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N3NTY4EHUSA HU3KOAKTUBHbIX
OTXO040B AN151 OCBOOOXOEHUS
OT PErynmpytoLero KOHTPoA

PaccMoTpeHbl MeToAosIorn4eckne noaxoabl K U3MepeHuio MOLLHO-
CTU U3JYyYEHS HU3KOAKTUBHBIX PaaAN0aKTUBHbIX OTXOLOB C MPUMEHEHNEM
mMetrona ANHaMUYeCKOro aHanm3da HeCTauMOHapHbIX PaanaLnoHHbIX M0-
nen. lNpennaraembiii MeTOA aHann3a rno3BOJSIET BbIMNOTHUTL UAEHTUDUKAE-
LMI0 HU3KOMHTEHCUBHOIO MCTOYHVIKA N3JTyH4EHNST B YCIOBUSIX MOBbILLIEHHOMO
¢doHa n MoxeT 6bITb BOCTpebOBaH A4/15 xapakTepuaaumy paamoakTUBHbIX
OTXOAO0B C LeJIbI0 X 0CBOBOXAEHWS OT PErynpyoLero KOHTPOIS.
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3acTocyBaHH MeToAy AMHaMIYHOro aHaniay BUMpPoOMi-
HIOBaHHS1 HU3bKOAKTUBHUX BiAXoAiB ANSA 3BiJIbHEHHS Bif
perynio4oro KOHTPoo

Po3rnissHyTO MEeTo40/10riYHI NiAXoAN [0 BUMIPIOBAHHS MOTYXHOCTI BU-
MPOMIHIOBAHHSI HU3bKOAK TUBHUX PaI0aKTUBHUX BiAXOAIB i3 3aCTOCYBaHHSIM
MeToay ANHaMIYHOro aHanidy HectauioHapHux pagiauivinix nonis. Meron
AVNHaMIiYHOro aHanidy gae 3Mory ineHTUQikyBatn HU3bKOIHTEHCUBHE aXe-
[PesIo BUMNPOMIHIOBaHHS B YMOBaXx MiaBULLEHOro oHy i Moxe 6y Ty 3aCTOCO-
BaHWI A7151 xapakTepu3auii paaioak TUBHUX BiAXOAIB 3 METOHO iX 3BiIbHEHHS
Bil PEry/to040ro KOHTPOJIO.
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YKpauHe Ha yeTblpeX ACHCTBYIOLIMX aTOMHBIX 2JIeK-

TPOCTAHIIMSAX SKCIUTyaTUPYIOTCS 15 snepHBIX 2HEp-

ro6j0KoB o6mieit mMomrHocThio 13,835 I'Br. Ilpous-

BOJCTBO 2JIeKTpodHeprun Ha ADC cornpoBoxaaeTcs

obpa3oBaHMEeM paaMoOakKTUBHBIX oTxomoB (PAO)
pa3IMYHON aKTUBHOCTU KakK B XOJI€ OCHOBHOTO TEXHOJOTMYe-
CKOro Tipoliecca, Tak W IPU OCYLIECTBJEHUM PerjaMEeHTHbBIX
¥ PEeMOHTHBIX onepartuit. OO0lee KOJIUYECTBO TBEPIbIX PAIUO-
akTuBHbIX 0TX0/10B (TPO) Ha aeiicTByronmx ykpauHckux ADC
no cocrosHuIo Ha KoHell 2012 r. cocrasiser 38000 m3. Ilpu
atoM pactpeneneHue TPO kpaiiHe HepaBHOMEPHO — HU3KOAK-
tuBHbIe 0TX01bI (HAO) coctaBistior mout 95 % HaKOIUIEHHBIX
TPO [1].

OmHa W3 MPUYUH HaKOIJIeHUus Oonpiiux oobemMoB TPO
B xpaHuiauiax ADC — OTCYTCTBHE aImapaTypHOTO M METO-
JIMYECKOro odecrneyeHust MpoLeaypbl OCBOOOXIEHUST pailoak-
TUBHBIX MAaT€pHaJIOB OT PEryJaupylollero KoHTposs. CoriacHo
npakTuke obpalleHus ¢ orxomaMu Ha ADC, nio0ble maTe-
puaibl U3 30HbI CTPOrOro pexXnMMa aBTOMaTUYECKM CUMUTAIOTCS
pagMoaKTUBHBIMU OTXOJaMU U TIOMELIAIOTCSI B COOTBETCT-
BYIOLLIME STYEMKU XpaHUIUIL. TakuM oOpa3om, MOXHO a priori
YTBEPXKIaTh O HAJMYMM B HU3KOAKTUBHBLIX orxomax (HAO)
3HAYUTEbHBIX O0OBEMOB MaTepHUasoB, KOTOpble (HaKTUUYECKU
He SIBJISIIOTCS] paJlOAKTUBHBIMU M KOTOPbIC MPU BBITTOJTHEHUU
COOTBETCTBYIOLMX TPOLIEAYP MOIJIU Obl ObITb U3BSTHI U3 CO-
craBa PAO 1 0CBOOOXIEHBI OT PETyIUPYIOLIETO KOHTPOJS.

