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rOCT UCO 7919-1—2002

[fpeaucnosue

Llernu, OCHOBHBIE MPUHLMMBI M OCHOBHOW MOPAA0K NpoBegeHUs paboT no MexrocygapcTBeHHON cTaHgap-
Tu3aynmyctanosneHsl [ OCT 1.0—92 «MexrocygapcrteeHHada cuctema ctaHgaptusaynm,. OCHOBHbIE Nonoxe-
HUs» T OCT 1.2—97 «MexrocygapcteeHHasi cuctema ctaHgaptusayumn. CtangapTel MEXrocyaapCTBeHHbIE,
rpaBusia n pekoMeHgaunm rno MexrocyaapcTeeHHon ctaHgapTusauunn. lNopagok paspaboTku, NpUHATKE, NpK-
MEeHEeHWs, OOHOBNEHNsS N OTMEHbI»

CBenleHUs O cTaHpaapTre

1 NMOLAIOTOBJIEH OTKpbITEIM akuMOHEPHBIM 0DLecTBOM «Hay4yHO-UccnenoBaTenbCKUn LEeHTP KOH-
TPOMNSA U OUArHOCTUKU TEXHUYECKNX CUCTEeM» HA OCHOBE COBCTBEHHOIO ayTeHTUYHOIro nepesoda craHgapTa,

yKa3aHHOro B NMyHKTe 4
2 BHECEH [ occTaHgapTom Poccum

3 NPUHAT MexrocygapcTeeHHbIM COBETOM MO CTaHZapTU3aunm, MeTponormm n ceptugukauum (npo-
ToKkomn Ne 21 ot 30 mas 2002 r.)

3a NpuHATUE NMPOoronocoBarnu:

KpaTkoe HaumMeHoBaHUe CTpaHb! Koz CTpaHb CokpalweHHOe HauMeHOBaHME HaLMOHAIbHOIO opraHa

no MK (MCO 3166) 004—97 | no MK (MCO 3166) 004—97 No CTaHgapTU3aLnu
AsepbangxaH AZ AsrocctaHgapT
ApmMeHus AM ApMroccrtaHgapT
benapycs BY ['occTtaHgapT Pecnybnvkmn benapycs
KasaxcraH KZ ['occTangapT Pecnybnumku KasaxcTaH
Kbiprui3ctaH KG KbiproiactaHgapT
Mongosa MD Mongosa-CtangapT
Poccuinckaa Pegepauyms RU 'occTaHgapT Poccun
TamKunkncTan TJ TagxukctTangapT
TypkmeHucTaH ™ [maBroccnyxba « TypkmeHcTaHgapTnapbI»
Y3bexkncTan UZ YacTtaHgapTt
YKpanHa UA ['occTangapT YKpanHol

4 HactodAwmMin cTaHgapt uaeHtndeH mexayHapogHomy ctadgapty MCO 7919-1:1996 «Bubpauuns
MaLlKH 6e3 BO3BPpaTHO-NOCTYNAaTENbHOMO ABMXKEeHUS. I3aMepeHuns Ha BpaLlaoLWMXCsi Barax U KpUTepmum oLeHK
coctosHusA. Hacte 1. Obwee pykosoacteo» (ISO 7919-1:1996 «Mechanical vibration of non-reciprocating
machines — Measurements on rotating shafts and evaluation criteria — Part 1. General guidelines»).

CteneHb cooTBeTCTBUA — naeHTuydHasa (IDT).

Hactoawuny ctaHgapT nageHtnyeH OCT P MCO 7919-1—99

5 [lpukasom PegepanbHOro areHTCTBa No TeXHUYECKOMY PerynnpoBaHuio 1 MEeTPONornn oT 24 anpens
2007 r. Ne 76-ct mexrocygapcteeHHbin ctangapt [ OCT NCO 7919-1—2002 BBefeH B genUCTBME B KavecTBe

HauuoHansHoro crangapta Poccuinckon @egepaumm ¢ 1 Hosi6ps 2007 r.
6 BBEIOEH BIEPBbIE

Hchbopmauyusi 0 esedeHuU 6 delcmeue (rpekpawieHuu deucmeust) Hacmosiue2o cmarxoapma rnybnuky-
emcs 8 ykaszamersne «HauyuoHarnbHble crmaHoapmei».

VIHgbopmauus 06 usMeHeHUsIX K HacmosiuemMy cmaHoapmy rnnybnukyemcs 8 ykazamerne «HayuoHarnbHbie
cmaHOapmebly, @ mekem UsMmeHeHUlU — 8 UHPOPMaUUOHHbIX yKazamensax «HauuoHanbHbie crmaHdapmel». B
criydae riepecMompa unu ommeHbsl Hacmosuwieao cmaHdapma coomeemcemeyrowlas uHgopmayust bydem
onybnukoeaHa e UHoOpMaUUOHHOM yKazamerne «HauyuoHanbHbeie cmaHoapmely

© CtaHgaptuHdopm, 2007

B Poccunckon ®egepayunm HaCTOALWMK CTaHOAPT HE MOXKET ObITb MOJNTHOCTBLIO MU YaCTUYHO BOCMPON3-
BEeAEH, TUPaXXMPOBAH M PaACnpoCTPaHeH B KavecTBe ouymansbHoro nsganmng 6es paspeweHns PegepanbHoOro
areHTCcTBa No TEXHUYECKOMY perynmpoBaHuio 1 MEeTPONOrn
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BBeneHue

CoBpemMeHHble MallnHbl paboTalT B YCNOBUAX MOBBILLEHHBIX CKOPOCTEN N HArpy3oK, UCMbITbIBASA NMpw
3TOM XECTKOE BO34EeNCTBME OKPYXaloLLen cpebl. ITO CcTano BO3MOXHbIM, B OOnbLUON cTeneHu, 3a cyet bornee
3D EeKTUBHOMO UCNOMB30BAHUA MATEPUAnoB, XOTS U CONPOBOXKAAETCH MHOMOA MOBLILUEHHON YYBCTBUTETBHOC-
TbO MaLIWNH KOLWKOKaM B X KOHCTPYKUMW N HEnpaBuibHOW akcnnyatauuun. [ns obecneyerHns bonee HagexHoOW
M besonacHon paboTel MALLMH yCTaHaABNMBAKOT Dornee XecTkne orpaHndeHns nx subpayun.

[OCT NCO 10816-1—97 yctaHaBnuBaeT MeTOAbl OLEeHKM BUOpaLUNOHHOIo COCTOAHNA MaLUWH No n3me-
peHunsaM BUbpaynm Ha HeBpaLlarwmxea Yactax. OgHako cylecTByeT 3Ha4YUTENbHOEe YUCTIO MaLUWH, A51si KOTO-
DBIX U3MepeHne subpaynm ToNLEKO Ha KOPMNYCHBIX 3r1ieMeHTax, Hanpumep nognnHuKax, MOXeT oKkasaTbCH
HeOoCTaTOuHbIM AT MONHOro npeactasneHnsd o BMbpaunoHHOM COCTOAHUM MaLLUKUHBL. Takne MmallnHbl ODBIMHO
MMEIT HECKOMLbKO NMOKMX pOTOPOB, BUDpauunga KOTOPbIX MOXET oKkasaTheCs bonee 4yBCTBUTENBHOW K U3MEHe-
HUK COCTOSAHUA MALLUKMHBL. Y MALLUH, A5 KOTOPbIX MPeano4TUTE N bHbIMU ABMSTCH U3MepeHns Bubpaynm Bana,
XECTKOCTEL M Macca kopnyca O00bIMHO CYLLECTBEHHO NPEBOCXOAAT aHANOrNMYHble XapakTepucTUKM poTopa.

[1na Taknx MalunH, Kak napoBblie U ra3oBbie TYPOUHbI U TYPOOKOMMIPECCOPLI, KAXKOAasa U3 KOTOPLIX MOXET
MMETb HECKOIbKO MO BUbpauum B AmnanasoHe padboynx CKopocTen, n3aMepeHnd Ha HeBpaLLaloLWKXca YacTax
MOTYT HE JaTb TOUHOIO npeacTaBsreHnst 0 BUGpaLlnoHHOM COCTOSIHUM MaLLUHbL. B 3TUX criyqasax ansg KOHTPOrS
BUOPALMOHHOIO COCTOAHMA MOXET noTpeboBaTbCca nposegeHne namepeHnim nmdo COBMECTHO Ha BpaLlatoLLmnX-
CS N HEBPALLAWLNXCSH YacTaX, MO0 namepeHnin TonbkKo Ha BPpaLAKLWNXCSH YacTAaX MaLUWH.

MeToa oueHkn BUOpaLMOHHOIO COCTOSHUS, YCTAHOBMNEHHBIN B HACTOSILLEM CTaHgapTe, AONONHAeT ycTa-
HoBneHHbI B [OCT NCO 10816-1—97. [pn cCOBMECTHOM NPUMEHEHWN YKAa3aHHbIX CTaH4AapPTOB OKOHYaTEerb-
HOE peLleHne MPUHUMAKT B COOTBETCTBUM C KPUTEpUEeM, KOTOPbIM ycTaHaBrnusaeT Oonee Xectkoe
orpaHuyeHue gansHeunwen skennyataynum MmatlHbl.

N3amepeHns sBubpaynm BanoB UCNOMb3YIOT B PA3NUYHbIX UEensX, Ha4nHaga ¢ 0BbIMHOMO KOHTPOIS 3a COCTO-
AHUEM MAaLUWH NMPU 3KCnnyaTayum 1 B NpoLecce UcnbiTaHuy npu npuemMke npoayKkunum 1 3akaH4mBasa guarHocTu-
pOBaHMEM MaLlWH 1 MPOBEeOeHNeM UCCrnegoBaTenbCKuX sakenepmmeHToB. Hactosawmn ctaHgapT NpUMEHSIoT
MPU KOHTPONe COCTOAHWSA MaLUKH 1 B Npouecce UX UCMbITaHUK NMPU NpuemMke.

KonuyecTBeHHbIE KpUTEP UM OLEHKX BUDpaLnK yCTaHaBNNBAKOTCS B CTaH4apTax Ha MaLlUHbl KOHKPETHbIX
KIacCcoB.

Y
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M E X I' O CY I APCTOBEWUHUH bl ¥ C T A H O AP T

Bubpauus

KOHTPOJIb COCTOAHUA MALLKH MO PE3YINbTATAM USMEPEHUU BUBPALIUN
HA BPALLAIOLWKUXCH BAJIAX

ObOuwue TpedoBaHus

Vibration. Evaluation of machine vibration by measurements on rotating shafts. General guidelines

Ilata BBegeHuna — 2007—11—01

1 O6nacTtb npumeHeHuUs

HacToawmn ctaHgapT yctaHaBnueaeTt obwme tpeboBaHUS K namepeHusm sBnubdpauuu, npoBO4UMbIM
HenocpeacTBEHHO Ha BpaLLalWnXCcs Banax, u MeTogbl OUeHKU BUOPAaLUMOHHOTO COCTOAHUS MALUNH C y4eTOM:

- IBMEHEeHUN B NoBeaeHN MaLlUUHbI;

- HaNnUM4ynst YpesmMmepHbIX JUHAMUYECKNX HArpy3o0Kk;

- KOHTPONS pagnanbHbIX 3a30P0B B NOALINMTHUKAX.

HacTodauwmnn ctangapT pacnpocTpaHaeTCs Ha U3MepeHust Kak abcornTHON, Tak U OTHOCUTENbLHOW BUbpa-
LMK Bara U He pacrnpoCcTpaHaeTCs Ha OCeBYy BUOpauunio 1 yrinoBbie KornebaHusa poTtopa.

CtaHgapT UCnosnb3yT NMPU KOHTPONe COCTOSHUA MaLUMH B NpoLecce Ux aKkennyaTtayum 1 npu nposege-
HUW UCMBITAHUK NMPU NMPUeMKe NPOOYKLUMK KaK Ha UCMbITAaTENbHOM CTEHAE, TaK U HA MeCcTe aKkcnryaTtayun.

B cTtaHgapTe npusegeH MeTo ycTaHOBIeHUst orpaHn4yeHnn QyHKUMOHUPOBAHUS MALLUUHBI B 3aBUCUMOC-
T OT YPOBHSA U3MepAeMon Bubpaunu.

