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CoBpeMEHHblE MalUMHbI paboTalT B YCHOBUAX MOBbILLEHHbLIX CKOPOCTEN U
Harpy3oK, UCMbITbiBad NPU 3TOM XECTKOE BO34ENCTBME OKpYyXaroLwen cpedbl. ITO
CTano BO3MOXHbIM, B 6OoOnbLOW CcTeneHn, 3a cyeT 6Honee 3GPEKTUBHOIO
NCMOMb30BaHNA MaTepuarnoB, XOTA W COMPOBOXOAETCA WHOMga MNOBbILIEHHOW
YYBCTBUTESNMbHOCTBIO MalLUMH K oOwMbKaM B WX KOHCTPYKLUM U HenpaBuibHOW
akcnnyaTauumn. [Ins obecneyeHnsa 6onee HagexHon n 6esonacHon paboTbl MaLUWH
yCTaHaBnMBatoT Boree XeCcTKue orpaHndeHns nx sBnubpaumu.

FOCT NCO 10816-1-97 yctaHaBnuBaeT MeTOAbl OUEHKM BUOpPaALMOHHOro
COCTOSIHMSA MaLUMH MO N3MepPeHnaM BMOpaumm Ha HeBpallaowmxca Yactax. OgHako
CYLLECTBYET 3HAYUTENbHOE YUCIIO MAaLLMH, AN KOTOpPbIX M3MepeHue Bubpauum
TOMbKO Ha KOPMNYCHbIX 3dfieMeHTax, Hanpumep MNOLLUMMHUKAX, MOXET OKasaTbCs
HeQOCTaTOYHbIM AN MOMHOro npeacTaBneHnss 0 BUOPALMOHHOM COCTOSHUU
MalWuWHbl. Takme MalumHbl 0B6bIYHO MMEKT HECKONbKo rMbKnx poTopoB, BMOGpaumns
KOTOPbIX MOXEeT oKa3aTbCs 0ofiee 4YyBCTBUTENIbHOW K W3MEHEHUIO COCTOSIHUS
MaWuHbl. Y MalwuH, AN KOTOPbIX NpeanoyTUTENbHbIMU SABIAIOTCS WU3MEPEHUS
BB pauunmn Bana, XXeCcTKoCTb U Macca Koprnyca 06bl4HO CYLIECTBEHHO NPEBOCXOAAT
aHarnorn4yHble xapakTepucTuKM poTopa.

[na Takux MalmH, Kak napoBble M rasoBble TYPOUHbI U TypOOKOMNpeccopbl,
KaXkgas U3 KOTOPbIX MOXET MMETb HECKOSTbKO MOA BUBpauum B amnanasoHe paboymx
CKOPOCTEN, U3MEPEHUA Ha HeBpalLaloLMXCA YacTaxX MOryT He [[aTb TOYHOro
npeacTaBrieHns o BUOpauMOHHOM COCTOAHMM MawmHbl. B aTux cnyyasx gns
KOHTPONSA BMOPaLMOHHOMO COCTOSIHUS MOXeT noTpeboBaTtbCa NpoBedeHne
N3MepeHnin MIM6O COBMECTHO Ha BpaLLaLIMXCS N HEeBPAaLLAIOLMXCA YacTsx, mbo
N3MEPEHNN TONBbKO Ha BPAaLLAKLLMXCS YacTAX MaLLUMH.

MeTon OUEHKM BMOPALMOHHOrO COCTOSIHUS, YCTAHOBMEHHbLIA B HACTOSLLEM
ctaHpapTte, pfononHaeT ycrtaHosneHHbin B [OCT WMCO 10816-1-97. [pu
COBMECTHOM MNPUMEHEHUN YKa3aHHbIX CTaHO4APTOB OKOH4YaTEeSflbHOE peLLeHne
NPUHAMAIOT B COOTBETCTBMM C KpUTEPUEM, KOTOpPbIN YycTaHaBnmMBaeT 6onee
XeCTKOoe orpaHuyeHue aarbHeunwen sKkcnnyaTaunm MalvHbl.

N3mepeHna Bubpauum BasroB WUCMOMb3YOT B Pas3fMYHbIX LENsX, HaduHaa c
OObIYHOr0O KOHTPOSS 3a COCTOAHMEM MalMH MpW 3KCnfyatauuum M B npouecce
NCMbITAHUA NMPU NPUEMKE NPOAYKLMU U 3aKaH4YMBasa AMarHOCTUPOBAHMEM MaLUMH U
NpoBEAEHNEM UCCIiegoBaTENbCKMX  AKCMEepuMeHToB. Hactoaumn ctangapT
NPUMEHSIOT NPU KOHTPOSie COCTOSIHUA MalMH U B npouecce MX UCMbITaHUA Npu
NpueMKe.

KonnyecTBeHHble  KpUTEpPUM  OLEHKM BuBpauum ycTaHaBfMBalOTCA B
CTaH4apTax Ha MalLMHbI KOHKPETHbIX KIacCoB.

1 O6nactb npyumMmeHeHusA



Hactoaumin ctaHgapT ycTaHaBnuBaeT obume TpeboBaHWs K U3MEPEHUsIM
BUGpaumm, NpoBOANUMBLIM HEMOCPEACTBEHHO HAa BpaLLaloLMXCa Barnax, U1 MetTogbl
OLEHKN BMOpaLMOHHOIO COCTOSIHUSA MALUMH C Y4ETOM:

- U3BMEHEHUIN B NOBELEHNN MALLNHDI;

- HaNMYKMs Ype3MEpPHbIX ANHAMUYECKNX HArpy30K;

- KOHTPONS pagunasbHbIX 3a30P0B B MOALUMMHUKAX.

HacTosiumin ctaHgapT pacnpocTpaHsaeTCcs Ha 3MEPEHNS Kak abContoTHON, Tak
N OTHOCUTENBHOW BMOpaLMK Barna u He pacnpoCTpaHSeTCs Ha OCEBYHO BMOpaLmio 1
yrrnosble KonebaHusa poTopa.

CTaHOapT MCnosnb3ylT MNPW KOHTPOSEe COCTOSAHMS MalMH B rpouecce ux
aKkcnnyaTaumm v npyv NPoOBEAEHUN UCMNbITAaHUW MpU NpUEMKEe MPOAYKLUUWN, KaK Ha
ncnblTaTeNbHOM CTEHAE, TaK U Ha MecTe aKCnIyaTauun.

B cTaHgapTe npuBeaeH meTon yCTaHOBIIEHNS orpaHn4eHnn
JYHKLIMOHNPOBAHMS MaLLMHbLI B 3aBMCUMOCTM OT YPOBHS U3MepsieMon BUbpauuu.

[MpumeyaHus

1 KpuTepum OUEHKM ONS pasfnUYHbIX KMaccoB MallMH YCTaHaBfMBaKT B
COOTBETCTBYIOLINX CTaHOapTax no mepe ux paspabotku (Hanpumep NOCT 27165,
FOCT P NCO 7919-3, TOCT P NCO 7919-4). MeToabl onpegeneHnsa Takux
KpUTepueB NpuBedeHbl B NPUoxeHnn A.

2 B HacTosLweM cTaHaapTe NnpuMeHsieTca TepMuH "BMOpaumsa Bana", NoCKOsbKY,
B 6OMbLUMHCTBE CrlydaeB, U3MEPEHNa NPOBOAAT MMEHHO Ha Barnax MalUuH, YTO He
MCKITIOYaeT BO3MOXHOCTM TMPOBEAEHUA W3MEPEHUN Ha [OpYryX BpalLaroLmxcd
4YacTsIX, ECNN 3TO OKaxeTcs bornee npegnovYTUTENbHBIM.

B HacToswem cTaHgapTe npeanonaraeTcsl, YTO KOHTPOSlb COCTOSIHUA MallvH
NPOBOAAT MO M3MEPEHUsIM BUOpaUUK, NPOBEOEHHBIM B YCHOBUAX HOPMAaribHOMO
pexvima paboTbl MalLLUHBbI.

Hactoawmin ctaHOapT He pacnpoCTpaHSeTCA Ha MalvHbl C  BO3BPATHO-
nocTynaTesnbHbIM OBWKEHNEM.

2 HopmaTtuBHbIe CCbINKU



B HacTosLweM cTaHgapTe NCnonb3oBaHbl CChISIKU Ha crieaytolme cTaHaapThbl:

FOCT 27165-97 ArperaTbl napoTypbuHHbIe CTauMoHapHble. Hopmbl Bubpaumnm
BanonpoBOAoOB 1 obume TpeboBaHMs K NPOBEAEHUIO N3MEPEHNIA

FOCT NCO 10816-1-97 Bubpaumsa. KOHTpOsSib COCTOSHUST MaLUUH No
pesynbTatam nsmepeHnin Bubpaunn Ha HeBpallarowmxcs yactax. Obwue
TpeboBaHus

FOCT P NCO 7919-3-99 Bubpauma. KOHTPOSNb COCTOAHUS MalMH Mo
pesynbTataMm uU3MepeHun Bmbpaumm Ha Bpallarwmxcs Banax. [1pomblneHHble
MaLUMHHbIE KOMMJIEKCbI

FOCT P NCO 7919-4-99 Bubpauma. KOHTPOSNb COCTOSAHUS MallMH Mo
pesynbTataMm M3MepeHun Bubpauum Ha Bpalwjarowmxcs Banax. [as3oTypbuHHble
arperarbl

FOCT P NCO 10817-1-99 Cuctembl namMmepeHun Bubpaumm BpaLlatoLLnXCcH
BanoB. Yactb 1. YcTpouctBa AN CHATUA CUrHaANoOB OTHOCUTESTIbHOW U
abcontoTHON BUBpauum BpallaloLLnXcsl Banos.

3 U3mepeHnsa Bubpauumn

3.1 'amepsiemble BENNYNHDBI



3.1.1 BubponepemelleHune
[MpennoyTUTENbHON BENMYMHOW, UCMNONBb3YEMOW MNPU U3MEPEHUaxX Bubpauum
Bana, sBndeTca sBmbponepemelleHe. EanHnya namepeHust - MMKpomeTp (1 MKMm =

10— m).

[MpumedaHne - BubponepemelleHne - BeKTOpHas BefMYMHA, MNO3TOMY
CpaBHeHVe [OByX BubponepemMelleHMn MoXeT noTpedoBatb y4vyeTta as3oBbIX
COOTHOLLEHWI (CM. npunoxeHue D).

OueHKy BMOPALMOHHOIO COCTOSHUA MalUMHbI MOMyYarT No  pesynbTaTtam
N3MEPEHUN KaK OTHOCUTENBLHOIO BUOponepeMelleHnst (BMbponepemMeLLeHne Bana
OTHOCUTESTIbHO HEKOEro KOHCTPYKTMBHOMO 3fIEMEHTa MalUMHbI, Hanpumep Kopnyca
NoALMNHKUKA), Tak U abcontoTHOro BUbponepemeLleHns (BMbponepemMeLLeHe Bana
OTHOCUTESTIbHO HEKOTOPOW WHepLManbHOW CUCTEMbl oTcyeTa). Npu ycTaHoBReHUN
BUBpaLMOHHbIX Kputepmes HeobxoanmMo YeTKO  yKasblBaTb, Kakoe
BUbponepemeLLEHNEe NMEETCH B BUAY: OTHOCUTESTbHOE U abComMTHOE.

[Mpyn n3mepeHnn Kak abCorTHOro, Tak U OTHOCUTESBHOro BUGponepemMeLLeHNI
onpenensioT:

St p—p) - Pa3Max BUGpONepeMeLLEHs B HANPaBIieHUM U3MEPEHNIA;

Spmax - MaKcUMarbHoe BuOponepeMelleHne Bara OTHOCUTENbHO CPedHero
MOJIOXXEHUSI B MIOCKOCTM U3MEPEHUIA.

CoOTHOLLEHME MeXOYy AaHHbIMW MapamMeTpaMu MokasaHo Ha pucyHkax B.1 u
B.2.

