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BBepaeHve

B HacTosiLem cTaHAapTe paccMaTpuBatoTCs BONPOCHI, CBSA3AHHbIE C OLLEHKOWN TEXHWYECKOro COCTOSHNA
MallWHbl NO pe3y/ibTatam U3MepeHunii Bubpauuy potopa, a Takke n3MepeHuii Toka 1 HanpsxXeHWs B ynpaBnsi-
IOLWMX KaTylwKaxX MallvHbl C aKTUBHLIMW MarHMTHbIMU nogwmnHukamu (AMJT) npu ee pabote B HOMUHA/ILHOM
yCTaHOBMBLUEMCS pexume 6e3 yyeTa 3HayeHuli aTUX napaMeTpoB B NEPEXOAHOM peXume Mpu NPOXoxgeHun
KPUTMYECKMX YaCTOT BpalleHns. Bubpaumsa mallunHbl B 06/1aCT KPUTMYECKOW YacTOThl BpalleHns paccmartpu-
BaeTcsi B ICO 10814" yepes xapakTepUCTUK/ MOAAIbHOM YyBCTBUTE/IbHOCTU, YTO BbIXOAWT 3@ PaMKN HacTos-
Lero ctaHgapTa.

Lna noAWwWnNHUKOB CKOMBXEHUSA C XUAKOCTHOW CMa3Koi XxapakTepHa BbICOKasi XeCTKOCTb Onopbl Npu ma-
nom paguansHom 3asope (nopsgka 0,1 % paguyca uandsl potopa), 4To o6ycnosnmeaeT TpeboBaHne focta-
TOYHO HU3KOW BMOGpauuKM, He [OMyCKalolWwen npopbiBa Ba/lOM poOTOpa C/0S CMaskyh W ero KacaHus
MeTaINYecKoi BTY/IKM NOALWUMHMKA. B AMI. HanpoTuB, )XeCTKOCTb ONOPbl OTHOCMTE/IbHO Masa, a 3a3op, Co-
OTBETCTBEHHO. Besunk (80 0.5 % paguyca uandbl potopa), NoaTomMy 60/1ee BbICOKUIA ypOBEHb BUOPaLMM pOTO-
pa B AMIT aBnaeTca BNOJIHE €CTECTBEHHbLIM W AONYCTUMbIM. MeHbLlasa XecTKoCcTb onopbl AMI o3HavaeT 1
6on1ee H13KYHO BUBpaLMio, nepefaHHyo Ha yHAaMEHT MalUvHbl. [03TOMY N0 CpaBHEHUIO CO CTaHA4apTamMu no
OLEeHKe BUOPAaLMOHHOIO COCTOAHUA MaLUUH C NOALMNNHUKAMU XUAKOCTHOro TpeHus (cepuss MCO 7919-1) B Ha-
CTOALEeM CTaHAapTe YCTaHOB/EHbl 60/1ee BbICOKME 3HAUYEeHNS rpaHuL, 30H BUOPAaLMOHHOIO COCTOSIHUSA.

'>BBegeH kak FTOCT 31186—2002 (MCO 10814:1996) «Bnbpayms. NMoaBepXEHHOCTb 1 YyBCTBUTENbHOCTb MaLUVH K
aucbanaHcy».

vV
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HAUMOHANBbHbBIMN CTAHOAPT POCCUMCKOW OSEJLEPALUNMN

Bubpauusa

BUBPALINA MALLUVH BPAWATE/IbHOIO AENCTBUA C AKTUBHBIMU MATHUTHBLIMI
MNOAWNMTHUNKAMW

YacTtb 2

OueHKa BUGPALMOHHOTO COCTOAHUSA

Vibration. Vibration of rotating machinery equipped with active magnetic bearings. Part 2. Evaluation of vibration

fata eBefeHns — 2012—09—01

1 O6nacTtb NpumeHeHUs

HacTosiwumii ctaHgapT ycTaHaB/MBaeT 06LLee pyKOBOACTBO N0 NPOBEAEHUI0 U3MEPEHUIA U OLLEHKE COCTO-
AHMA MaLLVH BpallaTe/lbHOro AeNCTBUSA C aKTUBHbIMU MarHUTHbIMU NoAwmnnHukamu (AMI), onpegensemoro no
XapakTepucTukam:

- nepemeLleHnii Basa B6m3nm AMI,

- HanpsHXeHusA/Toka, N3MEPEHHbIM Ha KaTyLUKe YNpaB/ieHUs WK Ha BbIXOAE YCUIUTEeNs MoLHocTn AMIN.

Obe xapakTepucTuku U3MepsoT B HOPMasIbHOM pexnmMe paboTbl MallvHbl B 1abopaTopun ee n3rotoBu-
TeNs UKW Ha MecTe aKcnayatauuni. Kputepun oLeHK1 COCTOSHMSA OCHOBaHbl Ha abCOIOTHBIX 3HAYEHUSAX Xapak-
TEPUCTUK A8 YCTAHOBMBLUETOCA pexuma paboTbl MallMHbl, @ TakkKe Ha BO3MOXHbIX W3MEHEHUSX 3TUX
XapakTepucTUK BO BPEMEHM.

HacToswwmii cTaHgapT pacnpocTpaHseTcs Ha NPOMbILLIEHHbIE MallMHbI BpallatesibHoro AeincTBums ¢ no-
TpebnsieMoii UM reHepupyemMoit MOLLHOCTLIO CBbile 15 KBT 6€3 orpaHuyeHuii no nx pasmepam n paboueii yac-
ToTe BpalleHus (Takme kak Typ6okomnpeccopbl, Typ6oHacocbl, NapoBble TypOuWHbI, TypbGoreHepartopsl,
TYpOGOBEHTUIATOPbI, 3NEKTPONPUBOALI M NP.. BCOCTAB KOTOPbIX BXOASAT POTOpbl HA AMI). 3a UCKloYeHemM Ma-
LUWH ¢ MasiorabapuTHbIMU POTOpamMu, HanpuMmep, LWNUHAENSMU, MaxoBMKaMu, poTopammy Typ6oMOoIeKynsipHbIX
HacoCOoB.

HacTosiwumii cTaHfapT pacnpocTpaHAeTCs Ha MallWHbl Kak C XXeCTKMMU, Tak U C TMOGKMMU poTopamMu.

2 HopmaTuBHbIe CCbIJIKU

B HacTosLeM cTaHfapTe UCNO/b30BaHa HOPMATMBHASA CCblIKA Ha cnefyloLwmnii ctaHaapT:

MCO 7919-1 Bwubpauus MalwuH 6e3 BO3BPaTHO-NOCTYNaTeIbHOro ABMXeHUA. I3mepeHns Ha Bpallato-
LLUMXCA Basiax U KpuTepun oLeHkn coctosHus. YacTb 1. Obuwee pykoBoacTtso (ISO 7919-1. Mechanical vibration
of non-reciprocating machines — Measurements on rotating shafts and evaluation criteria — Part 1: General
guidelines)

3 MpuUHUMNBI N3MepeHns napamMmeTpoB N OLEHKN COCTOAHUA

3.1 OnucaHune cuctembl «potop — AMI»

TunuyHaa cuctema «potop — AMI» nokasaHa Ha pucyHke 1. AMIT pacnosioXeH Ha KaKAoM KOHLe Basa
1 BK/IKOYAET B Ce0Ss1 faTumKy NepemMeLLeHNs 1 CTPaxyoLuii WapukoBblil nogwumnnHuk. Ocesoil AMI Ha pucyH-
ke 1 He nokasaH. Cuctema ynpasneHust AMIN nokasaHa Ha pucyHke 2. Kaxablii aTumk NepeMeLLeHnsi CUCTEMBI
ynpasfieHnsa nepegaeT CUrHas, cofepxalynini MHopMaLMIo O NOIOXEHNN poTopa B NOALLINMHUKE (OTKIOHEHWUN
OT LieHTpa NoALwnMnHuKa), Ha KOHTponsep. KoHTponnep MoxeT npefctaBnsaTe coboin MNA-perynatop. Ynpas-
NALWNIA CUrHaN € KOHTPO//Iepa NOCTynaeT Ha yCuuTelb MOLWHOCTY 1 onpeaenseT BbIXOAHON TOK yeunuTens,
nocTynawLwuii B katyLuky ynpasnenus AMIM. Ecnv Ban cmeLlaeTcs BHU3, TO B BEPXHEl kaTyLlke BO36yxgaeTcs
TOK. CO3[atoLL M MarHMTHYIO CUy, NOAHVMAIOLLY0 Ban BBEPX. TOUHO Takoli e MexaHu3m AeicTByeT ANs nog-

M3paHne oduymnanbHoe
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J— IMN; 2 — paTyuk nepemeleHns; 3 — ycUnuTenb MOUWHOCTU; 4 — KOHTponnep;
5 — ynpaBnsowWwmnii curHan; 6 — onopHbIi curuan

PucyHok 2 — Cxema cuctemsbl ynpasneHns AMI

AepxaHus Basa B ero HOMUHa/IbHOM MOMOXEHUW BHYTPY MOALLNIHMKA, NO3TOMY CUCTEMA yrpaBiieHus obecne-
4ynBaeT OJHOBPEMEHHO M TeBMUTaLMI0 poTopa, ¥ NogasneHne ero Bubpauum.

