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[lpeaucnoBue

Llennu npuHumnel ctTaHgapTusaunm B Poccumnckon PegepaunmyctaHoBneHbl PegepanbHbIM 3aKOHOM OT
27 nekadpst 2002 r. Ne 184-03 «O TeXHUYECKOM perynmpoBaHiun», a npasuna npuMeHeHnst HauMoHanbHbIX
cTaHaapToB Poccunckon egepaunmmn — OCT P 1.0—2004 «CtaHpgaptusauma B Poccunckon Peagepauun.
OCHOBHbIE NONOXEHUAY

CBegeHUA o cTaHgapTe

1 NMOArOTOBJIEH ObwecTtBOoM € orpaHU4YeHHON OTBETCTBEHHOCTLIC «PapmcTep» (OO0 «PapmcTep»)
Ha OCHOBe CODCTBEHHOro ayTeHTUYHOrO nepeBoJa ctaHaapTa, ykasaHHOro B NyHKTe 4

2 BHECEH TexHunyeckum komutetom no ctaHgaptusaunm TK 383 «Ctepunnsauma meamumMHCKON Npo-
OYKLUNN»

3 YTBEPXXOEH MWBBEOEH B OEVCTBWE Mpukaszom deaepansHOro areHTCTBa no TEXHUYECKOMY pery-
nupoBaHUo U MeTponorin ot 18 aekadbps 2008 r. Ne 575-cT

4 HacTtoawmn ctaHaapT naeHTudeH mexayHapogHomy ctaHgapty MCO 11137-3:2006 «CTepunusayms
MeauuMHCKon npoaykumn. PagunaunoHHaa ctepunusauus. Hacte 3. PykoBoacTBO Mo Bonpocam 403UMEeTPpUn»
(1ISO 11137-3—20006 «Sterilization of health care products — Radiation — Part 3: Guidance on dosimetric
aspects»).

[Tpyn NpUMeHeHUN HaCTOoALLEro cTaHaapTa pekoMeHayeTcsl UICNoNb30BaTbh BMECTO CChINMOYHbIX MeXayHa-
POAHLIX CTaHOAapTOB COOTBETCTBYOLWME UM HauMoHanbHble cTaHgapTel Poccunckon denepaunn, ceegeHud
KOTOPbIX MpuBedeHbl B AONONHUTENBHOM NpUNoXKeHnn C

5 BBEAEH BINEPBbIE

VIHgpopmMayuss o6 USMEHEeHUSX K HacmosweMy cmaHoapmy rnybnuKkyemcs 8 eXe200HO u3oasaeMoM
UHOpMalUOHHOM yKa3amene « HayuoHanbHbIe cmaHoapmbl, a meKkcm U3MeHeHUU U Norpasok — 8 exXxemMe-
CHYHO U30asaeMoM UHpOopMallUOHHOM yKa3zamerne «HayuoHanbHbie cmaHOapmebi». B criydae rnepecmompa
(3aMeHbl) Unu OmMeHbI Hacmosauw,e2o cmaHOapma coomeemcemesyroujee yeeoomrneHue byoem onybnukosaHo
8 €XXeMECSIYHO U3dasaeMoM UHPopMalUUOHHOM yKa3zamerne «HayuoHaneHele cmaHoapmei». Coomeemcecmaey-
rowas UHopmMauus, yeeooMIieHuUe U meKcmsai pa3Melwaromes makxe 8 UH(popMayUuoHHOU cucmeme oblyez20
nofb308aHUsT — Ha obuyuanbHoM calime PedepallbHO20 a2eHmcemea rio mexHuU4ecKkoMy peaynupogaHuio U
Memporoauu 8 cemu ViHmepHem

© CtanHgapTuHdgopm, 2009

HacTtoawumn ctaHaapT He MoXeT ObITb NOMHOCTLIO UMM YacTUYHO BOCTNIPOU3BEAEH, TUPaXXNPOBaH U pac-
MpocTpaHeH B KayecTBe oduumanbHoro nsgaHmsa 6es paspeweHns PegepanbHOro areHTcTBa Mo TeEXHNYECKO-
MY PerynmpoBaHuo U MeTPOoorum
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BBenoeHue

HeoTbemMnemMon 4acTbio pagmaLnoHHON CTepunmaasnm sBNaeTcs crnocobHOCTbL n3mepeHust 4o3bl. [1o3a
N3MEPSIETCH Ha BCEX CTaaUaAX pa3padboTkn, BanmaaLnm U TEKYLLEro KOHTPOMS npouecca ctepunusaunn. Tpeby-
eTCHA NPOAEMOHCTPUPOBAaThL: obecnevynBaeTcs N eAMHCTBO M3MEPEHUS A03bl MO HALIMOHANMbHOMY NN MeXAY-
HapogHOMY 3TarnoHy, U3BeCcTHa N HeonpedeneHHOCTb U3MepeHUda, BNUsAHUE TeMrnepaTypbl, BITaXXHOCTU U
OpYyrux napameTpoB OKpyXKarllen cpegbl Ha peakuuo gosnmeTpa. [NapameTpbl npouecca onpeaensanTCca U
NMPUMEHATCHA Ha OCHOBaHUM U3MepeHW Ao3bl. B HacTodaweM cTaHaapTe cogepXMTcA pyKOBOACTBO MO Npume-
HEeHWUo N3MepeHnn Ao3bl (403MMETPUN) Ha BCeX cTagmax npoLlecca cTepunmsasui.

B HacTosweM cTaHaapTe coaepXKaTtcd TpedoBaHUsA, BbINMONHEHUE KOTOPLIX 0becnevynBaeT HeoOXoAUMYHO
MUKPODOLMAHYIO aKTUBHOCTb MpoLiecca paanaunuoHHON cTepunuaasnmn, npeaHasHadveHHoro Ans crepunumsa-
L1 MeguuuHcKnx nsgennin. bonee t1oro, cooTBeTcTBME TpeboOBaHUSM obecrnevnBaeT HaaeXXHOCTb U BOCMPO-
N3BOANMOCTb MUKPOOOLMOHOW aKTUBHOCTWU, TaK YTO MOXHO C AOCTATOYMHOW YBEPEHHOCTHLHD MNpeackasaTh
HA3KNN YPOBEHb BEPOATHOCTU COXPaHEHUS )KN3HECMTOCOOHBIX MUKPOOPTraHU3MOB B NPOAYKLU MM NOCNe CTEPUNN-
3aunn.

Obuwne TpeboBaHUA CUCTEMbI YNPaBMNEHUS KAYECTBOM NPU NPOEKTUPOBaAHUN, pa3paboTKe, NPON3BO/-
CTBe, MOHTaxe n obcnyxuneaHun npusegeHsl B NCO 9001, a yacTHble TpeboBaHUSA CUCTEMBI yNpaBleHU
KayeCTBOM Npu NpousBoacTBe MeanyuHcknx nsgenunnpusegeHsl B NCO 13485. CtaHaapTbl CUCTEMbI YpaB-
NeHNA Ka4eCTBOM NPU3HAIT, YTO 3P PEKTUBHOCTb HEKOTOPLIX NPOLLECCOB, NTPUMEHAEMbIX B MPOU3BOACTBE, HE
MOXET ObITb NONMHOCTLIO AoKa3aHa nocneayrwmmMmm MHCNeKUnen n ncnelTaHnem npoaykumm. Ctepmunmsauus
ABNAETCH NPUMEPOM Takoro npouecca. ['o aTon npu4vnHe npoueccohl cTepunusaumm nepeq npMMmeHeHMeM nNoa-
nexart Banugaunun, X XxapakTepucTukn — TekyLeMy KOHTPOMo, a 0bopyaoBaHne — 0bCNyXMBaHUIO.

TpeboBaHus, kacarowmecs gosumeTpun, npusegerHsl B NCO 11137-1 M ACO 11137-2. HacTosaLWwmMn cTaH-
0apT COOAEPXKUT PYKOBOACTRBO Mo 3TUM TpeboBaHnAM. [1pnBeaeHHOE pyKOBOACTBO He ABNAETCA 00s13aTeNbHbIM
MHE UMeEeT XapakTepa UHCTPYKLUM ONa ayaAuTOPOB; COAEPXKUT NOACHEHNA M MEeTOAUKN, MPU3HaHHbIE NpuemMIe-
MbIMW AN NOATBEPKAEHNUA COOTBETCTBUSA TpeboBaHMAM. MOXXHO NPUMEHSATL U ApYriie MeToANKU, MOMUMO YKa-
3aHHbIX B PYKOBOACTBE, €CN OHU 3 PEKTUBHO NOATBEPXKAAOT COOTBETCTBME TpebOBaAHUAM HaCTOSALLEro
cTaHaapTa.

Cepua ctaHgaptoB NCO 11137 noag obwmm HaspaHuem «Ctepunmsauus meauumHCKon npoaykLuuu.
PagunaunoHHaa ctepunusaumsa» COCTOUT U3 cneayrWnX CTaH4apToB!

- Yactb 1. TpeboBaHUA K pa3paboTke, BanmaaLnm N TeKyLeMy KOHTPOMW npouecca ctepunusasnmn
MeaAULUNHCKUX N3aenunn;

- HacTe 2. YcTaHoBneHue cTepunmayollen aossbl;

- HacTe 3. PykoBoACTBO NO BONpocam Ao3MMeTPUMN.

HacTodllee nepBoe uU3daHWEe YyKaszaHHOW cepun cTaHOapTOB OTMeEHsieT AeWUCcTBUMe cTaHaapTa
NCO 11137—2000 n sameHseT ero.

IV
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HAUUWOHANBbHBILU CTAHOAPT POCCUUCKOWNW OGEOLEPAUUNMN

CTtepunuszayua mMeguULUMHCKOU NPOAYKLUN
PAOMALUMOHHAA CTEPUAUITN3ALINA

YacTtp 3

PykoBoacTBO No BoNpocaM A03UMeTPUn

Sterilization of health care products. Radiation sterilization. Part 3. Guidance on dosimetric aspects

Ilata BBeaeHna — 2010—01—01

1 Obnactb npuMeHeHus

B HacTodlwemM cTaHgapTe COAePXUTCS PYKOBOACTBO nNo peanudauun tpedopaHun NCO 11137-1 u
NCO 11137-2, Kacalolunxca A03UMETPUN, a TakKe onucaHbl npoLeaypbl A03UMETPUN NpK paspaboTke, Banu-
OaunM M TekyLlemM KOHTpone npouecca pagualnoHHOW cTepunusaumn.

2 HopMmaTuBHbIE CChINKN

B HacTodwemM cTaHgapTe UCNONb30BaHbI HOPMAaTUBHBIE CChINKU Ha creayolmne ctaHaapThl:

MCO 11137-1—2006 Crepunusauna meanumHckon npoaykuun. Pagnauua. Hactb 1. TpedboBaHUsA K
paspaboTKe, BanuaaLnn N TEKYLLLEMY KOHTPOMIO NpoLiecca cTepunmsaunm MmeanumMHCKUX n3aenumn

NMCO 11137-2—2006 CTtepunmsauma meauMuUMHCKOW npoaykuun. Pagnaumsa. Hactb 2. YcTaHOBNEeHMe
cTepunuayrowen 4osol

3 TepMUHbI U onpeaeneHus

B HacTodawem ctaHgapTe npumMmeHeHbl TepMuHbl no UCO 11137-1 nNCO 11137-2, a TakKe cneayownig
TePMWH C COOTBETCTBYIOLLUM onpeaeneHmnem.

3.1 po3unMeTpuveckaa cuctema (dosimetry system): BsaumocsasaHHbIe afieMeHThl And onpeaeneHus
MNOrNoLweHHON A03bI, BKNoYasa A03UMETPbl, MHCTPYMEHThI, NpunaraeMble BTOPUYHbIE 3TanoHbI M Npoueaypbl No
X MPUMEHEHMUIO.

(MCO/TK 11139:2005].

4 U3mepeHue AO3bI

N3mepeHne nornoleHHon o3kl NPUMEHUTENBHO K paanalMoHHOU CTepUn3aunm meanunHCKUX naae-
M OCHOBLIBAETCHA Ha Ao3e, nornoweHHon Boaon. [losnmeTpruideckme cuctemMbl AOMKHBI KanmbpoBaTbCH Ha
OCHOBE 103bl, NOrNoLWweHHOW BOOOMN.

5 BbiOop 1 KannbpoBKa O3NMETPUYECKUX CUCTEM

5.1 Obwue cBepeHUus

[losnmeTpuyeckme cucTemMsbl, UCMOMb3yeMble ANA TeKYLLEero KOHTpona obnydeHns npoayKunm, OMKHbI
obecne4ymBaTb TOYHbIE 1 BOCMPON3BOJMMbIE pe3ynbTaThl BO BCEM NMHTEPECYOLEM AMana3oHe NornoLweHHbIX
o3.

U3paHune odbmumanbHoe
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5.2 Bblbop [o3MeTpUYECKUX CUCTEM

5.2.1 HosnmeTpudeckne namepeHusa Heobxoanumel Npu onpeaenieHnn CTepunnmsyoLen 4o3bl U Banuaa-
LI 1 TEKYLLEM KOHTpONe paauauuoHHOW cTepunmsaLnnm; ansa BelMoSIHEHUS 3TUX 3a4a4 MoryT notpeboBaTbeo
pasHble Jo3MMeTpuYeckne cuctemMbl. Hanpumep, npun onpeaeneHnn 4o3bl gManasoH 4o3, TpebyroLwmnincs ans
npoBeAeHUS MPOBEPKU UMM BbINOTHEHUSA 3KCMIEPUMEHTOB C BO3pacTaHMEM [03bl, MOXET BbIXOAUTb 3a npeaesbl
pekomeHayemoro (kanubposaHHoro) paboyvero gManasoHa 403MMETPUYECKOW CUCTEMbI, UCMONb3yEeMON A
n3MepeHnsa cTepunuayoLlein gossl. Mpn Taknx obcToaTenbcTBax He0OXo0AMMO NPUMEHSATL APYIrYIo CUCTEMY.

5.2.2 PykoBoACTBO No BbIOOPY NoaxoasLmnx 403MMeTPUIEeCKUX CUCTEM, UCTMONb3YIOLWLKMXCA B paganaum-
OHHOW cTepuUnusaummn, MoxHo Hantn B aokymeHte MCO/ACTM 51261. CeonCTBa OTAENMbHbLIX A03UMETPUYEC-
KX CUCTEeM 1 npoLeaypbl X npumeHeHNa npuseaeHsl B [4]—[8].