Kpurepuu, corjacHo KOTOPBIM MaTepualibl MOTYT ObITh
KJaccu(pUIIMpOBaHbl KaK pagdOaKTUBHbBIC, TPUBEACHBI B pa3-
nene 15 OcHoBHbIx caHuTapHbix npasuia (OCITY) [2]. Panuo-
aKTHBHBIE MaTepuasbl OMpPENeSeHBbl KaK «JTI00ble MaTepuabl,
BKJIIOYAST paduoakmuervie omxoobl, yIeiabHash WJIM CyMMapHast
aKTUBHOCTb PAJMOHYKJIUJIOB B KOTOPBIX TPEBBIIIACT IPAaHUY-
Hble 3HAUEHM s, YCTAHOBJIEHHbIE HOPMaMU, TpaBUJIaMU U CTaH-
IapTaMu MO SACPHON M paJIualMoOHHON Oe3omacHOCTI» [3].

B rurueHnyeckux HopMmaTUBaxX <«YPOBHU OCBOOOXE-
HUSI PaJIMOAKTUBHBIX MaTEpPUaJOB OT PEryJaupyloliero KoH-
Tposis» [4] paanMoakTUBHBIE OTXOMbI OIpEIeJeHbl KakK OT-
neiabHast (popMa paiMOaKTUBHBIX MaTepUaJioB U CKa3aHO, YTO
Ha HUX PacrpOCTPaHSIIOTCS BCE YCIOBMUSI U KPUTEPUU OCBO-
OOXJEHUST OT PEryJupyrouero kKoHtpossi. B ykazanHom no-
KYMEHTE JeTaJM3UpOBaHbl TPeOOBAHUSI M YCJIOBUSI OTHOCHU-
TEJIbHO TIOJTHOTO OCBOOOXIEHUSI PAAUOAKTUBHBIX MATEPUATIOB
OT peryaupyitouiero KoHtpojs. CorimacHo [4], «MmaTepuaibl,
OTBEYAIOIIIME YCJIOBUSIM OCBOOOXICHUSI OT PETYJUPYIOIIETO
KOHTDOJISI, B AaJIbHEMIIIEM He NOJKHBI pacCMaTpUBAThCS Kak
pagvoaKTUBHBIE».

W3 cpaBHeHus aeiicTBywomux B YKkpanHe u B EC ypoBHeit
OCBOOOXKIEHUS OT PEryJIUpYIOIIero KOHTpos (tabm. 1) ciaenyer,
YTO YCTaHOBJIEHHbIE B YKpaWHe YPOBHU OCBOOOXAEHUSI HOCST
KpaiiHe KOHCEepBATUBHBIN XapakTep; MX TpaKTUUYeCcKoe Tpu-
MEHEeHHEe B IpoLeccax COPTUPOBKU U KOHIAMIIMOHUPOBAHUS
TpebyeT HCIOJIb30BaHUSI YYBCTBUTEJIBHOM M JOPOTrOCTOSILEH
anmnapatypbl, Kotopoit ADC B Hacrosillee Bpemsi He 00J1aaioT.

YcraHoBleHHBIE [4] ypOBHU OCBOOOXIEHUSI pacrpoOCTpaHsi-
I0TCSl Ha T€ paJiMoaKTUBHBIC MaTepuabl, BKiwouas TPO, koTo-
pble 00pa3yloTcs MPU MPOU3BOACTBE SIACPHON DHEPrUU, B TOM
yucjae B pe3ysbTrare ACSITeJIbHOCTH B paMKax KaKou-1ubo ua-
cTu siaepHo-ToruiMBHoro mnukiaa (ATL), mpu skcnayarauuu
M CHSTUU C IKCIUTyaTalluu SIIEPHBIX YCTAHOBOK U OOBEKTOB
o obpameHuto ¢ PAO.

OCHOBBIBasICh Ha TIPAKTUUYECKOM OIIBITE XapaKTepu3aluu
Hu3koakTuBHBIX TPO, ¢ yuerom neiictBytomux B EC ypos-
Hell 0OCBOOOXIEHUST MOKHO MPEANOI0XKNUTh, YTO 00bEM HaKOII-
JIeHHBIX Ha yKpanHcKnX ADC Hu3koakTuBHBIX TPO 3aBbilicH
Kak MUHUMYM BJBO€ BBUIY BKJIOYEHUSI B HUX TPOMBIII-
JICHHBIX HEepaguOaKTUBHBIX 0TxomoB. st 3apybexxHbix ADC
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HpI/IMeHCHI/IC METOdAa NUHAMMWYECKOIO aHaar3a U3ITYYCHUSA HU3KOAKTUBHBIX OTXOOO0B IJIsA OCBOOOXIEHUS OT PETYIIUPYIOLIETO KOHTPOJIA

Tabauya 1. YpoBHU OCBOOOXIEHUS OT PEryIupylolero Koutposus, bk/r

1 4$%8$ TEHNF,
—./.012
1) (<8 14) (<@ B:@;%"$C%? RP DE B:@;%"$C%? RP 66H B:@;%"$C%? RP 661 *3$84%#3
9$4%)&:" ;%4 0/ 3,53%; . -@),(A4<_&°/’7 F:#) (<&= )*Q0)A4<&H? F:#) (<&= )*Q0)A4<&%? POJIUK #)(<&= RS5G5678
DR )00 . DI METAJLJIOB) JUIS CTPOUTEJIbHBIX MATEPHAJIOB) 0CBOOOKIEHHST)
Mn-54 10 0,1 1 0,1 1 0,1
Co-58 10 1 1 0,1 1 1
Co-60 10 0,1 1 0,1 0,1 0,1
Ag-110m 10 0,1 1 0,1 0,1 0,1
Cs-134 10 0,1 1 0,1 0,1 0,1
Cs-137 10 0,1 1 1 1 0,1
Sr-90 10 1 10 1 1 1