[TpnmedarHns

1 Kputepum OUEHKN AN pasfIYHbIX KNacCoB MalLUVH YCTAaHABMUBAKOT B COOTBETCTBYIOWNX CTaHZapTax no mepe
nx paspaboTtku (Hanpumep FOCT 27165, FOCT NCO 7919-3, FOCT NCO 7919-4). MeToabl onpegeneHnda Takux Kputepm-
€B NPUBELEHbI B NPUIOXEHUN A,

2 B HacTosulem cTaHgapTe NpUMEeHSAETCA TEPMUH « BUDpaLns Bana», NOCKOIbKY, B DONbLUMHCTBE CNy4aeB, Uame-
PEHUS NPOBOAAT UMEHHO Ha Banax MallnH, YTO HE UCKITIOYAET BO3MOXHOCTU NPOBEAEHUA U3MEPEHUN HA APYrUX Bpalla-
IOLLIMXCA YaCTAX, €CIU 3TO OKaXeTca bonee npeanovTUTENbHbLIM.

B HacTodalem cTaHgapTe npeanonaraeTcst, YTo KOHTPOIb COCTOAHUSA MaLLUWH MPOBCAAT NO U3MEPEHUSAM
BUbpayunm, npoBedeHHbIM B YCITOBUSAX HOPMAILHOMO pexnuma paboTel MaLtlunHbL.

HacTtosiwunin cTaHgapT He pacnpoCcTpaHAeTCsa Ha MallMHbl C BO3BPATHO-MNOCTYNAaTEeNbHbIM OBUXEHUEM.

2 HopMaTuBHbIE CCbINKW

B HacTosIlWeM cTaHgapTe UCMOoNb30BaHbl CObINKA HA crnegyolue ctaHaapThl:

[OCT NCO 7919-3—2002 Bubpayus. KOHTPOrbL COCTOAHUA MaLLKH MO pe3yrbTaTtam nusmepeHunin snb-
paLuy Ha BpaLllawmxea sanax. [poMbllneHHble MallMHHbIE KOMMIEKChE

[OCT NCO 7919-4—2002 Bunbpauyns. KOHTPOL COCTOAHNA MaLUWH MO pe3yrnsTatam nusmepeHnin snob-
payuu Ha Bpalyawmxcda sanax. [ azotypbuHHbsie arperaThbl

[OCT NCO10816-1—97 Bubpauunda. KOHTPONs COCTOAHNSA MaLUWH MO pesynsTatam namepeHnmn snbdpa-
LUK Ha HeBpaLuawLwmxeda 4actax. Obwmne tpeboBaHus

[OCT NCO 10817-1—2002 Cuctembl namepeHnn sndpatmm spatuarowinxcd sanos. Yactoe 1. YcTpon-
CTBa OJ19 CHATUA CUTHANOB OTHOCUTENbHOW M abCcontoTHON BUDOpaLUun BpaLlalLWnXCcCa BarnoB

UzpaHve odmuuanbHoe
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[OCT 27165—97 Arperatel napoTypOuHHbIE cTauyuoHapHble. Hopmbl BUOpauun BanonpoBogoB WY
obLme TpeboBaHUs K NpoBeOeHUIO N3MEePEeHUA

3 NamepeHnsa subpaymm

3.1 Uamepsiembie BerMMYUHbDI

3.1.1 BubponepemelieHune

[lpeanoyTuTenbHON BENUYNHOW, NCMONb3yeMOoUn Npu namepeHnax smbpauunm sana, asnsaertcs subpone-
pemelyeHne. EguHnua namepenus — mukpomeTp (1 Mkm = 105 m).

[TpnmeyaHune — BubponepemeuleHne — BEKTOPHaAA BENMMUMHa, NO3TOMY CpaBHEHME OBYX BUDpoOnepemelle-
HUY MOXET rnoTpeboBaTh yyeTa PasoBbiX COOTHOWEHNN (CM. npunoxeHne D).

OueHKy BUOpayMOHHOIO COCTOAHUA MaLLUHbBI MONy4aloT Mo pesyrbTataM U3MepeHUr Kak OTHOCUTENbHO-
ro subponepemerueHns (BubponepemelteHne Bana OTHOCUTENBHO HEKOEero KOHCTPYKTUBHOMO 3reMeHTa
MalLlWHbI, HAaNpuUMep Kopnyca nogwnnHmnka), Tak u abconTHOro subponepemelieHns (BubponepemetrieHne
Bana OTHOCUTESILHO HEKOTOPON MHEpUMansHOW cuctembl oTeyeTa). [lpu yctaHoBnEeHNM BUOpaALMOHHBIX KpUTe-
prueB HeOobXOOMMO YeTKO yKasbiBaTb, Kakoe BuUbponepemelleHue nMeeTcss B BUAOY: OTHOCUTErbHOEe WUIK
abcornoTHoe.

[Tpn namepeHnn Kak adbCcomnTHOro, Tak U OTHOCUTENbLHOIrO BUDpoOnepemMeLLeHnn onpeaensoT:
S(p_p) — pa3max BubponepemerieHnst B HanpasrneHnum n3aMmepeHni;

Smax — MakcumanbHoe BMbponepemellieHne Bana OTHOCUTENbHO CPEAHEro NMONOXeHUs B MNOCKOCTH
N3aMepeHnn.

CoOTHOLWEeHne Mexay AaHHbIMKW rnapamMeTpamMmuy nokasaHo Ha pucyHkax B.1 n B.2.

[Tpumevwarnne — B HacTosuwee BpeMs Npu NMPUMEHEHUN KPUTEPUEB OLIEHKU COCTOSAHUSA WUCMONbLb3YIOT MaKCu-
ManbHOE U3 [BYX padmMaxoB BUbponepemeuleHns S(p_p) NO U3MEpPEeHNAM B BYX B3aMMHO NePneHONKYIapHbIX Hanpaene-
HUsIX. BriocnegcTemm, no mMepe HaKOMNeHNs SKCNepUMEHTalbHbIX AaHHbIX, Bonee npeanovTUTENbHLIM MOXET OKa3aTbCH

NCNoNb30BaHUe napameTpa S(p—p)maxf‘ onpegerneHHoro Ha pucyHke B.2.

3.1.2 [lnana3oH 4acToT namepeHumn

N3mepeHus oTHocUTeNbHOM U abconoTHOM BUBpaLmuin Bana cneayeT NpoBoOAMTh B LLUMPOKOK Nnonoce Yac-
TOT, NMOSIHOCTbIO OXBAaTbIBAKOLIEN 3HAYMMYIO YaCTb YaCTOTHOIO cnekTpa Bubpaunm MatlunHbi.

3.2 Bunabl usmepeHuw

3.2.1 NamepeHns oTHOCUTENLHON BUDOpaunmn

NamepeHnst OTHOCUTENBHOW BUDpaLnMM NMPOBOAAT, KAK MPAaBUIO, C MOMOLLLIO JaTYUKOB BDECKOHTAKTHOro
TUMa, BOCNPUHUMAKOLLMX BUDponepemMeLleHne Mexay BarioMm 1 3reMeHTOM KOHCTPYKU KUY MaLUUHbBL, HANpuUmep
koprnycom noamnnHuka. Tpebosanus Kk gatunkam — no OCT NCO 10817-1.

3.2.2 NamepeHus abconwTHON BUOpauun
NamepeHus abconoTHOW BUbpauum npoBoOaaT OQHUM U3 CreayLnx MeTogos:

a) MpW NOMOLLLN KOHTAKTHOrO JaTYNKa-30H4a, HA KOTOPbIN YCTAaHABNMBAKOT AAaTYUK UHEPLNOHHOTO TUNa (oaT-
YMK CKOPOCTU UMK aKkCcenepoMeTp), HenocpeacTBeHHO N3MepPSLLMA abCconoTHYIO BUOpayuto Bana;

0) npunomoLim ODECKOHTAKTHOro gaTtyMKka, KOTOPbIM n3MepaeT OTHOCUTENBHYID BUDpauuio Bana, B cove-
TaHUW C 4AaTYNUKOM MHEPLUOHHOTO TUMa (4aT4UKOM CKOPOCTU UMK akcenepoMeTpom), KOTOPbLIN namepseT BUb-
pauunio onopel. Oba gatTynka 4OIHKHbI BbITb YCTAHOBIEHBI B HENOCPEACTBEHHOW ONn3ocTn gpyroTt apyra, 4ytobbl
Ha HUX BO3EeNCTBOBANM O4HN 1 Te e abconioTHbele KornebaHunsa B HanpasneHun namepeHun. Cymma cUrHanos
3TUX JATHYUKOB B BEKTOPHOM Buae aBndetcd abconoTHon Bubpauuen sana.

3.3 lNMpoBeneHne namepeHn

3.3.1 O0LwWwure nonoxeHunsn

[laTunkm yctaHaBnmMBarT B TOUKAX, MO3BONSAIOUWNX U3MEPATL nonepeyHslie KonebaHua sana Ha Hanbonee
BaXKHbIX y4acTKax. PekomeHayeTcst npyu namepeHnsx Kak OTHOCUTErNbHON, Tak n abcontoTHoW Bnbpauunm ycta-
HaABIMBATbL MO ABa 4AaT4MKa HA KaXXO0M NOALLNMHUKE UM B HEMOCPEeOCTBEHHOW ODITM30CTN OT HEro. 9T 4aT4YUKK
pacrionaralT B paguanbHOM HarnpasreHuu, XenartesrbHo B O4HOW nonepeyHoun nrockoCcTn, nepneHgukynap-
HOW K OCK Bana, Tak, YTobbl UX OCY HYYBCTBUTENBHOCTU OTCTOAIN OT paguansHOro HarnpasrneHusi He bornee yewm

Ha +5°. [at4ymkn ycrtaHasnuesawT nog yrnom 90°15° oTHOCUTEnbHO Apyr Apyra Ha O4HOW MONOBUHE
NOALUNMHUKOBOW OMOPHI.

2
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BmecTo gByX nepneHguKynsapHO pacrnonoXeHHbIX 4aTHMKOB AONMYCKASTCH B KaXKO0M NNOCKOCTU n3Mmepe-
HWUA UCMONb30BAaTL OANH AAaTHYUK NP YCIOBUK, YTO 3TO MO3BONUT NONy4YaTh 4OCTATOUYHO MOSTHYO MHPOPMALUIO
0 BMOpauyum Bana.

PekomeHayeTca nposegeHue crneunanbHbiX U3MepeHnin anga onpegerneHnsa dueHnin sana HesnbpaynoH-
HOW nNpupodbl, 0O0yCnoBrneHHbIX HEOAHOPOAHOCTLIO MaTepuarna noBepXxXHOCTU Bana, nokarbHbIM OCTaTOUYHbIM
HamMarHu4vMBaHUeM Unu MexaHun4vecknumm dueHuamu. Cnegyet MeTs B BUAY, YTO B Cry4Yyae aCUMMEeTPUYHOTo
POTOpPA BIMNUSIHUE CUIbl TSXXECTU MOXET Bbi3BaTb MOABMEHUE JNTOXHOro curHana dueHus.

OnucaHunsg cpeacTs UsMepeHnn u pekoMmeHgaumm no NxX UCnonsL30BaHWIo NpueeaeHbl B npunoxeHun C.

3.3.2 NamepeHns oTHOCUTENLHON BUDOpauunu

LlaTtynkn oTHOCUTENBLHOM BUDpaunm 6eCKOHTaKTHOro Tuna o0bl4HO yCcTaHaBnmMBarT B pe3b00oBbLIX 0TBEp-
CTUSIX B KOPrycax NoALLNMHUKOB UMK PSAOM C NOALLNITHUKAMMU MPU MOMOLLN XECTKUX KPOHLWTEeNHOB. COBCTBEH-
Hble YaCTOThl KPOHLWUTENHA He OOJIKHbI OKasbiBaThL BNNAHWE Ha pe3ynbTaThl uamepeHun subpaunm Bana. Ecnu
OATYMK YCTAHOBIIEH B CAMOM NOALLUMHUKE, ero pacnonoXeHne He JOMMKHO Bbi3biBaTbh U3MEHEHW B MACTISIHOM
KNnMHEe NOALUUMHMKA.