5.3 KanubpoBka 403UMeTPUYECKON CUCTEMDI

5.3.1 NCO 11137-1 TpedbyeT, 4TOOLI N3MepeHNUs A03bl ObINX BLINOMHEHBI C 0becnevyeHnemM eanHCTBA
N3MEPEHWNIN MO HAaLUOHANbHOMY MU MeXayHapoaAHOMY 3TanoHy NYTODLI X YpOBEHb HeonpeaeneHHOCTU ObIn
na3pecteH. CrniegoBaTenbHO, AOMKHBI ObITh OnpeaeneHbl BCe CYLWECTBEHHbIE UCTOUHUKU HeonpeaeneHHOCTH
N3MepPeHNN N oLeHeHbl X BENMMAYNHBI.

5.3.2 KannbpoBka O03NMMETPUYECKMUX CUCTEM AN pagunaLUOHHON CTepunnsaunm ABNAAETCH BaXKHbIM
nencTenem. Ha peakuuo 00NbLLIMHCTBA CUCTEM BITUAIOT YCNOBUA ODNyYEHNS N USMepeHUsd (Hanpumep, Temne-
patypa, BNa)HOCTb, MOLLIHOCTb A103bl U MHTEPBAN BPpEMEHU MeXAY NpeKkpallueHnemMm odny4eHUsa M uamepeHnem).
Kpome Toro, 3T BO34eNCTBUAA YaCTO B3aMMOCBA3aHbl UMOTYT MEHATLCA AN A03MMETPOB pasHbIX NapTU. [103-
TOMY KannMbpoBKa AoMKHa NPON3BOANTLCA NPU YCIOBUAX, MaKCUMabHO NPUONMKEHHbIX K pealnbHbIM YCNOBU-
AM NPUMEHeHUs1. OTO 03HaYaeT, UTO KanmbpoBKa Heobxoauma Ang Kaxkaou pagmalMoHHOW YCTaHOBKU U UTO
HeJoNyCTUMO UCNOMb30BAaTh pPe3ynbTaT KannbpoBKK, NpeaocTaBnseMbIin NMponu3BoaUTENemM aosmmMmeTpa bes
OONONMHUTENbHOW SKCNepUMEHTaNbHOW NMPOBEPKA ero AeNCTBUTENBbHOCTH.

5.3.3 na obecnevyeHnsa eanHCTBaA U3MEPEHUA MO HALMOHANBbHOMY UM MeXAyHapoaHOMY 3TalioHy
HeobxoanMmMo NpuBneYsb NPU3HaHHbIW HaLMOHaNbHbIA METPONOrMYeCKNA MHCTUTYT UMK KannbpoBOoYHYHO Nabo-
PaTOPUIO, akKpeauToBaHHbIE Ha COOTBETCTBUE [3] UK ero akBMBaneHTta. KannbpoBoYHbIN cepTUuduMKar,
BblJAHHbIA nabopaTtopuen, He UMerolen opuLUnanbHOre NPU3HaAHUA N akkpeauTaLnun, MOXET SIBNSATLCH
HeJOCTaTOYHBLIM AokKaszaTeNbCTBOM enHCTBa U3MepeHU No HaunoHansHOMY UM MeXxXgyHapoaHoMy aTano-
HY, YTO NOTPebyeT ACNONMHUTENBHOMO AOKYMEHTAalTIbHOTO NOATBE PXKOEHUSL.

5.3.4 CnocobHOCTL OCYLLIECTBMATL TOUHbIE U3MEPEHUA A03bl 3aBUCUT OT KanmnMbpoBKU U COrNMacoBaHHOC-
T PpabOThl BCEN AO3UMETPUYECKON CUCTEMBI. DTO O3HAYAET, UTO BCe 0bOpyaoBaHUe, CBSI3aHHOE CNpoLeaypon
N3MepPeHNd, a He TONbKO A03UMETPLI, KOHTPONMUPpYyeTCcAa 1 NoaBepraeTcd NpoBepke TeEXHUYECKUX XapaKTepuc-
TUK.

5.3.5 [eTanbHble npoueaypbl KannbpoBku npueeaeHsl B [5]. MHdopmaumio 0b onpegeneHnin U Bbipae-
HUM HeonpeaeneHHOCTU N3MepeHNa MOXKHO HauTK B [15]. [lononHUTenbHOE pyKOBOACTBO NpmuBeaeHo B [19)].

6 OnpegeneHne MakCMManbHO AONYCTUMOU 03

6.1 lpunonpegeneHnn makcumansHO A0NYCTUMON A03bl NpoaYyKUMS U 0bpasLbl MaTepmnanos obny4va-
loTCA DONbLUEN A030U, YEM Ta, KOTOPAas OXXUaaeTCsd Npu npoBeaeHnn peansHon obpadboTkn. Ha BeNMYnHy Mmak-
CUManbHOW O03bl, MONY4YEeHHOW MpU CcTepununusaunn, dyayt BIUATb XapakTepUCTUKKM obnydyatensa n cxema
3arpysku npoaykunn. Takum obpasom, nposeaeHue npolecca B Apyrom obnyvarene Unm MsMeHeHne cxemsl
3arpys3ku MOXKeT NPUBECTU K USMEHEHUIO MaKCMMarbHOW 403k, MoTydYeHHOW NpoayKumnen.

6.2 'eomeTpuda obnyveHUs Npu UCNbITAHUKA NPpOAYKLUUK UNA 0Bpas3LOoB MaTepmnanoB A0MKHa BbIOUpaTh-
CA Tak, YTobblI 0becnevynTb TOYHOCTb M3MEPEHUST A03bl U ee OAHOPOAHOCTL, MaKCUMaNbHO AOCTUXKUMYIO Ha
npaktuke. Obny4YeHne B KOHTEeNHepax, NPUMEHSIEMBIX ANS TEKYLWeEN cTepunmnsaynm, obblMHO OaET CIULLKOM
LLUMPOKUXA AMana3oH NOrnoLweHHoOW NpoayKkuuen Aosel, He NpeacTaBNALWnUKA LeHHOCTW AN Lenen UCNbITaHUS.
EcnunBce Xe NPUMeHSIITCS KOHTEUHEPBI ANS TEKYLLEro 0bny4YeHus, TO pacronoXeHne NCTbITYEMOU NPoAYKLINN
OOIMKHO ObITb TAKUM, YTOOLI MUHMW3UPOBATL AManasoH 403, NOornoLwaeMbIX NPoayKLUEN.

6.3 [o3bl npu ncnbiTaHUM NpOAYKLMA UM MaTEPUanoB MOTYT BbIXOAUTL 3a Npeaernbl AnanasoHa Kanmo-
DOBKU UMERLLUXCA O03UMeTpUYeCcKMX cucTteM. B Taknx cnydyadax MOXeT okasaTbecsl AoCTaTOUHbIM MHOTOKpaT-
Hoe obny4veHune ¢ npupaleHMemM NonyYeHHOW A03bl 1 KOHTPOMNEM KaXaoro wara npupawieHus aossl. OoLlas
033 paBHAETCHA CyMMe A03, NONTYYEHHBIX B KaXXQ0M 0DNy4YeHUN.

2
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7 OnpeaeneHue cTepunusyoLwen 0o3bl

7.1 MeTtoaukumonpeaenenuns ctepmnuaytowen 4o3bl (M. NCO 11137-2) TpebytoT, YTobbI NpoayKU U MNu
ee YyacTtu (4acTtb npoaykumm ans ucneitadus, Yr) osinn obnydveHsl go3amm B npeaenax ycTaHOBMNEHHbIX
aonyckoB. [losanMmeTpuyeckasl cuctemMa Ans TEKYLWEro KOHTPONS TakmMx 403 A0MMKHa obecnevmBaTh TOUYHbIE U
BOCMNPON3BOAMMbBIE pe3yNbTaThl U3IMEPEHUSI BO BCEM MHTepecylolleM aAnanasoHe 4o03. [na npeaotepalleHuns
OLUMOOYHBIX BBIBOAOB M3 METOANK YCTAHOBKU NN 0DOCHOBAHWUA 403kl OT NPUMEHSIEMON A03UMETPUYECKON CUC-
TeMbl TpebyeTcs gocTaTouHas TOUHOCTb, UTODOLI 0becneunTb pesynbTaT U3MepeHns B npegenax Aonyckos,
YCTaHOBINEHHLIX B METOAUKE.

7.2 HdonycKkn 3Ha4yeHWUn Oo3bl, YyCTaHOBMNEHHBIE B METOAMKAX YCTAHOBKM A03bl NN OOOCHOBAHUS 003k,
OTHOCATCHA K MakCUMarnbHbIM, a B HEKOTOPLIX Cly4YasdX — K MUHUManNbHLIM 403aM, NoABOAUMBIM K TIOOON TOYKE
B/Ha paHHoW eanHuLe npoaykuun unn Y. B aanHom TpeboBaHuUM noapasymMeBaeTCs, YTO pacnpeaeneHune
003bl, NoABEeAEHHOW K NpoayKLUUN, U3BECTHO;, 3TO MOXET NoTpeboBaTh AeTanbHOro tonorpadmpoBaHnUs 403l
oTAeNbHbIX eAUHWL, NPoaAYKLUK, 0CODEHHO B cnyvae obnyvyeHuUst 3nekKTpoHHbIM Ny4koM. Takoe Tonorpadpupo-
BaHWe A03blN0A0DOHO TOMY, YTO TpebyeTca npuartTtectauum akennyatmpyemoro obopyaosaHua (A30) (cMm. pas-
nen10).

/.3 PacnonoxeHune npoaykuim Bo BpemMs obnyvyeHns OOMKHO ObiTb TakuM, YTOObI OTKNOHEHUA O03bl
ObINU MUHUMANBHBIMU KaK BHYTPU OTAENBbHbBIX €ANHULL, TaK U MeXay eAnHULLaMn. TO MOXET caenaTh HeobXo-
OUMbIM MHOMBUAYaNbHOE 0bNy4YeHne eAnHUL, NPOAYKUNN, B UCKITIOUUTENBHBIX CNy4YasaxX MOXeET NoTpeboBaThLCS
OEMOHTaX U NnepeynakoBbiBaHWE NpoayKumMK, 4ToOblI AOCTUrHY T NPUEMMEMOro AnanasoHa Ao3bl, NoaBeaeH-
HOW K eanHMLUe npoaykumn. B koHTekcTe aToro cm. MCO 11137-2, nyHKT 5.4 .1.

7.4 [na onpeaeneHnda gnanasoHa 4osbl, nepeaaHHon npoaykumm Unu ee 4acTtil, BeINOMHAKT 3KCNepu-
MEHTbI Mo ToNnorpagunupoBaHnto 4o3bl. TonorpadpurpoBaHue He 003aTENbHO BLIMOMHSAKT MPU TOW XKe 03, KOTO-
PYIO WUCMONb30BanM npu YyCcTaHOBKeE A03bl. [lpumMeHeHne 60nee BbICOKUMX 003 MOXEeT MO3BOMUTL
OO3NMETPUYECKon cucteme paboTaTh B bonee ToUHOUM 0bnacTn ee pabovero ananasoHa, TeM caMblM yydllas
0Oy TOYHOCTb TONOrpagnpoBaHUsa 403bl.

7.5 Heobxogmnmo paccMoTpeTb LenecoobpasHOoCTb BbINMoNMHEeHNA TonorpadnupoBaHns 403bl B HECKOSb-
KX MOBTOPHOCTAX. [1OBTOpEHMNE 3KCNEPUMEHTOB CHUXKAET HeonpeaeneHHOCTb U3MepPEeHUS.

7.6 ObnyyeHue C Lenbio YCTaHOBKN A03bl UK ee 0BOCHOBaHUS C NPUMeHeHUeM ramma-nyvyein obbIvHO
NPOBOAAT B CneLnanbHON yCTaHOBKE, CMPOEKTUPOBAHHOM AN 0bNyvYeHUsa Ao3aMn HUXKE CTEPUNNIYIOLLEN,
1Moo B CTEPUNN3ALUOHHON YCTAHOBKE NMpu onpeaeneHHOM NMonoXeHNn NpoayKLum BHE HOpManbHOro MapLupy-
Ta, HAaNpUMep Ha NOBOPOTHOM CTONME UMK UCCNeaoBaTEIbCKOM TpaHCNopTepe.

7.7 Obny4veHue C LEeNbIO YyCTaHOBKM 403kl UK ee 0DOCHOBaHUA C NPUMEHEHMEM SMNEKTPOHOB NN PeHTre-
HOBCKUX Ny4ein 0ObIMHO NPOBOOAT HAa YCTAHOBKE, UCMOMNb3YEMOW ANA CTepUN3aLmn, NOCKONbKY CHMKEHNE A03bl
MOXET ObITb AOCTUTHYTO NMYTEM YMEHbLUEHUS BbIXOAHON MOLLIHOCTM obny4vatenst u/unm yBenmiyeHnUst CKoOpoCTHr
KOHBeunepa.

7.8 ObnyveHne anekTpoHaMM MOXKET BbINONHATLCA MNP OKPYXXEHUU NPOAYKLWAN MaTepmarnom, pacceun-
BalOLLMM 3NEKTPOHLI U gatoLwim bonee paBHOMepHOe pacnpeaeneHue aossbl.

7.9 lNpn npoBeaeHUN 3KCNEPUMEHTOB C NPOBEPOYHOU O030U TpebyeTcs, YTODbl HauUBLICLWIAA 403a He
npeBblWana npoBepoUHyto o3y bonee yemHa 10 %. HamBbicLwaa go3a HanpamMyo U3MepsaeTCHa BO BpeMsi 00ny-
YeHns NMOo paccYUTLIBAETCH Ha OCHOBAHWUM pPe3ynbTaToB TonorpagpupoBaHusa Ao3bl. [1pr NCNoNb30BaHUN
TonorpadoupoBaHns 403kl cneayeTt NpUHATbL BO BHUMaHWUE CTaTUCTUYEeCKUN pasdbpoc aaHHbIX. OgnH noaxoa K
OOCTUXKEeHUIo 3Toro npueeaeH B [20].

7.10 Tlpn noBTOpPEHUN SKCNEPUMEHTOB C NPOBEPOYHOU 030U NpegnonaraeTcs, YTo cpeaHeapudpmMeTu-
yecKkoe 3Ha4yeHne camou BbICOKOU 1 caMoUn HU3KoW A03 cocTaBndeT MeHee 90 % oT npeanonaraemMou npoBe-
pouHOoM Ao3bl. Camas BbiCOKadaA U camasi HU3Kas A03bl HANPSAMYKO U3MeEPSITCH BO BpeMs obny4veHus nnbo
paccyYnTbIBAOTCA Ha OCHOBaHWUKM pe3ynbTaToB ToNnorpaupoBaHnga 403bl.

