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PykoBogcTteo no 6esonacHocTn "MeToanka HEMTPOHHOFO KOHTPONA
Ha BHELUHEW NOBEPXHOCTU KOPNyCoB BOAO-BOASHBIX SHEPreTM4Yeckux pe-
akTopoB ASC" npeaHasHaueHo 4N SKCNEPUMEHTaNbHOM NPOBEPKA pac-
YeTHbIX METOACB, VCMONb3YEMbIX ANSA ONpeseneHws NPOrHO3HbIX JaH-
HbIX O nioeHce OLICTPLIX HEATPOHOB B KPUTUYECKUX TOYKAX KOPNycoB
BOAO-BOAAHbBIX 3HEPreTUYECKUX PeakTopoB, U MOXeT ObiTb UCNONL3oBa-
HO Anst 0GOCHOBAHMA PaAVaLMOHHON Harpyakv kopnyca peaktopa BB3P
B LiensiX npoBepku 060CHOBaHHOCTY 3as8BMNEHHOrO Cpoka cryxbbl.

Hacrosiee pykosoAcTBO pa3paboTaHo € Lienbio peanusaluy Tpe-
6GoBaHuil HopM pacueTa Ha NpoYHOCTL 06OpyAoBaHus U TpyGonposoaos
aTOMHbIX 3HepreTyeckux ycraHosok (IMMTHAD [-7-002-86), [Mlpasun
ycTpoiicTa u 6esonacHoii akcnnyaTauyum oGopyaosaHua U Tpy6onposo-
AOB aTOMHbIX 3HEPreTUYECKUX YCTaHOBOK (NMHAD I'-7-008-89).

JlOKyMeHT BbinyckaeTcs BnepBbie.

OokymeHT paspabotan cneuuwanuctamm HTL APB locaTtom-
Hapsopa Poccun Bopoakudbim M.U., XpenHukosbim H.H., CronbyHo-
BbiM A.I0., ®epuroit JILE. npu yuactuu cneuwanucra LIMUU MTHMLL
“‘BHUNOTPU" [puropbesa E.N. u npoceccopa MUOU TpowmHa B.C.



CnNUCOK COKpaLLEeHHM ¥ OCHOBHbIX 0003HaYeHUH

A3C - aTOMHas AIeKTpUdecKas CTaHumsa
BB3P - BOAO-BOARHOM 3HEPreTUHECKUiA peakTop
MBU - METOAMKA BbINOMHEHUA 3MEPEHNA
nnH - NNOTHOCTb NMOTOKA HEATPOHOB, HENTP./(CcM2-C)
nnn - NKK NMONHOro NOrnoLWeHUs
TBC - TenNoBbIASNAIOLWas coopka
o - CKOPOCTb HaKonneHus nioeHca HeMTPOHOB,
HenTp./(cM2c)
Al ~ aKTUBHOCTb B i-M HEWTPOHHO-aKTUBaLIMOHHOM geTeKkTope,
npuBeaeHHasn Ha KoHew 00ny4YeHns 1 Ha 0aHO AAPO,
Bx/sapo
E - Heprus HeWTpoHos, MaB
F -~ UHTerpanbHsIv No 3Heprv oeHC HeMTPOHOB,
HenTp./om?
P - YPOBEHb ROBEPUTENBHOW BEPOATHOCTU

TepMuHb] U onpefeneHus”®

JleTeKTOp-MOHUTOP - HEATPOHHO-aKTMBALUMOHHLIW AeTeKkTop, obnyuyae-
Mblii COBMECTHO C ApYrMMWU aeTektopamu unu Habopamy peTekTopos, pe-
3ynbTaThl USMEPEHWIA KOTOPOTro UCNONb3YIOTCH ANS NPUBEAEHWUA pPe3ynLTaTos
W3MEPEeHW pa3HbIX AETEKTOPOB K OAMHAKOBbIM YCNOBUAM OOMyYeHUst No Npo-
CTPaHCTBEHHOI NEepeMeHHOW (Hanpumep, AnNA yyeta NpoCTPaHCTBEHHOW rpa-
OWUEHTa NonA ObICTPLIX HEATPOHOB).

HeTexTopbl dnioeHca HEATPOHOB - HEMTPOHHO-aKTUBALMOHHbLIE Ae-
TEKTOpbI, KOTOpbie O6ny4alTcs AnUTenbHoe BpeMs (Hanpumep, B TedeHue
KamnaHwn paboTkl peakTopa) u nepuoa nonypacnafa npoaykra peakuvu Ko-
TOpbIX CPABHUM C BpEMEHEeM 06nyyeHus.

WcTtopus MOIHOCTU peaKTopa - pUKCMpyeMoe BO BPEMEHN U3MeHe-
HWe MOMHOW TEeMNNOBON MOLLHOCTV PeakTopa OTHOCUTENbHO HOMUHANbHOro
3HaYeHus.

HeATpOoHHbIA KOHTPONb - ONpeAeneHne oTKIMKa OeTeKTOpoB (hnioeH-
ca HeMTPOHOB Ha OCHOBE U3MEPEHUIA UX aKTUBHOCTM U NOCHeAyIoLlan pacyeT-
HO-3KCMEPUMEHTaNbHanA OLEHKa WHTErpanbHbIX No BPEMEHWU XapaKTepucTuK
nons HeWTPoHOB ((hrnioeHca, CKopocT HakonneHus nioceHca).

OTKNMK AeTeKTopa - (DyHKUMOHANbHO 3aBUCHMAA OT XapaKTepucTuk
nons HeWTPOHOB XapakTepucTnka o6Gy4YeHHOTo AeTeKTopa (Hanpumep, Y1cno
peakuuii 3a Bpemsi 0OnNy4eHWs unu cpeaHas 3a Bpemsi 0Bny4eHUs CKOpOCTb
peaxkuvu noa Ae1UCTBUEM HEATPOHOB).

CkopocTb HakonneHus (noeHca ObiCTPbIX HEWTPOHOB @ - CPeAHSIA
3a BpeMsa HakonneHws nieHca ObiCTPbIX HEATPOHOB (HanpuMmep, BpeMsA
KamnaHuu umm obnyyenus) MMH, npusegeHHas K HOMWMHaNLHOMY YPOBHIO
TersioBOW MOLHOCTH peakTopa.

' B pasgene He npuBeaeHbl TEPMUHBLI M ONPeAENeHUs, umelolue obLeTeXHNYecKkoe
3HayeHue n onpeaenexHsie B FTOCTax unu B Apyrix HOpMaTMBHBIX AOKYMEHTAaX.



1. O6wKe nonoxeHus

1.1. Hacrosuwyee pykoBoacTso no OGesonacHocTy “Mertoguka
HEWTPOHHOrO KOHTPONS Ha BHELIHEeA NOBEpPXHOCTA KOpnycoB BOAC-
BOASHbIX 3HEpreTu4eckux peakropos AIC" (nanee - PB) paspabotaHo ¢
uensio peanusauyuu TpeGoeanuit Hopm pacuyeTta Ha NPoYHOCTH 06GOpPY-
AoBaHuA 1 TpyGonpoBOAOB aTOMHbIX 3HepreTudeckux ycraHosok (NMHAI
[-7-002-86), Mpaeun ycrpoiictea U GesonacHol akcnnyatauwu obopy-
A0BaHus 1 TpyObonpoBOAOE aTOMHbIX aHepreTuyeckux ycrasosok (NMHAS
-7-008-89).

1.2. PB cogepxmT METOAUKY HEeMTPOHHOTO KOHTPOnNSs, NpeaHasHa-
YEHHYI0 ANS 3KCMEePUMEHTaNbHOW NPOBEPKM PaCYeTHbIX METoAoB, UC-
nonb3yembIX ANA onpeAeneHns MPorHo3HbiX AaHHbIX 0 dnoeHce BbicT-
PbIX HEMTPOHOB B KPUTUHECKMUX TOMKAX KOPNYCOB peaKkTopos Tuna BBOP.

1.3. PB onpegenset nopsaok u METoAuYeckue ycrosus nposeae-
HUA M3MEpPEeHWUi i akTUBHOCTM W OTKNMKA AETEKTOpOB dioeHca HeWTpo-
HOB, a TaKKe METOQUYECKME YCNOBWA ANA pacHeTHO-IKCNepUMeH-
TanbHOW OLUEHKW hrioeHca, CKOPOCTW HaKOMMeHUs hrioeHca U crek-
TpanbHbIX XapakTepuCTUK MOMS HEWTPOHOB €  WUCMOJSIb3OBaHUEM
HEWTPOHHO-aKTUBALMOHHBIX JETEKTOPOB, YCTaHaBNMBaEeMbIX Ha BHeL-
Hel noeepxHocTn kopnycos BBIOP peiictayiowmx ASC. Kontponupye-
Mblli 3HEpreTUYecKuit AManasoH HeTPOHOB ONPEeAEenseTcs ero 3Hauu-
MOCTbIO C TOUKM 3PEHVS PafvaLIMOHHOIO NMOBPEXAEHWUA CTanu kopryca
peakTopa 1 CpaBHEHUA C pacyeTHbIMU pesynbTaTamu.

1.4. PB npumeH1MO K AeiAcTBYlOWMM peakTopam ASC Tuna BBIP-
440 n BB3P-1000.

1.5. PB moxert BbiTb ucnonb3osaHo Anst obocHoBaHUA paguaum-
OHHOWN Harpysku Kopnyca peaktopa BBOP B uensix npoeepku o60cHO-
BaHHOCTY 328BNEHHOro CpoKa ChyxObl.

