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3 HacTtoAawwnn cTaHpapT npenctaBnseT cobonm ayTeHTUYHbIN TekcT NCO 7919-1-96 "Bubpauus
MawmnH 6e3 BO3BPaTHO-NOCTYMATE/IbHOIO OABMXXEHUSA. VI3MepeHna Ha BpallaloLnXCcs Banax N Kputepun
OUEeHKN cocTosaHus. YacTb 1. Obuiee pykoBoacTBo"

4 BBEJEH BMNEPBbIE

BBepeHue

CoBpeMeHHble MalnHbl paboTaloT B YyCNOBMAX MOBbILWEHHbLIX CKOPOCTEN WU Harpy3ok, UCMbITbIBAs
Mpu 3TOM »XECTKOEe BO34ENCTBUE OKPY KAOLWEN cpebl. DTO CTaslo BO3MOXHLIM, B 60/IbLLON CTENeHN, 3a
cyeT OGonee >3PGPEKTMBHONO WUNCMNOAL30OBaHUSA MaTepuasioB, XOTS W COMPOBOXAAETCA WHOrga
MOBbILUEHHOW YYBCTBUTEJIbHOCTbID MalWMH K OwnbkaM B WX KOHCTPYKUMM WU HenpaBUJIbHON
akcnnyaTaumn. Onsa obecneyeHna 6onee HagexHom n b6esonacHom paboTbl MalWMH yCTaHaBAMBaKOT
6onee XXeCcTKMe orpaHndeHns nx smbpauyumu.

FOCT NCO 10816-1-97 ycTaHaBAMBaeT MeTOAbl OLEHKM BUOPALMOHHOINO COCTOSSHUA MallMH Mo
n3MepeHmaMm BuMbpaumm Ha HeBpawawwWwmMxca 4YacTax. OaHakKo CylwecTBYeT 3HayuTeslbHOe YUCio
MalUWH, [OJ19 KOTOpPbIX WU3MepeHne BuUBpaunn TOJIbKO Ha KOPMNYCHbIX 3JIEMEHTax, Hanpumep
MOAWMNMHMKAX, MOXET OKa3aTbCA HeAOCTaTOYHbIM A9 MOJIHOrO MpencTaBieHns o0 BUOPaALMOHHOM
COCTOSIHUM MalUWHbI. TakMe MallnHbl 0ObIYHO MMEKT HECKOJIbKO MMBKMX poTopoB, BUOpaLMSA KOTOPbIX
MOXXET oKa3aTbCA 6osee YyBCTBUTEJIbHON K M3MEHEHUIO COCTOAHUA MallWHbl. Y MalUWH, OS5 KOTOPbIX
npPennoyYTUTENbHbIMU SBASIOTCA U3MepeHus Bubpaumm Basla, XXECTKOCTb M Macca kKopnyca ob6bl4HO
CYLLEeCTBEHHO NMPeBOCXOAAT aHaIorMyHbIe XapaKTepPUCTUKN poTopa.

Ona TakMx MalWKWH, Kak napoBble N rasoBble TypbuHbl 1 TypbokoMnpeccopbl, Ka)Kaas U3 KOTOPbIX
MOXXET WMeTb Heckosibko Mopg Bubpauum B AOuana3oHe paboymx CKOpOCTel, M3MepeHus Ha
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HeBpaLaLWMXC Y4acTax MOryT He pAaTb TOYHOro npeacTaBsieHMs O BUOPALMOHHOM COCTOSIHUMK
MalWKMHbl. B 3TUx cnyvyasx A[ns KOHTpons BUOPALMOHHOrO COCTOSIHMS MoXKeT noTpeboBaTbCs
rnpoBeneHne uUsMepeHnin nmbo COBMECTHO Ha BpaALLAKLINXCA W HeBpalWalWMXcs YacTax, mnbo
N3MepeHNn TosIbKO Ha BPaLLLAOWMXCA YacTAX MaLUWH.

MeTopn oueHKN BUBPaLMOHHOIO COCTOAHUSA, YCTAHOBNEHHbIA B HACTOSAWEM CTaHAapTe, OOMNOHAEeT
ycTaHoBneHHbIn B TOCT MCO 10816-1-97. MNpu COBMECTHOM MNPUMEHEHUWU YKa3aHHbIX CTaHOapTOB
OKOHYaTesibHOe pelleHne NpPUHMMaloT B COOTBETCTBUM C KpUTepueM, KOTOopblIA yCcTaHaBnBaeT Hosee
)KEeCTKOe OrpaHu4yeHune ganbHenwen skcnayaTaunm MallnHbl.

N3mepeHns Bubpaumm BasioB MCMNONb3YIOT B PasIMyHbIX LENsx, HaumHas ¢ 06bIYHOro KOHTPONA 3a
COCTOSIHMEM MalUMH NpW 3KCayaTauMm U B MNPOUEcCe WCMbITaHUA Npu NpuemMke MNpoAYyKUAN W
3aKaH4YMBas [OMArHOCTMPOBAHMEM MaWMH W TMPOBEeAEHUEM WCCNefOoBaTeNIbCKUX IKCMEePUMEHTOB.
HacToswmin cTaHgapT NPUMEHSAIOT NPU KOHTPOJIE COCTOSIHUA MaLUUH U B MPOLLECcCe UX UCMbITaHUR Npu
npuemke.

Konn4yecTBeHHble Kpntepmnn OoOueHKU BI/I6paLI,I/IVI YCTaHaBJZIMBaAlOTCA B CTaHOapTaX Ha MallUHbI
KOHKPETHbIX KJ1aCCOB.

1 O6nacTb NnpuMeHeHun

HacTosiwmin ctaHgapT ycTaHaBAnBaeT obuwimne TpeboBaHMS K M3MepeHusaM BUbpaunmn, NpoBOANMbBIM
HernocpeaCTBEHHO Ha BPALLAILWIMXCA Basax, U MeTolbl OLEHKN BMOPALIMOHHOIO COCTOSAHMSA MalUuH C
y4yeToMm:

- N3AMEHEHWUI B NOBEAEHUN MALUNHbI;
- Han4nma 4ypesmMmepHbIX OUHaMNYECKUX Halrpysok;
- KOHTPOJIA paAnhalJibHbIX 3a30P0B B NoALLUMHNKAaX.

HacToswmn cTaHfapT pacnpocTpaHseTCs Ha N3MepeHUst Kak abCoNloTHON, TaK U OTHOCUTENbHOWN
BMbpaunm Bana N He pacnpocTpaHAeTCs Ha 0CeBYyto BUOBpauuto 1 yrnoebie KonebaHua poTopa.

CTaHOapT MCNOJNb3YyKT MPU KOHTPOJE COCTOSHMS MalWH B Mpouecce MX 3KcnayaTauum 1 npu
NpPoBeAEHUN UCMLITAHUIA NMPU NPUEMKE NPOAYKLNK, KaK Ha MUCMNbITaTe/lbHOM CTEHAE, Tak U Ha MecTe
3KCNyaTauuu.

B cTaHpapTe npuBedeH MeTOof4 YCTAHOBAEHMS OrpaHUYeHUin (YHKLWOHMPOBAHUS MalUUHbl B
3aBUCMMOCTU OT YPOBHSA U3MepsieMoi Bubpauum.

MpumevyaHua

1 KpuTepun OUEHKU [15 pasMYHbIX KJlaCcCOB MalUMH YCTaHaB/MBAOT B COOTBETCTBYOLLUX
CTaHZapTax No mepe ux paspaboTkm (Hanpumep MOCT 27165, FOCT P UCO 7919-3, TOCT P UCO 7919-
4). MeTonbl onpefeneHna Taknx KpUTepres NnpuBeaeHsl B NpuaoXKeHumn A.

2 B HacTosiweMm cTaHZapTe MpUMMEHsieTCcs TepMUH "Bubpaumsa Bana", MockosibKy, B H6OMbLUMHCTBE
C/lyvyaeB, W3MepeHUss MNPOBOAAT WMEHHO Ha BaJlax MalUWH, 4TO He WCK/I04YaeT BO3MOXHOCTM
npoBefleHNs U3MEepeHUn Ha ApYyrux BpallaloWMXCs 4YacTAx, ecam 3To oKaxeTcs bonee
npeanoyYTUTENbHbIM.

B HacTodwemMm CTaHOapTe npeanosaraeTcd, 4H4TO KOHTPOJZIb COCTOAHMA MallnH MpoBOOAT 1O
N3MepPeEHNAIM Bm6pau,|/||/|, npoBeaeHHbLIM B YC/1I0OBUAX HOPMaJZIbHOI0O pe>XXnMa paGOTbI MallUNHbI.

HacTosilwmn cTaHOapT He pacnpocTpaHseTcs Ha MallWMHbl C  BO3BPATHO-NOCTyNaTeNbHbIM
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OBXXeHneM.

2 HopMaTuBHbIE CCbIJIKM

B HacTodAweM cTaHOapTe UCMoJib30BaHbl CCbIJIKW Ha criefyloumne cTaHboapThl:

FOCT 27165-97 ArperaTbl NapoTypbuHHble CTaunoHapHble. Hopmbl BMbpauun BasonpoBoOoOB W
obwine TpeboBaHUA K NPOBEAEHNIO N3MEPEHUA

FOCT NCO 10816-1-97 Bubpauunsa. KOHTpPOSb COCTOSIHUS MallMH NO pe3yJibTaTaM WU3MepPEeHUN
BMbpaunm Ha HeBpalaowmxca Yyactax. Obwne TpeboBaHUSA

FOCT P NCO 7919-3-99 Bubpauns. KoHTpONb COCTOAHUA MalUWH MO pe3ysbTaTaM WU3MEpPEHUI
BMbpaunm Ha Bpalalowmxcs Banax. [MpoMbILWNEHHbIE MALLUNHHbIE KOMIMIEKChI

FTOCT P NCO 7919-4-99 Bubpauus. KoHTpOJIb COCTOSSHUA MalUuWH MO pe3ysbTaTaM WU3MepPeHuin
BMbpaunm Ha Bpawaowmxca Banax. [a3oTypbuHHbIE arperaThl

FTOCT P WNCO 10817-1-99 Cuctembl u3MepeHun Bubpauun Bpawalowmxca Banos. Yacte 1.
YcTpoicTBa OJ19 CHATUA CUITHA/IOB OTHOCUTENbHOM 1 abcontoTHOM BMBpaL M BpaLLatoLWmnxcs BasioB.

3 U3mepeHus Bubpauum

3.1 N3mepseMble BESINYNHBI
3.1.1 BubponepemelleHune

MpeanoyTUTENbHON BEJIMYUHOW, WCMONb3yeMOM Npu M3MepeHUsax Bubpauwunm Bana, sBAseTCH
BubponepemelleHne. EguHuLa nsMepeHunsa - MUKpomeTp (1 MkM = 10-6 ™).

MpumevaHne - BubponepemelleHne - BEKTOpPHas BeJIMMMHA, MO3TOMY CpaBHEHUe [OByX
BubponepemMelleHnin MoxxeT notTpeboBaTb y4yeTa ha30BbIX COOTHOLWEHMN (CM. NpunoxeHue D).

OueHKy BUOPALMOHHOIO COCTOSAHUA MalMHbI MNOJy4alT MO pe3ynbTaTaM W3MEPEHUN Kak
oTHoCuTenbHoro BubponepemMelleHns  (BubponepemMelleHne Basia  OTHOCUTENIBHO  HEKOEro
KOHCTPYKTMBHOIO 3J/IEMEHTa MalluWHbl, HanpuMMep Kopnyca noAwwunHuKa), Tak un abCcontTHOro
BubponepemelleHns (BnbpornepemelleHne Basia OTHOCUTESIbHO HEKOTOPOM WHEPUUaSbHOW CUCTEMBI
oTcyeTa). pn ycTaHOBNEHMN BMOPALMOHHBLIX KpuTepumeB HeobxoOAMMO YeTKO YKa3blBaTb, Kakoe
BubponepemMelleHne MeeTCs B BUAY: OTHOCUTENbHOE Uan abCcontoTHoeE.

Mpw n3mepeHun Kak abcostoTHOro, Tak N OTHOCUTENLHOIO BMbponepemMelleHnin onpeaenstoT:

S p-p) - Pa3Max BubponepemMelLeHNs B HanNpaBieHU U3MEPeHIiA;

Syax - MaKCMMasibHOe BubponepemMelieHne Basia OTHOCUTENbHO CpeaHero NoJsIoXKeHns B MJOCKOCTU
N3MepeHnn.

