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Mpeaucnosue

1 NOArOTOBNAEH OTkpbITbIM aKUMOHEpHbIM obWecTBOM «HayuHo-uccneaoBaTenbCkMin  LEHTP
KOHTPONA 1 AnarHoctTukn TexHudecknx cuctem» (OAO «HUL KO ») Ha ocHoBe cob6CTBEHHOrO NepeBoaa Ha
PYCCKNIA A3bIK aHrNOA3LIYHOW BEPCUN MEXAYHaPOAHOro cTaHaapTa, ykazaHHOro B NyHkTe 4

2 BHECEH TexHu4yeckum komMuteTom no ctaHgaptusaumm TK 183 «Bubpauums, yaap U KOHTPOMb Tex-
HUYECKOrOo COCTOAHUS

3 YTBEP)XOEH W BBEAEH B AENCTBWE Mpukasom deaepansHOro areHTcTea no TeXHUYECKoMy
perynupoBaHnio  MeTposiornn ot 24 Hosi6psa 2016 r. Ne 1769-ct

4 Hacroswwnn ctaHaapT naeHTU4eH mexayHapoaHomy ctaHaapty UCO 13373-3:2015 «KoHTponb
COCTOAHUS U ANArHOCTUKa MawwnH. BUbpaumnoHHBIN KOHTPOMbL cocTOAHNA MalwuH. YacTe 3. PykoBoacTeo no
AnarHoctTupoBaHuio no napameTpam Bubpauuny (1ISO 13373-3:2015 «Condition monitoring and diagnostics of
machines — Vibration condition monitoring — Part 3: Guidelines for vibration diagnosis», IDT).

Mpu NnpumMeHeHUN HacToAWero cTaHaapTa peKkoMeHayeTCA UCNONb30BaTb BMECTO CChIMIOYHBIX MeXAy-
HapoAHbIX CTaHAAPTOB COOTBETCTRYIOLME UM HaLMoHanbHble cTaHaapTbl Poccuiickoin deaepaunm u Mexro-
CyAapcTBEHHble CTaHA4apThl, CBeAEHUS O KOTOPbIX NPUBEAEHbI B 4OMNONHUTENBHOM NpunoxeHui QA

5 BBEJEH BMNEPBbIE

lpasuna npumeHeHuUs1 Hacmosiwe20 cmaHdapma ycmaros/eHbl 8 cmamee 26 ®edepasibHO20 3aKoHa
om 29 uioHs1 2015 2. Ne 162-@3 « O cmaHd0apmu3auyuu e Poccutickoll @edepayuuy. VIHghopmayus o6 usmeHe-
HUSIX K HacmosiweMy cmaHdapmy nybiiukyemcs 8 exxe200HOM (10 COCMOSAHUI0 Ha 1 AH8aps mekyuie2o 200a)
UHhbopMayUoHHOM yKasamersie « HayuoHanbHbie cmaHdapmel», a ohuyuarbHbill mekcm uaMeHeHul u rornpa-
80K — 8 E€XEMECSIHHOM UH(hOpMaUUOHHOM ykasamerne «HayuoHanebHbie cmaHOapmbi». B criydae nepe-
cMompa (3aMeHbl) unlu omMeHbl Hacmosiuez2o cmarHOapma coomeemcemesyiouwjee ysedomrieHue 6ydem
onybnukosaHo 8 briuxaliem 8biflyCKe exXeMecsa4Ho20 UHEOpMayUoHHO20 ykaszamerns «HauuoHanbHbie
cmaHOapmebi». Coomeemcmeyoujasi UHhopmayusi, yeeOoOMIIeHUEe U MeKCmbl pa3Meljalomcss makke 6
UHgbopmayuoHHoU cucmeme obujeao Nnons308aHus — Ha othuyuansHom calime PedepalibHO20 azeHmemea
10 MeXHUYECKOMY peaysiuposaHuro U Memposioauu 8 cemu ViHmepHem (wWww.gost.ru)

© CraHgapTuHdopm, 2017

HacToswuit cTaHgapT He MOXeT BbITb MOMHOCTHI0 UMW YacTUYHO BOCMPOU3BedeH, TUPAaXUPOBaH 1 pac-
NpPOoCTpaHeH B ka4yecTBe othuLManbHOro u3faHus 6e3 paspelueHnss deaepansHOro areHTCTBa Mo TEXHUYeCcKo-
My perynMpoBaHunto U METPOIOrM
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BBepeHune

HacTosilwmin ctaHaapT yctaHasnvMeaeT obLyme npoueaypbl, MpuMeHsieMble Npu opraHnaaunm QnarHoctu-
pPOBaHMS MaLUWH Mo NnapameTpam BuGpauun. 3TM nNpoLeaypbl BKIOYAOT B ceba aHanna CTPYKTYPHBIX CXEM
OVNarHoCTMpoBaHua, TabnuL, NpoLeccoB U HenCnpaBHOCTEN U 0606LLEHLI B BUAE NOTUYECKN CTPYKTYPUPOBaH-
HOW nocregoBaTeNbHOCTU LWAaros Mo AUarHoCTMPOBaHMIO MallnH No napameTtpam Bubpauun. BmecTe ¢ Tem
PYKOBOACTBO, YCTaHOBMEHHOE HACTOALLMM CTaHAApPTOM, He UCKIoYaeT BO3MOXHOCTb NPUMEHEHUs ApYruxX
NOAXOAO0B K AUarHoCTUPOBaHUIO.

B ctangapTtax cepun UCO 7919 (ana uameperunin Bubpaumn Ha Bpawatowmxcsi Banax) nlACO 10816 (ans
n3MepeHuit BUGpaLmmn Ha cTaLMoHapHbIX 4acTaxX MalluH) YyCTaHOBMEHbI KPUTepUM OLEHKM BUGpaLMmM U 30HbI
BMOPaLIMOHHOrO COCTOAHUSA ANl MaLUWH PasHbIX BUAOB U PasMepoB, Kak HOBbIX, Tak U Haxo4sALWwMXcs B 3KCMy-
aTauuu gnuTenbHoe BpeMs.

B NCO 13373-1 npeacTtasneHbl OCHOBHbIE MpoLeaypbl, UICNoMb3yeMble Npy aHanuse BUBpaLMoHHbIX
CUTHaroB B LLensiX KOHTpoIsA cocTossHUA. OHun BKItovatoT B cebsi BbIGop npeobpazoBaTenein U MecT X pasme-
LLeHWA, a TakKe AnanasoHa YacToT M3MePEeHNA ANst MalLWH pasHblX BUAOB, BIOOp B1aa KOHTPONsA BuGpauum
(HenpepbIBHOrO UMM NEPUOANYECKOr0), aHanns noTeHuuanbHbIX Nnpobnem B paboTe MalUMHbI.

BUNCO 13373-2, koTopbl ABMNSIETCA BBOAHBIM PYKOBOACTBOM MO ANArHOCTUPOBaHMUIC, paccMaTpusarTcs
Takuve acnekTbl, Kak XxapakTepucTuku cuctembl hOpMUPOBaHNUS CUrHaNa, MeToabl NpeacTaBeHnss curHana
BUMBpaLMK BO BPEMEHHOI M YacTOTHOM 06NacTsiX, XapakTepHble (hopMbl CUrHaNoB U NPU3HaKKU, KOTOPBIM MOTyT
1 COOTBETCTBOBATb TUMNYHbIE HEUCNPABHOCTY MM 0CO6EHHOCTN paboTbl MaLUMHBI.

PykoBoacTBo, yCTaHOBMEHHOE B HAcTosILWLeM cTaHAapTe, pacnpocTpaHsaeTCs Ha MallWHbl BCeX BUOB.
Bonee geTancHble pekoMeHaaunmM MOryT 6bITb AaHbl B ApYrX cTaHA4apTax AMs MallWH OTAeNbHbIX BUAOB.

HacTosiwmin craHgapT He ycTaHaBnuBaeT rpaHul, 30H BMOPaLMOHHOrO COCTOSAHWUA. Takue rpaHuLbl
ycTaHoBneHbl B cTaHgapTax cepun UCO 7919 ans napameTpoB BMGpaLMi BpaLlatoLWMXCa BanoB U B CTaH-
JapTtax cepum MCO 10816 ansa napameTpoB BUOpaLUn Ha CTaLNOHAPHBLIX YaCcTAX MaLluH.
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HAUMWOHANBbHBIU CTAHAAPT POCCUUCKOW @SEREPALUMU

KoHTponb cocTosiIHUA 1 AUarHocTKa MaluH
BUBPALIUOHHBLIA KOHTPOJb COCTOAHUA MALLIMH
YacTtb 3
PykoBOACTBO NO AUarHOCTMPOBaHUIO No NapameTpam BUGpauun

Condition monitoring and diagnostics of machines. Vibration condition monitoring.
Part 3. Guidelines for vibration diagnosis

Dara BBegenna — 2017—12—01

1 O6nacTb NnpUMeHeHus

B HacTosLweM cTaHOapTe npuBeaeHo obllee pyKoBOACTBO MO npoueaypaM, NpUMEHSAEMbIM B Lensx
AVarHoCTUPOBaHMUS MallVH BpallaTerbHOro AeACTBUA, UCMOMNb30BaHNe KOTOPOro obecneynsaeT NOrMYecku
CTPYKTYPUPOBAHHBIA NOAXOA K AMArHOCTMPOBaHWMIO 3TUX MalUMH No napameTtpam BuGpauun. PykoBoacTBo
[OMOMHeHo NpUMepaMu HEUCTIPaBHOCTEN, TUMMYHBIMA AS1S1 LUIMPOKOTO Knacca MaluuH.

MpumedaHue— PykoBoacTBa Afsi MAalWMH KOHKPETHLIX BUOB YCTAHOBMEHbI APYIMMN CTaHaapTaMm cepumn
NCO 13373.

2 HopmaTuBHbIe CCbINKKU

B HacTosLeM cTaHgapTe NCNoMb3oBaHbl HOPMATUBHbBIE CCLINIKWN Ha cneaylolme cTaHaapThl:

ISO 1925" Mechanical vibration — Balancing — Vocabulary (BuGpauus. BanaHcuposka. Criosapsb)

ISO 2041 Mechanical vibration, shock and condition monitoring — Vocabulary (Bubpauus, yaap u
KOHTPOIb cocTosiHUSA. CrioBapb)

ISO 7919-1 Mechanical vibration of non-reciprocating machines — Measurements on rotating shafts and
evaluation criteria — Part 1: General guidelines (Bubpauus mawunH 6e3 BO3BpaTHO-NOCTYNATENLHOMO ABU-
XeHusi. MamepeHus Ha BpallaroLmxcs Banax n kpurepum oueHkun. Yactb 1. Obuiee pykoBoACTBO)

ISO 13372 Condition monitoring and diagnostics of machines — Vocabulary (KoHTponb cocTosHus 1
AvarHocTuka MaluvH. Crnosapsb)

ISO 13373-1 Condition monitoring and diagnostics of machines — Vibration condition monitoring —
Part 1: General procedures (KOHTpOMb COCTOAHMA U AUArHOCTUKa MaLNH. BUOBPpaLMOHHBIA KOHTPOSb COCTOS-
HuA. YacTb 1. O6wme meToab!)

ISO 13373-2 Condition monitoring and diagnostics of machines — Vibration condition monitoring —
Part 2: Processing, analysis and presentation of vibration data (KoHTponb coctoaHusa n guarHoctuka mawumH.
BnbpaunoHHbIA kKOHTPONb cocTosHNA. YacTb 2. O6paboTka, aHanu3 U NpeAcTaBrneHue pesynbTaToB U3Me-
peHnii BUGpauun)

3 TepmuHbI 1 onpeaeneHus

B HacTosilem cTaHgapTe npumeHeHbl TepmuHbl no UCO 1925, UCO 2041 M CO 13372.

" Mocne nepecmoTpa AaHHOMY MeXAyHapoaHoMy cTaHaapTy 6yaet npucsoeH Homep ISO 21940-2.

U3panne opnumnansHoe
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4 U3mepeHun

4.1 U3mepeHus BuGpauum

PesynbTaTbl NpuMeHeHUst npoueayp, YCTaHOBMEHHbIX HacTOALWMM CTaH4apToM, 3aBUCAT OT TOro,
HacKoNbKO HaAeXHbLIMU SABMSAOTCS U3MepeHNs napameTpos Bubpauun (cMm. [1]).

B o6Lem criyqae nsmepeHus BUbpaLmm BbiBatoT Tpex BUAOB!

a) U3MepeHUst Ha KOHCTPYKTUBHO HEnoABWXKHbIX YacTAX MallvHbI, TakuX Kak NoAgLIMNHUKOBas onopa,
Kopryc nnu doyHAaMeHT MaLlWHbl, C UCMOMb30BaHUEM, HanpuMep, akcenepomeTpos unu npeobpasoBaTtenen
ckopocTu (cMm. [6]);

b) namepeHns oTHOCUTENLHOrO ABUXEHWS poTopa M NOAWWNHUKOBOW ONOPbl C UCMONb30BAHUEM,
Hanpumep, 4aT4MKoB BUBpaLum 6eckoHTakTHOro Tuna (cm. [91);

C) M3MepeHusi abCoMOTHOrO ABWXKEHUA BPaLLAOWMXCH 31€MEHTOB, Hanpumep, ¢ UCMoSb30BaHNEM
NPWXKMMHOIO LWyna ¢ AAaTYMKOM WHEPUMOHHOIrO TUna WAM NocpeacTBOM CoveTaHUsA CPEeACcTB U3MEPEHUN,
yKasaHHbIX B nepedncneHmsx a) ub) (cm. [9]).

YKasaHHble B1Abl U3MEPEeHUn UCNONb3YIOT ANA OUEHKU BUBPALIMOHHOrO COCTOSIHUSI MaLUWH, Hanpuvep,
B COOTBETCTBUM CO cTanAapTamu cepui [7]n [8].

Ba)kHO noHumaThb, 4To ANA obHapyXeHUA HencnpaBHOCTEN pa3HbIX BUAOB B Pa3HbiX MallMHax Heobxo-
AVIM MpaBWibHEIA BbIBOP COOTBETCTBYIOWMX Npeobpa3soBarteneil U cuctem nsmepeHuit Bubpauun. Hanpumep,
OT KOHKPEeTHOro pexunma paboTtbl MalwmHbl 6yaeT 3aBuceTb AUManasoH 4acToT U3MepeHuidi u Tpebyemoe pas-
peLueHve rno vyacToTe.

Mpn BbIGOPE NpeobpasoBaTeneit BUOpaLUN U CUCTEM U3MePeHUIn BUGpauun cneayeT pykoBOACTBO-
BaTbcs pekomeHaauuamu NCO 13373-1 uACO 13373-2.

4.2 U3mepeHuns paboumnx xapakTepucTuk MalluHbI

Bubpalina MalLmHbl 1 COOTBETCTBYIOWME AUarHOCTUYECKUE NPU3HAKWN B 3HAYUTENbHON CTENeHWN 3aBUCAT
OT TeKkylMX 3HaYeHun paboumx XapakTepUCTUK MalWHBI, YTO HeobXoaAUMO y4uTbIBaTbL NPU NPoBedeHUU
AvarHoctupoBanusa. osToMy Hapsgy ¢ u3MepeHuaMU BUBpauuM HeoBXOAUMO U3MEepATb Takke Takue
XapaKkTepUCTUKN, KaK CKOPOCTb BpalLeHNsi poTopa, NPUNoXeHHaa Harpyska, AaBneHue, TemnepaTtypau 1. n.

Pekomenayetcsi, 4Tobbl 6a30Bble YPOBHU KOHTPONMPYEMbIX napameTpoB BuUOpauun, C KOTOPbIMA
BMNOCNeACTBMN COMOCTABNSAIOT TeKyluMe 3HauYeHWs1 3TUX NapamMeTpoB, ObINM MOCTPOEHbI AN pasHbiX BO3-
MOXHbIX 3Ha4Y€HW paboUnx XapakTepucTuk.

[ononHuTeneHble pekoMeHaaLmMm No NCMonb3oBaHUIo pe3ynbTaToB U3MepeHuid pabounx xapakrepuc-
TUK NpusegeHbl B [11].

5 CTpyKTypHbI/ noaxon K AMarHoCTUPOBaHUIO

B HacTosiLeM cTaHAapTe NpoLece ANarHoCcTMPOBaHNs ONUCbIBaeTCs Yepes Takne 3eMeHThbl, Kak CTPyK-
TYpHble cXeMbl, TaBnuLbl NPOLEccoB 1 TabnuLbl HemcrnpasHocTel. CTPYKTYpHbIe CXeMbI U TaBnuLbl NpoLec-
COB, MO CyTW, NpeAcTaBnslT coboil nocnefoBaTenNbHOCTL OTBETOB Ha BOMPOCH!, BCTawlue nepea
nonb3oBaTesieM B XoAe AnarHocTUpoBaHus. CTpYKTYPHbIE CXeMbl NCMONb3YHOT A5 obLero o63opa cobbITUIA U
onucaHusi X ocobeHHoCTeN, B TO BpeMsl kak Tabnuubl NpoLeccoB No3BossitoT nposecTn 6onee yrny6neHHbli
aHanus aTux cobbITuiA. Tabnuubl HeMcnpaBHOCTEN NCMONb3YHOT, YTOOLI CBA3ATL OCHOBHbIE COBLITUS, KOTOPbIE
MOTYT NPOWN3OWTH C MaLLMUHOMN, U CNOCOBbI, KOTOPLIMU OHW CeBs1 NPOABNSAIOT.

B npunoxeHWn A CTPYKTYPHBIA NOAXOA4 K AWArHOCTMPOBaHUIO MalluHbl ofpefdeneH criedylolmm
obpaszom:

a) cbop obWen WHdopmMauuMm O MaluMHe, WCTOMHMKaxX BUOPaUMM M BUBPALMOHHOM COCTOSIHAW
(pasgenA.1);

b) nony4veHune oTBETOB Ha pAA BOMPOCOB, HANPaBIEHHBIX HA AMarHOCTUPOBaHWe Hanboree xapakTep-
HbIX HeucnpaBHOCTEN, TakMxX kak AucbanaHc, HecOOCHOCTb, TPEHWe Mexay ABWKYLUMMUCS YacTamu
(paspenA.2);

C) aHanus BO3MOXHbIX AENCTBUI, CBA3AHHbIX C NONYYeHHbIM AMarHo3oM (pasgen A.3).