2. OcHoOBHble NPUHLMNbI OpraHu3aLuum o6ny4YeHUA QEeTeKTopos
drioeHca HeMTPOHOB Ha BHelHel noBepXHOCTU KopnycoB BBAP

2.1. MNMpunyunsl pa3meweHust GemeKmopoe y Kopnyca peak-
mopa u ux o6ay4eHus

AnA pasMelieHnn AeTEKTOPOB Ha BHELLHE NOBEePXHOCTU Kopnyca
ucrnonbayeTcs cneuuansHoe obnyvartensHoe yctpoiictso. Ero ycranas-
nusaloT B CBODOAHOM OT WITAaTHOrO M3MepUTEenbHOro obopyaoBaHus
NPOCTpaHCTBe BO3AylWHOro 3asopa. PasMepbl 3a3opa NO3BONAIOT pas-
MECTUTb YCTPOWCTBO C AETEKTOPaMM TaK, YToObl UCKITIOYAnoCh UX BAWUS-
Hue Ha paboTy o6opyaoBaHUA U CUCTEM peaKTopa BO BpeMs sKcnyara-
uum. MNockoneky PB pekoMeHayeT nposegeHue pasoBbix M3MEpPEHUiA (3a
BpeMs OfHOW KamnaHum paboTbl peakTopa), obnyyarensHoe YCTpOMCTBO
He co3faeT noMex Npv NpoBeAeHWM pernaMmeHTHbIX NPOdhUNaKTUYECKNX
paboT B 3a30pe, Tak Kak 4OmKHa NPpefycCMaTpuBaTbCA Nlerkas yCTaHoBKa
W CHATUE ero BO BpeMs OTKPbITUS AoCTyna K 3a30py.



PekomeHayemble cnocobbl, NOPAAOK YCTAHOBKM W CHATUS YCTPOM-
CTBa, pa3MeLleHns AeTEKTOPOB Ha YCTPOWCTBE ONMCaHbl B NPUIOXEHNN
1 (pexomeHayemom). [MpOCTpaHCTBEHHLI AWanasoH pasMelleHus ae-
TEKTOPOB ONpegenseTcs KOHKPETHON 3aaayeli Ha KOHKPETHOM peakTope.

3. MeTon HeATPOHHOIO KOHTPONS W OCHOBHbIE OO BEKTbI
MEeTpOosIorn4YecKoro o6ecnevyeHnn HeMTPOHHO-aKTMBALMOHHbIX
n3MepeHuit Ha kopnycax BBOP
3.1. OkcnepumeHTalibHbii METOA, 3anOXEHHbI B  OCHOBY
HEITPOHHOrO KOHTPONS, - METOA HEeWTPOHHO-aKTMBaLUWUOHHBbIX U3Mepe-
Huil. CornacHo 3aToMy meTopy, HEeMTPOHHO-aKTMBALMOHHbIE AeTeKTopbl
(vrm petexTopbl NOeHca HEWTPOHOB) OGNYHAIOTCA B MO HEUTPOHOB.
B petexkTopax NpouCXOAUT peakuus akTMBauwuvM unn AeneHus noa Aew-
CTBUEM HEWTPOHOB.
Mocne okoHYaHUA O6NyYeHs USMEPSIOT HaBEAEHHYIO aKTUBHOCTb
B getekrope. 1o pesynbraram U3MepeHWiA onpefensioT OTKIUK AeTek-
TOpa - YUCMNO peakuun 3a Bpemsi oGnyyeHns UnNu cpesHsnA 3a Bpems o6-
NYYeHWs CKOPOCTb peakuwu. 3HaueHus OTKNUKa AETEKTOPOB ABMAIOTCSH
NEePBNYHON BENUYNHOM AN CPABHEHUS C PACYETHBIMW AaHHBIMU.
3HauyeHusa Y1cna peaxkuviti UM CKOpoCTen peakumii MOryT UCnorsb-
30BaTbCA ANA PaCHETHO-3KCMEPUMEHTANbHOW OLEHKU XapaKTepuCTUK
Nonsi HEMTPOHOB - (PNI0EHCa U CKOPOCTU HaKonneHus cnioeHca HelATpo-
HOB. MeToAOM TaKo# OLEHKM NPUMEHUTENBbHO K HEATPOHHOMY KOHTPOIMIO
3a koprnycom BB3SP moxeT 6biTb MeToA 3¢hpeKTUBHBIX NOPOroBbiX ceve-
HUWiA, METO/Z, BOCCTAHOBAEHMS CMEKTPa HEATPOHOB UMK METOA CPaBHEHUS
C pacyeTHbIMK CKOPOCTAMM PeaKLni.
3.2. OcobeHHOCTU HEUTPOHHOrO KOHTpOns 3a kopnycamu BBOP,
KOTOpbIE AOMKHBI YYMTbIBATLCA Npu Bbibope aeTektopoB u ob6paboTke
pesynLTaToB U3MEpPeHUA:
« o0bnyJyeHne [eTeKTOpOB ANWUTCSH, Kak NpaBuno, B TeYeHue BCeW
KamnaHuu paGoTbl peakTopa (okono 300 cyT.);

»  aKTUBHOCTb AETEKTOPOB M3MEPSIIOT Yepe3 HEKOTOpoe BpeMs No-
cre OkoHYaHusA o6nyyveHus (MpUMepHO yepes Hegento mnu 6o-
nee);

« Temneparypa cpeabl BO BpeMs oGnyuexms no 300 °C;

» 3HauYWUTEnbHbIil raMma-thoH BO Bpemsa obnyveHus;

* WUCTOPWMA MOLLHOCTU peaKkTopa MOXET MMETb CMNOXHLIA Henpo-

THO3MPYEMbIiA BUA, 3aBUCUMBIA OT 3KCTINYaTaLUOHHOIO pexmma;

* C WUCMONB30OBAHMEM PEaKTOPHbIX AaHHbLIX CYLECTBYET BO3MOMN-

HOCTb pacyeTa MHOrorpynnoBbiX CrEKTPOB HEATPOHOB U ramma-
KBaHTOB B 11060 TOUKe KOpnyca U OKONIOKOPMYCHOro NPOCTpaH-
cTBa.

3.3. MpumeHneMble B A3HHOM METOAE HEATPOHHOrO KOHTPONA
CpeACcTBa U3MEPEHUIA U METOAMKM JOMKHBI ObiTb MeTponoryecku obec-
neyeHbl. B cootBeTcTBMM C OCOGEHHOCTIMM MeTOAa HEATPOHHO-



aKTMBaLMOHHBIX W3MEPEHUiA BblAeNeHbl TpU BMAA 00BLEKTOB METPOnori-
yeckoro obecneueHus:
*  pernameHTUpoBaHHbli HAGOp HEWTPOHHO-aKTUBAUWOHHLIX Ae-
TEKTOpOoB 1 00nyyaTenbHoe YCTPOWCTBO;
= cneywanvsupoBaHHas paguoMeTpuveckas yCTaHoBKa Ha OCHO-
BE raMMa-CreKTpoMeTpa ¢ MeTOAUKON BLINONHEHUS M3MEPeHUit
aKTUBHOCTU 06y4EHHbIX € TEKTOPOB;
» TUNOBan METOAMKA ONpeAeneHUst OTKNUKA REeTEeKTOPOB U KOH-
TPONUPYEMbIX XapaKTepucTUK HEWTPOHHOro Monst Mo U3MepeH-
HOW aKTUBHOCTY AETEKTOpOB.
B pasgenax 4, 5 n 6 paccmarTpusaioTcs TpeGoBaHusi K yka3aHHbIM
obvekram.

4. Tpe6GoBaHus K HeHTPOHHO-aKTUBALUMOHHBIM CpeACTBaM
H3MepeHui

4.1. HeitrpoHHO-aKTUBaLMOHHbIE CPEACTBa U3MEPEeHUd, NPUMEHS-
eMbie Npy HERTPOHHOM KOHTpone 3a kopnycamu BB3P, skrniovaloT:

= pernameHTUpOBaHHbIi HAGop HeWTPOHHO-aKTUBALMOHHBLIX Ae-

TEKTOpOB C UBMEPUTENLHOW OCHACTKON;

= obnyvyarenbHoe YCTPOWCTBO.

4.2. lonyckaeTcs UCNONb3OBaHUE CTaH[aPTUIOBAHHLIX HEATPOH-
HO-aKTUBAaLMOHHbIX AETEKTOpOB. [leTekTopbl MOryT npeacTaensTh co6oi
LUCKK C NpeanouTUTENbHBIM AuameTpom 3 unu 10 Mm.

ATTecTOBaHHble XapaKTEPUCTUKA AETEKTOPOB — YUCNO SAep HyK-
nuaa-MUILEHW, Macca (UMK MaccoBas TOMWUHA) AeTeKTopa; Maccosas
TONWMHA NO HYKNUAY-MULLIEHW AN AETeKTOpoB no peakuwu (n,y). Oe-
TEKTOPbI AOMKHbI ObiTb NpoBepeHbl Ha OTCYTCTBUE MeLLaloWMX npuMe-
ceii. MorpeLuHocTs uMcna SAep AOMKHA cocTaBnaTh 1-4% (ypoBeHb Ao-
BEPUTENBHON BEPOATHOCTU P nNpuHAT pasHbiM 0,95).