MNpumeyaHne - B HacTosiliee Bpems MpU MPUMEHEHUN KPUTEPUEB OLLEHKM
COCTOSIHUSI UCMOMNb3YT MakCcUMarnbHOoe M3 OBYX pas3MaxoB BMOponepeMelLeHUs

S{p—p} no u3MepeHnamMm B [OBYX B3aMMHO TMeprneHOuKyrndapHbIX HarnpaBiieHUAX.
Bnocnegcteun, no Mepe HaKormneHna OSKCNepuMeHTalribHbiX [OaHHbIX, bonee

npeanoyYTUTENbHbIM MOXET OKasaTbCs MWCMOoSib30BaHWE MapamMeTpa S.;p_ ) A
onpenesieHHOro Ha pucyHke B.2.

3.1.2 [InanasoH 4acToT U3MepeHnn

N3mepeHna oTHocuTernbHoM wn abconoTHon Bubpauun Bana criegyet
NPOBOAUTL B LUMPOKOM MOSIOCE YacToT, MOMHOCTbK OXBaTbIBAKOLWEN 3HAYUMYLO
4YacTb YaCTOTHOrO CNeKTpa BMOpaLm MaLUMHbI.

3.2 Buabl nsmepeHun

3.2.1 N3amepeHna oTHocuTeNLHOW BUB pauum

N3mepeHns OTHOCUTENbHOW BMOpauMM NPOBOASAT, Kak NpaBuSio, C NMOMOLLLHO
AAaTYMKOB BECKOHTAKTHOro Tuna, BOCMHPUHUMAKOLMX BUOpOMNepeMeLLEHne Mexay
BafioM M 3fIEMEHTOM KOHCTPYKUMW MalUMHbl, HAanpumMmep KOpMycoM MNOALMMNHUKA.
TpeboBaHua k gatumkam - no FOCT P NCO 10817-1.



3.2.2 N'amepeHna abcontoTHon Bnb pauum
N3mepeHna abcontoTHoN BB pauum NpoBOAAT O4HUM U3 CrieayroLmX MEeTOO0B:

a) Npy MNOMOLLM KOHTAKTHOro AaTyMKa-3oHAa, Ha KOTOpbIM yCTaHaBnMBaloT
OaTYMK  MHEPUMOHHOro  Tuna  (gaTtyMk  CKOPOCTM WM aKCernepomeTp),
HenocpencTBEHHO U3MEPSIOLLMA abCONOTHYIO BUOpauuio Bana;

6) Npy nomowy B6ECKOHTaKTHOro AaTyuka, KOTOpbIN U3MEPSIET OTHOCUTESbHYIO
BUbpauno Barna, B COYETaHMM C [LaTYUMKOM MHEPLMOHHOro Tuna (O4aTymkoMm
CKOPOCTU WIMK aKkcernepoMeTpoM), KOTOpPbI mnamepsetr Bubpauunto ornopbl. Oba
AaTynka O0SPkHbl OblTb YCTAHOBIIEHbI B HenocpencTBeHHOM 6nm3ocTu Apyr OT
apyra, 4Tobbl Ha HMX BO34ENCTBOBanM OfHM U Te Xe abCcomnoTHble KonebaHus B
HanpaeneHun mnamepeHun. Cymma CUrHanoB 9TUX OATYMKOB B BEKTOPHOM BUAE
saBnseTcsa abconoTHoW BUbpaumen sana.

3.3 lNpoBeneHne namepeHnn

3.3.1 O6wme nonoxeHus

[aTunkn ycTaHaBnMBalOT B TO4YKaX, MO3BOMSIOWLMX M3MEPATb MonepeydHble
konebaHusa Bana Ha Hanboree BaxHbIX ydacTkax. PekomeHayeTca npu namepeHnax
Kak OTHOCUTENbHON, Tak 1 abcontoTHON BUBpauun ycTaHaBnnBaTb No ABa gaTymka
Ha KaXXgoM MOALUMMHUKE U B HEMOCPEeLCTBEHHOW OrM30CTU OT HEro. ATU AaTHUKK
pacrnonaraloT B pagunanbHOM HarnpaBfeHun, XeraTenibHO B OLHOM nonepeyvyHom
NMOCKOCTN, NEPNEHANKYSAPHON K OCU Bana, Tak, 4Tobbl MX OCKM YyBCTBUTESNIBHOCTU
OTCTOSANIM OT paguanbHOro HarpaeneHna He ©Gonee 4Yem Ha 5. [atymkm
ycTaHaBnuBatoT nog yrrom 90°+5° oTHocUTenNbHO Apyr Apyra Ha Of4HOM MOSIOBUHE
NOALUMIMHNKOBOM OMOpbI.

BmecTo OByX nepneHOuKYnApHO pacnofioeHHbIX OaTyMKOB [OMyCKaeTCcs B
KaXKOoW NSIOCKOCTU N3MEPEHNA UCMOMb30BaTb OAMH AaT4YMK NPWU YCIIOBUW, YTO 3TO
NO3BOSMT MOfyYaTb 4OCTATOYHO MOSHY MHGOPMaLMIo 0 BUbpauumn Bana.

PekomeHayeTca npoBedeHue chneuuranbHblX WU3MepeHun Ans onpeneneHus
GveHnn Bana HeBMBpauMOHHOM NpUPoabl, OBYCHOBMIEHHbIX HEOOHOPOLHOCTbLIO
MaTepuarna noBepxHOCTW Baria, flokanbHbIM OCTaTOYHbIM HaMarHU4MBaHUEM WA
MexaHu4deckumu  6ueHnamun. CregyeT wumeTb B Bugy, YTO B Cclnydae
aCUMMETPUYHOIO poTopa BIUSIHME CUMbl TSHXKECTU MOXET BbI3BaTb MOsIBIEHUE
NOXHOro cUrHana duneHus.

OnuncaHua cpencTB U3MEPEHUM U pekoMeHZauumm Mo WX UCMOSb30BaHUI0
npuBeaeHbl B NpunoxeHunn C.



3.3.2 NN3amepeHna oTHoCcUTENLHOW BUB pauum

[JaTtynkn  OTHOCUTENbHOWM  BMOpaumMm  BGECKOHTaKTHOro  Tuna  OBbIYHO
yCTaHaBnMBatloT B pe3bb0BbIX OTBEPCTUAX B KOPNycax NoAgLUMMHUKOB UM PSAOM C
NOALUMMNHUKAMM MNP MOMOLLM XKECTKMX KPOHLTENHOB. COBCTBEHHbIE 4acCTOThl
KPOHLUTENHA He AO0SPKHbI OKa3blBaTb BIMSIHWE Ha pe3ynbTaTbl U3MepeHuin Bubpaumm
Bana. Ecnm pgatymk ycTaHOBMEH B CaMOM MOALUMMNHUKE, €ro pacroriokeHne He
OOJSPKHO BblI3bIBaTb M3BMEHEHWIA B MACISIHOM KiMHE NOALUMMHMKA.

[loBEpXHOCTb Baria B MeCTe YCTaHOBKM AdaTyuka C ydeToM TemnepaTypHbIX
pacluMpeHnn [orkHa ObiTb rmagkon m cBobogHOM OT NHOObIX OTKIIOHEHUA B
reomMeTpnyeckon opme (BbI3BaHHbIX, HaNpMMep, LWNOHOYHbIMX KaHaBKaMw,
pe3bbamun, KaHanamu Ona cMasku), HeOQHOPOOHOCTEN MaTepmuana u oCTaTOYHOro
HaMarHM4MBaHWA, CMOCOOHbLIX MPUBECTU K  UCKaXeHWsiM curHana. Ecnm
NOBEPXHOCTb Bana Oblfla ranbBaHM3WpoOBaHa WM MeTanM3MpoBaHa, TO
N3MEPUTENBHYIO CUCTEMY criegyeT oTKanmmbpoBaTb cheuunanbHO ONa  AaHHOM
NoBepPXHOCTU. PekomeHayeTcs, 4TOObl BMEHUST 3NEKTPUYECKOM U MEXaHUYECKOWN
NPUPOAbI, UAMEPEHHbIE C NOMOLLBIO AAaHHOrO AaTyuka, He nNpeBbiwany 6onbLuero 13
criegyloumx 3HadyeHun: 25% 3HadeHnss BuOpornepeMeLleHusi, MNPUHATOro 3a
aonyctumoe, nnm 6 MKM. [1ns BbICOKOOOOPOTHBIX MAaLLMH XapakTepHa NoBbILLEHHas
yuctota o06paboTKM MOBEPXHOCTM Bana, No3ToMy AN MawvH ¢ pabodven

ckopocTbio Goree 10000 MmuH—1 BMecTo 6 MKM criegyeT GpaTb 3HadeHve 600/ .5

MKM, 1€ # - CKOPOCTb BpallieHVst poTopa, MuH-1 .

Ecnv nsmepeHvs NpoBOAAT Ha MalUMHE, HAXOASLWENcs B aKCnnyatauuu, Ans
KOTOPO/ M3MepeHusi BuOpauum Bana 3annaHuMpoBaHbl He Oblnv, BOMPOC
O0MYCTUMOCTM TEX UMM NHbIX OMEeHNI OoIPkeH ObITb paccMoTpeH 0cobo.

3.3.3 WN3mepeHuss abcomoTHoOM BMOpauum C WUCNONb30BaHMEM [OaTYUKOB
MHEPLMOHHOIO 1 6€CKOHTaKTHOro TUMNOB

[Mpy Mcnonb3oBaHMM COMETaHUSA OaTYUKOB WHEPLMOHHOIO M BECKOHTaKTHOro
TMNOB abCOMOTHYO BMOpaLMIO NOSlydatoT BEKTOPHBbIM CIIOKEHMEM CUMHarioB 3TUX
aatymkoB. TpeboBaHMS K OECKOHTaKTHbIM JaTyMkaMm W K WX  KPENneHuto
aHanorn4yHbl ykasaHHbIM B 3.3.2. [JaTymK MHEPLMOHHOIO TuUMna XeCTKO 3aKpennsoT
Ha KOHCTPYKL MM MaLLMHbI (HAanpumep Ha Kopnyce MoALMMHMKA) Kak MOXHO Brivke K
AaTynKy 6eCKOHTaKTHOro Tuna gns Toro, 4Todbl 06a AaTymka BOCMNPUHUMANU O4HY
N Ty e abCOnTHYI0 BMOpaUMIO B HanpaBneHnM N3MePEHNin CO CTOPOHbLI OMOpbI.
Ocun 4yBCTBUTESNBHOCTN BECKOHTAKTHOIO N MHEPLMOHHOMO 4AaTYUKOB OOSMKHbI ObITh
napannesnbHbl, YTOObI B NpoLecce BEKTOPHOIO CrOXEHUsI CUrHAnNoB 3TUX AaTYMKOB
He 6bI1510 4ONONHUTENBHbIX NOMPELLHOCTEN NPU N3MepeHnun abCcomnTHOM BUBpaLuu.



3.3.4 WN3mepeHuss abcomoTHOM BMOpauunm C UCNONb30BaHMEM [OaTYUKOB
NHEPLIMOHHOIO TUNa U KOHTaKTHbIX 4aTYMKOB-30HO0B

[JaTynkn MHEpPUMOHHOro Tuna (4aTyYMKM CKOPOCTU WM aKkceriepoMeTpbl)
AOIKHbl ObITb YCTAHOBSMEHbI HAa gaTyMKax-30oHA4ax B pagunanibHOM HanpaBfieHUN.
CrieqyeT UCKMOYUTb BO3MOXHOE gpebesxaHue Unn 3aefaHne 30H4a, YTO MOXET
NOBMMATb HA CHUMaeMbI CUrHanN gatymka. YCTaHOBKY 30HLO0B NPOBOASAT COMMacHo
TpeboBaHusm 3.3.1.

