O PABPABOTKE TPEBOBAHUN K UBMEPEHUAM
PAINAIVNOHHDBIX XAPAKTEPUCTUK TPO,
OBPA3YIOIIUXCH ITPU B2 APOO

A.T1I. Bapnaxkos, f1. B. CepreeueBa, M. B. iBnues, A. B. TepmaHoB

AO «BBICOKOTEXHOJIOTMYECKUI HAyYHO-VCCIe0BATEIbCKIUIA MHCTUTYT HEOPTaHNYECKUX MaTepuaaoB
uMeHM akajgemMuka A. A. bousapa», MockBa

CraThsl MOCTyMN/IA B pefakinio 8 okTs6ps 2018 T.

ObobuweH onsim xapakmepu3sayuu PAO, pasmelwyeHHbIX 8 NepsuYHbIe YNAKO8KU, NOMyYeHHbI NpuU 8bINONHEHUU NPAaK-
muyeckux pabom no 861800y U3 3KCNAyamayuu 06beKkmos Ucnoab308aHUsi AMOMHoOU 3Hepeuu Ha meppumopuu AO
«BHUMNHM». lpoaHanu3uposaHsl U npeodnoxeHsl Meponpusamus no op2aHu3auyuu u nposedeHur npouecca usmepe-
HUl paduayuoHHbIx xapakmepucmuk meepobix PAO 8 8ude cmpoumesnbHbix 0mxo008, naacmukama, pazmMeHmos
06opydosaHus, CU3, 2pyHmos.

KiroueBsble ciioBa: peziameHm u3mMepeHus, Memoouka UusMepeHus, meeposie paduoakmugHsle 0mxo0dsl, GKMUBHOCMb paduo-

HYK/1UO08, 861600 U3 3KCNAYyamayuu.

[Ipy BbIBOZE M3 IKCIUIyaTali OOBEKTOB VCITOJb-
30BaHMST aToMHOI sHepruu (OUAD) ob6pasyrorcs
OTXOfIbI, IIPeICTaBIsIoIMe co60ii PAO pas3inuHbIx
K/IaCCOB ¥ PasHOOOpasHble MaTepuasibl, OCBOGOXK-
IleHHbIe OT KOHTpOsA [1, c. 5—7]. OcBO6OKIEHME OT
KOHTPOJIS OTIpeieNisieTCsl Kak OCBOOOXKIEHME Comep-
SKalMX pai0akTUBHbBIE BellleCTBa MaTepuaioB Uin
IpeaMeTOB B paMKaxX paspelleHHON ITPaKTUYeCcKoi
TIesITeIbHOCTY OT JIIOOOTO TaTbHEeMIIIero KOHTPOJISI CO
CTOPOHBI PeryupyloIiero oprasa [2, 3]. OTHeceHue
OTXOZ0B K KOHKPETHOJ KaTeropuu oCyiecTBIsIeTCs
Ha OCHOBaHMM Pe3yIbTaTOB M3MEPEHMII UX pajua-
LIMOHHBIX XapakTepucTUK. KoppeKkTHbie n3MepeHust
pagMaIMOHHbIX XapaKTePUCTUK BasKHbI, TaK Kak 3a-
TpaThl Ha OOpaleHe ¢ OTXOJAMU CYIeCTBEHHO 3a-
BUCAT OT UX KaTeropmy (IIpOMbIIIJIEHHbIE OTXOMbI,
3arpsi3HeHHbIe TEXHOTE€HHBIMU DPAAVOHYKIUIAMM,
OHAO, HAO, CAO, BAO) [4].

B [3, 5, 6] mpuBeneHbI TPeOOBAHMS K POBEEHNIO
U3MepeHUil paAualMOHHbIX XapaKTepPUCTUK OTXO-
OB ¥ METOAMKAM M3MePeHUIA.
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[lpoBeneHHbIVI HAaMM aHajlM3 MeTOANYECKOI
6a3pl ITOKAa3a, UTO Ha TMPEINPUSTUSIX aTOMHOI
OTpaciyM MpaKTUUYECKU OTCYTCTBYIOT METOAUKU
M3MepeHuii yIenbHO! aKTMBHOCTU paaVOHY-
KIUI0B MeTomamMu anbda-, Gera-, ramma-crek-
TPOMETPUM U paAMOMEeTPUM, COOTBETCTBYIOIIME
COBpeMeHHBIM TpeboBaHusM [5]. 3avactyio B me-
TOAMKAX OTCYTCTBYIOT TPeOGOBaHMS K KOHTPOJIIO
KauecTBa M3MepEeHMIi, TakKke He YCTaHOBJIEHBI
XapaKTepUCTUKYU TOTPEIIHOCTY M3MepeHuit B 3a-
BUCUMOCTU OT MOJAMANa3OHOB M3MepsieMbIX Be-
muuuH. Kpome TOro, B 0TpaciieBOM peecTpe OTCYT-
CTBYIOT TUIIOBble METOAMKMU M3MepeHuii, onpese-
JITIOIIE TIOPSIIOK TIOITOTOBKY CYETHBIX 00pa3IioB
pasamMuHoii MOPGhOSIOTUN U BBITIOHEHME OLIEHKU
BJIVISIHMS [1apaMeTpOB OKpYyyKarwlleil cpenbl (TeM-
reparypa, BIaXXHOCTb, JaBJIeH}e) [IPU U3MepeHUN
pagualMOHHbIX XapakTepucTuk TPO, uTo 0cobGeH-
HO Ba)XHO IIPY BBITIOJTHEHMM M3MepeHwuit in situ
(HemocpeACTBEHHO HAa MecTax) MeToLaMy Hepas-
pYyIIanero KOHTPOJIs (Hampumep, MOOUIbHBIMU
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raMma-crekTpomerpamu) 6e3 MOATOTOBKM CUET-
HbIX 06pa310B.