JlonyckaeTcs NpUMeHeHe HECTaHAAPTU3OBaHHLIX AETEKTOPOB Mo-
cne aTTecTayum ux B yCTaHOBIIEHHOM Nopsaake.

4.3. Tunbl petexropos B HaGope nogbupaioTcs cornacHo Tpebo-
BaHUAM KOHKPETHO 3a/ja4y U3 peaKkLMi akTUBauuK, nepeyeHb KOTOpPbIX
AaH B NpUnoXeHun 2 (PEKOMEHAYEMOM).

[onyckaeTcs pacliupeHue NepeyHs No Mepe OCBOEHUS! HOBbIX pe-
aKuuii, JyBCTBUTENbHBLIX K KOHTPONMPYEMOMY [uanasoHy dHeprum
HeWTpoHoB oT 0,1 o 10 MaB. PexomeHgyetcs B HaGop aetexropos
BKIOYaTb PeaKkuuu, YyBCTBUTENbHbIE K TENNOBLIM HENTPOHAM.

XapakrepucTuku, npeacrasneHHsle B Tabn. M2-1+ M2-3, pekomex-
AyeTcs UCMONb30BaTh NPV NNaHUPOBaHWK IKCNEPUMEHTOB.

4.4, WsmeputenbHaa ocHactka B cBopke npeacraenser coboit
pasnuuHbIe Kancynbi-aepXaTtend U KaaMueBble aKkpaHbl, NpeaHasHadeH-
Hble ANsi pasMmelieHus HaGopa AETEKTOpoB B OONy4YaTenbHOM YCTPOW-
cTBe.

CocraB c6opkv, reoMeTpusi 3anofiHeHWsi, MapkMpoeka U apyrue
CBefEHUA NOKYMEHTUPYIOTCSA B NPOTOKONE 06nyYeHus.



4.5. ObnyuarenbHoe YCTPOWCTBO NpegHasHau4eHo AN ukcauum
c6opok npu obnyd4eHun. PexomeHaauwmn no obnyvyarenbHOMY YCTPOW-
CTBY NpuBeAeHb! B NpunoxeHuu 1.

4.6. Heobxoavmas uHdopmaums 0 NOAroToBKE U nposeaeHnn 06-
NyveHUs AeTeKTopoB AoMKHa ObiTb NpeacTaBneHa B npoTtokone obny-
yeHus. OHa AOMKHa BrIIoYaTh: cBeaeHns o copMmupoBaHum c60poK Ae-
TEKTOPOB COrNacHO NyHKTY 4.4; reOMeTpUIo pasmelleHus c6opok B 06-
nyyaTensHOM YCTPOWCTBE; FEOMETPUIO Pa3MelleHuss YCTpoOWCTBa Ha
Kopnyce peaxTopa; fAaHHbIe 0 BpeMeHW 06nyyeHust n uCTopuu MOLLHOCTH
peakTopa 3a BpeMsA O6nyYeHWUs; 3HaueHUsi aTTeCTOBAHHbIX Xapakrepu-
CTUK AeTEeKTOpOB, HeoGxoauMbIX ANs nocneayiowiel obpaboTku peaynb-
TaTos (MOryT GbiTb AaHbl CCbiKM Ha NUTEpaTypHbiE UCTOYHWUKM, COREp-
waujue 3Tv gaHHble).

5. TpeGoBaHusa K CpeAcTBaM M MeTOAMKE U3MEepPeHUA aKTUBHOCTU
AeTeKTopos

5.1. HeWTpOHHO-aKTUBaUWMOHHbIE [AEeTeKTOpbl (UMK AETEKTOopPbi
bnioeHca HeTPOHOB) Nocne obny4YeHus NpeACTaBNAOT co6Ool UCTOYHW-
Ky (POTOHHOrO U3ny4eHWs. XapakTepucTki Cxem pacnaja paguoHyKnm-
OB-NPOAYKTOB peakuuii akTuBauuv v AeneHus NnpuBeaeHbl B NPUNoxe-
Hun 2.

5.2. AKTMBHOCTE OGMNy4YeHHbIX AETEKTOpPOB cnegyeT W3MepsTb Ha
cneLnan1aupoBaHHO pagnoMeTPUYeCcKol YCTaHOBKe (farnee - yCTaHoB-
Ka) Ha OCHOBE rammMa-cneKTpoMeTpa, aTTeCTOBaHHOW B YCTAHOBMEHHOM
nopsiake.

YcraHoBKa AoMmKHa BIoYaTh crnegytowme obsasartenbHbie ane-
MEHTbI:

* raMma-CneKkTpomeTp;

= KOHTPONbHbIA UCTOYHUK;

« MBW.

[lononHUTenbHO YCTaHOBKa MOXET KOMNIEeKTOBaTLCA crneuuanu-
3¥POBaHHBLIMK 3TANOHHLIMU Mepamu aKTUBHOCTW Ans peanusauuu me-
ToAa 3aMeLLeHus, ecnu 3To npegycmoTpeHo MBWU. Bece anemeHTsl ycTa-
HOBKM JOMKHbI UMETb 3KCNMyaTaLUMOHHYIO AOKYMEHTaLUWIO U ASNCTBYIO-
Wue ceuaeTeNbCTBA HA KOMMNEKTYIOWME UCTOMHWKK, NpeAcTaBnseMble
BMECTe C yCTaHOBKOW Npy ee aTrecTauyuu.

5.3. MaMma-cneKTpoMeTp MOXET BKNOYaTbL OOQUH UMW HECKONbKO
U3MepUTEnbHbIX TPaKTOB, COOPaHHbIX Ha OCHOBE CMEKTPOMETPUYECKMX
CLMHTUNAUMOHHBIX MM NONYNPOBOAHUKOBbIX AETEKTOPOB, YAOBNETBO-
pAOWUX NoTPeBHOCTAM M3MEpPEHU A aKTMBHOCTU UCTOYHWMKOB COFMacHO
nyHKTY 5.1.

TunuuHaa NOrpeluHOCTb U3MEPEHWA BHELHEro raMMa-uanyyeHus
OT 06NyYeHHbIX JETEKTOPOB AOKHA cocTaenats 3 - 5 % (ypoBeHb Ao-
BEpPUTENbHON BEPOATHOCTU P NPUHAT pasHbIM 0,95).

5.4. KOHTPONbHbIA UCTOMHUK ramMmMa-U3nyyeHus npeaHasHadveH ans
NPOBEPKA COXPAHHOCTW aTTECTOBaHHBLIX XapaKTepUCTUK YCTaHOBKW. AK-



TUBHOCTb MCTOYHMKA A0MKHE BbiTb ONTUManbHa No 3arpy3o4HbIM Xapak-
TEPUCTUKAM U3MEPUTENbHOro TpakTa. JHEeprus, Ucnonb3yemas Ansi KOH-
TPONSA raMMa-nuHWA, AOMKHa COOTBETCTBOBaTb cepeauHe paboyero
3HEepreTMYECKoro AWana3soHa, @ KOHCTPYKLUUS UCTOYHUKA gomkHa ObiTb
paccuMTaHa Ha ANWTENbHOE VHTEeHCUBHOE McCnonb3oBaHue. KoHTpons-
HblA KCTOYHMK AOTKEH BbITb aTTECTOBAH B YCTaHOBNEHHOM NOPRAKE.

5.5. Metoauka BbINONHEHUS U3MEPEHWUIA aKTUBHOCTU OGNYYEHHbIX
AETeKTOPOB MOXET Peanu3oBbiBaTh crnegyiolme Tpu cnocoba.

56.5.1. Tepeblit cnoco6 OCHOBaH Ha NPUMEHEHWU ramma-
CMeKTPOMETpa, OTrpafyMpOBaHHOrO no 3ddeKTUBHOCTM perncTpaLm
c¢doToHOB B pabouem AuanasoHe SHEepruM, XapakTepHOM ANs M3nyveHus
NPOAYKTOB peakuud aKTMBauvm pPeKOMEHAOBaHHOW HOMEHKNaTypbl.
OpcheKTMBHOCTL perucTpauumn 3agaHa Ans YCIOBWUIA TOYEUHOro UCTOM-
HWKa, pa3MeLLeHHOro Ha (hMKCUPOBaHHOM PACCTOSIHUK OT KpucTanna ae-
TeKTopa, B BUAE 3aBUCUMOCTU OT aHepru ¢poToHOB £(E). B 3ToM cnyyae
3KCNEPUMEHTanbHO ONpejensiemMas BenuuuMHa - CKOPOCTb cyeTa uM-
nynbcoe B MMM aHepruu nsmepsemMblX POTOHOB S; - CBA3AHA C aKTUBHO-
CTbiO COOTHOLIEHUEM:

S

=—2 Tlc
&E M, P M

rae g(E) - 3Ha4eHne athheKTMBHOCT ANS 3HepruM E;, B3ATOe U3
3asucumoctu g(E);

1, - abconoTHas MHTEHCUBHOCTL hOTOHOB C 3HEprueit £, ans us-
MepPSIeMOro paguoHyKnuaa;

C, - NONpaBKWN Ha HEMAEHTUYHOCTL JeTEKTOpa W TOYEYHOro UC-
TOYHUKA.