3.2 TlepemeleHune

B HacTosileM cTaHfapTe TEPMUH «NepeMelleHne» o3HavaeT obLiee OTK/IOHEHWE MOJIOXKEHUS Bana,
BK/llOYAsA cTaTUYeckoe CMeLleHne, OT LeHTpa NogwunHuka. Bubpaumsa ctaunmoHapHbIX 31€MEeHTOB MallyiHbl
(Hanpumep, NOALIMMHMKOBbLIX KOPMYCOB) B HACTOSLLEM CTaHapTe He paccmaTpuBaeTcs.

B cocTtas paguanbHoro AMIM BXogAT COGCTBEHHbIE AATUMKM NepeMeLLeHNs AN U3MePEeHNs nepemelle-
HWiA X(0 1 y(f) B ABYX B3aMMHO NepneHAnKy NsSpHbIX HanpaBneHnsax (CM. pucyHok 3). MoaToMy AONOAHUTENbHbIX
JaTunKoB nepemMeLlleHns 418 nsmepeHusa smbpaunmn sana He Tpebyetcs. B HacToswemM cTaHAgapTe paccMmar-
prBaloTCA pesynbTaTbl M3MepeHuii Bu6paLumn Bana co6CTBEHHbIMY AaTyrkamm AMI.

2
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1—xopnyc. 2 —san; 3— patunk r.epcheiye Hum

PucyHok 3 — [laTumku nepemelteHna AMIM

Kak BUAHO 13 pUcyHKa 3.y paMasibHOro NoAWNNHUKA U3MepPUTE/bHbIE OCU AaTUYMKOB COBNAAaloT C 0Cs-
MU X 1y, CUrHasbl 3TUX JaTUYMKOB NO3BOJIAT ONpeAenTb NOMIOXEHMe 0CK pOTopa B KaXablii MOMEHT BpeMe-
HU. BK/OYasi MOCTOSIHHOE CMeLleHne (IKCLLeHTPUCUTET) U NepeMeHHYH COCTaBsowWyo (Op6uTy npeueccun
Basia), kak nokasaHo Ha pucyHke 4. Ha aTOM pUcyHKe KOOpAMHATLI MOCTOSIHHOTO CMELLEeHNs OT LieHTpa 3a3opa
AMTI (BekTopa, coefuHstoLero Toukn O 1 O,) 0603HAYUEHBI K, W Ty, @ MakCUMaslbHble OTK/TIOHEHNS OT MOCTOSH-
HOrO CMELLEHUS N0 OCSIM X MY — COOTBETCTBEHHO @, 1 ay. MakcuMasibHoe OTK/IoHeHne O , & NOIOXKEHNUs POTOo-
pa oT ueHTpa 3a3opa AMIT MOXeT 6biTb paccuMTaHo no opmysne

Oa="NV(f7 W @

nNn, NpUBANXeEHHo, no hopmyne

+yn 2
rgO*71*, =4 + a,:
YT1ax = Ey+ ay

MpubnmkeHHas dopmyna (2) 06bIYHO AaeT 3aBbllEHHY0 OLeHKy Dmex, npuyem norpewHoCcTb OLEeHKM
MOXeT focturatb Npuénum3utTensHo 40 %.

MonyunTb oueHky OTax No curHasiam AByX AaT4MKOB NepemMeLLeHnsa Ha ocHoBe chopmynbl (1) nnm (2) go-
BOJIbHO C/I0XHO, TaK Kak A/1 3TOr0 HyXHO pacnonaraTb LMdpoBbIM OCLUAI0rpaddoM Wav APYrum aHanorny-
HbIM NPMGOPOM. YMPOLLEHHO MOXHO OMNpefesiMTb MakCMMasibHOe OTK/IOHEHME B KaxefoM M3 OpTOrOHasIbHbIX
HanpaBs/ieHUiA N0 BPEMEHHO hopme curHana, kak nokasaHo Ha pUCyHKe 4, U UCNOJIb30BaTb OLEHKY

CUx* max[x\BXyTJ . ©)

MpumeHeHue popmysibl (3) 06bIYHO faeT 3aHMKEHHYH oLeHKY Dmex

UT06bI NPeAoTBPaTUTL KOHTAKT POTOpa CO CTATOPOM, f0/IKHO BbIMOMHATLCA (C HEKOTOPLIM 3anacom)
crieflyloliee HepaBeHCTBO

4

roe C -. [F— MUHMManbHLIA pagnanbHbIi 3a30p B NOALLMMHUKE.
B HacTosLeM cTaHAapTe 3HaveHne napameTpa OTax MCNONb3yeTca Kak nokasaresb A9 OLeHKM 3anaca
3asopa.
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1— Bpemsa, a— nepuoy BpalleHus Bana

PucyHok 4 — Op6uTta npeueccuv Bana v COOTBETCTBYHOLLME LUMPOKOMNOSIOCHbIE CUTHAMbI BUOpALUM

AHa0rMyHo ANA OLEHKM 3anaca 0CeBOro 3asopa NpPoBOAAT N3MEPEHNS nepeMeLLeHns potopa B 0OCEBOM
HanpaB/eHNUN Z N cpaBHMBAKT MakCMMa/sibHOe 0CeBOe nepemMelleHne Dma)t = ZnaxC MMHUMa/1lbHbIM OCEBbLIM 3a-
30pomM Cnn-nmMn- B aToM criyyae f0/1KHO BbINOMIHATLCA HepaBeHCTBO

ATax < Anln—axfar (®)

M3mepeHnst nepemelleHnii B 0CEBOM U paanasbHbIX HanpaBAeHUAX AO/MKHO GbiTb BbINOSIHEHO B 3a4aH-
HbIX YCNOBUSIX HArpy30K 1 4acToT BpalieHus potopa. O6bIYHO MX NPOBOAAT MO AOCTUXKEHUW ONpeAeneHHOro
TeMNepaTypHOro pexuma v 3afaHHbiXx paboymx XxapakTepucTuK MallvHbl. BaxHo umMeTb B BuAy, Y4TO nokasa-
Tenb Dng, onpefensitoT ToNbKO B 3ajaHHOM YCTaHOBMBLUEMCA pexume paboTbl MaLUWHbI, BKIHOYAKOWEM BO3-
MOXHble HeGOMblINE W3MEHEHUst Harpysku. [ONOAHUTENbHO W3MEPEHUst 3Tol BENUYMHbI MOTyT 6biTb
npoBeAeHbl B YCNI0BUSAX, OT/IMYHbIX OT 3aAaHHbIX, WM B NEPEX0AHbIX pexmmax paboTsl MallWHbl, Hanpumep Ha
HU3KUX YacToTax BpalleHus, Npyv U3MEHEHWUN YacTOTbl BPaLLEeHUs C MPOrpeBOM MallWHbl, Ha KPUTUYECKMX Yac-
TOTax BpalleHusi unu B npouecce octaHoBa. OfHAKO pesynbTaTbl TakUX U3MEPEHUI He MOTYT GbITb UCMOJb30-
BaHbl 415 NOYYEHUS OLEHKN BUOPALMOHHOMO COCTOSAHWSA B COOTBETCTBUM C HACTOSALLMM CTaHAapTOM.

3.3 HanpsxeHue n cuna Toka

B HacTosiLee BpeMs OTCYTCTBYIOT AOCTATOYHbIE AAHHbIE, NO3BONSAIOLIME YCTAHOBUTL HALEXHblEe KpuTe-
pUW OLLEHKN COCTOSIHUS 3NeKTpuyeckoi yact AMIT No U3MEPEHUAM HaNPSXKEHUA U TOKa B YNpaBAsioLLMX Ka-
Tywkax. B cBA3W ¢ 3TUM HaCTOSLWMIA cTaHAApT He NPUBOAUT KPUTEPWEB OLLEHKW NO 3TUM napaMmeTpam, HO
HekoTopas MHdopMaLuus No UX UCNOb30BaHMIO NpUBeAeHa B NpunoxeHusx A. B n C.

4
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4 Kputepun oueHKu

4.1 O6wme NonoxeHus

HacTosiwumii ctaHgapT ycTaHaB/IMBaET ABa KpUTEpUs OLEHKM BUOPALMOHHOIO COCTOAHUS MO nepemMeLe-
HuAM uand potopa B AMI. MepBblii KpUTEPUA OCHOBAH Ha abCOMIOTHLIX 3HAYEHUAX NepeMelleHuns, a BTo-
PO — Ha M3MEHEHUAX ITUX 3HAYEHWNI 6E30THOCUTE/IbHO K HanpaB/eHWo U3MeHeHW (B CTOPOHY Bo3pacTaHus
nnu yoblBaHus).