C BOIO-BOASIHBIMM 3HepreTuyeckumu peakropamu (BBOP)
POCCHUICKUX MPOEKTOB, 00beM OOPa30BaBIIMXCS TBEPIAbIX OT-
XOJIOB IO KaTeropusiM OLEHUBAETCS MPUOJU3UTEIBHO CIeIYI0-
M obpasom, % [5]: mpombiiieHHble OTX0Abl — 50; OueHb
HU3KOAKTHUBHBIC OTXOAbl — 25; HU3KOAKTUBHbBIC OTXOIbl — 18;
CpelHeaKTUBHBIE OTXOIbI — 8§; BHICOKOAKTUBHBIE 0TX0AbI — 0,5.

[MpuBeneHHbIC TaHHbIC CBUAETEIbCTBYIOT O HAJIMYUU B 00-
1eM o6beMe HECOPTUPOBAHHBIX PATNOAKTUBHBIX MaTePUAJIOB,
kinaccuduumpyembix Kak HAO, orpoMHOro KojmyecTBa MaTe-
puanoB (kak MUHUMYM 50 %), KOTOpble (hakmuuecku pagano-
aKTMBHBIMU HE SIBJISIIOTCSI U MOTJIM Obl ObITb M3BSITHI M3 00-
mero oobeMa HakormjeHHBIX TPO 1o pe3ynbratam M3MepeHUuin
YIEJIbHON aKTUBHOCTH.

OcBOOOX/IEHUE OTXOMOB OT PETYJUPYIOLIEr0 KOHTPOJIS SIB-
JISIETCSl  KJIIOUEBOW JesITeJIbHOCTBIO, KOTOpasi MPUHILIMITUAb-
HBIM 00pa3oM BimseT Ha 3(ppeKTuBHOCTh obpaiueHus ¢ PAO.
Ilpy HOpMajbHOW BKCIJyaTallud OT PEeryJupylolero KoH-
TPOJIsL MOIYT GObITh 0cBOOOXAeHb 50—60 % TPO, oGpasyio-
LIMXCSI B 30HE CTPOTOro pexkurma, YTO MPUBEACT K 3HAUUTE/Ib-
HOMY CHMXKEHHUIO 3aTpaT Ha KoHauuuoHupoBaHue TPO u mx
nocJieyolee 3aXOPOHEHUE.

OO6ire TpeOGoBaHUSI U KPUTEPUUM OCBOOOXICHUS MPAKTHU-
YeCcKOU NesITeIbHOCTU WM UCTOYHUKOB MOHU3UPYIOIIETO W3-
JIydeHUsT B paMKaX MpaKTUYECKOW IesITEIbHOCTH OT Peryu-
pytoiero koHtposst (PK) ycranosnens B paznene 9 HPBY-97
[6]. YkazaHo, 4TO OCBOOOXIEHUE OCYIIECTBIISICTCSI PETYJIUpPY-
oMy opranamu (PO), ecnu BBIMONHSIIOTCS Kpumepuu 0c60-
60%c0eHUs VIV €CJIM UCTOUHUKHU COOTBETCTBYIOT TEM YPOGHAM
0c6060xcdeHus, KoTopble onpeneieHbl PO Ha ochose ycmanos-
ACHHBIX PeyAupyiowuUMU OPeaHamu Kpumepues 0ce000icOeHUs.

OcBOOOXIEHUE paJMOAKTUBHBIX MaTepuajioB OT peryjiu-
pYIOILIEro KOHTPOJISI TyTeM IMpeKpalleHUs pagualiMOHHOIO
KOHTPOJISI MOXET OCYILECTBJSITbCS Ha JIIOOOW CTaAuU TEXHO-
JIOTMYECKOTO IIMKJIa: HENMOCPEACTBEHHO Iocje 00pa3oBaHUs
paaIMOaKTUBHBIX MaTEpPHUAsioB; TMOCJIE MX BBIACPKKH C LETbIO
YMEHbILIEHUSI aKTUBHOCTU; JI0 WJIU TMOCJE Ae3aKTUBALUU U JIp.
Takum oOpa3oMm, BO3MOXHO TPUMEHEHME MPOLEAYPbl OCBO-
OOXJIEHWSI OT PETYIUPYIOIIETO KOHTPOJS TBEPIAbIX HU3KOAK-
TUBHBIX OTXOIOB, KOTOpbIE B HACTOSILLEE BpEeMSI HaXOISITCS
B xpaHuianax ADC u OyayT M3BJIEKATbCS U3 sSUEEK JJIs KOH-
nuuroHupoBaHus. [ToMMMO M3HAYaJbHO HEPAAMOAKTUBHBIX
MaTepualioB, TIONMaBIIMX B s4eliku xpaHuuuil TPO, 3Ha-
yutesnbHass yactb HAO BciencTBue IIMTEIBbHOIO XpaHEeHUs
M PalMOaKTUBHOIO pacraja HyKJIUJIOB MOXET ObITb OCBOOOX-
JIEHa OT PeryJvpyIollero KOHTPosl U KjiaccuduurpoBaHa Kak
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MPOMBILLIJIEHHBIE OTXO/bI, YTO CHU3UT HArpy3Ky Ha YCTaHOBKU
KOHIMUIIMOHUPOBAHUSI Y TIPOIJIUT UX pecypc.

