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BBegoeHue

B HacTodleM cTaHgapTe paccMaTpuBaloTcsl BOMNPOCHI, CBA3aHHbIE C OLUEHKOWN TEXHUNYECKOrO COCTOAHUS
MaLUWHBI MO pe3ynbTaTamMm U3MepeHUn BUOpaLUn poTopa, a Takke USMEepPeHUn ToKa U HanpshKeHUs B ynpasns-
FOLLMX KaTyLIKaxX MallnHbl ¢ aKTUBHBIMUA MarHUTHbIMK nogLwumnnHukamm (AMI) npn ee pabote B HOMUHANBLHOM
YCTAHOBUBLLUEMCS pexXmme 0e3 yyeTa 3HaUYeHUIN 3TUX NapaMeTPOB B NepexXoaHOM peXXUMe Npn NpoxoXxaeHum
KPUTUYECKUX YacTOoT BpalleHusa. Bubpauunsa mallnHbl B 06n1acT KpUTUYECKOW YacTOoThl BpalleHUsa paccMmaTpu-
BaeTca B CO 108147 yepes xapakTepUCTUKN MOJaNbHOW YYBCTBUTENIbHOCTU, YTO BbIXOAUT 3a PpaMKU HACTOS-
LLiero ctaHgapTa.

[na noAWnMNHUKOB CKOMBbXEHUSA C XKUOKOCTHOM CMa3KoM XapaKTepHa BbICOKas XKeCTKOCTb OMnopbl NMNpu Ma-
nom pagnansHom 3asope (nopsaka 0,1 % paguyca uandgbl potopa), 4To 00ycnoBnMBaeT TpedoBaHMe O0CTa-
TOYHO HU3KOW BUBpauLuW, He AonycKawllen npopbiBa BalnoM poTopa CMod CMas3kn M ero KacaHus
MeTannuiyeckon BTynkn nogwmnnHuka. B AMI1, HanpoTue, XXeCTKOCTb ONopbl OTHOCUTENBLHO Mana, a 3a3op, Co-
OTBETCTBeHHO, BenuK (0o 0,5 % paanyca uandel poTopa), NosToMy bonee BbICOKAMN YPOBEHb BUOpaLIUN POTO-
pa B AMI1 aBndaeTcqa BNonHe ecTecTBEHHbIM U AonycTUMbIM. MeHbllasa XecTkocTb onopkl AMIT o3HavaeT U
bonee HM3KY BUDOpaLUo, NepeaaHHyo Ha pyHAaMeHT MalluHbl. [oaToMy No CpaBHEHUIO CO cTaHAapTaMu no
oLEeHKe BUOpaLMOHHOIO COCTOSAHUS MaLLWH C NOALWUNIHUKAMK XAaKocTHOro TpeHus (cepusa NCO 7919-1) B Ha-
CTOSILLIEM CTaHOapTe YCTaHOBMNEHLI Donee BbICOKUE 3HAYEeHUs rpaHunL, 30H BUOPaLMOHHOIO COCTOAHUA.

") BeeaeH kak TOCT 31186—2002 (MCO 10814:1996) «Bubpaums. NMoaBepXeHHOCTb U YYBCTBUTENBHOCTb MaLLWH K
ancbanaHcy».
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HAUMWOHANBbHBIWN CTAHOAPT POCCUUCKOWN PEOEPALUMN

Bubpauus

BUBPALIUA MALLUNH BPALLATENBHOIO AENCTBUA C AKTUBHBIMUA MATHUTHBLIMI
NMNOoALWUNITHUKAMW

YacTtpep 2

OueHKka BUOpPALMUOHHOIo COCTOAHUA

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

[NaTta BBeaeHnsa — 2012—09—01

1 ObnacTtb NpUMeHeHus

HacTodawmnn cTaHgapT ycTaHaBNMBAET obLLee pyKOBOACTBO MO NpoBeAeHNIo U3MEPEHUN N OLEHKE COCTO-
AHNA MaLUWH BpalwaTensHOro 4encTBUsA ¢ akTUBHLIMU MarHUTHeIMU noglmnnHukamm (AMIT), onpegensaemoro no
XapaKTepUCTUKaM:

- nepemMelleHnn sana sé6numan AMIT;
- HANpPsBKeHUs/ToKa, U3MepeHHbIM Ha KaTyLlIKe ynpaBieHust Unm Ha Beixoae yeunurenst MmowHoctin AMIT.

Obe xapaKTepUCTUKN U3MEPAIOT B HOPMaSIbHOM peXnume padboThl MaLlMHBI B NabopaTtopun ee N3roToBum-
TENS1 UMK Ha MecTe aKkcnnyaTauun. Kputepun oueHKN COCTOSIHUA OCHOBaHbI Ha abCONOTHBIX 3HAYEHUAX Xapak-
TEPUCTUK ONS YCTAHOBUBLUETOCSl pexumma paboTbl MallMHbl, a Takke Ha BO3MOXHbIX M3MEHEHUAX 3TUX
XapaKkTepUCTUK BO BPEMEHMN.

HacTodalwmm ctaHgapT pacnpocTpaHseTcsd Ha NPoMbILLNEHHbIE MaLUUHBI BpallaTenbHOro A4eUCTBUSA € NO-
Tpedbnaemoun Unmn reHeprupyemMmon MoLLHOCTLIO CBhILLe 15 KBT 6e3 orpaHnyeHnit no Ux pasmepam 1 paboven vac-
TOTE BpalleHUsa (Takme Kak Typbokomnpeccopbl, TypOoHacocbkl, napoBble TypOUHLI, TypbDoOreHepaTtophl,
TYPOOBEHTUNATOPLI, 3NEKTPONPUBOALI 1 NP., B COCTaB KOTOPLIX BXOAAT poTopbl HA AMI), 3a ncknwoyveHnem ma-
LLIWH ¢ ManorabapuUTHbIMW pOTOPaMK, HAaNpUMep, WNUHAENSAMU, MaxoBUKaMIn, poTopaMn TYpPOOMONeKYNsIpHbIX
HacOCOB.

HacTtodawwuin ctaHgapT pacnpocTpaHAEeTCs Ha MallUHbI KaK C XXeCTKAMMW, Tak U ¢ TMOK1UMU poTopamu.

2 HopmaTuBHbIe CCbINKN

B HacTodlweM cTaHgapTe UCNonb3oBaHa HOpMaTUBHAA CChINKa Ha crneayioLwmn ctaHgapT:

NCO 7919-1 Bubpaums mawinH 6e3 Bo3BpaTHO-NOCTYNaTeNnbHOro AsmKeHus. MIamepeHusa Ha Bpallato-
LLIMXCS Banax U Kputepu oueHKn coctosaHms. Hacts 1. Obuee pykooacteo (ISO 7919-1, Mechanical vibration
of non-reciprocating machines — Measurements on rotating shafts and evaluation criteria — Part 1. General
guidelines)

3 lNMpuHUMNbI U3MepeHUa NnapaMeTpoB U OLEHKU COCTOAHUSA

3.1 OnucaHue cuctembl «potop — AMI»

TunmndyHasa cuctema «potop — AMI1» nokasaHa Ha pucyHke 1. AMIT pacnonoXeH Ha KaXkaoM KOHLe Bana
N BKNtoYaeT B cebsl AaTuyMKM nepemMelleHns 1 cTpaxyrwmin wapukosbin noawmnHmnk. Ocesont AMI1 Ha pUCyH-
ke 1 He nokasaH. Cuctema ynpaesneHna AMI1 nokasaHa Ha pucyHke 2. Kaxgbiv gaTuymk nepemMelleHUa cCUcTeMbl
yripaBneHnda nepegaeTt curHan, cogepXawimm MHgopMaL o o NoNoXXeHU poTopa B noaWwnnHUKe (OTKIOHEHUN
OT LieHTpa noawunnHmka), Ha KoHTponnep. KoHTponnep MoxXet npeactasnaTtb cobon MNALO-perynatop. Ynpas-
NALMNA CUTHaN ¢ KOHTPpONMNepa NocTynaeT Ha YCUNUTENb MOLLHOCTU U onpedenseT BbIXOAHOW TOK YCUNUTENA,
MocTynaroWwm B KaTyLky ynpasneHus AMI1. Ecnin Ban cmelwlaeTcsl BHU3, TO B BepXHEW KaTyLlKe BO30OyxaaeTcs
TOK, CO34atoLLUA MarHUTHYHO cUNy, NOAHUMACLLYIO Ban BBEpX. TOUYHO TaKon XXe MexaHU3M AeUCTBYyeT AN noa-

U3pgaHne odbvumanbHoe
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1T — AMI1; 2 — patyuk nepemelleHms; 3 — cTpaxyowmm noawunHuk, 4 — 3asop AMIT

PUCYHOK 1 — POTOpP Ha akKTUBHbLIX MAarHUTHbIX NOALWUMHUKAX

1T — AMII; 2 — paTduk nepemelleHns; 3 — yeunutenb MOLWHOCTU, 4 — KOHTPONnep;
S — ynpasnsawLWmnmM curHan; 6 — oOnopHbIXM CUrHan

PucyHok 2 — Cxema cucrtemsl ynpasneHns AMI

[epXXaHusa Bana B ero HOMMHabHOM NOMOKEHNM BHYTPW NoALWUNHNKE, NO3TOMY cucTeMa yrpasrieHns obecne-
YyMBaeT OHOBPEMEHHO U NeBUTauMio poTopa, U nogaBneHue ero sBMbpauun.

