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BeeneHue

Llenbio 6aaHCUPOBKHM POTOpa SIBJIAETCS CHUXEHUe nucbanaHca poTo-
pa, OCTaTOYHOE 3HAYEHHUE KOTOpOro MpH JIoOOH yacToTe BpalleHUS,
BILIOTh A0 MAKCUMAJIbHOM, HE JOJKHO BbI3bIBATh MPEBLIICHUS IONYCTU-
MBbIX YPOBHEH BUOpaLlMM MAalIMH U AMHAMHYyecKoro nporuba poropa.

Bo MHorux ciyuasix morpebGutesib OLIEHWBAET KayecTBO pOTOpa Mo
pe3ynbTaTaM OanaHCHPOBKH, T.€. IO YCTAHOBKM €ro B MaliuHy, ubo nocne
3TOTO AOCTYI K HEMY 3aTpyAHEH. DTy NpeaBapUTeSbHYIO OLEHKY KayecTBa
GasaHCHPOBKM MPOBOLAT HA HanaHCUPOBOYHOM OOODYIOBAaHHHU MO YpOB-
Hi0 BUOpaLuy ¥ AMHAMMYECKUM PEAKLMSIM OTIOp HAa YacTOTEe BPallleHUs.
OKOHYATENIbHYIO OLUEHKY MPOBOAAT Ha MECTE IKCIUTyaTaUud MAaLUMHBI B
paboyeM auana3zoHe YacTOT BPALLCHHMS.

B HacTosilieM craHAapre ycTaHaBaMBAaeTCsl KiacCU(UKaLMUsA pOTOpoB
¥ MeTodbl UX OGaTaHCHUPOBKH, BBEAEHbI KPUTEPUH JUISI OLEHKHM KayecTBa
6aTaHCUPOBKMY Ha O6aJ1aHCUPOBOYHOM 060pynoBaHUHU. OHU OCHOBBIBAIOT-
ca anbo Ha mnpenenbHoit BUOpauuu paboTaloiei MaliMHbI, JUbGO Ha
npeneabHbIX 3HaYeHUSAX AucbanaHca potopa. Eciu npenenbHbie 3HaYeHUs
HEe YCTAHOBJICHbI, HACTOSILUMIA CTAaHAAPT MOKa3bIBaeT, KAK MX MOXHO OIl-
peneanTD.

Mertonbl ¥4 KpUTEpUU, TpeACTaBIEHHBbIE B HACTOSALLEM CTaHAApTeE,
SIBJIAIOTCH  OOOOLIEHHEM OIIbITa 3KCIUTyaTaUMM MALUWH C TMOKUMH po-
TOPaMH.
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MEXTOCYAAPCTBEHHBDNHA CTAHIAAPT

Butpauns

METOAbI U KPUTEPUU BAJTAHCUPOBKHU
TMBKHX POTOPOB

Mechanical vibration Methods and cntena
for the mechanical balancing of flexible rotors

Jllata sBenenns 1997—01—01

1 OBJIACTb INPUMEHEHHA

Hacrosumii crannapt conepXuT ykasaHus, No3pojisiioline n3bexarb
KPYNHbIX aepeKTOB MalIMHbl TaK X€, KAaK U YpPEe3MEPHO 3aBbIILIEHHBIX
TpeGoBaHUit K 6aJlaHCUPOBKE, U MOXET CIYXHUTb OCHOBO# [UISt UCCIIENO-
BaHHMii, HAaNPUMep, ecliu HeoOXxoaAKuMO BoJiee TOUHO OMNpenenTb Tpebyemoe
KayecTBo 6asaHcpoBKU. CTaHAApT He SABJISETCS PYKOBOACTBOM MO NpH-
€MK€e POTOPOB B 3KCIUyaTalHIo.

2 HOPMATHUBHBIE CCBUIKH

B HacTos1eM cTaHAapTe HCNO/Ib30BaHbl CCHUTKU Ha CJIEdYIOLLHE CTaH-
JApThI:

TOCT 19534—74 banaHcupoBKa Bpalualowmxcs teja. TepMUHbI

I'OCT 22061—76 MawuHbl ¥ TexHUYeckoe obopynoBaHne. CUcTeMbl
KJIACCOB TOYHOCTH 6ajlaHCUPOBKH

I'OCT 24346—80 Bubpauns. TepMHUHBI ¥ onpeneneHus

I'OCT 25364—88 Arperarsl napoTypOHHHbIE cTalHoHapHble. HopMbl
BHUOpauuu U oblire TpeboBaHHUS K MPOBEAEHHUIO U3MEPEHUI

I'OCT 26875—86 BuGpauus. Annapatypa nepeHocHast GajaHcupo-
BoyHasi. TexHHU4eckue TpeGoBaHUS

I'OCT 27870—88 Bubpauusi. OueHkKa KayecTBa 6aTaHCUPOBKH THO-
KHX pOTOpPOB

3 ONNPEAEJIEHHSA
Tepmunsl — no FOCT 19534 u FOCT 24346.

Hananwe odeamamioe
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4 OBILLME NOJIOXEHUA

41 PacnpeneneHue nucbGanaHcosB

PoTopbl MOryT OBbITb CIUIOLUHBIMH, KOBAHBIMH MJIM CBApHbIMH, WIJIH
cGopHbIMH. Jlomycku M uX cobmoaeHHe npu obpaboTke CrIOLIHBIX
potopoB, MeTox cbopkd M aucbamaHc netaneit cOOPHBIX POTOPOB B
3HAYUTENbHOMN CTENEeHU BJMAIOT Ha BeJIMYUHY W pacrpeiejieHue nucba-
JIaHCa poTopa.

[Tockonbky pacnpeseneHue ancOanaHcoB B poTope, KaK NpaBuUio,
CIy4yaiiHO, TO pacnpejeneHue HaYaIbHOTO ¥ OCTAaTOYHOro AUCOAIAHCOB
BAOJIb OCH OJHOTHUITHBIX POTOPOB HE TONHKO HE COBIMAAAET, HO OOBIYHO
3HAYUTENbHO OTIMYaeTcd. PacnpeneneHue auc6GanaHCOB onpeneasieT
CTEMEHb BO30YXIEHMUS] Pa3NMYHBIX COOCTBEHHBIX MOA BMOpauuu po-
TOpa, TaK KaK HeypaBHOBELUEHHbIE CHJIbI ONpeneasiioT AMHAMHUYECKHU
nporu6 portopa.

Ecay IUtockocTM KOppeKUMM He COBMNAAalOT C  IUIOCKOCTSIMM,
B KOTOpbIX MMeercs AucbajiaHc, 3TO MOXET BbI3BaTh BUOpaLMIO
Ha 4YacroTax BpallleHWsl, OTJIMYHBIX OT TeX, Ha KOTOpbIX [MPOBO-
o HanaHcupoBkKy. Ilpu 3TOM ypoBeHb BUOpaLiMK MOXET NpPEBOCXO-
IUTb [ONMYCTUMOE 3HauyeHue, OCOOEHHO Ha KPUTHYECKUX YacTOTax
BpALLEHHUS.

Kpome Toro, cieayer y4uThIBaTh, YTO POTOpPbI, paGoTalolIde B yClIo-
BUSIX TEMIIEPATYPHBIX BO3AEHCTBUM, MOTYT UCTILITHIBATh TEILIOBbIE Aedop-
MalLuH, BbI3bIBAIOLIME U3MEHEHHs] HadyalbHOro AucOaiaHca.

42 Co6cTBeHHbBIE MOAB BHOpaUuMU

Ecau aemndupoBaHue poTopa npeHeOpeXUMO Malo, TO B Ciy4yae ero
OIMMpaHMsl HA M3OTPOINHbIE MOALUMMHUKU MOJbI TNMpeNcTaBisioT coGoi
TUIOCKME KpUBBbIE, Bpallalouiecss BOKpyr ocd poropa. Ha pucyHke 1
NMOKa3aHbl XapaKTepHble KPUBbIE TpeX NMepBbIX COGCTBEHHBIX MO pPOTOpa
MIOCTOSIHHOTO CeYeHMsi, ONTMPAIOLIErocs Ha NOAATIUBbIE MOAUIMITHUKOBbIE
OMnopbi.

st cucreMbl “poOTOp — MOALIUIIHUK C AeMNUpoBaHUEM” MOIbI
MOTYT NpeAcTaB/siTb cO60# MPOCTpaHCTBEHHbIE KPUBbIE, BpaLlaloLIuecs
BOKpPYT OCH poTopa (PMCYHOK 2).

Bo MHorux cnyvasix, gaxe MpH HaIMYUU AeMIUPOBAHMS, MOAbI
MOXHO paccMaTpUBaTh KakK IUIOCKHe KpHuBbie. CliefyeT NoA4epKHYTb, YTO
BO3HHMKAIOLUME MOJAbl MU MX HMHTEHCHUBHOCTb B 3HAYMTENbHOH CTEMeHH
3aBUCSAT OT AMHAMMYECKHUX XapaKTEPUCTUK U PACIMONOXECHUSA MOMILUITHHA-
KOBBIX OIOp poTopa.

2
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PucyHok 1 — XapakrepHnle cOGCTBEHHbIE MOIBI THOKUX
POTOPOB HAa NONATIMBLIX ONOpax

43 Bo3spgeiicTtBue nucbGanaHca Ha THUOKMH poTop
Pacnipenenenne mmc6anaHca MOXeT ObIThL BbIPAXEHO Yepe3 IKBHMBa-
JIEHTHbIE AUCOANAHCHl. AMIUTMTYAY KaXIOH MOMbI ONpelessiioT COOTBET-
CTBYIOLIMM 3KBHMBaJICHTHBIM aucOanancoM. [Ipn BpalueHHM poropa Ha
YJacToTe, GJIM3KOH K KPUTHUECKOH, Mo/la, COOTBETCTBYIOWIAS 3TOH 4acTo-
Te, SIRIETCH AOMMHHpYIOUICH MO CPaBHEHHIO ¢ ocTalbHbMu. H3ru6

poTopa onpeacnsior:
— 3HaYeHHeM 3KBUBAJICHTHOTO AucGanaHca,
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PucyHok 2

— 61M30CThIO paboueii YacTOThl BpaLUEHUs K KPUTHYECKON;

— neMri¢pupoBaHUEM OMOp pPoOTOpAa.

Ecny yMeHbLINTD 3KBUBAJIICHTHBIN AXUCOANaHC C MOMOLLUBIO KOPPEKTU-
PYIOLLIMX MAcC, TO AaMIUIMTYAa COOTBETCTBYIOLLE MOABI TAKXKE YMEHBLUUT-
csa. Ha 3ToM ocHOBaHa MeToAuKa GajiaHCHPOBKH 10 MOJAaM poTopa.

BddekT Bo3geHcTBUS HA n-10 COGCTBEHHYIO MOIY 3aBUCHUT OT I10JI0-
XEHMS TUIOCKOCTeH KOoppeKUHWH. PaccMOTpuM B KavecTBe npumepa ciy-
yaii, rmoka3zaHHbIif Ha pucyHke 1. KoppekTupylouas Macca,
YCTAHOBJIEHHAsi Ha pOTOpE B IUIOCKOCTH P,, HE OKaxXeT BIMSHUA Ha
BTOPYIO COOCTBEHHYIO Moly. AHallOTMYHO, KOPpEeKTHUpYIoLLasi Macca, yc-
TaHOBJIEHHAs! B ILIOCKOCTH P, WiM B ruiockocTu P,, HE OKaXeT BJIUSHUSA
Ha TpeTblo cobcTBEHHYI0 Moay. KoppekTHpyloliasi Macca B TUIOCKOCTH P
OKaXeT MaKCUMaJibHOE BO3JEHCTBUE HAa OCHOBHYIO COGCTBEHHYIO MoLy.

44 Henpo 6anaHcUpPpOBKM TUOKOro portopa

Llenn GanaHCUPOBKM oOmnpeensioT TpeGOBaHUAMH K 3KCIUTyaTallUH
MawHbl. Tlepen GanaHcupoBKoit caeayeT pelinuTh, Kakue Kpurepuu 6a-
JJAHCUPOBKH HYXHO HCnoib3oBaTh. [IpaBUNbHbIN BbIOOD MO3BONSET YIe-
weBuTh U ofecneunth 3ddhekTHBHOCTD OajaHCHPOBKM, a TaKxke
YAOBJIETBOPUTh TPEOOBAHUS 3aKa3yMKa.

Kpurepun 6aiaHCHPOBKH BbIOHMPAIOT U3 YCIIOBUS AOCTHXEHHUS TpeOy-
€MOI'0 OTpaHHUYECHMUS:

— BUOpaLMy MalWIMHbI U AMHAMHU4YecKoro rporuda potopa;

— CHJ, ACHCTBYIOLIMX HA MOALUMITHUKH.
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Haubonee coseplieHHbli crnocob 6ataHCHpoBKH rHBKOro potopa co-
CTOMT B YPaBHOBELUMBAHUHM KAXAOrO U3 €ro 3JIEMEHTOB.

B porope, orbaaHCUPOBaHHOM TaKHM criocoboM, He OyaeT aucbanaH-
COB ¥ MOMEHTOB JHUCOaIaHCOB, M B HEM TpPH BpallleHUH He OyayT Bo30yx-
natbest Moabl. Takoii poTop OyaeT ynoBaeTBopuUTeabHO paboTaTh Ha BCex
4acTOTax BpallEHUS.

TpebyeMoe yMeHblLeHHE pacripefe/IeHHbIX AUCOANTaHCOB JOCTUTAETCH,
KakK npaBujo, nyteM noabopa HeoOXOAMMOro YUC/Ia U BEIUYUH KOppeK-
TUPYIOLLIUX MacC U COOTBETCTBYIOLLETO MX pa3MeLLleHHs BOOJIb poTtopa. Ha
NpakTHKe W rocie GaJaHCHPOBKMU BCeraa COXpaHsMeTCs HEKOTOpbIi pac-
npeneseHHbl ocTaTouHbIA AucbanaHc. BuGpauus (win HeypaBHOBElLIEH-
HbI€ CHJIbI), BbI3bIBAEMbBIE OCTATOYHBIM AMCOANaHCOM, NOJNXHbI ObITh
YMEHBLIEHBI 10 LONYCTHUMOIO YPOBHSl BO BCEM JMana3oHe YacTOT Bpalle-
HHUSA, BKJIIOYas KpUTHYecKHe. TONbKO B 0COObIX ClIydyassX MOXHO OTrpaHU-
yutbcsi 6ataHCUpoBKOH rMOKOro poropa Ha ONHOM YAacTOTE BPALUEHUS.
HezaBucuMo oT Mcronb3yeMoit MeTOAMKH GaTaHCUPOBKH LIEJbIO €€ SB-
JIAEeTCS MOJIyYeHHe CBENEHUH o aucbanaHce M ero pacnpeieleHUH Mo
IUTHHE POTOpa U YMEHbLIEHHE €ro BIWSAHHUS B AMana3oHe 4acTOT BpalllEeHUsI
0 JOMYCTHMMOIO YPOBHS.

45MnockoCcTH KOppeKUHUH

Bo MHoOrux cayyasx 6amaHCHpOBKY pOTOpa MpPOBOAAT MOCAENOBATEIb-
HO MO COOGCTBEHHBIM MoAaM. B 3TOM ciyyae KOpPpEKTHPYIOLUHE MAacChl
pa3MellaloT TakuM 006pa3oM, yToOBI Ha KaXAOM MOCJENylolleM 3Tare
6aslaHCHMpPOBKH N006aBjeHYE HOBbIX KOPPEKTUPYIOLUMX MACC HE HapylIaio
JNOCTUTHYTYIO YPaBHOBELLUEHHOCTb MO APYruM MoaaM. Yucio Heobxoam-
MbIX KOPPEKTHPYIOLMX Macc, pa3MelllaeMbIX BAOJb pPOTOPA, 3aBUCHT OT
MeToaukH 6anaHcupoBku. TeM He MeHee, B 0bLIeM ciyyae, eciiu paboyasi
4acToTa BpALLEHHUsl pOTOPA NPEBOCXOAMT 1 KPUTHYECKYIO HACTOTY Bpallie-
HHUA, HEOOXOAMMO MCIOJIL30BaTh MO MeHblUel Mepe (n + 2) iockocTei
KOPPEKLMH.

Ha cranun npoexTHpoBaHUsl poTopa cieayeT onpeaeanTh YUCIIO ioc-
KOCTEH KOppeKLHMM ¥ MX KOOPAMHAThl BAOAb ocH poTopa. Ha nmpakrtuke
YUCJIO TUIOCKOCTEH KOPPEKLUMU OrpaHMYMBaETCst OCOOEHHOCTAMM KOH-
CTPYKUMH POTOPA, a B ciy4yae 6ajJjaHCHPOBKM Ha MeCTe — BO3MOXHOCTbIO
IOCTYNa K HUM.

46 banaHcHpOBKAa BajJoONMpPoBOAOB

BajionpoBoa HMeET HECKOJIBKO KPUTHYECKHUX YACTOT BPaLLIEHUS U c06-
cTBEHHbIX Moi. Kak npaBuio, 3TH 4acTtoTbl He paBHbl KPUTHYECKHUM
4acToTaM BpAlIEHUS] POTOPOB, COCTaBASAIOLMX BAJIOMPOBON, H HE HMEIOT
npocToit 3aBUCMMocTH oT HuX. Bonee Toro, popma npornba Banonposona
He 00s3aTe/IbHO HAXOAUTCS B NMPOCTON 3aBUCUMOCTH OT MOJI COCTaBJSIIO-

5
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LIMX ero poropoB. TakuM oGpa3oM, pacrpeneneHue AMcHaIaHCOB BAOJb
BaJIONPOBOJA TEOPETUYECKH CJIelyeT OMpele/siTh B 3HaYEHUSX IKBUBA-
JIEHTHOTO AucOanaHca BaJoONpoBO4a, a He OTALNbHBIX POTOPOB.

Ha npakTtuke, ogHako, BO MHOIMX Cayyasix MpoBodAT 6aJlaHCUPOBKY
POTOPOB HE3aBUCUMO OT APYIMX pOoTOpOB BajsonpoBoaa. B GonbiunHcTBE
cilyyaeB 3TO o0ecCIieYMBaeT yOOBJETBOPUTEIbHYIO paboTy BalIOMpoBOaA.
[TpUMEHHUMOCTb 3TOrO METONA Ha MPaKTHKE OMpe/ensieTcsi, B YaCTHOCTH,
COOTHOILEHUAMU COOCTBEHHBIX MOL W KPUTHYECKMX YacCTOT BpALLUEHUSI
BAJIONPOBOJA U OTHE/NbHO B3fITBIX POTOPOB, a TakKXe pacnpeneieHUueM
nucbanaHcoB. B naHHoOM cnydae misi 6aaHCHPOBKHM BJIONpPOBOA BBICO-
Kyio 3¢ deKTHBHOCTh rapaHTUpyeT MeTol 6asaHCUPOBKH C HCIOJIb30Ba-
HHeM Ko3(hULIMEHTOB BIHSHUS C YYETOM MO/l BAJIONIPOBOAA U OTAENbHBIX
pPOTOpOB.

