ceba aHanna BI/IﬁpaLil/lM B Y3KUX nonocax 4acTtoT. YHem
y>Ke nonoca 4acTtoT, TeM bonble BpeMeHW 3aHMMaeT aHalnua BMBpaLI,MVI.

6.3 Cpenctea uaMmepeHUn

6.3.1 O6LwWMe NnonoxeHUs

[MpumeHsaeMble cpedcTBa M3MEpEeHWI O0MKHbl paboTaTbh B 3a4aHHbIX YCMOBUAX OKpyXatlleh cpenbl
(TemnepaTypa, BraxHoOCTb BO34yxXa 1 np.).

Mmetownecs npeobpasoBartenu BMbpaLny NO3BONAKT BbINOMHATE HEMNOCPEACTBEHHbIE U3MEPEHUS MNe-
peMeLleHnsi, CKOpoCTU Mnu yckopeHus. PaBouuii gnanasoH vaMepeHun npeobpasoBaTteneil nepemelleHmns
M CKOPOCTW HaxoOuTCs Bblle Mx COBCTBEHHbIX 4acToT. [IpMMeHsieMble B HUX MHEPLWOHHbIE Macchl 06bIYHO
BEMMKKN, YTO MOXET MOBNUATE Ha BUDpaLMI0 B TOUKe M3MepeHuid. AkcenepomMeTpsl obnagatoT MeHbLUen Mac-
COM 1 NO3BOMAKT BbIMOMHATbL U3MEPEHUA B OMana3oHax 4yacToT, Hke ux cobcTBeHHbIX. OBbIYHO M3MepeHus
BMOpaLuM CTaHKOB BhIMOMHAKT C NMOMOLbI aKkCenepoMeTPOB Mbe303NeKTPUYECKOro Tuna, XoTa MoryT ObiTh
TakKe UCNoNb30BaHbl EMKOCTHbIE Npeobpa3oBaTeny U BUXPETOKOBbIe NpeobpasoBaTenn nepemMeLLeHus.

MeTopg kpenneHust akcenepomeTpoB — no MCO 5348 (cm. Take 4.4). PekomeHayeTcst NpUMEHATL ak-
CernepomeTpLl C 3MeMEHTOM, YyBCTBUTENbHEIM K JedhopMaunsaM COBWra, a He CxaTus, NOCKOMbKY OHW MeHee
YYBCTBUTENbHbI K MBMEHEHUAM BHELLHWX (DakToOpoB 1 cnocobHbl paboTaTh B yCNOBMAX NOBLILIEHHOW BraXHO-
cTu. (TpeboBaHusa kK cpegcTBam M3amMepeHuid BUbpauum B Lensx oueHKn BUbpaLMoHHOIo COCTOSIHUS yCTaHOB-
nexbl NCO 2954, HO OHW OrpaHnyeHbl N3MepeHUAMIK CKOPoCTH BUBpaunun.)

MpeobpazoBaHWsa cUrHANoB AMNs1 O4HOW BENUYMHbI (MepeMelLieHMs, CKOPOCTU, YCKOPEHWA) B CUrHamn Ans
OPYron BenuyuHbl TpebyeT NpUMeHeHUsa onepauuin NHTerpupoBaHms unu guddepeHumpoBaHns (CM. Npuno-
*eHue B). B cnyyae cuctem ¢ aHanoroeoi o6paboTkoi AaHHbIX 3TO OCTUraeTcsd NpYMeHeHUeM NaccuBHbIX
aHanoroBbIX (OUNLTPOB, a B Cry4ae UMMPOBbLIX CUCTEM — YUCIIEHHbIM UHTErPUpPOBaHueM unu guddepeHum-
pOBaHMEM C COXpaHeHWeM (Pa30BbIX COOTHOLIEHUN.

[na BonbluMHCTBA CTAHKOB Macca npeobpasoBarteneil He3Ha4yMTenbHO BMWSET Ha pe3ynbTaThl M3me-
peHui, ocobeHHo B cnyvae npMMeHeHus akcenepomeTpoB. OgHako B 3TOM OTHOLIEHUW CriedyeT NposiBNATh
OCTOPOXHOCTb, ecnv npeobpa3soBatenb NPeacTOMT YCTaHaBNMBaTh Ha Nerkue KOHCTPYKUMK (naHenu). Bnus-
HWe macchl npeobpasoBaTens Ha M3MepsieMylo BUOpauuio MOXHO OLEeHUTh, yOBOMB €ro Maccy 3a C4eT nac-
CWBHOTO rpysa v Habniogas 3a u3aMeHeHWeM napaMeTpoB BbixogHoro curHana. CornacHo MCO 2954 npu Takon
NpoBEpKe aMnnuTyga curHana Bubpaunn He JOImkHaA MaMeHATbeA bonee Yem Ha 12 %. AHanornyHyto npoeep-
Ky BbIMOMHAT, 4TOObl yOeauTbes, YTO YCTaHOBMEHHbIA Npeobpa3oBaTenb M3MEHSET YacToTy CODCTBEHHbLIX
konebaHWi KOHCTPYKUMK CTaHka He bonee yem Ha 5 %.

[nsa namepeHui Bubpaumm NpUMEHSIIOT Takke NnasepHble BUOPOMETPbI, BEIXOAHOW CUrHan KoTopbix Npo-
nopLuuoHaneH nepemMeLleHuo TOYKW MOBEPXHOCTW, ¢ nocnenylowmM anddepeHUMpoBaHUeM curHana gns
NONy4YeHnsi JaHHbIX MO CKOPOCTW M YCKOpeHuto. HekoTopbie U3 Takmx 3MepUuTeNbHbIX CUCTEM CMOCOOHK! Bbi-
NOMHATL pazgenkbHble M3MepeHWsa AN onpeaeneHns OTHOCUTENBHOIO NepemMeLLeHNs YCTPONCTBA KpenneHns
MHCTPYMEHTAa 1 YCTPOWCTBA KPEenreHns 3aroToBKU.

Bonee nogpotHo npeobpazoBatenuy pazHbix TUMOB W MNPUHLWMNBLI UX paboTkl pACCMOTPEHbI B MpUMOXe-
Hum F (cm. F.2).

6.3.2 N3amepeHUA B LWUMPOKOW Nonoce 4acToT

[ns KOHTPOMS WWMPOKOMNONOCHOW BUBpaLmu B Lensx obLein oLeHKn BUOpauMOHHOTO COCTOSIHUA CTaHKa
u Bubpavuun, nepefasaeMol U3BHE, 0BLIYHO NPUMEHSOT CUCTEMbI U3MEPEHWUA OBYX BUOOB:

- codepxalyne KBagpaTWyHblA JETEKTOP W MO3BOMNALWMe 0TODpasnTb CpedHeKkBaapaTMYHOe 3Ha4YeHue
M3MepseMO BENUYMHBI;

- codepxalyne KBagpaTUYHbIA OETEKTOp MMM YCPeaHSLWYo Lemnb, HO OTKannbpoBaHHble Ha CYMTbIBA-
HWE MUKOBbLIX 3HAYEHWI UMW 3Ha4YeHun padmaxa. KannbpoBka ocyLLecTBASEeTCA B NPEANONOXEHUM CUHYCOU-
JansHoW hOopMbl CUrHana Ha OCHOBE WM3BECTHbLIX COOTHOLUEHWIA MEXAy CPeOHEKBAaApPaTUYHLIM 3HAYEeHUEM,
MWKOBbLIM 3HAYEeHWEM WM pa3mMaxoMm A5 rapMOHWUYEeCKOro npouecca (CM. npunoxeHue B).

Takue n3MmepeHunst MoryT BbITe MCNOMbL30BaHLI ANs OLeHKW aucbanaHca wnuHaens (cm. 7.1.5.1).

6.3.3 M3amepeHUA B y3KUX nofiocax 4acTtoT

CnekTpanbHbIil aHanua wyma u subpauun Tpebyet cneynansHoro obopynoBaHus, a B cryvyae uamepe-
HWW YaCTOTHbLIX XapaKTepUCTUK Takke cpedcTB Bo3OyxaeHusa Bubpaunn. baszoBblie TpeboBaHMA kK TakoMy 060-
PyOOBaHWIO BKMOYaT B cebsi AByxXKaHanbHbIA aHanusatop Bubpauyum, BubpoBo3byouTens M OaTYMK CUMbI.
Bonee crnoxHele CUCTEMblI MOTYT OCYLLECTBMATL MOMHbLIA aHanu3 YacTOTHOW XapakKTepUCTUKKU, BKIKOYas no-
CTpoeHue Mo BUBpauuu.
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an OTCYTCTBUMN COOTBETCTBYHILLEIO 060py,q05aHM$| I'IpMGJ'II/I)KEHHyIO OUeHKY Mo BMGDBLI,VIM MOXHO Bbl-
MONMHUTBL C MCNOJb30BaHMEM OBYXINy4eBOro ocu,wnnorpacba 1 akcenepomeTpa C py4qdHbIM LWYMNOM.

6.4 amepeHus OTHOCUTENLHOW U aGCcoNTHOW BUOpauumn

Ons naMmepeHuii OTHOCUTENBHOW BUBpaLMK Mexay OBYMS TOUKaMMK (YacTSMU) KOHCTPYKLUKMK (Hanpumep,
MEeXOY WHCTPYMEHTOM M 3aroTOBKOWM) MCNONL3YOT npecbpa3oBaTteny, ycTaHaBNMBaeMbie B Kaxayt M3 3TUX
Todek. Ha pucyHke 25 a) nokasaHbl BO3by>XaeHWE U M3MEepPEeHNe OTHOCUTENbHOW BUBpaLmn Mexay UHCTPYMEH-
TOM M 3aroToBKOW. Ha pucyHke 25 b) nokasaHbl Bo3byxaeHne u M3MmepeHve abconoTHon Bubpaunm B npo-
W3BOMBHON TOYKE KOHCTPYKUMK cTaHka. OBbLIYHO BO BpeMS TaKUX UCMbITAHUA NpeanoyTUTeNlbHO BMECTO WH-
CTPYMEHTa U 3aroTOBKWU MCMONb30BaTh UX UMMTATOpbl. PasHuua B pesynsratax MU3MepeHWiA OTHOCUTENBHOW U
abconTHOM BUBpaLumM 3aBUCUT OT (pa30BOro CABWUIra Mexay curHanamu Bubpanum B AByX TOUKaX U3MEPEHUNA.
CnenyeT OTMETUTb, YTO U3MEPEHNA OTHOCUTENbHON BMOpauun B Bonbluel cTeneHn xapakTepusyoT Bubpa-
LIMOHHOE COCTOSIHME CTaHKa. ANbTepHaTUBOW M3MEPEHMAM OTHOCUTENLHOW BUBpauumn MoryT ObiTb M3MepeHus
BMOpaunm B OBYX TOYKAX C MX NOCMNEOYHLINM CYMMUPOBaHMEM, HYTO MO3BOMWT OLEHWUTL XKECTKOCTb BUbBpauuu
ceepxy. Ecnv B ogHoM 13 Tovek BUBpaLusa MHOMO Bhille, YeM B APYroi, TO ANs OnuMcaHWus BUDpaLMOHHOMo Co-
CTOSIHUA CTaHKa 40CTaTOYHO M3MepeHUiA TONbKO B OAHOW 3TOM TOYKe.

X " F=miX .
— L Fum
Fi 1
¥ P L
Fatat + Fiyn Fayn |
=1 = =L L=
= T
a) Bo3byxaeHue oTHocUTeNsHOW BUBpaLmMu b) Bo3byxaeHve abconioTHoW BUBpaumu

F—cuna; F,

stat — CTatudeckas cuna (ot 0,2 go 5 kH); den — AMHamMW4eckas cuna; m— macca Bo3byautens; x — nepemelleHme;

X — ycKopeHue

GakTop BoabyxaeHne oTHoCcMTeNLHOW BUBpaumm BoabyxaeHune abcontoTHOW BUBpauum
Twn Bo3byguTens - MmopaBnuyecknin - MMapaBnuyeckuin
- MbEe303NEKTPUYECKNIA - M3MEPUTENLHLIN MOMOTOK
- ANEKTPO4NHAMMYECKNIA
BrivaHwe 3azopa B MpenBapuTenbLHOE CTAaTUYECKOE HarpyxeHue | B oTCyTCTBME CTaTMYECKOro HarpyXeHws 3a-
NOALLIWUMHUKE YMEHbLUAET 3a30p 30p NPUBOAWT K HEMVHEWHOCTH

PucyHok 25 — CpaBHeHWe OByX MeETOO0B BO3DYXOEHMA 1 n3aMepeHnsa Bubpauun

B npunoxeHuun E npuBegeH npumep Nony4yeHUs amnnuTyabl OTHOCUTENBLHOMO NepemMeLLeHnst No naMme-
peHusm abconTHo BUBpauum KpyrnownngoBansHOro CTaHka.

Mpn n3mepeHusx abconTHON BMOpaLmm BMOpoBo3byaMTENb MOXET UMEThb BHELLHIOW NNOCKOCTb OMOo-
pbl [CM. pucyHOK 25 b)], HO Npu 3TOM NepefaBaemast BoiHYXXKA4atollasi cuna He 3aBUCKT OT onopbl. Bubpoeos-
ByguTenu HeboNbLIMX PpasMepoB U Manoi MaccChl, NPUCOegUHsIEMbIE K BO3DYKAaeMOoM KOHCTPYKUMMK, HE MOTYT
BbIMOIMHATE CBOMU hyHKUMK BE3 XeCTKON onopbl, NOCKONbLKY B NPOTUBHOM Clydae peakuus kopnyca Bo3bygu-
Tens (cm. 4.1.4) moxeT BbITb HACTONBLKO CUMBLHORN, YTO TOMKaTenb NPU CBOEM ABWXeHUM ByneT yoapstbes 06
orpaHuymMTenu aewxeHusa. CnegcTtememM 3toro ByayT KNMNNMPOBAHWE BXOOHOIO BO3AENCTBUSA WM UCKAKEHUSA
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OTKNMMKa. Hanuyne BHelLHe# NNOCKOCTN onopbl AnA BMGpoBo3ByauTens o3HayaerT, YTo C ero MOMOLLbK MOXHO
obecneuynTb packadnBalLllee OBWKEHWe cTaHKa Ha ero dpyHaameHTe. OBbIMHO Takyo Moay BUGpauun HEBO3-
MOXHO BO30YOMTL C MOMOLLLIO CXEeMbl, MOKa3aHHOM Ha pucyHke 25 a). BnusHue npeasapuTentLHOR ctatuye-
CKOW Harpysku npu Bo3byxaeHun suGpaunm paccmoTpeHo B 8.4.

6.5 Uamepsaemble BeNUYUHBLI U eJUHULLI U3MEPEeHUN

[na onucaHua Bubpauun moryT BeiTb BelDpaHbl pa3Hbie BENUYMHbI:

- NnepeMelleHne, MKM;

- CKOPOCTb, MM/C;

- yckopeHue, Mm/cZ, m/c? unn B eguHmnuax g, 1g = 9,81 m/c2.

Bbibop Benu4mHbl 0BbIYHO ONpefenseTca HanMynemMm COOTBETCTBYHLLEro namepurtensHoro obopygosa-
HusA. Kak npaBmMno, NpeanoyYTUTEeNbHLIM ABMSAETCS U3MepeHne nepeMeLleHns, 3a UCKITYeHMeM, BO3MOXHO,
ncecrnegoBaHuin gucbanaHca v reHepypoBaHMA CTAaHKOM aKyCTMYEeCKOro Lwyma, Korgaa npeanovyTuTensHon Be-
nu4mHon ByaeT ckopocTb. [Npu 3TOM pe3ynbTaTtbhl UCMbITAHUA MOTYT BbiTb BblpaxeHbl HE OANA TeX BEMWYMH,
KOTopble B U3MEpPEHBI.

YacToTHasn xapakTepucTMKa CTaHKka Takke MOXeT ObiTb onpedeneHa Yepes pasHble BenWYmHbI:

- MOJAaTNMBOCTE (OTHOLLEHNSI NepeEMELLEeHNUS K BbIHYKAaloLWen cune);

- XXeCTKOCTb (OTHOLUEHWE BbIHYXOaKLWen CUbl K NepeMeLLEHNIO);

- MexaHn4eckas NOABUXHOCTL (OTHOLUEHWE CKOPOCTU K BbiHYAaloLen cune);

- UMMegaHc (OTHOLLEHWE BbIHYXKOAoLWel Cunbl K CKOPOCTH).

M3amepsaembiMK napameTpamu BeNMYuH MOryT ObiTh:

- aMNAUTYAa UM MakcumankbHoe 3HaJeHue;

- paamax;

- CpeAHeKkBagpaTUYHOe 3HaYeHue;

- cpefHee 3HadeHue.

VMcnonb3oBaHne amnnuTyabl (MakCMManbHOMO 3Ha4YeHWs) ABNAETCH MpennovTUTENbHbIM, 33 UCKITHYe-
HMeM oueHkn gucbanaHca No M3MEPEHUsIM CKOPOCTW LUKMPOKOMONOCHOW BUBpauuu, korga nyywuM Belbopom
OyneTt uamepeHue cpefHeKkBaapaTMYHOro 3Ha4eHUs, HeNnocpeaCTBEHHO CBA3AaHHOIO C MOLLHOCTLI0 BUbpaumu.

YTobbI pe3ynsTaThl U3MEepeHuii Mornuy ObITe MPaBUIIbHO MHTEPNPETUPOBAHEI, criefyeT TOYHO yKasbiBaTbh
n3amepaemMyto BENUYMHY (BKMOYaa AManasoH 4YacToT) U eAUHULBI MU3MEPEHWA, NTMHENHbIA Anana3oH uamepe-
HWIA, UHCTPYMEHTAarbHYH HeonpeaeneHHocTs (CM. 6.6).

[nsa npocToi rapMoHuYeckoi BuGpaLum cyLecTBYOT M3BECTHBIE MaTeMaTUHecKne COOTHOLIEHNUST MEX-
4y n3MepsieMbiMW NapameTpamMu (cM. npunoxeHue B).

6.6 HeonpegeneHHOCTb N3MEPEHUA

Tioboe n3MepeHue xapakTepuayeTcsd TOW UMW MHOW HEOMpeneneHHOCTLI0 B OTHOLUEHWW MOIyYeHHOR
OLEHKM N3MepSeMOoi Ben4MHbl. OTa HeonpeaeneHHoCcTe 0bycrnoBneHa He TOMbKO NPUMeHsieMbIMIK CPeaCcTBa-
MU M3MEPEHWUIA, HO TaKXe 0COBEHHOCTAMW KOHCTPYKLUKM M BHELWHUMMW pakTopamu. B yacTHOCTH, BaXHO yuu-
TbiBaTb HEOMNPEeLeNeHHOCTb NPU U3MEePEeHKAX B OKPECTHOCTU pe3oHaHca, rae Hebonbluve M3MeHeHUs1 4acToThbl
NPMBOOAT K DOMbLUMM M3MEHEeHMAM B OTKNUKe. B cnydae cnabo oemngmpoBaHHbIX KOHCTPYKUMA OTKAWK 0B-
paTtHO nponopuuoHaneH KosddhuumMeHTy aemMndupoBaHns, KOTOPLIA, B CBOK OYepefb, YYBCTBUTENEH K He-
©onbLWUM M3MEHEHWSIM YCITOBWUIA TPeHMS (BCreACTBUE M3HOCA, MPUMEHEHUS] CMa3KK W Mp.), KOTOpPbIe CIOXHO
KOHTpOMMpOBaThL B npouecce ucneiTaHuin (cm. 4.7.4). bonblwon pazbpoc HabnwgaemMbix 3HAaYEHUA OTKNKUKA
NpuBen K TOMY, YTo A8 NpeacTaBneHWss YHacTOTHOW XapakTepuUcTUKW BCe Yalle UCNonb3yT norapupmmye-
CKyto Wkany (cMm. pucyHok 30), nogobHo TOMY, Kak 3TO AenarT B akyCTUKe.

Ecnn norapudmMuyeckyto WKany He MCNONb3yT, TO Npy NpeacTaBneHun pesynsTaTtoB U3MEpPEHUN UC-
Monb3ayioT wWar (paspelleHue), He npesblwatwmit(ee) 0,1 % MakcMManbHOro 3Ha4YeHUS.

OB6bIMHO M3MepeHWsT YacToThl TpebyT Bonbluen TOYHOCTHU, YEM U3MEPEHUS NMApaMETPOB OABWXKEHUS.
B cnyyae uaMepeHuin HacToThl C NOMOLLLIO aHann3atopa LMdpoBbIX CUrHANOB TOYHOCTL U3MEPEHUIA 3aBUCKT
OT LUMPUWHBLI MOMOCHl U3MEPEHWIA, OUCKPETUIALNM YPOBHS CUrHana, 4acToThl JUCKPETU3auun curHana u pea-
nuzauum npouenyp ycpegHenus. [ns OOnNbLUMHCTBA U3MEPEHMIA NPKU UCMbITAHMAX CTAaHKOB Ha BMOpauunio B
COOTBETCTBMM C HAacTOSILLMM CTaHAapTOM 3Ha4YeHWe 4acToThl CreayeT onpeaensTh C TOYHOCTLI Ao 2 [y (unu
0,3 % punanazoHa 4acToT U3MEPEHUR).

[ocToBepHOCTL pesynbTaToB aHanvaa OygeT Boille, ecnv NnpMMeHsieMoe CpeACcTBO HacTOTHOMo aHanmsa
NO3BONSAET MPOBOAUTL UCMLITAHUSA HA KOTEPEHTHOCTL (CM. 8.2).
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MNpuMeHeHWe CPeacTB amepeHuid TpebyeT onpedeneHHon kBanudukaummy, 4Tobbl n3bexaTb XxapakTep-
HbIX OLWMBOK M3MepPEeHU, TaKNX KaK HanoXeHUe CNeKTPoB.

6.7 Bubpauuna oT CTOPOHHUX UCTOYHUKOB

BM6D8LI,I/IF| Ha KOoHUe WnHOena MOoXeTt ObITb CBS3aHa HE TOMbLKO C BpalweHuem camoro wnuHaensd, Ho n
BbITb crnefcTBueM OeWCTBUS UCTOYHUKOB Kak BHYTPHW, TaK U BHE CTaHKa. B atom crnydyae CKOpOCTb M HacToTa
BMGDauMM He 6y,EI,yT 3aBMCeTb OT HacCTOTbl BpalleHunAa wWnuHaens. McnbiTanus, paccMmaTpmnBaemMble B HACcTOA-
lem ctaHgapTe, He TPEGyI-OT NoKkann3auunm Takmx UCTOMHMKOB, HO UX 0ObIYHO MOXHO BLIIBUTL B XoOoe nocne-
O0BaTenbHOro npueeaeHnsd B OencTBuE ero nogBuMKHLIX Y3noB.

BmecTe ¢ Tem, ecnu KOHTpOﬂMpyEMbI]ﬁ napametTp BMGDE‘ILI,MM NnpeBbilWaeT yCTaHOoBNeHHoOe npeaenbHoe
3Ha4YeHne, pekoMmeHayeTcAa NpoBecT AONONHUTENbHBIE N3MEPEHWA Bmﬁpau,vm OT CTOPOHHUX MCTOYMHUKOB, KakK
onucaHo B 7.3. 3K M3mMepeHna BbIMOMHAKT Ha BbIKNMIOYEHHOM CTaHKe, 4yTOObI yse,EI,MTbCFl B TOM, 4YTO BKNnapg
CTOPOHHUX MCTOYHWMKOB HE3HA4YUTENNEeH. Ho ecnu atoT Bknag npeBblllaeT TpeThk NpegeribHOro 3HavYeHuns, 1o
PEKOMeHOYETCA NMPUHATL MepbIl MO ocnabneHuo BO3OENCTBUSA CTOPOHHUX NCTOYHUKOB BMGpaLI,VIM.

6.8 TunoBble UCNbLITAHUA

Ecnu xapaktep BO36y)K,£IGEMO]7I BVI6paLlVIM I'IpVI6J'II/!3I4T9J'IbH0 OOWHAKOB OnA pa3HbIX CTAaHKOB OOHOIO
ThnNa, To 4oCTato4HO NpPoBeCT NCMbITaHMA Ha TUTMMOBOM oﬁpaau,e CTaHKa.