TexHuyeckass BO3MOXHOCTh OXapakKTepU30BaTb BeChb O0b-
€M TBepAbIX HM3KOAKTUBHBIX OTXOJOB M MPOBECTU MX KJjac-
cudukaumio s Bblbopa 0€30MacHOr0 M SKOHOMMUYECKU
3¢ deKTUBHOrO BaprMaHTa OOpallleHUusI OCHOBaHAa Ha TpUMe-
HEHWU TaMMa-CIeKTPOMETPUYECKOTO KOMIIJIeKca Ha OCHOBE
NnosynpoBOoAHUKOBbIX OYI-1eTeKTOPOB C LENbI0 TOCTOBEPHO-
TO OmpeefeHUs] HYKJMIHOTO COCTaBa OTXOMOB, M3MEPCHUS
YIEeJNBbHON 1 O0Ilell aKTUBHOCTH PAJIMOHYKJIUIOB Ha YPOBHSIX
Huxe 100 bk/kr. Takas 3amgaya TpeOyeT IOPOroCTOSIIEro WH-
CTPYMEHTAJBbHOTO M MeToJauueckoro obecreyeHusi. Kpome
TOro, aKcruryaTupyoiuast opranuzauus HADK «BHeproarom»
He TroTOoBa K 3aTparaM, CBSI3aHHBIM C BHEIPEHUEM yKa3aHHOIO
obopynoBaHust st cHaTUs TPO ¢ peryiupyionero KOHTpoJis,
MOCKOJIbKY JIeHCTBYIOIIAasl B YKpauHe cUcTeMa HaJloroooJioxe-
HUsl Ha oOpaieHue ¢ PAO He mpemycMmarpuBaeT OIJiaTy co
cropoHbl ADC 3a 3aXOpOHEeHUE KOHAULIMOHUPOBaHHbBIX PAO u,
COOTBETCTBEHHO, OTCYTCTBYET 3aMHTEPECOBAHHOCTb K YMEHb-
mweHuio oobemoB TPO, nepenaBaeMbiX Ha 3aXOpPOHEHUE.

OnHako BMECTO MPOBEACHUS MPSIMbIX U3MEPEHUI IKCILIY-
aTupylolas opraHuM3alus Mo corjacoBaHuio ¢ ['ocarompery-
JupoBaHreM U [ocymapcTBeHHOI CaHMTAapHO-3MUIEMUOIO-
TUYECKOM CIIyX)KO00il MOXET YCTaHOBUTH HPOU3BOOHblE YPOBHU
OT yKa3aHHBIX B [3, 4] 1030BBIX KPUTEPUEB MJIU YPOBHEN OCBO-
OoxaeHusl (Harpumep, YPOBHU MOILHOCTM J03bl BHELIHEro
W3Jy4YeHUs) C 1LeJblo OOOCHOBAaHMSI COOTBETCTBUSI Marepua-
JIOB, 00pa30BaBLIMXCSl B paMKaX MPaKTUUYECKON IesATeIbHOCTH,
KOTOpasi ToArnajgaja ToA PeryJupyounii KOHTpoJb, Tpebo-
BaHUSM OCBOOOXIEHMS OT PEryJupylouiero KOHTPOJs MyTeM
npekpalleHus (clearance).

ITpou3BonHbIE YPOBHU OCBOOOXICHMSI OMPEALISIIOTCSI 9KC-
MyaTUpyIollel opraHu3alueil 11 KOHKPETHBIX MaTepuasioB
M UCXOAs U3 KOHKPETHBIX ycjaoBuii. [Ipy 0O6OCHOBaHUM TIpU-
MEHEHUsI TaKUX MPOM3BOAHBIX YPOBHEH MTOJKHO OBITH TOKa-
3aHO, UTO He OyIyT MPEBbIIIEHBl 3HAYEHUSI COOTBETCTBYIOLIUX
YPOBHEH OCBOOOXIEHUSI U J030BbIE KPUTEPUU OCBOOOXKAECHUS.
[Tpu U3MepeHMsIX UCTIONB3YIOT CTAHAAPT MPEATIPUSTUS, OTpac-
JIEBYIO VT MEXOTPACIIEBYIO METONMKY, KOTOpasl JOJKHa OBbITh
TpEeBApUTETHLHO COTJIACOBaHA PETYIMPYIOIIMM OPTaHOM.

I'TT HADK «DHeproatom» pa3dpaboTaH cTaHmapT «XapakKTe-
pu3allis MoTeH1iiiHO pafioakTuBHUX MarepialiB AEC nis 06-
IPYHTYBaHHsI 3BiJIbHEHHSI Bill PEryJiol4oro KOHTPOJIIO.
Metonununi BkasiBku» COY HAEK 031:2013 [7], nmpeaHa3Ha-
YEHHBIN 151 XapakTepu3aluKh pPaJiuoaKTUBHBIX MarepuasioB,
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BO3HUKIINX NIpY HOpMaJbHOM 3Kcruryatanuu ADC. I1pu atoM
MOTEHIIMAJIbHO YUCTBIMU CUMTAIOTCS MaTepuasibl, MOLUIHOCTb
9KCMO3UIIMOHHOM 103b1 (MB]]) KOTOpbIX HE MpeBbILIAeT ycTa-
HoBiieHHYI0 OCITY-2005 HMXHIOW TpaHUIY HU3KOAKTHUBHBIX
orxonoB: MO 4o = 1 MK3B/u.