BanaHcHpoBKy BaJIONIPOBOAOB CJIEAYET MPOBOAMUTD C y4eToM (paKTOPOB,
U3JIOXKEHHBIX B NPUJIOXEHUU A.

5 KIACCH®HUKALIMA POTOPOB

YcraHaBnuBaeTcs NATh KJIACCOB POTOPOB corjacHo Tabnuue 1. Jns
Kaxaoro kjacca tpedyercsi cBost Meroauka GanaHcupoBku. Metonmka
onpejeseHUs TUra potopa (TM6KUi — XECTKUiA) MpUBeaeHa B MpHIOXKe-
Huu E.

5.1 Knacc 1. XecTtkuit potop

BanancupoBka poTOpoB 3TOro Kjacca MOXeT ObiThb NMpoBeneHa C MC-
MOJb30BaHMEM IBYX NMPOM3BOJIBHO BbIOPAHHBIX MJIOCKOCTEH KOPPEKLIKH.
Ipu n1060it yacToTe BpallleHUs BIUIOTh A0 MaKCUMaibHOIi paboueil oc-
TATOYHbIHA AUCOAIAHC XECTKOrO poTOpa CYLIECTBEHHO He M3MeHSsETCH.

52 Knacc 2. KBasuxecTkKkui portop

PoTop aToro kjiacca He MOXET pacCMaTPUBAThCA KaK XECTKHUil, HO IS
ero 6asaHCHpPOBKM MOXHO UCMOJIb30BaTh METOAbl OaJlaHCUPOBKH XECT-
Koro poropa. Portopbl Ki1acca 2 noapasaensiorcss Ha cieAylolue Mmoj-
KJIACChI:

— PpOTOpHI, pacnpefesieHHe NUcGaIaHCOB KOTOPBIX H3BECTHO (Mo-
KJ1acchl 2a, 2b, 2c, 2d, a Takxe nogkiaacc 2e, Uit KOTOpOro pacnpeiejieHHe
AucbanaHca poTOPOB U3BECTHO JIMIIIb YACTHYHO);

— PpOTOpBI, pacrpele/ieHHe JucOalaHCOB KOTOPbIX HEU3BECTHO (MOM-
knacco! 2f, 2g, 2h).

JUts 3TUX ru6KUX pOTOPOB BO3MOXHA YOB/IETBOPUTE/IbHASI HU3KOYAC-
ToTHast 6anaHcupoBka. HexoTopble BUIbI POTOPOB MOTYT 6BITh OTHECEHBI
K HECKOJIBKUM MOIKJIaccaM HacTosiuei Knaccubukauuu.

53 Knacc 3. Tu6kuit porop
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Potop 3Toro kiacca He MoxeT ObiTb OTOAUIAHCHPOBAH MO METOMUKE
IUISi XECTKMX POTOpPOB — HEoOXOAMMa BbICOKOYACTOTHAsI OaNaHCUpPOBKA.
Potopnl knacca 3 pasgeneHsl Ha NMoAKJacchl coriacHo Tabauue 1.

54 Knacc 4

K HeMy oTHOcsaTCs poTophl kiaccoB 1, 2 wiu 3 B ciiyyae, eC/Id OHH
ABJISIOTCA POTOpaMU C U3MEHSAIoLLeHcs reomeTpueit. OcobeHHOCTH ITHX
POTOPOB YKa3aHbi B 4.2.

Ta6aunua | — Knaccudpukauus poropos
Knacc potopa Onucanue xracca Mpumep T
Knacc 1 Porop, 6anaHcHpoBKa KOTOporo
(XeCTKHe po- | MOXeT GbITh NMPOU3BEacHA C
TOpbI) MOMOIUBIO ABYX NMPOU3BOJABHO NN
BBIGPAHHBIX MIOCKOCTElH k é
KOPPEKLIHH, a €ro OCTaTOYHbLIH NN r/
ucbanaHc He M3MEHsETCH
a \\ /

3HaYMTEeNBHO NpH JI060# YacToTe
BpallleHHs! BILIOTh A0

MaKcHMabHON paboyeit 3ybuaToe Koneco
—t
Knacc 2 (xBa-| 'ubkuii porop, noanalowmics
3UXKECTKME 6anaHCHPOBKE KaK XECTKMI Ha
pOTOpH) CKOPOCTAIX BpallleHHA HHUXE TO#, —
MpH KOTOpOH BO3HHKAET €ro
3HAYHTENbHBIA YNpyrHit nporu6
PoTopbl ¢ H3BeCTHBIM pacnipesesieHHeM aucbanaHCOB BIOMb pOTOpa
-

TMoaknacc 2a | Potop, nMeommit aucbananc B
OHOH IUIOCKOCTH (Hanpumep,

COCPEIOTOYEHHAR Macca Ha

nerxom rubkom sany, m
AucbanaHcoOM KOTOpPOro MOXHO
ripeHeOpeub)

[InudosanbHbI KpyT

Noaknacc 2b | Porop, uMerowwuit ancbanake 8
ZBYX TUIOCKOCTSIX (Hampumep, ABe

Macchbl Ha JIETKOM BaJty,
ANCOATAHCOM KOTOPOTO MOXHO m

npcHeOpeyb)

lilindoBanbHuiil Kpyr
€O WKKBOM
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Hpodoaxcenue mabauyw |

Knacc potopa

Onucanuue Kiacca

Mpumep

[Moaxnacc 2¢

Potop, uMetoumit aucbanane
6onee ueM ABYX IJIOCKOCTAX

nni l'lﬂ

-

TooTuUTyg (g u
Potop xomnpeccopa

Noaknace 2d | Porop, uMeowmit paBHOMepHO
WJIH NHHEHHO pacripefcNeHHbIN VIIIIIIIII4
mucbanaHc _& _ _ ___E_

L L
IMeyaTHb1A BanKk

Toaxnacc 2e | Potop, uMelomwui Xectkyio
JUIMHHYIO 4acTb M IHOKHe LUeiixH, _l
auc6anaHcoM KOTOPbIX MOXHO ] _ N E
npeHe6peyb (POTOPbI C XECTKHUM
cepaeYHUKOM) | _I

L MarxutHbiii 6apaban 3BM

PoTopbl ¢ HEM3BECTHLIM paclipee/icHHeM aucbanaHcoB BAOIb POTOpPa

Moaxnacc 2f

CuUMMETPUYHbII poTOp,
HMEIOWHHA ABe TUIOCKOCTH
KOppeKLMH Ha KOHLaxX
MakcumanbHas yactora
BpallieHHS 3HAYHTE/IbHO MEHbLIE
BTOPOIl KPUTHYECKOMN 4acTOThI, a
nepBasi KpUTHUYECKasi 4acToTa
BpalllcHHA He BXOAMT B JHanasoH
pabounx vactor BpauieHuss Portop
HMeeT HadyansHblil aucbanaHc B
JONYyCTUMBIX npeaenax

OAE

| NV |

Ed
| AN

Da— h— — L
Porop MHorocryneHyatoro
UeHTpPoObeXHOTO Hacoca

HNMonxnacc 2g

CuMMeTpHYHBIA poTop,
UMeEIOIHUH OJHY MIOCKOCTb
KOppeKUHH NocepeaMHE H ABe Ha
KoHUax MaxcumanbHasi yacToTa
BpaliteHUSA 3HAYUTENBHO MEHbLIE
BTOPOW KpPUTHYECKON YaCTOTHI
Potop yMeeT HavanbHbI
ucbanaHc B JOMYCTUMbIX
npeaenax

T

----.i-i-JI.J

Potop BbicOKOCKOPOCTHOTO
ueHTpobexHoro Hacoca
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Kaace poropa

OnucanMe knacca

]

Ipumep

Moaknacc 2h

ACHMMETPHYHLIH pOTOp ¢
HavYaibHbIM JMc6anaHcoM B
[JOMYCTUMbIX NIpeaenax.
BanaHcHpoOBKY OCYLUECTBIAIOT
aHanorvvyHo GasaHCHpOBKE
poTopoB noakiaacca 2f

il
R

Potop nmaposo#t TypOHHBI CpeaHero
AaBNEeHHKA

T
LN

Knacc 3 (ru6-
KHe poTopbl)

Potopsi, Tpebylomne
BBICOKOYACTOTHOM GalaHCHPOBKH

Moaxknacc 3a

Potop, nucbanaHc kotoporo npu
aoboM pacnpeaesieHHH Bbi3bIBACT
NOAABJIEHUE NEepBOi (OCHOBHOM)
cobcTBeHHON Moabl BUOpauuu

I

1A' Pg

Nl
Iy

PoTop uerbipexnomocHoro
reHepaTopa

! Moaknacc 3b

Porop, ancbananc koroporo npu
Jo6oM pacnpenesieHUH BbI3bIBaeT
NOABRICHHUE TONBKO NepBo#
{ocHOBHOM) U BTOpOit
coBCTBEHHBIX MOA BUGpaLuu

let Hhsz]
n

Potop Manoro asyxmnosocHoro
reseparopa

-

Moaxnacc 3c

Potop, ancbananc kotoporo
BhI3bIBACT MOABRNEHHE Boslee ABYX

2l g

3KOHOMMUYECKHX) bartaHcupyercs
TONBLKO Ha paboyei yacTore
BpalleHAs

nepsbiX COGCTBEHHBIX MO — -
BHUbpaunu
Potop kpynHoro aByxmonatocHoro
reHepaTopa
Knacc 4 (po- | Porop, KoTophlii MOXeT ObITb
TOpbI OTHeceH K KnaccaMm 1,2 unu 3, Ho | |
H3MEHSI0- HUMEIOLLUH OIMH HIH HECKOJbKO 1' ]'Um'
weics rHOKMx UK rMOKO CBA3aHHbBIX € l I
reoMetTpeil) | HUM 3/IEMEHTOB
Potop ¢ ueHTpobGeXHBIM
peErynsiTopom
Knace 5 Porop, KoTopblii MOXeT ObITb
OTHECEH K KJjaccy 3, HO B cuiTy —
OCcOOBIX MPHYHH (HanpHMep, 'TT]

= .

Spp=E:s

PO‘I‘OP BbICOKOYACTOTHOIO ABHrarTc/a

9
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6 BAJJAHCUPOBKA POTOPOB KJIACCA 2

61 Obmue MONTOXEeHUSH

Potopsl kiacca 2 — 310 rubkue poTophl, KOTOpbie MOryT ObITh 0T6a-
JJAHCUPOBAHbI KaK XecTkue. PoTopbl 3TOro Kjacca 3aHUMalOT MPOMEX-
YTOYHOE TOJIOXKEHUE MeXAY XECTKUMH U TUOKUMU POTOpaMHU,
GaIaHCUPOBKY KOTOPbBIX OCYLUECTBJISIIOT B COOTBETCTBUH C pa3fesioM 7.

Ha 6anaHcHpOBOYHOM CTaHKE C HU3KOH YacTOTOil BpalleHUS MPOBO-
IAT, KaK MPaBUJIO, TOJbKO IMHAMHUYECKYIO OaIaHCUPOBKY TaKOT0 poTopa
KaK XeCTKOro, T.K. Ha MaJibiXx 4acToTax €ro mporu® nom AciCTBUEM
avcbanaHca U (Win) HanMumsi ruOKUX 37EMEHTOB HE3HAUMTENEH.

C noMolbi0O COOTBETCTBYIOLUMX METOAMK MOXHO OTOaJIaHCHPOBATh
poTOp KJjlacca 2 Mpu MajipiX 4YacTOTax Ha MecTe TaKUM oOpa3oM, UTo 3TO
o0ecrieyuT €ro YyIOBJETBOPUTENbHYIO paboTy B JAManasoHe pabouux
4acToT.

3HavyeHHe OCTATOYHOIrO MOJAIbHOTO AMCOanaHca nocje HU3KO4acToT-
HO/ GaTaHCUPOBKM 3aBUCUT OT (hopM COOGCTBEHHBIX MOJ pOTOpa U pac-
MOJIOXEHUsSI  TUIOCKOCTEH  KOppPeKUMHM  OTHOCHMTEJIbHO  MCXOMHBIX
nucbanaHcoB BAOJb OCH poTOpa.

62 Boi6op nmanockocTeid KOppEeKUHUHU

Ecau u3BecTHO pacnpeneneHue qucbanaHcoB BAOAbL POTOpPA, TO Jiyylle
BCEro BbIOpaTh MJIOCKOCTH KOPPEKIIMH KaK MOXHO OAUXe K MIOCKOCTH
oucbanadca. Ecniu xe pacnpenenenue aucbanaHcoB HEU3BECTHO, TO CJie-
IyeT pyKOBOACTBOBaThbcs 4.5.

6.3 PanaHCHpPOBKAa COCTaBHbIX PpOTOpPOB TINpH
cbopke

Ecnu porop cocrasneH U3 netaneil, KOHIEHTPUYECKH HACAXEHHBIX Ha
BaJI, TO MOXHO [PUMEHSNTH HU3KOYACTOTHYIO OaTaHCUPOBKY IO ONHOM U3
HUXeE CIEAYIOLIMX METOIMK.

IMTpuMeyaH ue— Hexoropoie potophl cosepXar HaGop THMOBBIX 3JIEMEHTOB (Ha-

NMpUMeEp JIONAaTKH, COCAWHHUTENbHBIE 60NTbl, TOKOCbEMHbIE AcTaM U T.A.). Pacrionaras

3TH 3JIEMEHTbI B 3aBUCHUMOCTH OT MacCChbl MU MacCbl U MOMEHTa KaXaoro OTACbHOIro

3/IeMEeHTa, MOXHO a06uThcsl TpeGyemoit TouHocTH GanaHcuposkd. Ecan nocne 6anan-

CHPOBKH 3TH 2/IEMEHTBI TpeOYIOT 3aMeHbl HIIM MOATOHKM, TO NOPANOK HX Pa3MEILEHHSA
CIENYET COXPAHATS.

6.3.1 bBanancuposxa pomopos, cobupaembix u3 npedsapumenvrio oméa-
AGHCUPOBAHHHIX 31eMeHMO8

Kaxapiit U3 aneMeHTOB, BKJIOYast Baj, nepen c6opkoit nomxeH GbiTh
oTOanaHCUPOBAH MO MeToAMKe 6anaHCHPOBKH XecTKoro poropa. Ha skc-
LEHTPHCHUTET MOCAJOYHBIX NIOBEPXHOCTEI Bajla U npoyue cGOpoYHbIE pa3-
MEPBI, ONpeIeNsolHe NOJIOKEHHE INEMEHTOB OTHOCHTENBHO OCH BaJa,
IOMXHbI ObITh 3aJaHbl XECTKUE NOMYCKH. AHaJOrH4YHble TpeGoBaHHSA

10
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npeabABAOTcs K bantaHcupoBoyHoit onpaske. [lorpewiHocTy 6aiaHcu-
POBKH, B TOM YMCJI€ U3-3a 3KCUEHTPUCHUTETA MOCANOUHBIX MOBEPXHOCTEH
6aj1aHCUPOBOYHOI OMPaBKU, MOXHO YCTPAHUTb NO3/IEMEHTHOI GanaHcH-
POBKOH.

Tpu GanancupoBKe Baja W 3JEMEHTOB pPOTOpa CJEAYET YYMTLIBATb
BIMSIHUE BCEX AeTaled, BHOCALUMX aCUMMETPHUIO (HanpuMep LUMOHOK), a
TaKXe U He YCTaHAaBIMBAEMbIX NPH OaaHCUPOBKE OTAENbHBIX 3JIEMEHTOB
portopa.

PexoMeHayeTcst OLLEHUTb pacyeToOM BJIUsIHUE NOrPEIIHOCTH cOOPKY 1
3KCLIEHTPUCHUTETA YCTAHABIMBAEMBIX ACTANCH HA JOCTHXMMBIA Hayab-
Hbli aucbanaHc.

Ipu pacuyeTe BIMSIHUU MOrpeIIHOCTEH CAEAyeT YYUTHIBATh, YTO OHM
MOTYT CYMMHUPOBATHCS IS pPOTOPa B LEJIOM.

6.3.2 [locaedosamenvHasn 6asancupoexa pomopa, cobupaemozo u3 necba-
AGHCUPOBAHHBIX INeMeHMOo6

CHayana 6anancupyiot Bai. ITocse 3Toro potop 6anaHCHPYIOT KaXIblil
pa3 nocje yCTaHOBKM oyepeaHoro 3neMeHTa. OKoHYATeNbHYIO GanaHcu-
POBKY MpPOBOJAT IOC/N€ YCTAHOBKM MOCJIENHEro 3JEMEHTd. DTOT METO[
NO3BOJISIET UCKIIIOUHTb HEOOXOLUMOCTb NMPOBEACHUS! KOHTPOJIA IKCLEHT-
pUCHTETa NMOCAJOYHBIX MOBEPXHOCTEN M APYTMX XapaKTEPUCTHUK, OMpee-
JIAIOLLMX MOJIOXEHHE 3JIEMEHTOB Ha BaJly poTOpa.

Eca  ucrons3yloT  3TOT METOA, CAenyeT HUCKIIOYHUTb BIMSAHUE
MOHTaXa C/IEAYIOLUMX JIEMEHTOB HAa ypPaBHOBELIEHHOCTDb yX€ CMOHTHPO-
BaHHbIX.

B oTaenbHbIX ciyyasgx MOXHO yCTaHABJIMBATh ONHOBPEMEHHO JBa 3Jie-
MEHTa, JieXalMX B OMHOM MornepeyHoH TUIOCKOCTH, U MPOBOAWTh AUHA-
MHYecKY10 6alaHCHPOBKY 000OUX 371EMEHTOB. B ciiyuasx, Koraa HeCKOJIbKO
3/IeMEHTOB 06pa3yioT OAHOPORHLIN KOPOTKHH U XECTKUX 3NEMEHT Wi
€AUHBIN y3e/1, HaNpUMeEp CEeKUMIO cepAeyHHUKa (KOTopblie, KaK MpaBuiIo,
6anaHCUPYIOT TONBKO IO JABYM IJIOCKOCTSIM), IOMyCKAeTcst y3noBas c6op-
Ka ¢ JMHaMnyeckod GanaHCUPOBKOI MO ABYM TJIOCKOCTSM MNOCJE YCTa-
HOBKH KaXxIoro yana.

