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MpeaucnoBue

Llenn, OCHOBHbI€ MPUHLMMBI U1 OCHOBHOI NOPSAAOK NPOBEAEHUs1 paboT MO MEXrocyaapCTBEHHON CTaH-
paptusauun yctaHosneHsl B FOCT 1.0—2015 «MexrocyaapcTseHHaa cuctema craHgaprusaumm. OCHOBHbIE
nonoxenusi» u FOCT 1.2—2015 «MexrocyaapcrBeHHas cucteMa ctaHgaprusauun. CtaHaapTel Mexrocyaap-
CTBEHHbIE, MPaBUNa U peKOMeHAaLMK NO MEXrocyAapCTBEHHON cTaHaapTu3auuu. Mpasuna paspaboTku, npu-
HATWS, OBHOBMNEHNA U OTMEHbI»

CeeaeHUs 0 cTaHaapTe

1 NOAMOTOBJIEH OTKpPbLITEIM aKLMOHEPHbIM 06LLECTBOM «Hay4YHO-UCCrea0BaTenbCkuii LEHTP KOHTPO-
NS U JUarHoCTuMkM TexHuudeckux cuctem» (AO «HWL KO») Ha ocHoBe COGCTBEHHOrO NepeBoja Ha PyCCKUM
A3bIK aHIMOA3LIYHOW BEPCUM CTaH4apTa, YKasaHHOro B NyHKTE 5

2 BHECEH ®egepanbHbIiM areHTCTBOM MO TEXHUYECKOMY PEryrIMpOBaHUIO U METPOSOrK

3 NPUHAT MexrocygapCTBeHHbIM COBETOM MO CTaHAapTu3auuu, MeTponormM u ceprudumkauum
(npotokon ot 8 nekabpsi 2016 r. Ne 50)

3a npuHATHE NPOronocoBanu:

KpaTKoe HaumMeHoBaHWe CTpaHbl KO,E[ CTpaHbl no COKpameHHoe HauMeHoBaHWe HalMoHaribHoro
no MK (MCO 3166) 004—97 MK (UCO 3166) 004—97 opraHa ro craHaapTUsaLmu

ApmeHusa AM MuHakoHOMUKM Pecny6nunku ApMeHus

Benapycb BY [occTanpapT Pecnybnukn Benapyck

Mpysus GE [pyscTtanpapt

KasaxcTaH KZ [occTangapt Pecnybnuku KasaxcraH

Kuprusua KG KbipreiactaHgapt

Poccusa RU Poccranpapt

TapxukucTaH TJ TagxukcTangapt

4 Tpukasom degepanbHOro areHTCTBa No TEXHUYECKOMY perynupoBaHuio U metTponoruu ot 9 despans
2017 r. Ne 41-cT MexxrocyaapcTBeHHbIi ctangapt MOCT 1SO 21940-31—2016 eeeaeH B AeliCTBME B Ka4eCTBE
HauuoHanbHOro craHgapta Poccunckon Pegepaumm ¢ 1 aekabpa 2017 r.

5 Hacrosiwuii craHgapT MaeHTUYeH MexayHapoaHomy craHaapty ISO 21940-31:2013 «Bubpauus. ba-
naHcupoBKa poTopoB. Yactb 31. MNoaBepkeHHOCTb U YYBCTBUTENBHOCTL MALLMH Kk AucbanaHcyy («Mechanical
vibration — Rotor balancing — Part 31: Susceptibility and sensitivity of machines to unbalancey, IDT).

MexxayHapoaHblii cTaHaapT paspaborad nogkomutetTom ISO/TC 108/SC 5 «KOHTpONb COCTOSIHUA U gna-
THOCTMKA MaLUMH» TEXHW4ECKOro KomuTeTa no craHgaptusauum ISO/TC 108 «Bubpauus, yaap U KOHTPOnb
cocTosiHusi» MexayHapoaHoi opraHusauum no ctangaprusauum (1ISO).

OdomumanbsHble 9K3EMNNAPLI MEXIYHAPOAHOrO0 CTaHAapTa, Ha OCHOBE KOTOPOro MOArOTOBSIEH HACTOS-
LUMIA MEXroCcyaapCTBEHHbIN CTaHAaPT, U MeXAYHAPOAHbLIX CTAHAAPTOB, HA KOTOPbIE AaHbl CCbISNIKU, MMEIOTCA B
denepansHOM areHTCTBE MO TEXHUYECKOMY PETYNUPOBAHUIO U METPOSIOTUN.

Mpu NpUMEHEHUN HACTOALLEro CTaHfapTa PEKOMEHAYETCA UCMOMb30BaTh BMECTO CCbISIOYHbIX MEX(Ay-
HapoAHbIX CTAHAAPTOB COOTBETCTBYIOLLME UM MEXIOCYAaPCTBEHHbIE CTAHAAPTbI, CBEAEHUS O KOTOPbIX NPU-
BeAEeHbl B JOMONHUTENBHOM Npunoxexnun JA

6 B3AMEH rocCT 31186—2002 (MCO 10814:1996)

7 NMEPEUSOAHUE. MapT 2019 1.
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BBeaeHue

BanaHcupoeka poTopa, NPOBOAMMAs Ha CTaAUW UFOTOBIEHWS MALUMH (HanpUMep B COOTBETCTBUM C [1]
unu [4]), 06bl4HO oBecneynBaeT nonyvyeHne npuemremblix ypoBHelh BUOpaLMKU MaLlLKMHbI B MPOLECCe ee 3KC-
nnyarauuu, ecrnu OTCYTCTBYIOT APYrMe UCTOYHMKM BUOpauumn nomumo aucbananca. Ho ectb n UCKNoYeHus,
KOr4a malumHa npu BBOAE B 3KCMIyaTaumio TpebyeT A0NonHUTENLHOW 6anaHcupoBku. Bonee Toro, B npouecce
akcnnyarauuu MallMHbl BPEMSA OT BPEMEHU, @ TO U JOCTAaTOMHO YacTO, MOXET MOABMATLCA HEOOXOAMMOCTb
yCTpaHeHus gucbanaHca.

MpUYNHONM NOBLILIEHHOW BMOpALMU MalUMHbI MpU BBOAE B IKCNIyaTaLUl0 MOXET OblTb HENpaBUIbHO
npoBeaeHHasn 6anaHCcMpoBKa POTOPa UMW NOrpeLlHoCTU B ero cbopke. Ho MOXKET oKasaTbeCs M Tak, YTO NpUYu-
HOW Ype3mepHoii Bubpaunmn cobpaHHON MaLLUHbI SIBMISIETCS €€ MOBbILIEHHAast YYyBCTBUTENbHOCTb K HEGOMbLUUM
OCTaTO4HbIM AncbanaHcam, 3Ha4eHWs KOTOPbIX YKNaabliBalOTCA B 0ObIYHbIE NPEAENbI AOMYCKOB.

Mpu 06HapyeHUM NOBLILLEHHON BUGpaLMKM NepBast NOMNbITKA €e YCTPaHEeHUs1 3a4acTyto COCTOUT B Npo-
BeAeHuM 6anaHCUpOBKKM HA MecTe akcnnyaTauuu. Ecnu npu sTom ygaetcs ycTpaHuTe BUGpaLMIo C NOMOLLbHO
OTHOCUTESIbHO HEGOMNbLUMX KOPPEKTUPYHOLLMX MAcc, STO CBUAETENLCTBYET O BbICOKON YyBCTBUTESILHOCTU Ma-
LWKHBI K AucBanaHcy. Takoe MOXET BbITb, HANPUMEP, B Criydasx, korga pabovas CKOpoCTb MalUUHbI Bnn3ka K
KPUTMYECKOW UMK B CryYae HU3KOro AemncupoBaHns B CUCTEME «POTOP — OMopay.

Ecnu malumMHa ¢ BbICOKOW YyBCTBUTENLHOCTLIO K AucbanaHcy obnagaer K TOMY e U NOBbILUEHHON NoA-
BEPXXEHHOCTbLIO M3MEeHeHus aucbanaHca, To Takasi MaluMHa MOXeT noTpeboBarb YacToro nposeaeHusi 6anax-
CUPOBKM Ha MECTe ee YCTaHOBKW. [MpuunHOn usmeHeHus gucbanaHca MoryT ObiTb, HANPUMED, U3HOC BNEMEH-
TOB MAaLUMHbI, UBMEHEHME TEMNEPATYPbl, MACChl, XECTKOCTM 1 AeMNUPYIOLLIMX CBOMCTB MalLUUHbI B NpoLecce
ee paboTbl.

Ecnu B npouecce akcnnyarauum aucbanaHc MaLlmHbl, TaK Xe Kak U Apyrue ycnosus ee paboTbl, coxpa-
HAETCA NPaKTUYECKN HEM3MEHHLIMU, TO JOCTATOMHO MPOBOAUTL TOMBKO HE3HAYUTENBLHYIO AOMOMHUTENBHYIO
GanaHCUMpPOBKY, COBMELLAEMYIO C APYTMMU PEMOHTHEIMKM paboTaMu UnK npoueaypamm TexHuydeckoro obeny-
XMBaHUA. B npoTUBHOM criyyae MOXeT BO3HUKHYTb HEOOXOAUMOCTb BHECEHUSI U3BMEHEHUI B KOHCTPYKLUIO Ma-
LUMHbI, KOTOPbIE MO3BONAT U3MEHUTbL 3HAYEHUS €€ KPUTUYECKUX YACTOT, XapakTepucTuk aemndupoBaHusa unu
Apyrux napameTpoBs. Takum 06pasom, Norb3oBaTeNto HEOBX0AMMO 3HaTb, KAKOE 3HAaYEeHUe YyBCTBUTENbHOCTU
MaLLUMHBI K AncOanaHcy ABNAETCSA AONYCTUMbIM.

