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Mpeaovcnosue

Lienn v npuHuunel cTaHgapTusaumm B Poccuiickoii ®egepaLnmn ycTaHoB/eHbl efepasibHbiM 3aKOHOM OT
27 pekabps 2002 r. No 184-$3 «O TexHUYeCcKoM perynnpoBaHmmn», a npasuna npyMeHeHns HauMoHaIbHbIX CTaH-
naptoB Poccuiickoii ®egepaunn — FOCT P 1.0—2004 «CTtaHgapTm3auns B Poccuiickoin depgepaunn. OCHOBHbIE
NONOXEHNA»

CeBefeHust 0 cTaHgapTe

1MNOArOTOB/IEH ABTOHOMHOW HEKOMMEpPYECKOW opraHm3aumeli «HayyHo-uccnepoBaTebCKuii LEHTP
KOHTPONSA N ANarHOCTUKN TeXHUYecknx cuctem» (AHO «HWL, K[ ») Ha ocHOBe CO6CTBEHHOrO ayTEHTUYHOrO nepe-
BOJja Ha PYCCKOM si3blKe CTaHfapTa, yKasaHHOro B nyHKTe 4

2 BHECEH TexHuueckum komnteTom no ctaHgaptusaymm T K 183 «Bubpauus, yaap 1 KOHTPO/ib TeXHMYecC-
KOro CoCTosiHUSA»

3YTBEPX/EH /I BBEJIEH B IENCTBWE Mpukasom ®eaepanbHOro areHTCTBa No TEXHNYECKOMY peryu-
poBaHuio n meTponorum ot 15 gekabps 2009 r. N»858-cT

4 HacToslwunii cTaHfapT ABNSETCA WAEHTUYHbIM MO OTHOLWEHUI K MeXAyHapoAHOMY cTaHaapTy
MNCO 13373-2:2005 «KOHTPO/b COCTOSIHUA N ANAaTOCTNKA MaLINH. BubpaLoHHbIi KOHTPOb COCTOSAHUSA MaLUWH.
YacTb 2. O6paboTka, aHann3 u npescraB/ieHne pe3yibTaToB M3mepeHuii Bubpaymm» (IS0 13373-2:2005 «Condition
monitoring and diagnostics of machines — Vibration condition monitoring — Part 2: Processing, analysis and
presentation of vibration data»).

Mpn NpMMeHeHUN HacToALero cTaHfapta PeKOMeHAyeTCsa UCNO/b30BaTb BMECTO CChI/TIOYHbIX MeXAYHa-
pPOAHbIX CTaHA4apPTOB COOTBETCTBYHLME UM HALMOHA/IbHbIE N MEXrocyAapCTBEHHbIe CTaHAapThl, CBEAEHUA O
KOTOpPbIX NpUBEAEHbI B 4ONONHUTENBHOM NPUNOXEHUN OA

5 BBEJEH BIEPBbIE

MHpopmaumsi 06 U3MEHEHUSIX K HAC T OsILLLEMY CTaHAap Ty Ny6/nKye TCs B XerofHo 13LaBaeMoM yKasa-
Tene «HaunoHanbHble CTaHAapThi», & TEKCT U3MEHEHWI 1 MONPaBOK— B @XXEMECSYHO 134aBaeMbIX MHAOp-
MaLMOHHBIX yKasaTenax «HaumoHanbHble cTaHgapThi». B ciyyae nepecMoTpa (3aMeHbl) UK OTMEHbl Ha-
CTosllero cTaHiapTacooTBETCTBYlLLEee yBeJOMIEHVE ByAeT Ony6/IMKOBaHO B @XXeMeCAYHO 134aBaeMoM
VHCOpMAaLMOHHOM yKasaTerne «HaumoHasbHble cTaHgapThi». COOTBETCTBYOLAs MHGhopMaLysi, yBegome-
HUEe N TEeKCT bl Pa3MeLLalnTca Takke B MHDOPMALMOHHON! ccTeMe 06LLEero nosib30BaH1s — Ha 0(OULMaILHOM
caiiTe ®efjepanbHOro areH TCTBa No TeXHUYECKOMY PeryMpoBaHuio U MeTPO/IOrin B CeTU HTepHe T

©Crangaptumcpopm. 2010

HacTosiwuii cTaHAAPT HE MOXET 6bITh MOJTHOCTHIO MM YACTUYHO BOCNIPOU3BEAEH, TUPAXMPOBAH U pacnpoc-
TpaHeH B KayecTBe oY1l ManbLHOro n3garus 6es3 paspelleHus deaepasnbHOro areHTCTBa N0 TEXHUYECKOMY pery-
NINPOBaHUI0 U METPOIOTUK
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BesepneHune

MN3mepeHns BuGpauum B LULMPOKOIM NOM0OCE YACTOT NO3BOJIAIT NOMYUYNTh 06LLYI0 OLLEeHKY BUOPALMOHHOIO
COCTOSIHWUSA MaLUUHbI, & OTC/IeXMBaHWe N3MEHEHN napamMmeTpoB LWMPOKOMNOI0CHOW Bubpauum — cchopmmposatb
curHan, npegynpexgaarnoLwnin o6cnyxmnsaLmnii nepcoHan MmallHbl 06 U3MEHEHUN ee TEXHUYECKOrO COCTOSAHUSA.
O6paboTka v aHann3 cMrHanos smbpaLmm B COOTBETCTBMU C METOAAMMU, YCTAHOB/IEHHBIMW HACTOALLMM CTaHgap-
TOM. MO3BOJIAT NON1b30BATENIO BbISIBUTb BO3MOXHbIE€ MPUYNHBI U3MEHEHW TEXHUUYECKOTo COCTOAHNS U Habnto-
[aTb 3a UX pa3BUTUEM.

JlOCTOMHCTBOM KOHTPOJISi COCTOSIHUA NO CUrHanaM BUbpauum ABAseTcs He TONIbKO BO3MOXHOCTb MOJTyHeHUs
MHhopmMaLmm o NnpegnosiaraeMoM oTkase MallnHbl K onpeAeseHHOMY MOMEHTY BpeMEeHW 1 N1aHnpoBaHna Mep no
npeAoTBpaLLeHnto 3TOro 0TKasa, HO Takxe NOCTYN/eHne LLeHHON nHpopmaymmn 4na nocneaytowero nnaHuposa-
HVS 1 BbINOSTHEHMSA OMepawluii Mo TeXHNYeCcKoMy 06CnyxnBaHuio. AHann3 Bubpaumm No3BonsieT BbIABNTb Takme
XapaKkTepHble HEMCNPaBHOCTN MallnHbl, Kak HapyLleHne B CONPSXEeHNAX KUNHeEMaTu4eckux nap. gucbanaHc, ycko-
peHHbIV U3HOC, HeCTabuNbLHOCTbL NOTOKA, AedeKTbl CMas3ku.

O6uee pykoBOACTBO N0 BUOPaALMOHHOMY KOHTPOJTH0 COCTOSAHMA MallnH ycTaHoBneHo NCO 13373-1 [8]. B
HacTosilem cTaHAapTe NnpuBeeHbl pekoMeHaalm no o6paboTke, aHann3y u npeAcTaB/eHNto AaHHbIX, NONYYeH-
HbIX B NpoLecce BUOPALMOHHOIO KOHTPONA COCTOSIHUA, KOTOPble MOTYT 6bliTb MCNO/Ib30BaHbI A8 YINYy6/1EHHOTo
ANarHocTypoBaHUA NPUYMH NOSBNEHNA HENCNPABHOCTEA.

O6paboTka CUrHaNOoB, UX aHaN3 1 MeToAbl ANArHOCTMPOBAHMUSA MOTYT PasinyaTbCa B 3aBUCUMOCTU OT KOH-
TPONNPYEMbIX TEXHOMOIMMYECKNX NPOL,EecCcoB, HEOO6XO0AMMON TOYHOCTU AMarHo3a, UMeLWnXca pecypcosB U T. N.
MpaBubHO CN/TaHMPOBaHHAA U BHEpeHHasi cucTeMa MOHUTOPUHTa YYUTbIBAET BINSIHNE MHOTUX PaKTOPOB, Taknx
KaK NPYOpUTETHOCTb BbINOMIHAEMOI MaLUVHOW onepawunm, KPUTUYHOCTb U C/IOXHOCTb TEXHOIOTMYECKO CUCTEMBI,
noTepu OT NPOCTOA, BEPOATHOCTN OTKA30B pa3HblX BUL0B U HANNYMe 4UarHoCTUHeCKUX NMPU3HAKOB 3apOoXAaroLLnx-
€l HeNCnNpaBHOCTEN.

Bbi60p faHHbIX, HEOO6XOANMBIX A1 KOHTPONSA COCTOAHUA MaLlUHbI, TpebyeT NpoBeAeHUs COOTBETCTBYOLLe-
ro aHanmsa.

CneyynanucT B 061acTv BU6paLMOHHOTo aHann3a Ao/kKeH cobpaTb MakcuMaibHOe KOSIM4YeCTBO 3HA4YMMOIA
MHOpMaLKUy 0 KOHTPONPYEeMOli MallnHe. Hanpumep, 3HaHMe Pe30HaHCHbIX 1 BO36YXAaeMblX YaCTOT MaLUVHbI
no3BONAEeT oNpeAennTb OXUAaeMble YacTOTHbIE COCTaBNAKLW e B CNEKTPe BUGpauumn n amanasoH 4acToT aHau-
3a. 3HaHne BMOGPaLMOHHOro COCTOSIHUA MallVHbl NPy ee BBOAE B 3KCM/yaTauunto, ICTOPUN MallUHbl, PEXUMOB
paboTbl TaKke MOXeT 6bITb UCNO/Ib30BAHO CNELUanncToM B NpoLiecce aHanmsa.

MpoBefeHne NnpeaBapuUTEIbHOIO aHasm3a Npu NOCTPOEHUN CUCTEMbI MOHUTOPUHIA NO3BOISIET NPaBUNbLHO
BblGpaTh TUMNbI 4ATYMKOB, ONPeeInTb MecTa X ycTaHOBKU, CNocobbl (hopMupoBaHns CUrHaN0B, MeToAbl X obpa-
60TKM M yCTaHOBUTb KPUTEPUM OLLEHKN COCTOAHNS.
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HAUWOHA/NbHBIN CTAHAOAPT POCCUNCKOWN PELEPALNN
KOHTpOI‘Ib COCTOAHNA N ANarHocTmka mMalunH

BUBPALMOHHbBIN KOHTPO/Ib COCTOAHUA MALIVH

YacTtb 2
O6paboTka, aHanu3 n npeacrtaBneHne pe3ynbTaToB U3MepeHuli Bubpayumn

Condition monitoring and diagnostics of machines. Vibration condition monitoring.
Part 2. Processing, analysis and presentation of vibration data

[ata BBegeHna 2011—01—O01
1 O6nactb NnPpUMeHeHuA

HacToswuii cTaHgapTycTaHaBnmBaeT MeToAbl 06paboTku v NpefcTaBieHns pesynbTaToB M3MepeHunin Bu6-
pauuun. aHannsa BUGpaLMOHHbIX XapakTepUCTUK B LeNsxX BU6PaLMOHHOIO KOHTPO/IA COCTOAHNA MaluuH Bpalla-
TeNbHOro JeCTBUA N UX AUarHoCcTUpoBaHNA. PaccMOTpeHbl MeTobl hUbTpaL M N aHann3a CUrHanos nNpu nucce-
[OBaHNN XapaKTepHbIX TUNOB AMHAMUYECKOro NOBEAEHUS MallnHbl. MHOTME U3 YCTaHOB/IEHHbIX METOL0B MOTYT
6bITb pacnpocTpaHeHbl 1 Ha MaLlVHbI APYTUX BUAOB, BK/OYAA MallHbl BO3BPATHO-NOCTYNAaTeIbHOroO 4eiCcTBuUS.
MpuBefeHbl NpUMepbl NpefcTaBNeHnsa napaMmeTpoB, KOTOPbIE 06bIYHO UCMO/L3YIOT AJ15 OLeHKN TEXHNYECKOTO
COCTOAAHMA MaLUWH N ee ANarHoCcTUpPoBaHuUA.

B HacTosleM cTaHAapTe pacCMOTPEHbI fiBa OCHOBHbIX NOAX0Ja K aHannn3y BubpaLmu: B 4acTOTHOW 1 Bpe-
MeHHOIH 061acTax. PaccMoTpeHbl Takxe BO3MOXHOCTY YTOUHEHUSI AnarHo3a NocpeAcTBOM U3MEHEHNA pexnma
paboThbl MalUUHBbI.

HacTtoAawwii ctaHgapT pacnpocTpaHaeTca Ha MeTo/ibl BU6PaLOHHOr0 KOHTPOISt COCTOSIHUA MallViH, Halle-
Wwive WHUpoKoe npakTuyeckoe npumeHeHne. CyuiecTsyeT MHOTO A pyrux MeTo0B UccneoBaHnsa NnoBefeHns ma-
LWMHbI NOCPeACTBOM Yrny61eHHOro aHanusa subpauun u AnarHocTUpoBaHus, BbiIXoAslne 3a npeaesbl 06bI4HbIX
npoueayp MOHUTOPUHTa. DTN METO/bl HE ONMCaHbl B HACTOALLEM CTaHAapTe, HO HEKOTOPbIE U3 HUX YKa3aHbl (4511
cBefeHns) B pasgene 5.

PykoBofcTBa no Mcnosib30BaHnI0 pesysibTaToB U3MepeHuii LUIMPOKONOIOCHOW BUbpauuy Ana MalluH pas-
HbIX K/1aCCOB 1 pa3MepoB YyCTaHOBJ/IEHbI B MEXAYHAPO4HbIX CTaHfapTax cepuit UCO 7919 [4] n UCO 10816 [5).
aTaKxe B Apyrux fokymeHTax (Hanpumep. [11]. [12]), rae npuBeaeHa 4ONOHUTENbHAA NHhopMaL s B OTHOLW e~
HUK cneundUYeckux HencnpasHoOCTel, KOTOpble MOTYT 6bITb 06HapPYXeHbl MeTogamu BUbpaLoHHOl AnaTocTu-
Kn.

2 HopmaTuBHbIe CCbIJIKU

B HacToslWem cTaHgapTe Ucnosib3oBaHa HOpMaTUMBHAS CChIJIKa Ha criefyoLWnin cTaHaapT:
MCO 1683, AkycTuka. PekomeHayemble ONopHbie 3HAYeHUA Npu onpegeneHnn yposHel wyma (1ISO 1683,
Acoustics — Preferred reference quantities for acoustic levels)

3 O6paboTka curHasios

3.1 O6wmre nonoxeHuns

Bu6paLnoHHble U3MEepPEeHNS OCYLLECTBAAIOT C NOMOLLbI0 AaTHMKOB, NPOU3BOASALNX aHANOTOBbIA 3NeKTpu-
Yyeckuidi curHasn, NponopLMoHanbHbli MTHOBEHHOMY 3HAYEHWI0 YCKOPEHWSA, CKOPOCTU WaKn nepemeLteHns. CurHan
MOXEeT 6bITb 3aNNUCcaH 415 MOCNeAYOLLEr0 aHaNn3a uam oTobpaxeH, Hanpumep, Ha ocuunnorpadge. 4nd nonyye-
HUA [,eliCTBUTENIbHOTO 3HAYEHNA U3MepPSeMOro napaMeTpa BUGpaLmm BbiIX04HOE HanpsikeHne YMHOXAT Ha Koag-
hvumeHT Nnpeobpa3oBaHnst U3MePUTENBHO Lienu, BKOYalLLell AaTtyuvk, yCuamTenb U ycTpoicTBo 3anmcu. Hanbo-
Nlee pacnpocTpaHeH aHan3 Bubpauum B 4acTOTHON 06/1aCTU, HO YACTO NOJIE3HbIM ABNAETCA NpeAcTaB/IeHne CUr-
Hana Kak (hyHKLUN BPEMEHMN.

M3paHue ouynansHoe
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obnactn: 2 — cnekTp a yacToTHOW o6nactn X -m BpemsA; Y — 3HauyeHue curHana

PucyHok 1 — lNpepacTtaBnexHne curHana BO Bpe- PucyHok 2 — dopma C/oXHOoro curHana
MEHHO 1 4acTOTHOW 06nacTsx

Ha pucyHke 1 noka3aHo o4HOBPeMEHHOe NpeacTaB/eHre curHana Bo BpeMeHHOM 1 YacTOTHOW obnacTsx. B
[aHHOM NpUMepe curHan ABAsieTca cynepnosunuuneii YeTolpex cocTaBnsowmx. CyMMapHbIii BpeMeHHOW curHan,
HabnaaeMblil Ha aKpaHe aHannsartopa, Bbl4esieH Ha PUCYHKe TEMHbIM LBeToM. MocpecTBOM nNpeobpa3oBaHns
dypbe aHann3aTop BblAeNseT U3 UCXOAHOTO BPEMEHHOTO CUTHAA YeTbipe YACTOTHbIE KOMMOHEHTbI.

Ha pricyHke 2 nokasaH aHa/orMyHbIi TPUMEP CI0XHOTO CUTHaNa C gaTyvka Bubpaummn, Habnogaemblii Ha
3KpaHe aHanuszartopa. B pgaHHOM cnyyae curHan o6pas3oBaH TPeMS COCTaBAAKLWMMMU, NOKa3aHHbIMWU Ha pU-
CyHKe 3, C YacToTaMu, NOKa3aHHbIMU Ha PUCYHKe 4.

YJ
\Y
X X
X — BpemAa. Y — 3HayeHue curHana X — vacToTa. Y - 3HauyeHue curHana
PrcyHok 3 — BpemMeHHble COCTaBAsOWNE COX- PrcyHOK 4 — YacToTHble cOCTaB/sio-
HOro curHana e CNoXHOro curHana

YacTo COOTHOWEHNA Mexay napaMmeTpamy BU6paLumn B pa3HbiX TOUKaX KOHCTPYKL UM WX B pas3HbIX Hanpas-
NIeHNSIX He MeHee BaXHbl, YeM caM curHan smépaumu. Mo aToil NpuumHe Ha NpakTuke MCNob3YT MHOTOKaHa  b-
Hble aHa/IM3aTopbl CUrHAMNO0B C HYHKLMAMK COMOCTaB/IEHNSA CUTHANOB N0 BYM KaHanam. [lna nposejeHnsa nofo6-
HOro aHann3a BaXXHO NMeTb MHPOPMaLMI0 06 aMNINTYAHbIX M (Da30BbIX COOTHOLLEHNAX B COMOCTaB/IAEMbIX CUTHA-
nax.