Kak mokasana npakTuueckasl gesiTeIbHOCTb, OT-
CYTCTBYME KOPPEKTHBIX METOAMUK MU3MepeHUsT paau-
AlIMOHHBIX XapaKTEePUCTUK OTXOI0B, 06pa3yIONIMX-
cs1 ipu B3 OUMAD, u IOKYMEHTOB, periaMeHTUPY-
IOIIMX TIPOLIeCC TIPOBEAEHMS U3MePEeHUN IIPpU OCy-
ecTBieHun Mepornpusatuii no B3 OUA3, moxker
MIPUBECTY K OLIMOKAM IPU OTHECEHUM OTXOMIOB K
OIpe[ieJIEHHON KaTeropum Ha OCHOBAHWUU Pe3Yiib-
TaTOB M3MEPEHUIA.

B pmaHHO! cTaThe, Ha OCHOBaHMM oOIbiTa AO
«BHUMHM», paccMaTpuBaiOTCS MpO6IeMbl, BO3-
HUKIIIME TP OMNpeeNeHN PagualMOHHbIX Xapak-
TEPUCTUK YITAKOBOK C TBEPABIMU PAAMOAKTUBHBIMU
orxonamu (TPO), o6pa3oBasmmmucs rpu B3 OMAD.

OnsiT AO «BHUMHM»

[Ipennpusatune AO «BHUMHM» sBisieTcss poBec-
HMKOM aTOMHOJ OTpaciu, IO3TOMY Ha €ro Teppu-
TOPUM MIMEEeTCsI Psifi 0ObEKTOB, 3aIITAHMPOBAHHBIX
K BBIBOJIy U3 5KCIUTyaTalUN.

K nacrosiemy Bpemenu B AO «BHUVHM» 3a-
BepiieHbl PaboThl MO BBIBOAY M3 OSKCILTyaTalyu
3naHusi «PeareHTHasi» M UCCIeI0BATENbCKOTO KOP-
nyca «b», B 2017 r. Hayaics BbIBOJ, U3 SKCILTyaTa-
LM YCTAHOBKM «Y-5». B mporiecce atux pabor 1mo-
JIy4YeH OITbIT U Ha MPaKTUKe OMPOOOBaHbI METOMBI U
MIpMEMBI TT0 XapakTepusanunuu obpasytomixcs TPO
B BUJe€ CTPOUTENbHBIX OTXOMOB, IJIACTUKATA, Gpar-
MeHTOB o6opymoBauusi, C13, rpyHTOB. OCHOBHBI-
MU 3arpsSI3HSIOIMMU PAAVOHYKINAAMU SIBJISITACH
GOCO’ 9OSr’ 134,137CS’ 239,241Pu’ 234,235,238U u Z41Am'

Ha Hacrosumii MOMEHT B [eJMCTBYHOIIMX HOP-
MaTUBHBIX JOKyMEHTaX He OmpefelieHbl elyuHbie
TpeboBaHMs K IOPSIKY MpoBemeHus: paboT mpwu
B3 APOO B uvacTu M3MepeHMiT pagMalMOHHBIX Xa-
pakTepuctuk obpasymomuxcst TPO. B To ke BpeMst
ypansemble TPO, nepenaBaemble Ha 3aXOpPOHEHMe,
IOJDKHBI COOTBETCTBOBATh OOIIMM KPUTEPUSM TIPH-
eMJIEMOCTH JIJIS 3aXOPOHEHMSI, YCTAHOBJIEHHBIM (be-
JIepaJbHBIMMY HOpMamu ¥ mpaBwiamu [7]. O6riye
kputepun npuemiaemoct PAO [ 3aXOpOHeHUst
YCTaHABIMBAIOTCS B IIe/ISIX 6€30MMacHOrO 3aXOpOHe-
Hust PAO maHHOro Kjaacca ¥ ONpemessiioT TpeboBa-
HMSI, JOCTaTOUHbIe [IJIs nepenaun ux HanyoHanbHO-
MYy oriepatopy 1o obpamienuio ¢ PAO. OnpenennTtb
cooTBeTCTBMe xapakTepucTtuk TPO Kputepusim npu-
eMyIeMOCTH 6e3 TIPOBefeHMsT KOPPEKTHBIX M3Mepe-
HUI pagualMOHHbIX XapaKTEePUCTUK HEBO3MOXKHO.