OCHOBHBIMM CTaIMSIMM XapaKTepH3allMd COrJIacHO [7] gB-
JISIIOTCST U3MepeHust ypoBHsi MOJl ¢doHa raMmma-u3aydyeHus,
a TakxXe KOHTpoJib MBI U HEOMHOPOAHOCTU pacIpeneseHust
AKTMBHOCTU B TOTEHILIMAJbHO PAJAUOAKTUBHBIX MaTepuaax.
Kputepuem nonyctumMocT OCBOOOXAECHUSI TOPLUMU TOTEH-
[IMaJIbHO PAaJIMOAKTUBHBIX MaTEepUaioB (IIPM) OT PEryJupyro-
1IETO KOHTPOJIS SIBJIsSIETCSl HempeBbiieHrne MOJ1  3HaYeHU i
M9H¢OH 6ousiee yem Ha 0,03 MK3B/4.

[MpoBeneHHast Jlaboparopueil BHEIIHEro paaualMoOHHOro
KOHTPOJIS 1ieXa paaualiMoHHOi Ge3omacHocTu PoeHckoit ADC
nmpakTuyeckas: nposepka rnpeniaraemoir COY HAEK 031:2013
METONIOJIOTUH TT0Ka3aja €€ HeCOCTOSATEIbHOCTD: MpU (hakThye-
ckoMm conepxxaHuu Cs-137 B oOpaslie MMHUTaTOpa Ha YpPOBHE
122 Bbx/kr (1. e. BblllIE YPOBHSI OCBOOOXIEHMSI) MOIIHOCTb
03Bl OT OOYKM C MMUTATOPOM OKa3zajlaChb MeHblie MOLIHOCTU
no3bl oT (oHa (0,096 u 0,099 MK3B/4 COOTBETCTBEHHO), YTO
00bsicHsieTcst 9 GHEKTOM CaMONOMIONICHU S U3ayueHust. Takum
obOpa3oM, mipsimble u3MepeHusi MO, ocHOBaHHbIE Ha U3Me-
pEHUU WHTEHCHUBHOCTU W3JIYYEHUSI — CKOPOCTHM CUeTa HM-
MyJbCOB, — HE MOTYT O0ECMeYUTh MPUEMJEMBbIil pe3yJabTar
IUIST  TIOJIyYEHUs] HAJEeXHOTo OOOCHOBAHUSI OCBOOOXICHUS
PAIMOAKTUBHBIX MaTEepUajioB OT PETYJUPYIOLIET0 KOHTPOJS.
B TO Xe BpeMsi 3TU pe3yJNbTaThl CBUAETEIBCTBYIOT O HATUUUH
WCTOYHWKA W3JyYEeHMs, BHOCSIIETO CBOM BKJaa B (DUKCHUPO-
BaHHOE MPUOOPOM KOJIMUYECTBO UMITYJIbCOB.

st BbISIBAEHUSI HU3KOAKTUBHBIX MCTOUHMKOB panloak-
TUBHOT'O M3JIy4YE€HUS B YCJIOBMSIX MOBBIILIEHHOTO (hOHA Tpeia-
raeTcsli IpUMEHUTh METOIl IMHAMUUYECKOro aHaM3a HeCTaluo-
HapHBIX paJiMallMOHHbBIX ToJIel, pa3paboTaHHbIl B UHCTUTYTE
reoxuMuun okpyxaroiuei cpenbl HAH Ykpaunsr [8, 9, 10].

Paccmotpum mipemsiaraeMblii moaxon aetajabHo. MHTEHCHB-
HOCTb ()OHA MOXKHO U3MEPUTH C BHICOKOI TOYHOCTbIO, HAOUpast
JIOCTAaTOYHYIO CTaTUCTUKY (puc. 1).

B kauecTBe npuMepa npuBeneHbI JaHHbIE U3MEPEeHUsT (HOoHA
nosumetp-paguomerpoM MKC-T1125A naboparopueil BHelll-
HETO PaJallMOHHOTO KOHTPOJIS 1exa paauallMOHHON Ge3omnac-
Hoctu PADC. JInst Kaxka0ii TOYKHM KOHTPOJISI UCIOJIb30BaIOCh
100 m3MepeHUll €O CTaTUCTUUYECKOM TOrPEITHOCThIO MEHee
10 %. VHTepBan coxpaHeHUS DPe3yJbTaTOB MEXIY TOYKAMU
u3MepeHust — 2 CeKYH/bI.

npm

MK3B/4

Touka 2

0,105 Touka 1

0,100

Lt et
.~

1 11 21 31 41 51 61 71 81  NewusmepeHus
Puc. 1. MoiHocTh 103bl, MK3B/4,

B YEThIpeX TOYKAX Ha MECTE MPOBEACHUSI U3MEPEHUN

B OCHOBY MC€TO/a II0JOXEH IOoAXO0n, OCHOBaHHBIII Ha am-
NJIUTYOAHO-BPEMEHHOM aHAJIM3C paJlMOaKTUBHOIO H3JIYy4YCHMUS.
I/ISMepHeTCH 1 aHaJIMU3UpyeTCsd HE TOJIBKO HMHTEHCUBHOCTb
U3Jydy€Husd, onpeaciadaeMasd 4YHUCIOM 3aperuCTpupoBaHHBIX
UMIIYJIbCOB M3JIYYEHHA B 3aJJaHHOM BPEMEHHOM WHTEPBAJC,
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HO M BpEMsl f; TIOSIBIIEHUST KaX10ro umnyieca [8, 9]. B pesyJib-
TaTre TIPOBEJAEHHBIX M3MEPEHUI CTPOSITCS T'MCTOTpaMMBl pac-
npeaesieHust aMILUIMTY U pacripeaeseHusl BpeMeH 3aperucTpu-
POBAaHHBIX UMITYJICOB.