3.2 MNMepemelieHue

B HacTosdwem cTaHaapTe TEpMUH «epemMelleHne» o3HadaeT obllee OTKIIOHEeHUe MONoXKeHud Bana,
BKItOMAad cTaTUdeckoe cMelleHue, oT LeHTpa nodwunHuka. Bubpauymsa ctaumoHapHbIX 3NEeMEeHTOB MallHbI
(HanpumMep, NOALUUMHUKOBBLIX KOPMNYCOB) B HAaCTOALLIEM cTaHAapTe He paccMaTpUBaeTCs.

B cocTtaB pagunansHoro AMI BxoaaT cOOCTBEHHbIE AaTYMKM NepeMelLleHns 4nga nsmepeHud nepemelle-
HAW X(f) 1 y(f) B ABYX B3aUMHO NepneHauKynapHbIX HanpasneHUax (CM. pUCYHOK 3). INoaTomy A40ONONMHUTENLHBIX

OaTYMKOB NepemMelleHna ans nsmepeHust Bubpaunmn sana He Tpebyetca. B HacTodwem ctaHgapTe paccmar-
PUBAKOTCA pesynbTaThl UI3BMEPEHNN BMOpaLMn Bana cobcTBeHHbIMU AaTtumnkamm AMIT.

2
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3

4
AR y
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1 — Kopnyc;, 2 — Ban; 3 — OaTtyukK nepemeLleHus

PucyHok 3 — Hatumkm nepemeweHnsa AMIT

Kak BWOHO U3 pUCYHKa 3, Y pagnanbHOoro nogllunnHuka nsmepuTtenbHble 0CU aTYMKOB COBNAaaatoT C OCS-
MU X N y. CUrHanbl 3TUX 4aT4MKOB NO3BONMAKT onpeaennTb NONOXeHNe OCU POTopa B Ka)Xablh MOMEHT BpeMe-
HW, BKMOYas NOCTOAHHOE CMeLlleHUe (SKCUEHTPUCUTET) U NepeMeHHyYI0 cocTaBnsaloLyo (opbuTy npeueccumn
Bana), Kak nokasaHo Ha puUcyHke 4. Ha 3ToM pUCyHKe KoopauHaThl NOCTOSIHHOIO CMeLLeHUA OT LieHTpa 3a3opa
AMI1 (BekTOpa, coeguHsaowero Toukn O u Oj) obo3HayeHbl €, W £,, @ MakCMMarbHble OTKITOHEHUsI OT MOCTOAH-
HOTO CMeLLIeHWA Mo OCAM X U Y — COOTBETCTBEHHO a, 1 a,. MakcumanbHoe OTKNoHeHue D MONOXKeHNA poTOo-
pa oT LUeHTpa 3a3opa AMI moxeT bbITb paccynTaHo no opmMmyne

D e = Max | x2(t) + y2() (1
N, NPUBNMXEHHo, No dopmyne
Drmax = VX ax + ¥ v (2)
rae x . =g, ta,
Ymax = €y T a, .

[TpnonmxkeHHaa popmyna (2) obblMHO AaeT 3aBbILLUEHHYO OLEeHKY D
MoXeT gocturatb npndnuantenbHo 40 %.

[lony4nTb oUeHKy D_ . Mo curHanam Asyx JaTtyMKoOB nepemellieHns Ha ocHoBe dpopmynbl (1) nnu (2) ao-
BOMbHO CITOXHO, TaK Kak ANda 3TOro HYy>XXHO pacnonaratb LAPOoBLIM ocUUnIorpadoomM Unm apyrim aHanormny-
HbIM MPUOOPOM. YNPOLWEHHO MOXHO onpedennTbe MakCUManbHOe OTKNOHEeHME B KaXXO0M U3 OPTOroHasbHbIX
HanpaeBneHUN No BpeMeHHON popMe curHana, kak nokasaHo Ha PUCYHKe 4, U UCMOMNb30BaTh OLEHKY

MPUYEM MOrPeLUHOCTb OLEHKM

max’

D _.>2maxix__.Vy..Jl (3)

Mmax —

[TpumeHeHue popmMynbl (3) OOLIYHO AaeT 3aHMXKEHHYI oLeHKy D .

UTobbl NpeaoTBpaTUTb KOHTAKT poTopa CO CTaTOPOM, AO/MKHO BbIMNOMHATLCSA (C HEKOTOPBLIM 3anacom)
crneayrollee HepaBeHCTBO

Dmax < Cmin—mt::u'jfl.-'fnﬁI (4)

min—radial MUHAMAabHBIN paﬂ,l/laﬂbelﬁ 3d30pP B noawunrnHUKe.

B HacTosilem cTaHaapTe 3HadYeHne napameTpa D MCNonb3yeTcs Kak nokasaTernb A5 OLeHKN 3anaca
3asopa.

roe C
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a) Opbuta npeueccun Bana

max
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ymax
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~ = =
0
. a | a | & |

b) BpeMeHHbIe curHanbl 4aT4nKOB NnepemMeLLeHns

[ — Bpems; a — nepuoa BpalleHusi Bana

PucyHok 4 — OpbuTta npeueccumn Bana n COOTBETCTBYOLWME LUMPOKOMONOCHbIE CUTHAMNBLI BUOpaumm

AHanorm4Ho Ang oueHKM 3anaca o0CeBOro 3asopa NPoBoASAT U3MEPEHUSA NepeMeLleHns poTopa B OCEBOM
HanpaBneHUN Z U1 CpaBHUBAIOT MaKcManbHoe oceBoe nepemelleHne Diax = Zmax € MUHUManNbHBIM OCEBbLIM 3a-
30POM Crnin—axiai- B 3TOM cnydae AOMKHO BLIMOMHATLCA HEPaBEHCTBO

Dmax < Cmin—axfa!' (5)

M3mepeHunsa nepemMeLleHnin B 0CEBOM 1 paguanbHbIX HanpasneHUsaX JOMKHO ObITb BbINOMHEHO B 3a4aH-
HbIX YCNOBUAX Harpy3oK 1 4actoT BpaleHns potopa. OBbIMHO UX NPOBOAAT MO AOCTMXKEHUX onpeaeneHHoro
TeMnepaTypHOro pexxuma n 3agaHHbiX pabodnx xapakTepucTuk MaluHbl. BaykHo nMeTb B BMAY, YTO Nokasa-
Tenb Dnax ONpeaensitoT TONbKo B 3alaHHOM YCTaHOBUBLUEMCS peXume paboTbl MalUWHbI, BKNHOYaOLWEM BO3-
MOXHble HebonbluMe WU3MeHeHUs Harpy3ka. [JONonHUTENbHO W3MEpPEeHUs 3TON BeNUYUHbI MOTYT ObITb
MnpoBeAeHbl B YCINOBUAX, OTNIMYHBIX OT 3aZlaHHbIX, U B NepexXoaHbIX pexumax padboTel MalUnHbI, HaNpUMep Ha
HU3KUX YacToTax BpalleHWs, NPy U3MEHEHM YacToTbl BpaLleHUa ¢ MPporpeBoM MallHbl, Ha KPUTUYECKUX Yac-
TOTax BpalleHnst Unv B npouecce octaHoBa. OAHaKo pe3ynbraThl TakKUX U3MepeHnin He MOoryT DblTb UCNOMNb30-
BaHbl A1 NONy4YeHnst OUeHKN BUBpaLMOHHOrO COCTOAAHUSA B COOTBETCTBUM C HACTOALLIMM CTaHAapTOM.

3.3 HanpsikeHue n cuna TokKa

B HacToswee BpemMsa OTCYTCTBYIOT AOCTaTOYHbIe AaHHbIe, MO3BONAICLIME YCTAHOBUTL HadeXHble KpUTe-
DUN OLIEHKU COCTOAHUA anekTpudeckon yactn AMI1 no nsmepeHmnam HanpsaXkeHUs U Toka B yNpasnaoLnX Ka-
TylWKax. B cBA3M C 3TUM HacTOAWMN CcTaHOAPT He NPUBOAUT KPUTEPUEB OLEHKM Mo 3TUM napamMmeTtpam, HO
HeKkoTopas MHPOopMaLns Nno UX UCNoNb3oBaHUIC NpuBeaeHa B npunoxeHUax A, B n C.

4
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4 Kputepuun oueHKu

4.1 O6WwMe nonoxeHuUs

HacTtosawmni ctaHaapT yCTaHaBNMBAET ABa KpUTEPUA OLUEHKN BUOPaLMOHHOIO COCTOSIHUA MO NepemMeLLe-
HUAM uand potopa B AMI. lNepBbln KpUTEepun oCHOBaAH Ha abCOMOTHLIX 3HAYEHUSIX NepeMeLLeHns, a BTO-
PON — HA UBMEHEHUAX STUX 3HAYEHUN DE30THOCUTENBHO K HanpasneHUo M3AMeHEHN (B CTOPOHY BO3pacTaHUA
M yosiBaHns).