[loBEpXHOCTb Bana B MeCTe KOHTakTa C 30HAOM C YY4E€TOM TensioBbIX
paclLMpeHnn [orkHa ObiTb rnagkon nm cBobogHoOM OT NHOObIX OTKIIOHEHUA B
reomeTpnyeckon opme, TaKuMX KakK LWNOHOYHbIE KaHaBKM WM pes3bbbl.
PekomeHayeTcs, 4Tobbl MexaHnyeckme brueHus Bana He npesbiwany 6onbLwero 13
criegyloumx 3HadyeHun: 25% 3HadeHnss BuOpornepeMeLleHusi, MNPUHATOro 3a

gonyctumoe, unm 6 Mkm. [ns paboymnx ckopocTtein 6onee 10000 mmH-1 BmecTo 6
MKM crieqyet 6paTtb 3HadeHne 600 /.f; MKM, e # - CKOPOCTb BpalleHWst poTopa,

MUH-L

MeToq MaMmepeHusi Bubpauumn ¢ NOMOLLBIO 30HOA MOXET UMETb OrpaHnyeHus],
CBA3aHHblE CO CKOPOCTbKO [AOBWXEHUA TMOBEPXHOCTW Bana wnvu  AOpyrumm
obcTosaTenscTBaMm, Hanpumvep opMMpoBaHMEM Nog 30HOOM MO POANHAMUYECKON
MacrsiHOM TMIeHKN, KOoTopasi MOXET BHECTU MWCKaXeHUs B CHUMaeMbl CurHan.
[aHHble orpaHn4eHnst AoPKHbI BbITb YKa3aHbl B CONPOBOAUTESIbHOM AOKYMEHTaLUM
Ha OaTyuKW.

3.4 Pexxmbl paboTbl MaLLUHBbI

N3mepeHna Bnbpaumm Bana cnegyeTt NpoBogvTb B 3a4aHHOM pexume paboTbl
MalMHbI MOcrie TOro, Kak TemnepaTtypHble W gpyrve 3KcnryaTaunoHHbIe
XapaKTepPUCTUKN OOCTUMHYT YKasaHHbIX 3HadyeHun. B cnydae npoBeneHus
AOMNOSTHUTENBHbLIX U3MEPEHN AN1A OPYIMX YCIOBUI paboTbl MaLLMHbBI, HAaNnpuUMep npu
MeLJSIEHHOM MNPOBOPaYnBaHUN POTOpPA, NPOrPEBE UM HA KPUTUYECKUX CKOPOCTHAX
BpalLEHMsl, OLEHKa pe3ynbTaToB TakuX WU3MepeHun MoxeT notpeboBaTtb
MCMNOSIb30BaHUA METOO0B, HE YKa3aHHbIX B HACTOSALWEM CTaH4apTe.

3.5 PyHOAMEHT N KOHCTPYKLUMSA MaLUMHbI

Tun dyHoaMeHTa W KOHCTPYKTUBHbIE OCOBEHHOCTM MalUMHbl  (Hanpumep
HanMymMe noAcoefMHEHHbIX TPyD) MOryT okasaTb CYLIECTBEHHOE BIUSIHME Ha ee
Bubpauuo. CpaBHeHne Bubpauumn malumH ogHoro Buaa 6yaet KOppekTHbIM TONbKO
B Crlyyae, ecnm ANHaAMUYEeCKNEe XapakTEPUCTUKN dyHOAAMEHTa U KOHCTPYKLUN STUX
MaLUMH OO MHAaKOBBbI.



3.6 HaBegeHHas Bnbpaumsa n npoBepka namepuTenbHON CUCTEMBI

[Nepen Hayanom namepeHun BMdbpaumm B paboyemM pexmme MallmHbl crieqyeT ¢
MOMOLLIO TEX e CPeaCTB U3MEPEHUA U B TOM e MecTe MPOBECTU U3MEPEHUS
BUbpauum ana HepaboTtawowen MaluHbl. Ecnn 3HavyeHne napameTpa Bubpauum
Ana HepaboTalowen MawuHbl ByaeT npesBbiwaTbh TPeTb 3HAYeHUs, NOSTydeHHOro
ANsi MawwmvHbl, paboTalowen B 3agaHHOM pexrmMme, HeobXoaAnMMO NPUHATL Mepbl Mo
NCKITFOYEHUIO BNUSIHUS HaBe4eHHOW BUOpaLuun.

4 Cpeocrea namepeHum

Bbibop cpeacTs nsmepeHun crniegyeTt OCyLECTBIIATb C YY4ETOM:

- BO3MOXHOCTU MX paboTbl B YCIOBUSX MOBbLIWEHHbIX Temnepatypbl W
BMNaXXHOCTW;

- HaNM4nsi KOPPO3NOHHOW Cpenbl;

- CKOPOCTW OBWXEHUSA MOBEPXHOCTU Banga;

- MaTepuara, U3 KOTOpPOro U3roTOBIEH Barl, U Ka4yecTBa ero NoBepxXHOCTY;

- paboyen cpegbl (Boga, Macro, BO3QyX WM nap), KOHTaKTUPYHOLEN C
AaTYNKOM,;

- BO3MOXHbIX BO3OENCTBUN BMOpauum u ygapa (No Tpem OCHOBHbIM OCHAM),
aKyCTU4eCKOro LLyma, MarHUTHbIX Nosew;

- HAMWM4Ns MeTanIM4yecKknx Macc B6IM3N HaKOHEeYHMKa 0aTymKa;

- (oriykTyauunn HanpsHkeHnsa NUTaHus.

XKenaTernbHo, 4TOObLI M3MepUTENbHaa cUcTemMa UMesia BCTPOEHHOE YCTPOMUCTBO
KanMbpoBKM  CUMTbIBAKOLWIErO0  YCTPOMCTBA W U3OMMPOBAHHbIE  BbIXOAb!,
no3sornAowLmMe nNpy HeoOXoAMMOCTU NMPOBOAUTL AalNbHENLWNA aHarnm3 noryyYeHHbIX
OaHHbIX.

5 Kputepun oueHku

5.1 OueHKy BMOPALMOHHOIO COCTOSIHUA MalUWHbI Nofy4varT Mo pesynbratam
n3mepeHnin abCcontoTHON NN OTHOCUTENBbHOW BMOpaL M Bana.

5.2 B cnyyae, Korga B KayecTBe KpUTEPUA OLIEHKM BbIOMpalOT M3MEHeHWe
Bnbpaumm Bana, To:

a) ecrmm BMOpauusi MOBEPXHOCTM, HA KOTOPOW YCTAHOBIEH AaTuyuk
OTHOCUTENbHOro BMbponepemeLleHus, meHee 20% oTHocUTeNbHOM BUBpaumm Bana,
B KQ4eCTBE U3MEPSIEMON BENTMUYNHBbI MOXET ObITb MPUHATO Kak OTHOCUTESNbHOE, TaK
n abconTHoe BUOponepeMeLLEHNE;



6) ecrm Bubpaumss NOBEPXHOCTW, HA KOTOPOW YCTaHOBMEH AdaTuyuk
OTHOCUTENbHOro BUbponepemelleHnsi, He MeHee 20% OTHOCUTENbHOW BMBpaLUK
Bana, n3mepaT abCconTHoe BUBponepemelleHne Bara, U, eCfin OHO OKaXeTCs
bonblle OTHOCUTENbHOrO BUBpPONEpemMeLleHns, MNPUHMMAKOT €ero B KadecTBe
N3MepPSEMON BENNYNHBI.

5.3 B cnyyae, Korga B Ka4yecTBe KpUTepusi OLLEHKN BbIOMPaOT OMHAMUYECKYHO
Harpy3ky Ha MNOALUMMHUKW, TO B KayecTBe M3MEPSEMON BENMYUHbLI MPUHUMAOT
OTHOCUTENbHOE BNOponepemMelLleHre Bana.

5.4 B cnyyae, korga B KadecTBe KpUTEPUSI OLLEHKM BbiGMpaloT 3a3op Mexay
CTaTopOM U POTOPOM, TO:

a) ecrmm BMOpauusi MOBEPXHOCTM, HA KOTOPOW YCTAHOBIEH AaTuyuk
OTHOCUTENbHOro BMbponepemeLleHus, meHee 20% oTHoOcUTeNbHOW BUBpaLmm Bana,
B KayecTBe Mepbl M3MEHEeHWs1  3a3opa  MNpPUHMMAKOT  OTHOCUTESTbHOE
BB ponepemMeLLEHNE;

6) ecrm Bubpaumnss NOBEPXHOCTW, HA KOTOPOW YCTaHOBMEH AdaTuyuk
OoTHOCUTEnNbHOro BubponepemelleHnsi, He MeHee 20% OTHOCUTENbHOW BMBpaLUK
Bana, HO ee MOXHO paccMaTpvBaTb Kak MOMHyr BMBpauuo ctatopa, B KayecTBe
Mepbl U3AMEHEHUSA TaKXe MPUHUMAKOT OTHOCUTENbHOE NepemelleHne. B npoTnBHOM
clnyvyae Heobxo4MMOo MCNONb30BaTh APYrne METOAbI YCTAHOBKM JaTymnKa Bubpauun.

5.5 Knaccudwmkaumss Bubpaumm Bana 3aBuMCUT OT pasMepoB W  Macchbl
BUOPUPYHOLLEro Tena, XapakTepPUCTUK OMopbl MalUWHbI, €€ BbIXO4HOW MOLLHOCTU U
Ha3HadeHusi. Takum obpasom, npu onpeaeneHun pasnuyHbIX Anana3oHOB ANS
Krnaccudomkaumm Bmbpaunn Bana MalumMH JaHHOro Kracca Heobxoammo npuHMMaThb
BO BHMMaHWe Ha3Ha4YeHe MallMHbl 1 YCITOBUA ee dKCnyaTauuu.

5.6 MeTtoabl onpegeneHnss KpUTEPUEB OLLEHKM BUOPALMOHHOINO COCTOSHUS MO
N3MEPEHNAM BMOpauun Bana Ansg MalKnH pasfnyHbIX KlacCoB MNpUBEOEHbI B
npunoxeHnn A. [laHHble KpUTEPUM OTHOCATCS TOMbKO K BMOpauun, co3gaBaemMomn
camMmon MaLUMHOW, a He nepegaBaemMon Ha Hee n3BHe. OHM MOryT 6biTb 4OMNOSTHEHDI
KPUTEPUAMUN OLIEHKM MO U3MEPEHNAM BUOpauLMM Ha HeBpaLLaloLWMXCA 4YacTax no
FOCT UCO 10816-1. MNpn COBMECTHOM MNPUMEHEHUN KpUTepueB 06OUX BUOOB
OLEeHKY BMOPALMOHHOIO COCTOSIHMS MaluMHbl Nofy4alT B COOTBETCTBUM C
KpuTepuem, KOTopbI yCTaHaBnNMBaeT boree XeCTKoe orpaHnyeHne akcnnyatauum
MaLLWHbI.

KpuTepun Onsi mMalmMH KOHKPETHbBIX KracCoB OOSMKHbl OblTb YCTaHOBIIEHbI B
COOTBETCTBYHOLMX CTaHAapTax.



5.7 MeTtoabl oueHKn BUBpaLMOHHOMO COCTOSIHUS, onpeaensiemMble B HacTOSILLEM
cTaHgapTe, OCHOBaHbl Ha M3MEpeHUU BMOpauun B LUMPOKOW mnorioce 4YacTtoT 6es
aHanmMsa oTAeflbHbIX YacTOTHbLIX COCTaBnAWMX M ¢ha30BbIX COOTHOLEHUW. B
BOMNbLUMHCTBE Cry4aeB TakoW NoAX04 OKasblBaeTCH 4OCTATOYHbLIM 4S9 UCTbITaHUA
Npy NpUemMKe NpoayKLMM U KOHTPOMsS cocTodHms. O4HAKO B HEKOTOPbIX Cry4yasix
npu oueHke Bubpauunm MawmMH  OnpedeneHHbIX  KMacCoB  KenaTesibHO
npeacTaBreHne WHgopMaumMm B BEKTOPHOM Buae. [HaHHble 00 Uu3MeHeHun
BEKTOPHbIX COCTaBfsloWLMX BuMOpauum UCNONb3YT An8  obHapyxeHua u
onpeaeneHns nNpu4nH M3MEHEeHUW ONHAMUYECKOro COCTOSIHMSI MalUMH, KOTOopble
MOryT OblTb He OOHapyXeHbl Ha OCHOBE W3MEPEHUA TOSbKO LUMPOKOMNOSIOCHOM
B1bpauum (cM. npunoxeHue D).

cnonb3oBaHMe U3MEHEHUS] BEKTOPHbLIX COCTaBMAOWMX B KAYECTBE KpUTEpUS
OLUEHKM  BMOpPAUMOHHOrO  COCTOSIHASE B HacTosilleM  cTaHgapTe  He
paccmaTpuBaeTCcs.