7.11 Kaxabin ns metoaoB 2A 1 2B (cm. UCO 11137-2) TpebyeT BLINONHEHUA CEPUN SKCMTEPUMEHTOB C
CYMMWPOBaHMEM O03bl, B KOTOPLIX NpoayKuna obnyvyaeTtca cepmein HOMUHanNbHbIX 403 NpWU AONONHUTENBHOM
YCNOBUW, YTO KaXKJas HOMUHarnbHas 403a n3aMepsaeTcst HesaBucmo. Heobxoammo, YToObl camas BbiICoKasa 403a
B Ka)OAOM M3 3KCNepUMeHTOB Cepun Haxoaunachk B yCTaHOBMIEHHOM gManascHe U usmepgdanack Hanpamyro npu
obny4yeHun, NMbo paccUUThbIBanachb Ha OCHOBaHUW pe3yNbTaTOB TonorpagpupoBaHnua Aossl. [Npr MCNoNb30Ba-
HAW TonorpadprpoBaHns Ao3bl criegyeT NPUHATL BO BHUMaHUeE cTaTUCTUYECKUA pasbpoc aaHHbIX. Ioagxon K
OOCTUXeHUIo 3Toro npueeaeH B [20].

7.12 Tlo metogam 2A un 2B (cm. NCO 11137-2) noBTOpPEHUSA OONYyYEHUN C CYMMUPOBaAHUEM O03bl C
HOBBIM HabopoMm npoaykumn (unn Yl) npegnonaraetcs, UTo cpeaHeapudpmMeTnyeckoe 3HavyeHne camon
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BbICOKOW 1 CaMON HN3KOW A03 Npyu Habope CyMMbl MeHbLLEe HWKHEro npeaena ycTaHOBMEHHOro ananasoHa.
Camas BbicoKas 1 caMas HU3Kaa 4o3bl HanpaMyto U3MepsaoTca BO BpeMsa obnyveHuns, nmbo paccymuTbiBaloTCA
Ha OCHOBAaHUM pe3ynbTaToB TonorpadupoBaHnUa A03bI.

8 ATTecTauuns ycTaHOBJIEHHOro ooopyaoBaHUA

8.1 Uenbio AYO siBnsieTcd noaTBeEpXAeHWUe TOro, Yto obnyyartens noctaBneH M CMOHTUPOBAH B COOTBET-
CTBUWN C ero TEXHNYECKMMU XapakTepUCTUKamu.

8.2 UCO11137-1TpebyeTonpenenuntb XapakTepUCTUKA Nyva ANl 3NEKTPOHHBIX U PEHTIeHOBCKUX 0B y-
yaTtenen. B yncno xapaktepuUCcTuK BXOOAT SHePrns 3reKTpoHOB UMMM PEHTIeHOBCKUX Nyven, cpegHNM TOK Ny4YKa
1, eCNA 3TO NPUMEHUMO, LLUNMPUHA MOoOHOPOAHOCTL CKaHUPOBaHUA. leTanu onpeaeneHns 3aBUCAT OT NpoeKTa U
KOHCTPYKUUK obnydaTens. HekoTopble npumMmepbl npuBeaeHbl B 8.4 1 8.5, HO OHMU HE AOMMKHbI CYUTATbLCH
ncyepnbIBaoLLMMNA.

8.3 BonblUMHCTBO METOAO0B onpeaeneHnsa XapakTepncTUK 3NeKTPOHHOro ny4ka BKoYatoT B cebs 403u-
METPUIO, XOTS BO MHOTUX CllydaaX TpebytoTcsa TONbKO OTHOCUTENbHbIE U3MePEeHUs (Hanpumep, Npyu UuaMepeHinm
LLIMPUHBI CKaHUpoBaHuA ). B cnyyasax ocylwecTBeHUS OTHOCUTENbHBIX MU3MEPEeHN CBA3b CpeACTB NU3MEPEHNA C
3TanoOHOM MOXeT He TpeboBaTbCA.

8.4 [1ns peHTreHoBcKUX obnyyatenen Bo Bpemsa nposeaeHna AYO TpebyeTcs nusmepeHue 3Heprum anekx-
TPOHHOIO NMy4ka MO0 3HEepPrnnm PeHTreHOBCKUX NTydein. DHEePruo 3NeKTPOHHOMo NyYka N3MepsoT B TOM crlyyae,
eCNnW 3TO NMO3BONIAET KOHCTPYKLMA PEHTTEHOBCKOro obny4yaTtens.

8.5 [1ns aneKkTpOHHbIX yecKopuTenen HeobxoamMmo y4ecTb B3aMOCBSA3b MeX Ay YaCcTOTON CKaHMPOBaHUS,
LLIMPUHOW CKaHWMPOBAHUSA, CKOPOCTbIO NOBTOPEHNA MMNynbeca (A9 UMMNYAbCHBIX YCKOPUTENEN) N CKOPOCTLIO
KOHBeNepa B OTHOLUEHNU NonepeyYHoro pacnpeaeneHns 3neKTpoHHOro NyyYka Ha NoBepPXHOCTU NPOAYKLIMKA, YTO-
Obl NepekpbiBaHMe NMy4yka b6bIf10 AoCTaTOUHbIM ANS AOCTMKEHUSA TpebyeMoin cTeneHn oaHOPOAHOCT 03I,

8.6 OnucaHne oaHOPOOHOCTM CKaHUPOBaHUA BO MHOMMX Cllydasax BKIoYaeT B cebs namepeHne oaHo-
POAHOCTU KaK B HanpaBleHNM CKaHMPOBaHWA, TaK U B HanpaeieHUn ABMKEHUA NpoaYKLMN.

8.7 [JeTann MeTOAWKUA OMUACaAHUA 3NEKTPOHHOro nydyka MOXHO Hautnm B [13], a peHTreHOBCKUX
nydyen — B [11].

8.8 Ona ramma-obnydartenen cneunansHble gosnmeTpudeckne TpedosaHUa npu AYO OTCYTCTBYIOT.
OaHako, B 3aBUCUMOCTM OT TEXHUYECKUX XapaKTepuUcTuk obnydvatens, npn AYO MOXeT oKaszaTbCa HeobXoau-
MbIM BbINOTHEHWE U3MEPEHN A03bI U/NK TonorpadrpoBaHnA 403k, YTOOLI AoKa3aTh paboTy B Nnpeaenax Tex-
HUYECKNX XapakTepuctuk. MoXHO NpUMeHUTb U3MepeHust Ao3bl, NoAobHbIe TeM, 4YTO WUCMONMb3YHT MpU
aTTecTauum gencteyowero obopynosanus (A4O).

9 ATTecTauusa 4eUCTBYIOLWEro ooopyaoBaHUA

9.1 Obowume cBegeHUs

Llenbtio AJO aBnseTca AgeMOHCTpaLnsa TOro, YTo yCTaHOBMNEHHbI obny4aTenb cnocobeH paboTaTb U aoC-
TaBNATb COOTBETCTBYIOLWME A03bI B Npegenax onpeaenieHHbIX KpuTeprues NpnuemMnemocTu. 3To AocTUraeTcs
yCTaHOBMNEHNEM pacrpeaeneHns 4o3bl C MOMOLLbHO 3KCNEPUMEHTOB No TornorpadnpoBaHuio 403bl U MPUMeEHe-
HUEM 3TOro pacnpeaeneHns K napameTpam npouecca.

9.2 NammMma-obnyvyartenu

9.2.1 TonorpaduposaHune ao3sbl Nnpn ALO BeInoNHAETCA, UTOOLI onUcaTh 0bny4vaTtenb B OTHOLLIEHWN pac-
npeaeneHna U BOCNpPoOM3BOAMMOCTM 403kl U onpeaennTb BNUAHME npepbiBaHUA npouecca Ha gosy. Tonorpa-
bnpoBaHMe O03bl AOMKHO BLIMOMHATLCS NyTEM pasMelleHnsa A03UMETPOB B KOHTenHepe And obnydeHus,
3anonHEeHHOM 40 NMPOEeKTHLIX NpedenoB MaTtepuanoM ¢ ogHopoaHoW nNnoTHocThio. OaHopoaHada NNOTHOCTL
OOMMKHa HaxoaAWUTbCs B AManasoHe NMNOTHOCTEeW, AN KOTOoPbIX npeaHasHadeH obnydaTtens. Heobxogumo
BbINOMHUTL HE MEeHee ABYX 3KCNEePUMEHTOBR No TonorpaddnUpoBaHnto A03bl, C MaTepuanom ninoTHOCTbIO, BNN3-
KON K MUHUManbHOW U K MakcumMansHOW U3 AnanasoHa, 4onyCcTUMOro agng oobnyvarens.

9.2.2 [nsa kaxgown BbIDpaHHOW NIOTHOCTU Heobxoammo TonorpadmnpoBaTb JOCTAaTOYHOE KONMNYECTBO
KOHTeNHepoB ANnda obnydyeHns (He MeHee Tpex), YToDbl onpeaenuTb OTKIOHEeHMe A03bl U pacnpeaeneHne go3sl
MeXay KoOHTenHepaMu. [leTann 1 Konm4ecTBo TpebyeMbIX MOBTOPHbLIX 3KCNEPUMEHTOB Mo TonorpadrupoBaHnto
3aBUCAT OT onbITa, NprnobpeTeHHOoro npu TonorpaduposaHum B npeablaywmx AO Ha Takmx ke nnmn nogoobHbIX
obnydyaTenax. 310 03Ha4YaeT, YTo AJ11 HOBOW YCTaHOBKN MOXeT noTpeboBaTbcsa bonbLuee KoNMYeCcTBO NMOBTOP-
HbIX 3KCMEepPUMEHTOB, YeM ANg TonorpadpoBaHns Nocre nNonoiHeHNs MCTOYHNKOB.
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9.2.3 llpun tonorpadgpuposannn Ao3bl ans uenen A0 B obnyyaTene g0MKHO HAaX0AUTbCA A0CTaTOYHOE
KONUYECTBO KOHTEMHEPOB, YTODLI 3P EeKTUBHO UMUTUPOBATL 0bNyYaTenb, 3anofIHEeHHbIN KOHTEMHEPaMK C
MaTepunanom Takon e NinoTHOCTU, YTO U NPpK TonorpadmnpoBaHnn Ao3bl. KonmMyecTBO KOHTEUMHEPOB, HEOOXoauN-
MOe ANSl AOCTMKEHUS 3TOWU UMUTALLIUN, 3aBUCUT OT KOHCTPYKLIMK oDbnyvaTens.

9.2.4 VngnBmayanbHble 4O3UMETPLI, AO3UMETPUYECKNE NMOTTOCKA NN A03UMETPpUYecKne NUCTbl HEOD-
XOOANMO pasMecTUTb TpexpasMepHOU CEeTKOU, A0CTAaTOUYHOM ANd YCTaHOBMNEHUSA pacnpeaeneHna 403kl BO BCeM
obbeme KoHTerHepa Angd obnyveHusi. KonmuecTso A03UMMETPOB 3aBUCUT OT pa3Mepa KOHTENHEpPa N KOHCTPYK-
LK obny4varoLen yctaHoBkn. Hanpumep, B kKoHTenHepe 1,0x 1,0 x 0,5 M A403UMETPbI MOXHO pasMecTUTb No
BCEMY KOHTeUHepy B TpexpasmepHoU pelleTke ¢ warom 20 cm. [pn TonorpagpumpoBaHM 403bl BO BpeMs
NOBTOPHOM ATTECTAL MU, C LIeNbio ONTUMK3ALLUN PaCNONOXEeHUA 403UMETPOB, MOXKHO MCMNOMb30BATh AaHHbIE U3
npeablaywmnx akcnepumeHToB. MeToaukmM mateMmaTu4eckoro moaennuposaHna, Takme kak MoHTe-Kapno mnnu
[TonHT KepHen, Takke MOryT ObiTb MNONe3Hbl NPYU ONTUMU3aL MU MONOXEHNS A03UMETPOB (CM. NMpunoXxeHue A).

9.2.5 PesyneTathl TONOrpaduUpoBaHg Ao3bl MOXXHO UCMONB30BAaTh ANA YCTAaHOBNEHUA COOTHOLLEHUS
MeXay YCTaHOBKOW Tanmepa 1 aMninTyaon 4o3bl B onpegernieHHOM MecTe BHYTPU KOHTeUHepa ¢ MaTepuanom
Opyron NNOoTHOCTW. NoaobHble NPpUBNN3NUTENbHBIE COOTHOLLEHUA MOTYT ObITh NpeaocTaBeHbl NPOU3BOAUTE-
nem obny4yartens, MMdo nNonyveHsbl pacyeTHLIM MyTEM C UCMOMNb30BaHMEM MaTeMaTUYECKUX Modenen. Pe3ynb-
TaTbl TOMOrpaddnUpoBaHNA O03bl MOXHO 3aTeM WUCNOMb30BaTb ANA YTOYHEHWUS Takux NpUONU3UTENbHBIX
COOTHOLUEHUN NPUMEHUTENbHO K KOHKPETHOMY obnyvaTento (CM. NpunoXeHue A).

9.2.6 YT0OOLI OLLEHUTL BNUAHWE NpepbiBaHUA NpoLecca, HeodXoAMMO BbINMONHUTL OTAENbHLIN 3KCNepU-
MEHT No TonorpadupoBaHnio 403kl UMK pacyeT NnepexoaHon Ao3bl. BepHOCTb pacyeTa nepexoaHon Ao3bl A0/-
)XHa OblTb NpoBepeHa Ao3numeTpuen. daHHbIA 3KCNepUMEHT 3akno4aeTcd B ODMyYeHUM KOoHTeuHepa C
OosnmeTpamMim MnNn 4o03NMETPUYECKUMIN NMONocKaMKn, pacnonoXeHHbIMA Tak, Kak 3TO ONncaHo Bhille, U Npepbl-
BaHMEM NnpoLecca B NOJIOKEHUN, KOraa KOHTEUHEP HaxoanTcst BONM3N UCTOYHUKA U ABUXKEHNE NCTOYHUKA OKa-
3blBaeT Haubonbliee BNUAHWE Ha O03y. BnuaHuMe npepbiBaHUS npoLecca oueHMBalT NyTeM CpaBHEHUS
pPe3ynbTaToB C pe3ynbTaTamMu, NoNnydYeHHbIMU TONorpagpmMpoBaHmMemM Npyu HopManbHOM NpoBeaAeHUN npoLecca.
B0o3MOXXHO, ANA TOYHOW OLEHKU BINUSIHUS NOTPedbyeTcs npepbiBaTh NPOLLECC HECKOMbKO pas.