I'Ipoaep,eHme TUMNOBbIX UCMbITAHWIA YMECTHO, ecnu Habnogaemas BI/I6paL|MF| 06YCJ'IOBJ'IEH8 B OCHOBHOM
oo npoueccamMmun pe3aHuAd, nmbo nepemMeleHnAMM CynnopTta CTaHKa. ViccnegosaHua mog u CODCTBEHHbIX
4acToT BMGDBLI,VII/I TaKkxXe MoryT ObITb BLINOMHEHE! B XO4E TUMOBbLIX UCMbITAHWNA.

TunoBbie UCNbITAHKUSA HE OXBaTbIBAOT, OQHAKO, TAKOA MEXaHMU3M BO3HUKHOBEHMWS Bl"16|lf.)EiLl,I/Il'11 KaK HeypaB-
HOBELLEHHOCTE BpalarLWMXca YacTen CTaHka, MOCKONbKY AOJA KaxXgoro CtaHka 3Ta HeYpPaBHOBELWEHHOCTb
nHanBKrayanbHa. Tarke nHanemnayanbHoO 6y,EI,ET BIrMMAHWE CTOPOHHUX WCTOYHWMKOB, 4TO Tp96yET npoeegeHuA
MCMNbITAHWIA Ans KOHKPETHOro CTaHKa Ha MecTe ero yCTaHOBKW.

HEOSXO,EI,I/EMO TaKkKe OTMETUTb, YTO Ha JWHaMW4YeCKOe noBedeHne KOHKPETHOro CTaHkKa CyWeCTBEeHHOe
BITMAHWE MOXET 0Ka3aTb beH,EI,EIMEHT, Ha KOTOPOM CTaHOK YCTaHOBMEH. 310 crnenyeT ydUTbiBaTbh NMPpWU CpaBHE-
HK BMGDELI,MM pPa3HbIX CTaHKOB AaHHOro Tuna.

6.9 YcTtaHoOBKa cTaHKa

WcnbiTaHua NpoBodsT ANs CTaHKa, YCTAHOBNEHHOMO Ha NOAXOAAWEM OCHOBAHUM B COOTBETCTBUWN C UH-
CTPYKUUSAMM M3roToBuTens. Ecnv cTaHOK ycTaHaBMMBaKT Ha WM30MATOPbI, BXOOALUME B KOMMEKT NOCTaBKK
A3HHOTO CTaHKa, TO XapakTepUCTUKU 3TUX W30NATOPOB AOMKHBLI ObITh 3aperncTpupoBaHsl (cM. 4.5.4 n pucy-
Hok 11).

OBbIYHO 4N CHWRKEHWA BUOpaumUy CTaHOK yCTaHaBNMBAKT HA MacCUBHbIA pyHaameHT. (Mpu npoekTu-
POBaHUK CTaHKa pa3paboTumk MOXKET UcxoauTb N3 06a3aTensHoro cobnioaeHus AaHHOro ycnoeus.) Mcknove-
HUEM MOXET BbITb CMTYauusl, Korga Yepes non nepegaetca BUOBpaLus OT CTOPOHHErO MCTOMHMKA HA YacToTe,
Brnu3Koi kK coBCTBEHHON YacToTe cTaHka. B aTom crnyyae MoxeT okasaTbes LenecoobpasHbiM yCTaHOBUTH
CTaHOK Ha n3onupyLlne onopel (cM. Tabnuuy 2).

Tabnuua 2— Belbop aemndupytoLLein onopbl

YacTtoTa nepegasaemont
Bubpaunu

BzavmopericTBue cTaHka ¢
yHAaMEHTOM

OnTMManeHeIA TUN ONOpPbI

Peaynsrat npuMmeHeHus
AemndupyoLen onopsl

HamHoro Huxe YacToThl

CtaHok noeTopseT

LemndmnpoBaHue B onope

OTtcyTcTBre 3hhekTUBHOMO

pesoHaHca Bubpauno hyHaameHTa HE MMEET 3HaYeHNs ocnabnexusa Bubpauuu

Bbnuaka k yactoTe KoHcTpyKUuMs cTaHka C BonbLwmnm HeBonbluoe ycuneHue

pesoHaHca 3HAYUTENbHO yCUnMBaeT aemMndvpoBaHuem BuGpayun
BuBpauuo hyHgameHTa

HamHoro Bbiwe CTaHOK NpakTU4ecKn He BU- C manbim 3HauuTensHoe ocnabnexue

4YacToTbl pe3oHaHca Opupyet aemMndpoBaHUemM BUbpayum

CJ'IEJJ,VET YH4UTbIBATL, YTO UCMONbL30BaHWe NMOAATNIMBOW ONOPLI C LIENbo No4aBUTb Bwﬁpau,vuo OT CTOPOH-
HUX WCTOYHUKOB MOXET CYLLEeCTBEHHO NOBLICUTL BM6D8U,VII-O KOHCTPYKLUWK N3-3a 0EeNCTBMA NCTOYHUKOB BHYTPU

cTaHka.
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Mpy UCNbITAHUAX HA 3aBOA4E-M3rOTOBUTENE YCMOBUS YCTAHOBKM CTaHka He Bcerga ByayT cooTBETCTBO-
BaTb YCMOBWSIM HA MECTe MPUMEHEHWs, YTO CHIWKAEeT LEHHOCTb pe3ynbTaToB 3TWX WUchnbiTaHui. Hanpumep,
€CINK CTaHOK NIOoX0 3akpenneH Ha yHAaMeHTe, TO peakumei Ha NepedBUKeHUs MacCUBHOTO CynnopTa CTaH-
ka MoryT 6bITb NepemMeLLeHUs BCel KOHCTPYKLUK CTaHKa napannensHo yHaameHTy (cMm. 7.2.1).

Takxe cnefyeT OTMETUTL MMOXYH, KaK NPaBWo, NOBTOPAEMOCTb Pe3yrnbTaToOB UCMbITAHUIA, ECMU CTAHOK
YCTaHOBIIEH Ha XECTKOM OCHOBaHuW. [103ToMy 4acTo npeanodTUTenbHee NPOBEeCTH UCNbITaHUA U aHanm3 ux
pe3ynbTaToB Ars CTaHkKa, YCTAHOBIIEHHOTO Ha OTHOCMTENbHO No4aTNMBbIX ONopax.

7 WUcnbiTaHna ana oueHkn BMbpauumn, Bo3byxaaemon npm paborte cTtaHka

7.1 Bubpauwun, obycnoBneHHas gucbanaHcom

7.1.1 YcnoBuna paboTbl cTaHKa

Mo BO3MOXHOCTM MCMbITaHUS cneayeT NPOBOAUTL AN HEHArPYKEHHOro WNWHAens, T. €. 6e3 yCTaHOBKM
B HEM WMHCTPYMEHTa WNK 3aroToBKW. ECnn 310 HEBO3ZMOXHO UMW €CNW MPU OTCYTCTBUK HArpy3kn Ha 3axumum
lWnMHAens ero Bubpauuns ycunnmeaeTcs, TO NPUMeHsieMblid(as) Npy UCMbITaHUAX MHCTPYMEHT (3aroToBka) 4oM-
eH (OomkHa) bbITe NpefBapuUTENLHO ypaBHOBeLLeH(a). VIHCTpykuusa no 6anaHcUpoBKe ABUraTenen 1 LNuH-
genen npueegeHa B npunoxeHun D.

7.1.2 To4kn 1 HanpaBreHUs U3IMEPEHUI

NamepeHus BMBpaummn BbIMONHAT MaKCUMarbHO BrM3Ko K KOpnycy NOALLIMMHMKA, DNMXanlwero K KOHLY
WNUHAens. ViamepeHusa NpoBoAAT B TPeX B3aMMHO NeprneHOnKynapHeIX HanpaBneHuax, HanpuMep B Hanpas-
NEeHWAX MaBHLIX OCeN CTaHKa.

OBbIMHO B NMPUEMOYHBIX MCMBITAHUAX WCMOMb3YIOT U3MEPEHMA B OBYX paguanbHbiX HanpaeneHusix
(X n Y). JonyckaeTcs Mcnonb3oBaTh pe3ynsTaThl TUMOBLIX UCMBITAHUA, YTOBOBI OUEeHNTh HE0BX0AMMOCTbL Npo-
BEEHWA U3MEPEHUI BOOMbL OCK LWNUHAENs (ocb Z) (CM. pUCyHOK 26).

7.1.3 OueHKa Kknacca gucbanaHca U TeXHUYECKUIA MeTon

HacToswumi cTaHgapT ycTaHaBnMBaeT UCNbITaHUsA ABYX BUAOB: NS OUEHKW knacca agucbanaHca WnuH-
Aensa M TeXHUYeCcKWn MeTod WCMbITaHui. McnelTaHua nepBoro Buaa BbIMOMHAKT ANs BbICTPOro nonyvyeHus
OPWEHTMPOBOYHON OLIEHKW, YOOBNETBOPSET Ny gucbanaHc cTaHka 3agaHHeiM TpeboBaHnaM K ero knaccy. Tex-
HWYECKMA MEeTon NMo3BoNsAeT nony4uTs Bonee TOYHbIE W MOMNHbIE CBEAEHWA O CTEMEHN HeyPaBHOBELLIEHHOCTH
wnuHaens. XoTa caMu Npouenypbl 3TUX UCnbiTaHuiA Bnnakn mexay cobon, ecTb OTMYUS B UCTOMNb3YEMbIX
cpefcTBax MU3MepeHuin U npedcTaBneHun pesyneratoB. Beibop Buaa vcnbiTaHWid 3aBUCKUT OT nNoTpebHocTen
nonb3osarens.

X
| Y
PucyHok 26 — lMNpumep pacnonoxeHuns |
npeobpasoBaTenei BUbpauMu Npu OLEHKe BNUAHUA
oucbanaHca Z
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MocKoNbKY UCMbITAHWSA YKasdaHHbLIX BUOOB NPOBOAAT B MONOcax YacToT pasHOid WWPKHLI, pesynsTaT 13-
MepeHuid BuGpauuM nNpu oueHke Knacca agucbanaHca 6yaeT Boile (cM. 4.8.2 B OTHOLIEHUW BIUAHWUS LUWPUHBI
nonockl M3aMepeHun).

MpumeyaHue — MNpuHUMN KNaccudukaumm cTaHKkoB no gucdanaHcy saanmcteoBaH U3 MCO 1940-1, yctaHaenu-
BaKLLEro Knaccbl TO4HOCTY BanaHcUpoBkU poTopoB MallnH. CornacHo MCO 1940-1 gnsa cTaHKoB NpUMeHsioT TpeboBaHus
knaccoB oT G.1 go G.6,3 BKNIOYMTENBLHO, XOTS ANS BbICOKOCKOPOCTHbLIX CTAHKOB MOXET OKa3aTbcsi Heobxoaumoi bonee
TouyHasa GanaHcupoBka. Knaccel TOMHOCTK, yYkazaHHble B VICO 1940-1, cBAsaHbl ¢ BUOpauMen XecTKuX poTopoB, a He C
Bubpaumen camrx MallMH, B COCTaB KOTOPbLIX 3TV pOTOpLI BXOAAT. Bubpauwa kopnyca malnHel GyaeT onpenenaTbea ee
NnoAaTnMBOCTLIO B MECTE CUMITOBOMO BO34EWCTBUSA, CBA3AHHOIO ¢ AucbanaHcoMm, U caMmy MallWHY XECTKUM TEeNoM CHMTaTb
Hemnb3A. B CcBA3KW C 3TMM YKUCNEHHBbIE 3HAYEHWUs ONA KnaccoB aucbanaHca no HacTosWweMy cTaHOapTy He obasaTensHo
OyaoyT COOTBETCTBOBATL aHaNOrMYHbIM 3HA4YeHUAM AN KnaccoB TodHocTM GanaHcuposkn no MCO 1940-1.

WHcTpykums no BanaHCMpOBKe 3MeKTpoABuraTenel U LKWBOB UMW LUNUHOENEN CTaHKOB NpvBedeHa B
npunoxeruu D.

M3MepeHns BbINOMHAKT HAa MakCUManbHON YacToTe BpalleHus WNWHAENs, a TakKke Ha 4acToTe, Ha KO-
TOPOW CKOPOCTb (MPW OLIEHKe Kracca TOYHOCTU) MK nepeMelleHre (MpU MCnonb30BaHMW TEXHUYECKoro Me-
Toga) MakcumanbHbl. Ecnu wnuHaens BpawaeTcs Ha (PUKCUMPOBAHHBLIX YacToTax, TO UCMNbITaHUA NPOBOAAT
Ha Ka)XQoh M3 3aTMX 4acToT No o4vepenu, YToObl BbISIBUTL MakKCUMarnbHble 3HA4YeHUs napaMeTpoB BMOpaunu.
[na cTaHKoOB C YMCMNOBLIM NPOrPaMMHBLIM YNpaBneHWem YacToTy BpalleHWsa LWNUHOENA NporpaMMUpyoT, Ha-
4YMHasi NO BO3MOXHOCTM C MakcvMarnbHon. Mocne atoro ee NoHWXalT HeBONbWMMK Waramu (HanpvmMep, Ha
0,5 %), 3apepxu1Basick Ha KaXaon 4acToTe BpalleHUsa Ha KOpoTKoe Bpems (Hanpumep, 0,3 ¢), 40 OOCTUXEeHWA
4YacToTbl BpalleHWsi, COCTaBMAIOLLIENA TPETb MakCcMMarnbHOM (AN CTaHKOB ¢ D0onee BbICOKOW HWKHEWR rpaHunLen
paboyei YacToThl BpalleHnsa WNWHOEeNa YacToTy CHWKAl0T 40 3TOW rpaHvubl). Mocne aToro 4acToTy Bpalle-
HWA MOBbLILLAKT TEMW XKe Luaramu, noka He BygeT cHoBa JOCTUIHYTO ee MakcuMansHoe 3HadveHue. B npouecce
BCEr0 UCMbITaHWA 3anNncbiBalOT 3Ha4YEHWe KOHTPONMpyeMoro napaMmeTpa Bubpaumn. MakcumManbHoe 3HavYeHue
KOHTPOMMPYEMOro napameTtpa OnpefensioT No pesynsratam MamepeHun ans obewx gas ucneitTaHuia (c no-
HVXKEHWEM ¥ MOBbILUEHWEM YacToThl BpalweHust). Mony4yeHHOe MakcMMarnbHoe 3HauyeHue NoATBepXOaloT npu
ONUTENBHOM BpalleHUK WNWHAENS HAa COOTBETCTBYHOLLEN YacToTe.

MpK TUNOBBLIX UCMbITAHWAX AOMKHO ObiTh YCTAHOBNEHO, CYLLECTBEHHO N A5 AAHHOTO UCMbITaHWS Ha-
npaeneHve BpalleHuA WnuHaensi. Ecnu oTBET NONOXWUTENEH M ecrnu KOHCTPYKLUMA CTaHka [OornyckaeT Bpa-
LieHMe WnMHAens B 00oMX HanpaeneHusix, TO yKasaHHble UCMbITaHWA NPoBOAAT AnsA 0boux HanpaBneHui
BpaLleHus.

Ons cTaHKOB C HECKONbKMMMW LUMUHOENAMW C HE3aBMCUMMbIMUK NPUBOLAMM UCMBITAHWUSA MOBTOPAKT ANA
Kaxgoro wnuHagens.

7.1.4 CneuuancHbie TpeboraHusA kK o6opysoBaHUIO

7.1.4.1 OBopygoBaHue Ans oLeHKn knacca gucbanaHca

ObopynoBaHue COCTOUT U3 py4YHOro BuMbpomMeTpa unv npeobpasoBaTensd CKOPOCTU, COEOUHEHHOTO C 13-
MepuTensHbiM 6riokoM. CrnenyeT ybeontbcs B TOM, YTO KanubpoBKka U3MEpPUTENbLHOM LEeNW BbINOMHEHA ANSA
M3MepeHWin cpedHeKBaApaTWYHOIO 3HAa4YeHWa CKOPOCTW, KOTOpOe 3aTeM OToDpaxaeTca Ha MoKazbiBalLllem
YyCTPOWCTBE B BMAE MUKOBOrO 3Ha4eHus. [1peobpazoBaHune mexay ykazaHHbIMyU BENUYUHAMK MOKa3aHo B Npu-
noxeHwn B, ogHako crnefyeTt y4nTeiBaThb, MTO JaHHOoe npeobpasoBaHWe NPUMBOAWT K NOTEPU TOYHOCTU, €CIK
CUrHan oTNU4YaeTcs OT rAapMOHUYECKOrO.

He pekomeHayeTCcA MpUMeEHsITb Py4HOR BUOpPOMETP NMpu M3MepPeHusX Ha YacTtoTax cebiwe 500 Iy,

7.1.4.2 TexHun4yeckmnin meToq

MamepeHnss nepemelleHUa (CKOPOCTW, YCKOPEHUs1) BLIMOMHAKT C NpuMeHeHueM npeobpasoearens
(cm. 6.3).

7.1.5 lMNpepcraBneHue pe3ynsLTaToB

MHdopMaLmio 0 pesynsTatax UCNbITaHUA peKoMeHOYeTcs NPefAcTaBnsaTb B CONOCTABNEHUN C NPOBELEH-
HBIMW TUMOBBLIMWU UCTILITAHUSIMW B HVDKENPUBEAEHHOM hopmaTe (CM. Takke npvMmep 4 B npunoxeHnu E).

7.1.5.1 OueHka knacca gucbanaHca

[aHHble npeacTaBnsaT B TOM e doopmaTe, KOTOPbIA MCMOMNb30BaH NPU OLEHKe kadecTBa 6anaHCcUpoBKK
*ecTkux potopoB B MCO 1940-1, no pesynstatam namepeHuii cCkopocTn Bubpauun. B tabnuue 3 npueeaeHbl
Knaccel gucbanaHca B BUAe MakCumarbHbIX 3Ha4eHWid CKopocTK BubpaunM, Ha OCHOBE KOTOPbIX yCTaHaBMu-
BaT TpeboBaHMsA K BpaLLaoLWMWMCA YacTsIM CTAHKOB KOHKPETHbIX TUMOB.

Kak npasuno, Bubpauus Bpallakolluxcs YacTel CTaHKOB JOMKHa COOTBeTCTBOBATL Knaccam aucbanaH-
ca ot G1 go G6,3 BkntountensHo. MNpu aTom knacc gucbanaHca pacnpoCTPaHAT HA BECb CTAHOK B LENOM.
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KOHI{DETHOE 3Ha4YeHue Krnacca yCTtaHaBlMBaOT cOrmaleHuemM Mexay noctaBlWMKOM CTaHKa W nokynarternem
M1 B CTaHgapTe Ha COOTBETCTBYHLME BUObI CTAHKOB. ﬂ,l’[ﬂ BbICOKOCKOPOCTHbIX CTAHKOB MOXeET ObITb yCTa-

HOBNEH Knacc aucbanaHca Huxe npuBedeHHbIX B Tabnuue 3.
Mo peaynsTatam UCMbITAHWI yKa3biBaloT cregylolne cBegeHus:
- MakcumarnkeHyto Bubpauuio B Buae knacca aucbanaxca G;
- HanpasneHne BpaLleHUs WNUHOEns;
- 4acToTy BpalleHWsl WNWHAOENA, NPW KOTOPOW 3athMKCUMPOBAHO MaKCUManbHOe 3Ha4YeHue CKOpPOCTH

BUBpauumu;

- MECTO YCTaHOBKM HDEOGDBSOBETEJ'IH M HanpasneHne ero oCh 4YyBCTBUTEJIbHOCTH;

- HanpaeneHne, B KOTOPOM CKOPOCTb BMSDBLI,MM A0CTUIrna MakCumyma,;
- MONOXeHne BCeEX NOABMMXHbIX y3rNOB CTaHKa Mo OTHOLWEHWHK K OCU BPalleHNA;

- XapakTepUCTUKU CPeACTB M3MepeHui;
- XapaKTepUCTUKN CTaHKa;

- AaTy U MecTo MPOBEAEeHUs UCTIbITaHWIA;
- YCINOBUSI OKpYy’KatoLei cpeabl BO BPeMS UCTLITaHWIA.
Mpumep NpeacTaBneHUst pesynsTaToB ANA UCTLITAaHWIA Mo oleHKe knacca gucbanaHca npueedeH B Npu-

noxeHuu E (npumep 4).

Tabnuua 3— Knaccel aucbanaHca

oo | Vemmmagne | s pessracs | Mo aegor
G04 0.4 G4 4.0
G0,63 0,63 G6,3 6,3
G1 1,0 G10 10
G1,6 1,6 G16 16
G2,5 25

7.1.5.2 TexHu4ecknn metoq

MpuBOgAT cregylowme cBefeHWs ANs Kamaoro NCnbiTaHus:

- HanpaeneHWe BpaLleHns WNUHOENs;

- 3HaYeHWe KOHTPONMPYEeMOoro napameTpa Buopauun npu MakcMMarnbHOW YacToTe BpaleHns WNuHAens
(B OBYX UMW TpeX HanpaBneHusax) — CM. NpuMedanus 1 un 2;

- MakCHMasbHY0 4acTOTy BpalleHWUs LNMHAENs;

- MakcHMasnbHOe 3HavyeHue napameTpa BubOpauuv (B AByX MMM TPEX HanpaBreHusax) — CM. Mpumeda-
HUA 11 2;

- 4YacTOTy BpaLUEHWs LINWHAENs, NpK KOTOPOW 3aMKCMPOBaHO MakcUManbHOe 3Ha4eHWe CKOpOCTW BU-
Opauum (cMm. npumedaHue 1);

- MECTO YCTaHOBKM npeobpasoBartenier v HanpaBieHuUsl WX 0Cell YyBCTBUTENbHOCTH;

- HanpasneHue, B KOTOPOM CKOpPOCTbL BMGpauum 4OCTUIMa MakCUMyma;

- WAEHTUPUKALMOHHBIA NapaMeTp WhUHAEnNs (ecnu ux konudectso bonee ogHOro);

- MONOXeHWe BCeX MOABMAKHBIX Y3MOB CTaHKa MO OTHOLUEHWMIO K OCK BpaLleHWns;

- XapaKTepUCTUKA CPEACTB N3MEpPEeHNt;

- XapaKkTepUCTUKN CTaHKa;

- 4aTy ¥ MecTO NpoBedeHWs UCMbITaHWA;

- YCNOBWS OKpPYXatoLen cpedbl BO BpeMs UCMbITaHWA.

YKasaHHble CBeLEeHWsA JOMNOMHAKT rpadMkoM 3aBUCHMMOCTW KOHTPOMWPYEMOro napameTpa Bubpauum ot
4acTOTbl BpalleHns wnuHaens (cMm. npumedanue 1, a Takke npuMep 5 B npunoxeHun E).

[na BbICOKOCKOPOCTHbIX LNWHAENEN, Korga ocobblil MHTepec NpeAacTaBnsAlT cuibl, AeACTBYOLWNE B
paguanbHOM HanpasneHuy, NPeanoYTUTENbHBIM KOHTPONMPpYEMbIM NapaMeTpoM BUBpaumm MOXET oKka3aTbes
MakcumanbHOe UNK cpefHeKkBagpaTnyHoe yckopeHue. Mamepsiemblin napameTp Bubpaumm gomkeH ObiTb yKa-
3aH B ABHOM BuAe (CM. mpumedaHue 1).

n punMmedaHue 1 — npe,ElI'IOHTVITBJ'IbeIM KOHTpONUpyeMblM NapamMmeTpom Bnﬁpau,nu ABNAETCA MakcumarnbHOe
nnv cpeHekeagpaTtu4yHoe 3HadeHWe nepemMelleHmna, MKM Mnum Mm. OpHako B pAage cnydaes NpeanoyYTuUTenbHbIMKU MOTYT
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ObITb NapamMeTpbl CKOpoCTU BUBpauuK. Tak, M3rOTOBUTENW anekTpoaBuratenei, ABNSLWWXCH OCHOBHBIMIK arieMeHTamMu
CncTeMbl NpMuBoaa wnuHaenei, obbIvHO YKa3bIBakOT X BM6paLlI11I-0 B eAnHKMUaX CKOPOCTH. CI{ODOCTb BM6paLI,I/II/I, KaK npaBu-
10, NOBLILLAETCSA NTUHENHO C POCTOM YaCTOThbl BpalleHWA WNUHOenA.

