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4 BBE[IEH BIEPBbIE

BBepgeHue

Llenbto 6aJ'IaHCVIpOBKVI poTopa ABNAETCA CHUWXeHne aucbanaHca poTopa, oCTaToO4YHOE 3Ha4YeHne KOTOpOoro npu nobon
YacToTe BpalleHud, BnnoTb A0 MaKCMMarnbHOW, He AOIMKHO Bbi3blBaTb npesbilleHna OonyCTUMbIX ypOBHeﬁ Bm6pau.vm
MalwunH 1 guHaMn4eckoro nporvl6a poTopa.

Bo MHorux crnyyasx notpeGuTtens oLEeHMBAET KauecTBO poTopa Mo pesynbratam 6anaHCcMpoBKU, T.e. 4O YCTAHOBKM €ro
B MalLUHy, 6O nocre 3Toro AoCTyn K HeMy 3aTpyAHeH. 3Ty NpefABapuTesibHY0 OLEHKY KayecTBa GanaHCUpOBKM NpoBOAAT



Ha 6aJ'IaHCVIpOBOLIHOM OGOpyﬂ,OBaHVIVI no YypOBHKO BVI6an,VIVI n AMHaMn4eCkKnMm peakumam onop Ha 4actoTe BpalleHUA.
OKOH‘-IaTeJ'IbHy}O OLEeHKY NpoBOOAT Ha MeCTe 3KcniyaTaunun MallinHbl B paﬁoqu Anana3oHe 4acToT BpalleHnA.

B HacToswweM cTaHgapTe ycTaHaBnMBaeTCcs Knaccudukaumnsa poTopoB U MeToAbl UX 6aJ'IaHCVIpOBKVI, BBe€EHbl Kputepun
Aana oueHkKn KadvectBa 6aﬂaHCMpOBKM Ha 6anchprBqu0M 060py,EI,OBaHMM. OHM OCcHOBbIBaOTCA NMOO Ha npep,eanovl
Bm6paumm pa60Ta+ou.|,el7| MalUVHbI, Nnbo Ha npenenbHbIX 3Ha4YEeHUAX aucbanaHca poTopa. Ecnn npenenbHble 3Ha4YeHnAa He
YCTaHOBJIEHbI, HacToALNN CTaHAapT Noka3bliBaeT, KakK X MOXXHO onpeaennTb.

MeToabl ¥ KpUTEPUM, NPEACTaBIIEHHbIE B HACTOSILLEM CTaHAapTe, SBMATCA 0600LLeHMeM onbiTa 3KCnyaTauum MaLlvH
C rMOKMMU poTOpamm.

1. OBJIACTb NPUMEHEHUA

HacToswwmn CTaHOapT COAEepPXUT YyKadaHudA, nos3sondwline n3bexarb KPYMNHbIX ,El,e(beKTOB MalWWHbl TaK Xe, KaK "
4Ype3MepHO 3aBbllUEHHbIX TpeGOBaHMﬁ K 6aﬂaHCMpOBKe, N MOXeT CIyXnTb OCHOBOW N5l uccnegoBaHum, Hanpumep, ecnun
Heobxoammo Gornee TOYHO onpenenntb Tpe6yemoe Ka4eCcTBO 6aJ'IaHCVIpOBKI/I. CTaH,EI,apT He ABAeTCA pPyKOBOACTBOM MO
npuemMke poTopoB B 3KCcnnyatauuto.

2. HOPMATUBHBIE CCbITKA

B HacTosilem cTaHaapTe MCMOb30BaHbl CChINKU Ha creayloLye cTaHaapThl:

FOCT 19534-74 banaHcupoBka BpaLlaowmuxcsa Ten. TepMuHbl

FOCT 22061-76 MaluunHbl u TexHU4Yeckoe obopynoBaHne. CUCTEMBI KIAcCOB TOMHOCTY GanaHCMpPOBKM
FOCT 24346-80 Bubpauus. TepMuHbI 1 onpeaeneHuns

FOCT 25364-88 Arperatbl napoTypOvHHbIe cTaumoHapHble. Hopmbl BUOpaummn n obwme TpeboBaHMsa K NPOBEAEHMIO
namepeHumn

FOCT 26875-86 Bubpauwus. AnnapaTtypa nepeHocHasi 6anaHcMpoBoYHas. TexHuyeckme TpeboBaHus

FOCT 27870-88 Bubpauwms. OueHka kavyectBa 6anaHCUpoBKku rmbkux poTopos

3. ONPEAENEHNA

TepmuHbl - no FTOCT 19534 1 TOCT 24346.

4. OBLUME NOJTIOXEHUA
4.1 PacnpeaeneHune gncbanaHcos

PoTopbl MOryT GbiTb CMMOWHBIMY, KOBaHbIMWM WKW CBApHbIMK, WUnu cOopHbiMu. [onycku M ux cobniofeHue npu
06paboTke CNMoLLHbIX POTOPOB, MeToZ c6opku 1 AucbanaHc aeTanei cGOpHLIX POTOPOB B 3HAYUTENBHOW CTENEHU BMUSIOT
Ha BENUYWHY 1 pacnpegenexuve auctanaHca potopa.

MockonbKy pacnpegenexHune aucbanaHcoB B poTope, Kak npasBwso, Cly4yanHo, TO pacnpefeneHve HavanbHOro wu
OCTaToOYHOro AmcbanaHcoB BAOMb OCKM OLHOTUMHBIX poOTOpPOB HE TOJIbKO He coBMnagaeTt, HO OObIYHO 3HAYUTENBHO
oTnnyaetcs. PacnpegeneHuve ancbanaHcoB onpegenaeTt cteneHb BO36y)K£I,eHVIF| pa3nnyHbIX COOCTBEHHbIX MO BVI6an,VIVI
poTopa, TaK Kak HeypaBHOBELLEHHbIE CUMbl ONpeaensoT ANHaMNU4eCcKum I'IpOI'VI6 poTopa.

Ecnun nnockoctn KOppeKkunn He coBnagarT C NJIOCKOCTAMU, B KOTOPbIX MMeeTCA aucbanaHc, 3T0 MOXeT Bbl3BaTb
BMGpaLl,M}O Ha 4acToTax BpaleHuA, OTINYHbIX OT TeX, Ha KOTOpPbIX npoBoAUNN 6anchmpOBKy. I'Ipm 3TOM YpOBEHb
BMGpaLlMM MOXeT NpeBoCcXoanTb AONYyCTUMOE 3HaveHue, ocobeHHo Ha KPUTUHECKNX YaCToTax BpaLlleHNA.

Kpome TOro, criefyeT yuuTbiBaTb, YTO POTOPbLI, paboTalwliMe B YCMOBUAX TemnepaTypHbIX BO3AEWUCTBUIA, MOryT
UCMbITbIBaTb TEMMOBbIE AedopMaLmm, Bbi3biBalOLME U3MEHEHUSI HavarbHOro anctanaHca.

4.2 CobcTBEHHBIE MOAbI BUBpauum
Ecnn gemndupoBaHne poTopa NpeHebpexuMo mano, To B Clydae ero onupaHusl Ha U30TPOMHbIe MOALUMMHUKM MOAbl

npeAcTaBnsaoT cobol nnockue KpuUBbIE, BpaLLaloLmMecs BOKPYr ocu poTtopa. Ha pucyHke 1 nokasaHbl xapakTepHble KpUBble
TPEX NepBbIX COGCTBEHHLIX MOA, POTOPa NMOCTOSIHHOTO CEYEHMs], ONMPAIOLLETrOCs Ha NMOAATIIMBbLIE MOALIMMHUKOBBIE OMOPbI.



Tunoson poTtop
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PucyHok 1 - XapakTepHble cCOGCTBEHHbIE MOAbI TMGKMX POTOPOB Ha NOAATIIMBbLIX ONopax

Ona cuctembl "poTop - MOALWIMMHUK C AeMndupoBaHMeM" MoAbl MOryT MNpeacTaBnaTb coboW NpPOCTpaHCTBEHHbIE
KpuBble, BpaLLaloLLMecsi BOKPYr ocu potopa (pUCYHOK 2).
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- HenoAgsmxHaa cuctemMa KoopanHar,

- CUCTeMa KoopauHaT, BpallarLlasaca BOKpYr ocu - C yFﬂOBOVI CKOpOCTbiO Li

PucyHok 2



Bo MHorux cnyyasx, gaxe npu Hanmuum gemndunposBaHns, Moabl MOXHO paccMaTpmBaTh Kak nrockue kpusble. Cneayet
NOAYEPKHYTb, YTO BO3HMKaOLWMEe MOAbl U WX WHTEHCUBHOCTb B 3HAYUTENbHOW CTEMEeHU 3aBUCAT OT AUHAMUYECKNX
XapaKkTepUCTMK 1 pacrnonoXeHns NoALUMMHUKOBBLIX ONop poTopa.

4.3 Boapgelictere gncbanaHca Ha rmbkuii potop

Pacnpenenexue gncbanaHca moxeT ObiTb BblpaXeHO Yepe3 aKkBMBarieHTHble aucbanaHcel. AMNAMTYAY Kaxdon Mofbl
onpegensloT COOTBETCTBYHOLMM 3SKBUBANEHTHbIM AucbanaHcom. [pu BpalleHMM poTopa Ha 4vacToTe, Onu3ko K
KpUTUYEeCKon, Mofa, COOTBETCTBYIOLAA 3TON 4acToTe, ABNSETCA AOMUHMPYIOLWEN MO CPaBHEHMIO C ocTanbHbiMU. M3rnb
poTopa onpeaensioT:

- 3Ha4yeHneM 3KBMBANIEHTHOro AncbanaHca;

- 6rm3ocTbio paboyen YacToTbl BpaLLEHNs K KPUTUYECKON;

- nemndupoBaHueM onop poTopa.

Ecnn ymeHbLWINTb 3KBMBANEHTHbLIN ancbanaHc ¢ MOMOLLbHO KOPPEKTMPYIOLLMX Macc, TO amniMTyda COOTBETCTBYHOLLEN
MOAbl TaKke YMeHbLUNTCA. Ha 3ToM ocHOBaHa meToguka 6aJ'IaHCVIpOBKVI no Mogam poTtopa.

ObbekT BO3OEHCTBUSI Ha # -0 COBCTBEHHYIO MOLY 3aBUCMT OT MOJIOKEHWUS MIOCKOCTel Koppekuuu. PaccmMoTpum B
kadyecTBe NpUMepa cry4yan, nokasaHHbIi Ha pucyHke 1. KoppekTupytollasi Macca, yCTaHOBINEeHHast Ha pOTope B MIIOCKOCTU

L 71, HE OKaXeT BJIMAHUA Ha BTOPYHO CO6CTB€HHy}O Moay. AHanorMyHo, KOppekTupyloLlasa mMacca, yCTaHOBfeHHas B

MJTOCKOCTU _'_1 nnn B NiocKkoctn 4 HE OKaXeT BIUAHUA Ha TpeTbio CO6CTBeHHy}O mopay. KoppeKTMpymmaﬂ Macca B

MAOCKOCTU £~ OKaXkeT MakcuMaribHoe BO34eNCTBMNE Ha OCHOBHYIO CO6CTBeHHy}O mopay.

4.4 Llenb 6anaHcupoBku rMbkoro potopa

Llenn GanaHcupoBkM onpenensiioT TpeboBaHUAMM K IKCnnyaTaumm malwuHbl. Mepen 6anaHcUpoBKOW CriefyeT peLuunTb,
Kakue KpuTepun GanaHCUPOBKM HYXHO WCMonb3oBaTthb. [paBuUmbHbIA BbIGOp MO3BONAET YAEWeBUTb M oGecnevntb
3hheKTUBHOCTb GarnaHCUPOBKY, a Takke YOOBNETBOPUTL TpeboBaHNSA 3akasymka.

KpuTepun 6anaHcMpoBky BeIGUPAKOT U3 YCMOBUSI JOCTWKEHUS TPEGYEMOro orpaHUYeHus:
- BUGpaLmMy MaluWHbl M IMHAaMUYECKOTo Npornba poTopa;
- CUM, AENCTBYIOLMX Ha MOALIMMHUKM.

Hawnbonee COBEpLUEHHbIN crnocob 6aJ'IaHCVIpOBKVI rmbkoro poTopa COCTOMUT B YypaBHOBELIMBAHUM KaXaoro un3 ero
SNIEMEHTOB.

B poTope, oTGanaHcMpoBaHHOM TakuM crocobom, He GyneT AucHGanaHcoB U MOMEHTOB AUcGanaHcoB, U B HEM Mpu
BpalleHun He OyayT Bo3GyxaaTbcs MoAbl. Takoih poTop OyaeT yaoBneTBOpuTenbHO paboTaTb Ha BCEX 4YacToTax
BpaLLeHust.

TpeGyemMoe yMeHblUEHWE pacnpenesieHHbIX AncbanaHcoB JOCTUraeTcsl, Kak npaeuro, nytem nogbopa Heo6xoaMmoro
yncna v BeSIMYMH KOPPEKTUPYIOWMX MacC U COOTBETCTBYIOLLENO UX pasMelleHUs BAonb poTopa. Ha npakTuke u nocne
GanaHCUpOBKM BCEraa CoOXpaHseTCsl HEKOTOpbI  pacnpeferieHHblii  ocTaTouHbI  aucGanaHc. Bubpauust  (vnu
HeypaBHOBELLEHHbIE CUMbl), Bbl3blBa€Mble OCTATOYHLIM OWUCOANaHCOM, AOSKHbI ObiTb YMEHbLUEHbl [0 AOMYCTMMOro
YPOBHSI BO BCEM [ManasoHe 4acToT BpalleHus:, BKIoYas Kputndeckne. TONbKO B 0COBLIX CrydYasix MOXHO OrpaHUYMTLCA
GanaHcUpoBKOM MMBKOro poTopa Ha OAHOM YacToTe BpalleHWs. HesaBUcUMO OT UCMONb3yeMOoi MeTOAMKM GanaHCUpPOBKY
Lenbio ee ABNsETCs MoslydeHne cBedeHuin o aucbanaHce W ero pacnpegenieHuy no AnvHe potopa M yMeHblleHue ero
BNUAHUA B AManasoHe 4acToT BpaLleHUs 40 AOMNYCTUMOro YPOBHS.

4.5 TnocKoCTH KoppeKkuun

Bo MHorux crnyyasx GanaHCMpOBKY poTopa MpOBOAST MOCMEAOBaTENbHO MO COGCTBEHHBIM Moaam. B atom cnyvae
KOPPEKTUPYIOLLME Macchl pa3MellalT TakMum o6pa3oM, 4YToObl Ha KaxaoM mfocrepylollem 3Tane GanaHCUMpOBKM
[obaBneHe HOBbIX KOPPEKTUPYIOLLMX MAacC He Hapyluano OOCTUrHYTYH YpaBHOBELLEHHOCTb MO ApyrM Mogam. Yucno
HEOBXOAMMBIX KOPPEKTUPYIOLLMX Macc, pa3MellaeMbiX BAOMb POTOpa, 3aBUCUT OT MeToAuKM GanaHCcMpoBkM. Tem He
MeHee, B obLlem cryyae, ecnv paboyasi YacToTa BpalleHUs poTopa NpeBoCXoauT # KPUTUYECKYH 4acTOTy BpalleHus,

Heo6XoAMMO MCNoNb30BaTh MO MeHbLUEN Mepe (# +2) NNOCKOCTEN KOPPEKLUN.

Ha ctaguv npoekTnpoBaHua poTopa criegyeT onpeAennTb YUCO MIOCKOCTEN KOPPEKLMU U UX KOOPAUHATLI BAOMb OCU
poTopa. Ha npakTuke 41Mcro nnocKOCTeN KOPPEeKUMN OrpaHM4MBaeTcss 0COBEHHOCTAMMU KOHCTPYKUMKW poTopa, a B ciyyae
6anaHCMpPOBKN Ha MECTE - BO3MOXXHOCTbBIO AOCTYNA K HAM.

4.6 banaHcnpoBka BanonpoBoaoB



BanonpoBog nmeeT HECKOMNbKO KPUTUYECKMX YacTOT BpalleHus u cobcTBEHHBLIX Moa. Kak npaBuno, 3TN 4YacToTbl He
paBHbl KPUTUYECKMM YacToTam BpalleHWUs pOTOPOB, COCTaBMAKLWMNX BafONpoBoOd, U HE MMEKT NPOCTON 3aBUCMMOCTU OT
Hux. bonee TOro, c¢opma nporw6a Banonpoesoga He obsa3aTenbHO HaxoauTcsl B NPOCTON 3aBUCUMOCTU OT MO[
COCTaBNALWMX ero poTopoB. Takum 06pa30M, pacnpegeneHune ancbanaHcoB BAOSb Barionposoga TeopeTun4ecku crnegyet
onpenenaTb B 3HA4YEeHUAX 3KBUBANEHTHOro aucbanaHca BanonpoBoaa, a He OTAeNIbHbIX POTOPOB.

Ha npakTuke, ofHako, BO MHOMMX Cry4asix NpoBoAAT GanaHCUMPOBKY POTOPOB He3aBWCUMO OT ApYruX POTOpPOB
Banonposofa. B GonbLIMHCTBE criyyaeB 310 obGecrneynBaeT yA0BNeTBOpUTErNbHY0 paboTy Banonposoga. MprMeHMMOoCTb
3TOro MeTofda Ha MpaKTUKe OMPEAENseTCs, B YACTHOCTW, COOTHOLLEHWSIMW COGCTBEHHBIX MO WM KPUTUYECKMX 4YacToT
BpalleH1st BarionpoBoAa 1 OTAENbHO B3AThIX POTOPOB, @ Takke pacnpeaeneHwem aucbanaHcos. B gaHHom cniyvae ans
6anaHcUpoBKM BaronpoBoda BbICOKYD 3((EKTUBHOCTb TrapaHTMpyeT MeTon GanaHCUMpOBKM C  UCMONb30BaHWEM
k03P (PULIMEHTOB BMUSHWS C Y4ETOM MOZ, BarionpoBoAa U OTAENbHbLIX POTOPOB.

