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BesepeHune

3apaya Bblbopa BMOpPOCTEHAA BCTAET KaxAblil pa3. korga Heo6XxoAMMO NPOBECTM UCTbITAHWS Ha BO3feii-
CTBME BNbGpauuv Ans HOBOM NPOAYKUMW WM NPOBECTU 3TU UCMIbITAHNS B PeXVMe, paHee AN 4aHHO NpoayKumm
He npumeHsBLUeMcs. Mpy 3TOM NPUXOAMTCA pellaTb, KakoMy U3 BapuaHTOB OTAaTb NpeanoyTeHre: npuobpectu
HOBOE uCnblTaTeNlbHOe 060pyA0BaHNe, MOEePHN3NPOBATL MMEIOLLeecs, apeHg0BaTb 060pyA0BaHNe y Apyroi
ucnblTaTensHo nabopaTopun unu nepesatb NPOBeAEHVE UCNbITAHWA B MOTHOM 06beMe cneLuann3npoBaHHoM
nabopartopun. B npouecce NpUHATUA pelleHus cnegyeT yunTbiBaTb pag hakTopos:

- uenb ucnbiTaHuii [Hanpumep, onpegeneHne BU6pPonpoYHoOCTM 1 (M) BUGPOYCTOMUYMBOCTM B 3a4aHHbIX
YCNOBKAX OKpyxatoLeli cpefpl (B pexunme 00blUHbIX UM YCKOPEHHBIX UCTbITAHWUIA); onpeAeneHne guHamuye-
CKUX XapaKTepuCcTUK KOHCTPYKLMK, AnarHocTupoBaHue: kannbposkayl;

- TpeboBaHUA K UCMbITAHNAM;

- yCNI0BYA NPOBEAEHNA UCTbITaHWii [Hanpumep, ¢ BO30YXAEHNEM OAHOTO UM HECKO/TbKMX TUMOB BMGpauum,;
TOMIbKO Ha BMOGpauuio 1am B coyeTaHun ¢ Apyrumm Bo3geicTensMu (HanpvMep, ogHOBPEMEHHOE NpoBefeHne
BMOPALMOHHbIX U KTUMATUUYECKUX UCMbITAHUIA)];

- 0CO6EHHOCTM MCMbITYEMOro 06bekTa.

HacTosiwmii ctaHaapT pacnpocTpaHaeTcs TO/IbKO Ha BMOpPOCTenAbl, NPUMEHAEMble B UCMbITAHWUAX Ha
yfapHy0 NPOYHOCTb Y yAapHYH YCTOMYMBOCTb. YCTAHOB/IEHHAs CTaHAapToOM npoueaypa Bbibopa UCXoauT, B
nepBytlo ovepefp, U3 TpeboBaHuii K TakuM ucnbiTaHuam. OfHako nonb3oBaTesb CTaHAapTa AO/HKEH UMeTb B
BUAY, YTO Ha BbIGOP UCNbITATENLHOrO 060PYA0BaHNSA MOXET CYLLLECTBEHHO MOBAUATL CreundmKa kak yCrnoBuii
UCNbITAHWUIA, Tak U NCMLITYEMOro 06beKTa.

Ecnn ucnbiTaTensHoe o6opyfoBaHue npegnonaraeTcs UCNOMb30BaTb B UCMbITAHUAX pa3HbiX BUOB,
TO 3TO TaKke A0/MHKHO OblTb Y4TEHO npu ero Bbibope. Tak. ecnm 06opyAoBaHne 6yfeT MCNob30BaHO Takke
B MCMNbITAHWUAX HA BUOPONPOYHOCTL AW BUOPOYCTOMYMBOCTb, TO Npu BbibOpe cnegyeT BMeCTe C HAaCTOALNUM
cTaHgapToM pykoBoACTBOBaTbLCA pekomeHgaunamy TOCT P MCO 10813-1—2011.

Heobxoaumo umeTb B BUZY, Y4TO BUOGPOCTEHA (BMOPOBO36YAMTE ) OTHOCUTCH K CNIOXKHBIM BMAam 060-
pyfoBaHuA, NpaBWU/bHbIA BbIGOP KOTOPOro BO3MOXEH /IMLLbL NPU COOTBETCTBYIOLWEN KBanudukaummn. B Takoi
cuTyauuy nokynatesnb 3a4acTyto BbiHYX/AeH obpallaTbCs K MOMOLLY TPpeTbeil CTOPOHbI. cnonb3oBaHne HacTo-
ALLero cTaHAgapTa MOXeT NOMOYb NOKyNaTesto OLEeHNTb, HACKO/IbKO 060CHOBaHHbIM ByAET peLleHre no Bbibopy
BMOpPOCTEHAa, NpesnoXeHHoe eMy TpeTbell CTOPOHOW. Kpome Toro, HacToALWwuiA cTaHAaPT MOTYT UCMO/b30BaThb
NMPOEKTUPOBLLVKNA 1 U3rOTOBUTENN UCTIbITATENIbHOTO 060pY40BaHUS, YTOObI OLLEHNTL COBPEMEHHbIe TpeboBaHuA
pbIHKa AAaHHOW NPOAYKLUK.
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HALULWOHANBbHBLIN CTAHOAPT POCCUMCKOMN OSELEPALUNMU

Bun6pauuns
PYKOBOACTBO MO BblIBOPY BUBPOCTEHAOB
O6opypoBaHne AN BOCNpOU3BeAEHUA yaapos

Vibration. Guidance for selection of vibration generating machines. Equipment to be used in a shock mode

OaTa BBegeHus — 2017— 10—01

1 O6nactb NpUMeHeHUs

HacToawwmin ctaHgapT ycTaHaBMBaeT PyKOBOACTBO MO BblGOPY BMOPALMOHHbLIX YCTAHOBOK, MCMNOMb3Y-
eMbIX B pexuMe BOCMNPOM3BEAEHMS YAAapOB, a TakkKe MeTofbl NPOBEPKU XapaKTePUCTUK 3TUX YCTaHOBOK.
[laHHOe pyKOBOACTBO MO3BO/ISAET NO/L30BATE/HO OLEHUTL BO3MOXHOCTV BUGPALUOHHON YCTAHOBKM U ee Co-
CTaBHbIX YacTeli (BUGpOCTEHAA, YCUIUTENSA MOLLHOCTY U CUCTEMbI YyNpaB/ieHUs) N0 BOCNPOU3BEAEHUIO yaap-
HbIX PeXnMMoB B (hOpMe OANHOYHBIX YAAPOB WU BPEMEHHBIX peasim3aunii, onpeaeneHHbIx Yyepes 3ajaHHyio
hopMy yaapHOro crnekTpa.

HacTosimii cTaHgapT pacnpocTpaHseTcs Ha BUGPOCTEH bl, NPUMEHsiIeMble 1Sl BOCNPOU3BEAEHNs No-
BTOpSOLLMXCS YAaPOB (YAapHbIX NPOLLECCOB) C Lie/bio BOCNPON3BECTY YC/I0BUSA BO3AENCTBUA HA UCTbITYEMbIiA
06BbEKT cornacHo ctaHgaptam cepun M3IK 60068 ([1] - (5)). a Takke B LensX BbIABEHUS «Cnabbix» MecT B
KOHCTPYKLUM 06bekTa.

B HacTosilieM cTaHfapTe paccMaTpuBaeTCsl HECKO/IbKO CNOCO6G0B 06ecneyeHns 3afaHHOro ABMKEHNS
MCMOMHUTENBHOrO opraHa BUGpoCcTeHAA: C MOMOLLbIO UMMYNLCOB NPOCTOM (DOPMbI UM Yepes CrIoXHbIe nepe-
X0AHble npouecchl. BocnpoussefeHve TpebyeMbix NEPeXoHbIX NPOLECCOB OCYLLECTB/SIETCS Yepes yrnpasne-
HMe MCNbITaHUAMU MO 3a4aHHOMY YAapHOMY CNEKTpY.

VcnbITaHUst Ha yAapHY0 NPOYHOCTb U YCTOMYMBOCTb YaCTO COYETAKT C COOTBETCTBYHOLWUMY BUGpaLu-
OHHbIMW UCNbITAHUAMN. CTEH,D,, I'IpI/IMEHFIEMbIVI B BI/I6paLWIOHHbIX NCNbITAHUAX, MOXET 6bITb TAKXE UCMOb30-
BaH B UCMbITAHUSIX HA yAap B TOM Ciy4yae, ecnv OH yAoB/eTBopsieT Tpe6oBaHWAM K UCMbITAHUSIM MO gnana-
30HY 4acTOT 1 cnocobeH o6ecneyunTb 3afjaHHble NpeaesbHble 3HAYEHUs NapameTPoB ABVXEHUS: YCKOPEHUS,
CKOPOCTU 1 NepeMelLeHunsi. XapakTePUCTUKMA OCHOBHbIX TUMOB BMOPOCTEHA0B NpuBeeHb! B [6] — [8].

B0O3MOXHOCTb UCMO/Ib30BaHMSI BUGPOCTEHAA A1 BOCNPOU3BEAEHNS UMMYNLCOB KNaccuyeckoit qhopmsl
paccmaTtpuBaeTcs B npunoxeHun A. Metofbl NpoBepkn (MOATBEPXKAEHNS) HEKOTOPbIX XapakTepucTuk Bnbpo-
CTEHA0B NpuBeAeHbl B NPUIOXeHUsx b u B.

2 HopMaTunBHbIE CCbINIKK

B HacTosilem cTaHgapTe UCNONb30BaHbl HOPMATUBHbIE CChIJIKU Ha Crefyoline cTaHaapTbl:
FOCT P NCO 2041 Bub6pauus, yaap U KOHTPO/Ib TEXHUYECKOTO COCTOSAHUA. TepMUHbI 1 onpeaeneHus
FOCT NCO 5348 Bubpauus u yagap. MexaHn4eckoe KpenseHne akcenepomMmeTpoB

NMpumeuaHune — lNpu Nonb30BaHNM HACTOSLLMM CTAHAAPTOM Lieiecoo6pasHo NPoBepuTb felCTBUE CCbIOY-
HbIX CTAH4APTOB B MH(DOPMALMOHHO CUCTEME OGLLEro NO/b30BaHWS - Ha 0hULMaNbHOM caiiTe HauMoHaNIbHOMO opraHa
Poccuiickoii ®egepauun no ctaHgapTusauumu B cet IHTEPHET WA Mo eXeroAHoMy UH(OPMaLMOHHOMY ykasaTento «Ha-
LMOHASIbHbIE CTAHAAPTbLI», KOTOPbI ONYy6/IMKOBAH N0 COCTOSHWIO HA 1 iHBapS TEKYLLEro rofa, 1 no BbiNyckam exemecsy-
HOrO MHCOPMALMOHHOTO yKa3aTensi «HauuoHabHble CTaHAAPTbI» 3a TeKyL Wi rog. ECNu 3aMeHeH CCbINOYHbIA CTaHaapT,
Ha KOTOpbIN faHa HeAaTMPOBaHHAs CCblIka, TO PEKOMEHAYETCS MCMO0/b30BaTh AENCTBYIOLLYI0 BEPCUI0 3TOTO CTaHaapTa
C y4eTOM BCEeX BHECEHHbIX B faHHYI0 BEPCUIO U3MEHEHUI. ECAIM 3aMEHeH CCbIIOYHbI CTaH4apT, Ha KOTOpbIi AaHa faTu-
poBaHHas cchlika, TO PEKOMEHAYETCsi MCMO/b30BaTh BEPCUI0 3TOT0 CTaHAapTa C yKasaHHbIM Bbllle FOA0OM YTBEPXAEHUs

MN3paHve oduymansHoe
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(NpuHATKS). ECAn nocne yTBepXAeHNUs HACTOSLLEro CTaHAAPTa B CCbIIOYHbIN CTAHAAPT, HA KOTOPbIV JaHa AaTUpOBaHHas
CCbl/fIKa, BHECEHO N3MEHEHWe, 3aTparuBatoLLee nosoXeHne, Ha KOTOpPoe AaHa CChl/ka, TO 3TO MOJIOKEHNE pekoMeHayeTcs
NPUMeHsITb 6e3 yuyeTa faHHOTO U3MEHEHUs. EC/N CCbIIOYHbIV CTAHAAPT OTMEHeH 6e3 3aMeHbl, TO MO0XeHWe, B KOTOPOM
[laHa CCbl/IKa Ha Hero, peKOMeHAyeTCsi NPUMEHSITb B YacTu, He 3aTparuBaloLieii 3Ty CCbUIky.