B HacTosillem ctaHgapre npeanonaraeTcs, 4to Bubpaums Ha yactoTe BpaleHus potopa obycrosne-
Ha TONbKO HEYPaBHOBELUEHHOCTbLIO MalUMHbl. CneayeT, oAHAKo, UMETb B BUAY, YTO NOMMMO aucbanaHca Ha
BMOpaLMIO MaLUMHBI, B TOM YUCIIE W HA YacTOTe BPALLEHUs], BIUSIET MHOXECTBO ApYrux hakTopos, Hanpumep
MOrPELUHOCTM U3TOTOBNEHUS U COOPKU. YyBCTBUTENLHOCTb MALLMHbI KO MHOTUM M3 3TUX NOTPELUHOCTE brn3ka
K YYBCTBUTENBLHOCTU K AUcHanaHcy U MOXeT ObITb YAOBETBOPUTENLHO ONMCAHa C NOMOLLLIO NOCnNeaHew, oa-
HaKo pacCMOTPEHNE BCEX UHbIX hakTopoB, NOMUMO AncbanaHca, BbIXOAUT 3a PaMKU HAaCTOALLEro CTaHaapTa.

Kpome T0ro, 4yBCTBUTENLHOCTL MALLUMHbI K AUCOanaHcy MOXET U3MEHATLCA B npouecce ee paboTbl. 3T
3aBUCUT OT KOHCTPYKTUBHBIX 0COBEHHOCTEN MaLLMHLI, B TOM YKCIE OT CBOWCTB €€ Onopbl U yHaamMeHTa. Yka-
3aHHbIE CBOWCTBA MOTYT U3MEHSITLCA CO BPEMEHEM B pe3yrnbraTe AeiiCTBMA NPoLeCccoB M3HOCa u 06pasoBaHus
TpewwmH. MoaanbHble XapakTePUCTUKN HEKOTOPLIX TEMNIOBLIX MALLUMH, 0COOEHHO CHAGXEHHbIX NOALUMMTHUKAMU
CKONBbXEHUA, U3MEHAIOTCA B 3aBMCUMOCTM OT 3KCNAyaTaLMOHHLIX MApameTpoB (AaBneHne U Temneparypa
napa, Temneparypa Macna u np.). ina anekTpu4ecknux MaliMH Ha xapaktep Bubpauuu okasbiBaloT BAUSHUE
Apyrue napaMmeTpbl, HaNnpuMep 3HaYeHue cunbl Toka Bo3byxaeHus. Bee atu adpdpekThl, Tpebylowme ana ux
BbIABNEHNS NPUMEHEHUS NArHOCTUHECKUX NPOLIeAYP, B HACTOSILLEM CTaHAAPTE HE pacCMaTpPUBaIOTCA.
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M E XTOCVYAAUPTCTUBTETUHUHDbB H CTAHIAODAPT

Bubpauus
BAJTAHCNPOBKA POTOPOB
YacTtb 31

MoaBepXXeHHOCTb U YYBCTBUTESNIbHOCTb MAaLIUH K .qMcGanchy

Mechanical vibration. Rotor balancing. Par 31. Susceptibility and sensitivity of machines to unbalance

Hara BBegeHusa — 2017—12—01

1 ObnacTb NpUMeHeHus

HacTosAwmit ctaHaapT ycTaHaBnNUBaEeT METOAbI ONpeeneHns YyBCTBUTENLHOCTU MaLLUH K AucbanaHcy,
a Takke OLeHKU cTteneHn 6nu3octu pabodert CKOpOCTU BpaLLeHUSa poTopa MaLLMHbl K KPUTUYECKOW CKOPOCTU
BpaLLeHus.

B HacrosiLem ctaHgapTe npuBeaeHbl pekoMeHAauun no nNpuMeHEHWUIO YMCMNOBbIX 3HAYEHUI YyBCTBU-
TeNbHOCTU B pAfie NPakTUYECKNX CIly4Yaes.

HacToswmii ctaHaapT ycTaHaBnNMBaET KnaccuduKkaumio MalMH Ha rpynnbl B 3aBUCMMOCTU OT NOABep-
XKEHHOCTM MaLLMH AUcOanaHcy U ykasbiBaeT 3HAYEHUS MOAAmNbHOW YyBCTBUTENBHOCTU K AucOanaHcy, xapak-
TEPHbIE ANA MAaLUMH KaXa ol rpynnbl. 3TU 3HAYEHUA NPUMEHSIOT NS MALUMH, Y KOTOPbIX UMeeTcs nubo oaHa
KpUTMYECKasi CKOPOCTL B pabovem AnanasoHe CKOPOCTel BpaLLeHUsi, MO0 HECKOSMbKO KPUTUYECKUX CKOPO-
CTEN, pasHeCeHHbIX Mexay coboi 4OCTaTO4HO WKMPOKO (Gonee yem Ha 20 % nx 3Ha4yeHus).

MpuBeaeHHble 3HAaYEHUS YYBCTBUTENLHOCTU HE NpeHasHadveHbl ANsi UCMONb30BaHUsi B KA4eCTBE YCIo-
BMI NPUEMKM MaLUWH, a CNy>XaT TOMbKO ANS yKa3aHWsA TOro, Kak u3bexarb, C O4HON CTOPOHbI, MOBbLILUEHHOM
BMOpaumn MalUMHbI, a C APYrol — 3aBblLUEHHbIX TPEGOBAHUI K NNABHOCTU ee paboTbl. OHWM MOTYT CNY>XUTb
TaKKke OCHOBaHUEM Ans NpoBeaeHus Bonee noapo6HbIX UCCTe0BaHWIA, HaNpUMep, B criydasix, korga Heob-
XOAUMO YTOYHUTb 3HAYEHUE YYBCTBUTENBHOCTU KOHKPETHOW MALLMHBI.

BeinonHeHue pekomMeHaauuii HaCTOALLEro CTaHAapTa B OTHOLUEHUU YYBCTBUTENBHOCTU MALUMHBI K AUC-
DanaHCy NO3BONAET 0XMAaTb, YTO BUOPaLMA MaALUMHLI HE NPEBLICUT YCTAHOBMNEHHBIX Npeaenos. OfHaKo He-
06X04MMO MMETH B BUAY, UTO B MALLMHE CYLLUECTBYET MHOMO APYrMX UCTOYHUKOB BUOPAaLMM, KOTOPLIE B HACTO-
siLleM cTaHaapTe He paccMaTpuBaloTCs.

2 HopmatuBHbI€ CCbISIKU

Ona npuMeHeHns HacToALWEro craHaapTa HeobxoauM cneayloLnii CCbINOYHBIN cTaHaapt. Ang gatupo-
BaHHbIX CCbIMOK MPUMEHSIOT TOMNbKO YKa3aHHOEe M3JaHue CCbIOYHOro craHgaprta. Onsa HeaaTupoBaHHbIX —
nocnegHee usgaHue CCbIMOYHOro craHaapra (BKIo4Yas BCE U3MEHEHUS).

ISO 1925", Mechanical vibration. Balancing. Vocabulary (Bubpauus. BanaHcuposka. Cnosapb)

3 TepmuHbI 1 onpegeneHns

B HacToAweM cTraHaapTe npuMeHeHbl TepMuHbl No 1ISO 1925.

n pumMmedYyaHune — [MosicHeHwMe K HEKOTOpbIM TEpMUHAM LaHO B NPUNOXEHUU A

1) 3ameHeH Ha ISO 21940-2:2017.

M3paHue ocpuuymanbHoe
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4 Knaccudpukaums mawmH No cTterneHu nx noaBepXeHHocTu gucbanaHcy

4.1 OGlWMe NnonoxeHUA

Knaccwq:mxaumn MaLlUMH No CTeNeHn nx noaABEpPXEHHOCTHU nmo6ana|-|cy OCHOBaHa Ha ouUeHKe oXxXxngaemo-
ro passutusa gucbanaHca B npouecce paboTbl MALLMHbI. [ANs MaLUvMH ¢ HU3KON NOABEMKEHHOCTbLIO AUCOanaHgy
gonyctuma 6onee BbICOKass YyBCTBUTENbHOCTL K AgucHanaHcy (T. €. OHu TpebyoT MeHbluero aemnduposa-
HKS), U, HA0BOPOT, eCnK NOABEMKEHHOCTb K AuchanaHcy BbICOKa, TO A 00eCneyYeHnss NPUEMNEMbIX YPOBHEN
BuOpaumMm MallmHa AormkHa o0nagartb HU3KOW YyBCTBUTENBHOCTLIO K AucbanaHcy (MMmeTb Gonee BbICOKOE
aemnduposaHue).

