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MNMpeaucnosue

Llenv n npuHumnel ctaHgapTusauum B Poccuickon ®egepavmmn yctaHosneHsl PegepanbHbiM 3aKOHOM OT
27 pekabpsa 2002 r. Ne 184-d3 «O TexHUYECKOM perynnupoBaHuMm», a npasuna npuMeHeHnst HauMoHanbHbIX
ctaHpapTtoB Poccuiickon ®epepaunmn — FOCT P 1.0—2004 «CtaHpaptusauns B Poccunckon denepauuu.
OCHOBHbIE NOMNOXEHUA»

CBepgeHus o cTaHaapTe

1 NOArOTOBJIEH OTkpbITbIM aKuMoHepHbIM obLecTBoM «Bcepoccuinckuii HayyYyHo-nccrnegoBsarte-
NbCKUA UHCTUTYT aTOMHbIX anekTpocTaHuuiny (OAO «BHUNASC») n ABTOHOMHO HEKOMMEPYECKOW opraHnsa-
unen «MameputenbHo-nHPoOpMaUnoHHble TexHonorum» (AHO «M3nHTex») Ha OCHOBE ayTEHTUYHOro
nepeBoAa Ha PyCCKMI A3bIK MEXAYHAapPOAHOro CTaHaapTa, yka3aHHOro B NyHKTe 4, BblNonHeHHOro Poccuickon
komuccuen akcneptoB MIK/TK 45

2 BHECEH TexHu4ecknm KoMMTeTOM No ctaHaapTtudaumm TK 322 «AToMHasi TeXHMKa»

3 YTBEPXOEHWBBEJEH B IEVCTBWE Mpukasom PeaeparnbHOro areHTcTsa no TEXHUYECKOMY pery-
nMpoBaHuto u MeTponornn ot 12 ceHTAbpsa 2012 . Ne 291-cT

4 HacTtoswun ctaHaapT naeHTnyeH mexayHapogHomy ctaHgapty MOK 62385:2007 «AToMHble CTaH-
uunn. KoHTponb 1 ynpaBneHue, BaxkHble Ansi 6esonacHocTi. MeTofbl oLeHKN pabounx xapakTepucTk uamepu-
TenbHbIX KaHanoB cucteM G6e3onacHocTuy (IEC 62385:2007 «Nuclear power plants — Instrumentation and
control important to safety — Methods for assessing the performance of safety system instrument channelsy).

Mpu NpUMEHEHNM HACTOSALLLErO CTaHA4apTa PEKOMEHAYETCS MCMONb30BaTh BMECTO CChINTOYHbIX MEXAyHa-
POAHbIX CTaHAApPTOB COOTBETCTBYHOLLME UM HaUMOHalnbHble cTaHaapTbl Poccunckon ®egepauun, cBegeHms o
KOTOPbIX MPUBEAEHbI B AONOTHUTENBHOM NpuroxeHnn JA

5 BBEJEH BIMEPBbIE

UHpopmayusa o6 usMeHeHUsIX K HacmoswemMy cmaHOapmy nybrukyemcsi 8 exe200HO u3dasaemMom
UHGhopMayUuOHHOM yKa3amersie « HayuoHarnbHbie cmaHOapmbl», a MeKcm U3MEeHEeHUU U rornpasoK — 8 exxeMe-
CSIYHO u3dasaeMoM UHGhOPMaUUOHHOM yKkazamerne «HayuoHanbHblie cmaHOapmbl». B criyyae nepecmompa
(3aMeHbI) unu omMeHbl Hacmosiu,e2o cmaHdapma coomsemcemeayroujee ygedomsieHue bydem ornybriukogaHo
8 exxeMecsiHHO u3dasaeMoM UHGhopMaUUOHHOM yKkaszamerie « HayuoHanbHblie cmaHdapmel». Coomeemcmeay-
rowjas uHgpopmauyusi, yeedomreHuUe U meKkcmel pasMewjaromesi makxe 8 UHghopmayuoHHOU cucmeme obuwezo
r1o51b308aHUsT — Ha oguuyuanbHoM calime ®edeparibHO20 azeHmemaa rio MexHUYeCKOMY peayrupo8aHuUto U
memposiozauu 8 cemu MlHmepHem

© CtangaptunHdopm, 2013

HacTtoswumn CTaHOapT HE MOXeET ObITb NONMHOCTbLIO UM YAaCTUYHO BOCMNpoun3BeaeH, TMpaxnpoBsaH n pac-
NPOCTPaHEH B Ka4eCTBe ocbwu,maanoro nsgaHus 6es pa3pelieHuns Cbep,epaanoro areHTCcTBa no TeXHN4YeCcKo-
MYy perynmpoBaHuo n METPOJIOrnmn
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BBepeHue

a) TexHUYeCcKne NosioXKeHusi, OCHOBHbIE BOMPOCHLI N OpraHn3auuna ctaHgapTta

HacTtoswuin ctaHaapT COAEPXUT OnncaHne MeToA0B UCNbITaHWUIA ANS rapaHTUM COOTBETCTBUS U3MeEpU-
TerbHbIX KAHAMNOB CUCTEMbI 6€30MaCHOCTM Ha aTOMHbIX CTAHLMSX cneLndukaumsiv B OTHOLLIEHWUM NOrpeLLHOC-
TW, BPEMEHU peakuunm U Npouux paboumx xapakTepucTuk. HacTosiumin ctaHgapT MpUMEHSieTCcsl K Tem
n3MepuTenbHBIM NPMGopPam, OCHOBHbIE AaTYMKM KOTOPbLIX U3MEPSIOT TEMMNepaTypy, AaBleHue, nepenaj aae-
NeHVs1, YPOBEHb XXMOKOCTU, CKOPOCTb NOTOKA XUAKOCTU U NIOTHOCTL NOTOKa HEWTPOHOB. Llienb HacToswero
cTaHaapTa — B YCTAHOBMEHUU METOAOB UCMbITaHWUI, KOTOPblE MOTYT UCMOMb30BaTbCS AUCTAHLIMOHHO NpU
paboTe cTaHLUMU B onepaTUBHOM pexume, 6e3 He06X0AMMOCTM BXOAUTL B 3aLUMTHYH0 060M0YKY peakTopa unu
¢hm3nyeckn nonyyaTb AOCTYN K U3MEPUTENBHLIM Npubopam.

b) MecTo HacTosILero craHgapTa B CTPYyKType cepumn ctangaptoB MOK MK 45A

M3K 62385 aBnsetca gokymeHtom M3K MK 45A TpeTbero ypoBHs, kacatoLmmces npobnemsl MeTogos
oLeHKMN paboumnx xapakTepuCcTUK KaHanoB N3MepuUTeNbHO annapaTtypbl cMcTem 6€30NacHOCTY.

Bonee nogpobHoe onucaHne cTpykTypbl cepum ctaHgaptoB MOK K 45A cm. nepeuuncnerue d) HacTos-
LLlero BBeAEHUS.

C) PekomeHpauun n orpaHn4yeHus no npuMeHeHo HacTosALWero craHgapTa

OCHOBHOW MHTEPEC HAaCTOSILLMIA CTaHA4apPT NPEeACTaBNAET A1 aTOMHbIX 3HEPreTUHECKUX KOMMaHWUIA, KOTO-
pble UCMOMb3YIT ONepaTUBHbIE UCTIbITAHUSA PabovMX XapaKTepUCTUK, MOCTaBLLMKOB, KOTOPbIE pa3pabaTbiBatoT
N yCTaHaBMUBAaKT TakMe CUCTEMbI, U KOHTPOIbHO-HAA30PHbIX OPraHoB, A0OMBAIOLMXCS OOKYMEHTarnbHOro
KOHCEeHCyca B MPOMBbILLIIEHHOCTM Ha OCHOBE YCMELLHOW NPaKTUKN. OTW NOMb30oBaTeNu Nofyyat npemMyLlecTsa
OT OCBEOMITEHHOCTM O MEeTOAax U NPakTMYECKOM OnbITe, KOTopble akcnepTbl MOK cunTaloT agekBaTHbIMU, U
CHWXEHUS 3epXKeK, CONYTCTBYIOLLNX CTaHAApTU3aLMM METOA0B M NPaKTUYECKOro OnbITa.

d) OnucaHue cTpyKkTypbl cepumn ctaHgaptoB MK MK 45A 1 B3aMmMocBA3b ¢ APYrMMU [OKYMEHTa-
mu M3K u pokymeHTamum gpyrux opraimsauum (MAFrAT3, UCO)

HOokymeHTOM BbicLLero ypoBHsi cepumn ctaHgaptoB MOK MK 45A asnsetca MOK 61513. 3toT ctaHaapT
KacaeTcsi TpeboBaHU K cUCTEMAM KOHTPOIS U YNpaBreHUs, BaxkHbIX A1 6€30MacHOCTU aTOMHbIX CTaHLMI
(AC), u nexuT B ocHoBe cepuun cTaHaapToB MK 45A.

B M3K 61513 nmetotcss HenocpeacTBEHHbIE CCbINKM Ha Apyrune ctangapTel MK 45A no o6wmm Bonpocawm,
CBSI3aHHbIM C KaTeropmsaumnen pyHKLNA 1 knaccudukaumen cMcTem, oLeHKOM COOTBETCTBUSA, pa3faeneHnem
CUCTEM, 3aLUUTON OT OTKa30B MO 0OLlen NpMyMHE, acnekTaMm NPOrpaMMHOro U TeXHUYeCKoro obecneyeHunn
KOMMbIOTEPHBIX CUCTEM U MPOEKTUPOBAHUEM MYTbTOB yrnpaeneHus. CtaHgapThl, HA KOTOPbIE MMEKTCS HEMOC-
peOCcTBEHHbIE CChINKK, CrieQyeT UCMofb30BaTh Ha BTOPOM YpOBHe coBMecTHO ¢ M3K 61513 B kauecTBe corna-
COBaHHOM NoA60pKN JOKYMEHTOB.

K TpeTbemy ypoBHto cepun ctaHgaptoB MOK K 45A, Ha koTopble B MOK 61513 HeT HenocpeACTBEHHbIX
CCbINOK, OTHOCATCS CTaHAapPTbl, CBA3aHHbIE C KOHKPETHbIM 060pyAOBaHNEM, TEXHUYECKUMIN METO4aMU UITn
KOHKPETHOW AesATenbHOCTb0. OBbIYHO JOKYMEHTBI, B KOTOPBIX MO 0OLLUM BOMPOCaM UMEKTCS CCbINKM Ha JOKY-
MEHTbI BTOPOro YPOBHS, MOTYT UCMOSb30BaTbCA CAMOCTOSTENBHO.

YeTBepTOMY yPOBHIO, NpogomkatoiemMy ceputo ctaHgaptoB MOK MK 45A, coOTBETCTBYIOT TEXHUYECKUNE
OTYEThbI, HE ABNSALWMNECH HOPMATUBHBLIMU JOKYMEHTaMM.

Ina MOK 61513 npuHsaTa dhopma npeacTaBrneHus], aHanornyHas cpopme npegcrasrneHns 6asoBor nybnmka-
uum no 6esonacHocTn MOK 61508, ¢ ero CcTpyKkTypor obLLEro XXM3HEHHOTO LyKIia 6e30nacHOCTU U CTPYKTYPON XKN3-
HEHHOro LMKIa CUCTEMbBI; B HEM NpUBeAeHa MHTepnpeTaums obwmx TpeboBannin MAK 61508-1, MOK 61508-2 n
M3K61508-4 ons npumeHeHus B saepHom obnactu. CornacoBaHHOCTb C 3TUM CTaHdapToMm ByaeT cnocobcTBOBaTh
cooTBeTcTBUIO TpebosaHuam M3IK 61508, nHTepnpeTMpoBaHHbIM AN sgepHon obnactu. B aTon cTpykType
M3K 60880 n MOK 62138 cootBeTcTBYtOT MOK 61508-3 NnpvMeHUTENLHO K SaepHon obnactu.

B M3K 61513 npuBeaeHbl ccbinkun Ha ctaHaapTel UCO, a Takke Ha gokymeHT MATATO 50-C-QA no Bon-
pocaM, CBA3aHHbLIM C 0becneyeHnem Ka4yecTaa.

B cepum ctaHgaptoB M3K TK 45A nocnegoBaTenbHO peanuayoTcsa U 4eTanmM3npyoTcsa NPUHLMNGI U
6a3o0Bble acnekTbl 6e3o0nacHOCTU, NpeayCcMOoTpeHHble npasunamm MAFATO no 6e30nacHOCTM aTOMHbIX 3r1eK-
TpocTaHuui, a Takke cepuen gokymeHtoB MAIFATO no 6e3onacHocTu, B YacTHOCTM TpeboBaHuamm NS-R-1
«BbesonacHocTb aTOMHbIX anekTpocTaHuui: NpoekTupoBaHne» U pykosoacteomM no 6esonacHoctn NS-G-1.3
«CunctemMbl KOHTPONSA U yrnpaBneHusl, BaxkHble Ars 6€30NacHOCTU aTOMHbIX 3MEKTPOCTaHLM». TepMUHbI K
onpegeneHus, npumMmeHsiemMsle B cTaHgapTax cepum MOKTIK45A, cornacoBaHbl ¢ TEpMUHAMU U onpeaeneHns-
MU, npumeHsaembimn B MATATO.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKOMNW SGEOEPALUUM

ATOMHbIE CTAHLIUA

KOHTpOﬂb U ynpaBneHue, BaXHble Ans 6e3onacHocTy.
MeToAb!l OLLeHKU paﬁoqux XapakKTepucTtuk uamMepuTtesibHbIX KaHanoB CUCTemMm 6e3onacHocTH

Nuclear power plants. Instrumentation and control important to safety. Methods for assessing the performance of safety
system instrument channels

Data BBegeHusa — 2013—06—01

1 O6nacTtb NnpMMeHeHus

Llenb HacTosLwero craHgapTa CoCTouUT B onpeaeneHny TpebosBaHnin K NOATBEPKAEHUIO NPUEMIEMOCTH
pabounx xapaKkTepucTuk n3aMmepuTenbHbIX KaHanoB cuctem 6e3o0nacHOCTM C MOMOLLBIO UCMbITaHUI BPEMEHMU
peakuun, Bepudukauumn kanmbpoBku 1 Apyrux npouenyp. Te xe TpeboBaHMa MOryT NPUMEHATLCS AN NOA-
TBEPXAEHUS NPUEMEMOCTM paboyumx XapakTepUCTUK CUCTEM, HE CBA3aHHbIX C 6Ge30MacHOCTLIO, U APYIruX
n3MepuTenbHbIX KaHanoB. HacToAWwmn cTaHaapT COAEPXUT OCHOBHbIE TEMbI U BKIOYaeT B ceb5 NpUnoxeHus,
B KOTOpbIX MpuBedeHa AONONHWUTENbHas uHdopmauus. MpunoxeHns npuBedeHbl UCKNMIOYUMTENBHO ANS
nHopMaLuun 1 cogepxaT BbIGOPOUHYI0 COBOKYNMHOCTb AOCTYMNHbLIX METOA0B.

MeToabl, onMcaHHbIe B HACTOSLLEM CTaHA4apTe, UCNONb3YHTCA A5 NPOBEPKN KannbpoBKM n3ameputenb-
Horo npnbopa B OTHOLLEHMN BPEMEHUN PeaKLMn U NOrpeLLHOCTH.

HacTosawmn ctaHgapTt onnceiBaeT NpsiMble METOAbI, UCMOMb3yeMble AN KanMbpoBky B Npeaenax 3agaH-
HbIX JOMYCKOB, Y KOCBEHHbIE METOAbI ANS Yka3aHns HeobxoaMMoCTy NpAMOoNn Kanubposku. Micnonb3osaHune
KOCBEHHbIX MeTOA0B NpedycmaTpusaeT 6onee AnuTenbHble MHTEPBanbl BPEMEHU MexXay perynspHeiMu Nps-
MbIMW KanMbpoBkamum.

2 HopmaTtuBHbI€ CCbINIKK

B HacTosiLweM cTaHgapTe UCnonb30BaHbl HOPMATMBHbIE CChISKM Ha CrieAyoLne MexXayHapoaHble CTaH-
aapTbl. [Ina gatMpoBaHHbIX CTaH4APTOB creayeT MCMNonb30BaTh TONbKO COOTBETCTBYHOLLYYHO 3TOW AaTe pefak-
uuio. Mpn oTCyTCTBMM AaTbl UCNOMb3YIOT NOCMEAHION PeAakUuMio yKa3aHHOro AOKYMeEHTa, Bknodas nobble
N3MEHEHUS.

MO3K 61224:1993 ApepHble peakTopbl. Bpems peakumm pe3nmcTMBHbIX 4eTEKTOPOB TemnepaTtypbl (PAT).
HatypHble namepenusa (IEC 61224:1993, Nuclear reactors — Response time in resistance temperature
detectors (RTD) — In situ measurements)

M3K 62397 ATomHble cTaHumn. KOHTponb 1 ynpaBneHue, BaxHble Ans 6e3onacHocTu. Pe3ncTuBHble
aetektopbl TemnepaTypbl (IEC 62397, Nuclear power plants — Instrumentation and control important to
safety — Resistance temperature detectors)

3 TepmuHbI M onpeaeneHns

B HacTosiLemM cTaHaapTe NPMMEHEHbBI Creayowme TePMUHbI C COOTBETCTBYOLLIMMU ONpeaeneHnsaMu:

3.1 TouyHOCTb U3MepeHua (accuracy of measurement): CTeneHb COOTBETCTBUSA MeXAY pe3ynbTatoMm
N3MEPEHUS N YCITOBHO MCTUHHBIM 3HA4YEHNEM U3MEPSEMOI BENNYUHBI.

[IEV 394-40-35]

3.2 3akynopuBaHue (blockage): CyxeHue Tpybbl (Hanpumep, TpyOonpoBog M3MEPEHUsT AaBrEeHUs),
00yCrnoBreHHOE CKOMIEHNEM 3arpsA3HSAOLLMX BELLECTB B peakTOPHOW BoAEe, 0TBEpAEHNEM Bopa, OCTaBIEHHbI-

U3spaHue ocbnumanbHoe
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MW YaCTUYHO OTKPbITLIMY KranaHaMmu 1 T. 4. 3akynopvBaHue MOXET BbI3BaTb 3aE€PXKKY B USMEpPEeHUn AnHaMu-
YeCcKom MHopMaLMKM O AaBNEHUN.

3.3 kanub6poska (calibration): CoBokynHOCTb AEACTBWI, KOTOPbIE YCTaHaBNMBAIOT NPU 3aAaHHbIX YCIO-
BMSAX 3aBUCUMOCTU MEXAY 3HAYEHUSIMU BESNWNYMH, MOKa3aHHbIX M3MEPUTENbHBIM NPUOOPOM UK N3MepUTESb-
HOW CUCTEMOW, WNN 3HAYEeHWsIMW, MpPeacTaBMNEHHbLIMU BELLECTBEHHONW MEPOW WNU  3TaroHOM, U
COOTBETCTBYHOLLUMMW 3HAYEHUSAMMU, YCTAHOBITEHHBIMW B CTaHAapTax.

[IEV 394-40-43]

3.4 kaHan (channel): COBOKyNHOCTb B3aMMOCBSI3aHHbIX 3/IEMEHTOB B CUCTEME, KOTOpas Bbi4aeT OOUH
BbIXOA4HOW curHan. KaHan TepsieT CBOK MAEHTUYHOCTb, KOr4a CUrHarbl O4HOMO BbIX04a 00 beAMHSAOTCSH C CUTHa-
namu, nocTynawLwuMm oT APYrMxX KaHanoB (Hanpumep, OT KOHTPOSbHO-U3MEPUTENTBHOIO KaHana unm kaHana
obcnyxnBaHus ycTponcTs 6e3onacHocTH).

[Fnoccapwuin 6esonacHocT MATATO, Bepcus 2.0, 2006]

3.5 npoBepkakaHanoB (channel check): [Npouecc, nocpeacTBoM KOTOPOro onepaTop CTaHUMM CpaBHU-
BaeT MokasaHus pe3epBUPOBaHHbIX U3MEPUTENbHbLIX KaHaNoB Ha PerynspHon OCHOBE B LieMsiX NpOBEpKM
HaxoXgeHus ux B He06xoAMMOM cornacum ¢ npegonpeaeneHHbIMN KpuTepusimu.

3.6 B3anmHas kKanubpoBKa (NepekpecTHasA NpoBepkKa, B3auMHasa Banupgaumsa) (cross-calibration)
(cross-validation): MNpoueaypa B3aMMHOIo cpaBHEHUS NOKa3aHUN pe3epBUPOBaHHbLIX U3MepUTENbHbIX Npnbo-
poB (Hanpumep, TemnepaTypHbIX 4aTYMKOB) ANS MAeHTUdUKaLMM NoKka3aHUM JaTYMKOB BbIGPOCOB Kak cpea-
CTBa MOATBEPXKAEHMS KanMOpOBKN UM NAEHTUUKALUM U3MEHEHUI KanubpoBku. [laHHOMY onpeaeneHuio
Gonee cOOTBETCTBYET TEPMWUH «B3aMMHas Banvpauusy, HO 4alle WCMNonb3yeTcd TEPMUH «B3anMHas
KannbpoBka.

3.7 ppend nokaszaHum (drift): IameHeHne BbIXOLHOMO CUrHana n3MepuTernbHOro KaHana unu gatyuvka,
KOTOPOE MOXET BO3HMKATb MeXay KannbpoBKamMm U KOTOPOE Herb3si CBA3aTh C UBMEHEHUSIMU TEXHONOrMYec-
KX MapameTpOoB UMW YCIOBUI OKpYXatoLLeln cpeabl.

3.8 umnynbcHas nMHKA (M3MepuTenbHbIN TPyb6onpoBopa) (impulse line) (sensing line): Tpybonposoa
unun cuctema Tpyb, coeguHsitoLLas TEXHONOTMYECKUI MPOLLECC C AAaTYMKOM; UMMYTbCHbIE NMHWKN (M3MepuTenb-
Hble Tpy6onpoBoAbl) 06bIYHO UCNONB3YOTCA AN COeAUHEHMS AaTYNKOB AaBMEHWS, YPOBHS U pacxoaa C TEXHO-
nornyeckuM npoueccom. nuHa nameputensHoro Tpybonposoga BapbUpyeTCcs OT HECKOMNbKUX METPOB A0
HECKOJbKMX COTEH METPOB. MI3MepnTenbHbIN TPYOONPOBO4 MOXET TaKKe BKMtoYaTh B Ce0S OTCEYHbIE U KOPHE-
Bble 3aBWXKN 1 MpoYme TEXHNYECKne cpeacTea Tpybonposoaa no BCcen AfnHe.

3.9 HaTypHOe ucnbiTaHue, UCMbITaHME Ha MecTe paboT (in-situ test): VicnbiTaHne gaTymka nnm npeob-
pasoBaTtens curHana, npoBoAMMoe 6e3 yaaneHuns gatymka unv npeobpasoBaTens curHarna u3 nonoxXeHns ero
HOpMarbHOW YCTaHOBKN B CUCTEME.

3.10 meTopaHanu3awymoB (noise analysis technique): MeToa HaTypHOro ucnoiTaHusa BpemeHun cpaba-
TbIBaHWS AaTYMKOB, AETEKTOPOB M NpeobpasoBaTternen 1 onepaTtMBHOro 06HapyXeHUs 3aKynopmMBaHUii, NycToT
N NpoTeYek B TPyOONpoBoaax M3MepPEHWS OABMNEHMS.

3.11 onepaTUBHbIN KOHTPOJIb, ONepaTUBHbIN MOHUTOPUHT (on-line monitoring): HenpepbiBHOE UnNu
nepmogmnyeckoe M3aMepeHne N permMcTpaumns BbIXOAHbIX CUTHAIOB YCTaHOBMEHHbIX U3MEPUTENbHbLIX NPUOOPOB.

3.12 BbI6poOcC (outlier): NMokasaHue gaTtyuka (Hanpumep, Takoro Kak pe3ncTUBHbIV AETEKTOP TeMnepaTy-
pbl, ganee — PAT), kKoTopoe NpeBbICUIO 3aaHHOE OTKITOHEHME.