Maremarnuecku 3ajadya BbISIBACHMSI U WASHTUGDUKALUU
WCTOYHUKOB PAJIMOAKTUBHOIO M3JIYyYEHUS! MHTEHCUBHOCTBIO
Ha ypoBHe (poHa 3akJiouaercs B cienytouieM. [yctb 3a Bpemsi
HenpepblBHOTO HabmoaeHus ¢ € [0, 7] uCTOYHMKA PaAOAKTUB-
HOTO U3JIyYeHHUSI Mbl PETUCTPUPYEM A PATUOAKTUBHBIX YaCTUILL
(MX aMIJIUTYA U BPEMEHU MOsiBJAeHUs1). Pe3ynbrat usmepeHuii
obpasyeT BbIOOPKY X = (X;, Xj,..., X,) U3 T€HEPAJIbHOW COBO-
KYITHOCTH, TPUYEM pacrpeieleHne KaxkI0ro X; OMUCHIBAETCA
pacnpeneneHreM Ilyaccona. 3HaueHUST BEIOOPKU X HAXOMSTCS
Mex 1y (PMKCMPOBAHHBIMU 3HaYeHUAMU X, 1 X, . BeposaTHOCTD
ToNagaHusl U3MEPSEMON BEIMYMHBI X B MHTEpBa OoT X, 10 X,
onucbiBaeTcsl GyHKIIMEN pacrpenaesieHus

X
Pi(x;)= [ SOy, (1)

X,

N (xi)
Ny
PErMCTPMPOBAHHBIX YACTHULL 3HEPTUM X; MONAAaeT B MHTEPBA

[X._;, X], i=1,m, wIn BepOATHOCTb TOrO, YTO 3aPErUCTPU-

poBaHHas YaCTULA MMEET 3HEPruio Xx;; N(x;) — KOIMYECTBO

rne dynkmms f(x;)= MOKa3bIBaeT, KaKas 4YacTh 3a-

m

4aCTHL C SHEprue X; ZN(xi) = N, — YMCJIO BCeX YaCTHII,
i=1

KOTOpBIE Monanu B MuHTepBal [Xy, X, |.

I8 1OCTOBEPHOrO BBISIBJIEHMSI MCTOYHMKA PaJUOAKTUB-
HOTO M3JYyYeHUsI HEOOXOOMMO pa3jMYUTh Ha crHekTpe ¢oHa
CUTHAJ WK CHEKTP, MPUHALIEKALNI UCTOYHUKY U3TyUYEHUS,
T. €. UIEHTU(MOULIMPOBATh MOMEHT MOSIBJIECHUS MCTOYHUKA Da-
IMOAKTUBHOIO U3JIyYEHUSI HA OCHOBE aHaju3a crnekTpos (hoHa
U UCTOYHUKA PAIMOAKTUBHOIO U3JIYUYEHMSI), TIOJTYYEHHBIX B pe-
3yJbTaTe U3MEPEHMs, UM, UHBIMU CJIOBAMHU, Ha OCHOBE CTa-
TUCTUYECKON WHGMOPMALMU BbISIBUTh CKAYKOOOpa3HOE HU3Me-
HEHUE CMEeKTpa MPU HE3HAYUTEIbHBIX BHEIIHUX BO3ACHCTBUSIX.

Jnst cpaBHEHMs] aMIUIMTYAHO-BPEMEHHBIX TUCTOTPaMM,
MOJIyYEHHBIX B pe3yjbTare MPUMEHEHUSI TMHAMMUYECKOro Me-
TONa aHajJu3a HU3KOMHTEHCHBHBIX MCTOUHUKOB, MPUMEHUM
WH(pOPMAIIMOHHBIN TMOAXOA, COIJACHO KOTOPOMY M3 U3BECT-
Hbix BoipaxkeHuit K. LllenHona [10] Bbruucasiem 3HaueHUe Kpu-
TepUsl CPABHEHU S