4.2 Ipynna . Hu3kaa noaBepXeHHOCTL

Ona MalmMH JaHHOi rpynnbl XapakTepHa HU3Kasi BEPOSITHOCTL MOSIBNEHUSI 3HAYUTENLHOTO U3MEHEHUS
aucbanaHca B npouecce ux akcnyarauuu. OBbIMHO Takne MalluMHbl UMEIOT POTOP, Macca KOTOPOro Bernuka
Mo CPaBHEHUIO C MACCOl HeCyLLero Kopnyca, paboTaioT B YCNOBUSIX YNCTOM CPefibl, UMEIOT He3HAUUTENbHbIH
U3HOC, a U3MEHEHUS (HhOPMbI POTOPA BCNEACTBUE U3MEHEHUS] TeMNepaTypbl MUHUMATbHbI.

lMpumep — Banbl 6ymazodesiamesibHbIX MauWwuH, NeYamHbie 6anibl, 8bICOKOCKOPOCIMHbIE 6aKyyMHble
Hacochbl.

4.3 pynna Il. CpeaHsasa noaBepxeHHOCTb

[ns MawmnH 4aHHONM rpynnbl XapaKkTepHa CPeHsIsi BEPOSITHOCTb MOSIBIIEHNUS1 3HAYUTENBLHOTO M3MEHEHNS
aucBanaHca B Xofie UX 3Kcnnyaraumn. PoTop TakMx MaLLMH MOXET GbITb NOABEPXEH 3HAYMTETNLHBIM Nepena-
ZlaMm TeMnepaTypbl UMM YMEPEHHOMY U3HOCY.

lMpumep — Hacockl, pabomaroujue e Yucmbix cpedax, IKOPb JJTeKMpPuUYecKol MauwluHbl, 2a308bie U 1apo-
8ble myp6uHbI, 2eHepamopkbl, myp60KOMIIPeccophbl.

4.4 'pynna lll. Bbicokana noaBepXXeHHOCTb

[ns MalMH AaHHOM rpynnbl XapakTepHa BbICOKAs BEPOSATHOCTb MOSIBNIEHUS 3HAYUTENBHOTO U3MEHEHUS!
aucbanaHca B xoge ux akcnnyarauun. OBbIYHO Takne MalwMHbl PaGoTaloT B CPeaax, Bbi3bIBAKOLWMX OCaXae-
HME 4YacTuLl Ha MOBEPXHOCTU poTopa (Hanpumep, Npu paboTe Hacoca ANA OTKAYMBAHUA TPA3HLIX BOA) UK
KOppO3uto potopa.

Mpumep — LieHmpubyau, eeHmMuUsIMOopbl, WHeKoeble KOHeeliepbl, MOSIOMKO8bIe MeSIbHUUbI.

4.5 TMonpaBoYHbI MHOXUTESTb HA NOABEPXKEHHOCTb K guc6anaHcy

B HacTosiem cTangapte paccMaTpuBaloTC NPEUMYLLECTBEHHO MaLUMHbI BTOPON rpynnel, obnaaaio-
Lne cpegHen nNoaBEPXKEHHOCTLIO K AucbanaHcy. Ecnu mawmnHa oTHOCUTCA K rpynne | (HU3Kasa noaBEPKEeH-
HoCTb aAucbanancy) unu k rpynne lll (Bbicokasa nogBepXeHHOCTb AgucbanaHcy), To Ana ee knaccudukauyum no
YYBCTBUTENBHOCTU UCMONb3YIOT COOTBETCTBYOLLME NOMPABOYHbLIE MHOXMUTENU. SHAYEHUSA NONPABOYHbLIX MHO-
XUTENEN K 3HAYEHUsIM YyBCTBUTENLHOCTU (CM. pa3gen 5) B 3aBMCMMOCTM OT rpynnbl MaLWKUHbI (CM. 4.2—4.4)
nokasaHbl B Tabnuue 1.

Tabnuya 1— MNonpaBovHble MHOXWUTENW Ha NOABEPXKEHHOCTb AncbanaHcy

pynna MopBepxeHHOCTb AucGanaHey MonpaBoYHBbI# MHOXWTENb
| Huzkas 4/3
1] CpenHss 1
1l Beicokas 2/3

5 MopanbHasa 4yBCTBUTESILHOCTbL

5.1 O6wwune nonoxeHus

MoaanbHy0 YyBCTBMTENBHOCTb ONPEAENSAIOT Yepes KOIWMULMEHT yeunenus n-in moabl subpauum M, ,
onpegensowuit ycrnoeusi paboTbl MalUMHbI HA COOTBETCTBYIOLLEN KPUTUYECKOW YacToTe BpaLleHust poTopa.
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Ons T0ro yto6bl 06€CNeYnTb HU3KYHO YYBCTBUTENBHOCTL MaLLUHbI K AuchanaHcy, CnelyeT pasHecTu Ha AocTa-
TOYHO BOnbLLOE PaCCTOSHME PaboYylo U KPUTUYECKYHO YacTOThl BpaLLeHUsl poTopa, a ecnm 3T0 HEBO3MOXHO,
TO o6ecnevnTb BbICOKOE 3HaYeHne kosdduumneHTa gemnrpoBaHna COOTBETCTBYIOLLEN MOAbI.

Ba)xHO TaKkke 3HaTb MOAANbLHYIO YYBCTBUTENMLHOCTL ANA TE€X KPUTUYECKMX CKOPOCTEN, Yepes KOTopble
NpPOXOAUT POTOP BO BpeMsi Habopa 4acToTel A0 AOCTMXKEHMSA pabovero aumanasoHa 4acTtoT unum npu Boibere,
MOCKOILKY OT €€ 3Ha4YEHMs1 3aBUCUT co3JaBaemas aucbanaHcom poTopa Bubpauus.

5.2 Knaccbl MmopganbHoOW YyBCTBUTENbHOCTH

BBegeHWe NoHATUA MOAAnbHON YyBCTBUTENLHOCTU NO3BONMAET KNACCMULMPOBATL MaLLMHBI N0 OXAa-
€MbIM YCroBUAM WX paGoTbl BO BCEM AMANasOHEe YacToT BpaLleHUs poTopa (CMm. Tabnuuy 2).

Tabnuuya 2— Knaccudukaums MallmH no MoganbHON YyBCTBUTENBHOCTH

Knacc OnuvcaHune knacca OxunaaeMble ycrnosua paboTbl MaLLKHbI
A O4yeHb HU3Kas YyBCTBUTENLHOCTL TpyaHO pasnMYUMBIR pe3oHaHe
B Hu3kan YyBCTBUTENBHOCTb HeanauuTenbHoe usMeHeHne B1uBpaLum
c CpeaHssa YyBCTBUTEMBHOCTb HonycTtumas Bubpauyus
D Brlcokasi YyBCTBUTENBHOCTb MoBLILeHHas BUGpaLus, cBAsaHHasa ¢ gucGanaHcom
E Ou4eHb BbICOKas YyBCTBUTENBHOCTb OuyeHb Bbicokasi BUGpauua, BbiaBaHHasA gucbanaHcoM

5.3 BbI6op MOOanbHON YYBCTBUTENbHOCTU

HaunGonee GnaronpuaTHbIM ANA paboTbl MaLUMHbI ABASETCA KNAcc A, OAHAKO C y4€TOM BO3MOXHOCTEN
peanusauun AaHHbIX YCNOBUI paboTbl MalUMHbI M 3aTpaT Ha peanu3aumio 3TUX YCOBUI MOXET 0Ka3aTbCs
Gonee uenecoobpasHbiM UMETL Bonee BLICOKME 3HAYEHUA MOAANBLHOW YYBCTBUTENBHOCTH.

[N MaLlMH ¢ BLICOKMMM pabounMm XapakTepucTukamm (Hanpumep, MMEIOLLINX KOPOTKNIA UHTEPBAn Mex-
Zly UMKNamu NnaHoBOro TEXHUYECKOTO 0GCNy>MBaHUA) AONYCTUMbI 6onee BbICOKUE 3HAYEHUAMMU MOAANBHON
YyBCTBUTENbHOCTU.

MaLumHsbl, AN KOTOPbIX GanaHcUpPOBKa HA MECTE 3KCNyaTauMu HENPAKTUYHA WU 9KOHOMUYECKN HEBbI-
rogHa, OMKHbl UMeTb Bonee HU3KUE 3HAYEHUA MOAANbHON YYBCTBUTENbHOCTY.

Hu3skas 4yBCTBUTENBHOCTL HE JAET rapaHTUM TOr0, YTO BCE 4acTH MalUMHbI ByayT umeTb BUGpaumio, He
MPEeBbILLAIOLLYI0 YCTAaHOBMNEHHbIE Npeaenbl (CM. pasaens 7 u 8).

5.4 3HayeHUA MoaanbLHOW YyBCTBUTENbHOCTHU

5.4.1 O6uwme nonoxeHma

Knacc MojaneHO YyBCTBUMTENBLHOCTM ONPEAENsIoT No AONYCTUMOMY 3HAYEHMI0O MOAANbHON YyBCTBU-
TENbHOCTY, BLIPAKEHHOI Yepes3 KO3(hMULIMEHT ycureHua Ha pesoHaHce M,. B cBolo ovepeab, AONYCTUMbIE
3HaueHns M, nony4aioT n3 4onycTMMOr0 OCTaTOYHOIO yaenbHoro aucGanaxca no [1] u agonycrumori BuGpaumu
no [2], [3]. B COBOKYNMHOCTM yKa3aHHbl€ AOKYMEHTbI MO3BOAAIOT ONPEAENUTL 3HAYEHUA MOAANbHOW YyBCTBU-
TenbHOCTHU, obecneynBatoLLMe HopMarbHyl0 paboTy MalLMHbLI HA paboden YacToTe BpaLleHus!.