3 TepMuHbI 1N onpeaeneHuns

B HacToswem ctaHgapTe npuMeHeHbl TepMuHbl No FTOCT P NCO 2041, a Takxe cnegyouine TepMuHbI
C COOTBETCTBYIOLMMMN ONpefeneHnsamMu.

3.1 HOMMHaNbHas Harpyska: YkasaHHasa U3rotoBuTesieM MakcMmasibHas Harpyska, ucnonb3yemas ans
ucnbiTaHnii BUGpOCTEHAA.

3.2 KOHTPONbHaA Touka: Touka KpenaeHua obpasua, 6amxailas K LeHTPY NOBEPXHOCTM CToNa BUGPO-
cTeHAa.

MpumeyaHue — Ecnn Ha cTone BUBPOCTEHAA €CTb Touka kpenneHus, o6nagatoLlas 601ee XeCcTKoin MexaHu-
UECKOIA CBA3bIO C KOHCTPYKLMEN CTOMA, TO ee NMPUHUMAIOT B KAUECTBE KOHTPOJIbHOA.

4 O6uwmre NONOXEHMNSA
4.1 TMpeumyuiectsa NPUMeHEHNss BUGPOCTEHA 0B

MprmMeHeHne BMOPOCTEHAOB B UCMbITAHWAX Ha yAap M TPaHCNOPTHYIO TPSACKY ob6najaeT crefyowmumm
npevMyLLecTBaMmn N0 CPaBHEHNIO C TPAAMLMOHHBLIMUN YAAPHBIMU CTEHAAMMU:

- BO3MOXHOCTb MCMO/Ib30BaHNA CTaHAAPTHbIX NpMcnocobneHnii BU6pocTeHaa AN KpenaeHns UcnbiTy-
emMoro obpasua;

- COKpalleHne BpeMeHN Ha NOArOTOBKY K UCMbITAHUSIM.

- yNyulieHve BOCNPOU3BOANMOCTY YCIOBUIA UCTIbITAHWIA;

- BO3MOXHOCTb BOCMPOU3BEAEHNSA YaPHbIX NPOLLECCOB COXHON DOpMbI:

- NPOCTOTa HACTPOIKN Ha HOBbLIN TUMN YAAPHOIO BO3AENCTBUS;

- nyyline BO3MOXHOCTUW yNpaBfeHNs UCNbITaAHUSAMU, B TOM YMC/e, BO3MOXHOCTb 60/1ee TOYHO BOCMpPOn3-
BECTM hOPMY K/1acCUYECKOro yAapHOro UMnynbea;

- 3HaUMTENbHO MEHbLLNIA YPOBEHb HexenatesbHbiX (DOHOBbIX) kKoNlebaHnii B BOCMPON3BOAVMOM BO3AEN-
CTBUN.

4.2 OrpaHM4YeHuns Ha Ucnoab3oBaHUe BUOGPOCTEHAOB

[ns BocnpoussegeHns yaapHbIX PeXnMoB 00bIYHO MCNO/b3YIOT 3/IEKTPOAVHAMUYECKE NN TMAPaB/In-
yeckne BMOPOCTEHAbI. [laHHOe ucnbiTaTenlbHoe 060pyA0BaHMe MpU HaNMYMU COOTBETCTBYHOLWEN LMBPOBOI
CUCTEMbI YNpaB/ieHs CNoCO6HO reHepupoBaTh Kak yAapHble MMNyAbCbl knaccuyeckoli dhopmbl (Tpaneveun-
AanbHblil. NMNoobpasHbil B hOpMe NONYCUHYCOMAbI U 4p.), Tak U BpEMEHHOW NpoLecc NPoM3BOMLHOMO BUAA,
yAapHbIii CNEKTP KOTOPOro COOTBETCTBYET 3aJaHHOMYy. BmecTe ¢ TeM 3neKkTpoguHamuyecknini u rugpasnuye-
CKuit BUGpOCTEeHAbl 061a4at0T OrpaHNYeHHbIMY BO3MOXHOCTAMM MO BOCMPOU3BEEHNI0 BO3OYXeHNs ¢ 60/1b-
LUMMUN 3HAYEHUSAMU CKOPOCTU U NepeMeLLeHus.

[pyrue orpaHuyeHus NpUMeHeHuss BUOGPOCTEHAOB CBA3aHbl C MaKCHMaslbHbIM YCKOPEHWEeM W Makcu-
ManbHOW ANUTENbHOCTbIO MMNynbca. Ecnn ycnoBus vcnbiTaHwii npegnonaraioT CO3faHue OYeHb BbICOKMX
YCKOPEHWI nnn MMnynbCcoB 60MbLION ANNTENBHOCTU, TO A1 UX peann3aLnm MOXeT oka3aTbCA HE06X0AMMbIM
1Cnosb30BaTb TPAAULMOHHbIE MEXAHNYECKVEe YaapHble CTEHAbI.

4.3 MpUHUMNbI NPUMEHEHNS BMGPOCTEeHAA ANs BOCNPOU3BeLeHUs yaapoB

Ha oLeHKy BO3MOXHOCTU UCMO/Ib30BaHUS BUOPALMOHHOW YCTAHOBKU NS TeHeprpoBaHnsa yA4apoB BMSET
MHOTO (DaKkTOpoB, Cpeay KOTOPbIX Macca MUCNbITYeMOro 06beKTa 1 ero AHaMmyeckne xapakTepucTuki urpart
60/1e€e BaXHYI0 pOsib. YEM. HANPUMEP, B UCMIbITAHUSAX HA FAPMOHUYECKYH0 UK cryyaiiHyto Bubpaunto. O6bIYHO
NMMKOBOE 3HAYeHMe BbIHYXZJatolen cubl, KOTopoe MOXeT obecneynTb BUOPOCTEHS MpV BOCMNPOU3BEAEHUM
yfapa, To/IbKO B iBa WK TPW pasa npesblliaeT HeobxoAMMoe A5 Co34aHNsA rapMOHUYEeCKol Bubpauum, 4Tto-
6bl KOHLEHTpauua aHeprun Ha HebosNbLIOM WHTEpBasle ANNTENLHOCTU yAapa He npusBoAuia K ypesMepHo
60/1bLIOMY NeperpeBy NOABWXHON CUCTEMbI BUGPOCTEHAA.

MakcumasnibHO AOCTUXMMbIA ypPOBEHb YCKOPEHUS (Npu YCMOBUKM, YTO BMOPOCTEHA CNOCO6EH pasBuTb
[0CTaTOYHYI0 CUY) MOXET ObITh B iBa UM TPW pasa Bbllle cpefHeKBaapaTUYHOro 3Ha4eHNs YCKOPeHns, npu-
MEHSEeMOro npu UCMbITAHUAX Ha CAydaiiHyo BUbpauuio. MakcumasibHOe BbIXOAHOE HanpshkeHue ycunutens
MOLLHOCTU U KOIMPULMEHT YCUNEHNA MO CKOPOCTWU BUOPOCTEHAA ONpefAensaioT OrpaHNYeHus Ha CKOpoCTb

2



FOCT P 57210—2016

OBUXEHUS CTOMA, XOTA MaKCUMasibHOE HanpsbkeHue MOXHO U3MEHUTb, UCMOJb3ysi COOTBETCTBYIOLWWWIA corna-
cytowuit TpaHcgopmaTop. CambiM 60/1bWMM OrpaHUyYeHreM, OnpeaensiowM BO3MOXHOCTU BUGPOCTEHAA
BOCMPOM3BOANTL yAapbl 3aAiaHHON (hOpMbI, SBMISIOTCA Npefenbl Xo4a CTofa. ATO CBA3aHO C TEM. YTO CTON
nocsie BOCNpPOW3BeAeHUs UMMNYy/bCca AO/HKEH BbiTb BO3BPALLEH B CBOE UCXOAHOE MOSIOXKEHUE, a 3HAUUT nepes
1 NOC/Ie OCHOBHO YacTW UMMNYNbCca YCKOPEeHUs fO/MKHbI 6bITh NPefyCMOTPeHbl COOTBETCTBYOLME (DOPMUPY-
lowye UMnynbebl. Ha rpadmkax nepemellennsi (M. pucyHkn Al 1 A.2) BUAHO, YTO camble 6o/bluve nepe-
MeLLeHUsl CBsi3aHbl UMEHHO C (DOPMUPYIOLLMMU UMMY/IbCaMK1, NO3TOMY BUZA (DOPMUPYIOLLMX UMNY/LCOB U UX
YPOBEHb OTHOCUTE/ILHO MUKOBOTO 3HAYEHUSI OCHOBHOM YaCTW UMMy bCA CYLLLECTBEHHO BAUSIOT HA TpeGoBaHUs
K nepemMetieHunto, o6ecneynsaemomy BUGPOCTEHLOM.

4.4 Knaccudvkauymsa ucnblTaHWii Ha ygap ¢ NpUMeHeHMeM BUGPOCTEHAOB

4.4.1 BocnpoussefeHune uMmnynbca knaccuyeckoin oopmsl

CTaHAapTbl, yCTaHABNMBAIOWME METOAbI UCTbITAHWUIA Ha yaap, Tpe6ytoT, uTo6bl UchbITaTeslbHoe 060py-
[loBaHWe 6bl/I0 CMOCOGHO BO3AeiCTBOBAaTb Ha WCMbITYEMbIV 06pasel, yaapHbIM MMMY/IbCOM OAHOW U3 Tpex
Knaccuueckux hopm (Nnaoo6pasHbIM € MUKOM B KOHLLE, JI0/IYCUHYCOMAA/BbHBIM AU TpaneueniasibHbIM) ¢
3a/laHHOIi XecTKoCTbio. MpK 3TOM Takue CTaHAAapThl HE yCTaHaBMBaOT TpeboBaHuUs K ycTpoiicTBam, BOCMpo-
U3BOASALLMM 3aiaHHbIE UMMY/IbChI.