3.13 KOHTponb paboyMx XxapakTepucTuk (nMpoBepka paboumx napameTpoB) (performance
monitoring)(performance verification): lNpouecc geMoHCTpaunn Toro, YTO YCTaHOBMEHHbIV N3MEPUTENbHbIN
KaHarn npogosnKaeT BbIMOJTHATb HAMEYEHHYH0 (DYHKLMIO KOHTPOJIS TEXHOSTOTMYECKOro napamMeTpa ¢ OXXungaembl-
MU TOYHOCTbIO, BPEMEHEM peaKLMmn N YCTONYMBOCTBIO.

3.14 paTtumku pgaBneHus (pressure transmitters): Jatuukn gaBneHus, ypoBHSA U pacxoga, AencTBue
KOTOPbIX OCHOBAHO Ha NpVHLMMNE M3MEPEHNS UNn nepenaga AaBrieHns], U yTOMUHAEMbIE B HACTOSLLEM CTaH-
AapTe Kak «npeobpasoBaTenu curHana AaBneHns», «4aT4ynkmi AaBneHnsi» UNmn NpocTo «aaTUMKN».

3.15 pesepBupoBaHue (redundancy): Micnonb3oBaHue anbTepHATUBHbIX (OAUHAKOBbIX UM HEOAMHA-
KOBbIX) KOHCTPYKLWIA, CUCTEM M 3NIEMEHTOB TaknuM 06pa3oM, YTo6bI BCE OHM MO BbINOMHATL TpebytoLytocs
PYHKLMIO HE3ABNCUMO OT 3KCMNSTyaTalMOHHOIO COCTOSAHUS UM OTKa3a (BbixoAa 13 cTpos) noboro n3 Hux.

[Fnoccapwuin 6esonacHocT MATATO, Bepcus 2.0, 2006]

3.16 pe3ucTuBHbIN geTekTop Temnepatypbl; PAT (resistance temperature detector; RTD): [leTekTop,
0BbIYHO MMEILLMI LMIMHAPUYECKII KOPMYC U3 HEepXXaBetoLwen cTanu, 3alumatoL i nnaTnHOBbIN pe3ncTop,
CONPOTUBIIEHNE KOTOPOro MEHSIETCS B 3aBUCUMOCTY OT TEMMepaTypbl. OTOT AeTEKTOP NoMeLLatoT B Tpybonpo-
BOZ, COAEpKaLLUI XMOKOCTb, TEMNepaTypy KOTOPON Taknum 06pa3om naMepstoT. [leTekTop MoXeT ObiTb norpy-
XEH HenocpeacTBEHHO B XWOKOCTb WNW  3awulieH MPOMEXYTOYHbIM  KOXYXOM, Ha3blBaeMbIM
«TepMoKapMaHOM» («3aLLNTHOM MNNb30M»).
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3.17 Bpewms peakuuu (response time): Bpems, HeobxoamMmMmoe Ans LOCTUXKEHNSI SNTEMEHTOM ONnpeaeneH-
HOr0 COCTOSIHUS Ha BbIXOZE MOCIE NOMyYeHns curHana, 06ycnoBnmBatoLLEero Nepexo K 3TOMy COCTOSIHUIO Ha
BbIXOAE.

[Fnoccapwuin 6esonacHocT MATATO, Bepcus 2.0, 2006]

3.18 nepuogunyHocTb ucnbiTaHum (testinterval): Bpems, npoluealuee mexagy 3anyckamm OAMHaKoBbIX
NCNbITaHU Ha OOHWX N TEX XKe JaT4MKe N YCTPOMCTBE 0O6paboTKM curHana, norm4yeckoM Mogyre Uimn KOHEYHOM
ynpasnsoLweM yCTPOMCTBE.

3.19 TepmokapmaH (thermowell): BawutHbin koxyx ans PAT, Tepmonap v Apyrux TemnepaTtypHbIx Aat-
4yunkoB. TepMoKapMaH TakKe UCMonb3yeTcs ANs YNPOoLLEeHNs 3aMeHbl TepMoaaTymka.

3.20 nocTosiHHas BpemeHwu (time constant): [1ns cuctembl NepBoro nopsiaka — Bpemsi, Heobxogumoe
0N JOCTUKEHUS BbIXOOHBIM CUrHaNom cuctembl 63,2 % ero KOHe4YHOWM BapmaLmm Nocre CTyneH4aToro uameHe-
HWsi ee BXOOHOro curHana.

Ecnu cuctema He gBnseTcs cMCTEMOM NepBOro Nopsaka, TEPMUH «NMOCTOAHHas BpEMEHU» He NPUMeHs-
toT. [Ing cnctembl 6oree BbICOKOro NopsiAika crieayeT MCMOoNb30BaTh TEPMUH «BPEMS peakunmy.

[M3K 62397]

4 TpeboBaHuA K NpoBepkKe pabounx XxapakTePUCTUK TEXHONONNYECKOMN
KOHTPOJIbHO-U3MepUTenbHOM annapaTtypbl

4.1 Kpartkas nncpopmauus

Cunctembl ynpaBneHns n 6e30nacHOCTM aTOMHbIX CTaHUMWA 3aBUCAT OT TEXHONOTMYECKOW KOHTPOIb-
HO-U3MepuTEenbHOM annapaTtypbl, KOTopas AoMmkHa obecneynBaTb JOCTOBEPHYHO MHAOPMALMIO, C TEM YTOObI
rapaHTupoBaTb 6e30MacHOCTb 1 3 PEKTUBHOCTL CTaHUUK. [03TOMY Ka4eCTBO OYHKLMOHNPOBAHWS 3TOM KOH-
TPONbHO-N3MEPUTENBHON annapaTypbl AOMKHO NPOBEPATHCS Yepes onpefeneHHble MHTepBarnbl BpeMeHN B
TeyeHune cpoka cnyx6bl cTaHumu. C 3TOW Lenblo Ha aTOMHbIX CTaHUUSAX pa3pabaTbiBatoT, yTBEpPXAatoT v Npu-
MEHSII0T MeToAbl UCNbITaHWI. [JaHHble MeToAbl BKMOYaT B cebs TexHnyeckme cpeacTsa Ans BbINOMHEHWS
HaTypPHbIX UCMbITAHUIA U UCTIbITAHUI BO BpeMsi paboTbl CTaHLMM (OnepaTyBHbIE UCTMbITaHUS).

HacTosawmin nogpasgen coaepXxut TpeboBaHUS K HAaTyPHbIM 1 onepaTUBHbBIM UCTbITAHWAM B LIENAX Npo-
BEPKM TOro, YTO TEXHOMNOrMYeckas KOHTPONbHO-N3MepUTenbHas annapaTypa BbliAaeT TOYHblE U CBOEBPEMEH-
Hble AaHHble, U ANa naeHTudukaumm AedeKkTHbIX n3mepuTenbHbiX NpubopoB. TpeboBaHUS HacTosLLEro
CTaHAapTa pacnpoCTPaHATCA Ha TEXHOMNOrMYeckne AaTynku, namepstowwmne TemnepaTtypy, AasneHue, ypo-
BEHb XXWOKOCTW, pacxo 1 NOTHOCTb HEWTPOHHOIO NOTOKA.

4.2 O6wme TpeboBaHUA

[lns npoBepKkM TOro, YTO U3MEPUTENbHbIE KaHarbl CUCTEM 6E30MaCHOCTU HAa aTOMHbIX CTAHLMSX (OYHKLLM-
OHMPYIOT B Npeenax orpaHU4eHun CBOUX TEXHUHYECKUX CrieunduKaLnii, LOMKEH NPOBOANTLCA KOHTPOIb pabo-
YMX XapaKTepucTuK. McnbiTaHust OnA NpoBepkn pabounx XapakTepUCTUK [OOIMKHbl MPOBOAMTLCH B
COOTBETCTBUM C NMNCbMEHHBLIMM NpoLieaypamMu, a pe3ynbTaTbl UCMbITaHU — PUKCUPOBATLCSA AOKYMEHTarbHO.
N3amepuTenbHbIii KaHan TeCTUPYETCS MNONHOCTbIO M NMPU OAHOKPATHOM UCTbITaHMK. B criyyae ecnv Becb kaHan
He TecTupyeTcsl, He06X0aAMMO KOMBUHMPOBATL OTAENbHbIE UCMbITAHUS MO FPyNMnam 31IEMEHTOB UMW OTAENb-
HbIM 371eMEHTaM, OXBaTbIBAOLMM BECb M3MEPUTENbHBIV KaHan A1t MPOBEPKM SKCMIyaTaLUMOHHbIX XapakTe-
PUCTVK BCero kaHana. KoHTpornb pabounx xapakTepucTUK OXBaTbIBAET YacCTb MOJTHOM CUCTEMbI 6830MacHOCTH,
BKITIOYaIOLLYt0 B ce6s1 MamMepuTenbHbIi kaHan. McnbiTaHusM OOMKHbI MoaBepraTbCcs AaT4nku U npeobpasoBa-
TEnu, namepuTernbHble TPy6onpoBoabl (MMMYFbCHbIE NUHWUK), TEpMOKapMaHbl, kKabenu u apyrue akTMBHbIE U
NacCUBHbIE 3MeMEHTLI, BNUsiioLLme Ha obLLme XapakTepUCTUKM U3MEPUTENBHOIO kaHana.

Ecnu kakon-nnbo nokasaTernb PYHKLMOHUPOBAHWS, HANPUMEpP BPEMS peakLum, HeMNb3s UAeHTUULMPO-
BaTb TOYHO, TO BbIMOMHSIIOT KOHCEPBATUBHYIO OLIEHKY NOKa3aTens NyTeM U3MePEHUs M aHanu3a v CpaBHUBAKOT C
COOTBETCTBYIOLLMMM 3KCMyaTaUMOHHbIMM TPeGoBaHUSIMU, C TEM YTOObI rapaHTMPOBaTh NPUeMIIEMOE Kavec-
TBO (PYHKLMOHNPOBAHUS U3MEPUTENBHOO KaHarna.

4.3 YcnoBusi npoBeAeHUA UCTIbITaHUNA

B obwem cny4vae, npy KBannuKaLMOHHbIX UCMbITAHUAX KOHCTPYKLUMM HAa COOTBETCTBUE TEXHUYECKUM
YCIOBUSIM, pacCMaTpmMBaOT aHOMaITbHbIE BHELLIHME YCIOBUS, TAKME Kak CEMCMUYECKME SABNEHNS, NONSA U3ny4de-
HWUI, N30bITOYHbIE AABMEHUS, TEMNEPATYPY N YCNOBUA BNAXXHOCTU. icnbiTaHne 060pyaoBaHns st TakmMx yCno-
BUI OKpYXKatoLLen cpeabl He BXOAMT B 06nacTb NpMMEHeHNst HacTosLero ctaHgapTta. OgHako TpeboBaHums K
ncnbITaHNo paboumx xapakTepUCTUK, YCTAHOBMEHHbIE B HACTOsILWEM CTaHOapTe, LOMKHbI BbINOMHATLCA B
O0MNYyCTUMbIX FpaHuLax BHELLHUX YCNOBUIA UCMbITAHUIN n3mepuTenbHoro npubopa (HanpuMmep, Temneparypebl,
OaBneHns, BaXXHOCTU, CKOPOCTM NOTOKA XUAKOCTU U T. A.). ECnu ycnoBus UCnNbITaHNA MEHSIIOTCH B LLUMPOKNX
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npegenax, To He06XoAMMO BHOCUTbL COOTBETCTBYIOLLME NONPAaBKX ANsi CPABHEHWUSI UMW aHanu3a TpeHaa AaH-
HbIX, C TeM 4YTOObI KOMNEHCUPOBATL XapakTePUCTUKUN, 0BYCNOBMNEHHbIE UBMEHEHUEM BHELLHMX YCNOBUIA, UMK
BMUSIHNE BHELLUHUX YCIIOBUI HAa Ka4eCTBO (PYHKLIMOHMPOBaHWS N3MepUTensHoro npuéopa.

B HekoTOpbIX CNyyasx, Takmx, HaNnpumep, Kak UCNbITaHNE BPEMEHU peakLuy TeMnepaTypHbIX AaTUMKOB,
TEXHOMOrMYeckne yCrnoBms aKCnyaTaLmm MOryT OKka3biBaTb CUIIbHOE BMMSHWE Ha pe3ynbTaT. B aTux cnyyasx
NCMbITaHUS AOMMKHbBI NPOBOAMUTBLCS B HOPMaIbHbIX MW OFIM3KMX K HUM YCITOBUSIX 9KCNnyaTaumm, 4Tobbl obecne-
YNTb haKTUYECKUE «LUTATHbIEY» SKCMIyaTalUOHHbIE XapaKTePUCTUKM AaTYMKOB. He cnefyeT BbINOMHATb 3KC-
Tpanonsaumio nabopaTopHbIX YCMOBWIA Ha YCMOBMS CTaHUMM B Tex Cryyasix, Korga y pesynbTaToB
3KCTPaNoNSALMM MoryT ObiTb GONbLIME U HEUCHUCTTMbIE HEONPEAETIEHHOCTH.

4.4 MNMepuoaUYHOCTb UCTIbITAHUN

[ormkHbl ObITh yCTAHOBMEHbBI MHTEPBAIbl BpEMEHU MEXAY UCMbITAHUAMM ANst OOHapY>XeHWUst HeJoMnyCcTU-
MbIX 9KCMITyaTaUMOHHbIX XapaKTEPUCTUK KOHTPOSbHO-U3MepUTENbHOM annapaTypbl. [Ang onpegenexHns nepu-
OAVNYHOCTM UCMbITAHMIN KOHTPOJSIbHO-N3MEPUTENBHON annapaTypbl pPEKOMEHAYETCS paCCMOTPETL criegytoLine
dakTopbl:

a) TpeboBaHus TEXHMYECKON cneumdmrKauuu;

b) HopmaTuBHbIE TPEGOBAHNS;

C) pekoMeHOauum N3roToBMTENS 1 MPOMbILLIIEHHbIE CTAaHAAPThI;

d) pasHuLy Mexay U3MepeHHbIMI SKCNITyaTauNoOHHbIMU XapaKTepUCcTUKaMm 1 JonyCcTUMbIMY Npegena-
MU XapaKTePUCTHK;

€) CKOPOCTb U3MEHEeHNsA paboymx xapakTepUCTUK B 3aBUCMMOCTUN OT BPEMEHW SKCNyaTaumm un

f) yacToTy 0TKa30B 3NIEMEHTOB U LieNeBble NoKa3aTenu HageXHoCTH.

4.5 MecTo npoBeAeHUs UCNbITaHUN

McnbiTaHys 4oMmKHBI NPOBOAUTLCSA Ha NloLLake ncxoas U3 LenecoobpasHoctu. M3BneyeHne ns obopy-
[0BaHVs U3MepUTENbHOTo NpmMbopa NprMemnemMo Ans UCMbITaHWi, TOSNbKO eCIW OHO He MOBMUAET Ha pe3yrbTa-
Tbl UCMNbITaHWi. B 60nbLUMHCTBE CryYyaes, ONMCaHHbIX B HACTOSALLEM CTaHAapTe, HaTypPHbIE UCTbITaHNSA NMPOBO-
OAT yOaneHHO OT LWKadgoB W3MEpPUTENbHbIX MPUMOOPOB B 30HE MyHKTa YynpasneHus. [JormkHbl ObiTb
OCYyLLIeCTBIEHbI NpoLUeaypbl AN NOATBEPXKAEHNSA TOr0, YTO COCTOsIHME 060OPYAOBaHMS BOCCTaHOBIIEHO Mocre
UCMbITAHWUIA.

4.6 KannbpoBka M3aMepuUTeNbLHOro 1 UCNbITaTeNlbHOro 060pyAoBaHuUsA

KanubpoBka namMepuTensHOro 1 UcnbiTatenbHOro o6opyaoBaHns, UCMoNb3yeMoro B NoATBEPXKOEHNM
pabounx xapakTepucTK 06opyaoBaHWs, 4OMKHA NPOBOAUTLCS B COOTBETCTBUM C Tpe6oBaHMAMM HaLMOHa M b-
HbIX CTaHOAPTOB W/WMW MPUHATBIMU BENWYMHAMUN €CTECTBEHHbIX (PU3NYECKUX SABMEHWUA. [nsa npoBedeHus
KannBpoBKM OOMKHbI MCMOMb30BaTbCs Npoleaypbl, NPeAcTaBleHHbIE B MMCbMEHHOM BuAe, a pe3ysbTaTbl
KanunbpoBKM — (OUKCUPOBATLCS AOKYMEHTAbHO.

4.7 Pe3ynbTaTbl UCNbITAaHUN

PesynbTaThbl UCnbITaHUIA CPABHMBAIOT C OMYCTUMbIMU Npeenamu XxapaktepucTuk. [Jonycku Ha Heonpe-
[EeneHHOCTU, CBSI3aHHbIE C KOHTPOSbHbLIM UCTbITAHMEM Paboumx XapakTePUCTUK, OOMKHbI ObITb BKMHOYEHbLI B
pe3ynbTaTbl UCMbITAHUIA UMK B YCTAHOBINEHUE NPeenoB XapakTepucTuk. Ecnv obHapyxutcs, 4to pesynbTaThl
UCMbITaHWiA NPEBLILLAIOT Npeaeribl XapakTePUCTUK U CKOPOCTb M3MEHEHUSI paboYnX XapakTEPUCTUK TaKoBa,
4TO AOMNYCTUMbIE NPeaernbl XapakTEPUCTUK MOTYT BbiTb NPEBbLILLEHbI 0 HaYana CreayoLero UCnbITaHus, To
Ans yCTpaHeHUs NPEBbILLEHWS CIEAYET BbINOMHUTL 3apaHee YCTaHOBIEHHOE NPeANVCcaHuE.

MorpelwHOCTb pesynbTaToB UCMbITaHWI ONPEeAEnsoT B MPOLEHTaX OT 3HAYEHUs], yCTAHOBIIEHHOIO MpW
UCnbITaHUW, UNKU B BMAE OOMYCTUMbIX NpeaenoB (i) OTKNOHEHUsi coobLiaemMoro 3HayeHusi. MNorpelHocTb
pe3ynbTaToB MCTbITaHWI ONpeaensitoT UCXOAs He TONbKO U3 HeonpeaeieHHOCTe 060pYA0BaHMS, HO Takxke 13
HeonpeaeneHHOCTEN UCMbITaHUS U UCMONb3yeMbIX METOA40B aHanusa. Ecnu HeonpeaeneHHOCTU HEBO3MOXHO
naeHTUULMpoBaTh 06 LEKTUBHO, TO OSMKHO BbITb MOKA3aHO, YTO PedynbTaThbl KOHCEPBATUBHDI.

4.8 Banupauusi MeToao0B UCNbITaHUN

Bce MeToabl UCMbITaHWI AN KOHTPOIS pabounx XapakTePUCTMK AOMKHbI MPONTM Banuaaumio, Kotopas
JA0ImKHa (PUKCMPOBaTLCS AOKYMEHTArbHO C y4eTOM:

a) CpaBHEHUs MeToAa UCMbITaHMI C COOTBETCTBYIOLLMMM NabopaTopHbIMU UCTbITaHUAMW, HATYPHBIMU
UCMbITAHUSIMU UM 0GOMMU TUMAMM UCTILITAHUIA, C TEM YTOObI YCTAaHOBUTL MPaABOMEPHOCTbL MeToAa v onpeae-
MUTb BEMUYMHY MOrPELLHOCTU ero pesynbTatoB. [orpellHocTb MeToaa UCMbITaHuin U Pe3ynbTaToB AOMKHa
ObITb yCTaHOBMNEHa TEOPEeTUYECKU UMK SKCMEPUMEHTaNbHbIMU CPEeaCcTBaMM, N Ux codeTaHnem. Mpuv onpeae-
NEeHNU NOrpeLHOCTM HEOBX0AMMO paccMaTpMBaTh BCE UCTOYHMKM NMOTPELLIHOCTU MeToAa UCNbITaHus;

b) TeopeTnyeckoro o60CHOBaHUSI METOAA UCTILITAHMS;
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C) NMOATBEPXOEHMS TOro, YTO YAOBNETBOPEHbLI AOMNYLLEHUS U YCINOBUS, rapaHTUpyroLme o00CcHOBaH-
HOCTb MeTofa ncnbiTaHus. Kpome Toro, ecnmn ZonyLleH1s Npu UCNbITaHUKU He MOJTHOCTLI0 YA0BMNETBOPEHDI, Cre-
ayeT NpooeMOHCTPUPOBATh, YTO MOMyYEHHbIE Pe3yrbTaTtbl, TEM HE MEHEe, C OCTOPOXHOCTbIO MOryT ObiTb
NPVHATEI BO BHUMAHWE;

d) Toro, yTo NoOoe NporpammMHoe obecneveHmne, ncnonb3yemoe anga cobopa, ksanuduvkaumm unm aHanm-
3a JaHHbIX, criedyeT NpoeKkTMpoBaTh M pa3pabaTtbiBaTb C UCMOMb30BaHNEM CUCTEMHOIO NOAX04a COrflacHo
NPUHATBEIM OTPacneBbIM CTaHAapTam Ha pa3paboTKy MporpamMmmMHoOro obecneyeHns 4ns aToMHbIX CTaHUMIi. Bee
nporpamMmMHble NakeTbl crnegyeT BCECTOPOHHE MUCMbITaTb A4S Bepudukaumm n sanvgaumm (BuB). OcHoBbl ons
ncnbiTaHni BuB n pesynbTtaTbl padoTbl no BuB gomkHbl ObiTb 3apernctpupoBaHbl JOKyMeHTanbHo. AcnbiTaHns
BuB cnegyet npoektupoBaTb Tak, 4TOObl BbIABNATb MOOble nNpobnembl, KOTOpble MOryT MPUMBECTU K
He,EI.eVICTBI/ITeJ'IbeIM nnn HegocTaTo4HO yﬁep,l/lTeJ'leblM pes3ynbTaTtam.

4.9 KBanudukauus cnequmanmcToB No npoBeaeHUo UCNbITaHUN

WcnbitaHnsa ans sepudukauum paboumnx xapakTepmucTuk M3mepuTenbHbIX NPMOOPOB aTOMHONM CTaHuun
OOMXHbI NPOBOAUTLCSA cneumanucTaMmm no NpoBeAeHUI0 UCNbITaHUIA, LOIKHBIM 06pa3omM 00yYeHHbIMM ONbIT-
HbIMM 9KCNepTamMmmn ¢ AOKYyMEHTanbHO NoATBEpXXAeHHOW KBanudmukaumen ang nposegeHms obyyerns. Obyye-
HVe cneumanucToB No NPOBEAEHNIO UCNbITAHWUI JOMKHO OKYMEHTaNbHO PErMCTPUPOBATHLCS U NEPUOANYECKU
coBepLUeHCcTBOBaTbCA. Huxke npuBedeHbl npumepbl y4eOHbIX TeM Ans KBanudukauum cneumannctoB no
NpoBeAEeHMIO UCTIbITaHWIA:

a) NpUHUMNbI UCNbITaHWI ANS BepudmkaLmm paboumnx xapakTepucTuk;

b) paccmoTpeHune npoueayp ucneiTaHU Anst onpegeneHns paboynx kavecTs;

C) noaroToBka obopynoBaHus aAng céopa AaHHbIX;

d) obyyeHune nporpammHoMy obecnedeHuto cbopa AaHHbIX M aHanM3a AaHHbIX;

€) WHTepnpeTauus u JOKYMEHTUPOBaHNE pe3yrnbTaToB.

5 TexHuueckue cpeacTBa BepucpukaLmum paboumnx xapakTepucTuk
n3mepuTenbHOW annapaTypbl

5.1 BBegeHune

HacTtoswumin nogpasaen coaepxuT TpeboBaHusA K kKanubpoBke, NpoBepkaM KaHana, (yHKLUOHaNbHbIM
UCMbITAHUAM U UCTIBITAHWUSAM BPpEMEHW peakLMm TEXHOMNOMMYECKON KOHTPOIbHO-M3MEPUTENBHOM annapaTypbl.
[anee npuBeOoeHo onucaHWe MeTOOOB TMPOBEAEHUA KanuOpOBKM W UCMbITAHUS BPEMEHM peakuuu
nsmMepuTenbHoro npnbopa.