4.2 Kputepuii |

HapexHasa pabota mawmH c AMIN TpebyeT BbINONHEHUSA HepaBeHCTB (4) 1 (5). OTCYTCTBUA MEXaHNYeCcKo-
ro KOHTaKTa mMexgy poTopoM ¥ CTauuMoHapHbIMU YacTAMKU MaluuHbl (Hanpumep, ctatopamy AMI. gatyvkamu
nepemeLLeHnii, anemMmeHTaMn NabupUHTHBLIX YNJIOTHEHWUA). MUHUMasbHbIA paguanbHbllii 3a3op CmtMadutl mo-
XeT 6bITb onpefenieH kak MUHUMasbHbIA 3a30p cpeay BCeX paauasibHbIX HanpaBneHuii Npyu cTaluMoHapHOM
ABWXeHUW poTopa. 3a30p B CTpaxyoLyx NoAWNNHMKaX 06bIYHO 06YCNOBEH UX KOHCTPYKLMEN.

B cnyyae AMI npegenbHble 3HAYEHUS ANS KpUTepua | ycTaHaBnuBaloT TONbKO ncxoas n3 Tpebosa-
HMA COXpaHeHWs AO0CTaTOYHOrOo 3amnaca 3asopa npuv AsvxeHun potopa. OcTasnbHble TpeboBaHUsA, yCTaHOB-
neHHble B NCO 7919-1 ons KOHTPoONA BUGpaLuy poTopa U CBA3aHHble C AUHAMUYECKUMU Harpy3kamuy Ha
NOALMWMHUKA U OTpaHNYeHneM cui. nepefabBaeMblX Ha ONOPY MalluHbl, B ciiydae AMIT HecylleCTBEHHbI
BBMAY 6ECKOHTaAKTHOro Xxapaktepa onopbl 1 ee 60blUe yNpyrocTu N0 CPaBHEHWUIO C MOALWMNNHUKAMW XKUA-
KOCTHOTO TpeHus. B cBA3M C 3TUM ANA YCTAHOBJIEHHOrO HaCTOALWMM CTaHAapTOM KpUTepus OTCYTCTBYeT
3aBMCUMOCTb OT YaCTOTbI BpaLLeHUs poTopa, U. TakuM 06pa3om, AaHHbI KpUTEPUA NPUMEHUM BO BCEM AM-
anasoHe 4acTOoT BpaleHus.

NCO 7919-1 ycTaHOBWA 30HbI BUOPALMOHHOIO COCTOSAHUA AN KOHTPONA BubGpauum Bana B noAWUNHA-
Kax XWAKOCTHOro TPeHus, onpegensemMble ciegyowmm obpasom:

- 30Ha A: TUMWYHbIE 3HAYEHNA BMOpAaLMN HOBbIX MallVH, BBOAUMBIX B 3KCMlyaTauuio;

- 30Ha B: TUNMuHble 3HaYeHNs BUGPaLUM MaLLWH, KOTOPbIE CHUUTAIOT FOAHLIMU K fO/ITOBPEMEHHOI pa6o-
Te 6e3 orpaHv4eHwii;

- 30Ha C: TUNUYHbIE 3HAYEHUS BUOpaLMM MaLLWH, KOTOPblE CYATAIOT HEMPUTOAHBIMU K AO/ITOBPEMEHHOW
paboTe (06bI4HO paboTy TakMx MaLLUH JONYyCKaloT B TEYEHUE OrpaHNYeHHOr0 BpEMEHU, NoKa He NOSIBUTCS BO3-
MOXHOCTb YCTPAHEHNA NPUYNH, BbI3BABLUNX U3MEHEHNE COCTOSHMUA MaLUWHbI);

- 30Ha D: TMnuuHble 3HavyeHWs Bubpauuu, KOTOPY OObIYHO paccMaTpuBaloT Kak NpeAcTaBAsHoLLYyio
0NacHOCTb C TOUKN 3PEHUS BbI3bIBAEMbIX €10 BO3MOXHbIX NOBPEXAEHWI MalUVHBbI.

paHunLbl Takmx 30H AnA MawuH ¢ AMI. ycTaHOB/IeHHble Ha OCHOBE HaKOM/IEHHOro MeXAyHapoAHoro
onblTa UX aKkcnayartauuu, npusegeHsl B Tabnvue 1 v npefctasieHbl B rpanuuyeckom Bre Ha pUCcyHke 5.

3HaueHusa rpaHunL, 30H COCTOAHMA He NpefHasHayYeHbl CNY>XUTb B Ka4eCTBE KPUTEPUEB NMPUEMKN MaLLUH.
Takune KpuTepun AODKHbI ABAATLCA NPEeAMETOM COrnalleHns 3aMHTepecoBaHHbIX CTOPOH. OAHaKo ycTaHoBe-
HVe HacTOoAWMM CTaHAAPTOM rpaHuL, 30H COCTOSIHUA NO3BOIMT U3bexaTb NpeAbsABNeHUs 3aBbllLeHHbIX Tpebo-
BaHW K BMOGpauuM MallMHbl U Ype3MepHbIX 3aTpaTr Ha Ux obecneuyeHue. 3HAYEHUS TPaHNL, MOXHO Takke
MCMNo/b30BaTh B KAYECTBE OPUEHTUPOB NPU YCTAHOB/IEHUW NPoLEeAyp KOHTPONS COCTOSHUS U AnarHocTuposa-
HMA MalMH 1 Npy NOCTPOEHUU YpPOBHEl npeaynpexaeHus n octaHoBa (06lWme cBefeHWs O NMOCTPOEHUU
YPOBHeli NpeaynpexaeHus n octaHoBa npreegeHbl B UCO 7919-1).

Ta6nuua 1— PeKkoMeHAyeMble 3HAUEHUs rpaHuL, 30H BUGPALMOHHOMO COCTOSIHUA

paHvua 30H MakcumarnbHoe oTknoHeHne 0 ,,,,
AlIB <0.3 Cm»
B/C <0.4 Cr,
C/D < 0.5 Cmn

MpumMmeuyaHune — CTN— MUHUMASbHBIA pananbHbIl UM 0CEBOI 3a30p MeEXYy POTOPOM U CTAaTOPOM.
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X — MUHWManbHbIA paguanbHelii 3a30p Cr... MUM. Y - MakcumanbHoe OTKNOHeHue [ ,,. MKM; a - oTHoweHue DnAJCr,r,

PucyHok 5 — lpaHuLbl 30H BUGPALMOHHOIO COCTOSIHUSA

4.3 Kputepuii Il

KpuTepwuit ocHOBaH Ha CpaBHEHWM W3MEPEHHOr0 3HaYeHWs LUMPOKOMOIOCHONM BUGpauun ¢ npegsapu-
TeNbHO yCTaHOB/EeHHbIM 6a30BbIM YpoBHEM. CylleCTBEHHbIE M3MEHEHUS BUOPpaLuM MOryT notTpe6osartb npu-
HATUS Mep Aaxe B TOM cnyyae, Korga rpaHvua 3oHbl C no kputepuio | ewe He 4OCTUTHYTA. Takme N3MeHeHus,
6yAb OHU CKAYKOO6Pa3HbIMY UM NOCTENEHHO HapacTaloLWyM1 BO BpEMEHW, MOTyT CBUAETENbCTBOBATL O 3a-
POXAEHUW NOBPEXAEHNA UK APYTMX Henonagkax.

KpuTepwuii Il npuMeHsA0T ANS YyCTaHOBUBLLETOCA pexnma paboTbl MalluHbI. MNpu 3TOM BaXHO, 4TOGbLI NoA-
nexatyme cpaBHeHVo pe3ynbTaTbl U3MepPeHnin 6biNn NoayYeHbl NPUGAN3UTENBHO B OLHUX N TEX Xe YCTOBUSAX
AN OfiHOTO 1 TOTO Xe pexuma. Mo CyLecTBEHHbIM OTK/IOHEHMEM PEKOMEHAyeTCs NoHMMaTh 3HaYeHne, He
npesblLLaoLLee BEPXHIOK rpaHnLy 30Hbl B (cM. Tabnuuy 1). MpeBblleHre yCTaHOBNEHHOTO KpuTepus TpebyeT
BbISAICHEHWSA NPUYKHbBI CTO/Tb CYLLLECTBEHHbIX U3MEHEHMWI BUOPaLMK N MPUHATUS COOTBETCTBYIOLLENO PELLeHUS.
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MpunoxeHne A
(cnpaBo4HOE)

Mpumep akcnayaTaunm LeHTPOGEXHOTO KOMNpeccopa HU3KOro
[aBNeHNs ¢ aKTUBHLIMWU MArHUTHbIMU NOALINNHUKAMU

Al LleHTpo6eXHblii KOMNpPeccop HNU3KOro AaBaeHus

Ha pucyHke A.1 cxeMaTU4yHO U306paXKeH poTop LleHTPO6EXHOro KoMNpeccopa HU3KOro faBfeHus ¢ popMamMmn Mog
COBCTBEHHbIX KONle6aHNii, MOCTPOEHHbIX NCXOAA U3 TUMNYHBIX (CPeAHUX) 3HauYeHN ecTkocTy onopsl ¢ AMI. Komnpeccop
nmeeT ceMb CTyneHel, obpadyembix fonactamu potopa. Ero macca pasHa 780 kr. HomvHanbHasa yacToTa BpaLleHust poTo-
pa paBHa 10900 MuH'- (182 'u). a HOMUHa/IbHAA MOLLHOCTb Ha Basly komnpeccopa — 4120 kBT. 9TW 1 gpyrue TexHuyeckmne
XapakTepucTuK1 Komnpeccopa npuseeHsl B Tabnuue A.l.