BanaHcrpoBKy BarnonpoBoAOB crieayeT NPOBOAUTL C y4eTOM (DaKTOPOB, U3MOXEHHBIX B MPUNOXEHUN A.

5. KNACCNOUKALIUA POTOPOB

YcTaHaBnMBaeTcs NATb KMacCoOB POTOPOB cornacHo Tabnuue 1. Ons kaxpgoro krnacca TpeGyeTcs CBosi MeToauka
GanaHcupoBku. MeToavKa onpeaeneHus Tmna potopa (TMOKWI - XXeCTKWI) NpuBeaeHa B NpunoxeHnm E.

5.1 Knacc 1. XKecTtkun poTtop

BanaHcupoBKka pPOTOPOB 3TOrO Kracca MOXET OblTb MpoBeAeHa C WMCMoNb3oBaHMEM [BYX MPOU3BOSIEHO BblOGpPaHHbLIX
nnockocTein koppekuun. Mpu noGol YacToTe BpalleHuss BRNOTb 4O MakcuMarbHOW pabouyeit ocTaTouHbli aucbanaHc
)KECTKOro poTopa CyLLECTBEHHO HE U3MEHSIeTCS.

5.2 Knacc 2. KBasmxecTkuin potop

PoTtop aTtoro knacca He MOXeT paccMaTpuBaTbCs KaK XXeCTKUW, HO AnS ero 6aJ'IaHCVIpOBKVI MOXHO MCNOJ1Ib30BaTb
MeToAbl GaﬂaHCVIpOBKVI XecTKoro potopa. PoTopbl knacca 2 nogpasfenstoTcs Ha crneyrowme nogknaccbl:

- poTopsbl, pacnpegeneHne ancbanaHcoB KOTOpbIX M3BECTHO (Mogknaccel 2a, 2b, 2c, 2d, a Takke nogknacc 2e, Ans
KOToporo pacnpegeneHve ancbanaHca poTopoB M3BECTHO NULLL YaCTUYHO);

- poTOpbI, pacnpegeneHve ancbanaHcoB KOTOPbIX HEM3BECTHO (Noaknaccel 2f, 2g, 2h).

Onsa aTux rmbkmx pOTOpPOB BO3MOXXHa yaoBieTBOpuUTelibHad HU3KO4YaCTOTHaA GaﬂaHCMpOBKa. HekoTopble Buabl poTopoB
MoryT ObITb OTHECEHbI K HECKOJBKMM NoAknaccam HacTosiLLen Knaccudmkaumm.

5.3 Knacc 3. 'mbkuii potop
PoTtop aToro knacca He MoxeT ObiTb oTGanaHcUpoBaH MO METOAMKE AJIsi XECTKUX POTOpoB - Heobxoauma

BblICOKOYaCTOTHasA 6aJ'IaHCVIpOBKa. PoTopsbl knacca 3 pasgeneHbl Ha nogknacckl CornacHo Tabnuue 1.

Tabnuua 1 - Knaccudmkaumns potopos

Knacc potopa OnucaHue knacca
Knacc 1 (xecTkvne PoTop, 6anaHcrpoBka KOTOPOro MoXeT ObITb Npon3BeaeHa
poTopbl) C NMOMOLLbIO ABYX MPOM3BOSIbHO BbIGPaHHbIX MIOCKOCTEN

KOppeKLMM, a ero ocTaTouHbI gucbanaHc He U3mMeHsieTcs
3HauMTenbHO Npu nMobor YacToTe BpaLeHns BNIOTb 40
MaKkcumarnbHomn paboyen

3ybyatoe koneco

Knacc 2 (kBa3wxecTkue |MBkuin poTop, nogaatoLmiics 6anaHcnpoBKe Kak KeCTKUN -
poTopbl) Ha CKOPOCTSIX BPALLLEHWS HXeE TOW, MPU KOTOPON BO3HMKaEeT
€ro 3HauYuNTeNbHbIN YNPYyrii Npornd

PoTopbl C U3BECTHBIM pacnpegeneHnem ancbanaHcoB BAOMb poTopa

Mogknacc 2a PoTop, umetowwmii gucbanaHc B 04HOM NIOCKOCTH
(Hanpumep, cocpefoTOYEHHas Macca Ha Nerkom rmokom
Bany, oucbanaHcom KOTOpOro MoXHo npeHebpeuyb)

LUnndoBanbHbIN Kpyr




Moaknacc 2b

PoTop, nmetoumin gucbanaHc B ABYX NNOCKOCTAX
(Hanpumep, ABe Macchl Ha nerkoM Bany, gucbanaHcom
KOTOPOro MOXHO npeHebpeyb)

Mopknacc 2¢

PoTop, nmetolmin gucbanaHc B 6onee Yem ABYX NIOCKOCTAX

Mogknacc 2d

PoTtop, nmetowwimit paBHOMEPHO UIn NIMHEAHO
pacnpegeneHHbli agucbanaHc

'
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[MeyaTHbIN Banuk

MNopknacc 2e

PoTop, MMEILLMIA KECTKYIO ANUHHYIO YacTb U MOKUE LLIENXK,
AncGanaHcoM KOTOPbIX MOXHO NpeHebpeyb (POTopbl C
XECTKUM CEPAEYHNKOM)

POTOpr C HEU3BECTHbIM

pacnpeneneHnem aucbanaHcoB BOOIMb poTopa

Mopaknacc 2f

CUMMETPUWYHBIV POTOP, UMEIOLLMIA ABE MIOCKOCTM
KOppeKuUM Ha KoHuax. MakcumarnbHasi YacToTa BpalleHus
3HAYUTENbHO MEHbLLE BTOPOM KPUTUYECKOI YacToThl, a
nepBasi KpUTMYECKas YacToTa BpalLeHUst He BXOAMUT B
AnanasoH paboumnx 4YacToT BpalleHust. Potop nmeet
HavanbHbI AucbanaHc B 4ONyCTUMbIX Npeaenax

POTOp MHOroctyneH4aToro Ll,eHTpO6e)KHOFO
Hacoca

Moaknacc 2g

CUMMETPUWYHBIV POTOP, UMEIOLLMIA OfHY NITOCKOCTb
KOppeKuuM nocepeamnHe v ABe Ha KoHuax. MakcumanbHas
YyacToTa BpalleH sl 3Ha4YMTENbHO MeHbLLIE BTOPOW
KpUTUYECKOM YacToTbl. POTOp MMeeT HavanbHbI gucbanaHc
B OOMNYyCTUMbIX Npeaenax

POTOp BbICOKOCKOPOCTHOIo Ll,eHTpO6e)KHOFO
Hacoca

Mopknacc 2h

ACMMMETPUYHBIN POTOpP C HavanbHbIM AncbanaHcom B
JonycTuMbIX npegenax. banaHcMpoBKy OCyLLECTBASIOT
aHanornyHo 6anaHcMpoBKe pOTOPOB noaknacca 2f

PoTtop napoBoii TypGuHLI cpeaHero
AaBreHns

Knacc 3 (rmbkne
poTopbl)

PoTopbl, TpeGytoLime BbLICOKOYACTOTHOWM GanaHCcUpoBKM




Mopknacc 3a PoTop, aucbanaHc koToporo npu no6om pacnpegeneHun
BbI3blBAET NOSIBJIEHNE NEPBOI (OCHOBHOW) COBCTBEHHOM
MOAbI BUOpauum

-

PoTop 4eTbIpEXTNONIOCHOro reHepaTtopa

Moaknacc 3b PoTtop, aucbanaHc KOToporo npv nbomM pacnpeaeneHnm T
BbI3bIBaET NOSIBNEHNE TOMBKO NEePBOW (OCHOBHOW) 1 BTOPON
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BGanaHcupyeTcs TonbKo Ha paboyei YacToTe BpalleHus
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PoTop BbICOKOYACTOTHOrO ABuratens

5.4 Knacc 4

K HeMy oTHoCsITCA pOTOpbI KnaccoB 1, 2 unu 3 B crnyyae, ecrnv OHU SIBASIOTCS POTOpPaMMU C U3MEHSIIOLLENCS reoMeTPUEN.
OcobeHHOCTM 3TUX POTOPOB YKa3aHbl B 4.2.

6. BANAHCUPOBKA POTOPOB KIACCA 2

6.1 O6LUMe nonoxeHus

POTOpr knacca 2 - aTo rmbkue pOTOpPbI, KOTOPblE MOTYT ObITb OT6aJ'IaHCVIpOBaHbI KaK XeCTKune. POTOpr 9TOro Knacca
3aHMMalOT MPOMEXYTOYHOE NOJIOXKEeHNEe Mexay XEeCTKUMU n rMokMmMmn poTopamu, 6aJ'IaHCVIpOBKy KOTOPbIX OCYLLECTBIIAKT B
COOTBETCTBUU C pa3gernom 7.

Ha 6aJ'IaHCVIpOBO‘-IHOM CTaHKke C HW3KOM Y4acTOTOW BpalleHWa MpoBOAAT, KaK MpaBurio, TONbKO AWHAMWUYECKYHO
6anchprBKy TaKoOro poTopa KakK XeCTKoro, T.K. Ha MalnblX 4YacTtoTax ero nporM6 noa genctenem gucbanaHca u (VIJ'IM)
HanM4ns rMGKNX 3aNEeMEHTOB He3Ha4YUTENEH.

C nowmoLubto COOTBETCTBYHOLLMNX MEeTOOUK MOXHO 0T6anchmposaTb POTOp Knacca 2 npun ManblX 4YactoTax Ha MecTte
Taknum 06pa30M, 4YTO 3TO 06GecneymnT ero yAOBNETBOPUTEIIbHYIO pa60Ty B Anana3oHe pa6oqwx 4acToT.

3HayeHMe OCTaTOMHOrO MopanbHOro pAucbanaHca nocrne HWM3KOYacTOTHOW 6anaHcupoBKM 3aBUCUMT OT  POPM
COBCTBEHHBIX MO pPOTOpa W PacrofiOKEHNs NIIOCKOCTEN KOPPEKUMM OTHOCUTENMbHO MCXOAHbLIX AncbanaHcoB BAOMb OCU
poTopa.

6.2 Bbibop nnockocTe kKoppekuum

Ecnn unssecTHO pacnpepeneHve avcbanaHcoB BAOMb pOTOpa, TO fydlle BCero BblbpaTb NMOCKOCTY KOPPEeKuuu Kak
MOXHO 6nmxe Kk nnockoctu pAucbanaHca. Ecnu xe pacnpepeneHve paucbanaHcoB HEW3BECTHO, TO credyeT
pykoBoacTteoBaTtbcs 4.5.

6.3 banaHcupoBKa COCTaBHbIX POTOPOB Npu cbopke



Ecnun poTtop coctaeneH v3 getanen, KOHUEHTPUYECKN HACaKeHHbIX Ha Basn, TO MOXHO MPUMEHSTb HU3KOYACTOTHYHO
6aJ'IaHCVIpOBKy Nno OOHOWM U3 HWXe CrieayoLWwmnx METOANK.

MpumedaHne - HekoTopble poTopbl cogepxaT H360p TUNOBbLIX 3J1EMEHTOB (Hanpwmep, nonaTtku, CoeguHUTElbHbIe
OONTbl, TOKOCHEMHbIE AeTann u T.,El,.). Pacnonaras atm anemMeHTbl B 3aBMCMMOCTM OT MaccCbl MM Maccbl U1 MOMEHTa
Ka)kaoro oTAenbHOro anemMeHTa, MOXHO 406MTbCS Tpe6yeM0|7| TOYHOCTU 6aJ'IaHCMpOBKI/1. Ecnn nocne 6aJ'IaHCMpOBKI/1 3TN
ANEeMEHTbI Tpe6y+0T 3aMeHbIl UM NOATrOHKU, TO NOPAAOK UX pa3MeLlleHUda crneayeT COXpaHATb.

6.3.1 BanaHcupoBka poTopoB, COBMpPaeMbIX U3 NPeABaPUTENBHO OTOaNaHCMPOBaHHbLIX 3NTIEMEHTOB

Kaxabll M3 aneMeHTOB, BKNoyas Ban, nepen cGopkoi AomkeH ObiTb oTGanaHcMpoBaH Mo MeToauke GanaHCUMpPOBKU
)KECTKOro poTtopa. Ha akcueHTpucMTeT nocafgoUHbIX NOBEPXHOCTEN Bana 1 npoyne c6opoydHble pasmepsl, onpeaensiowme
NONOXeHNe 31eMEHTOB OTHOCWUTENbHO OCW Bana, AOSIKHbI OblTb 3afaHbl KecTkMe OOMNycku. AHanornyHble TpeGoBaHus
npeabsABNATCA K GanaHcUpoBoYHOW onpaske. MorpelwHocT GanaHCUPOBKW, B TOM YWCIE M3-3a 3KCLeHTpucuTeTa
nocagoyHbIX NOBEPXHOCTEN 6anaHCMPOBOYHOM ONPaBKKU, MOXHO YCTPaHUTbL NO3IEMEHTHOM GanaHCUpOBKOIA.

Mpwn 6aJ'IaHCVIpOBKe Bana v 35IeMeHTOB poTopa crnefyeT yuuTbiBaTb BIIMSAHUE BCex AeTanen, BHOCALWUX aCUMMETPUIO
(Hanpmmep, LUI'IOHOK), a TakKXe 1 He yCTaHaBITMBaeMbIX NMpu GaHaHCVIpOBKe OTAENbHbIX 3JIEMEHTOB pOTOpa.

PekomeHayeTcs OLEHUTb PacyeToM BfUSIHWE MOTPELLHOCTM COOPKM M SKCLIEHTPUCHUTETa yYCTaHaBNMBaeMbIxX deTarnen Ha
JOCTWXUMBIV HayanbHbIA ancbanaHc.

Mpu pacyeTe BAWSHWIN NOTPELLHOCTEN crieayeT yunTbiBaTb, YTO OHM MOTYT CYMMUPOBAaTLCA ANs poTopa B Lienom.
6.3.2 MNocnepoBaTenbHas GanaHcMpoBka poTopa, cobMpaemMoro 3 HecGanaHCUPOBaHHbIX ANIEMEHTOB

CHauana 6anaHcupytoT Barn. Mocne aToro potop 6anaHcUpyloT Kaxablii pas nocrie YyCTaHOBKM OYepefHoro aneMeHTa.
OkoHuaTenbHyo 6anaHCcMpoBKY NMPOBOAAT NOCMe YCTAaHOBKM MocredHero anemMeHTta. TOT MeToh MO3BONAeT UCKMIYUTb
HeoBXoOMMOCTb MPOBEAEHUSI KOHTPOMS 9KCLEHTpUCHUTEeTa MOCadoYHbIX MOBEPXHOCTEN W OPYIMX XapaKTepuCTUK,
onpeaensoWwmx NonoXeHNe aNeMeHTOB Ha Basly poTopa.

Ecnun ncnonb3yloT 3TOT MeToa, cnegyeT UCKIIYNUTL BIIMSHUE MOHTaXa cnefyloLlimx afieMeHTOB Ha ypaBHOBELUEHHOCTb
y>XX€& CMOHTUPOBAHHbIX.

B oTOenbHbIX Cryyasix MOXHO YCTaHaBnWBaTb OOHOBPEMEHHO ABa JMIeMEHTa, Nexalux B OAHOW MonepeyHon
MMOCKOCTW, W NMPOBOAUTL AMHAMUYecKylo GanaHcupoBKy 0GOMX 3aneMeHToB. B criyuasx, korga HecKonbKO 3I1EMEHTOB
06pa3yioT 0AHOPOAHbBIN KOPOTKUM U KECTKUI SNEMEHT UM euHbINA y3er, HanpuMep, CeKkUMio cepaeydHmka (KoTopele, Kak
npasuno, 6anaHcypyioT TOMNbKO NO ABYM NIOCKOCTSIM), AOMyCcKaeTcs yarnoBasi cGopka ¢ AMHaMU4eckoi GanaHcMpoBKoii Mo
ZBYM NIIOCKOCTSIM NOCIe YCTaHOBKM KaXoro yana.

6.4 SkcnnyaTauMoHHasi YacToTa BpalleHust poTopa

Ecnu B gnanasoH akcnnyaTtauMoHHbIX YacToT BpaleHUs poTtopa BXoAMT Unu 6nmska K HEeMY Kputndeckaa 4actoTta, TO
BblLLEN3NoXXeHHble MeTodbl crneayeTt NPpUMeHATb C OonbLuon OCTOPOXXHOCTbHO.

6.5 HayanbHbI aucbanaHc

Ecnu nsBecTHo pacnonoxeHwe HavanbHoro aucbanaHca BAonb poTopa (nogknaccel 2a-2e), TO ero AonycTUMBIiA
HayanbHbI AMcbanaHc OrpaHUYeH TONbKO BO3MOXHBIMU 3HAYEHVUSIMU KOPPEKTUPYIOLLMX MacC B MIIOCKOCTAX KOPPEKLUN.
MeTopbl 6anaHCMpOBKM TakMX POTOPOB Ha HU3KMX YacToTax BpallleHusl cornacHo 6.6.1-6.6.5.