KayecTBO hyHKLMOHMPOBaHMS N3MEPUTENbHBIX MPUBOPOB Ha aTOMHbIX CTaHLIMSAX MOXHO YCTaHOBUTL B
naGopaTtopuu Unu Npu NpoBeAeHNn CTEHAO0BbLIX UCMbITaHWiA. TexHudyeckue cpeactsa Ans nabopaTopHo unu
CTEHO0BOV KanMGpOBKUN U3MepUTENbHbIX MPUGOPOB 06LLEN3BECTHLI U B HACTOSILLIEM CTAHAAPTE HE paccMaTpu-
BatoTcsl. [lanee npvBeAeHO onucaHne TEXHUYECKMX CPeaCcTB HaTypHol/onepaTUBHOWM Bepudmrkaumum kanmb-
POBKW AATYMKOB M NpeobpasoBaTterneii. [lns xapakTepucTuk BpeMeHmn peakLmm AaT4nKOB U peobpasoBaTenei
B HacTosILLeM CTaHOapTe OnucaHbl Takke U MeToAbl TabopaTopHbLIX/CTEHAOBbLIX U HATYPHbIX/ONepaTUBHbLIX
UCMbITAHWUIA.

5.2 Kanu6poBka

Mpu kanMbpoBke M3MepuTenbHOro Npubopa NCNonb3yrT BXOAHbIE CUrHarbl C U3BECTHOW TOYHOCTbLIO, C
TeM 4Tobbl yA0CTOBEPUTLCS, YTO U3MEPUTENbHbLIN NPUOOP BblAaeT Tpebyemble BbIXOAHbIE CUrHanbl B Tpebye-
MoM paboyem agnanasoHe B 3adaHHbIX npegenax. Ecnu ans sepudrkauumn pabovmx xapakTepucTnk namepu-
TernbHOro npmbopa nucnonb3yeTcs KanubpoBka, To kKanubpoBka JosmkHa ObITe NpoBeAeHa UnNn yaoctosepeHa
nocpeacTsoM (NpUMHUMas BO BHUMaHWE npeablaylwmi OnbiT) OTAENbHOr0 MPUNOXEHUS UM KoMBUHaLmm
cneayLwmx MeponpusaTuin:

a) BO3MYLLEHME KOHTPONUPYyEeMOWN NepeMeHHOMN;

b) mopenvpoBaHue KOHTPONMPYEMOWN NepeMeHHON (MHOrAa ero Ha3bIBaKT «TPAAULNOHHON KanmbpoBs-
KOM»);

C) onepaTUBHbIN KOHTPOIb (MO CPaBHEHWUIO pe3ePBUPOBAHHbLIX U/UIM pa3HOOBpa3HbIX NapamMeTpoB) U

d) B3aMMHaga kanubpoBka (Takke Ha3blBaeMasi «B3auMHOM Banuaauneny ) pe3epBrpOBaHHbIX AaTYMKOB.

B HacTosWwem cTaHgapTe NpuBEeAEeHO OnMcaHne MeToA40B OnepaTMBHOrO KOHTPONSA U B3aMMHON Kanuo-
pPOBKW/B3anMHOW Banugaumm.

5.3 lNpoBepku KaHanos

npOBepKI/I KaHanoB, BKo4atLlne B cebst CpaBHeHUne nokasaHum OBYX Unn bonee N3MepUTesbHbIX KaHa-
noB, NnpegHa3Ha4eHbl AnAa Bepmcbwkau,mm Hel'lpeprBHOﬁ pa6OTOCI'IOCO6HOCTI/I M3MepUTESIbHbIX KaHaroB Mexay
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kanubpoBkamu. CnegoBaTtenbHO, 3T NPOBEPKM AOMKHbI MPOBOAMNTLCS Yallle, YeM cama kanubposka. Takue
NPOBEPKM KaHanoB OObLIMHO He TpebylT annapaTtHoro B3aMMOAEWCTBMUS, BbIXOAAWEro 3a npegensi
HabngeHnsa Unmn peructTpaunm nokaszaHus() 4aHHOro kaHana.

5.4 ®dyHKUMOHaNbHOE TeCTUpOBaHUe

PyHKUMOHAaNbHOE TECTMPOBaHUe NPOBOAAT AN NMPOBEPKUN BbINONHEHWS M3MEPUTENbHBIM KaHanom CBo-
e HaMeYeHHON PYHKLUN.

5.5 UcnbiTaHne BpeMeHu peakuum

WcnbiTaHne BpemMeHu peakumu MpoBOAAT Yepe3 OMNpedernieHHble MHTepBanbl BpeMeHu. VcnbiTaHve
AornycKaeTcs NpoBOAUTb, MCNOb3Ysi KOHTPOSTbHO-N3MEPUTENBHYIO annapaTypy, kak B pabodem, Tak u B Hepa-
6o4em cocTosHuW. [puemMnemMble METOAbl NCMbITAHWUS BPEMEHN peakLumn onpeneneHbl HXE B HAacTOSLWEM
cTaHgapTe, a fononHuTensHas MHpopmMaumns o6 aTux MeTogax npuBeAeHa B NPUNoXeHUAxX. 3T MeToAbl BKIO-
YaloT B cebs HaTypHbIe UCNbITaHUA, KOTopble AOoMycKaeTcs NPpoBOANTL Npu paboTe cTaHuun B onepaTtuBHOM
pexume.

B kauecTBe NpumMepoB METOA0B HATYPHbIX UCMbITAHWUIA BPEMEHU PeaKLMM MOXHO MPUBECTU UCTIbITAHNE
BPEMEHU peakL MM Ha CTyrNeH4YaToe N3MeHeHMe KOHTYpHOro Toka ans POT v meTod aHanmaa LwymMoB 4aTYMKOB
OaBIMEHUSA N HEMTPOHHbBIX A4ETEKTOPOB. [N UcnbiTaHNA BPEMEHN peakumnym TepMonap NpoBOAAT MUCMbITaHne
BPEMEHUN peakUuMm Ha CTyrneH4YaToe U3MEHEHNE KOHTYPHOro Toka NMbo NpUMEHSIOT MeTo aHanusa LWyMOoB.
MeToa aHanu3a LWyMOB JonycKaeTcs Takke NPUMEHSTb NS KOHTPOns yxyAleHns speMeHn peakumm POT.
Ecnv onpegenseTtca yxyaweHue BpEMEHN peakuun, TO NPOBOAAT UCMbITaHWE BPEMEHM PEaKLMKN Ha CTyNeHYa-
TO€ U3MEHeHMe KOHTYPHOTO TOKa, C TeM YTOObI YCTaHOBUTb, MpuemrniemMo nv Bpems peakuunv POT. MogpobHble
TpeboBaHusa k POT moxHo HanTn B MOK 61224 n MOK 62397.

WcnbiTaHne BpeMeHn peakumm octarbHOM YaCcTu U3MEPUTENLHOIO KaHarna Takke crieqyeT npoBoAUTb Mo
Mepe HeobxogumocTu. MNMpumepammn NabopaTopHbIX UM CTEHOO0BLIX METOA0B UCMbITAHWUI ABMASIETCA UCMbITa-
HWe C NorpyXeHwem Afis TeMnepaTypHbIX ATYUKOB U UCMbITaHWE FNIMHENHOIO U3MEHEHUS — ON1S AAaTYUKOB
OaBreHus.

6 MeTtoabl Bepucdukaumm KanmbpoBKU U3MEPUTENbHON annapaTypbl

6.1 OOLWmMe NnonoxeHns

B HacTosiLem noapasaene onvcbiBaeTcsl HaTypHas/onepaTMBHas Bepudukaumsi kKanmbpoBky AaTHMKOB
1 npeobpasoBarene.

KanmbpoBKy pe3epBrpoBaHHbIX N3MepuUTenbHbIX NPUBopoB, Taknx kak POT TennoHocuTens nepsBoro
KOHTYpa Ha CTaHLMM C peakTopoM, OXnaxkgaeMbiM Bogomn nof gasneHnem (BBOP), gonyckaeTcs yaocToBepsATh
METOZOM B3aMMHOW KanmbpoBKM v B3aMMHOM (MepeKpecTHOM) Banugauun. [nst Hepe3epBMPOBaHHbIX N3Me-
pyTENbHBIX NPUBOPOB UMK eCrn pe3epBNPOBaHNE OrPAaHNYEHO BCErO NULLBL HECKONBKUMW N3MEpPUTENbHBIMU
nprubopamu, UCNONb3yeTCs NPUMHLMN ONePaTUBHOIO KOHTPONS Kanubposku. TpeboBaHWsa kK MeToay B3avMHOM
KannbpoBKM 1 NPUHLMNY ONepaTUBHOIO KOHTPOMS KannbpoBKn NPUBEAEHbI HAXE.

6.2 MeTop B3auMHOM KanmMbpoBKM (B3aMHOM Banugawumm)

MeTog B3aMMHON kanmbpoBku 0Obi4HO ucnonedyetca and POT. MNocne Toro kak rpynna POT JomKHbIM
obpasom oTkannbpoBaHa 1 yCTaHOBMNEHA Ha CTaHLUMK, NePUOSNYECKN MPOBOAST UCMbITAHUSA B3aMMHOW Kannob-
POBKM (HaNp1Mep, OAHOKPATHO KaXkabIM LMK TEXHUYECKOro 06CMyXMBaHNUSA), C TeEM YTOObI rapaHTMpoBaTh, YTO
pe3ynbTaTbl kannbposku POT He BbIWKM 3@ 4OMYCTUMbIE Npedenbl.

McnbiTaHue BkNtoyaeT B cebsi cucteMatmyeckoe cpaBHeHUe rpynnbl pesepBrpoBaHHbiX PAT, nsamepsto-
LLMX OOHY M Ty e TemnepaTtypy. [ins npoBeaeHus NCnbITaHWUs NocnefoBaTenlbHO M3MEpPSIOT CONPOTUBEHNE
aatyunkoB PAT 1 npeobpa3oBbiBalOT B 3KBUBANEHTHLIE TEMNEPATYPbI C MOMOLLbI0 CaMblX HOBbIX Tabnmu, kanumo-
poBku POT. TemnepaTypHble nokasaHua POT Takke nony4atoT ¢ MOMOLLBI CTaHUMOHHOIO KOMMNboTepa Unm
COOTBETCTBYHOLLEN cUCTEMbI cOopa AaHHbIX. 3aTeM 3HavyeHuWs TeMmnepaTypbl OOMKHbI OblTb YyCpeaHeHbI 1
BblUMCIIEHbl OTKITOHeHUs kaxaoro PAT oT cpegHero 3HayeHus. lNMokasaHue noboro POT, KoTopoe NpeBbICKI0
npeaBapuTerbHO 3a4aHHOE OTKITOHEHWE, CrieayeT Ha3BaTb «BbIGPOCOM», OTMETUTL U/UIM yAanuTb U3 pacyeTa
CcpedHnx rnokasaTenen, MU yKasaHHbI Npouecc HeobGXoAMMO MOBTOPATb MO Mepe HeobXoaMMOoCcTM Ans
onpepeneHnsi Bcex BbiIOpOCOB.

WcnbiTaHne cnegyeT npoBOAUTL NPU HECKOMBbKUX 3HAYEHUSIX TeMNepaTyp Npu n3oTepMUYECKNX YCNOBN-
sIX BO BpEMs MEPUOAOB pa3orpesa Unm pacxonaxumaaHusa 6noka. imes gaHHble, NonyYeHHbIe Npy Tpex Unm
GornbLuem Yncre pasHblix TemnepaTyp, MOXXHO COCTaBMTb HOBYHO KanMbpoBOYHYO Tabnuuy Anst onpegenexHns
BbiOpoca. [JaHHbIA NpUHLMM MO CyLeCcTBY COCTaBMsieT HaTypHyl KannbpoBKy Bbibpoca. [JononHUTENbHYO
MHdOpPMaLMIO CM. B MPUITOXKEHUN A,
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Mpy BbINOMHEHUM UCMbITAHUIA B3aMMHOW KanubpoBKW/B3aMMHONM Banuaaumm yuuMTbiBalOT criegyollee
dakTopbl:

a) [JaHHble ncnbiTaHWn AOMKHbl ObiTb NPOBEPEHbl HA YCTOMYMBOCTbL TemnepaTypbl CTaHuuK, YTobbl
rapaHTupoBaTb OTCYTCTBUE Ype3MeEPHbIX TeMNepaTypHbIX konebaHun. Ecnu obHapyxeHbl Ype3mepHble Kone-
BaHuns TemnepaTypbl CTaHLUUK, TO K AaHHBIM UCNbITAHUA HEOBXOOUMO NPUMEHATbL aHaNMTUYECKUe NonpaBKy,
YTOBObI MUHUMU3NPOBATbL BNUsHUE (PRYKTYaL M Ha pe3ynbTaTbl UCMbITaHWN.

b) [OaHHble ncnbiTaHni JOMKHbI ObITb NCCNIeA0BaHbI HA OA4HOPOOHOCTL TeMNepaTypbl CTaHLMK, YTOObI
rapaHTMpoBaTh, YTO Pa3fMyHble KOHTYPbl HAXOAATCA NPU OAMHAKOBBLIX TeMMepaTtypax, a pe3epBypoBaHHbIe
AaT4MKV MoABEPraTCcs AENCTBMIO NPAKTUYECKN paBHbIX TemnepaTtyp. B npoTMBHOM cryyae AOMKHbI UCMOSb-
30BaTbCA aHanNMTUYeCKMe NoNpaBKu ANA yYeTa Mobbix TeMnepaTypHbIX pasnnynii, KOTopble MOryT NOBANATL
Ha pe3ynbTaTbl UCNbITAHUNA.

c) HeonpeaeneHHOCTb pe3ynbTaToB MWCMbITAHWA AOMkHa ObiTb onpegeneHa nytemM KomOuHaumm
HeonpeaeneHHOCTEN N3MepeHns U UCMblITaTeNbHOro o6opyaoBaHus, a Takke HeonpeaeneHHocTeln, obycnos-
NeHHbIX hrykTyaumamm TemnepaTypbl CTaHUUN, HEOAHOPOAHOCTbLIO TeMnepaTypbl 6r1oka 1 No6on BO3MOXHOW
crny4anHowm owmnbKon.

OnucaHHbIN Bbille METO B3aUMHOW KannbpoBKn MOXET Takke UCNonb30BaTbCHa AN NPOBEPKN Kanvb-
poBku Tepmonap. [Ina npyMmeHeHnsa faHHOro MeToda Heo6xoAnMo NokasaHUs Kaxaon TepMonapbl CpaBHMBATb
co cpedHuM 3HadveHuem POT. Tepmonapbl He cnegyeT B3aMMHO kanubposaTb. Vx kannbpytoT B3aMMHO Mo
cpefHeMmy nokasaHuto pesepBrpoBaHHbIX POT, KoTopble u3MepsaoT 0AMHaKOBYIO TemMnepaTypy.

KpuTtepun npnemnemoctn ana POT, o3Havatowme, 4To UCMNbITaHMEe B3aUMHON KannbpoBkM NPOBEAEHO,
3aBuMCAT OT cTaHumn. CTaHUMOHHas npoueaypa orkHa OnpeaensTb KpUTepum nNpueMneMocT Ha OCHOBE
CTaHUMOHHbIX TpeboBaHWi, NpeabaBAsSeMbIX K TOYHOCTM ANs TemnepaTypHbix gatyunkos. Kak npasuno, POT
CUYUTaIOT NPUEMNEMbIM, ECIM OTKITOHEHMWE ero 3HavyeHun coctasnset meHee +0,3 °C oT cpegHer TemnepaTypbl.
[nga Tepmonap TUNNYHbIE KPUTEPUN MPUEMIIEMOCTM AOIMKHbI B6biTb + 1,0 °C.

6.3 OnepaTUBHbLIN KOHTPOSb KanNnMOpPOBKHU
6.3.1 BBepneHue

OnncaHHbIN Bbile MeTo B3anMHON KannbpoBKN MOXET MCMONb30BaTbLCS, ECNY UMEIOTCS pe3epBupo-
BaHHble (HanpuMmep, WecTb unn bonee) nameputensHble Npubopsl. Ecnn pesepBupoBaHHbIX U3MepUTENbHbIX
nNprMbopoB HeJOCTaTOUHO, TO ANS NPOBEPKM KannbpoBKM n3mMepuTenbHbIX NPpUbopoBs cnegyeT MCnonb3oBaTb
onepaTMBHbBIN KOHTPOSb KannMbpoBKy.

MpuHLMN onepaTUBHOro KOHTPOISA KanMOpPOoBKKM onucaH HUxe, a bonee nogpobHas nHdopmaums npmee-
AeHa B npunoxeHuy B. OnepaTtuBHbI KOHTPOMb KanMbpoBK/ NPUMEHNUM K 60MbLUMHCTBY M3MEPUTENbHbLIX NPK-
BGOpOB M MOXET MCMONb30BaTbCA ANS MPOBEPKM KanubpoBKM AaTyMKOB M npeobpasoBaTenen unv BCero
M3MepUTEnNbHOrO KaHana B LenoM. B yacTHOCTU, onepaTuBHbIV KOHTPONb KanubpoBkM yAo6eH Ans AaTYMKOB
AaBreHus, ypoBHs M pacxoa. B atori ces3n TpeboBaHus K onepaTMBHOMY KOHTPOSHO KannbpoBKM B HACTOSLLEM
cTaHgapTe npvBeAeHbl Ha OCHOBE AaTYMKOB AaBreHus, ypoBHS 1 pacxoda. BmecTte gaTuvkn gaBneHus, ypoBHs
1 pacxofa Ha3blBalTCA «AaTynMKaMu AaBneHns» Unun NnpocTo «gaTynkammy.

6.3.2 MpuHUKMN onepaTUBHOIO KOHTPOIA KANMGPOBKMN

KannbpoBka gaT4MKOB faBreHns aTOMHOW CTaHUMM 0ObIYHO BKMOYaEeT B cebs ABa aTana:

a) OnpepenstoT, Heobxoanma nv kanmbpoBka. ATOT LWar BbINOMHAKT, NogaBas Ha USMePUTENbHbIV NpU-
00op psa M3BECTHbIX BXOOHbIX CUTHAMNOB, OXBaTbIBAKLLMX pabounin ananasoH namepuTensHoro npnbopa. [Ans
Kakgoro BXOAHOIO CUrHarna perMcTpupyroT BbIXOQHOW CUTHAI Y CPaBHUBAKOT Er0 C KPUTEPUSIMU MPUEMITEMOCTH.

b) MNposogat kannbposky (ecnu aTo HeobxoamMMo). Ecnn nameputensHbin Npnbop He cooTBETCTBYET
CBOVIM KpUTEPUSM MPUEMNEMOCTU, TO €r0 KanmbpytoT, BbINOMHAA HEO6X04MMbIE HACTPOMKM.

MepBbIi 3Tan gonyckaeTcsi aBTOMaTM3npoBaTh M BbINOMHATL BO BpeMs paboTbl cTaHuuu. [aHHbIR NpuH-
LN MOXKHO MCMOb30BaTh A1 MPOBEPKM KannbpoBKM N3MepPUTENbHOIO Npubopa unm NnpoanieHns Mexkanmno-
POBOYHOIO MHTEPBArna namepuTernbHbIX NPUG0oPoB. [aHHbIA NPUHLMN HA3bIBAKT «ONepaTUBHLIM KOHTPOSIEM
KannbpoBKkM», «OMepaTMBHbIM MWCMbITAHNEM KanMOpPOBKM» UMM  «OMEpPaTMBHbIM KOHTpoNneM apenda
nokasaHum».

6.3.3 TpeboBaHus K cOOpPY AaHHbIX

[1na npoBefeHns onepaTMBHOIO KOHTPOISt KAaNnMBpPOBKM crieayeT HENpPEpPbIBHO PErMCTPUpOBaTh BbIXOA-
HOW CUrHan n3MepuTenbHbIX NPUGOPOB MK NEPUOaMYECKN ONPeaenaTb Apend NokasaHumn, cuctemaTu4eckme
OLNGBKN, LWYMbl U Apyrme aHoManun. [JaHHble onepaTMBHOIO KOHTPOSS KanNMOPOBKM MOXHO MOMYYUTb OT CTaH-
LIMOHHOTO KOMMbOTEPA, CNeLUnannm3npoBaHHON cucteMbl cbopa MHopMaLnmn NNu HbIX yCTponcTs. Cnepyet
cobupaTtb AaHHble BO BPEMSs MEPUOOB NMyCcKa U/Un oCTaHOBa CTaHLUUK, YTOObI NO3BONUTL NPOBEAEHNE BEPU-
dukaummn kannbpoBKN N3MePUTENBHBLIX NPMOOPOB Mo BCeMY NX paboveMy gmanasoHy. Kannbpoeka obopyao-
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BaHUA cGopa AaHHbIX AOIMKHA ObITb yTBEPXOEHa N AOKYMEHTAallbHO 3a¢)l/IKCVIpOBaHa. OTa KaJ'II/I6DOBKa OOJTKHa
npoBOANTbLCA B COOTBETCTBUN C NPUMEHUMBIMU Tp86OBaHI/I$|MM obecnevyeHus kKa4yecTBa.

6.3.4 TpeboBaHus K KBanudukaumm n aHanu3sy AaHHbIX

CKpVIHUHT (KBanudukaumo) AaHHbIX OnepaTMBHOIO KOHTPOSS criedyeT NPOBOANTb, YTOOLI rapaHTMpo-
BaTb, YTO AN BepudmKaLmm KanmbpoBKn n3amepuTenbHbIX NPUBOPOB HE NCMONb3YeTCA MOCTOPOHHSA NHAOP-
mMauus. lNpyMmepamy MeTOAOB CKPMHMHIOBOW OLIEHKW AaHHbIX SBASKTCA unbTpauus M UCMblITaHWs
amMnnuTygHowm NnoTHocTw BeposiTHocTu (AlB). Mocne kBanndukaumm gaHHbIX AOMKEH ObITb NpOBEAEH aHa-
nu3, BKrtovaoLwmin B cebs (no mepe HeobxoaMMOCTN) METOAbI YCPEAHEHUS U/UNN MOAENNPOBAHWS AN OLEHKU
3Ha4YeHUs KOHTponMpyemoro npouecca. lNpegnonaraemoe 3HayeHne TEXHONOMMYECKoro napameTpa cpaBHu-
BalOT C NoKasaHWsIMU OTAENbHbIX N3MEPUTENbHbIX MPUOOPOB Ha NPOTSXKEHUN HEKOTOPOrO Nepuoaa BpEMEHU
Ansi onpegeneHus apevida nokasaHun npubdopa Unm OTKIOHEHNSI OT OLEHKU TEXHONIOrM4eckoro napameTpa.
PesynbTaThl OLeHMBaIOT B NpeAenax 4onycTMMoro gperida nokasaHuin Unm npeaenos OTKIIOHEHWS, KOTopble
COrnacytTCs C JaHHbIMY aHanM3a ycTaBoK aTOMHOW CTaHUMM.

6.3.5 Yuet gpencha obuwero xapakrepa

OnepaTurBHbIV KOHTPOSb ANSA NPOANEHNS MEXKanMOpPOBOYHbIX MHTEPBANOB AATUYNKOB JOITKEH BKMNOYATh
B ce65 0roBopeHHOE 3apaHee yCrioBue 0 TOM, YTO HE MEHeE O4HOI0 AaTUMKa U3 KaXK4oM rpynnbl pe3epBrpOBaH-
HbIX 4ATYMKOB JOMKHO KanmbpoBaTbCHa HE peXxe O4HOro pasa B KaXK4oM LMKITE TEXHUYECKOro 06CnyXMBaHUS.
Kpome Toro, Takas kannbpoBka OOMMKHA NPOBOAUTLCSA HAa POTALMOHHOM OCHOBE, YTOObI KaXAbi OaTYMK B
pe3epBUPOBaHHON rpynne kanubpoBarncs Nnepnuoanyeckn (HanpMMmep, OAVH pas Kaxable BOCEMb NET), faxe
ecnu gaTymk He 3adukcupoBan npobnem ¢ KanMbpoBKOK B NpoLecce onepaTuBHOINO KOHTPOSS.