W3mepeHne paaualOHHbIX XapakTepuctuk TPO
3aK/II0YaeTCcsl B OIpele/eHuM PagVOHYKIMIHOTO
COCTaBa, yaeIbHOM U 0011eli aKTUBHOCTM PaIMIOHY-
knuaoB TPO. B cOOTBeTCTBMM ¢ peKOMEeHIAlUSIMU
MATATD [8] mpoBepKy oIlpenensieMbIX paJyaliOH-
HBIX XapaKTePUCTUK CIelyeT OCHOBBIBATh HAa MPO-
1ienype, KOTopasl BKJIIOUaeT: in situ namepeHus Ha
Marepuase MeTOAamMy Hepa3pyllawllero KOHTPO-
Jis1, 1abopaToOpHbIE V3MEPEHNS Ha MPEeACTaBUTENb-
HbIX MPO06ax, UCIOIb30BaHNE NOKHBIM 06pa3oM
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O paspabomke mpebosaHuli K u3MepeHusM
paduayuoHHbIx xapakmepucmuk TPO, obpa3sytowuxcs npu B3 P00

MOJIyYeHHBIX  PAIVMOHYKIUIHBIX  COOTHOIIEHUIt

(MeTon PpamVOHYKIMAHOIO BeKTOpa), aneKBaT-

HYIO IPOCIEXMBAEMOCTb MaTepMasa, BKIOUas ero

MIPOUCXOKIEHNE.

Bb16Op MeTOHOB M3MepeHMii, TOLO0PKY U Kaju-
OPOBKY TOAXOISAIIMUX TIPUOOPOB Ilepend IpoBeme-
HMEM MepOoIpusITUii 1o B3 ciiegyeT mpoBOOAUTH Ha
ocHOBe MHGOpMaIUM 0 BOSMOKHOCTHA:

« TPYIIIIMPOBAHUSI pacCMaTPUBaeMbIX MaTepuasoB
TaK, YTOObI OHM ObUIM KaK MOKHO 60Jiee OgHOPO/I -
HBIMM C TOUKM 3PEHMSI CaMOro MaTepuasia U ero
MIPOUCXOKIeHUsT (M, TaKUM 00pa3soM, paguoOHy-
KJIMIHOTO COCTaBa ¥ YPOBHS aKTUBHOCTH);

« OIIEHKM PaJMOHYKIMAHOTO COCTaBa paccMaTpu-
BaeMbIX MaTEepPUaJIOB ITyTEM BBIIIOJIHEHMSI aHa-
Jn3a 06pasiioB C YUYETOM BCeli COOTBETCTBYIOIIEH
MHpopMaIuy 06 UCTOpUM MaTepuaa.

[Tpu mepBuMuYHOM O6Gpa3oBaHMM, B IpoIecce pe-
anMsauy MEepPONPUSITUIA 10 BbIBOAY U3 SKCILTY-
aTanuu, paguoaKTUBHBIE OTXOZbI TOJIKHBI OBITh
cobpaHbl, MPOAHAIM3MPOBAHbBI, ¥ pasleeHbl I10
KaTeropusiM Ha MecTe uX 0Opa3oBaHMsS B COOT-
BETCTBUM C UX QUSUIECKUMMU, XUMUUECKUMU, O110-
JIOTUYECKUMHU U PaIMOIOTMUECKUMMM CBOIICTBAMIA.
OTu neicTBUsS 06JIer4aioT IOCIemyIoIIyio o6pa-
O0TKY OTXOAOB, TMOBBIMIAIOT ee 3(PHEKTUBHOCTD,
CITOCOOCTBYIOT CHVKEHMIO KOHEUHBIX 00bEMOB OT-
XOZOB, HaIlpaB/ISIeMbIX Ha XpaHeHMe U 3aXOpOHe-
Hue. O61ast CTpaTerust COPTUPOBKU U pa3aebHOTO
cbopa OTXOHOB perIaMeHTUPYeTCS HOPMAaTVBHbI-
MM JTOKYMEHTaMM U 3aBUCUT OT CYIIECTBYIOIIEN
CcUCTEMBI OOpallleHusI C PagMOaKTUBHBIMM OTXO-
IaMi, KOTOpasl OIpenessieT OCHOBHbIE KaTeropuu
OTXOMIOB, METOMbl MX 00PAOOTKM, KOHIUIIVIOHUPO-
BaHM U 3axopoHeHus [§, c. 29]. [Ipu peanusanuu
MepOoIpUITUIi o BD 4acTo BO3HUKAET CUTyaLUs
CMeIIVBaHMs OTXOHOB pasHoit Mopdojaorum mpu
bopMupoBaHUYM YITAKOBOK, UTO 3HAUMTEJBHO 3a-
TPYIHSIET IPOBEJEeHMEe AOCTOBEPHBIX M3MEpeHUI
panyvianMOHHbBIX XapakTepucTuk PAO.