UT06bl BUGPALMOHHBI/ CTON NOC/e BOCNPOM3BEAEHNS yaapa NPUXOAna B CBOe HayaslbHOEe MOJIOXKEHNE,
BOCMPOU3BOANMbINA YAAPHBIA MMNYNbC YCKOPEHUST KNACCUYECKOW hopMbl JOIKEH AOMOSTHNTENBHO COAEPXKATh
chopmupyIoLLMe UMMY/bChI, PAcMooXeHHble HEMOCPEACTBEHHO A0 W cpa3y nocse WHTepBasa, Ha KOTOPOM
onpegeneH knaccuyeckuit UMnynbc (CM., Hanpumep, pucyHok A.1l). AMNAIUTyAa QOpMUPYIOLUX UMMY/bCOB
COCTaB/sieT Maslylo 400 NUKOBOTO 3HAYEHUSI OCHOBHOMO MMMy/ibca. B 3TOM crlydae CTO/1, Ha KOTOpPOM ycTa-
HOB/IEH UCMbITyeMbIli 06paseLl], cHauyana pasroHsoT, a OCHOBHOM yAapHbIi uMnynbc hopMupyeTcsi Bo Bpems
OTCKOKa CTO/a B KOHLLE ero TpaekTopuu.

UTo6bl hopMa MMMy/bCca He BbIXOAWMA 3a 3afjaHHble Npejesibl AoMNycka, UCMO/b3yT UTepaTUBHbIN pe-
XM ynpaBneHusi yaapoM. BHauane npyMeHsIoT UMMYbCbl MAnoro YPOBHS, A/151 KOTOPbLIX aHa/IM3NPYIOT CUTHas
YCKOPEHUs1 B KOHTPOJIbHOW TOUKE. PacCUnTbIBAIOT OTK/IOHEHWE OT 3aAaHHON (DOPMbl 1 M3MEHSIIOT CUrHan 3a-
[lawllero reHeparopa TakuM 06pasoM, UTOGbI CKOMMEHCMPOBAThL MOJyYeHHble OTK/IOHeHus. Mpoueaypy Bo3-
GYXXAEHUSI MNY/IbCOB MasIoro YPOBHs1 MOBTOPSIOT A0 TEX MOp. MokKa NoslyyeHHasi hopma umnynbca He Gyaet
HaxoAWTLCA B Npefenax fonycka. Mocne 3Toro ypoBeHb UMMy bCca NOCTENEHHO MOBLILIAKT, KOHTPONPYS NpK
3TOM hopMy CUTHaNa, [0 TeX Mop. noka He 6yAeT AOCTUTHYT ypOBEHb, COOTBETCTBYIOLLWMIA 3alaHHOM XeCTKOCTU
UCMbITaHMiA. PaHee Npy NCNONb30BaHUN MEXaHUUYECKUX CTEHA0B A/18 TaKoii NpoLeaypbl HACTPOKK UCMO/b30Ba-
TN UMWTaTOPbI HArpy3KW, YTOGbI He Neperpy3uTb UCTbITYEeMbIi 06 BEKT 10 Hauana 0CHOBHbIX UCMbITAHNIA.

4.4.2 BocnpowussegeHune Bo3aelicTBMS € 3af4aHHbIM yAapHbIM CNEKTPOM

MeTogpl UCMbITAHWUIA C 334aHHbIM YAaPHbIM CMEKTPOM YACTO UCTOMb3YHT B TEX CyYasix, KOrga HyxHO
MaKkCUMasibHO MOX0Xe UMUTUPOBATb YC/IOBUS AVHAMUYECKUX BO3AEWCTBUIA Ha UCMLITYEMOE U3fenve Npu ero
peaslbHOM MpUMeHeHUK. YTo6bl NCMbITaHUSA 6blIM BOCNPOM3BOAMMBIMU U COOTBETCTBOBA/IM PeasibHbIM YC/l0-
BUSIM NPUMEHEHNS U34eNNsi, NPU UX NPOEKTUPOBAHUN CefyeT yunTbiBaTb OCHOBHbIE NPUHLMMBLI UCMOb30Ba-
HUSA YAAPHbIX CNEKTPOB.

B HacTosiLee BpeMsi 60JIbLUYIO YAaCTb UCMbITAHUI Ha yaap NPOBOASAT C NPYMEHEHUEM UMMY/bCOB B hop-
Me nosiycuHycouapsl. OfHAKO Npy UCMbITAHUSAX C UCMO/Ib30BaHWEM 3aJaHHOTO YAAPHOTO CNeKTpa cnoco6HOCTbL
TECTOBOrO BO3AECTBUSI CTUMY/IMPOBATb pasBuUTUE MOBPEXAEHNS UCMbITYEMOro 06pasua 3aBUCUT He TOJbKO
OT NMKOBOTO 3HAYEHUS W A/INTENILHOCTM UMMY/bCa, HO U OT pacnpeaesieHnsl 3Hepruv no ero cnektpy. Nostomy
B UCMbITAHWSIX JaHHOrO BMJa B KauecTBe 33aloLLero curHana npeanoytuTeslsHee UCNo/b30BaTh BPEMEHHYIO
peann3auuio Npou3BO/ILHOTO BUAA, HO Takyt, YTOObl HA COOTBETCTBYIOLLUME XapakTepHble YacToTbl o6pasLa
npuxoAunack COOTBETCTBYIOLAS A0S SHEPruK curHana. Takoil noaxos sBAseTcs BeCbMa rM6KUM, NOCKO/bKY
No3BOJISIET 0GONTU MHOTME OrpaHNYeHusi, CBsI3aHHbIE C UCTOJIb3yeMbIM UCMbITATe IbHBIM 060pyAOBaHNeM, 3a
cueT Bbl6opa noaxoaswieit hopMbl curHana. Hanpumep, UCNbITaHUS B COOTBETCTBUM C BOEHHLIM CTAH4APTOM
[6] NnpesnonaratoT Bocnpou3BeaeHe 3a4aHHOM0 YAApHOro CnekTpa, Ho B TeX Clydasix, Korga KoHTposb yaap-
HOTO cneKTpa HEBO3MOXEH, [0MyCKatT NCMO0/b30BaTb BO30YXAEHNE C/lyyaliHoli LLIMPOKOMNOIOCHOW BUGpaLy-
el K ygapHbIMM UMMYNbCaMU NI006pa3HON hOpPMbI C NMKOM B KOHLIE.

B ucnbiTaHWsix faHHoro BUaa obpasel, 06GbIYHO BO36GYXAAKT NEPEXOAHLIM MPOLECCOM C HEGOMbLIMM
NUKOBbLIM 3HAYEHWEM, NMPOBOAAT N3MEPEHME YAAPHOTO CMEeKTPa M CONOCTaB/SAT ero ¢ 3afaHHbIM, Noc/e Yero
cucTema yrnpas/ieHUsi BHOCUT B CUrHasl Heo6XxoAyMble M3MeHeHus. Tpoueaypy NOBTOPSIOT HECKONIbKO pas
[l0 TEX Nop. Noka esnaemasi oopma yAapHoro crnektpa He 6yaeT AOCTUIHYTA, U 3aTeM NPOBOASAT UCTbITAHWS
o6paslia C 3a[jaHHOI XEeCTKOCTbI0 BO3AeiCcTBUSA. Bua 3a4aBaemMoro yAapHoro Cnektpa MoXeT 6biTb BbiGpaH
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N3 HECKOJIbKMX CTaHOapPTU30BaHHbIX (*)OpM NN nosiydyeH B pesynbtare aHasin3da guHaMn4ecknx BOS,EI,eVICTBVIVI
Ha un3aenune B peasibHbIX YC/I0BUAX €ro NpUMeHeHuA.

5 XapakTtepucTtunku BubpocteHga

[BxeHne ctona BnbpocTeHAa MoxeT ObITb ONpeAenieHo Yepes yAapHbI CNeKTP uan 3afaHo B hopme
COOTBETCTBYHOLLEN akceneporpaMmbl. I'ae 3To HEO6X0AMMO, [O/MKHbI ObITh ONpefeneHsb! cneaytLme xapak-
TepUCTMKM BMGpOCTeHAa (BMecTe C gonyckamm):

a) hopmMbl BOCNPON3BOAVMbBIX UMMNY/1bCOB;

b) Ananas3oH W3MeHeHWli CKOPOCTW CTONa,;

C) MakcumasbHbI/i pa3max nepemMeLleHuns cTona;

d) AmanasoH BOCMPOW3BOAVMbIX MUKOBbIX 3HAYEHWUI MMMYbCOB YCKOPEHUS:

e) chopmumpytoLLne MMMYNbCbl A0 U MOC/E OCHOBHOM YacTy UMMy bCa YCKOPEHUS,

0 AvanasoH ANuTesnibHOCTEl NMMNYNbCOB;

[) Avanas3oH 4acTOT BOCMPOM3BOAMMOrO yAapHOro cnekTpa:

h) paspeleHune no yacToTe;

i) mMacca cTona v o6Lan Macca NoABUXHON cucTeMbl BUGpoCTEHAA.

j) MakcumanbHas XecTKOCTb, NPOYHOCTL M AeMndupoBaHve cTona BUGpocTeHaa:

k) yacToTbl cO6CTBEHHbIX KONebaHwuii cTona:

) COOGCTBEHHbIE YACTOTbI BUOPOCTEHAA MOC/E €ro YCTaHOBKM Ha hyHAAMEHT;

T) o6wme pasmepbl BUOPOCTEHAA M €r0 YacTel, BKIYas pasMepbl CTONa U UX BCMOMOraTeslbHbIX
npucnocobeHunii;

n) pa3mepsbl, Maccbl 1 METO/bI KPEMNeHNA peakTUBHbIX Macc:

0) MakcumasibHbli pa3mep U Macca MUcnbiTyemoro obpasua;

p) cpeacTBa KpenneHus ncnbliTyeMoro obpasua u akcenepoMeTpoB;

q) yncno yaapos (yAapHbIX MMMY/bCOB), KOTOPble BMOGPOCTEHA CNOCO6EH BOCMPOU3BOAUTL B €AVHULY
BpPEMEHU, NI MUHUMaIbHBIA MHTEPBa BPEMEHU Mexay ABYMSl NocnefoBaTe/lbHbIMU yaapamu (MMnynscamu);

r) XapakTepucTVKN U3MepuTeNbHON CUCTEMBI;

S) MeCcTopacnosioXeHue LieHTpa TSXKEeCTU CToMa C yKasaHueM BUSHUS Ha AVHaMUKY OBWKEHUs cTona
HeLeHTpanbHOM yCTaHOBKM UCMbITyemMoro obpasua.

t) AONYCTUMBbIA Ananas3oH U3MEHEHUs KIMmaTuyecknx )akTopos (TemnepaTtypa, BNaXHOCTb U T. 4.).

