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BBegeHue

a) TexHUYeCKUe NOJIOXKEeHUsl, OCHOBHbIE BONPOCHI U OpraHn3auus cTaHaapTa

HacTtoswwuii cTaHaapT coaepXuUT onMcaHne MeToAoB UCTILITAHUA ANA rapaHTUN COOTBETCTBUS U3MEpU-
TeNbHbIX KaHanoB cucTeMbl 6€30MacHOCTM Ha aTOMHbIX CTaHUMSAX crieunduKaumam B OTHOLEHUU NOrpeLIHOC-
TV, BpeMeHW peakuuMuM U npoumx pabounmx XxapaktepucTuk. HacToAwwmin ctaHgapT NpUMEHSIETCs K Tem
n3MepuTenbHLIM NPUBopamM, OCHOBHbIE AaTYMKU KOTOPBIX U3MEPSIOT TEMNepaTypy, AaBneHune, nepenas AaBs-
NeHus1, ypoBeHb XMUAKOCTU, CKOPOCTb MOTOKA XKMAKOCTM U MIIOTHOCTb MOTOKa HeNTPOHOB. Lienb HacTosiwero
cTaHAapTa — B YCTAHOBAEHUUM METO/IOB UCMBLITAHUA, KOTOpblE MOTYT UCMNONb30BATLCA AUCTAHLMOHHO Npu
paboTe cTaHUMM B oriepaTMBHOM pexunmMe, 6e3 HeobXoaUMOCTH BXOOUTh B 3aLLUUTHYH 060MoYKY peakTopa unm
cpuanyeckn nonyyaTb AOCTYM K MU3MepUTeSTbHBIM NpUGopam.

b) MecTo HacTosero cTaHAapTa B CTpykType cepumn ctaHpgaptoB MIOK MK 45A

M3K 62385 siBnsietca aokymeHToM M3K MK 45A TpeTbero ypoBHs, kacaowmmca npobneMsl MeToaoB
OUEHKM paboumx xapakTepuUCcTUK KaHanoB U3MepUTEnbsLHOM annapaTypbl cUcTeM 6e30nacHOCTu.

Bonee noapo6Hoe onucaHue cTpykTypbl cepuu ctaHgapToB MOK K 45A cMm. nepevncneHne d) HacTos-
Lero BBeAEHUS.

C) PekomeHaauuu U orpaHU4YeHUSI MO NPUMEHEHUIO HACTOSILero cTaHaapTa

OcHoBHoOM nHTepec HacToALWNIA CTaHAapTnpeacTasndaeT And aTOMHbIX 3HepreTu4eCcknx KOMNaHWi, KOTo-
pble UCNONb3YIOT oNnepaTUBHbIE UCNbITAHUA paGOquxapaKTepMCTMK, NOCTaBLUKOB, KOTOpPbIE pa3p368TblBaIOT
N yCTaHaBIMMBalOT Takne CUCTEeMbl, 1 KOHTPOJIbHO-HaA30pPHbIX OPraHoB, nobusatomxcst AOKYMEeHTarnbHOro
KOHCeHCYyCa B NPpOMBbILLUIIeHHOCTU Ha OCHOBe yCI'IeLUHOVI npaKkTukKn. ATunonb3oBaTenu nony4yart npemMyllectsa
OT OCBEJOMMNEHHOCTU O MeToax 1 NpaKTUYEeCKoM onbiTe, KoTopble akcnepTol MOK cuuTtaloT ageksaTHbIMU, U
CHWXEHUA N3epxKekK, ConyTCTBYILUX CTaHO4apTU3aULun MeTo0oB U NPakKTU4eCKoro onbiTa.

d) OnucaHue cTpykTypbl cepuu ctaHgaptoB MIK K 45A u B3auMmocBA3bL ¢ ApYyruMuU AOKYMEHTa-
Mu M3K n pokymeHTamu Apyrux opranusauuin (MAFAT3, UCO)

[okymeHTOM BbicLuero yposHs cepun ctaHgaptoB MOK MK 45A saiensetca MOK 61513. 3T1oT cTanHgapTt
kacaeTca TpeboBaHUiA K cuCTEMaM KOHTPONS U YNpaBnieHus, BaXHbIX 415 6e30nacHOCTU aTOMHBIX CTaHUMA
(AC), 1 nexuT B OCHOBE cepuun cTaHdapToBs MK 45A.

B M3K 61513 umetoTcst HenocpeacTBEHHbIE CCbINKn Ha apyrue ctanaapTol MK 45A no o6wmm Bonpocam,
CBsi3aHHbIM C KaTeropusaumein hyHKLUIA 1 knaccudukaumen cucTem, oLeHKoW COOTBETCTBUA, pasgeneHnem
CUCTEM, 3aLMTON OT OTKA30B Mo obLel NpMYMHe, acrnekTamn NPOrpamMmmMHOro U TexHu4eckoro obecneyeHunin
KOMMbIOTEPHBIX CUCTEM 1 MPOEKTMPOBaHNEM NyNbTOB ynpasnieHus. CTaHgapThl, Ha KOTOPbIE UMETCA HeNoc-
peacTBEHHbIE CChISIKU, crieayeT Ncnonb3oBaTh Ha BTOPOM YpoBHe coBMecTHo ¢ M3K 61513 B kauecTBe corna-
COBaHHOMN NoAGoPKN AOKYMEHTOB.

K TpeTbemy ypoBHio cepun ctaHgapToB MOK MK 45A, Ha koTopele B MOK 61513 HeT HenocpeACTBEHHbIX
CCbINIOK, OTHOCSITCA CTaHAapThl, CBSA3aHHbIE C KOHKPETHbIM 060pYyaoBaHUEM, TEXHUYECKMMU METOAAMU UK
KOHKpeTHOM AesTenbHOCTb0. OBbLIYHO AOKYMEHTHI, B KOTOPLIX MO 06LLMM BONPOCaM MMEHTCS CChINKA Ha JOKY-
MEHTbI BTOPOro YPOBHS, MOTYT UCMOMb30BATLCA CAMOCTOATENBHO.

UeTBEPTOMY YPOBHIO, MpoAormkatoLemy ceputo ctaHgaptos MOK MK 45A, coOTBETCTBYIOT TEXHUYECKNE
oTYeThI, He ABNAOWMNECS HOPMATUBHBIMU JOKYMEHTaMMU.

IOnsa M3K 61513 npuHsiTa popma npeAcTasneHus, aHanormiHas dopme npeacrasneHys 6azosoin nybnvka-
umm no 6esonacHocTn MOK 61508, ¢ ero cTpykTypom o6LLEro xusHeHHOro Lukna 6e30nacHoCTU U CTPYKTY PO K3~
HEHHOro LMKNa CUCTEMbI; B HeM npuBeneHa UHTepnpeTauns obwmx TpedbosarHuin MOK 61508-1, M3K 61508-2 1
MOK 61508-4 ans npumeHeHus B sgepHon obnactu. CornacoBaHHOCTL C 3TUM CTaHdapToM byaeT cnocobeTBoBaTh
cooTBeTCcTBUIO TpebosaHuaM MOK 61508, uHTepnpeTupoBaHHbIM Ana sigepHolt obnactu. B aTtoit cTpykType
M3K 60880 n M3K 62138 cooTeTcTBYtOT MOK 61508-3 NnpMeHnTEnsHO K sigepHoii obnactu.

B M3K 61513 npuseaeHbl cebinku Ha cTaHgapTel MCO, a Takke Ha gokymeHT MATATO 50-C-QA no Bon-
pocam, cBA3aHHbIM ¢ obecneyeHnemM kavecTea.

B cepun ctangaptos M3K MK 45A nocnefosaTensHO peanusyoTca U AeTanusnpyoTcs NpuHLMNbl U
GasoBble acnekTbl 6e3onacHocTH, NpeaycMoTpeHHblie npasunamu MAFATS no 6e30nNacHOCTM aTOMHbIX 3Mek-
TpocTaHuui, a Takke cepuen gokymeHToB MAFATO no 6e3onacHocTn, B YacTHOCTU TpeboBaHuaMN NS-R-1
«Be3onacHoCTb aTOMHbIX aMeKTpocTaHuMi: MNpoekTnpoBaHue» 1 pykoBoacTBoM no 6esonacHoct NS-G-1.3
«CuCTeMbl KOHTPONSA U yNpaBneHusi, BaXHble Anst 6e30nacHOCTU aTOMHBIX 3M1eKTPOCTaHUMA». TepMuHbl 1
onpegeneHus, npuMeHsieMsle B ctaHaapTax cepun MOK MK 45A, cornacoBaHbl C TepMUHAMMK M onpeaeneHms-
MK, npuMeHsiembiMu B MAFATO.

\
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HAUMWOHANBbHBIWN CTAHOAPT POCCUMACKOW SEAEPALUUM

ATOMHbIE CTAHUUU

KOHTpOﬂb U ynpaBsrnieHue, BaXHble Ann Ge3onacHOCTU.
MeToAabl oueHKU paﬁotmx XapaKTepucTuk uamMeputenbHbIX KaHanoB CUCTEM Ge3onacHoOCTHU

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

Oara BBegaeHna — 2013—06—01

1 O6nacTbL NpUMEeHeHUs

Llenb HacTosllero ctaHgapTa cocTouT B onpeaeneHnn TpeGosaHuWii K NoATBEPXKASHUIO NPUEMNEMOCTH
paBounx xapakTepUCTUK U3MepUTeNbHLIX KaHanoB cucTem 6e3onacHOCTU ¢ NOMOLLLIO UCMLITAHWUIA BpeMeH!
peakumu, BepudmrkaLmm kanubposku U Apyrux npouedyp. Te xe TpeGoBaHUA MOTYT NPUMEHATLCA ANA nNoa-
TBEPXKAEHUs NPUEMIEMOCTU paBounx XapakTepucTUK CUCTEM, He CBA3aHHLIX ¢ 6e30nacHOCTLIo, U ApYruX
U3MepuUTebHbIX KaHamnoB. HacTosWmiA cTaHaapT coaepXuT OCHOBHLIE TEMBI U BKIlOUaeT B ceBs NpunoxeHns,
B KOTOPLIX MpuBeaeHa AomnofiHuTenbHas uHdgopmaumna. MpunoxeHUs NpusedeHbl WUCKMIOYMTENBHO ANA
UHbopMaLIMK U codepskaT BbIBOPOUHYHO COBOKYMHOCTb AOCTYNHBIX METOAO0B.

MeToabl, OnMcaHHble B HACTOALLEM CTaHAapTe, MCMOMb3YIOTCA AN NPOBEPKM KannGpoBKK U3MepUTeb-
HOro NpuGopa B OTHOLLIEHWN BPEMEHU peaKLUW 1 NorpeLlHOCTY.

HacToswwii cTaHgapT onucbIBaeT NpsiMbie METOAbI, UCMOMb3yeMble AN KanMBpoBKY B Npeaenax saaax-
HbIX [OMYCKOB, 1 KOCBEHHbIe MeToAbl Ans yKasaHusa HeoBGXoO4MMOCTH NpAMoi kannmbposki. UcnonbsoBaHue
KOCBEHHBIX METOA0B npeaycMaTtpueaeT 6onee AnUTENbHBIE MHTEPBAbl BPEMEHU MeXay perynsipHeIMU Npsi-
MbIMU KarMBpOBKamu.

2 HopmaTuBHbIe CCbINKKN

B HacTosileM cTaHgapTe NCNonNb3oBaHbl HOPMAaTUBHBIE CCHINIKM Ha criefytolme MexayHapoaHble CTaH-
AapTbl. 1N gaTMpoBaHHBIX CTaHAAPTOB CreayeT UCMob30BaTh TOMbKO COOTBETCTRYOLLYIO 3TON AaTe peaak-
umto. MNpy oTCYTCTBUMU AaThl UCMOMb3YIOT NOCMEAHION pedakumio YkazaHHOro AOKYMeHTa, BKiovas nobble
N3MEHeHNs.

M3K 61224:1993 AgepHble peakTopbl. BpeMsi peakunmn pesmcTUBHbIX e TeKTopoB TeMnepaTypbl (POT).
HaTypHble namepeHuns (IEC 61224:1993, Nuclear reactors — Response time in resistance temperature
detectors (RTD) — In situ measurements)

MO3K 62397 AToMHble cTaHLUMW. KoHTpomb 1 ynpasneHue, BaxHble Ans 6esonacHocTu. PesnctueHble
aetekTopbl TemnepaTtypbl (IEC 62397, Nuclear power plants — Instrumentation and control important to
safety — Resistance temperature detectors)

3 TepMuWHbI ¥ onpeaeneHus

B HacToseM cTaHaapTe NpuMeHeHbl crieaytolne TepMUHbI C COOTBETCTBYIOLLUMU OnpeaeneHUsMN:

3.1 TouHOCTbL M3MepeHUa (accuracy of measurement): CteneHb COOTBETCTBUSA MeXay pesynbTaToM
N3MepeHUs 1 YCIOBHO UCTUHHBIM 3HAUYEHNEM U3MEPAEMON BENUYUHDI.

[IEV 394-40-35]

3.2 sakynopuBaHue (blockage): CyxxeHue Tpybbl (Hanpumep, TpybonpoBogd N3MepeHns OasneHus),
06yCnoBneHHOe CKOMNMEeHNeM 3arpsi3HsoLL X BELLLECTB B peakTopHoW Boae, oTeepaeHnem 6opa, ocTaBneHHbl-

WU3paHne opmymnansHoe



FOCT P M3K 62385—2012

MW YaCTUYHO OTKPLITLIMU KNanaHaMmu 1 T. 4. 3akynopusaHvue MOXeT Bbl3BaTb 3a4epiKKy B MU3MepeHun guHamu-
YyeckoW MHdopMaLn o AaBNEHUN.

3.3 kanubpoBska (calibration): CoBoKynHOCTb AACTBUIA, KOTOPLIE YCTaHaBMMBAIOT NPU 3a4aHHbIX yCro-
BUSIX 32BNCUMOCTI MexXy 3HaYeHUSMU BENNYUH, MOKa3aHHBIX U3MepUTENbHBIM MprbopoM 1in nameputens-
HOW CUCTEMOW, WM 3HAYeHUsIMW, MpeAcTaBMeHHbIMA BeLleCTBEHHOW Mepor WM STanoHOM, W
COOTBETCTBYIOLLMMU 3HAYEHUSAMM, YCTAHOBNEHHBIMUW B CTaHAapTax.

[IEV 394-40-43]

3.4 kaHan (channel): CoBOKyMNHOCTb B3aMMOCBSA3aHHbIX 3MEMEHTOB B CUCTEME, KOTopas BbldaeT OauH
BbIXOAHOW curHan. KaHan tepsieT CBOK MASHTUYHOCTb, KOr4a curHanbl 04HOro BbixoAa 06 beAUHSIHOTCS C CUrHa-
namu, NocTynawLLnMmn 0T APYrux KaHanos (Hanpumep, OT KOHTPOSILHO-U3MEPUTENBHOrO KaHara 1nu kaHana
obcnyxunsaHms ycTponcTs 6esonacHocTun).

[Fnoccapwuii 6esonacHocTu MATATO, Bepcensi 2.0, 2006]

3.5 npoBepka kaHanoB (channel check): MpoLecc, nocpeaAcTBOM KOTOPOro orepaTop CTaHLUU CpaBHU-
BaeT NoKasaHWs pe3epBMPOBAHHBIX M3MepUTENbHbIX KaHanoB Ha perynsipHol OCHOBe B LIeNsX NpoBepku
HaxoX4eHWUsl X B HeobXxoQMMoM cornacum ¢ npegonpegeneHHbIMA KpUTEpUsiMu,

3.6 B3aumHana kanubpoBka (NepekpecTHaA NpoBepKa, B3auMHaa Banuaauusn) (cross-calibration)
(cross-validation): MpoLeaypa B3aMMHOro cpaBHEHWsI NOKa3aHWU pe3epBUPOBaHHBIX N3MepPUTENbHBIX NPUBo-
poB (Hanpumep, TeMnepaTypHbIX AaTYNKOB) AN MAEHTUUKaLMN NoKasaHU AaTYUKOB BEIBPOCOB Kak cpea-
CTBa NOATBEPXKAEHNA KannbpoBkA unu ngeHTudnkaumm nsMeHeHnin kannbposkn. flaHHomy onpeaeneHnto
Gonee COOTBETCTBYET TEPMWH «B3aMMHas BanuMaauusi», HO uvalle WCMonb3yeTcs TePMUH «B3auMHas
Kanuéposkar.

3.7 ppend nokasaHui (drift): iameHeHWe BLIXOAHOTO CUrHana uamMepuTenNbHOro KaHana unu gaTtyinka,
KOTOPOE MOXEeT BO3HMKaTb Mexay kannbpoBkamMun U KOTOpOE HeMb3sl CBA3aTb C U3SMEHEHUSIMU TEXHOMornYec-
KMX NapameTpoB WX YCITOBUA OKpY>KatoLen cpeabl.

3.8 MMmnynbcHaa nMHUA (u3MepUTenbHbLIA Tpy6onpoBopa) (impulse line) (sensing line): Tpybonposog
nnu cuctema Tpy6, coeamHsIOWaa TEXHOMOMMYECKUIA NPOLLECC € AaTYUKOM; UMMYNbCHBIE NUHUK (M3MepUTerb-
Hble Tpy6onpoBoAbl) 06bIMHO MCMOML3YIOTCA AN COeAUHEHUSA AaTYMKOB AaBnNeHNs, YpOBHS U pacxofa ¢ TEXHO-
nornyeckum npoteccom. AnnHa nameputenbHoro Tpybonposoaa BapbUMpyeTCa OT HECKOSIbKUX MEeTPOB A0
HECKOSbKNX COTEH METPOB. MI3MepuTenbHbIn TPYGoNpoBoA MOXET Taloke BKNoYaThb B cebst OTCeYHbIe 1 KOpHe-
Bble 3aBWXKKN 1 MPOYUE TEXHUYECKUEe cpeacTaa Tpy6onposoaa no Bcel AnvHe.

3.9 HaTypHoOe UcnbITaHue, UCNbITaHUe Ha MecTe paboT (in-situ test): UcnbiTaHue gaTunka unu npeob-
pasoBaTtens curHana, nposoaMmoe 6e3 yaaneHusa gatanka unu npeobpasoatens curHana u3 nonoXeHus ero
HOPMaIbHOWM yCTaHOBKM B cUCTEME.

3.10 meTopaaHanu3alwymMoB (noise analysis technique): MeToaHaTypHOro UcnbiTaHUA BpemMeHn cpaba-
ThIBAHUS ATUNKOB, AETEKTOPOB 1 Npeobpasosartenei n onepaTuBHOro 06HapyxeHUsa 3akynopusaHui, NycToT
1 npoTeYek B TpyGoNpoBoAax M3MepeHns AaBneHus.

3.11 onepaTUBHbIN KOHTPOIb, ONepaTUBHbIA MOHUTOPUHT (on-line monitoring): HenpepbiBHoe Unn
nepruoanyvecKoe U3MepeHne 1 perucTpaLms BbIXOAHbIX CUrHANOB YCTaHOBNEHHbIX U3MEpPUTENbHbLIX TPUBOpoB.

3.12 BbIGpoc (outlier): MokazaHue gaTymka (Hanpumep, Takoro Kak pe3aucTUBHLIN AeTEKTOp Temnepary-
pbl, Aanee — PAT), koTopoe NpeBbICU0 3a4aHHoe OTKNOHEeHMWeE.

3.13 koHTponb pabounx XxapaKkTepucTUk (npoBepka pabouux napameTtpoB) (performance
monitoring)(performance verification): MNpoLiecc gemMoHcTpaLun Toro, YTO YCTaHOBMEHHbIN N3MepUTEerbHbINA
KaHan npogomkaeT BbINOSHATbL HaAMEYEHHYH YHKLMIO KOHTPOMSA TEXHOMOrMYECKOro napameTpa c oxuaaeMbl-
MW TOYHOCTbIO, BpeMeHeM peaku i 1 yCTOMYMBOCTLIO.

3.14 paTuuku gaBneHun (pressure transmitters): JaTunkn gasneHns, ypoBHA 1 pacxoda, AencTsne
KOTOPbIX OCHOBAHO Ha MPUHLIMMNE U3MEPEHWs UM Nepenaaa AaBneHus], 1 yNOMUHaeMble B HACTOSILLIEM CTaH-
AapTe Kak «npeobpasoBaTenn curHana gaBneHns», « AaT4nky aBneHns» Uin NpocTo «AaTUHUKNY.

3.15 pesepBupoBaHue (redundancy): Vicnonb3osaHne anbTepHaTUBHLIX (04UHAKOBBIX UM HeoAWHa-
KOBbIX) KOHCTPYKLIMIA, CUCTEM U SFIEMEHTOB Takum 06pasoM, YToBbl BCE OHW MOTTIM BbIMOMHATE TPpebyloLLytoca
(hYHKLMIO HE3ABNCMMO OT 3KCMNITyaTaLMOHHOro COCTOSIHUA UMW OTKasa (BbiXxo4a U3 cTpost) Moboro n3 HUX.

[Fnoccapwii 6esonacHocTn MATATO, Bepcus 2.0, 2006]

3.16 pesuCTUBHbLIN geTekTOp TemnepaTtypbl; POT (resistance temperature detector; RTD): fleTekTop,
0ObIYHO MME LI LMUHAPUYECKUA KOPMYC U3 HepXXaBetoLLen CTanu, sawyilaowni nnaTuHoBbLIN pesucTop,
COMNPOTUBIEHNE KOTOPOIO MEHAIETCA B 3aBUCUMOCTY OT TeMMepaTypbl. ATOT AeTeKTop nomellatoT B Tpybonpo-
BOA, COAePXKaLLM KMOKOCTb, TEMMepaTypy KOTOPON TakuM 06 pasoM U3mepstoT. [leTekTop MoxeT BbITb Norpy-
KEeH HenocpeaCTBEHHO B JKMAKOCTb WM 3alWueH MPOMEXYTOYHBIM  KOXYXOM, HasblBaeMbIM
«TepMoKapMaHOM» («3aLUNTHON FNNb30A» ).
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3.17 Bpemsapeakuuu (responsetime): Bpems, Heobxoanmoe Ana AOCTWKEHUS INeMeHTOM onpeaeneH-
HOrO COCTOSIHUA Ha BbIXOAE Mocre NonyvYeHus curHana, obycnosnueatowWwero nepexos K 3SToMy COCTOAHUIO Ha
BbIXOAe.

[Fnoccapuii 6esonacHocT MATATS, Bepens 2.0, 2006]

3.18 nepuoguuHocTb UcnbiTaHUM (test interval): Bpems, npoweawee mexay 3anyckaMm oaMHAKOBbIX
UCNbITaHWUI Ha OQHUX U TeX XKe AaT4uKe U yCTPOUCTBE 06paboTku curHana, normieckomM Moayrne unmM KoHe4YHOM
ynpasnaoLwemM ycTpoincTae.

3.19 Tepmokapmat (thermowell): 3awmTHbIN KOXYX ANa POT, Tepmonap v gpyrux tTemnepartypHbix AaT-
4ynkoB. TepMokapMaH Takke UCMNonb3yeTcs ANS YNPOLLEHUs 3aMeHbI TepMoaaTyuKa.

