YH4eHOMY CeKpeTapro IUCCepTalrOHHOTO COBETA
@OI'VIT «BHUUM um. 1. Menzneneepay
190005, P®, Cankr-Ilerep6ypr,
MockoBckwii nip., 1. 19

K.B. Yexupne

OT3bIB
0(HLIMAIILHOTO ONITOHEHTA
AOKTOpa XMMHUYeCKuX Hayk AsekceeBa Mrops EBrenseBuua
o puccepramuy XKykosa ['puropus Bacuisesuya Ha Temy:
«Metposiornueckoe obecrieueHre H3MepeH il aKTUBHOCTH ramMMa-M3/Tyqaroiux
pPaJluOHYKITHI0BY,
NPEJCTaBICHHON Ha COMCKaHNe YUEHOU CTENeHU KaHIUIaTa TeXHUUECKHX HayK

1o cnenranbHocTy 2.2.10 « MeTposiorus u MeTpoIorndeckoe obecnedeHne)

B pabore JKykosa I'puropus BacuinbeBuua, mocBsiueHHOMN paspaboTke u
HCCIC/I0BAHHUIO ~ HOBOTO  THMA  BTOPHYHBIX OJTAJOHOB  raMMa-H3ITydYeHHs,
[POAOIDKEHBI TPAAULUK OTEUECTBEHHONW METPOJIOTHYECKON ILKOJBI, 3aJI0KEHHbIE
OCHOBATE/IIMK PafMoNoruueckoi snabopatopuu ['aBHON mamaTel Mep M Becos
JI.C. Konospat-Uepsunckum u JI.H. Borossnenckum.

HamucanHass mpeKpacHbIM — s3BIKOM, LelbHAs, CTPOro BBICTPOCHHAs
AHUCCEpTALMOHHAs paboTa COCTOMT W3 BBEIEHHS, NATH NIaB (KKAas M3 KOTOPHIX
3aBEpINACTCs BbIBOJAMM), 3AKJIIOYEHHs, CIUCKA COKpalleHMH, IIPUIIOKEHUH M
CIIKCKa JIMTEPaTypbl, BKIrOHaOLEero 92 6udnnorpad)uueckux CCbUIKH.

O6wuit 06bEM paboThl coctassieT 131 cTpaHuIly MAIIHHOMUCHOTO TEKCTA,
BKirO4as 49 pucyHkoB u 43 Tabiiniib.

]_Ie.ﬂb U METOHOJIOrusA, Hay4dHas HOBHU3HA U IIpaKTH“IeCKaH 3HaYUMOCTB

paboThbl, OCHOBHOHM 3ajaueil KOTOpOi sBIseTcs e};;;gg“.iygﬁ*}i’ptgru ramMmma-

tHieJeeBan
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CHEKTPOMETPUYECKUX M3MEPEHMH B aTOMHOH NPOMBILIIEHHOCTH, MEIHIMHEE,
PajMOSKONIOTUH, APYTMX OONacTAX HAyKH M MNPOMBILUICHHOCTH, YeTKO
000CHOBaHbI BO BCTYIUTEIBHON YacTH AMCCEPTALIHH.

ABTOPOM OTMEYE€HO, YTO [0 Hayaja JMCCEepPTALMOHHOTO HCCIeIOBAHMIS
BTOPAYHBIC 3TANOHBl (TOUYEYHbIE PaJMOHYKIUIHBIE HCTOYHHKH (OTOHHOTO
U3JIyYEHUs ), C TOMOILBIO kOTopblx BO3MOYKHa TOBEpKa pabo4yuX 3TajJoOHOB |
paspsfa = CMMHWLBI ~ AKTUBHOCTH  PaJMOHYKJIW/IOB,  OTCYTCTBOBAIM B
["ocymapcTBeHHOM MOBEPOUHOIT cxeMe.