CooTHoOLeHne MeXxxay AaHHbIMU NapaMeTpaMn NoKa3aHo Ha pucyHkax B.1 v B.2.

anIMe‘-IaHI/Ie - B HacTosdAwee BpeM4d npm npuMeHeHNn KpmurtepmeB OUEHKUN COCTOAHUA NCMNONb3YHOT
MaKCMMMaJibHOE W3 [OBYX pPa3MaxoB Bl/|6por|epeMeu_|,eH|/|ﬂ S‘:P—P:‘ no wmuimMepeHmnaMm B [OBYX B3aMMMHO
nepneHankKyndapHbIX HalpaBJieHNAX. Brnocnepcteunn, no Mepe HaKorJieHnAa 3KCnepmMeHTallbHbIX
OaHHbIX, 6onee npenonoyYTnNTESIbHbIM MO>XEeT OKa3aTbCA ncnosb3oBaHMe napaMeTpa S(P—P:'mﬂx ,

BHUMaHWe! LlonoNHUTENbHYO NMHOPMaLMIO CM. B Ap/ibike "MpuMedaHunsa”
NC «TexakcnepT: 6 nokoneHne» NHTpaHeT



FOCT P CO 7919-1-99 Bubpaumsa. KOHTPOJIb COCTOAHUA MaLLWH NO pe3yJsibTaTaM usMepeHunii Bubpawmii Ha BpaLlaloLnXcs Banax. CTpaHuua 4
Obwme TpeboBaHus
lMpumeHsaeTca ¢ 01.07.2000

onpenesieHHOro Ha pucyHke B.2.

3.1.2 lnana3oH 4acToT n3MepeHunin

N3mepeHns oTHocuTenbHOW 1 abcontoTHoW BUBpaunin Basa crenyeT NPoBOAUTb B LLUMPOKOW MoJsioce
4aCTOT, NOJIHOCTbLIO OXBaTbIBAIOLLEN 3HAYNMMYIO YaCTb YaCTOTHOro CrnekTpa BMbpaunm MallmnHblI.

3.2 Buabl namepeHun
3.2.1 3mepeHuns oTHOCUTENIbHON BUBpauunmn

N3mepeHna oTHoOCuTeNbHON BuBpauun nNPOBOAAT, KaK MpaBwuio, C MNOMOLWbK AaTYUKOB
6eCKOHTAaKTHOro Tuma, BOCAPUMHMMAOWMX BUOpoNepeMelleHe Mexgy BaJloM U 3/EeMEHTOM
KOHCTPYKLMN MalLUWHbI, HANnpUMep KOpnycoMm noglwmnnHunka. TpeboBaHna K gatymkam - no F'OCT P NCO
10817-1.

3.2.2 N3mepeHuns abcontoTHoM BUbpaumn
N3mepeHnsa abcontoTHOM BUbpaunm npoBoaAaT OAHUM N3 Criefyowmx MeTon0B:

a) NPV NOMOLLN KOHTAKTHOro AaT4YMKa-30HAA, Ha KOTOPbLIA YCTAaHAB/IMBAOT AAaTYNK UHEPLIMOHHOIO
Tuna (AaT4YNK CKOPOCTU WK aKCeslepoMeTp), HeNoCcpeaCcTBEHHO N3MepsaLWmnii abcontoTHYO BMbpaLuio
Basa;

6) Nnpu NomoLwn 6€CKOHTAKTHOrO AaT4yMKa, KOTOPbIA U3MepsieT OTHOCUTESNIbHYO BMbpaumio Bana, B
COYEeTaHMN C JATYUMKOM WHEPUMOHHOro Tuna (AaTYMKOM CKOPOCTU WM aKCenepoMeTpoM), KOTOpbI
n3mepsieT Bubpaumo onopbl. Oba AaTyYMKa A0SKHbI ObITh YCTaHOBJIEHbI B HENOCPEACTBEHHON 6/1130CTY
APYr OT Apyra, 4Tobbl Ha HUX BO34ENCTBOBaIN OOHU N Te e abcontoTHble KonebaHns B HanpaB/ieHUN
n3mepeHun. CyMMa CUrHasIoB 3TUX OAaTYMKOB B BEKTOPHOM BuAe sABNsieTca abconoTHou Bubpaumen
Bana.

3.3 NpoBeneHne nsMmepeHnin
3.3.1 Ob6Lwme nosoxxKeHus

[JaTymky yCTaHaBAMBAOT B TOYKAX, MO3BOAAKOLMX U3MEPATb nonepeyHble KonebaHusa Basa Ha
Hambosiee Ba)KHbIX y4acTKax. PekoMeHOyeTCs Npu n3MepeHnsax Kak OTHOCUTENbHON, Tak 1 abcontoTHoON
Bubpauun ycTaHaBAMBaTb MO [ABa AaT4MKa Ha KaXAOM MOALWUMHMKE WIN B HENnocpenCcTBEHHON
6/1M30CTU OT Hero. 3TW AaT4YMKK pacronaralT B paguasibHOM HarnpasieHUW, KenaTeslbHO B OAHOM
rMonepeYyHonm MAOCKOCTU, MNEeprneHAUKYNSPHOM K OCKM Basja, TaK, 4Tobbl MX OCM YYyBCTBUTENLHOCTU
OTCTOSIM OT pajmanbHOro HanpasfieHUs He bosiee 4yeM Ha =5'. [laTymKu yCTaHaBAMBAOT MNoOA4 YrjioMm
90°+5° OTHOCUTENIbHO APYr Apyra Ha O4HOW NOJIOBMHE MOALMMHUKOBOW ONOpbI.

BmecTo ABYyX MepneHAuKyIsSpHO PacCMnosIOXKEeHHbIX AAaTYMKOB [OOMYCKAETCA B KaXKAOW MJIOCKOCTU
N3MepeHnn NCNonb3oBaTb OAMH AATHUK MPU YCOBUKN, YTO 3TO NO3BOSMT NOAy4YaTb OCTAaTOYHO MOJHYO
nHdpopMaumio o Bubpaunmn Bana.

PekomeHOyeTCca npoBedeHMWe CcrneuuvasnbHbIX W3MEpPeHun pna onpeaeneHns OueHun Bana
HeBubpaunoHHOM npupoabl, OBYCNOBNEHHbLIX HEOOHOPOAHOCTLD MaTepuasla MNOBEPXHOCTU Bana,
JIOKaNbHbIM OCTATOYHbLIM HaMarHNUYMBaAHUEM UM MeXaHU4YeckMmn bueHusmmn. Cnegyet UMeTb B BUAY,
4YTO B C/ly4ae aCMMMETPUYHOro poTopa BAUAHUE CUJIbl TSXKECTU MOXKET Bbl3BaTb MOSBJIEHNE JIOXKHOIO
CuUrHana bnenuns.

OnucaHus cpencTs |/|3MepeH|/||7| n pekoMmeHaaunmnm no nx ncnosib3oBaHMIO rnmpmBeaeHbl B NpPUJIoXXeHnn
C.

3.3.2 i3aMepeHns oTHOCUTENIbHON BUBpauun
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HDaTymkm oTHocUTenbHOM BMbpaumn 6eCKOHTaAKTHOro Tuna Ob6bIYHO yCTaHaBAMBalOT B pe3bb0oBbIX
OTBEPCTUAX B KOpMNycax MOAWUMHUKOB WAW PSAOM C NOAWMUMAHMKaMU MNpyv MOMOLM >KECTKUX
KpOoHWTeNHOB. COoBCTBEHHbIE YACTOThbl KPOHLUTENHA He AOJ/DKHbI OKa3blBaTb BJINSAHUE Ha pe3y/bTaTbl
n3MepeHnn subpauun Bana. EChm gaTymMkK yCTaHOBJIEH B CaMOM MOALIMMHUKE, €ro pacnosIoKeHne He
OOJIKHO BbI3bIBaTb U3MEHEHUI B MACASAHOM KJIMHE MOALWUMHUKA.

MoBEpPXHOCTb Bajla B MeCTe yCTaHOBKM AaT4yMKa C Y4€TOM TeMrepaTypHbIX PacLUIMPEHUA OOJSHKHA
6bITb rNagkon n cBoboAHON OT MOOLIX OTKJOHEHU B FEOMETPUYECKON hopMe (Bbl3BaHHbLIX, HanpuMmep,
WMOHOYHBbIMM KaHaBKamu, pe3bbaMn, KaHanamum O CMasKu), HeoOHOPOOHOCTEN MaTepuana u
OCTATO4YHOIr0 HaMarHM4YMBaHUA, CMOCOOHBLIX MPUBECTM K NCKAXKEHNAM CUrHana. Ecnm noBepxHOCTb Bana
6bls1a rasibBaHM3MpOBaHa UK MEeTaIIM3MPOBaHa, TO N3MepPUTESIbHYIO CUCTEMY CleayeT 0TKaanbpoBaTb
cneumanbHO AN OAHHOW MOBEpPXHOCTU. PekoMeHayeTcs, 4TOObl OueHua snekTpuyeckom u
MeXaHMN4YeCKON MNpupoabl, U3MEPEHHbIE C MOMOLLbIO AAHHOrO AaT4yuKa, He npeBbiwann 6onbliero mn3
cnepyowmnx 3HavyeHun: 25% 3HaveHus BmbponepemMelleHns, NPUHATOro 3a AonycTuMoe, UanM 6 MKM.
Ins BbICOKOOBOPOTHLIX MalUMH XapakTepHa MOBbILLEHHAd 4UCTOTa 06paboTKM MOBEPXHOCTU Bana,
Mo3ToMy Ana MawunH ¢ paboyen ckopocTbio 6osiee 10000 MUH-1 BMeCcTo 6 MKM cnenyeT 6paTb 3Ha4YeHme

600/./; MKM, rge » - CKOpPOCTb BpaLleHUsa poTopa, MUH-1,

Ecnm nsMepeHnsa npoBoAsAT Ha MallMHe, HAaXo4ALWEeNcss B IKCMayaTauun, O KOTOPON M3MepeHus
BMbpaumn Bana 3anjaaHMpPoBaHbl He 6bliv, BOMPOC AOMYCTUMOCTU TEX UK UHbIX BUeHnn nonxKeH 6biTh
paccMoTpeH ocobo.

3.3.3 W3MepeHus abconoTHOM BuUbpauunm C WNCNOJIb30BAHNEM [OaTYMKOB WHEPLIMOHHOTO W
6EeCKOHTAaKTHOIro TUMoB

Mpn NCcNonb30BaHUN COYETAHUA L0ATYMKOB VMHEPLMOHHOr0 U 6ECKOHTAKTHOro TUMNoB abCosOTHYIO
BMOpaLMIO NONyYaloT BEKTOPHbLIM CJIOXKEHMEM CUMHA0B 3TUX AaTYMKOB. TpeboBaHNA K 6E€CKOHTaKTHbIM
[ATUYMKaAM M K X KPENJIEHMI0 aHaNOormyHbl yKasaHHbIM B 3.3.2. JlaT4yMK MHEPLMOHHOro TuUMa »XXeCTKO
3aKpennaiT Ha KOHCTPYKLUUM MalluHbl (HanpuMep Ha Kopryce MOALWMHUKA) Kak MOXHO 6anxe K
[aTUYMKy 6eCKOHTaKTHOro Tuna Ana Toro, 4tobbl oba paTyMKa BOCAPUMHMMANIM OAHY WU Ty Xe
abconoTHyo BMbpauuio B HanpaBAeHUMN WU3MEPEHUN CO CTOPOHblI onopbl. OCU YYBCTBUTENbHOCTU
6ECKOHTaKTHOr0 M WHEPUMOHHOro AaT4YUKOB [A[OJDKHbI ObiTb MapannenbHbl, 4TOObl B npouecce
BEKTOPHOI0 C/IOXKEHUA CUrHaNoB 3TUX [AaTYMKOB He Obl10 [OMOSHUTESNIbHbIX MOrpewHoCcTen npwu
n3mepeHnn abconoTHom Bnbpaumn.