B apyrux npunoxeHnax K HactoAwemy cTaHaapTy pacCcMOTPeHbl MoAXoAbl K MOUCKY HencnpasHOCTEN
LLIMPOKOro Kracca MaLluH:

- HeucnpaBHOCTEN, CBA3AHHbIX C YCTaHOBKOW MalUWHBI (MpunoxeHue B);

- HeucnpasHOCTeNn paguanbHbIX TMAPOANHAMUYECKUX NOALLIMMHUKOB (NpunoxeHue C);

- HeucnpaBHOCTeN NOALWNNHUKOB KaveHWs (NpunoxeHue D).

Bonee nogpobHible pekoMeHgaunn AnNsa MalnH pasHbiX BUOAOB NpUBEAEHbI B APYrMX cTaHAapTax cepun
MCoO 13373.

2
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CTpYKTYpHbIA Moaxod MOXHO paccMaTpuBaTh Kak o606leHMe MpaKTUKU OMbITHLIX CreLuanucTos,
paboTalolnX B chepe ANarHOCTUPOBaHMUS MallMH, XOTS OH HE UCKMIOYaeT BO3MOXHOCTb MPUMEHEHUs Apyrux
noaxonos.

CneayeT o6paTUTb BHAMaHWE Ha Takoe BaxkHoe OBCTOATENbCTBO: UHOrAA pesynbTaThl AUarHOCTUPO-
BaHWA No napameTpam BUGpaLMM YKasblBaloT Ha BO3MOXHOE Hanuuue HeIoCTaTKOB KOHCTPYKUMKU obcneay-
eMoi1 MallHbl. B 8TOM criyyae pekoMeHayeTca 06paTUTbCA 3a KOHCYNbTaLMAMMW K M3TOTOBUTENMIO MaLLUHBI.

6 HdononHuTenbHble nccrnegoBaHuA

6.1 OOwme nonoxeHns

Mocrne ncnonb3oBaHWA OCHOBHLIX MHCTPYMEHTOB CTPYKTYPHOTO noaxoaa (CTPYKTYPHBIX CXeM, Tabnuu,
npoLeccoB 1 Tabnuy, HeucnpaeHocTeln) B Lensix bonee getanbHOMO BbIICHEHWUA MPUYUHHO-CIEACTBEHHbIX
cBsA3el MoryT notpeboBaTbcs AOMOMHUTENbHbIE UCCNefoBaHusl. B HEKOTOPbIX CUTyauusix Npu cornacum
onepaTtopa MalnHbI AN 3TOro NpuberatoT K USMEeHEHUIo ee (PU3NYECKOTO COCTOSHUA.

TUNUYHbIE METOAbI AONOMHUTENBHBIX MCCNeAoBaHWA onucaHbl B 6.2—6.4.

6.2 MeToabl 6e3 U3MeHeHUs paboumx XxapakTe pucTUK

6.2.1 O6wwwne nonoxeHus

WccnegosaHua gaHHoro Buga npoBoAsAT B Xode HopManbHOro yHKUMOHUPOBAHUA MaluMHbI NpuU
Hen3MeHHbIX pabounx xapakTepucTuKax.

6.2.2 AHanus TpeHga

Llenb aHanu3a TpeHga COCTOUT B OTCMEXUBAHWM U3MEHEHUIN COCTOAHUS MalUWHbI CO BpEMEHEM Ha
OCHOBEe HenpepbIBHbIX UM NEPUOANYECKNX N3MEPEHWUIA KaK KOHTPONMMPYEMLIX NapaMeTpoB BUBpaunu, Tak n
pabounx napameTpos MallMHbl. KOHTponupyemble napameTpbl BUGpaumum MoryT npeactaBnaTe coboi sHep-
reTdeckue XxapakTepuUcTUKM (MMKOBOE WK cpedHekBagpaTUdHOe 3HaYeHWe) LWMPOKOMOMOCHOW BUGpaLmMm
U XapaKTepUCTUKN OTAEMbHBIX Y3KOMOMOCHBIX COCTaBnsAoWwnX. Bonee getanbHblil aHaNn3 MoOXeT BKMoYaThb
B cebs uccnegoBaHne perpeccuoHHbIX 3aBUCUMOCTen HabniaaemMbiX napameTpoB C BO3MOXHOM aKCTpanons-
Len AaHHbIX.

6.2.3 AHanus ¢a30BbIX COOTHOLUEHUI

$aza cocTaBnsioLen BubpaLum HeceT BaxHy MHGBOPMALIMIO O COCTOSIHUM MaLUUHbI, KOTOPas MOXeT
6bITb MCNONb30BaHAa NPW HANNYNM COOTBETCTBYIOLLIErO cUrHana cpaBHeHusl. Hanpumep, nHdopmauuto o pase
NCMONb3yoT, YTOBLI pasnu4aTh Mexay coboi Takue HeUcnpPaBHOCTU, Kak HECOOCHOCTb, AncGanaHc, pe3soHaHe
MEeXaHN4YeCKOM CUCTEMBI U TPEHWE MeXay ABVKYLLIMMUCS YacTAMM.

6.2.4 Bo36yxaeHUe pe3o0HaHCOB

WcnbiTaHus ¢ Bo3byaeHMeM pe3oHaHCOB 311eMEHTOB MaLLIUHBI, HAaNPUMEep C MOMOLLLIO YAapHUKa MONoT-
KOBOTO TUMa Uy BUGPoBO3BYAUTENS, NPOBOANAT C Lienbio 06HapyXeHUst COBCTBEHHBIX 4acToT, KOTOpble MOTyT
coBMagaTb € YacToTaMu BbiHYXaatowmx cun B MawuHe. OBbIYHO Takue ucnbliTaHUA NPOBOAAT Ha cTauuoHap-
HbIX YacTsIX MaLUnH. Cxoxne No xapakTepy UCMbITaHWS 3aKMioYatloTcs B onpeaeneHn KpUTUYeCcKUX CKopocTein
BpallleHus Bana unu BanonpoBoda. McnbiTaHust Ha pe3oHaHC 0BbIMHO BLINOMHAT Npu HepaboTatowei
MalLuHe, a KPUTUYEeCcKUe CKOPOCTU BpalLeHUsi onpeaensiioT Ha pexxuMax pasroHa unu Beibera (cm. 6.3.1).

6.2.5 OnpepgeneHue popm konebaHum B pabouyeM peXxume MaLLIUHbI

M3amepeHns B 4aHHOM Buie uccnefoBaHW NpoBodsAT € Lenbio BUsyanusauuv subpaumm MawmnHel Ha
pasHbIX YacToTax (HO 0BbIYHO HAa YacTOTe BpaLLeHUs1 poTopa) B HOPMarnbHOM pexume ee paboTbl. Takue name-
PeHWs AOKHbI BKOYaTh B cebs onpeaeneHue He TOMbKO aMMUTyAHbIX, HO 1 (ha30oBbIX COCTaBASAIOWNX BO
BCEX TOYKaxX MalUUHbI. DTO NMO3BOJISIET UCCNeA0BaTh ABWXKEHUE Pa3NUYHbIX YacTel MallHbl OTHOCUTENbHO
Apyr apyra.

6.2.6 AHanus ANUHHLIX BpeMeHHbIX peanuaaLuin

[aHHbIn MeToa NPUMEHSIIOT C Lenblo NoNyYeHUst TakKUX BpeMEHHbIX peanusauni, KoTopble 06bIYHO He
3anuMcbiBaloT B TPaAULMOHHBIX MeToAax KOHTponst Bubpauuu. nuTensHOCTb 3anucu 3aBUCUT OT KOHKPETHOO
npumeHeHnsi. OBbIMHO Takue 3anucu Nony4yalT OAHOBPEMEHHO ANSA HEeCKONbKUX napamMeTpoB, BKIo4Yas
pabouve xapakTepucTUKA MalUMHbl, U UCMONb3YIOT AN BbIABAEHUA BbICTPOTEKYLWMX COBLITUA unu ans
nocneaywLero AeTanbHOro aHanusa cobpaHHbIX JaHHbIX.

6.3 MeToAabl c U3MeHeHUueM pabounux xapaKTepucTuK

6.3.1 U3meHeHue pabouunx xapakTepucTuk
Bo3smoxHOCTb BapbUpoBaHUsi paboumx XapakTepucTMK MallnHbl Bceraa AomkHa bbITb cornacoBaHa c ee
onepatopoM. OcobeHHO TLlaTenbHo creayeT NOAXOAUTbL K CUTyauuam, Koraa npeanonaraeMble U3ameHeHus

3
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NPUBOAAT K BbIXoAY 3a npegensbl A0OMYCKOB, YCTAHOBMNEHHLIX U3rotoBuTeneM. Mpumepamn BapbUpoBaHUA
pabounx XxapaKTepUCTUK B LIeNsiX AMarHoCTUPOBaHUSA ABMNAIOTCA:

- N3MEeHeHWe CKOpPOCTU MaLlMHBI (PEXUM pasroHa, peXxxum Bolbera);

- M3MeHeHWe TeMnepaTypbl Macna, U3MeHeHUe Harpy3knu u 7. f.

6.3.2 MonHbIN MO4aNbHbIV aHANU3

MopaanbHbl aHanua npeacTasnsaeT coOb0M MOLLHBIA UHCTPYMEHT A5l ONIUCAHUS AMHAMUYECKOro NoBeae-
HMA MallWHbI, BKIOYas ee coBCTBEHHbIE YacTOThl, KOahduuneHTsl AemndupoBaHusa u gopmel Moa. Takue
ncnelTaHusa TpebytoT 6onbLUMX 3aTpaT BpeMeHU U CpeacTB, cneunanbHoro 0bopyaoBaHus n 60nbLWOro onbiTa B
NX NPOBeAeHUM, NOSTOMY 0BbIYHO MPUMEHSIIOTCA TOMbLKO B CRyYanXx KpakHen HeobxoaumocTu. Kak npasuno,
MalluHy nepeg nposedeHWeM Takmx UCNblTaHWA ocTaHaBnMBatoT. OgHako crneayeTt MMeThb B BUAY, YTO XapakTe-
PUCTUKKN, NOMyYeHHble Ans HepaboTatowen MallnHbl, MOTYT OTANYAaTLCS OT TeX, YTO UMEIOT MecTo Npu ee
HopManbHoW paboTe, 0coBeHHO B criyyae MallMHbI C FTMAPOAUHAMUYECKAMM NOALLIUMHUKAMMU,

6.4 MeTonbl Cc USMeHeHUeM (PU3NUECKOro COCTOAHUS MaLWUHbI

N3meHeHne dpuranyeckoro coctoaHUsA MallHbl CBSI3aHO C BMELLATENIbCTBOM B €€ KOHCTPYKLIMIO U MOXET
BKIIlOYaTb B ce6s1 U3BMEHeHMe NOMNoXEeHNs YacTel MaLuMHbl OTHOCUTENbHO APYr Apyra, BapbUpOBaHWe Macco-
BbIX U )XECTKOCTHbBIX XapaKkTepuncTuk. PekomeHayeTcs NpoBoAnUTL USMEPEHUA KOHTPONUPYeMbIX NapameTpos
00 U nocne BMellaTenscTBa B KOHCTPYKLMIO MalwuHbL. MNpumepaMu ucnblTaHUin ¢ usMeHeHneM pusndeckoro
COCTOAAHUA MaLUNHbBI MOTYT CIYXNUTb:

- onpegeneHue gucbanaHca poTopa;

- UHAWUMpOBaHWe poTopa (M3SMeHeHUe OTHOCUTENBLHOrO NONOXEHUA CoNpsiraeMblX 3f1ieMeHToB Ha 180°);

- NYCKMaLlUHbI C 0OTCOEAUHEHHON Harpy3Kkou;

- [OMOMHUTENbHbIE N3MEPEHNA COOCHOCTU COMNPSKEHHBIX BanoB, NONOXEHUA poTopa B NOAWNMHUKAX,
TemnepaTypbl cTaTopanT. n.

7 OdononHuTtenbHble MeTOAbI AnarHoCTupoBaHuaA

MeToabl HacToswWwero cTaHgapTa NpeAcTaBnaloT coboi nocneaoBaTenNbHOCTL NOrMYECcKUX AeNCTBUN,
onpegensieMblX OMbITOM AMAarHOCTUPOBAHUA MalMH pasHbiX BUAoB. OaHaKko CyLeCTBYIOT Takke Apyrue,
XOpOLO 3apekoMeHaoBaBLIne cebs Noaxoabl K ANarHoCTUPOBaHUIO, OCHOBaHHLIE Ha NPUHLMNAX:

- WCKYCCTBEHHOTIO MHTENNeKTa;

- HakonneHus 6a3 sHaHuiA,

- pacnosHaBaHuns 06pa3oB;

- HEeNpPOHHBLIX ceTen.

Takue noaxoabl paccmoTpeHbl B UCO 13379-1.

8 CocraBneHue pekoMmeHaaUumn

KoppekTupyloLlne n BOCCTaHOBUTENbHbIE ASACTBUSA, NpednpuHuMaemMble No pesynbTataMm obcnego-
BaHWA MaLUMHBbI, 3aBUCAT OT MHOTUX 06CTOATENbCTB, Cpen KOTOPLIX BaXkKHYIO POSb UrpatoT BONPOChH!:

- BesonacHo akcnnyaTtauuu;

- 3KOHOMUYecKon adpheKTUBHOCTY;

- OMTUManbHOCTU KOHCTPYKLIMU MaLLUHBI.

OueBunaHo, 4YTO AEMCTBUSA, criedytoLine 3a NocTaBneHHbIM AUarHo3oM, 3aBUCAT OT KOHKpPeTHbIX 0BCTos-
TenbCTB 1 BLIXOAST 3@ PaMK/ pekoMeHAaL i HacTosiwero ctaHgapTa. OaHako cneunannucTy, BuINMOSHSAIOLLEeMY
paboThl N0 ANArHOCTUPOBAHUIO, BAXKHO paccMaTpuBaTh BO3MOXHLIE PELLeHNs B OTBET Ha NOCTaBNEeHHbI avar-
HO3 1 pe3ynbTaThbl MPUMEHEHUS COOTBETCTBYHOLLIMX KOPPEKTUPYIOLLNX (BOCCTAHOBUTENbHBIX) NpoLieayp.

PekomeHayeMble AeNCTBUSI 3aBUCSIT OT CTENEHU AOBEPUS K pe3ynbTaTaM AuarHocTUpoBaHus (Hanpu-
Mep, OT TOro, NpaBunbHbIMK M 6bINY NPpeablayLve AnarHo3bl Ans 4aHHOW MaLlWHbLI), TUNa HeucnpaBHoOCTU M ee
KPUTUYHOCTK, a TakkKe OT 3KOHOMUYECKUX 0BCTOATENLCTB U 0BCTOATENLCTB, CBA3aHHLIX ¢ 6e30nacHOCTbIo
3KCnyaTaumMn mMalumHbl. XoTsa B MONHOM obbeme BONpoC COCTaBIIeHUA pekoMeHAauni B HacTOALEeM CTaH-
JapTe He paccMaTpuBaeTCsi, HEKOTOPbIe BOMPOCHI, COMYTCTBYIOLWME COCTABMEHUIO TaKUX pekoMeHaauuin,
paccMoTpeHbl B pasaene A.3.
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Mpunoxenne A
(cnpaBouHoe)

Ta6nuubl NpoLeccoB, NpUMeHseMble B paMKaxX CTPYKTYpHOro nogxoaa
K BUGpaLMOHHOMY aHanu3y MaluH

A.1 HavanbHbIV c60p AaHHbIX

HauanbHble BONPOCHI, MCNonb3yemble 4nsi copa HeobxoaumMon nHdopmaumm 1 NOATBEPXKAEHNSA ee OCTOBEPHOC-
™, NpuBeaeHsbl B Tabnmue A.1.

Ta6nwunua A.1— HavanbHble Bonpochl

LWar

Bonpoc

HeTtanusauus sonpoca

Cnepnyowui
war

Tvn MawuHbI

OCHOBHbIE aNeMeHTbl MaluHbl (NPUBOA, NPUBOAHAA 4acTb, COEANHEHUS,
NOALWIMHVKA, NOCTOSIHHAS UK NepPeMeHHan 4acToTa BpaweHus U T. A.).
3Hakom nu cneumanucT ¢ MalwnHaMn GaHHOTO BUAaA.

Ectb nu onbiT paboTbl ¢ MawMHaMM JaHHON WK aHANOMMYHOWM KOHCT-
pyKLMK.

MecTto ycTaHOBKM MaLLMHBI

2

LenoctHocte  Mma-

LUWHbI

®yHKUMOHMPYET NN MalLVHA.

LlenecoobpasHo nv npogonxaTe paboTy MawwmHbl.

LlenecoobpaseH nv NnOBTOPHbINA NYCK MaLLUHBLI.

BobinonHeH Ny aHanna pucka gna oueHKW BO3MOXHOCTU noaaepaHus Le-
NOCTHOCTM MalUWHBI B NpoLecce ee paboTbl, NOKa BbINONHAETCS AUArHOCTU-
poBaHue

Hanunune aHomanuun
B BUGpaLMOHHOM
COCTORIHUU

MoryT nv 6bITb MOMYYeHbl 3Ha4eHUs napameTpoB BUGpaumn.
KakoBo HopMarnbHoe BUBpaLnoOHHOE COCTOsIHME ANsl AaHHOW MalLMHbI

Kak Obina BoisiBNeHa
aHomanusa

Bbin nn curHan npegynpexgeHns no napamerTpam enbpaumm.
MokasbiBAOT NM TeKylye AaHHble BMOpauuMu HanuyvMe CylwecTBeHHbIX
N3MEHEHUN.

CyLLeCTBEHHO NN OTNNYAIOTCA TEKYLLME AaHHbIE OT Pe3ynbTaToB Npeablay-
LLUX N3MEPEHUIA.

Bbin Ny chbllWweH HexapaKTepHbIV WyM Npy paboTe MaluHbI.

[Mokazan nu BM3yanbHbI OCMOTP Hanuuue gedekra (Hanpumep, yTeuky
rasa, macna, napa unw >ugkocTu)

[ocToBepHoCcTb pe-
3ynbTaToB U3Mepe-
HUI BUGpaunn

BbINONHUTL MPOBEPKY BPEMEHHbIX/CMNEKTParbHbIX XapakTepucTuk Bub-
paumu.

COOTBETCTBYIOT 1IN XapaKTEPUCTUKU OXUAAEMbIM.

CopepaT Ny OHW NPU3HAKU HEUCTIPABHOCTK (OTCYTCTBUE CMIHanNa Ha BbIXO-
e, COBWT HYNsl, MOBbILWEHHbIA HU3KOYaCTOTHBIN LWYM).