5.5.2. Bropo#t cnoco6 OCHOBaH Ha MCMOMb30BaHWW [WCKPETHOW
YYBCTBUTENbHOCTU &, U3Mepsiemoit B (MMr/c)/Bk. JuckpeTHas 4yBCTBU-
TenbHOCTL 3aaaHa ANA 3Heprun OoTOHOB E; OT paguoHyknuaa tuna "i" u
CBA3LIBAET UIMEPAEMYI0 aKTUBHOCTb 4, CO CKOPOCTbIO cyeTa Sy B MMM
OT (POTOHOB ¢ 3Heprueil £
S,
4, =—=TIC, . @

i P

Mpy ucnonb3oBaHuu 3TOro cnocoba aBTOMAaTUHECKU UCKNIoYaeTc
MorpeLHocTL 3a c4YeT annpokcuMauun g(E) U NOrpewHocTb 1, NpucyT-
CTBYlOLLME B nepBoM criocobe, a TaloKke nonpaska Ha KackagHoe CyMMK-
poBaHue.

5.5.3. Tpetwii cnocob cBsizaH ¢ NpUMeHeHWeM cheuvanusmpoBaH-
HbIX 3TaNOHHBIX MEp aKTUBHOCTV raMMa-UCTOMHUKOB, UMUTUPYIOLLMX OO-
nyyeHHble AeTeKTOopbl NO TUNY PagUOHYKIMAA U €ro KOHCTPYKUuK. Uame-
pEeHUsA BLIMONHAIOT NYTEM CPaBHeHWA AeTeKTopa U Mepbl Ha KoMnaparto-
pe - ramMMa-crieKTpoMmeTpe, a B Kauecrse napamerpa cpaBHEeHWUs WuC-
nonb3yloT COOTBETCTBYIOWME CKOPOCTU cyeTa uMnynbeos S 8 MIMM:
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=25
Jje r

rae A.- akTMBHOCTb 3TanoOHHON Mepbi Ha MOMEHT UuamMepeHnA.

5.6. Mpw paspaboTke METOAUKA M METPOSIOMMYECKOM Mccneaosa-
HUM YCTaHOBKN HeOBXOAWMO onpeaenuTs BCe BO3MOXHbIe (haKkTopbl OT-
nu4us usmepsemoro obpasla OT YCNOBWUA rpagyMpoOBKY WU YKasaTb Cno-
cobbl onpeaeneHus CoOTBETCTBYIOWMX NoNpasok C, UK UX KOHKPEeTHble
3HaveHusi. OCHOBHbIMM hakTopamu, Tpebyownmn yyeTa B nonpaskax Cp
, IBNRIOTCA:

» OTNWMYME AuamMeTpa W TOMWMHBI M3MepsieMoro fetekropa OT
rpazlyMpoBOMHOrO UCTOMHUKA (MNK 3TaNOHHOW Mepbl 1 AETeKTOo-
pa),

+ KackagHoe cyMMupoBaHmne (hoTOHOB;

« BO3MOXHble 3chpeKkTbl OT NpUMECHbIX u3ny4yeHui (Hanpumep,
MHULMMPOBAHHOE XapaKTepucTUYecKoe usnyyeHne B geTekrope
13 HUOOUS).

5.7. MeToguka BbINONMHEHUN W3MEPEHWIA aKTUBHOCTU HEWTPOHHO-
aKTUBALIMOHHBIX AETeKTOPOB HA KOHKPETHOW yCTaHOBKE AOMKHA COOT-
BetcTeoBaTb FOCT P8.563-96 "MCA. MeToauk BbinoOnHEHUs uamepe-
HWIA" 1 cogepxaTs:

» HasHayeHue 1 o6nacTb NPUMEHEHUS;

*  NpUHLUWN (cnocob) uamepeHus;

»  ONUCaHWe CYEeTHbIX 00pasLoB (HEWTPOHHO-aKTUBALMOHHLIX Ae-

TEeKTOPOB),

» KpaTKoe OnucaHue yCTaHOoBKK;

* OMUCaHWe CUCTEeMbl pPEernaMeHTUPOBAHHBLIX XapakTepucTuk
yCTaHOBKN ANS peanusaumv MeTOAVKY;

« MpasuUna NOArOTOBKU W BLINONHEHUA U3MEPEHUNA, BIITIOYaNA KOH-
TPONbHbLIE U3MEPEHUs;

»  cnocob u anroputm o6paboTkn cnekTporpammbi;

* nepeyeHb NOMpaBoK U Cnocobbi Ux onpeaeneHus;

* COOTHOLUEHUSt ANA OnpeaeneHns CyMMapHO NOrpeLiHoCT ak-
TUBHOCTU ANs YPOBHA AoBepuTentHoOl BeposiTHocTH 0,95;

» TpeboBaHusa K opOpMNEHUIO pesynbTaTa;

» TpeboBaHua K kBanupvkaLm paboTHUKOB.

DonyckaloTcss CCbiNKM Ha CTaHA4apTU3OBaHHbIE METOAWMKUM WK
npolueAwine MeTponoruveckylo aKCnepTusy 4acTHble MeToaukv U npa-
BUNa, a TakKe JONYCKAeTCA BO3MOXHOCTb W3NOXEHWUS OTAENbHbIX Mo-
TNOXEHWIA MEeTOAVKM B BUAE NPUNOXKEHWNNA.

Metponoruyeckas akcneptusa u atrectaums MBW nposogatcs B
YyCTaHOBNEHHOM nopsiake.

5.8. [letanbHble pe3ynbtaTthl M3MEpPEHUs akTUBHOCTU AETEeKTopos
perucTpupyloTcs B pabouux npotokonax. [ins nocnegyiowler o6pabotku



pesynbTaTtoB gomkeH GbiTo ocdbopMneH CBOAHbIA NPOTOKON M3MEpeHust
aKTUBHOCTU [ETEeKTOPOB, B KOTOPOM yKasaHbl MapKupoBKa fAeTeKTopa,
M3MepeHHasi aKTUBHOCTb A, €€ MOrpewHOCTb U 3Ha4yeHWe aKTMBHOCTM
[eTeKTopa, NpMBEeAEHHOE Ha KoHeL| ero obnyJeHns 4o

4y = Ae™ )
rae : - BPeMs BbiAEPXKN OT KOHLia 0BnyyeHus o Hayana uamepe-
HUA aKTUBHOCTW;
A-  MOCTOSHHas pacrnaga NpPoAyKTa peakLmm aKTUBaLuu.

6. TpeGoBaHUA K TUNOBOKH MeTOAUKE ONPeAeNeHUA OTKIUKA

[ETeKTOPOB M OLIeHKU XapaKTepuCcTUK HeHTPOHHOTO nons

6.1. Tunosas MeTOAVKa ONpefeneHUs OTKNUKa AEeTeKTOpoB ¢
OLEHKN XapaKTEepPUCTUK HEATPOHHOFO NONA pernameHTUpyeT cnocob
onpepeneHns OTKNMKa AETEKTOPOB U KOHTPONUPYEeMbiX HEATPOHHbIX Be-
NUYMH NO pe3ynbTaTamM HEeWTPOHHO-aKTUBALMOHHbBIX UsMepeHuid B6nusu
kopnyca peakropa BB3P Habopom geTexropos drioeHca.

6.2. MeToguka npeanonaraeT Hanuuve uHdopmauuu 06 ucropuu
MOLL{HOCTU peakTopa U OLeHKM U3MEeHeHusi 3a Bpems obnyyeHust no-
kanbHoit MNMMH B MecTe obnyueHUs AeTekTopa OTHOCUTENbLHO MOMHOM
TENNoBOW MOLYHOCTM (MCTOPUM JIOKArbHOA MOLLHOCTH), @ Takke AaHHbIX
06 usMeHeHWu TemnepaTypbl TENNOHOCUTENS Ha BXOAE B peakTop 3a
BpeMst o6nyyeHus.

6.3. Metoguka npegnosiaraeT HasmMuue pacuyeTHoOM wnu nonyyveH-
HO ApyruMu cnocobamu (Hanpumep, 3KCNepUMEeHTaMM Ha MakeTax)
VMH(pOPMaLWKN O CNeKTpe HeWTPOHOB U ramMmMa-KBaHTOB B MecTe obnyue-
HUSA JeTekTopa (HanpuMep, B MHOrorpynnosomM npubnveHun).

6.4. VicxogHow akcnepumeHTanbHOW uHdopMauvein ans rocnegy-
1oLeit 06paboTkyn U BLIMUCHIEHUIA NO JaHHOW METOAUKE ABNAETCA aKTUB-
HOCTb B HEMTPOHHO-aKTUBALMOHHOM AeTeKTope, NpUBeAEHHas Ha KOHey
obnyueHust 4o, CBEAEHUA O KOTOPOW 3aHeceHbl B CBOAHBIN NPOTOKON CO-
rnacHo nyHkry 5.8.

6.5. Tunosas MeTOAWKa OnpefeneHusi OTKIUKA [ETEeKTOPOB WU
OLIeHKW XapaKTepuCTUK HEATPOHHOrO MONSA NpuBeaeHa B NPUNOXeHuu 3
(pekomeHayemom).