3.2 AHanorosble U LU poBbIE CUCTEMBI

3.2.1 O6wmne nonoxeHms

AHanoroBsblii cMrHan c gatynka MoxeT 6biTb 06paboTaH C NOMOLLbIO Kak aHas0roBoii, Tak n LMpoBoii
cuctembl. O6bIYHO aHaN0roBbie CUCTEMbI BKKOYAIOT B Ce651 (DUALTPLI, yCUIMTENN, 3anuceiBatoLLye ycTpoicTea,
MHTerpaTopbl U gpyrue ycTpoincTsea, KoTopble npeobpasytoT curHan 6e3 M3MeHeHUs ero aHasoroBo Npuposbl.
OpfHako B nocnefHee Bpems Bce 60/iee 04UeBNAHbIMU CTAHOBATCA NpenmMyLlecTsa uudposoii 06paboTkn curHa-
nos. AHanoro-uuncposoii npeobpasosatenb (ALLM) ocywecTBAseT MHOTOKpaTHble BbIGOPKM aHa0roBoro curHana
1 npeo6pasyeT 1x B Noc/eAoBaTeIbHOCTY Yncen. Mocne 3Toro 415 BbINOHEHNSA onepauuii punbTpauumn, UHTerpu-
poBaHusA. Bbl4MC/IeHUA cnekTpa (CM. 4.3.2), NOCTPOEHUA TMCTOrPaMm 1 Ap. UCMOJb3YIOT CTaH4apTHbIE KOMMbOTEp-
Hble nporpammbl. OLuUPOBaHHbIV CUTHA TAKXKe MOXET OblTb 0TO6PaxeH Kak PyHKUMA BpeMeHu. MNpu npaBusibHOM
BbIGOpe yacToThl ANCKPeTU3aLunm LM poBoii curHan byaeT cogepxartb B cebe Ty e UCXOAHYI0 MHhopMaLnio, YTo
1 aHasoroBbIiA.

2
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Mpwu nto6om cnocobe 06paboTkn curHana Heob6xoAMMo 3HaTb KO3 PMLUNEHT NpeobpasoBaHNs U3MepUTesb-
HO Lenu (OTHOLIEHME HanpPsHKeHUs CUTHaNa Ha BbIXO4e K UICTUHHOMY 3HAaYeHWI0 N3MepseMoro napameTtpa). AHa-
NU3NpYyeMbliA CUTHAN JO/KEH CYLWeCcTBEHHO NpeBbillaTh YPOBEHb (POHOBOTO WYyMa, HO He GbiTb Ype3MepHbIM,
4YTO6bI HE foNyCcKaTb €ro UCKaXKeHUA B USMEpPUTENbHON Lenu (HanpuMep, B pesynbTarte KAUnnmpoBaHus).

3.2.2 Ouudposka curHana

Hanbonee BaxHbIMW NapameTpamu, xapakTepusyLnmm npoLecc oL poBKM aHaN0roBOro curHana, ABns-
l0TCA YacToTa AuckpeTunsaumm n paspelleHune. BaxHo y6eanTbCs, YTO B CUTHAJIE HE COepXaTcsa YacTOTHbIe CO-
CTaB/IAKOLWME Ha YaCcTOTe Bblllie NOSIOBUHHOW YacToThbl fUCKpeTM3aummn. B npoTnBHOM ciyyae chopma oundpoBaH-
HOro BPEMEHHOro curHana byaeTt uckaxeHa, a npu peanusauuu npouenypbl 6b1cTporo npeobpasosaHna dypbe
(BMN®) B cnekTpe Bubpauuun scnefcTeme addexkra HanoxeHnsa CNekTPoB NOABATCA I0XHbIE cocTaBnAwLWwme (CM.
4.3.7). YacToTa guckpeTusaumu 3aBUCUT OT BUAa BbIMOJTHAEMOrO aHann3a u 0XXnagaeMmoro 4acToTHOro coctasa
curHana. Ecnum uenbto ABNSeTCA NOCTPOEHWE BPEMEHHOW PYHKLUN CUrHana, To pekoMeHayeTcs, 4To6bl yacToTa
AuckpeTtusauuy npuMmepHo B 10 pas npesblliana MakCumanbHyo 4acToTy curHana. Ecnv aHanvs npoBogAT B
yacToTHOI o6nacTu, To 4NA peanusauum npoueaypsl BMN® Heo6xoAnMO, 4TOObI YacToTa AUCKpeTM3aLuy 6bina B
[Ba pasa Bbllle MakCMManbHOW 4acToTbl curHana. ins 3awmnTbl OT HAN0XEHNA CMEKTPOB UCNONb3YIT PUALTP
HWKHMX 4acTOT, NOAABASAIOLMNIA BbICOKOYACTOTHbIN LWWYM WK ApYyrMe BbICOKOYACTOTHbIE COCTaBASOLIME C YaCTO-
TaMu BbILLe NOSIOBUHbI YaCcTOThl AUCKpeTM3aummn. PaspsagHoctb ALM fomkHa 6bITb 4OCTATOYHON ANA NnpeacTasne-
HUS O POBAHHOTO CUrHana c Tpebyemoli TOYHOCTbIO.

3.3 MNpeaBaputenbHoe opMmnpoBaHme curHana

3.3.1 O6uwme nonoxeHus

BubpaLnoHHbIe CUTHanbI C 4aTYNKOB A0 UX Nepefayn Ha yCTpoincTBa 3anmcm 06bIYHO AO/KHbBI NPOWATY eLe
PS4 YyCTPONCTB ANA OCTUXEHNS HEOBXOANUMOTO YPOBHSA 3/1€KTPUYECKOTO HaMPsXKeHWUSs, NOAAB/EHUS LWYMOB U
APYTuX HexenaTe bHbIX CUTHAN0B. YCTPOACTBa NpeABapuTEeIbHOro JOPMUPOBAHNA CUTHAOB BKKOYAlOT B ceba
VUCTOYHMK NTNTaHUA gaTunka subpauuu, npegycunnutens, yCUnnTesnb, UHTerpaTop n unbTpbl pasHblX BUA0B. PUSb-
Tpauusa cCUrHasnos paccMoTpeHa B 3.4.

3.3.2 NHTerpupoBaHue u guddepeHynposaHue

Bubpaumnsa moxeT 6biTb BblpaXeHa Yepes BeNIMUNHbI NepemMeLieHns, CKOPOCTU UAn yckopeHus. O6bIYHO
BbI6OP MPeAnoYTUTE NbHOW BENNYMHBI 06YC/TOB/IEH AMana3oHOM YacToT aHann3a (B HU3KOYaCTOTHOV 061aCTU Bbille
YpOBEHb CUTHANa NnepemMeLL,eHns, a B BbICOKOYACTOTHOM — CUrHana yckopeHus) nuam npumMmeHseMbliM Kputepmem
oueHkun Bubpaumun. NMpeobpaszoBaHne 04HO BENYMHBI B APYTY0 MOXeT 6bITb OCYLLECTB/IEHO NOCPEACTBOM One-
pauuii uHTerpnpoBaHus n audpepeHympoBaHuns. HTerpupoBaHmne yCKOPeHnsi No BpeMEHU NO3BOAET NONYUYUTh
CUTHaM CXOPOCTU. @ UHTErpMpOBaHME CUrHaNa CKOpocTu — nepemMelleHne. [1BOiHOE MHTErpupoBaHne yCcKopeHus
No3BO/IAET NOIYYNTb CUTHAS NepeMeLLeHNs HeNOCPeACTBEHHO, 6€3 MPOMEXYTOUHbIX onepauwuii. And depeHumpo-
BaHue ABNAeTCA onepaumeit, obpaTHON MHTETPUPOBAHUIO.

[na rapMOHMYECKNX CUTHAN0B cCnpaBeA/InBbI cnefyol e maTemaTuyeckme COOTHOLWEHNA Mexay nepeme-
LWeHNeM X. CKOPOCTbIO V 1 YCKOPEHUEM a:

\vdtt\\(adt)dt = a<i>2, 1)
\ = a iadt, @
. g @)

rAe — yrioBas yactoTa rapMOHUYECKOro curHana, o= 2nf.
MpumeyaHune — Cm. Takke 4.3.12.

O6bIYHO B KaYecTBe faTyunka BmbpaLmm UCNonb3yT akcenepomeTp, No3TOMy onepauunsa UHTErpupoBaHns
AaBnseTca 6onee ynotpebutenbHon, Yem onepauna guddepeHumposaHns. TeXHUYeckn onepaunio MHTerpuposa-
HUS peanun3osaThb Npolye, yem gudphepeHumnposaHme. OfHaKko 0co60ro BHUMaHWA TpebyeT NHTerpupoBaHne H13-
KoYacTOTHOro curHana. Mepepg onepauueii UHTErPUPOBaHMA cnefyeT UCNONb30BaTbh (PUNLTP BEPXHUX YACTOT ANS
nogaBneHnsa coCTaBALWMX HA YacTOTax HUXe Anana3oHa yacToT aHanmsa.

3.3.3 CpopgHokBagpaTMyHoe 3HauyeHue

B cTaHgapTax, NOCBALWEHHbIX OLLeHKe BUOPALMOHHOIO COCTOAHUA MallnH, KpUTEPUM OLEHKI, Kak Npasuno,
NOCTPOEHbl A4NS CpeAHEKBAAPATUYHOIO 3HAYEHNS O4HON N3 BENMUYUH, XapakTepusyLwux subpaymio, Bonpege-
NIEHHOM Aunana3oHe 4acToT. [laHHbIi napameTp Hanbonee 4YacTo MCNOMb3YIOT ANA KOIMYECTBEHHOTO ONNCaHUS
BMbpaLmm Ha 3aaHHOM NHTepBasne BpeMeHun. NMpuMeHeHne Apyrux napaMeTpoB MOXET Bbl3BaTb TPYAHOCTU, eCNn
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CUTHaN BUGpPaLUM COLEPXKUT MHOXECTBEHHbIE YACTOTHbIE COCTaB/ALWME NN MOAYNSALNOHHbIE KOMMNOHEHTHI.
CpefHekBagpaTnyHOe 3Ha4YeHre MoXeT 6bITb Noy4YeHo A4/15 N1060ro curHana, n 60bWNHCTBO CPeACTB u3mepe-
HWUI BUGpauumn obecneynBaloT ero HenocpeacTBEHHOE N3MepeHne (CM. pucyHok 5). Kpome Toro, cpeaHekBagpa-
TUYHOE 3HAYeHMe CUrHana MoXeT GbiTb NOlyYEeHO C NOMOLLbI0 aHanM3aTopa cnekTpa MHTerpupoBaHmem no Bcem
4acTOTHbIM COCTaBAAOLW MM B AnanasoHe 4acToT aHanmsa.

b)HanpHTUYKXMIT CMbU1

1 — nuKoBOe 3HaMeHue. 2 — cpeaHekBagpaTu4Hoe 3Ha4yeHune

PucyHok 5 — CpepgHekBagpaTuyHoe 3Ha4yeHue curHana

OThuNbTPOBaHHbIN cUTHaN BUBpaumm MoxeT ObITb MOAAH Ha NoKa3sbiBaloL,ee yCTPOCTBO, OTKannbpoBaH-
HOe A/11 CUNTbIBAHUS cpeAHeKBaApaTUYHbIX 3HAYEHNI, eCNM 3TW MOKa3aHWUA He N3MEHSITCA 3HaUNTebHO 3a
KOPOTKMIA NPOMEXYTOK BpeMeHU. B NpOTMBHOM crlyvyae curHan Ao/mkeH 6biTb yCpeAHEH Ha HEKOTOPOM MHTepBasne
BpeMeHu. N5 3TOro MoXeT UCN0/1b30BaThCA CPEACTBO N3MEPEHUIA ¢ 4OCTATOYHO 6O/MbLION NOCTOSIHHOW BpeMe-
HW.

3.3.4 lnuHamunueckunit guanasoH

LvHamunyeckuii gnanas3oH NnpeacTaBniseT Co60i OTHOWEHNE MaKCMMabHOMO 3HAYEHUS CUrHana K ero MUHu-
MaslbHOMY 3HAY€HWI0, KOTOPble MOTYT ObiTb U3MEPEHbI AlaHHbIM CPeCTBOM M3MEPEHU NPY faHHbIX HACTPOoliKax.
3HayeHMa cUrHaaoB NPOMNOpPLUOHANbHbI BEIXOAHBLIM HaNPSXXEHUAM AaTYUKOB U U3MEPSATCA 06bIYHO B MUIN-
BOJIbTaxX.

[vHamuyeckunii anana3oH aHano0roBbiX CUCTEM 06bIYHO OTPaHNYEH UX BHYTPEHHUM 3/1eKTPUYECKUM LLYMOM,
c03/aBaeMbIM B TakUX 3/IEMEHTAxX MU3MepUTENbHON Lenu, kak unbTpbl, yCUAMTENN, 3anucbiBatoL e yCTpoicTBa
uT. Aa.

B unpoBbIx cMCTEMAX AMHAMUYECKMI Anana3oH 3aBUCUT OT peanv3auum npoueaypbl AuckpeTnsauuu. Ya-
cToTa AMckpeTusauumn 4o/HKHa COOTBETCTBOBATh YacToTamM aHann3mpyemoro curHana. CooTHOLWEHME Mexay pas-
psifHocTbio ALIM N, B 6uTax, n AnHamuyeckum guanasoHom D. B a6, (ecnv yyecTb, YTO O4UH paspsif UCNonb3yT
AN5 0603HaYeHNs 3HaKa curHana) onpeAensoT no popmyne

D =6(A/-1). 4)

Takvm 06pa3om. 16-pa3psaHblil aHanM3aTop nMeeT AuHaMmudecknii ananasoH 90 ob. ogHaKo 3TOT AUHaAMU-
yeckuii gmanasoH 6yaeT yMeHbLUEH NPY HANMYMK N0 6bIX PakTOPOB, NCKaXaoLW WX pe3ynbTaT oL poOBKM aHano-
roBOro curHana.

3.3.5 Kanubposka

KannbpoBka AaTuMKoB BMGpaLum paccMoTpeHa B psge cTaHaapToB (CM., Hanpumep. [9]). STy onepauyuto
NpoBOAAT B CNeLmann3npoBaHHoi nabopatopum nepej NnpuMeHeHnem gaTumka B npouecce n3mepeHuit. PekomeH-
AyeTcs NpoBOAUTbL KaNMBPOBKY Kaxblli pa3 Ao Havyana naMmepeHunin. O6bIYHO KanMBPOBKY BbINMOMHAKT ANA N3Me-
pUTeNbHO Lenu B LenoMm, BKovarwL el B ce68 NOMUMO AaTunka ycunutenu, unbTpbl, MHTErpaTopbl U YCTPOi-
cTBa 3anvcu. Kak npaBuio, kanmb6poBKy OCYLeCTBASAIOT nojgayeli Ha BXOA4 U3MEPUTEsIbHOW Lenu n3BeCcTHOro
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TecTOBOro curHana c HabnwaeHmem curHana Ha BbiIxoge. B 3aBUCUMMOCTM OT TUNa U3MEPEHN TECTOBbLIN CUTHAN
MOXeT NpeAcTaBNATL CO60I CTyneHYaTyo MYHKLMIO, TaRPMOHUYECKNI NN CnyYaiiHblii curHan.

[laTunkn HEKOTOPbIX TUNOB, HaNpuMep, 6€CKOHTaKTHbIe AaTUYNKN NepeMeLLeHnii, faxe 6yayun npeasapu-
Te/IbHO KannbpoBaHHbIMK, TPEOYIOT NOATBEPXAEHNSA XapakTepUCTUK B YCNIOBUSAX U3MEPEHNI ANA yYeTa BUSHUA
YNCTOTbl 06PABOTKN U PU3NYECKNX CBOCTB NOBEPXHOCTM, BUBPALMIO KOTOPO n3mepsaoT. KannbpoBky Takunx aat-
YMKOB NPOBOAAT HA MECTE U3MEPEHUI C NOMOLL b0 MUKpPOMETpa.

[ANna KannbpoBKM HA MecTe AaT4YNKOB MHEPLMOHHOTO TMNa UCNOb3YT BUOPOCTEHA,.

[Aatunkn gedhopmanmy Takke 4acTo KanmbpyoT Ha MmecTe nocsie ux yctaHoBku. Ecnun nssectHa Harpyska,
npunaraemas K 3/1eMeHTY KOHCTPYKL MW, Ha KOTOPOM NPOBOAAT U3MEPEHUS, TO KaNMBPOBKY peKOMeHAyeTCs Npo-
BOAMTbL, Npunarasa 3Ty Harpysky. Ecnm aTo HeocyuwecTBUMO, TO KannbpoBKYy AaTunka gecdopmalmm NnpoBogaT,
COoefMHMB ero napassiesibHoe WYHTUPYOLLUM CONMPOTUB/IEHNEM, YTO NO3BO/SIET UBMEHUTb 3/IEKTPUYECKMI nMmne-
[aHC Ha N3BECTHYIO BE/IMYMHY, KOTOPas 3KBUBA/IEHTHA OnNpeAesieHHol aechopmMaL M, N3MepsieMoii 4aTunKoM.

3.4 dunbTpayuns

[ns npegBapuTenbHoOl 06paboTKM CUrHaa 1 ero Noc/eAyrLWEero aHanm3a npuMeHsT PUAbTPLI TPEX OC-
HOBHbIX TUMOB:

- (hUNbTPbI HAXHUX YaCTOT;

- OUIbTPbI BEPXHUX HYACTOT;

- N0/10COBbIE PU/ILTPBI.

®UNLTP HWKHUX YACTOT NPONYyCKaeT HN3KOYACTOTHbIe COCTaBALLMe CurHana, NoAasnsasa coctaBnsaowne
Ha yacToTax Bblle rPaHUYHOW YacToTbl uabTpa (4acToThl cpesa). MpuMepomM NPUMEHEHMUS TaknxX (UNbTPOB
ABNseTcs hunbTpauma 4N 3aWwuTbl OT HATOXEHUSA CNEKTPOB (CM. 4.3.7), a TakXKe NofaBfeHne HexenartenbHblX
BbICOKOYACTOTHbIX COCTAB/ALINX B 3aa4ax onpejenieHHoro suga (Hanpumep, nogasneHune 3y6L0B0I 4acToTbl
npu 6anaHcUpoBKe MallunHbl).

®unAbTPbl BEPXHUX YACTOT BOCHOBHOM UCNO/b3YIOT 415 UCKHOUYEHUSA COOCTBEHHOIO HU3KOYaCTOTHOTO WyMa
[aTynKoB BMGpaLmmn (TENNOBbIE WYMbl) NN APYTUX HEXeNaTeNbHbIX HACTOTHbIX COCTaBASALWNX CUTHANa nepes
npoBefeHWeM aHanmsa. TN COCTaBAAWLWME, XOTS U HE NPeACTaBAAT MHTepeca C TOYKM 3peHnst MPOBOAUMOro
aHasmsa, MOryT CyLLeCTBEHHO Neperpy3nTb U3MepUTEeIbHYI CUCTEMY, Bbi3biBasi yMEHbLUEHNE ee AUHaAMUYeCcKoro
AnanasoHa.

MonocoBble UAbLTPbLI NPU aHann3e BU6paLun NPUMEHSIOT 41 BblAe/IeHUS onpeAeeHHbIX N010C 4acToT.
Han6onee ynoTpe6uTeibHbIMU NOSTIOCOBLIMY (hNIbTPaMM SIBAISAKOTCA OKTaBHble (YUAbTPbI U OUNLTPBI C LUIMPUHOT
NnonocCkl B 40110 OKTaBbl, MPUMEHSEMble 0COGEHHO HYacTO NPU COBMECTHbIX U3MEPEHUAX BUBpaLun 1 Wwyma.