5.4.2 lonyCTUMBbIN yaenbHbIA AaucoanaHc

JonycTtumblii OCTaTouHbIN AncbanaHc potopa Uper onpeaensoT no opmyne

Uper = €perM, )
er — OOMYCTUMbIN yaenbHbIA AucbanaHc;
m — macca potopa.
B [1] ycTaHOBREHbI Knacchl TOMHOCTU GanaHCcMpoBku G, KOTopble onpeaensiotT TpeboBaHUs K Ka4ecTBy
6anaHCMPOBKKU B 3aBUCUMOCTU OT TUMa poTopa. 3HaueHue G 3aBUCUT OT paboyeli YacToTbl BpaLleHus € po-
TOpa U MOXET ObITb OnpeaeneHo no popmyne

rae e

G = € Q. @

OnA MawwmHbl KOHKPETHOrO BUAA KNAacc TOMHOCTU BGanaHCUPOBKM Mosaralotr NnocrosiHHbIM. Hanpumep,

ecnu eperQ = 2,5 mMm/c, To Knacc ToMHocTn obosHavatotr G2,5.
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MpumeyaHue—Paboyas YacToTa BpalleHUs BeipaxeHa B BUAe YITIOBOIA YacToThl L, pag/c, koTopasn cBasaHa
CO CKOPOCTbIO BpaLLeH!st poTopa n, MUH™"!, cooTHoWeHneM Q = 2an/60 = n/10.

MpeoBGpasysa dopmyny (2), MOXKHO NONYYUTb BbipaXeHUe ANSA AONYCTUMOrO OCTaTovHOro aucbanaHca
Yyepes pabouyto 4aCTOTYy BpaLLeHUst MaLLMHbI U KNacc TOMHOCTU BanaHCMpPOBKK:

€per = GIQ. ®)

Ha pucyHke 1 nokasana 3aBUCMMOCTb AOMNYCTUMOTO yaenbHOro aucbanaHca ot paGodei CkopocTu Bpa-
LLeHMA poTopa AN PasHbIX KNaccoB TOYHOCTU GanaHCMpoBKkW. [Nsi MalUMH C KNaccoMm TOYHOCTU GanaHcu-
poBku G2,5 1 CKOPOCTbIO BpalLeHusi potopa 3000 mun=! gonycTuMbIil ocTaTouHblii Aucbananc Gyaet paseH
8,0 MKM, a npy yBenuuYeHun ckopocTu Ao 3600 MuH~! OH CTaHeT paBHbLIM 6,6 MKM.

per: T*MM/KT
A
1000
100 \ ——
—— Aﬂisi.-!§='-==_.
I [ ———
—
[ — e S
10 e —
= G=6,3
e
e —
\ et G = 2'5
\ \\
1 G=1
0,1 "
1000 2000 5000 10000 n, MuH

MpuMedaHue — EAnHULA UIMEPEHUA (I - MM/KT) 3KBUBaNeHTHa ejUHULIE U3MEPEHMA (MKM).

PucyHok 1 — JonycTumblii yaenbHbIi Auctananc no [1]

5.4.3 Jonyctuman BuGpauma

B [2] 1 [3] onpeaeneHbl 30HbI BUOPALMOHHOTO COCTOSIHUA ANA poTopa, paboTaloLero B yCTaHOBUBLLEM-
CA pexume:

- 3oHa A: B Hee nonagaert, kak npasuno, Bubpauus HOBbIX MaLLMH, BBOAUMBIX B 9KCNnyaraLuio;

- 30Ha B: mawmHbl, BUGpaLUs KOTOPbIX NONaAaeT B 3TY 30HY, OObIMHO CUUTAIOT NPUTOAHBLIMU A IKC-
nnyatauuu 6e3 orpaHU4eHUs CPOKOB;

- 30Ha C: malumHbl, BUGpaUMA KOTOPLIX MOnazaer B 3Ty 30HY, OObIYHO CUUTAIOT HENPUrOAHLIMW AnS
ANUTENbHOM HenpepbiBHON paGoThl. OBGLIMHO AOMNYCKAT (YHKLIMOHMPOBAHUE TAKUX MALUMH OFPaHWUYEHHBbIN
Nepuoa BPEMEHN, NMOKa He MOSIBUTCS BO3MOXKHOCTb MPOBEAEHUS1 BOCCTAHOBUTENbHLIX MEPOTPUATNIA,

- 3oHa D: ypoBHu BMGpaLmK B JaHHO 30HE 0BLIYHO PACCMATPUBAIOT Kak CNOCOGHbLIE BbI3bIBATL CEPbEes-
HblE€ NMOBPEXAEHUSI MaLLMUH.

MpaHuubl 30H BUOPALMOHHOTO COCTOSIHUS, BbIPAXXEHHbIE Yepe3 pasmax nepemMeLleHns S( -p)» MKM, 006-
paTHO MPOMOPLMOHArbHbLI KBaapPaTHOMY KOPHIO U3 MakcumaribHOW pabodeii cKkopocTu n, mun~1, n paccunTbl-
BaKOTCA MO cneayowmmM PopMynam:

Ans rpaHuubl mexxay 3oHamu A u B:

4800

Se-0 =7 “)
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Ona rpaHuubl mexkay 3oHammn B n C:

s - 9000
(OB ®)
Ona rpaHuubl mexxay 3oHamu C u D:
s, 13200
P T ©)

Ha pucyHke 2 nokasaHo W3MEHEHUE rpaHuL, 30H BUOPALIMOHHOIO COCTOSIHUS B 3aBUCMMOCTU OT Makcu-
MarnbHOI paboyen CKOPOCTU BpaLLeHusa poTopa. B Tabnuue 3 npuBeaeHbl 3HaYEHNUS rpaHuL, 30H BUOpaLMoH-
HOMO COCTOSAHUA AN TUMUYHBLIX CKOPOCTEN BpaLleHus poTopa mawuuH rpynnsi 1.

S(p_f), MKM
y

500

450

400

350 \
\ D

300

250 N \

\ C
200 \
1
00 ——
50

’

0 T T T T T T T T
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 n, MMH

>

-1

PrcyHok 2 — paHuubl 30H BUGPaLMOHHOI0 COCTOSIHWSA cornacHo [2] u [3]

Ta6nuuya 3— MpaHuLbl 30H BUGPaLIMOHHOTO COCTOSIHUSA AN TUMWYHBIX CKOPOCTEN BpalleHuUst poTopa

CKOpoCTb BpalleHus, paHuua mexay soHamu A un B, paHunua mexay 3oHamu B n C, lpaHuua mexay soHamm C u D,
MrH ! S{p-py MKM S -y MKM Sp-p) MKM
1500 123,9 232,4 340,8
1800 113,1 2121 31,1
3000 87,6 164,3 241,0
3600 80,0 150,0 220,0
MpumMeyaHue— OnpegenenHve 30H BUOPaLMOHHOIO COCTOSHMA AaHo B 5.4.3.

5.4.4 OnpepeneHne MOAasIbHOM YYBCTBUTESNIbHOCTU AN YCTAaHOBMBLUEroCA peXxumMa BpalleHUA
poropa
Ha ocHoe dhopmyn (3)—(6), a Tarke dopmyn AN MoAasnibHOW YyBCTBUTESNbHOCTU, NPUBEAEHHbIX B
NPUNOXeHN A, ANSA KaXXAO0N rpaHuLbl 30H BUOPALMOHHOTO COCTOSAHUA MOTYT ObiTb NOMNyY€Hbl 3HAYEHUSI MO-
AanbHON YyBCTBUTENbLHOCTU, 3aBUCALLIME OT CKOPOCTM BpalleHus poTtopa. B obuiem Buae ara 3aBUCUMOCTb
onucbiBaeTcs PopMynon
S,
M, = (p-p)’ 7
2eper @
rae S(p_p) — pa3max nepeMeLleHnst Ha rpaHuLe Mexay 30HaMu BUOPALMOHHOTO COCTOAHMA Mo [2] u [3], MKM;
€per — AONYCTUMBIN yaenbHbIA gucéanaHc potopa no [1], MKM.
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NMpumeyaHune 1— MoganbHas YyBCTBUTENBLHOCTL M, onpeaensiolas oTHoLleHWe aMnnuTyabl BuGpauumn no
n-ii Mofe K Bbi3blBaloLLieMy 3Ty BUGpauuio yaensHoMy mogansHoMy aucbanaHcy, sensetcs 6e3pa3MepHOil BENUHUHOI.
KoadppuumeHT 2 B 3HaMmeHaTene hopmynbl (7) cBA3aH ¢ He0H6X0AUMOCTLIO NEPENTU OT 3HAYEHUs1 pa3Maxa K 3HaYeHUIo
amMnnuTyabl.

Tak, AnA rpaHuubl mexay 3oHamu A n B nonyyaem

2,4%\/’7
"~ 730G ®)
ANA rpaHuubl Mexxay 3oHamm Bu C —
_45m/n
M, = 30G ©)
1 AnA rpaHulbl mexay 3oHamm C u D —
6,6mn

MpumMmeyaHune2— OnpeaeneHne 3oH BUGpaLMOHHOIO COCTOSAAHMSA AaHo B 5.4.3.