B I'naBe 1 npoBeaena BcecTOpOHHSS OLEHKA COCTOSIHUS METPOTIOTHIECKOTO
obecriedeHusl M3MEpeHHil aKTHBHOCTH TaMMa-H3/TyYaroluX PanuOHYKIUIOB,
BKJIIOYasi aHaJU3:

- HeOIIpeIeIEHHOCTH ITPOBOAUMBIX U3MEPEHHIA;

- CXeMBl Mepelayu eIMHHULl aKTUBHOCTH OT TOCYJapCTBEHHOTO IE€PBUYHOLO
STAJIOHA PaIMOMETPUUECKUM YCTAHOBKAM;

- COCTOSHMS ~ OTaJOHHOM  0asbl ¥  METPONOTHYECKMX  XapaKTePHCTHUK
CYIIECTBYIOLIUX OTEUECTBEHHBIX 3TAIOHOB;

- KaIMOPOBOYHBIX M W3MEPHUTENBHEIX BosMoxkHocTelt PI'YIT «BHUMM um. JIU.
Menzeneesa» 1 3apyGexHbIX HALMOHANBHBIX METPOJNOrMYECKMX HHCTHTYTOB B
007aCTH H3MEPeHUH AaKTUBHOCTH paAMOHYKIMIOB B TOYEYHBIX HCTOYHMKAX
(OTOHHOTO U3NTyUYEHHMS.

B I'naBe 2 n3noxeHsl TeopeTHYECKHE OCHOBbI METO/IA 4TY-CY&Ta, KOPPEKTHO
000CHOBaHAa €ro NPUMEHUMOCTb W TMPUHLUMITHAIBHEIE BO3MOXHOCTH  IUIS
OmNpeleIeHys aKTUBHOCTU PaJMOHYKIIUIOB B TOUYEYHBIX UCTOYHHKAX (OTOHHOIO
U3TyYeHHUs, pa3spaboTaH anropuT™ ONpeleNeHHs] CKOPOCTH CYETa HMITYIHCOB C
Y4ETOM MEPTBOTO BPEMEHH, METOAOM YHMCIIEHHOIO MoAenuposanus Moure-Kapio
OmnpeniesieHa 4YyBCTBUTEIbHOCTb YCTaHOBKM YDA-7 (U3 coOCTaBa MEPBUYHOIO
sranona I'DT 6-2016) nas 23 paauonykmunos (ot °F go ***Th B PaBHOBECHH C
NOYEPHUMHU TPOAYKTAMHU pacraja) C pasiu4yHbIM SHEPreTHYECKUM CIIEKTPOM
()OTOHOB, MOKa3aHbl BO3MOXHBIC BapPUAHTHI COBEPIIEHCTBOBAHHUS MeToma 4my-

cYéTta AJId OLUEHKHU eIMHULL aKTUBHOCTHU PadluOHYKIIUIOB.



B I'naBe 3 paspaboTaHsl 1 000CHOBAHBI OCHOBHbIE TOIOKEHHS METOIMUKHA
M3MEepPeHUH aKTUBHOCTH PaJMOHYKIHIOB METOAOM 4my-cuéTa ¢ MCIOIb30BAHUEM
OOBEIIUMHEHHBIX B IMHBII «PErHCTPATOPY ABYX CLMHTUIISIIHOHHBIX JIETEKTOPOB.

[IpuBesieHsl pe3ylbTaTbl JKCIEPUMEHTANBHBIX HCCIIEIOBAHUN CUSTHBIX
o6pasuos ®Ga, "“"Ho u *'Am, Ha ocHoBaHuU KOTOPBIX COCTABJIEH OMOKET
HEONpe/IeICHHOCTE  M3MEPEHMH  aKTMBHOCTH  PAIMOHYKIMIOB, OLEHEHBI
otHocuTenpHOe cymmapHoe CKO u noseputenbHble TpaHUIBI OTHOCUTENBHOM
MOTPEIIHOCTH,  BIMAHME  MEPTBOIO  BpEMEHH, HecTaOWIbHOCTH  (HOHa,
CIEKTPOMETPUYECKUX  XapaKTepUCTUK YCTAHOBKM B  HH3KODHEPreTUYECKOl
001acTH CreKTpa Ha JOCTOBEPHOCTh H3MEPEHMIA.

