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Mpeancnoeue

Llenun v npuHumnel ctangapTusaunm B Poccuinckon eagepavmmn yctaHoBneHbl PegeparnbHelM 3aKOHOM OT
27 pekabps 2002 r. Ne 184-d3 «O TexHWYecKoM perynMpoBaHuny», a npasuna npuMeHeHns HauMoHanbHbIX
ctaHgapTtoB Poccuinckon ®eapepaunm — FMOCT P 1.0—2004 «CtaHgapTtusaums B Poccuiickon degepaumn.
OCHOBHbIE MONOXEHUAN

CBepeHusi o cTaHpapTe

1 MOArOTOBINEH OTkpbITEIM akLMOHepHBIM 06LlecTBOM «Hay4yHo-uccneaoBaTenbCkuii LEHTP KOH-
Tpons 1 gnarHocTukn TexHudeckux cuctem» (OAO «HUL KO ») Ha ocHoBe coOBCTBEHHOMO ayTEHTUYHOTO Nepe-
BOAa cTan4apTa, yKasaHHoro B nyHkTe 4

2 BHECEH TexHn4eckum komuTeToM no cTaHgaptusaummn TK 183 «Bubpauus v yaap»

3 YTBEPXXJEH W BBEAEH B AENCTBUE Mpukaszom PegeparnbHOro areHTCTBa N0 TEXHUYECKOMY
perynupoBaHuio u meTponorum ot 18 aekabpsa 2008 r. Ne 640-ct

4 Hactoawmn ctaHgapT MoauduUMpoBaH MO OTHOLWEHWIO K MeXAyHapoAHOMY cTaHaapTy
M3K 60068-2-80:2005 «McnblTaHUs Ha BO3AeACTBUE BHeLWHUX chakTopoB. HacTb 2-80. UcnbiTaHust. UcnbiTa-
Hue Fi. Bubpauns, coveTarowasa BosgencTBus pasHbix Tunos» (IEC 60068-2-80:2005 «Environmental
testing — Part 2-80: Tests — Test Fi: Vibration — Mixed mode») nyTeM BHeCEHUA TEXHUYECKUX OTKIIOHEHUA,
06 BACHEHNE KOTOPBIX MPUBEAEHO BO BBEAEHWUU K HACTOSILLIEMY CTAHAAPTY.

HavnmeHoBaHuWe HacTosiLero ctaHgapTa USMEHeHO OTHOCUTENbHO HAUMEHOBaHWUA yKkasaHHOTO MeXay-
HapoaHoro ctaHaapTa Ang npmeeaexus B cootseTcTene ¢ FOCT P 1.5—2004 (nyHkT 3.5)

5 BBEJEH BMNEPBbIE

UHpopmayusi 06 USMEHEHUSIX K HacmosiuweMy cmaHoapmy rybrukyemcs 8 exe200Ho uzfasaeMom
UHGbopMayUOHHOM yKka3amerie «HauuoHanbHble cmaHOapmbl», 8 MEKCM U3MEHEHUU U r1oMpasoK — & exeMe-
CAYHO U30asaeMbix UHGOOPMaUUOHHbIX yKasamersx « HauuoHanbHele cmaHAapmbl». B ciydae nepecmMompa
(3aMeHbl) unu ommMeHsl Hacmosiujeeo cmaHdapma coomeemcemsyroujee yeedoMneHue 6ydem onybrnukoeaHo
8 eXXeMecsIYHo uU3dasaeMoM UHPHOPMaYUOHHOM yKkasamerie «HayuoHaneHbsie cmaHOapmei». Coomeemcmesy-
rowjast uHghopmauus, yeedoMrieHue U MeKCmbi pasmMewaomecs makxe 8 UHGhopMayuoHHol cucmeme obezo
rnonb308aHuUss — Ha oghuyuansHoM calime @edeparibHO20 a2eHmemaa 1o MexXHUYECKOMY peaynuposaHuUio U
Mempoiioauu 8 cemu IHmepHem

© CraHgapTtuHgopm, 2009

HacTosiuuin ctaHaapT He MOXET GbIThb MOMHOCTLIO UMM YaCTUMHO BOCTIPOU3BEAEH, TUPaXUPOBaH 1 pac-
NpocTpaHeH B kauecTBe ocuumanbHoro usgaHus 6es paspewweruns degepanbHOro areHTCTBa No TeXHUYEecKo-
MYy perynMpoBaHuio U METPONOrK
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BBegeHue

HacTosilwmin ctangapT ycTaHaBnMBaeT METO UCTBITaHUA Ha BUOPOMNPOYHOCTb U BUOPOYCTONYMBOCTL
MaLuuH 1 obopyaoBaHNs BCeX BUAOB, KOTOPbIE B MPOLecce IKCnyaTaLmm NoaBepKeHbl BO3AENCTBUIO LLUMPOKO-
NonocHon BUGpaLnm CIOXHON (hopMbl.

MeToa ncnelTaHuin npegycMmaTprBaeT UCNoNb3oBaHWe LUPOBLIX CUCTEM YrpaBneHus Ansi BOCNpou3Be-
OEeHUS LUMPOKONOSIOCHOW CryYanHon BU6paLumn B codeTaHumn ¢ rapMOHUYECKON 1 (MK y3KOMONOCHOW cryYai-
HoW BubGpauuein. [Ons peanu3aunn JaHHOTO MeToda UCMOMb3YHT, NPEeMMyLLEeCTBEHHO, BMOBpPOCTEHAb
3NeKTPOANHAMUYECKOTO UM TMAPaBMYeCcKoro Tmna.

PesynbTaThl BUGpaLMOoHHbIX MCMbITAHUIA 3aBUCAT OT KBanundukaL M npoBOAsILLEro UX NepcoHana, o Yem
OOIDKHBI ObITb 0CBEAOMINEHBI M 3aKa 34K, N UCMIONHUTENb UCTIbITaHUIA. [Mpy cocTaBNeHUN METOANKA UCTIbITAHUIA
B KayecTBe BOCMPOM3BOANMOro Bo3byxaeHus criegyeT ykasblBaTb BUGpaLMOHHbIE BO3AENCTBMSA TeX BUOOB,
KOTOpble COOTBETCTBYIOT pearnbHblM YCIIOBUSIM MPUMEHEHUS 3aenust.

Mo cpaBHeHuIo ¢ MexayHapoaHbIM cTaHgapTom MOK 60068-2-80:2005 HacToAw M cTaHgapT AONONHEH
CChbIfIkaMu, BblAENEeHHbIMU KYPCUBOM W yKasblBaloWMMK ero MecTo B KoMnnekce ctaHgaptos FTOCT 30630,
06beanHeHHbIX 0B UM rpynMnoBbIM 3arofioBkom «MeToabl UCMbITaHWIA Ha CTONKOCTb K BHELLHM BO3ENCTBYHO-
WM dpakTopam MaLLnH, MPUBOPOB 1 APYrMX TEXHUYECKUX U3AENTUNAY .
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HALUWOHANbHBLIA CTAHOAPT POCCUMNCKOWNW ®ERQBEPALUMU

MeToAbl UCNBLITAHUA Ha CTOMKOCTb K MeXaHUYeCKUM
BHELHUM BO3AeNCTBYIOLUM (hakTOpaM MalluMH, NPUGOPOB 1 APYIUX TEXHUYECKUX U3genun

MUCMNbITAHUA HA BUBPALIMIO C BOCIMPOU3BEOEHUEM BO3AEUCTBUN
HECKOJIbKUX TUMOB

Environmental dynamic test methods for machines, instruments and other technical articles.
Mixed mode vibration tests

Data BBegeHns — 2010—01—01

1 O6nacTb NnpUMeHeHunsA

HacToswuin ctangapT pacnpocTpaHseTcs Ha MallnHbl, NpUBopbl U Apyrue TeXHNYeckue usaenus Bcex
BWOOB (ganee — nsgenns)u yctaHaenusaeT TpeboBaHMs K UCNBITAHUSAM Mo NPoBepKe UX CMOCcoBHOCTU NPpOTU-
BOCTOATb BO3AENCTBUIO LUMPOKOMNOMOCHON BUGpaLMm CNoXKHON hopMbl.

Llenbto ucnbiTaHni siBRsieTca NoATBepXX4eHne crnocobHOCTU U3Aenusa BbigepXkuBaTb BUBpaUMOHHbIE
BO3AENCTBUS, yCTaHOBMIEHHbIE CTaHAapTaMm UM TEXHUYECKUMWN YCIIOBUAMU Ha NPOAYKLUMIO (anee — HopMa-
TUBHbIE AOKYMEHTHI), 683 CyLeCTBEHHbIX NOBPEXAEHUIA (MCNbITaHWUA Ha BUBPONPOYHOCTL) U YXYALLEHUA ero
3KCNyaTauMOHHBIX XapakTepucTuK (MCnblTaHUA Ha BUBpoycTonunsocTb). MNpu 3TOM pekomeHdyeTcst npu
3aJaHun BOCMPOM3BOAMMON BMOpauLMM UCMONb30BaTh AaHHble U3MEPEeHWI, NPOoBeAEeHHbIX B pearibHbIX
YCNOBUAX MPUMEHEHMNS N3enus.

WcnbiTaHus, NpoBoAMMbIe B COOTBETCTBUN C HAaCTOAWMUM CTaHOAPTOM, MO3BONAIOT 0BHapPYXUTb yCTa-
NOCTHbIE NOBPEXAEHUS, ABMAIOLLMECA CNeACTBUEeM BO3AENCTBUS LMPOKOMOSIOCHOW BUBpaLuum cnoxHown gop-
Mbl, AN OLLEHKN MPUroaHOCTU n3aenus. KpoMe Toro, HacToALWMIA CTaHaapT MOXET BbITb UCNONBb30BaH B LENAX
AEMOHCTpaLn MeXaHN4eCKon MPOYHOCTU KOHCTPYKLIMN N3aenus.

HacTodawmin cTaHaapT npeaHasHaveH Ansa NPUMeHEHUs NPy NpoBeAeHUU UChbITaHWi 06pa3LoB nsae-
NWIA, KOTOpbIe B NpoLLecce TPaHCMOPTUPOBKU UNWN 3KCNYyaTauun (Hanpumep, Ha BO3AYLUHOM CyAHEe UM KOCMU-
YeckoM kopabne) MoryT BbiTb NoABepPXKeHbl BO3ASUCTBUIO BUOpaLMK Cry4yalHOro xapakrepa B coMeTaHun ¢
Apyrumn BugaMun ciyqyarHbIX UM AeTepMUHUPOBaHHbIX BO3AEACTBUN, a Takke Mpu UCMILITAHUAX U3aenui B
TPaHCMOPTUPOBOYHOM KOHTEAHEpe, eCnv NocneaHNA MOXHO paccMaTpuUBaTh Kak COCTaBHYHO YacTb U3Aenus.

Hacmoswui cmandapm npumeHsiiom coemecmto ¢ FOCT 30630.0.0, 8 komopoM ycmaHos ieHb! obujue
mpebosaHust K posedeHUIo UcrbimaHull Ha eo3delicmeue 8HeWHUX ghakmopos.

2 HopmaTuBHbIe CCbISIKK

B HacTosilem cTaHgapTe UCNonb30BaHbl HOPMaTUBHBIE CChINIKA Ha criegylolume cTanaapThbl:

FOCT 24346—80 Bubpauus. TepmuHbl n onpeaenerust (MCO 2041:1990 «Bubpaumsa n yaap. Tepmu-
Hbl 1 onpedeneHns», NEQ)

FOCT 30630.0.0—99 MeToabl UCNbLITAHWA HA CTOMKOCTb K BHELIHUM BO3AEWCTBYOWMM ¢hakTopam
MalLlUuH, NpuBopOoB 1 ApYrux TeXHUYeckux usgenuit. O6uwme TpeboBaHus

FOCT 30630.1.1—99 MeToabl UCNbITAHWIA HA CTOMKOCTb K MEXaHWYECKUM BHELLHUM BO3AENCTBYIOLLNM
dakropam mMawmH, NpuGopos 1 ApYrnx TeXHUYeckux usgenuin. OnpegeneHne AMHaMUYECKUX XapaKTepUCTUK
KOHCTPYKLIUM

FOCT 30630.1.2—99 MeTtoabl UCNbITAHWA HA CTOMKOCTb K MEXaHUYECKUM BHELLHUM BO3AENCTBYIOLLUM
cdakTopam mawuH, NpubopoB U ApPYrMx TexHudeckux usgenuin. UcnbitaHusas Ha Bo3geilcTBue BubGpauum
(M3K 60068-2-6:1995 «UcnbiTaHnA Ha BO3AENCTBUE BHELLHUX (hakTopoB. HacTb 2-6. UcnbiTaHus. UcnbiTadue
Fc. Bubpaums (rapmoruyeckas)» , NEQ)

WU3spanne odbmynansHoe
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FOCT 30630.1.9—2002 (MOK 60068-2-64:1993) MeToabl UCTILITAHNI HA CTOMKOCTbL K MEXaHUYECKUM
BHELUHWM BO3[eNCTBYOLWMM bakTopam MallunH, NPUBOPOB N OPYruX TEXHUYECKUX usgenuin. cneltaHns Ha
BO30eNCTBME CIyyYaiHOW LUMPOKOMOIOCHOW BUBpaLuun ¢ cnonb3oBaHueM LugpoBOi CUCTEMBI YNipaBrieHnst
ucnbiTaHuamm (MOK 60068-2-64:1993 «AcnbiTaHUs Ha BO3AeNCTBUE BHeLWHNX dhakTopoB. HacTtb 2-64: MeTo-
Abl ucneitaHui. Ucneitanne Fh. WnpokononocHas cryvainHas Bubpaums (C LMPOBLIM yripasneHuem) u
pykosogcTso», MOD)

MpumeyaHwue— py NONb30BAHUN HACTOSLLMM CTAHAAPTOM LenecoobpasHo NpoBEpUTL AEMCTBIE CCbINOY-
HbIX CTaH4ApPTOB B MHGOPMALMOHHOM cucTemMe oBLero nonb3oBaHus — Ha oduumnansHoMm canTte degepanbHOro
areHTCTBa MO TEXHUHECKOMY PETyNMPOBaHMI0 M METPOMOMMK B CeTW VIHTEPHET UK No eXXerogHo n3gaBaeMomy MHopMa-
LMOHHOMY yKaaaTento «HauvoHanbHble CTaHg4apThI», KOTOPbIN ONyBNYKOBaH Mo COCTOSIHMIO Ha 1 SHBAPS! TEKYLLEro roga, u
Mo COOTBETCTBYHOLLMM EXEMECAYHO U3OaBaEMbIM MHOPMALMOHHBIM YKa3aTensm, onyGriMKOBaHHLIM B TEKYLLEM roay.
Ecnu cobinovHbIn cTaHaapT 3amMeHeH (M3MeHeH), TO NPy MOoMb30BaHMK HACTOSILLMM CTAHAAPTOM criefyeT pyKOBOACTBO-
BaTbCs 3aMEHSIOWMM (M3MEeHEeHHbIM) CTaHAapTOM. ECnn cCbINOYHbIN CTaHAapT OTMeHeH 6e3 3amMeHbl, TO NONOXEHUE, B
KOTOPOM [@Ha CChINKa Ha Hero, MPUMEHSIETCH B YaCTK, HE 3aTparmBaloLelt 3Ty CCbimKy.

3 TepMuHbI M onpegeneHun

B HacTosiLeM cTaHgapTe npumMeHeHbl TepMuHbl no FTOCT 24346 n FOCT 30630.0.0, a Takke cneayowime
TePMUHBI C COOTBETCTBYHOLLUMMU ONpeaeNIeHNAMM.

3.1 nonepevHan BUGpauus (cross axis motion): Bubpaumsi, geiAcTByloLLasA B HanpaBneHn1, OTIIM4HOM
OT 3agaHHoro (onpegensemas 06bI4HO B NNOCKOCTU, NEPNEHAUKYNSPHON K 3alaHHOMY HarnpaBneHuo ABu-
XKeHus).

3.2 pencTByollan Bubpauua (actual motion): Bubpauus, xapakrepusyemasi CUrHanom ¢ gatuuka,
YCTaHOBMEHHOTO B KOHTPOILHOM TOMKE.

3.3 Touka kpennenus (fixing point): Hactb o6pasua, HaxoaALWAsICA B KOHTAKTE C KpeneXHbIM Npucrno-
cobneHnemM Unm BubpocTonom B TOM MecTe, rae usaenue obbIYHO 3aKpennsioT Npu aKcnnyaTauun.

MpumeyaHue—Ecnn B ucnbiTaHnsx Ans yctaHoBku o6pa3sua UCNonb3yloT YCTPOMCTBO, NMPUMEHSIEMOE Ha
MecTe 3KCMnyaTaLmn Uagenus, To TOUKY KpenneHus onpeaensiioT Ha 3TOM yCTPOICTBE, a He Ha obpasue.

3.4 ynpaBneHue (control)

3.4.1 opHoToueuYHoe ynpaBneHue (single pointcontrol): YnpasneHue no curHany c aatynka subpauun,
yCTaHOBINEHHOTO B KOHTPOJSIbHOM TOUKe, Ans noaaepaHus Bubpavuuv B 3TON TOYKe Ha 3aaHHOM YPOBHe.

3.4.2 mHorotoyeuyHoe ynpasneHue (multipoint control): YnpasneHue Mo HeCKOMbKUM curHanam,
ycpeaHAeMbIM aHanoroBbLIM MU ApYrMM NoaxoaawmmM cnocobom (cM. 3.9), ¢ gatyumkos Bubpaummn, ycTaHoB-
NeHHbIX B MPOBEPOYHbIX TOUKaX.

3.5 cTaHpapTUsoBaHHOe yckopeHue cBoGoaHoro nageHusn (standard acceleration due to gravity) g,,:
YckopeHue cBoboaHOro NagieHus, KOTopoe, MPUMEHNUTENBHO K HACTOALLEeMY CTaHAapTy, OKpYrneHo Ao 6nvxkair-
wero uenoroyncna, T. e. 10 m/c2.

3.6 ToukuM usmepeHuin (measuring points): CneunanbHo BbIBpaHHbIE TOUKU, B KOTOPLIX NPoBOAAT cOop
AaHHbIX MpY MPOBEAEHNU UCTIBITAHWUA.

3.6.1 npoBepo4Has Touka (check point): Touka Ha kpenexXHoM NpucnocobneHuun, Ha BUBpocTone Unu
Ha obpasLe, pacnofokeHHas Kak MOXHO BnvKe K OQHOMN U3 TOYEK KPenneHnsa n coeguHeHHasa ¢ Hel XeCTKoN
CB$I3blO.

MpumevaHwus

1 C uenbto y6egutbcs B TOYHOM cobniogeHnn TpeboBaHU UCNbITAaHWN MCNONB3YIOT HECKONBKO NPOBEPOUHBIX
TOYEK.

2 Ecnv uncno Touvek KpenneHus He 6onee HeTbipex, Kaxayto U3 3TUX TOYEK cnegyert ncnonb3oBaTh B KA4eCTBE NPo-
BepouHoi. Ecnu uncno touek kpenneHusi 6onee 1YeTbipex, B COOTBETCTBYIOLWEM HOPMATUBHOM AOKYMEHTE J4OMKHbI GbITh
onpegeneHbl YeTolpe Hanbonee NpeacTaBUTENBHbIE TOYKU, KOTOPbIE GyAyT NCNONB3OBaHL!I B KA4YECTBE NPOBEPOYHBIX.

3 B ocobbix cnyyasix, Hanpyumep gns 6onbwmx o6pasuoB nnu 06pasuos cnoxHon Popmebl, KOraa NPOBEPOYHbIE TOY-
KM HE MOTYT HaxoauTbesi BENM3m Touek KpenneHws, NoNnoxeHne NPOBEPOYHbIX TOHEK A0MKHO 6bITb onpeaeneHo CooTBeT-
CTBYHO WM HOPMATUBHbIM OOKYMEHTOM.