M3 copmyn (8)—(10) BUAHO, 4TO 3HaYeHua M, Ans rpaHul 30H BUOPaLMOHHOTO COCTOSIHUSA 3aBUCAT OT
CKOpOCTM BpaLLeHUs potopa n (CM. pPUCYHOK 3).

My = S 5/20500)
30
25 _—
- D /

15 ? /
10 e
—  °

5/ A

0 T T T T T T T T >
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 n/(r/min)

PucyHok 3 — MpaHuLbl 30H BUGpaLUOHHOMO COCTOSIHUA cornacHo [2] u [3]

B Tabnuue 4 npuseaeHbl 3Ha4eHUs rpaHuLl 30H BUGPALIMOHHOTO COCTOSIHUS, BbipaXeHHble Yepes M),
AN TUMUYHBIX CKOPOCTEN BpaLLEHWUs poTopa.

Tabnuuya 4— MpaHnubl 30H BUOPaLMOHHOIO COCTOAHMS, BbipaXeHHble Yepes M, ANa TUMUYHBLIX CKOPOCTE BpaLeHns
poTopa

CKOPOCTS BpaLLeHus, 3HaueHua M, Ana rpaHnL 30H BUGPALIMOHHOTO COCTOAHUA
MUR™ A/B B/C c/b
1500 3,9 7,3 10,7
1800 43 8,0 1,7
3000 55 10,3 15,1
3600 6,0 1,3 16,6

MpumedaHune— OnpeaeneHune 3oH BUGPaLMOHHOTO COCTOAHUA AaHo B 5.4.3.
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[na ynpoLieHusa oLeHKM MOAanbHOW YyBCTBUTENBHOCTU LENeCO0OpasHO OrpaHUYUTbL BO3MOXHYIO Ba-
prUaTtMBHOCTL paboyeli CKOPOCTU BpawieHuss potopa. Mockonbky MHOrMe MalumHbl rpynnbi |l pabortaior ¢ Ho-
MUHAnbHLIMK paBounmm ckopoctsiMu 3000 mun~1 unu 3600 mun—", AnNA onucaHus rpanuL Mexay Knaccamu
yyBcTBUTENBLHOCTU A/B, B/C, C/D 1 D/E (CM. 5.2) MOXXHO C HEKOTOPbIM 3anacoM MPUHATL COOTBETCTBYIOLLUE
3HAYEHUs1 MOAATIbHON YYBCTBUTENLHOCTU M, paBHbie 5, 10, 15 1 20. PucyHkn 4 n 5, nokassiBarowme 3aBucu-
MOCTb kO3(bchULIMEHTA YCUIIEHUS HA pe3oHaHce (40OPOTHOCTN) Q,, OT OTHOCUTESILHOW KPUTUYECKOW YacTOThl
BpaLUeHusl /€2 (w,, — KPUTMYECKan 4acToTa;  — yacTora BpaLLeHUs poTopa), NPUMEHUMbI KO BCEM MaLLK-
HaM HE3aBUCUMO OT UX HOMUHANbLHOW CKOPOCTU BPaLLEHUSI.

5.6 Paboyas ckopocTb

Wcnonb3ya cdopmyny (A.2), MOXXHO NOAYYUTb KPUBLIE ANS Pa3HbIX KNAacCOB MOAANbLHOM YyBCTBUTESb-
HOCTM B AMana3oHe HOMMUHarbHbIX pabounx ckopocTel potopa (CM. pUCYHOK 4 anst mawumH rpynnsi I1). B npu-
noxenun C aaHbl ABa Npumepa Toro, kakum o6pa3oM MOXKHO MCMOSb30BaTh MHCOPMAaLMIO, NPUBEAEHHYIO HA
puUcyHke 4.

Q.4
35

gllele e
30 ndtufn ":

< Et EE E
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E
20

D
15

¢ |
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N | 7

5
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0 >
0,8 0,9 1,0 1.1 1,2 o)n/Q

PucyHok 4 — [lonycTuMblii KoSULIMEHT YCUNEHNA Ha pe3oHaHCe AN PasHbIX KIaccoB YyBCTBUTENLHOCTH
ANA HOMUHAIBHBIX paBoqnX YacToT BpaLleHUs

[na malwuH apyrux rpynn no nogBepXeHHOCTH AucbanaHcy cnefyet UCnorb3oBaTb COOTBETCTRYIOLLNE
NONPaBOYHbIE MHOXUTENN. 3HaYeHUA M, NS PasHbIX KNAcCOB YyBCTBUTENLHOCTU ANSA MALUMH Pa3HbIX rpynn
npuseaeHbl B Tabnuue 5.
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Ta6nuua 5—paHuLbl 30H YYBCTBUTENBHOCTU ANA MALLMH PasHbIX FPYMM MO NOABEPXEHHOCTH AuctanaHcy

MpaHuLyl 30H 3HayeHns M, ana MaluH pasHbIX rpynmn
HyBCTBUTENBHOCTH Mpynna | Mpynna Il Mpynna I
A/B 6,7 50 3,3
B/C 13,3 10,0 6,7
C/D 20,0 15,0 10,0
D/E 26,7 20,0 13,3
[MpumMeyaHune—OnpegeneHne KNaccoB YyBCTBUTENBHOCTM AaHo B 5.2.

5.6 PaGoTa poropa B nepexofHOM pexume

[ns potopos, paboTaloLlnx B NEPEXOAHOM PeXMME UMK OCYLLECTBASIOLWMX B npouecce paboTbl Npo-
XOXEHWE Yepes KPUTUYECKUE CKOPOCTU BPpaLLEHUs, AONYCTUMBbl GOnee BbICOKUE 3HAYEHWUA MOAArbHON YyB-
CTBUTENbHOCTN.

B atom criyyae kpuTepuii Takke OCHOBaH Ha OTHOCUTENbHOW KPUTUYECKON YaCTOTe BpaLLEHNA w,/Q.
[na yactoT HMxke paboyero guanasoHa rpauk U3MeHeHmsa AONYCTUMOrO 3HaYeHUs Q, npeacrasnset coboin
NpsiIMYIO NIMHWIO, KOTOpasi cnafaaert ot 3HadeHust 4M, B Touke 0 'y CO ckopocTbio MUHYC 2M,, BNNOTL A0 06-
nacTtu, NoKas3aHHo Ha pucyHke 4. Beiwe pabodvero guanasona rpadumk npeactaensieT cobon napannensHyio
NpsiMyto, COOTBETCTBYIOLLYIO 3HaYeHWo 2M,,. Ha pucyHke 5 nokasaH rpaduk W3MEHEHWUS1 AOMyCTMMOTO 3HaYe-
HUA Q, AN MawwwuH rpynnbi 1.
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PucyHok 5 — [onycTuMblit KoahULIMEHT YCUIEHNS Ha pe30HaHCe BO BCeM AManasoHe YacToT BpalleHusi potopa 2
8
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6 JKkcnepuMeHTanbHoe onpeneneHne MoanbLHOM YyBCTBUTENBHOCTH

6.1 OGwue nonoxeHua

Ona onpeaeneHus MoAanbHON YyBCTBUTENLHOCTU HEOOXOAMMO MOMYYEHUE UHpOpMaLMKU O TOM, Kak
U3MeHsieTCA BUBpaLusa Ha YacToTe BpaLLeHUs B NPOLECCe U3MeHeHUs 3Toi YacToTbl. OBbIYHO ANA STOrO Npo-
BOAAT U3MepeHUs1 BUBpaLmmn Ha YacToTe BpalleHus B npouecce pasroHa u BbiGera. [onyyeHHble 3HaYeHus
amnnuTyabl 1 dassl BUOpaUMn Ha 4acToTe BpaLUEHUS NO3BONAT MOCTPOUTb aMMMUTYAHO-(PA304aCTOTHYIO
XapakTepuUCTuKy (amarpammy HainkBucTa) u onpeaenutb napaMeTpbl AeMndUpPoBaHUA, KaK ykaszaHo B 6.2.
Ecnu npu naMepeHunsix nonyyaror 3Ha4eHusl TONbKO aMmnNnuTyabl BUOpayum, To 3TO NO3BONAET NOCTPOUTL aM-
NANTYAHO-YaCTOTHYIO XapakTepucTuky (auarpamma boge) n ucnonb3osarb npoueaypy, ONMCaHHYI0 B 6.3.

MpuMedaHue — CylyecTByHT U Apyrue cnocobbl onpefeneHus xapakTepucTuk eMndupoBaHUs KOHCTPYKLUH,
HanpuMep B pesyrsTaTe annpokcUMaLmu NomyYeHHo KpUBOW aMNiUTyAHO-pa304acTOTHOH XapaKTepUCTUKUA NONTUHOMOM,
B KOTOpGLI B ABHOM BUAE BXOAAT KO3PPMLMUEHTHI MogarnbHOro gemrduposaHus. [pu 3TOM BO3MOXHO MoryyeHune oLeHoK
Jaxe B crydae, ecrnim U3MepeHusi NPOBOANIIUCE TONBKO B OPE30OHAHCHOI 06nacTi 1 He 3axBaThiBanu pesoHaHc. OfHako
€CNYi NoABEM XapaKTepUCTHKN Y BEepXHEN FpaHuLibl Anana3oHa n3mepeHuii Guin obycnoBrieH HanMumem He O HOro, a ABYX
unu Gonee 6rM3KO PacroNOXEHHBIX PE30HAHCOB, OLieHKa MoAarnbHOro0 4eMnupoBaH1st MOXET GbITk nornydeHa ¢ 6onb-
LIOM NOrpeLUHOCTbIO.