BmecTo kanmbpoBKu OAHOIO U3 pe3ePBUPOBAHHBIX 4ATYUKOB B KXXA0M LIMKIE TEXHUYECKOro 06cnyxnBa-
HUS OonyckaeTcsl UCronb3oBaTb METOAbl MOAENUPOBaHUS, YTObObI y4ecTb Nobyio BO3MOXHOCTbL Apenda
obuiero xapakrepa. [insa aTon uenu npuemMnemsl U3NYECKMe Nnn sSMnNMpuiecke meToabl MOAENMPOBaHMS
nmMbo nx coveTaHue Npu yCrnoBmum, YTO NOrPELLHOCTb OLIEHKM NMpoLecca METOAOM MOAENUPOBAHMS NyYlle, YeM
apend nokasaHuin, KOTOPbIN AOIMKEH ObITh onpegerneH. J1to6or ncnonb3yemMbii METOA MOAENMPOBAHNS AOJ-
»XeH ObITb Hagnexalumm 006pas3oM HaCTPOEH, YTBEPXKAEH M AOKYMEHTarnbHO 3a(OMKCMPOBaH AN CUCTEMbI, KOTO-
pyto OH MogenupyeT. HacTpanBaHve mogenu BkroyaeT B cebs nogady B Moerb psia M3BECTHbIX BXOAHBIX U
BbIXOJHbIX CUrHANOB, COOTBETCTBYHLLUX LUIMPOKOMY AMana3oHy paboynx yCrioBUn TEXHONOMMYEeCKoro npoLec-
ca, U HaCTPOWKY KO3 PULMEHTOB MOAENM NN BECOBbIX KOIDPULIMEHTOB, NOKa MOAENb HE CMOXET NPaBUbHO
BblJaBaTb 3Ha4yeHWe TEXHONOIMMYEeCKoOro napamMeTpa Ha OCHOBE W3MEPEHUs OPYrnx TEeXHONOrMYeckux
napameTpoB.

Bce HeonpegeneHHOCTH B pe3yribTaTtax MeTO40B MOAENMPOBaHNS AOMKHbI ObITb KONMMYECTBEHHO Onpe-
OerneHbl, ANns Toro Ytoobl rapaHTUPOBaTb, YTO TOYHOCTb METOA4A MOAENTMPOBAHNSA NPEBbILAET UAEHTUDULMPY-
eMbli gpend nokasaHun.

6.3.6 YactoTa cbopa AaHHbIX

YacrtoTta c6opa OaHHbIX 3aBUCUT OT UCMOJ1b3yeMOro metoaa aHanumaa. [ns aHanu3a meTogamu mogenu-
poBaHUA Tpe6yeTc;| YyacTtaa guckpetmn3aunsa (Oﬂ,Ha unubonee Bbl60p0K B ceKpr,y). Kpome TOro, AaHHble CUrHa-
OB, KOTOpble 6y,D,yT cMmoaennpoBaHbl BMeCTe, AOJTKHbI OT6I/IpaTbCF| OQHOBPEMEHHO. [lns aHannaa c noMoLLbto
MeTo4OoB YycCpeaHeHUA 4YacTtad OUCKpeTulauma He TpeGyeTCﬂ, X0TA 4YacTtad AUCKpeTunsaunda MOXeT
crnocobcTBOBaTL NOBbLILLEHNI0 HAAEXHOCTH pe3ynbTaToB.

7 MeTtoabl UcnbiTaHUA BpeMeHu peakummn

7.1 UcnbiTaHue BpeMeHU peakKunn gatT4imKkoB AaBrieHnsa

[nsa ncnbitaHms BpeMEeHN peakunn aTynUKoB OaBrieHUd NpUMMEHAT ABa MeToaa. OHn HasbiBatoTCA
«MeTo na6opaToprlx U CTEHAOBbLIX UCMbITAHUNY» U «METOA CTaHLMOHHbIX (VIJ'IVI HaTyprIX) ncnbiTaHUNY.
MeToa na6opaToprlx MCMbITaHWI Ha3bIBAOT ele «UCMbITaHUEM MO ﬂMHeIZHOMy N3MEHEHUIO», a HaTyprIIZ
NN CTaHUMOHHbIA METO UCMbITaHMUS Ha3blBalOT «METOAOM aHanuaa LLYMOB». Tpe6OBaHMF| K MPUMEHEHNo
OaHHbIX METOA0B 419 aTOMHbIX CTaHLNIN N3M0XKEHbI HUXE.

7.1.1 UcnbiTaHMe NO IMHEMHOMY U3MEHEHUIO

Mpn ucnbiTaHMM NO NMHENHOMY U3MEHEHMIO UCMONb3YOT reHepaTop rmapaBnnMYecKoro AaBneHnsa ons
NnonyyYyeHnsa TECTOBOroO curHana B opMe IMHENHOrO N3MeHEHUS. JIMHENHO N3MEHSIOLLMINCS CUrHaN UCNOSb3Y-
0T MPU UCNbITAHUN BPEMEHUN PeaKLIMM 4aTYNMKOB JABEHUA aTOMHOW CTaHLUMK, NOTOMY YTO NPOEKTHbIE CODbITUSA
Ha aTOMHbIX CTaHUUAX 06bIYHO NpeanonaraoT, YTo NepexogHble NPOLLeCChl AaBNeHNs MMetoT PopMY NNHENHO
HapacTatoLLlen pyHKUUN.
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JINHEHO N3MEHSIIOLLMIACA CUrHarn NoAatoT Ha UCMbITYEeMbIN AaTYMK U OAHOBPEMEHHO Ha GbICTPOAENCTBY-
IOLLINIA STAMNOHHBIN AaTYMK. Bpems peakLmmn 3TanoHHOro Aatymka AormkHo 6bITb MeHee 10 Mc. [Ing onpeaenexHus
BPEMEHM peakLUmmn UCMbITYEMOro AaTynmka HeobXxoauMo 3aperncTpMpoBaTh M NpoaHanuanpoBaTb BbIXOOQHOM
CUrHan UcnbITyeMOro 1 3TanoHHOro AaTYMKOB. AHaNM3 AOIKEH BKIoYaTb B cebsi UaMepeHne acumnToTuyec-
KO 3aeP>KKN MeXaY JTIMHENHO U3MEHSIOLLMMICS BbIXOAHBIMWU CUrHanamMm UCMbITYeMOro 1 3TafloHHOTo AaTyu-
KoB. B ncnbiTaTenbHbIX NMUHNUAX, CBA3bIBAIOLIUX MMAPaABIMYECKUIA reHepaTop NMNoo6pasHoro HanpsXkeHus ¢
NCMbITYEMbIM 4aTYMKOM, HE IOMMKHO ObITb BO3AYLLIHbLIX NPO6OK. Bo3ayLuHble NpoGKM B UCMbITATENbHbIX NIMHUSAX
MOTYT BbI3BaTb KonebaHus SKCrepuMeHTarbHbIX AaHHbIX U CTaTb NPUYNHOMN OLLUMOKM B pe3yrbTaTax UCMbITaHus
MO NUHENHOMY N3MEHEHWIO HanpsHKeHWs.

7.1.2 MeToa aHanusa wymoB

MeTop aHanmsa LWyMOB OCHOBaH Ha KOHTPOSE eCTECTBEHHbIX OIyKTyaLui, KOTOpble CYLLECTBYIOT Ha
BbIXO4Ee [AaTYMKOB AaBfiEHWs MpW OEWCTBYHOLLEM TEXHONOrM4eckoM npouecce. 3Tn nykryaumm (LWymbi)
00ycnoBneHbl TypOyNneHTHOCTbLH, BbI3BAHHOW MOTOKOM BOAbI B CUCTEME, CIyHanHOW Tennonepenayen B akTUB-
HOW 30He 1 APYTMMW €CTECTBEHHbBIMMN BMIEHNAMMN.

[na npoBegeHns UCNbITaHUS PErMCTPUPYIOT LYMbI HA BbIXOAE Kax4oro AaTvvka gaBneHus B LMdpoBon
dopme B TeueHne NpnbnmanTensHo 141 3ateMm aHanuampyoT. lomexun nssnekatT 13 BbIXOAHOTO curHana gat-
YMKa C MOMOLLBI PUbTPa BEPXHUX YACTOT UITM MeXaHM3Ma CMELLLEHMS MOCTOAHHBIM TOKOM U UCMOMb3YIT
COOTBETCTBYHOLLYIO DUNbTPALMIO HUXKHUX YacTOT, YTOObl yCTPaHUTbL NOCTOPOHHUE LIYMbI U NMPeayCcMOTpPEeTh
noaaeneHune nomex. Yactota gMckpeTnsaumm JormkHa 6biTb Bbicokon (Hanpumep, 100 nnn 6onee BbIGOPOK B
cekyHay).

[o npoBeneHnst aHanm3aa Heob6Xo4UM CKPMHUHT LLYMOBbIX AaHHbIX, YTOObI rapaHTUPOBAaTh BbIBOA PE3YIib-
TaTOB WCMbITAHWUS BPEMEHMN peaKLMM U3 COOTBETCTBYHOLLUMX 3anmMcen AaHHbIX. AHanNn3 AaHHbIX LYMOB JOIMKEH
BKMOYaTb B ceba anropntm 4acToTHOM obnactu u/unm BpemeHHon obnactu, paspaboTaHHbIn A4S pacyeToB
BpeMeHU peakumm gatunka. O6oCcHOBaHHOCTb aHanuaa AormxkHa 6biTb YCTaHOBMEHa C NOMOLLbIO CMOAENNpo-
BaHHbIX JaHHbIX, a TakKe hakTUYeCKnX JaHHbIX CO CTaHLMKU UNn n3 nabopatopum OT 4aTYUKOB C U3BECTHLIMU
3HaAYEeHUAMN BPEMEHM peakLumn. PesynbTaThl Banvaaumm Takke cnegyeT UCnorb3oBaTh 418 TOro, YTobbl ycTa-
HOBUTb NOTPELUHOCTb PE3YNIbTAaTOB BPEMEHMW peaKkLMm, NONy4YEHHbIX METOAOM aHanmaa wymoB. OnbIT Nokasbl-
BaeT, YTO CPEAHASA NOrpPeLLHOCTb Pe3ynbTaToB aHanm3a LyMOB 4S9 UCMbITaHWs BPEMEHM peakumm gaTymka
00bI4HO cocTaBngaeT okono + 10 % 3Ha4YeHMs BpeMeHn peakuumn, KOTOpoe MoMyYeHO aHanM3oM LyMOB, Ui
+0,10 c (B 3aBMCMMOCTM OT TOrO, Kakoe 3HadeHue bonbLue). Takne 3Ha4YeHUs NonyyarT Npy YyCNoBUK, YTO AaH-
Hble O LWyMax cobumpatoT, BbINOMHAKT HEOOXOANMBIA CKPUHUHT U aHaNU3npyT C MOMOLLbIO YTBEPXKOEHHbIX
anropuTMOB aHanm3a 4yacToTHoM obnacTu u/vnu BpemeHHon obnacTu.

Ecnu oBHapyxuTcsa, 4To Bpems peakumm Aatymka AaBreHns yXyaLwmnnoch U Bpems ero peakLum npeBbI-
LIaeT JonyCcTUMbIV Npeden, To criefyeT B OTAENbHOM UCCnefoBaHny onpeaenntb, UCXOAMUT NN 3TO MpeBblLUe-
HWe OT JaTyuKa JaBreHUs UNn 3amMepuTenbHbIX TPyOOoNpoBOAOB, Unu 1 OT Toro u apyroro. Ecnu guanasoH
4acTOT LWYMOB TEXHOMOMMYECKOro npoLecca He siBNAeTcst 6enbiM, TO pe3ynbTaThl UCMbITAHUS BPEMEHN peak-
LM MOryT ObITb KOHCEPBATUBHBLIMU. B YacTHOCTW, ecriv AruanasoH YacToT LWyMOB TEXHOTOMMYECKOro npotiecca
OyaeT MeHbLLEe, YEM YacTOTHasA XxapakTepucTrka gaTymka, To pe3ynbTaTbl aHanuaa WwymoB OyayT npeBbiaTh
BPEMS peakLMn UCTMbITYEMOro JaTymka.

MeTop aHanmsa LWyMOoB MOXHO TakuM e 06pa3omM UCNonb30BaTh AN UCTbITaHWUS BpEMEHN peakLmmn Tep-
MonMap U HENTPOHHBIX AETEKTOPOB, KaK A4S AaTYMKOB AaBreHus. Kak npaBuno, Ans UcnbiTaHUs BpeMeHu peak-
UMM HEWTPOHHbIX OETEeKTOPOB [faHHble LWYyMOoB Heobxoaumo cobpaTb OyeHb ObICTpO (Mpu 4YactoTe
ANCKpeTM3aLmMmn B KUNOrepLoBoM AnanasoHe, kL), HO Ans Tepmonap AOCTaTouHbl 6ornee HU3KMe YacToTbl
(Hanpumep, 100 My).

MeTop aHanu3a WyMOB HeNb3 NCMNOMb30BaTh A4S UCTIBITAHUS BPEMEHM PeaKLun AaTYNKOB AaBIEHNS
repmMoob0noYKM, AAaTYNKOB YPOBHS XXMAKOCTU B Bake 1 4aTYNKOB C HEOOMbLUMMM TEXHONTOTMYECKUMU LLyMaMM
NN He UMELLNX NX BOBCe. [1na 3TUX 4aTYMKOB BXOAHbIE LLYMOBbIE AaHHbIE YaCcTO MOryT ObITb CreHepUpOBaHbI
NCKYCCTBEHHO C MOMOLLbIO reHepaTopa MexaHN4eCcKunx LWyMoB, BKoYatoLLero B cebs npeobpasoBaTtenb TOKa B
AasrnieHue (18 Punu I/P). I/P-npeobpa3oBaTenb CBA3aH C reHepaTopOM CUrHanoB, KOTOPbIV BblAaeT LWMPOKOMO-
NOCHbBIN criyYanHbIn WymMm. I/P-npeobpasoBaTens npeobpasyeT CriyqanHbIn WyM B LLYMOBOMW CUrHan AaBneHus,
1 ero Mcnonb3ytoT A1 UCNbITaHWS BPEMEHU peakLun AaTymka. COop 1 aHanun3 nonyveHHbIX AaHHbIX NPOBOAAT
Tak e, Kak 1 Anst MeTo4a aHanmaa LymMoB, ONMUCAHHOTO BhILLE.

7.1.3 MpoBepka Ha pa3MbikaHue 3NeKTPocHabxeHus (PJ)

B gononHeHne K MeToaQy aHanuaa WymMoB CyLLeCTBYeT MeTOA, Ha3biBaeMbll «UCMbITaHnEM Ha P3O», koTo-
pbin yAobeH TONbKO ANst HATYPHOrO UCMbITAHWUS BPEMEHMN peaKLuMm KOMNEHCAUMOHHbBIX aTYMKOB AaBMNEeHs.
[na npoBeaeHus nposepkun P3 anekTpocHabxeHne gaTymka HeOBX0AMMO BbIKITHOYNTL HAa HECKOMNBKO CEKYH U
3aTeM BKNoUnNTb. Koraa anektpocHabxXeHne BKNIOYEHO, AaTYUK BbiAAeT BbIXOOAHOM CUrHarn, KoTopbii Heo6Xxo-
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ANMO 3aperncTpmnpoBaTthb B LI,VId)pOBOIZ cbopme 1 3aTemMm npoaHanmianpoBaTb, YTOObI nony4ynTb BpeMa peakumm
naTymka. AHanm3 JoImKeH BKItoYaTh B cebs COOTBeTCTByIOLLI,l/IIZ anropuTtmMm, KOTOprIZ pa3pa60TaH nyteepxaeH
And pacyeTa BpeMeHU peakumn KOMNeHCaUMOHHbIX AaTYMKOB AaBJiEHNA METOA0OM PO.

I'IpOBepKa PO yynTbiBa€T JUHAMUYECKYH XapPaKTEPUCTUKY MEXaHNYECKUX N SJNTEKTPOHHbLIX 3J1IEMEHTOB
AaTtyunka n, Takum o6pa30M, naet obliee BpeMA peakunmn noJsiHom SﬂeKTpOMexaHquCKOVI CUCTEMbI JaT4yuKa.

7.2 UcnbiTaHue BpeMeHU peakKuumn TeMmnepaTtypHbiX 4aT4UKOB

Bpemsi peakuuy TeMnepaTypHOro gatymka UsMepsioT B NaGopaTopHON cpeae MeToaoM, HasbiBaeMbIM
«UCMbITaHKe ¢ norpyxeHmem». ocne Toro kak AaTtyvk ycTaHoBMEH B 060pya0BaHUN TEXHOMOMMYECKOro npo-
Liecca, Bpemsi ero peakuuy nsmepsitoT C MOMOLLbIO UCMbITAHUS Ha CTyNeHYaToe U3MeHeHe KOHTYPHOrO ToKa.
TpeboBaHKsA K NPOBEAEHMUIO 3TUX UCTbITAHMI Ha aTOMHOM CTaHUMK NpeacTaBneHbl Hke. CyLLLEeCTBYOT Takke
[OMNONMHUTENbHbIE UCTbITAHWSA, TakMe Kak MeTo[ camopasorpesa U MeTo[ aHanusa LUyMOB, KOTOpble Takxe
onucaHbl HUXe.

7.2.1 UcnbiTaHKe C NOrpykeHnem

WcnbiTaHne ¢ norpykeHmem npoBoasAT B nabopaTtopHoi o6cTaHOBKE B BOAE NpU HU3KOW TeMnepaType
(Hanpumep, 0T 20 °C go 70 °C). Boga gormkHa Teub co ckopocTbio 1 M/c. [laTumnk norpyatoT n3 Bo3ayxa B BOAy.
Bo BpeMsi norpy>xeHus BbIXOOAHOW CUrHaN gaTynka perucTpupyroT, Moka OH He AOCTUTHET yCTaHOBMBLUErOCS
COCTOsIHUS. Bpemsi peakuum AaTymka AOMKHO ObiTb ONpeaeneHo nyTeM U3MepeHus BpeMeHU, COOTBETCTBYHO-
wero 63,2 % pasHoCTM MeXAy HayarnbHbIM M KOHEYHBIM CTaLMOHAPHbLIMY 3HAYEHMSAMMW BbIXOAHOMO cUrHana aat-
yuka. [1omkHO BGbITb YCTAHOBEHO CPEACTBO UAEHTUMUKALIMN MOMEHTa BPEMEHMU, KOTAa AaTYNK BXOAUT B BOAY.
OT0 BpeMsl AOMKHO CYMTaTLCA BpeMEHEM Havarna UCTbITaHWUS C MOTPY>KeHNEM.

Ba)kHO OTMETUTb, YTO BPEMSI peakLmMm TeEMNepaTypHbIX AaTYNKOB 3aBUCUT OT CKOPOCTM MOTOKA 1 TEMIe-
paTypbl XXUAKOCTU, B KOTOPOWM OHW NPOXOAST UCMbITaHME C NorpyxeHnem. KpoMe Toro, 4nsi AaTY4NKOB, MOHTUPYE-
MbIX B 3alUMTHOW TMNb3e, BPEMS peakuMu Takke 3aBUCUT OT KayecTBa COEAMHEHUs Mexay paboynm
HaKOHEYHUKOM AaTymKa M ero 3aliMTHOM Mnb3oi. B aToi cBA3WM pesynbTaThl UCTLITAHUIA C MOrPYKEHEM
Masio3Ha4YMMbl OTHOCMTENBHO BPEMEHW peaKkLmn TeMmnepaTypHOro AaTymka Nocre ero ycTaHOBKWU Ha CTaHLMM.
[nsi Toro 4ToGbI NONYYNTL BPEMS peakLmm TeMNepaTypHOro aTynka npu paboumx ycrnoBusix, ero Heo6xoanmo
NPOBEPUTb MPU HATYPHBLIX UCMbITAHUSAX METOAOM CTYNEHYaTOro U3MEHEHMST KOHTYPHOMO TOKa, OMUCAHHbLIM
HUXe.

7.2.2 UcnbiTaHMe METOAOM CTYyNeH4YaToro U3MeHeHUs1 KOHTYPHOro ToKa

McnbiTaHme peakumm Ha cTyneH4yaToe nameHeHne KoHTypHoro Toka (PCKT) gomkHO ncnons3oBatbcs AN
N3MepeHus LWTaTHOro BpemeHn peakumm PAT unv Tepmonap B TOM COCTOSIHUU, B KAKOM OHUW YCTaHOBIIEHbI B
paboyem TexHonorn4eckom npotecce. MicnbiTaHne NpoBOAAT yAaneHHO OT WKaoB nameputensbHbix Npubo-
POB B 30HE NyHKTa yrpaBfieHUs Ha TakOM pacCTOSIHUK, Ha KOTOPOM NPOBOAA OT AaTyuKa 4OCTUratoT annapary-
pbl Npeobpa3zoBaHus curHanos. VicneitaHne PCKT ocHoBaHO Ha HarpeBaHWM AaT4yuka arieKTpuYeCcKMM TOKOM,
KOTOPbIV AOMMKEH ObITb NPUMOXEH K KOHLLAM YANMHMTENeN NpoBoAoB Aatyuka. Ana POT cnegyeT ucnonb3oBaTtb
MarbI MOCTOSAHHbIN TOK (Hanpumep, oT 40 o 80 mMA). lns Tepmonap criefyeT UCNofb30BaTh NEPEMEHHbIN TOK
ot 0,2 go 0,6 A. O6bblvyHO Anga mncnbitaHun PCKT n POT n Tepmonap Henb3s UCMNONb30BaTb OOHO U TO Xe
0o6opyaoBaHme u3-3a pasnuyHbiX TPEOOBaHUN K UCMbITAHMIO.

Tok BbI3bIBaeT TEMMNEpPaTYPHbIN NEPEXOAHbIV MPOLIECC B AAaTUMKE, KOTOPLIN JOIHKEH ObITb 3aperncTpmpo-
BaH B LMdpoBon hopme 1 NnpoaHannanpoBaH Ans Toro, YTobbl Nony4mTb Bpems peakummn gatyuka. Ona POT
[aHHble JOMKHbI PErMCTPUPOBAaTLCS, Noka Tok uaeT Yepes PAT v Takke no mepe Toro kak PAT HarpeBaeTcs.
[na Tepmonap AaHHbIe AOMKHBI PEMMCTPUPOBATLCA NOCNE TOro, Kak TOK OTKMOYEH U TepMonapa OCTbIBaeT A0
TemnepaTypbl OKpyXatoLLen cpeapl.

UcnbitaHne PCKT yunThiBaeT Bce BO34ENCTBUSA YCTAHOBKM Ha BPEMS peakumy AaTtyuka. YUnTbiBatoTCs
BMNUsIHUE 3aLUUTHOM MNb3bl (B CrlyYae ee UCNob30BaHMs ), 3a30p MeXAy AaTYUKOM U 3aLLUTHON MMb30W 1 Bce
BO3ENCTBUSI PEXMMOB TEXHOOMMYECKOro NpoLiecca, Takue, Hanpumep, Kak CKOpoCTb NOTOKA XXUOKOCTU, TEM-
nepatypauT. 4. Ana nony4yeHus hakTM4eCcKoro LUTaTHOro BpeEMEHU peakumm gatyuka ucneitanne PCKT npoBo-
O4T Npy HOpManbHOM pexunme paboTbl UM NPy BIIM3KNX YCIOBUSIX. DTO O4EHb BaXKHO, MOCKOSBKY B OTNINYME OT
OaT4YMKOB AaBleHNsi BpeMs peakLmm TeEMnepaTypHbIX 4aTYNMKOB 3aBMCUT OT TEeMNepaTypbl, 4aBMEHUSA U CKOPOC-
TM NOTOKA XMAKOCTU, B KOTOPOW yCTaHOBNEH Aatynk. OgHako Korga Ha CTaHUMM yCTaHaBnmMBakT HOBbIE JaTym-
kn, ncneitanma PCKT gonyckaeTcsa npoBogMTb NPY XONO4HOM OCTaHOBE, YTOObI YAOCTOBEPUTLCS, UTO AATHUKN
YCTaHOBNEHbI Hagnexawmm obpasom n obecnedat onTumarnbHOE Ka4eCTBO (PYHKLMOHMPOBAHUSA NO BPEMEHU
peakuumn, koraa ctaHuus BO306HOBUT paboTy Ha MoLHocTU. Ucnbitanma PCKT npu xonogHoM ocTaHoBe AatoT
pesynbTaTbl, KOTOPbIE CPABHUBAKOT MEXAY AaTUMKamMu, YTOObI M OEHTUMULNPOBATL BbIBPOCHI C TOUKN 3pEeHUS
BpeMeHu peakuuun. bygeT nu ngeHtndunumpoBaH BbIGpoc nnm HeT, ucnbitaHne PCKT gosmKHO NOBTOPATLCS Ha
BCEX HEABHO YCTAHOBIIEHHbIX JAaT4MKax NPU HOpManbHOM PeXUMe Unun B 6Nmskux K HopManbHbIM YCIOBUSAX
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paboTbl, YTOObLI NOMNy4YUTb (haKTUYECKOE BPEMSI peakumu AatynkoB. BblIOpoc — 3TO nokasaHue Jartuyuka,
pesynbTaTel PCKT KOTOpPOro 3HaunTenbHO OTNMYaoTCs OT APYrMX pe3epBMPOBaHHbLIX JAaTUMKOB MPU TEX XKe
YCNOBUSAX YCTAHOBKM W TEXHoONormdeckoro pexuma. C BbIOpocaMy MOXHO CTOSIKHYTbCA MO MNpUYMHe
HeadeKkBaTHOTO BBEAEHMS [JdaTyMka B €ro 3awuMTHYH [WUhb3y, Hanuyuusa rpsasv B 3alUTHOW runb3e,
paccornacoBaHus AaTynKa/3almMTHON MMib3bl U T. 4.