MpaBunbHO Nn yCTaHOBIEH NpeobpasoBarerb.

He HapyweHa nu LenocTHOCTb CUrHANBHOIO Kabersi.

MpaBunbHo nn paboTaeT yCTPOWCTBO COrMacoBaHusi curHana.
PaccmMoTpeTb BO3MOXHOCTb MPOBEAEHUSI HE3aBUCUMbBIX  U3MEPEHUN
PYYHBIM LLLYMOM.

MpoBepnTb Hanu4une sIBHbIX NPU3HAKOB HEVCINPABHOCTU HEBUGPALMOHHON
npvpoabl (Hanpumep, N3MEHeHe TemnepaTypbl Macna unv nopLmnnHuKa,
M3MeHeHMe MOSOXeHNs Bana, NosiBlieHNe HexapakTepHoro wyma).
OnpepeneHa nu aHoManusi No cUrHany Tornbko ¢ 0gHOro npeobpasoBarens
(cm. war 6)

Onpegenexa nm
aHomarnus nNo curHa-
ny TONBKO C OAHOrO
npeobpasceaTens

MpoBepnTb BUBpaLMIO B OPTOroHarnbHbIX HANpaBieHUsAX.

MpoeepnTb BUOpaLmio B ApYrMx TOUKax BAOMNb poTopa.

CpaBHuTb BUBpauuio Bana v noAwnnHUKOBOW ONopbl.

MpoBepnTb cocTOsIHME NpeobpasoBaTens U M3MEPUTENBHOW Lienu.
MpoBepnTb, He GbiNM NW NepenyTaHbl MECTaMW YHaCTKW M3MEepPUTENbHON
uenu ansi pasHblX KaHarnoB U3MepPEHUN
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OkonyaHue mabnuyei A.1

(pasgen A.2)

War Bonpoc Hetanusauus sonpoca Cneleuy:;u.mm
7 KakoBa oueHka BWG- | CpaBHWTbL NapameTpbl LUMPOKOMNONOCHON BMGpaLun ¢ rpaHuuaMuy 3oH BuG- 8
PaUMOHHOIO COCTORA- | PAUUOHHOIO COCTOsAHWS, Hanpumep, no MCO 7919 nnn MCO 10816. Ecrn
HUsI rpaHuLbl 30H NpeBbILWEHb! (Hanpumep, BUOpauMOHHOE COCTOSIHUE COOTBET-
cTByeT 30He C nnun D) nnu Bubpauusi uHbim 06pa3om ykasbiBaeT Ha OTKIO-
HeHusi B paboTe MaluMHbl, TO OMPEAEensoT, Kakue HesameanuTernbHble
MEpONPUATUS JOIBKHbI ObITb NPEANPUHATLI B OTHOLEHUM JAHHOW MalLWHbI
(Npy 3TOM QOCTOBEPHOCTb AaHHBLIX AOMXKHA ObITb NogTBEpXKaeHa B COOT-
BETCTBUM ¢ waramm 5 un 6). B NnpoTMBHOM crniyvae nepexoasT K wary 8
8 Kakme napametpbl | O6GWMii ypOBEHb B LUIMPOKOW MNOIOCE YacToT. 9
curHana Bubpaumu | AMnnutyaa m dasa nepBovi rapMOHMKU YacTOThl BPALLEHUS.
(ero coctaensio- | AMnnutyga v hasa BTOPOr rapMOHMKM YacTOThbl BPALLEHUS.
wmx) paccmatpuea- | CnekrpanbHbIA COCTaB CUrHana M amnivTyAbl COCTaBNSIOWMX HA APYIMX
loTCs XapakTepHbIX 4YacToTax (NOACUHXPOHHOW, INONAcTHOW, NPOXOXAEHUSA
CTepXXHEeW poTopa v Ap.) ANns MallMHbI aHHOTO BUAAa
9 Habnioganace nm | Yto coobwaloT HakonneHHble CBeAeHUs1 0 TOM, HanpUMep, Kak aBHO aHo- 10
JaHHasl aHomanusl | mMaruvsi UMeeT MeCTO, BbISIBIIEHbI IM €€ NPUYMHbI, Bbi3biBara fiv oHa 0Tka3
npexae MaLUUHbI
10 | dakTopbl Bpemenu | Bpems nposiBrieHusi aHomanum. 11
ANA AaHHOW aHoMma- | [ANuTenbHOCTb NPOSIBNEHUST aHOMarum.
nvn XapakTepHoe Bpemsi pasBuTUsi aHOManum (Hanpumep, ckavkoobpasHo, B
TEYEeHNe HECKOIbKMX CEKyHA, UMW MNaBHO, B TEYEHUE HECKOIbKUX MWUHYT
WK HacoB).
MpoponmkaloT N N3MeHATLCA NapameTpbl BUGpauum
11 | Pabou4ee coctosiHne | Kakum GbIno cOCTOsHME MALLMHBLI B MOMEHT OGHApYXKEeHUs1 aHOManuu. 12
MaLUUHbI KakoBo OHO Ha HACTOSILLMIA MOMEHT.
OcTaeTcs v COCTOAHWE MalUMHbI HOPMAJIbHBIM.
Ocrtatotcs nu napameTpbl TEXHUYECKOrO COCTOSIHUS B Npeaenax AomnyckoB,
YCTaHOBINEHHbIX U3rOTOBUTENEM
12 | Mpueenn nn k aHo- | OcTaBanocb N M3MeHeHWe (YHKUMOHMPOBaHMA MallWHbl B Mnpegenax 13
Marnum U3MeHeHWsi B | HOPMbI.
dyHKUMOHMpoBaHun | Korga aHanormyHbieé n3aMeHeHWs OCYLLeCTBNANUCEH B NOCNeAHUIA pas.
MaLUUHbI PaccmoTpeTb npexHee HOpManbHOe COCTOSIHME MalMHbI A0 NPOBEAeHWs
Kaknx-nmbo paboT no TexHn4eckoMy 06CNyKMBaAHUIO UNU M3MEHEHUST PYHK-
LUMOHUPOBaHWS MaLLWHBbI.
OcTaBanack nv peakuus MawmHbl Ha N3MeHeHne ee MPYHKUNOHMPOBaHUS B
npegenax HopMbl
13 | Mpueena nu aHoma- | Kakum Gbin OTKIMK MalLWHBbI. 14
nva K mameHeHuto | Cormacylotcs U 3TW JaHHble ¢ NpeaWwecTBYIOWMM ONbITOM
OYHKUMOHUPOBAHUS
MaLUUHbI
14 | Cessb anomanum ¢ | OnpegenuTb, CyLLeCTBYeT N CBA3b Mexdy napaMetTpaMmu HeBuGpauuoH- 15
pabounmmn xapakte- | HOW Mpupodbl (YacToTa BpalleHusl, Harpyska, Temneparypa, OaBreHue,
puctukamnm HeBub- | pacxop pabouel XUAKOCTWU, OTHOCUTENBHOE MOMOXeHUe YacTein MallvHebl
paunoHHON MT.N)
npvpoasl
15 | Mposogunuce nn B | EcTb nn cBA3L Mexay 9TMMK paboTamu 1 BLISIBNEHHOW aHoMarnven. 16
HeJaBHeM npo- | Korga nogo6Hble paGoTsl NPOBOAMMUCE B MPOLLNOM U KaK OHW OTpaXanucs
wnom paboTbl No | Ha BUOPaUMOHHOM COCTOSIHUM MaLLWUHbI
TEXHWYeckoMy 006-
CNYXVMBaHUIO MaLLu-
Hbl
16 | Mepentn k wary 17

A.2 MNocTaHoBKa AnarHosa

Bonpockl, nosensiowmecs B xoae AMarHoCTmpoBaHusi, cobpatbl B Tabnuue A.2.
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Tabnwuuya A2— Bonpocsl, paccmaTpuBaemble B NpoLECCE ANArHOCTUPOBAHUSA

War

Bonpoc

HeTtanusauna sonpoca

Cnepytomn
war

17

MoxHO v no 3anucsam
(TpeHgam) Bubpaummn u
OpYMX KOHTPOMUpYEeMbIX
napameTpoB NpPocrneanTb
npegbigywee nosiBreHve
CXOXMX paboymnx ycrioBui

MpoBepnTb U3MEHEHUE aMnNnUTyabl U dasbl curHana Bvbpaummn Ha
NepeoON U BTOPON rapMOHMKaxX 4acToTkl BpalLeHWs, HECUHXPOHHbIE
cocTaBnsowme BUbpaunm, CoCTaBnsAoWMe Ha NTONacTHON YacToTe U
4YacToTe NPOXOXKAEHUSI CTEPXKHEN poTopa U T. 4. B 3aBUCHMOCTU OT
TMna obcneayemMor MallmnHbI

18

18

CocpepoTtoueHa N BUG-
pauus Ha Nepeow 1 BTO-
POV rapMOHMKaXx 4acToTbl
BpaweHnst (B npegenax
10 %)

MpoBecTn aHanua cnekTpa u, Npyn HeobBXoOAUMOCTHU, MOPAAKOBOrO
cnekTpa curHana. Ecnn gpyrmx 3HaumTenbHbIX COCTaBMSIIOWMX B
CMEKTPe HeT, To nepenTu K wary 19. B npoTMBHOM crny4ae nepenTn K
wary 22

Oa—19
Her — 22

19

VimeeT nn mMecTo CKauko-
obpasHoe N3MeHeHne
BEKTOpa MNepBON rapmo-
HWKW, HE CBSI3aHHOE C U3-
MEHEeHNeM paboumnx
YCIOBUN

Ecnv oTBeT nonoxuTteneH, To NPOBECTM AanbHenLLUne UCCneaoBaHusi
(NpoBepuTb Ha pe3kue ckadkv BUGpauum B gpyrmx Toukax BAOb ocu
poTopa, B pa3HbiX HaNpaeneHusix, Ha Bany u Ha onope poTopa). MNpo-
BEPVTb BO3MOXHOCTb BHE3anHOro nosienenms aucbanaHca (Hanpu-
Mep, BCNeAcTBME yTepu YacTu maTepuana potopa), U3MeHeHusi
OTHOCUTENBHOIO MOMOXEHMS YacTel MaluHbl (B coeanHeHusX, 06-
MOTKE, LUMOHOYHONM KaHaBKE) WIW B HACTPOWKe CPeacTB MamepeHui
(Hanpumep, B perynupoBke TaxomeTtpa). Mpu oTpuuaTensHOM oTee-
Te nepenTtu k wary 20

Ha— 28
Het — 20

20

VmeloT nnm mecTo cyulec-
TBEHHbIE W3MeEHeHWsi BO
BTOPOW rapMOHVKE

Ecnn oTBeT nonoxuteneH, TO NPOBECTU AanbHeNWKNe uccnegosa-
Hus. TlpoBepuTe NPeanonoXeHne O HanuuuW TPelWwwWHbl B Bane
poTopa (Hanpumep, NO U3MEHEHWUIO COOTHOWEHNA MEXAY amnnuTy-
Aamun n hasamu NepBoV 1 BTOPON FAPMOHUK CO BPEMEHEM, POCTY am-
NANTY4 rapMOHVK BbICLIMX MOPSIAKOB, U3MEHEHUIO NEPBbIX YETbIPEX
rapMOHUMK Ha KPUTMYECKON Y4acToTe BpaleHus poTopa B npouecce
pasroHa unu Boibera), yrnoBo HECOOCHOCTU (Hanpumep, No Hanwm-
yunio konebaHun B NpoTueodase Ha NoAWMNHMKaX No 06e CTOPOHbI OT
COoeMHEeHNA B OCEBOM HanpaBneHnn) unm oceBoi HECOOCHOCTH (Ha-
npumep, No Hanu4uni konebanun B NpoTnBodase Ha NOALWMMHUKAX
no o6e CTOPOHbI OT COeANHEHNA B paguanbHoM HanpaeneHun). Mpu
oTpuLaTensHOM OTBETE NepenTu K wary 21

Oa—28
Hetr — 21

21

MpoBectn gononHuTenb-
Hble UccneaoBaHns

MnaBHble U3MEHEeHUs1 BEKTOPA NEPBON FAPMOHUKM MOTYT CBUAETElb-
CTBOBaTb O YYBCTBUTENBHOCTU K UBMEHEHUSIM TeMMepaTypbl (poBe-
pUTb MO MCTOPUM 3anucen), HanMU4MI0 HEecooCHOCTU (He Bceraa
NPVBOASILLEN K M3MEHEHWIO BTOPOW TFapMOHWKW), TPEHUIO OBWXKY-
lWMXcsl 4YacTen (NPOBEPUTb HanMWuYMe UMKIUYECKUX W3MEHEHWH
aMnuTyaibl U pasel NepBON rapMOHNKK, Hanuume B criekTpe cybrap-
MOHMWYECKUX U CyNneprapMOHUHECKUX COCTABMAIOLLMX, HANUYMUe Krvn-
NUPOBaHUsi BO BPEMEHHOM CUFHaNe 1 UCKaXkeHne opbuTbl BpalLeHust
Bana), ocrabnexmio B CoeauHeHNAX

28

22

MpucytcrByeT Nn nepeas
rapMoHMKa 4acToThl Bpa-
LeHnA n ee cybrapmoHu-
KM ¢ KoadpuumeHTamm
0,331 0,5

Ecnu otBeT nonoxuteneH, TO NPOBECTU AanbHEWLUNE WCCreaoBa-
Hus. [MpeanonoxunTe HaNUYMe HENMHEWHOCTU, HanpyuMep CBS3aHHOW
C TPEHUEM (3ageBaHUEeM) Mexay HacTAMM MalLvHbl (NPOBEPUTH Ha
LUUKITMYHOCTE M3MEHEHUW amnnuTyabl/dasbl NepBov rapMOHUKMY,
NpoBepuTb HanNu4ne cybrapmoHuk ¢ koadpdpuumertamm 0,33 n 0,5 Ha
CKOPOCTSIX Bblle BTOPOW U TPEeTbeM KPUTUUECKOHW, MNPOBEPUTH
BPEMEHHOW CUIHaN Ha HanNW4Me y4acTKOB KNWUMMNMPOBaHUS, a Takke
cdopmy opbuThl ABUXKEHWA Bana), ocnabneHne mexaHU4eckux coe-
AVHeHWH (NpoBepuTbL 3MeHeHne Bnbpauumn no obnactu kpenneHusi
MaLLUHBbI, ocnabneHne kpenneHnsa NOAWMNNHUKA U CBA3aHHbIE C 3TUM
BbICLLME rAapMOHUKM 1 HECTAabUNBHOCTL (hasbl), HACbILLEeHUe curHana
(npoBepuTb HOPMBbI CMEKTPA N BPEMEHHOTO cUrHana, Ucrnonb3oBarb
Apymve cpefiCTBa uamepeHun) unu obpasoBaHue TpelwmHbl B Bare
poTopa (NpoBEpPUTb UBMEHEHUA B NEPBbLIX YEThIPEX rApMOHMKAX CUT-
Hana, U3aMeHeHUs OTKIIUKA ANA 3TUX FAPMOHWK NPY NPOXOXAEHUN pe-
30HaHca B npouecce pasroHa/seibera). MNpu oTpuuatensHoOm oTBeTE
nepenTu K wary 23

Oa—28
Her — 23
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OkoHyaHue mabnuue! A.2

War

Bonpoc

HeTtanusauns sonpoca

Cnegytowmn
war

23

MameHsieTcss nu  Bubpa-
uMA Ha cybrapmoHukax
4acTOThl BpPaLLEHNs1 C KO-
acpcbuumerHtamm ot 0,4 o
0,47 B npouecce pasroHa/
Belibera (mpyv Hanuuum
AaHHbIX)

Ecnu oTBeT nonoxuTerneH, TO NPOBECTU AanbHelluMe uccneaosa-
Husi. [peanonoXxnTe HanuuMe npeLeccuy poTopa B ruapoguHamm-
YeCcKUX noawunHrkax. NpoBepnTe M3MEHEHWE NOMNOXEHWSA OCK Bana,
TemnepaTtypbl U gaenenus macna. MiccnegoBath KOHCTPYKUMIO Ma-
LUMHbI U BHECEHHbIE B Hee MoandUKaLMmW, KOTopble MOrnK Gkl cTaTb
NPUYUHON HECTabWNBHOTO NoBeAeHNs poTopa (Hanpumep, KOHCTPYK-
LU0 TMAPOAUHAMWNYECKOTO MOAWMMHMKA, CanbHUKOBOIO YMNOTHE-
Hus). [poBepuTb Ha BO3MOXHble W3MEHeHWsi paboumx ycroBui
(Harpy3ku, TeMnepaTtypbl rMAPOANHAMUYECKOTO NOAWMNMHUKA), KOTO-
pble MOIMY CTaTb NPUYUHON HecTabunbHOCTU. [py oTpUuaTenbHOM
OTBETE NepenTu K wary 24

Ha —28
Her — 24

24

MpucyTcTBYeT nun epvH-
CTBEHHasi COCTaBnsowWwas
Ha YacToTe pe3oHaHca

Ecnu oTBeT nonoxuTerneH, TO NPOBECTU AanbHelluMe uccrenosa-
HUsi. 3acTaBuTb mMalwwuHy paboTaTe Ha KpUTU4ecKol ckopocTtu. Mo
BO3MOXHOCTW NPOBEPUTL, COXPaHsieTcs N Bubpauma Ha GuKkcupo-
BaHHbIX YacToTax, korga CKOpoCTb BpauwieHusi Npu pasroHe/Bbibere
Bbille KpuTnyeckon. MNpn nonoxmtensHOM OTBETE Npegnonaraercs
Hanuyve BuGpaumm MacrsiHoro KnuHa. MNpoeepuTb U3MeHeHue rno-
NOXEeHUs1 ocu Bana, U3MeHeHWs TemnepaTypbl/gaBneHns macna B
rMapoaMHamMmmuyeckmx noawmnHukax. MccnegoBaTb KOHCTPYKLMIO Ma-
LMHbI ¥ BHECEHHBbIE B HEee Mogudukauum, KoTopble Mornu Obl cTaTb
NPUYUHON HecTabunbHOro NoBeAeHUst potTopa (HanpUMep, KOHCTPYK-
LMIO TMOPOAUHAMWYECKOTO MOAWWNHWKA, CanbHUKOBOIO YMIOTHE-
Hus). [NpoBepuTb Ha BO3MOXHbIE W3MEHeHUs1 pabounx ycnoBuiA
(Harpy3km, TemnepaTtypbl IMApPOANHAMUYECKOTO NOAWMNHUKA), KOTO-
pble MOIMM CTaTth NPUYUHON HECTabunbHOCTU. [iPyron NPUYNHON MO-
XeT OblTb pe30HaAHC KOHCTPYKUMWM MalWHbI, Ybs YacToTa OOblMHO
ocTaeTcs HEU3MEHHON NMPU M3MEHEHUN CKOPOCTU BpaLLEeHUs poTopa
B Mpouecce pasroHa/Bbibera n KoTopbii MOXET NPOABMATLCH AaXe
[0 AOCTUXKEHNS KPUTUHECKOW CKOPOCTU (Pe30HaHC KOHCTPYKUWMKM U
BubGpaumio MacnsaHOro KrvMHa 4acTo nyTawT, 0COBeHHO ecnu KpuTu-
YeCKMe CKOPOCTU Hen3BecTHbI). [py oTpuuatensHOM oTBeTe nepen-
TV K wary 25