Ecnu pacnpepenenne HavanbHoro ancbanaHca BAOSMb poTopa HeussecTHO (nogknacchl 2f-2h), To B obwem cny4vae
Henb3s 3apaHee Yykas3aTb MeTOAMKY 6GanaHcuMpoBkM. 3HaveHve HadvanbHoro JucbanaHca MOXHO OrpaHuynTb
npegBaputensHo 6anaHCUpOBKOM OTAENbHbIX 3MeMeHTOB. [onycTMMbIA HadvanbHbld  gucbanaHc orpaHvdMBaeTcs
JOMYyCTUMOWM Harpyskon Ha NOALUMMHMKK, a TakkKe XapaKTepUCTUKaMKU BCEX 3NeMeHTOB poTopa. MeToabl 6anaHcMpoBKM
poTopoB nogknaccos 2f-2h cornacHo 6.6.6-6.6.7.

6.6 MeTtoabl 6anaHcMpoBKM COBpaHHBIX POTOPOB Knacca 2

6.6.1 Mopgknacc 2a: poTopbl, Metowmne ancbanaHc B 04HOM NIOCKOCTH

Ecnu n3BecTHO, 4TO HavanbHbIA AncbanaHc cocpefoToYeH B NMIOCKOCTW, COBNaAatoLLen ¢ NIOCKOCTLI0 KOppeKuum, To
poTop MOXeT ObITb 0TGanaHcupoBaH Ha NoboN YacToTe BpalleHusi. B aTom cnyyae GanaHcuMpoBka Ha HU3KMX YacToTax
BpaLLeHns cTornb e 3cheKTUBHA, kKak Ha paboyelt YacToTe BpaLleHUS.

6.6.2 Mogknacc 2b: poTopbl, nMetowmne ancbanaHc B ABYX MIOCKOCTAX

Ecnv u3BecTHO, 4YTO HavanbHbIi AncbanaHc COCPedoTOYEeH B [ABYX MJIOCKOCTAX, COBMAfaKWMX C MIIOCKOCTAMM
KOppeKumu, poTop MoXeT BbiTb 0TOanaHCMpoBaH Ha ntbon YacToTe BpalleHus. B aTom cnyyae 6anaHcMpoBKa Ha HU3KKX

YacToTax BpalleHusi CToMb xe 3heKTUBHA, kak Ha paboyeit YacToTe BpalleHus.

6.6.3 Mogknacc 2c: poTopbl, UMetoLwme ancbanaHc B 6onee Yem ABYX MIIOCKOCTAX



Ecnu potop cocTouT U3 Gonee Yem OBYX SIIEMEHTOB, pa3HECEHHbIX BAOJSIb OCM POTOpa, TO, Kak NpaBumo, Takon poTop
nMeeT Gonee ABYX MIOCKOCTEN Koppekumu. HuskoyacToTHas GanaHCMpoBKa OKaXEeTCs JOCTATOYHOW, ecrnu cobnopatoT
TpeboBaHUsa k cGopke poTopa U Mepbl NPEAOCTOPOXKHOCTH, YKasaHHble B 6.3.

CnepnyeT oTMETWUTb, YTO Npu cbopke poTopa MOryT BO3HUKaTb AedopMauun Bana. OHWM MOryT yBEnuuuBaTbCsl Mpw
paboTe C BbICOKOW YacTOTOM BpaLLEeHWs.

B oTAenbHbIX criyyasx npyv HanmuyMu 3HauuTenbHoro aucGanaHca ofHOro M3 3M1eMEHTOB LieflecoobpasHo BbIMOSTHUTL
ero 6anaHcUpoBKyY A0 YCTaHOBKM, a 3aTeM NPoBeCTU GanaHCMpPOoBKy poTopa.

6.6.4 Mopgknacc 2d: poTopbl, UMeLWNe paBHOMEPHO UMW NMMHENHO pacnpeeneHHbl gucbanaHc

Ecnu gucbanaHc paBHOMEpPHO pacnpefeneH no AnvHe potopa (Hanpumep, Tpy6a), To Npu COOTBETCTBYIOLWEM BbiGOpe
[BYX MIOCKOCTe KOPPEKLMM HU3KOYACTOTHOM BanaHCUpOBKON MOXHO JOGUTLCS YAOBNETBOPUTENBHOM paboTel poTopa BO
BCEM [inanasoHe YacToT BpaLleHus!.

[ns onpepeneHus NonoxeHust NIOCKOCTeN koppekumun, obecrnednBatolmx Hanbonee addekTMBHYIO GanaHCUMPOBKY,
cnepyeT MPOBECTU WCMbITAHUS HECKONbKMX OAHOTUMHBIX POTOPOB, MMEMLLMX aHarorMyHoe OCEBOE pacrnpepernexHve
aucbanaHca.

MonoxeHne NNockocTn KOoppekunn onpenendalT pacCTtodaHMeM A0 NoALINNHUKOB. OntumanbHoe paccTtoaHue - 22% oT1
paccToaHua mexay nogwmnMnHukamMmm ana poTtopoB Co crnenyrwmnMmn XxapaktepucTtmkamm:

- MEXOMOPHbIA POTOP;

- poTop 6€e3 KOHCOIbHbIX YacTel C PaBHOMEPHO pacnpeaeneHHbIM aucbanaHcoMm;

- POTOP C NOCTOSAHHOM M3rMGHOW KECTKOCTbIO MO ONUHE;

- POTOP C CUMMETPUYHBIM PACMOSNOXEHUEM MITOCKOCTEN KOPPEKLM OTHOCUTENBHO CepeamHbl;
- poTop, paboyas YacToTa BpalleHVsi KOTOPOro 3HAYUTENBHO HIKE KPUTUYECKON YacToThl.

Ecnu 6anaHcnpoBKa C MOMOLLBIO ABYX MITOCKOCTEW KOPPEKUUW He OaeT YAOBMEeTBOPUTENbHbIX Pe3ynbTaToB, pOTOp
MOXeT GanaHcupoBaTh Ha HU3KMX YacToTax BpalLeHUsi C NCMONb30BaHMEM TPEX MIOCKOCTEN KOPPEKUMU B COOTBETCTBUM C
npunoxeHuem B.

an 3TOM HeoGxoouMmMo paccunTbiBaTb OO0 HadanbHOro aucbanaHca pOoTOpa, KOTOprﬁ OormkeH ObITb yCTpaHeH B
ueHTpaanoﬁ NNOCKOCTU KOppeKunn.

6.6.5 Mopgknacc 2e: poTopbl C XXECTKUM CEPAEYHMKOM

Tak kak gncbanaHcoM rmbKux LWeek MOXHO npeHereqb, POTOpP C XEeCTKMM cepaevYHNKOM MOXeT ObITb OTGaJ'IaHCVIpOBaH
Ha HU3KMX YacToTax BpaLleHUs C NOMOLLbLIO MIIOCKOCTEN KOPPEKLMU, PACMONOXEHHbIX HA XXECTKOM CepaeyHUKe.

6.6.6 Mogknacc 2f: cMMMeTpUYHbIE POTOPLI C OrPaHNYEHHBIM HaYanbHbIM AucGanaHcom

Ecnu kaxgbli anemeHT poTtopa 6GanaHcupytoT neped cbopkoir no 6.3.1, TO MOXHO OrpaHU4MTLCS HU3KOYACTOTHOW
6anaHCMpPOBKOW, €CnK HavanbHbI AucbanaHc cobpaHHOro poTopa HaxoAuTCcs B AONYCTUMbIX mpedenax. NMockonbky
oceBoe pacnpefeneHne gucbanaHca nocne cbopkn potopa HEM3BECTHO, 8 MaKCMMarnbHas YacToTa BPalLEeHUs poTOpOB
3TOro MoAKnacca 3Ha4YnTerbHO OTNINYAETCA OT BTOPOW KPUTUMYECKOW 4acToTbl, CambiM HebnaronpusatHeiM ByaeT cnyyan,
korga yrnel AucbanaHcoB aremMeHToB coBnagatoT. B aTom crniyyae makcMmanbHOe 3HaveHue HadvanbHoro Aucbanadca,
KOTOPbIA MOXeT OblTb YCTpaHEH C MOMOLLbIO ABYX MIIOCKOCTEN KOpPeKUMIA, onpedensitoT onbiTHbIM nyTem. pun n3BecTHbIX
AaHHbIX 06 M3rMBHOM >XeCTKOCTW Bana, NogaTnnBOCTAX NMOALLMMHMKOB M T.4. MOSIE3HO NPOBECTU NpeaBapuTerbHbIA aHanms
BMUSIHWSA HaYyanbHbIX AucbanaHcoB Ha paboTy poTopa C UCNOMb30BaHNEM MaTeMaTU4eCKUX Modene.

6.6.7 Mopknaccel 2g u 2h: poTopbl C OrpaHUYEHHLIM HavarnbHbIM AUcOanaHCcoM

OnbIT NokasbIBaeT, YTO CUMMETPUYHbBIE POTOPbLI (MOAKNAacc 2g), oTBevarolwme TpeboBaHmam 6.6.6 1 nmerowme TpeTbio
(OOMONMHUTENBHYI0) LIEHTPArbHYH MIIOCKOCTb KOPPEKLUMU, MOTYyT ObiTb OTOanaHCMpOBaHbl HA HU3KMX YacTOTax BpalleHus
npu yCrnoBWM, YTO UX HayamnbHbIA gucGanaHc He NpeBbIaeT YOBOEHHbIM HavanbHbIi AncbanaHc, YyCTaHOBMEHHbIM B
COOTBETCTBUN C 6.6.6.

MpakTuka nokasbiBaeT, 4to oT 30 Ao 60% HavanbHOro AmcbanaHca crnedyeT YCTPaHsiTb B LiEHTPanbHOW NOCKOCTU
KoppeKuum.

[na acummeTpmyHbIX pOoTOpOB (Noaknacc 2h), He oTBevawLmx TpeboBaHuaM 6.6.6, npoBeas aHanM3 B COOTBETCTBUN C
6.6.6, MOXHO YCTaHOBWTb MaKCUMarsbHbIA [OOMNYCTUMbIA HavanbHbIA gucbanaHc, noaaaroLlMiAcs  YCTPaHEeHU0 B
NPOV3BOSIbHO 3aJaHHOM nnockocTn. OOHaKo 3HayYeHMe pacCYMTAHHOro Takum o06pasoM AOMYCTMMOrO HavarbHOro
auncbanaHca MOXeT 0Ka3aTbCs CIULIKOM MarnbiM, YToObl MeToa Obin NpUMeHWM Ha npakTuke. B aTom cnyyae Heobxoammo
BbIOpaTb Apyron MeTof, Hanpumep, nocregoBaTtenbHyto 6anaHcMpoBky (6.3.2).



7. BANAHCUPOBKA POTOPOB KINACCOB 3, 4, 5

7.1 MeTop 6anaHCUpOBKM POTOPOB Kracca 3
7.1.1 O6Lwme nonoxeHus

Cyl.l.l,eCTByPOT AoBa MeToaa 6aJ'IaHCMpOBKI/1 pOTOpPOB 3TOrO Knacca: 6anchmpOBKa no mogam n MetTopn KOS(*)(*)MLI,I/IGHTOB
BNusiHusA. B GonbluMHcTBE Ccny4daeB Ha NpakTuke MeTo 6aJ'IaHCVIpOBKVI npeacrtasnaeT coboit coyeTaHne o6oMx METOAOB U
npeo6nauaHMe TOro Unn MHOro "3 HMUX onpependaeTcAa KOHKPETHbIMU YCITOBUAMMW. OavH 13 TakMx MeTodoB 6aJ'IaHCVIpOBKVI
npmBeneH B 7.1.5, HO cnegyet UMeTb B BUAY, YTO B OTAENbHbIX Clydasx BO3MOXHbI €ro Moandukaumm.

7.1.2 Onopsbl poTopa

JuHamuueckme XxapakTepuUCTUKU MOALIMMHUKOBbLIX onop 6anaHcMpoBoYHOro obopydoBaHus criedyeT noabupats, Mo
BO3MOXHOCTH, Takum 06pa3oM, YTOGbl BOCMPOM3BOAUMUCH YCMOBUSI ONUpaHUsl poTopa B MalumHe. Bnarogaps atomy moael
BUGpauuM poTopa B akcrnyatauuu GyayT Bocnpou3BefeHbl M B 6anaHcMpOBOYHOM OGOPYAOBAHWM, YTO WUCKIOYaeT
HEeoBXoaMMOCTb ero 6anaHcUpoBKU Ha MecTe.

Ecnu poTop MMeeT KOHCOSb 3HAaUMTENbHOW MacChl WM Manol KEeCTKOCTW, a B MallMHe KOHCOMb OnMpaeTcsl Ha
COBCTBEHHYIO OMopy, To U Npy 6anaHCcMpoBKe AOMKHA GblTb NPeayCcMOTPeHa AONOSIHATENBHAs onopa.

7.1.3 NamepuTtenbHasa cuctema

Ons namepeHuna Bm6paumm poTopa, noAWWnHUKa Wnnm onopbl WKW Harpy3kMn Ha noAalwnnHUK yCcTaHaBnMBaAKT
COOTBETCTBYHOLLME OATYUKN. Cuctema ponxHa n3MepAaATb aMmnnnTyny rapmMoHWUKM CUrHana YacToTon BpalleHUd, a Takxe
a3y 3TOM rapMOHMKM OTHOCUTESTbHO MPOU3BOSILHO Bbl6paHHOI’O PUKCMPOBAHHOIO OCEBOro ceveHnst poTopa. B kayectse
anbTepHaTUBHOIO BapuaHTa MOryT MCNOSb30BaTbCA U3MEPEHUS KOCUHYCHOW U CUHYCHOW COCTaBMSOLWMX rapMOHUKMN.

AnnapaTypa, ucnonb3yemas Ans 6anaHCUpOBKY Ha MeCTe YCTaHOBKM MaLLUHbI, JOMMKHA COOTBETCTBOBATL CrEAYIOLLMM
TpeboBaHUsM:

- MOrpeLiHOCTb U3MepeHuss casura ¢asbl BMOPOCKOPOCTM WM BMOponepemeLleHnss Ha (UKCUPOBAHHOW 4YacToTe
BpaLLeHus He Gonee +1°;

- MOrPeLIHOCTb U3MEPEHUS YacTOThbl BpaLleHus poTopa - He bonee +11%, ANs poTOPOB CTaLMOHaPHbLIX NApOTYPOUHHBIX
arperatoB - no FOCT 26875;

- OCHOBHasi NpvBeAeHHasl NOrpeLHOCTb M3MEePEHNs aMMUTYAHbIX 3HA4YeHUI COCTaBnsALWMX BUbponepemelLeHms 1
BMOPOCKOPOCTM Ha YacToTe, PaBHOW YacToTe BpaLleHus, - He 6onee £15%.

OaTtunkn n yCTpOIZCTBa MX KpenneHuna He OOJDKHbl MMeTb pe3OoHaHCOoB npu nobolt yactoTe BpalleHna B pa6oqu
Aanana3oHe.

7.1.4 HuskoyacTtoTHast 6anaHcupoBka

OnbIT nokasbiBaeT, YTO Nepef BbICOKOYMACTOTHOW GanaHCMpPOBKOW LienecoobpasHo NPOBOAUTL HU3KOYACTOTHYHO
6anaHcupoBKYy 0COGEHHO TeX POTOPOB, paboTa KOTOPbIX MOXET NPOMCXOANTL Ha NEPBOIN KPUTUYECKON YacToTe BpaLLEeHUsI.
B oblem crnyyae Hu3kovacToTHasi GanaHcupoBka HeobGsi3aTerlbHa M MOXHO Cpasy MpUCTYNUTb K BbICOKOYACTOTHOM
GanaHcupoBke.

7.1.5 BbicokoyacToTHasi GanaHcvpoBka no mogam usrnba potopa

N3MepeHns BeKTOpoB BuGpauuu (UM cur) MpoBOAAT Ha 4YacToTe BpalleHUs. Bbicoko4acTOTHyl GanaHCUpOBKY
BbIMOJTHSIOT CrieayoWwmnM o6pasom.

7.1.5.1 TMpuBectn poTop BO BpalleHMe 4acToToi, GeszonacHow Ans paboTbl, HO GrM3KON K MEPBON KPUTUYECKOMN.
0O603HauNTb 3Ty YACTOTY NEepBO GanaHCMPOBOYHOMN.

N3Meputb BEKTOPbI BUGpaLMKU UNKU CUIT B YCTAHOBMBLLUEMCS peXumMe BpalleHust poTopa. MNepen o6paGoTkoM AaHHbIX
cregyeT yAOCTOBEPUTLCS B MX NMOBTOPSIEMOCTU, AJ1S Yero MOXeT NoTpeGoBaTbCsl HECKOJIBKO MYCKOB poTopa.

MpumeyaHue - [Ons poOTOPOB HEKOTOPbIX TWUMOB, HaNpUMep, POTOPOB TYpOUH, KOTOpble NMPETeprneBaroT WU3MEHEHUs
HaTSAroB AMCKOB Ha YacToTax BpalleHusi, BrM3KMX K KPUTUYECKUM, peKoMeHayeTcs npeasapuTenibHas GanaHcupoBka, aTo
NO3BOSIUT pas3orHaTh POTOP A0 JKCMSyaTaLMOHHOW YacToTbl BpaLleHUsl UMK Bbilwe, YTOGbl AMUCKN 3aHANM OKOHYaTerlbHoe
nonoxexue. TONbKO Nocre 3Toro creayeT NPOBOAMTL OKOHYaTENbHYH GanaHcUpoBKy.