4 MpwvwncnbiTaHnm 6obLIoro Ycna 06pasLoB HeBoNbLLMX pa3MepoB, YCTAHOBNEHHbIX C MOMOLLBIO OAHOTO Kpenex-
HOro Mpucnoco6eHus, unu Npw ucrbiTaHun o6pasua HeGonbLLOro pasamepa, UMEIOLWEro HECKOMbKO TOYEK KpenneHus,
yrpaBreHne MOXET OCYLLECTBNSATLCA MO CUrHaNY ¢ AaT4ymka, YCTaHOBMEHHOTO B O HOW NPOBEPOYHON (OHA e KOHTPONb-
Has) Touke. MNpu aToM curHan ynpaeneHnws 6yaeT B 6onbluel cTeneHn XxapakTepusosaTb BUGpaLMio KpenexHoro NpUcno-
cobreHus, a He o6pa3sua B TOUKax KpenneHusi. 3To 4oNyCTUMO TOMBKO B TOM Criyvae, eCriv YacToTa HU3LWero pe3oHaHca
Harpy>XeHHOro KpernexHoro npucnocobneHns 3Ha4YnTENbHO NPEeBbILLAeT BEPXHIOI IPaHn Ly Anana3oHa YacToT UCNbITAHWUN.

2
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3.6.2 koHTponbHas Touka (reference point): OgHa U3 NPOBEPOYHBIX TOYEK, CUrHA C KOTOPON UCMONb3Y-
10T ANS ynpasfieHus peXxMMoM UCTIbITaHUIA TakMMm 06pasoM, YToBObl YA0BNETBOPUTL TPEGOBaHUAM HACTOSILLErO
cTaHpapTa.

3.6.3 Boobpaxaemas KoHTponbHas Touka (fictitious reference point): YcnosHas Touka, koTopoii npu-
rMUcaH HeKOTOPbIN cUrHar, copMUpPoBaHHbIA MO CUrHanam BMbpaLmm B NPOBEPOYHbIX TOUKaX M UCNOMb3yeMblid
AN ynpasneHns pexxruMoM UCNblTaHUn Takum o6pasom, 4Tobbl yaoBneTBopuTh TpeGoBaHMsAM HaCcTOSLLEro
cTaHgapTa.

3.6.4 Touku M3MepeHMUs oTKNuka (response points): Touku Ha o6pasLie, B kKOTOPLIX NpoBOAAT cbop AaH-
HbIX 41151 UICCreA0BaHNs YaCTOTHO XapakTepucTuki obpasua.

MpumeyaHune— ITUTOYKN HE COBNAAAIOT C MPOBEPOHHBLIMU UMM KOHTPONBbHBIMU TOUKAMU.

3.7 npeanouTuTenbHble HanpaBneHUsa Bo3aencTeusa Bubpauun (preferred testing axes): Tpu B3a-
MMHO OpTOroHanbHbIX HaNPaBneHus, Bbibrpaemblx Takum o6pasom, 4Tobbl Npy BO3AEACTBUM BUGpaL/Mm B 3TUX
HanpaBneHUaX BepoAaTHOCTb NoBpexaeHust obpasLa bblnia MakcumanbsHON.

3.8 uvacTtoTaBbI6opkU (sampling frequency): Ynucno BeIBOPOYHBIX 3HAaUEHWIA C1UrHana B e 4UHULY BpeMe-
HU (CekyHay) Npu 3anMcu nnu npeacTaBneHun curHana B L poBoM Buae.

3.9 cTpaTterum MHoroToude4Horo ynpasneHus (multipoint control strategies): Metoael dopmuposaHus
CUrHana ynpasneHus B 4acTOTHOW 0611acTy Npyu MHOTOTOMEYHOM YripaBneHnm (cM. Takke 3.4.2).

3.9.1 ynpaBneHue no cpegHeMy 3Ha4yeHuo (averaging strategy): Cnocob onpegeneHusi curHana
ynpasneHusi NyTem ycpeaHeHus Ans Kaxkaom YacTOTHOW COCTaBMAOLWEen No BCeM MPOBEPOYHBLIM TOUKaM.

3.9.2 ynpaBneHue no aKcTpemManbHOMY 3HaveHuto (extremal strategy): Cnocob onpeaeneHus curHa-
na ynpasreHus nyTeM BbIbopa akCTpeMarbHOro 3HaveH st KOHTPONMpyemMoro napameTpa 4SS KaK4on 4acToT-
HOW cocTaBnsAwLWein No BCeM NPoBepOYHEIM TOYKaM.

3.10 MAX/SUM: Cnoco6 3agaHusi cnekTparnbHON NIOTHOCTM yckopeHus (cM. 3.14) ans y3KononocHowm
cnyJaiiHoi BnGpauunm, BOCNponsBoauMON B YCNOBUSX UCTbITaHUIA Ha hOHE LLIMPOKOMOSOCHOM CriyYaiHoN BUG-
pauuu.

MpumeyaHun e—MAX 03Ha4aeT, YTO CNeKTpanbHAas NNOTHOCTb YCKOPEHUs1 BOCIPOM3BOAMMOrO CUrHana npeg-
cTaensieT cobor ornbaroLLyio HaMoXeHHbIX APYr Ha Apyra CnekTpanbHbIX NNOTHOCTEN YCKOPEHUs LUIMPOKOMOIOCHOTO 1
Y3KOMOMOCHOro cry4aHbiX curHanos; SUM o3navaert, 4To cnekTpanbHas NNOTHOCTb YCKOPEHWS BOCTPOU3BOAMMOrO CUrHa-
na npepactaenser coboit CymMmy cnekTpanbHbIX NIIOTHOCTEN YCKOPEHUS LUIMPOKOMONOCHOTO W Y3KONOMOCHOMO CNyYaiHbIX
CUrHanos.

3.11 nuk-cdbakrop (crest factor): OTHOLEHWE NMMKOBOIo 3HAYEHUs K CpeaHEKBaAPaTUMHOMY 3HAYEHWNIO
curHana.

3.12 crTpaTterusi cynepno3uuuu (super positional strategy): Ctpaterus, onpegensiowas Mmetog pacye-
Ta cnekTpanbHOW NMOTHOCTU YCKOPEHUs BOCTIPOU3BOAUMON BUOpaLIMmn ANs KaXXaon 4acTOTHOW cocTaBnsatoLwen
no 3aaHHOMY rapMOHUYECKOMY CUrHarny u cnekTpanbHOW NOTHOCTUA YCKOPEHWUA CNYYalnHoro curHana.

3.13 wupuHa nuka Ha ypoBHe MuHyc 3 Ab (-3 dB bandwidth): LiupnHa nonockl YacToT Mexay AByMS
TOYKaMW YaCTOTHOW XapaKTepUCTUKKN, pacnonoxeHHbIMU Ha ypoBHe 0,708 ee MakcUManbHOro 3HaveHus, B
NpeanonoXeHWM, YTO YaCTOTHas XapaKkTepUcTuKa B aHHOM Nofoce YacToT ONUCLIBAET MUK OAUHOYHOTO pe3o-
HaHca.

3.14 cnekTpanbHasa NNOTHOCTb YycKkopeHus (acceleration spectral density); CMY: ®yHKUMA 4acToThI,
onpepensiemMas kak npegernibHoe OTHOLIEHWe cpeAHero Ksagparta 3HavyeHuUs curHana yckopeHus nocne ero
NPOXOXAeHUs Yepes y3KOMOMOCHbIN hunbTp, cpegHereoMeTpudeckas YactoTa KOTOPoro cosnagaeT ¢ 3afaH-
HOM, K LLMPWHE Nonockl PUMbLTPa NPU CTPEMIIEHWU LLMPUHBI MOSIOCHI KHYIIO, 8 BpeMeHU yepeaHeHnss — Kk 6ecko-
HEYHOCTU.

3.15 cmMmelleHue (bias error): Cuctematuyeckas MorpeLlHOCTb OLUEeHKU CNeKTpanbHOW NIOTHOCTU YCKO-
peHus criy4aiHoro curHana unyM amnauMTyabl rapMOHUYECKOro curHana.

MpumeyaHune—[nsa cnyyaHoro curHana cmeleHne obyCrnoBneHO KOHEYHbIM pa3pelleHneM curHana no
4acToTe, KOTOPOE NPUCYLLE UCTONb3yeMoMy MeToay 0b6paboTku, a Ans rapMOHUYECKOro cUrHana (B CMecy co CrnyqanHbiM
LYMOM) — KOHEYHOCTbIO MHTEPBAra yCpeaHeHUsl.

3.16 cnekTpanbHasA NNOTHOCTb YCKOpPeHUsl curHana ynpasneHua (control acceleration spectral
density): CnekrpanbHasi NNI0THOCTb YCKOPEHUs! cuUrHarna, U3MepeHHOro B KOHTPOSbHOW TOUKe (peanbHoi unu
BoODpaxkaemoi).

3.17 uenb cucTeMbl ynpaBrneHus (control system loop): SNekTpoHHbINA TpakT, NO3BONSOLWNIA BbINOI-
HATb COBOKYMHOCTb CreAylowwmnx onepawuii:

- oumndpoBKy cUrHana B KOHTPOSbHOM TOUKE;

- npoueaypy o6paboTku curHana;
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- npeobpasoBaHne 06pabOTaHHOroO CUrHana B aHanoroBy GOpMy A5 No4ayn Ha yCUAnTenb MOLLHOC-
™M BMGPOYCTaHOBKM [cM. Takxe pasfen B.1 (npunoxeHune B)].

3.18 oTceuka [knunnupoBaHue] 3agatuiero curHana (drive signal clipping): OrpaHnyeHne makcu-
MasibHOro 3HaYeHNs 3ajatLero CurHana Ha ypoBsHe, onpefesnisieMoM 3HadyeHnem nvk-cakropa.

3.19 achhekTUBHbLIN gnanasoH yactoT ucnboiTaHuii (effective frequency range): inanasoH mexagy yac-
ToTamm Huxe f] u Bbiwe f2(pncyHok 1), cocTaBnsaLme KOTOpPbIX peasibHO NPUCYTCTBYIOT B CUTHaNe BCNeaCcTBUE
HeloCTaTOYHO Pe3Koro cnaja KpUBOM cnekTpasibHON NIOTHOCTU YCKOPEHUS.

CnekTpasibHast NI0THOCTb yCKOpeHusl, Ab

PucyHok 1 — [paHuubl cNekTpasibHOW NIOTHOCTM yckopeHusa (cM. Takxke 5.1.1)

3.20 norpewHOCTb BOCMPOU3BEAEHNA CNEeKTPanbHON MAOTHOCTM yckopeHusa (error acceleration
spectral density): PasHoCcTb Mexay 3afaHHON cnekTpasibHOW N/IOTHOCTbIO YCKOPEHUST U CNEeKTpasbHO NaoT-
HOCTbH0 YCKOPEHMWS CUTHAMa ynpaBieHus.

3.21 koppekuusa (equalization): Mpouegypa NpMBeLeHNA K MUHUMYMY NOrPELHOCTM BOCNPOM3BEeAEHUSA
CNeKTPasbHOM NNOTHOCTU YCKOPEHUS.

3.22 cnapg HaBbicokux YyacToTax (final slope): YuacTok3agaHHOW cnekTpasbHOW NI0OTHOCTM YCKOPEHUS
Ha yacToTax Bbiwe f2(cM. pucyHoK 1).

3.23 paspeuweHue no yvactote (frequency resolution): LUupuHa nHTepBana npupawlieHus 4acToTbl B
npeacTaB/ieHMM CNEKTPasibHOW NNOTHOCTU yCKOpeHus (Bblpaxaemas B repuax).

MpumMmeyaHune — IJTa BeNnUnHa o6paTHo NponopuroHanbHa A/IMHe 3anucy curHana, ucnonb3yemoii B Lmdgpo-
BOM aHasm3e. Yncno MHTepBanoB npupalieHusi copnajaete YACAOM CNeKTpabHbIX IMHKI B JaHHOM Anana3oHe 4acToT.

3.24 Habnwpaemasn cnekTpanbHas NNOTHOCTb yckopeHusa (indicated acceleration spectral density):
OueHka cnekTpanbHO NIOTHOCTM YCKOPEHWSA Ha CUUTbIBAIOLLEM YCTPONCTBE aHanusartopa, Bkawvawlwasa B
cebs MHCTPYMEHTAsIbHYI0 NOrPeLIHOCTb, CAyYaliHyo NOrPeLHOCTb U CMeLLeHue.

3.25 cnafg Ha Hu3kmnx YyactoTax (initial slope): YuacTok3agaHHOM cnekTpasibHOW NAOTHOCTU YCKOPEHUS
Ha YyacToTax HWke 7, (CM. pUCyHOK 1).

3.26 MHCTpyMeHTanbHaa norpewHocTsb (instrumental error): CoBOKYNHOCTb NOrpeLIHOCTEN, BHOCU-
MbIX K&XAbIM aHa/10roBbIM YCTPOWCTBOM BXOAHOMN YacTu CUCTEMbI yNIPaBAEeHUS 1 KaXKAbIM @HaN0roBbIM YCTPOWA-
CTBOM B COCTaBe CUCTEMbI ynpaB/eHus.

3.27 cnydaitHas norpewHocTb (random error): MOrpeLwHoCcTb OLEeHKN CNEKTPaSbHON NAIOTHOCTU YCKO-
peHus, N3MeHAoLWasACca OT OA4HOTO U3MEPEHMUA KAPYTOMY M 06YCNOBNEHHAA KOHEYHbIM BPpEMEHEM yCpeAHEeHUS
CcurHana v KOHeYHoW WNPUHO Nonockl hnnbTpaumm.

4
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3.28 3anucb curHana (record): COBOKYMHOCTb OTCHETOB MpoLecca, B3ATbIX Yepes paBHble MPOMEXYTKM
BPEMeHMU, KOTOPY0 UCMONbL3YIOT NpU peanuaaummn npoueaypbl 6eicTporo npeobpasosaHua Pypbe.

3.29 BocnpousBoauMocTs (reproducibility): BM3ocTb pe3ynbTaToB U3MepPEHNii O4HOM U TOW e Benu-
Y/HbI C OOHUM U TEM e 3HaYeHneM, NPOBOAUMBIX:
pasHbLIMU MeToAaMu;

- CUCMob30BaHNEM pPa3HbIX CPeACTB N3MEpPEHNIA;

- pasHbIMY onepaTopamu;

- B pasHbIX UCMblTaTeNbHbIX NabopaTopusx;

- B pasHble MOMEHTbI BpeMeHU, MHTepBasn Mexay KOTOpbIMU 3Ha4YuTenbHo 6ornblue BpeMeHu nposeae-
HUS OHOIO U3MEPEHUS;

- pasHbiMUK criocobamum NPUMeHeHUSI UMEIOLLIMXCSA CPeACTB UCTILITAHUIA U U3MepPeHi.

MpumeyaHUue—TepMuH «BOCMPOM3BOAMMOCTb» MPUMEHSIIOT TAKKE B CryYasiX, Korga npuHUMaioT BO BHUMa-
HWE TOMBKO OAHO UMM HECKOITBKO M3 BbILLENEPEHNCIIEHHBIX YCIIOBUM.

3.30 cpepHeKkBagpaTU4yHoe 3Ha4YeHue (root-mean-square value): KBagpaTHbI KOpeHb U3 cpedHero
3HayeHNs kBagpaTta pyHKUMN Ha 3a4aHHOM MHTepBarne (ANns cnekTpanbHOW NITOTHOCTU TakUM UHTepBanom
AIBNAETCA Nonoca YacToT Mexay f; U f, — cM. pucyHok 1).

MpumeyaHune—B gaHHOM MeToae NCMbITAHUIA CpeaHEeKBafpaTUHHOE 3Ha4YEHNE MOXET BbITb paccunTaHo ansi
pasHbIX BUAOB BO36YXAEHUSA: YMCTO LLUMPOKOMONOCHOTO CIy4aiHOro NpoLecca, COBOKYMHOCTU LUMPOKOMONOCHOTO cryyari-
HOTO 1 rapMOHM4ecKoro npoueccos (SoR) unm CoBOKYNHOCTH ABYX CnyYanHbix npoueccoB (RoR) — cm. B.2.4 (npunoxe-
Hue B).

3.31 koHTponupyeMbin napameTp (signal value): 3HaueHne cnekTpanbHOW NIIOTHOCTU YCKOPEeHNA ANst
Cry4YanHomn cocTaBnsAoLen BOCNIPON3BOAMMOro npoLecca Ui aMnianTyabl 48 rapMOHUYECKO COCTaBNAw-
LLiei BOCMPOM3BOAUMOTO NpoLiecca.

3.32 craHpapTHOe oTKnoHeHue (standard deviation): Xapakrepuctuka cny4yainHoro BpeMeHHOro cur-
Hana, koTopas Ans curHana Bubpavuumn coBnagaeT co cpeaHekBaapaTUYHbIM 3HaveHnem (NoCKonbky cpeaHee
3Ha4eHue curHana BubpaLm NpUHUMAT paBHbIM HYTIHO).

3.33 crartucTMyeckan TouHocTb (statistical accuracy): OTHOLIEHWE UCTUHHOW CNEeKTpanbHOMN NNOTHOC-
TN yCKOpeHNs K HabnogaemMon.

MpwumeyaHne— [JaHHyo XapakTepucTUKy NPUMEHSIOT TOMNbKO B OTHOLLIEHUW CNy4aniHON COCTaBMsIoLLENA BOC-
Npov3BOAMMOro npouecca.

3.34 cratucTMueckan cTeneHb cBoGopabl (statistical degrees of freedom): BenuvunHa, xapakrepuayto-
LLiasi CBOMCTBA OLEHKU CNeKTPanbHON MNOTHOCTU YCKOPEeHUA, Nofly4aeMon No crydanHelM oTcHeTam MeToAoM
ycpeaHeHNs No BpeMeHN, 1 3aBUCALLLAA OT PaspeLleHnst Mo YacToTe U BPEMEHWN yCpeaHEeHUs.

3.35 umkn kavaHuAa (YacToTbl) (sweep cycle): NMepemelueHne (pasBepTka) NO 3agaHHOMY AUanasoHy
4acToT N0 0AHOMY pa3y B KAXAOM U3 HanpasneHuid (Hanpumep, ot 5 Ao 500 My n o6paTtHo Ao 5 Mu).

n punmMmevyaHune — B NPOTUBONONOXHOCTL UMKIY Ka4aHUA HaCcToTbl OQUHOYHAA pasBepTka No 4YacTtoTe o3HavaeT
ABWMXKeHne No gnana3oHy 4acToT TONbKO B OQHOM HanpasneHun: B CTOPOHY BO3pacTaHna nnu y6bIBaHWr'| 4acToThbl.

3.36 cKopocTb KayaHUA (4acToThbl) (sweep rate): CKOPOCTb USMEHEHUA YacTOTbl FaPMOHUYECKOro CUr-
Hana, nsmepsaemas nubo B okTaBax B MUHYTY (OKTaBa/MuH), NMbo B repuax B cekyHay (lu/c).

3.37 ucTuHHan cnekTpanbHasa NNOTHOCTb YcKOpeHus (true acceleration spectral density): Cnek-
TpanbHasa NNOTHOCTb YCKOPEHUA, BO3AeNCTBYOLero Ha obpasel.

4 O6wme TpeOGOBaHUA K UCNbITAHUAM

4.1 O6wue nonoxeHus

YcTraHaBnmMeaemble TpeboBaHWA K UcnbITaTerlbHOMY 060pyA0BaHUIO OTHOCATCA KO BCEMY UCMbITaTe b=
HoMy 0BopyaoBaHuio B LenoMm. B cnyyae BuGpaumMoHHOW yCTaHOBKM 31eKTPOANHAMUYECKOrO UNWU rnapasnu-
yeckoro Tuna ato obopyaoBaHue BkI4YaeT B ceba ycunutenb MOLWHOCTWU, BUBPOCTEHA € YCTPOMCTBOM
KpenneHus obpasLa u cuctemy ynpasneHusl.

Kone6aHus BubpocTona B 3agaHHOM U NonepeyHoM HanpaBneHusax cneayeTt nubo npoBepuTb A0 Havana
UCMIbLITAHUA, NMMOO KOHTPONUPOBaTb B X04€e WUCMBITAHUA C NOMOLLbLIO AOMOMHUTENBHOMO KaHana B cucteme
ynpasneHusi. B HopmaTUBHOM AOKYMEHTE Ha UCTIbITaHUS AOMKHbI BbITb onpeAeneHbl ypoBHW BOCNPON3soaun-
MO BUBpaLumn n nocrneaosaTenbHOCTb AeNCTBUI BO BpeMsA UCNbITaHUIA.