6 PekomeHpauuun no BbIbopy BUbGpocTeHaa
6.1 O6Lwue NoaoXeHns

XapakTepucTukm BMGpoCTEeHAa, MPUMEHSEMOro A1 BOCNPOW3BeAEeHNS YAApOoB, AO/MKHbI ObiTb ycTa-
HOBJ/IEHbI €70 N3rOTOBUTENEM.

Bcnepactere 0co60i BaXXHOCTWM BO3MOXHOCTY KOHTPONMPOBATL B NPOLEcce UCMbITaHW nepemelleHme
cTona BMOGPOCTEHAA XenaTesbHO, YTO6bl MakCHMasbHbIi pa3mMax nepemeLLeHns Npu BOCNpPon3BeAeHNN ne-
pexofHbIX npoueccoB 6bi1 He MeHee 50.8 MM (nyywe He MeHee 63,5 Mm). MNoaTomy LenecoobpasHo BbiGU-
paTtb BU6pOCTEHA C 60/bLINM XOA0M MOPLUHS.

Lpyrumu KOHCTPYKTUBHBIMKW 0COGEHHOCTAMM BUGPOCTEHAA, NO3BONAIOWMMU reHepMpoBaTh 3afaHHble
yfAapHble BO3AENCTBUSA, ABNSAIOTCS:

- 0YeHb XeCTKMe KPOHLUTENHbI KpenneHuss BUbpocTeHaa, cnocobHble 06ecneyunTb ero HaexHy ono-
py. O6bIYHO Takne KPOHLITEWHbI BMECTe C CeicMUYeckoli maccoi hyHhameHTa npedycMaTpuBatoTCs KOH-
CTpyKUMeli BU6pPOCTEHA0B, KOTOpble nNpeAnonaraeTcs MCNonb30BaTh B peXxuMe yAapoB UM B UCMbITAHUAX
Ha HM3KO4aCTOTHYH BMOpaLmio;

- Ha/Mume BHYTPEHHEeN cucTeMbl onopbl (LEeHTPMpOBaHKA) kopnyca BUGpocTeHaa, No3BoNswoLwWwen ne-
pemMeLlaTb ero B BepTUKa/sbHOM Hanpas/ieHUy B 3aBUCMMOCTY OT Macchl UCnbITyemoro obpasua. B cnyvae
MOLLIHbIX BUBPOCTEHAOB XenaTeslbHo, YTobbl Takas cuctema paboTtana B aBTOMATUHECKOM pexvme:

- nerkas npoyHas kaTyLluka NOABWXHOW cucTeMbl (419 31eKTpoAMHAMUYECKUX BUGPOCTEHA0B), CNOCO6-
HasA o6ecneyntb 60/bLUNE YCKOPEHUS:

- HaJ/IMYKe cneLuanbHOro cornacyLLero TpaHcopmaropa, KOTOpPbI MO3BO/INT NPUMEHSTL CTEHA B LUMPO-
KOM Anana3oHe yCnoBuii ucnbiTaHnii. OH MOXET BK/OYATL B Cebs yaaneHHbIli nepeknoyaTesni 0TBOL0B, NO3BO-
NALLWMNIA N3MEeHATb BUA BOCMPON3BOAMMOrO BO30OYXAeHUs (rapMOHUYeCKoe, CriyyaliHoe, yaapHble NpoLecchbl).

Mpv BOCNpOU3BEAEHUN YAAPOB MOTYT HAOMOAATLCA YCKOPEHUS MHOTO Bbille TEX. YTO MMEKT MecTo
npy NCNbITAHUAX HA FAPMOHUYECKYIO UM CyyaliHylo BMbpaumio, NoaToMy ocoboe BHUMaHWe creayeT yae-
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NNTb CMNaM B HaNpaB/IeHUW, OT/IMYHOM OT Hanpas/ieHns yaapa, NoCKOsbKy Takue Cusibl CNOCO6HbI NOBPeAnTb
noagecky Bu6pocteHsa. BonbLUMHCTBO N3roToBUTENEl BUBPOCTEHA0B NPeaoCcTaBNsaoT chopMy y pacyeTa fo-
NyCTUMBIX CU/1 B NONEPEYHOM HanpaBfieHUW, KOTOpble HEO6XOAUMO KOHTPOMPOBATbL U3 pacyeTa HeEKOTOPOro
KoahumumerTta 3anaca (o1 10 % fo 20 %) c yueToM 0CO6EHHOCTEN AMHAMUYECKOro NOBEeAEHNSA KOHKPETHOro
ncnbiTyemoro obpasua.

B HekoTOpbIX BUOGPOCTEHAAX Nepefaya curHana BO3GYXAEHWA OCYLLECTBNAETCHA yepe3 UHAYKTUBHYIO
CBS3b, YTO NPMBOANT K OTPaHNYEHNAM BO3MOXHOCTW BOCMPOM3BEAEHNS KonebaHnii B 061acT HU3KUX 4acToT.
Ecnn HWXHAA rpaHuua guanasoHa 4yacTtoT co3jaBaeMoil BUOPOCTEHAOM BUGpaLun He pasHa Hynio, TO cie-
[yeT OLeHUTb HW3LWYI0 YacTOTy BOCNPOU3BOAUMOrO yAapHOro BO3AencTBus 1 y6eanTbCsl, YTO OHa MNpeBblla-
eT HWXKHIOK rpaHnly guanasoHa 4acToT BubpocTeHfa. B cnyvae BocnpounsBefeHUs yAapHOro YCKOPEHUs B
dhopme nonycuHycoubl ¢ NpUMeHeHeM hopMUPYIOLLMX UMMYIBCOB HU3LWWAsA YyacToTa CUrHasa MoxeT 6biTb
onpegenieHa no NPoAOC/HKUTENBHOCTM (hOPMUPYIOLLErO UMY bCa.

Huswasn yactoTa curHana «onTMMU3NPOBaHHON» DOPMbI (CM. NPUIOXeHNe A) MOXeT 6biTb paccuntTaHa
no ero rpagpuky. 3ta yactota 06bIYHO 3aBUCUT OT NPOAO/HKUTENBHOCTY (DOPMUPYIOLLEro UMNY/bCa, YCKO-
peHvne koToporo Mano. MoaTomy B MpUHUMNE AOCTATOYHO, YTOObI MOLLHOCTb MEepoAaBaemMoro ycunmrenem
CcUrHana xoTa 6bl HE3HAYWNTENIbHO MpeBbIllana NoTEPU Ha paccesHne Npu WHAYKTUBHOM CBA3W, faxe ecnun
HWXHAA rpaHyua nonocbl nponyckaHus BMOPOCTOHAA MPEBbIAeT HU3LLYI0 4acTOTy BOCNPOU3BOAUMOIO CUT-
Hana. OAHaKo NpW 3TOM crefyeT yunTblBaTb, YTO UHAYKTUBHbIE NOTEPU BbI3bIBAIOT NOBbILLEHNE TEMNEPATYpbI
NOABWKHOW YacTn BUMOpPOCTEHAA, NO3TOMY MpW MCMbITAHUAX CregyeT cobnaTb OCTOPOXHOCTb U He AoMny-
cKaTb Ype3MepHOro neperpesa.

OueHKa BO3MOXHOCTWM MCNO/Mb30BaHUS 3/1EKTPOAMHAMUYECKOTO BMOpPOCTEHAA B YAAPHOM pexume sB-
NAEeTCs HenpocToi 3ajaveli, MOCKOSIbKY KOHEYHbIV pe3ynbTaTl 3aBMCUT OT MacChl UCMbITYEMOro 06bekTa u
0CO6EHHOCTEN NPUMEHSIEMOr0 KOHTPO/IIepa cucTeMbl ynpasneHust. MNpu Boibope ncnbiTaTesibHoro o6opyao-
BaHUS1 MOXHO OrpaHN4nTbLCS AOCTATOYHO rPyObIMK OLeHKaMK, ogHako Ana obecneyveHuss 6e30nacHoi paboTbl
BMOGPOCTEHAA crefyeT TOYHO paccumTaTb NapaMeTpbl UCMbITAHWIA.

HekoTopble KOHTPONAEpPbl TeHepUpYOT UMMYIbCbl, obecneynBaioLie nepemMelleHne cTona To/bKo B
Of1HY CTOPOHY. [11A paclvpeHnss BO3MOXHOCTEl cUCTeMbl KOPnyc BMOPOCTEHAA MOXET OblTb HECKOJIbKO CMe-
LLeH N0 OCM BOCNPOU3BOAUMBIX KOnlebaHuii nocpescTBOM BHYTPEHHE CUCTEMbI ONOpbl (eCNN OHa MMeeTcs).
HekoTopble BMOPOCTEHABI MOTYT 6GbiTb CHaGXeHbl yCTpO/CTBAMM aBTOMATMYECKOrO CMELLLEHNs Kopnyca, no-
3BO/ISIOLLMMUN KOPPEKTMPOBATL €0 NOJIOXEHNE B 3aBUCHMOCTM OT MaccChl UCMbITYEMOro o6bekTa.

BONbLNHCTBO KOHTPOM/IEPOB AONYCKAT OrpaHnyeHne nepemMeLleHuns, CKOpocTU U yCKOpeHus cTona
(kapeTkn) BUGpOCTEHAA NPOrpamMmMHbIM CMOco60oM. Ecnn e KOHTponiep Takoli BO3MOXHOCTbIO He 06nadaerT,
TO AN1A OrpaHUYeHns BbiHYXAaloLWen cunbl (YCKOPEHUS) 1 CKOPOCTU cneayeT ynpasisTb COOTBETCTBEHHO Ha-
NPsHKEHNEM M TOKOM Ha BbIXO[e YCUUTENs MOLLHOCTK. MNepeknoyarenn orpaHuyeHmnst No TOKy 1 HanpshkeHto
[OMKHBI BbITb YCTAHOB/EHbLI B MOJIOXEHUE ANS CyYaiiHoli BUGpaumu.

CyLlecTBYIOT KOHTPO/I/IEPbI, CMNOCOOHbIe obecneynBaTb (POPMMPOBAHNE BPEMEHHOrO CUMrHana npous-
BOJIbHO 3a4aHHOl hopMbl. ITO MO3BOMISET 06ECNeYnTb TOUHOEe COOTBETCTBME curHana (B hopme umnysbca)
rpaHvLe Aonycka n TeM caMbiM HECKOJIbKO CHU3WUTb TpeboBaHUS K BOSMOXHOCTAM BUOPALVOHHOW YCTaHOBKY.