MpumeHeHne uabTpaym 0CO6EeHHO BaXHO, EC/TN MU3MEPEHUSA NPOBOASAT B LUMPOKOM AMHAMUYECXOM gnana-
30He 3HauyeHuii curHana. Ecnv BcnekTpe curHana, Hanpumep, NpUcyTCTBYHOT COCTaBNAKLWIME Kak C 60MbLWLNMY,
Tak U ¢ MasibIM1 aMnAnTyAamm, TO X HeNb3A OLLEHUTb C 0A4MHAKOBOM TOYHOCTLIO BBUAY OTPaHUYeHnli Ha AuHamm-
Yeckuii guanasoH U3MepuTeIbHOW cUCTEMbI. B Takux cnyyasx MoxeT noTpeboBaTbCa «Bblpe3aTb» COCTaBA0-
Wwue ¢ 60NblOK aMNANTY L0, YUTOGbI MOBLICUTH TOYHOCTb @aHa/IM3a OCTABLUMXCSA KOMMNOHEHT CUTHaNa.

dunbTpaLMo HacTo NPUMEHSAT ANA OTAENEHUS UHPOPMATUBHOTO CUTHAA OT BO3MYLLLEHWI (3/1EKTPOHHOTO
LwyMa B BbICOKOYACTOTHOW 06/1aCTU, celicMnYecknx konebaHuii B 061acTv o4eHb HA3KMX YacToT).

Ecnu punbTpbl NCNOML3YHT AN15 BblAENEHNA KOHKPETHOI YacTOTHO cocTaBnsawwWweid, To cneayet y6eanTs-
cA, 4TOo hmunbTpauns obecneymBaeT fOCTATOYHOE NOAABEHNE COCTABNAOWMNX HA APYTNX YacToTax. dunbTpbl
NPOCTON KOHCTPYKLUM (HU3KMX NOPSAAKOB) He obecneunBaloT NogaB/ieHne BCeX COCTaBNAOLWNX BHE aHann3unpye-
MOi1 06/1aCTV YacToT BCIEACTBUE NOJIOTOr0 cnaja Ux 4YacTOTHON XapakTepucTUKN.

Mpumep — ®uNbTpP, KPyTU3HA cnaja YaCTOTHOW XxapakTepucTUKN KOTOPOro cocTasnaeT 24 gb/okTa-
Ba, 6yaeT nponyckaTb 15% curHana Ha yA4BOEHHOW YyacToTe cpe3a n 45% curHana Ha NnoNyTOPHON yacToTe
cpe3a. YTo6bl yNyywnThb NojaBneHne HexenaTeNlbHbIX COCTaBNSAOWMNX, NPUMEHAI T Kackaj u3 HeCKONbKUX
UNbTPOB NPOCTON KOHCT PYKLUN UAN UCNONb3YIOT D UNbT pbl 60/1€e BbICOKUX NOPAAKOB.

4 O6paboTka U aHa/IN3 AaHHbIX

4.1 O6wWwue NonoxeHns

O6paboTka AaHHbIX BK/IoYaeT c60p UCXOAHbIX AaHHbIX, (DUNLTPALNIO HEXenaTeNbHOro wymMma u gpyrux
CUTHasI0B, He NpeAcTaBAANLWNX UHTEPEC ANA NOoCNeAyIOLEero aHannsa, v npeacTasieHne CUrHanos B popme,
TpebyeMmoii 4ns guarHoctmpoBaHus. Noatomy 06paboTka faHHbIX ABSETCA BaXKHbIM 3TanoM B npouecce nocra-
HOBKM AunarHosa. CH60pLLMKM faHHbIX C 4aTYNKOB BUBpaLun fOo/MKHb o6ecnedmnBaTth JOCTATOYHOE paspeLleHme
KaK no amnautyje, Tak u no BpemMeHun. Ecnu cobupaemsle gaHHble NpefcTasiatoT B LMDPOBOM BUAe, TO paspaa-
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HOCTb YCTPOWCTBA f,0/KHA 6bITb 4OCTATOYHO BbiCOKA A1 06ecnevyeHna Tpebyemoro paspeLleHns no amnanTyge.
YcTpoiicTBa BbICOKOI pa3psaAHOCTY MO3BOSAIOT NPOBOANTL aHaIN3 C 60/1ee BbICOKOW TOYHOCTbIO, HO UMEIT 60/1b-
LY CTOMMOCTb U NPeAbABNAAIT 60/1€e BbicoKMe TpeboBaHNA K 6bICTPOAECTBUIO.

Mocne Toro, Kak faHHble cobpaHbl, cneaytoLwmnii atTan cocTonT B X 06paboTke 1 npeacTaBneHnn, B Makcu-
MasibHOV cTeneHn o6eryapLemMy nosb3oBaTeso NOCTaHOBKY AnarHosa. NprMmepamu hopmMaToB NpeAcTaB/ieHns
[aHHbIX ABNATCS Anarpamma HaiikBucta, gnarpamma bopge, gnarpamma Kamnb6enna, kackafHblli cnektp. B
[aHHOM pasfenie npuBeeHbl pasHble MeTobl NpeAcTaBNeHnsa aHHbIX, UCMO/b3yeMble Npu onpegeneHnn TeXHU-
YeCKOro COCTOAHUSA MalluuH.

4.2 AHanus Bo BpeMeHHOli o6nacTu

4.2.1 BpemeHHas popma CUTHaANOB

MccnepoBaHvie BpeMeHHO (DOpMbl CUTHANOB paHee sIBMSI0Cb OCHOBHbIM CMOCO60M BMOGPALMOHHOIO aHa-
nusa. N'padmk 3aBUCMMOCTU MTHOBEHHOI0 3HAYEHWNS BENIUMYMHbI, XapakTepusytoliein Bubpaunio, oT BpeMeHu nan
ocumunnorpamMmma npowecca nogsepranv BusyasbHOMY aHanun3y ¢ Bble/ieHneM NMKOB LLNPOKOMNO0CHON BUbpa-
uuun. MNMpocTtoe uccnegoBaHne hopmbl CUTHANA C MPUMEHEHEM 60/1ee COBPEMEHHbIX CPeACTB U3MEPEHUA Mo-
npexHeMy no3BonAeT NoNYUUTb LEeHHY UHhOpMAaLUI0 O TEXHUYECKOM COCTOSAHUN MallnHbl. Hanpumep, 3aaupsbl
Ha uande o6HapyxmBalT N0 CUrHaNam ¢ gatynka nepemMeLeHuns, KannnuposaHue (orpaHuyeHne) curHana ceu-
feTeNbCTBYET 0 HA/IMUMK Taknx fedeKkToB Kak M3HOC, ocnabieHne B MeXaHNYeCKUX COeJUHEHUSAX U T. .

XoTs xapakTepHble 0CO6EHHOCTN BPEMEHHbIX CUTHANO0B C/YXaT NpU3HakaMy onpefesieHHbIX U3MEHEeHU B
TEXHWYECKOM COCTOAHMMN MaLLWHbI, B pAfe ciyyaeB MOXeT noTpeboBaTbCsa AONONHAWLWMA X aHaNn3 B 4acToT-
HoWi o6nactu (cm. 4.3).

OCHOBOI1 aHannsa CUrHanoB ABNSETCA TO. YTO 11060 Nepuoamyecknii npoLecc MoxXeT 6bITb NpeacTaBeH
B BUAE CYMMbl CUHYCOUA C KpaTHbIMU YyacToTamu. HekoTopble NpuMepbl Taknx CUrHaI0B NoKasaHbl Ha PUCYH-
Kax 6 — 9.

o 0; X
X — Bpewms, C

PucyHok 6 — BpemeHHas cdopma curHana

Ha pucyHke 6 nokasaH OAMH Mepuoj rapMOHWYECKOro CUrHana NOCTOSAHHON amnauTyAbl. Pa3max
BE/NIMYMHBI, XapakTepusyoLieii Bubpauyunio, noayyaroT, N3Mepsas YABOEHHYI0 aMnnTyAy CUrHana v yMHoXas Ha
KoadhhuLMeHT Nnpeobpas3oBaHnsa U3MepUTEIbHOTO TpakTa, onpeAeneHHbI Npu kanmbposBke. YacToTy curHana on-
pefensoT No YNCNY LMK/I0B Ha oNpeenieHHOM UHTepBasie BpeMeHu. Bpems onpeAensoT o BpEMEHHbIM MeTkaM
Ha ocumnnorpade nay no CkOpocTu NPOTAXKMN NIEHTbI camonucla. B n3o6paxeHHOM Ha pucyHke 6 npumepe oAHOI
CeKyHfie COOTBETCTBYIOT 60 BpeMeHHbIX OTCEYEK, U3 KOTOPbIX 12 0TCevek NpuXoAAaTCS Ha OAUH Nepuoj curHana.
Takum o6pasom, nepuog curHana T paBeH 0,2 c. a ero yactota f = 1/I paBHa 5 y. To4yHOCTb onpefeneHus
nepuoja v 4acToTbl MOXHO MOBbLICUTb, YBEINYMB AJIVHY 3aNUCU N. COOTBETCTBEHHO, YNC/0 paccMaTpuBaeMblxX
nepuoaoB curHana.

Ha pucyHke 7 nokasaHa cynepnosuuus 4ByX rapMOHWYECKUX CUTHAM0B, NPUYeM Ha AJ/IHE 3anucu nome-
LalTca Tpu nepuoja curHana ¢ 6onee HU3KOM YacTOTON. DTN CUTHAbI MOXHO pasfennuTb, eCy NPoBeCTU ABe
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ornbatoLime no BeplIMHaM NUKOB pa3Hoi NOASAPHOCTU. AMNANTYAA U YacToTa HM3KOYaCTOTHOW cocTaBnsioLei
6y[yT TEMM Xe. YTO M Y MOCTPOEHHbIX TakuM 06pa3om ornbarwwmnx. PacctosHne mexy ornbanolwymMu B BepTu-
KaJIbHOM HanpaB/ieHUN paBHO pa3maxy BbICOKOYACTOTHO cocTaBnaoLwel, a ee 4acToTy NoyyaloT NOACHETOM
nvkos. B gaHHOM npuMepe MOXHO yBUAETb, YTO YacTOTa BbICOKOYACTOTHO COCTaBMAOLLEA B TpU pa3a Bbllle,
4eM y HU3KOYaCTOTHOW. Ecnv oTHOWeEHME MeXay YacToTaMu BEIMKO, TO ef0 MOXHO onpeAennTb BU3yasbHO Mo
rpaduky curHana. Bo scex Apyrux criyyasax 06bl4HO UCMOMb3YOT Pypbe-aHanuns.

4.2.2 bueHunsa

YacTo curHanbl UMeT BUf. Kak NokasaHo Ha PUCYHKe 8. rae BEPXHASA U HWXHASA ornbalolnme He cosnaja-
10T no pase. MNpu 3TOM COBOKYMHOCTb BEPXHel 1 HWXHel ornbatoweit o6pasyeT ACHO pa3iMymMble MecTa nyyHo-
CTeli 1 CyXXeHUit. DTO YaCTHbIW cnyyvali cynepnosnLmmn AByX CUrHanoB, KOTopble 6/IM3KM U N0 YacToTe, U NO aMnan-

X — Bpemsa, c; ¥ — 3HauyeHue curHana; a — pasmax o cyxeHum (0.2);

b — pasmax B nyyHoctm <0.7): ¢ — cyxeHune; d — ny4yHOCTb:

e — nepwuopg BuGpauun (0.33 ¢. 4yTo cooTBeTcTBYeT 3 ly); M— nepuog
6ueHunit (2 c, uto cooTBeTcTByeT 0.5 I'y)

PucyHok 8 — bueHus

Tyfe. BpeMeHHble cUrHanbl Takoro Bua HasblBaT GMeHnsMU. Ha npakTuke nprMepoM GUEeHNit MOXEeT CNYyXuUTb
cynepno3numsa ABYX NONACTHbIX Y4ACTOT CABOEHHOrO KopabesbHOro BUHTa. MakcuMasbHble 3HaYeHns ABYyX CO-
CTaB/AOWMNX CUTHAIOB NONEPEMEHHO TO CK/1aAbIBAOTCSA, TO BblUMTAIOTCA. DTO onpeaensieT MECTONOOXEHNE
NYyYHOCTEW W CYXEHMWIA. PaccTosHne Mexay orn6alwmnumMmn B NyYHOCTSIX U CYXXEHUSIX paBHO, COOTBETCTBEHHO,
CYMMe 1 pa3HOCTM pa3MaxoB COCTaBAALMUX cCUrHana. ipyrum npumMepom o6opyfoBaHus, cosgaioLero subpa-
LIUI0 TaKOro Xe Buaa, ABNAITCA iBe CNapeHHble MalluHbl (Hanpumep, KOMNPeccopsl) ¢ NPUBOAOM OT aCUHXPOH-
HOrO 3neKkTpoABUraTens.

Mpumep — Ecnn amnnuryga 60onblieil cocTasnsowen — XT,ameHbwel cocTasnaoweirn — X, n nsme-
peHnsa nokasanunm 3HayeHue curHana B nyyHocTwun XT + Xn = 0,7, a B cyXeHUn — XT- Xn=0,2, TO amnanTyfabl
cocTaBNsALWNX, COOTBETCTBEHHO, paBHbl XT =0,45, Xn =0,25. 4na nony4yeHns amNnAnTy] BEeIMYUH, XapakTe-
pusywWwux Bubpaynto, 3TN 3HAYEHUA HYXKHO YMHOXUT b Ha KOaddpuuneHT npeobpa3oBaHns MU3MepPUT eNbHOW
uenu. YacToTa 6onbwell cocTaBnAwuwein MoxeT 6bl Tb OnNpejeseHa NoAgCYeTOM Yucna NUKOB, Kak ykasaHo
BbllWe (B NpUMepe Ha pUCyHKke BaTa yacToTa pasHa 3 uy). laHHaa yacToTa MoXeT 6bl Thb NONyYeHa YMHOXe-
HMEM YacTOoThbl GUEHUI HA YMCNO NMUKOB Ha Nepuoge curHana (B AaHHOM c/ayvyae Ha 6). YacToTy MeHbwel
cocTaBnsAlWen Nnonyya T YyMHOXEHNEM YaCcTOThbl 6MEeHN Ha Lenoe yncno, KoTopoe NnM60 Ha eguHULY 60Nb-
we (B AaHHOM C/lyyae paBHO 7),1M60 Ha eANHULY MeHbl e ( B JAHHOM C/ly4Yae paBHO 5) Yynucia NMKOB Ha nepuoje.
Kakoii BapnaHT cneayeT Bbl6paThb, NOKa3biBaeT pacnonoXeHWe NUKOB B MecTe CyXeHns. B npumepe HapucyH-
Ke 8 paccTOAHME MexXAy NMKaMu No mepe NPpUBGANXKEHNA K 06/1aCT U CYXEHUs yMeHbwaeTcAa. 3TO o3HavyaeT,
4yTo 60onbwas cocTaBnAWaa umeeT 60/1ee BbICOKY YacToTy (M. Hao60poT, ecnu 6bl 60NblIAA COCT aBNAI-
wana nmena 6onee HU3KYKW 4acTOTYy, TO K 06/1aCTH CyXeHUs paccTOAHME MEXAY NUKamMu curHana [ONXKHO
6b1n10 6bl BO3pacTaThb). [IOPUCYHKY 8 MOXHO ONpeAennThb, HTO YyacToTa 6ueHnii pasHa 0,5y, Taknm o6pasom,
4YaCTOTY MeHblW el cocTaBnaoW el nonyyalw T YMHOXEHNEM YacToThbl 6ueHnini Ha 5. n oHa pasBHa 2,5y,
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YacToTa 6MeHunii paBHa pa3HOCTM HacTOT COCTaBAAOLWMX, T. €.

ft=fm- h . (5)
roe f, — yactoTa 6ueHwii;
fm— vacTtoTa 6onbLieli cocTaBnstowei.
fn— yacToTa MeHblUelt cocTaBNAOLWEN.
CpefHAA YyacToTa NOSAB/IEHNA CUTHAOB paBHa MNoslyCyMMe 4YacToT COCTaB/IALWUX.
MopacueT NMKOB A4NSA cUrHana, n3o06paxeHHOro Ha pucyHke 8. nokasbiBaeT, YTO B UHTepBase 2 C COAepXnNTCs
6 nukoB, T. e. fm= 3 I'y. lHTepBan 2 c cooTBETCTBYET O4HOMY nepuogy 6uennii, T. e. fo= 0.5 Fu. M3 hopmynsbi (5)
cnegyet, uto f,=fm-fbs 3- 0.5=2.5 .
4.2.3 Mopynauus
MogaynnpoBaHHbIii curHan Bubpaunm nokasaH Ha pucyHke 9. Mo hopme OH NOXO0X Ha 6MEeHUst, HO B HEM €CTb
TONbKO OfHa cocTaBnsAwLwWwas subpaymm, aMnanTyaa kKoTopoli u3meHseTca co BpeMeHeM (MogynuposaHa). Cyue-

CTBEHHbIM OT/INYNEM OT BUEHUI ABNSIeTCA TO. YTO B MOAY/IMPOBAHHOM CUTHAIe PacCTOsSTHME MeXAyY nMMKamu co-
XpaHsieTcs NOCTOAHHbIM — 1 B 06/1aCTAX MyYHOCTEN, U B 061aCTaX CyxeHuii. [pruMepom MOAYIMPOBAHHOrO CUT-
Hana siBnsieTcs BUGpauns HaYacToTe BpalleHUs WeCcTepHU C YacTOTOW M3MEHeHUs aMnNAnTyAbl BUGpauum, pas-
Holi 3y6L,0BOI YacToTe 3yb6uaToii nepegauun.

PeanbHble curHansl BUGpaLuy MoryT UMeTb CI0XKHYI0 (DOPMY 1 BKIOYaTb B ce65 04HOBPEMEHHO Kak MoAy-
NAUNI. TakK U 6MeHus. Takue curHanbsl TPYAHbI 415 aHaM3a, 04HaKO MOXHO NONbITATbCA Bbl4eNUTL 061aCTb CUT-
Hana. rae oAuH N3 adhheKkToB (M COOTBETCTBYIOLLME EMY HACTOTbI) BPEMEHHO OTCYTCTBYET, M NoAaHHOi o61actu
onpefenuTb aMnNaUTyAy U 4acToTy MHTepecyloL el CocTaBNAWLW el curHana.