3.20 noctosiHHas BpeMeHM (time constant): [lnsa cuctembl NepBoro nopsiaka — BpemMs, Heobxogumoe
ANA QOCTUXKEHUA BLIXOAHBLIM CUTHarNoM cucTeMbl 63,2 % ero koHeYHON BapuaLmmn Nocne CTyneH4aToro uaMeHe-
HUA ee BXOAHOrO CUrHarna.

Ecnu cuctema He SIBNsieTCS CUCTEMOW NePBOro nopsaka, TePMUH «NOCTOAHHAS BPEMEHU» He NMPUMeHsI-
t0T. Ana cucTembl 6onee BLICOKOTO Nopsiaka cneayeT UCNOoMb30BaTh TEPMUH «BPEMA peakLMmny .

[M3K 62397]

4 Tpe6oBaHuMA K NpoBepKe pabounx xapakTepuCTUK TEXHONOrM4YeCcKon
KOHTPONbHO-U3MEPUTENBLHOM annapatypbl

4.1 KparkasauHndopmauusn

Cuctembl ynpaeneHuss U 6e30MacHOCTU aTOMHbIX CTaHLMIA 3aBUCAT OT TEXHONOMMYECKON KOHTPOIb-
HO-M3MEepPUTENbHON annapaTypbl, KOTopasi AoJkHa obecneunBaTb 4OCTOBEPHYIO MHDOPMaUUIO, C TeM 4To6b!
rapaHTupoBaTb 6e3onacHocTb U atheKTUBHOCTL cTaHUMK. MNoaTomy KauecTBo PyHKLUOHUPOBAHUA 3TON KOH-
TPONBbHO-U3MEPUTENLHOM annapaTtypbl JOIDKHO NMPOBEPATLCA Yepes onpeferieHHble UHTepBanbl BpeMeHn B
TeyeHue cpoka cry>kbbl cTaHuMKn. C 3TON Lienblo Ha aTOMHBIX CTaHUusIX paspabaTbiBatoT, yTBepxaatoT U npu-
MEHSIOT MeToAbl NcnbiTaHWiA. [laHHble MeToAbl BKoYaloT B cebs TexHuieckne cpeacTsa Ans BbINONHEHUA
HaTyPHbIX UCNBITAHUA U UCTIbITaHUIA BO BpeMsl paboTbl CTaHLUK (onepaTuBHbIE UCTIBITAaHNA).

Hacroswwuin nogpasgen cogep>vut TpeboBaHUs K HAaTYpHBIM U onepaTUBHLIM UCNbITAHUAM B LieNsax npo-
BEPKW TOTO, 4TO TEXHOMOIMYecKasa KOHTPONbHO-N3MepuTeneHas annapaTtypa BblgaeT TOMHbIe U CBOEBPEMEH-
Hble AaHHble, U Ans uaeHTUudukauum aedekTHbIX u3mepuTensHbiX npubopos. TpeboBaHus HacTosLero
cTaHdapTa pacnpocTpaHsoTCA Ha TEXHONOrMYeckne Aatyukn, usMmeparme TemnepaTypy, AasneHune, ypo-
BEHb XMAKOCTU, Pacxod 1 NiIOTHOCTb HEMTPOHHOIO NOTOKA.

4.2 O6wue TpeboBaHUA

[ns npoBepKn Toro, YTo U3MepUTEnbHble KaHanbl cUCTEM 6€30NaCHOCTU Ha aTOMHBIX CTaHUMAX DYHKLM-
OHMPYIOT B Npeaenax orpaHUYEHNI CBOUX TEXHUYECKUX cneumdukalmii, AOmKeH NPOBOAUTLCA KOHTPOL pabo-
UMX XapaKTepUCTUK. McnblTaHuAa ANA NpoBepkM pabounx XapaKTepucTUK AOMKHbI NPOBOAUTLCA B
COOTBETCTBMW C MUCbMEHHBIMU NPoLeAypPamMu, a pe3ynbTaTbl UCMbITaHUA — (PUKCUPOBAaTLCA AOKYMEHTaNbHO.
N3amepuTenbHbIA KaHan TecTupyeTcs NONHOCTLIO Y NPU OAHOKPATHOM UCTbITaHUW. B crniyyae ecnn Beck kaHan
He TecTupyeTcs, HeobXxoaNMMO KOMBUHUPOBATL OTAENbHBIE UCTILITAHMA MO rPyMnam 31eMeHTOB UNn oTAeNb-
HbIM 311IEMEeHTaM, OXBaTbIBAOLUMM BECb U3MEPUTENbHBIA KaHan a5 NpoBepKU 3KCNNyaTauMOHHBIX XapakTe-
PUCTUK BCero kaHasa. KoHTponb pabounx xapakTepucTuk oXBaTbiBaeT YacTb NOMHON cUCTEMbI 6e3onacHoCcTH,
BKIOUaIOLWLYH0 B cebs nameputenbHbii kaHan. cnbiTaHUAaM AOMKHBI NoABepraTbes AaT4nku M npeobpasoa-
TENWU, uaMmeputenbHele TPybonposoabl (MMNYbCHLIE IMHWK), TEpMOKapMaHbl, kabenu v apyrue akTuBHble U
MaccUBHbIE 3NeMEeHTbI, BNUAOLLME Ha 0bLLmMe XapakTepUCcTUKM U3MepUTenbHOTo KaHana.

Ecnu kakon-nubo nokasatens (pyHKUMOHUPOBAHWA, HaNpUMep BpeMsi peakuun, Henb3s uaeHTunuunpo-
BaTb TOYHO, TO BBINOSTHAIOT KOHCEPBAaTUBHYIO OLIEHKY NoKa3aTensi NyTeM U3MepeHnUs M aHanuaa u cpaBHUBAaIOT C
COOTBETCTBYIOLWMMUN SKCMTyaTaLUMOHHBIMU TPE6OBaHUAMMK, C TEM YTOOLI rapaHTUPOBaTb NPUEMITEMOE Kayec-
TBO (PYHKLMOHNPOBAHWUS U3MepUTENbHOro kKaHana.

4.3 YcnoBusi npoBeAeHUA UCNbITAHUA

B o6wem cnyyae, npu KBanuUKaLMOHHBIX UCMbITAHUSAX KOHCTPYKLMM Ha COOTBETCTBUE TEXHUYECKUM
YCNOBUSIM, paccMaTpuBaloT aHoManbHbIe BHELHWE YCNOBUA, Takue Kak ce icMUYecKue AIBIeHUs, Mo usnyde-
HUI, N30bITOYHbIE AlaBIIeHUs, TeMMepaTypy U YCNoBUa BNaxkHocTu. UcnbiTaHne 060pyaoBaHUs AN Takux ycrno-
BUWI1 OKpYXXatoLen cpeibl He BXOAUT B 061acTb NpUMeHeHus HacToswero ctaHgapTta. OgHako TpeboBaHus K
UCTIbITAHUIO paBounx XapaKTepUCTUK, YCTaHOBMEHHbIE B HACTOsALLEeM cTaHAdapTe, AO/DKHEI BbIMOMHATLCA B
AOMYCTUMBIX MPaHULaX BHELLUHUX YCIIOBUIA UCMIBITAHUA U3MepUTeNbHOro Npubopa (Hanpumep, TeMnepaTypbl,
[aBMNeHWs, BNaXHOCTU, CKOPOCTU MOTOKA XUAKOCTU U T. A.). Ecnu ycroBusi UCNbITaHWii MEHAIOTCS B LLIMPOKUX
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npegenax, To HeobxoanmMo BHOCUTb COOTBETCTBYOLWME nonpaBkK ANdA CpaBHEeHUA N aHannsa TpeHga gaH-
HbIX, C TeM YTODbI KOMMNEHCUPOBaTb XapaKTepUCTUKN, O6yCJ'IOBJ'IeHHbIe M3MEeHeHNeM BHeLHNX yCJ'IOBI/IIZ, nnn
BITMAHNE BHELWHNX yCJ'IOBl/Il7I Ha Ka4eCTBO Ct)yHKLI,I/IOHI/IpOBaHVIﬂ N3MEPUTENbHOIo I'IpVIGOpa.

B HekoTopbIx cnyvadax, Takux, HanpumMmep, Kak ucnblTaHne BpeMeHn peakumn TeMnepaTypHbIX 4aTYUAKOB,
TEeXHOJTOrM4YeCckmne yCcrnoBuma skcrnjiyatau MOTyT OKadblBaTb CUITbHOE BITUAHNE Ha pe3ynbTaT. B atux crny4vaax
NCNblITaHUA ACITKHBI NPOBOANUTLCA B HOpMalbHbIX UK GrIU3KMX K HAM ycnoBuax akcnnyaTtauun, yT06bI 06ecne-
YnTb hakTUYeckne «LTaTHbIe» aKcnnyaTaunoHHbIe XapakKTepPUCTUKN 4aTHUKOB. He cnenyet BbINONHATL 3KC-
Tpanonauuwo naGopaToprlx yCﬂOBI/II7I Ha YyCNnoBMA CTaHUMKM B TexX ClyYdadx, Korga y pesynbtatoB
SKCTpanonaunm MoryTt ObITb 60NbLUME N HEUCHNCTTUMbIE HeonpeaeneHHOCTHN.

4.4 NMepuogUYHOCTb UCNbLITAHUNA

JomkHbI BbITb YCTaHOBIEHEI MHTEPBATBI BPEMEHN MeXAy UCNbITaHUSMU Anst 0BHapyXXeHns He4onyCTu-
MbIX 3KCMyaTaLMOHHbIX XapaKTepUCTUK KOHTPOMbHO-N3MepuUTenbHOM annapaTypbl. [ns onpeaeneHnst nepu-
OOWNYHOCTU UCTbITAHWUIA KOHTPOJIbHO-N3MEPUTENBHOM annapaTtypbl pEKOMeHAYEeTCA paccMOTpeTh creaytoLue
hakTopbl:

a) TpeboBaHWA TeXHUYECKON cneLmdmrKkaun;

b) HopmaTuBHbIE TPEbOBaAHUS;

C) peKkoMeHaauuMv U3roToBUTENS U MPOMBILLNEHHbIE CTaHa4aPTh;

d) pasHuuy Mexay n3MepeHHbIMUN IKCNyaTaLUoHHBIMU XapakTepucTukamMmm 1 4onycTuMsiMy npegena-
MU XapaKTepUCTUK;

€) CKOPOCTb U3MEHEHUs1 paboynX XapaKTepUCTUK B 3aBUCMMOCTU OT BpEMEHW 3KCnyaTauum n

f) 4yacToTy OTKa30B aNEMEHTOB U LieneBble NokasaTenu HageXXHOCTU.

4.5 MecTo npoBeaeHUs UCNbITaHUN

McnbiTaHWs OMKHBI NPOBOAUTLCA Ha NIolladke Ucxodda us LienecoobpasHocTu. M3sneveHue s obopy-
[0OBaHWsA U3MepuUTensHoro npubopa npuememo ans UCnbliTaHui, TOMbKO eCIN OHO He NMOBNUSIET Ha pesyribTa-
Thl UCMbITAHUIA. B GONbLUMHCTBE CyYaeB, ONMcaHHbIX B HACTOALLLEM cTaHaapTe, HaTypHbIe UCMbITaHUS NPOBo-
OAT ydaneHHo oT WwkadoB M3MepuTenbHbIX MPUBOPOB B 30HE MyHKTa ynpasneHus. [ormkHbl GbiTb
OCYLLECTBIEHbI MpoLeaypbl ANs NoATBEPXKAEHMS TOro, YTO COCTOsAHNE 060pYA0BaHNSA BOCCTAHOBIEHO NocHe
nCnbITaHUi.

4.6 KanuGpoBKa MU3MepUTeNbHOro U UcnbiTaTenbHoro oGopyaoBaHus

Kal'lVIGpOBKa N3MEePUTENbHOTO U UCNbITATENbHOIo OGOpyJJ,OBaHI/IFl, NCNONb3yeMOro B noATsepXxageHnn
paGO‘JI/IX XapakKTepucTuk OGOpy/J,OBaHI/IFI, OO0JDKHa NpoBOANTLCA B COOTBETCTBUAMN C TpeGOBaHVIﬂMI/I HaunoHanb-
HbIX CTaHOapToB n/nnn NPUHATBIMA BeENMMYMHaAMKN €CTeCTBEHHbIX Cbl/l3|/l‘-IeCKI/IX asneHnin. Ana nposegeHna
KaJ'II/I6pOBKI/I AOJDKHBI UCNONBb30BaTbCA npoueaypbl, npeicrabfieHHble B MTMCbMEHHOM BUAE, a pe3ylbTaThl
KaﬂVIGpOBKI/I — (t)VIKCI/IpOBaTbCﬂ AOKYMEHTallbHO.

4.7 Pe3ynbTaTbl MUCNbLITAHUNA

PeSyJ‘IbTaTbI UCNbITaHWUA CpaBHMBAOT C 4ONYCTUMbIMU NpeaenaMn XapakTtepucTuk. ,ElOI'IyCKI/I Ha Heonpe-
AEeNeHHOCTNU, CBA3aHHbIE C KOHTPOJIbHBIM UCTbITaHUEM pa6oq|/|x XapaKTepnCTuK, OOJDKHbI ObITb BKITHOYEHDI B
pe3ynbTtaTtbl UCN bITAHUA NN B yCTaHOBNEHWEe npeaesioB XapakKTepucTuk. Ecnm OGHapy)KVITCﬂ, UYTO pe3ynbTaThl
UCnbITaHUA npesbIWaoT npegenbl XapakTepUCcTuk Unm CKoOpoCTb USAMEHEHNA paGoqu XapaKTepUCTUK TakoBa,
4YTO AonyCTuUMbIe npeerbl XapakTepUucTtuk MoryTt ObITb npesBbllWeHbl 40 Havana cneayowero UCNblTaHuA, To
Ana ycTpaHeHUA npesbllUeHna cneayeT BbINONMHNTL 3apaHee yCTaHOBeHHOoe npeanncaHne.

MorpelwHocTb pe3ynbtatoB MUCMNbITaHUN onpeaernsitoT B NPOoLeHTax oT 3HaYeHus, YCTaHOBJIEHHOI O Npn
NCnelTaHK, UK B BMUAEe OONYCTUMBIX npeaeros (i) OTKIOHEHWUS1 COOBLLAEMOro 3HauYeHus. nOFpeLIJHOCTb
pe3ynbTatoB nUcnbITaHUn onpenenarnT NCXoaqd He TONbKO U3 HeOI'IpeJJ,eJ'IEHHOCTEIZ O60py,D,OBaHI/Iﬂ, HO TakXe U3
HeonpeaeneHHOCTeN UCMbITaHUA ncnonb3yemblX METO40B aHanmaa. Ecnu HeonpeaeneHHOCTU HEBO3MOXHO
VI}J,eHTI/I¢)VILI,VIpOBaTb 06BLEKTUBHO, TO AOMKHO BbITh NOKA3aHO, YTO pe3ynbTaTbl KOHCEPBATUBHDI.

4.8 Banugauusa MeTogoB UCNbITaHUN

Bce meToabl UCNbITaHWIA AN KOHTPONS pabounx xapakTepucTuK A0SHKHBI MPOATU BannaaLumio, kotopas
OOIKHa (PUKCUPOBATbLCH LOKYMEHTANBHO C y4EeTOM:

a) cpaBHeHWs1 MeToAa UCMbITaHUA C COOTBETCTBYHOLMMN NabopaToOPHLIMK UCTLITAHUAMW, HATYPHLIMA
UCMBITAHUAMUN UK 060UMN TUMAaMUN UCMIBITAHWUA, C TeM YTODbI YCTaHOBUTL MPaBOMEPHOCTL MeToa U onpeae-
NUTb BENMYMHY NOrPELUHOCTA ero pesynbTaToB. NMorpewHocTs MeToda UCNbITaHNA U pe3ynbTaToB AOSKHA
6bITb YyCTaHOBMEHa TeOPEeTUYECKN U SKCMEPUMEHTANbHBIMI CpeacTBaMu, Ui nx codetaHnem. Mpu onpeae-
NEHUN MorpeLLIHOCTN HeoBXoANMO paccMaTpPUBaTb BCE NCTOUYHMKN NOrPELLIHOCTU MeToA4a UCMbITaHNS;

b) TeopeTuyeckoro 060cHOBaHUA METOAA UCTIBITAHUS;
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C) noaTBepXAeHWs TOro, YTO YAOBMETBOPEHbI AONYLEHUA U YCIOBUA, rapaHTUpyowme o6ocHoBaH-
HOCTb MeToAa ncnbiTaHus. Kpome Toro, ecnn onyLeHns npyu CnbITaHWM He NOMHOCTbIO YAOBNETBOPEHDI, Cre-
AyeT Npo4eMOHCTPUPOBaTb, YTO NOSyYeHHbIe pesynbTaThl, TEM He MeHee, C OCTOPOXHOCTbIO MOryT ObITb
MPUHATBI BO BHUMaHKE;

d) Toro,u4To ntoboe nporpammHoe obecneyeHue, Ucnonb3yemoe Ans cbopa, ksanudunkaumm unu aHanu-
3a AaHHbIX, criegyeT NPOeKTUPOoBaTh U paspabaTbiBaTb C UCNONb30BAHMEM CUCTEMHOrO NoaxoAa CorflacHo
NPUHATBIM OTpacneBbIM cTaHAapTam Ha pa3paboTKy nporpaMMHoro obecneveHus 4na aToMHbIX cTaHuuin. Bee
nporpamMmMHble NakeTbl crneayeT BCECTOPOHHE UCTIbITaTh Ar1a Bepudukaumm n sanupauunn (BuB). OcHosbl Ana
ncnelTaHuin BuB 1 pesynbTaThl paboTbl No BUB AomkHBI 6bITh 3aperncTpupoBaHbl A0KyMeHTanbHo. UcnbiTaHns
BvB cnegyeT npoekTupoBaTb Tak, 4Tobbl BbISIBNATL Mobble NpobnemMbl, KOTOpble MOryT NPUBECTU K
HedeNCTBUTENbHbBIM UMM HEJOCTaTOUHO YOeaMTeNbHbLIM pesyrbTaTam.

4.9 Ksanudukayusa cneumanMcToB Mo NpoBeAcHUIO UCNbITAHUNA

WcnbiTaHusa ansa sepudmkaunm paboumx xapaktepucTuk nameputenbHbIX Npubopos aTOMHON CTaHUnUK
AOIMKHBI NPOBOANTHCS cneLuanMcTaMm no NPoBeAEeHNUIo UCTIbITAHUA, AOIKHBIM 06pa3oM 06y4YeHHbIMU ONbIT-
HbIMW 3KCNepTaMu ¢ AOKYMeHTanbHo NoATBepXaeHHON ksanvdukauuvein ans nposeaeHusa obyyveHuna. Obyue-
HUe cneLnanMcToB No NPoBeAeHNI0 NCMbITAHWA BOMMKHO AOKYMEHTarbHO PerncTpupoBaTeCcs 1 nepuoanyecku
coBeplUeHCTBoBaTbCA. Huke nprBeaeHbl npuMepbl y4ebHbIX TeM Ansa ksanudukauum cneuuanuctoB no
NpoBeAEeHNI0 UCTIbITaHNIA:

a) NPUHLMNBI NCMbITaHWUM AN BepudukaLum pabounx xapakTepucTuk;

b) paccmoTpeHue npoueayp ncnbiTaHWi ANA onpegeneHnst pabounx kKavecTs;
¢) nogroToeka obopyaoBaHus Ansi cbopa AaHHbIX;

d) obyuyeHune nporpammHoMy obecneydeHuto cbopa AaHHbIX U aHanu3a gaHHbIX;
e) WHTepnpeTauus U JOKYMEHTMPOBaHUe pe3ynbLTaToB.

5 TexHuuyeckue cpeacTBa Bepudmkaumm paboumx xapakrepucTuk
M3MepuUTeNnbLHOW annapaTtypbl

5.1 BBegeHue

HacToawwit nogpasgen cogepxur TpeGoBaHna K KanubpoBke, NpoBepkaM KaHana, (pyHKUMOHaNbHBIM
UCMBITAHUAM U UCTIBITAHUSIM BPEMEHU peakLnn TEXHONOTUYECKON KOHTPOMbHO-M3MEpUTENBLHOM annapaTyphl.
[Janee npuBedeHO onucaHMe MeTOAOB MpPoBedeHUs KanuMBpOBKM W UCMLITAHUSI BPEMEHU peakLmu
naMepuTenbHoro npubopa.

KauyecTBo (hyHKLMOHUPOBAHUSA U3MEPUTENbHBIX NPUBOPOB Ha aTOMHBIX CTAHLMSIX MOXHO YCTAHOBMUTDL B
naGopaTopum UK Npy NPoBEAEHUN CTEHAOBBIX UCNbITaHWA. TexHuYeckue cpeacTea Ans nabopaTopHo Unu
CTEHA0BOM KanMGPOBKU M3MePUTEMbHLIX NPUBOPOB 06LLEN3BECTHEI U B HACTOALLEM CTaHdapTe He paccMaTpu-
BatoTcs. [lanee nprBedeHo onucaHne TeXHUMECKUX CPEACTB HaTypHol/onepaTUBHONM BepudmKaLmm kanue-
POBKM AaTUMKOB U NpeoBpasoBaTeneit. [1Na xapakTepucTuk BpeMeHu peakum 4aT4nkoB 1 npeobpasosarenei
B HaCTOsILLEM CTaHaapTe onucaHbl Takke M MeToabl NabopaTopHLIX/CTEHAOBLIX U HATYpHbIX/ONepaTUBHLIX
UCMBITaHA.

5.2 Kanu6poBka

Mpu kKanMbpoBKe N3MEPUTENLHOTO NPUBOPa NCNONb3YIOT BXOAHLIE CUTHASbI C U3BECTHOM TOYHOCTLIO, C
Tem 4Tobbl yAOCTOBEPUTLCS, YTO M3MEPUTENbHBIA NPUOOP BhiAaeT TpebyeMble BbIXOAHbIE CUrHasbI B TPebye-
mom paboyem guanasoHe B 3agaHHbIX Npeaenax. Ecnu ana sepudukauumn pabounx xapakrepucTuk usmepu-
TenbHOro npubopa ncnonbayeTcs kanMbpoBka, To kKanmbposka AomkHa BbITb NpoBeAeHa UMW YAOCTOBEPEHa
nocpedactTsoM (MpYHMMas BO BHUMaHWe MpeabiayWwui onbIT) OTAENBbHOMO MNPUIOKEHUS UMM KOMOMHaLMK
cneayroLwmnx MeponpusiTUiA:

a) BO3MYLLEHWEe KOHTPONMPYEMOl NepeMeHHON;

b) mMogenupoBaHue KOHTPONMPYEMO NEPeMEHHON (MHOrAa ero HasblBaT «TPAAULUOHHON KanMbpos-
KOM»);

C) onepaTuBHbIA KOHTPOIb (MO CPaBHEHMWIO Pe3epBUPOBaHHBIX /WK Ppa3HOO6pasHLIX NapaMmeTpoB) U

d) B3aumHas kanMbpoBka (Takke HaszbiBaeMas « B3anMHONW Banugaumen» ) pe3epBUpoBaHHbIX 4aTYUKOB.