[aHHble PCKT gomkHbl 6bITb NpoaHannanpoBaHbl Npy NOMOLLY MaTeMaTUYeCKOro anroputma, paspabo-
TaHHOro Ha OCHOBE TEMJIOBOro aHanun3a gatynka 1 COOTBETCTBYIOLEN MoAenn Tennonepegayn. AHanma gas-
Hoix PCKT pomkeH gaBaTb B pesynbTaTe 3Ha4YeHUe BPEMEHU peakumm n coobliaTb O MOrpeLuHocTy
pe3ynbTaToB BpeMeHU peakLmm. [orpelHOCTL pe3ynbTaToB AOMKHA OCHOBbLIBATLCSA HE TOMbKO Ha NOrpeLLHoc-
TUUCMbITAaTENBHOrO 060PYAOBaHUS, HO TaKXKe Ha NOrPELLHOCTM anropMTMa, MCNoMb3yeMoro Angd onpeaeneHus
BpeMeHU peakummn. Ha ocHOBe onbiTa U3BECTHO, YTO NOrPELLHOCTb Pe3yNbTaTOB BPEMEHW peakLnum Ang Metoaa
PCKT coctaBnget+ 10 %.

7.2.3 UcnbiTaHue Ha camopa3sorpes

VcnbiTaHne Ha camopasorpeB gononHsieT metog PCKT, Ho He obecneunBaeT 3Ha4YeHVs BpeMeHW peak-
unn. [laHHoe ncnbiTaHne SBNAeTCs JONOMHUTENBHBLIM U NpoBoauTcs Tonbko Ana PAT. MNpu aToM ncnbiTaHum
KONMMYECTBEHHO U3MePSIOT BHYTPEeHHWUI HarpeB POT B 3aBUCMMOCTW OT BXOAHOW 3M1EKTPUYECKON MOLLHOCTM
(I2R). Pe3ynbTaTom sBNAETCA NoKasaTesb, KOTOPbIN OObIYHO BbipaxaeTcs BOMax HaBaTtT (OM/BT) nHa3biBaeT-
ca «umHpgekcom camopasorpesa» (MCP) POT. Owytnmble nameHeHnus VICP GyayT sIBMATbLCA MPU3HAKOM
N3MeHeHun BpemeHun peakumn PAT.

VcnbiTaHWe Ha camopasorpes NPOBOAAT C MOMOLLbIO TOrO e 060pyA0BaHMS, YTO U MPU UCTIbITAHUSAX
PCKT.

7.2.4 AHanus wymoB

Ecnu uenb ucnbiTaHuii BpeMeHU peakLmmn CoOCTOUT B TOM, YTOBbI KOHTPONUPOBATL CYLLECTBEHHbIE U3Me-
HEHUA BPEMEHWN peaKL My OTHOCUTENbHO 3TArNOHHOMO 3HAYEHUs UMM 0BHapPYXMBaTb OLLYTUMOE YXYALleHue
BpeMeHM peakLun gaTymnka, To MOXKHO UCMoNb3oBaTh MeTo aHanmaa wymos. OgHako ucnbeitaHue PCKT, kak
npasuno, obecneuynBaeT Gonee ToYHbIE Pe3ynbTaThl M NO3TOMY AOIHKHO UCMOMb30BaTLCA, €CIU HET GOMbLLION
pasHULbl MeXay NpueMnemMbiM 3Ha4eHMEM BPEMEHUN peakLum 1 OXUAaeMbliM 3HaYEHMEM BPEMEHU peakLmm
Jaryuka.

8 OnepaTuBHOe OGHapy)XeHue 3aKynopuBaHuUs U NyCTOT B TpybonpoBoae
n3MepeHusi AaBreHusA

CuncTtembl UsMepeHnst AaBreHnst Ha aTOMHbIX CTaHLMAX OObIYHO BKMOYatoT B cebsi uameputernbHble Tpy-
Bonposoabl (Takke HasblBaeMble «KMMMYMbCHBIMU FIMHUAMUY ) AF1A NepeHoca MHPOPMaL MM O aBNEeHUN N3 TexX-
HOMOrMYecKoro npoLiecca Ha AaTyuk. B 3aBUCMMOCTH OT CTaHUMK 1 COMYTCTBYIOLLUMX CYXO namepuTenbHble
Tpy6onpoBoAdbl MOryT ObITb ASIMHON OT HECKOMNBbKNX METPOB 40 HECKOSMbKMX COTEH METPOB.

Takue xvumMunkaTbl, Kak 6op 1 3arpsasHsaIoLLMe BellecTBa B BOAeE peakTopa, a Takke Apyrmue dakrtopbl Bnvs-
HMS MOTYT BbI3BaTb Ha HEKOTOPOE BPeMS 3aKynopvBaHue nameputenbHbix Tpybonposoaos. Kpome Toro, npo-
Grnembl C OTCEYHbIMW 1 YPaBHUTENBbHBIMU KNanaHaMu B U3MepuTenbHbIX TpybonpoBogax MoryT NpuBeCTM K
YaCTUYHOMY 3aKyrnOpPMBaHMUIO U3MEPUTENbHBLIX TPYOONPOBOAOB, NPOTEYKaM 1 ApyrMM npobriemam.

3akynopvBaHue n3mepuTeNbHOro TpybonpoBoaa MOXeT YBENMYUTL BpeMSA peakLm COOTBETCTBYHOLLErO
AaTynka faBneHus. YBennyeHne BpemMeHu peakumm 3aBucuT oT NogaTnmBocTu AaTtyuka. Y AaTtynkos, UMELo-
LWmx 6onbLUY0 NOAATAMBOCTb, 3aKynopuBaHue n3aMepuTensHoro Tpybonposoga MoXeT 3Ha4YMTENbHO yBENK-
YUTb BPEMS peakuuu, a y MeLwmux Manyo noaaTnmMBoCTb — OKasaTb HE3HAYMTENbHOE BNUSHWE Ha BpPeMs
peakumu. [logaTnMBOCTb — 3TO BENUYMHA CMELLEHMSA YYBCTBUTENBHOIO 3IeMeHTa Ha e AUHMLY MPUIIOXKEHHOTO
AaBneHus.

Kpome Toro, Hanuume Bo3ayxa nnuv rasa B TpybonpoBogax usmMepeHuns AaBneHns npeacrasnseT cobom
npobnemy, BAMSAOLLYIO Ha CTaLMOHAPHbIN PEXMUM (KanmMbpoBKyY) Ui XapaKTePUCTUKM BPEMEHN peakumm AaT4um-
KOB flaBneHust. B aTon cBA3M [omkHbI ObITb NPOBEAEHbBI UCTbITAHUS AN MAEHTUdMKAL N 3aKyNnopMBaHUiA, BO3-
AYLWHbIX NPOBOK 1 NPOTEYEK B CUCTEMAaX U3MepeHns AasneHus. MicnbiraHme OMKHO NPOBOANTLCH C MOMOLLIbIO
MeToAda aHanu3a wymoB. [1ns obHapyxeHus 3akynopmBaHus Unu Bo3ayLUHbIX Tpobok B TpybonpoBoaax name-
peHus aaBreHus cregyeT NPoBeCTU BbIGOPKY AaHHbIX LWYMOB OT 3aTPOHYTOrO AaTyMKa AaBNEeHUs B KOMMbHO-
Tep, NPOaHanM3npoBaTh U CPaBHUTL pe3ynbTaTbl C UCXOAHBIMU AaHHBLIMW, YTOOBI ONpeaennTb, o6pasoBanuch
1V 3aKynopuBaHUs UnNn Bo3ayLuHble NPOOKM B n3aMeputensHom Tpybonposoae. [Ans obHapyxeHusa npoTeyek
cneayeT BbIYUCINUTL 3HaYEHNeE MCNepCcum LLYMOBOIO CUrHana v CpaBHUTL CO 3HAYEHNEM UCXOAHON ANCMIEPCUN
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ONs Tex Ke WM aHanoruMyHbIX OaTyMKOB, YTOObI OnMpefenuTb HanMyne npoTeyek B M3MEPUTENbHOM
TpybonpoBoge.

B uenom, ncnbiTaHve BpeMeHM peakuum 4aTYMKOB AABMEHUs, YPOBHS M pacxoda C NMoMOLLbio MeToaa
aHanm3sa LWyMOoB aBToMaTu4ecku byaeT yunTbliBaTh BMsSHUE N0HOro 3akynoprBaHusi Ha BpeMsi peakuum gatym-
Ka, a Takke NOMOXET MAEHTUULMPOBATL BO3AYLLUHbIE MPODBKM U MPOTEYKMN.

9 Bepudumkaumsa paboumnx xapakTepuCTUK HEUTPOHHbLIX AETEKTOPOB

OkcnnyaTaLMoHHbIEe XapakTEPUCTUKN HEMTPOHHbIX AETEKTOPOB HA aTOMHbIX CTaHLMAX MPOBEPSAOT METO-
JOM OMepaTUBHOIO KOHTPOMSi U METOAOM aHanMn3a LyMOB MPaKTUYECKM TaK XKe, KaK XapakTepuUCTUKN AaTYUKOB
AasneHus. Kak npaBuno, HEMTPOHHbIE OETEKTOPbI ABNATCS ObICTPOAENCTBYOLUMU, U BO BPEMSI UCMbITAHUS
BPEMEHU peaKLMm K HUM OObIYHO HE MPeabABIIAOT CTPOrNX TpeboBaHNU, KOTOPbIE NPEABABMAAKTCA KAaT4MKam
TemnepaTtypbl U AaBMEHNUS, yCTaHaBNMBaeMbIM Ha aTOMHOWN CTaHuuK. B 3Tol CBSI3M onncaHHoOe B HACTOSILLIEM
CTaHgapTe ucnblTaHNe BpeMeHM peakLmm npegHasHavyeHo aAng sepudmkaumnm paboumnx xapakTeprucTymK B LLensX
rapaHTuK TOro, YTO AUHAMMKa e TEKTOPOB OTHOCUTENBHO MCXOOHOTO 3HAYEHNSI BpEMEHMW PEaKLUU HE N3MEHU-
nacb. PakTu4eckn Ans HEMTPOHHbLIX EeTEKTOPOB, B AOMOJIHEHUE KO BPEMEHU peakLuu, CrenyeT N3Mepsite 1
oTCcrnexvBaTtb ApYyrne 4eCKpUNTOpbl LWYMOBBIX AaHHbIX, TakMe Kak AMCNepcus, acMMMEeTpUs U 9KCLeCC, Kak
CpeacTBO NOATBEPXKAEHUS TOrO, YTO AMHAMUKA ETEKTOPOB He NpeTeprena CyLeCTBEHHbIX U3MEHEHUN.

Kpome Toro, akcnnyataLnoHHbIE XapaKTEPUCTUKM HENTPOHHbBIX OETEKTOPOB 3aBUCAT OT TEXHUYECKOro
COCTOSIHUS UX Kabener n pasbeMoB. B aToW CBA3M 4NA HENTPOHHbBIX AETEKTOPOB B OMOSHEHNE K OnepaTUBHO-
MY KOHTPOJIO M HaTypHbIM M3MEPEHUSIM BPEMEHU pPeakUMy OOJKHO NPOBOAMTBLCS WUCMbITaHWE Kabenen c
MOMOLLbIO TaKUX METOLO0B, Kak U3MEPEHMS NMOSTHOTO CONPOTUBIIEHUS U UCTbITaHWE pedIEKTOMETPUEN BO Bpe-
MeHHol obnactu (PBO). 3T MeToabl onvcaHbl B MTepaTtype, yka3aHHon B Gubnunorpadum.

CoyeTaHune onepaTMBHOrO KOHTPOMS, UCTIbITAHUSI BPEMEHU Peakunn u nsMmepeHnin kabenen cCoBMeCTHO
obecneumBatoT achdeKTUBHbIE CpeacTBa onpeneneHust hakta M3MeHeHUn paboymx xapakTepPUCTUK HENTPOH-
HOro getektopa. Pe3ynbTaTbl IpMrogHbl Ans ynpaBneHus CTapeHneM AeTeKTOPOB U YCTaHOBMEHUS rpadouKoB
TEXHNYECKOro 06CNYXMBaHUSA U 3aMEHbI ETEKTOPOB MUY kKabenen.
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MpunoxeHune A
(cnpaBo4HoOe)

B3aumHas kanubpoBka/B3auMmHas Banugauua POT

A.1 Mpepucnosue

HacTosiee npunoxeHve cogepXnuT MHpopMaLmio 0 METOAE B3aUMHOW KannBpOBKK, KOTOPLIA KCNONb3yeTcs Ha
aTOMHbIX CTaHLMSAX A5 BeprdpUKaLLMM MOrPELLHOCTY M3MepPeHWi TemnepaTypbl pe3epBrupoBaHHbIMU PAT v Tepmonapamu.
TepMUH «B3auUMHas Banuaaunsa» ucnonb3yeTcs Ans 0603Ha4YeHUss MeTofa UCMbITaHUs!, ONUCaHHOTO Hike. OHaKo BMec-
TO WCMOSb30BaHUA TEPMUHA «B3aWMHas Banuaauus» UCMonb3yeTcss TEPMUH «B3auMHasa KanmbpoBkay, MOTOMY YTO B
BOMbLUMHCTBE CCbINOK 3TOT METOA UCMbITAHUIA UMEHYIOT KaK «MEeTOZ B3auMHOM KanmbpoBKuy . ATOT MeTo4 UCMOSb3YoT s
BepudUKaLm TOro, YTo KannGpoBka rpynmnbl pe3epBUPOBaHHbIX AaTYMKOB HE M3MEHMUIach.

A.2 BBepgeHue

B3avMHas kanmbpoBka — 3TO UCMbITaHUE COrNacoBaHHOCTY rPyMMbl AATYNKOB, KOTOPbIE U3MEPSOT OAMH U TOT Xe
npouecc. VicnbiTaHne NpoBOAAT HA aTOMHbIX CTaHLMSX C LieNbto obecneyeHns nepeaayv TO4HoM MHopMaLLmMm o Temnepa-
Type B CUCTEMbI yripaBreHnsi n 6e3onacHoCTM cTaHLmu. McnbliTaHue NpoBoAsAT Npy 0AHOM Unv 6onee 3Ha4YeHUsX Temnepa-
Typbl, B TOM 4uCle Npu 3HAYEHUU TemnepaTypbl, ONM3KOM K 3HAYEHUID TemrepaTypbl MPU HOPManbHOM peXuMe
aKcnnyaTaumm cTaHumm, obecnevmBatoLLert oueHky norpewHoct POT 1 Tepmonap npu pabovmx ycnoBusix.

[nsa Toro 4To6bl NPOBECTU UCMbITAHNE B3aUMHOW KannbpoBKK, 3Ha4YeHNst conpoTueneHus rpynnel POT namepsioTt
npv N30TEPMUYECKNX YCITOBUSAX 1 NPe0bpa3syoT B COOTBETCTBYHOLLME 3HAYEHWSA TEMNepaTypbl. B kayecTBe BapnaHTa npo-
cmaTtpuBaloT TeMnepaTypHble nokasaHnus POT BMecTo npeobpa3oBaHus 3Ha4eHns CONpOTUBIIEHNS B 3HAYEHNE TeMnepa-
Typbl. 3aTeM 3HaYeHNs TEMNepaTypbl YCPEOHSIIOT M PacCYMTLIBAIOT OTKIIOHEHUE 3HAYEHMs Kaxaoro otaensHoro PAT ot
cpepnHew TemnepaTtypbl. JTloboe 3HaveHne nokasaHun PAT, npeBbiwatoLLee npeaBapuTenbHO 3aJaHHbIN KpUTEPUI OTKITO-
HeHus (Hanpumep, + 0,3 °C), yoansaT U3 cpeHero 3Ha4yeHus 1 NpoLecc NoBTOPSOT MO Mepe HEOOXOAUMOCTH, YTOObI
naeHTuduumposatb Bce POT, KOTOpble He COOTBETCTBYIOT KpUTEPUSIM OTKNOHEeHUSA. POT, KoTopble He COOTBETCTBYIOT MO
KPUTEPUAM OTKITOHEHUS], Ha3bIBaKOT «Bblbpocammu» 1 nMbo 3aMeHsIt0T HegaBHO kanmbpoBaHHbiMK PO T, nnbo nx kannbpos-
KM KOPPEKTUPYIOT C MOMOLLbIO JaHHbIX B3aUMHOM KannbpoBKu, 4TOObI MPUBECTU X B COOTBETCTBUE C APYTMMU PE3EPBUPO-
BaHHbIMM PIOT B rpynne. Koppekumio kanubpoBku BbIOPOCA MOXHO BbINOMHUTL, €CNN ObINM NPOBEAEHbI UCTbITAHUSA
B3aMMHOM kannbpoBku nNpu Tpex unmn 6onee ganeko oTCTOALWMX TeMnepaTypax. 3ateM AaHHble B3aUMHOM KannbpoBku
NOACTaBNAT B KannbpoBo4vHyto xapaktepuctuky POT, 4ToObl NOMy4nTb HOBblE KanMOpOBOYHbIE MOCTOSIHHbIE OIS
POT-BbIOpocCa.

[MpaBOMEpPHOCTb 1 NOrpeLLIHOCTb METOAA B3aMMHOM KannbpoBKY 3aBUCAT OT MOMPELLHOCTU KanMbpoBOYHbIX TabnuLy
POT, a Takke OT yCTONYMBOCTM M OQHOPOAHOCTU TEMMepaTypbl CTaHLMN BO BPEMS MPOBEAEHUS UCNbITaHWIA B3aVMHOMN
KannubpoBKM.

VcnbiTaHne B3anMHOM KanmbpoBKM [OMNyCKaeTCA NPOBOANTL B YCIIOBUSAX JIMHENHOrO HAapacTaHusi TemnepaTtypbl Unm
TemnepaTypHOro NnaTto BO BPEMS pacXOonaXnBaHWs CTaHLMM B HaYane nepuoaa npocTosi Ui BO BPEMS pa3orpeBa CTaH-
uun npw Beixoae 13 IMNMINP. Bbino nokazaHo, YTo UcCMbITaHWE NPU YCIOBUSAX NNATO UMW NTIMHEHOTO M3MeHeHnsi obecnevmBaeT
3KBMBANEHTHbIE pe3ynbTaTbl B3aUMHOW kannbpoBku. OgHAKO UCMbITAHWE NPY YCITOBUSIX FIMHEAHOTO N3MEHEHWS TeMnepa-
TYypbl MMEeT MPEeuMyLLEeCTBa, NMOCKONIbKY OHO He TpebyeT yaepaHus CTaHLuMM B COCTOSIHMM NNaTo Ans NpoBeAeHus
MCMbITAHWS.

VcnbiTaHne B3aMMHOM KanmbpoBKM AOMyCKaeTcs NPOBOAUTL C UCMOMb30BaAHMEM CNeLNann3vpoBaHHON CUCTEMBI
cbopa gaHHbIX, KOTOpas Ansi 3TOro npegHasHayeHa, Unm ¢ NOMOLLIbHO AaHHbIX CTAHLMOHHOIO KOMMbOTEpa.

A.3 KannbpoBoyHas xapaktepuctuka POT

HawnGonee YacTo Ucnornb3yeMoe ypaBHEHUE ANs Mpeobpa3oBaHus 3Ha4YeHW ConpoTMBNeHNUs nnaTuHosoro POT B
3HayeHUsi TeMnepaTypbl — 3TO ypaBHeHWe KanneHaapa. na temnepaTyp Boiwe 0 °C ypaBHeHUe KanneHgapa sanvcbisa-

€TCd cneaywwmm 06paSOM:
2
T T
R(T)=Ry| 1+ a| T8 —| | - —1]]] (1
(N=Ro| 1+ [100°Cj [100°Cj

roe T — Temnepartypa, °C;
R — conpoTtueneHue npu temnepatype 0 °C, Owm;
o — KoHcTaHTa, OM/Om/°C;
8 — KOHCTaHTa, °C;
R(T) — conpoTuBneHne npv Npor3BorbHON Temnepatype T.

YneHbl Ry, oM dHa3bIBaOTCSA KOHCTaHTamMu ypaBHeHus KanneHaapa. oo — 3To cpeaHui TemnepatypHbli koaddu-
UMeHT conpoTuBnexus B HTepsane o1 0 °C go 100 °C, a § — 3TO MHAEKC OTKIIOHEHWSI KPMBOW CONPOTUBMNEHUS OT NPSIMOWA
NHUM B 3aBUCMMOCTU OT TeMNepaTypbl. STV ABE KOHCTaHTLI Tak Xe, Kak Ry, Ans kaxaoro PAT onpeaenatot nytem kanmoé-
poBku POT B TepMocTaTuyeckom BaHHe B nabopaTopuu. Kak TONbKO 3TW TPU KOHCTaHTbI onpeAerneHbl, X NOACTaBNSAOT B

13

OnekTpoTexHuyeckas Gubnuoteka Elec.ru



OnekTpoTexHuyeckas bubnuorteka Elec.ru

FOCT P M3K 62385—2012

BbILLEYNOMSHYTOE ypaBHeHune, YTobbl NonyunTb KanmbpoBoYHyto Tabnuuy ans atoro PAT. AnbTepHaTnBOW ypaBHEHNIO
KanneHpapa siBnseTca hopmyna ksagpaTHoro ypaesHeHua R(T) =Ry (1 +AT + BT2), rae Ry, A v BABNAOTCA KOHCTaHTamu,
KOTOpble BbIBOASATCH M3 NOACTAHOBKMN KannbpoBOYHbIX AaHHbIX B KBagpaTuyHyto dopmyny. KsagpatuiHas dopmyna u
ypaBHeHue KanneHgapa 3KBMBaneHTHbI.

A.4 Tpoueaypa B3aMMHOW KannubpoBKu

VcnbiTaHnsa B3anMHOM KanmbpoBKM NPOBOAAT C MOMOLLbIO CUCTEMbI ONpOoca AaTYMKOB U MPELIM3MOHHOIO LIMdPOBOro

YHMBEpPCAanbHOro M3mepuTensHoro npnbopa no criegytolen oben npoueaype:

war 1— nooyepeaHO MPOXOAAT MO BCEM AAaTyuMKaM, U3MepPSIS UX BbIXOAHbIE CUrHarbI, U Npeobpa3oBbLIBAOT B 9KBMBA-
NeHTHble TemnepaTypbl. TOT LWar NPMBOAMT K NONyYeHWI0 O4HOro Npoxoaa B3aMMHowu kannbposku. B kavecTse
BapuaHTa Ha 3TOM LLare MOXHO 3aperMcTpMpoBaTh TeMnepaTypHble nokasaHua PAT;

war 2 — noBTOPSAOT War 1 40 Nony4eHUs YeTbIpex MPOXOA0B;

war 3— ycpeaHsIloT 3Ha4YeHMs YeTblpex TemnepaTypHbIX U3MEPEeHU Ana Kaxaoro gaTtyvka. [NonyvyeHHoe 3HayeHue
NCNONb3YyeTCs Kak TemMmnepaTypHOe NoKa3aHue KaXaoro aTymka, BKMHOYEHHOro B UCMbITaHMEe B3aUMHOM Kanub-
POBKU;

war 4 — ycpegHsiloT TemnepaTypHble NoKa3aHus B COOTBETCTBUM ¢ warom 3 aons scex PAT;

war 5 — BblYMTAKOT CPeAHEE 3HAYEHNE TEMMNEPATYPbI, ONPeAENeHHON Ha Lware 4, U3 TeMnepaTypHbIX MOKA3aHU KaX40ro
partyvka npu ware 3. MNMony4eHHble pa3HOCTM TEMMNEPaTyp Ha3bIBalOT KOTKIOHEHUSIMU LATYUKOBY;

war 6 — ecrnuoTKNoHeHWe kakoro-nnbo anemeHTa POT npeBbilaeT KpuTepun npuemnemoctu (Hanpumep, +0,3 °C), yoa-
NS0T pe3dynbTaT U3MEPEHUSI ANEMEHTa U3 AaHHbIX U MOBTOPSIOT C Lwara 4, 4ToObl MONy4nTb HOBOE CPELHEE 3Ha-
YeHue TemnepaTyphbl;

war 7— noBTOPSAIOT Lwar 6, noka u3 cpegHero 3HadeHus He OyayT yaaneHsl Bce anemeHTsl POT, umetowme 6onbluve
OTKIMOHEHMS, YeM KpUTepun npuemnemocTu (Hanpumep, = 0,3 °C).