64 DkcnayaTauMoOHHAsA YacToTa BpallEHHUA
portopa

Ecnu B AManasoH 3KCIUTyaTalMOHHBIX YACTOT BPALLEHUsI pOTOpA BXO-
OMT WK 6JIM3Ka K HEMY KPHMTHUYECKas 4acToTa, TO BbILLIEH3JIOXEHHBIE
METOIbI CJIeAyeT NPUMEHATb C BOJIBLLUOI OCTOPOXHOCTBIO.

65 HavaabpHbit ancbanauc

Ecnu A3BecTHO pacnonioXeHue HayanbHoro gucbanaHca BAOAbL poTopa
(noaxnaccel 2a — 2e), TO ero JONYCTHMbI HaYanbHbIi AucbanaHc orpa-
HUYEH TOJILKO BO3MOXHBIMHU 3HAYEHHUSIMH KOPPEKTHPYIOLLMX Macc B

11
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TUTOCKOCTAX KOppeKUHH. MeToabl 6alaHCUPOBKHM TaKUX POTOPOB Ha HU3-
KHX 4acTOTaX BpalLIeHHUs corjacHo 6.6.1 — 6.6.5.

Ecau pacnpenenenue HayanbHoro audcbanaHca BAONb pOTOpa HEW3-
BecTHO (moakuacchl 2f — 2h), To B o0lieM ciyyae Hesib3d 3apaHee yKa3aTthb
METOAMKY GaflaHCHPOBKH. 3HaUYeHHe HayanbHOro AucbantaHca MOXHO or-
PaHUYMUTh MpPEABAPUTENbHO 6AIaAHCUPOBKOI OTAECIBHBIX jieMeHTOB. Jlo-
NYCTUMBIA  HayanbHbI AuMcOaNaHc oOrpaHUYMBaeTCsi AOMYCTUMOI
HArpy3Koii Ha NOJIMITHUKHY, 2 TAKXKE XapaKTePUCTUKAMM BCEX JIEMEHTOB
poTopa. MeToab! 6anaHCMpOBKH poTopoB nogkiaccos 2f — 2h corsacHo
6.6.6 — 6.6.7.

66 Metoanl 6alaHCUPOBKHU coGpaHHBIX
poTopoB Knacca 2

6.6.1 ITookaacc 2a: pomopbi, umeroujue ouc6ananc 8 o0Hol naockocmu

Eciyn U3BecTHO, YTO HayaIbHbI# AUCOAIaHC COCPEAOTOUEH B ILUTOCKOC-
TH, COBMAajamolieil C TUIOCKOCTbIO KOPpEKLIHH, TO POTOp MOXeT ObITh
oTGajlaHCHpOBaH Ha J060it yactore BpawueHusi. B atoM cnyyae 6anaHcH-
pOBKa Ha HHM3KHX YacTOTax BpallleHUsl cToib Xe 3¢b¢dekTHBHa, KaK Ha
paboueit yacTtoTe BpalCHMSI.

6.6.2 [lookaacc 2b: pomopui, umerougue ducbanrawnc é deyx naockocmsx

Ecny u3BecTHO, YTO Ha4yaIbHBIA auUCOANAHC COCPENOTOYEH B IBYX
TUIOCKOCT$IX, COBMAAaIOMIUX C TUIOCKOCTAMH KOPPEKLIHH, POTOpP MOXET
ObITh OTOAJIaHCHMpPOBaH Ha 00O YacToTe BpalleHUsi. B 3ToM ciyyae
GaaHCHpOBKa Ha HM3KMX 4acTOTax BpallleHHst cTojib Xe 3ddekTuBHa,
KaK Ha paboueil 4acToTe BpallUEHHS.

6.6.3 [lodkaacc 2c: pomoput, umerousue ducbaranc ¢ Gonee uem 98yx
naockocmax

Ecnu potop cocrout u3 Gojiee 4yeM ABYX IJIEMEHTOB, Pa3HECEHHBIX
BIOJIb OCH POTOpa, TO, KaK MpPaBUJIO, TAKOA poTop uMeeT Gosee ABYX
riockoctei koppekuun. HuskouyactorHas 6amaHCHMpOBKa OKaxeTcs A0-
cTaToyHoli, ecny cobmopaoT TtpeboBaHus K cOOpke poropa U Mephbl
NPeXOCTOPOXHOCTH, YKa3aHHbIe B 6.3.

Cneayer oTMETUTb, YTO MpH cOOpKe poTOpa MOryT BO3HMKATh Aedop-
MauuH Basia. OHU MOTYT YBEeJIMYMBATHCS MIPH paboTe ¢ BLICOKOM 4acTOTOM
BpalLEHHS.

B oTaenbHbiX ciayyasix MpU HAIMYUM 3HAYMTENbHOTO nucOasaHca
OJHOTIO M3 3JIEMEHTOB LieJeco0OpPa3HO BhINOJHUTL ero GalaHCUPOBKY A0
YCTaHOBKH, a 3aT€M MpoBeCTH OanaHCUPOBKY poTopa.

6.6.4 Iodxaacc 2d: pomopwi, umeloujie pagHOMEPHO uau AUHeliHO pac-
npedenennuili ducbananc

Ecau gucbanaHc paBHOMEPHO pacnipesesieH 1o JJIHHE poTopa (Hanpu-
Mep Tpy6a), To NpU COOTBETCTBYIOLLEM BbIGOpE ABYX IUIOCKOCTEl KOppeK-

12
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LMK HHU3KOYACTOTHOH OanaHCHPOBKOW MOXHO NOOMTbCS YIOBJIETBOPH-
TeNbHOM paboThl pOoTOpa BO BCEM AMANAa30HE YAaCTOT BPALLICHUS.

Jns onpesneneHus MOJoOXEHUs! IUIOCKOCTEH KOppeKLMH, obecreyunBa-
1olMx Hanbosee 3¢ deKTUBHYIO 6aTaHCUPOBKY, ClefyeT MPOBECTU UCIIbI-
TaHUS HECKOJbKUX OAHOTHIHBLIX POTOPOB, MMEIOLUMX aHAJIOrHYHOE
oceBoe pacrnpeneieHue aucbananca.

IMonoxeHue NMIOCKOCTH KOPPEKUMH ONPENCSSIOT PAacCTOSHHUEM A0
NOALMMHUKOB. ONTUMaIbHOE paccTosHUe — 22 % OT paccTOsIHUS MeXay
MOALINNHUKAMHU [UISi POTOPOB CO CIEAYIOLMMHU XapaKTepUCTUKAMM:

— MEXOIIOpHBI poTop;

— poTop 6e3 KOHCOJBHBIX YacTeil C paBHOMEPHO pacrnpeneeHHbIM
aucbanaHcoMm;

— PpOTOp C NMOCTOSAHHOI U3rHOHOM XECTKOCTBIO MO UIUHE;

— PpOTOp C CHMMETPUYHBIM PACHOJOXEHHEM TUIOCKOCTEH KOPPEKLIMY
OTHOCHTENIBHO CEPEANHbI;

— poTop, paboyasi YaCcTOTa BpalLEHUs KOTOPOro 3HAYMTEJbHO HUXe
KPUTHYECKOM YacTOThI.

Ecnu 6a1aHcHpOBKa C TOMOLUIBIO BYX MJIOCKOCTEi KOPPEKLIMU He AaeT
YAOBJIETBOPUTENbHbIX PE3YJIbTaTOB, POTOP MOXeET GajlaHCUpOBaTh Ha HU3-
KHX YacTOTax BpalUEeHHS C UCIOIb30BAaHUEM TpEX MJIOCKOCTeH KOPPeKLHH
B COOTBETCTBUM C NMpHiIoXeHHeM B.

[Ipu 3TOM HeobXOAUMO pacCUUTHIBATDH AOMI0 HAYaIbHOrO aucbasaHca
poTopa, KOTOpbIif JOMKEH ObITb yCTpaHEH B LEHTPAIbHOM IJIOCKOCTH
KOPPEKLIMH.

6.6.5 Iodxnaacc 2e: pomopbi ¢ Hcecmium cepoeqHUKoM

Tak kak aucOanaHcoM rMOKHMX lleeK MOXHO mnpeHebpeub, poTop ¢
XECTKHUM CEpIECYHHKOM MOXET BbIThb 0TOaIaHCMPOBaH HAa HU3KMUX YACTO-
Tax BPALICHHUSA C MOMOLIUBIO IUTIOCKOCTENH KOPPEKLUMH, PACTIOJOXEHHbIX Ha
XECTKOM CEpPACYHHKE.

6.6.6 ITodkaacc 2f: cummempuuHbie pomopsi ¢ 02PAHUMEHHBIM HAYAALHBIM
ducbanarncom

Ecnu Kaxablit 21eMeHT poTopa 6anaHcupyiot nepen c6opkoit no 6.3.1,
TO MOXHO OrpaHUYUTbLCS HU3KOYACTOTHOI HalaHCUPOBKOIA, €CJIM HaYaJlb-
Hbl#i AucbaiaHc co6paHHOro poTopa HaXooUTCs B HOMYCTUMBIX pesesax.
IMockonbky oceBoe pacnpeaeneHue aucbananca nocne c6opku poTtopa
HEU3BECTHO, 3 MAKCMMAJIbHAs 4acToTa BpAalLUEHUS POTOPOB 3TOrO IOA-
KJlacca 3HAYMTENbHO OTJIMYAETCA OT BTOPOH KPUTHYECKOW 4YacTOTHI,
caMbIM HeOnaronpuaTHbIM 6yneT cayyait, koraa yribl aucbanaHcos 3ie-
MEHTOB COBINanaloT. B 3TOM Ciiyyae MakcHMaibHOE 3HaYEeHUE HAYAJIbHOTO
aucbanaHca, KOTOpbiif MOXeT ObITh YCTPAHEH C MOMOLBIO ABYX [LTIOCKOC-
Teli KOppeKUMH, ONPEAeNsIoT ONbITHLIM nyTeM. Ipu M3BECTHBIX JAHHBIX
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00 U3rnOHOMI XECTKOCTH BaNa, MOJATANBOCTAX MOALUMITHUKOB U T.[1. MOJIE3HO
MPOBECTH MpeABAPUTENbHBINA AaHAIU3 BAMSIHUSL HAYATbHbIX AUCcOATaHCOB Ha
paboTy poTopa ¢ UCNONIb30BAHUEM MaTeMaTHYECKUX MoJesei.

6.6.7 Ilodkaaccor 2g u 2h: pomopsl ¢ 02paHUHEHHBIM HA4AAbHbIM Oucba-
AAHCOM

OnbIT MOKAa3bIBAaET,YTO CUMMETPUYHBIE POTOPHI (Moakiacc 2g), OTBe-
qalole TpeGoBaHUAM 6.6.6 U uMeloUIMe TPETHIO (IOMOSHUTENbHYIO)
LEHTPAJIbHYIO UIOCKOCTb KOPPEKLUMH, MOTYT ObITh OTOaIaHCUPOBaHbI HA
HU3KUX YaCTOTAX BpALLEHUs IPU YCAOBUU, YTO UX HAYANBbHBIN AncOanaHc
He MNpeBbILUIACT YyABOCHHbIM HayalabHbI# OIUcOaNaHC, YCTAHOBJNEHHBI B
COOTBETCTBUHM C 6.6.6.

IMpakTuka roka3ssiBaet, 4to ot 30 mo 60 % HavajibHOro gucbHanaHca
cAelyeT YCTPaHATh B LEHTPANbHON MIOCKOCTH KOPPEKLHHU.

Jinst aciMMeTpHYHBIX poTopoB (noakiacc 2h), He OTBeYaloOLUX Tpe-
GoBaHUsM 6.6.6, npoBelst aHANIM3 B COOTBETCTBUM C 6.6.6, MOXHO ycTa-
HOBUTb  MakKCUMaIbHBIA  AOMYCTUMbIH  HayanbHbI#  aucbanaHc,
MOLAAIOWIMIICH YCTPAHEHUIO B POM3BOJLHO 3a0aHHOM nockocTu. OnHa-
KO 3Ha4eHHe pacCYUTAHHOro TaKUM 0Opa3oM JOMYCTUMOro HayajlbHOro
JUcOanaHca MOXET OKa3aThCsl CAMILIKOM MAaJIbIM, YTOObI MeTo/ GBI MpHU-
MEHUM Ha npaktuke. B aToM ciyuyae Heob6xoauMo BLIOpaTh APYroi METOM,
HanpuMep, MoceoBaTe/ibHyi0 6anaHcuposky (6.3.2).

7 BAJAHCHUPOBKA POTOPOB KJIACCOB 3, 4, 5

71 Metoan 6anaHCcCHUpPOBKM POTOpPOB Kjnacca 3

7.1.1 Obwue nosoxncenus

CyuuectByloT gBa MeTofa 6anaHCHPOBKM POTOPOB 3TOro Kiacca: 6Ga-
JJAHCHUPOBKA MO MOAaM U MeTol Ko3¢pdHULIMEHTOB BAUAHUA. B GonblUMH-
CTBE CJIy4aeB Ha (IpaKTUKe MeToA OaJlaHCUpPOBKU NpeacTaBisier coboi
coyeTaHMEe OOOMX METOHOB M MpeobiafaHue TOro WJIKW HMHOro M3 HHUX
onpenenseTcss KOHKPETHbIMU yclIoBUSIMU. OIMH M3 TaKMX MeTtomoB 6a-
JJAHCUPOBKMU NpuBeaeH B 7.1.5, HO ciielyeT UMETb BBHAY, YTO B OTAENbHBIX
cliydyasaX BO3MOXHbBI €ro MO}J.P[CbKKauHV[.

7.1.2 Onopwt pomopa

JdvHaMuyeckue XapakKTepUCTUKH TOALIMITHUKOBBIX Onop 6anaHcHpo-
BOYHOro obopynoBaHusi ciaeayer noabuparb, [0 BO3MOXHOCTH, TaKHM
06pa3oM, YTOOGbl BOCTIPOU3BOAWIUCH YCIOBHUS OMUPAHHUs POTOpA B MAlLIU-
He. Bnaromapsi aToMy Monbl BUOpallMM poTopa B 3KCIUTyaTauuu GynyT
BOCITPOM3BEIEHbI U B 6a1TaHCHPOBOYHOM 0OOPYIOBAaHUM, YTO MCKIIIOYAET
Heob6X0AUMOCThb ero DaTaHCHPOBKH HAa MEcTe.

Eciu poTop MMEET KOHCO/b 3HAUMUTEbHOM Macchl WM MaJIOR XecT-
KOCTH, a B MallIMHE KOHCOJIb OMUpaeTcsd Ha COOCTBEHHYIO omopy, TO U
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npu 6GanaHCUpOBKEe [OJXHA ObiTh NpesyCMOTpeHAa [OMOMHHUTENbHAS
oropa.

7.1.3 Hamepumenvnas cucmema

Jns usmepeHuss BuOpauuu poTopa, NMOALIMMHMKA WIM OMOPbI MU
Harpy3ku Ha MOJLIMMHUK YCTaHAaBAWBAIOT COOTBETCTBYIOLME AATYMKH.
CucreMa [JOJXKHA U3MEPATb aMIUIMTYLY FapMOHHKHM CHTHala 4acTOTOH
BpallleHHUs, a Takxke a3y 3Toil rapMOHMKU OTHOCHUTEJIbHO NPOM3BOJIBHO
BbIOpaHHOrOo (PMKCHMPOBAHHOTO OCEBOro ceyeHus portopa. B kauectpe
IbTEPHATUBHOIO BAPUAHTA MOTYT UCMO/b30BaThCA U3MEPEHHS KOCHHYC-
HOM M CMHYCHOM COCTaBJ/ISIIOLLIMX FAPMOHMKH.

Annapartypa, ucnosnb3yeMasi st OalaHCHPOBKM Ha MECTE YCTAHOBKH
MAalMHBI, JOJXHA COOTBETCTBOBATh CJIEAYIOLUUM TpeOOBAHUAM:

— TMOrpelHOCTb U3MepeHHUs caBura ¢asbl BUOpOCKOPOCTH UM BUG-
ponepeMelLeHUs Ha ¢MKCHPOBAHHOMN YacToTe BpalleHUs He Gonee +1 °;

— MOrpelHOCTb U3MEPEHHUS YacCTOThI BpallleHHs poTopa — He 6oJee
+11 %, 19 poTOpOB CTallMOHAPHBIX NMAPOTYPOMHHBIX arperaTtoB — IO
I'OCT 126875;

— OCHOBHasi NMPUBEACHHAS MOTPELIHOCTb MU3MEPEHUSt aMIUTUTYIHbIX
3HayeHM M COCTaRNAIOLUX BUOponepeMelLeHUsI U BUOPOCKOPOCTH Ha yac-
TOTe, paBHOM YacTOTe BpalleHUs, — He Gonee +15 %.

JlaTuMKHU U yCTPOIACTBA UX KpeTUleHHsl He JO/DKHbI UMETh PE30HAHCOB
npu 1060i yactote BpalleHUs1 B paboyeM nUamasoHe.

7.1.4 Hu3sxowacmomnas b6anancuposxka

OnbIT NMOKa3blBaeT, YTO MEpEA BbICOKOYACTOTHOMH OGalaHCHPOBKOM
uesecoobpa3Ho MPOBOAUTb HU3KOYACTOTHYIO GanaHCHpPOBKY OCOBEHHO
TeX pPOTOpOB, paboTbi KOTOPbIX MOXET MPOUCXOAUTh Ha MEPBO KPUTHU-
4yecKoil yacrore BpauleHHs1. B obuieM cnyyae Hu3koyacToTHas 6aiaHCH-
POBKa Heobs13aTeslbHA U MOXHO cpa3y NPUCTYNHUTb K BbICOKOYAaCTOTHOM
6asaHcupoBKe.

7.1.5 Bwicoxouacmomuas 6asancupoeka no modam useuba pomopa

HamepeHus BekTopoB BUOpaLUMHM (MM CWI) NMPOBOASAT HA YacroTe
BpalleHUs. BbicoKOYacTOTHYl0 6anaHCUPOBKY BBHIMOJHSAIOT CJAEAYIOLIMM
o6pa3omM.

7.1.5.1 TipuBectu poTOp BO BpallEHHE YacCTOToOif, OelonacHoi mWis
paboTbl, HO 61M3KOI K MepBoil KpuTHUecKoit. OGO3HAYUTD 3Ty YACTOTY
fepBoit 6a1aHCUPOBOYHOIA.