4.2 Kputepuu |

HapexxHaa padbota mawumH ¢ AMI TpebyeT BeINoNMHeHUs1 HepaBeHCTB (4) U (D), OTCYTCTBUA MeXaHNYeCKO-
O KOHTaKTa MexXxagy poTopoM U cTauMoHapHBIMU YacTaAMM MallMHbl (Hanpumep, ctatopamMmun AMIT1, gatTynkamum
nepemMeLLeHnin, arieMeHTamm NabupUHTHBIX YNNOoTHEHUW). MUHMUManbHbLIN paanansHbld 3asop C . ., MO-
XeT ObITb onpegeneH Kak MUHUManbHbIA 3a30p cpean BcexX paavanbHbIX HanpaBneHUn rnpm ctauMoHapHOM
OBWXKEHUN poTopa. 3a30p B CTpaxyroLWMX nognnHMKax odbIMHO OOYCMOBMEH UX KOHCTPYKUMEN.

B cnyyae AMIT npegenbHble 3Ha4YeHUs Ans Kputepua | yctaHaBnMBarOT TONMbKO UCX0as1 U3 TpeboBa-
HUS1 COXpPaHeHUs AOCTaTOYHOro 3anaca 3asopa npu AsumxKeHunm potopa. OcTtanbHble TpebOBaHUSA, YCTAHOB-
neHuble B MCO 7919-1 anga KOHTpoONs BUOpaLUMn poTopa U CBA3aHHbIE C AMHAMUNYECKUMK HarpyskamMmm Ha
NOALUMHUKA N OTpaHUYeHUeM CcUn, nepegaBaemMblX Ha oNopy MalluHbl, B cnydae AMIT HecylleCTBeHHGI
BBMAOY DECKOHTAKTHOro Xxapakrepa onopbl 1 ee 6onbLlIEN YNPYroCcT NO CPaBHEHUIO C NOALWUNHUKAMN K-
KOCTHOIo TpeHusa. B ¢cBA3M ¢ 3TUM ANd yCTaHOBNEHHOTO HACTOAWMM CTaHOapTOM KPpUTepuda OTCYTCTBYET
3aBUCUMOCTb OT YacTOThl BpalleHUst potopa, U, Takum cbpasom, gaHHbIU KpUTEPUA NPUMEHUM BO BCEM AU-
anasoHe 4acToT BpalleHus.

NCO 7919-1 ycTaHoBUN 30HBI BUOPALIMOHHOMO COCTOSIHUA ANA KOHTPOMNS BUOpaLuumy Bana B NoALUMHK-
KaxX XXUOAKOCTHOro TPEHUS, onpeaensieMmole creayrowmm obpasom:

- 30Ha A: TUNWUYHbIE 3HAYEHUA BUOpaL M HOBbIX MaLLIWUH, BBOAUMbBIX B SKCMNMyaTaLuto;

- 30Ha B: TuUnNuW4Hble 3Ha4YeHUs BUDOpaLMX MaLLWH, KOTOPbIE CYUTAKOT roAHbIMU K AONTOBPEMEHHON pabo-
Te 6e3 orpaHn4YeHun;

- 30Ha C: TUNUYHBbIE 3HAYEHUS BUOpaLMN MaLLUUH, KOTOPLIE CHUTAOT HENPUrOAHBIMU K AONTTOBPEMEHHOW
padoTe (0ObIYHO PaboTy TaKMX MaLLUWH AONYCKAOT B TEYEHUE OrpaHUYEHHOrO BPpEMEHU, NOKa HE NOABUTCH BO3-
MOXHOCTb YCTpaHeHUs NPpUYnH, BbI3BaBLUMX N3MEHEeHNe COCTOSAHUS MaLUUHbI);

- 30Ha D: TununyHble 3HaYeHUs1 BUOpaUMK, KOTOPYIO ODLIMHO paccMaTpuBalOT Kak NpeacTaBlSAoLWYIo
ONAaCHOCTb C TOYKU 3PEHUS BbI3bIBAEMBIX €10 BO3MOXHbIX MOBPEXAEHNN MaLUUHBI.

[‘paHUUBbl Taknx 30H ana mawunH ¢ AMI, ycTaHOBNEHHbIe HA OCHOBE HaKOMMEeHHOro MeXgyHapoaHoro
onbITa UX akcnnyaTtauun, npusegeHsl B Tadbnuue 1 1 npeagcraBneHbl B rpapuyeckomMm BUAE HA PUCYHKE 5.

3Ha4YeHUs rpaHnL, 30H COCTOSIHMS He NpeaHasHaveHbl CNYXXUTb B KAYeCcTBe KpUTepueB NpUeMKU MaLlnH.
Takue KpUTepumn A0NMKHbI ABNATLCA NPpeaMETOM cornalleHUa 3anHTepecoBaHHbIX CTOPOoH. OaHaKko ycTaHOBMNE-
HEe HACTOSLWMM CTaHAapTOM rpaHunL, 30H COCTOSAHMS MO3BONUT N3bekaTb NpeabsiBNEeHUS 3aBbILUEHHBIX TPEDOO-
BaHUM K BUDpaLUM MaLWIMHBLI U Ype3MepPHbLIX 3aTpaT Ha UX obecrneveHne. 3HaAYEHUA rpaHUL, MOXHO Takke
MCMONb30BaTh B KAYEeCTBE OPUEHTUPOB NMPU YCTAHOBNEHUU NpoLeayp KOHTPONS COCTOAHUA U AMarHoCTUPOBa-
HUAS1 MaLWIMH U NPpU NOCTPOEHUN YPOBHEW NpeaynpexaeHust N octaHoBa (00OWKMe cBedeHUs1 O NOCTPOEHUNU
YPOBHEN npeagynpexaeHna n octaHosa npueegeHsl B UCO 7919-1).

Tabnwuwua 1—PekomeHayemble 3HAYEHUSA IPAHUL, 30H BUDPALMOHHOIO COCTOSHUS

[ paHuUa 30H MakcnmanbHoe OTKNOHeHue D, .
B/C < 0,4 Chin
[TpumedaHne—Cyn— MUAHMMaNbHbIV paguarnbHbIN UMM OCEBOU 3a30p MeXAy POTOPOM U CTATOPOM.
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X — MUHUManNbHbIU paauanbHbin 3a30P Chin, MKM; Y — MAaKCUMarbHOE OTKNOHEHUE Dyax, MKM; &8 — OTHOLWEHUE Dinax/ Crin

PuUcyHOK 5 — ['paHnubl 30H BUBPALMNOHHOIO COCTOSIHUA

4.3 Kputepun ll

Kputepun oCHOBaH Ha CpaBHEHUUN U3MEPEHHOro 3HaYeHUs1 LUMPOKOMONOCHON BMOpauun ¢ npeasapu-
TeNbHO YCTAaHOBMEHHLIM Da30BbIM YpoBHEM. CyLLIECTBEHHbIE N3MEHEHNST BUDpaL M MOryT NnoTpeboBaTb Npu-
HATUA Mep Aaxe B TOM crniydae, korga rpaHuua 3oHbl C no kputepuio | elle He gocturHyta. Takme UsmeHeHud,
OyAb OHU CKAYKOOOpPa3HbIMWU UNU MOCTENEHHO HapacTaLWMMM BO BPEMEHN, MOTYT CBUAETENBLCTBOBATL O 3a-
POXOEHWUN NMOBPpeXaeHUN UK ApYyrnx Henonaakax.

Kputepun |l npumMmeHsItoT Ang yCTaHOBUBLLETOCH pexuma padboTbl MallUHbI. [1pn 3TOM BaXKHO, YTODbLI NOA-
nexakwiue cpaBHEHUO pea3ynbTaThl USMEPEHNIN DbIN NONyYeHbI NPUONMU3UTENBHO B OAQHUX U TEX XKe YCIOBUSIX
Onga O4HOro 1 Toro e pexunma. o cywecTBeHHbIM OTKIOHEHMEM pekoMeHayeTCcd NoHMMaTh 3Ha4vyeHune, He
NpeBbillakoLlee BEpXHIOW rpaHnLy 3oHbl B (em. Tabnuuy 1). INpeBbilleHne yCTaHOBNEHHOTO KpUTEPUsA TpebyeTr
BbISICHEHWS MPUYNHBI CTOMb CYLLIECTBEHHBIX UBMEHEHNA BUDOPALIUM U MPUHATUS COOTBETCTBYHOLLIEMO peLleHNs.
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[MpnnoxeHve A
(cnpaBo4HoOe€)

[Mpumep akcnnyaTauum LEHTPOOEXKHOIro KoMnpeccopa HU3KOro
AaBrieHUA ¢ aKTUBHbIMU MarHUTHbIMU NOALMMNHUKaAMU

A.1 LleHTpobexHbLIN KOMNIpeccop HNIKOro AaBrieHus

Ha pucyHke A.1 cxemaTnyHO n3obpaxeH poTop UEHTPODEXKHOro KOMNpeccopa HU3KOro AasrneHus ¢ popmamm moa
COBCTBEHHbIX KONEbaHUN, NOCTPOEHHBIX NCXOAA U3 TUMUYHLIX (CPeaHnX) 3Ha4YeHnn XecTkocTr onopbl ¢ AMI. Komnpeccop
NMEET CEMb CTYNEHEN, 0BpasyembiX nonactamm potopa. Ero macca pasna 780 kr. HommHanbHas YactoTa BpaLleHNs poTo-
pa pasHa 10900 muH-1 (182 '), a HOMMHAaNBHAas MOLWHOCTL Ha Bany komnpeccopa — 4120 kKBT. 3T v gpyrme TeXHNYECKNE
XapakTepucTukn Komnpeccopa npueeaeHsl B Tabnumuye A.1.