Mpu ncnbitanHnm POT Ha cTaHUMsX C peakTOpOM C BOASIHbIM OXNaXAeHMEeM NoJ AaBNEHUEM NePEeYUCEHHbIE LWaru
cobnopatot ansa POT y3koro avanasoHa. PAT wmpokoro AnanasoHa u TepMonapbl Ha BbIXOAE U3 aKTUBHOM 30HbI 0ObIYHO
B3aMMHO kanubpyoT no cpegHemy 3HaveHunto PO T y3koro AvanasoHa.

A.5 TMoppo6HbLIN aHanNU3 AaHHbIX B3aUMHOMW KanmbpoBku

|_|O,D,p06HbIl7I aHanu3 JaHHbIX B3avMHOM KaJ'IVI6pOBKVI BKITHOYAET B cebs YMCIeHHble anropntmbl Oon4a yvyeta ntobbIx
CyLeCTBEHHbIX TeMnepaTypHbIX HecTabunbHOCTN 1 Heo4HOPOAHOCTU, KOTOPbIE MOIMMKM CyLleCcTBOBaTb Ha CTaHUMK, Korga
NPOBOANNNCH UCTbITAHUS B3aUMHOMN KaJ'IVI6pOBKVI. Kak TonbKo 3TK nonpaBku BBEOEHbI, JaHHbIE B3aVMHOM KaJ'IVI6pOBKI/I
MO>XHO NOBTOPHO NpoaHann3npoBaTb 1 NONY4YUTb OKOHYaTENbHbl€ pe3ynbTaThbl, KaK OnncaHo B crieaywnx noanyHKTax.

A.5.1 MNonpaBka AaHHbIX B3aMMHOW KannbpoBKu

B3aumHas kanmbposka POT Ha cTaHUMM OCHOBaHa Ha AONyLEeHUN, YTO NPU N30TEPMUYECKMX YCITOBUSX aTOMHON
CTaHUuVM cpedHsas TemnepaTtypa AoCTaTOYHOro Yncna pesepsmpoBaHHbix POT oTpaxaeT UCTUHHYO TeMnepaTtypy TEXHOIOo-
rnyeckoro npouecca. CyLecTBYOT HECKONbKO BO3MOXHbIX MPUYMH, KOTOPbIE MOTYT NOBMAMATL HA MPAaBOMEPHOCTb 3TOrO
NpPeAnonoXeHns:

1) nmorpelwHocT B Tabnmuax conpoTUBIIEHNS B 3aBUCUMOCTHM OT TemMnepaTtypbl, KOTOpblE NCMOMb3YTCA B UCMbITa-
HMAX B3aMMHOM kKannbpoBku Ansa npeobpasoBaHus conpoTuenexHnsa POT B TemnepaTypy;

2) cuctemaTuydeckui aperd nokasaHui npy kannbposke POT; moxeT nponsoinTu, ecnusce POT gpendytot BMmecte
B OAHOM HanpasfeHUN BBEPX NN BHU3;

3) cnykTyaummn n gpend TemnepaTtypbl TENNOHOCUTENS NEPBOrO KOHTYPa, KOTOPbIE MOFMN BO3HWKHYTb NMPU B3ATUN
AaHHbIX B3aMMHOIN KannbpoBKM Ha CTaHLUW;

4) TemnepaTypHasi HEOOHOPOAHOCTb MeXAy pa3nuyHbiMu POT. Tak kak MeTod B3avMHOM kannbpoBku npeanonara-
eT, yto Bce POT HaxoQsTcs Npy O4HON 1 TOW e TemnepaType, Ntoboe CyLlecTBEHHOE OTKIOHEHWE OT 3TOro Npeanornoxe-
HMS MOXET BbI3BaTb MNOrPELLUHOCTY B pe3yrbTaTax UCNbITaHWN B3aUMHOW KannbpoBKu.

Mpun ncnbiTaHny B3anmHon kanubposkm rpynnel PAT, KOTOpbie MCMONb30BannCcb Ha 3NEeKTPOCTaHUMN B TeYeHne
OAHOTO M 6oree TONNUBHbLIX LMKITOB, YNTOMSAHYTbIE BbiLLe NepeyncrieHns 1) n 2) MoXHO y4ecTb NyTeM U3bATUSA 1 Kanub-
poBku B nabopatopum ogHoro unun 6onee POT co ctaHumn. [Ipyrov BapuaHT — 3ameHuTb oauH 13 POT BHOBb OTKanuobpo-
BaHHbIM POT 1 NOBTOPUTb UCMbITaHNS B3aMMHOWM KanMBpPOBKM B KOHLE Nepuoaa NpocTos, Korga aToMHas CTaHums
pasorpeBaeTcs AN paboTbl Ha MOLLHOCTH.

[pyroii cnocob UCKMIOUYNTL BO3ZMOXHOCTL MO NEPEYNCIIEHNIO 2) — COCTOUT B TOM, YTOObI NpoaHannsnpoBaTh 3aBu-
CMMOCTU OT 3KCMepUMEHTarnbHbIX AaHHbIX, KOTOPbIE NOKa3bIBaloT, YTO Apernd nokasaHui rpynnel POT agepHoro knacca
ABMSETCHA NPEMMYLLIECTBEHHO CllyYalriHbIM, @ HE CUCTEMaTUYECKNM, M NO3TOMY MariloBeposTHO, YTO MOSIBATCH cUcTeMaTu-
Yeckue owmnbKM B pesynbTaTax UCMbITaHW B3aMMHON KannbpoBKK, 3a MCKIOYEHEM CMELLLEHNS B UCNbITaTeNlbHOM 060py-
AOBaHNW B3aNMHOW KannbpOoBKM.

Mpobnemebl, ynoMsHyTble B nepevncneHusx 3) n 4), MOXHO pelnTb, peanuays YMCcneHHble MeToAb! A4St MOnpaBKu
AaHHbIX B3aMMHOWN KannbpoBKM Ha HeCTabubHOCTb TeMMNepaTypbl CTaHUMKU 1 TeMnepaTypHON HEOAHOPOAHOCTU, KaK Onu-
CaHO HUXe.

14

OnekTpoTexHuyeckas Gubnuoteka Elec.ru



OnekTpoTexHuyeckas bubnuorteka Elec.ru

FOCT P M3K 62385—2012

A.5.2 MNonpaBka Ha HeCTabUINbHOCTL TeMNepaTypbl CTAaHLUMU

TemnepaTtypHble nykTyaunn nnu gpeind nokasaHuin BO BPeMS UCMbITAHUI B3aUMHOW KanvOpOBKU BO3HMKAKOT
noyTV Bceraa, NoToMy YTO MPakTU4ECKN HEBO3MOXXHO NMOCTOSHHO NOAAEPXKMBATbL TEMMNepaTypy CTaHLMW B yCTaHOBUBLLEM-
cs1 pexnme. MeTtop, ucnonb3yemblii AN NonpaBok Ha TeMnepaTypHyto HeCTabunbHOCTb, 3aBUCUT OT YCIOBUIN HA aTOMHOM
CTaHuuW, Npy KOTOPbIX AaHHbIE ObINK nony4veHbl. Ecnv Temnepartypa ctaHunm M3MeHSIeTCs ¢ MeAIEHHON 1 NOCTOSIHHON
CKOPOCTbI0, TO MCNOSb3YI0T COOP AaHHBIX MO NMMHENHOMY N3MeHeHWo. CEop AaHHbLIX MO MMHENHOMY U3MEHEHMWIO aBTOMaTU-
YeCKM KOMMEHCUPYET M3MEHEHNSI TeMMNepaTypbl aTOMHOW CTaHLUK, Noka naeT cbop AaHHbIX. Ecnu ctaHumsa nogaepxvsa-
€TCS NPU YCTONYMBBIX U30TEPMUYECKMX YCITOBUSAX, TO UCTMONb3yeTcsl COOp AaHHbIX HA NNaTo U doryKTyauum TemnepaTypbl
CTaHLUMM KOMMNEHCUPYIOTCS NPy Nogpo6HOM aHanuse.

Bo BpeMs cbopa faHHbIX M0 MMHERHOMY U3MEHEHMIO YYNTLIBAIOT M3MEHEHWSI MOCTOSIHHOM TEMNepaTypbl, MpoBOAs
BbiGopky PAT B 06paTHOM nopsiake Npyv BTOPOM 1 YEeTBEPTOM NPoXoax BbINOMHAEMOro NporoHa B3anMHoON kKannbpoBku.
Hanpumep, npu Hanuunm 24 POT nopsinok BbIOOPKM ANst YeTbIpex NpoxoaoB OyaeT cneayolwmii: ¢ 1-ro no 24-i, ¢ 24-ro no
1-1, ¢ 1-ro no 24-n v ¢ 24-ro no 1-n. NepeMeHa HanpaBneHUs Nopsiaka BeIGOPKU MHBEPTUPYET 3D EKT NIMHENHOTO U3MEHE-
HUSI TeMNepaTypbl Tak, YTO NOCre ycpeaHEHUS BCEX YETbIPEX NMPOX0A0B NOrPeLLIHOCTY KOMMEHCUPYIOTCS.

Mpu cbope AaHHbIX Ha NNaTo HeobXoANMOCTb KOMMEHCUPOBATb NIMHEVNHOE U3MEHEHWNE NOCTOAHHOWN TeMMNepaTypbl
MeHbLLE; crneaoBaTenbHO, bonbluee 3Ha4YeHne NpuaaeTCs KPaTKOCPOUHbIM PyKTyaLmMsaM, YTO UMEET CyLLeCTBEHHOE 3Ha-
YeHue 13-3a U3AMEHEHUI B OTBOAE TEMNNa, KOTOPbIE YAaCTO NPU3BaHbl YAEPXUBaTb CTAHLMIO NPY 3aAaHHoM TemnepaType. B
3TOM cnyyae Bblbopka POT npoBoANTCSt B OAHON 1 TOW e NocneaoBaTeNbHOCTM A1 KaX40ro NpoxXo4a, YTo AenaeT KpaT-
KOCpO4Hble onykTyauun 6onee o4eBUOHBIMU.

[ns Toro 4To6b6l MMHUMW3NPOBATL BMNUSHME (ONYKTYaLnii TeMnepaTypbl CTaHLUN Ha pe3ynbTaTbl B3aMMHON Kanvo-
POBKM, BbIMUCNAOT CTAaHAAPTHOE OTKIOHEHWE PryKTyaLmMi B AaHHbIX B3aUMHOW KannbpoBKM A1 KaX40ro NporoHa nocrne
OCYLLECTBIIEHUS BbILLIEYNOMSHYTbIX MONPaBOK Ha HECTabunbHOCTb. ECnn 3T0 cTaHgapTHOE OTKITOHEHUE NPEBLILLAET KpU-
Tepuv NPUEMMIEMOCTH, TO NPOrOH OTKINOHSETCS.

A.5.3 MNonpaBka Ha HeOAHOPOAHOCTbL TeMNepaTypbl CTaHUUMU

[aHHasi nonpaBka npegHa3HayeHa Ans yyeta 3HaunTernbHbIX PaCX0XAEeHU, KOTOpble MOTN CyLLEeCTBOBATL BO Bpe-
MS CTaHLMOHHBIX UCMbITaHWUIA B3aMMHOW KannbpoBKn Mexay TemnepaTtypamu ropsyeit U XoNogHOM HUTOK B KaXKAOM KOHTY-
pe unm rno BCEMY peakTopy. ATW pacxoXOeHUs MOryT BO3HMKATb M3-3a HEMOJIHOrO MepeMeLlnBaHus TenmoHocuTens
peakTopa Unmn pacxoxaeHun B TEMNO0TBOAE NaporeHepaTopoB.

Ecnu 3HauuTenbHbIX pacxoxaeHu TemnepaTypbl HET, TO HET HEOOXOAMMOCTM B NOMNpaBKe Ha HEOAHOPOAHOCTb.
Ecnu cywectByeT npobrnema HEOAHOPOAHOCTY, TO B JA@HHbIE BBOAMTCS NoMpaBka Ha TeMnepaTypHbIE PACXOXKAEHUS MeXAY
POT ropsiyelt 1 XonogHoOW HUTOK UMM Ha TeMNepaTypHbIE PACXOXAEHUS Mexay KOHTypaMu TEeMnsIOHOCUTENS peakTopa B
3aBMICMMOCTU OT CUTYaLUN.

A.5.4 Pe3ynbTaTbl B3aMMHOW KariubpoBKM NOCIie NONPaBoOK Ha HECTaOMNbLHOCTbL U HEOAHOPOAHOCTL

[Nocne nonpaeku nepBoHaYvanbHbIX AaHHbIX B3aUMHOMN KaJ'IVI6pOBKVI npu Hann4ynun HeobxooMMOCTH Ha KaKyI'O-J'IVIGO
HecTabunbHOCTb U HEeOAHOPOOHOCTb AaHHbIe NOBTOPHO aHaNM3NpPYyKT, YTOObI Nony4YnTb OKOHYaTEe 1bHbI€ UCNPaBlE€HHbIe
pes3ynbTaThbl.

A.6 [uHamuyeckas B3auMHas KanmbpoBKa

McnbiTaHne B3anmHoOM kKannbpoBKM MOXET NPOBOAMUTLCH MPU YCNOBUAX TeMnepaTypHbIX Nnato nMbo NMHenHOoro
N3MeHeHVs TeMnepaTypsbl. YCNoBue NMMHENHOro M3MEHEHNs TeMnepaTypbl 06bIYHO NyYLle, NOTOMY YTO OHO 3KOHOMWUT Bpe-
MS KpMTUYECKOro NyTW. TO YCNOBME Takxke Nnyylle, NTOTOMY YTO TemnepaTypHble (hrykTyaLmm 06bIY4HO MEHbLLIE NPY YCIOBK-
AX FIMHENHOIo M3MEHEHNS, YeM NPW yCroBmaX nraTo. KoHeYHO, CKOPOCTb MMHENHOIO U3MEHEHWS A0MKHa ObITb OCTaTOYHO
MeZAJIEHHOW 1 NOYTU NOCTOSIHHON BO BpeMs cbopa AaHHbIX AN B3anMHON kannbposku. cnbiTaHne B3aMMHON KanubpoBku,
KOTOpOE BbINOMHAETCH B YCNIOBUSAX JIMHENHOIO M3MEHEHUS TeMnepaTypbl NPY pasorpeBe Unm pacxonaxmBaHny cTaHLuu,
Ha3bIBaeTCsa «AUHAMUYECKON B3aMMHOM KarimbpoBKOM».

A.7 YcTpaHeHue BbIGpPOCOB

POT-BbIGpOC MOXHO 3amMeHMTb NMB0 co3naTth Ans Belbpoca HOBYHO KanMbpoBOYHY0 Tabnuuy, UCNonb3ys AaHHble
B3aUMHOM kannbpoBku, Npu ycrosmm, 4To B rpynne PAT, kannbpoBaHHbIX BMeCTe, BbiIGPOCOB HEMHOrO. [lanee, eCnv oauH
ToT Xe PO T HeogHokpaTHO naeHTnduunpyeTcs kak BbIopoc, ero cneayeT 3amMeHuUTb.

[nsa nonyyeHus HoBol kannbpoBoyHor Tabnuubl Ans POT-BeiOpoca AaHHbIE CONPOTUBMNEHUS B 3aBUCMMOCTU OT
TemnepaTypbl, MONy4YEHHbIE B UCNbITAHUM B3AaUMHOW KanubpoBKX, NOACTaBNSAIOT B ypaBHeHne KanneHgapa unu ksagpa-
TUYHYIO POpMYyny, a pe3ynbTaThl NOACTAHOBKM UCMONb3YHOT AN CO34aHNsi HOBOW KanmbpoBoyHo Tabnuubl ona PAT. Oax-
Hble 41151 3TOro JOIMKHbI BKIHOYaTh B ce051 Kak MMHUMYM TPW LUMPOKO OTCTOSILLME APYT OT Apyra TeMnepaTypHble TOYKU, MpK
3TOM OJHa TeMnepaTypHas ToYka AOMKHa HAaXOAUTbLCSA OKOIO HUXKHETO Kpasi TEMNepaTypHOro MHTepBana, Ans KoToporo
ncnone3dyetcs POT, a opyrasi — y BEpXHEro kpast TemnepaTypHOro MHTepBana, A5s KoToporo ucnons3yetcs PAT.
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MpunoxeHue B
(cnpaBo4HoOe)

OnepaTUBHbLIN KOHTPOJb KannbpoBKU

B.1 BBeneHue

KannbpoBka TEXHOMOrMYEeCKNX M3MEPUTENbHbIX KaHaNoB Ha aTOMHbIX CTaHLMAX MOXET KOHTpOnMpoBaTbCs Ha
Hanu4yve gperida nokasaHuin npu paboTe cTaHUmn. TO HOBbLIV NOAXOA K BepndukaLum kanmbpoBKM N3MepuTenbHbIX Npu-
60pOB Ha aTOMHbIX CTAHLMAX, KOTOPbIV HA3blBAETCH «OMNepPaTUBHbLIM KOHTPONEM KannbpoBKny, «COKpaLLeHneM kannbpos-
Ku», «npoafieHMemM uHtepsana kanubpoBku» n T. A. XOTS 3TOT MeToh MPUMEHUM K BOMbLUMHCTBY M3MepUTENbHbIX
nNpnbopoB., rMaBHbIN MHTEPEC NPeacTaBnNAeT NpMMeHeHne 3Toro Noaxoaa Ans aTYMKOB AaBnNeHus, MOCKOMbKY AaTyMKN
AaBrieHNs Ha aTOMHbIX CTaHUMAX YacTo TpyaHee kanubposaTb, YeM Apyrue nsmeputersHble npnbopsl. Kpome Toro, onbIT
nokasari, 4To 60MbLUMHCTBO AaT4YMKOB AaBNeHNs SAEPHOro Krnacca CoOXpaHsaeT CBO KanMbpoBKy B TeYeHWe ANUTENbHbIX
NPOMEXYTKOB BpeMeHW. B 3TOM CBA3M YacToTy kKannmbpoBKM AaTYMKOB AaBMEHNS MOXHO NPOANUTL 3a Npeaensl TpagnumnoH-
HOro HTepBana, T. €. OAHOKPaTHO KaxabI TONNUBHbLIV UnK. MeTo onepaTyBHOrO KOHTPOISA NO3BONSAET KOHTPONNPOBATL
BbIXOHbIE CUrHanbl 4aTYNKOB AABMNEHNS Ha Hanuyne gpenda nokasaHuin n onpeaensTb, JOMKEH N AaTYuK ObITb OTKa-
nnbposaH.

B.2 Tpe6oBaHuA Kk cMcTeMe OonepaTUBHOIO KOHTPONS

OI'IepaTVIBHbIVI KOHTPOI1b KaJ'IVI6p0BKVI Tpe6yeT Hann4mna nporpamMmmbl, npouenypbl UM CUCTEMbI MHOFOKaHarmlbHOro
c6opa, KBanudukauumn, aHanmsa gaHHbIX U MHTEpnpeTaumm pe3ynbTaTtoB. Cuctema onepaTuBHOIO KOHTPOIIA AOJ1>KHA NPOo-
BOAUTb BbI60pKy n o6pa60TKy MHOIOYUCINEHHbIX CUTHAaN0B U3MEPUTESIbHbIX HpVI60pOB. OHa pomkHa TaKkke O6p668TblBaTb
OaHHbIe U NpenCcTaBNATb pe3ynbTaTbl B rpadon4ecKon nnm nHbIX opmax, 4YTOObI CpaBHMBATb C NpeaonpeneneHHbIMn Kpu-
TEPUAMU NPUEMKM ANS nAEHTUOMKALUN N3MEPUTENBbHbIX I'IpVI60pOB, KOTOpble OCTaloTCA B nNpeaenax KaJ'IVI6p0BKVI, nortge-
NATb T€ U3MepuTesbHble I'IpVI60pr, KOTOpbIe NpeBbILakT KpUTEPUU NPUEMKN.

HeT HeobxogmMMocTu, YTOOLI cucTeMa 06pa6aTb|Bana [OaHHbI€ B peXnme peanbHOro BpeMeHu, noka y CUCTemMbl eCTb
afeKkBaTHble BOSMOXHOCTU XpaHEeHUA AaHHbIX 714 nocnenyrLwero aHanmsa. Ons BbI60pKVI HeobX0aNUMbIX AaHHbIX MOXET
NCMNOMNb30BaTbCA CTAHUNOHHbIN KOMMLIOTEP UK apyrue cyuwectesyLwine nim yctaHoBJl1€HHbIEe CUCTEMDbI c6opa AaHHbIX Ha
aTOMHOW CTaHLMW. Bbl60pKy MnaHanna gaHHbIX MOXXHO NPOBOAUTb HAa O4HOM N TOM Xe KOMMNboTEepE Ui Ha BYX Pa3JIN4YHbIX
KOMnNbloTEpPax. O6bI4HO HEOOXOAMMbIE AAHHbIE coaepxatca B CTaHUMOHHOM KOMIMbKOTEPE, U B 3TOM Cllyydae AlaHHble 00bIY-
HO COXPaHAKT Ha HaKoNUTenAaAx AaHHbIX U aHaNMU3NPYKT B aBTOHOMHOM peXxXnume. Korga B CTaHLMOHHOM KOMMNbIOTEPE NMe-
IOTCA AaHHble onepaTuBHOIO KOHTPOIIA, TO Heo6xoauMOo NULLb nporpaMmmHoe obecneyeHune, YTOObI 386leaTb OaHHble OT
CTaHUUK, aHann3npoBaTtb UX U CTPOUTL rpadomkn nnun nevatatb pesynbTaThbl.

B.3 YueT cuctemaTuM4yeckux owno6oK 1 gpenca obuwero Tuna

B AaHHbIX onepaTMBHOIO KOHTPOSA KAanNnMBPOBKU MOTYT CyLLeCTBOBaTL 06U Apeid nokasaHWUin nnm cuctemaTuyec-
Kve OLNBKM, MX HeoBXoANMO AOMKHBIM 06Pa30M yunTbIBaTb. TN OLLNMOKN MOTYT BbITb 0OYCNOBNEHLI HOPMaribHLIMK pas-
nMYNSMM KanuBpoBKN Mexay n3aMepuTenbHbIMU Nprbopamm, pasnMyHbIMN PACNONOXEHUSAMUN KOHTPOSbHbLIX TOYEK U T. A.
Kpome Toro, nokasaHus pe3epBrpoBaHHbIX U3MepPUTENbHbLIX TPUBopPoB MOryT AperidoBaTb BBEPX UMW BHU3 BCE BMECTE, He
Nno3BOMAsA OTnM4aTh Apeind nokasaHnn. ATn NpobnemMbl MOXHO pellaTb psAoM METOAO0B, BKIOYas:

a) kanubpoBaHWe 04HOro U3 pe3epBMPOBAHHBLIX KAHaNOB Ha POTaLMOHHOW OCHOBE, YTOObLI BCE pe3epBNPOBaHHbIE
KaHanbl nepMoguyeckun kannbposanucb BPYYHYH, /Mnm

b) ncnonb3oBaHve aHanNUTU4ECKOro MOAENMPOBAHUSI TEXHONOMMYECKOro npoLecca, YTobbl OTCnexmBaTb NPoLece
He3aBWCKMMO OT NPOBEPSIEMOro U3MepuUTENbLHOro Npubopa 1 yCTaHOBUTL OMOPHYIO TOYKY Afsi ONepaTuBHOrO KOHTPONs
KanmbpoBKu.