5.8 Bubpauma HeKOTOpbIX MalumMH MOXeT oKasaTbCA YyBCTBUTENbHOM K
N3MEHEHNAM YCTaHOBMBLLErOCS pexuMma paboTtbl. B page crydyaeB 3aTUM MOXHO
npeHebpeyb, HO MOXET OKasaTbCs, YTO BMOpauMs KOHKPETHOM MalumMHbl Byaet
OLeHeHa Kak yaoBreTBopuTeSibHas Npu M3MEPEHUSIX B OO4HOM YCTaHOBMBLLEMCH
peXMMme 1 Kak HeyaoBeTBOPUTESNbHAs NPU N3MEPEHNAX B APYIOM peXxnMe.

PekomeHayeTcsi, 4TOObl BOMPOCHI, CBSI3@HHbIE C YYBCTBUTENLHOCTbLIO
BUOGpauMm MawmHbl K pexuMmy ee paboTbl, 6blnM  cornacoBaHbl  Mexay
N3roToBUTENEM W MNOTPEdbUTENEM C YyKasaHWeMm, Mpu HeobxooumocTwn, obbema
AOMNOSTHUTENBHbLIX UCTbITAHWUIA U TEOPETUYECKNX NCCIIEA0BaHUN.

NMPUNTOXXEHMUE A (o6a3aTenbHoe). MeToabl
onpepeneHnsa KputepmeB OLEHKN COCTOSAHUA
MalnH Pas3fiIMYHbIX KNaccoB

NMPUNOXEHUE A
(obsazaTenbHoe)



A.1 O6wme nonoxeHns

Kputepun oueHKn BUOPaLMOHHOIO COCTOSIHUMS 3aBUCAT OT LUMPOKOro psiaa
(akTOpOB, MNO3TOMY 3TU KPUTEPUM CYLLECTBEHHO pasnMyaloTcs ON9  MaluvH
pasnMyHbIX KraccoB, a B page cnyvyaeB M ONA pasfiMyHblX POTOPOB OAHOMO
Banonposoga. Heobxoaumo, 4TOOGbLI Ans MalUMH KOHKPETHOro krnacca 6binm
YCTaHOBMEHbl KPUTEPUKM, COOTBETCTBYHOLLME ITOMY Kraccy, a Takke 4ToObl
KpUTEpUK, onpedeneHHble Ans MalwuMH OAHOro Kracca, He MNPUMEHSNUCL K
MallMHaM APYroro knacca (Hanpumep KpUTEPUM OLLEHKU ONsi BbICOKOCKOPOCTHbIX
KOMnpeccopoB, paboTalumx Ha HedTeXMMUYECcKOM npeanpuatun, 6yayt
OTNMYaTbCA OT YCTAHOBIEHHbIX A8 KPYNHbIX TypboreHepaTopos.)

B HacTodlwemMm npunoXxeHun OaHbl OCHOBbI OMpPeaeneHust KpUTEPUEB OLLEHKU
BUOPALMOHHOIO COCTOSAHUSA MalLMH MO U3MEPEHUAM pasmMaxa BMOponepemMeLLeHns
(cM. npunoxeHne B). KOHKpeTHbIe YncnoBble 3HaYEeHN N3MepPSEMbIX NapaMeTpoB
OO0IKHbl ObITh NPUBEAEHbI B COOTBETCTBYIOLLMX CTaHOapTax Ha MalMHbl pasHbIX
KIaccoB.

A.2 ®aKTopbl, BIMSOLLME HA KPUTEPUM OLLEHKMU
[Mpn onpegeneHnn KpUTEpPUEB OLIEHKM MO M3MEpeHusiM BuOpauun Barna
HeobXxoAMMO y4nTbIBaTbL criegyome pakTopsbl:

a) uenb npoBefeHUs M3MepeHun (Hanpumep TpeboBaHus, onpegensiowme
COXpaHeHne OOoCTaTOYHOro 3a3opa B MNOALUMMHMKE, OTNIMYAOTCA OT TeX, KOTopble
NCNOMb3YT NPU KOHTPOSE ANHAMUYECKNX HArpy30K Ha NMOLLLMMHNK);

6) BuMO UM3MepseMon BennMYMHblI - abCoMTHOE WM OTHOCUTESNBbHOoE
BB ponepeMeLLEHNE;

B) M3MepsieMble NapameTpbl (CM. NpuroxeHune B);

) NOSIOXXeHMe TOYEeK U3MepeHun;

[) CKOpOCTb BpaLleHus Bana;

€) TUN NOALUMMNHKUKA, ero AnameTp U BENMYMHY 3a30pa;

) Ha3Ha4YyeHWe, BbIXO4HYIO MOLLHOCTb U pa3Mepbl MalUMHbI;

3) OTHOCUTENBHYIO NOAATAMBOCTbL NOALUMMHUKOB, MX ONOP U yHOAAMEHT3;
N) MaccCy 1 CTeneHb XXeCTKOCTN poTopa.

A.3 KpuTepum oLieHKM COCTOSIHUS
[Mpn oueHke BMOpaLMK BanoB MalLMH MCNOSMb3YHT ABa Kputepusa. o ogHomy
paccMatpmBaldT  abCOMTHbIE  3HA4YeHMst  HabngaemMon  LUMPOKOMOSIOCHOM
BUbpaLmm Bana; no BTOPOMY - NMobble M3MEHEHMST 3TOr0 abCOMTHOIO 3HAYEHWS.



A.3.1 Kputepmin 1. ABCOMOTHbIE 3HAYEeHUa BUOpauum nNpu paboTe MalluMHbl C
HOMWHANbHOW CKOPOCTbIO B YCTAHOBUBLLEMCSH pexume paboTbl

[aHHbIn  KpUTEpUM CBs3aH C oOnpedeneHueMm rpaHuiy, gns  abComTHOro
3HadeHna Bubpaumm Bana, YCTAHOBSIEHHbIX W3  YCMOBUS  AOMNYCTUMbIX
AVHAMUYECKUX Harpy3oK Ha MOALUMMHUKK, AONYCTUMbIX 3HAYeHUW paguaribHOro
3a3opa B MOALUMMNHWKE M LOMyCcTUMOW Bubpauuu, nepegaBaemMon Ha Onopbl U
dyHaoameHT. MakcumanbHoe 3HadeHue Bubpauun Bana, UsSMepeHHoe AS1A Kaxgoro
NOALUMMNHUKA, CPAaBHMBAKOT C rPaHULaMn YeTbIpeX 30H, YCTAHOBSIEHHbIX HA OCHOBE
MeXOYyHapO4HOro onbiTa NPoBeaEeHNS UCCNeaoBaHN.

Ha pucyHke A.1 nokasaHa 3aBMCUMOCTb AOMNYyCTUMOro BUbponepemMeLleHnsa Bana
OT paboyern CKopoCcTU MawmHbl. Kak npaBunio, 3HadeHne gonycTumon Bmbpauum ¢
YBENMMYEHNEM CKOPOCTU YMEHbLUAETCH, HO KOHKPETHble AOMNYCTUMblE 3HaYeHUs
BUOpONEPEMELLEHNA N CKOPOCTb WX WM3MEHEHWS B 3aBUCUMOCTU OT CKOPOCTU
BpaLLeHMs OyayT pasHbIMU A9 MaLUMH pa3HbIX KIacCcoB.

PucyHok A.1 - O0wun Bna KputepmeB OLLEHKU
COCTOSIHUSA

s

Aowa D

Joma C

Pasmax subpayun
m

AMana’ox cropocTed

CropocTh BpaLEHWA BANA

PucyHok A.1 - O6umin BUA KpUTEPUEB OLLEHKN COCTOAHUS



[MpumedaHne - [encTBUTENbHbIE 3HA4YeHUs1 BUOpaUMM Ha rpaHuLax 30H
COCTOSIHUA 1 AnanasoH N3MEHEHNsT CKOPOCTEN BpalLeHnsa 6yayT pasnndHbIMK ONd
MaLUMH PasSIMYHbIX KNacCoB.

A.3.1.1 30HbI COCTOSAHUA

[na KayYecTBEHHOM oOueHKM Bubpauum MawuHbl N NPUHATUS PELLEHUA O
HeobXOANMbIX OENCTBUAX B KOHKPETHOM CUTYaL MW YCTaAHOBIEHbI Creayrowme 30HbI
COCTOSIHUS:

30Ha A - B 9Ty 30HYy nornagaeTt, Kak npaBurio, Bubpaumsa HOBbIX MaLUMH,
BBOAUMbIX B 3KCMyaTauuio;

30Ha B - MawmHbl, BUGpaumsa KOTOpbIX NonagaeT B 3Ty 30HY, OObIYHO CUYMTAKOT
ANpurogHbIMY 4Ns 3KcnyaTauun 6e3 orpaHnYeHnst CPOKOB;

30Ha C - MalLMHbI, BUOpaLMS KOTOPbIX NOMagaeT B 3Ty 30HY, OObIYHO CUYMTAKOT
HENPUrogHbIMMU ONa OSMTENbHON HENpepbIBHOW 3Kchnyatauun. Takne MalumHbl
MOTyT (PyHKLMOHMPOBAaTb OrpaHUYEHHbIA NEepUoa BPEMEHN 0O Havana pPeMOHTHbIX
pabor;

30Ha D - ypoBHM BMOpauunm B [OaHHOW 30HE OObLIYHO MOrYT BbI3bIBATb
cepbe3Hble NOBPEXIEHNS MALLUMH.

A.3.1.2 ['paHu1Lbl 30H COCTOAHNA

UncneHHble 3Ha4vyeHust TrpaHuL 30H COCTOSIHMA He npeaHasHadeHbl Ans
NCMNOMb30BaHUA B Ka4ecTBe YCIOBUA UCMbITAHUA NpU NpUeMKe NpoayKuun. Takue
YyCroBUS OOIKHbl OblTb YCTaHOBSIEHbI MO COMMALLEHUIO MEXOy M3roTOBUTENEM U
notpebutenem. OpfHaKoO WUCMOMb30OBaHWE WHGoOpMauMM 006  yCTaHOBSEHHbIX
rpaHuuax 30H MO3BONSET Wu3bexaTb HEHYXHbIX 3aTpaT W  npegbsBlieHUs
3aBblLLUEHHbIX TpeboBaHMn. B HeEKOTOpbIX cryyasx crneundguieckne ocobeHHOCTH
KOHKPETHOW MalUMHbl 4OMYCKalT YCTAHOBMEHUE MHbIX rpaHuL (bonee HU3KuX mnm
6onee BbICOKMX). B Taknx cnyvasix 3arotoBuTEmb, Kak NpaBuIio, JOIMKeH 06 bACHUTb
NPUYMHY W3MEHEHUSI TPaHUYHbIX 3HAYEeHWA U, B YaACTHOCTW, NOATBEPAUTb, YTO
MalmHa He 6yaeT nogBepraTtbCA ONacHOCTU NPK 3KcnyaTauumm ¢ 6onee BbICOKMMU
YPOBHSAAMM BUOpaLuu.



A.3.2 Kputepun 2. 'ameHeHus 3Ha4yeHnin BUbpaLmm

[aHHbIN  KpUTEpUA  OCHOBaH Ha CpaBHEHUMM U3MEPEHHOr0  3Ha4YeHUd
LLMPOKOMOSIOCHON BMBpauum B YCTaHOBMBLUEMCS pexume paboTbl MalUMHbI C
npeaBapuTesisHO YCTaHOBISIEHHbIM 3HavyeHeM (6a3oBOM NMHMEN). 3HaAYUTENBHOE
N3MEHEHNE 3HAYEeHUSA LUMPOKOMOSIOCHOM BMOpaUUM B CTOPOHY YBENUYEHUSI WU
YMEHbLLUEHNST MOXET noTpeboBaTb MPUHATUA OnpedeneHHbIX Mep gaxe B cryyae,
Korga rpaHuua 3oHbl C no kputepuio 1 elle He OOCTUrHyTa. Takne U3MeHeHus
MOryT ObITb ObICTPbIMU UM NOCTENEHHO HapacTalLWMMN BO BPEMEHN N yKa3bIBaKOT
Ha NOBpeXOeHNs MaLlMHbl B HA4aneHOW CTaaunm v Ha gpyrme Henonagku.