1 — nepBas moaa; 2 — BTOpas Moaa; 3 — TpeThAa Moaa; 4 — Jvertseptas moaa; 5 — AMIT

[TpwnmedyaHune—Pabovas yactora BpaweHuss N Haxoantcs mexay co6CTBEHHbIMKW YacToTammn 3-u u 4-n mopa

cobcTBEHHbIX KOnebaHum potopa. AMIT pacnonoXeHbl BHE y3roB OCHOBHbIX MO, KonebaHun poTtopa, 4To obecnevmBaet
HEODBXOANMYIO YNPaBNseMOCTb KonebaHmnamm portopa.

PnucyHoK A.1 — Mogabl cobCTBEHHbIX KONebaHnn poTopa LEHTPODEXHOIO KOMMPeccopa HU3KOro AaBreHns

Tabnuuya A.1— TexHn4deckmne xapakTepucTukm Komrnpeccopa

XapakTepucTtuka CeKkumns HU3KOro aaBneHus CeKunsa BbICOKOIo AaBrneHus
Mogenb MCH 527 MCH 508
Pabovas cpega [[a3, oboralweHHbIn BOAOPOAOM
Pacxod, M/ 43691 43486
[laBneHne BcacbiBaHus, Ml1a 0,33 0,79
[laBneHne HarHeTaHuda, Mlla 0,91 2,03
HomunanbHasi yactoTa Bpawenus N, My~ () 10900 (182)
Pabounn ananasoH 4YacToT BpalleHus, MUH ™ OT1 9625 no 11445
MowHOCTL Ha Bany, KBT 4120
MowHocTb npuBoaa, KBT 5300

B tabnuue A.2 npuBeaeHbl TexHn4deckne xapakrepuctnkm AMM, cpeam kotopbix aonnHa uandbl B AMI L = 150 mm,
anameTp vandol D = 2R =147 mm, pagnanbHbin 3a3op AMIT C = 500 mkm. D/L = 0,98, C/R = 0,0068.
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Tabnuya A.2— TexHndeckmne xapakrepuctmkm AMI

[TapameTp CeKumsa HU3KOro aasneHuns CeKuns BbICOKOro gaBneHus

PaananbHbIV NOALWWINHUK

HDnametp D, mm 147 147
[nnHa L, mm 150 150
Harpyaka, H 3822 4557
[Honyckaemas Harpyska, H 10340 10340
3aszop C, MKM 500 500

CTpaxywowmn pagmanbHbiy NMOAWUNMHNK
3aszop C, MKM 230 230

PagnanbHbin 3a30p CTpaxylowero noglunnyuka, npegorepawatowero kacaime poropa AMI, paeeH 230 MKm, T. €.
OKOINO MONOBUHBLI paananbHoro 3asopa AMI. Torga MMHUMAanNbHbBIV pagnanbHbIA 3a30pP, UCTMONb3YyEeMbIW ANl OUEHKN BUD-
PALNOHHOIO COCTOSAAHUA B COOTBETCTBUM C HACTOSALWMUM CTaHAApTOM, paseH C . = 230 MKM.

A.2 AHanNW3 KPpUTUYECKMNX YaCcTOT BpALLUeHNA poTopa

AHaNN3 KPUTUYECKNX HaCTOT BPaLLEHNA POTOpa — OAVH U3 BAXXHENLLMX aCreKToB ero npoekrnposaHus. lnHamumka
poTOpa Ha MarHWTHOM NOABECE 3HAYUTENBbHO OTNIMYAETCH OT NMOBEAEHUS PpoTOpa B MOAWUNHUKAX XUOKOCTHOIO TPEHWS.
OTO CTAHOBUTCSH OYEBUAHbLIM MPU pacyeTe KPUTUYECKUX HacTOT BPpaLWLEeHUS pOTOpa B 3aBUCUMOCTU OT XKECTKOCTU €ro ornop u
OTODBpaXKeHUs1 NONYy4YEHHbIX PE3YNbTAaTOB B be3pasMepHbIX eanHnuax rpadonyecku, Kak nokasaHo Ha pucyHke A.2. o Bep-
TUKANbHOW OCU OTIMOXEHbI OTHOLWEHUSA COOCTBEHHBIX HaCTOT KOnebaHum poTopa K HactoTe NepBOn MoAbl €ro COOCTBEHHbIX
N3rMOHBIX KoNnebaHum Npu He3akpenneHHbIX KOHUax. 10 ropn3oHTanbHOW OCU — OTHOLLEHME XECTKOCTU NOALWMNMHUKOBOW
ONopPbI K XXEeCTKOCTU Bana. Ha pucyHke A.2 nokasaHbl TaKXKe KPUBbIE UBMEHEHUS C HaCTOTON (OTHOCUTENBHOW) OTHOCUTEIb-
HbIX XXECTKOCTEN NOALLUNMNHUKA XUOKOCTHOro TpeHnst n AMIT.
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T — AMI1; 2 — noAWUNHUK XXUAKOCTHOIO TPeHUA; X — OTHOLLUEHME XECTKOCTU NOALLUMHUKA K XXECTKOCTU Bana;, Y — OTHOLLEHue
4acTOThl CODCTBEHHbIX KONebaHUM K HacToTEe NEPBOU MOAbI CODCTBEHHBLIX U3MMBHbIX KONebaHun ¢ He3akpenneHHbIMU KOHLIAMU

[TpunmeyaHune—Kputnyeckne 4actoTtbl BpalweHns N onpeaensaioTca nepecedeHnem KpUBbIX COOBCTBEHHbIX
4acTOT (OTHOCUTENbHBIX) ANSA Pa3HbIX MO CODCTBEHHbLIX KONEBAHUN C KPUBBIMU XECTKOCTU (OTHOCUTENBHOW) ANS Nnoa-
LUMMHUKOB C XUAKOCTHbIM TpeHnem n AMI1. [lnana3oHbl BO3MOXHbIX pabo4nx 4acToT pacnofoXeHbl MeEXAY STUMU KPUTU-
YECKUMUN YacToTaMM (C HEKOTOPbLIM 3anacom) U NokasaHbl HA PUCYHKE B BMAE 3aTeMHEHHbIX obnacten (A1 n A2 — ans
komnpeccopoB ¢ AMI; B1 n B2 — ans KoMNpeccopoB € NOALWNMHUKAMMN XUOKOCTHOIO TPEHus ).

PUCYHOK A.2 — TUMNMYHbIN NOPTPET KPUTUYECKMX HaCTOT BpalleHNss OQHOPOAHOro Bana, 3KkBUBaneHTHOro
POTOPY LUEHTPODBEXKHOIo KOMMpeccopa HU3KOro AaBNeHns
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3 pucyHka A.2 BUOHO, YTO TUNNYHAA XXECTKOCTb MOALWNIMHNKA XUOKOCTHOIO TPEHUA BbICOKA MO CPABHEHUIO C XEC-
TKOCTbIO Bana. Pexxum pabdboTbl KOMNpeccopa 0bbIMHO pacCMaTPUBAIOT KaK 3aKpUTUYECKUIN, ecnu paboyvas yactoTa BpaLle-
HUA potopa npesbiwaet N, Hanpumep, ecnu paboyre 4acToThl Nexart B HEKOTopon obnactu, obo3HaveHHon B2, mexay
KpuTUyecknmmn yactotamm epaweHns N,, n N.,, nony4yeHHbIM1 NnepeceyeHnemM KpMBbIX U3MEHEHNS CODCTBEHHOW YacTOThl
(OTHOCUTENBHOW) ANS NEPBON N BTOPOW MO, COBCTBEHHBLIX KONEbaHNW C KPUBOW OTHOCUTESNTBHOWM XXECTKOCTU (B AAHHOM CI1y-
yae ansi NoAWnMHUKA XUOKOCTHOIO TPEHUA).

TunuvHas xectkoctb AMIT mana no cpaBHeEHMIO C XXeCTKOCThIO Bana. [loatomy B cnydae komnpeccopa Ha AMIT pe-
XXMM €ro paboTbl paccMaTpuBaloT Kak 3akpuTUHECKUn, ecnun pabovas Yactora BpaleHus potopa npesbiwaeT N, Hanpu-
MEP, ecnu paboume 4acToTbl NexaTr B HekoTopou obnactn, obosHaveHHoOW A2, Mexay KPUTUYECKUMWU 4YacToTaMw
BpaweHna N, n Ng,.