[loBEpPXHOCTL Bara B MeCcTe YCTAaHOBKM AaTuMKa C y4eTOM TeMnepaTypHbIX paclunpeHnin gorxHa ObiTb
rnagkon 1 ceobogHOM OT NOLIX OTKMOHEHUN B reOMeTpuy4eckon hopme (Bbi3BaHHbIX, HANPUMEP, LWMOHOYHbI-
MW KaHaBKaMu, pes3sbamu, KaHanamu ans cmasku), HeOgHOPOAHOCTEN MaTepuana n oCTaToMHOro HaMmarHu4m-
BaHWSA, CMOCODHBIX MPUBECTU K UCKAXKEHUSM cUrHana. Ecnm nosepxHoCcTb Bana Obina ransBaHu3npoBaHa unu
MeTannmanpoBaHa, TO M3MEePUTEribHYI0 CUCTEMY criegyeT oTKanMbpoBaTe cneynansHO Ans gaHHoM noesep-
XHOCTWU. PekomeHayeTcsa, 4ToDbl DMeHns anekTpu4eckon n MexaHn4eckom npupoabl, U3MepeHHbie C MOMOLLLIO
OAHHOro gartymka, He npesbiwan donswero U3 crnegyrowmnx sHadeHunin: 25 % 3HavyeHns smbponepemeLyeHns,
MPUHATOrO 3a AonycTumoe, unu 6 Mmkm. [ns BeiCOKOODOPOTHBIX MaLUWMH XapaKkrepHa noBbilUeHHAs YMCcToTa
06pabOoTKM NOBEPXHOCTM Bana, Nno3TOMY A4S MaLluH ¢ paboyen ckopocTeto 6onee 10000 MuH—" BMecTo 6 MKkm
cnieqyeT 6paTb 3HaveHue 600/ n MKM, roe n — ckOpoCTb BpaLLeHus poTopa, MuH— 1.

EcrnivusamepeHnsa npoBoOAAT HA MaLLMHE, HAXO4AWENCH B SKCIyaTauuu, 4ns KOTOpou namepeHus snbpa-
LUK Bana sannaHupoBaHbl He Bbiny, BONPOC A0NYCTUMOCTU TeX UIMU UHBIX BUeHnin 4ormkeH 6biTb paccCMOTPEH
0Cc000.

3.3.3 UamepeHuss abconwTHON BNOpauum ¢ UCNoJsib3OoBaHneM 4aTYNKOB MHEPLMOHHOro u bec-
KOHTaAKTHOro TMNoB

[1pn ncnonb3oBaHUK coveTaHUS 4AaTYUKOB MHEPLUUOHHOIO 1 6&@CKOHTAKTHOro TUnoB abconTHY BHUbpa-
LU0 MONyYarT BEKTOPHBIM CIOXEHUEM CUrHanoB 3TUX gaTyukoB. T pedboBaHna K 0eCKOHTaKTHBIM gaTHnKam U K
X KpenmneHun aHanornyHbl ykazanHbeiM B 3.3.2. [laT4nK MHEPLUOHHOIO TUMA XKECTKO 3aKpenrsaioT HA KOHCTPYK-
LW MaLUMHBI (HAanprMep Ha Kopnyce NoALWnnHnKa ) Kak MOXHO Onnxe K gatymMKy O€CKOHTaKTHOro Tuna angd toro,
41006l 006a gaTyMKa BOCNpUHUMATIKM OOHY U Ty Xe abConoTHYH BUOpayuio B HanpasrneHnun namepeHun co cTo-
POHBI Onopbl. OCK YyBCTBUTENBEHOCTU DECKOHTAKTHOIO U MHEPUMOHHOIO 4aTYNKOB O0MKHEI ObiTh Napannens-
Hbl, YTODbLI B npouecce BEKTOPHOIrO CIOXEeHWUA CUTHanoB 3TUX AaTYUKOB He Obino AOonOnHUTENbHbIX
norpeLHocTen npu namepeHnn abconwTHon Bnbpayun.

3.3.4 UamepeHuss abCoONOTHON BUOpaummn ¢ UCNOJNIb30BaHUEM JAaTYUKOB MHEPLUMOHHOIO TUna v
KOHTaKTHbLIX 4aTYNKOB-30HO0B

LaTynkn MHEPUNOHHOIO TUMAa (OAaTHMKM CKOPOCTU UMK akcenepomMeTpbl) A40MmMKHbIl BbiTb YCTAaHOBMEHbI HA
OaTtynKkax-3oH4ax B paguanosHOM HanpasneHnn. CregyeT UCKITIOUYNUTL BO3MOXHOE apebesxaHne unn zaeganune
30HAA, YTO MOXET MOBIUATH HA CHUMAEMBbIN CUrHAr gaTyMKa. YCTAaHOBKY 30HO0B NPOBOAAT COrnacHo tpebosa-
HUsM 3.3.1.

[loBEpPXHOCTL BanaB MeCTe KOHTaKTa C 30HA,0M C y4eTOM TEMJ10BbIX PpaCLlunMpeHUin 4,0rmKHa ObITb rnagKom v
CBOOOOHOW OT nOBIX OTKIIOHEHUN B reoMeTpruyeckon dopmMe, Takux Kak LWMOHOUYHbIE KaHaBKK UM pe3b0skil.
PekomeHgyeTcq, 4Tobbl mexaHuyeckne bueHnsa sana He npesbiwanu donswero U3 cregyowmx sHadeHun:
25 % 3HaueHuns subponepemelieHnss, NPUHATOrO 3a gonyctumoe, unuv 6 mkm. [nsa pabounx ckopocren bornee
10000 muH—"1 BMecTo 6 MKM criegyeT 6paTh 3HaveHue 600/ Vn MKM, rae n — CKOpPOCTb BpalLeHUss poTopa,
MUHT1.

MeToa namepeHuns sBubpauymm ¢ NOMOLWbLK 30HAA MOXET MMETb OrpaHnyeHuns, CBsA3aHHble CO CKOPOCTLIO
OBWKEHUS MOBEPXHOCTM Bana unu apyrumm obctoarenscrsamu, Hanpumep hopmuposaHuem nog 30H40M ru-
POANHAMUYECKOW MACTAHON MI1eHKW, KOTOpaga MOXeT BHECTU UCKaXKeHUs B CHUMaeMbln curHan. LlanHbie orpa-
HUYEHUS OOIMKHbI ObITh YKa3aHbl B COMNPOBOANTENbHOW OOKYMEHTAUUN HA JAaTUYUKMN.
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3.4 Pexnmb! paboThb! MaLLNHbI

N3mepeHus Bubpauunm Bana cnegyeT NnPOBOANTL B 3a4aHHOM pexume paboTbl MallKHbI NOCTe TOro, Kak
TeMnepaTypHbie WU Opyrne sKcriyaTtauuoHHbIe XapaKTepUCTUKKM OOCTUTHYT yKa3aHHbIX 3HadeHui. B cnydae
NPOBEAEHUS A0NONHUTENbHbIX U3MEPEHWUA AN APYrMX YCNoBUA paboTel MaLLUHBL, HANPUMEP NPU MEANEHHOM
NnpoBoOpavMBaHM poTopa, NPOrpeBe UnKn Ha KpUTUYECKUX CKOPOCTAX BpalleHUst, OLeHKa pesynbTaToB Takux
n3MepeHnin moxeT noTpeboBaTh NCMONbL3OBAHUA METOAOB, HE YKa3aHHbIX B HACTOSALLEM CTaHaapTe.

3.5 dyHaamMeHT U KOHCTPYKLUMA MaLLUUHb!

Tun dyHOamMeHTa U KOHCTPYKTUBHbIE OCODEHHOCTU MalluHbl (HanpuMep Hanuyve noacoeAuHeHHbIX
TPyO) MOTyT OKasaTb CyLlecTBeHHOe BrusHue Ha ee Bubpayunio. CpaBHeHne BUOpaymMn MallvH O4HOro B1aa
OyoeT KOPPEKTHBIM TONbKO B Crnyvae, ecri AMHaAMUYEeCKNEe XapaKTepucTuki dyHaaMeHTa U KOHCT PYKLNUK 3TUX
MaLlH O4NHAKOBBI.

3.6 HaBegeHHass BUOpauunsa n npoBepKa uaMmeputTenbHOu CUCTEMb!

[lepen Havanom m3mepeHun Bubpaunn B padboyem pexkmve MalinHbl cregyeT ¢ NOMOLWbBH TeX Xe
CpeCTB U3MEPEeHNU U B TOM XXe MecTe NpoBeCcTU namepeHus subpauyunn ansa HepaboTtawwen matmnHel. Ecnn
3HaueHue napameTpa snbpauum ans HepaboTawien matumHel OyageT npeBbILaTh TPETh 3HAYEHUS, NOTTYYEH-
HOrO ANst MalwuHel, paboTalowen B 3agaHHOM pexume, HeobXoanuMOo NMPUHATL MepPbl MO UCKIMTHYEHUO BNUSHUS

HaBegeHHoOW Bnbpauunn.

4 Cpeacrea nsmepeHun

Beibop cpeacts UsmMepeHun cnegyeT OCYLLECTBIATb C YY4ETOM:

- BO3MOXHOCTU NX paboThl B YCINOBUSAX NOBBILLEHHBIX TeMMEepaTypbl 1 BIa)XXHOCTW;

~ HanU4nsa KOPPO3NOHHOW Ccpeabl;

- CKOPOCTU OBUMXKEHUS NOBEPXHOCTU Bana;

- MaTepuana, n3 KoOToporo U3roToBrieH Barl, N Ka4ecTBa ero NoBepPxXHOCTU;

- paboyen cpeabl (BoAa, Macro, BO3AYX UMK nap), KOHTAKTUPYOLWEeN ¢ 4aTYMKOM;

- BO3MOXHBIX BO34EeNCTBUIA BUOpaunn nygapa (no Tpem OCHOBHBIM OCAM), aKyCTUYECKOTro Wwyma, MarHuT-
HbIX MOTEeW;

- HANU4nsa MeTarmim4ecknx Macc Bo6IrM3M HaKOHEYHNKA JaTHUKA;

- (PrIyKTYaUMM HaNPsHKeHUs nutaHus.

KenaTtenoHo, YTODBI U3MEpPUTETbHAS CUCTEMA UMEna BCTPOEHHOE YCTPOUCTBO KAnMOPOBKN CHUTBIBAID-
LLero ycTpoucTea U N30nMpoOBaHHbIE BbIXO4bl, MO3BOMAOLWNE NMPU HEODXOOQNMOCTU NPOBOAUTL AalbHENW A
aHanma nony4YeHHbIX QaHHbIX.

5 Kputepuun oueHKK

5.1 OueHKy BMOpaLMOHHOIrO COCTOSAHMA MaLUMHbI MOJy4aloT No pesynetatam n3mMmepeHnin abCconioTHON
U OTHOCUTENbBHOW BUOpayumn Bana.

5.2 B cny4ae, Korga B Ka4ecTtBe KpuTepus OUueHKU BeibnpaT nsmeHeHne smbpauum sana, 1o;

a) ecnu Bubpayus noBepxHOCTU, HA KOTOPOW yCTaAHOBIMEH AAaT4MK OTHOCUTENbLHOro Bubponepemetie-
HUst, MeHee 20 % OTHOCUTEernbHOW BMOpaL M Bana, B Ka4ecTBe N3mepsaemMon BenninHbl MOXeT ObITb NPUHSATO
KaK OTHOCUTEnbHOe, Tak 1 abcornTHoe BubponepemeLleHmne;

0) ecnu Bnbpaunsa NOBEPXHOCTU, HA KOTOPOW YCTAaHOBINEH OaTyMK OTHOCUTENbBHOro BnbponepemeLrue-
HUSA, He meHee 20 % oTHoCcUTEenbHOW BUOpaUnK Bana, UaMepsT abcorTHoe BubponepemelleHne Bana, u,
eCIiv OHO oKaxeTcsd borbLue OTHOCUTENBHOro BUbponepemeLweHns, NPUHUMAaKT €ro B Ka4eCcTBe N3MepPHaeMOon
B4l Hbi.

5.3 B cnyyvae, korga B kavecTBe KpuTepus OueHKM BeIOUpatoT ANHAMUYECKYHO Harpy3Ky Ha No4LWnUmHUKH,
TO B KA4€CTBE U3MEPAEMON BENUUYNUHBI MPUHUMAIOT OTHOCUTErNbHOE BUbponepemeLieHmne sarna.

5.4 B cny4yae, Korga B KadecTse KpUTepust OLeHKW BbIOMPaoT 3a30p Mexay CTaTtopoM 1 POTOPOM, TO:

a) ecnu Bnbpauusa noBepxHOCTU, HA KOTOPOM yCTAHOBIIEH gaT4YMK OTHOCUTENLHOro Bubponepemetle-
HUS, meHee 20 % OTHOCUTEensHOW BUOpaumm Bana, B Ka4ecTse Mepbl U3MEeHeHUst 3a3opa NnpuHUMaKT OTHOCK-
TenbHOe BUbponepemeuieHune;

4
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6) ecrnn BUbOpaynsi MOBEPXHOCTU, HA KOTOPOW YyCTAHOBIEH AAaT4YMK OTHOCUTENBHOro Bubponepemelrie-
HUS, He MeHee 20 % oTHOCUTEeNnLHOW BUDpauumr Bana, HO ee MOXHO paccMaTpUBaTh Kak NofHY 0 BUOpaynio cta-
TOPA, B KA4eCTBE MepPbl U3MEHEHUS TakKe NPUHUMAIOT OTHOCUTENbHOE rnepemMetteHre. B npoTruBHOM crniyyae
HeobXo4MMO UCNOoNbL30BAaTL Apyrve MeTo4bl YCTAaHOBKM daTyMka Bubpauunn.