7.1.5.2 YcTaHOBUTb Ha pPOTOP MPOGHLIE TPy3bl, ModoOpaHHble TakMM 06pa3oM, 4YTOObl Bbi3BaTb 3HAYUTENbHbIE
N3MeHeHUs1 BEKTOPOB VMCXOAHOW BUGpaLMM UMM CUIN Ha YacToTe NepBoi MoAbl.

Ecnu HM3Kko4acToTHYl0 GanaHCUMPOBKY POTOPOB He NMPOBOAWIU, TO HYXKHO YCTaHOBUTL OAMH NPOGHLIN rpy3. Ecnv poTtop
CUMMETPMYEH, TO Ipy3 criegyeT ycTaHaBnNMBaTb nocepeanHe potopa.

Ecnu Hu3kouacToTHas 6GanaHcvMpoBka npoBefdeHa, NpoGHble rpysbl nofobpaTb Tak, 4TOObl He Hapylumnach
ypaBHOBELLEHHOCTb Ha HU3KUX YacToTax BpaLleHus!.

7.1.5.3 MNMpuBecTn poTop BO BpalleHue no 7.1.5.1, nameputb BekTOpbl BUGpaummn (cun) n ydéeamtbcsi B NOBTOPAEMOCTH
OaHHbIX U3MEPEHWI.

7.1.5.4 Mo gaHHbIM 7.1.5.1 1 7.1.5.3 BbIUMCNUTL ANHAMUYECKUE KOIDDULMEHTLI BNUSIHUS HA NepBo 6anaHCcMpOBOYHOM
yactote. [llocne aToro crnegyetT paccuuTaTb KOPPEKTUpylolwMe Maccbl M WX YITIOBOE MOMOoXeHue. YCTaHoBUTb
KOPPEKTMPYIOLLME MaccChl, CHAB NPOGHbIE rPpy3bl.

Mopsimok onpepeneHns KO3MMUUMEHTOB BMMSHUSA U pacyeTa Ha MX OCHOBE KOPPEKTMPYIOLLUX rPy30B MpUBEAEH B
npunoxeHuun H.

Cnoco6 rpaduyeckoro onpeaeneHnst KOPPEKTUPYIOLLMX MAcC U UX YITTIOBOTO MOJSIOKEHWS yKasaH B npurioxeHun G.

Mocne BbINONHEHUS 3TOW OMepauuM BpalleHMe poTopa Ha YacToTax Bblle MNEepBOA KPUTUYECKOM He [OMKHO
COMpPOBOXAATbCA 3HAYUTENMbHBIM YBEnuyeHnem Bubpaummn (unu cunbl). Ecnu 910 He BbINOMHsieTCs, cnegyeT NOBTOPUTL
7.1.5.1-7.1.5.4 Ha YacToTe, BO3MOXHO 6onee 6Gnn3kol K NEPBO KPUTUYECKOM YacToTe BpaLLeHusl.

7.1.5.5 MNpuBecTn poTOp BO BpaLLEHNE YacToTon, Ge3onacHom Ana paboTbl MalUUHbLI, 6IM3KOM KO BTOPOW KPUTUYECKOW;
0603HaunTL ee BTOpOW GanaHCUMPOBOYHOW 4YacTOTOW. M3MepuTb BeKkTOpbl Bubpauun (Curbl) Ha 3TOM YacToTe B
YCTaHOBMBLLEMCS PEXNME BpaLLEHUS.

7.1.5.6 YcTaHOBUTb Ha pOTOP CUCTEMY MPOOHLIX TPy30B, pPasMecTMB WX BAOMb poTopa Tak, 4Tobbl Ha BTOpOWN
6anaHCMPOBOYHOM YacToTe Bbi3BaTb 3HAYMTENbHbIE U3MEHEHUS] BEKTOPOB BMOpaLmu (Curbl), HO UX BIUSIHAE Ha YPOBEHb
BMOpaLMKn Ha NepBo KPUTUYECKOM YacToTe Bbino Bbl HE3HAYMTENBHBIM.

7.1.5.7 TpmBecTn poTop BO BpallieHMe CO BTOPOW 6anaHCMpOBOYHON YacTOTOM U M3MEPUTb BEKTOPLI BUOpaumm (cun).

7.1.5.8 Mo gaHHbIM 7.1.5.5 1 7.1.5.7 BbluMCNTbL KO3DPULMEHTHI ANHAMUYECKOTO BINSIHUSA CUCTEMbI MPOOHLIX rPy30B
Ha BTOpOV 6GanaHCUPOBOYHOW YacToTe.

PaccuutaTe cucTeMy KOpPPEKTUPYIOLLMX MacC, KOTOpble He HapyllalT YypaBHOBELUEHHOCTb Ha HU3KUX 4YacToTax
BpalleHus, HO MO3BOJMAT WUCKMIOUUTL BNUsSHUS AucGanaHca Ha BTOpoW GanaHCUMpOBOYHOM 4acToTe. YCTaHoBUTb Ha
pOTOpe 3Ty CUCTEMY KOPPEKTUPYIOLLMX MaCC.

Mocne BLINOMHEHUSI 3TOW Onepauuy BpalleHWe poTopa Ha YacToTax BpaLleHUs He [OIMKHO COMpOBOXAAThbCSH
3HaAYMTENbHBLIM YyBeNuYeHneMm BuGpaumm (cunbl). Ecnn 310 He BbINOnHseTcs, cnegyet noBTopuTb 7.1.5.5-7.1.5.8 Ha
YyacTtoTe 6anaHcMpoBKKU, BO3MOXHO Bonee 6rn3koi Ko BTOPOIN KPUTUYECKOIA.

7.1.5.9 MpogonxaTb GanaHCUMPOBKY MO BbILEONUCAHHON METoAMKE Ha 4acToTax GanaHcupoBkW, BRU3KMX K ApYrvm
KPMTUYECKUM YacToTaMm, BNIoTh [0 MaKCMMarbHOWM 3KCMyaTalMoHHOM YacToThl. Kaxaas HoBasi cuctema npoGHbIX rpy30B
JomkHa nopbupatbca  TakuMm  06pa3oM, 4YTOObl OKasblBaTb 3HAUUTENbHOE BMWSIHWUE HA  COOTBETCTBYHOLLEN
6anaHCcUpOBOYHOW 4acToTe, HO He HapywaTtb [OCTUIHYTOW YpaBHOBELLUEHHOCTM Ha 6oree HWM3KMX YacToTax.
PacnpegeneHue npoGHbIX rPy30B MOXHO YCTaHOBWTb OMbITHLIM MYTEM MMM pacyeToM. [ns KaXaoro cryvasi BblMUCHSIOT
CUCTEMY KOPPEKTUPYIOLLMX Macc, UCXOAsi U3 COOTBETCTBYHLIEro ko3adduuMeHTa AMHAMUYECKOTO BIIMSIHUSI CUCTEMBI
MPOOHbIX rpy3oB. CucCTEMa KOPPEKTUPYIOLUMX Macc AOIKHa OkasbliBaTb MWHUManbHOE BIUSIHUE Ha YacToTax, rae
GanaHcupoBka yxe npoBefeHa, Ho obecneunBaTb ycTpaHeHue aucbanaHca Ha YacTtoTe 6anaHcUpOBKY.

7.1.5.10 Ecnn, TeM He MeHee, Ha 3ToW cTagum GanaHCUpoBKU OyOeT COXpaHATbCS 3HaAYMTemnbHas BMOpauuMs (Mnu
6onbLuve 3HauYeHus cun) B gnanasoHe pabounx 4acToT BpalleHusi, crnegyeT noBTopuTb 7.1.5.9 Ha yacToTe 6GanaHCMpPOBKY,
6nm3Kon K MakcumarnsHo gonyctumon. B gaHHoM crnydae 6anaHcmMpoBka Ha YacToTax, 6rM3Kknx K KpUTUYECKMM YacToTam,
ocTanbHbIX (6onee BbICOKMX) MOA ANSA BbISBEHNS UX BO3AENCTBUS HA POTOP MOXET OKa3aTbCsl HEBO3MOXHOM.

MpumedaHus

1 HeKOTOpre TUNbl POTOPOB OO OKOHYaHUA 6aﬂaHCMpOBKM MOXHO Ge3onacHo nyCckaTb Ha BCEeX WU Xe TOJNbKO Ha
HEKOTOPbIX KPUTUYECKMX HaCTOTax BpaLleHnA. B Takom cny4yae 4ucno Tpe6yeMblx NyCKOB MOXeT ObITb YMEHbLLUEHO.

2 CnepyeT OTMETUTb, YTO BbILIEOMNMCAHHAs MeToAMKa npednonaraeT Hanuume NMHENHOW CBSI3W MeXZy BeKTopamu
aucbanaHca u BuGpauun (cuibl). B oTAenbHBIX criyyasix 3TO YCIOBME MOXET He BbIMONHATLCA, Hanpumep, Korga
HayanbHbIi aucbOanaHc o4yeHb BENWK, a POTOP OMMpaeTCcs Ha MOALMMHUKM CKOMbXeHus. B cBsfsn ¢ atum moryT
noTpeGoBaTbCA MOBTOPHbIE OnpeaesieHnsl KO3(ULMEHTOB BIUSIHUA, Koraa BMOpauust UMM CUMbl YMEHbLUATCs Mnocre
npeaBapuTenbHON GanaHCUPOBKK.

3 Ha npaktuke onucaHHylo MeTOAMKY UNM ee BapuaHTbl MOXHO YCOBEPLUEHCTBOBATb MPUMEHEHWEM KOMMbIOTEPHbIX
nporpamm, aBTOMaTU3UpOBaHHO GanaHCUPOBKU.



7.2 MeTop 6anaHCUpOBKM pOTOPOB Kracca 4

POTOpr OaHHOro Knacca mMoryT ObITb OTHECeHbl K knaccam 1, 2 unm 3, Ho umetoT oamH unn 6onee rMOKMX aNEMEHTOB
WUNN 3NEMEHTOB C MMOKOIM CBSA3bIO. HeypaBHOBeLIJeHHOCTb poTopa MOXeT U3MEHATbCA B 3aBUCMMOCTU OT U3IMEHEHUA
YacTOTbl BpaLleHnA.

PoTopbl 3TOro knacca KrnaccuuumupyoTcs No AByM KaTeropusim:

- POTOpPbI, ancbanaHc KOTOPbIX UBMEHAETCA HEMNpPepbiIBHO C UAMEHEHNEM HaCTOTbl BpalleHua, HanpmuMmep, BEHTUNATOPbI
C pe3nHOBbIMU NONacTAMU;

NOCTOAHHbIM,

- poTopbl, AMcGanaHc KOTOPbLIX M3MEHSIeTCH 40 HEKOTOPOM YacToThl BpaLLeHHsl, a 3aTeM Npu ee NpeBbILLEeHUM OCTaeTCs!
Hanpumep, pPOTOPSI
BbIKINOYaTenem.

OAHOPOAHbIX ACUHXPOHHbIX aneKTpo,qsmraTenelh Cc Ll,eHTpO6e)KHbIM NyCKOBbIM

PoTopbl nepBoit kaTeropun 6anaHcMpyOT Ha TOM YacToTe BpalleHusl, Asi KOTOPOW HOPMUPYHOT YPOBEHb BUGpaLIMK.
aucbanaHca.

PoTopbl BTOpOW KaTeropuu GanaHCUpylT Ha 6o YacToTe Bbile TOW, MPY KOTOPOW NpekpallalTcs W3MEHEHUs

ﬂpmmeanme - BnusiHne rmbkmx anemMeHToB MOXHO CBECTU OO0 MUHUMYMa Npu NpoeKkTupoBaHUM poTopa 1 nNpaBUNbHO

paccunTtaB UX pas3MelleHne Ha poTope, HO HeobxoaMMo UMeTb BBMAY, YTO ONA POTOPOB AaHHOro Kracca BO3MOXHO
OOCTUXXEeHVEe YpaBHOBELLIEHHOCTM TOMBbKO Ha OAHOW 4YacToTe U B OrPaHU4YeHHOM AnanasoHe YacToT.

7.3 MeToapbl 6anaHCMpOBKM POTOPOB Knacca 5

[ns HEKOTOPbLIX BUMAOB MMGKUX POTOPOB, KOTOPbIE NPY AOCTUXEHUM SKCMIyaTaLMOHHON YacToThl BpaLLeHUs NpoxXoasT
OfZIHY UM HECKOMBbKO KPUTUYECKMX YACTOT, MOXHO OrpaHUYMTLCS GanaHCUpOBKOW TOMbKO Ha OZHOM YacToTe, kak NpaBuIo,
paboyeit. OBbIYHO POTOPbI ATOTO Kracca yAOBMNETBOPSIIOT, N0 KpaHen Mepe, OAHOMY U3 criefyoLmx TpeGoBaHuii:

- pasroH poTopa 10 MaKCMMasibHOV CKOPOCTYU (TakKe U TOPMOXKEHME) MPOUCXOAUT HACTOSIbKO GbICTPO, YTO BMOpauumst Ha
KPUTUYECKUX YacTOTax He ycrneBaeT NpeBbICUTb AOMYCTUMbINA YPOBEHD;
AONyCTUMBbIX Npeaenax;

- AeMncupoBaHne CUCTEMbl AOCTAaTOMHO AnS TOro, YTOObI BVI6paLl,VIF| Ha KPUTUYECKUX YacToTax Haxoaunacb B

- noALWNNHNKOBbIE ONopbl HE AaT BO3MOXHOCTU BO3HUKHYTb HexxenaTtenbHon BMGpaLI,MM;

- [OMYCTUM BbICOKUA YPOBEHb BVI6an,VIVI Ha KPpUTN4ECKMX YactoTax;
- poTop pa60TaeT Ha paGoqeﬁl YacToTe AOnnuTenibHOe BpeMA, TaK YTO yCnoBusA I'IyCKa/OCTaHOBa, Henpuemnemblie npu
YacCTbIX NyCKax, MOXXHO CYMUTaTb AONYCTUMbIMW O5A 3TOro Cry4as.

Ecnn onopbl orpaHn4ymeatoT Bm6paumo, 0COBEHHO BaXHO, YTOObl >KECTKOCTb onop 6anchmposquoro CTaHKa
COOTBETCTBOBaAlNa XXeCTKOCT Onop MalUUHbI. 9710 oGecneunBaeT BOcCnpouseegeHmne Ha 6aﬂaHCMpOBO‘-IHOM CTaHKe TeX Xe
Mo poTopa, KOTOpble OH MMeeT B MallUnHE.

Vcxoas 3 npeanonoXeHns, YTo OAHOTUMHbLIE POTOPbLI MMEIOT CXOXee pacnpeneneHve ancbanaHcoB, MOXHO Bbl6paTb
OnTMManbHOE MOSOXEHNE MNTOCKOCTEN KoppeKkuuKn. Npu 9TOM MOXeT okasaTbCA AOCTAaTOMHO UMEeTb ABe nfockocTu. Kak

cnencTeue, yxe npu 6aJ'IaHCVIpOBKe Mo HM3LWKMM MOAaM, MOXHO A0BUTLCA MMHMMANbHOrO OCTaTOYHOro AncbanaHca, YTo
no3BoJSINT CBECTU 00 MUHUMYMaA BMGpaLI,I/I}O Ha KPUTUHECKUX HacToTax

8. OLUEHKA KAYECTBA BAJTAHCUPOBKU

B 3aBncuMMOCTM OT Knacca U HasHadeHusi pOoTOpa OKOH4YaTellbHOE Ka4eCTBO 6aﬂaHCMpOBKM MOXeT oueHMBaTbcs nNnbo
no 3Ha4YeHuAM Bm6paumm B YCTaAHOBJIIEHHbIX TOYKaX U3MepeHUs, nnéo no OCTaTO4YHOMY p,MC6anchy B onpeaeneHHbIX
MNOCKOCTAX KOPPEKLUMNN.

ONMUCaHHbIMU HNXe.

MpumeyaHwne - MNpu MenkocepnnHOM NPOM3BOACTBE MOXHO NMPUMEHATb YNPOLLEHHbIE METOAbI OLIEHKM MO CPaBHEHMIO C
8.1

PoTopbl,

OUEeHKYy KayecTBa 6aﬂaHCVIpOBKVI KOTOPbIX MNpPOBOOAT MO U3MEepeHUAaAM Bm6paumm C MNOMOLWbHO
BbICOKOCKOPOCTHOIo 6anchmpOBquoro O60pyp,OBaHVI$|

8.1.1 TpeboBaHus K UCMbITaTENBLHOMY 000PYA0OBAHUIO

B cnydyae, korga COOCTBEHHbIE  MOAbI

poTopa B 3HAYMTENbHOW CTeneHu OonpeaenstTcs AMHaMUYECKUMU



XapakTepucTMkamu onop, Heobxoammo, YTobbl onopbl 060pyAOBaHUS Y MALUWHBI UMENU aHANOTMMYHbIE XapaKTEPUCTUKU.
Hanpumep, nepeasi Kputuyeckas Yactota poTopa B onopax 6anaHCYpOBOYHOrO YCTPOWCTBA HE OOMKHa 3HAYUTESIbHO
npeBbllaTbh 3Ty YacToTy AN pOTopa, YCTaHOBMAEHHOro B MaluHe. OTO NO3BOMSIET WCCneaoBaTb BCEe MOAbl Ha
6anaHcMpoBOYHOM 060pPYyAOBaAHNN.

Ecnn koHconmb poTopa B MallvHe MMeeT oropy, TO W MpU UCMbITaHWSIX ANs Hee AomkHa GbiTb npedycmoTpeHa
aHanorvyHas onopa.

Ecnu koHconb poTopa B MallnHe He MMeET Onopbl, TO U NPU UCMbITaHMAX ONOPY HE NPUMEHSIIOT.