Tnnn4vHas KpuBasi 3aBUCUMOCTU MakCumMarnbHOro nepemelleHns potopa Ha AMI1 oT yacToThl ero BpalleHns rnokasa-
Ha Ha pycyHKe A.3. 3Ta KpBas UMeeT MUKK Ha cobcTBeHHbIX YacTtoTax N.,, N.,, N.. n N,. [lepBble ABe Mofbl CODCTBEH-
HbIX KONeBbaHNN COOTBETCTBYIOT KONMEDAHUSM HA KPUTUHECKNX HaCTOTaX XEeCTKOro potopa (nepeasi Moga XxapakrepuayeTtcs
nnockonapannenbHbIM ABMXEHUEM POTOPA, BTOpas Moga — konebaHnssMmmn KOHLOB poTopa B NpoTuBodase). TpeTbs Kpu-

TUYECKas YacToTa BpalleHUs — 3TO YacToTa NepBON MOAbl COOCTBEHHbIX M3rMOHLIX KONebaHnK poTopa ¢ HeE3aKpenneHHbl-
MW KOHLLaMMW.

Y

0 N X

1T — vacToTa BpalleHUs poTopa; 2 — MakCUMATNbHOE NepemMelleHne

PUCYHOK A.3 — 3aBUCUMOCTb MakCUMarnbHOIo nepemMeLlleHmns potopa o1 4YacToThl BpalleHUs

[Tockonbky paboyas vyactora BpaweHusa N potopa komnpeccopa ¢ AMIT HaxoauTes B 0bnactn mexay TPETbEN U YEeT-
BEPTOU KPUTUHECKUMUM HACTOTaMU BPaLLEHUs, TO MNPU pasroHe poTtop NpoxoauT Tpu obnacTtn pe3oHaHca, YTo HanaraeTt

onpeaeneHHble TPeboBaHUA K AEMNMUPOBAHNIO B CUCTEME «POTOP — onopay. Bonpockl noBeaeHus potopa BONnam peso-
HaHcoB paccmaTtpuBatoTes B 1CO 10814.

A.3 UcnbiTaHuA, npoBeaeHHbIe N3roTOBUTENEM

MarotoButenem komnpeccopa bbinm npoBeaeHbl UCMbITAHUSA ANSA NOATBEPXKAEHUS 3asiBMEeHHbIX pabo4vnx xapakre-
PUCTUK B COOTBETCTBUU € TpeboBaHusasMn amepukaHckoro ctaHgapta ASME PTC 10 u ucnoitanusa ansa onpeaeneHus BU6-
PaUNOHHBIX XapakTepucTtuk B cootBeTcTBMU ¢ MCO 10439. PesynbTaTthl NUCNbITAHUN B BUAE NOCTPOEHHbLIX 3aBUCUMOCTEN
MaKCUMarbHOro NepeMeELLLEHNS POTOPa OT YacTOThl BPaLWLEHUA NOoKa3aHbl HA pucyHke A.4. BcrneacrteBue BbICOKOTOYHON Da-
NTAHCUPOBKM POTOpa ero MakcmanbHoe nepemeltenve D He npesbicuno 10 Mkm. Takoe 3HaveHne bbino bbl 4OCTAaTOYHO

BoONbLWMM ANs KOMNPECCOPOB Ha MOALWUMHUKAX XXUAKOCTHOIO TPEHUSA, 0OgHaKo Ans komnpeccoposB ¢ AMI gaHHas Bubpa-
LS ABNSIETCS BNOMHE yAOBNETBOPUTETNBHOMWN.

X — 4acToTa BpalLleHUsA poTopa, MUH Y — MakcumMarsbHoe nepemelleHue, MKM; LP — poTop cekuuu
HU3KOro aaeneHus; HFP — poTop CeKLUUKW BbICOKOroO AaBNeHUs

PucyHok A.4 — 3aBUCUMOCTb MakCMarbHOIo NnepeMeLweHns potopa oT 4acToThl BpalweHns, nony4vYeHHas
NPU UCMNbITAHUSAX U3TOTOBUTENEM KOMIMpeccopa
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OTHOWeHne MakcumarnbHOro nepemelleHns K MmHuMmansHomy 3asopy [D_ /C = 10/230] okasanocb meHee 0,3.
Takum obpa3om, pesynbTartbl UCMbITAHWUW NOKa3anu, Y4To cornacHo rabnuue 1 BMbpaunoHHOE COCTOAHNE KOMMNPeCccopa Co-
OTBETCTBYET 30HE A.

A.4 NamepeHunsa BnoOpayumm Ha mecTe aKcnnyatayumm

[Tocne nocTaBKM MaLLUHBI 3aKa34MKYy KOMNPECCOP MNOCTOSIHHO HAaXoauncst B paboTte, BKIIOYas perynsipHoie npoueay-
Pbl €10 TEXHMYECKOro ODCNyXMBaHUSA MOCNE KaXablX WECTU MecsUueB akcnnyartaumun. [Npumep pesynbtatoB U3MeEpPEHNN
BUBpaumnm Ha MeCTe 3KCcnnyatauum Komnpeccopa npuBegeH Ha pucyHke A.5. BuaHo, 4To MmakcumarnbHOe nepemMeLlleHmne
D .. He npeebiwano 30 mkm. CtonbukoBaa guarpamma Ha pucyHke A.6 nokasbiBaeT NpuMepsl A4aHHBIX B HOPMalibHOM CTa-
LMOHAPHOM pexunme paboTbl KoMNpeccopa.

Y a
30

20

10

1 4 X

X — Bpem4, 4; Y — MakcumanbHoe nepemelleHmne, MKkM; a—d — paguanbHoe nepemMelleHne Bana; e — ocesas subpauymsa sana

PucyHok A.5 — PeaynbTtaTtbl U3aMePEHMN BUDpaUmMn Ha MECTE 3KCnnyaTtaumm

M3amepeHHoe nepemMeLleHne MHOIo HXKe MUHUManbHOro paguansHoro 3asopa C .. = 230 MKM. ['lockonbKy OTHOLWE-
Hue [D__ /C . = 30/230] no-npexHemy meHee 0,3, To BUDOpaLMOHHOE COCTOSAHUE MalLMHbI NPOAOMKaeT COOTBETCTBOBATL

30He A.

A.5 NamepeHna ToKa Ha mecTe IKcnnyaTaumm

Ha mecTte akcnnyataymm NnpoBognnNncb U3MEPEHNSA TOKA KaTyLLKU YNPaBleHNs U X pe3ynbTaThl MNOKa3aHbl HA CTOJS-
bukoBon gnarpamme (PUCyHoK A.6).

[ToCcKONbKY M3amMepeHnst NPOBOANINCE TONMBKO TOKA, yCpeaHEHHOro No BPEMEHU, AaHHbIE O ero AMHAMUYECKON CO-
CTaBNSALWEN OTCYTCTBYIOT. OQHAKO MOXHO YTBEPXAATb, YTO bnarogaps npumeHeHuto cuctemsl ynpasrneHmns AMIT ¢ no-
AaBneHnem gucbanaHca 3anac no ToKy ocTtaBancs 4octaTtoqHo 6onbwmnm (CM. npunoxexHue B).

10
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A.6 CpaBHeHwue coO cTaHAapTamMv AnAa NOoAWWNMHUKOB XNOKOCTHOIoO TPeHus

s komnpeccopa ¢ AMI1, paccmaTtpnBaemoro B HaCTOSALWEM MPUINTOXEHUN, pa3Mmax NnepemMeLleHns, U3MEPEHHOIO HA
MECTE IKCrnyarauum koMmnpeccopa, paseH npumepHo 60 MKm (yaBoeHHOe MakcumanbHoe rnepemewenne D ). Ecnn aToT
pe3ynbTaT paccMaTpmBaTth € NO3NUNK 00LWEeYNoTPEOUTENBHBLIX KPUTEPUEB AN NOALLNMHUKOB XUAKOCTHOIO TPEHUS, TO 3a-
KItoYeHune 0 BUBpaunoHHOM COCTOSAHUM MaLlUHbI MOTrNo Bbl BbITb MHBIM, HANPUMEP:

a) NCO 7919-3 ycTaHaBnmMBaeT 3HAYEHUSA MPaHnL, 30H BUDPALMOHHOIO COCTOSIHMA MO pa3mMmaxy nepemMeLlleHms S, »
B 3aBUCMMOCTU OT HaCTOThl BpaweHus potopa N n ¢ y4eToM TOro, 4Tto 4ns paccMmaTpmBaemMoro KOMnpeccopa BEpPXHASA rpa-
HMUa gnanasoHa pabodvmnx vacrtoT BpaweHus pasHa N = 11445 mmu—'1, 3HaveHns BepxXHuX rpaHul, 3oH Au B ByayT paBHbi:

3oHa A: S, =4800//N =45 MKm,
30Ha B: Sp—p = 9000//N = 84 MKM.