9.2.7 WI3BECTHO, YTO Ha peaKLno HEKOTOPLIX A03MMETPOB BNUAET BpeMs, npollegliee mexay oonyve-
HUEM U U3MepeHNeM; BerMiMHa 3TOro BNMAHNA MOXET 3aBUCeTb OT TeMnepaTypbl B TedeHUe 3TOro BpemMeHHu.
[daHHbIe 0bCTOATENBCTBA HEODXOAMMO YHUTLIBATL NPU UHTEPNPETaLNA PE3YNLTATOB U3MEPEHNN A03NMETPA-
MW B MpepBaHHOM rnpoLiecce.

9.2.8 TonorpadunpoBaHMe Ao3bl AOMKHO ObITb NPOBEAEHO AN onpeaeneHns BIUSHUS, KOTOPOE MOXET
OoKasaTb Ha O03Y U ee pacnpegerieHne B KOHTeMHepe 3aMmeHa Ha NpoayKUuMio ¢ ApyroMn NNOTHOCTLIO. Ha ocHOBa-
HAW AaHHbBIX U3MEPEHUN MOXKHO OoNpeaenunTb A0NYCTUMbIW Aanas3oH NMIOTHOCTEN, KOTOPbIE MOXHO 0bpabaThl-
BaTb BMecTe. BnuaHne nameHeHUa NNOoTHOCTU Ha A03Y U ee pacnpegerieHne MOXHO onpegenitb nyTem
0bpaboTKM ABYX MaTeEPMArOoB C Pa3HOU NNMOTHOCTLIC B NOcneAoBaTeNbHBIX KOHTEUHepax nutonorpadpmpoBaHns
nocneaHero KOHTenMHepa ¢ MmaTepuanom nNepBon NMOTHOCTU U NEPBOro KOHTEUHepa ¢ MaTepuanom BTOPOU
NNOTHOCTU. Pe3ynbTaThl MO 3TUM KOHTEHEepaMm HeODXOANMO CPaBHUTL C pe3dyrbTaTaMM rOMOreHHOro Tonorpa-
brpoBaHNA 003kl ANA 3TUX MaTepuanoB ¢ Lienbio onpeaeneHns AononHUTENbLHOIO OTKNOHEHUA A03kbI, Koraa
NBa MaTepuana c pasHoW NMOTHOCTLIO OBNyYaloTCsl B CoOceAHNX NocneaoBaTeNbHbIX KOHTEUHepax.

9.2.9 OTAenbHble 3KCNEPUMEHTLI Mo TonorpadmnpoBaHnio A0MKHbI ObITb BbINMOMHEHLI B cneluanbHbIX
KOHBEWEpPHbIX cuctemax (nccneagoBarenbckast NeTns) U B PUKCUPOBaHHBIX MecTax KamMepbl obny4yaTtend
(MOBOPOTHLIE CTOMNbI), NpeAHa3HavYeHHbIX 449 pyYHOro pasmelleHuda npoaykunn. B Taknx koHBeepax mMecTtax
criegyeT paccMoTpeTb BMUSIHAE Ha [O03MMETPU OCODLIX YCNOBUWA, HanpuMep MOLHOCTU O03bl U
TeMNepaTyphl.

9.2.10 MoryT ObITb NpoBeAeHbl AONMONHUTENbHbIE UCCNeAOoBaAHMS NO ToNorpaddnpoBaHnto, NPeaoCcTaB-
nawLwne aaHHble ANg yMmeHblUeHUd, BNNOTh A0 UCKIIOYEHUS, KONMYeCcTBa 3KCNepuUMeHTOR Mo TonorpagpunpoBa-
HUto Npn AS0. INpumepamm Taknx ccneagoBaHUA sIBNAOTCA:

a) BIUAHWE YaCTUYHOro 3anonHEHUsS KOHTEMHEPOB, YTO MOXET BCTpeYaTbCs Npn 3aBepLUeHU obny4e-
HUA NapTUN;

b) 3arpyska TecT-maTepuanoB B LEHTP KOHTenHepa, UYTO MOXeT UCNOoNb30oBaThbCA AN YMeHbLUeHUS
LLUMPUHBI (YO UHBI) NPOAYKLNN B KOHTENHEPE C LIeNbio AOCTUXKEHUS XKENAEMOTo COOTHOLLEHUS MakCUManbHON
N MUHUMaNbHOW O03.

HacTn4HO 3anofTHEeHHbIE KOHTEUHEPLI MOTYT NONMYy4YUTh OONbLUYHO A03Y, YEM NOMHbIE KOHTENHEPLI, MO3TO-
MY MpU TonorpagpupoBaHnn 403NMETPbl He0DXOANMO pa3MellaTh B 30HaX C OXK1MaaeMon MakcumansHOW 4030
YaCTUYHO 3anofIHEHHBIX KOHTEMHEPOB, a Takke B coceHNE NOMHble KOHTENHEPHI.

3arpyska MatepuanaB LUeHTp KOHTeHepa MOXET NPUBECTU K U3MEeHeHUo aMnnTyabl U pacrnpegeneHuns
003bl N0 CPaBHEHWIO C NONTHBIM KOHTENHEPOM. B TakMX cnyvyasax 4o3MMeTpbl HeobxoamMmMo pasMellaTh B 30HaxX C
oXngaemoun MmakcumMmalnbHOWN N MUHUAMANbHOW A03aMN.
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9.2.11 PesynbTaTthkl TONOrpadgpupoaHusa gosbl npn AILO 4yacTo ykasbiBaloT HA BO3MOXHbIE MecTa ¢ Mak-
cMManbHOU U MUHMManbHOW 403aMU NMpu 3arpyske peanbHOU NpoayKUUen.

9.3 3nNeKTpOHHO-Ny4YeBbIe OONy4vaTenn

9.3.1 TonorpaduposaHne aosbl npn AJO BeinoONHAETCA ANd TOro, YTobdbl onnucaTb obnyvaTenb B OTHO-
LLUeHUW pacnpegeneHnd 1 BOCNPOoU3BOAUMOCTU 403kl M oNpeaennTb BNMAHWE NpepbiBaHUSA npoLiecca Ha 4o3y.
TonorpadgpumnpoBaHne 4o3bl AO0MKHO ObITb BbIMOMHEHO BO BCEM AManasoHe BblIOpaHHbIX padbo4nx napamMeTpoB
obny4YyeHna NpoayKkLun, B TOM YUCNE Npu npeaenbHbIX OTKNOHEHUAX NapaMeTpoB. TonorpadgpupoBaHne ao3bl
OOTKHO BBINOMTHATLCA NyTEM pasMeLleHNs 403UMMETPOB B KOHTeuHepe Ana obnyvyeHus, 3anonHeHHOM 4o npo-
eKTHbIX NpeaenoB MatepuanoM ¢ oaHOPOAHOU NNOTHOCTLIO. OaHopoAHasa NMOTHOCTL AOIMKHA HAaXoAUTbLCA B
ananasoHe NNOTHOCTEWN, ANA KOTOPbIX NpeaHasHadveH obnyvaTtens. B obwem cnydvae tonorpadpupoBaHne npu
Al1O HeobxoaMMO NpOBOAUTL TOMNLKO NpX 0AHOM 3HAYEHUU NAOTHOCTKU, HO bonee agetanbHas MHOPMaL NS
MOXeT ObITb NonyyeHa ¢ bonee Yem ogHOW NMOTHOCTLIO (HanpuMep, ¢ MaTepuanamMmm, UMeLLIMMIMN NNOTHOCTH,
ONU3KMe K AoNYyCTUMbIM NpeaenbHbiM ANA AaHHOro obny4vartens).

9.3.2 [na kaxaoro BblbpaHHOro Habopa pabo4nx napameTpoB Heobxoanmo TonorpagpupoBaTh gocCTa-
TOYHOE KONMMYECTBO KOHTEUHEPOB AN 00nyvyeHnst (He MeHee Tpex), YToDbbl onpeaennTb OTKIMOHEHWE O03bl U
pacnpegeneHne Ao3bl MexXxay KoHTenHepamun. letanu n KonU4ecTBo TpebyeMbIX MOBTOPHbLIX 3KCMNEPUMEHTOB
no TonorpadpoBaHUIO 3aBUCAT OT OnbiTa, NpUobpeTeHHOro npu tonorpadgpuposaHnn B npeabiaywnx A4O.
OTO O3HAYaeT, YTO ANl HOBOW YCTaHOBKM MOXET noTpeboBaThbes bonblUee KONMMYECTBO NOBTOPHBLIX SKCNepun-
MEHTOB, YeM NPU NOBTOPHOM aTTecTalMn Yepes onpeaeneHHble MHTepBarnbl BpeMeHWN.

9.3.3 HapacnpegeneHue go3bl B ToNorpaupyeMomM KOHTEUHepe MOXeT BNTMATE MaTepuan B npeablay-
LLieM 1Unun nocrneayrouem KoHTenHepax. HeobxoaMmo oUEeHUTb 3TO BNIUAHWE U ONpeaennTb ero sennvunHy. B
3aBUCUMOCTU OT KOHCTPYKLUK 0bnyvyaTensa MoXeT notpedboBaTbcd, YTOOLI TONorpadpmnpyemMblie KOHTEUHEPI U
coceiHMe ¢ HUMU (npeablayLwnia 1 nocneayLwmn) KoOHTerHepbl ObINKA 3anonHEHbI MaTepunanom ¢ BrIM3Kon
MIOTHOCTLIO.

9.3.4 [o3umeTpbl HEOOXOANMO Pa3MeCcTUTb TpeXpasMepHON CETKON BHYTPKU obny4Yaemoro tecT-maTe-
pnana, BKItodasa noBepxHocTh. KonnyecTso 403MMETPOB A0MKHO ObITb AOCTaTOYHBLIM AN U3SMEpeHns pacnpe-
aeneHns Aosbl Bo BceM obbemMe KoHTelHepa. KonmyecTBo A403MMETPOB 3aBUCUT OT pa3mepa KOHTenHepa,
KOHCTPYKL MK 0Bny4YaTens n 3Heprim ycKopuTens 3N1eKTPpOHOB.

[osnmeTpamuy MOTyT ObITb NMUCTHLI, HEMNPEPbLIBHBLIE A03UMETPUYECKNE NONOCKAU, OTAE bHbIE 4O03UMETPLI, a
TaKKe OTAEeNbHbIE A03UMETPLI, MONOXKEHHbIE PAAOM APYT C APYroM 1N 0bpasyrolle NosIocKy.

C Uuenbio ONTUMKU3aLUK pacnonoXeHUs 403MMEeTPOB MOXKHO MCNONb30BaTh AaHHbIe U3 NpeablayLLNX 3KC-
nepumMeHToB. MeTognkmu maTemMaTU4eCcKoro MoagenmpoBaHud, Takme Kak pacdeT no MoHTe-Kapno, Takke MOXHO
MCNoNb30BaTh NMPU ONTUMMU3ALUK MONOXEHUA A03MMETPOB (CM. NpunoXxeHue A).

9.3.5 PesynbTaThl TONOrpaddupoBaHna 403kl MOXXHO MPUMEHUTL ANdA onpeaeneHns B3aMMOCBA3IN Mexay
XapakTepucTmkamu rnydka, CKOpoCTbio KOHBeMepa u aMninTyaon Aosbl B onpegeneHHon ToUKe BHYTPU UK Ha
NMOBEPXHOCTU KOHTEeWHepa, 3arnofIHeHHOro oAHOPOAHBIM MaTepuanom ¢ MU3BECTHOM NNOTHOCTLIO. CyLecTBYeT
N apyronnogxoa — onpegenunTb NnoroXeHue ¢ PUKCUpoBaHHOU recMeTpmen ANa 4o3nMeTpa BHe KOHTeUHepa,
nepemMellarolleecd BMecTe C KOHTEMHepoM, 1 onpedennTb B3aUMOCBA3b MeXay XapakTepucTtmkamy nydka,
CKOPOCTbIO KOHBenepa n aMmnnintyaon 4o3bl B 3TOM NONOXeHUN. Takoe NnornoXXeHne MOXHO UCMONb30oBaTh B
Ka4vecTBe onpeaeneHHOW KOHTPOMNbHOW TOUKN BO BPEMS TEKYLLIEN 0DPabOTKA.

9.3.6 Ona oueHKMU BNUSIHUA nNpepbiBaHWUS npolecca Ha 4o3y Heobxoaumo BbINOMHUTE cnelnanbHble
n3aMepeHna aosbl. BnnaHue npepbiBaHUAa npoLecca onpegendercanytemM pasmelleHUa 4o03MMeTpOoB U 403 N-
METPUYECKMUX MOSTOCOK B MONOXKEHNN, B KOTOPOM OXUWaaeTcsl Hanbonbllee BAMAHUE NpepbiBaHUSA NpoLecca.
Takoe nonoXxeHne 4YacTo HaxXoanTCsl Ha NOBEPXHOCTU KOHTerHepa, obpalleHHOW K 3NeKTPOHHOMY NMyYKy. KOH-
TenHep obny4aeTcd Npu HopMalbHbIX NapamMeTpax npoLlecca, U npouecc nNpepbiBaeTcs, Koraa KoHTenHep
HaxXo4WUTCH B 30HE AENCTBUA Ny4Ka. 3aTeM npouecc BO30OHOBNAETCA, U BNUSIHUE ero nNpepbiBaHns onpeaens-
eTca NnyTemM cpaBHeHUsa 003, USMepPeHHbIX B NMpoLecce Cc NpepbiBaHUEM, C 403aMU, U3MepeHHbBIMUM B npoLecce
b6e3 npepbiBaHUA.

9.3.7 W3BECTHO, YTO Ha peaKkLuo HEKOTOPbLIX A03MMETPOB BNUAET BpeMs, Npoluealiee Mexay obnyve-
HUeM 1 usmepeHmMem. BennumHa sToro BNUSAHUA MOXET 3aBUCETh OT TeMnepaTypbl B TEHEHUE 3TOro BpeMeHH.
OTN 0bCTOATENBLCTBA HEOOXOAMMO YUMTLIBATL MPU UHTEPNPEeTaLNnN pe3ynbTaToOB M3SMEPEHNA AO03UMETPaMN B
npepBaHHOM rnpoLecce.