st u3MepeHust aKTUBHOCTY OTXOJI0OB HEOOXO M-
MO Hajauuue COOTBETCTBYIOUIEN WM3MepUTEeTbHON
anmnapatypbsl ¥ BjlaJleHMe MeTOOMKaMM IPOBefe-
HUSI TIPSIMBIX M KOCBEHHBIX M3MepeHMii, oT6opa
WM TIPUTOTOBJIEHUSI MPOO 06pasioB. ITO 0CO-
GEeHHO Ba)XHO IIpM IIepeBOMe [e3aKTUMBUPOBAH-
HBIX 0OBEKTOB, 000PYIOBAHMS UM MaTepPUaaoB B
pasps HepagMoaKTUBHBIX, TIOCKOIbKY, UeM HIKe
KOHTPOJIbHbIE YPOBHM, TEM CJIOKHEE M3MEePeHMs, a
OUeHb HU3KMUIT YPOBEHb aKTUBHOCTM IOTEHIIMAJIb-
HO UMCTBIX JIMOO OUMINEHHBIX MAaTEPUAJIOB JO/KEH
OBITh ITOATBEPKAEH M3MEpPEeHUSIMMA.

Iyt TIPSIMBIX M3MEpEeHMiT aKTUBHOCTY MCITOJb3Y-
I0TCS Pa3IVYHbIE JETEKTOPbI MOHU3UPYIOMINX U3ITY-
YeHMI1, KOTOpbIe PACIIONATalOTCsI B HEITOCPEICTBEH-
HOJ OGnMM30CTM OT M3MepsieMoro obbekrta. MeTof,
KOCBEHHBIX M3MEpEeHMII COCTOMT B OIpemeleHun
YpOBHS He(PUKCMPOBAHHOTO WM CJ1abo (GUKCUPO-
BAHHOTO 3arpsiI3HEHMS Ma3Ka, B3SITOTO C KaKOi-Jn160
ITOBEPXHOCTH (YPOBEHD 3arpsSI3HEHMS OIIPeIesIeTCs
MPSIMBIM M3MepeHueM Ha rpubope) [8, c. 30].
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Mepepab6oTka, KOHAULMOHUPOBaAHME U TpaHcnopTupoBaHue PAO

IlocToBepHOE WM3MepeHMe paAMallMOHHBIX Xa-
pakrepuctuk TPO HemoCpenCTBEHHO B yIIaKOBKAaxX
(KOHTeliHepax) BO3MOXHO TOJIBKO [JisI TaMMa-u3-
JIyYaromuxX pajuoOHYKINAOB C BHICOKUMMU IHEPTUSI-
MU raMMa-KBaHTOB, T. K. TaMMa-U3JIydeHe HUSKUX
sHepruii, anbda- u 6eTa- U3IyUYeHNE TPAKTUUECKU
MOJTHOCTBIO TIOIJIONIAETCsl CTEHKaMU KOHTeliHepa 1
MaTepuajiaMy OTXOMIOB.

[MpyuuHamMu TPYJHOCTE MPU KaTeropMupoBaHUU
TPO 1o ynenbHOM aKTUBHOCTU PaAVOHYKIUIOB B
yIakoBKax (KOHTelHepax) SIBJISIIOTCS
BBICOKAsi  IIOTPelIHOCTb  (HeOoIpeseeHHOCTD)
omnpeneneHus 3POeKTUBHOCTY PETUCTPALIN raM-
Ma-KBaHTOB pa3AMUYHOM 3HEPTUM TPU pacuere
yIeTbHOM aKTUBHOCTM PAAMOHYKINUIIOB, 00YCIOB-
JIeHHasl HepaBHOMEPHOCThBIO pacrpernenenus TPO
U PaAVOHYKJIUAOB B YIIaKOBKE;

BBICOKOE 3HAaUeHVe MUHMUMAJbHO JIeTeKTUPyeMOit
aKTMBHOCTU DPaAVOHYKIUIOB C HU3KOIHEPTeTU-
YyeCcKUMM ramMMa-usiaydeHuemM (Hamnpumep, y *'Am
Ey = 59,5 xaB) u3-3a TOI/IOWEHWS. U3TYIeHNs pa-
IVOHYKJINIOB CTeHKaMM KOHTeliHepa U mMaTepua-
JlaMU OTXOZ0B;

HaJiMuye TPYAHONETeKTUPYEeMbIX PaIUOHYKINU-
OB, pacmaj, KOTOPbIX COMPOBOXKAAETCS raMma-
M3Ty4yeHMeM C MHTEeHCUBHOCTBIO, HeJJOCTATOUHOM
IJIS. perucTpaly HepaspyluawiyuMy MeTogamu
M3MepeHuit (Harpumep, 39241y, 24U, *Sr);
OIIMOKM Ha CTaAVM COPTUPOBKYU U YIIAKOBKU, ITPU-
BOJSIIME K TTONy4YeHUI0 ynakoBok TPO cmeniaH-
HOVi MOpQoJIornn;