Takmm obpasom, ecnu pykosoacteoBartbest Kputepmnem no MCO 7919-3, To paccmaTpuBaeMbil KOMMPECCOP HAXO-
anncs 6bl B 30He BUDpaUMOHHOro coctosHus B.

b) NCO 10439, NnOCBSALWEHHbBIN LEHTPODEXHBIM KOMMNPEeccopam, yCTaHABNUBAET KPUTEPUN MPUEMKN NO pasmMmaxy ne-
pemMelweHna L, ana ananasoHa pabo4mx 4acToT BpaleHUA B BUAE HENPEBLIWEHUA MEHbLUEN N3 ABYX BEINUYNH: 25,4 MKM

1200
Nnu 25,4\/ N rae N — BepxHas rpaHvua guanasona. B cnyvae N, . = 11445 muH~" BTOpas BenuynHa npyHumaeT 3Ha-
mae
1200 y
yeHune 25,4 11445 = 26,6 MKM, T. €. pa3max nepemMelleHnss He AOMKEH NpeBbiWaTb 3HAYeHUs NePBON BEMNUYUHLI

(25,4 mkm). Komnpeccop ¢ AMIT ¢ pazamaxom nepemeweHns npubnmnantensHo 60 mkm Kputepuio npunemkn no NCO 10439
HE YOOBIETBOPSET.

N3 aTnx npumepoB BMAHO, 4YTO KPUTEPWUN CTaHAaAPTOB Al MallH C noawnnHUKamn XNWAKOCTHOIO TPEeHUA HET1b3H UC-
MNoJib30BaAThb AJ14 MalUUH C AMI1. BmecTo HUuX crieayet UCNoJb30oBaTb KPUTEPUN, YCTAHOBITEHHbIE HACTOALWLUM CTaHOAPTOM.

12
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[MpnnoxeHve B
(cnpaBo4HoOE€)

Mpumep oL EeHKU COCTOAHUA MALLUHBLI NO U3MEepPEeHUAM CUMNbI TOKa

B.1 UamepeHnsa Toka

Yeunurenb MOWHOCTY nogaeT ToK Ha kaTywkun AMIT B COOTBETCTBUM C CUTHAIIOM YINpPaBlieHUSA, Kak MNokasaHo Ha pu-
CyHke 2. [lpumep npuHUUnmanbHOU CXeMbl YCUNUTENA MOLWHOCTU C WMPOTHO-uMNynscHon moaynsaumen (LLWM-yecunnure-

Nnsl) nokasaH Ha pucyHke B.1. BxogHowm curHan cucTtembl yrnpaeneHus ynpasnsietT Tokom (i), nogaBaembiM Ha
SNMEKTPOMArHUTHYIO KaTywKy L. OTOT TOK KOHTPONUPYIOT B Llenn obpaTHOM CBA3WU, UCMNONb3ys 3aBUCUMOCTb

[t) = VL()/R:(),

rae Vq(f) — nanpspkeHmne B uenum obpaTtHON CBSA3N;
R (f) — conpoTmBneHune uenn obpaTtHOW CBSA3W.

T, -
4.7 mk® 180 kOMm
Il
10 kOMm
'€ L
3 4
10 KOM
D
1 "
0

T — BXOOHOW CUrHanN ynpasneHus; 2 — MOHUTOP cunel Toka;, 3 — gpauveep LUAM-ycunutens;
4 — UCTOYHUK NOCTOAHHOIO HaNPsXKeHUA V.

PucyHok B.1 — Cucrtema ynpasnennsa AMI1 ¢ LUVM-ycnnmutenem
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Ha Bbixoge MOHUTOPpA CUIbl TOKa HabnogaT BPpeMeEHHYI0 hopmy curnana (), nokaszaHHyo Ha pucyHke B.2.

1(t) I

max

N MMM
VY Y

a) Cucrema ynpasneHus 6e3 nogasneHus gncbanaHca

I(t) .
A NaA N AA N AL
5 "V"V"V

b) Cuctema ynpaBneHus ¢ nogaeneHneM gucbanaHca
X — Bpema f, Y — cuna toka (), A, a — nepuon oboporta Bana

PucyHok B.2 — CurHanel cunbel TOKa

[TpeanonaraeTtcsa, 4TO NpU OTCYTCTBUM BUDpauun poTtopa cuna toka bygeTt npubnmnantenbHO NOCTOSAHHOW U UMETL
3HaueHne [ (Ha pucyHke B.2 nokasaHo NyHKTUPHOW NMMHWEN ), HeobXxoaumoe ans noggepxaHna nesmraumm poropa. OgHa-
KO 0DObIvHO Habngaembl HA MOHUTOPE curHan cunbl Toka I(f) (Ha pucyHke B.2 nokasaH cnnowHOW NIMHUEN) UMEET Nepe-
MEHHYIO COCTaBMALWYI U BKMOYaeT B cebsa peakyuto cuctembl ynpasneHuns AMIL. Tlpn ncnonb3oBaHumM cCUCTEMBI
ynpasneHus 6e3 nogasneHns gucbanaHca TUNUYHbIN CUrHan Toka byaeT uMeTb BUA, NOKa3aHHbIM Ha pucyHke B.2a). [pu
NCMONb30BAHMN CUCTEMbI YNPaBEHNs ¢ NogaBneHnem gucbanaHca TUNUYHbIW CUrHan Toka dyaeTt UMeTb BUA, NMoOKa3aH-
HbIN Ha pucyHKe B.2 b). Ha Hem BMAHO, YUTO NnepemMeHHasi COCTaBNSAILWAS, CUHXPOHHAA C BpaLWLEHWEM PpOTOpa, OTCYTCTBYET.

[nsa noBbIlWEHNA TOHHOCTU N3MEPEHNSA CUTTbl TOKA MOXHO NMPUMEHATb (PUINBbTP HUXKHMX HaCTOT C 4YacToOTON cpesa, He
MEHee 4YeM B JBa pa3sa NnpeBblalowen 4acTtoTy BpalweHusa poTopa.

B.2 OueHka COCTOAHMA NO CUrHaNy ToKa

B kayecTBe nokasatens COCTOAHUSA MOXET ObITb UCMONIb30BAHO MaKCUMAarnbHOE 3HAYEHUE Imax CUTHalla Culibl TOKA

1(1) B ynpaBnstowen katywke AMI, namepeHHoe B HOPManbHOM peXxnme padboTbl MALLWHbI, KOTOPOE AOMKHO YAOBNETBO-
PATb KPUTEPULO

[ =max [{(1)] <

rae I, — 3anac ycunurenst MOWHOCTU MO TOKY.
[laHHbIN KPpUTEPUN PEKOMEHAYETCH NMPUMEHATD K KaXaon KaTtywke ynpasneHna AMIT.
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[MpnnoxeHwne C
(cnpaBo4HOE€)

OrpaHu4yeHue B cUCTeMe ynpaBneHus

C.1 Obwme nonoxeHwuA

[ToMumo BUBpaumm CywecTBYIOT APYrne Ba)XKHbl€ NapamMmeTpbl, KOTOPbIE HEODXOAUMO yaepXUBaTb B AOMNYCTUMbIX
npegenax. Takmmmn napameTpamu SBNAKTCSH, B YACTHOCTU, TeMMnepaTtypa UCNONHUTENbHbIX YCTPOUCTB N 3NTEMEHTOB
3NEKTPOHHON CXEMbI, TOK B KaTyLLUKaxX ynpasreHns, Hanpsi>xeHne ynpaeneHnss Ha BbiXoge yeunurtenem MmowHOCTU. Tem-
nepartypa siBNseTcs BaXXHbIM PakTopoMm, BIIUAOLWMM HA ODLWLYI0 HAAEXHOCTb cUCTEMbI. [TOHATHO TakxXe, YTO BonbLON
TOK B KaTyLLKE ynpaBneHus CBMAETENBCTBYET O NPUBNMXKEHNN K NPEAENY Harpy>XeHnsa nogwmnnHuka. B 1o xe Bpems npu-
YMHbI U MNOCNEACTBUS HACBIWEHUS YCUTTUTENS MOLWHOCTY MO HAMNPSKEHUIO HE CTONb O4eBUAHLI. [1pn BonbWOM HaCbILWEe-
HUXU BO3MOXHbI CUTyauuKW, Korga pagnanbHas BUbpaums HEBENUKA, HO B AENCTBUTENBHOCTU MaLlLMHA HAXOAUTCS Ha
rpaHnue obnactn bezonacHoro PyHKUMOHNPOBAHUSA C BONbLWION BEPOATHOCTBIO BHE3AMNHOIO HEXENaTENbHOIO N3MeEHE-
HUSA AMHAMUWKK poTopa.