9.3.8 B 3aBUCUMOCTU OT KOHCTPYKLWUK obnyvaTensi TonorpadonupoBaHne Ao3bl ACITKHO ObITh NPpOBEAEHO
Ona onpegeneHns BNUsSIHNUS, KOTOPOe MOXeT OKa3aTb Ha 403y U ee pacnpeneneHne B KOHTeUHepe 3aMmeHa Ha
NPOAYKUMIC C APYron NNOTHOCTLIO. Ha OCHOBaHUM 3TUX USMEPEHUN MOXHO onpedennTb 40NYCTUMbIN AanasoH
MIOTHOCTEN, KOTOPLIE MOXHO 0OpabaTkiBaTh BMecTe. BnusaHne nsmeHeHnsa NNoTHOCTM HA 403y M ee pacnpene-
NeHne MOXHO onpeaennTs nNytem obpaboTKM ABYX MaTepmanoB ¢ pasHOW NNOTHOCTLIO B NOCNeaoBaTEeNbHbIX
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KOHTeWHepax nTonorpaeupoBaHnusa nocneaHero KoHTenMHepa c Mmatepuanom NnepBoOn NNMOTHOCTU M NEPBOrO KOH-
TenHepa ¢ Matepmanom BTOPON MNNOTHOCTU. Pe3ynbTaThl MO 3TUM KOHTEWHepaM HeobXoAUMO CPaBHUTb C
pe3ynbTataMy roMOreHHoro TonorpadoupoBaHna 403kl ANA3TUX MaTepmnanoB ¢ LeNnbio onpegeneHnsa gonosHK-
TeNbHOro OTKIIOHEHUS1 O03bl, Korga ABa mMaTtepumana ¢ pasHoW NNOTHOCTb obnydyakTcsl B coceqHUX
nocnegoBaTenbHbIX KOHTENHEPAX.

9.3.9 PesynbTaTthl TONorpadgpuposaHnga aosel npyn ALO MOryT ykasaTb Ha BO3MOXHbIE MeCcTa C MaKCU-
MarnbHOW U MUHUMaNbHOW Ao3aMu NMpn 3arpyske peanbHOW NpoayKkunen.

9.4 PeHTreHOBCKMe obny4yatenmu

9.4.1 Tonorpadunposanune aosbl npyu AJO BeINONHAETCA ANd TOro, UTodbl onucaTb obnyvaTenb B OTHO-
LLeHNK pacnpegeneHnus n BOCNPOU3BOAMMOCTU 03kl U oNpeaennTb BNUsSIHUE NpepbiBaHUS npoLecca Ha 4oay.
TonorpagpupoBaHmne o3kl AOMKHO BBINOMHATLCA MyTEM pa3MeLlleHUd 403UMMETPOB B KOHTEUHEPE ANA 0bnyye-
HUA, 3anoIHEHHOM A0 NPOEKTHLIX NpedernioB MatepuanomMm ¢ ogaHopoAHoOU NNOTHOCTLID. OaHopoaHada NnoT-
HOCTb AOMKHa HaxXoaAUTbCsl B AuManal3oHe MMOoTHOCTEeW, AN KOTOpbIX npeaHasHadeH obnydaTens.
TonorpadunpoBaHne HeobxoanMMo BINOTHUTL BO BCEM AManasoHe BbIOpaHHbIX pabovmnx napamMeTpoB 1 NoT-
HOCTEN MaTepuana, KoTopble BCTpeYaTca Npr obnyvyeHun npoaykunn. Heobxoanmo BeINOMHUTL HE MEHee
OBYX 9KCMNEPUMEHTOB MO TonorpaddnpoBaHMNIc 403kl C MaTepuarnom nioTHOCTbIO, DNM3KON K MUHMATIbHOW U
MaKCMMalnbHOW, N3 AnanasoHa, AoNyCTUMOro Ans obnyvartens.

9.4.2 [1ng Kaaoro BblbpaHHoro Habopa padbo4nx napameTpoB Hecbxoanmo TonorpadpupoBaTh AOCTa-
TOYHOE KONMNYECTBO KOHTENHEPOB ANA 0bny4eHUs (He MeHee Tpex), 4Tobbl onpeaennTb OTKNOHEHWE O03bl U
pacnpegeneHue ee Mexay KoHTenHepamu. [letann n KonnM4ecTBo TpebyeMbIX MOBTOPHBLIX 3KCMEPUMEHTOB Mo
TonorpadoUpoOBaHMIO 3aBUCAT OT ONbITa, NpuobpeTeHHoro npu TonorpadgpuposaHin B npeablaywmnx A4O. 3710
O3Ha4aerT, YTo ANs HOBOM YCTAHOBKN MOXET NnoTpedboBaTbCcs bonbluee KONUMYECTBO NOBTOPHLIX 3KCNEPUMEH-
TOB, YeM NP NOBTOPHOWM aTTecTauun yepes onpegeneHHble MHTepBanbl BpeMeHW.

9.4.3 lMpu TonorpadunposaHni go3bl ang uenen AO B obny4yaTene gomMKHO HAaXoAUTbLCA JOCTaTOYHOEe
KONMUYEeCTBO KOHTENHepoB, YTobbl 3 ekTMBHO MMNUTUPOBaTL obny4YaTenb, 3anofHEeHHbIN KOHTeMHepamMn ¢
MaTepunanom Takom e NIIOTHOCTU, YTO U Npu TonorpadupoBaHn Ao3bl. KonnyecTtso KOHTENHEPOB, Heobxoaun-
MOe€ AN AOCTMKEHUA 3TON UMUTALNK, 3aBUCUT OT KOHCTPYKLUUM obnyyaTens.

9.4.4 VlHanBuayanbHble AO3UMETPLI, 403UMETPUYECKMNE MOMOCKN NN A03UMETPpUYeCcKnUe NUCTbI HEOD-
XO0OUMO Pa3MeCcTUTb TpexpasMepHOM CEeTKOW, AOCTAaTOYHOW OANA U3MepeHUda pacnpeaeneHna Ao3bl BO BCEM
obbemMe KoHTelHepa Ana obnyvyeHuns. Konnm4yecTso A0O3MMETPOB 3aBUCUT OT pa3Mepa KOHTeNnHepa, KOHCTPYK-
LM obnyvarowen YyCTaHOBKM W SHEPrMM nydka pPeHTreHOBCKUX nyden. Hanpumep, B KOHTeWUHepe
1,0x 1,0x 0,5 M gO3UMETPbl MOXXHO pa3MecTUTb Mo BCEMY KOHTENHEPY B TpexpasMepHOU pelleTKe ¢ warom
20 cm. NpnTonorpagunpoBaHnM 403kl BO BpeMd NOBTOPHOM aTTeCcTalMK C LleNbio ONTUMKU3aL N pacnonoXeHUs
OO3MMETPOB MOXHO UCMOMb30BaTh AaHHbIe U3 Npeablaywmnx akcnepumeHToB. Metogukn matemMaTuyeckoro
MoaenupoBaHuga, Takne kak MoHTe-Kapno nnu NonHT KepHen, Takke MoryT ObiTb NONE3HbI NpY ONTUMU3aLNNA
MNONTIOXKEHUA 403UMETPOB (CM. NMPUNoXeHue A).

9.4.5 PesynbTaTthl TONOrpadeupoBaHnUs 403kl MOXHO NPUMEHUTL ANA onpeaeneHUd B3aMMOCBA3N MeXay
XapaKTepUCcTUKaMun Nyyka, CKOpOCTbIO KOHBenepa n aMnnnuTtyaon Aosbl B onpeaerneHHoU Touke BHYTPU UMK Ha
NOBEPXHOCTU KOHTeWHepa, 3anofIHeHHOro oAHOPOAHLIM MaTepuanom ¢ MU3BECTHOM NMOTHOCTLIO. CyLecTBYeT
M Apyroun nogxoed: onpeaenntb MecTo ¢ PUKCUMPOBaHHOW recMeTpuen ANga Ao3nMeTpa BHe KOHTeUHepa, nepe-
Melllatolleecsi BMecTe C KOHTEeMHepoM, MonpeaennTb B3aUMOCBA3b MeXay XapakTepuUcTukamm rnydka, CKopoc-
TbiO KOHBeWepa M amMnnuTyaon Oo03bl B 3TOM MecTe. Takoe MecTO MOXHO UCNONb30oBaTb B KayecTBe
onpeaeneHHoN KOHTPOMNbLHOW TOUKM BO BpeMS TekyLller 0bpaboTKu.

9.4.6 [1na oUeHKM BNMUSIHUA NPEpPLIBAHUS npoLecca Ha 403y HeobxoanMmMo BbINOMHUTL cneunanbHble
n3MepeHus ao3bl. Bnnsadmne npepbiBaHUA npoLecca Ha Ao3y onpeaenseTcs nyTemM pasmMeLleHnst 403MMeTPoB
M JO3NMETPUYECKUX NOSTOCOK B MECTe, B KOTOPOM OXnaaeTtcs HanborbLuee BMAHWE NpepbiBaHUSA NpoLec-
ca. Takoe MecTo YacTo HaXoaUTCA Ha MOBEPXHOCTU KOHTenHepa, obpalleHHON K PeHTITeHOBCKUM Nnyvam. KoH-
TenHep obnydaeTca npu HopMalnbHbIX NapamMeTpax npouecca. [pouecc npepbiBaeTcH, Korga KoHTenHep
HaxXoONTCA B 30HE AENCTBUSA NyYein, 3aTeM npoLecc BO3OOHOBISIETCH, N BIIUSIHUAE €ro npepbiBaHUs onpeaens-
eTCH NYTEM CpaBHEHUS 403, U3BMEPEHHbIX B NpoLecce ¢ npepbiBaHNEM, C A03aMU, USBMEPEHHLIMK B NnpoLiecce
be3 npepbiBaHUS.

9.4.7 W3BeCTHO, YTO Ha peaKkLUUo HEKOTOPLIX A03MMETPOB BINAET BpeEMH, npolleliee Mexay obny4ye-
HNEM N N3MEPEHNEM; BENUYNHA 3TOTO BITUSIHUAS MOXKET 3aBUCETb OT TEMMepaTypbl B TEYEHNE 3TOr0 BPEMEHMN.
[aHHble 0bcTOoATENBCTBA HEODXOAUMO YYUTBIBATL NMPU MHTEpNpeTaL i pe3yrnbTaToB MU3MepeHnUin Ao3nMeTpa-
MW B MpepBaHHOM NnpoLecce.

9.4.8 TonorpadupoBaHue Ao3bl ACITKHO ObITb NPOBEAEHO ANA onpeaeneHnsa BINAHUSA, KOTOPOE MOXET
oKasaTb Ha 403y 1 ee pacnpejerieHne B KOHTelHepe 3aMeHa Ha NpoAYyKLUMIo ¢ ApYron NIOTHOCTLIO. Ha ocHoBa-
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HAN 3TUX U3MEPEHNI MOXKHO ONpeaennTb A0NyCTUMbIA ANana3oH NNOTHOCTEN, KOTopble MOXHO 0bpabaTbhiBaTh
BMecTe. BnusiHne nasmeHeHUs NNOTHOCTU Ha 403y U ee pacnpeaeneHne MoXHo onpeaenunuts NyTem obpaboTku
OBYyX MaTepunanoB C pasHOU NNOTHOCTLIO B NocnegoBaTeNbHBIX KOHTEeUHepaxX uTonorpadupoBaHnsa nocnegHe-
O KOHTEUHEpPa C MaTepmanom nepBon NIOTHOCTUA U NEPBOrc KOHTENHepa ¢ MaTepuanocM BTOPOW NMNIOTHOCTH.
PesynbTaThl N0 3TUM KOHTEUHEPaM HEODBXOAMMO CPaBHUTL C pe3ynbTaTtaMn rOMOreHHOro TonorpadupoBaHUS
O03bl ANA 3TUX MaTepuanoB C Lenbio onpegeneHns AonoNMHUTENbHONC OTKMOHEHUS O03bl, Korga ABa
MaTepuana c pasHou NNOTHOCTLIO 0bNy4YatoTCHa B COCeAHUX NocneaoBaTenbHbIX KOHTENHEpaX.

9.4.9 OTaoenbHble 3KCNEepPUMEHTbI Mo TonorpagmnpoBaHnUIo AOIKHBbI ObITb BbINOHEHbI B crieyanbHbIX
KOHBEWEpPHbIX cuctemax (nccneaoBaTtenbekasl NeTns) N B PUKCUPOBaHHBIX MecTax KamMepbl obny4vaTtens
(MOBOPOTHbLIE CTONMbI), NpeagHa3HavYeHHbIX 449 pyYHOro pasmMelleHna npoaykumn. CnegyetT paccMoOTpeThb BITUA-
HAEe Ha A03UMETPUI0 OCODLIX YCMOBUM B TakKMX KOHBeMepax WU MecTax, Hanpumep MOLWIHOCTU A03bl U
TemMnepaTtypbl.

9.4.10 MoryT 6bITb NpOBeAEHbI AONMONHUTENBbHbIE UCCNea0BaHNSA NO TonorpadupoBaHNIo, NPeaoCcTaB-
nawowne gaHHble Ang ymeHblleHUd, BNAOTb A0 UCKMTIOYEeHUA, KONUMYeCcTBa 3KCNepMMEHTOB No TonorpadupoBa-
HUto Npn AS0. INpuMmepamm Takmx uccnegoBaHUA ABNAOTCA:

a) BIUSIHWE YaCTUYHOTO 3aMoNMHEHUNA KOHTEUHEPOB, YTO MOXKET BCTpeYaTbCH NpuY 3aBepllueHn obnyve-
HUA NapTUA;

b) 3arpyska TecT-maTepuanoB B LUEHTP KOHTeUHepa, YTO MOXET UCMOoNb3oBaThCA AN YMeHbLUeHUS
LUMPWHBI (TNMYOUHBI) NPOAYKLNN B KOHTENHEPE C LLENMbo AOCTUXKEHUSA XKeNaeMoro COOTHOLLEHNS MaKCUMalbHOM
N MUHUMaNbHOW O03.

YHacTUYHO 3aNONHEHHbIE KOHTEMHEPLI MOTYT NONYYUTb ODONbLUYIC A03Y, YEM NOJHbIE KOHTEWHEPbI; MO 3TOU
npUYnHe Npu TonorpagpmnpoBaHu 4O03MMeTPbLl HEOBXOAUMMO pasMeLlaTh B 30HaX ¢ 0XXngaemMon MakCMmMarbHoOM
00301 YacTUYHO 3anoJIHEHHBIX KOHTEMHEPOB, a TaKKe B coceaHMe NoJIHbIe KOHTEeUHEePH.I.