3.3.4 W3mepeHua abconwoTHoM BUOpauum C NCNOSb30OBaHUEM OaTYUMKOB WMHEPLMOHHOrO Tuna u
KOHTaKTHbIX OaT4YNKOB-30HA0B

OaTynknm UHEepUMOHHOro Tumna (JaTYMKM CKOPOCTU WM  aKCenepoMeTpbl) A0KHbl  6biTb
YyCTAHOBJIEHbl Ha JaTyMKax-30HOaAxX B pajunasbHOM HanpasieHun. CnepnyeT WCKIKYUTb BO3MOXKHOE
apebeskaHne nnum 3aefaHne 30H4a, 4TO MOXKET MOBANATbL Ha CHUMAeMbIN CUIrHaN AaTyuKa. YCTaHOBKY
30HO0B NPOBOAAT corsaacHo TpeboBaHusam 3.3.1.

MoBepXHOCTb BaJla B MeCTe KOHTaKTa C 30HAOM C YYE€TOM TEerJIOBbIX pacLUMpPeHUn OoJKHa ObiTb
rnagkom n cBobogHOM OT MoBbIX OTKNOHEHUN B reoMeTpuyeckom opme, TakKuMX KaK LIMNOHOYHbIe
KaHaBKN nnun pe3bbbl. PekoMeHayeTcs, 4Tobbl MexaHu4yeckne bneHns Bana He mnpesbiwann 6onbLIero
M3 cnepyroumnx 3HadeHnin: 25% 3HavyeHuns smbponepemelleHns, NPUHATOrO 3a AONYCTUMOE, N 6 MKM.
Ons paboynx ckopocTen 6onee 10000 MmnH-1 BMecTo 6 MKM crepyeT b6paTb 3HayveHue 600 /., MKM, rge
# - CKOPOCTb BpalleHNs poTopa, MUH-L,

MeTon u3MepeHMs BMOpauUUM C MOMOLLbIO 30HAA MOXXET MMeTb OrpaHMYeHusi, CBsi3aHHble CO
CKOPOCTbIO  ABWXKEHWSA  MOBEPXHOCTW Bana wam  gpyrumm  obctoaTenscTBamu, Hanpumep
bopMmpoBaHMemMm nog 30HAOM TMAPOANHAMUYECKOW MACNSIHOW TMJIEHKW, KOTOpasi MOXET BHECTU
NCKa>XeHNA B CHUMaeMblil CUrHan. [laHHble orpaHnyYeHns OoJIXKHbl 6biTb YKa3aHbl B CONPOBOANTENbHOM
AOKYMEHTaUNN Ha OAaTHYMKMW.

3.4 Pe)xumbl paboTbl MalLUHBbI

N3mepeHns Bubpaumm Bana cnenyeT NpoBOAMTb B 3a4aHHOM pexxume paboTbl MallUHbI NOC/e TOoro,
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Kak TemrepaTypHble N Apyrve 3KCrnyaTauNoHHbIE XapaKTePUCTUKM OOCTUTHYT YKa3aHHbIX 3HAaYeHWN.
B cnyyae npoBefeHUs OOMNONHUTENbHbIX U3MEPEHU 4SS APYrUX YCoBUIA paboTbl MalMHbLI, HAaNpuMep
npv MenOJsieHHOM MPOBOPAYMBaHMM POTOPA, MPOrpeBe WM Ha KPUTUYECKUX CKOPOCTAX BpalleHus,
OUEeHKa pe3ysibTaTOB TakUX U3MepeHnin MoXKeT noTpeboBaTb NCMOb30BaHUSA METOAO0B, HE YKA3aHHbIX B
HacTosiLLEeM CTaHOapTe.

3.5 ®yHOaMeHT U KOHCTPYKLUMA MaLlnHBbI

Tvn chyHOAMeHTa N KOHCTPYKTMBHbIE 0COBEHHOCTUN MalUVHbI (HanpruMep HaJnymMe NnoacoeanHEeHHbIX
Tpy6) MOryT okasaTb CyLLEeCTBEHHOE BJMSIHUE Ha ee BUbpaumnto. CpaBHeHWe BUOpaLMM MaLIUH OLHOTO
BuAa OyleT KOPPEKTHbIM TONbKO B CJlyvyae, ec/iM AMHaAMUYECKUEe XapaKTEepUCTUKU (yHOAMeHTa u
KOHCTPYKLUM 3TUX MalUMH OAMHAKOBbI.

3.6 HaBepneHHas Bnbpaunsa n NnpoBepka N3MEpPUTENbHON CUCTEMBI

Mepen HavYanoM mamepeHun subpaunm B paboyem pexxmme MallUHbl CleayeT C NOMOLLbI0 TeEX XKe
CpefcTB MU3MEPEHU N B TOM »X€ MecTe NPOBeCTN n3mepeHnsa subpaunmn gna HepaboTalowen MaLlLnHbI.
Ecnn 3HayveHue napameTpa Bubpauun pana HepaboTalowen MawuHbl OyaeT npesBbiwaTb TPeTb

3Ha4eHn4d, noJiy4eHHoro ansa MmalluHbl, pa60Tarou_|,e|7| B 3aJaHHOM peXxume, HeobxoanMo MNMPUHATb Mepbl
Mo NCKJIIOYEHUIO BINSAHNA HaBeoeHHOW BI/I6paLI,VIVI.

4 Cpeancrtea nusMepeHum

Bbibop cpencTB n3MepeHuin crefyeT oCyLWecTBASATb C YYETOM:

BO3MOXXHOCTWN NX pa60TbI B YC/10BNAX MOBbILWLIEHHbBIX TEMMEPATYPbI N BJIAXXHOCTN,

HaIN4YNA KOPPO3NOHHOW Cpelbl;

CKOPOCTUN OABUXEHNA NMOBEPXHOCTW BaJla,

MaTepuasa, N3 KOTOPOro n3roToBJieH BaJl, N Ka4e€CTBa €ro rnoBepxHoOCTu,

paboyen cpenbl (Boaa, Macno, BO3OyX WK Nap), KOHTaKTUPYIOLWEN C OaTHNKOM;

BO3MOXXHbIX BO34ENCTBUI Bubpaumn n ygapa (Mo TPEM OCHOBHbLIM OCAM), aKyCTUYECKOro Liyma,
MarHUTHbIX nonemn;

- HaIM4Yna MeTasInYeCcKnx Macc B6M3N HaKOHEYHMKa JaTuYnKa;
- PAYKTYaUUn HaNpsXKeHUs NuTaHus.
XenatenbHo, 4TOObI M3MepuTeNbHasi CUCTEMa WMesla BCTPOEHHOe YCTPOMCTBO KaanmbpoBKM

CYNTbIBAOLLErO YCTPONCTBA M N30JIMPOBAHHbIE BbIXOAbl, MO3BOJISKOWME NpN HEOH6X0OMMOCTN NPOBOANTL
OasibHENLWWN aHaNn3 NOSy4YeHHbIX OaHHbIX.

5 Kputepumn oueHKu

5.1 OueHKy BMOPALMOHHOIO COCTOSIHMSA MalUWMHbI MNOJy4YalT Mo pe3yjibTaTaM W3MepeHUNn
abcontoTHOM Nan oTHOCUTENbHOM BMBpauwnn Bana.

5.2 B cny4yae, Korpa B Ka4eCTBe KpUTepus oueHKN BbiIbupatoT nsmeHeHne snbpauunm Bana, To:
a) ecanm Bubpaums MNOBEPXHOCTW, Ha KOTOPOW YCTAHOBNEH [aTYMK OTHOCUTEsIbHOro

BubponepeMelleHusi, meHee 20% OTHOCUTENbHOM BUbBpauun Bana, B Ka4yeCTBE N3MEPSEMON BENNYUHDI
MOXeT BbITb NPUHATO KaK OTHOCUMTENIbHOE, Tak 1 abcontoTHoe BubponepemelleHune;
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6) ecnn Bubpaums NOBEPXHOCTW, Ha KOTOPOM YCTaHOBMEH [JaT4YMK OTHOCUTESIbHOro
BubponepemelyeHus, He MeHee 20% oTHocuTenbHom BubGpauum Bana, usMepalT abconwTHoe
BubponepemMelleHne Basna, U, €CAM OHO OKaxeTca 6onblle OTHOCUTENIbHOro BubponepemelleHuns,
MPUHNMAIOT ero B Ka4ecTBe U3MepseMOon BENNYNHDI.

5.3 B cny4dae, Korga B KayeCTBe KPUTEPUS OLIEHKWU BbIOUPAOT OMHAMUYECKYH Harpysky Ha
NOALWWMHMKN, TO B Ka4eCTBe N3MEPSIEMON BeJINYMNHbI NMPUHMMAIOT OTHOCMTENIbHOe BubponepemelleHne
Basa.

5.4 B cny4dae, Korga B Ka4ecTBe KPUTEPUS OLIEHKM BbIOMPAIOT 3a30p MeXAy CTaTOPOM U POTOPOM,
TO:

a) ecnanm Bubpauuss MNOBEPXHOCTW, Ha KOTOPOW YCTAHOBJIEH [aTYMK OTHOCUTEsIbHOrO
BubponepemelLeHuns, meHee 20% oTHoCcMTeNbHOW BUBpaunm Bana, B Ka4yecTBe Mepbl MU3MeHeHns 3a30pa
NMPUHMMAIOT OTHOCUTENbHOE BMBponepemMeLleHNe;

6) ecnan Bubpaums NOBEPXHOCTW, Ha KOTOPOM YCTaHOBMEH [AaTYMK OTHOCUTESIbHOro
BubponepemMelleHusi, He meHee 20% oTHOCKMTeNbHOW BUBpauMn Bajla, HO ee MOXKHO pacCMaTpuBaTb Kak
nosHy BuMbpaumio cTaTopa, B KaydeCcTBe Mepbl W3MEHEHUS TaKXe TMPUHUMAIOT OTHOCUMTEeNbHOoe
rnepemMelleHve. B NnpoTMBHOM c/lydae HeobxoOMMO MCNOJSIb30BaTh APYrne MeToAbl YCTAaHOBKM AaTyuKa
Bubpauunn.

5.5 Knaccudumkauma subpaumm Bana 3aBUCUT OT pa3MepoB M MacCCbl Bubpupylliero Tena,
XapaKTePUCTUK OMopbl MaLUUHbLI, €e BbIXOAHOW MOLLHOCTW W Ha3Ha4deHUs. Takum obpasom, npu
onpeaeneHNn pas/INyHbIX OMana3oHOB ANS KhacCupukauum Bmbpaunm Basa MallMH OaHHOro Kjaacca
Heobxo4NUMO NPUHUMaTb BO BHMMaHMWE Ha3Ha4YeHMEe MalLUHbI N YCIIOBUS ee dKCMJlyaTauun.

5.6 MeToabl onpeneneHnss KpuUTepumeB OLEHKM BUOPAUMOHHOIO COCTOAHUSA MO WU3MEPEHUSAM
BMbpaunn Bana AN9 MalWlMH Pa3IMYHbIX KJACCOB MNpuMBEAEHbl B MpuioxeHun A. [daHHble Kputepumn
OTHOCATCSH TOJIbKO K Bubpauun, cozgaBaeMon caMon MallMHOW, a He nepefaBaeMon Ha Hee n3BHe. OHK
MOryT ObITb AOMOJIHEHLI KPUTEPUSAMMN OLIEHKWN MO U3MepeHnsaM BMOpaLnM Ha HeBpaLLaoOLWMXCA YacTaX
rno MOCT NCO 10816-1. MNMpn coBMeCTHOM NpPUMEHEHUN KpuTepmes 060X BUOOB OLIEHKY BUBpaLMOHHOIO
COCTOSIHUSA MalUMHbI NOJIy4aloT B COOTBETCTBUN C KPUTEPUEM, KOTOPLIN yCTaHaBAMBaeT 6onee xecTkoe
orpaHM4yeHne akcnayaTaunm MallinHbl.

KpuTepun ONs MalMH KOHKPETHbIX KJIACCOB AO0JDKHbI OblTb YCTAHOBJIEHbI B COOTBETCTBYIOLLNX
CcTaHOapTax.