5.5 Knaccudmnkauns subpaynm Bana 3aBUCUT OT pasmMepoB 1 MacChl BUOpUPYHOLLEro Tena, Xxapakrepuc-
TUK OMOPbI MALLUWHbI, €€ BbIXOOHOW MOLLHOCTU N HA3Ha4YeHus. Takum obpasom, npu onpegeneHnn pasrnyHblX
ananasoHoB ang knaccudukayum subpaunm sana mawiH gaHHoro Krnacca Heocbxogumo npMHUMaTh BO BHUMA-
HWe Ha3HavYeHre MalluuHbl 1 YCNOBUS ee JKCMnyaTauuu.

5.6 MeTtogbl onpegeneHnus KpuTeprues oueHKM BMOpaunoOHHOTIO COCTOSAHUS MO U3aMmepeHnam snbpaunin
Bana g MawinH pasrnnyHbiX KnaccoB npueendeHs! B npunoxeHnn A. LlaHHble KpUTepuy OTHOCATCS TOIbKO K
BUOpauuun, cosgasaemMon camon MallnMHOW, a He nepegasaemMon Ha Hee n3BHe. OHU MOryT ObITb 4OMNONHEHb!
KPUTEPUAMU OLUEHKN MO namepeHmnam snbpauymm Ha Hespawawwmxes yactax no [OCT NCO 10816-1. [pw
COBMECTHOM MPUMEHEHUN KpuTepmes 000X BUOOB OLEHKY BUOPpaLMOHHOIo COCTOSHUS MaLlMHbI MONy4aloT B
COOTBETCTBUN C KPUTEPUEM, KOTOPBIV yCTaHaBnnBaeT bonee XecTKkoe orpaHnyeHne aKkennyataymm MaLtlunHbl,

Kputepun Onsg mMawinH KOHKPEeTHBIX KMaccoB AOMKHbI ObiTb YCTAHOBMEHbI B COOTBETCTBYHOLLMX
cTaHpapTax.

5.7 MeTtoabl oueHkn BUGpaunMOHHOIrO COCTOSIHUA, onpeaensemMbie B HAacCTOSIWEeM cTaHaapTe, OCHOBAHbI
Ha n3MepeHnn sndpaunm B LULMPOKOU nonoce YyacTtoT 6es aHanmsa OoTAernbHbIX YaCTOTHBIX COCTaBMAKLWMX U
dra30BbIX COOTHOLWEHWUA. B DonblUKMHCTBE CriydYaeB TAKOM NO4X04 OKa3biBaeTCHa 4OCTATOUYHbIM A5 UCMbITAHUN
Mpv NPUeMKe NPOoLYKUMN M KOHTPOMSA cCoCcToAaHNA. OOHAKO B HEKOTOPLIX Crydasax npu oueHke sndpauymm mawimH
ornpeaerneHHbIX KIaccoB XernaTernbHo npeacrasreHne nHgpopmayum B BeKTopHoMm Buage. LlaHHeie 06 nameHe-
HUW BEKTOPHBIX COCTABMAKLWLKX BUOpaLnUM UCMONbL3YIOT Ans oOHapyKeHns n onpeneneHns rnpuinH UsSMmeHeHn
OUHAMUYECKOro COCTOSIHUST MaLUWH, KOTOPbIe MOryT ObiTb HE ODHapyXeHbl HAa OCHOBE U3MEPEHUN TOIbKO
LLINPOKOMONOCHOW BUOpauun (cm. npunoxeHue D).

Mcnonb3oBaHue N3aMmeHeHUst BEKTOPHbBIX COCTABISWMX B KAYECTBE KPUTEPUST OLEHKM BUBpayNOHHOro
COCTOAHMS B HACTOSILLEM CTaHgapTe He paccMaTpuBaeTCo.

5.8 Bubpauyuns HeKOTOPbIX MaLLUH MOXET OKa3aTbCs HYBCTBUTENLHON K UBMEHEHUAM YCTaHOBUBLUEMOCH
pexxuma paboTel. B page crnyyaes 3TUM MOXHO npeHebpeyb, HO MOXeT OKasaTbCs, YTO BUOpaunga KOHKPETHO
MaLUUHBI DygeT oueHeHa Kak yaoBrneTBopuTernoHasa npu nsMmepeHusix B O4HOM YCTAaHOBUBLUEMCH PeXUME U KaK
HeyaooBrneTBOpUTErbHAas MPU N3MEPEHUSIX B APYIOM pexunme.

PekomeHayeTtcs, 4ToObl BOMPOCHI, CBSA3AHHbIE C YYBCTBUTEIBHOCTLIO BUOpALUMUKM MALUNHBI K PEXUMY ee
paboTel, Db cornacoBaHbl MeXAy N3roToBUTEnem 1 notTpebutenem c ykazaHuem, npu HeobxognmocTn, 00b-
emMa JOMONHUTeNbHbIX UCMbITAHWUW UITU TEOPETUYECKUX nccrnegoBaHuUn.
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[MpnnoxeHue A
(obsa3zaTenbHOE)

MeToab! onpeaeneHus KpUMTepueB OLeHKM COCTOAAHMA MAaLUMH Pa3fMYHbIX KNaccoB

A.1 Obuwme nonoxeHuns

Kputepmn OueHKN BUOPALMOHHOTO COCTOSIHMA 3aBUCAT OT LUMPOKOro paga hakTopoB, NOITOMY 3TU KpUTEpum
CYLLLECTBEHHO pasnuualrTca A8 MaluuH pasfMYHbIX KrNaccoB, a B ps4e CNyyaeB U A8 pasfindHbIX pOTOPOB OLHOTO
Banonposoaa. Heobxoammo, 4Tobb! 4Nst MalnH KOHKPETHOTO Kracca bbinn yCTaHOBIEHbl KpUTEPUUN, COOTBETCTBYIOLLNE
ATOMY KIaccy, a Takke 4Tobbl KpUTepuy, onpegeneHHole 48 MawnH O4HOro Krnacca, He npUuMeHsINIMCb K MallnHam gpyro-
ro Krnacca (Hanpumep KpUTepuy OLEHKU ANA BbICOKOCKOPOCTHBLIX KOMMPECCOPOoB, paboTaruwmx Ha HeDTEXNMUYECKOM
npeanpuaTn, OyayT OTNNYaTLCA OT YCTAaHOBMNEHHBIX ANA KPYMHbIX TYpOOreHepaTopos. )

B HacTosiem npunoxXeHny gaHsl OCHOBbLI ONpeaeneHnst KpUTEPUERB OLIEHKN BUBPALMOHHOIO COCTOSIHUS MALLVH MO
n3MepeHnam pasmaxa smbponepemeuieHnsa (CM. npunoxerne B). KOHKpEeTHbIE YNCNOBbLIE 3HAYEHNA N3MepPAEMbIX napa-
METPOB [JOMXHbI BbIThb NPUBELEHBI B COOTBETCTBYHLLNX CTaHZAPTAX Ha MalLMHbl PA3HbIX KINacCcos.

A.2 PaKTopbl, BMUAKOWME HA KPUTEPUN OLLEHKM

[lpn onpeneneHnn KpuTepmneB OLEHKNU Mo U3MepeHnsm Bubpauum Bana HeobxoaMmo yunTbiBaTh crnegyoume

haKkTopbI:
a) uenb npoBeleHus nameperHun (Hanpumep TpeboBaHus, onpeaensiolmne CoXpaHerHmne oCTaTOuMHOro 3a3opa B
NOLALLNMHUKE, OTNNYAIOTCA OT TEX, KOTOPbIE UCMNOSb3YIOT MPU KOHTPOIEe JNHAMUNYECKUX HArpy30K Ha MOLAWNMHUK);

0) BUA namepsemon BermunHol — abCconioTHOE NN OTHOCUTEINBHOE BNDpONepeMeEULEeHNE;
B) Mamepsaemble napameTpbl (CM. NnpunoxeHune B);

) MONOXEHNE TOYEK N3MEPEHNM;

1) CKOpPOCTb BpauleHus Bara;

e) TUM NOAWNNHNKE, ero auamMeTp N BeENUYNHY 3a30pa;

K) HasHaveHune, BbIXOAHYI0 MOWHOCTb U pasMepbl MaLLUUHbI;

3) OTHOCUTEIBHYIO NOLATNNBOCTL NOALNITHUKOB, 1X ONOp N PYHLAMEHTA;

N) MAacCy U CTeneHb XXeCTKOCTU poTopa.

A.3 Kputepuun OLeHKM COCTOAHUA

[Tpn oueHKke BMOpauuy BanoB MalwlvH UCNONbL3YIOT OBa
KpuTepusa. o ogHOMY paccMmaTpmBaloT abCONOTHLIE 3HAYEHUSA
HabnwgaemMon WUPOKONONOCHOU BMOpauun Bana; no BTOPO-
MYy — N0Oble N3MEHEHNA 3TOTO abCONMITHOTO 3HAYEHNA.

A.3.1 Kputepuu 1. AGCONOTHbLIE 3HaA4YeHUA Bubpa-
UM npu padote MawnHbl ¢ HOMUHANBHON CKOPOCTLIO B
YyCTAaHOBUBLUEMCA pexume padboThbl

LaHHbIn KpUTEepun CBA3aH C onpegeneHnem rpaHil gns
abCOMNITHOrO 3HayeHusa Bubpauum Bana, yCTaHOBMNEHHLIX U3
30Ha B YCITOBUS JONYCTUMbIX ONHAMUNYECKNX HArPy30K HA NOOLLNMHUKY,
OONYCTUMBIX 3HAYEHNN pagnanbHOro 3aszopa B NOALUNTHUKE W
gonyctumon Bubpauun, nepesaBaemMonm Ha onopbl U (pyHOa-
MeHT. MakcumansHoe 3HauveHne BndOpauun Bana, N3mepeHHoe
OIS KaX40ro nNoAWunHuKa, CPaBHUBAKOT C rpaHnLLaMy YeTbipex
30Ha A 30H, YCTAHOBIIEHHbIX Ha OCHOBE MEeXAYHapO4HOro onbiTa npo-
BeeHNda nccnesoBaHui.

Ha pucyHke A.1 nokasaHa 3aBUCUMOCTbL AOMYCTUMOTO
BubponepemeLlleHmsa sana ot pabovyen CKOpoCTU MaluuHbl, Kak
[lnanasoH ckopocTen npaBuUno, SHa4YeHne p,onycmmoiﬁe Bmﬁpau,m C yBelimyeHnem CKO-
POCTN YMEHbLIAETCH, HO KOHKPETHble OOMyCTUMble 3HaA4YeHUs
BubponepemeLleHns U CKOPOCTb NX N3MEHEHNSA B 3aBUCUMOCTY
OT CKOPOCTU BpauleHMsa OyayT pasHbiMU 459 MalUnH PasHbIX

Pa3smax subpauunu

CKopOCTb BpalleHus Bana

KINNaccosB.
PucyHok A.1— O0wmnn Bna KpuTEPUEB OLIEHKN COCTOS- A.3.1.1 30HbI COCTOSIHUS
HU A s kKa4eCTBEHHOWN OLEeHKK BMDpaLumm MallunHbl U NPUHATUSA

MpumedaHue — [JeNcTBUTENbHLIE 3Hade- PELIEHUA O HEoOXoauMbIX OEACTBUSX B KOHKPETHON CUTyaLmu

HUS BUOpauny Ha rpaHnLax 30H COCTOSAHUN U ananasoH YCTAHOBIEHbI CNEAyloWne 30HbI COCTOAHNA.
N3MEHEHNS CKOPOCTEN BpalleHns DyayT pasrnuuyHbiMy 30Ha A — B 3Ty 30HYy nonajgaert, Kak npasuno, sndbpauus
515 MaLLH PasfINYHbIX KNacCoB. HOBbIX MalUWH, BBOAMMbBIX B SKCIIyaTaLmio;

6
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30Ha B — malwunHbl, BUGpaumna KOTOpbIX NoONagaeT B 3Ty 30HY, ODLIMHO CHUUTAIOT NPUTro4HLIMU 4Nd 3KennyaTtauum
0e3 orpaHnyeHnst CPOKOB,;

3oHa C — mawuHbl, BUOpaunst KOTOPLIX rnonagaeT B 3Ty 30HY, OObIYHO CUNTAIOT HENPUTOLHLIMW NS ANTUTENLHON
HENPEPLIBHOW aKkcnnyaTtaunu. Takue mMawunHbl MOryT (PYHKUMOHUPOBATL OrpaHNYEHHbIM nepuol BpeMeHu OO0 Havana
PEMOHTHbLIX paboT;

30Ha D — ypoBHM BMDpaumy B ZaHHON 30HE O0ObLIYHO MOTYT Bbi3blBaTbh CEPbE3HbLIE NOBPEXAEHNSA MALLVH.