H3mepHuTh BeKTOpbl BUOpALMH MJIM CHI B YCTAHOBHBLUEMCSI PEXHME
BpalleHus potopa. Ilepen o6paboTkoit HaHHBIX CIEAYET YAOCTOBEPHTLCS
B UX MOBTOPSAEMOCTH, Il YEro MOXET MOTpedoBaThCcsk HECKOJIBKO MYCKOB
poTopa.
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MpumMeyaHue— s poropoB HEKOTOPLIX THNOB, HaNpHUMep POTOPOB TypOHH,
KOTOpble MPETEPnesaoT UIMEHEHHA HATATOB AUCKOB Ha HacToTax BpaleHUs, GIM3KUX
K KPHTHYECKHM, peKOMEHIYeTCs NpeaBapuTeibHas 6anaHCHMpoBKa, 3TO NO3BONUT Pa3o-
rHaTb POTOP IO 3KCIUTYaTaLUHOHHOW YacTOTbI BPalCHHUS WM Bbillle, YTOObI AMCKH 3aHAIH
OKOHuYaTeNbHOe nostoxeHue. Tonbko noce 3Toro cieayeT NPOBOAUTL OKOHYATENbHYIO
6anaHCHpOBKY.

7.1.5.2 YcTaHOBUTH Ha poTOp MPOOHBIE Ipy3bl, MOROOPAHHbIE TAKMM
06pa3oM, 4ToOb! BbI3BaTh 3HAYUTE/IbHBIE U3IMEHEHUS] BEKTOPOB UCXOLHOM
BUOpaLMU UM CUJT HA YacTOTE MepBoi MOJbI.

Ecau HU3KOYACTOTHYIO GanaHCMPOBKY POTOPOB He IMPOBOAWIH, TO
HYXHO YCTaHOBUTb OAWH MpOOHbIA rpy3. Eciu potop CUMMeETpHYEH, TO
Tpy3 ciaelyeT YCTaHABJIMBAaTh MOCePEAUHE pPOTOpA.

Ecnu Hu3kowacToTHasi GajlaHCMpOBKa TNpoBedeHa, NMpPOOHbIE Ipy3bl
nogobpark Tak, 4ToObl HE HApyLIMAach YpaBHOBELIEHHOCTb Ha HHU3KHX
4yacToTax BpallEeHHS.

7.1.5.3 Ilpusectu potop Bo BpauieHue no 7.1.5.1, \BMEPUTH BEKTOPBI
BUGpauuu (cui) v y6eauTbCs B MOBTOPSIEMOCTH JAHHBIX U3MEpPEHUI.

7.1.5.4 Tlo manHHbiM 7.1.5.1 1 7.1.5.3 BBIYUCAUTH JHHAMHUYECKUE
Ko3ddULUMEHTbl  BAMSHUS HA MepBoit GanaHCHMPOBOYHOI YacToTe.
ITocne atoro cneayer paccyMTaTh KOPPEKTUPYIOLLHME MAacChl M HX
yIJIOBOE IMOJIOXEHHE. YCTAHOBUTb KOPPEKTUPYIOLLME MAcChl, CHSIB MPO6-
Hble Tpy3bl.

ITopspok onpegenernss Ko3pGULUUEHTOB BIUSHUSA U pacyeTa Ha MX
OCHOBE KOPPEKTUPYIOILHUX I'py30B NMpUBEAEH B npujioxeHuu H.

Cnoco6 rpagduyeckoro onpeneieHuss KOPpeKTHPYIOILUX MacC M HX
YIJIOBOTO TONIOXEHHUS yKa3aH B mpuinoxeHuu G.

[Tocne BbIMONHEHHUS 3TOK OMepalLMu BpallieHWe poTopa Ha YacToTax
BBILLIE MEPBOIf KPUTHUYECKOH HE JOJKHO COMPOBOXAATHCSA 3HAYUTEIbHbBIM
yBeJIMyeHueM BUOpaunu (unu cunsl). Eciu 310 He BbIMoONHsIETCS, ClieAyeT
nosroputb 7.1.5.1 — 7.1.5.4 Ha yactore, BO3MOXHO OGojee 6gu3koi K
MepBOA KPUTUUECKOMN 4YACTOTE BpALLECHUS.

7.1.5.5 TlpuBect poTOop BO BpallleHHEe 4acTOTOM, Ge3zomacHoi nis
paboTbl MalMHbI, GAM3KOII KO BTOPOW KPUTHYECKOW; O00O3HAYUTH ee
BTOpOil OanaHCHPOBOYHOI uactoToii. M3Meputb BeKTOpbl BUOpaLMu
(cwibl) Ha 3TOH YaCTOTE B YCTAHOBMBLUEMCS pEXUME BpalLCHHUS.

7.1.5.6 YcTaHOBUTb Ha pOTOp CHCTEMY NMPOOGHBIX IPy30B, pa3MECTHB
MX BOOJb pOTOpAa TaK, 4ToObLI Ha BTOpOi OasaHCHMPOBOYHOI 4YacToTe
BbhI3BaTb 3HAYMUTENIbHbIE U3MEHEHUSA BEKTOPOB BMOpauuu (CHJbl), HO UX
BIMSIHUE Ha ypoBeHb BMOpaLMM Ha mepBoi KpUTHUYECKO# yacToTe Oblio
Obl HE3HAYUTEIbHBIM.

7.1.5.7 Tipusectu poTop BO BpalieHHe co Bropo# 6anaHcHpoBOYHOlM
YacTOTOM M U3MEPUTh BEKTOPbI BUOpaUMu (CHI).
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7.1.5.8 Mo anauubiM 7.1.5.5 u 7.1.5.7 Beiurcautb Ko3bdHUHEHTHI aH1-
HaMHUYeCKOro BAUSHMS CUCTeMbl POOHBIX TPy30B Ha BTOPOi Hajiancupo-
BOYHOW yacTorte.

Paccunratb cucTeMy KOpPEKTUPYIOLLMX MACC, KOTOPbI€ HE HApyLIalOT
YPaBHOBEILEHHOCTh Ha HU3KHX 4acCTOTax BpALLCHUS, HO MO3BOJAIOT HC-
KJIOYUTh BAWSAHUSA AucOanaHca Ha BTOpoil GalaHCHPOBOYHOI 4acToTe.
YcTaHOBHUTL Ha POTOpPE 3Ty CUCTEMY KOPPEKTHUPYIOLLIMX Macc.

[Mocne BbINONHEHUS 3TOI Oonepalvy BpalleHHE POTOpa HAa YacToTax
BpAalLEHUS] HE JOJXHO COMPOBOXIAThCS 3HAYUTEJbHBIM YBEJIHYEHHEM
BuOpauuy (cuibt). Eciy 310 HE BbINOJHAETCA, CleAyeT NOBTOPUTDL 7.1.5.5
— 7.1.5.8 Ha yacToTe GaNaHCUPOBKH, BO3IMOXHO Gojiee 61U3Koi KO BTO-
PO KPUTHYECKOM.

7.1.5.9 Tponosxarb GanaHCHPOBKY MO BbILLEONUCAHHON METOAMKE Ha
yacrotax OanaHCUpPOBKM, OMU3IKUX K IOPYTMM KPMTHYECKHUM YacTOTaM,
BIUIOTb 1O MAKCUMAJIbHOM SKCIUIyaTaliMOHHOM 4acToThi. Kaxzaas HoBas
cUcTeMa MpO6HbLIX rpy30B NOJMXKHA NoabupaThCst TAKUM 0O6pa3oM, YToObI
OKa3blBaTb 3HAYMTEIBHOE BAWSIHME HA COOTBETCTBYIOLIEH OallaHCUPOBOY-
HOM 4acToTe, HO HE HApyUIaTh JOCTUTHYTON YPABHOBELWIEHHOCTU Ha 6oJiee
HU3KMX yactortax. Pacripenenerne npoGHBIX IPYy30B MOXHO YCTAHOBHUTB
OMBITHBIM MyTeM MIH pacyeToM. i Kaxaoro ciy4yast BHIYUCASIOT CHUC-
TEMY KOPPEKTHPYIOLLIMX Macc, UCXOAS U3 COOTBETCTBYIOLIEro Ko3dduuu-
€HTa JUHAMHUYECKOro BJIIMSAAIHUSL CUCTEMbl npoOGHBIX rpy3oB. Cucrema
KOPPEKTHPYIOLLUX MAcCC NOJXKHA OKA3bIBATb MHUHUMAJIBHOE BIUSHHWE Ha
yacroTax, rae 6araHcHpoOBKa yXe npoBeeHa, HoO obecrieynBaTh ycTpaHe-
HHe aucbanaHca Ha yacToTe HaNaHCUPOBKH.

7.1.5.10 Ecnu, TeM He MeHee, Ha 3TO# cTalUM GalaHCUPOBKM Gyner
COXPaHATbCA 3HAYMTENbHasA BUOpauusa (Mau GonbluiMe 3HAYEHHUS CUI) B
nuanasoHe pabouux 4acToT BpallleHHMs, cieayer noBToputh 7.1.5.9 Ha
4acToTe 6GaIaHCUPOBKH, 6J1H3KOI K MAKCHMAIbHO JOMycTUMON. B taHHOM
ciyyae 6alaHCHPOBKA HA YAacTOTax, OMM3KMX K KPUTHYECKHMM YaCTOTaM,
oCTajibHBIX (D0nee BLICOKHX) MO ISl BbIABJCHUS MX BO3JEHCTBMS Ha
POTOpP MOXET 0Ka3aTbcA HEBO3MOXHOIM.

MpumMevaHnus

| Hekoropbie THNLI POTOPOB A0 OKOHYAHUS GANAHCHPOBKK MOXHO Ge30NacHo NycKaTh
Ha BCeX MM XE TOMBKO HAa HCKOTOPLIX KPHTHYECKMX 4acToTax BpauleHHsi. B Taxom
cayuae Yucao TpebyeMbix NMYcKOB MOXeT ObiTh YMEHBLIEHO.

2 CnenyeT OTMETHTb, YTO BBLILICONMUCAHHASL METOAWKA MPEANONAraeT HAIHUHE NHHEIH-
HO#t cBA3H Mexay BeKTopamMu aAucbanaHca ¥ BubGpaudu (cunbl). B oTaenbHbIX caydasx
3TO YC/IOBHE MOXET HE BBIMOMHATLCA, HANPUMEP, KOTAA HAYANBLHLIA AUC6anaHC oueHb
BEJIKK, 2 POTOP OfHPAETCA HAa MOALUMNHUKM CKOAbXEHHA. B cBA3M c 3THM MoryT
notpe6oBaTLCA NMOBTOPHbBIE ONpeae/cHHS KO3DPHLHEHTOB BIHAHHSA, Koraa Bubpauus
WIH CHIBl YMEHbIIATCS NOCjie NpeaBaPpHTEbHOH 6aaHCHPOBKH.

3 Ha npaxTnxe ONHCAHHYIO METOAMKY WM €€ BApHAHTbI MOXHO YCOBEPLICHCTBOBATH
NMPUMEHEHHEM KOMIBIOTEPHBIX NPOrpaMM, aBTOMATH3NPOBAHHO! GaNaHCHPOBKH.
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72 Meton 6anaHCUPOBKHM POTOpPOB Knacca 4

Potopb! faHHOro Khacca MOryT 6bITh OTHEeCeHB! K KiaccaM 1, 2 wnu 3,
HO MMEIOT OAUH WU Gosee ruOKUX 3JIEMEHTOB MM JIEMEHTOB ¢ rMOKOH
cBs3b10. HeypaBHOBELIEHHOCTb POTOPa MOXET U3MEHATHCS B 3aBUCUMOC-
TH OT M3MEHEHUs YACTOTbI BpallleHUs.

Potopbi 3TOro Kiiacca kiaccuPUUUPYIOTCsi MO ABYM KATErOpHUsiM:

— pOTOpbI, AMCOANAaHC KOTOPHIX U3MEHSETCS HETIPEPbIBHO C U3MEHE-
HWEM 4YacTOThbl BPallEHUs!, HAIIPUMEP BEHTMIATOPbI C PE3UHOBBLIMU JIO-
NnacTaMu;

— poOTOpbI, AUCcOAIaHC KOTOPBIX U3MEHSETCS 10 HEKOTOPO# YacCTOThI
BpAlLEHUS, a 3aTeM MPU ee NPEeBbILLIEHHH OCTAETCS MOCTOAHHBIM, HANPHU-~
Mep pOTOpbl OJHOPOAHBIX ACHHXPOHHBIX 3/MEKTPOABHUIaTeNieit ¢ LIEHTPO-
0eXHbIM MMYCKOBBIM BBIKJIIOYATEIIEM.

Potopbl nepBoit kKareropun 6anaHCUPYIOT Ha TOH YacTOTe BpalLeHMs,
IUIS1 KOTOPO HOPMUPYIOT ypOBEHb BUOGpaLIMu.

Portope! BTOpoii Kateropuu OallaHCHPYIOT Ha JI000# YacToTe Bbillie
TOii, TIPU KOTOPO# MpeKpalalTcs U3MEHEeHHUs AucbanaHca.

MMpuMedanne— BansHue rrOKMUX 3MEMEHTOB MOXHO CBECTH A0 MMUHHMYMa NpH

MPOEKTHPOBaAaHHH POTOpa H MPaBHABHO pacCHUTaB HMX pPa3MCLICHHE HA pOTOpE, HO

HeobXoAMMO HUMETH BBHAY, YTO 414 pOTOPOB JaHHOIO Kiacca BO3MOXHO AOCTHXCHHE

YPaBHOBEILEHHOCTH TOJIbKO Ha OHON YacToTe WM B OrpaHUYEHHOM AHana3oHe
4acTtoT

73 Metonn 6afaHCUPOBKU POTOPOB Kjaacca §

JInst HEKOTOpBIX BUIOB FMOKMX POTOPOB, KOTOpHIE NMPU NOCTUXKEHUU
3KCILTyaTaLMOHHOM YacTOTh! BpPAllleHUsI TIPOXOAAT OAHY WM HECKOJbKO
KPATHYECKHX YACTOT, MOXHO OTPpaHUYUTHCS OaaHCHPOBKON TOMBKO Ha
ONHOM 4YacToTe, KakK MnpaBuio, paboyeii. O6bIMHO pPOTOphI 3TOro Kjiacca
YIAOBNETBOPSIOT, 10 KpaHel Mepe, OJHOMY M3 cieaylowmx TpeboBaHmii:

— pa3roH poTopa A0 MaKCMMaJibHON CKOPOCTH (TakKXe M TOpMOXe-
HME) TIPOMCXOAMT HACTONbLKO OBICTPO, YTO BMOpauust Ha KPUTHYECKHX
4acToTax He yCIeBaeT MpPEBBICUTDH AOMYCTUMBI YPOBEHb;

— JaeMndupoBaHKE CUCTEMbI JOCTATOYHO ISl TOro, YTOOH BHOpaLUs
Ha KPUTUYECKHMX YacTOTaX HAXoAuach B JOMYCTUMBIX Npeaeax;

— TMOALUMUITHUKOBBIE OMOPbI HE JAIOT BO3MOXHOCTH BO3HUKHYTb He-
XKenatenbHOW BUOpauuy;

— JOMYCTUM BBICOKHMI ypOoBEeHb BUOpALIMK HA KPUTHYECKHX YACTOTaX;

— porop paGoraeT Ha paboueii yacTrore MUIMTENbHOE BpeMsl, TAK YTO
yCJIOBHUS TyCKa/OCTaHOBA, HENMpHEMJIEMble MPHU YacThIX MYCKaX, MOXHO
CYUTATh JOMYCTUMBIMH IS 3TOTO Cydas.

Ecnu onopbl orpaHMyuBaloT BHOpaLMiO, OCOGEHHO BaXHO, YTOGHI
XKECTKOCTb Ornop 6a1aHCMPOBOYHOrO CTaHKAa COOTBETCTBOBA/IA XECTKOCTH
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onop MauiMHbl. IT0 obecneynBaeT BOCIpoU3BeeHHE Ha GalaHCUPOBOY -
HOM CTaHKe TeX Xe MO/ POTopa, KOTOpble OH HMEET B MallIMHE.

Hcxons U3 npeanonoxeHus, Y70 ONHOTHIHbIE POTOPBI KMEIOT CXOXee
pacnpenesieHHe AucbaiaHcoB, MOXHO BbiOpaTh ONTHMAILHOE MOJNIOXKEHHE
TIockocTeit KoppeKuuu. [1py 3ToM MOXeT 0Ka3aTbCs IOCTaTOYHO UMETh
aBe riockocTi. Kak cieactBue, yxe npu 6anaHCHMpOBKE MO HU3ILIMM
MOiaM, MOXHO JOOMTbC MUHHUMAJIBHOTO OCTATOYHOTO AMcHanaHca, uTo
MO3BOJIUT CBECTH A0 MMHMMYMa BMOpaLUMIO HA KPUTUYECKHX YACTOTax.

8 OLIEHKA KAYMECTBA BAJJAHCHPOBKH

B 3aBUCMMOCTH OT Kjlacca U HAa3HAYEHUs pOTOpa OKOHYATeNbHOE
KayecTBO GaJJaHCUPOBKM MOXET OLIEHUBAThCst NGO MO 3HAYEHUSM BHO-
paUUU B yCTAHOBJIEHHBIX TOYKAX U3MEPEHHSA, TUO0 MO OCTATOYHOMY NUC-
GajaHCcy B OMNpeie/IeHHbIX MIOCKOCTAX KOPPEKLHHU.

MpumeyaHue— MNpu MesKocepuitHOM NPOH3BOACTBE MOXHO MPUMEHSATH YNPO-
WeHHbIE METO/Ibl OLIEHKH MO CPABHEHHIO C ONMUCAHHBIMH HUXE.

81 PoTtopb, ouUeHKY KayecTtBa 6anaHcupoB-
KU KOTOPHBIX MPOBOASAT MO U3IMEPEHUAM BHO-
pauuvu c MoMOWbIO BBICOKOCKOPOCTHOTO
6anaHCUPOBOYHOTOo obopynoBaHuUS

8.1.1 Tpebosanus k ucnsimameavromy o6opydoearuio

B cnyyae, koraa coG6CTBEHHbBIE MOIbI POTOPA B 3HAYUTEILHOM CTEMEHH
onpenensiioTcss AMHaAMUYEeCKUMM XapaKTepMCTMKAMU onop, Heobxoaumo,
4T1O6bI ONOpbI 0O0PYNOBAHUSA M MAIUMHBI UMEJIU AaHAIOTMYHbIE XapaKTe-
puctuku. Hanpumep, nmepBasi KpuTHYECKasi YacToTa poTopa B onopax
6a1laHCMPOBOYHOIO YCTPONCTBA He J0JIXHA 3HAYMUTENIbHO NPEBBILIATD 3TY
4acToTy UIsi pOTOpPa, YCTAHOBJAEHHOTO B MALUWHE. 3TO MO3BONSAET UCCiE-
IIOBaTbh BCE€ MOAbl Ha 6aJlaHCHPOBOYHOM 060PYIOBAHUU.