6.6. PesynbTatoM peanusauumM MeToauku AorkeH 6bitb CBOAHbIM
NPOTOKON, Kyfa 3aHOCATCA pesynbTaTbl ONpefeneHUn OTKINKa AeTeKTo-
POB U OLEeHKU XapaKTepuCTUK HeiTpoHHOro nonsi. ObssarenbHol Benw-
UMHOIA, NpuBeaeHHoW B CBOAHOM npoToKone, AomkHa ObiTe aKTUBHOCTbL
[ETEKTOPOB 4;,, NpUBEAEHHas Ha KOHeL obnyyeHus U Ha OOHO SAPO

HYKMAa-MULLEHW, C OLiEHEHHOI NOrpewHoCTbIO Ans P, pasHoii 0,95.
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7. PexomeHAaLMM MO MCNOMbL3OBaHKIO Pe3ynbTaToB U3MEpPeHU
ansa npoBepkn o6ocHoBaHui ¢oeHca GbICTPLIX HEHTPOHOB B
KPUTHUYECKHMX TOUYKax kopnyca BBOP

7.1. ®nioeHc ObiCTPbIX HEATPOHOB B KPUTUMECKMX TOYKaX Kopnyca
BBOP moxeT ObiTh Nony4eH w3 pacyeToB NepeHoca HeMTPOHOB. DKCne-
PVMEHTanbHbIe AaHHbIe, NONYMEHHbIE B TOYKAX Ha BHELLHE# NoBEepXHO-
CTK Kopryca, MOryT 6biTh MCMOMb30BAHbI ANA CPABHEHUA C pacyeTHbIMU
AaHHbIMKY, NONYYEHHBLIMW ANS 3TUX XE TOUEK.

7.2. insa npoBepkn o60CHOBaHUIA pacyeTHOro priloeHca B KPUTU-
YECKMUX TOMKaxX KOpnyca PpEeKOMEHAYyeTCA WCNONb3oBaTh SKCNEePUMEH-
TanbHble AaHHble, NOMyYeHHbIe Ha BHELLUHeR NoBepXHOCTU Kopnyca, no
BO3MOXHOCTW BONKM3N KPUTUYECKMX Touek (Hanpumep, ans BB3P-440 -
HanpoTUB a3uMyTasIbHOr0 MakcUMyMa hriioeHca GbICTPLIX HEATPOHOB Ha
ypoeHe cBapHoro wea Ne 4; ans BBOP-1000 - HanpoTue BbICOTHOrO U
a3uMyTanbLHOro MakCUMyMOB (pnioeHca GbiCTPbIX HEATPOHOB).

7.3. B xayecTBe 3KCNEPUMEHTaNbHOO pedyfbTaTta peKoOMeHAyeTCs
MCMONb3OBaTb aKTUBHOCTU A, , NPUBEAEHHBIE Ha KOHeL, obnydeHus u
Ha ofHO sApo. CneayeT NPOBOAVTL CPABHEHME Kak abCoMOTHBIX 3Have-
HUIA, TaK U OTHOCUTENbHbIX NPOCTPAHCTBEHHbLIX pacnpeaeneHuii aKkTue-
HOCTEW AETEKTOPOB-MOHUTOPOB.

7.4. TNpu aHanuse 06ocHOBaHWIA DNIOEHCa MNK CKOPOCTN Hakonne-
HUA rioeHca GbICTPLIX HEWTPOHOB, COOTBETCTBYIOLWMX 2tdEKTUBHOM
NOpOroBOV 3HEPruM KOHKPETHOro AeTeKTopa Espp., PEKOMEHAYETCS uc-
ronb30BaTh OTHOLLEHUE:

. _[ Akor
Cro= =ik O]
EOl J;

Xapakrepusyrulee cteneHb OTKNOHeHUA pacyeTa OT 3KCnepuMeHTa.



Mpunoxexue 1
(pekomeHayemoe)

MopAnok ycTtaHOBKU K CHATUA o6nyuaTenbHOro YCTPOUCTBa,
cnocobbi U cxeMbl pa3melleHHA AeTeKTOPOoB 3a kopnycamu BBIOP

M.1.  PacnonoxeHue  demexmopose omHocumesnibHo
peakmopa

HabGopbl feTekTopos (hnioeHca HEATPOHOB YNaKOBLIBAIOT B Kancy-
Nbl WM KOHTEWHepbl, KOTOpbie MPUKPEnnAlT K obnyyarenbHoMy
YCTPOWCTBY. JTO YCTPOWCTBO, Hanpumep, MOXET coAepXaTb Ase Heob-
XOAUMBIE KOMNOHEHTHI - a3UMyTarbHyl0 U BEPTUKaNbHYIO WTaHM. YCTa-
HOBKY W CHATME YCTpOWCTBA NPOBOANT Ha OCTaHOBNEHHOM peakrope,
06bI4HO BO BPEMS NNaHOBO-NpeAyNpeanTesIbHOrO PEMOHTA, CBA3AHHOMo
€ neperpy3koit Tonnuea. O6nyveHWe AETEKTOPOB, Kak NpaBuno, ANUTCA
B TeuYeHWe KamnaHuu paboTbl peakTopa. JKCMepuUMeHTanbHoe YCTpow-
CTBO MOXET ObiTb U3roTOBNEHO B BWAE PaMbl UNK Kpecta. AUMyTanb-
Hasi WTaHra MOXET MNPEeACTaBNATb XKECTKYI0O AYry OKPYXHOCTM C pPeKo-
MeHayeMblM o6xsatom yrna B 60°. BepTukanbHas LuTaHra AosmxkHa nos-
BONATL pasMelaTb AETEKTOpbl NO BCEW BLICOTE aKTMBHOMW 30HbLL. Konn-
YECTBO BEpTHKaNbHbIX 1 a3MMyTanbHbIX WTAHr B YCTPOWCTBE yCTaHas-
NMBalOT, UCX0A4A U3 NoTpebHOCTel B pelleHUM KOHKPEeTHOM 3ajauu Ha
KOHKpeTHOM peakTope. Kancynel u obnyuyaTtenbHoe YCTPOWCTBO PeKo-
MEeHAYETCR M3roTaBnMBaTh U3 aniOMUHUA UMK ero Cru1aBoB ([IopaniomMu-
HUS).

Konnuectso Habopos AETEKTOPOB U [AETEKTOPOB-MOHUTOPOB, a
TaloKe UX pacnonoXeHue OTHOCUTENbHO peakTopa BbIGMpaloT UexXoas U3
pelieHUs KOHKPeTHON 3apaun. Habopbl AeTeKTopoB peKoMeHAyeTCH
yCTaHasnueaTb HanpoOTMB KPUTUYECKON TOUKU KOPnyca U, B YaCTHOCTH, B
Ka)KAOM NpejrionaraeMoM, UCXOAA U3 pacuyera, asuMyTanbHOM MaKkcu-
MyMe U MUHUMYME, BbICOTHOM MaKCUMyMe U Ha YpOBHE CBapHOro LuBa.
[leTeKTOpPbI-MOHUTOPLI PEKOMEHAYETCA YCTaHaBNMBaTL He peXxe YeMm uve-
pes 3° no asumyTy U He pexe Yem yepes 30 cMm no BbicoTe.

Kaxablit HaGop AeTekTopos hbrioeHca HEATPOHOB peKOMeHAyeTCA
3aKnovaTb B KagMUeBbIA akpaH TonwmHon 0,5 mm. [Ina oueHkn kagmue-
BOro OTHOLUEHUS ANA AETEKTOPOB TEMMOBbIX HEUTPOHOB PEKOMEHAYETCS
BbI6paTh Mone HEATPOHOB C npeanosiaraeMbiM ManbiM rpagueHToM
dnioeHca (Hanpumep, None no BbicoTe BONM3U LEHTPA aKTUBHOW 30HbI).
Kak MuvHuMym, oavH Habop Takux AeTeKTOpoB PEeKOMEHAYeTCsi He Mo-
MellaTth B KagMUEBbIM 3KpaH, a pacnonaraTtb Ha paccTosHun 10 cMm oT
Habopa, NoKpLITOro KaAMUEM.

Kaxapiiik HaGop AOMKEeH cogepxaTtb AeTekTop-moHuTop. [Ans
onpegeneHus addexkra BO3MYLIEHUS HEWTPOHHOTO NONS MaTtepuanom
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KOHTeWiHepa WM OKPY)XEHWS AETeKTopa AETEeKTOPbI-MOHUTOPbI MOXHO
pasmeLiaTbh Kak BHYTPU KOHTeMHepa, Tak U cHapyXu, a npu Heobxoau-
MOCTY Tatoke B NoBbIX BaXHbIX TOYKAX OKPYXKEHUs! AeTeKTopa.

M1.2. Cnocobsl u nopsdok ycmaHoeKU U cHamusi obny4a-

mensHO20 ycmpoliicmea
y kopnyca BBOP

PekomeHAayloTCA ABa TeXHONOrMYeckux cnocoba ycraHosku obny-
YaTenbHOro yCTporcTea y koprnyca BBIP.