A.3.1.2 'panunubl 30H COCTOAHUSA

UncneHHblie 3HavyeHus rpaHnl 30H COCTOSAHUA HE NpeHasHayvyeHbl 4N UCNOnbL30BaHUA B KAYECTBE YCNOBUN NCTLITA-
HUY NPY Npuemke NPoayKuMn. Takme yCrioBust OIMKHb! ObiTs YCTAHOBINEHbI NO COrMaLlleHNIo MeXay U3roToBUTernem u noTpe-
putenem. OaHaKo Ncnonb3oBaHue nHopmaumy 006 yCTaHOBNEHHbLIX MpaHMLIAaX 30H NO3BONAET N3DEXaTbh HEHYXKHbLIX 3aTpaT u
NPpeabABNEHNA 3aBbILLEHHbLIX TpeboBaHuU. B HeKOoTOpbIX criyyaax cneunuyeckne OCODEHHOCTU KOHKDETHON MaLlLvHbLI
OOMYyCKaloT YCTaHOBNEHNE UHBIX TpaHuL, (Bonee HNM3KMX UnNn Bonee BbICOKMX). B Takmx cny4vasax narotoBuUTENbL, Kak Mpasuno,
OOIMKEH ODBACHUTL MPUUNHY U3MEHEHUS TPAHUYHbBLIX 3HAYEHUN U, B YACTHOCTU, NOATBEPANTb, YTO MalLMHA HE DyaeT noasep-
ratbCsA OMacCHOCTU MNP IKCMNyaTaumy ¢ donee BbICOKMMN YPOBHAMY BUOpaLunu.

A.3.2 Kputepun 2. NameHeHUA 3HaAYEeHUN BMOpauun

HaHHbIN KpuTepnin OCHOBAaH Ha CPpaBHEHUN U3MEPEHHOTO 3HAYEHUA LWNPOKONOSIOCHON BUGpaLumy B yCTAaHOBUBLLIEM-
CA pexxnme paboThl MALLUHBLI C NPeaBapUTENbHO YCTAHOBIMEHHbLIM 3HA4YeHneMm (0a3oBon NUHNEN). SHAYUNTENBHOE U3Me-
HEHUE 3HAYEHUS LWMPOKOMOIOCHO BUBpaLun B CTOPOHY YBENUYEHUSA UITN YMEHBbLLEHUS MOXET noTpeboBaTh NPUHATUS
onpeeneHHbIX Mep Jae B criyvyae, Korga rpaHuua 30oHbl C no kputeputo 1 ewle He OCTUTHYTA. Takmue naMmeHeHUsd MoryT
ObITh OLICTPLIMU UITN NOCTENEHHO HapacTalWMU BO BpEMEHU U YKa3biBAKOT HA NOBPEXIEHUA MalnHbl B HAYanbHOW
cTagum NN Ha apyrue Henonamgku.

NameperHns Bnbpaunm crieyeT NnpoBOANTL NMPU O4HOM 1 TOM XEe NOroXeHnn 1 OpueHTal M 4aTynmkoB BUbpaunm B 04HOM
N TOM Xe pexmme paboTbl MaluvHbl. ['lpn ODHapyKeHnn 3HaUNTENBHBLIX U3MEHEHUN BMDpaLmM HEODX0aANMO NCCnegoBaTh BO3-
MOXHbIE NPUYNHBLI TAKNX UBMEHEHUW, AN TOro YTODLI NPEeSoTBPaTUTL BO3HUKHOBEHNE ONACHbLIX CUTYaLUN.

CnegyeTt nmeTb B BUAY, YTO B HEKOTOPLIX CNy4yasax CyLIECTBEHHblIE n3MeHeHUsa B paboTe mMallnHbl MOTYT ObiTh
ODHapyXeHbl TONbKO NPU KOHTPONE OTAENMbHbIX YACTOTHbLIX COCTAaBNAOWNX BUbpauny (cm. 5.7).

A.3.3 OrpaHunyeHuAa PyHKLUOHUPOBAHUA

[Tpy goNroBpeMeHHON IKCnryaraumm mawmH 00bI4HO YCTaHaBNUBAKT OrpaHnyeHns PYHKUNOHNPOBAHNUS, CBA3AH-
Hble C BUbpaunen. It orpaHnyeHnsa NMerT criegyrowme popmsbl:

NMPEAYMNPEXOEHWE — ona ykasanua, 410 BUbpauma v nameHeHus BuOpaumy SOCTUMMY OnpeneneHHoro
YPOBHS, KOTra MOXET noTpeboBaTbCA NPOBELEHNE BOCCTAHOBUTEIbHbLIX MEPONPUATUN. Kak npaBuro, npu 4oCTXEeHNU
ypoBHA NPEOYINPEXXAEHWE mawunHy MOXHO akCnnyaTupoBaTh B TEHEHWE Nepnoga BpeMeHN, noka npoBogAaT Nccneno-
BaHUA NPUYNH U3MEHEHNSA BUOpaLIMy M onpeaensaioT KOMMNNEKC HeOOXOANMbIX MePONPUATUN.

OCTAHOB — ans onpefeneHnsa 3HadveHns Bubpauumn, npu npepbILLEHNN KOTOPOTO JarbHenas 3kcnnyaTtauns
MalUHbl MOXET NMPUBECTU K ee noBpexaeHnsam. Flpu goctmkeHnmn yposHss OCTAHOB cnegyeT NnpuHATbL HEMEATEHHbIE
MepPbl MO CHMXEHWIO BUDpaLUy nny OCTaHOBUTL MaLLUHY.

Becrnegcteue pasHuubl B AMHAMUYECKUX HArpy3Kax N XKECTKOCTSX ONop ANs PasrnuyHbIX NMOnNoOXeHUN n OpnueHTaumnm
OaTYMKOB BMOpaLuun gonyckaeTcs yctaHaBnueaTth pasdble yposHu FNPELYIPEXLEHWE n OCTAHOB.

A.3.3.1 YctaHoBka yposHa NMPELAYTNPEXIOEHWE

Ons pasnnydbix mawunH yposeHb IPELYFIPEXIOEHWE moxeT cyllecTBEHHO U3MEHSATLCH: BO3pacTaTb WK
yMeHbLWAaTHCA. OObIMHO 3TOT YPOBEHL YCTAHABNMUBAIT OTHOCUTENBHO HEKOTOPOTO BAa30oBOT0O 3Ha4veHNsA (0a3soBON NUHNN),
onpegensemMoro 4na KOHKPeTHON MalluuHbl U onpelereHHbIX NONOXEeHUA N HanpaBleHns N3aMmepeHny no onbITy 3KCnnya-
Taumy 3TON MaLlnHbl.

PekomeHayeTtca yctaHaBnumeaTtsh yposeHb [NPELOYIPEXIOEHWE Boiwe DaszoBon nuHum Ha 3HaveHune, paBHOE
HekoTopon gorne (Hanpumep 25 %) 3HaveHuUs BepxHen rpaHulbl 30Hbl B. Ecrnin DasoBoe 3HaueHne maro, ypOBEHb
NMPEOYNPEXIEHWE moxeT HaxoanTues HMKe 30HbI C.

Ecnn Da3oBoe 3HayeHWe He onpefeneHo, Hanpumep Ans HOBbIX MalUuvH, HayanbHYK YCTAaHOBKY YPOBHS
NPEOYINPEXLEHWE cnepyet npoBoanTs NMOO NCXOAA M3 ONbiTa 3KCMnyataumym aHanornyHbiX MalmH, nmdo OTHOCK-
TENbHO COrnacoBaHHOIo NPUeMnemMoro 3HaveHus. Cnycta HEeKOToOpoe Bpemd no HabnogeHnam 3a Bubpaunen malluyHbl
crnegyeTr YCTaHOBUTb MNOCTOAHHYIO Das0BYyH0 INMUHUIO U COOTBETCTBYIOWUM 0DpPasoM CKOPPEKTUPOBATL YPOBEHL
NMPEOYNPEXOEHNE.

NameHeHne Da3oBOro 3HayeHuss (Hanpumep BCreACcTBME KanuTarbHOro PeMOHTa MalluHbl) MOXET noTpeboBaTh
cooTBeTcTBYIOWEro nameHenus yposnst NPELYINPEXIOEHWE. [insa pasHbiX noAwWmnHNKOB MalunHbl MOTYT DbiTb yCTa-
HOBIMEHbLI pasHble yposHu NMPEOAYFIPEXIOEHWE. 310 onpegendercsa pasnuumamn B JUHaAMUYECKUX Harpyskax Ha noj-
LLUNTTHUKN U PasnNnyumamMm B NX XKECTKOCTH.

A.3.3.2 YctaHoBka ypoeHa OCTAHOB

YpoBeHs OCTAHOB 00bluHO CBA3LIBAIOT C HEOOXOONMOCTHLIO COXPaHEHNA MEXAaHUYECKON LIeNOCTHOCTH MaLUUHDI;
OH MOXET 3aBUCETb OT Pa3NUYHbLIX KOHCTPYKTUBHBLIX OCODEHHOCTEN MALUUHLI, MPUMEHAEMbIX ANA TOr0, YTOObI MalUVHa
MOrTia NPOTUBOCTOATL BO3AENCTBNIO aHOMAIbHbIX AnHaMuyecknx cun. Takmm obpasom, yposeHb OCTAHOB, kak npasu-
no, byaeTt O4HNUM U TEM Xe ANA MALWNH aHanormvHbIX KOHCTPYKLUUA N He BygeT cBsA3aH ¢ Da3oBON NUHUEN.

Becnegcrene MHOroodbpasns MmaluvH pasnmyHbiX KOHCTPYKLMY HE NPpeacTaBnsaeTCqd BO3MOXHbLIM 4aTb YETKOE PYKO-

BOACTBO 1o TouHomMy yctaHoBnenuto yposHsas OCTAHOB. ObbiuHo yposeHb OCTAHOB ycTtanaBnuBaloT B npeaenax 30H
C unun D.
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[MpunoxeHue B
(pekoMmeHayemoe)

OnpeneneHne namepsieMb!iX napamMmeTpoB

B.1 Npuundbl BUOpauum Bana

KonebaHusa mobdon yacty Bpauwlamulerocs Barna XxapaxkTepusyoTca TPAaeKTOpuen OBUWXXEHUA LEHTPanbHOU TOYKW
COOTBETCTBYIOLLErO ce4YeHna rana. [vunnmyHas TpaekTopmna OBMXKEHUA npueeeHa Ha pucyHke B.1. dopma Tpaexktopum
3aBUCUT OT ANHAMUYECKUX XapaKTEPUCTUK Bana, NOLWUNMHUKOB 1 ONOP NOALWMWNHNKOB NN (PyHAaAMEHTA, NONOXEHUNS pac-
cMaTpuBaeMon YyacTu Bana BAOMb OCU POTOPa U BUa curl, BO3Dyxaauwmx Bubpaunto. Hanpumep, ecnuv BolHyXZ4aluwlas
cnna JencTByeT Ha KaKOW-TO O4HOMN HacToTe, TpaeKkTopna nmeet popmy annunca, KOTOpbIN NMpu onpeaeneHHbiX 00CToq-
TENLCTBAX MOXET NPeBpallaTbCA B OKPYXHOCTb UMK OTPE3OK NPAMON, a BpeMs, Tpebyruleecs LeHTpanbHOM ToO4Ke Bana
A8 COBEpLIEeHna O4HOro nonHOro obopoTa no nnuncy, paBHoO Nepnoay AENCTBUA BbiHyXKaawwen cunel. OgHa N3 Ham-
bonee BaxHbIX NPpUYKH BNOpaumun — aucbanaHc poTopa; B 3TOM Clyvae 4acToTa BO3DYXOeHUsa paBHa 4yacToTe Bpalle-
HUa Bana. OOHako BO3DyXIeHue MOXEeT ObiTb BbI3BAHO WU OPYITMMM MPUUYMHAMM, Hanpumep acuMMeTPUHHOCTLIO
NONEePEeYHOro CeYeHns poTopa; nNpu 3TOM BO3DYXOEHNE NPONCXOOUT Ha YacToTax, KpaTHbIX YacToTe BpalwleHund. Ecnu
BUOpaumna ABnaeTca CneacTBueM, Hanpumep, 4encTBusa HEeYyCTONYNBOrO CamMoOBO3DYXOEHUSA, BUL TPAEKTOPUU YXKE He
OyoeT Takum nNpocTbIiM, @ MOXET U3MEHSATLCS OT Nepunoa K nepnogy n He obasaTensHO NPeacTaBnsaTs CODOY CymmMy rap-
MOHUK KaKon-nnbo 4acToThl. B obiem cnyyae npuuamnHon Bnopaumm MmoxeT ObiTb MHOXECTBO (PakTOPOB, YTO ODYCNOBMNYU-
BaeT MOABNEHNE TPAEKTOPUN CNOXHOM (HPOpMbl, NpeacTaBnamuen coDOM BEKTOPHYIO CYMMY OTKINUKOB Ha OENCTBUE
KaXKAOWM BblIHYXXAIOLWEN CUNbI.