Ha — 28
Her — 25

25

MpucyTcTBYET NMn B CUr-
Hane  HW3KOYacTOTHbIN
Wwym

MpoBepuTb CNEKTparnbHyo U BpeMeHHYo hopMbl CUrHana Ha Hanm-
YMe WCKaXeHuit B Hu3ko4yacToTHom obnactu. Wx npucyTtcTeue
npeanonaraeT HeUCNpaBHOCTbL u3mepuTenbHoW uenu. MpoeepuTb
npeobpasoBarenb, kabenb, yCTPOWCTBO COINAacoBaHUs W apyrue
anemeHTsl Lenu. [Npu oTpyuaTenbHOM OTBETE NEPENTU K wary 26 npu
AWarHoCTMPOBaHUM HAcoca, K wary 27 npyv amarHocTMpoBaHWW
3NEKTPUUECKON MaLLMHbI

Oa —28
Hetr — 26
(nacoc),
27 (anekr-
pudeckas
MawuHa)

26

MpucyTcTBYIOT NN B BUG-
pauuy BbICOKOYACTOTHbIE
COoCTaensiowme, Hanpu-
Mep, NTONAcTHOM 4acToThl
Wnn ee rapMoHuKu (ans
Hacoca)

Ecnn oTBeT nonoxurteneH, TO NPOBECTU panbHeNllune uccnenosa-
HUs. MameHeHne BbICOKOUACTOTHLIX COCTaBnsoWMX Bubpauun 6e3
n3meHeHus1 paboumx ycrnoBui unm onepaumii TexHudeckoro o6eny-
XUBaHUs NnpeanonaraeT BO3MOXHbIN U3HOC KPbINbYaTKU/Hanpaensio-
Wwero anmapara unM Hanuvuve npensiTcTBUA Ha Nyt noToka
(npoBepuTb Ha Hanuuue cnaga npousBoguTensHocTn). Ecnu B ma-
WKHEe HaYany nposiBrsiTbCA M3MEHEHUS B LLMPOKOM AnanasoHe Yac-
TOT, TO 9TO MOXeT CBUAETENbCTBOBATb O MOSIBIEHUM KaBuTauuu
(NpoBepUTb Ha HanNUune XapakTepHOro POKOYYLLEro Wyma Hacoca).
Mpu oTpyuaTensHOM OTBETE NEperTH K wary 27

Oa —28
Her — 27

27

MpucyTcTBYIOT N B BUG-
pauum BbICOKOYaCTOT-
Hble cocTaBnsiowye (ang
3MNEeKTPNUECKON MaLUMHbI)

Ecnn oTBeT nonoxuteneH, To NPOBECTU AarnbHEWWINE UCCneaoBa-
Hus. Hanpumep, Ansi aCMHXPOHHOIO ABUraTernsi ¢ KOPOTKO3aMKHYTbIM
pOTOPOM WCMOMNb3YIOT PEXUM yBenuueHusi Macwrtaba cnekTpa
(«nynbi»), 4TOObLI YCTAHOBUTL HaNWMuMe OTCTOSILMX Ha YABOEHHYIO
4YaCTOTY CKOMBXEHUs1 BOKOBbLIX COCTaABMSIIOWMX ANA NEPBON U BTOPON
rapMOHMK YacCTOTbl NPOXOXAEHUsI CTEPXKHEN poTopa. Hanuune moay-
NSLMM Ha YABOEHHOW YacTOTe CKOMBbXEHUs npeanonaraeT BO3MOX-
HOCTb NMOBPEXAEHUsI KNETKU poTopa

28

28

Mepentn k pasgeny A.3
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A.3 CocTaBneHue peKkoMeHaaLUMN

PekomeHaaLum No KOPPEeKTUPYIOWMUM AEWCTBUSM, KOTOPble OOMKHbI OblTe NPeanpuHATEl Nocne yCTaHOBNEeHUs!
AnarHo3a, gOImKHbl ObITb OCHOBaHbI Ha 2aHaNM3e PUCKOB U YYUTBIBaTb CTEMNEHb €ro AOCTOBEPHOCTY (B YaCTHOCTH, BEPHO N
CTaBUICS aHanNorMYHbIN AUArHo3 B OTHOLWEHMM Jpyrmx NogobHbIX MawWH), TUMN BbIIBNEHHONW HEMCNPaBHOCTK, BONPOCSH!
6e30nacHOCTU M IKOHOMUYECKOW LienecoobpasHoCcTh NpodomkeHus paboTel HemcnpaeHoM MawwHel. [paBuna coctaene-
HUSI peKOMeHZauui st BCEX BO3MOXHbIX YCNOBUIM 3KCNNyaTauun MaluHbl U YCTAHOBITEHHbIX ANArHo30B BbIXOAAT 32
paMKy HacTosAIWEro cTaHgapTa. TemM He MeHee CyLlecTByeT HEeCKONbKO BOMPOCOB obLwero xapakrepa, KoTopble BCerga
cneayeT paccMaTpyBaTL MPU COCTABNEHNN TAKUX PEKOMEHAaLUMIA. Huxe npuBegeHbl HEKOTOPbIE U3 HUX:

a) B OTHOLUIEHUW HEUCTPABHOCTU N3MEPUTENBHOIO MHCTPYMEHTA:

- MOXET I MHCTPYMEHT BblTb OTPEMOHTUPOBAH UMK 3aMeHeH 6e3 OCTaHOBKU MalUUHBI;

- MOXeT W ObITb YCTaHOBMNEHO APYroe nameputensHoe obopygoBaHue;

- MOXEeT M COCTOsIHWE MaluHbl BbITb ONpeaeneHo ¢ 4OCTaTOMHON TOMHOCTBIO C MOMOLLBIO OCTaBLKXCS JOCTO-
BEpPHbIX CUrHAMNOB NPY UCTNONb3YEMOM MHCTPYMEHTE;

- MOXEeT I PeMOHT (3ameHa) GbITb OTNOXEH A0 3annaHupoBaHHOIO NepepsiBa B paboTe MaLlLUHBI UIK Xe BbINONHS-
eMble MaLMHON PYHKLUMM U 3HaHWE BO3MOXHbIX MPOV3BOACTBEHHbBIX PUCKOB AMKTYIOT COBEepLIEHUE HedameanuTenbHbIX
OencTBun;

b) B OTHOWEHNM ManoCyLLECTBEHHbIX HEUCNPABHOCTEN MalUMHbLI UMW HEUCNPABHOCTEN HEOOHAaPYKEHHbIX:

- MOXeT nu GbITb peanuaoBaHa 6onee AetanbHasi (COBEPLIEHHAN) CXeMa AMarHOCTUPOBaHUS ANs onpeaeneHns
BO3MOXHbIX OTKITOHEHMWI B COCTOSIHMM MaLLUWHbI NPY ee AasibHEWLIEM KOHTPOIE;

C) B OTHOLUEHWUM CYLLECTBEHHLIX HEMCMPABHOCTEN MaLLMHbI UM HEMCNPABHOCTEN OBHAPY)KEHHbIX:

- KakoBa porb MalwuHbl B 06Wwem obecneveHnn 6e3o0nacHOCTM NPOU3BOACTBA;

- KaKoBa posib MaluHbl B 06ecneyYeHun HenpepbIBHOCTY NMPOV3BOACTBA;

- KakKoBbl NocreacTeus Ans 6e30nNacHOCTM NPOU3BOACTBA, IKOHOMUYECKUE NOTEPY UMK Bpe, OKpyXalollen cpeae
npuv NpogonxeHnn paboTsl HeMcnpaBHON MaLLWHBI;

- eCTb N MawwuHa, aybnvpytowas pyHKLUN HENCNPaBHOW;

- eCTb N B pe3epBe MallvHbl, KOTOPbIE MOTYT 3aMEeHUTb HEMCINPABHYIO B CIlyYae ee 0TKa3a;

- MOryT nu BbiTe M3MeHeHbl paboune ycrnoBUsi (Harpyska, CKOPOCTb, TeMriepatypa), KoTopble no3sonunu Gbl
CMSAMYUTBL HEraTMBHbIE MOCNEACTBUA HEUCNPABHOCTMW;

- KOrga 3annaHupoBaHa brnvxalias 0CTaHOBKa MalWHbl, MOCHe KOTOPOW BO3MOXHA €€ 3aMeHa UIN PEMOHT;

- MMEETCHA NV NPeWeCcTBYOLWMIA ONbIT 9KCNNyaTauuy nogobHbIX MalWKWH C TEMU Xe HEMCNPaBHOCTSIMY;

- MOXeT nv 6biTb NMpUMeHeHa yrny4ylleHHasi CXeMa KOHTPOIA COCTOsHUS O1s1 onpedenieHns ero ganbHerwmnx
VM3MEHEHUI;

- MOXeT NV MawwvHa npogomxkatb paboTtate 4o Grnvxailen sannaHMpoBaHHON OcTaHOBKM 6e3 HegonycTumoro
pucKa 0Tka3a;

- MOXeT N MawwuHa bbITb BbiBegeHa u3 paboyero pexnma KOHTPOMpyeMbiM 06pasoM, CKNIoHatoWmMm yxyaLe-
HUe ee COCTOSHUSI.
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MpunoxeHve B
(cnpaBo4Hoe)

O6wue HeUCcnpaBHOCTU MallMH, NPpUMeHAeMbIX B NPOU3BOACTBEHHOM NpoLlecce

B.1 Cxema BMOpaLMOHHOIO AMarHOCTUPOBAaHUA

B HacTosiwemM npunoxeHun paccMaTpMBaeTC AMarHOCTUPOBaHME MallWH, YYaCcTBYOWMX B NPoLecce Nnponssos-
CTBA, B 4aCTW HEMCNPABHOCTEN, XapakTepHbIX Anst MaLWWH pa3Horo Buaa. Ha pucyHke B.1 npeacTaBneHbl sneMeHT sl CXeMb
AMarHoCcTUPOBaHWUS, KOTOPYIO CrieflyeT paccMaTpuBaTh TOMbLKO B Ka4ecTee 06Lero pykoeoacTea.

B.2 MeTtoponorna guarHocTMpoBaHuA

B.2.1 O6wwe nonoxeHus

O6Lwme pekomeHgauUmMm No MeToaoNorMn AMarHoCTMPOBaHNUS MallWH, y4acTBYIOWUX B NPOU3BOACTBEHHOM NpoLec-
ce, NpounniocTpupoBaHel pucyHkoM B. 1. Mpouecc BkntovaeT B cebs B ka4eCTBE OCHOBHOIO 3fieMeHTa aTanbl BU3yanbHoro
KOHTPOIS M CNEKTPpanbHOro aHanm3aa [2]. B gononHeHme K HUM Npy HeoB6XoaMMOCTM UCNOMb3YIOT NPOoLLeAYPbI UCTBITaHWUIA Ha
pe3oHaHc [3], aHann3 BpeMeHHOro curHana, opouT 1 ha3oBbiX COOTHOLLEHWIA, a TakKke aHanua opmMel 3rMGHbIX koneba-
HUI paboTatouien mawmnHel (ODSM) [4].

B.2.2 BusyanbHbI/ KOHTPOJb

Mepea npoBeaeHnem Nobbix UcnbITaHUA paboTatowen MawnHbl PeKOMeHZyeTCs CHavana NpoBecTy ee BU3yarb-
HbI OCMOTP C LieNbi0 BbISIBIIEHWS BUAUMbIX OTKITOHEHWUIA.

B.2.3 KoHTponupyemble BUGpaLMOHHbIE NapamMeTpbl

MpoBOAAT 3MEPEHNSA KOHTPONMPYEMbIX NapamMeTpPOB U CPABHUBAKOT UX 3HAYEHWSA C TEMM, YTO YCTaHOBMEHbI COOT-
BETCTBYIOWMMW CTaHAAPTaAMMU U APYIMMW HOPMATUBHLIMU AOKYMEHTaMU. ECNn 8T 3Ha4YeHns HaxoZATCs BHYTPU ycTa-
HOBMEHHbIX NPeaenoB, TO He06X0AMMOCTb B MOMCKe HEMCTNPABHOCTU OTCYTCTBYET.

B.2.4 CnekTpanbHbIf aHanns3

KrntoueBbiMu npoLeaypamMmn AMarHoCTMPOBAHWA MaLLVH BpawaTenbHOro A4eNCTBUA ABNSIOTCA NOPAAKOBLIN aHANU3 1
cnekTpaneHblli aHanua curHanos Bubpaumn. OgHako ocobeHHOCTM 3TOro aHanmaa ByayT pasHbiMU ANA PasHbIX BUAOB
mawuH. OBbIMHO aHanM3npyemon BeNWYMHON SIBMNSIeTCS CKOPOCTe BMOpauuu, HO MOryT ObiTb Takke WMCMONb3OBaHbI
YCKOPEHME B Crny4ae BbICOKOCKOPOCTHBIX MALLWH UIW NepeMeLLeHNe Arst HU3KOCKOPOCTHbIX MALLMH U KOMINPECCOPOB.

CvrHan Bubpaumm ansi aHanvaa CHUMaKT CO BCEX MOALMIMHUKOB BeAyLWe U NPMBOAHOW MALLWH B TPEX OPTOroHasb-
HbIX HaNPaBNeHWAX: BEePTUKaNbHOM, OCEBOM U ropn3oHTanbHoM. UTo6bl onpeaenvTs Npupoay NosiBrieHusi B CNeKTpe Tex
UK UHBIX COCTaBNsAWmMX, TpebyeTcs 3HaHWe NPMHUMNOB paboTbl AaHHOW MaluuHbl. Llenblo aHanusa siBnsieTcs BbisiB-
neHve BUBpaLum Ha YacToTax, XapakTepHbIX AN TEX UMK MHbIX HEWCNPaBHOCTEN. Ecnv aMmnnutyaa BCex COCTaBNSIIOWMX
ykasblBaeTcsl B 3adaHHble npegensl, To paboTy MallumHbl cumMTaloT HopMmanbHol [5]. B npoTMBHOM cnydae Heobxoaumo
CBA3aTh Bbl4ensaioWwmnecs COCTARNSIOLLME C XapaKkTepHbIMK YacToTaMu A1 MallWH JiaHHOro BUAa.

YacToThl, Ha KOTOPBLIX HAGNOAae TCA NOBbILLEHHasi BUGpaLWs, MOXHO pasfenvTb Ha TPY rPyrnb:

a) nepBasi rapMOHMKa YacTOTbl BpaleHus.

EcTe MHOrO HencnpaBHOCTEN, KOTOPbLIE NPUBOANAT K MOSIBNEHUIO B CNieKTpe BUGpaLMy COCTaABNSIOLLEN HA YacToTe
BpalleHus Bana. Cpeam HUX — MexaHU4eCKUi u TennoBon ancbanaHchl poTopa, NOBbILWEHHbIE HaMNPSBKEHWS B IpUcoean-
HeHHOM Tpyb6onpoBoae, pasHOBLICOTHOCTb ONOPHLIX MOBEPXHOCTEN. UTOBLI onNpeaenuTb, Kakasi UMEHHO U3 BO3MOXHBIX
HeNCrnpaBHOCTEN UMEET MECTO B KOHKPETHOM cuTyauuu, cnefyeT BbINOMHUTE AOMNONHUTENbHbIE N3MEPEHUs], KOTOpble
BKrovatoT B cebsn onpedeneHue: BpeMeHHoW hopMbl curHana, goasoBblX COOTHOLLEHUA, opM M3rMBHLIX KoneGaHui
paboTatoLen mallnHbI;

b) yacToTbl (OTNMYHbIE OT NEPBOIN FAPMOHWKW), XapaKTepHbIe A4Msi MalwyH AaHHOro BUuaa.

lMpumMepoM MOXET CryXUTb HECOOCHOCTb BarloB, BbI3blBaloLWas NosiBNeHne B CEKTPe curHana noMvMo rnepeomn
rapMOHUKM YacToThl BpaLLLEHUsI TaKkke BTOPON (CM. pUCYHOK B.2) n gaxe TpeTbei rapmMoHuky. Jpyrum npymepom MoxeT
CNYXWUTb YMEHbLUEHUEe aMnnuTy rapMOHMK YacTOoTbl BpalweHnsi (CM. pucyHok B.3), 4To xapakrepHo ans ocnabnenusi
MEeXaHN4eCKUX CoOeaNHEHWI B NOALLWIMHMKAX UMK ONopax MalluHbI;

C) 4acTOoThl, KOTOPLIE HEMb3s CBA3ATh C KOHKPETHLIM BUAOM HEUCMPABHOCTW.

B aTom cniy4ae ansi onpegeneHns UCTOYHKKA, C KOTOPbIM CBSA3aHbl COCTABISAIOWME Ha JJaHHbIX YacToTax, NpoBoAAT
JOnonHMUTenbHbIe uccneoBaHusi. Takue nccrnefoBaHns MOryT BKIoYaTh B ce651 MOUCK pe30HAHCOB (B TOM YMCIe HaHece-
HUEM yaapoB Mo KOHCTPYKLUMM UMY M3MEPEHUSIMU B MEPEXOAHbIX PEXMMAX), MOAANbHbIA aHanusa nnv onpeaerneHne xapak-
TEpPUCTMK noToka (cMm. pucyHok B.4). Llenbio ncnbiTaHWii Ha pe3oHaHC sIBMsieTCH MNonbiTka CBsidaTb Habniwogaemble
4YacTOTHbIE COCTABNSIOWME C COOCTBEHHLIMM YacToTaMu konebaHuin KOHCTPYKLUM MalWHbl UMW C KPUTUHECKUMU CKO-
pocTsimMu poTopa.

) OT aHrnuiickoro “operational deflection shape”.