MpumeyvyaHune 2—Yucno HanpaeneHMin U3MepPEHNIA paccMoTpeHo B 7.1.2.

7.2 Bubpauusn, o6ycnoBrneHHas nepeMelleHUsIMU CynnopTa cTaHka

7.2.1 YcnoBusa paboTbl cCTaHKa

B 3amum WnuHgens, no BO3MOXHOCTUW, He BCTABMNAKT HU UHCTPYMEHT, HM obOpabaTbiBaemMyto 3aroToBKY.
B xoge ucnbiTaHWA WNUHOENb OCTaeTCca HeNoOABMKHbBIM.

Ecnu HeobxoguMo NpoBepUTL BNMaHWE Ha BUBpaLWio Macchbl MHCTPYMEHTa Wi 3aroToBKK, TO MPOBOASAT
OOMNOMNHUTENBHOE UCNbITaHWE, B KOTOPOM LUMWHAENb HArpy»KarT Maccoln, TUNMUYHOW AN OaHHOMO CTaHKa.

Mpw HenpaBWUNbHOW YCTAHOBKE CTaHKa YCKOPEHHOE [ABMXEHWE €ro NMoABWMXHLIX Y3NOB MOXET Bbi3BaTb
peakuuio B BUAE ABWKEHWUS BCEro CTaHKa napannenbHo noBepxHocTu nona (cm. 6.9). Peaynstatom atoro Oy-
OeT yMeHbLUEeHWe 3Ha4YeHna napameTpa BMbpaunn, KOHTPONMPYEMOro B JAHHOM WCMbITAHUW, BCNEACTBUE MNO-
Tepu YacTu 3Heprum Ha hprKLMoHHoe gemndvpoBaHme (cM. 4.7.4.2) Mexdy CTaHKoM u nonom. Ecnu gaHHbI#
ahheKT 3HAUMTENEH, TO MCNONMb3YeMbI CNOCOD YCTAHOBKW CTaHKa HENPUrogeH B Lensax UCMbiTaHWiA JaHHOTo
Buaa. Kpome Toro, crnegyeT 3aduKCcMpOBaTh, YTO OaHHbIA cnocob Byaer HenpurogeH Npu ycTaHOBKE CTaHKa
Ha MecTe ero NpUMeHeHus.

7.2.2 Cpegcrtea uaMepeHun

amepeHnsi reoMeTpUYEeCKMX XapakTePUCTUK B AMHAMWYECKOM peXnMe MOryT DbiTb BbINMOMHEHbI C MOMO-
b CeT4aToro aHkoAepa (KOMMMeKkTa 13 M3MepUTENbHON NNacTUHbI C HAHECEHHOW CETKOW U CHUTLIBAOLLEN
rOMOBKW) UMK APYrOro NoAXo4AWEro MHCTPYMEHTA.

\amMepeHnsi OTHOCMTENBHOMO NEpeMeLLeHnst MOryT ObiTb BbIMOSMHEHb! C MOMOLLBI0 OBYX npeobpasoBa-
Tenen abcontoTHON BUbpaLnM ¢ NnapannenbHbIMA OCAMIW YYBCTBUTENbLHOCTW. Pe3ynstat uaMepeHuid JOIKeH
BbITh NpeacTaBneH B rpaduyeckoM copmMare.

YTobbl yBeauTses, 4TO cpeacTBa M3MepeHui (C yecTporncTBamm dovkcaymun npeobpasopaTteneil) He BNUAKT
Ha pesynbraTbl U3MEPEHWIA, ONpPedensT UX MeXaHWYecKyo YacTOTHYI0 XapakTepucTUKy (Hanpumep, nocpea-
CTBOM HaHeCeHWs1 NMerkMx yaapos BOMM3W MecTa MX YCTaHOBKMW). PesynbraTbl M3MEpPEHWMA Ha YacToTax Bbille
NMony4eHHOW HU3LWel cOBCTBEHHOW YacTOThl MU3MEPUTENLHOrO 0BOPYAOBAHNS CHUTAOT HEOOCTOBEPHBIMMU.

7.2.3 MeToa ncnbiTaHUiA

iamepeHns OTKNOHEHWA OT NPAMONWHEAHOro ABWXEHWS BbINOMHAKT B cooTBeTcTBMM ¢ MCO 230-1 B
pexume nogayun cynmnopTa ¢ yckopeHvuem 1 6e3 ycKopeHus.

7.2.3.1 NamepeHns ¢ NOBEPO4HON NUHENKOW

[MoBepoYHy0 NUHERKY yCTaHABNUBAKT TakuM o6pa3om, 4Tobbl NokasaHusi, cHUTbIBaeMble ¢ npeobpaszo-
BaTens nepeMeLleHnsi B Ha4anbHOW Y KOHEYHOM TouYKax nepemelleHmsa cynnopta Ha 100 mm, 6blnn oguMHako-
BbiMW. Ecnn gaHHble ¢ npeobpa3oBaTtenei nepeMeLLleHns BBOAATCSH B KOMMbIOTED, TO OTKMNOHEHUA ABUXKEHUS
0T 3aJaHHON TpaeKTopun MoryT DbiTb onpedeneHbl C UCNOfIb30BaHWEM COOTBETCTBYHOLLEro MporpaMmHOro
obecnevyeHuns.

TunuyHas ucnbiTaTenbHas ycTaHOBKa NoKasaHa Ha pUcyHKe 27. B faHHOM npuMepe u3mepeHus Bbinon-
HAT OAHOBPEMEHHO C ABWXEHWEM CynnopTa B HarnpasneHun nogayu.

padmyeckoe npeacTaBneHMe gaHHbIX MOXET npeactaBnsaTe coboi 3aBUCMMOCTL OTKIOHEHWS OT Bpe-
MEHWU UK guarpammy B ocax X-Y. ToO4KM Ha4ana U OKOHYaHMsA nepemMelleHs oMmKHbl ObiTb OTMEYeHbI.

7.2.3.2 MlamepeHus ¢ ceTyatbiM 3HKOQEPOM

[ByxmMepHyt0 LWKany ycTaHaBnMBaT Taknm obpa3om, 4ToObl Npy NnepeMeLLeHrax cynnopTa KOopAMHaTa
Y HOMUHanNeLHO ocTaBanack HenameHHon. OTKNOHEHUS OBVKEHUSA OT 3aaHHOW TPAeKTOpMUM MOryT BhIThk onpe-
OeneHbl C UCNONb30BAHWMEM COOTBETCTBYHOLLEro NporpaMmmMHoro obecnedyeHus.

Tunu4Has yctaHoBKa C M3MEepPUTENbLHOW NNacTUHOW, pasMmedyeHHoW no ocam X U Y, nokasaHa Ha pPUCYH-
ke 28. lNpouenypa UCNbITAHWUIA COCTOUT B CreayoLlwem:

a) McnbiTaHUA NPOBOAAT AN KaKA0W NWHERHOW nogadyv CynmnopTa Ha paccTosHue NpubnuauTenbHO
100 MM Ha HECKONbKWMX HU3KKMX cKopocTax (meHee 500 MM/MUH);

b) ucneiTaHWe No NepedncneHnto a) NOBTOPSIOT C MakCUMasbHbIM MPOrpaMMUpyeMbIM YCKOPEHWMEM MO-
4adu, Nocne KoToporo cregyeT HeOoNbLOW y4acToK ABMKEHUS C MOCTOSIHHOM CKOPOCTLIO M ee chnag g0 Hyns.
YyacTok NnepemMeLLeHNs C NOCTOSIHHOW CKOPOCTHI MOXET BO3PACTU NPU YBEMUYEHWIN YCKOPEHUS NOAAYN;

C) MO BO3MOXKHOCTN (DUKCUPYIOT U PErMCTPUPYIOT BU3YarbHYI0 pasHULY B M3MEpPeHUsaX Mo nepedvucrne-
HusaM a) u b).
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MpumMmeyaHune — McnbiTaHua ¢ BbICTPOI Nogayelt No3BONSAT NONYYUTL MHGOPMaLUKWo 0 BUBpaLuunK, CBA3aHHOM
C M3HOCOM Y3rOB.

1 — npeobpa3soBaTent nepeMelleHns; 2 — NoBepoYHasa NUHelika; 3 — 3aXMMHOe YCTPOWCTBO; 8 — HanpaeneHve noaadu

PucyHok 27 — MNpumep MameputensHOM YCTAaHOBKM C NOBEPOYHON NUHENKOW

1 — cuMTbIBAKOLWAA ronoeka; 2 — uaMepuTensHasa NNacTMHa ¢ CETKON

PucyHok 28 — lNMpuUMep M3MepUTEnbLHOW YCTAHOBKM € CETHATHIM SHKOAEPOM

7.2.4 TMpepcraBneHwe pe3ynsTaToB

PesynbraTthl McnbiTaHuii No 7.2.3.2, nepedyncnennst a)—c), NpeacTaBnstoT rpapuyeckm B eQuHoM mMac-
wTabe.

Mo pesynsTaTam UCnbITaHWA YKa3bIBAKOT crieqyoline CRedeHUs:

- XapaKTepUCTUKM CTaHKa;

- JaTy 1 MecTo NPOBedeHNs UCTIbITaHWNA;

- Ucnonb3oBaHHoe obopyLoBaHuKe;
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- HanpaBneHWe oceW Nnogady BO BPems WCMbITaHWiA;

- MOMNOXeHWe ocTarnbHbIX NOABMKHLIX Y3MOB CTaHKa MO OTHOLUEHMWIO K OCU NMoAaYu;

- HanpaBneHuss MaMmepeHnin Bubpaumu;

- CKOPOCTb Nogaqu, MM/MUWH;

- NPUBNU3NTENBHOE MaKCcMMarbHOE NepeMeLleHne BUGpaLmum Npu YyCKOPEHHOM OBUKEHUM;

- NPUBNU3UTENBHOE MaKCUMarnbHoe nepeMelleHne BUGpauny Npyu TOPMOKEHUN.

KpoMe Toro, perucTpupytoT Bce NporpaMmMHbie HacTpOKW, BNMAKLLME HA YCKOPEHWE NOABUXKHOTO y3ana
CTaHka, a Takke 3Ha4eHue pbiBka (eCnu U3BECTHO).

MpuMep UCNLITAHWUIA C MCNOMb30BaHWEM OBYMEPHON LWKanbl NpYEeOeH B NpunoxeHuy E (npumep 6).

7.3 Bubpauua oT BHELWHUX UCTOYHUKOB

7.3.1 YcnoBua paboTbl cTaHKa

Mpy NpoBegeHWU OaHHOMO MCMbITAHUA CTAaHOK CriegyeT Mo BO3MOXHOCTW MOMHOCTLIO 0becTounTthb (CcTa-
HOK JOM¥eH BbITb M30NMMPOBAH OT NUTAKLLEro HaNpPsXKeHUs N1 cpeacTea U3MepeHu AOMKHbI BblTb 3NeKTpu-
YeCKN N30NMPOBaHLI OT CTaHKa).

7.3.2 ToukU U3MepeHUn

Mo BO3MOXKHOCTW NPOBOOAT U3AMEPEHUS aMMNITUTYAbl OTHOCUTENBHOTO NEpeMeLLEeHUA MeXay UHCTPYMEH-
TOM M 3aroTOBKOW. ECrv 3TO HEBO3MOXHO, TO M3MepsAT abcoMTHY BUOpaL MK CO CTOPOHLI UHCTPYMEHTA
M CO CTOPOHbI 3aroTOBKK, HO MPW 3TOM CMNeayeT Y4MUTbiBaTb pa3HOCTh ha3 Mexay curHanamu (cMm. Takke 6.4).

7.3.3 MeTog ucnbiTaHUi

BbinonHAT 3anuck curHana Bubpaumm B Te4eHUe BpeMeHu, NpeacTaBuTeNbHOM ANA OXMAaeMoro Bpe-
MeHW paboThbl CTaHKa.

7.3.4 MNpegcraBneHue pe3ynsTaTtoB

Ecnu faHHoe ucnelTaHne NPOBROAAT HE3ABUCUMO OT UCMLITAHWUIA OPYTMX BUAOB, TO YKa3bIBAKOT CNeayto-
e ceeaeHus:

- MakCcUMarbHyH aMnnuTyay nepemMeLleHus, MKM, NONMy4YeHHY BO BPeEMS M3MEepeHUi;

- HanpasneHWe, B KOTOPOM BUBpaLMs MakcMmanbHa;

- NPOAOMKUTENbHOCTb U3MEPEHUN,

- XapakTepucTUKN CPeacTB U3MEPEHWUNA;

- XapakTepuCcTUKN CTaHKa;

- HanpaBneHus OCen N3MepeHnHu;

- 0aTy U MecTOo NpoBefeHWsA UCMbITaHWN;

- ONMCcaHue UCTOYHUKOB CTOPOHHE BUBpaL M.

[JaHHoe ucnbiTaHWe MOXKET BbITb COMYTCTBYOLLKMM NPWU NPOBEAEHUM OOHOIO M3 UCMbITaHUM no 7.1 unu
7.2 (cm. 6.7). lNpu aTOM eanHMLBI M3MEPEHUI BCErda AOIMKHbLI COBNagaTh C UCMOMb3yeMbIMKM B OCHOBHOM MC-
neiTaHuu. B cnyyae obHapyXeHWUs CylLlecTBEHHOW POHOBOW BUOpaLun ee cneayeT yKasblBaTb COBMECTHO C
pe3ynsrataMy OCHOBHOIO NCMbLITAHUS.

MpyvMepbl UCMNBITAHWIA HA BUOpALMIO OT CTOPOHHUX MCTOMHWKOB NpUBeAeHbl B npunoxeHuu E (npume-
pbl 2 1 3).

7.4 Bubpauusa, cBA3aHHAA C onepauuen pesaHusA

MockonbKy nosiBneHne (M ucyeaHoBeHue) aBTokoneGaHmin TPYAHO NPOrHO3MPYeMo, CTaHAapTU30BaHHY
npoueaypy UCNbITaHUA faHHOro BuAa YCTAHOBWUTL HEBO3MOXHO.

[ns oueHKH BbIHYXOEHHON BUGpaLUKU N BepOATHOCTU NOSIBNEHUS aBTokonebaHuin MCnonbayoT npes-
CTaBUTENbHLINA peXkUM paboThbl CTaHKa B PeXMMe MOMHON Harpy3ky ¢ NpuMeHeHueM NpedcTaBuTenbHOro UH-
CTPYMEHTA 1 YACTOBO 3aroTOBKW. BuiGpaHHbIiA pexumM paboThl JOMKEH BXOAUTE B YMCIO PEKOMEHA0BAHHbIX
WN3roTOBUTENEM.

YcTaHaBNMBaKT KPUTEPUW NPEKPALLLEHWS UCTIbITAHWUIA, HAaNpUMep B BUAE:

- OOCTMKEHWA NpeaensHoro HarpyxeHus 6es nosieneHns sameTHon Bubpauuu;

- NoABMeHnsa YpeamepHor Bubpaunm;

- NOABMEHMA aBToKonebaHui.

MpuemMneMocTb BbIHYKAEHHOW BUbpaLuum (asTokonebaHuin) MoxeT ObiTb oLeHeHa:

- Mo YyncToTe 06paboTKN MOBEPXHOCTH 3arOTOBKMU;

- TOMHOCTU pesku;

- CTEMNEHU U3HOCA UHCTPYMEHTA,;

- cOo34aBaeMoMy LUyMY.
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W3rotoBuTEN0 pEKOMEHAYETCHA NPEACTaBUTb NepedYeHb PEXUMOB Pe3aHns U COOTBETCTBYIOLME KpUTe-
pUK NpUemMnemMocTi BUBbpauuu.

YacTtoTel 1 Mogbl BuGpauun, Bo3byxgaemble npy aBTokonebaHmsx, MoryT OblTb BbisiIBMNEHbLI nocpep-
CTBOM CMeKTpanbHOro aHanusa. [laHHblid aHanus uenecoobpasHo NpoBOAUTL Kak AnA BMOpauun, Tak U ans
akycTuyeckoro wyma. AeTokonebaHusi MoryT BbiTb HENPOAOMMKUTENBHBIMK, U ONs UX 0OHapyXeHua noTpeby-
eTca noctobpaboTka curHanoe BUOpaLum Mnu Wwyma.

OBbIYHO onpendeneHus YacToThl aBTOKONebaHUn COBMECTHO C YAaCTOTHON XapaKTEPUCTUKON KOHCTPYK-
uum (cM. pasgen 8) gocTaTouHO ANA MAeHTUUKaLMKM Bo3byxaaeMoin moasl BUbpaumu.

WHorga B KayecTBe KpUTEPUS BOCMPUMMYMBOCTKU CTaHKa K aBTokonebaHuam paccmaTtpusatoT rmyBuHy
(UNun faxe LWMPUHY) pe3aHus, MpK KOTOPbLIX OHW NosiBRsiOTCS. B aToMm cny4yae pekoMeHayeTcsl MOBTOPATL NPo-
Ledypbl pesaHva AN pasHbiX MOMOXEeHWA U YCNoBUIi. Takue ucneiTaHus MoryT ObiTe BecbMa 3aTpaTHbIMU U
AOMKHbI ObITb COrMacoBaHbl MeXAY 3aMHTEePEeCOBaHHBIMW CTOPOHaMMU.

8 Bo3byxaneHue BUGpauuu AnA oueHKU AUHaAMU4YecKoro noseaeHuA
KOHCTPYKLMM CTaHKa

8.1 O0wue nonoxeHun

WcnbiTanms, pacCMOTpEeHHbIe B pasgene 7, NO3BONSAKT OLEHUTL KOHCTPYKLUUWHO CTaHKa C TOYKWU 3pEeHnA
BMGDELI,MM, KOTOpasAa MOXeT MNOoABUTbLCH B Mnpouecce ero npuMmeHeHund, n yCTaHOBUTE TOT UK WHOW KpUTEPUIA
NPUeMKHW. O,EIHaKO OHW He NO3BOMAKT CONOCTaBUTL AENCTBME Pa3HbIX UCTOMHMKOB BVI6DaLI,MM W Bbl3blBaemble
UMW OTKNKMKKW. Bonee pgeTanbHOe UCCNedoBaHWe OMHAMW4YeCKOro noBedeHus KOHCTPYKUWK CTaHKa TD96y9T
C03aHuA ynpaendemoro BOSﬁy}K,EIEHMH KOHCTPYKUMW BHELLIHWUM BMSDOBOSGY,D,MTQJ'IEM. OcobeHHO 3T UenbiTa-
HWA BaXHbl C TOYKW 3peHNA onpegeneHna 4acTtotT U Mo BOSsy)KD,‘aEMOFI BMGpaLIVIVI, yTO ObIBAET, B YACTHOCTH,
H906XOE,MMO npyu aHanua3e npoueccoB pe3aHWd, Korga KOHTpPOInb UCTOYHWKa BO36y)KEleHI/IF| N 3aTpyaHeH,
nnn BOOGLLI,S HEBO3MOXEH.

[MpoBegeHne ucnbiTaHMn ¢ BO36y}K,D,EHMEM KOHCTPYKUWK TpeﬁyeT nNpuMMeHeHnA cneunanbHOoro OGODWJ,O-
BaHMWS 1 BbICOKOW KBanudmkauMm nccnegopartens, TDEGOBEHHH K KOTOPbIM B OnpeaeneHHbIX acnektax BblXo-
OAaT 3a obnacTtb NpMMeHeHWA HaCTodALllero craHgapra. B HacToAlWeM pa3gerne npueegeHbl TONIbKO MUHUManb-
Hble TpeﬁOBaHVIFl K TaKMM NCNbiTaHWAM U ONMMCaHbl OCHOBHbIE 3Talnbl UX NMpoBedeHUA.

MNMpUMEeHUTENBHO K UCMbITAHUAM C BO36y}K,EI,E.‘HMeM BMGDELI,VIM paccMaTpueakT OBa BMOa aHanunaa:
YacTOTHBLIA U MoLalbHbIA, OCHOBHBIE MPUHLMWIMBI KOTOPLIX ONUCaHLl B pasfene 4.

8.2 CnekTpanbHbIi aHan1s v onpegerneHne YacTOTHOW XapaKTepPUCTUKHK

TexHuKa cnekTparnbHOro aHanusa no3sonsieT ccnefoBaTbh CUrHan BVISpaLI,VIVI B YaCTOTHOWM obnacTu. Ta-
KO CUrHan MOXeT XapaKTepu3oBaTtb obnacTb BO36y)K):[9HMFI unu obnactb KOHCTPYKLUUK CTaHKa, B KOTOpoWn
HEeoDXOOMMO OLEHWTL OTKMMK Ha 3TO BO36y)K,D,eHVIE. CurHan B UCTOYHMKE MOXET TEOPETUHECKN COOEepPXKaTb
SOWNHCTBEHHYHK 4YaCTOTHYH COCTaBNAKWYH, YTO COOTBETCTBYET OLHOW BepTMKanbHOW NIMHWUK B CNeKTpe Ha
JaHHOW YacToTe. B TouKe OTKNWKAa, 04HaKo, 3TOT CUrHan Bcerga 6y,B,eT 3arpA3HeH CTOPOHHUMM NMOMeEeXaMu, 4TO
MOXHO 6y,u,eT OUEeHUTbL No beHKLI,VIH KOrepeHTHOCTH.

MpumeyaHue — KpuBas oTKNUKA, M306paxkeHHaa Ha pUCYHKe 4, XxapakTepu3yeT ogHy Mofdy BUGpauvu B aua-
Ma3oHe YacToT M3MEPEHUIA, HO ee MOXHO PacCMaTpUBaTh Kak peakLMio Ha rapMOHMYECKOe BO30YKAEHWE Ha KaxOoWn Ya-
cTOoTe JuanascHa.

Yawe Bcero cnekTpalbHbI aHanua Buﬁpauuw npoBOOAT bes yyeTa drazoBbIX COOTHOLWEHWA. B cBoo
oyepedb, UCMbITaHWA ANA onpegeneHna YacTOTHOWM XapakTepUCTUKM NMO3BOSNAKT OUEHUTL Kak aMmninTygHble,
Tak U oa3oBble COOTHOLIEHMWA.

[Npn onpegeneHnn YacTOTHOW XapaKkTEPUCTUKN KOHCTPYKUWMHK CTaHKa Boaﬁym,qaroT B WWMPOKOM gnana3o-
HE 4acCTOT. ,D,EIHHbIe MCMbITaHWA NO3BONSAKOT BbIABUTL 0bnacTtu PE30HaHCOB, B KOTOPbIX OTKITMK MakCrmareH,
4TO0BbLI BNOCNEacTBAN NMPUHATE MEpbl K X NOAaBIEHNIO. YacTtoTHas XapakTepucTuka, no CyTv, npegcrtaBndaeT
coboli CpaBHeHuWe OBYX OOAHOBPEMEHHO nonyyYaemMblX CNEeKTPOB — ChNekTpa EOSSy)K,EI,eHMH M CNeKTpa OTKINKMKA.
Cne,u,yeT OTMETUTb, 4TO Y CTAHKOB HEKOTOPLIX TUMOB PE30HaHC, XapaKTepMiBYEMbll?l SonbLnm OTpuuUuaTenbHBIM
3HaYeHWEeM OEeNCTBUTENbHOW YacTu XapakKTepucTnkn (CM. PUCYHOK 6), ABNAETCA NPU3HaAKOM NOOBEPXEHHOCTA
BO3HWKHOBEHWIO aBTOKONebaHui.
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TpaaWUMOHHO UCMbITAHWA NPOBOAUIMM C MEASNEHHbIM MOBbILIEHUEM YaCTOTbl rAPMOHUYECKOro BO30Yx-
OeHWs, YTO NO3BOMsEeT BPY4YHY NOCTPOUTL KPUBYIO OTKNMKa. B HacToswee BpeMsa Bce 4alle UCMonb3yeTcsH
B0O3ByxOeHne B LUMPOKOM AnanasoHe 4YacToT C UCNONb30BaHWeM LM POBOMA CUCTEMbI YIPaBNeHUsa UCMbITaHu-
amu u blN®-aHanusom curHanos.