WcnbiTaHna Ha ygap moryT Tpe6osaTb BOCNPOW3BEAEHUSA NOCNef0BaTEIbHOCTU yAaPHbIX UMMY/bCOB.
B aTom cnyyae Heob6xoauMMo y6eanTbCs, YTO MHTEPBasIbI MEXAY OCHOBHbIMU MMMY/bCaMW A0CTATOYHbI A1
BK/IIOYEHNSA MEXAY HUMK (DOPMUPYIOLLUX UMMY/bCOB.

6.2 CwuHTe3 yfapHOro Bo3aeicTeums

B kauecTBe anbTepHaTMBbl CO34aHUSA C NOMOLLbIO 3/1EKTPOANHAMMNYECKOTO WU TUAPaBANYECKOrO BU-
6pocTeHaa yAapoB K1accuyeckoin hopMbl MOXHO UCMOb30BaTb BO3OYXAeHWe Mo 3a4aHHOW dhopme yaapHOro
cnekTpa. Heobxoanmblii curHan BO36YXAEHUSA MOXET ObiTb MOSIyYeH B BUAE CyMMbl MMNYNbCOB (BEViBNETOB)
pas!tOii chopMbl 1 ypoBHSA (CcM. (2]). 3agaHHOMY yaapHOMY CMeKTpy COOTBETCTBYET 60/blioe pa3Hoobpasune
BPEMEHHbIX peanusaunii curHana. Kak cnegcreue, Hakan/ivBaemble B XOfe WCMNbITaHU YyCTanoCTHble No-
BpexaeHus obpasua byayT o 06LemM cnyyae 3aBUCeTb OT BbiGpaHHO (DOpMbl CUTHaNa, B TO BPEMS Kak NuKo-
Bble 3HAYEHNS YCKOPEHUS Y NKOBbIE MeXaHU4Yeckne HanpsxeHns 6yayT npubansnTenbHO OAHUMUN N TEMU Xe.
MocKkonbKy UCMbITAHWA Ha yAap, Kak npasuio, nNpu3BaHbl NPOAEMOHCTPUPOBATL CMOCOOHOCTb UCMLITYEMOrO
n3aenus BblfepXnBaTb NMUKOBbIE KPATKOBPEMEHHbIE HArpysku, TO C YYETOM Bblllecka3aHHOro TpeboBaHus K
YCNOBUSAM UCMbITAHWI NpefnoyTuTeNIbHO (DOPMYy/IMpOoBaTh B BUAE 3a4aHHOro yAapHOro CnekTpa, a He akce-
neporpaMmbl npouecca. Kpome Toro, cneAcTBveM yAapa 3avacTylo ABNSIOTCA konebaTenbHble npolecchl B
06bekTe, 1 3TN NPoLeccbl MOryT NPeAcTaBATb CaMOCTOATENbHbIA NHTepec. C 3TOl TOUKM 3peHust BO3fel-
CTBME Takke NpeanoyTuTeslbHee ONMChIBaTb Yepes yAapHbIli CNEKTP, a He Yepes yaap kinaccuyeckoi hopmsl.

TecToBble UMNYNbCbl K1ACCUYECKOW hopMbl, onpefeneHHble B (1). MOryT 6bITb 3aMeHeHbl, Hanpumep,
BPEMEHHbIM CUTHA/IOM B BUAE CYMMbl BEBNETOB:
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a(0= IFA lexp(-claj,/)sin(coif +p,). (1)

rae 3(f) — BpeMeHHOol curHan yckopeHus:
L; — yrnosas yacToTa,

A,y 1e;— aMnauTyaa, HavyanbHas gasa 1 KoathUUMEeHT AeMNUPOBaHNSA BeliBNeTa COOTBETCTBEHHO.
3HayeHna A, d 1 e, 06bI4HO BbIOMPAIOT CNyYaiHO pacnpefeneHHbIMKU B fuana3oHe BO3MOXHbIX 3Ha-

YeHwuii, onpeaenseMbiXx BO3MOXHOCTAMMN BUOGPOCTEHA U ero CUCTEMbI ynpaBfeHus. B cucteme ynpasneHus
TpebyeMblii BpEMEHHOW CUMTHaN paccuMTbiBaeTCcs cnepylowmum obpasom:

a) thopMMpPYIOT aHcaM6/b OCLUNATOPOB C OAHOM CTeneHbio CBOGOAbl, onpefesnisieMbix Yepes Habop
CO6CTBEHHbIX YACTOT U 3aaHHOe AeMMnhpoBaHue:
b) reHepupyT CUrHaN B BUAE CYMMbl GOJbLIOIO YMC/a BEBIETOB C pasHbIMK YI/10BbIMU YacTOTaMu LU,

[cm. chopmyny (1)];

C) BPEMEHHOW CuUrHas OAHOBPEMEHHO MOAAT Ha BXOAbl BCEX OCLM/INSATOPOB;

d) M13MepAT NMKOBOE 3HAYEHME Ha BbIXOAE KaX0ro OCLMANATOPA M HAHOCAT ero Ha rpadmk 3aBucu-
MOCTW OT COBCTBEHHOI 4YacToTbl ocumiiaTopa. [oyyeHHas kpuBasi COOTBETCTBYET yAapHOMY CNeKTpy Ans
BPEMEHHOT0 CuUrHana, onpefesieHHoro Ha ware b);

e) CpaBHMBAIOT NOJTYYEHHbIV YAapHbIA CNEKTP C 3aA4aHHbIM U paccyMTbiBAOT pa3HOCTb ANS KaXA0N va-
CTOTbl (COBCTBEHHOW YaCTOTbl OCLMNIATOPA);

0 nocpefcTBOM OTpULIaTENbHOM 06paTHON CBA3M U3MEHSIIOT BXOAHOW BPEMEHHOI CUrHasI ¢ y4eToM MNo-
NyYEHHbIX pa3HOCTel Ana NpubamkeHns opmbl yaapHOro cnekTpa K 3agaHHOM.

MoBTopstOT Warun ot ¢) Ao f) 40 Tex Nop. Noka nosyvyaemblii yaapHblii CNEKTP He COBMaAEeT C 3afaHHbIM
B Npejenax gonycka. B pesynbtate nonyyaroT BpEMEHHOW CUIHaU, KOTOPbIA J0/MKEH GbITb BOCNPOM3BEAEH Ha
cTonie BubGpocTeHAa B npouecce ucnbiTaHuii. Mocne aToro NpucTynarT K Npoueaype cornacoBaHus OTKIMKa
cTona BMOpPOCTEHAA C NOJIYYEHHbIM BPEMEHHbIM CUTHANOM. [ 3TOr0 MCNOMb3YyT NEPEXOAHYHO XapakTepu-
CTUKy BMOpOCTEHAA, 3aBUCSALLYI0 OT NCMbITYyeMoro obpasua 1 yCTpoCTB ero KpenieHus.

n pnmedaHumne 1— I'Ipou,e,qypbl CUHTe3a (bOprI BpeMeHHOro curHana n ynpassieHNsa ABWXeHUeM ctona
BMGPOCTEHAA MHOTAA COBMELLAIOT.

n punmedyaHune 2 — MakcumanbHblli OTKAUK aHcamb6is ocumnnATopoB He coBnagaeT C MakCUMallbHbIM
ycKkopeHueMm, HabngaeMbiM Ha CTOMle BUOpOCTEHAA. KOTOPOE PaBHO 3HAYEHUIO, K KOTOPOMY acUMNTOTUYECKU CTPEMUTCA
KpuBasa y[apHOro cnektpa npu BOo3pacTaHMM 4acToTbl (COGCTBEHHOVI 4acToThl ocu,vmnﬂTopa) aAo 6ecKkoHeYyHoCcTn. ITO
3HayeHne HasblBalOT YyCKOpPEeHUeM HyneBoro nepuoja.

MpvBeaeHHas npoueAypa CUHTE3a curHana no3sosisieT BOCMPOU3BECTU BO3DOYXAEHME C y[apHbIM Crek-
TPOM. B NSATb pa3 NpeBbIaLWLMM TOT, YTO ObIS1 Obl MOYYEH, €C/IM O6bl BPEMEHHOW CUrHaUT CTPOUICS C UCMOSb30-
BaHMEM MMNYyNbCOB Knaccuyeckoli hopmbl (Kak 3TO AeNaroT, HanpyuMep, Npy NPUMEHEHN YAAPHOro cTeHaa). JT10
NO3BOJIAET MOJYYNTb OAUH U TOT XKe YAAPHbIA CNEKTP NPU 3HAUYUTEIbHO MEHBLLMX BbIHYXAOLLMX CUNax.

6.3 AHanus curHana
[lna npocToro BblYMCNEHMSA HAYalbHOTO BAa YAapHOro crekTpa MoXeT 6biTb MCMO/Ib30BaHO pasHOCTHOe
ypaBHeHne BTOpPOro nopsigka B Buae

yn=xra/Xx "~ -a n2, )

rae yn— MrHOBEeHHOe 3HauyeHue OTK/IMKa OCLMIATopa C OAHOI CTeneHbo CBO60Ab! Ha Tekyliee (X) 1 npea-
LwecTByloWwme (Xn_,. X1 2) 3Ha4yeHus BXOAHOro curHana,

a ,.a2— koathuUNeHTLI, onpegensiemole no gopmynam
a,=2exp(-2nef0Ta)cos(2uf0Td). 3)
a2=-exp(-41TE70Ta), @)
roe f0O — HegemndmpoBaHHas co6CTBEHHAs YacToTa OCLUANATOPA C OAHOW CTeneHblo CBOGOAbI;

e — KO3(hhMUMeHT gemndunpoBaHus;
Ta— WHTepBan (Nepnog) AUCKpeTM3aLmu.
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[ins nonyyeHns ycTonuMBOro peLleHmns ¢ 4OCTaTouHOM TOYHOCTbIO MOXHO OrpaHNunTLCA NSATHI0 BbIGOPOY-
HbIMU 3HAYEHUAMU Ha Nepuoje konebaHuii, onpegensemom yactoToli fO. Ecnu koadhdmumneHT gemncupoaHns
He paBeH Hyno, TO ANA onpejeneHvs yAapHOro cnekTpa cregyeT MCNoib30BaTb 610K BbIXOAHBIX JaHHbIX
COOTBETCTBYIOLLEN ANNTENBHOCTY.

Ecnu koadhcpuumeHT gemndvpoBaHnsa 61130K K HY 0, TOFAa OCHOBHAsS 3HEPrus OTK/IMKa COAEPXUTCS Ha
BPEMEHHOM MHTepBasie, KOTOpbIV credyeT 3a MHTEPBA/IOM YAapHOro Bo3aelicTeusa. B atom cnyyae Havbonee
3(hheKTUBHbIV CNOCO6 pacyeTa yAapHOro CrnekTpa 3ak/tyaeTcsl B BbINOMHEHUN Dypbe-npeobpa3oBaHnst ¢
nocneayloLwmm yMHOXeHNneM KoadpuuneHToB ®ypbe Ha 3HaYeHWS Yr10BbIX YacToT.