10
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Busyansioe
obenenosanve
Ectb fAa YCTPEHUTL HETIDReHHS,
npoBnemui? NOATAHYTHL COSANHEHNA
Her

CnexrparnbHbiii
aHanus

1-A rapmMoHHKa

HempeHTudmumposantsie
4acToThi ]
YcTpaHWTh NapannensHyio
YCTPaHUTL HECOOCHOCTD, MposepuTs HANW4Me WccnepoBats BpeMeHHOR HECOOCHOCTB, HANPSXKeHUe
MexaHuueckue PB3OHAHCOB, KPUTUHECKAX curHan, opouTy ABUNOHMS "mﬁne"?’ B TpyGonpoBoae,3agesaHust n"‘m"p:::"“
ocnabnenus cxopocTait pana BbIABEHA NN YBENVUEHHBIA 3330p piu
B NOQWMNHAKS®
: y
BuBpaLWS B HOpMe YerpaHuTe npoGnems, Viccnagosats haaosbie
CBfI3aHHLI@ C PE3OHAHCOM COOTHOLISHUA
AMarHocTnposaxue Bubpawys B HODME n Ha YCTPaHUTL MCOANanC,
3aPOPIOHO BHIH ? ml‘:,ul'll 33DEPLWEHO
Her
JMarHocTnpoaaHne
3aseplucHo YCTpPaHuTL HaKnoH
Uccnenosam ODS e thyraameHTa WM AwanocTvposatme
BLIPOBHSTL: BLICOTY ONOP 3BOPILIHO

PucyHok B.1 — CrpykrypHas cxema BUOpaLMOHHOrO ANArHOCTUPOBAHUS MALLIMHBI,
y4yacTByiOLLieiA B NPOU3BOACTBEHHOM npoLiecce

Y
20

15

10

- |

_F
0 50 100 150 200 X

X — vacroTa, lNy; Y — cpeaHeksagpaTUYHOE 3HAYEHNe CKOPOCTHU B BEPTUKANLHOM HanpaBneHuu, MM/C

PucyHok B.2 — HecoocHocTb Banos B Hacoce ([2])

11
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YA

A

0 200 400

600

800 1000 X

X —vacrtoTa, 'y, Y — cpegHeksagpaTMyHoe 3Ha4yeHWe CKOPOCTU B rOPU3OHTaNbHOM HanpasneHuun, MMm/c

PucyHok B.3 — OcnabneHue B nogLumnHuke anekrpoasuratens ([2])

a) [1o BHeceHus b) MNocne BHeceHus
U3MEHEHUNA M3MEHEeHWA
Y24
500
250
0 50 100 150 200 X

d) OTKNUK Ha yaapHoe Bo3fencTeune

Y14
150
100
50
0 50 100 150 200 X
¢) CnekTp Bubpauumn 40 BHECEHUA
W3MEHEHNI
Y14
6
4
2
0 50 100 150 200 X
€) CnekTp Bubpauum nocrne BHECEHUS!

U3MEHEHWIA

X —vacroTa, 'y; Y1 — cpeaHeksagpaTUyHoe 3Ha4eHne CKOpoCTM B BEPTUKANbHOM HanpassieHun, MM/c;
Y2 — pacnpepeneHne 3Heprum 4acToTHBLIX COCTaBMsoLWUX BUubpaumm, Mm/c

PucyHok B.4 — UcnbITaHMA BepTUKaNbHOrO HAcOCa Ha pe30HaHC

12
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MopanbHbie ucnbiTaHusa aBnsaioTca Gonee cnoXxHoW GOpMON MCMbLITAHUA Ha PE30HAHC U NO3BONAIT NOMUMO
CcoBCTBEHHBIX 4acToT onpeaensTh Takke hopmbl MoA 1 koadduLmeHTbl AeMndupoBanus. MoaanbHbil aHanus TpebyeT
6onblUUX BpeMEHHbIX U (PUHAHCOBbLIX 3aTPAaT, U NO 3TON NPUYUHE ero PEAKO UCTIONbL3YIOT ANA AMArHOCTUPOBAHUS MALLWH,
y4yacTBylOWUX B NPOM3BOACTBEHHOM npouecce. OaHako B 060CHOBaHHbIX CIyvasx OH NpeAcTaBnseT cobol MOLWHBIN
MHCTPYMEHT ANSA ONUCAHUA [IMHAaMUUECKOro NOBEAEHUNA MaLLUHDBI, MASHTUMhMKALMW YAaCTOTHLIX COCTaBNAIOWWMX CNEKTPa U
hopMMpOoBaHUA NPeANOoXEHUI No KOPPEKTUPYIOWUM AeUCTBUAM. UTO KacaeTcs onpeAeneHus XxapakTepucTuK NoToka, To
BCerga nornesHo yéeamTbCs, UTO MalMHa paboTtaeTt B 30He MakcuMarnbHOi ahdeKTUBHOCTH unu B6nNusm Hee. B cnyyae
yX0[a OT 3TOil 30HbI NosiBNieHue 6onblunx BUGpauumii cTaHoBUTCA BeCbMa BeposiTHbIM. Ciofja BXOAAT, BHACTHOCTH, PEXXUMbI
obpaTHOro NoToKa U KaBuTaLMK Hacoca, NOMNaXx koMnpeccopa.

Hau6onbLuylo TpyaHOCTL NpeacTaBnsaeT co6oi cnyJaid, Koraa B cnekTpe curHana subpanum JOMUHUPYET COCTaBNs-
I0LLIas YACTOThI BpaLLEHUs pOTOPa, NOCKONbKY Takas hopma cnekTpa xapakrepHa Anst MHOTMX HEeUCNPaBHOCTEN, TaKUX Kak
aucbanaHc, HecoOCHOCTb, AetopMauus KOpnyca, HaKNOHHbIA (byHAAMEHT, PasHOBLICOTHOCTb OMOP, MexaHu4yeckue
HanpsbkeHWsi B NOACOeMHEHHOM TPYGONPOBOAE M YBENUYEHHBbIW 3a30p B noAwunHuke. YTobbl pacno3Hartb, ¢ kakow
MMEHHO HEUCNPABHOCTLIO CBA3AHO NOSIBNIEHUE NEPBOA FApMOHUKM YacTOThbl BpallleHusi, TpebyloTCA AONONHUTENbHbIE
uccneoBaHus, KOTOpbIe BKMIOYAIOT B ce6s aHanm3 BpeMeHHOro curHana, aHanus (pasoBbiX COOTHOLLEHUt  ODS-aHanua.

B.2.5 Axanu3 BpemeHHOW (hopMbl cUrHana

Bua BpeMeHHOro curHana subpauum MoXeT BbITb UCNONL30BaH, YTOBLI pa3nNMUUTbL TaKUE HEMCNPABHOCTH, Kak HeCo-
OCHOCTb (CM. pucyHok B.5), noBblleHHbIe HanpsbkeHna B NpucoeiMHeHHOM Tpy6onposope (M. pucyHok B.6) n ysenuueH-
HbliA 3230p B NoAwuMnHuke (M. pucyHok B.7). B cnyyae noBbILIEHHBIX MEXaHUYECKMX HanpshkeHWd B NPUCOeAUHEHHOM
TpybonpoBoae Ha MalUuHy AEACTBYET HanpaBneHHas cuna, 06bIYHO nexallas B ropusoHTanbHOM NNOCKOCTU, ¥ 3Ta cuna
BO3AEMCTBYET Ha BECb KOPMNYC MaLLUMHbI B LLEenoM. [leidcTBue HanpaBneHHOW CUIbl XapaKTepHO U B CIyyae HECOOTBETCTBYIO-
LLero 3a3opa B NOALIMUMNHMKE, OAHAKO OHA COCpefoToYeHa B MECTEe YCTaHOBKU JaHHOTO NOALLMITHUKA. DTO B 0COGEHHOCTU
crnpaeeAnvMBO ANA NOALIWMHUKOB CNELManbHbIX FeOMETPUHECKUX (DOPM: ANNMNTUYECKUX MM NENECTKOBbIX.

0 0.1 0.2 03 04 X

YA
40

20

X— BpeMms, C; Y — nepemeLleHre B rOpU3OHTaNLHOM HanpasneHun, MKM

PucyHok B.5 — BpemeHHow curdan npu HecoocHoctu sanos ([2])

Y
15

10

0 50 100 150 200 X
X — yacToTa, lNy; Y — cpeaHekBaapaTUYHOE 3HaUeHUe CKOPOCTU B BEPTUKANIbHOM HamnpaBneHuu, MM/c
PucyHok B.6 — Bua cnekrpa npu NoBbILLIEHHBIX MEXaHUYECKMX HAaNPSDKEHUAX B NpUcoeauHeHHoM Tpy6onposoae ([2])
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X — yvacToTa, 'y, Y — cpefHekBagpaTuyHOe 3Ha4YeHVe CKOPOCTU B BEPTUKA/ILHOM HanpasieHun, Mm/c

PucyHok B.7 — YBenuueHHblin 3a30p B noawnnHuke ([2])

B.2.6 AHanus ba30BbIX COOTHOLWEHWNIA

$a30Bble COOTHOLIEHUS MEXAY NepBbIMU rapMOHMKaMU CUrHasa Bubpauun MOryT 6biTb MCMOb30BaHbI, YTOObI
pasnuunTb Takme HeucrnpaBHOCTU, Kak aucbanaHc, HECOOCHOCTb, U3rMb Bana u gedopmauunsa kopnyca. Huwke npusegeHsbl
npvMepbl UCMNO/Ib30BaHNA (Da30BbIX COOTHOLIEHWIA B LLeNAX 4MarHoCTUPOBaHUS:

a) ecnu BCcurHanax, CHATbIX N0 06e CTOPOHbI OT coefuHeHus, hasza n3meHseTcsa Ha 180°, To 3TO 06bIYHO CBUAETENb-
CTBYET O Ha/imunm HecoocHocTu. MNpu oTcyTcTBUM (PA30BOr0 cABWUra B pajvasbHON BUOPaUUM MOXHO MPeanonoXuTb
Hanuuue ancbanaHca. OgHako cnefyet UMETb B BUAY, YTO B HEKOTOPbIX C/y4asax Ha MeCTO COeMHEHNS NPUXoAUTCS y3en
COBCTBEHHbIX U3rMBHBIX KONebaHnii BanonpoBoga, YTo MOXeT NnoTpebosBaTb NpoBeAeHUs 0NOHUTENBHOIO aHanNn3a;

b) gedopmMaunio Kopnyca MOXHO onpeaenuTb no casury gas Ha 180° Bubpauumn B ropu3oHTasIbHOM, BEPTUKA/IbHOM
WY 0CEBOM Hanpas/ieHUM Ha pasHblX KOHLaxX Basia MallvHbl;

C) NpuU NPOXOXAEHWUM Yepe3 pe3oHaHC TeopeTuyeckn dasa curHana, n3mepsemoro B 04HOM ToYke, AO/KHA Pe3Ko
M3MeHUTbCA Ha 180° (cM. pucyHok B.3). B peanbHOCTU Hannune HeHy/neBOro 4eMnupoBaHus 1 BAUSHUE APYTUX KPUTH-
YeCcKnx CKopocTeli NpMBOAAT KTOMY, UTO CKaYOK hasbl cocTaBnseT meHee 180°.

Mepekoc NoALWUNHMUKA MOXET 6bITb 06HAPYXXEH MO 3MepeHnsaM dhasbl MO OKPYXHOCTU NOALWMNNHUKA U Ha6 K AeHNAM
3a ee U3MEHEHUsIMU BCNEACTBUE «KauyaHWUsi» Takoro NoAwunHuka. Yacto cpaBHUTENbHBIN aHanu3 a3 curHanos nepsbixX
rapMOHMK NO3BONSET BU3yannsuposaTb Bubpaumo nobneryaeTt Nonck HeMcnpaBHOCTEN.

B.2.7 ODS-aHanus

Ecnu npoBefeHHble nccnefoBaHns BpeMeHHOW hopMbl curHana u pas3oBbliX COOTHOLLEHUI BCE e He M03BOoANAn
YCTaHOBUTb BWA HEUCNPAaBHOCTW, TO PEKOMEHAYETCA MCNONb30BaTb aHann3 oopmbl U3rMbHbIX KonebaHuii paboTatoLlel
MawunHbl (ODS-aHanu3). OH NoMoraeT BbisIBUTb Takne NpPo6sieMbl, Kak Hak/MOHHbIA hyHaameHT (CM. pucyHoK B.8), pasHo-
BbICOKME OMNopbl (CM. pUCYHOK B.9), mexaHuuyeckne ocnabseHns B onopax W napasnesibHoe CMelleHue Ooceil BasioB.
[aHHblli BUA aHanusa TpebyeT nNpoBefeHns udmepeHuin dasbl 1 amnauTyabl NepBOM rapMOHMKM YacTOTbl BpalleHus B
Y3/10BbIX TOUKAX CETKW, HAHECEHHOI Ha NOBEPXHOCTb MalUVHbI WX ONOpPbI, U NO3BOMSET HabAaTh POPMY OTKIOHEHUN
noa paboueli Harpyskon npu paboumnx ckopoctsax. Crnegyet OTMETUTb, 4YTO 3Ta (hopma He coBnagaeT Cc MOAOWN BUGpaumm
MalUVHbI (ECNN TONbKO Ta HE HAXOAUTCA B COCTOSAHUM PE30HAHCA), HO MOXET paccMaTpMBaTbCA Kak CyMMapHbIii Bknag Bcex
MOJ, Ha YacToTe BpalleHns. Busyanusauma snépaumy no NnOBEPXHOCTU MaLUvHbI (ONOpPbl) NO3BONSET BbIABUTL NPO6/IEMBI,
CBA3aHHble C YCTaHOBKOWN MaluuHbl. Tak, ecnvu Habnwgaetcsa y3en kosneb6aHnini onopbl MallunHbl, TO 3TO ABMSAETCA SABHbIM
NPM3HaKOM Pa3HOBbLICOKMX OMOP WM HaK/OHHOTO dpyHAaMeHTa. YTo6bl noATBEPAUTb 3TOT ANarHos3, Heobxoammo byaet
NPOBECTN TOYHbIE TEOMEeTPUYECKNe N3MepPeHnsa Ha PyHaameHTe 1 (unun) onope.

PucyHok B.8 — ODS B cnyyae Hak/noHHOro pyHgamenTa ([2])
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PucyHok B.9 — ODS B cniyyae pa3HoBbicokux onop ([2])
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Ta6nuua B.l— Tabnuua HeucnpaBHOCTEN MallMHbI, yyacTByloLEel B NPOM3BOACTBEHHOM MpoLecce

HeuncnpaBHOCTb

HecoocHOCTb (HEKOHLIEH-
TPVUYHOCTb)

MexaHunyeckue ocnabne-
HNA

3a30p B NOALIUMNHUKE

Hanps»xeHne
nposoge

B Tpy6o-

«Msrkasa» onopa

3ageBaHue (TpeHue)

[uncbanaHc

M3rn6 sana

[Oedopmauus kopnyca

Pe3oHaHc

HaknoHHbIN yHaameHT

Pa3HoBbICOKME 0nopsbl

OCHOBHOI npu3Hak

1-a umn 1-a n 2-4, nHorga
3-9 rapMOHUKN

Cnagawouwe amnanTygbl
rapmMoHuK

1-9 1 He6oNblINE BbiCLIME
rapMoOHUKN

1-9 rapMoHMKa 4acToTbl
BpaLleHus

1-A4 n 2-A rapMOHUKM Yac-
TOTbl BpaleHns

KnunnupoBaHue curHana,
Bpaljalolmecs BEKTOpbI
rapmMoHUK

1-9 rapMoHMKa 4acToTbl
BpaLleHus

1-A rapMOHUKa, B T. Y. Ha
HWU3KO CKopocCTin

1-9, vHoraa 2-1 rapmoHu-
KU

Bbicokasi BuGpauus Ha
onpeAeneHHoit yactoTte

ODS, o06biyHO pgnsa 1
rapMOHUKM
ODS, o06bi4HO pgns 1
rapMOHUKM

Apyrne npusHakn

HanpasneHHas cwna; casur
hasbl Ha 180° mMpy NPOXOX-
OEeHUN Yyepes coefiMHeHne

®a3oBble COOTHOLUEHUST Afis
onpeaeneHus mecta ocnab-
neHuns (NOALIUMHUK, onopa,
aHKepHbIi 60T)

HanpasrneHHasa cunia

HanpaBneHHaa cuna, knun-
nnpoBaHne curHana

CneunasbHble UCMbITaHUA

MoXeT Bbl3blBaTb 06paTHYHO
npeueccuio Bana

OTcyTcTBME cABura  hasbl
Npu NPOXOXAEHUN Yepes Co-
efIMHeHve

Ha onpepaeneHHbIX cKopoc-
TAX  MOXeT KOMMEHCUpo-
BaTbCcs Auc6anaHcom

CpaBwur hasbl Ha 180° Ha pas-
HbIX KOHLAaX Bana

Cob6CcTBEHHAaA yvacTtoTa, Mo-
NlyYeHHasn B Xoe UCMbITaHWiA
Ha pes3oHaHCc

«Kavatowascsa» ODS

Heb6onbwon HaknoH ODS,
MOXET NPUCYTCTBOBATb Y3€e/

PekomeHpgauun

BbIpOBHATL Basibl

MoATAHYTL GONTOBLIE COE-
AVHEeHus

3aMeHUTb U OTPEMOHTU-
poBaTb NOALNMHUK

YCTpaHUTb HaTsKeHue BO
bnaHueBbIX CoeANHEHUNAX

YBeNNUUTb XKEeCTKOCTb OMo-
pbl

YcTpaHuTh 3ajeBaHue apyr
0 ipyra 3/1eMeHTOB MallMHbI

YpaBHOBECUTbL MalLUHY

OGpaTVITbCFl K un3rotoeute-
N0 MallnHbI

YcTpaHuTh AedopmMalmio

M3MeHWUTb CKOpPOCTb, YBEU-
UUTb XKECTKOCTb WM foba-
BUTbL Maccy. WHorga Tpeby-
eTcs yBenuueHvwe aemndu-
poBaHus

O6patntbcs K
cTpouTento

UHXeHepy-

BbIPOBHATb BbLICOTY OMOP
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MpunoxeHue C
(cnpaBoyHoe)

ﬂuarHocTupoaaHMe paguanbHbIX rmgpoaoMHaMU4eCKUX NOALWLUMNHUKOB

C.1 O6wme cBegeHus

MoawmnnHUKKM cRyXaT onopon ANA BpalLaloWMXCs YacTen MalluHbl. B ruapoauHammyecknx nogLumMnHukax Landga
poTopa onupaeTcsl Ha MacNAHbIA, KaK NPaBUAO, KNUH, 0Gpa3yIoLLMIACA B pesysibTaTe AMHaMUYEeCKOro B3auMoaencTens
BpaLLaloLWerocs potopa u cnos macna (cm. pucyHok C.1).