5.7 MeToabl OUEHKN BUOPALIMOHHOrO COCTOSIHUA, oOnpenensieMmbie B HacTosIWEM CTaHOapTe,
OCHOBaHbl Ha M3MepeHun BMBpaLnN B LUMPOKOW Monoce 4acToT 6e3 aHasim3a OTAEsIbHbIX YaCTOTHbIX
COCTaBAAWMNX U (PaA30BbIX COOTHOLWIEHMN. B OGONbLUMHCTBE C/lyvYaeB TaKOW MOAX0nd OKa3blBaeTCs
OOCTATOYHbLIM A1 UCMNbITAHUN NPU NPUEMKE MNPOAYKUNN U KOHTPOJS COCTOAHMA. OQHAKO B HEKOTOPbIX
cnyyYyasix nNpu oueHke BuUbpauuMnm MallnH onpeneneHHbIX KJ/acCoB »>KeslaTesNlbHO npeacTaB/ieHne
MHpOpMaLMM B BEKTOPHOM Buae. [laHHble 06 W3MEHEHUM BEKTOPHbIX COCTaBAAWUX Bubpauumn
NCNonb3yloT AN obHapy)XeHusa u onpenesneHns MnpUuYnH U3MEHEHUN AWHAMMYECKOro COCTOSHUS
MalWWH, KOTopble MOryT 6biTb He 0OHapy>XeHbl Ha OCHOBE W3MEPEHUN TOJIbKO LUMPOKOMOIOCHON
BMbpauum (cMm. npunoxxeHune D).

Mcnonb3oBaHWe U3MeHeHUs BEKTOPHbLIX COCTaBIAWLWNX B Ka4deCTBe KpUtepmsa OuUeHKN
BI/I6paLI,I/IOHHOFO COCTOAHNA B HacTodLWeM CTaHOAQPTE HE paCcCMaTpMBaeETCA.

5.8 Bubpaumsi HEKOTOPbIX MalUMH MOXXET O0Ka3aTbCH YYBCTBUTENbHOM K WU3MEHEHUAM
yCTaHOBMBLLErocsa pexunma paboTbl. B psge cnyyaeB 3TUM MOXHO npeHebpeyb, HO MOXKET OKa3aTbCH,
4TO BMOpPaAUMS KOHKPETHOW MalWuHbl OyneT oueHeHa KaK yOOoBJIeTBOPUTESIbHAs MPU U3MEPEHUsX B
0AHOM YCTaHOBUBLLUEMCS PeXMUMe N KaK HeyOoBAeTBOPUTEsIbHasA NPy NU3MEpPEeHnsiX B ApYroM pexxume.

PeKOMeHD,yeTCFI, 4YTOObI BOMPOCHbI, CBA3aHHbIE C HYYBCTBUTEJIbHOCTbLIO BI/|6paL|,I/IVI MallHbl K peXnmy
ee p860TbI, 6blI  COrNlacoBaHbI Mexnay wum3rotoemntenemMm wu I'IOTpe6VITe}'IEM C YKa3aHumem, npu
HeobxoonumMocTun, obbeMa AONOJHUTENBbHbIX UCMbITAHNI UN TeopeTNHECKNX nccnenoBaHUn.
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MPNNOXXEHUE A
(obsA3aTenbHOe)

MeToAbl onpenesneHnuss Kpurepues OLEHKU COCTOAHUA MaLlUMH pa3JIMiyHbIX KJIacCOB

A.1 ObLme nonoxxeHus

KpnTepun oueHKn BUBPaLMOHHOIO COCTOSAHMSA 3aBUCAT OT LUMPOKOro pada pakTopoB, MO3TOMY 3TU
KPUTEPUN CYLLECTBEHHO pas3finyaloTca ONA MalWWH pas/iIndHbIX KIaccoB, a B pAfe cjiydaeB U Ons
pa3fM4YHbIX POTOPOB OA4HOIr0 BasionpoBoga. Heobxoammo, 4Tobbl 419 MalIMH KOHKPETHOro Kacca bbiin
yCTaHOBJIEHbl KPUTEPUK, COOTBETCTBYIOLLME 3TOMY KJlaCcCy, a TakXe 4ToObl KpuTepuun, onpenesieHHble
O/ MaWwuH OJ4HOro Kjacca, He MpUMeHsIUCb K MaluHaM ApYroro kKjacca (Hanpumep KpuTepumn
OLEHKWN [N BbICOKOCKOPOCTHbLIX KOMMpeccopos, paboTalowmx Ha HedTeXMMuyeckoMm npeanpuaTumn,
OyoyT OT/INYATLCSA OT YCTAHOBJIEHHbLIX AN KPYMNHbIX TypboreHepaTopos.)

B HacTosweM npuaoOXKeHUU [OaHbl OCHOBbLI OMpefeneHus KpuTepueB OueHKU BUBpauMoHHOIo
COCTOAHUA MaLIMH NO U3MEepeHusaAM pa3Maxa BubponepemelteHns (CM. npunoxeHune B). KOHKpeTHble
YUCNIOBbIE 3HA4YeHUs WU3MepAeMblX MNapaMeTPoB AO/KHbl 6OblITb MNpuBedeHbl B COOTBETCTBYHOLLUX
CTaHAapTax Ha MallnHbl Pa3HbIX KNacCCoB.

A.2 ®aKTOpbl, BANSIOWME HA KPUTEPUM OLLEHKM

Mpn onpeneneHnn KpUTepues OLLEHKW MO M3MepeHuam Bubpauumm Bana HeobXoAMMO YYUTbIBATb
cnepyouwme akTopsb:

a) uenb npoBepeHMa un3MepeHUn (HanpuMmep TpeboBaHua, onpepensoWMe COXpaHeHune
AOCTaTOYHOro 3a30pa B MNOALWWUMHUKE, OTAMYAKTCA OT TEeX, KOTOPble WCMNOJb3YKT MPUM KOHTpOJie
OVNHaMNYECKMUX Harpy3oK Ha MOALWMNMHKK);

6) BUA n3mepseMon BeNYNHbI - abCoNtoTHOE UM OTHOCUTENbHOE BubponepemMelleHmne;

B) n3MepseMble napaMeTpbl (CM. MpuioXxxeHne B);

) NOJZI0XKEHME TOYEK N3MEPEHUN;

0) CKOpOCTb BpalleHns Bana;

€) Tun NoAWnnHNKa, ero AmaMeTp 1 BeJINYMHY 3a30pa;

»K) Ha3Ha4yeHwne, BbIXOAHY MOLWHOCTb U pa3Mepbl MaLlUHbI;

3) OTHOCUTENbHYIO NOAATAMBOCTL NOALNMHUKOB, NX ONOp U pyHOAMEHTa;

1) MacCy 1 CTeMNeHb XXeCTKOCTN poTopa.

A.3 KpuTepun oUeHKN COCTOAHUSA

Mpn oueHke BMBpauunm BanOB MallMH MCMNOJb3YKOT OBa KpuTepusd. Mo ogHOMY pacCcMaTpuBaloT
abCosoTHLIE 3HaYeHUsA HabnwgaeMon WUPOKOMONAOCHOM Bubpauun Bana; Mo BTopoMmy - ntobble

M3MEHEeHNs 3Toro abcostoTHOro 3HAYEHUS.

A3.1 Kputepuinr 1. AbBcontoTHble 3HadeHua Bubpauunm npu paboTe MawunHbI C HOMUHANLHOW
CKOPOCTbIO B YCTAaHOBMBLUEMCS pexxnMme paboThl

OaHHbIN KpVITepI/IVI CBA3aH C onpepesieHneM rpaHuy ond abcontoTHOro 3HavyeHus B|/|6pa|_|,|/||/| Balla,
YCTaHOBJIEHHbLIX W3 YyCnoBua AOONYCTUMbIX AOWHaAMWUYECKUX Harpysok Ha noAlUNHUMKK, AO0MYCTUMbIX
3Ha4YeHnn pPaanasZibHOro 3a3opa B noAallnNnHMKeE mn )J,OI'IyCTI/IMOIZ B|/|6pau,|/||/|, nepep,aBaeM0|7| Ha Onopbl N
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dbyHOaMeHT. MakcuMManbHoe 3HadeHne Bubpauun Basa, U3MEPEHHOE A9 KaXKOoro noAluuMHUKa,
CpaBHMBAOT C TrpaHULAMM YeTblpeX 30H, YCTAaHOBNIEHHbIX Ha OCHOBE MEeXAYHapoOHOro onbiTa
npoBefeHnsa nccaenoBaHuN.

Ha pucyHke A.1 nokasaHa 3aBUCUMOCTb AOOMYyCTUMOro BubponepemMelleHUss Bana OT paboyen
CKOpPOCTM MalunHbl. Kak npaBuio, 3HayveHuMe pJonyctumon Bubpaumm C yBeSIMMEHMEM CKOPOCTU
YMEHbLUAETCS, HO KOHKPETHbIe A0MYyCTMMble 3Ha4YeHns BUbponepeMeLleHnss 1 CKOPOCTb UX N3MEHEHUNS
B 3aBMCMMOCTM OT CKOPOCTW BpalleHns 6yayT pa3HbIMX A1 MalUWH Pa3HbIX K1acCoB.

Aona D

Sona © i
=
5
2
w
@ 3oHa B
e |
4 I
8

3oHa A

OManasox cropocTen
CropocTs BpaLIEHWA BANA o

PucyHok A.1 - O6LWmnn BUO KPpUTEPNEB OLIEHKN COCTOSHUSA

MpuMedaHne - [encTBUTENbHbIE 3HAaYeHUs BUOpPaLMM Ha rpaHULAxX 30H COCTOSHUA M Auana3oH
N3MEHEHUNSA CKOPOCTEN BpalLleHNa ByayT pasIMYHbIMU N8 MaLUUH Pa3IMYyHbIX KIacCoB.

A.3.1.1 30HbI cOCTOAHMA

[ONna KayeCTBEHHOW OLLEHKM BI/I6paLI,I/II/I MalWlWHbl U NMPUHATNA pELIJEHI/II7I 0 HeOBXOAUMBIX OENCTBUAX B
KOHerTHOIh CNTYyaunnm yCTtaHOBJIEHDbI Ccieanytoline 30Hbl COCTOAHUA:

30Ha A-B 9TY 30HY NonaAaeT, KakK npasunso, BI/|6paLI,I/IFI HOBbIX MallH, BBOANMbIX B 3KCMJlyaTalWUlO,

30Ha B - mMawwuHBblI, B|/|6pau,|/|;| KOTOPbIX MnonagaeT B 3Ty 30HY, 06bI4HO cyuTaloT npurogHbiMn Ons
SKCMayaTaunn 6es3 OorpaHM4YeHmsa CpoKoB,;

30Ha C - MalVHbI, BMBpaLmna KOTOpbIX NMornajaeT B 3Ty 30HY, 0ObIYHO CYUTAT HEMPUrOAHLIMU O
ANNTENIbHOW HernpepbiBHOW 3KcnayaTauun. Takme MalunHbl MOTyT (QYHKLMOHMPOBATb OrpaHUYeHHbIn
nepuos BpeMeHun A0 Havyana PEMOHTHbIX paboT;

30Ha D - ypoBHM BMOpaumn B OaHHOM 30HE OOBLIYHO MOryT BbI3blBaTb CEPbE3HbLIE MOBPEXAEHMS
MaLlUH.

A.3.1.2 NpaHMLbl 30H COCTOAHUA

YncneHHble 3HaAYeHMs rpaHUL, 30H COCTOSAHWUSA He npefHa3HayYeHbl AN UCMONIb30BaHNS B KavyecTBe
YCNIOBUN WCMbITAHUA Npu NMpueMke npoaykuun. Takme ycnoBus [OJKHblI OblTb yCTaHOBJIEHbI MO
CcornalweHnto Mexay usrotoeuTenem u notpebutenem. OgHako WCMoJsib3oBaHMe WHMopMauum o6
YCTaAHOBJIEHHbIX FPaHMLax 30H No3BoaseT n3bexaTb HEHY)XHbIX 3aTpaT M NPeabsAB/IEHNSA 3aBblLLIEHHbIX
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TpeboBaHM. B HEKOTOpPbLIX Ciay4Yasx cneunguyeckme 0COBEHHOCTU KOHKPETHOW MaluMHbl OOMYCKaloT
yCTaHOBJIEHME MHbIX FpaHuL, (bonee HU3KMX nan 6onee BbICOKNX). B Taknx cay4vasix M3roToBuTeNb, Kak
MpaBusao, [L[O/HKEeH O0OBLACHUTb MPUYNHY U3MEHEHUS T[PaHUYHbIX 3HA4YeHUM U, B YaCTHOCTH,
NnoATBEPAUTL, YTO MallMHa He ByaeT nNoABepraTbCA OMNACHOCTU MpPW 3KCNyaTaummn ¢ 6onee BbICOKNMU
ypoBHAMU BMbpaumn.