NMpumeuyaHue — Pabouasi yacToTa BpalieHus JI HAX0AUTCA MeXAy CO6CTBEHHbIMU YyacToTaMmu 3-i 1 4-ii Mog
CO6CTBEHHbIX Konie6aHuii potopa. AMIT pacnosio)eHbl BHE Y3/10B OCHOBHbIX MOZ KosiebaHnii poTtopa, 4to o6ecneunsaert
HeobXxoauMyto ynpaBfisseMocTb konebaHusiMu poTopa.

PucyHok A.1 — Mogbl cO6CTBEHHbIX KoNebaHuii poTopa LeHTPOGEXHOIo KOMNpPeccopa HU3KOro AaBeHus

Ta6nuuya Al — TexHuyeckne xapakTepucTvku Komnpeccopa

Xapaktepuctuka CeKuysi HU3KOTO AaBneHns CeKups BbICOKOro AaB/eHuns
Mogenb MCH 527 MCH 508
Pa6oyas cpega [a3. o6oralleHHbl1 BOAOPOAOM
Pacxog. m3u 43691 43486
[asneHune BcacbiBaHusa, MlMa 0.33 0.79
JaBneHue HarHetaHusa. MMa 0,91 2.03
HomuHanbHas yactoTta BpaueHma N. MuH'1("y) 10900 (182)
Pa6ouunii inana3oH 4acToT BpalleHUsi. MUH'T Ot 9625 go 11445
MouwHocTb Ha Bany. KBT 4120
MouwHocTb npusoAa. KBT 5300

B Tabnuue A.2 npuBefeHbl TEXHUYECKMe xapakTepuctukn AMII, cpeamn koTopbix AnnHa vandsl a AMIM L = 150 MMm.
anameTp uandbl D = 2R = 147 MM, paguanbHbliii 3a3op AMIM C =500 mkm. OIL s 0.98. CIR - 0.0068.
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Ta6bnuue A.2— TexHudeckue xapakrepuctukm AMI

MapameTtp CeKumsi HU3KOTO AaB/eHs CeKumsi BbICOKOTO JaB/eHust

PaguanbHblil NOALWMMHUK

AvameTp D. mm 147 147

AnvHa L. mv 150 150

Harpyska. H 3822 4557

[onyckaemas Harpy3ka. H 10340 10340

3a3op C. MKm 500 500
CTpaxylLwmii pagnanbHblil NOAWUMHUK

3a3op C. MKM 230 230

PafvanbHblli 3a30p cTpaxyloLwero noawWmnnHmka, npegoTepatyarllero kacaHme potopa AMIM. paBeH 230 MKM. T. €.
0KOJ/10 NONOBUHbLI pagunanbHoro 3asopa AMI. Torga MUHUManbHbLIN pagnasbHbIi 3a30p, UCNOb3YeMblil 4N OLEeHKN BNG-
pauUmoHHOro COCTOSIHUA B COOTBETCTBUMN C HACTOALWMM cTaHAapToM, paseH Cmn m 230 MKM.

A.2 AHann3 KpUTUYECKUX Y4acTOT BpalleHus poTopa

AHann3 KPUTUYECKMX YacTOT BPaLLEHNS POTOpa — OAWH U3 BaXKHENLWNX acneKkToB ero NpoekTMpoBaHus. JuHamuka
poTopa Ha MarHUTHOM MOABECE 3HAYUTENIbHO OT/INYAETCSH OT NOBEAEHWUS POTOpa B NMOALWIMMHUKAX XULKOCTHOTO TPEHUSI.
370 CTAHOBUTCA OYEBUAHBLIM NPU pacyeTe KPUTUYECKUX YacTOT BpalleHns poTopa B 3aBUCUMOCTHM OT XXECTKOCTU ero onop u
0TOBPAXEHNS NONYYEHHbIX Pe3ynbTaToB B 6e3pasMepHbIX eAnHuLax rpadmyecku, kak nokasaHo Ha pucyHke A.2. Mo Bep-
TUKaNIbHO OCU OTNIOXKEHbI OTHOLLEHUSI COGCTBEHHbIX YAaCTOT Kosie6aHuii poTopa k 4yacToTe NepBoii MoAbl €ro CO6CTBEHHbIX
M3rMGHbIX KoNe6aHnii Npu He3akpenneHHbIX KOHLax. Mo ropr3oHTanbHON 0CU — OTHOLUEHWE XECTKOCTU NOALLIMNHUKOBO

OropbI K XeCTKOCTU Basia. Ha pucyHke A.2 nokasaHbl TakKe KPMBbIE U3MEHEHUS C HAaCTOTON (OTHOCUTE/LHOI) OTHOCUTE b=
HbIX XXEeCTKOCTEN NOALWMNHUKA XULKOCTHOTO TpeHus n AMT.

T— AMIT; 2 — NOALUMMHUK XXMAKOCTHO TPEHUAA. X — OTHOLLUEHWE XXECTKOCTU NMOALLMIMHMKA K XXeCTKOCTU Baa; Y — OTHOLLIEHNe
YaCTOTbI COBCTBEHHBIX KOnebaHuii K YacToTe NePBOI MOfbl COBCTBEHHBIX M3TUOMLIX KONEGAHUM C HE3AKPEMN/IEHHBIMI KOHLLaMK

MpumeuyaHune — Kputuyeckne 4yacToTbl BpaweHnus Na onpefenstotTcs nepecevyeHnem KpuBbiX COGCTBEHHbIX
4acToT (OTHOCMTENbHbLIX) A1 pa3HbIX MOJ, COBCTBEHHbIX KONebaHuii ¢ KPUBbIMU XECTKOCTU (OTHOCUTENbHOW) ANs nog-
LUMMHWKOB CXXMAKOCTHLIM TpeHnemM st AMI. [inanasoHbl BO3MOXHbIX paboynx 4acToT pacnosioXeHbl Mexay 3TUMU KpUTK-
4YeckMMn yactoTaMu (C HEeKOTOPbIM 3anacoMm) W NokasaHbl Ha PUCYHKe B BUAE 3aTeMHeHHbIx obnacTeli (Al n A2 — ans
komnpeccopoB ¢ AMI; Bl n 82 — ana KOMNpPeccopoB € NOALWMNHUKAMW XNAKOCTHOTO TPEHWUS).

PUcyHOK A.2— TWUNUYHBI/ NOPTPET KPUTUUECKNX YACTOT BpPaLLEHNsi OJHOPOAHOMO Bana, 3KBUBASIEHTHOMO
poTOpY LLEeHTPOBEXHOTO KOMNPEeccopa HU3KOTo AaBfeHns
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W3 pucyHka A.2 BUAHO, YTO TUNWYHAA XECTKOCTb MOALUIMMNHMKA XUAKOCTHOTO TPEHUSI BbICOKA MO CPABHEHMIO C XecC-
TKOCTbIO Basia. Pexum pa6oTbl komnpeccopa 06bI4HO paccMaTpUBALOT Kak 3akpUTUYeckuii. ecnv paboyas yacToTa Bpatle-
Hua poTopa npesbilwaeT NCL HanpumMep, ecnv paboune 4acToTbl 1exaT B HEKOTOPOK 061acTn, 0603HauYeHHO 82. mexay
KpuTMYeckumu yactotamu BpateHus Nc, u NCj, nonyyeHHbIMU nepeceyeHnem KpuBbIX U3MEHEHNA COGCTBEHHOI YacToTbl
(OTHOCUTENbHOW) ANS NEPBOI 1 BTOPOI MOA COGCTBEHHbIX KOMe6aHNii C KPMBO OTHOCUTENbHOW XeCcTKoCTH (B LJaHHOM Chy-
Yyae N5t NOAWMMHMKA XUAKOCTHOTO TPEHUS).

TunuuHasa xecTkocTe AMIT Mana no cpaBHEHWIO C XeCTKOCTbI0 Bana. MoaTomy B ciyyae komnpeccopa Ha AMIM pe-
XUM ero paboTbl paccMaTpuBaloT Kak 3aKpUTUYeckunii. ecnu pabovas yactoTa BpalleHns poTopa npesbiwaeT Ncy Hanpu-
Mep. ecnu pabouse 4yacToTbl fieaT B HeKOTopol o6nacTu, 0603HaYeHHOW A2. mMexAay KpUTUYecKMMU vacToTammn
BpauweHma NCin N&.