y TpaeKTopusa ABUWKeHUA Bana
x({) K

g

Ocu KoopauHar y (b

O — cpegHee NonoXeHe TpaekTopum; K — MIHOBEHHOE MOMOXEHUE LEHTPa Bana; X, y — CPefHee 3HaYeHUe nepeMeLLeHus Bana;
x(t), y(t) — nameHsawWMeCcs Co BpeMeHeM 3HavYeHnst nepemMeLleHnsi Bana

PUCYHOK B.1 — Tpaektopust gBmxeHust Bana

B.2 U3amepeHnna Budpauum Bana

[Ins noboro yyactka ocu Barna TpaekTopus OBUMXKEHUA MOXET ObiTb onpeeneHa rno pesynbstartaMm N3mepeHun C
NMOMOLWbLIO OBYX A4ATYMKOB BMOpaLUN, YCTAHOBIEHHbIX B Pa3HbiX paaunarbHbIX MIMOCKOCTAX nog yrrnom 90° apyr kK apyry
(pasHeceHne Ha 90° andaeTca npeanoyvTUTEeNbHbIM, O4HAKO HeQONbLUKE OTCTYMNEHUA OT 3TOTO 3HAYEHUA HE NPUBEOYT K
cepbes3HbIiM owmnbkam). Ecnum yron mexay OCAMN YyBCTBUTETBHOCTU JaTUYMKOB CyuleCTBEHHO oTrunyaeTcs o1 90°, Heobxo-
ONMO OCYLLIECTBUTH BEKTOPHOE pasnoXeHne pesynbTaTtoB U3MepPEeHnit o OpToroHansHbiM HanpasneHnam. Ecnu nocpe-
OCTBOM JaTymka U3amMepsaoT abConoTHYO BUbpaLunio, nonyvaemMmasa Tpaektopusa dbyagert npeicTaBnats cob0o abCONOTHYIO
TPaeKTOPUIO Bana, He 3aBUCALLYIO OT BUOpaLnn HEBpaLLAIoUWMXCA HacTen MalmnHbl. ECny nocpecTBOM AaTunka nameps-
10T OTHOCUTENNBbHYIO BUDpauunto, nonyvyaemasa TpaekTopua dyaeT npeacrtapnaTb CODOV TPAEKTOPUIO Bara OTHOCUTENLHO
TOW YacCTy KOHCTPYKLUUY MALLNHbI, HA KOTOPOW YCTAHOBNEH JaTuuk.

B.3 Uamepsiemble napameTpsl

B.3.1 CpeaHee nonoxeHue Bana

CpegaHee 3HaueHune subponepemMellerHns Bana (x, y ), onpeaernsieMoe B CUCTEME ABYX 3a[aHHbIX OPTOrOHamNbHbIX
KOOPAMHATHBLIX OCEN OTHOCUTENBLHO HEKOTOPOUN TOUKM OTcYeTa (pucyHOK B.1), nonyyatoT B pe3ynbTaTe NHTErpUpoOBaHuS
nepemMeLeHns rno BpeMeHN

8
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x= jf’-’ x (t)dt, (B.1)

yo 1 f:z v ()t (B.2)
1

rae x(H) n y(t) — mnameHsaLmnecs co BpeMeHeM 3HaYEeHNs nNepemMeLleHnsa OTHOCUTENBHO LIEHTPa KOOpavHaT;
(L,—t,) — nepuoa BpemeHu, MHOTO DONbLWNI Neproa camon HU3KOHACTOTHON CoCTaBnsaouen Budopaumn.

B cnyvyae namepeHnn abconioTHOW BUOpaLun LEeHTP KOOpAuHaT npegcraBnsaeT cobOM TOUKY, (DUKCUPOBAHHYIO B
npocTpaHcTee. [ng OTHOCUTENLHOW BUDpAaLIMK 3Ta TOYKA COOTBETCTBYET CPEAHEMY 3HAYEHUNIO NOMOXEHUSA LLEHTPanbHON
TOYKN Bara OTHOCUTEIbHO HEBPALLAIOWENCH YaCTy MaLlUnHbI B MECTE, T4 e NPOBOAAT UaMepeHuns. MameHeHns NornoxXXeHns
LEeHTpa KoopanHaT MoryT ObliTb 0DYCNOBNEHbl pAaoM PaKkTOpoB, Cpean KOTOPbIX U3MEHEHNE MOINOXEHNA NMOALLNTNHNKE
(byHOaMeHTa), U3MEHEHNE XapaKkTEPUCTUK CITOSA CMA3KN B NMOALWUNHNKE U T.4., U NTPONCXOOAT, Kak NpaBuno, bonee mef-
NEHHO MO CpaBHEHNIO C NEpPUogamm 4acTOTHLIX cocTaBnaowmx x(t) n y(l).

CrniegyeT OTMETUTb, YTO B ODLLEM Clyyae NONyYeHHOE B Pe3yrbTaTe MHTENPUPOBaHUA NO BPEMEHUN CpeHee Norio-
KEHME MO KaXOOMY U3 HanpasBneHni oTnnYaeTcs OT NONycyMmbl MakCMMarnsHOTO U MUHUMAansHOTO nepemeuleHnit (prcy-
HOK B.2). Mo ecnu Bubpaumsa Bana COAEPXUT €ANHCTBEHHYIO YaCTOTHYI COCTaBMAKLWYIO U U3MEHAETCA NO
CUHyCcOuZanbHOMY 3aKOHY, TPAEKTOPpUs LLeHTpa Barna dygeT annunTnyeckon n cpeHee no BpemMeHu 3HavyeHme B rodom
HanpaeneHuy uamMmepeHun dyaert cornazaTh ¢ NONycymMmMon MakCUMansHOro U MUHUMAaIbHOrO nepemMeLLeHnn.

B.3.2 Pazmax BudponepemeweHuUn

[apameTpamu, npeacTaBnanLMMN NEPBOOHEPELHON NHTEPEC NMPU U3MEpEeHUax Bnbpaumny Bana, aBnaloTca Te,
KOTOPbIE ONUCLIBAIOT (DOPMY €ro Tpaexktopun. Ha pucyHke B.2 n3aodbpaxeHb! TPAaeKTOPUs ABUMXKEHUS Bara n curHarsl BUD-
pauuy, N3MEPEHHbIE C MOMOLLLIO OBYX AAaTUYNKOB A M B, pacnonoxeHHbix nog yrnom 90° apyr K apyry.

I[laTyuk B

y A l

s | CurHan garuvka A

»

o

[laTuuk A
- —

t

CurHan
naTiuka B

X

X, Yy — HENOABWXHAas cuctema koopgmHart; O — cpegHee Nno BpeMeHU NonoxeHne Tpaektopumn opouTtel; X, y — cpegHue 3HaveHus nepe-
MeLleHUn Bana; K -— MIHOBEHHOE MNOJOXeHUe LeHTpa Bana; £ — MosioxXeHue Bana rnpu ero MakCumMarsbHOM OTKITOHEHUU OT CpefHero
NOMOXEHUS; S, — MIHOBEHHOE 3HaueHWe nepemMelleHus Bana; S — MakCumasbHOe OTKIIOHEHWEe Bana OT CPeAHEro NOMOXEHUS;
S a4y Opq — MIHOBEHHbIE 3HAYEHUS NepemMeLleHuy B HanpaeneHUsx n3mMepeHunt faTiunkos A 1 B COOTBETCTBEHHO; S(p — p) max ~ MaK-
cumanbHoe 3HaueHue paMmaxa nepemMeLleHust; S, SE(p _ py— Pa3max nepemMelleH1s Bana B HanpaBeHUsX N3MEPEHUI JaTumn-

PP KoB An B

PucyHok B.2 — CurHane! Bubpauny, COOTBETCTBYIOLLNE ONpeaerneHHON TpaekTopun ABMXKEeHNA Bana

MrHoBeHHO€ 3Ha4YeHne nepemMeleHns Bana OTHOCUTENbHO CPeAHEro NONOXeHNs S, N MTHOBEHHbIE 3HaYEHUs ero
NPOEKLUNY B NNOCKOCTK JaTYNKOB A U B, S,, 1 Sy, CBA3AHbLI MEXAY CODON COOTHOWEHNEM

S% =845 +S%. (B.3)

3Ha4yeHusa S,, S,, N S, DyayT M3MEHATLCA BO BPEMEHW BMECTE C [ABMXKEHWEM LieHTpa Bana no TPaeKkTopuu, v
COOTBETCTBYIOWMNM 0Dpa3omMm byaeT N3MEHATBCH CUTHAI Ha BbIXOE KaXKA0ro garyunka.
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[Tpnmevanune — Ecnu TpaekTopus npeacraBnsaeT cCObon annune, curHans! ¢ 4aTYnKoB Oy4yT YNCTbIMUN CUHYCO-
NaamMum OgHOW 4acToThbl.

Paszmax nepemelleHnss B MnrockoCcTn garumka A, SA(p_m onpeaensioT Kak pasHOCTb MEeXOy MakCUmallibHbIM U
MUHUMAarbHbIM NEpPEMELLEHNAMWN, U3MEPEHHBIMU 3TUM JaTUMKOM. T0 XKe camMoe MOXKHO CKa3aTb B OTHOLWEHUN napameTpa
SB(ﬁ_p) ons patymka B. AcHO, 4TO 3HAaYeHUs SA(p_m U SB(p_p) He DyayT paBHbl U B ODLWLEM Cryyae byayT OTNUYaTbCs OT
aHanornvHbIX N3MEpPEHNn, caenaHHbIX B APYrnx pagnanbHblX HanpaBneHnsx. Taknm obpasom, 3Ha4veHne pasmaxa nepe-
MELLEHNS 3aBUCUT OT HanpapneHusi, B KOTOPOM NPOBOLAT NU3MEPEHNE.

[TOoCKOMbKY namepsaemMmsle napameTpbl He 3aBUCAT OT aDCONIOTHOTO 3HAYEHUA CpeiHero nonoXeHns Bana, B Uame-
PEHUAX CpeaHEero nonoXeHusa HeT HeOOXOOANMOCTM.

SHaAUNTENbHO TPyAHee onpelernuTs MakCumarbHOe 3Ha4YeHne pasmMmaxa nepemMelteHns n COOTBETCTBYILLIEe emMy
YIIIOBOE NONOXEeHWe Bana Ha opbuTte (CM. pUCYHOK B.2). Ha npakTuke aTtoT napameTp annpoKCUMUPYIOT C NTOMOLLBLIO OPY-
'MX napameTpoB, Kaxk ykaszaHo B B.3.2.1 — B.3.2.3. [Ina nony4yeHna bonee TOYHOW OLEHKU Heobxoanmo noapobHoe
nceregoBaHne opmbl TpAeKTOpun, HanpumMmep ¢ NOMOUWbLIO ocumnnorpadga.