3arpyska TecT-MmaTtepuana B LeHTP KOHTenHepa MOXeT NMPUBECTU K UISMEHEHUIo aMNNnTyabl U pacnpeae-
NeHnst 4o3bl NO0 CPaBHEHUIO C NOMHBLIM KOHTEUHEPOM. B Taknux cnyvasax 4o3nMeTpbl HeobxoaMmo pasmellaTb B
30Hax ¢ oXKMgaemMon makcumarnbHOU U MUHUMaNbHOW O030MU.

9.4.11 PesynbTaTthl TONOrpadgupoBaHnga gosel npy ALO MoryT ykasbelBaTb Ha MecTa ¢ MakCUManbHON U
MUHUMaNbLHOW g03aMM NpU 3arpysKke peanbHOU NpoayKuuen.

10 ATTecTauusa akcnnyatnpyemoro obopynoBaHua

10.1 O6wue cBepeHUn

10.1.1 Ha pacnpeaeneHune 003kl BNUSET HECKONBKO aKTOPOB, CBA3AHHbLIX C obnyvyaTtenem 1M npoayKLm-
en. PesynbTaTthl, NoNy4veHHbIe U3 TonorpadpupoBaHna 4osbl npn AS0, NCNONb3yTCA ANd onpeaeneHnsa Touek
C MakcumanbsHoOU 1 MUHUMalbHOU Ao3aMn M aMNNUTYyaou 403 BHYTPU NpoayKUMK, a Takke Ansa onpeaeneHus
B3aMMOCBSA3N MeXay 3TUMN A03aMM U 4030 B TOYKE (ToUKaX) TekyLero KoHTponda (KOHTPONbHbIX TOYKaX). KOH-
TPONbHbIE TOYKUA MOTYT HAXOAUTLCS BHYTPU KOHTeUHepa Ans obny4vyeHUsa (Hanpumep, ToOUKM ¢ MakCUMarnbHOW U
MUHUManbHOW Ao3amMun) NMOO B onpeaeneHHOM NoNoXXeHUn psaoM ¢ KOHTEUMHEPOM, ABUrasiCb BMECTE C HUM.

10.1.2 NHopmauua o gosax, usmepeHHbIX BO BpeMsl TonorpaeupoBaHns, UCNOoNb3yeTcsd And onpeae-
NeHna napamMeTpoB npouecca, TakuX Kak yCTaHOBKa TauMepa Ui CKOPOCTb KOHBeWepa, HacTpansaeMblX A4
obecneyeHUsa yCTaHOBNEHHOW CTEpUNN3yoLLEe A03bl 0e3 NpeBbILLIEeHUS MakcMarnbHOW A0ONYCTUMON A03bI.

10.1.3 PesynbTaThl TONOrpaguposaHmna aosbl npn AO MoryT npeaoctaButTb MHQOPMaLUIO O pasMelle-
HAW Oo3UMeTPOoB Npu TonorpadgpunpoBaHnn Bo Bpemsa AS0. Cneayet obpaTUTb BHUMAaHUE HA y4aCTKU, rae BO3-
MOXXHO onpeaeneHune Touek ¢ MUHUManbHOM N MakCUManbHOW Ao3aMun. Takue y4acTKU A0TKHbI OblTb N3YyYeHb
bonee TWAaTeNbHO, YeM 0DNAaCTM C NPOMEXKYTOHYHOW O030M.

10.1.4 [MpunebinonHeHnn TonorpadnpoBaHnAa 4O03MMETPLI ACITKHBI ObITb pacnonoXeHbl BO BCeM 0bbeme
npoAayKuun no onpeaeneHHon cxeme. TonorpagpupoBaHne A0MKHO ObITh BBINOMHEHO A0OCTAaTOMHO AeTanbHO,
YToObI ONPeaennTb TOYKU C MakCcUManbHOU U MUHUMAaNBHOW A03aMN BHYTPU UM HA MOBEPXHOCTU 0DNyvYaeMou
npoaykuun. Npu pasmelleHnn 4o3MMETPOB crnegyeT NMPUHATL BO BHUMaHUE BO3MOXXHbIE 3HaUUTENbHbIE rpagin-
€HTbl 403kl BHYTPWU UMW Ha NOBEPXHOCTU OTAENbHBIX eAUHUL, NPoAYKUUW. Kaxabld cnydYan TpedyeT MHAUBUAY-
anbHOW OLIEHKW, HO HEeKOTOopble MOMEHTHLI ObLIero pykoBoacTBa Mo pasMeLlleHno JO3UMMETPOB NpuBeaeHsl
HKe. MeToaukM matemMmaTnuyeckoro MmogennmpoBaHud, Takne Kak MoHTe-Kapno unum lNonHT KepHen, Takke
MOTYT ObITb NOME3HbI MPU ONTUMKU3ALUK NONOXKEHUA OO3UMETPOB (CM. NPUNoXeHne A).

10.2 N amMma-u peHTreHOBCKUe Ny4u

10.2.1 OnsnpoayKkunn ¢ HU3KOW NNOTHOCTLIO, 0bNnyYaemMoun raMmma- Unu peHTreHOBCKUMK nyvyamiu, obbIu-
HO gonyckaeTcd pasMelleHne 403MMEeTPOB CHapYXM NepBUYHOU YNTAKOBKU NPOAYKLMN, MOCKONbKY 3HAYUTENb-
Hble TpagueHTbl A03bl Ha OTAeNbHbIX eanHuuax nNpPoaykKunn BO3HUKHYTb He MOryT. TUNMUYHBIM NMPUMEPOM
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ABMAETCH NPOAYKUMS, caefaHHast U3 3NIEMEHTOB C HU3KUM aTOMHBIM HOMEPOM (T. €. U3 HEMETAanNNoB) 1 Npwu
3TOM He UMetoLast 4oCTaToYHO BONbLLIOK Macchl, CMOCODHOW BbI3BaTbh MECTHOE 3KpaHMpOBaHME 0DNy4YeHus
coceaHux obrnacren.

10.2.2 Onanpoaykuum aoctaTouvHo 6onbLWON Macchl, CNOCODHOW BLI3BATb MECTHOE 3KpaHUPpOBaHUE Npu
obny4YyeHUn ramma- U PeHTreHOBCKUMU NyvyaMi, MOXET oKasaTbCsl HeobxoaMMbIM pasMellaTb 403UMeETPLI
BHYTPW NEPBUYHOW YNAKOBKN NPOAYKLUMN, YTODLI onpeaennuTb MakcUMarnbHYo U MUHUMAaNbHYHO A03bI.

10.2.3 Ecnu npoaykumsa MoXeT nepemMellaTbcsl BHYTPU KOHTEMHepa U TeM caMbIM BITUATL Ha pacrnpeje-
fieHne Jo3bl, TO 3TO AOIMKHO YYUTbIBATbLCA NpU TonorpadpurupoBaHnm, Hanpumep nocpecTBoM Tonorpadguposa-
HUSA MPOAYKLUM B HECKOJTbKNX BO3MOHbIX NONOXEHNAX OTHOCUTENIbHO KOHTENHEepa.

10.2.4 Tlpw BbINONHEHUN TONOrpagpmnpoBaHUsa copallaoT BHUMaHUE Ha pasMep 1 pacnonoxkeHue o3un-
METPOB, YTOOLI 0becnevynTb 4OCTOBEPHOE U3MEPEHNE MaKCUMalbHON N MUHUMAaNbHOW A03. [N A0CTUXKEHUS
TpebyeMoro npoCcTpaHCTBEHHOMO paspelleHnUsa MOXKET okasaTbCHa HeoOX0AUMBLIM UCNOMb30BaHUE TOHKUX Ne-
HOUYHbIX A03MMETPOB De3 3aLUMTHOro nakeTa. Takue A03UMETPbI MOTYT ObITb 0CODEHHO BOCMPUNMYNBBI K U3ME-
HEHWIO BMAXHOCTU, KOTOPOE MOXKET BbI3BaTb 3HAUYMTENbHYHO OLUMOKY N3MEepPeHMA. Takne oLnOKM MOryT ObITb
YMEHbLLEHbI NoCcpeacTBOM 0OnyveHnst nNpm TonorpagpupoBaHin AoNONHUTENbHBIX A03UMETPOB B HEMOCPEea-
CTBEHHOM DNN3OCTN OT 0Opa3LOBLIX AO3UMETPOB C recMeTpuen, obecnevmBatoLllen obnyvyeHmne 0O3MMETPOB
0boUX TUNOB o0AMHaKOBOW A030U. JTloboe pasnnyne pes3ynbTaToB U3MEePeHUa A03bl 403UMEeTPaMMN 3TUX ABYX
TUMOB MOXXHO MCNOMb30BaTh AN KOppeKkunn pesynbTaToB TonorpadeupoBaHuns 403bl.

10.2.5 HosunmeTpuyeckas cuctema AoKHa UMeTb A0CTaTOYHO BbICOKOE NPOCTPaHCTBEHHOE paspeLle-
HUe, YTODObI NPOBECTN U3MEpPEeHNe rpaNeHTOB J03bl, KOTOPbIE MOTYT BCTpeYaTbCs, Hanpumep, Ha rpaHuLe pas-
ena martepuanos.

10.2.6 B KoHLUe napTum npoayKLnm Heobxoanmo onpeaenuTb pacrnpeaenedme 4o3bl B 4YaCcTUYHO 3anor-
HEeHHOM KOHTelHepe. Takoe onpeaeneHne pacnpocTpaHeHNsa 4o3bl MOXeT noTpeboBaTh BbINONHEHUSA OTAEMNb-
Horo TonorpadpupoBaHnUA 403bl B YaCTUYHO 3anonHeHHOM KOHTenHepe. Heobxoanumo y4ecTb BIIMAHUE, KOTOPOE
MOXET OKa3aTb YaCTUYHO 3anofIHEHHbIN KOHTEMHEP Ha pacnpegeneHne Ao3bl B APYrnx, NOSHbIX KOHTENHEepaX.
MoxkeT okasaTtbces LenecoobpasHbiM UCKHOYNTL 0BNTyYeHne YacTUYHO 3anofHeHHbIX KOHTEeMHepoB, a Heaoc-
TatoLlee KoNMYecTBO NpoayKLMn 3aMeHUTb MaTepmanom C TakoM e NIIOTHOCTbIO.

10.2.7 OTHOLWeHne MakcumarnbeHoOW 4o3bl, NOrnoweHHoOW npoaykumen, K MUMHUManbHOW, a Takke gosa B
KOHTPONLHOW TOYKe (ecnv OHa WUCMoNib3oBanachk), MOTYT MEHATLCH, a crnegoBaTesibHO, XapaKTepu3yroTcH
HeonpeaeneHHOCTbo. OTOT KOMMNOHEHT HeonpeaeneHHOCTU BHOCUT CBOM BKNaa B oL Y0 HeonpeaeneHHOCTb
003bl, NOrMNOLWeHHON NPOAYKLUNEN, N ACTTKEH YYUTBLIBATLCA NPU 0ONYyYEeHUU NPOAYKLIAN C LLENbH CTEPUNM3aL nu.

10.2.8 YT00OBLI NONY4YNUTL UHPOPMaL MO 06 NSMEHEHNN A03, BEI3BAHHOM pasnuymnem obny4vartenen, pas-
NnU4nem NpoayKLUMn n HeonpeaeneHHoCTbLo A03UMETPUN, BKCMEPUMEHTEI MO TONOrpaddUpPOoBaHUI0 BEINOMNHAKT-
CHA B HECKONBbKMX NOBTOPHOCTAX. NS nonyvyeHnss ctTaTUCTUYECKM OOCTOBEPHLIX pe3ynbTaToB pekoMeHayeTcs
MUHUMYM TpexKpaTHOe NMOBTOpeHUe 3KCcnepuMeHTa, KaXabl ¢ oTAeNbHbIM KOHTEeUHEPOM; NMpn yBeNNYEeHUN
KONMMYeCTBa NOBTOPHOCTEN AOCTOBEPHOCTb U3SMEPEHHBLIX BENUYMH NoBbIWWaeTcs. [Mpy BbINONHEHUN NOBTOPHbIX
SKCNepMMEeHTOB MOXET OKasaTbCA A0CTAaTOYHbIM NomMelaTb A03UMMETPLl TOMbKO B TOYKU C 3KCTpeMyMaMi
003bl, a He BLIMOMHATL NMOJTIHOe TonorpadupoBaHne 403kl

10.2.9 PesynbTaTthl TONOrpadnpoBaHnsa 403bl HEOOX0AUMO NpoaHanM3InpoBaTh U paccymnTaTb OTHOLLE-
H1Ue MUHUMAaNbHOM A03bl KA03€ B KOHTPOIBHOW TOYKE U OTHOLLEHWe MakCMManbHOW A03bl K 403€e B KOHTPOTBHOW
TOYKe AN KaXOOoro skcnepumMmeHTa. 3ateM MOXHO paccyuTaTb COOTBETCTBYHOLWME cpeHne 3HaYeHUa U UX
cTaHAapTHble OTKIMoHeHUd. CpeaHee 3Ha4YeHne oTHOLWEHUS MUHUMAaNbHOW U KOHTPONbHOW 403 U ee Heonpeae-
NTeHHOCTb, BMecTe ¢ HeonpeaerneHHOCTbIo 403UMEeTPUYEeCKON CUCTEMbBI, MOXHO WUCMOMb30BaTbh AN BblboOpa
HeOBXOAMMON KOHTPONIbHOM A03bl (003bl B KOHTPOMNLHOW TOYKe), KOoTopas OyaeTt rapaHTUpoBaTbh, UTO MNPU
nocnegyowen obpaboTke MMHUManNbHas go3a dbygeT npeBbilaTh CTEPUNTU3YIOLLYIO A03Y ¢ onpeaeneHHbIM
YPOBHEM 3HAYUMOCTU (CM. [16]).

10.2.10 NHdopmauna, nonyvyeHHasa U3 aHanusa pesynbTaToB 403UMETPUN, MCNOoNb3yeTcda ANd noaro-
TOBKU TEXHUYECKUX XapaKTepUCTUK NMpoLecca, B KOTOPLIE BXOAAT NapamMeTphbl Npolecca M gonycTUMbIE Npeae-
Nbl J03bl B KOHTPONbHOW TOUKE.

10.2.11 PacwmpeHHoe pyKOBOACTBO No aHanmay pesynbtatoB A20 1 X NpUMEHEHNIO K TeKyLLien obpa-
boTKe npuBeaeHo B [16] n [21].