B tabnuue 4 nokazaHbl paznuyHble BUAbI MPUMEHSIEMbIX CUTHAMOR BO30YXAEeHUA W TUMLI BUOPOBO3OYAK-
Tenew, a Ha pucyHke 29 — TUNUYHasA cxema WCNbITaHWI BepTUKanNbHOro CTaHKa, Bknyasa obopynoeaHue gng
BO30OyxOeHusa Bubpaumn (npaeas YacTb 6noK-cxembl) U 0bopyaoBaHve Ans n3MepeHust OTKNNKa (Nesas 4acTb
Bnok-cxemsl). MNeped npouedypow BN curHan ycunuesawT v oundpoBLIBAOT. TUMMYHBIE XapaKTepPUCTUKM,
nonyyYyeHHble B UCMbITAHWUW OAaHHOrO BMAA, NokasaHbl Ha pucyHke 30. Ha pucyHke 30 a) usobpaxkeHa gua-
rpaMma B MOMAPHbLIX KOOpAUHaTax (Cp. ¢ PUCYHKOM 7), Ha pucyHke 30 b) — amnnuTyga oTKNvKa B norapud-
mMuyeckoM MacwTtabe (cp. ¢ pucyHkom 11), pazoyacToTHasa XxapakTepucTyka (Cp. C PUCYHKOM 5) v dyHKUNA
KOrepeHTHOCTH.

Tabnuua 4 — Bugsl Bo3byxaeHui

CwurHansl Bo3byxgeHuns
= = BepxHsis Makcu- Makeu-
% = 3 DaNLE MarnkeHas manbHas [BwmxeHns YacTei
Tunbl BO3byAUTENEn BUBpaLMK & = %:[ wgnaagua OuHaMu4ye- cTartuye- CTaHKa BO Bpems
= @ 2 A r cKas cuna, cKkasl cuna, ncnbiTaHUA
g E“ é;_ vactor, 'y H H
a O
E c
OneKTpoauHaAMMUHECKUIA X X — 20 000 1800 2000
Mopaenuyeckuii (OTHOCUTEMb- s 5 . 1200 1500 7000
Has Bubpauwns) OrTcyTCcTRYIOT
Mbe303neKkTpUYeckuin X X — Mg 25 30 000
P 20 000
SNSITPONATHATHEN, - (GTHOCK: X X - 10 000 500 2000 BpawiaTensHele
TenbHaa Bubpaums)
Mmopaenuyeckuii (abconoTHas % % . 500 5000 . BpallareneHoble 1
Bubpaumn) nocTynaTenbHbie
WMHCcTpymMeHTanbHbIA MOMOTOK — —— X 2500 — e MocTynatensHele
X F
T — P FM — E
l I
A A -
Nprag™

Yy v

FFT

E — Bosbyautens; FM — gatyuk cunel; T — npeobpaszoeartens Bubpauum; A — ycunuTens;
A/D — ananoro-undbposori npecbpasoeatens; FFT — Bl®-aHanuasatop; F — BxogHaa cuna;
den — OUHamMuYecKkas cuna, X — BbiXOf4HOEe nepemMelleHue
PucyHok 29 — Cxema ucneiTaHui Ang onpegeneHns YacTOTHOM XapaKkTepucTUKK cTaHKa
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a) Ouarpamma B NonsipHbIX KoopauHaTax b) YacToTHasa xapakTepucTunka

(anarpamma Hanksucra)

IP — mMHuUMas YacTb, Mkm/H; RP — gevicTButeneHas YacTte, MKkM/H; x — yacTtorta, ['y; Y1 — nogatnveocTb, Moaynk, MKM/H;
Y2 — nogatnueocTb, tha3osbll yron, rpag; Y3 — yHKUMS KOrepeHTHOCTU

Pucyrok 30 — TunnyHasa 4acToTHana XxapakTepucTuka cTaHka

DYHKLMA KOrepeHTHOCTK MO3BONAET YCTAHOBWUTL CBSA3AHHOCTb [BYX CWUIHArOB, T. €. BO3MOXHOCTb OT-
HECTW X NPOUCXOXAEHWE K e0UHOMY UCTOYHKKY. PaBeHCTBO aToM OYHKUMY edUHWLE CBUOETENbLCTBYET O Nu-
HEeWHOW CBA3aHHOCTM curHanoB. Kak BuaHo 13 rpaduka Ha pucyHke 30 b), dyHKLMA KOrepeHTHOCTHN Bnnska K
edVHUUEe BO BCEM AManasoHe 4acToT, 3a UCKMYeHneM Hebonbluon obnactu B paioHe 40 MU, 4YTO, BO3MOXHO,
CBf13aHO C Hanuunem CTOPOHHUX NCTOYHUKOB BMBOpaLum.

[Ona 6onbLUNMHCTBA CTAHKOB, Ha KOTOPbIE PAcnNpOCTPaHASTCH HACTOSALLMA CTaH4apT, AOCTATOYMHO 3HATb
YacTOTHYH XapakTepucTWKy B AvanasoHe oT 10 go 1000 My, yto no3sonseT BbIABUTE Hawbornee BaXHbIe
pe3oHaHchl. B ocobbix criyyasx, korga Bubpaunsa KOHCTPYKLMK CTaHKa B 3HAYMTENbHOW CTEMNEeHW 3aBUCUT OT
CBOWCTB MOALWNMHUKOBOW ONOpPbI LNWHAENA UMK OT NPUMEHAEMOro MHCTPYMeHTa, AnanasoH YyacToT aHanusa
mMoskeT BbiTh pacwmpeH go 10 000 y. B obwem cnyvyae onTuManbHbIA OMana3oH 4acToT M3MEPEHWUIA 3aBUCKT
OT MaccCbl CTaHKa W €ro HasHa4eHus.

YacToTHaa xapaktepucTuka, msobpaxeHHas Ha pucyHke 30 b), cogepXuT nukm nNpubnuanteneHo Ha
yactotax 37, 119 n 284 Iu. 31w obnactn gomkHbl ObITh NOABEPrHYTHI JONONHUTENBHOMY aHanuay Ans Bbl-
ABNeHMa mog subpaumn. MNMpy NpoBegeHUN TAKOro aHann3a MOXHO Takke 0BpaTuTb BHMMAaHWE Ha MUKK Ha
yactoTax 533 n 655 'y. Teopua mog BUbpaLMKM CTAHKOB paccMoTpeHa B 4.6.4.

VMcnbiTaTensHoe obopynoBaHue, MCNoNb3yeMoe Ans Bo30yxaeHusa sBubpauyum ctaHkoB, bonee nogpob-
HO paccmoTpeHo B F.1.

8.3 MonoxeHue YacTer CTaHKa NPU UCNbITAHUAX

Mo BO3MOXHOCTW B 3aKMMHOE YCTPOWCTBO LUNWHAOENS BCTABMNAT NPEACcTaBUTENbHEIM MMUTATOP 3aro-
TOBKWU UMW UHCTPYMEHTA.

MepeaHWin KoHew, WNWHAens (ock Z) JOMKeH HaxoaUTbesi BrIU3KO K MHCTPYMEHTY (3aroToBke). Opyrue
NOABWXKHLIE Y3Nbl CTAHKa, COBepLuaioLiMe ABMKeHWe B nnockoctu (X, Y), pacnonaraiT B cepefuHe paboyei
30HbI, ECNY TOMBLKO He 3a4aHo WX OpYroe pacronoKeHue.

8.4 YacToTHbLIV aHanus3

[MonHBIN YACTOTHBIA aHaNnn3, NO3BONSALWNIA BEISIBUTL BCE 3HAYUMBbIE PEe30HaHChI, BIMUAKLIKNE Ha pa60Ty
CTaHKa, TpeﬁyeT NnpoBedeHUs UCMbITAaHUI ANF ornpefeneHus YHacTOTHbLIX XapakTePUCTUK CTaHKa B TPEX B3anM-
HO nepneHauKynapHbIX HanpaeBleHUAX.
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BosbyxoeHwne ¢ 3agaHHON CUMOW NpuUknagbiBaT B obnactv mexay AepxaTenem MHCTPYMeHTa W 3a-
rOTOBKOW B 3aJaHHOM Auanas3oHe 4acToT UcnbliTaHuW. Ons nonydeHus nepefatodHon (yHKUWKM CTaHKa co-
NMOCTaBMNAKT CNEKTPbl OTKNUKA (nepemMelleHuns) u Bo3byxaeHus (cunbl). MNpunaraemas BbiHy4awlas cuna
OOIMKHa BbITb TakoW, YTODbI NO3BOMWUTL B JOCTATOYHOW CTEMEHM «packavyaTb» KOHCTPYKUMWK CTaHKa, T. €. 3a-
BMCUT OT Macchl cTaHka. HekoTopble CTaHkM OeMOHCTPUPYHT HEMWHEWHOCTb OTKMMKa (CM. 4.7.3), KOTOpyH
4YacTO MOXHO YCTPaHUTL NpedBapUTENbHbIM NPUINOXKEHUEM CTAaTUYECKOW CUbl. 3Ta cuna JormkHa bbiTs npes-
CTaBUTENBHOM ANS TUMUYHBIX PEXUMOB paboThkl CTaHKa.

MpennoYTUTENbLHBIM METOAOM BO3DYXAEHUA ABMAETCA BO3DYKAEHWE CNyYalHbIM CMrHANoM unuv nocne-
O0BaTenbHOCTEH UMNynscoB. OH Bonee HagexeH 1 BbICTP B peanuiauuun no CPaBHEHWK C TPAOULMOHHBIM
B0O3ByXOeHWeM CO CKaHWMpOBaHWeM 4YacToThl. [JononHuTenbHble pekoMmeHaaluy no Beibopy cnocoba Bo3byx-
OEHUSA MOryT BbITb NpegocTaBneHbl N3rOTOBUTENEM CTaHKa.

MepBoHa4YanbHO UCMNbITAHWA NPOBOAAT B LUMPOKOM AuManas3oHe YacTtoT npubnuantensHo ot 0 go 1000 Iy,
npW 3TOM BbIDOP KOHKPETHOIO AMana3oHa 3aBUCUT OT UMEIOLLIErocs UCbITaTensHoro 0bopyaoBaHus U oxuaa-
emMblx pe3ynsratoB. (He Bce BUAbI ucneiTatenbHoro obopynoeaHusa cnocobHbl co3gaBats Bubpaunio B6nuan
0 'y, B CBSI3M C YeM ODLIYHO HUXKHIOK FpaHULy AManasoHa 4acToT BeibupakT pasHor 5 unu 10 My.)

OnpepenuB nonockl YacToT (WwupuHon, Hanpumep, 200 'y), B kKOoTopbIX HAbnOaKTCS NUKA YaCTOTHON
XapaKkTepUCcTUKK, fanbHelllne UCnbiTaHKUa NPOBOOAT B 3TUX Norocax (¢ y4eToM paspeluarllein cnocobHocTu
vcnelTatensHoro obopynoBaHus).

PesynkTat ucneiTaHWiA NpeacTaBnsAwT B Buae 3aBUCUMOCTI NOAATIIMBOCTU, MM/KH, B TOUKe Ha LWnuHae-
ne (3aroToBke) OT YacToThl, [, B MMHENHOM WK norapudmudeckom Maclutabe.

Mo uToram UCNbITAHUIA OOMKHbLI ObITh MOEHTUMOWMLNPOBAHLI OCHOBHLIE MUKW YaCTOTHOW XapaKTepUCTUKN
W 3aperncTpupoBaHa crnegyoLlas uHdopMmaums:

- Anana3soH 4acToT UcnblTaHui, Mu;

- OMHaMu4yeckas nogaTnueocTb, MM/KH (Mnu auHamuydeckas XKecTkocTb, kH/MM);

- HanpasneHue Bo3byxaeHus;

- BUA W XapaKTepuCTUKK UcneiTatensHoro obopyaoBaHus;

- MeCTO 1 gaTta UCMbITaHui;

- OceBoOe MNonoXeHne NoABWKHbLIX Y3NOB CTaHKa;

- cTaTu4YecKan Harpyska;

- YCNOBWS YCTAHOBKU CTaHKa.

Ecnuv 3HavyeHna guHaMWYeckon NogatnvMBOCTU HEBO3MOXHO NMOMy4YuTb ¢ TpebyeMoW TOYHOCThI, Oony-
CKaeTcs NpeacTaBfeHne 3TOW BenuYMHbl B OTHOCUTENbHLIX eOUHMLAaX, F4e 3a ONOPHOEe 3HaYeHue NpUHUMaKT
3Ha4YeHne aMHaMM4YeCKOW NoAaT/IMBOCTM HAa OAHOM M3 PE30HaHCOB.

Y cTaHKoB OOHOro TUNa u ogHow Mogenu HeusbexHo BygyT HabnwdaTbca HECKOMbKO OTMWMYHbIE AWHA-
MUYECK1e NoaaTnMBOCTK U COBCTBEHHbIE YacTOThl, OAHAKO YUCMO 1 pacnonoXeHne 0CHOBHbIX MO BUOpaumun
OOMKHbI OCTaBaTbCs COrMacoBaHHbIMM.

8.5 MoganbHbIM aHanu3

MopganeHblid aHanua no3ponseT nofny4nTe opmy BMOGpaLMKM CTaHKa Ha Kaxdon 3afaHHOM 4acToTe.
Ero npoBegeHne TpebyeT AOCTATOMHO CMNOXHOMO 06OpYOOBaHUS ONA M3MEpPEeHW OTKMNKMKA B Pa3sHbIX TOYKax
KOHCTPYKLUK cTaHka. CneunansHoe nporpaMmmHoe obecrnedeHune No3BonseT BbIMOMHWUTL pacyeTsl (hopM Mof,
BO30y¥OaeMbIX B AManasoHe 4acToT UChbiTaHuid. Ha pucyHke 31 ans npumepa nokasaHbl 3Tanbl MoAanbHoro
aHanuaa Ans UCnbITYyeMoro BepTUKanbHOro CTaHka (CrneBsa), YacToTHas XapaKTepucTiKka C TPeMS BblpaXeHHb-
MW NuKaMu (B LEHTPE) U aHUMWPOBaHHOE N306paxeHne HanokeHusa Tpex Mog Bubpauum.

OueHky Mog BuGpaumy MOXHO OCYLLecTBWTb Be3 CMOXHOro UcnbiTaTenbHOro 0BopyooBaHWa B «pyyd-
HOM» pexumMe, XOTsl 3TO 3almMeT HamHoro Gonblue BpeMeHu. [Ins aToro Bo36y:KOaT rapMoHuYyeckyo Bubpa-
LMK B TOYKE MEXAY AepaTenem UHCTPYMeHTa U 3aroTOBKOM Ha KaX4oW 3a4aHHoi yacToTe. C TOYKM 3peHus
onpeaeneHns OpM MOA HEMNPUHLMNUANBLHO, B KAKUX eOMHULIAX U3MepPSaIT OTKNKUK (NepeMelLeHnsi, CKOpOoCTH
UMK YCKOPEHWS), ECNU 3TU eQUHULbI COrMacoBaHbl Mexay coboi Bo Bcex MamepeHusx. OoHOBpeMEeHHbIe 13-
MepeHUs BeINOMHAKT B ToYke BOBNW3aKM MmecTa Bo3byxOeHUs (ONOPHON TOYKE) M B OTAENbHBLIX TOYKaX, pacnpe-
OEneHHbIX N0 KOHCTPYKUUW. DTO MO3BOMSeT paccyuTaTb aMnnuTydy U asoBbifi cABUM curHana BuGpauum
OTHOCUTENBLHO CUrHana B OMOPHOW Touke. PacnonoxeHne Kaxgoi TOYKM M COOTBETCTBYKOLLEE HanpaBneHue
U3MEpPEHUI OMKHbI BbiTb 3aperncTpupoBaHbl. 1o pesynstatam U3MepeHui CTPOST NpUBnukeHHy dhopMy
MOZbl (MPY JOMKHOM YPOBHE KBanupUkauum McnbiTaTenb MOXeT NOCTPOUTL (hOPMY MOAbI C UCNONbL30BaHUEM
napbl NnpeoGpasoBaTteneid, CBA3aHHbIX CO BXOAAMM AByXKaHankHoro ocuunnorpada).
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OnucaHue reoMeTpun
CTaHKa

MogroHka kpuBkIX (cUeHKa

Buayanusauusn snbpauum
MOZAIbHbIX MapaMeTpoB)
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1 — 3nekTpofeuraTens; 2 — KONoHHa, 3 — wnuHaensHas 6abka; 4 — Hanpasnswwme; 5 — cron; 6 — cTaHuHa; ° — To4YKa M3MEepeHui
(obblvHO no 200 1 Gonee); F — BoiHy:kaawLWas cuna; X — vactota; Y1 — moaynb YacTOTHOW XapakTepucTuky; Y2 — chasosblil yron
4aCTOTHOW XapakTepUCTUKK

PucyHok 31 — lNMpumep moganbHoro aHanmsa

Buibop HanpaBneHns Bo3ByXAeHWA HE ABMSETCA KPUTUYHLIM MPU YCNOBWW, YTO C €ro NOMOLL LI YO3eTCs
B0O3ByouTL Tpebyemblie Mogbl. Hanpumep, moabl B HanpaeneHusax X 1 Y moryT GbiTh BO3By»aeHbl ogHOBpe-
MEHHO NpUNoXeHueM BO3DYKOeHWs nog yrnom 45° K KaxKgon U3 HUX, XOTH Mpu 3TOM cneayeT yYnTelBaTb BO3-
MOXHOCTb NEepeKkpecTHbIX ha30BbIX NCKaxkeHWA (cM. 8.6).

B oTHOWeHUN Kaxgon Mogbl BUOpauumn perucTpupyoT CnegyoLwy NHhopMaLnio:
- yactoty, ['u;

- HanpaserieHne B036y}K,D,eHMF|;

- OnNucaHue Moabl;

- MeCTO 1 Aaty MCNbITAHWUNA,

- 0CeBOE nonoxeHwe NoABWMXHbIX Y3rn0B CTaHKa;
- CTaTUYeCKYK Harpysky,

- YCNOBUA YCTAaHOBKW CTaHKa.

MoxeT bbITb ,D,O6BBJ'IEHO onncaHue Moabl nubo B Bunae guarpamMmbl, NoKasblBAKOLWEN MakCUManbHble
OTKNOHEHUA pa3HbIX 3NTEMEHTOB CTaHKa, nnbo B Bnae KOMI'IbIOTepHOI;l aHuMauuniu. Hpe,EI,CTaBJ'IEHVIe B cbopMe

KOMMbOTEPHOW aHUMaL UM 0ocobeHHOo None3Ho Ans NOHUMaHUS Da30BbIX COOTHOLLEHWA Mexay pasHbIMu dop-
MaMu KonebaHui.

8.6 HeguaroHanbHbIe 3NeMeHTbl MaTpuLbl YacTOTHOM XapaKTepuUCTUKH

Bonee getaneHble UccnefoBaHUS NMOBEOEHWUSA KOHCTPYKUWMW CTaHKa BKINHOYakT B cebsa BOSﬁy)I{,CI,EHVIe n
namepeHms BMSPELI,VEI/I B pa3HbIX HanpaBleHUsAX. Ha pPUCYHKe 32 nokasaHa «Mmatpula nogatnnBoCTU» OnsA
BEPTUKAINbHOrNo CTaHka B BLAe OeBATW Ouarpamm HainkeucTta. Yncno nenecTtkoB Ha Kaxaoun Awarpamme co-
OTBETCTBYET Hncny CODCTBEHHbIX 4acToT, a UX paaMep — KOSCbeMLI,V!eHTy OWHaMW4YeCKOoro ycuneHnd Ha pes3o-

HaHce. Kaxgbli arneMeHT MmaTpuyubl COOTBETCTBYET nepegaTtoyYHoOn beHKLI,I/EI/I G ons ceoen napbel HanpasneHun
8036y}K,El,eHVIF| W OTKNUKa. [na guaroHanbHbIX 3NIEMEHTOB Gxx’ ny n GZZ HanpaBneHnA BO36y)K,£[eHVIF| n oT-
KINMWKa coBnagatoT.

W3 pucyHka 32 BMAHO, YTO ONA BCEX HeOMaroHanbHbIX 3MEMEHTOB MaTpuULbl rpauKk UMeeT y4acTku
Bbllle OeNCTBMTENBLHOM ocK (da3oBkii yron bonee 180°), a TOYKM NepeceYeHns ¢ 0Cbo NoKa3aTerbHbl C TOY-

KW 3PEHWA OLEHKW YCTOMYMBOCTW K aBTOKONe6aHMsIM, B YaCTHOCTM B OTHOLLEHUWM CBA3aHHbIX Mog BuGpauuu
(cm. 4.6.4).

,D,EBQTI:: 3MEMEHTOB MaTpuubl NOAATIIMBOCTY NO3BONAKT MONYy4YUTb CbOprI MOQ, N5 Kaxaon Pe30HaHC-
HOM 4acTOTbl W KaXZoro HanpaBleHus M3MepeHMF‘l.
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Im — mHMMan yacTb; Re — gelcTBMTENbHas 4acTb; X, ¥, Z — MepeMelleHue B HanpaBreHWu COOTBETCTBYHOLWLEW OCM KOOPAMHAT;
GI‘J_ ANeMeHT MaTpulbl NOAATNWBOCTER, [ =X, ¥, Z,j = X, ¥, Z, i — HanpaeneHwe Bo3byxAeHUs; j — HanpaeneHue oTKNNKa; Fx(y 7 —cuna
B HanpasneHuu x (y, z)

PucyHok 32 — MaTtpuua nogatnveocTer Ans BepTUKaNbHOro cTaHka

8.7 HetunuyHbie Moabl BUGpauumn

CTaHpapTHbIA YacTOTHBIA U MoJarbHbIA aHanu3 npv Bo30yXAEHWN OTHOCUTENbHON BUOpaLMK Mexay
WHCTPYMEHTOM W 3aroToBKOW (B MpoLecce onepauuy pe3aHnsa Ui ¢ npuMeHeHnem BubpososbyguTens) Mo-
XET He NpefoCcTaBUTe BCE HEOBXOAWMOW UHPOPMALIMKM O AMHAMWUYECKOM MOBEAEHWM CTaHKa. Takoe MOXeT
CNYYUTBCS, eCNK OTHOCMTENbHAA BUBpaLMs MeXAYy UHCTPYMEHTOM W 3arOTOBKOWM Mana, U OHM COBMECTHO
BMOPUPYIOT Kak efvHoe Lenoe.

Mogbl BUGpaL v cTaHka, Oaxe eCr OHU HE CBSI3aHbl CO 3HaYNTENbHBIMU NePEeMELLEHUSIMA UHCTPYMEH-
Ta W 3aroToBKW APYr OTHOCUTENBHO APYra U He MPUBOOAT K YXyALWEHWO kadecTBa 06paboTki, TeM He MeHee
MOryT NpeAcTaBnsTe Npobnemy, HanpyvMep ¢ TOYKW 3peHunst nanyvaemoro wyma. MNpuYnHon Takoin BuBpauum
MoxeT ObiTb paboTa 3yGuaToil UMM PeMEeHHOW nepeaayyn, a Takke OPYrMX BCMOMOraTerbHbIX MeXaHW3MOB
cTaHkKa.

AHanus Takux mog MOXeT ObiTb BbIMOMHEH C MpUMeHeHWeM Bo3GyxpaeHus abconoTHoi BMBpauun
(cm. 6.4). B yacTHocTW, MOTYT GbITh peanu3oBaHbl MOAEI U3TMBHBIX KonebaHWi cTaHka, 3akpenieHHoro Ha
dyHaameHTe. Kak ykasaHo B 5.2, Mofbl, CBSI3aHHbIE C YCKOPEHHBIMU NEepPEMELLEHUMU NOABWKHBIX Y3I0B CTaH-
Ka, MOryT He MposiBnATL cebsl B 30He 0BpaboTku, HO HanKMuMe MOCTOsSIHHOM BUBPaLMKU AaHHOTO BMAa camo Mo
cebe HexxenaTenbHo. Takme Mokl Takke MOryT GbiTh cCneaoBaHsl ¢ Bo30yxaeHnem abconoTHoN BUGpaumn.

8.8 McnbiTaHWA Ha YCTOMYMBOCTb K aBTOKoneGaHuAm

McneiTaHusa Ha yCTOﬁHMBOCTb K aBTokonebaHusM He OTHOCATCA K CTaHOapTHbIM npouenypam, a Mx Bbl-
NMONHeHne MoxeT ObiTb CONpsAXeHo C TPYOAHOCTAMMK. Tem He MeHee 3aUHTEPECOBAHHLIE CTOPOHBLI MOTYT corna-
coBaTb, HANPUMEpR, NPOBELEHNE CEPUN UCMLITAHWIA C BbINONTHEHWEM OMnepauun pesaHuns, Kak onMcaHo B 7.4.