N3mepeHna snbpaumm criegyeTt npoBognUTb MPU O4HOM U TOM e NOSIOKEHUN Y
OpWeHTaL MM gaT4nkoB BUGpaLum B O4HOM 1 TOM Xe pexume padoTbl MalmHbl. [pn
OBOHapyXeHUN 3HaAYUTESbHBbIX M3MEHEHMM BMOpauMM HeobxoouMmo uccneaoBaTb
BO3MOXHblE€ MPUYMMHBLI TakMX W3MEHEHWW, Ans TOoro 4YToObl NpenoTBpPaTUTh
BO3HWKHOBEHME OMNacHbIX CUTyaLU.

CrenyeT MeTb B BUAY, YTO B HEKOTOPbIX Cry4YasiX CyLIEeCTBEHHbIE U3MEHEHUS B
paboTte MawmHbl MOryT ObiTb OOHapyXeHbl TOMbKO MPU KOHTPOSie OTAESbHbIX
4YaCTOTHbIX cocTaBnaoWmx Bubpauymm (cm. 5.7).

A.3.3 OrpaHnyeHnst oyHKLMOHMPOBAHNS

[Mpn [QonroBpeMeHHOM JKcnfyataumMM MawuH 0b6bl4HO  yCTaHaBnMBalOT
orpaHMyeHns OyHKLMOHMPOBAHNS, CBA3aHHble C Bubpauunen. T orpaHuyYeHud
UMEKOT criegyowme opmbl:

NMPEOYMNPEXOEHWE - gns ykasaHuusi, 41O BuUbpaums umM  U3MeHeHUsd
BUbpauum OOCTUMMN  ONpedesieHHOro YpPoBHSA, Korga MoXeT notpeboBaTbcA
NpoBeAEeHNE BOCCTAHOBUTENbHbLIX MeponpuaTuUn. Kak npaBurio, npu AOCTWKEHUU
ypoBHsa T[IPEOYTIPEXXOEHME wmawmHy MOXHO 3KcnnyatMpoBaTb B TeyeHue
nepvoga BpeMeHu, Noka NpPoBOAAT UCCredoBaHnNs NPUYMH N3MEHEHNA BUOpauumn u
onpenenstoT KOMMNEKC HeEOOXO4NMbIX MEPONPUATUN.

OCTAHOB - pana onpegeneHus 3HadeHus BuOpauuu, npu  MNpeBblLeHUN
KOTOPOro darnbHenwasi aJKkchnnyatauna MalwuHbl MOXeT nNpuBECTU K  ee
nospexaeHuam. [pyn  pgoctmwkeHun ypoBHs OCTAHOB cnegyeT nNpuHATb
Heme ieHHbIE Mepbl MO CHUXKEHMIO BUOpaLIMM UM OCTAHOBUTb MaLLMHY.

Bcrnegcteme pasHuubl B OUMHAMUYECKUX Harpyskax W KeCTKOCTHAX onop Ans
pPasNMYHbIX TMOMOXEHWA W  OpUeHTauum QaTyukoB BuOpaumm  [OrnycKaeTcs
ycTaHaBnuBaTb pasHble yposHu MNPELYNPEXOEHWE n OCTAHOB.



A.3.3.1 YcTtaHoBka yposHs MNPELYTNPEXOEHNE

Ana pasnnyHbix MmawmH yposeHb MNPEOAYTMNPEXOEHWE moxeT cywecTBeHHO
N3MEHATLCA: Bo3pacTatb WM yMeHbwaTbcs. OO6bIMHO  3TOT  YPOBEHb
yCTaHaBnMBatOT OTHOCUTENbHO HEKOTOpPOro 6as3oBoro 3HavyeHus (6asoBon NMHWUK),
onpenenaeMoro AS5id KOHKPETHOM MalmMHbl W OnpefeneHHbIX TMONIOXKEHUA W
HanpaBneHNa N3MepPEeHNin Mo ONbITY AKCMyaTaunun 3TON MaLLUHBbI.

PekomeHaoyeTcs yctaHaBrmBatb ypoBeHb [PELAYTPEXOEHWE  Bbiwe
6a30BOM NMIMHUM Ha 3HaAYeHWNe, paBHOE HEKOTOopoKn Aorne (Hanpumep 25%) 3HadveHud
BEepxHen rpaHuubl 30HbI B. Ecrnm  6asoBoe 3HaveHne Marno, YpoBEHb
NMPEAYMNPEXOEHUE moxeT Haxoantbecsi HMxKe 30HbI C.

Ecnn 6as3oBoe 3HayeHWe He onpeneneHo, Hanpumep Afs HOBbIX MallWH,
HadanbHyto yctaHoBky ypoBHa TMPELOYTMPEXOEHWE cnepgyet npoBoautb nnbo
ncxoas M3 onbiTa 3JKCNyaTauum aHanormyHbIX MalumH, JIMBO OTHOCUTESBbHO
COrMacoBaHHOrO npuemrieMoro 3HadeHumst. CrnycTa HeKoTopoe Bpemsi Mo
HabnogeHnam 3a Bubpauven MalmHbl creqyeT YCTaHOBUTb MOCTOSIHHYO 6a30BYHo
TNIMHUIO n COOTBETCTBYHLLM obpasom CKOppeKTupoBaThb YPOBEHb
MPEOYMNPEXOEHUE.

3meHeHne 6as3oBOro 3HayeHusi (Hanpumep BCreaCcTBME  KanuTanbHOro
PEMOHTA MaLUMHbI) MOXeET noTpeboBaTb COOTBETCTBYIOLIENO U3MEHEHUS YPOBHS
NMPEOYMNPEXOEHME. [Ona pasHbiX MNOAWMAHMKOB MalMHbI  MOMyT  ObITb
ycTaHoBMneHbl pasHble ypoBuu [PEAYTPEXOEHWME. 3T10 onpegensetcs
pasnMMuMaMn B OUHAMUYECKUX Harpy3kax Ha MOALMMHUKM N PasfiuunamMu B UX
XECTKOCTH.

A.3.3.2 YcTaHoBka ypoBHa OCTAHOB

YpoBeHb OCTAHOB 06bI4HO CBSA3bLIBAlOT C HEOBXOAMMOCTbID COXpaHEeHUs
MEXaHU4YECKON LIeSIOCTHOCTU MalLMHbI; OH MOXEeT 3aBUCETb OT pPasfiyHbIX
KOHCTPYKTMBHbIX OCODEHHOCTEN MaLUMHbI, MPUMEHSIEMbIX 4S8 TOro, YTOObI MalLMHa
MOrfia MpOTMBOCTOATbL BO3OEWUCTBUIO aHOMasbHbIX OUMHAMUYECKUX curl. Takmm
obpasom, ypoeHb OCTAHOB, kak npaBwuno, 6yger ogHUM 1 TeM e A5 MaluuH
aHarormMyHbIX KOHCTPYKLMW U He ByaeT cBA3aH ¢ 6a30BON SIMHMEN.

BcrnegoctBne  MHoroobpasmss MawMH — pasfiMYHbIX  KOHCTPYKUMW  He
NpeacTaBnaeTcd BO3MOXHbIM — [aTb  4YeTKoe pPYyKOBOACTBO MO TOYHOMY
ycTaHoBneHuto ypoBHss OCTAHOB. O6bi4HO ypoBeHb OCTAHOB ycTaHaBnusatoT
B npeaernax 3oH C unn D.

NMPUNOXEHUE B (pekomeHayemoe).
OnpeneneHue namepsaemMbixX napamMmeTpoB

NMPUNOXEHNE B
(pekomeHayemoe)



B.1 MNpuynHbl BUGpauumn Bana

KonebaHusa nobon YacTn BpalLatoLLEerocsi Bara XxapakTepuayloTca TpaekTopuen
OBWKEHUST LIEHTpanbHOM TOYKM COOTBETCTBYIOLLErO CeYeHus Barna. TunuyHas
TpaekTopusa OABWXEHUNA npueseaeHa Ha pucyHke B.1. dopma TpaekTopum 3aBUCUT OT
AVHAMUYECKUX XapaKTepUCTUK Bara, MOALMMNHUKOB WM Orop MNOALUMMAHMKOB WU
dyHOamMeHTa, NOSIoXKeHUs paccMaTpuBaemMon YacTu Bana B4OMb OCU poTopa U BMaa
cun, Bo3byxaarowmx Bnubpaumo. Hanpumep, ecnm BolHyXgarLasa cuna eENCTBYET
Ha KakoOW-TO OOHOM YacToTe, TpaekTopua mmeeT dopMy 3nnmnca, KOTopbiv npu
onpegeneHHblX O0BCTOATENbCTBAX MOXET MpeBpaliaTbCA B OKPYKHOCTb  UIN
OTpPe3oK npsAMoW, a Bpemd, Tpebywueecs UeHTparbHOW TOYKe Bana Aand
COBEpLLEHNST OOHOro MOfHOro obopoTa No 3fnuncy, paBHO nepuody AencTBud
BblHy>KOawowen cunbl. OgHa ns Hambonee BaxHbIX NpUYMH BUBpauun - gucbanaHc
poTopa; B 9TOM Crfydyae 4yactoTa BO3OYKOEHUA paBHaA 4acToTe BpalleHWa Bana.
OpgHako BO36YyXaeHne MOXeT ObiTb BbI3BAHO M APYrMMU MPUYMHaAMK, Hanpumep
aCUMMETPUYHOCTbLIO MOMNEPEYHOro CevYeHnss poTopa; Npu 3TOM BO3DYXKOEHWe
NPOMCXOANT Ha YacToTax, KpaTHbIX YacToTe BpaweHus. Ecnn Bubpaums asnsetcs
cregcTBveM, Hanpumep, LOENCTBUS HEeyCTOMYMBOro CamoBO30YXOEeHUd, BuUA
TpaekTopumn yxe He GyaeT TakuMM MPOCTbIM, @ MOXET U3MEHATbLCA OT nepuoga K
nepvogy n He obsasarternbHO NpeacTaBndATb COOOW CYMMY FapMOHUK Kakom-rnmbo
yacTtoTbl. B obuwem crnydae npuymHoM BuOpauun MOXeT OblTb MHOXECTBO
akTopoB, 4YTO OOYCroBMMBaEeT MOSIBfIEHWE TPAEKTOPUM CIIOXHOM  (bOpMbl,
npeacTasnsaowen cobon BEKTOPHYHD CYMMY OTKIIMKOB Ha [OEUCTBUE Kaxaoun
BbIHY>KOalOLLEn CUIbI.

PucyHok B.1 - Tpaektopua gpBuxeHus Bana

vi TpaexTopua ABWXEHWA BaNa

¥




O - cpenHee nonoxeHue TpaekTopun; K - MrHOBEHHOE MOSIOXEHWe LieHTpa Barna;

X.¥ - CpedHue 3HadYeHus nepemelleHus Bana; x(f), ¥(i) - naMmeHsowMecsa co
BPEMEHEM 3Ha4YeHUs nepemMelLeHns Bana

PucyHok B.1 - TpaekTopusa aBwxeHVs Bana

B.2 N3mepeHus Bubpauum Bana

Ona moboro yyacTka OCW Barna TpaekTopust [LOBWKEHUA MOXeT ObITb
onpegeneHa no pesynsrataMm U3MepeHUn C MOMOLLUBID ABYX AAaTYUKOB BMOpauumu,
YCTaHOBMEHHbIX B pasHbIX paguanbHbIX nrockocTax nog yrrom 90° apyr K apyry
(pasHeceHne Ha 90° gaBnseTca nNpeanodyTUTENbHbLIM, OOHaKo Hebonblumne
OTCTYMMEHNSA OT 3TOro 3HA4YEHUs1 HEe NpUBEAYT K Cepbe3HbiM owmnbkam). Ecnm yron
Mexgy OCSMUM YYBCTBUTESNIbHOCTU AOaTYMKOB CYLLUECTBEHHO oTnmdaetca ot 90°,
HeO6XOANMMO OCYLUECTBUTbL BEKTOPHOE pPasfoXeHue pes3ynbTaTtoB U3MEpPEHUn Mo
OpPTOroHasnbHbLIM  HanpaeneHusaM. Ecnnm  nocpegctBoM  gatymka  M3MeEpPSItOT
abCconoTHy0 BMOpauuio, norydyaemasi TpaekTopusa OyaeT npeacTtaBnsaTb CobOown
abCOMTHYIO TPaeKTopWIO Baria, He 3aBUCSLLYIO OT BMOpauun HeBpalLaroLLmMXCH
yacTen MawwuHbl. Ecnm nocpenctBoM  AaTyvMka  U3MEPSIIOT  OTHOCUTESbHYHO
BUbpauuo, nonydyaemasi Tpaektopusi Oyoetr npencrtaBnsaTb COOOM TPaekToputo
Bafia OTHOCUTESIbHO TOM 4YacTW KOHCTPYKLWMW MalLMHbI, HAQ KOTOPOM YCTaHOBIIEH
AaTyuK.