MocnegHuii meToa BkNioYaeT B ce65 MHOTOYUCNEeHHbIe MeToAbl, GOMbLUMHCTBO KOTOPbIX OMMCAHO B Nybnukauusix,
nepeyncrneHHbIx B Gubnunorpadum HacTosLwero ctaHgapTa.

B.4 MNMpo6nema To4e4yHOro MOHUTOPUHIa

Ewe ogHa BaxxHas npobnema metoza onepaTUBHOIO KOHTPOSst — «MNpobrema TOYeYHOro MOHUTOPUHIay . KOoHKpeT-
Hee, eCnu faHHble ONepaTUBHOIO KOHTPOSIsi COBMPAOT TOMbLKO BO BPEMSI HOPMaIbHOM 3KCNyaTawumMm aTOMHOM CTaHUMK, To
aHanu3 aTUX AaHHbIX NULWb YOOCTOBEPSET KanMbpoBKy N3MEPUTENbHLIX NPMOOPOB B KOHTPONUPYemor Todke. [ns Toro
4YTObbI NPOBEPUTL KaNMBPOBKY N3MEPUTENbHLIX MPUBOPOB B APYrMx ToUkax no BCemy Mx paboyemy ananasoHy, AaHHble
OnepaTUBHOIO KOHTPONSA HEOBXOAMMO COBMPATh He TONBLKO NMPU HOPMarbHOW 3KCMyaTaLun, HO TakKe U BO BpeMsi nepuo-
[OB nycka un octaHoBa. Ecnu 3To HEBO3MOXHO, TO METOZ ONepaTUBHOIO KOHTPOJIS BCE Ke NPUeMremM, HO AOMNyCTUMble
npegenbl KanMbpoBKM AOSMKHbI OblTb YMEHbLUEHbl Ha OMPeAEeNieHHbI 3anac Ansi TOYEYHOro MOHWTOPMWHIa, Kak B
6ubnuorpadun.

B.5 YacTtoTa c60opa gaHHbIX

Cneumpmqecxmx TpesoBaHMIh KYacToTe ANCKpeTU3aunn JaHHbIX OnepaTUBHOIO KOHTPONA Unn tnuny o6opy,qosaH|/|$|,
KOTOpPO€E MOXHO UCMNOJ1b30BaTb, HE CyLLLECTBYET. BaplllaHTbI BapbUPYKOTCA OT O4EeHb pegKoro c6opa AaHHbIX (T. €. HeCKOJ1bKO
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pas B TeYeHWe LuKra) 40 HenpepbiBHOM BbIGOPKM AaHHbIX C MOMOLLbI CTAHLIMOHHOIO KOMMboTEepa U cneunanManpoBaH-
HOM cncTembl cbopa AaHHbIX. O4HAKO eCrnv [OIMKEH NCMONb30BaTLCS KAaKOW-NTMG0 MeToa MOAENMpoBaHNs, To noTpebyeTtca
KOMMbIOTEPHBIN COOP AaHHBIX MPY OTHOCUTENBHO BbICOKMX YacTOTax BbIOOPKN. Kpome Toro, BO3MOXHO, YTO BbIGOPKY CUrHa-
0B, MOAENNPYEMbIX COBMECTHO, NPUAETCS NPOBOANTL OAHOBPEMEHHO.

B.6 AHanus gaHHbIX

[aHHble onepaTUBHOIO KOHTPOIS MoryT ObITb Bbl6paHbI N3 CTaHUMOHHOIo KoMmnbtoTepa, Apyrnx CTaHUMOHHbIX CUC-
TeMm, cneymannanpoBaHHOM CUCTEMbI c6opa AaHHbIX, VICﬂOJ'IbSyeMOI;i ansa c6opa [OaHHbIX NN X KOMGUHaUUK. HesaBrucrmo
OT TOro, Bbl6|/|paPOTC$| NN JaHHble U3 CTaHLMOHHOIO KOMMbITEPA UM NOCPEACTBOM CreLnanm3npoBaHHOM CUCTEMbI c6opa
OaHHbIX, CHa4Yana crneayeTt ncnonb3oBaTb aliroOpPUTM KBanudukaunm gaHHbIX, 4YTOObI OTCOpTUpPOBaATh AaHHble Ha NpeaMeT
aHoManumn, Takux Kak OTCYTCTBWE HaCTHbIX 3HaYEHUN, OTCYTCTBUE CUTHaNoB, HOpMalribHOe pacnpeaeneHne n 1. 4. Mocne
TOro Kak jaHHble OTCOPTUPOBaHbI, onpeaenieHbl M aTTeCToOBaHbIl, X cneayeT NnpoaHanm3nposaTb C UCNONIb3OBaHUEM METO-
0oB ycpeagHeHnA n/vnn mogenuposaHus. Metoabl ycpeaHeHna moryTt ObITb ageKBaTHbI, ecrnn OOCTYNHbI pe3epBUPOBaH-
Hbl€ CUrHanbl (60]166 ,D,ByX). Mpumepamn meTogoB ycpeaHeHUdA, KOTopble MOXXHO UCNOJNb30BaTb, MOTYT CINY>XUTb: NpAaMoe
ycpeaHeHue, cpegHeB3BeLleHHOe yCcpeaHeHne, napnuTeTHoe NpoCcTpaHCTBO, yCpeaHeHe No AnanasoHy U T. 4. Bbl60p
MeToda ycpeQHeHNA 4acTo 3aBUCUT OT TUNa 1 pe3epBnUpOBaHNA AaHHbIX. Bo3MoxHO, npnaeTcs ncnonb3oBaTth pasnnyHbie
MeTOodbl yCpeaHeHUA Ong O6p360TKM pPasnn4yHbIX CEPBUCOB Aaxke Ha O4HOM N TOW XXe CTaHLUUMK.

YTo KacaeTcs METOAO0B MOAENNPOBAHNSA, MOXXHO MCMOMb30BaTb AIMNUPUYECKOE n/vnu dumamnyeckoe mogenmpoBaHume.
CyLLI,eCTByeT pan crnocoboB ncnonb3oBaTb aMnMpuyeckoe MOAENMPOBaHNe, BKNOYas HEMPOHHbIE CETU, pacrno3HaBaHue
06pa303, HeYeTKyIo rpynnuUpoBKY AaHHbIX B COMETAHUN C HEMPOHHBLIMU CETAMU U T. 4. 3T MeToabl ONMCaHbI B 6VI6]'IVIOI'pa-

feo)7]7]
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Mpunoxexune C
(cnpaBo4HoOe)

MeToabl ncnbiTaHumn BpeMeHUu peakumn onda gatT4ymKkoB AaBlieHUA U HeﬁTpOHHbIX AETEeKTOopoB

C.1 BBepeHue

MeTozabl MCTbITaHUS BPEMEHU peaKLuy ANs AaTYNKOB JaBIEHNS MOXHO pasaenuTb Ha ABe rpynibl UCTbITaHWUIA:

a) TpaaULMOHHbLIN METO, KOTOPbLIN NPUMEHSTICA C TeX Nop, Kak Hayanucb UCTbITaHNsA B cepeamnHe 70-X IT. NpoLUioro
Beka, u

b) onepaTuBHbIe MeTOAbI, KOTOPbLIE OCHOBaHbI HA HOBbIX TEXHOMOTMSIX, pa3paboTaHHbIX U YTBEPXKAEHHbIX B cepeam-
He 80-X IT. MpoLunoro Beka. MpenMmyLLecTBo onepaTnBHbLIX METOL40B COCTOUT B TOM, YTO OHM AOMYCKaloT AUCTAHUMOHHOE
UcnblTaHWe NpM HopMarbHbIX pabounx yCroBUsaX, TOr4a Kak TpaauUMOHHbIN MeTog TpebyeT ranyeckoro 4oCTyna K Kak-
Aomy npeo6pasoBaTento M 0GbIYHO HE MOXET NPUMEHSATLCSA BO BpeMsi paboTbl aTOMHOM cTaHUMK. KpaTkoe onucaHue Tpa-
OVNUMOHHBIX 1 onepaTuBHbLIX METOA0B NpuBedeHo Huke. bornee nogpobHyo MHGOPMALIMIO YuTaTellb MOXKET NOMyYnTs B
oubnuorpadum Takke B HacToslLLee NPUMOXKEeHUe BKITHOYEHO OMnvcaHne MeToda aHanuaa WyMoB A yA0CTOBEepPeHUs:
TOro, YTO B TPYGOMNPOBOAAX USMEPEHNSA AaABNEHNSA HET CYLLLECTBEHHbIX 3aKyNOPOK, BO3AYLUHbIX NPOBOK UK NMPOTeYex.

C.2 TpagMUMOHHbIN MeToA

TpaanuNOHHBIN METOA UCTNbITAHUSA BPEMEHN PeakLnmn 4aTYMKOB AaBNEHUS BKIOYAET B cebs rMapaBANYeCcKNn reHe-
paTop AaBneHus 4ns Bblgavm TECTOBOro curHana B gpopme CTYNEHbKU nnun JNIMHENHOrO N3MEHEHUs. MicnbiTaHne ¢ NUHen-
HbIM U3MEHEHNEM ncnonb3yeTcd Yalle, 4YeM UCMbiTaHne CO CTyneH4YaTbiM CUrHarnom, NOTOMY YTO NPOEKTHbIE aBapun Ha
aTOMHbIX CTaHUUSAX 0ObIYHO npegnonaratT NepexoaHble NPOLECCh! C IMHENHBIM U3MEHEHWUEM LaBIIEHUS.

TecToBbIM CUrHan [gaBfeHus, CreHEPUPOBAHHbIN MMAPaBIMYECKUM FreHepaTopoMm nvu'|006pa3Horo HanpsaXxeHusa,
nogaeTcAa Ha VICI'IbITyEMbIVI 0aTYK M OAHOBPEMEHHO Ha BLICOKOCKOPOCTHOWM 3TarloHHbIM AaTYMK. BbIXOAHbBIE CUrHamMbl 3TUX
OBYX OATHYHUKOB PErmcTpmpyroT Ha ABYyXKaHaNIbHOM YCTPOWCTBE perncrpaumm un MCcNonb3yT Ana onpeneneHnda BpeMeHn
peakunn gatymka.

B oaHHOM ucnblITaHUW BpeMA peakuum gaTymka gaBneHuns 00bIYHO onpenendeTcd kak 3ana3gbiBaHne Mexay peakum-
€ 3TanoHHOro AaTymKka 1 UCNbITYeMOro AaTymka npu npoxoXxaeHnm yepes ycTaBky.

C.3 OnepatuBHbIe MeTOAbI

PaspaboTtaHbl 1 yTBepXAeHbl ABa MeToAa HaTypPHOro UCMbITaHWS BPEMEHM peakUMn AaTYMKOB OABMEHUS B TOM
BMAE, B KAKOM OHM YCTaAHOBIEHbI B pabo4Mx TEXHOMNOrMYECKUX NnpoLeccax, — «MeTO/ aHanusa LyMOB» U «UCMbITaHue
P3». MeTog aHanm3a LWymMoB MOXET UCMONb30BaTbCA ANs UCNbITaHWUS BPEMEHW peakLmmn 6onbLIMHCTBA AaT4YMKOB AaBre-
HWUS, HO UCNbITaHe PO NpMMEHMMO TOSbKO K AaTYMKaM AaBneHNs KOMNeHCcaUMOoHHOro Tuna. [JaT4umku AaBneHus KoMmneHca-
LIMOHHOrO TMNa TakXke MOTyT UCMbITbIBAaTbCA METOAOM aHanm3a LymMoB, HO ucneiTaHme PO ncnonb3yeTcs valle, 4eM MeToz
aHanusa LyMoB, NOTOMY YTO ucnbiTaHne PO nogpasymeBaeT 6onee npocTyto npoueaypy. KoHKpeTHee, Ansi BbINOMHEHNUS
ncnblTaHnsa PO anekTponuTaHue Ha AaTyyK BbIKITIOYaT Ha HECKOSBKO CEKYH/ M 3aTeM CHOBa BKIOYaIOT, TOrAa Kak Bbixoa-
HOW cuUrHan gatyuka perncrtpupyetcs. B pesynbrate ucnbiTaHnsi Nony4atT BbIXOAHOW CUrHamn nepexogHoro npouecca,
KOTOpbIN 3aTEM aHanNn3mpytoT, YTOObI ONpeaennTb BpeMS peakuun atymka. AHanm3 BknoyaeT B ce0s N3bATMe 3KCMOHEH-
LmnanbHOM COCTaBMSAOLLEN AAaHHBIX M3 NepPexoHoro npolecca ucnbitaHus PA n aHanma aTom 3KCNoHeHUManbHOM CocTaB-
NSOLWen, Ans Toro YTodbl NONy4YMTb BpeMS peakuun. M3bsatue aKCnoHeHumManbHON cocTaBnstoLLelt 0ObIYHO NPOBOASAT
YMCNEHHBbIM METOLOM, @ aHaNM3 3KCMOHEHLMaNbHOM COCTaBNAOLLEN — CMOMOLLb anropuTMa annpokcumMaunm MeTOA0M
HaMMeHbLUMX KBagpaToB.

MeTopn aHanm3a LWymMoB OCHOBaH Ha KOHTPOIE eCTECTBEHHbIX (PryKTyaLMiA, KOTOPbIE CYLLECTBYIOT Ha BbIXO4e AaT4yu-
KOB [aBreHusi, B TO BPeMS Kak cTaHuus paboTaeT. ATu pnyktyaumm (Lymbl) o6bl4HO 06ycnoBneHbl TypOyneHTHOCTbH,
BbI3BAHHOW NOTOKOM BOZbl B CUCTEME, CMyHaHOW TennonepeaaYyen B akTUBHON 30HE U APYTMMU eCTECTBEHHbLIMU SIBIEHUS-
MU. V13 BBIXOOHOIO CuUrHana gatyunka u3BnekaroT LWyMbl, yaanssi NOCTOsIHHYI COCTaBSOLLYI0 CUrHana v ycunueas nepe-
MEHHYIO cocTaBnsioLyto. [OCTOSAHHY COCTaBMSOLLY yAansioT, NPOBOASA BbIXO4HOW CUrHan gaTyvka yepes unbTp
BEPXHWUX YaCTOT MMM NYTEM CABUra CMELLEHUS CUrHana nocTosiHHbIM TOKOM. [laHHbIM NpoLecc OCTaBnseT NepPEMEHHYI0
COCTaBIAOLLYH, KOTOPYH NPOBOAST Yepe3 DUMNbTP HAXKHUX YACTOT NS CINaXMBaHUS U yaaneHWs BbICOKOYACTOTHbIX 3MeK-
TPUYECKMX LLIYMOB. 3aTeM CMrHan oundpoBbIBaOT C MOMOLLLIO aHanoro-LUudpoBoro npeobpasoBaTensi U COXPaHST Ha
KOMMNbIOTEPHbIX ANCKaX A58 NOCNeayoLLLero aHanumaa.

AHanm3 WymMoBbIX JAHHbLIX MPOBOAAT B YaCTOTHOW 06nacTu u/vnv BpeMeHHOM 06r1acTu, U OH OCHOBaH Ha gonylle-
HWUW, YTO AMHAMMYECKME XapaKTEPUCTMKN AaTUYNKa IMHENHBI, @ BXOOHOW LUYMOBOW CUIrHas (TO eCTb TEXHOMOrMyYeckne gnyk-
Tyauumm) uMeeT Haanexawme CcrnekTpanbHble XapakTepucTuku. AHanuabl B YacTOTHOW obnactu u BpeMEHHON
obnactn — 370 ABa pas3nunyHbIX MeToAa AN onpeaeneHns BpeMeHN peakLmm 4aTYNKOB, 1 0ObIYHO NONE3HO NpoaHanmnaun-
poBaTb AaHHble 000MMU METO4aMM U YCPEeAHUTb pe3ynbTaThl, UCKNoYas Nobble BbIGpockl. Huxe cnenyoT onncaHns aHa-
nn3a LWYMOBBIX AaHHbIX B YAcTOTHOW o6nacTu U BpeMeHHOM obnactu Ans onpefeneHns BpeMeHU peakumm OaTYnKoB
[aBreHus.
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C.3.1 AHanus yacToTHOM obrnacTu

B aHanu3se yactoTHOM 0b6nacTy cHavyana reHepupyeTcsi CnekTpanbHas NNoTHOCTb MoLHocTh (CIMM) wymoBoro cur-
Hana, 00bI4HO C NOMOLLBLO anropuTma GbicTporo npeobpasoBaHmsa Pypee (BIP), yto BkMtovaeT B cebsi nepenady 3anucu
LLIYMOBBIX A@HHbIX B CTAHAAPTHBIN NporpamMmmHbii nakeT Br® ansa toro, 4ytobbl nonyy4nts Ha Beixoge CINMM. KoHeuHo, Bce
nakeTbl Nporpamm, ncrnornb3yemble Ansi reHepauuy CIMM n gpyroro aHanuaa, 4OMmKHbI CHavarna 6bITb MPOBEPEHbI N YTBEP-
XOEeHbl B COOTBETCTBUM C hopmarnbHov nporpamMmmont obecneyeHus kavectsa (OK), koTopas BkntoyaeT B cebst hopmane-
Hble npoLeaypbl pa3paboTky NporpaMMHoro obecneveHnst u nporpammy Bepudmkaumm n sanugauum (BuB) nporpammuoro
obecneyeHus. MNMocne Toro kak nonyveHa CrM, matemaTnyeckas dyHkunst (Mogens), NOAXOAALWAsA ANs UCMbITbIBAEMOro
Aartyuka, annpokcumupyetcs k CIMM gnsa nonyvyeHns napameTpoB MOLENN, KOTOPbIE 3aTeM UCMONb3YTCA AN pacyeTa
BPEMEHM peakuun gaTtymka.

ClMM paTymkoB AaBreHUs aTOMHON CTaHUMM UMEKOT pasnnyHble (hOpMbl B 3aBUCMMOCTM OT CTaHLMW, YCTAHOBKM U
obcnyxmBaHus gaTymka, TEXHOMOMMYECKOro pexuma 1 Apyrux BO34enCTBUN.

C.3.2 AHanu3 BpeMeHHOW obnactu

[lna aHanusa BpeMeHHAS 0611acTu WyMOBbIX AaHHbIX UCMOMb3yeTcst MeTog aBToperpeccmsHoro (AP) mogenupoBa-
HUs1. 3anuchb LWYMOBbIX AaHHbIX A5 KaXO0ro AaTyrka annpoKcummpyeTcs K obLuei aBToperpeccMBHON Moaenu nopsiaka
«n». ANNpoKcMmaLms 3ancu LyMOBbIX AaHHbIX ONpeaenuT KoagmuULneHTbl Mogenu. AT ko3 MULMEHTbI 3aTEM UCTIOSb-
3yl0TCS AN NONyYeHUs TakUX AMHAMUYECKUX AEeCKPUNTOPOB, Kak peakumsi 4aTYMKOB Ha MUMMYNbC, Peakumsl Ha CKayvok U
peakumsi Ha NIMHENHO-HapacTaloLWMIA CUrHas, U3 KOTOPbLIX BLIBOASAT BPeMsi peakLuu.

O6ocHoBaHHOCTbL MeToAa aHanvaa LWymMoB Gbina uccnegoBaHa nabopaTopHbIM UCTbITAHUEM PENpPe3eHTaTUBHbIX
4aT4YMKOB TUMOB, UCMONb3YEMbIX Ha aTOMHbIX CTaHLMSIX.

[o Havyana no6oro aHanunsa BpeMeHHAS 06r1acT UM YacTOTHOM 06racTM HEOGXOAUMO UCCNEefoBaTL MPUTOAHOCTD
LUYMOBbIX @HHbIX KOMTMbIOTEPHBIM CKAHUPOBAHUEM U CKPUHUHTOM He0GpaBoTaHHbIX AaHHBIX, YTOObI rapaHTMPOBaThb J0C-
TOBEPHbIN aHanus, YTo AOCTUraeTcs MNyTem MCMoSb30BaHUS anropuTMOB KBanmukaLmmy aHHbIX Ha CTaUuMOHapHOCTb U
NMHEHOCTb AaHHbIX. [JaHHbIN NpoLecc BKYaeT B cebs NOCTpoeHre rpadmka amnnuTyaHoM NIOTHOCTU BEPOSITHOCTH
(ATMB) oaHHbIX 4N1s1 BU3yarbHOTro KOHTPOJSISi NEpeKoca U HENMMHENHOCTU, a Takke pacyeT Nepekoca, ynioweHHOCTU UNn Apy-
MX OECKPUMNTOPOB LUYMOBbIX flaHHbIX, YTOGbI rapaHTMpOBaTh, YTO 3TV AaHHble UMEIT HOpMaribHOe pacnpeaeneHve u He
cofepxat HexxenaTernbHbIX XapakTePUCTUK.

C.4 UcnbiTaHne U3aMepUTenbHbIX TPY60NpoBOaOB

MamepuTtenbHble Tpy6onpoBOAbLI MOTYT MOCTPaAaTh OT YACTUYHBLIX U MOMHBIX 3aKyNOpPUBaHWUA, CKONNEHUS BO3-
OYLWHbIX NPOBOK, NPOTEYEK M OTKA30B ypaBHUTENbHbLIX, OTCEYHbIX UMW APYTUX KranaHoB, KOTOpble MOryT BbiTb pasMeLLeHbI
BAOMb N3MepUTEnbHbIX TPybonposoAoB. [ 3awnTbl OT 3TUX NPO6eM 1 rapaHTUM YNCTOTbI U3MEPUTENBLHOIO TPpyBonpo-
BOAa criefyeT MCMNonb3oBaTb METOA aHanu3a LWyMOoB, Kak ONncaHo paHee AN UCNbITaHUS BPEMEHW peakumn aT4nKoB
AasrneHus. Jliobas cylecTBeHHas 3aKkynopka UM nHble aHomanum B TpybonpoBofe namepeHus AasneHns Hanbonee Bepo-
ATHO NposABAT cebs B pe3dynbTaTax UCMbITaHUA BPEMEHU peakumMn 4aT4YvMKOB AaBfeHWs Mnpu NoMoLM MeToAa aHanumsa
LLYMOB.

C.5 WUcnbiTaHMe BpeMeHU peakLMn HEMTPOHHBIX AETEKTOPOB

VcnbiTaHne BpeMeHn peakuum HEMTPOHHbBIX OETEKTOPOB AONycKaeTcs NPOBOAUTL C MOMOLLBIO MeToAa aHanm3a
LUYMOB MOYTU TakMM Xe cnocobom, kak Ans AatymkoB AaBrneHns. OBblYHO Bpems peakuuMnm HENTPOHHbIX AEeTEKTOPOB
HacTOMbKO KpaTkoe, YTO pe3ynbTaTbl aHanuns3a LWyMOB Yalle NpPeAcTaBnsAlnT AUHAMKUKY npouecca, YeM BpPeMs peakuum
AeTtekTopa. TeM He MeHee eCrnu eCTb CyLLeCTBEHHOE N3MEHEHVe BPEMEHN peaKLny HeTPOHHOTO AeTekTopa, To nsmepe-
HVe aHanu3a LWyMOoB AOMKHO BbISBUTb Mpobriemy. To eCTb aHanu3 WymMoB AOMMKeH MAeHTUMULMPOBaTh OLWYTVMbIE 3Me-
HeHWa AMHaMVKu eTekTopa, HECMOTPS Ha BO3MOXHOCTb TOr0, YTO AManasoH YacToT BXOAHOIO LLYMOBOIO CUrHana MmoxeT
He ObITb ageKBaTHbIM.