4.2.4 AHanus ornbaruwen

AHanus ornbatwoweli COCTOUT B 4EMOAYNALUN HN3KOYACTOTHbLIX COCTaBALWMX B Y3KOW Nosoce 4acToT,
KOTOpbI€ NI0X0 PasIiMunMMbl Ha (POHe LWNPOKONOI0CHO BUBpaLLM BbICOKOTO YPOBHS (CBOGOAHbIE KoflebaHus yaap-
HOTo NPOMCXOXAeHMUsA, BUbpaLnsa Ha 3y6L,0BON YacToTe n 4p.). AHanu3 ornbarLiein ABNseTcs HageXHbIM cpes-
CTBOM pacno3HaBaHua AedeKTOB Ha paHHel cTaanmn nx 3apoxgeHns. Hanbonee 4acTo AaHHbIl MeTog 06paboTkm
CurHana ucnosnb3yloT Npu aHannse Bmbpalmm 3ybyaTtbix nepegay u noAWUNHNKOB KAYEHWS, FAe HU3KOYaCTOTHbIe
npoLuecchbl, Kak NpaBuIo, Masnol MOWHOCTK (Hanpumep, BXOXAeHWe B 3auenneHne gedekTHoro 3y6a unm coyga-
peHune CKO/I0TOr0 3/1eMeHTa KaueHuns C AOPOXKOW KaueHuns) BO36YXAal0T BbICOKOHACTOTHbIE Pe30HAaHChI, YTO Npu-
BOAMT K MOZY/IALMN BbICOKOYACTOTHOrO CUTHaNa CUTHA/IOM Ha YacToTe nposiBneHns gedekta. MNpumep Bbigene-
HUsA ormbatoleii nokasaH Ha pucyHke 10.

PucyHok 10 — AHanus orubatoLlei

Heo6x0AMMO OTMETUTb, YTO Nepes BbiMOMHEHNEM AEMOAYNALUN MOAYTMPOBAHHbLIA CUrHAN cnepyeT oT-
hunbTpoBaTh C NOMOLL b Y3KONOOCHOro hnbTpa.

4.25 CnokTpanbHble Macku

AMNANTYAbI COCTABNALWNX BUOPALMM KOHTPONMPYIOT, CONOCTaBAAS UX C ONOPHbIMW CNEKTPanbHbIMKU Mac-
Kamun — NMHUAMK NpeABapuTeNIbHO YCTAHOB/IEHHbIX B M0/10CaX YacTOT NpeAesibHbIX 3Ha4YeHuii No BceMy gnana-
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30HY YacToT aHanusa. MpesbllweHne NpeaesibHOro 3HaYeHna Kakoin-nnbo coctasnstoLweli 06bI4YHO Bbi3blBAET NO-
AB/IEHNE CUrHana npeaynpexaeHns 0 BO3MOXHOW HEUCNPaBHOCTY.

Mpun ycTaHOBNEHUW NpeAenbHbIX 3HaYeHW A4NA OTAEeNbHOW cocTaBnsALWel cnekTpa 06bIYHO yCpeAHAT
HEeCKO/IbKO CMEeKTPOB C BbICOKMM paspelleHneM Mo YacToTe W onpeaenstT BbIGOPOUYHOE cpefHee 3HayeHne
M cTaHOapTHOe OTK/IOHeHue. YposeHb MPEAYMPEXAEHWE yctaHaBnvMBalwT Bbille CPefHEro 3HayeHusa Ha
2,5 —2,8cTaHgapTHbIX OTKIOHEHWIA.

4.2.6 Op6buta npeuyeccumn Bana

AHann3 TpaekTopumn ABUXEHNS Bana MOXeT 6biTb MPOBeeH 415 N060I MalluHbI, rAe eCTb BO3MOXHOCTb
YyCTaHOBUTb AATYNKM NepemMeLleHns, 06bIYHO noa yraom 90° apyr K Apyry. Ha KpynHbIX MalwnHax ¢ NoAWnnHuKa-
MU CKOMIbXEHWUSA aHann3 opouTbl NpeLeccuy Bana ABnseTca 06bI4YHOM NPAKTUKONR, MOCKO/IbKY OH NO3BONAET KOHT-
poNMpoBaTh NO/IOXEHWE Bana BHYTPU NOAWUNHAKA U 3a30P MEXAY NOALMMHUKOM 1 Banom. [Mpu 3TOM Heobxoau-
MO y6eanTbCs, YTO NoKa3biBaeMas TpaekTopusa ABUXKEHUS Bana HE UCKaXKeHa MeXaHUYeCKUMN N 3NEKTPUYECKUMN
6ueHuamu. NpaBunbHas NHTepnpeTauma opbuTbl NpeLeccun Bana No3BoaAET NOHATL NPUPOAY BblHY3eAAOLNX
cun. Kpome TOro, oHa no3BosiseT onpeAeninTb HanpasjeHne npeLeccuy sasa — no Hanpas/iEHNIO UK NPOTUB
HanpaBneHuns BpalleHus potopa. Opbuta npeueccun Bana MOXeT 6bITb NpefcTaBeHa B UCXO4HOM UN CTaXeH-
HOM BuZe. B nocnegHem cnyyas curHan subpayuy nogsepraroT hunbTpalmm, 0CTaBNAA TO/IbKO COCTaBASAIOLLLYIO
Ha yacToTe BpaleHns. TunuuHble rpadukn UCXOA4HON 1 CrNaXeHHOW op6buT npeAcTaBneHbl Ha pucyHke 11.

a) op&ra b)C Tow Kn opbuTa

PucyHok 11 — Op6uTa npeleccuu Bana

O6bIYHO CNONL3YIOT NPeACTaBIEHNE TPAEKTOPUM ABUKEHUS Bana, CUHXPOHU3MPOBaHHOE ¢ 060POTHOI coc-
TaBnsLWeR. 0AHAKO y4yeT APYrUX rapMOHUK U cy6rapmMoHuK Bu6pauumn npum nocTpoeHnn opbuTbl MOXeT 6bITb
nosieseH Ansg onmcaHna NCTOYHUKOB nNpeueccun. OTmeTKa Ha Bany NO3BONAET NONYUYUTb CUTHAT CAHXPOHU3aunmn
(0f4MH MMNyNbC 3a 04MH 060POT Basna) A1 YCTAHOBEHUSA COOTHOLEHNS MEXAY YacTOTON BpalleHUs n ApyruMu
yactoTamu, NpUCyTCTBYIOLW UMY B CUTHANE.

Op6uTa npeueccuy Bana npeacraBnseT co60i TpaekTOPUIO ABMKEHMUA LLleHTpa Bana B NJ10CKOCTU n3mepe-
HUiA. JaTunku, nsmepsaiowme ABMXEHUE, AOMKHbI GbiThb pasdHeceHbl Ha yron 90°. B NpOTMBHOM cnyyae opbuTta
6y,qu BbIrNA0eTb CI'II'IIOLLI|eHHO|7I. Ecnn Ha Bany nmeeTcda WnoHo4YHada KaHaBKa, TO NO yMOJZITYaHUIKO Ha rpachKe
op6unThLI el COOTBETCTBYET YYacTOK pa3pbiBa (Hayano KaHaBKW) U iPKOe NATHO, NOKa3aHHOE Ha PUCYHKE TEMHbIM
KPYXXKOM, (KOHel, kaHaBku). Mo 3Toil MHhopMaLum MOXHO CyauTb O HanpasfeHun npeueccuun. M3 pucyHka 11
cnepfyert, YTO NpeL,eCcCCMOHHOE ABMXEHMEe Basna NPOUCXOAUT N0 4acoBOl CTpenke.

HanpaBneHue npeueccuun Bana — no Xo4y Win NpoTUB X04a YacoBOl CTPENKN — 3aBUCUT OT TOUKM HaG10-
AeHusa. Ecnv HanpaBneHne npeleccum coBnagaeT ¢ HanpaBeHWeM BpaLlleHns Bana, To Takylo NpeLeccuio Hasbl-
BalOT NPSIMOIA, eC/iv He coBnagaeT — To obpaTHol. 3 pucyHka 11 BUAHO, 4TO MMeeT MecTo npsamas npeteccus.

4.2.7 CpopHee nonoxeHue Bana

[laTtunkn nepemeLlleHns YacTo UCNO/b3YIOT AN oNpefesieHNs CpefHEero NoIoXeHNs Bana, YTo No3BoniseT
OUEHNTb Harpy>eHHOCTb NoALNNHUKA CKOJTbXXEHNA. BbicoTa nonoxeHusa Ll,al'lq)bl poTopa B nogwWnnHUKe, name-
peHHasi No NOCTOAHHON COCTaBNALWLEN CMTHaNa caaTunka nepeMeLLeHns, — Noae3Hblil AuarHocTuYeckuii npum-
3HaK Npu KOHTPO/1€ COCTOAHNA KPYNHbIX MaLlunH. Mo HEMY MOXHO CyAuUTb, HACKOJ1IbKO TOYHO BbINOJ/IHEHA YCTaHOB-
Ka noAlWwunnHuka u Bana. Npu n3MepeHusix cnegyeT obpaliaTb BHUMaHWE Ha BO3MOXHbIV Apelich co BpeMeHeM
NOCTOSIHHOI COCTaBANAWLW e cUrHana, YTo BHOCUT OLWNGKY B pe3ynbTaT U3MepeHuid.
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4.2.8 TepexofHblii npouecc

M3mepeHune BubpaLun npu N3MeHeHNn YacToThbl BPaLLLeHUsi poTopa 06bIYHO CBA3AHO C PeXumMmamy pasroHa u
Bblbera. Bubpauuio B aTuX pexvmax npeactaBnaioT B BUAE KackafgHOro cnekTpa, guarpammel boge, anarpamMmmbl
HalikBucTa n gnarpammbl Kamnéenna.

MepexoaHble npouecchl, Kak Npasnao, BO3HUKAIOT NPU BO3OYXAEHUN KOHCTPYKL MU KpAaTKOBPEMEHHbIM CU-
NoBbIM Bo3gelicTBMEM. OHO MOXeT NpeACcTaBNATbL CO60M e AUHUYHBIA UMNYNbC NN KONTle6aHUsi KOPOTKOW AAnTe nb-
HocTu. Takoe Bo3aeiicTBue NobyxaaeT KOHCTPYKLMIO coBepLluaTh kKonebaHnsa Ha CO6CTBEHHbIX YacToTax, HoO Npu-
cyuiee cucteme geMndupoBaHme NpUBOANUT K IKCMOHEHUMATbHOMY 3aTyXaHuto konebaHuii.

Takum 06pa3om, nocne npekpalLeHns A4ecTBUA BbIHYXAaloLW el cuibl OTKINK KOHCTPYKL MM NpeacTaBnseT
Cc06011 KOMOMHALNIO 3aTyXaloLWmnX rapMmoHnYeckux konebaHuii. Mprumep Takmx kosiebaHnin nokasaH Ha pucyHke 12.
CnepyeT 0OTMETUTb, YTO KPATKOBPEMEHHOE CUI0BOE BO3/eliCTBIE Bbi3biBA€T O4HOBPEMEHHOE BO3OYXAEHWe BCeX
COBCTBEHHbIX MO KOHCTPYKLMU. OBbIYHO COCTABNALLME HA BbICOKMX YACTOTax 3aTyxalT 6bICTPO, NO3TOMY hop-
Ma nepexoAHoro npouecca CTPEMUTCS K 3aTyxaloL el CMHYyConAe Ha YacToTe HM3Lel co6CTBEHHOW MOApbI.

xalowas ornbaiouias NUKOB cuwana: b — CNOXHLIA cocTaB kone-
6aHuii B Hauyane nepexofHolo npouecca; C-- koneGaHWUsa Ha HU3
weit co6cTBeHHOW xofe; d — 3aTyxawuwmne konebaHus

PucyHok 12 — lepexofHblii npouecc

Mo HannumMio NOBTOPSAIOLLNXCA NePexXoHbIX NPOLLECCOB B CUrHaNe Bubpauum noWUnHUKOB 4acTo CyasT O
Hanmummn feekToB AOPOXKEK UV 3/IEMEHTOB KaueHus.

4.2.9 Wwmnynec

MNMNynbc MexaHU4yecKol cucTemsbl ABASETCA ee peakumei Ha UMNY/bCHOe cunoBoe Bo3geiicTene F,. npu-
NNOXXEHHOE B TeYeHne 04eHb KOPOTKOro NpomMexyTka BpemeHn df, n KonnyecTBeHHO MOXeT ObITb NpeAcTaB/eH B
BuAe nHterpana ot F, dt no BpemeHu (B npegenax ot tgo t+ At) — cMm. pucyHok 13.

Yl

X — Bpewms; ¥ —cuna

4 J* PucyHok 13 — Wmnynbe
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YacTto umMnynbCcHoe BO3AeliCTBME NCMOMb3YIOT 4715 06HAPYXXEeHUS Pe30HaHCHbIX YacTOT CTaLMOHaPHbIX KOH-
CTPYKUWIA.

4.2.10 [OdemncunpoBaHue

[lemndupoBaHne — 370 MexaHn3M Npeo6pasoBaHmns KosiebaTebHOro ABUKEHNS B APYTy0 DOPMY SHeprum
(06bI4YHO TENNOBYI0), NPUBOAALL NI K 3aTyXaHWo konebaHuii. KoaduuneHTt gemndrposaHmns ¢ yalle BCero npo-
nopumnoHaneH ckopoctn. Ecnv B peanbHOW KOHCTPYKL MM 3Ta 3aBUCMMOCTb He coblogaeTcs, TO ee, TEM He MeHee,
4acTo UCMOMb3YIOT A4NA NPUBAMKEHHBIX pacyeToB. Ecnn koadduumeHT gemMndpoBaHns MUHUMAaNbHbIA U3 BO3-
MOXHbIX. NP KOTOPbLIX CUCTEMA BO3BpaLLaeTCcs B COCTOSIHME paBHOBecUsi 6e3 Kosie6aHnii OTHOCUTENIbHO TOYKM
paBHoBecus (nepekonebaHunii). To ero HasbiBaT KOIPPULUNEHTOM KPUTUHYECKOTO AeMnchMpoBaHns CC.

Ecnu koadhuumeHT 4eMnunpoBaHNa CUCTEMbI HUXKE KPUTUYECKOro, TO NMPU BO3BPALLEHUN B NOSIOXEHNE
paBHOBecus 6yayT HabnaaTbea konebaHns ¢ 3aTtyxatoLen amnanutygoli (cM. pucyHok 14). B cuctemax co MHO-
MMM cTeneHaMu cBo60oAbl ANA O4HUX COOCTBEHHbLIX MOA AeMndpoBaHne MoxeT ObiTb Bbllle KPUTUYECKOTO, a
ONSA APYTUX — HUXeE.

PucyHok 14 — 3aTyxaHue curHana BcneAcTBUe feMndrpoBaHmns
B cucteme

Ecnun Ha rpadivke OT/I0XEHA 3aBUCUMOCTb OT BPEMEHMU 3aTyXakwwnx konebaHuii co6CTBEHHON MoAbl X, TO
norapummuyecknii sekpemeHT konebanuit CMoxeT 6bITb paccunTaH no opmysne:

©)
rae M— 4Mcno LMKNOB 3aTyxaHus amnantyabl ot X, Ao X,,.
Mepoii oTHOCUTeIbHOro AeMNPOoBaHUSA B konebaTeNnbHOM cucteme siBaseTcs koadduumeHT noteps h. ko-
TOPbIV CBA3AH C NorapuMmUUYEeCcKUM AEKPEMEHTOM KonlebaHuin 3aBucumocTbio h = d>n.

MpumeyaHune — B TeEXHNUECKOW nuTepaType ANst 0603HAYEHUSI KOIPPULMEHTA NOTEPb 0GLIYHO UCNO/b3YHT
cumBonbl h, z unun 4, a Ansa norapudmMnyeckoro gekpemeHTa Konebannii — a un Jl.

KoadhchuumeHT noTepb MOXET BbITh BbipaXeH Yepes CKOpoCTb 3aTyxaHuii X', aob/c. no hopmyne
h =X7(27.3 fn), (@)

rae fn— vactoTa co6¢cTBEHHbIX KONebaHwii. Iy,

LemndmpoBaHne B KosiebaTeNbHON CUCTEME OMUCLIBAIOT TaKXe Yepes ee JO6POTHOCTbL Q. KOTopas npes-
cTaBnsieT coboi 3HaYeHNe amnNaANTYAHO-YAaCTOTHON XapakTepuUCcTUKA CUCTEMbI C OLHONM CTeneHbio cBO6OAbI Ha
CO6CTBEHHOI YacToTe NpK OTCYTCTBUYM 3aTyXaHus. AMNAUTYAHO-4aCTOTHAs XapakTepucTuka cMCTeMbI NpeacTaB-
nsieT co60oii OTHOWeEHNe aMNAUTyAbl NepemMeLleHns nog AelicTBUEM AMHAMUYECKOW cuibl ¢ amnanTygoi F K
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CTATMYECKOMY NEepeMeLLeHmto Noj AeiiCTBMEM NMOCTOAHHOMN Cu/bl F. B npeanonoXeHnn 0TCYTCTBUS CYLLECTBEH-
HOTo B3anMOofeicTBMS Mexay MoAamMu LOGPOTHOCTb KaXA0M MOAbl MOXET GbITb paccuuTaHa no popmyne

O = 1/(2 clce), (8)

roe ¢ — K03 ULMEHT NIMHENHOTo AeMnpoBaHNSA CUCTEMBI;
CC — KO3 hMLMEHT KpuTUYecKoro AemncupoBaHms.
Ecnu n3BectHa aMnanTyAHO-4acTOTHAsA XapakTepucTka CMCTEMbI B OKPECTHOCTU HEKOTOPOIA MOoAbl koneba-
HWIA. TO AO6POTHOCTbL Q ANS f@aHHOWN MOAbl MOXET 6bITb MPUBAMKEHHO paccumTaHa no opmyrne;

roe fr— pesoHaHcHas vacToTa;

Af=f2-f. — wupuHa nonocbl pe3oHaHCHOTO NuKa Ha ypoBHe 0,707 (4acToThl /, U f2, Ha KOTOpPbIX 3HaYeHNe
amMnaUTYAHO-4acTOTHOM XapakTepucTrki cnagaeT 40 ypoBHs 0.707, nexaT COOTBETCTBEHHO MO /IEBYI0 U NPaByto
CTOPOHbI OT NKKa).

[06pOTHOCTL CBSI3aHa C florapuhMUYECKUM LEeKPEMEHTOM KoslebaHwuii cnegyoueil npubankeHHol popmy-

nown:
Qt-xJd. (10)

MpumeyvyaHnune — B cayyae manoro gemnduposanus Q = 1/i.

B kauecTBe npumepa Ha pucyHke 15 nokasaH cnocob onpejeneHust LO6POTHOCTM MO aMnIMTYAHO-4acToT-
HOIi XapakTepucTuke, Ha3blBaeMoW Takxe guarpammoii boge.

PucyHok 15 — OnpegeneHve Ao6poTHOCTU Q

AHaNOrnyHbIN pes3ynbTaT MOXHO MOSYYUTb N0 rpadinKy amnanTyAHO-ha30BOI YacTOTHOM XapakTepUCTNKN B
NoNSAPHbIX KOOpAMHAaTaX, Ha3blBaeMOi Takxe guarpammoli Haiikeucra.