B HacTosiLeM cTaHaapTe NpuBeaeHo onncaHue MeTo4oB ONepaTUBHOMO KOHTPOIS U B3aUMHOW Kanut-
POBKW/B3aMMHON Banugauun.

5.3 MNpoBepku kaHanoB
MpoBepku kaHanoB, BKoYatoLwme B cebsi cpaBHeHWe nokasaHuin 4ByX v 6onee UamepuTesbHbIX kKaHa-
noB, NpedHasHaueHbl AN BepudukaLmm HenpepbliBHON paboTocnocobHOCTU U3SMEPUTENBHBIX KAHAMNOB MeXay
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kannbpoBkamu. CrieqoBaTenbHO, 3TN NPOBEPKM AOMKHbI MPOBOANTLCS Yallle, YeM caMa Kannbposka. Takue
NpoBepKn KaHamnoB o0ObIMHO He TpebyloT annapaTHOro B3aMMOLEWCTBUS, BbIXOAALWEro 3a npegerbl
HabnodeHns uny perncTpalum nokasaHusa(in) 4aHHoro kKaHana.

5.4 DyHKUMOHanNbHOE TeCcTUpOBaHUe

PyHKLMOHaNBbHOE TECTUPOBaHNE NPOBOAAT AN NPOBEPKM BbINOSTHEH NS U3MEPUTESbHBIM KaHanoM cBo-
e HaMmeYeHHoN PYHKLUN.

5.5 UcnbiTaHne BpeMeHU peakuuu

UcnbiTaHne BpeMeHn peakuuyd NpoBOAsAT yepes onpeferneHHble UHTepBarbl BpeMeHu. McnbiTaHue
JornyckaeTcs NPOBOANUTL, UCMOSb3Ys KOHTPOSIbHO-M3MEPUTENbHYLO annapaTtypy, kak B paboyem, Tak 1 B Hepa-
6ouyem cocTosiHMK. [pruemnemMble MeTodbl UCNbITAHUS BPEMEHN peakuMn onpedeneHbl HUKe B HacTosLEM
cTaHgapTe, a gononHuTenbHas nHgpopmaums ob 3TUX MeTogax npusedeHa B PUNOKeHUAX. AT MeToabl BKITHO-
YyatloT B cebsa HaTypHble UCTbITaHUs, KOTOpble AornyckaeTca NPOBOANTL NpK paboTe cTaHLMK B onepaTnBHOM
pexume.

B kayecTBe NpumepoB MeTOA0B HATYPHbLIX NCMbITAHWI BpEeMEHN peakumi MOXHO NPUBECTW UCTIbITaHWe
BPEMEHU peakLn Ha CTyneHYaToe U3MeHeHWe KOHTYpHoro Toka ana POT n meToq aHanuaa WwWymMoB AaTunKoB
AaBNeHNs U HeNTPOHHBIX AeTeKTopoB. A UCMbITaHUs BpeMeHU peakumm TepMonap npoBoasT UcnbiTaHue
BPEMEHU peakLmn Ha CTyrneH4YaToe U3MeHeHne KOHTYPHOro Toka nMMbo NpUMeHsioT MeTod aHanusa LWyMmoB.
MeToa aHanusa WyMOB AOMYyCKaeTCs Takke NPUMEHATb ANS KOHTPONS yxXyAweHusa BpeMeHn peakuun POT.
Ecnu onpegensetcs yxyglweHue BpeMeHu peakLmn, To NPoBOAAT UCNbITaHNe BpeMeHU peakumn Ha cTyneHYa-
TOe U3MEeHEeHWe KOHTYPHOrO ToKa, C TeM YTOBbl YCTaHOBUTb, NpUemMnemo nu Bpemsi peakuun POT. Mogpo6Hele
TpeboBaHust K PAT moxHo HanTn B MOK 61224 n M3K 62397.

UcnbiTaHne BpeMeHU peakLmm ocTanbHON YacT N3SMepUTENbHOro KaHarna Takke criedyeT MpoBoAUTL NO
mepe HeobxogumocTu. MNpumepamu nabopaTopHbIX UN CTEHAOBLIX METOAOB UCTbITAHWUI SIBNAETCA UCNbITa-
HWe C norpyxeHuem Ans TemnepaTypHbiX AaTYMKOB U UCTIbITAHWE JIMHENHOTO U3MEeHeHUs — ANA AaTuYMKoB
AaBneHns.

6 MeTtoabl BepudurKaLmm KanmbpoBKU U3MepPUTENbHOM annapaTypbl

6.1 O6wWwue nonoxeHus

B HacTosiLeM nogpasaene onvckiBaeTca HaTypHasi/onepaTuBHas Bepudukauma Kanmbposki 4aTUMKOB
1 npeobpasosaTenein.

KannbposKy pe3epBUpOBaHHLIX M3MepuUTesbHbIX Npubopos, Takux kak PAT TennoHocutens nepBoro
KOHTYpa Ha CTaHLuu C peakTopoMm, oxnaxaaemMblmM BoAoW noa AasneHnem (BBOP), nonyckaeTca yaoctoBepaTb
MEeTOA0M B3aUMHOM KannBpoBKU MK B3aUMHOW (NepekpecTHON) Banuaauun. [ins HepesepBUpOBaHHbLIX U3Me-
pUTENbHBIX NPUGOPOB UMK eCNU pe3epBUPOBaHNE OrPaHUYEHO BCErO MNULLIb HECKONbKUMN N3MepPUTENbHbIMU
npnbopamu, UCNonb3ayeTcs NPUHLUN ONepaTUBHOMO KOHTPOA kanubposku. TpeboBaHUs K METOAY B3aUMHOW
KannMBpoBKM U NPUHLIMNY ONepaTUBHOTO KOHTPONSA KaNUBPOBKM NpUBeAEHbI HUXeE.

6.2 MeTtoa B3aumMHoOIN kKanu6poBKU (B3aUMHOW Banuaaluum)

MeToa B3aumHon kanubposku 06bIbHO ncnonbayeTcsa ansa PAT. MNocne Toro kak rpynna PAT gormkHbIM
o6pasom oTkanubpoBaHa 1 yCTaHOBMEHa Ha CTaHLUK, NepUoaUIeckn NPOBOASAT UCTIbITAHUSA B3AaUMHOMN Kanuo-
pOBKN (HanpuMmep, 0AHOKPATHO KaxKAbIA LUK TEXHNYECKOro ob6CnykuBaHust), c TeM UTobbl rapaHTUpoBaTh, YTO
pesynbTaTthl kanubposku PAT He BbILWNK 32 AONYCTUMBIE Npeaesbl.

WUcnbiTaHue BkntovaeT B ceba cuctemaTuieckoe cpaBHeHuUe rpynnbl pesepsupoBaHHbIx PAT, nusmepsio-
LMX OAHY U Ty XXe Temnepatypy. [ins npoBeAeHNA UCNbiTaHWsA NocregoBaTeNbHO U3MEPSIIOT CONPOTUBNEHUE
Aatunkos POT v npeo6pa3oBbiBaloT B 3kBUBASIEHTHLIE TEMMEPATYPLI C MOMOLLIbIO CaMblX HOBBLIX Ta6nuL, kanmo-
posku POT. TemnepaTypHble nokasaHus PAT Takke nony4yatoT ¢ MOMOLLbIO CTAHLMOHHOTO KOMMNbOTEPa UNU
COOTBETCTBYIOLWEN cUCTeMbl cbopa AaHHbIX. 3aTeM 3HauyeHUsl TeMnepaTypbl AOMDKHBI ObiTb yCpeaHeHbl U
Bbl4MCNEHbl OTKNOHeHNA kaxaoro PAT oT cpeaHero sHaueHus. MokasaHue noboro PAT, KoTopoe NpeBbICUno
npeasapuTenbHO 3aaHHOe OTKIOHEHWE, cnedyeT Ha3BaTh «BbIOPOCOM», OTMETUTL W/MNUYyAanUTL U3 pacdeTa
cpedHuX nokasaTenen, U yKasaHHbIl npouecc HeobxoaMMo MNOBTOPSATbL NO Mepe HeobxoaumocTu Ans
onpepgeneHus Bcex BblIGpocoB.

UcnbiTaHue cnegyeT NPOBOANUTL NPU HECKOSBbKUX 3HAYEHUSIX TeMepaTtyp Npy M30TepMUYECKUX yCrnosu-
SIX BO BpeMsl NepuoAoB pasorpesa Wnu pacxonaxvusaHus 6noka. UMes gaHHble, NonyveHHbIe NPy Tpex unn
6onblueM Yncne pasHbiX TemnepaTyp, MOXHO COCTaBUTb HOBYIO KanMBpPOBOYHYIO Tabnuuy Ansa onpeaeneHns
Bblbpoca. [laHHbI NpUHUMN NO CYLLIEeCTBY COCTaBNAET HaTYPHYIO KanvbpoBky Bbibpoca. [ononHUTenbHy0
UHbopMaLIMIO CM. B NPUNOXeHUU A.
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Mpw BLINOMHEHMX UCMBITAHWIA B3aUMHON KannBpoBKW/B3anMHON BanvaaLMn y4uTblBaoT criegytollee
dakTopbl:

a) [aHHble ucnblTaHWin AoMmKHbI BbiTb NPOBEPEHbl Ha YCTOMYMBOCTL TemnepaTypbl CTaHuuu, YTobbl
rapaHTUpoBaTb OTCYTCTBME Ype3MeEPHbIX TeMMepaTypHbIX konebaHuii. Ecnv obHapyXeHbl YpeaMepHble Kore-
6aHMsa TeMnepaTypbl CTaHLUN, TO K AaHHBIM UCMbITAHWA HEOOXO0ANMO MPUMEHSATL aHanNMTUYecKUe Nonpasky,
YTO6BI MUHMMU3UPOBATL BNNAHWUE hryKTYaLnii Ha peaynbTaTbl UCMbITaHWA.

b) OaHHble ucnblTaHniA oSKHBI BbITe UCCNeAoBaHbl Ha OAHOPOAHOCTL TeMnepaTypbl CTaHUMK, YTOObI
rapaHTMpoBaTh, YTO pasnn4YHble KOHTYPbl HAXOAATCA NPY OANHAKOBBIX TEMMNepaTypax, a pe3epBUPOBaHHbIe
AaT4nKM NoABepratoTcs AeACTBUIO NpaKTUYECKN paBHbIX TeMnepaTtyp. B npoTuBHOM criyyae AomKHbI UCNosb-
30BaTbCA aHANUTUYECKME NoNpaBKkK ANs yydeTa MobbiX TeMnepaTypHbIX pasnMinin, KOTopble MOryT NOBANSTb
Ha pe3ynbTaThbl UCNbITAHUA.

c) HeonpegeneHHoCTb pesynbTaToB WCMbITAHWA AofbkHa ObITb onpedeneHa nyTeM KombuHauumu
HeonpeaeneHHOCTEN N3MePEHNsi N UCnbiTaTeNbHoro 06opyaoBaHNs, a Takke HeonpederieHHocTen, obycrnos-
NEeHHbIX (NyKTyaLusMu TemnepaTypbl CTaHLWK, HEOAHOPOAHOCTLIO TemMnepaTypbl 6rioka U 6ol BO3MOXHO A
cryyainHon owmnbKon.

OnncaHHbIf BhilLe MeTOZ B3aNMHOMN KanMBpPOBKN MOXKET Takke 1CMoNb30BaThCs A5l NPOBEPKA Kanmb-
POBKU TepMonap. Ans npumeHeHWUsa gaHHOro MeToda HeobXo4MMOo nokasaHus Kaxgoi TepmMonapbl CpaBHUBaTL
co cpedHum 3HadveHnem POT. Tepmonapbl He cnegyeT B3anMHO KanmbposaTb. X KanubpytoT B3aUMHO Mo
cpedHeMy nokasaHuo pe3epBupoBaHHbIX PAT, KoTopble N3MepstoT OAUHAKOBYIO TemnepaTypy.

Kputepun npuemnemoctn gns PAT, o3Havarowme, 4To UCNblTaHNe B3anMHON KanubpoBKU NpoBeaeHo,
3aBUCHAT OT cTaHuun. CTaHUMOoHHas npouedypa A0oMKHa onpeaensTs KpUTepun npuemMneMocT Ha OCHOBE
CTaHUMOHHBIX TpeboBaHWUN, NpeabsABNSIEMbIX K TOMHOCTN AN TeMrnepaTypHbIX AaTynkos. Kak npasuno, POT
CUYUTaOT NPUEMIIEMbIM, ECITU OTKITOHEHUE ero 3HadeHUin coctasnsieT MeHee +0,3 °C oT cpegHen TeMmnepaTypbl.
Ons Tepmonap TUNWUYHbIE KpUTEPU NPUEMNEMOCTM A0MKHBI 6bITb = 1,0 °C.

6.3 OnepaTUBHbLIN KOHTPONb KanMGpoBKU
6.3.1 BBegeHue

OnucaHHbIiA Bbillle MeToA B3auMHOW KanMBpoBKA MOXKET UCMONMb30BaTLCA, €CIM UMEIOTCH pe3epBupo-
BaHHble (HanpuMep, WecTb Unv Gonee) sMepuTenbHble NprGopbl. ECNv pesepBUpoBaHHbIX U3SMepUTENbHBIX
NprMBopPOoB HEJOCTaTOUHO, TO ANA MPOBEPKM KannBPOoBKA U3MEPUTENbHLIX NPUGOPOB creayeT UCToNb3oBaTh
onepaTUBHLIN KOHTPOMb KanuGpPoBKA.

MpWHLMN orepaTUBHOTO KOHTPONA KanuBpoBKM onucaH Hke, a 6onee nogpobHasa uHdopmaums npuse-
AeHa B npunoxeHumn B. OnepaTnBHBbIi KOHTPOMb KANUGPOBKM NPUMEHUM K GONBLUMHCTBY U3MepUTENbHBIX Npy-
GOpPOB M MOXET MUCMONb3oBaTbCA ANA NPOBEPKU KanuMbBpoBKUM AaT4MKOB M npeobpasoBaTteneil Unu Bcero
M3MepUTENbLHOTO KaHana B LefloM. B 4acTHOCTK, onepaTuBHLIN KOHTPOMb KanuGpoBky yaobeH ansa AaTiMkos
[aBMNeHus1, ypOBHS 1 pacxoaa. B aTol cBAsn Tpe6GoBaHUsA KonepaTUBHOMY KOHTPOSIO KaNMBPOBKU B HACTOSLLIEM
cTaHgapTe NpMBeAeHbl Ha OCHOBE AaTUYMKOB AABNEHUA, yPOBHS M pacxoaa. BmecTe aaTunkv aasneHuns, ypoBHs
U pacxoda HasblBarTCA «aaTymkamu 4aBneHnsy» Unu NpocTo «aaTdukammy.

6.3.2 MpuHUUN onepaTUBHOIro KOHTPONS KaNUGPOBKKU

KannbpoBka AaTYMKOB AaBNEHUS aTOMHOW CTaHLMM 0ObIYHO BKITlOYaeT B cebA ABa aTana:

a) OnpegenstoT, Heobxoauma nn kanMbposka. ATOT LUAr BLINOMHAOT, NoAaBast Ha U3MepPUTESbHLIA NpuU-
60p pPsA M3BECTHBLIX BXOAHBIX CUrHaMNoB, OXBaTbiBalOWMX pabounii AnanasoH usmeputerisHoro npuéopa. Ans
KayKoro BXOAHOIo cUrHana perucTpupyoT BbIXOAHOW CUrHaI U CPaBHUBAIOT €10 C KpUTE PUSIMU TPUEMIIEMOCTU.

b) MpoeoaaT kanubposky (ecnn ato Heobxoanmo). Ecnn nsmeputensHbIA NpUBop He COOTBETCTBYET
CBOWM KpUTEPUAM MPUEMIIEMOCTU, TO €ro KanubpytoT, BLINOSHASI HEOBX0AUMbIE HACTPONKA.

MepBbIn 3Tan gonyckaeTca aBTOMaTU3NPOBATL W BLIMOJSHATL BO BpeMsi paboTbl cTaHuun. [laHHbIA NpyUH-
LMN MOXHO UCMOorb3oBaTh Afsi NPOBEPKU KanMBPOBKN M3MEPUTENBHOTO Npubopa unv npoaneHUst Mexkanuo-
POBOYHOMO UHTEpBana usMepuTenbHbIX NPUBoPOoB. AaHHbIiA NPUHLMM HA3bIBAKOT «ONepaTUBHLIM KOHTPOEM
KannMbpoBKWU», «OMepaTUBHBIM UCMBITAaHWEM KanuOpOBKU» WM «OMepaTUBHLIM KOHTponem Aapeida
noKazaHuny.

6.3.3 TpeGoBaHusA k cOopy AaHHbLIX

[nsa npoBegeHUs onepaTtUBHOIO KOHTPONA KannMbpoBKK crieyeT HeNpepbiBHO PErMcTpupoBaTh BbIXOA-
HOW CUrHan n3MepunTenbHBIX MPUBOPOB UK Nepuoanyecky onpeaensTs apeid nokasaHuin, cuctemaTuieckme
owmnbKu, LyMbl U Apyrie aHoManuu. flaHHele onepaTUBHOrO KOHTPOSISt KaNMBPOBKU MOXHO NOMYYUTL OT CTaH-
LIMOHHOTO KOMMbOTEpa, creuuannsnposaHHon cuctemol cbopa nHgpopmaLmm unm uHbIX ycTporucTe. Cneagyet
cobupaTb AaHHble BO BpeMsl NeprModoB nycka u/unm octaHoBa CTaHLMK, YTObbI MO3BONUTL NPOBEAeHNe BepU-
thukaLmn kKanMBpoBKY U3MepUTEnbHBIX NPUBOPOB No BceMy Ux pabouemy ananasoHy. Kanu6poska o6opyao-
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BaHWA cGopa AaHHbIX A0MKHa ObITb yTBepXaeHa n JOKyMeHTanbHO 3aCbMKCI/IpOBaHa. OTa KaJ’II/I6pOBKa OOMKHa
NPOBOANTLCS B COOTBETCTBUM C NMPUMEHUMbIMU TpeboBaHNsIMU 0becrnedeHns kadecTea.

6.3.4 Tpe6oBaHUA K KBanudMKaLUU U aHaNU3Yy AaHHbIX

CKpWHWUHT (kBanndmKaL o) gaHHbIX onepaTUBHOMO KOHTPOMSA criedyeT NpoBoAUTb, YTobbl rapaHTUpo-
BaTb, YTO AN BepuduKaLmMmn kKanubposkn N3MepuTenbHbIX NPUBOPOB He UCTMONb3YeTCs NOCTOPOHHSIA UHGOP-
Mauus. lMpumepamn MeToAOB CKPUHWHIOBOW OLIEHKA JaHHBIX SIBNAIOTCA UNbTpaunst M UCTbITAHUSNA
amMnnuTyaHon nnotHocTy BeposiTHocTh (AlNB). Mocne kBanudukaunn aaHHbIX gomkeH OblTb NpoBeaeH aHa-
nu3, BKMoYatoLwni B cebsi (Mo mepe HeobxoaumMocT) MeToabl yepeaAHeHUs /U MoaennpoBaHms 4ns OLEeHKU
3Ha4YeHus1 KOHTponUpyemMoro npotecca. lNpeanonaraemoe 3HavyeHNe TEXHONOMMYECKOro napamMeTpa cpaBHU-
BaloT C MoKasaHWsIMU OTAESbHbIX N3MepPUTENbHBLIX MPUBOPOB Ha NPOTSKEHUN HEKOTOPOTO Neproaa BpeMeH!
Ansi onpegenexHuns apeida nokaszaHuin npubopa Unm oTKIOHEHUS OT OLEHKN TEXHOMOrMYeCcKoro napameTpa.
PesynbTaThl oLeHMBaOT B NpeAenax AonycTMMoro gpeda nokasaHuin Unu npegenos OTKIIOHEHNs1, KOTopble
cornacyloTcs ¢ JaHHbIMU aHanusa ycTaBoK aTOMHOM CTaHLUUN.

6.3.5 Yuer gpeida obLiero xapakrepa

OnepaTunBHbIA KOHTPOMb ANA NPOANEHNS MEXKaNMOpPoBOYHBIX UHTEPBANOB AATYUKOB AOMKEH BKIOYATb
B cebs1 OroBopeHHOE 3apaHee YCroBMe 0 TOM, YTO He MeHee 04HOMo AaTunka 13 KaXKaon rpynmbl pesepBupoBaH-
HbIX AaTYMKOB AODKHO KanmbpoBaTbCs He pexxe O4HOro pasa B KaXAoM LiMKIe TEXHNYECKOro o6enyXmusaHus.
Kpome Toro, Takasi kannbpoBka OOIMKHA MPOBOAUTHLCS Ha POTALMOHHOW OCHOBE, YTOObI KaXablil AaTyMK B
pesepBMpOBaHHON rpynne kannbposancsa nepuoguyeckn (HanpuMep, OAUH pas Kaxable BOCEMb NeT), Aaxe
ecnu AaTyuk He 3acpukcrpoBan npobnem c kannbpoBKOI B NpoLLecce onepaTMBHOrO KOHTPOS.

BmecTo kannbpoBKM 04HOro U3 pe3epBMPOBaHHBIX AaTYMKOB B K&XXAOM LMKIE TEXHUYeCKoro obenyxunsa-
HWUSA JoryckaeTcsl UCMoNb30BaTh MeTodbl MOAenMpPoBaHus, YToBbl ydecTb Nobyo BO3SMOXHOCTL Apeida
obLwero xapakTtepa. [Ina aToi Lenu npuemnemsl bnsnyeckme nnm sMnmpuieckie metoabl MoaenMpoBsaHus
nnbo nx codeTaHne Npu YCroBnmM, YTO NOrpeLLHOCTb OLEHKM NpoLlecca MeToA0M MOAENMPOBAHUA Nyulle, YeM
Apelid nokasaHuin, KOTopbIA AormkeH H6biTb onpedeneH. MNio6ol ncnonb3yemMblit MeToa MoaenNupoBaHua 4on-
XeH 6bITb HagnexalumMm obpasom HacTpOeH, YTBePXAeH U AOKYMEHTanbHO 3achUKCMpPOBaH ANA CUCTEMbI, KOTO-
pyto oH mogenupyeT. HacTpansaHue mogenu BkinovaeT B cebsi nogadvy B Mogenb paga U3BeCTHLIX BXOAHBIX U
BbIXOAHbIX CUrHaM0B, COOTBETCTBRYIOLIMX LUIMPOKOMY AnanasoHy paboumnx yCnoBuii TEXHONOrMHYeCKoro npouec-
ca, M HacTPOIiKy ko3 nLMEHTOB MOAENN NN BECOBbIX KO3 (ULIMEHTOB, MOKa MOAESb HE CMOXET NPaBUNbHO
BblJaBaTb 3HAYeHWEe TEeXHONMOrMYEeCcKoro napameTpa Ha OCHOBE W3MepeHUs ApPYrMX TeXHOMOrMYecKux
napameTpoB.