ANTropuTM pacyeTa y4apHOro crektpa crefyeT npoBepuTb, UCNOMb3ya A/1S 3TOro TeCTOBbI CUrHan ¢
M3BECTHbIM YAapHbIM CNEKTPOM. B kauecTBe Takoro TeCTOBOr0 CUrHana pekoMeHayeTcs NCnosib30BaTb MMNYIbC
NPSAMOYro/ibHON POPMbI, 4151 KOTOPOro NOTrPELUHOCTb BblYMCIeHNs ByaeT MakcuMasibHa.

Ecnu Bu6pocTeHA Npon3BoAMT yYAaph! CI0XKHON (hopMbl CO CyHaliHbIMU 3HAYEHUAMW aMNANTYAbI U thasbl
Ha 3aflaHHbIX YacToTax, TO peKOMeHAyeTCA NPOBOAUTL YyCPeAHEHME N0 HECKO/TbKUM peanu3auusamM cnyyaiHoro
npouecca. Takke pekomeHAyeTCs UCMO/b30BaTh NpoueAypy CraaxnBaHusa Noayvyaemoro yAapHoro crnekrpa.
Ecnu 3HauuTenbHasa 40NA yAapHOro cnekTpa IeXuT B BbICOKOYACTOTHOW 06/1acTu, TO A5 ero npeActaBneHns
LenecoobpasHo 1CnosbL30BaTh orapudmMuyecknii macutad no yacTtoTe.

[ins cTeH0B, NPOV3BOAALLMX OAVHOYHbIE YAapHbIE UMMY/bChI, BXKHON XapakTepucTUKOi ABNSeTCA Koad-
ULMEHT HANMOXEHHbIX KONebaHuii M . 3TOT KOIPDULIMEHT AO/MKEH ObITb YCTAHOB/EH U3rOTOBUTENIEM CTEHAA
1 NPOBEpPATLCH B XO4e ero ncnbitTaHnid. KoadhduumeHT HanoXeHHbIX konebaHuin s yaapHoOro Bo3geicTauns
3afaHHo hopMbl paccunTbIBaOT MO chopmyne

. EIK-2), )

10 2a

rfAe acoK— MNWKOBOE 3Ha4YeHWe CrNaxXeHHOro yCKOpeHns yaapHoro BO3AencTeus;
a, — 3HayeHue Makcumyma (i He4eTHOE) UM MUHKMMYMa (/4eTHOE) YCKOPEHUS yAapHOro Bo3encTeus,
/— HOMep 3aKCTpeMyMa YCKOPeHWs yAapHOro BO3AencTaus;
N — 4YNCNO IKCTPEMYMOB B CUTHA/Ie YCKOPEHUS YAAPHOTO BO3AENCTBUS.

6.4 WHepuuoHHoe Teno

Ecnm npn pa6ote BMGPOCTEHAA MCMOSb3YIOT UHEPLMOHHOE TS0, TO ero Macca M XecCTKOCTb AO/IKHbI
CYLLLeCTBEHHO NPEeBbILlAaTh MACCY U XEeCTKOCTb CToMa BM6poCcTeHAaa.

NHepLMoHHOe Teso A0/HKHO MMETL [4OCTAaTOYHO BbICOKME PE30HAHCHBLIE YACTOThI, UTOOLI TE HE BUS/MN
Ha (hopMy CaMOro KOPOTKOrO YAapHOro UMMy bCca, BOCMPOU3BOAMMOIO BUGPOCTEHAOM.

B cnyyasix, koraa Heo6xoayMo U30MMPOBaTL OKpYXatoLme NPpeaMeTbl U CHU3UTb AUHAMUYECKYIO HarpysKy
Ha MoJ1 0T BO3AECTBIIA YAapOB, CO34aBaEMbIX BUGPOCTEHAO0M, MHEPLIMOHHOE Tesl0 yCTaHaB/IMBaIOT Ha NogBecax
C HU3KOI COBCTBEHHOI YacTOTO KonebaHuit. HepLMoHHOe Teno MOXET TakKe MUCMOo/b30BaTbCs A5 ynpas-
NIeHUsi BO3BPATOM CTO/a Moc/ie COBEPLUEHNS yaapa 3a CUeT nepefaHHoro aToMy Tesly KOSIMUecTBa ABUXEHNS.

M3roToBuTENbL BUGPOCTEHAA LO/KEH YKa3aTb pEKOMeHAyeMble reoMeTpuueckue pasmepsbl, 3HaueHus u
COOTHOLLIEHME MEXAY ABUXKYLLMMUCS Maccamu, BKoYas NCMbITyeMblii o6pasel, v MHepLMOoHHOe Teso, a Takke
yKasaTb MeTogpl UX YCTaHOBKM.

7 WcnbiTaHna BubpocTteHpa
7.1 O6wmre nonoxeHus

CoO0TBETCTBME XapakTepuCTVK BUOPOCTEHAA, MPUMEHSEMOrO A1 BOCNPOM3BEAEHNS YAAPOB, 3asAB/IEHHbIM
3HAYEHVSIM JO/IKHO NEPUOANYECKN NOATBEPXKAATLCS B XOAE €ro UCMbITaHW COrnacHo yCTaHOB/IEHHOM MeTOAVKE.

M3rotoBuTeNb BUGPOCTEHAA YKa3blBAET PEKOMEHAYEMY NEPUOLUNYHOCTL UCMbITAHWUIA, KOTOpas MOXeT
6bITb CKOPPEKTMPOBaHAa MO/Ib30BaTE/IEM HA OCHOBE OMbITa 3KCMyaTauunm BUGPOCTEHAA, UHTEHCUBHOCTU €r0
1Cnonb30BaHns, cTabubHOCTU NPOBEPSEMbIX XapaKTepUCTUK.

7.2 MeTop ncnbliTaHui

B xofie vcnbiTaHnii BbINOMHAKT cnegytolime npoueaypsbl;

a) NpoBOAAT NpeABapuTesbHbIA KOHTPO/b paboTbl BUOPOCTEHAA;

b) onpefensioT MeTPONOrMYeckMe BPeMEeHHbIe XapakTepUCTMKM BMOPOCTEHAA AN KaXKAOro pexuma
paboTbl, BKOYas;
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- NepexoAHylo xapakTepucTuky (cM. npunoxexue B).

- AManasoH MUKOBbIX 3HAYEHUI YCKOpEeHUs,

- AnanasoH ANWUTEeNbHOCTeN yaapHbIX UMNY1bCOB,

- hopMmbl BOCMPOM3BOAUMBIX YAAPHbIX UMY 1bCOB.

- KO3(YPULIMEHT HaNOXEHHbIX KonebaHuii 4Na 3afaHHON BPEMEHHO peanunsalmmn yaapHoro npotecca;

C) onpepensT TOYHOCTb BOCNPOM3BEAEHNA 3afaHHbIX yAapHbIX CMEKTPOB B Pa3HbIX pexmmax paboTbl;

d) onpegenstoT cTabunbHOCTb BOCMPOM3BEAEHNS NMNKOBbLIX 3HAYEHWI YCKOPEHNSA UKW yAAPHBIX CNEKTPOB
B MOBTOPHbIX NCMbITAHUAX:

e) onpeAensaT Yncno yaapos, BOCNPOU3BOAUMbIX BUOPOCTEHAOM B €4UHULYY BPEMEHN;

0 onpepenslT kO3hPULNEHT HEPABHOMEPHOCTN pacnpefeneHns yCKOpeHus no ctony BubpocteHaa;

4) onpeAensaioT KoadhULMEHT OTHOCMTENbHOTO NONEPEYHOro ABMXEHNSA cToNa BU6pOCTeHAa npy BOC-
npov3BefeHUn yaapos;

h) onpepgensoT MarHUTHOE Mone paccesiHnA Haf CTO/I0M BUGpocTeHAa (415 BUOPOCTEH0B 3/1€KTPO-
AVHaMMNYecKoro Tvna).

7.3 CpeacTBa M3MepeHuii n BcnomoratenbHoe o6opyAoBaHue

B KOMMMEKT NocTaBku BUGPOCTEHAA [O/MKHbI BXOANUTL ABE 3KBMBASIEHTHbIE HArpy3ku ¢ Maccamy midm
n 0,5 T,0T, rge — Macca HOMWHa/bHOW Harpysku. Ecnm BMGpoCTeHA UCNONb3YT ANS UCMbITaHWi
06pasLoB, YbA Macca BMeCTe C Maccoii npucnocobneHnii 4nsa kpennexus He npesbiwaeT 0,1 T /02 TO gony-
CKaeTCsl NPOBOAMTbL KAIMOGPOBKY CTEHAA 6e3 Harpysku. B kayecTBe 3KBUBANEHTHOW Harpy3kn pekoMeHayeTcst
MCMONb30BaTh LelbHOMETaNIMYeCKyo OT/IMBKY B (hOpMe LUANHAPa WK NpaBuIbHON NPU3Mbl, 418 KOTOPbIX
OTHOLLEHWE BLICOThI KAMaMeTpy (HambosbLueli AnaroHan 0OCHOBaHWs) HaxoauTcsa BAvanasoHe o7 0.2 go 1,0.

NMpumeyaHue 1— lonyckaeTcs NPoBOAUTL KannBGpPOBKY BUGPOCTEHAA C UCMONb30BAHUEM MOAENN U3LENUS
C COOTBETCTBYIOLMMN NepexofHuKaMu 1 ycTpoiicTBaMu Kpennenusi. B aTom cnyuyae pesynbTatbl KanmbpoBku GyayT
NPpUBsi3aHbl K KOHKPETHOMY U3AENNI0 U MOTYT 6bITb UCMOb30BaHbl TONLKO ANS UCMbITaHMii 06pa3L0B JaHHOTO U3LENUS.

dopma 3KBMBANIEHTHOW Harpysku fosixHa o6ecrneymBaTb BO3MOXHOCTb YCTAHOBKM akcesiepoMeTpa B
KOHTpO/‘IbHOVI TOYKe Ha cTone BVI6pOCTeH,qa. O6bIYHO KOopAnHaTbI KOHTpOI‘IbHOI7I TOYKM coBnagarT C reome-
TPUYECKUM LEHTPOM NOBEPXHOCTWU CTOM1A, €C/IN U3roTOBUTENIEM HE PEKOMEHA0BAHO MHOE.

CpepncTBa U3MepeHuid yaapa, Ucnonb3yemble npu UCNbITaHUAX, LO/KHbI 06ecneynBaTb U3MEPEHUS B
AnanasoHax yAapHbIX YCKOPEHWUIA 1 ANUTENbHOCTEN NMMY/IbCOB, BOCMPOM3BOAMMbIX BUBPOCTEHAOM. VIHCTPY-
MeHTa/ibHasA HeonpeaeneHHOCTb N3MePEHNN, BKIOYaA HETIMHENHOCTb aMMINTYAHOU XapakTEPUCTUKN 1N An-
HaMKn4yeckyr norpewHoCcTb VI3MepVITe}'IbHO[7I uenu, o/HKHa obecneunBatb n3MepeHne napamMmeTpoB yaapHbIX
npoueccos B KOHTpOI‘IbHOVI TOYKEe B 3a4aHHOM HanpaBneHun VI3MepEHVIl7I B npegenax aonycka, yCtaHOB/I€HHbIX
B [1] nnn n3rotoButenem BMbpocTeHaa.