OTCYTCTBME €AVHBIX TPeOOBaHMII K TOPSIIKY ITPOBe-
nmeHust pa6or rpu B3 IPOO B yacTy usMepeHust pa-
IUAIMOHHBIX XapaKTePUCTUK obpasytormyxcst TPO.
[TepBoHavasbHOE KaTeropupoBaHue TPO, obpa-
3ytomuxcst pu B3 ycraHoBKku «Y-5», MpoBOAnIoch
MmyTeM OmpefAeeHus UX pagualMOHHBIX XapakTe-
PUCTUK Ha OCHOBAaHMM M3MepeHMii U aHaiu3a raMm-
Ma-crekTpoB or TPO B KoHTeiiHepax OOJbIIOrO
obbema (3,1 M3, ToMIMHA CTAJBHOI CTEHKU 5 MM).
C 1enpi0 yMeHbIIIeHUS BAUSHUS HEOAHOPOLHOCTU
pacrpene/ieHUs] aKTUBHOCTM PaAMOHYKIUIOB B
TPO m3mepeHMs MPOBOOAMINCH MEPEHOCHBIM TaM-
Ma-CIIeKTPOMETPOM C KaXKI0¥ CTOPOHbI KOHTeliHe-
pa € MoCaeayIoMM yCpeJHeHeM MOTyYeHHbIX pe-
3ynbraToB. OeHKa 3h(GEeKTUBHOCTY PEruCcTpanyun
raMma-KBaHTOB JJIsl pacueTa yHelbHOV aKTUBHO-
CTU OTIpe[iesisiiach TOAbKO B 3aBUCUMOCTU OT Tapa-
MeTpPOB KOHTeliHepa U IJIOTHOCTY MaTepuaaoB OT-
XOZ0B, 6e3 yueTa MOPGhOIOTUUECKOTO COCTaBa. ITO
MPUBEJIO K TOMY, YTO MMHUMAJIbHO AeTeKTUpyeMast
akTUBHOCTh (MIJA) OTHEenbHBIX PaAVIOHYKINIOB
npeBbicuaa B 10—100 pa3 ux MMHMMAAbHO 3HAYK-
MY akTMBHOCTb (M3VA) (Hampumep, Mo pe3yabTa-
tam usmepenunit MIOA nys 'Am — 6oee 10° BK/KT)
BCJIE[ICTBME TOIJIONIEeHNUSI PeHTTeHOBCKOTO U TraM-
Ma-U3TydeHUs] pagUOHYKIUIOB CTeHKaMU KOHTeli-
Hepa ¥ MaTepuajiamu OTXOHoB. [IpoBecTu KaTero-
pupoBanue TPO B 3TUX yUIOBUSIX HE YOAIOCh.

CTOUT OTMETUTh, UTO B OTPACIeBOM peecTpe Me-
TOAVK U demepasibHOM MHMOpMaIMOHHOM GOH/e
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3aperuCcTpMUpOBaHa TOJbKO OJHA MEeTOAMKa M3Me-

peHus yaeabHOM aKTMBHOCTY raMMa-U3/Tyuaroiimnx

PaJIMOHYKJINAOB HEMOCPEICTBEHHO B YIaKOBKax

¢ TPO, npuyem AaHHas MeTOOMKA MpUMEHMMa K

ymakoBkaM oO0bemMoM He 6ojee 400 1. MeToguku

U3MepeHMs pagualMOHHbIX XapakTepuctuk TPO B

KOHTeliHepax 60JblIero 06bemMa OTCyTCTBYIOT.

[yis mipoBeeHMUSI KOPPEKTHBIX W3MepeHuil U
cHmkenuss MJIA npu onpeneneHuUM yoeabHONM ak-
TUBHOCTM PAAVOHYKIUIOB ObUIM TIPEIIIPUHSITHI
clenyloue geiCcTBUS:
 YMeHbIlleH 06beM YI1akoBoK usmepsiembix TPO mo

200 m;

- B KauecTBe ymaKoBOK Bei6GpaHa 200 1 60uKa ¢ TOJ-
LIMHOJ CTeHKM 1,5 MMm;

« CKOppeKTHpOBaHa OubnMoTeKa pPaIVOHYKIUIOB,
UCXONST U3 TIpe[ilojiaTaeMOoT0 XapakTepa 3arpsis-
HeHus TPO;

« IJIS1 YMEHbILIeHUs BJMUSIHUS HEOJHOPOSHOCTU
pacmnpefiesieH s aKTUBHOCTU PagMOHYKIUIOB B
TPO u3mepeHMs1 MPOBOAMIINCH HA BpaLAIOIIeMCsI
cTorne;

 YBEJIMYEHO BpeMs Habopa CIeKTpa raMmma-usmiy-
Yaloumx paguoHyKIUI0B.

[laHHbIe MepOTpPUSITUS TIO3BOJUJIN TIPOU3BECTU
M3MepeHue yIeabHOV aKTUBHOCTM OCHOBHBIX raM-
Ma-U3JIyJaromx paguoHykiaumoB ’Cs u *'Am c
ypoBHeM MIIA, He mpeBbimawmmumMm M3VA, u kare-
ropupoBaThb ynakosku TPO.