Yi

1 — paclumpsioLascs MacrnsHas nneHKa; 2 — nogLMNHUK; 3 — MUHMManbHas TONLWMHA MacNAHOW NNeHKN; 4 — TovKa Makcumanb-

HoOW TeMneparypbl Macna; 5 — Touka MakcMManbHOro AaBreHUs B cnoe macna; 6 — npodunb rapoaUHaMUYECKOro AaBneHus;

7 — CYXalOLMIACA MacrisiHbIA KNuH; X, Y — KoopAWHaTHbIe ocH; Ob — LIEHTP NOAWMNHUKA; Oj — LieHTp uandbl; W — BecC potopa;
® — YIrnoBas YacToTa BpalleHus

MpuMeyaHue— Ycrnosue yCTOWIMBOTO BpaLLeHus potopa: . Fy =0u Y F, = W, tae D Fy, D F, — cyMmbl
Cun, AeACTBYIOLLMX Ha POTOP Mo OCAM X 1 Y COOTBETCTBEHHO.

PucyHok C.1 — MacnsiHblii KNUH B ruipOANHAMUYECKOM NOALLMIMTHUKE

MoawmnHuK AiBNsieTCA TONBbKO OAHWM W3 Y3NOB MAlUMHBI, HO OYeHb BaXKHBIM C TOUKM 3peHun obecneyeHus ee
HKECTKOCTHBIX U AeMnchMpyIoLLnX CBOMCTB. B psige cnyyaes npobnembl MaluMHbl MOTYT 6bITb 0OYCrOBNEHb! HEYCTONYMBLIM
noBeAeHVEeM NOALIMIMHUKA.

MapoamHamuyeckve NoALMMHUKM MCTONb3YIOT AN ONMPaHUA POTOPOB BCEX TUMOB, XKECTKMX U rmbkux, paboTtaio-
LUMX BBILLIE M HUXE KPUTUHECKUX CKOPOCTEN BpalleHus. [logaTtnMBocTb NOALUMMHUKOBOM Onopbl (Kopnyca ruApoiuHamu-
YeCKOro NOALLIMMHUKA UITM OMNOPbl KOPNyca) MOXET CYLLECTBEHHO M3MEHATLCS B 3aBUCHMOCTM OT CTENEHU ee CTapeHns U
KOHCTPYKTUBHBIX OCOGEHHOCTEe MaLUUHbI.

C.2 UsmepsieMble BeJIUMUHDI

Ins anarHocTMpOBaHWUA NOALLUMHMKOB BEXHO UMETb UHPOPMAaLIMIO O CPEHEM MOSNOXKEHUU Bana U TpaeKTopum ero
ABwXeHus (opbuTe), uto TpebyeT npoBeAeHUs amepeHun Bubpaumu B ABYX HanpaBIieHUsIX NOA YoM Apyr K APYry.
OB6bIYHO AN 3TOrO UCTIOSb3YIOT Napy OPTOrOHANbHO PaCNONOKEHHbIX 4aT4YMKOB (CM. pucyHok C.2). Yauwe n3s npakruyec-
Kux coobpaxeHui (yaobcTBa YCTAaHOBKM M CHATMA) AATYMKWM pacnonarailoT nog yrmom 45° Kk BepTukanbHOi ocu
(cm. UICO 10817-1).

CpeaHee nonoxeHve Barna onpeaensioT No CUrHanam ¢ AaTYMKoB, YCPeAHeHHbIX N0 BpEMeHU, a opburta ABWKEHns
Bana npegcraensieT coboi rogorpad, NOCTPOEHHbIA MO Nony4YeHHbIM curHanam (cm. pucyHok C.3). Ha pucyhke C.3
cpeaHee nornoxeHne Bana u ero opbuta nokasaHbl B npeaenax okpy>XXHOCTU MUHUMAIBHOTO 3a30pa (3aMKHYTON KPMBOW,
OnNUCLIBAEMOM LIEHTPOM Bana npu ero Kpyrosom nepemelieHun ¢ MMHMMarnbHbIM 3a30POM MO BHYTPEHHE! NOBEPXHOCTH
noAWMNHUKA).
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2/ T
3

1 — pasmMep OKpPY>XHOCTU MUHUMAIBHOIO 3a30pa Mo BEPTUKANM; 2 — LIeHTP NOALLUMHUKA; 3 — pa3mep OKPY>KHOCTU MUHUMANBHOTO
3a3o0pa no ropu3oHTanu; 4 — opbuta Bana; 5§ — HanpasneHue BpalleHus; 6 — aaruuk 2; 7 — gatumk 7

PucyHok C.2 — VamepeHne TpaekTopuy AByMsi AaTumkamy 6eCKOHTaKTHOro tuna

1 — uenTp noawunHuka; 2 — opbuta Bana; 3 — HanpasneHue BpalLeHus; 4 — BEKTOP CABUra CpeaHEero NONOXEHUN LeHTpa Bana;
5 — cpenHee nonoxeHue LeHTpa Bana; 6 — BEKTOp 3KCLLeHTpUCUTETa; 7 — paanyc OKPYXXHOCTU MUHUMANbLHOTO 3a30pa

PucyHok C.3 — lNonoxeHne Bana B OTBEPCTUN NOALLMIMHUKA

M3meHeHne nonoxeHus Bana HeceT HGOPMaLIMIO 0 HEUCNPaBHOCTAX. Tak, B criyyae npeueccun potopa Ha Macns-
HOM KnuHe opbuTta Bana 3anonHsieT 6ONbLUYIO YaCTb OKPY>KHOCTU MMHUMANbLHOIO 3a30pa, a cpeaHee NonoXeHue Bana
61U3KO K LEHTPY NOALWNNHUKA.

Ha pucyHke C.4 nokasaHo, Kak MU3BMEHsIETCS cpegHee MonoXeHne ueHTpa Bana ¢ U3BMeHEHUEM CKOPOCTU BPaLLLEHUS.
O6bI4HO TaKMe M3MEHEHUA 3aBUCAT OT HArpy3ku Ha nogwunHuk. Ecnm B npouecce paboTtbl cpegHee nonoxeHune Bana 6nma-
KO K OKPY>XHOCTWN MMHUMANbHOIO 3a3opa (HWU3Kasi CKOPOCTb, BbICOKUIA 3KCLEHTPUCUTET U BbICOKast Harpy3ka), TO BO3MOXHb!
3aieBaHus Bana o BHYTPEHHIO MOBEPXHOCTb NoAWMMHUKA. ECnun xe cpeaHee nonoxeHue ueHTpa Bana 6nm3ko K LeHTpy
NoALWMNMNHNKA (BbICOKAA CKOPOCTb, Marnbli SKCLEHTPUCUTET, HU3Kasa Harpy3Kka), To BO3MOXXEH PEXUM HeCTaburnbHoW paboThbl
poTtopa.

Harpy3ka Ha nogWwnnHUK u3MeHsIeTCs BCrieACTBUE AEUCTBUS CUI BHYTPY MaLLMHbI {HArpy>XeHHOCTU peayKTopa, AaB-
nenms B paboyven xnagkoctm). HapyleHne cOOCHOCTM BanoB Takke YBENMUMBAET HArpy3Ky Ha NOALWMNHUK. C NOMOLLLIO
JATUNKOB OTHOCUTENBHLIX MEPEMELLEHUI Bara MOXHO OTCNEXMBATb MOSIBIIEHWEe HEUCNPABHOCTEN, ABMAIOWMUXCSA
cneacTBMEM N3MEHMNBLLEICA HArPY3KN UMK NPUBOAALLMNX K €€ N3MEHEHUSIM.
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7940 mun-1

4120 mun-1

_|_

1240 mu-1 / .

170 mun-"! /./
0 1 1 1 ] T J—-/-I |

X — ropusoHTanbHas ocb; Y — BepTukanbHas ock; 7 — HanpasreHue BpalleHnst; 2 — OKPYKHOCTb MUHUMATIBHOTO 3a3opa

PucyHok C.4 — NameHeHWe cpeaHero NonoXeHus LieHTpa Bana

[ns MalmvH ¢ BepTUKanbHbIM PacnonoXeHUem Bana BCrneacTsme OTCyTCTBUS ASUCTBYIOLWEN Ha Bar CUrbl TAXXECTU
MOJIOXKEHME ero ocu He ByeT CNyXuUTb XapaKTepPHbIM AUArHOCTUYECKMM NpuaHakoMm. UccnenoBaHne COCTOAHUS TakUx
MaLUnH TpebyeT NPpUMEHEHUA AONONHNTENbHBLIX Mep, HanPUMep NpeaBapUTENbHOTO HarpyXeHus NoALUNHUKOB.

BaxxHbIMM napameTpamy, noanexawiuMu U3MepeHuio, ABNSIOTCS Taloke TeMnepartypa noalmMnHuka u Bubpaums
Kopnyca noAwnnHuka. atimk Temnepartypbl MOXeT 6biTb BCTPOEH B MOALLUMIMHUK, U NO €ro NoKasaHusiM MOXHO cyauTb 06
M3MEHEeHUM Harpy3ku Ha noaLwmnHuk. B ngeane ox aomkeH 6biTb ycTaHoBNEH B6GNUM3N TOro MecTa, rae Temneparypa Mak-
cumaribHa. B cerMeHTHbIX MOALIMIMHMKAX TaKoW AaT4MK MOT Obl ObITh YCTAHOBIIEH B K&XKAOM Harpy>keHHOM CermeHTe, a B
noAwwmnHuKax 6onbLIOH NPOTSKEHHOCTU — MO 06eum cTopoHam noawwunHuka. Npu 3apaHHbIX NONIOXKEHUAX AaTYMKOB
TemnepaTypbl MOXXHO paCCMOTPETb BO3MOXHOCTb MPUMEHEHUSI U3MEPUTENbHOM CXEMbI C pe3epBUMpOBaHUEM.

Mcnonb3osanue uHcgopmavm o Bubpaumm koprnyca noALmnH1Ka B LiersiX BbIABNEeHUA n uaeHTudmkaumm Hemcnpas-
HOCTH 32aBUCUT OT TUNA MALLUMHBI U CUCTEMbI NOALLIMIMTHUKOBOM ONopbl. B coueTaHumn ¢ 6€CKOHTAKTHLIMUY AaTYMKAMU NepeMe-
LeHmsi npeobpasosareny Bubpaumm Koprnyca MOryT COCTaBUTb CPEICTBO HENPEpPLIBHOIO KOHTPONA BUObpauun wnm xe
MCNoNbL30BaTbLCA B onpeaeneHHbie MoMeHThl BpemeHu. [laHHbiil Bonpoc pacemartpusaeTcs B [12].

C.3 Bubpauus B rmapoaMHaMMyeCcKMX NOAWMNHUKAX

TunuyHble KAPTUHBI ABWKEHWUS Bana B rMApoANHAMMUYEeCKUX NOALMIMHNKAX pa3HbIX TUMNOB NokasaHbl Ha pucyHke C.5.
MpocToii NOALIMMHUK CKONBXEHWUS U SNTTMIMTTUYECKMIA NOALLIMITHUK MMEIOT NMOCTOSIHHYI0 TEOMETPUI0 BHYTPEHHEro OTBEpCTUS,
a B CerMEHTHbIX MOALIMIHMKAX OHA M3MEHSIETCA BCNE/ICTBUE MOBOPOTOB CETMEHTOB MPU pasHbIX YCIIOBUAX BpalLeHUs
Bana.

PeanbHas Bubpaums MOXeT oTnuyaTbesl OT TOM, YTO NokasaHa Ha pucyHke C.5. B obuiem, annuntuyeckuia noawun-
HUK obnapaeT MeHbLUEl! XECTKOCTbIO B FOPU3OHTaNbHOM HanpasIieHUM, U NO3TOMY NSl HETO MOKHO OXuAaThb 6onbLUyIo
ropu30HTanbHyl0 BUGpaLUIO N0 CPABHEHMIO C NPOCTHLIM MNOALIMMHUKOM CKOFLXXEHUS U CETMEHTHBIM NOALLIMITHUKOM. OfIHaKO
CUTyaLusi MOXXET MUBMEHUTLCA B 3aBUCUMOCTH OT KECTKOCTU NOALLMITHAKOBOIA OMNOPbI.

MopawmnHuk, BMGpaLms KOTOPOro nokasaHa Ha pucyHke C.5 b), oTHocUTCS K CErMEHTHBIM NOALLMITHUKAM C ONUPaHN-
€M Barna Ha cermeHT (LuapoBo# naneu,). U3 pucyHka BUIHO, YTO cpefiHee NornoxeHue LIeHTpa Bana HECKONbKO OTCTOUT OT
BEPTUKarbHON OCU. DTO MOXHO OOBACHMTL HEBEPTUKANbHON peakuMen LapoBoro nasbLa Ha CUITy TSKECTU CO CTOPOHbI
Bana.

CneflyeT OTMETUTD, YTO CErMEHTHBIM NOALUMIMHUKAM C ONMPaHUEM Baria Ha CerMeHT CBOMCTBEHHA Pa3Has lKeCTKOCTb
B BEPTUKAIIbHOM M FTOPU3OHTaNbHOM HanpaeneHusiX. Y CEerMEeHTHbIX NOALLIMIMTHUKOR C ONMPaHUEM Bana Mexzy CerMeHTaMm
(LuapoBLIMU NaNbLAMU) 3Ta ACUMMETPUA BbipaXkKeHa MeHbLLIe, NO3TOMY Al HUX opbuta Bana umeet copmy, 6onee 6nua-
KYI0 K OKPY>KHOCTHM (NpM YCIIOBUK, YTO HA Hee He OKaDKET BIMSIHUSI aCUMMETPMS XKECTKOCTEN ONOopbI MOALLMUITHUKA).
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N
N
N

1 3 1 3 1 - 3
2
2; 2;
a) MNpocToit nogWwuNHUK b) CermeHTHbIA NOAWMMTHAK €) dnnunTu4ecKnin
CKONBbXeHUs (c onupaHuem Ha cerMeHT) NOALMMHUK

1 — op6ura Bana; 2 — HanpasneHue BpalleHus; 3 — BeKTOp CPegHEro NONoXeHWs LeHTpa Bana;
4 — cpefHee NoNoXeHue LEHTpa Bana

PrcyHok C.5 — TunuyHblie KapTUHbI ABUXEHUS Bana B rmapogMHaMNYeCcKnX NOAWMNNHUKAX

Cwnbl CO CTOPOHbI Bana nepeaaloTcs Yepes Crov Macra Ha cCTauMoHapHyio ONopy NOALWMIHUKA, BUGpaLmio KOTOPOW
06bIYHO M3MEPSIIOT C MOMOLLBIO NOCTOSIHHO YCTaHOBMEHHbIX NpeobpasoBatenei. Bubpaumio paguanbHbiX ONOPHLIX NOA-
LUMMHWUKOB OBbI4HO U3MEPSIIOT B TPEX B3aMMHO OPTOFOHANbHbIX HANPaBNeHUsIX.

YKasaHHble namepeHust MoryT GbiTb JOMOSNTHEHbI N3MEPEHUSIMU KPYTUITbHOW BUGpaumm, ocobeHHo B cnyyae, koraa
BpalllaTenbHoe ABUXEHUE NepeaaeTcs C Bana unv Ha Ban Yepes mexaHudeckum peaykrop. lNoatomy ans aHanusa Bubpa-
Lun arperaToB, B COCTaB KOTOPbIX BXOAWT BanonpoBo, BaXXHO 3HATb COBCTBEHHbIE YacTOTbl KpYTUIbHOM BUGpaumm.

Bo3MOXXHbIe HEUCMPABHOCTY MTMAPOAVNHAMUYECKUX NOALWMNHUKOB 3aBUCSIT OT BMa MalumuHbl. [epeyeHb HEKOTOPbIX
M3 HUX NpuBeaeH B Tabnuue C.1.

C.4 OnarHocTMpoBaHMe rMapoANHAMUYECKNX NOALLMMHUKOB

C.4.1 OO6Gwue nonoxeHnn

CxeMa onpeaeneHusi HeMCNPaBHOCTEN, CBSA3aHHLIX C TMAPOAUHAMUYECKUMM NOALIMMHUKAMU MaLLWHbI, NOKa3aHa
Ha pucyHke C.6, a B Tabnuue C.1 npuBeaeH nepeyeHb BO3MOXHbBIX HEUCTPABHOCTEMN.

C.4.2 WinpoxononocHaa BuGpaums

Mpwn o6GHapyXeHUN OTKNOHEHUI B paboTe MalLMHbI NEPBLIM LLArom gormkHa 61T NpoBepka oTHoCUTENBHOW BUGpa-
uum Bana, kak yctaHoeneHo 8 UCO 7919-1. Ecniv o6wmin ypoBeHb BUOGpaLmn HEBBLICOK, TO OnpeaensiioT cpegHee nosoxe-
HUe LeHTpa Bana. Ecnuv gaHHbIi Npyu3Hak 4eMOHCTPUPYET Hanuune OTKITOHEHUS!, TO NPOBEPSIOT Creaylolme BO3MOXHbIE
HENCnpaBHOCTU: NEPEKOC MOALMMNHMKA, HECOOCHOCTb, TENMOBOE pacluMpeHue, HeJoCTaTOYHYI0/MPE3MEPHYIO Harpy3Ky
Ha NOALUMIMHWK, U3HOC NOALIMIMHUKA.

C.4.3 BnbGpaunsa Ha yacToTe BpalleHMA Bana

Oxugaemble HEUCNPABHOCTU, CBSI3aHHbIE C NOBbILWEeHWeM BUGpaummy Bana Ha nepeom rapmMoHUKe 4acToThl Bpalle-
HUA, NoKasaHbl B Tabnuue C.1.
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YpoeeHb
1-/ rapMOHUKK
BbICOK?

Ectb
Bubpauusa Ha
cybrapmoHukax?

npeueccust
Bana?

HectabunbHocTb potopa
Ha MacnsHOM KIMHe

MoawmnHuk ucnpaseH

peaHee MNonoXeHu

Cm. Tabnuuy
HeWCNpaBHOCTeN

MpoGnema
Heé B NnOALIMNMHUKE

Ectb
o6parHas
npeveccusi?