MpumeuvyaHne 2 — Ecnn OfHOCTOPOHHMIA gonyck coctasnseT 20 %, TO paclimpeHHas MHCTPYMeHTasibHas
Heonpe/eneHHOCTb He A0/KHA NpeBblaTh 7 % npu ypoBHe fosepus 95 %. Kanmbposky akcenepoMeTpoB, BXOAALLNX B
COCTaB CPefCTBa N3MEPEHUIA, BbIMOHSIOT COracHo [7].

YcTaHOBKa akcesiepoMeTpoB Ha cTonie BubpocteHaa — no FOCT NCO 5548. [ins yMeHbLUeHUs norpeLu-
HOCTV M3MepeHWii, cBA3aHHOW ¢ fechopmaumeii ctona BM6pocTeHAa, a Takke npu Heo6xoAMMOCTY U3MepeHnii
nonepeyYyHoro ABMXEHUS UCMOJb3YT BCNoMorate/ibHoe nepexofHoe YCTPOMCTBO B BMAE MeTa/lsInyeckoro
KybvKa nnu umnuHapa c MakcMasbHbIM rabapuTHbIM pasMepomM He 6on1ee 30 MM, Ha MOBEPXHOCTAX KOTOPOro
ycTaHaB/MBaloT akcenepoMeTpsbl.

MocKoNbKy UCMbITAHMS Ha yAap Uav TPSACKY CONPOBOXAAKTCA BbICOKUMU 3HAYEHUSAMU YCKOPEHUSA U ne-
peMeLleHns. 0cobble Mepbl NPeoCTOPOXHOCTU AO/MKHbI GbITb NPUHSATLI B OTHOLLIEHUWN CUTHASIbHBIX Kabenel.
OHW [O/MKHBI ObITb NPOMOXEHbI 1 3aKpeneHbl TakvuM 06pasomM, YTOObI B X04€e UCMbITaHW NofgBepraTbCs Mu-
HUMasbHbIM U3rMbam n MexaH1yeckum Hanps>KeHUsM, 0CO6eHHO B MecTe CoefiMHeHNA C NnpeobpasoBaTesiem
BMGpauumu.

7.4 KannbpoBka n o6paboTka pe3ynbTaToB UCMbITAHWUIA

Bo Bpemsi npefBapuTesibHOr0 KOHTPO/A paboTbl BUGPOCTEHAA NPOBEPSIOT:

- HaNMYre pyKoBOACTBA MO 3KCNyaTauuy BUOPOCTEHA];

- COOTBETCTBME YCTAHOBKN U KOH(Urypauum BubpocTeHaa pekoMeHgauuam nsrotoButens;

- Hannure cBUAEeTeNbCTB 0 NOBEpKe (KaMbpoBKe) CPeACcTB N3MepeHNii yaapa, NPUMEHSEMbIX C aHHbIM
BMOPOCTEHAOM;

- BO3MOXHOCTM BK/IIOYEHUS 1 BbIK/TIOYEHNS BUOPOCTEHAR;

- HacTpolikn BU6pocTeHaa ANna paboTbl B peXxvme BOCNPOM3BeAeHNS YAapoB;
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- PYHKLMOHMPOBAHNE CUCTEMbI 3MEPEHWIA;

- BbINO/SIHEHWE TPe60oBaHW1 6€30NacHOCTV B COOTBETCTBUN C TEXHUYECKOW JOKYMEHTaL el N3rotToBuTensi.

MeTponoruyeckme xapakTepucTuki onpeaensioT ANS KaXA0ro pexvma BOCNpou3BeAeHUs yaapHOro
BO36YX/AeHWSA. VI3mepeHuss BbINOHAKT A8 MUHUMa/IbHOTO, MaKkCUMasibHOrO M NPOMEXYTOYHOTO 3HaYeHWl
NMKOBOTO YCKOPEHWS, BOCNPOU3BOAMMOro BU6GPOCTEHAOM, NPY 3KBUBA/IEHTHOI Harpy3ke ¢ HOMWHasbHOW Mac-
coii TnoT, 0.5 T u 6e3 Harpysku.

OKBVBA/IEHTHbIE HArpy3ku 1 NMKOBbIE 3HAYEHUS YCKOPEHUA onpeAenseT nonb3osare/ib BU6pocTeHaa.

[na Kaxporo u3 ykasaHHbIX cOYeTaHWn MUMKOBbIX YCKOPEHWIA 1 Macchbl Harpysku yaapHoe Bosfeicteue
NMOBTOPSOT HE MeHee Tpex pa3. OLeHKY MMKOBOTO 3HAYEHNS YCKOPEHUS U A/INTEeNIbHOCTU UMNybca ANs Kax-
[1070 pexvma 1 Kaxaoi Harpysku nony4yatoT no ycpeAHeHHO BpeMeHHOM peanusaumm ygapHoro npotecca. 3a
ANNTENbHOCTb UMMY/bCa NPUHUMAIOT TOUKY NEPBOrO NepeceyeHns yCpeaHEHHOM peann3aLnum ¢ ocblo abeumcce.

Ecnu cTtaHpapTamMy Ha WUCNbITaHUS Ha BO3feiCTBME yAapHbIX NMPOLECCOB He YCTAaHOBMEHO MHOE, TO
yAapHble UMMYNbCbl KnaccuuumupyloT, CpaBHUBas yCPeAHEHHYI BPEMEHHYIO peanu3auuio ¢ chopmamu un
gonyckamu umnynscos no (1).

Ecnu B ycpeHeHHOl BPEMEHHO peanusaunm NpucyTCTBYIOT Ha/OXeHHbIe KonebaHus, To onpeaenstor
KO3(hhULMEHT HaMOXEHHbIX KoslebaHuil cornacHo 6.3.

YOapHbIii CNEKTP paccynTbiBalOT B COOTBETCTBUM C 6.3. MONYYEHHbIV yAapHbIA CNEeKTp cpaBHWUBAKT C
3a/laHHbIM B TEXHUYECKNX YCOBUSIX UCMbITAHWI Ha yAap Wan B OKYMEHTaLUN U3rotToBuTens.

B kauecTBe xapakTepucTvku HecTabunbHOCTU BOCMNPOW3BELEHWUS YAAPHOTO BO3AENCTBMA MPUHUMAKOT
MakCcMmasibHoe OTK/OHEHWE NMMKOBOTO 3HAYEHNA B CEPUU UCMbITaHUIA OT ero cpefHero 3HauyeHus.

Yucno yaapos, BOCNPOM3BOAMMbIX BUOPOCTEHAOM B eVHMLY BPEMEHU B 3afjlaHHOM pexume paboTbl
BMOPOCTEHAA, ONpesensioT Kak CpefiHee YCNo yAapoB B eANHNULY BPEMEHUN B XOAEe MOBTOPHbLIX UCNbITAHWIA.
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Mpunoxexve A
(cnpaBo4HOeE)

B0O3MOXHOCTb NCNO/b30BaHMA BUGPOCTEHAA ANS BOCNPOU3BEAEHUSA
yAapoB Knaccu4yeckon doopmbl

[ns BocnpousseAeHnst MHOTOKPATHbIX yAapHbIX BO34e/CTBUI pa3Hoii (hopmbl MOFYT UCMO/Ib30BATLCS 3N1EKTPOANHA-
Muyeckmne BUGpcCTeHAbl. Yaapbl knaccuyeckoi hopmbl (NoNycrMHyconaanbHOW, NnaoobpasHoii, TpanewenaansHoi) nony-
YaloT C UCMONb30BaHMEM LU POBLIX CUCTEM YNPAB/EHUs], MO3BONSOWUX AOBUTHCS BbICOKO TOYHOCTH BOCNPOU3BEAEHNS.

Mpy BOCNpOU3BEAEHNMN CUTHANA YCKOPEHUST (Hanpumep, B (pOpMe NOlyCUHYCOMUAbI) CUCTEMA YNPaBIEHNSA AO/TKHA
cneAnTb 3a TeM. YTOGbl MaKCMMasibHO ,ONYCTUMble 3HAUYEeHWs CUSbl, YCKOPEHWS, CKOPOCTU 1 NepeMeLLeHns He 6blau npe-
BblLLEHbI. [py 3TOM HanGoblUMEe NPOGAEMbI CBSI3aHbl C MPaBU/IbHbLIM 3aaHNEM (HOPMUPYHOLLUX UMMY/IbCOB YCKOPEHUS
[l0 1 nocfie OCHOBHOTO cUrHana, obecneynBaLLx BocnponsseaeHne Tpebyemblx CUTHANIOB B MAKCUMaslbHO LLUMPOKOM
AvanasoHe NUKOBbIX 3HAYEHWIA.

Ecnv 0CHOBHOIA curHan npegctaBnseT co6oii nonycuHycougy, a hopMupyoLme CUrHasbl UMelT NpsMOoYrobHY
hopmy (CM. pucyHox A.1l), TO MAKCUMasibHO AONYCTUMOE MUKOBOE 3HAYEeHWe YCKOpeHusi  ANs 3afaHHOro AuvanasoHa
nepemeLleHnii R 3aBMCUT OT YCKOPEHNS B 06paTHOM HanpasieHun P . Ha npakTuke B 60/1bLUMHCTBE TEXHUYECKUX YCI0BWIA
Ha ncnbiTaHus TpebytoT, 4To6bl P He npeBbiwano 10 % Ap.

Ecnu macca kopnyca Bu6pocteHaa Ma, a macca NoABMXKHOW CUCTEMbI C HArpy3koii Ma . To B NKOBOE yCKOpeHue
Ap crniegyeT BBECTW MONpaBKy, YYUTbIBAIOLWLYO ABUXEHUE Kopryca BMGpocTeHAa B HanpaBfieHWU, NPOTUBOMNOSI0KHOM
LBVXEHUIO NOABUXHOW CUCTEMBI.

Kpome Toro, cnefyeT yunTbiBaTh 4ONYCTUMbIE AManasoHbl BbIHYXAaloLLeid Chibl U CKOPOCTW ANt AAHHOTO BUGPO-
cTeHAa. Kak npasuio, Npu UCMbITAHUSIX C BOCNPOU3BEAEHNEM YAapHbIX NPOLECCOB MOXHO MCNO/b30BaTb CU/Y BABOE
60/1bLWYI0, YEM MPY UCMbITAHUSIX HA TAPMOHMYECKYI0 BUGPaLUio, NPU YC/IOBUU, YTO NPW 3TOM BCE OCTaslbHble XapakTepu-
CTUKM BUGPOCTEHAA OCTaloTCs B Npejesax AonyCKOB.