B I'maBe 4 obocHoBaHa cxema J0Ka3aTelbCTB KOPPEKTHOIO OMpe/eeHus
AKTUBHOCTH raMMa-u3JIy4aroluX paauoHyKIHI0B METOI0M 47y-cuéra.

C ucnosnp3oBanneM 00pa3sloB Ha OCHOBe pagHoHYKIHAOB - 'Mn, “Co, ¥y,
B, YBa %o, "Ly v *Am MPOBEIEHO COIOCTaBJIEHUE pPe3yNbTaToB
BOCIPOU3BEJICHUS! AKTUBHOCTH U YJIEJIbHOW aKTUBHOCTH MeTOAaMH 4my-cuéra,
meronamu 4nfB-y-conajaeHuit, 4no-y-cosnaaenuii, 4np-cuéra, KX-y-copmanenuii,
KOTOPOE€ JI0Ka3ajl0 SKBHUBAJIEHTHOCTh BOCIPOU3BEACHUS AaKTHBHOCTH TraMMa-
U3ITy4aloIluX PaauoOHYKIHI0B Pa3IuyHbIMU METOAaMHU, peanusyeMbiMu B DT 6-
2016.

B I'maBe 5 obocHOBaH BBIOOp pajMOHYKIHAOB Ul CO3MaHMS BTOPUYHBIX
STAJOHOB - TOYEYHBIX PAJUOHYKIMIHBIX HCTOYHMKOB (POTOHHOTO H3ITYYEHHS,
KOTOPBIN OINpeAensercs J10CTaTOYHbIMU /1JIsl SKCITyaTallii KCTOYHHKOB B TeUEHUE
HECKOJIBKUX  JIET [IepUOJaMHu  [Oojypacnaja, OOeCHeYeHHEeM IEePeKpPHITHS
SHEPreTUYECKOTO  JMara3sOoHa  TUIOBBIX  CIEKTPOMETPOB M BBICOKOM
MHTEHCHBHOCTBIO FaMMa-KBaHTOB, UCITyCKaeMbIX Ha aKT pacrajia.

IIpuBenensl pe3ynbTaThl UCTIBITAHUN U METPOJOrHYECKHE XaPaKTEPUCTHKU
TOYEYHBIX UCTOYHMKOB Ha OCHOBE BOCbMHU BbIODaHHBIX aBTOPOM DPaIHOHYKIIHIOB
*Mn, “Co, ®Y, "Ba, *’Cs, "?Eu, **Th, **' Am, koTopsie cocTassioT okono 70%
OT BCEro KOJIWYECTBA BbITYCKAEMbIX TOYEYHBIX PaJUOHYKIHIHBEIX HCTOYHHUKOB

(bOTOHHOI‘O H3ITYHUCHHA.



B sakirodenuny cOpMyIHpOBAaHBl OCHOBHBIE BBIBOABI H PE3yJIBTATEI
MPOBEIEHHON PabOTHI, MOJYEPKHYTA UX aKTyalbHOCTh, HOBU3HA M MpPaKTUYecKas
3HaYUMOCTb.

1. O6ocHOBaHA NPUMEHHMOCTH METO/1a 47y-CUETa ISl BOCIIPOU3BEICHHUS €IUHULIE]
aKTUBHOCTH raMMa-U3JIy4aloluX PaJHMOHYKIHA0B B TOYECYHBIX pa,uHOHyKﬂnnHMk
UCTOYHUKAX (DOTOHHOTO U3ITyUEHHS.