CnemyeT OTMETUTb, UTO HA yCTaHOBKe «Y-5» OT-
pabaThIBAICS TEXHOJNOTMUECKUI TIPOIeCC BbIfe-
JIEHUSI M OUMCTKM OT OCKOJIKOB JieJieHVs U30TOIIOB
IJTYTOHYSI, TIOTyYeHHOTO U3 OOTYyYeHHOTO B SAep-
HbIX peakTopaxX ypaHa. CoOOTBETCTBEHHO, KOH-
CTPYKIMOHHBbIE MaTepuasibl 3JaHUS U YCTaHOBKMU,
na6opaTopHoe 060pyHmOBaHME 3arpsi3HEHBI TaKKe
TPYAHOAETEKTUPYEMBbIMM M30TOTIAMM ypaHa, ILTy-
TOHMS U *°ST.

BeinosnHeHMe M3MepeHuit yaeabHOM aKTUBHOCTU
TaKUX PaJVOHYKIUAOB BO3MOXHO TOJbKO C MPU-
MeHeHMeM J1abopaTOPHBIX METOMIOB paspyllaio-
11ero KOHTPOJIS Y/WIU MEeTO1a «PaANOHYKIUIHOTO
BEKTOpa».

BONBIIMHCTBO CYIIECTBYIOIIMX METOOB OIlpe-
JleJieHUsI aKTUBHOCTU TPYIHOAETEKTUPYEMbIX aJlb-
da- u 6eTa-MU3MYIAIOIMINX PAIMOHYKIUAOB OCHOBA-
Hbl Ha MPUMEHEeHUM TPYA03aTPaTHbIX METOAMUK C
pagMoOXMMMUUEeCKUM BbIfieJieHeM M30TOIIOB, 3J1eK-
TPOOCAXKIEHNEeM M30TOMOB HAa MMIIEHb [JISI ajlb-
(da-uzmyuareneit ¥ MOCIETYIOUIMMY PAAVOMETPHU-
YeCKMMU W/WIN CIIEKTPOMETPUUYECKUMU U3Mepe-
HUSIMM, TPeOYIOIMM, KpOMe BCero, Bbicovaiiiinei
KBasIMbUKaLMK ITepcoHaIa.

[MoBeiuenre 3(MGEKTUBHOCTM XapaKTepusalumn
PAO, comepskaliux TPYOHOOETEKTUpPYyEMbIe ayibda-
u GeTa-usnyvyalolie pagMoOHYKINIbI, BO3MOXKHO
3a CUeT COBMECTHOTO TIPUMeHEeHUsT Pa3pylialinx
U HepaspymaniInux MeTomoB KOHTposs [9]. Ilpu
3TOM OTOOD, IMOATOTOBKA ¥ aHaIM3 IPOO BHIMOI-
HSIIOTCSI B XO[ie CIelaJbHOIO MCCIef0BaHUS [IJis
YCTAHOBJIEHUSI KOPPeSIUii MeKIy aKTUBHOCTSIMU
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KOHTPOJIMPYEMbBIX PAJIUOHYKINAOB (BK/IIOUAST aJib-
da- m Gera-msnayuaTenu), a TEKYyUIUii KOHTPOJb
PAO BbINOMHSIETCS HEpas3pyLIAIIMMMU METOZaMM’
C UCTIOTb30BaHMEM YCTAHOBJIEHHbBIX KOPPESIMOH-
HbIX COOTHOIIEHUI UK 3aBUCUMOCTEN. ITOT MOJ -
X0, K pamuanmMoHHOMy KoHTpomio PAO momyumn
Ha3BaHME «MeTOola PpaIUOHYKIUIHOIO BEKTOpa»
(nuclide-vector) miau «MeTon MacCIITAOUPYIOMINX
koadbduumentos» (scaling-factor). Meton panyo-
HYKJIMIHOTO BEKTOpa MCIIONIb3yeTCsl IJIsl Xapak-
tepusauyum PAO B GOJIBIIMHCTBE BEOYIIMX CTPaH
B 006JIaCTM MCIIOIb30BAaHMS aTOMHON SHepruu, u
omycaHa B JokymeHTe MATATD NW-T-1.18 [10] u
craggapre 1SO 21238:2007 [11].

Ero npumMeHeHue 3HAUYUTENbHO CHMKAET TPYHO-
€MKOCTb M3MepeHMit Ipu GOoNMbIINMX 06beMax MC-
C/IeoBaHMil, HO TpebyeT MpeaBapuUTeIbHbIX J1a00-
PaTOPHBIX U3MEpeHUI YOenbHOM aKTUBHOCTYU aJib-
(a-, 6era- 1 raMmmMa-u3IyYaIOMIMX PAAVIOHYKINIOB
IIJIST BbIOOpA perepHbIX PaAVMOHYKIMIOB M pacyeTa
K03GbPUILIMEHTOB KOPPEJISIIIAA.