Ha kopnyc noAwunHvWka B OZHOM MIIOCKOCTU YCTaHaBMMBAlOT [Ba AaTyMka MepneHauKynsipHo Apyr K Apyry. 3T1o
NO3BOJISIET PEMUCTPUPOBATL BEPTUKANBHYHO U FOPU3OHTASIbHYIO KOMMOHEHTHI BUGpaLmu.

Kpome Toro, ons uamepeHuin Bubpauum potopa MOXHO NPUMEHSITb B KaYeCTBE anbTePHATMBHbBIX UMW AOMNOMHUTENbHbIX
[aTyvKkn OTHOCUTENBHON U abcontoTHoM BMOpaummn Bana. Mx Takke ycTaHaBnuBalT B OOHOM Mrockocty nog yrnom 90°
apyr k apyry. Miamepenusi Bubpaumm potopa AOMOMHUTENBHO K M3MepeHMsIM BUOpauum Ha Koprycax NOALUMMHUKOB
Hanbonee uenecoobpasHbl ANst pOTOPOB kracca 3, 0cobeHHO Ans TOYHOro onpeaeneHns Mo poTopa.

Bo Bcex crydasx pe3oHaHCbl KpenexXHblX YCTPOMCTB AaT4YMKOB BO BCEM [Mana3oHe 4acToT UCNbITaHUA OOSTKHbI ObITb
NCKITHOYEHbI.

CurHanbl 0aT4YMKOB OOJSDKHbI nocTtynaTtb Ha yCTpOVICTBO, crnoco6Hoe BbIOENATb M3 nOJ'IMFapMOHMLIeCKOIZ Bm6pau|/||/|
rapMOHUKY YactoTon BpalleHud, Takke W Korga 4actoTa BpalleHUda M3MEHAETCA B peXxunme BblGera poTopa. anBO,EI,
poTOopa He O0JKEeH BITIUATL Ha ero BMGpaLI,I/I}O N HavanbHbI aucbanaHc.

MpumeyaHue - YToObl yOCTOBEPUTLCA B TOM, YTO MPMBOA HE BIUSIET Ha HavyanbHbIA aucbanaHc, creayeT NpoBEPHYThb
coeauHUTENbHY0 MydTy Ha 180° OTHOCUTENBHO POTOPa U U3MEPUTb BEKTOPbI BUOpALMM HA HU3KOW YacToTe BpalleHus,
Koraa He NpOSIBNSIETCH AMHaMUYECKUi n3rmé potopa. [ns yCTpaHeHUsl MOrpeLHoOCTU NPOM3BECTU BEKTOPHOE BblYMTaHUE
Ha YacToTe BpaLleHus.

8.1.2 MeToauka oueHKu

PoTop nmpuBecTM BO BpalleHWe, pasroHsisl ero C YCKOPEHUEM, MpU KOTOPOM He TMPOUCXOOWUT CrMaXuWBaHUE MUKOB
BUGpauumn. Bce SpKo BbipaXkeHHble MUKM BUGpaUMKU crieqyeT UsmMepsTb B Avana3oHe 4acToT BpaleHus oT 70% nepBoW
KPUTUYECKOM YacTOTbl O MaKCMMaribHOW YacTOTbl BpaLLeHUs Py 3KCrnyaTaumm.

MpoAoMKMTENBHOCTL BpaLLEHUsi poTopa Ha MakcuMmarbHoW paboyelt yacToTe AOMKHA ObiTb AOCTATOYHOW, YTOGHI
YCTpaHUTL 3pPeKTl NEePeEXoaHOro pexuma. B ycTaHoBMBLUEMCS pexume crefyeT usamMeputb BuOGpauMio Ha 4vactoTe
BpaLLleHus poTopa.

Ecnun ato oroesapuBaeTcAa B TEXHUYECKUX YCITOBUAX, Heobxoanmo pas3orHatb poTtop A0 yCTaHOBﬂeHHOﬁ NOBbILLEHHOMN
YacCTOTbl BpalleHuA.

lMocne BpaleHusa potopa B TeYeHMe OrOBOPEHHOMO BPEMEHM Ha NOBbLILEHHOW YacToTe OHa JOSKHa ObITb CHWXEHa 40
MakcumMmasnbHom paGoqul, a n3MepeHud BVI6an,VIVI Ha 4acToTe BpalleHus npoBedeHbl BHOBb. ECnu MMeroT mecto mnm
npegnonarakTca 3Ha4YnTENbHbIE N3MEHEeHNA ancbanaHca nocrie UcnbiTaHU Ha NOBbLILLEHHOM YacToTe, TO OKOHYaTelbHYHO
6anchmpOBKy N OLUEHKY Bm6pau|/||/| cnegyet NnpoBOAUTb NOCHe Takux ncnbITaHUN.

[ns 3aToro poTop NPUTOPMAaXMBAKOT U MPOBOASAT M3MEpPEHUs BMOpauMM Ha 4YacToTe BpalleHWst B [uanas3oHe oT
MakcumaneHou pabodven yactoTel 00 70% nNepBOM KPUTMYECKOW 4acToTbl C MHTEpBarom, He npesbiwawwmm 5%
MakcumanbHol paboyert yacTtoTbl. [1py 3TOM yCKOpeHMEe Npy TOPMOXEHUW Takke AOIMKHO ObiTb AOCTAaTOYHO MEASIEHHbIM,
YTOGbI M3bexaTb CrnaXXuBaHWs MMKOB BUOpaumm.

MpumMeyaHue - 3HayeHWe MOBLILLEHHOW YacTOThl BPALLEHWUs! 3aBUCUT OT TpeGoBaHWI K KOHKpeTHOMY poTopy. Ecnu
Takux TpeGoBaHUN He CyLLECTBYeT, WUCMbITaHUs Ha MOBLILEHHON 4YacToTe NPOBOAAT MO [OFOBOPEHHOCTU Mexay
U3roTOBUTENEM U NOTpPebuTenem.

8.2 PoTopbl, Ka4ecTBO GanaHCHMPOBKN KOTOPLIX ONpeaenstoT NocpeacTBOM U3MEPEHUl BUOPaLUM Ha UCMbITAaTENBHOM
cTeHae

[Ons poTopoB, OKOHYaTeNbHOE KayecTBO GaHaHCVIpOBKVI KOTOpPbIX oOuUueHMBaeTCA Ha WucnblTaTtesibHOM CTeHae,
HeobxoaMMoO MCnonb3oBaThb annapartypy u mMmetoabl ucnblTaHnn, onucaHHele B 8.1. OgHako B HEKOTOpbIX Ccly4aax
BO3HMKaeT He06X0aUMOCTb NpUMeHeHna Opyrnx MeToaoB, Hanpumep:

- poTOp C NpVBOAOM NpPEeACTaBnsieT cobov eauHbIN arperar;

- poTop, ANA KOTOPOro BO3MOXHO MOfyYeHWe AaHHbIX TOMbKO Ha OOHOW 4acToTe BpalleHus, Harnpumep, poTop
ACUHXPOHHOIO 3reKTpoaBuraTend;

- YCTaHOBKa AaT4YMKOB Ha MOALUMMHMKM HEBO3MOXHA - B 3TOM CIy4Yae U3roTOBUTENb U NOTPEOUTENb OroBapyBatT TOUKM
“3MepeHusi BUbpauuu;

- 3HayeHue pgucbanaHca poTopa MOXeT 3aBUCEeTb OT Harpyskm - B 3TOM cChy4dae U3rotoButesnb U nOTpe6MTeﬂb



oroeapuBaroT Anana3oH Harpys3ok, Npu KOTOPbIX OLUEeHUBAOT ypaBHOBELWEHHOCTb pOoTOopa.

8.3 PoOTOpbl, OLEHKY OCTAaTOYHOrO AucbanaHca KOTOpbIX MPOBOAAT MyTEM W3MepeHuid Bubpauum Ha MecTe
aKcnnyaTaumm

8.3.1 MaluuHbI, Ka4yecTBO 6aﬂaHCMpOBKM POTOPOB KOTOPbIX OLEeHUBAIOT nocne OKOH4YaTenbHOM YCTaHOBKM Ha pa6oqu
MecTe, nogBepXeHbl BINNAHUI0 MHOTNX (*)aKTOpOB, BbI3bIBaOLLINX BMGpaLM}O. HeKOTOpre (*)aKTOpr ,El,eVICTBy}OT Ha 4YacTtoTe
BpawieHuna u, cnepnosatesibHO, UX BIIMAHWE MOXHO owmnboYHo NPUHATL 3a BMGpaLlVI}O, BbI3BaHHYIO ancbanaHcom. 910
0Cob€eHHO XapakTepHo AnA MallnH ¢ AByMA Unu bonee rmbkummn poTopamMun, coeanHeHHbIMU Mexay cobor.

HekoTopble 13 akTopoB, onpefenswlne noaBAeHue Takon BVI6an,VIVI, a TakKkKe Mepbl NpegoCTOPOXHOCTU OT
OLWMNBOYHBIX 3aKMOYeHUN yKasaHbl B MpUnoxxeHuu A.

8.3.2 Ecnu kakue-nubo cTaTopHble 3nemMeHTbl MalluuHbl UNu ee dyHOaMEeHT MMeloT pe3oHaHC Ha pabodeii YacToTe,
BO3MOXHbI BbICOKME YPOBHU BUOpaLMKU, HECMOTPS Ha TO, YTO AucHanaHc poTtopa HaxoguTcsl B AONYCTMMbIX Npefenax. B
NofoGHbIX Cryyasx MOXeT NnoTpeGoBaThCsl O4YeHb TouHasi GanaHCUpOBKa, HO CHWDKeHUe BUBpauvuM JOCTMXKUMO TOIbKO,
€Cn MallvHa ManodyBCTBMTENbHA K AucGanaHcy. Ecnu npu akcnnyaTauuy gucbanaHc poTopa MOXET YBENMUYMTHLCS,
criefyeT pacCMOTPETb BO3MOXHOCTb YCTPAHEHUSI PE30HAHCOB KOHCTPYKLIMM UMW MOBbILIEHUS AEMM(UPOBAHNS CUCTEMBI, a
TakxKe NPUHSATUS Apyrvx Mep, obecrneyrBaroLLmMX YA0BNETBOPUTENBHYO paGoTy poTopa.

8.3.3 Bo MHorux YCTaHOBKax, Hanpumep, Tex, rae nanda npumeoda MUCNONb3yHT aCMHXpOHHbIﬁ aneKkTpoasuraternb,
HEBO3MOXHO YynpaBliATb YCKOpeHWMeM pas3roHa poTopa, a yCTaHOoBMBLLEEeCA COCTOAHME MOXKHO Habntogatb TOMbLKO MO
AOCTUXEHNN pa6oqel7| HYacToThbl BpalleHus. B atom cny4vyae U3rotoBuTesnb U nOTpe6VITeﬂb cornacoBblBalOT Aunana3oH
HYacToT BpaLleHna poTopa, B npeaenax KoToporo npoBogAT KOHTPOSIb KavyecTBa 6aJ'IaHCIApOBKI/1 poTopa.

Kak npaBuIio, KOHTposib KayecTBa GanaHCUpOBKM POTopa MPOBOAAT HA XONOCTOM Xoay. ANt KOHTPOMS Nof Harpy3Kkom
M3roTOBUTENb U NOTPEGUTEND OrOBapuBalOT €€ 3HaYEHNS.

Mpumevanne - [Onsa HekoTopbix BMAOB 0OOPYAOBaHWUSA MOXHO WCMOMb30BaTb MOSIOXKEHUSI COOTBETCTBYHOLMNX
CTaH4apToB, B YACTHOCTU, ANs poTopoB TypboarperaTos - FTOCT 27870.

8.4. PoTopbl, OLEHKY KayecTBa GanaHCUPOBKM KOTOPbIX OMPEAENnsoT Ha HU3KOYaCTOTHOWM GanaHCUPOBOYHOM YCTaHOBKE
Mo 3HAYEHUIO OCTATOYHOTO AncbanaHca B 3aaHHbIX NITOCKOCTSX KOPPEKLUU

Kak npaBuno, oueHKy KayecTsa 6aJ'IaHCVIpOBKVI POTOPOB Knacca 2 NPOBOAAT Ha HU3KOYACTOTHbIX GaHaHCVIpOBOLIHbIX
yCTaHOBKax, HO B OonbLUMHCTBE cnyyaeB npegycMaTtpuBaroT nocnenyrwuine ncnbitaHna Ha BbICOKMX YaCTOTax Ha MecTe
UNKU Ha UcnblTaTenbHOM cTeHade. B ocobbix clny4yadax no gOoroBOpPeHHOCTN Mexay U3rotosutenem u FIOTpe6VITeﬂeM MOXXHO
NCKNIOYNTL OLEHKY Bm6pau.vm Ha BbICOKMX 4acToTax. OTo ocobeHHOo XapakTepHO O5d pOTOpOB Kiacca 2, korga wux
npmo6peTar0T B KA4eCTBe 3anacHbIX YacTel U oLeHka Ha MecTe MOXeT OblTb OTNOXKEHA Ha 3HAYMTENbHOE Bpemsa.

Ons npuBeaeHnst oLeHKU PoTop JOJHKEH ObiTb COBGpaH, T.e. BCe €ro arfieMeHTbl (CoOeauHUTENbHbIe MyThl, 3yGyaTble
koneca u T.4.) AOJIKHbI GbITb CMOHTUPOBAHBI.

[o Toro, kak NpUCTynuTb K oLeHke AucGanaHca poTopa, ero crieayeTt BO M3GexaHue nocrneayoLero nosiBNEHNs Kakux-
nu6o aecopmauuii BpallaTb HEKOTOPOE BPEMSI Ha COOTBETCTBYHOLLEI YacToTe.

[Mocne HanonHeHus gaHHOro ycnoBsua poTop NpnuBogAT BO BpalleHWe Ha YacTtoTe 6aﬂaHCVIpOBKI/I N U3MePAIT 3Ha4YeHnA
nyrmbl aucbanaHcoB B KaXxgol 13 nnockocten namepeHums.

[ns poTopoB nogknaccos 2f 1 2g cnefyeT onpeaenuTb Takke HavanbHbIn gucbanaHxc.

Y poTopoB, KOTOpble MoABEpralT MO3fIEMEHTHON GaHaHCVIpOBKe nm CO6paHbI n3 C6aJ'IaHCVIpOBaHHbIX 3JIEMEHTOB,
cnepyeT, KpoMe Toro, onpeaensdartb aucbanaHc nocne kaxaow ctagmu 060pKVI.

8.5 POTOpr, Ka4yecTBO 6aﬂaHCVIpOBKVI KOTOpPbIX onpeaendarT Ha BbICOKMX YacTOoTaxX BpalleHunAa nyTemM OLEeHKU
ocTaTovyHoro ancbanaHca B 3aaHHbIX NITOCKOCTSX Koppekunmn

MonoxeHne NMOCKOCTEN KoppekuMn U GanaHCUpPOBOYHbIE YacTOTbl HEOBXOAUMO YKasbiBaTb ANs GanaHCUMpPOBKM MO
Kakgo M3 mop potopa. Ecnu oueHky npoBoasT Ha 6GanaHCUPOBOYHOM YCTPOWCTBE, CHAGXeHHOM COBCTBEHHOM
KOHTPOIbHO-M3MEPUTENBHON annapaTtypoii, ee criegyeT UCMoSb3oBaTb B TeYeHUe BCei NpoLeayphbl.

Ecnn POTOP UCNbITbIBAOT HA MOBbILWWEHHbIX YaCcTOTax BpalleHuda, naMmeputTenbHaa annapaTtypa U yCtaHOBKa poTopa Ha
ncnblTaTesribHOM o6opy,u,0|3ava| OOIMKHbI coOTBETCTBOBATL 8.1.

Ecnun BbINONHEHbI BCe 3TW YCMNOBWS, POTOP BpallaltT nocnegoBaTeflbHO Ha Kaxaow GaHaHCVIpOBOLIHOVI 4YyacTtoTe u
PerncTpmnpyroT 3Ha4eHua 1 yrnbl auncbanaHcos, npuBeAeHHbIE K KaXKO0W U3 NIOCKOCTEN KOPPEKLMM.

Mo npocbbe 3akasumka obGCriefoBaHUME POTOPOB MOXHO OCyWecTBUTb no 7.1.5. Takoe obcnepoBaHue crnepyet
NPOBOAMTbL Ha KaXaon U3 6anaHCUpPOBOYHbLIX YacToT.

9. BbIBOP KPUTEPUA



OLleHKy Ka4yecTtBa 6aJ'IaHCVIpOBKVI rmokoro poTopa OObIYHO  BbLIMOSHSAT MO BVI6an,VIVI onop noAWnnHUKOB
6aJ'IaHCVIpOBOLIHOI'O O60pyﬂ,OBaHVIF| nnn uncnbltTatenibHOro cteHga Ha 4actoTe BpalleHuA. OTOT MeTo4 onucaH B pasaene
10.

Opyrim mMeTooM OLIEHKU SIBNSIETCS MCCneaoBaHWe OCTaTouHoro AucGanaHca, NpyBeAeHHOro K 3ajaHHbIM MIIOCKOCTAM
KOppeKLUK, Kak yka3aHo B paszene 11. [Ins poTopoB knacca 2 oLeHKy NPOBOASAT Ha HU3KUX YacToTax BPaLLEHuS.

Ecnu ucnbiTaTenbHoe 060pyAoOBaHVWE He MO3BOJMSAET [OCTATOMHO TOYHO BOCMPOM3BECTM pearbHble YCroBUS
aKcnnyaTaumu u (Unu) BRMSIHUE COEAMHEHWS UCMLITYEMOro poTopa C APYrvM, BOMPOC O AOMYCTUMOCTU MPUMEHEHMWSI ero
NOANEXUT PELUEeHUIO, UCXOAS U3 OnbITa.