2. 3a cYeT uCNoNb30BaHUSI aOCONOTHOIO MeETOla W3MEPEHHH YMEeHbIIEHa
OTHOCHUTEJIbHAs pACLUMpEeHHAas] HeOoNpeieséHHOCTh BOCIIPOU3BEACHUS €IHHHUIBI
AKTUBHOCTH PaJMOHYKIIHJIOB.

3. Paspaborana ¢usuko-mMaTeMaTHueckas MOJeNb ONpeNelieHus aKTHBHOCTH
PaIMOHYKIHIOB B JManaszoHe 3HaueHnii ot 1- 10" 10 5- 10° Bk ¢ OTHOCHTEIbHOM
pacimpeHHoil HeonpenenéHHoctsh (k=2) miamepenuii or 0.8% mo 5.0% mms 23
PaIMOHYKIUIOB ¢ IMPOKOI Bapuatmei snepruit potonos (50-3000 x3B).

4. O6ocHoBaH BEIGOp paanonyknnaos (“Ga, '“"Ho u **'Am) mwis nposenenus
SKCIIEPUMEHTAIbHOM BepU(pUKALMU OCHOBHBIX IMOJIOKEHUH METOIUKH U3MEPEHUI
AKTHUBHOCTH PaJIMOHYKJIMIOB METOJI0M 41ry-cuéra.

5. Jloka3zaHa SKBMUBAJEHTHOCTb  BOCHPOU3BEINEHHS AaKTUBHOCTH TraMMa-
U3JIy4arolluX paJMOHYKIUI0B MeTojaMu 4my-cuéra, 4np-y-coBmnaneHuit, 4ma-y-
coBmaneHuid, 4nP-cuéra, KX-y-coBmageHuii ¢ wucnons3oBaHueM O0OpasioB Ha
OCHOBE PaJMOHYKIUIOB Mn, “Co, ¥y, P, B7Cs, P Ba, "Lu n *"'Am.

6. PazpaboTaHbl, WCNbITAaHBl W BHEIPEHBl BTOPUYHBIE 3TAIOHBI - TOYEYHBIE
paguoHyKInAHble UCTOYHUKU (oToHHOro u3anydenus OCI'U-PT wa ocHoBe 8
PaIMOHYKJIUIOB: *Mn, “Co. 88Y, 2 Rs BTCS, '52Eu, 228Th, By

Takum oOpasom, peiieHa aKTyaibHas HaydHas 3ajaqa - YMEHbLICHHE
OTHOCHUTENIbHON PaCIIMPEHHON HEOIpPeAeNEHHOCTH BOCTIPOU3BEIEHUS U Nepeadn
€MHUIIBI aKTUBHOCTU FaMMa-U3JTyHaloluX paguoHyKIHUIO0B.

BHesnpeHnue mMojydeHHBIX IMpPH BBIIOJHEHHWH [IHCCEPTALIMOHHON paboThI
pe3yJIbTaTOB I03BOJIMIIO OOECNeYUTh MOTPEOHOCTH METPOJIOIMYECKHX LEHTPOB,
KaJIUOPOBOYHBIX, TOBEPOUHBIX M MCITBITATEIbHBIX J1a00paTOpuii BO BTOPHUYHBIX

3TaJIOHaX HOBOI'0O THIIA, MNOBBICMTE TOYHOCTH TaMMa-CIICKTPOMETPHYECCKHUX H



pafiuoOMeTpUYEeCKUX W3MEpPEHHH B aTOMHOW OJHepreTHkKe, Hayke, MEIUIUHE,
pagHalMOHHON 5SKONOrMM W o0ecneyuTbh eIUHCTBO H3MEpeHHM B obJacTu
U3MEPEHMH aKTUBHOCTH PaJIUOHYKIIUIOB.

Marepuansl  AMCCEPTALIMOHHOIO  MCCNEIOBaHHMS MPEJCTAaBIEHsl B 6
MeyaTHbIX paboTrax, B TOM YMCIIE, B MSATH CTAThAX, OMyOIMKOBAHHBIX B BEAyLIMX
Hay4HBIX XypHaiaX, pekomeHaoBanHbIX BAK, U3 Hux osHa - 6€3 c0aBTOPOB.