XapakTepuctukn eMnrpoBaHusl CUCTEMbI HECYT NOJIE3HYI0 MHOPMAL IO NPYU UCCNe0BaHUN NMPUYUH 1
cneacTBuiA BUGpaL M MallnH BpalatesibHoro geicTemns. lonycTuMo, 4To6bl MalnHa umena co6CcTBeHHbIE MOAb!
BM6pauun B6nu13n paboyein 4acToTbl BpalLeHUs, ecnv 3TM MoAbl CUNbHO AeMNMPOBaHbI U HE CNOCOOHbI 3HaUK-
TefIbHO BNUATL Ha BM6pauuio. Kpome Toro, ecnv mogbl cna6o gemnrpoBaHbl, TO OTK/IVK MalnHbl MOXeT 6bITb
HaCTO/bKO BbICOK, YTO OHa 6yAeT HecnocobHa NPoiTu Yepes 061acTb pe3oHaHca.

4.2.11 CWHXPOHHOE ycpegHeHue (HakonneHue)

CurHan subpaunm cogepxuT Kak CoOCTaBNAoLIMe, CUHXPOHHbIE C NpoueccamMu, NPOXoAsAW MM B MallmnHe,
Tak U HECUHXPOHHbIE cocTaBnswLWme. Pa3gennTb CUHXPOHHbIE U HECUHXPOHHbIE COCTaBSALWME MOXHO C MOo-
MOLLbI0 aHanuM3a B 4acToTHOM o6nacTu (cm. 4.3). ipyrum pacnpocTpaHeHHbIM CNOCO60M aHanm3a CUHXPOHHbIX
COCTaBNAWLWMNX AB/ISAETCA CUHXPOHHOE yCcpeAHeHWe No BpoMeHu. Mpu gaHHoMm cnoco6e BbIGOPKY faHHbIX OCY-
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NOECTB/ISIOT CUHXPOHHO C ABMKEHNEM OTAE/bHbIX YACTEN MallVWHbI NOCPEACTBOM CUTHAMIOB (MMMY/1bCOB) CUHXPO-
HM3auuKn. YcpegHeHne no BbI6opkam, YMCI0 KOTOPbIX MOXET BapbUPOBATLCS OT HECKO/IbKUX EANHNL, [0 HECKO/Tb-
KNX COTEH, NPOBOASAT BO BPEMEHHOI 061acTv, a A5 NocneAyioLero CnekTpanbHoOro npeAcTaBfeHus UCNonb3yoT
CrIaXeHHbI BpeMeHHOM curHa. B npouecce CUHXPOHHOIO YCpeAHEeHNs HECUHXPOHHbIE COCTaBAOLLNE B3aUM-
HO noAaBnsATCA. Uem 60/bliee YUCI0 peann3alnnil UCNoNb3yT 418 yCpeaHeHus, TeM 6o1ee rnagkum nosyda-
eTcsa curHas. Yncno peanusauuit 3aBUCUT OT KOHKPETHOM cuTyaumu.

MpU CUHXPOHHOM YCpPEAHEHUW 3HAYEHWS CUrHaNa, COOTBETCTBYIOLLME O4HON U TOl Xe hase ABUXEHUS
KOHKPETHOM 4acTy MalinHbl, CYMMUPYIOT, NOC/Ie Yero MoJyYeHHbI pe3ynbTar A4efIAT Ha YUC/O YCPeAHAEeMbIX
peanusauuii. B pesynbTate COXpaHSeTCs TOMbKO Ta YacTb CUTHANa, KOTopas CUHXPOHHA C paccMaTpuBaemMbiM
[BWXEHNEM, a BCe OCTasibHble cocTaBstowmne (B TOM ynucne, perynsipHoii Npupobl, HO CBA3aHHbIE C 4PpYruMy,
HECUHXPOHN30BaHHbIMU ABUXEHUSIMUW) CTPEMSATCS C POCTOM YMcna peanusaLnil K Hynt. CKopocTb CTPEMAEHUS K
HY/10 paBHa KBaApaTHOMY KOPHIO M3 ynca peanusaumii.

MpumeyaHune — YcpegHenve no 100 peanu3auusam yMeHbLUAET Hexenare/ibHble COCTaB/AoLWLmMe curHana B
10 pa3. no 10 000 peanm3aumam — B 100 pas.

MeToA CUHXPOHHOIO yCpeHEHUS NPUMEHSIIOT, Hanpumep, NpyM Heo6Xo0ANMOCTM ONpeaennTb, Kakoii poTop B
MallnHe C HeCKOMbKIMMN poTopamu ABASAETCA UCTOYHUKOM MOBbILLEHHO BUGpaLmu. Ero ucnonb3yoT npu o6Hapy-
XEHWN HencnpaBHOCTeN, HanpyuMep, NOALIMMHUKOB, I0NATOK /1M BaJIKOB KanaHAapa.

Mpumep 1 — Ha kaxAoM Bajy Typ60HAaCOCHOro arperarta c NPUBOLOM uYepes PefyKTOp YyCTaHOBJ/IEH
LAaTunK CUTHANA CUHXpOHU3auum. CUrHan ¢ akcenepomMeTpa, YCTAHOB/MIEHHOTO HAa PeAYKTOpe, aHaNu3npyw T
MeTOAOM CUHXPOHHOTO YCPEeAHEHUS, MO3BONSIOLW UM Bbl4€UT b CUTHAN, CUHXPOHN30BAHHbI i C KAXAbIM BaNOM.
YcpeaHeHue no BpeMeHU, CUHXPOHU30BaHHOe C BpalleHnem Bana Typ6uHbl, N03BONSieT npeo6pa3oBaThb UCXOA-
HbIVi CUTHA CIOXHOW (hOPMbl B MOYT U FaPMOHWYECKUA CUrHan, aMninTyAa KOTOPOro 3aBucUT 0T gucbanaxca
nccneayemoro sana. icnonb3oBaHue CUrHana CUHXPOHM3aLMK C Bafla Hacoca No3BONSieT NPUBECT U UCXOAHbIA
CUrHan K NoOYT U NepnoaMYeckoMy, COOTBETCTBYOLWEMY 10NacTHON YacToTe Hacoca. 10 ycpejHEeHHOMY CUT-
Hany cyaaT opajuanbHOM CMELLeHUM Basia Hacoca B NOAWNMHUKE.

Mpumep 2 — Ha ABe nonaT KN KPYNHOTO rMAPOTYPOUHHOFO arperaTaycTaHOB/EHbl MOCT OBble AaT YNKKN
pedopmaynii. NMpuemM cUrHanoB € AaT4YUKOB OCYW ECTBAAK T CpeAcTBaMU TenemMeTpun. lna CUHXPOHHOTO
yCpeAHEHNA NCNONb3YI T CUTHAN CUHXPOHU3aLUK C BpaleHnemM poTopa Typ6uHbl. [Tocne HeCKONbKUXycpegHe-
HUWii, NO3BONAWNX NOAABUT b WYM BOASHOIO NOTOKA, NOABNA T CA HAKOMN/EHHbIe CUTHANbl COXHON DOpMBbl,
NAEHT UYHbIe ANA KaXAO0W nonaT KN TYp6UHbI, HO CABWHY T ble NO BPEMEHN B COOTBETCTBUN CYrN0BbIM WWArom
nonaTokK. Mpu gnarHocTumpoBaHun TpebyeTcs onpeAeNMThb HEOLHOPOAHOCT b NOTOKAa Yepes Hanpasndwu e
annapaThbl TMAPOTYP6UHbBI. YCPEeAHEHHbIE CUTHANbLI UCNONb3YIO T ANAPETYNNPOBKM HANpaBnswLWMUX annapaToB
rMAPOTYP6UHBLI, YT 0GBl YNIYYLW N T b XapakT epPUCT VKN NOTOKA U CHU3UT b JUHAMUYECKME HANPSXKEHUA B lonaT -
Kax TYpOUHbI.

XOTSi CUHXPOHHOE ycpefHeHne aBnseTcs aheKkTMBHbIM CPeACTBOM 06HapyXeHus psja HemcnpasHoOCTeN,
OHO He MOXeT 6bITb UCMOb30BAHO A8 ANArHOCTUPOBAHNSA HEPEryNSPHbIX MPOLECCOB, HanpUMep, CBA3aHHbIX C
fedexTamy NOALINMHNKOB KaueHus.

[ns ycpegHeHUs CUrHanoB CO C/I0XKHbIMU CNeKTpamu 06bI4HO Heo6xoAMMOo, 4TO6bI BUbpaLus npecTasns-
nacob6oii cTaymoHapHblii npouecc. Mpu HanMyYMM HecTauuoHaPHbIX YaCTOTHbLIX COCTAB/AOLLNX NN NPU U3MEHALD-
Leiics yacToTe BpalleHUss NpocToe ycpejHeHNe BO BpeMeHHOoIi 061acTu He NpUMeHSAI0T. B aTux cnyyasx Bbl6op-
Ky 3HauyeHwuii curHana Heo6xoANMO OCyLLeCTBAATL YePe3 NHTEPBasibl, CUHXPOHN30BaHHbIE C HECTaLVOHAPHbIM
npoueccom (HanpumMep, 4epes3 MHTepBasibl, COOTBETCTBYHOLLME NOBOPOTY POTOPA HA HEKOTOPbIW 3afaHHbI yron).
|_|pVI npeoGpasosaHmm HaKOM/IEHHOTro CUrHasia B HaCTOTHYIO obnacTtb nony4yarwT BMECTO YaCTOTHOIO CneKkTpa no-
pAaaKoBbIii cnekTp. Ecnu curHan Bubpaunm npeactaBnseT co6oii peakynio Ha nocnefoBaTelbHOCTb UMY IbCHbIX
BO3MYLLIEHWiA, TO yCpejHEHME BO BPEMEHHOI 061aCTVi MOXET 6blTb CUHXPOHN30BaHO C HAYa/IOM KaX40ro UMMy sib-
ca BO30Oyx/aeHus.

MIcTOYHMKOM curHana CUHXPOHU3aunn He o6s3aTenibHO AO/DKHa ObITb Bpauwawuanaca 4aCcTb MalluHbI. ﬂ,l‘lﬂ
CUHXPOHM3aLMUN MOTYT 6bITb UCMNO/Ib30BaHbI BUXYLLMECS pEMHUN BymMarofenaTebHbIX MalluH U KOHBEePHbIX
NEHT. YcpeAHaeMblii curHan He o6a3aTesibHO JO/MKEH ObITb CUTHaNOM Bubpaunn. 3To MoXeT 6bITb N11060W Npo-
Lecc. cBsi3aHHbIli ¢ 06cneAyemMoi MaLlnHOW, MO KOTOPOMY MOXHO CYAUTb O ee HenpasubHOM (PyHKLMOHMpPOBa-
HUKU. KpomMe Toro, 4To6bl He ycTaHaBNMBaTb AATHNKM CUHXPOHMN3ALMM HA KaXA0M Bay (Hanpumep, npu guarHoc-
TMpoBaHuM 3ybyaToii nepefayumn), MOXHO YCTAHOBUTb €0 Ha O4HOM Basly U UCMONb30BaTb YMHOXWTE/b YACTOThI
[ON5 NOJTyYeHNS CUTHaNa CUHXPOHU3aLUY C BPalleHnemM Apyrx Basios.
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4.3 AHanus B 4acToTHO obnactu

4.3.1 O6wme NoNoxXeHns

LLinpokoe pacnpocTpaHeHne aHanm3a BubpaLumn B 4HacTOTHOI 061acT 06BbACHAETCA TeM. YTO. Kak npasuso,
KaX40oMy UCTOYHUKY BUOpaLMM MOXHO NOCTaBUTb B COOTBETCTBME HEKOTOPbIE CMEeKTPasibHble KOMMNOHEHTbI. VH-
chopMaTuBHbIM ABSETCA AaXe OfHOKaHa/bHbIV aHanm3 Bubpauun, oAHako 4acTo 6biBaeT BaXHO MCNOMb30BaTb
BTOPOi1 kKaHan ANA cpaBHEHUS dras M amnanTy 4acTOTHbIX COCTaBASAOLWMX.

4.3.2 Npeo6bpasoBaHue dypbe

OCHOBHbIM METO0M Npeobpas3oBaHns LUIMPOKOMOSIOCHOTO BPEMOHHOTO CUTHa1a B OTAEe/IbHble YacTOTHbIE
cocTaBnswwme apnaeTca npeobpasoBaHne dPypbe — mMaTemaTmyeckas onepauus, N0o3BoNsaOLLAaA Pa3oKUTb
CUrHan BMecTe C NPUCYTCTBYIOLUM B HEM MeXaHWYeCKUM WU INEeKTPUYECKUM LIYMOM Ha CUHycoufalbHble
cocTasnawwme. ns peanvsauynm MeToga NCNosb3yloT KOMMNbIOTEP C COOTBETCTBYIOLLEN NpOorpaMmoli 06paboTkm
[aHHbIX, cneynanbHoe n3amepuTenbHoe ycTpoincTeo (Pypbe-aHannsaTop) Uam Mmkponpoleccop. B coBpeMeHHbIX
cpefcTBax aHanu3a npeobpasosaHue ®ypbe BbINOMHAETCA NOCPeACTBOM 3 PEKTUBHOrO MaTeMaTUyYeCcKoro anro-
putma 6bicTporo npeobpasosaHua dypbe (BMd).

Mocpeactesom BIMd BpeMeHHOI curHan npeobpasyloT B OTAe bHble CUHYCOMasibHble CoCTaBsL e, 3a-
BUCSALLME OT YacTOThbl (CM. pucyHok 16). Mpu Bbibope aHanusatopa BMN® Heo6xo4MMO NpUHUMATbL BO BHUMaHWeE

X — vactoTta. 'y / - amnautyga

PucyHok 16 — AMNANTYAHBIN CNekTp

HECKO/bKO BaXKHbIX (hakTopoB. CylecTByeT COOTHOLIEHUE MeXAyY YACAOM CneKTpaibHbIX MMHWI (paspelueHnem
no yactoTe), Auana3zoHoOM aHaNn3npyemMbliX YacToT U ASIMHOM UCXOAHON BpeMEHHOW peanu3auuun. B npumepe Ha
pUcyHKe 16 pa3pelleHune no yactoTe coctaBnsieT 2 Iy, utogaet 100 cnekTpasbHbIX IMHWIA B Anana3soHe oT 0 go
200 Iu.

YKa3aHHble napameTpbl A0/KHbI OblTh BbIOPaHbl Tak, YTOObl 06ecneynTb MakcumanbHoe paspeLlleHne B aun-
anasoHe 4acToT aHanusa.

Bcnepcteue adppekta HasnoxeHna cnekTpos (CM. 4.3.7) HEKOTOPbIe BbICOKOYACTOTHbIE COCTaB/AOLW NE CUT-
Hana MoryT 6bITb TOXKHO NCTO/IKOBAHbI K&K HU3KOYaCTOTHbIE cocTaBnstoLme. YTobbl n3bexartb 3Toro, UCNOAb3YIOT
cneunanbHbli QUABTP HUKHUX YaCTOT.

PesynbTtatom npeo6pasoBaHus dypbe ABAAETCA KOMMIEKCHbI/ CNEKTP, KOTOPbIA MOXeT 6bITb NpeAcTaBeH
B BMAe:

- aMnanTya n has 4acTOTHbLIX COCTAB/AOLLNX;

-AeACTBUTENbHOW N MHUMOW YacTu KaxAol YacTOTHOM COCTaBNSAOLL .

Kak npaBuno, aMnanTyAHbI cnekTp sBnseTca 6onee MHOOPMATUBHLIM 4NN Lienei AnarHoCTUKn, NoaTomy
ha3oBbIM CNEKTPOM B aHa/In3e 3a4acTyto npeHebperaoT.
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4.3.3 DpheKT npocaynBaHNs IHEPTUN U NMPUMEHEHNE OKOHHbIX DYHKLUIA

Mpu oy poBKE BPEMEHHOro curHana MoxeT Habntogatbes adhhekT nepepacnpefenieHns IHePrun Mexay
YacTOTHbIMY COCTaBNAKLW UMY (3P heKT NpocaynBaHns), ecnNu ganHa BbI6OPKMN COAEPXMUT HELLen0e YNCO LMKI0B
curHana. PesynbTaToM Takoro HETOYHOro NpeAcTaBeHNs peanm3alneli NICXO4HOro BpEMEHHOIO cUrHana siBnseT-
CSl pa3mblBaHMe YaCTOTHbIX MMKOB. YMEHbLWNTb 3t heKT npocaymBaHnsi noMoraeT NpUMeHEeHe COOTBETCTBYIOLL X
OKOHHbIX (PYHKLMI. Hanbonee ynotpebuTenbHbIM ABNAETCA OKHO XaHHa (X3HHWUHT). KOTOpOe faeT xopoliune pe-
3ynbTaThl 4151 CTALMOHAPHbIX NPOLECCOB, 04HAKO BO3MOXHO NPYMEHEHME U OKOH ApYroro Buaa.

[na nepexofHbIX NPOLECCOB HanAyYLWnii pesynbTaT MOXeT 6biTb MOSTYYEH NPY UCNOIb30BaHUN OKHA Nps-
MOYrofibHOM (hopMbl. OKHO X3MMUHra no3BoaseT NoayunTb 601ee ocTpble NUKKU, YEM B ClyHae NpUMeHeHns XaH-
HWHra, HO NpW 3TOM yBeNIMYMBaET YPOBEHb GOKOBbLIX IENECTKOB (NpocaynBaHusa aHeprun). Hao6opoT, OKHO Bnak-
MaHa 1 ero mogudukaLmusi, okHo BnakmaHa-Xappuca, o6ecneymBaloT NOHMXEHHbI ypPOBEHb GOKOBbIX /IENEeCTKOB,
HO NPV yBENNYEHHOI Pa3MbITOCTU LLeHTPanbHOro nvka. MaockoBepLUNHHOE OKHO NO3BONSET NOMY4YUThL 6o1ee Tou-
HYI0 OLeHKY aMNANTYA, YEM X3HHUHI. HO NPW 3TOM HEBO3MOXHO PasnuunTb cnabble CUTHasbl B OKPECTHOCTU
MOLLLHOTO YaCTOTHOrO nuka. MJI0CKOBEPLIMHHOE OKHO AaeT Haubosiee WMPOKWI MUK C GOKOBBIMY NlenecTkamu,
aHaNorMYHbIMU X3HHUHTY. HO rNajkas BepLUMHa nvka no3BonseT Hanbosee TOYHO ONpesennTb COOTHOLLEHUE MeXay
amnaMTygamu npy n3MeHeHnn 4acToTbl. CriaxuBasi NOrpeLlHOCTM BbIGOPKM, OKOHHbIE (OYHKLMMW YyULLaoT U Crek-
TpasbHOe NpeAcTaB/ieHne HecTalMoHapHbIX CUTHAI0B (HanpuMep, kackagHblli cnekTp). M10CKOBEepPLUMHHOE OKHO,
Kak coxpaHsiliee Hanbonee TOUYHbIE COOTHOLIEHUA MeXAy aMnanTyaamun pasHbiX rapMoOHUYECKNX CUTHanos.,
MOXEeT UCMOMb30BaTbCA B NpoLeypax KanmbpoBku.