CraHaapTusoBaHHbIA MeToA UCNbITaHUIA BKITlOYaeT B cebsa cneaytowme a1ansl (NPUMEHUTENBbHO K BO3-
6Y>XAESHMIO B KAXXAOM U3 3afjaHHbIX HaNpaBneHui):
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- HauvanbHble U3MepeHUs AN onpeaeneHus AMHaMmnuyeckon xapaKkTepucTk 0bpasLia Nnpu HU3KOM ypoB-
He BO36Yy)KAeHUSA rapMOHUYECKOW Unn criyyariHon Bubpaumei (cm. Takke 5.4 1 9.2);

- Bblaepxky o6pasua npu Bo3gencTeum Bubpaumen B 3agaHHOM pexvuMe;

- 3aKn4nUTenbHbIE M3MepeHns Ansi MOBTOPHOro onpeaernieHUst AMHaMU4eCKO XapakTepucTuki obpas-
ua (cM. 9.5) ncpaBHeHNs ee ¢ pesynbTaToM, MoJIyYEeHHBIM Ha 3Tane HavyasbHbIX USMepeHuit, B LiensiX BbisiBe-
HUS1 BO3MOXHBIX MEXaHUYeCKUX MOBPEXAEHWA.

Ecnu guHamunyeckoe nosegeHue UCnbiTyeMoro 06 bekTa XOpoLLO U3BECTHO UMW He NMPeACTaBnseT UHTe-
peca, TO HOPMaTUBHLIN AOKYMEHT MOXEeT He ycTaHaBnuBaTb TpeboBaHWUI K MccneqoBaHUIO AMHAMUYECKON
XapakTepUCTUKN UNN YCTaHOBUTL UX B OrpaHNYeHHOM obbeme.

4.2 CucremaynpaBneHua

YnpaeneHwe nucnoiTaHusiMy TpebyeT NpuMeHeHus cnelmanbHOro NporpaMMHoro obecneyeHnsi, No3sBo-
nsoLero NPOBOAUTL aHaNU3 AaHHbIX U yNpaBieHne UCTILITAHNAMU B pasHbIX pexumax Bo3byxaeHus.

4.3 BocnpousBogumoe aABUKeHUe

YcTaHOBMEeHHbIE HOPMATUBHBLIM OKYMEHTOM Ha UCTIbITAHWUS BOCNPOUM3BOAMMEIE KonebaHus Bo BCex Tou-
Kax kpenneHusa obpasua A0IKHbI ObITb NPUGNN3UMTENLHO OANHAKOBBIMW U NocTyNaTenbHeIMU. Ecnun ycnosue
WAEHTUYHOCTU KonebaHuWii B pasHbIX TOUKax KpenneHUs BbINONHUTL He yAaeTcs, NPUMEHSIIOT MHOroToYeYHoe
yrnpaBneH1e UCNbITaHNSAMMU.

Bocnpoussoanmoe ABUXKeHUe A0MKHO MMETb rayccoBCKOe pacnpeaeneHuve ansi crnyyainHon cocTaBnsito-
LeiA U 6bITb FapMOHUHECKAM ANl NEPUOAUYECKOA COCTaBNsoLWen BUbpaumu.

4.4 MNonepeyvHana BUGpauusn

Monepeuryto BuGpaumio NMBo NpoBepsIIOT A0 NPOBeAeHUA NCNbITaHWIA, BO3BYxaas obpaseL, criyyanHomn
WIN rapMoHUYeckoi Bubpauuen, ypoBeHb KOTOPOI yCTaHOBEH HOPMAaTUBHLIM JOKYMEHTOM, NT60 KOHTponu-
pYIOT BO BpeMS UCTIbITaHUIA, UCMOSb3YS A4NA 3TOro AONOMHUTENbHBIN KaHan CUCTEMbl yNpaBeHusl.

3HayveHne KOHTPONIMPYEeMOro napameTpa Ha KaXXaoWm YacToTe B KaxA0W NPOBEPOYHOM TOUKE U B KaXKA0M
13 HanpasneHWi, NepneHaNKYNsPHbIX K HanpaBeHWI0 OCHOBHOMO ABWUXEHUS, He JOSPKHO NPeBbILLaTh YCTaHOB-
NEeHHOoro 3HavYeHus B ananasoHe yactoT cBbiwe 500y, a B gnanasoHe YacToT 40 500 'L He AOKHO NpeBbILAaTh
YPOBHS1, KOTOPLIN Ha 3 AB HUXe 3Toro ycTaHOBMEHHOro 3Ha4YeHUsA. CpeaHekBaapaTUYHOE 3HaYeHUe YCKopeHUs
(Bo BCel nonoce YacToT) AnA noboro HanpasneHus, NepneHANKYNAPHOro K 3a4aHHOMY HanpaBneHUo ABuKe-
HWA, He OOSKHO npesbiwaTth 50 % 3Ton BenuyMHbI ANs 3a4aHHOro HanpasneHusa AswkeHusa. Hanpumep, ans
06pasLoB HeGOMbLUKUX pa3MEPOB HOPMATUBHBLIM JOKYMEHTOM MOXeT OblTb YCTaHOBMNeHO TpeGoBaHue, YToObI
3Ha4yeHWe KOHTPONMUPYEeMOro napameTpa MnonepevyHon BubpauMuM He npeBblllano 3HavYeHWe 3TOoro Xe
napameTpa Ans BOCMPON3BOANMOro ABMKEHUSA, yMeHbLlUeHHoe Ha 3 Ab.

[ns 06pasLoB 60MbLNX pazMepoB UM 6oMNbLIOK Macchl MOXKET OKa3aTbCsl 3aTpyAHUTENbHLIM BhINOMHe-
HWe orpaHUYeHniA Ha NonepeYHyro BUOPaLMIo BO BCEM AManasoHe YacToT UCTbITaHUA. TpyAHOCTU B BbIMNOSHe-
HWUW YCTaHOBMEHHbIX OrpaHNYeHU MOTyT BOSHUKHYTb TakXKe 1 B TOM Criydae, eCrim HopMaTUBHBIM JOKYMEHTOM
npeannucaHo NPoBOANTL UCMIbITAHNS B LUMPOKOM AMHAMUYECKOM AnanasoHe. B aTom cnyyae B HOpMaTUBHOM
AOKyMeHTe JofkHa 6bITb UCMONb3oBaHa 04Ha U3 credytoLmx hopMynMpPoBOK: «rnonepeyvHas Bubpaums, npe-
BbllLatolas 3adaHHbll YPOBeHb, AOMKHA BbiTh 3aduKCMpoBaHa U ykasaHa B NpOTOKOMe UCTbITaHUA» Unu
«KOHTPOMb NonepeyHon BUBpaLmmn He NpoBoaAT».

4.5 YcraHoBKa o6pasua

O6pasey gomkeH 6bITb 3akpenneH Ha BubpocTorne B cooTBeTCTBUM ¢ TpeboBaHuamu FTOCT 30630.0.0.

4.6 U3MmepuTenbHas cucteMa

XapakTepucTuKn U3MepuTenbHOM CUCTEMbI A0IMKHBLI MPeaycMaTpUBaTh BO3MOXHOCTb MPOBEPKA BbINOM-
HEeHUs1 YCMOBWS, UTO UCTUHHOE 3HaYeHNe NapameTpa BubpaLmm B KOHTPOMbHOM TOYKE B 3a4aHHOM Harnpasne-
HUW ABWXKEHUS He BbIXOAUT 3a npeaeribl yCTaHOBEHHOro AoMycKa.

Ha To4YHOCTb N3MepeHnin okasbiBaeT CyLLECTBEHHOE BIIMSIHAE YaCTOTHasi XapakTepucTuka nsmepuTesb-
HOW Lienw, BKMovatoLlei B cebs gaTumk BUbpaLmu, cornacyllee yCTpoOWCcTBO 1 ycTpoicTea cbopa n o6paboT-
KM AaHHbIX. HWKHSA rpaHuua gnanasoHa 4acTtoT U3MEPUTENBHON cucTeMbl He AoSmkHa npeBbiwaTth 0,5 £, a
BEPXHSIs rpaHuLa — He J0MKkHa BbITh MeHee 2 f, (CM. pucyHok 1). B ykasaHHOM gnanasoHe 4acToT amniuTya-
HO-4acCTOTHasi XapakTepUCTMKa NU3MEPUTENTbHON CUCTEMbI A0MKHA ObITb MOCTOSAHHOW B Nnpeaenax = 5 %.

5 Tpe6oBaHUs1 K BOCNpOM3BOAUMON BMOpauumn

MeToa ncnbiTaHUiA, yCTaHOBMEHHbIA HACTOALWMM CTaHAapToM, NpedycMaTpuBaeT Bo3aencTaune Ha obpa-
3eL, LUMPOKONOMOCHOM CyYanHon BubpaLueid B codeTaHnm bo ¢ y3KononocHoM crnyvyanHon sBubpauuen, nbo
C rapmoHuyeckoi Bubpaumen, nnbo c Bubpavmen 06onx ykazaHHbIX TUNOB. HopMaTUBHbLIM JOKYMEHTOM MOXET
6bITb NPeAyCMOTPEHO, YTO BO3OYXaeHMe Y3KONOMOCHOM ClyYaliHON U rapMoHUYeckon Bubpaumein ocylue-
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CTBNSAIOT C Ka4YaHMEM 4acToTbl B 3aJaHHOM pguanasoHe. [pu npoBedeHWW WCNbITAHUKA AAHHOIO BuAa
Heo6X0AMMO NpYHMMaTL BO BHUMaHWe CreayloLee.

B HOpMaTMBHOM [IOKYMEHTE AOMKeH BbiTb YCTAaHOBMEH CNOCOG 3ajaHUsA CTENEHU XKeCTKOCTH YCNOBUWIA
ucnbITaHuii ans crydariHoi BuGpaumn: MAX unn SUM.

CneKTp yCKOpPEHWUS MOXET npeacTaenaTb coboi:

- Cyneprnosvuumio CNekTpoB LUMPOKOMOOCHOM CriyvaiHow Bubpauumm, y3KOnonocHON criy4anHoi subpa-
LiMM M rapMOHUYECKMX COCTaBIAIOLWX AT CUCTEM YNPABEHUs], B KOTOPbIX rApMOHUYECKUIA CUrHas 3a4aeTcs B
BUAE CNeKTpansLHOW NUHWK;

- CYNneprno3unLmIio CNEeKTPOB LLMPOKOMOMOCHOW Criy4arHON BUGpaLmm 1 y3KononocHo crny4arHoin Bubpa-
LMK, a TaKkke He3aBMCUMbIE rapMOHMYeckue konebaHus Ans cucTeM ynpasrieHusl, B KOTOPbIX FAPMOHUHECKUN
CUrHan reHepupyeTcsi HenpepbIBHO B HaCTOTHOW obnacTw.

5.1 [lonycku Ha xapaKkTepucTUKu criy4yauHon Bubpaumm

5.1.1 Bubpauus B NpOBepOYHbIX U KOHTPONILHOW TOYKaX

MHCTpyMeHTanbHas NorpeLLtHOCTb OLIEHKW CNEKTParnbHOMN NITOTHOCTU YCKOPEHWS B KOHTPOSbHOM U NpoBe-
POYHOM TOYKax Ha MHTepBarne YacToT oT f, Ao f, He JoKHa BbIXOAUTL 3a npegensl + 3 4b oTHOCMTenbHO 3aaaH-
HOW chneKTpanbHOW MMOTHOCTUM YCKOpeHus.. [laHHbLIM [OMycK He YYWTbIBaeT Cry4vaiHyl) NOrpeLlHOCTbL M
cMelleHre. XapakTepuCTMKU Cry4aiHON NOrpeLIHOCTM MOryT 6bITb paccHUTaHbI MO pesynbTaTtam UCTbLITaHUNA.

CpepnHekBagpaTMHHOE 3Ha4eHne YCKOpeHus B inanasoHe oT f, Ao f,, uaMepeHHoe HeNnoCPeACTBEHHO UK
nosly4eHHOe pacHeTHbIM CNOcObOM, He AOIKHO oTNM4YaTbes 6onee Yem Ha + 10 % oT cpeaHekBagpPaTUHHOIO
3Ha4eHus1 4ns 3afaHHOW CreKTParbHON NIOTHOCTH YCKOPEHUs. DTO OTHOCUTCS K CUrHanY Kak B pearnibHOW, Taku
B BOOGpa)kaeMoVi KOHTPOILHOW TOUKE.

HaHHble TpeGoBaHusi MOryT GbiTb TPYAHOBLINONHUMbBI HA OTAENBHBIX YacTOTax unu ansA o6pasios 6onb-
LIMX pa3mepoB unu 6onbluon Maccol. B aTom crnyyae B HOpMaTtMBHOM AIOKYMEHTE MOIyT GbiTb YCTAHOBIEHbI
6onee WMpOKMe rpaHuLibl Zonycka.

Cnap, cnekTpanbHOM NMOTHOCTM YCKOPEHUSI Ha HKHUX YacToTax AOMKeH COCTaBnsTb He MeHee NNioc
6 nb/okTaBa, a Ha BbICOKMX YacToTax — He 6onee muHyc 24 nb/okTaBa [cM. B.2.3 (npunoxenue B)).

,EIJ'IH UCMNbITAHUIA C KAYaHMEM YacTOThbl AONyCKU Ha CrNeKTpasibHble COCTaBnAlLWLue c VI3MeH9IIOLU,el710ﬂ Yyac-
TOTOMN AOIMKHbI 6bITb TEMU XKe, YTO U Ha cocTaBnsouiue I.IJIIIpOKOHOﬂOCHOVI BM6paL|,VIVI. OAHaKO 3TO MOXET ObiTb
HEBLINOMHWUMO NPK BLICOKOW CKOPOCTM KavaHus. B aTOM criydae AOMycKn Ha cnekTpanbHblie CocTaBnsioLwme
[OMXKHbI B6bITb YCTaHOBMNEHbLI B HOPMaTUBHOM AOKYMEHTE.

5.1.2 BepoATHOCTHOe pacnpeaeneHue

MrHoBeHHOE 3Ha4YeHne YCKOPeHUsi B KOHTPOSbHOM TOYKe AOIMKHO GbiTk pacrnpeneneHo no 3akowy, 6nms-
KOMY K rayCCOBCKOMY, KaK NoKasaHo Ha pucyHke 2. MoareepxaeHne 3Tomy AOMKHO 6biTb NONy4YeHO B Npouecce
kann6poBkM cucteMbl. Bug pacnpegenenus curHana B NPpUCYTCTBUN FAPMOHUYECKOW COCTaBAIOLLIEA NOKa3aH
Ha pucyHke 4.

3o
MnkoBoE 3HaYEHUE

CpeaHekBaapatnyHoe
3HaueHue

Bpems BeposTHOCTB

MukoBoe 3HaveHue 30
G — CTaHAapTHOe OTKNOHeHUe

PucyHok 2 — Cny4qaiiHblit curHan, 6rmakuii K HopManbHOMY, C 384aHHBIM YPOBHEM OTCEYKU
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OTceuka 3agatowero curHana AofmkHa 6biITb Ha YpoBHe He MeHee 2,5 cpeAHeKBaApaTUYHOIO 3Ha4YeHUA
(cm. 3.18). Heobxoaumo ybeautbea, 4To BpeMeHHas bopma curHana B KOHTPOSNbHOW TOUKE COAEPXKUT MUKK,
npesblLlaloWue 3agaHHoe cpeaHeKkBaapaTUNHOE 3Ha4YeHUe He MeHee YeM B 3 pasa, ecriv TOMbKO UHbIe Tpebo-
BaHUWS He YCTaHOBMEHbI COOTBETCTBYHOLWNM HOPMaTUBHBLIM AOKYMEHTOM.

Ecnu ans ynpaeneHUa UCNONb3YIOT cUrHan B BooGpaxaeMoi KOHTPOIbHON TOUKe, BhllLieyka3aHHoe Tpe-
6oBaHWe K 3HaveHuo nNuk-hakTopa pacnpocTpaHsieTcs Ha BCe NMPOBEPOYHbIE TOUKW, CUTrHasbl B KOTOPbIX
Ncnonb3yoT ANs hopMUPOBaHUA CUrHaNa ynpasneHus!.

MNoTHOCTL BEPOATHOCTU pacnpeaeneHust pacCYUTLIBAKOT N0 ABYXMUHYTHOW peanu3aLum curHana B KoH-
TPONbLHON TOUKE B Havane, B cepeiuHe 1 B KOHLE UCTIbITaHWUNA.

5.1.3 Cratuctuyeckas TOYHOCTb

CTaTnCTUYECKyI0 TOHHOCTbL ONPEAEnsAloT Yepes YACTO CTaTUCTUYECKUX cTeneHe ceoboabl N, n aosepu-
TenbHbIN YPOBEHb (CM. pUcyHOK 3). CTaTucTuieckoe 4Y1co cteneHer ceoboabl onpeensioT no chopmyne

N,=2B,T, )

rae B, — paspelweHne no vacrore, u;
T, — 3 dekTMBHOE BpeMs ycpeaHeHus, C.
3HaueHue N He AomkHO 6bITe MeHee 120, ecnin Tonbko UHoe TpeboBaHWe He YCTaHOBEHO COOTBETCTBY-
OLLUM HOPMAaTUBHBIM AOKYMEHTOM.
Ecnu HopMaTUBHLIM [OOKYMEHTOM YCTaHOBMEHbl AOBepuTenbHble YPOBHU, KOTOpble Heobxoaumo
cobnocTu Npu NpoBeAeHUN UCNbITAHWA, AN pacyeTa CTaTUCTUYECKON TOYHOCTM crielyeT UCTIofNb30BaTh AaH-
Hble pUCyHKa 3.

ab %
] 5_
g " | 300
=
8 4 250-
3
% 99 % | [doBepuTenkHas BEPOSTHOCTb
8 3-{200- SN
= 95 % T~
& \° S~
& 27 150- —
5 90 % \\\=\:\
. | E—
1 =50%] —_—
0— 100
90 —50 %
-1 80 —
70 900/‘“/’__/"—
> ——
2 ST
60— >
99 %
-3 50—
-4 40
30 40 50 60 70 8090100 120 200 300 400 500

CrartucTuyeckoe 41cro creneHen ceoGoabl

PurcyHok 3 — CratucTuyeckas TOMHOCTb BOCMPOV3BeAeHUs CNEKTPanbHOM NMOTHOCTH YCKOPEHUS B 3aBUCUMOCTH
0T uncna cTeneHel CBo6oab! A5 pasHbIX 3Ha4YEeHWI 4OBEPUTENBHON BEPOATHOCTY

5.1.4 Pa3spelueHue no 4YacTtoTe

PaspelueHue no Yactote B,, L, 3aBUCAT OT MakCUMarnbHOMN TaKTOBO YacTOThbl KOHTPOMIEPa CUCTEMBI
ynpaeneHus 1 Yncna N1MHWIA B cnekTpe curHana n:

e

B, = f,gn/N, 2
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rae fgn, — MakCuMManbHas TakToBasi YacTOT KOHTPONNEpa CUCTEMbI ynpasneHus, ', koTopas AoMKHa He
MeHee 4YeM B fiBa pasa npesbilathb £, (CM. pUcyHok 1);
N — YUCIIO CNeKTpankHbIX JIMHUA, PABHOMEPHO PacrofoXeHHbIX N0 Auana3oHy YacToT BNNOTk AO fig,.
PaspelueHue no yacTtoTe AOMKHO ObITb YCTAHOBNEHO HOPMATUBHBLIM [IOKYMEHTOM [CM. Talkoke pasgen 13,
nepeuncnenue h)).