,D,perM BAapMaHTOM MOXET OblTb MCMNONb30BaHWE CI'IeLI,MEJ'IMSMpOBEIHHOIﬁ KOMI'Ib}OTepHDﬁ nporpamMmbl Ha
OCHOBe MaTpuubl noaaTnvBOCTEN (CIVI. PWUCYHOK 32) C y4eTOM pa3HbIX Hal'lpaBHEHVIIZ NMPUNOXeHUA CUnbl pe3aHnuA.
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MpunoxeHune A
(cnpaBo4Hoe)

06G30p CTPYKTYpPbI HAacTOAWeEro cTaHaapTa

B gaHHOM NpUnoxeHW NpUBEAEHO ONUCaHMe CTPYKTYPbI HACTOALLEro cTaHaapTa (cM. Takke Tabnuuy A.1) ¢ uensio
06bner4ynTb NoNL30BaTENO Ero NPUMEHEHNE.

B pasgene 4 npefcTaeneHbl OCHOBHBLIE MOHATUA BUOPALMOHHOW Teopun W 06CYXOaeTcs AeMCTBUE WCTOYHMKOB
BMOpaLMM KaK Ha YNPOLLEeHHbIX MaTemMaTU4eCcKUX MOAENsAX, Tak U NPUMEHUTENBHO K CTaHkaM. B HeM nokasaHo paznuyne
B pasHbIX TUNax OTKMWKa, BOCMPOU3BOAMMBIX KOHCTPYKUMEN CTaHKa. B KpaTKoM BUAe U3NOXKeHHOe B JaHHOM pasgerne co-
6paHo B CBOAKY, MPEACTABMNEHHYIO B NpUnoxeHun C.

B pasgene 5 paccMoTpeHbl OCHOBHBIE TUMbl MCTOYHMKOB BUGPaLMK NMPUMEHWUTENBHO K CTAHKAM M MEXaHU3MbI UX
BO3aeicTBMA. [N ApYyrvX UCTOYHWMKOB OaHO KpaTkoe OnuMcaHue UX OeCTBMS.

B paspene 6 paccMOTpeHbl U3MepUTENBHOE U UCMbITaTenbHoe 060pyaoBaHMe C TOHKM 3pEHUS NPOBEAEHNA UCTbITa-
HUIA A5 OLEHKX BUBpaLMKM CTAaHKOB M YCTAHOBIEHbI TPeBOBaHNA K HEMY.

B pasgene 7 npuBedeHsbl BUALI UCMBITAHWIA ANA OLEHKU OUHAMWYECKOTrO MOBEASHUA CTAHKOB MOA BO3OEMCTBUEM
OCHOBHBIX MCTOMHUKOB BUGpaLMMN.

B pasgene 8 npencraBneHbl BUAbLI MCMbITaHWA ANS OLEHKU AMHaMUYECKOro NoBeeHWs CTAaHKOB Mo BO3AEHCTBMEM
MoOenMpyemoro Bo3byKaeHus.

OCHOBHbIE TEPMUHBI, UCMIONb3YyeMble B HACTOALLEM cTaHaapTe, NpUBedeHsl B pasgene 3.

Tabtnuuya A1 — CTpyKTypHbIE afieMeHThI CTaH4apTa B UX CBA3M C UCTOYHMKaMKU BUBpauum

McTouHKMK BUBpauum TeopeTuyeckme OCHOBLI Mocigii:i: Wcnbltanua - pﬂﬁ:::r?:; E
[ncbanaHc 452,454,473, 51,554 6.3.1,6.4,6.8, 7.1, 4,5
npunoxexHve B 7.3.4, npunoxeHue D

YCKOpeHHOoe OBUXEHWE cynnopTta 454,455,472 52,5654 6.8,72,7.34,87 6

BHELLHWIA MCTOMHKK 4.1.3,4.3.3 5.3 6.7,6.8, 7.3 2,3
MaLlrHHaa obpaboTka 44.3,44.4,46.2 54 68,74 1

Bubpososbyaoutens 4 — 8 —
Opyrue 55 58 8.7 —
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MpunoxeHune B
(cnpaBo4Hoe)

CooTHoWweHuUs Mexgy napameTpamMmu BMSDGLIHI/I

Bubpauus moxeT ObiTh BbpaKEHa Yepes BeNuyvHbl NepemMeLLeHns, CKOpocTy 1 yckopenus. icnonbayemas equHu-
La n3MepeHusi 3aBycnT OT Tuna npeobpasosaTtens Budbpauum. HacToTHO-3aBUCKMMbIE COOTHOLLEHWSA MEXAY napaMeTpamm
Bubpauum onpegeneHsl hopmynamu (1)—(3). B cnyyae rapmoHuyeckon BuBpauum kaxaas U3 aTux BenuynH uaMeHseTcs
no CUHycouaanbHOMY 3aKOoHY (CM. pUCYHOK 1, a Tarke 6.5).

Kak cnegyeT u3 ykasaHHbIx dpopMyr, NnpeobpasoBaHne OgHWX BENWYMH B APYrMe OCYLLEeCTBNSETCA Yepes npoueay-
pbl AnddepeHUMPOBaHMA U MHTErPUPOBaHNS cregyrowmm obpasom:

nepemelleHne — {anddepeHUnpoBaHne} — CKopocTb — {OnhdepeHUnpoBaHne} — YCKopeHue
yckopeHue — {MHTErpupoBaHWe} — CKOPOCTb — {UHTErpMpoBaHMe} — nepemMelleHne

CoBpeMeHHble cpegcTea 06paboTku CUrHanoB NO3BONSAOT peannaoBaTtk 3TU NPOLEeaypbl B aBTOMaTUYECKOM PeXu-
Me. OB6paboTka B py4HOM pexuMMe MOXET BbiTh BbINOMHEHA C MOMOLLBH HOMOrpaMMel, NPEACTaBNeHHoON Ha pucyHke B.1.

[MpocThle COOTHOLWEHWS MeXay pasHbIMW BEMWYMHAMWU CYLLECTBYIOT TONBKO B CryYae rapMoHUYecKon BuGpauuu.
Ecnv curnan nmeet Gonee cnoxHyto hopmMy 1 npeactaenseT cobol COBOKYMHOCTL rapMOHUMK, TO AN KaXA0W rapMOHUKK
npeobpa3soBaHne OCyLLEeCTBAAT N0 OTAENBHOCTY.

Homorpamma Ha pucyHke B.1 nokasbiBaeT B3aMMOCBA3b MeXOy YEeTblpbMA BENUYMHAMU: NEPEMELLEHUEM, CKOPO-
CTbH0, YCKOpeHueM u YacToTol. Ecnv niobele ABe U3 HUX M3BECTHEI, TO OCTanbHbLIE ABE MOrYT ObITh ONpeaeneHsl o HOMO-
rpamme. Yactorta, U, oTnoxeHa no ocu abcuuce, CKOpocTk, M/C, — Mo ocK opavHar. lNepemelleHunto, M, COOTBETCTBYET
AnarcHaneHas ock (BOGXOOSLLARA) 13 MEBOT0 HYKHEro YIMa B Npasbiii BEPXHMIA, a YCKOPEHUID, M/C2, — AunaroHanbHas och
(cnapgarowan) 13 NeBoro BEPXHEro yrna B nNpaBbli HUXKHWIA.

Mcnonb3oBaHne HoMorpamMmMbl MOXKeT ObITb NOACHEHO Ha CreayLLMX YeThIPEX NpuMepax:

- HANTK CKOPOCTL U YCKOPEHUe, COOTBETCTBYOLWME YacToTe 5 MU 1 nepemetteHunio 0,003 m.

M3 Touku 5 'y Ha HUXKHER OCW NPOBOAAT BBEPX BEPTUKANLHYIO MMHUIO [0 NEPECEYEHNs C BOCXOASALLER ANaroHanso
0,003 m. Touka nepeceveHns byaoet cooTBeTcTBOBaTHL ckopocty 0,094 m/c, onpenenaemoit No BepTUKaNsHOW OCK, N YCKO-
peHuio NpuBNuanTensHo 3 M/c2, onpeaenseMomMy Mo cnafatowei quaroHany;

- HalTW NepeMeLLEHNe 1 CKOPOCTb, COOTRETCTBYIOLLME YacToTe 40 ' 1 yckopeHuto 200 m/c2,

M3 Toukm 40 'y Ha HWKHER OCK NPOBOAAT BBEPX BEPTUMKAMBHYIO NUHWUIO A0 NEPEeceYeHns co cnaaarLwen auaroHa-
nbto 200 m/c2. Touka nepecedeHns ByaeT COOTBETCTROBATL CKOPOCTW NpubnuantensHo 0,8 m/c, onpeaensemoil No BepTu-
KansHou ocu, 1 nepemelteHuno 0,003 M, onpefensemMomMy No BOCXOAALLEW AnaroHanu;

- HANTK NepemeLLeHe 1 ycKopeHue, cooTeeTcTBytowme yactote 50 My n ckopoctum 0,002 m/c.

M3 Toukm 50 My HAa HMXKHEN OCK MPOBOAAT BBEPX BEPTMKAMNbLHYIO MIMHWIO 40 NEPECEYEeHNs C TOPU30HTaNbHON NMUMHWER
0,002 m/c. Touka nepeceveHusa ByaeTt cooTBeTcTBOBaTh NepemelteHuio 0,0000064 m (unn 6,4 MKm), onpegenseMomy rno
BOCXOAALLEN AnaroHanu, 1 yckopeHuio 0,63 M/c?, onpeaenseMomy no cnagaroLLei amaroHanm;

- HAWTK YacTOTy WM YCKOpeHWe, cooTBeTcTByoWMe nepemelteHnio 0,000001 m v ckopocTr 0,0003 m/c.

W3 Toukm 0,0003 m/c Ha BEPTUKaNEHOW OCKM NPOBOAAT FOPU30HTANBHYIO MIMHWIO 0 NEPeCceYeHrs C BOCXogsALLen ana-
roHanbto 0,000001 M. Touka nepeceyeHus ByaeT cooTBeTCTBOBaTL yekopeHuto 0,09 m/cZ, onpegensemMomMy no cnagatoLleii
AunaroHanu, u Yyactote NpubnuanTensHo 48 'y, onpegensemoi no ropuaoHTansHOM OCK.
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X — yvacrtoTa, 'Y, Y — ckopocTs, M/c

Pucyrok B.1 — Homorpamma cooTHoLWeHWIA napameTpoB (CpegHeKkBagpaTyUYHbIX 3Ha4YeHUA, aMnnnTya) Ans pasHbIX

BEMWYMH B Cryyae rapMoHUYecKor Bubpaumm
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MpunoxeHwne C
(cnpaBo4Hoe)

CBoAKka OCHOBHbIX NonoXeHU BUGpaLMOHHOW TeopUmn

C.1 OcHoBbI TeOpUM
B HacTosiLLEeM NPUNOXKEHWM faHa CBOAKA NOMOXEHWA, PaCCMOTPEHHbIX B pasaene 4.

C.2 CucTteMbl ¢ OOHOW CTeneHbLI cBoGOoAabI

CTaHOK NofBepraeTcd Kak CTaTMYecKUM, Tak M AUHAMUYECKUM BO3OENACTBMAM, cnocobHeIM NpuBecTn K aedopma-
LMAM WM yXyOLawLMM Ka4ecTBo ero paboTtel. Kputepuem OTKNMKA KOHCTPYKLMM CTaHKa Ha AeWCTBUE BbIHYKAAKLIMX CMN
MOMET CIMYKUTb AUHaMUYEeCcKasa NoaaT/IMBOCTb.

DrU3NYECKM CTAHOK COCTOWUT U3 HECKOINBLKUX Y3MOB: CTAHWHLI, WNUHAENS, HANPABNALWWX ABWXKEHUS U T. O., W Mo-
3TOMY C TOYKWU 3pEHWsi MEXaHVKU ero crieyeT paccMaTpyBaTh Kak CUCTEMY CO MHOTUMM cTeneHsMmu ceoboabl. OgHako B
DONbLUMHCTBE CryYaeB OMHAMUYECKOE NMOBEAEHUE CTaHKa MOXET ObiTb NpeacTaBeHo Yepes COBOKYMHOCTL HE3aBUCHMbIX
konebaHui, Kaxaoe 13 KOTOPbIX OCYLLEeCTBMSeTCH CUCTEMOW C OAHOW CTeneHblo cBobodkl. Vcrnonb3oBaHWe Takon ynpo-
LLIEHHOW MOZENW NO3BOMNSET My'Lle NOHATL OCHOBHbLIE NPUHLUMMLI BUBpaLWMOHHOW TEOPUK CTaHKa.

B 06obweHHOM BMOe cucTeMa C OOHOW CTeneHbi cBoboAbl (B MPeanonoXeHU BA3KOYMPYroro, T. €. NTMHENHOro
AemndupoBaH1a) nokaszaHa Ha pucyHke C.1.

[MepenaTodHasa yHKUMS CUCTEMBI, B KAYECTBE KOTOPOW paccMaTpuBaeTcA AMHaMuyeckas nogatnueoctbe G(jm),
npeacTaensaer cobo KOMNNEKCHOE OTHOLUEHWE NEPEMELLIEHUS X K AMHAMUYECKOW BeIHYXAatoLWen cune F.

HecnoxHble npeobpazoeaHus NO3BONAKT NOMyYUTL hopMyny AnA Mogyns v a3oBoro yrna AuHaMUYeckon nogat-
NUBOCTU B SIBHOM BKMAe (CM. CNPaBOYHYH BCTaBKY 4).

B cnyyae cuctembl ¢ ogHOW cTeneHbio ceoboabl AUHaMMYeckas NoaaTnyMBOCTL NMOMHOCTHID ONPEeAenseTcs Tpems
napameTpamy CUCTEMbI: KOI(EULNEHTOM XECTKOCTU K, COBCTBEHHOW 4acToTON cUcTeMbl 6e3 AeMnupoBaHus wg, 1 OT-
HocuTenbHbIM AemndupoBaHmem C.

TunuyHble kprBbIe MOOyNsA W ha3bl YACTOTHOW XapakTepUCTUKX ANA CUCTEMbI C OQHOW CTeneHblo cBoboabl nokasa-
Hbl B MeBOi yacTu pucyHka C.2. OT yacToTkl BO30YXAEHNS 3aBUCUT HE TOMLKO aMmnuTyaa OTKMUKA, HO TaKKe BPEMEHHOM
caBur (chasoBwIN yromn) Mexay curHanamMmy Cinbl U NepeMeLLeHns.

OKBMBaANEHTHLIM NPeACcTaBMNeHNeM YacTOTHOM XapaKTEPUCTUKU ABNAETCA AvarpaMma Haikeucta, naobpaxeHHas
B npaBow Yactn pucyHka C.2. PaccTosaHne mexay LeHTPOM KOOPAWHAT M TOYKOW Ha KPMBOW COOTBETCTBYET aMMNIUTYAE Ha
[aHHOW YacToTe, a yron, No4 KOTOpbIM BUAHA 3Ta TOYKa, paBeH )a3oBoMy yry.
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YpaBHeHWe OBMXEHWA B YaCcTOTHOM obnacTtu:

[mf((jm)z +Cf((jm)+k)"(}.ef(mf+w) - Felot.

roe o = 2muf,
G(jo)= _;(((’3) Lglo(e) _ x(jo) _ 1 Fstat Fayn X% X
F(o) F(jo) m(jo) +c(jo)+ k.
2a_k  ,__C
S @n =iy v ¢ 2mao,
1 1
G(jo) = L - k
) ;
() +Zo)+1 U o U6) g w
0)2 cu2
n n
I'Ipe,u,CTaBneHme yepea ﬂeﬁCTBMTeﬂbHyPO 1M MHUMYIO HacTu,
(6} =
roe n=—,
),

Gljw) = :‘(17112) iy %n , k |::|°
(1—n2)2+(2(;n)2 (1—n2)2+(2r:n)2

YpaBHeHne OBMKEeHWS BO BpeMeHHoR obnacTtu:

mx + ¢X + K(Xggat + Xdyn )=Faar + den,

roe mx — Cwna MHepLuu;
cX — cuna aeMncupoBaHus;

kxdw.| — OWHaMn4eckaa cuna ynpyrocTtu,

kX, — CTaTM4EcKas Cuna ynpyrocTi. 7/-////// / //

[NpecbpasosaHua:
F(t)= Fei®t x(t) = % joelot+e)
x(t) = xe/@te) X(t) = X jo? ell@t+e)

Fayn — BbIHYXAawWas cuna; Fy,, — CTaTudeckas Harpyska, x — fepemMelleHne; X — CKOpOCTk; X — YCKOpEHWe; m — macca,

k¢ — ECTKOCTb NPYXWHbI; ¢ — KO3 pULMeHT agemndurpoBaHus aemndepa

PucyHok C.1 — Mopgene cucTeMbl ¢ OOHON cTeneHblo ceoboabl

63

GostExpert.ru
https://GostExpert.ru/gost/gost-71371-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

FOCT P 71371—2024

IvHamunyeckan cuna F(jw)
vi k
[nHamnyeckoe nepemelleHue X(jm)
xIf 1
Cratuyeckas NnogaTnMBOCTb M
< oo
— OTHocuTenbHOE AemndupoBa- £ = c
fi o fRf f HUE 2ma,,
0° Im(xif) o, 17k MakcvmansHas AnHaMudeckas 7 1 1
@ <ri- *Re(x/) | nogatnueocte cuctembl Ges 3 =% Z_Q
\ a & AemndurpoBaHna max
o
-90° =
5
-1800 — | = 1
- m~ 1 1 -
i ki f h / Xmax ® —oj— F=——F
ve ¥ s * M eV k ¢ Wy
a) YacTtoTHana xapaktepucTuka b) Anarpamma Hankeucta
Y1 — mMogynb No4atnMBoCTU @ — pa3oBbId yron k — XecTKoCTb ®, — cobcTeeHHan
Y2 — cpasa nogatnmeBocTm Im — MHMMas YacTb ¢ — gemndupoBaHue yrnosas yacrora
f  —vyacToTa Re — penctBuTensHas m — macca
YacTb

PucyHok C.2 — YacToTHas xapakTepucTvka (Mo nepeMeLleHnio) n guarpamma Haiksvcta ons cucteMel
C OQHOW CTeneHblo ceoboab!

YpaBHeHue OBmxeHus B hopme BanaHca cun NoKa3aHo Ha pUcyHke 8.
[ns cuctembl ¢ 0gHON cTeneHbio CBOBOALI CYLLECTBYET TPU XapakTepUCTUYECcKUe YacToThbl:

’k ¢ :

- cobcTBEHHan YacToTa cucTtemel B6e3 geMndupoBaHua o, = = Ha aToit wactoTe capur chas mexay CUnon u
nepemelleHvem coctaenaet 90°, 1 BbIHYy)K4aKOLWasa cuna ypaBHOBELLEHA TOMLKO AeMNMUPYHOLLER CUMONA, KakK NnokasaHo
Ha pucyHke C.2. B oTcyTcTBME AeMndMpoBaHsa aMnnnTyga konebaHuin cUcTeMbl TEOPETUYECKN BO3pacTaeT Ao beckoHeu-
HOCTHK;

- cobCTBEHHAA YacToTa CUCTEMbl C AeMnUpoBaHNEM Oy = Op - 1- CJZ ;

. ’ 2 -
- pe3oHaHCHaA 4acTtoTa CUCTEMbI C ,D,EManVIpOBaHVlEM W = Oy 1*2C . Ha aTton yactote AWHaMn4eckaa nogar-

NIMBOCTL OOCTUraeT Makcumyma.
Y peanbHbIX CTAHKOB BCINEACTBWE Manoro oTHoCUTENbHoro aemnduposanus ({ < 0,1) 3Tk yacToTbl o4YeHb Brn3kK

Apyr K apyry. BnnaHue koadpprumeHTa aemMndmMpoBaHna Ha Bl YaCcTOTHOW XapaKTepUCTMKK NoKa3aHo Ha pucyHke C.3.
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Yia 0
5+
R ]
F 1 D=0
1
* D=0,125
3 D=0,2 90 L
3
2
1
1 2D
D=0 D=0125
0 ">  -180 >
f, f f, f
Y2v

Y1 — ko3thh1UMEHT AUHAMWNYECKOrO yeunerus; Y2 — gasoBeli yron, rpagyc; f — vactora; f, — cobcTBeHHas 4acTora;
D — otHocuTenbHoe aemnduposarue (J)

PucyHok C.3 — BnugaHue oTHOCUTENBHOMO AeMnpMpoBaHUA Ha nepeaaToyHyto hyHKLUMK CUCTEMBI
C OOHOW cTeneHb ceobogbl

C.3 CnoXxHble MexaHU4ecKue CUCTEMbI

PeanbHblil CTAHOK ABMAETCA CINOXHOW MEXaHW4ecKon CMCTEMOI?I, HO ero anHamn4eckoe noBefeHue MoXxeT BbITb
NEerko onvucaHo mateMaTu4eck B NpeanonoXeHun, 4To 3ta cncteMa nu HeWHa (,EI,.I'IFI CTaHKOB B DOnbLUMHCTBE cny4aes 31O
YCMNOBUE MOXHO CHMTaTb BbIMOMHEHHLIM), T. €. NapameTpbl CUCTEMbI (MACChl, ECTKOCTM, KoaUUNEeHTLl AeMndurpoBa-
HMH) HE U3MEHAKTCA CO BpEMEHEM N HE 3aBWUCAT OT TEKYLLEero COCTOAHMUA CUCTEMBbI.

,D,nﬂ TIMHEMHOW CUCTEMBI 06LIJ,aF| YacCTOTHaA XxapakTepucTuka, coepallad HECKOMbKO PE30HAHCHLIX NMUKOB, MOXeT
ObITb NpeAcTaeneHa B Buae cynepnosnumm (CyMmMbl) HaCTOTHbIX XapakTepuCcTUK CUCTEM C OAHOW CcTeneHbio cBobodbl [CM.
thopmyny (25)].

3To ABNAeTcA OCHOBOW AnA 3KCNePMEHTarnbHOro U TEOPEeTUHECKOro aHanmiaa Mo BMGpaLI,VIM KOHCTPYKUWW.
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Mpunoxenwne D
(pexomeHgyemoe)

MpaBuna GanchnpOBKw OBWraTenen v WNUHOenen cTaHka

MpaennbHas GanaHCMPOBKa BpaLLalLWMXCH Y3M0B CTaHKa SIBMSETCA OOQHOA M3 OCHOBHBIX MEP MO CHIDKEHWIO €ro
Bubpaunu.

OfHM U Te Xe NPUHUMNLI BanaHCUMPOBKW NPUMEHSIIOT B OTHOLUEHWW KaK ABMraTena v WKWBa, Tak W WNWHOeNs 1
WHCTpyMeHTa. B nto6om cnyyae 6GanaHcUpoBKY KaXaoro yana BbIMOMHAKT OTAENbHO, 4ToBbl 06ecnevnTs X B3avMozame-
HsieMoCTb. Y3anbl, nognexawme pasbopke, LOMKHLI BbITb YpaBHOBELLEHbI B pa3obpaHHOM COCTOSHWM.

MpumMmeyaHne — B cnyyae BbICOKOCKOPOCTHbIX CTAHKOB 0DObl4Has mpoledypa NosnemMeHTHOW GanaHcupoBku
MoeT He 06ecnednTb TpebyeMolt ypaBHOBELLEHHOCTU BBUAY OCTATOUHbIX AMCOanaHCoR OTAEMNBHbIX 3NeMeHTOB c6opHOro
yana. B aTom crny4ae npoBoAsiT OKoHYaTenbHy BanaHcupoBky yana B cbope.

PekomeHgaummn no 6anaHcMpoBKe WNWHAENS U MHCTPYMeHTa BKMNYaeT B cebs crnegytoLlme NonoXeHus:

- BanaHCcUpPOoBKY WNWHAENS BLIMNOMHAOT CO BCTABMEHHOMW LUMNOHKOW, HO Be3 MHCTpymMeHTa,;

- MTHCTPYMEHT BCerga ypaBHOBELUMBAIOT OTAENEHO;

- ppe3epHbie pesubl ypaBHoBeLUMBaKOT 0o knacca G40 cornacHo MCO 1564 1;

- BanaHcUpoBKy LWNMgoBaneHLIX KPYroB BLIMOMHAKT B cooTBeTcTBMM ¢ MCO 6103.