A.3.2 Kputepun 2. U3ameHeHnsa 3Ha4YeHnin Bubpaunm

[aHHbIA KPUTEPUIA OCHOBAH Ha CPaBHEHUN U3MEPEHHOro 3HaYeHMs LWWUPOKOMOMAOCHON Bnbpauum B
YCTaAHOBUBLLEMCS pexnme paboTbl MalIMHbI C NPeABapUTEsIbHO YCTAaHOBNEHHbLIM 3HavyeHneM (6a3oBoi
NINHNERN). 3HaYNTEesNIbHOE U3MEHEHNE 3HAYEHNS LUMPOKOMOIOCHOM BUOBpaLIMM B CTOPOHY YBENNYEHNUS NN
YMEHbLUEHUS MOXXET noTpeboBaTb NMPUHATUS ONpefesieHHbIX Mep AaxXke B CJlyyae, Korga rpaHuLa 30Hbl
C no kputepuio 1 ewe He AOCTUTHYTa. Takne M3MeHeHUss MOryT OblTb ObICTPLIMU MW NOCTEMNEHHO
HapacTalWnUMN BO BPEMEHN U YKa3blBalOT Ha MOBPEXAEHMUS MalUWHbl B HayallbHOW CTaAuW WKW Ha
Apyrvue Heronagku.

N3mepeHnss Bubpaunn cnepyeT MpPoBOAUTb MPU OAHOM M TOM >KE€ MOJIOKEHUN U OpUEeHTaLUu
AaTynkoB BMBpaumm B OAHOM M TOM K€ pexmme paboTbl MaluvHbl. Mpu 06Hapy>XeHUN 3HaYUTENbHbIX
n3MeHeHun Bnbpaunm HeobxoAMMO UCCNenoBaTb BO3MOXHbIE MPUYUHLI TaKUX U3MEHEeHWUN, ANsS TOoro
4706l NPefOTBPaTUTb BOSHUKHOBEHME OMACHbIX CUTYaLUNA.

Cnep,yeT MMeTb B BMNAY, HTO B HEKOTOPLIX CllyYadaX CcyuweCTBeHHble N3MEHEHUNA B pa60Te MallnHbI
MOryT 6bITb 06Hapy)KEHbI TOJIbKO MNMpPnN KOHTPOJIE OTAEJNIbHbLIX YaCTOTHbLIX COCTaBJIAOLLNX B|/|6pau,|/|v| (cm.
5.7).

A.3.3 OrpaHuydeHns QyHKLUOHNPOBAHUSA

Mpn  OONroOBpPeMEHHOW  3KCryaTauunm  MawunH  00bIYHO  YCTaHaBJIMBAOT  OrpaHUYeHUs
PYHKLUNOHMPOBAHMSA, CBA3aHHbIE C BMBpaLunen. 3TN orpaHNYeHNss UMEeT cieaytouine GopMbl:

MPEOYMNPEXXOAEHWE - pgna ykasaHus, 4TOo Bubpauusa wam wusMeHeHunsa Bubpaunn [OOCTUTAU
onpeaenieHHOro ypoBHS, KOoraa MoXkeT notpeboBaTbCa NpoBeAeHNEe BOCCTAaHOBUTENbHBIX MEPOMPUATUIA.
Kak npaswuio, npu poctmxeHun yposHs TMPEOYMNPEXIOEHWE MawwnHy MOXXHO 3KCMayaTupoBaTb B
Te4yeHne nepuoda BPEMEHW, TMOKa MNPOBOAAT WCCAeOOoBaHUA MNPUYNH W3MEHEeHUa Bubpauunm wn
onpeaensinT KOMMNJeKC HeobXoaANMbIX MEPONpPUATHA.

OCTAHOB - pna onpepeneHusa 3Ha4vYeHusa Bubpauuu, Npu MNpeBbilLEeHUUM KOTOPOro pAasibHenwas
3KCrayaTauma MallnMHbl MOXXET MpPUBEeCTU K ee nospexaeHuam. lNpu poctmxkeHun yposHs OCTAHOB
cnepnyeT NMPUHATL HEMeJIeHHble Mepbl M0 CHUXXEHUIo BUbpaumm nnm ocTaHOBUTb MaLUMHY.

Bcnencteue pasHuUbl B AUHAMUYECKUX Harpyskax N XeCcTKOCTAX onop AN8 pa3SInyHbIX MONOXKEHUN
M opveHTauun gaTyMkoB Bnbpaummn fonyckaeTcs yCcTaHaBAMBaTh pa3Hble ypoBHU MPEOYMPEXXOEHUE n
OCTAHOB.

A.3.3.1 YcTaHoBka yposHA MPEAYMNPEXOEHWE

Ona pasnnyHbix MawmnH yposeHsb NMPEOYMNPEXXOEHWE MoXXeT cyLecTBEeHHO N3MEeHATLCA: BO3pacTaThb
nan ymeHblwaTbca. OObIMHO 3TOT YpOBEHb YCTaHaBAMBAOT OTHOCMTENbHO HekoToporo 6a3oBoro
3HavyeHunsa (6a3oBon AnMHUK), onNpenensaeMoro Ana KOHKPETHOW MalUHbl U onpefesieHHbIX NONOXXEeHUS 1
HanpaBsieHUS U3MEPEHMA NO OMbITY 3KCMyaTauum 3ToM MaLlnHbI.

PekoMeHayeTcs ycTaHaBamBaTb yposeHb MPEAYMNPEXXOEHWE Bbilwe 6a30BOM AMHUM Ha 3HaveHue,
paBHOe HeKoTopon posie (Hanpumep 25%) 3HadYeHUs BepxHEN rpaHuubl 30HbI B. Ecnm 6a3oBoe
3Ha4yeHne Mano, yposeHb NMPEAYMNPEXXAEHWE MmoxxeT HaxoguTbCs HUXe 30HbI C.

Ecnn 6a30Boe 3HayeHWe He onpegesieHo, Hampumep O/ HOBbIX MalUMH, HaYaJibHYH YCTaHOBKY
ypoBHa MPEAYMNPEXXOEHWE cnepgyeT nposBoanTb nnbo ncxoas M3 onbiTa 3KCAayaTauum aHalormMYyHbIX
MaWwmuH, MB0 OTHOCUTENLHO COrJlaCoOBAaHHOIMO NMpuemMsaeMoro 3HavyeHus. CnycTa HEKOTOpoe BpeMs Mo
HabnogeHnam 3a Bubpaumen MalunHbl CcrneayeT YCTaHOBUTb MOCTOSAHHYIO 6a30BYyl0 JIMHUKD WU
COOTBETCTBYHOLWMM 06pa3oM CKOppekTUpoBaTh ypoBeHb NMPEAYIMPEXXOEHNE.
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N3meHeHne 6a30BOro 3HayeHUs (HanpuMmep BCNeACTBME KanUTasbHOro peMOHTa MallWHbI) MOXeT
noTpeboBaTb COOTBETCTBYIOLLErO M3MeHeHUs ypoBHSA MPEOYMNPEXOEHWE. Onga pa3HbiX MOALWUMHUKOB
MalWMmnHbl MOryT OblITb YyCTaHOBNEeHbl pa3Hble YypoBHM T[MPEOYMNPEXIOEHWE. 3To onpepenseTtcs
pasanynaMun B JUHaMNYECKUX Harpyskax Ha NOAWNMHUKN U pasindnusaMum B NX XXECTKOCTN.

A.3.3.2 YcTaHoBKa ypoBHa OCTAHOB

YposeHb OCTAHOB 06bl4HO CBSI3bIBAlOT C HEOOXOOMMOCTbIO COXPaHEHUS MeXaHU4ecKomn
LLeNIOCTHOCTN MallWHbl; OH MOXXET 3aBUCEeTb OT Pa3/INyHbIX KOHCTPYKTUBHbLIX 0COBEHHOCTen MalluHblI,
MPUMeHsSeMbIX JJa Toro, 4Tobbl MawuHa MoOrja MpPOTUBOCTOATb BO3AENCTBUIO aHOMAJIbHbIX
ONHaMnyeckmnx cun. Taknum obpasom, ypoBeHb OCTAHOB, kak npasuno, byaoet ogHUM KU TeEM Xe AN
MaLLWH aHaNOrMYHbIX KOHCTPYKUUIM N He ByaeT cBA3aH ¢ 6a30BOM NNHNEN.

Bcnencteue mHoroobpasmsa MalmnH pa3inyHbIX KOHCTPYKLWA HE NpencTaBAsaeTCqd BO3MOXKHbIM aTb
yeTKOe PYKOBOACTBO MO TOYHOMY YycCTaHoBaeHuo ypoBHA OCTAHOB. O6bi4HO ypoBeHb OCTAHOB
yCTaHaB/MBaloT B npegesax 30H C vaum D.

NMPUNOXEHWE B
(pekomeHayemoe)
OnpepeneHue nsMepseMbix NnapaMeTpoB

B.1 Mpun4nHbl BUGpauum Bana

Konebanna nwobon 4YacTm BpallaloLLerocs BaJla XapaKTepuUlyrlTCa TpPaeKTopuen ABUMXKEHUN
LeHTpasbHON TOYKN COOTBETCTBYIOLLEro cevyeHus Basa. TUNMYHas TpaeKTopus ABUXXEHUS npueedeHa
Ha pucyHke B.1. ®opma TpaeKkTopun 3aBUCUT OT ANHAMUYECKNX XapaKTepPUCTMK Bana, NOALLNMHUKOB 1
onop NMoAWNNHUKOB NN dyHOaMeHTa, NoJIOXKEeHNs paccMaTpuBaeMor 4YacTu Basa BAOJIb OCU poTopa U
Buaa cun, Bo3byxpaowmx smbpaumno. Hanpumep, ecnm BbiHY>XKAaloLWaa cMia AEeNCTBYeT Ha KakKoM-TO
OOHOWN YacToTe, TpaekTopus nMeeT (opMy 31UNca, KOTOPbLIM NpU onpefesieHHbIX 06CToATeNbCTBaX
MOXXEeT MnpeBpallaTbCA B OKPY>XXHOCTb WM OTPE30K MpsMon, a Bpems, Tpebyouweecs LeHTpasibHON
TOYKe Basia [Ans coBepweHus oAHOro nosiHoro obopoTa Mo 3/4Auncy, paBHO nepuoay AencTeBus
BbIHY>XJatowen cunbl. OgHa u3 Hambonee Ba)KHbIX NpU4YUH Bubpauumn - gucbanaHc poTopa; B 3TOM
c/Qlydae 4acToTa BO3byXAeHWa paBHa 4YacToTe BpalweHus Basna. OgHako Bo3byxaeHne MoxeT bObiTb
BbI3BAHO W APYrMMU MPUYMHAMKU, HANpPMMEpP aCMMMETPUYHOCTBIO MOMEepPEeYHOro cevyeHUs poTopa; npu
3TOM BO36yXXAEeHMe NMPoMCXoauT Ha YacToTaX, KpaTHbIX YacToTe BpaweHusa. Ecnm snbpauna asnseTcs
cnencTBmeM, HanpuMmep, LENCTBUSA HEYCTONYMBOrO CaMoBO30yXAEHWS, BUL TpaekTopumn y>xe He bygeT
TaKMM MPOCTbIM, @ MOXXET U3MEHATbLCA OT Nepuoa K nepuoly u He obasaTesnibHO NpeacTaBasaATb cobon
CYMMY FrapMOHUK Kakon-n1mbo 4actoThl. B obwem cnyvae npnynHon Bmbpauunm MoxxeT BbiTb MHOXKECTBO
hakTopoB, 4TO obycnoBnvMBaeT MOSABAEHUE TPAEKTOPUU CJIOXKHOW dopMbl, nNpeacTasasooLlen cobon
BEKTOPHYIO CYMMY OTKJINKOB Ha AENCTBUE KaXK40WN BbIHY )X AAOWEN CUIbI.