MNNOTHOCTL BEPOSITHOCTH

0,010
0,009

1
0,008
0,007
0,008

5

0,005 _/\,-“" “L\ /{’
0,004 >
0,003 3
0,002

4 / A
0,001 / A \
0,000 B j kb_

-150 2100 50 0 50 100 150

YckopeHue, s

1 — YUCTO rapMOHUYECKUIA CUrHaN; 2 — rapMOHUYECKUiA M cnyvaiHbiv (CIY — 0,1 leca) CUrHanbl; 3 — rapMOHUYECKWIA M CITyYaliHbIA
(€Y — 1 M2/c3) curanst; 4 — rapmMoHUYECKMiA U criyyaiiHbIA (CMTY — 5 leca) CUrHanbl; 5 — YMCTO ClyyanHbIi cUrHan
(cny — sm2/c3)

PucyHok 4 — MnoTHOCTL BEPOATHOCTYU pacrpeaeneHus rapMoHudeckoro (amnnutyaa 50 m/c2, yactora 120 My)
n cniyyaiHoro (B auana3soHe ot 20 ao 200 Ny) curHanos, a TaKke UX CoueTaHun

5.1.4.1 CouyeTaHue LMPOKOMOMOCHOTO U Y3KOMOMOCHOTO CRy4aiHbLIX cUrHanos B, BLIGMpaIOT TakMMm
06pa3om, 4ToDbI:

- OfHa 13 crneKTpanbHbLIX MMHWA coBnagana c f;, a nepeas cnekTpanbHas NMMHUA Obina pacnonoXxeHa He
Bbiwe 0,51;;

- [OBe cneKTpanbHbie NMHWK onpegensanu ¢opMy cnaga crnekTparibHON NIIOTHOCTA YCKOPEHUS Y3KOMo-
JIOCHOTO curHana.

Ecnu BbllenepeuncneHHbie Tpe603a|-|u;| AaloT ABa pa3HbIX 3Ha4YeHud Be' TO BbIGMPAIOT HAUMEHbLLIEE
13 HUX.

Mpumeyanue—Buibop B, npegnonaraer KOMNPOMUCC MeXay cTpemrieHnem Gornee KauyeCTBEHHO onucatb
cnekTp Bo36yXaeHUs 1 HeoBXxoAMMOCTbLIO 0BecneunTb BLICTPOAeCTBUE CUCTEMBI YNpaBrneHusi. Kpome Toro, ysenuueHmne
CKOPOCTM Ka4yaHUsi 4acToTbl MOXET noTpe6oBaTh 6onee BLICOKOrO pa3peLLeHus Mo YacToTe Ars NoaAepXaHus ynpasneHusi
BO BCEM AuanasoHe YacToT KayaHusl.

5.1.4.2 CouyetaHue rapMOHUYECKOIO U CIy4aiiHOrO CUTHANOB

B, BbIGUpaloT Takum 06pasom, 4To6b! 0OiHa U3 CIEKTPanbHLIX NIMHWIA coBnaganacf,, a nepeas cnekrpans-
Has nuHKUs Gbina pacnonoxeHa He Boiwe 0,5 f,.

KauyaHue yacTtoTbl rapMOHMUYECKOro CurHana, no BO3MOXHOCTU, AOIKHO 6biTb HenpepbiBHbIM. [Ans cuc-
TeM ynpaeneHus, B KOTOPbIX 4acToTa rapMOHUUYECKOTO CUrHasna M3MeHsieTCsl ckaukoobpasHo, B, AOMKHO
cocTaBnATh He 6onee 0,1 % f,q),.

5.2 [Jonycku Ha xapaKTepUCTUKN rapMOHUYeCcKON BUGpauumn

5.2.1 Bubpauus B KOHTPONLHOMN TOUKe

Mpv kayaHWM HacToTbl rApMOHWUYECKO COCTaBISIOLLEN, BOCNPOM3BOAMMON Ha (hoHe criyHalHbiX koneba-
HWIA, AN OLleHKM ee aMnNnuTyabl 06bIYHO UCMONbL3YIOT LndpoBO cneaswuin GunbTp. ITOT PUNLTP NO3BONSIET

9
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oTCceub 3HaUUTENbHYIO YacTb CNyYaliHol cocTaensiolein. OgHako B nobom cnyyae oueHka aMnnuMTyabl 6ynet
coaepXaTb AON0 CAyYaHOro Wyma Ha YacToTax, pacnonoXeHHbIX BONM3n 4acToTbl FapMOHUYECKOTO cUrHana.
Kpome Toro, 4em 6onblue OTHOLWEHWE cnekTparnbHOM MITOTHOCTU YCKOPEHUS CryYaiHOro curHana K nofioBuHe
KBagpaTa amnnuTyabl rapMOHUYECKOro CUrHana (HasbiBaeMoe Taioke OTHOLLEHUEM MOLLHOCTei), TeM 6onbLue
6yaeT 4onA 3Toi cnyYanHon NOrpeLHOCTU. YMEHbLUEHUE NMOSoCchl crieasiuero ounbTpa No3BONUT YMEHbLLUTD
CryYanHyl0 MOrpewHocTb, OAHAaKO 3TO COMNPOBOXAAETCA YBENIMYEeHWEeM 4Yucna OTCYETOB, MO KOTOPbIM
BbINOMHAOT ycpeaHeHue.

Ecnu obpasey o6nagaet ocTpbiM, BbICOKOAOOPOTHLIM PE30HAHCOM, YBENUYEHWE YNCTa OTCYETOB Npu-
BOAMT K 3HAUNTENbHOMY CMELLIEHNIO OLEHKW OTKITUKA.

[onyckn Ha aMNAnTyAy rapMOHUYECKUX COCTaBNSAIOLLNX, EeACTBYIOLMX Ha choHe cryqanHoi BubpaLun,
DOMXKHbI 6bITb BosbLIE, YeM COBOKYMHas MOrpeLlHOCTb, BKIloYatoLwas B cebs criydanHyto NorpeLHocTb, cMe-
LeHne, NorpeLwHOCTb Lieny yNpasneHust i MHCTPYMEeHTarbHYI0 NOrpeLlHOCTb.

Ha pucyHke 5 nokaszaHa pekoMeHayeMas CKOPOCTb Ka4aHWUs1 YacTOThl B 3aBUCMMOCTU OT OTHOLLEHMS MOLL-
HOCTEN B NpeanonoxeHnn BbINONHEHUS CrieyoLmMX YCIOBUIA:

- NpUMeHSIIoT LMcPOoBYLO cneasLuyto hunbTpaLmio C UCNOMNb30BaHNEM UHTETPUPOBaHUS NPON3BeAeHUS
CUrHana B KOHTPOSbHOW TOYKEe Ha rapMOHUYECKUIA CUrHanm;

- MPUMEHSIOT IKCNOHEHUManbHoe yecpeaHeHne Npu oLeHKe aMnnuTyabl curHana;

- ko3 dnumneHT aemndguposaHua obpasua paseH 0,01;

- E, npeactasnseT co6oi COBOKYMHYIO NOrpeLHOCTb CMELLIEHUS U CIYYaiiHON NOrPeLIHOCTU, He YUNTbI-
BatoLe Apyrme NCTOYHUKM NOrpeLlHOCTEN, TakMe Kak NorpellHoCTb Lenu ynpaBneHUa U UHCTpYMeHTanbHas
MOrpeLlHoOCTb;

- COBOKYMNHas NnorpeLlHoCTb BblpaXeHa Yepes cTaHAapTHOe OTKIOHeHUe.

B aTOM crnyyae nonHas norpeLuHocTs E,onpeaenseTcs hopmynon

E,=K\E2, +E? +EZ, ®3)

roe K — koadbduULmMeHT, paBHbIA ABYM (€CNV NOMHas NorpeLHocTb onpeaerieHa Yepes yaBoeHHoe cTaHaapT-
HOe OTKINOHEeHue);
E, — cTaHgapTHOe OTKIOHEHWUE MHCTPYMEeHTalbHOM NorpeLuHocTy;
E,— cTaHaapTHOe OTKMOHeHWe NorpeLllHOCTY CUCTeMbI ynpaBieHus.

CKOpOCTL Ka4aHUs YacToThl, OKTaBa/MUH
10,0

1.0

0.1

0,01

0,001

0,0001

0,00001
0,001 0,01 0,1 1,0
OTHOWeHWe MOLWHOCTel

1 —Eg,=10%;2 —Eg,=5%;3 —Eg,,=2,5%

PucyHok 5 — PekomeHayemas CKOpOCTb kKavyaHusi YaCcTOTbl B 3aBUCUMOCTU OT OTHOLEHUSI MOLLHOCTEN
ANs pasHbIX 3HaveHun E

10
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5.2.2 [lonycku Ha 3Ha4YeHUe YacToThl

MpuMeHsoT cneytoLlme AoMYCKN Ha 3HaYeHNe YacTOThbl FapMOHUYECKOro curHana:

1) Ans curHana c KayaHneMm 4acToTbl:

= 1B ananasoHe ot 51050101,

* 2 % B gnanasoHe Bbile 50 Ny,

2) AnsicurHana Ha cpukenpoBaHHon yacToTe: +2 %.

5.3 CtpaTerus ynpaBneHus

5.3.1 OgHoTouYeU4YHOE UNK MHOroTOUYeYHOE YNpaBneHue

EcnunpeanvcaHo HopMaTUBHBIM JOKYMEHTOM UNU BeISIBIIeHA B Xo4e NpeaBapuTenbHoro obcnegosaHus
HeobXxoaMMOCTb NPOBEAEHUST UCMBbITaHUA C MHOFOTOYEYHBLIM YrpaBreHuem, To AoSkHa 6bITh onpeaeneHa
cTpaTerusi aToro yripaBneHus.

HopmaTUBHBIM AOKYMEHTOM AOMKHO BbITh YCTAHOBMEHO, Kakoe yrpasneHue cregyeT NpUMeHsITb: OOQHO-
ToYeYHOE UM MHoroToueuHoe. Ecnn MHoroToueuHoe, ToO HOpMaTUBHBLIM JOKYMEHTOM A0MKHO ObITh Npeanuca-
HO, MO KaKOMY CUrHary OCyLLIeCTBISAIOT yNpaBfieHne: curHasy, ycpeaHeHHOMY Mo NpoBepOYHbIM TOUKaM, UM no
curHany B HeKOoTopou BbIGpaHHoW Touke (Hanpumep, Toi, rae Bubpauuns MakcuMmanbsHa).

MprvmedaHwne—Ecnu ynpaeneHue no o0gHONM TOUKE HEBO3MOXHO, TO UCMOMb3YIOT MHOFOTOYEYHOE Yrpaene-
HVe, onpeaenve cnocob NonyyYeHust curHana ynpasrneHus — no CpegHeMY Unu No SKCTPEManbHOMY 3HAYEHUIO B MPOBE-
POYHbIX TOYKax. B niobom cnyyae KoHTponbHas Touka byaeT BoobpaxxaeMoi. Mcnonb3yeMbiii MeToq ynpaeneHusi 4OrmkKeH
6bITb OTPaXKEH B MPOTOKOIE UCMbITaHWIA.

Hwxe onvcaHbl BO3MOXHbIE CTpaTermn ynpasreHust.

5.3.1.1 YnpaBneHue no cpegHemMy 3Ha4YeHno

B naHHom criocobe ynpaBneHusi curHan ynpasneHus onpeaensioT no curHanam B kaxao NpoBepoyHon
Touke, hopMNPYs ero NOcpeacTBOM apndMeTUYECcKOro yecpeaHEeHUs Ha KakaoW YaCcTOTHOW COCTaBMAOLWEN.
Mocne 4ero cpaBHUBAKOT aMMUTYAbl BCEX YaCTOTHBIX COCTaBISAIOWMUX CUrHaNa ynpasneHusa u 3agawowero
curHana.

5.3.1.2 YnpaBneHue no cpegHeMy sHaUYEHUIO C KoppeKuuen

3HayeHue amnnnTyabl a, Kax/a0n YaCTOTHON COCTaBSAIOLEeNA CUrHana ynpasneHna nofy4valoT ycpeaHe-
HUeM No aMNNTYAaM &y, ..., &, COOTBETCTBYIOLIMX YaCTOTHBIX COCTABMSIIOLIMX CUTHANOB B NPOBEPOYHbIX TOY-
Kax ¢ UCronb3oBaHMeM BeCOBbIX KOODULIMEHTOB W,,..., W,

a =(aw, +...+taw)w, +. .. +w,). 4)

Takas cTpaTterus ynpasneHus npeanonaraeT BO3SMOXHOCTb BHECEHUS cCUrHanaMm B pasHbiX MpoBepoY-
HbIX TOYKaX pasHbIX AOMEN B CUrHan ynpaBreHns Ha Kakaom YacrtorTe.

5.3.1.3 ¥YnpaBneHue no akcTpemMarnbHOMY 3Ha4YeHWIO

B AaHHoM cnocobe curHan ynpasneHusi BbIMUCAAOT NO 3KCTPeManbHbIM 3HaYeHUAM napaMeTpa ynpas-
MeHWA Ha KaxOgoW YacToTe B KaXKAoW NMpoBepoYHON Touke. Takaa cTpaTerust no3BonsAeT NoCTPoOUTb cUrHan
ynpasreHna B YacTOTHOM 0BnacTu kak orubaroLLyo NO CNeKTpam CUrHasioB B NPOBEPOYHBIX TOUKaX, HaHeCeH-
HbIX Ha 04WH rpaduk (ynpasneHue No MakcumarnbHOMY 3HaYEHWUIO), UMK Kak HYWXKHWUIA Npeaen 3TUX CUrHarnoB Ha
Kaxkgol YacToTe (YnpaBneHue no MUHUMansHOMY 3Ha4YeHUIo0).

5.4 OnpepgeneHue YaCTOTHOW XapaKTepUCTUKU

WccnegosaHust YacToTHOW XapakTepucTuki obpasia NpoBoasAT BO BCeM AnanasoHe 4acToT UCNbiTaHuiA
norOCT 30630.1.1.

6 CTeneHb XeCTKOCTH YCNOBMIA UCNbITaHUI

CTeneHb XeCcTKOCTW YCNOBMUI UCTIbITAHUI onpeaenaeTcsl coueTaHUeM crieyoWwmnx napameTpoB:

- AnanasoH 4YacToT UCMbITaHUIA;

- 3Hau4eHWs CrMeKTPanbHOoM MITOTHOCTM YCKOPEHUS LUIMPOKOMOOCHOK BUBpauun;

- hbopma KpUBOI CNeKTpanbHOM NIIOTHOCTU YCKOPEHUs! LUMPOKOMNOMNOCHOM BUGpauuu;

- OAnanasoHbl YacTOT Y3KOMOMOCHOM cryYaHon Bubpauuu;

- rapmoHnYecKkue coctaBnsoLme Bubpaumn;

- CKOPOCTb Ka4yaHWs 4YacToThl;

- ONUTenbHOCTb BO3AeNCTBUS BUBpaLnn.

YkazaHHble napamMeTpbl JOMKHbI ObITh onpeAeneHbl COOTBETCTBYIOWUM HOPMAaTUBHBIM AOKYMEHTOM
OOHWM 13 crieaytoLmx crocobos:

- BblI6OPOM M3 3HAYEHWIA, NpUBEAEHHbIX B 6.1—6.3;

11
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- UCXO[S U3 N3BECTHBIX YCIOBUIA 3KCMyaTaLnmn U3aenus, eCni OHU JatoT CYLLUECTBEHHO UHble 3HaYeHUs
napameTpoB.

MpumeyaHune—Ipu onpegeneHnn ypoBHEN Cny4YanHON Unv rapMOHWYECcKon BUBpauum No 3anucsam peans-
HbIx HabnogeHnn cnepyet obpallare BHUMaHWE Ha TO, YTO UCMONb3yeMble METOAbI CKaTUsi JaHHbIX MOFMU CYLWECTBEHHO
MCKa3UTb aMNIUTYAHbIE COOTHOLWEHUS! CUrHaNOB.

6.1 LUupokononocHas cnyvaitHasi BUGpauus

6.1.1 Ouana3oH 4acToT UCNbITaHUA

"paHW4HbIe 3HavYeHNs guanasoHa YacToT UCTIBITaHWIA, KOTopble AOIPKHBI ObITh onNpeaeneHbl HOpMaTUB-
HbIM JOKYMEHTOM, pekoMeHayeTcs BbibupaThb U3 psaaa ... 1;2; 5; 10; 20; 50 ... 3HayeHne HKHeN rpaHnLbl f; He
AOMKHO BbITb MeHee 1L, a 3HaYeHWe BepxHei rpaHuLibl f, He AoMKHO GbITb 6onee 5000 My,

6.1.2 CnekTpanbHas NNOTHOCTb YCKOPEHUSA LUMPOKONONOCHOM cnyYyahHoW BUGpaLumn

3HayeHve cnieKTpanbHO NMOTHOCTY YCKOpeHUs B AnanasoHe mexay f;, 1 f, (cM. pucyHok 1) B (M/c?)?/Ty,
BblOupatoT n3 psga ... 1; 2; 5; 10... MuHumansHoe 3HavyeHne — 0,01, makcumansHoe — 100.

MpwnmeyaHwn e — Ecnv cnektpanbHyo NIOTHOCTb YCKOPEHWS BbIPAXatoT Yepes eAnHULY YCKopeHus cBoGogHo-
ro nageHus g,, To ANA Lenen HacTosAwWwero cranaaprta npuiumaiot g, = 10 m/c2.

6.1.3 dopMa KpuBOM cCNeKTpanLHOM NIIOTHOCTU YCKOpPEeHUs

Ons HacTosiWwero UcnbliTaHUa hopmMa KpUBOWM CrieKTpanbHOW NNOTHOCTY YCKOPEHUS onpeaeneHa B Buae
yyacTKa C NNoCcKon BepLUMHOM (CM. pucyHok 1). B ocobbix cnydyasx gonyckaeTcs, 4Tobbl pyHKLMA cnekTpanbHOM
NNOTHOCTN YCKOPEHUA MMena nHon Bua. Mpu aToM BUA AaHHON pyHKUMN AOIKeH BbiTb onpeaeneH B HOpMaTUB-
HOM fJokymeHTe. Ecnv AnanasoH 4yacToT UcnbiTaHuin pa3buT Ha nogananasoHbl, B KaXKA0M U3 KOTOPbIX CNEeKT-
panbHyt0 MAOTHOCTb YCKOpPeHWsl 3adaloT B BuAe MOCTOSIHHOrO 3HayeHusl, TO rpaHuubl NoaananasoHoBs U
3HaYeHWs1 CNeKTparibHON NIIOTHOCTN yCKOpeHUs cneayeT BbibupaTh U3 3Ha4YeHWiA, NpuBeAeHHbIXB6.1.116.1.2.
B cooTBeTCTBYIOLEM HOPMATUBHOM JOKYMEHTe AOSKHbI ObITh Takke onpeaeneHsbl BUAbl KpUBLIX Ha rpaduke
cnekTpanbHOW MNMOTHOCTU YCKOPEHWUS, COeAVHSIOLMX MOCTOSIHHbIE YPOBHW 3TOW byHKUMUM B cOCeaHUX
nogananasoHax.

6.1.4 OnuTenbHOCTb BO3A4eACTBUS BUGpaLu (BpeMs BbioepxkKKu)

JnuTenbHOCTb BO3AENCTBNS BUBpauuun, B MUHYTax (4acax niv gHsx), Kotopas AoMmKHa ObiTb yCTaHOBe-
Ha HOpMaTUBHBLIM JOKYMEHTOM, pekomeHayeTcsi BblbupaTtb U3 psaa ... 1; 2; 5; 10... ¢ gonycTUMon norpeLu-
HocTblo + 5 %.

6.2 Y3kononocHas cnyvyaiHasa Bu6paumsa

B HopmaTMBHOM AOKYMeHTe A0MKHO BbITh onpeaeneHo YMCro Noroc cryvaiHon Bubpauun, fobasnse-
MO kK (POHOBO LUMPOKONONOCHOM BUBpaLnn.

Ans kaxxgoi nonocel He06Xo0AMMO YCTaHOBNUTL crieaytoLlee:

a) LWKUpUWHY nonockl (oHa AomkHa 6biTb He MeHee 0,5 % 1 He Bonee 10 % gnanasoHa 4acToT LWMPOKOMNOo-
NOCHO cny4aiHoin Bnbpaumn). HUXKHAS rpaHuLa nonockl 4acToT He AoSKHA NeXaTb Hke YABOEHHOro paspe-
LLEeHWS No YacToTe;

b) HWKHIO N BEPXHIO rpaHuULbl LIMKNA KavaHUsi 4acToThl;

C) CKOPOCTb KayaHus B oKTaBa/MUH unu Mu/c unum BpeMs NpoxoxaeHuUs oaHoro LMKa KayaHus;

d) uncrno UMKIOB KavYaHWUst UM ANUTENbLHOCTL BO3AENACTBUSA Y3KONONOCHOW BUBpaLnu;

€) 3aKOH U3MEHEHUS YacTOThl: IMHEMHBIN UK NorapndgMmuye cKUii;

f) HauvanbHoe HanpaBneHue N3MeHeHUs YacToThl (B CTOPOHY BO3pacTaHus Unu yobiBaHus);

g) 3HayeHwue crieKkTpanbHOWM MNIIOTHOCTU YCKOPEHWS B pedenax nornockl;

h) crpaternio (SUM unu MAX), ucnonbayemyto npu Belbope 3Ha4eHUA cnekTpanbHOoi NIOTHOCTM YCKO-
PEHUS Y3KOMOMOCHON BUBpaLMM Npu ee coveTaHUM C LUMPOKONONOCHO BUGpaLmei.