B cnyyae npuBoga ¢ 3aknagHOW LUNOHKOW Npasuna banaHcmpoBKkK yeroxHaoTea. PekomeHgaumn no 6anaHcvmpos-
Ke OBUraTtens W LWKKWBa BkNoyaeT B ceba cnedyoLlime nonokeHns:

- MU3roTOBMWTENNbL ABUraTens npu ero GanaHCUpPoOBKE UCMNOMb3YET NOMYLUMNOHKY;

- U3rOTOBUTENb LKUBA (UM MHCTPYMEHTa) npu 6anaHcupoBKe AOMKEH UCMOMNb30BaTL ONpaeKy, GanaHcupoeka KoTo-
POI BbINOMHEHA € TAKOW e NOMYLUNOHKOW, 4TO NpuMeHeHa npu 6anaHcupoBke ABuratens;

- nocne 3Toro LWKMB 6anch:wpy+0T € NOCTaBMsSIEMOW MOMHOM LUMOHKON, KOTOopasa HeobAzaTeneLHO ABMSETCA CyMMDI?I
NMONYLNOHOK, NCNnonb3yeMbiX MpU 6aﬂaHCVIDOBKB aBUratena 1 onpaBKK;

- WWKMB HacaXWBakT Ha Ban aneKkTpogBuvraTena c NOCTAaBMAEMON NOMHORW LUMOHKOW.

CDﬁJ’!I’O}J,eHME ATUX NpaBun obecneunBaet 6bICprH3 1 Nerkyr 3ameHy WKMBOB M LUMOHOK.
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MpunoxeHue E
(cnpaBouHoeE)

anMepbl pe3ynbLTaTtoB MUCNbITAHUA U UX npegcrtaBneHuUA

MpYMepkbl HACTOSALLENO NPUNOKEHWUA NPUBEAEHEI TONBKO B LIENAX UNMKOCTPALMM OCHOBHBLIX MPUHLMMAOB UCNEITAHWA U
He NpefHa3HaveHbl Ana ByKBankHOro BOCMPOM3BEAEHUS B pPearnbHblX YCOBUAX UCMLITAHNA CTAHKOB.

Mpumep 1. NamepeHus abcontoTHoW BUBpauumn KpyrnolwnudgoBansHoro cTaHka B npolecce ero paboTel Ans onpe-
JeneHnsi OTHOCUTENBHOTO NepemMeLleHns Mexay WNMdoBanbHbIM KPYroM U 3aroTOBKOW

Ecnv umeroTcs CNoXHOCTW C M3MEPEHWAMW OTHOCMTENBHON BUOpaLmMmM Mexay 3aroTOBKOW U MHCTPYMEHTOM, TO UX
MOXXHO 3aMEHWTb OLHOBPEMEHHBIMKU M3MEPEHUAMW abCONOTHOW BUBPaLMK B HECKOMBKMX ToYKax cTaHka. B gaHHom npu-
Mepe nokasaH cnocob UCMonb30BaHMA Pe3ynsTaToB Takux M3MePEHWIA A pacyeTa BeKTopa OTHOCUTEeNbLHOTo nepemelte-
HWA B HAanpaeneHnn X Mexay WnndoBanbHbiM KPYrom 1 3aroToBKOW Npy ee 0bpaboTke Ha KpyrnownndoBanbHOM CTaHKe.

n pumedHaHne — B paHHoM npyUMepe He YYMTbIBaTCA OMHaAMWYEeCKMe CBOWCTBa CaMOW 3aroTOBKM, KOTOpbIe
MOTYT OKa3aTb BNAHWE Ha Ka4eCTBO BbIMOMHAEMOMN 06pa6OTKVI.

C nomowysio npeobpasosaternei Bubpauun dy, Ha wrndgosansHon 6abke, dy, Ha nepeaHei 6abke n dy, Ha 3agHewn
©6abke onpenenaAldT BeKTopa (amMnnuTyadbl U dhasbl) NepemMeLleHnid B HanpaeneHumn X. PaccToaHe Mexay Todkamu ycta-
HOBKW NpeoBpasoBaTtenei no ocy Z cocTaBnsaeT a 1 b, kak nokasaHo Ha pucyHke E.1.

BeKkTop OTHOCKMTENLHOW BUOpauMK npenacTaBnseT cobon pasHOCTE MeXAy BekTopaMu abCconTHOW BUMGpauun co
CTOPOHbI MHCTPYMEHTA W 3aroTOBKW. B cBoK oyepenb, NOCNEenHWi nonyyawT MHTeprnonaluMen no Bektopam abconTHOM
BnOpauumn Ha nepenHen 1 3aaHen 6abkax, kak NoKasaHo B crnpaBoYHON BcTaske 11.

BmecTo BEKTOPOB, paccMaTpyMBaeMbIX B CNPaBOYHOW BCTaBke 11, ncnonbaytoT amnnuTyabl d U has3oBble yimbl o,
nony4eHHble Mo pe3ynsTataMm U3MEPEHUIA B TPEX YKasaHHbIX TOYKaX. 3a TOYKy OTCHETa NPUHAT BEKTOP NEpeMeLLeHns Ha
wnmndoBaneHoi 6abke, T. e. ero ¢a3oBbliA Yron paeeH Hymnto. [na KOPPEeKTHOrO cpaBHeHWs BeKTOpoB Heobxogmmo obe-
CMEYUTE CUHXPOHHOCTE M3MEPEHUIA BO BCEX TPEX TOMKaX.

7 4 3 2

—

5

+Z'

1Y

+Z

1 — wnudoraneHas Babka; 2 — wnudoBaneHbIA Kpyr; 3 — 3aroToeka; 4 — nepeaHsas babka; 5 — 3agHaa 6abka; 6 — cTaHuHa;
7 — npeobpa3sosarent BUBpaunm (dyy, dys, dys)

PucyHok E.1 — WamepeHusa BuBpauuu KpyrnownugosansHoro ctaHka
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Bty ,%_

W3 gaHHOro cooTHOLLEHNSA cnenyert.

dy sin(wt +¢) = dyq cos(ot) — x2 COS(mt — 0y )+ ady 5 cos(m oc3)

dX:Jszr 2,

a+b

rae
el — bdy, cosa, +ady; Cosay
a+b .
q= bdxz sin o +adxa Sina3 '
a+b

dy — amnnuTyna oTHocUTenLHOW Bubpauum;
o — pasoBbIi yrom;
® = 2xN/60, rae N — CKOpOCTb BpaLLeHs LAMgOBaNbHOTO Kpyra, MAH ™ ' ;
@ — pa3oBbIi Yron BeKTopa OTHOCUTENbHOW BUOpaLuuy;
t — Bpewms, C.

CnpaBoyHas BcTaBka 11 — BeiBog doopmyn Ansi OTHOCUTENbHOW BUOpaL MK

Mpumep 2. AHanu3 BMbpauum oT CTOPOHHWX MCTOYHUKOB BO BPEMEHHON 0bnactu
Ha pucyHke E.2 nokasaHbl pe3ynstathl M3aMmepeHuid Bubpauny (nepeMeLleHnin) B Tpex HanpaBneHnsix.
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a) Bubpauwsa B HanpaeneHumn X

PucyHok E.2, nuct 1 — Bubpauuna CTOpoOHHUX MCTOYHMKOB (Y4acToTa guckKpeTuMaaumm curdana 200 Mu)
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b) Bubpauwms B HanpaeneHun Y
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c) Bubpauus B HanpaeneHuu Z

t — Bpems, ¢; d — nepeMelleHne, MKkm

Pucynok E.2, nuct 2

MakcvmanbHbIi pasmax nepemMeLleHns:
HanpaeneHue, B KOTOpoOM BUBpauMsa MakcuMansHa:
[MpogomknTenbHOCTE 3MepeHnid Bubpauum:

Cpencrea MaMepeHuia:

0,1 MKM.
X.
L o

TpexKkaHalbHaa cuctema C €MKOCTHbIMK I'IpeO6paSOBaTeJ'IF|MI/I
Ana namepeHua I'IBpEMELLlEHVIIT‘I OTHOCUTENBHO LI,VIJ'II/IH,EI,pMHECKDI:’I
MHWLUIEHW Ha WnuHgene.
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CTaHoK: NATUOCEBOW BEPTUMKanbHLIM obpabaTbiBalowWmiA LEHTP C Tpems
HaMNpaBrnAKLMUMA Ha CTaHWHE ANS NepeMelleHWid WnuHaens.
3aroToBKa pasmMeLleHa Ha NOBOPOTHOM CTore.

MecTo 1 gaTta ucnblTaHWi: MaLlWHHBIA Lex, 20XX-XX-XX.
Okpyxalowas cpena: TUNWMYHEA ONA MaLWMHHOTO Lexa (cnokonHasa obctaHoBKa).
BHelHwe paboThl: TUNUYHBIE paboTkl ANS MalUMHHOIO Liexa 6e3 UCTOYHWKOB MOBbLI-

weHHon Bubpaumn BGnmawn ctaHka.

Paboyee cocTosiHMe cTaHKka: OTKITKOYEH, BCnoMoraTtelbHele CUCTEMBI HE pa60Ta|0T.

Mpumep 3. AHanua BMBpaLumnmn oT CTOPOHHUX UCTOMHUKOB B YacTOTHOW oBnactu

Ha pucyHke E.3 nokasaH kackagHel cnektp BuGpauum WNWHAENA CTaHKa, Ha KOTOPYI0 OKa3biBAET BNUSHWE pac-
NMONOXEHHbIA NOBNU30CTM rgpoarperar.

He 3aBucsLLMe OT CKOPOCTUW BpalleHWst LUNMWHAENS NUKK Ha YacToTe npubnuanTteneHo 270 My MoryT paccmaTpuBaTh-

CH Kak BMGpauwMsa oT rugpoarperarta.
\ A

A — BMbpaums oT ruapoarperara; dy — amnnuTyga nepemelleHns (oTHocuTensHas); f— vacrtora, [u;
Vg — CKOPOCTb BPALEHUs LUNWHAENS, MUH ™!

PucyHok E.3 — KackagHbiii cnekTp Bubpauum WnuHaena ¢ cocTaensawowen, 0bycnoBneHHom
BNUAHWEM rmgpoarperata
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Mpumep 4. Bubpauusn, BblaBaHHaa aucbanaHcom 1 M3MepeHHas Ha nepegHeir YacTu WNUHAEeNs Npy OLEeHKe Knacca
aucbanaxca (cMm. pasgen 7)

PaccmatpueaeTtca Bubpauusa nepegHeit Yactu wnuHaens obpabaTwiBalollero UeHTpa ¢ peMeHHbIM NMPYBOAOM OT
anekTpoaeuratens. PeaoHaHcHaa YyacToTa konebaHui WnuHaensHoro yana paeHa 175 M. MNepegaToyHoe Yucno npuBo-
Oa MOXEeT NPUHMMAaTb OQHO U3 TPeX AWUCKPETHbIX 3HaYeHUA. M3aMmeHeHe MakCcUMarnbHOro 3Ha4eHns ckopocTk BUbpauuv B
OManasoHe CKOpOCTeW BpalleHWs WNMHOeNA OAna KaXKaoro nepegaTodHoro Yvuena nokasaHo Ha pucyHke E.4.

vk

4,0

3'5 A S S— — 1:1

|
3,0 ’I
25 y’/
2,0 d ’

I N
1,0 / /I

0,5 AN /A\\ﬁ\-.‘ //' //

.)O‘___i;—"—"—_"“"--.:y
okl ] LS .

0 20 40 60 80 100 120 140 160 180 vg

Vv — MakCHManbHOE 3Ha4eHUe CKOpocTM BMBpauni, MM/C; Vg — CKOPOCTb BPaLLeHNs WNKHAEeNs, MuH

PucyHok E.4 — Bubpauua wnuHgens npyu TpeEX 3HaYeHUsX NepeaartoqyHoro yucna

W3 pucyrka E.4 BugHo, 4TO AMHaMUYECKOE NOBEOEHWUE LUNWHAENSA 32aBUCUT OT NEPEdaTO4HOro Yvucna:

a) nepegaTtodHoe 4ncno 2:1 (BbICOKMIA KPYTALWIA MOMEHT) COOTBETCTBYET CHVKEHWIO CKOPOCTM LUNWHAENS BABOE
Mo CpaBHEeHWIO CO CKOPOCTbLIO BpallleHns Bana anekTpoasuratens. PesoHaHc Ha yacToTe 75 Iy (4500 mmH~ 1) BbI3BaH He-
ypaBHOBELLEHHOCTbIO Bana aneKTpoABUraTens, BpallaloLLerocs co ckopocTbio 9000 mun~!. Knacc aucBanaHca — G2,5;

b) nepepaTouHoe uncno 1:1 — crtaHgapTHeIR BapuaHT npusoga. Knacc aucbananca — G4;

c) nepepato4Hoe yucno 4:5 (BblCcOKan CKOPOCTh BpalleHWs) paclumpsieT AManasoH YacToT Bo3byxaeHus Bubpaumm
B obnacTb, Brnuskyio K pesoHaHcHow YactoTe wnuHaensa 175 My, Knace aucbananca — G4.
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Mpumep 5. Bubpauus, BbiagaHHan gucbanaHcom npueoda WNUHOenNs

Ha pucyrke E.5 nokasaH kackagHbIA CNekTp, AEMOHCTPUPYIOLWWIA U3MeHeHWe Bubpauun wnuHgena (OTHOCUTENb-
HOE NepeMeLLEHINE) NPU M3MEHEHWIM CKOPOCTU BpalleHus. Ha rpaduke YeTKo BelpaXeHbl MUKW Ha YacToTax, COOTBETCTBY-
HOLWMX YacToTe BPaLleHna WNWHAeNs U ee rapMoHUKaM, YTO XapakTepHOo ANA HeypaBHOBELUEHHOCTW CUCTEMbI NMPUBOAA
LWINMHAENs.

|
|
\

dy — aMnnnMTyaa OTHOCUTENLHOTO NepemeleHuns; f— Jactora, ['U; vg — CKOPOCTh BPpaLeHus WNMHAENs, MAH™';
A — aMnnuTyga nepemMeLleHnsl Ha YacToTe BpalleHWs U ee rapMOHMKax

Pwucyrok E.5 — Bubpauua wnuHaena npyv HeypaBHOBELLEHHOCTM NpuBoaa
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Mpumep 6. Bubpauus, ceaszaHHas ¢ ABMKEHMEM CYNMnopTa cTaHka

Paccmatpueaetcs BuGpauus BeptukansHoro obpabartbiBatollero LeHTpa.

Ha pucyHke E.6 nokaszaHa 3aBMCMMOCTb OTKMNOHeHWA EZY B BepTUKanbHOM HanpasneHuu (Z) npyu nepemeLleHum
cynropTa ctaHka Ha 100 MM Ang ABYX PEXMMOB M3MeHeHWUs CKOPOCTK nodayu saons ock Y: ot 0 go 200 Mm/MUH (cnnow-
Has nuHUs, yckopenue 0,25 m/c?) n ot 0 Ao 5000 MM/MUH (LUTPUXOBAA NUHKUS, yokopeHue 2,2 m/c2).

[MvKK OTKNOHEHWA OT 3a4aHHOMo ABWXKEHWA BAONb 0CK Y HabniogalTea B Ha4anbHON M KOHEYHON TOMKax nepeme-
WweHWs cynnopTa bnarogapsa Hayany v 3aBepLUeHNo YCKOPEHHOro ABWXeHus. YeM Bollle MakcumMarnbHas CKopocTe noga-
4K, Tem Bonblue BpeMeHW HabnoaakTCs BEICOKME 3HAYEHUS YCKOPEHWUS U BbilUe 3Ha4YeHWs OTKNOHEHMS.

A

EZY, MK

10

o

0 ‘ — : -
AR 5 Y, MM
2 i ;
P L] !
-4 : ] Es
i
[
-6 L
-8
-10
-20 ¢ 20 40 60 80 100 120
Pucyrok E.6 — Bubpauua, cBAsaHHas c YCKOPEeHHBIM OBMXEeHWEM cynnopTta
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MpunoxeHue F
(cnpaBo4Hoe)

WcnbiTatensHoe oGopy,qoaaHue, npUMeHAEeMOe NpKu aHanuie guHaMUW4yeCKoro noeegeHuA
KOHCTPYKUUU CTaHKa

F.1 Bozbyautenu Bubpauunu

F.1.1 O6wme nonoxeHunsa

AHanu3 AWHaMWYECKOro MOBEOEHWUS KOHCTPYKUMKM cTaHka TpebyeT npuroXeHWs K Hell COOTBETCTBYIOLLEN nepe-
MEHHOW BhIHYXaawwen cunel. Hanbonee 4acTto npuMeHseMbiM ABMSETCA 3NeKTpoauHaMuyeckuin BubpoBo3byauTens, HO
obopynoBaHue apyrvx TUNOB Takke MOXET ObiTb NPpUMEHEHO Ha npakTuke. Ero kpaTkoe onucanune gavo B F.1.2 n F.1.3.

AHanma noseaeHns KOHCTPYKLUMM MOKET ObiTb BbIMONHEH C MPUINOXEHNEM BO3AENCTBMIA pasHbix Buaos. OT Bulbopa
curHana Bo3by)KAeHWs 3aBUCUT Ka4yecTBO MOMyYyaeMblX pesynsTaToB (4acTOTHOro M MoganbHoro aHanuaa). OCHOBHbIMM
TUNamy CUrHanoB BO3BYKOEHUS ABNSIOTCA CMy4alHblA CUTHAMN U CUrHamn, onMcbIBAEMbIA HEKOTOPOW aHanuTUYecKoml dyHK-
umen. CrnyyanHbv (UK NceBOoOCnyYanHbI) curHan oBbIMHO ONPedensarT Yepes ero cnekTpansHy MOLWHOCTE U (OYHKLUIO
pacnpeaeneHna MrHOBEHHbIX 3HadeHuid. CMrHanom, 3aagaBaemMblM B aHanMTUHECKOM BMaE, MOXET OblTh HEKOTOPLINA Nepu-
04MYecKMin (HanpMMep, CUHYCOMAAnbHbIA C AMCKPETHO UMW HEeMNpPepbIBHO M3MEHAEMOW YacTOTOW) WM HeNnepuoanyecKuin
(Hanpumep, UMNYNbCHBIW) MpoLecc.

Beibop nogxopsiero curHana Bo30y:xoeHWs onpedensdeTcsd B OCHOBHOM NMPOOOIMKMTENBHOCTBI0 M3MEpPEeHUiA, CTo-
MMOCTBH MCMbITaTeNbHOrO 0bopyaoBaHUA U OMHAMUKOW NCCrenyemMor KOHCTpYKUMM. Ecnv noBedeHue KOHCTPYKLWKW M-
HEMHO UNu BNM3Ko K NMHEWHOMY, TO TeopeTudeckn Boaby:kaeHvne nwboro Buaa 4act oguMHaKoBble peaynstaTtsl. Ha npak-
TUKE, OHAKO, KOHCTPYKLMA CTAHKOB MPOSBNSET T€ UMM WHbIE HEMWHEHbIE CBOMCTBA, YTO CTABUT peaynkTaTthl aHanusa B
3aBUCUMOCTb OT BMAa BO30YXAEHMS, MOLLHOCTM BO30YXOEeHWS, a Takke OT NpeaBapUTeNbHOr0 CTaTMYeCKOro HarpyeHms
KOHCTPYKUMU. YacTo B KadecTBe BbiHYXOaKLWen CUIbl MCNOMb3yoT rapMOHWUYECKUMIA NPoLece, OOHaKO NpK aHanuae nu-
HEeWHbIX cucTeM 3adacTylo Boree npednoyTUTENBHBIM BydeT cnydarHoe Bo3fnencTBue. OCHOBHbIE BUAbLI BO30YyXOeHWUs
npedcTaeneHsl B Tabnuue F.1.

Ot cnocoba npunoxeHna Bo3bykaoeHwA 3aBUCUT co3daBaemas Bubpauws: oTHocuTenbHaa unu abcontoTHasa. B
CT@HKOCTPOEHWM Yalle MCNonb3yloT BO30yxaeHue OTHOCMTENbHOW BMOpauun, korga Bo30yOMTENb pacnonoXeH Mexay
WHCTPYMEHTOM W 3aroTOBKOW (MeXay LUNWHOENEM U CTONOM CTaHka), ¢ Luensk ummutauun npouecca obpabotku. B cnyyae
B03DyaeHnsa abcontoTHOM BUOpaLMK KOHCTPYKLMA CTaHKa COBEpLUAET KonebaHnsa OTHOCUTENLHO HEKOTOPOW HEMOABUX-
HOW Macchl. Bo3by»xaeHne oTHOCUTENbHOW BUOpaLMK COBMECTHO C NpeaBapuTenbHbiM Harpy»eHnemM KOHCTPYKUMK NO3BO-
NsSeT YMEHbLUUTL 3230pbl B y3nax, YTO YMEHbLUAET HENMMHEWHOCTL OTKMMKA.

Tabnuua F.1— CurHansl Bo3ByXaeHWA U Ux cROUCTBA (cM. [14], pucyHok 6.22)

Bua curHana

Ocalgomcreaa [apMOHW4ecKniA FapMOoHUYecknin

BosbyAAeHWA Ha UKCUPOBAHHOM CO CKaHWpOBaHWEM Cny4anHbiv Mcesaocny4ariHbIi MMNynbCHbIN
4yacToTe 4acToTbl
Bug
BO BPEMEHHOMN
obnactn ¢ t ¥ t f
sx Sx sx‘ SXA SX
Bun

B YaCTOTHOM

obnacti

- g
f, fﬂ'1 f f1 fz fmax f f

MNpogomxn-

TENbHOCTb OueHb BonbLuas Bonbluas HebBonbliasa Hebonblas OyeHb manasa
M3MEepEeHni
CTtoumocTb

Bricokas Belcokas Huakasa Bricokas Huakas
obopynoeaHms
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OkoHyaHue mabnuusl F.1

Bug curHana
Boggouc?:m FapmMoHu4ecknin [apMOHWUYeCcKui
YA Ha (OMKCUPOBAHHOW | €O CKaHMpOBaHWEM Cny4aiHbli McespocnyyanHbli MMnynbCHbIA
Yactorte 4acToThbl
3awura ot
crnekTparnbHo-
P OueHb xopolas XopotLuasn Mnoxaa Xopouwas Xopowasn
ro npocavBa-
HUA
KoHueHTpauumsa
MOLLIHOCTHM Ou4eHb BbICOKas Beicokas Hunakasn Huakas OyeHb HU3Kas
BO30yXOEeHWA
OB6HapyxeHue
. Xopouwee Xopoluee CpenHee CpegHee CpenHee
HENWUHENHOCTK P P pen PeA pea

F.1.2 UMmnynbcHoe u cTyneH4yaToe Bo36yxaeHue

F.1.2.1 BoabyxgeHue c npMMeHeHUneM MHCTPYMEHTaIbHOro MOnoTKa

HaHeceHve yoapoB no KOHCTPYKLMW, HAanpyMep MONOTKOM, NPUBOAWT K NOABNEHWNIO MMNYNbCHBLIX curHanoB. O6bIy-
HO AN 3TOro NPUMEHSAIT U3MepUTENbHBIE MONOTKW ABYX TWMOB, PasnnyalolMxcs TMNOM OATYWMKOB CUIMbl: TEH30METpU-
YeCKUA UMK Nbe3oKBapUeBbIN. IaMepuTenbHBIM MONOTOK € TEH30METPUYECKUM AaT4KkoM n3obpaxeH Ha pucyHke F.1 a).

MakcrmaneHoe 3HavyeHue nNpunaraemMon CuUbl MOXET BapblMpPOBaTLCA 38 CHET NPUMEHEHNA AONOMNHUTENbHBIX Macc
¥ U3MEHEHWS CKOPOCTW yaapa, a ANWTenbHOCTb MMNYMbCca 3aBMCUT OT MaTepuana Hacagku monoTtka. Ha pucyHke F.1 b)
noKa3aHbl BpEMeHHbIE peanu3aumn MMMNynbCoB C PasHbiMW MaTtepuanamMu Hacagok.