OmHMM 13 COBpEMEHHBIX J1abopaTOPHBIX METO-
JIOB pa3pyllaloliero KOHTPOJIs, IO3BOJSIOIINM
MPOBOAUTDL 3KCIIpecc-aHa/IU3 TPYAHOHLETeKTUPY-
eMbIX paJMOHYKIUAOB (anbda- U 6eTa-u3rydaro-
MIX) IIyTeM «CKPMHMHTa» 6€3 pagMoXMMUIecKOii
MTOATOTOBKM TIPOO WM C MUHUMAJIbHOV YIIPOIeH-
HOJi TIOATOTOBKOM CUETHBIX 00paslioB, SIBJISETCS
JKC-cekTpoMeTpusi € WUCIIOJb30BAHUEM CHelu-
aaM3MPOBAHHOTO IMPOrpaMMHOr0 obecreueHus: 06-
pPaboOTKM CIEKTPOB PaAMOHYKIMUIOB. [IpuMeHeHMe
IIAHHOTO METO/Aa B COUeTaHUM C MOJYIIPOBOIHUKO-
BOJ TaMma-CleKTpoMeTpueli pelraeT MOCTaBIeH-
HYyIO 3amauy [12—14].

IIpensiaraemblie penieHMs U BbIBOIbI

BBupay BbIllIeCcKa3aHHOTO CTAHOBUTCSI OUEBUIHO,
YTO CYHIECTBYeT IOTPeGHOCTh B peraaMeHTaluu
MPOIeCCOB M3MepeHMUs paguallMOHHBIX XapakTe-
puctuxk TPO mipu B3 06beKTOB SAepHOr0 HaCaeI s,
a Takke pas3paboTKe eIMHbIX TpeGOBaHMUII K IMPO-
BeJleHMIO M3MepeHMI paJualMOHHbIX XapaKTepu-
ctuk TPO B ynnakoBKax (KOHTeliHepax) pa3anudHOro
ob6beMa C 1e/IbI0 X MaCIoPTU3AIUU PA3TUIHBIMU
MeToJaMy Hepa3pylIaloero ¥ JabopaTopHOTO
KOHTpOJIs. Hannume Tpe6oBaHmii K M3MEPEHUSIM B
BUJle TUIIOBBIX METONMK TO3BOJUT IOBBICUTH Be-
POSITHOCTDh MPUHSITUS TPABUJIBHOTO pellleHUs Py
kaTeropupoBanuyu TPO (IpoMbIilyieHHbIE OTXOMBI,
3arpsi3HeHHble TEeXHOTEHHBbIMU PaaVOHYKIUIAMU,
OHAO, HAO, CAO). Hanuune Takoii periiamMeHTa-
LMY TI03BOJUT OOJIee TOYHO OIIEHMBATh 3aTPaThl
Ha MepompusTUs o B3 B yacTu Xxapakrepusanumn
OTXOZI0B.

Ha ocHoBe ormbiTa M3MepeHUIT paaualMOHHbBIX
XapakTepucTuk yrnakoBok TPO mpu B3 ycraHOBKU
«Y-5» 1 aHaM3a METOAMYECKO 6asbl, IpeiaraeT-
cs1 pa3paboTaTh perjaMeHT M3MEepeHMt pagualu-
OHHBIX xapakTepuctuk TPO, cogepskamuit equHbie
TpeboBaHMs K MOPSIAKY MTpoBemeHus paboT rpu B3
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SIPOO B yacTu M3MepeHUs pagualiMOHHBIX Xapak-
Tepuctuk TPO, a Takke psifi TUTIOBBIX METOAMUK MU3-
MepeHMI1 YO e/IbHOM aKTUBHOCTU PaAVOHYKINIOB.

[t OLIeHKY TIOTPEOHOCTH B JaHHBIX MMPOAYKTaX
CTOUT OTMETUTh, UTO TOJbKO Ha Tepputopumu AO
«BHMMHM» npu BbinosHeHuu pabot no B3 IPOO
(YP3 N22, 9, ycraHoBka «Y-5», kopmyca «A», «E»,
«K» m XIM) B nepcniektuBe n0 2022 r. miaHupy-
etcst obpasoBanue mo 3000 m® TPO pas3nanduHOI
Mopdosornu (CTpOUTENIbHbIE OTXOMbI, TIACTUKAT,
dbparmenTsr o6opynoBanus, C3, TpyHTbI), 3arpsi3-
HEHHbBIX TEXHOT€HHBIMM PAAVMOHYKIMUIAMMU, BKITFO-
yasi TpyJHOmeTeKTupyeMbie. OlleHKa 06beMOB 06-
pasosanust TPO npu BO Ha Apyrux npenmnpusiTusx
JIOCTUTAET COTEH THICSTY KYOOMETPOB.

PernmaMeHT U TUIIOBbIe METOIMKM pa3pabaThiBa-
I0TCSI HA OCHOBE aHa/MM3a HayYHO-TeXHUYECKOM MH-
dbopmanuu, Tpe6oBaHMII POCCUIICKMX HOPMATUB-
HBIX TPABOBBIX aKTOB B 0OJIACTU MCITOIb30BAHMS
aTOMHOJ 3HepIrum, MeXIyHapOIHOM U POCCUTAICKON
MpakTuKy obpamienus ¢ PAO, mpu ux paspaboTke
OYIyT YUTEHBI:

+ He0OXOIVMbIe XapaKTePUCTUKM U3MEPUTETbHOTO
060pyIOBaHMsI Ha OCHOBAHUM MCXOMHbBIX TaHHbIX
0 (usmueckux MapamMeTpax, pPagMOHYKINITHOM
cocTaBe UM yaenbHON aktuBHOCTM TPO, mapame-
Tpax yIakoBKMU;