6.3 MapmoHuueckasa BUGpauus

HopMaTvBHBIM 4OKYMEHTOM A0MKHO OblTh YCTAHOBMEHO YMCNO raPMOHNYECKUX COCTaBNSIIOLINX, KOTO-
pble AOMKHbI BbITb BO36YXAeHbl Ha (hoHe LUMPOKOMONOCHOW cryYaiHoi Bubpauun. [ns 3TuxX rapMoHNYecKmx
COCTaBMsIIOLLMX A0MMKHO BbITh ONpeaeneHo cneaywoulee:

a) ABMSOTCHA N UX YACTOThl KpaTHBIMUW APYT APYTY UM HET U KakoBbl (ha3oBble COOTHOLLEHUS MeXay
HUMMU.

[MpnmedaHu e — PazoBble COOTHOLWEHMS ONPeaensioT ANA 3a4atoLWero curHana, 1 OHM MOryT OTNMYaTbesi OT
ha30BbIX COOTHOLEHWI B CUrHane ycKOpeHUsl 13-3a UCKaXeHUi, BHOCUMbIX NepedaToqHbIMU yHKUMSIMK BUBpOCTeHAa,
YCTPONCTBA KpenneHusi u camoro obpasua;

b) HVKHSAA M BEPXHASA rPpaHULbl LKA Ka4aHWs 4acToThl;
C) CKOPOCTb KavaHWs B oKTaBa/MUH UK L/C UM BpeMs NPOXOXOEeHNA 0OHOTC LKA,

12



rocCT P 53189—2008

M pwumeyaHn e — PekoMmeHgyeTcs BoiOUpaTh CKOPOCTL Ka4aHWA Kak MOXHO MEHbLUEW COrnacHo 5.2.1 n pucyH-
Ky 5. Mpu BLICOKOM CKOPOCTU Ka4aHUsi MOXET HabnioaaTbCs yxyalweHne TOHHOCTU YNPaBNEHNS UCMbITAHNEM;

d) HavanbHoe HanpaBfieHWe U3MEeHEHNSA YacTOThl (B CTOPOHY BO3pacTaHWUA Unn ybuiBaHus), a Taloke Bpe-
Ms1 Ha4ana 1 OKOH4YaHUs BO3AEACTBUA Kakaon CoCTaBNAoLWen;

€) 3aBMCUMOCTb U3MEHEHUs1 aMNANTYAbl KXKA0N COCTaBNAIOWEN OT 4acToThl;

f) uncno uMKNoB KaYaHUA NN ANUTENBLHOCTL BO3ASUCTBUSA KXKA0W rapMOHUYECKON COCTaBMAIOLLIEN;

g) 3aKOH U3MEHEHUS1 YacTOoThl: NIMHENHBIA UNKU NorapudmMUIecKkuit;

h) 3HaueHus yacToT Npu Bo3GY>XAEHUN rapMoHUYeckon Bubpauunein Ha PUKCUPOBaHHBIX YacToTax;

i) aMnNAUTYabl COCTaBMAAIOLWMX HA (PUKCUPOBAHHBIX YacTOTax.

Ecnu kayaHue YyacToTbl He UCNOMbL3YIOT, NapameTphl, ykazaHHble B NepeyvncreHusix b), c), d), f) u g), He
onpeaensioT. B HopmaTBHOM AOKYMEHTE AOMKHO BbITb YKasaHo, Kakoi MeTo Bo3byaeHUs1 rapMOHUYECKON
BUGpaLneit NpUMEHSIIOT.

7 HavanbHasa ctabunusauun

HeobxoamMMocTb HavanbHoi cTabunusaunn 06pa3|.|,a B yCNnoBuax BM6paLI,I/IOHHOFO BO36y>KIJ,eHI/Iﬂ nycno-
BUA 3TOIO BO36y)KAeHVI$I OOIKHBI 6bITb onpeaeneHbl COOTBETCTBYHOWNM HOPMaTUBHBLIM JIOKYMEHTOM.

8 HavanbHble nsmepeHus

06pa3eL|.p.on>KeH 6bITb noaBeprHyT BU3yanbHOMY OCMOTPY, KOHTPONIO pa3MepoB U NMPOBepKe aKkecnnyaTa-
LNOHHBIX CBOUCTB, KaK NpeanMcaHo COoOoTBETCTBYHOWMM HOPMAaTUBHBIM AOKYMEHTOM.

9 lNpoBeaeHve UcnbITaHUA

9.1 O6Wwme NnonoxeHun

WcnbiTaHnsa npoBoasiT B nocneaosaTebHOCTU, YCTaHOBAEHHOW HOPMATUBHBLIM JOKYMEHTOM U BKoYalo-
Wwew B cebsa aTanbl:

- HauvanbHoe nccnegosaHue (MPU HeOOXOAMMOCTM) YacTOTHOW XapakTepucTukn obpasua;
BO30yxaeHune BubpaL et HU3Koro ypoBHA ANs BbINONHEHWUs1 TpebyeMbIX HacTpoek;

BbIAEPXKKY B YCTAHOBMNEHHBIX pexumax Bo36yxaeHus BuGpauuu;

- 3aKnvMTeNbHOE UccneaoBaHme (NpyM He0bX0AMMOCTH) YHacTOTHOM XapakTepucTuku obpasua.

Ecnv HopMaTUBHBLIM JOKYMEHTOM He YCTaHOBMEHO UHoe, To 06pasel Bo36y)xaatoT No ouepeam B KaXKaom
13 NpeanoYTUTENbHBIX HanpaBneHnii BosgencTaums Bubpaumu. MNopaaok Bbibopa HanpaeneHus Bo3byxaeHus,
€CNN TOMbKO 3T0 He 0BycrnoBneHo cneLnanbHo HOpMaTUBHBIM AOKYMEHTOM, 3HaYeHuA He umeeT. Ecnn obpa-
3eL, UCMbITLIBAKOT B MOMOXEHUN, XapaKTEpHOM A5t YCNOBUIA ero akcniyataumm, To AoSkeH 6biTb ycTaHOBMEH
cnocob ycTaHoBKM 0bpasiia B AaHHOE NonoXeHue.

CuvrHan ynpaeneHust AommkeH GblTb MONYy4YeH NO N3MEpPeHUsM B O4HOW NPOBEPOYHON ToUKe NPU 0AHOTO-
YeYHOM YrpaBneHUn UK B HECKOTBKNX NPOBEPOYHEIX TOUKaX MPY MHOFOTOUYEHYHOM YNpaBneHUu.

B nocnegHem crny4ae HopMaTWUBHBIM AOKYMEHTOM A0KEH BbITh yCTaHOBIEH OAWUH U3 cneayoLnX Cnoco-
608 ynpaBsneHus:

- Mo cpegHemy 3HauyeHuHo;

- Mo cpefHeMy 3Ha4YeHU o ¢ KoppeKLnen;

- M0 MakcumarnbHOMY U MUHUManbHOMY 3Ha4YeHUIo.

Mpu nto6om cnocobe ynpaBneHNs KOHTPObHANA ToYKa ABNAeTCA BoobpakaeMon.

Ecnun usgenue, npegHasHavyeHHoe 4715 3KCnyaTaunm ¢ BUGponsonaTopamm, OMKHO ObITb UCMBITAHO
6e3 HKX, TO A4Ns 9TOro COOTBETCTBYOLLMM 06pa3oM N3MEHSAIOT CTENEHb XKXECTKOCTMW YCIOBUIA UCNbITaHWA. B HOp-
MaTMBHOM JOKYMEHTE MOXeT ObITb yKasaHo, kakMm 06pa3oM crieqyeT N3MeHUTb CTeNeHb )KeCTKOCTU YCIOBUIA
NCnbITaHWIA, NPOBOAUMbIX 6e3 BMOPON30NATOPOB.

9.2 HavyanbHoe uccnegoBaHue YacTOTHOM XapaKTepUCTUKU obpa3sLa

Ecnun npeanvcaHo HopMaTUBHBIM 4OKYMEHTOM, NPOBOAAT UCCreaoBaHNE YacTOTHOW XapaKTepucTuku,
no KpalHei Mepe, B 04HOM ToUKe obpasLa. Yncno Todek, AN KOTOpbIX cregyeT onpeaensTs YaCTOTHYIO Xapak-
TEPUCTUKY, OMKHO BbITb yka3aHO B HOPMaTUBHOM JOKYMEHTE.

WccnenoBaHne YacTOTHOM XapaKTepUCTUKM MOXET BbITb BbINONHEHO BO36YXaeHeM obpasLia rapMoHU-
YecKoW Unu criy4danHoin Bubpaument B gnanasoHe 4actoT ncneitanmin B cooteetcteum ¢ FTOCT 30630.1.1. Ypo-
BeHb BO36YXAeHUA AomkeH 6bITb onpegesieH B HOpMaTUBHOM JOKYMEHTe.
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YpoBeHb BUbpauuu npy nccnegoBaHUM YacTOTHOWM XapaKTepuUcTUKU BbibupatoT Takum o6pasom, UTtobbl
oTKNUK obpasLa 6bin 6onee cnabbiM, YeM Npu BO3AEACTBUN BUOpaLIMM B OCHOBHOM PEXUME UCTbITAHWUA, HO
[OCTaTOUHBLIM A5 06HAPYKEHMUS KPUTUYECKUX YaCTOT.

EcnuuccnegoeaHus NpoBoasT, BO3byKaas rapMOHUYECcKyo BUDpaLIMIo, TO CKOPOCTb U3MEHEHUSI YacTo-
Tbl HE AOIDKHA NpeBbilaTb OOHOW OKTaBbl B MUHYTY. [ns 6onee ToyHoro onpeaeneHust GopMbl YacTOTHOM
XapaKTepUCTUKN CKOPOCTb KauaHust MOXET BbITb yMeHblueHa. CriegyeT nsberats He060CHOBAHHO ANUTENLHO-
ro Bo3byxaeHust Bubpaunein Ha oAHOK YacToTe.

Mpu nccnegoBaHuu ¢ BO36yxaeHMeM cnyyaiHoi Bubpaumer cnegyeTt UMeTb B BUAY, YTO BpeMsl BO30YX-
OeHNs1 0MKHO ObITb OCTATOYHBIM A1 MUHUMU3aL UM CryYailHbIX BapyaLuii 0TKNMKa. PaspelueHue no YyacTto-
Te [OMKHO OblTb [OCTaTOMHLIM AM1S1 YAOBMETBOPUTENLHOTO ONUCaHUSA (OpMbl PE30HAHCHOTO MuKa.
PekomeHayeTcsl, 4TOObI Ha LIMPUHY NUKa Ha ypoBHE MUHYC 3 B Nnpuxoaunock He MeHee NSATU cnekTpasbHbIX
TINHWIA.

HopmaTuBHBLIM JOKYMEHTOM MOXET ObITb ycTaHOBMeHo TpeboBaHue, YTOObI BO BpeMs UCCIeA0BaHUsA
4acTOTHOW xapakTepucTuku obpasel, yHKLUMOHUPOBaAnN B 3adaHHOM pexume. Ecnu dyHKuMoHMpoBaHue
obpasua npensaTcTBYeT onpeaerieHNIo XxapakTepucTMk BUbpauun, To NpOBOAST AOMONHUTESbHBIE UccreoBa-
HWUA YaCTOTHOWM XapaKTepuCcTUKK Npu HepaboTatoweM obpasue. B pesynsTate nccneqoBaHusa A0SPKHBI ObITh
onpepaeneHbl M oTpaxkeHbl B NPOTOKOMEe UCTbITaHWIA BCe KpUTUYeckue 4acToThl aHHOro 0bpasua.

9.3 Bo36yxpaeHue BuOpaLuuen HU3KOro ypoBHSA

[lo npoBeaeHMs UCTbITaHUIA B OCHOBHOM peXXMMe MoXeT NoTpeboBaTbes Bo3byxaeHue obpasua cnyyait-
HoW BUBpauuen 6onee HA3KOrO YPOBHSA ANs NpeABapuTENIbHOro aHanMaa u koppekuuu curHana. Ha stom atane
BaXKHO NOAAEPXKMBaTb CNeKTpasibHyo NAIOTHOCTb YCKOPEHWUsSl Ha MUHUMAarIbHOM YPOBHE.

[OnuTenbHOCTb NpeaBapuTenbHOro BO3byXaeHUs crny4yaitHoi Bubpaumein MoxeT 6biTb Creayrowen:

- Npu cpeaHeKkBaapaTU4HOM 3HAYEHUN yckopeHusl Ha 12 AB Hwke ycTaHoBNEHHOro: 6e3 orpaHuyeHus
BpEMEHU;

- Npu1 cpegHeKBaapaTUYHOM 3HauYeHUM yckopeHus Ha 6—12 ab Huxke ycTaHoBNEHHOro: He Gonee Yem B
1,5 pa3sa BblLLie YCTaHOBNEHHOr0 BpeMEHU BbIAEPXKKA NPU OCHOBHOM PEXUME UCNIbITAaHWUIA;

- Mpu cpeaHeKBaapaTUYHOM 3HavyeHWUM yckopeHust Ha 0—6 ab HWXKe ycTaHOBNEHHOro: He 6onee yem
10 % ycTaHOBNEHHOro BpEMEHU BblAePXKKU MPU OCHOBHOM pPesXUMe UCNbITaHUA.

OnuTensHocTb NpeaBapuTenibHOro Bo3byxaeHus cnyyainHon subpaumnent He cnegyeT BbIYUTaTbL U3 yCTa-
HOBMEHHON ANUTEeNbHOCTU BO3AENCTBUS BUOpaLmen Npy OCHOBHOM PEXUME UCTIbITaHUIA.

9.4 BblaepXkKa B OCHOBHOM peXxuMe BO3aeUCcTBUA

9.4.1 O6wue NONOXEeHUA

MHorga B pearnbHbIX YCOBUSIX 3KCMnyaTauum usgenue noasepkeHo Bo3fenCcTBUI0 KBasunepuoanieckon
BMGBpaumMn, oBycrioBNeHHOW paboToW MaluuH, y3rbl KOTOPLIX (MOnaTtky poTopa, LecTepHU, Nponennepsbl,
MOPLUHL 1 T. [1.) COBEPLUAOT BO3BpaTHO-NOCTynaTenbHoe Uny BpallarensHoe AuxeHue. Ecnv Takas opma
BO34EWCTBUS SBNSETCA AOMUHUPYIOLLEN, TO ee XapakTepusyeT LUMPOKOMNonocHas criydaHas Bubpauums c
HanoXeH1eM y3KONosocHoO BUBpaumn Unm rapmoHudeckmx konebaHnin 6onee BbICOKOro YpOBHSI.

9.4.2 Bo36yxpaeHue y3KONONOCHOM U LULUPOKOMNONOCHOU cny4yaiHon Bu6pauuein (RoR)

Bo36yxaeHue obpasua ocylecTeNsaoT (GOHOBON LLMPOKOMOSIOCHON BUOpaLmelt ¢ HanoXeHWeM Ha Hee
OOHOTO UM HECKOIBKMX Y3KOMOMOCHBIX CRyYaiHbIX KonebaHui ¢ kadyaHueM cpeHereoMeTpUIEeCKMX YacToT.

CTeneHb XeCcTKOCTU YCNOBUIA UCNBITaHWIA B JAHHOM peXume onpeAensioT napameTpaMn, yCTaHOBMEH-
HIMM B 6.116.2.

B HekoTopbIX criyqasx Bo3GyxaeHue ocyllecTBNsoT 6e3 kayaHus yacToT. Toraa UCnbITaHUsl 4aHHOTO
BMAa Mano oTnuyareTca oT ucnbitTaHuia no FOCT 30630.1.9. Heob6xoaMMocTb MCNONb30BaHNA Ka4aHUs YacTo-
Thl AOSKHA ObITb YKasaHa B HOpMaTUBHOM JOKYMEHTe.

9.4.3 Bo36yxpaeHue rapMoHU4YeCKOM U LLIMPOKONOMNOCHOW cryyaiHon Bu6pauuein (SoR)

Bos6yxaeHue obpasua ocyLecTBASAIOT LUIMPOKOMOMOCHOW CriydaiiHoin BuBpaunein ¢ HanoxeHneM Ha Hee
0QHOrO UMW HECKOMbKMUX FApMOHUYECKUX KonebaHuii C kKayaHUeM X 4acToT.

CrTeneHb XeCcTKOCTU YCNOBUIA UCMNbITaHWI B JAaHHOM PEXUMe onpeaenaoT napametTpamMn, yCTaHOBMEH-
HIMUB6.116.3.

B HeKkoTOpbIX cry4aax Bo3GyxaeHue ocyLlecTBSIOT 6e3 kayaHusa YacToT. Toraa napameTpbl, ykasaHHble
B NepeuncrneHusix b), c), d), f) ug) nogpasnena 6.3, He onpegensaoT. HeobXO0AMMOCTL UCNONBL3OBAHNA Ka4aHUA
YacTOoThl AOMKHA ObITb YKa3aHa B HOPMaTUBHOM AOKYMEHTE.

9.4.4 Bo36yxaeHue rapMOHU4YECKOW, y3KONMONOCHOW Cy4anHOW U LLMPOKONONOCHON CRyvYalHon
Bu6pauueit (SoRoR)

Bos6yxaeHue obpasua B JaHHOM pexume npeactaBnset cobon kombuHaumo yenosuin no 9.4.21 9.4.3.
AeTanbHo cnoco6 Bo3byxaeHna aomkeH 6biTb onpeaeneH COOTBETCTBYIOWUM HOPMaTUBHBLIM AOKYMEHTOM.
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9.5 3aknouuTenbHOE UCCNefoBaHMe YacTOTHOM XapakTepuUcTUKku o6pasya

Ecnn HOpMaTUBHBIM [OKYMEHTOM MNpeanucaHo NpoBefeHue HavanbHOro UccneaoBaHWUss YacTOTHOW
XapaKTepucTukM obpasua, B HeM MoXeT OblTb Takke YCTaHOBNeHo TpebGoBaHne NpoBOAUTb aHarorMyHble
nccneaoBaHusl U Nocre 3aBepLUeHUs UCTIbITAHUIA B OCHOBHOM peXume AN1s1 CONOCTaBNeHUs ¢ peaynbTatamm
HavanbHOro UccneaoBaHUA U BISIBNEHUS BO3MOXHLIX MU3MEHEHUWI U noBpexaeHuin obpasua. 3akniouuTensHoe
uccneaoBaHWe YacTOTHOW XapaKTepUCTUKM NPOBOAT TOYHO TaKKe, B TEX KE TOYKaX U C TeMu Xe napaMeTpaMmu
BO36Y>/AeHus, UTO U HavanbHoe. [leiMcTBUA, KOTopble HeobXoAUMO NpPeAnPUHATL NPU BLIABNEHUU pacxoxae-
HUS pe3ybTaToB HAYarbHOTO U 3aKMHYUTENBHOTO UCCNeA0BaHMM, AOIDKHBI ObITb ONpeaeneHbl COOTBETCTBYHO-
LM HOPMATUBHBLIM JOKYMEHTOM.

10 MpoMeXyTOoUHbIe N3MepPeHNA
Ecnn HopMaTUBHBIM JOKYMEHTOM YCTaHOBMEeHOo, 4To obpasel, AoSKeH (hyHKUMOHUPOBaTL BO BpeMsi
VICI'IbITaHI/IIZ, TO 3TUM Xe OOKYMEHTOM MOXeT ObITb yCTaHOBIIEeHa HeO6XO,lJ,I/IMOCTb BbIMOJTHEHNA |/|3|V|epeH|/||7|

paboumnx xapakrepucTuk o6pastia Bo BpeMsi ero (pyHKLMOHNPOBaHUS.