Bce HeonpeaeneHHOCTU B pe3ynbTaTtax METOA0B MOAENMPOBAHUSA AOSKHBI ObITb KONMUYECTBEHHO OnNpe-
AeneHbl, AnA Toro YTobbl rapaHTUPOBAaTh, 4TO TOYHOCTb METOAa MOAENUPOBAHUS NPeBbILIaeT UAeHTUhULUPY-
eMblii apend nokasaHun.

6.3.6 YacTtora c6opa AaHHbIX

YacToTa cbopa AaHHbIX 3aBUCUT OT UCMOMb3yeMoro Metofa aHanusa. [1nsa aHanusa MmetTogaMu Moaenu-
poBaHua TpebyeTcsavacTasa auckpeTusaums (ogHa unu 6onee BbIGopok B cekyHay). KpoMe Toro, AaHHbIE cUrHa-
noB, KoTopble 6yayT cMoAeNUpoBaHbl BMeCTe, A0MKHbI 0T6UpaTLCs oaHOBpeMeHHOo. [1ns aHanunsa ¢ NoMolLblo
MeTOAOB YcCpedHEHWA dacTas [auckpeTusauus He TpebyeTcs, XOTe 4acTas OucKpeTUsaums MOoXeT
cnoco6CTBOBaTbL NOBLILEHUIO HAAEXKHOCTH PesynbTaTos.

7 MeToAbl UCNbITaHUSA BpeMeHU peakKunun

7.1 UcnbiTaHne BpeMeHU peakLum 4aTHYUKOB AaBreHUsA

Ana ucnelTaHUa BpemMeHU peakuuy OaT4UKOB AaBneHus NpumeHsiioT Asa meToga. OHWU HasbiBaloTCs
«meToa NabopaTopHbIX UK CTEHAOBLIX UCTILITAHUA» U «METOA CTAHLUMOHHBIX (UM HATYPHBLIX) UCTIbITAHUAY.
MeToa nabopaTopHBIX UCTILITAHUIA HA3LIBAOT eLle «UCNbITAHMEM MO JIMHEMHOMY U3MEHEHUIO», @ HaTYPHbIA
WK CTaHUWOHHBIA MeToA UCMIbITAHNA Has3blBalOT «MeTOAOM aHanusa LymMoB». TpeboBaHUs K MPUMEHEHWIo
OaHHbIX MEeTOA0B ANA aTOMHbIX CTAHLUI U3MOXKEHbI HKE.

7.1.1 UcnbiTaHne No NUHENHOMY U3MEHEHUIO

Mpun ucneiTaHM NO NMHENHOMY U3MEHEHUIO UCNOMb3YIOT reHepaTop rMapaBAMYecKoro AasneHus ans
nony4eHna TeCToBOro curHana B opme JIMHEAHOTO U3MeHeHUA. JIMHEHO U3MEHSIILLMIACA CUrHan UCNonb3y-
0T MPU UCNbITAHUWN BPEMEHW peakLMn 4aTYMKOB AaBNEHNA aTOMHON CTaHLMK, MOTOMY YTO NPOEKTHbIE COBLITUS
Ha aTOMHBIX CTaHUMAX 06bIMHO NpeanonaraloT, YTo NepexoAHble NpoLecchl AaBNeHUsA nMetoT hopMy NMMHERHO
HapacTarowen pyHKUUK.
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JIMHeNHO N3MeHsIIOLLMIACS cUrHa NoAaloT Ha UCNBITYEMbIA AaT4YMK U O4HOBPEMEHHO Ha BbicTpoaencTBy-
FOLL MR 3TANOHHBIA AaTYuK. BpeMs peakuumn aTanoHHoro gatyinka 4omkHo 6biTb MeHee 10 Mmc. ins onpeaeneHus
BpeMeHU peakLnM UCMbITYEMOro faTymMka Heobxoaumo 3aperncTpupoBaThb 1 NpoaHanuManpoBaTb BbIXOOHON
CUrHan UCnbITYeMoro 1 3TanoHHOIo AaTUMKOB. AHaNU3 A0SMKeH BKoYaTh B ceba uamepeHne acumnToTnyec-
KO 3a4epXKv Mexay IMHENHO N3MEHSIIOLLMMACS BBIXOAHBIMU CUTHaNaMu UCTBITYEMOro U 3TanoHHOTO AaTuu-
KOB. B ncnbiTaTeNbHbIX JIMHUSX, CBS3bIBAIOLLMX MMAPaBAUHECKUA reHepaTop NUNoo6pasHoro HanpsikeHusa ¢
NCMbITYeMbIM AaTUYUKOM, HE [OIDKHO BbITb BO3AYLIHBLIX NPo6ok. Bo3aylwHble npobku B UCNbITAaTENbHBIX JIMHUAX
MOTYT Bbl3BaTb KONebaHUs akCnepuMeHTanbHbIX JaHHbLIX U CTaTb NPUYMUHON OLIMGKU B pesynbTaTaxX UCNbITaHns
no NMMHENHOMY U3MEHEHUIO HanpsKEeHUS!.

7.1.2 MeTop aHanusa WWyMoOB

MeToa aHanusa WyMOB OCHOBaH Ha KOHTPOSe eCTeCTBEHHbIX (DNyKTyauui, KOTopble CyLLeCTBYIOT Ha
BbIXo[de OaTYMKOB AaBMeHWUst Mpu AeACTBYIOLLEM TEXHOMOrM4eckoM npouecce. OTn hnykTyauun (LWyMbl)
0bycnoBneHbl TYp6yneHTHOCTbIO, BbI3BaHHOW MOTOKOM BOAbI B CUCTEME, ClyYaliHO Tenonepeaaqei B akTuB-
HO 30He W APYrMMU eCTeCTBEHHBIMU AABNIEHUSIMM.

[ns nposeAeHna UCNbITaHUS PErMCTPUPYIOT LWYMbI Ha BLIXOAE KaXKA0ro AaTvuKa AasneHus B LM poson
cdopme B TeveHme npnbnuanTensHO 141 3ateM aHanuanpytot. Momexv U3BnekaroT U3 BbIXOAHOTO curHana aat-
YMKa ¢ MOMOLLbLIO PUNbTPa BEPXHUX YacTOT UITM MEXaHU3Ma CMeLLeHNA NOCTOAHHBIM TOKOM U UCTMIONb3YIOT
COOTBETCTBYIOLLYIO (PUMLTPALMIO HXKHUX YaCTOT, YTOObI YCTPaHUTb MOCTOPOHHUE LWYMbl U NPeaycMoTpeTb
nogasneHne nomex. Yacrora guckpeTnsaunmn 4omkHa 6biTb Bbicokon (Hanpumep, 100 unu 6onee BbIGOpok B
cekyHAay).

[onpoBeaeHns aHanMaa He0BX0AUM CKPUHUHT LYMOBBIX AaHHbIX, YTOGbI rapaHTUPOBaTh BbIBOA Pe3Yilb-
TaTOB NCNbITAHWS BPEMEHUW peakLm U3 COOTBETCTBYOLMX 3anucei AaHHbIX. AHaNn3 AaHHbIX WYMOB AOMKEH
BKMOYaTh B cebst anroputm 4acToTHOM obnactu n/unu BpemeHHon obnactu, paspaboTaHHbIN ANA pacyeToB
BpemeHu peakumn gatyimnka. O6o0CHOBaAHHOCTL aHann3a AomkHa 6bITb yCTaHOBNEHa € NOMOLLbIO CMoAENNPo-
BaHHbIX A@HHBIX, a Takke PaKkTUHECKUX 4aHHbIX CO CTaHLMK UK U3 iabopaTopun oT AaTYMKOB C U3BECTHLIMU
3HavYeHUsAMN BpeMeHU peakun. PesynbTaTbl Banuaaumm Taioke criegyeT Ucnonb3oBaTh A8 Toro, 4tobbl ycTa-
HOBUTb NOrPELLUHOCTb Pe3ybTaToB BPEMEHU peakLmu, NoMyYeHHbIX METOAOM aHanMaa WymMoB. OnbIT Nokasbl-
BaeT, UTO CPeHsIA MOrpellHOCTb pe3ynbTaToB aHanusa WyMoB A1 UCNIbITAaHUS BpeMeHW peakuun AaTyvka
0bbl4HO cocTaBnseT okono = 10 % 3HayYeHWss BpeMeHU peakuun, KOTopoe MoSTy4eHO aHanM3oM LWYMOB, UK
0,10 c (B 3aBMCMMOCTM OT TOTO, Kakoe 3Ha4yeHue 6onblue). TakMe 3Ha4eHUs Nony4atoT NPy YCNoBUK, YTO AaH-
Hble O Wymax cobupatoT, BbIMNONHAKT HEOBXOAUMBIA CKPUHUHT 1 aHANU3UPYIOT C NOMOLLLIO YTBEPXKAEHHbIX
anropnuTMOB aHannaa YacToTHo obnacTu Wnnu BpemeHHol obnacTu.

EcnnoBHapyxutcs, 4To BpeMs peakum AaTymKa AaBneHNns yXyaAWwnnocs Ny BpeMs ero peakumnm npessbl-
LIaeT AoNyCTUMBIA Npedern, To creayeT B OTAeNbHOM UCCreaoBaHnm ornpeaenTb, UCXOAUT NN 3TO NpeBblLue-
HWe OT AaTyuKa AaBneHUs UK USMEepUTENbHBIX TPYBONPOoBOAOB, UK 1 OT Toro u apyroro. Ecnu avanasox
YacToT LUYMOB TEXHOMOrMYECcKoro npouecca He aABnsieTcs 6enbiM, TO pe3ynbTaThl UCNbITaHUSI BPEMEHU peak-
LK MoryT BbITb KOHCEPBaTUBHBIMU, B YacTHOCTH, eCrn AnanasoH 4acToT LWYMOB TEXHOMOMMYeCcKoro npouecca
6yaeT MeHblUe, YeM YacTOTHas XapaKTepucTuka aatyvka, To pesynbTaThl aHanvsa Wwymos ByayT npesbiwaTh
BpPeMsi peakLMmn UCNbITYeMOoro AaT4yumka.

MeTog aHanMsa LWyMOB MOXHO Tak1M ke 06pa3oM UCNorb3oBaTh A5 UCTIbITaHUS BPEMEHW peaKkLum Tep-
Monap 1 HeMTPOHHBIX e TEKTOPOB, KaK AN A4aTYNKOB AaBneHus. Kak npasuno, 4ns UcnbiTaHns BPEMeHU peak-
UMM HEATPOHHBIX OETEeKTOPOB AaHHble wWwymoB Heobxogumo cobpaTb oOYeHb BBICTPO (Npu YacToTe
OVNCKpeTU3aLunn B KAMorepLOBOM AnanasoHe, kl'y), HO Ans TepMonap 4ocTaTouHbl 6onee HU3KMEe 4YacToThbl
(Hanpumep, 100 ).

MeTog aHanmnsa WyMOB HeMb3si NCMOMb30BaTb A1 UCTIbITAaHWA BPEMEHW peakLn 4aTYNKOB AaBNeHNA
repmMoo6004YKN, aTYUKOB YPOBHS XNAKOCTM B 6ake U AaTYMKOB € HEBOMbLUMMU TEXHOMOrMYECKUMU LYMaMu
U He UMEIoLLMX X BoBCe. 1151 3TUX AaTYMKOB BXOAHbIE LUYMOBbIE AaHHbIe YacTo MOTYT OblTb CreHepupoBaHsbl
NCKYCCTBEHHO C MOMOLLIbIO reHepaTopa MexaHUYe ckuX LWYMOoB, BKIrovatoLero B cebs npeobpasosaTenb Toka B
aasneHue (/8 Punu I/P). I/P-npeobpasoBaTenb CBsi3aH C reHepaTopoM CUrHanoB, KOTOPbIA BblgaeT LWMPOKoMo-
NOCHbIN cnyYaiHbli WywMm. I/P-npeobpasosaTenb npeobpasyeT cryyaiHbii LWYM B LIYMOBOW CUrHan AaBreHuns,
1 ero UCMonb3YHT AN UCTbITaHUs BOEMeHN peakLmmn aatymka. Coop 1 aHanus nonyyYyeHHbIX AaHHbIX TPOBOAAT
Tak>Xe, Kak 1 Ana MeToda aHanusa LWyMOoB, ONMCaHHOIo Bbile.

7.1.3 MpoBepka Ha pa3MblKkaHUue aneKkTpocHabxeHus (PJ)

B oononHeHWe K MeToay aHanusa LWymoB CyLecTByeT MeToa, HasbiBaeMblil «McrbiTaHueM Ha PO», koTo-
pbIi yao6GeH ToMbKO AN HATYPHOrO UCMBITaHWUSA BPEMeHU peakLnm KOMMEHCaLMOHHBIX AaTYNKOB AaBMeHUs.
s npoBeaeHuna nposepkn PO anekTpocHabxeHne gatynka HeoBGxoaMMo BbIKITHOUATE Ha HECKOTbKO CEeKyH/ 1
3aTeM BKMoUUTL. Koraa anekTpocHabxeHne BKNIOYEHO, AaTYMK BblAaeT BbIXOAHOW cUrHan, KoTopblid Heobxo-
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AVMMO 3aperncTpupoBaTh B LndpoBoii hopMe 1 3aTeM NpoaHannampoBaTh, YToObl NOMyYUTb BpeMs peakuum
Aartymka. AHanus AomKeH BKIoYaTh B ce6s COOTBETCTBYIOLUIA anropnTM, KOTOpPLINA paspaboTaH U yTBepXKaeH
ANs pacyeTa BpeMeHu peakLmm KOMNeHcaLMOHHbIX AaTYMKOB AaBreHns metogom PO.

MpoBepka PO yunTbiBaET AUHAMUYECKYHO XapakTePUCTUKY MEXaHUYECKUX WU SMEKTPOHHBIX 311eMEHTOB
Jartynka 1, Takum obpasom, aaet obliee BpeMs peakLnmn NoNHOM 3NeKTpoMexaHU4YeCcKon CUCTEMbI faTumKa.

7.2 UcnbiTaHe BpeMeHU peaKkL M TeMnepaTypHbIX 4aTYUKOB

Bpems peakuumn TeMnepaTypHOTo gaTymka U3MepsoT B NaBGopaTopHo cpede MeToaoM, HasbiBaeMbiM
«MCMbITaHWe ¢ norpyxeHnemy». MNocne Toro Kak AaT4nMK ycTaHOBIEeH B 060pya0BaHUM TEXHONOMMYECKOro Npo-
Liecca, BpeMs ero peakLymn U3mepsitoT ¢ MOMOLLbIO UCTIbITaHWS Ha CTyNeHYaToe M3MeHeHUe KOHTYPHOro ToKa.
TpeboBaHUs K NPOBEAEHUIO 3TUX UCTIBITAHWIA Ha aTOMHOW CTaHLMKW NpeAcTaBreHbl Huke. CyLLecTBYOT Takxke
JOMONHUTENbHbIE UCTIbITaHUS, Takue Kak MeTof caMopasorpeBa 1 MeToj aHanmnsa LWYMOB, KOTopble Takke
onucaHbl HXKe.

7.2.1 UcnbiTaHUe ¢ NOrpyxeHuem

UcnbiTaHne ¢ norpyxeHnem nposBosT B nabopatopHoi o6cTaHOBKE B BOAE NPU HU3KOW TemnepaType
(Hanpumep, o120 °C go 70 °C). Boga gomkHa TeYb co ckopocThio 1 M/c. JaTumk norpyxaoT U3 Bo3ayxa B Boay.
Bo BpeMs NorpyxeHust BLIXOAHOW CUrHam gaTynka perncTpupyroT, Noka OH He AOCTUIHET YCTaHOBUBLLETOCS
cocToaHMA. Bpems peakunn gatumka omkHO BbITe onpedeneHo nyTem usMepeHust BpeMeHu, COOTBETCTBYHO-
wero 63,2 % pasHOCTM MexAy HavarbHbIM U KOHEYHBIM CTaLMOHAPHBIMUW 3HAYEHUAAMU BLIXOAHOTO CUrHana gat-
ynka. JomKHO BbITb YCTaHOBMEHO CPEACTBO NAEHTUMMKALMN MOMEHTA BPEMEHM, KOrAa AAaTYMK BXOAMUT B BOAY.
370 Bpems AOMKHO CHMTaTLCA BpeMeHeM Havana UCTbITaHUs € NorpyXxeHueM.

BaxHO 0TMETUTb, YTO BpeMms peakunm TemMmnepaTypHbIX 4aTYUKOB 3aBUCUT OT CKOPOCTW NOTOKA U TeMrie-
paTypbl XKUOKOCTU, B KOTOPO OHM NPOXOAAT UCNbITaHUE ¢ NOrpyxeHneM. Kpome Toro, Ansi 4aT4MKoB, MOHTUPYe-
MbIX B 3alUMTHOW TUrb3e, BpeMsl peakuun Takke 3aBUCUT OT KavyecTBa cOedMHEHUA Mmexay pabounm
HakoHEeYHUKOM [aTyuka 1 ero 3aluTHOW rMnb3on. B aTon cBA3N pesynbTaThl UCNLITAHUA C MOTPYXXEHUEM
Marno3Ha4YMMbl OTHOCUTESbHO BPEMEHU peakLnn TeMnepaTypHOro gaTynka nocne ero ycTaHoBKWU Ha CTaHLMMU.
[ns Toro 4Tobbl NONY4YUTL BPEMS peakunn TeMnepaTypHOro AaTvuka npun paboumx ycnosusx, ero Heobxoammo
NpPOBEepPUTL MPU HaTYPHbIX UCTILITAHUAX METOAOM CTYNEeHYaToro U3MeHEeHUs KOHTYPHOro Toka, OnncaHHbIM
HUXE.

7.2.2 UcnbiTaHMe METOAOM CTYNEHYaTOro U3SMEeHEeHUs KOHTYPHOTrO TOKa

UcnbiTaHne peakumu Ha cTyneHyaToe u3meHeHue KoHTypHoro Toka (PCKT) gormkHo ucnonb3oBaTbea Ans
n3MepeHus WTaTHOro BpeMeHn peakuuu POT unu Tepmonap B TOM COCTOSIHUA, B KAKOM OHW YCTaHOBMEHbI B
paboyem TEXHONOrM4eckoM npouecce. VcnbiTaHne NpoBOAAT yaaneHHo oT WkadoB n3MepuTenbHbIX Npubo-
POB B 30HE MyHKTa yrnpaBfeHu1s Ha TakoM paccTOsIHUK, Ha KOTOPOM NPOBOAA OT AaTyuMKa AoCTUraloT annapary-
pbl NpeobpasoBaHua curHanos. UcnbitaHne PCKT ocHOBaHO Ha HAarpeBaHWM AaTyMka 3NeKTPUYECKUM TOKOM,
KOTOPbIA A0PKeH 6bITb MPUIIOXKEH K KOHLLaM YANMHUTEeNel nposoaos AaTuunka. Ans PAT cneayeT ucnonb3oBatb
Mariblil TOCTOSIHHBIN TOK (Hanpumep, oT 40 o 80 MA). [ina Tepmonap cneayeT UCNofb30BaTh NepeMeHHbIA TOK
ot 0,2 go 0,6 A. O6blvHO gnsa ucnbiTaHiA PCKT n POT n Tepmonap Henb3s UCMNONb30BaTb OAHO U TO Xe
obopyaoBaHue u3-3a pa3nuuHbiX Tpe6oBaHWUN K UCTILITAHUIO.

Tok Bbi3bIBaeT TemnepaTypHbI NepexoaHbI MpoLecc B AaT4MKe, KOTOPbIA OIPKEH ObITb 3aperncTpmpo-
BaH B L1 poBoi hopme 1 NpoaHanM3upoBaH AN Toro, YTobbl NonNy4nTL BpeMs peakumu gatyvka. Ana PAT
JaHHble OOMKHbI perucTpupoBaThes, Noka Tok uaet yepes PAT u Takke no Mmepe Toro kak POT HarpeBaeTca.
[Ansa TepMonap AaHHble AOMMKHBI PErMCTPUMPOBATbLCA NOCAE TOro, Kak TOK OTKIIIOYEH U TepMonapa ocThiBaeT Ao
TemnepaTypbl OKpyXXatoLLei cpeapbi.

UcnbiTanme PCKT yunTbiBaeT BCce BO3AEUCTBUA YCTAHOBKU Ha BPEMA peakunn AaTyvka. YUuTbiBaloTca
BNUSIHNE 3aLLUTHOM rb3bl (B CriyYae ee UCMonb3oBaHUA), 3a30p Mexay AaTYUKOM U 3aLUTHON rMNb30i U Bce
BO3[ENCTBUS PEXUMOB TEXHOMOMMYECKOro Npouecca, Takue, Hanpumep, kak CKOpoCTb NOTOKA XUAKOCTU, TEM-
nepartypawuT. 4. Ans nonyyeHus paktmyeckoro WTaTHOro BpemMeHun peakuum gatuuka ucnelitaHne PCKT nposo-
OST NpY HopMaribHOM pexxume paboTbl N NPU 6AN3KUX YCAOBUAX. OTO OYEHb BaXKHO, MOCKOMNbKY B OTANYME OT
AAaTYNKOB aBNeHUs BpeMsi peakLmy TeMnepaTypHbiX 4aTYMKOB 3aBUCUT OT TeMnepaTypbl, AaBEHUA N CKOPOC-
TU MOTOKA XXNAKOCTM, B KOTOPOI YCTaHOBMEH AaTunk. OgHaKo Koraa Ha CTaHuUM yCTaHaBNMBaloT HOBbIE AaT4u-
Kn, ucnbitaHus PCKT gonyckaeTcsi npoBOAUTL NPU XONOAHOM OCTAHOBE, YTOObI YAOCTOBEPUTLCA, YTO AaTHNKN
yCcTaHOBMEHbl Hagnexalumm obpasom n obecnevaT oNTUManbHoe Ka4ecTBO (PYHKLMOHMPOBAHNS NO BPEMEHN
peakuum, koraa ctaHumst Bo306HOBUT paboTy Ha MowHocTW. Ucnbitanusa PCKT npu xonoaHom ocTaHoBe AatoT
pesynbTaThl, KOTOPble CpaBHUBAIOT MeXAY AaTUnKamu, 4Tobbl aeHTUhULMPOBaTL BbIBPOCHI C TOUKN 3peHUs
BpeMeHu peakumn. ByaeT nu naeHtTugnumposaH Beibpoc nnn HeT, ncnbitaHue PCKT gomkHo NoBTOpsiTbCA Ha
BCEX HeJaBHO YCTAHOBMEHHbIX AaT4MKax NpyU HOPMaNbHOM Pexume Unu B 6IM3KUX K HOpMasbHBIM YCIIOBUSX
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paboTbl, 4TOBblI NonyunTL hakTUYeckoe BpeMs peakuum gaTtyukoB. Belbpoc — aTo nokasaHwe gatyuka,
pesynbTaTtel PCKT KOTOPOro sHaYMTENbHO OTNUMYATCS OT APYrUX pes3epBMpPOBaHHbBIX aTUYMKOB NPU TeX Xe
YCMOBUAX YCTAHOBKM W TexHomnormyeckoro pexuma. C BbIGpocamy MOXHO CTOMKHYTbCS MO MpUYUHE
HeadekBaTHOrO BBeAeHWS OdaTyMka B ero 3alyuTHYH [UNb3y, Hanuyua [Psisn B 3alMTHOW Mb3e,
paccornacoBaHns gatyunka/3alwnMTHON r’nnb3bl U T. 4.