PaccmoTpeTb BO3MOXHOCTb
3afeBaHuin

PaccMoTpeTh BO3MOXHOCTU Nepekoca
NOALWWNHKKE, HECOOCHOCTH, TENMOBOTO
paciumMpeHu1s, aHOCa NOALLMMHUKA,
HEeI0CTaTOMHON/MPE3MEPHOM Harpysku
Ha MOALNNHUK

Het

PaccMoTpeTs BO3MOXHOCTH
pe3oHaHca Ha cybrapMoHuke,
Harnuume >XWaKocTu B potope

PucyHok C.6 — CtpykTypHas cxema o6HapyxeHusi u onpeaeneHns HencnpaBHOCTEN,
CBA3aHHbIX C TMAPOAUHAMUYECKUMM NOAWINNHUKAMM
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Tab6nwnuya C.1— Tabnuua HencnpaBHOCTEN, CBA3AHHbLIX C MAPOANHAMUYECKMMIN NOAWNNHUKAMW

Bubpauus Ha

opbuTa)

pocT npu Bbibe-
re (BO3MOXHbI
3a/ieBaHusl)

HavanbHbie OcHoBHbIe Nocneayowme N
HeucnpasHocTb Namepenus M3MEHEHIS] 4ACTOTBI M3M9€I)éHVL1L;| KPUTUHECKOW MNosTtopsiemocTs Mpumevanus
CKOpOCTH
YBenu4ex- BuGpaumsi 1-n | MNocTteneHHble 1-1 rapmoHumka Moryt nosenate- | YMmeHbwaeTca Ectb (3aBucut | O6bIMHO BbI3bIBa-
HbI 3a30p rapMoHukm  (Mo- cA BbiClWKMe rap- | (ecrnu pasnuyn- | OT MaLUWHbI) €T  yMeHblleHue
XKEeT YMeHbLuaTh- MOHMKU 1 cybrap- | ma ¢ 1-i rapmo- KECTKOCTH, AeMn-
cs npu 6nmnsoctn MOHWKWM, HECTa- | HUKOW) ¢dvpoBaHne  Mo-
pe3oHaHca) GUNBLHOCTL NOBe- xXert yBenuun-
AeHusi poTtopa BaTbCsl
PaspyweHue Bubpaumsi, Tem- | 3aBucut oTcTeneHu | 1-s1 rapmoHuka, Bo3- | 3ameTHoe wu3me- | Moxer yMmeHb- Paspywenue 6a6-
6abbwToBOro | nepatypa paspyLueHusi MOXHbI Apyrve rap- | HeHue AWarHocTu- | LWNTBbCA 6uta MoxeT yxya-
crost MOHUWKM M cybrapMmo- | YeCKMX Npu3HaKoB WnTb ycnosusi
HUKM, YaCTOTbl HECTa- CMasku 1 BbI3BaTb
6unbHOro noBeAeHus! pa3spylwieHne noa-
Bana LUMINHUKA
KokcoBaHve OTHocuTenbHas YpoBeHb 1-#1 rapmo- | 1-s1 rapmoHuka MN3ameHeHna ume- Ecmb Bubpauna moxet
macna BnGpaums Bana HUKM  U3MEHSIETCSI 10T  LUMKINYECKYIO BO3pactu  u3-3a
no nunoobpasHomy npvpoay TPeHus1 ¢ noawwn-
3aKOHY C LMKIIOM B HVKOBBIMW  YNNOT-
HECKONbKO Hegernb HEHVAMN
Ocnabnenne | OTHocuTenvHasim | MoryT GbiTb cBAza- | 1-51 M BbiCWIKME FapMO- 3HauutensHo Bnusiet Ha o6uiyio
noALWnnHYKa abcontoTHasi BUG- | HBI C  YCTaHOBKON | HUKM U Cy6GrapmoHu- M3MeHsieTcs XKECTKOCTb Ornopbl,
B KOpnyce pauvu Bana NN  TEXHUHYECKUM | KW; MOXET NPUBOAUNTL 4TO MOXET Bbi3bl-
obcnyxmBaHnem K  HecTtabunbHoCcTU BaTb HecTabunb-
MaLLUHBI MNU  TPEHWIO; BO3- HOEe  MoBejdgeHue
MOXHa HanpasneH- poTopa v 3ageBa-
HOCTb BUGpaunmn HUA
Mepekoc noa- | Bubpauusi, Tem- | CBsidaH C ycTaHoB- | Bo3moxHa Hampas- HepaBHOMEpHbIN
LUMMHUKA nepartypa KON UM TeXHWYec- | NMEeHHOCTb Bubpauum 3a3op B nogwwmn-
KUM obcnyxuBa- HUKE; MOXEeT npw-
HUEM MalLUHbI BOAUTbL K 3ajeBa-
HUSIM
OdbbekT OTHocuTenebHas 1-9 rapmoHuka ¢ | 1-51 U 2-8 rapMOHUKK BuGpauua moxet | Ecnm  vacrota | He Bcerga Takass Bubpaums
MopToHa/aa- BUOpaumsi Bana, | BO3MOXHbIM MOCTO- BbIATM 32 YyCTa- | BpaWweHusl Bbl- MOXeT ObiTb CBf-
OeBaHusA B | BUGpaLus Koprny- | SiHHbIM POCTOM aM- HOBMNEHHbIE nNpe- | We pe3oHaHca, 3aHa He C Hewuc-
YyNNOTHEHUsX | ca namTyabl (kpyroeas aenel TO 6onbLuoi NpaBHOCTLIO Moa-

WKNHUKa

9L02—¢€-€.£€L OOU d 1001
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Okonyarue mabnuupsi C.1

Bubpauus Ha

HeucnpasHocTb Uamepenus HavansHbie OcHosble Mocrenyiouume KpUTUYECKOW MNosTOpsiemocTb Mpumevanun
U3MeHeHUun 4acToTbl U3MEHEeHUA
CKOpOCTH
HecoocHocte | OTHOCMTENbHARA 1-51 rapmoHuka, 13- | 1-7 rapmMoHuka Temnepatypa Moxetr yBenu- | Ectb.  Moxert | 2-A rapmoHuKa mMo-
Bubpaumn Bana, | MEHEHWe TMonoXxe- MOALWMINHUKOB ymBatbCcs MNW | HabnwpaTeCA XeT ObITb cneacT-
NONOXeHWe Bana, | HUs Bana Ao npu- BAONb Bana MO- | yMeHbLIaTbCH KoppensiuMsi B | BUEM acCUMMeTpum
Bubpaums kopny- | xoga K TennoBoOMy xeT pactun. Bos- pabounx ycno- | Bana (WNOHOYHas
ca paBHOBeCMIO. MOXHO  YInoBoOe BUAX Yepe3 uX | KaHaeka) wnu ae-
YanvuHenHass  vnu noaHsTME Bana. BNUsiHNe Ha | dpbekTa coeauHe-
nnockasi opoura. MoxeT npuBecTn Temneparypy HWUA, a TaKKe no-
Bo3mMoXHbI Bbiclne K HeHarpyxeHHo- SIBNATbCA BCnea-
rapMOHMKU My  COCTOSIHMIO CTBUE  HEIUHEW-
NOALWMINHMKA WK HOCTW OTKNUKAa
HecTabunNbHOCTH
€ro noBeAeHns!
YcraHoBka Bubpauns, Tem- | HeoBbiuHas Bubpa- HonxHa 6bITb
noALWwnnHYKa nepartypa UUs, MOXeT MpuUBO- npegoTBpalleHa

3340M Hane-
peq

OUTb K HecTabunb-
HOCTM  NOBEAEeHWs
Bana, pocty 1- rap-
MOHVMKM U 3apeBa-
HUSIM.

MoxeT BbI3bIBaTb
Harpes, BO3MyLLe-
HWe NoToKa macrna

KOHCTPYKTUBHO, HO
Tak ObiBaeT He
Bcerpa.

Mpu Takom ycra-
HOBKe (Mnu npu no-
BOPOTE  OTHOCK-
TENbHO  HYXXHOMO
NONOXEHNHA) MHO-
me noAWUNHUKKN
pabotaloT Henpa-
BUNBHO

€-€.€€1 OO d 1001
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C.4.4 Cy6brapmoHuveckan Bubpaums

Cy6rapmoHuyeckasn Bubpauua MmoxeT 6biTh CBA3aHa ¢ NPSAIMOI UNu 0BpaTHOM NpeLieccueit potopa.

Yauie Bcero npu4MHoii cybrapMoHnyeckoi Bubpalumn aBnsaeTc HecTabunbHOCTb NOBEAEHUA poTOpa Ha MacnsiHOM
KNuHe (NpaAMan npeLieccun) unu Bubpauus macnaHoro knuHa. MNMpeleccus Bana npoMcXoauT B peXMMe aBTokonebaHuin Ha
4acToTe HKe NOMOBUHbI YaCTOThI BpaLleHUs. YpoBeHb kKoneGaHuil MoXeT ObiTb HeGonblUuMM. COOTBETCTBYIOLLASA YaCTOT-
Hasl COCTaBRMAIOLLAA NOABMNAETCA M pacTeT C POCTOM YaCTOThI BpalleHUs Bana npy pa3roHe U 06bIYHO UcYe3aeT, Kak TONbLKO
CKOPOCTb BpaLLEeHUs 4OCTUraeT KpUTUYECKO. Nocne NpoxoxaeHus Yepes KPUTMHECKYIO CKOPOCTb laHHas CoCTaBnsaoLWwas
MOXeT NOABUTLCA BHOBb. MNpU AOCTUXXEHUM YACTOTON NpeLiecCMm 3HaYeHUs, COOTBETCTBYIOLLIEro NepBoi KPUTUUYECKON CKO-
pOCTH, BO3HUKAET ABNEHMe, U3BECTHOE Kak BUGpaLma MacnsHOro knuHa. TUNWYHBIA CNEKTP Takoi BuBpaumn nokasaH Ha
pucyHke C.7 ([5]). HectabunbHocTb AaHHOro pofa NpMBOAUT K MOSIBNEHMIO NpeAenbHOro Lukna konebaHuin potopa ¢
GonbLuoi aMnnuTyaoi. MNpu aanbHedLeM NOBLILIEHUM YACTOThI BpallleHUs poTopa BUOpaLUa MacnsiHoro knuHa byaer
0oCTaBaTbCs Ha 4acToTe NepBO KPUTUYECKON CKOPOCTH.

YA
350

—

300

250

200

150

100

3 4,

SZJLJnm 647LA

2000 4000 6000 8000 10000 12000 X

X — yacToTa, MUH1; Y — pa3max nepemelleHus, MkM; 7 — 1-s1 rapMOHUKa BUOpaLM MacnsAHOro knuHa (CoBnafaeT C YaCTOTOM Kpu-

TUYECKO CKOPOCTU POTOpa); 2 — YacToTa BTOPOiA KpUTUYECKOW CKOPOCTU; 3 — 2-91 rapMOHUKa BUGpaLIMmM MacrnsiHOro KnuHa; 4 — 3-s1

rapMoHuka BuGpaL My MacnsiHoro knvHa; 5 — patoyas yactoTa BpaLLeHus potopa (5800 Mup~" ); 6 — 4-s1 rapMOHUKa BUGpaLumu Mac-
NAHOro KNuHa; 7 — 5-A rapMoHuka BubpaLyum MacrnsiHoro KnvHa

PucyHok C.7 — TunuYHbIM cnekTp BUGpauun MacnsHOro KmHa

[lpyroil BO3MOXHOM NPUYMHON NPSIMON NPELLEeCCUMMN PoTopa ABNSeTCs nNonagaHue XMaKkocTy B NMOMocTh Bana unv B
My Ty coeauHenus. MNpu 3Tom HabnoaaeTcs BUOpauus Ha yacToTax, cocraensatowmx ot 0,6 Ao 0,95 yacToThbl BpalLeHWs.
Ecnu vactota cybrapMOHUKM coBnapaeT ¢ YacTOTON pesoHaHca, TO HabnaaeTesa cybrapMOHMYECKUiA pe3oHaHe noa-
LUIMNHUKA.

O6paTtHas npeLieccusi poTopa, NPosIBNsIOLLAACA Yallle BCEro B Buae BHELLHUX NeTenb Ha opbute ABMXEHWUS Bana,
MOXeT ObITb CBA3aHa C HaNIMYMeM TPYLLMXCA NOBEPXHOCTEN B MOALLMIMTHUKE.
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Mpunoxeunne D
(cnpaBoyHoe)

ﬂMarHOCTMpOBaHMe noglWwunHUKOB KavyeHusA

D.1 O6wwme cBeneHunn

MoAWwWNHUKM KayeHUsi LIMPOKO WCNONb3YITCS B Pa3HoobpasHbiX MalMHax BpawaTenbHOro AeWCTBUS.
KOHCTPYKUMA NOALWMIHMKOB COCTOUT U3 BHYTPEHHETO U HapYXXHOTO Konew, Ten KaueHWs 1 HAaNPaeNsIIOWEro UX ABUXEHNE
cenaparopa.

HeuncnpaBHOCTM NOAWWMHUKOB Ka4YeHUsi MOTyT ObiTb OGHapyKeHbl Npy aHanu3e cnekTpa Bubpaunv, B KOTOPOM
BbIAENAIOT CNeayiolme xapakTepHble 4acToTbl:

a) 4acToTy nepexaTbiBaHNs TeN Ka4eHUs N0 HaPYXXHOMY KOMbLY fypq, KOTOPas COOTBETCTBYET NMPOXOXAEHUSIM Ten
KaueHUA Yepe3s nokanbHbIN gedekT HapyXHOToO KONbua;

b) uacToTy nepekaTbiBaHUsA TEM Ka4eHNA NO BHYTPEHHEMY KOMblly fyp,, KOTOpas COOTBETCTBYET MPOXOXAEHUIM Ten
Ka4veHUs Yepe3s nokanbHbin gedekT BHYTPEHHEro KonbLa;

C) 4acToTy BpalleHns Tes KaueHus fpg, Ha KOTOPON reHepupyeTcs BUGpaumna KaxabiM TeNOM KaueHus npu ero
BpaLeHUM OTHOCUTENBHO cenapaTopa BO BPEMS ABWKEHUS B MOALINIMHUKE;

d) wacTtoTy BpaweHns cenaparopa fpr OTHOCUTENbLHO OCK Bana.

3TK 4acToThI MOTyT 6bITL paccunTaHsl No hopmynam:

N d
fapo = 2 I —fl (1—dl’icos ej , (D.1)
fapr1 = g Ifo— 1Al (1+Zicos OJ , (D.2)
2
o= 22 If,— 1—(‘“] cos? 8|, (D.3)
2d, dp
fr="o[1+ 9% cos 0] + [ 198 cos 0 , (D.4)
20 dp 2{ dp

rae f, — 4acToTa BPaLLeHNs BHELLHETO KOnbLa,
f;— vacToTa BpaleHns BHyTPEHHEro KOnbLia,;
N — yncno Ten KaueHus NoALNNHUKE;
dg — AvameTp Terna KaueHus;
dp — AvameTp cenaparopa,
6 — yron KoHTakTa NoAWWNHUKA.

D.2 MeTtoponorna guarHoCTMpOBaHUA

D.2.1 O6wure nonoxeHus

Mpouenypa auarHocTUPOBaHUsSi COCTOUT B 0OHaPYKEHUU HEUCTNPaBHOCTU NOALLUINHMKA M0 pe3ynbTaTtam U3amepeHui
yckopenus B nonoce yactot ot 10 My go 10 klu (cm. cxemy npouecca Ha pycyHke D. 1 v kapTy BUOpaLMOHHbIX COCTOSIHUIA Ha
pvicyHke D.2). Tabnvua HeucnpasHocTel (Tabnuua D.1) cocTaBneHa B OTHOLEHUWN U3MEPEHUI B OKTABHbIX MONOcax co
cpepHereomeTpuyeckumm Yactotamm 4 u 8 kl'u, a Takke Apyrux MetodoB, TPEOYIOWMX N3MEPEHUI BbICOKOYACTOTHON
BUGpaumm BNNoTb Ao 40 k' 1 BblWwe ANns BolaeneHus ornbatowen curHana.

D.2.2 CxemagnarHocTMpoBaHuA

Cxema onpegeneHust HeMCNPaBHOCTEN NOALMIMHUKOB KayeHus nokasaHa Ha pucyHke D.1. [ledekTbl, CBSA3aHHbIE
C yAapHbIMM NpoLieccamMm B NOALWUIMHUKE , OGHaPYKMBAIOT NO M3MEPEHUSIM NMUKOBOTO YCKOPEHWS, a AedeKThl, CBSI3aHHbIe C
npoueccamMmm TpeHusi, — Mo cpeaHeKBagpaTUYHOMY 3HaYEHW 0 YCKOPEHWSI.

D.2.3 KapTta BM6paLUNOHHLIX COCTOAHUN

Ha kapTe BMGpauUMOHHBIX COCTOAHMIA (prcyHOK D.2) KpacHOW 30He, CBUAETENbCTBYIOWEN O MITOXOM COCTOSIHUM
NOAWMNINHUKE, COOTBETCTBYIOT BbICOKME MUKOBLIE U CPEAHEKBAAPATUYHbIE 3HAYEHWS YCKOPEHUSI, @ 3eN1eHON 30He, CBUae-
TEnNbCTBYIOWEN O XOPOLLEM COCTOSIHUM MOALLNIHMKA, — HU3KME NUKOBbLIE U CpeaHeKBaapaTUYHbIe 3HAaUYEHUsS] YCKOPEHWS.
MonagaHue B XenTyl 30HY FOBOPUT O TOM, YTO COCTOSIHWE NOALWUINHUKA o BonpocoM. Ecnu pesynbtaTtsl 3aMepeHuin
nonagawT B rony6yto 30Hy, TO 9TO, CKOpee BCEro, CBUAETenbCTBYeT 00 oWmnbKke N3MepeHUil, KOTOpble PEKOMEHYETCH
NPOBEpVTL Y MOBTOPUTD.

MpumMeHsaTb kapTy BUOPaALMOHHBIX COCTOSIHUIA HE PEKOMEHAYETCH AN MalWH ¢ NPUBOAOM Yepe3 MeXaHU4eCKuM
peaykTop (kopobky nepefav), a Takke Ansi MalluH, HopMarnbHas paboTa KOTOpbIX CONPOBOXAAETCs CUITbHLIM (DOHOBbLIM
LWYMOM.
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MamepeHne cpeaHeKkBaapaTU4YHoOro
W MUKOBOTO 3HAYEHUIA YCKOPSBHMUS,
onpeaeneHue BUGPaLMOHHOTO COCTORHUA
no KapTe BUOpaLMOHHbLIX COCTOAHUN

Mpoeeputb, paboTaeT nu MawmHa,
1 NOBTOPUTL U3MEpeHUs!