11 KoHeuHas cTabunusauus
HopMaTuBHBIM 4OKYMEHTOM MoeT BbITb yCTaHOBNEeHa HeobXoAMMOCTb AaTb 06pasLy HeKoTopoe Bpems

Ha BOCCTaHOBMNEHWE €ro XapaKTepuUCTUK (Hanpumep, TemnepaTypHbIX) MOCE UCMBITaHUIA, NPeXae YeM NpoBso-
AWTb 3aKNHOUUTENbHbIE M3MEpPEeHMs.

12 3aknounTenbHbIe N3MEpPEHUs

O6pas3eL, aonkeH 6bITb NOABEPTrHYT BU3yarlbHOMY OCMOTPY, KOHTPOSIH0 Pa3MepOB 1 MPOBEPKeE 3KCMyaTa-
LIMOHHBIX CBOWCTB cornacHo TpeboBaHnsIM COOTBETCTBYIOLLErO HOPMATUBHOIO AOKYMEHTa.

B TOM e AOKYMeHTe AOKHbI BbITb YCTaHOBMEHbI KPUTEPUN NPUEMKN UM 0TGpakoBkM o6pasLia.

13 CseaeHusi, NpMBOAUMbIE B COOTBETCTBYHOLLEM HOPMAaTUBHOM AOKYMEHTe

Paspgen nnu
noapasgen
HacTosILWero
cTaHgapTa

a) Bocnpoussoaumoe apuxeHue® 43

b) Touku kpenneHuns obpasua* 4.3

c) MNonepeyHan sBubpaums 4.4

d) YcraHoska obpasua* 45

e) Jonycku 51n5.2

f) Muk-bakTop (YpoBeHb oTCeUKkn 3aaroLero curHana)* 5.1.2

g) Cratuctnyeckas TOMHOCTb 513

h) Pa3speweHune no yactote 514

i) Auana3oH 4acToT ucnbiTaHniA* 6.1.1

j) CnexTpanbHasa NOTHOCTb YCKOPEHUS LUMPOKONOMOCHOMU criy4aiHon BuGpauum® 6.1.2

k) ®opma KpUBOWN CNeKTpanbHOW NMOTHOCTU YCKOPEHNa™ 6.1.3

1) AnuTenbHOCTL BO3AeCTBUA BUBpaLum® 6.1.4

m) YskononocHas cnyvaiHas Bubpaums 6.2

n) MapmoHuyeckan BUGpaumMsa U CKOPOCTb KavyaHUA YacToTbl 6.3

o) lNpeasapuTtenbHas BbliAepKKa 7

p) HavanbHble nsmepeHus* 8

q) MHoroToyeuHoe ynpasneHue 9.1

r) HanpaeneHusa Bo3aencTeus Bubpauum 9.1

s) HavanbHoe 1 3akniounUTensHOE UccneaoBaHUs YacTOTHON XapakTepUCTUKK 92195

t) Bolgepxka U KOHTPONb PYHKUMOHUPOBAHUA 9.4

u) MpomexyTouHble nsmepeHns 10

v) BoccraHoBneHne 11

w) 3akniountenbHble UsmepeHnsT™ 12
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14 CBeaeHus, NpMBOAUMbIE B NPOTOKOME UCTNbITAaHUKA

B npoToKone UCMbITaHWA JOMKHbI 6bITh npueeneHbl, Kak MUHUMYM, Ccrieaylolune ceeaeHuna:

1) 3akas4uk

2) UcnbiTaTenbHas nabopartopus

3) UpeHtncunkaumoHHble gaHHbIe oTyeTa
4) [aHHble ucnbiTaHuin

5) Tvn ucnbiTaHui

6) Llenb ucnbitaHuin

7) CraHpapT Ha ucnbiTaHnA

8) OnucaHue obpasua

9) YcraHoBka obpasua

10)
11)
12)
13)
14)

15)
16)
17)
18)
19)
20)
21)

16

XapakrepucTuk BUOGPaLIMOHHON YCTaHOBKM

M3meputenbHasa cuctema, pacnonoxeHne AaTiUMKoB

UHcTpyMeHTanbHas norpewHocTb
CTtpaterns ynpasneHus

HavanbHble, MPOMEXYyTO4YHbIe, 3aKnivnTesibHble U3-

MepeHus

Tpebyemasi cTeneHb KeCTKOCTU YCNOBUIN UCNIbITaHUIA
PeanbHas cTeneHb XXeCcTKOCTU YCMOBUA UCTIbITAHUIA

PesynbTathl UCMbITAHUA

HabnogeHus U geicTBUS BO BPEMS UCTLITAHWUIA
Pestome

Ilnuo, nposoauBLLIEe UCMbITAHUA

KoMy HanpaBnsioT peaynbTaTthl UCTbITaHWA

(HammeHoBaHMWe opraHusauuu, agpec)
(HanmeHoBaHue, agpec)
(naTa cocTtaBneHus, Homep)

(SoR, RoR, SoRoR)

(moBoAOYHbIE UCMIbLITAHUSA, NPUEMKa U T. 4.)
(CoOTBETCTBYIOLLUMIA METOA UCNBITAHUN)
(Mopenb, Homep, YepTex, hoTo, NapaMmeTpbl)
(Bua kpennexus, YepTtex, poTon T. A4.)
(nonepeyHas Bubpauua 1 ap.)

(onucaHue, yepTtex, boTo U T. A4.)
(pesynbTaThbl NOBEPOK, AaTbl NOBEPOK)
(MHOroTO4eUHbIN KOHTPOosb, SUM/MAX)

(NO TeXHUYECKUM YCIIOBUSIM Ha UCTIbITAHWSA)
(ToYKM nsMepeHns, cteneHn csoboabl, CNeKTpbl)
(cocTosiHWe obpasua)

(MHUUMan.l, dpamunua, noanuck)
(CnuUcok nuL, NonyYaroLWwmnx NpoToKon
NCMbITaHUA)

Mpunmedanune— EcnupeaynbTaTbl UCMbITAHWIA AOMXHBI GbITh 3aOMKCUPOBaHLI, HANPUMEP, B XPOHONOTNYeC-
KOM MOpsiAKe C ykazaHMeM napameTpoB UCTbITaHUA, HabniogeHUit, BbINOITHEHHbBIX BO BPEMSI UCTIbITAHWNA, NPeAnpUHATLIX
AeNCTBUI 1 NpUBEAeHNeM TabnuL M3MepeHuii, TO B 3TNX CryyasiX, Kak NpaBwiio, BeAyT XKypHan ucnsitanui. XKypHan ucnsi-
TaHUi MOXeT GbiTb MPUMOXEH K NPOTOKOMY UCTbITaHWA.
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MpunoxeHve A
(cnpaBo4HoOe)

O6wue cBegeHUA 06 UCNbITaHUAX C cOYeTaHUEM pa3HbIX BUAOB
BMOpaLUOHHbIX BO3AeACTBUN

A.1 O6Lwue nonoxeHus

MeToAbl UCMbITaHWI Ha CyYariHyio M rapMoHUYeckyio Bubpaumio yctaHoeneHs FOCT 30630.1.9n FOCT 30630.1.2
COOTBETCTBEHHO. B HACTOSILLEM NPUNOXEHNN PACCMOTPEHbI 0COBEHHOCTU UCTILITAHUIA, B KOTOPLIX MPUMEHSIIOT COYeTaHne
OBYX YKa3aHHbIX BUAOB BO3JeNCTBUNA. ViMeowmecs B HacTosilwee BpeMs LUMpPOBbIE CUCTEMBI YNPaBeHWs NO3BONSIOT
peann3oBkLIBaTb CaMble CIIOXHbIE CTpaTErMn yrnpassieHns A8 BCeX BO3MOXHbIX COMETaHUN CryYanHblX N rapMOHUYECKUX
curHanoB. Hanprmep, 4acToThl pa3HbIX rAPMOHUK (TaK e KaK U CpeHEereoMeTpUYecKmne HacToTbl Y3KOMONOCHBIX CIyYaii-
HbIX MPOLIECCOB) MPY KaYaHUM YacTOThbl MOTYT ABUraTbCs HABCTpeYy APYr APYry N nepecekatbes. ATO YCNOXHAET maTtema-
TU4YeCKoe onncaHue NPoLEeCcCcoB U 3aTpyaHsieT oGecneveHre HeobXoUMOW TOYHOCTU YNPaBIieHUs!, YTo TpebyeT NPUHATUS
HEKOTOPbIX KOMMAPOMMWCCHbIX PELUEeHNIA.

A.2 CoveTaHMe LWUMPOKOMOIIOCHOrO M Y3KONOMOCHOro (¢ (huKCMpoBaHHOW cpegHereoMeTpUYeCcKon 4acrto-
TOM) cny4YanHbIX CUrHaNoB

Bubpauus gaHHoro BUaa, o CyLLEecTBY, HUHEM HE OTNIMYAETCS OT LUIMPOKOMONOCHON CnyYanHon Bubpaumm, paccmoT-
peHHol B TOCT 30630.1.9, u He TpebyeT moandukaLum metToaa UCrbITaHUN.

Honyckun Ans y3koNonoCHbIX CNEKTPOB OCTaloTCA 6e3 n3amMmeHeHu. lononHUTEeNnbHOro paccMoTpeHns MoryT notTpe6o-
BaTb TOMbKO Y4aCTKU CONPSHKEHUST Y3KOMOMOCHOMO 1 LWMPOKONOMOCHOIO cnekTpoB. Ecnn 3Tn yuacTku cogepxar Tonbko
OfHY UMW ABe CMNeKTparnbHble MMHWK, a PasHOCTb MeXAY YPOBHSIMW CMEKTPanbHOM NIOTHOCTW YCKOPEHUS Afsl LUIMPOKOMO-
TIOCHOW U Y3KOMONOCHOW BUBpaLmm Benuka, To ans obneryeHvs BocnpovasegeHusi Tpebyemoli BU6paLuum gonyckm Ha 9TuX
y4acTKax MOryT ObITb yBENUYeHb!, YTO J4OMKHO BblTb OTPaXXeHO B NPOTOKONE UCMbITaHWHA.

A.3 CouveTaHMe WUNPOKOMOMOCHOIO M Y3KOMOJIOCHOTO (C KAYaHMeM 4YacTOThl) CNy4YauHbIX CUrHaNoB

OcHoeHoW npobrnemoli ynpaenexnus npu Bo3byxaeHnn Bubpauum gaHHoro Buaa siBnsieTcsl Heob6xoaMMoCThb Cormna-
COBaTb CKOPOCTb kKavaHusi n achheKTMBHOE BpeMSA yCpegHEeHUA B uenu 06paTHoN CBA3W. Ecnn ckopocTb kavaHus BLICOKA, a
BpeMs ycpeHeHUs BENUKO, To HabrnogaeTtcst 3 eKT pasmbITUA CNEKTPanbHbIX NMHWUWA, KOrAa 3Heprust 3 0AHON CNekT-
panbHoW NMHUK «nepeTekaeT» B cocefiHue. [py aTom TepsieTca npAMoyronsHasn hopMa Cnekrpa y3kornonocHOro curHana,
¥ cUCTEMA YNPaBeHUs MOXET OCTAHOBUTB UCTIbITAHWS BCIIEACTBUE TOMO, YTO PAA CNEKTPanbHbIX MMHUNA BLINAET 3a npeae-
nNbl loNycKa.

Cucrema ynpasrieHusi, GOpMUpYst Ha BbIXOE HOBYIO CNEKTPanbHYIO NMOTHOCTL YCKOPEHUs], OCYLWECTBNAET ycpea-
HEHWe, HanpyMep 3KCMOHEeHUManbsHoe, No BbiGopke 3HAaUEHUI N3 NPeAWeCTBYIOWEro CUrHana, 4To no3sonsaeTt obecnevnts
cTabunbHOCTb ynpaeneHusi. [puHMmaemoe Npy 3ToM BO BHUMAHWE YMCNO cTeneHemn ceo6oabl 3aBUCHT OT KoddhbdmuneHTa
ycuneHusl B uenu o6paTtHoON CBsi3u — YeM MeHblUe ero 3Ha4eHve, TeMm 6onblumnin nHTepBan BpemeHn Heobxoaum ans
CyLLLEeCTBEHHOTO U3MEHEHUsI OLIEHKM, T. €. TeM cTabunbHee paboTaeT cuctema.

Mpw kKa4aHUM y3KONONOCHOIo CUrHana nNpeLLecTBYIOWNE 3HAYEHUA CUTHaNa, Bxogswme B BbIGOPKy, NCNONb3yemyio
anropuTMOM pacqeTa OUEHKU, MOTyT GbiTb JOCTAaTOYHO BLICOKOTO YPOBHS, 4TOOLI OLEHKa CNEKTPanbHOW NIOTHOCTH YCKO-
peHusA NpeBbicuna Npeaernsl 0Nycka ¢ nocrieAyouet OCTaHOBKOW UCMBITAHUNA. 3TOr0 MOXHO n3bexarb, yBenuymne koad-
duumneHT o6paTHOMW CBSI3W, YTO IKBMBAINEHTHO YMEHBIUEHUID YUCNA YCPEAHAEeMbIX 3HaYeHUW (YMEHbLUEHUIO
3chbhekTMBHOIo BpeMeHn ycpegHeHUs1 B LENU 06paTHON CBA3M), HO NPU 3TOM MOXeT BbITk NoTepsiHa CTabunNbHOCTL yNpae-
neHus.

Taknm 06pasom, B Kaxk10M KOHKPETHOM Criy4yae B OTHOLWEHUN Ko3dhduumeHTa o6paTHoN cBA3n Heob6xogumo onpe-
AensATb HEKOTOPOE KOMNPOMUCCHOE 3HAUEHME.

Ecnu nabopatopusi obnagaet cooTBETCTBYIOLLUM 060pyAOBaAHNEM, NOME3HOW MOXET OKasaTbCs 3anMcCb cUrHana
enbpauum B ToUKe ynpasneHus gns ero nocrnegyiowen o6paboTku ¢ NPUMEHEHUEM pasHbiX anropUTMOB CNEKTPaNbHOro
aHanu3a. 370, KOHEYHO, HUKaK HE U3MEHWT YCITOBUSA YXXe NPOLLEALWNX UCTIBITAHWIA, HO MO3BONUT YTOYHUTBL, KaKWe UMEHHO
yCcnoeus ncnolTanuii 6uinu peanuaoBaHbl C NOCNEAYIOWMUM OTPAXKEHWEM 3TUX YCIIOBUIA B NPOTOKONE UCNbITAHWUNA.

A.4 CoueTaHne WMPOKONOMOCHOIO CUrHana c rapMOHUYE€CKUM CUTHANIOM Ha (PUKCMPOBAHHON YacToTe

BulgeneHne cucTemol yrpaBneHus rapMOHMYECKON COCTaBNAOLLEN CUrHana u3 ee CMecy ¢ LUMPOKOMONOCHBLIM CUT-
Hanom B obwem Buae npeactaensieT cobor crnoxHylo 3aagavy. dTa 3agayda 6yget npolue, eCnm oTHOWeEHNE aMNNnUTyAb! rap-
MOHMYECKOrO CUrHana K CpeaHeKBagpaTUHYHOMY 3HAYEHMUIO CMyYalHOro curHana Benuko. C yMeHbLIEHMEM AAHHOro
OTHOLWEHUS TOYHOCTL BblAENeHUs1 rapMOHUYECKOI COCTaBNSAOLEN MOXET YXYALLATLCS, Kak NOKa3aHo B crnegyowem npu-
mepe.
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Mpumep — Ona uccnedosanusi 6bI1U UCMOML308aHbI YUgpoebie cucmeMb! ypaesieHUsI mpex muroe.
NMapamempsi ucnbimaHruii 80 ecex ciyyqasx 6blTu HOUSMEHHbIMU.

CnyvualiHasi subpayus:

- Quanasox Yacmom: 10—2000 'y,

- ypoeeHb criekmpasibHOl nIomHocmu yckopeHus (mocmosittbii): 0,005; 0,01; 0,05 gﬁ /Ty,

- paspeuweHue 1o yacmorme (MakcuMasibHo eo3moxHoe): 11y,

- qucsio cmeneHel ¢80600bI (MaKCUMalIbHO 803MOXHOE): 120.

apmonuveckas eubpayus:

- amnnumyda: 59,

- yacmoma: 20; 160; 380T'y.

Bo epemst ucnsimaHulli Ha NOcCMosIHHOU Yacmome 2apMOHUYeckoll eubpayuu 6binu UcCnobL3068aHbI 803-
6y OeHUs1 NPU 8CEX BO3MOXHLIX COYeMaHUAX YPOBHS cnekmpanbHOU MIOMHOCMU YCKOPeHUST U aMrinumyob!
2apMOHUYECK020 cU2Haa @ meyeHue 60 ¢ kaxdoe.

BbixoOHOU cu2Han cucmeMbl ynpaesieHus1 nodaearsicss Ha ycmpolicmeo yugpoeoil 3anucu ¢ yacmomoli
enli6opku 12,5 kl'y. dmu OaHHbIe Nepedaesasniuch Ha KOMNbIomep 07151 pacyema crnekmpasnbHOl NIIOMHOCMU yYCKO-
peHusi. [Tpu kKoMnLIOMePHOM aHanu3e 6ki/TU UCNO0/Ib308aHb! ciedyroujue 3Ha4YeHUsI NapaMempos:

- OQuana3oH yacmom: 10—2000Iy,

- paspeweHue no yacmome: 1l u,

= Yucsio cmeneHel ceao600bi: 120,

- dnumenbHocmb ebiGopKu: 60 c.

MpuMepbi pacyema 2paghukxa cnekmpanbHoil NJIOMHOCMU ycKopeHUs 0151 00HOl U3 cucmeM ynpaesieHus U
pa3sHbIX 4acmom 8036y deHus1 2apMOHueckoll subpayueli uzobpaxeHn! Ha pucyHkax A.Tu A.2.

CnekTpanbHas NoTHOCTb YCKOPEHHUS, g,flru

103
13
0,15
0,013
0,001 1 1 1 1 1 LI | ) 1 1 L ] I LI |
20 100 1000 2000
Yacrora, Ny

PucyHok A.1 — MapMoHuYeckuii curHan Ha Yactote 160 Ny
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CnekTpanbHas NNOTHOCTb YCKOPEHMS], g,f/ru

103
13
0,14
01001 ) ) I T T T T | 1 T ) T 1 T ) 1 |
20 100 1000 2000
YacroTa, 'y

PucyHok A.2 — MapMoH14yeckui curdan Ha Yacrote 380 My

B ma6nuye A.1 npueedeHbl 3Ha4eHUS crieKmpanbHOl NJIOMHOCMU YCKOPeHUs Ha cpedHe2eoMempuYyecKot
Yacmome Ouarna3zoHa Yacmom 01151 ecex uamMepeHuii. [To amuM 3Ha4eHUsIM paccYumaHbi cpedHekeadpamuyHbie
3Ha4YeHUs ycKOpeHuUs u e nociedHeM cmonbye npueedeHbl UX OMKIIOHEHUS, 8 TPOUeHIMax, om meopemu4ecko20
3Ha4YeHUsl. IMO OMK/IOHeHUe MoXem Xapakmepu3oeamb Kayecmeo eocrnpou3sedeHuUss 2apMOHUYECKO20 803-
6ywdeHus. lNockonbKy cpagHUBaOMCS MOJILKO cpedHexsadpamuyHbie 3Ha4YeHUsI, HUKakux ébie0008 O Kadec-
mee socnpou3eedeHus hopMbl CUHYCOUJaNIbHO20 cU2Hana coenamb HeJlb3A.