Mepewii crnoco6 ycnosHO Ha3eaH crnocobom BepxHel yctaHosku. B
30HE BXOAHbIX NaTPYOKOB TEMNNOHOCUTENSA K OKONOKOPIYCHBIM KOHCTPYK-
UuAM, npuneraroLuM K Kopnycy, Kpenst rubkuii MeTannuyecknii TPOCUK.
OH gomkeH BbIAEPXUBATL rPY3 Maccoil NpuMepHo 20 Kr B TEYEHWE Anu-
TenbHOro (oKono rofja) BpemeHu. TPOCUK OnycKaloT BHU3 A0 AHULLA KOp-
nyca. BepxHuiA KOHeL YCTPOWCTBa NPUKPENNAIOT K 3TOMy TPOCUKY B pa-
avauunoHHo 6e3onacHo 30He, HaxoasLleics B paioHe AHUWAa kopnyca.
ObnyvaTenbHOe YCTPOICTBO NOATAMMBalOT BBEpPX M MOABELLMBAIOT Ha
3apaHee onpefeneHHoi BbiCOTe. HwiHWiA KOHel yCTpoWCTBa KpPensaT K
nony noApeaxkTopHoro npoctpaHctea (BB3P-1000) unu k cneuymnanbHbIM
KOHCTPYKUUAM B 30He AHMLIa kopryca (BBOP-440). MpuneraHue Kk Kop-
nycy ofecneuusaioT cneyvansHbiMu pacnopkamu. posucaHue Kod-
CTPYKUMWA OT TennoBOro pacliMpeHWs YCTPaHAIT NYTEeM HaTsKeHUN
npyxuHel. CHUMAIOT YCTPOIACTBO B Nopsiake, 06paTHOM ycTaHoBKe.

Bropoit cnoco6 ycrnoBHO HassaH CNOCOGOM HWXHEW YCTaHOBKM.
O6ny4aTenbHoe YCTPOWCTBO YCTaHaBNMMBAIOT Ha OMOPHYIO CTaHUHY B
30He AHULIa Kopnyca W NOAHUMAIOT BBEpX Ha OMNpeAeneHHylo BbICOTY,
HanpumMep, TenecKonMyeckum cnocoGom.

BeiGop cnocoba onpefensitoT NpakTM4eCKUMU YCSIOBUAMU B KOH-
erTHbIﬁ MOMEHT BpeMEHW Ha KOHKPETHOM peakrope.

MpeumyLyecTso nepsoro crnocoba - HaaeXHOCTb COXpaHeHus1 Bep-
TUKaNbHOCTA YCTaAHOBKWM, FapaHTUsi NpuneraHus K KOprycy v BO3MOX-
HOCTb pa3smellieHUsi JeTEKTOPOB MO BCEW BbiCOTe OT AHULLa Kopnyca A0
30HbI NATpyoKOB, BKNIOYAS BCIO BLICOTY aKTUBHOMW 30HLI U 30HY OMOPHbLIX
KOHCTpyKUuii. KpoMe Toro, A0303aTpaTbhl B NepBoM criocobe ycTaHOBKW
3HauuTenbHO HWXe, Yem Bo BTopoM. [penmyLuecTBo BToporo crniocoba -
BO3MOXHOCTb YCTaHOBKW AETEKTOPOB B NioGOM asuMyTanbHOM cekrope
peakTopa.

CHuMaTb YCTPONCTBO PEKOMEHAYETCA Nocne HeAensHoW BbigepxX-
K1 NOCne 0CTaHoBa peakTopa.
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111.3. PexomenOayuu no koopduramam pasmeujeHus

ycmpodicmea y kopnycoe BBIOP

pasmeLieHust

KoopAWHaTEI

PekomeHayemble  asumyTanbHble
YCTPOICTBA C AETEKTOpPaMK (hI0eHCa HETPOHOB Y BHELWHEA NOBEpXHO-

cTn kopriycos BBOP ans nepsoro cnocoba ycTaHOBKM MpuBefeHbl Ha
puc.1 - 3. Bropoii crocof ycTaHOBKM HE UMEET OrpaHnUYeHui no asmmy-

TanbHOMY pasMeLleHnI0 4eTeKTOpOoB.

Puc. 1. Cxema pasmeteHns obny4arensHoro ycTponcTsa y kopnyca BBOP-440

CO CTaHAAPTHO! 3arpy3kon:
1 - kopnyc; 2 - TBC; 3 - asuMyTambHan LWTaHra; 4 - BEpTUKANbHas WTaHra

88ePa!

DB adal
avetale!

b @,
B
158,

Puc. 2. Cxema pasmetenna oGny4yaTenbHoro ycTpoicTsa y kopnyca BB3P-440

C KacceTamu-3KkpaHamn:
1- kopnyc; 2 - TBC; 3 - asumyTanbHan WwraHra; 4 - BepTukanbHas WwraHra

14



BB3P-1000:

Puc. 3. Cxema pasmelleHus oGny4arensHoro yCTpoiicTea y kopnyca
1 - kopnyc; 2 - TBC; 3 - asuMyTanbHasn LUTaHra; 4 - BepTukanbHas

wTaHra
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MpunoxeHue 2
(pexkomeHgyemoe)

XapakrepuCcTUKN AeTEeKTOPOB (hnioeHca HeWTPOHOB

Tabnuua N2-1
PekoMeHAyeMbIii ANs HEATPOHHOIO KOHTPONA 3a kopnycamMu BBOP
Habop AeTekTopoB (hnloeHCca HeMTPOHOB U MX OUEHOYHble

XapaKrepucTHKu
[HetekTop, Mepwog nony- | pdexTusHan | AddexTmsHoe cevenne **, m6
peakuust pacnaaa, cyT. SHeprus *, BB3P-440 BB3P-1000
[1] MaB
237Np(n,H)*¥"Cs 11020 0,5 1407 1398
9Nb(n,n’) ¥*"Nb 5890 1,0 214 225
28Y(n,f)1¥Cs 11020 17 715 736
58Ni(n,p)*Co 70,86 25 413 429
54Fe(n,p)>*Mn 3123 3.0 439 440
“6Ti(n,p)*eSc 83,79 5,0 175 175
83Cu(n,a)®°Co 1925,5 6,1 20,4 20,6
59Co(n,y)®Co*** 1925,5 - - -
SNb(n,y)*Nb*** 7,30-10° - - -

* 3HayeHus Bbi6paHbl paBHbIMW rPaHVLIGM JHEPreTUYEcKUX pynn HEWTPOHOB ANS
copmaTta 6ubnuotexn BUGLE-96, BGN13u KOTOPbIX HAXOAATCH PEKOMEeHAoBaHHbIe B
[2] adbdpexTuBHBIE CEUSHUS.

** OUEHKK CAEnaHbl NO PpacyeTHOMY CheKTpy, nony4yeHHoMy no nporpamme DORT ¢
6ubnuotekoih BUGLE-96.

*** Peakuun Ha TErJIoBbIX U 3NUTENNOBLIX HEATPOHAX.

[1] X-ray and gamma-ray standards for detector calibration, IAEA-TECDOC-619.
IAEA, VIENNA, 1991.

[2] C6. cTaTteir: "MeTpOnorMs HERTPOHHOIO U3NYYEHUS Ha peakTopax U yckopute-
nsx". -M., UHAXaTomuHdb opM, 1983, T.2.
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Tabnuua N2-2

XapaKTepuCTUKK NPOAYKTOB pPeakuuit AeTeKTopoB
triroerca HeMTpoHos [1]

MNpo- | Mepwop nony- | Buixog npoaykTa peakuuu, | IHeprus oto- |  Imuccua HoToHOB
AYKT | pacnapa, CyT. X [3] HoB, K3B
peak-
Unun
137, 11020 + 60 0,0617 10,0017 [*'Np(n,f] | g1 860 0,851 £ 0,002
Cs 0,0602 + 0,0006 [*U(n.f)] | ' '
smNb | 5890 + 50 1 16,52 - 19,07 0,1104 % 0,0035
ssgo | 70,86+ 0,07 1 810,775 0,9945 + 0,0001
sMn |312,3 £0.4 1 834,843 0,99976 + 0,000024
889,277 0,99984 £ 0,000016
46 83' X 1 ] ) »
Sc |83.79£0.04 1120,545 0,99987 + 0,000011
1173,238 0,99857 + 0,00022
%0Co |1925,5+0,5 1 ’ ' '
1332,502 0,99983 £ 0,00006
“Nb |(7,3+0,9)-108 1 702,627 0,9981 £ 0,0005
871,099 0,9989 £ 0,0005

* MpuseaeHa cymMapHan 3MUCCURA BCeX (DOTOHOB AGHHOMC AWanasoHa 3Hepruil.
[3] T.R.England, B.F.Rider, "Evaluation and Compilation of Fission Product Yields", Report

ENDF-349, 1989.
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Ta6nuua M2-3

OueHeHHbIe' MaKCMManbHble CKOPOCTH HaKoneHus dnioeHca
HeTPOHOR Ha BHELHeH NOBepXHOCTN kopnycoB BBIP, HelTp./(cM?-c), u
a3umyTanbHbie YInbl™, rae pacnofiokeHbl 3TH MaKCUMYMbl

PeakTop Yron . | paos5MeB| E>1MsB | E>3MsB
MaKCUMyMma,
rpap.
BBOP-440 30 4-10"° 1,5-1010 2-10°
CranpapTtHas
30Ha
BBOP-440 13 1,5-10%0 5-10° 7-108
Kaccetsl-
3KpaHb!
BB3P-1000 ™ 7 6:10° 2-10° 2-108

* MpuBeeHsl OLEHOUHbIE 3HAYEHWA ANA TUMOBLIX 3arpy3oK, KOTOpLIE MOTyT
MCMorb30BaTLCA ANA ONTUMANBLHOTO noadopa AEeTEKTOpoB.