TunuuHas KpuBas 3aBUCUMOCTY MaKCMMaibHOrO NepemMellLeHns potopa Ha AMI 0T YacToThl €ro BpalleHusi nokasa-
Ha Ha pucyHke A.3. 3Ta KpvBas MMeeT Nuku Ha cobcTBeHHbIX YacToTax NCL Nct, NCin Nct. MepBble gBe Mofbl COGCTBEH-
HbIX KOJle6aHuii COOTBETCTBYIOT KOJIe6aHNAM Ha KpUTUYECKUX YacToTax XecTKoro potopa (nepeas Moja Xxapakrepusyertcs
nnockonapanienbHbIM ABXEHNEM poTOpa, BTOpas MoAa — kosie6aHuamu KOHLOB poTopa B NpoTuBodase). TpeTba Kpu-
TUYeckas yacToTa BpalleHnss — 3TO yacToTa NepBoii MOoAbl COGCTBEHHbIX U3TMBHBIX KONleGaHunii poTopa ¢ He3akpeneHHbI-
MU KOHL,aMK.

PI/ICyHOK A.3 — 3aBUCMMOCTb MakCMMasibHOro nepemelweHna poTopa OT 4aCToTbl BpaleHus

Mockonbky pabouasi yactoTa BpaweHms N potopa komnpeccopa ¢ AMIT HaxoauTcsa ao6nacT Mexay TpeTbeli n ueT-
BEPTOl KPUTUYECKUMK YacToTamu BpalleHusi, TO Npu pas3roHe poTop MPOXOAWUT Tpu 06nacTu pesoHaHca, YTo Hanaraet
onpeaeneHHble Tpe6oBaHua KAEMNMUPOBAHNIO B CUCTEME «POTOP — onopax». Bonpockl noBeeHns potopa B6NM3M pe3o-
HaHcoB paccmatpusatTca B NICO 10814.

A.3 WcnbiTaHua, NnpoBefeHHble N3roToBUTENEM

M3roTtoBnTenem Komnpeccopa 6bl/1M NPoOBeAEHbl UCMbITAHWA A1 NOATBEPXKAEHNSA 3asBNEHHbIX pabounx xapakTe-
PUCTVK B COOTBETCTBMM C TpeboBaHNAMMN amepukaHckoro ctaHgapta ASME PTC 10 u ucnbitaHus ana onpegenexHus sn6-
pauMoHHbIX XapakTepucTtuke cooTBeTcTBumn ¢ NCO 10439. Pe3ynbTaTbl UCMIbITAHUIA B BUAE MOCTPOEHHbIX 3aBUCUMOCTE
MakcHMasibHOro nepemelleHnsa potopa oT YacToTbl BpalleHns nokasaHbl Ha pucyHke A.4. BcnefcTeue BbICOKOTOYHON 6a-
NaHCUPOBKM poTopa ero makcumasnbHoe nepemMelyeHne 0 AHe npesbicuao 10 MkMm. Takoe 3HayeHne 6b1no 6bl JOCTATOUHO
60/1bLIVM 4151 KOMNPECCOPOB Ha NOALIMMHUKAX XUAKOCTHOrO TPeHWs, ofHako Ana komnpeccopos ¢ AMI aaHHas subpa-
LMs SiIBNSETCA BMNOMHe Y/A0BMEeTBOPUTE/IbHOMN.

Y
10

T
6000 10000 X

X —uacToTa BpalLeHUsi poTopa, MUH .Y — MaKcUMasbHoe NepemMelLieHie, MkM; LP — poTop cexumm
HI3KOTO AaBneHusi; HP — poTop CeKuUM BbICOKOTO AaBNeHNst

PucyHOK A.4 — 3aBUCMMOCTb MakCMMasibHOro NepemMeLleHnss potopa OT YacToTbl BpalleHus, nonyyeHHas
npn UCNbITaHNAX N3roTOBUTENEM KOMMpeccopa
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OTHOLWeHNe MakcMMasibHOro nepeMeLeHna K MuHuMansHomMy 3asopy [D ,jC mn - 10/230) oka3anocb MeHee 0.3.
Takum o6pa3om, pe3ynbTaTbl UCMbITAHWIA Nokasanu, 4To cornacHo Taénuue 1BuGpaLMoHHOE COCTOSIHUE KOoMMNpeccopa co-
oTBETCTBYeT 30He A.

A.4 N3mepeHus Bn6pauum Ha MecTe akcnayartauumn

Mocne nocTtaBkn MalLMHbl 3aka34ymKy KOMNpeccop NOCTOSIHHO HaxoAucsa B paboTe, BKOYaA perynspHblie npoueay-
pbl €0 TEXHUYECKOro 06CNYXMNBAHUA NOCNE Kax/AbIX WecTn Mecaues akcnayatauuun. Mpumep pesynbTaToB U3MepeHWui
BMGpaLMM Ha MecTe aKcniyaTauum Kkomnpeccopa npuBefeH Ha pucyHke A.5. BUHO, YTO MakcuMasbHOe nepemMelyeHune
Otox He npeBbiwano 30 mkm. CTonbukosas gnarpamma Ha pucyHke A.6 nokasbiBaeT NPYMepbl AaHHbIX B HOPMasibHOM CTa-
LMOHapHOM pexumMe paboTbl Komnpeccopa.

X — BpeMms, 4; Y — MaKkcumanbHoe nepemelleHne, MkM. a—d — pajuanbHoe nepemelleHue Bana: 0 — ocesas Bu6Gpauus sana

PucyHok A.5 — Pe3ynbTaTtsl U3MepeHuit BUGpauum Ha MecTe aKcnayatayum

M3mepeHHOe nepemMelleHne MHOTO HUXEe MUHUMarnbHOTo pagnanbHoro 3aszopa Ctu = 230 MKM. MOCKO/IbKY OTHOLLe-
Hue {DmiW/C”n = 30/230) no-npexHemy meHee 0.3. TO BUGpaLMOHHOE COCTOSAAHWE MalUMHbl NPOAO/KAET COOTBETCTBOBATL
30He A.

A.5 N3mepeHnsa Toka Ha MecTe akcnayaTtauum

Ha mecTe akcnnyaTaumm NpoBOAMINCE U3MEPEHUS TOKa KaTyLLKN yNpaBAeHNS U ux pesy/ibTaTbl NOKasaHbl Ha CTOM-
6u1KoBOW AnarpaMmmMe (pucyHok A.6).

Mockonbky M3MepeHUsi MPOBOANIUCH TOMbKO TOKA, YCPeAHEHHOrO N0 BPEMEeHW, faHHble 0 ero AMHaMWU4eckoi co-
cTaBnsoLWeR oTcyTcTBYOT. O4HAKO MOXHO yTBEpXAaTb, 4TO 6narofaps NpUMeHeHWto cucteMbl ynpaenenus AMIM ¢ no-
fJaBneHvem aucbanaHca 3anac no ToKy ocTaBasicsi 4OCTATOYHO 60/1bWUM (CM. NpuioxeHne B).

10
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50-
46-
40-
36- 5J-

1 —JIMI; 2 — BepXHAA KaTyLUKa; 3 — HWKHAS KaTyLluKa. 4 — pOTOP CEKLWW BbICOKOTO AAB/IEHNS; 5 — POTOP CEKUMN HU3KOH
faBneHus; Min — HWKHAS rpaHMua avanasoHa pabourx 4acToT BpalleHust; MCS — makcMasibHas yacToTa BpalleHns
B CTaL/OHapHOM peXuMe; Y —cuna Toka B KaTyLLKe yrpas/ieHus. A; Y ' — MakCMasibHOe nepemMeLLeHne MKM

MpumeuaHune — Knacc A paboTbl yCuamTenss MOWHOCTY obecneynsaeT NOCTOSAHHbIA TOk 30 A ANA HUXHER 1
BEPXHeil kaTywek ynpaBneHns. Pa3HOCTb Toka B BEPXHeN 1 HNXHell KaTylke obecneynBaeT nesutaunto potopa.

PucyHok A.6 — CTon6ukoBas guarpamma pesynbTaToB UsMepeHuii Bubpauum potopa v Toka KaTyLiKu ynpas/ieHus

11
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A.6 CpaBHeHue co cTaHgapTamu 419 NOAWMUNHUKOB XUAKOCTHOIO TpeHusa

[nsa komnpeccopa ¢ AMI. paccMaTpMBaemMoro B HaCTOALEM NPUIOXEHUMN, padmax NnepemMeLLeHns, U3MepeHHoro Ha
MecTe aKcnayarauun Komnpeccopa, paBeH npumepHo 60 MKM (YA4BOEHHOe MakcumanbHoe nepemelienmne OTm). Ecnm atot
pesynbTaTt paccmatpuBaTh C MO3ULMUN 06LLEeYyNnoTPe6OuTENbHbIX KPUTEPUEB A1 MOALMNNHUKOB XUAKOCTHOTO TPEHUS, TO 3a-
KAtoYeHne 0 BU6PaLMOHHOM COCTOSSHUM MalLWHbl MOT10 6bl 6bITh UHBIM, HANPUMeEP:

a) NCO 7919-3 ycTtaHaBNnBaeT 3HAYEHNS FPaHnL, 30H BUOPALMOHHOIO COCTOSAHUA MO pasMaxy nepemeLleHms
B 3aBVMCMMOCTM OT YacTOTbl BpaleHna potopa N v ¢ yueTom TOro, 4To 41 paccMaTpmMBaemMoro KoMnpeccopa BepxHas rpa-
HUUa gmanasoHa paboymnx yacToT BpalleHusa paBHa N = 11445 MUH*' | 3HAYEeHUS BEPXHUX FpaHunL, 30H A u B 6yyT paBHbl:

30Ha A: S*_p* 4800I-Jn =45 mKwm.