B.3 N3mepsiemble napameTpbl

B.3.1 CpegHee nonoxeHve Bana

CpegHee 3HadyeHve BubponepemeweHna Bana (X, ¥), onpenensemoe B
cuctemMe [OBYX 3afaHHbIX OPTOroHamnbHbIX KOOPAWMHATHBIX OCEN OTHOCUTENbHO
HEKOTOPOM TOYKM oTcHeTa (pucyHok B.1), nony4atoT B pesynbtate UHTErpupoBaHnA
nepeMeLLEHNS MO BpeMEHU

1

[ =@, (B.1)
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roe x()  n y({) - N3MEHSIoLWMECa CO BPEMEHEM 3HadyeHus nepemeLleHus
OTHOCUTENBHO LIEHTPa KOOPAWHAT;

(£2 —4 ) - nepvog BpemMeHn, MHOro 60rbLLUMA Nepuoga cCaMmon HU3KO4acTOTHOW
cocTaBnsoLen Bubpaumu.

B cnyyae namepeHun abcosntoTHON BMOpaL MK LEHTP KoopauHaT npeacTtasnseT
cobor TO4YKY, MKCUMPOBAHHYO B MNpOCTpaHcTBe. [ns OoTHOCUTENbHOM BUBpaLum
9Ta TOYKa COOTBETCTBYET CpeaHEMY 3HAYEHWUIO MOSIOKEHUS LLEHTParibHOM TOYKM
Bafna OTHOCUTENBbHO HEBpAaLLAlLLENCS YacTa MalmHbl B MecTe, Iae npoBoasT
n3mepeHnd. N3amMeHeHNs NonoXeHus LLeHTpa KOoOpANHAT MOryT 6biTb 0OYCIOBMEHDI
psSaoM  (PakTopoB, Cpean KOTOPbIX W3MEHEHME MOSIOKEHUS  MOALUMMHMKA
(dbyHOaMeHTa), U3MEHEHNE XapPaKTEPUCTUK Criosi CMa3ky B NOALUMMHUKE U T.4., U
NPOMCXOQAT, Kak npaBwuno, 6oree MeaneHHO MO CpaBHEHUIO C nNepuogamu

YaCTOTHbIX COCTaBMAOWMX X(E) n ¥iE).

Cnegyer oTMeTUTb, 4YTO B OOLWEM crydae nosiydeHHoe B pesynbrarte
NHTErpupoBaHnNs No BPEMEHU CpedHee MOroXeHNe MO KaxagoMy M3 HanpasreHun
OoTNM4yaeTca OT MNOSMYCYMMbl MaKCUMarnbHOrO M MWHUMAsbHOTO MnepemMeLLeHuin
(pucyHok B.2). Ho ecrm BuOpaumsi Bana coOOep¥UT €OUHCTBEHHY 4YacTOTHYHO
COCTaBSAOLLYIO U UBMEHSIETCA NO CUHYyCOMAarnbHOMY 3aKOHY, TPaekTopusa LeHTpa
Barna OygeTr armnTUYECKOW W CpefdHee MO BpeMeHW 3HayeHne B Nbom
HanpasneHun wusmMepeHun OyaeT coBnagaTtb C MOSYCYMMOW MaKCUMarbHOro W
MWUH/MarbHOro nepemMeLLeHuin.

B.3.2 Pasmax BnbponepemeLleHns

[MapameTpamu, NpeacTaBnNAoLWLMMN NepBoovepesHON NHTEPEC MPU N3MEPEHNSX
BUbpauum Bana, sIBMASKTCS T.€., KOTOpblE€ ONUCbLIBAKOT (OpMY ero Tpaektopuun. Ha
pucyHke B.2 n3obpaxeHbl TPaekTopus AOBWXKEHWUS Bara W curHanbl Bubpauun,
N3MEpPEHHbIE C NOMOLLBID ABYX AatymkoB A n B, pacnosnoxeHHbix nog yrinom 90°

LIPYT K ipyTY.

PucyHok B.2 - CurHanbl Bubpauum,
COOTBETCTBYHOLLME onpeaerieHHOU TPaeKTopum
ABUXeHUs Bana
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X, Y - Henogpm>xHaa cuctema KoopauHar, O - cpegHee rno BpemMeHn norioxeHmne

TpaekTopum  opouThbl; X, ¥ - CcpedHne 3HadYeHus nepemelleHnn Bana; K -
MIFHOBEHHOE MOJoXeHne LieHTpa Bana; P - nonoxeHne Bana npy ero MakcumarnsHOM

OTKJIOHEHUMN OT CpenHero norioXXeHuA, Sl - MTHOBEHHOE 3Ha4yeHune nepemMeLLeHuns

Bana; <yay - MaKCUMarbHOe OTKIOHEHWe Bana OT CPeAHero NOMNOXeHUs:; S, Sgy
- MIHOBEHHbIE 3Ha4YeHUs1 NepeMeLLIeHNI B HaNpaBlieHUsX U3MepeHnin AaT4mkoB A 1

B coOTBETCTBEHHO; S{p—p}m&:{ - MakCunMarlibHOe 3Ha4YeHne pa3Maxa nepemMeLLeHna,;

o Aip-p1 s Sg.:p_ p) - PasMax nepemelleHVss Bana B HanpaBlEHUsX U3MepeHUi
patynkoB An B

PucyHok B.2 - CurHanbl Bubpauum, COoTBETCTBYHOLME ONpeaeneHHON TpaekTopum
ABWKEHNA Bara

MrHoBeHHOe 3Ha4YeHve nepemeLleHns Bana OTHOCUTENbHO CpeaHEero noroxeHus
2] W MMHOBEHHble 3Ha4YEeHUs ero NpoeKkLuuin B NrockocTn AartunkoB A n B, &y ¢

~g| CBA3aHbI MeXay cobor COOTHOLLEHUEM

rege el (B.3)



3HayeHus &, g4 W S OyoyT M3MEHATbCA BO BPEMEHUM BMECTe C
OBWKEHNEM LIeHTpa Bara no TpaekTopuwu, U COOTBETCTBYOLLMM obpa3om byaet
N3MEHSITbCS CUrHan Ha BbIXO4 e KaXdoro Aartyumka.

[MpumedaHne - Ecnn TpaekTopua npegcrtasnisieT cobOM annunc, curHanbl C
AaT4YnKoB DyayT YUCTbIMU CUHYCOMOAMWN O4HOM YacTOThl.

Pa3max nepemelleHUsi B MIOCKOCTU Aatuvka A, &4 p—p) ONPEdEnsioT Kak
pasHOCTb  MeXdy  MakCuMarnbHbiM UM MUHUMAlbHBIM  MEepeMeLLEHUAMM,
N3MEPEHHbIMW 3TUM [aTYMKOM. TO >Xe CcaMoe MOXHO CKasaTb B OTHOLUEHWM

napameTpa “g(p-py ANA AaT4MKa B. ACHO, UTO 3HAYEHUS! &4 p—p1 U SB(p-p HE
O6yayT paBHbl 1 B 0OLLUEM crydae OyayT OTiMYaTbCA OT aHasnormyHbIX N3MepPEeHUi,
cOenaHHbIX B OpyrMX pagaunanbHbliX HanpasfeHusx. Takum obpasoMm, 3HadvyeHue
pasMaxa nepemMeLleHns 3aBUCUT OT HanpaBfieHWsl, B KOTOPOM MNPOBOASAT
N3MepeHue.

[MocKonbKy M3MepsieMble napameTpbl He 3aBUCAT OT abCOMTHOrO 3HayYeHus
cpegHero noriokeHust Bara, B U3MEPEHUAX CcpefHero rofoXeHUss  HeT
HEeobXoaUMOCTW.

3HaunTenbHO TpyaHee onpedenuTb  MakCUMmarbHOEe 3HadeHue pasmMaxa
NepemMeLLEHNsT 1 COOTBETCTBYHOLLEE eMy YITIOBOE MNOSIOXKeEHNEe Bana Ha opbute (cm.
pucyHok B.2). Ha npakTuke aTOT napaMeTp annpoKCUMUPYIOT C NOMOLLBI OpYyrmX
napameTpoB, Kak ykaszaHo B B.3.2.1-B.3.2.3. [1na nonydeHna 6onee TOYHOM OLEHKM
Heobxoaumo noapobHoe wuccregoBaHne OPMbl  TPAeKTopuW, Hanpumep ¢
NOMOLLLHO ocuusorpadoa.

B.3.21 Metoa A. CpegHee KBagpaTUdeckoe pasMaxoB nepemMeLLeHni,
N3MEPEHHbIX B ABYX B3aUMHO NeprneHANKYNAPHbIX HanpaBreHnsaX

3HaYeHNe ¢ p—pimax MOXHO aNMPOKCMMMPOBATL CREAYIOLLM BbIPXKEHUEM

. I 7
S p-pimax = “.[Sﬂ(p—p} * SEip-ph - B.4)

BoipaxxeHne (B.4) B cnyyae npeobrnagaHus B cnekTpe Bubpauum obopoTHOM

yacToTbl 6ydeT, Kak MpaBwuro, AaBaTb 3aBbILIEHHYID OLIEHKY = p-pimax  C
MaKkCcuMarbHOW NorpeLlHocTbio NpnbnmManTensHo 40%.

MakcumarnbHasa MorpewHOCTb MMEET MECTO B Cllydae KPYroBOW TpaekTopum U
nocrnegoBaTeflbHO YMEHbLLAETCH MO Mepe CNIioLWMBaHUA TpaekTopun, obpallaach
B HyIb, KOrda TPaekTopusa npespaLlaeTcs B OTPE30K NPAMON SINHUN.

B.3.2.2 Metog B. MakcumarnbHoe 13 pasmMaxoB NepemeLlleHuin, N3MepPEeHHbIX B
ABYX B3aUMHO MepreHauKyNAapHbIX HarnpasrieHUsX

3Ha4vyeHue S(p_p;.max MOXHO annpoKCUMMPOBATb OAHUM U3  CriedyoLmx
BblpaXkeHi



S(P—P:'rﬂﬂx - Sﬂ{p—p} N S{p—p}ma:-: — SE'ZP-PI" (B.5)

B 3@aBMCMMOCTW OT TOrO, Kakoe M3 MoslydeHHbIX 3Ha4YeHun 6ornbLue.
BoipaxeHne (B.5) B cnyyae npeobrnagaHus B cnekTpe Bubpauum obopoTHOM

YacToTbl OygeT, Kak npaBwuio, [[aBaTb 3aHWKEHHYKD OLLEHKY S(p_p;.max c
MakcuMarbHOW norpeLlHocTbio NpnbnmManTensHo 30%.

MakcumarnbHas MnorpelwHoCcTb MMeeT MeCTO AN TPaekTopun B BUAE OTpe3Ka
NPSIMOA  JIMHUM W NOCIie4oBaTENbHO YMEHbLLAETCA MNpU CTPEMSIEHUN  OPMbI
OpBUTbI K OKPY>KHOCTU, NpeBpaLLasach B Hyfb 4S9 YACTOMN OKPYKHOCTH.

B.3.2.3 MeTop C. N3amepeHune 'y
MrHOBEHHOE 3HaYeHWe NepeMelleHVst Bamna S BbIYWUCHST MO pesyrbTaTtam

N3MEPEHUN w7 g4 N .wg cormacHo dopmyne (B.3). 3Hadvenune .y Oyder
MaKkcuMarbHbIM, Korga LeHTp Barna Haxogutcs B Todke P (cm. pucyHok B.2). 310

3HayeHne 0603HaAYAIOT s, U BBIYMCIIAOT NO dopmMyrne

Suar =[5 Ol = WS2OF *S5OF - B.6)

* CooTBeTCcTBYET opurnHarny. - [Npumeyanune "KOLEKC".
Touka TpaekTopuW, COOTBETCTBYIOLIAA <y, He 00si3aTenbHo [JorkHa
COBMafaTtb C TOYKOW, B KOTOPOW &4 U &g MPUHUMAKOT MakCUMarbHble 3HaYEeHUs.