Hnsa nony4yeHus uHhopMayuu o MOM, HaCKONIbKO CYUW,ecmeeHHO OMIUIOHeHUe Oom Nepuoou4YHOCMU 6 603-
6yxdaeMoOM 2apMOHUYECKOM cu2Haie, dnsi Kaxdo20 5-ceKyHOHO20 uHMepeana cuzHana eubpayuu 6su1a paccyu-
maHa ¢yHkyus1 aemokoppensiyuu. lpuMepbl makux pac4yemose Ons Aeyx pa3HbIX ypoeHelli HoHOB020
cny4aiiHo20 wyma npusedeHbl Ha pucyHke A.3.
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DyHKLUA aBTOKOPPENSALUY, (M/02)2
4000

| T T
0 0,005 0,010 0,015 0,020
Bpems, ¢

1—CMY: 0,01g2 /My; 2— CMY: 0,005 g2 /My

PucyHok A.3 — ABToKOppensiuMoHHan yHKLMA 4518 CMECH CIy4aiHOro wyma ¢ rapMOHUYECKUM CUrHarnom
HavacTtoTe 160 'y

Tabnwuya A1 — PacyeTHas cnekKkTparibHas NMoTHOCTb YCKOPEeHNA Ha YacToTe rapMOHUYECKOro cCurHana B ero cmecu ¢
LUMPOKOMNOSOCHBIM CITyYailHbIM CUTHANIOM

CIY wwupokononocHomn CpeaHeKkBagpaTU4Hoe OTHOCUTENbHas
Cuctema ynpasnenis cocraensiowweil, g2 /My Hacrora, 'y 3HaueHue yckopeHus, g, norpewHocTb, %
20 3,56 0,6
0,005 160 3,56 0,7
380 3,56 0,6
20 3,54 0,1
1 0,01 160 3,57 0,9
380 3,54 0,2
20 3,6 1,8
0,05 160 3,58 1,1
380 3,56 0,6
20 3,49 -1,2
0,005 160 3,52 -0,4
380 3,51 -0,7
20 3,49 -1,3
2 0,01 160 3,52 -0,4
380 3,53 -0,3
20 3,55 0,5
0,05 160 3,53 0
380 3,51 -0,7
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OkoHyaHue mabnuupi A.1

CIY wmpokononocHon CpepnHekBagpaTtuyHoe OTHOCUTENBbHAS
Cucrema ynpaenenus cocTasnsioweit, g2 /My Hacrora, 'y 3HAUEHME YCKOPEHUSI, g, MOrPeLLHOCTb, %
20 3,51 -0,8
0,005 160 3,53 -0,2
380 3,54 0,1
20 3,5 -1
3 0,01 160 3,54 0,2
380 3,52 -0,5
20 3,52 -04
0,05 160 3,51 -0,6
380 3,58 1,4
3agaowmii rapMOHUYECKUIA curHan (pearnbHbli) 3,53 -0,2
3agalowmii rapMOHUHECKUIA CUrHarn (TeopeTUHeCcKuii) 3,54 0,0

Tocnie amozo 9nst kaxAoz20 usmepeHusi 6bi1u onpedeneHbl keadpambi amnumyObi 0ns1 epemeHu 5T aemo-
KoppensyuoHHoU (hyHkyuu, 20e T — nepuod 2apMOHUYECKO20 cu2Hana. 3mu 3HaveHusi ykaszaHbi 8 mabnuye A.2.
OmkoHeHus, 8 NPoyeHmax, ol meopemu4yecko20 3HaveHuss npusedeHsbl 8 nocsedHem cmoabye amol maénu-
ybl.

Tabnwnuya A.2—PacyeTHasi aBTOKOppensiuMoHHast PYHKUMA A AN CMEecu rapMOHUYECKOTO W LLUMPOKOMOIIOCHOTO
CNy4anHoro CUrHanoB

cny
oo | cooraonmoueh, | Yacrora. T AsT.g; | Omeaurenen

g,flru,

20 0,05 12,45 -0,4

0,005 160 0,00624 12,71 1.7

380 0,00264 12,65 1,2

20 0,05 12,67 1.4

1 0,01 160 0,00624 12,88 3,0

380 0,00264 13,11 4,9

20 0,05 13,37 7,0

0,05 160 0,00624 11,98 —4,2

380 0,00264 13,23 5,8

20 0,05 12,0 —4,0

0,005 160 0,00624 12,32 -1.4

380 0,00264 12,19 -2,5

20 0,05 11,97 —4,2

2 0,01 160 0,00624 12,85 2,8

380 0,00264 12,3 -1,6

20 0,05 12,33 -1.4

0,05 160 0,00624 11,69 —6,5

380 0,00264 13,23 5,8
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OkonYyaHue mabnuust A.2

cny
o | wamoenoneoiel | o, NG oo
galtu
20 0,05 12,14 -2,9
0,005 160 0,00624 12,3 -1,8
380 0,0028 12,33 -1,4
20 0,05 12,21 -2,3
3 0,01 160 0,00624 12,47 -0,2
380 0,0028 12,07 -3,4
20 0,05 12,01 -3,9
0,05 160 0,00624 13,63 9,0
380 0,0028 10,71 -14,3
20 0,05 12,37 -1,0
3agatowuii rapMOHUHEeCKUIn curHan 160 0,00624 12,48 -0,2
(peansHbiit) 360 0,00277 12,49 0,1
380 0,00262 12,49 -0,1
20 0,05 12,5 0
3apalowuii rapMoHNUHEeCKUin curHan 160 0,00625 12,5 0
(reopeTuqeckni) 360 0,00278 12,5 0
380 0,00263 12,5 0

Takue pacyembl NPUMEHUMbI MOJILKO 8 c/1yYae, ko20a 8 036yxdeHue npoucxodum Ha huKkcupoeaHHOU Yac-
mome, moy4Ho cosnadaroujeil ¢ 00HOU U3 cnekmpanbHbIX nuHul. Ecnu makozo coenadenust Hem, mo Habnwda-
emcsi ymey4Kka MOUWHOCMU CIIeKMpPasibHO20 MuUKa, Komopasi moxem docmuzams 17 % npu nonadaHuu amou
Jacmombi MOYHO nocepeduHe MexAy ciekmpansHbIMU TuHusiMu. OOHaKo makasi no2peuwHoCmb Hocum cucme-
MamuvecKulU xapakmep u Mo)xem 6bIMb KOMITCHCUPO8aHa C MOMOUWLIO COOMEeeMcmeayuux an2opummos.

A.5 CoueTaHue LULMPOKONONIOCHOIO CUrHarna ¢c rapMOHMY€CKMM CUTHANOM € Ka4aHUeM 4acToTbl

ManoxeHHoe B pasgene A.4 npuMeHMMO 1 K BUOpaumm gaHHoro Buaa. bonee Toro, ecnu yactota rapMOHUYECKOro
cUrHana uaMeHsaeTcs, MOXeT NOSIBUTLCSI 3HaYMTErNbHas! AONMONHUTENbHAs NOrPELHOCTb, B OCHOBHOM CBSI3aHHAas C anro-
PUTMOM yCpeaHEeHNs CNEKTParibHOW NIOTHOCTU YCKOPEHUS], IPUMEHEHUE KOTOPOT0 PaCCHMTAaHO TONBKO AN YNCTO Cny4an-
HOro curHana. Takor anropuTMm He MO3BONSIeT OLEHUTb aMInuTyAy rapMOHUYECKOW COCTaBMAIOWEN U3MEHSIOWENCs
yacToThl. [osTomy MOXeT NoTpeboBaTLCSl NPOBEAEHNE aHanNu3a, Npu KOTOPOM BblAENEHNE FapMOHUYECKON COCTaBISIIO-
Wwel npeacTaBnsno 6bl co6ol 0TAeNbHbIN 3Tan.

A.6 CouveTaHMe LUIMPOKOMNOMOCHOIO M Y3KOMONOCHOro CAyYalHbIX CUFHaNoB C rapMOHNYECKM MM CUTHanamm
Ha PUKCUPOBAHHBIX M U3MEHAKLWMXCA YaCcTOTaX

Takasi hopma Bo3byxaeHWa npeacTaensieT coboi caMbli CNOXHBIN Criyyai 4ns aHanu3aa, NOCKONbKY AOMONHUTENb-
HYH CNOXHOCTB NPUGAIOT HE TONBKO BO3MOXHbIE NEePeCceyHeHNA M3MEHSIIOLLMXCS YacTOT rapMOHUYECKMX COCTaBIAOLWMX,
HO ¥ NepeceyeHns y3KOMOMOCHBIX COCTaBMSIOLLMX CMYyYalHOro curHana.

Bo3byxageHve 4aHHOMO BUAA PEKOMEHAYETCS NPUMEHSITh TOMNBKO B Cnyyvae kpanHen HeoGXoAMMOCTM 1 TONBKO Npw
YyHacTVKM OMNbITHBLIX U KBANUMPUUNPOBaHHbIX CrieLnanicToB. B npoTMBHOM crny4ae 4OCTOBEPHOCTb M BOCNPOU3BOAMMOCTb
pe3ynbTaToB UCMbITaHWI MOTYT BbITb NOCTABMNEHbI NOA COMHEHUE.
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Mpunoxenvne B
(pexomenagyemoe)

PykoBOoACTBO NO NpoBeAeHUI0 UCNbITAHUNA

B.1 BBogHble 3amevaHun

Ob6ecnevyeHne BOCNPOU3BOANMOCTHY Pe3yNbTaTOB MCNbITAHWI SIBMNSIETCH HENPOCTON 3aaavei. Bcneacrteue cratne-
TUYECKOW NpUpoAbl CNYHanHOro CUrHana, CrioXHoro oTknuka o6pasua U NorpeLuHOCTel aHanuaa HEBO3MOXHO C YBEPEH-
HOCTbIO MpeAckasatb, 6yAeT nNM UCTMHHas chekTpanbHas NIOTHOCTb YCKOPEHWsl, BO3AeWCTBYlOWero Ha obpasel,
coBnagarb ¢ Habniogaemon cnekTpanbHON NNOTHOCTLIO YCKOPEHUs! B Npegenax yCTaHOBIeHHbIX A0MyckoB. [inst 3Toro
Heo6X0AMM KOMIUIEKCHbIM U Tpebytomii 6onblumnX 3aTpaT BpeMeHn aHanusa, KOTopblil HEBO3MOXXHO BbINOMHUTL B pearib-
HOM MaclTabe BpeMeHun.

XapakTepucTukm 60nbLUMHCTBA LM POBLIX CUCTEM YNPaBNEHUs, KOTOPLIE MOTYT BbITb UCMONB30BaHbI AnNs NpoBee-
HUS NCMbITAHUIA C coYeTaHneM BMOPaLMOHHBLIX BO3AEWCTBUI pasHbIX TUMOB, CXOXKU Mexay co6oi. Bapbupysi HeCKOMbKO
BblOVpaeMbIX NapameTpOB CUCTEMBI YIPABNEHUS, MOXHO NONY1YUTb OLLEHKW CTaTUCTUYE CKON TOUHOCTU BOCTIPOU3BOAUMO-
ro ABU>KEHUS1, XapaKTepuayemon pasHoCTbI0 MEXAY UCTUHHOW U HabntogaeMol cnekTpanbHbIMY NITOTHOCTSMU YCKOPEHUs.
OkoHYaTenbHbIN BbIOOP AOMKEH NO3BONWTL CBECTU 3TY pa3HOCTh (6e3 yueTa ApyrMx UCTOYHUKOB NOFPELLHOCTU) K MUHU-
MyMYy.

Koppekumst ucxogHom cnekrpansHON NMOTHOCTW YCKOPEHUS ABNAETCS PEKYPPEHTHOM Npoueaypon, peannayemon ¢
NoMOLLbI0 Lieny obpaTHONM CBS3U cucTeMbl ynpaBneHus. MNpu aTom apdekTBHOE BpEMA ycpeaHeHNa curHana B 4aHHON
npoueaype 3aBUCHT OT HECKONbKUX haKTOPOB, TAKUX KaK COCTaB annapaTypsl, nepegaTtoqHas hyHKUMSA CUCTEMbI B LENOM,
thopma 3a4aBaeMoli CreKTpanbsHOW MIOTHOCTU YCKOPEHWA, anropuTMm ynpaeneHnsl u napameTpbl UCNbITaHWA, KOTopble
JOIxHbl ObIThb BbIOpaHb!l A0 NPOBEAEHUS 3TUX UCTIBITAaHWIA. B UNCNO yKa3aHHbIX NapamMeTPOB UCNbITaHUIA BXOAAT MaKCK-
MarnbHasi YacToTa aHanw3a, pas3peLueHue No 4acToTe U YPOBEHb OTCEYKU 3a4aloWero curHana.

AnropuTm ynpasneHus criyyanHon Bubpaumen gomxkeH obecneumBaTte KOMNPOMUCC MEXAY TOYHOCTBIO yNpaeneHus
1 3P HEKTUBHLIM BPEMEHEM yCpeaHeHusi curHana (beictpogencTemem pabotel uenu o6paTtHom cBA3n). Beicokas TOMHOCTB
ynpaeneHus npegnonaraeTt yBenMyeHne Yncna gaHHelx, UCNONb3yemblX B pEKYpPeHTHON npoueaype, U, COOTBETCTBEHHO,
yMeHbleHne ObicTpodencTBMA paboThl Lenu 0bpaTHOM CBA3N, T. €. 3aMeANeHne peakunn Ha U3aMeHeHNA peanbHON CNeKT-
panbHOW MIOTHOCTM YyCKOPeHusA. Ha TovHocTe ynpaenenusi n GoicTpoaeincTBme Lenu obpaTHON CBSI3W BNUSIET Takke
BblbpaHHOe paspelueHue no vactote. ObbIYHO yBENMYeHWe pa3peLueHusl Mo YacToTe NPUBOAUT K MOBLILWEHUIO TOUHOCTH
ynpaeneHus, HO yMeHbLuaeT BbIcTpoaecTBIE Lenn 06paTHOM B3N, UTOBbl yMEHBLUMTE PACXOXAEHUE MEXAY UCTUHHOMW 1
Habnogaemoln cnekTpanbHeIMU NNOTHOCTAMM YCKOPeHus, Heobxoaumo nogobpaTtb onTumarnbHbie 3Ha4YeHUs! BbllleyKa-
3aHHbIX NapameTpoB.

WccnepgoBaHusi HacTOTHOW XxapakTepucTukm o6pasLa no3BonsoT NonyyunTh BaXHY0 MHOPMaLMIo O XapaKkTepe B3a-
umogaencTens obpasua u BubpocreHaa. Hanpumep, B xoge Takoro nccneaoBaHust MoxeT 6biTb 06HapyXeHO Ype3mepHO
6onbLlwoe ycuneHne Bubpauum yCTpOUCTBOM Kpennenust obpasua nnm coenageHne pesoHaHcos obpasua u yctponcTea
KpenneHus.

B HacTosiwem npunoxeHun, B NepBy0 ovepeab, PacCMOTPEHbl BONPOCH!, OTHOCALLMECS K CMyYanHON COCTaBNsIo-
wev Bo3byxageHms. B oTHOWEHUM rapMOHMYECKOl cCocTaBnsitowel Bo3byxaeHus (kavaHusi YacToTbl, CKOPOCTU KavaHus,
MCMNOMNb30BaHWs criegawmnx hunbTPOB) MOXKHO PYKOBOACTBOBaTLCH pekomeHdauuamm FOCT 30630.1.2.

B.2 TpeboBaHWA K UCNbITAHUAM

B.2.1 OpgHoTOYe4HOe N MHOroToYe4YHoe ynpaBneHune

B.2.1.1 O6wue nonoxeHns

MpoBepKy COOTBETCTBUSI TPEBOBAHMAM UCMBITAHWA NPOBOAAT Ha OCHOBE 3HAYEHWI KOHTPONMPYEMOro napameTpa,
Nony4eHHoro B pe3ynbTare 06paboTku curHana B KOHTPOIBHOW TOYKE.

Ons xecTkux unu manorabapnTHeIX 06pa3LoB, HanNpUMep KOMNOHEHTOB 060PYyAOBaHUS, a TakKe B TOM Cly4vae, ecrnm
M3BECTHO, YTO BrusHME 06pasLa, KeCTKO 3aKpenneHHoro Ha BubpocTeHae, Ha AMHaMUKY CUCTeMbl B Auana3oHe 4acToT
UCMbITAHWIA HEBEMNWKO, JOCTATOUHO BLINONMHATL M3MEPEHUS B O4HON NPOBEPOYHON TOYKE, KOTOPAas TeM CaMbiM CTAHOBUTCS
KOHTPOSTbHON TOUKOW.

B cnyuyae 06pasLoB 6onblIMX pa3zmMepoB UIKN CIIOXHOW POPMbI C AaneKo PpasHEeCEeHHbIMY TOYKaMmn KpenneHus ans
ynpaeneHus Ucnonb3yoT O4HY U3 NPOBEPOUHLIX TOYEK MNN BOOBpaxaeMyro KOHTPONbHYIO TOUKy. B nocnegHem cnyqae
crnekTpanbHyo NNOTHOCTL YCKOPEHUS! BBIYMCIISIIOT MO CUrHanam B HECKOMBKUX MPOBEPOYHbIX TOUKaX. [ns CNoXHbIX UMK
KPYMNHbIX 06pa3LoB pPEKOMEHOYETCS UCMONb3OBaTh yNpaBlieHue No curHany B BooOpaxaemom KOHTPOMbHOW TOouke
(cm. 3.8.3).

B.2.1.2 OgHoTo4Ye4yHOe ynpaBneHune

MamepeHus NpoBOAAT B OAHOWM KOHTPONbHOMN TOYKE, M 3HAYEHKEe KOHTPONMPYEMOrO NapamMeTpa Ha Kaxaomn YacTtoTe
HenocpeacTBEHHO CPaBHUBAIOT C 3a4aHHbIM.
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B.2.1.3 MHoroTo4ye4yHoe ynpaBneHve

B.2.1.3.1 O6wwme nonoxeHust

Mpyu HEOBXOAMMOCTU OCYLLECTBNEHUSA MHOTOTOYEYHOrO yNpaBneHust BolbuparT ogHy M3 ABYX cTpaTerui ynpae-
neHus.

B.2.1.3.2 YnpaBneHue no cpegHemy 3Ha4YeHUIo

HaHHas cTpaTerus ynpaeneHus npegnonaraeT BolYMCIIEHNE KOHTPONMPYEMOro NnapamMeTpa Ha KaxXgon YacToTe ans
Ka)kaol NpOBEpPOYHON TOYKM, NOCME YEro Ansi BbIYMCIEHHbIX 3HAYEHMI Ha KaXXA0N YacToTe HaxoasaT apudmMeTnyeckoe
cpeaHee Mo BCeM NMPOBEPOUHbIM TOUKaM.

Mony4eHHble cpegHue apndMeTUUecKUe 3HaYEeHUs CPaBHMBAIOT C 3a4aHHBIMW 3HAYEHUSIMW KOHTPONUPYEMOro
napameTpa Ha Kaaow 4acToTe.

B.2.1.3.3 YnpaBneHue no sKkCTpemManbHOMY 3HAYEHUIO

Mpw BEIGOPE AaHHOW CTpaTErMm yrpaerneHusl 3Ha4eHUsi KOHTPONUPYEMOTO NapameTpa Ha Kaxaon HYacToTe onpeae-
NAT KaK 3KCTPeManbHOe 3Ha4YeHNe B COBOKYMHOCTM AaHHbIX NapaMeTpoB, NOMY4Y€HHbIX AN CUrHaNoB BO BCEX NPOBEPOY-
HbIX TOYKax. Takum oGpas3oM, 3HAYEHWUs KOHTPOIMPYEMOrO MnapameTtpa, No KOTOPOMY OCYLWECTBMSIIOT ynpaeneHue,
npeacTaensitoT cobor ormbatoLLyo 3Ha4YeHNI KOHTPONMPYEMOro NapamMeTpa, NoMyYeHHbIX Ars BCeX NPOBEPOYHbIX TOYEK.

B.2.2 BepoATHOCTHbIE XapaKTEPUCTUKN

B.2.2.1 PacnpepeneHne MrHOBeHHbIX 3Ha4YeHUN

PacnpepgeneHme MrHOBEHHbIX 3HAYEHWUI  334at0LLEr0 CIYyYanHOro CUrHana AomKHO YA0BNETBOPATE HOPMAaribHOMY
38KOHY, OnMcbiBaeMoMy hopmMynon

1 o 12x0)? (8.1)

p(x) oDon :
rae p(y) — NNOTHOCTb BEPOSITHOCTY pacnpedeneHns MTHOBEHHOMO 3Ha4YeHNs 3a4at0LLero curHana;

G — CpeAHeKBaapaTUYHOe 3HaYeHre (CTaHaapTHOE OTKIIOHEHWE) 3aa0LLero curHana.

CpepHee 3HaYeHue cry4anHoro curHana Bubpauuu npeanonaraiT paBHbIM HYMIO.

MNoTHOCTL BEPOATHOCTU pacrnpeaeneHns st COBOKYNHOCTU CITy4alHbIX CUTHAINOB Y COYEeTaHUS Y3KOMOIIOCHOIO U
LLUIMPOKOMOIOCHOIO CNy4YaiHbIX CUrHaNoOB NokasaHa Ha pucyHke 2. [NNoTHOCTL BEPOSAITHOCTY pacnpeaeneHust ans coveTa-
HUSI TAPMOHWYECKOTO W CIyHaiiHOTO CUrHanoB Noka3aHa Ha PUCYHKe 4.