30Ha B: S”_p=9000>4/77 = 84 MKM.

TakuMm 06pa3om, ecnu pykoBOACTBOBATbCS kKpuTepuem no MCO 7919-3. To paccmaTpuBaeMmblii KOMNpPeccop Haxo-
Annca 6bl B 30He BUOPALMIOHHOTO COCTOSIHUS B.

b) NCO 10439. NOCBSALLEHHbI LEHTPOOGEXHBIM KOMMpEccopam, ycTaHaBNNBAaET KPUTEPUIA NpUeMKK Mo pa3maxy ne-
pemelierus Lr ons gnanasoHa paboumx 4acToT BpalleHWs B BUAE HEMPEBbIWEHNA MeHbLUel U3 ABYX BE/IMUUH: 25.4 MKM

wnm 25.4 - .TAe bbk — BepxHsisi rpaHuLa guanasoHa. B cnyyae Nxx = 11445 MUH-' BTOpasi BE/IMYMHA NPUHUMAeT 3Ha-

pasmax nepemelieHna He AOJ/KEH NpeBbllaTb 3HaA4YeHUs nepBoi/’l BeJ/INYUNHbI

(25.4 mkm). Komnpeccop ¢ AMI ¢ pa3maxom nepemMeLieHnsa npubam3ntensHo 60 Mkm kputeputo npuemkm no NCO 10439

He yZ0BneTBopsier.
113 3TUX NPUMEpPOB BUAHO, YTO KPUTEPUM CTAHAAPTOB AJ/151 MALUVH C MOAWMNMHUKAMY XULKOCTHOTO TPEHUS HE/b3SI UC-
no/ib30BaTh A48 MawuH ¢ AMT. BMecTo HUX cnefyeT UCnosb30BaTh KpUTEPUMN, YCTAHOB/IEHHbIE HACTOALLMM CTaHAAPTOM.

12
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MpunoxeHne B
(cnpaBo4HOE)

MprvMep OLEHKN COCTOAHMSA MallWHbl N0 U3MEPEHUAM CUJbl TOKa

B.1 M3mepeHusa Toka

Ycunutenb MOLWHOCTU NojaeT TOK Ha KaTylwkun AMIT B COOTBETCTBUM C CUTHA/IOM ynpaB/ieHUsA, KaK nokasaHo Ha pu-
CyHKe 2. MpuMep NpUHUMNNANBbHOK CXEMbI YCUIMTENA MOLLHOCTU C LWWMPOTHO-UMNYbCHOW Moaynsuvei (LWLWM-ycunute-
nA) nokasaH Ha pucyHke B.1. BxogHoOW curHan cucTemsl ynpasfneHus ynpasnset Tokom /(f), nmogaBaembiM Ha
3/1EKTPOMArHMTHYI0 KaTyLKy L. OTOT TOK KOHTPOAMPYIOT 8 Lenu 06paTHON CBA3WU, MCNO/b3YS 3aBUCUMOCTb

(1) * V,(f)/*,(0.

rae VI/(f) — HanpsixeHue B Lenu o6paTHOl CBA3YN;
R,{l) — conpoTuBneHune uenn ob6paTHOIn CBSA3N

t — BXOAHOI cUTrHan ynpaBneHus, 2 — MOHUTOP cunbl Toka; 3 — apaiisep WUM-ycunutcnsa.
4 — UCTOYHMK MOCTOAHHOI HaNpsXeHns

PucyHok B.1 — Cuctema ynpasneHus AMI ¢ WNM-ycunutenem
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Ha BbIx0Z4e MOHMTOpaA CU/bl TOKA HAGMI0AAT BpeMeHHyto popmy curHana /(0. nokasaHHylo Ha pucyHke B.2.

«)CuctemaynpeanaHus 6e3 KN NBM L AUC&ANHHCS

X — Bpems /; Y —cuna Toka LIY). A; a —nepriog o6opoTa Bana

PucyHok B.2 — CwurHanbl cubl Toka

MpegnonaraeTcsi, 4TO NpU OTCYTCTBUM BMBpauumn potopa cuna Toka 6yaet npubanmanTenbHO NOCTOAHHOW U UMeTb
3HaveHue /B (Ha pucyHke 8.2 nokasaHo NyHKTUPHOW NMHKeEN), HeobxoauMoe ANa noAdepxaHua nesutaunm potopa. OfHa-
KO 06bIYHO HabntoAaeMblii Ha MOHUTOPe curHan cunbl Toka /(f) (Ha pucyHke B.2 nokasaH CniOLWHON NMHUER) umeeT nepe-
MEHHYI0O COCTaB/AOWYI0 W BKIYaeT B cebsa peakuuo cuctembl ynpasnenmsa AMII. Mpu ncnonb3oBaHWM CUCTEMbI
ynpasneHus 6e3 nogasnenHunsa gucbanaHca TUNUYHbLIA CUTHaN Toka 6ydeT uMeTb BUA. MOKa3aHHbI Ha pucyHke B.2a). Mpu
MCMNOoMb30BaHNN CUCTEMbI YyNpaB/ieHns ¢ nogaBrieHnem gucbananca TUNWYHBIA CUTHaN Toka O6yfAeT UMeTb BUA. NoKasaH-
HbI Ha pucyHKe B.2 6). Ha HemM BMAHO, YTO NepeMeHHas cocTaBsoLLas, CMHXPOHHas C BpalleHnem potopa, OTCyTCTBYyeT.

[NA NOBbILWEHUSI TOYHOCTU N3MEPEHNS CU/bl TOKA MOXHO MPUMEHATL (OUILTP HUXKHMUX 4acTOT C 4acTOTON cpesa, He
MeHee YeMm B fiBa pasa npesblWwalolLell 4acToTy BpalleHus poTopa.

B.2 OueHka COCTOAHMUA MO CUTHANY ToKa

B kauecTBe nokasartesisi COCTOSIHUS MOXET 6bITb UCMO/Ib30BAHO MAKCUMasibHOE 3HaYeHne 1Tr curHana Cusbl Toka
/(f) B ynpaBnstowieii katywke AMI. n3amepeHHoe B HOPMasibHOM pexuMe paboTbl MalUKHbl, KOTOPOE AO0/HKHO YA0BMETBO-
pATbL KPUTEPUIO

(nu Bmax (/(;)! < /c

rae /c— 3anac ycunuTesnis MOLHOCTY MO TOKY.
[aHHbI KpUTEPUil peKoMeHAYeTCs MPUMEHAThL K KaXKA0M kaTyllke ynpasneHus AMI.
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MpunoxeHne C
(cnpaBo4HOE)

OrpaHquHMe B CuctemMe ynpaBssieHnA

C.1 O6wwne nonoxeHns

MoMyMo BMGpauumn CyLLeCTBYIOT ApyrMe BaXHble napameTpbl, KOTOPble HEOOXOANMO yAepXMBaTb B JONYCTUMbIX
npegenax. TakuMu napameTpamu SIBASIOTCS, B YACTHOCTW, TemnepaTtypa WCMOSHUTENbHbIX YCTPOWCTB U 3/1€MEHTOB
3/1EKTPOHHOI CXeMbl, TOK B KaTyLlKax YnpaB/eHUsi, HanpshkeHne ynpaB/ieHns Ha BbIXOAe ycunutenei MowHoctu. Tem-
nepartypa fiBAsSieTCA BaXHbIM (DAKTOPOM, BAVSAIOWMM Ha O6LLYI0 HaJeXHOCTb CUCTEMbI. MOHATHO Takxe, YTO 60MbLION
TOK B KaTyLLKe ynpaBieHns CBUAETeIbCTBYET O NPUBAMKEHUN K Npeaeny HarpyXXeHus noglmvnHvka. B To xe Bpems npu-
YWHBI U NOCNEACTBUS HACbILEHNA YCUAUTENSA MOLHOCTW MO HaNPSHKEHUIO He CTONb O4YeBUAHbI. [pn 60MbWOM HacbILe-
HUM BO3MOXHbI CUTyaLuun, Korga pajvanbHas BubGpauus HeBesvka, HO B [eliCTBUTENbHOCTM MalluMHa Haxo4uTCs Ha
rpaHule obnacTu 6e3onacHoro MyHKLMOHNPOBAHUS C 6O/bLLON BEPOATHOCTHIO BHE3AMHOM0 HexenaTesibHOro u3mMeHe-
HUA AMHaMUKK poTopa.