B HacToAweM NpUnoXxXeHUn paccMmaTpuBaeTcs HacblWEHNE YCUNUTENSA MOLWHOCTU MO HaMPSKEHNUIO U CBA3aHHbIE C
3TUM ABIEHNEM 3P PeKThI. [1pn 3TOM HUKaKne KpUTEPUN HaCbILLEHNA HE YCTAHABIIMBAKOTCH, NOCKONBbKY A0MNYCTUMbIN YPO-
BEHb OrPaHNYeHus ynpaBneHns 3aBUCUT OT KOHKPETHOro nNnpumMmeHeHnsa mawwmnHbl ¢ AMI1, KOHCTPYKUMKM CUCTEMBI yIpaBe-
HUSA U MPUYUHBI OrpaHu4veHus. Tem He MmeHee BaXHo, 4Tobbl noctaswwmk AMIT yaennn BHuMmanmne gaHHon npobneme npw
NPOEKTUPOBAHMUUN U UCMNbITAHUM NOALLNINHMKOB U NPEAOCTABUI rapaHTuK, YTo nNpu paboTte NogWwnnHUKOB He ByayT Habno-
OaTbCs HEXenaTenbHble 3P EKTbI, pacCMaTpUBaeMble B HACTOAWEM NPUNOXEHNUWN. ODBbIMHO TaknX 3PPEKTOB YAAETCH U3-
bexaTb Npu NPaBUNbHOM MPOEKTUPOBAHUM NMOAWUNHUKOB. OOHAKo BO MHOMMX cry4dasx Heobxoammo ybeauTbesi, 4TO
HanNpsXeHMe Ha BbIXoae yennutens mowHocTr npu pabote AMI1 B cocTaBe KOHKPETHOW MALLUMHbLI HE MPEBbLIWAET HEKOTO-
poro ypoBHs. MlHorga ans rapantum 6e3onacHon paboThl MalWMHbI B Pa3HbIX pabovmnx yCenoBusix HE0OXo0ANM HENPEPLIBHbLIN
KOHTPOJIb OrpaHN4YeHus B CUCTEME YrpaBliEHUS.

C.2 PaboTa ycnnuntensa MOLWHOCTWH

O6bIvHO ANs nogaym Toka Ha ynpasnswowme katywkn AMIT ncnonb3yoT KOMMYTUPYIOLWME YCUNUTENN, NOA0DHbIE
nokasaHHomy Ha pucyHke C.1. OnopHbIN curHan BbIYUCNAOT C NOMOLLbIO COOTBETCTBYIOLWLErrO anroputmMa no3vynoHnpoBa-
HUsA poTopa B AMI, a yeunutens MowWHOCTU obecneymBaeT MakCuMarnbHy0 BNMM3ocTb AEUCTBUTENBHONO CUrHana Toka K
onopHomy. HYacrtota KoMMyTauun yCUnuTens cocTaBnseT aecsaTtkm kunorepy. Nepekniovatenn nutanus (S1, S2) 06bI4HO
BbINONHAT Ha noneBbiX MOl-TpaHancTopax nnm bMNonsapHbIX TPAH3UCTOPax ¢ N30NMUPOBaHHbIM 3aTBOPOM. YCUNMUTENDb
paboTaeT Takmm 06pasom, YTO NPU NPOTEKAHUN TOKA Yepes NepekntovaTen HanpshkeHe Ha KaTyLwKe yrnpaBlieHnsi PpaBHO
NOCTOAHHOMY HarpPsi>XEHUIO WNHbI NMMTAaHUA NONOXUTENBHON MONAPHOCTU, & CKOPOCTb HapacTaHUA NPOTEKaloWero vyepes
KaTYLWKY TOKa onpeaensercs 3TuM HanpshkeHnem n MHAYKTUBHOCTBIO KaTywWwKW. Korga e TpaH3ancTopbl NepeknioYaTenem
3anepTbl, TO HANPsHXKeHWe Ha KaTyLwKe yrnpasrieHUs paBHO NOCTOSIHHOMY HaNpPs»XXeHUIo WWHbI MMTaHUSA oTpuuaTerbHOWN Mo-

1

3 +

S2

4 — —

2

T — HanpspKeHne MUTAaHUA NMONOXUTENBHOWU MONAPHOCTH; 2 — HaNpPsXKeHUe NUMTaHusa oTpuUaTenbHOU NONSAPHOCTU; 3 — OMOPHLIN
curHan; 4 — curHan Toka; & — noru4eckoe yCcTpoucTeo ynpaeneHus, 6— apaneep ynpasrieHns 3aTBOPOM; / — TOYKA U3MEPEHUSA
TOKA; 8 — HANPsKeHME Ha KaTyLLKe ynpaBneHus, 9 — 3nekTpomMmarHur; S1, S2 — nepeknodartenm

PucyHok C.1 — WM-ycnnntens
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NSIPHOCTHU, @ TOK B KaTYLLKe yObIBaeT. [1pnuem ckopocTb yObIBAHUS TOKA paBHAa CKOPOCTU €ro HapactaHus. Ecrnn ToK npoTe-
KaeT TONbKO 4vepe3 OAWH Mepeknioyartenb, TO HarnpshkKeHWe Ha KaTywKe MPakTUYecKu paBHO HYMO U TOK OCTaeTCH
NOCTOSAHHbIM.

PP EKTUBHOE HANPSKEHNE HA KATYLLKE PpaBHO CpegHEMY HaMpPsHKEHUIO HA KaTyLKe 3a O4AVH Nnepuoa KOMMyTauum.
M3 pucyHka C.1 BUAHO, YTO 3PP EKTUBHOE HAMPsXKEHUE HA KaTyLWKe HaxXoguTcs B gnanasoHe Mexay HanpsiKeHUs MU LNk
NMUTaHUS NONMOXUTENBHOW N OTPULATENBHOW NMONAPHOCTEN. ITUM ONpeaenseTca U MakcumMmarnbHas CKOPOCTb UBMEHEHUS
TOKa. Taknm obpasom, orpaHnYeHns No TOKY U MarHUTHOW cune B NOALLMNHUKE onpeaeneHbl HanpsKeHNEM LWWNHbLI NUTaHUS
(cMm. pucyHok C.2).

Y

X

X —vacrtoTa (B NTMHENHOM MacliTabe);, Y — makcumanbHasa marHuTHasa cuna (B nMHEeUHoOM maclitabe); a — Jacrora
N3NOMa XapaKTepPUCTUKU

[TpunMmeyaHune— Hmke 4yacToTbl M3Noma gonycTumasi Harpy3ka orpaHmyeHa HacbIWEHUEM MAarHUTHOW LIENU U
MaKCUMarnbHbIM TOKOM Ha BbIXOAE YCUITUTENS MOLWHOCTU. Bblilwe 4acToThl n3nioma AonycTumasi Harpya3ka orpaHmyeHa Ha-
npsi>XeHnem nutanus. B aton obnactn makcumanbHas MarHMTHas cuna obpaTHO nNponopunoHanbHa 4acToTe.

PucyHok C.2 — 3aBucumMocTb gonyctumon Harpy3km AMIT ot yacToTel curHana

[Mpn HopmanbHoOW pabote AMIT CKOpPOCTb N3MEHEHUSA ONOPHOrO CUrHaNa MeHbLLE MaKCUMarnbHOWN CKOPOCTU N3MEHE-
HUA TOKa, KOTOPYHO cnocobeH obecnevnTb yCUNUTErNb MOLWHOCTHU, MO3TOMY TOK B KATYLLKE yNpaBlieHUs yCrneBaeT OTCIEXN-
BaTb U3MEHEHUS OMOPHOro curHana. OgHako ecnu Tpebyetcsa bonee pe3koe M3MEHEHNE ONOPHOIro CUrHarna, 1o TOK B
KaTyLwKe 3a HUM HE YCMEBAET M HAYMHAET 3anasgbliBaTh. BO3HMKAET 3a4epXKa No hase. I1a 3a4epxKa yxyawaeT AnHaMmn-
Ky nogwunHuka. [lanee B HACTOSAWEM NPUNOXKEHUN ByayT pacCMOTPEHbBI pa3nuyHble nocneacTems adpdekra HacblIWeHUS
NO HaMPSXXEHWUIO.

C.3 BbICOKOYACTOTHOE HACbIWEeHNne yCunutens

K HACbILWEHWIO MO HANPSXKEHUIO BEAET CUrHan BO3MyLeHUs BonNbLLIOon amnnnuTyabl Ha BbICOKOW YacToTe. HacbkliweHue
YCUIUTENSA CYWECTBEHHO yXyawaeT guHaMmunKy nogwmnnHUKOBOW ONOPbI, MOCKOIIbKY TAaKOW YCUNUTENb BHOCUT 3a4EPXKY MO
drase Ha Nobon YacToTe, a HE TONMbKO Ha 4YacToTe BO3MYLLEHUS, BbI3BABLLEro HacblWeHne. BoamyuieHne MmoxXeT ObITb Bbl-
3BaHO, HanNpumep, NOBPEXAEHHON MOBEPXHOCTLIO AaTHMKa nepemeleHns, 06ycnoBNmMBaLLEN MOSIBIIEHUE BbICLUMX rap-
MOHMK 4YacTOTbl BPAaWEHUs, UIN MNPOCTO HEYPABHOBELWEHHOCTBLIO pOTOpa B codveTaHun ¢ HeapdektmuBHOM paboTon
KomneHcatopa gucbananca. B cnyvae HeskpannpoBaHHoro AMI BoamyLeHne MOXET BbITb CBS3aHO C paboTon BHELHEND
SNEKTPOHHOIO YCTPONCTBA, TAKOIo Kak 4YacTOTHbIN npeobpasoBaTtens. He0bXoaMmo OTMETUTB, HTO XOPOLLO CNPOEKTUPO-
BaHHbIM AMIT gonyckaet OTHOCUTENBHO BONMbLIOE OrPaHUYEeHUE NO HaNPSKEHUIO, NpexXae Yem NPosiBUTCH HecTaburb-
HOCTb NOBEeAEeHUs poTopa.