Bonpoc BbiGopa Mexay MeTodamu, onucaHHeiMK B pasgenax 10 v 11, onpeaensieTcs U3roToBUTeneM potopa.

10. PEKOMEHOALIUM NO ONPEQENEHMIO AONMYCTUMON BUBPALIUU
HA BAITAHCUPOBOYHOM OBEOPYAOBAHUU

Ecnv HeobxoaMMO OUEHWUTb KavyecTBO 6aJ'IaHCVIpOBKVI no BVI6an,VIVI Ha GaHaHCVIpOBOLIHOM OGOpyﬂ,OBaHVIVI, TO
nocneaHee OOJKHO I'IOJJ,6VIpaTbCF| n3 ycnosua obecneveHns HenpeBbILeHUs nNpeaesibHbIX YPOoBHEN BVI6paLI,VIVI MaLlUHbI
nocrne yCtaHOBKM B Hee OT6aJ'IaHCI/1pOBaHHOFO poTopa.

CyluecTByeT CrnoXHasi 3aBUCUMOCTb Mexay Bubpaumei noawunHUKOBLIX onop GanaHcMpoBoYHOro oGopyaoBaHUA W
BuGpauueid MaluHbl. JTy 3aBUCMMOCTb OMNPEedensioT MHOMMMM, B TOM 4ucle BbllleykasaHHbIMU dhakTopamu. B
GOnbLUMHCTBE CllyYaeB OHa YCTaHaBMnMBaeTCs ANsl KOHKPETHbIX TUMOB MalUMH B pe3ynbTaTe UccrnefoBaHuns GanaHcUpoBKu
TUMOBbLIX POTOPOB Ha OOHOM U TOM e GanaHCUPOBOYHOM OBOpPYAOBaHWMU. PesynbTaTbl Takux UCCRedoBaHWA OObIMHO
CNyXaT OCHOBOWA ANA onpeAeneHust 4onycTMol BUGpaummn Ha 6anaHcupoBOYHOM 060pYAOBaHUN.

OpHako HeobxoanMMble AaHHbIE MOMYT OTCYTCTBOBaTh (HanpumMep, ecnu ucnonb3ytoT 6anaHcnpoBovHoe obopyaoBaHue
HOBOro TWUMa, UNN peyb MOET O POTOpPax COBEPLUEHHO HOBOW KOHCTPYKUMM). BTN cryyYan onucaHbl B HACTOsILLLEM pasfere,
roe npeactasBneH cnocob pacyeTa JonycTUMONM BUOpaLmMK Ha YacToTe BpaLleHuUsl, UICXOAA U3 HOPM BMOpaumMu MaLLUHbLI Ha
MecTe YCTaHOBKWU. Ecnn B TEXHUYECKMX YCMNOBUSAX OTCYTCTBYHOT TpeboBaHMsi K AONYCTUMOWM BUOpauun Ha MecTe YyCTaHOBKMY,
TO crneayeT PyKOBOACTBOBATLCS COOTBETCTBYOLWMUMM CTaHA4apTamu, Hanpumep, FOCT 25364.

10.1 O6LWKe nonoxeHus

YncneHHble 3Ha4veHus, onpependemMmble B COOTBETCTBUM C HaACTOALMM pas3fenom, MOXHO WCMOoNb3oBaTb JULb B
Ka4ecTBe pekoMeHOyeMblX, HO He HOpM npu npuemMke wusagenua. ﬂpm TakOM WUCMNOJIb30BAHNUN MOXHO OXMNOaTb
yOooBneTBOpUTESIbHbIX pe3ynbTaToOB B Mpouecce 3Kcnnyatauun, XoTa MOryT BO3HUKHYTb CUTyauuw, Tpe6yrou.w|e
OTKJTOHEHUA OT 3TUX pekomeHuauMﬁ.

B 0cobbIx criyyasix aTM peKkoMeHAauuu MOTYT CIYXWUTb OCHOBOW AN Gornee AeTanbHbIX MCCNedoBaHWUM, Hanpumep,
koraa TpebyeTcs 6oriee TouHoe onpeneneHve TpeGyeMoro kayectsa GanaHCUPOBKY.

10.2 Ocobble cnyyamn

MHorga malumHbl NPOEKTUPYIOT AMs crneumnarnbHbiX Lenei, YTo Hem3BexHO ckasbiBaeTcs Ha UX BUOpOoXapakTepucTukax,
HanpMmep, aBMaLMOHHbIE PEeaKTVBHblE OBUraTenu 1 Ux Moaudukaumum Ans NPoOMbILMEHHbIX Lenein. OgHUM U3 OCHOBHbIX
TpeboBaHUi K TakUM ABUraTensam sIBNAeTCA orpaHUyYeHne MakcMmarbHOW Macchl, BCeacTBME Yero OCHOBHbIE 3fIEMEeHTbI
M MNOAWMMHMKOBLIE OMOpbl OOnafatoT 3HAYUTENbHO Gombluel MOAATNMBOCTbIO, YeM B OObIYHBIX MawuHax. [pw
NPOEKTUPOBaHNM MNOAOGHLIX MalMH [enawT BCe BO3MOXHOE ANl YMEHbLUEHUsl HeXernaTeslbHbIX MoCneacTBU
MOBbLILIEHHOW MNOAATIMBOCTYA MOALWMIMHUKOBBIX OMOP, B YaCTHOCTW, MNPOBOAST MHOXECTBO WCMbITAHWA B Npolecce
pa3paboTku C Lenblo obecrnevyeHns npuemMnembix v GesonacHbIX ypoBHel BuGpauuun. Ha crydyaii, korga JonycTuMble
YPOBHY BMOpaUuM yCTaHABNMBAIOT B XOA4Ee ANUTENbHbLIX BUOPOMUCTLITAHWUI OO0 Ha4yana BbiNycka WU3AEenus, pekoMmeHaaumm
HaCTOALLEro pasaena He PacnpoCTPaHSTCS.

10.3 dakTophl, BNUsilOLLME HA BUOpaLuio MaLLnH

Ha BuGpaumio okasbiBaeT BIIMSHWE MHOXECTBO (DaKTOpPOB, B TOM YWCIE KAa4YeCTBO MOHTaXa MallWHbl, Hanuyue
nepekoca poTopa v T.4.

YkasblBaemble B TEXHUYECKUX YCIOBUAX HA MaLLUHY MakcyMarnbHble JONyCTUMble YPOBHM BUOpaLMM 06bIYHO OTHOCATCSA
K CymMMapHom (obLiein) BubpaLum, UMEIOLLEN CIOXHbIA YaCTOTHbIN CMEKTP M BO3HMKALWEN B pe3ynbTaTte AeNCTBUS BCEX
dhakTopoB. M3rotoBUTENL AOMKEH OnpedenuTb OOMYCTMMbIA YpOBeHb BUOpauuu, BbI3biIBAEMOW TOMbKO AucbanaHcom
poTopa, Npu KoTopoMm obLas Bubpauus He NPEBOCXOAMT YCTAHOBIIEHHbIX NPeaernos.

10.4 Kputnyeckme Toukm
Ocoboe BHMMaHuMe cnegyeT obpawiatb Ha ypoBHM BubOpaumm poTopa B MecTax HauMMeHbLUero 3asopa, Harpumep,

J'Ia6VIpVIHTHbIX YNNOTHEHNAX B CBA3N C BbICOKOM BEpPOATHOCTbIO noapemp,eHMPl. Cne,qyeT MOMHUTb, 4TO YyCnoBUA
JKcnnyataumMm MoryT Bbi3BaTb U3MEHeHue COBCTBEHHbLIX MOA W, crefoBaTeribHO, ypOBHeﬁ BM6paLI,I/II/I. BaﬂOFIpOBOD,bI C



XXECTKON CBsI3bl0 (Hanpumep, B NapoTypOUHHBLIX arperaTax) TpebyT ocoboro BHUMaHUS K dakTopam, onpeaensitowmnm
ycroBusi paboTbl BanonpoBoAoB (MpuroxeHue A).

10.5 Jonyctumble ypoBHM BUbpaLmmn 6anaHCMpoBOYHOro o6opyaoBaHNs

Honyctumyto BuGpaumio Ha GanaHcMpoBOYHOM 060pyAOBaHUM MOXHO perfiaMeHTUpoBaTh B BUAE:

- BUGpaL My NOoALLMMHMKOBBLIX OMOP, KOTOPYHO onpeaensitoT No 4oNyCTUMOW BUOPAaLMU NOALLIMIHUKOBBLIX ONOP MalUUHbI
unm

- BUBpauuu potopa, KOTOpY onpeaenstoT No 4oNyCTUMOW BUOpaLMu poTopa MalluHbI.

B o6owux cly4dadax COOTBETCTBYKOLWYHO O0MYyCTUMYHO Bm6paumo Ha 4acToTe BpalleHuna Ha 6aﬂaHCMpOBO‘-IHOM

obopynosaHum I crieqyeTt onpeaensTh C UCMoNb3oBaHMeM KOs MULIMEHTOB NpeoBpasoBaHns No dopmyre

-, @)

roe < - gonyctumas obluas BMGpaLMs B FOPU3OHTANLHOM MMM BEPTUKANbLHOM HanpaBneHusiX, uaMmepsieMasl Ha
MallMHe B AvanasoHe paboymx 4acToT BpalleHWs B COOTBETCTBUM C TEXHUYECKMMW YCMOBUAMW Ha MaLUUHY WK
ctaHgapToMm (Hanpumep, FOCT 25364);

£ - KOAODULUMEHT, YUUTHIBAIOLLMI OTNINYME XapPaKTEPUCTUK NOALLMMHUKOBbLIX OMOP U (UMW) YCTPONCTB COMPSKEHMS

(MybThI) GanaHcMpoBOYHOTO 060PYA0BaHUS U MalLMHLL. ONpeaensieTcs kak OTHOLLEHWE BUGpALIMM Ha YacToTe BpalleHus,
nsmepsieMot Ha GanaHcUpoBo4YHOM oGoOpyAoBaHMM (POTOP WM MOAWMWMHUKOBas oropa), K BuGpauuMu Ha vacToTe

BpalwleHna MallnHbl Ha MecTe 3Kcnnyatauun (ecnm Henb3A NPUHATb =1) 3HauveHune 4aCcTo 3aBuUCUT OT

HanpasfeHs U3MepPeHUH;

- KO3(ULIMEHT, YUMTHIBAIOLMIA pa3nnume Todek u3MepeHust Bubpaumum Ha 6anaHcMpoBOYHOM 0GOPYAOBaHUU U

TOYeK, AnA KOTOpbIX onpenefneHo 3HaveHue 1 , W 3aBUCALLUUIA OT XapaKTepucTuK Mo potopa. Ecnu BblileykasaHHble

npeacTtasfieHbl B NMPUIOXeHUU C. 3HaueHus

cnefyet yctaHaenvBaTb OM5 KaXOoro KOHKpeTHoro criyyas. [Npu coBnageHun KpuUTUYECKOM 4YacToTbl BpalleHus C

paboyeli YacToTol HeoBXOAUMMO UCMonb3oBaTh GoOnee BbICOKME 3HAYEeHVs KO3 MMUMEHTOB nNpeobpasoBaHus. Ha
npakTUKe HeT HEOGXOAMMOCTY ONpeaenaTb 3T KO3 MULMUEHTbI MO OTAENBHOCTU, TaK Kak U3roTOBUTESb U NOTPEOUTENb MO
[OroBOPEHHOCTU Mexay coboii ycTaHaBNMBalOT UX MPOU3BeAeHMe.

MpumMepbl Mcnonb3oBaHUsl KOAULIMEHTOB Npeobpa3oBaHus NpuBeaeHs! B NpunoxeHnm F.

CnepnyeT MeTb BBUAY, YTO Ha KPUTMYECKMX YacTOTaxX BO3MOXHO YCUIEHWE OTAENbHLIX Mo BMOpauuu. MoaToMy Lesnbo
GanaHCUpOBKM SIBMSIETCA He TONbKO OrpaHuyeHue BuOpauuu B AuanasoHe pabouyux CKOPOCTeN BpalleHusi, HO W
obecneyeHre GesonacHoro rnepexofda 4Yepes KpUTUYECKME YacTOTbl, ECIM OHWU MeHbLUe MakcumarbHoW paGouyei. [ns
KPUTUYECKUX YaCTOT TPYAHO YCTaHOBUTL KONMYECTBEHHbIE KPUTEPUM, Tak Kak HEOGXOOMMO YYuTbIBaTb MHOMME (DaKTopbI,
Hanpumep, AemMngUpoBaHue.

B ycnoBuax, Korga Heobxoanmo KOHTpONnMpoBaTb l'lpOFVI6 poTopa npu ero pasroHe B CBA3U C ONMNACHOCTbIO 3ageBaHui o

CTaTopHble 4acTh WM BO3HUKHOBEHUA HeOonyCTUMbIX HanmeeHMﬁ, Ha KPUTUYECKUX YacToTaxX, MeHbLUNX
SKCFIJ'IyaTaLl,MOHHOﬁ, cnegyet uUsMepATb pasmax BM6ponepemeu.|,eHMﬂ B TOM YacTu poTopa, rae OHO MakCMmMarbHO.

11. PEKOMEHOALUWWX NO ONPEAENEHUIO AONYCTUMOIO
OCTATOYHOI'O AUCBAJIAHCA B MJNIOCKOCTAX KOPPEKUNA

11.1 O6LWuKe nonoxeHuns

He cyulecTByeT NMpocToi 3aBUCMMOCTM Mexay AucHanaHcom poTopa U BMOpauueit MalluHbl Npy 3Kkcnnyataumu. Ha



BVI6an,VI}O BNMAIOT Macca MalWHbl U ee yHOaMeHTa, XXeCTKOCTb NOALUMMHMKOB U PyHOAMEHTa, ©nm3ocTb pa6oqel7|
4acTOThl K pe30HaHCHOM YyacToTe, AeMndupoBaHue.

lMpenctaBneHHble HUXe pekoMeHdauun - npumep pa3p360TKVI pykoBoacTBa no obecneveHnto kayecTsa 6aJ'IaHCVIpOBKVI
rMBKMX POTOpPOB. OHun nony4yeHbl ONbITHbIM NyTeM npu orpaHU4eHHOM YUCle 3KCNepUMMEeHTOB C pPOTOpaMn pasfinyHbIX
KNnaccoB. I'Ipm cobntoaeHuu pekoMeHgaunn MOXHO OXuaaTtb y,EI,OBJ'IeTBOpI/ITeJ'IbHOﬁ paGOTbI poTopa B 3KcnnyatTauumn, XoTta
B OTAESIbHbIX Clly4adaX MOryT oka3aTbCa HeoOX0AMMbIMU OTKIMOHEHMS OT HUX.

3Ha4veHus, nony4yaembie B COOTBETCTBUM C HacTodwuMMm pas3geniomMm, MOrytT ucnosfib3oBaTbCA JUWWb B Ka4vecTBe
pekomMeHayeMbIX, HO He HOPpM Mnpwu NnpuemMke n3genund.

11.2 JonyCcTuUMbI OCTaTOYHbIN AucbanaHc poTopoB knacca 2
3HaueHune ocTaTouHOro gucbanaHca poTopoB knacca 2 AomkHo cooTBeTcTBoBaTh FOCT 22061.

Y potopoB nogknaccoB 2f, 2q u 2h Kaxgbli M3 3NEMEHTOB UMW, ecrnv BO3MOXHO, COOpPKYy 3remMeHToB cregyet
GanaHcupoBaTb 4O NPELENOoB, MOTYYEHHbIX OMbITHLIM NyTEM UK ykasaHHbIx B FTOCT 22061.

11.3 JonycTumbI OCTaTOYHbIN AucbanaHc poTopoB knacca 3

11.3.1 PoTopsl nogknacca 3a

Ons rmbkux poTopoB, AucbanaHCc KOTOPbIX HE3aBUCUMO OT €ro pacnpeferneHusi CyLLeCTBEHHO BMMSIET TOMbKO Ha
OCHOBHY0 COOCTBEHHYIO MOy, SKBMBANEHTHOE 3Ha4YeHNe Ansi OCHOBHON COOCTBEHHOW MOAbI HE A0MKHO npeBbiwaTth 60%

aucbanaHca no FOCT 22061 ansg MakcMMarbHOM YacTOTbl BpaLLEeHUs.

Ecnu npoBoasT HU3KOYaCcTOTHYO GanaHCMPOBKY, TO NOMHbIVA OCTaTOYHbIN AncGanaHc He AOIPKEH NPeBbIaTh 3HAYEHWUN,
npueeneHHbix B FTOCT 22061 gna makcumanbHoOW paboyer 4YacToTbl BpalleHus.

11.3.2 PoTtopsl nogknacca 3b
Ona rmbkux poTtopoB, AucbanaHc KOTOPbIX HE3aBWCMMO OT €ro pacnpefeneHuss CyLLeCTBEHHO BNUSieT TONbKO Ha
OCHOBHYIO 1 BTOPYIO COGCTBEHHbIE MOAbI, 3KBMBANEHTHOE 3HayeHve AvncbanaHca A5 OCHOBHOW COGCTBEHHOW MoAbl He

OOMKHO npeBbiwaTe 60% 3TUX 3HaYEHMI HA MakcMmarnbHOM paboyei YacToTe BpaLLeHus.