_1_H 2
A=1 ﬁ"o’ o)
rae HO = log n — MakKCHuMaJibHasgd SHTpOIIMsa MaCCHUBOB daH-

n n
woix; H =Y (P -log P) = Z(N%Vo 'IOgN%VO) — Tekyluast
i=1 i=1
OHTPONUA MACCUBOB JaHHBIX; P; — BEPOATHOCTb NPUHATUSA
CHUCTEMOI U3MEpPEHUs i-T0 COCTOSIHUSI; # — UYMCIIO KJIACCOB TH-
CTOrpaMMbl; N; — 4MCJIO TONafaHUii PaiMOaKTUBHbBIX YaCTHIL
B JaHHBIA KJ1acc; Ny — yucno Hadmonennit; 0 < A< 1.
3HaueHue H OyaeT paBHSTbCSA HYJIO, €ClIv Jo0oe M3 3Ha-
yeHuit P; paBHsercs 1, a Bce JIpyrme — HyJO, T. €. HEOI-
peneseHHOCTh B MH(pOPMAaLlUU OTCYTCTBYeT. B aTOM ciyuae
BCe 3HauyeHus N; nonanaioT B onuH Kjiacc ii H = 1log(l) = 0.
TTockosbKy oOlIee KOJIMYECTBO KJIACCOB FMCTOrpaMMbl — Be-
JIMYMHA TIOCTOsIHHAass W pasHas M, to H, = const. Torma
A= 1-0/log M = 1. Korna Bce 3HaueHus N, onagaior B O0UH
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TIPU U3MEPEHUU
¢oHOBOTO M3NMTYyUEHUS
A 1

03]
og]--
or
0
os )
o4l
03

Puc. 3. Tpenn mapamerpa A 0z]--

MpU IByXPa30BOM BHECEHUU ol
B T0JIE 3pEHUSI IETEKTOpa

MCTOYHUMKA U3JTYUYCHHUS Ha 5S¢
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Puc. 4. Tpeun napametpa A
MPpY BHECEHU U

B T0JIE 3PEHUS AETEKTOpa o
MCTOYHMKA u3aydyeHus Ha 20 ¢

510 15 10 25 30 35 40 45 50 55 €0 65 7O 75 00 85 90 55 100 105 100 115 120125 130 135 14D 165 150 155 160 165 470 175 100 135 193 495 1

Puc. 5. Tpenn napamerpa A
TIPY TIOCTOSTHHOM HaXOXICHUU
B I10JIE 3PEHUSI IeTeKTopa o

MCTOYHMUKA U3TTYYCHU S

KJlacc, TUCTOrpaMMa BBIDJISIAUT KpaitHe cxkartoil. Takum obpa-
30M, CUCTeMa U3MEpeHUsT OyIeT MOJTHOCTHIO NETEPMUHUPOBAH-
HOU U 00J1aaTh CUJIBHOMN XECTKOCTHIO.

Paccmotrpum npyroii npeaenbHbIN cllyvaid, Korga THCTO-
rpamMMa paBHOMEPHO pacripe/iesieHa Mo BceM Kjaccam. B atom
ciayvae sHTponusi H mpuHuUMaeT Haubosbllee 3HaYUeHUE (3Ha-
yeHMs1 P; paBHbI MEXJy CO0Oi1) M HEONPENEeJEHHOCTb B MH-
dopmaruu OyaeT MaKCUMaJIbHOM:

N, =m; M =N, /m,
H= M1/ M)log (1 / M)=1log M,
A= 1-log M /log M = 0.

Cucrema U3MEPEHUA CTAHOBUTCA IIOJIHOCTBIO BE€POAT-
HOCTHOW, €O ciaboi XKECTKOCTbIO, U TIIOBEACHHUEC €€ ci1abo

MpencKasyemo.
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Ilpu uccienoBaHUU MPEAJIOKEHHOTO METO/A MPOBENEH Psifl
M3MEPUTENIbHBIX OKCTIEPUMEHTOB C TIOMOIIIbIO CIIEKTPOMETpPA CO
CLMHTUJUISILIMOHHBIM fieTeKkTopoM Tuia BJIET-63. [TonyyeHHbIE
B pe3yJbTaTe U3MEPEeHUI TMCTOrpaMMbl B MOMEHTBI BPEMEHU
t; v f;+1 cpaBHMBanuCh 1o Kputepuio (2). Tpenabl 3HaueHui
KpUTEpUS MPUBENEHBI Ha pUC. 2—5, 0000ILEHHbIE PE3yIbTaTh
n3mepeHuit — B Tab. 2. [pu skcnepumente N 1 Beumcasiics
KPUTEPUil IJIsT U3MEpEHHOro criekTpa (GoHa (puc. 2); mpu 3KC-
nepuMeHTe No 2 — KpUTepuil Mpu KpaTKOBPEMEHHOM (MeHee
5 ¢) BHecennu Ha 103-it 1 163-if ceKyHIax B IOJi€ 3PEHUS Ie-
TEKTOpa TECTOBOTO WMCTOUYHWKA TaMMa-M3JIy4yeHus (puc. 3);
MpyY 3KcrepuMeHTe No 3 — KpUTepuil Npu KpaTKOBPEMEHHOM
u 6ojee muteabHoM (6osee 10 ¢) BHECEHMM TECTOBOTO MCTOY-
HUKa ramMma-usinydenust (puc. 4). Jlanuble skcriepumenTa Ne 4
(B 1oJie 3peHusl IETEKTOpa MOCTOSIHHO MPUCYTCTBYET UCTOUYHUK
raMMa-usJly4eHusl) IpuBeAeHbl Ha puc. 5.
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Puc. 6. MomaabHbIi MHTEPBAI ¥ aMIUIMTYIa MOJIbI
IJIsT TUCTOTpaMM (hoHa:
m = (0 — MomaJbHBI MHTEPBaI (HOMEp CTOJIOLA TUCTOrPAMMBI);