C.4 HectabunbHOCTbL AMHAMMWKK poTOpa

OaHO U3 orpaHn4vYeHnn ynpaBneHns CBA3aHO ¢ HENOAXOAAWMM BbIDOPOM anropuTMma ynpaBneHusi, NPUBOASLLEro K
HecTabunNbHbIM pEeXXMMaM aBTOKONedbaHus poTopa Unm NnonepeYHbiM pe3oHaHCHbIM Konebannam ctatopa. ABTokonebaHus
UNn aMmnnuTyaa BUoOpaunm HapacTaroT 40 TeX Nop, NOKa He BbI3OBYT HACLIWEHNE YCUNUTENS NO HAMPSXKEHUIC, NOCNE Yero,
aaxe ecnu aBTokonedbanus nnm Bubpauns OTHOCUTENBHO HEBENUKN, MPOUCXOANT YXyALLEHUE AUHAMUKN POTOPA U, B Xy-
LemM crny4vae, Bo3byxxgeHne gapyrux popm konebaHnn. PUCK NOSBNEHNSA TAKOW CUTYaLUN JOITKEH ObiTb UCKITHOYEH MPaBUIib-
HbIM BbIOOPOM anroputma yrnpaBieHUs.

C.5 BbicokoaMmnnuntyaHasa HeCTAaOMUINBLHOCTbL

dpyron BO3MOXHbIW CUEHapUN PasBUTUS HECTADUNBHOCTU MOXET ObITb CBSI3aH C TEM, YTO CUCTEMA YNPaBNEHUS
AMI1 xopowo oTcnexXmBaeT TONIbKO BO3MYLLEHUA Manoun amnnutygbl. Ecnv xxe amnnutyga BO3MyLLEHUN BENUKA, TO B CUC-
TEME YNpaBlieHUs reHepUpyoTCs Konebanus. B npouecce UCNbITAHUW Takne BbICOKOAMMNUTYAHbIE BO3MYLLEHUS MOTYT
ObITb MOAENMPOBAHBI 3NEKTPUYECKUM CUTHANIOM, HANPUMEP, OT BHELLHEro reHepaTopa. Ipyrom BapnaHt — MexXaHn4eckoe
BO3byXAEeHMNe, Hanpumep, NOCPEACTBOM yA4ApPOB MNo PpOTOPY UK CTaTOPY PE3NHOBLIM MOTOTKOM. [1pn 3TOM, ecnn BoIOpaH
HENOAXOASLWMW YCUNMNTENDb, BO3MOXHO NOSIBNEHNE CUNBbHbLIX Konebanmn cuctembl AMIT B uenom (Kak eanHOoro XecTkoro
Tena). PUCK 4aHHOro cueHapusi BO3pacraeT, eCnuy rNpaHn4YHasa 4actota CUCTEMbI YIPAaBNEHUSA ¢ 0BpaTHON CBA3bIO NMEXUT
BbILLE YaCTOTbl U3NOMa XapakTeEPUCTUKN, NOKaA3aHHOW Ha pucyHke C.2, 1 3anac yCToOMYMBOCTU MO (pase B CUCTEME yrpaBrie-
HUA HepgocTaToveH. OgHako bonee BeEpoOsATHbIM ByaeT BO3DyXAEeHNE BbICOKOAMMIUTYAHbLIX YNPYIMX Mo KonebaHnm poTo-
pa nnu ctatopa. [lpuynnHa storo B Hann4mm oasoBoun 3a4ePXKN, CBA3AaHHOW C HACBILWLEHWEM MO HaMPsKEHUIO, B COMETaHUN
CO CNULLKOM MalbIiM 3arnacom yCTOM4YMBOCTU NO pase B LENU CUCTEMbI YNPaBIIEHUS.
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C.6 NpoxoxaeHne KpUTNYECKON 4YacTOThbI BpalleHuNA

[TpoXOXXAEHNE KPUTUHECKOW YaCTOThl M3MMDOHBIX KONEBAHMN TaKKe BEAET K HACBILWEHNIO MO HANPSXKEHNIO B CIyYae,
eCIin 9Ta YactoTa HaxoauTCA Bbile 4YacTOThl N3NI0Ma XapaKkTepucTUKn, nokazaHHoOU Ha pucyHke C.2. B atom cnyyae gaxe
NpY OTHOCUTENBHO MaroM OrPaHNYEHN BO3MOXHO DbICTPOE HapacTaHne amnnnTyabl aBTokonebaHnnm potopa B NOALLINII-
HUKe. [1pegoTBpaTtnTe Takon 3PAEKT MOXHO MPU HANUYUM CUCTEMbBI MOHUTOPUHIA, HE AonycKatowen agpdekra HacblLe-
HUSI NO HAMPSPKEHUIO U, COOTBETCTBEHHO, MPEBbIWEHNUA AONYCTUMbIX AMHAMUYECKUX HArpy30K Ha NOALUUIMHUK.

C.7 NamepeHune ypoOBHSA OrpaHNYeHus

B npyHunne adodekTnBHOE HaNpsXXeHUe Ha KaTyLKe MOXHO N3MEPUTb HEMOCPEACTBEHHO B TOYKAX COeAUHEHNS KOH-
Tponnepa AMI1 ¢ kaTywkon anektpomardimnTa. OgHako npeanodTuTenbHee N3MEPHATb 3TY BENUYUHY MO BbIXOAHOMY CUTHa-
1y NOrMYeCcKoro ycTpoucTea ynpaeneHus (cm. pucyHok C.1). HanpspkeHne Ha KaTylwke MOXeT ObiTb OUEHEHO Takke no
OMNOPHOMY CUrHany ¢ ucnosib3oBaHnem andppepeHUnpyroWEN Lenu.

B npouecce ncnbiTaHMn n3mepeHHoe 3PPeKTMBHOE HAMPSIKEHNE HA KATYLLKE MOXET BbiTb 0TODpaXKeHo B hopme
BPEMEHHOIo curHana, rno KOToOpPoMy MOXHO caenaTb BbIBOA O MPUEMNEMOCTU ynpaeneHns. OgHako ecnn B CUCTEME yINpaBs-
NEeHNsA NpeaycMoTpeH aBToOMaTUYECKUN MOHUTOPUHI HACBIWEHWS MO HaNPsXXeHUIo, TO AN15 OUEHKU YPOBHSA OrpaHnYeHuns
LenecoodbpasHo NCNONb30BaTb NPOCTON YMCNOBOW NOKa3aTenb. TaknMm nokasatenem MoXeT bbiTb, HAaNpPUMep, OTHOLLEHNE
MaKCUManbHOro abCcontoTHOro 3Ha4YEHNS HANPSPKEHMS HA KATYLWKE K HANPSXKEHUIO NUTaHuS. Apyrum BO3MOXHbIM NOKa3aTte-
NeM MOXET ObITb OTHOLLEHME MHTEPBAaNa BPEMEHW, KOrga yCUNUTernb MOWHOCTU HAX0AUTCH B COCTOAHUM HACBILWEHWS, K
obLwen NpoaoMKUTENBHOCTU N3MEPEHUN.
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Mpunnoxenve OA
(cnpaBo4HoOe)

CBefeHMA 0 COOTBETCTBUM CCbINMOYHBLIX MeXAYHapPOoAHbIX CTaHAapPTOB
CCbINOYHbLIM HauMOHanbHbIM cTaHgapTam Poccunckon Pepgepaunm (M 4eNCTBYOLWUM
B 3TOM KavyecTBe MeXrocyaapcTBeHHbIM cTaHaapTam)

abnuvua HOA.1

OBo03HaYEeHNe CChINMOYHOro CTeneHb Obo3HavYeHune 1 HAaMMEHOBAaHNE COOTBETCTBYIOLLErO HALIMOHANBHOIO
MEXOYHAPOAHOro craHgapTa COOTBETCTBUS cTaHaapra
NCO 7919-1:1996 IDT [OCT NCO 7919-1—2002 «Bubpauunsa. KoHTponb cCOCTOAHUSA

MAaLUMH NO pe3ynbratam N3MepeHnn BUbpaumnm Ha BPaLLLAoLLMXCS
Banax. Obwue TpeboBaHnA»

=

PUMEYaHKne— BHacToswen tabnuue ncnonb3oBaHo cneaytollee ycrnosHoe 0603HaveHne CTeneHn COOTBE-

TCTBUA CTaHAapTAa.

DT — MAeHTUYHbIN CTaHOAapT.
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