6.2 MNocTpoeHue anarpammbl HalkBucra

Ha pe3oHaHCHbIX CKOPOCTAX YyBCTBUTENbLHOCTb K AUCOANaHCy CMbHO 3aBUCUT OT 3Ha4YeHUA aeMndunpo-
BaHus. MockonbKy caMmo AemMndupoBaHne MOXET 3aBUCETb OT PasnuYHbIX hakTOPOB, PEKOMEHAYETCA, YTOObI
onpeaeneHne YyBCTBUTENbHOCTU NPOBOAUNOCH B pexxuMe paboTbl MaLMHbLI, MAKCUMarnbHO NPUGANKEHHOM K
HOpManbHOMY pabodemy pexumy (Hanpumep, No Temneparype).

Bo MHOrMx cny4asx subpauus Ha CKOpoCTH, BNU3KON K KPUTUYECKON, NPOABNAETCA NPEUMYLLECTBEHHO
B BUAE COOTBETCTBYIOLLEI MOALI KonebaHwii, Tak YTO €e MOXXHO NPEACTaBUTL B BUAE OTKINKA SKBMBANEHTHON
CUCTEMbI C OHOW CTeneHblo cBo6oabl. MNpu 3TOM xapakTepucTukn AemnupoBaHUA U PE3OHAHCHAA YacToTa
n3rnbHbIX kornebaHuii MOryT BbiTb MONYYEHbI NOCPEACTBOM M3MEPEHUIN BO BPEMSA MEASIEHHOrO pasroHa unu
Bbibera MalmHbl (C HEGONbLUMM YCKOPEHUEM).

CuctemMa C 0HON CcTeneHbIo CBOOOAbLI ONUCKLIBAET /-0 MOAY BMOpaLMm; Npu 3TOM CnpaBeasniueo cnegy-
loLee COOTHOLIEHNE

©nss5
"o} - hs’ an
rae Q, — MakcumanbHas MofanbHas YyBCTBMTENLHOCTL, paBHas M, npu 4actoTe BpalleHns poTo-
pa, paBHOI KpUTUYECKOR (2 = @ ,);
Q5 (Mnn Q, 55) — YacToTa BpaLeHus, NPu KOTOpoii chasa konebaHuil caBUHYTa OTHOCUTENLHO konebanuii Ha
KPUTMYECKON HYacToTe Ha £45°, muH-T,

Mpumep NOCTPOEHUSA aunarpammel NPUBEAEH B NMPUNOXKEHUM C.

B HekoTOpbIx cryyasx opMa KpMBOW Auarpammbl HalkBMCTa MOXET 3HAYUTENbHO OTNMYATLCS OT
OKPY>XHOCTM BCNEACTBUE TOrO, YTO B CUCTEME NPUCYTCTBYHOT HECKOMBKO GIIM3KO PaCMONOXKEHHbIX APYT K APYry
pe3oHaHcoB. B aTOM crniyyae oLeHKy MOAarbHOW YyBCTBUTENBHOCTU MOXHO MONYYUTb, YyCTaHABNUBAS Ha po-
TOp Habop NPOOHBIX rPy30B, NOA0OPaHHbLIX Takum o6pasom, 4ToObl BO3OyauTb Tpebyemyio moay Bubpauuu.
Mpoueaypy nocTpoeHus auarpammbl HaikBUCTa B 3TOM Criydae NPUMEHSIIOT HE K BekTopy Bubpauuu, a K
BEKTOPY Pa3HOCTW Mexay WCXOAHON BUOpaUuen u TOi, YTO nony4yeHa nocne pasmMeLleHus Habopa NpoBHbIX
rpy3oB.

[na noctpoenus gnarpammbl HalkBMCTa MOXHO MCMONBb30BaTb CUrHanbl BUOpaLuMu Ha 4acToTe Bpa-
LLUEHMA C NioObIX JaTUYMKOB, KPOME TEX, YTO PACMONOXEHbI BONU3M y3n0B MOA M3rMBHbIX KonebaHuii, ogHako
JaHHble C JaTUYUKOB, YCTAHOBMNEHHBIX B MECTaxX NyYHOCTEN, NO3BONAT NONYy4UTb Gonee TOYHbIE Pe3ynLTaThl.

6.3 MocTpoeHue anarpammbl Boge

Mpwu oTcyTeTBUKM MHpOpMaumm o chase konebaHuit, T. e. koraa UMEETCA TONbLKO 3aBUCUMOCTb aMMNUTY bl
nepeMeLLeHns Ha 4acToTe BPALLEHNs OT CKOPOCTU BPaLLEHUs POTOPa, KOIDPULNEHT yeuneHusa Bubpaumn Q,
MOXHO onpeaenuTb C NOMOLLbLIO AnarpamMmel, MOKA3aHHON Ha pucyHke 6, no dhopmyne
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®p

anﬁ,

(12)

rae o, — 4acrtoTa BpalleHusi poTopa, COOTBETCTBYIOLLAA MaKCUManbHON amnnmTyae subpauun S ;
n
Q4 1 Q, — 3HaYeHNA 4acTOTLI BPALLEHMUS, COOTBETCTBYIOLLME YPOBHIO 0,707 nuka Ha pe3oHaHce.

OrpaHu4eHuns No TOYHOCTW Ars A4aHHOro MeToAa MOryT ObiTb CBS3aHbl C ManbiM AeMndupoBaHuem B
CUCTEME, NCKaXKEHNEM (POPMbI PE3OHAHCHON KPUBOW BCNEACTBUE BIMAHUS COCEAHMX MOA U APYruMu dhaKTo-
pamu. Ecnu BnusHue Takux akTopoB CyLLECTBEHHO, crieayer obpaTtutbCst K METOAY MPOGHLIX rpy30B, Onu-
CaHHOMY B 6.2.

Ha TOYHOCTb onpeaeneHuss MoaanbHOW YyBCTBUTENBHOCTU MOTYT MOBMMATL TAKKE CKOPOCTb Nepefayn
[JaHHbIX U3MEPUTENBHON annapaTypon N OrPaHUYEHHOCTb YNCHA TOYEK B BbIOOPKE AAHHbIX.

S A
1,04
0,8

0,707 +
0,6

0,4

0,2+

0 91 [0 Qz ﬁ

PucyHok 6 — lMNMpuMeHeHue Anarpammbl Bofe AN OLeHKU MoganbHON YyBCTBUTENEHOCTY

7 NokanbHas YyBCTBUTESNIbHOCTb

Bo mHorux cnyvaax (HanpuMmep, Ana poTOpPOB C Pa3BUTOM KOHCOSIbHOM YacTblo, POTOPOB C OrPaHUYEeH-
HbIM 3230POM B HEKOTOPbIX CEYEHUSIX, POTOPOB C paboyeit CKOPOCTLIO, BrM3KON K KPUTUYECKON) MHTEPEC MO-
XKET NPeACTaBnATb NOKanNbHAasA YyBCTBUTENbLHOCTb (KOIMMULMEHT BNUSIHUSA) ANA PasHbIX CKOPOCTEN B Npeae-
nax pabo4yero AmanasoHa, BKIoYasi KPUTUYECKUE CKOPOCTU MALLUMHbI.

3HaueHne nokanbHOW YyBCTBUTENbHOCTU, U3MEPEHHOE ANSA AaHHON MaLUMHbI, 3aBUCUT, MOMUMO NpoYe-
ro, OT PacrnonoXeHUs NOCKOCTU M3MEPEHWI U NONOXEHUS NPOBHOTO rpy3a BAOMb OCK poTopa. OTUM MNoKarnb-
Has 4YyBCTBUTENbHOCTb OTMMYAETCHA OT MOAANbHON YYBCTBUTENBHOCTH, KOTOPAsA Ha ONpeaeneHHoN CKOpoCTH
BpaLleHUs UMeeT eAUHCTBEHHOE 3HAYEHME.

OObIYHO OMpeaenATb MOKanbHYK YyBCTBUTENLHOCTb HEOOXOANMO TOMbKO B TEX U3MEPUTENbHbIX TOY-
Kax, Anst KOTOPbIX NPU 324aHHOW CKOPOCTU BpaLLEHMS CYLLEeCTBYIOT OrpaHuyeHuss amnnuTtyasl Bubpauuu. Mo-
3TOMY U3MEPEHHYIO YYyBCTBUTENBHOCTb B HEKOTOPOM TOYKE U ANA HEKOTOPOW CKOPOCTU CneayeT OLEHUBATh,
CpPaBHUBAA €€ C OTHOLUEHWEeM AOMYCTUMOW aMnnuTyAbl K AONYCTUMOMY AucbanaHcy. JlokanbHylo 4yBCTBU-
TENbHOCTb B 3aA4aHHON Touke poTtopa M, npu 3agaHHOW CKOPOCTM BpaLLeHUs onpeaensior no gopmyre (Cum.
npuMedaHume 2 npunoxeHus A):

S

_ per
M, = ooer” (13)

TA€ Sper — AOMYCTUMAS AMNIUTYAA MEPEMELLEHNS;

€per — AONYCTUMBIN yAEnbHbIA ancbanaHc.