CranbHas Hacagka obecneuvBaeT Haubonee KOPOTKUIA MMNYMbC WM, COOTBETCTBEHHO, Gomnee LUMPOKWMIA CNekTp “a-
CTOT, B TO BpEMS Kak Ans nony4yeHua bonee npofomkMTensHoOro uMnyneca ¢ bonee y3kvmM CeKTpOM UCNOMb3YIOT HAacankv
M3 Pe3nHBI.
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1 — HaTAKHOM BUHT; 2 — Macca; 3 — OononHuTenbHaa macca; 1 — ctanb; 2 — uennuaop A; 3 — lMNBX; 4 — xecTkas pesuHa;
4 — TeH30MeTpUYECKNI JaTdumk; 5 — kopnyc; 6 — Hacagaka; 5 — msarkas peauHa, A10; 6 — markas peaunHa, A15; F— cuna, H;
7 — coeguHUTensHas BTyMNka [ — Bpems, mc
a) KoHcTpykums monoTka b) ®opma Bo3OYyKAaEMOrO MMMynbLCa

PucyHok F.1 — amepuTentHbldl MONOTOK C TEH30METPUYECKMM AaT4ymKkom (cm. [14], pucyHok 6.29)

F.1.2.2 BoabyxgeHune ¢ npMMeHeHWeM BblCBOBOXJaOLLEero yCcTpoUcTBa

Ona nonyyeHus cTyneHyaToro Bo3Gy>KOAEHUS UCNONb3YIOT YCTPOWCTBO, CNOCOBHOE MIHOBEHHO CO34aTek 3aMeTHoe
3HaYeHue CUrbl.

F.1.3 BoszbyguTenu rapmoH1U4ecKon BUGpauumn

F.1.3.1 3nekTpomarHuWTHbIA Bo30youTeNb

CuctemMy Bo36y¥aeHWs AaHHOMO TMNa UCMOMb3YIOT ANA BOCMPOU3BEAEHWs Kak OTHOCUTENBHOW, Tak U abcontoTHOM
BuBpauuu. NonepeyHoe cevyeHe TUMMYHOIo BO30YAMTENs 3NeKTPOMarHMTHOMo TMNa NokasaHo Ha pucyHke F.2. [IBuxeHue
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WCMONHUTENbHOTO YCTPOMUCTBA (NNYyHXepa) OCYLWECTRAESTCSA 3a CHET B3aUMOAENCTEMS NepeMeHHOro Toka, NpoTeKatoLLero
B NINYyHXEPHON KaTyllke, ¢ heppoMarHUTHbIM MaTtepuanom. MnyHxKep U3roTOBMNEH M3 MATKOW cTanu, 4to obecnedmBaeT
BbICOKYH) MNOTHOCTb MarHUTHOIO NOTOKa W BonbluMe BbITankMBarLwmMe CUbl. ANeKTPOMarHUTHbIA Bo30yaMTenb B pasHbIX
Moaudurkauusx (npegeapuTtensHas Harpyaka — ot 10 go 2000 H, gnanasoH yactotr — go 20 kI U, paseuBaemasn nepemeH-
Hasa cuna — go 1800 H) moxeT ObiTe NpYMEHeH AN UCMbITAHUA Kak 04eHb ManeHbKUX, Tak U o4eHb BONbLUMX KOHCTPYK-
uuid. C ero NOMOLLbIO MOXHO CO3[aTh kak abCOoMTHYH, TaK U OTHOCKMTENLHY BMBpauuto.

1 2
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AN N/ [4
6 1IN
\ss §§\ 1 — CepaeYHuK W3 MArkoW cranu; 2 — avadpparmeHHas
& § gpymmHa; 3 — perynHT60p; 4 — nnyH){epHaﬂ KaTyLka;
~ 8 N — MarHutTonpoeoa, — NNyHXep (MCnonHuTensHoe
1 \\\\\\\\\\\\\‘ TS \\\\\\\\\\\\\\.\\\\ icTeo): 7 — a— i
/ &,\\\\ \\\\\\\\\\\\ &\\\\\\\\\\\ \\\\\\\ yCTPOICTBO); 7 peawHossforaHmeTa, a — MarHuTHbINA
5 .\ o~
PucyHok F.2 — 3SnekTpoMarHuTHelid BO3byauTens

F.1.3.2 3nexkTpoMarHuTHbIA BO3ByauTenb BECKOHTAKTHOrO TUNa

Y106kl OUEHWTE BNWSAAHWE BpalLeHWs WNWHAENS Ha AMHaMU4YECKYHo NOAATNVBOCTE €r0 ONOP, NPUMEHRAIOT 3NEKTPO-
MarHuTHbli Bo3byauTens BeckoHTakTHoro Tuna. lNMpuHuwn paboTtel Takoro Bo3byauTensa nokasaH Ha pucyHke F.3. Mar-
HUTHLIA NOTOK, co3nasaemeln U-obBpa3sHeiM anekTpoMarHMToM, 3aMblKaeTca Ha Bpaliarowmics potop. Ytobel nsbexars
noTepk 3HEPTUW Ha BUXPEBbLIE TOKW, HABEAEHHBIE Ha NOBEPXHOCTW POTOPA, B WNWHAENE 32KUMaT UMUTATOP C NaMuHu-
pOBaHHOM NOBepPXHOCTLI0. MarHWTHOE none B BO3OYLUHOM 3a30pe reHepupyeTcs ABYMS KaTyLuKamu, Mo OfHOW U3 KOTOPBIX
NpoTeKaeT NOCTOAHHLIN, @ MO APYroi NepPeMeHHLIN ToK. 3TO NO3BOMAET CO3AATh Kak AMHAMUYECKYH0, TaK U CTaTUYeCcKyto
cuny, BO3OEWCTBYIOLLYIO HA BpallaLWwWncs WwnuHaens. MarHUTHbIM NOTOK M3MepsIoT ¢ NOMOLLLID npeobpa3soBaTtenei Xor-
na Ha noncax marHuta. [Nockonbky WWMpUHA 3a3opa mana, MarHWTHbIA NOTOK NPOMNOPUWOHANEH CUne, AeWCTBYIOWEn
Ha WwnuHpens. B apyrux KOHCTPYKUMAX BbIHYXAAOLYIO CUINY U3MEPAIOT Nbe303anekTpuieckumy npeobpasosaTensMm Mnu
TeH3ogaT4MKaMu, pacnonoXeHHbIM1 nog Bo3byavTenemM, ogHako B 3TOM Cly4ae npy pacyeTe cunbl HeobxoguMo NpuHK-
MaTb BO BHUMaHve BUBpupyoLyto Mmaccy camoro BosbyauTtens.

BosbyauTtenu gaHHoro Tvna MoryT reHepupoBaThe AuHaMmmyeckyro cuny oo 2000 H B auana3soHe 4actot go 1000 Ny,
n cTatuyeckyto cuny go 130 H.

RN _/\‘ 1 — NaMWUHWPOBAHHLIA POTOP; 2 — Nbe303NEKTPUYECKNIA
\\\\\\\\\\\\\\ | x N AaTYMK CUNbl; & — BO3AYLIHLIA 3a30p; U_ — WCTOUHMK

| o U NOCTOAHHOrO ToKa; U~ — MCTOYHUK NepeMeHHoro Toka
N Q X QN
\\\\\\\\\&\\% PucyHok F.3 — 3nekTpomarHuTtHbiii Bo3bygutens

| BeckoHTakTHOro Tuna (cMm. [14], pucyHok 6.28)
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F.1.3.3 OnekTporngpaenuyeck i Bo3dbyauTens

OCHOBHbIM JOCTOMHCTBOM 3M1eKTPOrnapaBnuyeckoro Bo3byauTens ABNAETCA ero KOMNaKTHOGTh, KOTopas BO3MOXHa
BGnarogaps KOHCTPYKTUBHOMY pasfeneHuto CUCTeMbl NoAavn rmapaBnnyecko S3HEPri U UCMONHUTENBLHOMO YCTPOWCTBA.
MonepeyHoe cevyeHve Bo3byOuTens nokasaHo Ha pucyHke F.4. CepBoknanaH, ynpaensemMelii reHepaTopoM CUrHanoB, no-
OaeT NoTOK Macna u3 cucTemsl MMAPONPUBOAA NOCYEPEAHO Ha KaX bl NopLUEHb.

Cratuyeckas Harpyska B030youTens, NMpunoXeHHas Yepes3 3a4HI0 MOBEPXHOCTb MOPLUHA, MOXET [OoCTUratb
7000 H. AMNnuTYAa AMHAMUYECKOW CUIbl 3aBUCUT OT KECTKOCTU NOBEPXHOCTM UCTBITYeMOro 0ObekTa 1 MOXET oCTUraTh
1500 H. Pe3ynbTupytowyto cuny, KoTopasi CknaabiBaeTcs M3 CTaTMyeckon U AMHaMWYeCcKon cocTaBnaowmx, obsluHo name-
PSIOT C NOMOLLBIO TEH30OMETPUYECKoro aatymka. Bosbyautens gaHHoro Tuna cnocobeH BOCNPOU3BOAWUTE KaK OTHOCHUTEMb-
Hyto, Tak u abcontoTHyto Bubpaumio. Ha pucyHke F.5 nokaszaH Bo3byguTens 0THOCUTENBHOM BUOpaLuu.

// : !

-
N N\, N\

6 5 4 3

1 — cepBoknanaH; 2 — AaTtyuk cunbl; 3 — noplUeHs; 4 — Kopnyc; 5 — AoNoNHUTENbLHas Macca; 6 — onopHas nnuTa

PucyHok F.4 — 3nektporngpaenuyeckui Bo3byautens abconTHon Bubpauwu (cm. [14], pucyHok 6.26)
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1 — TEH30MEeTPUHECKIIA AaT4KK, 2 — cepBOKNnanaH; 3 — noTok Macna; Payn — AMHAMUYECKOE NaBNEHWE; Dy, — CTATUYECKOE AABNEHNE

Pdyn Pstat

PucyHok F.5 — 3nekTporvgpaenuyeckuid Bo3byauTens oTHoCUTENbLHOW BUbpauuu (cMm. [14], pucyHok 6.25)

F.1.3.4 Tbe3oanekTpuyeckuii Bo3byauTenb

[Mbe303neKTpUYeckuM CBOMCTBOM 0bnagaeT pag kepaMUYecknx maTtepyarnoB W KpucTannoe keapua. OHo 3aknoya-
eTCcsi B CNOCOBDHOCTM NpU BO3ASNCTBUM Ha KpUCTarnn (Mbe3031EMEHT) MEXaHWYECKOW Harpy3ku co3fgaBaTh Ha ero NoBepx-
HOCTW 3MEKTPUYECKUIA 3apsa, NPONOpLMOHANBHBIN MEXaHWUYECKOMY HanpsikeHWto, Bbi3BAHHOMY Harpyakoi. [Nbe3oanek-
Tpuyeckuin achdpekT obpatum, T. . B cny4yae NnosiBNeHUst Ha NOBEPXHOCTY 3NEKTPUYECKOTO 3apsaa B KpUCTanNne BO3HUKaKT
mMexaHudeckure HanpsekeHns. OBpaTHLIN Nbe30aneKTpudecknii adeKT No3BONAET CO34aRaTe NEPEMEHHYIO CUMNY nocne
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rnogadv Ha KpWucTanmn NepeMeHHOro aNeKTPUYecKoro HanpsiKeHUs, Ha YeM OCHOBaHa paboTa Nbe303MeKTPUYECcKoro Bo3-
Oyoutens (cm. pucyHok F.6). B cBok ouepedb, NpAMOIA Nbe3oanekTpuyiecknii achdekT ncnonbayeTca B npeobpazosarensax
Bubpaumm (cm. F.2.6).

KpucTtann moxeT 6biTb AedOpMMPOBaH Kak B MPOAONEHOM, TaK U B MONepeYHoM HanpaeneHusix, NPy 3TOM NpoLonb-
HbIM CHMTAOT HanpaeneHve nonapuaauunm.

Y106bl yennnTe ahdeKkT B NPOAOIBbHOM HanpaBleHUM, HECKOMNbKO Nbe303aneMeHToB cobupatoT B MHOTOCMONHYIO
cTonky [cm. pucyHok F.6 a)]. B atom cny4vae obwan aedopmMaLms UCMONHUTENLHOMO yCTponcTBa Bo3byamtensa AL 6yget
paeHa cymme gedopMaumin OTAEMNbHBIX Nbe303NeMEHTOB.

M3BecTHbI Nbe3oanekTpuyeckue Bo3byauTenn kak Boicokoro (nopsigka 1000 B), Tak u Hu3koro (He Gonee 100 B)
HanpsixxeHuA. B nocnegHem crnyyae TonwMHa WCNOMHWTENBHOTO YCTPOMCTBa BO3OYOMTENst MeHblle, HO TpebyeMblii TOK
B030y:KaeHus GonbLue.
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MNepemewenmne: 5 — 300 mkm. MepemetyeHune: 20—45 MKm. MepemeweHne: 50—200 mkm.
XHectkoctb: 1 — 2100 H/MKM. ectkocTb: 8—15 H/MKM. Wectrkoctb: 0,15—0,30 H/MKM.
Harpyska: —30000 — +3500 H. Harpyaka: -450 — +100 H. Harpyaka: =50 — +20 H.
Yactora: go 20 kl'y Yactora: go 2,5 kl'y
1 — Nbe30anekTpuK; 2 — cranb
a) CTonka nbe3oanemMeHToB b) lTaMUHUpOBaHHLIN c) Komno3uTHoe ucnonHuTensHoe

Nbe303NnemMeHT yCTpOﬁCTBO

PucyHok F.6 — lNbe3oanekTpuyeckme UCNONHUTENbHLIE YCTPOMCTBA (CM. [14], pucyHoK 2.27)

Mbe303nekTpruYecknii Bo3byauTenb, MCNoMb3yeMblii COBMECTHO C COOTBETCTBYIOLMM YCUITUTENEM MOLLHOCTK, CMO-
cobeH cosgaeath BO3byxaeHWe B amanazoHe Ao 20 kMU, ogHaKo MakcMManbHO AOCTWXUMOE C ero MOMOLLBH nepeme-
LeHWe MHOro MeHblle Nony4aemoro ¢ npumeHeHuem apyrux yctpolcTte (cm. F.1.3.1—F.1.3.3). Nbe3oanemeHT MOXeT
pabotaTbk Takke Ha narnb. CyllecTByeT psad KOHCTPYKUMIA, MCMOMNb3YHOLWNMX 3TO CBOWCTBO. Ha pucyHke F.6 c) naobpaxeH
Nbe303NeKTPUYECKUA BO3BYOUTENL B BUAE 3aLLEMIEHHON KOMMNO3UTHOM NNAacTUHbI, COCTOALLEH U3 KOMGUHALMK CTaNbHOMO
W KEPaMUYECKOTO 3N1IEMEHTOB.

F.1.3.5 MexaHn4ecknin Bo3byoutens

MexaHuyeckuin Bo3byauTene cnocobeH reHepMpoBaTh TONMbKO rapmoHuyeckoe Bo3byxaeHue abcontoTHoh Bnbpa-
L. MpuHUMN OeicTBMA TAaKoro YCTPOMCTBA 3aKNiouaeTcsd B pa3HoHanpaBneHHoOM BpalleHU HeypaBHOBELUEHHbIX Macc,
B pe3ynbrare KOTOporo LeHTpoBexHbIe CUMbI B OAHOM HamnpasneHu KOMNeHCUpYIoT Apyr Apyra, a B ApYroM — cknafbiBa-
1oTcA, Yto obecneuynBaert co3gaHue oAHOHanpaBneHHoro Bo3byxaeHua. Yactota Bo3byxaeHUs paBHa 4acToTe BpalleHus
Macc. Hegoctatkom Bo3OyauTens 4aHHOro TUMa ABNSETCS 3aBUCMMOCTb BbIHYXKAAKLEN CUrlbl OT YacToThl (CKNa Nponop-
LMOHanbHa KBagpaTty 4acToThl BpalleHus).

F.2 MNpeoBpazoBatenu eMbpauum

F.2.1 ObLwimne nonoxeHus

[MpeobpasoBatenu BubpaLmn Takxke pasgensaTes Ha npeobpasosaTeny abcomnuTHOW U OTHOCUTENBHON BUBpaLuu.

[BmKeHne 4yBCTBUTENMbLHBIX aNeMeHToB npeobpasoBaTener abconoTHOW BUBpaLun ocyLlecTBNsAeTca B UX cob-
CTBEHHOIW CUCTEME OTCYETA, B TO BPEMS KakK y Nnpeobpa3oBaTteneil OTHOCUTENLHOM BUBpaLuyM OHO NPUBA3AHO K NOKansHOM
CMUCTEME KOOPOWHAT, HanpuMep K YCTPOWCTBY OMKCaLMH.

TeopeTuyecku NS U3MEPEHMIA NEPEMELLEHNS, CKOPOCTU M YCKOPEHWA BUOPUPYHOLLEA MEXAHUYECKOW CUCTEMBI
MOXHO WCMONb30BaTL aHANOMNMYHOE MACCONpPY:KMHHOE YCTPOWCTBO C U3MEPEHVEM NEPEMELLEHNSA Bbille cOBCTBEHHON Ya-
CTOThI 3TOTO YCTPOWMCTBA, @ YCKOPEHUSA — HWKE 3TOM YacToThl. Ha npakTuke, ogHako, OaHHbIA NPUHLWM HE BCErAa MOXKET
BbITb peanuaosaH. Tak, ANs N3MEepPEHUI B LUMPOKOM AManasoHe YacToT npeobpasoeaTens nepeMeLLeHns 4omkeH 6bin 6bl
VMETb HMU3KYK COBCTBEHHYIO YaCcTOTY, OTHOCUTENBHO BBLICOKYH MACCy M Manyto xecTtkocTb. Ho npu atom Goneblwas macca
Takoro ycTpOWCTBA OKasbiBana Obl 3HAaYMTENbBHOE BNUSHUE Ha BMOPUPYIOLLYO KOHCTpYKUMio. C Opyrol CTOpPOHBI, akce-
nepoMeTpbl, YTOObI UMETHL BBICOKYID CODCTBEHHYI YacToTy, AOMKHEI 0BnaaaTe Manoi Maccol U BbICOKOW KECTKOCTLIO.
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rOCT P 71371—2024

Obwas macca Takoro npeobpasoeatens byaeT mana, v oH He BydeT CyLlecTBeHHO BNNSATL Ha BUOpaLIMIO KOHCTPYKLMA, Ha
KOTOPOW YCTaHOBIEH.

B nobom cnyyae cnegyet UMeTb B BUAY, YTO BCErga CyLLEeCTBYET BO3MOXHOCTL Npeobpasoeatk 3MepseMyto Benn-
YMHY (NepemMelleHne, CKOPOCTL UMK YCKopeHue BUBpauunn) B ApYryt BEMUYNHY, ONUCLIBaLLYIO BUGpaLuio, NocpecTeoM
onepauuii MHTerpupoBaHusa unu auddepeHyrpoBaHng (cM. npunoxeHue B).

F.2.2 BnexkTpogMHamMmuyeckui npeobpazoBaTternb

B npeobpazoeartene anekTpoagMHaMUYECKOro TUna (BenocMMeTpe) OTHOCUTENBHOE ABMKEHWE NMPOBOASALLEN KaTyLuU-
KW (HYBCTBUTEMNBHOIO 3M1eMeHTa) B MarHUTHOM Mosie NPYBOAMT K MOSIBIEHMIO Ha KOHLAX KaTyLUKK HanpsbkeHus U, nponop-
LMOHaneHOro NMOTHOCTW MarHUTHOTO MOTOKA B KaTyLUKe B, Yucny BUTKOB B KaTyLUKe W, ANNHE KaX4oro BUTKa [ U CKOpoCTH
OBVXEHUS KaTYLLIKW v, YTO MOXET BblTb BbipaXeHo hopmMynoi

U= w/Bv = kv.

Ecnu Bce ocTanbHble BeNUYMHbI, BXogsaLWwme B hopMyny, NOCTOAHHDI, TO KaTyLLKa, BOCNPUHUMatoLLas oT BUGpupyto-
LLE MOBEPXHOCTY ABMMKEHUE CO CKOPOCThIO v, ByaeT reHepupoBaTh HanpsikeHue U, nponopunMoHanbHoe 3TOoW CKOPOCTM.

BonblumHcTBO NpeobpasoeaTeneid JaHHOMO TWMNa COOEPKUT 3aKMOUYEHHYHO B MeTannnyeckuii Kopnyc MarHWTHYH
CUCTEMY, B MOMNE KOTOPOW OBWNETCA 3akpenneHHas ¢ MNOMOLLb ABYyX AvacparMeHHbIX MPYXKWUH KaTylika C CepaeqHn-
koM (cm. pucyHok F.7). CepaeyHuK coeguHeH C LLYNoM, HaxoosawuMca B HEMOCPEOCTBEHHOM KOHTaKTe ¢ BuBpupyoLLen
NoBEepPXHOCTLLO. MpeobpasoBaTent yOep:KUBaeTca PYKOW UMW 3aKpennseTcs Ha HEeKOTOPOM YCTPOWCTBE, OTHOCUTENLHO
KOTOPOro MPOUCXOAWNT UamepeHme Bubpauun. Cnegyet obpaTuTb BHUMAHWE Ha TO, YTO TOYHOCTb U3MepPEeHUA MOXET BbiTb
CHUXEHa M3-3a BO3MOXHOTO BIMSIHUS pe3oHaHca B 0BnacTu KoHTaKTa.
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1 — Bubpupytowas NoBepxXHOCTL; 2 — Wyn; 3 — guadparMeHHble NPyXMHbI; O
4 — nanpasnswWwui 6onT; 5 — KaTylka; 6 — NOMNCHLIA HAKOHEYHWK; 7 — NOCTOSHHLINA 1 9
MarHuT; 8 — Kopnyc; 9 — coefMHEeHKe C LLYNOoM; vV — CKOPOCTb BMBpaLunm NOBEPXHOCTN
PwucyHok F.7 — 3nekTpognHamuyecknin npeobpa3soBaTtentk CKOPOCTU BUOpaumu v Al t
) -

(cm. [14], pycyHok 2.28)

Ecnu anektpoouHamuyecknin npeobpasoBaTenb MCNONb3YOT AN U3MepeHnin abconoTHoW BUBpauun, TO NPUHUMN
€ro KOHCTPYKLW NPOTUBOMOSOXEH ONMCaHHOMY Bbille. B 3Tom cny4yae KaTyLlKka }KeCTKO COeAMHEHA C KOPMYCOM, KOTOPBIN,
B CBOI O4Yepeb, XKECTKO CBA3aH C BUOPUPYHLLE NOBEPXHOCTLIO, 8 CEPAEYHUE, ABMAKLMIACA NOCTOAHHBIM MarHTOM, Ha
yacToTax Bbiwe cobcTBEHHOW NposiBnsaeT cebsa kak HepuuroHHasa macca. CkopocTe BUGpaunn NoBEpPXHOCTU M3MEpSAETCH
OTHOCMUTENBHO 3TOW HEMOABWKHOW MHEPLMOHHOW Macchl.

F.2.3 UHpyKkTUBHBLIV Npeobpa3oBaTtens

MpeobpazoBarenb CoOAepKUT NUTAEMYIO OT CETU NEPEMEHHOI0 TOKa KaTYLUKY C (PepPPOMArHUTHLIM CTanbHbIM Cep-
OEYHWMKOM, MHOYKTMBHOCTE L KOTOPOro 3aBMCKUT OT YKMCMa BUTKOB B KaTyLUKke W, MarHUTHOW NPOHMLAEeMOCTN CepaeyHuKa [
W NroLLlagmn nonepeyHoro cedeHune katywkm A. B npeobpazoBatene npocTeilein KOHCTPYKLUMM KaTyLlka HaMoTaHa BOKPYT
ceppedHuka U-obpasHon chopmel. [1poTekarowmin No KaTyllke TOK CO34aET MarHUTHOE MNore B CEpOeYHUKE, NIMHUW KOTO-
pOro 3aMbIKaKTCH Yepes3 BO3OYLUHbIA 3330p WU AKOPb, PACMONOXEHHbLIA HA paccTosaHMK [ OT cepaeyHuka. Beibop cooTeeT-
CTBYIOLLEN KOHCTPYKLMW NO3BONSET YyNpaensATe napametpamu w, 11, A u [. MpuHumn pabotsl npeo6Gpa3oBaTenst OCHOBAH Ha
3aBUCHMOCTW UHAYKTMBHOCTK L OT M3MeHeHWA Al BO3OyLLHOMO 3a30pa MeXay CEpAEYHMKOM 1 AKOPEM.