B HacTosLLEM NPUIOXEHUN PACCMAaTPUBAETCA HACbILEHWe YCUNNTENA MOLLHOCTY MO HaNpPsXXeHU0 1 CBSA3aHHbIe C
3TUM siBNeHneM apdrekTbl. [pn 3TOM HUKaKne KpUTepuUn HacblleHUs He ycTaHaBAWBAaIOTCA, MOCKObKY AONYCTUMbIN ypo-
BEHb OrpaHnyeHmns ynpasneHns 3aBUCUT OT KOHKPETHOTO NPUMEHEeHUs MalwunHbl ¢ AMIT, KOHCTPYKLUK CUCTeMbI ynpasie-
HUA W NPUYKUHBI OrpaHnYeHns. Tem He MeHee BaxHO, YTO6bl nmocTaswmnk AMI yaennn BHuMaHvue gaHHol npobneme npu
NPOEKTVPOBaHUM U UCTIbITAHUM NOALWUMHUKOB U NPefoCcTaBna rapaHTumn, 4To Npu padoTte NOAWMNNHUKOB He ByayT Habto-
fAaTbCs HexenaTtenbHble aphekTbl, paccMaTpuBaeMble B HACTOSILLEM NPUNoXeHUn. OBbI4HO Taknx athhekToB yaaeTcs ns-
6exaTb Npu NpaBUIbHOM MNPOEKTUPOBAHMM MOALMNHUKOB. OAHAKo BO MHOMMX Cly4vasx Heob6xogumo ybeanTbCsi, 4To
Hanps)eHue Ha BbIXOAe YCUIUTENA MOLHOCTW Npu pabote AMI B coCcTaBe KOHKPETHON MalluvHbl He NpeBbillaeT HEKOTO-
poro ypoBHsi. IHorga Ansi rapaHTm 6e30onacHoi pa6oTbl MalLMHbI & pas3HbiX paboynx yCroBUSAX HEO6X0AUM HenpepbIBHbI
KOHTPOJIb OTPaHNYEHNs B CUCTEME ynpaB/ieHuns.

C.2 Pab6oTa ycmnuTens MOLWHOCTN

OG6bIYHO 4N1A nojauun Toka Ha ynpasnswowme kaTywku AMI MCNoNb3yloT KOMMYTUPYIOLWME yCUnmTenun, nogobHsle
nokasaHHoMy Ha pucyHke C.1. ONOpHbIA CUrHaN BbIYUCASAIOT C NOMOLLbIO COOTBETCTBYIOLLEr0 afiropuTMa no3nLuoHnpoBa-
HuA potopa a AMI. a ycunutenb MoLWHOCTW obecneynBaeT MakCuManbHyto 61130CTb [eACTBUTENbHOTO CUrHana Toka K
OnopHoMy. YacTtoTa KOMMyTauuv ycunmTens coctaBnsaeTt gecAatkn kunorepu. MNepeknwoyatenn nutaHusa (Si. S2) 06bIYHO
BbINOJIHAOT Ha nonieBbix MOM-TpaH3ncTOpax nav 6UNONAPHLIX TPaH3NCTopax C U30/1IMPOBaHHBLIM 3aTBOPOM. Ycunutenb
paboTaeT Takum 06pasoMm, 4TO NPV NPOTEKAHUM TOKA Yepes nepeknioyaTenn HanpsHKeHne Ha KaTyLllKe ynpaBieHus paBHo
NOCTOAHHOMY HaMNPSHKEHWIO LUWHbI NMUTAHUA MOMOXUTENbHOWM MONSPHOCTH, @ CKOPOCTb HapacTaHUa npoTekaloLero Yyepes
KaTyLIKy TOKa onpefenserca aTUM Hanps)keHnem v MHAYKTUBHOCTBIO KaTywku. Korga xxe TpaH3MCcTopbl nepeknloyartenei
3anepThbl, TO HaNpshXeHWe Ha KaTyllke ynpaB/ieHUs paBHO NOCTOAHHOMY HaNPSXEHWUIO LWWHbI NUTAaHUS oTpuLaTesbHOl no-

1

2

1— HanpaXeHWe NUTaHWA NONOXUTENbHOW NONAPHOCTU: 2 — HaNPAXEeHWe NUTaHNA oTpULaTeNbHON NONAPHOCTU; 3 — ONOPHBLIiA
cuUrHan. 4 — curHan Toka; 5 — nornyeckoe ycTpoicTBo ynpasneHus; 6— apaiiBep ynpaBneHus 3aTBOPOM; 7 — Touka U3MeEpPeHUs
ToKa. 8 — HanNpAXeHHO Ha KaTylkKe ynpaBneHUsA. 9 — anekTpomariut. S1.S2 -- nepeknoyartenn

PucyHok C.1 — WNM-ycunutenob
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NAPHOCTYU. @ TOK B KaTyLuke y6biBaeT. MpuyemM cKopocTb y6bIBAHUA TOKA paBHA CKOPOCTU ero HapacTaHusi. Ecnm Tok npoTe-
KaeT TOMbKO 4Yepe3 OAWH MepeksoyaTeNb, TO HaMps)KeHWEe Ha KaTyllke NpakTUYeckW PaBHO Hy/l0 M TOK ocTaeTcs
NOCTOSIHHbIM.

AhheKTVBHOE HaNPsKEHUE Ha KaTyllke PaBHO CpeAHeMy HanpshKeHWI0 Ha KaTyLike 3a OAWH Nepuos KoMMyTauuu.
M3 pucyHka C.1 BUAHO, YTO 3(p(PEKTUBHOE HANPSKEHNE HA KAaTYLLKE HAXOAWUTCA B AManasoHe Mexay HanpskeHUsMy LNH
NUTaHWsi MONIOXUTENBHOW U OTPULLATENIbHOW NONAPHOCTENR. ITUM onpeaenseTcs U MakcMmasibHasi CKOPOCTb U3MEHEHNUS
TOKa. TakuMm 06pa3om, OrpaHNUYeHUs No TOKY ¥ MarHUTHOM cune B NOALWMNHUKE ONpeesneHbl HanpsXXeHUeM LUMHbI NMTaHNs
(cm. pucyHok C.2).

X +- yacToTa (B NMHENHOM MacwTabe); ¥ — MakcumanbHas MarHuTHas cuna (B NMHEeWHOM macwTabe); a — yactoTa
n3noma xapaktepuctukn

NMpumeyaHune — Hmke 4acToTbl U3N0Ma JONYCTUMAsA HArpy3ka orpaHnyeHa HacbILEeHNEM MarHUTHOM Lenu un
MakcMMasibHbIM TOKOM Ha BbIXOf€e YCUAUTENsi MOLWHOCTU. Bbilwe 4acToTbl U3/0Ma fOMycTUMAas Harpyska orpaHuyeHa Ha-
NpshkKeHMEeM NuTaHus. B 3Toii 06nact MakcMMasibHasi MarHuTHasi cuia 06paTHO NpornopLmoHanbHa YacToTe.

PucyHok C.2 — 3aBUCUMOCTb A0ONYCTUMOI Harpy3ku AMI OT yacToTbl curHana

Mpu HopManbHoi pa6oTe AMI CKOPOCTb N3MEHEHWsI OMOPHOTO CUTHaa MeHbLUE MakCUMasbHo CKOPOCTH N3MeHe-
HUSI TOKA, KOTOPYIO CMOCO6EH 06ecneunTb YCUINTE b MOLLHOCTM, MO3ITOMY TOK B KATyLIKE YpaB/ieHUs yCreBaeT OTCIeXu-
BaTb M3MEHEHWsi OMOPHOTo curHana. OgHako ecnu TpebyeTcs 6oee pe3koe U3MEHeHUe OMOPHOro curHana, To TOK B
KaTyLUKE 3a HUM He yCcreBaeT 1 HaunHaeT 3anasfbiBaTtb. Bo3HUKAeT 3a4epxka no dase. d1a 3a4epxKa yxygwaeT JuHaMu-
Ky NoAWwunHuKa. lanee B HACTOSALLEM NPUNOXeHUN BYAYT PACCMOTPEHbI Pas/inyHble NOCNeACTBUS I EKTa HACLILEHMS
N0 HanpPsHKEHNHO.

C.3 BblCOKOYACTOTHOE HacblUWeHne ycunutens

K HacbILWeHVIo Mo HanpsHKeHUo BefeT CUrHas BO3MyLLeHNsA 601bLOV aMNAnTy bl Ha BbICOKOI YacToTe. HacblweHne
YCUNUTENSA CYLeCTBEHHO yXyALllaeT ANHAaMUKY NOALWMNHUKOBOW ONOpbI, MOCKO/IbKY Takoi yCUANTENb BHOCUT 3afepXKy no
¢hase Ha /06O yacToTe, a He TOJIbKO Ha YacToTe BO3MYLLEHWS, BbI3BABLUErO HaCblWeHne. Bo3myLieHne MOXeT ObiTb Bbl-
3BaHO. Hanpumep, NOBPEXAEHHO NOBEPXHOCTbIO AaTynka nepemelleHns, o6ycnosauBalLLeli NosiBfeHne BbICUUX rap-
MOHVK 4YacTOTbl BpalleHWs, WK MpPOCTO HeypaBHOBELUEHHOCTbIO PpOTOopa B coyeTaHun € HeadhdekTMBHON paboToii
KoMneHcaTtopa aucbanaHca. B cnyyae HeakpaHmpoBaHHOro AMI BO3MyLLEHME MOXET GbiTb CBSI3aHO C PaboToli BHELHETO
3/1eKTPOHHOTrO YCTPOIACTBA, TAKOro Kak 4acTOTHbIV npeobpasoBaTenib. HE06X0A4MMO OTMETUTb, YTO XOPOLIO CPOEKTUPO-
BaHHbI AMIT gonyckaeT OTHOCUTENbHO GO/bLIOE OrpaHUYeHne Mo HanpsKeHWto, Npexae Yem MposiBUTCH HecTabusb-
HOCTb MOBeJEeHNs poTopa.