Eciu KoHCONb poTOpa B MAaLLUHE HMEET OTNOPY, TO W MTPU UCTIBITAHUAX
IUist Hee OJIKHA ObITh NMPeAyCMOTpeHa aHAIOTHYHas onopa.

Eciau KoHconb poTopa B MallIMHE HE WMEET Onopbl, TO U MPU HUCIbI-
TaHUAX OMOPY HE MPUMEHSIOT.

Ha koprmyc momlMnHuKa B OXHOW IUJIOCKOCTH YCTaHaBIMBAIOT [IBa
JaTYMKA NEPreHAUKYIAPHO APYT K APYTY. 3TO NO3BONAET PETMCTPHPOBATD
BEPTUKANIbHYIO H FTOPU3OHTAIbHYI0O KOMIOHEHTH BUOGpaLIMH.

KpoMe Toro, s u3MepeHHt BUGpaLuyu poTopa MOXHO NMPUMEHSTD B
KayecTBe aNbTEPHATUBHbBIX UIH JOMOJHUTENbHBIX AATYHKH OTHOCHTEJNb-
Holt U aGcosoTHoM BUOGpaLuK Bana. MX TakXe ycTaHaBIMBAIOT B OXHOH
TUIOCKOCTH mox yritoM 90 ° npyr k apyry. U3mepenus BuGpauuu poropa
JOMOJIHUTENbHO K M3MEPEeHUSIM BHOpaLuy Ha Koprycax MOALIMITHUKOB
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HauboJee LienecoobpasHbl I1sl poTOPOB Kiacca 3, 0coOeHHO LISt TOUHOTO
onpeaeseHUss Moa poTopa.

Bo Bcex ciiyqyasix pe3oHaHCbl KpenexXHbIX YCTPOMCTB JaTYUKOB BO BCEM
[MarasoHe 4acToT UCMbITAHUI AOMXKHbI ObITh UCKITIOYEHDI.

CurHanbl AaTYMKOB NOJKHBI MOCTYNAaTh Ha YCTPOICTBO, CliocoGHoe
BbLIEJISITh U3 MOJIMFAPMOHHUYECKOH BUOpaLMK rapMOHHKY 4acTOTO# Bpa-
LLIEH 1A, TAKXKE U KOra YacTOTa BPAalLEHHUS U3MEHSIETCH B peXume Bbibera
potopa. [IpuBoa poTopa He NOMXEeH BAHUATbL HAa €ero BUGpauMIo U Hayalb-
Hbli AncOanaHc.

MpuMeyaHHe— YToObl yIOCTOBEPHTLCS B TOM, YTO MPHUBOA HE BAHSET Ha
HayanbHbiA AMc6anaHc, caelyeT NpoBepHYTh CoeNMHMTEbHYIO MydTy Ha 180 * oTHOCH-
TE/IbHO POTOpa M M3MEPHTb BEKTOPbI BUOpALIMH Ha HUIKOH 4acToTe BpalLCHHWs, KOraa
HE NPOSBNAETCS AUHAMUYeCKui M3Tnb potopa [nsi ycTpaHeHMs NorpeliHOCTH NPON3-
BECTH BEKTOPHOE BbIYUTAHHE HA 4acTOTe BPalUEHHS

8 1.2 Memoduka ouenku

PoTop npuBecTH Bo BpalleHHe, PA3roHAS €ro C YCKOpPeHWeM, MpH
KOTOPOM He€ MPOMUCXOAMUT crilaXuMBaHHWe NMUKOB BUOGpauuu. Bee sipko Bbi-
paxkeHHble MUKU BUOpAUMUU cledyeT UIMEPATh B AHANA30HE YACTOT Bpa-
weHusg oT 70 % nepBoi KpMTHHMECKOH 4acTOThl A0 MAKCHUMaNbHOM
YACTOTHI BpallleHUS TIPU IKCIUIyaTALUU,

[MpononxuTeNbHOCTL BpalleHHWs poTopa Ha MakCMMaiabHOW paboueit
4acToTe HOJIKHA ObITh 4OCTATOYHOM, YTOOLI yCTpaHuTh 3¢hdeKThl nepe-
XoAHOro pexuma. B ycTaHOBUBLLEMCSI pexXuMe cjielyeT U3MEPUTh BUOpa-
1IM10 Ha YAcTOTE BpallieHUA poTopa.

Ecnu 3T0o oroapuBaeTcst B TEXHHUYECKHX YCIOBHMSIX, HEOOXOAUMO pa-
30THaTh POTOP 0 YCTAHOBJIEHHOMN MMOBLILLIEHHON! YacTOTbl BpPallEHUS.

[Tocne BpaiueHust poropa B TeyeHUE OrOBOPEHHOr0 BpEMEHM Ha
MOBbILIIEHHON YacTOTE OHA ACJXHA ObITh CHHXEHA KO MaKCHMAJbHOM
paboueit, a M3MepeHHs BUOpaALMM Ha YACTOTE BPALUCHHUA MPOBEAEHbBI
BHOBb. EC/IM HMEIOT MECTO MJIM MPeANoaraloTcs 3HaYUTeIbHbIE U3MEHE-
HHUst aMcbanaHca nocjie UCNbITAHUW HAa NMOBBILIEHHOM 4acTOTe, TO OKOH-
4aTeJbHYIO HATAHCHPOBKY M OLIEHKY BHOpauuu cleayeT NpoBOAUTD Nocie
TaK¥UX UCTIbITAHHIA.

[nsi 3T70r0 poTOp NPUTOPMAaXMBAIOT U NMPOBOAAT U3MEPEHUSI BUOpaLIMHU
Ha yacroTe BpallleHUS B AWaNa3oHe OT MAKCMMalbHOH pabouei yacToTbl
no 70 % nepBoi KpUTHYECKON HAcTOThbl C HHTEPBAJIOM, HE MPEBbLILLAIO-
wuM 5 % MakcuMaibHOM pabGoyeit yactoThl. [1pu 3TOM ycKOpeHHE MNpH
TOPMOXEHUH TaKXe JOJKHO ObITb JOCTATOYHO MEMNIEHHBIM, YTOObI H36¢-
XaTh CrjaXHWBaHUS MUKOR BUOpaLUH.

MMpuMeuaH U e— 3HaueHHE NOBBILICHHON YACTOThI BPAlICHHA 3aBHCHT OT Tpe-

GoBannii K XOHKpeTHOMY potopy Ecaun Takux TpeGoBanuit He CylicCTByeT, HCRBITAHUA

Ha MOBbIWECHHON YacTOTE MPOBOAAT MO JOIOBOPCHHOCTH MEXAY H3rOTOBHTCACM H
norpeburTenem
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82 PoTtopsn, KayecTBOo 6anaHcupoBKU KO-
TOPbLIX ONMpenensloT NOCPEACTBOM H3IMEDPE-
HUiA BuOpauUMuMUu Ha UCNBITATENbHOM CTEHIE

[ns poropoB, oKOHYaTeIbHOE KayecTBO 6alaHCUPOBKH KOTOPBIX OLie-
HHUBAETCs Ha UCMBITATEAbHOM CTeHIE, HEOOXOAMMO MCNOJb30BATh aMrma-
paTypy W METOAbi UCTbITAHUM, oniucaHuble B 8.1. OnHAKO B HEKOTOPLIX
cny4asix BO3HWKAaeT HeOOXONUMOCTb MPUMEHEHUs NPYTUX METONOB, Ha-
NpuMep:

— PpOTOp C NpUBOAOM MpeacTaBisieT coboit enuHblit arperar,

— poTOp, A KOTOPOTO BO3MOXHO MOAYyYEHUE NAHHBIX TOJNBKO HA
OIHOM YacToTe BpallieHHUsl, HaNpUMeEpP POTOP aCHHXPOHHOTO 3JIEKTPOIBH -
rarens;

— yCTaHOBKA JaTYHKOB Ha MOAWMITHUKHA HEBOIMOXHA — B 3TOM CJIy-
4yae M3roTOBMTENb U MOTPeOUTENb OrOBapMBAaIOT TOYKH U3MEpPEeHUs] BUO-
pauum,

— 3HayeHue aucbanaHca poTopa MOXET 3aBUCETb OT Harpy3ku — B
3TOM CJly4ae M3roTOBUTENb U MOTPeOUTENb OrOBapUBAIOT AMAMAa30H Ha-
IPy30K, MPU KOTOPbIX OLIEHUBAIOT YPABHOBEILEHHOCTb POTOpA.

83 PoTtopnb, OULEHKY OCTaTO4YHOro auchba-
JlaHca KOTODbHBX NPOBOASAT MNYyTEeEM HU3IMEpe-
HU BuUOpauUuMUUu HAa MecTe IKcNAyaTauuUu

8.3.1 MaiuuHsbl, KauecTBO GaNTaHCUPOBKH POTOPOB KOTOPBIX OLIEHH-
BAaIOT NOCJIe OKOHYATEeNIbHOI YCTAHOBKHM Ha paboueM MecTe, NOABEPXKEHbBI
BJIMSIHUIO MHOTHX (bakTOpOB, BbI3biBalOWIMX BUOpauHrio. Hekotopsbie dak-
TOpbl AEHCTBYIOT HA YACTOTE BPALUEHHUS M, CIENOBATENbHO, UX BJIHSHUE
MOXHO OLUMOG0YHO NPUHATH 32 BUOpaLIHIO, BbI3BAHHYIO AMcOalaHCOM. 3TO
0COOEHHO XapaKTEePHO ISl MAaLWKWH ¢ AByMsi WK Gonee rubkumu poropa-
MH, COEIUHEHHBIMH MeXAay cOOOM.

Hekotopbie U3 ¢akTopos, onpeaensiioune nosiBieHUe Takoit Bubpa-
LHMU, a TAKXKE Mepbl MPEAOCTOPOXHOCTH OT OLIMOGOYHBIX 3aKJIOUEHHUH
yKa3aHbl B MPWIOXEHUH A.

8.3.2 Ecnu kakue-nu6o cTaropHbie 3/IEMEHTHl MAIMHBL WK ee yH-
JaMEeHT UMEIOT pe30HaHC Ha paboyeit yacToTe, BOZMOXHbI BLICOKHE YPOB-
HM BUOpauuM, HeCMOTpst Ha TO, Yro AucOanaHc poTopa HaXOOUTCs B
JIOYCTUMBIX Tipeaenax. B mogoGHbix ciyuasx MoxeT nortpeGoBaTbes
OYeHb TOYHasi HATAHCUPOBKA, HO CHHXEHHE BUOpaLIMU JOCTUXHUMO TOJb-
KO, €C/IM MalUKWHA MaJIoYyBCTBUTENbHA K nucbataHcy. Ecnu npu akcmy-
aTauuu gucbalaHc poTopa MOXET YBEJIWYMTBHCS, CJIEAyeT PacCMOTPETb
BO3MOXHOCTb YCTPAHEHHMS! PE30HAHCOB KOHCTPYKLUMH WM MNOBbILLIEHUS
JeMrpupoBaHUsI CHCTEMBI, a TaKXKe NMPUHATHA APYrUX Mep, obecneynna-
IOUIMX YAOBJIETBOPUTENBHYIO paboTy poTopa.
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8.3.3 Bo MHOrMX ycTaHOBKAaX, HanmpHUMep TexX, rae A NMPUBOAA Mc-
NOJIb3YIOT ACHHXPOHHDBIH 3ICKTPOABHIATENL HEBO3MOXHO YNPaBIATb yC-
KOPEHHEM pa3srOHa pOTOpa, a YCTAaHOBUBIUEECS! COCTOSIHHE MOXHO
HabmoaaTh TONbKO MO AOCTHXECHHH paboyeil yacToThl BpameHus. B atom
cJlyyae U3rOTOBHTENb H NOTPeOHTENb COMACOBLIBAIOT AMANA3OH YACTOT
BpalllcHUsl poTopa, B MNpejesiax KOTOpOro NpoBOIAT KOHTPOJIb Ka4ecTsa
6aaHCHPOBKH poTopa.

Kax npaBwio, KOHTpO/ib KayecTBa OalaHCHPOBKH pOTOpa MPOBOIAAT
Ha XonocToM xoay. [l KOHTpos nod, Harpy3Koi H3rOTOBHUTENb M NOTpe-
64TE/IbL OrOBapHBAIOT €€ 3HAYCHHSI.

IllpuMeyaHue — JUis HEKOTOPLIX BHIOB OGOPYIOBAHHA MOXHO HCMOMB3OBAT NO-
J10XEHHSA COOTBETCTBYIOUIMX CTAHAAPTOB, B JACTHOCTH, U1 POTOPOB TypboarperaTos —
I'OCT 27870.

84 PoTtoph, OUEHKY KadecTBa OaNaHCHPOBKH
KOTOPpBIX ONpencnsiloT Ha HHU3IKOYACTOTHO#H 6a-
NAHCUPOBOYHONW YCTAHOBKE NO 3HAYEHUI OCTa-
TOYHOro aAHMcbGanaHca B 3aldaHHBIX MAOCKOCTAX
KOPpPEKUHH

Kax npasuio, oueHKY KayecTBa GanaHCHpOBKM pPOTOpoB Kiacca 2
NPOBOASAT HA HU3KOYACTOTHBIX Ga/laHCHPOBOYHBIX YCTAHOBKAX, HO B 60/1b-
LUMHCTBE C/Ty4yaeB NMpeAycMATPUBAIOT NOC/IEAYIOUIHE HCMLITAHUA Ha Bhi-
COKMX 4acTOTaX Ha MecTe Wi¥ Ha MCHLITaTeNbHOM cTeHiae. B ocobmix
clyyasX MO AOTOBOPEHHOCTH MEXIY H3rOTOBHTENEM M NoTpebureneM
MOXHO MCKTIOYHTh OLEHKY BHOpallMH Ha BBLICOKMX 4acToTaX. OTo 0Co-
OEHHO XapaKTepHO [UIsi POTOpPOB Kiacca 2, KOrja Mx npuoOperaior B
KayYyeCcTBe 3aMACHDIX YacTei M OLCHKA Ha MeCTe MOXET ObITh OTJIOXEHA Ha
3HAYUTENbHOE BpeMsl.

Insa npopeneHnsi oueHKn poTop AoixeH ObiTh cobpan, T.e. Bce ero
3JieMeHThl (CoeqMHUTENbHbIE MY(dTBI, 3yO4aThle Kojeca U T.O.) AOJDKHbI
6bITh CMOHTHPOBAHBI.

Jlo Toro, xak NpUCTyNUTb K OLICHKe AHcOanaHca poTopa, ero cienyer
BO U30eXaHHe NocJIeAyIOEero NOsIBICHHs KaKuX-1H60 nedopMaLmii Bpa-
LaTh HEKOTOpOe BpeMsi Ha COOTBETCTBYIOLICH YacToTe.

Tocne BbINONMHEHHUA JAHHOIO YCJIOBUA POTOP NPUBOAST BO BpPalllcHHE
Ha 4acToTe GaIAaHCUPOBKH M M3MEPAIOT 3HAYEHHUS M YIIbl AMC6aNaHCOB B
KaXAOH M3 IUIOCKOCTEH H3MEpPEHHS.

Jns poropos noaxnaccos 2f 1 2g cieayeT oNnpeaAcaAuTb Takke Hadalb-
HbIH AnUcO6anaHc.

Y portopos, KoTopble NOABEPraloT NOVICMCHTHOMH GaaHCcHpOBKE WIH
cobpaHbl U3 c6alaHCHPOBAHHbBIX IEMCHTOB, CJCAYeT, KpOME Toro, onpe-
aenaTh Aucbananc nocne Kaxaoi cranuu cGopxm.
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85 PoTtopsl,, KayecTBOo 6GaAaNTaHCHUPOBKH KOTO-
polX onpenensiloT Ha BBICOKMX HYacToTax Bpaule-
HMUS MyTeM OLEHKHM ocTaToyHoOoro aucbanaHca B
3a0aHHBIX MINOCKOCTAX KOpPpPEKUUHU

TMonoxeHue NNOCKOCTeH KOppeKLUu U GanaHCHPOBOYHLIE YACTOTHI
HeobxoAMMO YKa3biBaTh ISt OaTaHCUPOBKM M0 KaXOod U3 MOI poTopa.
Ecnu oueHKy mpoBosiT Ha 6alaHCHPOBOYHOM YCTPOWCTBE, CHaOXEHHOM
coOCTBEHHOW KOHTPOJIbHO-U3MEPUTENIbHOM annapaTypoii, ee cneayer uc-
MoJb30BaTh B TEYEHHE BCeit Mpouesypbl.

Ecnu poTop MCNBITHIBAIOT HA MOBBILUEHHBIX YaCTOTAX BpAlLEHUs, W3-
MEpUTEJIbHAs armnapaTtypa U YCTAHOBKA poTOpa Ha MCMbITaTEbHOM 060-
pYAOBaHHM JOXHbI COOTBETCTBOBATH 8.1.

Ecnu BbINONHEHBI BCE 3TH YCNOBHUSA, POTOP BPalIAIOT NOC/NEXOBATE/IbHO
Ha Kaxno# 6a1aHCUpOBOYHOM YacTOTE U PErMCTPUPYIOT 3HAYEHUS U YIJIbl
nucbanaHcoB, MpUBedEHHbIE K KAXAON U3 MAOCKOCTEH KOPPEKLHUH.

Mo npocbbe 3aka3yuMka obcneoBaHUE POTOPOB MOXHO OCYLIECTBUTH
no 7.1.5. Takoe obGcnegoBaHue cieayer MPOBOAWTL HA KaX1oi U3 6anaH-
CHPOBOYHBIX YaCTOT.

9 BLIBOP KPUTEPUA

OueHky KauectBa 6aJJaHCHPOBKU FMOGKOro poTopa 06bIYHO BbINOJHS-
10T 1o BUOpaLMy onop NoAUNHKUKOB 6ataHCUPOBOYHOro 060pyaOBaHUS
WIH UCIBITATEJBHOrO CTEHAA Ha YacToTe BpAlleHHUsS. 3TOT METOXI OINUCAH
B paszaene 10.

HApyruM MeTOLOM OLIEHKH SIBJISIETCA MCCIeNOBaHUE OCTATOYHOTO AUC-
6anaHca, NpUBEAEHHOrO K 331aHHBIM TUIOCKOCTAM KOPPEKLHH, KaK yKa-
3aHo B pasnene 11. inst poTopoB KJiacca 2 OLIEHKY MPOBOAAT Ha HU3KMUX
4yacToTax BpalUEeHHs.