ABTOpe(depaT IOJHOCTBIO COOTBETCTBYET COJAEPIKAHWIO IUCCEPTALMU WU
OTpa)kaeT OCHOBHEIE MOJIOKEHHS, PE3YJIbTAaThl U BBIBO/IbI PA0OTHL.

B kayecTBe 3ameuaHuii, MoxenaHWM M JUCKYCCHOHHBIX BOIIPOCOB OTMEHY
clieyrolee.

1. Ha ctpanuue 54 npusesnen puc. 22, Ha KOTOPOM MoOKa3aHa 3((pEKTHBHOCTE
ycTaHoBKH YDA-7 K (poTOHHOMY M3/ydeHHI0. MakcumaibHas SHeprusi pOTOHOB
He npeseiiaeT 1500 k3B.

Kak oneHuBanach 4yBCTBHTENBLHOCTh YCTAHOBKM IUIS MCTOYHHKOB - Th, B

FeHETHYECKOU LETIOYKH KOTOPOro €CTh MHTEHCUBHEIH Iepexo/] (KBAHTOBBIN BBIXO]]
99.9%) ***T1 ¢ sneprueit 2615 k>B?
2. Ha crpanune 81 pauccepranMu cKa3aHO, 4YTO «... pa3paboTaHbl CUETHBIE
obpastpl  m3  pamMoHyknumoB Ga, '*“"Ho, *'Am mns MIPOBEAEHUS
SKCIIEPUMEHTANIbHBIX HCCIENOBaHUM W BepU(pUKALMK OCHOBHBIX ITOJOXEHUN
METOIUKU U3MEPEHUH. .. ».

Kak y4uTeiBajCcs M OLEHMBANCA BKJIAJ BO3MOXHBIX PaJUOHYKIHIHBIX
npuMeced TpU pa3paboTKe METOAUKM WM3MEpEeHHs AKTUBHOCTH PaJUOHYKIHUIOB
MeToJoM 4my-cuéra (B YaCTHOCTH, NPHU YUCICHHOM MOJEIMPOBAHMU METOI0M
Momnte-Kapio 4yBCTBUTENBHOCTH YCTaHOBKU Y DA-7 1iist 23 paguOHYKIHULOB - OT
"®*F 110 ***Th B paBHOBecHH ¢ JIOUEPHUMU MPOYKTaMu pacriana)?

OrMmeuy, 4To U B nocieaHem ad3ale ¢. 85 Takke HET HUKAKUX YIOMUHAHUIMA
O PaJAUOHYKIUAHOW YHUCTOTE WCIONb30BAHHBIX B MEXIYHAPOIHBIX KIIFOYEBBIX
CIIMYEHUSIX TIperapaTax.

3. Tlouemy B KauecTBe «IOKa3aTeJIbHOr0» IpUMEpPa TOCTOBEPHOCTH METOIUKU

OIIpEACIICHUA aKTHBHOCTH IpelaparoB METOIOM 47:7—0!—161‘& YKa3aH TOJIBKO OOHWH



nyxmz, “’Co, Bapuaimu SHEpreTuyeckoro crnekrpa Gporonos (1173 u 1332 x3B)
KOTOPOI'0 HUYTOXKHBI?

YuacteoBan 11 Bam MHCTHTYT B MeKIyHAPOIHBIX ClIHYEHUSX IIpenapaToB
Ha OCHOBE JIPYTUX pasuonyknumos? Ecnu na, To kakux?