10
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MpuMeyaHne — 3HadeHns gonyctumoro gucbanaHca v JonycTUMON aMNUTYAbl MOTYT GbITb onpeaeneHbl co-
OTBETCTBEHHO Mo [4] 1 cTaHAapTam cepumn ISO 7919 (cnepyeT 06paTUTb BHUMaHWeE Ha TO, YTO B NOCMNEAHWUX NpefenbHble
3Ha4eHus BUBpaLmum ycTaHoBMEHbI A BENUYMHBLI pasmaxa, @ He aMniuTyAbl).

3HayeHus gonyctumoro gucbanaHca u JonyCTUMONR amnauTyabl MOTYT ObITb YCTAHOBIIEHBI TAKXKE B pe-
3yneraTe cornalleHus Mexay U3roToBUTENEM MaLLMHbI M NoTpebutenem.

B 3aBUCMMOCTH OT 3KCNNyaTaLMOHHbIX NAPaMETPOB MaLUMHbI (pabovei CKOPOCTH, €€ OTHOLUEHUS K KpU-
TUYECKOW CKOPOCTM U T. A.) MOXET 0Ka3aTbCA LEenecoobpasHbiM OrPaHUYUTb MaKCMMAIbLHYIO A0MyCKaeMyto
noKarnbHYI YyBCTBUTENbHOCTb, BBEAA B NPaByto 4acTb POPMYIibl (13) HEKOTOPLIA MHOXUTESNb MEHbLUE eau-
HULbI.

[ns pexkumoB pasroHa u Bbifera malunHbl ONYCTUMbI, Kak npaBuno, bonee BbiICOKUE 3Ha4eHus1 Bubpa-
uum, Yem npu pabote Ha NOCTOSIHHOW pabouven ckopocTu. MoaTOMy AnA CKOPOCTEN, OTNMYHBLIX OT paboyei,
MOXHO CYUTaTb NPUEMMEMbIMU BONEE BbICOKME 3HAYEHUS NOKANbHOW YyBCTBUTENBHOCTU, ECIIM NMPU 3TOM BU-
Opauus He NPEBLILLAET YCTAHOBMEHHbIX NMPEAENbHbIX 3HAYEHUA.

8 3kcnepumeHTanbHoe onpeaeneHUe NOKanbHOW YyBCTBUTENbHOCTU

8.1 O6wune nonoxeHus

Mpu n3amepeHusax nokanbHON YyBCTBUTENBHOCTU BLIGOP NNOCKOCTEN YCTAHOBKM rPy30B BbiIOMpaercs u3
coobpaxkeHUn yaobcTBa AOCTYNA, a TaKke U3 YCIOBMSA MONYyYEHNS1 NPU YCTAaHOBKE NPOOHBLIX rPy30B MaKCu-
ManbHOro OTKNuka Bubpauuu AnA 3agaHHbIX MOA U 3a4aHHbLIX CKOPOCTEN.

8.2 Meton

Onpepnenexnne nNokanbHoO YyBCTBUTENLHOCTM NPOBOAAT CreayiowmumM 0b6pa3oM:

a) NoAroTaBMUBAIOT MAaLLUWHY K paboTe B HOPMANbHOM PexnMe;

b) ycraHaBnuBaloT 4acToTy BpaLleHus €2, Ha KOTOPON AOSKHbI ObITb NPOBEAEHbI M3MepeHUs. OBbIYHO
BbIOMPAIOT CKOPOCTb B AuanasoHe paboynx CKOpoCTel, MakcumanbHO GruU3Kylo K KpUTUYeckon. XKayT, noka
BUOpaLMA MaLUMHLI U Apyrue napameTpbl ee paboTbl JOCTUTHYT YCTAHOBUBLUMXCS 3HAYEHWUI, NOCHeE Yero us-
MepsIoT BUBpaLIMIO Ha YacToTe BPALLEHMs B 33[1aHHbIX NMOCKOCTSAX. B npouecce namepenuin cneayer, no Bo3-
MOXHOCTU, NOAAEPHUBATH MOCTOSIHHBIMU CKOPOCTb, HArpy3Ky U ipyrue napameTpbl, KOTOpble MOTYT OKa3aTb
BMMSIHME HA BUOPaLMIO MaLLUMHBI;

¢) nob6aensioT oauH NpoGHBIi rpy3, cosaaiowmin aucbanaHc AU,, B 3a4aHHYIO 7-10 NNOCKOCTb KOPpPeEK-
uun. Macca rpy3a gomkHa ObiTb 4OCTAaTOMHO 60NbLUION, YTOObI BbI3BaTh 3HAYUTENbHOE U3MEHEeHUe Bubpauuu,
HO He HacTONbKO 60MnbLUON, UTOObI BbI3BaTh MOSIBIIEHME ONACHBIX BUOPaLMii MaLLMHBI B NPOLIECCE UCTMbITAHWIA.
WHorga BMECTO OAMHOYHOTO rpy3a [0MycKaeTcs ycTraHaBnmBaTh Habop rpy3os.;

d) nsmepsIoT BUOpaALMIO B YCNOBUSIX, aHANOMMYHbIX yKa3aHHbIM Ha atane b);

€) Ans Kaxaon U3MepUTENbLHON NIIOCKOCTU BLIMUCTISIOT BEKTOPHYIO Pa3HOCTb A§k MexXay BEnuuuHamum,
NU3MepeHHbIMKU cornacHo atanam b) u d). JlokanbHbi gucbanaHc Sk,, OnNpeaensioT B pesynsrate geneHus

A§k Ha u3MeHeHue aucbanaHca AU, (cM. npunoxenue A). S, , onpeaenexo Ans TOW CKOpPOCTM paboThbl Ma-
LUMHBI, HA KOTOPOW NPOBOAUINUCH U3MEPEHUS.

MNpu npoBea€HUM U3MEPEHUI CrieyeT yYUTbIBaTh Takme (pakTopbl, Kak AManasoH NIMHENHOCTU Bubpa-
LUK 1 NOBTOPSIEMOCTb PE3ynbTaToB U3MEPEHUN.

9 AHanus 4YyBCTBUTENbLHOCTU MaWMUHbLI K aguc6anaHcy

Ecnu B nonyyeHMn HeoOxoauMbIX IKCNEPUMEHTANbHBIX AaHHbIX UMEIOTCA TPYAHOCTHU, LienecoobpasHo
NPOBECTUN YNCMEHHbI aHanu3 AN TeX MaLUMH, KOTOPbIE B NPOLIECCe pa3roHa Unu B YCTAHOBUBLLEMCS PEXUME
paboTbl MPOXOAAT YEPE3 KPUTUIECKUE YACTOThbl UNKU BNU3KO NOAXOAAT K HUM.

Takon aHanus Tpedyer UCMONb30BaHUS MATEMATUIECKUX MOZENEN C BKNIOYEHNEM CREAYIOLLUX AAHHBIX:

a) Macco-)XECTKOCTHbLIX XapakTePUCTUK POTOpa U €ro onopsl;

b) >ecTtkocTu n KoaduumeHTa gemnpuposaHusi NOALMMNHUKOB U YNNOTHEHWUN, ABASIOLLMXCA PYHKLIU-
AMU CKOPOCTU BPALLEHUS,

C) 3HayeHWin CODCTBEHHbIX YaCTOT U COOTBETCTBYIOLMX hOpM Moz, konebaHui;

1"
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d) pacyeTHbIX 3HAa4YEHUI MOAAaNbHOIO AEMMNPUPOBAHUS;

€) pacyeTHbIX 3HaYeHWUI NoKanbHOW YYBCTBUTENLHOCTU ANA 3a4aHHbIX TOYEK BAOMb OCU poTOpa U 3a-
[aHHbIX NNOCKOCTEN AncbanaHca.

B moaenb BBOAAT 3HayeHue aucbanaHca, onpeaensemoe no dopmynam (1) u (2) u3 knacca TOMHOCTHU
GanaHCMpPOBKN ANA AaHHOW MaluMHbI, MacCbl POTOPa U 4acTOTbl BpaweHus (CM. npuMep npunoxexus D).
BubOpauuoHHbIN OTKMUK HA BO3AENCTBUE CUIl, OOYCMOBMEHHbLIX AAHHbLIM AMCOAanaHCcOM, CPaBHUBAIOT C J0-
NYCTUMbIMU 3HAYEHUAMU, NOSTyYeHHbIMU N0 hopmynam (4)—(6). JononHUTENLHO ANA Knaccudmkaumm no
MOAAnNbLHONM YyBCTBUTENBHOCTU MOXET ObiTb MCNONbL30BaH rpachuk 3aBUCUMOCTH AONYCTUMOIO YCUIEHUA Ha
pe3oHaHce OT YacToThl BpaLleHus potopa (CM. PUCYHOK 5).

Mpu pacyetax ana COOTBETCTBYIOLLEH MOAbI BUOpaummn aucbanaHc fomkeH ObiTb OTHECEH K COOTBET-
CTBYIOLLIEN MITOCKOCTW. TakK AN pac4ETOB NEPBON MOAbI OH AOIMKEH ObITb OTHECEH K TOUYKE BOMM3N CEpeauHbI
nponera poropa, a Ans BTOPOW MOAbI — K TOYKaM BONMM3M KOHLOB pOTOpa, KONebnowmumest B npotusocdase.