B.3.2.1 MeTtog A. CpeaHekBaapaTUYHOE pa3mMaxoB nNepemelleHny, naMmepeHHslX B 4BYX B3aUMHO NepneHanky-
NAPHLIX HanpaBneHnax

3HauveHne S( MOXHO anmnpoOKCUMUPOBATL CIEeAyOLWLNM BbIDaXKEHNEM

S

p—p) max

— 2 2
p—p)max. - \/ SA-(Pmp) f SB(pmp)' 54
BuipaxeHue (B.4) B cnyyae npeobnagaHua B crnekrpe Budbpaumm oDOpOTHON YacToThl DyAEeT, Kak npaBuno, 4aBaTth
3aBbILLEHHYIO OLIEHKY S(p_p)max C MakCumanbHON NorpewHoOCTsI0 npnbnuantensHo 40 %.
MakcnmansHas NOrpeLHOCTL UMEET MECTO B Clnydae KPYyroBon TpaeKkTopuy U nocnesoBaTenbsHO YyMEeHbLIAEeTCs no
Mepe CrnMioLNBaHUS TpaekTopumn, obpallasiCb B HyIMb, KOrga TPaekTopus rnpeppaulaeTcs B OTPE30K NPAMON NMNHUN.
B.3.2.2 Metog B. MakcumanbsHOEe 13 pasmaxos nepemMelteHnn, N3MmepeHHbIX B BYX B3aUMHO NeprneHanKynsapHbIX
HanpaBneHnax
3HaueHne S

MOXHO annpoKCUMMNPOBATL OAHUM U3 CreAYIONX BblPpaXKeHU

S(p—p)max

B 3@aBMCMMOCTY OT TOrO, KaKoe 13 NOry4YeHHbIX 3Ha4YeHUn bornbLue.

BuipaxkeHue (B.5) B crnyyae npeobnagaHns B cnekTpe subpaumy 0bopoTHOM YacToThl DYZET, Kak npaBuno, 4aBaTth
3aHWXEHHYIO OLIEHKY S(p_p),max C MakCMMarnbHOW NOTPELHOCTLIO NpnbonuanTensHo 30 %.

MakcnmanbHasa norpeLlHoCTs UMEET MECTO ANA TPAEKTOPUM B BUAE OTPE3Ka NPAMON NUHNU U nNOCneaoBaTernbHO
YMEHbBLLUAETCH NPU CTPEMITEHUN DOPMBbI OPBNTLI K OKPYKHOCTI, NMpeBpallasiCb B HYIb ANS1 YNCTON OKPYXKHOCTM.

B.3.2.3 Metog C. MisamepeHue S_ .

MrHoBeHHO€E 3Ha4YeHne nepemMelleHns Bana S, BblUMCNAIOT NO pesynbTartam U3MepeHnit S,, U S, COrnacHo pop-
myne (B.3). 3HaueHne S, DygeT MakcmanbHbIM, KOTAa LEHTP Bana HaxoanTcs B ToYKe P (CM. pUCYHOK B.2). 3T0 3Haue-

HMe 0Bo3HaualT S . Y BbIYUCNAIT No opmyne

p—pimax

oo SA(p----p) NT11A S( o SB( (BS)

p—p)max p—p).

Smax — [81(t)]max — \/[SA (t)]z + [SB (t)]z . (5.6)

_ “Mmax

Touka TpaekTopuu, CooTBETCTBYIOWaAsA S , He 00A3aTenbHO JOMKHA COBNafath C TOYKON, B KOTOPON S, U Sp
NPUHUMAIOT MakCMManbHble 3Ha4YeHUs. [Ins KaxXaon KOHKPEeTHOW TpaekTopumn CyLeCcTByeT OHO 3Ha4YeHne S, ., KOTopoe
HE 3aBUCUT OT NMONOXEHNN JaTYNKOB BUOpaLNY NMPpn YCINOBUN, YTO NONOXKEHNE LIEHTPA KOOPANHAT OCTAETCA HEN3IMEHHDBIM.

3HayeHune S( MOXHO annpoKCUMUPOBATL CrNeaylo LM BblpaXeHnem

S(p—pimax = 2Smax- (B.7)

BoipaxkeHue (B.7) gaeTt TOUHOE 3HAYeHue, Koraga Bnbpauns CoaepXXuT TOMNbKO O4HY YaCTOTHYIO COCTaBNAIOLWYI0. B
DONbLUMHCTBE APYIUX CryyaeB BblpaXXeHne DyaeT 4aBaTbh 3aBbILIEHHYIO OLeHKY S KOTOpas byaeTt 3aBuUcCeTb OT
rapMOHMYECKOro cocrtapa Bubpauunmy.

CnegyeTt OTMETUTb, YTO ANA onpegenexdna S . HEOOXO4MMO 3HaTh CcpefiHee No BPpeMeHu 3HaveHne nepemMeltie-
Hust Bana. Takum obpa3som, namepeHve S . BO3MOXHO TOINbKO NPy NOMOLLM U3MEPUTENbHBIX CUCTEM, KOTOPbIE NOMUMO
N3MEHSIIOWNXCA CO BpEMEHEM NAPaMeTPOB MOTYT U3MEPATL U UX cpeHee 3HavYeHne. Kpome Toro, BblvnucneHume S .. Ha
OCHOBE CUTHaroOB, CHATbLIX C ABYX AATYMNKOB, NPeacTaBnsaeT cobon OTHOCUTENBHO CINOXHYIO BLIYNCITUTENBbHYIO Npoueay-
Py, TPEOYIOWYIO NPUMEHEHUS cneunanbHON annapaTtypsbl.

p—p) max

(p—p)max’

10
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[MpunoxeHue C
(pekomeHayemoe)

Cpencrea UsMepeHumn, NCNomb3yeMblie NMpu U3MmepeHnsX OTHOCUTENbLHOU 1 abConTHON BNOpauun
Bana

C.1 Obwume nonoxeHus

[1pn namepeHnax nonepevyHon sndpaunmy sana odbIYHO NCTONB3YIOT TPY BUAA U3MEPUTENbLHBIX CUCTEM, KaXO bl 13
KOTOPbLIX ObecneymBaeT U3MEPEHUS B O4HOM UMY B ABYX HanpaBneHnsax. B nameputensHyo cuctemMmy O4HOro Bua BXo-
OAT DECKOHTAKTHbIE JAaTUMKK, U3MEPSAIOLLIME OTHOCUTESbHbLIE NEPEMELLEHNA MEXY BallOM U NOLLINMTHUKOM; B U3MEPU-
TENbHYIO CUCTEMY APYroro Buia — CoOYEeTaHue 30HOOB C AaTYMKaMy MHEPLIMOHHOIO Tuna ans namepeHnsa abdbcontoTHOro
nepemMelleHVa Bana; UsmMepuTernbHble CUCTEMbI TPETHLENO BUa obecneunBaloT namepeHne abCconoTHOroO nepemeLleHns
Bara CrioXeHneMm BbIXOLHbIX CUTHAIOB C JaTYNKOB OECKOHTAKTHOTO U MHEPLIMOHHOTO TUNA, YCTAHOBMNEHHbIX HA KOHCTPYK-
LMY MalLUHbLl (HanpuMmep Ha Kopnyce noALnnHuKa).

[TpumevyarHune — B npumepax, npusesieHHsiXx B C.2—C .4, paCCMOTPEHO NPUMEHEHWE [IBYX JaTYMKOB, PaCnono-
XKEHHbIX B O4HON NMOCKOCTU, NEPNEeHaNKyNapHON K ocu Bana, nog yrnom 90° apyr k apyry. OgHako B page criyyaen ObiBaeT
JOCTaTOYHbIM NMPOBOANTL U3MEPEHUA B OLHOM HanpasneHuu (cm. 3.3).

C.2 Cuctema uaMepeHN OTHOCUTENBHOTO ABUXEHUA (AaTYUKU DECKOHTAKTHOro Tuna)

NameputenbHas cucrema, NCnonb3yemasi npu namepeHusix sumxXeHnst Bana OTHOCUTEIbHO 3NMeMeHTOB KOHCTPYK-
LMY MalLvHbI (Hanpumep Kopnyca noglwunHuka), npueeaeHa Ha pucyHke C.1. Cucrema coCctonT 3 DECKOHTAKTHOTO AarT-
YnKa, YCTPONCTBA COrMacoBaHUSa U CUNTBIBAKLWLEND YCTPONCTBRA.

1 — BAaTYUK BECKOHTAKTHOIO TUNA; 2 — YCTPOUCTBO COrMacoBanus; 3 — CYUThiBaKLLee YCTPOUCTBO; 4 — BOMOMNHUTENbHBIE BRIXOAb! BNA
CUCTEM aHanms3a u KoHTpons; S — Ban

PucyHok C.1 — CxemaTnyeckoe naodpaxeHne cuctemMbol UsMepPEeHNin OTHOCUTESBHOMO ABMXEHUA C NCTONb30BaHNEM [aT-
UMKOB DECKOHTAKTHOrO Tuna

Bo BpemMs nepeBOon yCTAHOBKW SaT4MKa XKenaTerbHO NPOBECTU Ha MECTe KanubpoBKY €ro BbIXOAHOro curHana B
3aBUCUMOCTN OT pasHblX 3HaveHu 3asopa. Cnegyet OTMETUTb, YTO AN Pa3HbIX PEXUMOB paboTbl MalnHbl cpegHee
3HaAYEeHWe 3a30pa MOXET U3MeHATLCA. [ToaTOMY HeobXxoanMo yoeanTbes, 4TO B NIOOOM peXxnme gatuuk paboTaeT B npe-
aenax NMMHENHOro gnanasoHa n3amepeHnn.

[Tpn namepeHnsx ¢ NOMOLLLIO DECKOHTAKTHOrO JaTtyuka crieayeT ybeanTbCs, YTO €ro BbIXOLHOW CUrHar 3aBUCUT
TONbKO OT BUDpaLIMM Bana y 4To Ha TOYHOCTL U3MEPEHUN HE BNUAET HANMUne Haxoasawmxes nodbnmsoctTn npoBoaALLMX
Marepuanos NN MarHUTHbIX NOTEN.

PekomeHayeTtcs, 4yToDbl nameputenbsHasa cuctemMa obecneymparna BO3MOXHOCTb U3MEPEHUN KaK NEepPEeMEHHbIX 3Ha-
YEeHUN NepemeuleHny BO BCEM 3a4aHHOM ananasoHe 4yacToT, TaKk U CpeHero nonoXeHusa eana OTHOCUTENbHO ONOPHON
KOHCTPYKUMN. ITO NO3BONAET BbIOpATh HYXXHOE CpeiHEee 3HaYeHMe 3a30pa N OLEeHUTL DMEeHNA Bana Ha HU3KUX CKOPOCTSX,
KOTZ4a noBefeHne Cros CMaskn CTabunNbLHO, a LLeHTPOOEXHble 3PMEKTbI HEZHAYNTENbHDI.

N3amepeHne OTHOCUTENbHbLIX NepeMeUlleHN JONycKaeTCcs NPOBOANTL U C NOMOLWbLIO APYIrMX CUCTEM, Hanpumep C
MOMOLbIO JAaTYNKOB-30HA0B.

[TpumevaHune — lpnunHtepnpetTaumum pes3ynsTatoB U3mMepeHny bUueHny cnegyeTt UMEThL B BUAY, UTO HA HUX MOT-
N OKasartb BIUAHNE, Hanpumep, BpeMeHHbIN Npornbd potopa, HeyCTONUMBOE ABMKEHWNE LWENKN Bana B 3a30pe NOLLWUNIHU-
Ka, OCEBbIE NepeMelleHns Bana v ap.

C.3 Cucrema namepeHuun abconwTHoro aopuxeHuA (BaTYnKkmn-30HAbI B COYETAHUM € AAaTYUKAMUM UHEPLUNOH-
HOro TMna)

NameputenbHas cuctema, ncnonb3yemas ans mamepeHun abconiTHOroO ABMXKEHUA Bana, npuBeaeHa Ha PUCYH-
ke C.2. Cucrtema COCTOUT M3 UHEPLIMOHHOTO AaTumka (4aTUMK CKOPOCTU UK akcenepomeTp), YCTaHOBNEHHOTO Ha Aar-
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1 — BAaTUYNK-30HL; 2 — BATYMK UHEPLIMOHHOIO TUNA; 3 — YCTPOUCTBO COMMAacoBbiBaHUS,; 4 — CYUTbIBAKOLWLEE YCTPOUCTBO; & — LONOMHU-
TerbHbIE BbiIXO4b! NS CUCTEM aHANM3a U KOHTPONs; 6 — 3NeMeHTbl KOHCTPYKUUK MallWUHb, 7 — Ba7l

PucyHok C.2 - Cxema CUCTEMbI N3MepeHUn abCcontTHOro ABUXEHUS C UCTMOMb30BaHUEeM JaTYUKOB-30HAOB U 4AaTYUKOB UHEPLUOHHOIO
TMNa

UNK-30H[, ONMOPHON CUCTEMbBI JaTUMKa-30H4a, obecneunBalowen BO3MOXHOCTb HAKOHEUYHNKY 30HAa TOYHO CnegoBaTth 3a
ABMKEHMEM Bana, N CYNTLIBAKOLWETO YCTPONCTBA.