OaHHble PCKT gomkHbl 6bITb NpoaHannanpoBaHbl Npi NOMOLLY MaTeMaTU4ecKoro anroputma, paspabo-
TaHHOro Ha OCHOBE TEMMOBOrc aHanMsa garuvka U CooTBETCTBYIOLWEN Modenuy Tennonepeaayn. AHanus aax-
Hbeix PCKT pgomkeH gaesaTb B pesynbTaTe 3HayeHUMe BpeMeHW peakund M cooblatb O NorpelHocTy
pesynbTaToB BpeMeHW peakumn. MorpeliHoCcTb pe3ynbTaToB AOMKHA OCHOBBIBATLCS HE TOMbKO Ha NorpeLuHoc-
TUUcnbITaTeNbHOro 060pYAOBaHMSA, HO TaKXKe Ha MOrpeLlHOCT N anropuTMa, MCNonb3yeMoro Ans onpeaeneHus
BpeMeHu peakLun. Ha ocHOBe onbiTa M3BECTHO, YTO MOTrPELLHOCTL Pe3yibTaToB BpeMeHN peakunn 4ns Metoaa
PCKT cocTaBnsiet =10 %.

7.2.3 UcnbiTaHue Ha caMopasorpes

UcnbiTaHue Ha camopasorpes gononHseT metog PCKT, Ho He obGecneynBaeT 3HaueHUs BpEMEHU peak-
unn. JaHHoe ucnbiTaHWe sBNsieTCs AONONHUTENbHEIM U NpoBoauTes Tonbko Ans POT. Mpu 3ToM ucnbiTaHun
KONMNYECTBEHHO U3MEpPSIOT BHYTPEeHHWA Harpes POT B 3aBUCUMOCTU OT BXOAHOW 3/1EKTPUYECKON MOLLHOCTH
(I2R). PesynbTaToM iBNsieTCs nokasatenb, KOTOPbIA 06bIYHO BbipaxaeTcs BoMaxHa BaTT (OM/BT) MHasbiBaeT-
ca «nHaekcom camopasorpesa» (MCP) POT. OwyTtumble nameHernnss CP ByayT siBNATbCA MPU3HAKOM
N3MeHeHWn BpeMeHu peakuun POT.

WcnbiTaHne Ha camopasorpes MPOBOAAT C MOMOLLBIO TOro e 0b6opyAoBaHUs, YTO 1 MPU UCTbITAHNUAX
PCKT.

7.2.4 AHanus wymoB

Ecnu uenb UcnbiTaHni BpeMEHU peakLn COCTOUT B TOM, YTOB bl KOHTPONMMPOBATL CYLLIECTBEHHbIE U3Me-
HEeHWs1 BPEMEHWN peakLnM OTHOCUTENBHO 3TaNOHHOTO 3HAYEHWUs UM OBHaPYXUBATL OLLYTUMOE yXyalleHue
BpeMeHW peakuun gaTymka, TO MOXHO UCMOoMNb3oBaTh MeTo aHanuaa wymoB. OgHako ucneitaHve PCKT, kak
npasuno, o6ecneumsaeT 6onee TOYHbIE Pe3yNbTaThl Y MO3TOMY AOMKHO UCMOMNb30BATLCS, ECNN HET 6ONbLLIOH
pasHULbI MeXay npuemMnemMbiM 3Ha4YeHMeM BpeMeHN peakumn U 0XXMaaeMblM 3Ha4YeHUEM BpeMeHn peakunn
aartyuka.

8 OnepatuBHOe OGHapyXKeHUe 3aKynopuBaHUA U NYCTOT B TpybGonpoBoae
M3MepeHUsi AaBneHus

CurcTeMbl U3MepeHnsl aBNeHUs Ha aTOMHbIX CTaHLMAX 06bIYHO BKIOYaoT B ce6s1 UsMepuTernbsHble Tpy-
6onpoBoabl (Takke HasbiBaeMble «MMMYSIbCHBIMU AMHUAMAY» ) 4NA NepeHoca NHopMaLIMn O AaBNIEHUN U3 TEX-
HOMOrMYecKoro npoLecca Ha Aatumk. B 3aBUCMMOCTM OT CTaHLUWN U CONYTCTBYIOLWNX CAYX6 M3MeputenbHble
TpybonposoAbl MOTYT BbITb AMMHOW OT HECKOSbKMX METPOB 40 HECKObKUX COTEH METPOB.

Takue xumukaThl, kKak 6op 1 3arpsisHsOLLME BELLECTBA B BOAE PeakTopa, a Takke Apyrue dhakropbl BNvs-
HUsI MOTYT BbI3BaTb Ha HEKOTOPOE BpeMS 3aKynopuBaHue U3MepuTernsHbIX Tpybonposogos. Kpome Toro, npo-
61eMbl C OTCEYHBIMA U YpaBHUTENbHBIMU KnanaHamy B nsmeputenbHbIX TpybonpoBoaax MoryT NpMBECTH K
YaCTUYHOMY 3aKyNMOPUBaHMI0 N3MEpPUTENBHBIX TPYOONPOBOAOR, NpoTeYKam 1 Apyrum npobnemam.

3akynopueaHume nsmepuTenbLHOro Tpybonposoga MOXeT yBETMUUTL BPEMS peakLMM COOTBETCTBYHOLLIErO
JaTyvka gaBneHns. YBenndeHue BpeMeHn peakunmn 3aBUcnT OT NodaTiIMBOCTM AaTynKa. Y aT4YNKOB, MMEto-
Wwux 6onbLuyto NoAaTNMBOCTL, 3aKynopuBaHne N3aMepuTensHOro Tpybonposoaa MOXET 3HAUUTENbHO YBENU-
UYATb BpeMs peakLun, a y UMetoLLMX Manyt nogatiiMBoCTe — oKasaTb He3HauuTerbHoe BAMsSHWE Ha Bpemsi
peakuun. NMogaTnMBoCcTb — 3TO BENUYMHA CMELLEHUS YYBCTBUTENbHOIO 3f1eMeHTa Ha e QUHWLLY MPUIOXKEHHOMO
naBnexHus.

Kpome Toro, Hanuyne Bo3ayxa unm rasa B TpybonpoBogax nsmepeHusa asneHns npegctaBnaeT coboi
npobnemy, BANAIOLWYHO Ha CTaLMOHAPHBIN PEXUM (KarnmbpoBKY ) N XapakTepUCTUKA BPEMEHN peakLum gatyu-
kOB gaBneHus. B aToi cBA3M 40MKHbI ObITb NPOBEAEHbI UCNIbITaHUS A5 MAEHTUhUKALMN 3aKyNopuUBaHniA, BO3-
AYLWHBIX TpoBOoK N NpoTeYek B cMCTEMaxX u3aMepeHusi AasneHuns. McnbitaHue 4omKHO MPOBOANTHLCA C MOMOLLbHO
meToAa aHanmsa WymoB. s o6Hapy>eHns 3akynopusaHus Unv Bo3ayLWHbIX NPobok B Tpybonposoaax name-
pPeHWs1 AaBneHus criegyeT NpPoBeCTM BbIBOPKY AaHHBIX LUYMOB OT 3aTPOHYTOro AaTynka AaBfeHWsl B KOMMbHO-
Tep, NpoaHanManpoBaTh 1 CPaBHUTL Pe3ynbTaThl C UCXOAHBIMW AaHHBIMU, UTOGLI ONpeaenuTs, obpasoBannch
NN 3aKynopuBaHusi N BO34yLHblEe NPOGKM B U3MepuTenbHOM Tpybonposode. [ns obHapyxeHus npoTeyek
cneayeT BbIYMCNUTL 3HaYEHWE AUCNEPCUM LLYMOBOTO CUrHana v cpaBHUTb CO 3HaYeHNeM MCXOAHON Aucnepcum
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ONA TeX Xe WNU aHanorn4HbIX AaTyukoB, 4TOGLI onpeaenuTb Hanuuuve npoTeyek B U3MepUTENbHOM
Tpybonposoae.

B uenom, UcnbiTaHne BpeMeHU peakunn AaTUMKOB AaBMNeHUA, YPOBHS U pacxoda ¢ NoMoLlbio MeToaa
aHanu3a WyMoB aBToOMaTUYeckn 6yaeT yuuTbIBaTb BNusHUE NMoGoro sakynopMBaHua Ha BpeMs peakuum aaTyuu-
Ka, a Takke NOMOoXeT naeHTUMUUNPOBaTL BO3AYLWHbIE NPOGKA U NPOTEYKN.

9 Bepudmkauma pabounx xapakTepucTUMK HENTPOHHbIX AeTeKTOPOB

3kcnnyaTaunoHHbIe XapaKTepUCTUKU HEUTPOHHBIX AETEKTOPOB HA aTOMHbIX CTaHLMSIX TPOBEPSIIOT METO-
OOM onepaTUBHOrO KOHTPOMA U MeTOAOM aHanu3sa WyMOB NPaKTUYECKU Tak e, Kak XapaKTepUCcTUKA AaTYUKOB
Aasnexus. Kak npaBuno, HEUTPOHHbIE AeTEKTOPbI ABMSAOTCS BbICTPOAESNCTBYIOWNMU, U BO BPEMS UCbITAHUSA
BpPEMEHU peakLun K HUM OBbIMHO He NPeAbABNAIT CTPOrMX TpeBoBaHUIi, KOTopbIe NPeAbABNAITCA K AaT4nKam
TemnepaTypbl U JaBNeHUs, yCTaHaBNMBaEMbIM Ha aTOMHOW CTaHUMK. B 3Toi cBA3K onucaHHoOe B HACTOALLEM
cTaHaapTe UCMbITaHUe BpeMeHU peakLun npeaHasHadeHo Ans Bepudukaumm paboumx xapakTepucTuk B Lensax
rapaHTum Toro, YTo AMHaMmUKa AETEKTOPOB OTHOCUTESbHO UCXOAHOTO 3HAYEHUSI BpEMEHU peakuumn He USMeHU-
nacbk. PaKkTU4eCcKU ANA HEWTPOHHLIX AeTEKTOPOB, B AOMONMHEHWE KO BPEMEHU peakuuu, cneayet U3MepsaThb 1
oTCrnexuBaTb Apyrue OeCcKpUNTOpbl WYMOBBIX AAHHBIX, Takue Kak AUCNepcus, acuMMETPUa U 3KCLeCC, Kak
CpeacTBO NOATBEPXKAESHUS TOTO, YTO AUHAMUKA AEeTEKTOPOB He NpeTepnena CyecTBeHHbIX U3MEHEHWA.

Kpome Toro, akcnnyaTauuoHHble XapakTepucTUKU HEATPOHHBIX AETEKTOPOB 3aBUCAT OT TEXHUYECKOTO
COCTOsIHUS UX Kabenen n pazbeMoB. B 3Toi1 CBA3M ANst HEATPOHHBIX AETEKTOPOB B AOMOSTHEHUE K ONepaTUBHO-
MYy KOHTPOITIO U HaTYpPHBIM U3MEPEHUAM BpPEMEHU peakumu AOSHKHO NPOBOAUTLCA UCMbITaHWE kabenei ¢
MOMOLLbIO TaKUX METOAOB, KaK U3MEPEHWUSA NOMHOTO CONPOTUBIIEHUS U UCTbITAHUE pedNekTOMEeTpueit Bo Bpe-
MeHHol obnactun (PBO). 3T meToabl onucaHbl B nuTepaType, ykasaHHomn B 6ubnuorpadun.

CoueTaHune onepaTUBHOIO KOHTPONSA, UCTILITAHUS! BpeMEHW peakumn U U3MepeHuin kabeneid COBMeCTHO
obecneumBatoT achdeKTUBHbIE cpeacTBa onpeaeneHns dakTa M3MeHeHU pabovnx XapakTepUcTUK HeMTPOH-
Horo getekTopa. PesynbTaThl NpUroaHbl Ans ynpasneHus ctapeHueM 4eTEKTOPOB U YCTaHOBMEHUs rpadukos
TEXHUYECKOro 06CIYKMBAHNA U 3aMeHbI AETEKTOPOB UNW kaGeneit.
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MpunoxeHne A
(cnpaBo4Hoe)

B3anMHana kanubpoBka/B3auMHana Banugauus POT

A1 Mpeancnosne

HacTosiwee npunoxeHne cogepxuT MHpopMaLnio 0 MeToAe B3avMHON KanubpoBKM, KOTOPLIA UCTMIONb3YETCA Ha
aTOMHBIX CTaHLMSAX 418 BE pUmKaLmm norpeLHOCTY U3MepEeHnin TeMnepaTypbl pe3epBupoBaHHbiMu PAT u Tepmonapamu.
TepMuH «B3aMmHas Banvaaums» ncnonb3yetcs Ans 0603Ha4eHNs MeToda UCTIbITaHWs!, ONMCaHHOTO HKe. OgHaKo BMec-
TO WCMNOMb30BaHWA TEPMUHA «B3aMMHas Banugauusa» UCNonb3yeTcs TEPMUH «B3aMMHasi kanubpoBka», NOTOMY 4TO B
6ONbLUMHCTBE CChINIOK STOT METOA MCMbITAHUI MMEHYIOT KaK « MeTOA B3aMMHOM KanMbpoBku». 3TOT METOAUCNONbL3YIOT ANS
BepudMKaLUK TOFo, YTO KannBpoBKa rpynnbl pe3epBUPOBAHHbIX 4ATHMKOB HE M3MEHUITACh.

A.2 BBegeHve

B3aumHas kanubpoBka — 9T0 MCNblTaHWE COrNMacoBaHHOCTU FPYMMbl 4ATUYMKOB, KOTOPLIE U3MEPSIIOT OAUH U TOT Xe
npouecc. cnsiTaHne NpoBOAAT Ha aTOMHBIX CTaHLMSX C LieNblo o6ecneveHrsi nepeaaqm To4YHon mHdopmaumm o Temnepa-
Type B CUCTEMbI yrpaBneHunsi u 6esonacHocTy cTaHuuu. McnbiTaHme NpoBoasT Npy ogHOM Unu 6onee aHa4eHUAX Temnepa-
TYpbl, B TOM 4YMCne Mpu 3HaueHWM TemnepaTypbl, OIM3KOM K 3HAYeHWIO TemnepaTtypbl NpU HOPManNbHOM pexume
aKcnnyaTaumm cTaHumm, obecnevmBatoLLen oueHky norpewHocty PAOT v Tepmonap npu paboymnx ycroBusix.

Ons Toro 4Tobbl NPOBECTU UCMbITAHUE B3aUMHOW KannGpoBKK, 3HaYeHUs conpoTuenenus rpynnosl POT namepsaior
Npyv N30TePMUHECKNX YCITOBUSX M NpeodpasyioT B COOTBETCTBYIOLWME 3HaUYeHUs TemnepaTyphbl. B kauecTee BapnaHTa npo-
cMaTtpuBaloT TemnepaTypHble nokasanus PAT BmecTo npeobpaszoBaHus 3Ha4YeHUsi CONPOTUBITEHUS B 3Ha4YeHUE Temnepa-
Typbl. 3aTem 3Ha4YeHnsa TeMnepaTypbl YCPEaHSIIOT U pacCHMTLIBAKOT OTKNOHEHUE 3HAYeHUA Kaxkgoro otaenvHoro POT ot
cpegHel Temnepatypbl. Jllo6oe 3HaveHne nokasannn PAT, npesblwatoLiee npegBapuTenbHO 3aaHHbli KpUTepuin oTKNo-
HeHus (Hanpumep, + 0,3 °C), ygansioT u3 cpeHero 3Ha4eHus U NpoLecc NoBTOPSAIOT No Mepe Heob6xoguMocTH, YToGbI
naeHTndnumposaTte Bce PAT, koTopble HE COOTBETCTBYIOT KpUTEPUAM OTKIIOHEHWSA. PAT, KOTOpbIE HE COOTBETCTBYIOT NO
KpUTEPUSIM OTKITOHEHWS!, Ha3bIBAOT «BblGpocamuy u Nnnbo 3ameHsIoT HegaBHO kanubpoeaHHbiMu POT, nuGo nx kannbpoe-
KM KOPPEKTUPYIOT C MOMOLLIIO AaHHbIX B3aVMHOW KannbpoBkuy, 4ToObI NPUBECTU UX B COOTBETCTBUE C APYTMMU Pe3epBUPO-
BaHHbIMM POT B rpynne. Koppekumio kanmbpoBku BbIGpOCa MOXHO BbIMOMHWUTE, €Cnu Gbinm NpoeeaeHbl UCNbITaHWS
B3aWMHOW KanMBpoBKU NpU Tpex nnm Bonee ganeko OTCTOsWMX TeMmnepaTtypax. 3ateM AaHHble B3auMHOW KanubpoBku
NOACTaBNSOT B KanMbpoBOYHYl0 Xapaktepuctuky POT, 4To6bl NONy4YnTb HOBbIE KanMGPOBOYHLIE MOCTOSIHHbLIE A4S
POT-ebibpoca.

MpaBoMepPHOCTb U NOFPELLHOCTEL METOAa B3aUMHOW KanMBpOBKM 3aBUCSIT OT NMOMPELLHOCTU KanubpoBOYHbIX Tabnuy,
POT, a Takke 0T yCTOWUMBOCTY M OQHOPOAHOCTU TemnepaTypbl CTaHUMM BO BPEMSI MPOBEAEHUS NCMNbITAHUNM B3aUMHOWM
KanubpoBKu.

VcnbiTanne B3auMHOW KanvBpoBKy ONYyCcKaeTCA NPOBOANTL B YCIOBUSIX MMHENHOIO HApacTaHus TeMnepartypbl Unm
TeMMNepaTypHOro NraTo BO BPEMs pacXonaxnBaHWs CTaHLMMW B HAa4are nepuoja npocTos U BO BpeMsi pa3orpesa CTaH-
uum npw Beixoge n3 MNIP. bbino nokasaHo, YTo UCMbITaHUE NPY YCITOBUSIX NNAaTOo UMW NIMHENHOTO U3MeHeHns obecnevnBaeT
3KBMBAlEHTHble pe3ynbTaThl B3auMHON kanmbpoBkyu. OgHaKo UCMbITaHWe NpY YCNOBUSIX TMHENHOIO M3MEeHEeHUsi TeMnepa-
TYpPbl UMeeT MpevMyLLeCcTBa, MOCKOMNbKY OHO He TpebyeT yaepXaHusi CTaHuMM B COCTOSIHUM NNaTo Ansi NpoBedeHuns
UCMBITAHWSA.

MchbiTaHne B3anMHOM KanmbpoBKy JonyckaeTcsi NPOBOANTL C UCTONb3OBaHWEM CNeunanu3npoBaHHOW CUCTEMbI
cbopa gaHHbIX, KOTOpas Ans 3TOro NpegHasHaqveHa, unu ¢ NOMOLLLBI0 AaHHbIX CTaHLMOHHOTO KOMMbOTEPA.

A.3 KannbpoBo4Han xapaktepuctmnka POT

Haubonee 4acto ucnoneayeMmoe ypaBHeHue ansi npeobpasoBaHnsi 3Ha4eHU ConpoTMBNeHns nnatuHosoro POT B
3Ha4YeHns TemnepaTypbl — 370 ypaeHeHue Kannerngapa. ina remnepatyp eeiwe 0 °C ypasHeHne Kannengapa sanucsisa-

eTcs crieaytowmm o6pasom:
2
T T
R(T)=Ro| 1+ 0| T=8—— | [——~1]]], (1)
(7= Ro| T+ {moocj {10000 j

rge T — Temneparypa, °C;
Ry — conpotuenenue npu temnepartype 0 °C, Owm;
o. — KoHcTaHTa, OmM/Om/°C;
8 — KOHcTaHTa, °C;
R(T) — conpotuenexHne npy nponssonsHon Temnepatype T.

UneHbl Ry, o 1 §Ha3bIBaOTCA KOHCTAHTaMn ypaBHeHUs Kannengapa. o — 370 CpeHwii TeMnepaTypHbir ko3ddu-
LUMeHT conpoTuBnenns B uHTepeane o1 0 °C go 100 °C, a § — 3TO MHAEKC OTKIOHEHWUSA KPVBOW COMPOTMBNEHNSA OT NPSIMON
MVHWK B 32BNCUMOCTY OT TEMNEpPaTypbl. 3TU ABE KOHCTaHTbI TaK e, Kak Ry, Ans kaxgoro PAT onpeaenstot nytem Kanuo-
poeku POT B TepmocTaTnHeckomn BaHHe B nabopaTopun. Kak TONMbKO 3TW TPU KOHCTaHTLI OnpeAeneHbl, X NoACTaBNAoT B
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BbIWEYNOMSHYTOE ypaBHeHUe, YTo6bl Nony4nTe kanubpoeouHyto Tabnuuy ans atoro PAT. AnbTepHaTUBOW ypaBHEHUIO
KanneHpapa saensetca popmyna ksagpartHoro ypasHeHna R(T) =R (1 +AT + BT2), rae Ry, A 1 BABNAKOTCA KOHCTaHTamm,
KOTOpble BLIBOAATCA M3 NOACTAHOBKN KannbpoBOUHbIX AaHHBIX B KBagpaTuyHyio dopmyny. KeagpatmiHasa dopmyna u
ypaBHeHWe Kannenaapa 3KBUBaneHTHbI.

A.4 TMpoueaypa B3anmMHON KAaNGPoOBKN

WMcnbiTaHnsa B3anmMHOM KanuGpoBKY NPOBOAAT C NOMOLL IO CUCTEMbI OMPOCa AATHNUKOB U NPEUN3NOHHOTO LUMPOBOro

YyHMBEPCaANbHOIO N3MepuTensHOro Npubopa no cneayiowen obwen npoueaype:

war 1— noo4epeaHo NPOXOAAT NO BCEM AaTyMKam, M3MEpSAs UX BbIXOAHbIE CUTHAMbI, M NPeobpa3oBLIBaOT B 3KBMBA-
NEeHTHbIE TEMNEPATypPbl. ITOT War NPUBOAUT K NONYHEHNIO OJHOIO NPOXoga B3auMHoON kanubpoeku. B kavecTee
BapMaHTa Ha STOM WWare MOXHO 3aperncTpupoBaTh TeMnepaTypHbole nokasanusa POT;

war 2 — noeTopAIOT War 140 nony4eHnsn YeTbipex NPOXoaos.;

war 3— ycpeaHsloT 3HAYEHUs YeTbipex TEMNEPaTYPHbIX U3MEPEHNUA ANS Kaxaoro Aaryuka. MonyveHHoe 3HaveHue
MCMNONb3yeTCs Kak TeMNepaTypHOe NokasaHue Kaxaoro AaTumka, BKNIOHEHHOTO B UCNbITaHWE B3auMHOMN Kanu6-
POBKMU;

war 4 — ycpegHaIOT TEMNEpaTypHbIe NOKa3aHnsA B COOTBETCTBUM ¢ warom 3 ans scex PAT;

war 5 — BebluMTaIOT CpeAHee 3HaYeHe TeMNEPaTypbl, onpeaeneHHoN Ha ware 4, n3 TemnepaTypHbIX NOKa3aHUi KaKA0ro
AaTtunka npy ware 3. Mony4YeHHble pa3HOCTN TEMMNEePaTyp HAa3bIBAIOT KOTKNOHEHWSMU AATHYMKOBY;

war 6 — ecnuoTKNoHeHne kakoro-nnbo anemeHta PAT npeBbiwaeT kpuTepumn npuemnemocTu (Hanpumep, + 0,3 °C), yaa-
NS0T pesynbTaT U3MepeHns 3NeMeHTa U3 AaHHbIX M NOBTOPAIOT C wara 4, 4Tobbl NoNyYnThb HOBOE CpeaHee 3Ha-
YyeHune Temneparypbl;

war 7— noBTOPAIOT war 6, Noka n3 cpegHero 3HadveHns He 6yayT yaaneHsl Bce anementsl PAT, nmeowme Gonbwne
OTKITOHEHMS, YeM KpUTEpun Nnpuemnemoctu (Hanpumep, + 0,3 °C).