Ecau ucnbitaTensHoe 060py10BaHHE HE NO3BOJISET AOCTATOYHO TOYHO
BOCIIPOM3BECTH peaibHbIE YCJIOBUSI IKCIUTYyaTaUMu U (MAM) BAUSHUE CO-
eAUHEHUA UCIbITYEMOrO POoTOPa C APYTHM, BONPOC O JOMYCTHMOCTH [P~
MEHEHHUS ero MoMIEXHT PELUCHHIO, HCXORA M3 OMNbITa.

Bomnpoc BbiGopa MeXny METOSaMH, ONMMHCAHHBIMHU B pasaenax 10 u 11,
ONpeAeNACTCA UITOTOBUTENEM POTOPA.

10 PEKOMEH/IALIM NO ONPEAEJEHHIO JONTYCTHMON
BHBPALIMH HA BAJIAHCHPOBOYHOM OBOPYJIOBAHHH

Ecnu Heo6XoAMMO OLIEHHTD KayecTBO 6anaHCHpOBKH No BUOpauUuK Ha
GanaHCHpOBOYHOM OGOPYROBAHMH, TO MOCHEAHEE NO/DKHO MoabGupatbes
U3 ycnoBus obecnieyeHUs1 HEMPEBLILICHHS NPEeAeabHbIX YpoBHEH Bubpa-
LMK MALUKHBI NOCJIE YCTAHOBKH B Hee 0TOaaHCMPOBaHHOIO POTOPA.
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CyluecTByeT C/ioXHasi 3aBUCUMOCTb MEXIY BUOpaliMeit NOAUMUITHUKO-
BbIX onop 6anaHcHpoBoYHOro obopynoBaHus ¥ BUOpaLMeit MALLIMHBL. ITY
3aBUCUMOCTb ONPERENsIIOT MHOTHMH, B TOM HYMCJ/IE BbILIEYKa3aHHbIMU
¢akTopaMu. B GonbluMHCTBE cnyyaeB OHa yCTaHABAMBAETCS U KOHKpeT-
HbIX TUNOB MallIXH B pe3yjbTaTe UcCAenoBaHusi 6anaHCUPOBKU TUNOBbBIX
POTOPOB Ha OIHOM ¥ TOM Xe GanaHcupoBouHoM oGopynosauun Pesynb-
TaTbl TAKMX UCCAENOBAHUM OOBIYHO CiAYXAaT OCHOBOW Mist OfpeacieHus
[ONyCTUMO# BMOpauuu Ha 6anaHCUPOBOYHOM 00OpYyROBAHUU.

OnHaxko HeobxoauMbie JAHHbIE MOIYT OTCYTCTBOBATDH (HANpUMeEp eciu
“cnonb3ylor 6anaHcupoBoyHoe o6opyaoBaHUE HOBOTO TWMA, WIK peyb
WAET O POTOPAX COBEPLICHHO HOBO KOHCTPYKLIUKM). DT CY4an ONUCAHDBI
B HAacTosllieM pa3fene, rae fpeacrtaBieH cnocod pacyera AonycTUMO#
BUOpaLvy Ha 4acToTe BPALICHHUA, UCXOAS U3 HOPM BHOpALUK MALLIMHDI
Ha MecTe ycTaHOBKM Eciy B TEXHMUYECKHX YCAOBMSIX OTCYTCTBYIOT Tpe-
OoBaHMUS K AONYCTHMOM BUOpaLmMu Ha MecTe YCTAHOBKM, TO CieAyeT
PYKOBOACTBOBATbCA  COOTBETCTBYIOWMMMM  CTAHAAPTAMM, HallpuMep
[OCT 25364

101 OOmue NoNoOXEeHUSN

YucaeHHbie 3HAYEHHUS, ONIpPeJesieMbie B COOTBETCTBMM C HACTOSILLMM
pa3nesioM, MOXHO MCIIOJIb30BATb JiMilib B KAYECTBE PEKOMEHAYEMbIX, HO
He HOpM npu npueMke vanenamsi. [Ipym TakoM HCNONB3IOBAHWM MOXHO
0XHJaThb YNOBJIETBOPUTENbHbBIX PE3y/ibTaTOB B MPOLIECCE IKCIUTYaTaLlUK,
XOTSi MOTYT BO3HMKHYTb CHTyauuu, TpeOyiomine OTKJIOHEHHMSI OT 3THUX
PEKOMEHIALIWHN.

B oco6bix city4asix 3TH PEKOMEHAALHH MOTYT CJHYXUTb OCHOBOW WA
Gonee neTanbHbIX MCCRENOBAHMI, HanpuMep, Koraa Tpebyercs Gonee
TOYHOe omnpeneneHue Tpedbyemoro KkauecTsa 6an1aHCHPOBKH.

102 Oco6bie cnyyamn

HHorna MalinHpl NpoeKTUPYIOT IS CMICLIMANBHLIX UENeH, YTO HEH3-
OexHO CKa3bIBAaeTC HA MX BMOpPOXapakTepUCTUKAX, HaANpPUMeEpP aBHALM-
OHHbIE PEAKTUBHbDIE NBUTATEAN W MX MOAUPUKALMM IS NPOMbILLIEHHBIX
uenei. OgHKUM U3 OCHOBHBIX TpeGOBaHM# K TAKMM ABUIATEASIM SABAAETCS
OrPaHUUYCHUE MAKCHUMAIBHOW MACChi, BCJACACTBUE 4YEro OCHOBHbLIE 3jie-
MEHTHI U NMOALIMITHUKOBbLIE ONOPLI 061a8a10T 3HAYNUTENLHO Oonbuiel no-
NAaTAMBOCTBIO, 4YeM B oOObluHbIX MawnHax. [Ipu npoekTHpoBaHUK
Nofo6HbIX MALLUH AENRIOT BCE BOZMOXHOE U1l YMEHBIUCHUSA HEXENATENb-
HbIX [1OCNEACTBHIA NOBbILIEHHOW MOAATIIHBOCTH MOALIKMHUKOBLIX OMNOP,
B YaCTHOCTH, MPOBOAAT MHOXECTBO HCMbITAHHH B mpouecce paipaborku
C uenblo obecrneyeHUst NPHEMIEMbIX H Ge3onacHbIX YPOBHEH BHOpaHH.
Ha cnyuau, koraa nonycriMbie ypoBHH BHOpauMHu yCTaHABTHBAIOT B Xo4€

24



FOCT UCO 1134295

IUTUTENbHBIX BUOpOMCIBITAHMI 0 HAaYasa BbINYCKa H3NENHUs, PEKOMEH1a-
UMW HACTOSILLETO pa3leNna He PacnpoCTPaHAIOTCS.

103 ®axkToph, BAUSIOUIUE HA BUOpauunio Mamwux

Ha Bu6panuio oka3biBaeT BAHAHHE MHOXECTBO (paKTOpOB, B TOM YHCIIE
KA4YeCTBO MOHTAXa MAIUMHbBI, HAIKHYUE NEpeKoca poTopa U T.4.

Yka3sbiBaeMble B TEXHHUYECKHX YCIIOBHMSIX Ha MALIHHY MaKCHMAIbHbIE
JNOMYCTUMbiE YpOBHM BUOpauuu OO6bBIYHO OTHOCHTCH K CYMMAapHOM
(oOueit) BUOpaunn, UMEIOLIEN CIOXHDBIA YaCTOTHbIA CNEKTP U BO3HU-
Kaioueit B pesynbraTe AeicTBus Bcex paktopos. U3rotoButens nonxex
ONPEACTINTbL AONYCTUMbI ypOBEHb BUOpaLIMK, BbI3bIBAEMON TOJIBKO JMC-
6anaHcoM poTopa, npu KoTopoM ob1ias BUOpaLMsi He MPEBOCXOAMUT yCTa-
HOBJICHHBIX MPEAEOB.

104 KputTuuecknue TOYKH

Oco6oe BHMMaHUE ciieayeT obpauarh Ha ypoBHHU BUOGpauuu potopa B
MeCTax HauMeHbIIEro 3a3opa, Hanpumep AAOUPHUHTHBLIX YIUIOTHEHUSIX B
CBSI3U C BBICOKOH BEPOATHOCTbIO MOBpexXAeHU. CneayeT MOMHUTh, 4TO
yCOBUS IKCIUTYaTAUMM MOTYT BbI3BaTh UIMEHEHUE COGCTBEHHBIX MOJ M,
cle1oBaTe/ibHO, ypoBHeit BUOpauuu. BajonpoBoibl ¢ XeCTKOH CBA3bIO
(HanpuMep B NapoTypOMHHBIX arperatax) Tpebyiotr ocoboro BHUMa-
HUs K (aKTopaMm, ornpeaesiioliiM ycnosust pabotbt BAJIONPOBOAOB (NpH-
JIoXeHHue A).

105 onycTumMbie ypoBHU BuOGpauuu 6anau-
CUpOBOYHOro obopynosaHus

JonyctuMyto Bubpauuio Ha 6anaHCHPOBOYHOM 0BOPYIOBAHUM MOXHO
pEernaMeHTUpOBaTh B BUAE:

— BUOpaUMHU MOAIIMNHUKOBLIX OMOP, KOTOPYIO OMPEAEsiOT Mo N0~
nycTuMoit BUOpalyy NOAIUMHUKOBBIX ONOP MAlLIKHbI

WIH

— BUOpauuu potopa, KOTOPYIO ONIPEAERAIOT MO RONYCTUMOH BHUOpa-
LIMK pOTOpa MALUIUHBI.

B 060omx ciyyasix COOTBETCTBYIOLLYIO AOMYCTHMYIO BUOpaLIMIO Ha Yac-
TOTe BpaliieHusi Ha GanaHCUpoBoYHOM obopynosanuu Y caeayer onpene-
JISITh C UCNONB30BaHUEM KopdpuuMeHTOB Npeobpa3oBaHus no ¢popmyne

Y= Kyx Ky x Kgx X, Q)]

rae X — ponyctuMmas o6uias BHOpalUA B rOPH3OHTAILHOM WM Bep-
THKAJIbHOM HaNpamRJICHHAX, UIMEPACMas HA MAUIWHE B NUana3oHe pa6o-
YMX YACTOT BpAlLleHUA B COOTBETCTBHH C TCXHHYECKHMH YCJIOBHAMM Ha
MawuHy Wiy crangaproM (Hanpumep FOCT 25364);

K, — oTHOWeEHHKE 3HaYEHNA AOMyCTMMON BUOpanuM Ha YacToTe Bpa-
WIEHUS K JOMYCTUMOMY 3HAUYeHHUIO obutelt Bubpauuu (K < 1);
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K} — x03bPuuneHT, YYHUTHIBAIOUIMA OTAMYUE X3PAKTEPUCTHK NOA-
LIMMHUKOBBIX ONOp U (WIH) YCTPOHCTB conpsixeHus (MydTbl) 6anaHcu-
poBouHoro obopynoBaHusi U MaunHbl. OnpenensieTcsl KaKk OTHOLUEHHUE
BUOpaLMK Ha 4YacToTe BpAalLEHUS, U3MepsdeMoi Ha OGajaHCUPOBOYHOM
obopynoBaHHWH (poTop WM MOAUIMNHMUKOBas onopa), K BUOpauuu Ha
4yacToTe BpalleHHUs MalUMHbBl HAa MeCTe 3KCIyaTauuu (ecid Heab3s
npuuAts Ky = 1). 3HayeHue K| 4acTto 3aBUCUT OT HAMPABNEHUK U3MeE-
PEHMIA;

K; — x03¢dPHUMEHT, yUUTBIBAIOWIKI Pa3IHYHe TOYEK U3IMEPEHHS BUO-
pauuMM Ha 6anaHCUpPOBOYHOM 000pYNOBAHHUU W TOHEK, IS KOTOPbIX
onpejesieHo 3HayeHue X, ¥ 3aBUCSLIMI OT XapaKTepUCTUK MOA POTOpa.
Ecau BbllleykasaHHblE TOYKM coBnaaaloT, K; = 1, B IPOTUBHOM ciyyae
ISl NoJlydeHHsl 3HaueHUs K3 MOXHO BOCNOJIb30BaTbCA PacYETHON Moje-
JIBIO IMHAMUKM POTOPHOM CUCTEMBI.

3HauyeHuss ko3¢pduumreHToB npeobpasopaHus K, u K, moryr name-
HSITbCSI B LUMPOKHMX Tpe/esiax M 3aBHUCETh OT 4acToThl BpaiueHus. Tlpu-
MepHble 3HaueHus koadduuueHtoB Ky, M K| npeacraBneHbl B
npujoxedHdn C. 3HavyeHns K, creayeT ycTaHaBAMBaTb Al KaXAOro
KOHKpeTHoro cayyasi. [1pu coBnageHuM KpUTHYECKOH YacTOThl BpalLEHHUs
¢ paboueit yacToToOl HEO6X0AMMO UCTOJIb30BATh Bonee BbICOKUE 3HAYEHUS
koadpuumuentos npeodpasopanusi. Ha npaxtuke HeT HeoOXOAMMOCTH
onpenensite 3T Ko3pHULUUEHThI MO OTAENBHOCTH, TaK KaK U3rOTOBHTEb
M noTpebuTeNb IO AOroBOPEHHOCTH MeXAy co0oif yCTaHABIMBAIOT MX
MPOU3BEACHHUE.

IIpumMepsl ucnonbioBaHus ko3ddULHEHTOB peobpazoBaHUs NPHUBE-
IEeHbI B NpUaoxeHun F.

Cneayer WMMeTb BBHUIY, YTO Ha KPUTHYECKUX YACTOTAX BO3IMOXHO
yCWIEHME OTAeNbHbIX Mol BuGpauun. [MostoMy uenbio GasaHCMpPOBKH
ABJIAETCA HE TOJbKO OrpaHH4YeHWe BMOpauuMM B aAManaszoHe paGoumx
CcKopocTel BpallueHHusi, HO U obecnevyeHue Ge3onacHoro nepexona Hepes
KPUTUYECKUE YACTOTHI, €CIAM OHM MeHbllie MaKCHMAIbHOMH paboyeii.
Jns KpUTHYECKHX 4YacTOT TPYAHO YCTAHOBHTb KOJMYECTBEHHbIE KPHTE-
PHMH, TaK KaK HeoOXOAMMO YYHUTHIBaTb MHOrue (paKTopbi, HanpuMep
nemndupoBaHue.

B ycnoBusix, koraa Heo6xoaMMO KOHTPONHPOBaTh Nporub poTopa npu
€r0 pa3roHe B CBAI3K C OMACHOCTHIO 3alieBAHHH O CTaTOPHbIC YacCTH WIH
BO3HUKHOBEHUSA HEAOMYCTHMBIX HANPAKECHUH, HA KPUTHYECKHX 4ACTOTaX,
MEHBIUMX 3KCIUTyaTaUMOHHOM, cneayeT H3MEpATb pa3Max BuGponepeme-
LIEHUSI B TOi 4acTH poOTOpa, rie OHO MAKCHMAILHO.
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11 PEKOMEHJALIMH 11O ONPEAENEHHIO N1OITYCTUMOI'O
OCTATOYHOTI'O IHCBAJIAHCA B TUIOCKOCTAX KOPPEKIIMH

111 Obuwue NoONOXEHHUS

He cyluecTByeT npoctoit 3aBUCHMOCTH Mexay AucbanaHcoM portopa u
BMOpauMeit MalIMHBI Npu 3Kcmayaraumd. Ha BuGpauuio Bausior Macca
MallMHBl U ee (PYHAAMEHTa, XECTKOCTb MOALIMITHMKOB U ¢yHAAMEHTa,
61mM30CcTh paboyeit YacToThl K pe30HAHCHOM YacToTe, neMndUpoBaHKeE.

IpencrarneHHble HUXe peKOMEHAAUMHU — MPUMep pa3paboTKU pyKo-
BOJICTBA Mo obecrieyeHH10 KayecTsa GanaHcupoBKH rH6KUX poTopoB. OHU
MOJIYYEHbI ONBITHBIM MyTEM MPU OrPAHUYEHHOM YUCIE IKCIIEPUMEHTOB C
poTopaMu pasnuyHbIX kjnaccoB. [lpu cobnioneHuH pekoMeHIaUuuu
MOXHO OXMIaTh YAOBJIETBOPUTEJILHON paboTbl poTOpa B 3KCIUTyaTaLUH,
XOTS B OTAENbHBIX CJIyyasix MOTYT OKa3aThCsl HEOOXOAUMBIMM OTKJIOHEHHsI
OT HHUX.

3HayeHUsi, MojyyaeMble B COOTBETCTBUH C HACTOSIILIMUM pa3fie/ioM,
MOTYT MCMOJIb30BATbCSA JIMLIbL B KAaYecTBe PEKOMEHOYEMBIX, HO He HOpM
IIpK MPUEMKE H3JEITHS.

112 JonmycTuMbl it OCTaTOYHBI# naucbanaHc
poTopoB Knacca 2

3HaueHWe ocTaTOYHOro AYcHanaHca poTOpPOB Kiacca 2 HOKHO COOT-
BerctBoBath TOCT 22061.

Y potopoB noaxiiaccoB 2f, 2q ¥ 2h Kaxablii U3 3JIEMEHTOB WJIH, €CJIU
BO3MOXHO, COOpDKY 3JIEeMEHTOB cjieqyeT 6ajJaHCHpOBaTb IO IPEAEJIOB,
noJiy4eHHBIX ONbITHBIM NyTeM uau ykaszaHHbix B TOCT 22061.

113 DonmycTu MBI il OCTAaTOYHBU aucbanauc
poTtopoB Khnacca 3

11.3.1 Pomopwt nookaacca 3a

Jnsa rubkux poropos, AucbaiaHC KOTOPbIX HE3aBUCHUMO OT €ro pac-
MpEAEeNeHUsl CYLECTBEHHO BIIMSIET TOJILKO Ha OCHOBHYIO COOCTBEHHYIO
MOJly, 9KBUBAIEHTHOE 3HAY€HHUE IUIA OCHOBHOMN cOGCTBEHHON Moabl He
IoJxHo npesbitiaTh 60 % aucbananca no FOCT 22061 mns MakcUMab-
HOM! 4acTOThbl BPAiLCHHS.

Ecau npoBoAAT HU3KOYACTOTHYIO GANAHCHPOBKY, TO NMONHbII OCTATOY-
HbIA aucbasaHC He AONXKEH MNpEBullaTL 3HAYEHMH, NMPUBEACHHLIX B
IFOCT 22061 ans MakcuManbHoH paGoueit YacTOTHl BpalLEHHS.