MakcrmasnibHO BO3MOXHOE M3MEHEHVEe CKOPOCTU BO BPeMsi yaapa onpefensietcss MakCMmasibHbIM BbIXOAHBIM Ha-
NPSHKEHNEM YCUIMTENSE MOLLHOCTU U 3aBUCUT OT KOHCTPYKLMUW BUGPOCTEHAA U YCUSTUTENS MOLLHOCTHU.

a — ycKopeHue yjapHoro umnynbca; V— ckopocTb; d — nepemeujeHue; | — Bpemsi; — ANUTENbHOCTb NPefyAapHOro
(nocneypapHoro) opMuUpyloOWero nmnynbca; 12— AauTenbHOCTb OCHOBHOM YacTu UMNyabca

PucyHoKk A. 1 — CurHasbl yCKOPEeHWs, CKOPOCTM U NepeMeLLeHuns ANS UMMyabca NosaycuHycongansHoi opmsl
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[Ana vmnynbca NoaycuMHycouaanbHON OPMbl C NPAMOYTO/IbHbIMY (POPMUPYIOWMMK UMMYbCAMU CpaBeavBbl
cnepytoLiie COOTHOLEHNS:
_2Vz 2 w*RP Mb

Al
AV~ 'A%~ [|(1+2P) Y +Y (A1)

rae v — Ananas3oH N3MEeHeHUs CKOPOCTM BO BpeMs yaapa;
A0 — nuKoBOe 3HaYeHne YCKOpPeHwus;
t2— ANNTEeNbHOCTb OCHOBHOI YacTu MMNybCa;
R — Anana3oH nepemeLleHnii;
P — oTHocuTenbHOe o6paTHOE YCKOPEHUE;
MD— macca kopnyca BU6pocTeHAa;
Ma— cymma mMacc nofBWXHO! CUCTEMbI N HarpysKu.

B Tabnuue A.1 npuBefeHbl TUMUYHbIE 3HAYEHUS Ap 1 2415 31eKTPOAMHAMNYECKNX BUOPOCTEH0B C X040M (pasma-
XOM fnepeMeLlyeHuns) KkaTywkm Bo3byxaernmsa 51 mm ana P = 0.1.

Tab6bnunya Al

Ait.m/c2 2.mc
5 30
10 16
15 n
25 6
30 1
40 1
50 1
75 n

MpuBeAeHHbIE COOTHOLIEHUS MOTYT 6bITb UCMO/b30BaHbI TO/ILKO Kak OPMEHTUPOBOYHbIE, MOCKO/IbKY B A€ACTBUTE Tb-
HOCTW BUA (DOPMUPYIOLLMX UMMYNIbCOB OT/INYAETCS OT NPSIMOYTO/IbHOTO (CM. PUCYHOK A.2).

a— ycKopeHue yAapHOI0 UMNYNbCa; V — CKOPOCTh, d — nepemeujerue; | — BpeMms; <, — ASIMTENbHOCTb NPeAyAapHOro
(nocneyaapHoro) hopMupytowero uMnynbea; Ir — 4NNTenbHOCTL OCHOBHOW YacTu UMnynbca

PucyHok A.2 — CurHanbl yCKOpeHus, CKOPOCTU U NepeMeLLeHNsa Npu BOCNPOU3BeAeHUN yAapHOro umnynsca
nosycuHyconaanbHoli (GopMbl C ONTUMU3NPOBAHHLIMW NpedyAapHbIMU 1 NocneyAapHbIMU yyacTkamu
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Mpunoxexne b
(pekomeHgyemoe)

Onpepenexnne KO3 ULMEHTOB HEPABHOMEPHOCTU pacnpefeneHust yCKopeHus 1 OTHOCUTENbHOTO
nonepeyvyHoOro ABMXEHNS Ha CTone BUGpocTeHa

B.1 KoahduumMeHT HEpaBHOMEPHOCTM pacnpefeneHusi ycKopeHus

HepaBHOMEpPHOCTb pacnpefeneHns YyCKOpPeHUs Ha cTofie BUOGpocTeHAa onpeAensioT MeTofoM 3amelleHus. OAns
M3MepeHnii UCMoNb3yIOT ABa akcenepomeTtpa. AKkcenepomeTp A ycTaHaBAMBalOT B KOHTPOJIbHONM TOYke, akcesnepoMmeTp
B — B TOuYKe Ha cTose BUOGpOCTEHA. MAaKCUMasIbHO yaneHHON 0T KOHTPOSIbHOIA.

CHauyana onpefensioT CPpeHee 3HaUeHe OTHOLIEHUSI MKOBbIX 3HAYEHUI HaNPsXKEHWIA HA BbIXOA4ax napbl akcene-
pOMeTpOB Npu 3aAaHHOM yAapHOM YCKOPeHUW 1 AnntenbHocTn nmnynsca (C/~/UAg),.

3arem akcenepomMeTpbl MEHSOT MecTamMu (3amMeLLaroT OAVH APYTMM) U 418 TOTO Xe yAapHOro Bo3aeicTeus onpege-
NSAT HOBOE CpeAHee 3HauveHue oTHoweHus: (U */ Lab-

KoadhpuumneHT HepaBHOMEPHOCTY pacnpefeneHns yCKOPeHns Ha cTone yaapHoro cteHaa K A . B npoueHTax, onpe-
AensaT no opmyne

(6.1)

B.2 Koath(pnuMeHT OTHOCUTENbHOro NONEPeyYHOro ABMUXKEHUS

BHauane B HECKONbKUX 3KCMEPUMEHTAX ONpeAensitoT KO3 (ULMEHT NONEPEUHbIX COCTAB/ALLMX YCKOPEHWS Ha CToNe
Bu6pocTeHaa K, s. B npoueHTax, npu 3afaHHOM yAapHOM YCKOPEHWUW U ANNTENIbHOCTU UMMybca no dopmyne

(6.2)

rae a’ — YCKOPEHMWE B HanpaB/eHUW yaapa B HM 3KCNEpUMEHTE;

a, (0- ayt(0 — yckopeHusi B ABYX NMPOM3BOJIbHBIX B3aUMHO NepneHANKYNsPHbIX HanpaBieHusX, NepneHAnKyNspHbIX K
HanpaBfieHWo yaapa, B HM 3KCNEpPUMEHTE;

t — Bpems.

B KaX[0M 3KcnepuMeHTe N3MepeHust BO BCEX TPEX B3aUMHO NeprneHANKYNAPHbIX HANpaBieHusx X. y 1 Z NpoBoasT
0LHOBPEMEHHO.

Mocne 3aBeplUeHNs BCEX IKCNEPUMEHTOB KO3 NLIMEHT OTHOCUTEILHOTO NONEPeYHOro ABMXeHus K,,. B npoLeHTax,
npv 3aAaHHOM yapHOM YCKOPEHWUM U A/IUTENILHOCTY MMNYNbCa ONpeAensioT no popmyne

Kv =max{KYj} . (B.3)

Ecnn usmepeHus NpoBoAsiT C UCNO/b30BAHNEM Ky6UKa, K KOTOPOMY KPENsAT TP O4HOKOMMOHEHTHbIX AaT4MKa yCKo-
peHuns. TO JO/MKHO 6bITb COBMIOAEHO yCOBUE

(64)

rae c — CKOpocCTb 3Byka B MaTepuane kybuka, m/c;
L — anuHa pebpa kybuka, m;
| — ANWTenbHOCTb Hanbonee KOPOTKOro UMMynbCa, C.

12
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MpunoxeHne B
(pekomeHayemoe)

OnpepeneHne NepexonHoli xapakTepucTnku Bub6pocTeHga

AHaNN3 NnepexofHoi xapakTepucTUk1 BUGPOCTEHAA, MCMNOMb3YEMOrO /19 BOCNPOU3BEAEHUSA YAAPHbIX BO3AEACTBUIA
Npou3BO/IbHOI (hOPMbI, BK/IKOYAET B ce6s cregyloLine aTanbl:

a) 3aMeHAT I'apMOHVIHeCKVIVI CUrHan HanpsbkeHna Ha Bxode ycunutensa MowHOCTH BVI6p00TeH,EI.a NPAMOYroJibHbIM
curHanom n(0 ¢ TemM Xe NUKOBbIM 3HAYEeHUEM:

b) perncTpmpyoT curHan yckopenus a(l) Ha ctone BUGPOCTEHAA U PETYNVPYIOT aMNANTYAY U A/IMTENIbHOCTb BXO4HO-

ro curHana u(f) Tak. 4uTo6bl BOCNPOM3BEAEHHbIV curHan a(t) Haxoauncst B IMHENHOM Anana3oHe amnauTys BubpocteHga
(cm. pucyHok B.1):

a<() — YCKOpeHue Ha cTone Bmﬁpocremga. I/I<() — HanpsXxeHue Ha BXoAe ycunutensa MoWHOCTH Bmépocreuga: r— BpemMA, C

PucyHok B.1 — BX0fHOW 1 BbIXOLHOIi CUTHASbI, UCMOMb3yeMble A5 pacyeTa NepexofHol xapakTepucTuki BubpocteHaa

C) PerucTpupyloT U aHann3MpyT HU3KOUACTOTHLIV cunYan Ha cTone BUGPOCTEeHAA (CM. PUCYHOK B.2);

3(") — ycKkopeHue Ha cTosie BUGpocTeHaa: ol) — HanpsiXxeHUe Ha BXOAe YCUNUTENS MOLWHOCTU aubpocTenga. M— Bpems, ¢

PucyHok B.2 — OTknnk BU6pocTeHaa B 061acTv HU3KMX YacToT

d) PperucTpupyloT 1 aHasIM3NPYIOT CUrHa Ha CToJ/le BUGPOCTEHAA B 06/1aCTU CPeAHUX YacToT (CM. pUCyHOK B.3);

13
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e(l) — yckopeHue Ha cTone BUGpocTeHaa; 0(<) — HanpsXXeHWe Ha BXOAEe YCUAUTENS MOWHOCTM BUGpoOCTeHAa; | — Bpems, C

PucyHok B.3 — OTKuK BU6pOCTeHAa B 06/1aCTW CPeAHMX YacToT

€) PperucTpupyloT U aHanu3upyloT CUTHAN Ha CToNe BUBPOCTeHAa B 061aCTU BbICOKMX YAcTOT (CM. PUCYHOK B.4):

a<<) — yckopeHue Ha cTonie BuGpocteHga: u(f) — HanpsxeHue Ha BXOAe YCUIUTENS MOWHOCTU BUGpOCTeHA]A; | — Bpems, C

PucyHok B.4 — OTKuK BU6pOCTEHAA B 06/1aCTW BbICOKMX YacToT

f) nosly4YeHHble pe3ynbTaTbl UCNOMb3YIOT A4S annNpoKCMMaL M NepexoHoii XxapakTepucTukm BU6pocTeHaa,
[l) C NOMOLL LI NOyYEHHOR NEPEXOAHOI XapaKTEPUCTUKM YEPES CBEPTKY (DYHKLMIA paccunTbiBAKOT OTKIMK BUGpOCTEHAA
Ha MPOW3BO/bHbIV BXOAHOW CUTHaI.

14
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