Mpw ucnbitanun PAT Ha cTaHumMAX ¢ peakTopoM € BOAAHbIM OXNaxaeHUem noa gaBneHnemM NnepeuncrieHHble Wwaru
cobnogatoT ans PAOT y3koro avanasona. PAT wupokoro agnanazoHa n TepMonapbl Ha BbIXOAe U3 aKkTUBHOW 30HbI 06bIYHO
B3aVMHO KanuobpytoT no cpegHemy 3HaqeHuto POT y3koro ananasona.

A.5 Moapo6HbIN aHANU3 AaHHbIX B3AUMHON KannopoBKn

MoapobHbIf aHann3 AaHHbIX B3aUMHOW KanubpoBkn BKNIOYaeT B ceba UMCNeHHble anropuTMbl gns ydeta niobbix
CYLLECTBEHHbIX TEMMNEPaTYPHbIX HECTABUNBHOCTU U HEOAHOPOAHOCTU, KOTOPLIE MOFMW CyWECTBOBaTb Ha CTaHLUMK, KOraa
NPOBOAUNMCE UCTbITAHWSA B3aMMHOW Kanubpoeku. Kak Tornbko 3Tu nonpaBky BBEZEHbI, AaHHbIE B3aVMHOW KanubpoBku
MOXHO MOBTOPHO NPOaHaNM3npoBaTh U NONYy4YMTb OKOHYaTENbHbIE Pe3ynbTaTbl, Kak ONMCaHOo B Ceayowmx NOANYHKTax.

A.5.1 MNonpaBKa gaHHbLIX B3aMMHOWN KannopoBKK

B3anmHas kanvbpoeka PAT Ha cTaHumMM ocHOBaHa Ha AOMyLEHWN, YTO NPU U30TEPMUHECKUX YCNOBUAX aTOMHOM
CTaHuuW cpeaHAsa TeMnepaTypa A0CTaToOuHOIO YMCha pe3epBUpoBaHHbIX PAT oTpaxaeT UCTUHHYI0 TEMNepaTypy TEXHONO-
rmdeckoro npouecca. CyllecTBYIOT HECKOJIBKO BO3MOXHbIX MPUYUH, KOTOPbLIE MOTYT NOBNUSTL HA NPaABOMEPHOCTb 3TOrO
NPeanonoXeHus:

1) norpewHocTH B Tabnmuax conpoTUBNEHUsI B 3aBUCUMOCTU OT TEMNEPATYPbI, KOTOPbIE MCNONb3YIOTCH B UCNbITA-
HWAX B3aVMHOW kanubpoBku ansi npeobpasoBaHus conpoTuenenusi PAT B Temnepatypy;

2) cuctemaTtunyeckui gpend nokasaHui npu kanmbposke POT; moxeT nponsontu, ecnu ce PAOT gpencyioT BMecTe
B OAHOM HanpaBfieHUU BBEPX UITN BHU3;

3) cnykTyaumu n gpeitc TemMnepaTypbl TENIIOHOCUTENS TEPBOIO KOHTYPa, KOTOPbIE MOTNM BO3HUKHYTb NPU B3ATUN
OaHHbIX B3aUMHOM KanuOpoBKKU HA CTaHUMK;

4) TemnepaTypHasi HeOgQHOPOAHOCTL MeXAy paanuuHbimm PAT. Tak kak MeToq B3anmHON KanubpoBKu Nnpeanonara-
eT, yTto Bce PAT HaxoasATcs npy 0A4HON U TOW e Temneparype, Nioboe CywecTBeHHOE OTKNOHEHNE OT 3TOF0 Npeanosnoxe-
HUS1 MOXET BbI3BATb NOrPELLHOCTY B pe3ynbTaTax UCMbITaHWI B3aMMHOW KannGpoBKu.

Mpwn ucneiTanum B3anmHon kanubpoeku rpynnel PAT, KoTopble NCNONb30Banuch Ha 3NEKTPOCTaHUMUN B TeYeHne
ogHoro unu 6onee TONNMBHBIX LUKNOB, YNOMSIHYThIE BbiLLe NepeuncrieHnss 1) u 2) MOXHO y4ecTb NYTEM U3bATUA U Kanunb-
poeku B nabopartopumn ogHoro unv 6onee PAT co ctaHuuu. [lpyroi BapuaHt — 3ameHnTb oanH n3 PAT BHOBbL oTkannGpo-
BaHHbIM POT 1 noeTOpuTH MCNBITAHMA B3aMMHONW KanubpoBKU B KOHUE Nepuoaa NpoCTos, Koraa aToMHas CTaHums
pasorpeBaetcs Ansa paboTbl HA MOWHOCTH.

Opyroi cnoco6 MCKMIoUNTb BO3MOXHOCTB MO NEPEUNCIIEHMIO 2) — COCTOMUT B TOM, 4TO6bI NpoaHanu3npoBaTh 3aBu-
CUMOCTH OT 3KCNEPUMEHTANbHBIX AAHHbIX, KOTOPLIE NOKa3bIBAIOT, YTO gpend nokasanui rpynnel PAT sgepHoro knacca
ABNAETCA NPEUMYLLECTBEHHO CMY4YanHbIM, @ HE CUCTEMaTUYECKUM, U NO3TOMY MANOBEPOATHO, 4TO NOABATCS CUCTEMATN-
Yeckune ownbku B pesynbTarax uCnbliTaHui B3avMHOW KanubpoBkK, 3a UCKNIOHEHUEM CMELLLEHUS B UCMIbITaTENBHOM 060pY-
A0BaHWW B3aUMHOW KannbpoBKu.

Mpo6nembl, ynomsiHyTbie B nepevncnenusix 3) n 4), MOXHO pewwmnTb, peanusys YMCneHHble MeToAbl ANS NonpaBku
AaHHbIX B3aUMHON KaNMBpoBKM Ha HeCTabuNbHOCTL TEMMNEPATYPLI CTaHUWUW U TeMNEPaTYPHOW HEOAHOPOAHOCTH, KaK Onu-
CaHo HUXe.
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A.5.2 MNonpaBka Ha HeCTAOUNBLHOCTbL TEMNEPATYPbI CTAHLMMU

TemnepatypHble dnykTyauum unu gpeid nokasaHui BO BPeMsi UCMbITaHWI B3aMMHON KannbpoBKM BO3HWMKAOT
NoYTH BCerga, NoToMy YTO NPaKTUYECKU HEBO3MOXHO MNOCTOSIHHO NOAAEPKUBATL TEMNepaTypy CTaHLMKW B yCTaHOBUBLUEM-
cs pexxume. MeToa, ucnonb3yeMbli ANs NONPaBoK HA TEMMNePaTypHYH HeCTabunbHOCTE, 3aBUCHT OT YCIIOBUI HA aTOMHOM
CTaHuuMu, NpuW KOTOPbIX AaHHble BblM NonyyeHsbl. Ecnu TemnepaTypa cTaHUMKU M3MeHsIeTCs C MeaneHHOW U NOCTOAHHOM
CKOPOCTBIO, TO MCMNOSb3YI0T c6Op AaHHbIX MO NMHENHOMY n3aMeHeHuto. C6op gaHHbIX MO NMMHEMHOMY M3MEHEHWIC aBTOMaTH-
YECKM KOMMNEHCUPYET M3MEHEHUSI TeMMNepaTypbl aTOMHOW CTaHLuK, Noka naeT c6op gaHHbIx. Ecnv ctaHums nogaepxvea-
eTCs NPY YCTOMYMBBIX M30TEPMUYECKUX YCIIOBUSIX, TO UCMonb3yeTcsi c6op AaHHbIX Ha NNaTo U pNyKTyaumm TeMmneparypsi
CTaHUMM KOMMNEHCUPYIOTCS NpY NogpoGHOM aHanuse.

Bo Bpems cbopa faHHbIX MO NMMHENHOMY U3MEHEHMWIO YUUTLIBAIOT M3MEHEHUsI MOCTOSIHHONW TeMnepaTypbl, NPOBOAS
BbIGopky PAT B 06paTHOM nopske Npy BTOPOM U YETBEPTOM NPOXoaax BbINOSHSEMOro NPOroHa B3auMHON KanubpoBKu.
Hanpumep, npy Hanvunm 24 POT nopsiaok BeIGOPKM ANA YeTbipex NPoxoaos 6yaeT cnedyowmi: ¢ 1-ro no 24-i, ¢ 24-ro no
1-i, ¢ 1-ro no 24-1i u ¢ 24-ro no 1-i. NMepemeHa HanpaeBneHus Nopsigka BeIGOPKM MHBEPTMPYET 3PP EKT NMUHENHOTO N3MeHe-
HUSI TeMNepaTypbl Tak, 4TO NOCIe YCpeAHEHUS BCEeX YEThbIPeX NPOXOA0B MOrpeLLlHOCT KOMIMEHCUPYIOTCS.

Mpu cHope AaHHbIX Ha NNaTo HeobXxoANMOCTb KOMMNEHCUMPOBATE NIMHENHOE M3MEHEHME NOCTOSIHHOW TeMnepaTypsi
MeHbLUe; criefoBaTenbHO, Honbluee 3Ha4eHVe NPUAAeTCH KpaTKOCPOUHbLIM ONYKTyaLUUsimM, YTO UMEET CyLUeCTBEHHOE 3Ha-
YeHMe 13-3a N3MEHEHUI B OTBOAE TENNa, KOTOPbIe HacTo NPU3BaHbl yAEPKUBaTL CTAHUMIO NPY 3a4aHHON TemnepaType. B
3TOM cryyae Bbibopka PO T npoBoguTCst B O4HOM 1 TOM Xe NocneaoBaTenbHOCTU 1A KaXOoro Npoxoa, Yto AenaeT KpaT-
KOCpOUHble hykTyaLum 6onee oHeBUAHbIMU.

Ons Toro 4To6bl MMHUMU3UPOBATE BNVAHWE PRyKTYaUMin TeMnepaTypbl CTaHLUM Ha pe3ylbTaTsl B3aMMHON Kanuob-
POBKM, BLIMUCMSIOT CTAHAAPTHOE OTKINOHEeHWe dhnyKTyauni B AaHHbIX B3aUMHOW kannBpoBKkK 451 KaX40ro NporoHa nocne
OCYLLIeCTBINEHUS BblLLEYNOMSHYTbIX NMONPaBoK Ha HecTabunbHOCTL. ECnmn 9TO cTaHAapTHOE OTKNOHEeHWe NpeBbIWaeT Kpu-
TEepUW NPUEMIEMOCTHU, TO NMPOTrOH OTKIMOHAETCS.

A.5.3 MonpaBka Ha HEOQHOPOOHOCTbL TEMMEPAaTYpPbl CTaHL MU

HaHHas nonpaeka npegHasHadeHa 4ns yyera 3HaunTebHbIX pacxoxaeHWi, KOTopble MoK CyLLeCTBOBaTb BO Bpe-
M$ CTaHLUMOHHBIX UCMbITAHUI B3aUMHOW KanvbpoBKW MexXay TeMnepaTypamMm ropsidei 1 XonogHOW HUTOK B KXKA0M KOHTY-
pe nnu No BceMy peakTopy. OTU pacXOXAeHUsi MOTYT BO3HUKATb M3-3a HEMOMHOro NepemeluMBaHusl TeNNOHOCUTENS
peakTopa unm pacxoxgeHuii B TENNOOTBOAE NaporeHepaTopoB..

Ecnu 3aHaunTenbHbIX pacxomp,eHMﬁ TeMneparTypbl HeT, TO HET HGOGXOAMMOCTM B nonpaBke Ha HEOQHOPOOHOCTDb.
Ecnv cywecTByeT npobnema HeogHOPOAHOCTU, TO B AaHHbIE BBOAUTCSA NONPaBKa Ha TeMNepaTypHble PacxoXaeHust Mexay
POT ropsiden 1 XonogHOW HUTOK MIU Ha TEMMEpPaTypHbIE PacXOXASHUsI MEXOY KOHTYypamMy TENNIOHOCUTENS peakTopa B
3aBUCUMOCTM OT CUTyaLUM.

A.5.4 PesynbTaTbl B3aMMHOWN KannbpoBKM Nocre NnonpaBok Ha HeCTabMNbLHOCTb N HEOQHOPOAHOCTL

Mocne nonpaeky NnepeBoHavarnbHbIX AaHHLIX B3aMMHOW KanubpoBku Npy Hanu4uum HeobxoanMOCTH Ha Kaky-nmbo
HecTabnnNbHOCTL M HEOAHOPOAHOCTbL AAHHBIE MOBTOPHO AHANWU3UPYIOT, HTOGLI NONYYUTL OKOHYATENbHBIE UCTIPABNEHHbIE
pesynbTarhbl.

A.6 [lnnamunveckan B3anmHasi KanmopoBKa

McnbiTaHne B3anmHON KanubpoBKM MOXKET NPOBOAUTLCH NPY YCNOBUSIX TEMMNEPATYpPHbIX NNATo NGO NUHENHOTO
M3MeHeHUsi TeMNepaTypsl. Y CNoBUE NMUHEWHOTO U3MEHEHUS TEMNEPaTYPbl OOLIYHO NyylLe, MOTOMY YTO OHO 3KOHOMUT Bpe-
MSI KPUTUYECKOTO NYTU. DTO YCITOBME TAKXKE Ny'LLE, TOTOMY YTO TEMNEpPaTypHble hriykTyaumum 06614HO MEHbLUIE NPU YCIOBW-
SIX IMHENHOrO U3MEeHEeHUs, YeM NMpu YCnoBusIX NnaTo. KoHeuHo, CKOPOCTb NIMHEMHOIO U3MEHEHNS A0MKHA ObITb 4OCTAaTOMHO
MezaneHHON U NOYTU NOCTOAHHOM BO Bpemsi c6opa AaHHbIX Asi B3anMHON KannmbpoBku. McnbiTaHne B3anMHON Kanubpoeku,
KOTOpOE BbINOMHAETCH B YCNOBUSX MMHEWHOTO UBMEHEHUSI TEMNEPATYPLI NPY Pa30rpeBe UIN pacXonaxXuBaHUKN CTaHUWK,
Ha3bIBaeTCA «AMHAMUYECKON B3aUMHOM KannGpoBKOW».

A.7 YctpaHeHwe BbiGpocoB

POT-BeIGpoc MOXHO 3ameHuTb NGO co3gaTth Ans Bbibpoca HOBYIO KanmbpoBoyHyto Tabnuuy, Mcnonb3ys gaHHbIe
B3aMMHOW KannbpoBsku, Nnpy ycriosuw, 4Tto Brpynne PAT, kanubpoeaHHbIX BMecTe, BbIGPOCOB HEMHOTO. [lanee, ecnv 0guH n
ToT xe PAT HeogHOkpaTHO naeHTMMLMpyeTcs Kak BLIOpOoC, ero cnegyeT 3ameHuUTb.

Ina nonyyeHus HoBow kanubpoBouHor Tabnuupbl anst PAT-ebi6poca aaHHbIe CONPOTUBNEHNSA B 3aBUCUMOCTHN OT
TeMnepaTypbl, NOMyYeHHbIE B UCNbITaHUM B3aMMHOM KannbpoBKK, NOACTABNSIOT B ypaBHeHWe Kannenaapa wnu keagpa-
TUUHY0 POPMYIY, a pe3ynbTaTbl MOACTAHOBKY UCMONbL3YIOT sl CO3A4aHNA HOBOW KanmbposoyHon Tabnuubl ansa PAT. Nan-
Hbl€ Arsi 3TOro AOIMKHbI BKMOYaTh B Ce6s1 KaK MUHMMYM TPU LUMPOKO OTCTOALWME APYT OT Apyra TemnepaTypHble TOUKW, Npy
3TOM ofHa TeMrepaTypHas Touka AOIHKHA HAXOAUTLCS OKOIO HUXHETO Kpas TEMNepaTypHOro uHTepeana, gns KoToporo
ucnonbayetca PAT, a apyras — y BepXHEro Kpasi TeMnepaTypHOro uHTepeana, Ans Kotoporo ucnonesyetca PAT.
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MpunoxeHve B
(cnpaBo4Hoe)

OnepaTUBHbIA KOHTPOJNb KanubpoBKU

B.1 BBeaeHne

KanubpoBka TEXHOMOMMYECKUX M3MEPUTENbHbIX KaHaNOB Ha aTOMHbIX CTaHUMUSIX MOXET KOHTPONMPOBaTbCA Ha
Hanu4ue apenda nokasaHui npy paboTte cTaHuuKU. 3TO HOBLIV NOAX0A K BepurKaLmMm KanmBpoBKy MamepuTerbHbIX Npu-
GOPOB Ha aTOMHbIX CTAHLMAX, KOTOPbIV HA3LIBAETCH «ONepaTUBHbLIM KOHTPONEM KannbpoBKUy, « COKpaLL.eHMeM Kannbpos-
Kn», «npoafieHneM uHTepeana KanvbpoBku» W T. A. XOTs TOT MeTod NPYMeHWM K OOMbLUMHCTBY U3MEepUTENbHBLIX
nNp1bopPoB, IMaBHbIA UHTEpPEC NPeACTaBNAeT NPUMEHEHUe STOro Noaxoda AMs AaTHMKOB AaBMNeHus], NOCKONbKY AaT4YMKK
AaBMNeHNsi Ha aTOMHBIX CTaHUMSX YacTo TpyAHee KanubpoBaTk, YeM Apyrve usaMmepuTenbHbie Npubopbl. Kpome Toro, onbIT
nokasarn, 4To 60NbLUMHCTBO AaTYMKOB AaBMNeHUst A4epHOro Knacca CoXpaHsieT CBOK KanuBpoBKy B TeYeHne AnuTenbHbIX
NPOMEXYTKOB BpeMeHW. B 9TON CBA3N 4acTOTY KanMBPOBKY AaTUMKOR AaBNEHUS MOXHO NPOANWTE 3a Npeaentl TpPaanUMOH-
HOro MHTEpBana, T. €. OAHOKPaTHO KaX bl TOMMMBHBIN LMK, MeTog onepaTMBHOIO KOHTPOSS NO3BONSET KOHTPONMPOBaTh
BbIXOAHbIE CUTHAnNbI 4aTYUKOB AABMEHWS Ha Hanu4me gpeida nokaszaHum n onpeaenstb, AOMMKEH NN 4aT4iuK ObiTb OTKa-
nnbpoBaH.

B.2 TpeboBaHus K CUCTEME ONEepPaTUBHOTO KOHTpONA

OnepaTtuBHLIN KOHTPOIb KanubpoBky TpebyeT Hanu4Ma Nporpammel, Npoueaypbl MU CUCTEMbI MHOTOKaHaNBHOIO
cbopa, keanudukaumm, aHanmaa gaHHbIX M UHTEPNpeTauum pesynbTatoB. CucTema onepaTtMBHOIO KOHTPONS AOMKHA NPo-
BOAUTb BbIGOPKY M 06paboTKy MHOFOUMCNEHHbIX CUTHANOB M3MepuTenbHbIX Npubopos. OHa AomkHa Takke obpabaTeiBaTh
AaHHble U NpeACcTaBNsATh pe3ynbTaThl B rpacdnuyeckon Unm nHelx popmax, 4tobbl cpaBHMBaTH C NpeaonpeaeneHHbIMU Kpy-
TepuAMW NPUEMKM AN MAeHTUDUKauMn nuamepuTenbHbIX NPUGOPOB, KOTOPLIE OCTANTCH B Npeaenax kanmbpoeku, n otae-
NATb Te u3aMepuTenbHble NPMBOpPLI, KOTOPbLIE NPEBLIWAIOT KPUTEPUUN NPUEMKMN.

HeT HeoBxoanmocTy, 4To6bI cucTema o6pabaTbiBana AaHHbIe B PEXUME peanbHOro BpeMeHM, Noka y CUCTEMbI eCTb
apekBaTHble BO3MOXHOCTU XpaHEHNA AaHHbIX ANs nocneaylowero aHanusa. Ana Bbi6opkm He0BX0ANMBIX aHHBIX MOXET
MCMONb30BaTbCs CTAHLUMOHHBIA KOMNBIOTEP UMK APYIMe CYLWECTBYIOWME UNWU YCTAHOBNEHHbIe cucTeMbl c6opa AaHHbIX Ha
aTOMHOW CTaHuUmK. BbiGopky M aHann3 AaHHbIX MOXHO NPOBOAUTL HA OA4HOM M TOM e KOMNbIOTEPE UMK Ha ABYX PA3NUYHbIX
KoMnbloTepax. OBblMHO HEOBX0AUMBIE fAHHLIE COAEPXKATCS B CTAHLIMOHHOM KOMIBIOTEPE, U B 3TOM CIy4yae AaHHble 06biu-
HO COXPaHsIloT Ha HaKOMUTENSIX AAaHHBIX U aHANM3NUPYIOT B aBTOHOMHOM pexume. Koraa B CTaHUMOHHOM KOMINLIOTEPE UMe-
I0TCA AaHHbIE ONepaTMBHOIO KOHTPONSs, TO He06X0AUMO NULLL NporpaMmHoe obecneveHue, 4YToObl 3abupaTtb JaHHbIe OT
CTaHLUMK, aHanM3anpoBaTh MX U CTPOUTL rPadUKM UK NevaTaTb pe3ynbTaThl.