4. Ha crpanuue 102 npuBeneH mnepeyeHb paavOHYKIHIOB, MIPUTOOHBIX IS
CO3/IaHUS BTOPUYHBIX TAIOHOB.

Kak Bpl nmonaraere, BO3MOXHO 1M ero ObLI0 OBl IOMONHUTE U JPYTUMH
(bornee «ynoGHBIMMY» B IKCILTyaTALMM) AOJrOKUBYIIMMHA (B3ameH ~‘Mn u BY)
pPalMOHYKJIH/IaMMU:

- *Ti (59.1 rox) ¢ SHeprusmu GotoHoB 67.9 k3B (kBaHTOBBIHA BBIXOX 93%), 78.3
k3B, (kBaHTOBBIH BbIXOA 96.4%), 1157 k5B, (KBaHTOBBIH BBIXOJ 99.9%);

- 1%MAg (438 ner) ¢ sHeprusmu boronos 79.2 k3B (kBaHTOBHIN BBIXOA 6.78%),
433.9 x3B, (xBaHTOBBI BbIXOA 90.5%), 614.3 k3B, (KBAHTOBBINM BBIXOJ 89.8%),

108m

722.9 x3B, (xBaHToBBINH BbIxOA 90.8%) - ynenbHas aKTHBHOCTE Ag Moxer

cocTaBiiTh bosiee 75 KBK/MI B pesynpTate KOpoTKoro 10-Tu 1HEBHOTO OGTyUeHHMs
-1,

]
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B II0TOKAX TEMJIOBBIX HeifTpoHos 2- 10" HEUTPOH:- CM - C

227 i
“Ac (21.8 roma), B TeHETHHYECKOM LEMOYKe

- «HE3aCIy)KEHHO 3a0BITBIMY
KOTOPOro Macca anb(a-u3IydalolX paJuoHyKIUI0B C BBICOKUM KBAHTOBBIM
BBIXOZOM ~()OTOHHOrO HM3Iy4eHHMsl, KOTOpble MOTYT OBITh «IIapajieIbHOY
BEpUDULIMPOBAHBI METOIOM 47t0-cueTa?

OrmeueHHbIe HE/IOCTATKM HUKOUM 00pa3oM He BIIMSIOT Ha OBIIYI0 IEHHOCTh
IIPOBEIEHHOM pabOThI.

HuccepranuoHHas pabora Kykosa ["puropust BacunseBuua
«Metposioruyeckoe obecriedeHre H3MEpPEeHHH aKTHMBHOCTH TaMMa-M3jTy9arolyx
PaZlMOHYKIIUAOBY, IpPE/CTaBlleHHass Ha COUCKaHHWe Y4YEHOM CTEelNeHW KaHaunaTa
TeXHUYECKUX HayK no crneunanbHoctd 2.2.10 «MeTposorust 1 METPOJIOrHIECKOe
obecrieyenue»  SBISETCS  3aBEPLICHHBIM  HCCIEJOBAHUEM,  IIOJHOCTBIO
YZIOBIIETBOPSIFOILUM  KPUTEPHsIM, YCTaHOBJIEHHbIM [lojokeHHeM O MOpsAKe

HPUCYKICHH S YHUCHbIX CTCHeHeﬁ, YTBEPIKACHHBIM [TocTanoBneHueM

IlpaBurensctBa Poccuiickoit @enepaumn No 842 or 24.09.2013, a ee aBrop



HECOMHEHHO 3aClly’KuBaeT [PUCYKICHUS

TEXHUYECKHUX HaAYK.

OdunmansHeiii OMIMOHEHT,

JNOKTOP  XMMMYECKMX  HayK, TJIaBHBI
Hay4YHBIN COTPYAHUK OTJEICHUS TEXHOIOIMH
H30TOTIOB AKLHUOHEPHOTO oOwiecTBa

«Panuesbit uHCTUTYT M. B.I". Xitonuuay

«31» mapta 2025 r.

YUYE€HOMH

CTEIICHH KaHoHoara

exceeB Mrops

EBreunesuu

Iouroseiii anpec: 194021, PO, Cankr-Ilerepbypr, 2-oit Mypusckuii mip., 1. 28.

Tenedon: +7-962-6845381.
Email: iea-1960@khlopin.ru.
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