10.3 3NeKTPOHHbLIU NYYOK

10.3.1 Ona npoaykunun, obpabaTbiBaeMon B 3MEKTPOHHOM obny4vaTene, 00bIMHO HEODX0AUMO NMOoMeE-
AT A03UMETPbl BHYTPU NEePBUYHOM YNakoBKU NPOAYKLUUK C Lenbio onpegeneHnsa MmakcmmarnsHOU U MUHN-
ManbHOW O03.
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10.3.2 Ecnunpoaykuma MoXeT nepeMelllaTbCHa BHYTPU KOHTENHepa U TeM caMbiM BNUATL Ha pacnpeje-
neHune 4o3bl, TO 3TO ACJTKHO YUYUThIBATLCA NMPpU TONorpadgupoBaHun, Hanpumep nocpeacTBoM TonorpadupoBa-
HUS NPOAYKLUUN B HECKONBbKUX BO3IMOXXHbBIX MOMOXEHUAX OTHOCUTETNBHO KOHTEeHepa.

10.3.3 [lpu BINONHEHUN TonorpadurpoBaHua obpallatoT BHUMaHUE Ha pasMep 1 pacnonoXeHue go3un-
METPOB, UTOObI 0becnevynTb AOCTOBEPHOE N3MEepeHUe MakCMManbHON N MUHUManbHOW A03. [Ans AOCTUXKEHUS
TPebyeMOoro NPOCTPaHCTBEHHOMO paspeLlleHnst MOXEeT oKasaTbCHa HEODXOAUMBIM NCNONb30BaHWUE TOHKUX MNI1e-
HOUYHBIX AO3UMETPOB De3 3aLlMTHOro naketa. Taknme 403MMETPbLI MOTYT ObITb 0CODEHHO BOCMPUUMHYNBLI K U3ME-
HEHUIO BMNaXXHOCTU, KOTOPOE MOXKET BbI3BATb 3HAUUTENBHYIO OLUMOKY U3MepeHUA. Takme onbKU MOryT ObITh
YMEHbLLEHbI NOCpeACcTBOM O0DNyYeHust Npn TonorpagpupoBaHn AoNONHUTENbHBIX AO3UMETPOB B HEMOCpea-
CTBEHHOM DNN30CTU OT 0BPa3LOBLIX A03UMETPOB C recMeTpuren, obecneymBatoLlen obnyvyeHne 4O3MMETPOB
0boux TUNOB oAMHaKOBOW A030U. JTloboe pasnuyne pesynbTaToB U3MEPEHUSA A03bl A03UMETPaMMN 3TUX ABYX
TUMOB MOXXHO UCMOMb30BaTh ANS1 KOpPEKLUN pe3ynbTaToB TonorpadpnupoBaHns 403bl.

10.3.4 HosnmeTpuyeckasa cuctemMa AoKHa UMeTb A0CTAaTOYHO BLICOKOE NPOCTPaHCTBEHHOE paspelle-
H1e, YTODBLI NPOBECTU UBMEPEHME MPaJNEHTOB A03bl, KOTOPbIE MOTYT BCTpeYaTbCH, HAanpuMmep, Ha rpaHuue pas-
nena martepuanoB. [Ans aNeKTPpoHHO-NYy4YeBOro obnyvartens aMmnnnutyaa rpagueHToB A03bl MOXKET AOCTUraTh
HEeCKObKNX AECATKOB NPOLEHTOB Ha TOMNLWMHE MeHee 1 MM.

10.3.5 Heobxoaumo onpeaenutb pacnpeaeneHne Ao3bl B YaCcTUYHO 3anofiIHEHHOM KOHTEMHepe, YTo
MOXET MMEeTb MECTO B KOHLLEe NapTUX NPOAYKLUN. OTO MOXeT noTpeboBaTh BbINMOMHEHUA OTAENbHOro Tonorpa-
cdorpoBaHNA 403bl B YaCTUYHO 3anofIHEHHOM KOHTenHepe. Heobxoanmo y4ecTb BNNAHNE, KOTOPOE MOXKET OKa-
3aTb YacTUYHO 3aMofIHEHHbI KOHTENHEP Ha pacnpegeneHne Ao3bl B APYrux, NOMHbIX KOHTenHepax. MoxeT
oKkasaTbcs LienecoobpasHbiM UCKITHOYNTL 0OTydeHne YacTUYHO 3aMnofIHEHHbIX KOHTEMHEPOR, a HeJocTatLLee
KONMU4YeCTBO NPOoAYKLMN 3aMEeHUTb MaTepManom ¢ Takon Xe NIIOTHOCTbIO.

10.3.6 OTHOLWIEeHUe MakcumMarbHOW A03bl, NOrnoweHHoOW npoayKkune, K MUHUManbHON, a Takke Ao3a B
KOHTPOMBbHOM TOYKe (ecnn OHa WCMonb3oBanach), MOTYT MEHATbCS, cneaoBaTeNlbHO, XapaKTepusyroTcH
HeonpeaeneHHOCTbIO. DTOT KOMMOHEHT HeonpeaeneHHOCTU BHOCUT CBOU BKIMaa B 0OLLYHO HeonpeaeNeHHOCTb
003bl, MOTMOLWEHHON NPOAYKLUUEN, N AOITKEH YYNTBLIBATLCA NP 0ONyYeHUU NPOAYKLWN C LLeNbo CTEPUNU3aLLNA.

10.3.7 Ytobbl nony4nTs MHoOpMaL Mo 00 U3MeHeHUN 403, BbI3BAHHOM pasnuunem obnydartenen, pas-
NYMEM NPOAYKLUN N HeoNnpeaeneHHOCTbIo A03UMETPUN, 3KCMIEPUMEHTLI N0 TONOrpaddUPOBaHUIO BbINOMHAOT-
CH B HECKOJTbKMX MOBTOPHOCTSAX. [ANa nonyyYeHUsa CTaTUCTUYECKU AOCTOBEPHLIX pe3yNnbTaToB PeKoOMeHayeTCH
MUHUMYM TPeXKpaTHOoe NOBTOPEeHUe 3KCNepumMeHTa, KaXabln ¢ OTAENbHBIM KOHTEUHEPOM; NMPK yBENMYeHUN
KONMYecTBa MOBTOPHOCTEN AOCTOBEPHOCTb U3MEPEHHBIX BENMUYMH NOoBbIWAaeTcs. [1pn BBINONMHEHN MOBTOPHbIX
SKCNEPUMEHTOB MOXET OKa3aTbCA AOCTAaTOYHbLIM MoMellaTh A03UMMETPbl TONbKO B TOUKU C SKCTpeMyMaMi
003bl, a He BBINONHATL NMONHoe TonorpagupoBaHne Ao3bl.

10.3.8 PesynbTaThl TONOrpadoupoBaHns Ao3bl HEOOX0AMMO NpoaHanM3InpPoBaTh U paccHMTaTbh OTHOLLE-
HUe MUHUMAaNbHOM A03bl K403€ B KOHTPONBHOW TOYKE U OTHOLLEHWE MakKCUManbHOW A03bl K 403€e B KOHTPONBHOW
TOUYKe ANd KaXaoro sKcrnepumeHTa. 3aTeM MOXHO paccuyuTaTb COOTBETCTBYOLWME cpedHUe 3HaYeHUda N UX
cCTaHAapTHble OTKNMoHeHUA. CpeagHee 3Ha4YeHne OTHOLWEHUS MUHUManbHOW U KOHTPONbHOW 03 U ee Heonpeae-
NEeHHOCTb, BMEcTe ¢ HeonpeaeneHHOCTbIO A03UMETPUYECKON CUCTEMbBI, MOXHO UCNOMNb3oBaTh ANA BbIBOpa
HeoDX0oAMMOWN KOHTPONMBHOM AO03bl (403bl B KOHTPOMBHOW TOYKE), KOTopasa OyaeT rapaHTUpoBaTbh, UTO MPWU
nocneayowen obpaboTke MMHUManNbHas gosa 0yaeT npeBbillaTh CTEPUNUIYIOLWLYIO O03Y C onpeaeneHHbIM
YPOBHEM 3HA4YMMOCTU (CM. [16]).

10.3.9 UHPpopmaLumna nonydyeHHaqa U3 aHanusa pe3ynbTaToB 403UMETPUN, UCMIONb3yeTCca ANdA NoAroTOBR-
K TEXHUYECKMNX XapaKTepUCTUK NpoLlecca, B KOTOPLIE BXOOAT nNapamMeTphbl NpoLecca U AonycTUMble npeaens.l
003bl B KOHTPOMBLHOW TOUKE.

10.3.10 PaclmnpeHHoe pyKoBOACTBO NO aHanunay pesynbtatoB AS0 1 X NPUMEHEHUIO K TEKYLLIEN ODpa-
boTKe npuBeaeHo B [16] 1 [21].

11 TeKywWMU KOHTPONb U ynpaBneHue

11.1 O6wue cBepeHUn

Mo pesynbTaTam TonorpadpunposaHna o3kl onpeaenseTca B3anMoCcBA3b MeXaQy MUHUManbHOM N MaKCcu-
MarnbHOW JO3aMM U JO30M B KOHTPObHOW ToYKe. MIaMepeHue Ao3bl B KOHTPOIbHOW TOUYKE BO BpeMs 0bpaboTku
HeobXxoaumMo AN NoATBEPXAEHUA TOro, YTo MUHUMarbHas Ao3a NpeBbillaeT CTEPUNUIYIOLLIYIO J03Y, a MaKCU-
MaribHas Ao3a He NnpeBbllaeT MakcUManbHy AonycTumMyto Ao3y. [onycTtumele npeaenbl OTKIOHEHWI 403bl,
M3MEpPEHHON B KOHTPONBbHOW TOUYKE, MPUBOAATCHA B TEXHUYECKMX XapaKkTepucTmnkax npouecca.

10
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11.2 HYacToTa UaMepeHud 4o3bl

N3mepeHne 0o3bl B TOUKaX TEKYLLEro KOHTPONA AaeT MHpopMaLnio o napaMeTpax npouecca, He 3aBUCA-
LLYIO OT NMobOU Apyron NSMepUTenbLHOM UK ynpaesnaroWwen cuctemel B obnydvatene. MMHMManbHaa YactoTa
N3MepeHns O03bl 0TKHA BbIOMpaTbCd ¢ y4EeTOM 0CODEHHOCTEeN XapakKTepucTuk obnydvyaTtens nnu npolecca.
[Tpon 06paboTke ramma-nydyamm gosMMeTpbl 0OLIYHO NoOMeLlaloT B Havyane 1 KoHLE KaXkaoro NporoHa npoayk-
LI, COCTaBNAOWEN OTAENBbHYIO KaTeropuo cbpaboTkn. o meHbLen Mepe oauH AONONMHUTENLHBIA A03UMETP
MOXeT OblTb NOMeLLeH Tak, YTOObl OH Haxo4uncs B kKaMmepe obnydatensi Bce BpeMs. [1pn 0bpaboTKe 3NeKTPOH-
HbIM MYYKOM UM PEHTTEHOBCKUMU NTy4aMm 4O03UMETPbI OObIYHO MOMELLAoT B Hadane U KOHLE KaXX4oro nporoHa
NPOoAYKUUK, COCTaBNAOLWEN OTAENbHYIO KaTeropuio obpadboTkn, obnyvyaemyto npu cobCTBEHHBIX NapameTpax
npouecca.

11
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[MpunoxeHune A
(pekomeHayemoe)

MaTemaTu4veckoe MogenupoBaHue

A.1 Obwwme cBeageHus

B onpeaeneHHbIX NpUKNagHbiX 3agadax MmareMaTu4eckoe MoaenmpoBaHne MOXHO MCNONb30BaTh AN OUEHKU 4036,
Pe3ynbTaThl Pac4YeTOB AOIMKHbI ObITh MPOBEPEHbI n3MepeHnem Ao3bl. MatemaTtnyeckne mogenm MoryT 6bITb NONE3HbI TaK-
Xe Npu oNTUMU3aLnn peLleHnsa NPUKNaaHbiX 3aaad Nnpu n3amepeHnn Ao3abl.

MartemaTtnueckme mogenm mMoryt JoCTaTouHO XOPOLWO UMUTUPOBAaTb NEPEHOC POTOHOB UMK 3NEKTPOHOB B 00ny4a-
Tene, NPUHUMAas BO BHUMAaHUE X 3aMmeneHne n paccesHne matepuanamMmm Mmexagy UCTOYHUKOM U npoaykumen. Matemartu-
Yeckoe MOAEeNnUpPOBaHME pacrnpeaeneHnsa Ao3bl Ans ramma-obnydartenen TpedyeT TOYHOro 3HaHus pacnpeaeneHus
AKTUBHOCTU UCTOYHUKA U KOHCTPYKLUMKU U PaACNONMOXKEHUS UCTOYHMKA, LWACCU MCTOYHUKA, TPaAHCMOPTEPOB MNPOAYKLWN,
cpeacTB obecneveHns obny4vatens n npoaykunm. Jnsa sNeKTpPoOHHO-NYYEBLIX N PEHTTEHOBCKMX 0bnyyarenen Heobxoanmo
TOYHO 3HATb SHEPIULO NYYKA, TOK U pacnpegeneHmne uMnynbCoB (AN UMNYIMbCHbIX YCKOPUTENEN), @ TAKKE KOHCTPYKLUIO U
pacnonoXXeHmne NPoAYyKUUN, TPaHCMOPTEPOB NPOAYKLMN N OKPYKAIOLWKMX paccemBarowmx matepmanos. Owmnbka npm BBoAE
noboro napameTpa Ans pacyera MOXeT NPUBECTU K OLLINDKe paccHUTaHHOW A03bl, MO3TOMY pacyeTHOEe pacnpeaeneHue
103 OJTKHO BbITh NPOBEPEHO IKCNEPUMEHTaNbHbIM TONOrpachnpoBaHNEM A03b.

KpaTkoe onucaHme TMnoB Mmogenen n nx npumMmeHenns cogepxmntcsa B A.2 n A.3. PacwumpeHHoe pykoBOACTBO NO Npw-
MEHEHUIO MaTeEMAaTUYECKOro MmoaennpoBaHns MoxXHo HanTn B ACTM E2232-02.

A.2 Tvnbl mogenewv

A.21 Obwme cBeaeHUA

CywecTByeT psig METOA0B MAaTEMAaTUYECKOTO MOAENMPOBAHUA PAANALMOHHOIO NnepeHoca. TeM He MeHee BONbLLNH-
CTBO Mmoaenen ncnone3ytoT meto Nonnt Kepnen nnbo metog Monte-Kapno. Metog lNonHT KepHen npumeHsieTca ans
pacyeTtapacnpeaeneHns 4o3bl Bramma- U pEHTTEeHOBCKMX 0bnyyaTensix, HoO HENPUMEHUM AN 3NEKTPOHHO-NTYYEBLIX 00Y-
yatenen. Metog MoHTe-Kapno MoXHO NPUMEHATL ANA raMmmMma-, PEHTIEHOBCKUX U 3NEKTPOHHO-NYYEBbLIX 0bnyvaTenen.