ObLlee MarHMTHoe CONpoOTUBNEHWE MarHUTHOW Lienn R, ; NpeAcTaBnaeT cobor CyMMY MarHUTHbIX CONMPOTUBNEHUNA
cepaeyHuKka R ., ABYX BO3OYLUHbIX 3a30poB (0bLen AnuHoi 2/) R v akopa R

cor
Rigi = Regre T R

gap armat’

core armat © Rgap'

MockonsKky MarHUTHOE COMpPOTUBNEHWE DeppoOMarHUTHLIX YacTeld MarHMTonpoBoaa (CepaeqYHuka 1 sKops) npeHe-
BpexMMO Marno no cpaBHEHWID C CONPOTUBIEHWEM BO3OYLLUHOTO 3a3opa, crnpaesennvea dopMmyna

Ryt = 2l/nA vinn L = kuAll.
MepemelleHne akopsa Ha paccTosaHue Al NPUBOAWT K UBMEHEHUIO MHOYKTUBHOCTU AL, AL = CIAL
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[MocnegHee COOTHOLIEHWE YKa3blBaeT Ha 0BpaTHO MPONOPLMOHANEHYI0 3aBUCMMOCTE MEXAY M3MEHEeHWeM WUHOYK-
TUBHOCTU 1 NepemMelleHrem skops. B cBA3M ¢ aTMM MHAYKTUBHLIVM NpeobpasoBaTtent MMeEeT NOCTOAHHBIA KoahduumneHT
npeo6pa3oBaHna TONMbKO B 06NacTM 04eHb Manblx nepemMeLlleHnii. JuanasoH U3MepeHuid No NepemMeLLeHnio MOXKHO pac-
LUMPWUTE, ECMW UCMONB30BaTh ABE OAMHAKOBBIX KaTYLUKW HA MPOTUBOMONOXHBIX CTOPOHAX MocTa YMHCTOHA, Kak NoKazaHo
Ha pucyHke F.8. Torga nepemelleHne sKops B BO3AYLUHOM 3a3ope GyaeT yBenvyuBaTbh OAHY MHAYKTMBHOCTL B LEnW npu
O4HOBPEMEHHOM yMeHblueHun Apyroi. Llens Bkntovaet B cebs noMUMo ABYX MHOYKTUMBHOCTEN TakKe 3TanoHHble CoMmpo-
TUBMEHUA R, 1 @MKOCTb ¢ NS HACTPOWKN aMNIMTYOHO-4acTOTHOW 1 (ha304acTOTHOWM xapakTepucTuk npeobpasosaTens.
MepemeleHus akopa BAMAOT Ha GanaHc mocTa. Mamepsemoe HanpsbkeHwe U Byger nponopuvoHanbHO NepemMeLLeHnio
akopa Al ¢ y4eToOM HanpaBneHna (3Haka) aToro nepemeLLeHus.

B ananasore namepenuii B npegenax o 0,4—0,7 MM HenvHenHocTh koadhduumeHTa npeobpasoBaHuns npeobpaso-
BaTens AaHHOro Tuna coctaeuT npubnuantensHo 1 %.
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1 — cepaevHuK; 2 — AKOpb; 3 — NWHWA MarHUTHOrO Nons (Yepes cepAeuHMK, SKOpb U

[Ba BO3OYLIHbIX 3a30pa); 4 — kaTywka, 5 — Bo3gylHbIA 3a3op; Al — nepemellenus

akops, U — HanpsxeHue nutanus; Uy, — namepsemoe HanpaxeHue; R,, — aTanoHHoe
COMNpOTMBIEHWE MOCTa; C — EMKOCTb MOCTa

PucyHok F.8 — VMHaykTMBHbIA NnpeobpasoBaTent ¢ MOCTOM YUHCTOHA
(cm. [14], pucyHok 2.6)

F.2.4 MnyHxepHbIi NnpeobpazoBaTens

MnyHxepHbIA npeobpa3oeaTenk OTNNYAETCH OT NHAYKTUBHOMO MEXAHW3MOM U3MEHEHWUA MHOYKTUBHOCTW. B naHHom
YCTPOWCTBE MHOYKTUBHOCTE M3MEHSETCH 3@ CHET ABMXKEHWUS NnyHKepa (dheppomMarHuTHOro cepaeyHuKa) BHYTpH OBYX Ka-
TYLLIEK C NPOTUBOMONMOXHLIMW HAMOTKaMK BOKPYT MeTannuyeckon Tpyodbl (cM. pucyHok F.9). Mo kaTylikam npoTekaeT anek-
TpUYeCKUid TOK. JnekTpuyeckas Lenb npeobpasoatens BKMOYaeT B cebA ABe WMHOYKTMBHOCTU, COeOMHEHHble MOCTOM
YWHCTOHa C ABYMS COMPOTUBAEHUAMM M EMKOCTBIO, KOTOPbIE MOXHO M3MEHATL ANA NoMNyYeHns TpebyeMblX xapakTepucTuK
npeo6pasoBatens. NonoxeHne nnyrxepa B LeHTpe TpyBbl COOTBETCTBYET HymMO nepemelleHus. Qnana3oH nUHeRHoCTH
Takoro npeobpaszoeartens mHoro Gonblle, Yem y paccMmoTpeHHoro B F.2.2, u coctaengaet ot 0,5 go 200 mm ¢ HenunHel-
HOCTbO 06bI4HO He Bonee 0,2 % — 0,4 %.

KoHCTpyKuMsa nnyHxepHoro npeobpa3oBaTens HECKONbKO MOXOXa Ha npeobpasoBaTene Ha OCHOBE fWHER-
HO perynupyemMoro audpdpepeHumnansHoro TpaHcdopmatopa (LVDT-npeobpasoBaTtens), HO WX He cnegyer nyTtathb.
LVDT-npeobpa3soatenb COAEPXKUT NEPBUYHYI0 U BTOPUYHYIO KaTyLUKY. [0 NepBMYHON KaTyLUKe NPOTeKaeT NnepemMeHHbIn
TOK, @ BTOpWYHAas pasfeneHa Ha ABE NocrnefoBaTeNnbHO COEAUHEHHBIE YACTW C NMPOTUBOMONOKHLIMW HanpasneHWaMuU Ha-
MOTKM KaK B NnyHxepHoM npeobpaszosatene. KoadduumeHT TpaHcdopmauuy, a Takke CyMMapHoe HanpskeHue Bo BTO-
PUYHOM LENW 3aBUCAT OT NONOXKEHUS NMyHXKepa (cepaevHuKa).
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1 — KaTyluka; 2 — nnyHxep; Al — nepemellenna akopsa; U — Hanpsaxexne nutanus; Uy, — namepaemoe HanpsxeHue;
Ry, — aranoHHoe conpotueneHne mocta; C — eMKoCTe MocTa

PucyHok F.9 — lNnyHxepHblid npeobpasoBaTens (cM. [14], pucyHok 2.7)

F.2.5 EmKocTHOM npeobGpasoBaTtenb

EmkocTHOM npeobpasoBatens COCTOWUT W3 ABYX NapannenbHbiX NPOBOOALMX NNAacTUH Nrowaabio A Kaxaas, oT-
CTOSLMX OpYr OT Apyra Ha paccTosHue d W pazfaeneHHbIX CroeM OU3ANeKTPUYecKkoro MaTepuana ¢ QUanekTpU4eckon npo-
HUL@EMOCTLIO £. SNEKTPUYECKYH EMKOCTb NacTUH onpeaensioT no dopmyne

C = gqeA/d,

rae g — AVANEKTpUYecKkas NPoHULAeMOCTb BaKyyma (gq = 10-1/21 dlem).

MoxHo nokasartb, 4TO M3MEHEHWE PAacCTOAHNA Mexxay NnacTuHamu Ha Ad npuBOANT K U3MEHEHWI0 EMKOCTH, ONWUCHI-

BaemMoe hopmMynon
—C(d) =1+Ad/d.
C ( d+Ad )

Beuay Toro, 4To AaHHOE COOTHOLEHWEe HEMWHeHO, 3NeKTPoHHas Uenb Npeobpa3soBartens 4OMKHa BbINOMHUTE one-
pauuio NMHeapusaummn U ycuneHus curHana.

Kopnyc npecbpasoBaTens CKOHCTPYMPOBaH Tak, YTODbI 9KpaHWPOBaTh BHELLHWE W BHYTPEHHWE noMexu. Ons ycTpa-
HEeHWA BNUAHWSA M3MEHEHWS eMKOCT Mexdy NpoBoAHWKaMK1 npeobpazoBartenk UMEET BCTPOEHHbIN npegycunuTens. lNpe-
obpasoBaTtens TpebyeT NUTaHWMA OT UCTOYHUKE NEPEMEHHOTO TOKa.

EmkocTHOW npeoBpazoBatent 06bIMHO UCMONbL3YIOT ANA 6ecKoHTaKTHOro MaMepeHus Bubpauun. Ecnv namepsioT
BMOpauMo MeTannM4ecKoin NOBEPXHOCTH, TO AaHHAas MOBEPXHOCTE MOXKET BbICTYNaTk B KAYECTBE BTOPOW NNacTWHbI eMKO-
cTu. B 3aBUCMMOCTY OT KOHCTPYKLWKM AManas3oH n3MepeHuin eMKocTHoro npeobpasosatens coctasnsiet ot 0,05 go 10 mm ¢
paspewwexuem oT 0,002 go 0,4 mkm. OTKNOHEHUA OT MMHENHOCTK B AWanasoHe uamepeHui npubnuantensHo 0,2 %. Oua-
nasoH YacTtoT namepeHurn — ot 0 go 6 kl'u.

F.2.6 MNpeobpazoBaTenu ycKopeHus

AkcenepomeTpbl U3MepPsAT CUMYy peakunn F B OTHOLLEHWWM Macchl m, ABUXKYLLENCHA C YCKOPEHWEM &, COrMacHo 3a-
KoHy HeloToHa

F=mawnna=Fm.

Cwuna moxeT ObITb M3MepeHa OOHUM K3 ABYX CNocoboB:

a) mMaccy aKkcenepoMmeTpa 3akpennsawT Ha NEerkon MeTannvMyeckor onope, Hanpumep, HebonblWOM UMNUHApe, ¢
BLICOKOI YYBCTBUTENBHOCTLIO K AedopMaunam, KOTOpbIe M3MEPSAIOT TEH30METPUYECKUM AaTHUKOM;

b) maccy akcenepomeTpa 3akpennsalT Ha Nbe303NeKTPUYECKOM KpucTanne, paboTalLem Ha cxaTne/pacTsKeHue,
narmb nnu coBwr.
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OneKkTpuyecknin 3apsaa, obpasyoLwniicsa Ha NOBEPXHOCTH KpucTanna, 0bbIYHO YyCUTMBAKT NOCPECTBOM BCTPOEHHO-
ro NpegycunuTens Ans YMeHbLUIEeHUs BIMAHWUA NOMEX, HarpuMep 0T CoeguHMTenbHOro kabens.

AKcenepomeTphbl OTHOCATCA K Npeobpaszoeatenam MHepLUoHHero Tuna. B obnacTtu yactoT HuKe pesoHaHca nepe-
MeLllleHUe Macckl OTHOCUTENBHO Kopryca AaTyKKa NponopLMoHansHO YCKOPEHUo UNK cune F, Bo3AeNCTBYOLLEN Ha Kpu-
crann.

[na makcymanbHOro pacluvMpeHns 4Ope30oHaHCHOW 06nacTy akCcenepoMeTp OO0MKEH MMETb Manyk Maccy W BbiCO-
KYH KECTKOCTb, 4TO cnocobeH obecnevnTb nbesokpucTann. JuanasoH 4acToT U3aMepeHnin MoxeT cocTaensaTb o 100 klu,
a uamepsemble YCKOpeHus nekat B AuanasoHe ot 1073 go 10° g (g — yckopeHWe cBoBoaHOro NageHus, pasHoe npubnu-
auTensHo 9,81 m/c?).

AKcenepomMeTpbl 4acTo YCTAHaBRMMBAKT HAa BUOpUPYIOLLEN MOBEPXHOCTU C MOMOLLLH Pe3bBoBOro CoOeauHEHUS.
MpenmyLLecTBOM Takoro npeobpasoBaTtens ABMAAETCA TO, YTO ero Macca 00bI4HO MpeHebpexMo Marna no CPaBHEHUIO C
ahpeKTUBHOM Maccoi BUBPUPYHOLLEN KOHCTPYKL MK (CM. pucyHok F.10).

4 \. :
o \\\
1 i N ':k
1 — pesbboBas wWnuneka; 2 — TeH30MeTp; 1 — kopnyc; 2 — macca;
3 — kopnyc W3 nerkoro meTanna; 4 — macca 3 — nbesoanemeHT
a) AKkcenepoMeTp C TEH304aTYMKOM b) AkcenepoMeTp C Nbe303MNEMEHTOM,

paboTaloLwmMM Ha CABur

i

4
N
e S

/I

VAR N D
N NS
\ N5
N A
1 — BTYNKa ANSA CO34aHWS NpeaBapUTErbHOM HarpyXeHus; 1 — kopnyc; 2 — macca,;
2 — macca; 3 — kopnyc; 4 — Nbe303nemMeHT 3 — nbesoanemeHT
c) AkcenepoMmeTp C Mbe303MNeEMEHTOM, d) AkcenepoMeTp C NbE303N1EMEHTOM,
paboTaloWwmrm Ha pacTsaKeHue/CxaTne paboTatolmMm Ha Uarub

PucyHok F.10 — AkcenepomeTpsl (cM. [14], pucyHok 2.29)
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MpunoxeHne OA
(cnpaBo4Hoe)

CBefeHUs 0 COOTBETCTBUM CChINMOYHLIX MeXayHapoAaHbIX CTaHOApPTOB

Tabnuua OA.1

HauyUOHAanNnbHbBIM U MeXrocyaapcTtBeeHHbIM CTaHOapTam

Obo3Ha4YeHNe CCbINOYHOro CreneHb ObosHaveHWe 1 HaMMEHOBaHNE COOTBETCTRYIOLLETO HaLNMOHANLHOro,

MeXayHapoaHoro ctaHgapTta COOTBETCTBUA MEXrocyaapcTBeHHOro crasgapra

ISO 230-1 IDT [OCT ISO 230-1—2018 «Hopmbl W npaBuna WCMbITAHWA CTaHKOB.
Yacts 1. [eomeTpuyeckas TOMHOCTL CTAHKOB, paboTaloLmx Ha XonocToM
XOOy VI B KBA3UCTaTUYECKMX YCIOBUSIX»

ISO 230-5 IDT OCT NCO 230-5—2002 «WMcneitaHua ctadkoB. YacTte 5. Onpenenenune
LIYMOBBIX XapaKTepUCTUK»

ISO 1925:2001 — *

ISO 1940-1:2003 IDT [OCT NCO 1940-1—2007 «Bubpauwms. TpebGoeaHnA Kk kadecTBy BanaH-
CUpOBKW ecTkux poTtopoB. Yacte 1. OnpeneneHue gonycTuMoro guc-
BanaHca»

ISO 2041:2009 IDT [OCT P NCO 2041—2012 «Bubpauwmna, yaap v KOHTPONb TEXHUYECKOTO
COCTOAHWA. TepMWHbI M onpeaeneHnsa»

ISO 2631-1 MOD [OCT 31191.1—2004 (MCO 2631-1:1997) «Bubpauna n yoap. Namepe-
Hue obLlen Bubpauun 1 oLeHKa ee BO3AeNCTBUA Ha Yenoeeka. YacTb 1.
O6wme TpeboBaHUsa»

ISO 2954 IDT [OCT 1SO 2954—2014 «Bubpauus. KoHTponb cOCTOAHUA MaLUWH No pe-
3yneTataM M3MepeHnin Budpauumn Ha HeBpalarLwmxcsa yactax. Tpebopa-
HWSA K CpEacTBam U3MEpPEHUN»

ISO 5348:1998 IDT OCT NCO 5348—2002 «Bubpauus n ygap. MexaHnyeckoe kpenneHue

aKCEenepoMeTpoB»

SO 6103

*

ISO 15641

*‘1)

BETCTBUA CTAaHOAPTOB!:

- IDT — naeHTUYHbIE CTaHOapTh;
- MOD — moguthvumpoBaHHbIA cTaHaapT.

* COOTBETCTBYIOLLMIA MEKIOCYAAPCTBEHHLINM CTaHO4ApT OTCYTCTBYET. [1o ero NpuHATUA PeKOMEeHOyeTcs UCMonb3o-
BaTb NepPEeBoj Ha PYCCKUIA A3bIK JaHHOro MeXayHapoaHoro ctaHdapTa.

M punmMedHyaHmne — B HaCTDﬂLLI,BﬁI TEGJ'II/ILIE ncnone3oBaHbl cnegytouwmne ycrnoBHble oBo3Ha4eHnsa cTeNEHN COOT-

* Oencteyetr MOCT P 58582—2019 «®peabl ANA BbICOKOCKOPOCTHOW 00paboTkn. TpeboBaHus Ge3onacHOCTU», He-

3KBUBAMEHTHLIA MEXAYHAapOLAHOMY CTaHAapTYy.

83

GostExpert.ru

https://GostExpert.ru/gost/gost-71371-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

FOCT P 71371—2024

Bubnuorpadun

[1] 1SO 10814:1996 Mechanical vibration — Susceptibility and sensitivity of machines to unbalance (Bubpauws.
MoaBepeHHOGCTb U YyBCTBATENLHOCTL MalLWH K AucBanancy)!)

[2] 1SO 10816-1:1995 Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating
parts — Part 1: General guidelines (Bubpauua. OueHka Bubpaumy MmalivH no U3aMepeHUsam Ha
HeBpalLlatoLmxcs YacTax. Yacte 1. ObLiee pykoeoacTeo)?)

[3] 1SS0 10816-3:2009 Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating
parts — Part 3: Industrial machines with nominal power above 15 kW and nominal speeds
between 120 r/min and 15 000 r/min when measured in situ (Bubpauus. OueHka eubpaumu ma-
LUMH NO M3MEPEHNAM Ha HeBpalLaLwmxcsa Jactax. YacTe 3. [MpomblwneHHble MalumHbl HOMK-
HankHoI MOLLHOCTLI0 Bonee 15 KBT 1 HoOMUHAaNLHOI ckopacTeio oT 120 ao 15000 mun~1)3)

[4] 180 13373-2:2005 Condition monitoring and diagnostics of machines — Vibration condition monitoring — Part 2:
Processing, analysis and presentation of vibration data (KonTpone coctoaHmns n guarHocTuka
MaLUMH. BubpaunoHHbIN KOHTPOrb cocTosiHuA. YacTb 2. ObpaboTka, aHanus 1 npeacraeneHue
pesynsTaToB MamepeHuii Bubpaumm)?)

[5] Weck, M., 2001, Werkzeugmaschinen Fertigungssysteme 5, Messtechnische Untersuchung und Beurteilung, Sprin-

ger, Berlin, Heidelberg, New York

[6] Holzweilig, F., Dresig, H., 1994, Lehrbuch der Maschinenendynamik, Fachbuchverlag, Leipzig, Kéln

[71 Ewins, D.J., 1986, Modal Testing: Theory and Practice, Research Studies Ltd., Letchworth, England

[8] Natke, H.G., 1992, Einfluhrung in die Theorie und Praxis der Zeitreihen- und Modalanalyse, Wiesbaden, Vieweg

Verlag
[9] Den Hartog, J.P., 1985, Mechanical Vibrations, Dover Publications, Mineola, NY (Original edition: 1934, McGraw-Hill
Book Company, New York)

[10] Tobias, S.A., 1965, Machine-Tool Vibration, Blackie & Son Ltd., Glasgow. (Originally published in German as «Schwi-

ngungen an Werkzeugmaschinen» by Carl Hanser Verlag, Munich, 1961.) Currently out of print

[11] Peters, J., 1965, Damping in Machine Tool Construction, 6th MTDR Conference, 1965, pp 23—26

[12] Tlusty, J. and Polacek, M., 1963, The Stability of Machine Tools against Self-excited Vibration in Machining, Proceed-

ings of the International Research in Production Engineering, Pittsburgh

[13] Tlusty, J., Manufacturing Processes and Equipment, Prentice Hall, 1st edition

[14] Weck, M. and Brecher, C., 2006, Werkzeugmaschinen, Messtechnische Untersuchung und Beurteilung, dynamische

Stabilitat, 7. Springer Verlag, Berlin Heidelberg
[15] Bentley, J.P., 1983, Principles of measurement systems, Longmans, London, New York

1) MexayHapogHslil cTaHgapT 3ameHeH Ha 1ISO 21940-31:2013. PekomeHayeTcs NpUMEHSATL rapMOHU3UPOBaHHbIA
craHgapt FOCT ISO 21940-31—2016 «Bubpaunsa. banaHcupoBka poTopoB. [NoaBepXeHHOCTb U YYBCTBUTENBHOCTL Ma-
LUMH K gucBanaHcy».

2) Cepua mexayHapoaHblx cTaHaapTo 1SO 10816 3ameHeHa Ha 1SO 20816. PekoMmeHayeTca NpUMeHSATb rapmMo-
Hu3upoBaHHein ctaHgapt NOCT P NCO 20816-1—2021 «Bubpauus. Wamepenuns Bubpauun u oueHka BubpaumoHHOro
COCTOSHKMA MalKnH. Yactb 1. Obulee pyKoBOACTBOY.

3) Cepusa mexayHapogHeix cTaHaapTtor I1SO 10816 sameHeHa Ha I1SO 20816. PekomeHayeTcs NPpUMEHATL rapmMo-
HM3MpoBaHHbli ctaHaapT MOCT P NCO 20816-3—2023 «Bubpaums. MamepeHua subpaumm n oueHka BUBpauMoHHOMo
cocToaHnA MawuH. YacTes 3. [NpombiwneHHoe obopyaoBaHue MoLWHOCTEIO cBblwe 15 kBT u yacToTol BpaweHusa ot 120
[0 30 000 MuH""».

4) PekomeHOyeTcA NPUMEHSATL rapMOHW3MPOBaHHbIN cTaHmapT TOCT P MCO 13373-2—2009 «KoHTponb cocTos-
HWA W OMarHocTUKa MallnH. BubpaunoHHbIA KOHTPOME COCTOSAHMA MalKH. YacTe 2. ObpaboTka, aHanua 1 NpeacTaeneHue
pe3ynsTaToR M3MEPEHUIA BUBpaLmny.

84

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 88 /90
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-71371-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

rOCT P 71371—2024

YOK 67.05:621.914:534.1:006.354 OKC 25.080.01

KntoyeBbie cnoBa: CTaHKu, ElflﬁpaLl,l/IFl, NCNbITAHUA

85

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 89/90
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-71371-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

Pepnaktop Jf1.C. 3umunosa
TexHuyeckui pegaktop B.H. lNpycakosa
Koppektop M.A. Koponesa
KomneioTepHas Bepctka f1.A. Kpyzosol

CpaHo B Habop 27.12.2024. [MoanucaHo B nedatb 30.01.2025. ®opmar 60%84%. [apHutypa Apuan.
Yen. nev. n. 10,23, Y4.-uzg. n. 9,26.

MoaroToBneHo Ha OCHOBE ANEKTPOHHOW BEPCUM, NPEaoCcTaBNeHHoN paspaboTyMkoM cTaHaapTa

CosgaHo B eAVHUYHOM ncnonHednn B PIBY «MHCTUTYT cTaHaapTuaauumn»
ans komnnektoBaHust PegepanbHoro MHGopMaLMoHHoro hoHAa cTaHaapTos,
117418 Mockea, Haxumogscknia np-1, 4. 31, K. 2.
www.gostinfo.ru info@gostinfo.ru

Pa3zpaboTka anekTpoHHON Bepcun - nopTan GostExpert.ru 90/90
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-71371-2024



http://www.tcpdf.org
https://gostexpert.ru?utm_source=pdf&utm_medium=69853
https://gostexpert.ru/gost/gost-71371-2024?utm_source=pdf&utm_medium=69853&utm_term=page