B.3 YueT cucrematnuyeckmx owmbok n gpenca obuwero Tuna

B AaHHbIX OnepaTMBHOIO KOHTPOrSi KANIMOPOBKM MOTYT CyLLLECTBOBATL 06U Aipeiid nokasaHWui unvm cuctemaTumyec-
Kve owmnbku, Mx Heo6XoAMMO AOMKHBIM 0OPaA30M YUMTHIBATh. ITU OLIMGKM MOTYT GbiTh 00YCMNOBNEHbI HOPpManbHLIMK pa3-
NVN4YUAMM KarnmBpPOBKKU MeEXAY M3MepUTENbHLIMK NpuGopamu, pasnuyHbIMK PacnonoXeHUsIMU KOHTPOITbHbLIX TOYEK U T. 1.
Kpowme Toro, nokasaHusi pe3epBUPOBaHHbIX U3MEPUTENBHBLIX NPMGOPOB MOTyT ApericdoBaTh BBEPX UIU BHWU3 BCE BMECTE, HE
No3BoOnsiA oTNMYaTh gpend nokasaHuin. 3T NpobreMbl MOXHO pellaTb PsSiAOM METOAOB, BKIIOYast:

a) kanubpoBaHWe OAHOIO U3 PE3ePBUPOBAHHLIX KAHANOB HA POTALMOHHOW OCHOBE, YTOOLI BCE pe3epBUPOBaHHLIE
KaHanbl nepuoanyecku Kanmbposanuck Bpy4Hyto, n/unm

b) ncnonb3oBaHWe aHaNUMTUYECKOTO MOAENUPOBAHUS TEXHONOMMUECKOTO Npouecca, YTobbl OTCNEXNBaThL NPOLECC
He3aBUCUMO OT MPOBEPSIEMOIO U3MEPUTENBHOIro NpMbopa u yCTaHOBUTL OMOPHYIO TOYKY ANS ONepaTMBHOIO KOHTPONS
KannGpoBku.

MocnegHun metog BkNoyaeT B cebsi MHOrOUMCIEHHbIE MeTOAbl, GONbLUMHCTBO KOTOPbIX ONUCaHo B NybGnvkaumsx,
nepe4mncreHHbLIX B bubnuorpadum HacTosiLero craHgapTa.

B.4 Mpo6nema TOM€4YHOro MOHMTOPMHIa

Ewe ogHa BaxxHas npobnema meToaa onepaTMBHOIO KOHTPONS — «NpoGnema TOHeHHOro MOHUTOPUHIay. KOHKpeT-
Hee, eCcnu JaHHble onepaTVBHOrO KOHTPOIsi COGUPAIOT TOMNBbKO BO BPEMSA HOPMasbHOW 3KCNyaTaLmu aTOMHON CTaHUMK, TO
aHarnm3a 9TMX JaHHbIX NUWb YAOCTOBEPSIET KannbpoBKY M3aMepuUTeNbHbIX NPUGOPOB B KOHTPONMPYEMOIA Touke. [lns Toro
4YTO6bI NPOBEPUTL KANMOPOBKY M3MEPUTENBHBIX MPUGOPOB B APYMX TOYKAX NO BCEMY MX paboyeMy AuanasoHy, JaHHble
onepaTMBHOIO KOHTPOINs He0BXoAVMMO coOBMpPaTh HE TOMBKO MPY HOPMAaNbHOW 3KCNNyaTaumm, HO TAKKE U BO BPEMSI EPUO-
AOB MycKa M ocTaHoBa. Ecnu 370 HEBO3MOXKHO, TO METOA ONEPATUBHOTO KOHTPONA BCE XE NPUEMIEM, HO AONYCTUMbIE
npegensl kanubpoBKM AOMKHbI ObiTb YMEHbWEHbL HA ONpeAeneHHbi 3anac Ansa TOYEYHOr0 MOHUTOPWHIA, KaK B
Gubnuorpaduu.

B.5 YactoTacbopapgaHHbIX
Crneuundnyeckux TpeboBaHWi KHacToTe AUCKPETU3 ALK JIaHHbIX ONepaTUBHOIO KOHTPOI st Unu TuNy o6opyaoBaHus,
KOTOPOE MOXHO MCMOMNb30BaTh, HE CYLLECTBYET. BapnaHTbl BapbmpyoTCs OT O4eHb peakoro c6opa faHHbIX (T. €. HECKOITbKO
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pas3 B Te4eHUe LUKIa) 10 HENnpepbIBHOW BbIGOPKU IaHHBIX C MOMOLLIbI0 CTAHLIMOHHOTO KOMIbIOTepa Nnn cneumnanuampoBaH-
HoW cucTembl cbopa AaHHbIX. OAHAKO eCrn AONKEH MCMONb30BaTLCs KAKOW-NMBO METOA MOAENUPOBaHUS, TO NOTpebyeTcn
KOMMbIOTEPHbIV COOP AaHHbIX NMPY OTHOCHTENBHO BbICOKMX YacToTax BbIGopkn. Kpome Toro, BO3MOXHO, UTO BbIGOPKY CUrHa-
JI0B, MOAENMUPYEMbIX COBMECTHO, NPUAETCH NPOBOAUTL OA4HOBPEMEHHO.

B.6 AHanu3 gaHHbIX

HaHHble onepaTMBHOIO KOHTPONS MOryT 6biTh BbIOpaHbl 3 CTAHLMOHHOIO KOMNbIOTEPA, APYMMX CTAHUMOHHBIX CUC-
TeM, creLuanuanpoBaHHON cucTeMbl c6opa AaHHbIX, cnornb3ayemon aAns c6opa aaHHbIX Mnu nx koMGuHaumu. HesaBucumo
OT TOro, BbIGMPAIoTCsi Nv faHHbIE M3 CTAHLUMOHHOTO KOMIMbIOTEPA UIMKU NOCPEACTEBOM CNeunanm3npoBaHHON cuctembl cbopa
AaHHbIX, CHa4Yana crnefyeT UCToNb30BaTh anropuTm KBanuukauum AaHHbIX, 4To6bl OTCOPTUPOBATL AaHHbIE HA NpeameT
aHomanwuii, TakMx Kak OTCYTCTBME YaCTHbIX 3HaYEHUI, OTCYTCTBME CUTHAroB, HOpManbHoe pacnpeaenexue u T. 4. lNMocne
TOrO KaK JaHHbIE OTCOPTUPOBAaHbI, ONpeAeneHbl M aTTECTOBaHbI, UX CrielyeT NpoaHanuanpoBaTh C UCMNONb30BaHUEM METO-
OOB ycpeaHeHus n/wnu mogenupoBanusi. Metoabl ycpeaHeHnsi MoryT 6biTb agekBaTHbl, €CNK AOCTYNHbI Pe3epBUPOBaH-
Hble curHansl (6onee asyx). [Mpumepamm MeTOAOB yCpeaHEHWs!, KOTOPbIE MOXHO UCMNONb30BaTh, MOTYT CMYXUTh: NMPsSIMOe
ycpeaHeHue, cpeHeB3BelleHHoe YCpeaHeHne, NapuTeTHOe NPOCTPaHCTBO, YCpeaHeHne no avanasoHy u T. 4. Beibop
MeToAa yCpeAHEHUsI YacTo 3aBUCUT OT TUNa U pe3epBUPOBaHUS AaHHbIX. BO3MOXHO, NpuaeTcs ncnonb3oBaTh pasnuyHble
METOAbl yepeAHeHUst st 06paboTku pasnnyHbIX CEPBUCOB AaXe Ha OQHOW U TOW XXe CTaHLUW.

YTo kacaeTcst METOZOB MOAENUPOBAHUS, MOXXHO CNONb30BATh IMMUPUHECKOE W/NINN DPU3NYECKOE MOLENMPOBAHNE.
CyuwiecTByeT psag cnocoboB UCMONb30BaTb IMINMPUYECKOe MOAENMPOBaHWe, BKNIOYaA HEWPOHHbIE CETU, pacrno3HaBaHne
06pasoB, HEYETKYIO IPYNMUPOBKY AaHHBIX B COUYETAHWUU C HENPOHHBIMU CETAMM U T. 4. DTU MeToAbl onucaHbl B bubnuorpa-

thum
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Mpunoxenne C
(cnpaBo4HoOe)

MeToAbl UCNBLITaAHU BpeMeHU peakLMu AnA AaTYMKOB AaBNeHUs U HeUTPOHHbIX AeTeKToposB

C.1 BBeaeHue

MeTtoapbl NCMbITAHUS BPEMEHW peaKkuny ANs 4aTUMKOB JaBIEHUS MOXHO pa3fenuTb Ha ABe rpynnbl UCNbiTAHUNA:

a) TpagvUMOHHbIN MeTopA, KOTOPbLIN MPUMEHSNCS C TEX NOP, KAK HA4Yanmch UCNblTaHus B cepeguHe 70-X IT. NPoLWnoro
Beka, n

b) onepaTtuBHble MeTOAbI, KOTOPbLIE OCHOBAHbBI HA HOBbIX TEXHOIOIUSIX, pa3paboTaHHbIX U YTBEPXKAEHHbIX B CEpean-
He 80-X rr. npowwnoro Beka. [penMyLLecTBO onepaTUBHBIX METOA0B COCTOMT B TOM, YTO OHU JONYCKAKT AUCTAHUNOHHOE
UCMbITAHWE NPV HOpManbHbIX paboYnx yCnoBumsix, Toraa kak TpagavmumnoHHbIn meToa TpebyeT dmnanyeckoro 4ocTyna K Kax-
aomy npeobpasosaTento 1 06bIYHO HE MOXET NPUMEHSATLCS BO BpeMsi paboTel aToMHOI cTaHumu. KpaTkoe onucanue Tpa-
OVUMOHHbIX N OMnepaTUBHbIX METOAOB NpuBeaeHo Huxe. bonee nogpobHyo nHdopMaumio umTaTenb MOXeT NONY4UTL B
6ubnvorpadun Takke B HACTOSLLEE NPUITOXEHVE BKITIOYEHO ONUCaHWE MeToAa aHanu3a WyMoB ANA YA0CTOBEpPEHUs
TOrO, 4TO B TPY6ONPOBOAAX M3MEPEHUs AaBMNEHNS HET CYLLLECTBEHHbIX 3aKYMNOPOK, BO3AYLIHBIX NPOGOK UMK NPOTEYEK.

C.2 TpagnUVOHHbIN MeTOL,

TpagnuMOHHbIA METOA UCTbITAHWSA BpEMEHW peakumm 4aTHMKOB JaBlNeHus BKo4YaeT B ce6a ruapaennyeckun reHe-
paTop AaBreHus Ans Beldaqn TECTOBOrO curHana B hopme CTYNeHbKM Ui NIMHEWHOTO uaMmeHeHus. cneitaHue ¢ nuHen-
HbIM U3MEHEHWEM UCMNONb3yeTCA Yalle, YeM UCTbITaHUE CO CTYNEHYaTbiM CUTHANoM, MOTOMY YTO NPOEKTHbIE aBapuK Ha
aTOMHbIX CTaHUMAX 0OBIYHO NpeanonaraT NePexoaHble NPOLECChl C MMHENHBIM M3MEHEHNEM AABIEHUS.

TecToBbIi CUrHan AaBreHWs, CreHepUPOBaHHbINM MMAPaBIMYECKMM rEeHEPaTOPOM NUNOOGPA3HOro HanNPsXXeHus,
noJaeTcsi Ha UCTbITYEMbI JAaTYUK M OAHOBPEMEHHO Ha BbICOKOCKOPOCTHOW 3TaNOHHbLIN faTymK. BoixoaHble curHanesl 3Tmx
OBYX OaTYMKOB PErvCcTPUPYIOT Ha AByXKaHanbHOM YCTPOWCTBE pernctpauuy 1 Ucnonb3yloT ans onpeaeneHns BpeMeHn
peakuum gaTtumka.

B 4aHHOM uCnbITaHUW BpEMs peakumm AaTumka AaBneHust 0Obl4HO onpeaensieTcs Kak 3anasgbliBaHne mexay peakum-
€1 3TanoHHOro gaT4nka n UCMbITYEMOro gatyvKa Npy NPOXoXAEHUN Yepes YyCTaBKy.

C.3 OnepaTtuBHbIe MeTOAObI

PaspaboTaHbl 1 yTBepXaeHbl ABa METOA4a HaTYPHOrO UCMbITAHWUS BPEMEHWU peakumu AaTYMKOB JaBMNEHUs B TOM
BMIE, B KAKOM OHW YCTaHOBMNEHbI B pabouMx TEXHONOMMYECKMX npoueccax, — «MeToa aHanusa WyMOB» U «UCMbITaHne
P3». MeToa aHannaa WwymMoB MOXET UCTMONb30BaTbCA AMNA NCNbITAHNMA BPEMeHW peakunmn 6onblLUMHCTBA AaTYMKOB AaBre-
HUS, HO UCNbITaHUE PO NPpMMEHUMO TONMBKO K AaT4UMKaM AABNEHUS KOMNEHCaLMOHHOro Tuna. [laTiumkm AaBneHusi KomneHca-
LWOHHOIO TMNa TaKxXe MOryT UCMbIThIBATLCA METOAOM aHanNu3a WyMoB, HO ucnbiTaHne PO ncnonb3yeTcsi valle, Yem MeTop,
aHanuaa WymoB, NOTOMY YTO UcnbiTaHne P3O nogpasymesaet 6onee npoctyio npoueaypy. KoHkpeTHee, Ansi BbINOMHEHUS
ncnbiTaHuA PO aneKkTponuTaHue Ha 4aTHuK BbIKNIOYAT HA HECKOMNBbKO CEKYH/, U 3aTeéM CHOBA BKITIOYAL0T, TOrAa Kak BbiIXo-
HOW curHan gardvka permcTpupyetcs. B pesynbtare ncnbiTaHMsa Nony4vaioT BbLIXOQHOW CUrHan nepexogHoro npouecca,
KOTOPbIV 3aTe€M aHanmanpyioT, 4To6bl onpeaenuTs Bpems peakumm gatumka. AHanu3 BkniovaeT B ce651 3bsATUE IKCNOHEH-
LmanbHOM COCTaBNAWeEN 4aHHbIX U3 NEPEXOAHOro npouecca nenbiTaHus PO n aHanna 3ToM aKCnoHeHUMarbHOW cCocTaB-
nsawWwen, ansa Toro Ytobul NoNy4nTL Bpems peakuum. N3bvatne aKCnoHeHUManbsHON COCTaBNsoOWeNn 06bIMHO NPOBOASIT
YMCNEHHBIM METOA0M, a8 aHANN3 3KCNOHEHUMarnbHOW COCTABNAIOLWEN — C MOMOLLBIO anropmMTMa annpokcMMauum MeToA0Mm
HaMMEeHbLWNX KBaapaToB.

MeTtoa aHann3a WwymMoB OCHOBaH Ha KOHTPOJSie eCTECTBEHHbIX (OINYKTyaL Wi, KOTOPble CYLLeCTBYIOT Ha BbIXoAe AaTuu-
KOB [JaBIE€HWSA, B TO BPEMS Kak cTaHumsi paboTaeT. 3 dnykryaumm (wymbl) o6b1MHO 06ycnoBreHbl TypOyneHTHOCTbIO,
Bbl3BaHHOW NOTOKOM BOAbI B CUCTEME, CIyYaiHON Tenrnonepeaaven B akTUBHOM 30HE U 4PYIMMU €CTECTBEHHBIMU SIBIIEHUSI-
Mu. A3 BbIXOQHOTO cUrHana aartyimka U3BneKaroT WyMbl, yaanss NOCTOsIHHYI0 COCTaBNAIOLWYIO CUrHana v ycunueasi nepe-
MEHHyI0 cocTaBnsawyto. MocTosHHYI0 COCTaBNSAIOWYI0 yaansioT, NPOBOAS BLIXOAHOW CUrHan aarymka vepes ounbtp
BEPXHMX YacTOT UMNu NyTeM CABUIa CMELLLEHWS1 CUrHana NnocTosIHHbIM TOKOM. [laHHbIN NpoLecc ocTaBnsieT NepemMeHHyo
COCTAaBISIIOLWYI0, KOTOPYIO NPOBOAAT Yepe3 (hUIbTp HUKHUX YacTOT Aris CrNaXUBaHWUA U yaaneHusi BbICOKOUACTOTHbLIX 3MeK-
TPUYECKMX LWYMOB. 3aTem curHarn ouudpoBbIBalOT C MOMOLBIO aHanoro-uMdpoBoro npeobpasoBarens u COXpaHsiloT Ha
KOMIMbIOTEPHBLIX AANCKAX AN NocrneayloLwero aHanmsaa.

AHanM3 WyMoBbIX JaHHbIX NPOBOASAT B YaCTOTHOW 06ractu n/unm BpeMeHHOn o6nactu, u OH OCHOBaH Ha Aonyue-
HUM, YTO AUHAMUYECKNE XapaKTEPUCTUKM AaTUUKA NIMHENHbI, 8 BXOQHOW LLYMOBOW CUrHan (To eCTb TEXHOoNornyeckue ryk-
Tyauumu) MMeeT Hagnexalwme CcrekTpanbHble XapakTepucTuku. AHanmMabl B 4acTOTHOM obnactm u BpEeMEHHOM
obnactn — 310 ABa pa3nuyHbIX MeToAa A4Sl onpegeneHnsi BpeMeHU peakumm 4atinukoB, M 06bIYHO NONe3HO NpoaHanuan-
poBaTb AaHHble 060MMU MeTO4AMU M YCPeHUTL pe3ynbTaThl, Uckrouvas nobslie BeIGpockl. Huxe cnefyloT onvcaHus aHa-
Nn3a WyMOBbIX JaHHbIX B YaCTOTHOW 06nactu u BpeMeHHOW obnactu ans onpegeneHnsi BpeMeHn peakumm AaTiUKOB
OaBneHus.
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C.3.1 AHanu3vyacToTHOM obnacTm

B aHanu3e yacToTHOM o6nacTu cHavana reHepupyeTcs cnekTpanbHas IoTHOCTb MoLWHOCTH (CIMNM) WwWymoBoro cur-
Hana, o6bl4HO C NOMOLLLIO anroputma 6eicTporo npecbpasoeanuns Pypee (BINP), yto BrNtoyaeT B cebsi nepegady 3anucu
LYMOBBIX AaHHbIX B CTAHAAPTHLIN NporpammHblii naket B gns toro, 4tobsl nonyyunTts Ha Bbixoge CINM. KoHevHo, Bce
nakeTbl Nporpamm, ncnone3yemsle Ans reHepauum CMM u apyroro aHanuaa, 4oMmkHbl cHavana 6biTb NPOBEPEHbI W yTBEP-
XAEeHbl B COOTBETCTBUM € popMaribHOW nporpammoli o6ecnevenns kavectsa (OK), koTopasi BkrniovaeT B cebs hopmans-
Hble Npoueaypbl pazpaboTku NporpammHoro o6ecneveHms u nporpammy Beprdukaumm m sanmaauum (BuB) nporpammHoro
obecneveHus. Mocne Toro kak nonyyena CrNM, matemaTtuyeckasn yHKUMSA (Mogenb), NOAXOASLLAS ANsl UCMbITLIBAEMOro
Aatuuka, annpokeummpyetcs Kk CIMM gns nony4eHus napameTpoB MOAENM, KOTOPbIE 3aTeM UCNONb3YIOTCH ANs pacyeTa
BPEMEHU peaKkLmn gaT4ymka.

CMNM paTt4mkoB AaBneHns aToOMHON CTaHLMKN MMEIOT pasnuyHble hOPMbl B 3aBUCUMOCTM OT CTaHLMKU, YCTAHOBKU U
obCnyXMBaHWA AaTumnKa, TEXHONOIMYECKOTO PeXuma n Apyrmx BO3AenCTBUNA.

C.3.2 AHanus BpeMeHHOW obnactu

Onsi aHannsa BpeMeHH6n 06nacTy WyMOBbIX AaHHBIX UCTIONb3yeTcs MeToa aBToperpeccusHoro (AP) mogenvposa-
HUS1. 3annch LWYMOBbIX JaHHbLIX A5 KXA0ro AaTHnKa annpokCcuMmnpyeTcs K obLuelt asToperpeccvBHON Mogenu nopsaka
«ny. ANNpokcrMaums 3anvcy WyMOBbIX AaHHBIX ONpeaennT koadduumeHTsl Mogenu. 3Tn KoadrUMeHTb 3aTeM UCNONb-
3yl0TCS ANA NONy4YeHUs TakMX AUHAMUYECKMX AECKPUNTOPOB, KaK peakumsi 4aTYMKOB HA UMMYMNbC, Peakuna Ha CKaYoK U
peakuusi Ha NNMHeNHO-HapacTaloWMK CUTHATM, U3 KOTOPbIX BbIBOAST BPEMSI peakuum.

O6ocHOBaHHOCTbL MeTofa aHanusa wymos Gbina nccnegosaHa nabopaTopHbIM UCTbITAHUEM penpe3eHTaTUBHbIX
JAaTYMKOB TUMOB, MCMOMb3yeMbIX HA aTOMHbIX CTaHUUAX.

o Havana nw6oro aHanuaa BpeMeHHOM 06nacTn unmn 4acToTHoOM o6ractn Heo6xoaUMo ccregoBaTh NPUIOAHOCTb
LYMOBBIX ZaHHbIX KOMMBIOTEPHbLIM CKAHUPOBAHWEM M CKPUHUHIOM HEO6PaboTaHHbIX JaHHbIX, YTOOLI rapaHTUpOBaTh 4OC-
TOBEPHbIN aHanu3, 4YTo OCTUIaeTcsl NyTEM UCNONb3OBaHUA anropUTMOB KBanWUKaUMK AaHHbIX HA CTAUNOHAPHOCTL U
NUHENHOCTb AaHHbIX. [aHHbIM npouecc BknoyaeT B cebsa noctpoeHne rpadmka aMmnnnTyaHoN NNOTHOCTU BEPOATHOCTU
(AlB) AaHHbIX ANst BU3yanbHOro KOHTPOsi epekoca u HENWHENHOCTU, a TaKKe pacyeT NepeKkoca, yNnnoweHHOCTU Unu apy-
rYX 4eCKPUNTOPORB WYMOBbIX AaHHbIX, YTOOLI rapaHTUpOBaTh, YTO 3TV AaHHbLIE UMEIOT HOpMarbHOe pacnpeaeneHue u He
coepXKaTt HexenaTenbHbIX XapakTepUCTUK.

C.4 WcnbiTaHne namepuTenbHbIX Tpybonposoaos

NameputenbHble Tpy6ONpoOBOAbLI MOTyT NOCTPaAaTh OT YACTUUHBIX UMW NONHBIX 3aKyNOPUBaHWMK, CKOMIEHUsI BO3-
AyWHbIX NPOBOK, NPOTEYEK M OTKa30B ypaBHUTESbHBIX, OTCEYHbIX MITN APYIMX KnanaHoB, KOTOPbIe MOryT 6biTb pasmeLleHbl
BAOINb M3MepuTenbHbIX Tpybonposogos. [nA 3awmTsl OT 3TUX NPO6NEM 1 rapaHTUM YACTOTbI U3MEPUTENBHOTO TpyGonpo-
BOAA CneayeT UCMONb3oBaTh METO aHanu3a WyMOoB, KaK ONUCAHO paHee OISt UCTIbITaHUS BPEMEHU peakuun 4aT4yukoB
Aaenenus. [iobasi cywecTBeHHas 3aKyrnopKa Unv uHble aHomanuv B Tpy6onpoBozie 3aMmepeHusi JaBreHusi Hanbonee Bepo-
ATHO NPOSBAT cebs B pe3ynbTaTax MCMNbITAHWA BPEMEHN peakun AaTuMKOB JABMEHUs Npy NOMOLLM METO4a aHanusa
LYMOB.