¥ Tpaanopuﬂ ABHeHWR Bana
x(f) K
4 o
Ocu koopausar ¥ W
; X

O - cpefHee nonoxeHne TpaekTopumn; K - MrHOBEHHOE MNOJIOXKEeHWe LeHTpa Bana; *.¥ - cpefHune
3Ha4YeHuAa nepemeLlleHnsa Bana; xif, yif - U3SMeHsLWnecs co BpeMeHeM 3Ha4YeHnsa nepemMeLleHnsa sana
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PucyHok B.1 - TpaekTopus ABU>XEHUA Basia
B.2 N3mepeHus Bnbpaunm Bana

Onsa noboro ydacTka oCu BaJla TPAEKTOpUA OBUXXEHUA MOXXET ObiTb onpenesieHa rno pesyabTaTaM
N3MEpPEHNIN C MOMOLLbIO ABYX OAaTYMKOB BMBpaLMKN, YCTAaHOBJIEHHbIX B Pa3HbIX paduaibHbIX MIOCKOCTAX
noa yrnom 90° apyr K apyry (pa3HeceHue Ha 90° aBnsieTcs NpeanovYTUTENIbHbIM, 0QHAKO Hebonbline
OTCTYMNIEHNA OT 3TOr0 3HAYeHUs He MpuMBeayT K Cepbe3HbiM owmnbkam). Ecnm yron mexay ocsamu
YYBCTBUTEJIbHOCTU AATYMKOB CYyLLECTBEHHO oTan4aeTcs oT 90°, Heo6xoOMMO OCYLLECTBUTb BEKTOPHOE
pa3sioXKeHne pe3ynbTaToB M3MEPEHUIA MO OPTOroHaJIbHbIM HanpaBsieHnaM. ECim nocpeacTBOM AaTyuKa
n3MepsaT abconoTHYO BMbpauuvto, nonyvyaeMasn TpaekTopusa byaeTt npenctasnsaTb cobon abCcontoTHYIO
TpaeKTopuio Basla, He 3aBUCALLYI0 OT BMOBpaLnM HeEBPaLLAOWNXCA YacTen MalwmnHbl. Ecin nocpeactsom
AaTyMKa U3MepsalT OTHOCUTENbHYIO Bubpauunio, nosyvyaeMas TpaekTopus byneT npenctaBasTb cobon
TPaeKTopMio Basla OTHOCUTESIbHO TOM YaCTU KOHCTPYKLUMUN MaLLUWHbI, Ha KOTOPOW YCTAaHOB/IEH OaT4uUK.

B.3 N3MmepsemMble napamMeTpsbl
B.3.1 CpegHee nonoxxeHune Basna
CpenHee 3HayeHue BubponepemelleHns Bana (X.F), onpepensemMoe B cucteMe ABYX 3afaHHbIX

OPTOrOHaJIbHbIX KOOPAWHATHbLIX OCEN OTHOCUTENIbHO HEKOTOPOM TO4YKM oTcyeTa (pucyHok B.1),
rnosiy4yalT B pe3ysibTaTe MHTErpupoBaHNs NepemMeLleHmns no BpeMeHun

¢
B~y '[ff xedt, (B.1)

roe xif) W yE - W3MEHSIIOWNECAS CO BPEMEHEM 3HAYeHUS MNepeMelleHNs OTHOCUTESIbHO LeHTpa
KoopAuHaT;

(¢4-5) - nepnon BpemMeHW, MHOro 6osbIN Mepuofa CaMOW HU3KOYACTOTHOW COCTaBASOLLEN
Bubpaumn.

B cny4ae wu3sMepeHun abconoTHOM BMbpauum UEeHTP KoOpAMHAT npencTaBnseT Ccobon TOuKy,
hnKCUMpoBaHHYO B MpoCTpaHcTBe. a9 oTHOCUTENbHOW BUbpaumm 3Ta TOYKa COOTBETCTBYET CpefHEMY
3HAYEHUIO MOJIOXKEHUS LEHTPasibHOM TOYKW Bajla OTHOCUTENIbHO HeBpallaloLWwencs YacTa MalluHbl B
MecTe, rae TnpoBoAAT wu3MepeHusa. W3MeHeHusa NnoJIoXKeHUs UeHTpa KOOopAUHAT MoryT ObiTb
obycnoBneHbl paaoM (GaKToOpoB, CPEeAN KOTOPbIX M3IMEHEHME MOJIOXKEHUA NOoALNNHUKA (pyHAaMeHTa),
N3MEHEHNE XapPaKTepUCTUK CJI0S CMa3Ku B MOOLUMHUKE U T.0., U MPONCXOOAT, Kak npaBuso, bonee
Me[JIEHHO MO CPaBHEHMIO C NepuoaaMm YaCcTOTHbBIX COCTABAAOLWNX x(E) N yit).

CnenyeT OTMEeTUTb, YTO B 06LLEM CJ/lyYae MoJlyYeHHoe B pe3ysibTaTe MHTEerpMpoBaHUs Mo BpeMeHu
cpefHee MOJIOXKEHME MO Ka)AOMY M3 HanpaBieHUN OT/NYaeTCs OT MOJIyCyMMbl MakKCUMaslbHOro u
MMWHMMaNbHOro nepeMelleHnin (pucyHok B.2). Ho ecnu Bubpaums Bana COOEPXUT €OMHCTBEHHYIO
4YaCTOTHYIO COCTABJISIIOLLYI0O U M3MEHSIeTCS MO CUMHYCOMOANIbHOMY 3aKOHY, TPAaeKTopus LeHTpa Baja
byneT 3NAUNTUYECKON N cpefiHee Mo BpPeMeHW 3HavyeHue B NtoboM HanpaBieHUn mnaMepeHuin byner
coBnagaTb C NOJYyCYMMOW MaKCMMasbHOr0O U MUHMMAJIbHOIO NepeMeLLeHNUN.

B.3.2 Pa3max BnbponepemeLleHms

MapameTpaMun, NpeacTaBadAlOWNMM MEPBOOYEPENHON MHTEpecC npu M3MepeHusax Bubpauun Bana,
ABNSIOTCA T.€., KOTOPbIE ONUCLIBAOT POPMYy ero TpaekTopun. Ha pucyHke B.2 nsobpa>keHbl TpaekTopus
OBV>XEHWSA Basla U CUIrHaNbl BUbpaumnn, n3MepeHHbIe C MOMOLLbLIO ABYX AaTHYMKOB A 1 B, paCcnono)XeHHbIX
non yrnom 90° opyr K opyry.
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X, Y - HENoABUXKHAsA cMcTeMa KoopAnHaT; O - cpeaHee No BPEMEHU MOJIOXKEHNE TPaeKTopun opbuTsl;
%7 - cpefHue 3HaYeHUs nepemMelleHnin Bana; K - MTHOBEHHOE MOJI0OXKEHME LieHTpa Bana; P -
NMoJI0XKEeHNe Bana Npu ero MakCMMasibHOM OTKJIOHEHUN OT CPEeAHEro NOJIOXKEHUS; 5 - MTHOBEHHOe
3HaYeHNe nepeMeLLeHns Bana; Sy - MaKCMMasibHOE OTKJIOHEHME BaJsla OT CPeAHEro NMoJIOXKEHUSN; Sy,
Sg; - MTHOBEHHbIE 3HAYeHMs NepeMeLLeHNIA B HanpaB/IEHUSX N3MEPEHU aT4Ynkos A n B
COOTBETCTBEHHO; Sip_pymax - MAKCUMasIbHOE 3HAYEHME Pa3Maxa NnepeMeLleHns; Sy p-y, Spp-p - Pa3Max
nepemMeLleHns Basia B HarpaBieHNsIX U3MePEHUIn AaT4YMkoB A n B

PucyHok B.2 - CurHanbl Bubpauun, COOTBETCTBYIOLME ONpenesieHHON TPaeKTopn ABUXEHNSA Bana

MrHoBeHHOE 3HayeHue nepemMeLlleHnsa Basia OTHOCUTESIbHO CpefHero rnoJjioXXeHus 5] W MTHOBEHHbIE
3Ha4YeHnsa ero ﬂpoeKLl,VH;I B MJIOCKOCTN faTymkos A n B, Sq N S CBA3aHbl MeXAY coboin CooTHOLEeHNnEM

SE =54 + 82 (B.3)

3Ha4dyeHunsa S, Sq W Sy 6y,uyT N3MEHATBLCA BO BpeMeHWN BMecCTe C ABUXKEHUEM LIEHTPa BaJla Mo
TpaekKTopunn, N COOTBETCTBYHOLLNM o6pa30M 6yp,eT N3MEHATbCA CMITHa/1 Ha BbIXO4e Ka>XA0ro AaTt4ynka.

MpumedaHne - Ecnn TpaekTopusa npepcTaBnasieT cobol 3nAMNC, CUrHanbl C AaT4yMkoB OyayT
YNCTbIMU CMHYCOUAAMN OAHOM 4acTOThl.

Pasmax nepemelleHVs B MNOCKOCTU AaTHYNKa A, Sgp_pn OMNPeaensalT Kak pa3sHOCTb MexXay
MaKCUMaJibHbIM U MWHMMaJbHbIM MNEPEeMELLEHNSMN, N3MEPEHHBIMU 3TUM OATYMKOM. TO Ke camoe
MOXXHO CKa3aTb B OTHOLUEHUWN MapaMeTpa Spip-y AN AaT4vKa B. ACHO, 4TO 3HAYeHWNA Sy p W Spip-p)
He 6ynyT paBHbl 1 B obwem cnydae 6yayT OTAMYATbLCA OT aHaJIOMTMYHbIX U3MEPEHUN, CAeNaHHbIX B
APYrux paguanbHbiX HanpaBseHusax. Takum obpa3oMm, 3HaYyeHWe pasMaxa MNepemMelleHns 3aBUCUT OT
HanpaB/ieHNs, B KOTOPOM MPOBOAAT U3MepeHune.

MoCKoNbKY n3MepseMble napaMmeTpbl He 3aBUCAT OT abcontoTHOro 3HavYeHus cpeaHero noJioXxeHums
BaJla, B UBMePEHNAX CpPEONHEIO MNMOJNIOXKEHNA HET HeobxoQnMocCTu.

3HaunTeNbHO TpyAHee onpenennTb MaKCMMasibHOe 3Ha4vYeHue pasMaxa nepeMeleHus u
COOTBETCTBYIOLLIEE €My YrJIOBOE MOJIOXKEHME Basla Ha opbute (cM. pucyHok B.2). Ha mpakTuke 3TOT
rnapamMeTp annpoKCUMUPYIOT C MOMOLLbIO APYrnx napameTpoB, KakK ykasaHo B B.3.2.1-B.3.2.3. [ns
nony4yeHmss 6onee TOYHOWM OLEHKM Heobxopommo noppobHoe wuccrnepnoBaHne GOPMbI TpaekTopuw,
Hanpumep C noMoLLbo ocumnnorpadga.

B.3.2.1 MeTopg A. CpefHee KBagpaTu4eckoe pa3MaxoB rnepemMeLlleHnn, U3SMepeHHbIX B IBYX B3aUMHO
nepneHanKynsapHbIX HanpaBaeHUax
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3HaYeHNe Sip_pjmax MOXKHO AMNMPOKCUMUPOBATHL C/IEAYIOLLMM BblpaXKeHem

_ [ 7
S p-pymax = M{Sﬂtp—p) *SEp-p - B.4)

BbipakeHne (B.4) B cnyyvyae npeobnapaHusa B cnektpe Bubpaunm obopoTHOM 4acToTbl ByneT, Kak
NpaBu/io, fLaBaTb 3a@BbILWEHHYI OUEHKY Sy pimax C MAKCUMMajlbHOM MOrPEeLIHOCTbI0 NMPUBN3NTESNbHO
40%.

Makc/uMasibHaa MOrpewHoCTb MMeeT MeCcTO B CJlydae KPYroBOW TPAeKTopUM K MocsieloBaTesbHO
yMeHbLUAeTCsa Mo Mepe CrJWMBaHNA TpaekTopun, obpallascb B HyJb, KOraa TpaekTopus
npeBpaLlaeTcs B 0OTPE30K NMPAMON NHUN.

B.3.2.2 MeTton B. MakcumanbHOE W3 pa3MaxOB MNepeMeleHnn, N3MEPEHHbIX B ABYX B3aMMHO
nepneHanKynsapHbIX HanpaBaeHNsax

3HaYeHUNE Sip_pjxax MOXKHO AMMPOKCMMUPOBaTh OAHUM U3 CNEAYIOLLMX BbiPaXXEHWA

=5

A(p-p) WV S p-pimax =5

S(p-p)max Blp-p)’

B 3aBMCMMOCTM OT TOr0, KaKoe 13 NoJIy4YeHHbIX 3HadYeHun 6onbLue.

BoipaxeHune (B.5) B cnyvae npeobnagaHna B cnekTpe Bubpaunm obopoTHOM YacToTel byaeT, Kak
NpaBuIo, [NaBaTb 3AHVKEHHYIO OLEHKY Sy pime; C MAKCUMaIbHOW MOrPEeLHOCTbI0 NpubansnTesibHo
30%.