B.2.2.2 Muk-dakTop

Myk-chakTop XxapakTepuayeT pacnpeaeneHue curHarna Bo3byaeHns Kak OTHOLEHME MAKCMMarbHOrO0 MIHOBEHHOTO
3Ha4eHWUsi cUrHana K CTaHg4apTHOMY OTKITOHEHUIO {CM. TaKKe PUCYHOK 2).

JaHHbii napaMeTp MOXeT 6bITh MCNONB3OBAH TONBKO B OTHOLWEHUN 334aI0WEro CUrHana, reHepupPyemoro Ha BbiXo-
Ae umdpoBoN cUCTEMBI YNPABNEHNSA UCTIbITAHUAMMU, NOCKONBKY HENUHENHOCTU BCEN CUCTEMBI, BKINIOYatowWwen B cebsa ycunu-
Tenb MOLWHOCTH, BUBPOCTEHA, YCTPOUCTBO KPENNEeHWa U UCNbiTyembii obpasel, MOryT uckasute ¢opmy curHana B
NPOBEPOYHON Touke. BnuaHue gaHHbIX HEMMHEWHOCTEN B LUIMPOKOM ANAana3oHe 4YacToT YCTPaHUTL, Kak NPaBumno, HEBO3-
MOXHO.

B cooTBeTCTBMM C HACTOAWMM CTaHAAPTOM 3Ha4YeHne Nuk-chakTopa AOMKHO ObITb He MeHee 2,5 (cM. Takke 5.1.2).
Ecnu gns 3apatowero curHana, pacnpegeneHHoro No HOPManbHOMY 3aKOHY, YPOBEHb OTCEYKM paBeH 2,5 cTaHgapTHbIX
OTKNOHEHUI, TO NpUGNN3NTENBHO 99 % AaHHOTO CUrHana NoNaaeT Ha yCUNUTENb MOWHOCTH 6€3 UCKaXKEHNNA.

B.2.3 Cnaabl Ha HU3KNX U BbICOKNX MacTOTax

Hacrosiwuin crangapt npegnonaraeT, 4To CneKTpanbHas NNOTHOCTb YCKOPEHUS MEET NMPSIMOYronbHyo hopmy
(NNocKylo BEpLIMHY) 1 BCE YaCTOTHbIE COCTABNAIOWME PACNONOXKEHbI B AManasoHe mexay vactotamm f; u f, (cm. pucy-
HOK 1). OgHako Ha NpakTuKe Bo36yxaaeMbii CUTHan UMeeT cnaapl CNEKTparnbHON NITOTHOCTU YCKOPEeHUsi B 06M1acTaX HU3KMX
1 BbICOKMX YacToT. UTo6bl cpegHekBagpaTUHHOE 3Ha4YeHne OCTaBanoch kKak MOXHo 6onee 6rM3kuM K 3aiaHHOMY, 3TH cna-
Abl BONKHbI 6bITb OCTATOYHO KPYThIMKU. O6LIMHO KPYTU3HA cnaga B obnacTv HU3kMX YacToT paBHa 6 ab/okraBa. Ecriv 3Ha-
YEHWe CNEeKTParnbHOW MIOTHOCTU YCKOPEHWA B TOUYKE f; BENWKO, @ BO3MOXHOCTM WCMbITATENbHOW YCTAHOBKM IO
DOMYCTUMbIM 3HAYEHWSIM NEePEMELLEHNSA OrPaHNYEHbl, 3TO MOXET NnoTpeboBaTh yBeNnuYeHusi KpyTU3HbI cnaga B obnactm
HU3KNX YacToT. PacueTkl nepemeLteHns Ana Cny4anHoro curHana npueeseHsl B B.2.4.

Kak npaBuno, AMHaMu4eCckMin gmanasoH Ana ABYX COCEAHMUX INMHUIA CrEeKTpanbHOW MNIMOTHOCTU YCKOPEHUs Mpu
MCNOMb30BaHUM LMPOBON CUCTEMBI YNPABNEeHns ucneiTaHnamn coctaensieT 8 ab. [ins goctuxeHuns 6onbLluen KpyTU3HbI
cnaga MoxeT NoTpeboBaTLCA yBeNMUNTL paspelleHmne o 4acToTe (T. €. yMeHbIUTb 3HaueHne B,). Ecnn 9To HeBbINonHy-
MO, a TaKkKe B CIyyae, KOraa yBenu4eHue KpyTuaHbl cnaga He No3eonsieT 06ecneunTb CHUXKEHNE 3HAaUEHUI NepeMELLLEeHNA
A0 AONYCTUMOIO YPOBHSI, CnegyeTt pacCMOTPeTb BO3MOXHOCTb YMEHbLLEHUS HUXKHEN rpaHuLLbl I0NyCcKa 1151 CNEKTpanbHon
NNOTHOCTU YCKOPEHWSI HA HU3KNX YacToTax.

B o6nacTu Bbicokmx yactoT npobnem c obecrneueHnem KpyTuaHbl cnaja He cylwecteyet. Ha yactotax Boiwe f, Kpy-
TW3HAa crajia AoMKHa cocTaBnATb MUHYC 24 ab/okTaBa n MeHee.

B.2.4 Pacuyet cpeaHeKkBagpaTN4HbIX 3HAY€HUN YCKOPEHUs, CKOPOCTH U NMepeMeLLeHnsl

CpeaHeKBagpaTUYHOE 3HAYEHWE YCKOPEHUsi, CKOPOCTU unu nepemelleHus B 3peKTMBHOM AnanasoHe 4acTtoT
ncnbITaHWM NpeacTaBnsieT cobom KBagpaTHLIN KOPEHb U3 CYMMbI CPeJHUX KBaZApaToB 3HAYEHWUI 3TUX BEMWYUH B COOTBET-
cTBylOWMX NogavanasoHax. Kaxgsin 3 Takmx noaamanasoHo. onpegensieTcs 3Ha4eHWeM CnekTpansHON NNOTHOCTY YCKO-
penna S, (M/c2)2TL, o6pasylowmx ero cneKTpanbHbIX MIMHUNA Ha YacToTax fom f.q, U, LWMPMHOIA NONOCHI YACTOT MEXAY
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aTUMK HuAMK (f , , —f Y kpyTU3HON cnaaa M, ab/okTaBa, CneKTparnbHON NNOTHOCTU YCKOPEHNS MEXY COCEHUMM MTUHU-
amu. Huxe npyveeaeHsl hopMynbl 4ns pacyeTa CpegHUX KBagpaToB 3Ha4€HUI YCKOPEHUS, CKOPOCTU U NEPEMELLEHUS.
CpenHui ksagpaT yckopeHnus a2, (m/c2)2:

ansa M= -3
MI3
a=3Smly pf )| (8.2)
M+3 foi1
anaM==3
f,
a’ = (Spe1)(fow) [In[f—‘” ; (B.3)
n
anaM=0
&= Silfre1 = F). (B.4)
Cpeanuii ksagpat ckopocTH v2, (m/c)2:
anaM=3
2 MI3
V= [LJ 8Spa| 1 _f || (B.5)
2rn) M-3|f., fo\fq
anaM=3

= 1 28n+1 fn+1
#<(ae) a5 ©9

CpeaHwii keagpaT nepemeleHus d2, Mm2:

ana M=9:
3 MI3
d2=[10 J3sn+1 1 _1[ A J : (B.7)

an? )M-9 | £, £ f

n+1

10%)S f
d?=|— || (22|
{4752J fn3+1 [ [ fa B8)

BriwenpveegeHHbie GopMynbl CripaBei/MBbl, €Crn Ha rpadvke CnekTpanbHON NNOTHOCTH yCKOpeHus, rae obe
KoopAMHaThl AaHbl B norapudmmuyeckom maclutabe, dpopma cnekTpanbHON NNOTHOCTH YCKOpeHUs obpasoBaHa NpsimbiMu
nvHusimu. B aTom cnyyae cnag M moxeT ObITb onpeaeneH no oopmyne

Iog {Sn+1j
M=3 \Sn) (B.9)

. .
fn

Ons curHana, npeacTtaensioLero cobor cMech (NOACTPOYHbLIN MHAEKS MM) cnyyariHol (NoACTPOYHBIN UHAGKE R) 1
rapMOHUYeCKON (NOACTPOUHBIN MHAEKC S) COCTaBNSAOLWLMX, CPeaHeKBaapaTUUHOE 3HaYeHWe (MOACTPOUHBIN MHAEKE .M. S.)

YyCKOPeHUs onpeaensiioT no popmyne
Brms, M = \8me. R t82ms.s s (B.10)

a NMKoBOe 3HaveHne (NOA4CTPOYHbIN MHAEKC amp) — no hopmyne

anaM=9:

Qamp, v = CF @rms R+ 8amp, S (B.11)

roe CF — nuk-cakTop, 06bI4HO NPYHUMAEMBIN PaBHLIM TPEM.

B.3 Mpoueaypa ncnbitaHum

Llenbto ncnoitaHnii Ha BUGPOYCTONYMBOCTL SIBMSIETCA AEMOHCTPaLUUsi COCOGHOCTU M3denus BblaepKuBaTb BO3AeN-
cTBME BUOpaunn 1 HOpManbHO (PYHKLUMOHWPOBATL NpW onpedeneHHOM ypoBHe BUBpaunoHHOro Bo3byxaeHusi. Takoe
MCrbITaHWe AOIKHO NPOAOIIKaTLCH TOMNBbKO B TEYEHUE BPEMEHU, JOCTaTOHMHOMO A4NA AEMOHCTpaLMmn 06pa3LoM yKkasaHHbIX
cnocobHocTel B 33JaHHOM AManasoHe 4acToT. [AnuTenbHOCTb UCTbITAaHWI Ha BUEPONPOYHOCTL, KOraa onpeaensior cno-
cobHocTb 06pa3La NPoOTMBOCTOATL KYMYNSITMBHBIM 3chdekTam BUGpauMoHHOro BO34eiCTBUS, TAKUM Kak HaKomneHue ycTa-
NOCTU UNu mexaHu4eckon aedopmauum, AomkHa GbiTb 4OCTATOUHON ANA TOro, YToGLI 06ecneunTb HEOBXOANMOE YMCIIO
LIMKINOB U3MEHEHNI MEXAHNYECKOTO HaNPsPKEHUS, Aaxe eCNu NPU 3TOM A4NUTENBHOCTb UCNBITaHWUI He ByaeT COOTBETCTBO-
BaTb TpeboBaHusiMm 6.1.4.
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MpuucneiTaHusax Ha Bo3aelicTene BUBpaumm obopyaoeaHune, KOTopoe B 0BbIYHbLIX YCNOBUSIX 3KCNNyaTaummn ycTaHaB-
nuBaloT Ha BUbpomusonsiTopax, UCNbITHIBAIOT, KaK NPaBuIio, BMecTe ¢ Bubpousonsitopamu. Ecnu ncneitate 06opyaoeaHmne
¢ ero co6¢cTBEHHBIMU BUBPOM30NATOPaMU HEBO3MOXHO, HANPUMEP, ECNK 3TO 060pyAOBaHME CMOHTUPOBaHO BMECTE C ApY-
mm o6opyaoBaHMEM C NOMOLLBIO 06LWero KpenneHus, 4oNycKkaeTcs NPoBoOANTL UCTbITaHWS 6e3 BUGpOM30NATOPOB, HO NPU
ApYrovi CTENEeHM XeCTKOCTU YCNOBUI UCMNBITaHUIA, KOTopasi A0MKHa 6bITb oNpeaeneHa B COOTBE TCTBYIOLWEM HOPMATUBHOM
AokymeHTe. CTeneHb XeCcTKOCTN YCNOBUIA NCTIBITAHWUIN KOPPEKTUPYIOT C YHETOM NepefaToHHbIX CBONCTB BUBponsonupyio-
Wel CUCTEMbI MO KAXA0MY U3 HanpaeneHun Bo3byxaeHna eubpaumnn. Ecnv xapaktepucTukm BUGpon3onAaToOpoB HEM3BECT-
Hbl, CnegyeT pyKOBOACTBOBAaTbCA pekomeHgaumusamm B.4.1.

COOTBETCTBYIOLMM HOPMATUBHBIM JOKYMEHTOM MOXeT ObiTb ycTaHOBNeHo TpebGoBaHne NpoeeaeHWs 4OMNONHU-
TENbHOro UcrbITaHus 06pasua co CHATEIMU MNKM BNIOKMPOBaHHBIMU HAPYXXHBIMKU BUBPOM30ONATOpamMu ANA AEMOHCTPaLUK
COOTBETCTBUSI HEKOTOPLIM MUHUManbHLIM TpeboBaHUsIM No BUBPONpPOYHOCTU. B 3TOM cnyvae B HOPMATUBHOM AOKYMEHTE
AonxHa b6bITb yKasaHa cTeneHb )XeCTKOCTU YCMOBUIM JAHHOTO NCNbITAHUS.

B.4 O6opyanoBauune, npeaHasHavueHHOE ANA NCNONb30BAHNA BMeCTe C BUGponsonaTopamm

B.41 MMepenaTto4Hble cCBONCTBA BUOPONIONATOPOB

Mapenus, koTopble Npy SKCNNyaTaunum ycTaHaBnNuBaloT Ha BUGPON30NATOPLI, MOTyT BbITh UCNbITaHbl 6€3 HUX, BYacT-
HOCTM, KOTAa AMHAMUYECKNE XapaKTEPUCTUKN BUOPOM30NATOPOB HECTAbWUNbHBI (HaNpUMep, U3MEHAIOTCA C U3MEHEHUEM
TemnepaTtypbl). B aToM cnyvae cteneHb XeCTKOCTU YCNOBWI UCNbITAHUI JOIKHA ObiTh NOHWXEHA C yYeTOM AnanasoHa
n3meHeHui koadduumeHTa nepegaym Bubpon3onaTopos. Mpu koppekunn CTENEHN XEeCTKOCTN YCNOBUIA NCNBITAHWIA Y4n-
THIBAIOT HUKHIOIO FPaHULy AnanasoHa Ans KaXaoro u3 HanpaeneHuii Bo3aencTems BuGpauum.

Ecnv aaHHble 0 nepegaToYHbIX CBOWCTBaX BUGPON3ONATOPOB OTCYTCTBYIOT, TO CTENEHB XECTKOCTU YCNOBWIA UCTIbI-
TaHWI JOIMKHA ObITb NPeAMETOM COrNAacoOBaHUA MEXAY UCNONHUTENEM U 3aKa3YUKOM.

B.4.2 BnusaHne temnepartypbl

B cocraB mHOmMX BUGPOM3ONATOPOB BXOAAT marepuansl, CBONCTBA KOTOPbIX 3aBUCAT OT Temnepatypbl. Ecnin
cobcTBEHHas pe3oHaHCHan YacToTa obpasua Ha BUbpousonsTopax nonagaeT B AUana3oH 4acToT UCNbiTaHui, cnegyeT
NPOSIBNSATb OCTOPOXHOCTL B ONpeaeneHnn BpeMeHN BIAEPXKU, B TEHEHUe KOTOporo k o6pasuy 6yaeT npunoxeHo 3agaH-
Hoe Bo3byxaeHue. B page cnyvaes HeuenecoobpasHo nogeeprate o6paszeu AnutensHoMy Bo3GyxaeHuto u cnegyet npes-
yCMOTpeTb NnepepbIBbl A4NA ero BOCCTaHoBNeHUs. Ecnu u3BecTHO peanbHoe pacripegerneHve BpemeHu Bo3byxaeHusi
n3genus Ha AaHHOW Pe30HaHCHOW YacToTe B Npouecce aKkcnnyaTaumu, cnegyeT NonbITatbCa CMOAENUPOBAaTL €ro B Npo-
Lecce ucnoiTaHuii. Ecnu xe Takoe pacnpeaeneHne HEM3BECTHO, TO UCMbITAHWSA criedyeT NPOBOAWTL, OrPaHUyYMBast Anuv-
TeNbHOCTE NEpUoaoB BO30YXaeHWA, 4Tobbl n3beraTe Upe3mepHOro Harpeea obpasua.

B.5 CrteneHb XeCcTKOCTN yCNOBUN UCNLITAaHUN

3agaHHble Anana3oHbl YacTOT UCTIbITAHUIA, CNEKTParbHbIE NITOTHOCTU YCKOPEHUS LWMPOKONONOCHON U Y3KOMONOC-
HOM BMBpauun, aMnnuTyasl rapMOHUYECKUX CUTHATOB AOMKHbI ObITb BbIGpaHb! C TakKUM pacqeToMm, UToOb! OXBaTUTL LWINMPO-
KWW AManasoH YCNoBWIA NpakTUYeCcKoro nNpumeHenust uagenusi. Ecnv uapgenve npegnonaraeTcsa UCnonb3oBaTte B CTPOro
onpegeneHHbIX YCNoBUsiX, CTENEHb XEeCTKOCTU YCINOBUIM UCTbITAHWIA LenecoobpasHo 3ag4aBaTh UCXOAs M3 peanbHbiX
XapaKkTepuCTUK BUGpaLMOHHOTO BO3ENCTBUS B 3TUX YCINOBUSIX (KOT4a Takne XapaKTepPUCTUKN U3BECTHbI).

Mo BO3MOXHOCTW crnieayeT BbiGMpaTh CTENEHb XXECTKOCTU YCINOBUIA UCNBITAHUNA, COOTHOCALLYOCH NMBOo ¢ Bo3aen-
CTBUSIMU, KOTOPbIM U3enne MoxXeT GblTb NOABEPrHYTO B NPOLECCEe TPAHCMOPTUPOBKU UNK 3KCNNyatauumn, nnbo ¢ KOHCTPYK-
TUBHbIMK TpeBoBaHMAMYU K U3QENNI0, ECIN LENbIO UCTBITAaHWUIA ABNSAETCS OLIeHKa ero NPOYHOCTHBIX CBOWCTB.

Mpw onpegeneHn CTENEHW XeCTKOCTU YCIIOBUIA MCMbITAHUIA criefyeT OUeHUTb, €CTb NI HEOHBXO0ANMOCTE Ha3Ha4aTb
NX «C 3anacom» No cpaBHEHWUIO C BO3,EI,el7ICTBVIF|MVI B pearibHbIX yCNOBUSX NPUMEHEHUA.

B.6 XapaktepucTtukm o6opynoBaHus

HopmaTtuBHbIM JOKYMEHTOM MOXeT ObITb NpeanucaHo, HTobbl 06pasel, hyHkUMOHUpPOBan B npouecce nubo BCero
MCMbITaHWSA, MMBO ero YacTu Tak, kKak OH 06bIYHO PYHKLMOHUPYET Ha MPaKTUKE.

Ecnv BnGpauns MoxXeT NOBNUSITL Ha BbINOMNHEHUE OnepaLmi BKITKOYEHUS1 W/UNu BbIKNIOYEHNA, HanpuMep co3gaBas
nomexu paboTe pene, crnegyeT NpeaycMoTpeTh HEOAHOKPATHOE BbINOMTHEHWE STUX ONepaumii B NPoLecce UCMbITaHWIA, YTo-
6bl yBeamTeCsa B HageXHOCTW UX BLINOMHEHUS.

Ecnv eguHCTBEHHON LENbI0 UCMbITAHWI SBNSIETCS NPOBEPKa CTOMKOCTW M34enus K BO3AeNCTBUIO 3aa4aHHON BUBpa-
LMK, TO PYHKUMOHATBHbIE BO3MOXHOCTM 06pa3La OLeHUBaoT NOCre 3aBepLUEHUs NCMbITaHUN.

B.7 HavanbHble u 3aKn0YUTeNbHbIC U3MEpPeHUsA

HavanbHble 1 3akntounTenbHbIE U3MEPEHUS MPOBOASAT C LieNbIo OLEeHWUTL, Kak MOBNUSNO Ha o6pasel Bo3gaencTBue
BnOpaumn, Co3aaHHON B MPOLLECCE NCMbITAHWUNA.

MomMMMO BM3yanbHOrO OCMOTpa 3TU 3Tanbl MOTYT NPeAyCMaTpPUBaTh U3MEPEHNE SMEKTPUYECKUX U MEXaHUYECKNX
XapaKTepuCTuhK.
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