MpumeuyaHune — OKOHHble (hyHKLMKN, NPUMEHSIEMbIE COBMECTHO C npeobpa3oBaHnem dPypbe, pacCMOTPEHbI
Blico.

4.3.4 Pa3pelueHne no yacrtote

MpumeHeHne BM® TpebyeT, 4TO6LI UCCedyeMblii Anana3oH 4acToT 6bl/1 pa3buT Ha KOHEYHOe YNC/0 Noja-
[manasoHoB, BUGpaLMs B KaXA0M 13 KOTOPbIX 0TOGpaxaeTcsi B BUAE BEPTUKA/IbHOW TMHMK. Yncio nogananaso-
HOB COOTBETCTBYET UMCy NUHWUIA paspelueHus JUcos. MoananasoH MOXeT BKItouaTk B ce6sa 60nee 04HOM YacToT-
HOIl cocTaBnsLW e curHana. B atom cnyvyae aHannsatop oTo6pasnT CyMMapHY0 3HEPTUI0 3TUX COCTaBASAOLLLUX
B BUZE OZHOI CNeKTpasibHOW IMHNM Ha LieHTpasibHO YacToTe nogananasoHa.

YT06bl Pa3NnunTb 613KOPACNONIOKEHHbIE YHACTOTHLIE COCTaB/IAIOLLME CUTHAA, YNC/I0 INHWIA pa3peLleHuns
cnekTpa A0/HKHO 6bITb 4OCTATOUYHO BEINKO. B TO Xe BpeMs franas3oH aHann3a Ao/HKEH BKIOUYaTb BCe UHTepecy-
lowme uccnegoBaTesis YacToTHble cocTaBsowmne. O6bIYHO UCNONb3YT He MeHee 400 NNHUIE pa3peLleHust, HO
OMan)ocTupoBaHue MHOMMX MaluH TpebyeT elle 60siee BbICOKOTO pa3peLleHusi. PaccmatpuBaemble napameTpbl
cBsA3aHbl cnefyLen chopmynoii:

Yosa =L JB, (11)

raefl/"osi — 4MCNo NUHNIA paspelleHns:
fmix — MakcumanbHasi yacToTa aHaM3Mpyemoro AranasoHa 4acTorT;
8 — WupuHa noggmanasoHa (paccTosiHue Mmexay coceHUMU CneKkTpasbHbIMU TMHUSAMN).
Kak BuaHo n3 coopmynbl (11), 4NA OLHOrO 1 TOTO e aHan3npyemMoro gmanasoHa 4acToT ydllee paspelue-
HVe No YyacToTe obecnevynBaeTcs npn MeHbLWEM PaCCTOAHNN MeXAy CNekTpasibHbIMU TUHUAMNA.
4.3.5 AnnHa 3anucu
[na peanusaunm npeobpasoBaHust Pypbe 4OCTATOHHO KOPOTKOW 3aNnnCK curHana A4ANTeNbHOCTbI0 7. HO Npu
3a/,aHHOM pa3peLueHnmn no yactToTe 8 ANMHY 3anucu onpegensioT no oopmyne

7=1/8. (12)

Ecnun gnvHa 3anucu curHana orpaHnyeHa, T0 3T0 MOXET Ha/IOXUTb OrpaHuyeHune Ha paspeLleHne no 4acTo-
Te. Hanpumop. ecnu gnanasoH YacToT aHanmsa coctasnseT 100 My ¢ paspeweHnem 400 cnekTpanbHbIX IMHUIA, TO
paccTofHue Mexay NMHUAMU A0/IKHO ObITh 1/4 Ty, a AnvHa 3anucu curHana — 4 c. Ecnv npu Tom xe yucne
crneKTpasbHbIX TMHUA aHaNM3MpyeMmblii Ananas3oH YacToT yBeNIMYNTb B HECKO/IbKO pa3. TO BO CTO/IbKO Xe pas
6yneT 60Nblle paccToaHNE MeXAy NMMHUAMU, U. COOTBETCTBEHHO, BO CTOJ/IbKO Xe pa3 yMeHbLUTCA Heobxoanmas
ONMHa 3anucu.

EcnuyacToTa BpaleHns YacTu MallnHbl Mea/IeHHO M3MeHsAeTCs B XoAe o6cnefoBaHus, To BaXHo obecne-
YNTb TaKoe paccTosiHUE MeXAy CneKTpaibHbIMU UHUAMU, YTOObI KaXA0N YacTOTHON cocTaBnaLeil curHana
COOTBETCTBOBANA 0AHA CneKTpanbHaa NNHUA. ECiv nameHeHune 4yactoThl BpalleHna 3HauynTenbHo, TO Bbibopka
[,0/MKHA 6bITb CUHXPOHU30BaHa C U3MEHEHUSAMYW YINOBOr0 NOIOXKEHUA BpallatoLLelica YacTu MalluuHbl U npume-
HEH NOPSIAKOBLIV aHann3 curHana (cm. 4.2.11 n 4.3.8).
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4.3.6 AmnnuTtygHas moaynauna (6okoBble MOMNOCHI)

MpepcTaBnerHne amMnaMTy4HO-MOAY/IMPOBAHHOTO CUrHaNa BO BPeMeHHOol 061acTn paccMoTpeHo B 4.2.3.
BMN® moaynnpoBaHHOIO rapMOHUYECKOTr0 CUTHaNa npeAcTaBisieT co6oi cocTaBAAOLWYI0 HA YacTOTe rapMOHU-
YecKoro curHana n 60koBble NOM0CHI MO 06€ CTOPOHBI OT 3TOM YACTOTbl HA PACCTOSAHWMW, PABHOM YacToTe MOy u-
pylowero curHana. Ecnu mogynupytowmnii curHan Toxe npeacTtasnisieT co6oil rapMoHuyeckuii npouecc, To B
60K0BOIi nonoce 6yaeT ogHa YacToTHast KOMNOHeHTa. TaknuM MoXeT 6bITb BUZ CiekTpa 3ybyaTtoii nepegayu, ecnm
3y6L,0Ban YactoTa MoAynpoBaHa CUrHanom, 06yCcnoBEHHbIM 3KCLLEHTPUCUTETOM UM M3HOCOM OfHOM U3 LWecTe-
peH. Ecnu moaynauus sienseTcs nepuoanyeckoil, Ho He rapMOHUYecKoi, TO 60KOBbIE NOMOCHI COAepXaT Mno He-
CKOJIbKY YaCTOTHbIX COCTaBAALWMUX. Ecnn Mogynauns Heneprnogmyeckas, To 60koBble NOM0CH 6yAyT pa3mblThbl.

Hanuume 60KOBbIX NOJIOC ABMSAETCSH XOPOLIUM ANArHOCTUYECKMM NMPU3HAKOM 06pbiBa CTEPXHS POTOPA aCUH-
XPOHHOrO AgBuratensi. OTHoweHne 60KOBbIX COCTAB/AOLWMNX K COCTaBAAOL el OCHOBHOW YacToThl LO, 46. moxeT
6bITb NOSTy4EHO No hopmye

Ld=201g (/,/U, (13)
roe /, — amnnutyga 60KoBOl cocTaBnsLWeER;
Id — amnnutypa coctaBnsoweii Ha yactote cetu (50 nnm 60 L).

Kak BUAHO MO pUcyHKy 17, cnekTp BMGpauuy NCnpaBHOTo ABUraTensi COAEePXUT BbiPaXEHHbI MUK Ha ceTe-
BOI1 YacToTe 1 pa3MbiTble 60KOBbI€ NOIOChI, YPOBEHb KOTOPbIX HMXE YPOBHSA OCHOBHOTO MuKa (B JaHHOM ciy4ae,
Ha yacTtoTe 60 'u) Ha 60 ab.

X — vactota. ly; ¥ — amnnutyga
PucyHok 17 — CnekTp BMbpauuvm MCNpaBHOro anekTpoasuratens

Ha pvicyHke 18 nokasaH cnekTp BU6pawvm HeMcnpaBHOro asuratess. Ha HeM oOTYeT/IMBO BUAEH MUK CETEBOA
4acToThbl 1 yBeIMYMBLUMECS GOKOBbIE NUKM, NOSIBNIEHWE KOTOPbIX 06YCNI0B/IEHO 06PLIBOM CTEPXHSA poTOpa.

y
100

10 mo b

0.1

j -42 ob
001
il L/O].’I.I/I

53,75 56.25 58.75 61 25 63 75 66.25 X
X — vactoTa. y. ¥ — amnautypa

PucyHok 18 — CnekTp Bubpauun HencnpasHOro 3afekTpogsuratTens
16



FOCT P NCO 13373-2—2009

CnepyeT OTMeTUTb, YTO BUA GOKOBBIX MOMIOC HECET Ty e UHopMaLmio, 4TO 1 CNekTp ornbatL el curHana
npun ero aHann3e BO BpPeMeHHO obnacTtu.

4.3.7 HanoxeHue cnekTpos

AhhekT HaNoXeHNA CNEKTPOB 3akKk/1I0YaETCA B MOSAB/IEHNMN B CMIEKTPE JIOXKHbIX YHACTOTHbLIX COCTAB/AIOLWNX,
4YTO UMEeT MeCTO, Korga yactoTa AucKpeTusauum umgpoBoro aHannsaTopa Hmxe Heo6xo04MMON, 4TO6bI afeKBaTHO
onucaTb aHanM3npyemblil CUrHan. DTO NOXOXEe Ha TO. Kak Bpaljalwmniics AUCK KaXeTCA HENOABMXHbIM, ecin
yacTtoTa cTpobockona (aHa/sorMyHas YacToTe AUCKpeTM3aL M curHana) TO4Ho coBnajaeT C YacToTol BpalleHus, a
ec/iM coBnajeHve HeTouHoe, TO ANCK KaXeTca MeA/1IeHHO Bpalyalwmmca. AHaNorMyHo, ecnun Bbl6opKkN curHana
6paTb yepe3 C/AUWKOM 60/bLINE UHTEPBASIbl BPEMEHW, TO B CMEKTPE CUrHana nosBUTCA HecyliecTByLWwas B
[eliCTBUTENbHOCTM COCTaBNAOWAA HA3KON YacToThl. [laHHbIi adhhekT ycTpaHsaeTcs, ecnv nepog npouenypoin
BbIGOPKM CUTHAN MPONYCTUTL Yepe3 (PUAbTP HYUXKHUX YACcTOT, NOAABAAIOLW NI COCTaBAAOLLME CUTHANA C YacToTaMu
BblLLE MOJIOBUHbI YaCTOTbl ANCKPEeTU3aunu (aHTHanak3uHroBblii UIbLTP).

Cka3aHHOe NponaNCTPUPOBAHO Ha pucyHKe 19. 3 pucyHKa BUAHO, YTO YacToTa guUCKpeTusaunum meHee
NO/T0OBUHbI YACTOTbl BbICOKOYACTOTHOIO CUrHana. B pesynbTate BMeCTO peasibHOro BbICOKOYaCTOTHOIO cuUrHana
aHanusy byaeTt NnoABEeprHyT ero «A4BONHUK» B HU3KOYACTOTHOW 061acTu, MOCTPOEHHbIN N0 TEM Xe Bbl6OPOYHbIM
3HayeHnAM curHana (Ha rpadrke oHM 0603HaYEHbI CBETNIBLIMU KPYXKamMu).

X
X — Bpems. ¥ — 3HauyeHue curHana; a — 3-9 rapMoHuUnN! 06OPOTHOI 4YacToThl; £ — 13-a
rapmMoHuka 060pPOTHOW YacToThl, C — 3 A U 13-A rapMOHUKM OGOPOTHOI YacToTel C coBna

Aawwnmun BbIGOPOHHbIMVI 3Ha4YeHUsaAMKn curHana

PucyHok 19 — 3dhekT HanoxeHmsa cnexkTpos

Ecnv nonoBuHHaa YacToTa AucKpeTm3anmm, HasbiBaemas 4acToToil Haiikeucta, TO4YHO coBNajgaeTe Makcu-
MasibHOI YacTOTO peanbHOro CUrHana, To. TeopeTmyecku, BblIbopka HeceT NOHY0 MHopMaL o 06 NCX04HOM
curHane. Ha npakTuke, kak npaBusio, 4acToTy AuckpeTusauun BolbupatoT 60/ee BbICOKOI (06bIYHO B 2.56 pasa
BbllLie MaKCUMasIbHOM YacTOTbl CUrHana), NpUHMMas BO BHUMaHue, YTO aHThanan3nHrosblii UAbLTP UMeeT Heuge-
anbHO pe3kylo xapakTepucTuky cnaga.

CoBpeMeHHble LUndpoBbie aHaM3aTopbl Cofepxart BCTPOeHHble (OUNbTPbI 415 3alUTbl OT HANIOXEHUA Cnek-
TPOB. N03BONAKOLLME NOAABNAATHL BCE HACTOTHbIE cOCTaBnAwLWme Bbile 40 % YyacToThbl AUCKpeTU3aLum 40 BbiNo-
HeHusa npoueaypbl oLUPOBKN CUTHaNa, TeM caMbiM UCkoYas ahekT HaTOXEHUS CNEKTPOB. TeM He MeHee,
cneunanucT JoJ/HKEeH nepej Havanom nccnegoBaHuns y6eamTbcsa B TOM. YTO Takoli Npo61embl 4eACTBUTEbHO He
cywiecTByer.
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4.3.8 CUHXpOHHaA BblbopKa

MHorne aHann3aTopbl CUTHA/I0B HE OTPaHNYMBaKOTCA NPOBEAEHNEM BbIGOPKM Ha (DMKCMPOBAHHbIX YacToTax
AWCKpeTM3aLumn, HO NO3BOJISIT BapbMPOBaTb 3Ty YACTOTY CUHXPOHHO C BHELUHUM CUTHa/IOM. O6GbIYHO YacToTy
AVcKpeTun3aLmmn BbIGUpatoT KpaTHOW YacToTe BHELIHEro curHana. OCo6eHHO YacTo faHHbI TpueM NpUMEHSI0T Npu
aHann3e CUTHaMI0B MalUVH BpaLllaTesibHOro AeicTBuA, IAe 419 onpefesieHns 4acToTbl AUCKPeTU3aLm NCnonb3y-
10T OTMETUMK Yncna 060poToB. HacToTa ANCKpeTM3aLmm o/xHa 6o1ee YeM B iBa pasa NpeBOCX0ANUTb HaCTOTy
HavBbICLIEli TapMOHMKN 060OPOTHOM YACTOTbI, MPUHMMAEMOI BO BHUMaHVe Npy aHanuse.

dypbe-npeobpa3oBaHne CUHXPOHN30BaHHOI BbIGOPKM 3HAYEHUI curHana npegctasnseT coboii nopagko-
Bblii cnekTp X (n). Mopsagokn = 1 cooTBeTCTBYET 060POTHOW YacToTe.

MonyyeHne CMHXPOHHON BbIGOPKU M MPUMEHEHMEe NOPSLKOBOro CNeKkTpa MetoT ciefyioL e OCHOBHbIe A0-
CTOMHCTBA!

a) Npu U3MEHEHUN YacTOThbl BpaLleHNA MaLlMHbl 60bWNHCTBO YACTOTHbIX COCTABASOLWMNX, CBA3AHHbIX C
060pOTHOI YacTOTOW (lonacTHble, 3y6L0Bble YAcTOThl U T. M.). OCTAKTCS B MOPSAAKOBOM CNEKTPE Ha CBOMX MecTax,
N UX 3HEPIUS He pa3mbiBaeTCS N0 HECKOIbKUM CNEKTPasbHbIM IMHUAM:

b) BCe rapMOHUKM TOYHO COBNAaAaloT C NONOXEHNEM OLHOI N3 CNEKTPasibHbIX IMHWIA MOPAAKOBOTO CNekTpa
(nonagatoT B cepeAunHy nogamanasoHa, onpegensiowero cnekTpaabHyo MHUI0), 6narofaps 4eMy nux amnanTy-
[bl 13MepSIT ¢ 60/blUeli TOUHOCTLIO:

C) MOXHO NPOBECTN yCpefHEeHNEe N0 HECKONIbKUM M3MEpPEHUAM, HE MPUHUMAs BO BHUMaHUE U3MEHEHUs
4acToTbl BpaLLeHUs MaLunHbI:

d) Bce rapMOHUKN BUGpauumn 6yayT COXpaHsiTb OANH U TOT e (Pa3oBblIii Yroa No OTHOLEHUIO K BHELWHEMY
CUTHaNy CMHXPOHM3aLun. 3T0 03HavYaeT, YTo Npu yCpefHEHMN BCe COCTaB/IAIOLW e CUTHana, CBA3aHHble C BpaLle-
Huem Bana, 6yfyT COXpaHATbCS, B TO BpEMSA Kak HECUHXPOHHbIE CnyyaliHble cocTaBnsaolWwme, NycTb faxe 1 Ha
yacToTe rapMoHWK 060POTHOM YaCcTOTbI, BYAYT CTPEMUTLCSA K HY 0.

MopAakoBbIi aHanu3 ABAsSeTCA OAHWM W3 LUMPOKO NPUMEHSIeMbIX METOAOB MCCAefOoBaHUs cUrHana
(cm. 4.6).

MpoBOAsi CUHXPOHHOE YCpeAHEeHME curHana, cnefyet NOMHUTb, YTO NPK 3TOM MOAABAKTCSH HECUHXPOHHbIE
cocTaB/sloLWME, KOTOPbIE MOTYT UMETh BaXXHOE 3HAYEHWE AN AMAarHOCTUPOBaHMS.

4.3.9 YcpepHeHue cnekTpos

B 3aBMCMMOCTM OT 4ACTOTHOTO COCTaBa cUrHana Ans noayyeHus ogHoON peannsauuy cnektpa (npeo6pasosa-
Husa ®ypbe) TpebyeTca peanusauuns curHana ANnTeIbHOCTbIO OT A0seli CeKYyHAbl 4,0 HECKOMbKMX CekyH. OgHako
ONS MOAYNVMPOBAHHOIO CUTHANA HaZeXHoe onpefeneHue cpeaHell aMnanTyasl MoxeT noTpe6oBaTb 60blIero
BpemeHU. No3ToMy 04YeHb BaXHOW pyHKLMel aHann3saTopa ABAsieTCA ycpeAHEHNE HECKOTbKUX MOTYYEHHbIX MOJ-
pAg cnekTpos. Mpy HanMYMM O4HOTO KaHana nepefayun AaHHbiX (kaHana n3MepeHuit) ycpegHeHme npoBoasaT No
amMnAnTyiaM YacTOTHbIX COCTaBNAWLWMX 6€3 yueTa (pa3oBbiX COOTHOLIEHUIA. YTOGbLI NPOBECTM YCpeLHEeHNe KOMN-
NIeKCHOTOo cnekTpa (AeiicTBUTENbHON N MHUMOIA YacTeit), Heo6XoANMa CUHXPOHM3aLUsA CNeKTPOB NOCPeACTBOM
[ONONTHUTENIbHOTO CUrHaNa, CBA3aHHOro ¢ pasamMu ABWKEHUSA YacTel MalnHbI.