MakcuManbHas MorpelHoCcTb MMeeT MeCcTO A/ TPaekTopuu B BUAE OTpe3ka MPSMOA JMHUN U
nocsiefoBaTe/IbHO YMEHbLUIAETCS NP CTPEeMIEHUN (pOpPMbl OPOUTbI K OKPY)XHOCTW, MpeBpaLLasiCb B HYJlb
AN YACTOM OKPY>KHOCTW.

B.3.2.3 MeToga C. IamepeHune Sy,

MrHoBeHHOE 3Ha4yeHWe MNepeMeLleHns Basia & BbIYMCASIOT MO pe3ybTaTaM U3MEpPEeHUn Sy W Sg
cornacHo ¢opmyne (B.3). 3HayeHne 5; byneT MakCMMasbHbIM, KOra LEeHTP Bajsla HAX0AUTCS B To4ke P
(cM. pucyHok B.2). 9To 3HayYeHne 0603HaAYaAOT Syay U BBIYUCASAIOT MO opMyie

Sz =[5 @z = [«fiSA(zJF +[Sgtz>12Jm- (B.6)*

* CooTBeTCTBYeT opurnHany. - Npumevanne "KOOQEKC".

Toyka TpaeKTopuu, COOTBETCTBYMOLWIANA Sy, He 00si3aTeNbHO [O0JIXKHA COBMagaTb C TOYKOW, B
KOTOPOWN 54 W S NPUHUMAOT MaKCUMalibHble 3HavyeHus. [N Ka)KAOW KOHKPETHOW TpaekTopuu
CyllecTByeT OAHO 3HayYeHUue Sy, KOTOpOe He 3aBUCUT OT MNOJIOKEHWN OaT4YUKoB Bubpauum npu
YCJIOBUM, YTO MONOXKEHNE LIEHTPA KOOPANHAT OCTAETCS HEU3MEHHbIM.

3HaYeHNe Sy pjmax MOXKHO AMNMPOKCUMUPOBATHL C/IEAYIOLLMM BblpaXKeHem

S':P_P:'m =2‘Sma:( (B7)

Bblpa>keHune (B.7) naeT TOYHOe 3HayeHWe, Korga Bubpauus COOEepPXUT TONbKO OAHY YaCTOTHYIO
cocTaBnsowyto. B 6onbWMHCTBE Apyrux ciy4vaesB BblpaXkeHue OyAeT AaBaTb 3aBbILUEHHYIO OLEHKY
Sip-pimax » KOTOPASA OyET 3aBMCETHL OT FAPMOHMYECKOro COCTaBa BMbpaumm.

CnenyeT OTMETUTb, YTO ANA ONpenesieHns Sy, HeobxoAuMo 3HaTb cpefHee Mo BPeMEHU 3HavyeHune
nepemelleHns Bana. TakuMm o6pasom, nsMepeHmne Sy, BO3MOXXHO TOJIbKO MPU MOMOLLMN U3MepUTENbHbIX
CNCTEM, KOTOPble MOMMMO U3MEHSAIOLLNXCA CO BPEMEHEM MapaMeTpoB MOryT U3MEpPSiTb U UX cpefHee
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3HavyeHne. Kpome TOro, BblYUC/IEHUE Sy, HA OCHOBE CUrHaNOB, CHATbIX C [AOBYX [HOATYUKOB,
npeacTaBsisieT co60i OTHOCUTENIBHO CJIOXKHYIO BbIYUCIUTENbHYO Npoueaypy, Tpebyollyo npumMmeHeHns
cneunanbHOM annapaTypbl.

MPUNOXEHWE C
(pekomeHayemoe)

CpencTBa U3MEpPEeHUH, UCNoJib3yeMble NPU U3MEepPEeHUAX OTHOCUTEILHOW U
abconoTHOM BUOpauun Bana

C.1 Obwme nonoxxeHms

Mpn n3MepeHnsix nonepevyHon Bubpaunn Bana 06bIYHO WCMOML3YIOT TPU BUAA WU3MEPUTESNbHbIX
CUCTEM, KaXXObll M3 KOTOpbIX obecnevymBaeT M3MepeHMs B OOHOM WIM B [BYX HarpaBfieHusix. B
N3MEPUTESIbHYIO CUCTEMY OAHOro BuMAa BXOAAT OECKOHTaKTHble  OAaTYMKK, U3Mepsiolmne
OTHOCUTEJIbHbIE MEepPeMELLEHNA Mexay BasoM U MOALWWMHUKOM; B U3MEPUTENbHYID CUCTEMY APYroro
BMAA - COYeTaHMe 30HAO0B C JdaTYMKaMU MHEPLUOHHOro Tuna Ana wusMepeHums abCconoTHOro
nepeMelleHns Bana;, W3MepUTESibHble CUCTEeMbl TpeTbero Buaa obecneymBaldT M3MepeHune
abCcoNOTHOro nepemMelleHns Basa CJI0XKEHMEM BbIXOAHbIX CMIFHANOB C OAaTYNKOB OGECKOHTAKTHOro u
WHEPLMOHHOIO TUMA, YCTAHOBNEHHbIX Ha KOHCTPYKLUMWN MalLMHbI (HanpuMep Ha Kopnyce NOALUMHUKA).

MpumedaHue - B npumepax, npumeeneHHsix B C.2-C.4, pacCMOTPEHO MpUMeHeHne OBYX OAaTYUKOB,
pacnosioXXeHHbIX B OHOW MAOCKOCTU, NeprneHAnKYIapHON K oCcu Bana, nofj yraom 90° apyr K opyry.
OfgHako B psaae cnyyaeB bbiBaeT AOCTAaTOYHbLIM NPOBOAUTL U3MEPEHUSA B OAHOM HanpasneHun (cMm. 3.3).

C.1 CucTtema |/|3MepeH|/||7| OTHOCUTENLHOIrO ABMXKEHUSA (AaT4YMKa 6eCKOHTaKTHOro Tnna)

N3mMepuTenbHas cCucTeMa, WCMNOJb3yeMas Mpu M3MEPEeHUsaxX OBUMXKEHUS Basla OTHOCUTEsIbHO
3/IEMEHTOB KOHCTPYKLUUN MalWHbl (Hanpumep Kopnyca noAlwunHuka) npuBeneHa Ha pucyHke C.1.
Cnctema cocToUT K3 OECKOHTAaKTHOrO pgaTyuka, YCTPOMCTBA COMlacoBaHMA W  CYUTbIBAlOLWLErO
YyCTPONCTBA.

1 - paT4YnK 6€CKOHTAKTHOro TUNa; 2 - yCTPOWCTBO COr/lacoBaHusA; 3 - CYMTbIBaKOLLEE YCTPONCTBO; 4 -
OONONIHUTENIbHbIE BbIXOAbl AN CACTEM aHanin3a U KOHTpons; 5 - Ban

PucyHok C.1 - CxemaTnyeckoe n3obparkeHne CUCTEMbI U3MEPEHNIN OTHOCUTENBHOIO ABMXXEHUS C
NCcnosb30BaHMEM OaT4YNKOB BECKOHTAKTHOro Tmna

Bo BpeMsi MepBo YCTAaHOBKW AaT4YMKa XKeslaTeNlbHO NMPOBEeCcTU Ha MecTe KasIMbpoBKY ero BbIXOAHOM0
CUrHana B 3aBUCUMOCTM OT pPa3HbIX 3HAYeHU 3a30pa. CnegyeT OTMETUTb, YTO AN Pa3HbIX PEXUMOB
paboTbl MalLUNHbLI CpefHee 3HaYeHne 3a30pa MOXKET N3MeHSATbCA. [o3ToMy Heobxoanmo ybeanTbcs, 4To
B 1toboM pexxmme gaTymk paboTaeT B npenesax JMMHENHOro Anana3oHa N3MepPEeHU.

Mpn n3mMepeHnsx C NOMOLLbD BECKOHTAKTHOro gaTymka crenyeT ybeanTbCsl, YTO €ro BbIXOIHOW
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CrHan 3aBUCUT TOJIbKO OT B|/|6pau,|/||/| BaJla MW 4YTO Ha TOYHOCTb |/|3mepeH|/||7| He BJINAET Haln4dume
Haxoaawmxca nobnmsocTun npoBoaALLNX MaTeEPUNaJZIoOB NJIN MalrHUTHbIX nosnemn.

PekomeHayeTcs, 4ToObl M3MepuTenbHas cuctema obecneymBaiia BO3MOXHOCTb M3MEPEHU Kak
nepeMeHHbIX 3Ha4YeHWl MepemelleHnin BO BCEM 3afaHHOM [AManasoHe 4acToT, Tak U cpeaHero
NMOJIOXKEHNA Basa OTHOCUTEsNIbHO OMOPHON KOHCTPYKUWW. DTO Mo3BoJsisieT BblibpaTb Hy)XXHOe cpepHee
3HaYyeHVe 3a30pa U OoueHUTb 6MeHMs Bafna Ha HU3KUX CKOPOCTAX, KOrfga MoBedeHue CJios CMasKu
cTabunbHO, a LeHTpPobeXxHble 3PPeKTbl HE3HAYUTENbHbI.

N3MepeHne 0THOCUTENIbHBIX NepeMeLLLEeHNN A0NYyCKAeTCs NPOBOAUTL U C MOMOLLbIO APYIrUX CUCTEM,
HanpuMep C NOMOLLbI AaTYNKOB-30HOO0B.

MpumedaHne - Mpn MHTeprnpeTauun pesynbTaToB U3MepeHuin bueHnn cnenyeTt uMeTb B BUAY, 4TO
Ha HUX MOrAM OKa3aTb BJWUSIHWE, HanMpuMep, BPEMEHHbIN Npornbd poTopa, HeyCTONYMBOE ABUXKEHUE
LWenkn Basla B 3a30pe NOALINMHUKA, OCEBbIE MepeMeLLLeHns Baia 1 ap.

C.3 Cuctema m3MepeHUn abconoTHOro ABMXKEHUSA (OAaTYMKU-30HAbI B COYETAHUW C OaTYUKaAMU
VHEePLUWOHHOro Tuna)

N3mMepuTenbHas cucTeMa, WCNosb3yeMas Ana u3MepeHun abCosoTHOro ABMXKEHUS Bana,
npueegeHa Ha pucyHke C.2. Cuctema COCTOUT M3 MHEPUMOHHOro AaTuyMKa (OaTyMK CKOpPOCTU Uau
akcesniepoMeTp), YCTAHOBJIEHHOrr0  Ha  OAT4YUK-30HA,  OMOPHOW CucTeMbl  AaT4YMKa-30HAA,
obecneymBatowlenn BO3MOXHOCTb HAaKOHEYHWKY 30HAa TOYHO cCfiefoBaTb 3a [AOBMXKEHMEeM BaJja, W
CYMTbIBAOLLErO YCTPONCTBA.

MpumeyaHwue - MNpn nomoLLn OaHHOW CUCTEeMbl HeMb3A npoBOANTb N3MepPeHNA CcpeaHero rnoJjioXXeHum4A
BaJla OTHOCUTEJIbHO KOHCTPYKUWNN MallNHbI.

1 - gaTYMK-30HA; 2 - AATHYUK UHEPLMNOHHOIO TUNa; 3 - yCTPONCTBO COrjlacoBaHuS; 4 - cHnThbIBaoLLee
YCTPOWNCTBO; 5 - LONOSHUTENbHbIE BbIXOAbI 419 CUCTEM aHa/N3a U KOHTPONS; 6 - 3/1eMeHTbl
KOHCTPYKLUMN MalUWHbI; 7 - Ban

PucyHok C.2 - CxeMa cucTteMbl U3MepeHnin abCcoNioTHOrO ABMXXEHUS C UCMOJIb30BaHWEM AAaTUYMKOB-
30HA0B U AAaTYUNKOB MHEPLIMOHHOIO TMUNa

MexaHM3M 30HOA [OJ/DKEH TOYHO MepenaBaTb KosiebaHua Bajlla Ha MHEPUMOHHbLIA AaT4yuK, He
aonyckaTb apebe3)xaHus 30HAOQ, a ero CobCTBEHHble 4acTOTbl HE AOJ/KHbI UCKa)kaTb Pe3ynbTaThbl
n3MepeHunn subpaunm Bana B 3aaHHOM AMarna3oHe 4acToT.

BbiIxOQHO CWUrHan JHdaTyYMka WHEPLMOHHOro Tuna [AOOJ/KeH MNpoXoAuTb 4Yepe3 YCTPOWCTBO
cornacoBaHusi, KoTopoe obecneymBaeT TOYHOE WU3MepeHMe MepPeMEeHHOro 3HavyeHusi nepeMelleHuns
Bana.