[TpumevaHune — Npn nOMOLLN IAHHON CUCTEMbI HEMb3A NPOBOANTL N3MEPEHNA CPELHETO NOMOXEHNS Bana oOT-
HOCUTENbHO KOHCTPYKLMY MALLUHbI.

MexaHnam 30H4a SOIMKEeH TOYHO nepefaBarts KonebaHua Bana Ha MHEPLIMOHHBLIN JaTynkK, He onycKkaTs apebesxa-
HUS 30H4a, a €ro CODCTBEHHbIE YaCTOThl HE JOIMKHbI NCKaXKaTb pe3ynbTaTbhl 3MepeHuy Bubpauum Bana B 3agaHHOM ana-
NnasoHe 4acTor.

BoixogHONW curHan gartymka MHEPLMOHHOro Tuna AOIMKEeH NpoXoAuTb Yyepes yCTPOUCTBO COrmacoBaHUs, KOTOPOE
obecneunBaeT TOYHOE U3MEPEHNE NepemMeHHOro 3HavYeHus nepemMeuleHns sana.

C.4 CucremapgnfauamepeHunsa abconioTHOro ABMXeHUA (coueTaHme 4aTYMKOB DECKOHTAKTHOIO U MHEPLMOHHOI O
TUNOB)

MamepuTtenbHasa cuctema, nCnorb3yemMmas ans namepeHnin abconioTHOTO ABUMXEHUS Barna (KOTOPYI MOXHO, KpoOMe
TOrO, NPUMEHATHL ANA N3MEepPeHnUsa abCoNTHOTO ABWXKEHUA KOpryca NOALNMHUKA N OTHOCUTENLHOTO OBMXEHNA Bana),
npuBegeHa Ha pucyHke C.3. Cuctema COCTOUT U3 DECKOHTAKTHOTO AaTynka OTHOCUTENBbHOIO NepemMeLleHns, UHEPLINOH-
HOTO Jartymka (JaTumka CKOPOCTU WU akcenepomeTpa), YCTPONCTBa COrmacoBaHna U CUNTHLIBAKOWETO YCTPONCTBA.

6

IS 1y,
\* r ..... — /
2 N ] - -/
[

T — BaTUNK UHEPLUUOHHOTO TUNA, 2 — AaTynuKk BECKOHTaKTHOro Tnna; 3 — yCTPOUCTBO COrMnacoBaHus; 4 — CYUTbiBaKLWee YCTPOUCTBO;
S — DOMONHUTENbHbIE BbiXO4b! A% CUCTEM aHanus3a u KOHTpons; 6 — snemMeHTbi KOHCTPYKUMU MalUWHbi; 7 — Bar

PucyHok C.3 — Cxema cucTembl namepeHnin abCconTHOro ABMXKEHNA C UCNONb30BaHNEM JAaTHNKOB DECKOHTAKTHOIO U
NHEPLIMOHHOTO TUNMOB
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Oba gaTtymka JOMXKHbI ObiTh YCTAHOBIEHLI HA ODULEN XXEeCTKON onope pAaaoMm pyr ¢ Apyrom, 4tobbl obecneunTs
BO34ENCTBNE HA HUX O4HON U TOW e BUOpaLuny 3remMeHTOB ONOPHON KOHCTPYKLUUN MALLUWHbI, U TAKUM 0Dpasom, YToDbI UX
OCU YYBCTBUTENBHOCTY DbInu napannensHbl Mexay cobon.

LHacTb cucTtembl, BKMO4YawLWlasa gatyumkn DeCKOHTaKTHOro tTmna, aHanornvHa ykasanHHom B C.2 n obecneumBaeTt
BbIXOOAHOWN CUrHan, nponopumoHansHbliM OTHOCUTENBHOMY MepeMeLlleHnIo Bana, a Takke BO3MOXHOCTh YCTAaHOBNEHUSA
HeoDX0o4MMOro 3a3opa. BuIXO4HOW curHan ABMAETCH pe3ynbTaToOM CINOXEHUA OBYX ABVXXEHUN: ABMXEHUSA Bana N OBUNXe-
HUA 3NeMeHTa KOHCTPYKLINY, Ha KOTOPbIN YCTaHOBNEH DECKOHTAKTHLIN AaTHuK.

BbIXOQHOM CUrHAmM MHEPLMOHHOMO gaTymnka, NPONoOpPLMNOHalibHbIN OABVMXKEHUIO 3NIeMEeHTa KOHCTPYKLIMU, Ha KOTOPbLIN
OH YCTAHOBNEH BMeCTe C DECKOHTAKTHLIM JaTUYMKOM, NOABEPraT COOTBETCTRYIOWEN 0DpaboTKe ANsg NOny4YeHnsa CUrHa-
na nepemeuleHna. F'locrne aToro curHan CyMmMupyrtoT B BEKTOPHON (DOpME C CUrHarnom BeCcKOHTaKTHOro gartyuvka, obecne-
ynBad TOYHOE U3MepeHue abConTHOrO ABMXeHUA Bana. CrnegyeTr OTMETUTb, YTO KaXObli 3NEeMEHT U3MEepPUTENbHON
CUCTEMbBbI MOXET UCKaXaTb aMNIMUTYyAHblE N (DA30BbIE COOTHOLWEHUS UCXOLAHbIX CUTHANOB, NO3TOMY Nepel BEKTOPHbIM
CITOXXEHNEM CUTHAIIOB OHU AOIMKHbI DbITh COOTBETCTBYIOLWLNM ODPA30OM CKOPPEKTUPOBAHLI. Flpy noMowm gaTyumka NHepLm-
OHHOTO TUMA MOXHO TakKXe M3mepAaTb abConTHYID BUOpAaLMIO HEBPALALWETOCA 3NeMeHTa KOHCTPYKUMK (Hanpumep
KOpnyca nogLlnnHuKa).

HaHHaa nameputenpHaa cuctema AgonxHa obecrneyvmBaTh CHUTbIBAHME CpedHEero 3HadeHUa MOonoXeHusa Bana
OTHOCUTENBHO OMNOPHON KOHCTPYKLIMY U NEPEMEHHbLIX 3HaAYeHUN abCOMTHOrrO nepemMeLlteHnsa Barna, KoTopoe apnaeTcs
CYMMOU abCOIMIOTHOrO ABUXEHUA ONOPHON KOHCTPYKLNU U OTHOCUTENLHOTO ABVXEHUA Bana.
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[MpunoxeHue D
(cnpaBouHoOe)

BekTopHbi aHanni nsMmeHeHu B curHarne subpauyuu

B nipnnoxexunn A npuBeeHbl KPpUTEPUN OLLEHKN COCTOSIHUA HA OCHOBE U3MEpeHu napameTpa Bnbpauum Bana B
YCTaHOBUBLLEMCSH peXmme paboTbl MalnHbI N NMIOOLIX USMEHEHNN 3HaYEeHNN 3TOro napameTpa. O4HaKo HEKOTOPbIE N3Me-
HEHNA B COCTOAHUUN MdlLIUHBbI MOXHO BbIABUTHL TOINBKO C MTOMOLWLBIO BEKTOPHOTO aHAINN3d OTAENbHLIX HYAaCTOTHBIX COCTABIA-
IOLLMX BUDpaumnm.

D.1T Obwume nonoxeHunA

Obwunn cTaumoHapHbi curHan BuOpauuy, naMmepeHHbIi Ha BpallalolweMcs Bany, MMeeT CIOXHYI0 npupoay W
COCTOUT U3 pAfa OTAENbHLIX YACTOTHBLIX COCTaABNAKLWNX. KaXdas n3 COCTaBNAWMNX onpeaenseTcs cBoen CODCTBEHHON
4YacTOTOWU, aMIIIUTYA0N N Pa3on OTHOCUTENBHO HEKOTOPOK 3a4aHHON TOUKM oTcHyeTa. ObblMHOEe 0bopyaoBaHme ana Buo-
PALMOHHOTO KOHTPOIA N3MepsieT 3HavyeHne obulero curHana Bmbpauny, He pasgenss ero Ha OTAelbHble YacTOTHbIE
cocTanawwme. OQHaKo NCNONbL30BaHNe COBPEMEHHOTO ANArHOCTUHECKOTO 000pYyaOBaHNA NMO3BONAET MPOBOAUTL aHa-
N3 CIMOXHOTO CUrHana n onpeaensaTs aMmnnuTyay n asy Ka)Xaom CoOCTaBnsAouen.

MameHeHna OTAENbHbIX COCTaBNAWMX, KOTOPbIE MOTYT ObiTb BECbMa 3HAYNUTENbLHLIMW, Nerdye ODHapYXnUTh,
Habnogas 3a N3AMEHEHVEM COOTBETCTBYIOLLETO BEKTOPA, HEXENN 3a U3MEHEHNEM BUDpaLumn B LLIMPOKON NOOCe 4acToT.

D.2 BnaxHocTb npeacraBneHna MHpopmMmaumm B BEKTOPHOM BUAe

Ha pucyHke D.1 npuBegeHa gnarpamma B nonapHbIX KoopAuHaTax, Kotopasa UCnons3yeTca 4na O4HOBPEMEHHOTO
OTOOpaXKeHnsa B BEKTOPHON popme aMnnuTyabl M pasbl OOHON U3 YaCTOTHbBIX COCTaBNAIOLWLNX CITOXHOTO curHana snopa-
Linn.

BexTop A, COOTBETCTBYET MCXOLHOMY BUOPALIMOHHOMY COCTOAHMIO B YCTAHOBUBLLEMCS PEXMME, T.€. B 3TOM PEXKMU-
Me amnnnuTyga subpauun paeHa 30 Mkm, a pasza — 40°. Bektop A, cOOTBETCTBYET BUOPALIMOHHOMY COCTOAHUIO, KOT4a B
MallHe NPOU3OLLNU HEKOTOPbIE U3MEeHeHUs,; amnnutyga snbpauum pasHa 25 Mkm, a pasza — 180°. Takum obpasom,
XOTA aMnnuTyga BuOpaLmum ymeHbLUUNach Ha 5 MKM, UCTUHHOE U3MeHeHue Bubpauun npencraBnaeT Bektop A,—A.,
nveruwmnn amnnutyay 52 mkm, 1.€. B 10 pas Bbilue, 4em npu NnpoCcToOM CpaBHEHUN aMNNUTyA.

OTOT NpUMep UINIMOCTPUPYET OrPaHNYEHHOCTb KPUTEPUS OLIEHKN COCTOSIHUS MO U3MEHEHUIO YPOBHSA Bubpaumy,
OCHOBbLIBAIOWLEroCs Ha U3MEPEHUAX TOMbKO aMrnnuTya snopaumn.

D.3 KoHTpOnb 3a U3MEHeHUeM BEKTOpPOB Budbpauuu

[Tpumep, npuBeeHHbIN B D.2, NOKasbiBaeT BAXXHOCTb OnpeaerneHna U3MeHeHUY BEKTOPHbLIX COCTaBNAIOWMNX CUTHA-
na subpaumn. OgHako odLwmn curHan Bubpaumm MoxXxeT BKIMIoYaTbh B ceD5 MHOXECTBO YaCTOTHbIX COCTaBMAIOLWMX, U YKa-
3aHHbIE U3MEHEHNST MOTYT HAbNo4aTLCA AN KAXKA0N N3 HUX. KpoMe TOTo, KONUYEeCTBEHHbIE N3MEHEHUS, HE [ONMYyCTUMbIE
4Nst OAHON YaCTOTHOM COCTaBIMAKLWEN, MOTYT OKa3aTbCH BNOMHE NnpueMremMmbsimuy anga gpyron. Nostomy B HacTosiulee Bpe-
MSA HEBO3MOXHO YCTAHOBUTb KPUTEPUN OLIEHKN BUOPALIMOHHOTO COCTOAHUA MO U3MEHEHUSAM BEKTOPOB OTAElNbHbIX Yac-
TOTHBLIX COCTaBIMAOLWMNX, KOTOPbIE COOTBETCTBOBANMN Dbl 3a4a4amM HACTOALWLEro CTaHAapTa, NpeaHasHa4vYeHHoro, B NepByto
ouvepelb, AN KOHTPONSA BUDPaLMOHHOIO COCTOSAHUA HecneumanmcTtamm B obnactn snbpaumn.
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