Am: 13 — aMnInuTyAa MOIBI

Tabauya 2. CpenHue 3HaYEHUsI KpUTEPUS
3a BpeMsl TIPOBEICHU S SKCIIEPUMEHTA

1 *L<#M<a3 NS (= gfgg% ?gj:fgfof?;
HA3H(S; %, 3 :U<8%? %*3)UEH"$
1 0,739+0,015 — —
2 0,742 + 0,028 |  0,73840,016 | 0,812+0,046
3 0,778 + 0,073 0,738%0,016 0,918+0,006
4 0,918 % 0,006 — —

[Ipu BBIUMCACHUU KpuTepusi (2) CpaBHUBAJIUCH TUCTO-
rpaMMbl 9HEPrUil PajvMOaKTUBHOTO M3JYUYEHUS] C OAUHAKOBbI-
MU TUIOIIAASMU (3HAYEHUsI TIOJYyUYeHbI 32 BPeMsl U3MEPEHUS
1 ¢) ¥ IpU TMOCTOSTHHOM KOJIMYECTBE KJACCOB T'MCTOIPAMMBI,
paBHOM 5. BenmumHa A; paccuuThIBanach A1 KaXIOTO MO-
MEHTa BPEMEHU U3MEPEHMUH 1;.

Ha ocHoBaHMM MOJIyYEHHBIX HaHHBIX MOXHO CHENaTh Clie-
Jyollee 3aKJII0YeHue:

e CMEIEHNME MONAJbHBIX MHTEPBAJIOB, U3MEHEHUE UX aM-
IUIUTYI W yBEJMYEHUE pa3Maxa sBJISIeTCSl MPU3HAKOM BHece-
HMSI UCTOYHMKA PaJIMOAKTUBHOIO M3JYYEHUS B IOJIE 3PEHUS
netekTopa (puc. 6 u 7);

e BpeMsi, B TEUEHME KOTOpPOro HaOIIofaeTcs yBEIUYEHUE
CPEIHETO 3HAYEHUS A;, MOXET CIYXMUTb TMOKA3aTeleM MPOIOI-
JKUTEJIbHOCTU HAXOX/ICHU sl UCTOYHMKA B 110JIE 3pEHMU S ICTEKTOPA.

PesynbraTel MomenMpOBaHUs MOKa3aiu, YTO KpUTepuit A
€CTh YYBCTBUTEJbHBIM KOJUYECTBEHHBIM IIOKa3aTeJeM CTe-
MEeHU OTAUYMS TUCTOrPaMM, TMOJYUYEHHBIX METOAOM JAUHAMU-
YecKOro aHajin3a, OT MX Mpenblaylero 3HaueHus. CoraacHo
9KCMEePUMEHTAJIbHBIM JaHHBIM (Ta0a. 2), MpU YBEJIUWUYEHUU
BPEMEHU HAXOXICHUSI MCTOYHMKA PaJAMOAKTUBHOTO WM3JIyde-
HMS B IOJie 3pEHUS AETEKTOpa MOBBILIAJIACH JOCTOBEPHOCTb
OOHapyXeHMsI MCTOYHMKA M3JYyYEHMS, YTO IO3BOJSIET CHU-
3UTh BpeMsl 3KCIMO3ULMU KOHTPOJIUPYEMOro o0pasua AJisl Bbl-
SIBJICHUSI B HEM PAaJMOAKTUBHBIX UCTOYHUKOB B YCJIOBUSIX Bbl-
cokoro (oHa.
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Puc. 7. MoaanbHbIii MHTEPBAJI U aMIJIATYAA MOIbI

JUTd TUCTOrpaMM IPpU HAJTMYUUN UCTOYHUKA U3ITYUYCHUA:
m="7; 4, =59

Takum oOpa3om, MpuMEHsIsI pa3pabOTaHHYI TEXHOJIOTHIO
MMHAMUYEeCKOTO aHau3a U MH(MOOPMAIIMOHHOTO METONa CPaBHE-
HUSI TUCTOrpaMM, BO3HUKAeT BO3MOXKHOCTh YBEPEHHOW WIEH-
TU(UKALIMM HU3KOMHTEHCUBHOTO UCTOYHMKA U3JYYeHUs B yC-
JIOBUSIX TIOBBIIIEHHOTO (hOHA C WCITOJIBh30BAHMEM HECIOXHOMN
W HeIoporoi ammapatyphbl, 6e3 nmpumeHeHuss OUI-geTekTopoB
1 000pYIOBaHUS CHEMATbHBIX HU3KOMOHOBBIX JTa0G0PATOPHIA.
KaymbpoBKa yCTaHOBKM C MCITOJIb30BaHUEM OOBEMHBIX MOJIETb-
HBIX M3JIy4yaTesieil B COOTBETCTBYIOIICH I'€OMETPUM C aKTUBHO-
CTbIO, OTBEYAlOIIEl YCTAHOBJICHHBIM YPOBHSM [4], MO3BOJIUT
CHSTHh C PEryJUpPYIOIIEro KOHTPOJIS 3HAYMTEIBbHBIC OOBEMbI
pPamIMOaKTUBHBIX MaTepUaioB, WACHTU(MUUUPYEMBIX HbIHE KakK
HU3KOAKTUBHbBIC PAaAMOAKTUBHBIC OTXOAbI, U TEM CaMbIM CHU-
3uTh 3aTpaThl ADC Ha KOHIULIMOHUPOBAHUE U 3aXOPOHEHHUE
Hu3koakTUBHBIX TPO.
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