C.4 HecTabunbHOCTb AMHAMUKM poTopa

OfHO V3 OrpaHNYeHnit ynpasB/ieHns CBA3aHO C HENOAXOAAL MM BbI6OPOM anropuTma ynpasneHus, MPMBOAALLEro K
HecTabu/bHbIM pexnmam aBTokonebaHns potopa Wan nonepeyHbiM pe3oHaHCHbIM KoiebaHnsm ctaTopa. ABTOKoNe6aHuns
M amnauTyga Bnbpaumn HapacTalT [0 TexX Nop. noka He BbI30BYT HaCbILEHWe YyCUNUTENS MO HanpshXeHWto, nocse Yero,
[Jaxe ecnn aBTokonebaHnsa uam subpauns OTHOCUTENIbHO HEBEINKMN, MPOUCXOAUT YXyALIEeHNe UHAMUKN poTopa 1. B Xy[-

eMm cnyvae, Bo36yxaeHue Apyrux hopm KonebaHuii. PUCK NOSIBMIEHUS Takoi CUTyauun O/MKeH GbITb UCK/IOYEH NpaBuib-
HbIM BbIGOPOM afropuTMa ynpasieHus.

C.5 BbicokoamnautygHas HecTabunbHOCTb

[Opyroii BO3MOXHbIli cueHapuii pa3BUTUS HECTABGWUNBHOCTU MOXeT BbiTb CBSA3aH C TEM. YTO cUCTeMa ynpasrieHus
AMT1 XOpOLIO OTCAEXMBAET TONILKO BO3MYLLEHUS Ma/Ioi aMnauTyasl. ECv ke aMnanTyga BO3MyLLEHWIE Bennka, To B CUC-
TEME ynpaBfeHNUs reHepupytTca konebanus. B npouecce UCnbITaHWii Takne BbICOKOAMNANTYAHbIE BO3MYLLEHUS MOTyT
6bITb MOAENNPOBAaHbI 3/1EKTPUHECKUM CUTHANIOM, HanpuUMep, OT BHELLHEro reHepartopa. [pyroii BapuaHt — mMexaHuyeckoe
BO30YXAEHWNE, HANpUMep, NOCPEACTBOM YAAPOB MO POTOPY UM CTATOPY PE3UHOBLIM MOIOTKOM. MpW 3TOM, ecnin BbiGpaH
HenoAxoAAWMA yCunuTenb, BO3MOXHO NOSIBNIEHNE CUJbHBIX Kone6aHnii cuctembl AMI B LiefIoM (Kak e4MHOro XecTKoro
Tena). PUCK faHHOTO CLeHapusi Bo3pacTaeT, eC/M rpaHWyHas 4yacToTa CUCTEMbl YNpaB/eHns ¢ 06paTHON CBA3bI0 NEeXUT
BblLLE YACTOThI M3/10Ma XapakTepUCTUKM, MOKa3aHHOM Ha pucyHke C.2. 1 3anac ycToiiumBocTH no chase B cucTeMe ynpasne-
HUA HegocTaToueH. OfHaKo 6o/iee BEPOATHLIM 6yAeT BO36YXAEHNE BbICOKOAMMIUTYAHbIX YNPYIUX MO Kone6aHuii poTo-
pa unu ctatopa. MpuynHa 3Toro B HaNUUMK HasoBoii 3aePXKN, CBA3AHHON C HACbILLEHNEM MO HAMNPSXEHUIO, B COYETaHUN
CO C/IMLIKOM MasibiM 3anacom yCTOWYMBOCTM MO hase B LENU CUCTEMbI YNPaBAEHUS.
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C.6 MNpoxoxAeHne KPUTUYECKO YacToTbl BpalleHus

MpoxoxjeHne KpUTUYECKOW YacToTbl N3rMBHbIX KonebaHuii Takke BefeT K HacblLeHVNI0 N0 HaMpsXKeHWIo B cryyae,
€c/in 3Ta YacToTa HaxoAMUTCS Bblle YAaCTOThbl M3/10Ma XapakTepuCcTVKW, NokasaHHoli Ha pucyHke C.2. B aTom criyvae faxe
npu OTHOCUTE/IbHO MasIOM OrpaHNYeHnN BO3MOXHO ObICTpOE HapacTaHue amnanTyAbl aBTokonebaHuii potopa B NoAwmn-
HUke. MpefoTBpaTUTL Takol AhPEKT MOXHO MPKU HAMYMU CUCTEMbI MOHUTOPUHIA, He fonyckatolleid agppekTa Hacbiwe-
HMA NO HaNPsHKeHWI0 . COOTBETCTBEHHO, NPEBbILLIEHNSA 4ONYCTUMbIX UHAMUYECKUX HArpy3ok Ha MOALMMHUK.

C.7 Vi3mepeHne ypoBHA orpaHMyeHuns

B npuHumne adhhekTMBHOE HaNPsSXXeHNe Ha KaTyLke MOXHO M3MepPUTb HENOCPeACTBEHHO B TOUKAX COENHEHNS KOH-
Tponnepa AMII ¢ kaTylwKoil anekTpomarHuta. OgHako npeAnouTuTeNbHee N3MepsiTb 3Ty BE/IMUNHY NO BbIXOAHOMY CUTHA-
NIy NOrMYecKoro ycTpoiictea ynpasneHus (cMm. pucyHok C.1). HanpshkeHne Ha kaTyllke MOXeT ObiTb OLEHEeHO Takke Mo
OMOPHOMY CUTHay € UCNonb3oBaHuem aAnddepeHumpyoLleil yenu.

B npouecce ncnbiTaHuii n3amepeHHoe aPeKTUBHOE HaNpsHKeHne Ha KaTyllke MOXeT ObiTb 0TO6paxeHo B hopme
BPEMEHHOro curHana, no KOTOpoMy MOXHO CAeNnaTb BbIBOA O NPMeMIemMocTy ynpasneHns. OgHako ecnu acucteme ynpas-
NeHns npefycMoTpeH aBTOMAaTUYeCKUA MOHUTOPWHT HACbILEHNS MO HaMpPsHXKEHWUIo, TO A1 OLEHKU YPOBHA OrpaHnveHuns
LenecoobpasHo UCMOIb30BaTh NPOCTOI YMC/IOBOI Nokasatenb. Takum nokasaresieM MOXeT ObiTb, HAaNpUMep, OTHOLLEHNe
MaKCUMMasibHOro abCOMOTHOTO 3HAYEHNS HAMPSHXKEHNA Ha KaTyLLKe K HanpsHKeHWo nuTaHus. pyrum BO3MOXHbIM nokasaTe-
neMm MoxeT 6bITb OTHOLIEHNE NHTEepBasia BPEMEHU, KOr4a yCUIMTelb MOLWHOCTU HAXOAUTCA B COCTOSIHUM HACbILWEHUS, K
06LWei NPoA0/IKUTENBHOCTU N3MEPEHNIA.
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Mpunoxexnne JA
(cnpaBouHoe)

CBeJfeHNsi 0 COOTBETCTBUMU CCbIZTIOYHBIX MEXAYHAPO4HbIX CTaHAAPTOB
CCbIZIOYHbIM HaUMOHaNbHLIM cTaHAapTaM Poccuiickoil ®epepaunn (v geiicTByOLW UM
B 3TOM KayecTBO MeXrocy4apCTBEHHbIM cTaHAapTam)

Tabnuuya [A1L

O603HaueHNe CCbI/IOYHOTO CreneHb O603Ha4eHVe N HaVMEHOBaHNE COOTBETCTBYHOLLErO HALWOHa IbHOro
MexyHapoaHOro cTaHaapTa COOTBETCTBUA CTaHfapTa
NCO 7919-1:1996 T FOCT NCO 7919-1—2002 «Bubpauns. KOHTpOsb COCTOAHMSA

MalLWH No pe3ynbTataMm n3mepeHuii BU6paLnmn Ha BpaljatoLmxcs
Banax. O6wune TpeboBaHNS»

MpumeuaHune— BHacTosuwel Tabnmue ncnonb3oBaHo creayloliee ycrioBHoe 0603HaveHne cTeneHn cooTee-
TCTBUA CTaHgapTa:
- IDT — nAeHTUYHBIA cTaHgapT.
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criteria — Part 3: Coupled industrial machines

ISO 7919-4. Mechanical vibration of non-reccorocabng machines — Measurements on rotating shafts and evaluation
criteria — Part 4: Gas turbine sets

ISO 7919-5. Mechanical vibration of non-reoprocatmg machines — Measurements on rotating shafts and evaluation
criteria — Part 5: Machine sets In hydraulic power generating and pumping plants

ISO 10439. Petroleum, chemical and gas service industries — Centrifugal compressors

ISO 10814. Mechanical vibration — Susceptibility and sensitivity of machines to unbalance
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