« BAMSIHME T[IapaMeTpoOB M3MepPSIEeMOro 0ObeKTa
(reoMeTpuuecke pasmepsbl, INIOTHOCTb U COCTaB),
OKpYsKalollleit cpefibl (TemMrepaTypa, BJIaKHOCTb,
JlaBJeHNe) ¥ BpeMeHU U3MepeHUs] Ha MeTPOJIOTH -
yeckye XapaKTePUCTUKIU Pe3y/IbTaTOB U3MePEHMS
(OTPenIHOCTb, MMHUMAJIBHO JIeTeKTMpyeMas ak-
TUBHOCTb, TOCTOBEPHOCTb MIOEHTUGUKAIIUMU pa-
IVOHYKJIMAOB) Kak IJIs M3MepeHuii in situ, Tak u
IIJIsT TaGOPaTOPHBIX METO/IOB.

B kauecTBe TMIIOBBIX IpeAIIonaraeTcss pa3pabor-
Ka MeTOAVK M3MepeHUs yaelbHOl aKTUBHOCTHU pa-
IVOHYKJIMAOB in Situ 1 JabopaTOPHBIMU METOIAMU
C y4eToM IIpolemyp oTbopa Ipob (Mecta oTbopa,
KOJIMYECTBO, 06beM M pasMepbl (parMeHTa MaTe-
puasia, maonaab MOBEPXHOCTH CHATUS MasKa) TPO
B BU[I€ CTPOUTENbHBIX OTXOMIOB, IJIACTUKATA, Gpar-
MeHTOB 060opymoBaHust, CVI3, rpyHTOB:

« TaMMa-u3JIyvalonMx pagMoHyKIUIOB B Mpobax
TPO m TPO, pa3meleHHbIX B YIIAKOBKAax U CTaH-
JapTHBIX KOHTeHepax 06beMoM 110 3,1 M3,

+ M30TOTIOB ypaHa, IUTYTOHMSI, CTPOHIIMSI METOIOM
JKC-criextpomeTtpuu B mpobax TPO,

- IpMMEHEeHMsT MeTOAa <«PAAMOHYKIMIHOIO BEK-
TOpa» [Jis ompenesieHUs TPYLHOLETEKTUPYEMbIX
pagnoHyKINmoB (*°Sr, 234238 239.241py) B TPO.
TumnoBble METOOMKM JIOJKHBI COOTBETCTBOBATD

cranpapty l'ockopriopatmu «Pocatom» OCT 95 10351

«Obmue TpebOBaHMS K METOAMKAM BbITTOJHEHMUS

usmepenuii» [6], mpukasy lockopropaunn «Poca-

ToM» OT 31 oKTs16pst 2013 1. N2 1/10-HITA [5].

PaspaboTka yKa3aHHOTO perjaMeHTa TO3BOIUT
YCTaHOBUTDH €[VHbIe TPeGOBaHMSI K YCIOBUSIM U
MeTomaM IIPOBEIEHMSI M3MEepeHMii paaualoH-
HbIX xapakTepuctuk TPO (B Buae CTPOUTEIbHBIX
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OTXOI0B, TUIACTMKATA, GparMeHTOB 060PYIOBaAHMS,
CU3, rpyHTOB), 006pa3yoOUIMXCS MPY MPOBEIEHUN
pa6ot o BD SPOO. IIpuMeHeHNEe TUIIOBBIX METO-
IVK TI03BOJIUT TTOBBICUTH BEPOSITHOCTb ITPUHSITUS
MPaBWJIbHOTO pellleHus] TpU KaTeropupoBaHUM
TPO.

K paspabarbiBaeMbIM JTOKyMEHTaM ITPUMEHUMO
MacIITabupoBaHMe Ha Jpyrue OOBEKThI, ITOAJIe-
skamye BD, yrpoinaioiiee BbIPabOTKY YHUDUIA-
POBaHHOI'O MOAX0AA K MPOIeccy XapakTepusauumn
TPO nipu B3 SIPOO.
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ON THE DEVELOPMENT OF REQUIREMENTS
FOR MEASUREMENT OF RADIATION CHARACTERISTICS OF SOLID
RADIOACTIVE WASTE GENERATED DURING DECOMMISSIONING

Varlakov A. P., Sergeecheva Y. V., Ivliev M. V., Germanov A. V.

JCS “High-technology scientific research institute of inorganic materials named after A. A. Bochvar”, Moscow, Russia

Article received 8 October 2018

The experience about characterization of radioactive waste placed in primary packaging, obtained during practical
works on decommissioning of nuclear power facilities on the territory of JSC VNIINM, is generalized. Measures have
been analyzed and proposed for organizing and conducting a process for measuring radiation characteristics of solid
radioactive waste as building waste, plastic, fragments of equipment, fragments of personal protective equipment,

and soils.

Key words: requirements for measurement, measurement procedure, solid radioactive waste, radionuclide activity, decomissioning.
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