CyuwiecTByeT paj MoanduKkaLmnii metToia ycpeHeHNs B 4acTOTHOM 061acTu, HO BBUAY C/IOXHOCTU UX MaTe-
MaTU4YeCcKoro annapara OHW NCMO/b3YTCS TONIbKO B 0COGbIX CyyasX.

TeM He MeHee, MHOTMe aHanM3aTopbl CNOCOGHbI 4ONOMHUTENBLHO NPOBOAUTL IKCNOHEHabHOe yepeaHe-
HVe cnekTpoB. Mpu 3TOM yCcpeAHsieMbIM CieKTpam NpucBanBaroTCs 3KCMOHEHLMANbHO yobiBatoLme Beca, Tak 4To
60nblIMe Beca UMEKT CNeKTPbl, paccynTaHHble NocNefHUMU. [laHHbIi MeTOA YacTo NPUMEHSAIOT NPU aHanunse
nepexofHbIX NPOLEeCcCOB, B KOTOPbIX CUTHAN cnajaeT co BpeMeHEeM MO 3KCMOHEHLnaibHOMY 3aKOoHy.

Ewe ogHMM NpUMEHsieMbIM B aHann3aTopax MeTo40M yCpeAHeHUs ABNAETCS yAepXKaHne NMKOBbIX 3Have-
HWUIA. TOT METOA COCTOUT B TOM, YTO B TEYEHME 3a,aHHOT0 BPEMEHHOT0 MHTepBana AN KaXAoi cnekTpanbHol
NINHUW HaXo4siT ee MakCcMMasibHOe 3Ha4YeHne No BCEM CNeKTpaMm, CHATLIM 3a AaHHbI nepuos, 1 3Tu Makcumarb-
Hble 3HayeHns oTobpaxalTcs B yCpeAHEHHOM CnekTpe.

4.3.10 Norapudmnyecknii macwtab npeacTaBneHNa AaHHbIX

CurHansl BU6paLmMm 4acTo cofepXat MHOTO YaCTOTHbIX COCTaB/AIOLMX C CYLLLECTBEHHO PA3HbIMU aMNANTY-
namu. CocTtaBnswuime ¢ MasbiM1m aMmnanTygaMy MoryT 6biTb BaXHbl 418 BUGPALMOHHOTO KOHTPO/IA COCTOSAHUSA
MalluWH, HO Ha rpaduke B MHeliHOM MaclTabe NaoxXo pasimynuMel. MocTpoeHme rpaduka B forapudMmyeckom
MacLwTabe NPUBOANT K yMEHbLIEHNI0 60/bLINX COCTAB/ISAOLMX U NOAYEPKMBAHWIO MasbIX, YTO NO3BOASIET Npej-
CTaBuTb B yA06HOM BUAE BCE HYXHble KOMMNOHEHTHI CUTHaNa, a Takke YpPOBEeHb LIYMOBOro nbegectana. [pu
npefcTaBneHny AaHHbIX B norapuMmyeckom macwtabe amnautygy X npeobpasytoT B ee ypoBeHb L, aAb, no
dopmyne

L =20 Ig (XIX,H) . (14)
roe X,B(— onopHoe 3HaueHue.
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MHoraa norapudpmMmmnyecknii Mmacwtaé UCnosb3yroT A1 OCK 4acToT. ATO NO3BO/IAET yylle pacnosHaTb OT-
LenbHble 06/1aCTN MU NOAUYEPKHYTb HU3KOYACTOTHbIN Anana3oH. OAHAKO NMPU 3TOM COXPaHSIOT NpeAcTaBieHne
4acToT B a6CO/IOTHBIX, @ HE OTHOCUTE bHbLIX eAuHMLAX (CM. 4.7).

MpuMepbl OTHOLWEHWIE ABYX BENIMUMH B aGCO/MIOTHBIX eAnHULAX U B Aeynbenax npusegeHsl B Tabnuuye 1.

Ta6nuuya 1— OTHOWEHUS ABYX BE/IMUMH B aGCOMOTHBIX eAUHULAX 1 B Aeuubenax

OTHoLeHe O Aeumbenax OTHollleHe B aGCOMOTHBIX OTHolLeHne a eupbenax OTHOWEHNE B aBCOMIOTHEIX
efnHMLax eanHnyax
1 26 20
6 2 40 100
20 10 60 1 000

Ecnu oTHOLWeHNe ABYX BE/IMYNH MEeHee eiuHNLbI, TO COOTBETCTBYIOLLEE eMY 3HaueHune B Aeunbenax byget
oTpuuaTenbHoOt BeNMUNHON. Hanpumep, oTHoweHwuto 1/2 cooTBeTcTBYEeT MUHYC6 Ab.

OnopHble 3Ha4YeHUs AN yPOBHel pasHbiX BeNn4nH npueegeHbl B MCO 1683. B uensx aHannsa smépauum
pekomeHyeTcs UCNOoMb30BaTh ONOPHbIE 3HAYEHUS, MpUBELeHHble B Tabnuue 2.

Ta6nuya 2— ONopHble 3HAYEHUA AN YPOBHEN BENNUMH

BennunHa OnopHoe 3HayeHue BenununHa OnopHoe 3HayeHne
YckopeHune 10-6 MC2 MepemeleHne 10*12 m
CkKopocCTb 10-9 MC MoLHoCTb 10-'2Bt

4.3.11 YBenuyeHne macwTtaba («ayna»)

YacTo oTo6paxaembie HaCTOTHbIE COCTaB/sOLLME cnekTpa (cofepxallero, kak npasuno. 400 NuHwuit) pac-
NOJIOXEHbI CIMLIKOM 6/IM3KO0 APYT K APYTY, YTO 3aTPyAHSAET UX pacno3HaBaHue. HekoTopble aHann3aTopbl o6n1aga-
10T hyHKLMel yBennyeHns paspelleHns (Yucna cnekTpasbHbIX IMHWIA), HO Yalle A4NA Ny4YLlero pasfinyeHuns yac-
TOTHbIX COCTaBAAOLWMNX UCNOMb3YIOT PEXMUM YBENUYEeHUsi MacliTaba, Ha3biBaeMblii Takxe «iynoii». B gaHHOM
pexume Hayasno cnekTpa coBnagaeT He c 0 'y, a c N0601 3a4aHHON YACTOTOM, Tak YTO B MPOM3BOJILHO BblGpaH-
HOM aHanu3upyemom gmanasoHe 4acToT COAEPXUTCA O4MHAKOBOE YMCO CNEeKTpanbHbIX NUHUIA. HeobxoamMmo
OTMETUTb, YTO NPU CYXXEHUMN NOJIOCHI aHanM3a 4/IMHa 3anucu A0/HKHa COOTBETCTBYOW MM 06pa3om Bo3pacTaTb.
MprYMeHeHNEe pexnuma yBenuyeHma macwtaba npeabsaBnseT NoBblLEHHOEe TPe60BaHNE K CTabU/IbHOCTM YacToT-
HbIX COCTaBASAOLMNX CUTHANA.

MprMepoM NCMoNb30BaHUS pexnuma yBennyeHnsa Mmacltaba aBaseTcs guarHoctupoBaHue 3ybuartoii nepe-
paun. ledhekTt 3yb6yaToin nepefaym NnposBNSeTCca B NOSABIEHUM GOKOBbIX NOS0C N0 06€ CTOPOHbLI OT 3y6L,0BOWA
4acToTbl, @ pacnonoxeHne 60KOBbIX NO0C YKa3biBaeT Ha AeDEKTHYIO LeCTePHI0. Pexum yBennyeHms maclutaba
MOXET 6bITb TAKXe NOSIe3EH NPX ANATHOCTMPOBAHUM NOALUNHUKOB KayeHns. Ha pucyHke 20 BUAHbI NpeuMylLe-
CTBa Takoro aHanm3sa. YacToTHble COCTaBAOLWME, HE pa3/IMyMMble B NepBOHaYasibHOM CNeKTpe, nocne ysenunye-
HMA MacwTaba CTAHOBATCA OTYET/INBO BUANMBIMU.

a — y4acTOK MCXOOHOTO CreKTpa: b — TOT Xe Y4acTOK crekTpa nocre yBenmyeHus
MacLitaba

PucyHok 20 — YBenuuyeHne maclutaba
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4.3.12 [OuddepeHympoBaHne n nMHTerpupoBaHme

Onepauumn gudepeHumpoBaHna U UHTETPUPOBAHNA UCMOMbL3YIOT B aHanm3e snbpalmm npu Heo6xo4MMocTH
npeo6pasoBaTb APYr B Apyra CUTHaabl NepemMeLleHnsi, CKOPOCTW 1 YCKOPEeHWs. Y MallvH BpalatesibHoro fgei-
CTBUS 4ACTO AOMUHMPYET COCTaBNALWAA Ha YacToTe BpalleHuns, a curHan 6,1M30K K rapMoHu4eckomy. [insa Takmx
CUrHanoB cnpaBefnBbI crieaytowme hopmynbl AN NepeMeLLeHns X. CKOPOCTU 1N YCKOPEHUS a:

X = xsinwf, (15)
V = (oxcoswf= VCOOS(Of. (16)
as- co2xsinorf=- tovsincofi-asintof. (17)
nm

a = asinmf. (18)
ve- g cos (OF=- kcos (of, (19)

-At sinor=——sin (of =-xslIniof,
o] Bo) ( (20)

rae X. 'V, a— amnanTyAbl, COOTBETCTBEHHO, MepemMeLl,eHnsi, CKOPOCTU 1 4acToTbl;
0 — yrnosas 4yacTtoTa,;
t — Bpems.

da3za nepemeleHus onepexaet pasy ckopoctn Ha 90e. a hasa ckopocTn Ha 90° onepexaeT ha3y yckope-
H¥A. B yacToTHOI 061acT Nnpeo6pasoBaHne BeIMUYNH ApYr B Apyra npu agndhepeHupoBaHumn  MHTErprpoBaHum
OCYLLeCTB/IAETCS, COOTBETCTBEHHO, YMHOXEHUEM U AeNleHNeM Kax ol coCTaBAloLW el cnekTpa Ha ee CO6CTBEH-
HYI0 Yr/10BYI0 4YacTOTy. BO/ILLWNHCTBO aHanM3aTopoBs NO3BOAET OCYLLEeCTBUTL onepauny anddepeHumposaHns n
MHTErpMpoBaHus B4acTOTHOI obnacTu.

CnepyeT nog4yepkHyTb, YTO NpuMeHeHne copmyn (15) — (20) npegnonaraeT, YTO CUTHAN ABAAETCA Npenumy-
LLeCTBEHHO rapMOHNYECKUM, T.e. Heo6Xx0aANMO ybeanTbCs, YTO A0NA cocTaBnsawoLweil 060poTHON YacToTbl B UC-
XOHOM cUrHane coctasnsieT He meHee 90 %. B NnpoTMBHOM criyyae npeobpa3oBaHne 04HON BE/TMUYNHBI B APYTYHO
cnefyeT OCyLWecTBAATb AJ151 KAXA0M 4YaCTOTHOW coCTaBNsoLW el B OTAENbHOCTU.

4.4 TpepcTaBrieHue pe3ynbTaToB U3MepPeHUi AN NepexofHblX PeXUMOB paboTbl MallWHbI

4.4.1 AmMnnutyga v gasa curHana

Ecnu rapmMoHuyecknii curHan onmucbiBaloT B TEPMUHAX aMNANTyAbl U hasbl, TO HE06XOAUM JOMNOTHUTENbHbI
OMOpPHbIV curHan Ans onpegenexHns dasbl. Tako curHaa MoxeT 6bITb NOyYEH C MOMOLLbI0 OTMETYMKA Yncna
060pOTOB; C AATYMKOB, U3MEPAIOLLNX BUOPALMIO B APYrO/ TOUKe UAW B 4PYrOM HanpaBieHun; ¢ yCTPOUCTB n3me-
peHnsa cunbl U T.0. YacToTy (4acToThbl) ONMOPHOTO CUTHANa COOTHOCAT C aHaNM3MPYyeMoil YacToTol curHana Bubpa-
uun. Hanpmumep, oTMeTUYMK Yncna o60poTOB MOXET ObITb UCMO/Ib30BaH A/151 NONyYEHUA ONOPHOr0 3HaYeHns dasbl
cocTaB/IsIoLLEN HA YacToTe BpaleHnsa unm pas ee rapMoHuk. dasa MoXeT U3MeHATLCS B Anana3oHe oT 0 go 360°
nnun B AnanasoHe * 180°.

Ecnun curHansl COOTBETCTBYIOT pa3HbiM PU3NYECKMM BENTMYMHAM (Hanpumep, cuie, CKOpoCcTH, yCKOPEHU),
TO UX UHTepnpeTauns omKHa 6biTb NpoBeAeHa C y4eToM 0CO6eHHOCTel 3TUX BeNnyvH. Hanpumep, AN rapmMoHu-
YEeCKOro curHana cKopocTb 3ana3sfbliBaeT Mo OTHOLWEHWNIO K NepemMelteHunto Ha 90°. n Takxe Ha 90° 3anasgbiBaeT
YCKOpEeHMe No OTHOLIEHMIO K CKOPOCTU. ®a3a curHana MoxeT 6biTb MCKaXEHa NPW ero NPOX0oXAeHUN N0 U3Mepu-
TenbHOW Lenu. MoaTomy B pe3ynbTaTbl U3MepPeHUin He06X04MMO KOPPEKTUPOBATbL C yYeToM cABura dasbl, BHOCHU-
MOr0 U3MepuUTENbHON Lenblo.

AMnnuTyga v pasa rapMoOHUYECKOro CUrHana MoryT 6biTb NpefcTaBierbl Kak MYHKLMM BpemeHn. Ecnu xe
apryMeHToM amnanTyAbl v hasbl BUGpaLUy MaLlvHbl BbIGUPAKT 4acToTy BpalleHus, To rpaduk B aTUX KoopauHa-
Tax HasblBalT guarpammoli boge (cm. pucyHok 21).
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4.4.2 lnarpamma B NONASAPHbIX kKoopAuHaTax (guarpamma Haikeucra)
Ha gnarpamme B NONAPHbIX KOOpAUHATAX (CM. PUCYHOK 22) Kax /0l YacToTe NnocTaB/ieH B COOTBETCTBUE

BEKTOpP YaCTOTHOW cocTaBnsow el (411MHa BEKTopa — aMnauTyaa, yron nosopoTa Bektopa — ¢pasa). Ecav napa-
00*

MpumeyaHune — MNapameTpoM (TOUKN HA KPUBOIA) ABNAETCA YacToTa BpalieHus poTopa, MUHL

PucyHok 22 — [narpamma Haiiksucta

MEeTpPOM ABNAETCA YacToTa BpalleHnA, N KOHLU bl BEKTOPOB, COOTBETCTBYHLWNX pa3HbiM YacToTaM BpalleHuda, co-

€[VHEHbI TMHNE, TO Takoi rpaduk HasblBaKT AuarpaMmoil Haiikeucta.
LnarpammMa B NofIsipHbIX KOOPAMHATAX NOCTPOEHA OTHOCUTE/IbHO OMOPHOTO 3HaUYeHUs a3kl (Mo curHany ¢
[aTtuvka CUHXpoHU3auum). Auarpammel HalikBucta n Bofe UCNoNb3YOT 4N ONpefeeHns 4acToT BpalleHus, Ha

KOTOPbIX UMEKT MECTO PE€30HaHCbl CACTEMbI «POTOP — NOALWNNHNK — onopa».
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4.4.3 KackagHblii cnekTp

KackagHblii cnekTp o6ecneynBaeT NnpoBefeHNe CPaBHUTENIbHOTO aHaM3a NoBeeHNA HECKObKMX YacToT-
HbIX cocTasnswmx. OH NnpeacTaBnseT cob60i TpexMepHbIli rpatuk, Ha KOTOPOM NOKa3aHo M3MEHEHWE YACTOTHbIX
COCTaB/IAOLWMNX B 3aBUCUMOCTM OT BbIGpaHHOro napameTtpa (4acToThbl BpalleHUs, Harpy3ku, TemnepaTypbl), M3me-
psemoro B (hMKCUPOBaHHbIE MOMEHTbI BPEMEHU.

0 1CO 200 300 400 500 X

X — yvacToTa, Iy, Y — vacTtoTa BpaweHua MUH": Y — amnautyja
PucyHok 23 — KackagHblii cnekTp

Mpumep KackagHOro cnekTpa, M306paxeHHOro Ha pucyHke 23. UANKOCTPUPYET, KakiuM 06pasoM M3MEHSII0TCS
CMeKTPbI BUBpaLn MalinHbl B peXumMe pasroHa (Bbi6era). KackagHblii CNekTp nokassiBaeT 3aBUCMMOCTb aMninTy-
[bl OT YacTOTbl (BbIpaXXeHHOV B repuax uiv B Nopsi4KOBOM HOMepe rapMOHMKM) YACTOTHbIX COCTaBASOLWUX NPK
pasHbIX 3HAYEHUAX YacTOTbl BpaLleHus. MHoraa yacToTy BpalleHusi 3aMeHsIoT APYroil nepeMeHHol (BpeMeHemM,
Harpyskoit). Ecnu kackagHblii CNeKTp CTPOAT A1 PasHbIX 3HAYEHWU YacToTbl BpalleHus, To HE06X04MMO UMETb
3anncb CUrHana CUHXPOHMW3aLuM ¢ 4acToToi BpaLleHnsa poTopa.
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Ha pucyHke 24 noka3aHO M3MeHeHMe 0GOPOTHOI YacTOTbl M APYIUX CYLLECTBEHHbIX FAPMOHWK CUTrHana.
Ecnu kackafHblii cnekTp oTpaxaeT NoBeAeHne poTopa B NepexofHOM pexume, T0 Ha HEM OTYET/IMBO BUAHbI
KpUTUYECKMEe YacTOThbl BpaLleHns poTopa.

Bupg kackagHoro cnekTpa 3aBUCKT OT TUMa 1 pexnma paboTbl MallnHbl. Ha pucyHke 24 nokasaH kackagHblii
cnekTp BMGpaLmm napoBoii Typ6uHbI C HOMUHANbLHON YacToTol BpaweHns 3 000 MmuH'1(50 'y) Nnpu pasroHe n
Bblbere.

Ecnu cdopma crnekTpa 3aBUCUT OT BPEMEHW, TO anbTepHATUBHLIM NpPeAcTaBleHNeM CUrHana siBNseTcs
cnekTporpamMmma npouecca (CM. pucyHok 25). Ha cnekTporpaMmme n3MeHeHvue amMmnanTy 4acTOTHbIX COCTaBsI0-

wr'r,n" T, "ry ey TTT, NPT ITTTT T
400 800 1200 1600

X — vacToTa, lu; ¥ — Bpems, ¢; Y '— amnauTtypa yckopeHus, M/c* (nokasaHa
OTTEeHKamu ceporo useTta)

PucyHok 25 — [lBymepHas cnekTporpamMma

L MX BO BPEMEHU UM B COOTBETCTBUMN C U3MEHEHUEM HACTOThI BpaLLEeHNsl MOKa3aHO U3MEHEHEM OTTEHKA Ceporo
useTa.