Ecnu npoBoasiT HM3KOYACTOTHYH GanaHCUpOoBKY, 3Ha4yeHue ocTaTouyHoro aAucbanaHca He [OOMKHO MpeBblWwaTh
3HaveHun, npuBegeHHbix B FTOCT 22061.

11.3.3 PoTtopsl nogknacca 3¢

[nsa aTMx poTopoB peKoMeHAyeEMbIX 3Ha4YEHUA OCTaTOYHOro AucbanaHca He YyCTaHOBIEHO.

MpumedaHus

1 MeTop aKCneprMeHTanbLHOro onpeaeneHns 3KkBMBaneHTHoro gmcbanaHca npeacrasneH B npunoxexum D.

2 PekomeHaauuMu He pacrnpoCTpaHsOTCH Ha POTOPbl C KOHCOMbHOM YacTbio, €CNM OHa WUMEEeT 3HauUTerbHbIi
AMHAMUYECKMiA Nporue.

3 YKasaHHble Bbllle peKOMeHOyeMble 3HayYeHus MoryT ObITb nepecMoTpeHbl, ecnu paGowle yacToTbl GnM3kM K
OCHOBHOW M BTOPOW KPUTUYECKUM YacTOTaM BpaLLeHUs.

4 PekomeHgyemble 3HaveHUss oOcTaToyHoro pAucbanaHca He rapaHTupyloT cobriogeHns Hopm  Bubpauum B
6anaHCMpOBOYHOM YCTpoOWCTBE Mpu YactoTax BpalieHus oT 80 go 120% nobon KpUTUYECKOW 4acToTbl BPaLLEHMs.
Ycunenve Bnbpauum TpebyeT Gonee ToyHou GanaHCMPOBKW, Tak Kak, Hanpumep, aemndupoBaHie B 6anaHCMPOBOYHOM
060opyaoBaHNM 3a4acTylo MeHbLUe, YeM B MalUMHE Ha MeCTe YCTaHOBKM.

5 Ecnv He npeacTaBnseTcsl BO3MOXHbBIM BbIMOMHUTL GanaHCMpPOBKY MO BceM Mofam usrmba potopa (Hanpumep,
BCINEACTBME HEeOOCTaTOYHOro KONMYecCTBa MIOCKOCTeR KOppeKuun), TO criefyeT MpoBecTU GanaHCUpoBKY Mo 0COBEeHHO
BaXkKHbIM MOZAM.

NMPUNOXEHWE A
(cnpaBouHoe)

®AKTOPbI, YYHUTbIBAEMBbIE NMPU BAJTAHCUPOBKE HA MECTE MHOIOOIMNMOPHbIX TMBKUX
BAJlIONPOBOOOB

A1 [OncbanaHc He SBNsSieTCH E€AUHCTBEHHOW NpUYMHOM BUGpaUuM poTopa, B TOM uucrie Bubpauum Ha vactoTte
BpaLlleHus. MpucTynaTb k GanaHcUpoBke criefyeT NpeABapuTENbBHO UCCNeA0BaB BMNUSIHAE ONUCHIBAEMbIX HIDKe (DaKTOpoB,
onpeaensioLmx YpoBHY BUGPALMM MALLUHBI.



3T0 0COGEHHO BaXXHO [OJ1 BOAOMPOBOAOB, COCTOSILUMX U3 ABYX M Gornee poTopoB. Mpumepom sIBNSETCS KpYMHbIN
napoTypGUHHbLIN arperar.

A.2 HeCcooCHOCTb U Nepekoc NOALLMMHUKOB

HecoocHOCTb U Nepekoc NoALIMMHUKOB MOTYT Bbi3BaTb BUGPALIMIO, KOTOPYID HEBO3MOXHO YCTpaHUTL GanaHCUpOBKOW.
Mpu cunbHol BUGpaLMK credyeT ynyyluTs LLEHTPOBKY NOALLIMMHUKOB.

A.3 DKCUEHTPUCUTET M HECOOCHOCTb COEANHEHUI

MpakTnyeckn HEBO3MOXHO COEAMHUTb KpyMHble pPOTOpbl 0e3 3KCLEHTpPUCUTETA WM HECOOCHOCTU 3rIEMEHTOB
COEVNHEHUN.

Ecnu ka4yecTBO coegmMHEHUIN BbI3bIBAET COMHEHMS UMK BanonpoBoa He nogaaeTca 6anchmpOBKe, cnegyet npoBepuUTb
n npnBecTn B HOPMy KOHUEHTPUYHOCTb U COOCHOCTb My(*)T N Nnlb 3aTeM NPUCTYNUTb K 6anchmpOBKe.

A.4 HeycTOMYMBOCTb pOTOPa HA MacnaHOM KIMHe

PaanunyHble dopMbl HEYCTOMYMBOCTU POTOPOB MOFYT MMETb MECTO B MOALWMUMHMKAX C MMOPOANHAMUYECKOW CMa3KOW.
[Mpun3Hakn HeycTOMYMBOCTU XOPOLLUO W3BECTHbI, NOITOMY Mepes 6aJ'IaHCVIpOBKOl7I Heobxoanmo yAooCToBEepUTbCA B UX
OTCYTCTBUN.

NPUNOXEHVE B
(cnpaBoyHoE)

HU3KOYACTOTHASA BAJTAHCUPOBKA POTOPOB NOLOKJTIACCA 2d
B TPEX MNMOCKOCTAX

B.1 B gaHHOM NpUNoOXeHnn paccMaTpmBaeTCAaA HU3KOYACTOTHaA 6anchmpOBKa poTopos., HayanbHbIN AucbanaHc
KOTOpbIX pacnpeerneH no AnvHe paBHOMEPHO MUK MO FIMHENHOMY 3aKOHY U KOTOpblE MMEIKT OAHY MIIOCKOCTb KOpPeKunn B
LeHTpe 1N ABEe Ha Kpadax.

OHKM pgocTaToyHo Xopouwio 6aJ'IaHCVIpyIOTCF|, ecnvn n3BecTHa gons gucbanadca, KOTOpaa OOJIKHa ObITb yCTpaHeHa B
ueHTpaanoﬁ nnockoctu. [laHHoe npunoXxeHne onuncbiBaeT MeTod pacydeTa KOPPEKTUPYHLWMX MacC B TpeX MIIOCKOCTAX,
ncxoas M3 HavanbHbIX AucbanaHcos, onpegeneHHblX B ABYX MNOCKOCTAX N3MepeHna aucbanaHca. BeKTOpHaﬂ CymMMa cun

N MOMEHTOB, CO3[aBaeMblX KOPPEKTUPYIOLLMMIN Maccamun -

HeKOTOpOﬁ TOYKM Ha poTope, OO0JNKHa ObITb paBHOVI CyMmMe Ccun U MOMEHTOB HadallbHbIX aucbanaHcoB
OTHOCUTENBHO 3TOM XKE TOYKM.

MeToauka 6anaHcMpOBKM NpUrogHa Npu BbINMOSTHEHUW CNEAYHOLLMX YCIOBUIA:

- MEXOMOPHbIA POTOP;

- Macca poTopa pacrnpegeneHa paBHOMEPHO, KOHCOSbHbIE YacTu OTCYTCTBYIOT;

- N3rnBHas ecTKoCcTb poTopa Mo AfMHE OOVMHaKOBa;

- NMONOXXEHME NIIOCKOCTEN KOPPEKLMM Ha KOHLIAX POTOpa OTHOCUTESIbHO Ero CepefHbl CUMMETPUYHO;
- paboymre YacToTbl BpaLeHNs 3HAYUTENBHO HIKE BTOPOM KPUTUYECKON YacToThl.

B.2 POTOp MOXeET ObITb MOMHOCTbIO OT6aJ'IaHCVIpOBaH BMOTb A0 nep|30171 KpVITVI‘-IeCKOIZ YacCTOTbl, €CJ11 BbINOJTHAKTCA
cnepywuimne BeKTOpHble YpaBHEHUA:

(B.1)

roe {1 onpegensieT gonto ancGanaHca B LeHTPanbHOM NIIOCKOCTY KOPPEKLUM.

Ird

npeacrtaBneHa Ha pPUCYHKe B.A1, rope £ - pacctodHue OT neBoro noawunnHuka ao

7

3aBucuMoCTb i OT

U ;
GrnvkanLei NOCKOCTM KOPPEKLMU, & - pacCTosiHUE MeXay NoALMMHMKaMKM (4nvHa poTopa).
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PucyHok B.1 - Mpaduk gns onpegeneHus gonu avcbanaHca, noasexallero ycTpaHeHno
B LleHTparnbHOW NIOCKOCTU KOpPeKLMm

MocTosHHas % pasHa Hymo npn Z !

OT0 O03HayaeT, 4YTO B [JAHHOM cny4vae HeoOX0AMMOCTb
NCMOSb30BaHWS LIeHTpanbHOM NIOCKOCTU KOppeKUMm oTnagaer.

NMPUNOXEHWE C
(cnpaBoyHoe)

KO3®PULMEHTbLI MPEOBPA30OBAHUA

KoadhduumeHTbl Nnpeobpas3oBaHua Ans pacyeta AONyCTUMON BMOpaumu Ha YacToTe BpalleHus B 6anaHCMpPOBOYHOM
yCTpoWCTBe NpuBeaeHbl B Tabnuvue C.1 B COOTBETCTBUM CO CNeAyLWEN Knaccudmkaumnen:

1 CocTaBHble YacT! MaLLVH.

2 MaluuHbl cpegHMX pasMepoB, He MMeloliMe crneumanbHbiX yHAaMeHTOB, a Takke ABuraTenu u maiwuHbel (4o 300
KBT), )XeCTKo 3akpennsaemble Ha cneuuanbHbiX yHOaMeHTax.

3 KpynHoraGapuTHble NpuBOAHbIE ABUraTeny MU KpynHorabapuTHble MalUMHBl Ha XECTKUX U TSHKenbIX (yHAAMEHTaX,
VMEIOLLMX Manylo NoAaTNMBOCTb B HANPaBNeHUU U3MepeHUst BUGpaLmm.

4 KpynHorabapuTHble NpuBOAHLIE ABUraTenu W KpynHorabaputHble MaluHbl Ha dyHOAMEHTax, WMEILMX
3HauYUTENbHYI0 NOAATNIMBOCTL B HAaNpaBneHUun n3mepeHns Bubpauun.
Tabnuua C.1
Homep knac- TvnoBasi MalMHa Bubpauus Ab6co- OTHoCUK-
cudum- noaLwmn- noTHas TenbHas
Kaumm HUKOBOM BMOpauus BMOpauus
onopsbl poTtopa poTtopa
1 Komnpeccop Hagaysa. Manble anektpogsuratenu go 15 1,0
kBT
2 BymarogenarternbHble MaLlUUHbI.
AneKTpuyeckne MalluHbl cpegHero pasvepa 15-75 kBrT. 0,7-1,0
OnekTpuyeckrne MallvHbl Ha cneumanbHbIX
dyHoameHTax (go 300 kBT)
Komnpeccopbl OT10,6 OT1,6 OoT1,0
no 1,6 no 5,0 po 3,0
Manbie TypOuHbI 1,0
3 KpynHble anekTpoasuratenu 0,7-1,0
Hacocsbl 0,7-1,0
[BYXnontoCHbIE FreHepaTopbI 0,8-1,0




TypOWHbI 1 MHOTOMOMIOCHLIE FTeHepaTopbI 0,9-1,0

4 [asoBble TYpOVHbI 1,0
[ByxnontocHble reHepaTopsbl 0,8-1,0
TypGUHBLI 1 MHOFOMOMKOCHBIE FEHepaTopbI 0,9-1,0

NMPUNOXEHWME D

(cnpaBouHoe)
OKCMNMEPUMEHTANBbHOE OMPEAENEHUE 3KBUBAJNEHTHbIX
MOJOAJIbHbIX AUCBAIIAHCOB
Ona onpepeneHns akBMBaneHTHoro AucbanaHca, Bbi3biBatowero # cobCTBeHHyl0 moay Bubpauun poTopa, U Ans

OLIEHKU 3KBMBANEeHTHOTO OCTAaTOMHOro AucharnaHca MoXeT NPUMEHATLCS crefytoLas npoleaypa.
D.1 YcTaHoBWUTb poTop Ha 6anaHcMpoBoYHoe o6opyaoBaHue.

D.2 PasorHaTb poTop A0 CKOPOCTM, GrU3KOW K NMEpBOM KPUTUYECKOWN YacToTe BpalleHusl, U U3MepuTb BUOpaLuio unm
CUnbl, AeCTBYIOLWME Ha NOALUMHUKOBbIE OMOPbI.

D.3 YcTaHoBUTL Ha POTope MPOGHbLIN rpy3. [py3 AOMKEeH OKasbiBaTh CYLLECTBEHHOE BIWSIHWE Ha BUOpaLMIO, MO3TOMY
€ro criegyeTt yCTaHOBWUTb B MIIOCKOCTM MaKCUMArbHOIO BIUSIHUS Ha MepBY0 COBCTBEHHYO Mody BuOGpauum potopa. JTta
MAOCKOCTb, KaK NpaBuio, HaxoauTcst B6NM3un cepeamnHbl potopa. MoBToputs nameperus no D.2.

D.4 Mo pesynbTataM W3MepeHU onpenenuTb 3KBUBANEHTHbI AncbanaHc nepBoi Moabl. OTO MOXHO BbIMNOMHUTL
rpacduyeckun B COOTBETCTBMU C npunoxeHnem G. 3HayeHWs SKBMBaneHTHOro ModaneHoro AncbanaHca Ans nepsort MoAbl
paBHO:

(macca npo6Horo rpysa) X ( «1'
D.5 CHsTb NpOGHEIN rpya3.

D.6 PasorHaTb poTop A0 CKOPOCTW, GIIM3KOM KO BTOPOW KPWUTMYECKOM YacToTe BpalleHusi, Mpu YCroBWM, YTO OHA
MeHbLLe MaKcuMaribHOM paboyei YacToTbl BpalleHusi. MoBToputs namepexus no D.2.

D.7 YcTtaHoBWTb Ha poTop NPObHbLIN rpy3. [py3 AOMKEH OKa3bliBaTb CyLLECTBEHHOE BMUSHWE Ha BMOpaumio, NO3TOMY ero
cregyeT yCTaHOBUTb B MITOCKOCTU MaKCMMarbHOrO BAMSIHUS Ha BTOPYl0 COOCTBEHHYIO Moy BMBpaumu potopa. MNMoBTopuTh
namepeHus no D.2.

D.8 Mo pesynbTatam namepeHuin B cootseTcTBumn ¢ D.6 1 D.7 onpenenutb 3kBUBaneHTHbIA AncbanaHc, Bbi3biBaOLLMIA
BTOpPYO MoAy BUGpaLuum poTopa, Ans Yero MOXHO UCMoNb30BaTh NpunoxexHne G.

D.9 CHaTb NpobHbIN rpys.

D.10 MpogomknMTb nocnefoBaTeNlbHO OMMCaHHbIE onepauun, noka He 6yJJ,YT HaaeHbl 3KBMBASIEHTHblE OMcOanaHchbl
AN BCeX AOCTMXKUMbIX COGCTBEHHbIX MOA Bm6paumm poTopa.

MpumeyaHus

1 Hactoswas npouepypa npegnonaraeTt, YTo BMbpaums, U3MepeHHass Ha CKOPOCTM BOMM3M HEKOTOPOW KPUTWUYECKOW,
onpegenseTcs B OCHOBHOM COOTBETCTBYIOLLEN MOAOW. [laHHbI MeTog He MOXeT BbiTb MCNONb30BaH, eCnn, B CUNY Kakux-
nMB0o NPUYMH, HEBO3MOXHO 06ecneynTb U3MEPEHNS HA CKOPOCTAX, BNN3KMX K KPUTUHECKUM CKOPOCTAM HEKOTOPbIX BaXKHbIX
Mo, 1, Takum 06pas3oM, naeHTUPMUMPOBaTL COOTBETCTBYIOLLME MOAAMbHBIE XapakTepUCTUIKK.

2B HEKOTOPbIX Chny4daax npun onpegeneHnn akBuBarieHTHOro MmoaasibHOro ancbanaHca npeanoyYTnTesiIbHO NCNONb30BaTh
Ha60p I'IpO6HbIX mMacc, aAns Toro 4Tobbl 06ecneunTb 6e3onacHoe npoxoxaeHne HU3LWNX KpUTUYECKUX CKOpOCTeVI.

NPUNOXEHWE E
(cnpaBoyHoE)

METOAMKA OMNPE[ENEHNS BUOA POTOPA
(KECTKUWA UNU TMBKWUNA)

Ecnu yctaHoOBReHo, 4YTO pOTOpP XECTKUMK, ero GaHaHCVIpOBKy MOXHO BbIMOJIHATb NPU HU3KUX HacCTOTaxX BpalleHUA.



mbkne poTopbl B obuwem cnyyae [OOMMKHbI MoABepratbCs BbICOKOYACTOTHOM 6aJ'IaHCVIpOBKe cornacHo pasgeny 7.
VcknioyeHne coctaBnsaoT poTophkl Knacca 2, KOTOpbIE GanchmpyroT B COOTBETCTBUM C pasgesiom 6.

Mo BHelHeMY BMAOY poTOpa HEBO3MOXHO ONpeaenuTb, SABMSEeTCS OH XECTKUM UNn rmbkmm. XKecTtknii Ha nepBbIn B3NS4
poTop npwu pa60Te Ha BbICOKMX HaCTOTax BpalleHUa MOXeT NPOXoA4NUTb NPU pa3roHe 4Yepe3 KpUTU4ecKne 4acTtoThbl, nony4vasn
3Ha4YuTesbHble AMHaMn4eckmne nporm6b|. C ,El,perﬁ CTOpPOHHbI, Ka>|<yu.wu7|c;| rMoKnn POTOP MOXET OKa3aTbCA XXECTKUM, eClln
ero MmakcmmarsnbHas pa60qa;| YacToTa BpalleHUAa HaMHOIro HMxe FIepBOVI KpVITVI‘-IeCKOI7I.