12
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Mpunoxexue A
(cnpaBouHoe)

MosicHeHus npuMeHAeMbIX TEepMUHOB

A.1 O6wue nonoxeHus
YyBCTBUTENBHOCTL K AUcOanaHcy obblMHO onpeaensioT AByMs cnocobamu, ykazaHHeIMK B pasgenax A.2 n A.3.
A.2 JloKanbHas YyBCTBUTENbHOCTb

JToKkanbeHyto HyBCTBUTENLHOCTL Sy, OTpenensitoT no gpopmyne

AS,
AD,

Skr = : (A1)

rae ‘ASK‘ — U3MeHEHWe rapMOHWKN BUGpaLu 060pOTHOM YacTOThI B MIIOCKOCTHU K;

‘AU,I — U3MeHeHue aucbanaHca nyTem ycTaHOBKU NpoGHOro rpysa (Mnu Habopa rpy3oB) B NIIOCKOCTH 1 poTopa.

MpumeyaHune—JIlokanbHyo YyBCTBUTENbHOCTb YacTO Ha3biBatoT KO3 ULMEHTOM BMUAHUA. STO pasMepHas
Benu4nHa.
A.3 MoaanbHasi YyBCTBUTENbLHOCTb

MogankHyto YyBCTBUTENLHOCTE M, onpefensioT Kak KoathdULMEHT yCUneHns nepemeLeHns no n-i Moae snbpa-
Lwuu, obycrnosrneHHoro aecTemeM gucbanaHca, no opmyne

: (A2)

rae Q — yacToTa BpalleHus poTopa;
,, — -5 KpUTUYeCcKas YacToTa BpalleHWUs poTopa (B OTCYTCTBUM AeMNUPOBAHNA);
£, — roacbchuLeHT femMndupoBaHNa AnNa n-it MoabI.

MpumeyvyaHune 1 — dopmyny (A.2) nonyyaloT U3 aHanusa JUHAMUKU NPOCTON OAHOMACCOBOW Mofenu potopa
Ha ynpyrux onopax ¢ gemnduposaHuem (potopa bxeddkoTTa), ANA KOTOPOW amMnNNUTyay nepemeLleHns S MOXHO npea-
CTaBUTbL B BUAE

S= meCy?
B 2.2 2’ (A.3)
VK —mO2 ) +(C)
r4e m — macca poTopa;
€ — 3KCLISHTPUCUTET Macchl poTopa,
K — XeCTKOCTb Onopel;
C — nemnduposaHue.
Pasnenus YicnuTens U 3HaMeHaTenb Ha K, ¢opmyny (A.3) npeobpasyioT K BUay
s_ (me? 1K)
- (A-4)

)y

Buipaxerne YK /m npencrasnset co6oil 4acToTy pe3oHaHca @, IMHERHO CUCTEMBI C OAAHOI cTeneHbto cBoGoa bl
6e3 feMncnpoBaHusA, a oTHolleHuwe C/K pasHo 2( /o, rae C, — koapduymeHT gemMndnuposaHua. 1o NO3BONAET yNpo-
cTutb popmyny (A.4) ao suaa

13



FOCT ISO 21940-31—2016

o(Q/ 0,)?

2 2
(o] | =]
®p ®p

Mockonbky Mo onpeaeneHunio oTHOWEHWe S/e npeacTaBnseT coboil MoAasibHyo YyBCTBUTENLHOCTE M,, dopmyna
(A.5) akBuBaneHTHa dopmyne (A.2).

Ecnun ckopocTb BpalleHns paBHa KpUTHYecKoil, To M, pasHa 1/(2(,). B cnyyae manoro AeMncvpoBaHusa ata Be-
nu4nHa onpepensaeT MakcuManbHoe ycuneHune BubpaLum Ha pesoHaHce, HasbiBaeTca Ko3ahPULMEHTOM YCUIEHUS Ha pe-
30HaHce (Mnu [o6poTHOCTLIO) M o6o3HauaeTea Q,,. [aHHas BenuuuHa 3aBUCUT TOMbLKO OT YPOBHA AeMNUpOBaHNS B
cucteme.

MpuMmeyvaHue 2 — MopanbHas YyBCTBUTENLHOCT SBMSIETCA Ge3pasMepHOii BENUYNHON.

14
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Mpunoxexuue B
(cnpaBouHoe)

Mpumep nocTpoeHun auarpammbl Hakeucra

Pesynsrarbi UsMepeHuii, NpoBe/IcHHbIX Ha pa3HbiX CKOPOCTSIX, NPUBEAEHB! Ha AnarpammMe Halikeucta (pucyHok B.1)
v B Tabnuue B.1.

3450 3300
100- 3600 3210

3150
80

60—

40— 3060

ov

LYooy gy oy 143000
20 40 60480 100 120 140 160 180 200 X

20

950

40+ 2940
60~

807 2850

100~
2550 2790
Yy 2700 2730

PucyHok B.1 — [Juarpamma Haitkeucta, nokasbisaiolasi usmeHeHue amnnuTtyabl u ¢passl BUGpaLmm
npy NPOXOXAEHUU Yepe3 Pe30HAHCHYI0 CKOPOCTb

AHanua nsMepeHuii NoKasbiBaeT, YUTO 3HaYEeHNe NepBoN KPUTUYECKON CKOPOCTU N, pasHo 3000 muH—!, a ckopoctb
N, 5, Ha KoTOpO hasoBbIit yron nsmeHsieTcs Ha 45° — 2710 mun—1 u 3320 muH~". B cooTsetcTeum ¢ chopmynoit (11) mox-
HO paccuuTaTth 3HaueHue koadhuumenTa ycunenus Q,.

Ta6nuua B.1— Pesynbtar nsmepenuii ans ckopoctu n, = 3000 mun—1

Nys, mun! Q,
2710 491
3320 4,92

Ecnu nepsas 1 BTopas KpuTUYeckue CKOpPOCTM PacrionoXeHbl Grinako Apyr K ApYry WM ecnu NMeeT MecTo Hanoxe-
Hue koneGaHuit OT APYrMX PE30HAHCOB, TO ANS OLIEHKM MOAANbLHLIX NapaMeTpoB noTpebyloTes Gonee CNOXHLIE METOAbI
aHanusa.

15
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MpunoxeHue C
(cnpaBouHoe)

Mpumepsl knaccudukauum no 3Ha4eHUAM MoZarbHOU YYBCTBUTESNIbHOCTH

C.1 Mpumep 1

MawuHa — rasosasi TypbuHa (rpynna Il).

PaBoyasi ckopocTs 1 — 3000 MuH™! (NocTosHHas).

[MepBas kputTudeckasa ckopocTb — 2730 MuR~",

KoachduuneHT flemndmpoBanina §; (MonyyeHHsI 3kCnepuMeHTansHo Ha MecTe ycTaHoBku) — 0,04.

Kputuyeckas ckopocTb o4eHb brmaka Kk pabodeid ckopocTu MaluHbl. 3HaYeHne KoadduLneHTa yCuneHusa Ha peso-
1 1

HaHce Q; MOXeT BbITb Nony4YeHo U3 koadduLmneHTa gemnduposanna §y: Q = —=——=125.

16

25, 2-04
OTHolleHWe KpuTu4eckoit 1 pabodeii ckopocTeit pasHo @,/Q = 0,95.
Ncnonb3ys pucyHkn 4 1 5, MOXHO YBUAETb, YTO faHHas MalliHa OTHOCUTCSA K knaccy B (HU3Kasa 4yBCTBUTENBHOCTD).
C.2 Mpumep 2

Ta xe MaluuHa, 4To B NpUMepe 1, HO ee pabodas CKOPOCTL paBHa KpUTUYECKoi, T. e. 1,/Q = 1,0.
CornacHo pucyHKy 4 MaluMHa nonafaet B knacc C (cpefHAst YyBCTBUTENBHOCTb).
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MpunoxeHue D
(cnpaBouHoe)

MNpumep pacueTta aucbanaHca

MawmHa — razoas TypbuHa (rpynna Il).

Pa6oyas ckopocTb — 3000 Mun~"! (nocTosHHas).

Macca potopa — 80000 kr.

CornacHo [1] knacc To4YHOCTU GanaHCcUpoBKM rasoBbiX TypbuH — G2,5. C ucnons3oBaHnuemM opmynsl (2) paccuu-
ThIBaIOT JONYCTUMBIN YA ENbHEIR gucbanaHc:

G 2,5

€por = = = =2 =0,008 MM,
Q 3000(2x/60)

TakuM o6pasom, LoMycTUMBIA OCTaTOMHbIN AucGanaHc poTopa MallMHbl paBeH

Uper = €M = 0,008 - 80000 = 640 kr - Mm.

p P
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MpunoxeHune A
(cnpaBoyHoe)

CeefeHUA 0 COOTBETCTBUMU CChISTIOYHbIX MeXAYHAPOOHbIX CTAHOAPTOB
MEXrocyAapCTBeHHbIM CTaHOApPTaM

Tabnuya OAA1

O603HauYeHWe CChINOYHOTO MeXAyHapoHOTo CTeneHb O603HauveHNe U HaMEHOBaHWe COOTBETCTBYIOLLEro
cTaHaapTa COOTBETCTBUA MeXXrocyapcTBeHHOTO cTaHAapTa
ISO 1925 — *

* COOTBETCTBYHOLLUIA MEXTOCYapCTBEHHBIV CTaHAapT OTCYTCTBYET. [lO ero NPUHSTUS PEKOMEHAYETCA UCTIONB30-
BaTb NepeBof AaHHOro MEeXAYHapOAHOro CTaHhapTa Ha PYCCKUA S3bIK.
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