MpumeuaHune — padvkn Ha pucyHKax 23, 24 n 25 OTHOCATCA K pasHbIM MaluMHaMm.

4.4.4 [wnarpamma Kamn6enna

Ovarpamma Kamn6enna (CM. pUcyHOK 26) ABNSETCA YaCcTHbIM clydyaeM KackagHoro cnektpa. OHa nokasbl-
BaeT, Kak M3MEHSITCA XapakTepHble YacTOTHble cocTaBnsAlLwWwme (Ha 1onacTHOW, 3y6L0BOI YacToTax) c U3mMeHe-
HMEeM YyacToTbl BpaleHns. AMNNUTYAY NoKa3blBalOT BbICOTOW COOTBETCTBYOLWEro ctonbuka. Aunarpamma Kamn-
6enna ocobeHHO nonesHa Ans o6HapyXeHnsa camoBo30yXAeHNA COOCTBEHHbIX KONebaHWiA.

4.5 AHanus B peasbHOM MaclwTabe BpeMeHU

AHann3oMm B peasibHOM MacliTabe BpeMeHU Ha3blBalT UCCefoBaHUA, NPU KOTOPbIX pe3ynbTaTt oTobpaxa-
eTcs B MOMEHT n3MepeHunii. YacTo nog aTMM NOHMMALOT, YTO AaHHble 0To6paxarTcs cpasy Xe nocse ux sanucu,
4YTO NO3BOJIAET ONepaTopy NPOBOAUTL HAbNOAEHNE fAaHHbIX B NpoLecce nx coopa. OAHaKo B HACTOALEM noapas-
Aene NoHATUE aHann3a B peaslbHOM MaclTabe BpeMeHN OCHOBbIBANO Ha CONOCTAB/IEHUW 3aTpaT BPEMEHU Ha

23



FOCTPWNCO013373-2—2009

X — yacToTa BpauweHusa, MuH-1 Y — vyactoTta. Y. a — 1-4 rapmMoHuka 4ac-
TOTbl BpaleHus, b — 2-4 rapMoHMKa 4YacToTbl BpalleHWUs; ¢ — amMnauTyja;
d — co6cTBeHHas 4acToTa; B — pe30oHAHCHaA yacToTa BpalleHuu; t — pe-

30HaHCHas yYacToTa BpalleHus; [ — rpaHuua o061acTu HecTabuabHOCTK;
h — cy6TapmMoHuUKU. nosiBNsloWMecs Npu HecTabuIbLHOM NOBEJeHUn poTopa

PucyHok 26 — [unarpamma Kamn6enna

c60p AaHHbIX U Ha X 06paboTky. Ecnu Bpems, Tpebyemoe Ha 06paboTKy 6/10Ka AaHHbIX, MPEBbILLAET BpeEMS KX
cbopa, T. e. He BCe faHHble MOTyT 6bITb 06paboTaHbl B MOMEHT UX MOCTYMNJ/IEHUSA, TO Takyl Npoueaypy Henb3s
Ha3BaTb aHa/IM30M B peasibHOM MaclTabe BpemeHu. ViHorga o6paboTka AaHHbIX Npegnonaraet npegsaputesb-
Hoe hopMMpOBaHNe BCEro MaccuBa faHHbIX, a MHOrAa B MpoLecce aHanm3a NnpoucxoAuT HeogHoKpaTHoe obpa-
LieHne K O4HOMY 1 TOMY XXe MacCuBy AaHHbIX. C ApYroii CTOPOHbI, HEKOTOPOE KO/IMYECTBO AaHHbIX MOXeT 6biTh
cobpaHo cBepx Heo6xoAnMoro Ans 06paboTku, T. e. B npouecce 06paboTKu NX HE UCNOMb3YIOT.

B aHanoroBbix cucTEMax aHanM3aTop B peasibHoM MaclitTabe BpeMeHn 06bIYHO COCTOUT M3 Habopa hubT-
poOB. Yepes3 KOTopble BXOAHbIE CUTHasIbl NPOonyckalTcs OAHOBPEMeHHO. PaHee B Taknx aHanm3aropax npuMeHanu
NperMyLLeCTBEHHO OKTaBHbIE U TPETBHOKTaBHbIE (PUNLTPbI.

B undpoBbIX cuCTEMAx curHan smbpauuv oumdpoBbIBaOT A5 NONYyYeHUs nocnefoBaTeibHOCTel 3anuceil.
Kaxaas 3anucb o6pabaTbiBaeTcst 4151 NONyYeHUsi COOTBETCTBYIOLLEN XapakTepucTuku, Hanpumep, cnekrpa. Me-
pes 06paboTKOl 3anMcu BbiGOpKa Ao/MKHA ObITh 3aBepleHa. OaHako BbiGOpKa Tekylw,en 3anucn n obpaboTka
npegblgyuiei 3anucu MoryT NpoBOAMTLCS 04HOBpeMeHHo. Ecnu npouesypa hopMupoBaHna 3anucy 3aHMMaeT
6onblue BpemeHu, Yyem ee o6paboTka, TO 3a Bpems cb6opa faHHbIX MOXeT OblTb NPOBEAEH aHaIn3 BCeX CUTHANOB.
Takoli aHanM3 cyuTarT BbIMOSIHEHHLIM B peasibHOM MacliTabe BpemeHun. Ecnv xe Bpems o6paboTku 3anucu npe-
BblLLIaeT BPeMs 3anuncu, To YacTb CUTHA/IOB OCcTaeTcs Heo6paboTaHHOW, ¥ Takol aHanu3 Henb3si paccMaTpuBaTb
KaK BbIMO/IHEHHbIV B peanbHOM MacwTabe BpeMeHn. Pa3nuuHbie aHannsaTopbl 061a4alT pasHoil CKOPOCTbI0
06paboTKM faHHbIX, NO3TOMY A/151 KAXA0ro aHann3aropa CyLecTByeT CBOI fnana3oH YacToT, B KOTOPOM aHanus
MOXeT 6bITb BbIMO/THEH B peasibHOM MacluTabe BpeMeHW. Takoii Ananas3oH 4acToT Ha3blBalOT MOJIOCONM YacToT
peanbHOro macwtaba BpeMeHu.

[nsi MalunH ¢ NOCTOSIHHOW YacTOTO BpalleHUsi NpoBefileHne aHannsa B peasibHOM MacluTabe BpeMeHU, Kak
npaBuno, He ABNsSeTCA He06X0ANMbIM. HO B NePexXoaHbIX pexmnmMax paboTbl, TAaKMX Kak pasroH v BbiGer, C/IMLLKOM
y3Kas nosioca 4acToT peasibHOro MacwTaba BpeMeHN MOXeT NPUBECTH K NPONYCKy CyLLeCTBEHHOM! NHhopMaLnu.
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YT06bI M36€XaTb 3TOr0, peKoOMeHAyeTca 3anucatb BpeMeHHOl CurHan 4na BCcero nepexofHoro pexuma, nocne
4yero NPOBOANTbL aHAIN3 HEe B peaslbHOM MacliTabe BpEMEHM C TO CKOPOCTbI0, KOTOPYIO NO3BONIAET UIMEPUTENb-
Has annaparypa

4.6 NMopAKOBbIA aHanns

Ecnu mawmnHa paboTtaeT c U3MeHSAOLWEeNca 4acToToN BpaLleHuns, To npoLeaypa ycpefHeHsa cnekTpos Bu6-
pauuv 3atpyfHeHa, NOCKO/IbKY 3HepPrns oTAeNbHbIX TAPMOHUK 060POTHOM YacTOTbl MOXeT 6bITb cocpefoToyeHa (B
3aBUCMMOCTY OT peannsaynn) B pasHbiX CNeKTpasbHbIX TMHUAX. B pe3ynbTtare nosyyeHHas npu ycpefHeHum am-
nAuTyaa rapMoHunkn 6yaeT 60s1ee HU3KOW, 4eM ecnu Gbl YacToTa BpalleHNs MalluHbl ocTaBasnacb NOCTOSHHOM.
YnpaBnss 4acToToi BbIGOPKM CUHXPOHHO C HYAcTOTOM BpalleHUs MalinHbl NOCPeCTBOM A0MNO/HUTENBHOMO CUTHa-
na cMHXpoHu3aumm (cm. 4.3.8). MOXHO A06MTLCA TOTO, YTOObI IHEPTUA KaXKA0N rapMOHUKK Gblna cocpegoToyeHa
B €AMHCTBEHHOW CNeKkTpanbHON NMHUN. OBbIYHO AONONHUTENbHbI CUTHAN CUHXPOHW30BaH C 060POTHOI YacTOTOW
BpaleHnsa potopa. MonyyeHHbli NpyM 3TOM CNEKTP rapMOHNK 060POTHOM YacTOTbl HAa3blBAOT NOPSLKOBbIM.

MepBOHa4YaNbHO NOPAAKOBLIV CNEKTP GblN1 MOYYEH C NOMOLLbIO CNeaaLnX PUAbLTPOB, NCNOb3YEMbIX 415
3allnTbl OT HAIOXKEHWA CNEKTPOB, Y KOTOPbIX YacToTa cpesa (B 2.56 pasa npesbillalolias MakCMManbHy 4acToTy
Avana3oHa aHann3a) U3MeHaNacb CUHXPOHHO C BpalleHnem potopa 1 B COOTBETCTBUM C U3MEHEHMEM fuana3oHa
aHanM3a M3MeHsAnachb YactoTa guckpeTvsauuu. MoBbIWEHHbIN WYM Y HEBbICOKAs TOYHOCTb aHaI0TOBbIX CUCTEM
BMECTE C OTpaHUYEeHNSAMU Ha CKOPOCTb yNpaB/feHNss UISMEHEHWEM YacTOoThl AUCKpeTMU3aL Uy NpMBENnN K UCNob30-
BaHWIO LU POBbLIX CUCTEM BbIYUCNEHNA MOPAAKOBOrO CNekTpa.

B undcpoBbix cuctemax ouncpoBKe ¢ 04HON 1 TOM Xe PUKCMPOBaAHHOWK YacTOTOM AUCKpeTU3aumm nognaexar
Kak curHan Bnbpauun, Tak u CUrHan CMHXPOoHM3auny cagatymka 060poToB. OUunPOBaHHbI CUTHAT CUHXPOHMU3A-
LM NCNOMb3YIOT A8 BOCCTAHOBIEHUSI YaCTOThl 060POTOB M ONpPeAeneHnsa uHTepBana guckpeTnsaunm gas Kaxao-
ro o60poTa Bana, a curHan Bubpaumm NnoaANeXUT MHTEPNONALUUN AN B3ATUA NOBTOPHbIX BbIGOPOYHbIX 3HAYEHNIA
yepes noslyyeHHble UHTepBasbl AUckpeTnsaumnmn. VIHTepeanbl AUCKPEeTU3aLm MOryT U3MeHATLCA CKaukoobpasHo
oT 060poTa K 060pOTY UM NNABHO C UCNONb30BAHNEM anropnuTMa NOIMHOMUHANBHON MHTEPNONALNN.

Kak yka3aHo B 4.3.8. BbI6OpKa curHasa yepes pasHble Yr/10Bble NOJIOXKEHUSA Basia UMeeT N0 CPAaBHEHUIO C
BbIGOPKOI Yepes paBHble NHTEpPBasbl BpEMEHM fiBa NpenMyLLecTBa. Bo-nepBbix, BCS 93HEPrMa rapMOHMKN 060POT-
HOW YacToTbl cOCpeaoToYeHa B cepeinHe nogavanasoHa AaHHOW cnekTpanbHOl MHMK (NOTPELLHOCTb onpeaene-
HUS aMNAUTYAbl YaCTOTHOI COCTaBNAWLENR, KOTOpPas HaXo0AUTCA He B cepefMHe, a Ha rpaHuue nogavanasoHa,
MoxeT gocturatb 15 %).

[ipyroe 4OCTOMHCTBO 3ak/l04aeTca B BO3MOXHOCTU yCpeAHEHUS MO HECKO/IbKUM peannsalnsam Bbl6opoy-
HbIX 3HAYEeHWIi, COOTBETCTBYHLLUX OA4HOMY 1 TOMY Xe yI/ly NoBopoTa Basa (aHanorm4yHo ycpeHeHuo oundgpo-
BaHHbIX BPEMEHHbIX peanunsauuii), c nocneayowmm pacieTom NnopsAKOBOro CNekTpa, cofepxallero TonbKo rap-
MOHUWKN 06OPOTHON YacTOThbl. BCce HECMHXPOHHbIE COCTaBNAOLWME NPY 3TOM ByAYT CTPEMUTLCA K Hy 0. Mpu nony-
YeHUN NOPSAKOBOro CnekTpa ycpeHeHe NponcxoanT 6e3 pasmbliBaHUA OTAE/bHbIX COCTaBNANLWNX.

4.7 OKTaBa W 40/IN OKTaBbl

OkTaBa npegcraBnseT co60i Mepy OTHOCUTENbHOrO U3MEHEHNS YacTOThl. I3MeHeHVe B OA4HY OKTaBy COOT-
BETCTBYET yBeNIMUYEeHUIO (YMEHbLUEHMIO) YACTOThI B ABa pa3a. Hanpumep, ysenuyenume yactoTbl 100 'y Ha OKTaBy
naet yactoTy 200 Nu. a ymeHblweHne ee Ha oktaBy — 50 'y, Takum o6pa3om, ecnu geunben ABnseTcs WMpokKo
NpUMEHAEMOW eAUHULEN ANA ONUCAHUS COOTHOLWIEHU aMNanTya, TO OKTaBa — A1 ONUCAHUSI COOTHOLIEHWUIA
yacToT. [Mpun Heob6xoAMMOCTK 6o/1ee NOAPOOHOr0 ONNCAHMUSA LKASbl YaCTOT OKTaBa MOXeT 6bITb N0 1orapndmmyec-
KOMY 3aKOHY pasfefnieHa Hafonu (Hanpumep, TPeTbOKTaBbl).

4.8 AHanun3 KencTpos

KencTp npegcTtasnseT co6oii o6paTHoe Nnpeobpa3oBaHne Pypbe norapuma cnekTpa MOLHOCTM UCXOAHOTO
BpPEMEHHOro curHana. Kenctp npeacraBnsioT aHanorMyHoO CNekTpy, HO Mo BEPTUKAIbHOW OCY OTKNablBalOT amn-
NUTYAbl. & N0 TOPU30HTaNIbHOW — NCceBAOBPEMS, Ha3blBaeMoe Kblod)peHcun nam cadtoTta. Kenctp MoxHo paccmar-
puBaTb Kak CnekTp oT cnekTpa. [py aTOM 3Heprus Bcex rapMOHUK OAHOIN YacTOTbl KOHLEHTpUpPyeTCa B O4HOW
cocTaBnawoLell kenctpa.

KencTp aBnsietTcsa ya06HbIM MHCTPYMEHTOM A/151 aHan3a CMI0XHbIX CUTHA/IO0B, COAEepXalynx HECKOTbKO psi-
[LOB rapMOHUK, HanNpumep, reHepupyembix 3ybyatbiMu nepegadamu UAm noAWwWnnHMKamm kadyeHns. Cnoco6HocTb
BblAENNTb U COCPEAO0TOUNTL B AUCKPETHLIX COCTaABAALMX Nepuognyeckme npoLecchl Ana onpeseneHnsa COoTHO-
WeEeHUA Mexay HUMN SBNSeTCA OCHOBHbIM AOCTOMHCTBOM KeNcTPOB. 3Tanbl BblYUCNEHUA KeNcTpa nokasaHbl B
Tabnuue 3.
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Ta6nuua 3 — BbluucneHue kencrpa

3Tan

M3mepeHne Bpe-
LLleHHOro curHana

BMN® ouudposaHHo-
ro curHana

BbluncneHune keaf-
paToB COCTABMALLMUX
amMnANTY4HOTO CNeKT-
pa

Bbluncnenne nora-
puchma crnekTpa MoLy-
HOCTW U YMHOXEHUe Ha
10

O6paTHoe BMN® ot
10!gS ~f)

26

OumndpoBaHHbIN cur-

Han X(#)

AMNANTYAHbI

crnektp X(0

CneKTp MOLLHOCTM
sx*<0=x*(0

101gS~"O-AB
Kenctp  MoLwHoOCTH
Cxx<0

PesynbTat
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5 [Apyrne metogbl

B HacTosiwei yacTn 1 C 013373 paccMOTpeHbl HaMGoNee LWNPOKO NPUMEHSAIEMble MeToAbl 06paboTku, aHa-
nun3a n npefcTaBneHns AaHHbIX B Lenax BUbpaLoHHOro KOHTPOAS COCTOAHNS U AMarHoCcTMpoBaHus mawmnH. Oa-
HaKo BOTAENbHbIX CyYasax UCMOMb3YIT METOAbI, CneumanbHO paspaboTaHHble 415 pelleHnsa KOHKPeTHbIX 3ajau.
O6beKkTamun uccnegoBaHns B aTUX MeTogax, MoryT 6biTb, HanpuMep:

- nnk—aakTop.

- hyHKL WA aBTOKOPPENALUK:

- hyHKUMA B3aMMHOW Koppensaumu;

- KOahPMLMEHT akcLiecca;

- KOMNO3WUTHbIN CNeKTp;

- BbICOKOYaCTOTHasA B1bpauus.

- UHTEHCUBHOCTb BUGpauum:

- TPEHAbI HECKO/IbKMX NapameTpoB (cpefHekBaApaTuUHbIX 3HaYEHUIA, YaCTOTHbLIX COCTaBNAOLWNX);

- t(hopma nukos curHana:

- yAapHble UMNY/bChl;

- pas3noxeHwue no seliBnetam;

- BEKTOPbI COCTaBAALLWMNX BUBpaLuu;

- 9HEPrnsa MMNYNbLCOB B NOALWUNHUKE KAYEHUS.

Mpunoxexnne A
(cnpaBouHOE)

CBefeHns 0 COOTBETCTBUM CChITIOYHBIX MEXAYHAPOAHbIX CTAHAAPTOB HALMOHAIbHLIM CTaHAapTam
Poccuiickoit degepayumn (M 4eicTBYIOL MM B 3TOM Ka4eCTBO MEXIOCYAapCTBEHHbIM CTaHaapTam)

Tabnunuya Al

O603Ha4eHre CCbISIOYHOTO CreneHb O603Ha4eHe 1 HauMeHOoBaHWe MeXrocyaap-
MexXAyHapoJHOro ctaHaapTta COOTBETCTBYUSA CTBEHHOTO CTaHgapTa
NCO 1683:2008 — .

* COOTBETCTBYOLNIA HALMOHANbHBIA CTaHAAPT OTCYTCTBYET. [1O0 €r0 YyTBEPXAEHUA PEKOMEHAYEeTCst UCNOMb30-
BaTb NEpPeBOf Ha PYCCKWIi A3blK A@HHOT0 MEeXAYHapoAHOro cTaHaapTa. MNepeBos A4aHHOTO MeXAyHapo4HOro cTaHaap-
Ta HaxoauTcs B ®efepasbHOM MH(OPMALMOHHOM (POHAE TEXHUYECKUX PEFNAMEHTOB U CTaHAAPTOB.
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