E.1 Onpegenenne Buga potopa

Ons onpepeneHus Buga potopa (TMOKUA UM KEeCTKW) W, crefoBaTenbHO, MeToda GanaHCUPOBKWM, MOXHO
BOCMOMb30BaTLCA CeAyLWUMU pEKOMEHOALMSMU.

E.1.1 rlOﬂy‘-IMTb Y N3rotoButTena Unn 3akasynka ceejeHmna o Tune potopa n pekomeHgyemom metoae 6aJ'IaHCVIpOBKVI.

E.1.2 Ecnu nepBasi kpuTU4eckasi CKopoCTb BpaLLeHWsl NpeBbillaeT MakcuManbHyto paGoudyio 4acToTy, No KpalHen Mepe,
Ha 30%, POTOP MOXHO CUYMTaTb KECTKUM.

E.1.3 Kpome TOro, MoXxHo BOCMONb30BaTbCA CreayowmuM MeToA0M UCMbITaHNA.
Cb6anaHcupoBaTb pOTOP Ha HU3KMX YacToTax BpaLleHns B ABYX NIOCKOCTSAX koppekuun B cootBeTcTBum ¢ FOCT 22061.

MpuBecTn poTop BO BpalleHue c paboyeit yacToTok Ha GanaHCMPOBOYHOM OBOPYAOBAHUM, KECTKOCTb U
AeMnduMpoBaHne NOALLIMMHUKOBLIX OMOP KOTOPOro aHaNorMYHbl COOTBETCTBYIOLLMM XapaKkTepucTUkaM MaLlUHbI.

Mpw pasroHe poTopa crneanTb, YTOGLI BUGpaUMsi Haxoamnach B AONYCTUMBIX Npegenax.
Mony4uTb 3aBUCMMOCTb BEKTOPa BUGpaLIMKU OT YacTOTbl BpaLLeHUsi Y pasroHe Y TOPMOXEHWUM (Bbibere).

Ecnu He oBHapyXMBaeTCs 3HaUNTEbHbIX U3MEHEHUI BUBpaLMK, 3TO 03HAYaeT, YTO POTOP NUGO KECTKMiA, NGO rmeKui
C He3HauuTerbHbIM 3KBUBANEHTHbIM AucGanaHcoM. [ns uaeHTudukaumm potopa cnefyeT UcNbiTaTb ero Ha rubkocTs no
E.2.

Ecnun npu pasroHe unm Bblbere poTopa nNponcxoaAaT 3HavYuUTesrlbHble USMEeHEeHUA BVI6paLI,VIVI, TO MMeeT MeCTo ogHa W13
cneaoywuwnx anbTepHaTuB!:

- poTop rmbkui;
- POTOp XECTKMIN, HO YCTAaHOBIIEH Ha NOAATNNBbLIE OMOPbI;

- poTop MMeeT nodaTnuBble 3MeMeHTbl, AedopMauust KOTOPbIX ABMSETCH (YHKUMEW 4YacToTbl BpalleHuss W
TeMnepaTypbl.

[Ons vaoeHTudukauumn potopa HeoOX0AMMO BHOBb pa3orHatb poTop U CpaBHUTbL HOBbIE U CTapble 3HAYEeHUA BVI6an,VIVI
npu Bblbere. Ecnn oHu coBnagatot, MacCoOBO-reoMmeTpunyeckne XxapaktepucTtmkm MOXXHO CHUTaTb CTaGVIJ'IVI3VIpOBaBLUVIMVICF|.
3atem cnenyet NpoBeCcTU UCNbITaHUA Ha rmbkocTb B cooTBeTCTBMM C E.2.

MpumevaHne - CTabunusauusi potopa npoucxoauT B cumny "npupabaTtbiBaHus" ero 3neMeHToB noA AeUCTBUMEM
LeHTpobexHbIX cun. Tak, Hanpumep, AN POTOPOB reHepaTopa W anekTpoasuratenen 4acto TpebyloTcs BbINOMHATH
pasroHbl 1 BbIbern 4o Tex nop, noka o6moTka 1 cucTema NoABECKN He NMPUMYT CBOE OKOHYaTENbHOE MOMIOXEHNE.

Ecnn cpaBHUBaeMble XapaKTepUCTUKK BVI6an,VIVI npu Bblbere poTopa He coBnagakwT, TO aucbanaHc sBnsieTcd
nepemeHHoﬁ BEJTUYNHON. POTOp B [J@aHHbIX YCITOBUAX OT6aJ'IaHCVIpOBaTb HEBO3MOXHO.

E.2 VcnbiTaHnsa Ha rmbkocTb

YcTaHoBMTb NPO6HbIN rpy3 NMocepeavHe poTopa Wiu B TOYKE, TOe YCTaHOBKAa rpy3a MOXET Bbl3BaTb €0 UHTEHCUBHYHO
BMOpaumio. PasorHaTb potop 0o pabo4yelt 4yacToTbl, creas 3a Tem, 4ToObl BMOpauMs Haxogunacb B AOMYCTUMbIX
npenenax. Ecnu npu pasroHe BMGpauus npesbllLiaeT AOMNYCTUMYH, Maccy rpy3a cregyeT YMEHbLUMTb U MYCK NOBTOPUTD.
MamepuTb BEKTOp BMOpauun Ha paboyei YacToTe B TOW e ToYke, YTO Npu namepenusix no E.1.3. Onpeaenutb BNusiHne
rpysa nyTeM BblMMTaHWA BekTopa BUGpaLuy U3 cOOTBETCTBYIOLEro BekTopa, onpeaeneHHoro no E.1.3. Bektop pasHocTu
0603HaunTL A.

OcTaHOBUTb POTOP U CHATb TPY3. YCTAHOBWUTL OBa OPYrMX rpysa nog Tem e Yrrom, 4To 1 nepsbii rpys, BGnMan wand
poTopa. ObLlas Macca rpy3oB JoJkHa ObITb paBHa Macce NepBoro NPoGHOTo rpysa W pacnpeaeneHa Mexay rpysamu Tak,
YyTOGbl YCTAHOBKA IPY30B HE Co3faBana MoMeHTa aucbanaHca. Onpegenutb BRvsiHUE ABYX IPY30B, Kak OMMWCAHO Bbille,
0603HauMB BEKTOP pasHoCTK B.

E.3 OueHka pe3ynbTaToB UCMbITAHWI Ha TMOKOCTb

HawnTtu oTHOLLIEHNE



Ecnun oHo meHee 0,2, poTOp MOXHO cYMTaTb XECTKUM. POTOp cumTaloT KBasMXXeCTKUM Unu rMMBKMM, ecnn OTHOLLEHUNE

paBHo unu 6onee 0,2.

NMPUNOXEHUE F
(cnpaBouHoe)

NMPUMEPDI

Mpumep 1 (cooTBeTcTBYET pasgeny 10)
Potop

Pabouas yacTtoTa BpalleHuna

[onyctumas Bubpaums (=% ) MalLMHbl Ha MecTe
aKcnnyataumm

YcTtaHoBKa

MecTo nsmepeHusi Bubpauum

KoadhpmumeHTbl NpeobpasoBaHms, onpeaeneHHble
OMbITHLIM MyTEM

JonycTumas Bubpauust Ha YactoTe BpalleHus (£ ) Ha
Kopnyce nogwmnHrka 6anaHcMpoBOYHOIO
obopypoBaHus

Mpu paboyert yacToTe BpaLleHns BUbpauns Ha YacToTe
BpaLLleHNsi SKBUBANEHTHa BMOpaLIMKM C pa3maxom
BMGponepemeLLeHns

Mpumep 2 (cooTBeTcTBYET pasgeny 10)

PoTop

Pabouas yacTtoTa BpalleHuna

JonycTumblit pa3max oTHocUTeNbHOM BUGpaLuum potopa
Ha mMecTe akcrnyaTtaumm (=1 )

YcTaHoBKa

KoadhpmumeHTbl NpeobpasoBaHms, onpeaeneHHble
N3roTOBUTENEM OMbITHLIM MyTEM

JonycTumblit pa3max oTHocuUTeNbHOM BUGpaLuum potopa
Ha GanaHcMpoBOYHOM 06OpyAOBaHUN

PoTop napoBoi Typ6uHbl (knacc 4)
3000 06/MuH

2,5 MM/c (BUGpaumsi Ha Kopryce NOALLUMMHMKA COrNacHO TEXHUYECKUM
YCNOBWSIM UNK CTaHaapTy)

BQJ'IaHCVIpOBO‘-IHOG o6opyp,OBaHV|e C XXeCTKOCTbIO onop, MEHbLLEN
XeCTKOCTU onop MalLluHbl, Ha MeCTe 3KcnJlyaTaummn

Kopnyc nogwmnHvika

PoTop reHepatopa 660 MBT
3000 o6/muH

80 mkM BONM3N Land NoaLWUMHUKOB

banaHcmposo4vHoe oGopynosaHVle C XKECTKOCTbIO OMop, MeHbLLEN
XEeCTKOCTK Oonop MalluHbl, Ha MeCTe 3KcnyaTauumn

=1,0 ons namepenuii B6nmsu Landg

7 =4,0 ANs u3mMepeHuin Ha MydTe (NonyyYeHbl Npu aHanu3e MogasnbHbIX
XapaKTepUCTUK poTopa)

a) Bbnuau uand




Mpumep 3 (cooTBeTcTBYET 11.3.2)

PoTop PoTtop Typ6okomnpeccopa
Knacc potopa 3b

Paboyas yacToTa BpaLleHus 15000 o6/MuH

Macca poTtopa 1000 kr

BbinonHsieTca HM3koyacToTHast GanaHcMpoBKa B ABYX
MMOCKOCTSIX KOPPEKLMM, PacroNoXeHHbIX B6NU3au uand
poTopa

OcTaTouHbIN AMcbanaHc 3KBUBANEHTHOTO XeCTKOro 1,60 (r-mm/kr)x1000 (kr)=1600 r-mm
potopa B cootBeTcTBUM ¢ TOCT 22061

[onycTnmbi aKBMBaNEHTHbIN gucbanaHc Ans nepeow 1600 r-mm
mogabl (100%)

JonycTuMbli 3KBMBaNeHTHbIN AncbanaHc anst BTopon 960 r-mm
mogabl (60%)

OcTaTto4HbI gucbanaHc npu 6anaHcmpoBke xectkoro 1600 r-mm (800 r-MM B KaXkaoK MIOCKOCTH)
poTopa

NMPUNOXEHUE G
(cnpaBoyHoe)

METOA NFPA®UYECKOI'O OMNPEAENEHUA OUCBAJIAHCA

Bektop A Ha pucyHke G.1 npeacTaBnsieT MCXOAHY0 BUGpaLUMIO Ha paboyeit YacToTe BpalleHNst poTopa.

BekTop £ npepacraensieT BUGpALMIO NOCNE YCTAHOBKU NMPOBHBIX FPY30B, M3MEPEHHYIO MPY TEX e YCINOBUSIX.

Taknm o6pa30M, Ona CHMXeHUa 00 Hynda NCXOAHOM Bm6pa|_ww1 Ha pa60qem yacToTe HeobGxoouMmo nepemMecTuTb

A8 450

(NoBepHYTL) NpoBHbIe rpysbl Ha yron L i4 1 ameHnTb Macebl kakaoro us Hux B oTHowenun AL AL

PucyHok G.1 - BekTopHOe npeacTaBneHne BnusiHAS NPobHbIX rpy3oB

NMPUNOXEHWE H
(cnpaBoyHoE)

METO[O BAJTAHCUPOBKU NO KOPDPULIMEHTAM BITUAHUA
H.1 MeTop oCHOBaH Ha AOMYLLEHUN, YTO BUBpaLMst { <1 } KOHTPONMPYEMbIX TOYEK GanaHCMpPOBOYHOTO 0GOPYAOBaHMNS

(3TO MOryT GbiTb NOALUMMHUKOBLIE OMOPbI, @ Takke U konebaHus camoro poTopa), SBMseTcs NUMHENHON cynepnosuuuer
aucbanaHcos { L}, cocpenoToyeHHbIX B BbIGPAHHBIX MIIOCKOCTAX KOPPEKLWY, T.€.

(H.1)




- ANHaMU4ecKnn KOS(b(bMLI,I/IeHT BNUsiHUSA amncbanaHca, COCpPenOTOYEHHOro B & - NNOCKoCTU KoppeKkunn Ha

BUGpaUuo I -ii TOYKM ee UuaMepeHusi. [uHamuyeckuii KO3(MULMEHT BMUSHUA MOMyYaloT B pesynbTate M3MepeHus

amnnuTya 1 das BUGPaLMIN KOHTPOMLHLIX TOUEK MPW MOCNeaoBaTeNnbHOI YCTaHOBKe MPOBHLIX Mace i~ unn ux cuctem
1

(CMMMETPUYHON, KOCOCHMMETPUYHON) B KaXKOylo M3 A MNOCKOCTEeR KOPPEKUMM UMM MX COYETaHWi U ONpeaeneHns ux

BEMUYMH Mo hopmyrne

(H.2)

oblee 4nCno WM3MEPEHMUIA paBHO
COOTBETCTBUM C U3NOXEHHBIM BUL,

(H.3)

Ecnn obuwee uncno namepeHumn npeBbILIaeT YMCNO MNITIOCKOCTEN KOppeKuun -"E:, TO onTuMalibHble 3Ha4YeHUA

KOPPEKTUPYHLNX Macc nony4yarT Nno MeToay HauMeHbLINX KBagpaToB.

H.3 lMpwu GanaHcupoBke poTopa No MeToay KOaMOULNEHTOB BIUSIHUA CMEAYET YyUnTbiBaTb TPeGOBaHNA K OrpaHUYeHNIo
BMGpaLUMM (CUN) Ha YacToTax BpaLLeHUsl HKe MakcuMmarbHOM paboyer, Mo3TOMy B CUCTEMY YpaBHEHUI B 06A3aTeNbHOM
nopsiAke AOMKHbI BKIOYATLCS NIMHENHO HE3aBUCUMbIe CTPOYKW, COCTABMEHHbIE Ha OCHOBaHWUWN U3MEPEHUI Ha HECKOJIbKUX
MPOMEXYTOYHbIX YacToTax BpalleHus. BbiGop nocnegHux 3aBMCUT OT  Kflacca poTopa, MNoaat/IMBOCTU  OMop
GanaHCYpPOBOYHOrO YCTPOMCTBA U APYIMX (haKTOPOB, HO HE3ABUCUMO OT HMX B HEro JOJDKHbI BXOAUTb HU3Kas yactoTa
(nopsigka 25% oT nepBoii KPUTUYECKOK), BrvKaiLLne OKPECTHOCTU BCEX KPUTUYECKMX YaCTOT, HUXKe paboyent, a Takke aTa
nocnegHsis.

Mpn BbIGOpPE MnockocTew Koppekunn B MeTode koadUUMEHTOB BMUSHUS CrieAyeT Monb30BaTbCA COOOPaXeHUsiMu,
N3NoXeHHbIMKN B pasgene 7. Hanpumep, rpy3 B cpegHew MNOCKOCTU CUMMETPUYHOrO MMBKOro potopa okasbiBaeT OYeHb
6onbLloe BNUSHWE Ha BUBpaLMio ONop Ha NepBON KPUTUHECKOW YacToTe U, 4acTo, HebonbLuoe Ha cuHasHyo BUbpaLmio
Ha pabouyel yacToTe 3a NepBoOn KpuTndeckon. B nocnegHem cryvae uenecoobpasHo MCNONb30BaTb Napy CUMMETPUYHBIX
rPy30B B KpanHMX MIIOCKOCTSAX KOppeKkumn. KococummeTpuyHasa napa rpy3oB B 3TUX MIOCKOCTAX 3PMEKTUBHO CHMMAET
npotusodasHyto Bubpaumio kak Ha pabodvein YactoTe, Tak U HaA BTOPON KPUTUYECKOMN, MOITOMY H4aCTO CUMMETPUYHBLIN
poTop MoxeT ObiTb yAoOBNeTBOpPUTENBHO OTOanaHCMpOBaH B LUMPOKOM AMana3oHe 4acToT, BKoyas u pabouyto, npu
MOMOLLM TOSIbKO 3TWUX ABYX CUCTEM IPYy30B, Kadas U3 KOTOPbIX MPEeACTaBMseTCA B ypaBHEHUSAX OOHUM AUHAMUYECKMM
KO3a(pPULNEHTOM BIANUSTHUSA.

Mpu GanaHCYpPOBKE HECUMMETPUYHBLIX POTOPOB GanaHCMPOBKY criedyeT BbIMOSHATL C UCMOSIb30BaHWEM OMHAMUYECKMX
KO3 (VLUNEHTOB BMUSHUS ONA  OTAEeSIbHbIX [Py30B, OAHAKO Noabop MNNOCKOCTEN KOPPEKUMU [OJDKEH Y4YUTbIBATb
NPEUMYLLECTBEHHO WX 3(PEKTUBHOCTb MPU TOM WIIM MHOM COOTHOLUEHUM (ha3 BMOpauuM Onop W TOW WM MHOW
KPUTUYECKON YacToTe BpaLleHus.

CkasaHHOe B NosHoMn Mepe OTHOCUTCA U K MeToay 6aﬂaHCMpOBKM no mogam.
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