[N KaXaon KOHKPETHOW TPaeKTOPUM CYLLECTBYET OOHO 3HAYEHUE & , KOTOPOe
He 3aBUCUT OT MOSIOKEHUA LaTYMKOB BMOpaUMM NpU YCroBUKW, YTO MNOSIOXKEHWNE
LLeHTpa KoopanHAT OCTaeTCH HEN3MEHHbIM.

3HaYeHNe ¢ p—pimax MOXHO aNMPOKCMMMPOBATL CMEAYIOLLM BbIPaXEHUEM

S{p—p}ma:-: s ESM . (B7)



BolpaxxeHve (B.7) naet To4HOe 3HayeHue, Korga BuMbpauums CoaepXUT TOMbKO
OLHY 4YacTOTHYl cocTaBnsioLyto. B GonblMHCTBE ApyrMX criydaeB BblpaXeHue

OyoeTr fgaBaTb 3aBblLLEHHYIO OLEHKY S(p_p;.max, KoTopaa 6ygeTr 3aBuceTb OT
rapMOHNYECKOro cocTaea Bmbpauun.

CnenyeTt OTMETUTb, YTO AN ONPEAENEHUNs ..., HEeOoOXOoAMMO 3HaTb cpeaHee

MO BPEMEHM 3Ha4yeHue nepemelleHVs Bana. Takum obpasoM, U3MEPEHUE 'y
BO3MOXHO TONbKO MNPU MOMOLUM M3MEPUTENbHbLIX CUCTEM, KOTOPble MOMUMO
N3MEHSIIOLLMXCA CO BPEMEHEM MapameTpoB MOryT M3MepsATb U KX cpegHee

3HayeHne. Kpome TOro, BbIYUCIIEHNE &5 HA OCHOBE CUIHAmoB, CHATBLIX C OBYX
0aT4vKoB, MpeacTaBnseT CcoOOM OTHOCUTENbHO CIOXHYK  BblYUCTIUTENBHYHO
npoueaypy, TPEOYIOLLYIO NPUMEHEHUS CrieLnanbHoM annapaTypbl.

NMPUNOXEHUE C (pekomeHayemoe). Cpeacrea
N3MepeHUUn, UCNoJib3yemMblie NPU U3MepeHUsx
OTHOCUTENLHON M abconTHOU BMOpauun
Bana

NMPUNOXEHNE C
(pekomeHayemoe)

C.1 O6wme noroxeHus

[Mpn namepeHusax nonepevHon Bnbpaunm Bana obblYHO NCMOML3YOT TPU BMAaA
N3MEPUTESbHBIX CUCTEM, KaXObl U3 KOTOPbLIX obecneymBaeT U3MepeHs B 04HOM
WM B OBYX HanpasfeHusx. B unamepuTenbHylo cucTemy OAOHOroO Buaa BXOOAT
GEeCKOHTaKTHble AaTyuKK, U3MEPSIOLME OTHOCUTESbHbIE MNEepeMeLLeHUs Mexay
BasfioM M MNOALUMMHUKOM; B U3MEPUTESNbHYIO CUCTEMY APYroro Buaa - coveTaHune
30HOOB C AdaTyuMkamym MHEPUMOHHOro Tuna Ans  usmMepeHus abComTHOro
nepemMeLLeHnsl Bana; U3MepuTerbHble CUCTEMbl TPeTbero Buaa obecneymBaloT
n3mepeHne abCcosnioTHOrO nepemMeLleHna Bana CIioXXeHMEM BbIXOAHbIX CUrHanoB C
AaTyYnMKoB 6ECKOHTaKTHOMO U MHEPLIMOHHOIO TUMa, YCTAHOBMEHHbLIX HA KOHCTPYKLIUK
MaLLMHbI (HaNpUMep Ha Kopnyce MOALUMMHMKA).

[MpumedaHne - B npumepax, npuBegeHHbix B C.2-C.4, paccMOTpeHo
NPUMEHEHNEe  OBYX [OaTYMKOB, PAacMoOSfiOKEHHbIX B OO4HOM  MSIOCKOCTW,
nepneHanKynapHon K ocu Barna, nog yrrnom 90° gpyr k gpyry. OgHako B psige
crydaeB 6bIBaeT JOCTATOYHbLIM NPOBOAUTL M3MEPEHUSI B O4HOM HarnpaBfieHun (CMm.
3.3).



C.1 Cnctema n3MepeHnin OTHOCUTENBHOIO ABWXKEHUS (AaTynka 6€CKOHTaKTHOro
TMNa)

N3meputenbHaa cuctema, UCnorb3yemas npu MU3MEPEHUSX OBWXKEHUA Barna
OTHOCUTESIbHO  9JIEMEHTOB  KOHCTPYKUMM  MalmHbl  (Hanpumep  Kopnyca
noAawunHuKa) npuseaeHa Ha pucyHke C.1. Cuctema cocTtouT n3 6eCKOHTaKTHOro
AaTyuka, yCTpoNCcTBa COrfacoBaHNs U CHUTLIBAKOLLErO YCTPOUCTBA.

PucyHok C.1 - CxemaTtnyeckoe nsoopaxeHue
CUCTEMbl UBMEPEHUN OTHOCUTESNILHOTIO
ABWXEHUSA C UCnosib3oBaHNeM OaTiUKoOB
OeCKOHTaKTHOro Tuna

1 - gaTt4ynk 6ECKOHTAKTHOro Tuna; 2 - yCTPOMUCTBO COrflacoBaHust; 3 - CYUTbIBatoLLEe
YCTPOUCTBO; 4 - OOMNOSIHUTENbHbIE BbIXOAbl A1 CUCTEM aHanm3a M KOHTPOsd; 5 -
Barsl

PucyHok C.1 - CxemaTudeckoe Wu300paxeHWe CUCTEMblI  MU3MEPEHUI
OTHOCUTESIBHOIo ABMXEHUSA C UCMOMb30BaHNEM 4aTYMKOB 6ECKOHTaKTHOro Tuna



Bo Bpemss nepBoM yCTaHOBKM [aTyuKa >XenaTtesibHO MpPOBECTU Ha MecCTe
KannmbpoBKY ero BbIXO4HOrO CuUrHasna B 3aBMCMMOCTM OT pasHbiX 3Ha4YeHUn 3a3opa.
CriegyeT OTMETUTb, YTO NS Pa3HbIX PEXMMOB paboThl MaLLMHbI cpeaHee 3HavYeHne
3a3opa MOXeT M3MeHATbCcA. [MoaToMy Heobxoammo ybeoutbcsl, 4TO B JitOGOM
pexvme gaTyuk paboTtaeT B npeaenax IMHENHOro gnanasoHa N3mepeHui.

[Mpn n3mepeHnax ¢ nomolblo 6GEeCKOHTaKTHOro gatvyuka criegyet ybeauTbes,
YTO ero BbIXOOQHOW CUrHan 3aBUCUT TOSMbKO OT BMbBpaLmm Bana U 4TO Ha TOMHOCTb
N3MEPEHUA He BIMHAET HanmMume Haxogsawmxcss nobrnmM3ocTM  NpoBOLALLMX
MaTepuaroB UM MarHUTHbLIX MONeNn.

PekomeHnpgyeTcs, YTOObI n3mepuTesribHad cuctema  obecneyumBana
BO3MOXHOCTb M3MEPEHUN KaK MNEePEMEHHLIX 3Ha4YeHUn nepemeLleHnin BO BCEM
3ajlaHHOM [uanasoHe 4acToT, Tak WU cpedHero MosioXeHUss Bana OTHOCUTESNbHO
OMOPHOM KOHCTPYKUMWU. OTO MO3BOMSET BbIOpaTb Hy)XHOE cpefHee 3HayeHue
3a3opa M oueHUTb BMeHns Bara Ha HU3KMX CKOPOCTHAX, Korga noBedeHue Crios
CMa3Kn CTaburnbHO, a LeHTpobexHble apdeKTbl HE3HAYUTENbHbI.

N3mepeHne OTHOCUTENbHLIX MNepeMeLleHnin O0nyckaeTca npoBoauTb U C
MOMOLLBIO0 OPYIMX CUCTEM, Hanpmep C NOMOLLbIO 4aTYMKOB-30HA0B.

[MpumedaHne - Npu MHTepnpeTaumm pesynsTaTtoB U3MepeHnn bueHnn crnepyet
NMeTb B BUAOY, YTO HA HUX MOIMK OKasaTb BIIMAHWE, HAaNpUMepP, BPEMEHHbIN Npornb
poTopa, HEYCTOMYMBOE OBWXKEHWE LEeWKM Bana B 3a30pe MNOALUMMNHMKA, OCEBble
nepemMeLleHns Bana v ap.

C.3 Cuctema wu3MepeHun abCOMTHOrO ABWXKeHUS (OaTYMKU-30HObI B
coveTaHun ¢ gaTynkamm MHEePLMOHHOTO TMNa)

N3meputenbHaa cuctema, wucnonb3yemas nnd Wu3MepeHun abComoTHOro
OBWKEHWS Barna, npmBegeHa Ha pucyHke C.2. Cuctema CoCTOUT U3 MHEPLIMOHHOIO
AaTyuvka (OaTyMK CKOPOCTU UM akCenepoMeTp), YCTaHOBIIEHHOro Ha AaTynK-30HA,
OMOPHOM CUCTEMbI AaTyMKa-3oHAa, obecneymBaroLen BO3MOXHOCTb HAKOHEYHUKY
30HAa TOYHO crieoBaTh 3a ABWXEHMEM Bara, N CHUTbIBAKOLLErO YCTPOUCTBA.

[MpmevaHne - [Npyn nomowm OaHHOW CUCTEMbI HEmMb3S NPOBOAUTb U3MEPEHUS
CcpeaHero nosnoXeHus Barna OTHOCUTESTbHO KOHCTPYKL MM MaLUMHbI.

PucyHok C.2 - Cxema cuctemMbl U3MEepeHUMU
abCconTHOro ABMXEHUSA C UCMONb30BaHNEM
AAaTYNKOB-30HAOB U 0AaTYMKOB MHEPLMOHHOIO
TMna



1 - OaTyuK-30HA,; 2 - AaTYMK MHEPLIMOHHOIO TUNa; 3 - YCTPONUCTBO corracoBaHus; 4 -
CUYUTbIBaIOLLEe YCTPOMUCTBO; S - AOMONHUTENbHbIE BbIXOAbl AJ11 CUCTEM aHanmsa u
KOHTPOIS; 6 - 35IeMEHTbI KOHCTPYKL MW MaLUMHBI; 7 - Ban

PucyHok C.2 - Cxema CUCTEMblI U3MEPEHUM abCOMIOTHOIO ABWXKEHUS C
NCNOfb30BaHNEM AAaTYNKOB-30HA0B U JAaTYMKOB MHEPLMOHHOMO TUNa

MexaHnsm 30HOa [O/MKeH TOYHO nepefgaBaTb KonebaHua Banma Ha
MHEPLIMOHHbIA OaTyYuK, He AonyckaTb ApebesxaHus 30HAa, a ero CoGCTBEHHbIe
4acTOTbl He [OMKHbl MCKaxaTb pe3ynbTaThl M3MEpeHun Bubpauun Bana B
3alaHHOM JunanasoHe 4acToT.

BbixoOQHOW cUrHan gatyvka WMHEpLMOHHOTO TuMa [OPKeH MpoXoauTb 4epes
YCTPOMUCTBO  COIMacoBaHWsA, KOTopoe obGecrneyMBaeT TOYHOE U3MepeHue
NnepeMeHHOro 3HauYeHusa nepemeLleHns Bana.