Oa

PesynbTarhl usmepeHuil
B rony6oit 3oHe?

PesynbTaThl USMepeHWii

B 36116HOM 30HE7? MoALMNHKUK ucnpaseH

PesynbTaTbl usmepeHuii
B XX@NTOW 30He (1-1 U 2-i1 YpOBHHU
noepexaeHus no Tabnuue D.1)?

BbINONHUTL aHanNu3 B YaCTOTHOM
W BpeMeHHoM obnacTsix u onpeaenuTb
BUA HeucnpaBHOCTK no Tabnuue D.1

PeaynbTathl UsMepeHUi
B KpacHOW 30He (3- u 4- ypoBHU >
nospexaeHus no Tabnuue D.1)

PaccmoTpers BO3MOXHOCTD
3aMeHbl NoALWUNHUKa

NMpumeyaHue — LiBeta 30H onpegeneHbl Ha KapTe BUGPaLMOHHBIX COCTOSIHMA (pycyHok D.2).

PucyHok D.1 — CTpykTypHasn cxema o6HapyXxeHus n onpegeneHnsi HeMcnpaBHOCTEN,
CBSI3aHHbIX C NOAWMNIMHUKAMWN Ka4eHNs1
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X — cpefHekBafpaTUUHOE 3HAYEHME YCKOPEHUS LLIMPOKOMNOIOCHON BUGpaumy (B AnanasoHe yactoT oT 10 My go 10 klw), m/ic2;yY —

NUKOBOE 3HAUEHNE YCKOpeHuUsi, M/C2; 7— HenpaBAonofo6HbLIA HU3KMI ypoBEHb BUGPaLUN3; 2 — BUGPALIMS, COOTBETCTBYHOLLAS HOP-

MaJ/IbHOMY COCTOSIHMIO MOAWMMHMKA; 3 — 30HA yBeAOMEHUs (MSITKOro NpeaynpexaeHisl) 0 BO3MOXHOI HencnpaBHoOCTH; 4 — 30Ha
NOCTOSIHHOTO NMPEeAYNPexXAeHUs 0 BO3MOXHOI HEUCNPaBHOCTH

PekomeHayeTca NpOBECTN NOBTOPHbLIE N3MEPEHNS.

PucyHok D.2 — KapTa BUOGPaLNOHHbLIX COCTOSIHWIA A4N1A NOAWNNHUKOB KayeHus

26



Ta6nwnua D.1— Tabnuua HemcnpaBHOCTEN, CBSI3AHHLIX C NOAMMHMKAMU KaYeHUA

FOCT P UCO 13373-3—2016

CepbesHocTb MpumeyaHus
HeucnpasHocTb Kareropus U3amepenus [narHoctuyeckue nNpusHaku Heucnpas- (Mpy4KrHBI,
HEeUCnpaBHOCTHU
HOCTU cneacrTeus)
MoepexaeHue ypoBHs 0
HecoocHocte | HenpaBunbHas HuakouacToTHbIN Y3kononocHbt  cnektp | Huskan
BHYTPEHHEro | yCTaHOBKAa, He- | CnekTp, cnekTp | ormbalowert  cny4aiHomn
M HapyXHOro | npaBurbHOE Ha- | ormbalowen cun | cunbl TPEHWUA HA 2-1 rap-
Koned, rpyXeHue TpeHusi MOHUWKE 4acTOTbl Bpalle-
HUSS B OCEBOM Harnpae-
neHum
MoebiweHnHas | HenpaBunbHoe HuakouacToTHbIN Y3KONonoCcHbIN cnekTp | Huskas HucbanaHc, He-
paavnanbHas HarpyxeHuve CneKTp, cnekTp | ormbalowei  cnydanHomn COOCHOCTb
Harpyska ormbaiowelt  cun | cunbl TpeHusa Ha 1-i# rap-
TpeHusi MOHUWKE 4acTOTbl Bpalle-
HUSS B OCEBOM Harnpae-
NeHum
Mpockane3bl- | HenpaeBuneHas Cnektp ormbaio- | lNMepBas u Bbiclume rapmo- | Biicokas MoxeT BbI3BaTbL
BaHMe BHyT- | YCTAaHOBKa, [Je- | LLeW cur TpeHusl HUKM 4acTOTbl BpaLLEHNsA Ype3MepHbIf Ha-
peHHero eKkT  U3roToB- B cnekipe orubaiowen rpeB u GbiCcTpO
Konbua NeHusi, Henpa- Crny4aHoWn curbl TPEHUS! BefieT K Bbixogy
BUIbHOE Harpy- 13 cTposi
XeHne
HepocTtaTtou- HenpaeunbHas Huako4acToTHbIN 2-71 rapMoHuKa fgs B HM3- | Bbicokasi MoxeT BbI3BaTb
HbIl  3a30p | YCTAHOBKA, He- | CMeKTp, CMNEKTP | KOYacTOTHOM CNEKTPE U B neperpes nopg-
(4pesmepHoe | npaBurnbHOE Ha- | ormbaroLen cnekTpe ombalolen cun LIMMHUKA
pacwupeHre | rpyxeHue, HeCo- TpeHus
TeNn Ka4eHns) | OTBETCTByOLWME
pabouve ycno-
BUS.
BHewHsin cpeaga
Hepoctatou- | Oedbekt cmasku | LupokononocHas | PocT cun TPeHWUs Ha Bbl- | Bbicokasi
Hasi UM Wua- Bubpaumsn COKMX 1acToTax (B OKTaBe
6biTOYHast CO cpepHereomeTpudec-
cmaska Kon vactotou 8 kl'u)
3arpssHeHne | Oedbekr cmaskm | LUmpokononocHass | PocTt cun TpeHus Ha Bbl- | Boicokas MoxeT BbI3BaTb
cMmasku TBep- Bubpaums COKMUX 1acToTax (B OKTaBe M3HOC MOBEpX-
abIMu unm CO cpepHereomeTpudec- HOCTE wMnn He-
XKUOKUMK Yac- Kou yactoton 8 k') NpaeunbHyI0 pa-
TMuamm 60Ty noAwMNHU-
Ka
OcnabneHue | HenpaeunbHas B wuvactotHoM u | Ypapbl Ha 4actoTe Bpa- | Huakas MorpewHocm B
B KOpnyce | ycTaHoBKa, fAe- | BPeMEeHHOW 06- | WeHWs M HeCKOMNbKO rap- | unu cpea- | reomeTpum  ge-
noAawwvnHmMka | ekt W3roTOB- | NACTAX, HU3KOYAC- | MOHUK Unu fgg C rapmo- | Hsisi Taneu, ypeamep-
nexuns TOTHBIN ~ CNEKTP, | HUKAMU B CMEKTPe Cun Hbl€ Harpy3ku
cnekTp ormbaiowen | TpeHus. Umnynechbl
Hectabunb- HDedext w3ro- | B wacrotHon w | Yaapbel Ha vactote Bpa- | Huskas, YBenuyeHHbIn
HOEe noBefde- | TOBNEHUs, He- | BpeMeHHOW  06- | weHnss u  rapmoHuKax, | cpepHsis 3a3o0p, HecooT-
HUWe poTopa npaeunbHoe NnacTAX, HM3KOYac- | MPUCYTCTBUE COCTABMAIO- | UMW BbLICO- | BETCTBYIOLME
HarpyxeHue TOTHbIN cnexTp, | wux fgpo U fer Kasi Harpysku
cnexTp ormbatowen
MoepexaeHune ypoBHs 1
Hebonbwoe Herpapauus Cnextp orubaio- | Hanuume coctaensiiowen | Huskas CesizaHa ¢ ycTa-
ncTupaHve noAawunHMKa Wewn cun TpeHus fagpo B cniekTpe ormbaiw- | unu cpef- | NOCTHbIMU SIBMe-
OOpOXKkM Ha- | 1-n cTagumn wen HAA HUSIMA B 30HE
PY>HOrO KOnb- HarpyxeHusi
ua
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lpodomxerue mabnuust D.1

CepbesHocTb
HevcnpasHoGTs Kateropus Wamepenns Inarnoctuyeckue Hemcnpag- MNpumeyanua (NPUHUHBGI,
HencnpaBHoCcTU NpU3HaKu cneacTenn)
HOCTU
Heb6onbLwoe Herpagaumns Cnektp orubaio- | Hanuune cocraensio- | CpegHsas CeAszaHa ¢ yctanocTt-
ncTupaHve NoALWWMHUKA LLEeN cun TpeHus Wwen Ha 1-1 rapmMoHu- HbIMU ABNEHWAMU B
OOPOXKN 1-v cTagum K& 4acTtoTbl Bpalle- 30He HarpyxxeHusn
BHYTPEHHEero HUS B cnekTpe omba-
Konbua loLen
MospexaeHne ypoBHs 2
Bblkpawwuea- Herpagaumns Hunako4acToTHbIN Yaapel,, mogynsiuus | CpegHnas TunnyHoe noBpex-
HUE OOPOXKW | MOALUMMHMKA CNeKTp, CMEKTP | CUI TPEHUs Ha YacTo- AeHve. O6bl4HO
HapyXHoro 2-n ctaguu ornbatoLen Te fgpo U €€ rapmoHu- UMEeeT MecTo B 30-
KonbLa Kax HE HarpyeHus
Bbikpawuea- Herpagaumns B vactotHOW w | Ypapel, wmoaynsiuvsi | CpegHsisi O6bl4HO pa3BuBaeT-
HUE OOPOXKM | MOAWMIHMKA BPEMEHHON 06- | cun TpeHus Ha 4YacTo- | UM BbICO- | Cs Mocne noepexae-
BHYTPEHHEro 2-1i cTagum nacTtax, HU3kodac- | Te fgp U €e rapMoHu- | Kasi HUS1 HAPY>KHOIO KOMb-
KonbLa TOTHbLIN CneKTp, | Kax, moaynsiumMsi Ha ua. Ecnu go Hero, To
crnekTp  orubato- | yacTore BpalweHusi MOXeT ObITb Bbl3Ba-
en Ha  HenpaBWUITbHOW
TepmMoobpaboTkon
NPy U3roTOBINEHNN
M3Hoc cena- | Hderpagauus B vactotHol w | Mogynsiums cun Tpe- | CpegHsisi MpegBectHnk  pas-
paTopa noALWunHMKa BPEMEHHOW 06- | HuA Ha vacToTe frr WNn BLICO- | pbiBa  cenapartopa.
2- cTagun nacTtsx, HU3ko4ac- Kasn O6bluHO  yKa3biBaeT
TOTHBIN  CMEKTP, HA HEeCOOTBETCTBY-
crnektp  orubato- IOlWEee  HarpyXeHue
wen WINN  HENpaBWITbHYIO
paboTy noglwmnHuka
MoepexaeHune ypoBHA 3
Paspeie cena- | derpagauus B uvacrtotHom wn | Yaapel Ha YacToTe frr | Bbicokan MoxeT cepbesHo no-
partopa noALWnnHrKa BPEMEHHOM 06- | 1 ee rapMOHMKax, Mo- BNuATL Ha paboty
3- ctagum nacTaAx, HU3KoYac- | Aynsiuus Cwun TpeHus noawunHUKa 1 nNpu-
TOTHbIN CMNeKTp, | Ha fer M ee rapMoHu- BECTU K YaCTUYHOMY
cnektp  ornbarw- | Kax BbIXO4Yy U3 CTPOs
wen
TpewwuHa Herpagaumns B vactotHOoW w | Ygapel, wmogynsumsi | Bbicokas Yacto ObicTpo pas-
BHYTPEHHEro nogLwunHrka BpEMEHHOW 06- | cun TpeHus Ha fgp K BUBAETCH MNpU Nycke
KOMbLa 3-n ctagum nacTsiX, HU3Ko4ac- | ee rapMoHMKax, MOAY- poTopa BcneacTeue
TOTHBIN ~ CMEKTP, | NsuMs  Ha yvacToTe neperpesa
cnektp  ornbatw- | BpalleHus
e
MoBpexae- Herpagaumns B vactoTtHOW w | Ygapbl Ha yaBoeHHOW | Bbicokas Mpwn aerpagauum
HWe Ten Kade- | NoALMMHUKa BpEeMEHHOW 06- | vacrote fgs, Moayns- TEeNn KayeHusi Ha-
HUS 3-n cTagum NacTsiX, HU3KoYac- | uMs cun TpeHust Ha vanbHble NoBpexae-
TOTHbIW  CMEKTP, | YABOEHHOW 4acToTe HUS HauMHaloT pas-
cnektp  ornbat- | fzs U ee rapmoHUKax, BUBaTbCS GbicTpee
wemn MOZYNSILUSA Ha YacTo-
Te fer. ViHOrga npucyT-
cTByeT 1- rapmMoHuvka
fas
Bmatuner wa | Hderpagaums B uacrotHoit u | Ygapbl uepes pery- | Boicokas Yacro fiBnsAeTcs
noBepxHoc- noALwunnHuka BpEMEHHOM 06- | NsipHble MPOMEXYTKM cneacTemeM Hempa-
TAX KadeHus | 3-n cTaguu NnacTsX, HU3Ko4ac- | BpeMeHn (xapakrep- BUIMbHOMO TpaHcnop-
(6pyHHENN- TOTHBIN CMEKTP, | Hble YacToThl) B 3aBU- TUPOBaHUA, XpaHe-
poBaHve) cnektp  ornbaiw- | cMMOCTM OT foKanu- HWUS,  ANWTEnbHOro
Len 3aUun NoBpeXaeHUs! npocTosi (BO3gewncT-

BUe BHellHel Bubpa-
umm)
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CepbesHoCTb n
HencrpagHocTh Kareropus Wamepenms HuarHoctnyeckue Heuonpae- pumeYaHus (MPUYMHBI,
HencnNpasHoOCTU npuU3HaKu cneacTeus)
HOCTU

Bboposakn Ha | Hderpagaums B uacrotHoit u | Ygapbl udepe3 pery- | Boicokas O6blyHO  Beneact-
NoBEPXHOC- noAWwnNHUKa BpeMEHHOM 06- | NsipHblE NPOMEXYTKN BUE 3neKTpocTatu-
TAX Ka4eHUs 3-1i ctagum nacTsix, HU3KkoYac- | BpemeHun (xapakrep- YeCKUX pas3psgoB B

TOTHbIA  CNEKTP, | Hble YacToThl) C OYEHb nogwunNHUKe

cnekTp  orubGaio- | pasBUTLIMM TapMOHM-

wen Kamm

MoepexaeHue ypoBHs 4
CepbesHble Herpagauunn LLnpokononocHas Curnan craHoButcs | OueHb Bbl- | lMocnegHaa cTagus
noBpeXaeHusl | NoAawnnHUKa Bnbpaumsi ¢ punbT- | NONHOCTLIO — Ccriyyan- | cokas pas3enTUA Hencnpae-
6onbwen 4-n ctagnn paumwen (kena- | HbiM, €ero ypoBeHb no- HOCTU MNOALWMMHUKA
yactn noBep- TenNbHO) NOCTOPOH- | BbllwaeTtcsi bornee uem nepen ero BbIXOAOM
XHOCTEW Ka- HUX WYMOB B 10 pa3 u3 ctposi. Heob6xoau-
YeHun Ma 3aMeHa nogLum-
HUKa
MoBpexaeHue ypoeHs 5
Paspywenne Herpapgauuns LWnpokononocHas Cnabbin wunswmun | Ouelb Bbl- | Mocne pa3spywenHusn
noAWWNHUKA NoALWWNHUKA Bubpauus 3BYK cokas MoALWWNHUKA BO3MO-
5-n ctagumn JKEH OTKa3 MalUWHbI
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Mpunoxenne QA
(cnpaBouHoe)

CBeAieHUs1 0 COOTBETCTBUMN CCLINOYHBIX MEXAYHapOAHLIX CTAaHAAPTOB

HaluuoHanbHbIM cTaHaapTam Poccuinckon depepauum

(M AeﬁCTBleI.I.IMM B 3TOM KadeCTBe MeXrocyaapcrBeéHHbIM CTaHAapTaM)

Ta6nwua OA1

O603Ha4YeHne CCbINOYHOro CreneHb 0603Ha4YeHNe U HAMMEHOBaAHWE COOTBETCTBYIOWErO HAUMOHANBHOTO
MEXyHapoaHOro ctaHaapTa | COOTBETCTBUS (MexrocygapcTBEHHOro) craHgapTa

ISO 1925 — *

1ISO 2041 IDT FOCT P NCO 2041—2012 «Bubpaumsi, yaap n KOHTPOnb TEXHUHECKOro
cocTOsHUA. TepMuHbI U onpeaeneHus»

1ISO 79191 IDT FOCT UCO 7919-1—2002 «Bubpauus. KoHTponb COCTOAHMA MalwuH
no pesynbTaram nsmepeHuni Bubpauum Ha Bpawaiowmxcs sanax. Obwue
TpeboeaHuA»

1ISO 13372 IDT FOCT P NCO 13372—2013 «KOHTpOnb COCTOSIHMSI U AMArHOCTUKA Ma-
wuH. TepMuHbl M onpeaeneHns»

1ISO 133731 IDT FOCT P NCO 13373-1—2009 «KoHTponb COCTOSIHMSA M ANarHoCcTuka
MaLWWH. BUGpaunoHHbI KOHTPONb cocTosiHus MawwuH. Yacte 1. Obwme
MeToabI»

ISO 13373-2 IDT FOCT P UCO 13373-2—2009 «KOHTpOmnb COCTOSIHWS M AWArHOCTUKA

MaLUUH. BUBpauMOHHBIN KOHTPONb cocTosiHUsI mawwmH. YacTe 2. O6paboT-
Ka, aHanu3 u NpeacTaeneHne pesynbTaTtoB uamepeHun subpaunn»

BETCTBMS CTaHAapTOB:

- IDT — ngeHTuuHble cTaHAapThI.

* CoOTBETCTBYHOWMI HaUMOHaNbHbIM CTaHAapT oTCyTcTBYeT. [Jo ero yTeepxaeHnn pekoMeHayeTca ncnonb3osarb
nepeBo/ Ha PYCCKUIN A3bIK JaHHOTO MeXayHapogHoro ctaHgapTa.
y Yy

MpumedaHue—B HacToswen Tabnnue UCNONbL3OBAHO Criedylollee ycnoBHoe 0603HaYeHne CTeneHn cooT-
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