** NIna 30-rpagyCHOro CeKTopa CUMMETPUK (OTCYET OT Ocv ).

** Kpome Bnoka 5 HosoBopoHexckoit ASC.



Mpunoxexue 3
(pexomeHnayemoe)

TunoBas MeTOAWKA ONpeAeNeHUA OTK/IUKA IETEKTOPOR U OLeHKM
XapakrepuCTUK HEMTPOHHOrO Nons

113.1. UcxoOHbiIe OaHHbIe

Ana nposefeHVs BblMUCNEHUA HEOOGXOAMMO UMETb criegylolme
UCXOAHbIE JaHHbIe U XapaKTepUCTMKU [eTEKTOPOB:

Aoi - aKTUBHOCTb C NOTPELUHOCTLIO i-r0 AeTeKkTopa ¢hnioeHca, u3me-
peHHas B COOTBETCTBUM C pasfenoM 5 Ha MOMEHT OKOHYaHusi obnyve-
HUST;

N, - WMCNO AAep HYKNWAA-MULLEHW B i-M JETEKTope C MorpeliHo-
CTbIO Oy (NAacNOpTHbie AaHHBIE);

d - TONWMHA AeTeKTopa Mo HYKNUAY-MULLeHN ANS AeTEeKTOpoB no
peakuvu (n,y) ANS y4eTa 3/1EKTPOHHOTO CaMO3KpaHUpPOBaHWA (nacnopt-
Hble AaHHbIE), Mr/cM2;

A\, - MOCTOsHHbIE pacnaga (unu nepuofbl nonypacnaga Ti2 ) Ans
NPOAYKTOB peakuuii akTusaLuuy U genexHus (Npunoxexue 2);

Xvp .« Xu - Bbixoabl Cs-137 B npopaykTax peakuumn geneHus Ha Np-
237 u U-238 (npunoxeHue 2),

Easpei , Cappa - 3PHEKTUBHBIE NOPOrU U CEYEHUS,;

To, Tr, T - KANeHZapHOE BPeMA Havana 1 KoHua o6ny4eHus U Ka-
neHpapHasn NPOACIHKATENBHOCTL 00NyyeHus;

P(f) - ncTopus MOLLIHOCTU peaKTopa 3a BpeMs obnydyeHus (3aBucu-
MOCTb MOLYHOCTW peaKkTopa OT BpemeHu);

fP) - ncTOpUA NOKaNbHOW MOLWHOCTU 3a BPeMsi 0BnyyeHus:;

Puon - AEKNAPUPOBAHHBIA HOMUHAMNbBHBIA YPOBEHb MOLLHOCTU peak-
Topa. CBefileHust 0 BpemeHu o6nyveHus n MowHocTu GepyTcs us nporo-
kona obnyyeHus CornacHo nyHkTy 4.6.

113.2. OnpedeneHue ominuka demexkmopa hioeHca
r13.2.1. OTKNMKOM ferekTopa noeHca ABNSETCS YNCMNO peaKLui
aKTMBauumn O, NpPou3oLLEALLNX B AETeKTope 3a BpeMs o6ny4YeHusi, B pac-
yeTe Ha OAHO SAPO Hyknuaa-muwenu. O6weynoTpebutenbHoe HasBa-
HWUe Q- aKTMBaLMOHHbIA UHTErpan peakuum aktusauuu (aeTekTopa).
[13.2.2. AKTMBaUVOHHBIA UHTErpan @ PaccuUTLIBAIOT C UCMONb30-
BaHWEM UCXOAHbIX AaHHbIX, NPUBEAEHHBIX B NyHKTe /[13.1, no chopmyne:
Qo= f‘;iMPCBC CeCr, (N3-1)
rae M, - nonpaBska Ha UCTOPUIO MOLLHOCTU peakTopa W NoKanbHoi
MOLLIHOCTH, KOTOpas yuuTeiBaeT obpa3oBaHue 1 pacnag npo-
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DyKTa peakuvu aktusauuu npu usmexeHum MMH sa spems 06-
ny4yeHUs B MecTe obnyueHns faeTekTopa;

C - norpaski, peKOMeHZaLMK NO onpeAeneHnto KOTopbIX npuee-
ASHbI HIXKE;

[rop@)a

M=xT
PTT, . n3-2
| r@PE)e™ar )

Ons ycnosua fetekropa cnioeHca npu Tz >> 1o U TOYHOrO Bbl-
ynucneHus udterpanoe B coopmyne (M3-2) norpelsHocTs nonpasku 6, He
npesbiwaet 1 - 2% (P = 0,95);

Cp - nonpaska Ha BblropaHue, KOTOpas YYUTbIBAeT BOSMOXHOCTb
YMEHbLUEHMA uucna saep NPoAyKTa akTMBauun 3a cyeT peakuwu (n,Y).
MonpaBska cywecteeHHa Ans peakuun Ni(n,p)*®Co npu nnotHocTk no-
TOKa TennosbIX HelTpoHoB Gonee 10'2 HelTtp./(cm2-c). Mpu nnoTHOCTK
noTtoka 10" HeitTp./(CM2-C) M npofoMXMTENBHOCTM oBnydyeHus ot 50 go
300 cyr. nonpaska Cg coctaenseT ot 1,05 o 1,15. Monpaeky Cs MOXHO
OLIEHUTb 3KCNEPUMEHTANbLHO UMK pacyeTom (Hanpumep, cnocobom, ms-
noxexHsiM B [3]). [inA ycnosuii obnyuyeHus B pamkax AaHHOW 3apaum
3TOI NONpPaBKo# MOXHO NpeHebpeyb;

C; - nonpaeka Ha choTogeneHne, KOTopas yuuTbiBaeT nossneHue
perucTpupyemoro npoaykra genexus B obnyyaemom gerekrope 3a cyet
peakuuu (v.f). Monpaeky Cr MOXHO OLIEHUTbL Pac4eTOM Ha OCHOBE M3-
BECTHbIX OLIEHOK HEATPOHHOrO criekTpa ¢(£) n hoTOHHOro cnexrpa ¢,(E),
a Taioke ceveHnin peakuui (n,f) — o(E) v (v,f) — o,(E) no copmyne:

oo (o (51
_[c(E)q>(E)dE

Ecnu cnekTpbl U3BECTHbI U3 pacquos nepeHoca HeMTPOHOB U ¢o-

TOHOB B MHOTOrpynnoBoM npuBwKeHUN, TO NOMPaBKy MOXHO paccuu-
TaTb No copmyne:
ZG' g 8

Z s,.P, (Nns-4)

Cr=1- (N3-3)
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rae Gig, Oin - TPYNNOBbIE CEYEHMs i-ii peakuwm  OeneHns  nop

Aencrenem ¢hoTOHOB n HeNTpoHOB cooTBeT-
CTBEHHO;
@y, O, - pacyeTHbIe rpynnoBble MNOTHOCTU NOTOKa (POTOHOB U
HEWTPOHOB COOTBETCTBEHHO;

Cca - NonpasKka Ha CaMO3KPaAHUPOBaHWE, OTHOCSLLASCA TOMbKO K
AeTekropam no peakuuu (n,y). OHa NpuBOAUT 3HAYEHWE aKTUBALMOHHO-
ro UHTerpana K ycnosusm "ToHKoro" getekropa. [ins ycnoBsuil paccmar-
puBaemoii 3afaum CylLeCTBEHHa MonpaBka Ha CamMO3KpaHUpOBaHWe pe-
30HaHCOB B cCeveHun peakuum (ny). PekomeHpoBaHHble NoaAXoAabl pac-
4yeTa TakoW nonpasku AaHbl B [2]. CamoakpaHMpoBaHUEM AETeKTOpPOB B
obnacty TennosbiX HEATPOHOB ANS PEeKOMEHAOBAHHbLIX peaKuuit aKTu-
BaLMK B pamkax [jaHHOW 3a7aun MOXHO npeHebpeus;

Cr - nonpaska reomeTpuyeckas, BBOAMMAan ANA NPUBEASHUA BCeX
N3MepeHHbIX aKTUBALIMOHHBLIX UHTErpanos AeTeKTopoB oAHoW cGopku K
ycnoeusM obnyyeHus B e4UHOA Touke NPOCTPaHCTBA, B KOTOPOM pas-
Meljancs OCHOBHOW AeTeKTop-MoHUTOp. OHa YuYMTbIBAaeT rpagveHT
NAOTHOCTU NOTOKa HeMTPOHOB. [inga i-ro Aetekropa Cr, onpeaensierca ¢
MOMOLLBI0 OTHOLIEHUS NOKa3aHui MOHWUTOpa BONW3K feTekTopa M; u oc-
HOBHOro MOHUTOpa Mo:

M 0
jj . (N3-5)

!

Cl"i =

B kayecTse nokasaHwid AETEKTOPOB-MOHUTOPOB CrieAyeT UCNOfb-
30BaTb CKOPOCTb CYETa UMMNYMLCOB Ha PafUOMETPUYECKOI YCTaHOBKe,
npusefeHHy0 Ha oAHO fApPO. B kayecTBe AETEKTOPOB-MOHUTOPOB Che-
AyeT BbibpaTh OAVH M3 MOPOroBbLIX AETEKTOPOB (hriloeHca (Hanpumep,
Aetektop Fe-54).