A.2.2 Metop MNonHT KepHen

[To meToay NonHT KepHen, ramma- nnm peHTreHOBCKUM UCTOYHUK (HAaNnpuUMep raMma-ncTouHUK, COCTOSLWMN N3 BOINb-
LLIOMO KONMYECTBA KancynbHbIX UCTOYHUKOB, pacnpeaeneHHbiX No NOBEPXHOCTU NPAMOYIONbHOW NNACTUHbLI UNU LMNTMHAPA)
annpoKCUMUPYETCH PAAOM TOYEYHbIX NCTOYHUKOB. [1poHMUaemMmbin matepmnan Mmexay KaxabiM TOYEYHbIM MCTOYHUKOM W
KaXXg0M TOYKOWN, B KOTOPOW A0IMKHA BbITb paccymnTaHa A4o3a, onpeaenserTcs u3 KoopgnHat UCTOYHUKa, obnyvatensa n obbe-
Ma npoaykumun. BrnnsiHme npoHnuaemMmoro marepuarna Ha MOWHOCTb 403bl PaCCHNTLIBAETCH U3 NMPEe4nonoOXeHUs, YTO POTO-
Hbl, 4OCTUraloWmMe N3MEPIEMON TOUKK, OcnadbnsaTes obpaTHO NPONOPLUNOHANBHO KBAAPATY PACCTOSHUSA OT UCTOYHUKA U
3KCMNOHEHUManbHO macce martepuana. Bknag ocnabneHHbIX paccesiHHbIX (DOTOHOB anmnpoOKCUMUPYETCH NOCPEeaCTBOM
KO3 puuneHTa, Ha3bIBAEMOro Ko prnuneHTomM yBennyeHus (npupocrta). KoappuuneHTol yBennueHns beinm paccumnra-
Hbl ANA PA3NUYHbIX MATEPUAnoB Y 3HEPTMU U PA3NUHYHON FTEOMETPUN MEXAY UCTOYHUKOM U npoaykumen. OgHako onybnumko-
BaHHbIE JaHHbIE NPUMEHNMbI TONBKO AN Criydaes NnpocTon 0QHOPOAHON reOMeTpun (HanpumMmep, TOYEYHbIN NCTOYHWK B
beckoHe4vHOW cpeae). B peanbHbIX raMma- u PEHTIEHOBCKMX 0BNyvaTenax reoMeTpus Mexxagy UCTOYHUKOM M NPOAYKUNEN HE
HaCTONMbKO NPOCTAa, U BIIMSAAHUE TpaHnL pa3aena u YepegoBaHnsa MmaTepuanoB OrpaHNYnMBaeT TOYHOCTb NPUMEHEHUS KO3M-
OULNEHTOB YBEITNYEHUA.

A.2.3 Metop MoHTe-Kapno

[1To meToay MoHTe-Kapno, npoxoxgeHune Kaxgoro oToHa Ui 3N1eKTPOoHAa OT UCTOYHUKA CKBO3b NPOAYKUUIO U MaTe-
prnanbl obny4vatens MoaenupyeTcs ¢ NOMOLLbIO CNy4YanHbIX YNCEN, YTODbI oNpeaennTb NEPEeaaHHy 0 IHEPTUIO U N3MEHE-
HUE TPAEKTOPUN MNOCNE Pa3HbiX B3AaNMOAENCTBUN. BEpOATHOCTL KaXX40ro B3anmMog4enCcTBUA NONyYaoT N3 onybrIMKOBaHHbIX
Tabnuy. Teopetnyecku, metog MoHTe-Kapno MmoxeT TOHHO MOAENNPOBAaTL peanbHOE NPOXoXaeHne POTOHOB U 3NEKTPO-
HOB. OQHAaKO, NOCKONBbKY KaXXabl POTOH 1 3MEKTPOH NPOXOANUT CBOW COBCTBEHHbLIN NYTb, ONpeaenaemMbli BEPOATHOCTAMM
KaXgoro oTAenbHOro B3anmoaencTBUs, MOXHO Oonpeaenutb TONbKO BKNa4 B 403y OT DOMbLWOro Konnm4vectea POTOHOB U
3NEKTPOHOB Ha OCHOBE uX nctopun. OueHnBaeTcsa HeonpeaeneHHOCTb, CBA3aHHasA CO CriydYanHbIMU CTAaTUCTUYECKUMUA
dnykKTyaunsamm, n pacyeTbl NPO4OIIKAKTCS 40 TEX NOP, NOKa He ByaeT AOCTUrHyTa NpuemMnemMasi CtTaTuCTUYecKas Heonpe-
OENEHHOCTb paccuUnTaHHOU A403bl. OgHAaKO AaXe C NOMOLLbIO COBPEMEHHbIX MOLWHbBIX KOMIMbIOTEPOB TOYHbIE PaACHEeTbl MOTYT
noTpeboBaTb O4YeHb DOMBLWONO MaWUHHOIO BPEMEHU, NOITOMY OBbIMHO MCNONB3YIOT annpokcumMmaunm. AnnNpokcumaymnm
BKII04aloT B ceb5 BBEAEHME AONONMHUTENBHbLIX CUCTEMATUYECKUX MOTPELLHOCTEN B PACUHEThI, YTODbLI y4eCTb AOMONHUTETb-
HOE BO3OENCTBUE PeaKnX coObbITUN.
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A.3 TpumeHeHe mogenen

A.3.1 KoHCcTpyKUuma obnyvaTtenewn

MaTtemaTnyeckoe MmogaennpoBaHme LWNPOKO NPUMEHSAETCSH NPU NPOEKTUPOBaHUM obny4artenen. PacyeTbl BbINOJSTHSA-
IOTCA ANS ONTUMM3ALNN TEOMETPUN 0BNYyHEHUS C LENBbI AOCTUXEHUS XENaeMbIX NPONYCKHOW CNOCOBHOCTU M OA4HOPOAHOC-
™ p[03bl. Pe3ynbrartel MaremMatuyeckoro MOoOAennpoBaHUS WUCMNONb3YIOT 3artemM ANd onpegeneHus pagnaunoHHOW
NPON3BOANTENBHOCTY 0DNyvaTens Npu ero 3anofIHEHUM OQHOPOAHON NpoAyKunen. PacueTtol 4aroT Hpopmaumnio 06 0Xu-
O0AeMOn 03€ HA KNNOKIOPW aKTUBHOCTU UM KMNOBATT MOLHOCTU NyYKa, OTKNOHEHNN 4,03bl B 3aBUCUMOCTU OT MNIOTHOCTU
NpoAYyKUMN, KOS PUUNEHTaAX PaBHOMEPHOCTU 403bl N TOYKAX C MMHUMANbHOW N MakCcumMmarbHOW go3amu. HekoTopble maTe-
MaTUYECKNE MOAENN MOTYT TaKxKe gasatb MHopMaunio 0 4o3ax, Nony4eHHbIX MNP NPOXOXAEHUN [(POTOHOB N 3NTEKTPOHOB]
CKBO3b NPOAYKUUIO C pa3NUYHON NNOTHOCTLIO, NEPEXOAHLIX 403aX NPV ABMXEHNN NCTOYHUKA U NPU OTKITIOYEHUWN 3NEK-
TPOHHOIO Ny4Ka n 0 BNUAHUU NONOCTEN UNN HEOQHOPOAHOCTU NMPoAYKUMU. HeKoTopble MaremMaTtnuyeckne Mogenn MoryT
TaKkXe pgaBaTb MHOpMaUnio 06 SHEPreTUYEeCKOM CMNEKTPE B PAa3fIMYHbIX MNONOXEHUSX OBNy4YeHuss B ramma- Wnu
PEHTIEHOBCKOM Obrnyqarene.

A.3.2 PaboTtaramma- v peHTreHOBCKMX obny4yaTtenew

Ins ramma- n peHTreHoBCKMX obnyvarenen nHchopmaumnto 06 oxngaemom pacnpegeneHmnm go3bl, NONYYEHHYIO NPU
MaTEMaTUYECKOM MOAENNPOBAHUN, MOXHO NPUMEHUTD, YTODObI NOKa3aTb, YTO NPU TonorpadpunpoBaHnmn 4o3bl B obnyvarene
B npeanonaraemMmblX 30HaxX MMHUMAanbHOWN 1 MAKCUManbHOW 403 pa3MeLLeHO AOCTAaTOYHOE KONMUYeCcTBO A03NMETPOB. [103un-
METPbI TaKKe JOMKHbI ObITb pa3MeLleHbl B NPeACcKa3aHHbIX MATEMATUYECKUM MOAENNPOBaHUEM 30HAX C MUHUMAarbHON N
MaKCUManbHON 403aMK, a TAKXKe B APYrnX NONOXeEHUsIX, YToObl NOATBEPANTL OXKnaaemyto paboty obnyvartens. [lockonbky
MaTeMaTU4YeCcKoe MogennpoBaHue obbIvHO nNpeanonaraetT TOMHOE BBEAEHNE XapaKTEPUCTUK NCTOYHUKA, 0bnyvarens wm
NpoAYKUUW, BITUSIHUE NOBOro OTKNOHEHUA OT BBEAEHHBIX BENUYNH MOXET DbITb ONpeaeneHo TONbKO A03NMMETPUEN.

Ecnu TonorpagupoBaHne 4o03bl NOATBEPAMNNO HAAEXHOCTb PE3yNbTaToB MateMaTU4eckoro MmogaenmpoBaHus, TO
MOAENMPOBaHVE NpeaocTaBnAeT IPPEKTUBHBIN MHCTPYMEHT ANSA UHTEPNONALUUN Ppe3yNbTaToOB U3MEPEHNN C LETbIO Onpe-
OeneHus pacnpeaenenns go3bl B NpoayKUnm € NPOMEXYTOUHON MNOTHOCTBIO M onpegeneHns 06Wmnx TeEHAEHUMIN, TAKUX KaK
BIIUSIHWE U3MEHEHUA NNTOTHOCTU NPOAYKUMU NN OTKNOHEHNA 403bl, BbI3BAHHbIE HEOOAHOPOAHOCTLIO NpoayKuun. [Npnmere-
HME MaTeMaTUYeCKOro MoaenpoBaHns B codeTaHum ¢ TonorpadpmnpoBaHnem go3bl MOXET 3HAYUTESTbHO YMEHbLLNTL KOIU-
YECTBO TPEDOYEMBbIX IKCMEPUMEHTOB MO TONOrPaOUPOBAHUIO, YTO UNTMIOCTPUPYETCS HA NPUMEpPaX:

- UCNONb30BaTb MaTemMaTn4eCckoe MogenupoBaHne 4nd pacyeTa pacnpegeneHus 4o3sl B 04HOPOAHON MPOAYKLUUN C
PA3HOW MMOTHOCTHIO;

- HOPMUPOBATb BbIYUCIIEHHbIE pe3ynbTaTbl ANA NONMyYeHUs COOTBETCTBUA peldynbraram tonorpadpmnpoBaHusa u
onpeaenuTb HOPMUPOBOYHbIE KOSPDULUNEHTBI, MPUMEHUMbIE AN U3MEPEHHOIO AnanasoHa NnoTHOCTEN NPOAYKLUW;

- paccuuTaTb pacnpegeneHue o3l AnA NPoAyKUMK C NPOMEXYTOYHOW NNOTHOCTLIO U NPUMEHUTL TPEDBYEMbIE HOP-
MUPOBOYHbIE KOSHPULUUNEHTDI;

- paccuuTaTb pacnpegeneHue 4o3bl 4ns nepBoro v nocrnegHero KOHTEMHepa ¢ Npoaykumen, ecnm Nnpoaykuus ¢ pas-
HOW NNOTHOCTBLIO 0BNy4aeTcs NoCNeaoBaTeNbHO;

- CpaBHUTb pacyeTHbIE pe3ynbTaThl C pesynbTatamMmu TonorpadpmnpoBaHusa 4o3bl 4N HECKONbKMX BUAOB MPOAYKLUUN C
Pa3HON NNOTHOCTLIO, 0BNYyYEHHbIX NOCNeA0BaTENbHO, C LENbIo NOATBEPKAEHNS HAAEXKHOCTN PE3YINbTAaTOB MaTEMaTUYEC-
KOro MoaenmnpoBaHus.

Pe3yNbTUPYIOLLME AAHHbIE MOXHO TaKKe UCNOMb30BaTh ANA NOATBEPKAEHUSA TOrO, YTO TEXHUYECKUE TpeboBaHuA Mo
003€ MOXHO BbIMONMHUTBL NPU OAHOBPEMEHHON 0bpaboTke 0CcobbIX BUAOB NPOAYKLUMN, U ANSA ONTUMAalbHbIX YCTAHOBOK TaW-
Mepa ans NCnofib30BaHMs BO BPEMSA Nepexoga mexay BugamMmuv npogykumm ¢ pasHoun NioTHOCTLIO.

A.3.3 PaboTa aneKTpoHHO-ny4YeBbIX 0bny4vyaTtenen

Insa sanekTpoHHO-Ny4YeBbIX 0bnyvartenen nHpopmauntio 0b oxXxngaemom pacnpeaeneHnm A03bl, Nony4eHHy npu
MaTEMaATUYECKOM MOAENNPOBAHNN, MOXHO NPUMEHUTb, YTOObI NOKa3aThb, YTO NPU ToNnorpapmnpoBaHmnm 4o3bl B 0bnyvarene
B npeanonaraemMmblX 30HaX MMHUMarbHON 1 MAKCUMarbHOW 403 pa3MeLLeHO 0CTaTOYHOE KONNYECTBO A03MMETPOB. MarTe-
MaTUYECKOE MOAENUPOBAHME TAKXKE MOXHO NCMONb30BATh AN onpeaeneHns 4o3bl B obnactax, rae moryt 6biTb bonblumne
rpPagneHTbl A403bl, HANPUMEP OKOMO KPOMOK NPOAYKUMK, YTODbI yOeanTbhes, YTO A03nMETPbI 0becnevmBaloT HEOBXoaNMoe
paspelwenne. PesynbTarbl MATEMaTUYECKOrO MOAENNPOBAHNA MOIYT NOKa3biBaTb HEOBXOAMMOCTb TonorpadoupoBaHUS
003bl OKOINO KPOMOK NPOAYKUMN C MOMOLLBHO MONMOCOK UIN NTMCTOB 403UMETPUYECKOW MNIEHKN.
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