C.5 UcnbiTaHMe BpeMeHM peakuMn HEUTPOHHbIX AeTeKTOPOB

McnbiTaHne BpeMeHn peakuuy HeWTPOHHbLIX eTEeKTOPOB AO0NycKaeTcsl NPOBOAUTH C MOMOLLBI0 METoAa aHanuaa
LYMOB MOYTU Takum xe cnocobom, kak ans AaTyvkoB gaeneHus. O6biYHO BpeMsi peakuum HENTPOHHBLIX AeTEeKTOPOB
HACTOMBKO KpaTKoe, YTO pe3ynbTaTbl aHanv3a WyMOB Yalle NpeAcTaBnsiioT AUHAMUKY MpoLecca, YeM BpeMsi peakumm
JeTtektopa. TemM He MeHee eCrn eCTb CYLEeCTBEHHOE N3MEHEHNE BPEMEHMN peaKLumM HEMTPOHHOIO AETEKTOpa, TO namepe-
HVe aHanuaa WyMOB JOMKHO BbISIBUTE NPo6nemMy. To eCTb aHanu3 LyMOB JOIMKeH MAEHTUDULUPOBATD OLLYTUMbIE 3Me-
HEHWA QUHaMWKW IeTEKTOPA, HECMOTPS HA BO3SMOXHOCTB TOr0, YTO ANanas3oH HacToT BXOAHOIO LWYMOBOIO CUFHaNa Moxet
He 6bITb ageKBaTHbIM.

B pononHeHue ko BpeMeHW peakuum Anst HEWTPOHHBIX 48 TEKTOPOB criefyeT onpeaenuTb U 0TCNeanTb AeCKPUNTOPbI
LIYMOB, Takue kak gucnepcusi, nepekoc, AlNB n akcLecc kak cpeacTBO KOHTPOS U3MEHEHUI pabounXx XapakTepUCcTUK e Tek-
Topa.
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MpwvnoxeHne D
(cnpaBouHoe)

MeToabl UCNbITAaHUA BpeMeHU peakuuu gna POAT

D.1 BBepenne

M3mepeHus BpeMmeHu peakuym nposoasTt Ha PAT cuctembl 6e30MacHOCTM HA aTOMHbIX CTAHLMSIX, YTOObI rapaHTupo-
BaTb, YTO CTAHLUMS MOXET ObITb CBOEBPEMEHHO OCTAHOBIIEHA B CIyYae MOLLHOIO TEMNEPAaTYPHOIo NePexXoHOro npouecca
B peakTope. B peakTopax ¢ oxnaxaeHuem sogou nog aasneHvem (BBOP) PAT tennoHocuTensi nepBoro KOHTypa, KoTopble
BXOAST B cucteMy 6e30nacHOCTM cTaHUMK, OObIYHO UCTbITHIBAIOT OAHOKPATHO KaX/bI TOMMUBHbLIA LMKIT UITM NPUMEPHO
kaxable 18—24 mecsiua. Kpome T10ro, kaxabl pa3 nocne 3ameHbl unu pemonta PO T namepsiot Bpemsi ero peakumu, npe-
XJe Yem cTaHuus BO306HOBUT paboTy Ha MOLLIHOCTH.

Takkak Bpemsi peakumy P T 3aBucut oT TeMnepaTypbl TEXHONOMMUYECKOrO NPOLIeCcca, AAaBMNEHUs U Pacxoaa BO BpeMs
paboTbl, U3MEpPEHUs1 BpEMEHW PeaKLMM JOIKHbI ObITb NPOBEEeHbI NPY HOPMAarbHbIX YCITOBUSIX paboThl Mnu Brin3knx K HUM,
4YTOGbI NMONY4YUTH BPEMSI PEaKkumMM AaTUMKOB B YCITOBUSIX 3kcrnyaTtaumu. C 9Tol uenbio B koHLUe 70-X roZ1oB NpoLUrioro Beka
6bin paspaboTaH MeTo M3MEpPEHUs BpEMEHW peakLMKU Ha CTYNeH4YaToe naMmeHeHne KoHTypHoro Toka (PCKT), koTtopbliii ¢
TeX Nnop MCnosib30BariCsl HA MHOTOYMCITEHHBIX aTOMHBIX CTAHUMSIX BO BCEM MUpe, 4ToObl yaoBneTBOpUTL TpeboBaHus K
UCMbITAHWSIM BPEMEHW pPeaKLK.

D.2 KpaTtkasa nHcdopmaumnna

Wenbitanue PAT Ha aToOMHbIX cTaHuuaX Hadanock B 1978 r., nocne Toro kak 6bin yrBepxxgeH metog PCKT n 6binu
pa3paboTaHbl cepuiiHoe ucneliTarenbsHoe obopyaoBaHue, obyvenue u npouedypsl PCKT. o 1978 r. HemHOrMe cTaHumm
BbINOMHSANU UCMbITaHUA BpeMeHu peakuvm PAT, a ncnbitaHnsi o6bI4HO NpOBOANNMNCH C UCMONb30BAHMEM METO/A UCTbITa-
HUSI € NorpyxeHuem. McnoiTaHme ¢ norpyxeHuem BknovaeT uabsitne PAT co cTaHummn 1 ux ucnoitaHne B nabopatopHon
cpepe. Bo Bpemsi paspaboTku metoga PCKT B cepeauHe 70-x roqos npoLusnoro seka 6b1no onpeaerneHo, 4to MeTog uchbi-
TaHus C NOrpy>XeHneMm He AeNCTBUTENEH ANs MCnbiTaHnst BpeMeHu peakuun POT atomHon ctaHumun. B aTon cBsian sgepHan
NPOMbILLITEHHOCTL MOCTENEHHO OTKa3anachk OT 3TOro MeTOAA, 32 UCKITIoYEHNEM NAabopaTOPHbLIX KBANUMUKALMOHHBIX UCNbI-
TaHui HoBbIX POT 1 3aWUTHBLIX MMNb3 A8 X YCTaHOBKU HA CTaHLUW.

D.3 MeToabl ucnbiTaHum BpemeHu peakuun PAT
D.3.1 OnucaHue ncnbITaHWUA C NOrpyXeHnem

Bpems peakuuu TemnepaTtypHoro gatymka obbl4HO namepsieTcsl B nabopaTopHOi cpee MEeTOAOM UCTIbITaHWs ¢
norpyxeHvem. Npu 3ToM NCnbiTaHUM SAaTHUK NOABEPTaT BHE3ANHOMY U3BMEHEHUIO TEMIEPATYPbI, @ €r0 BLIXOAHON CUrHar
pervcTpupytoT, NOKa OH He JOCTUrHET YCTaHOBUBLLETOCS COCTOSIHUS.

AHanua ncneiTaHust ¢ NOrpyXeHneM Ansi NonyyYeHusi BpeMeHy peakuuy gaTuvka oveHb npoct. Hanpumep, ecnm
nepexoaHbIi NPOLECC BbIXOQHOMO CUrHana gaTymka perucTpupyeTcs B pernctparope, To BpeMsi peakuum onpegensieTcsi
M3MepeHneM BpeMeHu, Npu KOTOPOM BbIXOAHONM curHan gartyuka gocturaet 63,2 % CBOero KOHe4YHOro yCTaHOBUBLLETOCS
3HaveHns. CnegyeTt OTMETUTB, YTO, XOTA ONpeerieHne BpEMEHN peakLMn aHanMTUYeCKU 3Ha4MMO TOMBKO A1 CUCTEMBI
NnepBoro NopsigKa, OHO TPAAMLMOHHO UCTIONB3YETCs A5 onpeaeneHns BpeMeHn peakumm 6onbLNHCTBA TEMNEPaTYPHbIX
JaT4YUKOB HE3ABMCKMMO OT UX AMHAMUYECKMX XapakTepucTUK. 1o 3Tol NpryrHe TEpMUHBI K BPEMS PEAKLMU» U «MOCTOSIHHAS
BPEMEHU» YacTO NCMONb3YIOTCH B3aMMO3aMeHsIeMO 115 ONUCaHusi AUHaMUYeckux xapakrepuctuk POT gaxe npu Tom, Yto
TEPMUH «NOCTOSIHHAs BPEMEHMW» OTHOCUTCS TONBKO K CUCTEME MEePBOro Nopsifika.

Bpewmsipeakumun PAT, nony4eHHOE METOLOM UCTbITAHWSI C NOTPYKEHMEM, — 3TO OTHOCUTENNbHbIV NoKasaTerb, KOTo-
pbIVi AOMKEH CONPOBOXAATHCH ONMCaHWeM ycnoBun, npu kotopblx POT ncneiteiBancs. 310 BaXHO, NOTOMY YTO BPEMSI peak-
uvn POT cunbHO 3aBUCUT OT CBOWCTB KOHEYHOW cpefbl, B KOTOPYHO UX NorpykatoT. Tun cpeabl (BO3ayX, BOAaUT. 4.) u ee
CKOPOCTb, TEMMNepaTypa v AaBlieHne BCeraa AoMKHbI yKasblBaTbCsl C pe3ynbTaTaMmy BpeMeHn peakuum. CKopoCTb XUIKOC-
TN — 06bIYHO CaMbli BaXHbI PaKTop, 38 KOTOPLIM N0 BAXKHOCTU CNeAyoT TeMnepaTypawv gasrneHne. 3Tu napaMmeTpbl BNu-
S0T Ha KO3 DMLUMEHT Tennonepegaqm NeHKM Ha NOBEPXHOCTU AaT4HMKa, KOTOPLIN CBSI3aH CO BpeMeHeM peakumn. bonee
BbICOKME CKOPOCTU XUAKOCTW YBENUYUBAKOT KOIDULMNEHT TENNonepeaaqm nreHkM Ha NoBepXHOCTU JaTyMKa U YMEHbLL a-
10T Bpemsi peakumun. TemnepaTypa, 04HaKo, oka3bliBaeT cMelwaHHoe BnusiHe. C ogHol CTOPOHbI, TEMMepaTypa aencTeyeT
TaK Xe, KaK CKOPOCTb XWUAKOCTU, TO €CTb OHa YBeNnu4iuBaeT koadULKMEHT Tennonepeaayqn nineHku 1 yMeHblLaeT BpeMst
peakuun. C Apyrov CTOPOHbI, BbICOKME TEMMNEePaTYpbl MOTYT BNMATL HA CBOMCTBa MaTepuaroB BHYTPpY gaTymka u nnbo yse-
nuumBaTh, NMB0 ymMmeHbLAaTh Bpems peakuuu. [laBneHve obblYHO He OKa3biBaeT CYLLECTBEHHOTO 3dghekTa Ha Bpemsi peak-
UuM JaTuvka, 3a WCKIIYEHWEM €ero BNUSIHWS Ha CBOWCTBA >KWAKOCTU, KOTOPble YMPaBnAlwT KOIDHOUUMEHTOM
Tennonepegayn NoOBEPXHOCTU.

B gononHeHne K BAMSAHMIO TEXHONMOIMYECKMX YCroBui Ha Bpemsi peakumn POT o6bl4HO BO3AEeNCTBYET YCTaHOBKA
POT B TexHonornyeckom npouecce. BnusiHme yctaHoBku ocobeHHo BaxHo gnst POT, ykpenneHHbIX B TepMokapmaHe, B
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KOTOPbIX KaXablii MU BO3AYLIHOIO 3a3opa B MecTte conpsbkennss POT — TepmokapMaH MOXeT oKasaTb CyLeCTBEeHHOe
BNuAHKE Ha BpeMa peakumm c6opku POT — sawmTtHas runb3a. (Mun paseH 1/1000 gioima, unm 0,0254 mm.)

D.3.2 Onucanme ncnbitauna PCKT

Tak kak Ha BpeMsi peakLum TeMNepaTypHOro atymka CUMbHO BINAIOT TEXHOMNOTMYECKUE YCIOBUA U TUN YCTAHOBKM,
naGopaTopHble U3MEPEHUS, TAKME, HANPUMEP, KaK UCTILITaHWUS! C NOTPYKEHWEM B 3TaNOHHbIX YCNOBUSIX, He MoryT obecne-
YUTb TOYHYIO MHPOPMALMIO O BPEMEHU peakLMmn AaTumKa «B YCMOBUSIX 3kcnnyaTauuny. MNoaTomy JOIMKEH NPUMEHATLCA
HaTYPHbIN METOZ, KOTOPbIM MOXHO BOCINONb30BaThCsi B paboyeM TexHonormyeckom pexume. Metog PCKT 6bin paspabo-
TaH, YTo6bl 06eCNeYN T BO3MOXHOCTb HATYPHBIX UCMLITAHUIA BPEMEHU Peakunn, KOTOpble Heo6XxoaNMbI, YTOOLI U3MepUTL
Bpems peakuuu B ycnoBusix akcnnyatauum POT, ycTaHOBNEHHbIX B pabounx TeXHONOTMHECKUX NPoLeccax.

Wcnbitanne PCKT BbinonHsiioT, coeauHas POT ¢ ogHUM KOHTAkTOM MOCTa YUTCTOHA M U3MEHAR TOK MoOcTa OT
HEeCKOMNbKMX Munnuamnep npubnuautensHo ao 40—80 mA. CTyneH4yaToe U3BMeHEHNe TOKa AaeT HarpeB AXXKOYINeBbIM Ten-
nom B anemente PAT n 3acTaBnsieT ero conpoTUBIIEHUE MEHSITLCS NPONopUMoHanbHO cnocobHoctu PAT paccenBatb Ten-
NoTy B OKpyxatowylo cpegy. lNepexogHoe uameHeHme conpotuernenuss PAT obpasyeT curHan nepexogHoro HanpshkeHns
Ha BbIX0Ae MOCTa YUTCTOHA, KOTOPLIN Ha3bIBaIOT «NnepexoaHsiM npoueccoMm PCKT» unu «gadHbimn PCKT ana POT». Nan-
HbI NepexoaHbI NPOLIECC 3aTeM aHaNM3upyioT, YTo6bI NonyunTs BpeMsi peakuum POT npy ucneiradHbix yenoeusax. fax-
HbIW aHanu3 BkMNYaeT B cebsi anroputm maremaTMyeckon annpokcuMmauum ansi npeobpasosanus ganHsix PCKT ansa
nonyveHus nepexogHon xapakrepuctukm PAT Ha cTyneHyaToe u3aMeHeHne Temneparypsbl xugkoctn sHe POT.

Mpeunmywecteo ncnoitaHnsa PCKT cocTouT B TOM, 4TO OHO paspeluaeT onepaTtmBHOE UCNbITAHNE YCTAHOBNEHHbIX
POT BHe repmooGonoyku peaktopa u obecneunBaeT dakrnyeckoe Bpemsi peakuum PAT «B ycnoeusax skcnnyataummy.
UcnbiTaHne yunTbiBaeT BCe BNUSIHWS YCTAHOBKM Ha BpeMsi peakuuu P T, Bkniouas BNvsiHne TepMOKapMaHa (€cnv ncrnonb-
3yeTcs), nocagku mexay PAT v 3awmTHON rnb3on n BCEX BNUSHNIA TEXHOMOIMYECKUX YCIIOBUIA, TAKMX KaK TemnepaTtypa
T@XHONOrNYeCcKoro NpoLecca, AaBreHne U CKOPOCTb NOTOKA XUAKOCTH.

Tlo6on Tun unu mogens PAT, koTopble nogrexar ucnoitaduio metogom PCKT, gormkHbl ObiTe cHavana ksanudbvum-
poBaHbl. KBanudukaums BkrnovaeT B cebsl psg nabopaTopHbIX UCNbITaHWI Ans Bepudmkaumm toro, 4to metog PCKT
OeCcTBUTENeH Ans naMmepeHns Bpemenu peakumv PAT n ycTraHOBNeHUsi NOrpeLlHoCTY pe3yribTaToB BPE MEHU peakummy Ans
KOHKpeTHOW koHcTpykuun PAT. Ecnn PAT moHTMpyeTcs B 3aWymMTHOM MMnb3e, TO AomkHa 6biTb NpoBeAeHa Banvpaums
PCKT ¢ POT, yctaHOBNeHHbIM B CBOEN 3aWwmuTHOM mnb3e. Keanudwukauma PAT metogom PCKT Heobxoanma, noToMy uto
o6ocHoBaHHOCTE MeTofia PCKT 3aBUCUT OT KOHKpPETHBIX [IOMNYLLIEHUIA K XapakTepucTukam Tennonepeaayum PAT, kotopble
AONXHbI ObITb YA0OBNETBOPEHbI, C TEM YTOOEI rapaHTMPOBAaTL NOMNyYeHne TOUHLIX pe3ynbTaTtoB metogoM PCKT. Ha ocHoBe
pe3ynbTaToB NnabopaTopHbIX BanuAauMoHHbIX UCNbITaHUIA MHorouncnerHelix POT cpeaHas norpewHocte metoga PCKT
6bina yctaHoBreHa Ha ypoBHe + 10 %. To ectb metog PCKT 06b14HO o6ecnevneaeT pesynbraThl BPEMEHU peakumm, KOTo-
pble HaxodsaTcsA B npegenax + 10 % daktuyeckoro epemenu peakuumn POT.

D.3.3 OnucaHwue ncnbiTaHUA camopasorpesa

WcnbiTanne camopa3sorpesa nposogaT Ha PAT ¢ nomowbto Toro xxe o6opyaosaHus, 4tom anaucnoirabina PCKT. Ana
UCMbITAHWA CaMOpPa3orpeBa cHavana ucnonb3yeTcsa Manbiv TOK (Hanpumep, 5 MA) Ans HarpeBa YyBCTBUTENBHOTO 3NEeMEH-
Ta POT. Tok ocTaeTcsi nogknoveHHbIM, noka conpotuenenne POT He crabunuampyertcs. 3atem aTto conpoTtuerneHne R
M3MEpPSIOT U BbIMUCTIAIOT MOLWHOCTb Yepe3 PAT no ypaesHeHuio P = 2R. 3toTwar MOBTOPSIOT ¢ bonee BbLICOKMMMU 3HAYEHUSI-
mMu Toka Ao 40—80 MA, 4ToGbI NONY4YUTb TPU MNK Bornee YacTHbIX 3HaYeHWI, U pe3ynbTaThl CBOAAT B Tabnuuy, ykasoiBast
conpotuenennsi POT npu kaxxgom TOKe B 3aBUCUMOCTM OT SNEKTPUYECKO MOLLHOCTY, BbipabaTteiBaemoii B PAT. 3atem ata
MHOpMaLUMS BbIBOAUTCS B BUAE rpaduka Kak R B 3aBUCUMOCTM OT P, U pe3ynbTaT (KOTOPbIN AOTKEH NpeAcTaBnsaTh cobom
NpAMYIC NIMHUIO) Ha3bIBAIOT «KPMBOK camopasorpeea» POT. pagueHT KpMBOKW caMmopasorpeBa Ha3biBalT «MHAEKCOM
camopasorpesay» (MCP), usmepsiot B omax/eartax (Om/BT), u OH siBrisieTCs napaMmeTpoM, NpeacTaBnsilolmMM MHTEPEC B
daHHoM ucnbitaHun. NICP — 310 nHgeke, cooTBeTcTByOWMIA Tennonepegade POT. 3naveHne VICP namensietcs, ecnu
€CTb CyLWEeCTBEHHOe u3meHeHve Tennonepegaqym PAT (To ecTb BpeMeHu peakuum). 3T0O UCTbITAHWE HE 3aMeHSIET UCTIbITa-
Hue metogom PCKT mnun ncnbiTaHne MeTogoM aHanuvaa WyMOB Ans nonyYeHns BpeMenu peakumm POT, nockonbky He
onpegenseTt Bpems peakumm POT.

D.3.4 MetopaHnanusawymoB

MeToa aHanmn3a wymoB 4ONYCKaeTCA MCNoNb3oBaTh AN onpeaenenHus yxyaweHns Bpemenu peakuuv POT (cm. onu-
caHue 3Toro Metoaa B npunoxeHun C). MpenmyLuecTBo MeToda aHanm3a WyMoB COCTOUT B TOM, YTO OH He TpebyeT uabs-
™5 POT 13 paboTsl BO BpeMsi UCMbITAHWS U OAHOBPEMEHHO AoNycKaeT ucnelTaHne muorvx POT. Ecnv ¢ nomowbio MeToga
aHanuaa wymMmoB obHapyxeHo, 410 y POT HacTynuno yxyaweHue BpeMEHW peakuuu, To criegyeT UCNonb3osBaTe MeToq
PCKT gnsinamepeHus BpeMeHu ero peakumm gis OLEeHKU CTENEHN yXyaLWeHns 1 onpeaeneHusi Toro, oteedaet nv POT Tpe-
60OBaHWSIM KO BpeMEHU peakLuu.

D.4 UcnbiTaHue BpeMeHM peakuum Tepmonap

Bpewms peakumu TepMmonap namepsioT B nabopaTtopyv npy NnoMoLL M Tol e npouegypbl, 4Toun ansa POT (To ecTb ucnbl-
TaHue NPoBOAAT C NOrpyxeHneM B Body KOMHaTHON TeMnepaTypsbl, TEKyLLEen co CkopocTbio 1 M/c). [ins HaTypHOro ucnbiTa-
HVA BpEMEHW peakuum Tepmonap npuMmeHsiiot nmbo metog PCKT, nubo metog aHanmaa wymoB. McnbitaHne PCKT gns
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Tepmonap TpebyeT MHOTo KOMNIeKTa ucnelTatensHoro 06opyaosaHus, yem ana PAT. B uacTHoCTH, BpeMs peakumm TepMo-
nap onpegensior metogom PCKT, ncnonb3ays nepemenHbli Tok nopsigka 0,2—0,6 A. 310 HAMHOro 6onbLWWI TOK, YeM Npu
ucnbitTannn PCKT gna POT. MprynHoi ncnonb3oBaHusl NepemMeHHoro Toka ans ucneitaHnin PCKT TepMmonap sBnsieTcs
abdpekt MNenbTbe. MprynHa ncnonb3oBaHWst TOka HAMHOTO 6oNee BbICOKOTO YPOBHS COCTOUT B TOM, YTO COMPOTUBNEHWE
Tepmonap pacnpeferneHo BOOb MX COeaUHUTENbHbIX MPOBOAOB B NPOTUBONONOXHOCTL PAT, conpoTuBneHne KoTopbIX
CKOHLIEHTPMPOBaHO Ha ux pabodemM HakoHeYHuKe. MNMockonbky Tok PCKT HarpeeaeT BeCb NpoBOJ, TEpMOnaphbl, eCTb onace-
HKe, YTO HarpeB MOXeT MNOBMUATL HA YANMHUTENbHbIE NPOBOAA TEPMONapk! U repMeTUYHOCTL. [103TOMY Ha CTaHUMAX, Frae
CYLLECTBYET PUCK Harpesa NPOBOAOB TepMonap, U3MepeHNs BpEMeHN peakuum NpoBoAsT ¢ NOMOLLBIO MeToAa aHanmsa
wymoB. MeToa aHanvsa WyMOB NPUMEHSIIOT Ha TepMonapax Tak xe, Kak Ans AaTYMKOB AaBIEeHWs, ONMUCaHHbIX paHee B
HacTosILLEeM CTaHaapTe.
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B ny6nvkauusix, npegcraeneHHbix B bubnvorpadum, nanoxeHs! noapobHblie cBeaeHnsi o TpeGoBaHusx n MeToaax,
MAEHTUULMPOBaHHbIX B HACTOAWEM CTaHAapTe.
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