13.2.3. MorpewHoCTb akTUBALIMOHHbBIX MHTErPanoB ANst P, paBHOro
0,95, cnegyet oueHuBaTL NO chopmyrne:

8, = /ej +0% +02+>°0; (N3-6)
k

rae 64 - nonHas NOrpewiHOCTb U3MEPEHNA aKTUBHOCTM aeTekTopa (6e-
petcst us CBogHOro NpoToKona o NyHkTy 5.8);
Oy - NOrpeliHocTs YUcna saep HykNMaa-MULLIEHU B AeTeKTope
{6epetca ns CBoAHOro NPOTOKONA NO MyHKTY 4.6);
6,- norpewHocTb Bbixoaa Cs-137 B ockonkax feneHus (No npu-
noxeHwio 2, Tabn. M2-2);
6;- norpewwHocTs nonpasok M u C no ¢opmyne (M3-1).
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[13.2.4. Mo peaynbTaTam OMPeAENeHVs OTKNUKa [EeTeKTopoB
conioeHca coctaenfeTes CBOAHBLIA MPOTOKOM onpeaeneHns akTueaum-
OHHbIX MHTErpasnoB, B KOTOPOM AOMKHbI GbiTb ykasaHbl: HOMepa Touek
obny4yeHus, ans KOTOPbLIX oNpeaesieHbl 3HaYeHUA aKTMBALMOHHLIX UHTe-
rpanoB; aKTMBHOCTU SETEKTOPOB, NPUBEAEHHbIE HA OAHO RAPO; peaKuun
aKTuBaLMn;3Ha4YeHNA akTMBaLMOHHbLIX UHTErpasoB U UX NOrpeLLHocTy.

113.3. Pac4emHo-akcnepumeHmasnbHasi oyeHKka KOHmMponupy-
eMbIX Xapakmepucmuk nosia 66ICMpPbIX HelimpPoHoe

f13.3.1. KoHTponupyembiMi HEATPOHHLIMU XapakTepucTukamu no
pesynbTatam HEWTPOHHO-aKTMBALMOHHLIX U3MEepeHuii B peakTopax
BBO3P faBnsioTcs BENUUYUHLI:

F; - onioeHcHl HEWTPOHOB € 3HEepruein 6onblue Espgi - 3 dexTus-
HbiX MOPOroB peakuuni akTusaumm us Habopa obny4YeHHbIX AeTEKTOPOB;

&; - CKOPOCTU HaKonneHust pNIoeHcos Fj;

OMi — HOpPMMpOBaHHLIE HA NOKas3aHve MOHWTOpa aKTUBALWMOHHbIE
WHTerpanb! UCNONb3yeMbiX AETEKTOPOB.

[ONONMHATENBHLIMUA KOHTPOTNUPYEMBIMUA XapaKTepUCTUKamMn MoryT
6biTb  aNNpOKCHMUPOBaHHbIE 3HaveHUs dnoeHca F(E) U CKOPOCTH
HakoruleHus dnioeHca &(E), onpepensieMble Ha OCHOBE Henocpej-
CTBEHHO U3MEPEHHbBIX BENUYMH U pac4eTHbIX METOA0B, aTTeCTOBaHHbIX B
yCTaHOBNEHHOM NnopsifAke.

[13.3.2. OnioeHC HelTPOHOB C aHeprvei 6osbiue Eapp; MOXKHO pac-
CYUTBLIBaTL N0 hopMyne:

F;= Qi

G:(M).i !
roe O - aKTMBaLUMOHHbIN UHTErpan i-it NOPOroBOi peakuun akTmsa-
yuu, onpepensemblii no cpopmyne (M3-1);
Capg.i~ IPPEKTUBHOE ceueHne peakuum Ans nopora Expg.i -
Mpu n3BECTHOM CNEKTPEe HENTPOHOB 3 PEKTUBHOE CeYeHne pac-
cuuTbIBaeTCA Nno popmyne:

(N3-7)

[o.(EYo(E)dE
Oapps =, (n3-8)
[o(E)aE
Egpa
rae o(E) - auddepeHLanbHOe ceveHue JO3MMETPUMECKON peak-

L,
¢(E) - AvddepeHumansHas NNOTHOCTb NOTOKA HEHTPOHOB
(cnekTp HETPOHOB) B ToUKax 3a kopnycom BB3P.
B MHOrorpynnosoM npeAcTaBneHuy pacueT BbirMAgUT Tak:
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Z Gi,n¢n
[¢] =
b R
! ngn ) (N3-9)
n=E g,
rae n = Exqxp; O3HAYAET, YTO CymMa GepeTcs no rpynnam oT nepsoii 4o
rPYnMbi 7, HUKHAS TPaHULIA KOTOPOIN paBHa Espd..
MorpewHoCTb F; ANSA A0BEpUTENbHOK BePOATHOCTH 0,95 MOXHO
OLeHUTb No hopmyre:

8 = 1/85,. +02 (N3-10)

rae 8gi - NOrPeLHOCTb aKTMBALIMOHHOIO UHTErpana i-i peakuun (U3
CBogHoro npotokona no NyHkTy /13.2.4);

6, - pa3bpoc 3HAYEHWUN Gappi NPU IHEPIM Eangpi ANS i-A peakuum
B CMeKTpax paccMaTpuBaemoro knacca (Hanpumep, cm. fApeiHa B.I., v
Ap. Metoaudeckue ykasaHus. [ocyaapcTeeHHas cuctema obecneueHusn
€AVHCTBa U3MepeHWit. XapakTepucTUKN PeaKTOPHbIX HEeATPOHHBIX No-
neit. MeToauka HeWTPOHHO-aKTUBALMOHHBLIX M3mepeHuin. MA 1393-86.
BHUMNOTPU. M.: 1986).

13.3.3. PacyerT cxopoct HakonneHuss nioeHca GbICTPbIX
HENTPOHOB ANA i~f0 NOPOroBOro AeTeKTopa MOXHO paccuuTaTh no dop-
Mmyne:

—_— I
D, = _ (N3-11)
abd
rae Tape - AP heKTUBHOE Bpems o0bnyyeHus, kKoTopoe onpegenseTcs
no c¢opmyne:

| P

Top =T p . (N3-12)

HBOM
MorpeluHoCTb &; ANs AOBEPUTENbHON BEPOATHOCTM P, paBHOMN
0,95, MOXHO oLeHuTb no dopmyne:

By, = 8%, +67 (N3-13)

rae 85, - NOrPeLHOCTb briloeHca F; no nyHKkTy /13.3.2;
0: - OLieHKa MOrpeLHOCTYU Tapd.
13.3.4. AKTUBALUUOHHBI® UHTErpansl, HOPMUPOBAaHHbIE HA NoKasa-
HUA QEeTeKTopa-MOHMTOPa, ABMNAIOTCA CMEeKTpanbHOW XapaKTepucTUKOW
nons HeATPOHOB.
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AKTUBaUMOHHbIE UHTErpanbl Q;, onpeAeneHHble no NyHkTy /13.2.2,
npuseaeHbl C NOMOLLbIO nonpasoyHoro koadduumeHta Cr; K ycnosuam
obry4eHnss B TOuke pasMeLLeHWs OCHOBHOIO AEeTeKTopa-mMOHUTOpa B
c6opke. KoHTponupyemble xapakrepuctuku QM - akTuBaLMOHHbIe UHTe-
rpanbl peakuyuin aKtusauum, HOPMUpOBaHHbIE Ha NOKa3aHWsA AeTeKTopa-
MOHWUTOpA, CNeAyeT BbMUCHATL No dopmyne:

oM=L n3-14
"0y (N3-14)
rge Om- aKTUBaUUOHHbBIA WHTErpan noporosoro getekropa-

MOHUTOpPA.

MorpewHocT HOPMUPOBAHHLIX QM paBHbI MOrPeLHOCTAM COOT-
BeTCTRYIOWMX Q; (No NYHKTY [13.2.3), BKNto4ana Q% , paBHbId 1.

[13.3.5. AnnpokcummupoBaHHbIe 3HaYEHUs1 KOHTPONUPYEMbIX XapakK-
TEepUCTUK NPeACTaBnsAIoT coboit rioeHCh HeNTPOHOB C 3HEeprueit, oT-
nuyalowencs or atdEeKTUBHLIX NOPOroB UCNOSb3YeMbIX AETEeKTOPOB.
Haubonee xapakrepHbiMU AN MarepuanosefeHus kopnycos BBIP ss-
NAOTCA OI0eHChl HEUTPOHOB € 3Hepruel Gonblwe 0,1, 0,5 1 1 MaB co-
OTBETCTBEHHO Foi, Fos U Fi. [INs onpeneneHua aTux BENWYUH UCMONb-
3YIOTCA B KaueCTBe UCXOAHLIX AaHHbIX aKTUBaLMOHHblE UHTerpansi O
(no nyHKTy [13.2.2) unw crioexcsl F; (no nyHkTy /13.3.2).

MeTtoavka HeWTPOHHOTO KOHTPONS Ha BHEWHeN NOBEPXHOCTN KOPNYCOB
BOAO-BOASHBIX dHEpreTUYeckux peakropos A3C

PB-018-01

OTBeTCTBEHHbIA 3a Bbinyck CuHuubiHa T.B.
Bepcrka 3epHosa 3.01.
OpuruHan-makeT noarotosneH 8 HTU APB

MoanucaHo B nevats 20.11.01
Tupax 100 ak3.
®opmat 60x90"16

Otnevaraxo B HTU APB
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