11.3.2 Pomopw nodxaacca 3b

Jinsi tubkux poTopoB, AUC6aNaHC KOTOPLIX HE3aBUCHMO OT €ro pac-
MpefeNiCcHUsl CYLIECTBEHHO BJIMSIET TOJNBKO HA OCHOBHYIO H BTOPYIO CO6-
CTBEHHbIE MOJblI, 3KBHBAJICHTHOE 3Ha4YeHUe aucbanaHca mNsi OCHOBHOM
coGCTBEHHOW MoOABI He AOJKHO MpeBbiinath 60 % 3THX 3HayeHWid Ha
MaKCHMaJIbHON pabGoyeit yacToTe BpalleHHUs.

by



roCT HCO 11342—95

Ecam npoBoasT HU3KOYACTOTHYIO OaNaHCUPOBKY, 3HAYEHHUE OCTATOY-
Horo aucbasaHca He OOJXHO TMPEBbILIATD 3HAYEHWW, NMPUBEAEHHBbIX B
TOCT 22061.

11.3.3 Pomopw nodkaacca 3¢

1151 3THX POTOPOB peKOMEHNYyEMbIX 3HaYE€HUit ocTaTouHOoro aucbanan-
ca He YCTAHOBJIEHO.

Mpumeyauns

I MeToa 3kcnepHMEHTANLHOTO ONpeac/IEHUs IKBUBANICHTHOrO aucbananca npeacras-
JIeH B npunoxeHuy D

2 PekoMeHOAUMM He pacrpoCTPaHSIOTCA HA pOTOPbl C KOHCOMLHOM 4acTbiO, €CIK OHa
MMEET JHAUYMTENbHLIR AMHAaMU4ecKuik nporub

3 VkazaHHble Bblllle peKOMeHAyeMbie 3HaYeHMsl MOryT ObiTb NepecMOTPEHbI, €C/IH
paboune yacToThl 6IH3KH K OCHOBHON UAH BTOPOH KPUTHYECKHM 4acTOTaM BPalICHHSA

4 PekoMeHAyeMbic 3Ha4YCHHUA ocTaTo4yHoro aucbanaHca He FrAPaHTHPYWT cobnioaeHuUs
HopMm subpauuy B GalaHCHPOBOMHOM YCTPOMCTBE NMPH HacTOTax BpauieHws ot 80 no 120 %
Mo6oN KPHTHUYECKOH 4acTOTh! BpawieHHs YcuaeHue BHOpauMH Tpebyer Gosiee TOUHOI
6anaHCUMPOBKHM, TaK KaK, HanpuMep, acMndHpoBaHHe B banaHcHpOBOYHOM 0BOpYyNOBaAHHUH
344acTylO MCHblIE, YEM B MALHHE Ha MCCTC YCTaHOBKH

5 Ecam ne npeactaBasieTcsi BOIMOXHBIM BHINIONHNHTL GanaHcMpoBKy no pceM MoaaMm
u3ruba potopa (Hanpumep BCACACTBHE HEROCTATOMHOIO KOMHYECTBA [IOCKOCTEH KOppeK-
LIMH), TO C/ieayeT NPoBeCTH 6alaHCHPOBKY MO OCOBEHHO BAXHBIM MOAaM

28



roCT UCO 1134295

INPHIIOXEHHE A
(cnpasouxoe)

®AKTOPbI, YYUTBIBAEMBIE [TPU BATAHCHPOBKE
HA MECTE MHOTOONOPHbIX THBKHX BAJIONMPOBO10OB

A1 JIucbanaHc He sinisieTcs ¢AWHCTBCHHOW NpUYnHOK BUOpaliii poTopa, B TOM YHC/E
BMOpauuu Ha uactote BpawleHUs [IpucTynate K GaaHCHPORBKE CACAYET MPEIBAPHTENILHO
HCCNICNOBAB RIUAHUE ONMCHIBACMbIX HUXC (DAKTOPOB, ONpelensiownX ypoBHH BHOpainn
MAIINHbI

310 0COBEHHO BAXHO [UIA BANOMPOBOAOB, COCTOAWIMX U3 ABYX U bGonee potopos
ITpuMepom simnsieTcss KpynHbiii MapoTypbuHHBIA arperar

A.2 HecoocHocTs % nepexoc NOMUMNHHKOB

HecoocHocTs ¥ epekoc NOAWHMHKKOB MOTYT Bbi3BaTb BHOPALKIO, KOTOPYIO HCBO3MOX -
HO ycTpauuTh Ganancuposkoit [lpn cunbMoi BHOpaumn cnreayeT yayMuiWTb LEHTPOBKY
NOSUIHNOHKUKOB

A.3 DKCHEHTPHCHTET H HECOOCHOCTS COCAHHEHMI

FIpakTiteck HCBOSMOXHO COEAMHNTb KPYNHbIC pPOTOphi 6e3 3KCUEHTPUCHUTETA WK
HCCOOCHOCTH IICMCHTOB COCﬂHHeHHﬁ

Ecnn kayectBO COCAMHEHHH BbI3bIBACT COMHCHHS WAH BAJONPOBOA He NOALAETCS
fanaHcupoBKe, CleAyeT NMPOBEPUTHL U NPUBECTH B HOPMY KOHUCHTPUYHOCTL M COOCHOCTD
MydT M JHLD 3aTEM NPUCTYNHTbL K GasaHCHpOBKE

A.4 HeycToHMMBOCTL POTOPA HA MACASHOM KJIHHE

Paanuunble GopMbl HEYCTONUUBOCTH POTOPOB MOTYT MUMETh MECTO B NOAWIMNHUKAN C
ruapoaHHaMuyeckoit cmaskoit TIpM3HAKK HeYCTOWYHBOCTH XOPOIMO M3IBECTHBI, MO3ITOMY
nepea 6aaHCHPOBKOH HEOOXOAWMO YROCTOBEPUTHCA B MX OTCYTCTBUU
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[1PHIIOXEHUE B
(cnpasouroe)

HU3KOYACTOTHAS BAJJAHCHPOBKA POTOPOB NMOAKIACCA 24
B TPEX IUIOCKOCTAX

B 1 B paHHOM NpHAOXeHWH pacCMAaTPHBAETCH HHIKOYACTOTHaA OanaHCHpPOBKa pOTu
POB, HauaNbHbIA NUCcOANaHC KOTOPLIX PACNPEAcsieH NO WIMHE PABHOMEPHO WIM NO AUHER -
HOMY 3aKOHY W KOTOPbIE UMEIOT OIHY TUIOCKOCTh KOPPEKUNWH B LIEHTPE H NBE Ha Kpanx

Onn nocraTouro xopoio BanaHcHpylOTCs, eCnn N3BECTHA Nons AWcHananca, XoTopasn
LIONXHa ObITh YCTPaHEHA B LEHTPIbHON NAOCKOCTH [laHHOC NPHAOKCHHE ONUCLIBAET METON
pdcdeTa KOPPEKTHPYIOWMX MAacC B TPEX MAOCKOCTAX, HCXOAA H3 HavaNbHblX AWCHANaHCOB,
ONpENEACHHbIX B JBYX TUIOCKOCTAX M3MEpeHHs Ancbananca BexrtopHas cymma cun w
MOMEHTOB, CO3aBaEMbIX KOPpPEKTHpPYIOlMMH Maccamu U, U;, U; B Tpex njockoctax
KOPPEX1NH OTHOCHTENBLHO HEKOTOPO#H TOMKH Ha poTope, AO/KHA ObiTb paBHOH CymMMe CHA
¥ MOMEHTOB HauanbHbiX AncbanaHcoB Uy u Uy OTHOCHTENBHO ITOH Xe TOUKH

MeToanka HanaHCUPOBKY NPUTOAHA NPH BbIMOAHEHWNA CACIYIOMNX YCAOBUH

— MEXOHOPHLIK poTop,

— Macca poTopa pacnpeiefeHa paBHOMEPHO, KOHCONbHbIC 4aCTH OTCYTCTBYIOT,

— n3rybHag XecTKOCTh POTOPa MO ATHHE OBNMHAKOBY,

— TOAOXKCHUE [1I0CKOCTEH KOPPEKUMM HA KOHUAX POTOPA OTHOCUTENLHO €10 LepeanHbl
CUMMETPHYHO,

— paboyue 4acTOTHl BPALLCHUS 3HAYMTENLHO HUXKE BTOPOR KPUTHYECKOH 4acToTh

B 2 Potop MoxeT GbiTh MONHOCTHIO OTOANAHCUPOBAH BIIOTH 20 NEPBON KPUTHHECKOR
YaCTOTH, CCAH BLINOAHSIOTCH CREAYIOWNE BEKTOPHDBIC YPABHCHUS

Ul = UL - 0,5 H(UR + UL)'

Uy=HUg + Up), (B1)

U} = UR - 0,5 H (UR + UL),

rae H onpenenfiet gomo AUcOanaHca B UEHTPANILHOR TUTOCKOCTH KOpPpeKUHH

3asucumocts H ot z// npencrarneHa Ha pucydke B 1, rae z — paccrosHue OT neBoro
NoAIMNHKUKA RO 6aMXakiLcH TUIOLKOCTH KOPPEKUHH, | — pacCTOsHHE MeXAY NOALUHITHH-
KaMu (LN1KHa poTtopa)

INocrossHHass H pasHa Hymo npu /1 = 0,22 310 o3Hauaer, 4TO B NAHHOM Ciaydae
HEOOXOAUMOCTE MCMOMbIOBAHUA UEHTPILHON MIOCKOCTH KOPPEKUHH OTNAaACT

I

H
(/2.4

06

™

04

02 N
0

-0.2 1

-0.4

Pucynox B | — MNpadux nast onpencnenns gonu aucGanauca,
NOICKAUIETC YCTPAHCHHIO B UEHTPATLHON TL1I0CKOCTH KOPPEKLUMH
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(cnpagouroe)

TOCT UCO 1134295

KOSPOULIMEHTDbI TPEOBPA3OBAHUA

Koaddpuunentsl npeobpa3oBaHus LAs pacyeta AonycTHMON BMOpallMM Ha wvacToTe
BpallleHUA B DaNaHCUPOBOYHOM YCTpOHCTBE npHBeaeHsbl B Tabauue C.1 B COOTBETCTBUM CO
creaylowei xnaccudukauue:

1 CocTaBHble 4acTH MaUIKH.

2 MalunHbl CpeaHMX pa3MepoB, HE HMEIOWME CMEUHATBHLIX BYHAAMEHTOB, a TAKXe
asuratenu u mawmist (10 300 kBT), XecTko 3akpenagemsle Ha cnietHanbHbBX GyHAIMEHTaX

3 KpynHorabaputHble NpHBOAHBIC ABUTATENIM U KPyNHOrabapuTHbIE MaLLIMHBI Ha XecT-
KHX U TAXEeNbIX PYRAAMEHTAX, UMCIOWUX MANTYIO NOAATANBOCTL B HANPARICHUH H3MePeHKA
BUOPAUUH.

4 KpynnorabapuTtHbie PUBOAHDBIE ABUIATENN U KPYNHOraGapuTHbie MalliuHbl Ha dyn-
JAMEHTAX, UMEIOWHX 3HAYUTENbHYIO TTOAATIHBOCTD B HANPaBAEHHH H3MepeHHA BUGpauunu

Ta6banua C.1

]

T

Ho- | K,
Mep
Krac- Turosas matiuHa K, BuGpauus A6conior- Orhocn-
chdm- NOAWHANMK- | | - anbpa- TenbHan
KaLMH KOBO# ums potopa subpauns
onopbl poTopa
1 Komnpeccop Hapaysa.
Manpic 3nexTpoaBMraTenu 1o 1,0
15 kBt
—
2 bymaronenarenbHble Ma-
LUHHbI
AnekTpUUecKHe MalUHbI
cpenHero pasMepa 15—75 kBr. 0.7—1.0
DNexTprUuecKue MallHHbI Ha D
cneuranbHbix dyHgamentax (ao
300 xBr). Or06m0 | Or 1,6 50 | Or 1,0 D0
Komnpeccopsi 1,6 5,0 3,0
Mautble TYpGHUHBI 1,0
3 Kpynsuie 3nextpoasurarenn | 0,7—1,0
Hacocm 0,7-1,0
JByxnoniocHsle reHepatopul | 0,8—1,0
TypbuHm ¥ MHoronoMocHue| 0,9—1,0
reHepaTophbl
4 IasoBbic TYp6UHH 1,0
IByxnomocHnie renepatopni | 0,8—1,0
Typ6uHn K MHoronosmockeie| 0,9—1,0
reHepaTopbl
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NPHAIOXEHHE D
(cnpasoutoe)

3KCNEPUMEHTAIBHOE ONPEAENEHHUE DKBUBAJIEHTHBIX
MOJAJIbHBLIX TUCBAJIAHCOB

Ins onpesefeHns IKBUBANECHTHOrO Ancbananca, Bbi3biBAIOWESO 71 CODCTBEHHYIO MOy
BuOpaLMK poTOpa, ¥ AN OUEHKM 3KBHUBAICHTHOTO OCTaTOMHOro AHcbaiaHca MoxeT npume-
HATLCA creayoulag npouenypa

D1 YcranoBuTs poTOp Ha GanaHcHpopoHOEe 0GOpynoBaHHe

D 2 Pa3orHaTs poTop N0 CKOPOCTH, 6/1H3KOH K NEpBoA KPHTHYECKON YacToTe Bpalue-
HUS, ¥ U3MEpUTL BUOpaUMIO HAK CHbl, NCACTBYIONIME HA NOAIMIKUKOBLIC ONOPHI

D 3 YcranoBuTh Ha portope npobHbiii rpy3 I'py3 RODKeH OKa3biBaTbh CYILECTBEHHOE
BAHSHHE Ha BHOpauuio, NO3ITOMY €ro CACAYET YCTAHOBHUTL B IUIOCKOCTH MAKCHMANLHOTO
BIMSHUS Ha NepBYIO cOBCTBEHHYIO MORy BUGpauMk poTopa 3Ta MNOCKOCTL Kak NpaBMAO,
HaxonuTcsi BOAN3K cepeanHb! potopa Tlosroputb HaMepeHus no D 2

D4 Mo pesynstataM M3MEPEHHA ONPEACINTL 3KBUBANCHTHBLI AucOanaHc nepsoit
MOAbl OTO MOXHO BBINOAHHTL rpadpuyecKH B COOTBETCTBHH ¢ NpUaOXeHHeM G 3HauyeHHUs
IKBUBWAIEHTHOrO MoaanbHOro aucbaniaHca A nepsoit MoaAw paBHO

{macca ripoGHoro rpy3a) x (AO/AB)

D 5 CHarb npobHbiA rpy3

D 6 Pazornats potop o0 ckopocTH, 6113IK0it ko BTOpoit KpuTHYECKOi YacToTe Bpalle-
HUS, NPH YCJIOBHH, YTO OH2 MEHbLIIE MaKCHMaNbHO paGotet wacTorul Bpawernna [losro-
pHTb U3MepeHus no D 2

D 7 Yeranosuts Ha potop npobuuiit rpys [pys Aosixed oxka3bisaTh CYMIECTBEHHOC
BIHAHHE Ha BUOpALHIO, MO3TOMY €ro CACAyeT YCTAHOBMTH B IUIOCKOCTH MaKCHMa/IbHOrO
BIUSHUS Ha BTOPYIO COOCTBEHHYIO MOy BOpauuu potopa [loBroputh uaMeperus no D 2

D 8 Mo pesynstaTam namepehndi B coorsetcTenn ¢ D 6 n D 7 onpeaeants 3xpuBaneHT-
HbIW AucbanaHc, BoI3bIBAIOWMIA BTOPYIO MOAY BHOpaLMi poTopa, IS YEro MOXHO HCIO/Tb-
30BaTh NpuioxeHue G

D 9 Chsarte npobHbtit rpy3

D 10 MpoaonxMTb Mocnea0BaTeNbHO ONMHCaAHHbIC ONCPaUHH, NOKa He GyayT HallacHB
IKBUBANIEHTHbIE AMcOanaHchl Ais BCeX JOCTHXMMBIX COOCTBEHHBIX MOA BHOpaliuKu poTtopa

MpuMmevyaununsn

1 Hacrosuwas npoueaypa npeanosiaraet, yTo BHGpaUns, M3IMEPCHHas Ha CKOpPOCTH
BOIH3N HEKOTOPOH KPHTHYECKOH, ONpefcNseTcs B OCHOBHOM COOTHCTCTBYIOUWICH MOLOH
[aHublid MeToR He MOXCT ObiTh MCNOAL3OBAH, €CAN, B CHIY KAKUX-AHBO NPUYKMH, HEBO3-
MOXHO 0DecneyuTh MIMEPEHHA Ha CKOPOCTAX, O/IM3KHX K KPHTHYECKHM CKOPOCTAM HEKO-
TOPbIX BAXHbIX MOA, H, TAKHUM 06pPa3OM, UACHTUGHUUPOBATL COOTBCTCTRYIOUIHE MOAATbHBIE
XapaKTePHCTHKH

2 B HekoTOpbix ciyyasix Npy OfipeAc/ScHUH 3KBHBAICHTHOIO MoaanbHoOro axcbanaxca
NPeanoYTUTENBHO MCNONL30BaTh Habop NpobHLIX Macc, ana Toro yTobnl obecneynTs Ge3-
ONacHOE NPOXOXACHHE HHILINX KPHTHYCCKHX CKOPOCTEH
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NPHIIOXEHHE E

(cnpasaunoe)

METOAHKA ONPENEJNEHUA B POTOPA
(KECTKHHA WM TMBKHNA)

Ecau ycTaHORIEHO, YTO POTOP XKECTKUR, €ro 6anaHCHPOBKY MOXKHO BHINOIHATL NMpKU
HU3KMX vactoTax BpawieHust [ubkue poropni B oblueM ciayvae AONXHBLI NOABEPraThes
BbICOKOYACTOTHOH BanaHcupoBke cofnacHo pasaeny 7 WckmoueHne COCTaBASIOT pOTOpLI
Kjacca 2, Kotopble 6a1aHCHPYIOT B COOTBETCTBHM € paldenoMm 6

Mo BHelHeMYy BMAY POTOpPa HEBO3IMOXHO OINPERENHTH, ABAACTCA OH XECTKHM WAH
MbkuM JKecTkuit Ha nepsbiit B3MISA poTOp NpH paboTe Ha BHICOKHUX YACTOTAX BPaLLEHHUA
MOXET MPOXOAHTb TMPH PAa3IrOHE Yepe3 KPUTHYECKHUE HacTOTbl, NOAYYAR 3HAMHMTE/IbHbIC
nruHaMuyeckue nporubsl C Apyroil cTopoHbi, KAXYIIHACSH THOKHIT pOTOpP MOXET OKa3aThCH
KECTKMM, €Cid ero MakKCUManbHag pabouast YacToTa BPALICHUR HAMHOTO HUXE NEpBO#
KPHTHYECKOM