C.4 Cunctema ans namepeHuss abconoTHOro ABMXXKEHUS (codeTaHne AaTHYMKOB BGECKOHTaKTHOro ”
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WHEPLWNOHHOIrO TUMOB)

N3mMepuTenbHas cuctema, Ucnoab3yemMas oas namepeHuin abcontoTHOro ABMXXeHUSA Bana (KOTopyto
MO>XHO, KpoMe TOro, MPMMeHATb ANa M3MepeHns abCoNoTHOMO ABUMXKEHMA Koprnyca MNoalnnHUKa Wn
OTHOCUTENLHOIr0 OBMXXEHUSA Bafla), MpuBedeHa Ha pucyHke C.3. CucteMa coCToUT U3 BECKOHTaAKTHOro
OaTynNKa OTHOCMTESNIbHOrO TrepeMeLleHnsl, WHEPLMOHHOro JAaTyMka (QaTyuka CKOpOCTU WK
akKcesiepoMeTpa), YCTPONCTBa COrlacoBaHMs N CHNTLIBAKOLWEro YCTPONCTBA.

A\

1 - gaTYUK NHEPUUNOHHOrO TUNa; 2 - AaT4YUK BECKOHTAKTHOro Tuna; 3 - yCTPOMCTBO COraacoBaHus; 4 -
CYMTbIBatOLLEe YCTPONCTBO; 5 - [ONO/IHUTESbHbIE BbIXOAbl AJ1 CACTEM aHann3a U KOHTpPons; 6 -
3N1€MEHTbl KOHCTPYKLUNM MaLlunHbl; 7 - Ban

PucyHok C.3 - CxeMa CUCTEMbI N3MepPeHNIn abCoNIOTHOro ABMXXEHUSA C UCMOJIb30BaHMEM AaTYMKOB
6ECKOHTaKTHOr0 N MHEPLIMOHHOIO TUMOB

Ob6a paTymka O0/KHbI 6bITb YCTAaHOBJ/IEHbI Ha 00OLLEN XXECTKOM ornope pagomM Apyr ¢ Apyrom, 4tobsol
obecrne4ynTb BO3OENCTBME HA HUX OOHOM M TOM >Xe BuBpauunM 3/IEMEHTOB OMOPHON KOHCTPYKLMWU
MaLllMHbI, U TaKMM 06pa3oM, 4TOOLI X OCU YYBCTBUTENLHOCTW BblNN NapanfienbHbl Mexay cobon.

YacTb cucTeMbl, BKJOYaloWaa AaTyMku 6eCKoHTaKTHOro Tuna, aHajlornyHa yKa3aHHOVI B C.2n
obecne4ynBaeT BbIXOAHOW CUrHaN, I'IpOI'IOpLI,I/IOHaJ'IbeIIh OTHOCUTEJIbHOMY NnepeMeLleHNIO Bajla, a TakKXe
BO3MO>XXHOCTb YCTaHOBJIEHUA Heobxoaumoro 3a30pa. BbixooHOW CUrHan sBAseTcH pPe3ynbTaToM
CNloXKeHuna aAByxX OBVOKEHUN: OBVXXEHUS Basla W ABUXKEHUS 3/1EMEHTa KOHCTPYKLUWNKN, Ha KOTOprIZ
yCTaHOBJ1EH BECKOHTaKTHbIN OaT4UK.

BbIXOOAHOM CWUFHAN  WHEPUWMOHHOro  AaT4yuMKa, MPOMOPUMOHAsbHbIA  ABUXKEHUIO  3/1eMeHTa
KOHCTPYKLMM, Ha KOTOPbIA OH YyCTaHOBJeH BMecTe C OeCKOHTaKTHbIM [aT4YMKOM, MnoABepratT
COOTBETCTBYyOLlIEeN ob6paboTke AN MOJlyYeHUs CuUrHana nepemMelleHus. [locne 3Toro cuUrHan
CYMMUPYIOT B BEKTOPHOM (opMe C curHasoM 6ecKoHTaKTHOro pnaT4ymka, obecnevymBasi ToO4HoOe
n3MepeHne abcontoTHOro ABMXXeHus Bana. Cneayet OTMETUTb, YTO KaXKAbl 3/IEMEHT U3MepPUTESIbHON
CNCTEMbI MOXET MCKaXkaTb aMMINTyOHble U (a30Bble COOTHOLUEHUS MCXOAHbIX CUIHaN0B, MO3TOMY
nepen BEKTOPHbIM CNOXKEHMEM CUrHaN0B OHW  AOJKHblI  OblITb COOTBETCTBYWOLWWUM o0b6pa3om
CKOpPpPEeKTMpPOBaHbI. Mpn MoOMoLM AaTYMKa UWHEPLMOHHOIO THUMa MOXHO TakKXXe n3MepsiTb abConoTHYO
BUOpaLIMIO HEBPALLAOLLEroCs 31EMEHTA KOHCTPYKLMUK (HanpumMep Kopryca NoALIUMHUKA).

HdaHHas wn3MepuTenbHas cucTeMa [OJ/KHa obecnevymBaTb CHYUTbIBaHWE CpeaHero 3HavyeHus
MOJIOXKEHUA BaJsla OTHOCUMTENIbHO OMOPHOM KOHCTPYKLUUM W MNepeMeHHbIX 3HavyeHuin abCconoTHOro
nepemeLlleHNs Basa, KOTOPOE SBASAETCSA CYMMOW abCONOTHOro ABUXKEHUSA OMOPHON KOHCTPYKLUUN W
OTHOCUTENIbHOIr 0 ABUXXEHWUS Bana.
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MPUNOXEHWE D
(cnpaBo4HoE)

BeKTOprII?'I QHaNIM3 U3MEHEHUW B CUrHasne Bu6pau,uu

B npunoxxeHun A npuBeOeHbl KPUTEPUN OLIEHKW COCTOSIHUA Ha OCHOBE M3MepeHWi napameTpa
Bubpauum Bana B yCTaHOBUBLUEMCS pexume paboTbl MalMHbI U NOObIX U3MEHEHWUIA 3HAYEHU 3TOro
napameTpa. O4HaKO HEKOTOPbIE U3MEHEHUS B COCTOSIHUN MaLLMHbI MOXKHO BbISIBUTb TOJIbKO C MOMOLLbIO
BEKTOPHOro aHa/in3a OoTAesIbHbIX YAaCTOTHbIX COCTaBSOLWMNX BUbpaumu.

D.1 O6Lwme nosoxxeHus

Obwnin cTaunmoHapHbIN CUrHan Bubpaunmn, N3IMEPEHHbIN Ha BpallaloLeMCcs Bajly, UMEET CJIOXKHYIO
npupoay W COCTOUT M3 pAfda OTAENIbHbIX 4aCTOTHbIX COCTaBAslWMUX. Kaxkpas M3 COCTaBAAOLWMX
onpepnensdetTca cBoen CcoBCTBEHHOM YacTOTOW, aMNAMTYAON W ¢a30M OTHOCUTEsSIbHO HEKOTOpPOW
3afaHHON To4kKn oTcyeTa. ObbivHOe obopynoBaHne Ana BUOPALMOHHOINO KOHTPOJISA n3MepseT 3Ha4yeHune
obwero curHana Bubpauun, He pa3fendas ero Ha OTAesibHble YaCTOTHble cocTasAasowwme. OgHako
NCMoJIb30BaHNE COBPEMEHHOro pAuarHoctuyeckoro obopynoBaHMSA MO3BONAAET MNPOBOOUTbL aHanu3
CJI0O)KHOI0 CUrHaNa W onpefenaTb aMNAnTyay v a3y KaXkaol CoCTaBASAIOLLEN.

N3MeHeHNsA oTheNbHbIX COCTABAAOLWINX, KOTOPble MOryT ObiTh BeCbMa 3HAYUTENbHbIMKU, Jerye
06HapyXnTb, Habngasa 3a WM3MEeHeHWEeM COOTBETCTBYIOLIEro BEKTOpa, HeXenn 3a W3MeHeHUeM
BMBpauMM B LUMPOKON MOJIoCe 4acToT.

D.2 Bna>XHOCTb npeactaB/aeHns MHpopMaunum B BEKTOPHOM Buae
Ha pucyHke D.1 npuBefeHa AumarpaMmma B MNOJSAPHbLIX KOOPAMHATaX, KOTopas WUCMONb3yeTcsa Os

OAHOBPEMEHHOr0 0TObOpa)KeHUs B BEKTOPHOW opMe aMnauTyAbl U (a3bl OQHOW W3 YACTOTHbIX
COCTaBASAOLNX C/IOXKHOIrO CMrHana Bnbpauymn.

27

NCXOAHbIV BEKTOP - | 4| = 30 MKM, & =40°; BEKTOp Nnocsie U3MeHeHUN - |4 | = 25 MKM, »=180°;
N3MeHeHne aMnAnTy bl BUbpauuu - | 4| - | 4| = -5 MKM; amninTya BeKTOpa nsMeHeHus snbpauum - |
A - & =52 MKM
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PucyHok D.1 - CpaBHeHUe U3MEeHEeHN BEKTOpa U N3MEHEHUN aMNAnTyObl BEKTOpa 418 OTAEeNbHOM
4aCTOTHOWM coCTaBAsAOLLEN

BekTop 4 COOTBETCTBYET MCXOAHOMY BUBPaLIMOHHOMY COCTOSIHUIO B YCTAHOBUBLUEMCS peXume, T.e.
B 3TOM pexume amrnamTtypa Bubpaumm paBHa 30 MkM, a dasa - 40°. BekTop 4 COOTBETCTBYET
BMOpPAUMOHHOMY COCTOSIHWIO, KOrga B MallMHe MPOU3OLIN HEKOTOpble W3MEeHeHWs; amMnauTyna
Bubpauum paBHa 25 MKM, a ¢a3a - 180°. Takmum obpasom, xoTsa aMmranTyaa smbpaunm ymeHblwnnacb Ha
5 MKM, UCTUHHOE M3MeHeHue Bubpauun NpencTaBiseT BEKTOp 4 -4, UMELWUn amnanTtyny 52 Mkm,
T.e. B 10 pa3 BblWwe, 4eM Npu NPOCTOM CPaBHEHUN aMIJINTY .

3TOT NpUMep WIIIOCTPUPYET OrPaHNYEHHOCTb KPUTEPUS OLLIEHKN COCTOSIHMSA MO U3MEHEHUIO YPOBHS
BUBpaLIMM, OCHOBbLIBAIOLLErOCA Ha NU3MEpPEeHUsX TOJIbKO aMnInTyn Bubpauumn.

D.3 KOHTpO/b 3@ MU3MEHEHNEM BEKTOPOB BUBpaLnm

Mpumep, npuBeneHHbIn B D.2, MNokKa3blBaeT Ba)XHOCTb OMNpefesieHns N3MEHEHUA BEKTOPHbIX
COCTaBNSAOWMX CUrHana Bubpauunm. OaHako obwmin curHan BubpauuM MOXXeT BKJ4YaTb B cebs
MHOXXECTBO YAaCTOTHbIX COCTaBAAOLLNX, N YKa3aHHble N3MEHEHNA MOryT HabnopgaTbCa ANA KaXKAon n3
HMX. KpoMe TOro, KosIM4eCcTBEHHbIE U3MEHEHWS, HE AOMYCTUMbIE OJ151 OAHON YaCTOTHOW COCTaBASOLEN,
MOryT OKa3aTbCs BMOJIHE MpuemaemMbiMn A1 APYron. MNo3ToMy B HacTosliee BPeMS HEBO3MOXXHO
YCTAHOBUTb KPUTEPUU OLEHKN BUOPALMOHHOIO COCTOSIHUS MO W3MEHEHUSIM BEKTOPOB OTAesbHbIX
4aCTOTHbIX COCTaBAAOLWMX, KOTOpble COOTBETCTBOBasM Obl 3ajayaM HacToslWero cTaHhapTa,
npegHasHayeHHOro, B NepByto o4yepelb, A8 KOHTPONS BUOPALIMOHHOIO COCTOSAHMS HecneunaamcTamm B
obnacTtn Bubpauunn

TekCT AOKYyMeHTa CBepeH Mno:
ohmumnanbLHOEe n3faHne
M.: UMK N3paTenscTBo cTaHgapTos, 2000
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