C.4 Cuctema gns mnsamepeHnss abComntoTHOrO ABWMXKEHUSA (covyeTaHue AaTyuKoB
6ECKOHTAKTHOrO U MHEPLMOHHOMO TUMOB)

N3meputenbHaa cuctema, ucnonb3yemas nnd usMepeHun abComoTHOro
OBWKEHMS Bana (KOTOPYKD MOXHO, KPOME TOro, MPUMEHATb AN U3MEpPEeHUs
abConTHOro ABWXKEHUS Kopryca NOALMIMHUKA U OTHOCUTENBHOrO ABWXEHWS Bana),
npuBedeHa Ha pucyHke C.3. Cuctema COCTOMT U3 BECKOHTaAKTHOro garyvka
OTHOCUTESIbHOro NepemMeLLEHNs), NHEPLMOHHOIO AaTtyuKka (g4aTymka CKOpPOCTU UMn
akcerniepomeTpa), yCTpOMCTBa COrfiacoBaHUs U CHUTbIBAIOLLErO YCTPOMCTBA.

PucyHok C.3 - Cxema cuctemMmbl U3aMepeHUuU
abCconTHOro ABMXEHUSA C UCMONb30BaHNEM
AAaTYNKOB OECKOHTAKTHOIO U UHEPLUMOHHOIO
TUNOB



1 - AaTyYMK MHEPLMOHHOrO TUNa; 2 - 4atymk 6E€CKOHTaKTHOro Tuna; 3 - yCTPONUCTBO
corriacoBaHus; 4 - cyuTbiBaroLLlee YCTPOUCTBO; S - AOMNOSHUTENbHbIE BbIXOAbl A1
CUCTEM aHarnmnsa u KOHTPONS; 6 - afeMeHTbl KOHCTPYKLUM MaLLMHBI; 7 - BaJ

PucyHok C.3 - Cxema cuUCTEMbl U3MEPEHUM abCOMOTHOIO ABWXKEHUS C
NCMNOfb30BaHNEM AAaTYNKOB HECKOHTaKTHOro U MHEPLIMOHHOIO TUMOB



Ob6a partymka OorkHbl OblTb YCTAHOBIEHbl Ha OOLIEN XeCTKOW onope psigom
ApYr ¢ Apyrom, 4Tobbl obecneynTb BO3AENCTBME HA HUX OOHOW U TOM Xe BMOpaLmuu
9/IEMEHTOB OMOPHON KOHCTPYKUMM MalUMHbI, U TakMm obpas3om, 4ToObl MX OCwU
YYBCTBUTENLHOCTM OblNM NapannesisHbl Mexay CoOOOoMN.

YacTb cuctembl, BKMHOYalWas OaTyMkM OGECKOHTaKTHOro Tuna, aHarnornyHa
ykazaHHon B C.2 u obecneumBaeT BbIXOAHOW CuUrHas, MpOnopLmoHanbHbIN
OTHOCUTESNIbHOMY MEPEMELLEHNIO Bana, a Takke BO3MOXHOCTb YCTaHOBEHUA
Heobxoanmoro 3asopa. BbIxogHOW curHan siBRsieTca pesynbTaToOM CIOXEeHUA OBYX
OBWKEHUN: OBWKEHUA Bana WU OBWKEHUSA 3feMeHTa KOHCTPYKLMW, Ha KOTOPbIN
yCTaHOBIEH BECKOHTaKTHbIN AaTYKK.

BbIxogHOM CcuUrHan WHEPUMOHHOrO Aartyuka, MponopuuoHanbHbin OBUKEHNIO
9rleMeHTa KOHCTPYKL MW, Ha KOTOPbIA OH YCTaHOBIEH BMeCTE C HECKOHTaKTHbIM
AaTynkoM, noaBeprarT COOTBETCTBYHOLWEN 06paboTke Ana nosydeHna curHana
nepemeLleHus. locne aToro curHan CyMMuUpYoT B BEKTOPHOM popMe C CUrHarom
OEeCKOHTaKTHOro garymka, obecnedmBasi TOYHOE WU3MEpPEHME abCOMNTHOMO
aBwkeHnst Bana. CriegyeT OTMETUTb, YTO KaXObl 3fIEMEHT U3MEPUTENbHOW
CUCTEMbI MOXET MCKaxaTb aMnmMTygHble U (Pa3oBble COOTHOLLEHUS WUCXOLHbIX
CUrHarnoB, MNO3TOMY MNepen BEKTOPHbIM CIIOXEHMEM CUrHaroB OHW AO0SPKHbl ObITb
COOTBETCTBYHOLWMM  0OpasoMm  CKOppekTuMpoBaHbl. [lpy nomowm  gatyuka
MHEPLMOHHOIO TUMA MOXHO Takxe U3MepsTb abComnoTHy  Bubpaumto
HEeBpPAaLLAOLLErocs afieMeHTa KOHCTPYKL MM (Hanpumep Koprnyca NOALMNHUKA).

[aHHasi u3MepuTenbHas cuctema [orvkHa obecneymBatb CUYUTbIBaHUE
cpegHero 3HayeHus MONOXEeHUs Bara OTHOCUTENBbHO OMOPHOM KOHCTPYKUMK W
NepeMeHHbIX 3HayeHun abConiTHOrO nepeMeLleHnsl Barna, KOTOpoe SABNSETCS
CYMMOW abCOSMOTHOrO ABWXKEHUS OMOPHOM KOHCTPYKLUM W OTHOCUTENBHOIO
OBWXEeHUs Bana.

NMPUNTOXXEHUE D (cnpaBo4HOe). BEeKTOpHbIN
aHanu3 naMmeHeHU B CUrHane Buopauuu

NMPUNOXEHWE D
(cnpaBo4HoE)

B npunoxeHun A npuBedeHbl KPUTEPUM OLIEHKN COCTOSIHUSI Ha OCHOBE
N3MepeHni napameTpa BuMOpauuuM Bama B YCTAHOBMBLLEMCSI pexuMe paboThbl
MalLMHbl MU NMIOObLIX M3MEHEHWI 3HavyeHun 3Toro napametpa. OQHaKo HEKoTopble
N3MEHEHMS1 B COCTOSIHUM MaLUMHbI MOXHO BbISIBUTb TOJTbKO C MOMOLLH BEKTOPHOIO
aHanmu3a oTAenbHbIX YaCTOTHbIX COCTaBMAOLLMX BUOpaLun.



D.1 O6Lme nonoxeHuns

O6bumin cTauuoHapHbIn curHan BUOpaUUKW, U3MEPEHHbIN Ha BpaLLaloLLIEMCS
Bany, WMEET CIOXHYK MNpupoay W COCTOMT M3 psda OTAEerNbHbIX YacTOTHbIX
cocTtaBnaowmx. Kaxgaa ns coctaBngawowmx onpenensierca cBoen cobCTBEHHOM
4acTOTOW, aMrMTYO4oM WM a3on OTHOCUTESNTbHO HEKOTOPOM 3adaHHOW TOYKU
oTcyeTta. O6blyHOe obopyooBaHve AN BUOPALMOHHOIO KOHTPOSA M3MepaeT
3HadYeHune obLuero curHana Bnbpawuum, He pasgenasa ero Ha oTAernbHbIe YacTOTHbIEe
coctaBndawowpe. OfHaKO UCNOMb30BaHME COBPEMEHHOMO  AWAarHOCTUYECKOro
obopyaoBaHNA MO3BOMSET NPOBOAUTL aHanM3 CriIOKHOrO CUrHana u onpeaensatb
aMnnnTyay v ghasy Kaxkagom CoOCTaBAOLEN.

3MeHeHna oOTAenbHbIX COCTaBfsOWMX, KOoTopble MOryT ObiTb BecbMa
3HaYuUTENBbHbBIMMU, nerye OBOHapPYXu1Tb, Habnogas 3a N3MEeHeHeM
COOTBETCTBYHLLEIo BEKTOPA, HEXENN 3a M3MEHEHNEM BUOpaLIMK B LLMPOKOM rnorioce
4yacToT.

D.2 BnaxHocTb npeacTasneHms nHgopmawmum B BEKTOPHOM Buae

Ha pucyHke D.1 npuBegeHa guarpamma B MOSMSPHbIX KOOpAMHATax, KoTopad
ncnonb3yetTcss [Onsg  OO4HOBPEMEHHONO OTOOpaXeHMsi B  BEKTOpHOW dopme
aMmnnutyabl M dasbl OOAHOM M3 YaCTOTHLIX COCTaBMAKOLMX CIIOXHOrMo CcurHana
B1G payun.

PucyHok D.1 - CpaBHeHne nameHeHUN BeKTopa
N U3MEHEeHUN aMNNUTyAbl BeKTopa Ans
OTAEeNbHON YaCTOTHOU COCTaBNANOLLEN



ncxopdHblit Bektop - | ;| = 30 Mkm, & =40°; BeKTOp nocrie uameHeHuii - |4 | = 25
MKM, o =180°; uIsmeHeHne amnnuTyabl Bubpaymm - |_32 | - |HI| = -5 MKM; amnnuTyaa

BEKTOpa 13MeHeHns Bubpaunn - |4 - 4 | = 52 Mkm

PucyHok D.1 - CpaBHEHNE U3MEHEHMIA BEKTOPA N M3MEHEHUA aMNUTyObl BEKTOPA
Arst oTAernbHOW YaCTOTHOW COCTaBIMSAOLLEN

BekTop 4; cooTBeTCcTBYyeT WCXOOHOMY BWOPALMOHHOMY COCTOSIHAIO B
YCTaHOBMBLLEMCS peXume, T.e. B 3TOM pexume amnnmTtyga Bubpauumn pasHa 30

MKM, a ¢asa - 40°. BekTop 4 cooTBeTcTBYEeT BMOPALIMOHHOMY COCTOAHWMIO, KOraa
B MalLUMHE MPOM3OLLIM HEKOTOpble WU3MEHEHUs; amnimntyga Bubpaumm paBHa 25
MKM, a ¢oasa - 180°. Takum obpasom, XoTa amnnuTyaa BMbpaumm ymeHbLnachb Ha

5 MKM, UCTUHHOE M3MeHeHVe Bubpauuv npeacTasnsaeT BeKTop sy — .y, nverowmn
amnnutyay 52 Mkm, T.e. B 10 pas Bblile, 4em npuv NPOCTOM CPaBHEHUN aMIIUTYA,.

OTOT NpUMep UINMKOCTPUPYET OrPaHNYEHHOCTb KPUTEPUST OLLEHKN COCTOSIHUA MO
N3MEHEHUIO YPOBHA BMOpPaLUKW, OCHOBBLIBAIOLLEIOCA Ha W3MEPEHUSX TOSMbKO
aMmnnuTya Bub pauun.



D.3 KoHTposb 3a nsMeHeHneM BEKTOPOB BMbpaL um

[Mpumep, npuBeneHHbIn B D.2, NoKkasbliBaeT BaXXHOCTb onpenerieHna N3MeHeHUin
BEKTOPHbIX COCTaBNAWMX curHana subpaummn. OgHako obumin curHan smdpauum
MOXeT BKMtodaTb B Ccebs MHOXECTBO YaCTOTHbIX COCTaBfAOWMX, U YKasaHHble
N3MEHEHNA MOryT HabntogaTbCs Ans Kaxaom n3 Hux. Kpome Toro, KonmyecTBEHHbIe
M3MEHEHNS, He [OMyCTUMble OJI9 O4HOM YacCTOTHOM COCTaBfiAlOLWEN, MOryT
oKasaTtbCHA BMoSiHE npuemreMbiMn Ona Opyron. [osTtomy B HacTosee Bpems
HEBO3MOXHO YCTaAHOBUTb KPUTEPUM OLIEHKM BUOPALMOHHOIO COCTOSIHUS MO
M3MEHEHNSIM BEKTOPOB  OTAENbHbIX YaCTOTHbIX COCTaBfSAOWMX, KOTOpble
cooTBeTcTBOBanMM 6bl 3agadYaM HacCTOSAWEro cTtaHgapTa, npeaHasHayeHHoro, B
nepByl0 ovepeb, Ans KOHTPOns BMOpaLMOHHOMO COCTOSAHUSA HecneuuanucTamu B
obnacTtn BMbpaumu
TeKkCcT foKymMeHTa CBEPEH Mo:
odomuymanoHoe nsgaHue
M.: 'K U3pgaTtensctBO cTangaptos, 2000
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