E.1 Onpenenexrne BHza poropa

[nst onpeaenedus BUAa poTopa (rMOKMI MM XeCTKUH) M, CleAoBaTEAbHO, MeToaa
6a1aHCUMPOBKH, MOXHO BOCTO/B3IOBATHCS CICAYIOLIHMH PEKOMEHIAUNAMH

E 1 1 TlonyuuTb y M3rOTOBHTENS WM 3aKa3UKKa CBEACHHMS O THNE POTOPA U PCKOMEH-
ayeMom MeToge GanaHCUPOBKH

E 12 Fcan nepBast KpuTHYeckas CKOPOCTb BpPALUEHHS MPEBLIWAECT MaKCUMAIBHYIO
pabouylo 4acToTy, Mo xpaitHeit Mepe, Ha 30 %, POTOp MOXHO CUMTATL XECTKUM

E 1 3 Kpome Toro, MOXHO BOCIIO/IB30BATLCS CEAYIOUIMM METONOM MCNbITAHWH

Co6anaHcHpOBaTh POTOP HA HHM3KMX YacTOTaX BPaleHUs B IBYX MIOCKOCTAX KOPPEKLHH
B cooreercTBin ¢ TOCT 22061

[IpuBecTH potop Bo BpallicHue ¢ paboueit yacToToi Ha 6anaHCHPOBOYHOM oBopynoBa-
HHH, XECTKOCTb U AeMIpHpoBaIHHE NOAUIMITHUKOBLIX ONIOP KOTOPOIo aHAIOTHYHbI COOTBET-
CTBYIOINM XapakTEPUCTHKaAM MALLWHbL

Ipu pasrone poropa cneanTb, 4To6b1 BUOpALIMA HAXOAKHAACH B HOMYCTHMSLIX Npeaciax

IMonyyuTe 3aBUCHMOCTh BEKTOpa BHOPALIMH OT YACTOTbl BpAalUCHHMA NPH pasroHe H
TOpMOXeHKH (Bbibere)

Ecnu e o6HapyXHBaeTCs 3HAYMTENbHBIX M3MCHCHMI BUGpauUMH, 3TO O3HA4aeT. yTo
poTop AU6o xecTkuit, 1M60 MOKNI ¢ HEIHAUMTENBHBIM IKBUBANCHTHLIM ancGanancom [ins
UACHTUUKAUMET POTOPA CheAyeT UCALITATL €ro Ha Mbxocts no E 2

Ecsn npu pasroHe nin Bbibere poTopa NPOMCXOOAT 3HAUMMTEAbHBIE H3MEHEHHA BHOpa-
LMK, TO UMCET MECTO OIHA H3 CAICAYIOLUMX ATLTCPHATHB

~— poTop rubkuii,

— PpOTOp XeCTKHH, HO yCTAHOBACH Ha NOA3T/IHBLIC ONOPHI,

~— pOTOp MMECT NOAATIMBLIC ICMCHTHI, ACHOPMEUUS KOTOpbIX fRIseTCA PYHKUHEHR
4YaCTOTH BPAWICHHA U TeMNepaTypht

D naeHTndukauun poropa HEO6XOAMMO BHOBb PajorHaTh pOTOP M CPaBHHUTb HOBBIE
H cTapbic 3HaYCHHA BUGpauuu npu BuiGere. ECiH O coBNaaakT, MaccoBO-reOMeTPHUECKHE
XapaKTePHUCTHKH MOXHO CYHTaTh CTAGHAM3HPOBABIINMHUCA. 3aTEM CJICAYCT MPOBECTH UCTIbI-
TaHHUs Ha rTH6KocTb B cooTBercTBHN C E.2

MMpumMeyaHune— Crabuin3aunHs poTopa NPOHCXOAHT B CHIy “npupabaTbiba-
HHUS"Ero 31eMEeHTOB NOoA AchcTBHEM LUCHTPOBeXHBX cun Tak, HanpuMep, VIS POTOPOB
reHeparopa H 3neKTpoaBHrateac yacro TpebyioTca BLINOMHATL PA3TOHBLI U Bhiberu 10
TeX nop, noka obMoTKa ¥ CUCTEMa NMOABECKH HE MPUMYT CBOC OKOHYATENIkHOE NON0Xe-
HHe
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Ecau cpaBuuBaeMble XapaKTepUCTHKH BUOpaunu npu Bbibere potopa He COBMNAZAloOT, TO
nucbanaHe ABASETCA nepeMeHHON BeAHYHHON PoTop B AaHHLIX ycioBHAX OTOAaHCHPOBATh
HCBO3MOXHO

E.2 Mcmrmanns Ha rubxocms

YcTaHOBHTB NPOGHBIA rpy3 nocepeMHE POTOPa WK B TOYKE, TI€ YCTAHOBKA IPy3a MOXET
BbI3BaTh €0 HHTEHCHBHYIO BHOpaluio. Pa3orHarb potop fo paboueit 4acToThbl, Ces 3a TeMm,
4yTo6bl BUOpaUMsA Haxomwlach B OONYCTHUMbIX nipedenax Ecan npu paisroHe Bubpauus
NpeBbILAET AONYCTUMYIO, MACCY MPY3a CACAYCT YMEHBIINTL U NycK noBTopuTs Hamepurs
BeKTOp BHOpauun Ha paboyeft yacrore B ToH xe Touke, yTo npH H3mepeHuax no E.1.3
OnpenenvTh BIMSHKE TPy3a NYTEM BLIYHTAHMUA BEKTOpa BUGpauMM U3 COOTBCTCTBYIOLLENO
BeKTOpa, onpencnernoro no E.1.3. Bextop pa3toctn 0603HauuTy A

OCTaHOBHTBL POTOP H CHATH IPy3. YCTAHOBMTL ABA APYTUX [PY3d NOL TEM XK€ YI/IOM, HTO
W nepBbifi rpy3, BOAu3n uang poropa. Obwas Macca rpysoB foixHa O6bITh paBHa Macce
nepsoro npobHoro rpysa ¥ pacnpeaencHa MEXIy rpy3aMH TaK, 4ToObl yCTaHOBKA rpy3oB He
cosnaBana MOMeHTa aucbanavca OnpeacnnTh BAMAHME ABYX IPY3OB, KaK ONMCAHO Bbillie,
0003HaYHB BEKTOP PA3HOCTH B.

E.3 Ouenxa pesymTaTos semurammi #a rbxocms

Haittu otHolweHue |B - Al/B.

Ecnu oHo meHee 0,2, poTOpP MOXHO CUMTATh XKECTKUM POTOp CUMTAIOT KBAZHKCCTKUM
MM THOKHM, ec/1H OTHOWICHHE paBHO UK Gonee 0,2,
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ITPHAOXEHHE F
(cnpagounoe)

NPUMEPBI

IMpumep | (coorBercTByeT pasneny 10)

Potop

PaGoyan yactora BpaweHus
Donyctumas BubGpauns (X) MaliMHBI Ha
MeCTe 3KCIUIyaTalmuu

YcraHoBka

MecTto uaMepeHus BHOpauuu
Koadduunentsl npeobpazoBanus, onpeae-
JIEHHBIE ONBITHBIM NyTEM

Donycrumas BUGpauus Ha 4acToTe Bpallie-
HHUA (Y) Ha Kopnyce MOALMITHUKA
6anaHcupoBoyHOTO 060pYyAOBAHHUS

Tpu paboueit yactore BpanieHus BuGpa-
UMS Ha YacTOTe BpallEHUSl 3KBUBANEHTHJ
BUGpaunu ¢ paamaxom BuGponepeme-
IEHHUS

Tpumep 2 (cootBeTcTBYET pasaeny 10)

Potop

Pa6ouas yactota BpauieHust

JlonyctuMbiit pa3Max OTHOCHTE/IbHON BHO-
palUMHH poTopa Ha MecTe 3KCIlya-

Tauun (X)

YcraHoBKa

KosdpuunenTs! npeobpasosaHus, onpene-
NCHHBIC U3TOTOBUTE/IEM ONBITHBIM NMyTEM

Potop naposoit Typ6uHbl (iuiacc 4)
3000 o6/muu

2,5 MM/c (Bubpaumus Ha xopnyce NOAWMI-
HWUK3 COINIACHO TEXHHYECKHM YCIOBHSAM
WK CTAHAZpPTY)

banaHcupoBouoe obopynoBaHue ¢ xecT-
KOCTBIO ONOp, MeHblIell XECTKOCTH onop
MALLMHBbI, HA MECTE 3KCTYaTauuu
Kopnyc noatumnumnka

K, =09
K =173
K=10

Y=10x1,3x0,9x25=293 mm/c

2,93 x (60/2n) x (2¥2/3000) x
x10% = 26 Mkm

Potop reHepaTopa 660 MBT
3000 o6/MuH

80 mxm B6AM3M Lang NOJLIMITHKKOB
BanancupoBoyHoe ofopylaoBaHHe ¢
XCCTKOCTBIO ONOP, MEHbLUIEH XECTKOCTH
ONop MAaIIHHBI, HA MECTE IKCTUTYaTaLlUH

K, =09

Kl = 1,3

K; = 1,0 ana uamepennit B61H3Kn tand
A}z = 4,0 s uamepeHn#t Ha Mydre
(noayyeHbl NMpH aHaIN3e MOJABHBIX
XAapaKTCpHCTHK poTopa)
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HonycTuMbiit pa3Max OTHOCHTENbHOH BHO-
palMK poTOPa Ha BANAHCUPOBOYHOM
obopynoBaHuu

IMpumep 3 (cootBercTByeT 11 3 2)

Potop

Knacc poropa

Pabouas yactota BpaweHus

Macca potopa

BoinonnseTcs HU3KOYACTOTHAs GanaHcu-
POBKa B [IBYX INOCKOCTAX KOPPCKLIHH,
pacnonoxeHHbix B6113u uang potopa

OcTtatouHblit AMCOANAHC IKBHBANEHTHONO
XKECTKOro poTopa B COOTBETCTBUM C
TOCT 22061

Jonyctumslit 3kBUBANCHTHLIN ancOananc
s nepBoit Moan (100 %)

HonycTumbiii 3kBUBaNeHTHbI ancbanaHc
ana sropoit Moanl (60 %)

OctaroyHblit aucbananc npu 6anaHcupos-
Ke XECTKOro poTopa

36

a) 86au3n uand
Y=10x1,3x09x80 =94 Mxm
6) Ha mydre
Y=40x1,3%x09x80 = 374 Mxm

Potop Typbokomnpeccopa
3b

15000 06/MuH

1000 xr

1,60(r mm/kr) x 1000 (xr) = 1600 r MM
1600 r mm
960 r MM

1600 r mm (800 r MM B KaXnoil MAOCKOCTH)
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TTPHIIOXEHHE G
(cnpaeouroe)

METOA I'PAPHYECKOTO OIPEAEJIEHUA TUCBAJIAHCA

Bektop OA Ha pucynke G.1 npeacraBiseT ucxoaHyio Bubpaunio Ha paboueit yactote
BpallicHMst poTopa.

Bektop OB npeacrasasier BUBpalmIo Noc/ie yCTaHOBKM NPOBHLIX TPY30B, HIMEPEHHYIO
APU TEX Xe YCNOBHUSIX.

TakuM o6pa3om, MUIS CHUXEHUA 00 HYAS MCXOOHOWH BUOpauuM Ha paboueit yactoTe
HeobxoauMo nepeMecTHTb (MTOBEPHYTb) MpobHbIE MPy3bl Ha yron BAO W M3MEHUTL Macchl
KaXIOro U3 HHX B oTHolueHHU AO/AB.

8

A

PucyHok G.1 — BexTopHoe npeAcTanieHHe BIHAHHA NMPOGHBIX rpy3os
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TTPHIIOXEHHE H
(cnpasovroe)

METOZ BATAHCHPOBKH IO KOSOOUIUHEHTAM BJIMAHUA

H 1 MeTton ocHOBaH Ha OONYLUEHWH, 4TO BHOpauus (A} KOHTPONHpyeMbIX ToMeK
HATAHCUPOBOYHOTO 0DOPYAOBAHUA (3TO MOTYT ObiTh NOLMIKIHUKOBLIC ONOPL, 3 TAKXKE ¥
KoneBaHus caMoro poTopa), ARAsETLs JAMHCHHOM cyneprnioswuMen aucbanancos { D}, cocpe-
JOTOYEHHbIX B BLIOPaHHBIX MIOCKOCTAX KOPPEKUHH, T €

A,=X,( [ Dk' (H l)

rae ay — AnHaMudeckuit Ko3bdHuneHT BIMAHNA ancbanaHca, cocpeaoToueHHOro B k-t
M 10CKOCTH KOPpEeKUMH HAa BHOpauMio (i TOukH ee uaMepeHun dunamuueckuii xo3dpdu-
UMEHT BINAHKSA NOAYYAIOT B PE3ynbTaTe UIMEpPeHHa aMrmTyd v ¢ad BUOpaunu KOHTPOAb-
HbIX TOMEK TpK NoCNeaoBaTeNbHON YycTaHoBKe TNpOOHBIX Macc P WIH KX CHCTEM
(CHMMCTPHYHON, KOCOCHMMMETPHYHOR) B KaXayl M3 Kk FUIOCKOCTEH KOppPeKUHK MAH HX
COUETAHUI U ONpenResieHUsI HX BEJIUYHH no dopMmye

ay = AA/P = (A - A/ Py (H2)

H 2 [lpu 6anaHcupoBKe UIMEPCHUA NAPaAMETPOB BHOPALIMH BBIMOMTHAIOTCA B ¢ TOYKAX HA
m 4acToTax BpalueHusi, T¢ obllee YUCIO MIMEPEHHH PABHO M x 1, 3 CHCTEMA BEKTOPHbIX
YPaBHEHUA B MaTpuuHOH GopMe NnpHOOpeTaeT B COOTBETCTBHH C HATOXEHHbIM BUA

(A} = {a} x {D} (H3)

Lcan obiee YMCI0 H3MEPEHHI m x | NPEBLILLAET YUC/IO MUIOCKOCTEH KOPPEKUHH K, TO
ONTHMAJIBHBIC 3HAYCHHA KOPPEKTHPYIOWMX MACC fIONYURIOT O METOAY HAUMCHBUINX KBAL-
paTtos

H 3 Tlpu banaHcpoBke poTopa no MeToly KOIPHUHCHTOB BINSTHUS CliedyeT YSHThI-
BaTh TpeOOBaHUA K orpaHnyeHHIo BUbpauuu (CHi) Ha 4HacToTax BpPalLEHHA HHXC MaKCH-
MajlbHOM paboyei, MO3ITOMY B CHCTEMY ypaBHEHWH B 00s3aTeIbHOM NOpAKe NOLKHBI
BKJ1H044ThCR JIMHEMHO HE3ABUCHMbIC CTPOYKHM, COCTaB/IEHHbIE HA OCHOBaAHUM MU3MEPEHHN Ha
HECKOJIbKMX NMPOMEXYTOUYHBIX 4acToTax BpauleHus Buibop nocneaHux 3aBMCHT OT Khacca
pPOTOpa, MOATAKBOCTY ONMOp GanaHCUPOBOYHOro ycTpolicTBa M Apyrux (PakTopoB, HO
HE3aBUCHMO OT HMX B HETO NOMXHLI BXONWTb HH3Kas vacToTa (nopsikd 25 % ot nepsoit
KPUTHYECKOM), BANXKaALLINE OKPECTHOCTH BCEX KPHTHYECKHMX YaCTOT, HHXe paboyeit, a Takxe
3Ta NOCAEAHSAA

IMpu 8bI6Ope TUIOCKOCTEM KOPPEKLHK B MeTole KOXDhHULMEHTOB BNUAHUA CAEAYET NOJib-
JOBATHCA COOOPAKEHUAMH, HIATOXEHHBIMY B pagene 7 Hanpumep, rpys 8 cpeaHeit WIOCKOCTH
CHMMETPHYHOTO MHEKOro poOTOpa OKA3ILIBACT OYeHb GoAbILOE BAMAHKE Ha BUOpaUMIoO onop Ha
NepBoH KPUTHHECKON HacToTe M, vacTo, HeGonblioe Ha cuHasHy0 BHOpaumio Ha paboueii
YacToTe 3a NepBOH KpHTHYECKOH B nocieaneMm ciyvae uesecoobpaHo HCMOAL3OBATL NApy
CHMMETPHYHBIX TPY30B B KPaHHUX IUIOCKOCTAX KoppekuuH KococHMMETpHYHasi napa
rpy3o8 B 3THX nockocTix 3pdeKTHBHO cHUMaeT nporuBodasHylo BMOpauMio Kak Ha
paboyeit 4acToTe, TaK K HAa BTOPOH KPHTHYCCKOH, MOITOMY 4HacTO CHMMCTPHYHAIR poTop
MOXeET 6bITh YAOBACTBOPHTENLHO OTOANAHCHPOBAH B IUMPOKOM AUANAIOHE YACTOT, BKRIoMas
1 pabouyio, NpH NOMOILLH TONLKO ITHX ABYX CHCTCM TPY3IOB, KaXAaR W3 KOTOPbIX NPCACTAB-
NfieTcs B YPAaBHCHHSIX OOHUM AHHAMHYCCKHM KOIDPHUMCHTOM BIHAHMS

Tpu b6ataHCHPOBKE HECMMMETPHYHBIX POTOPOB GaTaHCHPOBKY CACAYCT BHIMOAHATHL C
HCMOABL3OBAHHEM AHHAMHYECKHX KOIPPHUHECHTOB RAMSHHSA A/ OTACABHBIX IPY3IOB, OAHAKO
noatop naockocteit KOPPeKLtHU AOKCH YHHTBIBATE MPCHMYLUCCTBEHHO HX IDGEKTHBHOCTL
NPY TOM WK WHOM COOTHOUieHUK (a3 BuGpauuu onop U To WM HHOH KPUTHHCCKOM
4acToTe BpaitucHHs

CkasaHHoe B NONHOR Mepe OTHOCHTCA KM K MeToay 6anaHCHPOBKH NO MOAaM
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YK 534.1.08:006.354 OKC 17.160 T59 OKCTYVY 0016

Kutouesbie cnoBa: BUGpauusi, potopbl, rubxue potopsl, GaaHCUpOB-
Ka, METOMbI
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