B nononHeHue Ko BpeMeHn peakuun Anst HEMTPOHHbBIX A€ TEKTOPOB CriefyeT ONpeaenuTb N 0TCNeanTb AeCKPUNTOpPbI
LLYMOB, Takue kak gucnepcus, nepekoc, AlNB 1 akcLecc kak cpeACcTBO KOHTPOMS U3BMEHEHU paboYMX XapakTepucTuK AeTek-
Topa.
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MpunoxeHue D
(cnpaBo4HoOe)

MeTopbl ucnbiTaHM BpeMeHu peakuum ana POT

D.1 BBeneHue

M3mepeHuns BpeMeHn peakuum npoeoasT Ha PAT cucteMbl 6e30nacHOCTM Ha aTOMHbIX CTaHLMSAX, YTOObI rapaHTupo-
BaTb, YTO CTAHLUMS MOXET ObITb CBOEBPEMEHHO OCTAHOBIEHA B CIy4ae MOLLHOro TemnepaTypHOro nepexogHoro npowecca
B peakTope. B peaktopax c oxnaxaeHvem Bogow nog fasnexHnem (BBOP) POT TennoHocuTens nepBoro KOHTypa, KoTopble
BXOAAT B cMcTemMy 6€30nacHOCTU CTaHLUKN, OObIYHO UCMbITLIBAOT OOHOKPATHO KaXAblVi TOMMMBHbIA LMK UK NPUMEPHO
kaxgble 18—24 mecsiua. Kpome Toro, kaxablh pa3 nocne 3ameHbl unv pemoHTta PLOT namepsoT BpemMsi ero peakuuu, npe-
X[e YeM CcTaHLus BO30GHOBUT paboTy Ha MOLLHOCTW.

Tak kak BpeMs peakuun POT 3aBUCUT OT TeMnepaTypbl TEXHOMOMMYECKOro NpoLiecca, AaBneHns U pacxoaa BO BpeEMsI
paboTbl, U3MEPEHNS BPEMEHMN PeaKLIMM A0MKHbI ObITb MPOBEAEHbI MTPY HOPManbHbIX YCIOBUAX paboTbl Nnu 6yIM3KMX K HUM,
4YTOObI NOMYYNTb BPEMS peakLmm AaT4MKOB B YCIOBUAX akcnnyataummn. C 3Tol Lernbio B KoHLe 70-X ro4,0B MPOLLIIoro Beka
6bin pazpaboTaH MeTO M3MEPEHUSI BPEMEHMW PEeaKLMUN Ha CTyNneH4YaToe n3mMeHeHne KoHTypHoro Toka (PCKT), koTopbliii ©
Tex Nnop MCnonb30Barcs Ha MHOrOYMCMEHHbIX aTOMHbIX CTaHLMSAX BO BCEM MUpe, YToObl yaoBNeTBOpUTL TpeboBaHmUs K
UCNbITaHUAM BPEMEHMW pPeakLnu.

D.2 KpaTtkasa nicdopmauus

Mcnbitanne POT Ha aToMHbIX cTaHUmMAX Havanocb B 1978 1., nocne Toro kak obin yreepxaeH metog PCKT u 6binu
paspaboTaHbl cepuinHoe ucnelTatensHoe obopyaoBaHue, obyyeHne un npouenypbl PCKT. o 1978 r. HeMHorme craHuum
BbINONHANN UCNIbITAHUSA BpeMeHu peakumm PAT, a ucnbitaHms o6b14HO NPOBOAMIMCE C UCMOMNb30BaHMEM MeTOAa UCbITa-
HWS C norpyxeHuem. VicnblTaHue ¢ norpyxxeHvnem BkntovaeTt ndbatve POT co ctaHumm u nx ucneitaHve B nabopaTopHow
cpene. Bo Bpems paspabotkn metoga PCKT B cepeauHe 70-x rogoB NpoLuioro Beka 6biro onpegeneHo, YTo MeTos UCHbl-
TaHUsA C MOrpPy>KeHNEM He [eNCTBUTENEH AN UCNbITaHMSA BpeMeHu peakuumn POT aTomHon cTaHumu. B aTon cBA3un sgepHas
NPOMBbILLNIEHHOCTL MOCTENEHHO OTKAa3anach OT 3TOr0 MeToAa, 3a UCKMOYEeHNeM nabopaTopHbIX KBAaNMAUKaLMOHHbBIX UCTbI-
TaHu HoBbIX POT 1 3alMTHBIX MMNb3 AN UX YCTAHOBKM HA CTaHLMW.

D.3 MeTopbl ucnbiTaHu BpemeHu peakuuu POT
D.3.1 OnucaHue UCNbITaHWA C NOrpyXeHnem

Bpewms peakummn TemnepaTypHoro gatymka obbl4HO M3MepsieTca B labopaTopHOW cpede MeToAoM UCTbITaHus C
norpyxeHuem. Npu 3TOM UCMNbITaHUN AATYVK MOABEPraloT BHE3AMHOMY N3MEHEHUIO TeMnepaTypbl, @ ero BbIXO4HOW CUrHan
PEerncTpupyoT, NoKa OH He AOCTUrHET YCTAHOBUBLLETOCS COCTOSIHUS.

AHanus ncnbiTaHWsa C NOrPyXeHNeM AN1S NoNyYeHNs BpeMeHU peakumm gatynka odeHb npocTt. Hanpumep, ecnu
nepexoHbIN NPoLecc BbIXOAHOIO CUrHana gaTyuka permctpupyeTcs B peructpatope, To Bpems peakuum onpegenseTcs
n3MepeHvemM BpeMeHM, Npu KOTOPOM BbIXOAHOW curHan gatymka gocturaet 63,2 % CBOero KOHeYHOro yCTaHOBMBLLETOCH
3HayveHus. CnegyeTt OTMETUTb, YTO, XOTS ONpeAerneHne BpeMeHN peakLm aHanMTU4eckn 3Ha4nmMo TOMbKO AN CUCTeMb!
nepBoro nopsaka, OHo TPaAULMOHHO NCMONb3yeTcs AN onpeAeneHns BpeMeHn peakuumn 60nbLUMHCTBA TeMnepaTypHbIX
[aTYMKOB HE3ABMCMMO OT X AMHAMMUYECKMX XapakTepuCTUK. Mo aToM NpuYmMHe TEPMUHBI «BPEMS PEaKLMN» N «NOCTOSIHHAA
BPEMEHM» 4acTO UCNOMb3YTCS B3anmMo3aMeHseMo s ONMcaHns AnHaMnm4ecknx xapakrepuctuk POT aaxe npu Tom, 4To
TEPMWH «NOCTOSAHHasA BPEMEHMN» OTHOCUTCS TONBKO K CUCTEME NEPBOro NopsiAkKa.

Bpems peakuun POT, nony4yeHHOe METOAOM UCMbITAHWSA C MOTPY)XEHNEM, — 3TO OTHOCUTESbHBIV NoKasaTenb, KOTOo-
bl OMKXEH CONPOBOXAATbCA ONMCaHMeM ycnoBui, npy kotopbix PAT ncneiTeiBancs. 370 BaXXHO, TOTOMY YTO BpeMS peak-
umm POT cnnbHO 3aBUCKT OT CBOMNCTB KOHEYHON Cpedbl, B KOTOPYIO UX norpyxatoT. Tun cpedbl (Bo3ayx, Boga U T. 4.) u ee
CKOpOCTb, TeMnepaTtypa 1 AaBreHne Bceraa AoMmKHbl yKasbiBaTbCs C pe3ynbTatamun BpemeHu peakumm. CKopocTb XMAKOC-
TV — 06bIYHO CaMbIl BaXXHbI hakTop, 3@ KOTOPbIM MO BaXXHOCTU CriedytoT TeMnepaTtypa v gasneHue. Ty napameTpbl BNu-
AI0T Ha KO DULMEHT Tennonepeaayn NieHKN Ha NOBEPXHOCTU AaTyumka, KOTOpbIV CBA3aH CO BpeMeHeM peakummn. bonee
BbICOKME CKOPOCTW XMAKOCTM YBENUYMBAIOT KO DULMEHT Tennonepeaaydy NNeHkn Ha noBEPXHOCTN AaTyvka U yMeHblLua-
0T BpeMs peakumun. TemnepaTypa, 04HaKo, Oka3biBaeT CMeLlaHHoe BnusiHne. C 0QHOM CTOPOHbI, TemnepaTtypa gencTByeT
TaK Xe, Kak CKOPOCTb XWAKOCTW, TO €CTb OHa yBeNnuuBaeT KoadULMEHT Tennonepeaayy NneHkn 1 yMeHbluaeT BpeMsi
peakuun. C gpyron CTOPOHbI, BbICOKME TeMNnepaTypbl MOrYT BIUSITL HA CBOWCTBA MaTepraros BHYTPY AaTyvka u nmbo yse-
nnymeaTh, NMB0 yMeHbLUAaTb BpeMs peakumu. [laBneHne obbI4HO He OKasbiBaeT CyLLEeCTBEHHOMO adekTa Ha Bpems peak-
UMM JaTyuka, 3a WCKMIYEeHWEM ero BIUSHWA Ha CBOWCTBA >KMAKOCTM, KOTOpble YMpaBnsioT Ko3hMULMEHTOM
Tennonepeaayn NoBEPXHOCTU.

B gononHeHne K BNUSIHUIO TEXHOMOMMYECKMX YCNOBUN Ha BpeMsa peakuun POT o6blMHO BO3AENCTBYET yCTAHOBKA
POT B TexHoMnornyeckom npotecce. BrnvsaHue yctaHoBku oco6eHHO BaxkHo Ans POT, ykpenneHHbix B TepMokapMmaHe, B
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KOTOPbIX KaXabli MV BO34YLLIHOrO 3a3opa B MecTe conpskeHus POT — TepmokapmaH MOXeT oka3aTb CyLeCTBEHHOoe
BNUSIHWE Ha BpeMs peakuumn coopkun POT — 3awmtHasa runs3a. (Mun pasen 1/1000 grovima, unm 0,0254 mm.)

D.3.2 OnucaHue ucnbitauns PCKT

Tak kak Ha BpeMs peakuum TeMnepaTypHOro 4aTymka CUMbHO BIIUSIOT TEXHONOMMYECKNE YCIIOBUS 1 TUM YCTAHOBKM,
nabopaTopHble U3MEPEHUSs!, TaKne, HaNpPUMep, Kak UCMbITaHWs C MOTrPY>KEHNEM B 3TarlOHHbIX YCIOBUSIX, HE MOryT obecne-
YNTb TOYHYIO MHCPOPMALIMIO O BPEMEHN peakuumn AaTumKka «B YCNOoBUAX aKkcnnyataummy. [MoaTomy OMmKeH NPUMEHSTLCS
HaTYpHbIN MeTOo, KOTOPbIM MOXHO BOCMOMb30BaThCH B paboyem TexHonornyeckom pexvme. Metog PCKT 6bin paspabo-
TaH, 4Tobbl 06€CMneYnTb BO3MOXHOCTb HAaTYPHbIX UCMbITAHUA BPEMEHUN Peakunn, KOTOpble He0BX0AMMbI, YTOObI M3MEpUTb
BPEMS peakuum B ycrioBuax akcnnyatauun POT, ycTaHOBMNEHHbIX B pab0o4ynx TEXHONOMMYECKMX NPOLEeCCax.

Wcnbitanne PCKT BbinonHsoT, coeanHas POT ¢ OAHUMM KOHTakTOM MOCTa YUTCTOHA U U3MEHS TOK MOCTa OT
HEeCKOmnbKMX Munnmamnep npnbnuauntensHo Ao 40—80 MA. CTyneH4yaToe n3MeHeHne Toka AaeT HarpeBs AXOYIeBbIM Ten-
nom B anemeHTe PAT 1 3acTtaBnsaeT ero conpoTMBeHMe MEHATLCSA NPonopLmMoHanbHo cnocobHocTn PAT pacceuBaTh Ten-
NOTY B OKpy>KatoLLyto cpeny. NepexonHoe nameHeHve conpotmenexHusa POT obpasyeT curHan nepexogHoro HanpshKeHus
Ha BbIX0o4e MOCTa YUTCTOHA, KOTOPbIN Ha3blBatoT «nepexoaHbiM npoueccoM PCKT» unu «gaHHbiMmn PCKT ana POT». [ax-
HbI NEPEXOAHbIV NPOLIECC 3aTEM aHaNM3upyoT, YTOObI NoNy4YnTb BpeMs peakuun POT npu ncnbiTaHHbIX ycnosusx. aH-
HbI aHanu3 BKIoYaeT B cebs anropntM MaTeMaTUM4ecKon annpokcMMauun ansi npeobpasoBaHuns aaHHbix PCKT gns
nony4yeHus nepexogHon xapakrepuctukm PAT Ha cTyneH4aToe usmeHeHve TemnepaTypbl Xuakoctv BHe POT.

Mpeumyuiectso ncnbitaHms PCKT cocTouT B TOM, 4TO OHO paspeLuaeT onepaTUBHOE UCMbITAHNE YCTAHOBIMEHHbIX
POT BHe repmoobonoykn peaktopa 1 obecneunBaeT akTuydeckoe Bpemsi peakumm POAT «B ycrnoBusx akcnnyataummy.
McnbiTaHne yunTbiBaeT BCE BNUAHNS YCTAHOBKW Ha Bpems peakuuv PAOT, Bkntovas BNNsSHUE TepMokapMaHa (ecnm ucnorso-
3yeTcs), nocagkv mexay POT v 3aWwnMTHON rMnb30n 1 BCEX BINSHUIA TEXHOMOMMYECKNX YCNOBUIA, TaKUX Kak TemnepaTtypa
TEXHOMOrM4YecKoro npouecca, AaBrieHNe 1 CKOPOCTb NOTOKA XXMAKOCTU.

JTio6ori Tun nnn mogens PAT, koTopble nognexaT ucnoitaHuio metogom PCKT, gormkHbl 6biTb CHavana ksanuduum-
poBaHbl. KBanndukauus BkrtovaeT B cebs psg nabopaTtopHbix UcnbITaHM aAns Bepudukaumm toro, 4to metog PCKT
OeNnCcTBUTENEH AN u3MepeHus sBpemeHmn peakumm POT nycTaHOBNEHUSA NOrPeLUHOCTY pe3ynbTaToB BPEMEHN peakLmm s
KOHKpeTHOM KoHCTpykumn POT. Ecnn POT MOHTMpYyeTCca B 3alMTHOW rMIb3e, TO AOSMKHA ObiTb NpoBeAeHa Banugauns
PCKT c POT, ycTaHOBNEHHbIM B CBOEN 3awuTHoM runb3e. Ksanudukauma POT metogom PCKT Heobxoanma, noTomy UTO
ob6ocHoBaHHOCTL MeTofa PCKT 3aBUCUT OT KOHKpPETHbIX ZONYLLEHWI K XapakTepucTukam tennonepegayv PAT, koTopble
[OOMKHbI ObITb YAOBNETBOPEHbI, C TEM YTOOLI FapaHTMpPOBaTh NOyYeHUE TOYHbIX pe3ynbTaTtoB MeTogom PCKT. Ha ocHoBe
pes3ynbTaToB NabopaTopHbIX BanuaauMOHHbLIX UCTIbITAHWUI MHOrouMcneHHblix POT cpeaHsis norpelHocts metoga PCKT
6bina yctaHoBrneHa Ha ypoBHe + 10 %. To ecTb MeTog PCKT 06bI4HO o6ecneunBaeT pedynbTaTbl BDEMEHU peakLmu, KOTo-
pble HaxoaaTca B npegenax + 10 % daktnyeckoro spemeru peakuum POT.

D.3.3 OnucaHue ucnbITaHUA caMopa3orpeBa

McnbiTaHne camopasorpesa npoBoadat Ha PAT c nomoLubto Toro ke o6opynoBaHus, 4to n ans ucnoitaHns PCKT. Ons
UCMbITaHUSA cCaMOpa3orpeBa cHavana ucnonb3yeTcs Manblvi TOK (Hanpumep, 5 MA) ANst HarpeBa YyBCTBUTENbHOIO 31IEMEH-
Ta POT. Tok ocTaeTcst NOAKMOYEHHbIM, Noka conpoTtusneHne PAT He ctabunuanpyetcsa. 3atemM aTo conpoTueBrneHne R
N3MePSIOT U BbIYUCTIAOT MOLHOCTL Yepe3 PAT no ypaBHeHwuo P = I2R. 3TOT War noBTOpSIOT C 6oMee BbICOKUMM 3HAUEHUS-
MU Toka o 40—80 MA, 4ToObI NONYYNTb TPY UNK Gonee YacTHbIX 3HAYEHWUIA, U pe3ynbTaTbl CBOAST B Tabnuuy, ykasbiBas
conpoTtusnexust POT npu kaXgoM ToKe B 3aBUCUMOCTM OT 31EKTPUYECKO MOLLHOCTH, BbipabaTbiBaeMoli B PAT. 3atem aTa
MHbopMaLMs BbIBOOUTCS B BUAE rpaduka kak R B 3aBUCUMOCTM OT P, 1 pe3ynbTaT (KOTOpbI AOMKEH NPeACcTaBNsATb COOoM
NPSAMYI0 NMHUIO) Ha3bIBaKOT «KpMBOW camopasorpesa» PAT. pagueHT kpuBoOW camopasorpeBa Ha3biBalOT «UHAEKCOM
camopasorpesa» (MICP), nusmepstot B omax/Batrax (OM/BT), 1 OH ABRNseTCsS napameTpoM, NpeAcTaBnsiowmMmM UHTepec B
AaHHoMm ucnbiTaHun. UICP — 310 nHaekc, cooTBeTcTBYyOWMIA Tennonepenade POT. 3HayeHne VICP namensieTcs, ecnu
€CTb CYLLeCTBEHHOE N3MeHeHue Tennonepegayun POT (To eCTb BpeMeHU peakumm). ATO UCMbITAHME HE 3aMEHSIET UCTIbITa-
Hue metogom PCKT vnm vcnbiTaHne MeTogoM aHanu3a WyMOB A58 NnonyyYyeHus BpeMeHn peakumm POT, nockonbky He
onpegensieT sBpems peakumv POT.

D.3.4 Metopn aHanusa lwymoB

MeTopn aHanusa LwymoB AonyckaeTcs MCNonb3oBaTh A5 ONpeaeneHns yxyalweHus BpeMmenn peakuun POT (cm. onu-
caHue aToro Metoga B npunoxeHum C). NpenmyLuecTBo meToga aHanuaa LWymMoB COCTOUT B TOM, YTO OH He TpebyeT nabs-
Tma POT n3 paboTbl BO BpeMs UCMbITaHUSA U OOHOBPEMEHHO AoMNycKaeT ucnbitTaHne MHormx POT. Ecnv ¢ nomoLsto metoga
aHanusa wymMoB o6HapyxeHo, 4to y PAT HacTynmuno yxyalweHne BpeMEHN peakumu, TO creayeT UCnonb3oBaTh MeToq
PCKT ans namepeHuns BpeMeHu ero peakumm 4ns OLeHKM CTeneHn yxyALweHus v onpeaenexuns toro, orsevaet nu POT Tpe-
6oBaHMSAM KO BpeMeHM peakLuu.

D.4 WUcnbiTaHne BpeMeHU peakuum Tepmonap

Bpems peakuum Tepmonap namepsitoT B nfabopaTtoprm npy NOMOLLIM TOW e npoueaypbl, 4Ton ana POT (To ecTb Ucnbl-
TaHVe NPOBOASAT C NOrpy>XeHMeM B BOAY KOMHATHOM TemMnepaTypbl, TEKYLLEN co CKopocTbio 1 M/c). [Ing HaTypHOro ncnelita-
HVUS BpeMeHW peakuun Tepmonap npumenstoT nuéo meton PCKT, nnbo meTtoa aHanusa wymos. Wcneitanne PCKT ans
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Tepmonap TpebyeT MHOro KoMMekTa ucnblTaTensHoro obopynosaxug, yem ansa POT. B yacTtHoCTH, Bpems peakunm Tepmo-
nap onpegenstoT metogom PCKT, ncnonbays nepemeHHbIn Tok nopsaaka 0,2—0,6 A. 3To HaMHOro 6oNbLUNIA TOK, YEM NP
ucnoitaHun PCKT gna PAT. MNpuymHoi ncnonb3oBaHUSA NepeMeHHOro Toka ansa ucnoitaHuin PCKT Tepmonap siBnsietca
acpdekT MNenbThe. MNprynHa Ncnonb3oBaHUSA Toka HaMHOTo 6oree BbICOKOro YPOBHSI COCTOMT B TOM, YTO COMPOTUBIEHNE
Tepmonap pacnpefeneHo BOOSb X COeQUHUTENBHbIX MPOBOAOB B MPOTUBOMONOXHOCTL PAT, conpoTyBRNEHne KOTopbixX
CKOHLIEHTPMPOBaHO Ha nx pabovem HakoHeuyHuKe. MNockonbky Tok PCKT HarpeBaeT Becb NpoBoA TEpMONapbl, ECTb onace-
HWe, YTO HarpeB MOXET NOBNUSITL HA YATMHUTENbHbIE NPOBOAA TEPMONaphbl M repMeTUYHOCTb. [103TOMY Ha CTaHUMSX, rae
CyLLLeCTBYET PUCK Harpesa NpoBOAOB TepMonap, U3MepeHUs BpeMeHU peakLmm NpoBOAAT C NOMOLLI MeToAa aHannsa
wymoB. MeToa aHanu3a WyMOB MPUMEHSIOT Ha TepMonapax Tak Xe, Kak Ang AaTYUMKOB AaBrieHUsl, ONMCaHHbIX paHee B
HacTodLWeM cTaHaapTe.
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CBefeHusi 0 COOTBETCTBUU CCbINTOYHbIX MeXAayHapoAHbIX CTaHAApPTOB CCbIJTOYHbLIM HaUUOHAJNIbHbIM

Tao6nwuuya JA.1

cTtaHpgapTtam Poccuiickon ®egepauum

O603HaYeHNe CCbINOYHOrO
MeXayHapoAHoro cTaHaapTa

CTeneHb COOTBETCTBUS

0O6o3HaveHre N HanMeHoBaHue
COOTBETCTBYHOLLENO HALMOHANBHOTO
cTaHgapTa

M3K 61224

*

*

M3K 62397

* COOTBETCTBYHOLLMI HALMOHANbHbIA CTaHAapT OTCyTCTBYET. [10 ero yTBepXXaeHUsa peKoMeHAYyeTCs NCNonb30BaTh
nepeBoa Ha PYCCKUN S3bIK JAHHOrO MexayHapoaHoro ctaHaapTa. [NepeBon 4aHHOro MexayHapoaHOro crtaHgapTa Ha-
xoguTcs B PegepanbHoOM MHPOPMAaLMOHHOM (DOHAE TEXHUYECKUX PETNTAaMEHTOB U CTaH4APTOB.

[1] NUREG/CR-5560:1990
[2] NUREG/CR-5851:1993
[3] NUREG/CR-6343:1995
[4] NUREG/CR-5501:1998

[5] TR-104965-R1 NRC
SER:2000

[6] TECDOC-1147:2000

EMGHMOI'paCbMﬂ*

Aging of Nuclear Plant Resistance Temperature Detectors, U.S. Nuclear Regulatory
Commission, Washington, D.C.

Long Term Performance and Aging Characteristics of Nuclear Plant Pressure Transmitters,
U.S. Nuclear Regulatory Commission, Washington, D.C.

Online Testing of Calibration of Process Instrumentation Channels in Nuclear Power
Plants, U.S. Nuclear Regulatory Commission, Washington, D.C.

Advanced Instrumentation and Maintenance Technologies for Nuclear Power Plants, U.S.
Nuclear Regulatory Commission, Washington, D.C.

On-Line Monitoring of Instrument Channel Performance, Electric Power Research Institute
(EPRI), Palo A

Ito, CA, USA

Management of Aging of 1&C Equipment in Nuclear Power Plants, International Atomic
Energy Agency, Vienna, Austria, June 2000

[7]1 H.M. Hashemian, I&C Aging Management Standards, 13th Annual Joint ISA POWID/EPRI Control and Instrumentation
Conference, Williamsburg, Virginia, June 15—20, 2003

[8] TECDOC-1402, Management of Life Cycle and Aging at Nuclear Power Plants, International Atomic Energy Agency,
Vienna, Austria, August 2004

[9] Sensor Performance and Reliability, book published by Instrumentation, Systems, and Automation Society (ISA), 2005

B ny6nukaumnsax, npeacrasneHHbix B bubnuorpadum, nanoxeHsl noapobHble cBeaeHnst o TpebosBaHnsax u MeToaax,
MAEHTMULMPOBaHHbIX B HAacTosILLEM cTaHaapTe.
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